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           10-04                              PROGRESS REPORT  
 
Title:  Managing Imazamox-Resistant Wheat in Crop Rotations for Control of Jointed 

Goatgrass in the Central Great Plains 
 
Personnel: Drew Lyon and Stephen Miller 
 
Time Line: The study was initiated in the fall of 2000 and is scheduled to run through the 

summer of 2006. The study is on schedule. 
 
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: Use of the imazomox-resistant winter wheat system resulted in a significant 

reduction in jointed goatgrass reproductive tillers compared to the standard wheat 
treatment in 2004. Jointed goatgrass tiller density in 2004 was greater when the 
standard wheat variety was grown in 2002 rather than the imazamox-resistant 
variety. Despite the reduction in jointed goatgrass tillers, the imazamox-resistant 
wheat treatment yielded 17% less than the standard wheat treatment in 2004. 
When looking at the combined 2003 and 2004 data, there were significant year by 
treatment interactions for the jointed goatgrass-related  parameters, but not for the 
winter wheat parameters. This was likely the result of the very dry fall in 2003, 
which resulted in a much lower jointed goatgrass density in 2004 than in 2003. 

 
Objectives: 1. Determine the best use of Clearfield wheat for control of jointed goatgrass in 

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

cropping systems using Clearfield wheat. 
 
  3. Monitor the impacts of Clearfield wheat technology on jointed goatgrass and 

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. This year and last 
year, these two treatments were split into four treatments, and during the last two years of the 
experiment there will be eight treatments consisting of various temporal combinations of 
Clearfield and standard wheat varieties grown in a winter wheat-fallow rotation (Table 1). 
Clearfield treatments will receive an application of Beyond herbicide to control jointed 
goatgrass.  
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Progress/Conclusions: Objective 1. Use of the imazomox-resistant wheat system resulted in a 
significant reduction in jointed goatgrass reproductive tillers compared to the standard wheat  
treatment (Table 2). However, as in 2001 and 2003, the standard wheat treatment yielded more 
than the imazamox-resistant wheat treatment. The imazamox-resistant variety (Above) is not 
well adapted to this high elevation site. Additionally, low jointed goatgrass densities in 2004, the 
result of very dry conditions during the fall of 2003, reduced the negative impact of jointed 
goatgrass on the yield of the standard variety, Buckskin. Jointed goatgrass tiller density was 
greater in 2004 when the standard wheat variety was grown in 2002 rather than the imazamox-
resistant variety (Table 3). This same effect was also seen in the dockage data.  
 
When we looked at the combined data for 2003 and 2004, there were significant year by 
treatment interactions for the jointed goatgrass-related parameters (jointed goatgrass tillers and 
spikelets, and winter wheat dockage), but not for the winter wheat parameters (heads/ft of row 
and yield). Therefore, we analyzed the combined winter wheat yield and head density data, but 
analyzed the jointed goatgrass data separately by year (Table 4). Averaged across both years 
(2003 and 2004), Buckskin yielded more than Above. Although the yield of Above was not 
influenced by the preceding (2001 and 2002) wheat treatment, the yield of Buckskin was 
affected by the preceding wheat treatment. The yield of Buckskin was 12% greater when the 
preceding wheat treatment was imazamox-resistant rather than the standard wheat variety. 
Jointed goatgrass tiller density was lower both years in the imazamox-resistant variety compared 
to the standard wheat variety, but in 2003 we observed no effect of the previous crop on tiller 
density, whereas in 2004, jointed goatgrass tiller density was lower when the imazamox-resistant 
wheat variety was used in 2002 instead of the standard wheat variety. This was the case no 
matter which variety was used in 2004. No treatment differences were observed for jointed 
goatgrass spikelets per spike in 2004, whereas in 2003, the number of spikelets per spike were 
greater in the standard wheat treatment compared to the imazamox-resistant treatment.  
 
At this point in time, it appears that alternating a Clearfield variety with a standard variety in a 
winter wheat-fallow system may be a practical recommendation for growers. 
 
Objective 2. It is probably unrealistic to expect a single study on less than a handful of acres to 
be able to determine the risk of developing weed resistance in Clearfield wheat systems in the 
western US. What we can do is monitor our study for the occurrence of imazomox-resistant 
jointed goatgrass. To that end, jointed goatgrass seed heads were located and collected every 3 
feet along a transect in each plot in July of 2004. 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. No evidence of imazamox resistance in any jointed goatgrass 
selection was observed. Jointed goatgrass seedlings did not differ in their response to imazamox 
(p = 0.351), and all treated plants were dead 28 days following application. 
 
Objective 3. Plots were searched for wheat x jointed goatgrass hybrids and 43 hybrid spikes were 
identified with an average of 9.5 spikelets/spike. The spikelets on each spike were checked for 
viable seed; none were obtained.  
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Publications: None 
 
Technology Transfer Activities: We will prepare a news release based on our findings from 
2003 and 2004. The real value of this study will not be attained until we complete the third cycle 
of the winter wheat-fallow rotation. At that time, we will prepare a refereed journal article, news  
releases, update extension fact sheets, and develop a Power Point presentation that can be made 
available to extension and industry personnel. 
 
