
ABSTRACT

CROOKS, III, HERMAN LANE.  Italian Ryegrass (Lolium multiflorum) Management in Winter Wheat

(Triticum aestivum) With AE F130060 Plus AE F115008.  (Under the direction of Alan C. York.)

     Italian ryegrass is a serious weed in wheat throughout the southeastern United States that has typically been

controlled with diclofop.  Unfortunately, the intensive use of diclofop has led to evolution of resistant biotypes

of Italian ryegrass.  AE F130060 plus AE F115008 are herbicides currently under development that are

equally effective on diclofop-susceptible and -resistant Italian ryegrass. 

     Tolerance of six soft red winter wheat varieties to AE F130060 plus AE F115008 applied at 12.5 + 2.5 and

25 + 5 g ai/ha, respectively, at the 2- to 3-tiller stage was examined under weed-free conditions at two

locations per year over 3 yr.  Visible injury ranged from 3 to 16% 3 wk after treatment (WAT) and was 2% or

less by 10 WAT.  AE F130060 plus AE F115008 at 25 + 5 g/ha did not reduce grain yield in year 1.  In year 3,

yield of three varieties was reduced 6 to 10% by the herbicides at 12.5 + 2.5 g/ha, and yield of all varieties was

reduced 7 to 22% by the herbicides at 25 + 5 g/ha.  Yield reduction was primarily due to fewer kernels per

spike.  Yield and yield components were not recorded in year 2 because of severe freeze injury. 

     An experiment at six locations determined the response of wheat to AE F130060 plus AE F115008 alone or

with the safener AE F107892 applied at the 3-leaf, 2-tiller, or 6-tiller growth stage.  Averaged over application

timings, AE F130060 plus AE F115008 at 25 + 5 g/ha, twice the anticipated use rate, applied with AE

F107892 at herbicide:safener ratios of 1:1 or 1:3 injured wheat 9% and did not affect yield.  Without safener,

herbicides injured wheat 27% and reduced yield 7%.  The yield loss was attributed to reduced number of

kernels per spike.  Time of herbicide application did not affect wheat injury or yield when the

herbicide:safener ratio was 1:1 or 1:3.  AE F130060 plus AE F115008 at 25 + 5 g/ha without the safener

applied to 3-leaf, 2-tiller, or 6-tiller wheat reduced yields 5, 5, and 11%, respectively, compared to non-treated

wheat.

     Soft red winter wheat tolerance and Italian ryegrass control by AE F130060 plus AE F115008 applied in

water or urea ammonium nitrate solution (UAN) were evaluated in separate experiments.  In the tolerance



experiment, wheat responded similarly to AE F130060 plus AE F115008 at 12.5 + 2.5 and 25 + 5 g/ha,

respectively, applied in water.  The herbicides plus nonionic surfactant (NIS) applied in water injured weed-

free, 5- to 7-tiller wheat 3% or less and did not affect yield.  Greater injury occurred with application in UAN,

and yield was reduced 11% due to fewer kernels per spike.  NIS added to the herbicides in UAN increased

weed-free wheat injury but had no effect on yield.  Greater Italian ryegrass control was obtained with

application in UAN, and NIS increased control.  Yield of Italian ryegrass-infested wheat treated with

herbicides plus NIS in UAN was similar to or greater than yield when herbicides plus NIS were applied in

water.

     Soft red winter wheat tolerance and Italian ryegrass control with AE F130060 plus AE F115008 applied

alone and mixed with the broadleaf herbicides 2,4-D, dicamba, or thifensulfuron plus tribenuron were

examined in separate field experiments.  Wheat injury from AE F130060 plus AE F115008 mixed with the

broadleaf herbicides was additive and generally minor.  AE F130060 plus AE F115008 at 12.5 + 2.5 g/ha

applied in December or February did not affect weed-free wheat yield.  Yields were similar with AE F130060

plus AE F115008 applied alone and mixed with the broadleaf herbicides.  AE F130060 plus AE F115008

applied in December controlled Italian ryegrass 86 to 99% late in the season and increased wheat yield 142 to

254%.  At two of four locations, greater control was obtained with December application compared with

February application.  Dicamba or 2,4-D mixed with AE F130060 plus AE F115008 reduced late-season

Italian ryegrass control approximately 10% in half of the trials but did not affect wheat yield compared to AE

F130060 plus AE F115008 applied alone.  Thifensulfuron plus tribenuron mixed with AE F130060 plus AE

F115008 did not affect Italian ryegrass control or wheat yield.  Under greenhouse conditions, 2,4-D increased

the AE F130060 plus AE F115008 I  (rate needed for 80% inhibition) for visible control and shoot fresh80

weight reduction 60 to 68% while dicamba increased the I  132 to 139%.80

     Soft red winter wheat tolerance and Italian ryegrass control with AE F130060 plus AE F115008 applied

alone and mixed with nonionic surfactant, organosilicone surfactant, or crop oil concentrate were evaluated in

separate experiments.  AE F130060 plus AE F115008 at 12.5 + 2.5 or 25 + 5 g/ha alone or mixed with

adjuvants caused minor injury and did not affect weed-free wheat yield.  Italian ryegrass control 3 WAT was

increased 10% when adjuvants were included with AE F130060 plus AE F115008 at 12.5 + 2.5 g/ha



compared to the herbicides alone.  No differences in control were noted among herbicide treatments applied

with adjuvants.  At 6 and 10 WAT, control by the herbicides alone or mixed with adjuvants was similar at 90

to 94% and 92 to 97%, respectively.  Italian ryegrass-infested wheat treated with the herbicides alone and

mixed with adjuvants produced similar yields.  Under greenhouse conditions, adjuvants reduced the AE

F130060 plus AE F115008 I  (rate needed for 80% inhibition) for visible control and shoot fresh weight80

inhibition 51 to 60% and 59 to 65%, respectively.  The I 's were similar for all treatments that included80

adjuvants.

     A greenhouse study was conducted to determine the influence of rainfall on Italian ryegrass control with

AE F130060 plus AE F115008.  The AE F130060 plus AE F115008 I  (rate required for 80% inhibition) for80

visible control and shoot fresh weight reduction declined as the rain-free period after application increased. 

Significantly higher herbicide rates were required for 80% visible control and 80% fresh weight reduction

when rainfall occurred 0.25, 0.5, or 1 h after herbicide application compared to no rainfall.  The required rates

for 80% visible control and 80% fresh weight reduction were similar when rainfall occurred 2, 4, 8, or 24 h

after treatment. 
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CHAPTER 1
Literature Review

     Italian ryegrass (Lolium multiflorum Lam.) is among the most common and most troublesome weeds of

wheat (Triticum aestivum L.) across the southern United States (Dowler 1997; Webster 2000).  Introduced

from Europe for use as a forage crop, this winter annual is also widely used on roadsides for erosion control

and overseeded on lawns and golf courses in the winter (Evers and Nelson 2000).  As a weed in winter wheat,

Italian ryegrass competes for nutrients such as nitrogen and potassium (Liebl and Worsham 1987b), inhibits

tillering, causes severe lodging, and can interfere with harvesting (Appleby et al. 1976; Bridges 1990).  

     The germination and emergence of Italian ryegrass typically coincides with that of wheat, and both

compete for light, water, and nutrients throughout the growing season (Concannon 1987; Hoveland et al.

1976).  This weed is very prolific as indicated by the ability to produce 12 to 16 tons of dry matter/ha

(Bezuidenhout 2000).  Competition studies in Oregon showed that 20 plants per square meter reduced wheat

yields by an average of 38% (Appleby and Brewster 1992), while studies in North Carolina reported an

average yield reduction of 5% for every 10 Italian ryegrass plants per square meter (Liebl and Worsham

1987b).  Uncontrolled Italian ryegrass can reduce wheat yields 50% or more (Brewster et al. 1977). 

     Italian ryegrass usually grows taller than wheat and has the advantage in light interception.  Hashem et al.

(1998) showed that during the reproductive stages of wheat growth, the taller Italian ryegrass possessed a

greater leaf area index and reduced the photosynthetically active radiation available to winter wheat by 68%. 

In a separate experiment (Hashem et al. 2000), the specific leaf area of Italian ryegrass was 98% greater than

wheat, which suggested that the leaves were thinner and produced more photosynthetic area than those of

wheat.  Italian ryegrass was also more efficient than wheat at producing shoots (Hashem et al. 2000).  

     Belowground, Italian ryegrass has thinner and more fibrous roots than wheat (Snaydon and Howe 1986;

Stone et al. 1998).  A greater root density provides Italian ryegrass a competitive advantage in nutrient and

water uptake.  For optimum yields, nitrogen is typically applied to winter wheat at planting and in the spring

to increase tillering and aid in head development (Weisz and Heiniger 2000).  Italian ryegrass and other weeds

present during nitrogen application interfere with nitrogen uptake by the crop.  It is possible that Italian

ryegrass benefits from spring applications of nitrogen more than wheat (Hashem et al. 2000).  In a greenhouse
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      Davis, C. 2001. Personal communication. Food and Drug Protection Division, Pesticide Section, North1

experiment (Liebl and Worsham 1987b), Italian ryegrass exhibited a greater response to increased

concentrations of NO and K than wheat.  The uptake rate of both nutrients by Italian ryegrass was3
- + 

approximately twice that of wheat.  In field experiments, the average nitrogen use efficiency (kilograms of

biomass per hectare produced per kilogram N taken up) of Italian ryegrass was almost two times greater than

that of winter wheat in mixture (Hashem et al. 2000), and Italian ryegrass was a better competitor than wheat

for soil nitrogen (Appleby et al. 1976).  Nitrogen applications to infested fields resulted in increased Italian

ryegrass straw production with no increase in wheat yield (Appleby et al. 1976).  

     Belowground interference of Italian ryegrass with wheat also reduced wheat height, leaf number, tillering,

leaf area, percent total nonstructural carbohydrates in shoots, and dry weight of leaves, stems, and roots (Stone

et al. 1998).  Italian ryegrass competition reduced the number of wheat kernels per head, reduced the number

of fertile tillers, and caused thinner wheat stems that increased lodging (Stone et al. 1993).  The exact cause of

yield loss due to Italian ryegrass competition is debated.  Mason (1987) noted that reduced nitrogen uptake due

to weed competition causes a reduction in seed protein content and yield.  Liebl and Worsham (1987b)

attributed reduced yields to a reduction in wheat tillering due to ryegrass competition for nutrients.  Hashem et

al. (2000) hypothesized that the greater specific leaf area and greater nitrogen use efficiency of Italian ryegrass

could more likely cause wheat yield losses instead of direct competition for nitrogen.

     Diclofop {(±)-2-[4-(2,4-dichlorophenoxy)phenoxy] propanoic acid} effectively controls Italian ryegrass

(Brewster et al. 1977; Liebl and Worsham 1987a).  It is the only consistently effective herbicide currently

available for Italian ryegrass control in wheat in the southeastern United States (Culpepper 2002; York et al.

2000).  It is an aryloxyphenoxy propionate graminicide that inhibits acetyl-CoA carboxylase (ACCase, EC

6.4.1.2) (Betts et al. 1992).  Wheat and barley are tolerant to diclofop, which also controls wild oat (Avena

fatua L.), green foxtail [Setaria viridis (L.) Beauv.], and other grass weeds (Liebl and Worsham 1987a).  It

can be applied preplant incorporated, preemergence, or postemergence and does not control broadleaf weeds. 

Diclofop received federal registration in 1982 but a special emergency exemption was obtained for growers in

North Carolina in 1980.   Prior to the development of diclofop, it was not uncommon for growers in North1
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Carolina Department of Agriculture, Raleigh.

      Sencor  product label. Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC 27709.2 ®

Carolina to abandon fields having severe infestations of Italian ryegrass (Liebl and Worsham 1987a).  Because

no other herbicide provided the same level of Italian ryegrass control, diclofop was used continuously year

after year, which led to selection for resistant biotypes in many areas.  The existence of diclofop-resistant

biotypes of Italian ryegrass was first observed in Oregon in 1987, where two accessions tolerant to field rates

of diclofop were identified from fields treated annually for at least 7 yr (Stanger and Appleby 1989).  Betts et

al. (1992) found no differences in diclofop uptake, translocation, or metabolism between susceptible and

resistant biotypes.  It was determined that a modification at the enzyme target site, ACCase, resulted in a

diclofop-insensitive form of ACCase (Betts et al. 1992).  Diclofop-resistant Italian ryegrass has now been

identified in eight states (Heap 2002).  The first case of resistance in North Carolina was reported in 1990

(Heap 2002).

     There is currently no herbicide available for effective, consistent control of diclofop-resistant Italian

ryegrass in wheat in North Carolina.  Metribuzin {4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-

5(4H)-one} controlled 2- to 4-leaf Italian ryegrass at least 80% in Mississippi (Shaw and Wesley 1991) and

more than 95% in Louisiana (Griffin 1986).  However, limitations associated with the use of this herbicide

include varying crop sensitivity among wheat cultivars, a narrow application window for optimum control, and

application restrictions based on soil pH, texture, and organic matter (Griffin 1986; Shaw and Wesley 1991;

Shaw et al. 1986).  Moreover, metribuzin is not labeled for use in North Carolina because of problems with

crop injury and yield losses.   Chlorsulfuron {2-chloro-N-[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]2

carbonyl]benzenesulfonamide} applied preemergence at 26 g ai/ha controlled 73 to 98% of diclofop-resistant

and -susceptible biotypes (Barber et al. 1999; Brewster and Appleby 1983; Griffin 1986; Justice et al. 1994;

Klingaman and Peeper 1989).  Preemergence application of triasulfuron {2-(2-chloroethoxy)-N-[[(4-methoxy-

6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]benzenesulfonamide} at 18 and 30 g ai/ha controlled Italian

ryegrass 69 and 81%, respectively, in Idaho (Rauch and Thill 1999), and 26 and 53 g/ha controlled Italian

ryegrass 77 and 91%, respectively, in Oklahoma (Klingaman and Peeper 1989).  Unfortunately, carryover
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concerns prohibit the use of chlorsulfuron  and triasulfuron  east of the Mississippi river (Brewster and3 4

Appleby 1983).  Flurtamone {(±)-5-(methylamino)-2-phenyl-4-[3-(trifluoromethyl)phenyl]-3(2H)-furanone} is

a carotenoid biosynthesis inhibitor that controlled greater than 90% of diclofop-susceptible Italian ryegrass

when applied preplant incorporated, preemergence, or early-postemergence at 560 g ai/ha (Bridges 1990). 

Flurtamone was never registered for commercial use in wheat in the U.S.

     The prepackaged mixture of chlorsulfuron plus metsulfuron {2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-

yl)amino]carbonyl]amino]sulfonyl]benzoic acid} (5:1 w/w) applied preemergence at 26 g ai/ha is labeled for

use in North Carolina wheat (York et al. 2000).  This herbicide typically provides suppression of Italian

ryegrass only, however 100% control has been observed when rainfall occurred within 7 to 10 d after

application (A. C. York, North Carolina State Univ., unpublished data).  Producers who also double-crop

soybeans [Glycine max (L.) Merr.] behind wheat are limited to sulfonylurea-tolerant soybean varieties when

using chlorsulfuron plus metsulfuron because of carryover concerns.   A more effective herbicide without5

plant-back restrictions would be more desirable to growers with diclofop-resistant Italian ryegrass.

     Flufenacet {N-(4-fluorophenyl)-N-(1-methylethyl)-2-[[5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl]oxy]

acetamide} plus metribuzin is currently labeled for use in corn (Zea mays L.) and soybean.   Research has been6

conducted to determine if these herbicides control Italian ryegrass in wheat.  In Kentucky, fall application of

flufenacet plus metribuzin at 476 g ai/ha controlled Italian ryegrass 63 to 100%, while control was 60 to 80%

with spring application (Call et al. 2002; Martin et al. 2002).  Preemergence application of flufenacet plus

metribuzin controlled diclofop-tolerant Italian ryegrass 85 to 100% in Maryland (Ritter and Menbere 2002)

and 96 to 100% in Oklahoma (Barnes et al. 2001).  A risk for wheat injury exists with this herbicide mixture

when heavy rainfall follows preemergence application, especially in sandy soils (Hopkins et al. 2000).  The

optimum application timing is to spiking wheat prior to Italian ryegrass emergence (Hopkins et al. 2000; A. C.
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York, North Carolina State Univ., unpublished data).  Several southeastern states, including North Carolina,

have recently obtained a specific exemption under Section 18 of the Federal Insecticide, Fungicide, and

Rodenticide Act for use of flufenacet plus metribuzin for Italian ryegrass control in wheat.    7

     Imidazolinone-tolerant wheat varieties have recently been developed and have received approval for use in

the United States.  Marketed as a component of the Clearfield production system, these varieties are tolerant to

the herbicide imazamox {2-[4,5-dihydro-4methyl-4-(1-methylethyl)5-oxo-1H-imidazol-2-yl]-5-

(methoxymethyl)-3-pyridinecarboxylic acid}.  Imazamox is a sulfonylurea herbicide that inhibits acetolactate

synthase (ALS, EC 4.1.3.18), the enzyme that catalyzes the first step of the biosynthetic pathway for the

branched chain amino acids leucine, isoleucine, and valine (Stidham 1991).  Imazamox tolerance was not

derived through transgenic insertion, therefore the wheat is not considered a genetically modified organism

(Newhouse et al. 1992).  This characteristic is important for the marketability of wheat overseas.  Research by

Clemmer (2002) showed that imazamox applied at 35 to 53 g ae/ha controlled 3- to 4-leaf Italian ryegrass 90

to 100% at 10 weeks after treatment.  Control decreased to less than 60% when applications were made to 1-

to 3-tiller ryegrass.  Imidazolinone-tolerant wheat could be a viable option for growers with diclofop-resistant

Italian ryegrass, however soft-red winter wheat varieties suitable for North Carolina are not available at this

time.

     AE F130060 (proposed name, mesosulfuron-methyl) {2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]

carbonyl]amino]sulfonyl]benzoic acid} is a sulfonylurea herbicide being developed for postemergence control

of Lolium and Avena species, annual bluegrass (Poa annua L.), and canarygrass (Phalaris canariensis L.) in

wheat (Hand et al. 2002).  AE F130060 will also control broadleaf weeds such as wild mustard [Brassica

kaber (DC.) L. C. Wheeler], tansymustard (Descurainia spp.), blue mustard [Chorispora tenella (Pallas) DC.], 

and volunteer canola (Brassica napus L.), and suppress common chickweed [Stellaria media (L.) Vill.] and

henbit (Lamium amplexicaule L.) (Hand et al. 2002).  AE F130060 will initially be marketed as a single active

ingredient in the United States.   AE F115008 (proposed name, iodosulfuron-methyl-sodium) {4-iodo-2-[[[[(4-7
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methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino] sulfonyl]benzoic acid} is another sulfonylurea

herbicide that may ultimately be mixed with AE F130060 for control of broadleaf weeds.   A mixture of AE8

F130060 and AE F115008 is now registered for use in some European countries.   AE F130060 plus AE9

F115008 applied postemergence consistently control diclofop-susceptible and -resistant Italian ryegrass (Bailey

et al. 2002; Crooks and York 2002; Hayes et al. 2002; Kelley and Peeper 2002).

     The safener AE F107892 (proposed name mefenpyr-diethyl) {1-(2,4-dichlorophenyl)-4,5-dihydro-5-

methyl-1H-pyrazole-3,5-dicarboxylic acid} will be included with commercially formulated AE F130060 and

AE F115008 to reduce crop injury from the herbicide (Hand et al. 2002).  In preliminary studies (Bailey et al.

2002; Hayes et al. 2002), wheat injury was observed 2 to 4 wk after AE F130060 plus AE F115008 plus AE

F107892 application.  The crop recovered and little injury was noted late in the season.  Bailey (2002) found

that differential tolerance of wheat and Italian ryegrass to AE F130060 was due to differences in absorption

and metabolism of the herbicide.  Italian ryegrass absorbed about 80% of the applied AE F130060 by 72 h

compared with 25% absorption by wheat.  Wheat metabolized 40% of the herbicide by 72 h when applied

without the safener AE F107892 and 52% when applied with the safener compared with about 14%

metabolism by Italian ryegrass.  No differences were observed between species in translocation, with 5% or

less of the absorbed AE F130060 translocated out of treated leaves.    

     Judicious use of these new herbicides will be necessary to prevent resistance evolution in Italian ryegrass. 

The number of ALS-resistant weeds has increased since the first documentation in 1987 in prickly lettuce

(Lactuca serriola L.) (Mallory-Smith et al. 1990).  Species having bioypes resistant to sulfonylurea herbicides

include Russian thistle (Salsola iberica Sennen & Pau) and common chickweed [Stellaria media (L.) Vill.]

(Thill et al. 1991), kochia [Kochia scoparia (L.) Schrad.] (Primiani et al. 1990), common cocklebur

(Xanthium strumarium L.) (Kendig and DeFelice 1994), and others (Saari et al. 1994).  To date, 73 weeds
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worldwide have been identified to be resistant to ALS-inhibiting herbicides (Heap 2002).  More importantly,

two biotypes of sulfometuron {2-[[[[(4,6-dimethyl-2-pyrimidinyl)amino]carbonyl]amino] sulfonyl]benzoic

acid}-resistant Italian ryegrass have been identified from rights-of-way in Mississippi (Taylor and Coats

1996).  AE F130060 and AE F115008 hold tremendous promise for growers with fields infested with diclofop-

resistant Italian ryegrass, and alternative control measures are extremely limited if resistance to these

herbicides becomes a problem.  

     This research was conducted to develop an information base for the use of AE F130060 plus AE F115008

for Italian ryegrass control in wheat.  Field and greenhouse experiments included trials to determine the

efficacy of these herbicides on Italian ryegrass as influenced by application rates, application timings, tank

mixtures with broadleaf herbicides, adjuvant selection, and application with nitrogen as a carrier.  Wheat

tolerance trials were also conducted to determine the herbicidal response of several common varieties planted

in North Carolina and crop injury as influenced by safener rate, tank mixtures with broadleaf herbicides,

adjuvant selection, and application with nitrogen as a carrier. 
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CHAPTER 2

Tolerance of Six Soft Red Winter Wheat (Triticum aestivum) Cultivars to AE F130060 Plus AE F1150081

H. LANE CROOKS and ALAN C. YORK2

Abstract:  Tolerance of six soft red winter wheat cultivars to AE F130060 plus AE F115008 applied at 12.5 +

2.5 and 25 + 5 g ai/ha, respectively, at the 2- to 3-tiller stage was examined under weed-free conditions at two

locations per year over 3 yr.  Visible injury ranged from 3 to 7, 11 to 27, and 14 to 16% 3 wk after treatment

(WAT) in years 1, 2, and 3, respectively.  Injury was 2% or less by 10 WAT.  Differences among cultivars for

visible injury were not observed in years 1 and 3.  AE F130060 plus AE F115008 at 25 + 5 g/ha did not reduce

grain yield in year 1.  In year 3, yield of three cultivars was reduced 6 to 10% by the herbicides at 12.5 + 2.5

g/ha, and yield of all cultivars was reduced 7 to 22% by the herbicides at 25 + 5 g/ha.  Yield reduction was

primarily due to fewer kernels per spike.  Based upon grain yields in year 3, the cultivars ‘Coker 9663', ‘Coker

9704', and ‘Pioneer 2580' were most tolerant of AE F130060 plus AE F115008, the cultivars ‘FFR 555' and

‘Pioneer 2684' were intermediate in tolerance, and the cultivar ‘Jackson’ was least tolerant.   Visible injury 3

WAT, but not at 6 or 10 WAT, differed among cultivars in year 2.  Yield and yield components were not

recorded in year 2 because of severe freeze injury. 

Nomenclature: AE F115008 (proposed name, iodosulfuron-methyl-sodium), {4-iodo-2-[[[[(4-methoxy-6-

methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester}; AE F130060 (proposed

name, mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]amino]sulfonyl]-4-

[[(methylsulfonyl)amino]methyl]benzoate}; wheat, Triticum aestivum L. <Coker 9663’, <Coker 9704’, <FFR
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      Axiom 68 DF herbicide.  Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC3

27709.

555’, <Jackson’, <Pioneer 2580’, <Pioneer 2684’.

Additional Index Words:  Cultivar response, herbicide injury, yield components.

Abbreviations:  WAT, weeks after treatment.

INTRODUCTION

     Italian ryegrass is among the most common and most troublesome weeds of wheat across the southern

United States (Dowler 1997; Webster 2000).  This winter annual grass competes with wheat for nutrients,

inhibits wheat tillering, causes lodging, and interferes with harvesting (Appleby et al. 1976; Bridges 1990;

Justice et al. 1994; Liebl and Worsham 1987b).  Brewster et al. (1977) reported wheat yield losses of 8 to 88%

due to Italian ryegrass interference in Oregon.

     Diclofop has been the only consistently effective herbicide for Italian ryegrass control in wheat in the

southeastern United States (Culpepper 2002; Liebl and Worsham 1987a; York et al. 2000).  In North Carolina

and other states, diclofop has been used continuously since commercialization in the early 1980's.  Intensive

use of the herbicide has led to evolution of resistant biotypes of Italian ryegrass in at least eight states (Heap

2002).  Italian ryegrass resistant to diclofop was reported first in Oregon in 1987 (Stanger and Appleby 1989)

and later in North Carolina in 1990 (Heap 2002).  Diclofop-resistant Italian ryegrass is now a wide-spread

problem in North Carolina and surrounding states.  

