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( ABSTRACT)

| soxaben is a preenergence herbicide used for broadl eaf weed
control in turf and ornanentals. Al though isoxaben can be used
on a nunber of ornamentals, certain species are injured by
i soxaben applications. The objectives of this research were: a)
to evaluate the tol erance of ajuga, w ntercreeper and dwarf
burni ng bush to i soxaben applications, b) to conpare the
absorption, translocation and netabolism of isoxaben follow ng
root and shoot application in these ornanentals, and c) to
exam ne the effect of isoxaben on glucose incorporation in the
roots of these species.

G eenhouse and | at hhouse studi es denonstrated that ajuga was
t he nost sensitive species conpared to wi ntercreeper and dwarf
burni ng bush follow ng root and shoot exposure to isoxaben at
0.84, 1.69 and 3.39 kg ai/ha. Follow ng root and shoot
application, isoxaben at 3.39 kg/ha caused approxi mately 50%
shoot injury in ajuga at 2 nonths after treatnment conpared to
approximately 30%in dwarf burning bush in sand cul ture.
Wntercreeper was not visually injured by any isoxaben rate.
| soxaben at 3. 39 kg/ ha reduced wi ntercreeper root weight by 15%
foll ow ng root application and shoot wei ght by 10% fol | ow ng
shoot applicati on.

Fi el d studi es showed that isoxaben applications nmade one
nont h after bud-break caused 30 to 45%injury to dwarf burning
bush. However, the plants outgrew the injury in the follow ng
year. Dwarf burning bush was not injured fromapplications of
| soxaben nmade at the dormant stage or two nonths after the bud-
br eak stage.

Studies with root-applied radi ol abel ed i soxaben showed t hat
aj uga and dwarf burni ng bush had absorbed 34 and 41% of the
applied radi oactivity, respectively, while w ntercreeper had
absorbed only 21% at 14 days after treatnent (DAT). The percent
of absorbed radioactivity which transl ocated was greater in ajuga
(58% and wi ntercreeper (50% than in dwarf burning bush (28%.
In the root extracts, netabolism of isoxaben was greater in ajuga
than wi ntercreeper or dwarf burning bush at 3, 7 and 14 DAT.

Most of the radioactivity recovered fromthe shoots of the three
speci es appeared to be polar netabolites of isoxaben, possibly
conj ugat es.

In studies with shoot-applied radi ol abel ed i soxaben,
radi oactivity recovered fromthe treated | eaf of ajuga increased



from46% of applied at 3 days to 64% at 14 days after treatnent.
In wintercreeper, the nost tol erant species, approximtely 40% of
the applied radioactivity was recovered in the treated | eaf at
each harvest date. Radioactivity recovered fromthe treated
| eafl et increased from45 at 3 DAT to 70% at 14 DAT in both
grom h stages of dwarf burning bush. Ajuga and wi ntercreeper
net abol i zed i soxaben faster than dwarf burning bush. There was
no difference in the netabolism of isoxaben between the two
growm h stages of dwarf burning bush. Incorporation of glucose in
the roots of w ntercreeper and dwarf burning bush was not
i nhibited by isoxaben (1 nM. Approximtely 10% i nhi bition of
gl ucose incorporation by isoxaben was observed in the roots of
t he sensitive species ajuga.

A uga absorbed nore i soxaben than wi ntercreeper follow ng
root or shoot application, which nay explain its greater
sensitivity. Wntercreeper absorbed | ess i soxaben and
nmet abol i zed nore of this herbicide than dwarf burning bush, which
may explain its greater tol erance. Absorption and metabol i sm of
i soxaben foll owi ng shoot application were simlar in both growth
stages of dwarf burning bush. Mre information is needed on
target site sensitivity in these three species.
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Chapter |
| ntroducti on and Literature Review

1. Weed managenment in nursery crops

The nursery industry, an inportant part of Virginia s
agriculture, includes container production, field production and
| andscape mai ntenance. Nursery and greenhouse crops ranked third
in cash receipts after tobacco and soybeans, and ahead of peanuts
and corn in Virginia in 19891, Nationally, farmer cash receipts
of nursery and greenhouse crops in 1992 were estinmated at $9.0
billion.

Wed control in nursery crop production is inportant because
weeds conpete with plants for noisture, nutrients and space. In
a study where weeds were not controlled, growh was reduced by 25
to 53% dependi ng upon crop, weed species and weed densities
(G bson 1985). Herbicides are conmonly used in ornanenta
nurseries because of their effectiveness and | ower costs than
hand weedi ng (\Wat her spoon 1975). However, herbicide tol erance
varies with species and cultivars (Neal and Senesac 1988;
Jacobsen and Walls 1987). Therefore, herbicide use in nurseries
requi res caution because inproper application can cause economnic
| oss due to plant danage.

2. Preenmergence broadl eaf herbicides in nursery crops

There are a nunber of preenergence herbicides avail able for
control ling annual grasses in container and field-grown nursery
crops. However, very few herbicides are avail able for broadl eaf
weed control. Sinmazine (Princep), oxyfluorfen (CGoal), oxadi azon
(Ronstar) and dichl obenil (Casoron) have been used for
pr eemer gence broadl eaf control in ornanental nurseries (Derr
1993a). Oxyfluorfen applied postenergence al so controls certain
annual broadl eaf weeds (Neal 1993).

