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!lQ!}y!!Y.!ll:Q.!:ill<~iTI1!:Ql.!.!L~&!«~S!Q.llil:§!!lnL~ru!!l!l~2.!£,. James R. Sebastian and K.G. Beck. of 
Sciences and Pest Management, Colorado State Fort CO Downy brome 

is a common annual grass weed that is a problem on rangeland and roadsides throughout Colorado. 

was established near Fort CO to evaluate control ofBROTE with imazapic herbicide. The 
was designed as a randomized block with four replications. was applied on October 

11, 2001 when BROTE was 85 to 90% dormant and 10 to 15% of the plants were at 3 leaf to 1 tiller growth 
All treatments were applied with a CO2-pressurized backpack sprayer using 11 002LP flat fan nozzles at 21 
14 psi. Other information is presented in Table 1. Plot size was 10 30 feet. 

Visual evaluations for control compared to non-treated control plots were collected on June and October 
18, 2002 approximately 6, 7, and 12 months after treatments (MAT) were applied. at 0.5 oz ai/a controlled 
more than 80% of downy brome 6 and 7 MAT, while 1.0 to 3.0 oz ai/a controlled 100% of downy brorne at these 
same evaluation dates. Late summer and fall rain stimulated downy brome in 2002, which caused 
residual control of brome by to When data was collected 12 MAT, controlled 
from 51 to 74% of brome, 

Table /, Application data for downy brome control on Colorado pasture with 

Application date October II, 200 I 
Application time 11:00 am 
Air temperature, F 55 
Relative humidity, % 45 
Wind mph o to 1 

(in,) 

October II, 200 1 BROTE Dormant 
BROTE 3 leaf to 1 tiller 4 to 7 

Table 2. brome control in a Colorado pasture with Irn07onM' 

Imazapic 
Imazapic 
Control 

85 
100 
100 
100 
100 
0 

84 
96 
99 
100 
lOa 
0 

51 
63 
63 
67 
74 
a 
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Downy brome control with imazapic on arid rangeland. Steven A. Dewey, R. William Mace, and Travis M. 
Osmond. (Department of Plants, Soils, and Biometeorology, Utah State University, Logan, Utah 84322-4820). 
Downy brome (BROTE) dominates many rangeland areas in Utah providing little useful forage compared to more 
desirable grass species. Imazapic compared to two other standard treatments was evaluated for downy brome 
control in conjunction with reseeding at two heavily infested sites; one location near Tintic, Utah, and the other 
further south near Beaver, Utah. Treatments were applied to 10 by 30 foot plots with a backpack CO2 sprayer using 
T-jet 015 nozzles providing a 10 foot spray width calibrated to deliver 25 gpa at 40 psi. The soil at the Tintic site 
was a fine sandy loam with 7 pH and O.M. content of less than 1%. Soil at the Beaver site was a silty clay with 7 
pH and O. M. content of less than I % . All imazapic and sulfometuron treatments were applied at both sites on 
October 28, 2000. Treatments were applied in a randomized block design with three replications. Glyphosate was 
applied April 6, 200 I. Downy brome was 1 inch tall at the time of fall application and 2 to 3 inches high when 
treated with glyphosate . The plots were seeded to Syn A Russ ian Wild Rye, Secar Snake River Wheat Grass and 
forage kochia on April 6, of 200 1. Both sites were evaluated for downy brome and annual mustard species control 
on July 19, 200 I and October 24 , 2002 . The first seeding failed and the plots were seeded again on April 4, 2002. 
The second planting largely failed and plots were seeded again October 24, 2002. 

Evaluations in 200 I showed excellent control of downy brome from all treatments at both locations. By October of 
2002 control from the lowest rate of imazapic, imazapic+2,4-D and glyphosate had dropped below 70 percent at 
Tintic, but remained above 95 percent for all treatments at Beaver. Weedy mustard's had begun to invade the plots 
by October, 2002, at both locations. Severe drought conditions throughout the entire experiment undoubtedly 
played a key role in the results. Evaluations will continue for the next several years. 

Table 1 Downy brome control with imazapic. 

Beaver Tintic 
BROTE Mustard BROTE Mustard 

Treatment Rate 7-19-01 10-2-02 7-19-01 10-2-02 7-19-01 10-24-02 10-24-02 

lb ai/A ------------------ -- ---- --- -----------0/0 Co n tro I --------------------------- ---------- -- ---­

Untreated 0 0 0 0 0 0 0 

lmazapic' 0.125 100 100 77 65 57 67 30 

Imazapic' 0.25 100 100 92 63 50 89 40 

Imazapic' 0.375 100 99 98 84 83 96 53 

[mazap ic' 0.5 100 99 97 90 87 98 83 

Imazapic' 0.625 100 100 100 90 92 98 92 

Imazapic+2,4-D' 0.375 95 100 67 32 17 37 20 

Sulfometuron 0.035 100 97 68 17 70 88 10 

Glyphosate 0.5 99 100 52 20 77 50 7 
LSD (0.05) 33 44 35 26 37 35 

a NIS at 0.25%. 
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='-'-'-"'--'-'''-'-''='-''-''''''-'-!.-''.!-'-'-''-'-'-'--'-'-'-'~~",-!!='-'=~'''-'-'='-':..,L..:='''-''!.=:'''==c!!' Steven A. Dewey, R. William and 
and Biometeoro!ogy, Utah State University, Logan, Utah 84322­

4820). Downy brome (BROTE) control with was evaluated in conjunction with reseeding on adjacent 
light and heavily thatched downy brome pastures near Mt. Pleasant, UT. Downy brome thatch was estimated to 
cover approximately 10 to 15 percent of the soil surface at the thatched location, and 95 to 100 percent (l 
inch deep) at the heavily thatched site. Treatments were to 10 by 30 foot plots with a backpack sprayer 
using 0 IS nozzles providing a 10 foot spray width calibrated to deliver 25 gpa at 40 psi. The soil was a loam 
texture with 7.7 pH and O.M. content of less than 2%. + 2,4-0, and sulfometuron treatments 
were applied on February 7, 2002 in a randomized block with three replications. GJypIJosme was on 
March 28, 2002. Downy brome was I inch high on 7, and 1.5 inches high for the glyphosate treatment 
The plots were seeded to SYl1 A Russian Wild Secar Snake River Wheat Grass and forage kochia on Fpl~nl"'rv 
28,2002. Both sites were evaluated for downy brome control on October 7, 2002. 

All treatments except glyphosate provided excellent control of downy with no apparent differences due to 
surface thatch. Due to severe drought conditions none of the seeded grasses and kochia emerged or 
survived. Plots were again on October 2002. Evaluations will continue for the next several years. 

Table 1 brome control with imazapic. 

Treatment Rate 

Lb 
Untreated 0 0 

0.125 100 97 
0.25 100 100 

0.375 100 100 
Imazapic" 0.5 100 100 

0.625 100 100 
0.375 100 100 

Sulfometuron 0.035 100 98 

Glyphosate 0.5 0 10 

LSD NA 7.2 

" NIS at 0.25%. 
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Evaluation of various herbicide mixtures applied in Mayor September for Canada thistle control. Rodney G. Lym. 
(Department of Plant Sciences, North Dakota State University, Fargo, ND 58105) Canada thistle has increased 
rapidly in North Dakota during the last decade and currently is estimated to infest over 1.4 million acres, compared 
to 822,000 acres in 1992. The increase has occurred in cropland, pasture and rangeland, and wildland. The 
increase is due in part to the much above average precipitation received in the state since 1993. Although many 
people apply herbicides to control Canada thistle in July and August during flowering and seed-set, research at 
North Dakota State University has shown that the optimum timing for herbicide application is during the rosette 
growth stage in late-spring or fall. The purpose of this research was to compare various herbicide mixtures, 
especially those that contain clopyralid, for Canada thistle control when applied in the spring or fall. 

The experiments were established in dense Canada thistle patches located near Fargo or Valley City, ND. Separate 
spring and fall studies were established on May 30 and 31,2001, or September 18 and 13,2001, at Fargo and 
Valley City, respectively. The Fargo location was former cropland that had been allowed to become weedy, while 
the Valley City location was wildland that was neither hayed nor grazed. The spring treatments were applied to 
Canada thistle in the rosette growth stage with an average of six leaves. The fall treatments were applied to 
Canada thistle in the post-bloom growth stage with numerous fall rosettes beginning growth within the canopy. 
The Canada thistle was 18 to 36 inches tall at Valley City but only 6 inches tall at Fargo because the area had been 
mowed in July. The experiments were in a randomized complete block design with three replicates at Valley City 
and four replicates at Fargo. Plots were 10 by 25 or 10 by 30 feet at Fargo and Valley City, respectively. 
Herbicides were applied with a hand-held sprayer delivering 8.5 gpa at 35 psi. Treatments were visually evaluated 
with control based on percent stand reduction compared to the untreated control. 

All spring-applied herbicide treatments provided good Canada thistle control 3 months after treatment (MAT) 
except 2,4-D applied alone and metsulfuron (Table I). Treatments that contained clopyralid or picloram provided 
the best control 12 MAT, especially at Fargo. For instance, Canada thistle control averaged over both locations 
was 85% when clopyralid was applied with triclopyr or 2,4-D, 87% when picloram was applied alone or with 2,4­
D, but only 62% with dicamba applied alone or with 2,4-D. Control was similar when clopyralid was applied with 
triclopyr or 2,4-D at comparable clopyralid rates of 4 or 6.4 ozlA. 2,4-D plus triclopyr did not provide satisfactory 
Canada thistle control. 

Canada thistle control 9 MAT generally was greater than 90% with all fall applied treatments except 2,4-D and 
dicamba plus 2,4-D at Fargo (Table 2). Control declined rapidly at both locations 12 MAT, and as in the first 
study, treatments that contained c\opyralid or picloram provided the best control. Also, clopyralid plus 2,4-D 
provided similar control to clopyralid plus triclopyr and control 12 MAT increased as the clopyralid rate increased. 
Picloram at 6 ozlA applied alone generally provided better long-term Canada thistle control than picloram at 2 or 4 
ozlA applied with 2,4-D. 

In summary, clopyralid applied at greater than 5 ozlA with triclopyr or 2,4-D and picloram at 6 ozlA provided the 
best long-term Canada thistle control. Dicamba or picloram applied alone provided better control than the same 
herbicides applied at reduced rates with 2,4-D. Although not directly comparable, similar treatments applied in 
the spring provided better Canada thistle control 12 MAT compared to fall application. 
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15 
Valley 

Treatment Rate Far~o Ci!l: Far~o Ci!i' .Farfoio Ci!l: 
Valley 

oz!A % 
+ triclopyr" + X-77 4+ 11+ 0.25% 81 84 62 93 45 50 

Clopyralid + triclopyr" + X-77 4.8 + 13.2 + 0.25% 91 98 70 93 39 76 
+ triclopyr" + X-77 5.6 + 15.4 + 0.25% 94 96 83 96 62 80 
+ triclopyrb + X-77 6.4 + 17.6 + 0.25% 97 96 83 96 79 60 

Clopyralid + 4+ 24 91 96 85 83 56 59 
+ 2,4-Dc 6.4 36 89 98 78 98 35 86 

X-77 
+ triclopyrd + X-77 16 + 8 76 74 62 83 35 23 

32 0.25% 53 64 55 58 0 7 
Dicamba X-77 24 +0.25% 70 78 28 92 23 13 
Dicamba+ 12 + 36 75 89 57 71 28 12 
Picloram + X-77 6 0.25% 98 96 89 93 80 77 
Picloram + 2,4-D 2 8 79 84 80 92 50 48 
PicJoram + 2,4-D 4+ 16 89 94 74 94 33 72 
Metsulfuron + X-77 0.18 0.25% 15 69 7 93 8 35 

LSD (0.05l 17 17 17 15 36 20 

• Months after treatment. 

b Commercial formulation - Redeem by Dow IN. 

C Commercial formulation - Curtail Dow Indianapolis, IN. 
d Commercial formulation - Crossbow Dow Indianapolis, IN. ," 
C Commercial formulation - Weedmaster by Research Triangle Park, NC. 

Clopyralid + + X-77 4 + 11+ 0.25% 92 99 60 73 
Clopyralid + X-77 4.8 13.2 + 0.25% 93 99 61 73 
Clopyralid + + X-77 5.6 15.4 + 0.25% 97 99 68 82 
Clopyralid + + X-77 6.4 + 17.6 + 0.25% 99 99 88 85 
Clopyralid + 4 24 88 98 49 70 
Clopyralid + 6.4 36 99 99 79 79 
2,4-D+ X-77 32 0.25% 23 85 12 2 
Dicamba + X-77 24+ 0.25% 97 99 84 52 
Dicamba+ 12 + 36 46 94 21 40 
Picloram + X-77 6+ 0.25% 99 100 97 83 
Picloram + 2,4-D 2+8 85 99 55 61 
Picloram + 2,4-D 4+ 16 90 99 67 70 

a Months after treatment. 

b Commercial formulation - Redeem by Dow AgroSciences, Indianapolis, IN. 

c Commercia! formulation - Curtail by Dow AgroSciences, Indianapolis, IN. 

d Commercial formulation - Weedmaster by BASF, Research Triangle Park, NC. 
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~~~~~~~~~~!!L.!~~~'"'" James R. Sebastian and K.G. Beck. 
Sciences and Pest Management, Colorado State University, Fort Collins, CO Clematis orientalis (CLEOR) 
was established locally in the Clear Creek Valley dating back to the mining times in the late. 19th CLEOR 
has extensive vines that smothers grass, trees, and shrubs. In recent CLEOR has rapidly expanded its 
range to the slopes and canyons ofthe Front in Colorado. Due to its growth and location, 
CLEOR is difficult to control. It often grows on trees and ditches where many herbicides cannot be used. 
CLEOR grows as a dense viney canopy and is often found in rough terrain, making herbicide application very 
difficult. 

Two experiments were established near Georgetown, CO to evaluate chemical control of CLEOR. Both studies were 
sprayed on July 200 I at sites but included different herbicides. The experiments were designed as 
randomized complete blocks with four replications. 

Herbicides were applied when CLEOR was in flower growth stage in both studies. All treatments were applied 
with a CO2-pressurized backpack sprayer 11002LP flat fan nozzles at 20 and 30 Plot size was 10 by 
30 feet Application information for both studies is in Table 1. Visual evaluations for control compared to 
non-treated plots were collected on October 3, 2001 and July 25,2002. Tables 2 and 3 reflect data for each 
and will be discussed separately. 

Metsulfuron controlled 50 to 70% CLEOR control 70 days after treatment (DAT). 
Metsulfuron at 3 oz ai/a controlled about 50% of CLEOR 70 DAT and 1 YAT. metsulfuron at 0.5 to 
0.9 oz aila controlled more than 90% of CLEOR 1 YA T. Clopyralid failed to control but amine at 
32 oz aiia controlled 100% ofCLEOR 70 DAT and 1 

UHa",,,v,,, at 3 oz alia controlled only 36% of CLEOR 70 DAT, but 
controlled 96% of CLEOR 1 Y AT. failed to control CLEOR, whereas diflufenzopyr controlled 84 to 
90% ofCLEOR 70 DAT and 100% 1 YAT. Picloram at 8 oz ai/a controlled 100% ofCLEOR at both evaluation 
dates. 

All treatments seedset 70 DAT in both studies. Picloram was the treatment that caused grass injury 
(leaf curling). Snowberry and common was killed 2,4-D, picloram, diflufenzopyr, and imazapic + 
2,4-D treatments. Metulfuron imazapic, and clopyralid treatments snowberry and common gooseberry. 
CLEOR was over the tops of much ofthis brush and likely would have killed it over time anyway. 
Evaluations will continue through the 2003 growing season to provide an indication of long term CLEOR controL 

Table Application data for clematis control on Colorado rangeland. 

Application time 10:30 am 
Air temperature, F 80 
Relative humidity, % 31 
Wind mph o to 2 

(in) 
25,2001 CLEOR flower 36 to 72 

AGRSM Flower 12 to 18 
BROIN Flower 18 to 26 
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Table 2. Clematis control on Colorado 

Herbicide" Rate October 3, 2001 July 25,2002 

Metsulfuron 0.3 50 52 

Metsulfuron 0.5 64 94 

Metsulfuron 0.6 65 93 

Metsulfuron 0.9 70 95 

2,4-D amine 32.0 89 100 

Clopyralid 4.0 26 36 

Control 0 0 


Table 3. Clematis control on Colorado 

Herbicide" Rate 

Picloram 
Control 

3 

6 

12 

6 

4 

6 

8 


36 

55 


20 

84 

90 

100 

o 

96 

100 


38 

100 

100 

100 

o 
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Oxeye daisy control on Colorado rangeland. James R. Sebastian and K.G. Beck. (Department of Bioagriculture 
Sciences and Pest Management, Colorado State University, Fort Collins, CO 80523) Two experiments were 
established near Durango, CO to evaluate oxeye daisy (CHRLE) control. The experiments were designed as a 
randomized complete block with four replications. 

The studies were established in 1999 and 2000 at adjacent locations. Herbicides (Table 2) were applied on July 27, 
1999 (first study) and July 19, 2000 (second study) when CHRLE was in the full bloom growth stage. All treatments 
were applied with a CO2-pressurized backpack sprayer using 11 003LP flat fan nozzles at 21 gallA and 14 psi. Other 
application infonnation is presented in Table 1. Plot size was 10 by 30 feet. 

Visual evaluations for control compared to non-treated plots were collected each fall from 1999 through 2002 for 
study 1. Evaluations were taken 1 and 2 years after treatment (Y AT) for the second study. Metsulfuron treatments 
controlled CHRLE faster than others in study 1. For example, CHRLE control from metsulfuron 60 DAT was 73 to 
84% whereas picloram controlled 53% ofCHRLE. Metsu1furon treatments controlled 90 to 100% ofCHRLE 1 and 
2 Y AT in both studies. CHRLE control dropped to approximately 70% from all metsulfuron treatments 3 Y A T in 
study 1. Picloram at 4 oz ai/a controlled 60 to 74% of CHRLE 1 to 3 Y AT in study 1, and 90 and 73% of CHRLE 1 
and 2 YAT, respectively, in study 2. C10pyralid plus 2,4-D, clopyralid plus triclopyr, and 2,4-D Amine controlled 
less than 70% of CHRLE at all evaluation dates in both studies. Imazapic controlled less than 60% of CHRLE 1 
Y AT and control deteriorated thereafter. Grass injury from imazapic was 36% 1 Y AT; injury persisted through the 
study and was 44% 3 Y AT. 

Table I. Application data for oxeye daisy control on Colorado rangeland. 

Environmental data 
Application date 
Application time 
Air temperature, F 
Relative humidity, % 
Wind speed, mph 

Study I 
July 27, 1999 

1:00pm 
78 
69 

o to 5 

Study 2 
July 19,2000 

12:00 am 
75 
10 

oto 4 

Application date Species Growth stage Height 
(in.} 

July 27, 1999 CHRLE Full bloom 12 to 27 

July 19,2000 CHRLE FuJI bloom 12 to 22 
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Table 2. control on Colorado 

Herbicide' Rate 2001 2002 2000 2001 2002 

Metsulfuron 0.3 73 100 97 73 3 5 0 
Metsulfuron 0.45 81 100 100 76 4 0 0 
Metsulfuron 0.6 84 100 100 74 3 0 0 
Metsulfuron 0.45 80 100 100 73 4 0 0 
+ nitrogen +32.0 
fertilizer" 
Picloram 4.0 53 74 73 60 4 5 0 
Clopyralid 1.5 30 13 8 0 5 0 0 
+ 2,4-0 amine +8.0 
Clopyralid 3.0 41 23 14 10 0 0 0 
+ amine +16.0 
Clopyralid 6.0 55 54 65 55 0 0 0 
+ 2,4-0 amine +32.0 
Imazapic 8.0 58 54 34 10 36 34 44 

amme 16.0 45 16 14 5 0 0 0 
2,4-0 amine 32.0 54 36 36 28 0 0 0 
Nitrogen fertilizer" 32.0 0 0 0 0 0 0 0 
Control 0 0 0 0 0 0 0 

10 12 21 7 6 14 

Table 3. Oxeye daisy control on Colorado (Study 

Herbicide" Rate 2001 2002 
(oz ai/a) 

Metsulfuron 0.3 94 66 
Metsulfuron 0.45 96 90 
Metsulfuron 0.6 100 98 
Metsulfuron 0.9 100 100 
PicIoram 4.0 90 73 

6.0 46 10 
18.0 

Control 0 0 

Non-ionic surfactant added to all treatments at 0.25% v/v. (both studies). 
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Control of medusa head following fall and spring herbicide applications. Travis M. Osmond and Steven A. 
Dewey (Department of Plants, Soils, and Biometeorology, Utah State University, Logan, Utah 84322­
4820). Two experiments were conducted near Avon, Utah to evaluate the effectiveness of a combination of 
burning, herbicide treatments (timing and rate), and re-seeding of desirable forages (timing and species) for 
medusahead (EL YCM) control on rangelands and pastures. Herbicides were applied with a CO2 

pressurized backpack sprayer calibrated to deliver 15 gpa at 40 psi. All treatments included a 0.25% v/v 
non-ionic surfactant. Both locations were burned October 20, 2000. Herbicides were applied at Location 1 
on October 28, 2000 and April 11,200 I. The plots were evaluated June 25-26, 2001 and June 19-20, 2002. 
At Location 2, the herbicides were applied on October 31,2000 and April 11,2001 with evaluations being 
conducted June 12,200 I and June 17-18,2002. Each location was designed as a randomized split-block 
design replicated four times with plots being 10 by 160 ft. 

In the first season after treatment, only fall-applied sulfometuron provided greater than 75 percent control 
of medusahead at either location (Tables I and 2). By the second season, control from most treatments had 
declined. The most notable exception was the high rate of spring-applied imazapic, which at Location I 
had improved to 54 percent and at Location 2 to 90 percent control. Extreme drought conditions existed at 
both locations for the full duration of the study, and may have been a major factor in the disappointing 
performance of most herbicide treatments and failure of seeded species to establish. 

Table I. Effects of herbicides on 2001 and 2002 midsummer medusahead populations at Location I. 
Treatment Timing Rate Visual Control 

2001 2002 
g/ha -------------------%--------------------

Sulfometuron Fall 39 77 40 
Sulfometuron Fall 79 98 56 
Imazapic Fall 70 15 26 
Imazapic Fall 140 58 53 
Su I fometuron Spring 39 20 19 
Sulfometuron Spring 79 21 20 
Imazapic Spring 70 18 35 
Imazapic Spring 140 26 54 
Glyphosate + 

metsulfuron Spring 55 + 11 23 16 
Untreated I o o 
LSD (P~05) 17 34 
lNot included in ANOVA. 

Table 2. Effects of herbicides on 2001 and 2002 midsummer medusahead populations at Location 2. 
Treatment Timing Rate Visual Control 

2001 2002 -__________________0/0___________________ _ 

Sulfometuron 
Sulfometuron 
Imazapic 
Imazapic 
Sulfometuron 
Sulfometuron 
Imazapic 
lmazapic 
Glyphosate + 

metsulfuron 
Untreated I 

LSD (P=O.05) 

Fall 
Fall 
Fall 
Fall 
Spring 
Spring 
Spring 
Spring 

Spring 

g/ha 
39 
79 
70 
140 
39 
79 
70 
140 

55 + 11 

90 24 
99 55 
55 37 
64 45 
37 48 
48 56 
45 41 
65 90 

46 -7 
o o 
14 25 

lNot included in ANOVA. 
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Mrican rue control with imazapyr. Kirk C. McDaniel Department of Animal and Range Sciences, New 
Mexico State University, Las Cruces, NM 88003. Mrican rue was introduced into New Mexico in the 
1930s and has continually increased its presence throughout the southern portion of the state. It is 
particularly common in disturbed and barren areas such as abandoned crop fields, oil pads, stock yards and 
corrals, secondary roads, parking lots, and roadsides. This experiment was conducted in an abandoned 
livestock corral on the county fairgrounds in Deming, NM. Treatments were applied to African rue in both 
early vegetative (spring) and post bloom growth stages (autumn). Plots were 10 by 30 ft arranged in a 
randomized complete block design with three replications. Plots were entirely sprayed with imazapyr at 
0.25,0.5, and 0.75 lb ae/A; and irnazapyr + glyphosate at 0.25 + 0.25 lb ae/A. Herbicides were applied 
using a CO2 handheld pressurized sprayer calibrated to deliver 21 gpa at 60 psi. Treatments were made on 
April 14, 1998 (air temp 67 F, soil temp @ 6 inch 65 F, relative humidity 28%, wind 8 to 12 mph); October 
1, 1998 (air temp 81 F, soil temp @ 6 inch 64 F, relative humidity 38%, wind 1 to 3 mph); April 20, 1999 
(air temp 76 F, soil (emp @6 inch 64 F, wind 4 to 7 mph); and October 21 , 1999 (air temp 76 F, soil temp 
@ 6 inch 62 F, wind 10 mph). Mrican rue control was estimated by three observers comparing top growth 
in treated plots relative to Wltreated plots with results averaged in the table. 

Treatments generally provided high first year top growth control of Mrican rue with most canopies 
destroyed and little or no green foliage on sprayed plants (Table). However, African rue produced new 
foliage from subsurface growing points the second or third year after most treatments indicating plant kill 
was low. An exception was after the April 1998 experiment where the 0.75lb ae/A imazapyr rate gave 
>90% plant control for three years after spraying. Initial plant control was not different by spray time for 
any single imazapyr rate. Irnazapyr + glyphosate provided better initial plant control when applied in 
autumn compared to spring, but treatments were generally ineffective by the second growing season after 
spraying. 

Table. Mrican rue control near Deming, NM. 

Spray African rue control by evaluation date 
date Treatment Rate 10/98 4/99 10/99 4/00 10/00 10/01 

lb ae/A ---------------------------%------------------------- ­

4/98 	 Imazapyr 0.25 70 73 17 0 0 0 
Imazapyr 0.50 93 74 80 80 0 20 
Imazapyr 0.75 98 100 90 99 98 90 
Imazapyr + glyphosate 0.25 + 0.25 75 50 15 0 0 0 

10/98 	 Imazapyr 0.25 10 35 30 10 10 
Imazapyr 0.5 12 90 88 85 20 
Imazapyr 0.75 25 85 88 85 45 
Imazapyr + glyphosate 0.25 + 0.25 13 80 30 0 0 

4/99 	 Imazapyr 0.25 50 50 0 0 
lmazapyr 0.5 75 50 0 0 
Imazapyr 0.75 75 75 0 0 
Imazapyr + glyphosate 0.25 + 0.25 45 30 0 0 

10/98 	 Imazapyr 0 .25 70 30 20 
Imazapyr 0.5 80 30 15 
Imazapyr 0.75 80 25 0 
Imazapyr + glyphosate 0.25 + 0.25 90 25 0 

Check 	 0 0 0 0 0 0 
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Control of Russian olive and saltcedar resprouts with early and late summer herbicides applications. Kirk C. 
McDaniel, Todd Caplan, and John P. Taylor. (Department of Animal and Range Sciences, New Mexico State 
University, Las Cruces NM 88003; Santa Ana Pueblo, Bemallio, NM; Bosque del Apache National Wildlife Refuge, 
Socorro, NM 87801). In winter 1998, mature Russian olive and saltcedar trees were cut with chainsaws to a 6 inch 
stubble height and surfaces were sprayed with a formulated triclopyr (Chopper®) solution on the Santa Ana Pueblo 
near Bemallio, NM. An evaluation of the area in spring 2000 revealed that regrowth from portions of stumps and 
buried roots was common for both species in this riparian area that bordered the edge of the Rio Grande. This 
experiment was conducted in summer 2000 to determine the effectiveness of spraying the Russian olive and 
saltcedar regrowth (1 to 4 ft height). Plots were 30 by 30 ft arranged in a randomized complete block design with 
six replications when treatments were applied on June 14 (spray time 9:30 tolO:30 am, air temp. 80F, soil temp. @ 6 
inch 80F, relative hwnidity 22%, wind 1 to 3 mph SW) and three replications when treatments were applied on 
August 30 (spray time 9:30 to 11 :00 am, air temp. 80F, soil temp. @ 6 inch 78F, relative humidity 23%, wind still). 
Glyphosate (5% v/v), imazapyr (1% v/v), metsuifuron (1 gm product per 1 gal water), and the amine formulation of 
triclopyr (25% v/v) were mixed in water with a 0.25% v/v nonionic surfactant Applications were made with 
backpack sprayers fitted with nozzles that delivered fine to moderate sized spray droplets that completely wetted the 
foliage. Resprouts were counted during spraying and averaged about 150 Russian olive per plot and about 25 
saltcedar per plot. Counts of live versus dead resprouts in each plot were made September 26, 200 1 to determine 
plant control. 

Glyphosate provided >90% Russian olive control when applied in June and late August 2000, but saltcedar was 
poorly controlled during both spray periods (Table). Imazapyr was effective for Russian olive and saltcedar control 
when applied in August (88 and 93%, respectively), but control ofboth species was poor when imazapyr was 
applied in June. Triclopyr gave better control of Russian olive when applied in June (91%) than August (78%) but 
this herbicide was effective on saltcedar only in August. Metsulfuron was effective on Russian olive and saltcedar 
when applied in August but not June. 

Table. Russian olive and saltcedar control with individual plant herbicide treatments near Bemallio, NM. 

Species & treatment Rate' Control after 6114/00 spray date Control after 8/30/00 spray date 

-----------------------{%)------------------------------­
Russian olive 

Glyphosate 5% 91 93 
Imazapyr 1% 40 88 
Triclopyr 25% 91 78 
Metsulfuron 1 gmIgal 56 75 
Check o o 

Saltcedar 

Glyphosate 5% o 39 
Imazapyr 1% o 93 
Triclopyr 25% o 82 
Metsulfuron 1 gmIgal o 74 
Check o o 

, All herbicides except metsulfuron were mixed v/v in water. 
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...I..IJ<llu....., John P. Taylor and Todd Caplan. (Department 
of Animal and Range New Mexico State Las Cruces NM 88003; del Apache National 
Wildlife Refuge, Socorro, NM 87801; Santa Ana Pueblo, Bernallio, NM). In swnmer Russian olive top 
growth was removed by mechanical dozing on the del Apache National Wildlife Refuge near Socorro, NM. 
However, roots were not destroyed and regrovo1h was abundant throughout the treated area when this study was 
initiated in 2000. In this the effectiveness of individual plant foliar were compared on Russian 
olive regro·wth that was 4 to 8 ft in height. Plots were 30 by 30 ft arranged in a complete block with 
three Treatments were applied on June 13 time 4:00 to 5:15 pm; air 93 soil temp. 6 
inch 78 relative 19%; wind 3 to 6 and on Sept. 2 time 9:30 to 11:00; air temp. 80 
soil temp. @ 6 inch 78 relative humidity 22%; wind still). Herbicides included glyphosate (5% v/v), 
imazapyr (l%v/v), glyphosate + imazapyr (0.5 + 0.5% v/v), metsulfuron (l gm. product per 1 gal. water), and the 
amine formulation of triclopyr (25% v/v). All herbicides were mixed in water with a 0.25% v/v nonionic surfactant. 
Applications were made with backpack sprayers fitted with nozzles that delivered a fme to moderate sized 
and care was taken to completely wet all At the time of spraying treated were counted and Russian 
olive about 25 plants per plot. Counts of live versus dead plants in each plot were made on Sept. 
25,2001 to determine plant control. 

;;h.~"h('''''ltp and triclopyr treatments provided >85% Russian olive control after in June but both herbicides 
were less effective when applied in September (Table). Conversely, imazapyr was effective when applied in 
June (24%) to September (72%). Metsulfuron provided visible but plant control was low 
after both spray dates. 


Table. Russian olive control with individual herbicide treatments near NM. 


Glyphosate 5% 86 34 
Triclopyr 25% 92 o 

1% 24 72 
Jmazapyr+ "lVIJlIU.;,a 0.5 + 0.5% 61 o 
Metsulfuron 1 5 o 

I All herbicides except metsulfuron were mixed v/v in water. 
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Evaluation of met sulfur on for perennial sowthistle control. Rodney G. Lym. (Department of Plant Sciences, North 
Dakota State University, Fargo, ND 58105) Metsulfuron is often used for general weed and brush control on 
industrial non-crop sites and for control of certain weeds in pasture and roadsides. Perennial weeds that fuvor 
moist growing conditions, such as perennial sowthistle, Canada thistle, and dock, have increased rapidly in North 
Dakota since the mid 1990s following several years of above average precipitation. The purpose of this research 
was to evaluate metsulfuron for control ofperennial sowthistle, Canada thistle, and other weeds commonly found 
during moist growing conditions. 

The first experiment was established at Fargo in a dense perennial sowthistle stand with an under story of 
Kentucky bluegrass and weedy annual grasses and broadleaf species such as foxtails and ragweed. Herbicides 
were applied on July 11,2000, when perennial sowthistle was in the bolted to flowering growth stage and 10 to 36 
inches tall. The treatments were applied with a CO2-pressurized backpack sprayer delivering 8.5 gpa at 35 psi . 
The plots were 10 by 30 feet, and the experiment was a randomized complete block design with four replicates. 
The air temperature was 72 F, the dew point 68 F, and the soil temperature was 72 F at the 1 inch depth. Perennial 
sowthistle control and bare ground evaluations were based on a visual assessment of stand reduction compared to 
the untreated control. 

