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ABSTRACT 
 

Distribution and Control of Glyphosate-resistant Common Ragweed (Ambrosia 
artemisiifolia L.) in Ontario Soybeans (Glycine max (L.) Merr.) 

           
Advisors: 

Annemarie Van Wely        Peter Sikkema 
University of Guelph, 2015       Darren 
Robinson 
         
 

Glyphosate resistant (GR) weeds have started to be selected for in Ontario over the last 

decade following the repeated use of glyphosate in GR crops. An Ontario population of 

common ragweed was confirmed to be resistant to glyphosate in 2011. In 2012 and 2013, 

field surveys were conducted to determine the spread of glyphosate resistance in Ontario, 

where four addition sites with resistance were found in Essex county. Alternative control 

methods in Roundup Ready (glyphosate resistant) and Roundup Ready 2 Extend 

(glyphosate plus dicamba resistant) soybean (Glycine max L. Merr.) were evaluated with 

twenty-eight field experiments. The three objectives of the research were to determine 1) 

the biologically effective rate of glyphosate on a resistant and susceptible biotype, 2) the 

level of control of glyphosate tankmixes applied prior to and following crop emergence, 

3) the efficacy of glyphosate and dicamba tankmixes in Roundup Ready 2 Xtend soybean 

applied at various timings. Linuron and metribuzin applied prior to planting, provided 

>80% control of GR common ragweed 4 and 8 weeks after application. None of the 

postemergence herbicides provided commercially acceptable control. Sequential 

applications of dicamba provided 64 to 100% control throughout the season.  
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1.0 Literature Review- Distribution and Control of Glyphosate Resistant Common 

Ragweed (Ambrosia artemisiifolia L.) in Ontario 

1.1 Introduction 

 Glyphosate resistance has become an increasing problem throughout the world 

since the introduction of glyphosate resistant (GR) crops in 1996 (Dill 2005). Not long 

after the introduction of GR crops, the negative effects of an overdependence on one 

herbicide that was being used multiple times throughout the growing season became 

apparent (Nandula 2010). The first GR weed, rigid ryegrass (Lolium rigidum Gaud.), was 

found in an orchard following repeated use of glyphosate (Powles et al. 1998). Four years 

after GR crops were introduced into the market, the first GR broadleaf weed, Canada 

fleabane (Conyza canadensis (L.) Cronquist) was found in a row crop system in 

Delaware, USA (VanGessel 2001). Thirteen years later, 24 GR weeds have been found 

globally; four of those weeds have been found in Canada (Heap 2013). These weeds vary 

in their mechanisms of herbicide resistance; five known mechanisms of glyphosate 

resistance have been documented.  

Common ragweed (Ambrosia artemisiifolia L.) is an annual broadleaf that is 

native to North America, but  it can also be found in Europe, Asia and South America 

(Lanini  and  Wertz  2013).  Within  Canada,  it  can  be  found  in  every  province,  however,  it’s  

prevalence is mostly in Ontario and Quebec (Basset and Crompton 1975).  It is the fifth 

most common weed in Southwestern Ontario, occurring in 35% of cropped fields (Frick 

and Thomas 1992).  

In 2004, a population of common ragweed was found to be resistant to glyphosate 

in Missouri, USA (Pollard 2007). This resistance slowly spread to seven other states: 
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Arkansas in 2004, Ohio in 2006, Kansas in 2007, North Dakota in 2007, Indiana in 2007, 

South Dakota in 2007, Minnesota in 2008, and to Ontario, Canada in 2012 (Heap 2013). 

It is believed that the spread of GR common ragweed will be slower than other GR weeds 

(Monsanto 2012). This slower spread is likely due to the short distance that resistant 

pollen remains viable from the source (Dierking 2011). The spread of GR common 

ragweed would result in a greater challenge for weed management, because fewer control 

options are available and weed escapes would result in crop losses from competition. 

Thus, it is important to study the distribution and control of this weed to reduce the 

spread of resistant biotypes.   

 

1.2 Biology of Common Ragweed  

Common ragweed, from the aster family, is a troublesome weed in both 

agricultural and non-agricultural settings around the world. Common ragweed is the fifth 

most common weed in southern Ontario (Frick and Thomas 1992) and a major problem 

for allergy sufferers, because it is one of the major causes of hay fever (Alex and Switzer, 

1975). Because of this reason, common ragweed is considered a noxious weed in the 

Ontario Weeds Act, as well as in Quebec, Manitoba and Saskatchewan (Cowbrough 

2006), requiring land owners to eliminate common ragweed from their property under 

Section Three of the Ontario Weed Control Act (1990). This is escalated by the fact that 

common ragweed occurs in a large number of fields at an average density of 1.3 plants 

per square metre (Frick and Thomas 1992). Common ragweed is a pernicious weed for 

both crop producers and allergy sufferers. 
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Common ragweed has been an issue in North America for many years. The first 

recorded occurrence of common ragweed in North America was in Michigan, USA, in 

1838 (Wagner and Beals 1958), with the earliest collections in eastern Canada found near 

Prescott, Ontario, in 1860 (Bassett and Terasmae 1962). This collection, along with other 

early collections, suggests that common ragweed may be native to the Canadian prairies 

based on evidence of date and location found in a Saskachewan population in 1879 (Moss 

1956). Currently, it is found in every province in Canada, most widespread in Quebec and 

Ontario (Basset and Crompton 1975). Although common ragweed is native to North 

America, it has spread greatly and is now common throughout Europe, Asia and South 

America (Lanini and Wertz 2013), occurring most commonly between latitudes 45º north 

and 30º South (Mitich 1996). Common ragweed is considered to be a cosmopolitan weed. 

 Common ragweed is most abundant where there is little competition during the 

early spring months when germination and seedling emergence occur. Common ragweed 

is abundant in cultivated fields, along roadsides, and in open disturbed habitats, but is 

generally not found in pastures and lawns (Mitich 1996) where competition during 

germination and seedling emergence is greater. Common ragweed is highly adaptable in 

that it can survive mowing, trampling and grazing (Mitich 1996). Common ragweed has 

been reported to persist during intensive cultivation (Mitich 1996) because the seed can 

remain viable in the soil for more than 39 years (Lanini and Wertz 2013; Toole and 

Brown 1946). Dickerson and Sweet (1971) found that common ragweed plants adapt to 

the environment in which they grow, with plants in more southern latitudes requiring 

shorter day lengths than those plants growing in more northern latitudes. Common 

ragweed is a highly adaptable species able to grow in various environments. 
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1.2.1 Description 

Common ragweed is a very distinguishable erect annual herb (Mitich 1996) with a 

shallow tap root (Jordan et al. 2013) growing up to 70 cm in height (Mitich 1996). 

Common ragweed has orbicular cotyledons that are green (Bouchard and Néron 1999). 

The first sets of leaves that emerge are divided into three lobes (Bouchard and Néron 

1999). Common ragweed is most distinguishable by its deeply divided mature leaves with 

many lobes which are also divided (Alex and Switzer 1975; Bouchard and Néron 1999). 

It is a short-day species (Deen et al. 2001) with alternate leaf orientation at the bottom of 

the plant, and opposite leaf orientation towards the top of the plant (Mitich 1996). When 

populations are low with little competition, common ragweed branches frequently 

(Jordan et al. 2013). Common ragweed has the greatest biomass accumulation during the 

months of July and August (Bassett and Crompton 1975). Common ragweed is easily 

identifiable by its many unique features.  

Another distinguishable feature of common ragweed is its seeds. The seeds are 3-

4 mm long and 1.8-2.5 mm wide with one centre protuberance, which is surrounded by 5-

8 shorter spikes, creating a shape like an urn (Delorit 1970). The seed is generally grey-

brown to red-brown (Delorit 1970). Although common ragweed seed is very similar to 

that of giant ragweed (Ambrosia trifida L.), it can be identified by its smaller size and 

sharper protuberances, as well as its slightly more reddish in colour compared to the seed 

of giant ragweed (Delorit 1970). The seed of common ragweed is unlike any other weed 

seed with its crown-like shape.  
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Common ragweed is monoecious, having both male and female flowers on the 

same plant (Jordan et al. 2013). The male flowers are located at the end of the stem and 

branches, growing in clusters and resembling upside-down umbrellas (Alex and Switzer 

1975; Bouchard and Néron 1999). The female flowers are in the leaf axils; however, they 

are much less conspicuous and fewer in number (Alex and Switzer 1975; Bouchard and 

Néron 1999). Each female flower produces one seed (Lanini and Wertz 2013).  One 

common ragweed plant can produce up to 62000 seeds when growing in a non-

competitive environment (Jordan et al. 2013). Since common ragweed plants are 

monoecious, one plant is able to produce thousands of viable seeds, even if no other 

plants are around.  

  

1.2.2 Reproduction and Germination 

 Common ragweed reproduces only by the spread of seeds (Mitich 1996) which 

are dispersed through water, birds, animals and humans (Lanini and Wertz 2013). 

Common ragweed flowers between July and September and produces viable seed from 

August to November (Biggs 2013).  After the seeds have been distributed in the fall, they 

must go through a dormancy period, with low soil temperatures before the seed can 

germinate (Deen et al 2001; Jordan et al. 2013). Common ragweed germinates in late 

April to early May (Jordan et al. 2013) in a range of soil temperatures between 10-27 ºC 

and soil moistures between 14-22% (Lanini and Wertz 2013). By the first week in June, 

90% of the common ragweed seeds have germinated in Pennsylvania (Lanini and Wertz 

2013). Under southern Ontario field conditions, Dickerson (1968) reported that 75% of 

common ragweed seeds germinated at 10ºC for 16 hours and 30ºC for 8 hours. It has been 
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reported that common ragweed seeds that germinate in April and May have three times 

greater biomass than plants that germinated in June (Jordan et al. 2013);  therefore, it is 

important to control the early emerging common ragweed plants. Common ragweed has 

one means of reproduction and requires a cold period to initiate germination in the spring. 

 Common ragweed is able to germinate in various soil types and conditions. 

Common ragweed has been reported to thrive in reduced or no-till production systems 

and in soils of low fertility (Jordan et al. 2013). It can also grow in all soil textures, but 

prefers fine-textured, moist soils with a pH between 6.0 and 7.0 (Lanini and Wertz 2013). 

Common ragweed is also very adaptable to stressful conditions, as seen on roadsides with 

high saline soils due to de-icing salt, being the first summer annual to emerge in these 

areas and having a germination rate of 62% (DiTommaso 2004). Common ragweed is 

found in a wide range of soil conditions.  

  

1.2.3 Competition 

 Common ragweed interference results in substantial yield losses in soybean. For 

example, Coble et al. (1981) found that four common ragweed plants per ten metre of 

row reduced soybean yields by as much as 132 kg/ha, or 33 kg/ha for each common 

ragweed plant per ten metre row. In addition to yield losses, Cowbrough et al. (2003) 

reported that common ragweed increased soybean seed moisture at harvest and increased 

dockage at the elevator. Weaver (2001) found that common ragweed is much more 

competitive in soybean compared to corn, with yield losses of 67.9 % and 37.8% in 

soybean and corn, respectively.  
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Common ragweed needs to be controlled early in soybean development to 

minimize yield losses. For example, Jordan et al. (2013) found that soybean yield was not 

reduced if common ragweed was controlled for the first two to four weeks after crop 

emergence. Even though late emerging common ragweed may not impact yield, it can 

produce seed that is added to the seed bank for the following growing season (Jordan et 

al. 2013). Therefore, both early and late emerging common ragweed plants may need to 

be controlled to reduce crop yield impacts not only in the current year, but  in future years 

as well.  

Common ragweed is a competitive weed in field crops. This competitiveness is 

due  to  common  ragweed’s  ability  to  accumulate  large  quantities  of  trace elements; boron, 

copper, magnesium, zinc, tin, gallium, vanadium, bismuth, nickel, chromium, potassium 

and calcium (Lanini and Wertz 2013). Common ragweed can absorb more of these 

elements compared to cultivated crops, which can cause deficiencies to develop in crops 

that have abundant common ragweed competition (Lanini and Wertz 2013). 

 

1.2.4 Control 

Common ragweed is controlled most effectively early in the season by tillage or 

through the use of a soil applied pre-emergent herbicide (Jordan et al. 2013). Applying 

both a pre-emergent herbicide, followed by a post-emergent herbicide before the common 

ragweed reaches 15 cm in height, reduces the likelihood that a second post-emergent 

application will be necessary (Jordan et al. 2013). Tank-mixing two post-emergent 

herbicides with different modes of action increases the control of the common ragweed 
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(Jordan et al. 2013). Combining methods of control increases the efficacy of common 

ragweed. 

Common ragweed can be controlled in soybean with a number of different 

herbicides in Ontario: flumetsulam (Broadstrike), cloransulam-methyl (FirstRate), 

imazethapyr (Pursuit), linuron (Lorox), metribuzin (Sencor), flumioxazin (Valtera), S-

metolachlor plus metribuzin (Boundary) and imazethapyr plus metribuzin (Conquest) 

(OMAFRA 2011).  The following post-emergence herbicides control common ragweed:  

bentazon (Basagran Forte), acifluorfen (Blazer), chlorimuron-ethyl (Classic), 

cloransulum-methyl (FirstRate), fomesafen (Reflex), and bentazon plus imazethapyr 

(Cleansweep)  (OMAFRA 2011).  

  

1.2.5 Herbicide Resistance 

 Common ragweed biotypes are resistant to several different herbicide groups 

including Groups 2, 5, 7, 9 and 14. There are two theories as to how herbicide resistant 

weeds develop, however, both are a result of over reliance on one herbicide mode of 

action for control (Kendig and Fishel 2006). The first theory is that the repeated use of 

one herbicide mode of action causes a weed to mutate at the site of action, thereby 

allowing that biotype to survive and reproduce (Kendig and Fishel 2006). The second 

theory is that a herbicide with the same mode of action was applied repeatedly to a weed 

population with resistant biotypes, and thus the resistant biotypes are the only ones that 

survive and produce seed (Kendig and Fishel 2006). Common ragweed has developed 

resistance to many herbicide modes of action.  



 9 

Herbicide resistance in common ragweed in Canada has developed over the past 

four decades, generally mirroring that of the United States. Group 5 resistant (atrazine) 

common ragweed was reported in 1976, and is the first herbicide resistant common 

ragweed biotype in Canada (Heap 2013). Atrazine (group 5) resistance is caused by a 

mutation in the psbA chloroplast gene (Cseh et al. 2009). This mutation enables the DI 

protein to function when atrazine is applied, blocking the flow of electrons (Cseh et al. 

2009). Resistance to atrazine occurs in many parts of Ontario, but is generally localized 

in certain pockets (Martin et al. 2009). Atrazine resistance has been a problem in Ontario 

for more than 40 years, causing corn growers to have to look at alternate methods to 

achieve acceptable weed control. 

Group 7 resistance (linuron) in common ragweed was the next herbicide 

resistance found in Canada in 1999 in a carrot field in Quebec (Heap 2013). Linuron is a 

photosynthetic inhibitor at the Photosystem II Site B. Because there are very few 

registered herbicides for use on carrots, linuron was used repeatedly to control weeds in 

this crop (Saint-Louis et al. 2005). Saint-Louis et al. (2005) found that some common 

ragweed biotypes have also developed a cross resistance to atrazine. The repeated use of 

linuron for weed control is confined predominantly to selected vegetable crops, and 

consequently, Group 7 resistant common ragweed is not a wide-spread problem. 

Group 2 resistance is a larger problem because  many herbicides are in this group. 

In 2000, Group 2 (chlorimuron-ethyl, cloransulam-methyl and imazethapyr) resistance 

was confirmed in common ragweed in Ontario (Heap 2013). Group 2 resistance was 

found in the United States much earlier, with common ragweed resistance to 

cloransulam-methyl (a Group 2 herbicide) found at 30 locations throughout the mid-
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western United States in the first year of release (Padzoldt et al. 2001). Resistance to 

Group 2 herbicides is caused by mutations of the ALS gene that results in an altered 

target site with lower sensitivity to the herbicide (Zheng 2007). Multiple mutations of the 

ALS gene confer resistance to different ALS-inhibiting herbicides (Zheng 2007). Group 2 

resistance has been a problem for growers in Ontario for more than a decade.  

As one of the most widely used herbicides on the market, glyphosate resistance 

can cause problems for many growers who regularly depend on this herbicide for weed 

control (Baylis 2000). Group 9 (glyphosate) resistant  common ragweed was confirmed 

from seed collected in the fall of 2011 in Ontario, Canada; however, it was first 

discovered in the United States in 2004 (Heap 2013). Since the introduction of glyphosate 

resistant crops, the use of glyphosate has increased dramatically because of its ability to 

be used both as a preplant and postemergent herbicide (Boerboom and Owen 2013). With 

the increased reliance on glyphosate, selection of resistant biotypes is favored  

(Boerboom and Owen 2013). Common ragweed is the most recent weed to become 

resistant to glyphosate in Ontario, creating a problem for growers that rely on glyphosate 

or other herbicides for weed control.  

 

1.3 Glyphosate 

 Glyphosate is a broad-spectrum herbicide that is used in over 130 countries 

globally  (Dill  et  al.  2010).  Glyphosate  was  first  synthesized  and  patented  in  the  1950’s  by  

Dr. Henri Martin, who worked at a small pharmaceutical company, Cilag, but the 

chemical was of no use to the company (Franz et al. 1997). Glyphosate was first 

synthesized by Monsanto in 1970 (Dill et al. 2010; Franz et al. 1997; Nandula 2010). 
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Monsanto had been looking for a water softening agent when they came across two 

chemicals that had the potential to control perennial weeds, however, they were not 

efficacious  enough  to  be  commercial  herbicides  (Dill  et  al.  2010).  Monsanto’s  scientist,  

J.E. Franz, was given the task of manipulating these chemicals to enhance their herbicidal 

properties at which time he discovered glyphosate  (Dill  et  al.  2010).  After  Monsanto’s  

discovery  of  glyphosate’s  herbicidal  properties,  they  commercialized  the  product  in  1974  

(Nandula 2010) with the trade name Roundup®. Glyphosate provides broad spectrum 

control of annual, biennial and perennial weeds. Grasses are more susceptible to 

glyphosate  than  broadleaf  plants  (Baylis  2000).  Glyphosate’s  control  of  a  vast  array  of  

weeds has allowed it to become the most widely used herbicide in the world.  

   

1.3.1 Mode of Action 

 Glyphosate has one cellular target or mode of action:  5-enolpyruvyl-shikimic 

acid-3-phosphate synthase (EPSP) (Steinrücken and Amrhein 1980; Hermann and 

Weaver 1999). EPSP synthase is the final enzyme in the shikimate pathway, blocking the 

transformation of shikimate to chorismate (Amrhien et al. 1980; Holländer and Amrhien 

1980; Steinrücken and Amrhein 1980). The inhibition of this enzyme creates a build up 

of shikimate-3-phosphate, halting the production of aromatic amino acids, leading to the 

decreased production of proteins and hormones (Baylis 2000; Dill et al. 2010). 

Glyphosate is an EPSP synthase inhibitor and is the only herbicide with this mode of 

action.  

 Glyphosate is a systemic postemergence herbicide. Glyphosate must be applied 

after plant emergence as it enters plants through foliage, including leaves and stems 
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(Franz et al. 1997). Glyphosate is rapidly translocated throughout the plant via the 

phloem (Franz et al. 1997), which enables it to control below ground vegetative material, 

preventing regrowth that would occur if only above ground foliage were controlled (Dill 

et al. 2010). There must be an adequate amount of above ground foliage to intercept and 

absorb glyphosate for it to provide adequate control of under ground plant structures 

(Franz et al. 1997). Glyphosate easily enters plants through vegetative material and is 

translocated quickly throughout the plant.  