However, there are limtations to the use of these four
herbi cides in nursery crops. |Isoxaben, is an alternative for
pr eemer gence broadl eaf weed control in container- and field-grown
nursery stock
A. Simazi ne, Oxyfluorfen, Oxadiazon, and Di chl obeni

Al t hough si mazi ne provi des excellent control of nost najor
br oadl eaf weeds, it is known to injure privet (Ligustrumciliatum
L.), golden bells (Forsythia intermedia L.), willow (Salix
acutifolia L.), nock-orange (Phil adel phus spp.), Prunus spp.
euonynus [ Euonynus fortunei (Turcz.) Hand.-Mazz], deci duous
azal ea (Rhododendron gandavense Rehd.) and Japanese androneda
[Pieris japonica (Thunb.) D. Don] (Ahrens 1988; Bing 1981).
Oxyfluorfen can be applied preemergence and postenergence in
coni fer species (Creager 1982). xyfluorfen provided excell ent
control of conmmon groundsel (Senecio vulgaris L.), comon
chickweed [Stellaria nedia (L.) Cyrillo.], hairy bittercress
(Cardam ne hirsuta L.) and horseweed (Conyza canadensi s

1 Information provided by the Virginia Nurserynen’s Associ ati on.



L.)(Gllitano and Skroch 1993). xyfluorfen can injure many
br oadl eaf evergreens and deci duous nursery crops (Kuhns and
Haramaki 1980). Oxyfluorfen danaged root systens of azal ea
(Rhododendr on obt usum Pl anch.), cotoneaster (Cotoneaster
acuninata L.), and euonynus (Euonynus fortunei Hand. -
Mazz.’ Colorata’) (Weller et al. 1984). An enulsifiable
concentrate fornulation of oxyfluorfen was nmore injurious to
woody pl ants but provides superior weed control when conpared to
t he granular formulation (Weller et al. 1984). xadi azon at
4.5 kg ha' provided excellent control of common groundsel,
prostrate spurge (Euphorbia hum strata Engelm ex Gay), hairy
bittercress, Virginia pepperweed (LepidiumvirginicumL.) and
horseweed (Gal litano and Skroch 1993). The wettabl e powder (WP)
and enul sifiable concentrate (EC) fornulation of oxadi azon at 4.5
and 9 kg
ha! caused greater injury than the granul ar fornulation to
‘ Conpacta’ Japanese holly (Ilex crenata Thunb.) and ‘ Hershey Red’
azal ea 30 days after treatnent (Kalnowitz and Whitwell 1988).
However, the granular fornulations of oxadiazon at 8.96 kg ha
has been reported to reduce growth and root devel opnment in ‘ Coral
Bel | s’ azal ea and ‘' Fornosa’ azal ea (Rhododendron indi cum® Sweet’)
(Singh et al. 1981).

Di chl obeni | provi des good control of many annual and
bi enni al broadl eaf and grass weeds such as annual bl uegrass (Poa
annua L.), large crabgrass [Digitaria sanguinalis (L.) Scop.],
pi neappl eweed [Matricaria matricarioides (Less.) C L.Porter],
conmon pursl ane (Portul aca oleracea L.), and wild carrot (Daucus
carota L.), as well as sone perennial weeds including dandelion
(Taraxacum of fi ci nal e Weber.), Canada thistle [C rsium arvense
(L.) Scop.] and quackgrass [Elytrigia repens (L.) Nevski] (Ahrens
1994). Substantial | osses of dichlobenil occur due to
vol atilization when surface applied to wet soil. To reduce
volatilization in dry soils, dichlobenil has to be incorporated.
B. | soxaben
| soxaben, eval uated under the code nane EL-107, is a

sel ective preemnergence herbicide devel oped for the control of
br oadl eaf weeds in ornanmentals, turf, |andscape plantings and in
orchard crops (Col bert and Ford 1987). In the United States,
i soxaben is conmercially nmarketed as a 75 percent dry fl owable
formulation (Gallery) and in conbination with trifluralin
(Snapshot 2.5 TG. It was also fornerly narketed i n conbi nation
with oryzalin (Snapshot 80 DF). |Isoxaben is available
commercially in Europe as Flexidor for season-long broadl eaf weed
control in small grains (Huggenberger et al. 1982) | soxaben can
be applied preenmergence at 0.56 to 1.12 kg ai ha' in established
turf, |andscape ornanentals, nursery crops, nonbearing vines,
Christmas tree plantations, nonbearing fruit and nut trees, and
noncr opl and areas (Ahrens 1994). Desirable characteristics of
i soxaben use are the high degree of safety in a variety of
ornanental crops and excel |l ent annual broadl eaf weed contro
(GIliam 1989; Neal and Senesac 1988). Mbst groundcovers,



perenni al flowers and woody nursery crops have excel |l ent

tol erance to this herbicide. However, certain nursery species
can be injured by isoxaben applications.

| soxaben is an alternative to simazine for controlling
br oadl eaf weeds in ornanmental s because of their simlar weed
control spectrum (Neal 1993). Effective alternative herbicides
to simazi ne woul d be desirable because of its potential to
contam nate ground and surface waters (Koterba et al. 1993;
Bruggman et al. 1995) and the occurrence of triazine-resistant
weeds in nurseries (Bandeen 1982).

3. Weed control and nursery crop tolerance with isoxaben
A. Preemergence effects of i1soxaben
a. Broadl eaf weed control

Setyowati et al. (1995) found that isoxaben at 0.84 kg ha'
provi ded excel l ent control of common chi ckweed, henbit (Lam um
anpl exicaule L.), red sorrel (Runex acetosella L.), snooth
pi gweed (Amar ant hus hybridus L.), Pennsylvania smartweed
(Pol ygonum pensyl vani cum L.), and common ragweed (Anbrosia
artemsiifolia L.). Colbert and Ford (1987) obtai ned greater
t han 90% control of nany broadl eaf weeds includi ng pi gweeds
(Amar ant hus spp.), common chi ckweed, common groundsel and conmon

| anbsquarters (ChenopodiumalbumL.), with 0.84 to 1.1 kg ha''
| soxaben in field grown ornanentals, turf and orchard crops.
However, Derr (1993b) reported that isoxaben gave poor control of

common | anbsquarters and norni nggl ory (| ponoea spp.). h;oxaben
control | ed nost broadl eaf weeds at |ess than 0.56 kg ha in field
soil and a soilless potting medium (Neal and Senesac 1990b). In

field tests, isoxaben was not effective in controlling vel vetl eaf
(Abutil on theophrasti Medic.), galinsoga and prickly sida (Sida
spinosa L.) (Neal and Senesac 1990a; Setyowati et al. 1995).