Metsulfuron provided excellent perennial sowthistle control at all application rates evaluated (Table 1). Control 
with metsulfuron at 0.6 ozlA or less tended to increase between the 2 and 11 month after treatment (MAT) 
evaluations. Metsulfuron at 1.2 to 1.8 ozlA provided 100% perennial sowthistle control and 78 and 72% for all 
plants present (bare ground) 11 and 14 MAT, respectively. Perennial sowthistle control averaged from 91 to 100% 
26 MAT as the metsulfuron application rate increased from 0.3 to 1.8 ozlA, respectively. Clopyralid plus 2,4-D at 
3 + 16 ozlA provided similar perennial sowthistIe control as metsulfuron at 0.3 ozlA for 23 MAT but control 
declined to 79% by 26 MAT. Clopyralid alone and dicamba plus diflufenzopyr generally did not provide 
satisfactory perennial sowthistle control. Metsulfuron at 0.3 ozlA, the lowest rate evaluated, provided the most 
cost-effective perennial sowthistle control and the least injury to other species. 

The second experiment was established on May 30, 2001, near Fargo to evaluate control of perennial sowthistle, 
Canada thistle, swamp smartweed, and dandelion with metsulfuron compared to auxin herbicides. Perennial 
sowthistIe and Canada thistle were in the rosette growth stage with 4 to 6 leaves; swamp smartweed was 
approximately 8 inches tall; and dandelion was flowering. The experimental design was the same as the first 
experiment, and treatments were applied as previously described. The air temperature was 72 F with moist soil 
and good growing conditions. 

As in the fust study, metsulfuron provided excellent perennial sowthistIe control at all application rates evaluated 
(Table 2). However, control declined much faster in the second compared to the first experiment (Table 1). For 
instance, metsulfuron at 0.3 ozlA provided 90% perennial sowthistle control 12 MAT, but control declined to 60% 
15 MAT. The same treatment provided over 90% control for 2 yr in the fust study. Treatments that contained 
c10pyralid provided less long-term perennial sowthistle control than those that contained metsulfuron. For 
instance, perennial sowthistle control averaged across metsulfuron at all rates was 94% compared to 86% with all 
treatments that contained c1opyraJid. Dicamba plus diflufenzopyr did not provide acceptable perennial sowthistle 
control. 

In general, swamp smartweed and dandelion were easily controlled by the herbicides evaluated in this study (Table 
2). Metsulfuron at 0.3 ozlA and c10pyralid at 4 ozlA only provided 77 and 68% swamp smartweed control 1 MAT, 
and c10pyralid alone and dicamba plus diflufenzopyr provided less than 50% initial dandelion control. However, 
all treatments provided 100% control of these weeds by 3 MAT, so these species were not further evaluated (data 
not shown). Treatments that contained c10pyralid provided better Canada thistle control than dicamba plus 
diflufenzopyr and metsulfuron at all application rates evaluated except 0.9 ozlA (Table 2). Canada thistle control 
12 MAT was 95% averaged over all treatments with c10pyralid and metsulfuron at 0.9 ozlA compared to 78% or 
less with all other treatments. Canada thistle control rapidly declined by 15 MAT with all treatments except 
clopyralid at 4 ozlA, which averaged 85%. 

The third experiment was also established on May 30, 2001, to further evaluate swamp smartweed control with 

14 




metsulfuron. There was a dense stand of swamp smartweed, which ranged from 8 to 18 inches tall with 3 to 15 
leaves. There also was a moderate density of perennial sowthistle and Canada thistle, which were in the rosette 
growth stage. The treatments were applied as previously described. 

As in the previous studies, metsulfuron at all rates applied provided near complete control of swamp smartweed 
and perennial sowthistle (Table 3). However, in this study metsulfuron provided better Canada thistle control than 
clopyralid or with 2,4-D or tric!opyr. For instance, Canada thistle control was 80% 15 MAT averaged over all 
metsulfuron treatments compared to 52% or less with treatments that contained clopyralid. 

In summary, metsulfuron provided excellent long-term control of swamp smartweed and perennial sowthistle. 
Clopyralid provided better Canada thistle control than metsulfuron in two of the three studies. Further research is 
needed to determine if swamp smartweed and perennial sowthistle can be controlled with metsulfuron at rates less 
than 0.3 oziA. 
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Table 1. Perennial sowthistle (pESn control and bareground (BG) with metsulfuron applied in July 2000 at Fargo, ND. 
ControiJMAT" 

2 11 14 23 26 
Treatment Rate PEST PEST BG PEST BG PEST BG PEST BG 

--------ozJA -------- 0 
Metsulfuron + X-77 0.3 + 0.25% 88 99 20 96 3 98 17 91 0 
Metsulfuron + X-77 0.45 + 0.25% 96 96 53 100 21 97 1 96 0 
Metsulfuron + X-77 0.6 + 0.25% 92 99 76 100 38 97 13 96 0 
Metsulfuron + X-77 0.9 + 0.25% 100 99 58 100 49 99 20 100 0 
Metsu1furon + X-77 1.2 + 0.25% 100 100 80 100 76 100 17 99 0 
Metsulfuron + X-77 1.8 + 0.25% 100 10 76 100 67 99 16 100 0 
Clopyralid + X-77 4 + 0.25% 63 85 1 57 1 63 14 49 0 
Clopyralid + 2,4-Db + X-77 3 + 16 + 0.25% 84 90 5 89 0 80 10 79 0 
Dicamba + diflufenzopyrC + X-77 3 + 1.2 + 0.25% 60 47 0 13 0 43 16 45 0 

LSD {0.052 14 6 24 21 25 20 NS 29 NS 

"Months after treatment 

bCommercial formulation - Curtail by Dow AgroSciences, Indianapolis, IN. 

cCommercial formulation - Distinct by BASF, Research Triangle Park, NC. 


I-' 
m Table 2. Evaluation of metsulfuron and auxin herbicides for perennial sowthistle (PEST), swamp smartweed, Canada thistle (CT), and dandelion control 

applied in May 2001 near Fargo, ND. 
ControiJMAT 

3 12 15 
Swamp 

Treatment Rate PEST smartweed CT Dandelion PEST CT PEST CT PEST CT _____________________________________________________0/0------------------------------------------------------­-----ozJA-----
Metsulfuron + X-77 0.3 +0.25% 70 77 64 92 97 45 90 69 60 3 
Metsulfuron + X-77 0.45 + 0.25% 91 93 78 92 93 78 91 78 65 23 
Metsulfuron + X-77 0.6 + 0.25% 96 80 58 93 100 78 97 74 67 13 
Metsulfuron + X-77 0.9 +0.25% 99 98 65 98 100 99 99 95 55 5 
Clopyralid 4 86 68 87 35 95 99 88 95 57 85 
Clopyralid + 2,4-Db 4 + 16 98 97 92 75 85 88 80 95 33 56 
Clopyralid + tric10pyrc 4 + 11 99 95 91 88 94 89 89 95 52 63 
Dicamba + diflufenzopyrd + X-77 3 + 1.2 46 90 51 45 54 49 72 74 38 23 

LSD (0.05) 19 27 20 23 18 27 11 NS NS 53 
"Months after-tieatment..Control of swamp smartweed and dandelion was 100% 3 MAT regardless of treatment and were not further evaluated. 

bCommercial formulation - Curtail by Dow AgroSciences, Indianapolis, IN. 

cCorrunercial formulation - Redeem by Dow AgroSciences, Indianapolis, IN. 

dCommercial formulation - Distinct by BASF, Research Triangle Park, NC. 




Table 3. Metsulfuron and auxin herbicides for 

Metsulfuron + X-77 
Metsulfuron + X-77 
Metsulfuron + X-77 
Metsulfuron + X-77 

X-77 

0.3 + 0.25% 
0.45 + 0.25% 
0.6 + 0.25% 
0.9 + 0.25% 

4 
4 + 16 
4 + 11 

3 + 1.2 + 0.25% 

77 
89 
92 
93 
52 
99 
92 
95 

74 
97 
86 
99 
84 
98 
96 
85 

99 
100 
98 
98 
99 
100 
100 
98 

99 
100 
100 
100 
100 
100 
100 
65 

99 
97 
100 
99 
98 
97 
97 
50 

87 
88 
86 
95 
24 
97 
93 
87 

92 
97 
97 
95 
24 
53 
32 
0 

83 
76 
73 
32 
39 
48 
51 
18 

99 
100 
100 
100 
99 
100 
95 
100 

96 
99 
98 
100 
60 
21 
34 
0 

83 
78 
78 
80 
42 
34 
52 
0 

• Commercial formulation - Curtail 
b Commercial formulation - Redeem by Dow 
o Commercial formulation - Distinct by BASE Research 

NS 

IN. 
IN. 

NS 9 19 26 31 40 4 31 34 

I-' 
-....J 

+ triclopyr" 
Dicamba + 



Evaluation of herbicide mixtures for increased leafy spurge control. Rodney G. Lym. (Department of Plant 
Sciences, North Dakota State Universitj, Fargo, ND 58105) Research at North Dakota State University has shown 
that long-term leafy spurge control can be improved when a mixture of herbicides are applied compared to a single 
herbicide applied alone. For instance, picloram applied with 2,4-D has provided more cost-effective leafy spurge 
control compared to picloram applied alone at the same or higher application rates. Also, glyphosate applied with 
2,4-D provided approximately 70% leafy spurge control 1 yr after treatment with minimal grass injury compared to 
glyphosate alone which provided less than 10% control with 70% or greater grass injury. The purpose of this 
research was to evaluate various herbicide mixtures for leafy spurge control compared to the same herbicides 
applied alone. 

The first experiment compared various mixtures ofpicloram, 2,4-D, imazapic, and quinclorac applied with 
diflufenzopyr, an auxin transport inhibitor. The experiment was established on the Sheyenne National Grassland 
(SNG) and near Walcott, ND, on June 8 and 22, 2001, respectively, when the leafy spurge was in the true-flower 
growth stage and 14 to 28 inches tall. The herbicides were applied using a hand-held boom sprayer delivering 8.5 
gpa at 35 psi. The plots were 10 by 30 feet at Walcott and 8 by 25 feet on the SNG, and treatments were replicated 
four times in a randomized complete block design. Leafy spurge topgrowth control was visually evaluated based 
on percent stand reduction compared to the untreated check. 

The combinations ofpicloram plus 2,4-D with imazapic or with imazapic plus diflufenzopyr provided better leafy 
spurge control than picloram plus 2,4-D applied alone (Table 1). For instance, leafy spurge control averaged over 
both locations was 78% with picloram plus 2,4-D 12 months after treatment (MAT) compared to 92% when 
picloram plus 2,4-D were applied with imazapic or imazapic plus diflufenzopyr. The addition of quinclorac or 
quinclorac plus diflufenzopyr to picloram plus 2,4-D only tended to increase control 12 MAT compared to 
picloram plus 2,4-D alone and averaged 84%. In general, leafy spurge control was similar when quinclorac was 
applied alone or with diflufenzopyr, dicamba, or dicamba plus diflufenzopyr and averaged 88% 12 MAT over both 
locations. The combination of quinclorac plus dicamba plus diflufenzopyr plus imazapic tended to provided the 
best long-term leafy spurge control, which averaged 88% 15 MAT on the SNG and 51 % at Walcott. However, this 
treatment would cost over $50/ A and would likely not be cost-effective. 

The second experiment evaluated leafy spurge control with the commercial formulation of dicamba plus 
diflufenzopyr (Distinct) applied alone or with imazapic, quinclorac, or imazapic plus 2,4-D. Herbicide treatments 
were applied at the same locations and dates as the first experiment to leafy spurge in the true-flower growth stage, 
except the imazapic alone treatments were applied in mid-September. Herbicides were applied as previously 
described, and plots at both locations were 10 by 30 feet with three replications. 

In general, dicamba plus diflufenzopyr provided similar leafy spurge control when applied alone or with imazapic 
or imazapic plus 2,4-D at comparable application rates regardless of evaluation date (Table 2). Also, quinclorac 
applied alone generally provided similar leafy spurge control compared to quinclorac applied with dicamba plus 
diflufenzopyr. Imazapic applied alone provided the best long-term leafy spurge control, which averaged 99% over 
both application rates 12 months after a fall treatment. However, grass injury 9 MAT averaged over both locations 
was 11 and 22% when imazapic was applied at 2 and 3 ozlA, respectively. Grass injury only slightly declined by 
12 MAT. 

The third experiment compared picloram plus 2,4-D plus imazapic applied with both an MSO and 28%N to the 
same treatments without 28%N, without 2,4-D and 28%N, and a reduced imazapic rate. The experiment was 
established as previously described on the SNG in mid-June 2001. 

The combination ofpicloram plus 2,4-D plus imazapic provided better leafy spurge control than the standard 
treatment of picloram plus 2,4-D 12 and 15 MAT (Table 3). Control was similar whether or not 28%N and 28%N 
plus 2,4-D were included in the combination treatment at comparable application rates. However, leafy spurge 
control tended to decline when the imazapic rate was reduced from 1 to 0.5 or 0.25 ozlA, especially when 
evaluated 15 MAT. 

In summary, imazapic applied with picloram plus 2,4-D improved long-term leafy spurge control compared to the 
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standard treatment Leafy spurge control was similar when picloram plus were 
alone or with 28%N or plus 28%N. In general, the addition of diflufenzopyr to various treatments 

that included picloram, or imazapic did not improve leafy spurge control compared to herbicide treatments 
alone. Herbicide mixtures that included quinclorac generally provided similar control to quincIorac 
alone. Dicamba plus diflufenzopyr did not provide long-term leafy spurge control when applied alone or 

with other herbicides. 
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Table 1. LeafY spurge control from various herbicide mixtures applied in June 2001 near Walcott and on the Sheyenne National Grassland (SNG) in 
North Dakota. 

3 MAP 
Control 

12 MAT" 15 MAT" 

Treatment Rate 
--ozlA--

Walcott SNG Walcott SNG 
% 

Walcott SNG 

N 
0 

Picloram + 2,4-0 4+ 16 68 82 79 
lrnazapic +MSOb+28%N 1+ 1 qt + I qt 45 93 89 
Picloram+2,4-D+imazapic+MS0+28%N 4+16+1+1 qt+lqt 96 99 87 
Picloram+2,4-D+imazapic+diflufenzopyr+MSO+28%N 4+16+1+2+1 qt+lqt 100 100 89 
Picloram+ 2,4-D+quinclorac+MSO 4+16+8+1 qt 96 99 81 
Picloram+2,4-D+quinclorac+diflufenzopyr+MSO 4+16+6+2.5+1 qt 97 95 79 
Quinclorac+diflufenzopyr+MSO 6+ 1.2+ I qt 93 96 88 
Quinclorac+dicarnba+MSO 6+3+ I qt 90 92 89 
Quinclorac+dicamba+diflufenzopyr"+MSO 6+ 3+ 1.2+ I qt 97 97 86 
Quinclorac+dicarnba+diflufenzopyr"+imazapic+MSO 6+3+ 1.2+ 1+1 qt 97 96 92 

LSD (0.05) 16 7 18 
'Months after treatment. 
bMethylated seed oil was Scoil by AGSCO, Grand Forks, ND. 
'Commercial formulation of dicamba plus diflufenzopyr - Distinct, by BASF Corp. , Research Triangle Park, NC. 

77 
70 
95 
95 
89 
85 
88 
83 
92 
96 

12 

19 
42 
40 
44 
35 
22 
36 
35 
34 
51 

NS 

12 
0 

52 
66 
17 
27 
45 
51 
63 
88 

29 



Table 2. spurge control from dicamba alone or with various other herbicides in June 200 I for leaty spurge 
control near Walcott and on the 

National 

Treatment 

picloram + 2,4-D+ MSOc + 28%N 1+4 16 97 95 3 68 0 97 83 0 33 5 
Dicamba+ 3 + 1.2 73 69 0 13 0 72 68 0 22 0 
Dicamba+ 4 + 1.6 86 79 0 37 0 58 63 0 15 0 
Dicamba 2 + 0.8 + 1 82 62 0 11 0 84 78 0 25 0 

3 1.2 + 1 82 64 0 7 0 89 89 0 22 0 
4 + 1.6 + 1 96 93 0 40 0 83 72 0 25 0 

2+ 0.8 1+2 95 92 3 35 0 93 80 0 20 0 
3 + 1.2 + I 2 94 86 0 30 0 81 63 0 18 0 

4 + 1.6 + 1+2 92 86 0 45 0 97 79 0 23 0 
6 85 87 0 18 0 59 61 0 6 0 

2 + 0.8 6 88 88 0 37 0 80 67 0 27 0 
2 •• 100 17 99 11 ... 99 5 98 4 

,....., - fall 3 •• 100 31 100 23 ... 98 12 99 15 

10 14 8 28 4 26 23 II 34 5 

seed oil was ScoB ND at I for all treatments. 
- Distinct by BASP 

o Commercial formulation ofimazaoic - Oasis BASI' Coro .. Research 
Research 

Dicamba + 

N "'··~"""'-Y"- .... "-...,, ......, ""....., • .....t"'I:-""~""'-



Table 3. Evaluation of various mixtures ofpicloram plus 2,4-D plus imazapic for leafy spurge control on the Sheyenne 
National Grassland in June 200 I. 

ControUMAT" 
Treatment Rate 3 12 15 

oZ/A % 
Piclorarn + 2,4-D 4 + 16 90 78 8 
Imazapic + MSOb + 28% N I + I qt + I qt 82 87 13 

Piclorarn + 2,4-D + imazapic + MSO + 28% N 4 + 16 + 1 + I qt + I qt 98 94 33 
Piclorarn + 2,4-D + imazapic + MSO + 28% N 4 + 16 + 0.5 + 1 qt + I qt 95 90 29 
Piclorarn + 2,4-D + imazapic + MSO + 28% N 4 + 16 + 0.25 + 1 qt + I qt 95 87 13 
Piclorarn + 2,4-D + imazapic + MSO 4 + 16 + 1 + I qt 96 94 49 
Piclorarn + 2,4-D + imazapic + MSO 4 + 16 + 0.5 + I qt 99 89 23 
Piclorarn + 2,4-D + imazapic + MSO 4 + 16 + 0.25 + I qt 99 84 18 
Picloram + imazapic + MSO 4 + 1+1 qt 89 96 47 
Picloram + imazapic + MSO 4 + 0.5 + 1 qt 88 91 30 
Picloram + imazapic + MSO 4 + 0.25 + 1 qt 95 86 17 

LSD (0.05) 8 5 24 

• Months after treatment. 
b Methylated seed oil was Scoil by AGSCO, Grand Forks, ND. 
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~~~~~;..!!l.~~'!..!!.'~~~~~ James R. Sebastian and K.O. Beck. (Department of Bioagriculture Sciences 
and Pest Management, Colorado State Fort Collins, CO 80523) Teasel (DIPFU) is a bielUlial that has 
recently become a problem on rangeland and along roadsides in Colorado. 

An experiment was established in Jefferson County, CO to evaluate teasel control. The was as 
a randomized complete block with four replications. Herbicides (table 2) were applied on May 16 or June 12 2002 
when DIPFU was in rosette or bolting growth stage. All treatments were applied with a C(h-t)re~;su:riz(~d U'"V"f.!""'''" 
sprayer 11003LP flat fan nozzles at 21 and 14 Other 
Plot size was 10 by 30 feet. Nonionic surfactant was added at 0.25% vlv to all metsulfuron and 

information is pre:serlted 

treatments and methylated seed oil was added to all treatments at 1 

Visual evaluations for contTol to non-treated plots were collected on June July 11, and 
2002. Herbicides controlled DIPFU slowly, although metsulfuron at 0.5 and 0.6 oz aila 
about 80% of teasel 7 weeks after treatments (W A T) were Metsulfuron "nr,p:Hfe< 

when applied during the bolting For metsulfuron at 0.3 oz ai/a applied at rosette controlled 
56% of teasel by the evaluation but when this rate was when teasel was 96% of it 
was controlled by Metsulfuron at 0.5 and 0.6 oz ai/a controlled 93 to 100% of teasel by the September 
evaluation of application 

Clopyralid at 6 oz ai/a controlled about 90% ofteasel by September regardless of application timing. 
appeared to be a better timing to apply imazapic for teasel control. lmazapic 12.0 oz ai/a controlled 40 to 79% of 

September 23, when applied at rosette and bolting growth respectively. Teasel was not controlled 
ester effectively when applied at 16 oz ai/a. 

at rosette controlled 

teasel 

Evaluations will continue the 2003 OT"n"r", season and will provide an indication of tennDIPFU 
controL 

Table I. Application data fei tease] control on Colorado 

Application date 16,2002 June 12, 2002 
Application time 7:00 am 10:30 am 
Air temperature, F 65 75 
Relative humidity, % 44 19 
Wind mph 0 2 to 6 

(in.) 
May 16, 2002 DlPFU 1st rosettes 3 to 6 diameter 

DIPFU year rosettes 10 to 18 diameter 

June 12, 2002 DlPFU Ist year rosettes 5 to 12 diameter 
DlPFU 2nd year plants 12to 30 tall 



June J2 23 

Metsulfuron 0.3 Rosette 51 66 56 
Metsulfuron 0.5 Rosette 66 83 93 
Metsulfuron 0.6 Rosette 74 81 98 

8.0 Rosette 59 63 61 
10.0 Rosette 59 55 35 
12.0 Rosette 59 60 40 
6.0 Rosette 46 75 89 

2,4-D ester 16.0 Rosette 41 34 24 
Metsulfuron 0.3 Bolting 39 96 
Metsulfuron 0.5 54 99 
Metsulfuron 0.6 46 100 

8.0 35 53 
10.0 48 68 
12.0 Bolting 45 79 

Clopyralid 6.0 Bolting 43 93 
2,4-D ester 16.0 Bolting 46 40 
Control 0 0 0 

21 23 

Non-ionic surfactant to and treatments at 0.25% v/v. 
b Methylated seed oil added to all imazapic treatments at I quart/acre. 
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13 

Timothy W. Miller, Carl R. Libbey, and Robert K. 
Peterson. State University, Mount Vernon, WA 98273) A study was conducted 
2002 at WSU Mount Vernon to evaluate several herbicides for seed 
crops. and cilantro, carrot, dill, 
and 8 into 10 by 20 in, flats filled with soil (Sunshine mix). light was used (12 
hr per d) and temperature was held at approximately 70 F. Plants were thinned to ten per cultivar per flat at about 
ten d after then sprayed POST with one of J4 herbicides at two stages: to 3 inches, 
approx. three weeks after seeding) and late (3 to 5 inches, approx. four weeks after seeding). 
were made May 31 and 26 and late June J0 and 4, respectively, for the two 
iterations. A backpack sprayer 32.4 gpa at 30 was used to make all 
Plants were sprayed outdoors and returned to the after one hr drying time. Most herbicides were applied 
in both iterations, but azafenidin was only tested in the first iteration and pendimethalin in the second. Visible 
crop was visually evaluated at and 10 d after treatment 0 no crop injury, 100 death). Plants 
were then grown until 7 wk after (WAS; 1 and respectively) at which time plants were 
counted, cut at the soil and dry measured. The design was a randomized f'r.'Yln"PTP 

block with four replicates. Data were analyzed a linear models (SAS) and means <:pn,::lr""tpti 

Fisher's Protected LSD 0.05). Crop results are presented in Tables 1 to 5, dry weights and final 
counts in Table 6. 

Products severe (> 30%) to all tested Apiaceae crops at both POST timings were 
lactofen, sulfentrazone, isoxaflutole, azafenidin, and fomesafen. Prometryne caused severe injury to 
cilantro/coriander, carrot and early and moderate to injury to late dill and late 

and (10-\9%) to late carrot. Linuon caused severe to dill and early 
moderate to late dill and parsnip, and to cilantro/coriander and late Metribuzin 
flufenocet caused severe injury to cilantro/coriander, dill, parsnip, and parsley, and slight to early carrot. 
Flumioxazin cause severe injury to cilantro/coriander, carrot, and parsley, and moderate injury to late dill, 
and injury to dill. Pendimethalin caused slight injury to carrot, 

dill, and late Napropamide or caused moderate cilantro, but not to other 
crops cilantro or coriander, 

< 10% foliar in any Apiaceae crop were bensulide at either POST 
Other low injury combinations include linuron or latc in carrot or late in 

+ flufenocet late in carrot, napropamide or early or late in cilantro, carrot, 
parsnip, or or carly in early-flowering cilantro, and pendimethalin or late in carrot and dill or 
cilantro/coriander and 

Mean weight and plant count some indication of crop damage or recovery, cilantro 
treated with prometryne, linuron, oxyfluorfen, napropamide, or thiazopyr were equal or than non-
treated plants in mean weight and count. For long-standing treatment with prometryne, 
!in uron , thiazopyr, or flumioxazin or late with bensulide were to non-treated For 
coriander, best treatments were with oxyfluorfen, napropamide, or 
flumioxazin or late with For carrot, best treatments were early or late with !inuron or metribuzin + 
flufenocet or late with oxyfluorfcn, napropamide, or For best treatments were or late with 

napropamide, or sulfentrazone, early with prometryne, or late with thiazopyr, azafenidin, or 
fomesafen. For best treatments were or late with bensulide, 

or late with prometryne, oxyfluorfen, best 
pendimethalin or with late 

Based on these results, linuron, napropamide, thiazopyr, or pendimethalin 
POST to Apiaceae seed crops is warranted. combinations of interest include 
metribuzin flufenocet in carrot, or flumioxazin in TPr.t"'7f"l,np or fomesafen 

in dill, and flumioxazin, or sulfentrazone in parsnip. 



Carrot 
Dill 

cilantro 
3 
3 
3 
I 
6 

56 
59 
56 
33 

4 
2 
2 
0 

36 
31 
28 
13 
21 

2 
3 
3 
0 
1\ 
6 
9 

12 
13 
8 
0 

34 
18 
54 

4 
3 
3 

2 
4 
4 

14 
11 
5 
0 

11 
4 

14 

68 
66 
65 
66 
69 

81 

68 
59 
49 
56 
60 
71 
76 

43 
41 
38 
52 
61 
53 
39 

52 
49 
42 
38 
61 
46 
50 

Table 2. from herbicides postemergence to seed in the (Pr> F = 0,000 

Coriander 

Table 1. 

3 OAT 10 DAT 3 OAT 10 OAT 

3 OAT 10DAT 3 OAT lODAT 3 OAT 10 OAT 

from metribllzin 
+ flllfenocet (0.5 Ib/a)l 

3 to 5 in. 
3DAT IODAT 3DAT IODAT 

% --------- % .-.----­

74 91 53 92 4 2 4 3 14 8 6 44 
cilantro 80 88 49 89 5 I 3 18 8 3 34 

Coriander 83 49 91 7 2 3 1 21 74 30 
Carrot 90 73 88 I I 0 5 I 4 
Dill 94 61 84 9 3 2 27 78 37 
Parsnip 85 2 38 100 3 63 

7 2 34 93 43 



Table 3. Crop injury from herbicides applied postemergence to Apiaceae seed crops in the greenhouse (Pr > F = < 0.000 I). 
Injury from napropamide (2 !bs/a)1 Injury from thiazopyr (0.25 Ib/a)1 Injury from flumioxazin (0 .07 Ib/a}1 

Cotyledon to 3 in . 3 to 5 in. Cotyledon to 3 in. 3 to 5 in. Cotyledon to 3 in. 3 to 5 in. 
Crop 3 DAT 10 DAT 

--------- % -------­

3 DAT 10 DAT 
--------- % -------­

3 DAT 10 DAT 
--------- % -------­

3 DAT 10 DAT 
--------- % -------­

3 DAT 10 DAT 
_________ 010 ________ 

3 DAT 10DAT 
--------­ % -------­

Early cilantro 3 4 15 26 3 II II 44 74 43 74 
Long-stand. cilantro 2 6 7 8 8 4 49 51 38 68 
Coriander I 4 2 2 I 4 1 42 42 39 57 
Carrot o 3 I 2 I 36 58 31 56 
Dill 0 3 I 19 II 18 29 
Parsnip I 4 1 2 2 56 68 37 55 
Parsley 2 4 2 2 4 I 69 79 38 63 
Ipercent crop injury visually estimated at 3 and 10 days after treatment (DAT). 

Table 4. Crop injury from herbicides applied postemergence to Apiaceae seed crops in the greenhouse (Pr > F = < 0.000 I). 
Injury from sulfentrazone (0.25 Ib/a}1 Injury from isoxaflutole (0.12 Ibs/a}1 Inju!}' from azafenidin (0.15 Ib/a)1 
Cotyledon to 3 in. 3 to 5 in . Cotyledon to 3 in. 3 to 5 in. Cotyledon to 3 in. 3 to 5 in. 

N 
'-J 

Crop 3 DAT 10 DAT 
--------­ % -------­

3 DAT 10DAT 
--------­ % -------­

3 DAT 10 DAT 
--------- % -------­

3 DAT 10 DAT 
--------- % -------­

3 DAT 10 DAT 
--------­ % -------­

3 DAT 10DAT 
_________ 010 ________ 

Early cilantro 
Long-stand. cilantro 
Coriander 

51 
48 
50 

76 
76 
74 

31 
31 
30 

73 
69 
68 

13 
13 
14 

79 
84 
82 

18 
14 
9 

55 
49 
56 

50 
65 
65 

75 
73 
73 

33 
30 
30 

84 
81 
83 

Carrot 38 55 25 34 9 87 I 64 55 78 30 70 
Dill 42 35 26 33 18 86 6 61 46 68 13 51 
Parsnip 
Parsley 

44 
II 

61 
83 

23 42 
36 

9 
24 

90 
96 

4 
8 

58 
64 

50 
70 

70 
85 

33 
40 

69 
76 

Ipercent crop injury vi sually estimated at 3 and 10 days after treatment (DAT). 



Table 5. Crop injury from herbicides applied postemergence to Apiaceae seed crops in the greenhouse 

(Pr > F = < 0.0001). 

Injur:r from fomesafen (0.2 Ib/a)' InjurY from !2endimethalin (I Ib/a)' 

Cot:rledon to 3 in. 3 to 5 in. Cot:rledon to 3 in. 3 to 5 in. 

Crop 3 OAT 10 OAT 

--------- % -------­

3 OAT 10 OAT 
_________ 010 ________ 

3 OAT 10 OAT 

--------- % -------­
3 OAT 10 OAT 

--------- % -------­
Early cilantro 71 93 48 89 5 4 14 14 

Long-stand. cilantro 66 93 44 84 5 4 II II 

Coriander 66 87 42 84 5 4 II II 

Carrot 55 71 29 62 6 0 10 4 

Dill 54 49 31 58 6 4 13 6 

Parsnip 59 79 33 68 10 10 16 II 

Parsley 75 82 36 70 10 9 16 14 

I Percent crop injury visually estimated at 3 and 10 days after treatment (OAT). 

Table 6. Mean dry weight and plant population of several Apiaceae seedlings at seven weeks after seeding and following application of postemergence herbicides in the 
g reenhouse (Pr > F = < 0.000 I). 

N 
co Early-flowering 

cilantro 
Long-standing 

cilantro Coriander Carrot Dill Parsni!2 Parsle:r 
Herbicide Rate earlyl late ' earlyl late ' early' late ' early' late ' early' late ' early' late I earlyl late ' 

Ib/a --------------------------------------------------------------------- gI P I an t (n o. p I an ts) ------------------------------------------------------------------------
Prometryne 1.5 0.8 (5) 0.3 (6) 0.5 (5) 0.3 (6) 0.7 (5) 0.4 (6) 0.7 (9) 0.8 (10) 1.1 (9) 0.7 (8) 0.2 (2) 0.3 (5) 0.1 (I) 0.2 (5) 
Linuron 1.125 0.6 (8) 0.4 (7) 0.6 (9) 0.4 (9) 0.9 (9) 0.7 (9) 1.3 (9) 1.0 (II) 0.6 (8) 0.6 (9) 0.2 (7) 0.2 (9) 0.1 (2) 0.1 (7) 
Oxyfluorfen 0.25 0.5 (6) 0.4 (5) 0.5 (7) 0.4 (7) 0.8 (7) 0.5 (7) 0.6 (10) 0.9 (10) 0.5 (9) 0.4 (9) 0.1 (5) 0.2 (8) 0.1 (6) 0.2 (10) 
Lactofen 0.25 OJ (I) 0.1 «I) 0.6 (2) 0.3 «I) 0.7 (3) 0.4«1) 0.7(2) 0.2 (6) 0.4 (2) 0.3 (5) 0.2 (I) 0.1 (2) 0.1 (I) 0.1 (2) 
Bensulide 5.0 0.4 (9) 0.5 (9) 0.4 (9) 0.5 (10) 0.8 (10) 0.7 (10) 0.8 (10) 0.8 (II) 0.8 ( 10) 0.8 (10) 0.2 (9) OJ (9) 0.3(13 ) 0.3(11) 
Metribuzin + 0.5 0.3 (2) 0.3 (2) 0.9 (2) 0.4 (5) 0.7 (4) 0.5 (6) 1.0 (10) 1.2 (10) 0.3 (2) 0.4 (6) 0 (0) 0.1 (4) 0.2 «I) 0.1 (4) 
flufenocet 

Napropamide 2.0 0.5 (9) 0.4 (8) 0.4 (9) 0.4 (9) 0.7 (9) 0.6 (10) 0.6 (10) 1.0 (9) 0.8 (9) 0.9 (9) 0.2 (9) 0.3 (9) 0.3(10) 0.3(12) 
Thiazopyr 0.25 0.5 (9) 0.5 (10) 0.4 (10) 0.5 (10) 0.6 (9) 0.8 (9) 0.8 (10) 0.9 (10) 0.8 (II) 0.6 (10) 0.2 (9) 0.2 (8) 0.2 (12) 0.4 (10) 
Flumioxazin 0.07 0.4 (7) 0.4 (3) 0.6 (8) 0.3 (6) 0.8 (8) 0.4 (7) 0.4 (10) 0.4 (II) 1.3 (10) 1.0 (10) 0.2 (4) 0.2 (6) 0.1 (4) 0.2 (8) 
Sulfentrazone 0.25 0.2 (I) 0.2 (2) 0.7 « I) 0.2 (4) 0.2 (I) 0.2 (5) 0.5(10) 0.7(11) 0.8(10) 0.9(9) 0.1 (5) 0.2 (8) <0.1 (2) 0.1 (8) 
Isoxaf1utole 0.12 0 (0) 0.2 (4) 0.2 «I) 0.2 (5) 0. 1 «I) 0.3 (5) 0 (0) 0.4 (8) 0.2 «I) 0.2 (5) 0 (0) 0.1 (4) 0 (0) 0.1 (6) 
Azafenidin 0.15 0.3 (4) 0.4 (2) 0.3 (5) 0.3 (5) 0.4 (4) 0.3 (5) 0.3 (10) 0.4 ( 10) 0.5 (8) 1.1 (6) 0.2 (5) 0.2 (7) 0.2 (4) 0.1 (6) 
Fomesafen 0.2 0.1 «I) 0.1 (I) 0.2«1) 0.2(2) 0.2«1) 0.2(2) 0.2 (8) 0.5 (10) 0.6 (9) 0.9 (9) 0.1 (2) 0.1 (6) 0.1 (4) 0.1 (8) 
Pend imethalin 1.0 0.4 (9) 0.3 (9) 0.4 (9) 0.3 (7) 0.5 (9) 0.3 (10) 0.7 (10) 0.7 (10) 0.6 (10) 0.5 ( 10) 0.2 (9) 0.2 (10) 0.4 (II) 0.2 (13) 
None 0.5(10) 0.7(9) 0.5(10) 0.5(10) 0.7(10) 0.8(10) 0.9(10) 0.9(11) 0.7 (10) 0.8(10) 0.2(9) 0.2 (8) 0.4 (II) 0.3 (12) 
lOry weight per plant and (plant population) after POST herbicide applications at cotyledon to 3 inches (early) or at 3 to 5 inches (late). 



