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7-03    PROGRESS REPORT 

1. TITLE: Clearfield* 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 
 Victor L. Martin Agronomist KSU Department of Agronomy 

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: 2001-2003:  Two of five crop years have been completed 
and the third winter wheat crop is established.  In both of the first two 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.  No winter wheat-jointed wheat hybrids were found 
in the 2002 crop nor were any expected, but a total of 441 winter wheat-jointed goatgrass 
hybrid spikes (heads) were collected from the 2003 crop.  Those contained 87 seeds, of 
which 51 germinated in petri dishes at 19 C for a germination rate of 59%.  The germination 
rate of all winter wheat-jointed goatgrass spikelets was 1.1% (51 of 4,790).  Additional 
testing is being conducted to evaluate imazamox resistance transfer rates. 

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 
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. 
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 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. 

8. PROGRESS 2003:  Winter wheat was harvested June 24, 2003 and dockage samples 
collected.  Wheat yield was higher in conventional wheat (Jagger) despite containing the 
highest jointed goatgrass tiller density at harvest (Table 2).  Reduced yields for certified and 
bin-run Clearfield* (BMP; 0.024 lb/A imazamox rate) are attributed to higher jointed 
goatgrass tiller densities compared to other treatments.  The cause of low wheat dockage in 
treatments with high jointed goatgrass tiller numbers is not clear.  Possible explanations may 
include sampling error or optimum combine settings minimized the amount of jointed 
goatgrass spikelets deposited in the harvested wheat grain. 

Plant density counts, taken approximately 45 days after winter wheat harvest in 2003, 
revealed that certified or bin-run (brown-bagged) Clearfield* wheat contained 0.5 to 7.7 
jointed goatgrass plants/meter2, which is one- to two-times more than densities observed in 
March 2003 (Table 2).  Conventional Jagger wheat contained over 75 jointed goatgrass 
plants/meter2; more than nine-fold more than in March 2003.  Using certified compared to 
bin-run Clearfield* wheat seed did not consistently affect jointed goatgrass populations.  
Clearfield* wheat grown using Best Management Practices (BMPs) with imazamox at 0.04 
lb/A contained as many as 88% fewer jointed goatgrass plants emerging in post-harvest 
wheat stubble compared to BMPs with imazamox at 0.024 lb/A.  In comparison, bin-run 
Clearfield* wheat grown using BMPs contained 80% fewer jointed goatgrass plants 
compared to a conventional management system.  Jointed goatgrass tiller counts taken prior 
to harvest showed similar results.  The use of Clearfield* wheat coupled with BMPs clearly 
reduced jointed goatgrass populations over a conventional wheat and management system. 

Jointed goatgrass-wheat hybrid plants were identified in or near 16 of the 30 total plots 
within the experimental area; six of the collection sites were located directly in a treated plot 
area.  A total of 441 winter wheat-jointed goatgrass hybrid spikes (heads) were collected 
from the 2003 crop.  Each spike contained an average of 11 spikelets.  A total of 4,790 
spikelets were split open by hand and 87 seeds recovered, i.e. 1.8% of the spikelets contained 
seed. Germination tests in petri dishes were conducted at 19 C and 51 of the 87 seeds 
germinated (59% germination).  Thus, the germination rate of winter wheat-jointed goatgrass 
spikelets in the study was 1.1% (51 of 4,790).  Germinated seeds were transplanted into soil-
filled pots and placed in a greenhouse.  The plants will be vernalized, grown to maturity, and 
the seed collected for additional tests to determine transfer rates of imazamox resistance. 

Crop year three was initiated by seeding Clearfield* and conventional wheat as scheduled 
according to the experimental protocol.  Heavy rainfall soon after seeding reduced emergence 
enough to require reseeding.  Although jointed goatgrass density counts were taken prior to 
replanting, tillage destroyed existing plants and no additional jointed goatgrass plants had 
emerged in permanent quadrates by mid-November. 

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: 
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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 in May 2003. 

10. PRODUCER RECOMMENDATIONS IN THE CENTRAL GREAT PLAINS: 

• Follow current Clearfield* 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. 

• 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. 

11. BUDGET REQUEST FOR FY2004:  $19,500, USDA CSREES-55 attached. 
Fiscal Year 2001 2002 2003 2004 2005 
Requested $18,000 $18,500 $19,000 $19,500 $20,000 
Received $18,000 $18,000 $19,500   

12. STATEMENT OF WORK TO BE CONDUCTED:  2004:  In the spring, grain sorghum 
will be established in the appropriate treatments (6-10).  Hybrids collected in 2003 will 
continue to be evaluated in environmentally controlled conditions for resistance transfer 
potential.  Hybrid collection will be conducted again in 2004.  Jointed goatgrass density, 
tiller numbers, dockage, and crop yield will continue to be recorded at appropriate intervals 
during the season.  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 Clearfield* 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  
       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  
        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, 2003a. 
 Jointed goatgrass counting 

date 
Jointed goatgrass tiller 

density at harvest 
  

Treatmentb March 24 September 9 Wheat yield Dockage 
 __________________________plants/m2_________________________ bu/A  % 
      
Certified Clearfield* - BMP 0.3 e   0.5 e   3.7 a 57.4 b 2.4 d 
    Imazamox (0.04 lb/A)      
      
Certified Clearfield* - BMP 2.0 c   4.7 c 11.7 a 55.4 d 2.3 e 
    Imazamox (0.024 lb/A)      
      
Bin-run Clearfield* - BMP 3.3 b   7.7 b 30.3 a 49.2 e 3.3 a 
    Imazamox (0.024 lb/A)      
      
Bin-Run Clearfield* - Conventional 0.8 d   1.2 d   2.7 a 56.1 c 2.7 c 
    Imazamox (0.024 lb/A)      
      