| soxaben provided nearly total control of comon groundsel
and Virginia pepperweed in container trials and the control was
consistent in both years the research was conducted (Gl litano

and Skroch 1993). |soxaben at 0.56 kg ha'’ provi ded equal or
superior control of common chickweed, wild nustard [Brassica
kaber (DC.) L.C Weeler], horsewed, common groundsel and
dandelion as conpared to oxyfluorfen plus oryzalin, oxadi azon or
simazine in containers (Neal and Senesac 1990b). GIlliamet al
(1989) reported that isoxaben provided inferior control (76%
control of broadl eaf weeds) when conpared to oryzalin plus
oxyfluorfen treatnments, but controlled spotted spurge (Euphorbia
macul ata L.) equal to the conbination herbicide. Ahrens (1988)

reported that isoxaben plus oryzalin at 0.57 plus 1.71 kg ha''
gave excel |l ent preenergence control of nost broadl eaf weeds. The
conbi nati on of isoxaben and oryzalin provided good control of

hor seweed and nusk thistle (Carduus nutans L.) (Gllitano and
Skroch 1993; Mnks et al. 1991). |soxaben in conbination with
prodi am ne controlled prostrate spurge, common groundsel and



hairy galinsoga [Glinsoga ciliata (Raf.) Blake] in container

trials (Neal 1997b).

Her bi ci des are often used in conbination with organic
mul ches in | andscape plantings. |soxaben provided better contro
of weeds when placed under a nulch than on top and it provided
40% nore control than mul ch al one (Derr 1993c; Kuhns and M cheal
1992). |Isoxaben applied in conbination with postenergence
herbicides in the fall adds residual control of broadl eaf weeds
through spring in winter cereals (Drinkall and Farrant 1987).
Popul ati ons of flexuous bittercress(Cardam ne fl exuosa Wth.) and
a mxture of hairy bittercress and fl exuous bittercress which
cane froma nursery with regul ar applications of isoxaben, were
| ess sensitive to this herbicide as conpared to a popul ati on of
hairy bittercress which came froma site with no i soxaben
appl i cations (Eelen and Bul cke 1997).
b. Grass and sedge control

| soxaben is not a very effective herbicide for controlling
grasses. Neal and Senesac (1990a) reported poor annual grass

control (<70% wth isoxaben at 1.1 kg ha . H gher rates of
| soxaben were required for annual grass control than for
br oadl eaf weed control (Neal and Senesac 1988). The rate of
| soxaben coul d be reduced when used in conbination with oryzalin.
| soxaben conbined with trifluralin or oryzalin inproved control
of annual grasses (Hood and Klett 1992; Neal and Senesac 1990a).
| soxaben conbi ned with preenergence herbicides such as oryzalin
or prodiam ne gave greater control of snooth crabgrass [Digitaria
I schaemum (Shreb.) Mihl.] than isoxaben applied al one (Neal and
Senesac 1990b). Kuhns and M chael (1992) observed that isoxaben
plus oryzalin applied to bare soil controlled annual grasses 80%
| soxaben did not control yellow nutsedge (Cyperus esculentus L.)
when pl aced either above or bel ow the mul ch.
B. Postemergence effects of isoxaben

| soxaben i s phytotoxic when applied postenmergence to certain
weed species (Roberts et al. 1993; Schneegurt et al. 1994a).
Schneegurt et al. (1994a) in their study on the postenergence
activity of isoxaben on redroot pigweed found that the response
to i soxaben was nore dependent on the growth stage of the plant
at treatnment tinme than on the rate of isoxaben. Furthernore,
her bi cidal activity was enhanced by soil and foliar application,
but phytotoxicity was observed with foliar interception al one.
Neal and Senesac (1991b) reported that isoxaben at 2.2 kg ha'
appl i ed postenergence provi ded poor control of ground ivy
(A echoma hederacea L.) and healall (Prunella vulgaris L.) (only
35% and 50% respectively) under greenhouse conditions. But when
appl i ed postenergence in the field, isoxaben provided up to 99%
and 85%control of ground ivy and healall, respectively.
However, the control obtained from postenergence applications of
| soxaben on ot her weeds was poor. Chandran and Derr (1997)
reported that isoxaben applied postenergence provided poor to no
control of dandelion, white clover (Trifoliumrepens L.),



buckhorn plantain (Plantago | anceolata L.), comon yel |l ow
woodsorrel (Oxalis stricta L.), common | espedeza (Lespedeza
striata Thunb.), black nedic (Medicago lupulina L.) and spotted
spurge. El nore and Breuni nger (1993) reported poor postenergence
control of creeping woodsorrel (Oxalis corniculata L.) by
I soxaben.
C. Phytotoxicity of isoxaben

The efficacy of a herbicide depends partly on its ability to
cause mininmal crop injury. Mst woody ornanental s are tol erant
to isoxaben applications (Glliamet al. 1989; Mervosh and Ahrens
1997; Neal and Senesac 1990a; Neal and Senesac 1991a; Reeder et
al. 1994; WIlson et al. 1994) but broadcast spray applications
can injure certain nursery crops (Table 1) (Col bert and Ford
1987; Derr 1993b; Fuller 1990; Setyowati et al. 1995; Staats and
Klett 1993). Derr and Salihu (1996) reported that isoxaben at
1.12 kg ha*' reduced new root growh of Japanese holly after one
application and the shoot growh of azalea after three
applications. |soxaben does not injure nost ornanental grasses
(Neal and Senesac 1991a). However, isoxaben reduced the shoot
fresh weight of fountain grass (Pennisetum spp.) in one study
(Wlson et al. 1994). Sonme of the herbaceous perennials
sensitive to i soxaben applications belong to the famly
Conpositae (Table 1) (Porter 1996; Senesac and Neal 1988;
Jacobsen and Walls 1987). Qher sensitive species are in the
plant famlies Labi atae, Begoni aceae, Bal sam naceae, and
Al zoaceae.

