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ORIGINAL HYPOTHESIS:  Crop rotations, herbicide-resistant cultivars, and improved 
planting technologies are presently available to winter wheat producers which improve jointed 
goatgrass management and increase profit margins compared to traditional winter wheat-fallow 
systems in the intermountain region. 
 
SUMMARY OF PROGRESS:  This project originated the first year of the 21st century in hopes 
of developing Best Management Practices for jointed goatgrass elimination since this weedy 
species was rapidly becoming the predominate threat to sustainable winter wheat production in 
the intermountain region of the United States. Because of alarming jointed goatgrass invasion in 
the preceding decade and extreme precipitation shortages, intermountain winter wheat farmers 
began searching for alternative crops in order to save their farms. Broadleaved crops capable of 
satisfactory dryland production such as safflower, canola, sunflower, and others, generated 
considerable attention as substitutes for winter wheat. Scientists at nearby Experiment Stations 
rapidly demonstrated the benefits of combining these new crops into winter wheat rotations to 
sustain wheat production, greatly reduce or eliminate weeds, and simultaneously develop new 
commodity markets for farmers of the region. Results of a 5-year study reported here, 
substantiate the positive response of inserting a broadleaf spring crop, along with its appropriate 
agronomic culture, into the winter wheat-fallow rotation.  Present estimates suggest that most 
winter wheat growers with significant jointed goatgrass infestations have already successfully 
adopted this new technology for their acreages. Some wheat producers are trying herbicide-
resistant wheat cultivars being developed in the region which allow selective chemical weed 
control. Economic analyses of the BMPs reveal that growers are not penalized by alternative 
rotations due to recovered yields of wheat and an added spring crop during a six-year interval. 
 
OBJECTIVES: 
1. Develop BMP recommendations to control jointed goatgrass in the intermountain dryland 

winter wheat growing areas. 
2. Determine the degree that amended crop rotations, employing safflower, spring wheat, and 

BMPs, manage jointed goatgrass infestations in subsequent wheat crops.  
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3. Compare BMPs with a separate conjoint study of the efficacy of using an imidazolinone-
resistant winter wheat cultivar to control jointed goatgrass. 

4. Provide economic analysis of BMPs compared to traditional cultural practices and contribute 
to and test the effectiveness of the jointed goatgrass bioeconomic model. 

 
 
EXPERIMENTAL DESIGN:                                                                                  
Two test sites with natural jointed goatgrass populations, one in southern Idaho and one in Utah, 
were selected.  BMPs investigated and compared included: amended crop 
rotations utilizing safflower and/or spring wheat, variable tillage, earlier crop planting date, more 
competitive cultivars, and use of imidazolinone-resistant winter wheat cultivars.  A comparison 
between traditional crop rotation sequence of winter wheat-fallow-winter wheat versus winter 
wheat-safflower-fallow and/or winter wheat-spring wheat-fallow for a minimum of five years 
was completed.  Producers were responsible for planting, fertilizing, and tilling the fields.  
Researchers conducted spraying and harvesting with a harvester equipped to take seed samples 
for test weight, yield, quality, and dockage.  An economic analysis of BMPs, with amended 
rotations, is being prepared which will contrast the results of these 5-years studies with 
traditional production practices used in each site area.   
 
UTAH CONCLUSIONS: 
Fields with high potential for jointed goatgrass infestation at the Blue Creek Experiment Station 
in northern Utah provided opportunities to compare traditional winter wheat-fallow-winter wheat 
rotations, with jointed goatgrass best management strategies including safflower-fallow-winter 
wheat rotation possessing measurably different annual grassy weed management capacity   
(Table 1).  Plots were 40 x 300 feet, with three replications. 
  
Table 1. Comparing rotations of winter wheat-fallow-winter wheat and safflower-fallow-winter 
wheat. 
 Year 
Rotation 2000 2001 2002 2003 2004 2005 
     11 Wheat Fallow Wheat Fallow Wheat Fallow 
     2 Safflower Fallow Wheat Safflower Fallow Wheat 
1Plots with traditional wheat-fallow-wheat rotation. 
Wheat cultivars used are standard winter wheat varieties adapted for the area. 
 
Imidazolinone-resistant winter wheat (CV9804), treated with imazamox, was compared with the 
best available competitive winter wheat variety to manage jointed goatgrass in a winter wheat-
fallow-winter wheat rotation (Table 2).  Treatments were replicated three times with plot size of 
40 x 300 feet. 
 
