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1-04  PROGRESS REPORT 
 

TITLE:   Managing Imazamox-Resistant Wheat in Crop Rotations 
 

PERSONNEL:  Philip Westra, Principle Investigator; David Belles and Brad Hanson, Post-
Docs. 
 
TIME LINE:  Initiated fall, 2000; Projected completion – fall 2006 
 
ORIGINAL HYPOTHESIS:  Use of Clearfield wheat every 2 or 3 years 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: Of the 160 quadrats sampled at the Haxtun site, 0 jointed 
goatgrass reproductive tillers were found.  On the surface this appears to be 100% elimination, 
but data collected in 2005 will help determine if this was a drought effect as opposed to 
elimination.  At the Otis site, of the 176 quadrat samples taken, 5 of the quadrats contained a 
combined total of 629 jointed goatgrass reproductive tillers which represents an 82% reduction 
in reproductive jointed goatgrass tillers over 4 years.  Interestingly, jointed goatgrass was only 
found in the diverse crop rotation conventional wheat at this site.  It is likely that the severe 
Colorado drought during 2002, 2003, and early 2004 temporarily reduced jointed goatgrass tiller 
numbers due to poor fall conditions for jointed goatgrass germination.  In contrast, there was 
excellent fall moisture in 2004 for germination of winter annual grasses, and above normal 
precipitation since planting should ensure a robust jointed goatgrass presence if seeds were still 
in the soil.  This long-term study may well capture the effects of both extreme drought and 
excellent moisture conditions on jointed goatgrass population dynamics.  2004 wheat yields were 
fair to poor which generally mirrored conditions in the state of Colorado.  Yield differences 
between Clearfield and convention wheat were not great.  Jointed goatgrass plants were sent to 
Oregon for analysis of potential imazamox resistance.  We are conducting statistical analysis and 
trend analysis of the data collected to date.  This project is in excellent shape with outstanding 
collaboration from our farmers, Dave and Dan Anderson and Larry Paulser.  By project 
termination in 2006, we will have a very comprehensive data base on the effects of Clearfield 
wheat and crop rotations on jointed goatgrass management.  We will use this information to 
enhance wheat growers options for dealing with jointed goatgrass.  In the fall of 2004, 
approximately 300,000 acres of Clearfield wheat was planted in the Central Great Plains, 
suggesting that the rapid adoption of this new technology will parallel the jointed goatgrass 
management insights developed in this research project. 
 
OBJECTIVES:   

A. Determine the best use of Clearfield wheat for control of jointed goatgrass in 
wheat-based cropping systems of the Central Great Plains 

B. Determine the risk of developing Imazamox-resistant jointed goatgrass in 
cropping systems using Clearfield wheat 

C. Monitor the impact of Clearfield wheat technology on jointed goatgrass and 
jointed goatgrass x wheat hybrid population dynamics 
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D. Determine if use of a summer crop improves jointed goatgrass control with 
Clearfield wheat while reducing potential development of imazamox resistant 
jointed goatgrass 

 
EXPERIMENTAL DESIGN:  Two research sites were established in the summer of 2000 with 
two farmers in eastern Colorado. The Anderson farm is located in Haxtun, CO, while the Palser 
farm is located in Otis, CO.  Both sites include 2 studies.  One study consists of a wheat-fallow 
rotation, while the other study includes more complex crop rotations.  The Paulser site uses a 
winter wheat-fallow-proso-millet rotation on 12 acres, while the Anderson site uses a winter 
wheat-dryland corn-sunflower- fallow rotation on 13 acres for the second studies.  Sub plots are 
16 X 100 ft in size and there are a minimum of 4 such sub plots per treatment combination.  Four 
1.2 square yard hand harvested sub samples are collected in each of the sub-plots where wheat is 
grown.  At the Haxtun location, 160 of these 1.2 square yard sub plots of wheat were hand 
harvested, and at the Otis site, 176 sub plots were hand harvested.  For all these samples, wheat 
and jointed goatgrass reproductive tiller counts have been made, and the wheat threshed to 
calculate yields.  This level of data collection requires enormous man power, but will give added 
precision to the long-term data analysis on this project. 
 