 Glyphosate is categorized as a slow acting herbicide (Baylis 2000).  Symptoms of 

glyphosate application to plants include chlorosis, pigmentation, stunting and reduction in 

apical dominance (Baylis 2000). Glyphosate efficacy symptoms may take longer to 

develop compared to other herbicides. 

 

1.3.2 Glyphosate Use 

 When glyphosate was first introduced, it was used in the spring as a preplant 

burndown, and in the fall for post harvest control of weeds. In 1996, glyphosate resistant 

soybean (Glycine Max L. Merr.) were introduced to the marketplace (Dill 2005). Since 

this time, glyphosate- resistant corn (Zea mays L.), cotton (Gossypium hirsutum L.), sugar 

beets (Beta vulgaris L.), alfalfa (Medicago sativa L.) and canola (Brassica napus L.) have 

also been developed (Dill 2005). With the introduction of glyphosate resistant crops, 

glyphosate can now be applied postemergence in crop for weed control without damaging 

the crop (Nandula 2010). In addition, glyphosate can also be used as a preharvest 

desiccant for susceptible crops, and a preharvest aid in weedy fields, extending its use 

even further (Baylis 2000). With the increase in the use of glyphosate and glyphosate 
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resistant crops, there has been a decrease in the cost of weed management by as much as 

$25 per hectare when comparing pre-glyphosate resistant and post-glyphosate resistant 

soybean (Dill 2005). There has been a significant increase in the use of glyphosate since 

the introduction of glyphosate resistant crops because of their tolerance to postemergence 

glyphosate applications.     

 

1.3.3 Glyphosate in the Soil 

 Glyphosate does not provide residual weed control because it loses its activity 

upon contact with the soil (Sprankle et al. 1975a,c). There are many factors that could 

contribute  to  glyphosate’s  loss  of  phytotoxicity  when  in  the  soil.  Firstly,  glyphosate  is  

strongly bound to soil colloids on inorganic phosphate resulting in very little mobility in 

the soil (Sprankle et al. 1975a,c). Because of this strong binding to the soil, very little 

glyphosate is lost to leaching (Sprankle et al. 1975a). Secondly, glyphosate is rapidly 

degraded chemically and microbially in the soil ultimately to CO2 (Sprankle et al. 1975a). 

Bergström et al. (2011) found that in sand and clay, the half- life of glyphosate is 16.9 

and 110 days in topsoil, respectively. Because glyphosate degrades rapidly and binds to 

soil colloids, it restricts plant roots from being able to take up glyphosate from the soil 

resulting in limited residual weed control.  

   Soil properties have a large impact on the amount of adsorption and subsequent 

leaching of glyphosate. For example, a clay loam soil has a greater rate of adsorption of 

glyphosate compared to a sandy loam soil (Sprankle et al. 1975b). Therefore, glyphosate 

is less mobile in a clay soil than a sandy soil and the risk of leaching and runoff is lower. 

The soil pH also has an effect on the adsorption of glyphosate to the soil. 
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1.3.4 Effects of Glyphosate on Plants and the Environment 

 Glyphosate is considered to be one of the safest herbicides on the market. This is 

due  to  glyphosate’s  target  site  being  the  shikimate  pathway  which  can  only  be  found  in  

plants, fungi and microrganisms (Herrmann and Weaver 1999; Dill et al. 1999). Because 

of this, glyphosate is only slightly toxic to mammals, birds, and aquatic life (Baylis 2000; 

Dill et al. 1999).  

 In  addition  to  glyphosate’s  low  occurrence  of  soil  leaching  to  other  areas,  there  is  

also a very small chance of glyphosate volatilizing into the air (Dill et al. 2010). This is 

due to strong intermolecular hydrogen bonding that makes glyphosate fairly insoluble in 

aqueous solvents, causing glyphosate to have a very low incidence of evaporation and 

movement through the air to affect other unintended sites (Dill et al. 2010). In addition, 

glyphosate is easily degraded by non-sterile water, greatly decreasing the risk of 

glyphosate injuring microorganisms or plants (Dill et al. 2010). Glyphosate posses very 

little toxicological risk to the environment because of its low mobility in soil, low 

volatility, and high rate of degradation within the environment.   

 

1.4 Glyphosate Resistant Weeds 

 GR weeds are an increasing problem around the world. Glyphosate resistance 

developed due to an over dependence on glyphosate, resulting in the selection of resistant 

biotypes within weed populations (Devine and Shukla 2000). Powles (2008) confirmed 

that most GR weeds have the common denominator of previous glyphosate usage with 

little or no rotation of herbicide mode of action. The dependence on glyphosate to control 

weeds has caused the selection of GR weeds around the world.  
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  The first case of a GR weed developed 24 years after the commercialization of 

glyphosate in 1974. The first GR weed was a rigid ryegrass (Lolium rigidum Gaud.) 

population in Australia in 1998, where glyphosate was applied to an orchard 2-3 times a 

year for 15 years (Powles et al. 1998). The first GR weed in a GR crop was reported 

shortly after by VanGessel (2001) in 2000 in Delaware, USA, where glyphosate was the 

sole herbicide used in GR soybeans. This resistance developed shortly following the 

introduction of GR crops into the marketplace in 1996, allowing glyphosate to be used 

repeatedly throughout the growing season rather than just as a burndown or preharvest 

application.  GR  weeds  took  decades  to  develop  after  glyphosate’s  commercialization;;  

however, GR weeds increased in number and frequency following the introduction of GR 

crops and the repeated use of glyphosate. 

 There has been a rapid increase in the number of GR weed species and their 

geographic distribution. Currently, there are 24 GR weeds globally, four of which are 

found in Canada: Ambrosia trifida L. [in 2008], Conyza canadensis (L.) Cronquist 

[Ontario 2010], Kochia scoparia L. [Alberta 2012] and Ambrosia artemisiifolia L. 

[Ontario 2012] (Heap 2013). A survey conducted by Stratus Agri-Marketing Inc. has 

estimated that more than 400 000 ha are infected with GR weeds in Canada (Dawson 

2013). However, this statistic is met with some skepticism in that hard-to-kill weeds 

could be misidentified as GR (Dawson 2013). On the other hand, other experts believe 

that this number underestimates the affected area (Dawson 2013). The large acreage of 

land infected with GR weeds has led many farmers to use a wider range of herbicides, 

increasing the cost of weed control. Carpenter and Gianessi (2010) reported a change in 

weed management costs ranging from a reduction in cost compared to a glyphosate only 
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system to an increase of $103 (USD) per hectare depending on the weed species, density 

of the GR weed population and the type of alternate management. GR weeds have spread 

rapidly over the last decade, infecting millions of hectares of land resulting in increased 

costs of weed management.    

 

1.4.1 Mechanisms of Resistance 

 Glyphosate inhibits EPSPS creating a build-up of shikimic acid in plants, which 

causes the cessation of further metabolic processes in the plant and eventual plant death 

(Powles and Preston 2006). In GR weeds, mechanisms of resistance have developed so 

that the plant is able to complete the chorisimate biosynthetic pathway, resulting in the 

production of  phenylalanine, tyrosine and tryptophan, and thereby allowing plant 

metabolic processes to function normally (Powles and Preston 2006; Dill 2005). There 

are two categories of herbicide resistance: target site-based resistance and non-target site-

based resistance (Perez-Jones and Mallory-Smith 2010; Stewart et al. 2010). These two 

categories can be further divided into five modes of herbicide resistance:  i) a mutation of 

the target site (target site based), ii) over expression of the target site (target site based), 

iii) reduced herbicide translocation (nontarget site based), iv) vacuole sequestration of the 

herbicide (nontarget site based), and v) enhanced metabolism of the herbicide (nontarget 

site based) (Nandula 2010; Koger and Reddy 2005). Furthermore, GR weeds can also 

evolve with more than one mechanism of resistance (Koger and Reddy 2005; Powles and 

Preston 2006). Currently, there are five confirmed mechanisms of glyphosate resistance 

in weeds that allow a weed to continue normal metabolic processes following the 

application of glyphosate.  
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1.4.2 Target Site Based Resistance 

 Target site-based resistance is where the weed develops a resistance to a herbicide 

by altering its target site so that the enzyme is able to continue performing its metabolic 

functions (Powles and Preston 2006). There are two types of target site based resistance 

to glyphosate; a mutation in the target site (EPSPS) and an over expression of the target 

site (EPSPS) (Powles and Preston 2006; Stewart et al. 2010).  

 

1.4.2.1 Target Site Mutation 

 A target site mutation occurs when a mutation develops at the site of action of a 

herbicide so that the herbicide is no longer able to bind with the active site (Devine and 

Shakula 2000). The first occurrence of this type of glyphosate resistance was reported in 

a population of goosegrass (Eleusine indica Gaertn.) from Malaysia, where an amino acid 

was substituted at position 106 (Pro106-Ser) (Baerson et al. 2002). Since this occurrence, 

four other weed species have developed resistance due to the same mutation at position 

106, with the substitution of serine (Pro106-Ser) or threonine (Pro 106-Thr) for proline 

(Beckie 2011). Either substitution results in a low level of resistance; however, a recent 

discovery of a double amino acid substitution in Malaysian goosegrass has resulted in a 

very high level of resistance, where 78% of the resistant population were able to survive 

the highest dose of glyphosate (800-1000 g ha-1) (Jalaludin et al. 2013). The double 

amino acid substitution is referred to as TIPS; threonine to isoleucine substitution at 

position 102 and proline to serine substitution at position 106 (Jalaludin et al. 2013). No 

individuals in the goosegrass population were found with only a substitution at position 

102, indicating that this mutation occurred after that at position 106 (Jalaludin et al. 
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2013). A target site mutation resulting in an amino acid substitution can prevent 

glyphosate from inhibiting the EPSPS enzyme in some weed populations. 

 

1.4.2.2 Over Expression of the Target Site 

 Over expression of the target enzyme producing resistance occurs when a plant 

produces a higher number of the target site enzyme than a susceptible plant, preventing 

the herbicide from being able to block all of the active sites within the plant; this reduces 

its efficacy (Pline-Srnic 2001). This mechanism of glyphosate resistance was first found 

by Gaines et al. (2010) in a population of Palmer amaranth (Amaranthus palmeri S. 

Watson) from Georgia in the USA. They found that the level of resistance correlated with 

the EPSPS copy number (number of target site enzymes) in the plant; as enzyme copy 

number increased there was a concomitant decrease in the level of shikimate present in 

the plant, a higher level of glyphosate resistance which required an elevated dose of 

glyphosate to decrease EPSPS activity (Gaines et al. 2010). Over expression of the target 

site enzyme can result in a high level of glyphosate resistance.  

 

1.4.3 Non-Target Site Based Resistance 

 Unlike target-site based resistance, non-target site based resistance is when a 

mutation occurs away from the target site. It is therefore much harder to study non-target 

site resistance mechanisms (Yuan et al. 2006). Non-target site resistance includes reduced 

translocation of the herbicide, sequestration of the herbicide into compartments within the 

plant’s  cells,   reduced absorption of the herbicide or enhanced metabolism of the 
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herbicide (Preston 2004; Yuan et al. 2006; Stewart et al. 2010). The first three 

mechanisms of non-target site resistance have been found to cause glyphosate resistance.  

 

1.4.3.1 Reduced Translocation and Absorption 

 Glyphosate resistance due to reduced translocation has been reported in some 

weed species. Wakelin et al. (2004) reported that in a GR annual ryegrass population, the 

resistant biotype translocated approximately 10% less of the absorbed glyphosate to their 

stems, and accumulated a much higher amount of glyphosate in the leaf tips, compared to 

the susceptible biotype (Wakelin et al. 2004). These results are similar to those found by 

Vila-Aiub et al. (2012) in GR Johnsongrass (Sorghum halepense (L.) Pers.) who found 

that about 60% of the absorbed glyphosate remained in the treated area of GR plants 

compared to 33% in susceptible plants. They also measured lower translocation of 

glyphosate from the leaves to roots in the GR plants compared to the susceptible plants 

(Vila-Aiub et al. 2012). Reduced glyphosate translocation confers resistance since less 

herbicide reaches the site of action.  

 Reduced glyphosate absorption can also confer resistance to glyphosate. A GR 

population of Johnsongrass has been found to absorb 10-20% less glyphosate compared 

to a susceptible population (Vila-Aiub et al. 2012). The reason for the reduced absorption 

is  unknown,  but  is  believed  to  lie  within  the  makeup  of  the  resistant  plant’s  cuticle  (Vila-

Aiub et al. 2012). Reduced absorption of glyphosate into the plant has caused resistance 

to develop in weeds. 
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1.4.3.2 Herbicide Sequestration 

 In some weed species, herbicide sequestration is the mechanism of glyphosate 

resistance. For example, Ge et al. (2010) found that GR Canada fleabane moves 65-85% 

more glyphosate from the site of application to the vacuole of the sink leaves within the 

first 24 hours after application compared to susceptible biotypes. This mechanism of 

resistance reduces the amount of glyphosate that enters the chloroplast, which allows the 

EPSPS enzyme to function normally thereby decreasing the effectiveness of the herbicide 

(Ge et al. 2010). The study also suggests that because glyphosate is moved to the 

vacuoles in resistant plants, but not in susceptible plants, the glyphosate in resistant plants 

may be moved by some type of transporter that is either only present in resistant plants or 

present at greater quantities (Ge et al. 2010). Although no studies have looked at what 

happens to the glyphosate after it enters the vacuole, it is hypothesised that it either stays 

in the vacuole, or it is released at rates low enough to be sublethal to the plant (Ge et al. 

2010). Glyphosate sequestration into the vacuole of the plant is another mechanism that 

confers resistance to this herbicide. 

 

1.4.3.3 Enhanced Metabolism 

The enhanced metabolism of glyphosate has been found to confer resistance in a 

population of Canada fleabane in southern Spain (González-Torralva et al. 2012). 

González-Torralva et al. (2012) found that within this population, the enhanced 

metabolism resulted in plants with glyphosate completely metabolized 96 hours after 

treatment, compared to susceptible populations with active glyphosate molecules 120 

hours after treatment. It was found that glyphosate within Canada fleabane was 
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transformed to the metabolites aminomethylphosphonic acid (AMPA), glyoxylate and 

sarcosine (González-Torralva et al. 2012). The mechanism of enhanced metabolism of 

glyphosate reduces the amount of glyphosate that makes it to the target site, causing 

reduced efficacy of the glyphosate (González-Torralva et al. 2012). Enhanced 

metabolism in this Spanish population of Canada fleabane was found alongside a 

mechanism of vacuole sequestration (González-Torralva et al. 2012).  

 

1.5 Glyphosate Resistant Common Ragweed (Ambrosia artemisiifolia) 

1.5.1 History and Spread of Resistance 

 Glyphosate resistant (GR) common ragweed has become a problem in North 

America over the last decade. Resistance was first found in a population of common 

ragweed in Missouri in 2004 (Pollard 2007; Heap 2013). Since then, it has developed in 

eight US states; Arkansas (2004), Ohio (2006), Kansas (2007), North Dakota (2007), 

Indiana (2007), South Dakota (2007), Minnesota (2008) and most recently in Ontario, 

Canada in 2012 (Heap 2013, Monsanto 2012). Although resistance has spread within 

North America in the last decade, it is believed that resistance will spread slowly 

compared to other resistant weed species in Ontario (Monsanto 2012). This is likely due 

to the short distance that common ragweed pollen remains viable. Dierking (2011) found 

that glyphosate resistant common ragweed pollen created resistant seed up to 198 m from 

the pollen source, however, the majority of the pollination occurred within 91m from the 

pollen source. GR common ragweed has been reported in Ontario; however, it has only 

been confirmed at one site.  
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 A difference between glyphosate resistant and susceptible biotypes of common 

ragweed was found in the seed. Dinelli et al. (2013) found that resistant seed was shaped 

differently than susceptible seed, in that the resistant seeds had a more elongated shape 

and were smaller and lighter. However, this difference did not impact the dormancy, 

germination or optimal seeding depth of the seed; resistant and susceptible biotypes have 

similar germination physiology (Dinelli et al. 2013). This difference in seed morphology 

between the resistant and susceptible biotypes is similar to GR giant ragweed (Ambrosia 

trifida), but, there are differences between the biotypes in dormancy, germination 

requirements and seeding recruitment depths (Dinelli et al. 2013). Although the seed 

morphology of common ragweed differs between resistant and susceptible biotypes, there 

is no difference in plant morphology.  

 

1.5.2 Mechanisms of Resistance 

 The mechanism of glyphosate resistance in common ragweed has been studied by 

Brewer and Oliver (2009) in a GR population in Arkansas. They found that the 

mechanism of resistance was not due to reduced translocation or reduced absorption of 

glyphosate  into  the  plant  (Brewer  and  Oliver  2009).  Although  they  didn’t  find  the  exact  

mechanism of resistance, they suggested that the mechanism was non-target-site based, 

most likely due to either an increase in the activity of EPSPS or DHAP 

(dihydroxyacetone phosphate) (Brewer and Oliver 2009). Similarly, Parrish et al. (2013) 

found that there were no target-site mutations in the resistant biotypes, and concluded that 

common ragweed contains two or more EPSPS genes, which could be the cause of its 
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resistance. The mechanism of resistance in GR common ragweed is currently unknown; 

however, it is thought to be non-target-site resistance.  

 

1.5.3 Management of Resistance 

The control of GR common ragweed was studied in a GR population in Missouri 

in 2004 and 2005 (Pollard 2007). The treatments studied included glyphosate at a 1X and 

2X rate, lactofen, chlorimuron-ethyl, cloransulum-methyl, imazethapyr and bentazon, 

both on their own, and in a tankmix with glyphosate (Pollard 2007). Pollard (2007) 

reported greater than 80% control four weeks after treatment with glyphosate applied at a 

2X rate (1.68 kg a.e. ha-1), glyphosate (0.84 kg a.e. ha-1) plus chlorimuron-ethyl (0.013 kg 

a.i. ha-1), and glyphosate (0.84 kg a.e. ha-1) plus imazethapyr (0.071 a.i. kg ha-1). 

Herbicides applied alone had reduced control compared to tank-mixes with glyphosate, 

therefore it was suggested that to get adequate control of GR common ragweed, a 

tankmix with glyphosate is the best option (Pollard 2007). However, results varied 

greatly between the two years, suggesting that control is greatly influenced by 

environmental factors. The best option for the management of GR common ragweed is to 

incorporate a tank mix into the program. 