W. Miller, Carl R. 
and Brian G. Maupin. (Washington State University, Mount Vernon, WA 98273) Two 

studies were conducted to determine the effect of halosulfuron in cucurbits and on rotational crops in the maritime 
climate of northwestern 

Cucurbit trial. Cucumber 'Turbo'), winter squash (cv. and (cv. 
were planted at WSU Mount Vernon June 2002. One row of each cultivar was seeded on a 24 in. in 

8 20 ft. Halosulfuron was preemergence June 15 and postemergence (POST) July 
a sprayer 31.3 gpa at 30 (Table 1). Crop and weed control 

were visually estimated to the nearest 5% (0 = no crop or weed injury, 100 plant death) July 2 and 13. Five 
average plants per cultivar were cut at soil level then dried for 2 d at 150 F and The 
experimental was a randomized block with four replicates. Data were a 
linear models using Fisher's Protected LSD 0.05). 

No cloud cover, sunny No cloud cover, sunny 
winds 5 to 7 mph, from SW winds 1 to 3 mph, from N 
air temp. 66 F; soil temp 67 F air temp. = 60 F; soil temp (4") = 59 F 
relative humidity = 70% relative humidity = 67% 
soil surface was dry soil surface 
no weeds weeds I to 3 in. 

Rotational crop trials. Halosulfuron at four rates was applied to bare soil in separate trials at WSU Mount Vernon 
July 200 I and May 2002 (Table Soil was roto-tilled to a depth 4 in. the same and 
in the same direction as herbicide application. Rotational crops commonly grown in northwestern Washington were 
then seeded at 90 angles to the direction of herbicide application. Main plots (herbicide measured 10 

70 ft, and (rotational measured 10 10 feet. Rotational crops included red spinach, and 
cauliflower (two rows per split-plot), (one row per and green pea (15 rows per split-plot). 

cucumber, the crop in which halosulfuron will most commonly be used, was also seeded (four rows per 
split-plot). The first were July 200 I and June 3, 2002. All plants within 3 ft of all rows within a split-

were cut at the soil line after 34 d, dried for 2 d at 150 F and Plots were roto-tilled as before, and a 
second conducted September I, 2001 and 19, 2002 at 2 months after treatment (MAT). 
Rotational crops were as before except no cucumbers were seeded. Plots from 2001 were maintained with no 
additional cultivation through the then roto-tilled and seeded for a time June 3, 2002 (approximately 11 
MAT). Rotational crops were the same as in the second The third biomass evaluation was conducted as 
before except plants were 44 d old. Plots were roto-tilled as before and seeded for a fourth time 19,2002 
(approximately 12.5 MAT). Rotational crops were as before, green pea and were not seeded. The 
fourth biomass evaluation was conducted as before plants were 81 d old. 

The experimental was a randomized block with four replicates. Biomass data were 
across years and analyzed a general linear models procedure and means using 

Fisher's Protected LSD (P 0.05). Plots initiated in 2002 are maintained with no additional cultivation 
the winter and will be seeded for a third and fourth time at approximately II and 12.5 MAT as before. 



Table 2. Herbicide application data, rotational crop trial. 
4:00 p.m. , July 10.2001 10:00 a.m., May 30, 2002 
Broadcast, PPI Broadcast, PPI 
No cloud cover, sunny No cloud cover, sunny 
winds 5 to 7 mph, from SW winds I to 3 mph, from N 
air temp. = 66 F; soil temp (4") = 67 F air temp. = 60 F; soil temp (4") = 59 F 
relative humidity = 70% relative humidity = 67% 
soil surface was dry soi l surface was dry 
no weeds present no weeds present 

Results: Cucurbit trial. There was no significant crop injury due to halosulfuron within any cultivar (data not 
shown). Early season weed control was excellent with halosulfuron at all rates and timings, ranging from 94 to 
100% through mid-July (Table 3). Weed control was noticeably poorer by August, however, with common 
lambsquarters becoming predominant in POST treatments and pale smartweed and ladysthumb predominant in PRE 
treatments (data not shown). Timing did not significantly affect biomass but cucurbit weight tended to be slightly 
greater when halosulfuron was applied POST than PRE (Table 3). Biomass was reduced by the split application, 
although nonsignificantly so. 

Results: Rotational crop trials. Red beet seedling biomass was significantly reduced by halosulfuron residual in soil 
until 12 .5 MAT (Table 4). Spinach and cauliflower biomass was reduced until 11 MAT, and pea and potato 
biomass was reduced until 2 MAT. A nonsignificant treatment effect was still apparent in spinach and cauliflower 
until 12.5 MAT, however, and in potato until 11 MAT. Cucumber biomass was relatively unaffected by 
halosulfuron rate, even when seeded into soil residuals of2 times the use rate (0.094 lb/a). Initial results indicate 
that current rotational crop restrictions for halosulfuron could be reduced to approximately 12 months for red beet, 
spinach, and cauliflower (from the current 24, 24, and 18 months for these crops, respectively) when grown in the 
mild maritime climate of northwestern Washington. Similarly, the current 9 month restrictions for seeding green 
pea or cucumber may be overly stringent in our climate. 

Table 3. Weed control and biomass of cucumber, squash, and pumpkin following halosulfuron application. 
Weed control Biomass 

Timingl Rate July 2 July 13 Cucumber Squash Pumpkin 
lbla % % g g g 

PRE 0.024 100 96 6.0 19.8 27.8 
PRE 0.031 99 94 8.3 16.5 22.8 
PRE 0.047 100 97 7.0 17.3 22.5 
POST2 0.023 96 6.3 20.8 35.5 
POST2 0.031 95 6.8 24.3 48.0 
POST2 0.047 97 6.5 21.5 36.8 
PRE + POST2 0.031 + 0.031 100 99 5.0 15 .0 22.8 
Weedy check 0 0 2.0 7.5 15 .0 
LSDoo; 3 3.3 7.7 \6.0 
IpRE = preemergence (June 15,2002); POST = postemergence (July 2, 2002). 
2POST applications mixed with nonionic surfactant at 0.25%, v/v. 
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Table 4. Rotational 

Rate Beet ber Potato 
g g g g g g 

I" 12,2001 and lune 3, 2002; after 
0.024 0.3 0.4 0.2 14.7 36.3 11.1 
0.047 0.1 0.6 0.1 11.6 37.2 7.6 
0.071 0.5 0.3 0.0 10.0 32.8 4.2 
0.094 0. I 0.2 0.0 7.0 31.1 3.2 

° 7.6 25.1 5.5 20.5 41.2 21.6 
1.4 7.9 1.0 4.5 os 4.6 

2nd 11,2001 aod 19, 2002; approx. 2 
0.024 4.7 8.1 17.5 198.2 29.2 
0.047 2.7 1.7 10.6 207.8 29.2 
0.071 2.3 0.7 4.7 169.4 26.7 
0.094 1.8 2.7 1.3 172.5 18.6 

69.0 186.0 140.4 179.4 39.6° 11.3 59.6 32.2 ns nsLSDoo5 

3rd (June 3, 2002; approx. 11 
0.024 0.8 10.7 0.8 21.1 34.5 
0.047 0.5 6.8 0.9 20.9 20.1 
0.071 0.6 4.0 0.8 23.4 17.2 
0.094 0.3 2.0 29.5 17.0 

3.5 13.6 1.9 26.8 20.0° 1.4 ns ns ns ns 

4tl' (July 19,2002; approx. 12.5 
0.024 202.8 186.5 234.0 
0.047 167.5 185.3 163.5 
0.071 156.0 166.0 120.8 
0.094 155.0 211.3 166.5 

° 186.3 128.8 136.3 

at 

'Plants harvested at 80 DAP, approx. 4.5 MAT). 

'Plants harvested at 44 DAP, approx. 12.5 MAT). 

4Plants harvested at 81 DAP, approx. 15 MAT). 


approx. 
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Preemergence herbicide combinations for weed control in cantaloupes. Kai Umeda. (University of Arizona Cooperative 
Extension, Maricopa County, 4341 E. Broadway, Phoenix, AZ 85040) A small plot experiment was conducted at the 
University of Arizona Maricopa Agricultural Center, Maricopa, Arizona. Cantaloupe cv. Sol Dorado was planted on 
every other raised and shaped 40-inch bed such that the single seedlines were 80-inches apart. The melons were furrow 
irrigated with water running in only the north furrow as opposed to every furrow to prevent salt build up in the seedline 
of the beds. Each plot consisted of one 40-in bed measuring 30 ft in length. Herbicide treatments were replicated four 
times in a randomized complete block design. All herbicide treatment applications were made using a backpack CO2 

sprayer equipped with a hand-held boom consisting of two flat fan 8002 nozzles spaced 20-in apart. All herbicides were 
applied in 30 gpa water at 40 psi. Preemergence (PREE) herbicide applications were made on 26 March 2002, one day 
after planting. At the time of applications, the weather was clear with no wind, the air temperature was 70°F and the dry 
soil was 68°F at a depth of2-in. Furrow irrigation was applied within a day of treatments and the beds were sub-irrigated 
to wet the soil surface nearly completely across the bed top to activate the herbicides. Cantaloupe injury and weed 
control was visually rated at 3 and 12 weeks after treatment of PREE applications of herbicides. 

Halosulfuron, flumioxazin, and dimethenamid-p provided promising results in different combinations applied PREE. 
The combination of bensulide plus halosulfuron gave 95% control of pigweed and continued to controllambsquarters 
at 90% late in the season. Bensulide combined with flumioxazin gave acceptable pigweed control and lambsquarters 
were controlled at acceptable levels of 88 and 86%, respectively. Dimethenamid-p combined with flumioxazin was safe 
and gave good early season pigweed control and long term control of lambsquarters. Clomazone + ethafluralin premix 
at either low or high rates did not provide acceptable levels of weed control without POST treatments but no significant 
crop injury was observed. 
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Table. herbicide combinations for weed control in cantaloupes. 

Untreated check 
Bensulide + halosulfuron 
Bensulide + flumioxazin 
Bensulide + s-metolachlor 
Bensulidc 
s-metolachlor + halosulfuron 
s-metolachlor + flumioxazin 

+ halosulfuron 
+ flumioxazin 

Clomazone + ethaf1uralin 
Clomazone + ethafluralin 
Clomazone + ethafluralin + 

halosulfuron 
Halosulfuron 

26 March 2002 

ailA 

4.0 + 0.05 
4.0 + 0.05 
4.0+ 0.25 
4.0 + 0.25 
0.25 + 0.05 
0.25 + 0.05 
0.25 + 0.05 
0.25 + 0.05 
0.063 + 0.2 
0.125 + 0.4 

0.063 + 0.2 + 
0.05 
0.05 

% 
0 
IS 
15 
19 
24 
21 
16 
18 
10 
14 
8 
18 

19 

% 
0 0 0 

95 80 90 
88 55 86 
84 33 86 
93 30 83 
76 35 75 
83 18 74 
88 76 74 
88 30 79 
76 0 75 
61 0 71 
89 75 85 

88 78 84 



(University of i\rizona Cooperative Extension, was 
conducted at the of Arizona Maricopa Center, Maricopa, Arizona. Cantaloupe cv. Cruiser was 
planted on every other raised and shaped 40-in bed such that the single seed lines were 80-in apart. The melons were 
furrow iITigated with water running in only the north furrow of the east to west oriented beds as opposed to every furrow 
to prevent salt build up in the seedline of the beds. Each plot consisted of one 40-in bed measuring 30 ft in length. 
Herbicide treatments were replicated four times in a randomized complete block All herbicide treatments were 
made with a sprayer equipped with a hand-held boom consisting of two flat fan 8002 nozzles spaced 20-in 

All herbicides were applied in 30 gpa water at 40 herbicide applications were made 
on 25 March after the At the time of the weather was clear with a breeze of 
less than and the soil was 68°F at a of 2-in. Furrow irrigation was 
within a and the beds were to wet the soil surface nearly across the bed tops to activate the 
herbicides. The postemergence (POST) herbicides were applied on 18 after the PREE The 
weather was clear with no wind and the air was 80°F. The 
prostrate was at the 4 to 12 leaf stage, lambsquarters was at the stage, and a few annual 
sweetc10ver and junglerice were present. All POST herbicide treatments included an adjuvant, Latron CS-7 added at 
0.25% v/v. injury and weed control were rated visually at various intervals after PREE and POST 

of herbicides. 

Halosulfuron at 0.03 Ib ailA combined with rimsulfuron at 0.02 Ib aiJA gave 
and at 98% and when POST in 

POST in a tank-mix with increasing rates of rimsulfuron showed 
POST of halosulfuron PREE herbicides or 

Halosulfuron and c1omazone plus ethafluralin gave un,lccepltaO control of pigweed and ,aHlU'4Uat 

at 60-70% control relative to the bensulide. Halosulfuron alone POST was less effective 
than lambsquarters. A treatment of a PREE herbicide followed halosulfuron was not as efficacious as the 

halosulfuron plus rimsulfuron tank-mix POST for the control of both pigweed and lambsquarters. 



Table. Efficacy and safely of preemergence and postemergence herbicides in cantaloupes 

Treatment Rate Timing Croll InjuIY Weed control 
3 WAT-PREE 2 WAT-POST 8 WAT-POST 3 WAT-PREE 2 WAT-POST 8 WAT-POST 

AMABL CHEAL AMABL CHEAL AMABL CHEAL 

Ib ai/A ----------------­ % -----------------­ --------------------------------­ % 
Untreated check ° ° ° ° ° ° ° ° 0 
Bensulide + 6.0+ PREE 6 3 6 90 93 84 92 71 91 
halosulfuron 0.03 POST 

Bensulide + 6.0+ PREE 5 3 10 90 95 85 90 73 90 
halosulfuron 0.05 POST 

Halosulfuron + 005 + PREE 9 11 14 71 63 85 93 83 85 
halosulfuron 0.03 POST 

Halosulfuron + 0.03 + POST 14 13 90 90 83 84 
rimsulfuron 0.01 POST 

Halosulfuron + 0.03 + POST 16 10 98 96 94 85 
rimsulfuron 0.02 POST 

Halosulfuron 0.05 POST 9 11 76 90 55 79 
Clomazone + 0.063 + 0.2 + PREE 19 14 10 61 62 78 93 63 90 
ethafluralin + 

w halosulfuron 0.05 POST 
U1 

LSD (12=0.05) 11.5 5.8 8.1 31.9 62.3 6.6 6.3 9.4 6 

PREE treatments applied on 25 March 2002 and POST treatments applied on 18 April. 



Kai Umeda. of 
County, 4341 E. Broadway, AZ 85040) A small plot field 

experiment was conducted at the University of Arizona Agricultural Center, Maricopa, AZ. Sweet corn cv. 
March 2002 in a seedline on 40-inch raised and shaped beds. Plots consisted of two 

beds and each treatment was replicated four times in a randomized block All 
herbicides were a backpack sprayer equipped with a hand-held boom of four flat fan 8002 
nozzles 20 inches apart. The herbicides were in 30 gpa water at 30 The pre emergence (PREE) 
herbicide treatments were applied on 27 March when the air temperature was the sky was and there was a 

breeze at less than 3 The soil was and the temperature at a of 2-in was 58°F. The field was 
and the top of beds were completely wetted immediately after applications to activate the herbicides and 

to the crop. The postemergence herbicide treatments were applied on 12 April when the air 
temperature was the was clear, and there was a very breeze at less than 3 mph. The sweet corn was at 
the 4-leaf stage of prostrate the dominant weed in the site, was at the cotyledon to 4-leaf stage of 
growth and few plants that were present were at the 4-1eaf stage All POST herbicide treatments 
included an Latron CS-7 at 0.25% v/v. and weed control visual ratings were done approximately 
two weeks after each U,",'JU,""""V! 

PREE herbicides did not cause sweet corn during the crop establishment Mesotrione at 0.24 Ib ailA was 
to the lower rate to control prostrate dimethenamid-p, and s-metolachlor were similar 

and gave prostrate controL Pigweed control declined to less than acceptable levels 1 month after 
all PREE herbicide treatment All POST herbicide treatments of mesotrione gave near control 
of A single POST of mesotrione at 0.188 lb ailA was comparable to a PREE plus a POST 

and both of these treatments were to a single PREE Dicamba and diflufenzopyr 
dicamba applied POST gave very good control. Carfentrazone gave slightly less than acceptable control of 
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Table. Evaluation of preemergence and postemergence herbicides for sweet com weed control. 

Untreated check 
Mesotrione 
Mesotrione 
s-metolachlor 
Dimethenamid-P 
Pendimethalin 
Mesotrione 
Mesotrione 
Diflufenzopyr + dicamba 
Dicamba 
Carfentrazone 
Mesotrione + mesotrione 
Mesotrione + mesotrione 

Ib aiJA 

0,188 

0.24 

0.75 

0.75 

0.75 


0.188 

0.24 


0.D75 + 0,188 

0,63 

0,008 


0.188 + 0.188 

0.24 + 0.24 


PREE 

PREE 

PREE 

PREE 

PREE 

POST 

POST 

POST 

POST 

POST 


PREE + POST 

PREE + POST 


0 
0 
0 
0 
0 
0 

0 
0 

% ----­ % 
0 0 0 
3 81 73 
0 90 76 
5 89 75 
3 85 73 
2 93 84 
3 99 
5 99 
3 97 
5 97 
3 80 
0 84 99 
0 89 99 
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Weed control in potatoes with preemergence herbicides: two- and three-way tank mixtures. Pamela l.S. Hutchinson, 
Felix E. Fletcher, and Brent R. Beutler. (Aberdeen Research and Extension Center, University ofIdaho, Aberdeen, 
ID 83210). The objective of this trial was to compare standard preemergence two- and three-way tank mixtures 
including EPTC, etbalfluralin, metribuzin, pendimethalin, rimsulfuron, and s-metolachlor. The trial area was 
infested with 20 redroot pigweed, 30 common lambsquarters, 20 to 30 hairy nightshade, I kochia, I green foxtail, 
and 1 volunteer oat/m2 

The experimental area was fertilized with 100 Ib N, 230 lb P20 S, 50 Ib K20, and 2 lb ZnJA before planting. 'Russet 
Burbank' potatoes were planted 5 inches deep at 12-inch intervals in rows spaced 36 inches apart on May I, 200 I in 
a Declo loam soil with 1.4% organic matter and pH 8.2. The experimental design was a randomized complete block 
with three replications. Plot size was 12 by 30 feet. 

Potatoes were hilled, and 0.27 IblA imidacloprid was applied on May 17, 200 I. Herbicides treatments were applied 
after hilling and just prior to potato emergence on May 22, 200 I, with a COz-pressurized backpack sprayer that 
delivered 17.5 gpa at 30 psi. Herbicides were incorporated by 0.50-inch sprinkler irrigation immediately after 
application. No potato or weed plants were exposed at time of application. 

Potatoes were sprinkler irrigated as needed throughout the growing season and received additional Nand P20 S, 

based on petiole test results, through the irrigation system. Mancozeb (1.5 IblA) was applied through the irrigation 
system luly 25, 2001. Potato vines were desiccated with 0.375 Ib/A diquat September 7,2001. Tubers were 
harvested from 25 feet of each of the two center rows in each plot using a single-row mechanical harvester on Sept 
18, 2001 and graded according to USDA standards. 

Visual weed control ratings were performed throughout the growing season, and a final rating was conducted pre­
harvest on August 27,2001. At pre-harvest, all three-way tank mixtures provided >90% control of red root pigweed, 
kochia, green foxtail , and volunteer oat with the exception of EPTC + metribuzin + s-metolachlor, and rirnsulfuron + 
metribuzin + EPTC (88.3% green foxtail control) (Table 1). All two-way tank mixtures including metribuzin or 
rirnsulfuron resulted in >90% control of the two grasses present, and redroot pigweed and kochia, with the exception 
ofmetribuzin + ethalfluralin (89.3% volunteer oat control), rirnsulfuron + s-metolachlor (87.7% green foxtail 
control), and rimsulfuron + EPTC (87.7% V.Oat control). EPTC + pendimethalin resulted in < 90% redroot 
pigweed and kochia control; EPTC + s-metolachlor resulted in <90% kochia control; and EPTC + ethalfluralin 
resulted in <90% kochia, green foxtail, and volunteer oat control. 

All two-way tank mixtures including metribuzin or EPTC (with the exception ofEPTC + ethalfluralin), and all 
three-way tank mixtures provided >90% common lambsquarters control mid-season and pre-harvest (Table 1). 
EPTC + ethalfluralin resulted in 87.5 and 75.3% common lambsquarters control mid-season, and at pre-harvest, 
respectively. While rirnsulfuron + pendimethalin or s-metolachlor resulted in > 90% common lambsquarters control 
mid-season, control was less than 90% at pre-harvest. Rirnsulfuron + ethalfluralin only was providing 75% common 
lambsquarters control at pre-harvest. The only rimsulfuron two-way tank mixtures providing >90% common 
lambsquarters control at pre-harvest were rirnsulfuron + EPTC or metribuzin. Rimsulfuron + metribuzin + EPTC 
was the only treatment providing >90% hairy nightshade control at pre-harvest (Table I). 

Little or no crop injury was observed in this trial throughout the growing season. All herbicide treatments resulted 

in greater total tuber yields compared to the weedy check (Table 2). 
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99.3 99.3 94 91.3 100 99.3 91.3 
99.3 96 95.3 95.3 95 91 90 
91.7 93 96 94.7 967 96 86.3 

Metribuzin 
+ 0.5 + 1.0 98 99.3 99 96.7 98.3 99.3 81.7 65 
+ s-metolachlor 0.5 + 1.34 99.3 99.3 99 99 99.7 99.3 83.3 76.7 
+ EPTC 0.5 + 3.0 98 993 95 91.3 99.7 993 83.3 78.3 

ethalfluralin 0.5 + 0.94 98 99.7 90 89.3 100 98 83.3 70 
+ rimsulfuron 0.5 0.023 99.3 98 96.3 90 100 99 90 80 
Rimsulfuron 
+ pendimethalin 0.023 + 1.0 99.3 96.3 93.3 92.3 95 86 90 82.7 
+ s-metolachlor 0.023 + 1.34 94.7 91 87.7 91 93.3 85 90 83.3 
+ EPTC 0.023 + 3.0 99 93 91.3 87.7 100 93 93.3 85 
+ ethalfluralin 0.023 + 0.94 94 94.7 96.3 96.3 86.7 75 86.7 76.7 
EPTC 
+ 	 3.0+ 1.0 84.7 87.7 96 94.7 96.7 94 83.3 75 

s-metolachlor 3.0 + 134 96.3 86.7 91.7 95 91.7 90 88.3 73.3 
+ ethalfluralin 3.0 + 0.94 91.5 79 86.3 87.5 87.5 75.3 82 74.5 
+ rimsulfuron 3.0 + 0023 99 94.7 94.7 94.7 98.3 90 88.3 82.7 
EPTC+ 
Metribuzin 
+ 3.0 + 0.5 + 0.75 98 99.3 94.7 94.7 983 96.3 90 84.3 
+ s-metolachlor 3.0 0.5 + LO 96.7 99 88.3 93 96.7 96.3 88.3 79.7 

ethalfluralin 3.0 + 0.5 + 0.94 95 99 94.3 94.3 100 99 83.3 76.7 
Rimsulfuron + 
Metribuzin 
+ 0.023 + 0.5 + 0.75 99 99.7 91.3 94.7 100 99.3 95 87 
+ s-metolachlor 0.023 + 0.5 + 1.0 99.7 98 93 90 100 98 95 88.7 
+ ethalfluralin 0.023 + 0.5 0.94 99.7 99.7 93 92.3 100 99.7 91.7 88.3 
+ EPTC 0.023 + 0.5 + 3.0 99.7 99.7 88.3 86.7 96.7 98 96.3 91.7 
Pendimethalin 
+ 
S-metolachlor 
+ metribuzin 0.75 + 1.0 + 0.5 
+ rimsulfuron 0.75 + 1.0 + 0.023 
+ EPTC 0.75 + 1.0 + 3.0 

V. Oat volunteer oat 



check 
Weed-free control 
Metribuzin 

pendimethalin 
+ s-metolachlor 
+ EPTC 
+ ethalfluralin 
+ rimsulfuron 
Rimsulfuron 
+ pendimethalin 
+ s-metolachlor 
+ EPTC 
+ ethalfluralin 
EPTC 
+ pendimethalin 
+ s-metolachlor 
+ ethalfluralin 

rimsulfuron 
EPTC + Metribuzin 
+ 
+ s-metolachlor 
+ ethalfluralin 
Rimsulfuron+Metribuzin 
+ pendimethalin 
+ s-metolachlor 
+ ethalfluralin 
+ EPTC 
Pendimethalin +S-metolachlor 
+ metribuzin 
+ rimsulfuron 
+ EPTC 

0.5 + 1.0 
0.5 + 1.0 
0.5 + 3.0 

0.5 + 0.94 
0.5 + 0.23 

0.023 1.0 
0.023 +1.34 
0.023 + 3.0 

0.023 + 0.94 

3.0 + 1.0 
3.0 + 1.34 
3.0 + 0.94 
3.0 023 

3.0 + 0.75 + 0.5 
3.0 + 0.5 + 1.0 

3.0 + 0.5 + 0.94 

0.023+ 0.5 + 0.75 
0.023 0.5 + 1.0 

0.023 + 0.5 + 0.94 
0.023 0.5 + 3.0 

0.75 + 1.0 + 0.5 
0.75 + 1.0 + 0.023 

0.75 + 1.0 + 3.0 

86.83 139.49 
188.86 299.1 J 

160.50 272.78 
171. 82 266.01 
173.17 275.01 
152.85 253.33 
147.23 254.39 

168.72 287.50 
159.14 245.29 
182.37 287.01 
16746 26368 

175.79 270.75 
213.93 304.24 
140.70 221.39 
177.63 275.59 

130.68 266.68 
179.66 283.33 
156.04 253.04 

150,43 287.01 
160.01 269.98 
142.97 274.24 
153.14 264.46 

199.50 300.85 
180.72 268.23 
196.60 283.24 



'Russet Burbank' potato tolerance to preemergence sulfentrazone tank mixtures. Pamela lS. Hutchinson, Felix E. 
Fletcher, and Brent R. Beutler. (Aberdeen Research and Extension Center, University ofIdaho, Aberdeen, ID 
83210). The objective of this experiment was to compare tolerance of 'Russet Burbank' potato to preemergence 
applications of sulfentrazone to tank mixtures of sulfentrazone and standard pre emergence herbicides. The 
experimental area was fertilized with 100 Ib N, 310 lb P20 S, 230 lb K20 , lb Zn, 2 lb Mn, and 0.51b Cu/A before 
planting 'Russet Burbank' potatoes on May 7,2001. Potatoes were planted 5 inches deep at l2-inch intervals in 
rows spaced 36 inches apart in a Declo loam soil with 1.4% organic matter and pH 8.1 in a field trial at the 
Aberdeen Research and Extension Center. The experimental design was a randomized complete block with four 
replications. Plot size was 12 by 30 feet. 

Potatoes were hilled and 0 .27 IblA imidacloprid was applied on May 23, 2001, just prior to potato emergence. 
Herbicide treatments were applied on May 30,2001 with a COrpressurized backpack sprayer that delivered 17.5 
gpa at 30 psi. There were no potato or weed plants exposed at the time of application. Herbicides were incorporated 
by sprinkler irrigation with 0.5 inch of water immediately after application. The trial area, including a weed-free 
control treatment, was maintained weed-free by hand-weeding throughout the growing season. 

Potatoes were sprinkler irrigated as needed throughout the growing season, and received additional N through the 
irrigation system based on petiole test results. Mancozeb (1.5 lblA) was applied through the irrigation system July 
24,2001. Potato vines were desiccated with 0.375 IblA diquat September 19,2001. Tubers were harvested from 25 
feet of each of the two center rows in each plot using a single-row mechanical harvester on October I, 200 I, and 
graded according to USDA standards. 

Similar to an Aberdeen trial conducted in 2000, sulfentrazone + s-metolachlor or pendimethalin resulted in 
numerically less 'Russet Burbank' crop injury compared to the same rate of sulfentrazone applied alone (Table, year 
2000 data not shown). Sulfentrazone + dimethenamid-p resulted in greater initial crop injury in 2000, and similar 
crop injury in 2001, compared to sulfentrazone applied at the same rate alone, while sulfentrazone + metribuzin 
resulted in similar initial crop injury in 2000, and greater crop injury in 2001, compared to sulfentrazone applied at 
the same rate alone. In 2000, total tuber and U.S. No.1 yields in sulfentrazone tank mixture treated plots were not 
different than yields from plots treated with the same sulfentrazone rate applied alone (data not shown). In 200 I, 
however, U.S. No. I tuber yields were reduced as a result of sulfentrazone + pendimethalin or s-metolachlor 
compared to the same sulfentrazone rate applied alone (Table). 

Table. Potato crop response to sulfentrazone and sulfentrazone tank-mixtures in a weed-free study. 

Cro!:! injur~ Tuber yield 


Treatment Rate 6/19 7112 U.S. No.1 Total 

Ib/A ---- -- --------0/0------------- -------------cwt/ A-----------­

Weed Free Control 0 0 60.79 213.15 

Sulfentrazone 0.063 0 1.7 73.37 210.44 

SuI fen trazone 0.094 5 13.3 108.22 240. 16 

Sulfentrazone 0.125 13.3 11.7 67.57 193.41 

Sulfentrazone 0.188 18.3 21.7 105.61 235.90 

Sulfentrazone 0.25 26.7 26.7 82.67 207.15 

Sulfentrazone + 0.094+ 


10 5 72.89 209.18 
s-metolachlor I 


Sulfentrazone + 0.094+ 

6.7 6.7 73.57 201.44

pendimethal in I 

Sulfentrazone + 0.094+ 


5 18.3 82.86 218.67 
EPTC 3 


Sulfentrazone + 0.094+ 

10 11.7 102.70 231.74

dimethenamid-p 0.64 

Sulfentrazone + 0.094+ 


6.7 23.3 8\.70 235.90
metribuzin 0.5 


Sulfentrazone + 0.094+ 

6.7 18.3 90.90 206.67

rimsulfuron 0.023 

LSD(0.05) 6.49 14.73 33.14 47.47 
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Potato desiccation and late-season hairy nightshade control with desiccants . Pamela J.S. Hutchinson, Felix E. 
Fletcher, and Brent R. Beutler. (Aberdeen Research and Extension Center, University ofldaho, Aberdeen, ID 
83210). The objectives of this trials was to determine the effectiveness of several potato desiccants and their 
combinations with adjuvants (see Table) for potato desiccation and pre-harvest hairy nightshade control in a field 
trial at the Aberdeen Research and Extension Center in Aberdeen, Idaho. 

The trial area was fertilized with 100 lb N, 230 lb P20 5, 50 lb K20, and 2 lb Zn/A before planting. 'Russet Burbank' 
potatoes were planted 5 inches deep at 12-inch intervals in rows spaced 36 inches apart on May 1, 200l. The soil 
was a Declo loam soil with 1.4% organic matter and pH 8.2. The experimental design was a randomized complete 
block with three replications. Plot size was 12 by 30 feet. 

Potatoes were hilled and 0.27 Ib/A imidacloprid was applied on May 17, 2001, just prior to potato emergence. The 
trial area was treated with a postemergence application of metribuzin to limit weed populations to hairy nightshade. 
Desiccant treatments were applied on August 14, and Aug 22, 2001 with a tractor-mounted COrpressurized sprayer 
that delivered 27 gpa at 32 psi. Potatoes were sprinkler irrigated as needed throughout the growing season and 
received additional Nand P20 5, based on petiole test results, through the irrigation system. Mancozeb (l.5 Ib/A) 
was applied through the irrigation system July 25,2001. 

