Chapter VI

Influence of AE F130060 03 Application Timing and Rate on Wheat

(Triticum aestivum) Response and Italian Ryegrass (Lolium multiflorum) Control

Abstract: Field experinents were conducted in Virginia in 2000 and 2001 to

i nvestigate responses of w nter wheat and Italian ryegrass to postenergence
applications of the experinental herbicide nmixture AE F130060 03. Experinmental
factors evaluated were herbicide application rate, Italian ryegrass growth
stage, and the presence of absence of nethylated seed oil (MSO). G eenhouse
experinments were also conducted to further quantify the effects of AE F130060 03
application rate on growth responses of dicl of op-nethyl-sensitive and —resistant
Italian ryegrass. |In field experinents, AE F130060 03 controlled both dicl of op-
met hyl -sensitive and —-resistant Italian ryegrass. |In npost instances, AE F130060
03 applied at 15 or 18 g ai/ha in the presence of absence of MSO provided
simlar Italian ryegrass control and reductions in inflorescence energence.

Al t hough AE F130060 03 controlled existing Italian ryegrass 4 wk after any
application timng, application timng had the greatest impact on | ate-season
Italian ryegrass control and inflorescence energence. Applications nmade to two-
to three-leaf Italian ryegrass resulted in greater Italian ryegrass energence
follow ng application, thereby resulting in | esser apparent |ate-season contro
and greater Italian ryegrass inflorescence energence conpared to applications
made to two- to three-tiller or four- to five-tiller Italian ryegrass. Although
wheat injury from AE F130060 03 applications was substantially greater than
injury fromdicl of op-nmethyl, wheat recovered and yields from AE F130060 03-
treated wheat were simlar to diclofop-nethyl-treated wheat and at |east 21%
greater than yields fromnontreated wheat. |n greenhouse experinents,
differential growth responses between dicl of op-nethyl -sensitive and —resistant

Italian ryegrass occurred foll owing AE F130060 03 application at normal (15 g
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ai / ha) and bel ow-normal application rates. When rates were increased beyond
normal application rates, however, sinmlar growh responses were seen in

di cl of op-nmet hyl -sensitive and —-resistant Italian ryegrass. On the basis of
these results, AE F130060 03 is an effective herbicide for control of Italian
ryegrass; however, later applications nmade to two- to three-tiller or four- to
five-tiller Italian ryegrass may result in | owest anounts of Italian ryegrass
energence after application

Nomenclature: AE F130060 03 {8.3:1.7 nmixture of AE F130060 00, proposed commpn
name nesosul furon-nmethyl, 2-[(4, 6-di nethoxypyrim di n-2-y1 carbanoyl)sul famoyl] -
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-
yl)ureidosul fonyl]benzoic acid}; AE F107892, proposed conmon nane nefenpyr

di ethyl, 1-(2,4-dichlorophenyl)-4,5-di hydro-5-nethyl - 15 pyrazol e-3, 5-

di carboxylic acid; diclofop-nmethyl; Italian ryegrass, Lolium multiflorum Lam
LOLMJU #'° winter wheat, Triticum aestivum L. ‘Pioneer 2643, ‘' Pioneer 26R24’,

‘ Pocohont as’

Additional index words: diclofop-nethyl resistance, resistance nanagenent.
Abbreviations: ACCase, acetyl coenzyne A carboxylase (EC 6.4.1.2); ALS
acet ol actate synthase (EC 4.1.3.18); MSO nethylated seed oil; POST

post energence; VBT, wk before treatnent; WAP, wk after planting; WAT, wk after

treat nent.

INTRODUCTION
W nter wheat is an econonically inportant crop throughout nuch of the U S
However, wi nter wheat production has declined during the past 11 yr from49.7

mllion ha harvested in 1990 at a value of $5.4 billion to 31.3 nillion ha

¥Letters following this synbol are a WSSA-approved conputer code from
Composite List of Weeds, Revised 1989. Available only on conputer disk from

WBSA, 810 East 10" Street, Law ence, KS 66044-8897.
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harvested in 2001 at a value of $3.8 billion (Anonynous 2002a). Low wheat
prices and other production concerns have led to this declining production.

Weeds are a nmmjor production concern in winter wheat. Producers typically
encounter several wi nter annual broadl eaf and grass weeds that conpete with
wheat. Italian ryegrass is ranked as one of the ten nbst comon and troubl esone
weeds in wheat in all nine Southern states (Webster 2000). Wheat grain yield
reductions as high as 92% have occurred from conpetition with Italian ryegrass
(Appl eby et al. 1976; Hashemet al. 1998). Liebl and Worsham (1984) reported a
5%vyield | oss for every 10 Italian ryegrass plants/nf. The conpetitive ability
of Italian ryegrass with wheat is related to the ability of ryegrass to reduce
wheat tillering (Appleby et al. 1976; Ketchersid and Bridges 1987) and deplete
soil nitrogen and phosphorus resources intended for wheat (Liebl and Wrsham
1987; Perez-Fernandez and Coble 1998). Also, Italian ryegrass has a faster |eaf
expansion rate than wheat (Ball et al. 1995). Severe infestations of Italian
ryegrass are not uncomon in North Carolina and Virginia wheat fields and often
result in field abandonment %,

Italian ryegrass control progranms utilizing cultural practices such as wheat
seedi ng arrangenent, seeding density, and use of npbre conpetitive wheat
varieties have been ineffective in reducing Italian ryegrass conpetition with
wheat (Appleby and Brewster 1992; Hashem et al. 1998). Chem cal weed nmanagenent
strategies are therefore the only practical neans of controlling Italian
ryegrass in wheat.

Di cl of op-nethyl was registered for Italian ryegrass control in wheat in North
Carolina and Virginia in the early 1980's. Diclofop-nmethyl is an
aryl oxyphenoxypropanoate herbicide that inhibits acetyl coenzyne A carboxyl ase
(ACCase, EC 6.4.1.2), a chloroplastic enzyne essential to fatty acid

bi osynthesis in susceptible npbnocot species (Kocher 1984; Bravin et al. 2001).

A, C. York, North Carolina State University; E. S. Hagood, Virginia Tech

personal contmuni cation
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Di cl of op-net hyl has controlled Italian ryegrass since its registration but
repeated use of this herbicide has selected Italian ryegrass biotypes resistant
to diclofop-nethyl. These diclofop-nmethyl-resistant Italian ryegrass biotypes
currently infest nore than 50% of the wheat hectarage in Virginia and cause
annual net losses in excess of $3.2 million?. Al so, diclofop-nethyl-resistant
bi ot ypes of many grass species are often cross resistant to other herbicides
with the sanme node-of-action (Cocker et al. 2001; Bourgeois et al. 1997; Bravin
et al. 2001; Kuchuran and Becki e 2000). For this reason, introduction of
herbicides with alternative nodes-of-action are essential for wheat production
in areas where diclofop-nethyl-resistant Italian ryegrass popul ati ons persi st.
Sul f onyl urea herbicides differ from ACCase-inhi biting herbicides by
i nhibiting acetol actate synthase (ALS, EC 4.1.3.18), the enzyne that catal yzes
the first parallel reaction in the biosynthesis of the branched chain anino
acids valine, |eucine, and isoleucine (Ray 1984). AE F130060 03 is an 8.3:1.7
m xture of the two experinental sulfonylurea herbicides AE F130060 00 and AE
F115008 00. AE F130060 00 (proposed commopn nane nesosul furon-nmethyl) has
activity primarily agai nst nonocotyl edonous weeds while AE F115008 00 (proposed
comon name i odosul furon-nethyl -sodium acts prinmarily against dicotyl edonous
weeds (Anonynous 2002b; Anonynous 2002c). Postenergence (POST) applications of
this sulfonylurea mxture at 15 to 18 g ai/ha have effectively controlled
Italian ryegrass and several w nter annual dicotyl edonous weed species and can
be applied to wheat when used with the crop safener and adjuvant AE F107892
(proposed common nane nefenpyr diethyl) (Anderson et al. 2002; 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-ethyl, but also safens certain other chem ca

cl asses (Hopkins 1997). |In addition, foliar absorption of this herbicide

2'Hagood, E. S., Jr. 2000. Application for specific exenption in accordance
with section 18 of FIFRA to use Axiom herbicide to control annual ryegrass in

wheat .
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conbination in Italian ryegrass may be enhanced with the addition of nethyl ated
seed oil (MSO) (Anonynous 2002b).

