Chapter IV

Responses of Winter Wheat (Triticum aestivum) and Diclofop-methyl sensitive

and -Resistant Italian Ryegrass (Lolium multiflorum) to AE F130060

Abstract: G eenhouse and | aboratory experinments were conducted to investigate
the response of winter wheat, two diclofop-sensitive (OR and KG, and four

dicl of op-resistant (EP, GI, RBG and JB) Italian ryegrass biotypes to the
experinental herbicide m xture AE F130060 03. AE F130060 at 15 or 18 g/ha

wi t hout the safener AE F107892 reduced bi omass of winter wheat 10 to 14% whil e
applications nmade with AE F107892 did not reduce wheat biomss. AE F130060 03
at 15 or 18 g ai/ha was nore effective than diclofop in reducing bionass of one
di cl of op-sensitive biotype and all four diclofop-resistant Italian ryegrass

bi otypes. However, differential responses to AE F130060 03 at 15 and 18 g/ ha
occurred anong dicl of op-resi stant biotypes. Wth applications made at either
rate, AE F130060 03 reduced biomass of OR, KG EP, and GI from61l to 84% In
RBG and JB popul ations, however, bionmass was reduced only 35 to 52% To further
investigate this differential response to AE F130060 03 anong Italian ryegrass
bi ot ypes, absorption, translocation, and netabolism experinents in the

| aboratory were conducted using diclofop-sensitive KG and dicl of op-resi stant JB
bi ot ypes. Absorption, translocation, and netabolismof AE F130060 00 in wi nter
wheat treated with or without the herbicide safener AE F107892 was al so included
for conparison. Foliar absorption of [!C] AE F130060 00 was not influenced by
her bi ci de safener or Italian ryegrass biotype; however, Iltalian ryegrass

bi ot ypes absorbed at |east three tinmes nore AE F130060 00 than wheat at 12, 36
and 72 h after treatnent (HAT). Herbicide translocation was not a contributing
factor to differential tol erance between species in this experinent, as no nore
than 9% of absorbed radioactivity translocated into shoots and roots of either

species during the experinment. Differential netabolismwas noted, however,
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bet ween wi nter wheat and ltalian ryegrass. G eatest overall netabolism occurred
in winter wheat treated with the safener AE F107892. At 72 HAT, relative
anounts of parent AE F130060 00 in Italian ryegrass biotypes were nearly 1.8
tinmes greater than in wheat that received AE F107892 and nearly 1.5 tines
greater than that in unsafened wheat. However, obvious differences in herbicide
met abol i sm bet ween di cl of op-sensitive KG and dicl of op-resi stant JB were not
evident. W hypothesize that differential sensitivity to AE F130060 00 in these
bi otypes is nost likely due to a less sensitive acetol actate synthase, although

further research is required to confirmthis hypothesis.

Nomenclature: AE F130060 03 {8.3:1.7 mixture of AE F130060 00, proposed conmpn
nanme nesosul furon-nmethyl, 2-[(4, 6-di net hoxypyrim di n-2-y1 carbanoyl)sul fanoyl]-
4- et hanesul f onami do) - p-toluic acid, plus AE F115008 00, proposed conmon nane

i odosul f uron- net hyl - sodi um 4-i odo- 2-[ 3- (4- et hoxy- 6-net hyl -1, 3, 5-tri azi n- 2-
y1)ureidosul fonyl ] benzoic acid}; AE F107892, proposed conmon nanme nefenpyr-

di ethyl, 1-(2,4-dichlorophenyl)-4,5-di hydro-5-nethyl-1H-pyrazol e-3, 5-

di carboxylic acid; diclofop-nmethyl; Italian ryegrass, Lolium multiflorum Lam
LOLMJ, winter wheat, ‘Pioneer 26R24’, Triticum aestivum L.

Key words: Diclofop resistance, differential absorption, herbicide safeners,

nmet abolism nmultiple resistance.

Introduction
Italian ryegrass (Lolium multiflorum Lam) is a weed indigenous to w nter
wheat production in Southern and nid-Atlantic regions of the United States.
Wheat grain yield reductions as high as 92% have occurred from conpetition with
Italian ryegrass (Appleby et al. 1976; Hashemet al. 1998). Liebl and Wbrsham
(1984) reported a 5%grain yield loss for every 10 Italian ryegrass plants/nf.
Competition fromltalian ryegrass reduces wheat tillering (Appleby et al. 1976;

Ket chersid and Bridges 1987) and depl etes soil nitrogen and phosphorus resources
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i ntended for wheat (Liebl and Wbrsham 1987; Perez-Fernandez and Coble 1998).
Infestations of Italian ryegrass are common in North Carolina and Virginia wheat
fields and often result in field abandonment (A. C. York, North Carolina State
University; E. S. Hagood, Virginia Tech, personal communi cation).