Late-season hairy nightshade control by sequential applications carfentrazone, applied alone with methylated seed 
oil (MSO), or Silwet, or tank mixed with endothall or diquat and MSO, was compared to control resulting from 
single applications of endothall + MSO, glufosinate ammonium, paraquat, sulfuric acid, or diquat. Single 
application treatments were applied the same day as the 1.1 application in the carfentrazone sequential treatments. 
Sulfuric acid, diquat, or glufosinate ammonium + ammonium sulfate (AMS), ethylated seed oil, or SuperTin and 
AMS, resulted in >90% hairy nightshade control 1 week after treatment (Table). Carfentrazone + diquat + MSO 
was providing 87% hairy nightshade control 1 week after the first application, just prior to the second application. 
Two weeks after the first application/one week after the second carfentrazone application, all carfentrazone 
treatments were providing >85% control, and all other treatments except paraquat or endothall alone were providing 
>89% hairy nightshade control. By the third week after the initial application, all treatments except paraquat or 
endothall were providing >89% hairy nightshade control. A single paraquat or endothall application resulted in 83% 
or 43% hairy nightshade control, respectively, 3 weeks after treatment. Hairy nightshade control by 30 and 
100%v/v CT-311, a sulfuric acid formulation from Cheltec, Inc., was comparable to commercial grade sulfuruic 
acid. 

Hairy nightshade seed germination testing performed in the greenhouse after fall 2001 harvest has revealed no 
difference between desiccation treatments. Fewer hairy nightshade seeds were present in plots with >90% hairy 
nightshade control I week after application. Seed gelmination testing will be completed spring 2002. 

At 1 week after the fust application, just prior to the second application, carfentrazone + endothall (0.5 + 0.05 Ib/A), 
carfentrazone + diquat (0.375 or 0.5 + 0.25), and carfentrazone alone at 0.75 Ib/A were the only carfentrazone 
treatments providing ::::90% potato desiccation (Table 1). All glufosinate ammonium treatments, diquat alone 
treatments, paraquat, and commercial grade sulfuric acid or CT-311 sulfuric acid treatments resulted in >90% potato 
desiccation 1 week after the first application. At two weeks after the second application, all carfentrazone 
treatments were providing >90% potato desiccation, and by three weeks after the second application, the only 
desiccation treatment with less than 90% potato desiccation was the endothall treatment. 
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Table. Potato desiccation and late-season hairy nightshade control. 

Treatment Rate 
Ib/A 

Timing6 

Potato desiccation SOLSA control 
8/31 9/4 9/1 2 8/22 8/31 9/4 9/12 

-------------------------------------------------%------------------------------------------------­

Untreated Control 
Carfentrazone' + 

carfentrazone' 
0.025+ 
0.025 

A 
B 

o 
76.7 

15 

76.7 

36.7 

99.3 

80 

100 

o 
633 

o 
883 

o 
97.3 

o 
983 

Carfentrazone3 + 
carfentrazone3 

0.025+ 
0.025 

A 
B 

80 88.3 99.7 100 75 86.7 97 97.3 

Carfentrazone' + 
carfentrazone' 

0.0375+ 
0.0375 

A 
B 

86.7 88.3 99.7 100 81.7 93.3 98.7 98.3 

Carfentrazone3 + 
carfentrazone3 

0.0375+ 
0.0375 

A 
B 

82.7 82.7 993 99.7 70 86.7 97.3 94 

Carfentrazone' + 
carfentrazone' 

0.05+ 
0.05 

A 
B 

88.3 86.7 99.3 100 78.3 933 983 98.7 

Carfentrazonel + 
carfentrazone3 

0.05+ 
0.05 

A 
B 

83.3 94 97.7 100 63.3 88.3 96 98.7 

Carfentrazone' + 0.0375+ A 
endothall + 
ca rfentrazone' + 

0.5+ 
0.0375+ B 

89.3 96.3 99 100 76.7 84.3 91.3 90.7 

endothall 0.5 
Carfentrazone' 0.05 A 88.3 93 99.7 100 81.7 88.3 92.7 91 
Carfentrazone2+ 0.05+ A 

endothall + 
carfentrazone' + 

0.5+ 
0.05+ B 

91.7 97.7 99.3 100 80 86 88.7 92.7 

endothall 0.5 
Carfentrazone' + 0.025+ A 

diquat + 
carfentrazone' + 

0.25+ 
0.025+ B 

893 963 100 100 81.7 93.3 99.3 99 

diquat 0.25 
Carfentrazone' + 0.0375+ A 

diquat + 
carfentrazone' + 

0.25+ 
0.0375+ B 

91.7 97.7 100 100 87.7 95 99.3 99.7 

diquat 
Carfentrazone2+ 

0.25 
0.05+ A 

diquat + 
carfentrazone' + 

0.25+ 
0.05+ B 

90 97.7 100 100 86.7 95 99.3 99.7 

diquat 0.25 
Carfentrazone' 0.Q75 A 90 99 99 100 80 88.3 89.7 87.7 
Carfentrazone2+ 

carfentrazone' 
0.05+ 
005 

A 
B 

63.3 81.7 98 100 66.7 83.3 96.8 98.1 

Carfentrazone' + 
carfentrazone' 

0.075+ 
0.Q75 

A 
B 

76.7 86.7 99.7 100 75 90 99 99 

Endothall 2 0.5 A 21.7 53.3 91.3 88.7 15 26.7 43.3 36.7 
Glufosinate + 

AMS Plus 
0.375+ 
l%v/v 

A 
97.7 99 99.3 100 91.3 85 91.7 93.7 

Glufosinate + 0375+ A 
Super-Tin+ 0.1875+ 963 99 99.3 100 91.7 95 94.7 94.7 
AMS Plus I%v/v 

Glufosinate + 
hasten 

0.375+ 
0.25% v/v 

A 
91.3 96.3 100 100 75 90 98.3 98.7 

Oiquat4+ 
diquat' 

0.25+ 
0.25 

A 
B 

95.7 97.7 100 100 91 94 96 91 

Oiquat' 
Oi quat4 

Paraquat' 

0.5 
0375 
0.47 

A 
A 
A 

97.3 
99 

96.3 

97.7 
99 
99 

98 
99.7 
99.3 

99.7 
100 
99.3 

92.7 
96 

78.3 

93.3 
93 

817 

93.7 
93 

83.3 

95.3 
91.3 
80 

Sulfuric acid 
(CT-311)' 30% v/v A 

94.8 98.7 98.7 99.7 83.2 843 84.7 80 

Sulfuric acid 
(CT-311)5 100%v/v A 

99.8 99 99 99.7 86.7 89.7 89.7 88.3 

Sulfuric acid 100% v/v A 99 99.7 99.7 99.7 93 90 89.7 89.7 
LSO(0.05) 14.7 7.1 4.1 0.6 17.6 9.5 9.0 12.5 
8/22/01 ratings were conducted just prior to Application B 

'Treatment included methylated seed oil at IqtJA. 
) Treatment included Silwet L-77 (organo-silicone su rfactant) at 0.125% v/v. 
'Treatment included non-ionic surfactant at 0.25% v/v. 
5 CT-311 is an experimental formulation of sulfuric acid, property of Cheltec, Inc. 
6 Timing 'A' and 'B' applications were applied August 14 and August 22, 2001, respectively. 
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~~fQ!!!!QlJ!!:!Q..fOIill~W~'-lQ..!!ll!J2:!.!llil:illl~L!.1J~l!:1.lf!illl...m:~rns!..QQ:ili'!1~m~. Pamela 1. S. 
Brent R. Beutler. (Aberdeen Research and Extension ofIdaho, 

ID 83210). This was to evaluate the efficacy and crop ofrimsulfuron and metribuzin 
alone and as tank mix partners applied preemergence (PRE) or pO:5te:merge with 32%N + NIS. These 
herbicide combinations were compared to a check and a weed-free control. 

The area was fertilized with 100 lb N, 230 Ib 50lb and 2 Ib ZnJA before planting 'Russet 
Burbank' potatoes on May 1,2001. Potatoes were 5 inches deep at 12-inch intervals in rows spaced 36 
inches apart in a Declo loam soil with 1.4% organic matter and pH 8.2 at the Aberdeen Research and Extension 

ID. The was a randomized complete block with three replications. Pot size was 12 by 
30 feet. 

Potatoes were hilled and 0.27 lblA imidacloprid was on May 17, 2001, prior to emergence. PRE 
and POST herbicides treatments were on May and June 16, 2001, with a 
ua...·"'!J.""I\. sprayer that delivered 17.5 gpa at 30 psi. PRE treatments were by 0.5-inch 

immediately after application. No potato or weed plants were exposed at the time of the PRE application. 
At the time of the POST potatoes were 8 inches tall. Weed at the time of the POST 
application were as follows: common lambsquarters 1 to 2 inchl3 hairy 1 to 2 inchl4 leaf, redroot 
pigweed 1 to 2 inchl4 leaf, kochia 2 to 3 inchl8 green foxtail 3 inch 2 to 4 leaf and volunteer oat 2 inchl2 to 3 
leaf. Weed populations at POST application time were 40 to 50common lambsquarters, 200 nightshade, 40 
redroot 1 1 green and I volunteer . Rimsulfuron alone POST treatments included 
32%N and NIS, and the rimsulfuron metribuzin POST treatment included NIS. 

Potatoes were sprinkler irrigated as needed throughout the growing season, and received additional Nand pzOs. 
based on petiole test results, through the irrigation system. Mancozeb (1.5 Ib/A) was applied the irrigation 
system July 2001. Potato vines were desiccated with 0.375 Ib/A diquat 7,2001. Tubers were 
harvested from 25 feet of each of the two center rows in each using a mechanical harvester on 
20, and graded to USDA standards. 

On June 16,2001, prior to the POST application, the PRE treatments were control of all weeds 
present with the of metribuzin (74% nightshade (data not At 2 weeks after the 
POST all treatments were >90% redroot pigweed control (Table The rimsulfuron 
alone PRE and POST treatments were <80% common lambsquarters and and all treatments were 

lU!:;U"'U~'U'-' control with the exception of metribuzin PRE (68.3%), rimsulfuron + metribuzin 
and rimsulfuron alone PRE at 0.023 Ib/A (86.7%). 

At the pre-harvest weed control 4,2001, all herbicide treatments resulted in >90% 
redroot pigweed control (Table Common and kochia control from rimsulfuron alone 
treatments was <72% of timing. The rimsulfuron metribuzin and metribuzin PRE rimsulfuron 
POST treatments more controlled common lambsquarters and kochia to the PRE rimsulfuron, 
or POST rimsulfuron alone treatments. Of the rimsulfuron alone treatments, only the 0.31 lblA rate resulted in 
>90% hairy control at Green foxtail and volunteer oat were controlled at ::::90% by all 
treatments with the exception of rimsulfuron 0.023 Ib/A alone PRE. Rimsulfuron alone 0.031 PRE resulted in 
88.3% green foxtail and volunteer oat control pre-harvest, and metribuzin PRE resulted in 88.3% green foxtail 
control 

Slight as chlorosis and stunting was observed 4 days after the POST application timing in the PRE 
rimsulfuron + PRE metribuzin 0.5 Ib/A + POST rimsulfuron 0.023 Ib/A, and POST rimsulfuron + 
metribuzin + NIS treatments (Table No injury was observed 10 days later on June 30, 2001. All herbicide 
treatments had total tuber compared to the check with the of rimsulfuron alone 0.031 
Ib/A POST 2). Rimsulfuron alone PRE or metribuzin alone PRE, and metribuzin PRE 0.0231b/A 
rimsulfuron POST did not have U.S. No. I tuber different than the check. 



Rimsulfuron 0.023 PRE 98 91 73.3 43.3 71.7 71.7 86.7 75 88.3 83.3 88.3 83.3 
Rimsulfuron 0031 PRE 99.7 98 75 50 78.3 66 91.7 84.3 93.3 88.3 93.3 88.3 
Metribuzin 0.5 PRE 99.7 96 98 97.7 993 9G 68.3 61.7 94.3 88.3 94.3 90 
Rimsulfuron + 

metribuzin 
0.023+ 

0.5 
PRE 
PRE 

100 100 100 98.3 100 99.7 93.3 83.3 93.3 93.3 93.3 94.7 

Rimsulfuron + 0.031+ 
0.5 

PRE 
PRE 

100 100 96.7 98 99.7 97.7 96 91.3 93 96.3 93 96.3 

0.5+ 
0.023 

PRE 
POST 

100 100 100 100 100 99.3 97.3 96 96 9G 96 

0.5+ 
0.03J 

PRE 
POST 

100 100 100 100 00 100 99.7 98.3 98 98 98 96.3 

0.023 POST 99.7 100 567 60 53.3 53.3 94.7 86.7 97.7 93.3 97.7 93.3 
0.031 POST 100 99.3 60 53.3 53.3 63.3 99.3 95 99 91.7 99 91 

Rimsulfuron + 0023+ 
0.5 

POST 
POST 

100 99.7 100 00 93.3 96.3 967 93.3 100 99 100 99 

com 
Treatments contained NlS at 0.25% 

3 Treatments contained urea at 
The POST treatments were anolied June 16,2001 



Table 2. Potato croQ res20nse to rimsulfuron and metribuzin aQQlied 2re- and postemergence. 
Application CroQ injury Tuber ~eld 

Treatment Rate Timing3 6/20 6/30 U.S. No. I Total 
Ib/A --------------%------------­ -------------cwtJA -----------­

.j::> 
m 

Weedy check 
Weed-free check 
Rimsulfuron 0.023 PRE 
Rimsulfuron 0.031 PRE 
Metribuzin 0.5 PRE 
Rimsulfuron + 0.023+ PRE 

metribuzin 0.5 PRE 
Rimsulfuron + 0.031+ PRE 

metribuzin 0.5 PRE 
Metribuzin + 0.5+ PRE 

Rimsulfuron 1.2 0.023 POST 
Metribuzin + 0.5+ PRE 

Rimsulfuron l ,2 0.031 POST 
Rimsulfuron 1,2 0 .023 POST 
Rimsulfuron l ,2 0.031 POST 
Rimsulfuron + 0.023+ POST 

Metribuzin 1 0.5 POST 
LSO(0.05) 

I Treatments contained NIS at 0.25% v/v. 
2 Treatments contained liquid urea (32-0-0) at I qt/ A 
3 The POST treatments were applied June 16,2001 

0 0 
0 0 
0 0 
0 0 
0 0 

1.7 0 

6.7 0 

4.8 0 

0 0 

0 0 
0 0 

11.7 0 

3.6 ns 

52.76 95.54 
156.72 259.52 
118.00 187.60 
108.7 1 194.08 
140.17 277.33 

183.53 302.98 

204.44 314.70 

123.23 259.81 

159.04 283.14 

110.54 182.37 
78.70 129.81 

258 .55 378.78 

92.95 80.68 



Pamela J.S. 
Ac;enle~m Research and Extension University of 

of this trial was to compare preemergence weed control with 
meth~~nanul::1-p and standard herbicides alone or in tank mixtures. The Aberdeen Research and Extension trial area 

was infested with 150 hairy 40 common 40 redroot pigweed, 1 green foxtail, 1 volunteer 
oat, and 9 kochia/m2

• 

The experimental area was fertilized with 100 Ib 2301b 50 Ib K20, and 21b ZnlA before 'Russet 
Burbank' potatoes on May 1,2001. Potatoes were planted 5 inches at 12-inch intervals in rows 36 
inches apart in a Declo loam soil with 1.4% organic matter and pH 8.2. The experimental was a randomized 
complete block with three replications and 12 by 30 foot 

Potatoes were hilled and 0.27 Ib/A was 17,2001, just prior to potato emergence. 
Herbicide treatments were applied on 22, 2001, with a LL'?-p,reSSl sprayer that delivered 17.5 
gpa at 30 psi. Herbicides were incorporated by 0.5-inch after No 

or weed plants were exposed at time of application. 

Potatoes were irrigated as needed throughout the growing season and received additional Nand P20 S, 

based on petiole test results, the system. Mancozeb (1.5 lb!A) was applied through the irrigation 
system July 25,2001. Potato vines were desiccated with 0.375 Ib/A diquat 7,2001. Tubers were 
harvested from 25 feet of each of the two center rows in each plot using a single-row mechanical harvester on Sept 
18,2001, and according to USDA standards. 

Weed control was rated the season, and a fInal was 
2001. alone resulted in >90% weed control of all weeds 

and which were controlled 89.7 and 87.7%, 1). 
Pendimethalin alone only resulted in >90% kochia control. Metribuzin alone provided >90% control of 
all weeds present except and volunteer oat. Rimsulfuron alone resulted in >90% control of redroot 

green foxtail, and volunteer oat. EPTC alone only provided >90% green foxtail and s-metolachlor 
alone resulted in >90% green foxtail and volunteer oat controL All tank mixtures of these standard 
preemergence herbicides with resulted in >90% season-long control of all weeds ,Hv"V%,,,. 

JmletI1erlanU(i--p + and a tank mixture of dimethenamid-p + pendimethalin + metribuzin 
resulted in >95% control of all weeds 

Little or no crop was observed throughout the growing season (Table 2)_ Dimethenamid-p was the 
herbicide applied alone resulting in U.S. No.1 tuber compared to the weedy check (Table 
Pendimethalin, rimsulfuron, or s-metolachlor alone did not result in total tuber yields to 
the weedy check. 
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Weedy check 0 0 0 0 0 0 0 0 0 0 0 0 
Weed-free control 100 100 100 100 100 100 100 100 100 100 100 100 
Dimethenamid-p 0.64 100 98.7 85 89.7 93.3 90 86.7 87.7 90 97.7 90 97.7 
Pendimethalin I 80 75 88.3 75 86.7 96.3 0 0 90 86.7 90 83.3 
Dimethenamid-p + 

pendimethalin 
0.64+ 

I 
100 93 100 99.7 100 99.3 96 90 93.3 99.3 93.3 96.3 

Metribuzin 0.5 99.3 94.3 93 94.3 97.7 96.7 63.3 10 93.3 90 93.3 88.3 
Dimethenamid-p + 

metribuzin 
0.64+ 

0.5 
100 99.7 100 99.7 100 98 99 96.7 97.7 99.3 97.7 94.7 

Rimsulfuron 0.023 99.7 94.3 86.7 77.7 88.3 87.7 88.3 83.3 88.3 93 88.3 96.3 

rimsulfuron 
0.64+ 
0.023 

100 99 96.7 92.7 98.3 91.7 97.7 91.3 96.3 97.7 96.3 96 

EPTC 3 93.3 79.3 86.7 85 73.3 36.7 83.3 66.7 90 91.7 90 88.3 

EPTC 
+ 0.64+ 

3 
94.3 98 100 99.3 93.3 94 97.7 94.3 96.3 96 96.3 93 

S-metolachlor I 86.3 70 75 78.3 58.3 50 63.3 53.3 90 93.3 90 93.3 
Dimethenamid-p + 

s-metolachlor 
0.64+ 

I 
100 96.3 95 93 93.3 94 96.3 95.3 93.3 97.7 93.3 96 

Dimethenamid-p + 0.64+ 
+ 1+ 100 100 100 100 100 100 97.7 98.3 97.7 99.7 97.7 98.3 

metribuzin 0.5 

foxtail; V.Oat volunteer oat 

Weedy check 0 0 122.65 181.31 
Weed-free control 0 0 194.47 286.43 
Dimethenamid-p 0.64 0 0 213.93 304.63 
Pendimethalin I 0 0 131.45 200.47 

pendimethal in 
+ 0.64+ 

I 
0 0 218.57 308.31 

Metribuzin 0.5 0 0 179.27 266.01 
Dimethenamid-p + 

metribuzin 
0.64+ 

0.5 
1.7 0 211.41 313.05 

Rimsulfuron 0.023 0 0 144.52 231.64 
Dimethenamid-p + 

rimsulfuron 
0.64+ 
0.023 

5 0 234.26 322.73 

EPTC 3 0 0 172.59 268.04 
Dimethenamid-p + 

EPTC 
0.64+ 

3 
0 0 191.47 306.08 

S-metolachlor 1 0 0 116.74 192.34 

s-metolachlor 
+ 0.64+ 

1 
3.3 0 197.86 311.70 

Dimethenamid-p + 0.64+ 
pendimethalin 1+ 3.3 0 235.61 313.34 
metribuzin 0.5 
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Pamela J.S. Hutchinson, 
nPT'rjp'>t"I Research and Extension Center, University ofIdaho, Aberdeen, 

lD 83210). The objective of this trial was to evaluate preemergence weed control with various rates of 
sulfentrazone or flumioxazin applied alone or as tank mixtures with standard pre emergence herbicides in a 
field trial at the Aberdeen Research and Extension Center. These herbicides were to a standard treatment 
of rimsulfuron +metribuzin in an area infested with 80 hairy nightshade, 10 common 40 redroot 
pigweed, 20 green foxtail, 20 volunteer oat, and 1 kochia/m2

• 

The experimental area was fertilized with 100 Ib 230 Ib and 21b ZnJA before planting 'Russet 
Burbank' on 1,2001. Potatoes were planted 5 inches at 12-inch intervals in rows spaced 36 
inches apart in a Declo loam soil with 1.4% matter and pH 8.2. The was a randomized 
complete block with three and 12 30 foot plots. 

Potatoes were hilled and 0.27 lblA 
Herbicides treatments were applied on May 
gpa at 30 Herbicides were by 0.5-inch 

was on 
2001, with a ~\"'12-r)re~;SUJnz(~a 

just prior to potato emergence. 
",<.,,,>-,0,1...,,- sprayer that delivered 17.5 

after No 
or weed plants were exposed at time of application. 

Potatoes were sprinkler irrigated as needed throughout the growing season and received additional Nand P20S, 
based on petiole test results, through the irrigation Mancozeb (1.5 Ib/A) was applied through the irrigation 

July 25,2001. Potato vines were desiccated with 0.375 IbfA diquat 7,2001. Tubers were 
harvested from 25 feet of each of the two center rows in each plot a mechanical harvester on 
20,2001, and to USDA standards. 

Visual weed control were performed throughout the season, and a final rating was conducted pre­
halVest on 7,2001. Rimsulfuron + metribuzin provided >90% season-long control of red root mIJ'WP"(1 

common lambs quarters, kochia, and green and 86.7% volunteer oat control (Table I). While 
nH!htshacle control was 91 % mid-season not shown), rimsulfuron + metribuzin hairy control at pre-
harvest only was 78.3%. Sulfentrazone alone treatment rates were 0.047, 0.063,0.094, or 0.125 IbfA. Flumioxaxin 
alone treatment rates were 0.063, 0.078, 0.094, O. or 0.188 IblA. The sulfentrazone or flumioxazin tank mixture 
rate was 0.094 IblA. the highest rate of sulfentrazone (0.125 IbfA) or flumioxazin (0.188 lblA) alone 
resulted in acceptable grass control of 88.3 and Sulfentrazone alone at 0.063 Ib/A or 
greater, resulted in >90% redroot control. All sulfentrazone alone treatments resulted in >90% common 
lambsquarters and kochia control. Sulfentrazone at 0.094, or 0.125 IbfA provided >90% hairy nightshade control. 
Flumioxazin at 0.094, O. or 0.188 Ib/A applied alone resulted in >90% redTOot pigweed control, while the two 
highest flumioxazin rates were necessary for >90% common lambsquarters control. Ail flumioxazin alone 
treatments resulted in >90% kochia or nightshade control. 

All sulfentrazone tank mixture treatments resulted in >90% broad leaf control Cfable Sulfentrazone + s­
metolachlor, or EPTC resulted in >90% green foxtail control. Of the sulfentrazone 
tank only the combination with rimsulfuron provided>90% volunteer oat control. All flumioxazin tank 
mixtures resulted in >90% redraot pigweed, and hairy control, and >89% green foxtail control. 
Of the flumioxazin the flumioxazin + or EPTC tank mixtures 

control, and only the flumioxaxin + tank mixture resulted in 
>90% volunteer oat control. Flufenacet applied alone resulted in 99 to 100% grass control and did not nTlnl1rl? 

broadleaf control (Table Flufenacet combined with sulfentrazone >90% control of all weeds 
Ul "'':'Cl'''. Flufenacet combined with resulted in >90% control of all weeds present with the of 
common lambsquarters at 86.7% control. 

"LUl'Hll.'l", and some leaf malformation) was evident in all herbicide-treated plots prior to row closure 
(June 20, 200 1 and virtually gone 2 weeks later on July 4, 2001 (Table All treatments resulted in greater 
U.S. No. 1 and total tuber compared to the weedy check. The sulfentrazone + flufenacet treatment resulted in 
the tuber in the trial. 



SOLSA 

Table f. Season-long weed control with preemergence sulfentrazone or f1umioxazin applied alone or in 
tank with standard 

Sulfentrazone 0.047 84.7 94.7 99 77.7 36.7 75 
Sulfentrazone 0.063 93 94,7 99 86 58,3 80 
Sulfentrazone 0,094 96 96 99 94 43,3 76.7 
Sulfentrazone 0.125 96 99 99 93 71.7 88.3 
Sulfentrazone 
+ pendimethalin 0.094+1 97.7 99 99 95.3 88.7 79.3 
+ s-metolachlor 0.094+1 94 96.3 99 90.7 93.3 84.3 
+ dimethenamid-p 0.094+0.64 96.3 99 99 94.3 94.7 82 
+ rimsulfuron 0,094+0.023 99 99 99 96.3 89.7 91.7 

metribuzin 0.094+0.5 97.7 99 99 90.7 90.3 87 
EPTC 0.094+3 97.7 99 99 97.7 96 82.7 

Flumioxazin 0.063 86.3 75 99 90 36.7 53,3 
Flumioxazin 0.Q78 80 73.3 99 96 70 76.7 
Flumioxazin 0.094 91.7 71.3 99 96.3 79.7 83.3 
Flumioxazin 0.125 96 91.3 99 97.3 70 86.7 
Flumioxazin 0.188 90.7 94.7 99 97.7 92.7 89.3 
Flumioxazin 

0.094+1 91.3 88.7 99 97.7 89.3 94,7 
+ s-metolachlor 0,094+1 94 89,7 99 96.3 94.7 87.7 

0.094+0.64 99 96,3 99 99 96.3 87.7 
0,094+0.023 94.3 88 99 91.3 90 88.7 

0.094+0.5 99 99 99 97,3 96.3 86.7 
+ EPTC 0094+3 92.3 92.3 97,7 96.3 91.3 81 
Flufenacet 1.2 23.3 23.3 0 0 99 99 
Sulfentrazone + 

flufenacet 
0,094+ 1.2 97,7 99 99 90,7 96 96 

Flumioxazin + 
flufenacet 

0,094+1.2 94.3 86,7 99 97.3 97,3 95,7 

Rimsulfuron + 
metribuzin 

0.023+0,5 97.7 96 99 78.3 93 86.7 

+ metribuzin 

CHEAL common lambsquarters; KCHSC 
SETVI green foxtail; V,Oat volunteer oat. 
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Table 2. alone or in 

check 0 0 41.91 91.67 
Weed-free control 0 0 182.18 258.D7 
Sulfentrazone 0.047 L7 0 223.42 304.34 
Sulfentrazone 0.063 6.7 L7 18615 265.62 
Sulfentrazone 0.094 117 0 134.17 238.61 
Sulfentrazone 0.125 \6.7 0 215.38 318.38 
Sulfentrazone 
+ Pendimethalin 0.094+1 8.3 17 216.64 330.67 
+ S-melolachlor 0.094+1 6.7 1.7 217.89 336.19 
+ Dimethenamid-p 0.094+0.64 6.7 L7 272.2 365.81 
+ Rimsulfuron 0.094+0.023 10 17 169.98 29573 
+ Metribuzin 0.094+0.5 10 0 205.21 296.02 
+ EPTC 0.094+3 3.3 0 221.28 311.6 
Flumioxazin 0.063 3.3 0 195.35 275.01 
Flumioxazin 0.D78 3.3 0 159.53 234.16 
Flumioxazin 0.094 3.3 0 162.33 277.43 
Flumioxazm 0.125 117 0 210.93 281.59 
Flumioxazin 0.188 11.7 0 207.35 320.12 
Flumioxazin 
+ Pendimethalin 0.094+1 1.7 0 224.87 312.08 
+ S-metolachlor 0.094+1 6.7 L7 196.89 262.62 
+ 0.094+0.64 8.3 3.3 172.3 261.36 
+ Rimsulfllron 0.094+0.023 3.3 1.7 135.42 244.51 

Metribllzin 0.094+0.5 5 17 196.02 306.37 
+ EPTC 0.094+3 6.7 0 153.04 263.01 
Fillfenacet 1.2 0 0 228.54 293.69 
Slllfentrazone + 

Flufenacet 
0.094+] 5 0 31 J.21 378.01 

Flumioxazin + 
Fillfenacet 

0.094+1.2 3.3 0 241.42 332.02 

Rimsulfuron + 
metribuzin 

0.023+0.5 6.7 0 171.53 271.72 
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Weed control in potatoes with preemergence herbicides at three Idaho locations. Pamela 1.S. Hutchinson, Felix E. 
Fletcher, Brent R. Beutler, Don W. Morishita, W. Mack Thompson, and Gale W. Harding. (Aberdeen Research and 
Extension Center, University of Idaho, Aberdeen, ID 83210; Twin Falls Research and Extension Center, University 
ofIdaho, Twin Falls, ID 83303; Parma Research and Extension Center, University ofIdaho, Parma, ID 83660; and 
Madison County Extension Office, Rexburg, ID 83441). The objective of this trial was to evaluate weed control 
with preemergence applications of sulfentrazone, flumioxazin, or dimethenamid-p applied alone or with standard 
tank-mix partners compared to rimsulfuron + metribuzin, and standard three-way tank mixtures in trials located near 
Kimberly, Parma, and Rexburg, ID. 

'Russet Burbank' potatoes were hilled just prior to emergence at all locations and herbicides were applied 
preemergence. Treatments were sprinkler or mechanically incorporated immediately after application. Applications 
were made May 17,2001 in Rexburg and May 22, 2001 in Kimberly and Parma. Hairy nightshade and redroot 
pigweed were present at Rexburg at low populations of 1 and 31m2, respectively. Kimberly had infestations of 15 
redroot pigweed, 30 common lambsquarters, 20 hairy nightshade and 100 grassy weeds (mixed population of wild 
oat, green foxtail, and barnyardgrass)1 m2

. Populations at Parma were moderate to high, consisting of 40 common 
lambsquarters, 40 redroot pigweed, 40 hairy nightshade, and 70 yellow nutsedgel m2

. Yield data were not collected 
at any location. 

Visual weed control ratings were conducted just prior to row closure. Rimsulfuron + metribuzin provided ~90% 
control of all weeds at all locations including yellow nuts edge at Parma (Table). Three-way tank mixtures of 
metribuzin + pendimethalin or s-metolachlor + EPTC or rimsulfuron provided ~95% control of all weeds at all 
locations. Dimethenamid-p alone resulted in common lambsquarters suppression in Parma (66.7% control) 
compared to 94.7% common lambsquarters control at Kimberly. Dimethenarnid-p alone provided ~90% control of 
all weeds other than common lambsquarters at all locations. Tank mixtures of dimethenamid-p + pendimethalin, s­
metolachlor, or metribuzin resulted in improved common lambsquarters control at Parma compared to 
dimethenamid-p applied alone. Sulfentrazone alone provided ~95% redroot pigweed, common lambsquarters, and 
hairy nightshade control at all locations, and suppression of grasses present at Kimberly (75%). Tank mixtures of 
sulfentrazone and pendimethalin or s-metolachlor resulted in slightly greater grass control (82%). Flumioxazin 
alone resulted in 70 and 83.3% redroot pigweed at Kimberly and Parma, respectively, compared to 91.3% redroot 
pigweed control at Rexburg. Flumioxazin alone provided 80 and 86.7% common lambs quarters control at Kimberly 
and Parma, respectively, and ~90% hairy nightshade control at all locations. Tank-mixing flumioxazin with 
pendimethalin improved redroot pigweed control at Kimberly, and common lambsquarters control at Parma 
compared to flumioxazin applied alone. Tank mixing flumioxazin with s-metolachlor increased redroot pigweed 
control at Kimberly and Parma, and common lambsquarters control at Kimberly compared to flumioxazin applied 
alone. Flumioxazin + pendimethalin provided 93.3% grass control at Kimberly. 

