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Abstract 
Fenoxaprop-p-ethyl is a selective grass herbicide that if registered will provide winter wheat 
growers with an additional weed control option. Field experiments were established in the fall of 
2011, 2012 and 2013 at Ridgetown and Exeter, Ontario, to determine the sensitivity of four mar-
ket classes of winter wheat [Soft white winter wheat (SWWW), soft red winter wheat (SRWW), 
hard white winter wheat (HWWW) and hard red winter wheat (HRWW)] to 1X and 2X fenoxa-
prop-p-ethyl/safener at early-(EPOST) or late-post emergence (LPOST) application timings. Fe-
noxaprop-p-ethyl/safener applied LPOST at 1X and 2X the manufacturer’s proposed label rate 
caused 4% and 5% injury 1 week after application (WAA), respectively. The injury observed was 
transient with 1% injury 2 WAA. Winter wheat height ranged from 91 to 95, 76 to 77, 76 to 79 and 
90 to 93 cm while grain yield was 6.2 to 6.4, 6.1 to 7.1, 5.5 to 5.8 and 5.6 to 6.2 t·ha−1 for SWWW, 
SRWW, HRWW and HRWW, respectively. Exeter sites were not affected by fenoxaprop-p-ethyl/ 
safener treatment. At Ridgetown and Exeter, no market class-specific response was identified for 
the cultivars evaluated. Based on this study, fenoxaprop-p-ethyl/safener has the potential to cause 
only minor and transient injury in winter wheat that will not decrease yield. Furthermore, this 
research supports the registration of fenoxaprop-p-ethyl/safener for spring POST application in 
winter wheat in Ontario. 
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1. Introduction 
With over 700,000 hectares seeded annually, winter wheat (Triticum aestivum L.) is one of Canada’s most im-
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portant cereal crops [1]. Canadian production occurs largely in Ontario, where winter wheat is ranked third 
highest as the province’s most cultivated field crop, by area [2]. Ontario produces on average two million metric 
tonnes per year with a farm gate value up to $500 million [2]. Many growers choose to grow winter wheat be-
cause of its excellent yield potential, profitability and the flexibility in time management that it provides during 
busy parts of the growing season. Winter wheat is seeded in the fall in narrowly spaced rows that enable this 
competitive crop to suppress weeds, while its fibrous roots help to maintain soil structure and prevent erosion 
due to wind and water [3]. This sustainable crop fits well into reduced- and no-till systems and has the potential 
to produce yields that are upwards of 30% higher than spring wheat if managed properly [4]. Given the potential 
of this fall-seeded cereal, market class and cultivar selection are important considerations when trying to max-
imize winter survival, quality, yield and profitability.  

More than 100 cultivars of winter wheat are available that may be grouped into four market classes of wheat; 
soft white winter wheat (SWWW), soft red winter wheat (SRWW), hard white winter wheat (HWWW) and hard 
red winter wheat (HRWW) [1]. Winter wheat may be processed into flour, cereal food and feed, or bread and 
bakery products; however, protein content, kernel harness and dough properties determine the end use for each 
market class and cultivar. When selecting a winter wheat cultivar it is important to not only consider end use, 
but to consider traits including cultivar resistance to disease, lodging and overall winter hardiness that will best 
maximize yield potential [3].  

Differential herbicide tolerance across market class may further impact winter wheat yield and has been re-
ported in the literature. Reference [5] assessed crop tolerance of SWWW, SRWW and HRWW to various post 
emergence (POST) spring-applied herbicides and found that SWWW and SRWW were most susceptible to in-
jury from dicamba plus MCPA and mecoprop. Reference [6] evaluated winter wheat tolerance to mesosulfu-
ron-methyl and reported similar injury for soft and hard cultivars but found that the soft cultivars tended to be 
more resilient and recovered better. Moreover, SRWW sensitivity to dicamba has also been reported [7] [8]. As 
cultivar choice has the potential to affect crop tolerance, one must consider the implications when selecting a 
suitable herbicide. 