Weed growth stage can have a nmjor inpact on the efficacy of annual grass
her bi ci des used in cereals (Blackshaw and Harker 1996). Dicl of op-nethyl was
nore effective on green foxtail (Setaria viridis L.) when applied at an early
growth stage (Morrison and Maurice 1984). Simlarly, imazanethabenz was nore
effective on wild oat when applied at early growh stages (Harker and O Sullivan
1991; Pillmor and Casel ey 1984). Harker and Bl ackshaw (1991) found that green
foxtail and wild oat (Avena fatua L.) control was usually better when I Cl A 0604
was applied at the two- to three-leaf stage. However, |later applications of
I CIA 0604 often led to | ess weed presence at harvest because | ater enmergence of
green foxtail and wild oat often occurred after early applications (Harker and
Bl ackshaw 1991).

Al t hough AE F130060 03 has controlled dicl of op-nmethyl -sensitive and —
resistant Italian ryegrass at various growth stages (Bailey et al. 2002; Crooks
et al. 2002), this herbicide m xture has little soil residual activity and thus
does not adequately prevent additional Italian ryegrass seedling energence
foll owi ng application (Anonynous 2002b). On the Eastern Shore region of
Virginia, Italian ryegrass has a |l ong germ nation period and can energe any tine
bet ween wheat planting and | ate December??. Therefore, application timng may be
inportant in maxim zing the utility of AE F130060 03 to prevent | ate-season
conpetition fromltalian ryegrass in w nter wheat.

In this research, the effect of AE F130060 03 application timng relative to
Italian ryegrass growmh stage was investigated in conparison to diclofop-nethyl
Addi tional objectives were to investigate the effects of AE F130060 03
application rate and MSO on dicl of op-net hyl -sensitive and —-resistant Italian
ryegrass control. Greenhouse experinents were also conducted to further

quantify levels of diclofop-methyl resistance in Virginia Italian ryegrass

2H, P. WIlson, Virginia Tech, personal communication
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popul ati ons and investigate responses of these populations to AE F130060 03

rates.

MATERIALS AND METHODS

Greenhouse Experiments

Dose-response experinments were conducted in the greenhouse at the Eastern
Shore Agricultural Research and Extension Center near Painter, VA in 2002 to
eval uate growth responses of diclofop-nethyl-sensitive and —resistant Italian
ryegrass to increnmental rates of AE F130060 03 and diclofop-nmethyl. Italian
ryegrass seed were collected fromwheat fields in Northanpton Co., VA in 1998.
Di cl of op-net hyl -sensitive Italian ryegrass was collected froma field where
di cl of op-nmet hyl had not been used previously. This population was confirmed to
be sensitive to diclofop-nmethyl at 1120 g/ha in prelimnary greenhouse
experinments (data not presented). Diclofop-nmethyl-resistant Italian ryegrass
was col lected froma field where dicl of op-nethyl had been used extensively since
1989 with insensitivity to diclofop-nethyl reported by the grower in 1996
Prelim nary greenhouse experinents confirnmed that this popul ation had at | east
two-fold resistance levels to diclofop-nmethyl (data not presented). Eighteen
seed from each of these popul ations were sown in 10- by 10-cm square pots filled
with growth nediunt®. Pots were watered daily and fertilized weekl y?* throughout
the duration of the experinents.

Greenhouse experinments were arranged in a two by two by six factori al
treatment design. Factors included Italian ryegrass population at two | evels
(dicl of op-net hyl -sensitive or diclofop-nethyl-resistant), herbicide at two

| evel s (AE F130060 03 or diclofop-nethyl), and herbicide application rate at six

2Metro-M x 500, Scotts-Sierra Horticultural Products Co., Marysville, OH
43040.
2pet ers Prof essional General Purpose 20-20-20. Scotts-Sierra Horticultura

Products Conpany, 14111 Scottslawn Rd., Marysville, OH 43041.
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levels (0, 1/8 X, 1/2 X, 1 X, 2 X, and 8 X). Levels of herbicide application
rate correspond to 0, 1.9, 7.5, 15, 30, and 120 g ai/ha of AE F130060 03 and O,
140, 560, 1120, 2240, and 8960 g ai/ha of diclofop-nmethyl. 1In all AE F130060 03
applications, the safener and adjuvant AE F107892 was included at rates that
were twice the herbicide rate (3.8, 15, 30, 60, and 240 g ai/ha). Herbicide
applications were made when Italian ryegrass reached the four-|eaf stage of
growh (13 to 14 cmtall). Four wk after herbicide applications, Italian
ryegrass was visually evaluated for percent nortality, height was nmeasured, and
pl ant bi omass above the soil |evel was harvested. Harvested biomass was dried
for 2 wk and then wei ghed. Dry biomass of herbicide-treated Italian ryegrass
was converted to percent of the dry biomass of nontreated controls of respective
Italian ryegrass popul ations. Greenhouse experinents were conpletely randoni zed

with six replications of treatnments and the experinent was conducted twi ce.

Field Experiments

Field experinments were conducted at the Eastern Shore Agricultural Research
and Extension Center near Painter, VA in 2000 and 2001 as well as in private
grower fields near Cape Charles, VA in 2000 and near Pungoteague, VA in 2001
Identification of resistance patterns to diclofop-nethyl, timng of inportant
field operations, and rainfall at experinental |locations are listed in Table
6.1. Experinments conducted at Painter contained a conmercially-avail able
di cl of op-net hyl -sensitive ltalian ryegrass cultivar?. To insure uniform
i nfestations of diclofop-methyl-sensitive Italian ryegrass at Painter, this
conmmercial cultivar was broadcast uniformy onto the experinental area at 36
kg/ ha on October 18, 2000 and 40 kg/ ha on October 16, 2001 prior to wheat
seeding. |Italian ryegrass seed were lightly incorporated into the top 2.5 cm of

soil with an S-tine cultivator with double rolling baskets. Two wk after

0regon Grown Premium Quality Grass Seed. Italian ryegrass, variety not

stated. Wetsel, Inc., 1345 Dianond Springs Road, Virginia Beach, VA 76618.
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seeding, ltalian ryegrass densities at Painter were 108 and 129 plants/n? in
2000 and 2001, respectively.

