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5 Format for this chapter is based on the Journal of Environnental
Horticul ture.
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Chapter 111
Effect of Gallery Applied at Different Growth Stages to
Dwar f Burni ng Bush (Euonymus al atus ‘ Conpacta’)

Abstract
The effect of Gallery application timng on dwarf burning bush
tol erance was determned in field trials. Gallery was applied
foliarly at 0.84, 1.69 and 3.39 kg ai/ha (0.75, 1.5 and 3 |b
ai/A) to dwarf burning bush. Data collected included injury
ratings at three different time periods, height and wi dth
neasurenments and percent premature defoliation. Gllery applied
at the dormant stage and two nonths after the bud-break stage did
not injure dwarf burning bush. Plants treated one nonth after
bud-break were injured approxinmately 30 to 45% at one and three
nonths after treatnment at all three rates. Gllery applied at
all growth stages did not affect the growth index of dwarf
bur ni ng bush when conpared to untreated plants in August. Shoot -
di eback was observed in plants treated with Gallery one nonth
after bud-break. Gallery applied one nonth after bud- break
caused 60 to 75% of the | eaves to defoliate six weeks earlier
than untreated plants. Casoron did not cause injury or affect the
growm h of dwarf burning bush at any stage of application.
| ndex words: herbicide tol erance, growh stages
Species used in this study: Dwarf burning bush (Euonynus
alatus (Thunb.) Sieb. ‘Conpacta’).
Her bi ci des used in this study: Casoron (Casoron), 2,6
di chl orobenzonitrile; Gllery (Gllery), N[3-(1-ethyl-1-
nmet hyl propyl ) - 5-i soxazol yl ] 2, 6-di met hoxybenzam de.

Significance to the nursery industry

The timng of herbicide application relative to the growh
stage of the nursery crop can affect plant tolerance. Gllery
applied at the | eaf energence stage caused injury to dwarf
burni ng bush. The dornmant and | eaf nmaturation stages were
tolerant to Gallery applications. Nurserynen should use caution
when using Gallery on areas adjacent to actively-grow ng dwarf
bur ni ng bush.

| ntroduction

Nurseries commonly use herbicides for weed control. Plant
tol erance to herbicides is an inportant factor in the selection
of herbicides by nurserynen. Gallery (isoxaben), a selective
pr eemer gence herbici de, has been eval uated for broadl eaf weed
control in ornanentals, turf, |andscape plantings, small grains
and in orchard crops (1, 6). Gllery is conmercially avail abl e
as a 75 percent dry flowable fornulation and in conbination with
Treflan as Snapshot 2.5TGin the United States. It was al so
fornmerly marketed in conbination with Surflan as Snapshot 80DF.
Gallery is an alternative preenergent herbicide to Princep
(simazi ne) use in nursery crops because of their simlar weed
spectrum ( 10).
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Her bi ci des nust be used with caution because i nproper
appl i cation can cause econonm c | oss due to plant danage. A
desirabl e characteristic of Gallery is the high degree of safety
it exhibits for nost nursery species (9, 12).

Neal and Senesac (12) reported that Gallery at rates of 0.56
or 1.1 kg ai/ha (0.5 or 1 |Ib ai/A) did not injure a nunber of
fiel d-grown woody ornanmentals and controll ed nost broadl eaf weeds
except velvetleaf (Abutilon theophrasti Medic.), conmon nmal | ow
(Malva neglecta L.) and snooth pi gweed (Amaranthus hybridus L.).

Mervosh and Ahrens (9) reported that Gallery at 0.84 kg
ai/ha (0.75 Ib ai/A) did not injure actively grow ng Japanese yew
(Taxus cuspidata Sieb. & Zucc.), gl obe arborvitae (Thuja
occidentalis L.), Eastern hem ock (Thuja canadensis L.), creeping
juni per (Juni perus horizontalis Mench.) and rhododendron
(Rhododendr on cat awbi ense Mchx.). Gllery did not injure field
grown sawara fal se cypress (Chamaecyparis pisifera (Siebold &
Zucc.) Endl. ‘Plunosa’), honey locust (Qeditsia triacanthos L.),
Japanese Yew, holly (llex x auipernyi Gable ex W d arke ‘ San
Jose’), white pine (Pinus stribus L.), Douglas fir (Psuedotsuga
nmenziesii (Mrb.) Franco) and white fir [Abies concolor (Cord.)
Lindl. ex Hldebr.] (12). However, the grow h and vi gor of
conmon lilac (Syringa vulgaris L.) was reduced by Gallery applied
at 0.56 kg/ha (0.5 1b/A). Gllery was not phytotoxic to
strawberry and raspberry, was relatively persistent over the
wi nter nmonths and was very effective on Brassica weed species
(8). Glliamet al. (4) concluded that Gallery can be safely
used on field-grown boxwood (Buxus mcrophylla), holly (llex X
"Nellie R Stevens') and nandi na (Nandi na donestica).

Over-the-top spray applications of Gallery nmay be phytotoxic
to certain nursery crops (3, 5 7). Jacobsen and Walls (7)
reported that foliar injury was induced on icepl ant
(Mesenbryant hemum crystallinumL.), gazania (Gazania rigens L.)
and English ivy (Hedera helix L.). Root synptons included root
nubbi ng, root stunting and root discoloration (7). Derr and
Salihu (3) reported that Gallery at 1.12 kg/ha (1 I b/A) reduced
new root growth of Japanese holly (Il ex crenata Thunb. ' Helleri’)
after one application and the shoot growth of azal ea
(Rhododendr on obtusum Planch. ‘Tradition’) after three
applications. Staats and Klett (14) found that Gallery stunted
stachys (Stachys byzantina).

Gallery applied at 0.8 kg ai/ha (0.75 | b ai/A) caused slight
necrosi s, and discoloration in conmon |ilac and red oak [ Quercus
ruba (Marsh.) Ashe.] (13). Stemdianeter reduction in comon
lilac, and trunk diameter reduction in red oak were attributed by
the authors to inadequate annual grass control resulting from
Gal | ery al one application.

Dwarf burning bush is injured by Gallery applications (1).
Thi s experiment was conducted to determne the effect of Gallery
application timng on dwarf burning bush tol erance. By adjusting
the timng and rate of application, one nay be able to alter the
sensitivity of certain ornanentals to Gallery.
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Mat eri al s and nmet hods

General conditions: This field experinent was conducted at
a commercial nursery in Waynesboro, Virginia. The soil pH was 6.0
and and the organic matter level was 2.6% The soil type was
Frederick silt |oam (clayey, kaolinitic, nesic, Typic
Pal eudul ts). The experinmental design was a random zed conpl ete
bl ock with four replications and five plants per plot.
Treatnments were applied at three grow h stages of dwarf burning
bush: at the dormant stage, one nonth after bud-break (| eaves
were 2.5 to 3 cmlong and actively growing) and two nonths after
bud-break (leaves were 7 to 8 cmlong). Casoron, |abeled for use
on dwarf burning bush, was included for conparison. A 75%dry
flowabl e fornulation of Gallery was applied at 0.84, 1.69 and
3.39 kg ai/ha (0.75, 1.5 and 3 |b ai/A) and a 50% wettabl e powder
formul ati on of Casoron was applied at 4.48 kg ai/ha (4 1b ai/A).
Her bi ci des were applied over the top of plants using a
pressurized backpack sprayer delivering 230 L/ha (25 gaI/A)
Data collected include injury ratings at three different tine
peri ods, height and wi dt h measurenents and percent premnature
defoliation. Gowh index was cal cul ated by taking the average
of the height and wi dth neasurenents for a plant. Data were
subj ected to analysis of variance with mean separation by the
Least Significant D fference (LSD) test at P=0.05. The
experiment was repeated in 1996 and the results were conbi ned.
The treated plants in 1995 were observed for injury synptons in
1996.