I njury caused by isoxaben include both root and shoot
effects. Roberts (1991) reported that the primary response of
susceptible plants to i soxaben was the swelling of the seedling
root tip. Qher root synptons are nubbing, stunting and
di scoloration. Roberts et al. (1993) reported the foliar
synptons of isoxaben as cell swelling, resulting in swollen and
split stens and petioles, and formative effects on | eaves. The
foliar injury synptons |ike |eaf browning, curled | eaves and
neristemati ¢ shoot death were seen in plants with little cuticle
devel opnent. Gowh stage mght be inportant in the tol erance of
nursery crops to isoxaben.

4. Other uses of isoxaben
A. Weed control in turfgrass

| soxaben has al so been evaluated in turf for broadl eaf weed
control. [Isoxaben did not cause any turf injury to ‘' Cormon’ and
‘Tifton 419 bernudagrass [ Cynodon dactylon (L.) Pers.], and
bahi agrass (Paspal um not atum Fl uegge) (Gant et al. 1990), and is
regi stered for nost turfgrasses species cultivated in the U S
(Anonynous, 1994). Gant et al. (1990) observed that isoxaben

fall applied at 0.56 to 1.12 kg ha* provi ded control of a nunber
of broadl eaf weed species found comonly in turf which included
henbi t, comon chi ckweed, | awn burweed (Soliva pterosperna
(Juss.) Less.), short buttercup (Ranunculus parviflorus L.), hop
clover (TrifoliumaureumPollich), curly dock (Rumex crispus L.),



Carol i na gerani um (Gerani um carolinianumlL.), and buckhorn

pl antain. |soxaben controls prostrate spurge very effectively in
turf (Jagshitz and Sawyer 1989). Excellent control of prostrate
knot weed (Pol ygonum aviculare L.) was achieved in spring from
i soxaben applied at 0.84 kg ha' during the previous fall (Neal
and Senesac 1997a). Keese and Forth (1997) reported greater than
90% control of dandelion, speedwell (Veronica spp.) and ground
ivy up to 8 nonths after a conbination treatment of 1.12 kg ha'
of isoxaben with a conmercial herbicide m xture containing
2,4-D, necoprop and dicanba. Up to 98% control of |awn burweed
was achi eved at 6 nonths after isoxaben application (Keese and
Forth, 1997).
B. Weed control in cereals

Used for preeenergent control of annual broadl eaf weeds in
cereal s, isoxaben at 0.125 kg ai ha'controls nore than 30 species
of weeds common to grain crops (Huggenberger et al. 1982).
Anderson et al. (1984) reported greater than 90% control of
redroot pigweed (Amaranthus retroflexus L.), conmon
| anbsquarters, conmon ragweed, field pennycress (Thlaspi arvense
L.), comon chi ckweed and shepherd’ s purse [Capsella bursa-
pastoris (L.) Medic.] by isoxaben at 0.2 kg ha'. Excellent
control of cruciferae weeds was achieved with i soxaben at rates
as low as 0.05 kg ha'. |soxaben did not injure spring and winter
wheat (TriticumaestivumL.), barley (Hordeumvulgare L.) and
sunfl ower (Helianthus annuus L.) and controlled several cool -
season annual weeds such as wild nustard and field pennycress
(Banks et al. 1986). |soxaben conbined with other herbicides and
applied in fall gave residual control of broadl eaves through
spring without injury to winter cereals (Drinkall and Farrant
1987). Isoxaben applications increased yields of wi nter barley
and wheat) due to broadl eaf weed control as conpared with the
untreated controls (Huggenberger and Gueguem 1987).

5. Physical and chem cal properties of isoxaben

CH,~CH;
g C-CHy

f
\ i  CHy;—CHy
O—N

Figure 1. Chem cal structure of isoxaben

The chem cal name of isoxaben is N[3-(1-ethyl-1-
met hyl propyl ) - 5-i soxazol yl ] 2, 6-di met hoxybenzam de and it bel ongs
to the famly benzamde (Figure 1). It is a white crystalline



solid wth a nelting point of 176 to 179° C. It has very | ow

vapor pressure (less than 3.9 x 10" nmHg at 25° C), undergoes

m crobi al degradation in soil, and is degraded by W light in
aqueous solution (Ahrens 1994). |soxaben is soluble in organic
solvents |ike acetone, acetonitrile and dichl oronethane. It is
classified as generally nontoxic, having an oral LD, in rat of
more than 10,000 ng kg*. It has a water solubility of 1 part per
mllion (ppn) at 25°C and | eaches very little in soil. Detection
limt for residues of isoxaben and its mgjor soil netabolite was
0. 05 ppm by H gh Pressure Liquid Chromat ography (HPLC

(Rutherford 1990).

6. Behavi or of isoxaben in plants
A. Mode of action of isoxaben

Al t hough the exact target site of action for isoxaben is yet
to be discovered, the general effect is thought to be inhibition
of cell wall biosynthesis in susceptible plants (Heimet al.
1990b). The only other herbicide that is an effective and
specific inhibitor of cellulose synthesis in higher plants is 2,6
di chl orobenzonitrile (dichlobenil, also refered to as DCB)
(Hogetsu et al. 1974). A dichlobenil receptor which may function