Duplicate experinents with diclofop-nethyl-resistant Italian ryegrass were
conducted at a site near Cape Charles, VA in 2000 and at two sites near
Pungot eague, VA in 2001. Natural infestations of diclofop-nethyl-resistant
Italian ryegrass were preval ent at Cape Charles and Pungot eague sites and
resistance levels of at least two-fold were confirnmed at each site (Table 1).
At Cape Charles, the experinental site had a history of diclofop-nethyl use
since at |east 1990, and decreased control from dicl of op-nmethyl was observed in
1996. Prelimnary greenhouse screens indicated diclofop-nethyl resistance
|l evels of at least two-fold (1680 g ai/ha diclofop-nethyl) in this population
(data not presented). At Pungoteague, both sites had a history of diclofop-
met hyl use since 1995, and decreased control from dicl of op-nethyl was observed
in 2000. In prelimnary rate response studi es conducted at each of these sites,
Italian ryegrass popul ations had at |east four-fold resistance levels to
di cl of op-nmet hyl (3360 g ai/ha diclofop-nethyl) (data not presented). Italian
ryegrass densities present at the initiation of experiments were 5 plants/n? at
Cape Charles in 2000 and 194 and 237 plants/n? at sites 1 and 2, respectively,
at Pungot eague in 2001.

Two d after seeding diclofop-nmethyl-sensitive Italian ryegrass at Painter,
‘ Pocohontas’ soft red winter wheat was planted at 168 kg/ ha on October 20, 2000
and Cctober 18, 2001 using a grain drill equipped with double disk openers and
press wheels on 17-cmrow spacing. Soil type at Painter was a Bojac sandy | oam
(m xed, thermic Typic Hapludult) with pH 6.2 and <1% organic matter. *Pioneer
2643 soft red winter wheat was planted at approximately 180 kg/ha using a grain
drill with 18-cmrow spacing at Cape Charles in |late October 2000 and ‘ Pi oneer
26R24’ soft red winter wheat was planted at 150 kg/ha using a grain drill at
bot h Pungoteague sites in early Novenber 2001. Plot size at all |ocations was 2

by 6.1 m The experinmental design at all |ocations was a randonm zed conpl ete
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block with three replications. Herbicides were applied at Painter with a
tractor-mounted pl ot sprayer that was calibrated to deliver 236 L/ha at 207 kPa
through flat fan spray tips?. At Cape Charles and Pungoteague, herbicides were
applied with propane-pressurized backpack sprayers calibrated to deliver 195

L/ ha at 207 kPa through flat-fan spray tips.

Experinents were arranged in a two by two by three factorial treatnent design
with AE F130060 03 rate at two levels (15 or 18 g ai/ha), MSO at two |evels (no
MSO or MSO at 0.5% (v/v)), and application timng at three levels (two- to
three-leaf, two- to three-tiller, or four- to five-tiller Italian ryegrass).
Wthin each application timng, diclofop-nethyl at 1120 g ai/ha was included for
conparison. In all AE F130060 03 applications, the safener and adjuvant AE
F107892 was i ncluded at rates equal to the herbicide rate (15 or 18 g/ha). A
nontreated check was included for conparison

VWheat injury was visually estimated at all locations 2 wk after each
application tinmng. Italian ryegrass control was visually estimted at al
| ocations 4 wk after each application tinmng and again 1 to 2 wk prior to wheat
harvest. Because weed control at the end of the season can have the greatest
i nfluence on yield potential and will influence harvest efficiency (WIlcut et
al. 1994), only the | ate-season evaluations of weed control will be presented.
VWheat injury and Italian ryegrass control were rated using a 0 to 100% scal e
where 0 = no visible wheat injury or Italian ryegrass control and 100 = conplete
wheat death or conplete Italian ryegrass control (Frans et al. 1986). Also, at
the tine of |ate-season Italian ryegrass control ratings, counts of Italian
ryegrass inflorescences/n? were nade at all |ocations except Cape Charl es.

Wheat grain was harvested at Painter on June 20, 2001 and June 11, 2002
wei ghed, and grain yield was adjusted to 13.5% npi sture. |In 2002, one grain

sanpl e of approximately 100 g was col |l ected fromeach pl ot as wheat was

%TeeJet 8003 flat fan spray tips, Spraying Systens Co., North Ave., Wheaton,

IL 60188.
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harvested at Painter. G ain sanples were dried and percent noisture per plot
was cal cul ated. Sanples were then cleaned using U S. Standard No. 8 and No. 10
si eves?” and ampbunts of ltalian ryegrass seed in harvested grain were determn ned
as a percentage of grain sanple weight. Gain was not harvested at the Cape
Charl es and Pungot eague | ocati ons.

Greenhouse and field data were subjected to factorial anal yses of variance in
SAS?® with suns of squares partitioned to reflect the factorial treatnent
designs. Data fromnontreated controls were not included in the factorial
anal ysi s, but inflorescence energence and yield data from nontreated controls
were included in single-degree-of-freedom pairw se conpari sons of all herbicide
treatnents against the nontreated control. Separation of appropriate neans is
based on Fisher’'s protected LSD at P=0.05. Honpbgeneity of data for greenhouse
experinments all owed pooling of data over experinents. Field data were conbi ned
over years or |ocations when appropriate. Analysis of data residual plots
i ndi cated heterogeneity of variance anong wheat injury and Italian ryegrass
control data. Therefore, data for wheat injury and Italian ryegrass contro
were arcsine transforned prior to analysis. Mean separation for wheat injury
and Italian ryegrass control data are based on transformed data, although

nontransfornmed neans are presented for clarity.

RESULTS AND DISCUSSION
Greenhouse Experiments
Percent bi omass reduction of Italian ryegrass by AE F130060 03 differed
bet ween di cl of op-net hyl -sensitive and -resistant Italian ryegrass popul ati ons at

the 1/8 X, 1/2 X, and 1 X rates (1.9, 7.5, and 15 g/ ha, respectively) (Figure

27U.S. Standard Testing Sieves. Fisher Scientific Company. Fair Lawn, NJ
07410.
2statistical Analysis Systems (SAS) software, Version 7.0, SAS Institute,

Inc., Box 8000, SAS Circle, Cary, NC 27513.
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6.1A). At these rates, AE F130060 03 reduced bi omass of dicl of op-nethyl -
sensitive Italian ryegrass 57, 65, and 76% respectively. Bionmass reduction of
di cl of op-nmet hyl -resistant Italian ryegrass was 28, 43, and 48%at 1/8 X, 1/2 X
and 1 X rates. Wen AE F130060 03 application rates were increased to 2 X and 8
X rates, biomass reductions in the two Italian ryegrass popul ati ons were
simlar, with reductions of 73 to 84%with 2 X application rates and 80 to 88%
with 8 X application rates.

As expected, growh responses of the two Italian ryegrass populations to
dicl ofop-methyl differed at all application rates (Figure 6.1B). Even in the
di cl of op-net hyl -sensi tive popul ati on, substantial reductions in biomass
production (49% occurred only when dicl of op-nethyl rates were increased to at
|l east 2 X and increased further to 83% bi omass reduction at the 8 X rate. In
di cl of op-met hyl -resi stant Italian ryegrass, biomass reduction was only 2 to 4%
from1/8 X, 1/2 X, and 1 X application rates, and was no nore than 10 to 13%

from2 X and 8 X application rates.

Field Experiments
Diclofop-methyl-sensitive Italian ryegrass

VWeat response. There was sufficient honpbgeneity in data for wheat injury at

Pai nt er between 2000 and 2001 to all ow pooling of data over the two years.

Anal ysis of variance indicated a significant MSO by application timnng
interaction for wheat injury at Painter, so data are presented accordingly.
VWheat injury occurred from AE F130060 03 at any application timng. However
this injury was generally transitory and was not evident by |ate season
Appearance of injury to wheat was a general stunting with sone discoloration
(purpling), particularly when col der tenperatures occurred at the tinme of and
shortly after application. At all application timnings except those nade to two-

to three-leaf Italian ryegrass, MSO did not influence wheat injury. MO
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increased injury from14 to 18% when AE F130060 03 was applied at 18 g/ha to
two- to three-leaf Italian ryegrass (Table 6.2).