     Barnes et al. (2001) reviewed research on potential alternatives to diclofop to control Italian ryegrass in

wheat, and they concluded that none were consistently effective.  Additionally, many of these potential

alternatives would not be acceptable to North Carolina growers because of injury to wheat or carryover to

soybean [Glycine max (L.) Merr.] double-cropped with wheat.  Recently, attention has focused on a

combination of flufenacet plus metribuzin , and some southeastern states have obtained a specific exemption3

under Section 18 of the Federal Insecticide, Fungicide, and Rodenticide Act for its use to control diclofop-
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resistant Italian ryegrass.  Good control of Italian ryegrass can be obtained with flufenacet plus metribuzin

(Ritter and Menbere 2002).  However, this product performs inconsistently due to the need for timely

activation by rainfall (A. C. York, North Carolina State Univ., unpublished data).  

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  AE F130060 will initially be marketed as a single active

ingredient in the United States.   AE F115008 is another sulfonylurea herbicide that may ultimately be mixed4

with AE F130060 for control of broadleaf weeds.   A mixture of AE F130060 and AE F115008 is now5

registered for use in some European countries.   AE F130060 plus AE F115008 applied postemergence6

consistently control diclofop-susceptible and -resistant Italian ryegrass (Bailey et al. 2002; Crooks and York

2002; Hayes et al. 2002; Kelley and Peeper 2002).  

     Wheat injury was observed 1 to 2 wk after application of AE F130060 plus AE F115008 (Bailey et al.

2002; Hayes et al. 2002).  However, the crop recovered and little injury was noted late in the season.  Similar

results have been observed with AE F130060 plus AE F115008 in North Carolina (Crooks 2003, dissertation

chapters 4 and 5).  Bailey (2002) found that differential tolerance of wheat and Italian ryegrass to AE F130060

was due to less absorption and greater metabolism of the herbicide by wheat.  The safener AE F107892 {1-

(2,4-dichlorophenyl)-4,5-dihydro-5-methyl-1H-pyrazole-3,5-dicarboxylic acid; proposed name mefenpyr-

diethyl} will be included with commercially formulated AE F130060 and AE F115008 to decrease crop injury

from the herbicides (Hand et al. 2002).  The safener increases AE F130060 metabolism by wheat (Bailey

2002), and it reduces wheat injury by  AE F130060 and AE F115008 and increases wheat yield (Crooks 2003,

dissertation chapter 3).    
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      Accent herbicide label.  E. I. du Pont de Nemours and Company, Walker’s Mill, Barley Mill Plaza,7

Wilmington, DE 19898.

      Harmony Extra herbicide label.  E. I. du Pont de Nemours and Company, Walker’s Mill, Barley Mill8

Plaza, Wilmington, DE 19898.

      Sencor DF herbicide label.  Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC9

27709.

     Crop cultivars may vary in tolerance to herbicides (Green and Ulrich 1993; Runyan et al. 1982; Schroeder

and Banks 1989; Wax et al. 1974), hence it is important to determine the potential for differential varietal

responses before a new herbicide is commercialized.  If such responses are known, the manufacturer can

caution the user.7,8,9

     Wheat producers in North Carolina can choose from a number of cultivars.  Thirty-seven cultivars were

included in the state’s Official Variety Test program in the 2001-2002 growing season (Bowman 2002).  The

objective of our experiment was to determine if some commonly grown wheat cultivars vary in their response

to AE F130060 plus AE F115008.

MATERIALS AND METHODS

     The experiment was conducted in North Carolina during the 1999-2000 (year 1), 2000-2001 (year 2), and

2001-2002 (year 3) growing seasons.  Sites included the Caswell Farm Unit at Kinston in each year, the

Peanut Belt Research Station at Lewiston-Woodville during years 1 and 3, and the Horticultural Crops

Research Station at Clinton during year 2.  Soils at the test sites are described in Table 1.  Italian ryegrass was

not present at any location, and very few other weeds were present.

     The experimental design was a split-plot with three herbicide application rates as whole plots and six soft

red winter wheat cultivars as subplots.  Subplots were replicated four times and were 8 rows spaced 19 cm

apart by 15 m.  Cultivars were Coker 9663, Coker 9704, FFR 555, Jackson, Pioneer 2580, and Pioneer 2684

planted in late October or early November.  Whole plots consisted of AE F130060 plus AE F115008 applied at

0 + 0, 12.5 + 2.5 (anticipated 1X use rate), and 25 + 5 g/ha, respectively.  The safener AE F107892 was
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      Synperonic A7, fatty alcohol ethoxylate.  Uniqema, 900 Uniqema Blvd., New Castle, DE 19720.10

      Dyne-Amic, a blend of polyalkyleneoxide modified polydimethylsiloxane, polyoxypropylene-11

polyoxyethylene block copolymer, and methylated vegetable oils.  Helena Chemical Company, 6075 Poplar

Drive, Suite 500,  Memphis, TN 38119.

      GAC-II grain analysis computer.  Dickey-John Corporation, 5200 Dickey-John Road, Auburn, IL 62615.12

included at a 1:1 AE F130060 plus AE F115008:safener ratio (15 and 30 g ai/ha) in year 1 or a 1:2

herbicide:safener ratio (30 and 60 g/ha) in years 2 and 3.  The rate of safener was increased in years 2 and 3

following a decision by the manufacturer  that the commercial product would contain the safener at a 1:24

herbicide:safener ratio.  A nonionic surfactant  at 0.6% (v/v) was included with the herbicides in year 1.  A10

blend of methylated seed oil, nonionic surfactant, and organosilicone surfactant  at 0.58 L/ha plus 30% urea11

ammonium nitrate at 2.34 L/ha was included with the herbicides in years 2 and 3.  The adjuvants were

changed after year 1 in anticipation of the manufacturer’s recommendations for the commercial herbicide . 4

Herbicides were applied to 2- to 3-tiller wheat 36 to 45 d after planting in years 1 and 3, and 86 d after

planting in year 2.  Applications were delayed in year 2 because dry weather delayed wheat growth. 

Herbicides were applied using a CO -pressurized backpack sprayer equipped with four flat-fan nozzles2

calibrated to deliver 140 L/ha at 165 kPa and 4.8 km/h.   

     Wheat injury was estimated visually 3, 6, and 10 wk after treatment (WAT) on a scale of 0 to 100 as

described in Table A-2.1 (Frans et al. 1986).  Plant heights were determined approximately 2 wk after anthesis

by recording average height across the width of the plot in three positions within each plot.  In years 1 and 3,

the number of wheat spikes per square meter was determined using a 1- by 0.5-m frame randomly placed at

two locations within each plot.  Thirty spikes were gathered randomly by hand from each plot on the day of

harvest, and the total number of kernels per 30 spikes and the weight of 1000 kernels were determined.  Plots

were harvested mechanically in early June, and a subsample of the harvested grain from each plot was

collected to determine moisture percentage and grain test weight (a quality measurement, expressed as mass

per unit volume) using a grain analysis computer .  Yields were adjusted to 13.5% moisture.  Yields and yield12

components were not determined in year 2 because of severe injury from a freeze (-2.2 C) in late April. 
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     Wheat injury ratings were subjected to ANOVA with partitioning appropriate for a two (herbicide rates) by

six (cultivars) factorial arrangement.  Data from non-treated wheat were not included in this analysis.  A

separate ANOVA with partitioning for a three by six factorial arrangement was conducted for wheat yield,

plant height, spike density, kernels per spike, kernel weight, and test weight; data from non-treated wheat

were included in this analysis.  Residual plots were examined for homogeneity of error variance, and data were

pooled when appropriate.  Treatment means were separated using Fisher’s Protected LSD at P = 0.05 and

error terms for fixed and random effects (McIntosh 1982).  Year, herbicide rate, and wheat cultivar were

treated as fixed effects, and location was a random effect.   

RESULTS AND DISCUSSION

     There were no year by herbicide rate by wheat cultivar, rate by cultivar, or year by rate interactions for

wheat injury (Table A-2.2).  Averaged over years, wheat injury by AE F130060 plus AE F115008 at 25 + 5

g/ha was greater than injury by the herbicides at 12.5 + 2.5 g/ha (anticipated use rate) at each evaluation

(Table 2).  Wheat injury 3 WAT appeared primarily as leaf chlorosis with minor necrosis of leaf tips and

stunting.  Wheat injury decreased at each successive evaluation date and was expressed only as minor stunting

at 6 and 10 WAT.  By 10 WAT, wheat was injured 2% or less.  A similar recovery from visible injury has been

observed in other studies in North Carolina (Crooks 2003, dissertation chapters 4 and 5) and Virginia (Bailey

et al. 2002).   

     A year by cultivar interaction was observed for wheat injury 3 WAT but not at 6 or 10 WAT (Table A-2.2). 

All cultivars responded similarly to the herbicides 3 WAT in years 1 and 3 (Table 3).  In year 2, greatest injury

was observed with Pioneer 2684.  Coker 9663 and Coker 9704 were injured similarly, but Coker 9704 was

injured less than FFR 555, Jackson, or Pioneer 2580.  Injury decreased to 5 to 7% and 1 to 2% at 6 and 10

WAT, respectively, and each cultivar responded similarly to the herbicides.  Greater injury 3 WAT in years 2

and 3 compared with year 1 may be due to the methylated seed oil and nitrogen included with the herbicides in

years 2 and 3.  Greater wheat injury was noted in Tennessee when methylated seed oil plus nitrogen was

included with AE F130060 plus AE F115008 (Hayes et al. 2002).  However, in other studies in North Carolina
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(Crooks 2003, dissertation chapter 3), wheat injury was similar when AE F130060 plus AE F115008 were

applied with nonionic surfactant or with methylated seed oil/surfactant blend plus nitrogen.

     Herbicide rate by cultivar, year by rate, year by cultivar, and year by rate by cultivar interactions were not

observed for wheat height (Table A-2.2).  Averaged over cultivars and years, wheat height decreased as AE

F130060 plus AE F115008 rates increased (Table 4).  However, height was reduced only 1 and 2% by AE

F130060 plus AE F115008 at 12.5 + 2.5 g/ha and 25 + 5 g/ha, respectively.  Differences were observed in

heights of the six cultivars (Table A-2.2).  Averaged over herbicide rates and years, Coker 9663 was the tallest

cultivar, and Coker 9704 and Pioneer 2684 were the shortest cultivars (Table 3).  FFR 555, Jackson, and

Pioneer 2580 were intermediate in height.  

Year by herbicide rate and year by cultivar interactions were observed for wheat yield and kernels per spike 

(Table A-2.3).  Hence, yield and yield components were analyzed by year (Table A-2.4).  A yield response to

the herbicides was noted in year 3 but not in year 1.  Location by herbicide rate by cultivar, location by rate,

and rate by cultivar interactions were not observed in year 1 (Table A-2.4).  Averaged over cultivars and

locations, AE F130060 plus AE F115008 did not affect wheat yield or yield components in year 1 (Table 4).  

     A herbicide rate by cultivar interaction was observed for wheat yield in year 3 (Table A-2.4).  In the

absence of herbicides, similar yields were obtained with FFR 555, Coker 9663, Jackson, and Pioneer 2580

(Table 5).  Yield of FFR 555 exceeded yields of Coker 9704 and Pioneer 2684 while yield of Pioneer 2580

exceeded yield of Pioneer 2684.  AEF 130060 plus AE F115008 applied at 12.5 + 2.5 g/ha did not reduce

yields of Coker 9663, Coker 9704, or Pioneer 2580.  However, AEF 130060 plus AE F115008 at this

anticipated use rate reduced yield of Pioneer 2684, FFR 555, and Jackson by 6, 9, and 10%, respectively.  The

herbicides applied at 25 + 5 g/ha reduced yield of all cultivars.  Yields of Coker 9663, Coker 9704, and

Pioneer 2580 were reduced 7 to 9%, yields of FFR 555 and Pioneer 2684 were reduced 12%, and yield of

Jackson was reduced 22% by AEF 130060 plus AE F115008 at 25 + 5 g/ha.  Although no differences among

cultivars were observed for visible injury (Table 3), these yield results indicate Coker 9663, Coker 9704, and

Pioneer 2580 are most tolerant to the herbicides, FFR 555 and Pioneer 2684 are intermediate in tolerance, and

Jackson is least tolerant. 
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     The yield reduction in year 3 was primarily attributable to fewer kernels per spike.  A herbicide rate by

cultivar interaction was not observed for yield components (Table A-2.4).  Averaged over cultivars and

locations, the number of kernels per spike decreased in year 3 as herbicide rate increased (Table 4).  AE

F115008 plus AE F130060 reduced the number of kernels per spike 7 and 9% when applied at 12.5 + 2.5 and

25 + 5 g/ha, respectively.  Wheat yield reductions in other studies also have been attributed primarily to

reduced numbers of kernels per spike (Crooks 2003, dissertation chapters 3 and 4).  The herbicides did not

affect kernel weight.  AE F115008 plus AE F130060 at 25 + 5 g/ha increased spike density 7%.  AE F130060

plus AE F115008 had no effect on wheat test weight, which averaged 734 kg/m  (Tables 4 and A-2.3).  3

     A location by cultivar interaction was observed for wheat yield in years 1 and 3 (Table A-2.4).  In year 1,

yields were similar with FFR 555, Jackson, Pioneer 2580, and Pioneer 2684, and with Coker 9704, FFR 555,

and Pioneer 2684 at Kinston (Table 6).  Coker 9663 produced greater yields than Coker 9704, FFR 555, and

Pioneer 2684.   At Lewiston, yields were similar with Coker 9663, FFR 555, Jackson, and Pioneer 2580. 

These four cultivars yielded less than Pioneer 2684 but more than Coker 9704.  In year 3 at Kinston, Jackson

yielded less than all other cultivars.  At Lewiston, Pioneer 2684 yielded less than the other five cultivars. 

Coker 9663 and Pioneer 2580 yielded more than Jackson or Coker 9704.

     The primary objective of this experiment was to determine if wheat cultivars respond differently to AE

F130060 plus AE F115008.  Our results indicate a differential varietal response may occur under conditions

that lead to greater injury by the herbicides.  AE F130060 plus AE F115008 at twice the anticipated use rate

did not affect yield of any of the six cultivars evaluated in year 1 when visible injury 3 WAT was 3 to 7%.  In

year 3, when 14 to 16% injury was noted 3 WAT, yield of some cultivars was reduced by AE F130060 plus AE

F115008 at the anticipated use rate of 12.5 + 2.5 g/ha, and yield of all cultivars was reduced by the herbicides

at 25 + 5 g/ha.  Based upon grain yields, the cultivars Coker 9663, Coker 9704, and Pioneer 2580 were most

tolerant, FFR 555 and Pioneer 2684 were intermediate in tolerance, and Jackson was the least tolerant. 

Additional research is needed to further evaluate the response of these cultivars and other commonly grown

cultivars to  AE F130060 plus AE F115008.
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Table 1.  Description of soils at test sites.

Textural Taxonomic Organic matter

Year Location Soil series classification subgroup  content  pH

%

  1 Lewiston Goldsboro Sandy loam Aquic Paleudults 1.5 5.9a

  1 Kinston Johns Sandy loam Aquic Hapludults 2.4 6.3a

  2 Clinton Norfolk Sandy loam Typic Kandiudults 0.9 5.8b

  2 Kinston Portsmouth Loam Typic Umbraquults 2.4 6.3b

  3 Lewiston Goldsboro Sandy loam Aquic Paleudults 0.9 5.7c

  3 Kinston Murville Fine sand Typic Haplaquods 4.0 5.3c

      1999-2000 growing season.a

      2000-2001 growing season.b

      2001-2002 growing season.c
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Table 2.  Wheat injury by AE F130060 plus AE F115008.a

AE F130060 plus Injury

AE F115008 rates 3 WAT 6 WAT 10 WATd

 g/ha  % ____________________________ ____________________________

12.5 + 2.5 11 b 4 b 1 bb

25 + 5 15 a 8 a 2 ac

       Means within each column followed by the same letter are nota

significantly different according to Fisher’s Protected LSD test at P = 0.05. 

Data averaged over years and cultivars. 

       AE F107892 included at 15 g/ha in year 1 and 30 g/ha in years 2 and 3.b

       AE F107892 included at 30 g/ha in year 1 and 60 g/ha in years 2 and 3.c

       WAT = weeks after treatment.d
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Table 3.  Injury to wheat cultivars by AE F130060 plus AE F115008 and mean height of cultivars.a

Injury

3 WATb

   Cultivars Year 1 Year 2 Year 3 6 WAT 10 WAT Height

 % cm________________________________________ ________________________________________

Coker 9663 6 a      15 cd 15 a      6 a 1 a 98 a

Coker 9704 7 a      11 d 14 a      5 a 2 a 85 c

FFR 555 4 a      18 bc 16 a      6 a 2 a 89 b

Jackson 5 a      20 b 16 a      7 a 2 a 89 b

Pioneer 2580 6 a      19 bc 15 a      7 a 1 a 92 b

Pioneer 2684 3 a      27 a 15 a      7 a 2 a 85 c

       Means within a column followed by the same letter are not significantly different according toa

Fisher’s Protected LSD test at P = 0.05.  Injury 3 WAT averaged over locations and AE F130060 plus AE

F115008 rates of 12.5 + 2.5 and 25 + 5 g/ha.  Injury 6 and 10 WAT averaged over years and herbicide rates

of 12.5 + 2.5 and 25 + 5 g/ha.  Height averaged over years and AE F130060 plus AE F115008 rates of 0 +

0, 12.5 + 2.5, and 25 + 5 g/ha.

       WAT = weeks after treatment.b



31

Table 4.  Wheat height, yield, yield components, and test weight as affected by AE F130060 plus AE F115008.a

Yield components

AE F130060 plus Wheat Wheat yield Spike density Kernels Kernel weight Test 

AE F115008 rates height Year 1 Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 weight

g/ha cm  kg/ha   no./m   no./spike  mg/kernel kg/m  __________ 2 _________ ______ ______ ______ ________ 3

0 + 0 91 a 5580 a 579 a 432 b 31.5 a 43.7 a 34.7 a 34.0 a 735 a

12.5 + 2.5 90 b 5530 a 598 a 435 b 31.6 a 40.7 b 34.1 a 33.9 a 738 ab

25 + 5 89 c 5500 a 600 a 461 a 31.2 a 39.7 c 34.0 a 33.1 a 735 ac

       Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.  Wheata

height and test weight averaged over wheat cultivars and years.  Yield and yield components averaged over wheat cultivars and locations.

       AE F107892 included at 15 g/ha in year 1 and 30 g/ha in year 3.b

       AE F107892 included at 30 g/ha in year 1 and 60 g/ha in year 3.c
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Table 5.  Yield of wheat cultivars in year 3 as affected by AE F130060 plus AE F115008 rates.a

AE F130060 +

AE F115008 Cultivar yields

 rates Coker 9663 Coker 9704 FFR 555 Jackson Pioneer 2580 Pioneer 2684

g/ha  kg/ha ______________________________________________________ ______________________________________________________

0 + 0    5980 abc    5820 bcd      6120 a     5930 abc     6040 ab     5750 cde

12.5 + 2.5    5920 abc    5590 def      5570 def     5320 fg     5930 abc     5380 fb

25 + 5    5540 def    5360 f      5390 f     4650 h     5500 ef     5050 gc

       Means followed by the same letter are not different according to Fisher’s Protected LSD test at P = 0.05. a

Data averaged over locations.

       AE F107892 included at 30 g/ha.b

       AE F107892 included at 60 g/ha.c
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Table 6.  Yield of wheat cultivars by locations.a

Yield

Year 1 Year 3

Cultivars   Kinston  Lewiston   Kinston  Lewiston

 kg/ha _______________________________ _______________________________

Coker 9663   5640 a 5570 b 5390 a 6240 a

Coker 9704   5200 c 5210 c 5260 a 5920 b

FFR 555   5370 bc 5570 b 5310 a  6070 ab

Jackson   5440 ab 5690 b 4650 b 5940 b

Pioneer 2580   5500 ab 5780 b 5360 a 6290 a

Pioneer 2684   5400 bc 6100 a 5150 a 5640 c

       Means within a column followed by the same letter are not significantlya

different according to Fisher’s Protected LSD test at P = 0.05.  Data averaged

over AE F130060 plus AE F115008 rates of 0 + 0, 12.5 + 2.5, and 25 + 5

g/ha.
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CHAPTER 3

Wheat (Triticum aestivum) Tolerance to AE F130060 plus AE F115008 as Affected by

Time of Application and Rate of the Safener AE F1078921

H. LANE CROOKS and ALAN C. YORK2

Abstract: The response of weed-free soft red winter wheat to AE F130060 plus AE F115008 alone or with the

safener AE F107892 applied at the 3-leaf, 2-tiller, or 6-tiller growth stage was evaluated.  Averaged over

application timings, AE F130060 plus AE F115008 at 25 + 5 g ai/ha, twice the anticipated use rate, applied

with AE F107892 at herbicide:safener ratios of 1:1 or 1:3 injured wheat 9% but did not affect yield.  Without

safener, herbicides injured wheat 27% and reduced yield 7%.  Yield loss was attributed to reduced numbers of

kernels/spike.  Time of herbicide application did not affect wheat injury or yield when the herbicide:safener

ratio was 1:1 or 1:3.  Compared to non-treated wheat, AE F130060 plus AE F115008 at 25 + 5 g/ha without

the safener reduced yield of 3-leaf, 2-tiller, and 6-tiller wheat 5, 5, and 11%, respectively.  Injury and yield of

wheat treated with AE F130060 plus AE F115008 at 12.5 + 2.5 or 25 + 5 g/ha, respectively, and AE F107892

at a 1:1 herbicide:safener ratio were similar, regardless of application timing.

Nomenclature: AE F107892 (proposed name, mefenpyr-diethyl), {1-(2,4-dichlorophenyl)-4,5-dihydro-5-

methyl-1H-pyrazole-3,5-dicarboxylic acid}; AE F115008 (proposed name, iodosulfuron-methyl-sodium), {4-

iodo-2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester};

AE F130060 (proposed name, mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]

carbonyl]-amino]sulfonyl]-4-[[methylsulfonyl)amino]methyl]benzoate}; wheat, Triticum aestivum L., ‘Coker
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      M. D. Paulsgrove.  2002.  Personal communication.  Bayer CropScience, 2 T. W. Alexander Drive,3

Research Triangle Park, NC 27709.

      Iodosulfuron-methyl-sodium technical bulletin.  February, 2002.  Bayer CropScience, La Dargoire, 14-204

Rue Pierre  Baizet - BP 9163, 69263 Lyon Cedex 09, France.

9704'.

Additional index words: Herbicide injury, wheat yield, yield components.

Abbreviations: GS, Feekes Growth Stage; WAT, wk after treatment.

INTRODUCTION

     Italian ryegrass (Lolium multiflorum Lam.) is among the most common and most troublesome weeds of

wheat across the southern United States (Dowler 1997; Webster 2000).  This winter annual grass competes

with wheat for nutrients, inhibits tillering, causes lodging, and interferes with harvesting (Appleby et al. 1976;

Bridges 1990; Liebl and Worsham 1987b).  Brewster et al. (1977) reported wheat yield losses of 8 to 88% due

to uncontrolled Italian ryegrass in Oregon. 

     Diclofop has been the only consistently effective herbicide for Italian ryegrass control in wheat in the

southeastern United States (Culpepper 2002; Liebl and Worsham 1987a; York et al. 2000).  In North Carolina

and other states, diclofop has been used continuously since commercialization in the early 1980's.  Intensive

use of the herbicide has led to evolution of resistant biotypes of Italian ryegrass in at least eight states (Heap

2002).  Italian ryegrass resistant to diclofop was reported first in Oregon in 1987 (Stanger and Appleby 1989)

and later in North Carolina in 1990 (Heap 2002).  Diclofop-resistant Italian ryegrass is now a wide-spread

problem in North Carolina and surrounding states.  

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  AE F130060 will initially be marketed as a single active

ingredient in the United States.   AE F115008 is another sulfonylurea herbicide that may ultimately be mixed3

with AE F130060 for control of broadleaf weeds.   A mixture of AE F130060 and AE F115008 is now4



36

      Atlantis herbicide technical information bulletin.  Bayer CropScience, La Dargoire, 14-20 Rue Pierre5

Baizet - BP 9163, 69263 Lyon Cedex 09, France.

registered for use in some European countries.   AE F130060 plus AE F115008 applied postemergence5

consistently control diclofop-susceptible and -resistant Italian ryegrass (Bailey et al. 2002; Crooks and York

2002; Hayes et al. 2002; Kelley and Peeper 2002). 

     In preliminary studies (Bailey et al. 2002; Hayes et al. 2002), wheat injury was observed 2 to 4 wk after AE

F130060 plus AE F115008 application.  The crop recovered and little injury was noted late in the season. 

Bailey (2002) found that differential tolerance of wheat and Italian ryegrass to AE F130060 was due to

differences in absorption and metabolism of the herbicide.  Italian ryegrass absorbed about 80% of the applied

AE F130060 by 72 h compared with 25% absorption by wheat.  Wheat metabolized 40% of the herbicide by 72

h when applied without the safener AE F107892 and 52% when applied with the safener compared with about

14% metabolism by Italian ryegrass.  No differences were observed between species in translocation, with 5%

or less of the absorbed AE F130060 translocated out of treated leaves.  The safener AE F107892 will be

included with commercially formulated AE F130060 and AE F115008 to decrease crop injury from the

herbicide (Hand et al. 2002).  The objective of our experiment was to investigate the influence of AE F107892

on wheat tolerance of AE F130060 plus AE F115008 applied at three growth stages.

