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

 4.  ORIGINAL HYPOTHESIS:  Extensive use of imi-resistant winter wheat (WW) technology 
will select for herbicide-resistant jointed goatgrass. 
 
5.  SUMMARY OF PROGRESS:  As in the past herbicide resistance screening studies, jointed 
goatgrass (JGG) spikelets collected in the field from the 2005 Pasco S site were planted in flats 
and emerged plants were sprayed twice with 4 oz/A of Beyond herbicide (Screening 1).  The 
Pasco S site produced 9 phenotypical JGG plants and 1 hybrid that survived the screening 
process to produce seed (Table 1).  Interestingly, all of these surviving plants can be traced back 
to 3 different string-line samples within the same plot (Plot 305).  A total of 30 spikes from the 9 
surviving phenotypical JGG plants (2-5 spikes per plant) were given to Dr. Zemetra to conduct 
genetic and isogenetic analysis to confirm resistance (Table 1).  Spikes provided to Dr. Zemetra 
were bagged prior to anthesis to ensure self-pollination.  The Zemetra team planted up to ten 
individual seeds from each spike (which will from this point be referred to as lines) and sprayed 
them once with 5 oz/A of Beyond (Screening 2).  Ninety plants total survived this application 
with 0 to 7 survivors per line.  The surviving plants were vernalized, grown to maturity, allowed 
to senesce, and seed were collected.  After collaboration between our two teams we will initiate a 
final screening study (Screening 3) with lines from Dr. Zemetra that had at least a 50% 
survivability rating.  The plants will be sprayed with one 5 oz/A application of Beyond at the 
appropriate growth stage.  Of the 30 lines tested by Dr. Zemetra only 9 lines had a survival rating 
of 50% or greater.  Each of these 9 lines contained from 5 to 7 surviving plants (Table 1).  It is 
noteworthy to mention that although a particular group of lines (spikes) was derived from the 
same parent plant they exhibited significantly different survival ratings.  For example, 4 lines 
from a particular parent plant had survival ratings ranging between 0 to 70%, while another, with 
3 lines from a particular parent plant, had survival ratings ranging from between 10 to 25%.  Due 
to this unexpected phenomenon, survivor plants for a particular line were examined as separate 
samples so their identity could be preserved.  Our final herbicide screening study (Screening 3) 
will conclude in late-February of 2008.  Any surviving samples with a 75% or higher survival 
rating will be given to Dr. Mallory-Smith for determination of the mechanism of resistance.  A 
dose-response study will also be conducted with these samples.   
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6.  OBJECTIVES: 
1.    Preliminary confirmation of imazamox resistance in JGG via a multiple-screening study, 

of which the final screening is being conducted presently. 
2.  Determine if imazamox-resistant JGG/WW hybrids and populations of resistant JGG 

biotypes are present at the third location (Pasco S) of the study.  If the final screening 
study produces samples with a 75% or greater survival rating a follow-up dose-response 
study will be conducted to confirm resistance.  In addition survivor samples from the 
third screening will be supplied to Dr. Mallory-Smith for determination of the 
mechanism of resistance. 

 
7.  EXPERIMENTAL DESIGN:   
Objective 1:  The herbicide screening experiment is a randomized complete block design.  There 
were 9 lines out of the 30 tested by Dr. Zemetra that had a 50% or greater survival rating.  Each 
of the 9 lines had anywhere from 5 to 7 surviving plants that were each tested separately 
resulting in a total of 51 samples to be screened for resistance.  Samples were replicated 5 times 
(to ensure a minimum of 4 replicates were present throughout the duration of the study).  The 
experiment was repeated (referred to as Run 1 and Run 2).  Imi-resistant and susceptible 
“Lambert” soft white winter wheat was used as the double-controls.  The two experiments were 
run in the same greenhouse but offset by 1 week and were run on separate benches.  To grow and 
prepare plants for the dose response study, six primary seeds were planted in pots filled with 
commercial potting soil.  Plants were fertilized bi-weekly with a nitrogen-based fertilizer.  Prior 
to treatment, plants were thinned to 4 plants per pot.  Thinning was conducted in a manner to 
ensure uniformity among pots within replicates and between replicates.  When plants were in the 
4-leaf stage, they were treated with 5 oz/A of imazamox + 2.5% UAN v/v + 0.25% surfactant v/v 
(also referred to as a 1X rate).  Plants were grouped by replicate and sprayed together.  Plants 
were visually rated for percent survivability approximately four weeks (~28 days) after treatment 
(4 alive = 100% survivability, 3 alive = 75% survivability, 2 alive = 50% survivability, 1 alive = 
25% survivability, 0 alive = Ø survivability).  
 