 

1.6 Environmental Impact Quotient 

 The optimal weed management system for a farmer or field depends on many 

factors. These factors may include the desired level of weed control, the spectrum of 

weed species and population density, the value of the crop, the number of control options 

available, and the cost associated with each control option. Another method to evaluate a 
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weed management system is by determining the environmental impact (EI) of an 

herbicide(s). The EI quotient (EIQ) was formulated by Kovach et al. (1992) and takes 

into account impacts on the human applicator component, the consumer component, and 

ecological component. In the equation, each category is given equal weight, however, 

within the categories, different elements of the equation are weighted differently 

depending on the impact of each component (Kovach et al. 1992). The equation is:  

EIQ= {C[(DT*5)+(DT*P)] + [(C*((S+P)/2)*SY)+(L)] + 
[(F*R)+(D*((S+P)/2)*3)+(Z*P*3)+(B*P*5)]}/3, 

where 
DT= dermal toxicity    D= bird toxicity 
C= chronic toxicity    S= soil half-life 
SY= systemicity    Z= bee toxicity 
F= fish toxicity    B=beneficial anthropod toxicity 
L= leaching potential    P= plant surface half-life 
R= surface loss potential 
        (Kovach et al. 1992)  

The EIQ is useful because it gives a single number for a herbicide, but it does not 

take into account the amount of herbicide (active ingredient) that is applied on a given 

field. Therefore, the EIQ field use rating (FUR) may be calculated to determine the final 

impact on the environment of a given herbicide. This can be calculated by taking the EIQ 

of a herbicide and multiplying it by the percent active ingredient and then by the rate used 

(Kovach et al. 1992; Edwards-Jones and Howells 2001).The lower the EIQ FUR, the 

lower the overall environmental impact of the herbicide (Kovach et al. 1992). With this 

number, a farmer or other decision maker is able to make an informed decision on which 

weed management system to use while taking into consideration the environmental risk 

associated with that system. The EIQ has been used to determine the differences in 

environmental risks associated with the weed management system studied (Brimner et al. 
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2005; Gallivan et al. 2001; Soltani et al. 2007; Sikkema et al. 2007; Edwards-Jones and 

Howells 2001; Fernandez-Cornejo 1998).   

1.7 Hypothesis and Objectives 

GR common ragweed was confirmed in one field in Essex County in Ontario in 2012. 

Although glyphosate resistance has previously been found in this species in the United 

States, limited information is available on the control or spread of resistance. Research is 

needed to determine the distribution of glyphosate resistant common ragweed in Ontario 

and to identify registered herbicides to control GR common ragweed in soybeans. 

 

Our hypotheses include the following: 

1. GR common ragweed will be found in additional fields in  Ontario, and 

2. GR common ragweed can be controlled in soybean with registered herbicides in 

Ontario. 

 

The objectives of this research are to determine: 

1. the distribution of GR common ragweed in Southwestern Ontario with a survey in 

2012 and 2013, 

2. the level of GR common ragweed control with glyphosate tankmixes applied 

preplant or postemergence,  

3. the biologically effective rate of glyphosate for control of resistant and susceptible 

biotypes of common ragweed, and 

4. the level of GR ragweed control provided by dicamba in dicamba-tolerant (DT) 

soybeans. 
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2.0 Occurrence and distribution of glyphosate, cloransulam-methyl, chlorimuron-

ethyl and imazethapyr resistant common ragweed (Ambrosia artemisiifolia L.) in 

southwestern Ontario 

 

2.1 Abstract  

 In 2011, common ragweed (Ambrosia artemisiifolia L.) was the third weed 

species found with resistance to glyphosate in Ontario, Canada. Field surveys were 

conducted in 2011, 2012 and 2013 to determine the distribution of glyphosate resistant 

(GR) common ragweed. Populations were also screened for resistance to cloransulam-

methyl, imazethapyr and chlorimuron-ethyl. Common ragweed seed was collected from 

plants from 24 soybean fields in Essex, Kent, Middlesex, Lambton and Huron Counties. 

GR common ragweed plants were found from the seeds collected in Essex County 

between 2011 and 2013, with GR populations found in one field in 2011, another field in 

2012, and three other fields in 2013. All GR populations were found to be highly resistant 

to the three Group 2 herbicides. This is the first survey documenting the occurrence and 

distribution of GR and multiple resistant (Group 2 and 9) common ragweed in Ontario.  

  

2.2 Introduction 

Common ragweed (Ambrosia artemisiifolia L.) is an erect annual, monoecious 

broadleaf within the aster family and native to North America, but is also found in 

Europe, Asia and South America (Lanini and Wertz 2013; Mitich 1996). Common 

ragweed flourishes in cultivated fields, along roadsides and in open disturbed habitats. It 

is generally not found in pastures and lawns, as it prefers areas where there is little 

competition during early growth (Mitich 1996).  The seed must go through a dormancy 
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period of low soil temperatures before it can germinate (Deen et al. 2001; Jordan et al. 

2013). The seed of common ragweed usually germinates between late April and early 

May (Jordan et al. 2013), with 90% of seed germinated by the first week in June (Lanini 

and Wertz 2013).  

 Common ragweed interference in soybean crop can result in substantial yield 

losses, an increase in soybean seed moisture content, and an increase in dockage at the 

point of sale (Cowbrough et al. 2003). Coble et al. (1981) reported soybean yield losses 

of 132 kg ha-1 with four common ragweed plants per 10 m of row. However, if common 

ragweed is controlled during the first four weeks after crop emergence, there is no 

decrease in soybean yield (Jordan et al. 2013). Common ragweed interference in soybean 

in Ontario can result in substantial yield losses since the time of germination and 

emergence for both the weed and crop coincide, therefore control tactics need to be 

implemented.   

Glyphosate is one of the most effective herbicides for control of common ragweed 

and is commonly used in glyphosate resistant crops (OMAFRA 2011).  Glyphosate 

resistant (GR) common ragweed was first found in Missouri in 2004 (Pollard 2007; Heap 

2013) and is now confirmed in seven other US states: Arkansas (2004), Ohio (2006), 

Kansas (2007), North Dakota (2007), Indiana (2007), South Dakota (2007), and 

Minnesota (2008) (Heap 2013). In 2011, GR common ragweed was first found in Ontario 

(Heap 2013; Monsanto 2012) in soybean where there was inadequate control following 

an application of glyphosate. Acetolactate synthase (Group 2) resistant common ragweed 

was first confirmed in Ontario in 2000 (Heap 2013), in particular cloransulam-methyl, 

which is another effective herbicide for the control of common ragweed in soybean 



 28 

(OMAFRA 2011). There are three herbicide families within the Group 2 herbicides: 

sulfonylureas (e.g., chlorimuron-ethyl), imidazolinones (e.g., imazethapyr) and 

triazolopyrimidines (e.g., cloransulam-methyl). Therefore, the objective of this study was 

to determine the distribution of Group 9 (glyphosate), Group 2 (chlorimuron-ethyl, 

imazethapyr and cloransulam-methyl), and multiple (Group 2 and 9) resistant common 

ragweed in Ontario. 

 

2.3 Materials and Methods 

2.3.1 Seed Collection 

 Common ragweed seed was collected from 24 fields between 2011 and 2013, with 

the population from each field labeled  as  “Ambel  2”  to  “Ambel  25”.    A  susceptible  

control  “Ambel  1”  was  collected  from  the  University  of  Guelph-Ridgetown Campus 

(results not shown). Of the 24 fields, one field was sampled in 2011, 13 fields in 2012, 

and 10 fields in 2013; 12 fields were in Essex County, eight in Chatham-Kent, one in 

Middlesex, two in Lambton, and one in Huron County. Seed collection field sites were 

identified by roadside surveying of fields with common ragweed escapes, or information 

from growers and agricultural retailers who reported poor common ragweed control; this 

methodology is similar to other surveys of resistant weeds (Byker et al. 2013a; Falk et al. 

2005; Follings et al. 2013; Vink et al. 2012a). The seed was collected primarily from 

soybean fields; however, some fields were sampled after winter wheat harvest. 

Coordinates of all field locations were recorded using global positioning system (GPS).  

Mature seed was harvested from 20 common ragweed plants per field (where possible) in 

September or October of each year.     
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2.3.2 Resistance Screening 

 Common ragweed seed must go through a dormancy period before germination 

(Deen et al. 2001; Jordan et al. 2013). Dormancy was broken using methods similar to 

Vink et al. (2012) and Follings et al. (2013). Seeds from each site were placed into a 

nylon bag and tagged with a specific field population code. The bags were placed into a 

tray filled with sand, then watered and refrigerated for two months at 4°C. The trays were 

watered as necessary to keep the soil moist. Seeds were germinated by spreading them 

onto potting soil in a germination tray and covering with a thin layer of soil. The trays 

were placed in a greenhouse with a 16 hour photoperiod and a 25/18°C day/night 

temperature. Once the common ragweed plants had emerged, they were transplanted into 

pots that were 10 cm in diameter (one common ragweed seedling per pot) filled with a 

1:1 mixture of potting soil and soil from a nearby field. When the common ragweed 

reached approximately 10 cm tall, a minimum of 10 plants from each population (where 

possible) were sprayed with either glyphosate (900 g a.e. ha -1), cloransulam-methyl (17.5 

g a.i. ha-1), imazethapyr (100 g a.i. ha-1), or chlorimuron-ethyl (9 g a.i ha-1) in a spray 

chamber using a flat fan nozzle calibrated to spray 200 L at 2.15 km hr-1 and 280 kPa. 

Adjuvants were added according to the label of each herbicide.  Visual control 

assessments were conducted 1, 2, 3 and 4 weeks after application (WAA). Plants were 

classified as either dead or alive at each rating date. A plant was considered dead if the 

growing point was necrotic, with injury symptoms similar to the susceptible check. A 

population was considered resistant if at least one plant in the population was alive as per 

Beckie et al. (2000).  
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2.4 Results and Discussion 

2.4.1 Glyphosate Resistance 

 In total, common ragweed seed was collected from 24 different field sites from 

2011 to 2013 across southwestern Ontario. In 2011, one field (Ambel 2) had a common 

ragweed population resistant to glyphosate. In 2012 and 2013, four more field 

populations were found to have at least one plant survive glyphosate at 4 WAA (Table 

2.1). Resistance of the field population Ambel 23 was inconclusive due to low 

germination and therefore was classified as susceptible. Plants from the other 18 

populations were all dead at 4 WAA (Table 1). All five glyphosate resistant populations 

were found in Essex County, with the furthest population approximately 18 km from 

Ambel 2 (Figure 2.1). One possible explanation for the close proximity (within Essex 

county) of the resistant populations is due to the short distance that resistant pollen 

remains viable from the source. Dierking (2011) found that the majority of pollen from 

GR common ragweed was viable up to 91m from the source plant. However, it is likely 

that the resistant populations were selected for within the field. 

The frequency of GR plants within populations found in Ontario was relatively 

low. Of the five field sites with GR common ragweed, one site fell between each of the 

following frequency categories; 1-10%, 11-20%, 21-30%, 31-40% and 61-70% of 

resistant plants within the population (Figure 2.2). This low frequency of glyphosate 

resistance suggests that resistance in these common ragweed populations is early in the 

selection process.   
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2.4.2 Group 2 Resistance 

 The same common ragweed populations were tested for resistance to some 

common group 2 herbicides (cloransulam, imazethapyr and chlorimuron) (Table 2.1). All 

24 populations were resistant to all three Group 2 herbicides tested. These populations 

were found in Essex, Chatham-Kent, Huron, Lambton and Middlesex Counties (Figure 

2.3). The frequency of plants resistant to cloransulam in a given population varied 

between 91-100% in 14 (56%) of the populations, while 23 (92%) of the populations 

showed resistance to imazethapyr and chlorimuron-ethy at frequencies between 91-100%. 

The high level of resistance to the Group 2 herbicides suggests that there was a high 

frequency of the resistance allele in the populations.  Group 2 herbicides have been used 

frequently in the province since their introduction in 1989 (Heap 2013), and therefore, 

selection for the resistance allele likely occurred during this time.  

The frequency of resistance to cloransulam-methyl was lower than imazethapyr or 

chlorimuron-ethyl (Table 2.1). Although only one herbicide from the sulfonylurea family 

was tested, Saari et al. (1994) stated that, of the few studies that have been conducted, 

weeds that are resistant to one herbicide within the family are generally resistant to all the 

sulfonylurea herbicides. This indicates that the common ragweed populations maybe 

resistant to other Group 2 herbicides that were not investigated.   

 

2.4.3 Multiple Resistance 

 All five common ragweed populations found to be resistant to glyphosate were 

also resistant to the three Group 2 herbicides tested (Table 2.1). Resistance frequency to 

cloransulam-methyl, imazethapyr and chlorimuron-ethyl was between 86-100%, 100% 
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and 93-100% respectively. All of these populations were found in Essex County (Figure 

2.1). Multiple resistant common ragweed is likely due to the over reliance on these 

herbicides and the frequency of soybean in the rotation in Essex County.   

 

2.5 Conclusion/Implications 

This is the first survey to document GR common ragweed in Canada. The survey 

was conducted using non-random site selection procedures, and thus does not 

comprehensively reflect the frequency of resistant populations in Ontario (Beckie et al. 

2000). The confirmation of common ragweed resistance to both Group 2 and 9 herbicides 

highlights the need for growers to rotate their crops and herbicides to reduce the selection 

pressure for resistance in other field sites.    
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Table 2.1. Percentage of common ragweed plants alive 4 WAA of glyphosate (900 g 
a.e. ha-1), cloransulam-methyl (17.5 g a.i. ha-1), imazethapyr (100 g a.i. ha-1) or 
chlorimuron-ethyl (9 g a.i. ha-1) from seed collected in fields across southwestern 
Ontario between 2011 and 2013. 
 Plants survival (%)   
Population Glyphosate Cloransulam Imazethapyr Chlorimuron 
Ambel 2  67 90 100 100 
Ambel 3 0 100 100 100 
Ambel 4 0 43 100 100 
Ambel 5 0 93 93 100 
Ambel 6 10 100 100 100 
Ambel 7 0 86 100 100 
Ambel 8 0 86 93 100 
Ambel 9 0 86 100 100 
Ambel 10 0 100 93 100 
Ambel 11 0 100 93 100 
Ambel 12 0 60 29 22 
Ambel 13 0 86 71 50 
Ambel 14 0 64 100 93 
Ambel 15 0 100 100 100 
Ambel 16 38 100 100 100 
Ambel 17 0 100 100 100 
Ambel 18 0 100 100 100 
Ambel 19 0 93 100 93 
Ambel 20 0 93 100 100 
Ambel 21 0 100 100 100 
Ambel 22 0 100 93 100 
Ambel 23 IZ  86 100 93 
Ambel 24 14 100 100 93 
Ambel 25 25 86 100 100 

Z inconclusive data 
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Figure 2.1-Distribution of glyphosate and multiple resistant (group 2) common ragweed surveyed in southwestern Ontario in 
2011, 2012 and 2013 
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Figure 2.2-Distribution of glyphosate resistance (plants alive) 4 WAA of glyphosate at 900 g a.e. ha-1 
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Figure 2.3- Distribution of group 2 (cloransulam-methyl, imazethapyr and chlorimuron-ethyl) resistant common ragweed 
surveyed in southwestern Ontario in 2011, 2012 and 2013
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3.0 Control of glyphosate and acetolactate synthase resistant common ragweed (Ambrosia 

artemisiifolia L.) in soybean (Glycine max L.) with preplant herbicides 

 

3.1 Abstract 

 A population of common ragweed in Ontario was confirmed to be resistant to glyphosate 

in 2011. Group 2 [acetolactate synthase (ALS) inhibitors] resistant common ragweed was first 

confirmed in Ontario in 2000. Previously, glyphosate provided excellent control of common 

ragweed in glyphosate resistant soybean, but with the confirmation of glyphosate resistant (GR) 

common ragweed, alternative herbicides need to be evaluated. Eight field trials with preplant 

herbicides were completed over two years (2013 and 2014) in fields with confirmed GR common 

ragweed. Tankmixes of glyphosate and linuron or metribuzin provided 88-99 and 86-98% 

control four weeks after application (WAA) and 80-92 and 80-95% control 8 WAA, 

respectively. However, metribuzin and linuron also had among the highest environmental impact 

of the herbicides tested. Based on the results of these studies, GR common ragweed can be 

controlled with residual herbicides when applied preplant in soybean. Currently, no herbicides 

applied post-emergence provide commercially acceptable control of GR common ragweed, 

therefore, preplant herbicides with residual activity are essential for full-season control. 

 

3.2 Introduction  

Soybean (Glycine max. L. Merr.) is an important crop in Ontario with approximately 800 

000 hectares grown annually (OMAFRA 2014). Soybean is used for livestock feed and human 
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consumption in the form of oil and specialty food (OMAFRA 2014). Soybean is seeded from late 

April until early June. This timing coincides with the emergence of many summer annual weeds, 

including common ragweed. Generally, these weeds can be controlled with a preplant or post 

emergence herbicide application, with glyphosate being the most widely used.  

 Common ragweed (Ambrosia artemisiifolia L.) is the fifth most common annual weed in 

southern Ontario (Frick and Thomas 1992). Common ragweed is a competitive weed in soybean, 

resulting in yield losses of 132 kg ha-1 when there are only four plants per meter of row (Coble et 

al. 1981). It is also a concern for allergy sufferers because the pollen is one of the main causes of 

hay fever (Alex and Switzer 1975); it is listed as a noxious weed under the Ontario Weeds Act 

(Cowbrough 2006). Due to its widespread distribution, competitiveness and classification as a 

noxious weed, landowners must eliminate common ragweed from their properties. 

The first glyphosate resistant (GR) population of common ragweed was found in 

Missouri in 2004 (Pollard 2007; Heap 2013). GR common ragweed is now confirmed in eight 

US states and one Canadian province (Heap 2013). Pollard (2007) reported that glyphosate (1680 

g ha-1), glyphosate (840 g ha-1) plus chlorimuron (13 g ha-1) and glyphosate (840 g ha-1) plus 

imazethapyr (71 g ha-1) provided greater than 80% control of the GR biotype in Missouri. 

Greater control was obtained when herbicides were tankmixed with the label rate of glyphosate 

compared to when they were applied alone (Pollard 2007).  

In 2011, GR common ragweed was confirmed in Ontario in a soybean field where there 

was inadequate control following the application of glyphosate (Heap 2013). In addition, in 

2000, common ragweed was found to be resistant to Group 2 (ALS inhibitors) herbicides (Heap 

2013). The GR common ragweed biotypes in Ontario are resistant to all three families of Group 
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2 herbicides (sulfonylureas, imidazolinones and triazolopyrimidines), therefore these biotypes 

are considered to be multiple resistant. Although previous research has been conducted on 

alternative herbicides for the control of GR common ragweed, it was found that Group 2 

herbicides were the most effective; however, because the Ontario biotype is also Group 2 

resistant, these options are not effective. In addition, the herbicides available, the recommend 

label rates, and the herbicide formulations differ between Canada and the United States of 

America. Therefore, the objective of this study was to determine the control of multiple resistant 

common ragweed in soybean in Ontario with preplant herbicides and to document the 

environmental impact (EI) of these herbicides.  

 

3.3 Materials and Methods 

Eight field experiments were conducted over a two-year period (2013 and 2014) in fields 

with confirmed multiple resistant (Group 2 and 9) common ragweed to determine the efficacy of 

preplant (PP) herbicides in glyphosate resistant (GR) soybean. Two sets of experiments were 

conducted:  the  first  was  named  “enhanced  burndown”  which  included  herbicides  with  limited  

residual  activity  while  the  second  experiment,  named  “burndown  plus  residual”  contained  

herbicides that provide residual weed control. In 2013, both experiments were conducted on one 

site near Windsor, Ontario (S1, S2), because this was the only known site with confirmed 

multiple resistant common ragweed in Ontario. The experiments were separated in time and 

sprayed 12 days apart.  An additional site was confirmed later in 2013, so in 2014, the enhanced 

burndown experiments were conducted on two sites S3 (Windsor) and S4 (Belle River), while 
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both burndown plus residual experiments were conducted on the Windsor site (S3, S4), and 

sprayed three days apart.  

 The experiments were established as a randomized complete block design with 3 

replications at the Windsor site and 4 replications at the Belle River site due to space available.  