MATERIALS AND METHODS

     The experiment was conducted at the Caswell Farm Unit at Kinston, NC and the Peanut Belt Research

Station at Lewiston-Woodville, NC during the 1999-2000 (year 1) and 2001-2002 (year 2) growing seasons. 

Soils at the test sites included the following: Johns sandy loam (Aquic Hapludults) with 2.4% organic matter

and pH 6.3 at Kinston in year 1; Murville fine sand (Typic Haplaquods) with 4.0% organic matter and pH 5.3

at Kinston in year 2; and Goldsboro sandy loam (Aquic Paleudults) with 1.5% organic matter and pH 5.9 at

Lewiston in year 1 or 0.9% organic matter and pH 5.7 in year 2.  Italian ryegrass was not present at any

location, and very few other weeds were present.

     Wheat ‘Coker 9704' was planted into conventionally prepared seed beds in late October to early November. 
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      Synperonic A7, fatty alcohol ethoxylate, from Uniqema, 900 Uniqema Blvd., New Castle, DE 19720.6

      Dyne-Amic, a blend of polyalkyleneoxide modified polydimethylsiloxane, polyoxypropylene-7

polyoxyethylene block copolymer, and methylated vegetable oils, from Helena Chemical Company, 6075

Poplar Drive, Suite 500,  Memphis, TN 38119.

Row spacing was 19 cm and plot size was 1.5 m by 15 m.  The experimental design was a randomized

complete block with treatments replicated four times.  Treatments included the following: AE F130060 plus

AE F115008 plus AE F107892 at 12.5 + 2.5 + 15 g/ha (anticipated 1X use rate and 1:1 herbicide:safener

ratio); AE F130060 plus AE F115008 at 25 + 5 g/ha with no safener;  AE F130060 plus AE F115008 plus AE

F107892 at 25 + 5 + 30 g/ha (1:1 herbicide:safener ratio); and AE F130060 plus AE F115008 plus AE

F107892 at 25 + 5 + 90 g/ha (1:3 herbicide:safener ratio).  A non-treated check was included.  All herbicides

applied during year 1 included nonionic surfactant  at 0.6% (v/v).  The nonionic surfactant at 0.6% (v/v) plus6

a blend of methylated seed oil, NIS, and organosilicon surfactant , hereafter referred to as methylated seed oil7

(MS) at 0.4% (v/v) plus 30% urea ammonium nitrate at 1.7% (v/v) were applied with all herbicides in year 2. 

Adjuvants and rates were based upon recommendations by Bayer CropScience, developer of AE F130060, AE

F115008, and AE F107892.  Treatments were applied to three-leaf wheat at Feekes Growth Stage (GS) 1.3

(early to mid- December), three-tiller wheat at GS 2 (mid-December to early January), and six-tiller wheat at

GS 3 (mid- February) using a CO -pressurized backpack sprayer equipped with four flat-fan nozzles calibrated2

to deliver 140 L/ha at 165 kPa and 4.8 km/hr.           

     Wheat injury was visually estimated 3, 6, and 10 wk after treatment (WAT) on a scale of 0 to 100 where 0

= no wheat injury and 100 = wheat death (Frans et al. 1986).  A detailed description for visual ratings is

shown in Table A-2.1.  Plant heights were determined approximately 2 wk after anthesis by recording average

height across the width of the plot in three positions within each plot.  The number of wheat spikes per square

meter was determined using a 1- by 0.5-m frame randomly placed at two locations within each plot.  Thirty

spikes were gathered randomly by hand from each plot on the day of harvest, and the total number of kernels

per spike and the weight of 1000 kernels were determined.  Plots were harvested mechanically in early June,

and a subsample of the harvested grain from each plot was collected to determine moisture percentage and
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      GAC-II grain analysis computer.  Dickey-John Corporation, 5200 Dickey-John Road, Auburn, IL 62615.8

grain test weight (a quality measurement, expressed as mass per unit volume) using a grain analysis

computer .  Yields were adjusted to 13.5% moisture.  Yields and yield components were not determined in8

year 2 because of severe injury from a freeze (-2.2 C) in late April. 

     The influence of AE F130060 plus AE F115008 at 25 + 5 g/ha plus AE F107892 at 0, 30, and 90 g/ha on

wheat injury, height, yield, yield components, and test weight were determined by subjecting the data to

ANOVA with partitioning appropriate for a three (herbicide:safener ratios) by three (application timings)

factorial treatment arrangement.  Data from non-treated wheat were not included in these analyses.  In

separate analyses, comparisons of wheat height, yield, yield components, and test weight to non-treated wheat

were made by subjecting the individual treatments and non-treated check to ANOVA.  ANOVA was also

conducted to determine the influence of AE F130060 plus AE F115008 plus AE F107892 at 12.5 + 2.5 + 15

and 25 + 5 + 30 g/ha on wheat injury, height, yield, yield components, and test weight with partitioning

appropriate for a two (herbicide rates) by three (application timings) factorial treatment arrangement.  Data

from non-treated wheat were not included in these analyses.  In separate analyses, comparisons of wheat

height, yield, yield components, and test weight to non-treated wheat were made by subjecting the individual

treatments and non-treated check to ANOVA.  Non-transformed data for wheat injury ratings are presented as

arcsine square root transformation did not affect data interpretation.  Residual plots for each analysis were

examined for homogeneity of error variance, and data were pooled when appropriate.  Treatment means were

separated using Fisher’s Protected LSD at P=0.05.  Year, herbicide:safener ratio, and application timing were

treated as fixed effects, and location was a random effect.

RESULTS AND DISCUSSION

     Absence of herbicide rate by application timing by year interactions allowed the averaging of main effects

of safener rate with AE F130060 plus AE F115008 at 25 + 5 g/ha (twice the anticipated use rate) and

application timing on visible wheat injury, height, yield, yield components, and test weight over years (Table

A-3.1 and A-3.2).  Wheat injury was similar with the herbicides applied at 2X rates with safener (Table 1). 
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Injury 3 WAT increased from 8% with safener to 26% without safener.  Injury appeared as leaf chlorosis,

necrosis of leaf tips, and stunting.  Injury decreased at each successive rating date, with no injury observed 10

WAT if the safener was included with the herbicides.  Without the safener, stunting was still evident late in

the season, as reflected in the wheat height measurements (Table 2).  Compared to non-treated wheat, height

was reduced 3% by AE F130060 plus AE F115008 at 25 + 5 g/ha without the safener (Table 3).  Wheat height

was not reduced if the safener was included with the herbicides, regardless of the application timing.

     Wheat yields were reflective of early season injury.  AE F130060 plus AE F115008 at 25 + 5 g/ha, in the

absence of AE F107892, reduced wheat yield 8% compared to the herbicides with the safener (Table 2). 

Wheat treated with AE F130060 plus AE F115008 at 25 + 5 g/ha with AE F107892 at 30 or 90 g/ha produced

similar yields as non-treated wheat (Table 3).  The herbicides without the safener reduced yield an average of

7% compared to non-treated wheat.  None of the treatments affected wheat test weight, which averaged 760

kg/m  (data not shown).  3

     The yield reduction by AE F130060 plus AE F115008 in the absence of AE F107892 was primarily due to

reduced kernel numbers per spike (Table 2).  Treatments did not affect spike density or kernel weight.  Wheat

treated with the herbicides alone produced 7% fewer kernels per spike than wheat treated with the herbicides

plus safener.  AE F130060 plus AE F115008 has increased numbers of kernels per spike in other North

Carolina studies (Crooks 2003, dissertation chapters 2, 4, and 6).  Increasing the herbicide:safener ratio from

1:1 to 1:3 did not influence kernels per spike or spike density compared to non-treated wheat (Table 3).  

     Wheat injury was not affected by herbicide application timing and decreased at each successive rating date

(Table 4).  By 10 WAT, no injury was observed on wheat treated at the 2- or 6-tiller growth stage.  Late-season

injury by herbicides applied to 3-leaf wheat was expressed as height reduction.  Averaged over all three

herbicide:safener ratios, timing of application had no effect on wheat height, yield, yield components, or test

weight (Table 5).  However, AE F130060 plus AE F115008 at 25 + 5 g/ha without the safener caused a greater

yield reduction when applied to 6-tiller wheat compared to 3-leaf or 2-tiller application (Table 3).  This yield

reduction was also associated with fewer kernels per spike.  These results indicate wheat can recover from

injury inflicted early in the season whereas injury occurring later may adversely affect yield.  Hayes et al.
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(2002) observed a similar response by the herbicides with safener.  Wheat may be more susceptible to AE

F130060 plus AE F115008 as the crop enters into the reproductive growth stage (Briggle 1967). 

     Absence of herbicide rate by application timing by year interactions allowed main effects of AE F130060

plus AE F115008 rate at a 1:1 herbicide:safener ratio and application timing on visible wheat injury, wheat

height, yield, yield components, and test weight to be averaged over years (Table A-3.3 and A-3.4).  Increasing

the rate of AE F130060 plus AE F115008 from 12.5 + 2.5 to 25 + 5 g/ha with AE F107892 at a 1:1

herbicide:safener ratio did not affect wheat injury, which decreased from 8% to 3% to no injury at 3, 6, and 10

WAT, respectively (data not shown).  Injury by the herbicides at these two rates applied to 3-leaf, 2-tiller, or 6-

tiller wheat was also statistically similar at each rating date and averaged 9, 3, and 0% at 3, 6, and 10 WAT,

respectively (data not shown).  Early season injury appeared as leaf chlorosis, necrosis of leaf tips, and

stunting.  Wheat height, yield, yield components, and test weight were similar for wheat treated with either

rate of AE F130060 plus AE F115008 (Table 6) at all three application timings (Table 7) and did not differ

from non-treated wheat (Table 8).

     Results from this experiment demonstrate that AE F130060 plus AE F115008 plus the safener AE F107892

can be applied safely to Coker 9704 wheat.  Wheat yield under weed-free conditions was not affected by the

herbicides plus safener at any application timing.  However, herbicide application without safener caused

greater yield loss when application was made to 6-tiller wheat compared to application to 3-leaf or 2-tiller

wheat.  The optimum timing of application for Italian ryegrass will typically occur in December in North

Carolina (Crooks 2003, dissertation chapter 4), and wheat at that time of year will generally be in the 3-leaf to

2-tiller stage.  AE F107892, which will be included with commercially formulated AE F130060 and AE

F115008 (Hand et al. 2002), does reduce the potential for injury by the herbicide.  The safener was equally

effective at herbicide:safener ratios of 1:1 and 1:3.   
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Table 1.  Wheat injury with AE F130060 plus AE F115008 as affected by

herbicide:safener ratios.a

Herbicide:safener Injury

ratio 3 WAT 6 WAT 10 WATb

 % _________________________________ ________________________________

1:0         26 a         17 a 3 a

1:1           8 b           3 b 0 b

1:3           9 b           3 b 0 b

      Data averaged over application timings and years.  Means within aa

column followed by the same letter are not significantly different according

to Fisher’s Protected LSD test at P = 0.05.

      AE F130060 plus AE F115008 applied at 25 + 5 g/ha.  AE F107892b

applied at 0, 30, and 90 g/ha with herbicide:safener ratios of 1:0, 1:1, and

1:3, respectively.
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Table 2. Height, yield, and yield components of wheat treated with AE F130060 plus AE F115008 as

affected by herbicide:safener ratios.a

Herbicide:safener Wheat Wheat Spike Kernel

ratio height yield density Kernels weightb

cm kg/ha no./m no./spike mg/kernel2

1:0 85 b 5280 b 591 a 31.6 b 32.3 a

1:1 88 a 5690 a 582 a 34.7 a 32.4 a

1:3 88 a 5750 a 592 a 34.0 a 32.6 a

      Data averaged over years and application timing.  Means within a column followed by the same lettera

are not significantly different according to Fisher’s Protected LSD test at P = 0.05.

      AE F130060 plus AE F115008 applied at 25 + 5 g/ha.  AE F107892 applied at 0, 30, and 90 g/hab

with herbicide:safener ratios of 1:0, 1:1, and 1:3, respectively.
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Table 3.  Height, yield, and yield components of wheat treated with AE F130060 plus AE F115008 at three growth stages

as affected by herbicide:safener ratios.a

Herbicide:safener Wheat Wheat Wheat Spike Kernel

ratio growth stage height yield density Kernels weightb

cm kg/ha no./m no./spike mg/kernel2

1:0 3-leaf 85 b      5390 c        583 a       32.7 bc 32.4 a

1:1 3-leaf 87 a      5820 a        593 a       34.3 ab 32.8 a

1:3 3-leaf 88 a      5800 a        598 a       34.0 ab 33.0 a

1:0 2-tiller 85 b      5400 c        591 a       31.5 c 32.1 a

1:1 2-tiller 89 a      5760 a        586 a       35.6 a 32.0 a

1:3 2-tiller 89 a      5800 a        592 a       34.9 a 32.3 a

1:0 6-tiller 85 b      5060 d        600 a       30.6 c 32.3 a

1:1 6-tiller 87 a      5500 bc        566 a       36.0 a 32.5 a

1:3 6-tiller 87 a      5650 ab        587 a       34.0 ab 32.4 a

Non-treated 88 a      5690 ab        575 a       35.6 a 33.3 a

      Data averaged over years.  Means within a column followed by the same letter are not significantly differenta

according to Fisher’s Protected LSD test at P = 0.05.

      AE F130060 plus AE F115008 applied at 25 + 5 g/ha.  AE F107892 applied at 0, 30, and 90 g/ha withb

herbicide:safener ratios of 1:0, 1:1, and 1:3, respectively.
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Table 4.  Wheat injury as affected by application timing of AE F130060 plus AE F115008.a

Wheat growth stage Injury

 at application 3 WAT 6 WAT 10 WAT

 % _____________________________________ _______________________________________

    3-leaf 18 a          10 a 3 a

    2-tiller 13 a            7 a 0 a

    6-tiller 13 a            5 a 0 a

      Data averaged over years and AE F130060 plus AE F115008 at 25 + 5 g/ha with AEa

F107892 at 0, 30, and 90 g/ha.  Means within a column followed by the same letter are not

significantly different according to Fisher’s Protected LSD test at P = 0.05.
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Table 5.  Plant height and wheat yield components as affected by application timing of AE F130060 plus

AE F115008.a

Wheat growth stage Wheat Wheat Spike Kernel

 at application height yield density Kernels weight

cm kg/ha no./m no./spike mg/kernel2

    3-leaf 87 a 5670 a 591 a 33.5 a 32.7 a

    2-tiller 88 a 5650 a 590 a 34.0 a 32.1 a

    6-tiller 87 a 5400 a 593 a 32.8 a 32.4 a

      Data averaged over years and AE F130060 + AE F115008 at 25 + 5 g/ha with AE F107892 at 0, 30,a

and 90 g/ha.  Means within a column followed by the same letter are not significantly different according to

Fisher’s Protected LSD test at P = 0.05.
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Table 6.  Wheat height, yield, yield components, and test weight as affected by AE F130060 plus AE F115008 rates.a

AE F130060 + Wheat Wheat Spike Kernel Test

AE F115008 rate height yield density Kernels weight weightb

g/ha cm kg/ha no./m no./spike mg/kernel kg/m2 3

12.5 + 2.5 88 a 5800 a 591 a 34.1 a 32.6 a 761 a

25 + 5 88 a 5690 a 582 a 34.6 a 32.4 a 759 a

      Data averaged over years and application timing.  Means within a column followed by the same letter are nota

significantly different according to Fisher’s Protected LSD test at P = 0.05.

      AE F107892 included at a 1:1 herbicide:safener ratio.b
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Table 7.  Wheat height, yield, yield components, and test weight as affected by time of AE F130060 plus AE F115008

application.a

Wheat growth stage Wheat Wheat Spike Kernel Test

 at application height yield density Kernels weight weight

cm kg/ha no./m no./spike mg/kernel kg/m2 3

    3-leaf 88 a 5830 a 602 a 34.3 a 32.7 a 760 a

    2-tiller 88 a 5780 a 584 a 34.9 a 32.3 a 760 a

    6-tiller 87 a 5620 a 574 a 33.7 a 32.5 a 760 a

      Data averaged over years and AE F130060 + AE F115008 + AE F107892 at 12.5 + 2.5 + 15 and 25 + 5 + 30 g/ha,a

respectively.  Means within a column followed by the same letter are not significantly different according to Fisher’s

Protected LSD test at P = 0.05.
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Table 8.  Wheat height, yield, yield components, and test weight as affected by application timing and rate of AE F130060 plus AE F115008.a

AE F130060 + AE F107892 Application Wheat Wheat Spike Kernel Test

AEF 115008 rate rate timing height yield density Kernels weight weight

g/ha g/ha cm kg/ha no./m no./spike mg/kernel kg/m2 3

12.5 + 2.5 15 3-leaf 88 a 5850 a 611 a 34.2 a 32.5 a 760 a

25 + 5 30 3-leaf 87 a 5820 a 593 a 34.3 a 32.8 a 760 a

12.5 + 2.5 15 2-tiller 87 a 5810 a 582 a 34.2 a 32.7 a 760 a

25 + 5 30 2-tiller 89 a 5760 a 586 a 35.6 a 32.0 a 760 a

12.5 + 2.5 15 6-tiller 88 a 5750 a 581 a 33.8 a 32.5 a 762 a

25 + 5 30 6-tiller 87 a 5500 a 566 a 33.7 a 32.5 a 758 a

0 + 0 0 88 a 5690 a 575 a 35.6 a 33.3 a 755 a

      Data averaged over years.  Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD testa

at P = 0.05.
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CHAPTER 4

Wheat (Triticum aestivum) Tolerance and Italian Ryegrass (Lolium multiflorum) Control 

With AE F130060 Plus AE F115008 Using Nitrogen as a Carrier1

H. LANE CROOKS and ALAN C. YORK2

Abstract:  Growers prefer consolidating multiple crop production operations, such as application of nitrogen

and herbicides, to save time and reduce expenses.  Soft red winter wheat tolerance and Italian ryegrass control

by AE F130060 plus AE F115008 applied in water or urea ammonium nitrate solution (UAN) were evaluated

in separate experiments.  In the tolerance experiment, wheat responded similarly to AE F130060 plus AE

F115008 at 12.5 + 2.5 and 25 + 5 g ai/ha, respectively, applied in water.  The herbicides plus nonionic

surfactant (NIS) applied in water injured weed-free, 5- to 7-tiller wheat 3% or less and did not affect yield. 

Greater injury occurred when AE F130060 plus AE F115008 was applied in UAN, and yield was reduced 11%

due to fewer kernels per spike.  Regardless of carrier, the herbicides did not affect the number of spikes

produced, individual kernel weight, or test weight.  NIS added to AE F130060 plus AE F115008 in UAN

increased weed-free wheat injury but had no effect on yield.  Greater Italian ryegrass control was obtained with

application in UAN, and NIS increased control.  Yield of Italian ryegrass-infested wheat treated with AE

F130060 plus AE F115008 plus NIS in UAN was similar to or greater than yield with AE F130060 plus AE

F115008 plus NIS were applied in water.

Nomenclature:  AE F115008 (proposed name, iodosulfuron-methyl-sodium), {4-iodo-2-[[[[(4-methoxy-6-

methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester}; AE F130060  (proposed
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      Letters following this symbol are a WSSA-approved computer code from Composite List of Weeds,3

Revised 1989.  Available only on computer disk from WSSA, 810 East 10  Street, Lawrence, Kansas 66044-th

8897.

name, mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]amino]sulfonyl]-4-

[[(methylsulfonyl)amino]methyl]benzoate}; Italian ryegrass, Lolium multiflorum Lam. Marshall #  LOLMU;3

wheat, Triticum aestivum L. ‘Coker 9704'.

Additional Index Words: Herbicide carriers, surfactant rates, yield components, LOLMU.

Abbreviations:  GS, Feekes Growth Stage; NIS, nonionic surfactant; UAN, urea ammonium nitrate; WAT,

weeks after treatment.

INTRODUCTION

     Nitrogen management is an important component in production of high yielding wheat.  Proper timing of

nitrogen application is based upon maximizing yield components such as number of spikes per unit area,

number of kernels per spike, and kernel weight (Gravelle et al. 1988; Miller and Bean 1999; Usherwood

2000).  Winter wheat growers in North Carolina apply 17 to 34 kg/ha of nitrogen at planting to promote early

growth and tiller formation (Weisz and Heiniger 2000).  This amount of nitrogen is typically adequate until

early February when wheat reaches Feekes Growth Stage (GS) 3 and additional tiller development begins in

response to warmer temperatures.  Nitrogen demands increase rapidly at GS 5, when wheat is in the stem

elongation stage (Waldren and Flowerday 1979; Weisz and Heiniger 2000).  Depending upon number of tillers

at GS 3, the remainder of the crop’s nitrogen requirement is met with either one application at GS 5 or split

applications at GS 3 and GS 5 (Weisz and Heiniger 2000).  Split applications are often beneficial (Gravelle et

al. 1988; Knowles et al. 1994; Vaughan et al. 1990).

     Italian ryegrass is one of the most troublesome weeds in wheat in North Carolina and throughout the

southeastern United States (Dowler 1997; Webster 2000).  This winter annual weed competes with wheat for

nutrients, inhibits tillering, causes lodging, and interferes with harvesting (Appleby et al. 1976; Bridges 1990;
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      M. Paulsgrove.  2002.  Personal communication.  Bayer CropScience, 2 T. W. Alexander Drive, Research4

Triangle Park, NC 27709.

      Iodosulfuron-methyl-sodium technical bulletin.  Bayer CropScience, La Dargoire, 14-20 Rue Pierre 5

Baizet - BP 9163, 69263, Lyon Cedex 09, France.

      Atlantis herbicide technical information bulletin.  Bayer CropScience, La Dargoire, 14-20 Rue Pierre6

Baizet - BP 9163, 69263 Lyon Cedex 09, France.

Liebl and Worsham 1987).  Brewster et al. (1977) reported wheat yield losses of 8 to 88% due to Italian

ryegrass infestations in Oregon. 

     Diclofop is the only herbicide currently available that controls Italian ryegrass consistently in wheat in the

southeastern United States (Culpepper 2002; York et al. 2000).  In North Carolina and other states, diclofop

has been used continuously since commercialization in the early 1980's.  Intensive use of the herbicide has led

to evolution of resistant biotypes of Italian ryegrass in at least eight states (Heap 2002).  Diclofop-resistant

Italian ryegrass in North Carolina was first reported in 1990 (Heap 2002), and it is now a widespread problem.

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  AE F130060 will initially be marketed as a single active

ingredient in the United States.   AE F115008 is another sulfonylurea herbicide that may ultimately be mixed4

with AE F130060 for control of broadleaf weeds.   A mixture of AE F130060 and AE F115008 is now5

registered for use in some European countries.   AE F130060 plus AE F115008 are very efficacious on Italian6

ryegrass, including diclofop-resistant biotypes (Bailey et al. 2002; Crooks and York 2002; Hayes et al. 2002;

Kelley and Peeper 2002).  The safener AE F107892 {1-(2,4-dichlorophenyl)-4,5-dihydro-5-methyl-1H-

pyrazole-3,5-dicarboxylic acid; proposed name mefenpyr-diethyl} will be included with commercially

formulated AE F130060 and AE F115008 to decrease crop injury from the herbicide (Hand et al. 2002).  The

safener increases herbicide metabolism by wheat, reduces wheat injury, and increases wheat yield (Bailey

2002).

     Growers prefer consolidating multiple crop production operations, such as application of nitrogen and

herbicides, to save time and reduce expenses.  A number of wheat herbicides can be applied in UAN if
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      Synperonic A7, fatty alcohol ethoxylate.  Uniqema, 900 Uniqema Blvd., New Castle, DE 19720.7

nitrogen and weed control requirements coincide (Lutcher and Mahler 1988; Olson et al. 2000; Scott and

Peeper 1994; York et al. 2000).  However, wheat injury and reduced yields may occur when UAN is used as a

herbicide carrier (Lutcher and Mahler 1988; Stahlman et al. 1997; Wicks and Hergert 1992).  The objective of

our experiments was to compare wheat tolerance and Italian ryegrass control with AE F130060 plus AE

F115008 applied in water and in UAN.

MATERIALS AND METHODS

Wheat Tolerance.  The experiment was conducted in North Carolina during the 1999-2000 (year 1), 2000-

2001 (year 2), and 2001-2002 (year 3) growing seasons.  Sites included the Caswell Farm Unit at Kinston

during years 1, 2, and 3, the Peanut Belt Research Station at Lewiston-Woodville during years 1 and 3, and

the Horticultural Crops Research Station at Clinton during year 2.  Soils at the test sites are described in Table

1.  Italian ryegrass was not present at any location, and very few other weeds were present.

     Wheat ‘Coker 9704' was planted into conventionally prepared seed beds in late October to early November. 