Di cl of op-nethyl is an aryl oxyphenoxypropanoate herbicide that inhibits acetyl
coenzynme A carboxyl ase (ACCase, EC 6.4.1.2), a chloroplastic enzyne essential to
fatty acid biosynthesis in susceptible nonocot species (Kocher 1984; Bravin et
al. 2001). Diclofop-nmethyl was registered for selective control of Italian
ryegrass in wheat in North Carolina and Virginia in the early 1980's. Although
di cl of op has been very effective in controlling Italian ryegrass since its
introduction, the repeated use of diclofop-nethyl has selected for Italian
ryegrass biotypes resistant to this herbicide. Currently, diclofop-resistant
Italian ryegrass biotypes infest nore than 50% of the wheat hectarage in
Virginia and result in net losses in excess of $3.2 million (Hagood 2000). In
addition to resistance to diclofop-nethyl, many diclofop-resistant Italian
ryegrass biotypes also exhibit cross-resistance to other ACCase-inhibiting
her bi ci des such as fenoxaprop-P-ethyl and the cycl ohexanedi one herbi ci des
tral koxydi m and set hoxydi m (Bourgeois et al. 1997; Cocker et al. 2001; Devine
and Shi mabukuro 1994). For these reasons, introduction of herbicides with
alternative nodes-of-action is essential for profitable wheat production in
areas where diclofop-resistant Italian ryegrass popul ati ons persi st.

Sul f onyl urea herbici des differ from ACCase-inhi biting herbicides such as
dicl ofop by inhibiting acetol actate synthase (ALS, EC 4.1.3.18), the enzyne that
catalyzes the first parallel reaction in the biosynthesis of the branched chain
anino acids valine, leucine, and isoleucine (Ray 1984). Chlorsulfuron is a
sul fonyl urea herbicide that was registered for use in wheat in sonme areas of the
U S., Europe, and Australia in the early 1980's follow ng the introduction of
diclofop (Levitt et al. 1981; Liebl and Worsham 1987). Chl orsul furon applied at

35 g ai/ha preenergence (PRE) has controlled Italian ryegrass (Giffin 1985)
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Al t hough rare, at least two Italian ryegrass biotypes in the U S. are resistant
to sulfonylurea herbicides. Taylor and Coats (1996) identified two biotypes of
Italian ryegrass fromrights-of-ways in M ssissippi resistant to sul foneturon
where this herbicide had effectively controlled Italian ryegrass previously.

One of these biotypes was |ater determined to be resistant to other sulfonylurea
herbicides. In Italy, two biotypes of Italian ryegrass exhibit six- and eight-
fold resistance to diclofop and three- and 13-fold resistance to chlorsul furon
(Heap 2002).

Bi ot ypes of dicl of op-resi stant annual ryegrass (Lolium rigidum Gaud.) from
Australia also exhibit additional resistance to chlorsulfuron (Matthews et al
1990). Sonme of these annual ryegrass biotypes exhibit resistance to every
sel ective postenergence (POST) granminicide registered for use in Australia and
are resistant to several herbicides that have not been rel eased (Burnet et al
1994; Heap and Kni ght 1990; Pow es et al. 1990). Further, sone biotypes of
annual ryegrass exhibit resistance to glyphosate, a non-selective herbicide
(Pratley et al. 1999). The nechanisns of nmultiple resistance in sone of these
annual ryegrass biotypes is due to altered herbicide target sites that are |ess
sensitive to inhibition by the herbicides and/or the increased capacity of these
bi otypes to detoxify the herbicides (Christopher et al. 1991, 1992; Feng et al
1999) .

AE F130060 03 is an 8.3:1.7 mixture of the experinental sulfonylurea
her bi ci des AE F130060 00 and AE F115008 00. AE F130060 00 (proposed conmon nane
mesosul furon-nethyl) is active primarily agai nst nonocotyl edonous weeds while AE
F115008 00 (proposed comon nane i odosul furon-nmethyl-sodium acts prinmarily
agai nst di cotyl edonous weeds. This sulfonylurea nixture has effectively
controlled Italian ryegrass and several wi nter annual dicotyl edonous weed
speci es and can be applied to winter wheat when used with the safener AE F107892
(common nane nefenpyr diethyl) (Bailey et al. 2002; Crooks et al. 2002; Hand et

al. 2002). AE F107892 was devel oped in 1993 as a crop safener for fenoxaprop-P-
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ethyl, but is also an effective safener for certain other chem cal classes
(Hopki ns 1997).

To date, we are not aware of any reports of Italian ryegrass biotypes in the
U.S. that exhibit nmultiple resistance to diclofop and sul fonyl urea herbi ci des.

Al t hough a simlar cross-resistance phenonenon of the nagnitude seen in annual
ryegrass has not been docunented in Italian ryegrass biotypes, Italian ryegrass
is physiologically and genetically simlar to annual ryegrass (Betts et al

1992; Martinez-Ghersa et al. 1997), and the possibility of this occurrence
shoul d not be overl ooked.