AE F130060 03 application timng had the greatest influence on wheat injury.
Wt hin each application rate and MSO conbi nati on, greatest wheat injury usually
occurred with later applications nade to four- to five-tiller Italian ryegrass.
Conversely, least anmpbunts of wheat injury occurred from applications made to
two- to three-tiller Italian ryegrass. At any application timng, wheat injury
fromany AE F130060 03 treatnent was greater than injury from dicl of op-nethyl,

whi ch caused no nore than 3% wheat injury at any application timng

Italian ryegrass control. Significant year by herbicide treatnent interaction

occurred between dicl of op-nethyl -sensitive Italian ryegrass control data in 2000
and 2001; therefore data are presented by year. |In 2000, AE F130060 03
application rate or MSO did not influence Italian ryegrass control at any
application timng; therefore, AE F130060 03 data are averaged over rate and
MSO. Application timng had the greatest effect on Italian ryegrass control, as
four- to five-tiller applications resulted in better |ate-season Italian
ryegrass control. Late-season Italian ryegrass control from AE F130060 03 was
86 and 82% when applications were made to two- to three-leaf or two- to three-
tiller Italian ryegrass, respectively. \Wen applications were nade to four- to
five-tiller Italian ryegrass, control was increased to 97% (Table 6.3). Two- to
three- tiller or four- to five-tiller applications of AE F130060 03 were nore
ef fective than diclofop-nmethyl in controlling diclofop-nethyl-sensitive Italian
ryegrass. O her researchers have al so noted decreased grass control when
diclofop-methyl is applied at later growh stages (Schreiber et al. 1979).

In 2001, neither AE F130060 03 application rate nor MSO affected Italian
ryegrass control fromtwo- to three-leaf or four- to five-tiller applications.
However, AE F130060 03 controlled two- to three-tiller Italian ryegrass better

when applied at 18 g/ha or with MSO. AE F130060 03 at 15 g/ ha controlled two-
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to three-tiller Italian ryegrass 82% and this control was simlar to diclofop-
met hyl (78% (Table 6.3). Control increased to 88 to 90% when AE F130060 03 was
applied at 15 g/ha with MSO or at 18 g/ha with or without MSO. Two- to three-

| eaf applications of AE F130060 03 controlled diclof op-nethyl-sensitive Italian
ryegrass 82 to 86% Consistent with data from 2000, nobst effective | ate-season
Italian ryegrass control occurred from AE F130060 03 applications nmade to four-
to five-tiller Italian ryegrass. These applications controlled Italian ryegrass
98 to 99% regardl ess of rate and the presence or absence of MSO. Control from
di cl of op-met hyl was al so better with |ater applications. Diclofop-nethyl
controlled Italian ryegrass 78% at the two- to three-leaf timng, 86%at the
two- to three-tiller timng, and simlar to AE F130060 03 (97% at the four- to

five-tiller timng.

I nfl orescence energence. Due to a significant year by herbicide treatnent

interaction, data for Italian ryegrass inflorescence enmergence are presented
separately by year. |n 2000, Italian ryegrass inflorescence energence was nhot

i nfl uenced by AE F130060 03 application tinmng, rate, or the addition of MSO as
Italian ryegrass that received any AE F130060 03 treatment produced no nore than
2 inflorescences/n? (Table 6.4). Inflorescence emergence was lower in ltalian
ryegrass treated with AE F130060 03 than in diclofop-nethyl-treated Italian
ryegrass (8 inflorescences/nf). Nontreated Italian ryegrass produced 102

i nflorescence/nf in 2000.

In 2001, Italian ryegrass inflorescence energence was influenced primarily by
application tinmng, and also by MSOin treatnents applied to two- to three-
tiller Italian ryegrass. Wth applications nade to two- to three-tiller Italian
ryegrass, inflorescence energence was 53 and 48 inflorescences/nf foll ow ng
applications of AE F130060 03 at 15 or 18 g/ ha, respectively (Table 6.4). \When
MSO was included in these applications, inflorescence energence decreased to 28

to 39 inflorescences/n? and was sinilar to inflorescence emergence in diclof op-
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met hyl -treated Italian ryegrass. Wth herbicide applications nade to two- to
three-leaf Italian ryegrass, inflorescence energence ranged from44 to 75
inflorescences/nf. Wthin all AE F130060 03 treatments, fewest inflorescences
energed fromltalian ryegrass treated at the four- to five-tiller stage of
growth (3 to 8 inflorescences/nf). Later applications of diclofop-methyl also
resulted in fewer inflorescences. Inflorescence energence in Italian ryegrass
treated with dicl of op-nethyl decreased from59 inflorescences/nf with two- to
three-leaf applications to 4 inflorescences/n?f with four- to five-tiller
applications. Nontreated ltalian ryegrass produced 183 inflorescences/n? in
2001.

Al though Italian ryegrass control from AE F130060 03 was generally simlar
bet ween 2000 and 2001, greater overall inflorescence energence occurred in 2001.
These differences nay be attributed to slightly lower planting rates of
di cl of op-met hyl -sensitive Italian ryegrass and al so better noisture conditions
before and after applications in 2000 (Table 6.1).

VWheat yield. Year by herbicide treatnent interaction occurred for wheat yield

data, so yield data are presented by year. |n 2000, wheat yields were
i nfluenced by AE F130060 03 application tinmng and MSO. Data are averaged over
AE F130060 03 application rate since this factor did not influence wheat vyield.
Ef fects of MSO occurred only with AE F130060 03 applications nade to two- to
three-leaf Italian ryegrass. Weat treated with AE F13006 03 at 15 g/ha or 18
g/ha at the early application timng produced 5125 kg/ha. Wen MSO was i ncl uded
in these treatnments, wheat produced 5400 kg/ha (Table 6.5). Simlar yield
occurred fromwheat treated with early applications of diclofop-nmethyl. Wthin
two- to three-tiller applications, however, wheat treated with any herbicide
produced 5140 to 5450 kg/ ha. Likew se, wheat that received any four- to five-
tiller herbicide application produced 4920 to 5110 kg/ ha.

Application tinmng also influenced yield of wheat treated with dicl of op-

methyl, as yield of diclofop-nethyl-treated wheat decreased from 5480 kg/ ha
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followi ng applications to two- to three-leaf Italian ryegrass to 4920 kg/ ha
followi ng applications nmade to four- to five-tiller Italian ryegrass. Decreased
yield fromwheat treated with later diclofop-nmethyl applications may be

i ndicative of the effects of decreased Italian ryegrass control fromlater
applications in 2000. AlIl herbicide applications made at any tining, however
resulted in wheat yield that was higher than nontreated wheat (4080 kg/ha).

In 2001, yields of wheat treated with any AE F130060 03 treatnent were not
affected by application tinmng, rate, or MSO Sinilarly, yield of diclofop-
met hyl -t reat ed wheat was not influenced by application tining. Yields of wheat
that received any herbicide treatment were simlar, ranging from 4640 to 5150
kg/ ha. These yields were significantly greater than yields of nontreated wheat
(2150 kg/ ha) (data not presented).

Al t hough herbicide treatnment influenced Italian ryegrass control and
subsequent inflorescence energence in 2001, Italian ryegrass was sufficiently
dry at the time of wheat harvest that noisture of harvested wheat grain was not
affected. Percent npisture in collected grain sanples was 9.3 to 9.9% in any
treatnment (data not presented). However, the percentage of sanple dry weight
attributed to Italian ryegrass seed was |ower in herbicide-treated wheat
conpared to nontreated wheat. G ain sanples collected fromwheat treated with
any AE F130060 03 treatnment or diclofop-nethyl contained 0.12 to 0.34% Italian
ryegrass seed (by wt.). Grain sanples of nontreated wheat contained 1% Italian

ryegrass seed (by wt.) (data not presented).