Dimethenamid-p applied alone resulted in >95% yellow nuts edge control at Parma (Table). Sulfentrazone provided 
48% yellow nutsedge control, and flumioxazin provided little or no suppression. Tank mixtures of sulfentrazone + 
pendimethalin resulted in less control (22%) than sulfentTazone alone. Sulfentrazone or flumioxazin + s-metolachlor 
provided >95% yellow nutsedge control. 
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Table. Weed control at three Idaho locations with pre emergence herbicides and tank-mixtures. 
--Weed contTOfT 

Rexburg Kimberly Parma 
Treatment Rate AMARE SOLSA AMARE CHEAL SOLS A Grass AMARE CHEAL SOLSA CYPES 

IblA ------------------------------------------------------------------------------------%--------------------------------------------------------------------­

Rimsu1furon + 0.023+ 93.3 99 100 100 98.3 90 98.3 90 100 95 
metrlbuzm 0.5 

Pendimethalin + 0.75+ 
EPTC+ 3+ 99.3 95 100 100 100 97.7 100 100 100 99.7 
metribuzin 0.5 

S-meto1ach1or + 1.34+ 
EPTC + 3+ 96.3 97.7 100 100 100 96.7 100 100 100 100 
metribuzin 0.5 

Pendimethalin + 0.75+ 
rimsulfuron + 0.023+ 963 96 100 100 100 87.7 100 100 100 96.7 
metribuzin 0.5 

S-metolachlor + 1.34+ 
rimsulfuron + 0.023+ 98.3 96.3 100 100 100 94.7 100 100 100 100 
metribuzin 0.5 

Sulfentrazone 0.094 91.7 94.7 100 100 100 75 98.3 100 100 48.3 

~ Su1fentrazone + 0.094+ 95.3 94.7 100 100 100 81 100 100 100 21.7 
pendlmethalm 1 

Flumioxazin 0.094 91.3 90 70 80 98.3 0 83.3 86.7 100 8.3 

Flumioxazin + 0.094+ 93 91.7 85 84.7 96.7 48.3 81.7 95 100 10 
pendlmethahn 1 

Dimethenamid-p 0.64 99 97.7 99.7 94.7 95 93 90 66.7 100 100 

Dimethenamid-p + 0.64+ 99.3 99.3 95 93.3 100 91 90 83.3 100 98.3 
pendlmethaIm 

Dimethenamid-p+ 0.64+ 94.7 96 99.3 100 100 99 100 100 100 100 
metrlbuzm 0.5 

Sulfentrazone + 0.094+ 91.7 96.3 95 96.7 99.7 82.7 100 100 100 100 
s-meto1achlor I 

Flumioxazin + 0.094+ 89.7 95 96.3 93.3 96.7 78.3 100 83.3 100 100 
s-metolachlor 1 

Dimethenamid-p + 0.64+ 96 97.7 100 98.3 100 93.3 93.3 83.3 100 100 
s-meto1achlor I 

LSD(0.05) 9.49 5.32 15 .60 17.60 4.05 23 .57 9.23 21.85 ns 19.89 
I AM ARE redroot pigweed; SOLSA hairy nightshade; CHEAL common lambsquarters; CYPES yellow nutsedge, grass = wild oat, green foxtail, bamyardgrass mixture 

http:LSD(0.05


Evaluation of new potential strawberry herbicides. Steven A. Fennimore and Jose A. Valdez. (Dept. of Vegetable 
Crops and Weed Science, University of California-Davis, Salinas, CA 93905) A study to evaluate new potential 
strawberry herbicides was initiated on August 22,2001 near Oxnard, CA Herbicides evaluated were: DCPA at 9.0 
lb ajjA napropamide at 2.0 lb ai/A, pendimethalin at 1.0 lb ajjA and sulfentrazone at 0.125 and 0.251b ajjA. 
Combination treatments included napropamide plus sulfentrazone at 2.0 plus 0.125 lb ai/A and napropamide plus 
pendimethalin at 2.0 plus 1.0 lb ai/A. Herbicides were applied with a CO2 backpack sprayer calibrated to deliver 40 
gpa. The herbicides were applied to bare soil and then incorporated with I-inch of sprinkler inigation. After three 
days the soil was fumigated with chloropicrin at 200 lb ajjA. Strawberry plants, 'Camarosa', were transplanted 
October 27,2001. Each treatment was replicated four times and plots were one 68-inch bed wide by 20 ft. long. 
Weed density counts were taken on December 12,2001, February 5, and March 12,2002. After each weed count 
the grower weeded all plots. Plant diameters were taken on March 12, 2002. Fruit was harvested weekly from 
January to June 2002. None of the treatments provided complete control of little mallow, but napropamide plus 
sulfentrazone was the best treatment (Table). Treatments that included napropamide or pendimethalin provided 
effective control of annual bluegrass, but sulfentrazone alone was not effective on this weed. The plant diameters in 
the herbicide treated plots were not different from the untreated control and there were no differences in fruit yields 
among the treatments. 

Table. Weed densities, 21ant diameters and y!eld evaluations at Oxnard, CA. 
Treatment 

Rate Ib ai/A 
Little mallow Annual bluegrass 
-------- ­ no. 7.4 mZ 

------ ­

Plant diameters 
----cm----­

Marketable y!eld 
--Grams /plot ­

Sui fentrazone 0.125 21.0 abe 33 .3 a 24.3 abe 15,830 
Sulfentrazone 0.25 15.3 be 31.8 a 23.8 be 15,330 
Pendimethalin 1.0 18.8 abe 5.3 b 24.5 ab 15,972 
Napropamide 2.0 17.8 abe 6.5 b 25.3 a 15,417 
DCPA 9.0 16.0 bc 17.5 ab 24.5 ab 15,TI8 
Napropamide + 2.0 + 0.125 11.8c 4.5 b 24.6 ab 17,330 
Sulfentrazone 
Napropamide + 2.0 + 1.0 26.3 ab 8.0b 23.3 c 17,404 
Pendimethalin 
Untreated control 0 29.5 a 32.3 a 23.4 c 15,727 
LSD 0.05 12.6 16.2 1.0 2,158 
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~~~mu~~~~~~~~llU~~~IDUillrn~~~~~rullllU~~~~~~Lru~~DiMe 
DeFrancesco, Judy Ed Peachey. Willamette Research Md Extension Center, 

State University, 15210 NE Miley Rd., Aurora, OR 97002) Two field trials were established at the North 
Willamette Research Md Extension Center (NWREC) on a Quatama loam soil with 4.5% matter. 
Herbicides were applied using a C(h backpack sprayer equipped with a 4-nozzle boom 8002 flat fM) at 40 

Md a rate of 20 gallons of water per acre. 

L Renovation and Winter Timing TriaL 'Totem' strawberries were planted on raised beds on May 22,2000. Plots 
four rows wide and 25 feet long were arranged in a randomized block design with four replications. 

the first year oftrus trial, herbicides were 2000 and 7, 200 L First year yield data 
was recorded 2001 Md there were no differences among treatments in total marketable yield or fruit 
size in WSWS Because in are usually harvested for 2 
or 3 years, was necessary to continue the trial to L observe how wen the various herbicides would control weeds 

the second year when there is a shift from annual to weeds and 2. learn herbicides evaluated 
would damage mother or daughter plants during renovation or when applied 
in winter. All plots were renovated (eg. rows mowed, in Herbicides were applied 
on July 13, 200 1 and followed immediately with one inch of irrigation. Phytotoxicity ratings, conducted on July 17, 
2001 (4 DAT) were based on a scale of a to 5, with 0 no 1 a few red spots on new leaves; 2 = 
several red on new leaves; 3 = several red plus entire leaves brown Md 5 = plants 
dead. 

Table 1. Phytotoxicity ratings from herbicides at renovation. 

Azafenidin 0.1 1.69 
Azafenidin 0.2 2 
Dimethenamid 1 0.25 
Ethofumesate + flumioxazin 2+0.0625 2.5 
Dimethenamid + flumioxazin 1+ 0.0625 3.25 
Dimethenamid + sulfentrazone 1+ 0.125 2.12 
Flumioxazin 0.0625 1.75 
Flumioxazin 0.0925 2 
Oxytluorfen 0.25 2.5 
Isoxaben + dimethenamid 0.75 + 1 0.25 
Sulfentrazone 0.125 0.75 
Sulfentrazone 0.25 1.38 
Thiazopyr 0.5 0.12 

0.0001 

Treatments resulting in the least amount were thiazopyr, dimethenamid, and the mixture of isoxaben 
+ dimethenamid. The mixture of dimethenamid + flumioxazin resulted in the most phytotoxicity and caused a 
reddening of the new that was very in those through most of July. Other treatments 
causing quite a bit of leaf were the rates of azafenidin Md and the mixtures 
of ethofumesate + flumioxazin and dimethenamid + sulfentrazone. By 3, 2001, growth looked normal Md 
there were no visible in any 

Quality of weed control from the renovation apt>l1caW)llS was evaluated on August 28,2001 (45 DAT). 



Table 2. Quality of weed control (expressed as percent control compared to weedy check plots or number of dandelion plants per 
plot), 8128/0 1. 

Treatment 1rate Broadleaf weeds! Grass weeds! Number of dandelions 
lb ai/a 

Azafenidin 0.1 100 100 a 
Azafenidin 0.2 100 100 0.75 
Dimethenarnid 1.0 98.12 100 2.75 
Ethofumesate+f1wnioxazin 98 .75 100 1.75 
Dimethenamid+f1wnioxazin 100 100 1.0 
Dimethenarnid+sulfentrazone 99.38 100 0.5 
Flwnioxazin 0.0625 98.75 91.25 0.5 
Flwnioxazin 0.0925 100 98.12 a 
Oxyfluorfen 0.25 100 99.38 a 
Isoxaben+dimethenarnid 93.12 98.75 3 
Sulfentrazone 0.125 100 87.5 0.5 
Sulfentrazone 0.25 100 91.25 a 
Weeded control 1.25 
Weedy control 1.25 
Significance 0.0001 NS 0.0296 
LSD 0.05 2.15 1.86 
lPrimary weeds: pineappleweed, groundsel, crabgrass, bamyardgrass' 

Broadleaf and grass weed control was excellent (90% or higher) in most treatments 45 days after application and 
continued to be excellent throughout the fall. However, broadleafweed control was not as impressive in the 
isoxaben + dimethenamid plots as it was in all other treatments. Plots treated with dimethenamid, isoxaben + 
dimethenamid, and ethofumesate + flumioxazin had the greatest number of dandelions at this time. 

The winter herbicide applications were made on December 30, 2001. There were very few weeds present at this 
time. Because no attempt had been made to cultivate the rows to remove runner plants, there was a network of 
runners between the rows. Weed pressure continued to be very low across all plots through early spring and weed 
evaluations were not conducted until April 24 and May 30, 2002 (data not shown). Primary weeds at this time were 
annual sowthistle, annual bluegrass, a11d dandelions. With the exception of dimethenamid, which provided only fair 
control of annual sowthistIe (77.5%), all herbicides provided 90% or greater (statistically similar) control of both 
sowthistIe and annual bluegrass. There were no differences in number of dandelion plants on April 24 or May 30, 
and dandelion populations remained low through harvest. Plots were so clean of weeds in late April that 3 of 4 
weedy control plots had no weeds at the time of the evaluation. 

This was the fourth year (combined data from our 1999 and 2000 plantings) we have seen very little weed pressure 
in spring, even in weedy control plots, following a winter herbicide application. Because the last three winters were 
abnormally dry, we attributed th,e low weed pressure to dry conditions. However, there was normal rainfall during 
the winter of 200 1-2002. It appears that the lack of weed pressure in spring in the winter-timing trials may be due, 
at least in part, to the large mound of runners between rows that covered almost the entire ground surface and helped 
suppress weed growth. Although it is common practice for strawberry growers in Oregon to cut out runners during 
the fall, we did not want to disturb the soil following the renovation herbicide applications. On May 20, 2002 a 
narrow band (6 to 10 inches wide) was cultivated down the center of each aisle to facilitate picking. 

Fruit was harvested three times between June 11 and June 25, 2002 from a 5- foot length of row per plot. There 
were no differences among treatments in yield or berry size (data not shown). Average yield and adjusted berry size 
for the Renovation and Winter Timing Trial were 8.94 lbs and 7.70 grams, respectively. 

2. Fall Timing Trial. This planting was also established on raised beds at NWREC on May 22, 2000; however, it 
was used to evaluate herbicide treatments made in the fall. As in Trial 1, there were no differences among 
treatments in first-year yields or berry size. All plots were renovated in early July. Weeds were controlled by hand 
until September 28, 2001 when treatments were applied. The purpose of this trial was to simulate the traditional 
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fall herbicide application program designed for use of simazine. In this program, growers control weeds and 
strawberry runner plants with cultivation from renovation until late fall when simazine is applied. 

Phytotoxicity ratings (data not shown) were conducted on October 2, 2001 (12 DAT). Strawberry plants treated 
with dimethenamid or simazine showed no signs of phytotoxicity. Plants treated with sulfentrazone at either rate or 
the mixture of sulfentrazone + dimethenamid had a few red spots on leaves of runner plants. Plants treated with 
flumioxazin had several red spots on leaves of both runner and established plants. The mixture offlumioxazin + 
dimethenamid resulted in several large red blotches on leaves of established plants and severe bum and even death 
of several runner plants. The only treatments to result in some burn to existing weeds present at the time of 
application were flumioxazin or the mixture offlumioxazin + dimethenamid. 

Quality of weed control was evaluated on March 20, April 24, and May 30, 2002. 

Table 3. Percent overall weed control (annuals and perennials) and number of dandelion plants on 3 dates, spring, 2002. 

Weed Weed Weed Number of Number of Number of 
control control control dandelions dandelions dandelions 

Treatment / rate 3120 4/24 5/30 3/20 4/24 5/30 
lb ai/A 

FIumioxazin+dimethenamid 86.5 86.25 95 1 1.5 0.75 0.25 1 

0.0625 + 1.0 
Dimethenamid 1.0 62.25 50 77 4.75 6.25 1.5 
Dimethenamid+sulfentrazone 63.75 56.75 83 5.5 6.5 1.75 
1.0 + 0.125 
Flumioxazin 0.0625 77 76.25 88 3.5 3 0.75 
Sulfentrazone 0.125 78.25 64.25 78.5 3 5.75 2.5 
Sulfentrazone 0.25 35 41.25 77 8.75 10.25 4 
Simazine 1.0 77 63.75 85 2.5 2.75 I 
Significance NS NS NS NS NS NS 
Mean 68.54 62.64 83.32 4.21 5.04 1.68 
I Number of dandelion plants present after established dandelions treated with glyphosate on 4/25/02. Percent 
overall weed control was improved on 5/30102 by the reduction in number of dandelions. 

Although there were no statistical differences among treatments for any of the parameters shown in Table 3, there 
were some differences in terms oflevels of weed control from a practical perspective. With the exception of the 
mixture offlumioxazin + dimethenamid, overall weed control was only fair to poor (below 79%) in all treatments by 
March 20. This was mostly due to pressure from dandelion and annual broadleafweeds (primarily pineappleweed 
and annual sowthistle). Weed control ratings below 85% in early spring are not acceptable because the planting 
would be weedy enough to require some amount of hand-boeing. Because of the high cost oflabor, it is crucial that 
herbicides provide good enough weed control to minimize the need for hand-hoeing or make it unnecessary. Many 
of the same herbicides that provided excellent spring weed control when applied in winter, did not provide adequate 
control when applied three months earlier. 

Fruit was harvested three times between June 11 and June 25, 2002 from a 5- foot length of row per plot. There 
were no differences among treatments in yield or berry size (data not shown). Average yield and adjusted berry size 
for the Fall Timing Trial were 9.56 lbs and 8.00 grams, respectively. 

Based on these results, all herbicides evaluated in the second year of these trials would have potential for use in 
second year strawberries in Oregon. 

57 




Weed pressure in processing tomatoes transitioning to conservation tillage. Jeffrey P. Mitchell (University of 
California, Davis 95616), Kurt 1. Hembree and Neil Va (University of Cali fomi a Cooperative Extension, 
Fresno County 93702). Weed species biomass was quantified during the third year of a field study in Five 
Points, CA comparing standard tillage with and without winter cover crops and conservation tillage with and 
without cover crops in a rotation of processing tomatoes and cotton. Weed management operations in the 
standard tillage system consisted of an over-the-top application of rimsulfuron at transplanting (without cover 
crop treatment only), trifluralin incorporated at lay-by, two mechanical cultivations, and one hand weeding. 
Weed management in the conservation tillage systems relied on an application of rim sulfur on (without cover 
crop treatment only), two mechanical cultivations using a modified Buffalo High Residue Cultivator, and hand 
weeding. Total weed dry weights for black nightshade, tumble pigweed, common lambsquarters, common 
purslane, annual sowthistle, and junglerice were significantly higher in the conservation tillage with cover crop 
system relative to the standard tillage system without cover crop before the 2002 tomato crop was harvested. 
These data suggest the need for refmed and improved weed management in conservation tillage tomato 
production systems. 

Table. Tomato weed dry weights on August 19,2002. 

D!}' weightJl50' on bed centers l 

Cover Lambsquarters, Nightshade, Pigweed, Purslane, Sowthistle, 
Tillage !YQe c:oQ Rimsulfuron Jungierice common black tumble common annual 

lb ai/A (g) 

Standard Yes 211 b 208 bc 822 b 159 b 1083 b 134 b 
Standard No 0.031 Ob 33 c 806 b 8b 24 c 34 b 
Conservation Yes 1300 a 678 a 2763 a 494 a 3613 a 1815 a 
Conservation No 0.031 131 b 341 b 938 b 103 b 498 bc 9b 

lMeans in each column for each of the weed species followed by the same letter are not significantly different at the 0.05 
level of probability as determined by Duncan's multiple range test. 
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.....v ...... Michael K O'Neill and Dan Smeal 
'UUj'E;lUIL, NM 87499) Research plots were established on 

May 15, 2002 at the Agricultural Science New Mexico to evaluate the response of spring-
seeded alfalfa (var. RSC 451) and annual broadleafweeds to postemergence application ofirnazamox and 
imazethapyr applied alone or in combination. Soil was a Wall sandy loam with a pH of7.8 and an 
matter content of less than 1 %. The design was a randomized complete block with three 
Individual plots were 10 by 30 ft in were applied with a compressed air backpack sprayer calibrated 
to deliver 30 gaVA at 30 psi. Treatments were applied on June 4 when alfalfa was in the second trifoliolate 
and weeds were small. A crop oil concentrate and 32-0-0 was added at 0.5 and 1.0 percent v/v to the spray mixture. 
Black nightshade, redroot and prostrate pigweed, and common lambsquarters infestations were heavy and Russian 
thistle infestations were moderate throughout the experimental area. Plots were evaluated on July 9. Alfalfa was 
harvested on July 29, using a Almaco plot harvester. 

Imazamox applied at 0.063 Ib ailA had an injwy 
excellent control of prostrate and redroot 
control was good to excellent with all treatments 
and 0.024 plus 0.0241b ai/A and the check. The 
treatments. This is attributed to the high weed content when harvested. 

Table. Broadleafweed control in sPfJIll~·seeaeaalfalfa. 

Imazamox 0.032 98 98 97 88 96 2.7 
Imazamox 0.04 100 100 100 92 99 2.7 
Imazamox 0.047 100 100 100 93 98 2.5 
Imazamox+ 0.024+0.024 100 100 96 86 94 2.8 
imazethapyr 
Imazamox+ 0.032+0.032 100 100 100 92 99 2.6 
imazethaptT 
Imazamox 0.063 100 100 100 94 98 2.6 
Imazamox+ 0.032+0.25 100 100 100 100 100 2.5 
bromoxynil 
Imazamox+ 0.04+0.25 100 100 100 100 100 2.5 

Imazamox+ 0.047+0.25 100 100 100 100 100 2.4 
bromoxynil 
Imazamox+ 0.032+0.094 97 98 96 92 97 2.5 
clethodim 
Imazamox+ 0.04+0.094 100 100 100 90 97 2.5 
clethodim 
Imazamox+ 0.047+0.094 100 100 100 94 98 2.7 
clethodim 
Imazethap)T 0.047 100 100 98 90 95 2.5 
Imazethapyr 0.063 100 100 100 94 98 
Imazethapyr 0.063+0.094 100 100 99 93 94 2.6 
+ clethodim 

check gave to 
Russian thistle 

at 0.032 



Imazamox efficacy in seedling alfalfa. Richard P. Affeldt, Charles M. Cole, Jed B. Colquhoun, Carol A. Mallory­
Smith, and Bill D. Brewster. (Department of Crop and Soil Science, Oregon State University, Corvallis, OR 97331­
3002) 'Baralfalfa 54' alfalfa was seeded at l2lb/A in 10 in row spacings on April 1, 2002, at the OSU Hyslop 
Research Farm near Corvallis, OR. The alfalfa was over-seeded with Italian ryegrass. The experimental design was 
a randomized complete block with four replications; individual plots were 8 ft by 35 ft. The Woodburn silt loam soil 
had a pH of 5.6 and an organic matter content of2.6%. Herbicide treatments were applied with a single-wheel, 
compressed-air plot sprayer that delivered 20 gpa through XR8003 nozzle tips at 20 psi. Clethodim followed by 
bromoxynil was included as a standard treatment, and imazethapyr was included for comparison. Clethodim was 
applied at the l-trifoliolate stage on May 7, 2002, and all other treatments were applied at the 2-trifoliolate stage on 
May 13. The trial site was infested with shepherdspurse, mayweed chamomile, common groundsel, and sticky 
chickweed. Visual evaluations were conducted on May 20 and May 31, and weeds and alfalfa were hand-harvested 
and weighed on July 3. Application information is presented in Table 1. 

Table I . Weed and alfalfa growth stages. 
Application date 


Growth stage 517102 5/13/02 

Alfalfa I trifoliolate 2 trifoliolate 

Shepherdspurse . 1 to 3 in diameter 2-4 in diameter 

Mayweed chamomile 2 in diameter 3 in diameter 

Common groundsel 2 in diameter 4 in diameter 

Sticky chickweed cotyledon to 2 leaf 2 to 4 leaf 

Italian ryegrass 2 to 3 tillers 3 to 4 tillers 


Imazamox and clethodim were more effective on Italian ryegrass than was imazethapyr (Table 2) . All treatments 
controlled shepherdspurse, but bromoxynil was more effective on mayweed chamomile and common groundsel than 
was either imazamox or imazethapyr. lmazamox and imazethapyr controlled sticky chickweed, but bromoxynil was 
ineffective. There were no differences in weed control between crop oil concentrate and non-ionic surfactant. 

Table 2. Visual evaluations and fresh weight of weeds. 
Italian Shepherds- Mayweed Common Sticky Weed 

ryegrass purse chamomile groundsel chickweed fresh 
Treatment Rate 5/20 5/31 5/20 5/31 5/20 5/31 5/20 5/31 5/20 5/31 weight 

lb ailA ----------------------------------------------- % ------------------------------------------------ TIA 
Clethodim' + 0.25 + 99 100 94 98 94 99 100 100 28 0 1.3 

bromoxynil 0.25 

Imazamox2 0.032 70 92 68 98 25 46 50 82 30 98 5.2 

Imazamox2 0.039 76 96 68 96 32 58 54 81 32 98 2.0 

Imazamox2 0.047 72 98 75 98 38 77 55 87 40 100 2.2 

Imazamox3 0.047 75 99 70 100 32 68 55 84 45 100 2.2 

Imazamox2+ 0.047 + 72 96 94 100 97 100 95 100 28 100 0.4 


bromoxynil 0.25 

Imazethap~ 0.048 58 81 55 97 22 48 45 75 35 97 5.1 

Untreated 0 0 0 0 0 0 0 0 0 0 0 9.0 

check 

LSD(QQs) 8 5 II 3 13 13 18 10 9 3 1.9 


'Crop oil concentrate (First Choice) added at I qtlA and urea-ammonium nitrate (32% N) added at I qtlA. 

2Crop oil concentrate added at 1% vlv and urea-ammonium nitrate added at 2.5% v/v . 

3Non-ionic surfactant (R-ll) added at 0.25% v/v and urea-ammonium nitrate added at 2.5% v/v . 


All treatments stunted the alfalfa (Table 3), but alfalfa yields from treated plots were greater than those of the weedy 

check. The highest rate of imazamox caused the greatest amount of crop stunting. There were no differences in crop 

injury or yield between the non-ionic surfactant and the crop oil concentrate with imazamox. 
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Table 3. Alfalfa injury and yield. 
Alfalfa injury 

Treatment Rate 5/20 5/3 I Alfalfa fresh weight 
Ib ai/A ------------------- % ------------------ TIA 

Clethodimi + 0.25 + 29 36 2.0 
bromoxynil 0.25 

Imazamox2 0.032 18 24 1.3 
Imazamox2 0.039 20 39 1.5 
Imazamox2 0.047 25 51 1.4 
Imazamox3 0.047 29 52 1.4 
lmazamox2+ 0.047 + 32 42 2.1 

bromoxynil 0.25 
Imazethap~ 0.048 II 19 1.6 
Untreated check 0 0 0 0.7 
LSD{o051 10 15 0.6 

iCrop oil concentrate (First Choice) added at I qtlA and urea-ammonium nitrate (32% N) added at 1 qtlA. 

2Crop oil concentrate added at 1% vlv and urea-ammonium nitrate added at 2.5% v/v . 

3Non-ionic surfactant (R-II) added at 0.25% vlv and urea-ammonium nitrate added at 2.5% v/v . 
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~'-'-'::J'--':.'!~~~~~~~~t'l::.'.~~~~~~~~~~~~~~~~~~~l..!f~~~ Michael 
University of Twin Falls, ID 

at the University ofIdaho Research and 
Extension Center near barley tolerance to fenoxaprop & 

with and without broadleafherbicide tank-mix combinations. was April 2001, at a C>"vUW'1', 

rate of 100 Ib/A. was a randomized complete block with four and individual plots 
to 2-leafbarley following a nighttime low of31 F on May 2, 

low of 24 and 28 F the next two days. A 
sprayer calibrated to deliver 20 gpa 11002 flat fan nozzles was used for the application. 

Environmental conditions at application were as follows: air temperature 43 F, soil 58 F, relative 
96%, wind speed 8 mph, and 30% cloud cover. Crop was evaluated visually 7, 14, and 30 after 

treatment (DAT) on 9, 16, and June 1, Grain was harvested 20 with a 
combine. 

Seven all barley 24 to with the of fenoxaprop + thifensulfuron 
+ MCPA (10% + & MCPA caused 21 % crop 7 DA T. Injury from all 
enc)xapro'p treatments ranged from 11 to 21 % 14 DAT with alone or combined with & 

and 6% ~vith fenoxaprop + MCPA + thifensulfuron. A rate of MCPA without bromoxynil appears to 
reduce crop with applications and temperatures. No crop injury was 
evident in any treatments 30 DAT. Grain ranged from 48 to 61 bulA and did not differ among treatments or 
from the untreated check. 



Table. Spring barley response to fenoxaprop & mefenpyr diethyl combinations with adjuvants and broadleafherbicides. 
Application CroQ injury 

Treatment l rate 5/9 5116 611 Grain yield 
Ib ail A ---------------------- % --------------------- bu/A 

Check 55 
Fenoxaprop 0.083 33 18 0 61 
Fenoxaprop + 0.083 + 33 18 0 62 

Herbimax 0.5 % v/v 
Fenoxaprop + 0.083 + 30 18 0 72 

Herbimax 1 % v/v 
Fenoxaprop + 0.083 + 31 16 0 61 
Herbimax 1.5 % v/v 

Fenoxaprop + 0.083 + 35 18 0 61 
Score 0.5 % v/v 

Fenoxaprop + 0.083 + 34 16 0 61 
bromoxyni\ & MCPA 5 0.5 

Fenoxaprop + 0.083 + 31 19 0 63 
bromoxynjl & MCPA 0.5 

Fenoxaprop + 0.083 + 30 14 0 56 
bromoxynil & MCP A + 0.5 + 
Herbimax 0.5 % v/v 

Fenoxaprop + 0.083 + 29 11 0 60 
bromoxynil & MCPA + 0.5 + 
Herbimax 1% v/v 

Fenoxaprop + 0.083 + 38 15 0 48 
bromoxynil & MCPA + 0.5 + 
Herbimax 1.5 % v/v 

Fenoxaprop + 0.083 + 24 21 0 58 
bromoxynil & MCPA + 0.5 + 
Score 0.5 % v/v 

Fenoxaprop + 0083 + 10 6 0 52 
thifensulfuron + 0.0187+ 
MCPA+ 0.347 + 
non ionic surfactant 0.25 % v/v 

Tralkoxydim + 0.18 + 8 0 0 60 
Supercharge 0.5 % v/v 

Tralkoxydim + 0.18 + 21 4 0 51 
bromoxynil & MCPA + 0.5 + 
Supercharge 0.5 % v/v 

LSD (P=.05) 9 6 0 22 
• Fenoxaprop was applied as a commercial formulation of fenoxaprop and the safener, mefenpyr diethyl. Herbimax is a 
commercial crop oil and nonionic surfactant fOlmulation. Score and Supercharge are commercial adjuvants. )3romoxynil & 
MCPA and bromoxynil & MCPA 5 are commercial formulations ofbromoxynil and MCPA (1: 1 ratio) containing 4 and SIb 
ailgal, respectively. 
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Combine grainloss extent of barley. Estimating average and extreme grainloss fractions. Geoff Soper. 
(SEAGREEN Research, Pannetts Road, 4 R.D. Christchurch 8021, NZ). All else equal, the scale of any volunteer 
barley problem is directly related to the extent of barley grainlosses to the field at harvest time. This report 
examines the likely extent of barley grainlosses as incurred by combine harvester. In average case, these amount to 
4% of barley crop yield. Combine induced grainlosses of more than II to 12% are unusual (p<0.05), but can occur. 

Literature mention of combine barley grain losses is restricted to mUltiple measurements in German trials (Rauber, 
1984, 1988) and to a chain of citations which invoke a series of little known but fairly extensive UK surveys 
(Marshall ef at 1989; Cussans, 1978; Hughes, 1974; Anon, 1973; and Anon 1971). Because of a number of mistakes 
that have arisen in this sequence, and because some of the implications of the original surveys were not fully 
realized, the original onfarm records have been reanalyzed with a view towards rigor and useful context. 

To this end, on-farm crop yields were calculated from average combine rate of work (acres/hr) and average combine 
grain-threshing rates (tons/hr), as were determined for each onfarm case. With yields known, combine grainlosses 
as fractions of yield could then be calculated. The distributions of these combine grainloss-fractions for the barley 
harvest of 1969.and for the harvests of 1969 and 1971 taken together, were notably skew (refer Figure), and closely 
approximated lognormal. With more limited sample numbers, the distribution for 1971 was less well defined. 

Calculations of grainloss likelihoods were undertaken for both assumed normal and assumed lognormal 
distributions, and the results interpreted with these observations in mind. Grainloss likelihoods were also assessed 
for the actually occurring empirical distributions themselves as an additional check. This involved ordering the 
observed yearly grainloss fractions (and the yearly log-transformed grainloss fractions), assigning Hazen 
probabilities (table; Thode, 2002), and calculating the median (p=0.50), conservative (p=0.75) and significance­
threshold (p=0.95) values directly from the empirical distributions. The results of these various analyses are 
presented in Table. 

Barley incurred average harvester induced grainloss fractions of 3.9% in 1969, 4.9% in 1971, and 4.0% over both 
1969 and 1971, as averaged over Ill, 17, and 128 onfarm cases respecti vely. Over these same years, median 
grainloss fractions of 2.6%,4.9% and 2.8% resp. were obtained. The distribution of grainloss fractions sampled 
over both 1969 and 1971 closely approximated lognormal, and so indicating a conservatively high grainloss value 
(p=0.75) of 5.0%, and a significance threshold value (p=0.95) of 11.7% over this period. The significance threshold 
value, 10.4%, estimated from the empirical distribution was in fact somewhat lower. As a general rule, slightly 
lower results were obtained over 1969, the most extensively surveyed single year, with good agreement between 
lognormal and empirical-distribution determined grainloss estimates. Quite different results were obtained for the 
sparsely sampled 1971 year, when likely grainloss fractions calculated from the empirical distribution closely 
resembled those obtained for an assumed normal distribution. For this reason they cannot be totally discounted. 

In summary then, UK survey data indicates an average barley grainloss of 4%, a median grainloss value of 3%, a 
conservatively high grainloss (p=0.75) of 5%"and a significance threshold grainloss (p=0.95) of about 11 to 12%. If 
these results are taken as typical of combine grainloss extent in other years and other regions, then likely (average), 
median (p=0.50), conservatively high (p=0.75), and probable extreme (p=0.95) volunteer barley seedbank renewal 
via combine grainlosses at harvest, might be estimated from crop yield and 1000 kernel weight, and the scale of 
potential volunteer barley problems better defined. 

German trial work observed barley grainlosses in the higher end of this probable range (Rauber, 1988), and 
exceeded it (Rauber, 1984). In the former case, combine grainlosses for barley crops varied from 2.4% to 10.5% 
(average 6.3%) over six tillage and nitrogen-fertilizer combinations. In a high lodging harvest year, barley 
grain losses were higher still, varying from 7.5% to 19.3% (average 13.6%) over four cultivar and nitrogen-fertilizer 
combinations. One must bear in mind, when assessing the likely scale of a volunteer barley problem with UK 
survey result, that higher grainlosses can and do occur. 

Finally, an important feature of these combine grainloss studies, is that barley grainloss fractions were 2 fold higher 
in general, than those observed for wheat (report this volume). Although many farmers and combine-harvester 
operators share a perception of generally higher grainlosses for barley than for wheat, the literature has a tendency to 
blur any barley-wheat distinction. No doubt, because of their agronomic and botanic similarities. Doing so here, 
in the case of their likely grainlosses or volunteer seed-bank extents, is contra-indicated. 
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Table . Combine barley grainloss fraction statistics. 

