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1. TITLE: ClearfieldTM Winter Wheat Risk Assessment 

2. PERSONNEL: 
 Phillip W. Stahlman Research Weed Scientist KSU Agric. Research Center-Hays 
 Anthony D. White Research Associate KSU Agric. Research Center-Hays 
 T. Joe Martin Wheat Breeder KSU Agric. Research Center-Hays 

3. TIME LINE:  Initiated - August 2001; Projected completion- August 2006; On Schedule 

4. ORIGINAL HYPOTHESIS:  The prolonged use of Clearfield™ (imidazolinone-resistant) 
winter wheat will increase the risk of transferring herbicide resistance to jointed goatgrass 
(Aegilops cylindrica Host) and hasten selection of herbicide resistant biotypes in other winter 
annual grass weed species. 

5. SUMMARY OF PROGRESS: 2001-2005:  Four of five crop years have been completed 
and the fifth winter wheat crop is established.  Winter wheat-jointed wheat hybrids were 
collected in 2003, 2004, and 2005. The percentage of spikelets producing viable seed in those 
years has ranged from 0 to 1.1%. None of the resulting plants have survived treatment with 
imazamox indicating progeny from the hybrids remain sensitive to imazamox. In all years, 
combining Best Management Practices (BMPs) and imazamox herbicide use in Clearfield™ 
wheat dramatically reduced jointed goatgrass populations compared to conventional wheat 
grown using conventional production practices.  

6. OBJECTIVES: 

1. Assess the risk of moving imidazolinone herbicide resistance into a jointed goatgrass 
population and the possibility of selecting for resistance in other winter annual weed 
species in cropping systems using Clearfield™ winter wheat. 

2. Determine the rate of resistance integrating into grass weed populations and investigate 
jointed goatgrass-wheat hybrid population dynamics. 

3. Investigate management strategies to reduce the occurrence of herbicide-resistant 
hybrids/biotypes. 

7. EXPERIMENTAL DESIGN:  The experiment is set up as a randomized complete block 
design with three replications.  Plot size, currently 54 by 110 feet, was modified from the 
original proposal (55 by 120 feet) to fit the experimental area.  A total of 10 treatments were 
applied to the experimental area.  Additional information on individual treatments is listed in 
Table 1.  The CONV treatments were seeded using a Marliss double disk drill set on 10-inch 
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row spacing and BMP treatments were seeded using a Great Plains double disk opener drill 
set on 7.5-inch row spacing.  Jointed goatgrass count means are the average of four 
subsample quadrates (1 m2/quadrate) in each plot. 

 Methods in the original proposal indicated using 0.032 and 0.048 lb/A of imazamox.  
However, many producers in this area tend to use reduced herbicide rates in wheat to try and 
cut production costs.  This practice may lead to a more rapid development of resistance in 
jointed goatgrass populations.  Therefore, imazamox rates were reduced to 0.024 and 0.04 
lb/A to better represent herbicide selection pressure from current production practices. 

 Deep inversion tillage (moldboard plowing) was scheduled to take place in all BMP 
treatments after the 2003 crop.  Deep tillage combined with crop rotation in the same year 
would not have provided unique treatments necessary to separate possible jointed goatgrass 
plant density differences among BMP treatments.  Therefore, plots remaining in continuous 
wheat were moldboard plowed on July 14, 2004 (Table 1; treatments 1-5).  This altered 
treatment structure will provide a better understanding of separate inversion tillage and crop 
rotation effects on jointed goatgrass populations in a Clearfield™ winter wheat production 
system. 

PROGRESS 2005 
 

Objective 1. Assess the risk of moving imidazolinone herbicide resistance into a jointed 
goatgrass population and the possibility of selecting for resistance in other winter 
annual weed species in cropping systems using Clearfield™ winter wheat. 

Crop year five was initiated by seeding Clearfield™ and conventional wheat on October 14, 
2005 according to the experimental protocol.  No jointed goatgrass had emerged in any plot 
immediately prior to planting (data not shown). Jointed goatgrass density counts were taken 
in November to establish a population baseline present for overwintering (Table 2; Nov 
2005). See objective 3 for result comparisons between treatments.  