Diclofop-methyl-resistant Italian ryegrass

Wheat response. Significant |ocation by herbicide treatnent interaction

occurred for wheat injury; therefore, data are presented by l|ocation. Weat
injury at Cape Charles was affected only by application timng; therefore, AE
F130060 03 data are averaged over application rate and MSO. At both Pungot eague

sites, significant AE F130060 03 application rate by tinmng and/or MSO by tinng
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interactions occurred; therefore, data are presented for all herbicide
treatments and application timngs.

Simlar to wheat injury at Painter, AE F130060 03 applications nade to
di cl of op-methyl resistant Italian ryegrass resulted in wheat injury that was
greater than injury fromdicl ofop-methyl. Weat injury from dicl of op-net hyl
never exceeded 2% at any dicl of op-nethyl-resistant |location (Table 6.6). At
Cape Charles in 2000, greatest injury fromany AE F130060 03 treatnment occurred
fromapplications nmade to two- to three-tiller Italian ryegrass (14 to 18%.
Wthin two- to three-leaf and two- to three-tiller application timngs, wheat
injury increased with the addition of MSO to AE F130060 03 at 15 g/ha. Wth
applications nade to two- to three-leaf Italian ryegrass, injury was 7% from AE
F130060 03 applied without MSO and increased to 9% with the addition of MSO
Wth md-season applications nade to two- to three-tiller Italian ryegrass,
wheat injury from AE F130060 03 was 14% at 2 WAT and increased to 18%with the
addition of MSO. Four- to five-tiller applications of AE F130060 03 resulted in
4 to 5% wheat injury that was independent of application rate and MSO.

Less wheat injury generally occurred follow ng m d-season AE F130060 03
applications to two- to three-tiller Italian ryegrass at the first site near
Pungot eague in 2001. Two wk follow ng m d-season applications, injury ranged
from10 to 14% regardl ess of AE F130060 03 application rate or the addition of
MSO (Table 6.6). Two wk followi ng early-season or | ate-season applications
wheat injury ranged from12 to 29% At both early- and | ate-season application
timngs, injury from AE F130060 03 at 15 g/ha was increased by the addition of
MSO. Additionally, wheat injury fromearly-season applications increased with
rate and MSO additi on.

Wheat injury patterns at the second site near Pungoteague in 2001 were
simlar to patterns seen at Cape Charles in that greatest injury generally
occurred from AE F130060 03 applications to two- to three-tiller Italian

ryegrass. Wieat injury ranged from7 to 15% fromtwo- to three-|eaf
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applications of AE F130060 03, 31 to 41% fromtwo- to three-tiller applications,
and 18 to 35% fromfour- to five-tiller applications (Table 6.6). Early-season
wheat injury from AE F130060 03 was influenced by application rate, where 15
g/ha resulted in 7 to 8 injury and 18 g/ha increased injury to 14 to 15%

Wt hin md-season applications, AE F130060 03 at 15 g/ ha caused 31% wheat injury
that increased to 39 to 41% when MSO was added or when rate was increased to 18
g/ha with or without MSO. Wthin the |ate-season application tining, wheat
injury from AE F130060 03 at 15 g/ha was 18% and increased to 35% with the

addi ti on of MSO

Italian ryegrass control. Significant |ocation by herbicide treatnment

interaction occurred for diclofop-nethyl-resistant Italian ryegrass contro

bet ween Cape Charl es and Pungot eague | ocations. However, no |ocation by
herbi ci de treatnent interaction occurred between data for the two Pungot eague
sites. Therefore, data are presented separately for Cape Charles and averaged
over the two Pungoteague sites. At Cape Charles in 2000, Italian ryegrass
control was not affected by AE F130060 03 application timng, rate, or the

addi tion of MSO. Therefore, AE F130060 03 data from Cape Charles are averaged
over application timng, rate, and MSO. All AE F130060 03 treatnents controll ed
di cl of op-nmet hyl -resistant Italian ryegrass 97% whil e dicl of op-net hyl controlled
this population only 6% (Table 6.7).

At Pungot eague sites, diclofop-nethyl-resistant Italian ryegrass control by
AE F130060 03 was influenced only by application timng, so AE F130060 03 data
are averaged over application rate and MSO. AE F130060 03 controlled Italian
ryegrass at Pungoteague sites best with applications nade to two- to three-
tiller Italian ryegrass. Late-season Italian ryegrass control from AE F130060
03 at either Puntoteague site were 71% fromtwo- to three-leaf applications, 96%

fromtwo- to three-tiller applications, and 84% fromfour- to five-tiller
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applications (Table 6.7). Control of Pungoteague popul ati ons of dicl of op-
met hyl -resistant Italian ryegrass from dicl of op-nmethyl ranged from30 to 43%

Decreased Italian ryegrass control fromfour- to five-tiller applications of
AE F130060 03 are nost |ikely due to heavy densities of Italian ryegrass that
occurred at each of the Pungoteague sites. Italian ryegrass densities present
at the initiation of these experinments were 194 plants/n? at site 1 and 237
plants/n? at site 2, conpared to densities of 108 to 129 plants/nf in the
popul ati on sown at Painter in 2000 and 2001, respectively (Table 6.1). Initial
Italian ryegrass densities at Pungoteague likely increased further by the tine
of four- to five-tiller applications. Heavy Italian ryegrass densities coupled
wi th enl argi ng wheat canopi es coul d have conproni sed coverage of Italian
ryegrass in later AE F130060 03 applications. Nonetheless, |ate-season Italian
ryegrass control fromfour- to five-tiller applications was still 84%

In conparing data from dicl of op-nethyl-resistant Italian ryegrass |ocations,
lack of an AE F130060 03 application tim ng effect and generally better contro
at Cape Charles may also be related to |lower Italian ryegrass densities and
better nvisture conditions before and after early applications at Cape Charles.
Initial Italian ryegrass densities at Cape Charles were only 5 plants/n?
compared to 194 and 237 plants/nf at Pungoteague sites (Table 6.1). Also, 1.37
cmof rainfall occurred in the 2 wk prior to two- to three-leaf applications at
Cape Charles followed by an additional 5.31 cmof rainfall after application
(Table 1). At both Pungoteague sites, no rainfall occurred in the 2 wk prior to
or 2 wk after two- to three-leaf applications. Lack of rainfall and greater
Italian ryegrass densities at Pungoteague nmay have resulted in early-season
pl ant stress that made ltalian ryegrass nore difficult to control with two- to
three-leaf applications. Decreased Italian ryegrass control from POST
her bi ci des has been reported when this weed was under drought stress and at high

densities (Burrill and Appleby 1978).
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I nfl orescence energence. Relatively low ltalian ryegrass densities (5

pl ants/ nf) at Cape Charles did not warrant measurenent of Italian ryegrass

i nfl orescence energence. However, diclofop-nethyl-resistant inflorescence
energence was recorded at both Pungoteague sites, where natural diclofop-nethyl-
resistant ltalian ryegrass densities were nearly twi ce as great as the dicl of op-
met hyl -sensitive popul ati on sown at Painter (Table 6.1).

Data are averaged over the two Pungoteague sites due to lack of a location by
herbicide treatnent interaction for Italian ryegrass inflorescence energence.