1969 1971 1969+71 1969 1971 1969+71 

Sample Grainloss fractions 	 Log (grainloss fraction) s 

(0/0) (0/0) (0/0) (0/0) (0/0) (0/0) 

Statistics 


mean 3.9 4.9 4.0 2.6 4.0 
 2.8 

std. dev. 4.4 2.7 4.2 2.4x 2.2x 2.4x 

(n) (III ) (17) (128) (111 ) (17) (128) 

Assumed distributions Normal 	 Lognormal 

(0/0) (0/0) (0/0) (0/0) (0/0) (%) 

Confidence limits 

UL ' 	 p=0.50 3.9 4.9 4.0 2.6 4.0 2.8 

p=0.75 6.9 6.8 6.9 4.7 7.0 5.0· 

p=0.95 11.2 9.7 1l.0 11.1 16.7 11.7 

Empirical distributions Ordered grainloss fractions Ordered log(grainloss fraction)s 

(0/0) (0/0) (0/0) (%) (0/0) (0/0) 

Hazen p assignment 2 

p=0.50 2.6 4.9 2.8 2.6 4.9 2.8 

p=0.75 4 .4 6.6 5.2 4.4 6.6 5.2 

p=0.95 11.0 9.9 lOS 11.0 9.9 10.4 

I 	 UL - upper limit at designated p value. Student t-test value modified for comparison of an observed "x" with an 

average calculated from n observations, t x = t sqrt(l + 1 In). 


2 	 Pi - the cumulative probability assigned the i-th ordered grainloss value ... Hazen Pi = (i -0.5) I n, ... (Thode, 2002). 

Other methods of assigning such probabilities, include ... Alt. Pi = i I (n+ 1), which is the other most commonly used 

method, and ... XL P i = (i-I) I (n-I), a fairly circumscribed method used by MS Excel. These latter two methods are 

characterized by built-in biases towards exaggeration and understatement respectively of the empirical distribution 

values associated with significant probabilities. 


Reference List: 

Anon., 1971. The utilization and performance of combine harvesters. Farm Mechanization Study No. lB. ADAS, 


MAFF, UK. (40 pp). 
{ADAS - Agricultural Development and Advisory Service, MAFF - Min . of Agriculture, Fisheries and Food J. 
Anon. , 1973. The utilization and performance of combine monitors , 1971-72. Farm Mechanization Studies No. 25. 

ADAS, MAFF, UK. (67 pp). 
Cussans G.W., 1978. The problems of volunteer crops and some possible means of their control. Proceedings 1978 

British Crop Protection Conference -Weeds. pp 915-92 J. 
Hughes R.G., 1974. Cereals as weeds. Proceedings 12th British Weed Control Conference. pp 1023-1029. 
Marshall G., Morrison l.N., Friesen L., Rother L., 1989. Effects of "volunteer" wheat and barley on the growth and 

yield of rapeseed . Can. 1. Plant Sci., Vol. 69, pp 445-453. 
Rauber R., 1988. Studies on the survival of freshly-ripened barley seeds (Hordeum vulgare L.) in soil. I. 

Germination, emergence, and long-term decline of shed seeds as influenced by nitrogen fertilization and 
cultivation regime. Agnew. Botanik. Vol. 62, pp 203-220. (in German). 

Rauber R., 1984. The effect of barley variety, tillage, and nitrogen fertilization on a weed barley popUlation in a 
sugar beet - winter wheat - winter barley rotation. Z. PflKrankh. PflSchutz, Sonderh. 10, pp 95-104. (in German) 

Thode H .C.Jr. , 2002. Testing for Normality. Statistics: Textbooks and Monographs, Vol. 164. Marcel Dekker Inc., 
NewYork· Basel. 
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Michael J. Wille and Don W. Morishita. 
Twin Falls, ID 83303-1827) A was 

conducted in Madison of and dicamba formulations in 
controlling kochia in spring barley. 'Busch 1202' spring was planted 1,2002 in rows 6 inches 
apart at a rate of 100 Ib/A Experimental was a randomized complete block with four replications 
and individual plots were 8 by 25 ft The soil was a silt loam 1 % sand, 11.4% and 34.5% clay), pH 6.8, 
2.9% matter, and CEC of l3-meq/J 00 g soil. Kochia, wild buckwheat, and common lambs quarters were the 
major weed present at densities of 72, 7 and <1 Iplants.ft2

, Herbicides were brClaa,cas 
to barley on May 2002 with a bicycle-wheel sprayer calibrated to deliver 10 gpa using 
11001 flat fan nozzles. Environmental conditions at application were as follows: air 61 F, soil 

52 F, relative wind 2 and 95% cloud cover. injury was evaluated 
9 and 37 after herbicide treatment (DAT), on June 7 and Grain was not harvested. 

Herbicide treatments did not barley. Common lambs quarters and wild buckwheat were the 
barley and kochia not evaluated for control. Kochia control was similar among herbicide treatments 
on both evaluation from 56 to 76% on June and from 81 to 94% 7. 
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Table. and weed control response to and dicamba. 

Appl ication 

Treatment l 617 

Ib ai/A % 

Check 

Liberate 
+ 0.094 + 

0.25% v/v 
0 63 85 

liberate 
+ 0.124 + 

0.25% v/v 
0 0 90 

liberate 
+ 0.234 + 

0.25% v/v 
0 0 71 93 

Fluroxypyr & 2,4-0 + 
Liberate 

0.47 + 
0.25% v/v 

0 71 88 

Fluroxypyr & 2,4-0 + 
LIberate 

0.623 + 
0.25% v/v 

3 73 89 

+ 
PCCI133 + 
PCCl174 
Liberate 

0.094 
0375 + 
0.5 + 
0.25% v/v 

3 3 71 89 

PCCI133 + 
PCC1174+ 

Liberate 

0.124 + 
0.5 + 
0.5 
0.25% v/v 

3 76 93 

Liberate 
+ 0.5 

0.25% v/v 
0 0 70 86 

Liberate 
+ 0.666 + 

0.25% v/v 
0 0 69 89 

Oicamba 0.0625 0 0 56 84 

Oicamba 0.125 0 0 60 81 

O. 0 0 66 94 

LSD (005) NS NS NS NS 

I Fluroxypyr & 2,4-0 IS commercial formulation of 0.75 Ib ail 2,4-0. Fluroxypyr&MCPA is a 
commercial formulation orO.71 Ib ail 31b MCPA. is commercial formulation of 
2 Ib ail + 21b MCPA. PCCl133, and PCll74 are of dicamba. Liberate is a 
commercial surfactant. 



~!!!Q!~:Q!LQU~Mlli~~ru.g~!ill!!u!~~UQ!JQ~~:2!!.!!Q!. Michael J. Wille and Don W. (Twin Falls 
A study was conducted at the 

of Idaho Research and Extension Center near to compare effects of a new h"(\iTnl"lvvr.,1 

& MCPA 5EC formulation applied alone or tank-mixed with other broadleafherbicides on crop injury and weed 
control in 'Moravian 37' spring was 6, at a seeding rate of 100 Ib/A. 

was a randomized complete block fone and individual plots were 8 by 25 ft. 
type was a Portneuf silt loam (25% sand, 67% silt, and 8% clay) with a of 8, 1.5% organic malter, and CEC 

of 15-meq/lOO g soil. Kochia and conunon lambsquarters were the major weed species present at plant densities of 5 
and 1 plantlft2, Herbicides were applied to fully tillered barley on May 24 with a CO2-pressurized 
bicycle-wheel sprayer calibrated to deliver 10 gpa using 11001 flat fan--ozzles. Environmental conditions at 
application were as follows: air temperatnee 67 F, soil temperature 60 F, relative humidity 60%, wind speed 5 mph. 
Crop injury was evaluated visually 18 and 47 days after treatment on June 11 and July 10, respectively. 
Grain was harvested 15 with a small-plot combine. 

Spring barley was not by any of the herbicide treatments at either evaluation date. All herbicide treatments 
controlled kochia 79 to 90% 18 DAT except or bromoxynil&MCPA 5EC + thifensulfuron + 2,4-D (0.5,0.014 and 
0.25 lb ail A) that controlled kochia only 66%. At 47 DAT, all herbicide combinations that contained flneoxypyr at 
any rate, as well as combinations of carfentrazone at 0.0125 lb ail A + 5EC at 0.5 lb ail A 
controlled kochla 82 to 90%. Tank-mix combinations of carfentrazone at 0.00825 lb ail A and either 0.5 lb ai 
bromoxynil&MCPA or 0.014 ailA thifensulfuron + 0.25 lb controlled kochla 62 to 69%. 
Bromoxynil&MCPA 5EC alone at 0.751b or bromoxynil&MCPA 5EC + thifensulfuron + 2,4-D at 0.5, 0.014 
and 0.25 lb controlled kochia about 52%. All herbicide combinations controlled conunon 
lambsquarters 98 to lOO%. plots from 35 to 59 bulA and did not differ 
among each other or from the untreated check. 



Table. Crop injury, weed control, and grain yield response to a bromoxynil & MCPA fonnulation combined with 
other broadleaf herbicides, near Kimberly, ID. 

Treatmentb 

Check 

Application 
rate 

Ib ai/A 

Cro2 injury 
6/11 7/10 

Weed control" 
KCHSC 

6/11 7/10 
% 

CHEAL 
7/10 

Grain 
yield 
bulA 

30 

Bromoxynil & MCPA 5EC 0.75 0 8 79 53 100 43 

Bromoxynil & MCPA 5EC 
thifen&triben 
NIS 

0.5 
0.014 
0.25 

0 0 66 51 100 59 

Bromoxynil & MCPA 5EC 
fluroxypyr 

0.5 
0.0469 

0 3 90 90 100 43 

Bromoxynil & MCPA 5EC 
fluroxypyr 

0.5 
0.063 

3 90 87 100 55 

Bromoxynil & MCPA 5EC 
fluroxypyr 

0.5 
0.094 

4 87 87 100 46 

Bromoxynil & MCPA 5EC 
carfentrazone 

0.5 
0.00825 

6 4 86 69 100 45 

Bromoxynil & MCPA 5EC 
carfentrazone 

0.5 
0.0125 

6 0 90 82 100 46 

Carfentrazone 
2,4-D ester 
thifensulfuron 
NIS 

0.00825 
0.25 
0.014 
0.25 

5 4 87 62 100 39 

Carfentrazone 
2,4-D ester 
thifensulfuron 
NIS 

0.0125 
0.25 
0.014 
0.25 

6 5 90 84 100 47 

Carfentrazone 
fluroxypyr 
NIS 

0.00825 
0.1875 
0.25 

3 5 90 90 99 35 

Carfentrazone 
fluroxypyr 
NIS 

0.0125 
0.1875 
0.25 

5 3 90 90 98 44 

LSD (0.05) 4 NS II 10 NS NS 
'Weeds evaluated for control were kochia (KCHSC) and common lambsquarters (CHEAL). 
~romoxynil & MCPA 5EC is a commercial formulation ofbromoxynil and MCPA containing 51b ai/gal. Thifen&triben is a 2:1 

commercial formulation of thifensulfuron & tribenuron. NIS is a nonionic surfactant 
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A study was conducted near ID in 'Gallatin' 
different carfentrazone rates in combination with 2,4-D, + + + 
metsuifuron, and fluroxypyr on field bindweed, common lambsquarters, mayweed chamomile, and pale smartweed 
control and spring barley injury. Plots were 8 25 feet and arranged in randomized complete block design with 
four All herbicide treatments were applied with a CO2 backpack sprayer calibrated to 
deliver 10 gpa at 33 and 3 (Table Common lambsquarters control was evaluated on June 17, 
2002. Field chamomile, and pale smartweed control was evaluated visually on July 1 and 
August 11, 2002. injury was evaluated on June 19 and 11,2002. was harvested 
September 6, 2002 with a small plot combine. 

Table 1. Application and soil data 

Sleaf 
1 to 8 

1 
2104 

Common ._..__"~ 27 
Mayweed chamomile growth stage (inches) 1 
Mayweed chamomile plants/ft2 1 
Pale smartweed growth stage 3 
Pale smartweed plants/ft2 1 
Air temperature 80 
Soil temperature at in (F) 60 
Relative humidity (%) 61 
Wind (mph, direction) o to 1, W 
Cloud cover (%) S 

5.1 
2.8 

All treatments controlled common 100% on June while no treatment controlled field bindweed at 
any date (data not shown). All rates of carfentrazone + combined with dicamba, thifensulfuron or 
metsulfuron controlled ma}'weed chamomile 70 to 100% on July 1, and 95 to 100% 00 August 11 (fable All 
combinations containing cootrolled smartweed 94 to 100% on July 1, and 93 to 100% on August n. All 
treatments containing fluroxypyr did not control mayweed chamomile or pale smartweed on any date. On June 19, 
barley was visually injured (stunting and chlorosis) 13 to 30% by all treatments, by August 11, injury was no 
visible (data not shown). yield ranged from 41 to 58 bulA. 

71 




Table 2. Weed control, spring barley injury, and grain yield with differential rates of carfentrazone in combination with other herbicides near Potlatch, ID in 2002 . 

Treatment l Rate 
Barley inilli:Y 

June 19 
Ma~eed chamomile control 

July I Aug 11 
Pale smartweed control 
July 1 Aug 11 

Barley 
}jeld 

IbiA -----­ -------------­ % ---------------­ buiA 
Carfentrazone + 2,4-D 0.008 + 0.25 18 5 4 94 93 49 
Carfentrazone + 2,4-D 0.012 + 0.25 23 3 4 94 97 42 
Carfentrazone + 2,4-D 0.016 +0.25 30 3 1 100 100 49 
Carfentrazone + 2,4-D + dicamba 0.008 + 0.25 + 0.093 20 99 98 100 100 41 
Carfentrazone + 2,4-D + dicamba 0.012 + 0.25 + 0.093 28 85 95 100 100 43 
Carfentrazone + 2,4-D + dicamba 0.016 + 0.25 + 0.093 23 70 100 100 100 43 
Carfentrazone + 2,4-D + thifensulfuron 0.008 + 0.25 + 0.014 13 100 100 100 100 42 
Carfentrazone + 2,4-D + thifensulfuron 0.012 + 0.25 + 0.014 18 100 100 100 100 47 
Carfentrazone + 2,4-D + thifensulfuron 0.016 + 0.25 + 0.014 23 100 100 100 100 45 
Carfentrazone + 2,4-D + metsulfuron 0.008 + 0.25 + 0.00375 18 100 100 100 100 48 
Carfentrazone + 2,4-D + metsulfuron 0.012 + 0.25 + 0.00375 23 100 100 100 100 43 
Carfentrazone + 2,4-D + metsulfuron 0.016 + 0.25 + 0.00375 30 100 100 100 100 48 
Carfentrazone + fluroxypyr 0.008 + 0.1875 18 1 0 3 4 58 
Carfentrazone + fluroxypyr 0.012 + 0.1875 15 1 0 1 1 47 
Carfentrazone + fluroxypyr 0.016 + 0.1875 23 1 1 3 3 55 
Control 52 

'-J 
N 

LSD ~0.05} 6 10 19 5 4 9 
IA non-ionic surfactant (R-II) was applied at 0.25% viv with thifensulfuron and metsulfuron treatments. 



Crop response and broadleaf control with varying rates of sulfonylureas in combination with bromoxynil/MCP A or 
2,4-D ester. Thomas M. Ireland and Donald C. Thill. (Crop and Weed Science Division, University of Idaho, 
Moscow, ID 83844-2339) A study was established in spring barley near Potlatch, Idaho and in spring wheat near 
Genesee, Idaho to evaluate broadleaf weed control and crop injury with varying rates of sulfonylureas in 
combination with bromoxynil/MCPA or 2,4-D ester. The experimental design for both experiments was a 
randomized complete block with four replications. Plot size was 8 by 25 ft at Potlatch and 8 by 30 ft at Genesee. 
Herbicide treatments were applied with a C~ pressurized backpack sprayer calibrated to deliver 10 gpa at 30 psi 
and 3 mph (Table I). Broadleafweed control and crop injury were evaluated visually 28 DAT at both locations. 
Grain was harvested with a small plot combine at Potlatch on September 3 and at Genesee on August 30, 2002. 

Table 1. Herbicide application and soil data. 

Location Potlatch, ID Genesee, ID 

Application date June 3, 2002 June 7, 2002 
Barley growth stage I to 3 tiller 
Wheat growth stage I to 3 tiller 
Broadleaf weeds growth stage 3 to 4 inches 
Air temperature (F) 75 38 
Relative Humidity (%) 53 70 
Soil temperature (F) 70 45 

Soil 

pH 5.1 5.8 
OM(%) 2.8 3.4 
CEC (meq/lOO g) 23 
Texture silt loam silt loam 

Near Potlatch, no treatment injured spring barley (data not shown). Field pennycress (THLAR) control 28 DAT 
was 90% with thifensulfuron plus tribenuron at 0.0047 + 0.0023 and 0.0071 + 0.0035 Ib aiJA with 2,4-D ester, 
while control with all other treatments ranged from 96 to 99% (Table 2). Common lambsquarters (CHEAL) 
control ranged from 90 to 95% with metsulfuron at 0.0019 and 0.OO281b aiJA plus 2,4-D ester and all rates of 
thifensulfuron plus tribenuron with 2,4-D ester, while control was 99% with all other treatments. All treatments 
controlled mayweed chamomile (ANrCO) 91 to 950/0., except thifensulfuron plus tribenuron at 0.0071 + 0.0035 Ib 
aiJA with 2,4-D ester (87%). All treatments controlled henbit (LAMAM) 91 to 93%, except for thifensulfuron plus 
tribenuron at 0.0047 + 0.0023 and 0.0071 + 0.0035 lb aiJA with 2,4-D ester (81%). At Potlatch, spring barley 
grain yield (5875 to 6360 Ib/A) with all herbicide treatments was significantly higher than the untreated control. 
Near Genesse, no treatment injured spring wheat (data not shown). Broadleafweed control ratings are not 
presented due to non-uniform populations. Wheat grain yield (5588 to 6581 lblA) did not differ among herbicide 
treatments or from the untreated control. 
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Table 2. Broadleafweed control and crop yield with varying rates of sulfonylureas in combination with bromoxynil plus MCPA or 2,4-0 ester near Potlatch and Genesee, ID 

in 2002. 

Potlatch Genesee 

Weed control Spring barley Spring wheat 

Treatment I Rate TIILAR CHEAL ANTCO LAMAM >:jeld >:jeld 

Ibai/A % Ib/A Ib/A 
Untreated control 4598 6441 
BromoxynillMCPA 0.5 99 99 93 91 6237 5844 
BromoxynillMCP A 0.75 99 99 94 91 6115 5743 
BromoxynillMCP A + 0.5 + 99 99 95 93 6173 5735 

thifensu1furon 0.75 
BromoxynillMCP A + 0.5 + 99 99 95 91 5949 6284 

thifensulfuron 0.014 
Metsulfuron + thifensulfuron + 0.0037 + 0.0094 + 99 99 93 91 6004 6241 

tribenuron + 2,4-0 ester 0.0047 + 0.375 
Metsulfuron + thifensu1furon + 0.0028 + 0.0071 + 99 99 93 91 5971 5723 

tribenuron + 2,4-0 ester 0.0035 + 0.375 
-.....J 
+:> Metsulfuron + thifensu1furon + 0.0019 + 0.0047 + 99 99 94 91 5875 6167 

tribenuron + 2,4-0 ester 0.0023 + 0.375 
Metsulfuron + 2,4-0 ester 0.0037 + 0.375 99 99 94 91 6360 5588 
Metsulfuron + 2,4-0 ester 0.0028 + 0.375 96 95 91 91 5898 6581 
Metsulfuron + 2,4-0 ester 0.0019 + 0.375 99 95 94 91 5889 6106 
Thifensulfuron + tribenuron + 0.0094 + 0.0047 + 97 95 91 92 6073 6000 

2,4-0 ester 0.375 
Thifensulfuron + tribenuron + 0.0071 + 0.0035 + 90 90 87 81 6102 ·5999 

2,4-0 ester 0.375 
Thifensu1furon + tribenuron + 0.0047 + 0.0023 + 90 90 91 81 5906 6163 

2,4-0 ester 0.375 

LSO (0.05) 2 3 712 NS 
2Densi~ (Elantslft ) 6 10 10 8 

1 A 90 % non-ionic surfactant (R-11) was added to all treatments at 0.25% v/v. 2,4-0 ester rates expressed in 1b ae/A. BromoxynillMCPA applied as premix 

fonnulation (Bronate Advanced). 



J.:!j,~~!!!,,!,!~!!:!"'!:::!"!:!!!~CS:U~!.'.!.!tf!!.!.il~~b.:!.::!::!"'!.l,!!!jlill!!!lli!~~b!!.!!$...1~8:.:. Curtis R. Rainbolt and Donald C. 
nn"f>r~ltv ofIdaho, Moscow, ID 83844-2339) Two field trials were established in 

spring barley to evaluate weed control crop with acid, salt, and 
ester. Experiment one was conducted near Moscow, ID at the University of Idaho Parker Research Farm in 
'Baronesse' spring barley to evaluate the crop of 2,4-D acid and 2,4-D isooctyl ester applied at two timings. 
Crop injury was evaluated visually 7 and 14 DAT and at heading. Grain was harvested with a small plot combine 
on September 4,2002. The second experiment was established in 'Morex' spring barley near Potlatch. ID to 
compare the efficacy of 2,4-D acid., 2,4-D dimethylamine salt, and 2,4-D isooctyl ester. Weed control was evaluated 
visually 7, and 28 DAT. Crop injury was evaluated 21 and 28 DAT and at heading. Grain was 
harvested with a small plot combine on September 3, 2002. In trials, the experimental design was a 
randomized block with four and herbicide treatments were applied with a CO2 "''';>'''''''';'71,£1 
oaC:Kp'3.Ck sprayer calibrated to deliver 10 gpa at 32 and 3 (fable 1). 

Table 1. 

Moscow, 
Application date May 2002 June 3, 2002 June 3,2002 

timing stage) 2-5 leaf early boot late 
weed stage 24 inches in diameter 

Air temperature (F) 66 59 75 
Soil temperature at 2 inches 64 52 70 
Relative hmnidity (%) 52 70 55 
Wind (mph) 4 2 2 

Soil 
pH 4.3 5.1 
OM% 5.1 2.8 

silt loam 

At Moscow, spring barley was not visibly injured by any treatment (data not shown). Spring barley yield ranged 
from 1460 to 2000 lb/ A and was not different between treatments or from the untreated control 2). 

3 and 9% by ester and 2,4-D acid applied at 0.51b ae/A 28 DAT 
with acid at 0.5 Ib ae/A and was no visible in treated 

ester (data not shown). Field pennycress control at 28 DAT 950/0, except at the 
lowest rates of all formulations. Common lambsquarters (CHEAL) control was highest with 2,4-D acid at 0.5 
Ib aet A (93%), but did not differ from acid at 0.25 lb ael A (90%). Henbit (LAMAM) control ranged from 51 
to 60% and was not different between treatments. All treatments suppressed mayweed chamomile (ANTCO) 40 to 
56%. ranged from 4980 to 5770 lb/ A and did not differ among treatments or from the untreated 
control. 
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Table 2. Spring barley yield with 2,4-D fonnulations near Moscow, ID in 2002. 

Application 

Treatment l 
Rate timing Yield 

Ib ae/A Ib/A 
2,4-D ester 0.25 2-5 leaf 1460 
2,4-D ester 0.50 2-5 leaf 1770 
2,4-D acid 0.13 2-5 leaf 1630 
2,4-D acid 0.19 2-5 leaf 2000 
2,4-D acid 0.25 2-5 leaf 1900 
2,4-D acid 0.50 2-5 leaf 1580 
Untreated control 1860 
2,4-D ester 0.25 early boot 1840 
2,4-D ester 0.50 early boot 1890 
2,4-D acid 0.13 early boot 1810 
2,4-D acid 0.19 early boot 1930 
2,4-D acid 0.25 early boot 1910 
2,4-D acid 0.50 early boot 1850 

LSD (0.05) NS 

IAll treatments included a nonionic acidifYing surfactant (LI 700) at 0.25% v/v and alI2,4-D acid treatments included the 
acidifier PCC 1174 at 0.5% v/v. 

Table 3. Broadleafweed control and spring barley yield with 2,4-D fonnulations near Potlatch, ID in 2002. 

Weed control Barley 

Treatmene Rate 

Ib ae/A 

THLAR CHEAL LAMAM ANTCO Injury 
_____________________________%2__________________ 

Yield 

Ib/A 
2,4-D ester 0.25 88 81 51 40 0 5610 
2,4-D ester 0.50 94 88 58 53 3 5360 
2,4-D amine 0.25 88 84 55 43 0 4980 
2,4-D amine 0.50 93 86 56 46 0 5770 
2,4-D acid 0.50 96 93 60 56 9 5530 
2,4-D acid 0.25 95 90 60 51 0 5260 
2,4-D acid 0.19 95 89 59 51 0 5200 
2,4-D acid 0.13 91 89 58 46 0 4980 
Untreated control 5230 

LSD (0.05) 4 4 NS 6 3 NS 

IAll treatments included a nonionic acidifYing surfactant (LI 700) at 0.25% v/v and all 2,4-D acid treatments included the 

acidifier PCC 1174 at 0.5% v/v. 

228 DAT evaluation. 
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Wild oat herbicide antagonism and spring barley injwy from carfentrazone and other broadleaf herbicides. Branden 
L. Schiess and Donald C. Thill. (plant Science Division, University ofIdaho, Moscow, ID 83844-2339) A study 
was conducted near Potlatch, ID in 'Gallatin' spring barley to determine the effects of carfentrazone in combination 
with other herbicides on wild oat control and crop injury. Plots were 8 by 25 feet, arranged in a randomized 
complete block design with four replications. All herbicide treatments were applied with a C~ pressurized 
backpack sprayer calibrated to deliver 10 gpa at 33 psi and 3 mph (fable 1). Wild oat control and barley injury were 
evaluated visually on June 19 and August 11, 2002. Barley grain was harvested September 6, 2002 with a small plot 
combine, however, data are not shown due to wild oat contamination. 

Table 1. Application data. 

Application date 

Barley growth stage 

Wild oat growth stage 

Wild oat density (plants/ft2) 

Air temperature (F) 

Soil temperature at 2 in (F) 

Relative humidity (%) 

Wind (mph, direction) 

Cloud cover (%) 

Soil 


pH 

OM(%) 

Texture 


June 12,2002 

5 leaf 


3 to41eaf 

12 

75 

55 

73 


I to 2, W 

5 


5.1 

2.8 


silt loam 


On June 19, all treatments containing broadleaf herbicides injured barley 19 to 30% (fable 2). On August 11, all 
flucarbazone-sodium treatments injured barley 13 to 18% and all propropcarbazone treatments injured barley 43 to 
50%. On August 11, wild oat control with fenoxaprop was reduced 31 to 69% when combined with broadleaf 
herbicides. Wild oat control with clodinafop and propropcarbazone was reduced 20 to 57% by the addition of 
carfentrazone, MCPA, and thifensulfuronltribenuron compared to c1odinafop and propropcarbazone applied alone. 
Treatments with flucarbazone-sodiurn and imazamethabenz controlled wild oat 89 to 100%. All propropcarbazone 
treatments reduced barley yield 360/0, while all other treatments yielded as good or better than the untreated control 
(data not shown). 
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Table 2. Wild oat herbicide and spring from cartentrazone and other broadleaf herbicides near II) in 2002. 

Rate June 19 11 

'enIDxa:prC)l) + cartentrazone + MCPA 
Fenoxaprop + cartentrazone +MCPA 

+ UlllCH:>UllWVU/UlUt::UUlUH 

Flucarbazone-sodium 
Flucarbazone-sodium + carfentrazone + MCPA 
Flucarbazone-sodium + carfentrazone + MCPA 
+ thifensulfuronltribenuron 

+ carfentrazone + MCPA 
+ carfentrazone +MCPA 

+ thifensulfuronltribenuron 
-...J Imazamethabenz co 

Imazamethabenz + carfentrazone + MCPA 
Imazamethabenz + cartentrazone + MCPA 
+ thifensulfuronltribenuron 

Control 

LSD 

1b ai/A 
0.083 

0.083 +0.012 +0.25 
0.083 + 0.012 + 0.25 

+ 0.014 
0.05 

0.05 + 0.012 + 0.25 
0.05 +0.012 + 0.25 

+ 0.014 
0.026 

0.026 +0.012 +0.25 
0.026 + 0.012 + 0.25 

+ 0.014 
0.04 

0.04 + 0.012 + 0.25 
0.04 + 0.012 + 0.25 

+ 0.014 
0.375 

0.375 + 0.012 + 0.25 
0.375 + 0.012 + 025 

+ 0.014 

4 1 
25 1 
19 0 

6 4 
28 8 
28 3 

6 13 
25 14 
25 18 

14 48 
30 50 
30 43 

4 0 
25 5 
28 4 

6 9 

% ----------------­
~ 

65 
30 

98 
90 
43 

100 
100 
98 

100 
90 
80 

100 
93 
89 

17 
'WaS at treatments flucarbazone­

C/OCiwllop were applied with a crop oil concentrate MepA rates were Ib ae/A. 



Flumioxazin on dry bean. Richard K. Zollinger and Jerry L. Ries. (Dept. of Plant Sciences, North Dakota State 
University, Fargo 58105) An experiment was conducted near Hatton, ND, to evaluate the tolerance of four dry bean 
varieties to flumioxazin applied PPJ. Treatments were applied June 4,2002, at 2:00 pm and incorporated with a 
rototil1er to a depth of2 inches. Weather conditions at the time ofPPI applications were 79 Fair, 68 F subsoil at a 
depth of 4 inches, 18% relative humidity, 50% clouds, 3 to 5 mph E wind, dry soil surface, and moist subsoil. One 
row per plot was planted to 'T-39' black bean, 'UI259' red bean, 'Montcalm' dark red kidney bean, and 'UI537' pink 
bean following treatment incorporation. Treatments were applied to the entire 10 by 40 foot plots with a bicycle­
wheel-type plot sprayer delivering 17 gpa at 40 psi through 8002 flat fan nozzles. The experiment was in a 
randomized complete block design with three replicates. The dry bean types were evaluated for visible injury from 0 
for no visible injury to 100 for plant death. 

The study was targeted for a weed-free environment. No weeds emerged in the treated area for the duration of the 
study. Weather conditions in the spring were dry, but up to six inches of rain fell on July 10. After the July rain 
event, there was no water standing in the plots a full day afterwards due to the sandy soil at this location. Dry bean 
injury from PPI flumioxazin treatments has been consistently observed in NDSU research. This study evaluated the 
potential to safen other dry bean types by incorporating flumioxazin. Flumioxazin at 0.064 and 0.127 Ib/A caused 
significant visible injury and stand loss to the four dry bean types. Injury did not decrease over time but the three 
indeterminate dry bean varieties did produce high yield at harvest. Dark red kidney is a bush-type bean that is 
determinate. Black, red, and pink are vining-type beans that are indeterminate. The dark red kidney bean being 
determinate may explain the lower yields in both the treated and untreated plots. Dry conditions and some water 
damage throughout the study probably delayed the dark red kidney variety enough so that when the single flowering 
event was complete, the plants were not large or developed enough to produce a large yield. The dark red kidney 
bean may also be more susceptible to water damage. The other three varieties are indeterminate (multiple flowering) 
and were able to continue to produce seed through the remainder of the growing season, resulting in greater yields. 
The three indeterminate bean types also may be more tolerant to excess water. High yields of the three indeterminate 
bean types may indicate minimal impact of the high rainfall event. 

Table. Flumioxazin on d!}: bean. 
Flumioxazin June 18 Jul~ 2 Ju1:z: 2 Yield 
rate Black Red DRKI Pink Black Red DRKI Pink Black Red DRKI Pink Black Red DRKI Pink 
Ib/A ------% injury -----­ ---­ % injury -----­ -.--- % stand loss ----­ ----••• cwt/ A --.-_•• 

0.064 23 12 3 14 35 20 20 23 38 18 20 37 21.7 27.1 11.3 24.9 

0.127 33 7 4 22 57 57 18 35 58 38 17 55 16.9 24.3 12.7 20.8 

0 0 0 0 0 0 0 0 0 0 0 0 0 26.0 27.2 lOA 24.8 

LSD !0.05l 15 5 4 11 17 16 6 8 19 24 9 16 4.5 5.4 3.6 4.8 
'DRK = Dark Red Kidney. 
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Nightshade control in dry edible bean. Richard K. Zollinger and Jerry L. Ries. (Dept. of Plant Sciences, North 
Dakota State University, fargo, NO 58105) An experiment was conducted near Hatton, ND, to evaluate treatments 
applied PPI to control eastern black nightshade in dry edible bean. May 16,2002, PPI applications were made and 
incorporated with a rototiller operating to a depth ~f 2 inches at 1 :00 pm with 48 Fair, 48 F soil at a depth of4 
inches, 32% relative humidity, 0% clouds, 7 mph N wind, dry soil surface, and moist subsoil. Ensign '372' navy bean 
was planted on May 29. Treatments were applied to the entire 10 by 40 foot plots with a bicycle-wheel-type plot 
sprayer delivering 17 gpa at 40 psi through 11002 flat fan nozzles. The experiment had a randomized complete block 
design with three replicates per treatment. 

On May 30 (14 OAT), no weeds or dry bean plants had emergence. On June 4 dry bean plants were just emerging, 
but no eastern black nightshade had emerged. Injury on June 13 (28 OAT) was stunting and poor emergence. An 
interesting observation was made on June 13, there was better germination of dry bean and weeds in the rototilled 
area of the plots than the rest of the field where just cultivation was used to prepare the field for planting. Weeds 
were spotty in the study area causing some variability in ratings. Environmental conditions were extremely dry until 
rain occurred on June 9. Slight stunting and no crop canopy was observed on June 27 (42 OAT) and July 9 (56 
OA T). Yields were not taken due to four to six inches of rainfall on July 10, causing death and stunting to much of 
the study. All rates and combination offlumioxazin and dimethenamid-P applied alone provided near complete 
control of eastern black nightshade. Tank-mixes with flumioxazin at 0.064 lb/ A or higher caused significant injury. 