Producer Recommendations: After completing two cycles of the winter wheat-fallow rotation, 
we see no evidence of resistance occurring in the jointed goatgrass population. There does seem 
to be a positive residual effect of using the Clearfield technology on the following winter wheat 
crop, whether or not a Clearfield or standard wheat variety is used. This suggests that alternating 
a Clearfield variety with a standard variety in a winter wheat-fallow system may be practical and 
could play a part in a Clearfield wheat stewardship program. 
 
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 0  7500 0 
 
Statement of work to be conducted: The standard and Clearfield wheat varieties were planted 
in September of 2004 (see Table 1). Good fall moisture resulted in a heavy infestation of jointed 
goatgrass that emerged with the wheat. Imazamox will be applied to the Clearfield wheat 
treatments in late March or early April of 2005. Wheat, jointed goatgrass, and jointed goatgrass x 
wheat hybrid densities will be quantified in June of 2005. Just prior to harvest in early July, seed 
heads from wheat x jointed goatgrass hybrids will be collected. The spikelets on each spike will 
be checked for viable seed. In addition, jointed goatgrass seed will be collected from each of the 
treatments. The seed will be germinated in the greenhouse and the seedlings treated with 0.032 
lb ai/acre of imazamox to test for increased tolerance to the herbicide. Plots will be harvested for 
grain yield and dockage determined. In September of 2005, standard and Clearfield wheat 
varieties will be seeded as shown in Table 1. This will be the last wheat planting in this study. 
The results from 2005 and 2006 should be the most interesting of the study.  
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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-
SW-F-

SW 

SW-F-
SW-F-

CW 

SW-F-
CW-F-

SW 

SW-F-
CW-F-

CW 

CW-F-
CW-F-

SW 

CW-F-
CW-F-

CW 

CW-F-
SW-F-

SW 

CW-F-
SW-F-

CW 
 
 
 

Table 2. Using imazamox and imazamox-resistant winter wheat provides superior jointed 
goatgrass control compared to the use of a standard wheat variety, but the standard wheat had 
greater grain yield than the imazamox-resistant wheat at Lingle, WY in the 2003-2004 crop 
year. 

 Jointed goatgrass  Winter wheat 

Treatment Tillers Spikelets  Heads Yielda Dockage 

 #/10 ft2 #/spike  #/ft of row bu/A % 

Standard 13.5 7.3  33.6 23.2 0.3 

Imazamox-resistant  5.1 6.9  24.7 19.2 0.3 

P value 0.018 0.294  <0.001 0.045 0.819 
   aYield data is not adjusted for dockage. 
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Table 3. Comparison of all combinations of wheat-fallow-wheat rotations involving 
imazamox-resistant and standard wheat varieties at Lingle, WY for the wheat crop harvested 
in 2004.  

 Jointed goatgrass  Winter wheat 

Treatment Tillers Spikelets  Heads Yielda Dockage 

 #/10 ft2 #/spike  #/ft of row bu/A % 

Imazamox-resistant – 
fallow – imazamox-
resistant (CC) 

1.4 6.7  24.9 18.6 0.2 

Imazamox-resistant – 
fallow – standard (CS) 4.5 7.6  35.8 24.1 0.2 

Standard – fallow – 
imazamox-resistant 
(SC) 

8.8 7.1  24.5 19.9 0.4 

Standard – fallow – 
standard (SS) 22.5 7.1  31.8 22.3 0.4 

 -------------------------- Significance of contrast --------------------------   

CC+SC vs CS+SS 0.001 0.302  <0.001 0.050 0.788 

CC vs SC 0.033 0.450  0.875 0.611 0.044 

CS vs SS <0.001 0.476  0.128 0.540 0.006 
   aYield data is not adjusted for dockage. 
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Table 4. Comparison of all combinations of wheat-fallow-wheat rotations involving imazamox-resistant and standard wheat 
varieties at Lingle, WY for the wheat crops harvested in 2003 and 2004.  

 Jointed goatgrass  Winter wheat 

 Tillers  Spikelets    Dockage 

Treatment 2003 2004  2003 2004  Heads Yielda 2003 2004 

 --------- #/10 ft2 --------
-                     

 -------- #/spike --------   #/ft of  row bu/A ------------ % ------------    

Imazamox-resistant – 
fallow – imazamox-
resistant (CC) 

2.0 1.4  5.1 6.7  23.6 16.7 1.7 0.2 

Imazamox-resistant – 
fallow – standard (CS) 

71.0 4.5  9.0 7.6  32.1 22.5 5.0 0.2 

Standard – fallow – 
imazamox-resistant 
(SC) 

5.9 8.8  4.9 7.1  22.4 17.6 1.9 0.4 

Standard – fallow – 
standard (SS) 

69.8 22.5  9.2 7.1  29.9 20.1 7.2 0.4 

 ------------------------------------------------- Significance of contrast ------------------------------------------------
-                                                                                                           

CC+SC vs CS+SS <0.001 0.001  <0.001 0.302  <0.001 <0.001 <0.001 0.788 

CC vs SC 0.874 0.033  0.772 0.450  0.512 0.420 0.880 0.044 

CS vs SS 0.959 <0.001  0.851 0.476  0.212 0.038 0.018 0.006 
   aYield data is not adjusted for dockage. 


