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Introduction 

Giant ragweed is one of the most difficult to manage weed species in Midwestern 
cropping systems due to its biology and competitive ability.  Adaptation to a wide range of soil 
environments, rapid vertical growth, and high biomass production make giant ragweed 
particularly competitive (Abul-Fatih et al. 1979; Harrison et al. 2007; Webster et al. 1994).  An 
extended germination period characterized by the ability to germinate early and grow rapidly, 
combined with embryo dormancy that allows for prolonged emergence periods, contributes to the 
difficulty of managing giant ragweed (Gramig and Stoltenberg 2007; Harrison et al. 2001; 
Schutte et al. 2012).  In Wisconsin, giant ragweed is found in both corn (Fickett et al. 2013a) and 
soybean (Fickett et al. 2013b) production fields.  As the most competitive species relative to other 
common weed species in corn and soybean cropping systems (Fickett et al. 2013a,b), giant 
ragweed represents a  serious threat to crop yield potential.   

  Herbicide resistance contributes further to the difficulty of giant ragweed management 
(Brabham et al. 2011; Norsworthy et al 2010, 2011; Vink et al. 2012; Westhoven et al. 2008).  
Glyphosate resistance in giant ragweed was first confirmed in Ohio in 2004 and has since been 
found in several other states (Heap 2014) including Wisconsin (Glettner 2013; Stoltenberg et al. 
2012).  Acetolactate synthase (ALS) inhibitor resistance in giant ragweed has also been found in 
several Midwestern states (Heap 2014), including recent confirmation in Wisconsin (Marion et al. 
2013, 2014).  In two instances (Minnesota and Ohio), giant ragweed has demonstrated multiple 
resistance to glyphosate and ALS inhibitors.  Resistance to glyphosate, ALS inhibitors, or both of 
these herbicide modes of action, severely constrains herbicide options available to growers for 
effective management of giant ragweed and proactive resistance management.    

Glyphosate inhibits the chloroplast enzyme 5-enolpyruvylshikimate-3-phosphate 
synthase (EPSPS), a key enzyme in the shikimate pathway (Shaner 2014).  Inhibition of EPSPS 
disrupts the production of the aromatic amino acids tyrosine, phenylalanine, and tryptophan, 
ultimately causing plant death.  Glyphosate resistance in weeds has been attributed to one or more 
of three mechanisms: 1) an altered EPSPS target site, 2) changes in vacuolar sequestration and/or 
reduced translocation of glyphosate to meristematic tissues where the EPSPS gene is primarily 
expressed, and 3) amplification of the EPSPS gene resulting in increased EPSPS gene expression 
(Sammons and Gaines 2014; Shaner et al. 2012). 

Acetolactate synthase catalyzes the first common step in the biosynthesis of the branched 
chain amino acids leucine, isoleucine, and valine and is the primary target enzyme for five 
structurally distinct chemical classes of herbicides, including the sulfonylurea herbicides such as 
cloransulam-methyl (Shaner et al 2014).  In most cases, resistance to ALS inhibitors has been 
attributed to reduced sensitivity of the ALS enzyme (Tranel and Wright 2002; Tranel et al 2014). 

Our research objectives are to better understand herbicide resistance in Wisconsin giant 
ragweed and the potential of resistance to persist and spread.  Research progress on glyphosate 
resistance in giant ragweed from Rock County and cloransulam-methyl resistance in giant 
ragweed from Columbia County is reported below. 
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Glyphosate Resistance in Rock County Giant Ragweed 

Background 

In 2010, we identified a giant ragweed population that was suspected of surviving 
repeated exposure to glyphosate on a farm located in Rock County (Glettner 2013; Stoltenberg et 
al. 2012).  Seeds collected from suspected glyphosate-resistant (R) and -sensitive (S) plants 
located on this farm were used for subsequent experiments to 1) quantify the whole-plant dose-
response of R and S plants to glyphosate, 2) determine the role of glyphosate absorption and 
translocation in the plant, and the sensitivity of the glyphosate target site (EPSPS) in conferring 
resistance, and 3) determine if glyphosate resistance has affected the growth, development, and 
seed production of R plants relative to S giant ragweed plants.  