First discovered in the early 1970s, fenoxaprop-p-ethyl is a Group 1 herbicide that belongs to aryloxyphe-
noxypropionate family used for selective control of annual grasses [9]. Fenoxaprop-p-ethyl blocks de novo fatty 
acid biosynthesis in sensitive plants via inhibition of acetyl co-A carboxylase; an enzyme that facilitates the 
ATP-dependent carboxylation of acetyl-coA to malonyl-coA [10] [11]. Fenoxaprop-p-ethyl may be applied 
POST in spring wheat or barley (Hordeum vulgare L.) and confers selectivity via metabolism by tolerant species 
[12]. Sensitive weeds include barnyard grass [Echinachloacrusgali (L.) Beav.], green foxtail [Setaria viridis (L.) 
Beauv.], yellow foxtail [Setaria glauca (L.) Beauv.] and wild oat (Avena fatua L.) [12]. Application of fenoxa-
prop-p-ethyl without a safening agent has the potential to cause severe injury in spring cereal crops, therefore, a 
pre-packaged formulation containing mefenpyr-diethyl is available to growers to limit damage [13]. Mefen-
pyr-diethyl is a foliar acting safener that improves crop tolerance through increased metabolism and detoxifica-
tion of herbicidal ingredients [14]. 

In Ontario, fenoxaprop-p-ethyl/safener is not currently registered for use winter wheat [12]. Information re-
garding the safety of fenoxaprop-p-ethyl/safener on winter wheat under environmental conditions in Ontario is 
limiting. If there is an adequate margin of crop safety for fenoxaprop-p-ethyl/safener applied POST in winter 
wheat, registration would provide growers with an additional option for grass weed control. The objective of this 
study was to assess the tolerance of SWWW, SRWW, HWWW and HRWW to fenoxaprop-p-ethyl/safener ap-
plied at 1X and 2X rates at early- and late-POST application timings, under Ontario growing conditions. 

2. Materials and Methods 
2.1. Study Establishment 
Six field trials were conducted in Ontario, to evaluate the tolerance of four market classes of winter wheat to fe-
noxaprop-p-ethyl/safener. Three experiments were conducted each at the University of Guelph, Ridgetown 
Campus (42˚26'N, 81˚53'W) and the Huron Research Station near Exeter (43˚19'N, 81˚30'W); experiments were 
established in the fall of 2011, 2012 and 2013. Seedbed preparation consisted of tillage using a moldboard plow 
flowed by cultivation to ensure a level seedbed. Location, year and soil characteristics are summarized in Table 1. 

Experiments were established as a two-way factorial with four replications. Factor one was winter wheat 
market class [Soft white winter wheat (SWWW), soft red winter wheat (SRWW), hard white winter wheat  
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Table 1. Location, year, soil charactersitics, and EPOST and LPOST herbicide application dates for fenoxaprop-p-ethyl 
winter wheat tolerance studies conducted in Ontario, Canadaa.                                                    

Site Year 
planted Location Soil texture 

Sand Silt Clay OM 
pH EPOST date LPOST date 

(%) 
S1 2011 Ridgetown Sandy loam 54 27 19 5.6 6.4 04 May 2012 11 May 2012 
S2 2011 Exeter Loam 35 39 26 3.2 8.0 25 April 2012 09 May 2012 
S3 2012 Ridgetown Loam 41 34 25 6.5 6.7 26 April 2013 09 May 2013 
S4 2012 Exeter Loam 37 37 26 3.2 7.7 26 April 2013 09 May 2013 
S5 2013 Ridgetown Sandy clay loam 48 28 24 6.7 6.6 24 April 2014 11 May 2014 
S6 2013 Exeter Clay loam 35 43 22 3.6 7.6 05 May 2014 19 May 2014 

aAbbreviations: EPOST, early postemergence; LPOST, late postemergence. 
 
(HWWW) and hard red winter wheat (HRWW)] and factor two was fenoxaprop-p-ethyl/safener treatment (un-
treated control, 1X early POST, 2X early POST, 1X late POST and 2X late POST). Winter wheat cultivars “Ava” 
(SWWW), “Pioneer 25R47” (SRWW), “White bear” (HWWW) and “Wentworth” (HRWW) were seeded at a 
depth of 4 cm using a double disc drill at 150 kg·ha−1 with 19 cm row spacing. Plots measured 2 by 10 m for 
Ridgetown and 2 by 11 m for Exeter sites. Winter wheat was seeded late September to early November. As per 
wheat management practices in Ontario, nitrogen was applied in the spring following seeding at 110 kg·N·ha−1; 
phosphorus and potassium requirements were determined based on soil P-K levels using rates outlined by the 
Ontario Ministry of Agriculture, Food and Rural Affairs [15]. Fenoxaprop-p-ethyl/safener was applied at 92 (1X) 
or 184 g·ai·ha−1 (2X) at either early (EPOST) or late (LPOST) postemergence timing; dates of herbicide appli-
cation are listed in Table 1. Herbicide treatments were applied using a CO2-pressurized backpack sprayer cali-
brated to deliver 200 L aqueous solution per ha. Boom length was 1.5 m with four ultra-low drift nozzles (ULD 
120-02; Hypro, New Brighton, MN) spaced 50 cm apart. To avoid the confounding effects of weed competition, 
plots were kept free of weeds by hoeing and hand weeding as required throughout the growing season.  