The plots were 2.25 m wide (3 rows of soybean spaced 0.75 m apart) and 6 m in length at the 

Windsor site and 3.0 m wide (4 rows of soybean spaced 0.75 m apart) and 8 m in length at the 

Belle River site.  Herbicides were applied prior to soybean seeding using a CO2 pressurized 

backpack sprayer, which was calibrated to deliver 200 L ha-1 of liquid at 210 kPa. The boom 

used at the Windsor site was 1-m wide with three ULD 120-20 nozzles (Hypro, New Brighton, 

MN) spaced 50 cm apart, while the boom used at Belle River was 1.5 m wide with four nozzles. 

Both experiments included a weedy and a weed free control in each replicate. The weed free 

control was maintained weed free with glyphosate (1800 g a.e. ha-1), s-metolachlor (1600 g a.i. 

ha-1) and metribuzin (653 g a.i. ha-1) applied preplant followed by hand hoeing as required.  

Location, soil properties, seeding date, herbicide application date and common ragweed height 

and density at the time of application are listed in Table 3.1. The herbicides evaluated in the 

enhanced burndown experiment are listed in Tables 3.2-3.4, and the herbicides evaluated in the 

burndown plus residual experiment are listed in Tables 3.5-3.8. The herbicide rates used are the 

maximum labeled rates registered for use in Ontario.  

 Soybean injury was assessed visually 2 and 4 weeks after application (WAA).  Injury was 

rated on a scale of 0 to 100%, where 0 was no injury and 100 was plant death. Common ragweed 

control was assessed visually 4 and 8 WAA on a scale of 0 (no control) to 100% (plant death). 

Common ragweed density and dry weight were determined 4 WAA in the enhanced burndown 
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experiment, and 8 WAA in the burndown plus residual experiment, by counting the common 

ragweed plants in two, 0.25 m2 quadrats in each plot, and then cutting the plants at the soil 

surface.  The  plants  were  then  bagged,  dried  at  60˚C  to  a  constant  moisture  and  weighed.  At  

maturity, soybean from each plot were cut at the soil surface from a 2-m length of the centre row 

of each plot and threshed in a stationary threshing machine. The grain weight and moisture 

content were recorded. Soybean seed yield is reported as a percent of the weed free control. 

Yield was not obtained at the Belle River (S4) site due to the interference of other weed species. 

Yield at S2 is not presented due to the low population of common ragweed in the trial in 2013.  

 Data were analyzed using PROC MIXED in SAS (Ver. 9.2, SAS Institute Inc., Cary, 

NC). Variances were partitioned into the fixed effects of herbicide treatment and environments 

(i.e., year and location), and the random effects included replication and location by treatment 

interaction. The Z test was used to test the significance of the random effects as well as the 

interaction between the fixed and random effects. The significance of the fixed effects was tested 

using the F test. Sites were combined for analysis if there was no site x treatment interaction. 

Residuals were plotted to ensure that error terms were homogenous and independent. The 

Shapiro-Wilk statistic was generated using the UNIVARIATE procedure in SAS to test for 

normality. When necessary, the highest Shapiro-Wilk statistic generated when transforming the 

data  (natural  log,  square  root  or  arcsine  square  root)  was  applied  to  the  data.  Fisher’s  protected  

LSD at P<0.05 was used to separate the means.  

 In the enhanced burndown study, the weed biomass data was log-transformed for 

analysis. All weed control data was analyzed on the untransformed data. For the burndown plus 

residual study at 4 WAA, S2 data were analyzed after being log transformed, while data from the 
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other sites were untransformed (S1 and S3, S4). All control data at 8 WAA were not 

transformed.  The weed biomass data were square root transformed for S1 and S2 and 

untransformed for S3 and S4. Transformed data was backtransformed for presentation purposes.  

 The environmental impact (EI) of each herbicide combination was calculated by taking 

the environmental impact quotient (EIQ) of the herbicide as calculated by Kovach et al. (2004) 

and Brian Eshenaur (personal communication, October 24, 2014) and multiplying it by the rate 

used. The EI of each herbicide combination is listed in Table 3.4 for the enhanced burndown, 

and Table 3.8 for the burndown plus residual experiment.  

 

3.4 Results and Discussion 

3.4.1 Enhanced Burndown  

 Soybean injury at 2 and 4 WAA was minimal (data not shown).  The injury observed 

included leaf speckling and bronzing which may have been caused by splash burn due to the 

frequent rain events after herbicide application in both 2013 and 2014.  

 At 4 WAA, S3 and S4 control data could be combined, while S1 and S2 data had to be 

analyzed individually to eliminate treatment by environment interaction. S3 and S4 data was 

collected in 2014 where there was a fairly even common ragweed population, while in 2013, S1 

had a much higher population than S2, which had very low common ragweed density. In 2013, 

the field was wet for the majority of the growing season, resulting in different control data than 

2014. Glyphosate applied alone controlled 7 to 48% of GR common ragweed (Table 3.2). 

Glyphosate plus 2,4-D applied preplant controlled 72 to 83% of GR common ragweed. 

Glyphosate plus amitrole provided greater than 80% control at three of the four sites (S1, S3, 
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S4), however, it only provided 65% control at S2. Glyphosate plus carfentrazone provided 15 to 

57% control of GR common ragweed, which was the lowest of the tankmixes evaluated in this 

study, with control ratings equivalent to glyphosate alone. Glyphosate plus chlorimuron provided 

13 to 66% control. The addition of flumioxazin to glyphosate plus chlorimuron resulted in 

slightly higher control from 27 to 72%. These results are in contrast to the results reported by 

Pollard (2007), where >80% control was achieved with a tankmix of glyphosate and 

chlorimuron. The difference in results between the two studies can be attributed to the fact that 

the Ontario biotype is resistant to both glyphosate and chlorimuron. Tank mixes of glyphosate 

plus cloransulam, flumioxazin, glufosinate or paraquat provided highly variable (ie. 20 to 82%) 

control of GR common ragweed. The highest control of GR common ragweed was achieved with 

a tankmix of glyphosate plus saflufenacil; 89-90% control was achieved at S2, S3 and S4, but 

only 80% at S1.  Therefore, control with glyphosate plus saflufenacil was not consistent between 

years and sites. This is similar to results found by Byker et al. (2013b), where a tankmix of 

glyphosate plus saflufenacil provided the best control of GR Canada fleabane, but results were 

not consistent among sites.  

 At 8 WAA, S1 and S2 data could be combined and S3 and S4 control data could be 

combined due to the differences in the moisture of the soil in 2013 compared to 2014 where in 

2013 the field was wet for the majority of the growing season. None of the herbicides provided 

control equivalent to the weed free control (Table 3.2). Glyphosate plus saflufenacil provided the 

highest control at 8 WAA, however, the control was only 69 and 76% at S1/S2 and S3/S4, 

respectively. Glyphosate tankmixed with carfentrazone, chlorimuron and cloransulam provided 

control equivalent to glyphosate alone at 20 to 45, 18 to 52, and 17 to 53%, respectively. The 
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decline in control from 4 to 8 WAA is attributed to the prolonged emergence pattern of common 

ragweed, where new plants were emerging in July and August (data not shown). These later 

emerging common ragweed seedlings were not controlled by herbicides with relatively short 

residual activity that were applied in the latter half of May.  

 Weed biomass data for S1 and S2 could be combined while S3 and S4 were analyzed 

separately to eliminate environment by treatment interactions (Table 3.3). The results of S4 were 

not consistent with the results found at the other sites which may be due to the lower density of 

common ragweed at S4 (Table 3.1) and the lower proportion of resistant common ragweed 

biotypes at S4. At S1, S2 and S3, weed biomass was reduced 27 to 100% compared to the weedy 

control. At S1/S2, S3 and S4, the addition of saflufenacil to glyphosate resulted in a 79, 41 and 

100% reduction in weed biomass, respectively. Glyphosate plus carfentrazone resulted in the 

highest weed biomass, similar to the untreated control at S1/S2. Glyphosate plus 2,4-D, amitrole, 

glufosinate, paraquat or saflufenacil reduced GR common ragweed biomass by more than 89, 46, 

56 and 41%, respectively.  

 GR common ragweed interference resulted in a soybean yield reduction of 73% at S1, S3 

(Table 3.3). Treatments of glyphosate, glyphosate plus 2,4-D, glyphosate plus carfentrazone, 

glyphosate plus chlorimuron, glyphosate plus chlorimuron plus flumioxazin, glyphosate plus 

cloransulam and glyphosate plus flumioxazin resulted in soybean yields similar to the weedy 

control at S1, S3 (P>0.05). Common ragweed interference resulted in soybean seed yield losses 

(P<0.05) with all of the herbicide treatments evaluated. Glyphosate plus saflufenacil had the 

lowest yield loss of 24%. The same results were not seen at S2 (data  not shown), likely due to 

the lower common ragweed interference in the experiment.  
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The most effective tankmix in the enhanced burndown study,  glyphosate plus 

saflufenacil,  has a relatively low EI when compared with many tank mix treatments in this 

study. The EI of glyphosate plus saflufenacil was 14.4 compared to glyphosate at 13.8 (Table 

3.4). The only two tankmixes with a lower EI were glyphosate plus either chlorimuron or 

cloransulam, which have EIs of 14.0 and 14.1, respectively. Glyphosate plus amitrole or paraquat 

had the highest EIs of 77.4 and 41.0, respectively. The level of efficacy of glyphosate plus 

saflufenacil, and the relatively low EI of this tankmix, make it a desirable option for control of 

GR common ragweed. 

 

3.4.2 Burndown Plus Residual 

 At 4 WAA, glyphosate plus linuron or metribuzin provided 88 to 99% and 86 to 98% 

control of GR common ragweed, respectively (Table 3.5). These two tankmixes were the most 

effective of the herbicides evaluated, and the control was similar to the weed free control. The 

control of GR common ragweed with glyphosate plus metribuzin is similar to the control of GR 

Canada fleabane reported by Byker et al. (2013b), where glyphosate plus metribuzin provided 98 

to 100% control of GR Canada fleabane in Ontario. Interestingly, Vink et al. (2012b) reported 95 

to 98% control of GR giant ragweed 4 WAA with glyphosate plus linuron. Glyphosate plus 

saflufenacil/dimethenamid-p provided 77 to 95% GR common ragweed control at S2 and S3, S4 

which was equivalent to the weed free control, however, at S1 control was less than the weed 

free control. Glyphosate plus flumioxazin/pyroxasulfone provided control similar to the weed 

free control at S2, but not at the other three sites. Glyphosate plus imazethapyr/saflufenacil 

provided control similar to the weed free control at two of the four sites (S3, S4), however, 
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control was 75 and 64% at S1 and S2, respectively.  All other herbicides in this study did not 

provide control equivalent to the weed free control. The control of GR common ragweed with 

glyphosate plus chlorimuron plus metribuzin was less than glyphosate plus metribuzin at all sites 

which can be attributed to the lower rate of metribuzin. Similarly, the addition of metribuzin to 

glyphosate plus imazethapyr, although it did result in improved control, was not similar to 

glyphosate plus metribuzin, which can be attributed to the lower rate of metribuzin used. The 

improved herbicide efficacy at S3, S4 may be due to the lower proportion of resistant biotypes at 

S4. The results of this study are in contrast to Pollard (2007) who found that glyphosate plus 

chlorimuron or imazethapyr provided greater than 80% control, while in this study both 

tankmixes provided less than 61% control. This difference is thought to be due to multiple 

resistant (Group 2 and 9) common ragweed at all sites in this study.  

 At 8 WAA, glyphosate plus linuron or metribuzin provided 80 to 92 and 80 to 95% GR 

common ragweed control, respectively (Table 3.6), which was equivalent to the weed-free 

control at 2 of the 4 sites. Glyphosate plus linuron or metribuzin provided control similar to the 

weed free control at S2 and S4, but not at S1and S3.  Glyphosate plus a Group 2 herbicide 

(chlorimuron, cloransulam, flumetsulam or imazethapyr) provided control similar to glyphosate 

alone at two of the four sites, which is toattributed the multiple resistant biotype found at these 

sites.     

 At 8 WAA, glyphosate plus linuron or metribuzin reduced GR common ragweed biomass 

94 to 97 and 96%, respectively, which was equivalent to the weed free control (Table 3.7). At S3 

and S4, glyphosate plus chlorimuron plus metribuzin, flumioxazin/pyroxasulfone, 

imazethapyr/saflufenacil or saflufenacil/dimethenamid-p reduced common ragweed biomass by 
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72, 73 79 and 84%, respectively which was equivalent to the weed free control. Glyphosate plus 

chlorimuron or imazethapyr both resulted in GR common ragweed biomass that was equivalent 

to the untreated control. The other Group 2 herbicides (cloransulam and flumetsulam) had 

biomass reductions equivalent to the untreated control at S3, S4 but similar to glyphosate alone 

across all sites.  

 GR common ragweed interference in the weedy control treatments reduced soybean 

yields by 90-93% compared to the weed free control (Table 3.7). GR common ragweed 

interference following the application of glyphosate plus metribuzin at S1, S3, S4 reduced 

soybean yields by 20%, which was similar to the weed free control. Treatments of glyphosate, 

glyphosate plus chlorimuron, glyphosate plus cloransulam and glyphosate plus flumetsulam 

resulted in soybean seed yields similar to the weedy control.  

 Glyphosate plus linuron or metribuzin provided the best control of GR common ragweed.  

Unfortunately, these tankmixes also had the highest EI of the herbicides in this study at 57.3 and 

45.6, respectively (Table 3.8). The treatment with the lowest EI is glyphosate at 13.8, followed 

by glyphosate plus chlorimuron or cloransulam at 14 and 14.1, respectively. However, neither of 

these herbicides provided adequate control of the multiple resistant common ragweed. The other 

herbicides that had weed biomass similar to the weed free control at half the sites, chlorimuron 

plus metribuzin, imazethapyr/saflufenacil and saflufenacil/dimethenamid-p, have EIs of 25.7, 

14.2 and 23.4, respectively. Therefore, from an environmental standpoint, the tankmix of 

glyphosate plus imazethapyr/saflufenacil would be the best option; however, it would only 

reduce GR common ragweed biomass by 79 to 82% compared to the 94 to 97% that could be 

achieved with linuron or metribuzin.  
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 The most efficacious herbicide treatments for the control of GR common ragweed were 

glyphosate tankmixed with either linuron or metribuzin; these tankmizes provided the most 

consistent full-season control across sites and years. Tankmixing a Group 2 herbicide with 

glyphosate did not increase control, and in some cases, resulted in control similar to glyphosate 

alone. This result suggests that the common ragweed biotypes at these sites are multiple resistant 

and another herbicide mode of action is required to control these biotypes.  In addition, because 

of the long emergence duration of common ragweed in Ontario, an herbicide with residual 

activity is required for full season control.  Because of the few options available for the control 

of multiple resistant common ragweed, it is important that it be controlled to decrease spread to 

adjacent fields.  Future research should focus on two-pass weed control programs of a preplant 

herbicide followed by a postemergence herbicide for full season control of this competitive weed 

in soybean. 
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Table 3.1- Location, agronomic information and height and density of multiple resistant (Group 2 and 9) common ragweed for 
experiments in Ontario, Canada in 2013 and 2014 

Enhanced Burndown         

      Soil Characteristics Seeding 
Herbicide 

Application Common ragweed 

Location Year Closest City Texture OM (%) pH Date Date Size (cm) 
Density (m-

2) 
S1 2013 Windsor Clay 3.1 7.2 May-27 May-15 up to 5 157 
S2 2013 Windsor Clay 3.1 7.2 May-27 May-27 up to 10 101 
S3 2014 Windsor Clay Loam  3.4 7.2 May-26 May-22 up to 9 1925 
S4 2014 Belle River Clay Loam 2.8 7.5 May-26 May-25 up to 4 64 

Burndown Plus Residual         
S1 2013 Windsor Clay 3.1 7.2 May-27 May-15 up to 5 327 
S2 2013 Windsor Clay 3.1 7.2 May-27 May-27 up to 10 45 
S3 2014 Windsor Clay  Loam 3.4 7.2 May-26 May-22 up to 5 1522 
 S4 2014  Windsor  Clay Loam  3.4  7.2 May-26  May-25 up to 10 1061 
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Table 3.2- Percent control of multiple resistant (Group 2 and 9) common ragweed 4 and 8 WAA in the "enhanced burndown" 
study conducted in Ontario, Canada in 2013 and 2014 

    Percent Control 4 WAA Percent Control 8WAA 
 Rate     

Treatment (g a.i/a.e. ha-1) S1z S2 S3,S4 S1, S2 S3,S4 
Weedy control  0 e 0 i 0 g 0 g 0 f 
Weed Free control  100 a 100 a 100 a 100 a 100 a 
Glyphosate 900 20 d 7 hi 48 f 12 fg 38 e 
Glyphosate + 2,4-D 900 + 500 83 b 75 cd 72 cd 69 b 56 cd 
Glyphosate + amitrole 900 + 2000 83 b 65 de 81 bc 63 bc 59 cd 
Glyphosate + carfentrazone 900 + 17.5 20 d 15 gh 57 ef 20 ef 45 de 
Glyphosate + chlorimuron 900 + 9 38 c 13 gh 66 de 18 ef 52 cde 
Glyphosate + chlorimuron + flumioxazin 900 + 9 + 71 27 cd 53 f 72 cd 38 de 59 cd 
Glyphosate + cloransulamy 900 + 17.5 20 d 23 g 65 de 17 f 53 cde 
Glyphosate + flumioxazin 900 + 71 33 cd 57 ef 65 de 46 cd 47 de  
Glyphosate + glufosinate 900 + 500 73 b 62 ef 77 bcd 58 bc 65 bc 
Glyphosate + paraquat 900 + 1100 82 b 79 bc 75 bcd 68 b 59 cd 
Glyphosate + saflufenacilx 900 + 25 80 b 90 ab 89 ab 69 b 76 b 

z Abbreviations: S1, S2, S3, Windsor; S4, Belle River; WAA, weeks after application of herbicide 
y Added Agral 90 (0.25 % v/v) and UAN 28% (2.5% v/v) 
x Added Merge (1.0% v/v) 
a-i  Means  followed  by  the  same  letter  are  not  significantly  different  according  to  Fisher’s  Protected  LSD  at  P  =  0.05 
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Table 3.3- Multiple resistant (Group 2 and 9) common ragweed biomass 4 WAA and soybean yield in the "enhanced 
burndown" study conducted in Ontario, Canada in 2013 and 2014 
    Weed Biomass 4 WAA Soybean Yield 