Table 2. Replacing standard winter wheat with an imidazolinone-resistant winter wheat, CV 
9804, with or without imazamox treatment to manage jointed goatgrass. 
 Year 
Rotation 2000 2001 2002 2003 2004 2005 
     11 Fallow Wheat Fallow Wheat Fallow Wheat 
     3 Fallow CV98042 Fallow CV98042 Fallow CV98042 
     3a Fallow CV9804 Fallow CV9804 Fallow CV9804 
1Plots with traditional wheat-fallow-wheat rotation. 
2CV9804 wheat with application of imazamox herbicide 
Wheat cultivars used are standard winter wheat varieties adapted for the area. 
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The final year (2005) of a five-year study confirms the positive role played by inserting a spring 
crop into the winter wheat-fallow rotation.  Safflower draws upon soil moisture and fertility not 
used by wheat and can be grown immediately after wheat in the rotation to provide an additional 
cash crop. This allows the use of effective jointed goatgrass herbicides, appropriate for the 
alternative crop, to be integrated into the over-all rotation. Jointed goatgrass densities commonly 
increase in wheat with each repeat of the traditional wheat-fallow-wheat rotation. Each year of 
the 5-year study, jointed goatgrass reproductive tillers/yd2 were counted in every crop of the 
tested rotations about two weeks prior to crop harvest. Jointed goatgrass populations increased 
yearly in the winter wheat-fallow from nearly five tillers/yd2 in 2001 to about 40 tillers/yd2 in 
2005; an increase of approximately 8-fold. Jointed goatgrass tiller densities decreased in wheat 
grown in the safflower-fallow-wheat rotation. Wheat yields also increased with the safflower-
fallow-wheat when the two rotations were compared probably the result of improved weed 
management. In addition to increased crop yield and lowered jointed goatgrass numbers, the 
safflower-fallow-wheat rotation provided one additional crop (safflower) harvest during the 
study interval compared to the traditional rotation providing a strong incentive for growers to 
favor the altered rotation.  
 
Table 3.  Jointed goatgrass densities and winter wheat yields in the fourth cyle of wheat-fallow-
wheat rotation versus safflower-fallow-wheat rotation. 

Rotation JGG in seedling wheat 
4/25/05 

JGG in wheat at harvest 
9/02/05 

Wheat yield 
9/06/05 

 seedlings/yd2 rep. tillers/yd2 bu/A 
Wheat/fallow/wheat 18.6 37.6 62.8 
Safflower/fallow/wheat 0 0 65.3 
LSD0.05 NS 21.1 6.3 
 
Introducing safflower together with its associated agronomic procedures, such as grass-killing 
selective herbicides and spring cultivation, into the traditional wheat rotation rapidly caught the 
attention of wheat growers in Utah. Estimates suggest that most winter wheat producers in Utah 
have adopted the safflower-fallow-winter wheat rotation wherever jointed goatgrass is prevalent. 
This practice is quickly becoming the number one strategy against this and other weedy grasses 
as well as providing some financial incentive especially during the drier years. 
 
The study addressing Objective 3 compared herbicide-resistant wheat, sprayed or not-sprayed 
with imazamox herbicide, with standard wheat cultivars and confirmed that jointed goatgrass 
growing together with wheat can be removed with herbicides if the wheat has satisfactory 
tolerance to materials sufficiently active to kill the weeds. Jointed goatgrass populations in wheat   
where safflower was included in the rotation were very low, averaging less than 1 jointed 
goatgrass seedling/yd2 in both the sprayed and unsprayed fields. These fields revealed in 2003 
that jointed goatgrass emerging with the seedling wheat can be selectively removed with 
herbicides provided herbicide-resistant wheat cultivars are planted even in the traditional wheat-
fallow-wheat rotation. Several imidazolinone-resistant wheat cultivars are available for the 
intermountain region with some farmers using them under extremely variable and difficult field 
situations. 
    
IDAHO CONCLUSIONS:  
The fifth cropping year of a 5-year trial was completed in 2005.  The location was approximately 
15 miles south of American Falls, in Power County, Idaho on a commercial wheat-fallow 
dryland farm.  All tillage and harvesting operations were preformed by the cooperating grower. 
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Winter wheat ('Sprague') was seeded September 28, 2001, at two seeding rates (60 and 90 lb/A) 
and Clearfield wheat also was seeded at 60 lb/A. Due to dry conditions in the fall, wheat 
emergence was very poor and no jointed goatgrass emergence was observed in the fall.  Much of 
the wheat and all of the jointed goatgrass emerged in spring 2002.  Winter wheat (‘Sprague’) was 
seeded in September 2003.  Due to dry conditions in the fall, wheat emergence was again very 
poor and no jointed goatgrass emerged in the fall.  Much of the wheat and all the jointed 
goatgrass emerged in the spring of 2003.  Winter wheat (‘Sprague’) was seeded in September 
2004, at two seeding rates (70 and 105 lb/A) and Clearfield wheat also was seeded at 70 lb/a.  
Due to dry condition in the fall, wheat emergence was erratic and no jointed goatgrass emerged.  
All of the jointed goatgrass emerged in the spring of 2004 along with much of the winter wheat.  
 