as a regulatory protein for b-glucan synthesis in plants has been
identified (Delmer et al. 1987).
Lefebvre et al. (1987) studied the effects of isoxaben on
plant and cell growth, cell division and sone cellul ar
bi osyntheti c processes of maple (Acer pseudoplatanus L.) and
soybean [@ycine max (L.) Merr.] in tissue culture. |[|soxaben
I nhi bited the incorporation of glucose into nol ecul es insoluble
I n agueous sol utions or organi c solvents, probably conponents of
the cell wall. |soxaben did not interfere with respiration nor
with the synthesis of proteins, fatty acids or nucleic acids.
Further experinments were carried out to determ ne whet her
these effects were due to a prinmary or a secondary site of
action. Heimet al. (1990b) used a novel experinental systemin
whi ch hydroponi cal | y-grown seedlings of nouse-ear cress
(Arabi dopsis thaliana L.) were used in radiol abel i ng experinents.
| soxaben did not cause a generalized herbicidal effect, but it
uni quely or specifically inhibited cell wall biosynthesis and did
so at physiologically relevant concentrations. Heimet al.
(1989, 1990a) al so isolated mutants of nouse-ear cress with
I ncreased resistance to i soxaben. Furthernore, Heimet al.
(1991) used wild type and resistant nutants of nouse-ear cress to
denonstrate that the herbicidal action of isoxaben is due to its
effect on cellul ose bi osynthesis.
U trastructural and i munocytochem cal studies of cel
plates in tobacco (N cotiana tabacumL.) cells reveal ed that
| soxaben and dichl obenil affect two different stages of cel
pl ate formation (Vaughn 1997). |soxaben-treated cells devel oped
thin cell plates and had no increase in callose or xyloglucan



| evel s, while dichlobenil-treated cells had a thickened cel

pl ate and were enriched with call ose and xyl ogl ucan.
B. Selectivity of isoxaben

| soxaben is not a very effective herbicide for controlling
annual grasses, but does control many broadl eaf weeds. Cabanne
et al. (1987) suggested that differences in absorption and
transl ocati on of isoxaben partly explained the selectivity of
i soxaben between di cots and nonocots. Heimet al. (1993)
reported that marsh bentgrass (Agrostis palustris (L.) Huds.var
Penncross) did not readily netabolize isoxaben, but glucose
i ncorporation was inhibited | ess than that seen in nouse-ear
cress, a dicot. The nmechanismof differential isoxaben tolerance
in catchweed bedstraw (Galiumaparine L.), redroot pigweed and
velvetl eaf is not due to decreased uptake or netabolic
detoxification of isoxaben but due to target site insensitivity
(Schneegurt et al. 1994a). Corio Costet et al. (1991a, 1991b)
observed the effect of isoxaben on the incorporation of glucose
into acid-insoluble cell wall material in wheat and sensitive and
tol erant soybean cultures. They concluded that the differential
ef fect was not due to reduced absorption or accel erated
detoxi fication of isoxaben but that the tol erance to i soxaben was
correlated to a | esser effect of isoxaben on the synthesis of
acid-insoluble cell wall material. |In nutants of nouse-ear cress
resistant to isoxaben, the herbicide did not inhibit the
synthesi s of acid-insoluble cell wall material but at the sane
time, the uptake, accumul ati on and metabolismby these mutants is
i ndi stinguishable fromthe sensitive wild type plant (Heimet al
1991).

The absorption and transl ocati on of isoxaben in redroot
pi gweed was poor when conpared to that for nobile herbicides |ike
gl yphosat e, sethoxydi m and mefl ui di de (Schneegurt et al. 1994b).
The potential for postenergence application of isoxaben is
limted by poor absorption and transl ocati on.

7. Behavior of isoxaben in soils

According to Huggenberger and Ryan (1985), isoxaben has a
hi gh level of biological activity, noderate cheni cal per si st ence
and relatively low nmobility in soil. Manouni et al. (1992)
reported that isoxaben undergoes photodegradation to form ei ght
phot oproducts in aquatic systens. Rouchaud et al. (1993a)
observed in their study that isoxaben was netabolized in soi
into nontoxic products and that organic fertilizer treatnments
i ncreased the soil persistence of isoxaben. The rates of soi
di ssi pation for isoxaben were greater in the spring and sumer
season conpared to winter (Rouchaud et al. 1993b). This result
was in agreenent with that of Wl ker (1987), who observed faster
br eakdown for spring-applied i soxaben conpared to fall
appl i cati on.

Jament and Thoi sy-Dur (1988) assessed the novenent of
i soxaben in soil. They concluded that isoxaben was | ess nobile
than atrazine and therefore it would not be a potential



envi ronnental hazard due to | eaching toward groundwater. Wen
sanpl ed at soil depths up to 90 cm neither isoxaben nor its
hydroxy netabolite showed significant |eaching potential2  \Walker
(1987) reported that isoxaben did not |each deeper than 6 to 8
cm However, isoxaben can nove off-site in irrigation runoff
water. Approximately 9% of the applied i soxaben was found in the
runof f water froma container nursery (WIlson et al. 1996).
| soxaben was found in the runoff up to five days after treatnent
in a container study (Briggs et al. 1997).

8. Objectives

There is limted informati on avail able on the reasons for
differential tolerance of woody nursery crops to isoxaben. 1In
this research, the woody species w ntercreeper and dwarf burning
bush, and the herbaceous perennial ajuga were used.

W nt ercreeper euonynus is tolerant to i soxaben while dwarf
burni ng bush and ajuga are sensitive to i soxaben applications
(Anonyrnous 1994). The basis for this differential response to

i soxaben is unclear, and research in this area woul d be useful in
maxi m zing the tol erance of nursery crops to this herbicide. By
adjusting the timng and rate of application of isoxaben, we my
be able to alter the sensitivity of certain ornamentals to

i soxaben. The specific objectives of this research were to:

1. To conpare the response of ajuga, w ntercreeper and dwarf
burni ng bush followng treatnents with foliar and soil applied

I soxaben.

2. To determ ne the response of dwarf burning bush to i soxaben at
three different growh stages.

3. To determne the basis of differential tol erance of ajuga,

wi ntercreeper and dwarf burning bush to i soxaben by:

a. Conparing absorption, translocation and netabolism
foll ow ng root and shoot exposure to radiol abel ed i soxaben in
t hese three crops.

b. Conparing absorption, translocation and metabolism during
two growt h stages of dwarf burning bush follow ng foliar
appl i cati on of radiol abel ed i soxaben.

c. Determining the effect of isoxaben on the incorporation
of radi ol abel ed glucose into the cell wall of these three
speci es.