 Rate S1,S2 S3 S4 S1,S3  
Treatment (g a.i./a.e ha-1) g/m2 % Reductionw 

Weedy Control  109.0 a 120.7 a 45 a 73 a  
Weed Free Control  0 g 0 d 0 e 0 d  
Glyphosate 900 28.8 bc 57.7 c 1.5 c 70 ab  
Glyphosate + 2,4-D 900 + 500 9.8 cd 13.2 d 0.66 cd 46 abc  
Glyphosate + amitrole 900 + 2000 2.1 ef 13.8 d 0.7 cde 42 bc  
Glyphosate + carfentrazone 900 + 17.5 40.0 ab 88.1 b 4.5 b 74 a  
Glyphosate + chlorimuron 900 + 9 7.0 de 9.5 d 1.2 cd 52 abc  
Glyphosate + chlorimuron + 
flumioxazin 900 + 9 + 71 2.1 efg 8.9 d 1.2 cd 68 ab  
Glyphosate + cloransulam 900 + 17.5 0.3 fg 4.1 d 0.9 cde 74 a  
Glyphosate + flumioxazin 900 + 71 35.2 ab 72.1 bc 1.3 c 74 a  
Glyphosate + glufosinate 900 + 500 39.6 ab 65.7 bc 0.1 de 36 c  
Glyphosate + paraquat 900 + 1100 14.7 bcd 52.7 c 0.3 cde 42 bc  
Glyphosate + saflufenacil  900 + 25 23.0 bcd 71.2 bc 0.1 de 24 c  

 
z Abbreviations: S1, S2, S3, Windsor; S4, Belle River; WAA, weeks after application of herbicide 
y Added Agral 90 (0.25 % v/v) and UAN 28% (2.5% v/v) 
x Added Merge (1.0% v/v) 
w Compared to the weed free control 
a-e Means  followed  by  the  same  letter  are  not  significantly  different  according  to  Fisher’s  Protected  LSD  at  P  =  0.0
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Table 3.4- Environmental impact of herbicides used in the "enhanced burndown" study conducted in Ontario, Canada 
in 2013 and 2014 
Active ingredient(s) Individual EIQ values Product rate EI 
    (g a.i/a.e. ha-1)   
glyphosate 15.3 900 13.8 
glyphosate + 2,4-D ester 15.3 + 15.33 900 + 500 21.5 
glyphosate + amitrole 15.3 + 31.80 900 + 2000 77.4 
glyphosate + carfentrazone 15.3 + 20.18 900 + 17.5 17.3 
glyphosate + chlorimuron 15.3 +  19.20   900 + 9 14.0 
glyphosate + chlorimuron + flumioxazin 15.3 + 19.20 + 23.97 900 + 9 + 71 14.5 
glyphosate + cloransulam 15.3 + 15.33 900 + 17.5 14.1 
glyphosate + flumioxazin 15.3 + 23.97 900 + 71 15.5 
glyphosate + glufosinate 15.3 + 20.20 900 + 500 23.9 
glyphosate + paraquat 15.3 + 24.73 900 + 1100 41.0 
glyphosate + saflufenacil 15.3 + 22.29 900 + 25 14.4 

zAbbreviations: EIQ, environmental impact quotient; EI, environmental impact
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Table 3.5-Percent control of multiple resistant (Group 2 and 9) common ragweed 4 WAA in the "burndown plus 
residual" study conducted in Ontario, Canada in 2013 and 2014 
Treatment Rate Percent Control 4 WAA 
  (g a.i./a.e. ha-1) S1 S2 S3,S4 
Weedy control  0 g 0 i 0 g 
Weed Free control  100 a 100 a  100 a 
Glyphosate  900 13 f 11 h 42 f 
Glyphosate + chlorimuron 900 + 9 27 ef 22 fg 60 e 
Glyphosate + chlorimuron + metribuzin 900 + 9 + 412.5 67 bc 28 ef 89 bc 
Glyphosate + clomazone 900 + 846 27 ef 22 fg 58 e 
Glyphosate + cloransulam 900 + 35 33 e 23 fg 58 e 
Glyphosate + flumetsulam 900 + 70 33 e 47 cd 58 e 
Glyphosate + flumioxazin 900 + 71.4 27 ef 60 bc 68 de 
Glyphosate + flumioxazin + chlorimuron 900 + 71.4 + 9 35 e 43 cd 71 d 
Glyphosate + flumioxazin/pyroxasulfone 900 + 240 53 cd 74 ab 88 bc 
Glyphosate + imazethapyr 900 + 100 23 ef 15 gh 61 de 
Glyphosate + imazethapyr + metribuzin 900 + 100 + 400 52 d 32 def 85 c 
Glyphosate + imazethapyr/saflufenacil 900 + 100 75 b 64 bc 94.5 abc 
Glyphosate + linuron 900 + 2250 99 a 88 ab 98 ab 
Glyphosate + metribuzin 900 + 1120 96 a 86 ab 98 ab 
Glyphosate + s-metolachlor/metribuzin 900 + 1943 57 cd 36 de 89 bc 
Glyphosate + saflufenacil/dimethenamid-p 900 + 245 80 b 77 ab 95 ab 

z Abbreviations: S1, S2, S3, S4, Windsor; WAA, weeks after application of herbicide 
a-i  Means  followed  by  the  same  letter  are  not  significantly  different  according  to  Fisher’s  Protected  LSD  at  P  =  0.05 
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Table 3.6- Percent control of multiple resistant (Group 2 and 9) common ragweed 8 WAA in the "burndown plus residual" study 
conducted in Ontario, Canada in 2013 and 2014 
Treatment Rate Percent Control 8 WAA 
  (g a.i./a.e. ha-1) S1 S2 S3 S4 
Weedy control  0 h 0 h 0 j 0 d 
Weed Free control  100 a 100 a 100 a 100 a 
Glyphosate  900 17 g 10 gh 40 i 43 c 
Glyphosate + chlorimuron 900 + 9 20 fg 20 g 57 h 47 c 
Glyphosate + chlorimuron + metribuzin 900 + 9 + 412.5 53 cd 27 efg 78 cde 83 ab 
Glyphosate + clomazone 900 + 846 20 fg 18 g 60 gh 47 c 
Glyphosate + cloransulam 900 + 35 33 ef 27 efg 57 h 40 c 
Glyphosate + flumetsulam 900 + 70 20 fg 47 de 57 h 40 c 
Glyphosate + flumioxazin 900 + 71.4 20 fg 56 cd 67 fg 47 c 
Glyphosate + flumioxazin + chlorimuron 900 + 71.4 + 9 20 fg 57 cd 70 ef 48 c 
Glyphosate + flumioxazin/pyroxasulfone 900 + 240 40 de 73 bc 76 de 80 b 
Glyphosate + imazethapyr 900 + 100 23 fg 23 fg 57 h 48 c 
Glyphosate + imazethapyr + metribuzin 900 + 100 + 400 42 de 47 de 74 def 50 c 
Glyphosate + imazethapyr/saflufenacil 900 + 100 60 c 65 bcd 83 bcd 78 b 
Glyphosate + linuron 900 + 2250 80 b 84 ab 91 b 92 ab 
Glyphosate + metribuzin 900 + 1120 82 b 80 ab 83 bcd 95 ab 
Glyphosate + s-metolachlor/metribuzin 900 + 1943 33 ef 43 def 75 def 83 ab 
Glyphosate + saflufenacil/dimethenamid-p 900 + 245 75 b 74 bc 85 bc 79 b 

z Abbreviations: S1, S2, S3, S4, Windsor; WAA, weeks after application of herbicide 
a-j  Means  followed  by  the  same  letter  are  not  significantly  different  according  to  Fisher’s  Protected  LSD  at  P  =  0.05 
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Table 3.7- Multiple resistant (Group 2 and 9) common ragweed biomass 8 WAA and soybean yield in the "burndown 
plus residual" study conducted in Ontario, Canada in 2013 and 2014 
    Weed Biomass  8 WAA   Soybean Yield 
 Rate S1,S2 S3,S4   S1, S3, S4  

Treatment (g a.i./a.e. ha-1) g/m2    
Weedy Control  318 a 169 a   90 a  
Weed Free Control  0 g 0 e  0 j  
Glyphosate  900 175 ab 144 ab  79 ab  
Glyphosate + chlorimuron 900 + 9 169 abc 162 a  81 ab  
Glyphosate + chlorimuron + metribuzin 900 + 9 + 412.5 135 bc 47 de  45 efgh  
Glyphosate + clomazone 900 + 846 140 bc 129 abc  67 bcde  
Glyphosate + cloransulam 900 + 35 150 bc 149 ab  70 abcd  
Glyphosate + flumetsulam 900 + 70 112 bc 132 abc  71 abc  
Glyphosate + flumioxazin 900 + 71.4 89 bcd 151 ab  64 bcde  
Glyphosate + flumioxazin + chlorimuron 900 + 71.4 + 9 109 bc 135 ab  62 bcdef  
Glyphosate + flumioxazin/pyroxasulfone 900 + 240 77 cdef 45 de  51 cdefg  
Glyphosate + imazethapyr 900 + 100 173 ab 130 abc  63 bcde  
Glyphosate + imazethapyr + metribuzin 900 + 100 + 400 78 bcde 81 bcd  48 defgh  
Glyphosate + imazethapyr/saflufenacil 900 + 100 57 cdef 35 de  39 ghi  
Glyphosate + linuron 900 + 2250 10 fg 11 de  27 hi  
Glyphosate + metribuzin 900 + 1120 14 efg 7 de  20 ij  
Glyphosate + s-metolachlor/metribuzin 900 + 1943 133 bc 57 cd  54 cdefg  
Glyphosate + saflufenacil/dimethenamid-p 900 + 245 16 def 27 de   40 fghi  

z Abbreviations: S1, S2, S3, S4, Windsor; WAA, weeks after application of herbicide 
y Compared to the weed free control 
a-g Means followed  by  the  same  letter  are  not  significantly  different  according  to  Fisher’s  Protected  LSD  at  P  =  0.05 
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Table 3.8-Environmental impact of herbicides used in the "burndown plus residual" study conducted in Ontario, 
Canada in 2013 and 2014 

Active ingredient Individual EIQ values Product rate EI 
    (g a.i/a.e. ha-1)   
Glyphosate 15.3 900 13.8 
Glyphosate + chlorimuron 15.3 + 19.2 900 + 9 14.0 
Glyphosate + chlorimuron + metribuzin 15.3 + 19.20 + 28.37 900 + 9 + 412.5 25.7 
Glyphosate + clomazone 15.3 + 19.63 900 + 846 30.4 
Glyphosate + cloransulam 15.3 + 15.33 900 + 17.5 14.1 
Glyphosate + flumetsulam 15.3 + 15.61 900 + 70 14.9 
Glyphosate + flumioxazin 15.3 + 23.97 900 + 71.4 15.5 
Glyphosate + flumioxazin + chlorimuron 15.3 + 23.97 + 19.20 900 + 71.4 + 9 15.7 
Glyphosate + flumioxazin/pyroxasulfone  15.3 +  23.97/12.33 900 + 240 18.0 
Glyphosate + imazethapyr 15.3 + 19.57 900 +100 15.8 
Glyphosate + imazethapyr + metribuzin 15.3 + 19.57 + 28.37 900 + 100 + 400 27.1 
Glyphosate + imazethapyr/saflufenacil 15.3 + 19.57/22.29 900 + 100 14.2 
Glyphosate + linuron 15.3 + 19.32 900 + 2250 57.3 
Glyphosate + metribuzin 15.3 + 28.37 900 + 1120 45.6 
Glyphosate + s-metholachlor/metribuzin 15.3 +22.00 /28.37 900 + 1943 18.2 
Glyphosate + saflufenacil/dimethenamid-p 15.3 + 22.29/12.02 900 + 245 17.0 

zAbbreviations: EIQ, environmental impact quotient; EI, environmental impact 
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4.0 Glyphosate resistant common ragweed (Ambrosia artemisiifolia L.) control with 
postemergence herbicides and glyphosate dose response in soybean (Glycine max. L. Merr.) 
in Ontario 

 
4.1 Abstract 

 Glyphosate resistant (GR) common ragweed (Ambrosia artemisiifolia L.) was discovered 

in Ontario, Canada in 2011. Common ragweed has been confirmed resistant to Group 2 (ALS 

inhibiting) herbicides in Ontario since 2000. Field trials were established in 2013 and 2014 to 

determine the efficacy of postemergence (POST) herbicides in soybean (Glycine max. (L.) 

Merr.). Glyphosate dose response experiments were conducted on two resistant and one 

susceptible common ragweed population. None of the POST herbicides evaluated provided 

commercially acceptable control (>90%) of GR common ragweed. The most effective POST 

tankmix was glyphosate plus fomesafen, which provided 68-98% control. Resistant populations 

required a 2-28 fold increase in glyphosate dose compared to the susceptible population to 

achieve 50% control. Commercially acceptable control of GR common ragweed requires a two-

pass program of an effective preemergence herbicide followed by glyphosate plus fomesafen 

applied POST. 

 

4.2 Introduction 

 Glyphosate is a broad-spectrum, postemergence (POST) herbicide used in over 130 

countries globally (Dill et al. 2010) due to its high efficacy and its economical price. Glyphosate 

was commercialized in 1974 by Monsanto at which time it could only be used preplant (PP) or 
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postharvest (Nandula 2010). In 1996, glyphosate resistant crops were introduced into the 

marketplace, allowing for the application of glyphosate throughout the growing season (Dill 

2005). Glyphosate resistant crops resulted in the multiple applications of glyphosate on the same 

field in one growing season (Nandula 2010), and a decrease in the cost of weed management by 

as much as $25 per hectare compared to non-glyphosate resistant crops (Dill 2005). This 

contributed to glyphosate being the most widely used herbicide globally.  

 The repeated use of glyphosate has selected for glyphosate resistant (GR) biotypes within 

a population (Devine and Shukla 2000). The first GR weed was rigid ryegrass (Lolium rigidum 

Gaud.) found in an orchard in Australia in 1998 following the repeated application of glyphosate 

multiple times per year for 15 years (Powles et al. 1998). Since this time, 31 GR weeds have 

been discovered globally (Heap 2014).   

Common ragweed (Ambrosia artemisiifolia L.) is a common annual broadleaf weed in 

Ontario (Frick and Thomas 1992). Common ragweed is monoecious, with one plant being able to 

produce up to 62000 seeds (Jordan et al. 2013). It germinates between late April and early May 

(Jordan et al. 2013), which coincides with soybean (Glycine max. (L.) Merr.) emergence in 

Ontario. Common ragweed can have a negative effect on soybean yield, by as much as 132 kg 

ha-1 when four weeds are present per ten metre row of soybean (Coble et al. 1981). In addition, 

common ragweed is a major problem for allergy sufferers because the pollen is one of the main 

causes of hay fever (Alex and Switzer, 1975). This has caused common ragweed to be listed as a 

noxious weed in Ontario, requiring land owners to remove it from their property (Cowbrough 

2006).  
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The first GR common ragweed population was found in Missouri in 2004 (Pollard 2007; 

Heap 2013). GR common ragweed has now been documented in fifteen US states and Ontario, 

Canada (Heap 2013). Previously, glyphosate provided excellent control of common ragweed 

(OMAFRA 2011). Its seeds can be viable in the soil for up to 39 years (Lanini and Wertz 2013; 

Toole and Brown 1946); therefore once resistance has developed in a field, seeds from those 

plants can germinate for many decades thereafter.    

 The environmental impact quotient (EIQ), developed by Kovach et al. (1992), is a value 

from an equation that estimates the environmental impact of a herbicide by taking into account 

the impact of the herbicide on the applicator, the consumer and an ecological component. The 

impact of a specific herbicide is determined by taking the EIQ of the herbicide and multiplying it 

by the application rate; the lower the number, the lower the environmental impact of the 

herbicide (Kovach et al. 1992; Edwards-Jones and Howells 2001). The EIQ has been used 

successfully by various researchers to determine the environmental risks of various weed 

management strategies (Brimner et al. 2005; Gallivan et al. 2001; Soltani et al. 2007; Sikkema et 

al. 2007; Edwards-Jones and Howells 2001; Fernandez-Cornejo 1998).   

Because glyphosate was one of the most effective herbicides used for  common ragweed 

control in glyphosate resistant soybean, the development of GR common ragweed can cause 

substantial  yield losses in soybean if not controlled early in the season; therefore, alternative 

herbicides need to be identified that will provide adequate control. The objectives of this study 

were: a) to determine the efficacy of POST herbicides for the control of GR common ragweed, 

b) to determine the environmental impact of the postemergence herbicides registered on soybean 
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in Ontario and c) to determine the biologically effective rate of glyphosate on resistant and 

susceptible common ragweed populations.  

 

4.3 Materials and Methods 

Seven field experiments were conducted over a two-year period (2013 and 2014) to 

determine the efficacy of postemergence herbicides for the control of confirmed GR common 

ragweed in soybean. Two distinct experiments  were  conducted;;  “Postemergence  Tankmixes  I”  

and  “Postemergence  Tankmixes  II”.  Postemergence  Tankmixes  I  was  conducted  twice  on  one  

site near Windsor, ON (R1 and R2) in 2013 where the experiments were separated in time and 

two sites near Windsor, ON (R3) and Belle River, ON (R4) in 2014. Postemergence Tankmixes 

II was conducted on one site near Windsor, ON (R1) in 2013 and two sites near Windsor, ON 

(R3) and Belle River, ON (R4) in 2014. Herbicides were applied at the highest labeled rate in 

Ontario and are listed in Tables 3, 4, 5 and 6. Adjuvants were added as recommended on the 

herbicide labels. It was anticipated that a single postemergence herbicide would not provide 

commercially  acceptable  control;;  therefore,  in  “Postemergence  Tankmixes  II”  combinations of 

fomesafen (Group 14) and chlorimuron, thifensulfuron, cloransulam or imazethapyr (Group 2 

herbicides) were evaluated.  

Glyphosate dose response experiments were conducted twice on one resistant (R1, R2) 

and one susceptible biotype (Ridgetown, ON-S1, S2) in 2013, and two resistant (R3 and R4) and 

one susceptible biotype (S3, S4) in 2014. These experiments were named the Biologically 

Effective Rate (BER) of glyphosate. The doses of glyphosate used in the BER trial on the 
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resistant biotype were 113, 225, 450, 900, 1800, 2700, 5400, 10800, 21600, and 43200 g a.e. ha-

1. The glyphosate doses used on the susceptible biotype were 14, 28, 56, 113, 225, 450, 900, 

1800, 2700 and 5400 g a.e. ha-1.  

Experiments were established as a randomized complete block design with 3 replicates at 

sites R1, R2 and R3, and 4 replicates at sites R2 and S1-S4. Herbicides were applied when the 

common ragweed was 10-15 cm in height. The plots were 2.25 m x 7 m at R1, R2 and R3, 2.25 

m x 8 m at R4 and 3 m x 8 m at S1-S4 (based on space available). A CO2 pressurized backpack 

sprayer was used to apply the herbicides, which was calibrated to deliver 200 L ha-1 of liquid at 

210 kPa using a 1.0 m wide boom with three ULD 120-20 flat fan nozzles (Hypro, New 

Brighton, MN) spaced 50 cm apart at R1, R2 and R3, and a 1.5m wide boom with four nozzles 

spaced 50 cm apart at R4 and S1-S4. Weedy and weed-free controls were included in each 

replicate of all experiments. The weed-free control was maintained weed free with an application 

of glyphosate (1800 g a.e. ha-1), s-metolachlor (1600 g a.i. ha-1) and metribuzin (653 g a.i. ha-1) 

followed by hand hoeing when necessary. Soil characteristics, seeding and spray dates and the 

size and density of common ragweed at time of application are listed in Table 4.1. Soybeans 

were at the VE to VC stage at R1-4 and V1-V4 stage at S1-4.  

Control was estimated visually at 4 and 8 weeks after application (WAA) on a scale of 0-

100%, where 0% was no control and 100% was complete control of the common ragweed. 

Common ragweed density and dry weight were determined at 4 WAA for the BER and 8 WAA 

for the postemergence tankmixes by counting and cutting the common ragweed plants in two 

0.25 m2 quadrats in each plot. The common ragweed plants were then bagged, dried to a constant 



62 
 

 

 

moisture  in  a  60˚C  drier,  and  then  weighed.  Soybean injury ratings were assessed on a 0-100% 

scale 2 and 4 WAA, where 0% was no injury and 100% was plant death. At crop maturity, 2 m 

of soybean from the middle row of the plot were cut at the soil surface and threshed in a 

stationary thresher at the resistant locations. Soybean yield was not taken at the R4 site due to 

interference of other weed species at that location. A small-plot combine was used at the 

susceptible sites. Soybean weight and moisture content were recorded for each plot. Yield is 

presented as a percent reduction in yield compared to the weed free control.  

