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Management of Italian ryegrass in cereal-based cropping systems continues to be a major 

production constraint in areas of the U.S.A., including the soft white winter wheat producing 

regions of the Pacific Northwest.  Pyroxasulfone is a soil-applied herbicide with the potential to 

control broadleaf and grass weed species, including grass weed biotypes resistant to Group 1, 2 

and 7 herbicides, in several crops for which registration has been completed or is pending 

including wheat, corn, sunflower, dry beans and soybeans.  Field experiments were conducted 

during 2006-2009 near Corvallis, OR, to evaluate the potential for Italian ryegrass control in 

winter wheat with applications of pyroxasulfone.  Application rates of PRE treatments ranged 

from 0.05-0.15 kg ai ha
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-1.  All treatments were compared to standard Italian ryegrass soil-applied 

herbicides used in winter wheat including diuron, flufenacet, and flufenacet + metribuzin.  Visual 

evaluations of Italian ryegrass and ivyleaf speedwell control and winter wheat injury were made 

at regular intervals following applications.  Winter wheat yields were quantified at grain 

maturity.  Ivyleaf speedwell control was variable and Italian ryegrass control following 

pyroxasulfone applications ranged from 65 to 100% and was equal to control achieved with 

flufenacet and flufenacet + metribuzin treatments and greater than that achieved with diuron 

applications. Winter wheat injury from pyroxasulfone ranged 0 to 8% and was most associated 

with the 0.15 kg ha-1 application rate.  However, this early-season injury did not negatively 

impact winter wheat yield.  Pyroxasulfone applied at the application rates and timings in these 

studies resulted in high levels of activity on Italian ryegrass and excellent winter wheat safety.  

Based on the results, pyroxasulfone has the potential to be used as a soil-applied herbicide in 

winter wheat for Italian ryegrass management and its utility for management of other important 

grass and broadleaf weeds of cereal-based cropping systems should be evaluated.  
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Nomenclature:  diuron;  flufenacet;  pyroxasulfone;  metribuzin;  Italian ryegrass, Lolium 

perenne L. ssp. multiflorum (Lam.) Husnot;  ivyleaf speedwell, Veronica hederifolia L.;  wheat, 

Triticum spp. 
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 The climate in western Oregon, with an abundant winter rainfall pattern and relatively 

moderate temperatures, is well suited for the production of many winter cereal grains, including 

winter wheat.  Management of grass weed species, such as Italian ryegrass, several annual and 

perennial Bromus spp., and annual bluegrass (Poa annua L.), in these cereal grains is difficult 

because of the similar biology of these weed species to the crop species.  Italian ryegrass is a 

cool-season bunchgrass that was introduced from southern Europe to North America as a forage 

crop and has subsequently become a major annual weed of cropping systems worldwide, 

including the Pacific Northwest (PNW).  Italian ryegrass is reported as an important weed which 

can cause significant economic loss in cereal-based cropping systems in all wheat production 

areas of the U.S.A., except the Northern Great Plains, and is among the top ten most troublesome 

weeds in the wheat growing regions of the southern U.S.A. (Elmore 1988).  The invasiveness of 

this weed is in part due to its adaptability to a diversity of growing conditions and soil types, its 

widespread use as a cool-season forage in the southern U.S.A., and the extensive Italian ryegrass 

seed production industry in Oregon.   

 Italian ryegrass causes economic loss because it is very competitive with winter wheat, 

contributes to lodging, and results in grain quality and grain dockage complications at wheat 

harvest. Italian ryegrass competes with winter wheat for mineral nutrients, water, space, and light 

(Carson et al. 1999; Forcella 1984; Hashem et al. 1998). Specifically, its competitive ability 
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contributes to reduced winter wheat photosynthesis, decreased tiller number, and reduced plant 

height, resulting in yield loss (Carson et al. 1999; Stone et al. 1998). Appleby et al. (1976) 

documented that increasing Italian ryegrass densities from approximately 1.0 to 93 plants m
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decreased winter wheat grain yield more than 60% compared to weed-free plots. 