Plot siae consisted of rows spaced 19 cm apart by 15 m long.  Treatments consisted of the following: AE

F130060 plus AE F115008 at 12.5 + 2.5 and 25 + 5 g/ha, respectively, with NIS  at 0.6% (v/v) applied with7

water as the carrier; AE F130060 plus AE F115008 at 12.5 + 2.5 and 25 + 5 g/ha with NIS at 0, 0.3, and 0.6%

applied with 30% UAN as the carrier; UAN with NIS at 0, 0.3, and 0.6% without herbicides; and a non-

treated check.  Herbicides were premixed in a small volume of water before adding to the UAN.  Treatments

with AE F130060 plus AE F115008 also contained the safener AE F107892 at a 1:1 herbicide:safener ratio

(15 and 30 g ai/ha).  Treatments were replicated four times and arranged in a randomized complete block

design.

     Herbicide treatments were applied in mid to late February to 5- to 7-tiller wheat.  The non-treated checks

and plots treated using water as the carrier received 140 L/ha of UAN 10 d after herbicide application, and all

plots received an additional 140 L/ha of UAN at GS 5.  Herbicides and UAN were applied with a CO -2
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pressurized backpack sprayer equipped with regular flat fan nozzles calibrated to deliver 140 L/ha at 165 kPa

and 4.8 km/h.

     Wheat injury was estimated visually 3, 6, and 10 wk after treatment (WAT) on a scale of 0 to 100, where 0

= no wheat injury and 100 = death of all plants (Frans et al. 1986).  A detailed description for visual ratings is

shown in Table A-2.1.  Wheat height was determined approximately 2 wk after anthesis by recording average

height across the width of the plot in three positions within each plot.  In years 1 and 3, the number of wheat

spikes per square meter was determined using a 1- by 0.5-m frame randomly placed at two locations within

each plot.  Thirty spikes were gathered randomly by hand from each plot on the day of harvest, and the total

number of kernels per 30 spikes and weight of 1000 kernels were determined.  Plots were harvested

mechanically in June, and a subsample of the harvested grain from each plot was collected to determine

moisture percentage and grain test weight (a quality measurement, expressed as mass per unit of volume)

using a grain analysis computer .  Yields were adjusted to 13.5% moisture.  Yields and yield components were8

not determined in year 2 because of severe injury from a freeze  (-2.2 C) in late April.  

Italian Ryegrass Control.  The experiment was conducted in North Carolina on private farms near Alamance

and Whitsett during year 1, on private farms near Monroe and Wendell during year 2, and at the Caswell

Farm Unit in Kinston and the Cherry Farm Unit in Goldsboro during year 3.  Soils at the experimental sites

are described in Table 1. 

     Italian ryegrass densities and biotypes varied across locations.  The Alamance site initially had greater than

1000 diclofop-susceptible plants/m .  This population decreased during the growing season due to intraspecific2

competition, but it provided 100% ground coverage throughout the season.  A mixed population of diclofop-

resistant and diclofop-susceptible Italian ryegrass was present at Whitsett at a density of 250 plants/m . 2

Diclofop-resistant Italian ryegrass was present at Monroe at 50 plants/m .  The Wendell site had diclofop-2

susceptible Italian ryegrass at 200 plants/m .  Diclofop-susceptible Italian ryegrass seed were spread at2

Goldsboro and Kinston after wheat planting and lightly covered using a culti-packer.  The resulting
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populations were 150 and 100 plants/m  at Goldsboro and Kinston, respectively.  Populations were determined2

in late-December and early February by counting the number of plants/m , and diclofop susceptibility was2

determined after applying diclofop at 1.1 kg ai/ha to three-leaf Italian ryegrass.

     Coker 9704 wheat was planted in conventionally prepared seedbeds in late October at Alamance and early

November at Whitsett, Goldsboro, and Kinston.  Row spacing was 19 cm and plot size was 1.5 by 15 m. 

Wheat was planted no-till in early January at Monroe, where plots were 3 by 30 m and row spacing was 19

cm.  No crop was planted at Wendell, where plots were 2 by 3 m.  The experimental design was a randomized

complete block with treatments replicated three times at Monroe and four times at the other locations.

     AE F130060 plus AE F115008 plus AE F107892 at 12.5 + 2.5 + 15 g/ha, respectively, were applied with

NIS at 0, 0.3 and 0.6% (v/v) using UAN as the carrier and with NIS at 0.6% using water as the carrier.  The

non-treated check received UAN alone at the time of herbicide application.  Plots treated using water as the

carrier received 140 L/ha of UAN 10 d after herbicide application.  Treatments were applied in late February

to 3- to 5-tiller wheat and three-leaf to three-tiller Italian ryegrass at all locations except Alamance, where

applications were made in December to reduce competition from the intense Italian ryegrass population. 

Wheat at this location had one tiller (GS 2) and Italian ryegrass had 3 to 4 leaves at time of application. 

Treatments were applied using the equipment described previously.  All plots received 140 L/ha of UAN when

wheat was in GS 5.

     Italian ryegrass control was estimated visually 3, 6, and 10 WAT using a scale of 0 to 100, where 0 = no

visible control and 100 = complete weed control (Frans et al. 1986).  Wheat injury and yields were determined

using procedures described previously.  Wheat was harvested mechanically at Alamance, Goldsboro, and

Kinston.  A subsample of the harvested grain was collected and passed through a seed cleaner to remove

foreign matter.  Yields were adjusted to 13.5% moisture after correcting for foreign matter.  Yields were not

determined at Whitsett or Monroe. 

Statistical Analysis.  Visible injury and Italian ryegrass control ratings were subjected to ANOVA.  Data from

non-treated wheat were not included in this analysis.  Non-transformed means for Italian ryegrass control are

presented as arcsine square root transformation did not affect data interpretation.  A separate ANOVA for
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      Harmony Extra herbicide label.  E. I. du Pont de Nemours and Company, Walker’s Mill, Barley Mill9

Plaza, Wilmington, DE 19898.

wheat yield, height, spike density, kernels per spike, individual kernel weight, and test weight included data

from non-treated checks.  Residual plots were examined for homogeneity of error variance, and data were

pooled when appropriate.  Treatment means were separated using Fisher’s Protected LSD at P = 0.05 and

error terms for fixed and random effects (McIntosh 1982).  Years and treatments were treated as fixed effects

and locations as random effects.  An additional ANOVA was conducted for applications with nitrogen as the

carrier only.

RESULTS AND DISCUSSION

Wheat Tolerance.  Lack of treatment by year interactions (Table A-4.1) allowed averaging visible injury over

years.  Treatments of UAN plus 0.3 and 0.6% NIS, without herbicide, were included to distinguish between

injury by the herbicides applied in UAN and that caused by the UAN alone.  UAN sometimes causes necrosis

on wheat foliage, and the amount of necrosis may be increased by adding herbicides and NIS to UAN (Kells

2001; Stahlman et al. 1997).  To reduce potential injury, labels for some herbicides recommend reduced rates

of NIS when UAN is the carrier.   In our experiment, however, UAN applied with NIS caused no visible injury9

to wheat and did not affect wheat height, yield, yield components, or test weight regardless of NIS rates (Table

A-4.2).  

     Only minor stunting and chlorosis were observed with AE F130060 plus AE F115008 at either rate applied

in water.  AE F130060 plus AE F115008 at 12.5 + 2.5 g/ha, the anticipated use rate, and 25 + 5 g/ha applied

in water injured wheat 2 and 3%, respectively, at 3 WAT and 0 and 1%, respectively, at 6 WAT (Table 2). 

There was an increase in wheat injury 3 and 6 WAT when nitrogen was used as the herbicide carrier. 

Compared with water as the carrier, the herbicides increased stunting and leaf chlorosis when applied in UAN

and also caused some necrosis of leaf tips and margins.  Increased wheat injury from herbicides applied in

nitrogen carrier has been reported previously (Lutcher and Mahler 1988; Wicks and Hergert 1992). 
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     Wheat injury generally increased as rates of the herbicides applied in UAN increased (Table 2).  In a

separate analysis with data averaged over NIS rates, injury by the herbicides at 12.5 + 2.5 g/ha and 25 + 5 g/ha

applied in UAN was 9 and 17%, respectively, at 3 WAT (data not shown).  These differences were significant

at P = 0.05 (Table A-4.3).  The effect of rates of NIS applied with AE F130060 plus AE F115008 in UAN was

inconsistent, but NIS added to the herbicides in UAN generally increased wheat injury.  Visible wheat injury

was not noted 10 WAT at any location (data not shown).  

     A year by treatment interaction was noted for wheat height (Table A-4.1).  A treatment by location

interaction also was noted for height in year 2 (Table A-4.4).   Wheat height was similar for all treatments in

years 1 and 3 (Table 2).  Averaged over treatments, height was 90 cm in year 1 and 81 cm in year 3.  The

herbicides at either rate applied in water did not affect wheat height at Clinton in year 2.  AE F130060 plus

AE F115008 at 25 + 12.5 g/ha applied in water reduced wheat height 5% at Kinston.  Regardless of rate, the

herbicides reduced wheat height at Clinton and Kinston 10 to 14 and 5 to 9%, respectively, when applied in

UAN.  This response was unaffected by NIS rate.  Wheat height at Kinston was similar with both rates of AE

F130060 plus AE F115008 applied in UAN.  At Clinton, the higher rates of the herbicides caused a greater

reduction in wheat height when applied in UAN plus 0.3% NIS.

     Wheat yields, yield components, and test weights were averaged over years 1 and 3 (Table A-4.5).  None of

the treatments applied with water as the carrier affected wheat yield, yield components, or test weight (Table

3).  However, AE F130060 plus AE F115008 applied in UAN reduced yield an average of 12%.  The yield

reduction was similar with both rates of the herbicides and the three rates of NIS, and it was associated with a

14% reduction in kernel numbers per spike.  No treatment affected spike density, kernel weight, or test weight. 

Similar effects of AE F130060 plus AE F115008 on wheat yield components have been observed in other

studies (Crooks 2003, dissertation chapters 2 and 3).  In cases where wheat yields have been reduced by AE

F130060 plus AE F115008, yield reductions were attributed primarily to fewer kernels per spike.

Italian Ryegrass Control.  Lack of year by treatment interactions allowed Italian ryegrass control to be

averaged over years (Table A-4.6).  AE F130060 plus AE F115008 applied in UAN plus NIS were more

effective at each evaluation date than when applied in water plus NIS (Table 4).  The herbicides applied in
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UAN plus NIS controlled Italian ryegrass at least 98% at 6 and 10 WAT compared with 87% control when

applied in water plus NIS.  NIS added to the herbicides applied in UAN increased Italian ryegrass control at

each evaluation although control was similar when NIS was included at 0.3 and 0.6%.  The herbicides applied

in UAN without NIS were initially more effective than when applied in water plus NIS.  By 10 WAT,

however, control by these treatments was similar.  A treatment consisting of the herbicides applied in water

without NIS was not included in this experiment.  However, in other experiments (Crooks 2003, dissertation

chapter 6), NIS added to AE F130060 plus AE F115008 applied in water increased Italian ryegrass control.

     Similar to observations in the tolerance experiment, only 2% visible wheat injury was noted 3 WAT with

AE F130060 plus AE F115008 applied in water plus NIS (Table 4).  Injury increased to 5% when UAN was

the carrier, and it further increased to 8 to 9% when NIS was added to the UAN.  The crop recovered however,

and no injury was observed 6 or 10 WAT (data not shown).

     A year by treatment interaction was noted for wheat yields (Table A-4.6), but yields could be averaged over

locations in year 3 (Table A-4.7).  Compared to the average of plots receiving AE F130060 plus AE F115008

plus 0.3 and 0.6% NIS applied in UAN, Italian ryegrass reduced wheat grain yields in the non-treated checks

75 and 44% at Alamance and in year 3, respectively (Table 4).  Yields were not different among the herbicide

treatments in year 3.  At Alamance in year 1, yield of wheat treated with AE F130060 plus AE F115008

applied in UAN plus 0.3% NIS exceeded yield of wheat treated with the herbicides applied in water plus NIS

or in UAN without NIS.  Yields were similar when the herbicides were applied in UAN plus 0.3 or 0.6% NIS.

     Optimum timing of AE F130060 plus AE F115008 and nitrogen will usually not coincide.  Most wheat

growers in the southeastern United States make only one spring application of nitrogen to wheat.  This

normally occurs in mid-March when wheat is in GS 5 (Weisz and Heiniger 2002).  At this point in the season,

Italian ryegrass will typically have multiple tillers.  In other experiments (A. C. York, North Carolina State

Univ., unpublished data), inconsistent and often inadequate control was obtained by AE F130060 plus AE

F115008 applied to 5- to 6-tiller Italian ryegrass.  Control was greatest and most consistent when AE F130060

plus AE F115008 was applied before Italian ryegrass exceeded the one-tiller stage.  In heavily infested fields,

herbicide application to small Italian ryegrass may also lead to greater wheat yields due to earlier removal of
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weed competition.  For growers who make split applications of nitrogen at GS 3 and GS 5, use of UAN as the

carrier for AE F130060 plus AE F115008 applied at GS 3 may be an option.  The Italian ryegrass will be

smaller at GS 3 and, as shown in the current experiments, excellent control can be achieved by the herbicides

applied in UAN.  However, growers should be cautioned that use of UAN as the carrier for AE F130060 plus

AE F115008 can increase wheat injury and reduce yield compared with application in water.    
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Table 1.  Description of soils at test sites.

Textural Taxonomic Organic matter

Experiments Locations Years Soil series classification subgroup  content  pH

Wheat tolerance Lewiston 1 Goldsboro Sandy loam Aquic Paleudults 1.5 5.9a

Kinston 1 Johns Sandy loam Aquic Hapludults 2.4 6.3a

Clinton 2 Norfolk Sandy loam Typic Kandiudults 0.9 5.8b

Kinston 2 Portsmouth Loam Typic Umbraquults 2.4 6.3b

Lewiston 3 Goldsboro Sandy loam Aquic Paleudults 0.9 5.7c

Kinston 3 Murville Fine sand Typic Haplaquods 4.0 5.3c

Italian ryegrass control Alamance 1 Mecklenburg Clay loam Ultic Hapluadalfs 1.8 5.8a

Whitsett 1 Enon Clay loam Ultic Hapludalfs 1.3 5.3a

Monroe 2 Georgetown Silt loam Typic Hapludults 0.3 5.8b

Wendell 2 Norfolk Loamy sand Typic Kandiudults 2.8 5.4b

Goldsboro 3 Goldsboro Loamy sand Aquic Paleudults 0.3 5.7c

Kinston 3 Murville Fine sand Typic Haplaquods 4.0 5.3c

      1999-2000 growing season.a

      2000-2001 growing season.b

      2001-2002 growing season.c
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Table 2.  Visible wheat injury and plant height as affected by AE F130060 plus AE F115008 carrier and

nonionic surfactant rate.  Tolerance experiment.a

Height

Herbicide AE F130060 + NIS Injury Year 2c

  carrier AE F115008 rates rates 3 WAT 6 WAT Year 1 Clinton Kinston Year 3b d d e e

g/ha %  %  cm ________ _______ _______________________ _______________________

Non-treated 93 a      84 a       78 a 81 a

Water 12.5 + 2.5 0.6      2 d 0 f 90 a      82 a       81 a 81 a

Water 25 + 5 0.6      3 d 1 e 90 a      81 a       74 b 81 a

UAN 12.5 + 2.5 0      7 c 3 d 91 a      75 bc       71 b 82 a

UAN 25 + 5 0    14 b 4 c 90 a      72 c       71 b 79 a

UAN 12.5 + 2.5 0.3      7 c 4 c 90 a      76 b       72 b 80 a

UAN 25 + 5 0.3    19 a 6 a 89 a      72 c       73 b 79 a

UAN 12.5 + 2.5 0.6    13 b 5 b 91 a      74 bc       72 b 81 a

UAN 25 + 5 0.6    15 b 5 b 89 a      74 bc       72 b 80 a

      Means within a column followed by the same letter are not significantly different according to Fisher’sa

 Protected LSD test at P = 0.05.

      The safener AE F107892 was included at a 1:1 herbicide:safener ratio (15 and 30 g/ha).b

      NIS = nonionic surfactant.c

      Data averaged over years.d

      Data averaged over locations within years.e
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Table 3.  Wheat yield, yield components, and test weight as affected by AE F130060 plus AE F115008 carrier

and nonionic surfactant rate.  Tolerance experiment.a

Yield components

Herbicide AE F130060 + NIS Wheat Spike Kernel Testc

  carrier AE F115008 rates rates yield density Kernels weight weightb

g/ha % kg/ha no./m no./spike mg kg/m2 3

Non-treated    5180 a 551 a 34.8 a 32.6 a 747 a

Water 12.5 + 2.5 0.6    5170 a 540 a 34.5 a 32.4 a 747 a

Water 25 + 5 0.6    5120 a 544 a 33.7 a 32.5 a 747 a

UAN 12.5 + 2.5 0    4720 b 587 a 30.8 b 31.9 a 760 a

UAN 25 + 5 0    4620 b 577 a 28.6 b 31.8 a 747 a

UAN 12.5 + 2.5 0.3    4660 b 557 a 30.3 b 31.8 a 747 a

UAN 25 + 5 0.3    4440 b 595 a 29.0 b 31.6 a 760 a

UAN 12.5 + 2.5 0.6    4550 b 610 a 29.6 b 31.1 a 760 a

UAN 25 + 5 0.6    4460 b 572 a 30.2 b 31.4 a 747 a

      Means within a column followed by the same letter are not significantly different according to Fisher’sa

Protected LSD test at P = 0.05.  Data averaged over years.

      The safener AE F107892 was included at a 1:1 herbicide:safener ratio (15 and 30 g/ha).b

      NIS = nonionic surfactant.c
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Table 4.  Italian ryegrass control, wheat injury, and wheat yield as affected by AE F130060 plus AE

F115008 carrier and nonionic surfactant rate.  Italian ryegrass control experiment.a

NIS Control Injury Yieldb c c

Carriers rates 3 WAT 6 WAT 10 WAT 3 WAT Alamance Year 3d

%  % %  kg/ha ___________________ ____________________ ___________ ___________

Water 0.6 48 c 87 c 87 b 2 c     6550 b 4370 a

30% UAN 0 56 b 92 b 88 b 5 b     6770 b 4570 a

30% UAN 0.3 64 a 98 a 98 a 9 a     7420 a 4440 a

30% UAN 0.6 64 a 99 a 98 a 8 a     6980 ab 4610 a

Non-treated 0     1820 c 2540 b

      Means within a column followed by the same letter are not significantly different according to Fisher’sa

Protected LSD test at P = 0.05.  All treatments except the non-treated check included AE F130060 plus AE

F115008 plus AE F107892 at 12.5 + 2.5 + 15 g/ha, respectively.

      NIS = nonionic surfactant.b

      Data averaged over years.c

      Data averaged over locations within year 3.d
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CHAPTER 5

Wheat (Triticum aestivum) Tolerance and Italian Ryegrass (Lolium multiflorum) Control 

with AE F130060 Plus AE F115008 Mixed With Other Herbicides1

H. LANE CROOKS and ALAN C. YORK2

Abstract:  Soft red winter wheat tolerance and Italian ryegrass control with AE F130060 plus AE F115008

applied alone and mixed with 2,4-D, dicamba, or thifensulfuron plus tribenuron were examined in separate

field experiments.  Wheat injury from AE F130060 plus AE F115008 mixed with the broadleaf herbicides was

additive and generally minor.  AE F130060 plus AE F115008 at 12.5 + 2.5 g ai/ha applied in December to

three-leaf to one-tiller wheat or February to 3- to 4-tiller wheat did not affect weed-free wheat yield.  Yields

were similar with AE F130060 plus AE F115008 applied alone and mixed with the other herbicides.  AE

F130060 plus AE F115008 applied in December controlled Italian ryegrass 86 to 99% late in the season and

increased wheat yield 142 to 254%.  At two of four locations, greater control was obtained with December

application compared with February application.  Dicamba or 2,4-D mixed with AE F130060 plus AE

F115008 reduced late-season Italian ryegrass control approximately 10% in half of the trials but did not affect

wheat yield compared to AE F130060 plus AE F115008 applied alone.  Thifensulfuron plus tribenuron mixed

with AE F130060 plus AE F115008 did not affect Italian ryegrass control or wheat yield.  Under greenhouse

conditions, 2,4-D increased the AE F130060 plus AE F115008 I  (rate needed for 80% inhibition) for visible80

control and shoot fresh weight reduction 60 to 68% while dicamba increased the I  132 to 139%.80

Nomenclature:  AE F107892 (proposed name, mefenpyr-diethyl), [1-(2,4-dichlorophenyl)-4,5-dihydro-5-

methyl-1H-pyrazole-3,5-dicarboxylic acid]; AE F115008 (proposed name, iodosulfuron-methyl-sodium), {4-
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      Letters following this symbol are a WSSA-approved computer code from Composite List of Weeds,3

Revised 1989.  Available only on computer disk from WSSA, 810 East 10  Street, Lawrence, Kansas 66044-th

8897.

iodo-2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester};

AE F130060  (proposed name mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]

carbonyl]amino]sulfonyl]-4-[[methylsulfonyl)amino]methyl]benzoate}; Italian ryegrass, Lolium multiflorum

Lam. Marshall #  LOLMU; wheat, Triticum aestivum L., ‘Coker 9704'.3

Additional Index Words:  Herbicide interaction, herbicide mixtures, 2,4-D, dicamba, thifensulfuron,

tribenuron.

Abbreviations: DAT, days after treatment; I , rate needed for 80% inhibition; NIS, nonionic surfactant;80

WAT, weeks after treatment.

INTRODUCTION

     Italian ryegrass is one of the most troublesome weeds in wheat in North Carolina and throughout the

southeastern United States (Dowler 1997; Webster 2000).  This winter annual weed competes with wheat for

nutrients, inhibits tillering, causes lodging, and interferes with harvesting (Appleby et al. 1976; Bridges 1990;

Liebl and Worsham 1987b).  Brewster et al. (1977) reported wheat yield losses of 8 to 88% due to uncontrolled

Italian ryegrass in Oregon. 

     Italian ryegrass has traditionally been controlled by diclofop, a herbicide that normally controls Italian

ryegrass well (Brewster et al. 1977; Liebl and Worsham 1987b).  However, extensive use of this herbicide has

led to evolution of diclofop-resistant biotypes.  Diclofop-resistant Italian ryegrass was first reported in Oregon

in 1987 (Stanger and Appleby 1989) and later in North Carolina in 1990 (Heap 2002).  Diclofop-resistant

Italian ryegrass is now a wide-spread problem in North Carolina and surrounding states.

     Alternatives to control diclofop-resistant Italian ryegrass are limited.  Barnes et al. (2001) reviewed

research on potential alternatives and concluded that none were consistently effective.  Additionally, many of
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      Axiom 68 DF herbicide, from Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC 4

27709.

      Mary Paulsgrove, Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC 27709.5

      Iodosulfuron-metnyl-sodium technical bulletin.  February, 2002.  Aventis CropScience S.A., 14/20 rue6

Pierre Baizet, BP 9163, F-69263, Lyon, France.

      Atlantis herbicide technical information bulletin.  Bayer CropScience, La Dargoire, 14-20 Rue Pierre7

Baizet - BP 9163, 69263 Lyon Cedex 09, France.

these pontential alternatives would not be acceptable to North Carolina growers because of injury to wheat or

carryover to soybean [Glycine max (L.) Merr.] double-cropped with wheat.  Some southeastern states have

recently obtained exemptions under Section 18 of the Federal Insecticide, Fungicide, and Rodenticide Act to

use a mixture of flufenacet plus metribuzin to control Italian ryegrass .  Acceptable control of Italian ryegrass4

can be obtained with flufenacet plus metribuzin (Ritter and Membere 2002).  However, this product also

performs inconsistently due to the need for timely activation by rainfall (A. C. York, North Carolina State

Univ., unpublished data).

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  It will initially be marketed as a single active ingredient in the

United States.   AE F115008 is another sulfonylurea herbicide that may ultimately be mixed with AE F1300605

to control broadleaf weeds.   Mixtures of AE F130060 plus AE F115008 are currently registered for wheat in6

some European countries.   AE F130060 plus AE F115008 control selected broadleaf weeds, such as common7

chickweed [Stellaria media (L.) Vill.], field pennycress (Thlaspi arvense L.), shepherdspurse [Capsella bursa-

pastoris (L.) Medik.], and Sinapis spp.   AE F130060 plus AE F115008 control a much broader spectrum of7

weeds than AE F130060 alone.   However, some weeds common to the southeastern United States, such as7

wild radish (Raphanus raphanistrum L.), wild garlic (Allium vineale L.), Veronica spp., and Oenothera spp.,

are not controlled.  AE F130060 plus AE F115008 control both diclofop-susceptible and -resistant Italian

ryegrass (Bailey et al. 2002; Crooks and York, 2002; Hayes et al. 2002; Kelley and Peeper 2002). 

     It is common practice to mix two or more herbicides to expand the spectrum of control and eliminate the
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      Synperonic A7, an ethoxylated alcohol nonionic surfactant, from Uniqema, 900 Uniqema Blvd. New8

Castle, DE 19720.

expense of multiple trips over the field (Green 1989).  However, reduced weed control has been observed with

mixtures of postemergence graminicides and herbicides for broadleaf weeds (Byrd and York 1987; Corkern et

al. 1998; Culpepper et al. 1999; Godley and Kitchen 1986; Holshouser and Coble 1990).  Pyrithiobac and

other sulfonylurea herbicides mixed with graminicides can reduce control of annual and perennial grasses

(Brommer et al. 2000; Croon and Merkle 1988; Ferreira and Coble 1994; Myers and Coble 1992; Snipes and

Allen 1996; Tredaway et al. 1998).  The objective of our research was to determine the effect of mixing the

commonly used broadleaf herbicides 2,4-D, dicamba, and thifensulfuron plus tribenuron with AE F130060

plus AE F115008 on wheat tolerance and Italian ryegrass control.