The PROC MIXED procedure in SAS (Ver. 9.2, SAS Institute Inc., Cary, NC) was used 

to conduct an analysis of variance on the tankmix experiment data. Variances were divided into 

the random effects of location (year and location), replication within location, and the treatment 

by location interaction. The fixed effect was herbicide treatment. The significance of the 

environment, replication and the interaction of the environment by treatment was tested using the 

Z-test. The significance of the fixed effects was tested using the F-test. Sites were combined for 

analysis if there was no site x treatment interaction (P>0.05). Residual plots were examined to 

ensure that the assumptions were met (homogenous, independent and randomly distributed 

errors). Data were tested for normality using the Shapiro-Wilk statistic generated using the 

UNIVARIATE procedure in SAS. Transformations of the data (natural log, square root and 

arcine square root) were used when necessary. The transformation with the highest Shapiro-Wilk 

statistic was used.  
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 The PROC MIXED procedure was used to obtain an ANOVA using the transformed data 

(where used). The transformed means were detransformed for presentation purposes. 

Transformed  or  least  squared  means  were  separated  using  Fisher’s  protected  LSD  at  P  =  0.05. 

 Non-linear regressions of the biologically effective rate data were analyzed using the 

PROC NLIN procedure in SAS. The exponential to a maximum curve was used to analyze the 

control data and was obtained from the equation: 

Y=a+b(1-e-cx) 

The inverse exponential curve was used for the common ragweed biomass and soybean yield 

reduction data and was obtained from the equation: 

Y= a+be-cx 

 
where a is the lower asymptote, b is the change in y from the intercept and c is the slope. The 

equation was used to calculate the effective dose (ED) of glyphosate. The ED50, ED80 and ED95 

represent the dose required to obtain 50, 80 and 95% control of common ragweed, respectively. 

The ED50, ED80 and ED95 for weed biomass represents the glyphosate dose required to reduce 

common ragweed dry weight by 50, 80 and 95%, respectively. The ED50, ED80 and ED95 for 

soybean yield represents the glyphosate dose required to result in soybean yield 50, 80 and 95%, 

respectively, compared to the weed-free control. 

Biomass  data  were  log  transformed  for  the  R1  and  R4  sites  for  the  “Postemergence  

Tankmixes  I”  experiment.  Density  data  for  sites  R1,  R2  and R4 were also log transformed. The 

biomass  data  in  the  “Postemergence  Tankmixes  II”  experiments  were  square  root  transformed,  

while the density data was log transformed. 
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Environmental Impact 

 The values for the EIQ were obtained from Kovach et al. (1992, 1999) and N. Soltani 

(personal communication), and were multiplied by the rate used. Adjuvants and surfactants were 

not included in the EIQ due to lack of toxicological and phytochemical information. EIQ for the 

experiments are listed in Table 4.4 and 4.7. 

 

4.4 Results and Discussion  

 Herbicide phytotoxicity (leaf burn) in both tankmix experiments was minimal (<10%) on 

the lower leaves of the soybean in 2013 and 2014 (data not shown). The injury did not impact 

soybean yield.   

 

4.4.1 Post Tankmixes I 

 None of the POST herbicides evaluated consistently provided commercially acceptable 

control (>90%).  Control ratings conducted at 4 WAA and 8 WAA could be combined at the 

sites R1,R2 and R3, while R4 was analyzed separately (Table 4.2). The combined results were 

from the Windsor site, which was the first field in Ontario with confirmed GR common ragweed. 

This site has a higher proportion of resistant biotypes compared to the R4 site. At 4 WAA, none 

of the tankmixes provided control equivalent to the weed free control at the R1, R2 and R3 sites. 

The most efficacious herbicide tankmixes were glyphosate plus aciflurofen, glyphosate plus 

fomesafen, and glyphosate/fomesafen, with control ratings of 62, 67 and 67%, respectively. All 

the other POST herbicide tankmixes evaluated provided control similar to glyphosate alone. The 
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poor control with chlorimuron, cloransulam, imazethapyr and thifensulfuron is because the 

common ragweed at this site is resistant to both glyphosate and the acetolactate synthase 

inhibiting herbicides. At the R4 site 4 WAA, tankmixes of glyphosate plus fomesafen and 

glyphosate/fomesafen provided 98 and 87% control, respectively, which was equivalent to the 

weed free control. At 8 WAA, glyphosate plus fomesafen and glyphosate/fomesafen provided 68 

and 71% control, respectively, at the sites R1, R2 and R3, and 94 and 90%, respectively, at R4.  

 Common ragweed biomass was measured at 8 WAA; the sites R1 and R4 were combined 

for analysis, and the sites R2 and R3 were also combined (Table 4.3). At the R1 and R4 sites, an 

application of glyphosate plus fomesafen controlled weeds with a reduction in biomass of 98%.  

An application of glyphosate/fomesafen reduced biomass 95%; however, this decrease was not 

equivalent to the weed free control. Glyphosate plus acifluorfen reduced GR common ragweed 

biomass by 92%. The remaining POST herbicide tankmixes evaluated reduced GR common 

biomass by less than 90%.  At the R2 and R3 sites, glyphosate plus fomesafen and 

glyphosate/fomesafen reduced GR common ragweed biomass by 93 and 83%, respectively. All 

other treatments resulted in reductions of less than 68%.  

 Common ragweed density data was combined at the R1, R2 and R4 sites, while at the R3 

sites was analyzed separately (Table 4.3). Data for the R3 sites was not similar to the others as it 

had much higher densities compared to the other three sites (Table 1). Across R1, R2 and R4 

sites, the application of glyphosate plus acifuorfen, glyphosate plus fomesafen and 

glyphosate/fomesafen resulted in densities similar to the weed free control. All of the other 

POST herbicide tankmixes evaluated resulted in GR common ragweed densities similar to the 
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weedy control. At the R3 site, glyphosate plus fomesafen and glyphosate/fomesafen reduced 

common ragweed density by 95 and 90%, respectively.   

 Soybean yield is presented as the yield reduction compared to the weed free control 

(Table 4.3). None of the POST herbicide tankmixes evaluated resulted in soybean yield similar 

to the weed free control. Glyphosate plus bentazon, glyphosate plus chlorimuron, and glyphosate 

plus thifensulfuron resulted in soybean yields similar to the weedy control, with yield reductions 

of 70, 62 and 73%, respectively. An application of glyphosate plus fomesafen or 

glyphosate/fomesafen had the lowest soybean yield reductions of 29 and 34%, respectively.  

 The results from this study are in contrast to the results of Pollard (2007) on a GR 

common ragweed biotype in Missouri, where glyphosate (840g a.e. ha-1) plus chlorimuron (13g 

a.i. ha-1), and glyphosate (840g a.e. ha-1) plus imazethapyr (71g a.i. ha-1) provided greater than 

80% control. However, because some of the Ontario common ragweed populations are also 

resistant to Group 2 herbicides, they are not effectively controlled by applications of these 

herbicides. Glyphosate plus bentazon provided the lowest control and had among the highest 

biomass and density.  POST herbicide treatments that included fomesafen provided the highest 

control and had the lowest biomass and density, but they did not provide consistent 

commercially acceptable control (>90%).  

 The environmental impact (EI) of the most effective herbicides in the study, glyphosate 

plus fomesafen and glyphosate/fomesafen, are 19.7 and 20.2, respectively (Table 4.4). These 

correspond with some of the higher EI in the experiment. The treatments that resulted in the 

lowest EIs were glyphosate and glyphosate tankmixed with a Group 2 herbicide. However, 
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Group 2 herbicides are not effective on multiple resistant common ragweed, so therefore are not 

an effective option. The next lowest EI options are the treatments that include fomesafen. 

Applications that included bentazon had the highest EI values and resulted in the worst control, 

and therefore would not be an option to consider.  

 

4.4.2 Postemergence Tankmixes II 

 None of the herbicide tankmixes resulted in control, biomass or density similar to the 

weed-free control (Table 4.5 and 4.6). At 4 WAA, the R1 and R3 sites were combined for 

analysis, and the R4 site was analyzed separately. All four herbicide tankmixes that included 

glyphosate tankmixed with a Group 2 herbicide (chlorimuron, cloransulam, imazethapyr and 

thifensulfuron) resulted in control similar to glyphosate alone. Glyphosate plus fomesafen 

provided 56% control.  The addition of chlorimuron, cloransulam, imazethapyr or thifensulfuron 

to glyphosate plus fomesafen did not improve multiple resistant common ragweed control. At 8 

WAA, all control ratings were >71% (Table 4.5). The addition of a Group 2 herbicide to 

glyphosate plus fomesafen did not improve the control of multiple resistant common ragweed. 

Common ragweed biomass with the herbicide treatments evaluated was not similar to the weed 

free control (Table 4.6). Treatments of glyphosate plus chlorimuron, cloransulam, imazetahpyr 

or thifensulfuron resulted in weed biomass similar to glyphosate alone. Glyphosate plus 

fomesafen reduced common ragweed biomass by 83%. The addition of a Group 2 herbicide to 

glyphosate plus fomesafen did not reduce common ragweed biomass more than the tankmix of 

glyphosate plus fomesafen. Glyphosate plus fomesafen reduced common ragweed density 86%.  
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 Soybean yield is represented as the reduction in yield compared to the weed free control 

(Table 4.6). All of the herbicide tankmixes evaluated resulted in soybean yield similar to the 

weedy control. The soybean yield reduction was between 35-69%.  

 In general, the addition of a Group 2 herbicide to fomesafen did not improve the control 

of multiple resistant common ragweed. However, if there are other weed species present in a 

field that are controlled by Group 2 herbicides, there may be a benefit to the tankmixes 

evaluated. The treatments that included fomesafen in the tankmix had the highest EI of the 

herbicides in the experiment (Table 4.7). The addition of a Group 2 herbicide to glyphosate plus 

fomesafen tankmixes did not increase the EI substantially with increases of 0.1-1.9; therefore, it 

does not make a large environmental impact to add Group 2 herbicides to the tankmixes.  

 

4.4.3 Biologically Effective Rate of Glyphosate 

 The recommended field dose of glyphosate of 900 g a.e. ha-1 did not provide acceptable 

control of the GR common ragweed. The two resistant populations, Windsor (R1, R2, R3) and 

Belle River (R4) were analyzed separately due to the lower level of resistance at the Belle River 

site. At 4 WAA, the glyphosate dose required to provide 50 and 80% control of susceptible 

common ragweed was 143 and 842 g a.e. ha-1, respectively (Table 4.8). At the Windsor site, the 

glyphosate dose required to provide 50, 80 and 95% control of GR common ragweed was 1606, 

6703 and 7675 g a.e. ha-1 of glyphosate, respectively.  This corresponds to 1.75, 7.5 and 8.5X the 

field rate of glyphosate to obtain 50, 80 and 95% control, respectively. Compared to the 

susceptible population, the Windsor population had a resistance factor of 11X based on the ED50. 



69 
 

 

 

At the Belle River site, the glyphosate dose required to provide 50, 80 and 95% control of GR 

common ragweed was 761, 2576 and 5262g a.e. ha-1 of glyphosate, respectively. The doses are 

2.8 and 6X the field rate of glyphosate at ED80 and ED95, respectively and 5X the rate compared 

to the susceptible population.  

 Control ratings at 8 WAA at the susceptible site resulted in ED50, ED80 and ED95 values 

of 132, 643 and 1735 g a.e. ha-1. At the Windsor site, the ED50 and ED80 were 1394 and 8455g 

a.e. ha-1 which are 1.5 and 9X the field rate, respectively and 10X the rate of the susceptible 

population. The Belle River site required doses of 628, and 2474g a.e. ha-1 to obtain ED50 and 

ED80 respectively, equaling 5X rate required compared to the susceptible population.  

 Common ragweed dry weight was analyzed using the inverse exponential equation. The 

susceptible population had ED50, ED80 and ED95 doses of 63, 223 and 497g a.e. ha-1. The 

Windsor population had ED50, ED80 and ED95 values of 1733, 3535 and 9616g a.e. ha-1 The Belle 

River population required doses of 117, 563 and 1385g a.e. ha-1 to obtain the ED50, ED80 and 

ED95, respectively, corresponding to 2X the rate required on the susceptible population.  

 Soybean yield is presented as the percent reduction in yield compared to the weed free 

control. The susceptible population had an ED50 at a dose of 227g a.e. ha-1 of glyphosate. ED80 

and ED95 could not be calculated because none of the doses resulted in >80% reduction in yield. 

Doses below 227g a.e. ha-1 resulted in a >50% reduction in yield. These yield reductions are 

likely due to weed competition. At the Windsor site, ED50 of soybean yield reduction was seen at 

a glyphosate dose of 512g a.e. ha-1. ED80 and ED95 could not be calculated. The soybean yield 
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results  at  the  resistant  site  did  not  show  any  pattern  indicating  that  the  glyphosate  dose  doesn’t  

correspond with soybean yield reduction. 

 The results found in this study indicate that the Windsor population had a resistance 

factor of 10-28 fold, while the Belle River population had a resistant factor of 2-5 fold compared 

to the susceptible population. This is similar to the results found in Arkansas where two different 

GR common ragweed populations had two different levels of resistance. One population had a 

3.7-10 fold level of resistance compared to the susceptible population, while the other population 

had a 19-22 fold resistance level (Brewer and Oliver 2009). Similarly, a GR population of 

common ragweed from Missouri had a 9.6 fold resistance level compared to a susceptible 

population (Pollard et al. 2004), which corresponds with the Windsor population in Ontario.  

 The results indicate that high rates of glyphosate are required in GR populations in 

Ontario to achieve acceptable control (>95%), which is not economical. Because of this, 

alternate herbicides need to be investigated to control GR common ragweed. Because the most 

efficacious postemergence herbicide, fomesafen, provides <70% control, these results show that 

a preemergence herbicide in a two-pass program is the best option for control of GR common 

ragweed in Ontario.  
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Table 4.1-Location, agronomic information and height and density of multiple resistant (Group 2 and 9) common 
ragweed experiments in Ontario, Canada in 2013 and 2014 

    Soil Characteristics   Planting  Spray Common ragweedZ 

Location Year Closest City Texture 
OM 
(%) pH Date Date 

Size 
(cm) Density (m-2) 

R1 2013 Windsor Clay 3.1 7.2 May-27 Jun-03 up to 10  229 
R2 2013 Windsor Clay 3.1 7.2 May-27 Jun-11 up to 22 99 
R3 2014 Windsor Clay Loam 3.4 7.2 May-26 Jun-10 up to 10  693 
R4 2014 Belle River Clay Loam 2.8 7.5 May-26 Jun-10 up to 10  60 
S1 2013 Ridgetown Sandy Clay Loam 3.7 6.4 May-15 Jun-12 up to 9  60 
S2 2013 Ridgetown Sandy Clay Loam 3.7 6.4 May-15 Jun-19 up to 26 60 
S3 2014 Ridgetown Sandy Clay Loam 3.4 7.5 Jun-02 Jun-26 up to 8 15 
S4 2014 Ridgetown Sandy Clay Loam 3.4 7.5 Jun-02 Jul-03 up to 20 21 

ZCommon ragweed size and density at time of herbicide application 
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Table 4.2-Percent control of multiple resistant (Group 2 and 9) common ragweed 4 and 8 WAA in the "Post Tankmixes 
I" study conducted in Ontario, Canada in 2013 and 2014 

    Control 4WAA   Control 8 WAA 
Treatment Rate (g a.e./a.i. ha-1) R1,R2,R3 R4  R1,R2,R3 R4 
Weedy control  0 e 0 g  0 d 0 g 
Weed free control  100 a 100 a  100 a 100 a 
Glyphosate 900 37 cd 61 f  41 c 55 f 
Glyphosate + acifluorfen 900 + 600 62 b 68 ef  58 b 60 ef 
Glyphosate + bentazon 900 + 1080 24 d 45 f  28 c 53 f 
Glyphosate + chloransulamy 900 + 17.5 38 c 71 d  33 c 75 d 
Glyphosate + chlorimuronx 900 + 9 36 cd 83 bcd  41 c 81 bcd 
Glyphosate + fomesafenw 900 + 240 67 b 98 ab  68 b 94 ab 
Glyphosate + imazethapyrv 900 + 100 38 c 77 de  38 c 73 de 
Glyphosate + imazethapyr + 
bentazonu 900 + 75 36 cd 75 cd  40 c 76 cd 
Glyphosate + thifensulfuron-methylt 900 + 6 30 cd 65 de  36 c 73 de 
Glyphosate/fomesafens 1200 67 b 87 abc   71 b 90 abc 

zAbbreviations: R1,R2,R3, Windsor; R4, Belle River; WAA, weeks after application of herbicide 
yAdded Agral 90 (0.250% v/v) and UAN 28% (2.5 % v/v) 
xAdded Agral 90 (0.200% v/v) and UAN 28% (2.00 L/ha) 

wAdded Turbocharge (0.500 % volume/volume) 
vAdded Agral 90 (0.250% v/v) and UAN 28% (2.00 L/ha) 
uAdded UAN 28% (2.00 L/ha) 

tAdded Agral 90 (0.100% v/v) and UAN 28% (8.00 L/ha) 
sAdded Turbocharge (0.250 % v/v) 
a-g  Means  followed  by  the  same  letter  are  not  statistically  different  with  Fisher’s  Protected  LSD  at  P=0.05 
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Table 4.3-Multiple resistant (Group 2 and 9) common ragweed biomass and density 8 WAA in the "Postemergence 
Tankmixes I" study conducted in Ontario, Canada in 2013 and 2014 

    Biomass   Density   
Yield 
Reduction 

Treatment 
Rate (g a.e./a.i. ha-

1) R1, R4 R2, R3  R1,R2,R4 R3  R1,R2,R3 
Weedy control  159.6 a 367.0 a  30 abc 1587 a  84 a 
Weed free control  0 d 0 d  0 d 0 c  0 f 
Glyphosate 900 41.1 ab 142.3bc  33 abc 586 bc  46 cde 
Glyphosate + acifluorfen 900 + 600 13.1 bc 116.8 bc  15 bcd 887 ab  39 de 
Glyphosate + bentazon 900 + 1080 38.4 ab 185.7 bc  48 abc 891 ab  70 abc 
Glyphosate + chloransulamy 900 + 17.5 20.3 b 164.8 bc  33 abc 542 bc  41 de 
Glyphosate + chlorimuronx 900 + 9 17.9 bc 170.7 bc  44 ab 867 ab  62 abcd 
Glyphosate + fomesafenw 900 + 240 2.7 cd 27.5 cd  4 d 87 bc  29 e 
Glyphosate + imazethapyrv 900 + 100 28.5 b 158.9 bc  43 abc 662 b  54 bcde 
Glyphosate + imazethapyr + 
bentazonu 900 + 75 31.7 ab 147.5 bc  50 a 715 b  40 de 
Glyphosate + thifensulfuront 900 + 6 26.5 b 199.0 b  50 a 560 bc  73 ab 
Glyphosate/fomesafens 1200 7.4 bc 64.2 bcd   14 cd 165 bc   34 e 

zAbbreviations: R1,R2,R3, Windsor; R4, Belle River; WAA, weeks after application of herbicide 
yAdded Agral 90 (0.250% volume/volume) and UAN 28% (2.5 % volume/volume) 
xAdded Agral 90 (0.200% volume/volume) and UAN 28% (2.00 l/ha) 

wAdded Turbocharge (0.500 % volume/volume) 
vAdded Agral 90 (0.250% volume/volume) and UAN 28% (2.00 l/ha) 
uAdded UAN 28% (2.00 l/ha) 

tAdded Agral 90 (0.100% volume/volume) and UAN 28% (8.00 l/ha) 
sAdded Turbocharge (0.250 % volume/volume) 
a-d Means followed by the same letter  are  not  significantly  different  with  Fisher’s  Protected  LSD  at  P<0.05 
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Table 4.4- Environmental impact of herbicides used in the "Postemergence Tankmixes I" study conducted in Ontario, 
Canada in 2013 and 2014 