Experi ment 1: The first herbicide application (dornant
stage application) was nade on March 14, 1995. The first
rainfall after application was on March 21, and neasured 0.33 cm
(0.13 inches). Air tenperature was 21 C (70 F), wi nd speed was O
to 8 knph (0 to 5 nph), and cloud cover was 0 to 3% There were
5 plants per treatnent. The plant spacing was 120 by 90 cm (3 by
4 feet). The second application (one nonth after bud-break) was
made on April 26, 1995. The first rainfall after application was
on April 30, and nmeasured 0.3 cm (0.1"). Ar tenperature was 24
C(75 F), wind speed was 0 to 8 knph (0 to 5 nph), cloud cover
was 0% and the soil surface was dry. The third application (two
nont hs after bud-break) was nmade on June 4, 1995. The first
rainfall after application was on June 11, and neasured 3.3 cm
(1.3"). Ar tenperature was 27 C (78 F), wind speed 0 to 8 knph
(0 to 5 nph) and cl oud cover was 50%
Experi ment 2: The first application (dormant stage application)
was nmade on March 14, 1996. The first rainfall after application
was on March 16, and nmeasured 0.28 cm (0.11"). Air tenperature
was 16 C (60 F), wind speed was 0 to 8 knmph (0 to 5 nph), and
cloud cover was 80% There were 3 plants per treatnent. The
pl ant spacing was 120 by 90 cm (3 by 4 feet). The second
application (one nonth after bud-break) was nmade on April 25,
1996. The first rainfall after application was on April 27, and
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neasured 0.1 cm (0.04”). Air tenperature was 21 C (70 F), w nd
speed was 8 to 16 knph (5 to 10 nph) and cl oud cover was 50%
The third application (two nonths after bud-break) was nmade on
June 25, 1996. The first rainfall after application was on

July 3, and neasured 0.53 cm (0.21”). Air tenperature was 31 C
(87 F), wind speed was 0 to 8 knph (0 to 5 nph) and cl oud cover
was 5%

Results and Di scussi on

Injury ratings were taken in June, July and August. All
rates of Gallery applied at the dormant and at two nonths after
bud-break did not injure dwarf burning bush when conpared to
untreated plants (Table 1). Gllery did not inhibit the
initiation of new | eaves after the dormant stage application nor
were the energing | eaves affected (data not shown).

Plants treated one nonth after bud-break were injured about
35%in June regardless of the Gallery rate. |Injury synptons were
observed even at four nonths after treatnment fromthis
application. Casoron did not cause any injury to dwarf burning
bush at any stage of application.

The injury synptons observed followi ng Gallery application
at the | eaf energence stage were curling of the | eaves and
smal | er | eaf size conpared to untreated plants. Downward bendi ng
of the stens and shoot dieback were al so noticed in these injured
plants at five nonths after treatnent (Figure 1). These injury
synptons were simlar to that reported by Jacobsen and Walls in
certain ornanentals (7). They observed bronzing of |eaves,
curled | eaves and neristemati c shoot death in actively grow ng
plants injured by Gallery. Gowth stage appears to be inportant
in the tolerance of dwarf burning bush to Gallery. Setyowati et
al. (13) reported that Gallery applied in conbination with
trifluralin or oryzalin at 4.2 kg ai/ha caused slight necrosis
and discoloration to dwarf burning bush in the first year of
appl i cati on.

Gallery applied at any rate or growmh stage did not reduce
pl ant size when conpared to the untreated plant (Table 2).
However, at the tinme of measurenents, shoot dieback follow ng
applications nade at one nonth after bud-break was not as severe
as in Septenber. Casoron did not cause reductions in growh of
dwarf burning bush at any stage of application.

Premature defoliation of dwarf burning bush plants was
observed in plants treated with Gallery one nonth after bud-break
(Figure 2). @Gllery applied at the dormant and two nonths after
bud- break stages did not cause premature defoliation. Casoron
did not cause premature defoliation when applied at any growth
stage. After one year, no injury was observed in the plants
treated with Gallery one nonth after bud-break stage (data not
shown) .

Dwarf burning bush is nore tolerant to Gallery applications
at the dornmant stage and at two nonths after bud-break. Al though
pl ants are damaged from applications made one nonth after bud-
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break, the injury is only apparent in the year of application.
The plants outgrow the damage in the foll owi ng year as the
energi ng | eaves were unaffected. However, nurserynmen could not
afford to | ose one year’s worth of growth when producing this

speci es.
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Table 1. Effect of herbicides applied at three different growh
stages of field-grown dwarf burning bush, averaged over two
years.

Her bi ci de Rat e Application Percent | njury?
(kg ai/ha) timng June July August
Unt r eat ed
Gl |l ery 0. 84 Mar ch 5 5 6
Gl |l ery 1.69 Mar ch 8 4 5
Gl |l ery 3.39 Mar ch 1 2 2
Casoron 4.48 Mar ch 4 2 5
Gal l ery 0.84 Apri | 32 37 37
Gal l ery 1.69 Apri | 34 41 42
Gal lery 3.39 Apri | 36 43 45
Casoron 4.48 Apri | 6 5 5
Gal lery 0. 84 June -3 7 5
Gl |l ery 1.69 June - 5 9
Gl |l ery 3.39 June - 6 4
Casoron 4.48 June - 7 12
LSD (0. 05) 6 9 13

'Dor mant applications were nade in March, the second grow h stage
was treated one nonth after bud-break in April and the third
gromﬁh stage was treated two nonths after bud-break in June.
Percent injury was rated on a scale of 0 to 100 (O = no injury,
100 = conplete kill).

Plants were not rated as plants were treated in June.
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Table 2. Effect of herbicides applied at three different growh
stages on the grow h of field-grown dwarf burning bush, averaged
over two years.

Her bi ci de Rat e Application G ow h i ndex?

(kg ai/ha) timng' Jul'y August

_____ Cm____
Unt r eat ed 90 88
Gl |l ery 0. 84 Mar ch 78 80
Gl |l ery 1.69 Mar ch 83 88
Gl |l ery 3.39 Mar ch 80 83
Casor on 4. 48 Mar ch 85 80
Gl |l ery 0. 84 Apri | 73 75
Gl |l ery 1.69 Apri | 73 75
Gl |l ery 3.39 Apri | 80 80
Casoron 4.48 Apri | 83 90
Gl |l ery 0. 84 June 88 90
Gl |l ery 1.69 June 85 88
Gl |l ery 3.39 June 85 88
Casoron 4.48 June 85 88

LSD (0. 05) NS NS

'Dor mant applications were nade in March, the second grow h stage
was treated one nonth after bud-break in April and the third
gromﬁh stage was treated two nonths after bud-break in June.

G owth index was cal cul ated by taking the average of height and
wi dth of a plant.
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Figure 1. Injury in dwarf burning bush from Gllery applied one
nonth after bud-break.
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LSD =23

60 - B Untreated

B Gallery 0.84 kg/ha
3 Gallery 1.69 kg/ha
B Gallery 3.39 kg/ha
O Casoron 4.48 kg/ha

Premature
defoliation (%)
D
o
1

March April June

Application timings

Figure 2. Effect of herbicides applied at three different
timngs, March, (dormant), April (one nonth after bud-break) and
June (two nonths after bud-break) on premature defoliation (% in
dwarf burni ng bush as observed in Septenber. LSDs are |isted
where significant differences were present for premature
defoliation anong herbicides at an application timng.
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Chapter 1V
Upt ake, Transl ocation and Metabolism of Root-applied
| soxaben in Ajuga (Ajuga reptans), W ntercreeper
(Euonymus fortunei) and Dwarf Burning
Bush (Euonynus al atus)®

6 Format followed is for the journal Wed Science.



Chapter 1V
Upt ake, Transl ocation and Metabolism of Root-applied
| soxaben in Ajuga (Ajuga reptans), W ntercreeper
(Euonymus fortunei) and Dwarf Burning
Bush (Euonynus al atus)

Abstract. The ornamental species ajuga (A uga reptans L.
“Alba’), w ntercreeper [Euonynmus fortunei (Turcz.) Hand.-Mzz.
‘Colorata’] and dwarf burning bush [ Euonynus al atus (Thunb) Si eb.
‘Conpacta’] differ in their response to i soxaben. To determne
the basis for this selectivity, the uptake, translocation and

nmet abol i sm of root-applied i soxaben was studied in these three
species. Plants treated with radi ol abel ed i soxaben were
harvested 1, 3, 7, and 14 days after treatnment (DAT). Uptake of
radi oactivity increased with time in all three species. Dwarf
bur ni ng bush absorbed the nost radioactivity at 14 DAT conpared
to ajuga and wintercreeper. Translocation of absorbed

radi oactivity fromroots to shoot at 1 and 3 DAT was greatest in
aj uga, the nost sensitive species, internediate in w ntercreeper
and | east in dwarf burning bush. Thin-Ilayer chronmatographic

anal ysis of root extracts of w ntercreeper and dwarf burning bush
showed that nost of the recovered radioactivity at all tinme
interval s corresponded to unnetabolized i soxaben. The *C
recovered fromajuga roots at 7 and 14 DAT appeared to be
primarily metabolites of isoxaben. Mst of the radioactivity
recovered fromshoots at 14 DAT in the three species appeared to
be pol ar metabolites of isoxaben, possibly conjugates. Geater
absorption by ajuga and dwarf burning bush than wi ntercreeper nay
explain the greater sensitivity of these species to root
appl i cations of isoxaben. Translocation of radioactivity to the
foliage may explain the shoot wei ght reductions seen in ajuga,

wi ntercreeper and dwarf burning bush. Metabolic detoxification
of isoxaben did not explain the differential selectivity of

i soxaben observed in the sensitive species ajuga and the tol erant
speci es wi ntercreeper. Metabolismof isoxaben appeared to be
greater in wntercreeper than dwarf burning bush. The effect of
i soxaben on gl ucose incorporation into cell wall material was
exam ned using roots of the three species. |soxaben inhibited

gl ucose incorporation by approximately 10%in roots of ajuga, but
did not inhibit glucose incorporation in roots of mnntercreeper
or dwarf burning bush. Nonenclature: |soxaben, N[3-(1-ethyl-

nmet hyl propyl ) - 5-i soxazol yl ] 2,6-dinethoxybenzanide.