Jagger - Conventional 8.0 a 75.4 a 38.6 a 60.0 a 2.8 b 
    Sulfosulfuron (0.023 lb/A)      
a Means followed by the same letter do not significantly differ (α=0.05) 
b Herbicide applications were made with Beyond (imazamox) and Maverick Pro (sulfosulfuron).  Identical treatments for 2003 
 were grouped since subsequent rotations have not been implemented.
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     UNITED STATES DEPARTMENT OF AGRICULTURE                             OMB Approved 0524-0039 

                                           COOPERATIVE STATE RESEARCH, EDUCATION, AND EXTENSION SERVICE               Expires 03/31/2004 

BUDGET 
 
ORGANIZATION AND ADDRESS 
Kansas State University, Fairchild Hall #2, Manhattan, KS 66506 

USDA AWARD NO. 

DURATION 
PROPOSED 

MONTHS: _12_ 
 

Funds Requested 
by Proposer 

DURATION 
PROPOSED 

MONTHS: _____ 
 

Funds Approved 
by CSREES  
(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds 
(If required) 

Non-federal Cost-
Sharing/Matching 
Funds Approved 

by CSREES 
(If Different) 

 
PROJECT DIRECTOR(S) 
 
P.W. Stahlman, A.D. White, T.J. Martin, and V. L. Martin 

 A.  Salaries and Wages .........................   
CSREES-FUNDED WORK MONTHS 

 
 

 
 

 
 

 
 

 
1.  No. Of Senior Personnel 

 
Calendar 

 
Academic Summer 

 
a. ____ (Co)-PD(s) ................................................  

 
 

 
  

 
b. ____ Senior Associates .....................................  

 
 

 
    

 
  

 
2.  No. of Other Personnel (Non-Faculty) 
a. __1___ Research Associates/Postdoctorates ...................... 

 
 

3.5 
 

 
 

 
 

 
$9,940. 

 
 

 
 

 
 

 
b. ____ Other Professionals ..................................  

 
 

 
    

 
  

 
c. ____ Paraprofessionals ......................................................................................................    

 
  

 
d. ____ Graduate Students.....................................................................................................    

 
  

 
e. __1__ Prebaccalaureate Students ........................................................................................  $1,500.  

 
  

 
f. ____  Secretarial-Clerical ...................................................................................................    

 
  

 
g. ____ Technical, Shop and Other .......................................................................................    

 
  

 
      Total Salaries and Wages $11,440.    
 
B. Fringe Benefits (If charged as Direct Costs)     30% of 2a; 1.32% of 2e $3,002.  

 
  

 
C. Total Salaries, Wages, and Fringe Benefits (A plus B) $14,442.    
 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for 

each item.)     
 
E. Materials and Supplies $448.    
 
F. Travel $2,610.    
 
G. Publication Costs/Page Charges .    
 
H. Computer (ADPE) Costs     
 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, etc.  

Attach list of items and dollar amounts for each item.)     
 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts, and provide 

supporting data for each item)                              Land use : 6.25 acres at $160. $2,000.    
 
K. Total Direct Costs (C through J) $19,500.    
 
L. F&A/Indirect Costs (If applicable, specify rate(s) and base(s) for on/off campus activity. Where 

both are involved, identify itemized costs included in on/off campus bases.)           None allowed     
 
M. Total Direct and F&A/Indirect Costs (K plus L)     
 
N. Other     
 
O. Total Amount of This Request $19,500.    
 
P. Carryover -- (If Applicable)Federal Funds: $                            Non-Federal funds: $                            Total $                             

Q. Cost-Sharing/Matching (Breakdown of total amounts shown on line O)   Cash (both Applicant and Third Party)  
Non-Cash Contributions (both Applicant and Third Party) 

 
  

 NAME AND TITLE (Type or print)  SIGNATURE (required for revised budget only)  DATE 
Project Director 
 

  

 
Authorized Organizational Representative 
 

  

 
Signature (for optional use) 
 

  

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a collection of information unless it displays a valid OMB 
control number.  The valid OMB  control number for this information collection is 0524-0039.  The time required to complete this information collection is estimated to average 1.00 hour per response, 
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.Form 
CSREES-2004 (12/2000)
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BUDGET JUSTIFICATION:  
A. Salary and Wages. ($11,440) 

2a. 3.5 months salary for research associate who is responsible for plot maintenance, data 
collection, and day-to-day oversight of experiments.  3.5 mo x $2840 = $9,940. 
2e. Hourly labor to assist technical personnel in collecting data and processing samples.  
200 hr x $7.50/hr = $1,500. 

 
B. Fringe Benefits. ($3,002) 

Retirement and health insurance contributions for research associate calculated at rate of 
30.0% and for pre-baccalaureate labor calculated at rate of 1.32%. 

 
E. Materials and Supplies.  ($449) 

Seed ($100), fertilizer ($150), pesticides ($75), fuel and oil ($75), plot stakes, sample bags, 
and other expendables supplies such as paper, staples, pens, tape, film, plot signs, etc. ($49).  

 
F. Travel.  ($2,610) 

Lodging, per diem, and airfare for Principal Investigator and research associate to attend 
Jointed Goatgrass Review Meetings in 2005 in Vancouver, Canada. Meeting including travel 
time lasts 3 days.    

 
Airfare $550 x 2     = $1,100 
Lodging $65 x 3 nights x 2     =    $390 
Per diem $45 x 3 days x 2    =    $270 
Meeting registration $95 x 2    =    $190 
Truck & trailer mileage to site: 200 miles @ $0.75 x 3 trips =    $450 
Car mileage to site: 200 miles @ $0.35 x 3 trips  =    $210 
Travel Total         = $2,610 

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

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