Active Ingredient (s) Individual EIQ valuesz Product rate EIZ 
    (g a.e./a.e. ha-1)   
Glyphosate 15.3 900 13.8 
Glyphosate + acifluorfen 15.3 + 23.57 900 + 600 27.9 
Glyphosate + fomesafen 15.3 + 24.46 900 + 240 19.7 
Glyphosate + bentazon 15.3 + 18.67 900 + 1080 34.0 
Glyphosate + thifensulfuron 15.3 + 28.9 900 + 6 14.0 
Glyphosate + chlorimuron 15.3 + 19.20 900 + 9 14.0 
Glyphosate + cloransulam 15.3 + 15.33 900 + 17.5 14.1 
Glyphosate + imazethapyr 15.3 + 19.57 900 + 100 15.8 
Glyphosate + imazethapyr + bentazon 15.3 + 19.57 + 18.67 900 + 75 + 840 31.0 
Glyphosate/fomesafen 15.3/24.46 1200 20.6 

z Abbreviations: EIQ, environmental impact quotient; EI, environmental impact 
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Table 4.5-Percent  control  of  multiple  resitant  (Group  2  and  9)  common  ragweed  4  and  8  WAA  in  the  “Postemergence  
Tankmixes  II”  study  conducted  in  Ontario,  Canada  in  2013  and  2014 

Treatment Rate Control 4 WAAZ   Control 8 WAA 
  (g a.e./a.i. ha-1) R1, R3 R4   R1 R3, R4 
Weedy Control  0 e 0 f  0 f 0 f 
Weed Free Control  100 a 100 a  100 a 100 a 
Glyphosate 900 27 d 60 e  23 e 43 e 
Glyphosate + chlorimuron 900 + 9 43 bcd 60 e  50 bcd 47 de 
Glyphosate + cloransulam 900 + 17.5 30 d 65 de  32 cde 54 bcde 
Glyphosate + fomesafen 900 + 240 56 b 65 de  52 bc 62 bcd 
Glyphosate + imazethapyr 900 + 100 33 cd 67 cde  37 bcde 48 cde 
Glyphosate + thifensulfuron 900 + 6 30 d 60 e   30 de 51 cde 
Glyphosate + fomesafen + chlorimuron 900 + 240 + 9 56 b 68 cde  55 b 61 bcde 
Glyphosate + fomesafen + cloransulam 900 + 240 + 17.5 58 b 82 b  50 bcd 71 b 
Glyphosate + fomesafen + imazethapyr 900 + 240 + 100 50 bc 76 bc  35 bcde 63 bcd 
Glyphosate + fomesafen + thifensulfuron 900+ 240 + 6 52 b 72 bcd  30 de 66 bc 

zAbbreviations: R1, R3, Windsor; R4, Belle River; WAA, weeks after application of herbicide 
a-f Means followed by the same letter are  not  significantly  different  with  Fisher’s  Protected  LSD  at  P<0.05 

 

 

 

 



76 
 

 

 

Table 4.6-Multiple resistant common ragweed biomass, density and soybean yield in the "Postemergence tankmixes II" 
study conducted in Ontario, Canada in 2013 and 2014 

Treatment Rate 
Weed 
Biomass Density   Yield Reduction 

  (g a.e./a.i. ha-1) R1,R3,R4 R1,R3,R4  R1,R3 
Weedy Control  228.7 a 350 a  61 ab 
Weed Free Control  0 f 0 f  0 c 
Glyphosate 900 135.8 b 290 ab  48 ab 
Glyphosate + chlorimuron 900 + 9 115.1 b 206 abc  58 ab 
Glyphosate + cloransulam 900 + 17.5 85.7 bcd 124 cd  50 ab 
Glyphosate + fomesafen 900 + 240 38.5 e 50 e  62 ab 
Glyphosate + imazethapyr 900 + 100 115.1 b 129 cd  61 ab 
Glyphosate + thifensulfuron 900 + 6 106.9 bc 189 bc   69 a 
Glyphosate + fomesafen + 
chlorimuron 900 + 240 + 9 62.3 cde 91 d  35 b 
Glyphosate + fomesafen + 
cloransulam 900 + 240 + 17.5 54.0 de 82 de  64 ab 
Glyphosate + fomesafen + 
imazethapyr 900 + 240 + 100 54.6 de 78 de  46 ab 
Glyphosate + fomesafen + 
thifensulfuron 900+ 240 + 6 46.0 de 47 e  69 a 

zAbbreviations: R1, R3, Windsor; R4, Belle River; WAA, weeks after application of herbicide 
a-f Means  followed  by  the  same  letter  are  not  significantly  different  with  Fisher’s  Protected  LSD  at  P<0.05 
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Table 4.7-Environmental impact of herbicides used in the "Postemergence Tankmixes II" study conducted in Ontario, 
Canada in 2013 and 2014 

Active ingredient (s) Individual EIQ values Product rate EI 
    (g a.e./a.e. ha-1)   
Glyphosate 15.3 900 13.8 
Glyphosate + chlorimuron 15.3 + 19.20 900 + 9 14.0 
Glyphosate + cloransulam 15.3 + 15.33 900 + 17.5 14.1 
Glyphosate + fomesafen 15.3 + 24.46 900 + 240 19.7 
Glyphosate + imazethapyr 15.3 + 19.57 900 + 100 15.8 
Glyphosate + thifensulfuron 15.3 + 28.9 900 + 6 14.0 
Glyphosate + fomesafen + chlorimuron 15.3 + 19.2 + 24.46 900 + 9 + 240 19.8 
Glyphosate + fomesafen + cloransulam 15.3 + 15.33 + 24.46 900 + 17.5 + 240 19.9 
Glyphosate + fomesafen + imazethapyr  15.3 + 19.57 + 24.46 900 + 100 + 240 21.6 
Glyphosate + fomesafen + thifensulfuron 15.3 + 28.9 +24.46 900 + 6 + 240 19.8 

zAbbreviations: EIQ, environmental impact quotient; EI, environmental impact 
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Table 4.8-Exponential to a maximum and inverse exponential parameter values for common ragweed control 4 and 8 WAA, dry 
weight and soybean yield reduction for field dose response experiments conducted in 2013 and 2014 in Ontario, Canadaz 

  Location Regression parameters y (se)   Glyphosate dose (g a.e. ha-1) 

Exponential to a maximum  a b c  ED50 ED80 ED95 

Visual Control         
4 WAA S1,S2,S3,S4 28.7 (3.4) 61.2 (4.8) 0.003 (0.0007)  143 842 - 

 R1,R2,R3 26.3 (4.1) 62.0 (6.6) 0.0003 (0.00008)  1606 6703 7675 

 R4 26.7 (7.1) 73.6 (9.7) 0.0005 (0.0002)  761 2576 5262 

         

8 WAA S1,S2,S3,S4 35.8 (3.7) 61.1 (5.0) 0.002 (0.0006)  132 643 1735 

 R1,R2,R3 32.3 (3.8) 51.8 (5.9) 0.0003 (0.0001)  1394 8455 - 

 R4 29.5 (7.5) 65.3 (10.4) 0.0006 (0.0003)  628 2474 - 

Inverse exponential         

common ragweed dry weight S1,S2,S3,S4 1.4 (4.6) 71.1 (7.1) 0.006 (0.002)  63 223 497 

 R1,R2,R3 4.6 (5.3) 128.4 (7.4) 0.0006 (0.0001)  1733 3535 9619 

 R4 1.4 (3.3) 57.4 (6.7) 0.002 (0.0006)  117 563 1385 

         

Soybean yield reduction S1,S2,S3,S4 3.0(2.1) 15.1 (3.0) 0.005 (0.003)  227 - - 

  R1, R2, R3 20.7 (4.7) 48.9 (8.1) 0.001 (0.0005)   512 - - 
Z Abbreviations: WAA, weeks after application; S1-4, susceptible populations; R1-3, Windsor; R4, Belle River 
y Parameters: a, lower limit; b, reduction in y from the intercept; c, slope; ED, the effective dose for 50, 80 and 95% control or reduction in 
biomass or yield compared to the control
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5.0 Control of glyphosate resistant common ragweed (Ambrosia artemisiifolia L.) in 
dicamba-resistant soybean (Glycine max L.) 

 

5.1 Abstract 

 Glyphosate resistant (GR) common ragweed was found in Ontario in 2011. Common 

ragweed interference can cause substantial yield losses in soybean. Dicamba has been used for 

the control of common ragweed for decades in corn. Recently, soybean cultivars with both 

dicamba and glyphosate resistance (Roundup Ready Xtend) have been developed. The objective 

of this research was to determine the GR common ragweed control with single and sequential 

applications of dicamba in dicamba-resistant soybean. Two field trials were established near 

Windsor, Ontario in 2013 and 2014. Preplant (PP), postemergence (POST) and sequential 

applications of glyphosate and glyphosate plus dicamba (300 or 600 g a.e. ha-1) were evaluated. 

Sequential applications that included at least 600 g a.e ha-1 in the growing season provided 64 to 

100 % control and reduced the weed density and biomass by 98 to 100%. Results from this study 

conclude that dicamba is an effective tool for the control of GR common ragweed in dicamba-

resistant soybean. 

 

5.2 Introduction 

 Dicamba, a growth regulator herbicide, provides control of annual, biennial and perennial 

broadleaf weeds. In field corn it can be applied either preplant (PP), preemergence (PRE) or 

postemergence (POST). It is widely used in field corn in Ontario, mainly because of its 
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effectiveness (80-90% control) on broadleaf weeds (OMFRA 2011).  Because  of  dicamba’s  

efficacy on broadleaf weeds, a transgene which codes for dicamba monoxygenase has been 

inserted into soybean that confers resistance to dicamba (Roundup Ready Xtend). The insertion 

of these genes allows for the PP, PRE and POST application of dicamba in soybean.  This 

genetically modified soybean is expected to be registered and introduced in Canada within this 

decade, which would give farmers another tool to address problem weeds in their fields 

including glyphosate resistant broadleaf weeds. .  

 Common ragweed (Ambrosia artemisiifolia L.) is a common annual broadleaf weed in 

Ontario, occurring at an average density of 1.3 plants per square metre (Frick and Thomas 1992). 

Common ragweed seed can remain viable in the soil for up to 39 years (Lanini and Wertz 2013; 

Toole and Brown 1946), causing weed management problems for farmers for many years into 

the future. Common ragweed interference can result in substantial yield losses in soybean. In a 

study by Coble et al. (1981) one common ragweed plant per ten metre row decreased yield by 33 

kg ha-1. In addition, the presence of common ragweed in soybean can result in increased soybean 

seed moisture and dockage at the point of sale (Cowbrough et al. 2003). However, Jordan et al. 

(2013) found that there was no yield loss in soybean due to common ragweed interference if the 

weed was controlled for the first four weeks following crop emergence. Common ragweed is 

sensitive to a number of herbicides, including glyphosate and dicamba, which both provide 

greater than 90% control (OMAFRA 2011).  
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Glyphosate resistant (GR) weeds are an emerging problem within Ontario, Canada. The 

first confirmed GR weed in Ontario was giant ragweed (Ambrosia trifida L.) in 2008 (Sikkema et 

al. 2009). This was followed by GR Canada fleabane (Conzya canadensis L. Cronq.) in 2010 

(Byker et al. 2013a; Heap 2013) and GR common ragweed in 2011 (Heap 2013). Dicamba 

applied preplant (PP) followed by dicamba applied POST in dicamba resistant soybean provided 

>93% control of GR Canada fleabane (Byker et al. 2013c) and 100% control of GR giant 

ragweed in Ontario (Vink et al. 2012c). Since dicamba provides excellent control of common 

ragweed in corn, the objective of this study was to determine if dicamba is a viable option for the 

control of GR common ragweed in dicamba-resistant soybean in Ontario.  

 

5.3 Materials and Methods 

Two experiments (S1 and S2) were conducted in a field near Windsor, Ontario with 

confirmed GR common ragweed over two years (2013, 2014) to determine the efficacy of 

dicamba in dicamba-resistant soybean. The trials were established in a randomized complete 

block design with 2-3 replications (depending on space). The plots were 2.25 m x 7 m (S1-2013) 

and 2.25 x 5m (S2-2014). Glyphosate (900 g a.e. ha-1) and/or dicamba (300 or 600 g a.e. ha-1) 

were applied alone or tankmixed and applied preplant (PP) and/or postemergence (POST). The 

dicamba rates are the lowest and highest recommended rates in corn in Ontario (OMAFRA 

2011). The herbicides were applied using a CO2 pressurized backpack sprayer calibrated to 

deliver 200 l ha-1 of liquid at 210 kPa. A one metre wide spray boom with three ULD 120-20 flat 
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fan nozzles (Hypro, New Brighton, MN) spaced 50 cm apart was used. Each replicate included a 

weedy and a weed free control. The weed free control was maintained weed free with an 

application of glyphosate (1800 g a.e. ha-1) + s-metolachlor (1600 g a.i. ha-1) and metribuzin (653 

g a.i. ha-1) applied PP followed by hand hoeing as required.  

 Common ragweed control and soybean injury were estimated visually on a scale of 0 to 

100%, where 0% was no control or injury and 100% was complete control or soybean death. 

Common ragweed control ratings were conducted 10 days after the PP application (DAA), and 0, 

10, 28 and 100 days after the POST application (DAB). Injury ratings were completed at 0, 10 

and 28 DAB. Common ragweed density and dry weight were determined 28 DAB by counting 

and cutting the ragweed at the soil surface from two 0.25 m2 quadrats per plot, bagging them, 

and drying them to a constant moisture in a 60°C drier. The weeds were then weighed. Soybean 

was harvested at maturity using a small-plot combine, and the seed moisture and weight were 

recorded. Soil characteristics, seeding dates, spray dates and common ragweed height and 

densities are listed in Table 5.1. Treatments are listed in Tables 5.2-5.3. Post applications were 

applied when the soybean were at the VE stage at S1 and V5 stage at S2.  

 The PROC MIXED procedure in SAS (Ver. 9.2, SAS Institute Inc., Cary, NC) was used 

to analyse the data. Variances were separated into the fixed effect of herbicide treatment and the 

random effects of environment (year and environment), replication (within environments), and 

the interaction of environment and treatment. The significance of the fixed effects was tested 

using the F-test, while the significance of random effects, as well as interactions was tested using 
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the Z-test. Data was analysed separately or grouped together when there was no a treatment by 

environment interaction. Residuals were plotted to confirm that error assumptions (random, 

independent and homogenous) were met for variance analysis. The Shapiro-Wilk statistic was 

generated in SAS using the UNIVARIATE procedure, to determine the appropriate 

transformation (square root, arcsine square root) required to fulfill the assumption of normality, 

where the highest statistic was chosen. Transformed data was converted back to its original scale 

for  presentation.  Fisher’s  protected  LSD  was  used  at  a  value  of  P=0.05.     

 Weed control data at the time of POST application was square root transformed at the S1 

site and arcsine square root transformed at the S2 site. Weed control data 10 DAB was analyzed 

on the normal scale. Weed control data 100 DAA was left on the normal scale for S1 and arcsine 

square root transformed for S2. Weed biomass data was analyzed on the log scale for S1 and 

square root transformed for S2. Density data was square root transformed for analysis. Data was 

transformed back to the original scale for presentation. 

 

5.4 Results and Discussion 

 Minimal leaf speckling injury to soybean was observed, and there were no reductions in 

soybean yield in any of the herbicide treatments (data not presented). Since control ratings were 

conducted 10 DAA of the PP herbicides and at time of the POST application (i.e. 0 DAB), which 
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occurred within three and 25 days of each other in 2013 and 2014, only the control ratings at 0 

DAB are presented.  

 Early season control of common ragweed varied among the two years due to differences 

in  prior  year’s  management  and  spring  rainfall.  At  the  POST  timing  (0  DAB),  glyphosate,  

applied PP, provided 6 to 65% common ragweed control (Table 5.2). Glyphosate plus dicamba at 

300 and 600 g a.e. ha-1 applied PP provided 32-100% and 64-98% control of GR common 

ragweed, respectively. The difference seen in control between the two years is due to winter 

wheat being present in the spring of 2013 where the second replication of the experiment was 

located. The winter wheat was sprayed off in the spring; however, it had suppressed the common 

ragweed in the second replication, so biomass was much lower than that in the first replication. 

In addition, there was more rain in the spring of 2013 (141 mm in April) than in 2014 (62.2 mm 

in April) (Government of Canada 2014), which resulted in the clay field (Table 5.1) being wet 

for the majority of the growing season. 

 Variability in common ragweed control decreased with time after the POST herbicide 

applications, and reached commercially acceptable control levels by the time the last control 

evaluation was made. At 10 DAB, the addition of dicamba to glyphosate applied PP or POST 

improved the control of GR common ragweed by 31-43% and 20-30%, respectively (Table 5.2). 

All treatments that included dicamba PP, followed by a POST application of either glyphosate, 

or a glyphosate and dicamba tankmix, provided 81-95% control of GR common ragweed which 

was equivalent to the weed free control (Table 5.2). At 100 DAB, dicamba applied PP, followed 
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by a POST application of glyphosate or a glyphosate plus dicamba tankmix provided 78-99% 

control of GR common ragweed. At 100 DAB glyphosate PP followed by glyphosate and 

dicamba at 300 or 600 g a.e. ha-1 provided 78-80% and 90-98% control, respectively.  

 Common ragweed density and biomass were only partially reduced by glyphosate 

applications alone in this study.  A PP application of glyphosate on its own caused a reduction in 

common ragweed density and biomass of 14-51%. When adding a sequential application of 

glyphosate at the POST timing, this reduction increased to 43-68%. Control of susceptible 

common ragweed is 38% 5 WAA with a single application of glyphosate (Johnson et al. 1997). 

Control of this competitive weed through alternate strategies will therefore be required to control 

GR common ragweed. 

 The single PP and POST applications of glyphosate plus dicamba only provided 

consistent reductions in GR common ragweed biomass when dicamba was applied at a rate of 

600 g a.e. ha-1.  Glyphosate and dicamba (300 g a.e. ha-1) applied PP reduced common ragweed 

density 86% and biomass 55-98%. Adding another 300 g a.e ha-1 of dicamba to the tankmix 

increased the reduction in density to 96% and biomass to 86-99.7%. These same treatments 

applied at the POST timing, glyphosate plus dicamba (300 g a.e. ha-1) and glyphosate plus 

dicamba (600 g a.e ha-1), provided reductions of 78-86 and 91-99.5% respectively.  The higher 

rate of dicamba (i.e. 600 g a.e. ha-1) is therefore required to obtain consistent reductions in GR 

common biomass when applied as a single PP or POST treatment along with glyphosate. 
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 The sequential (i.e. PP fb POST) applications of glyphosate plus dicamba were effective 

at reducing common ragweed density and biomass, regardless of dicamba rate, in both years of 

study.  The sequential treatments that contained 300 g a.e ha-1 of dicamba resulted in greater than 

88% reduction in weed density and biomass. Similar to the consistently high level of control 

observed at the 100 DAB timing, an application of glyphosate followed by glyphosate and 

dicamba (600 g a.e. ha-1) resulted in control similar to the weed free control, with more than a 

99% reduction in density and biomass of GR common ragweed. These consistent results between 

years indicate that a two-pass program of glyphosate + dicamba could be implemented, as the 

single applications may not provide adequate control of GR common ragweed at all dicamba 

rates in all years.  