Addi tional index words: woody ornanental s, glucose incorporation,
her bi ci de sel ectivity, nursery crops, radi ol abel ed herbi ci de.

| NTRODUCTI ON

| soxaben is a preenergence herbicide for broadl eaf weed
control in established turf and ornamental s (Anonynous 1994;
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Col bert and Ford 1987). Al though i soxaben may be used safely on
a variety of container and field-growm ornanentals (Neal and
Senesac 1990), it can injure certain species (Jacobsen and Walls
1987; Derr 1993; Derr and Salihu 1996). |[|soxaben applied at 0.56
kg ha't injured field-grown common lilac (Syringa vulgaris L.) and
certain container-grown herbaceous perennials (Neal and Senesac
1990; Porter 1996). Fuller (12) reported that many ornamental s
may be injured when nultiple applications of isoxaben are nade.

| soxaben applied to soil at 0.56 and 1.1 kg ha' i nduced root

nubbi ng, root stunting, and root discoloration in iceplant
(Mesenbryant hemum crystallinumL.), gazania (Gazania rigens L.)
and English ivy (Hedera helix L.) (Jacobsen and Walls 1987).
Corio-Costet et al. (1991) reported that the cytol ogical synptons
seen in the sensitive tissue cultured cells of soybean [d ycine
max (L.) Merr.] were a detachnment of the plasnma nmenbrane fromthe
cell wall and the deposition of fibrillar material in the
extracytopl asm ¢ space. These synptons, which suggested sone
abnormality of the cell wall, were absent in tolerant cel

cul tures.

Dicots are generally nore sensitive to isoxaben than
nonocots (Cabanne et al. 1987). Rape (Brassica napus L.) a
sensitive species, absorbed nore i soxaben into the roots and
transl ocated |l ess into the shoots conpared to wheat (Triticum
aestivumL.). The node of action of isoxaben is thought to be
inhibition of synthesis of acid-insoluble material (cellulose) in
the cell wall of sensitive species (Heimet al. 1990). Lefebvre
et al. (1987) concluded fromtheir study using tissue-cultured
mapl e (Acer pseudopl atanus L.) and soybean that isoxaben
i nhibited the incorporation of glucose into cell wall materials.
Heimet al. (1990) concluded that | ow concentrations of isoxaben
i nhi bited glucose incorporation into acid-insoluble material s of
nouse-ear cress (Arabidopsis thaliana L.). |soxaben and
di chl obeni| are the only herbicides reported to act on cell ul ose
bi osynt hesis, but they differ in their effects on cell plate
formation (1997). Tobacco (N cotiana tabacumL.) cells affected
by i soxaben had thin cell plates with little call ose and
xyl ogl ucan while cells damaged by di chl obenil had thicker cel
pl at es and hi gher anounts of call ose and xyl ogl ucan.

A uga, W ntercreeper and dwarf burning bush differ in their
response to i soxaben (Chapter I1). Dwarf burning bush and aj uga
are sensitive to i soxaben applications, while wi ntercreeper is
tolerant up to two times the typical use rate. Dwarf burning
bush is sensitive to i soxaben when applied one nonth after bud-
break, but tolerant at the dornmant stage and three nonths after
bud- break (Chapter I11).

Thi s research was conducted to exam ne possi bl e causes for
this differential response. A plant species can be tolerant to
her bi ci de application because of: 1) decreased herbici de uptake
or translocation, 2) conpartnmentation, 3) increased rate of
nmet abol i smor 4) nodification of the site of herbicide action,
anong ot her nechani sns. Therefore the objectives of this study
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were: 1) to determne the absorption, translocation and

nmet abol i sm of i soxaben followi ng root application in these three
species and 2) to study the effect of isoxaben on gl ucose
incorporation into the cell walls of root tissues of these three
speci es.

MATERI ALS AND METHODS

Chem cal s. Anal ytical -grade i soxaben?, radi ol abel ed i soxaben and
radi ol abel ed gl ucose® were used. The radiochem cal purity of

i soxaben (uniformy phenyl 'C |abeled) was 97.8%with a specific
activity of 30.2 nG/mmol. The radiochem cal purity of glucose
(uniformy C | abel ed) was nore than 98%and its specific
activity was 276 nC / nmol .

General conditions. Divisions of ajuga and rooted cuttings of
wi ntercreeper and dwarf burning bush were used for absorption,
transl ocati on, netabolismand gl ucose incorporation studies. To
break dormancy and to attain the desired growth stage, dornant
dwarf burning bush was noved to the greenhouse fromcold storage
two weeks before treatment. Al plants were kept in a greenhouse
and fertilized with a 17N-2.6P-9.9K slow rel ease fertilizer?®
containing mcronutrients and watered daily. After the roots
wer e thoroughly washed free of soil, plants were transferred to
alum numfoil-covered glass jars filled with 180 m of full-
strength Hoagland’s solution (pH = 6.3). After 7 days, each

pl ant was exposed to 0.16 nC of root-applied *C isoxaben for 1,

3, 7 or 14 days for conbustion and 3, 7 and 14 days for
met abol i sm st udi es.

A random zed conpl ete bl ock design was used and each
experinment was duplicated. Three plants per species were used
for conbustion and netabolism and two were used for
aut or adi ography. Data were subjected to analysis of variance and
nmeans were separated by Fisher’s Protected Least Significance
Difference (LSD) test at the 0.05 probability |evel.

Upt ake and translocation studies. Absorption and

transl ocati on of radi ol abel ed i soxaben was studi ed qualitatively
by aut oradi ography and quantitatively by tissue conbustion.
Harvest ed pl ants were autoradi ogaphed foll ow ng the procedures of
Crafts and Yanmaguchi (1964). Treated plants were nounted on
paper, pressed, air dried and exposed to X-ray filnsl0 for 4 weeks
bef or e devel opi ng.

For the conbustion studies, the roots of harvested plants
were washed with deionized water to renove any unadsor bed
her bi ci de and then separated into roots and shoots (stens plus
| eaves). Plant tissue was wei ghed and dried in an oven at 60C

7 DowEl anco, |ndianapolis, |IN 46268.

8 Signma Chemical Co., St. Louis, MO 63178.

9 Osnocote 17-6-12, The Scotts Conpany, Marysville, OH 43040.

10 Kodak Scientific Imaging Films, Eastman Kodak Com, Rochester, NY 14560.
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for 24 h. Absorption and translocation of radioactivity into
plant tissue was nmeasured by combustion in a biological sanmple
oxi di zer1! and counting of the radioactivity, trapped as “CQ in a
scintillation solutionl2, using a liquid scintillation

spect ronet er 13, Radloact|V|ty in the water rinses and in the
nutrient solution was monitored by liquid scintillation
spectronetry. Absorbed radioactivity is expressed as a
percentage of applied radioactivity. Distribution of *Cin plant
tissue is expressed as percent of absorbed radi oactivity.