Any place in the system where winter wheat occurs, half of the area is treated as conventional 
wheat while the other half is imazamox treated Clearfield wheat.  The farmers conduct the field 
operations on these large-scale studies except for wheat sample harvesting which is done by our 
research team. 
 
PROGRESS/CONCLUSIONS:   
 

A. Determine the best use of Clearfield wheat for control of jointed goatgrass in wheat-
based cropping systems of the Central Great Plains 

 
The wheat plots Haxtun and Otis were drilled with Clearfield winter wheat ‘Above’ in 
September, 2003, at 50 lb a-1. Wheat was harvested July 21, 2004 at both locations.  At the 
Haxtun location, 160 1.2 square yard sub plots of wheat were hand harvested, and at the Otis 
site, 176 sub plots were hand harvested.  For all these samples, wheat and jointed goatgrass 
reproductive tiller counts have been made, and the wheat threshed to calculate yields. 
Jointed Goatgrass Reproductive Tiller Counts – Of the 160 total quadrats sampled at the 
Haxtun site, 0 jointed goatgrass reproductive tillers were found (Table 1).  At the Otis site, of the 
176 quadrat samples taken, 5 of the quadrats contained a combined total of 629 jointed goatgrass 
tillers.  Interestingly, jointed goatgrass was only found in the diverse crop rotation conventional 
wheat at this site.  It is likely that the severe Colorado drought during 2002, 2003, and early 2004 
temporarily reduced jointed goatgrass tiller numbers due to poor fall conditions for jointed 
goatgrass germination.  In contrast, there was excellent fall moisture in 2004 for germination of 
winter annual grasses, and above normal precipitation since planting should ensure a robust 
jointed goatgrass presence if seeds were still in the soil.  This long-term study may well capture 
the effects of both extreme drought and excellent moisture conditions on jointed goatgrass 
population dynamics.  The data from the 2005 harvests should provide excellent insights into 
jointed goatgrass population dynamics as affected by Clearfield wheat and crop rotations.   
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In virtually every sub-plot sprayed with imazamox during the life of this project, jointed 
goatgrass control has been 100%.  Use of the Clearfield wheat package brings strong and reliable 
jointed goatgrass control to the wheat producer.  Growers facing severe jointed goatgrass 
pressure in wheat fields should be advised to use the Clearfield wheat system to control this 
weed.  In the fall of 2004, nearly 300,000 acres of Clearfield wheat was planted in the Central 
Great Plains.  By 2005, we should begin to be able to separate the crop rotation effects from the 
imazamox effects on jointed goatgrass population dynamics. 
 
Table 1.  Total number of jointed goatgrass reproductive tillers counted in the 160 or 176 sub 
plots in the untreated wheat plots for Otis and Haxtun. 
 Otis Haxtun 
2001 3512 3554 
2002 255 317 
2003 251 85 
2004 629   0 
 
Winter Wheat Yield –  To ensure that wheat yield comparisons are more meaningful over time, 
we plant Above certified wheat in both the Beyond treated and non-treated portions of the wheat 
areas at both locations.  In general, the 2004 wheat crop in Colorado was one of the poorest on 
record (Table 2).  The yields at the Otis site certainly reflect this trend (Figure 3), while the 
yields at the Haxtun site were quite a bit higher (Figures 1 and 2).  No crop injury from 
imazamox was observed in 2004.  Weed pressure was so slight that it likely did not affect wheat 
yields.   
 
Table 2.  Winter wheat yields, in bu/acre, at Otis and Haxtun, CO. 
Year Otis Conven. Otis Clearfield Haxtun Conven. Haxtun Clearfield 
2001 41 43 24 30 
2002 29 31 34 37 
2003 16 17 32 32 
2004 23 19 36 39 
 