Objective 2:  If there are sample from the final herbicide screening experiment with a 75% or 
great survivability rating a dose response study will be conducted.  Which line or lines and which 
generation of seed the dose response study should be conducted with will be determined at the 
conclusion of the final herbicide screening experiment through collaboration with Dr. Zemetra 
and Dr. Mallory-Smith.  The dose response experiment will be conducted similarly to the one 
conducted previously on the selected 2004 Pasco and Pullman samples that yielded no surviving 
plants. 
 
8. PROGRESS/CONCLUSIONS: 
Objective 1.  In process. 
 
Objective 2.  To be conducted only if final herbicide screening study produces survivor plants. 
 
9.  PUBLICATIONS:  None. 
 
10.  TECHNOLOGY TRANSFER ACTIVITIES:  None. 
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11. BUDGET:  Have not received second year’s funds. 

 Requested Received Requested Received 

 1 July 06-30 June 
07 

1 July 06-30 
June 07 

1 July 07-30 June 
08 

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 $25,000 $24,635  
 
Total proposed budget for project: $50,000.  Total received: 
 
 
12.  STATEMENT OF WORK TO BE CONDUCTED:  A dose response study will need to 
be conducted if there are survivors from the final herbicide screening experiment.  The 
generation of seed the dose response study should be conducted with will need to be determined.  
A seed increasing period may be required depending on the size of the seed lot for the 
generations chosen for the dose response study.   
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Table 1.  Pasco S 2005 potential resistant plant history

Survival 
rating

# of survivors produced for lines with a 
survival rating of 50% or > (these plants are 

to be used in SCREENING 3)

-ln(1 of 2)

-ln(2 of 2)

-ln(1 of 3) 75
-ln(2 of 3) 40
-ln(3 of 3) 40

-ln(1 of 2) 50

-ln(2 of 2) 70

-ln(1 of 3) 10
-ln(2 of 3) 13
-ln(3 of 3) 25

-ln(1 of 5) 20
-ln(2 of 5) 50
-ln(3 of 5) 22
-ln(4 of 5) 40
-ln(5 of 5) 11

-ln(1 of 4) 44
-ln(2 of 4) 50

-ln(3 of 4) 50
-ln(4 of 4) 20

-ln(1 of 4) 50

-ln(2 of 4) 60

-ln(3 of 4) 70
-ln(4 of 4) 0

-ln(1 of 4) 40
-ln(2 of 4) 10
-ln(3 of 4) 10
-ln(4 of 4) 0

-ln(1 of 3) 25
-ln(2 of 3) 0
-ln(3 of 3) 10

3 spikes/lines 
were supplied 

to Dr. Z
305-9-(1 of 1)Produced                      

1 survivor305-10

4 spikes/lines 
were supplied 

to Dr. Z
305-9-(5 of 6)

4 spikes/lines 
were supplied 

to Dr. Z
305-9-(6 of 6)

5 spikes/lines 
were supplied 

to Dr. Z
305-9-(3 of 6)

4 spikes/lines 
were supplied 

to Dr. Z
305-9-(4 of 6)

(dropped)

3 spikes/lines 
were supplied 

to Dr. Z

2 spikes/lines 
were supplied 

to Dr. Z
305-4-(1 of 2)

3 spikes/lines 
were supplied 

to Dr. Z

2 spikes/lines 
were supplied 

to Dr. Z

305-9 Produced 6 survivors

Plot 
Sample 
(Field)

305-4-(2 of 2)

305-9-(2 of 6)

305-9-(1 of 6)

Produced 2 survivors

Results from SCREENING 2Spikes from plants that survived 
SCREENING 1 supplied to Dr. 

Zemetra

Results from SCREENING 1 
(evaluation of 2005 field samples)

305-4
6

5

7

5

5

5

5

6

7


