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NEW PROPOSAL 
 
1.   TITLE:  Determining and Confirming Imazamox-Resistant Jointed Goatgrass 
 
2.   PERSONNEL: Principal Investigators:  Frank L. Young 
     Joseph P. Yenish 
  Cooperators:  Robert S. Zemetra 
   Laylah Scarnecchia 
   Donn Thill 
   John Burns 
   Carol Mallory-Smith 
  
 
3.   TIME LINE:   Initiation:    July 1, 2006 
   Termination:   July 1, 2008 
 
    

 4.   HYPOTHESIS:  Extensive use of imi-resistant wheat technology will select for herbicide-
resistant jointed goatgrass. 
 
5.   SUMMARY OF PROPOSAL: An objective of a previous proposal (Determining Best Crop 
Rotation for Effective Jointed Goatgrass Control Using Imidazolinone Resistant Wheat) in the 
Pacific Northwest, was to determine the possibility of imi-resistant jointed goatgrass/winter 
wheat hybrids and/or imi-resistant jointed goatgrass populations developing in plots planted to 
imi-resistant winter wheat and sprayed with imazamox herbicide.  Recently, a greenhouse 
experiment was conducted on jointed goatgrass spikelets collected in 2004 from the Pullman site 
and the Pasco N site.  These spikelets were planted in flats and emerged plants were sprayed 
twice with 4 oz/A of imazamox herbicide.  Fifteen resistant-jointed goatgrass/winter wheat 
hybrids were discovered at the Pullman site.  Also, an additional 15 phenotypical jointed 
goatgrass plants from the Pullman site and 4 plants from the Pasco N site survived the herbicide 
screening.  Using plant material from one of the resistant jointed goatgrass phenotype plants, 14 
bivalent chromosomes were present in the metaphase of meiosis (personal communication, Dr. 
Robert Zemetra), which indicates this plant was jointed goatgrass.  Using spikelets from a 
susceptible jointed goatgrass plant and spikelets from a plant from each location (Pullman and 
Pasco N) that survived two, 4 oz applications of imazamox, we will conduct a dose-response 
study to confirm herbicide resistance has been naturally selected for in jointed goatgrass.  We 
will then conduct the herbicide screening greenhouse experiment on jointed goatgrass spikelets 
collected from Pasco S in 2005 (the third and final site) and follow up with a dosage-response 
experiment on surviving plants from this location.  Additionally we will provide plant material to 
Drs. Zemetra and Mallory-Smith to conduct genetic and isogenetic analysis to confirm jointed 
goatgrass resistance. 
 
6.   OBJECTIVES:  

1) Confirm imazamox resistance in jointed goatgrass via herbicide dosage-response 
experiments. 
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2) Determine if imazamox-resistant jointed goatgrass/winter wheat hybrids and 
populations of resistant jointed goatgrass biotypes are present at the third location 
(Pasco S) of the on-going study.  A Follow-up dose-response experiment will be 
conducted to confirm resistance in surviving plants at this location. 

 
7.   JUSTIFICATION: Jointed goatgrass continues to plague winter wheat growers of the 
United States despite the integration of many weed management strategies into crop production 
systems.  A recent technology has been to use imazamox-resistant winter wheat varieties to 
selectively control jointed goatgrass in the growing wheat crop (Ball et al 1999).  A recent 
review of herbicide-resistant weeds indicates there has been no documentation of imazamox-
resistant jointed goatgrass (www.weedscience.org/in.asp).  There is, however, documentation of 
an imazamox-resistant jointed goatgrass x wheat hybrid that occurred in the field by natural 
hybridization (Seefeldt et al 1998).  In our preliminary research, as part of a research proposal 
(“Determining Best crop Rotation for Effective Jointed Goatgrass Control Using Imidazolinone 
Resistant Wheat”) we have found additional imazamox-resistant jointed goatgrass x wheat 
hybrids and possibly imazamox-resistant jointed goatgrass in two of three field sites.  Using 
spikelets from suspected resistant jointed goatgrass plants a dose-response experiment will be 
conducted to confirm resistance in a jointed goatgrass population at Pullman and Pasco N, WA.  
Spikelet samples that have been collected from the third site in 2005 (Pasco S) need to be 
screened initially in the greenhouse to determine if resistant plants have possibly occurred at this 
site.  If imazamox-resistant jointed goatgrass is confirmed, then the predictive model (Hanson et 
al 2002) could be updated, and the Best Management Practices for using imi-resistant wheat 
needs to be modified to ensure this technology will be available in the future. 