Confirmation of Glyphosate Resistance 

Whole-plant dose-response of Rock County R and S giant ragweed plants to glyphosate 
was determined in repeated greenhouse experiments using eight replications of doses that ranged 
from 0 to 16.8 kg ae ha-1 and included 20 g L-1 ammonium sulfate (AMS).  Shoot mass was 
harvested, dried, and weighted 28 days after treatment.  The glyphosate ED50 value (the effective 
dose that reduced dry shoot mass 50% relative to non-treated plants) was 6.5-fold greater for R 
plants (0.86 ± 0.24 kg ae ha-1) than for S plants (0.13 ± 0.02 kg ae ha-1) (Figures 1 and 2).   

 

Glyphosate Absorption and Translocation 

Glyphosate absorption into plants and translocation to meristematic tissues were 
estimated by treating 5- to 6-node plants with 0.84 kg ha-1 glyphosate plus 2.8 kg ha-1 AMS (the 
third oldest leaf was covered) and subsequently applying 14C-labeled glyphosate to the third 
oldest leaf.  Plants were harvested 0, 6, 24, 48, and 72 hours after treatment (HAT) and sectioned 
into the treated leaf, tissue above the treated leaf (excluding the shoot apical meristem), the shoot 
apical meristem (the uppermost 1 cm of shoot including emerging leaves), aboveground tissue 
below treated leaf, and roots.  Treatments were replicated four times and two experiments were 
conducted.  14C was quantified using liquid scintillation spectroscopy.  We found that glyphosate 
absorption did not differ between R and S plants, with absorption reaching 57 and 59% of applied 
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14C 72 HAT for R and S plants, respectively (data not shown).  Translocation of 14C-glyphosate 
did not differ between R and S plants for any plant part (data not shown).   

Glyphosate Target Site Sensitivity  

Glyphosate target site (EPSPS enzyme) sensitivity was estimated by measuring in vivo 
shikimate accumulation in excised leaf discs exposed to a range of glyphosate concentrations.  
Shikimate was extracted from tissue and quantified spectrophotometrically.  Each glyphosate 
concentration was replicated three times and experiments were repeated in time.  Glyphosate 
EC50 values (the effective concentration that increased shikimate accumulation 50% relative to 
nontreated leaf tissue) were 4.6- to 5.4-fold greater for R plants than S plants (Figure 3).  
However, at high glyphosate concentrations (>1,000 µM), shikimate accumulation in R plants 
was similar to or greater than S plants.  

 

 

To further investigate target site sensitivity to glyphosate, we performed partial sequence 
analysis of the EPSPS gene extracted from apical meristematic tissue of 4- to 5-node plants.  
Three replicates from each accession were sequenced.  Sequence results showed no missense 
mutations in the Pro106 codon in R plants that would confer resistance to glyphosate (data not 
shown). 

Growth and Seed Production of Glyphosate-Resistant Plants 

In greenhouse experiments, plant height, leaf area, and dry shoot biomass were similar 
between the R and S plants during vegetative growth to the onset of flowering (data not shown).    
However, seed production of R plants was greater than S plants (Table 1).  The percentage of 
intact-viable seeds, intact-nonviable seeds, and empty involucres did not differ between R and S 
plants.   
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Table 1. Seed production of glyphosate-resistant and -sensitive giant ragweed from 
Rock County under noncompetitive conditions in the greenhouse.  Data from repeated 
experiments were pooled for analysis. 
  Seed fate category† 

Plant type Seed yield Intact-viable 
Intact-

nonviable 
Empty 

involucre 
 seeds/plant __________ % of seeds produced ___________ 

Glyphosate-resistant  812 a‡ 75 a 13 a 12 a 
Glyphosate-sensitive 425 b 65 a 14 a 21 a 
   † Intact-viable and intact nonviable: involucres contain fully formed seeds with viability of 
embryo determined by tetrazolium assay; empty involucre: no seed or not fully formed seed.  
   ‡ Means followed by the same letter within a column do not differ at the 5% level of 
significance as determined by a Student’s t-test. 

 

Summary:  Glyphosate Resistance in Rock County Giant Ragweed  

 Whole-plant dose-response experiments showed that the Rock County giant ragweed was 
6.5-fold resistant (R) to glyphosate compared to sensitive (S) plants based on ED50 values 
(Figures 1 and 2).  Both accessions were sensitive to cloransulam-methyl (data not shown).  

 The 14C-glyphosate results showed that glyphosate resistance in Rock County giant ragweed 
is not conferred by reduced glyphosate absorption into the plant or translocation to 
meristematic tissues (data not shown).   