Met abol i sm studies. Both the roots and shoots of all species
were anal yzed for isoxaben nmetabolism |soxaben and its

net abol ites were extracted follow ng the nethods of Cori o- Cost et
et al. (1991a) with slight nodifications. Plant roots and shoots
were frozen in liquid nitrogen, pulverized with a nortar and
pestl e and honogeni zed with 10 m of 80% net hanol. The
honogenat es were centrifuged at 2000 x g for 10 mn and the
super nat ant was renoved and saved. The pellets were extracted
two nore times in 80% nmethanol. The conbi ned supernatants (30
M) were air dried to 5 mM and then concentrated by

rot oevaporation to 0.5 m. The concentrated extracts were then
cleaned by filtration through 0.25 mm nyl on di sposable filtersi4
and further cleaned using a C18'5 cartridge. The cartridge was
activated by passing about 2 ml of acetonitrile through it,
followed by about 2 ml of water. The extract was transferred to
the C18 and the effluent was saved. This was foll owed by passing
3 mM of 1%acetic acid through the cartridge to renove highly

wat er-sol uble materials. Finally, 2 m of acetonitrile, acetic
acid and water (80:1:19) was passed through the cartridge and the
effluent was saved. This contained both isoxaben and its
netabolite. This eluate was used for thin |layer chromatography

(TLO. A50 m sanple fromeach eluate was | oaded on to the TLC

pl atesls., Standard *C i soxaben and a netabolite of isoxaben
(hydroxyl ated on the 2 carbon of the propyl side chain) was co-
chromat ographed with the plant extracts and the plates were
devel oped in a cholorformacetone (9:3, v/v) solvent system
Devel oped TLC pl ates were then exam ned under WV |ight and
fractionated. Each fraction was scraped into the scintillation
cocktail and the radioactivity was determned by liquid
scintillation spectronetry. Metabolites were separated by their
Rf values and the distribution of radioactivity detected in each

11 Tri-Carb sanpl e oxidi zer Model B306, Packard Instrument Co., Inc. Downers
Grove, |IL 60515.

12 carbosorb E and Permafluor E+, Packard |nstrument Conpany, M ldred, CT
06450.

13 Beckman nodel LS 5000TA, Beckman Instrunents, Inc. Schaunburg, IL 60173.
14 Acrodisc Syringe Filters 25 mm Gel man Sci ences, Ann Arbor, M 48106.

15 Sep-Pak Cartridges, MIlipore Corporation, MIford, MA 01757.

165 | i ca Gel 60F,;, precoated TLC pl ates, EM Sciences, 480 Denocrat Rd.,

G bbst own, NJ 08027.
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net abol ite was expressed as percent of the total radioactivity
recovered during the TLC analysis of the plant extracts.

Gl ucose incorporation studies. Incorporation of C glucose
into root cell walls was assayed according to the nethods
described by Heimet al. (1990) and Schneegurt et al. (1994) with
slight nodifications. The roots of ajuga, w ntercreeper and
dwarf burning bush were washed thoroughly with water and 0.5 cm
of root tips was excised just before use, blotted dry and

i ncubated in vials containing 5 mM of *C glucose (0.5 nCi/ni) and
0. 025% di net hyl sul foxi de (DMSO with or wi thout isoxaben in a
shaker for 3 hours. The isoxaben concentration used was 1 nMin
acetone. After incubation, the root tips were washed thoroughly
with water, blotted dry and then resuspended in 10 m of acetic
acid, nitric acid and water (8:1:2 by vol), and digested for 2
hours in a boiling water bath. After digestion, the sanples were
vacuumfiltered and the acid insoluble material was collected on
prewei ghed 2.1 cmglass mcrofibre filters. The acid-insoluble
material thus collected was dried in an oven at 60 C and then

wei ghed. Radioactivity was determned by liquid scintillation
spectronetry.

RESULTS AND DI SCUSSI ON

Upt ake and Transl ocation Studies. The amount of

radi oactivity recovered in the Hoagl ands sol uti on was conpar abl e
in the three species and decreased with tine (Table 1). The
anount of radioactivity recovered fromthe root wash was al so
conparabl e over tine (1 to 2% for all species.

Aut or adi ographs indicated that all three species had
absorbed radioactivity 1 day after treatnent (DAT) (Figures 1, 2
and 3). Autoradiography showed that ajuga had apparently
transl ocated nore radioactivity into the shoot portion than
Wi ntercreeper or dwarf burning bush at 1, 7 and 14 DAT. At 1
DAT, there was nore translocation in w ntercreeper when conpared
to dwarf burning bush. However at 7 and 14 DAT, the
transl ocation of radioactivity fromroots to shoots appeared to
be simlar in wi ntercreeper and dwarf burning bush (Figures 2 and
3). The translocated radioactivity in ajuga was confined to the
veins, while in the other two species it was present both in the
veins and in the interveinal areas (Figures 1, 2 and 3).

The | evel s of radioactivity absorbed by all three species
increased with tinme (Table 1). 1In general, |evels of uptake were
hi ghest in dwarf burning bush at all harvest timngs, ranging
froml7%at 1 DAT to 41%at 14 DAT. At 14 DAT, the sensitive
speci es ajuga and dwarf burni ng bush absorbed about 34 and 41%
respectively, of the total applied radioactivity, conpared to 21%
absorption in wntercreeper, the nore tol erant species.

Transl ocati on of the root-absorbed radi oactivity to stem and
| eaves seenmed to be greater in ajuga and wi ntercreeper than in
dwarf burning bush after 7 and 14 days of exposure to
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radi ol abel ed i soxaben (Table 2). 1In all species, the

transl ocation of radioactivity fromroots to shoots increased
with time. At 7 and 14 DAT, the translocation was simlar in
ajuga and wi ntercreeper. By 14 days, dwarf burning bush had
transl ocated only 28% of the applied radioactivity as conpared to
58% and 50% i n ajuga and w ntercreeper, respectively.

Heimet al. (1991) reported that there were no differences
in the uptake of isoxaben in isoxaben-resistant nmutants of nouse-
ear cress when conpared to the sensitive wild type. Corio-Costet
et al. (1991a) reported that the differential effect of isoxaben
on sel ected soybean cell and wheat cell cultures was not due to
reduced absorption of isoxaben. Qur results show that ajuga, the
nore sensitive species, absorbed nore radioactivity than
Wi ntercreeper, a nore tolerant species. Al though nore
radi oactivity is absorbed by ajuga than w ntercreeper, they seem
to have simlar patterns of translocation.

Met abol i sm studi es. Standard isoxaben and its known netabolite
(hydroxy metabolite of isoxaben) mgrated to an Rf value of 0.9
and 0.65, respectively. Two nore unknown netabolites with an Rf
value of O (the origin) and 0.3 were detected.

In root extracts at 3, 7, and 14 DAT, ajuga netabolized
i soxaben faster than the other two species (Figure 4). |soxaben
nmet aboli smwas simlar in wntercreeper and dwarf burni ng bush at
3, 7, and 14 DAT. Levels of netabolites at the Rf values 0.3 and
0.65 were low in all three species for all |evels of exposure.

A pol ar nmetabolite of isoxaben (possibly conjugates) with Rf
equal to O (origin) was found in greater anmounts in ajuga.

| soxaben and its netabolites were al so recovered from shoot
extracts of the three species. Mst of the radioactivity
recovered fromshoots of the three species at 14 DAT appeared to
be pol ar metabolites of isoxaben, since the nmajority of
radi oactivity remained at the origin (Figure 5. At 3 DAT, ajuga
had the hi ghest anobunt of radioactivity recovered at the origin
and dwarf burni ng bush had the | owest. Al though ajuga
nmet abol i zed nore i soxaben than w ntercreeper at 3 DAT, isoxaben
net abolismin ajuga and wintercreeper were simlar at 7 and 14
DAT. At 14 DAT, ajuga and wi ntercreeper had simlar anounts of
radioactivity at the origin. At 3, 7, and 14 DAT, dwarf burning
bush had t he hi ghest anount of unnetabolized i soxaben. 1In roots
and shoots, dwarf burning bush netabolized i soxaben the | east
conpared to ajuga and wi ntercreeper. However, greater anounts of
netabolites at the origin were found in all species in the shoots
conpared to the roots. These results are simlar to that of
Cabanne et al. (1987) who observed that netabolism of isoxaben in
wheat occurred predom nantly in the shoot. Heimet al. (1993)
concluded fromtheir study that differential netabolism of
i soxaben did not explain the differences in tol erance of
bent grass (Agrostis palustris (L.) Huds.var Penncross), and
nouse-ear cress, a dicot, to this herbicide.