Results of field experinents indicate that AE F130060 03 effectively controls
Italian ryegrass when applied POST at 15 g ai/ha (Bailey et al. 2002; Crooks et
al. 2002). However, research is needed to verify that this herbicide m xture
controls both diclofop-sensitive and -resistant Italian ryegrass biotypes in
order to determine if AE F 130060 03 is a viable alternative to diclofop for
control of diclofop-resistant Italian ryegrass.

In this research, the potential for differential activity of AE F130060 03 on
di cl of op-sensitive and —-resistant Italian ryegrass biotypes was investigated in
initial plant bioassay experinments in the greenhouse and subsequent absorption
transl ocation, and netabolism experinents in the |aboratory. An additiona
obj ective was to investigate response of winter wheat to AE F130060 00 with or

wi t hout the safener AE F107892 in greenhouse and | aboratory experinents.

Materials and Methods
Italian Ryegrass Plant Material
In late May and early June of 1996 and 1997, Italian ryegrass seed were
harvested from 29 wheat fields throughout Accomack and Northanpton Co., VA, and
Pasquat ank Co., NC, where diclofop resistance was suspected. In initial
greenhouse screens where diclofop was applied at 1680 g ai/ha POST to 3- to 4-

| eaf Italian ryegrass, 13 of these selections exhibited various |evels of
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tolerance to diclofop (data not presented). O these 13 selections, four were
chosen for use in experinents with AE F130060 03. These four selections (EP
GI, RBG and JB) exhibited the greatest |evels of diclofop resistance. A
comercial ly-available cultivar of ltalian ryegrass! (OR) that exhibited
nmoderate sensitivity to diclofop was al so chosen as a dicl of op-sensitive
conparison, while a collected population (KG from Northanpton Co., VA that

exhi bited the highest degree of sensitivity to diclofop was chosen as an
addi ti onal diclofop-sensitive selection. The field where the KG popul ati on was

coll ected had no record of dicl ofop-nethyl use.

Greenhouse Experiments

Greenhouse experinents were conducted in late fall 2000 and early spring
2001. In these experinents, 18 seed of each Italian ryegrass biotype were sown
0.6 cmdeep in 10- by 10-cmsquare pots filled with growh mediunf. Seedlings
were watered daily and fertilized weekly with water-soluble fertilizer?® and
mai nt ai ned under natural lighting for the duration of the experinment. A four by
six factorial experinent was used to investigate possible differential response
to AE F130060 03 in the Italian ryegrass biotypes. The experinent consisted of
treatnment at four levels: AE F130060 03 at 15 or 18 g/ha plus AE F107892 at 30
or 36 g ai/ha, respectively, diclofop at 1120 g/ ha, or nontreated; and biotype
at six levels: diclofop-sensitive OR and KG, and dicl of op-resi stant EP, GI,
RBG, and JB. All treatnents were applied POST to three- to four-leaf (8-9 cm
Italian ryegrass of each biotype using a noving-nozzle research spray cabinet*
containing a single flat-fan nozzle tip® that delivered 237 L/ ha of spray
solution at 269 kPa. Average plant height/pot and visual observations of
percent nortality were recorded at 1 wk after treatnent (WAT), 2.5 WAT, and 5
WAT. At 5 WAT, plant material fromeach pot was harvested at soil level, dried

for 72 h, and wei ghed.
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In additional greenhouse experinents, response of w nter wheat to AE F130060
03 with and without AE F107892 was investigated. In wheat experinents, ten
seeds of ‘Pioneer 26R24" wheat were sown 0.6 cmdeep in 10- by 10-cm square pots
filled with growth nediun?. Data collection and seedling mai ntenance were
identical to Italian ryegrass experinents. Treatnents for wheat included AE
F130060 03 at 15 or 18 g/ha with AE F107892 at 15 or 18 g/ ha, respectively, or
with non-ionic surfactant (NIS) at 0.25% (v/v). All greenhouse experinents were
arranged in a conpletely random zed design with three replications of treatnents
for wheat experinments and six replications for Italian ryegrass experinents.

Experiments for wheat and Italian ryegrass were repeated.

Laboratory Experiments

Seed of ‘Pioneer 26R24’ winter wheat and dicl ofop-sensitive and -resistant
Italian ryegrass biotypes (KG and JB, respectively, from greenhouse experinents)
were sown in 10- by 10-cm square pots filled with a 1:1 m xture of
vermculite® sand’”. Seedlings were watered daily and fertilized weekly wth
wat er-sol ubl e fertilizer3 ~Wen all seedlings reached the one-tiller growh
stage, seedlings were renpved fromsoil, roots were washed, and seedlings were
transplanted into alum numfoil-covered glass jars containing 100 nL of quarter-
strength Hoagland' s solution (pH 6.5). Seedlings were allowed to acclimate to
this nutrient solution for 48 h prior to treatnent. Treatnents for |aboratory
experiments were AE F130060 00 with or without AE F107892 on wi nter wheat, and
AE F130060 00 with AE F107892 on dicl of op-sensitive or dicl of op-resistant
Italian ryegrass. Radiol abeled AE F130060 00 and technical -grade AE F130060 00,
AE F115008, and AE F107892 used in all experinents were provided by Aventis
CropSci ence®. Radi ol abel ed AE F130060 00 was uniformy labeled with **Cin the
phenyl ring (radiochemical purity of 95. 1% and specific activity of 6425 MBg/g).
Prior to foliar application of radiol abel ed herbicide, all seedlings received a