I nfl orescence energence at Pungoteague reflected the effects seen in Italian
ryegrass control, as inflorescence energence was influenced only by AE F130060
03 application timng. Reductions in inflorescence energence were greatest from
AE F130060 03 applications to two- to three-tiller Italian ryegrass. AE F130060
03 reduced i nflorescence energence 67% with two- to three-|eaf applications, 98%
with two- to three-tiller applications, and 85%w th four- to five-tiller
applications (Table 6.8). As expected, AE F130060 03 controlled and reduced

di cl of op-nmet hyl -resistant Italian ryegrass inflorescence energence greater than
di cl of op-nmet hyl, which reduced infl orescence energence 27 to 44% (171 to 221
inflorescences/nf). Al herbicide applications reduced inflorescence energence
conmpared to the nontreated control, which produced 304 inflorescences/ nt.

Simlar to trends observed in Italian ryegrass control, intensive Italian
ryegrass densities present at Pungoteague at the tine of four- to five-tiller AE
F130060 03 applications nost likely contributed to increased Italian ryegrass
i nfl orescence energence conpared to earlier applications nade to two- to three-
tiller Italian ryegrass.

Al t hough AE F130060 03 controls Italian ryegrass fromthe two- to three-|eaf
stage until the end of tillering, this herbicide m xture does not prevent
additional Italian ryegrass germination and energence follow ng application
(Anonynous 2002b). These results illustrate that, under noderate Italian

ryegrass densities of up to 129 plants/nf, later applications to four- to five-
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tiller Italian ryegrass may result in | esser energence follow ng application and
consequently |l esser inflorescence energence to potentially interfere with
harvest at the end of the season. At higher Italian ryegrass densities, nid-
season applications nade to two- to three-tiller Italian ryegrass nay be nost
effective in controlling Italian ryegrass and reducing inflorescence energence
at the end of the season. At noderate or high densities, early applications
made to two- to three-leaf Italian ryegrass resulted in the greatest energence
follow ng application and would nost likely result in the greatest |ate-season
conpetition with wheat.

VWile results from greenhouse experinments showed differential responses of
four-1leaf diclofop-nethyl-sensitive and -resistant Italian ryegrass to AE
F130060 03 at nornmal and bel ownormal rates, increasing application rates
resulted in simlar reductions in biomass of diclofop-nethyl-sensitive and —
resistant Italian ryegrass. Obvious differences in responses of dicl of op-
met hyl -sensitive and —-resistant Italian ryegrass to AE F130060 03 did not occur
in field experinments. Four wk after each application timng at Painter and Cape
Charles and after two- to three-leaf and two- to three-tiller applications at
Pungot eague sites, diclofop-nmethyl-sensitive and —-resistant Italian ryegrass
treated with any AE F130060 03 treatnent was controlled at |east 95% (data not
presented). 1In all cases, with the exception of the four- to five-tiller
application at Cape Charles, it was apparent that reduced | ate-season Italian
ryegrass control fromearlier applications was due to energence of Italian
ryegrass followi ng application. Even under heavy ltalian ryegrass densities at
the tinme of four- to five-tiller applications at Pungoteague sites where contro
from AE F130060 03 was |ower than fromfour- to five-tiller applications at
Painter, control was still 84%

In these experinments, AE F130060 03 controlled and reduced inflorescence

energence of both diclofop-nethyl-sensitive and —resistant Italian ryegrass.
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As expected, AE F130060 03 was nore effective against diclofop-nethyl-resistant
Italian ryegrass than diclofop-nethyl and, in several instances, was nore
effective than dicl of op-nethyl on dicl of op-nethyl-sensitive Italian ryegrass.

Al t hough AE F130060 03 caused greater wheat injury than diclofop-nmethyl at any
application timng, wheat recovered and yields were not affected. Wheat treated
with any AE F130060 03 treatnent produced yields that were at | east 21% greater
than nontreated wheat in 2000 and at | east 116% greater than nontreated wheat in
2001. According to these results, AE F130060 03 is an effective herbicide for
control of Italian ryegrass. However, applicators wishing to nake a single
application of this herbicide should be judicious in choosing the application
timng and avoid early applications prior to Italian ryegrass tillering to

mnimze Italian ryegrass energence after application.

ACKNOWLEDGEMENTS
We wi sh to thank Bayer CropScience and the Virginia Small Grains Board for
partial funding of this research as well as station personnel at the Eastern

Shore Agricultural Research and Extension Center for assistance.

133



LITERATURE CITED
Anderson, M, W Bertges, C. Hicks, K Luff, M Hoobler, D Maruska, M
Paul sgrove, and K. Thorsness. 2002. The use of AE F130060 herbicide for
grass control in wheat. Woed Sci. Soc. Am Abstr. 42:76.
Anonynmous. 2002a. National Agricultural Statistics Service. Published

estimat es dat abase for wi nter wheat. ww. nass.usda.gov. Accessed June 1,

2002.

Anonynous. 2002b. Mesomexx Technical Bulletin. Lyon, France: Aventis
CropScience S.A. 28 p

Anonymous. 2002c. | odosul furon-nethyl -sodi um Technical Bulletin. Lyon
France: Aventis CropScience S.A 32 p.

Appl eby, A P. and B. D. Brewster. 1992. Seeding arrangenent on w nter wheat
(Triticum aestivum) grain yield and interaction with Italian ryegrass
(Lolium multiflorum). Weed Technol. 6:820-823.

Appl eby, A P., P. O Osen, and DD R Colbert. 1976. Wnter wheat yield
reduction frominterference by Italian ryegrass. Agron. J. 68:463-466

Bailey, W A, H P. Wlson, and T. E. Hines. 2002. Mesosulfuron/iodosulfuron
(AE F130060) for Italian ryegrass control in VA wheat. Proc. South. Wed
Sci. Soc. 55:in press.

Ball, D. A, B. Klepper, and D. J. Rydrych. 1995. Conparative above-ground
devel opnental rates for several annual grass weeds and cereal grains.
Weed Sci. 43:410-416

Bl ackshaw, R. E. and K. N. Harker. 1996. Gowth stage and broadl eaf herbicide
effects on CGA 184927 efficacy. Wed Technol. 10:732-737

Bourgeois, L., N. C. Kenkel, and I. N. Mrrison. 1997. Characterization of
cross-resistance patterns in acetyl-CoA carboxyl ase inhibitor resistant
wild oat (Avena fatua). Weed Sci. 45:750-755

Bravin, F., G Zanin, and C. Preston. 2001. Diclofop-nethyl-methyl resistance

in popul ations of Lolium spp. fromcentral Italy. Woed Res. 41:49-58.

134



Burrill, L. C. and A. P. Appleby. 1978. Influence of Italian ryegrass density
on efficacy of diuron herbicide. Agron. J. 70:505-506.

Cocker, K. M, D. S. Northcroft, J. O D. Coleman, and S. R Mss. 2001.

Resi stance to ACCase-inhibiting herbicides and isoproturon in UK
popul ati ons of Lolium multiflorum: mechani sms of resistance and
inplications for control. Pest. Manag. Sci. 57:587-597.

Crooks, H. L. and A. C. York. 2002. Italian ryegrass control in wheat with
mesosul furon-nethyl. Proc. South. Wed Sci. Soc. 55:in press.

Frans, R, R Talbert, D. Marx, and H Crowl ey. 1986. Experinental design and
techni ques for neasuring and anal yzi ng pl ant responses to weed control
practices. In N. D. Canper, ed. Research Methods.

Hand, S. S., T. L. Smith, J. Sanderson, G Barr, F. Strachan, and M Paul sgrove.
2002. AE F130060 — a new sel ective herbicide for grass control in wheat.
Proc. South. Weed Sci. Soc. 55:in press.