Gl ucose incorporation studies. There was no increase in
gl ucose incorporation in the roots of these species when the
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period of exposure to C glucose was increased from3 to 6 hours
(data not shown). Therefore, the roots of all three species were
exposed to radi ol abel ed glucose for 3 hours. |soxaben did not

i nhi bit radiol abel ed gl ucose incorporation in the root tissues of
wi ntercreeper and dwarf burning bush (Figure 6). There seened to
be nore incorporation of glucose in the presence of isoxaben in
the root tips of wi ntercreeper and dwarf burning bush, for
unknown reasons. |soxaben inhibited glucose incorporation by
approximately 10%in ajuga, but this effect was not significant
statistically. Qur results are in agreenent with other reports
(Corio Costet et al. 1991b; Heimet al. 1991; Heimet al. 1993)
in that |ess incorporation of *C glucose is obtained in sensitive
species treated with isoxaben. Heimet al. (1991) reported that

I soxaben was unable to inhibit the synthesis of acid-insoluble
cell wall material in nutants of nouse-ear cress which are
resistant to isoxaben. The nutants nmay contain an altered

bi nding site for isoxaben. |soxaben caused |ess inhibition of
synthesis of acid insoluble cell wall material in wheat cells as
conpared to soybean cells and this could explain the tol erance
noticed in wheat (Corio-Costet et al. 1991b). Heimet al. (1993)
reported that the nonocot bentgrass is nore tolerant to

i nhibition of glucose incorporation by isoxaben than is nouse-ear
cress, a dicot.

Al t hough dwarf burning bush is sensitive to applications of
i soxaben nmade one nonth after bud-break (Chapter I11), no
i nhibition of glucose incorporation into the cell wall in root
ti ssue was observed. This observation was different than that
reported by Heimet al. (1991). |Isoxaben inhibited cellul ose
bi osynthesis in the sensitive wild type of nouse-ear cress but
not in the tolerant nmutant, indicating that the differential
response to i soxaben is brought about by differential effect on
the binding site. This may be due to the |ower anounts (dpm ng?)
of gl ucose absorbed by dwarf burning bush root tips as opposed to
nouse-ear cressl’”. A so, nore inhibition of glucose incorporation
was obt ai ned when seedling roots were exposed to radi ol abel ed
gl ucose as opposed to excised root tips (21). There also may be
differences in the rate of cellul ose biosynthesis between woody
and herbaceous pl ants.

Upt ake and transl ocation of isoxaben fromroot application
(Tables 1 and 2) can explain the root and shoot injury in ajuga
and dwarf burning bush (Chapter I11). Uptake of isoxaben by roots
of wintercreeper resulted in root weight reductions at the
hi ghest applied rate. The relative sensitivity of these species
to i soxaben nmay be due to uptake and transl ocation differences,
as nore metabolismwas observed in the sensitive species ajuga
conpared to the tol erant species wi ntercreeper. Inhibition of
gl ucose incorporation was observed in the sensitive species
aj uga, but not in dwarf burning bush or wi ntercreeper. Future

17 personal communication with Dr. Mark Schneegurt, Dept. of Biol ogi cal
Sci ences, Purdue University.
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work is needed on the incorporation of C glucose into the cell
wal | s of the | eaves of these three species, which nay hel p
explain the differences in sensitivity to isoxaben.
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Table 1. Radioactivity recovered i n Hoagl ands sol ution, root wash
and the plants at 1, 3, 7 and 14 days after root application of
1“C i soxaben.

Speci es Time after C recovered in
application Hoagl ands rootwash pl ants
(days)  ------ % of applied------- dpm
A uga 1 83 0.8 3 12207
3 82 0.9 11 33513
7 74 1.6 21 68598
14 57 0.8 34 112624
LSD (0. 05) 15 NS 20 71638
W nt er - 1 86 0.7 7 23385
Creeper 3 80 0.8 9 32013
7 63 1.1 26 84505
14 61 1.1 21 69765
LSD (0. 05) 22 NS NS NS
Dwar f 1 73 2.2 17 55504
bur ni ng 3 70 1.5 20 61717
bush 7 54 1.6 36 117660
14 48 1.3 41 139468
LSD (0. 05) 22 NS 19 67614
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Table 2. Distribution of radioactivity in roots and shoots of
aj uga, wi ntercreeper and dwarf burning bush after 1, 3, 7 and 14
days of exposure to root-applied *C isoxaben

Species Tine after “C recovered in plants
appl i cation
(days) Root s Shoot s
dpm % dpm %
A uga 1 7196 71 3540 29
3 17520 53 15993 47
7 28421 43 40176 57
14 44634 40 67990 60
LSD (0. 05) 24554 11 57502 11
Wnt er - 1 16980 80 4677 20
Creeper 3 18722 71 9284 29
7 36049 47 48456 53
14 35234 51 34530 49
LSD( 0. 05) 15567 14 21748 14
Dwar f 1 45033 91 5948 9
bur ni ng 3 50072 81 11644 19
bush 7 90381 77 27279 23
14 100003 72 39465 28
LSD (0. 05) 47956 8 21801 8
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Figure 1. Autoradi ograph of ajuga at A) 1, B) 7 and C) 14 days after
exposure to root-applied *C isoxaben. On the left is the nmounted plant and
on the right is the autoradiograph.
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Figure 2. Autoradi ograph of wintercreeper at A) 1, B) 7 and C) 14 days
after exposure to root-applied *C isoxaben. On the left is the nounted
plant and on the right is the autoradi ograph.
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Figure 3. Autoradi ograph of dwarf burning bush at A) 1, B) 7 and C) 14 days
after exposure to root-applied *C isoxaben. On the left is the nounted
plant and on the right is the autoradi ograph.
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Figure4. Thin layer chromatographic analysis of isoxaben metabolism in root extracts of ajuga,
wintercreeper and dwarf burning bush after 3 (A), 7 (B) and 14 (C) days of exposure to root-
applied *C isoxaben. LSDsare listed where significant differences among species were present
within an Rf value. Standard isoxaben migrated to an Rf value of 0.9.
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applied “C isoxaben. LSDs are listed where significant differences among species were present
within an Rf value. Standard isoxaben migrated to an Rf value of 0.9.
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Figure 6. Effect of isoxaben on radiolabeled glucose incorporation in root tips of ajuga,
wintercreeper and dwarf burning bush.
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Chapter V
Absorption, Translocation, and Metabolism of
Shoot - Appl i ed | soxaben in Ajuga (Ajuga reptans),
W nt ercreeper (Euonynmus fortunei) and Dwarf Burning Bush
(Euonynus al atus) 18

18 Format followed for this chapter is based on Wed Technol ogy.
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Chapter V
Absorption, Translocation, and Metabolism of
Shoot - Appl i ed | soxaben in Ajuga (Ajuga reptans),
W nt ercreeper (Euonynmus fortunei) and Dwarf Burning Bush
(Euonynmus al at us)

Abstract: Radiol abel ed i soxaben (N-[3-(1-ethyl-1-methyl propyl)-
5-isoxazol yl ] -2, 6-di met hoxybenzam de) was foliarly applied to
ajuga (Ajuga reptans L. “Alba’), w ntercreeper [Euonynus fortunei
(Turcz.) Hand.-Mazz ‘Colorata’] and dwarf burni ng bush [ Euonynus
alatus (Thunb.) Sieb. "Conpacta’]. Most of the absorbed

radi oactivity was recovered in the treated leaf for all three

species. In the sensitive species ajuga, the radioactivity
absorbed by the treated | eaf increased from46%at 3 DAT to 64%
at 14 DAT. |In the tolerant species w ntercreeper, there was no

increase in the anmount of radioactivity (approximtely 40%
recovered fromthe treated | eaf over tine. Dwarf burning bush at
the two grow h stages showed a time-dependent increase in the
anount of radioactivity present in the treated |eaf, but did not
differ significantly fromeach other. A uga and w ntercreeper
nmet abol i zed i soxaben faster than dwarf burning bush. An unknown
net abol ite was present at higher levels in w ntercreeper extracts
t han dwarf burning bush or ajuga. There was no difference in

nmet abol i sm bet ween the two growt h stages of dwarf burni ng bush.
A uga absorbed nore i soxaben than w ntercreeper, which my
explain its greater sensitivity to the herbicide. Wntercreeper
absorbed | ess i soxaben and netabolized it faster than dwarf
burni ng bush, which nmay explain its greater tolerance.

