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7-06                            FINAL REPORT 
 
Title:  Managing Imazamox-Resistant Wheat in Crop Rotations for Control of Jointed 

Goatgrass in the Central Great Plains 
 
Personnel: Drew Lyon, Stephen Miller, and Andrew Kniss 
 
Time Line: The field study was initiated in the fall of 2000 and concluded with wheat harvest in 

2006. Greenhouse and soil sample work continues, but should be completed by 
April of 2007. 

 
Original  
Hypothesis: Use of Clearfield wheat every 2 or 3 years, or in conjunction with crop rotations, 

will provide more sustainable jointed goatgrass control and less risk of developing 
herbicide resistant jointed goatgrass than continuous use of Clearfield wheat. 

 
Summary of 
Progress: The seven-year field study has been completed. Clearfield wheat technology was 

effective at reducing jointed goatgrass densities in winter wheat compared to the 
use of standard wheat. The Clearfield wheat cultivar ‘Above’ was used in this 
study, but it was not well adapted to the field site. In several years, the standard 
wheat variety ‘Buckskin’ had greater yield than Above even though Buckskin had 
much greater jointed goatgrass densities than Above. Jointed goatgrass densities 
were frequently reduced in standard and Clearfield wheat that followed Clearfield 
wheat in a winter wheat-fallow rotation. The possible development of an 
imazamox-resistant jointed goatgrass population in the continuous Clearfield 
wheat treatment, suggests that the frequent use of Clearfield technology in a winter 
wheat-fallow rotation may increase the risk for the development of imazamox 
resistance in jointed goatgrass. Clearfield wheat technology should probably not be 
used more than twice every six years. 

 
Objectives: Determine the best use of Clearfield wheat for control of jointed goatgrass in 

wheat-based cropping systems of the Central Great Plains. 
 
  Determine the risk of developing imazamox-resistant jointed goatgrass in cropping 

systems using Clearfield wheat. 
 
  Monitor the impacts of Clearfield wheat technology on jointed goatgrass and 
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jointed goatgrass x wheat hybrid population dynamics. 
 
Experimental Design: During the first two years of the study, there were just two treatments: a 
Clearfield wheat variety and a standard variety, each replicated four times. During the next two 
years of the study, the original two treatments were split into four treatments. During the last two 
years of the experiment, there are eight treatments consisting of various temporal combinations  
 
of Clearfield and standard wheat varieties grown in a winter wheat-fallow rotation (Table 1). 
Clearfield treatments receive an application of Beyond herbicide to control jointed goatgrass.  
 
Progress/Conclusions by objective:  
Determine the best use of Clearfield wheat for control of jointed goatgrass in wheat-based 
cropping systems of the Central Great Plains. Clearfield wheat technology reduced jointed 
goatgrass densities and grain dockage compared to the use of standard wheat varieties (Tables 
2-4). Jointed goatgrass densities were frequently reduced in standard wheat treatments that 
followed Clearfield wheat treatments compared to following standard wheat treatments in a winter 
wheat-fallow rotation (Tables 3-4). The apparent development of an imazamox-resistant jointed 
goatgrass population in the continuous Clearfield wheat treatment highlights the very high 
likelihood of developing imazamox-resistant jointed goatgrass when the Clearfield wheat 
technology system is used every year in a winter wheat-fallow rotation. For these reasons, we 
believe that the Clearfield wheat system should be used no more than once every three years, i.e., 
the Clearfield wheat system should be rotated with standard wheat in a winter wheat-fallow 
rotation. 
 
Determine the risk of developing imazamox-resistant jointed goatgrass in cropping systems using 
Clearfield wheat. If, as we suspect, we have identified an imazamox-resistant jointed goatgrass 
population in the continuous Clearfield wheat treatment, it suggests that the risk of developing 
imazamox-resistant jointed goatgrass in winter wheat-fallow cropping systems is very high. We 
believe the BASF stewardship program should not allow the use of the Clearfield wheat system 
two out of four years, as is currently the case. 
 
Monitor the impacts of Clearfield wheat technology on jointed goatgrass and jointed goatgrass x 
wheat hybrid population dynamics. Clearfield wheat technology was effective at reducing jointed 
goatgrass density compared to the standard wheat treatment; however, it appears that over use of 
this technology is likely to lead to the development of imazomox-resistant jointed goatgrass 
populations. The development of jointed goatgrass x wheat hybrids did not appear to be influenced 
by the use of Clearfield technology. 
 
Plots were searched for wheat x jointed goatgrass hybrids and 22 hybrid spikes were identified 
with an average of 8.3 spikelets/spike. The spikelets on each spike were checked for viable seed; 
none were obtained. Jointed goatgrass seed heads were located and collected every 3 feet along a 
transect in each plot in July of 2005. Spikelets from each plot were planted into pots in the 
greenhouse and treated with imazamox at the field use rate of 0.032 lb ai/A. A known susceptible 
population from Washington was also treated alongside the jointed goatgrass collected from the 
study area. One jointed goatgrass plant originally collected from a plot that had been under the 
continuous Clearfield management strategy survived two greenhouse applications of imazamox at 
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the 0.032 lb ai/A rate. The plant was allowed to grow and is currently being vernalized with the 
intent of producing seed for further research. 
 
Publications: In development. 

  
 
Technology Transfer Activities: We are in the process of preparing a refereed journal article 
based on the findings of this study. We also plan to develop news releases, update extension fact 
sheets, and develop a Power Point presentation that can be made available to extension and 
industry personnel. 
 
