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Background 
The persistent use of glyphosate as the primary weed management tool in soybean has 
resulted in widespread weed resistance to glyphosate.  Populations of glyphosate-
resistant waterhemp, Palmer amaranth, giant ragweed, and horseweed (aka marestail) 
have continued to increase across Indiana and the frequency of multiple herbicide 
resistance beyond just glyphosate continues to be a major challenge in gaining effective 
control.  The proposed research activities were focused on improving weed 
management in soybean by characterizing the extent of herbicide-resistant weed 
biotypes in the Indiana landscape and developing management strategies for these 
problematic weeds.   
 
 
Objectives 

 Broad, long-term objective:   Reduce the impact of herbicide-resistant weeds on 
soybean production and profitability and develop best management practices 
for herbicide-resistant weed species. 

 
  Specific objectives: 
 Survey and Screening for Herbicide-Resistant Weeds 
  1) Document the confirmation and distribution of Palmer amaranth, waterhemp, 

giant ragweed, horseweed, and other emerging weeds that are resistant to 
glyphosate and other key herbicide modes of action. 

 Best Management Practices for Herbicide-Resistant Weeds 
  2) Develop weed management strategies for glyphosate-resistant Palmer 

amaranth, waterhemp, giant ragweed, and horseweed. 
 Characterization of Glyphosate-Resistant Giant Ragweed 
  3) Characterize the difference in plant response to glyphosate between the two 

giant ragweed phenotypes with the two different resistance mechanisms. 
 
 
  



Findings 
Survey and Screening for Herbicide-Resistant Weeds 
Our lab provided a screening service for suspected herbicide resistance in waterhemp, 
Palmer amaranth, and giant ragweed through the Purdue Plant Diagnostic Lab during 
the 2016 field season.  Waterhemp was the primary weed of concern in 2016 for the 
samples submitted to our lab for resistance screening, with some giant ragweed 
samples and no Palmer amaranth samples submitted.  Waterhemp was also the most 
common weed species submitted for resistance screening in 2015, which cements 
waterhemp as the greatest developing weed resistance problem in Indiana.  A map that 
summarizes our findings for the submitted samples in 2016 is below. 
 

 
 
A total of 42 field populations of waterhemp (227 individual plants) were submitted 
representing 21 different counties in Indiana.  Boone, Knox, Vigo, and Randolph counties 
submitted over half of all the waterhemp samples and represent the Southwest, 
Central, and East regions of Indiana.  This is markedly different from 2015 in which the 
primary counties were located in just the Southwest region (Gibson, Vanderburgh, and 
Warrick). 
 
Of the individual waterhemp plant samples submitted 40% were resistant to PPO-
inhibiting herbicides (e.g. Flexstar, Cobra), 52% were resistant to glyphosate (e.g. 
Roundup), and 20% exhibited multiple resistance to both glyphosate and PPO 
herbicides.  These results are similar to the waterhemp samples submitted in 2015 (61% 
resistant to PPO-inhibiting herbicides; 65% resistant to glyphosate).  The above results 



describe the variability in herbicide resistance among individual plants; however, the 
percentage of fields with at least one individual plant exhibiting herbicide resistance 
would be of greater practical importance for guiding weed management 
recommendations to growers on those fields.  In that regard, 69% of the fields with 
suspected waterhemp resistance to PPO-inhibiting herbicides were confirmed as 
resistant with our lab assay.  Likewise, 84% of the fields with suspected waterhemp 
resistance to glyphosate were confirmed and 52% of the fields contained multiple 
resistance to both PPO-inhibiting herbicides and glyphosate. 
 
Giant ragweed samples were submitted from 10 fields (47 plants total) in Indiana with 
suspected resistance to ALS-inhibiting herbicides (e.g. Firstrate, Classic).  Giant ragweed 
plants with resistance to the ALS herbicides were identified in 8 of the 10 field locations 
and represented 38% of the individual plants submitted.  The giant ragweed with 
confirmed resistance to ALS-inhibiting herbicides in 2016 originated from Benton, 
Miami, Wabash, Shelby, and Huntington counties (generally the Central region of 
Indiana). 
 