Nomencl at ur e: |soxaben
(N-[3-(1-ethyl-1-met hyl propyl)-5-i soxazol yl]-2, 6-

di met hoxybenzam de); ajuga, A uga reptans L. ‘Al ba’

Wi nt ercreeper, Euonynus fortunei (Turcz.) Hand.-Mazz ‘Colorata’,
dwarf burning bush, Euonynus al atus (Thunb.) Sieb. "~Conpacta’.
Addi tional i1index words: woody ornanentals, growth stage
radi ol abel ed her bi ci de.

| NTRODUCTI ON

| soxaben is a preenergence herbicide for broadl eaf weed
control in ornanentals and turf (Col bert and Ford 1987). The
node of action of isoxaben in plants is thought to be inhibition
of cellul ose biosynthesis (Ahrens 1994; Heimet al. 1990).
Al t hough i soxaben is used mainly as a preenergence herbicide, it
can injure certain weed speci es when applied postenergence
(Chandran and Derr 1997; Neal and Senesac 1991; Roberts et al.
1993; Schneegurt et al. 1994b). Neal and Senesac (1991) reported
excel l ent control of ground ivy (d echoma hederacea L.) and good
control of healall (Prunella vulgaris L.) wth postenergence
appl i ed i soxaben. Chandran and Derr (1997) reported that
i soxaben appl i ed postenergence provided poor to no control of
dandel i on (Taraxacum officinale Wber.), white clover (Trifolium
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repens L.), buckhorn plantain (Plantago | anceolata L.), conmobn
yel | ow woodsorrel (Oxalis stricta L.), comon | espedeza
(Lespedeza striata Thunb.), black medic (Medicago lupulina L.)
and spotted spurge (Euphorbia maculata L.). Roberts et al.
(1993) reported that foliarly-applied i soxaben caused cel
swelling in redroot pigweed (Amaranthus retroflexus L.),
resulting in swollen and split stens and petioles and formative
effects on | eaves.

Redroot pigweed treated 7 to 10 days after planting were
nore sensitive to i soxaben applications than 12 to 14 day old
pl ants (Schneegurt et al. 1994b). The growth stage of the plants
at the tinme of treatnent, rather than the isoxaben rate, appeared
to affect the magnitude of the response towards isoxaben
applications. The herbicidal activity of isoxaben was enhanced
by soil and foliar interception, but measurable activity was
observed with foliar interception alone. The absorption and
transl ocati on of isoxaben in redroot pigweed was poor when
conpared to that of nobile herbicides Iike glyphosate, sethoxydi m
and nefluidide. Their report was in agreenent with Roberts et
al. (1993) in that the postenergence activity of isoxaben
appeared to be limted by poor absorption and transl ocati on.

The ornanental species ajuga, w ntercreeper and dwarf
burni ng bush show di fferential response to the herbicide i soxaben
(Chapter 11). Dwarf burning bush and ajuga are sensitive to
foliar applications of isoxaben, but wi ntercreeper is tolerant to
i soxaben applications at twice the typical use rate of 0.84
kg/ ha. Dwarf burning bush is not sensitive to foliar
applications of isoxaben later in the year when | eaves are nore
devel oped (Chapter 111). Isoxaben at 1.1 and 2.2 kg/ha caused 30
and 75% shoot fresh wei ght reduction, respectively, to ajuga siXx
weeks after treatnent (Derr 1994). Setyowati et al. (1995)
reported that isoxaben applied in conbination with trifluralin or
oryzalin at 4.2 kg/ha caused slight necrosis and di scoloration to
dwarf burning bush in the first year of application.

Thi s study was conducted to determ ne the basis for the
differential tolerance of ajuga, w ntercreeper and dwarf burning
bush to i soxaben applications. Absorption, translocation and
nmet abol i sm of radiol abel ed i soxaben following foliar application
were determned in these ornanental species.

MATERI ALS AND METHODS

General conditions. Divisions of ajuga and rooted cuttings of
wi ntercreeper and dwarf burning bush were used for absorption,
transl ocation, and netabolismstudies. Two growh stages of
dwarf burning bush were used in this study. To attain the two
growm h stages of dwarf burning bush, dormant dwarf burni ng bush
cuttings were taken fromthe cold roomand naintained in the
greenhouse for two and four weeks, respectively, before
treatment. Al plants were kept in a greenhouse and fertilized
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with a 17N-2. 6P-9.9K slow rel ease fertilizerl® containing

m cronutrients and watered daily. After the roots were

t horoughly washed free of soil, plants were transferred to
alum numfoil covered glass jars filled with 180 m of full-
strength Hoagland’s solution. After 7 days, each plant was

exposed to 0.11 nG of shoot-applied radiol abel ed i soxaben for 3,

7 or 14 days. The second or third new y-devel oped | eaves of
ajuga and the second or third fully-devel oped | eaf and | eafl et
fromthe shoot tip for wi ntercreeper and dwarf burning bush,
respectively, were treated. Al treatnents consisted of foliar
spot applications of 5to 6, 1 n-droplets of the treatnent
solution. The treatnent solution consisted of the radiol abel ed
her bi ci de in 80% et hanol and 0.1% surfactant20. Plants were

mai ntai ned in the greenhouse until harvested. The experi nental
desi gn was a random zed conpl ete bl ock. Three plants per species
were used for conbustion, three for netabolismand one for

aut or adi ographs. The experinment was repeated and the data shown
are the nmean of two experinents. Al data were subjected to
anal ysis of variance and the neans were separated using the

Fi shers Protected Least Significant Differences (LSD) test at the
0. 10 probability Ievel

Absorption and translocation of 'C isoxaben. The

radi ochem cal purity of isoxaben (phenyl ring uniformy *C

| abel ed) was 97.8%and its specific activity was 30.2 nC /ol .
At each harvest, selected plants of all three species were

anal yzed by aut or adi ography follow ng the procedures of Crafts
and Yamaguchi (1964). Treated plants were nounted on paper,
pressed, dried and exposed to X-ray filns2?2l for 8 weeks before
devel opi ng.

Plants were separated into the treated |eaf or |eaflet,
remai ni ng | eaves, and roots at 3, 7, and 14 days after treatnent
(DAT). Unabsorbed i soxaben was renoved fromthe treated | eaf by
dipping it into a beaker containing 100 m of nethanol for 30 s.
One m sanples of the wash solution were added to scintillation
cocktail 22 and was quantified in a commercial liquid scintillation
spectroneter23, After washing, the treated | eaves were placed in
paper bags and dried in an oven at 60 C for 24 hrs. After
drying, the | eaves were wei ghed, cut up into small pieces and
conbusted in a biological sanple oxidizer2s. The “CQ evol ved was

19 Osnmocote 17-6-12, The Scotts Conpany, Marysville, OH 43040.

20 X-77 surfactant, Chevron Chenical Conpany, San Francisco, CA 94120.

21 Kodak Scientific Imaging Film Eastman Kodak Co., Rochester, NY 14650.

22 gcintiVerse, Universal L.S.C. Cocktail, Fisher Scientific, Fairlawn, NJ
07410.

231.S5-5800TA Model, Beckman Instrument Co., Fullerton, CA 92634.

24B0306 Bi ol ogi cal Sanple Oxidizer, Packard Instruments Co., Downer Grove IL
60515.
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trapped in 20 m of a C scintillation solution? and quantified
by liquid scintillation spectronetry. Recovery in the |eaf wash
and the treated | eaf was nore than 97% of applied **Cin all three
species. ™CQ, trapping efficiency was above 95%for all anal yses.
Absorption data are expressed as a percent of the total

radi oactivity apPIied.

Met abol i sm of 'C i soxaben: After the nethanol wash, the
treated | eaves were placed in polyethyl ene bags and i medi ately
frozen at -20C. The procedure followed for netabolismwas
slightly nodified fromthe one reported by Corio-Costet et

al.(5). Leaves were ground with liquid nitrogen, and then

i soxaben was extracted with 10 m of aqueous 80% et hanol in a
nortar and pestle. Honogenates were centrifuged at 2000 x g for
10 m n and the supernatant was renoved and saved. Pellets were
extracted two nore tines using 10 m of 80% net hanol. The

conbi ned supernatants were concentrated under air to about 5 m

and were cleaned by filtration through 0.25 mm nyl on di sposabl e
filters26, The filtrates were concentrated by rotoevaporation to
0.5 mM and 50 mM of each sanple was | oaded on thin | ayer

chromat ogr aphy (TLC) plates??’. Standard 'C i soxaben as well as a
hydroxy netabolite of isoxaben (hydroxylated at the 2 carbon of
t he propyl side chain) was co-chromatographed with the plant
extracts and the plates were devel oped in a chl orof orm acet one
(9:3, v/iv) solvent system After devel opnent, plates were

vi sual i zed under W light to find the position of radi oactive
spots that cochromat ographed with the reference conpounds.

Pl ates were separated into four segnents fromthe origin to the
solvent front, scraped

and the radioactivity was quantitatively determned by liquid
scintillation spectronetry.