2 Personal communication with Dr. Ray Cooper, DowEl anco.
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Table 1. O nanental

speci es injured by isoxaben applications.

Common nane

Scientific name

Slight to noderate injury

Dwar f burni ng bush
Li gustrum

I ndi an azal ea
Common | il ac

Red oak

| cepl ant

Gazani a

English ivy

St achys

Severe injury
Shast a dai sy

d ori osa dai sy
x- eye dai sy
Lancel eaf coreopsis
Yar r ow

Bl anket fl ower
Pur pl e conef | ower
| npati ens
Begoni a

A uga

Euonynus al atus (Thunb) Sieb.* Conpact a’
Li gustrum j aponi cum Thunber g.
Rhododendr on i ndi cum Sweet .

Syringa vulgaris L

Quercus ruba (Marsh.) Ashe

Mesenbr yant hemum crystal | i num L
Gazani a rigens L.

Hedera helix L

St achys byzantina L.

Chr ysant henum nmaxi mum Ranond.
Rudbeckia hirta L.

Chr ysant henum | eucant henmum L.
Coreopsi s | anceol ata L.
Achillea mllifoliumlL.

Gail lardia aristata Pursh.

Echi nacea purpurea (L.) Mench.
| rpat i ens wal | erana Hook.
Begoni a spp.

A uga reptans L
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Chapter 11
Differential Response of Ajuga, Wntercreeper and Dwarf
Bur ni ng Bush to Root and Shoot-Applied | soxabens

3 Format followed for this chapter is based on Wed Technol ogy.
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Chapter 11
Differential Response of Ajuga, Wntercreeper and Dwarf
Burning Bush to Root and Shoot-Applied | soxaben

Abstract. G eenhouse and | at hhouse studies evaluated the effects
of isoxaben rate and application type on the growth of ajuga

(A uga reptans L. Alba ), Wi ntercreeper [Euonynus fortunei
(Turcz.) Hand.-Mazz. “Col orat &’ ] and dwarf burni ng bush [ Euonynus
al atus (Thunb) Sieb. ‘Conpacta’]. |soxaben applied in nutrient
sol ution caused root weight reductions to all three species.

| soxaben foliarly applied to plants in nutrient solution caused
approxi mat el y 30% shoot injury to ajuga and dwarf burning bush,
but no visible injury in wintercreeper at 6 weeks after treatnent
(WAT). Isoxaben at 3.39 kg ai/ha applied to the roots and shoots
reduced shoot and root weights of ajuga in sand culture.

| soxaben applied only to the roots caused less injury to ajuga
than foliar or root plus foliar application. |soxaben caused
approximately 20 to 30% injury to dwarf burning bush in sand
culture fromroot, foliar and root plus foliar application.

| soxaben applied to roots or the shoot did not visually injure

Wi ntercreeper in any study. Both root and shoot tissues of dwarf
burni ng bush and ajuga were affected by root and foliar
application. Since shoot application results in root injury in
ajuga, there may be an indirect effect on the roots. At the
typical application rate of 0.84 kg/ha, no visible injury or

weil ght reductions were noticed in wintercreeper. However, slight
root and shoot reductions were noticed in wintercreeper at 3.39
kg/ ha of isoxaben, three tines the maxi numuse rate. These
results suggest that the site of action for isoxaben is in both
root and shoot tissues for these three species.

| NTRODUCTI ON

| soxaben control s annual broadl eaf weeds with acceptabl e
crop tolerance in nmany contai ner and fiel d-grown | andscape pl ants
(Skroch et al. 1990). |soxaben did not injure field-grown
boxwood (Buxus mcrophylla), holly (Ilex x "Nellie R Stevens'),
nandi na (Nandi na donestica L.), Japanese yew (Taxus cuspi data
Sieb. & Zucc.), gl obe arborvitae (Thuja occidentalis L.), Eastern
hem ock (Thuja canadensis L.), creeping juniper (Juniperus
hori zontal is Mbench.) and cat awba rhododendron ( Rhododendron
cat awbi ense Mch.) (Glliamet al. 1989; Mervosh and Ahrens
1997). Neal and Senesac (1990) reported that isoxaben at 0.56
and 1.1 kg/hadid not injure container-grown ‘Coral Bells’ azalea
[ Rnododendr on obtusum (Lindl.) Planch.], ‘Roseum El egans’

r hododendr on, rockspray cotoneaster (Cbtoneaster hori zontal i s
Deene), forsythia (Forsythia x iternmedia Zab.), ‘Nana’ Japanese
dwar f garden j uni per [Juni perus procunbens (Engl ) Mg.], ‘Ad
Gol d* juniper (Juniperus x nedia Van Melle), ‘Al bo-narginata’
plaintain lily (Hosta lancifolia Engl.) and ‘ Tangeri ne’ bush
cinquefoil (Potentilla fruticosa L.).
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General |y gymmosperns and grasses are tol erant to i soxaben
applications. Al though many nursery crops tol erate isoxaben,
certai n herbaceous perennials and woody ornanentals are injured
by this herbicide (Skroch et al. 1990.). Fuller (1990) reported
that |igustrum (Ligustrum japoni cum Thunberg.) and ‘ Judge
Sol omon’ i ndi an azal ea (Rhododendron indi cum Sweet.) were injured
when mul tiple applications of isoxaben were nade. Plants
bel onging to the famly Conpositae are injured by isoxaben.
| soxaben at 1.12 kg/ ha caused noderate to severe injury to
‘Al aska’ shasta dai sy (Chrysant hemum maxi num Ranond), gl oriosa
dai sy (Rudbeckia hirta L.), ‘Sumer Carnival’ hollyhock (Althaea
rosea L.), and ‘ Surmer Pastels’ yarrow (Achillea mllifoliumlL.)
(Porter 1996). |soxaben caused unacceptable injury in field-
grown and cont ai ner-grown | ancel eaf coreopsis (Coreopsis
| anceol ata L.), oxeye daisy (Chrysanthenum | eucanthenumlL.),
bl anket flower (Gaillardia aristata Pursh.) and purple conefl ower
(Echi nacea purpurea (L.) Mench.) (Derr 1993; Derr 1994a) and
stunted Stachys (Stachys byzantina) (Staats and Kl ett 1993).