In addition to the samples that were submitted from professionals within the crop 
production industry, we also screened weed samples that we collected based on 
previous knowledge of response to herbicides or observation of commercial weed 
control failures.  Through this effort we identified and developed rapid lab DNA assays 
for a second mutation (R98) in the target PPO enzyme in waterhemp and Palmer 
amaranth.  The importance of this second mutation in terms of herbicide failures or the 
magnitude of resistance to PPO-inhibiting herbicides has not yet been fully investigated, 
but is the subject of ongoing research in our lab.  The initial mutation to the PPO 
enzyme (G210) largely reduced the performance of PPO-inhibiting herbicides applied 
postemergence, but the soil residual herbicides in this group (site of action #14) still 
maintained significant activity.  Our work will try to determine if this second mutation 
found alone or in combination with G210 can overcome group 14 herbicides applied PRE 
or POST.  We have also found mutations in the ALS target enzyme in waterhemp and 
horseweed (marestail) that have not been documented previously in Indiana.  We are 
trying to determine the importance of these mutations as well, but can report that 
plants with some of these mutations can still be partially managed using select ALS-
inhibiting herbicides, such as achieving 80% residual control of waterhemp with 
chlorimuron (Classic) despite having negligible control with Classic applied POST or 
imazethapyr (Pursuit) applied in any manner.  In general, herbicide screens using 
random collection methods and those submitted by farmers or industry representatives 
continue to be an effective means for characterizing the herbicide resistance challenges 
facing Indiana soybean farmers.  The results of this research were communicated at 
numerous venues and through different media outlets (see Communication section 
below for more details). 
 
 
 



Best Management Practices for Herbicide-Resistant Weeds 
Field research experiments designed to identify practices, herbicide products, herbicide 
strategies, or soybean traits that would improve weed management were conducted on 
herbicide-resistant waterhemp, giant ragweed, Palmer amaranth, and horseweed 
(marestail) in 2016.  These field trials were conducted by Purdue University and 
collaborating investigators (Drs. Mark Loux and Aaron Hager) at The Ohio State 
University and the University of Illinois.  Each year, we conduct over 50 trials at these 
sites and the results are either shared directly with clientele or synthesized and 
delivered to clientele at numerous venues and through different media outlets (see 
Communication section below for more details).  Some research highlights include: the 
inconsistency of auxin herbicides (2,4-D and dicamba) for control of glyphosate-resistant 
horseweed when used as the sole means of control; the importance of application 
timing for both residual (close to period of peak emergence) and foliar (weed size under 
4 inches) active herbicides for all four of these problematic weed species; and the 
potential for reduced herbicide activity when applying postemergence herbicides with 
extremely large spray droplets that may reduce spray coverage on target weeds.  
Overall, the greatest weed challenges arise when the herbicide applications are 
performed later than desired, as once these problematic weeds gain an advantage it can 
be nearly impossible to regain control to satisfactory levels for the remainder of the 
growing season.  The results of this field research were delivered through various 
formats with clientele  including the “Take Action” website sponsored by the United 
Soybean Board and the 2017 Weed Control Guide for Ohio, Indiana, and Illinois, in 
addition to other outreach activities (see Communication section below for more 
details). 
 
 
Characterization of Glyphosate-Resistant Giant Ragweed 
Giant ragweed is among the most competitive summer annual weeds in corn and 
soybean production.  Difficulty in controlling giant ragweed is exacerbated by the 
evolution of herbicide-resistant (HR) biotypes to both ALS-inhibiting herbicides and 
glyphosate.  Glyphosate resistance (GR) in giant ragweed is unique as there exist two 
distinct phenotypic responses following application.  The rapid response (RR) biotype 
displays a lesion-causing oxidative burst (rapid necrosis) in mature leaves in as little as 
two hours after treatment and quickly results in leaf desiccation, thus restricting 
glyphosate translocation.  The non-rapid response (NRR) biotype of giant ragweed 
exhibits slightly chlorotic leaves and stunted plant growth (similar to glyphosate-
resistant marestail response).  Both biotypes resume normal growth within a week.   
Glyphosate-resistant giant ragweed was found in 36 counties in Indiana compared to 
only 14 counties in a 2008 survey (see figure below). 