RESULTS AND DI SCUSSI ON

Absorption and translocation of 'C isoxaben. The
aut or adi ogr aphs i ndi cated no novenent of isoxaben fromthe
treated leaf into other plant parts in all species for all tine
intervals, even after 14 DAT (Figure 1). Mst of the foliarly
applied radioactivity was recovered in the nethanol |eaf wash and
the treated | eaf of the three species (Figures 2 and 3).
Therefore plant parts other than the treated | eaf were not
anal yzed further.

There were no significant differences in the anount absorbed
anong the three species at 3 and 7 DAT. The anount of
radi oactivity recovered fromthe treated | eaf of ajuga seened to

25Car bo-sorb E and Pernafluor E', Packard |nstrunent Conpany, M ldred, CT
06450.

26 Acrodisc Syringe Filters 25 nm Gel man Sci ences, Ann Arbor, M 48106.
27Si | i ca Gel 60 F,y, precoated TLC plates, EM Sciences, 480 Denocrat Rd,
G bbst own, NJ 08027.
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increase from3 to 14 DAT (Figure 3). At 14 DAT, approxinmately
60% of the radioactivity applied to ajuga was recovered in the
treated | eaf.

In wintercreeper, there was no apparent increase in the
anount of radioactivity absorbed from3 to 14 DAT. The anount
absorbed by the wintercreeper at 3 DAT was simlar to the other
two species. However, by 14 DAT, the other species had absorbed
nore than wintercreeper. The treated leaflet fromboth growth
stages of dwarf burning bush showed an increase in the anount
absorbed over tinme. Although the absorption rate was simlar at
3 DAT, the active growth stage of dwarf burning bush seened to
absorb nore than the mature growt h stage of dwarf burning bush by
14 days. It is possible that greater absorption occurs with tine
in the active growh stage as conpared to the mature | eaf growth
stage of dwarf burning bush. However, other reasons, including a
nore sensitive target site at the earlier growh stage, could
possi bly explain the injury seen with isoxaben applications one
nonth after bud-break, but not at two nonths after bud- break.

Schneegurt (1994b) al so reported that the majority of
appl i ed i soxaben remained in the treated | eaf. They concl uded
that very little of foliarly applied i soxaben (0.08% was
transl ocat ed beyond the point of application. However, our
results are different to those of Schneegurt et al. (1994b)
regardi ng the absorption of radiol abel ed i soxaben. They reported
that only 3. 3% of applied i soxaben entered the |eaf of redroot
pi gweed while in ajuga and the younger growth stage of dwarf
burni ng bush had absorbed 64 and 71% respectively, of applied
i soxaben by 14 DAT.

Met abol i sm of 'C i soxaben: Metabolismof isoxaben was
studied in the treated | eaves of all three species. Standards of
i soxaben and a hydroxy netabolite had an Rf value of 0.9 and

0. 65, respectively, in the TLC system For treated sanpl es,

radi oactivity was also found at an Rf value of 0 (origin) and
0.3, both of which are unknown netabolites.

Met abol i sm of i soxaben appeared to differ in the three
species (Figure 4). Wntercreeper netabolized i soxaben faster
than either ajuga or dwarf burning bush at 3 DAT. 1In ajuga at 3
DAT, 67% of radioactivity mgrated to an Rf value of 0.9
suggesting that nost of the radioactivity recovered was probably
unal tered i soxaben. At 7 DAT, the anmpbunt of unnetabolized
i soxaben recovered fromorigin had decreased to 47% and by 14
DAT, it was only 34% At 7 DAT, both wintercreeper and ajuga had
simlar isoxaben nmetabolism At 14 DAT isoxaben netabolismin
ajuga and wi ntercreeper was significantly greater than that of
the two grow h stages of dwarf burni ng bush.

Met abolites found at the origin (Rf = 0) nmay be pol ar
conj ugat es, possi bly because of no novenent in this system
Level s of nmetabolites found were higher in ajuga than the other
speci es at 14 DAT. Mbst of the radioactivity was recovered as
pol ar conjugates, which may be reversible. In the treated | eaf
extracts of wintercreeper, levels of the unknown netabolite (Rf =
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0.3) were relatively higher than in ajuga or in both the growth
stages of dwarf burning bush.

At 3 DAT, nost of the 'C recovered (approxi mately 70% from
the treated | eafl et extracts of both growh stages of dwarf
bur ni ng bush cochronmat ographed wi t h unnetabol i zed i soxaben. At 7
and 14 DAT, approximately 60% of radi oactivity recovered,
cochromat ogr aphed with isoxaben in the two growth stages of dwarf
bur ni ng bush.

Heimet al. (1993) and Schneegurt et al.(1994a) reported
that the selectivity of isoxaben in plant species cannot be
expl ained by differential netabolism Heimet al. (1993)
suggested that the mechani sm of isoxaben tol erance in bentgrass
(Agrostis palustris (L.) Huds. var. Penncross) may be due to
differences in the isoxaben binding site. Simlarly, Schneegurt
et al. (1994a) concluded that the differences in tol erance of
di cot weeds |ike catchweed bedstraw (Galiumaparine L.), redroot
pi gweed and vel vetl eaf (Abutilon theophrasti L.) to isoxaben
coul d not be explained by differential metabolismbut was due to
differences in sensitivity at the site of action.

A uga, a species sensitive to isoxaben, does absorb
relatively nore herbicide through the |eaf than the other two
species. Wntercreeper, the nore tol erant species, absorbs |ess
through the | eaf at 14 DAT as conpared to the other two species,
possi bly due to a higher wax content. The absorption,
transl ocati on and netabolism of isoxaben seens to be simlar for
both the growt h stages of dwarf burning bush.

Qur results suggest that uptake of isoxaben by ajuga | eaves
may be responsible for the sensitivity of this species to
i soxaben applied foliarly. Limted foliar uptake over tinme by
Wi ntercreeper as conpared to the other two species may explain
the tolerance of this species to isoxaben. It is also possible
that wi ntercreeper could have a nore tolerant site of action to
i soxaben than ajuga or dwarf burning bush. Al though the
absorption, translocation and nmetabolismare simlar in the
| eaves of the two grow h stages of dwarf burning bush, isoxaben
injury is observed only with actively growing plants in the
field. Information is needed about the sensitivity of the target
site in these two growth stages of dwarf burning bush as well as
aj uga and wi ntercreeper.
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Figure 1. Autoradi ographs of A) ajuga, B) wintercreeper, C dwarf burning
bush treated two weeks after bud-break and D) dwarf burning bush treated
four weeks after bud-break followi ng 7 days of exposure to shoot-applied *C
i soxaben. On the left is the mounted plant and on the right is the

aut or adi ogr aph.
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Figure 2. Radioactivity in the methanol wash of the treated | eaf
or leaflet (as a % of applied *C isoxaben) for ajuga,

wi ntercreeper, and dwarf burni ng bush which was treated 2 weeks
(GS1) and 4 weeks (GS2) after bud-break. LSDs are |isted where
di fferences between species are significant within a date of

har vest .
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Figure 3. Absorption of 'C (as a % of applied *C isoxaben) by
treated | eaves of ajuga, w ntercreeper, and dwarf burning bush
whi ch was treated 2 weeks (GS1) and 4 weeks (GS2) after bud-
break. LSDs are listed when differences anong species are
significant within a date of harvest.
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Figure 4. Thin | ayer chronmatographi c anal ysis of isoxaben
nmetabolismin treated leaf or leaflet extracts of ajuga,

wi ntercreeper, and dwarf burning bush which was treated at 2
(GS1) and 4 weeks (GS2) after bud-break, after 3 (A), 7 (B) and
14 (C) days of exposure to shoot applied '“C isoxaben. LSDs are
listed when differences anbng species are significant within an
Rf value. Standard isoxaben mgrated to an Rf value of 0.09.
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Chapt er VI
Summary and Concl usi ons

The three ornanental species ajuga, w ntercreeper and dwarf
bur ni ng bush responded differently to root and shoot applications
of isoxaben. |soxaben caused nore injury to ajuga than dwarf
burni ng bush or wintercreeper follow ng root application. 1In
dwarf burning bush, isoxaben applied to shoots caused greater
reductions in root weights than shoot weights, in both nutrient
sol ution and sand cul ture.

A uga absorbed nore i soxaben by 14 days after treatnent
follow ng root application and this may explain the greater root
injury observed in this species conpared to w ntercreeper.

Al t hough no visible injury was observed in w ntercreeper, the
hi ghest rate of isoxaben caused root and shoot wei ght reductions.