All Clearfield wheat plots were sprayed May 16, 2002, with tank mixture of imazamox + 
bromoxynil & MCPA at 0.04 + 1.0 lb ai/A to control jointed goatgrass, downy brome, and 
Russian thistle.  The conventional wheat was sprayed with bromoxynil & MCPA only at 1.0 lb 
ai/A for Russian thistle control.  Herbicides were applied with a tractor-mounted sprayer 
calibrated to deliver 10 gpa using 11001 flat fan nozzles.  All plots were inspected visually for 
crop injury and weed control on May 29.  Jointed goatgrass and Russian thistle control in the 
Clearfield wheat plots was 90 to 99%, while the downy brome control was marginal (~70%). In 
the conventional wheat, jointed goatgrass was not controlled while Russian thistle was 
effectively controlled at 95%. 
 
On June 25, 2002, June 19, 2003, and June 8, 2004 wheat and jointed goatgrass populations were 
sampled in each plot.  Only jointed goatgrass plant densities were measured in 2001 and 2005.  
Populations were estimated by counting the number of jointed goatgrass plants, heads per plant, 
wheat plants, and wheat tillers per plant.  The jointed goatgrass counts were taken in four 15-inch 
wide by the length of the plot (200 ft) areas evenly spaced in each plot for a combined area of 10 
ft. by 200 ft. (2000 ft2) in each plot. Wheat counts were taken in four 2-meter lengths down a row 
of wheat four times evenly throughout the plot.    
 
In 2002 the four sampling areas were averaged within each plot and jointed goatgrass densities 
were 9 and 15.3 plants/m2 in the 60 and 90 lb/A conventional wheat seeding rates, respectively 
and 0.6 plants/m2 in the Clearfield wheat.  In 2003, the average density over the four sampling 
areas within each plot for jointed goatgrass averaged 0.3 plants/m2.  In 2004, the average density 
over the four sampling areas within each plot for the Clearfield wheat was 0.4 plants/m2.  Jointed 
goatgrass densities averaged 0.6 and 0.5 plants/m2 in the 70 and 105 lb/A conventional wheat 
seeding rates,respectively. In 2005 the average density of jointed goatgrass over the four 
sampling areas within each plot was 13.2 plants/m2. 
 
In 2002, due to a harvesting error by the cooperator, grain yield was not obtained for the two 
conventional wheat-seeding rates.  The average yield of the two conventional seed rates was 68 
bu/A compared to 31.9 bu/A in the Clearfield wheat.  The summers of 2003 and 2004 were 
extremely dry and caused the wheat yield to be very low.  In 2004, due to a harvesting error by 
the cooperator, grain yield for one plot was not obtained for the 70 lb/A conventional wheat-
seeding rate and only an 18 ft swath the entire length of the plot was harvested for the 105 lb/A 
seeding rate.  Average yield for the conventional seed rates was 22.3 bu/A compared to 22.1 
bu/A in the Clearfield wheat and was not significantly different. 
 
Analysis of the data for jointed goatgrass density over the three crop rotations from 2001 to 2005 
revealed an extreme heterogeneity of variance and precluded a standard analysis of variance. 
Therefore the data were transformed using a rank sums procedure and a Kruskal-Wallis test was 
employed to decipher differences in jointed goatgrass densities. Average jointed goatgrass 
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densities varied widely from year to year both inside and across crop rotations. However, 
significant differences in jointed goatgrass density were only detected between the conventional 
and Clearfield wheat rotations in 2002.
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Table 4.  Jointed goatgrass and wheat counts and wheat yield near Rockland, Idaho. 
  Jointed goatgrass  Wheat 
Treatment  Plants Heads  Plants Tillers Yield 
  #/m2 heads/plant  #/m2 #/plant bu/A 
        
2001  0.86 -  - - - 
2002  6.56 2.35  19.45 3.5 50 
2003  0.26 0.33  43.7 5.0 11.5 
2004  0.33 0.063  36.15 9.27 22.2 
2005  13.23 -  - - - 
        
P >F1    (P=0.023) (P=0.008)  (P=0.002) (P=0.111) (P=0.0047)
1Due to extreme heterogeneity of density data, P values were obtained using nonparametric  
analysis (Kruskal-Wallis) at the 0.05 level of significance 
 