Table. Nightshade control in d!2: edible bean. 
Iune \3 June 27 Iul~ 7 

Navy Navy 
Treatment l Rate bean SOLPT CHEAL bean SOLPT CHEAL SOLPT CHEAL 

Ib/A % injury - % control­ % injury - % control­ - % control-

Pendimethalin 1.49 48 45 0 23 23 \3 10 

Pendimethalin 1.5 0 93 78 I 25 38 15 23 
Dimethenamid-P 0.98 4 99 98 2 94 50 94 59 
Flumioxazin 0.048 0 99 89 5 98 58 98 55 
Flumioxazin 0.064 0 89 47 2 99 42 98 33 
Flumioxazin 0.096 2 99 58 3 98 58 98 57 
Flumioxazin 0.127 1 99 85 6 99 81 99 80 
Pend+flmx 1.49+0.048 0 99 99 3 99 82 99 57 
Pend+flmx 1.49+0.096 0 99 95 23 99 90 99 68 
Dime+flmx 0.98+0.048 6 99 96 6 99 87 99 83 
Dime+flmx 0.98+0.064 10 99 90 17 99 72 99 70 
Dime+flmx 0.98+0.096 12 99 94 16 99 86 99 68 

LSD !0.05~ 4 \3 19 11 10 25 7 39 
Ipendimethalin in treatment two = Prowl H20; pend = pendimethalin; flmx = flumioxazin; dime = dimethenamid-P. 
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Bentazon&sethoxydim tank-mixes in dry edible bean. Richard K. Zollinger and Jerry L. Ries. (Dept. of Plant 
Sciences, North Dakota State University, Fargo 58105) An experiment was conducted near Hatton, ND, to evaluate 
dry edible bean response from herbicides applied PPI and POST. On June 4, 2002, PPI treatments were applied and 
incorporated with a rototiller operating to a 2 inch depth at 2:00 pm with 79 Fair, 68 F soil at a depth of 4 inches, 
18% relative humidity, 50% clouds, 3 to 5 mph E wind, dry soil surface, and moist subsoil. The planting of 
'Maverick' pinto bean followed the incorporation of treatments. POST treatments were applied July 15 at 9:30 am 
with 77 Fair, 80 F soil surface, 71% relative humidity, 0% clouds, 5 to 8 mph SW wind, wet soil surface, wet 
subsoil, excellent crop vigor, and no dew present to V4 to V6 dry edible bean. Weed species present were: 6 to 18 
inch (l/yd2

) blossoming wild mustard. Treatments were applied to the entire 10 by 40 foot plots with a bicylce­
wheel-type plot sprayer delivering 17 gpa at 40 psi through 8002 flat fan nozzles for PPJ treatments and 8.5 gpa at 
40 psi through 8001 flat fan nozzles for POST treatments. The experiment had a randomized complete block design 
with three replicates per treatment. 

The experiment was established in a near weed free environment. The few wild mustard plants that emerged were 
completely controlled by all herbicide treatments. On July 10, four to six inches of rain fell. Only a few plots in the 
far end of the third replication had water damage. The PPJ treatments were rated prior to application of POST 
treatments on July 15, injury was stunting and stand loss. Pendimethalin&imazethapyr at 0.63&0.047 Ib/A caused 
increased injury, but recovered in later evaluations. Injury ratings taken on July 29 (14 DAT) and August 5 (21 
DA T) were based on foliar injury from POST treatments. POST treatment injury was slight puckeringlkrinkling of 
newest trifoliate. No burn/speckling was observed. Injury from POST herbicides, as observed on August 5 (21 DA T) 
was to older leaves. The top, newer leaf had no visual injury. Injury that did not decrease over time had some new 
leaf puckering and crinkling. All treatments were safe to Pinto type dry bean. 

Table. Bentzon&sethoxydim tank-mixes in dry edible bean . 
Jul~ i5 Jul~ 29 August 5 Pinto 

Treatment l Rate Pinto Pinto Pinto Pinto Yield 

Ib/A % injury % stand % injury % injury cwtlA 
loss 

PPI/POST 

Pendlimmx+bent&seth+ PO+ 28-0-0 1.44/0.0 I 6+ I &0.2 4 3 0 0 17.2 

Pendlimep+bent&seth+PO+28-0-0 1.44/0.011+1&0.2 4 4 0 0 17.2 

Pend&imep+pendlbent&seth+PO 0.42&0.03+0.93/1&0.2 6 3 I 13.3 

Pend& imep+pendlbent&seth+ PO 0.63&0.047+0.66/1 &0.2 25 4 0 0 14.1 

Dime/immx+bent&seth+PO+28-0-0 0.75/0.016+ 1&0.2 6 0 0 0 17.7 

POST 

Bent&seth+PO 1&0.2 0 2 21.7 

Immx+NIS 0.0312 0 I 17.1 

Imep+NIS 0.012 0 0 0 20.1 

Immx+bent&seth+ PO+ 28-0-0 0.016+1&0.2 0 0 0 19.9 

Imep+bent&seth+ PO+ 28-0-0 0.011+1&0.2 0 0 0 20.3 

Immx+s-metolachlor+NIS 0.016+1.59 0 3 3 18.0 

Fomesafen+dime+N IS 0.125+0.56 0 4 2 18.2 

Untreated 0 0 0 0 19.2 

LSD !0.05~ 5 4 3 4.8 
lpend = pendimethalin; immx = imazamox; bent&seth = bentazon&sethoxydim; imep - imazethapyr; pend&imep ­

pendimethalin&imazethapyr; dime = dimethenamid-P; PO = Herbimax at 1% v/v; 28-0-0 = urea ammonium nitrate at IqtlA; 
NIS = non ionic surfactant at 0.25% vivo 
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Sugar beet tolerance to dimethenamid-P. Michael 1. Wille and Don W. Morishita. (Twin Falls Research and 
Extension Center, University ofIdaho, Twin Falls, ID 83303-1827) A study was initiated at the University ofIdaho 
Research and Extension Center near Kimberly, Idaho to measure the tolerance of sugar beet to dimethenamid-P 
applied in combination with currently registered :,:~gar beet herbicides. Sugar beet (,PM21 ') was planted April 16, 
2001 in 22-inch rows at a rate of 57,024 seed/A. The experiment was a randomized complete block design with four 
replications and individual plots were four rows by 30 ft. Soil type was a Portneuf silt loam (20% sand, 71 % silt, and 
9% clay) with a pH of 8.1, l.5% organic matter, and CEC of 17-meq/1 00 g soil. Herbicides were applied in an 11­
inch band with a COz-pressurized bicycle-wheel sprayer using 8001 even fan nozzles calibrated to deliver 20 gpa at 
28 psi . Additional environmental and application information is given in Table 1. Plots were maintained weed free 
by handweeding. Crop injury was evaluated visually May 16 and June 15, which was 5 and 30 days, respectively 
after the last herbicides were applied. The two center rows of each plot were harvested mechanically October I. 

Table f. Environmental conditions at herbicide application. 
Application date May 4 
Application timing Cotyledon 
Air temperature (F) 71 
Soil temperature (F) 58 
Relative humidity (%) 42 
Wind speed (mph) 2 
Cloud cover (%) 0 

May 11 

7 d later 


85 

76 

30 

2 

o 

May 18 

7 d later 


54 

54 

40 

4 


40 


Sugar beet injury was similar among herbicide treatments, ranging from 1 to 5% at 5 days after the last treatment 
was applied (DAL T), and 3 to 6% at 30 DAL T. Sugar beet root yields ranged from 30 to 31 toniA among the 
herbicide treatments compared to 31 toniA in the weed free check. Herbicide treatments did not differ among each 
other or from the untreated check. 

Table 2. Sugar beet response to dimethenamid. 
AI212lication Cro12 iniu!:y Root 

Treatment a rate date 5/16 6115 yield 
Ib ail A --------'%--------- tonfA 

Check 31 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 4 4 31 
Efs&dmp&pmp + triflusulfuron + clopyralid 0.33 + 0.0156 + 0.094 5/11,5/18 

clopyralid 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4, 5111, 5118 3 5 31 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 4 4 30 
Efs&dmp&pmp + triflusulfuron + dimethenamid-P 0.33 + 0.0156 + 0.64 5/11 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/18 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 5 4 31 
Efs&dmp&pmp + triflusulfuron + clopyralid + 0.33 + 0.0156 + 0.094 5111 

dimethenamid-P 0.64 
Efs&dmp&pmp + triflusulfuron + clopyralid 0.33 + 0.0156 + 0.094 5118 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 3 32 
Efs&dmp&pmp + triflusulfuron + clopyralid + 0.33 + 0.0156 + 0.094 5111 

dimethenamid-P 0.96 
Efs&dmp&pmp + triflusulfuron + clopyralid 0.33 + 0.0156 + 0.094 5/18 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 5 3 30 
Efs&dmp&pmp + triflusulfuron + clopyralid + 0.33 + 0.0156 + 0.094 5/11 

d imethenamid-P 1.28 
Efs&dmp&pmp + triflusulfuron + clopyralid 0.33 + 0.0156 + 0.094 5/18 
Efs&dmp&pmp + triflusulfuron 0.33 + 0.0156 5/4 3 6 31 
Efs&dmp&pmp + triflusulfuron + clopyralid + 0.33 + 0.0156 + 0.094 Sill 

dimethenamid-P 1.6 
Efs&dmp&pmp + triflusulfuron + clopyralid 0.33 + 0.0156 + 0.094 5/18 
LSD (0.05) 5 4 3 
" Efs&dmp&pmp is a commercial formulation of a I: I: I mixture of ethofumesate, desmedipham, and phenmedipham. 
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Table 2. (cont.) 

Al2l2lication Crop Weed control' Root 
Treatrnentb rate timing Injury KCHSC AMARE CHEAL SOLSA yield 

--_. '-----------------------­ % ----------------------------------­ ton/A 
Efs&dmp&pmp + 0.25 + May4 9 96 92 91 97 22 

triflusulfuron + 0.0164 + 
ethofumesate 0.0625 

Efs&dmp&pmp + 0.33 + May 14 
triflusulfuron + 0.0156 + 
ethofumesate 0.0625 

Efs&dmp&pmp + 0.45+ May 22 
triflusulfuron + 0.0164 + 
ethofumesate 0.0625 

Efs&dmp&pmp + 0.25 + May 4 13 99 92 86 99 22 
triflusulfuron 0.0164 

Efs&dmp&pmp + 0.33 + May 14 
triflusulfuron + 0.0156 + 
ethofumesate 0. 125 

Efs&dmp&pmp + 0.45+ May 22 
triflusulfuron + 0.0164+ 
ethofumesate 0.125 

Efs&dmp&pmp + 0.0833 + May4& 0 95 95 96 99 27 
triflusulfuron + 0.0052 + May II & 
MSO 1.5% v/v May 17& 

May 22 
Efs&dmp&pmp + 0.0833 + May4& 5 94 96 90 99 27 

triflusulfuron + 0.0052 + May II & 
ethofumesate + 0.0625 + May 17& 
MSO 1.5% v/v May 22 

Efs&dmp&pmp + 0.0833 + May4& 6 88 96 88 100 26 
triflusulfuron + 0.0052 + May II 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 17& 
triflusulfuron + 0.0052 + May 22 
ethofumesate + 0.125 + 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 4 3 75 82 83 100 24 

clopyralid + 0.031 + 
ethofumesate + 0.0625 + 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May II 
clopyralid + 0.031 + 
ethofumesate + 0.094 + 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 17 
clopyralid + 0.031 + 
ethofumesate + 0.125 + 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 22 
clopyralid + 0.031 + 
ethofumesate + 0.25 + 
MSO 1.5% v/v 

LSD (0.05) 6 ns ns ns ns 7 

'Weeds evaluated for control were kochia (KCHSC), red root pigweed (AMARE), common lambsquarters (CHEAL), and hairy 
nightshade (SOLSA). 

b Efs&dmp&pmp is a commercial formulation of a I: I: I mixture of ethofumesate, desmedipham, and phenmedipham. MSOis 
methylated seed oil. 
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Application timing of postemergence sugar beet }:<;!rbicides. Don W. Morishita and Michael 1. Wille (Twin Falls 
Research and Extension Center, University ofIdaho, Twin Falls, ID 83303-1827) Properly timed postemergence 
herbicide applications for weed control in sugar beet is critical, especially for growers who choose not to apply 
preplant or preemergence herbicides. A study was conducted at the University ofIdaho Research and Extension 
Center near Kimberly, Idaho to compare different application timings of postemergence sugar beet herbicides. The 
experimental design was a randomized complete block with four replications. Individual plots were four rows by 30 
ft. Soil type was a Portneuf silt loam (26.4% sand, 65% silt, and 5.6% clay) with a pH of 8.1, 1.6% organic matter, 
and CEC of 14-meq/100 g soil. 'HM 2984RZ' sugar beet was planted April 25, 2002, in 22-inch rows at a rate of 
57,024 seed/A. Freezing conditions on May 7 and 8 required replanting the experiment on May 14 with 'HM 
2980RZ'. Common lambsquarters, kochia, redroot pigweed, and hairy nightshade were the major weed species 
present. Herbicides were applied in an II-inch band over each row with a COz-pressurized bicycle-wheel sprayer 
using 8001 even-fan nozzles calibrated to deliver 20 gpa Additional environmental and application information is 
given in Table 1. Crop injury and weed control was evaluated visually July 16, which was 14 days after the last 
herbicide treatment was applied (DAL T). The two center rows of each plot were harvested mechanically October 8. 

Table 1. Envirorunental conditions at application and weed species densities. 

Application date May 23 May 31 June 4 June 11 June 19 July 2 
Application timing PRE cotyledon 5 d later 7 d later 8 d later l3 d later 
Air temperature (F) 65 78 74 74 71 92 
Soil temperature (F) 58 79 80 71 78 82 
Relative hmnidity (%) 52 60 59 50 38 31 
Wind speed (mph) 5 3 2 5 0 3 
Cloud cover (%) 100 50 25 15 0 0 

Weed species/ft2 
lambsquarters, common 0 1 1 2 1 2 
pigweed, redroot 0 4 5 4 5 3 
nightshade, hairy 0 3 5 4 3 4 
kochia 0 0 <1 1 <10 <1 
foxtail, green 0 <1 <1 1 I 

Higher rates of efs&dmp&pmp applied three times at 0.511b ai/A followed by 0.59, and 0.675 Ib ai/A applied in 
combination with triflusulfuron + clopyralid injured sugar beet 14% (Table 2). A single application of ethofumesate 
+ triflusulfuron + clopyralid at 1.12 + 0.0312 + 0.25 Ib ail A injured sugar beet 11%. These two treatments were 
among the highest injury levels. Conul1on lambsquarters and redroot pigweed were controlled 92 and 91%, 
respectively with efs&dmp&pmp + triflusulfuron applied at the cotyledon stage, followed by two applications of 
efs&dmp&pmp + triflusulfuron + clopyralid, and efs&dmp&pmp applied alone at 0.675 lb ailA. No herbicide 
treatment satisfactorily controlled kochia. Hairy nightshade control ranged from 38 to 84%. The best hairy 
niglltshade control was obtained with the two treatments beginning on May 23, which was at least one week earlier 
than all other herbicide treatments. All herbicide treatments yielded higher than the untreated check. However, due 
to replanting and poor early weed control none of the treatments had outstanding yields. Heavy weed pressure 
reduced the untreated check yield to 4 toni A compared to 19 toni A for the highest yielding treatment. 

84 




Check 
Efs&dmp&pmp + triflusulfuron I 0.25 0.0156 5/23 0 94 84 69 83 
Efs&dmp&pmp + 0.337 5/31 
triflusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp + 0.42 6/4 
triflusulfuron + clopyralid 0.0312+0,094 

Efs&dmp&pmp + triflusulfuron 0.25 + 0.0156 5/23 4 92 91 61 84 11 
Efs&dmp&pmp 0,337 5/31 
tritlusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp 0.42 6/04 
tritlusulfuron + clopyralid 0.0312 0,094 

Efs&dmp&pmp 0.675 6/11 
Efs&dmp&pmp + triflusulfuron 0,25 + 0.0156 5/31 0 64 58 48 53 12 
Efs&dmp&pmp 0.337 6/04 
triflusulfuron + c10pyralid 0,0234 + 0,094 

Efs&dmp&pmp 0.42 6/11 
tritlusulfuron + c10pyralid 0,0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0,25 + 0.0156 6/04 8 65 59 65 48 9 
Efs&dmp&pmp 0.337 6/11 

triflusulfuron + c10pyralid 0.0234 + 0.094 
Efs&dmp&pmp 0.42 6/19 
triflusulfuron + clopyralid 0,0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.337 + 0,0156 6/0 68 64 48 40 11 
Efs&dmp&pmp 0,42 6/11 
triflusulfuron + clopyralid 0.0234 + 0,094 
clopyralid 0,094 

Efs&dmp&pmp 0,51 6/19 

triflusulfuron + 0,0312 + 0.094 
Efs&dmp&pmp + triflusulfuron 0.42 + 0.0156 6/04 4 7l 67 47 51 13 
Efs&dmp&pmp 0,51 6/11 

tritlusulfuron + c!opyralid 0,0234 + 0,094 
Efs&dmp&pmp 0.59 6/19 
triflusulfuron dopyralid 0,0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.337 + 0,0156 6/11 4 74 63 58 41 14 
Efs&dmp&pmp 0.42 6/19 
triflusulfuron + c10pyralid 0.0234 + 0,094 

Efs&dmp&pmp 0.5\ 7/02 
triflusulfuron + c10pyralid 0,0312 + 0.094 

Efs&dmp&pmp + trifiusulfiJron 0.42 + 0.0156 6/11 8 86 74 66 64 19 
Efs&dmp&pmp 0.51 6/19 

triflusulfuron + 0,0234 0.094 
Efs&dmp&pmp 0.59 7/02 
triflusulfuron + ciopyralid 0,0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.51 + 0.0156 6/11 14 75 75 60 61 14 
Efs&dmp&pmp 0.59 6/19 

triflusulfuron + clopyraJid 0.0234 + 0,094 
Efs&dmp&pmp 0.675 7102 
triflusulfuron + c10pyralid 0.0312 + 0.094 

Efs&dmp&pmp + triflusulfuroIJ 0.76 0.0156 6/11 6 79 62 69 58 12 
Efs&dmp&pmp L05 6/19 
triflusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp 1.12 6/11 11 63 50 56 38 9 
triflusulfuron + cI opyralid 0.0312 + 0.25 

were commolJ 
(SOLSA). 
~fs&dmp&pmp is a commercial formulation of a 1: 1: 1 mixture of eiliofumesate, desmedipham, and phenmedipham. 



Comparison of formulations of ethofumesate, desmedipham, and phenmedipham for weed control in sugar beet. 
Michael J. Wille and Don W. Morishita. (fwin ralls Research and Extension Center, University of Idaho, Twin 
Falls, ID 83303-1827) A study was conducted at the University ofIdaho Research and Extension Center near 
Kimberly, Idaho to compare the effectiveness of commercial and candidate formulations of desmedipham, 
desmedipham & phenmedipham, and ethofumesate & desmedipham & phenmedipham for weed control in sugar 
beet. 'AE B038107 00 EC31 A2' is a candidate formulation of desmedipham; 'AE B038584 01 EC31 A2' is a 
candidate formulation of desmedipham & phenmedipham (dmp&pmp); and 'AE B049913 01 EC18 A2'is a 
candidate formulation of ethofumesate & desmedipham & phenmedipham (efs&dmp&pmp). The experiment was a 
randomized complete block design with four replications; and individual plots were four rows by 30 ft . Soil type 
was a Portneuf silt loam (20% sand, 71% silt, and 9% clay) with a pH of 8.1, 1.5% organic matter, and CEC of 17­
meq/100 g soil. 'HM 2984RZ" Sugar beet was planted April 26, 2002, in rows 22-inches apart at a rate of 57,024 
seed!A. Due to a late killing frost May 7 and 8, the experiment was replanted over surviving sugar beet plants on 
May 14 with cultivar 'HM 2980RZ' . Kochia, common lambs quarters, redroot pigweed, hairy nightshade, and green 
foxtail were the major weed species present. Herbicides were applied in an II-inch band with a COrpressurized 
bicycle-wheel sprayer using 8001 even-fan nozzles calibrated to deliver 20 gpa. Additional environmental and 
application information is given in Table l. Crop injury was evaluated visually 6 days after the last herbicide 
treatment (DALT) on June 17 and both crop injury and weed control were similarly evaluated 29 DALT on July 10. 
The two center rows of each plot were harvested October 7. 

Table 1. Environmental conditions at application and weed species densities. 
Application date 
Application timing 
Air temperature (F) 
Soil temperature (F) 
Relative humidity ('Yo) 
Wind speed (mph) 
Cloud cover ('Yo) 

Weed specieslft2 

lambsquarters, common 
pigweed., redroot 
nightshade, hairy 
kochia 
foxtail, green 

May 31 

Cotyledon 


68 

68 

80 

0 


60 


1 
4 
5 
o 
o 

June 4 

5 d later 


70 

72 

55 

0 

0 


1 
5 
5 
0 
1 

June 11 

7 d later 


71 

71 

50 

5 

15 


1 
4 
0 
0 
1 

Sugar beet injury due to herbicide treatments ranged from 1 to 13% 6 DALT, and from 2 to 11% 29 DALT but did 
not differ from each other on either evaluation date (fable 2). All herbicide treatments controlled common 
lambsquarters 35 to 68%; redroot pigweed, 26 to 58%; kochia, 40 to 68%; and hairy nightshade, 70 to 100% and did 
not differ among each other with respect to these weed species. The lack of significant differences is due in part to 
variability in weed control among replications for the herbicide treatments. Green foxtail was controlled 62 to 71% 
among all herbicide treatments except either formulation of desmedipham alone, or AE B038584 01 EC31 A2 
(dmp&pmp formulation), which controlled green foxtail only 6 to 10%. The untreated check plots yielded an 
average of6 tonlA sugar beets and 14941bsJA extractable sugar. All of the herbicide treatments, except 'AE 
B049913 01 EC18 A2', yielded 8 to 15 tonlA sugar beet and from 2,214 to 3,195Ib/A extractable sugar and did not 
differ from each other or from the untreated check. 'AE B049913 01 EC18 A2' yielded 15 toniA sugar beet and 
3823 Ib/ A extractable sugar, which was similar to other herbicide treatments but was greater than the untreated 
check. There was an unusually large amount ofvariation between plots of the same treatment in this experiment that 
was likely the result of the late freeze and its subsequent effects. This large variation made treatment differences 
difficult to detect; therefore, treatment effects may exist that are not apparent in this data. 
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------------------%-----------------Ib ai/A tonlA IblA 

Check 6 1490 
AE B049913 01 ECI8 0.25 5/31 8 3 48 58 68 99 68 15 3820 
AE B049913 01 EC18 0.33 6/5 & 

0.25 5/31 13 2 47 43 42 100 63 9 2290 
Efs&dmp&pmp 0.33 6/5& 

AE B049913 01 ECI8 0.08 5/31 & 11 11 61 39 63 95 60 11 2810 
trifl usulfuron 0.004 6/5& 
clopyralid 0.03 6/11 
MSO 1.5 

0.08 5/31 & 8 4 68 48 58 97 71 12 3200 
tritlusulfuron 0.004 6/5 & 
clopyralid 0.03 6/11 
MSO 1.5 

AE B038584 01 EC31 0.25 5/31 6 40 35 44 99 10 8 2210 
AE B038584 01 EC31 0.33 6/5 & 

0.25 5/31 3 53 35 40 86 70 9 2240 
Dmp&pmp 0.325 6/5& 

AE B038584 01 EC31 0.08 5/31 & 8 5 47 30 40 94 63 9 2300 
triflusulfuron 0.004 6/5 & 

0.03 6111 

MSO 1.5 


Dmp&pmp 0.079 5131 & 15 5 47 26 52 91 62 10 2740 
triflusulfuron 0.004 6/5& 
clopyraiid 0.03 6/11 
MSO 1.5 

AE B038107 00 EC31 0.25 5/31 3 67 49 60 92 6 10 2600 
AE B038 107 00 EC31 0.33 6/5 &111 

Desmedipham 0.25 5/31 5 5 38 58 49 70 10 10 2510 
Desmedipham 0.33 6/5 &/11 

evaluated for control were common (CHEAL), redroot 

nightshade (SOLSA), and green foxtail (SETVI). 


b 
AE B049913 01 ECl8 A2 is an formulation of ethofumesate, AE B038584 01 
EC31 A2 is an of desmedipham and phenmedipham, and A2 is and 
experimental of desmedipham. MSO is methylated seed oil. 
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Broadleaf and grass weed control in sugar beet with dimethenamid-P. Michael 1. Wille and Don W. Morishita. 
(Twin Falls Research and Extension Center, University ofIdaho, Twin Falls, ID 83303-1827). Dimethenamid-P is 
a relatively new herbicide and is under consideration for use in sugar beet. A study was established at the University 
ofIdaho Research and Extension Center near Kimberly, Idaho to determine the effectiveness of dimethenamid-P 
when applied with ethofumesate & desmedipham & phenmedipham (efs&dmp&pmp) + triflusulfuron + clopyralid 
for grass and broadleaf weed control. Sugar beet (,PM21 ') was planted April 16, 2001, in 22-inch rows at a seeding 
rate of 57,024 seed/A. Experimental design was a randomized complete block with four replications. Individual 
plots were four rows by 30 ft. Soil type was a Portneuf silt loam (20% sand, 71 % silt, and 9% clay) with an 8.1 pH, 
1.5% organic matter, and 17-meqll 00 g soil CEC. Kochia, common lambsquarters, hairy nightshade, and redroot 
pigweed were the major weed species present. Herbicides were applied in II-inch bands with a COz-pressurized 
bicycle-wheel sprayer using 8001even fan nozzles calibrated to deliver 20 gpa at 28 psi. Additional environmental 
and application information is presented in Table 1. Crop injury and weed control were evaluated visually June 15; 
28 days after the last herbicide treatment. The two center rows of each plot were harvested mechanically October 1. 

Table I. Application information and weed species densities. 
Application date May 4 
Application timing Cotyledon 
Air temperature (F) 71 
Soil temperature (F) 62 
Relative humidity (%) 50 
Wind speed (mph) 4 
Cloud cover (%) 10 

Weed species/ft2 

kochia I 
common lambsquarters 12 
red root pigweed 3 
hairy nightshade I 

May II 

2 leaf 


80 

75 

47 

3 

0 


I 
2 
I 
I 

May 18 

4 leaf 


54 

54 

40 

4 

40 


0 
2 
I 
I 

Sugar beet was not injured by any herbicide combination tested (Table 2). Control of common lambsquarters, 
kochia, and redroot pigweed ranged from 94 to 100%, 75 to 100%, and 99 to 100%, respectively. Hairy nightshade 
was completely controlled by all herbicide combinations. Weed control did not differ among herbicide treatments 
for any weed species. Sugar beet root yields among herbicide treatments ranged from 17 to 25 tons/ A compared to 2 
toni A in the check. Yields of herbicide-treated plots were greater than untreated plots but did not differ among each 
other. In this experiment, the addition of dimethenamid-P did not offer any advantage ill weed control or sugar beet 
yield . 
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weed control, and sugar beet root yield response to dimethenamid-P tank-mixed with 
Idaho. 

sugar beet 

2 
0.33 + 
0.0156 

May 4 3 100 94 75 100 17 

0.33 + 
0.0156 + 

May II 

0.094 
0.33 + 
0.0156 

May 4 3 100 100 84 100 21 

0.33 + 
0.0156 + 

May II 

0.094 
0.33 + 18 

triflusulfuron + 0.0156 + 
0.094 

Efs&dmp&pmp + 
triflusulfuron + 

0.33 + 
0.0156 + 

May4 99 97 94 100 24 

dimethenamid-P / 
Efs&dmp&pmp + 

triflusulfuron + 

0.64 
0.33 + 
0.0156 + 

II 

clopyralid 
Efs&dmp&pmp + 

triflusulfuron / 
Efs&dmp&pmp + 

triflusulfuron + 
cl opyralid + 
dimethenamid-P 

0.094 
0.33 + 
0.0156 
0.33 + 
00156+ 
0.094 + 
0.64 

May4 

May II 

100 99 81 100 22 

Efs&dmp&pmp + 
triflusulfuron / 

Efs&dmp&pmp + 
triflusulfuron + 

0.33 + 
0.0156 
0.33 + 
0.0156 + 

May4 

11 

0 100 99 95 100 25 

c10pyraJid I 
Efs&dmp&pmp + 
triflusulfuron + 

0.094 
0.33 + 
0.0156 + 

May 18 

clopyralid + 
dimethenamid-P 

0.094 + 
0.64 

Efs&dmp&pmp + 
trifl usul furon I 

0.33 + 
0.0156 

4 3 100 100 83 100 24 

Efs&dmp&pmp + 
triflusulfuron + 

0.33 + 
0.0156 + 

II 

clopyralid + 
dimethenamid-P I 

0.094 
0.32 

Efs&dmp&pmp + 
triflusulfuron 

0.33 + 
0.0156 

May I 

c10pyralid + 
dimethenamid-P 

Efs&dmp&pmp + 
triflusulfuron + 

0.094 + 
0.32 
0.33 + 
0.0156 

4 99 94 98 100 21 

dimethenamid-P I 0.32 
Efs&dmp&pmp + 

triflusulfuron + 
0.33 + 
0.0156 + 

II 

c!opyralid + 
dimethenamid-P 

LSD 

0.094 + 
0.32 

NS NS NS NS 5 

a AMARE is redroo! CHEAL is common KCHSC is kochia, and SOLSA is hairy 

Check 

b Efs&dmp&pmp is a commercial fonnulation of a 1'1: I mixture of ethofumesate, desmedipham, and phenmedipham .. 
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Evaluation of dimethenamid-P with conventional herbicide rates for weed control in sugar beets. Michael 1. Wille 
and Don W. Morishita. (Twin Falls Research and Extension Center, University of Idaho, Twin Falls, ID 83303­
1827) A study was conducted at the University of Idaho Research and Extension Center near Kimberly, Idaho, to 
evaluate dimethenamid-P applied at different rates and timings tank-mixed with conventional sugar beet herbicides 
for weed control. The experiment was a randomized complete block design with four replications; and individual 
plots were four rows by 30 ft. Soil type was a Portneuf silt loam (29% sand, 64% silt, and 6% clay), with a pH of 
8.1, 1.6% organic matter, and CEC of 14-meq/100 g soil. 'HM 2984RZ' sugar beet was planted April 25, 2002, in 
rows 22-inches apart at 57,024 seed! A. Due to a late freeze May 7 and 8; the experiment was replanted over 
surviving sugar beet plants on May 14 with cultivar 'HM 2980RZ'. Common lambsquarters, redroot pigweed, hairy 
nightshade, kochia, and green foxtail were the major weed species present. Herbicides were applied in an Il-inch 
band with a COz-pressurized bicycle-wheel sprayer with 8001 even-fan nozzles calibrated to deliver 20 gpa. Weed 
population and environmental information is given in Table 1. Crop injury and weed control were evaluated visually 
14 days after the last herbicide treatment (DALT) on July 3. The two center rows of each plot were harvested 
mechanically October 7. 

Table 1. Environmental conditions at application and weed species densities. 

Application date 
Application timing 
Air temperature (F) 
Soil temperature (F) 
Relative humidity (%) 
Wind speed (mph) 
Cloud cover (%) 

Weed species (plantslft.2) 
foxtail, green 
lanlbsquarters, common 
nightshade, hairy 
pigweed, redroot 
kochia 

May 31 

Cotyledon 


78 

79 

60 

2 

50 


o 
1 
2 
o 
1 

JW1e 4 

4 d later 


74 

80 

59 

4 


25 


1 
1 
5 
5 
1 

JW1e 11 JW1e 19 

7 d later 8 d later 


74 71 

73 76 

50 32 

1 0 


15 1 


1 0 
1 1 
0 3 
4 4 
1 1 

Sugar beet injury ranged from 3 to 15% but did not differ among herbicide treatments (Table), Common 
lambsquarters control ranged from 76 to 950/0, redroot pigweed from 87 to 100%, hairy nightshade from 96 to 100%, 
and green foxtail from 71 to 97% but herbicide treatments did not differ among each other with respect to these 
species. All herbicide treatments controlled kochia 85 to 98% except the treatments that included 0.656 Ib ailA 
dimethenarnid-P + l.561b ai/A pyrazon at the second application date, or that included 0.656 andO,3281b ai/A 
dimethenarnid-P at the second and third application dates, respectively. Average sugar beet root and extractable 
sugar yields among herbicide treatments ranged from 16 to 22 tonS/A, and from 4213 to 56921b sugar/A, 
respectively, compared to 11 tons of sugar beet, and 2745 lb sugar/A in the untreated check. Sugar beet root yields 
and extractable sugar yields of all herbicide treatments were greater than the untreated check, but were similar to 
each other. There was an unusually large amount of variation between plots of the same treatment in this experiment 
that was likely the result of the late freeze and its subsequent effects. This large variation made treatment differences 
difficult to detect; therefore treatment effects may exist that are not apparent in these data. 
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Table 2. Crop injury, weed control. and sugar beet yield resopnse to dimethenamid-P combined with other herbicides, 

Check 
Efs&dmp&pmp + 0.25 + 
triflusulfuron / 0,01561 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid 0.094 

Efs&dmp&pmp + 0.25 + 
triflusulfuron / 0,01561 

Efs&dmp&pmp 0.33 + 
triflusulfuron + 0,0156 
clopyralid + 0,094+ 
dimethenamid-P 1 0.6561 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0,0156 + 
clopyralid 0.094 

Efs&dmp&pmp + 0,25 + 
triflusulfuron I 0.0156/ 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0,0156 + 
clopyralid + 0,094 + 
dimethenamid-P 0,84 

Efs&dmp&pmp + 0,25 + 
triflusulfuron / 0,0156/ 

Efs&dmp&pmp 0.33 
triflusulfuron + 0,0156 
clopyralid + 0,094 + 
dimethenamid-P + 0,656+ 
pyrazon / 1.56/ 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid 0.094 

Efs&dmp&pmp 0.25 + 
triflusulfuron 1 0,01561 

Efs&dmp&pmp + 0.33+ 
triflusulfuron + 0.0156 + 
c!opyralid 0.094 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0,0156 
clopyralid + 0.094 + 
dimethenamid-P 1 0,6561 

Efs&dmp&pmp 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid 0,094 

Efs&dmp&pmp + 0.25 + 
triflusulfuron 1 0,01561 

Efs&dmp&pmp + 0.33+ 
triflusulfuron + 0.0156 + 
c10pyraJid + 0.094 
dimethenamid-P 1 0.6561 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid + 0.094+ 
dimethenamid-P I 0.328/ 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 

5/31 
6/4& 
6/11& 
6/19 

5/31 

4 

3 

95 

79 

99 

98 

85 

96 

100 

100 

71 

96 

17 

19 

4304 

4949 

6/4 
6/11& 
6/19 

5131 

6/4 

.5 76 90 87 96 95 21 5476 

5/31 

6/4 

3 81 91 48 99 93 18 4585 

6/11& 
6/19 

5/31 

6/4& 
6/19 

6/11 

8 81 88 88 100 86 22 5692 

5/31 

6/4 

15 91 100 45 100 97 19 5006 

6/11 

6/19 
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Table 2 (cont.). 