Several thousand jointed goatgrass spikelets were collected from plot borders and are being 
screened for imazamox tolerance in a greenhouse. To date, 10,800 individual plants have 
been sprayed with 0.047 lb/A imazamox (6 oz/A Beyond). All plants have been severely 
injured; most have died. A few surviving plants have been transplanted and will be 
resprayed.  Other results pertinent to this objective are included in objectives 2 and 3.  

Objective 2. Determine the rate of resistance integrating into grass weed populations 
and investigate jointed goatgrass-wheat hybrid population dynamics. 

Prior to 2005 wheat harvest, 376 winter wheat-jointed goatgrass hybrid spikes were collected 
from within the experimental area; these yielded 4,533 spikelets.  Hybrid spikelet 
germination was only 0.22% (10 of 4,533), but only four survived and produced a plant.  
Currently, plants are growing in the greenhouse.  Once they reach the proper height, plants 
will be sprayed with Beyond to test for herbicide resistance. In comparison, only 438 
spikelets were collected from 35 spikes in 2004; all were sterile.  Lab and greenhouse testing 
of hybrid spikes collected prior to harvest in 2003 is complete.  Hybrid spikelet germination 
was 1.1% of the total collected (71 of 6,190).  Eight plants did not survive being transferred 
from Petri dishes to pots containing soil (63 plants survived). A single surviving plant was 
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used as an untreated control.  Remaining plants (62 total) were sprayed with 4 oz/A Beyond 
(imazamox) herbicide to test for herbicide resistance; 25 plants (40%) survived the herbicide 
application.  The control plant was allowed to mature and developed two spikes and a total of 
10 spikelets, but no viable seed was produced.  Plants surviving the herbicide treatment 
produced 139 spikes and approximately 1360 spikelets; only five fully developed seeds were 
recovered.  Further testing of the second generation started in late September 2004.  Three of 
the five seeds germinated; two survived transplanting to pots in the greenhouse.  On 
November 9, 2004 another herbicide application was made on surviving plants.  No second 
generation hybrid plants survived the herbicide application. 

 

Objective 3. Investigate management strategies to reduce the occurrence of herbicide-
resistant hybrids/biotypes. 

The winter wheat crop was initiated on October 19, 2004 by seeding Clearfield™ and 
conventional wheat as described in Table 1.  The wheat established well, but few jointed 
goatgrass emerged in the wheat crop (Table 2; November 16). However, within the 
continuous wheat phase of the study (treatments 1-5), jointed goatgrass population was 
higher in Jagger conventional-BMP wheat (treatment 5) than in certified or 3X bin-run 
(brown bagged three years in a row) Clearfield™ wheat treatments (1.8 vs. 0 to 0.3 
plants/yd2). Jointed goatgrass population did not differ between treatments 6-10, which 
included grain sorghum in the rotation in 2004. In-crop jointed goatgrass populations and 
treatment differences remained similar in March, 2005. The low populations likely are the 
result of declining soil seed bank densities coupled with low fall rainfall necessary for 
emergence. The importance of timely rainfall is supported by the fact that jointed goatgrass 
populations in post-harvest fallow (September 2005) generally were higher than in-crop 
populations, especially for Jagger conventional-BMP wheat treatments. Plant density counts, 
taken 10 weeks after wheat harvest in 2005, showed that continuouys non-Clearfield™ wheat 
contained about five times the number of jointed goatgrass plants/yard2 compared to bin-run 
Clearfield™-conventional wheat (treatment 3), and at least 25-times more than Clearfield™-
BMP wheat (treatments 1, 2 & 4). 

Winter wheat was harvested June 28, 2005.  Grain dockage percentages were less than 0.1% 
for all treatments (data not shown). Wheat yields did not differ significantly between 
treatments within crop rotation (Table 2).  However, the continuous wheat treatments yielded 
57% more than wheat following grain sorghum (Table 2; treatments 1-5 vs. 6-10). Clearly, 
double-cropped wheat after grain sorghum was impacted by the preceeding sorghum crop. 
Though this is not an uncommon practice in higher rainfall regions, success of the wheat crop 
is largely dependent on timely and abundant rainfall since grain sorghum effectively depletes 
subsoil moisture. Sorghum also is known to have allelopathic properties that might impact 
moisture-stressed wheat.  