   
8.   METHODS:  Dose Response Experiment (Objective 1):  Using protocol from a previous 
proposal (Determining Best Crop Rotation for Effective Jointed Goatgrass Control Using 
Imidazolinone Resistant Wheat) spikelets of jointed goatgrass were collected in 2004 from the 
Pullman site and the Pasco N site.  In the greenhouse, spikelets were planted and plants were 
sprayed twice with 4 oz of imazamox.  After surviving plants had undergone vernalization, 
plants were allowed to grow to maturity and produce seed.  Spikes and spikelets were collected 
and counted.  From this collection, spikelets from a known susceptible plant from Pasco N and 
spikelets from a suspect resistant plant from both Pullman and Pasco N will be used for the dose 
response study.  From each population five spikelets will be planted in pots filled with 
commercial potting soil.  Plants will be fertilized bi-weekly with a nitrogen based fertilizer.  
Prior to treatment, plants will be thinned to four plants per pot.  When plants are in the 3 to 4-leaf 
stage, they will be treated with 0, 1, 2, 4, 8, or 16 oz/A of imazamox + 2.5% UAN v/v + 0.25% 
surfactant v/v.  After treatment, plants will be evaluated visually at weekly intervals for percent 
control (0 = no injury and 100 = dead).  At 4 weeks after treatment plants will be harvested, dried 
at 40 C for 4 days, and weighed.  The study is designed as a randomized complete block with a 
two-factor factorial arrangement.  The first factor is the site and the second factor is the herbicide 
rates.  The experiment contains four replicates and will be repeated.   
 
Objective 2:  Jointed goatgrass spikelets were collected from the Pasco S site (third and final 
site) in 2005 and will be used for initial screening for resistance as was done with the 2004 
Pullman and Pasco N spikelets.  The number of spikelets for each sample will be counted and up 
to 100 spikelets representing each plant at each 10-foot plot mark will be planted into 8- x 12-
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inch, 2-inch deep flats.  Flats will be placed in a greenhouse with the temperature ranging from 
68 to 86°F and artificial light set on a 16-hour light-dark cycle.  Plants will be fertilized every 2 
weeks with a nitrogen-based fertilizer.  Various flushes of jointed goatgrass emergence and 
number of times plants have been sprayed will be noted by the use of colored toothpicks.  When 
plants reach the 3- to 5-leaf stage, they will be counted and sprayed with an application of 
imazamox (4 oz/A) + 2.5% UAN (v/v) + 0.25% surfactant (v/v).  Prior to the second application 
of imazamox (same rate as first application and two to three weeks following the first 
application), plants will be counted again, differentiating between live and dead plants.  Prior to 
any further applications of imazamox, the process will be repeated but the plants that survived 
the two prior imazamox applications will be transplanted to pots and transferred to a cold room 
where they will remain for at least 60 days to vernalize.  The cold room will be maintained at 
4°C with a 12-hour light cycle.  After vernalization, the resistant plants will be transferred back 
to the greenhouse to resume growth.  Before anthesis, two spikes per plant will be enclosed in 
bags to ensure self-pollination.  After plants have flowered and senesced, spikes and spikelets 
will be collected and counted.  A dose-response study, as previously described, will be 
conducted using a potential resistant representative from these collections.  Plant materials will 
be provided to Drs. Zemetra and Mallory-Smith to conduct genetic and isogenic analysis to 
confirm herbicide resistance. 
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10.  PLANNED TECHNOLOGY TRANSFER:  At field days and presentations at grower and 
professional meetings. 
 
11.  BUDGET: 

 Requested Requested 
 1 July 06-30 June 07 1 July 07-30 June 08 
Salary/Benefits $22,805 $22,805 
Travel $1,375 $1,500 
Materials & Supplies 
Publication 

$585 
$600 

$330 
--- 

Total $25,365 $24,635 
   
Total proposed budget for project: $50,000 
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BUDGET JUSTIFICATION 
2006-2007 

FRANK YOUNG 
 
We are requesting a total of $50,000 for the 2006-2007 funding cycle from the National Jointed 
Goatgrass Research Program.  With this funding we would cover 24 months of research 
regarding imi-resistance in jointed goatgrass.  The Associate in Research would be responsible 
for all the greenhouse/growth chamber studies, applying herbicide, planting seeds, harvesting 
plants, and collecting all data for dosage response studies as well as collecting seed in the field 
from the third location and determining initial resistance/tolerance in jointed goatgrass.  The 
Associate would organize all data, assist with data analysis, and write reports.  Hourly wage 
personnel would assist the Associate and Scientists with establishment and maintenance of the 
experiments and data collection. 
 

Year 1 Funding 
Salaries - Associate in Research 

4.5 months @ $2,220/mo         $9,990 
Benefits @ 49%          $4,895 

  - Hourly Wage Personnel  
600 hrs @ $12.00/hr         $7,200 
Benefits @ 10%               $720  

Subtotal $22,805 
 

Materials & Supplies 
(Potting soil $130; Printer cartridge & paper $110; Pots $130;     $585  
 Flats $95; Paper bags $90; Plastic stakes $30).             Subtotal           $23,390 

 
Travel – Portland, OR (March 2007)                  

(Airline ticket $450; Registration $125, Motel @ $100/night for             $1,375 
5 nights; Per Diem @ $50/day for 6 days)                                     Subtotal           $24,765 

 
Publication in Weed Science 
(Publication and Reprints)           $600 

TOTAL $25,365 
 

Year 2 Funding 
Salaries & Benefits – same as Year 1                  $22,805 
 
Materials & Supplies 
(Potting soil $55; Printer cartridge & paper $110; Pots $55;           $330 
 Flats $50; Paper bags $45; Plastic stakes $15)               Subtotal           $23,135 

 
Travel – Anaheim, CA (March 2008)                 
(Airline ticket $575; Registration $125, Motel @ $100/night for                $1,500  
  5 nights; Per Diem @ $50/day for 6 days) 

TOTAL $24,635 