Producer Recommendations: There is a positive effect of using Clearfield technology on the 
following winter wheat crop, whether or not the following winter wheat crop is a Clearfield or 
standard wheat cultivar. This suggests that alternating a Clearfield cultivar with a standard cultivar 
in a winter wheat-fallow system may be practical and could play a part in a Clearfield wheat 
stewardship program. Continuous use of Clearfield technology is likely to result in the 
development of imazamox-resistant jointed gotagrass populations. The BASF stewardship 
program should not permit the use of Clearfield technology more than twice every six years in the 
Central Great Plains. 
 
Budget: 

 Nebraska  Wyoming 

Fiscal Year Requested Received  Requested Received 

                                                                              $                                                                            

2000 7500 7500  7500 7500 

2001 7500 7500  7500 7500 

2002 7500 7500  7500 7500 

2003 7500 7500  7500 7500 

2004 7500 7500  7500 7500 

2005 7500 7500  7500 7500 
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Table 1. Treatment comparisons during the course of the study. 

Year Treatment comparisons 

2001 & 
2002 Standard wheat (SW) Clearfield wheat (CW) 

2003 & 
2004 SW-F-SW SW-F-CW CW-F-CW CW-F-SW 

2005 & 
2006 

SW-F-S
W-F-S

W 

SW-F-S
W-F-C

W 

SW-F-
CW-F-

SW 

SW-F-
CW-F-

CW 

CW-F-
CW-F-

SW 

CW-F-
CW-F-

CW 

CW-F-
SW-F-S

W 

CW-F-
SW-F-

CW 
 
 
 

Table 2. Impact of Clearfield wheat versus standard wheat on jointed goatgrass tiller density, 
winter wheat grain dockage, and winter wheat yield during the first of three rotation cycles at 
Lingle, WY during the 2000-2001 and 2001-2002 winter wheat seasons. 

  Winter wheat yielda 

Treatment 
Jointed goatgrass 

tillers Dockage 2001 2002 

 no./10 ft2 %                          bu/ac                           

Standard 28.0 5.4 10.4 20.7 

Clearfield 1.5 0.5 8.2 25.9 

P value 0.001 0.003 0.032 <0.001 
aWinter wheat yields were not adjusted for dockage. 
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Table 3. Comparison of all combinations of wheat-fallow-wheat rotations involving Clearfield 
and standard wheat varieties during the second of three rotation cycles at Lingle, WY for the 
2002-2003 and 2003-2004 winter wheat seasons. 

 Jointed goatgrass tillers  Dockage   

Treatment 2003 2004  2003 2004  Wheat 
yielda 

                    no./10 ft2                                           %                             bu/ac 

Clearfield-fallow-Cle
arfield (CC) 

2.0 1.4  1.7 0.2  16.7 

Clearfield-fallow-sta
ndard (CS) 

71.0 4.5  5.0 0.2  22.5 

Standard-fallow-Clea
rfield (SC) 

5.9 8.8  1.9 0.4  17.6 

Standard-fallow-stan
dard (SS) 

69.8 22.5  7.2 0.4  20.1 

                                                     Significance of contrast                                                           

CC+SC vs CS+SS <0.001 0.001  <0.001 0.788  <0.001 

CC vs SC 0.874 0.033  0.880 0.044  0.420 

CS vs SS 0.959 <0.001  0.018 0.006  0.038 
aWinter wheat yields were not adjusted for dockage. 
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Table 4. Comparison of all combinations of wheat-fallow-wheat-fallow-wheat rotations 
involving Clearfield and standard wheat varieties during the third of three rotation cycles at 
Lingle, WY for the 2004-2005 and 2005-2006 winter wheat seasons. 

   Wheat yielda 

Treatment 
Jointed 

goatgrass tillers Dockage 2005 2006 

 no./10 ft2 %                          bu/ac                           

Clearfield-fallow-Clearfield-fa
llow-Clearfield (CCC) 

8.5 1.0 25.0 17.4 

Clearfield-fallow-Clearfield-fa
llow-standard (CCS) 

4.8 0.6 25.0 6.8 

Clearfield-fallow-standard-fall
ow-Clearfield (CSC) 

14.2 1.3 25.7 15.8 

Clearfield-fallow-standard-fall
ow-standard (CSS) 

14.7 1.7 26.9 9.3 

Standard-fallow-Clearfield-fall
ow-Clearfield (SCC) 

3.2 0.6 25.9 15.9 

Standard-fallow-Clearfield-fall
ow-standard (SCS) 

11.1 0.9 27.4 9.0 

Standard-fallow-standard-fallo
w-Clearfield (SSC) 

6.6 0.8 20.8 16.1 

Standard-fallow-standard-fallo
w-standard (SSS) 

18.3 1.7 24.1 7.6 

                                             Significance of contrast                                            

Cyr1 vs Syr1 0.782 0.456 0.417 0.878 

Cyr2 vs Syr2 0.015 0.008 0.322 0.926 

Cyr1+2+3 vs Syr1+2+3 0.063 0.140 0.758 <0.001 

Cyr1+2 vs Syr1+2 0.115 0.151 0.207 0.862 

Syr1Cyr2 vs Syr 1+2 0.150 0.124 0.047 0.692 

Cyr1Syr2 vs Cyr1+2 0.038 0.023 0.508 0.791 

Cyr3 vs Syr3 0.122 0.182 0.281 <0.001 
aWinter wheat yields were not adjusted for dockage. 