Jointed goatgrass populations have declined to near zero in many plots, but densities between 
plots, designed to simulate fence rows and road ditches, is quite high.  In September 2005, a 
spring-tooth field cultivator was used to incorporate preplant applied nitrogen fertilizer 
perpendicular to plot orientation.  The alternate tillage direction was used intentionally to pull 
jointed goatgrass spikelets from between plots into plots, much as a producer might do if they 
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pulled tillage equipment through border areas heavily infested with jointed goatgrass, thus 
moving seed back into the field.  

8. PUBLICATIONS: Data collected to date is preliminary and not ready for publication. 
However, issues related to Clearfield™ risk assessment were discussed in the following: 
 

White, T.  2005.  Jointed goatgrass education in the Southern Great Plains.  National Jointed 
Goatgrass Research Program.  Current internet location: www.jointedgoatgrass.org.  

Wicks G., R. Anderson, T. White, P. Stahlman, D. Morishita.  2005.  Jointed Goatgrass: 
Control tactics.  National Jointed Goatgrass Research Program.  Wash. State Univ. Coop. 
Ext. Serv.  EB1935. 

White, A. P. W. Geier, P. W. Stahlman, and J. C. Frihauf.  2004.  Nitrogen, adjuvant, and 
application timing effects on imazamox efficacy in wheat.  Proc. West. Soc. Weed Sci.  
Colorado Springs, CO.  57:75. 

White, T. and P. Stahlman.  2003.  Control of jointed goatgrass using best management 
practices.  The 6th Annual National Wheat Industry Research Forum Proceedings, 
Albuquerque, NM.  National Association of Wheat Growers Wheat Industry Resource 
Committee.  p.22-24. 

Stahlman, P., P. Geier, T. White, D. Lyon, S. Miller, and P. Westra.  2003.  Performance of 
Beyond herbicide in Clearfield* wheat in the central Great Plains.  The 6th Annual 
National Wheat Industry Research Forum Proceedings, Albuquerque, NM.  National 
Association of Wheat Growers Wheat Industry Resource Committee.  p.18. 

White, T.  2003.  Jointed goatgrass: What do we know?  Wheat Life.  December. 46:41-43. 

White, T.  2003.  Goatgrass weapons.  Western Farmer-Stockman.  October.  p.34. 

White, T.  2003.  Non-GMO herbicide technology to control jointed goatgrass and other 
weeds.  The Wheat Farmer/Row Crop Farmer-Central Plains.  April.  p. 9. 

9. TECHNOLOGY TRANSFER:  The rational and objectives of this study as well as the 
Stewardship practices involved with prolonging Clearfield™ technology and their 
relationship with jointed goatgrass were discussed at the Kansas Wheat Field Day at Hays 
and at a field day at the KSU Sandyland Experiment Station near St. John, KS in May 2005. 

10. PRODUCER RECOMMENDATIONS IN THE CENTRAL GREAT PLAINS: 

• Follow current ClearfieldTM wheat stewardship guidelines to prolong the 
technology.  To ensure that the benefits of Clearfield™ wheat are available to producers 
in the future, certain stewardship guidelines should be followed.  Some of these practices 
include using crop rotation, herbicides with different modes-of-action, and proper weed 
management in fallow. 
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• Implement Best Management Practices to battle jointed goatgrass.  Integrating other 
management strategies with the Clearfield™ wheat system will increase jointed goatgrass 
control over conventional practices or only single components. 