 The similar or greater shikimate accumulation in leaf discs from R plants than S plants at 
high glyphosate concentrations (Figure 3) and the lack of missense mutations in the Pro106 
codon of R plants (data not shown) suggest that resistance is not likely due to an altered 
EPSPS target site.  However, the possibility remains that the EPSPS target site is less 
sensitive in R plants compared to S plants at lower glyphosate concentrations. Current 
research is investigating other possible mechanisms that may confer resistance.  

 Glyphosate resistance has not negatively affected the growth and development of R plants 
relative to S plants in Rock County giant ragweed.  The greater seed production and similar 
viability of R plants relative to S plants suggests that in the absence of selection by 
glyphosate, the frequency of the resistance trait for glyphosate may increase in the giant 
ragweed field population over time. 

Cloransulam-methyl Resistance in Columbia County Giant Ragweed 

Background 

A giant ragweed population with suspected resistance to acetolactate synthase (ALS) 
inhibitors was identified in a long-term corn-soybean rotation that included cloransulam-methyl 
(FirstRate herbicide) use in soybean for broadleaf weed management (Marion et al. 2013, 2014).  
After four rotation cycles (8 years total), field observations suggested that several giant ragweed 
plants had survived repeated exposure to cloransulam-methyl.  Our objectives were to 1) confirm 
and quantify the whole-plant response of suspected resistant (R) and sensitive (S) plants to 
cloransulam-methyl, 2) if confirmed, quantify the sensitivity of the target site enzyme 
(acetolactate synthase, ALS) to cloransulam-methyl, and 3) determine if resistance has affected 
the relative competitive ability of R and S plants. 
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Confirmation of Cloransulam-methyl Resistance 

The cloransulam-methyl ED50 value (the effective dose of herbicide that reduced shoot 
mass 50% relative to non-treated plants) for R plants was 30 times that of S plants (Figure 4).   A 
high level of variability among R plants in response to treatment with cloransulam-methyl was 
attributed to incomplete segregation of the resistance trait within the sampled population.  
Resistant plants treated with cloransulam-methyl at up to 10 times the labeled rate showed little 
or no injury symptomology compared to non-treated control plants (Figure 5). 

 

Cloransulam-methyl Target Site Sensitivity 

Cloransulam-methyl EC50 values [the effective concentration of herbicide that inhibited 
target enzyme (ALS) activity 50% relative to non-treated plants] were 10.6- to 13.6-fold greater 
for R than S plants across experiments (Figure 6).  Differential ALS inhibition in response to 
cloransulam-methyl treatment suggests a less sensitive target site in R compared to S plants.   
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Competitive Ability of Cloransulam-methyl Resistant Plants 

Experiments conducted under competitive conditions in the greenhouse showed that 
average dry shoot biomass accumulation was less for cloransulam-methyl R (120 ± 5 g plant-1) 
than S (168 ± 7 g plant-1) plants.  However, shoot height over time did not differ between R and S 
plants (data not shown), nor did total seed mass, total seed number, and seed viability (Table 2).  

Table 2. Seed production of cloransulam-methyl-resistant and -sensitive giant ragweed from 
Columbia County under competitive conditions in the greenhouse.  Data from repeated 
experiments were pooled for analysis. 
   Seed fate category† 

Plant type 
 

Seed yield Intact-viable 
Intact-

nonviable 
Empty 

involucre 
 g/plant seeds/plant __________ % of seeds produced ___________ 

Cloransulam-resistant  20 a‡ 430 a 75 a 17 a 9 a 
Cloransulam-sensitive 20 a 451 b 74 a 17 a 9 a 
   † Intact-viable and intact-nonviable: involucres contain fully formed seeds with viability of embryo 
determined by tetrazolium assay; empty involucre: no seed or not fully formed seed.  
   ‡ Means followed by the same letter within a column do not differ at the 5% level of significance as 
determined by a Welch’s t-test. 

 

Summary:  Cloransulam-methyl Resistance in Columbia County Giant Ragweed  

 Whole-plant experiments confirmed a high level of cloransulam-methyl resistance in giant 
ragweed from Columbia County Wisconsin (Figures 4 and 5). 

 In vivo ALS enzyme bioassays suggested that the mechanism of cloransulam-methyl 
resistance in Columbia County giant ragweed is an altered ALS enzyme (Figure 6).  Current 
research is conducting ALS gene amplification and sequencing to identify point mutations 
that may confer resistance. 

 Despite a difference in shoot biomass produced between Columbian County R and S giant 
ragweed plants, the lack of difference in seed production and seed viability (Table 2) suggests 
that the frequency of the resistance trait is likely to persist over time in the field population.      
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