 
Based on glyphosate dose-response experiments, the rapid response (necrosis) biotype 
was nearly twice as resistant to glyphosate as the non-rapid response biotype.  The RR 
to glyphosate results in foliage loss and reduced glyphosate translocation.  Therefore, 
experiments were performed to determine how this influences the efficacy of five co-
applied selective herbicides.  In a field trial, combinations of glyphosate plus dicamba 
(Clarity) or topramezone (Impact or Armezon) were antagonistic on the RR biotype 
across multiple years.  For both biotypes, the greatest efficacy was achieved with the 
tank-mixture of glyphosate plus dicamba.  However, the magnitude of glyphosate-
induced antagonism tended to be greater at 86 F (versus 50 F) and under high soil 
moisture levels. 
Collectively, this research indicates that under continued glyphosate use, GR giant 
ragweed will continue to spread and the RR biotype may become more prevalent due to 
a greater magnitude of resistance compared to the NRR biotype.  An ancillary 
consequence of the RR to glyphosate is the propensity to antagonize selective 
herbicides, particularly those herbicides which are phloem-mobile (systemic).  Under 
optimum plant growing conditions, the degree of antagonism intensifies.  Despite an 
antagonistic interaction between glyphosate and dicamba on the RR biotype, results 
show this herbicide combination to be highly effective for the control of both GR giant 
ragweed biotypes, and thus it remains an effective management option in glyphosate- 
and dicamba-resistant cropping systems.  Although this research represents a significant 
advancement in characterizing glyphosate-resistant giant ragweed, the specific 
mechanism(s) that allow for resistance remains undetermined.  The ultimate goal 



should remain focused on identifying this specific mechanism as it will aid in managing 
glyphosate-resistant giant ragweed and improve our understanding of how weeds can 
evolve resistance to herbicides. The results of this research have been submitted for 
publication in scientific journals and have been communicated at numerous venues and 
through different media outlets (see Communication section below for more details). 
 
 

 Project Communication 
The deliverables from this research were communicated through various methods and 
individuals throughout the project period.  The Purdue Weed Science Field days are held 
during the last week of June each year. In 2016, we held a field day at our Palmer 
amaranth site near Medaryville, IN and attendance was nearly 100 people.  We held a 
second field day the same week at a site that contains giant ragweed, glyphosate 
resistant waterhemp, and glyphosate-resistant horseweed (marestail).  We also give 
presentations at late-summer field days at Purdue Ag Centers, we present data from our 
summer trials and make recommendations for next year to primarily growers.  In 2016, 
we had over 1,000 people attend these field days and hear our presentations on our 
herbicide screening and weed management trials.  We also summarized the data and 
presented it in newsletter articles and during private applicator recertification programs 
(PARP) during the winter Extension meeting season.  Each year extension weed scientist 
Bill Johnson gives presentations in over 30 PARP meetings.  Average attendance is 25 to 
50 people per meeting.  The results were shared at the Purdue University Crop 
Management Workshops (attendance is approximately 900 people over the course of 
the 5 day workshop), and the Indiana CCA Convention (attendance is approximately 650 
people).  The number of acres managed by crop advisors at the Indiana CCA Convention 
is estimated to be in the millions.  Other methods of communicating research results 
include weekly newsletters during the growing season (Pest & Crop) with over 1,000 
subscribers, and Dr. Johnson maintains a website where he can house the results of this 
work in the form of downloadable decision tools where farmers can evaluate the 
profitability of a BMP for their operation, and downloadable presentations.  
 
Applied research results are also delivered to growers via the Weed Control Guide for 
Ohio, Indiana, and Illinois. This multistate endeavor is a 200-page guide that contains 
concise information for controlling weeds in soybeans, corn, wheat, alfalfa, and forages.  
This publication is updated annually based on results from our field and greenhouse 
research programs. In the back of this guide we have special, detailed sections for 
control of our most problematic weeds. (excerpt from 2017 provided below). 
 



 
 
Finally, Purdue University is the lead institution on the USB Take Action grant and we 
have developed a number of deliverables that are hosted on their website.  See one 
example below of a new publication that was develop over the past year.  All of the 
relevant outreach publications are provided in a larger format in the Appendix of this 
report. 
 

 
 
 
  



Appendix – Outreach Materials for Problematic Weeds 
 

 
 



 

 
 



 
 
  



 
 
  



 

 
 
  



 

 
 
 
  



 
 
 
 
  



 
 
 
  



 

 
 
 
  



 
 
 
 
  



 
 
  



 
 
  



 
 
 