2.2. Data Collection 
Winter wheat injury was visually assessed on a scale of 0% (no injury present) to 100% (complete plant death) 
at 1, 2, 4 and 8 weeks after herbicide application (WAA). Wheat height was determined for ten random plants 
per plot at 8 WAA and averaged. Wheat head distortion was visually assessed on a scale of 0% (no distortion 
present) to 100% (complete distortion) just prior to harvest. Winter wheat was harvested at maturity with a small 
plot combine and moisture and weight were recorded; based on which yields were adjusted to 14% moisture.  

2.3. Statistical Analysis 
Data were analyzed as a 2-way factorial using PROC MIXED in SAS (Ver 9.3 Cary, NC). Fixed effects in-
cluded the two treatment factors, winter wheat market class and herbicide treatment, as well as their interaction; 
random effects included year-location combinations (environment), interactions between environment and the 
fixed effects, and replicate nested within environment. Significance of fixed effects was tested using F tests and 
random effects were tested using a Z test of the variance estimate. The UNIVARIATE procedure was used to 
test data for normality and homogeneity of variance. To satisfy the assumptions of the variance analyses, Exeter 
injury 1 WAA was square root-transformed and Ridgetown wheat height was arcsine-transformed. For all injury 
ratings, the non treated control (assigned a value of zero) was excluded from the analysis. However, all values 
were compared independently to zero to evaluate treatment differences with the non treated control. Treatment 
comparisons were made using Fisher’s Protected Least Significant Difference test at a level of P < 0.05. All data 
compared on the transformed scale was converted back to its respective original scale prior to presentation of 
results.  

3. Results and Discussion 
Ridgetown and Exeter locations were analyzed separately due to a significant environment by main effect (her-
bicide or winter wheat market class) interaction. No significant environment by main effect interaction was 
present within location, thus all site years were pooled individually for Ridgetown and Exeter. Except at S2, no 
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winter wheat injury was present 4 WAA (Table 1). S2 injury ranged from 2% to 5% and occurred only for 2X 
LPOST application timing (data not shown). No injury was observed 8 WAA (data not shown). Additionally, no 
significant wheat head distortion was present prior to winter wheat harvest (data not shown).  

For Ridgetown sites, analysis of the main effects determined winter wheat market class to be non significant 
for injury (1 and 2 WAA) and moisture (Table 2). On the contrary, crop height and grain yield were found to be 
significant for winter wheat market class. Winter wheat height was greatest for SWWW (95 cm) and HRWW 
(93 cm) cultivars, whereas SRWW and HWWW cultivars were 76 cm in height. SWWW, SRWW, HWWW and 
HRWW yielded 6.4, 7.1, 5.8 and 6.2 t·ha−1, respectively. 

Unlike winter wheat market class, fenoxaprop-p-ethyl/safener treatment at Ridgetown was significant solely 
for injury 1 and 2 WAA (Table 2). At 1 WAA, injury for both 1X and 2X EPOST applications did not differ 
from the untreated control. However, LPOST applications caused injury of 4% and 5% for 1X and 2X rates, re-
spectively. The injury was transient with only 1% injury 2 WAA with fenoxaprop-p-ethyl/safener applied 
LPOST at the 1X and 2X rate. Although mean injury was as high as 5%, it would not be generally considered 
commercially significant to a grower. Moreover, the injury observed was transient and did not decrease grain 
yield. 