MATERIALS AND METHODS

Wheat Tolerance.  The experiment was conducted in North Carolina during the 1999-2000 (year 1), 2000-

2001 (year 2), and 2001-2002 (year 3) growing seasons.  Sites included the Caswell Farm Unit at Kinston

during years 1, 2, and 3, the Peanut Belt Research Station at Lewiston-Woodville during years 1 and 3, and

the Horticultural Crops Research Station at Clinton during year 2.  Soils at the experimental sites are listed in

Table 1.  Italian ryegrass was not present at any location, and very few other weeds were present. 

     Wheat ‘Coker 9704' was planted into conventionally prepared seed beds in late October to early November. 

Plot size consisted of 8 rows spaced 19 cm apart and 15 m long.  Treatments included the following: AE

F130060 plus AE F115008 plus nonionic surfactant  (NIS) applied  in December or February; thifensulfuron8

plus tribenuron plus NIS applied in December or February; mixtures of AE F130060 plus AE F115008 and

thifensulfuron plus tribenuron plus NIS applied in December or February; 2,4-D with and without NIS applied

in February; dicamba with and without NIS applied in February; mixtures of 2,4-D or dicamba and AE

F130060 plus AE F115008 plus NIS applied in February; and a non-treated check.  These application timings

were consistent with recommendations for weed management in wheat in North Carolina (York et al. 2000). 
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      GAC-II grain analysis computer.  Dickey-John Corporation, 5200 Dickey-John Road, Auburn, IL 62615.9

Application rates included the following: AE F130060 plus AE F115008 at 12.5 + 2.5 g/ha; thifensulfuron

plus tribenuron at 17.3 + 8.7 g ai/ha; the dimethylamine salt of 2,4-D at 530 g ae/ha; the diglycolamine salt of

dicamba at 140 g ae/ha; and NIS at 0.6% (v/v).  All treatments with AE F130060 plus AE F115008 contained

the safener AE F107892 {1-(2,4-dichlorophenyl)-4,5-dihydro-5-methyl-1H-pyrazole-3,5-dicarboxylic acid;

proposed name mefenpyr-diethyl} at 15 g ai/ha in year 1 or 30 g/ha in years 2 and 3. The rate of safener was

increased in years 2 and 3 following a decision by the manufacturer  that the commercial product would5

contain the safener at a 1:2 herbicide:safener ratio.  The experimental design was a randomized complete

block with treatments replicated four times.  Herbicides were applied using a CO -pressurized backpack2

sprayer equipped with regular flat fan nozzles calibrated to deliver 140 L/ha at 165 kPa and 4.8 km/h.  Wheat

was in the three-leaf to one-tiller growth stage (Feekes growth stage 1.3 to 2) at time of December applications

and the 3- to 4-tiller stage (Feekes growth stage 3) at time of February applications.  Except for the treatment

variables, the crop was grown according to standard local practices.

     Wheat injury was estimated visually 3, 6, and 10 wk after treatment (WAT) on a scale of 0 to 100 where 0

= no wheat injury and 100 = complete wheat death (Frans et al. 1986).  A detailed description for visual

ratings is shown in Table A-2.1.  Plant heights were determined approximately 2 wk after anthesis by

recording average height across the width of the plot in three positions within each plot.  The number of wheat

spikes/m  was determined using a 1- by 0.5-m frame randomly placed at two locations within each plot.  In2

years 1 and 3, thirty spikes were gathered randomly by hand from each plot on the day of harvest, and the total

number of kernels per 30 spikes and the weight of 1000 kernels were determined.  Plots were harvested

mechanically in early June, and a subsample of the harvested grain from each plot was collected to determine

moisture percentage and grain test weight (a quality measurement, expressed as mass per unit volume) using a

grain analysis computer .  Yields were adjusted to 13.5% moisture.  Yields and yield components were not9

determined in year 2 because of severe injury from a freeze (-2.2 C) in late April. 

Italian Ryegrass Control.  Field Experiment.  The experiment was conducted on private farms in North
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Carolina near Alamance and Whitsett during 1999-2000 and on the Caswell Farm Unit in Kinston and the

Cherry Farm Unit in Goldsboro during 2001-2002.  Soil types are listed in Table 1.

     Italian ryegrass densities and biotypes varied across locations.  The Alamance site initially had greater than

1000 diclofop-susceptible plants/m .  This population decreased over time due to intraspecific competition, but2

provided 100% ground coverage throughout the season.  A mixed population of diclofop-resistant and -

susceptible ryegrass was present at Whitsett at a density of 250 plants/m .  Diclofop-susceptible Italian2

ryegrass seed were spread at Goldsboro and Kinston after wheat planting and lightly covered using a culti-

packer.  The resulting populations at each location were 100 and 150 plants/m , respectively.  Populations2

were determined in late-December and early February by counting the number of plants/m , and diclofop2

susceptibility was determined after applying diclofop at 1.1 kg ai/ha to three-leaf Italian ryegrass.

     NKC 9704 wheat was planted in conventionally prepared seedbeds in late October at Alamance and early

November at the other sites.  Plot size consisted of 8 rows spaced 19 cm apart by 15 m long.  Treatments

included the following: AE F130060 and AE F115008 at 12.5 + 2.5 g/ha applied alone and mixed with

thifensulfuron at 17.3 g ai/ha plus tribenuron at 8.7 g ai/ha in December; AE F130060 and AE F115008 at

12.5 + 2.5 g/ha applied alone and mixed with 2,4-D at 530 g/ha, dicamba at 140 g/ha, or thifensulfuron plus

tribenuron at 17.3 + 8.7 g/ha in February; and a non-treated check.  December applications were made to

three-leaf ryegrass and three-leaf to two-tiller wheat (Feekes growth stage 1.3 to 2) and February applications

were made to 2- to 3-tiller ryegrass and 3- to 4-tiller wheat (Feekes growth stage 3).  NIS at 0.6% (v/v) was

included with all herbicides.  AE F107892 at 15 g/ha in 1999-2000 or 30 g/ha in 2001-2002 was included with

AE F130060 plus AE F115008.  The experimental design was a randomized complete block with treatments

replicated four times.  Treatments were applied using the equipment described previously.

     Wheat injury and Italian ryegrass control were visually estimated 3, 6, and 22 wk after December

applications or 3, 6, and 10 wk after February applications.  The late-season evaluation at 22 WAT for

December applications was made at the same time as the 10 WAT evaluation for treatments applied in

February.  A scale of 0 (no control or injury) to 100 (complete ryegrass control or wheat death) was used

(Frans et al. 1976).  Wheat at Alamance, Kinston, and Goldsboro was harvested mechanically.  A sub-sample
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Scottslawn Road, Marysville, OH 43041.

of harvested grain was collected from each plot and passed through a seed cleaner to remove foreign matter. 

Percent moisture was determined as described previously.  Yields were not determined at Whitsett.

Greenhouse Experiment.  The experiment was conducted during January and February, 2001.  Italian ryegrass

was seeded into 12-cm round pots containing a loamy sand soil (82% sand, 8% silt, 8% clay) with 1.3%

organic matter and pH 5.6.  The ryegrass was thinned to five plants per pot after seedling emergence.  All pots

received 20 ml of a 15 g/L commercial greenhouse fertilizer  solution 14 d after planting.  Plants were grown10

with approximate day/night temperatures of 20/10 C and were watered overtop daily.  Natural light in the

greenhouse was supplemented for a 12-h photoperiod by metal halide lamps (300 Fmol/m s  photosynthetic-2 -1

photon flux). 

Treatments included AE F130060 plus AE F115008, thifensulfuron plus tribenuron, 2,4-D, and dicamba

applied alone and mixtures of AE F130060 plus AE F115008 plus thifensulfuron plus tribenuron, 2,4-D, or

dicamba.  AE F130060 plus AE F115008 were applied at 0 + 0, 1.25 + 0.25, 2.5 + 0.5, 3.75 + 0.75, 5 + 1,

6.25 + 1.25, 7.5 + 1.5, 10 + 2, 12.5 + 2.5, 25 + 5, and 37.5 + 7.5 g/ha.  Thifensulfuron plus tribenuron were

applied at 8.7 + 4.3, 17.3 + 8.7, and 34.6 + 17.4 g/ha.  Dicamba and 2,4-D were applied at 70, 140, and 280

g/ha and 265, 530, and 1060 g/ha, respectively.  NIS was included with all herbicides at 0.3% (v/v). 

Herbicides were applied using a spray chamber equipped with a single even-spray, flat-fan nozzle calibrated to

deliver 252 L/ha at 165 kPa and 2.6 km/h when Italian ryegrass was 9 to 12 cm tall with 3 leaves. 

The experimental design was a randomized complete block with treatments replicated three times, and the

experiment was conducted three times.  Control was estimated visually at 10 and 20 d after treatment (DAT)

as described previously.  Plants were clipped at soil level to determine shoot fresh weights 20 DAT.

Statistical Analyses.  Field experiments.  Wheat injury and Italian ryegrass control ratings were subjected to

ANOVA with data from non-treated checks excluded.  The ANOVA for wheat height, yield, yield

components, and test weight included data from non-treated checks.  Residual plots were examined for
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homogeneity of error variance, and data were pooled when appropriate.  Treatment means were separated

using Fisher’s Protected LSD at P = 0.05 and error terms for fixed and random effects (McIntosh 1982). 

Years were treated as fixed effects and locations as random effects.  Nontransformed data for Italian ryegrass

control and wheat injury are presented as arcsine square root transformation did not affect data interpretation. 

Greenhouse Experiment.  Nonlinear regression was used to determine an equation for predicting percent

inhibition (I) as a function of herbicide concentration for AE F130060 00 plus AE F115008 00 applied alone

or with broadleaf herbicides.  The predicted responses were described by the Gompertz model (Rawlings et al.

1998) as follows:

           -k*log10(rate)

I = 100e            + 0 [1]-Be

Equation 1 was used to determine the I  for visible control and shoot fresh weight reduction, respectively.  To80

compare AE F130060 plus AE F115008 applied alone and mixed with the broadleaf herbicides, ANOVA was

carried out on the log transformed I  values for Italian ryegrass control or shoot fresh weight reduction80

obtained with each herbicide and tank mix combination and estimated for each run.  Prediction equations and

R  values were also obtained for each herbicide rate and tank mix combination based on data averaged over2

runs.

RESULTS AND DISCUSSION

Wheat Tolerance.  No differences were observed between 2,4-D applied alone and with NIS or between

dicamba applied alone and with NIS for any variable (data not shown).  Hence, only data for these two

herbicides applied with NIS are presented. 

     Year by treatment interactions prevented averaging wheat injury ratings over years (Table A-5.1). 

Location by treatment interactions were also observed within years, therefore injury was analyzed by locations

(Table A-5.2).  AE F130060 plus AE F115008 and thifensulfuron plus tribenuron applied in December injured

wheat 2 to 8% and 1 to 4%, respectively, 3 WAT  (Table 2).  Injury was expressed as minor chlorosis.  At four

of six locations, injury by the combination of AE F130060 plus AE F115008 and thifensulfuron plus

tribenuron applied in December was greater than injury by AE F130060 plus AE F115008 applied alone. 
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However, injury never exceeded 10% and appeared to be additive (Green 1989).  At 6 WAT, injury by AE

F130060 plus AE F115008, thifensulfuron plus tribenuron, and AE F130060 plus AE F115008 plus

trifensulfuron plus tribenuron applied in December was 3% or less in year 1.  Injury was not observed in year

2.  Injury by AE F130060 plus AE F115008 applied in December in year 3 was somewhat greater 6 WAT than

3 WAT.  However, injury by AE F130060 plus AE F115008 applied alone and in combination with

thifensulfuron plus tribenuron was only 12 and 15%, respectively.  Injury was not observed 10 WAT with any

herbicides applied in December (data not shown).

     Treatments applied in February did not injure wheat in years 2 or 3, and injury at Kinston in year 1 was 1%

or less (Table 2).  At Lewiston, 2,4-D, dicamba, and thifensulfuron plus tribenuron did not injure wheat. 

Injury 3 WAT by combinations of AE F130060 plus AE F115008 and 2,4-D or dicamba was not greater than

injury by AE F130060 plus AE F115008 applied alone.  Thifensulfuron plus tribenuron mixed with AE

F130060 plus AE F115008 increased injury 2 percentage points at 6 WAT.  However, the combination of AE

F130060 plus AE F115008 and thifensulfuron plus tribenuron injured wheat only 5%.  Injury was not

observed 10 WAT by any treatment applied in December or February (data not shown).

     Lask of treatment by year interactions allowed wheat height measurement data to be averaged over years

(Table A-5.3).  Late-season wheat height ranged from 84 to 87 cm (Table 3).  AE F130060 plus AE F115008

alone reduced wheat height 1 and 3% when applied in December and February, respectively.  These results did

not correlate with early-season injury ratings as greater injury was observed with December application of the

herbicides (Table 2).  Wheat heights were not affected by thifensulfuron plus tribenuron applied in December

or 2,4-D or dicamba applied in February.  A height reduction of 1% was noted with thifensulfuron plus

tribenuron applied in February.  Application of AE F130060 plus AE F115008 with thifensulfuron plus

tribenuron, 2,4-D, or dicamba in February reduced wheat height 2%, even though little visual injury was noted

with these treatments.

     Wheat yield, spike density, kernels per spike, kernel weight, and test weight data were averaged over years

because treatment by year interactions were not significant (Table A-5.3).  None of the treatments affected

wheat yield, spike density, kernel weight, or wheat test weight, which averaged 5590 kg/ha, 576 spikes/m , 322
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mg, and 760 kg/m , respectively (Table 3).  Compared to the non-treated check, AE F130060 plus AE3

F115008 mixed with thifensulfuron plus tribenuron in December reduced number of kernels per spike 6%. 

Other treatments had no impact on the number of kernels per spike,  These results are consistent with other

studies in North Carolina showing good tolerance of Coker 9704 wheat to AE F130060 plus AE F115008 at

the anticipated use rate of 12.5 + 2.5 g/ha (Crooks 2003, dissertation chapters 2 and 3).  In cases where wheat

yield has been reduced by AE F130060 plus AE F115008 applied at twice the anticipated use rate or applied in

urea ammonium nitrate carrier, the yield reduction was attributed promarily to fewer kernels per spike.

Italian Ryegrass Control.  Field experiment.  Absence of treatment by year interactions allowed sisual wheat

injury ratings to be averaged over years (Table A-5.4).  Wheat injury was minor with all treatments (data not

shown).  None of the treatments applied in February injured wheat.  Treatments applied in December injured

wheat 9% or less 3 WAT and 5% or less 6 WAT.  Late-season injury was not observed with any treatment.

     Visual ratings for Italian ryegrass control were analyzed by location because treatment by year (Table A-

5.4) and treatment by location (Table A-5.5) interactions were significant.  Control symptoms on Italian

ryegrass developed more rapidly at 3 of 4 locations when AE F130060 plus AE F115008 were applied in

December compared with February application.  AE F130060 plus AE F115008 applied in December

controlled Italian ryegrass 43, 51, and 72% 3 WAT at Alamance, Whitsett, and Goldsboro, respectively,

compared with 29, 4, and 23% at the respective locations when applied in February  (Tables 4 and 5).  Italian

ryegrass at these locations was smaller and more actively growing in December.  The opposite response was

observed at Kinston, where AE F130060 plus AE F115008 applied in February controlled Italian ryegrass 46%

3 WAT compared with 26% when applied in December.  This discrepancy among locations in control 3 WAT

with December and February applications may be due to the Italian ryegrass being drought-stressed during the

fall at Kinston.  Soil moisture during the fall was adequate for wheat and Italian ryegrass emergence and

growth at Alamance, Whitsett, and Goldsboro.  The soil at Kinston was dry at planting, but wheat was planted

deep enough to be in moisture.  Wheat emerged in a normal period of time, but relatively few Italian ryegrass

plants emerged until rainfall was received 22 d after planting.  Additional rainfall was not received until 16 d

after December herbicide application.  Herbicide application was delayed until later in December at Kinston
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because of the slow Italian ryegrass emergence.  However, average air temperatures during the period of 3 d

before to 7 d after herbicide application were very similar at all locations (data not shown).

     Only minor differences were observed for Italian ryegrass control 3 WAT between AE F130060 plus AE

F115008 applied alone and mixed with broadleaf herbicides.  Thifensulfuron plus tribenuron mixed with AE

F130060 plus AE F115008 and applied in December increased control 12 percentage points at Alamance, but

decreased control 11 percentage points at Whitsett (Table 4).  Dicamba mixed with AE F130060 plus AE

F115008 and applied in February decreased control 12 percentage points at Goldsboro (Table 5).  

     Italian ryegrass control by all treatments increased from 3 to 6 WAT (Tables 4 and 5).  In spite of the slow

initial control at Kinston (25 to 26%), AE F130060 plus AE F115008 applied in December controlled Italian

ryegrass 96% at this location 6 WAT (Table 5).  AE F130060 plus AE F115008 applied in December

controlled Italian ryegrass 87, 91, and 99% 6 WAT at Alamance, Goldsboro, and Whitsett, respectively. 

Control by AE F130060 plus AE F115008 applied in December and February was similar 6 WAT and late in

the season at Alamance and Goldsboro.  At Whitsett, control by AE F130060 plus AE F115008 applied in

December exceeded control by the herbicides applied in February by 12 and 11 percentage points 6 WAT and

late in the season, respectively.  Similarly, control at Kinston was 26 and 10 percentage points greater 6 WAT

and late in the season, respectively, when AE F130060 plus AE F115008 were applied in December. 

Blackshaw and Hamman (1998) noted greater control of downy brome (Bromus tectorum L.) when MON

37500 {(1-(2-ethylsulfonylimidazo-[1,2a]pyridin-3-ylsulfonyl)-3-(4,6-dimethyoxypyrimidin-2-yl)urea)},

another sulfonylurea, was applied in the fall compared with spring application.  

     Italian ryegrass control 6 WAT and late in the season was not affected by thifensulfuron plus tribenuron

mixed with AE F130060 plus AE F115008 and applied in December or February (Tables 4 and 5).  Dicamba

and 2,4-D mixed with AE F130060 plus AE F115008 had no effect on Italian ryegrass control 6 WAT at

Alamance and Goldsboro or late in the season at Alamance.  Dicamba mixed with AE F130060 plus AE

F115008 reduced control at Whitsett 4 and 11 percentage points 6 WAT and late in the season, respectively. 

There was no impact of mixing 2,4-D with AE F130060 plus AE F115008 at any location 6 WAT.  Late in the

season, however, 2,4-D reduced control 10 and 8 percentage points at Kinston and Goldsboro, respectively. 
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      W. A. Bailey and H. P. Wilson.  2002.  Virginia Polytechnical Institute and State University.  Personal11

communication.

Researchers in Virginia  also observed reduced Italian ryegrass control when 2,4-D or dicamba were mixed11

with AE F130060 plus AE F115008.

     Compared to AE F130060 plus AE F115008 applied in December, Italian ryegrass reduced wheat yield in

the non-treated checks 59, 71, and 72% at Kinston, Goldsboro, and Alamance, respectively (Table 6). 

Conversely, AE F130060 plus AE F115008 applied in December increased wheat yield 142, 240, and 254% at

Kinston, Goldsboro, and Alamance, respectively.  Yields were similar with AE F130060 plus AE F115008

applied alone or mixed with thifensulfuron plus tribenuron in December or with thifensulfuron plus

tribenuron, dicamba, or 2,4-D in February.  The minor reductions in Italian ryegrass control noted at Kinston

and Goldsboro with mixtures of 2,4-D or dicamba were insufficient to impact wheat yield.  

     Time of AE F130060 plus AE F115008 application affected wheat yields at Alamance and Goldsboro,

where yield of wheat treated in December exceeded yield of wheat treated in February by 31 and 15%,

respectively (Table 6).  Greater yields with December application likely were due to earlier removal of

competition from the weed.  Lack of a similar response to application timing at Kinston and the lower overall

yield reduction at that location was likely due to a somewhat lower weed density and most of the Italian

ryegrass emerging at least 3 wk after the wheat due to dry conditions mentioned previously.  The wheat had

more of a competitive advantage at Kinston relative to the other locations where Italian ryegrass emerged with

the wheat.

Greenhouse experiment.  A rate response with the three broadleaf herbicides was not observed, hence data

were pooled over the three rates of each broadleaf herbicide before regression analysis.  Parameter estimates

and R  values for AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides are2

presented in Table 7.  The I  for visible control and shoot fresh weight reduction increased 68 and 60%,80

respectively, when 2,4-D was mixed with AE F130060 plus AE F115008 (Table 8).  Dicamba had a greater

impact than 2,4-D.  Dicamba mixed with AE F130060 plus AE F115008 increased the I  for visible control80
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and shoot fresh weight reduction 132 and 139%, respectively.  The I  for visible control and for shoot fresh80

weight reduction by AE F130060 plus AE F115008 mixed with thifensulfuron plus tribenuron did not differ

from the I  for AE F130060 plus AE F115008 alone at a 95% confidence level.  However, the I  for the80 80

mixture was numerically less due to some suppression of Italian ryegrass by thifensulfuron plus tribenuron. 

Similar results on Italian ryegrass have been observed with thifensulfuron plus tribenuron mixed with

imazamox (Clemmer 2002).      

     Our results suggest wheat tolerance of mixtures of AE F130060 plus AE F115008 and thifensulfuron plus

tribenuron, dicamba, or 2,4-D is of little concern.  Injury by AE F130060 plus AE F115008 applied in

combination with the broadleaf herbicides appeared to be additive and was generally minor.  AE F130060 plus

AE F115008 applied alone or mixed with broadleaf herbicides did not affect yield of weed-free Coker 9704

wheat.  Growers, however, probably should refrain from mixing 2,4-D or dicamba with AE F130060 plus AE

F115008 because of the potential for reduced Italian ryegrass control.  Additionally, the optimum timing of

application for AE F130060 plus AE F115008 will usually occur before wheat is at a stage to receive 2,4-D or

dicamba.  The application window for thifensulfuron plus tribenuron is much wider than the window for 2,4-D

or dicamba (York et al. 2000).  Our results indicate thifensulfuron plus tribenuron can be mixed with AE

F130060 plus AE F115008 at the optimum time for Italian ryegrass control without adversely affecting Coker

9704 wheat or Italian ryegrass control. 
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Table 1.  Description of soils at test sites.

Textural Taxonomic Organic matter

Experiments Locations Years Soil series classification subgroup  content  pH

Wheat tolerance Lewiston 1 Goldsboro Sandy loam Aquic Paleudults 1.5 5.9a

Kinston 1 Johns Sandy loam Aquic Hapludults 2.4 6.3a

Clinton 2 Norfolk Sandy loam Typic Kandiudults 0.9 5.8b

Kinston 2 Portsmouth Loam Typic Umbraquults 2.4 6.3b

Lewiston 3 Goldsboro Sandy loam Aquic Paleudults 0.9 5.7c

Kinston 3 Murville Fine sand Typic Haplaquods 4.0 5.3c

Italian ryegrass control Alamance 1 Mecklenburg Clay loam Ultic Hapluadalfs 1.8 5.8a

Whitsett 1 Enon Clay loam Ultic Hapludalfs 1.3 5.3a

Goldsboro 2 Goldsboro Loamy sand Aquic Paleudults 0.3 5.7c

Kinston 2 Murville Fine sand Typic Haplaquods 4.0 5.3c

      1999-2000 growing season.a

      2000-2001 growing season.b

      2001-2002 growing season.c
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Table 2.  Wheat injury by AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides.  Tolerance experiment.a

3 WAT 6 WATc

Time of Year 1 Year 2 Year 1

               Herbicides application Kinston Lewiston Kinston Clinton Year 3 Kinston Lewiston Year 2 Year 3b d e d

 % __________________________________________________________________ _________________________________________________________________

AE F130060 + AE F115008 December       4 b      2 a       1 b 0 a       8 b       1 ab      1 cd 0 a      12 b

Thifensulfuron + tribenuron December       4 b      1 ab       0 c 0 a       1 c       2 ab      0 d 0 a        1 c

AE F130060 + AE F115008 December       7 a      2 a       3 a 0 a     10 a       3 a      1 cd 0 a      15 a

     + thifensulfuron + tribenuron

AE F130060 + AE F115008 February       1 c      2 a       0 c 0 a       0 c       0 b      3 b 0 a        0 c

Thifensulfuron + tribenuron February       0 c      0 c       0 c 0 a       0 c       0 b      0 d 0 a        0 c

AE F130060 + AE F115008 February       1 c      2 a       0 c 0 a       0 c       0 b      5 a 0 a        0 c

     + thifensulfuron + tribenuron

2,4-D February       0 c      0 c       0 c 0 a       0 c       0 b      0 d 0 a        0 c

AE F130060 + AE F115008 February       1 c      1 ab       0 c 0 a       0 c       0 b      2 bc 0 a        0 c

     + 2,4-D

Dicamba February       0 c      0 c       0 c 0 a       0 c       0 b      0 d 0 a        0 c

AE F130060 + AE F115008 February       1 c      0 c       0 c 0 a       0 c       0 b      2 bc 0 a        0 c

     + dicamba
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Table 2.  Continued.

       Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.  a

       AE F130060 plus AE F115008 applied at 12.5 + 2.5 g/ha.  Thifensulfuron plus tribenuron applied at 17.3 + 8.7 g/ha.  Dicamba and 2,4-D applied atb

140 and 530 g/ha, respectively.  All treatments included nonionic surfactant at 0.6 % (v/v).  All treatments with AE F130060 plus AE F115008 included AE

F107892 at 15 g/ha in year 1 and 30 g/ha in years 2 and 3.

       WAT = wk after treatment.c

       Data averaged over Kinston and Lewiston locations in year 3.d

      Data averaged over Kinston and Clinton locations in year 2.e 
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Table 3.  Height and yield of wheat treated with AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides.  Tolerance experiment.a

Time of Plant Wheat Spike Kernel Test

                                      Herbicides application height yield density Kernels weight weightb c d d d d d

cm  kg/ha no./m no./spike mg kg/m2 3

AE F130060 + AE F115008 December 86 b 5580 a 601 a       33.9 bc 32.0 a 762 a

Thifensulfuron + tribenuron December 87 a 5630 a 566 a       34.1 bc 32.3 a 764 a

AE F130060 + AE F115008 + thifensulfuron + tribenuron December 85 c 5470 a 587 a       33.0 c 32.7 a 763 a

AE F130060 + AE F115008 February 84 d 5450 a 561 a       33.6 bc 32.8 a 758 a

Thifensulfuron + tribenuron February 86 b 5670 a 567 a       34.3 bc 32.3 a 763 a

AE F130060 + AE F115008  + thifensulfuron + tribenuron February 85 c 5450 a 575 a       34.2 bc 31.6 a 765 a

2,4-D February 87 a 5850 a 582 a       39.7 a 32.5 a 760 a

AE F130060 + AE F115008 + 2,4-D February 85 c 5580 a 568 a       36.9 bc 32.1 a 763 a

Dicamba February 87 a 5690 a 589 a       38.3 ab 32.4 a 763 a

AE F130060 + AE F115008 + dicamba February 85 c 5480 a 569 a       38.1 ab 32.1 a 761 a

Non-treated 87 a 5660 a 566 a       38.1 ab 31.7 a 762 a

       Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05. a

       AE F130060 plus AE F115008 applied at 12.5 + 2.5 g/ha.  Thifensulfuron plus tribenuron applied at 17.3 + 8.7 g/ha.  Dicamba and  2,4-D applied at 140b

and  530 g/ha, respectively.  All treatments included nonionic surfactant at 0.6 % (v/v).  All treatments with AE F130060 plus AE F115008 included AE

F107892 at 15 g/ha in year 1 and 30 g/ha in years 2 and 3.

       Data averaged over years 1, 2, and 3.c

       Data averaged over years 1 and 3.d
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Table 4.  Italian ryegrass control by AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides.  Italian ryegrass

control field experiment, 1999-2000.a

Control

Time of 3 WAT 6 WAT Late-seasonc d

           Herbicides application Alamance Whitsett Alamance Whitsett Alamance Whitsettb

 % ___________________________________________________ __________________________________________________

AE F130060 + AE F115008 December 43 b 51 a 87 a        99 a 86 a 99 a

AE F130060 + AE F115008 + December 55 a 40 b 88 a      100 a 92 a 95 a

     thifensulfuron + tribenuron

AE F130060 + AE F115008 February 29 c 4 c 84 a        87 b 90 a 88 b

AE F130060 + AE F115008 + February 29 c 2 c 83 a        87 b 84 a 86 b

     thifensulfuron + tribenuron

AE F130060 + AE F115008 + 2,4-D February 29 c 5 c 87 a        87 b 93 a 84 b

AE F130060 + AE F115008 + February 29 c 2 c 86 a        83 c 91 a 77 c

      Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.  a

      AE F130060 plus AE F115008 applied at 12.5 + 2.5 g/ha.  Thifensulfuron plus tribenuron applied at 17.3 + 8.7 g/ha.  Dicamba and 2,4-b

D applied at 140 and 530 g/ha, respectively.  All treatments included nonionic surfactant at 0.6% (v/v).  AE F107892 at 15 g/ha included

with AE F130060 plus AE F115008.

      WAT = wk after treatment.c

      Late-season evaluation made 22 and 10 wk after December and February applications, respectively.d
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Table 5.  Italian ryegrass control by AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides.  Italian ryegrass

control field experiment, 2001-2002.a

Control

Time of 3 WAT 6 WAT Late-seasonc d

           Herbicides application Kinston Goldsboro Kinston Goldsboro Kinston Goldsborob

 % ___________________________________________________ __________________________________________________

AE F130060 + AE F115008 December 26 a      72 a 96 a 91 a      99 a 94 a

AE F130060 + AE F115008 + December 25 a      76 a 97 a 92 a      99 a 99 a

     thifensulfuron + tribenuron

AE F130060 + AE F115008 February 46 a      23 b 70 b 85 a      89 bc 95 a

AE F130060 + AE F115008 + February 42 a      20 bc 71 b 90 a      95 ab 96 a

     thifensulfuron + tribenuron

AE F130060 + AE F115008 + 2,4-D February 45 a      13 bc 69 b 82 a      79 d 87 b

AE F130060 + AE F115008 + February 40 a      11 c 72 b 83 a      87 c 87 b

      Means within a column followed by a common letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.  a

      AE F130060 plus AE F115008 applied at 12.5 + 2.5 g/ha.  Thifensulfuron plus tribenuron applied at 17.3 + 8.7 g/ha.  Dicamba and 2,4-b

D applied at 140 and 530 g/ha, respectively.  All treatments included nonionic surfactant at 0.6% (v/v).  AE F107892 at 15 g/ha included

with AE F130060 plus AE F115008.

      WAT = wk after treatment.c

      Late-season evaluation made 22 and 10 wk after December and February applications, respectively.d
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Table 6.  Yield of wheat treated with AE F130060 plus AE F115008 applied alone and with broadleaf

herbicides.  Italian ryegrass control field experiment.a

Time of Alamance Kinston Goldsboro

             Herbicides application 1999-2000 2001-2002 2001-2002b

                                  kg/ha _______________________ _______________________

AE F130060 + AE F115008 December 7290 a 5830 a 5440 a

AE F130060 + AE F115008 + December 6760 a 6000 a 5360 a

     thifensulfuron + tribenuron

AE F130060 + AE F115008 February 4620 b 5600 a 4650 b

AE F130060 + AE F115008 + February 4520 b 5940 a 4540 b

     thifensulfuron + tribenuron

AE F130060 + AE F115008 + 2,4-D February 5370 b 5610 a 4600 b

AE F130060 + AE F115008 + dicamba February 4820 b 5910 a 4490 b

Non-treated 2060 c 2410 b 1600 c

      Means within a column followed by the same letter are not significantly different according toa

Fisher’s Protected LSD test at P = 0.5%.   

      AE F130060 plus AE F115008 applied at 12.5 + 2.5 g/ha.  Thifensulfuron plus tribenuron appliedb

at 17.3 + 8.7 g/ha.  Dicamba and 2,4-D applied at 140 and 530 g/ha, respectively.  All treatments

included nonionic surfactant at 0.6% (v/v) and AE F107892 at 15 g/ha at Alamance or 30 g/ha at

Kinston and Goldsboro. 
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Table 7.  Parameter estimates and R  values from nonlinear regression of AE F130060 plus AE F115008 applied alone and mixed with broadleaf2

herbicides.  Greenhouse experiment.a

Broadleaf Visible control Shoot fresh weight reduction

herbicide Regression equation R Regression equation R2 2

None y=100*exp[-5.3112*exp(-5.9051*log (x))] 0.97 y=100*exp[-3.2560*exp(-4.9621*log (x))] 0.9410 10

Thifensulfuron + tribenuron y=100*exp[-0.6792*exp(-2.4028*log (x))] 0.80 y=100*exp[-0.8035*exp(-3.0256*log (x))] 0.9510 10

Dicamba y=100*exp[-40.7412*exp(-5.6338*log (x))] 0.98 y=100*exp[-12.8145*exp(-4.3521*log (x))] 0.8910 10

2,4-D y=100*exp[-4.1770*exp(-3.6387*log (x))] 0.89 y=100*exp[-2.2565*exp(-3.1350*log (x))] 0.9610 10

      Data averaged over runs.  Parameter estimates and R  values calculated from curves determined by nonlinear regression where y = percent controla 2

and x = AE F130060 + AE F115008 rate (total) in g/ha.  Nonionic surfactant included at 0.3% (v/v).
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Table 8.  Rates of AE F130060 plus AE F115008 required for 80% visible control or 80% shoot fresh weight

reduction when applied alone and mixed with broadleaf herbicides.  Greenhouse experiment.a

Visible control Shoot fresh weight reduction

Broadleaf herbicide I P value I P value80
b c

80
b c

g/ha g/ha

None 3.55 3.46

Thifensulfuron + tribenuron 2.59 0.3308 2.65 0.0824

Dicamba 8.23 0.0021 8.28 0.0070

2,4-D 5.96 0.0371 5.52 0.0687

      Data averaged over runs and over three rates of thifensulfuron plus tribenuron, dicamba, and 2,4-D. a

      The I  is the combined rate of AEF 130060 plus AE F115008 (5:1 ratio).  Nonionic surfactant includedb
80

at 0.3% (v/v).

    P values for testing equality of I  values for AE F130060 plus AE F115008 applied alone and mixed  c
80

with broadleaf herbicides.
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Figure 1.  Italian ryegrass control 20 DAT with AE F130060 plus AE F115008 alone and mixed with

thifensulfuron plus tribenuron.  Greenhouse experiment.
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Figure 2.  Italian ryegrass control 20 DAT with AE F130060 plus AE F115008 alone and mixed with

dicamba.  Greenhouse experiment.



0

20

40

60

80

100

0 5 10 15 20 25 30

AE F130060 + AE F115008 rate (5:1 w/w) (g/ha)

C
on

tr
ol

 (
%

)

AE F130060 + AE F115008 alone: 

       y = 100*exp[-5.3112*exp(-5.9051*log10(x))]

       R2 = 0.97

With 2,4-D:

       y = 100*exp[-4.1770*exp(-3.6387*log10(x))]

       R2 = 0.89

98

Figure 3.  Italian ryegrass control 20 DAT with AE F130060 plus AE F115008 alone and mixed with 2,4-D. 

Greenhouse experiment.
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Figure 4.  Italian ryegrass shoot fresh weight reduction 20 DAT with AE F130060 plus AE F115008 alone

and mixed with thifensulfuron plus tribenuron.  Greenhouse experiment.



0

20

40

60

80

100

0 5 10 15 20 25 30

AE F130060 + AE F115008 rate (5:1 w/w) (g/ha)

Sh
oo

t 
fr

es
h 

w
ei

gh
t 

re
du

ct
io

n 
(%

)

AE F130060 + AE F115008 alone: 

       y = 100*exp[-3.2560*exp(-4.9621*log10(x))]

       R2 = 0.94

With dicamba:

       y = 100*exp[-12.8145*exp(-4.3521*log10(x))]

       R2 = 0.89
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Figure 5.  Italian ryegrass shoot fresh weight reduction 20 DAT with AE F130060 plus AE F115008 alone

and mixed with dicamba.  Greenhouse experiment.
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AE F130060 + AE F115008 alone: 

       y = 100*exp[-3.2560*exp(-4.9621*log10(x))]

       R2 = 0.94

With 2,4-D:

       y = 100*exp[-2.2565*exp(-3.1350*log10(x))]

       R2 = 0.96
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Figure 6.  Italian ryegrass shoot fresh weight reduction 20 DAT with AE F130060 plus AE F115008 alone

and with mixed with 2,4-D.  Greenhouse experiment.
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CHAPTER 6

Wheat (Triticum aestivum) Tolerance and Italian Ryegrass (Lolium multiflorum) Control 

With AE F130060 Plus AE F115008 as Affected by Adjuvants1

H. LANE CROOKS and ALAN C. YORK2

Abstract:  Soft red winter wheat tolerance and Italian ryegrass control with AE F130060 plus AE F115008

applied alone and mixed with nonionic surfactant, organosilicone surfactant, or crop oil concentrate were

evaluated in separate experiments.  AE F130060 plus AE F115008 at 12.5 + 2.5 or 25 + 5 g ai/ha alone or

mixed with adjuvants caused minor injury and did not affect weed-free wheat yield.  Italian ryegrass control 3

wk after treatment (WAT) was increased 10% when adjuvants were included with AE F130060 plus A

EF115008 at 12.5 + 2.5 g/ha compared to the herbicides alone.  Differences in control were not observed

among herbicide treatments applied with adjuvants.  At 6 and 10 WAT, control by the herbicides alone or

mixed with adjuvants was similar at 90 to 94% and 92 to 97%, respectively.  Italian ryegrass-infested wheat

treated with the herbicides alone and mixed with adjuvants produced similar yields.  Under greenhouse

conditions, adjuvants reduced the AE F130060 plus AE F115008 I  (rate needed for 80% inhibition) for80

visible control and shoot fresh weight inhibition 51 to 60% and 59 to 65%, respectively.  The I 's were similar80

for all treatments that included adjuvants.

Nomenclature:  A EF115008 (proposed name, iodosulfuron-methyl-sodium), {4-iodo-2-[[[[(4-methoxy-6-

methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester}; AE F130060 (proposed

name mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]-amino]sulfonyl]-4-

[[methylsulfonyl)amino]methyl]benzoate}; Italian ryegrass, Lolium multiflorum Lam. Marshall #  LOLMU;3
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Revised 1989.  Available only on computer disk from WSSA, 810 East 10  Street, Lawrence, Kansas 66044-th

8897.

      Mary Paulsgrove, Bayer CropScience, 2 T. W. Alexander Drive, Research Triangle Park, NC 27709.4

      Iodosulfuron-metnyl-sodium technical bulletin.  February, 2002.  Aventis CropScience S.A., 14/20 rue5

wheat, Triticum aestivum L., ‘Coker 9704’.

Additional Index Words: Crop oil concentrate, nonionic surfactant, organosilicone adjuvant, LOLMU.

Abbreviations: AP-NIS, alkyl polyoxylkane ether nonionic surfactant; COC, crop oil concentrate; DAT, d

after treatment; EA-NIS, ethoxylated alcohol nonionic surfactant; I , rate required for 80% inhibition; OS,80

organosilicone surfactant; WAT, wk after treatment.

INTRODUCTION

     Italian ryegrass is one of the most troublesome weeds in wheat in North Carolina and throughout the

southeastern United States (Dowler 1997; Webster 2000).  This winter annual weed competes with wheat for

nutrients, inhibits tillering, causes lodging, and interferes with harvesting (Appleby et al. 1976; Bridges 1990;

Liebl and Worsham 1987).  Brewster et al. (1977) reported wheat yield losses of 8 to 88% due to uncontrolled

Italian ryegrass in Oregon. 

     Italian ryegrass has traditionally been controlled by diclofop, a herbicide that normally controls Italian

ryegrass well (Brewster et al. 1977; Liebl and Worsham 1987).  However, extensive use of this herbicide has

led to evolution of diclofop-resistant biotypes.  Diclofop-resistant Italian ryegrass was first reported in Oregon

in 1987 (Stanger and Appleby 1989) and later in North Carolina in 1990 (Heap 2002).  Diclofop-resistant

Italian ryegrass is now a wide-spread problem in North Carolina and surrounding states.

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  It will initially be marketed as a single active ingredient in the

United States.   AE F115008 is another sulfonylurea herbicide that may ultimately be mixed with AE F1300604

to control broadleaf weeds.   Mixtures of AE F130060 plus AE F115008 are currently registered for wheat in5



104

Pierre Baizet, BP 9163, F-69263, Lyon, France.

      Atlantis herbicide technical information bulletin.  Bayer CropScience, La Dargoire, 14-20 Rue Pierre6

Baizet - BP 9163, 69263 Lyon Cedex 09, France.

some European countries.   AE F130060 plus AE F115008 control both diclofop-susceptible and -resistant6

Italian ryegrass (Bailey et al. 2002; Crooks 2003; Crooks and York, 2002; Hayes et al. 2002; Kelley and

Peeper 2002). 

     Spray adjuvants are often used to increase the effectiveness of herbicides.  Adjuvants improve herbicide

performance by increasing droplet retention on the leaf, affecting spray droplet interaction with the leaf

surface, and improving herbicide absorption into the plant (Hull et al. 1982; McWhorter 1982; Penner 2000;

Reddy et al. 1995; Stock and Briggs 2000).  Many types of adjuvants are available and proper selection is

important.  Adjuvants that improve the performance of some herbicides may have detrimental effects on others

(O’Sullivan et al. 1981; Reddy and Singh 1992).  Adjuvant types include nonionic surfactants, organosilicone

surfactants, crop oil concentrates, and methylated seed oils.

Nonionic surfactants are characterized by a lack of electrical charge (Van Valkenburg 1982) and remain

chemically inert when mixed with herbicides (Klingaman and Ashton 1982).  Organosilicone surfactants have

been shown to increase herbicide efficacy by reducing the surface tension of the spray droplets, which results

in increased leaf wetting, spreading, and cuticle penetration for rapid uptake (Field and Bishop 1988;

Roggenbuck et al. 1989).  Organosilicone surfactants also increase droplet drying time on the leaf surface,

effectively extending the duration of herbicide penetration (Knight and Kirkwood 1991; Stevens et al. 1991). 

Crop oil concentrates are petroleum-based adjuvants that contain 83 to 87% paraffinic oil plus 12 to 17%

nonionic surfactant (Bridges 1989).  Crop oil concentrates provide good spreading and penetrating properties,

but crop phytotoxicity is often a problem (Bellinder et al. 1997; Miller and Westra 1996). 

     The objective of our research was to determine the influence of AE F130060 plus AE F115008 on wheat

injury and Italian ryegrass control when mixed with a nonionic surfactant, organosilicone surfactant, or crop

oil concentrate.
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      Synperonic A7, fatty alcohol ethoxylate.  Uniqema, 900 Uniqema Blvd., New Castle, DE 19720.7

      Silwet L-77 , a silicone-polyether copolymer, from Loveland Industries Inc., PO Box 1289, Greeley, CO8 ®

80632.

      Agri-Dex  , a proprietary blend of heavy range paraffin base petroleum oil, polyol fatty acid esters, and9 ®

polyethoxylated derivatives, from Helena Chemical Company, 6075 Poplar Ave. Suite 500, Memphis, TN

38119.

      Induce , a proprietary blend of alkypolyoxylkane ether, free fatty acids, and isoproponal, from Helena10 ®

Chemical Company, 6075 Poplar Ave. Suite 500, Memphis, TN 38119.

MATERIALS AND METHODS

Wheat Tolerance Experiment.  Experiments were conducted in North Carolina during the 1999-2000 (year

1), 2000-2001 (year 2), and 2001-2002 (year 3) growing seasons.  Sites included the Caswell Farm Unit

located near Kinston during years 1, 2, and 3, the Peanut Belt Research Station near Lewiston-Woodville

during years 1 and 3, and the Horticultural Crops Research Station near Clinton during year 2.  Soils at the

test sites are described in Table 1.  Italian ryegrass was not present at any location, and very few other weeds

were present.

     Wheat ‘NKC 9704' was planted into conventionally prepared seed beds in late October to early November. 

Row spacing was 19 cm and plot size was 1.5 m by 15 m.  The experimental design was a randomized

complete block with treatments replicated four times.  AE F130060 plus AE F115008 at 12.5 + 2.5 g ai/ha

(anticipated 1X use rates) and 25 + 5 were applied alone and with the following adjuvants: ethoxylated alcohol

nonionic surfactant (EA-NIS)  at 0.6% (v/v); organosilicone adjuvant (OS)  at 0.08% (v/v); crop oil7 8

concentrate (COC)  at 1.5% (v/v); or alkylpolyoxylkane ether nonionic surfactant (AP-NIS)  at 0.25% (v/v). 9 10

The safener AE F107897 {1-(2,4-dichlorophenyl)-4,5-dihydro-5-methyl-1H-pyrazole-3,5-dicarboxylic acid;

proposed name mefenpyr-diethyl}was included with AE F130060 plus AE F115008 at a 1:1 herbicide:safener

ratio.  A non-treated check was also included.  Herbicides were applied to two-tiller wheat at Feekes growth

stage 2 in early January with a CO -pressurized backpack sprayer equipped with four flat-fan nozzles2
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      GAC-II grain analysis computer.  Dickey-John Corporation, 5200 Dickey-John Road, Auburn, IL 62615.11

calibrated to deliver 140 L/ha at 165 kPa and 4.8 km/h.

     Wheat injury was estimated visually 3, 6, and 10 wk after treatment on a scale of 0 to 100 where 0 = no

wheat injury and 100 = death of all plants (Frans et al. 1986).  A detailed description for visual ratings is

shown in Table A-2.1.  Plant heights were determined approximately 2 wk after anthesis by recording average

height across the width of the plot in three positions within each plot.  In years 1 and 3, the number of wheat

spikes per square meter was determined using a 1- by 0.5-m frame randomly placed at two locations within

each plot.  Thirty spikes were gathered randomly by hand from each plot on the day of harvest, and the total

number of kernels per 30 spikes and the weight of 1000 kernels were determined.  Plots were harvested

mechanically in early June, and a subsample of the harvested grain from each plot was collected to determine

moisture percentage and grain test weight (a quality measurement, expressed as mass per unit volume) using a

grain analysis computer .  Yields were adjusted to 13.5% moisture.  Yields and yield components were not11

determined in year 2 because of severe injury from a freeze (-2.2 C) in late April. 

Italian Ryegrass Efficacy.  Field experiment.  The experiment was conducted on private farms near

Alamance and Whitsett, NC during 1999-2000 (year 1)and at the Caswell Farm Unit in Kinston, NC and the

Cherry Farm Unit in Goldsboro, NC during 2001-2002 (year 2).  Soils at the experimental sites are described

in Table 1.

     Italian ryegrass densities and biotypes varied across locations.  The Alamance site initially had greater than

1000 diclofop-susceptible plants/m .  This population decreased over time due to intraspecific competition, but2

provided 100% ground coverage throughout the season.  A mixed population of diclofop-resistant and -

susceptible ryegrass was present at the Whitsett location at a density of 250 plants/m .  Diclofop-susceptible2

Italian ryegrass seed were spread at both Goldsboro and Kinston after wheat planting and lightly covered using

a culti-packer.  The resulting populations at each location were 150 and 100 plants/m  at Goldsboro and2

Kinston, respectively.  Populations were determined in late-December and early February by counting the

number of plants/m , and diclofop susceptibility was determined after applying diclofop at 1.1 kg ai/ha to2



107

      Fertilizer, Peters Professional All Purpose 20-20-20, Scotts-Sierra Horticultural Products Co., 1411112

Scottslawn Road, Marysville, OH 43041.

three-leaf Italian ryegrass.

     Wheat ‘NKC 9704' was planted in conventionally prepared seedbeds in late October at Alamance and in

early November at Whitsett, Kinston, and Goldsboro.  Row spacing was 19 cm and plot size was 1.5 by 15 m. 

The experimental design was a randomized complete block with treatments replicated four times.

     Treatments included AE F130060 plus AE F115008 plus AE F107892 at 12.5 + 2.5 + 15 g/ha applied

alone and with the following adjuvants: OS at 0.08% (v/v); COC at 1.5% (v/v); AP-NIS at 0.25% (v/v); and 

EA-NIS at 0.6% (v/v).  A non-treated check was also included.  Herbicide applications were made 5 to 6 wk

after planting to three-leaf to one-tiller Italian ryegrass and 2- to 3-tiller wheat (Feekes growth stage 2). 

Herbicides were applied using the equipment described previously.

     Italian ryegrass control was estimated visually 3, 6, and 10 WAT using a scale of 0 to 100, where 0 = no

visible control and 100 = complete weed control (Frans et al. 1986).  Wheat injury was determined as

described previously.  Wheat was harvested mechanically at Alamance, Goldsboro, and Kinston.  A subsample

of the harvested grain was collected and passed through a seed cleaner to remove foreign matter.  Yields were

adjusted to 13.5% moisture after correcting for foreign matter.  Yields were not determined at Whitsett.  

Greenhouse experiment.  The experiment was conducted during January and February, 2001.  Italian ryegrass

was seeded into 12-cm round pots containing a loamy sand soil (82% sand, 8% silt, 8% clay) with 1.3%

organic matter and pH 5.6.  Plants were thinned to five per pot after seedling emergence.  All pots received 20

ml of a 15 g/L commercial greenhouse fertilizer  solution 14 d after planting.  Plants were grown with12

approximate day/night temperatures of 20/10 C and were watered overtop daily.  Natural light in the

greenhouse was supplemented for a 12-h photoperiod by metal halide lamps (300 Fmol/m s  photosynthetic-2 -1

photon flux). 