subl et hal dose of non-radiol abel ed, technical grade AE F130060 03 [5 g/ha (4.2 ¢
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AE F130060 00 plus 0.8 g AE F115008)] using the noving-nozzle research spray
cabi net* previously described. This sublethal dose is approximtely 33% of the
field use rate and was applied to stinulate the netabolismof seedlings wthout
interfering with absorption, translocation, or netabolism of subsequent [*C] AE
F130060 00 applications. Eighteen wheat seedlings also received 30 g/ ha of
techni cal - grade AE F107892 while the renmini ng wheat seedlings received NI S° at
0.25% vol ./vol. Al Italian ryegrass seedlings received AE F107892 at 30 g/ ha.
Prior to radiol abel ed applications, ['C] AE F130060 00 was diluted to an
aqueous sol ution in 80% acet one containing 0.5% (vol./vol.) Tween 20 One h
fol l owi ng non-radi ol abel ed applications, all seedlings were spotted on the
newest fully-expanded |eaf with 10 nL of radiol abel ed solution containing 3.7 %
0.1 kBg [!*C] AE F130060 00. Seedlings of each species and treatment were
harvested 12, 36, and 72 h after treatnent with [*C] AE F130060 00. At each
harvest, 24 seedlings were randomy collected (six wheat seedlings that received
the safener AE F107892, six wheat that received only non-ionic surfactant, six
di cl of op-sensitive Italian ryegrass, and six diclofop-resistant Italian
ryegrass). O the six seedlings collected fromeach treatnent, two plants were
used for absorption and translocation, two plants were used for X-ray
aut or adi ography, and two plants were used for netabolism experinments. To
determine if exudation of AE F130060 00 out of root tissue occurred, a 1-niL
al i quot of Hoagl and’ s sol ution was collected fromeach jar at each harvest
period, mixed with 10 nL scintillation cocktail?'!, and radioactivity was
determined using liquid scintillation spectrometry'® (LSS). Unabsorbed [*C] AE
F130060 00 was renoved fromtreated | eaves of each seedling at each harvest tine
by washing the treated leaf in a 5-nL wash sol ution containing nmethanol : wat er
(1:1 by vol.) and 0.1% Tween 20. A 1-nL aliquot from each | eaf wash was ni xed
with 10 nL scintillation cocktail, and the total unabsorbed radi oactivity was

determi ned by LSS.
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Absorption, Translocation, and X-ray Autoradiography

Seedlings collected for absorption and translocation experinents were
separated into treated |eaf, remining shoot, and root tissues and dried for 72
h at 60 C. Radioactivity in each portion was determ ned by LSS with
scintillation cocktail after combustion in a biological sanple oxidizer?®.
Seedl i ngs used for X-ray autoradi ography were pressed for 1 wk and then pl aced

on X-ray film#* for 21 d.

Metabolism

Seedl i ngs collected for netabolism experinents were separated into treated
| eaf, renmmining shoot, and root tissues and stored at —20 C prior to extraction
For extraction, each plant portion was honpgenized in 5 nL of acetonitrile:water
(4:1 by vol.) and the insoluble plant material was separated by centrifugation?®
at 14,000 x g for 10 min. Extraction and centrifugation were repeated three
times, supernatants were pool ed, evaporated to dryness with a N-evaporator?® and
redi ssolved in 400 mL acetonitrile. Two hundred nL of these extracts were then
spotted on silica gel thin-layer chromatography (TLC) plates?, which had been
prepared by baking for 1 h at 110 C. Ten nL of ['C] AE F130060 00 and
nonl abel ed AE F130060 00 standards were cochronatographed with the pl ant
extracts, and the TLC plates were developed in a solvent system of
chl orof orm absol ute ethanol : glacial acetic acid (43:55:5 % by vol.). Follow ng
devel opnment, TLC plates were dried and observed under ultraviolet |ight.
Radi oactivity distribution in | anes of each TLC plate was then scanned using a
TLC pl ate scanner!® and anal yzed using the 13-point cubic peak finder function
with <1% peak rejection in acconpanying anal ytical software!®.  Absorption
transl ocation, and netabolism experinments were arranged in a conpletely
randoni zed design with two replications for each treatnent within each harvest

time and all experinments were repeated.
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Experimental Design and Analysis