 The adoption of no- or minimum-tillage practices to reduce soil disturbance from farming 

operations has limited mechanical weed control methods and has further increased the reliance 

on POST herbicide applications in winter wheat production to manage Italian ryegrass and 

broadleaf weeds.  Consequently, this extensive herbicide use has resulted in the selection of 

cross- and multiple-herbicide resistance to several different herbicide groups including ACCase 

inhibitors (Group 1), ALS inhibiting herbicides (Group 2), photosystem II inhibitors (Group 5), 

and inhibitors of very-long-chain fatty acid synthesis (Group 15) in Italian ryegrass populations 

in the PNW and other production regions (Ellis et al. 2008; Ellis et al. 2010; Kuk and Burgos 

2007; Mallory-Smith et al. 2007; Rauch et al. 2010).  

PRE or early POST chemical control options for Italian ryegrass for use in winter wheat 

are limited.  Standard management methods for Italian ryegrass in western Oregon include the 

use of flufenacet, metribuzin, or flufenacet + metribuzin applied soon after planting, but after 

winter wheat has germinated and is emerging (Anonymous 2011a) and diuron or diuron + 

chlorsulfuron and metsulfuron often applied soon after the wheat is planted and up to the two-

leaf growth stage (Anonymous 2011b; Grey and Bridges 2003).   

 Pyroxasulfone is a soil-applied herbicide with the potential to control many broadleaf and 

grass weed species when applied PRE in several crops including wheat, corn (Zea mays L.), 

sunflower (Helianthus annuus L.), dry bean (Phaseolus vulgaris L.) and soybean [Glycine max 

(L.) Merr.] (Anonymous 2006).  Registration for use has been completed or is pending in some 

 4



91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

of these crops.  The site of action of pyroxasulfone has been reported to be similar to that of 

Group 15 inhibitors of very-long-chain fatty acid synthesis (Tanetani et al. 2009).  While this site 

of action is already utilized for control of Italian ryegrass in Oregon through early POST 

applications of flufenacet, pyroxasulfone may represent a true PRE herbicide option in winter 

wheat which would improve management of Italian ryegrass populations and biotypes that 

germinate and emerge with the winter wheat crop and an option which could possibly replace 

less effective soil-applied herbicides currently used in winter wheat.   

 Application rates of pyroxasulfone are dependent on soil type and organic matter content 

of soils.  Knezevic et al. (2009) conducted field experiments in soils with a range of organic 

matter in Nebraska to develop dose-response curves for weed control and corn tolerance.  

Results from these experiments indicate that excellent control of grass weed species, including 

green foxtail [Setaria viridis (L.) Beauv.] and large crabgrass [Digitaria sanguinalis (L.) Scop.], 

and broadleaf species, including tall waterhemp [Amaranthus tuberculatus (Moq.) Sauer] and 

velvetleaf (Abutilon theophrasti Medik.), are possible with pyroxasulfone application rates of 

0.2-0.3 kg ai ha-1 with no injury to corn.  Dose response experiments utilizing rigid ryegrass 

(Lolium rigidum Gaudin) in a range of soil types conducted by Walsh et al. (2011) suggest that 

activity of pyroxasulfone is greatest in relatively sandy soils and decreases with increasing clay 

content and soil organic matter content. Pyroxasulfone dissipated at slower rates compared to S-

metolachlor which resulted in comparable weed control with lower application rates of 

pyroxasulfone compared to S-metolachlor in studies conducted in clay loam and sandy loam 

soils in Colorado (Westra et al. 2010). Excellent control of broadleaf weeds including velvetleaf, 

kochia [Kochia scoparia (L.) Schrad.] and wild buckwheat (Polygonum convolvulus L.) has been 
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documented with PRE applications of pyroxasulfone with application rates ranging from 0.166-

0.250 kg ha
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-1 in furrow-irrigated corn production systems (King and Garcia 2008). 

