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HYPOTHESIS: Imazamox resistant jointed goatgrass found in Clearfield wheat research 
trials originated from naturally occurring independent mutation events and not from gene 
flow for Clearfield wheat carrying the gene for imazamox resistance.   
 
SUMMARY OF PROGRESS:  
 
After the first group of field derived apparent imazamox resistant plants were found to be 
susceptible upon imazamox screening of the third generation, a second set of plants were 
evaluated for resistance to imazamox.  Two sets of plants were screened with both showing 
segregation for resistance indicating the plants were not homozygous for the resistance gene.  
The first set were progeny from the first round of testing and the second set of seed came 
from 9 different plants (29 heads) that were found to be resistant were evaluated for 
resistance.  Percent resistant progeny ranged from 0 to 70% for the different plants.  Seed 
from the surviving plants were collected for initial dose response studies.  In a second round 
of evaluation one additional plant was identified as being potentially resistant to imazamox.  
Subsequent testing of lines showing potential resistance by both ARS-Pullman and Oregon 
State University failed to confirm imazamox resistance.  No additional plants were identified 
as potentially resistant so no additional tests were done in 2008.  Since no plants were 
identified as homozygous for imazamox resistance, objectives 2, 3 and 4 could not be 
accomplished in this study. 
 
OBJECTIVES: 
 

1. Determine if Imazamox resistant jointed goatgrass from two field trials is 
homozygous for the resistance gene. 

2. Determine is male and female transmission of the resistance gene is different. 
3. Determine if the genome location of the resistance gene is on the C or D genome. 
4. Determine if the mutation in the field derived resistant line is the same or different 

than the ALS gene mutation on the D genome in Clearfield wheat. 
 
EXPERIMENTAL DESIGN: 
 
Two to four resistant jointed goatgrass lines will be selected for evaluation from each field 
site.  These plants will have already been selfed using a glassine bag to insure no cross-
pollination.  The selfed progeny will be evaluated to determine if the resistant jointed 
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goatgrass lines are homozygous or heterozygous for resistance by spraying the plants at the 
four leaf stage with 4 oz. of Beyond in a greenhouse spray chamber.  Lines found to be 
homozygous will be used for crossing and as a source for DNA extraction. 
 
Crossing: 
 

1. Heterozygous plants will be created by crossing the resistant jointed goatgrass to 
susceptible jointed goatgrass.  The F1 plants will then be used in reciprocal crosses to 
susceptible jointed goatgrass using the approach method.  A minimum of 40 seeds 
will be produced from each direction of crossing.  The seed produced from the 
crosses will be planted and the seedlings screened at the four leaf stage with 4 oz. of 
Beyond in a greenhouse spray chamber to determine the number of resistance genes 
present (segregation ratio should be 1:1 for one gene, 3:1 for two genes) and 
determine if transmission rate differs between male and female gametes. 

 
2. Crosses to an Imazamox resistant jointed goatgrass that carries the ALS mutation 

found in Clearfield wheat will be made to determine if the resistance in the field 
derived resistant jointed goatgrass is on the C genome or the D genome.  Genome 
location will be determined by letting the progeny from the crosses self to produce F2 
progeny.  The F2 progeny will be planted then screened at the four leaf stage with 4 
oz. of Beyond in a greenhouse spray chamber to determine if any segregation for 
resistance is occurring.  If there is no segregation then the mutation is on the D 
genome but if there is segregation (expected ratio 15:1) then the resistance gene in the 
field derived resistant jointed goatgrass is on the C genome. 

 
Molecular evaluation of the mutation in the field derived resistant jointed goatgrass lines 
using molecular markers specific for the ALS mutation found on the D genome in Clearfield 
wheat cultivars.  DNA will be extracted and evaluated using primers developed from 
sequences provided by BASF for screening Clearfield wheat cultivars using Polymerase 
Chain Reaction (PCR).  If the PCR produces differ among the jointed goatgrass samples 
and/or between the jointed goatgrass samples and a Clearfield wheat control sample it would 
indicate the mutation or mutations in the field derived jointed goatgrass is/are different at the 
molecular level from the ALS mutation utilized in the Clearfield cultivars. 
 
To further confirm differences between the ALS mutation found in the Clearfield cultivars 
and the field derived jointed goatgrass lines or among the jointed goatgrass lines two studies 
would be conducted.  Progeny of the resistant jointed goatgrass lines along with a Clearfield 
wheat check cultivar will be screened for whole plant response and ALS enzyme activity 
with ALS inhibiting herbicides that show differing levels of damage on Clearfield wheat.  If 
the response of the jointed goatgrass lines to the different herbicides differ from that of the 
Clearfield wheat it would indicate that the mutation(s) in the jointed goatgrass are indeed 
different from the ALS mutation that confers imazamox resistance in Clearfield wheat. 
 
PROGRESS TO DATE: 
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To date none of the plants from field harvested seed were found to be homozygous for 
resistance.  From the first set of plants, progeny from seven 28 chromosome apparent 
resistant plants from the best plant evaluated in 2006 were screened with 1X (4 ounce) rate of 
imazamox with progeny segregating for resistance in a replicated test totaling 40 seeds per 
line.  Survival rates ranged from 22% to52% with a mean survival rate of 38%.  Seed from 
survivors in this generation were harvested for screening.  The presence of susceptible 
progeny indicates none of the seven plants were homozygous for resistance.  Seed from these 
plants were supplied to ARS-Pullman for a preliminary dose response test. 
 
Additional lines were screened that were derived from plants that survived an initial 
imazamox screening.  Twenty-nine heads from nine plants (ranging from 1 to 6 heads per 
plant) were screened at the 2 to 4 leaf stage with a 1X (4 ounce) rate of imazamox in the 
greenhouse.  Survival ranged from 0% to 70% for seedlings from a single head with survival 
for the individual plants ranging from 10% to 60%.  Seed from these plants were supplied to 
ARS-Pullman and Oregon State University for dose response tests.  Based on their results, 
none of the plants showed resistance to imazamox.  Since no jointed goatgrass lines were 
identified with stable resistance it was not possible to complete objectives 2 through 4.  No 
additional seed sources were supplied for evaluation in 2008. 
 
SUMMARY/CONCLUSIONS: 
 
Since no jointed goatgrass plants were found to have stable imazamox resistance it was not 
possible to complete objectives 2 through 4.  While it was not possible to find homozygous 
plants with resistance to imazamox, the research did raise questions concerning the reason for 
survival of jointed goatgrass plants through two generations of selection using imazamox.  At 
present it is not possible to determine the reason for the survival of these plants through two 
generations of exposure to the herbicide to then lose their resistance in a subsequent 
generation but it may be worth further study to determine how trans-generational escape or 
resistance of jointed goatgrass can occur that is not stable in subsequent generations.  The 
good news from this study is that the jointed goatgrass plants iinitially observed to be 
resistant to imazamox were not resistant after all indicating that development of imazamox 
resistant jointed goatgrass is not occurring as rapidly as it was first indicated from the 
preliminary results of this study. 
  
PUBLICATIONS:  None for this period 
 
PLANNED TECHNOLOGY TRANSFER: Results from this study will be published in 
refereed journals and presented at regional and national meetings.  The results will also be 
incorporated where appropriate into extension management guides associated with the 
National Jointed Goatgrass Initiative.  
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