The anount of translocated radioactivity to the shoots from
the roots was nore in ajuga than in w ntercreeper or dwarf
burni ng bush. This may explain the greater injury seen in the
shoots of ajuga conpared to w ntercreeper and dwarf burni ng bush
follow ng root application. Simlar shoot weight reductions were
noticed in w ntercreeper and dwarf burning bush foll ow ng
application to the nutrient solution, possibly due to the simlar
amounts of radioactive material translocated to the shoots.

A uga roots netabolized i soxaben faster follow ng root
application than w ntercreeper and dwarf burning bush at all days
after harvest. Metabolismwas |east in dwarf burning bush roots
conpared to ajuga and wi ntercreeper. Metabolismof the
transl ocated material was al so greatest in ajuga shoots at 3 DAT.
However, by 7 DAT, ajuga and wi ntercreeper had simlar
netabolism As in the roots, dwarf burning bush shoots
net abol i zed i soxaben the sl owest conpared to ajuga and
Wi ntercreeper at all days after harvest follow ng root
application. Metabolismdoes not explain the differenti al
selectivity of isoxaben to ajuga and wi ntercreeper. A uga the
nost sensitive species, netabolized i soxaben faster than
Wi ntercreeper, the nost tolerant species, in both roots and
shoots. Metabolismmy play a role in selectivity between
wi ntercreeper and dwarf burning bush, as w ntercreeper had
greater metabolismthan dwarf burning bush.

Al t hough approxi mately 40% of the applied radioactivity is
absorbed in wi ntercreeper, shoot weight reduction was observed
only at the highest rate of isoxaben applied foliarly. Al so,
shoot application caused | ess root wei ght reductions than root
applications. |soxaben applied to the shoots reduced the root
wei ghts of ajuga and dwarf burning bush. Visual injury in shoots
did not correlate well with shoot weight reductions in both the
sand and the nutrient solution studies for dwarf burning bush.
However, these studies were conducted only for a period of 2
nont hs. Longer exposure to the herbicide nmay have resulted in
greater shoot weight reductions, since premature defoliation was
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noticed in the plants treated one nonth after the bud-break stage
in the field study.

W nt er creeper absorbed | ess i soxaben through the shoots
conpared to ajuga and dwarf burning bush over tine. This could
explain the less injury seen in wi ntercreeper fromfoliar
application, conpared to ajuga and dwarf burning bush. Since no
transl ocation is evident fromshoot-applied i soxaben in the three
speci es, one nay assune that isoxaben affects a target site in
the shoots of these plants. Since isoxaben is thought to inhibit
cel I ul ose bi osynthesis, and since actively-grow ng shoot cells
synt hesi ze cel l ul ose, isoxaben may interfere with this process in
the shoot cells. Since these three species are injured at
different |evels by foliar applications of isoxaben, there could
be differences in sensitivity of the target site in the three
species, in addition to absorption differences. There is an
indirect effect on the roots of these species fromfoliar
applications, since root injury is noticed fromfoliar
treatnments. One possible reason may be the inhibition of
required growth materials for root growh. Absorbed
radioactivity remained in the treated |leaf for all three species.
In wintercreeper, no visible injury is observed even though al
the material seens to be contained in the treated leaf itself as
in ajuga and dwarf burni ng bush.

Met abol i sm of i soxaben was simlar in the treated | eaves of
ajuga and wi ntercreeper at 14 DAT, and greater than in both
growm h stages of dwarf burning bush. Wntercreeper can
net abol i ze i soxaben faster than dwarf burning bush and this my
explain the greater tol erance of wintercreeper to foliar
appl i cati ons of isoxaben.

I nhi bition of radiol abel ed-gl ucose i ncorporation was
observed only in ajuga roots. Al though root wei ght reductions
were observed in w ntercreeper and dwarf burning bush, no
i nhibition of glucose incorporation was seen. This indicates
that there could be differences in target site sensitivity for
these species. It is also possible that there could be
di fferences in glucose absorption between herbaceous and woody
pl ant roots.

I njury was observed in dwarf burning bush fromfoliar
appl i cati ons of isoxaben nmade one nonth after bud-break.

However, there were no differences in the uptake, translocation
and netaboli smfollow ng shoot-applied radi ol abel ed i soxaben

bet ween the two growt h stages of dwarf burning bush. This could
partly be explained by the different nature of |eaves energing in
greenhouse conditions versus field conditions. G eenhouse
conditions favor | ess waxy | eaves and therefore the differences
in the |l eaves of the two growh stages nmay not be as significant
as inthe field. This may have |led to the sane | evel of
absorption by the | eaves of the two grow h stages. Another
factor was the longer time period between bud-break and tinme of
treatnment in the field as conpared to the radiol abel ed study.
Therefore, the | eaves woul d have been relatively nore mature in
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the field versus the greenhouse. It is also possible that the
differential selectivity could be due to differences in the
sensitivity of the target site in the | eaves of dwarf burning
bush during the two grow h stages.

The greater sensitivity of ajuga conpared to w ntercreeper
appears to be due to greater absorption fromroot and shoot
application. Dwarf burning bush is nore sensitive conpared to
Wi nt ercreeper because of increased absorption and | ower
nmet abolism follow ng both root and shoot application.

Future studies can include identifying the conjugates found
at the origin. Sucrose can be used as an alternative to gl ucose
to study effect of isoxaben on cellul ose biosynthesis, as plants
may take up nore sucrose conpared to glucose. In addition, whole
pl ants can be used to study incorporation of glucose in plant
roots rather than root tips. Mre information is needed
regardi ng the effect of isoxaben on the target site in these
species in both root and shoot tissues.
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Tol erance of Nursery Crops to |soxaben

Crop tolerance is an inportant factor in the selection of
her bi ci des by nurserynmen. |soxaben, a preenergence herbicide
does not injure nmobst groundcovers, perennial flowers and woody
ornanentals. An experinent was conducated to study the response
of ajuga (Ajuga reptans L. ‘A ba’), dwarf burning bush [ Euonynus
alatus (Thunb.) Sieb. ‘Conpacta’ ], w ntercreeper [Euonynus
fortunei (Turcz.) Hand.-Mazz ‘Coloratus’], hydrangea (Hydrangea
arborscens L. ‘dory Blue') and azal ea (Rhododendron obt usum
(Lindl.) Planch. ‘Hnocrinmson’) to foliar applications of
i soxaben. The nursery crops were planted in 4 L contai ners using
a pine bark:sand (4:1 v/v) mxture. The experinental design was
a random zed conplete block with four replications and two plants
per plot. |soxaben was applied at 0.84, 1.69 and 3.39 kg ha'.

Di chl obeni| was applied at 4.48, 8.96 and 17.92 kg ha' for
conpari son purposes. Data collected include ornanmental visual
injury ratings and ornamental shoot fresh weight. At 2 MAT, the
hi ghest rate of isoxaben caused 20%injury to ajuga and 45%
injury to hydrangea, but no injury was seen in azal ea or

Wi nt ercreeper when conpared to untreated plants (Table A 1.).

Chl orosis of newer |eaves and necrosis of ol der | eaves was
observed. Dichlobenil at all rates caused significant injury to
aj uga conpared to untreated plants. No isoxaben or dichl obeni
treatnments injured wintercreeper or azalea at 2 and 4 MAT. At 4
MAT, the injury caused by isoxaben in ajuga increased slightly.
The injury was nmainly mani fested as chlorotic new | eaves and a
decrease i n plant size.

At 4 MAT, the lowest rate of isoxaben caused approxi mately
25% and 35% reducti on of shoot fresh weight for ajuga and
hydrangea, respectively, when conpared to the untreated plants
(Table A.2.). A shoot fresh weight reduction of approxinmately
60% was observed for ajuga and hydrangea at the high rate of
i soxaben. The highest rate of isoxaben reduced root weight in
wi ntercreeper. None of the isoxaben nor dichlobenil treatnents
caused reduction of shoot fresh weight of azalea. Dichlobenil at
the | owest rate caused a severe reduction of shoot fresh wei ght
of ajuga while the other two rates (8.96 and 17.92 kg ha') killed
aj uga.

The three rates of isoxaben caused a numerical reduction in
root dry weight of ajuga. No reduction in root dry wei ght was
noticed with any of the treatnments for hydrangea and azal ea.

A uga and hydrangea were nore sensitive to isoxaben, while azal ea
seermed to be the nost tol erant anong the nursery species tested.

I n aj uga and hydrangea, isoxaben seens to have a nore pronounced
ef fect on shoot weights rather than root weights, while in

Wi ntercreeper the root tissues were affected nore than the
shoot s.
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