 To prevent and mitigate further development of herbicide resistance in Italian ryegrass, 

herbicides representing a variety of application timings and sites of action must be made 

available to winter wheat producers.  However, limited weed management field research to 

determine the utility of pyroxasulfone uses in winter wheat production systems has been 

conducted. Additionally, there are limited data on the effectiveness of PRE pyroxasulfone 

applications to winter annual grass weeds in relatively high rainfall winter wheat production 

environments such as those located in western regions of the PNW.  Therefore, the objective of 

this research was to evaluate the use of pyroxasulfone in winter wheat for Italian ryegrass 

management in western Oregon.   

 

Materials and Methods 

 

 In 2006, 2007, and 2008 studies were initiated in winter wheat to evaluate the 

effectiveness of pyroxasulfone for management of Italian ryegrass and broadleaf weed species.  

The studies were planted at Hyslop Field Research Farm near Corvallis, Oregon.  The soil type at 

this farm is a Woodburn silt loam with an organic matter content of 2.6%, a pH of 5.5, and a 

cation exchange capacity of 14.1.  The winter wheat cultivar ‘ORCF 101’ was planted in 2006 

and 2007 and ‘Goetze’ was planted in 2008 to mirror the rapid adoption of this locally-adapted 

cultivar by winter wheat growers in western OR in 2008.  These studies were over-seeded with 

Italian ryegrass prior to planting winter wheat each yr and contained high density background 

populations of ivyleaf speedwell in 2007-2008 and 2008-2009, a difficult to control broadleaf 

 6



weed common to winter wheat production in western Oregon (Aldrich-Markham 1995). Winter 

wheat was planted October 13 in each yr of the studies with a grain drill at a rate of 135 kg ha
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and depth of 3.8 cm in 15.2-cm rows.  The winter wheat was fertilized and treated with 

fungicides to control Septoria leaf blotch and stripe rust (Puccinia striiformis) as needed each yr 

in accordance with local winter wheat production standards (Hart et al. 2009).  

 The experimental design of these studies was a randomized complete block with four 

replications and individual plot size was 2.4 m wide by 10.9 m long.  Herbicide treatments were 

applied using a compressed-air unicycle sprayer equipped with flat fan XR8003 nozzles1 

calibrated to deliver 187 L ha-1 at 138 kPa.  Herbicide treatments consisted of an untreated 

control and four PRE rates of pyroxasulfone2 (0.05, 0.08, 0.10 and 0.15 kg ha-1) each yr.  

Comparison treatments of a PRE application of diuron3 (1.68 kg ai ha-1) in 2006, EPOST 

applications of a commercial premix of flufenacet + metribuzin4 (0.47 kg ai ha-1) in 2006 and 

2007, and EPOST applications of flufenacet5 (0.38 kg ai ha-1) in 2007 and 2008 were also 

included in the studies.  The variability in the comparison treatments over time was a reflection 

of changing flufenacet winter wheat registrations and flufenacet product availability in the 

region.  PRE applications were made to the winter wheat within 7 d of planting and EPOST 

applications were made to 1-leaf winter wheat which corresponded to 10 to14 d after wheat 

planting each yr.   A nontreated weedy control was included each yr for winter wheat yield 

comparisons. 

 Visual ratings of Italian ryegrass and ivyleaf speedwell control and winter wheat injury 

were made approximately every 14 d throughout the growing season.  A rating scale of 0 to 100 

was used, where 0 was equal to the weed population in the untreated control plots or no crop 

injury and 100 indicated complete control of the Italian ryegrass and ivyleaf speedwell or crop 
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death.  The final weed control rating, approximately 4 months after winter wheat planting each 

yr, represents season-long pyroxasulfone efficacy and crop safety.  Winter wheat yld was 

obtained by harvesting the center 1.6 m of each plot using a small plot combine when the grain 

moisture content reached 13.5%. 

Statistical Analysis.  Data analysis was conducted using the statistical software R 2.10.16. 

Herbicide treatments, years, replications, and interactions were tested for their affect on the 

visual ratings of winter wheat injury, Italian ryegrass and ivyleaf speedwell control and winter 

wheat yld using ANOVA.  These data were subjected to arcsin of the square root transformation, 

but the results were similar to untransformed data which are presented herein.  Treatments were 

compared using Tukey’s honest-significant difference means comparison at the P < 0.05 level.  