Harker, K. N and P. A O Sullivan. 1991. Effect of imazanmethabenz on
different gromth stages of green foxtail, Tartary buckwheat and wild oat.
Can. J. Plant Sci. 71:821-829.

Harker, K. N. and R E. Blackshaw. 1991. Influence of growth stage and
br oadl eaf herbicides on tral koxydimactivity. Wed Sci. 39:650-659.

Hashem A., S. R Radosevich, M L. Roush. 1998. Effect of proximty factors
on conpetition between wi nter wheat (Triticum aestivum) and ltalian
ryegrass (Lolium multiflorum). Weed Sci. 46:181-190.

Hopkins, W L. 1997. Safeners and plant growmh regulators. 1In d obal
Herbicide Directory, 2" Ed. |Indianapolis, IN. Ag.Chem | nfornation
Services, p. 26.

Ketchersid, M L. and D. C. Bridges. 1987. Factors affecting the toxicity of
flurtanone to sorghum Proc. South. Weed Sci. Soc. 40:343.

Kocher, H  1984. Mode of action of the wild oat herbicide diclofop-nethyl-

methyl. Can. Plains Proc. 12, Wld Gat Synposium 2:63-77.

135



Kuchuran, M and H J. Beckie. 2000. Cross-resistance pattern in biotypes of
ACCase inhibitor-resistant wild oat (Avena fatua). Wed Sci. Soc. Am
Abstr. 40: 32.

Liebl, R A and A. D. Worsham 1984. Annual ryegrass interference in wheat.
Proc. South. Weed Sci. Soc. 37:310.

Liebl, R A and A D. Wirsham 1987. Effect of chlorsulfuron on dicl of op-
met hyl phytotoxicity to Italian ryegrass (Lolium multiflorum). Wed Sci
35: 383- 387.

Morrison, I. N. and D. C. Maurice. 1984. The relative response of two foxtai
(Setaria) species to diclofop. Wed Sci. 32:686-690.

Perez- Fernandez, T. M and H D. Coble. 1998. |Italian ryegrass (Lolium
multiflorum Lam ) response to residual phosphorus levels in w nter wheat.
Proc. South. Weed Sci. Soc. 51:244.

Pillmor, J. B. and J. C. Caseley. 1984. The influence of growth stage and
foliage or soil application on the activity of AC 222,293 agai nst
Alopercurus myosuroides and Avena fatua. Ann. of Appl. Biol. 105:517-527.

Ray, T. B. 1984. Site of action of chlorsulfuron: inhibition of valine and
i sol euci ne synthesis in plants. Plant Physiol. 75:827-831

Schreiber, M M, G F. Warren, and P. L. Owick. 1979. Effects of wetting
agent, stage of growth, and species on the selectivity of diclofop. Wed
Sci. 27:679-683.

Webster, T. M 2000. Woed Survey — Southern States. Proc. South. Weed Sci
Soc. 53:299-313.

Wlcut, J. W, A C York, and G R Whtje. 1994. The control and interaction

of weeds in peanut (Arachis hypogaea). Rev. Weed Sci. 6:177-205

136



CAPTIONS FOR FIGURES

Figure 6.1. Gowh responses of diclofop-nmethyl-sensitive and —resistant
Italian ryegrass to increnental rates of AE F130060 03 (6.1A) and dicl of op-

met hyl (6.1B) as a percent of nontreated dry biomass. 1/8 X, 1/2 X, X, 2 X, and
8 X rate increnents correspond to 1.9, 7.5, 15, 30, and 120 g ai/ha AE F130060
03 and 140, 560, 1120, 2240, and 8960 g ai/ha dicl of op-nethyl, respectively.
Error bars represent the standard error of the nmean of two experinents with six
replications per experiment. Asterisks denote significant difference between
Italian ryegrass population within a rate of herbicide at the P = 0.05

significance |evel.
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Table 6.

1. Levels of diclofop-nmethyl

resi stance and densities of

Italian ryegrass popul ati ons,

and

rainfall before and after herbicide applications in Accomack and Northanpton Co., VA in 2000 and 2001
Italian ryegrass
Di cl of op- net hyl Application Application Rai nf al
Year Locati on resi stance Density timng date 2 VBT 2 WAT
— plants/nf — cm
2000 Pai nt er 0 108 two-t hree-| eaf 11-13-00 0.15 3.99
two-three-tiller 11- 20- 00 1.19 3.02
four- to five-tiller 2-20-01 3.15 2.67
2000 Cape Charl es 3two-fold two- to three-| eaf 2-3-01 1.37 5.31
two- to three-tiller 3-8-01 2.11 6.93
four- to five-tiller 4-8-01 3.71 3.61
2001 Pai nt er 0 129 two- to three-|eaf 11-7-01 0. 05 0
two- to three-tiller 12-4-01 0.23 0
four- to five-tiller 1-2-02 0 5.18
2001 Pungot eague 3four-fold 194 two- to three-| eaf 12-16-01 0 0
two- to three-tiller 1-31-02 4. 47 2.51
four- to five-tiller 3-10-02 2.39 4.62
2001 Pungot eague 3four-fold 237 two- to three-|I eaf 12-16-01 0 0
two- to three-tiller 3-5-02 2.39 4.06
four- to five-tiller 3-10-02 2.39 4.62
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aAbbrevi ati ons: WBT = wk before treatnent; WAT = wk after treatnent.
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Table 6.2. Influence of herbicide rate and application timng on wheat injury 2 wk follow ng herbicide

applications for control of diclofop-nmethyl-sensitive Italian ryegrass near Painter, VA in 2000 and 2001.

VWheat i nj ury?2dcd

Her bi ci de Italian ryegrass growh stage at application
Her bi ci des application rate two- to three-leaf two- to three-tiller four- to five-tiller
—— g/ha —— %
AE F130060 03¢ 15 17 abA 8 aB 19 aA
AE F130060 03 + MsO 15 14 bB 8 aB 23 aA
AE F130060 03 18 14 bB 8 aB 23 aA
AE F130060 03 + MSO 18 18 aB 9 aC 24 aA
Di cl of op- net hyl 1120 0 cA 2 bA 3 bA

2Dat a averaged over years.
PWheat injury data collected 2 wk after each application tinming.
‘Means within a colum followed by the same | owercase letter are not significantly different according to

Fi

sher’s protected LSD at P = 0.05.
dMeans within a row foll owed by the sane uppercase letter are not significantly different according to

Fi

sher’s protected LSD at P = 0. 05.
€Crop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.

fAE F130060 03 applied with nmethyl ated seed oil (MO at 0.5% (v/V).

141



Table 6.3. Influence of herbicide rate and application timng on diclofop-nmethyl-sensitive Italian ryegrass

control near Painter,

VA.

Italian ryegrass control 2

Her bi ci de Italian ryegrass growh stage at application

Her bi ci des application rate two- to three-leaf two- to three-tiller four- to five-tiller

——— g/ ha %
2000°:
AE F130060 03 - 86 aB 82 aB 97 aA
Di cl of op- net hyl 1120 80 aA 77 bA 70 bA
2001:
AE F130060 03' 15 82 abB 82 cB 98 abA
AE F130060 03 + MsC(P 15 83 abB 88 abB 99 aA
AE F130060 03 18 83 abC 89 abB 99 aA
AE F130060 03 + MsO 18 86 aC 90 aB 99 aA
Di cl of op- net hyl 1120 78 bC 86 bcB 97 bA

3Dat a presented by year.

b'talian ryegrass control data collected |ate season 1 wk prior to wheat harvest.