A uga and hydrangea were injured by isoxaben in a container study
(Tables A1 and A 2)

Little is known on the inportance of root versus shoot
uptake in the sensitivity of ornanmentals to isoxaben. This
research eval uated the effect of root, shoot, and root plus shoot
exposure of ajuga, w ntercreeper and dwarf burning bush to
i soxaben. These speci es were chosen because ajuga and dwar f
burni ng bush are sensitive to i soxaben applications, while
Wi ntercreeper, in the same genus as dwarf burning bush, is listed
as tol erant (Anonynous 1994).

MATERI ALS AND METHODS

General conditions. Rooted cuttings of wi ntercreeper and dwarf
burni ng bush and divi sions of ajuga were naintained in a
greenhouse. Average day/ni ght tenperatures in the greenhouse
were 35/25 C and anbient |ight |evel at noon was approxi nately

650 Mol / nf/ sec. Plants were fertilized with 17N 2. 6P-9. 9K sl ow

rel ease fertilizer containing mcronutrients4 and watered daily.
Al plants were actively growing at the tine of treatnent.

Fol i ar applications of isoxaben were nade using a CO-pressurized
backpack sprayer delivering 230 L/ha. The jars were refilled
alternately with water and Hoagl and’ s sol ution every ot her day.
Injury ratings were taken at 3 weeks and 6 weeks after treatnent
(WAT). Shoot and root weights were recorded 6 WAT. Data

coll ected included visual ratings of root and shoot injury, shoot
fresh weight and root fresh weight. The shoot injury ratings
were rated on a scale of 0 to 100 (wth O = no injury and 100 =
conplete kill), while the root ratings were on a scale of 1 to 10
(wwth 1 = healthy white roots and 10 = dead brown roots). The

40snocote 17-6-12; The Scotts Co., Marysville, OH 43040.
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best plant regardless of treatnent was given a rating of 0%
shoot injury, and other plants were conpared to it. Each
experiment was repeated and the data presented is the nean of
bot h experinents. Data were subjected to analysis of variance,
foll owed by regression anal yses and nmean separation. For mean
separation, Fisher’'s Protected Least Significant Difference (LSD)
test at P = 0.05 |l evel was used.

Nutrient solution study. The experinment was a random zed
conpl ete block design with 4 replications. After the roots were
t horoughly washed free of pine bark, plants were transferred to
alum numfoil-covered glass jars filled with 180 m of full-
strength Hoagland’s solution. After a week of acclimatization to
t he Hoagl and’ s solution, plants were treated with isoxaben. For
the root only applications, the nutrient solution was repl aced
with fresh Hoagl and’ s sol ution containing i soxaben concentrati ons
of 0, 0.5, 1, 2 and 4 parts per mllion (ppn). The 0.5 ppmrate
corresponds to a field application of approximately 1.1 kg/ ha.
Anot her experinment containing the shoot only applications
was conducted. To prevent root exposure to isoxaben, jars were
covered with alumnumfoil prior to herbicide application.
| soxaben was applied at 0.84, 1.69 and 3.39 kg/hato the foliage.
Sand culture study. The experinment was a random zed conpl ete
bl ock with a factorial arrangenent of treatnments. The three
factors were species, isoxaben rates and application types.
Plants were transplanted into 417 m styrof oam cups contai ni ng
river-type silica sand and drain holes. |[|soxaben at 0.84, 1.69
and 3.39 kg/ha was applied to the roots, shoots and roots plus
shoots. The shoot only treatnents were achi eved by shielding the
sand surface with alumnumfoil and then renoving the foil after
application. The root only treatnments were nmade by spraying the
sand in the styrof oamcups before transplanting. For the root
pl us shoot treatnents, applications of isoxaben were nmade over -
the-top of plants. The data were subjected to factorial analysis
of vari ance.

RESULTS AND DI SCUSSI ON

Nutrient solution study. Root application: An increase in

i soxaben rate did not increase shoot or root injury nor shoot or
root wei ght reduction for ajuga, w ntercreeper and dwarf burning
bush (data not shown). At 3 and 6 WAT, isoxaben applied to roots
i njured shoots of ajuga but not w ntercreeper or dwarf burning
bush (Table 1). Geater injury was observed in ajuga at 6 WAT
than at 3 WAT. Ajuga roots were visually injured by isoxaben,
but no injury was seen in w ntercreeper or dwarf burning bush
roots. |soxaben caused shoot fresh weight reduction in ajuga but
not in wntercreeper or dwarf burning bush foll ow ng root
application. This injury follow ng root exposure to ajuga is
consistent with Derr (1994b) who observed a 57% reduction in the
shoot fresh weight of ajuga with a granular formul ation

contai ning i soxaben and trifluralin. |soxaben caused greater
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root weight reduction in ajuga as conpared to w ntercreeper and
dwar f burni ng bush.
Foliar application: Shoot and root injury did not increase as
i soxaben rate increased (data not shown). |soxaben caused
simlar anmounts of shoot injury to ajuga and dwarf burni ng bush
at 3 and 6 WAT (Table 2). However, isoxaben caused nore root
injury to ajuga than to dwarf burning bush. Ajuga roots injured
by i soxaben were stunted and brown in color, while the untreated
pl ants had healthy white roots. Roberts (1991) noticed swelling
of the seedling root tip in redroot pigweed (Amaranthus
retrofl exus L.) due to isoxaben treatnents.