     AE F130060 plus AE F115008 were applied at 0 + 0, 2.5 + 0.5, 5 + 1, 7.5 + 1.5, 10 + 2, 12.5 + 2.5, and 25

+ 5 g/ha alone and with EA-NIS at 0.6% (v/v), OS at 0.08% (v/v), COC at 1.5% (v/v), and AP-NIS at 0.25%

(v/v).  Herbicides were applied using a spray chamber equipped with a single even-spray, flat-fan nozzle
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calibrated to deliver 252 L/ha at 165 kPa and 2.6 km/h when Italian ryegrass was 9 to 12 cm tall with three

leaves.  

     The experimental design was a randomized complete block with treatments replicated four times, and the

experiment was conducted three times.  Control was estimated visually 28 d after treatment (DAT) as

described previously.  Plants were clipped at soil level to determine shoot fresh weight 28 DAT.

Statistical Analysis.  Field experiments.  Wheat injury, height, yield, kernels per spike, kernel weight, and

test weight data from the tolerance experiment were subjected to ANOVA with partitioning appropriate for a

two (herbicide rates) by five (adjuvants) factorial treatment arrangement with data from non-treated checks

excluded.  Italian ryegrass control and wheat injury ratings from the efficacy experiment were subjected to

ANOVA with data from non-treated checks excluded.  Height, yield, kernels per spike, kernel weight, and test

weight of treated wheat in the tolerance experiment and yield of treated wheat in the Italian ryegrass control

experiment were compared to the non-treated checks using ANOVA.  Residual plots were examined for

homogeneity of error variance, and data pooled when appropriate.  Nontransformed means for Italian ryegrass

control and wheat injury are presented as arcsine square root transformation did not affect data interpretation. 

Treatment means were separated using Fisher’s Protected LSD at P = 0.05. 

Greenhouse experiment.  Nonlinear regression was used to determine equations for predicting percent

inhibition (I) as a function of herbicide concentration for AE F130060 plus AE F115008 applied alone or with

adjuvants.  The predicted responses were described by the Gompertz model (Rawlings et al. 1998) as follows:

            -k*log10(rate)
 I = 100e      + 0 [1]-Be

Equation 1 was used to determine the I  for visible control and shoot fresh weight reduction.  To compare AE80

F130060 plus AE F115008 applied alone and with adjuvants, ANOVA was carried out on the log-transformed

I  values for Italian ryegrass control or shoot fresh weight reduction obtained for each herbicide and adjuvant80

combination and estimated for each run.  Prediction equations and R  values were also obtained for each2

herbicide and adjuvant combination based on data averaged over runs.
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RESULTS AND DISCUSSION

Wheat Tolerance.  Year by herbicide rate by adjuvant, herbicide rate by adjuvant, year by herbicide rate, and

year by adjuvant interactions for visible wheat injury were not significant (Table A-6.1), therefore main effects

of herbicide rate and adjuvant were averaged over years.  Averaged over AE F130060 plus AE F115008 rates,

wheat injury, expressed primarily as foliar chlorosis, was 1 to 3% 3 and 6 WAT for all herbicide and adjuvant

combinations (Table 2).  Wheat injury was not influenced by herbicide rate at 3 and 6 WAT (Table 3).  Visible

injury was not observed with any treatment at 10 WAT (data not shown).

     Year by herbicide rate by adjuvant, herbicide rate by adjuvant, year by herbicide rate, and year by adjuvant

interactions were not observed for plant height (Table A-6.1) or for wheat yield, yield components, or test

weight (Table A-6.2), hence main effects of herbicide rates and adjuvants were averaged over years.  Averaged

over AE F130060 plus AE F115008 rates, wheat height, yield, spike density, kernels per spike, kernel weight,

and test weight were similar with each herbicide and adjuvant combination (Table 4).  Averaged over

adjuvants, increasing the application rates of AE F130060 plus AE F115008 from 12.5 + 2.5 to 25 + 5 g/ha

did not affect wheat height, yield, spike density, kernel weight, or test weight (Table 5).  In a separate analysis

of variance that included data from non-treated wheat, treatment by year interactions were not significant for

wheat height, yield, yield components, or test weight, hence data were averaged over years (Table A-6.3). 

Height, yield, spike density, kernel weight, and test weight for treated wheat were similar to non-treated wheat

(Table 6).  AE F130060 plus AE F115008 at 25 + 5 g/ha decreased kernels per spike 3% compared to the

herbicides at the 1X rates (Table 5) and 3 to 6% compared to non-treated wheat (Table 6).  AE F130060 plus

AE F115008 at 12.5 + 2.5 g/ha with OS and EA-NIS reduced kernels per spike 3%.  However, these

reductions were not enough to negatively influence yields.  In other studies in North Carolina, yields of weed-

free wheat treated with AE F130060 plus AE F115008 were reduced when the reduction in the number of

kernels produced per spike exceeded 6% (Crooks 2003, dissertation chapters 2 and 3). 

Ryegrass Efficacy.  Field experiment.  Main effects of adjuvants on Italian ryegrass control with AE F130060

plus AE F115008 at 12.5 + 2.5 g/ha were averaged over years (Table A-6.4).  Early season control by the

herbicides progressed more rapidly when adjuvants were included in the mixture.  Control by the herbicides
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with any of the adjuvants tested averaged 66% at 3 WAT, a 10% improvement over herbicide application

without an adjuvant (Table 7).  Italian ryegrass control was similar with all treatments and increased to 90 to

94% by 6 WAT.  Control was also similar with all treatments at 10 WAT and ranged from 92 to 97%.

     Lack of year by treatment interactions allowed wheat injury ratings and yield data to be averaged over years

(Table A-6.4).  Wheat injury ratings for this experiment were similar to those observed in the aforementioned

tolerance experiment.  AE F130060 plus AE F115008 injured wheat 1 to 3% 3 and 6 WAT, and no differences

were observed between treatments (Table 7).  Injury appeared as foliar chlorosis.  The wheat completely

recovered from visible injury by 10 WAT (data not shown).  Compared to the average yield of treated wheat,

Italian ryegrass in the non-treated checks reduced wheat yield 65% (Table 7).  Although less Italian ryegrass

control was observed with the herbicides alone compared to application with adjuvants, this reduction was

minor and did not translate into reduced yields in most cases.  Wheat treated with AEF 130060 plus AE

F115008 alone or mixed with EA-NIS, AP-NIS, or OS produced similar yields and averaged 5870 kg/ha. 

COC was the only adjuvant included with the herbicides that improved wheat yield over that of wheat treated

with the herbicides alone.  Wheat treated with the herbicides mixed with COC yielded 8 and 7% higher than

wheat treated with the herbicides plus OS or the herbicides alone, respectively.

Greenhouse experiment.  Parameter estimates and R  values for AE F130060 plus AE F115008 applied alone2

and with adjuvants are presented in Table 8.  Adjuvants decreased the rate of AE F130060 plus AE F115008

required for 80% visible control or shoot fresh weight reduction (I ) of Italian ryegrass compared to herbicides80

alone 51 to 60% and 59 to 65%, respectively (Table 9).  Visible control and shoot fresh weight inhibition of

Italian ryegrass with the herbicides alone and with each adjuvant are shown in Figures 1 through 8.  The

greenhouse results were similar to those from the field experiment that suggested adjuvants improved Italian

ryegrass control by AE F130060 plus AE F115008 3 WAT (Table 7).  

     Our field and greenhouse results suggest adjuvants accelerate early season control of Italian ryegrass by AE

F130060 plus AE F115008 compared to the herbicides alone.  Late-season control by the herbicides was

similar with and without adjuvants, and none of the adjuvants tested with AE F130060 plus AE F115008

negatively affected wheat injury compared to the herbicides alone.  In other research by Bailey et al. (2002)
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and Hayes et al. (2002), a methylated seed oil adjuvant did not improve Italian ryegrass control by AE

F130060 plus AE F115008 compared to the herbicides alone. 
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Table 1.  Description of soils at test sites.

Textural Taxonomic Organic matter

Experiments Locations Years Soil series classification subgroup  content (%)  pH

Wheat tolerance Lewiston 1 Goldsboro Sandy loam Aquic Paleudults 1.5 5.9a

Kinston 1 Johns Sandy loam Aquic Hapludults 2.4 6.3a

Clinton 2 Norfolk Sandy loam Typic Kandiudults 0.9 5.8b

Kinston 2 Portsmouth Loam Typic Umbraquults 2.4 6.3b

Lewiston 3 Goldsboro Sandy loam Aquic Paleudults 0.9 5.7c

Kinston 3 Murville Fine sand Typic Haplaquods 4.0 5.3c

Italian ryegrass control Alamance 1 Mecklenburg Clay loam Ultic Hapluadalfs 1.8 5.8a

Whitsett 1 Enon Clay loam Ultic Hapludalfs 1.3 5.3a

Goldsboro 2 Goldsboro Loamy sand Aquic Paleudults 0.3 5.7c

Kinston 2 Murville Fine sand Typic Haplaquods 4.0 5.3c

      1999-2000 growing season.a

      2000-2001 growing season.b

      2001-2002 growing season.c
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Table 2.  Wheat injury by AE F130060 plus AE F115008 as affected by adjuvant

selection.  Tolerance experiment.a

Adjuvant 3 WAT 6 WATb

 % _______________________________ ______________________________

None 2 b 1 a

EA-NIS 3 a 1 a

OS 2 b 1 a

COC 3 a 1 a

AP-NIS 2 b 1 a

      Data averaged over years and AE F130060 plus AE F115008 rates of 12.5 + 2.5a

and 25 + 5 g/ha, respectively.  Means within a column followed by a common letter are

not different according to Fisher’s Protected LSD test at P = 0.05.

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS =b

organosilicone adjuvant; COC = crop oil concentrate; AP-NIS = alkyl polyoxylkane

ether nonionic surfactant.
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Table 3.  Wheat injury by AE F130060 plus AE F115008 as

affected by adjuvant selection.  Tolerance experiment.a

AE F130060 plus

AE F115008 rates 3 WAT 6 WAT

g/ha  % ____________ _____________

12.5 + 2.5 2 a 1 a

25 + 5 3 a 1 a

      Data averaged over adjuvants and years.  Means within aa

column followed by the same letter are not significantly

different according to Fisher’s Protected LSD test at P = 0.05.
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Table 4.  Height, yield, yield components, and test weights of wheat treated with AE F130060 plus AE

F115008 as affected by adjuvant selection.  Tolerance experiment.a

Wheat Wheat Spike Kernel Test

Adjuvant height yield density Kernels weight weightb c d d d d d

cm kg/ha no./m no./spike mg kg/m2 3

None 87 a 5820 a 572 a      33.3 a 31.8 a 755 a

EA-NIS 85 a 5670 a 566 a      32.7 a 31.6 a 754 a

OS 86 a 5740 a 565 a      33.3 a 32.0 a 757 a

COC 86 a 5700 a 566 a      33.4 a 31.5 a 752 a

AP-NIS 86 a 5630 a 568 a      32.7 a 31.8 a 755 a

      Data averaged AE F130060 plus AE F115008 rates at 12.5 + 2.5 and 25 + 5 g/ha, respectively.  Meansa

within a column followed by the same letter are not significantly different according to Fisher’s Protected

LSD test at P = 0.05.

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS = organosilicone adjuvant; COCb

= crop oil concentrate; AP-NIS = alkyl polyoxylkane ether nonionic surfactant.

      Data averaged over years 1, 2, and 3.c

      Data averaged over years 1 and 3.d
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Table 5.  Height, yield, yield components, and test weight of wheat treated with AE F130060 plus AE F115008. 

Tolerance experiment.a

AE F130060 plus Wheat Wheat Spike Kernel Test

AE F115008 rates height yield density Kernels weight weightb c c c c c

g/ha cm kg/ha no./m no./spike mg kg/m2 3

12.5 + 2.5 86 a 5710 a 568 a       33.5 a 31.7 a 755 a

25 + 5 86 a 5710 a 568 a       32.7 b 31.8 a 754 a

      Data averaged over adjuvants.  Means within a column followed by the same letter are not significantly differenta

according to Fisher’s Protected LSD test at P = 0.05.

      Data averaged over years 1, 2, and 3.b

      Data averaged over years 1 and 3.c
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Table 6.  Wheat height, yield, kernels per spike, kernel weight, and test weight as affected by rates of AE F130060 plus AE

F115008 alone and with adjuvants.  Tolerance experiment.a

AE F130060 plus Wheat Wheat Spike Kernel Test

AE F115008 rate Adjuvant height yield density Kernels weight weightb c d d d d d

cm kg/ha no./m no./spike mg kg/m2 3

12.5 + 2.5 None 87 a 5890 a 564 a 33.6 a 31.7 a 755 a

25 + 5 None 87 a 5750 a 580 a 33.1 b 31.9 a 754 a

12.5 + 2.5 EA-NIS 85 a 5610 a 562 a 32.7 b 31.3 a 754 a

25 + 5 EA-NIS 86 a 5730 a 571 a 32.8 b 31.9 a 754 a

12.5 + 2.5 OS 86 a 5700 a 570 a 33.2 b 32.1 a 758 a

25 + 5 OS 87 a 5780 a 560 a 33.4 b 31.8 a 756 a

12.5 + 2.5 COC 86 a 5690 a 564 a 34.1 a 31.4 a 752 a

25 + 5 COC 86 a 5710 a 567 a 32.7 b 31.6 a 753 a

12.5 + 2.5 AP-NIS 86 a 5680 a 578 a 33.8 a 31.8 a 755 a

25 + 5 AP-NIS 86 a 5580 a 558 a 32.2 c 31.9 a 754 a

Non-treated 90 a 5710 a 548 a 33.7 a 32.0 a 754 a
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Table 6. Continued.

      Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.a

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS = organosilicone adjuvant; COC = crop oil concentrate; AP-NIS = alkylb

polyoxylkane ether nonionic surfactant.

      Data averaged over years 1, 2, and 3.c

      Data averaged over years 1 and 3.d
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Table 7.  Italian ryegrass control and wheat yield with AE F130060 plus AE F115008 as influenced

by adjuvant selection.  Italian ryegrass control experiment.a

Italian ryegrass control Wheat injury Wheat

Adjuvant 3 WAT 6 WAT 10 WAT 3 WAT 6 WAT yieldb

% kg/ha__________________________________________   ________________________________________

None 60 b     90 a      92 a 1 a 1 a     5770 b

EA-NIS 67 a     94 a      97 a 3 a 1 a     5980 ab

OS 65 a     92 a      95 a 2 a 2 a     5800 b

COC 67 a     94 a      96 a 3 a 2 a     6210 a

AP-NIS 66 a     93 a      97 a 2 a 1 a     5940 ab

Non-treated     2070 c

      AE F130060 plus AE F115008 at 12.5 + 2.5 g/ha.  Means within a column followed by the samea

letter are not significantly different according to Fisher’s Protected LSD test at P = 0.05.  Data

averaged over years.

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS = organosilicone adjuvant;b

COC = crop oil concentrate; AP-NIS = alkyl polyoxylkane ether nonionic surfactant.
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Table 8.  Parameter estimates and R  values from nonlinear regression of AE F130060 plus AE F115008 applied alone and mixed with2

adjuvants.  Greenhouse experiment.a

Visible control Shoot fresh weight reduction

Adjuvants Regression equation R Regression equation R2 2

None y=100*exp[-19.1551*exp(-3.1800*log (x))] 0.78 y=100*exp[-9.4229*exp(-2.9022*log (x))] 0.6810 10

EA-NIS y=100*exp[-3.1095*exp(-2.8100*log (x))] 0.52 y=100*exp[-1.4224*exp(-2.4142*log (x))] 0.5010 10

OS y=100*exp[-4.3729*exp(-2.6405*log (x))] 0.60 y=100*exp[-7.7068*exp(-3.8701*log (x))] 0.8110 10

COC y=100*exp[-6.4614*exp(-3.1618*log (x))] 0.81 y=100*exp[-5.0407*exp(-3.4593*log (x))] 0.7410 10

AP-NIS y=100*exp[-10.9389*exp(-3.7816*log (x))] 0.80 y=100*exp[-4.8577*exp(-3.3638*log (x))] 0.7310 10

      Data averaged over runs.  Parameter estimates and R  values calculated from curves determined by nonlinear regression where y =a 2

percent control and x = AE F130060 + AE F115008 rate (total) in g/ha.

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS = organosilicone adjuvant; COC = crop oil concentrate; AP-NISb

= alkyl polyoxylkane ether nonionic surfactant.
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Table 9.  Rates of AE F130060 plus AE F115008 required for 80% visible control or 80% shoot fresh

weight reduction (I ) of Italian ryegrass when applied alone and mixed with adjuvants.  Greenhouse80

experiment.a

Visible control Shoot fresh weight reduction

Adjuvant I P value I P valueb
80

c d
80

c d

g/ha g/ha

None 24.4           23.7

EA-NIS   9.8 0.0001             8.4 0.0139

OS 11.9 0.0004             8.3 0.0137

COC 11.7 0.0003             8.9 0.0165

AP-NIS 10.5 0.0002             9.8 0.0215

      Data averaged over runs. a

      Abbreviations: EA-NIS = ethoxylated alcohol nonionic surfactant; OS = organosilicone adjuvant;b

COC = crop oil concentrate; AP-NIS = alkyl polyoxylkane ether nonionic surfactant.

      The I  is the combined rate of AEF 130060 + AE F115008 (5:1 ratio).c
80

      P values for testing equality of I  values for AE F130060 + AE F115008 applied alone and mixedd
80

with adjuvants.
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Figure 1.  Italian ryegrass control 28 days after treatment with AE F130060 plus AE F115008 alone and

mixed with ethoxylated alcohol nonionic surfactant (EA-NIS) at 0.6% (v/v).  Greenhouse experiment.
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Figure 2.  Italian ryegrass control 28 days after treatment with AE F130060 plus AE F115008 alone and

mixed with organosilicone adjuvant (OS) at 0.08% (v/v).  Greenhouse experiment.
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Figure 3.  Italian ryegrass control 28 days after treatment with AE F130060 plus AE F115008 alone and

mixed with crop oil concentrate (COC) at 1.5% (v/v).  Greenhouse experiment.
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Figure 4.  Italian ryegrass control 28 days after treatment with AE F130060 plus AE F115008 alone and

mixed with alkyl polyoxylkane ether nonionic surfactant (AP-NIS) at 0.25% (v/v).  Greenhouse experiment.
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Figure 5.  Italian ryegrass shoot fresh weight reduction 28 days after treatment with AE F130060 plus AE

F115008 alone and mixed with ethoxylated alcohol nonionic surfactant (EA-NIS) at 0.6% (v/v).  Greenhouse

experiment.
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Figure 6.  Italian ryegrass shoot fresh weight reduction 28 days after treatment with AE F130060 plus AE

F115008 alone and mixed with organosilicone adjuvant (OS) at 0.08% (v/v).  Greenhouse experiment.
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Figure 7.  Italian ryegrass shoot fresh weight reduction 28 days after treatment with AE F130060 plus AE

F115008 alone and mixed with crop oil concentrate (COC) at 1.5% (v/v).  Greenhouse experiment.
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Figure 8.  Italian ryegrass shoot fresh weight reduction 28 days after treatment with AE F130060 plus AE

F115008 alone and mixed with alkyl polyoxylkane ether nonionic surfactant (AP-NIS) at 0.25% (v/v). 

Greenhouse experiment.
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CHAPTER 7

Effect of Simulated Rainfall on Italian Ryegrass (Lolium multiflorum) 

Control by AE F130060 Plus AE F1150081

H. LANE CROOKS and ALAN C. YORK2

Abstract: A greenhouse study was conducted to determine the influence of rainfall on Italian ryegrass control

by AE F130060 plus AE F115008.  The AE F130060 plus AE F115008 I  (rate required for 80% inhibition)80

for visible control and shoot fresh weight reduction declined as the rain-free period after application increased. 

Significantly higher herbicide rates were required for 80% visible control and 80% fresh weight reduction

when rainfall occurred 0.25, 0.5, or 1 h after herbicide application compared to no rainfall.  The required rates

for 80% visible control and 80% fresh weight reduction were similar to the no rain check when rainfall

occurred 2, 4, 8, or 24 h after treatment. 

Nomenclature: AE F115008 (proposed name, iodosulfuron-methyl-sodium), {4-iodo-2-[[[[(4-methoxy-6-

methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid methyl ester}; AE F130060 (proposed

name, mesosulfuron-methyl), {methyl 2-[[[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl] amino]sulfonyl]-4-

[[methylsulfonyl)amino]methyl]benzoate}; Italian ryegrass, Lolium multiflorum Lam. Marshall #  LOLMU.3

Additional Index Words: Herbicide wash-off, greenhouse, rain-free period, LOLMU.

Abbreviations: DAT, d after treatment; I , rate required for 80% control or 80% fresh weight reduction.80
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      Iodosulfuron-methyl-sodium technical bulletin.  February, 2002.  Aventis CropScience S.A., 14/20 Rue4

Pierre Baizet, BP 9163, F-69263, Lyon, France.

INTRODUCTION

     Weed control by foliar-applied herbicides can be adversely affected if rainfall occurs too soon after

application.  Rhizome johnsongrass [Sorghum halepense (L.) Pers.] control by glyphosate was reduced 36 and

24% when rainfall occurred 15 and 60 min after application, respectively, compared to no rainfall (Miller et

al. 1998).  Bentazon activity was reduced on hemp sesbania (Sesbania exaltata (Raf.) Rydb. ex A. W. Hill),

smooth pigweed (Amaranthus hybridus L.), and velvetleaf (Abutilon theophrasti Medicus) when rainfall

occurred 1 h after application (Reddy et al. 1995).  The rain-free period necessary for optimum weed control

can vary depending on the herbicide and target weeds.  Sicklepod control with bentazon was reduced by

rainfall 1 h after application (Reddy et al. 1995); however, rainfall 3 min after application of imazaquin did

not affect control because roots are the primary site of imazaquin uptake (Edmund and York 1987).  The

effectiveness of triclopyr or 2,4,5-T was not reduced by simulated rainfall 15 min after application to huisache

(Acacia farnesiana (L.)Willd.), while a rain-free period of at least 4 h was required with glyphosate (Bovey et

al. 1990).  

     Italian ryegrass (Lolium multiflorum Lam.) is an important weed in wheat throughout the southern United

States (Dowler 1997, Webster 2000).  Until recently, diclofop was the only consistently effective herbicide for

Italian ryegrass control in wheat (Culpepper 2002, York et al. 2000).  However, intensive use of the herbicide

since commercialization in the early 1980's has led to evolution of resistant biotypes of Italian ryegrass in at

least eight states (Heap 2002).  Barnes et al. (2001) reviewed research on other potential alternatives to

diclofop to control Italian ryegrass in wheat, and they concluded that none were consistently effective.  New

chemistry to control diclofop-resistant Italian ryegrass is needed.

     AE F130060 is a new sulfonylurea herbicide being developed for postemergence control of Lolium and

Avena species in wheat (Hand et al. 2002).  AE F115008 is another sulfonylurea herbicide that may ultimately

be mixed with AE F130060 for additional control of broadleaf weeds.   AE F130060 plus AE F115008 applied4

postemergence consistently control diclofop-susceptible and -resistant Italian ryegrass (Bailey et al. 2002;
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      Fertilizer, Peters Professional All Purpose 20-20-20, Scotts-Sierra Horticultural Products Co., 141115

Scottslawn Road, Marysville, OH 43041.

      Dyne-Amic, a blend of polyethoxylated dimethyl siloxanes, alkylaryl ethoxylates, and methylated seed oil,6

from Helena Chemical Company, 6075 Poplar Drive, Suite 500, Memphis, TN 38119.

      TeeJet Spray Nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, IL 60189.7

Crooks and York 2002; Hayes et al. 2002; Kelley and Peeper 2002).  Research has not evaluated the efficacy of

AE F130060 plus AE F115008 as affected by rainfall.  A greenhouse experiment was conducted to investigate

the rain-free requirements for Italian ryegrass control with AE F130060 plus AE F115008.

MATERIALS AND METHODS

     The experiment was conducted during February and March in 2001 and April in 2002.  Plants were grown

with approximate day/night temperatures of 20/10 C and were watered overtop daily.  Natural light in the

greenhouse was supplemented for a 12-h photoperiod by metal halide lamps (300 Fmol/m s  photosynthetic-2 -1

photon flux).  Italian ryegrass was seeded into 12-cm round pots containing a loamy sand soil (82% sand, 8%

silt, 8% clay) with 1.3% organic matter and pH 5.6.  Plants were thinned to five per pot after seedling

emergence.  All pots received 20 ml of a 15 g/L commercial greenhouse fertilizer  solution 14 d after planting.5

     Treatments consisted of AE F130060 plus AE F115008 applied at three rates followed by simulated rainfall

at eight times after application.  AE F130060 plus AE F115008 were applied at 3.75 + 0.75, 7.5 + 1.5, and

18.75 + 3.75 g ai/ha with a blend of methylated seed oil, nonionic surfactant, and organosilicone surfactant ,6

hereafter referred to as methylated seed oil, at 0.58 L/ha plus 30% urea ammonium nitrate at 2.34 L/ha.  A

non-treated check was also included.  All treatments with AE F130060 plus AE F115008 also contained the

safener AE F107892 {1-(2,4-dichlorophenyl)-4,5-dihydro-5-methyl-1H-pyrazole-3,5-dicarboxylic acid;

proposed name mefenpyr-diethyl} at a 1:2 herbicide:safener ratio.  Herbicides were applied using a spray

chamber equipped with a single even-spray, flat-fan nozzle calibrated to deliver 252 L/ha at 165 kPa and 2.6

km/h when Italian ryegrass was 9 to 12 cm tall with 3 leaves.  To simulate rainfall, one TeeJet HH 30WSQ

nozzle  was suspended 240 cm above the plants (Shelton et al. 1985) and calibrated to deliver 0.25 cm of rain7
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per minute.  Rainfall rate and uniformity were verified and monitored using rain gauges positioned at plant

level.  Simulated rainfall totaling 0.64 and 2.54 cm was applied 0.25, 0.5, 1, 2, 4, 8, or 24 h after herbicide

treatment.  A no-rain check was also included.  Water was added to the soil to maintain moisture in pots that

received no rainfall after treatment.  The greenhouse irrigation system was turned on for standard watering 12

h after the 24-h rainfall application.  