‘Means within a colum and year followed by the sane | owercase letter are not significantly different

to Fisher’s protected LSD at P = 0. 05.

142

accordi ng



dMeans within a row and year followed by the same uppercase letter are not significantly different according to
Fisher’s protected LSD at P = 0. 05.

€Data for AE F130060 03 treatnents averaged over rate and MSO i n 2000.

fCrop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.

9AE F130060 03 applied with nethylated seed oil (MSO) at 0.5% (v/v).
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Table 6.4. Influence of herbicide rate and application timng on diclofop-nmethyl-sensitive Italian ryegrass

i nfl orescence energence near Painter, VA

Italian ryegrass inflorescence energence?cd

2002f
Her bi ci de Italian ryegrass growh stage at application
Her bi ci des application rate 2001¢ two- to three-leaf two- to three-tiller four- to five-tiller
——— g/ ha i nfl orescences/ nt
AE F130060 03¢ 15 2 b 75 aA 53 aA 4 aB
AE F130060 03 + MsQ' 15 0Ob 47 aA 28 bcAB 4 aB
AE F130060 03 18 0Ob 47 aA 48 abA 3 aB
AE F130060 03 + MsO 18 1b 44 aA 39 abcAB 8 aB
Di cl of op- net hyl 1120 8 a 59 aA 17 cB 4 aB
Nont r eat ed contr ol 102*! 183*

3Dat a presented by year.

bI nfl orescence emergence recorded | ate season 1 wk prior to wheat harvest.

‘Means within a colum and year followed by the same | owercase letter are not significantly different
according to Fisher’'s protected LSD at P = 0. 05.

dMeans within a row and year followed by the sane uppercase letter are not significantly different according
to Fisher’'s protected LSD at P = 0.05

€I nfl orescence energence data for 2001 averaged over application timng

fInfl orescence emergence data for 2002 presented by application timing
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9Crop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.
"AE F130060 03 applied with nethylated seed oil (MSO at 0.5% (v/V).
'(*) = Inflorescence energence in nontreated control significantly higher than in herbicide-treated plots

according to Fisher’s protected LSD at P = 0. 05.
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Table 6.5. Wheat yield follow ng herbicide applications for control of diclofop-nethyl-sensitive Italian

ryegrass near Painter, VA in 2000.

VWeat yiel d®

Her bi ci de Italian ryegrass growh stage at application
Her bi ci des application rate two- to three-| eaf two- to three-tiller four- to five-tiller
—— g/ ha —— kg/ ha
AE F130060 03 - 5125 bA 5140 aA 5020 aA
AE F130060 03 + MSCP - 5400 aA 5270 aA 5110 aA
Di cl of op- net hyl 1120 5480 aA 5450 aA 4920 aB
Nont r eat ed contr ol 4080*f

aMeans within a colum followed by the same | owercase letter are not significantly different according to

Fisher’s protected LSD at P = 0. 05.

®PMeans within a row foll owed by the same uppercase letter are not significantly different according to

Fisher’s protected LSD at P = 0. 05.
‘Data for AE F130060 03 treatnments averaged over application rate.
dCrop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.
€AE F130060 03 applied with nethylated seed oil (MSO) at 0.5% (v/v).

f(*) = Wheat grain yield in nontreated control significantly |ower than in herbicide-treated plots according

to Fisher's protected LSD at P = 0. 05.
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Table 6.6. Wheat injury follow ng herbicide applications for diclofop-nmethyl-resistant Italian ryegrass contro

near Cape Charles and Pungot eague, VA

VWheat i nj ury?aod

Her bi ci de Italian ryegrass growh stage at application

Her bi ci des application rate two- to three-| eaf two- to three-tiller four- to five-tiller

—— g/ ha %
Cape Charles®:
AE F130060 03f 15 7 bB 14 bA 4 aB
AE F130060 03 + MSC(¥ 15 9 aB 18 aA 5 aB
Di cl of op- net hyl 1120 0 dA 0 cA 0 cA
Pungoteague site 1:
AE F130060 03 15 12 dAB 10 aB 19 bA
AE F130060 03 + MSO 15 16 cB 10 aB 29 aA
AE F130060 03 18 20 bA 14 aA 22 abA
AE F130060 03 + MSO 18 25 aA 12 aB 23 abA
Di cl of op- net hyl 1120 0 eA 2 bA 2 cA
Pungoteague site 2:
AE F130060 03 15 7 bC 31 bA 18 bB
AE F130060 03 + MSO 15 8 bB 40 aA 35 aA
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AE F130060 03 18 14 aC 41 aA 22 bB
AE F130060 03 + MsO 18 15 aB 39 aA 24 bB

Di cl of op- net hyl 1120 2 cA 0 cA 1 cA

3Dat a presented by | ocation.

PWheat injury data collected 2 wk after each application timng.

‘Means within a colum and location followed by the sane |owercase letter are not significantly different
according to Fisher’'s protected LSD at P = 0. 05.

dVeans within a row and location followed by the sane uppercase letter are not significantly different
according to Fisher’s protected LSD at P = 0.05.

®Data for AE F130060 03 treatnments at Cape Charl es averaged over application rate.

fCrop safener and adj uvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.

9AE F130060 03 applied with nethylated seed oil (MSO) at 0.5% (v/v).
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Italian ryegrass control near

Table 6.7. |Influence of herbicide application timng on diclofop-nmethyl-resistant

Cape Charl es and Pungot eague, VA.

Italian ryegrass control 2

Pungot eague sitesf9

Italian ryegrass gromh stage at application

Her bi ci de
Her bi ci des application rate Cape Charles® two- to three-leaf two- to three-tiller four- to five-tiller
——— g/ ha %
AE F130060 03" - 97 a 71 aC 96 aA 84 aB
Di cl of op- net hyl 1120 6 b 43 bA 30 bB 35 bAB

3Dat a presented by | ocation.

recorded | ate season 1 wk prior to wheat harvest.

btalian ryegrass control
‘Means within a colum followed by the sane | owercase letter within a location are not significantly different

according to Fisher’'s protected LSD at P = 0. 05.
dMeans within a row foll owed by the sane uppercase letter are not significantly different according to Fisher's

protected LSD at P = 0. 05.

€Italian ryegrass control data for Cape Charles averaged over application timng.

fitalian ryegrass control data for Pungoteague sites presented by application timng.

99talian ryegrass control data averaged over Pungoteague sites.

hData for AE F130060 03 treatments averaged over application rate and MSO
"Crop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha
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Table 6.8. Diclofop-nethyl-resistant Italian ryegrass inflorescence energence follow ng herbicide applications

near Pungoteague, VA in 2002

Italian ryegrass inflorescence energence?®

Her bi ci de Italian ryegrass growh stage at application
Her bi ci des application rate two- to three-| eaf two- to three-tiller four- to five-tiller
——— g/ ha i nfl orescences/ nt
AE F130060 03% 15 99 bA 6 bC 45 bB
Di cl of op- net hyl 1120 171 aA 221 aA 184 aA
Nont r eat ed contr ol 304*"

3Dat a averaged over Pungoteague sites.
bMeans within a colum followed by the same | owercase letter are not significantly different according to

Fi sher’s protected LSD at P = 0.05

‘Means within a row foll owed by the same uppercase letter are not significantly different according to Fisher’s

protected LSD at P = 0. 05.
dData for AE F130060 03 treatnents averaged over application rate and MSO
€Crop safener and adjuvant AE F107892 included with all AE F130060 03 applications at 15 or 18 g/ ha.
f(*) = Inflorescence energence in nontreated control significantly higher than in herbicide-treated plots

according to Fisher’'s protected LSD at P = 0. 05.
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