 

Results and Discussion 

 

 Environmental conditions varied significantly between each yr of the studies (Table 1).  

The 2006-2007 growing season was characterized by the wettest and warmest weather conditions 

of the three experimental yrs followed by the 2008-2009 and 2007-2008 growing seasons, 

respectively. There was a significant treatment by yr interaction (F = 8.61, P < 0.001) and 

comparison herbicide treatments were not the same every yr, therefore, the weed control ratings, 

winter wheat injury and winter wheat yield were analyzed separately for each yr of the studies. 

 

Italian Ryegrass.  Italian ryegrass control was quantified during each study (Table 2). All the 

herbicide treatments provided 98 to 100 % Italian ryegrass control during the 2007-2008 

growing season. These high levels of Italian ryegrass control are likely related to the large 
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amount of rainfall that occurred in October of 2007 (11 cm) resulting in optimum soil moisture 

conditions for soil-applied herbicide activation following winter wheat planting and herbicide 

applications (Table 1).  Italian ryegrass control was more variable during the 2006-2007 and 

2008-2009 growing seasons.  In 2006-2007, pyroxasulfone applied at 0.10 and 0.15 kg ha
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resulted in similar Italian ryegrass control compared to the flufenacet + metribuzin treatment. 

Results were similar in 2008-2009 between the two highest rates of pyroxasulfone applied and 

the flufenacet treatment.   The lowest rate of pyroxasulfone applied did not provide adequate 

control (<80%) of Italian ryegrass in 2006-2007 and 2008-2009. The 0.10 and 0.15 kg ha-1 

pyroxasulfone rates performed similarly to the industry standard rates of flufenacet + metribuzin 

and flufenacet applied alone and provided greater than 80% Italian ryegrass control in each year 

of the study.  Overall, Italian ryegrass control resulting from the highest pyroxasulfone rate was 

90% or greater each yr and more consistent than control resulting from the lower pyroxasulfone 

rates. 

 

Ivyleaf Speedwell. Ivyleaf speedwell populations were present in the trial areas in 2007-2008 

and 2008-2009.  In 2007-2008, the addition of metribuzin to the flufenacet treatment improved 

ivyleaf speedwell control from 70% to 98% (Table 2). The two highest rates of pyroxasulfone 

resulted in 86 and 95% control, respectively, which was similar to the 70 to 75% control by 

flufenacet alone or the second highest pyroxasulfone rate and greater than the 63% by the lowest 

rate.  During the 2008-2009 growing season, ivyleaf speedwell control was limited with all 

treatments. Regardless of pyroxasulfone rate, control was never greater than 53% and flufenacet 

applied alone only provided 5% control (Table 2). The relative differences of control between 

yrs may have been caused by environmental factors.  Speedwell species are more competitive in 
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moist conditions (Guo-Shuiliang 1998; Mennan and Uygur 1994; Roberts and Lockett 1978) and 

the 2008-2009 growing season had more rainfall from Feb-May than 2007-2008 (Table 1). In 

addition, the October 2008 mean daily low temperature was relatively cooler than in October 

2007 (Table 1).  Cool soil temperatures may inhibit ivyleaf speedwell germination or decrease 

total germination (Angonin et al. 1996).  These factors may have decreased ivyleaf speedwell 

germination during the fall of 2008, when the herbicide treatments were applied, but increased 

the ivyleaf speedwell competition over the duration of 2008-2009 growing season as a result of 

later-emerging or spring-emerging cohorts of these populations that were not controlled by the 

soil-applied herbicide treatments.  Given the variable response in ivyleaf speedwell control when 

evaluated over the two growing seasons in these studies, the effectiveness of using pyroxasulfone 

to successfully manage this species in winter wheat could not be determined. 