12. BUDGET REQUEST FOR FY2006:  $21,000, USDA CSREES-55 attached. 
Fiscal Year 2001 2002 2003 2004 2005 2006 
Requested $18,000 $18,500 $19,000 $19,500 $20,000 $21,000 
Received $18,000 $18,000 $19,500 $19,500 $21,392  

Originally this project was scheduled for completion in August 2006.  However, we now 
propose to extend the project one year to allow more time/chance of developing 
imidazolinone herbicide resistance in the jointed goatgrass population. The greater the 
numbers of iterations without evidence of resistance development in jointed goatgrass, the 
greater our confidence that the risk of resistance introgression or selection in jointed 
goatgrass populations is low.  Treatments for 2006-07 would be the same as in 2003-04 and 
would provide data for two complete three-year rotation cycles (Treatments 4 and 6-10).  
Other treatments are continuous wheat and would be used for comparison in the given year. 
Therefore, we request funding for two years instead of one. 

The timeline above and treatment structure in Table 1 have been revised to include the 2006-
07 crop year to illustrate how the project would proceed if the project is extended.   

13. STATEMENT OF WORK TO BE CONDUCTED:  2006.  Screening of jointed goatgrass 
spikelets and evaluation of jointed goatgrass-wheat hybrids collected from the experimental 
area in 2005 for resistance to imazamox herbicide will be completed. Jointed goatgrass 
density, tiller numbers, dockage, and crop yield will continue to be recorded at appropriate 
intervals throughout 2006. Jointed goatgrass-wheat hybrid spikes will be collected and 
evaluated in the greenhouse for potential migration of the Clearfield™ resistance gene into 
the hybrid.  Winter wheat will be planted in all plots following fall harvest. Technology 
transfer activities will remain a high priority to educate the public about Clearfield™ wheat 
and related stewardship practices. 
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Table 1. Treatments and timeline for ClearfieldTM Winter Wheat Risk Assessment. 
 

  Treatments  

Crop year  1 2 3 4 5 36 ft alley 
2001-02 wheat CRCF .048-BMP CRCF .032-BMP CRCF-.032-Conv CRCF-.048-BMP Jagger-BMP   
2002-03 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv BRCF-.032-BMP Jagger-BMP  
2003-04 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv Jagger-BMP Jagger-BMP 110 ft 
2004-05 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv CRCF-.048-BMP Jagger-BMP 
2005-06 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv BRCF-.032-BMP Jagger-BMP  
2006-07 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv Jagger-BMP Jagger-BMP  
       36 ft alley 
  6 7 8 9 10 
2001-02 wheat CRCF .048-BMP CRCF .032-BMP CRCF-.032-Conv CRCF-.048-BMP Jagger-BMP  
2002-03 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv BRCF-.032-BMP Jagger-BMP 
2003-04 row crop crop rotation crop rotation crop rotation crop rotation crop rotation 110 ft 
2004-05 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv CRCF-.048-BMP Jagger-BMP 
2005-06 wheat CRCF .048-BMP CRCF .032-BMP BRCF-.032-Conv BRCF-.032-BMP Jagger-BMP  
2006-07 row crop crop rotation crop rotation crop rotation crop rotation crop rotation  
        36 ft alley 
  54 ft; 50 ft sprayed 54 ft; 50 ft sprayed 54 ft; 50 ft sprayed 54 ft; 50 ft sprayed 54 ft; 50 ft sprayed  
        
Total area:  328 by 810 ft including 3-36 ft alleys = 6.1 acres    
        
        
        
CRCF = Certified Clearfield™ winter wheat; sprayed late fall or early spring with imazamox at 0.024 or 0.040 lb ai/A  
BRCF = Bin-run Clearfield™ winter wheat; sprayed late fall or early spring with imazamox at 0.024 lb ai/A   
        
BMP = Best Management Practices   Conv = Conventional Practices   

 - inversion tillage after second crop; noninversion tillage other years - noninversion tillage   
 - 50% higher-than-normal seeding rate, 90 lb/A   - normal seeding rate, 60 lb/A   
 - narrow row spacing, 6-7.5-inch   - 10-inch row spacing   
 - in-furrow starter fertilizer plus spring N topdress   - broadcast fertilizer without in-furrow starter plus spring N topdress 
 - large-sized seed    - nonsized seed   
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Table 2.  Jointed goatgrass population density and wheat yield, 2004-2005a. 