The shoot injury synptons observed in ajuga included
chlorotic new | eaves and general stunting of the plant. Injury
synptons for dwarf burning bush included puckered and chlorotic
| eaf appearance, downward curling of |eaves and bendi ng of
petioles. Setyowati et al. (1994) reported slight necrosis and
di scoloration of |leaves in dwarf burning bush fromfoliar
applications of isoxaben. Swollen and split stens and petiol es
were noticed followng foliar application in redroot pigweed
(Schneegurt et al. 1994). Derr (1994b) al so observed that
i soxaben applied foliarly reduced shoot fresh wei ght and caused
visual injury in ajuga.

| soxaben applied to ajuga roots caused a 40% reduction in
root weight, while foliar applications reduced root wei ghts by
32% (Tables 1 and 3). Geater shoot reduction was observed wth
foliar application than with root application for ajuga. The
hi ghest rate of isoxaben caused a 10%reduction in shoot wei ght
in wintercreeper, but the lower rates did not decrease shoot
wei ght. 1soxaben foliarly-applied at 3.39 kg/ha reduced root
wei ght of dwarf burning bush by 20%w th no reductions seen at
the | owest rate.

Sand culture study. Species responded differently to isoxaben
rate and application type as the three way interaction for shoot
injury was significant (Table 4). Isoxaben at 1.69 and 3.39 kg/ha
caused nore injury to ajuga than dwarf burning bush or

wi ntercreeper following all application types at 2 MAT (Table 5).
The injury to ajuga fromroot and shoot application is consistent
with reports that sprayable and granul ar formulations of isoxaben
caused visual injury to ajuga (Derr 1994b).

In ajuga, isoxaben applied only to roots caused 12 to 18%
shoot injury, which was | ess than the injury observed with the
foliar and root plus foliar applications (Table 5). At 1 NAT,
ajuga injury did not increase significantly with increasing rate
of isoxaben. However, at 2 MAT, injury increased with increasing
rate fromthe root application and r oot plus foliar applications.
No visual injury was observed in wi ntercreeper wth any
application type or rate. |soxaben caused approxi mately 20%
injury to dwarf burning bush 1 MAT at all rates shoot appli ed.
However, at 2 MAT, nore injury was noticed with the root plus
foliar application as conpared to root only or foliar only
appl i cati on.
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Aver aged over species, application type had an effect on
root wei ght reductions, but not shoot weight reductions (Table
4). Root applications resulted in | ower root weight reduction
t han shoot or root plus shoot application (Table 6). Geater
root weight reductions were seen in ajuga than w ntercreeper or
dwarf burning bush averaged over application type. Al so,
general | y greater shoot wei ght reductions, were seen in ajuga
than the other two species. Derr (1994b) reported that isoxaben
at 1.1 and 2.2 kg/ ha caused 30 and 75% shoot fresh wei ght
reductions, respectively, to ajuga six weeks after treatnent. In
Wi ntercreeper, root applications caused greater root weight
reductions than shoot weight reductions. |In dwarf burning bush,
shoot applications caused greater root wei ght reductions than
shoot wei ght reductions. Averaged over species, approximtely
20% shoot wei ght reductions was seen with all three application
types.

Species differed in their response to varying i soxaben rate
for both root and shoot weight (Table 4). Isoxaben at all rates
caused greater reduction of root and shoot fresh weight in ajuga
as conpared to wi ntercreeper and dwarf burning bush, when
averaged over application type (Table 7). 1soxaben at 0.84 kg/ha
and 1.69 kg/ha did not reduce shoot or root weight in
Wi ntercreeper. Wntercreeper and dwarf burning bush had simlar
root and shoot weight reductions within an i soxaben application
rate. Al though no visible root injury was observed in
wi ntercreeper and dwarf burning bush (data not shown),
approxi mately 30% reduction of root weight was noticed at the
hi ghest rate. Derr and Salihu (1996) reported that isoxaben at
1.12 kg/ ha reduced new root growh of ‘Helleri’ Japanese holly
(I'lex crenata Thunb.) and the shoot growh of ‘Tradition azalea
(Rhododendron spp.). |soxaben reduced shoot fresh wei ght of
redroot pigweed and wild nustard [ Brassica kaber (D.C
L. C. Wieeler] follow ng application to roots, foliage, and roots
plus foliage (Schneegurt et al. 1994).

| soxaben caused greater shoot and root weight reductions in
aj uga than w ntercreeper and dwarf burning bush follow ng both
root and foliar application in nutrient solution as well as in
sand (Tables 1, 3, and 6). Geater reductions were seen in sand
culture when conpared to plants in nutrient solution. This may
be due to the | onger exposure of the plants to the herbicide in
the sand culture versus the nutrient solution. In w ntercreeper,
root uptake of isoxaben fromthe nutrient solution resulted in
root wei ght reductions but not shoot weight reductions in the
nutrient solution. 1In the sand study, root uptake of isoxaben by
wi ntercreeper resulted in root and shoot weight reductions.

Al t hough shoot injury was noticed in dwarf burning bush, very
little reduction in shoot weight occurred. This may be because
shoot injury was primarily leaf distortions with little effect on
pl ant size. Geater shoot weight reductions woul d possibly be
noticed after |onger exposure to isoxaben.
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Foliar injury resulted fromboth root and shoot uptake in
aj uga and dwarf burning bush, while no visible injury was
observed in wintercreeper. Wntercreeper growing in nutrient
solution tol erated i soxaben applied foliarly at 0.84 and 1.69
kg/ ha, but shoot wei ght reduction occurred at 3.39 kg/ha.
However, root and shoot wei ght reductions occurred when isoxaben
was applied foliarly at 3.39 kg/ha to wintercreeper growing in
sand. Unlike ajuga and dwarf burning bush, foliar uptake did not
result in root weight reductions in wi ntercreeper. The roots and
shoots of ajuga and dwarf burni ng bush appear to be sensitive to
I soxaben.
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