Data fromall experinments were subjected to factorial analysis of variance in
SAS? with factor sums of squares partitioned accordingly (Steel et al. 1997).
Factors subject to analysis in greenhouse experinents included herbicide
treatnment and Italian ryegrass biotype. All |aboratory data were al so subjected
to factorial analysis of variance with partitioning of suns of squares. Factors
subject to analysis in |laboratory experinents were species (wheat or Italian
ryegrass), treatnment (AE F107892 or NI'S for wheat and diclofop sensitivity or
resistance for Italian ryegrass), and tinme (12, 36, or 72 h). Appropriate nmeans
for all data were separated using Fisher’s protected LSD (a=0.05). Analysis of
vari ance indicated sufficient honpbgeneity between greenhouse experinments and
bet ween | aboratory experinments; therefore, data are presented as averages of the
two greenhouse experinents for wheat, the two greenhouse experinents for Italian

ryegrass, and the two | aboratory experinments.

Results and Discussion

Greenhouse Experiments
Italian ryegrass experiments

Anal ysis of variance for Italian ryegrass biomass data indicated a
signi ficant herbicide treatnment by biotype interaction for bionmass production
therefore, data are presented accordingly. Levels of diclofop sensitivity and
resi stance were generally confirned by bi omass production follow ng treatnent
with diclofop at 1120 g/ha. However, OR was significantly |less sensitive to
diclofop than KG  Wthin diclofop-treated Italian ryegrass, diclofop reduced
bi omass production by 43%in OR and by 69%in KG (Table 4.1). Differential
sensitivity between OR and KG bi otypes may not be surprising, since OR was a
comerci al l y-available cultivar originating from O egon where diclofop

resistance was first reported (Stanger and Appl eby 1989) and is now common in
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that region. 1In diclofop-resistant biotypes, however, bionmass production was
reduced no nore than 7% by di cl of op

AE F130060 03 at 15 or 18 g/ ha reduced bi omass of one dicl of op-sensitive
bi otype (OR) and all dicl ofop-resistant biotypes nore than diclofop. AE F130060
03 at 15 g/ha was as effective as 18 g/ha in reducing bi omass of five of the six
Italian ryegrass biotypes. Although AE F130060 03 at 15 or 18 g/ ha reduced
Italian ryegrass biomass at |least 35%in all biotypes, differential responses
occurred in two diclofop-resistant biotypes. AE F130060 03 at either 15 or 18
g/ ha reduced bionass in both diclofop-sensitive popul ati ons and di cl of op-
resistant EP and GI from61 to 84% In diclofop-resistant RBG and JB, however,
bi omass production was reduced only 35 to 52% These sanme general trends were
al so seen in data for percent nortality at 5 WAT (data not presented). 1In
general , diclofop-sensitive KG was the npst sensitive to AE F130060 03, while
di cl of op-resistant JB was the | east sensitive. Therefore, these biotypes were
sel ected for absorption, translocation, and netabolismexperinents in the

| aboratory.

Wheat experiments

I n wheat experinents, AE F130060 03 at 15 or 18 g/ ha wi thout the safener AE
F107892 resulted i n wheat biomass reductions of 10 to 14% conpared to nontreated
controls (data not presented). AE F130060 03 at 15 or 18 g/ha with AE F107892

did not reduce wheat bionmass conpared to nontreated controls.

Laboratory Experiments
Herbicide absorption and translocation

Total absorption of AE F130060 00 was influenced by plant species (F =
190.72; P = <0.0001) and tinme (F = 34.56; P = <0.0001). Since AE F130060 00
absorption was not influenced by herbicide safener in wheat or by biotype in

Italian ryegrass, absorption data for wheat were averaged over safener or NS
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and absorption data for Italian ryegrass were averaged over biotype (Figure
4.1). Absorption of ['C] AE F130060 00 by Italian ryegrass was 33% at 12 h
after treatnment, 61% after 12 h, and 81% after 72 h. In wheat, however,
absorption after 72 h was only 23% Wthin each harvest time, Italian ryegrass
absorbed significantly nore ['C] AE F130060 00 than wheat. These differences
were approxinmately five-fold after 12 and 36 h, and nore than three-fold after
72 h. Differential absorption is obviously a contributing factor in
differential tolerance of winter wheat and Italian ryegrass to AE F130060 00.
Baird et al. (1989) also noted differential absorption as a factor in
differential tolerance of bahiagrass (Paspalum notatum Fl uegge) and

centi pedegrass [ Eremochloa ophiuroides (Munro) Hack.] to sul fometuron, another
sul fonyl urea herbi ci de.

Transl ocati on of AE F130060 00 out of the treated |eaf and into shoots and
roots was not influenced by plant species, treatnment within species, or tine.
Across all of these factors, anpunts of AE F130060 00 remmining in treated
| eaves was at |east 91% of total absorbed AE F130060 00 and total translocation
out of the treated | eaf never exceeded 9% of total absorbed AE F130060 00 (Table
4.2). Askew et al. (2002) also noted very little translocation of the
sul fonyl urea herbici de CGA362622 out of treated | eaves of tolerant cotton
(Gossypium hirsutum L.) and jinsonweed (Datura stramonium L.), and susceptible
peanut (Arachis hypogaea L.) and sickl epod [ Senna obtusifolia (L.) lrwin and
Bar naby] .