 

Winter Wheat.  Winter wheat safety was evaluated by visual ratings of injury throughout the 

growing season and final winter wheat grain yld. Injury consisted primarily of early-season stand 

loss rather than a reduction in growth vigor or plant height. Except for 13 or 8% injury still 

remaining at the end of the growing season resulting from the flufenacet + metribuzin application 

in 2006-2007 or the highest pyroxasulfone rate in 2007-2008, respectively, less than 3% season-

end injury was observed (data not shown).  When yld was evaluated each yr, there was a 

treatment effect only in 2006-2007 (Table 3).  Differences in wheat yld that yr seemed to relate 

to Italian ryegrass control because the treatments with the highest ylds, flufenacet + metribuzin 

and the two highest pyroxasulfone rates, had 83 to 100% control compared to 65% or less by the 

other herbicide treatments (Table 2). All herbicide treatments that year resulted in ylds greater 

than the untreated control yld.  In 2007-2008 and 2008-2009, there was no significant yld 
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difference among herbicide treatments. It is unclear why no winter wheat yld increase was 

documented in these two yrs as a result of the herbicide applications, but this finding may be the 

result of Italian ryegrass densities not being great enough to impact winter wheat yld, or 

environmental conditions, such as fall and summer soil moisture conditions, that were not 

limiting to winter wheat growth.  As previously noted, the 2006-2007 growing season was 

characterized by the wettest weather conditions, particularly during the months of November and 

December, which may have increased Italian ryegrass competition compared to the drier 

growing seasons the following productions years which may in turn have favored the winter 

wheat and reduced overall Italian ryegrass competition (Table 1).  Winter wheat that is subjected 

to saturated soil moisture or flooding conditions during early developmental stages often exhibits 

poor long-term growth and yield potential (M. Flowers, personal communication, November 3, 

2011). However, all winter wheat ylds in these studies were commercially acceptable and are 

above the average winter wheat yld from 2000-2006 (6014 kg ha
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-1) for Linn County, Oregon,  a 

major wheat producing county in western Oregon (USDA-NASS 2010). 

These results suggest that pyroxasulfone at the highest rate 0.15 kg ha-1 , and possibly the 

next highest rate of 0.10 kg ha-1, evaluated in this study could be used effectively for Italian 

ryegrass management in winter wheat and are comparable to current standard treatments of 

flufenacet or flufenacet + metribuzin.  Pyroxasulfone has been successfully used in the control of 

rigid ryegrass (Lolium ridigum Gaudin) in southern Australia (Boutsalis et al. 2010), and 

multiple field trials in wheat throughout the U.S.A. with pyroxasulfone application rates similar 

to those discussed here have shown both excellent control of Italian ryegrass and limited crop 

injury (Tan et al. 2011). While the mode of action for pyroxasulfone is similar to that of other 

Group 15 herbicides, it is not known exactly; therefore, utilization of this herbicide for Italian 
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ryegrass control may help delay resistance to currently used herbicides or control some herbicide 

resistant weed biotypes (Tanitane et al. 2009). The adoption and integration of pyroxasulfone 

into an Italian ryegrass chemical management system in winter wheat may not add a new, 

distinct herbicide site of action, but it will add another soil-applied herbicide useful for overall 

weed management in winter wheat production systems.  Further studies are needed to observe 

what other weed species in the PNW winter wheat cropping systems can be controlled by 

addition of pyroxasulfone into the management system and to further explore timing methods 

and combinations of herbicides that could be applied with pyroxasulfone in winter wheat. 

In summary, pyroxasulfone has a unique fit for use in winter wheat production systems 

because of its PRE application timing and activity on Italian ryegrass.  Depending on its exact 

mode of action, pyroxasulfone may also be a valuable addition to cereal-based cropping systems 

in terms of herbicide resistance management of both grass and broadleaf weed species. We 

anticipate that through continued experimentation with pyroxasulfone in winter wheat production 

systems that its utility for management of other important grass and broadleaf weeds of cereal-

based cropping systems will be determined and agree with Walsh et al. (2011) that integrated 

Italian ryegrass management strategies will be needed to maintain the utility of pyroxasulfone 

over time. 
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Table 1.  Mean daily high and low temperatures and total monthly precipitation for the months of October-July in 2006-2009 at the 

Hyslop Field Research Farm near Corvallis, Oregon.  The months of October-July represent the critical winter wheat growing season 

in western Oregon. 