For Exeter, winter wheat market class was significant only for crop height and yield (Table 3). Similar to 
Ridgetown sites, SWWW (91 cm) and HRWW (90 cm) heights were greater than SRWW (77 cm) and HWWW 
(79 cm). Moreover, SWWW and SRWW yields were greatest (6.1 to 6.2 t·ha−1), while HWWW and HRWW 
yields were only 5.5 and 5.6 t·ha−1, respectively. Unlike Ridgetown sites, no significant effect due to herbicide 
treatment was identified. Similarly, excellent tolerance to fenoxaprop-p-ethyl/safener, applied at 92 g·ai·ha−1, 
has been observed in durum wheat [Triticum turgidum subsp. durum (Desf.) Husn.], spring barley (Horduem 
vulgare L.) and spring wheat [16]. Reference [17] evaluated durum wheat sensitivity to various POST herbicides 
and found that injury of 3.4% to 4.9% and 1.9% to 8.0% was present 1 WAA when fenoxaprop-p-ethyl/safener 
was applied at a 1X and 2X rates, respectively. However, injury decreased to 1.9% to 3.0% and 4.7% to 4.9% by 
4 WAA, respectively, and neither treatment reduced yield. Moreover, fenoxaprop-p-ethyl has also been reported 
safe for use on red clover (Trifolium pretense L.); a legume commonly underseeded in winter wheat crops to fix 
nitrogen [18]. In a related study, reference [19] assessed triticale (×Triticosecale Wittm. ex A. Camus) tolerance 
to the Group 1 herbicide clodinafop-propargyl and found that it did not cause significant crop injury or reduce 
crop height, seed yield or biomass at 1X and 2X rates. Reference [20] evaluated tolerance of sixteen spring 
wheat cultivars to 3X applications of diclofop-methyl (Group 1 herbicide) and reported differential tolerance, 
however, they concluded that injury did not always reflect yield and thus should not be used to identify suscept-
ible cultivars. Reference [21] reported up to 9% injury in winter wheat, whereas, reference [22] reported culti-
var-specific tolerance; differences were minor and inconsistent relative to treatment with difenzoquat. 
 
Table 2. Main effects and interaction for percent visible injury, height, moisture and yield of winter wheat market class 
treated with fenoxaprop-p-ethyl/safener at Ridgetown, Ontario, Canada, from 2012 to 2014a.                            

Main effects  
Injury (%) Height Moisture Yield 

1 WAA 2 WAA (cm) (%) (t·ha−1) 

Market class  NS NS ** NS ** 

Soft white  3 1 95 a 16.9 6.4 b 

Soft red  3 1 76 b 16.6 7.1 a 

Hard white  3 1 76 b 16.6 5.8 c 

Hard red  2 1 93 a 16.8 6.2 b 

Fenoxaprop-p-ethyl treatment Rate (g a.i.·ha−1) * * NS NS NS 

Nontreated control  0 a 0 a 87 16.8 6.4 

EPOST 92 0 a 1 a 85 16.7 6.3 

EPOST 184 1 ab 1 a 85 16.7 6.4 

LPOST 92 4 bc 1 ab 85 16.9 6.4 

LPOST 184 5 c 1 b 85 16.7 6.5 
aAbbreviations: EPOST, early post emergence; LPOST, late post emergence; WAA, weeks after herbicide application. 
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Table 3. Main effects and interaction for percent visible injury, height, moisture and yield of winter wheat market class 
treated with fenoxaprop-p-ethyl at Exeter, Ontario, Canada, from 2012 to 2014a.                                       

Main effects  
Injury Height Moisture Yield 

1 WAA 2 WAA (cm) (%) (t·ha−1) 
Market class  NS NS ** NS ** 

Soft white  2 1 91 a 13.8 6.2 a 
Soft red  2 1 77 b 13.3 6.1 a 

Hard white  2 1 79 b 12.9 5.5 b 
Hard red  1 1 90 a 13.6 5.6 b 

Fenoxaprop-p-ethyl treatment Rate (g a.i.·ha−1) NS NS NS NS NS 
Nontreated control  0 0 85 13.8 5.6 

EPOST 92 1 1 86 13.5 5.9 
EPOST 184 2 1 84 13.4 5.8 
LPOST 92 1 0 84 13.4 5.9 
LPOST 184 2 2 83 13.4 5.9 

aAbbreviations: EPOST, early post emergence; LPOST, late post emergence; WAA, weeks after herbicide application. 

4. Conclusion 
In summary, fenoxaprop-p-ethyl/safener applied POST at the manufacturers’ proposed label dose can be safely 
used in SWWW, SRWW, HWWW and HRWW. Winter wheat tolerance to fenoxaprop-p-ethyl/safener was ex-
ceptional, showing injury of up to 5% the LPOST application timing. Injury attributed to LPOST was transient 
and did not decrease yield. Despite the minor injury, no cultivar-specific sensitivity was observed. This research 
demonstrates that POST application of fenoxaprop-p-ethyl/safener should not cause commercially significant 
injury when applied under Ontario conditions. Future research should evaluate weed control potential of fenox-
aprop-p-ethyl/safener. 
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