     The experimental design was a randomized complete block with treatments replicated four times, and the

experiment was conducted three times.  Control was visually estimated 21 d after treatment (DAT) using a

scale of 0 (no control) to 100 (total plant death) (Frans et al. 1986).  A detailed description for visual ratings is

shown in Table A-2.1.  Plants were clipped at soil level to determine shoot fresh weight 21 DAT.

     Nonlinear regression was used to determine equations for predicting percent inhibition (I) as a function of

herbicide concentration for AE F130060 plus AE F115008 after simulated rainfall.  The predicted response

was described by the Gompertz model (Rawlings et al. 1998) as follows:

     -k*log10(rate)

  I = 100e   + 0 [1]-Be

Equation 1 was used to determine the I  for visible control and fresh weight reduction.  To compare the effect80

of rainfall amount and rainfall timing after herbicide application, ANOVA was carried out on the log

transformed I  values for Italian ryegrass control or shoot fresh weight reduction obtained with the AE80

F130060 plus AE F115008 following each rainfall event and estimated for each run.  Prediction equations and

R  values were also obtained for each herbicide rate and rainfall event based on data averaged over runs.2

RESULTS AND DISCUSSION

     The response to amount of rainfall was not significant, therefore data were pooled over the two rainfall

totals prior to regression analysis.  Regression equations and R  values for AE F130060 plus AE F115008 after2

each simulated rainfall application are listed in Table 1.  The I  for visible control and shoot fresh weight80

reduction decreased as the rain-free period after application increased (Table 2).  When simulated rainfall

occured 0.25, 0.5, or 1 h after application, the AE F130060 plus AE F115008 I  for visible control was 159,80

69, and 61% higher than when no rain was applied, respectively.  Trends were similar for 80% shoot fresh
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weight reduction as the rates of AE F130060 plus AE F115008 required with simulated rainfall at 0.25, 0.5,

and 1 h after application were 153, 66, and 64% higher than no rainfall after application, respectively.  The I80

for visible control and shoot fresh weight reduction by AE F130060 plus AE F115008 was similar when

rainfall occurred 2 h after treatment or later. 
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Table 1.  Parameter estimates and R  values from nonlinear regression of AE F130060 plus AE F115008 after rainfall.2 a

Time of rainfall after Visible control Shoot fresh weight reduction

herbicide application Regression equation R Regression equation R2 2

 hr ____________ ___________

0.25 y=100*exp[-15.1518*exp(-3.8325*log (x))] 0.96 y=100*exp[-7.2624*exp(-3.2544*log (x))] 0.9110 10

0.5 y=100*exp[-16.5383*exp(-4.6807*log (x))] 0.95 y=100*exp[-6.9270*exp(-3.8199*log (x))] 0.7710 10

1 y=100*exp[-5.8436*exp(-3.5106*log (x))] 0.70 y=100*exp[-3.0880*exp(-2.9330*log (x))] 0.7910 10

2 y=100*exp[-22.9747*exp(-5.8700*log (x))] 0.93 y=100*exp[-9.5521*exp(-4.7691*log (x))] 0.8410 10

4 y=100*exp[-14.2840*exp(-5.4731*log (x))] 0.84 y=100*exp[-4.5798*exp(-4.2441*log (x))] 0.9110 10

8 y=100*exp[-14.3820*exp(-6.1014*log (x))] 0.94 y=100*exp[-5.1167*exp(-4.8075*log (x))] 0.8910 10

24 y=100*exp[-9.8273*exp(-5.8027*log (x))] 0.90 y=100*exp[-3.6285*exp(-4.5846*log (x))] 0.8210 10

No rain y=100*exp[-43.5192*exp(-7.8691*log (x))] 0.68 y=100*exp[-21.2773*exp(-7.0332*log (x))] 0.5910 10

    Data averaged over runs.  Parameter estimates and R  values calculated from curves determined by nonlinear regression where y = percenta 2

control and x = AE F130060 + AE F115008 rate in g/ha.  Methylated seed oil and 30% UAN included at 0.58 and 2.34 L/ha, respectively.
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Table 2.  Rates of AE F130060 plus AE F115008 required for 80% control or 80% shoot

fresh weight reduction after rainfall.a

Time of rainfall after Visible control Shoot fresh weight reduction

herbicide application I P value I P value80
b

80
b

hr g/ha g/ha

0.25 12.7 0.0001 11.9 0.0001

0.50 8.3 0.008 7.8 0.014

1 7.9 0.016 7.7 0.015

2 6.2 0.263 6.4 0.151

4 5.6 0.511 5.2 0.637

8 4.7 0.888 4.6 0.905

24 4.6 0.709 4.3 0.744

No rain 4.9 4.7

    Data averaged over runs and rainfall totals of 6.4 and 25.4 cm.a

    The I80 is the combined rate of AE F130060 + AE F115008 (5:1 ratio).  Methylated seedb

oil and 30% UAN included at 0.58 and 2.34 L/ha, respectively.

    P values for testing equality of I  values for AE F130060 + AE F115008 applied prior tob
80

no rainfall and at rainfall at various times after application.
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Table A-2.1.  The 0 to 100 rating system for crop injury and weed control.a

Rating Description of main categories Detailed description

0 No effect No weed control; no crop reduction or injury

10 Very poor weed control; slight crop discoloration or stunting

20 Slight effect Poor weed control; some crop discoloration, stunting, or stunt loss

30 Poor to deficient weed control; crop injury more pronounced, but not lasting

40 Deficient weed control; moderate injury, crop usually recovers

50 Moderate effect Deficient to moderate weed control; crop injury more lasting, recovery doubtful

60 Moderate weed control; lasting crop injury, no recovery

70 Weed control somewhat less than satisfactory; heavy crop injury and stand loss

80 Severe effect Satisfactory to good weed control; crop nearly destroyed - a few surviving plants

90 Very good to excellent weed control; only occasional live crop plants left

100 Complete effect Complete weed destruction; complete crop destruction

      Chart taken from page 37 of Frans et al. 1986.a
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Table A-2.2.  Summary of analysis of variance for wheat injury and height.

Injury Wheat

Sources of variation df 3 WAT 6 WAT 10 WAT heighta b

 P value __________________________ __________________________

Year 2 0.0943 0.3420 0.2277 0.0439

Rate 1 0.0236 0.0507 0.0107 0.0075

Cultivar 5 0.0055 0.4518 0.4495 0.0001

Rate*cultivar 5 0.2162 0.2864 0.4439 0.6322

Year*rate 2 0.1824 0.5329 0.0743 0.1847

Year*cultivar 10 0.0001 0.1534 0.5519 0.7934

Year*rate*cultivar 10 0.1841 0.1984 0.9190 0.5242

      Additional sources of variation used to test main effects and interactions includeda

location(year), blocks(year*location), location*cultivar(year), blocks*cultivar(year*location),

location*rate(year), and location*rate*cultivar(year).

      WAT = weeks after treatment.b
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Table A-2.3.  Summary of analysis of variance for wheat yield, yield components, and test weight.

Yield components

Wheat Spike Kernels Kernel Test

Sources of variation df yield density per spike weight weighta

 P value __________________________________________ _________________________________________

Year 1 0.8979 0.0684 0.0181 0.7818 0.5552

Rate 2 0.0046 0.0450 0.0002 0.0213 0.6873

Cultivar 5 0.1513 0.0134 0.0001 0.0001 0.0001

Rate*cultivar 10 0.0916 0.2091 0.1429 0.7164 0.5474

Year*rate 2 0.0001 0.2759 0.0003 0.1856 0.4412

Year*cultivar 5 0.0001 0.4919 0.0051 0.0620 0.1024

Year*rate*cultivar 10 0.8739 0.5838 0.2583 0.2724 0.7822

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(year*location), location*cultivar(year), blocks*cultivar(year*location), location*rate(year), and

location*rate*cultivar(year).
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Table A-2.4.  Summary of analysis of variance for wheat yield and yield components by year.

Yield components

Yield Spike density Kernels Kernel weight

Sources of variation df Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 Year 1 Year 3a

 P value ____________________________________________________________________________ _______________________________________________________________________

Location 1 0.0233 0.0006 0.0001 0.0001 0.5921 0.0031 0.0001 0.0001

Rate 2 0.1861 0.0404 0.3371 0.0050 0.1678 0.0112 0.1647 0.0926

Cultivar 5 0.2448 0.1583 0.1170 0.1262 0.0454 0.0002 0.0001 0.0058

Rate*cultivar 10 0.3543 0.0339 0.2853 0.1123 0.8078 0.1693 0.1776 0.7272

Location*rate 2 0.9730 0.4667 0.4087 0.9311 0.9108 0.8335 0.3329 0.6271

Location*cultivar 5 0.0001 0.0386 0.0390 0.0001 0.0047 0.2025 0.3378 0.0001

Location*rate*cultiva 10 0.7833 0.5785 0.1264 0.0847 0.6467 0.0745 0.7136 0.2174

r

      Additional sources of variation used to test main effects and interactions included blocks(location) and blocks*rate(location).a
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Table A-3.1.  Analysis of variance of injury, height, yield, yield components, and test weight of wheat treated with AE F130060 + AE F1150008 at 25

+ 5 g/ha as affected by herbicide:safener ratios and application timing.a

Wheat injury Wheat Wheat Spike Kernels Kernel Test

Source df 3 WAT 6 WAT 10 WAT height yield density per spike weight weight

 P value _________________________________________________________________ ____________________________________________________________________

Year 1 0.9142 0.9559 0.6840 0.3458 0.5970 0.1466 0.1277 0.2689 0.3246

Safener rate 2 0.0006 0.0005 0.0153 0.0143 0.0114 0.7703 0.0037 0.3006 0.6458

Timing 2 0.7513 0.6059 0.2350 0.7175 0.3528 0.9513 0.6306 0.7931 0.3226

Safener rate*timing 4 0.2837 0.7073 0.1856 0.8790 0.0859 0.6707 0.0646 0.8341 0.4474

Year*safener rate 2 0.2493 0.9308 0.2535 0.5959 0.6429 0.8431 0.0564 0.1467 0.9504

Year*timing 2 0.3141 0.1290 0.1779 0.9123 0.1446 0.9278 0.2848 0.8461 0.1443

Year*safener rate*timing 4 0.8004 0.0592 0.0566 0.8971 0.0859 0.5529 0.7557 0.8636 0.8318

      Additional sources of variation used to test main effects and interactions included location(year), blocks(location*year), location*safenera

rate(year), location*adjuvant(year), location*safener rate*adjuvant(year).
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Table A-3.2.  Analysis of variance of height, yield, yield components, and test weight of wheat treated with

AE F130060 + AE F1150008 at 25 + 5 g/ha as affected by herbicide:safener ratios and application timing.a

Wheat Wheat Spike Kernels Kernel Test

Source df height yield density per spike weight weight

 P value ____________________________________________ ________________________________________________

Year 1 0.0001 0.6608 0.1373 0.1146 0.2395 0.3595

Treatment 9 0.0001 0.0450 0.9677 0.0163 0.7236 0.4731b

Year*treatment 9 0.4122 0.1078 0.8491 0.1306 0.8087 0.6118

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), and location*treatment(year).

      Includes the non-treated check.b
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Table A-3.3.  Analysis of variance of visible wheat injury, wheat height, yield, yield components, and test weight as affected by AE F130060 plus AE

F115008 rates.a

Wheat injury Wheat Wheat Spike Kernels Kernel Test

Source df 3 WAT 6 WAT 10 WAT height yield density per spike weight weight

 P value _________________________________________________________________ ____________________________________________________________________

Year 1 0.8629 0.9474 0.6646 0.3224 0.5654 0.1127 0.1017 0.2498 0.3459

Herbicide rate 1 0.8883 0.9685 0.9042 0.7862 0.0691 0.5375 0.3162 0.7592 0.3848

Timing 2 0.4567 0.7439 0.3685 0.5447 0.4929 0.2414 0.6276 0.6541 0.9729

Herbicide rate*timing 2 0.1631 0.3715 0.1988 0.1148 0.2367 0.7414 0.7676 0.3010 0.2330

Year*herbicide rate 1 0.3585 0.4869 0.3032 0.2618 0.2406 0.6736 0.6233 0.9095 0.7985

Year*timing 2 0.3000 0.3159 0.1951 0.6871 0.4003 0.7161 0.5964 0.8646 0.5373

Year*herbicide 2 0.4728 0.2265 0.3674 0.7684 0.5111 0.8170 0.6079 0.2617 0.3168

rate*timing

     Additional sources of variation used to test main effects and interactions included location(year), blocks(location*year), location*herbicidea 

rate(year), location*adjuvant(year), location*herbicide rate*adjuvant(year).
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Table A-3.4.  Analysis of variance of wheat height, yield, yield components, and test weight as affected by

rate and application timing of AE F130060 plus AE F115008.a

Wheat Wheat Spike Kernels Kernel Test

Source df height yield density per spike weight weight

 P value ____________________________________________ ________________________________________________

Year 1 0.3077 0.6524 0.1076 0.0895 0.2204 0.3887

Treatment 6 0.4373 0.6325 0.4251 0.7064 0.3578 0.4856b

Year*treatment 6 0.4219 0.4763 0.7210 0.8160 0.9284 0.3389

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), and location*treatment(year).

      Includes the non-treated check.b
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Table A-4.1.  Analysis of variance of visible wheat injury and plant height.  Tolerance

experiment.a

Wheat injuryb

Source df 3 WAT 6 WAT df Wheat heightc

 P value P value______________ ______________

Year 2 0.7432 0.4947 2 0.0088

Treatment 9 0.0001 0.0084 11 0.0001

Year*treatment 18 0.7789 0.5971 22 0.0056

      Additional sources of variation used to test main effects and interactions includeda

location(year), blocks(location*year), and location*treatment(year).

      Injury not observed 10 WAT.  Non-treated check not included in analysis.b

      Analysis included the non-treated check.c
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Table A-4.2.  Wheat injury, height, yield, yield components, and test weight as affected by UAN plus NIS.  Tolerance experiment.a

Height Yield components

Injury Year 2 Spike Kernel Testb

     Treatment 3 WAT 6 WAT 10 WAT Year 1 Clinton Kinston Year 3 Yield density Kernels weight weightc c b b b b b

 %  cm  kg/ha no./m no./spike mg kg/m_______________ _______________ ___________________ ___________________ 2 3

Non-treated 0 0 0 93 84 78 81 5180 551 35 33 747

UAN + 0% NIS 0 0 0 93 82 76 81 4930 560 33 33 747

UAN + 0.3% NIS 0 0 0 92 85 77 84 5100 527 34 33 760

UAN + 0.6% NIS 0 0 0 93 83 77 81 4990 537 33 33 747

      Means within each column are not different according to Fisher’s Protected LSD test at P = 0.05.  The non-treated check was not included in the analysisa

of injury but was included in the analysis of wheat height and yield components.

      Data averaged over years. b

      Data averaged over locations within years.c
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Table A-4.3.  Analysis of variance of visible wheat

injury 3 WAT as affected by herbicides applied with

UAN as the carrier.  Tolerance experiment.a

Source df Injury

P value

Year 2 0.6913

Rate 1 0.0485

Year*rate 2 0.3090

      Data averaged over NIS rates. Additional sources ofa

variation used to test main effects and interactions

included location(year), blocks(location*year), and

location*carrier(year).  Non-treated check not included

in analysis.
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Table A-4.4.  Analysis of variance of plant height.  Tolerance experiment.

Wheat height

Source df Year 1 Year 2 Year 3

 P value _________________________ ___________________________

Location 1 0.0011 0.0001 0.0009

Blocks(location) 6 0.0001 0.0001 0.0001

Treatment 11 0.0564 0.0028 0.2960

Location*treatment 11 0.5484 0.0025 0.2914

      Non-treated check was included.a
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Table A-4.5.  Analysis of variance of wheat yield, yield components, and test weight. 

Tolerance experiment.a

Source df yield density per spike weight weight

Wheat Spike Kernels Kernel Test

 P value ______________________________________ ________________________________________

Year 1 0.3241 0.0001 0.0211 0.5081 0.2569

Treatment 11 0.0081 0.5946 0.0002 0.1101 0.1532

Year*treatment 11 0.5357 0.7458 0.2292 0.6741 0.4121

      Additional sources of variation used to test main effects and interactions includeda

location(year), blocks(location*year), and location*treatment(year).  Non-treated check was

included.
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Table A-4.6.  Analysis of variance of Italian ryegrass control, wheat injury, and wheat yield.  Italian

ryegrass control experiment.a

Italian ryegrass control Wheat injury Wheatb b

Source df 3 WAT 6 WAT 10 WAT 3 WAT df yieldc

 P value P value____________________________ ____________________________

Year 2 0.0001 0.4130 0.0001 0.8675 1 0.8675

Treatment 3 0.0022 0.0065 0.0346 0.0905 4 0.0004

Year*treatment 6 0.5754 0.5588 0.6672 0.6296 4 0.0077

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), and location*treatment(year).

      Non-treated check not included in analysis.b

      Analysis included the non-treated check.c



159

Table A-4.7.  Analysis of variance of wheat yield in year 3. 

Italian ryegrass control experiment.a

Source df P value

Location 1 0.0001

Block(locations) 6 0.5461

Treatment 4 0.0064

Location*treatment 4 0.2897

      Non-treated check was not included in the analysis.a
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Table A-5.1.  Analysis of variance of wheat injury and wheat height by AE F130060

plus AE F115008 applied alone and mixed with broadleaf herbicides.  Tolerance

experiment.

Injuryb

Source df 3 WAT 6 WAT df Plant heightc

year 2 0.0985 0.0173 2 0.1773

treatment 9 0.0001 0.0001 10 0.0001

year*treatment 18 0.0001 0.0001 20 0.1168

      Additional sources of variation used to test main effects and interactionsa

included location(year), blocks(location*year), location*treatment(year).

      Non-treated check was not included in the analysis.b

      Non-treated check was included in the analysis.c

Table A-5.2.  Analysis of variance of wheat injury by AE F130060 plus AE F115008 applied alone and

mixed with broadleaf herbicides.  Tolerance experiment.

3 WAT 6 WAT

Source df Year 1 Year 2 Year 3 Year 1 Year 3

location 1 0.0004 0.0001 0.0539 0.0001 0.0212

blocks(location) 6 0.0660 0.1115 0.0641 0.7899 0.4262

treatment 9 0.0001 0.0001 0.0001 0.0001 0.0001

location*treatment 9 0.0001 0.0001 0.2285 0.0001 0.1058

      Non-treated check was not included in the analysis.  a
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Table A-5.3.  Analysis of variance of yield, kernels per spike, and test weight of wheat treated with

AE F130060 plus AE F115008 applied alone and mixed with broadleaf herbicides.  Tolerance

experiment.

Wheat Spike Kernels Kernel Test

Source df yield density per spike weight weight

year 1 0.0274 0.0403 0.1041 0.5538 0.2377

treatment 10 0.2052 0.3646 0.0055 0.5826 0.3650

year*treatment 10 0.4562 0.4063 0.2024 0.8716 0.1260

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), location*treatment(year).  Non-treated check was included in the analysis.
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Table A-5.4.  Analysis of variance of Italian ryegrass control and wheat injury by AE F130060 plus AE

F115008 applied alone and with broadleaf herbicides.  Field experiment.

Wheat injury Italian ryegrass control

Source df 3 WAT 6 WAT 3 WAT 6 WAT Late-season

year 1 0.5935 0.3932 0.0001 0.0001 0.0003

treatment 5 0.0044 0.0001 0.0001 0.0001 0.0001

year*treatment 5 0.2522 0.2592 0.0111 0.0023 0.0001

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), location*treatment(year).  Non-treated check was not included in the analysis.

Table A-5.5.  Analysis of variance of Italian ryegrass control by AE F130060 plus AE F115008 applied alone

and with broadleaf herbicides.  Field experiment.a

3 WAT 6 WAT Late-season

Source df Year 1 Year 3 Year 1 Year 3 Year 1 Year 3

location 1 0.0001 0.6037 0.0001 0.0001 0.3384 0.2136

blocks(location) 6 0.6731 0.5610 0.4512 0.9616 0.0110 0.2429

treatment 5 0.0398 0.8887 0.2918 0.1466 0.6791 0.0322

location*treatment 5 0.0001 0.0001 0.0001 0.0011 0.0001 0.0581

      Non-treated check was not included in the analysis.a
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Table A-5.6.  Analysis of variance for yield of wheat

treated with AE F130060 plus AE F115008 applied

alone and with broadleaf herbicides.  Field experiment.

Source df Wheat yield

year 1 0.8415

treatment 6 0.0001

year*treatment 6 0.0149

      Additional sources of variation used to test maina

effects and interactions included location(year),

blocks(location*year), location*treatment(year).  Non-

treated check was included in the analysis.

Table A-5.7.  Analysis of variance for yield of wheat

treated with AE F130060 plus AE F115008 applied

alone and with broadleaf herbicides.  Field experiment.a

Wheat yield

Source df Year 3

location 1 0.0001

blocks(location) 6 0.0001

treatment 6 0.0001

location*treatment 6 0.0430

      Non-treated check was included in the analysis.a
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Table A-6.1.  Analysis of variance of visible wheat injury and plant height.  Tolerance

experiment.a

Wheat injuryb

Source df 3 WAT 6 WAT Wheat height

 P value P value______________ ______________

Year 2 0.8837 0.0259 0.0103

Herbicide rate 1 0.2636 0.4226 0.7077

Adjuvant 4 0.0005 0.4609 0.2109

Herbicide rate*adjuvant 4 0.4532 0.4609 0.8230

Year*herbicide rate 2 0.5566 0.4652 0.9649

Year*adjuvant 8 0.9469 0.4848 0.9022

Year*herbicide rate*adjuvant 8 0.5204 0.4826 0.8318

      Additional sources of variation used to test main effects and interactions includeda

location(year), blocks(location*year), location*herbicide rate(year), location*adjuvant(year),

location*herbicide rate*adjuvant(year).

      Injury not observed 10 WAT.  Non-treated check was not included in the analysis.b

      Non-treated check was included in the analysis.c
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Table A-6.2.  Analysis of variance of wheat yield, kernels per spike, kernel weight, and test weight.  Tolerance

experiment.a

Wheat Spike Kernels Kernel Test

Source df yield density per spike weight weight

 P value _____________________________________________ ________________________________________________

Year 1 0.0001 0.2141 0.0001 0.8523 0.1984

Herbicide rate 1 0.9567 0.8566 0.0237 0.4898 0.9468

Adjuvant 4 0.1801 0.9962 0.4106 0.8643 0.3282

Herbicide rate*adjuvant 4 0.4372 0.2784 0.0785 0.8196 0.8617

Year*herbicide rate 1 0.1562 0.8911 0.6013 0.7101 0.5240

Year*adjuvant 4 0.8139 0.4016 0.6043 0.4201 0.6221

Year*herbicide 4 0.4845 0.7109 0.7997 0.4918 0.1623

rate*adjuvant

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), location*herbicide rate(year), location*adjuvant(year), location*herbicide rate*adjuvant(year). 

Non-treated check was included in the analysis.
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Table A-6.3.  Analysis of variance of wheat yield, kernels per spike, kernel weight, and test weight as affected by all treatments. 

Tolerance experiment.a

Wheat Spike Kernels Kernel Test Plant

Source df yield density per spike weight weight df height

 P value P value_____________________________________________ ________________________________________________

Year 1 0.1574 0.2287 0.0242 0.8823 0.1975 2 0.0115

Treatment 10 0.6113 0.8492 0.0187 0.9332 0.5205 10 0.0559

Year*treatment 10 0.2168 0.4728 0.8370 0.3449 0.3220 20 0.9732

      Additional sources of variation used to test main effects and interactions included location(year), blocks(location*year), anda

location*treatment(year).  Non-treated check was included in the analysis.
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Table A-6.4.  Analysis of variance of Italian ryegrass control, wheat injury, and wheat yield.  Italian ryegrass control

field experiment.a

Italian ryegrass control Wheat injury Wheatb b,c

Source df 3 WAT 6 WAT 10 WAT 3 WAT 6 WAT yieldd

 P value ________________________________________________ _______________________________________________________

Year 1 0.0127 0.4488 0.8288 0.0001 0.9892 0.4308

Treatment 4 0.0268 0.0551 0.4322 0.0645 0.4041 0.0019

Year*treatment 4 0.8447 0.4881 0.3242 0.4524 0.8698 0.1474

      Additional sources of variation used to test main effects and interactions included location(year),a

blocks(location*year), and location*treatment(year).

      Non-treated check was not included in the analysis.b

      Injury not observed 10 WAT.c

      Non-treated check was included in the analysis.d