____________________________________________________________________________________________________________ 

Oct Nov Dec Jan Feb Mar Apr May June July Oct Nov Dec Jan Feb Mar Apr May June July Oct Nov Dec Jan Feb Mar Apr May June July

Mean Daily High (°C) 19 11.8 8.06 7.5 11 15.1 16 20 23.2 28 16 11.3 7.94 6 11 11.3 14 19.3 21.8 29 18 12.9 7.06 8.1 10 11.1 16 20.6 23.4 30

Mean Daily Low (°C) 3.5 4.28 0.94 -1 2.8 3.61 3.3 5.78 8.33 12 5.6 1.89 1.44 -1 0.5 0.83 2.6 7.5 7.44 10 4.3 5.22 -0.9 0.2 0.2 1.67 2.9 5.83 10.7 12

Total Precipitation (cm) 2.8 41.1 21.3 9.9 14 6.86 5.1 4.06 1.63 1 11 10.9 24 22 6.8 11.4 6 0.97 2.64 0.1 3.8 12 15.3 9.4 8.4 9.68 3.3 9.27 1.57 2

2006-2007 2007-2008 2008-2009

____________________________________________________________________________________________________________ 
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Table 2.  Effect of pyroxasulfone and standard herbicide treatments in winter wheat on season-long Italian ryegrass and ivyleaf 

speedwell control at Corvallis, OR, in 2006-2009.

400 

401 

402 

             

403 

 a

________________________________________________________________________________ 

   

  2006-2007 2007-2008 2008-2009 

Treatment kg ha-1
Italian 

ryegrassb

ivyleaf 

speedwell 

Italian 

ryegrass 

ivyleaf 

speedwell 

Italian 

ryegrass 

     ---------------------------------% Control ----------------------------- 

Pyroxasulfone 0.05 65 b 63 b 100 a 38 a 78 b 

Pyroxasulfone 0.08 65 b 75 ab 100 a 35 a 88 ab 

Pyroxasulfone 0.10 83 ab 86 a 100 a 43 a 94 a 

Pyroxasulfone 0.15 90 a 95 a 100 a 53 a 91 a 

Flufenacet + 

Metribuzin 
0.47 100 a 98 a 100 a NAc NA 

Flufenacet 0.38 NA 70 ab 98 a 5 b 94 a 

Diuron 1.68 43 b NA NA NA NA 

________________________________________________________________________________ 

 19



aThe final weed control rating, approximately 4 months after winter wheat planting each yr, represents season-long weed control 

efficacy and crop safety. 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

bMeans within a column followed by the same letter are not significantly different (P<0.05). Mean separations were performed using 

Tukey’s honest-significant difference means comparison. 

cAbbreviations:  NA = treatment was not applied that growing season. 
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422 

Table 3.  Winter wheat yields following pyroxasulfone and standard herbicide treatments at Corvallis, OR, in 2006-2009. 

______________________________________________________________________________ 

    Wheat Yield   

                                      

 

Treatment 

 

 

kg ai ha-1

2006 – 2007a  2007 - 2008  2008 – 2009 

  --------------kg ha-1-------------- 

Untreated Control  6464 d  8585  9609 

Pyroxasulfone 0.05 7767 c  8736  9436 

Pyroxasulfone 0.08 7885 c  8485  9436 

Pyroxasulfone 0.10 8292 bc  8600  9742 

Pyroxasulfone 0.15 8527 ab  8193  9742 

Flufenacet + 

Metribuzin 
0.47 8982 a  8266  NAb

Flufenacet 0.38 NA  8141  9797 

Diuron 1.68 7759 c  NA  NA 

423 ______________________________________________________________________________ 
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aMeans within a column followed by the same letter are not significantly different (P<0.05). Mean separations were performed using 

Tukey’s honest-significant difference means comparison.  There were no differences in winter wheat yield among treatments in 2007-

2008 and 2008-2009. 

424 

425 

426 

427 

428 

bAbbreviations:  NA = treatment was not applied that growing season. 
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