Follow Crop Yield - Spring follow crops were planted at each study location in 2004 in spite of 
dry, poor initial conditions in the spring.   Due to timely rains, the dryland corn yields at Haxtun 
were above average, but sunflower yields were low (Table 3).  The Paulser site sits in a low area 
where jointed goatgrass grows well, but where early frosts can cause plant injury.  The millet in 
the test plot area was not fully mature when an early fall frost hit, so yields were not obtained in 
the plot area.  Millet yield in the surrounding field was 30 bu/acre (50 lb/bu). 
Table 3.  Rotational spring-seeded crop yields. 
 Sunflower (lb/acre) Corn (Bu/acre) Millet (Bu/acre) 
2001 2194 88 49 
2002 1259 ---a ---a 

2003 1377 61 32* 

2004   819 101 30* 
a  The Colorado drought was so severe in 2002 that neither corn or millet produced harvestable 
grain. 
* Denotes yield from farmer’s commercial field adjacent to the research site area. 
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B. Determine the risk of developing Imazamox-resistant jointed goatgrass in cropping 

systems using Clearfield wheat 
C. Monitor the impact of Clearfield wheat technology on jointed goatgrass and jointed 

goatgrass x wheat hybrid population dynamics 
 

To date, no obvious failures in the control of jointed goatgrass or hybrids with imazamox have 
been detected at either site.  Jointed goatgrass samples have been sent to Carol Mallory-Smith for 
testing to determine if any imazamox resistance is developing.  If, as anticipated, we have a 
robust crop of jointed goatgrass at both sites in 2005, there should be ample jointed goatgrass 
samples available for testing. 
 

D. Determine if use of a summer crop improves jointed goatgrass control with Clearfield 
wheat while reducing potential development of imazamox resistant jointed goatgrass 

 
To date, no reproductive jointed goatgrass has been observed in the spring seeded rotational 
crops.  Generally fair to poor growing conditions for spring seed crops the past 3 years has 
precluded an opportunity to make major judgements regarding the impacts of the crop rotations.  
Clearly growers believe that diverse crop rotations benefit jointed goatgrass control measures, 
but rarely will such rotations eliminate jointed goatgrass.  If 2005 is a good year for dryland crop 
production, we may see significant impacts of the spring seeded crops on jointed goatgrass 
numbers at these sites. 

 
PUBLICATIONS:  
 
Helm, A., P. Westra and R. Sterling.  2004.  Fitting Clearfield winter wheat into diverse great 
plains cropping systems.  Proceedings WSWS 57:75. 
 
2004 Colorado Wheat Grower Handbook – Weed Management Guide “Featuring Clearfield 
Wheat” - featured an article on Clearfield wheat in the Central Great Plains 
 
TECHNOLOGY TRANSFER ACTIVITIES:  These field studies will be shown to wheat 
producers on summer field tours.   Research results will be presented at wheat grower field days 
and research meetings.  Results of this research will be published in research journals and will 
serve as the basis for development of best management practices for jointed goatgrass based on 
Clearfield wheat technology.  A presentation on this project was made at the Western Society of 
Weed Science Meeting in 2004 in Colorado Springs, CO. 
 
STATEMENT OF WORK TO BE CONDUCTED:  Winter wheat was planted at both sites in 
the appropriate plot areas in the fall of 2004.  Corn, sunflower, and millet will be planted in the 
appropriate plot areas in the spring of 2005.  Wheat and jointed goatgrass data will be collected 
in July 2005, and spring crop data will be collected in the fall of 2005.  Ongoing data analysis 
will be conducted on the results to date. 
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BUDGET: 
 

Year 2000/01 2001/02 2002/03 2003/04 2004/05 2005/2006 
Colorado 15,000 15,000 * 20,000 15,000 20,000 

• 2002/2003 research was supported from funding provided for the Integrated 
Management Project at Platner, CO, which was terminated 1 year early. 

 
• $20,000 funding for this project is requested for 2005/2006. 
 

BUDGET JUSTIFICATION: 
 
Funding is requested for partial support of a research associate and hourly labor to supervise and 
do the work on this project. 
 
Materials and supplies consist of seed purchase, stakes, flags, harvest bags, and some hand tools 
for harvesting. 
 
Both research sites are 150 to 200 miles from Fort Collins and will require multiple visits during 
the research season.  Funding is requested for these travel expenses. 
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Figure 2.  2004 data. 
 

 
 

 
 
 
 
 
 
 
 
 

 