There was no nmeasurabl e radioactivity present in 1-nmL aliquots of Hoagland' s
solution taken fromjars at any harvest period. Therefore, it was concl uded
that root exudation of AE F130060 00 followi ng treatnent was negligible or did

not occur.
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Herbicide Metabolism

Si nce transl ocati on of AE F130060 00 out of the treated | eaf was no nore than
9% of total absorption in any species, treatnment, or tine, netabolism procedures
were conducted only on treated |eaf tissue. Metabolismof AE F130060 00 in
treated | eaves was influenced by species (F = 56.79, P = <0.0001) and tinme (F =
26.39, <0.0001). Wthin each species, nmetabolismin wheat was influenced by the
saf ener AE F107892 (F = 5.59, P = 0.032) and tinme (F = 23.61, P = <0.0001).

Met abolismin Italian ryegrass, however, was influenced only by tinme (F = 4.59
P = 0.028) and did not differ between diclofop-sensitive and —-resistant Italian
ryegrass biotypes.

VWheat that received AE F107892 prior to the radiol abel ed application
contai ned | ess parent AE F130060 00 at each harvest tinme than wheat that
received only NIS with no safener prior to application (Table 4.3). Anmounts of
parent AE F130060 00 in wheat that received AE F107892 were 82.5, 58.5, and 49%
of total recovered *C at 12, 36, and 72 HAT, respectively. In wheat that was
not safened prior to radiol abel ed application, treated | eaves contai ned 94.9,
66. 8, and 58. 8% parent AE F130060 00 at 12, 36, and 72 HAT, respectively.

In both Italian ryegrass biotypes, relative amunts of parent AE F130060 00
in treated |l eaves at 12 and 36 HAT were simlar to that in nonsafened wheat at
12 HAT. At 72 HAT, relative amunts of parent AE F130060 00 were 86.3 and 92.2%
in diclofop-sensitive and -resistant Italian ryegrass, respectively. Anmunts of
parent AE F130060 00 in either Italian ryegrass biotype was nearly 1.5 tines
more than that in unsafened wheat and nearly 1.8 tines nore than that in safened
wheat at 72 HAT. Although anmounts of parent AE F130060 decreased from 97. 4% at
12 HAT to 86.3% at 72 HAT in diclofop-sensitive Italian ryegrass, relative
anounts of parent herbicide did not decrease significantly over tine in
diclofop-resistant Italian ryegrass. However, amounts of parent herbicide in

treated | eaves of either biotype were simlar at each harvest tine.
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Based on netabolismdata, it can be concluded that differences in netabolism
also play a role in differential tolerance to AE F130060 00 between wi nter wheat
and Italian ryegrass and that the safener AE F107892 increases netabolism of AE
F130060 00 in wi nter wheat. Although there were generally no differences in AE
F130060 00 netabolism between the two Italian ryegrass biotypes, relative
amount s of parent herbicide were at least 1.5 tinmes greater in Italian ryegrass
than in wheat at 72 HAT. However, netabolismdata are relative anmounts of
recovered “C that were attributed to parent AE F130060 00 and one nust al so
consi der the substantial differences in overall absorption of AE F130060 00 that
occurred between wi nter wheat and ltalian ryegrass.

Based on | aboratory data, differential tolerance between wi nter wheat and
Italian ryegrass is due to differential absorption as well as differential
met abol i sm bet ween these two species. Although absorption was simnilar between
wheat treated with AE F107892 or NI'S only and between dicl of op-sensitive and
—resistant Italian ryegrass, Italian ryegrass absorbed at |east three-fold nore
AE F130060 00 than wheat at any harvest tine. Differential tol erance was not
due to differential translocation of AE F130060 00 since at |east 91% of the
herbicide remained in the treated | eaves of both species. Metabolism
experinments showed that AE F130060 00 is nore rapidly degraded in wheat than in
Italian ryegrass and that the npst rapid degradation occurs in wheat that is
safened with AE F107892. However, there were generally no differences in AE
F130060 00 netabolism between the dicl ofop-sensitive and dicl of op-resi stant
Italian ryegrass biotypes used in the | aboratory experinent.