 
Table 5.  Jointed goatgrass density and head counts compared to different seeding rates of 
conventional wheat and a single seeding rate of Clearfield wheat in 2002 and 2004 near 
Rockland, Idaho. 
  Jointed goatgrass density Jointed goatgrass heads 
Treatment  2002 2004 P>F 2002 2004 P>F1

  ---------------#/m2------------------ ----------------heads/plant-------------- 
        
F-W-F (low)  9.2 0.64 (P=0.07) 2.8 0.64 (P=0.61) 
F-W-F (high)  15.3 0.48 (P=0.42) 3.5 0.48 (P=0.17) 
F-Cw-F  0.63 0.44 (P=0.49) 1.6 0.44 (P=0.001) 
        
P>F1  (P=0.25) (P=0.77)  (P=0.18) (P=0.22)  
1Due to extreme heterogeneity of density data, P values were obtained using nonparametric  
analysis (Kruskal-Wallis) at the 0.05 level of significance. 
 
Table 6.  Wheat density counts and tiller counts compared to different seeding rates of 
conventional wheat and a single seeding rate of Clearfield wheat in 2002 and 2004 near 
Rockland, Idaho. 
  Wheat density  Wheat tillers 
Treatment  2002 2004 LSD (0.05)  2002 2004 P>F1 
  ---------------#/m2---------------  -----------------#/plant-------------------
         
F-W-F (low)  21.8 43.3 10.3  4.2 4.2 (P=0.18) 
F-W-F (high)  19.3 34.3 5.9  3.5 4.8 (P=0.23) 
F-Cw-F  18.3 33.6 6.4  3.1 3.6 (P=0.56) 
         
LSD (0.05)  ns 8.16   ns ns  
1Due to extreme heterogeneity of density data, P values were obtained using nonparametric  
analysis (Kruskal-Wallis) at the 0.05 level of significance. 
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Table 7.  Conventional wheat yield and Clearfield wheat yield for 2002 and 2004 near Rockland, 
Idaho. 
 Wheat yield 
Treatment 2002 2004 LSD (0.05) 
 ----------------------------------------bu/A--------------------------------------- 
    
F-W-F 68.0 22.3 28.4 
F-Cw-F 31.9 22.1 ns 
    
LSD (0.05) 26.2 6.8  
 
 
Table 8. Mean jointed goatgrass densities across three crop rotations, and five years near 
Rockland, Idaho. 
 Jointed goatgrass density 
Treatment 2001 2002 2003 2004 2005 P > F1

 ---------------------------------------plants/m2---------------------------------------- 
       
F-W-F-W-F 0.67 12.48 - 0.55 36.08 (P=0.12) 
       
S-F-W-S-F 0.416 - 0.263 0 3.208 (P=0.08) 
       
F-Cw-F-Cw-F 1.5 0.633 - 0.443 0.407 (P=0.74) 
       
P > F1 (P=0.69) (P=0.05) - (P=0.06) (P=0.19)  
1Due to extreme heterogeneity of density data, P values were obtained using nonparametric  
analysis (Kruskal-Wallis) at the 0.05 level of significance. 
 
 
Table 9. Mean jointed goatgrass densities of three crop rotations over five years near Rockland, 
ID. 
Treatment Jointed goatgrass density 
 -----------------------plants/m2---------------------- 
  
F-W-F-W-F 12.44 
  
S-F-W-S-F 0.97 
  
F-Cw-F-Cw-F 0.75 
  
P > F1 (P=0.15) 
1Due to extreme heterogeneity of density data, P values were obtained using nonparametric  
analysis (Kruskal-Wallis) at the 0.05 level of significance. 
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BUDGET: UTAH 
Budget Timeline 
Fiscal Year Requested ($) Received ($) 
2000 8000 8000 
2001 8000 8000 
2002 8000 8000 
2003 8000 8000 
2004 8000 8000 
 

 
  BUDGET: IDAHO 
Budget Timeline 
Fiscal Year Requested ($) Received ($) 
2001 8000 8000 
2002 8000 8000 
2003 8000 8000 
2004 8000 8000 
2005 6,916 6916 
 
Proposed five-year budget: 1 July 2000 to 30 June 2005. 
 00-01 01-02 02-03 03-04 04-05 Totals ($) 
Idaho 8000 8000 8000 8000 8000 40000 
Utah 8000 8000 8000 8000 8000 40000 
Totals ($) 16000 16000 16000 16000 16000 80000 
 
Fiscal year 2005:  Utah 
1 July 2004 to 30 June 2005 
 
ADDITIONAL FUNDS FOR UTAH – not requested 
 
Fiscal year 2005: Idaho 
1 July 2004 to 30 June 2005 
 
ADDITIONAL FUNDS FOR IDAHO – not requested 