GR common ragweed interference reduced soybean yield 50% (Table 5.3). The PP, 

POST and PP fb POST application of glyphosate alone resulted in soybean yield that was 

equivalent to the weedy control.  The PP, POST or PP fb POST application of dicamba resulted 

in soybean yield that was equivalent to the weed free control.  

This study demonstrated that if 600 g a.e. ha-1 of dicamba is applied, with part or the 

whole amount being applied PP, POST or PP fb POST, consistent, season-long control of GR 

common ragweed is achieved. The control of GR common ragweed with dicamba observed in 

this study is consistent with Teshler et al. (2002) who found that dicamba was one of the most 

effective herbicides for the control of common ragweed. These results are similar to those found 

by Byker et al. (2013c) where a glyphosate tankmix with dicamba applied PP at 600 g a.e. ha-1 
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resulted in season long control of GR Canada fleabane in Ontario. Vink et al. (2012c) also found 

that sequential applications of glyphosate plus dicamba at both PP and POST timings provided 

100% control of GR giant ragweed in Ontario, which is similar to the results found in this study. 

However, the control of GR common ragweed with glyphosate alone is lower than that found by 

Pollard (2007) in Missouri where control ratings of 81 and 72% were found 4 WAA in 2004 and 

2005 respectively, with an application rate of 840 g a.e. ha-1. In this study, glyphosate applied 

POST at 900 g a.e. ha-1 provided only 45-53% control 100 DAB.  These differences may be due 

to a higher level of resistance in Ontario biotype than the Missouri biotype, or a greater 

percentage of resistant individuals at the Ontario location. 
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Table 5.1- Location, soil characteristics, seeding date herbicide application dates and  common ragweed  height and density in 
dicamba resistant soybean experiments in Ontario, Canada in 2013 and 2014 

      Soil Characteristics Seeding  Spray Common ragweed Spray Common ragweed 

Location Year 
Closest 

City Texture OM (%) pH Date 
Date 
(PP) 

Size 
(cm) 

Density (m-

2) 
Date 

(POST) 
Size 
(cm) Density (m-2) 

S1 2013 Windsor Clay 3.1 7.2 Jun-03 
May-

27 up to 5  116 Jun-11 up to 10 361 

S2 2014 Windsor Clay Loam 3.4 7.2 May-26 
May-

22 up to 5  253 Jun-26 up to 15 182 
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Table 5.2- Control of glyphosate resistant common ragweed near Windsor, Ontario in 2013 and 2014 with glyphosate and glyphosate plus 
dicamba tankmixes at various timingsz 

Treatment Rate Timing 0 DAB   10 DAB   100 DAB 
  (g a.e. ha-1)   S1 S2   S1, S2   S1 S2 
   (%) Control 
Weedy control   0 e 0 d   0 h  0 f 0 i 
Weed free control   100 a 100 a  100 a  100 a 100 a 
PP only treatments    
Glyphosate 900 PP 6 cde 55 c  32 g  10 ef 19 i 
Glyphosate + dicamba 900 + 300 PP 32 bc 96 b  63 def  20 def 89 cd 
Glyphosate + dicamba 900 + 600 PP 82 ab 98 ab  75 abcde  44 cde 93 bc 
POST only treatments    
Glyphosate  900 POST 0 de 0 d   28 g  25 def 40 h 
Glyphosate + dicamba 900 + 300 POST 0 de 0 d  48 fg  80 abc 61 fg 
Glyphosate + dicamba 900 + 600 POST 0 de 0 d  58 def  89 ab 72 ef 
Sequential Treatments    
Glyphosate fb 900 PP 12 cd 55 c  54 efg  45 cde 53 gh 
   glyphosate 900 POST        
Glyphosate fb 900 PP 6 cde 65 c  68 cdef  78 abc 80 de 
   glyphosate + dicamba 900 + 300 POST        
Glyphosate fb 900 PP 6 cde 58 c  73 bcdef  90 ab 98 ab 
   glyphosate + dicamba 900 + 600 POST        
Glyphosate + dicamba fb 900 + 300 PP 32 bc 96 b  81 abcd  56 bcd 97 abc 
   glyphosate 900 POST        
Glyphosate + dicamba fb 900 + 300 PP 72 ab 99 ab  95 ab  88 ab 99 ab 
   glyphosate + dicamba 900 + 300 POST        
Glyphosate + dicamba fb 900 + 300 PP 70 ab 100 a  94 abc  85 ab 99 ab 
   glyphosate + dicamba 900 + 600 POST        
Glyphosate + dicamba fb 900 + 600 PP 72 ab 99.6 ab  90 abc  78 abc 99 ab 
   glyphosate 900 POST        
Glyphosate + dicamba fb 900 + 600 PP 70 ab 99.6 ab  92 abc  83 ab 99 ab 
   glyphosate + dicamba 900 + 300 POST        
Glyphosate + dicamba fb 900 + 600 PP 64 ab 100 a  90 abc  85 ab 99 ab 
   glyphosate + dicamba 900 + 600 POST               

zAbbreviations:  PP, preplant; fb, followed by; POST, postemergence; DAB, days after POST application; S1, 2013; S2, 2014 
a-i Means followed  by  the  same  letter  within  a  column  are  not  statistically  different  according  to  Fisher’s  Protected  LSD  at  P  <  0.05 
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Table 5.3- Glyphosate resistant common ragweed density and biomass and soybean yield near Windsor, Ontario in 2013 and 2014 with glyphosate and 
glyphosate plus dicamba tankmixes at various timingsz 

Treatment Rate Timing Density   Weed Biomass   Soybean yield 
  (g a.e. ha-1)   S1,S2   S1 S2  S1,S2 
   (no. m-2)  (g m-2)  (t ha-1) 
Weedy control   461.5 a  61.4 a 391.5 a  1.11 d 
Weed free control   0.0 h  0.0 f 0.0 g  2.22 abcd 
PP only treatments         
Glyphosate 900 PP 226.5 ab  52.8 ab 208.4 b  1.52 cd 
Glyphosate + dicamba 900 + 300 PP 65.8 cdef  27.7 abc 7.3 ef  1.94 bcd 
Glyphosate + dicamba 900 + 600 PP 18.9 efgh  8.3 bcd 1.0 fg  2.51 abcd 
POST only treatments         
Glyphosate  900 POST 208.4 bc  39.6 abc 203.7 b  1.72 bcd 
Glyphosate + dicamba 900 + 300 POST 103.7 bcde  8.9 abcd 85.7 cd  2.56 abc 
Glyphosate + dicamba 900 + 600 POST 22.7 bcd  0.3 ef 37.1 de  2.84 abc 
Sequential treatments         
Glyphosate fb 900 PP 144.8 bcd  35.1 abc 145.5 bc  1.87 bcd 
   glyphosate 900 POST       
Glyphosate fb 900 PP 50.1 defg  5.5 cde 39.6 de  2.58 abc 
   glyphosate + dicamba 900 + 300 POST       
Glyphosate fb 900 PP 2.4 gh  0.1 ef 2.0 fg  2.79 abc 
   glyphosate + dicamba 900 + 600 POST       
Glyphosate + dicamba fb 900 + 300 PP 24.0 efg  7.3 cd 0.9 fg  2.62 abc 
   glyphosate 900 POST       
Glyphosate + dicamba fb 900 + 300 PP 2.9 fgh  0.1 ef <0.1 fg  3.09 ab 
   glyphosate + dicamba 900 + 300 POST       
Glyphosate + dicamba fb 900 + 300 PP 4.3 fgh  0.2 ef <0.1 fg  3.02 ab 
   glyphosate + dicamba 900 + 600 POST       
Glyphosate + dicamba fb 900 + 600 PP 7.1 fgh  1.3 def <0.1 fg  3.09 ab 
   glyphosate 900 POST       
Glyphosate + dicamba fb 900 + 600 PP 5.1 fgh  0.6 def <0.1 fg  3.53 a 
   glyphosate + dicamba 900 + 300 POST       
Glyphosate + dicamba fb 900 + 600 PP 2.2 gh  0.3 ef <0.1 fg  3.61 a 
   glyphosate + dicamba 900 + 600 POST             

aAbbreviations: PP, preplant; fb, followed by; POST, postemergence; S1, 2013; S2, 2014 
a-h Means followed by the same letter within a column are not statistically different according to Fisher’s  Protected  LSD  at  P  <  0.05
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6.0 General Discussion 

 

6.1 Contributions 

 This is the first research on multiple resistant (Group 2 and 9) common ragweed in 

Canada. The survey of common ragweed biotypes from Southwestern Ontario found that all 

biotypes tested were cross resistant to three families within the Group 2 herbicides and have 

multiple resistance to glyphosate.  Due to the short distance that common ragweed pollen 

remains viable and spatial separation of the resistant populations, it is thought that the resistant 

populations were selected in the fields where they were found. This survey has provided a 

baseline for future multiple resistant common ragweed surveys in Canada. Results from field 

research of the biologically effective rate of glyphosate indicate that the different biotypes have 

differing levels of glyphosate resistance. The resistance factor varied from 2 to 28X compared to 

the susceptible population.  

 Preemergence herbicides are a good option for control of multiple resistant (MR) 

common ragweed. Glyphosate (900 g a.e. ha-1) plus linuron or metribuzin, applied preplant, 

provided the highest and most consistent control of MR common ragweed in this study.  

Glyphosate plus imazethapyr/saflufenacil or saflufenacil/dimethenamid-p also had activity on 

MR common ragweed. Herbicides that did not provide adequate control of MR common 

ragweed were chlorimuron, clomazone, cloransulam, flumetsulam, flumioxazin, imazethapyr and 

carfentrazone.  

 No postemergence herbicide currently registered in the province of Ontario provided 

commercially acceptable (>90%) control of MR common ragweed. The most effective post 
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emergence herbicide was fomesafen; however, it did not provide adequate control alone. 

Fomesafen may be an effective POST herbicide option when used in combination with an 

effective preemergence herbicide such as linuron, metribuzin or saflufenacil. Aciflurofen and 

bentazon and the Group 2 herbicides (chlorimuron, cloransulam, thifensulfuron and imazethapyr) 

did not provide adequate control of the MR common ragweed. Current postemergence herbicides 

in soybean did not provide acceptable control alone, therefore, it is imperative that MR common 

ragweed be controlled with a planned two-pass weed control program of an effective 

preemergence herbicide followed by fomesafen applied POST.  

 Dicamba resistant soybean cultivars are expected to be available in the latter part of the 

decade; in this research, dicamba provided commercially acceptable control of the MR common 

ragweed. The results of this study concluded that sequential applications of glyphosate plus 

dicamba throughout the growing season resulted in >90% control of MR common ragweed.  

 

6.2 Limitations 

 The survey was conducted using a non-random sampling method, which may 

underestimate the frequency of resistant populations in Ontario. However, the purpose of this 

study was to confirm the presence of GR common ragweed in the province. The common 

ragweed seed collected from the survey was grown in a greenhouse where the light, temperature 

and moisture is substantially different than in the field which may have affected the relative 

sensitivity of the plants to the herbicides evaluated. Due to the limited number of fields with 

confirmed GR common ragweed, trials were conducted at only one site in 2013. To address this 

limitation, experiments were repeated at this site but were separated in time. Consequently, the 
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common ragweed varied in size at the time of herbicide application, which may have influenced 

the results. Increased confidence in the results would have been obtained if the experiments were 

conducted at multiple sites over a number of years. 

In the field experiments, soybean was seeded in rows spaced 75 cm apart. However, in 

the province of Ontario, soybean are grown in rows spaced 17.5 to 75 cm apart and this may 

influence MR common ragweed control.  In 75 cm rows, the soybean canopy takes longer to 

close, which allows the common ragweed to grow longer with reduced competition for sunlight, 

which may influence its competitive effects. The results from this study may have been different 

if the soybean was seeded in narrow rows, which would have increased the competitiveness of 

the crop relative to the common ragweed.  

Field research was conducted on sites with monocultures of MR common ragweed; 

therefore, the results of the herbicides are specific to MR common ragweed and do not take into 

account the effect of other weed species in the field. In addition, the herbicides that are most 

effective on MR common ragweed may not control other weed species in the field and additional 

weed management tactics may be needed such as crop rotation, tillage or cover crops.  

 

6.3 Future Research 

This was the first study on MR common ragweed in Ontario. Results from this study 

identified the most efficacious PP and POST herbicides registered for use in soybean in Ontario. 

Because the PP herbicides did not provide season long control, sequential herbicide treatments 

should be investigated to determine two-pass programs that provide season long control.  
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Metribuzin and linuron were the most effective PP herbicides evaluated. However, these 

herbicides were applied at the highest registered rate in Ontario, which may result in soybean 

injury and is very costly. Future studies on the biologically effective rate of these herbicides 

should be conducted to determine if there is a lower effective rate that would have a wider 

margin of crop safety, is more economical, and would have less impact on the environment.   

Integrated weed management systems should be evaluated for the control of MR common 

ragweed. These studies should evaluate the effect of crop rotation, crop row spacing, crop 

seeding rate, cover crops and tillage system. Identification of effective herbicides for the control 

of MR common ragweed in corn and cereals would be beneficial to farmers in Ontario. In 

addition, tillage as an option for control of common ragweed should be investigated. Although 

research in the USA has found that tillage does not affect MR common ragweed control, the 

emergence pattern of common ragweed in Ontario may be different and therefore may react 

differently to tillage. Additionally, adding a forage crop to the rotation could be beneficial as 

common ragweed does not thrive in competitive environments such as pastures and lawns, and 

therefore could be outcompeted, potentially depleting the seedbank. 

New herbicide resistance traits in crops have been developed in recent years. Future 

research should look into the effectiveness of herbicides in these crops. Isoxaflutole is 

efficacious  on  common  ragweed  in  corn  and  therefore  the  herbicide’s  efficacy  in  HPPD  resistant  

soybean on GR common ragweed is an important area of research. The use of 2,4-D in 2,4-D 

resistant corn and soybean (Enlist) is another potential tool for the control of MR common 

ragweed and should be evaluated in  future research.  While this study did confirm the 

effectiveness of dicamba in dicamba resistant soybean (Roundup Ready Xtend), it did not 
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evaluate the use of dicamba applied POST in combination with other soil applied herbicides in a 

two-pass weed control program. Applying other modes of action PRE in dicamba resistant 

soybean followed by dicamba POST when needed would reduce the resistance selection 

pressure.  

Finally, the mechanism of resistance of GR common ragweed should be determined. 

Understanding the mechanism of resistance may allow for the development of specific 

management options that a farmer can employ to achieve greater control of the MR common 

ragweed.  
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8.0 Appendix 1: SAS code for analyzing control data 
 
Title  ‘Preemergence  Herbicide  Control-Enhanced  Burndown’;; 
 
*Env: 1-4 2013-L1=1,  2014-L1=2,  2014-L2=3, 2014-L3=4; 
*Trt: 1-13; 
*wc28, wc56, den, drwt, soybio;  
 
data first; 
set work.postI; 
title1  ‘posttankmixes  I’;; 
 
*for control; 
*if trt = 1 then delete; 
 
*for injuries; 
*if trt=1 then delete; 
*if trt=2 then delete; 
*if trt=12 then delete; 
 
*for den and drwt; 
if trt=2 then delete; 
 
if env = 1 then delete; 
if env = 2 then delete; 
if env = 3 then delete; 
if env = 4 then delete; 
 
title2 'drwt'; 
analvar = drwt; 
 
*title2 'drwt (log transformation)'; 
*analvar = log(drwt+1); 
 
*title2 'drwt (squareroot transformation)'; 
*analvar = sqrt(den+0.5); 
 
**Use following adjustment for arcsine square root trans, only for percentage data; 
 
*title2 'drwt(arcsine squareroot transformation)'; 
*analvar1 = drwt; 
*if analvar1 = 100 then analvar1=100-0.05; 
*if analvar1 = 0 then analvar1=0+0.05; 
*analvar2 = analvar1/100; 
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*analvar = arsin(sqrt(analvar2)); 
*run; 
 
proc sort data = first; 
by env trt rep; 
run; 
 
 
proc mixed covtest data = first; 
class env trt rep; 
model analvar = trt /DDFM = satterth outp = second; 
random env rep(env) trt*env; 
*random rep; 
parms/nobounds; 
lsmeans trt/pdiff; 
run; 
 
proc plot; 
plot resid*pred resid*trt resid*rep resid*env analvar*trt/vref = 0; 
run; 
 
proc univariate normal; 
var resid; 
run; 
 
proc rank normal = blom out = two; 
var resid; 
ranks zvar; 
run; 
 
proc plot; 
plot resid*zvar='*'; 
run; 
 
proc sort; 
by env; 
run; 
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Appendix 2: SAS code for biologically effective rate of glyphosate analysis 
 
Title  ‘BER’;; 
 
*Env: 1-4 2013-L1=1,  2013-L2=2,  2014-L3=3, 2014-L4=4; 
*Trt: 1-12; 
*wc28, wc56, den, drwt, soybio;  
 
data first; 
set work.bersus; 
title1  ‘BER  SUS’;; 
 
*for control; 
*if trt = 1 then delete; 
 
*for den and drwt; 
if trt=2 then delete; 
 
*if env = 1 then delete; 
*if env = 2 then delete; 
*if env = 3 then delete; 
*if env = 4 then delete; 
 
if dose>0 then logdose=log(dose); 
 
title2 ' dry weight'; 
analvar = drwt; 
 
*title2 'drwt (log transformation)'; 
*analvar = log(pdrwt+1); 
 
*title2 'pdrwt (squareroot transformation)'; 
*analvar = sqrt(pdrwt+0.5); 
 
**Use following adjustment for arcsine square root trans, only for percentage data; 
 
*title2 'pdrwt(arcsine squareroot transformation)'; 
*analvar1 = pdrwt; 
*if analvar1 = 100 then analvar1=100-0.05; 
*if analvar1 = 0 then analvar1=0+0.05; 
*analvar2 = analvar1/100; 
*analvar = arsin(sqrt(analvar2)); 
*run; 
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proc sort data = first; 
by dose env rep; 
run; 
 
 
**use trt for contrasts; 
**use rate for regression; 
 
**Anova to determine which locations could be combined; 
*proc mixed covtest data = first; 
*class env dose rep; 
*model analvar = dose /DDFM = satterth outp = second; 
*random env rep(env) dose*env; 
*random rep; 
*parms/nobound; 
*lsmeans dose/pdiff; 
*run; 
 
proc plot; 
plot drwt*dose; 
run; 
 
**dose response for descending curve-pden and pdrwt; 
 
*proc nlin;  
*bounds c>=0; 
*parameters 
*d=200 
*c=0 
*i50=400 
*b=2; 
*if dose=0 then predict = d; 
*else predict = c+(d-c)/(1+exp(b*(logdose-log(i50)))); 
*model analvar=predict; 
*run; 
 
**inverse exponential for control data; 
**a- lower asy, b-reductions in y from intercept, c-kind of slope; 
 
proc nlin;  
bounds a>=0; 
parameters 
a=0  
b=200 
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c=0.005; 
model analvar=a + b*(exp(-c*dose)); 
run; 

**exponential to a maximum; 
proc nlin;  
bounds a>=0; 
parameters 
a=0  
b=150 
c=0.003; 
model analvar= a + b*(1-exp(-c*dose)); 
run;
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