Treat-
mentb 

 Jointed goatgrass densityd Wheat grain 

yield Current treatment phasec  Nov 16, 
2004 

Mar 16, 
2005 

Sept 8, 
2005 

Nov 14, 
2005 

  _________________plants/yd2_______________     bu/A 

 Continuous winter wheat since 2001 
1 Certified Clearfield™ - BMP   

Imazamox (0.04 lb/A)  
0.0 bB 0.0 bB   0.1 bB    1.9 bcB 52.4 aA 

2 Certified Clearfield™ - BMP 
Imazamox (0.024 lb/A) 

0.0 bB 0.0 bB   1.2 bB    3.0 abAB 46.9 aAB 

3 Bin-run Clearfield™ - Conv. 
Imazamox (0.024 lb/A) 

0.1 bB 0.0 bB  6.6 bB    3.1 abAB 48.2 aAB 

4 Certified Clearfield™ - BMP 
Imazamox (0.04 lb/A) 

0.3 bB 0.2 bB   0.2 bB    0.6 cC 49.3 aAB 

5 Jagger – BMP  Sulfosulfuron 
(0.023 lb/A) 

1.8 aA 1.5 aA 30.1 aA    3.8 aA 48.9 aAB 

 Winter wheat in 2002 and 2003; grain sorghum in 2004; winter wheat in 2005 
6 Certified Clearfield™ - BMP 

Imazamox (0.04 lb/A) 0.2 zB 0.3 zA   0.2 zB    2.9 zA 34.1 zABC 

7 Certified Clearfield™ - BMP 
Imazamox (0.024 lb/A) 

0.5 zB 0.3 zA   0.4 zB    3.1 zA 36.6 zABC 

8 Bin-run Clearfield™ - Conv. 
Imazamox (0.024 lb/A) 

0.0 zB 0.1 zA   2.0 zB    6.7 zA 23.4 zC 

9 Certified Clearfield™ - BMP 
Imazamox (0.04 lb/A) 

0.1 zB 0.1 zA   2.6 zB    1.9 zA 29.7 zC 

10 Jagger – BMP  Sulfosulfuron 
(0.023 lb/A) 

0.5 zB 0.8 zA 11.7 zB    9.4 zA 32.9 zBC 

a Means within columns and rotation (treatments 1-5 vs. treatments 6-10) followed by the same 
small case letter and means within columns across rotations (treatments 1-10) followed by the 
same capital letter do not differ significantly (α=0.05).  
b Treatment numbers correspond to those listed in Table 1.  
c All bin-run treatments were planted with seed saved 3 consecutive years (3X) 
d November 16, 2004 and March 16, 2005 data are in crop; September 18 and November 14, 
2005 data are in fallow. 
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BUDGET JUSTIFICATION:  
A. Salary and Wages. ($12,067) 

2a. 3.8 months salary for research associate who is responsible for plot maintenance, data 
collection, and day-to-day oversight of experiments.  3.8 mo x $2840 = $10,792. 
2e. Hourly labor to assist technical personnel in collecting data and processing samples.  
170 hr x $7.50/hr = $1,275. 

 
B. Fringe Benefits. ($3,473) 

Retirement and health insurance contributions for research associate calculated at rate of 32% 
and for pre-baccalaureate labor calculated at rate of 1.52%. 

 
E. Materials and Supplies.  ($344) 

Seed ($90), fertilizer ($140), pesticides ($50), fuel and oil ($64)  
 
F. Travel.  ($3,116) 

Lodging, per diem, and airfare for Principal Investigator and Assistant Scientist to attend 
Jointed Goatgrass Review and Western society of Weed Science Meetings in 2007 in 
Portland, Oregon. Meetings including travel time lasts 4.5 days.    

 
Airfare $550 x 2      =   $1,100 
Lodging $75 x 4 nights x 2     =     $600 
Per diem $30 x 4.5 days x 2    =    $270 
Meeting registration $150 x 2    =       $300 
Truck & trailer mileage to site: 200 miles @ $0.85 x 3 trips =     $510 
Car mileage to site: 200 miles @ $0.42 x 4 trips  =    $336 
Travel Total         =    $3,116 

 
J. Other Direct Costs.  ($2,000) 

Land use, 6.25 acres at $320 per acre = $2,000. 
 