In the vast majority of cases of diclofop resistance in grass species,
resistance is due to an altered ACCase that is no |longer sensitive to diclofop
(Cocker et al. 2001; Devine 1997; Evenson et al. 1994; Gonwald et al. 1992
Joseph et al. 1990; Maneechote et al. 1997, Marles et al. 1993; Msooji et al
1992). However, other nechani snms may exist, such as overproducti on of ACCase

(Bradley et al. 2001). Conversely, resistance to the sul fonylurea herbicide
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chl orsul furon in annual ryegrass is not associated with an insensitive ALS but
was due to enhanced netabolism of the herbicide (Christopher et al. 1991;
Matt hews et al. 1990; Preston et al. 1996). |In other research, Burnet et al
(1994) reported that a popul ation of annual ryegrass (VLR69) resistant to
several ALS-inhibiting herbicides including inmzaquin, chlorsulfuron
triasul furon, and sul fometuron contai ned a subpopul ati on that possessed an ALS
that was |ess sensitive to inhibition by chlorsul furon than ALS extracted from
susceptible plants. |In another annual ryegrass biotype, W.Rl, the basis for
resistance to sulfonmeturon was also a | ess-sensitive target enzynme, although
this biotype also had increased capacity to detoxify chlorsul furon (Christopher
et al. 1992). 1In the research reported here, however, obvious differences in
the netabolismof AE F130060 00 between the two Italian ryegrass biotypes were
not evident.

We hypot hesi ze that differential response to AE F130060 03 between the
di cl of op-sensitive KG and dicl ofop-resistant JB Italian ryegrass biotypes is
likely due to an altered ALS in JB that is |less sensitive to AE F130060.
Alteration of the target enzyne ALS is the npbst common nechani sm of resistance
in several ALS-inhibitor-resistant weed species including kochia (Kochia
scoparia L.), prickly lettuce (Lactuca serriola L.), Russian thistle (Salsola
iberica L.), perennial ryegrass (Lolium perenne L.), and common chi ckweed
[ Stellaria media (L.) Cyrillo] (Mallory-Smith et al. 1990; Primani et al. 1990;
Saari et al. 1989a, 1989b). The JB biotype could contain both an altered ACCase
and an altered ALS that confers decreased sensitivity to both diclofop and AE

F130060. Further research is required to confirmthis hypothesis.

Sources of Materials
loregon Grown Premium Quality Grass Seed. Italian ryegrass, variety not

stated. Wetsel, Inc., 1345 Dianond Springs Road, Virginia Beach, VA 76618.
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2Metro-M x 500, Scotts-Sierra Horticultural Products Co., Marysville, OH
43040.

SPeters Professional General Purpose 20-20-20. Scotts-Sierra Horticultural
Products Conpany, 14111 Scottslawn Rd., Marysville, OH 43041.

“Al'l en Machine Works. 607 E. MIler Road, Mdland, M 48640.

5Sprayi ng Syst ens Co.° P. O Box 7900, Wheaton, IL 60189.

SHorticultural vermiculite sterile growi ng nedia, mediumgrade. The Schundl er
Conpany, P. O Box 513, Metuchen, NJ 08840-0513.

‘Qui krete all -purpose sand. The Qui krete Conpanies, Atlanta, GA 30329.

8Aventis Pharma, Chem Dev./Radiosynthesis Analytical Lab. Frankfurt,
Ger many.

9X-77 spreader, a mixture of al kylaryl pol yoxyet hyl ene glycols, free fatty
acids, and isopropanol. Valent USA Corporation, 1333 North California
Boul evard, Wal nut Creek, CA 94596-8025.

Opg| ysorbat e 20 (pol yoxyet hyl ene [20] sorbitan nonol aurate), |Cl Anerica,
Inc., WImngton, DE 19899.

Hscintiverse BD scintillation cocktail. Fisher Scientific, Fair Lawn, NJ
07410.

2 jquid scintillation counter, Beckman LS 5000TA nodel, Beckman |nstrunents,
4300 N. Harbor Boul evard, Fullerton, CA 92634.

Bpackard Mbdel 307 biol ogi cal oxidizer, Packard Instrument Co. 2200
Warrenvill e Road, Downer’s Grove, |L 60515.

1X- OVAT diagnostic film Eastnman Kodak Conpany, Rochester, NY 14650.

5Sorval | RC-58 refrigerated superspeed centrifuge with SS-34 rotor. Sorvall-
Kendro Laboratory Products, L.P., 31 Pecks Lane, Newtown, CT 06470-2337.

®Meyer N-EVAP anal ytical evaporator. Organonmation Associates, Inc., P. O Box
5 Tpk. Sta., Shrewsbury, MA 01545.

YSilica Gel 60F,, precoated glass plates for thin |ayer chromatography. EM

Sci ence, 480 Denocrat Road, G bbstown, NJ 08027.
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18Bj oScan System 200 | magi ng Scanner with Bi oScan Aut ochanger 1000. BioScan
I nc. 4590 MacArthur Blvd. N. W, Wshington, DC 20007

W n- Scan Software, ver. 1.6. LablLogic, St. Johns House, 131 Psalter Lane,
Sheffield S11 8UX, Engl and.

st atistical Analysis Systenms (SAS) software, Version 7.0, SAS Institute,

Inc., Box 8000, SAS Circle, Cary, NC 27513.
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Table 4.1. |Interaction of herbicide treatment and Italian ryegrass biotype on biomass production of

di cl of op-sensitive and -resistant ltalian ryegrass.?

Bi omass production

Italian ryegrass biotype

Her bi ci de Application Di cl of op-sensitive Di cl of op-resi st ant

treat nent rate OR KG EP GT RBG JB LSD (0.05)¢
— g/ ha — % of nontreated control®

AE F130060 03° 15 39 27 29 27 53 65 14

AE F130060 03 18 21 23 16 20 52 48 14

Di cl of op 1120 57 31 93 97 100 94 25
LSD (0. 05)® 28 NS 13 15 18 20

a8al ues represent the nmean of two experinents with six replications per experinent.
PDat a presented as the percent of dry wei ght of nontreated controls for each popul ation.
CAE F130060 03 applications made with AE F107892 at 30 or 36 g/ ha.

9LSD values for rows within a | evel of herbicide treatnent.

€LSD val ues for colums within a level of Italian ryegrass popul ation.
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Table 4.2. Translocation of [C] AE F130060 00 in wi nter wheat and Italian

ryegrass.
Absor bed [!C] AE F130060
Speci es Tr eat ment HAT Treated Leaf Shoot s Root s

————————— % of absorbed® ————————
Wheat Saf ener 12 94.9+1.8a 2.9+*1.1b 2.2 +£0.8
Wheat Saf ener 36 91.0 +4.5a 5.1+2.2Db 3.9+24
Wheat Saf ener 72 94.8 +0.7a 4.0+x0.6b 1.2 0.3
Wheat No saf ener 12 91.8+2.0a 4.3+x2.1b 3.9+0.4
Wheat No saf ener 36 93.4 2. 2a 46 +*1.8b 2.0+0.7
Wheat No saf ener 72 95.0x1.4a 4.1+1.2Db 0.8 0.3
Italian ryegrass Diclofop-sensitive 12 94.8 +2.2a 3.8+1.8b 1.4 £0.5
Italian ryegrass Diclofop-sensitive 36 96.9 +0.7a 2.4 +0.7b 0.7 £0.2
Italian ryegrass Diclofop-sensitive 72 97.7 +0.6a 1.9 +0.5b 0.4 %0.2
Italian ryegrass Diclofop-resistant 12 96.9 +0.4a 1.8 +£0.3 b 1.2 +£0.2
Italian ryegrass Diclofop-resistant 36 97.6 £+ 0.6a 1.4 +0.2b 0.9+0.4
Italian ryegrass Diclofop-resistant 72 97.1 +£+0.3a 2.2+0.2b 0.7 +0.2

3/al ues represent the mean of two experinents + standard error as a percent

of absorbed radioactivity.

®PMeans fol lowed by the same letter within a row do not differ according to

Fi sher’s protected LSD (a=0.05).
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Table 4.3. Metabolism of AE F130060 00 in winter wheat and Italian ryegrass as influenced by tine,

her bi ci de safener, and Italian ryegrass biotype.

Parent [4C] AE F130060 002

Har vest W nter wheat Italian ryegrass

time (HATY) Saf ener No saf ener Di cl of op-sensitive Di cl of op-resi st ant

% of 1%C recovered?

12 82.5 £ 7.3 aB 94.9 £ 4.1 aA 97.4 £ 0.9 aA 98.3 £+ 1.0 aA
36 58.5 = 3.5 bA 66.8 = 7.4 bA 92.7 = 0.3 bA 93.4 £ 2.0 aA
72 49.0 + 1.5 bB 58.8 = 3.1 bA 86.3 £ 1.4 cA 92.2 £ 3.6 aA

aVeans represent the pooled average of two experinents as a percentage of total radioactivity attributed
to parent AE F130060 00 + standard errors. For tine conparisons, means within a colum foll owed by the sane
| owercase letter do not differ according to Fisher’s protected LSD (a=0.05). For treatnment conparisons
Wi thin species, means within a row within each harvest tinme and species followed by the sane uppercase
letter do not differ according to Fisher’s protected LSD (a=0.05).

®R; val ue of parent AE F130060 00 was 0.85 in the solvent system used (chl oroform ethanol:glacial acetic
acid, 43:55:5 % by vol.).

‘HAT = h after treatnent.

dMet abol i sm data presented as a percentage of recovered radioactivity fromtreated | eaves attributed to

parent AE F130060 00.
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CAPTIONS FOR FIGURES

Figure 4.1. Absorption of [*C] AE F130060 00 by wi nter wheat and Italian
ryegrass. Data for wi nter wheat are averaged over wheat treated with AE
F107892 (safener) or with non-ionic surfactant (no safener). Data for Italian
ryegrass are averaged over dicl of op-sensitive and —resistant popul ations.

Asteri sks denote a difference at the 0.05 significance |evel.
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Absorbed [ *'C] AE F130060 00 (% of applied)

100

80

Bail ey, Figure 4.1.

AE F130060 00 Absorption

—e— W nter wheat
—O— Italian ryegrass

12 24

36 48 60 72

Hours after treatnent
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