Efs&dmp&pmp + 0.25 + 
Triflusulfuron I 0.0156 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyraJid + 0.094 + 
dimethenamid-P 1 0.656 

Efs&dmp&pmp + 0.33 + 
triflusuifuron + 0.0156 + 
clopyraiid + 0.094 + 
dimethenamid-P I 0.328 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid + 0.094 + 
pyraclostrohin 0187 

Efs&dmp&pmp 0.25 + 
triflusulfuron 1 0.0156 

Efs&dmp&pmp + 0.33 + 
triflusulfuron 0.0156 + 
c10pyralid + 0.094 
dimethenamid-P I 0.656 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
c10pyralid + 0.094+ 
dimethenamid-P I 0.328 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid + 0.094+ 
pyradostrobin 0.187 

Efs&dmp&pmp + 0.25 + 
triflusulfuron I 0.0156 

Efs&dmp&pmp + 0.33 + 
trifll.lsulfuron + 0.0156 + 
clopyralidl 0.094 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid + 0.094 
dimethenamid-P 0.656 

Efs&dmp&pmp 0.25 
trifll.lsulfuron I 0.0156 

Efs&dmp&pmp + 0.33 + 
trifll.lsulfuron 0.0156 + 
c10pyralid / 0.094 

Efs&dmp&pmp + 0.33 + 
triflusulfuron + 0.0156 + 
clopyralid + 0.094+ 
dimethenamid-P 0.84 

5/31 

6/4 

15 93 96 98 100 88 

6/11 

6/19 

5/31 

6/4 

6 95 98 95 98 87 21 5494 

6/11 

6/19 
4 84 93 85 96 75 20 5260 

5/31 

6/4& 
6/11 

6 83 87 95 100 88 16 4213 

6/19 

5/31 

6/4& 
6/11 

'Weeds evaluated for control were common lambsquarters (CHEAL), redroot pigweed (A.\iARE), kochia (KCHSC), hairy nightshade (SOLS A), 
foxtail (SETVI). 

is a commercial formulation of a 1: I: 1 mixture of ethofumesate, desmedipham, and phenmedipham. Pyraclostrobin is a 



Ethofumesate added to sugar beet herbicide micro-rates for kochia control in sugar beet. Michael J. Wille and Don 
W. Morishita. (Twin Falls Research and Extension Center, University ofIdaho, Twin Falls, ID 83303-1827) A 
study was conducted at the University ofIdaho Research and Extension Center near Kimberly, Idaho to assess the 
effect of additional ethofumesate tank mixed at different rates and application timings with micro-rates of 1: 1: 1 
ethofumesate & desmedipham & phenmedipham (efs&dmp&pmp) applied with and without triflusulfuron and/or 
clopyralid for kochia contro!' Sugar beet (,PM21 ') was planted April 16, 2001, in 22-inches rows at a seeding rate of 
57,024 seed/A. The experiment was a randomized complete block design with four replications and individual plots 
were four rows by 30 ft. Soil type was a Portneuf silt loam (20% sand, 71 % silt, and 9% clay) with a pH of 8.1, 
1.5% organic matter, and CEC of 17-meq!100 g soil. Common lambsquarters, hairy nightshade, kochia, and redroot 
pigweed were the major weed species present. Herbicides were broadcast-applied with a COrpressurized bicycle­
wheel sprayer using 11001 flat fan nozzles calibrated to deliver 10 gpa at 28 psi except ethofumesate alone which 
was applied preemergence in an II-inch band at 20 gpa using 8001even fan nozzles at 36 psi. Additional 
environmental and application information is given in Table 1. Crop injury and weed control were evaluated visually 
June 15, which was 24 days after the last herbicide treatment. The two center rows of each plot were harvested 
mechanically October 1. 

Table J. Application information and weed species densities. 

Application date April 18 May4 May 11 May 14 May 17 May 22 
Application timing PRE Cotyledon 5-7 d later 2 leaf 4 leaf 6 leaf 
Air temperature (F) 54 71 80 58 60 65 
Soil temperature (F) 44 62 75 52 58 72 
Relative humidity (%) 50 50 47 60 58 34 
Wind speed (mph) 4 4 3 4 5 5 
Cloud cover (%) 5 10 0 5 0 0 

Weed species/fe 
kochia 0 0 4 4 4 1 
common lambsquarters 0 15 15 J5 23 12 
red root pigweed 0 0 9 9 7 4 
hairy nightshade 0 8 8 8 3 3 

Sugar beet injury from ranged from 0 to 13% among all herbicide treatments. Kochia control ranged from 75 to 
100%. Control of common lambsquarters, redroot pigweed, and hairy nightshade ranged from 84 to 99%, 82-100%, 
and 99 to 100%, respectively. Weed control did not differ among herbicide treatments for any weed species. Sugar 
beet root yields in the herbicide treatments ranged from 22 to 31 tons! A compared to 2 ton!A in the check. 
Efs&dmp&pmp at 0.25 Ib ai/A followed by (fb) efs&dmp&pmp + c!opyralid at 0.33 + 0.094 fb the same herbicides 
at 0.45 + 0.094 lb ai/A was among the highest yielding standard rate treatments. The highest yielding micro-rate 
treatments included efs&dmp&pmp + triflusulfuron + clopyraJid + MSO at 0.0833 + 0.0052 + 0.031 + 1.5% v!v 
applied four times, as well as the same herbicide combination and rates with the addition of ethofumesate at 0.125 Ib 
aiJA applied with the last two applications. Kochia control tended to be slightly improved with the addition of 
ethofumesate postemergence in treatments without triflusulfuron. 
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Table 2. Crop injury, weed control, and sugar beet root yield response to applications of ethofumesate, clopyralid, desmedipham, 
phenmedipham, and triflusulfuron combinations near Kimberly, Idaho 

AQQlication Crop Weed control a Root 
Treatment b rate date :njury KCHSC AMARE CHEAL SOLS A yield 

lb ai/A -------------------------------­ % ------------------------------­ ton/A 
Check 2 
Ethofumesate l.12 April 18 5 89 100 88 100 26 
Efs&dmp&pmp 0.25 May 14 
Efs&dmp&pmp 0.33 May 22 
Efs&dmp&pmp 0.25 May 4 9 95 98 95 100 30 
Efs&dmp&pmp + 0.33 + May 14 
clopyralid 0.094 

Efs&dmp&pmp + 0.45 + May 22 
c10pyralid 0.094 

Efs&dmp&pmp + 0.0833 + May4& 4 88 95 93 100 30 
triflusulfuron + 0.0052 + May 11& 
clopyralid + 0.031 + May 17 & 
MSO 1.5% v/v May 22 

Efs&dmp&pmp + 0.0833 + May4& 94 96 92 100 29 
triflusulfuron + 0.0052 + May 11& 
clopyralid + 0.031 + May 17 & 
ethofumesate + 0.0625 + May 22 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May4& 96 99 99 100 31 
triflusulfuron + 0.0052 + May II 
clopyralid + 0.031 + 
MSO 1.5% v/v 

Efs&dmp&pmp 00833 + MayI7& . 
triflusulfuron + 0.0052 + May 22 
clopyralid + 0.031 + 
ethofumesate + 0125 + 
MSO 1.5% v/v 

Efs&dmp&pmp 0.25 May4 3 100 96 97 99 27 
Efs&dmp&pmp 0.33 May 14 
Efs&dmp&pmp 0.45 May 22 
Efs&dmp&pmp + 0.25 + May 4 6 91 93 94 100 21 

ethofumesate 0.0625 
Efs&dmp&pmp + 033 + May 14 

ethofumesate 0.0625 
Efs&dmp&pmp + 0.45+ May 22 

ethofumesate 0.0625 
Efs&dmp&pmp 0.25 May4 6 95 98 96 99 28 
Efs&dmp&pmp + 0.33 + May 14 

ethofumesate 0.125 
Efs&dmp&pmp + 0.45+ May 22 

ethofumesate 0.125 
Efs&dmp&pmp + 0.25 + May4 9 95 98 95 100 24 

triflusulfuron 0.0156 
Efs&dmp&pmp + 0.33 + May 14 

triflusulfuron 0.0156 
Efs&dmp&pmp + 0.45+ May 22 

triflusulfuron 0.0164 
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Broadleaf weed control in sugar beet with micro and conventional rates. Don W. Morishita and Michael 1. Wille 
(Twin Falls Research and Extension Center, Univeisity ofIdaho, Twin Falls, ID 83303-1827). A field experiment 
was conducted at the University of Idaho Research and Extension Center near Kimberly, Idaho to compare several 
conventional and micro herbicide rates in sugar beet. Experimental design was a randomized complete block with 
four replications. Individual plots were four rows by 30 ft. Soil type was a Portneuf siIt loam (29.4% sand, 65% silt, 
and 5.6% clay) with a pH of 8.1, 1.6% organic matter, and CEC of 14-meq/100 g soil. HM 2984RZ sugar beet was 
planted April 25, 2002, in 22-inch rows at a rate of 57,024 seed/A. Due to a late freeze on May 7 and 8, the 
experiment was replanted May 14 with HM 2980RZ. Common lambsquarters, redroot pigweed, hairy nightshade, 
and green foxtail were the major weed species present. Herbicides were band-applied with a COrpressurized 
bicycle-wheel sprayer calibrated to deliver 20 gpa using 8002 even fan nozzles. Additional environmental and 
application information is given in Table 1. Crop injury and weed control were evaluated visually 11 days after the 
last herbicide treatment (DAL T) on July 8. The two center rows of each plot were harvested mechanically October 
8. 

Table 1. Envirorunental conditions at application and weed species densities. 
Application date April 26 May 31 JWle4 JWle II JWle 19 JWle 26 
Application timing PRE cotyledon 4 d later 7 d later 8 d later 7 d later 
Air temperature (F) 58 78 74 74 71 84 
Soil temperature (F) 48 80 71 73 78 79 
Relative hwnidity (%) 58 65 40 50 38 52 
Wind speed (mph) 5 2 4 I 0 7 
Cloud cover (%) 65 40 30 15 1 50 

Weed specieslft2 

lambsquarters, 2 
common 0 I 1 4 1 
pigweed, redroot 0 2 5 4 5 4 
nightshade, hairy 0 2 5 0 3 5 
foxtail, green 0 0 0 0 1 1 

None of the herbicide treatments significantly injured the sugar beet crop (Table 2). However, using the sequential 
conventional rates of efs&dmp&pmp at -+- 0.25,0.33, and 0.42 Ib ailA -+- triflusu lfuron + c10pyralid at 0.01 56 + 0. 105 
Ib ailA caused an average injury of 11% . Although some kochia was present in this site, kochia control data are not 
included due to variability in population. Common lambsquarters control ranged from 60 to 88% with more 
consistent control with the conventional rates compared to the micro rates. The same general pattern was observed 
with redroot pigweed and green fo. tail control. TIle conventional tank mix rate of efs&dmp&pmp -+- clopyralid and 
without triflusulfuron did not control green foxtail (26%). Hairy nightshade control ranged from 93 to 100% among 
all herbicide treatments. In general, the conventional rate treatments yielded higher than the micro rate treatments. 
Ethofumesate applied preemergence followed by efs&dmp&pmp + ethofumesate + triflusulfuron at the cotyledon 
stage and efs&dmp&pmp -+- triflusulfuron + clopyralid applied two more times was among the highest yielding 
treatments. 
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Table 2. Sugar beet injury, weed control, and sugar beet root yield response to conventional and micro herbicide rates. 

Application Crop Weed control" Root 
Treatment b Rate date injury CHEAL AMARE SOLSA SETVI r!eld 

Ib ai/A 
Untreated check 
Efs&dmp&pmp + 0.08 + 

triflusulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
triflusulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 

Efs&dmp&pmp + 0.08 + 
triflusulfuron + 0.0052 + 
clopyralid + 0.0312 + 
ethofurnesate + MSO 0.0625 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
triflusulfuron + 0.0052+ 
clopyralid + 0.0312 + 
ethofumesate + MSO 0.094 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
tri fl usulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 

Efs&dmp&pmp + 0.08 + 
clopyralid + 0.0312 + 
ethofurnesate + MSO 0.0625 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
clopyralid + 0.0312 + 
ethofumesate + MSO 0.094 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
clopyralid + MSO 0.0312 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
triflusulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 

Efs&dmp&pmp + 0.08+ 
triflusulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
trifl usulfuron + 0.0052+ 
clopyralid + 0.0312 + 
dimethenamid + MSO 0.656 + 1.5% v/v 
efs&dmp&pmp + 0.122+ 
trifl usulfuron + 0.0052 + 
clopyralid + MSO 0.0312 + 1.5% v/v 

Efs&dmp&pmp + 0.08 + 
triflusulfuron + 0.0052 + 
clopyralid + 0.0312 + 
ethofumesate + MSO 0.0625 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
triflusulfuron + 0.0052 + 
clopyralid + 0.0312 + 
dimethenamid + MSO 0.328 + 1.5% v/v 
efs&dmp&pmp + 0.122 + 
triflusulfuron + 0.0052 + 
cl02~alid + MSO 0.0312 + 1.5% v/v 

----------------0/0--------------- toniA 
3 

5/31 & 3 65 76 93 72 15 
6/4 

6111 & 
6119& 
6/26 
5/31 & 4 66 79 100 76 16 
6/4 

6/11 

6119& 
6/26 

5/31 & 0 85 56 95 74 12 
6/4 

6/11 

6119 

6/26 

5/31 & 9 60 66 97 93 17 
6/4 

6111 

6119& 
6126 

5/31 & 4 75 68 98 93 18 
6/4 

6/11 & 
6/19 
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Table 2. (cont.) 

Efs&dmp&pmp + 0.25+ 5/31 11 81 91 99 70 20 
trifl usulfuron 0.0156 + 
efs&dmp&pmp + 0.336 + 6/4 
triflusulfuron + 0.0156 + 
clopyralid 0.105 
efs&dmp&pmp + 0.42+ 6/11 
triflusulfuron + 0.0156 + 
clopyralid 0.105 

Efs&dmp&pmp 0.25+ 5/31 6 84 75 97 26 17 
efs&dmp&pmp + 0.337+ 6/4 
c10pyralid 0.105 
efs&dmp&pmp + 0.42 + 6/11 
clopyralid 0.105 

Efs&dmp&pmp + 0.25+ 5/31 8 88 88 100 94 21 
trifl usulfuron 0.0156+ 
efs&dmp&pmp + 0.336 + 6/4 
triflusulfuron + 0.0156 + 
clopyralid 0.105 
efs&dmp&pmp + 0.42+ 6111 
triflusulfuron + 0.0156 + 
clopyraJid + 0.105 + 
dimethenamid 0.656 

Ethofumesate 1.12 4/26 6 81 84 98 84 19 
efs&dmp&pmp + 0.25+ 5/31 
c10pyralid 0.105 
efs&dmp&pmp + 0.337+ 6/4 
clopyralid 0.105 
efs&dmp&pmp + 0.42 + 6/11 
clopyralid 0.105 

Ethofumesate 1.12 4/26 9 80 94 99 81 23 
efs&dmp&pmp + 0.337 + 6/4 
triflusulfuron + 0.0156 + 
clopyralid 0.105 
efs&dmp&pmp + 0.42 + 6/11 
triflusulfuron + 0.0156 + 
c10pyraJid 0.105 

Efs&dmp&pmp + 0.25+ 5/31 4 83 85 100 95 22 
triflusulfuron + 0.0156 + 
ethofurnesate 0.187 
efs&dmp&pmp + 0.337 + 6/4 
triflusulfuron + 0.0156 + 
ethofurnesate 0.187 
efs&dmp&pmp + 0.42 + 6111 
triflusulfuron + 0.0156 + 
dimethenamid 0.656 

'Weeds evaluated for control were common lambsquarrers 
and green foxtail 
~fs&dmp&pmp is a commercial formulation of a 1: 1: 1 mixture desmedipham., and phenmedipham. MSO is 
methylated seed oil applied at 1.5% v/v. 
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Ethofumesate tank-mixed with registered sugar beet herbicide micro-rates affects on crop tolerance, weed control, 
and carryover to spring barley. Don W. Morishita and Michael J. Wille. (Twin Falls Research and Extension 
Center, University ofIdaho, Twin Falls, ID 83303-1827) This study was initiated in 2001 at the University of 
Idaho Research and Extension Center near Kimberly, Idaho. The purpose of this experiment was to evaluate 
preemergence (PRE) and postemergence (POST) ethofumesate applications alone and tank mixed with micro-rates 
of ethofumesate & desmedipham & phenmedipham (efs&dmp&pmp) + clopyralid for sugar beet injury, weed 
control , and carryover potential to spring barley. Sugar beet (,PM21 ') was planted April 16, 2001, on 22-inch rows at 
a rate of 57,024 seed! A. The experiment was a randomized complete block design with four replications and 
individual plots were four rows by 30 ft. Soil type was a Portneuf silt loam (20% sand, 71 % silt, and 9% clay) with 
an 8.1 pH, 1.5% organic matter, and CEC of 17-meqll 00 g soil. Herbicide treatments consisted of ethofumesate 
applied POST at different broadcast or band-applied rates, with or without a preemergence PRE ethofumesate 
application. All POST treatments included efs&drnp&pmp + clopyralid at 0.0833 and 0.094 lb ai/A. Herbicides 
were applied with a CO2-pressurized bicycle-wheel sprayer calibrated to deliver 10 gpa using 11001 flat fan nozzles 
for broadcast applications, and 20 gpa using 8001 even fan nozzles for II-inch band applications . Additional 
environmental and application information is given in Table 1. Sugar beet injury and weed control were evaluated 
visually June 15,200 1 ,which was 24 days after the last herbicide application. The two center rows of each plot were 
harvested mechanically October 1. Moravian 37 spring barley was planted into the same area April 6, 2002, at a 100 
Ib!A seeding rate. The barley was oversprayed with fenoxaprop at 0.083 lb ai/A and tribenuron + bromoxynil & 
MCPA at 0.0078 + 0.5 Ib ai/A on May 17, 2002, for wild oat and broadleaf weed control. Barley crop injury was 
evaluated June 11 and July 10, 2002. Spring barley was harvested August 18 with a small-plot combine. 

Table 1. Environmental conditions at application and weed species densities in 2001 sugar beet crop. 
Appl ication date 

Application timing 

Air temperature (F) 

Soil temperature (F) 

Relative humidity (%) 

Wind speed (mph) 

Cloud cover (%) 


Weed species/ft2 

lambsquarters, common 
pigweed, redroot 
nightshade, hairy 
kochia 

5/4 

Early POST 


67 

55 

55 

2 

0 


1 
0 
I 

I 


51! I 

2 leaf 


76 

72 

45 

4 

0 


I 
2 
I 
I 

5/17 

7 d later 


56 

60 

48 

4 

0 


4 
2 
I 
I 

5/22 

5 d later 


64 
58 
68 
1 
o 

4 
I 
I 
I 

Herbicide treatments injured sugar beet ::;10% (Table 2) . Even though the highest injury level was significantly 
greater than the lowest injury level, no differences in yield were observed. Common lambs quarters control ranged 
from 75 to 100% among all herbicide treatments. Ethofumesate applied POST four times at 0.125,0.187,0.25, and 
0.25 lb ai/A either in a band or broadcast controlled common lambsquarters best. A PRE ethofumesate application 
followed by three POST applications tended to control common lambsquarters better with the 20 gpa band 
application compared to the 10 gpa broadcast application. Kochia, redroot pigweed, and hairy nightshade control did 
not differ among herbicide treatments. Sugar beet yields among herbicide treatments ranged from 23 to 29 tons! A 
compared to 3 tons! A in the untreated check. Beet yields from all herbicide treatments were greater than the 
untreated check but did not differ among each other. 

In the spring barley follow-crop, carryover injury was not different among herbicide treatments (Table 3). Barley 
grain yield was not different among any of the treatments . This indicates that even with maximum ethofumesate 
rates applied to sugar beets, carryover effects on barley are minimal. 
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Table 2. Crop weed control and sugar beet response to applications of ethofumesate PRE and ethofumesate POST 
tank-mixed ethofumesate & desmedipham & phenmedipham + clopyralid + MSO. 

------------------_._ •••• - % ----------------_ •. _-------- ton/A 

Check 3 

Ethofumesate (band at 20 gpa) 
Ethofumesate at 10 gpa) 
Ethofumesate (broadcast at 10 
Ethofumesate (broadcast at 10 

1.12 
0.094 

0.125 
0.156 

5/4 

5/1 I 
5/17 
5/22 

3 75 84 84 100 23 

Ethofumesate at 20 gpa) 

Ethofumesate (band at 20 gpa) 
Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 

\.12 
0.094 
0.125 

0.156 

5/4 

5/11 

5117 
5/22 

10 84 92 98 100 26 

Ethofumesate 

Ethofumesate 
Ethofumesate 

112 
0.125 
0.156 

0.187 

5/4 

5111 

5117 
5/22 

0 83 93 96 100 26 

Ethofumesate (band at 20 

Ethofumesate at 20 
Ethofumesate (band at 20 
Ethofumesate at 20 gpa) 

I 12 
0.125 

0.156 
0.187 

5/4 

5111 

5117 
5/22 

5 93 97 88 100 25 

Elhofumesale at 10 gpa) 

Ethofumesate allOgpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 

0.125 

0.178 

0.25 

0.25 

5/4 

Sill 
5/17 

5/22 

4 100 97 86 100 29 

Ethofumesate (band at 20 gpa) 

Ethofumesate at 20 gpa) 

Ethofumesate (band at 20 

Ethofumesate (band at 20 

0.125 
0.187 
0.25 

0.25 

5/4 

5111 
5117 

5/22 

8 98 97 78 100 26 

Ethofumesate 

Ethofumesate 

Ethofumesate 
Ethofumesate (broadcast at 10 gpa) 
LSD 

1.12 

0.125 

0.25 
0.25 

5/4 

5111 

5117 
5/22 

3 

7 

86 

II 

97 

ns 

70 100 23 

7 

a All postemergence ethofumesate treatments were tank-mixed with a I: I: 1 commercial fonnulation of ethofumesate & 
& at 0.0833 Ib/A + c1opyra\id at 0.0312 lb/A + methylated seed oil at 1.5% v/v. 

were common red root pigweed (AM ARE), hairy and 
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Table 3. Barley injury, grain yield, and test weight in response to applications of ethofumesate PRE and POST applied with 
ethofumesate & desmedipham & phenmedipham + clopyralid + MSO. 

Treatment a 

Check 

AQQlication 

rate date 

CroQ injury 

6111 7/10 
---------0/0--------­

~eld 

bu/A 

40 

Barley 

test wt. 

51 

Ethofumesate (band at 20 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

1.12 

0.094 

0.125 

0.156 

5/4 
5/ 11 

5/ 17 
5/22 

5 0 51 49 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

1.12 

0.094 

0.125 

0.156 

5/4 

5111 

5117 

5/22 

9 33 49 

Ethofumesate (band at 20 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

1.12 

0.125 

0.156 

0.187 

5/4 

5/1 I 

5/17 

5/22 

4 0 37 50 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

1.12 

0.125 

0.156 
0.187 

5/4 

5/11 

5117 
5/22 

4 2 45 49 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

0.125 

0.178 

0.25 

0.25 

5/4 
51) I 

5117 

5/22 

46 48 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

Ethofumesate (band at 20 gpa) 

0.125 

0.187 

0.25 

0.25 

5/4 

5111 

5117 

5/22 

39 49 

Ethofumesate (band at 20 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 

Ethofumesate (broadcast at 10 gpa) 
LSD (P=.05) 

1.12 

0.125 

0.25 

0.25 

5/4 

5/J I 

5117 

5/22 

4 

ns 

0 

ns 

46 

ns 

49 

ns 

a All postemergence ethofumesate treatments were applied with a I : I : I commercial formulation of ethofumesate & desmedipham 
& phenmedipham at 0.0833 Ibl A + clopyralid at 0.0312 Ibl A + methylated seed oil at 1.5% v/v. 
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IVL",,"U""11. Wille Don W. Morishita. Research and Extension Center, Twin 
ID 83303-1827) A study was established at the ofldaho Research and Extension Center near 

Kimberly, Idaho to evaluate the potential of fluroxypyr, and qumclorac for weed control in micro-rate 
tank-mixtures with ethofumesate & & phenmedipham (efs&dmp&pmp) + triflusulfuron + 
+ MSO. Sugar beet ('PM21') was planted 16,2002, in 22-inch rows, at a rate of57,024 seed/A. H""prlrnpnt" 

design was a randomized complete block with four replications, and individual plots were 4 rows 30 ft. Soil type 
was a Portneuf silt loam (20% sand, 71 % and 9% clay) with a pH of 8.1, 1.5% organic and CEC of 17­
meqllOO g soil. Common lambsquarters and redroot pigweed were the major weed Herbicides were 
applied in an II-inch band with a bicycle-wheel sprayer calibrated to deliver 20 gpa at 28 using 
8001 even-fan nozzles. Additional infonnation is shown in Table 1. Crop injury and weed control were 
evaluated visually 7 and 24 after the last herbicide treatment (DALT) on May 20 and June 15. The two center 
rows of each plot were harvested October 1. 

timing 
Air temperature 
Soil temperature 72 
Relative humidity 45 56 
Wind speed (mph) 5 3 
Cloud cover 0 0 

62 
67 
2 
10 

Weed specieslf1? 
common lambsquarters 3 3 2 2 
redroot 3 5 3 3 

Sugar beet injury 7 DALT from 45 to 73% in plots treated with or quinc!orac, but 
only from 8 to 10% in plots treated with efs&dmp&pmp + triflusulfuron + clopyralid. 24 DALT, no injury was 
evident in plots treated with + triflusulfuron + clopyralid only, but 41 % in treatments with 
carfentrazone or and 83% in treatments with fluroxypyr. Herbicides controlled common lambs quarters 
91 to 98% and redroot 66 to 91 % 7 DALT. At 24 DALT, herbicides controlled common lambsquarters and 
redroot pigweed 69 to 100% and 64 to 100%, respectively. The inclusion of fluroxypyr, or 
quinclorac at any of the tested rates did not increase the efficacy of the 'micro-rate' tank-mix of efs&dmp&pmp + 
trif1usulfuron + for either weed species at either evaluation date, The inclusion of carfentrazone, 

in a 'micro"rate' tank mix of efs&dmp&pmp + triflusulfuron + clopyraJid caused severe 
,,.,..,r,,'(',,,," weed control compared to triflusulfuron + c10pyralid alone, 

hpr,p'tn,rp the inclusion of these herbicides is unwarranted at these rates and timings. 
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Table 2. Crop injury, weed control, and sugar beet root yield response to carfentrazone, fluroxypyr, and quinclorac tank-mixed 
with ethofumesate, desmedipham, phenmedipham, triflusu]furon, and c1opyralid. 

Weed control" 

Treatmentb Rate 
Application 
date 

Cro[> in iur:r 
5/29 6/15 

CHEAL 
5/29 6/l5 

AMARE 
5/29 6/l5 

Root 
yield 

lb ai/A ---------------------------­ % ------------------------­ ton/A 
Check 0 
Efs&dmp&pmp + 0.0833 + May 4, II, 17, and22 60 38 79 78 86 83 9 

clopyralid + 0.0312 + 
MSO 1.5% v/v 
carfentrazone + 0.002 + May 17 & 22 

Efs&dmp&pmp + 0.0833 + May 4, I I , 17 & 22 59 41 74 74 86 86 9 
clopyralid + 0.0312 + 
MSO 1.5% v/v 
carfentrazone + 0.004 + May 17 &22 

Efs&dmp&pmp + 0.0833 + May 4, I 1, 17 & 22 73 43 71 71 74 74 7 
clopyralid + 0.0312+ 
MSO 1.5% v/v 
carfentrazone + 0.008 + May 22 

Efs&dmp&pmp + 0.0833 + May 4, 11, 17 & 22 6] 75 80 80 71 71 4 
clopyralid + 0.0312 + 
MSO 1.5% v/v 
fluroxypyr + 0.0625 + May 22 

Efs&dmp&pmp + 0.0833 + May 4, II, 17 & 22 68 90 68 66 64 64 0 
clopyralid + 0.0312 + 
MSO 1.5% v/v 
fluroxypyr 0.125 May 17 & 22 

Efs&dmp&pmp + 0.0833 + May4, II, 17 & 22 45 41 91 91 73 73 9 
quinc10rac 0.094 May 22 

Efs&dmp&pmp + 0.0833 + May4, II, 17&22 10 0 86 86 94 94 25 
triflusulfuron + 0 .0052 + 
clopyralid + 0.0312 + 
MSO 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 4, II, 17 & 22 9 0 83 83 100 100 25 
triflusulfuron + 0.0052 + 
clopyralid + 0.0312 + 
Hasten 1.5% v/v 

Efs&dmp&pmp + 0.0833 + May 4, II, 17 & 22 8 0 86 88 94 98 26 
triflusulfuron + 0.0052 + 
c10pyraJid + 0.0312 + 
In-Place + 6 fl ovA + 
Hasten 1.5% v/v 

LSD (P=.05) 14 21 13 13 15 14 7 

a Weeds evaluated for control were common lambsquarters (CHEAL), and red root pigweed (AMARE). 
b Efs&dmp&pmp is a commercial formulation of a 1: 1: 1 mixture of ethofumesate, desmedipham, and phenmedipham. 
Carfentrazone, fluroxypyr, and quinclorac were applied in combination with the sugar beet herbicides on the corresponding 
application dates. MSO is methylated seed oil. Hasten is a vegetable seed oillnonionic surfactant blend, In-Place is a spray 
deposition aid. 
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Volunteer potato control in sugar beet. Don W. Morishita and Michael J. Wille. (Twin Falls Research and 
Extension Center, University ofIdaho, Twin Falls, ID 83303-1827) A study was conducted at the University of 
Idaho Research and Extension Center near Kimberly, Idaho to determine the most effective method of controlling 
volunteer potato in sugar beet. The experiment was a 2 by 6 factorial split plot arrangement in a randomized 
complete block design with four replications. Main plots were the herbicide treatments and subplots were the 
presence or absence of volunteer potato. Individual subplots were 4 rows by 30 ft. Soil type was a Portneuf silt loam 
(29% sand., 64% silt, and 6% clay) with a pH of8.1, 1.6% organic matter, and CEC of 14-meq1l00 g soil. Whole 
potato seed pieces weighing 1 to 3 oz were planted at 18-inch intervals within each row prior to sugar beet planting. 
'HM 2984RZ' sugar beet was planted April 25, 2002, in 22-inch rows at a rate of 57,024 seed!A. Due to a late 
freeze May 7 and 8, the experiment was replanted May 14 with 'HM 2980RZ'. Herbicides were applied in an 11­
inch band with a C02"pressurized bicycle-wheel sprayer using 8001 even fan nozzles calibrated to deliver 20 gpa. 
Additional application information is shown in Table 1. Plots, including the untreated check, were kept weed-free, 
except for volunteer potato, by handweeding, as needed. Crop injury and volunteer potato control was evaluated 
visually 21 days after last herbicide treatment (DAL T) on July 23 . Tuber biomass from four volunteer potato plants 
in each plot was measured prior to sugar beet harvest. The two center rows of each plot were harvested mechanically 
October 8. 

Table 1. Environmental conditions at application. 

Application date May 31 June 5 June II Jillle 19 Jillle 26 July 9 
Application timing cotyledon 5 d later 6 d later 7 d later 7 d later 14 d later 
Air temperature (F) 68 70 71 71 82 73 
Soil temperature (F) 68 72 71 76 69 70 
Relative hwnidity (%) 80 55 50 34 58 38 
Wind speed (mph) 0 0 5 0 6 0 
Cloud cover (%) 60 0 15 IS 5 

Data analysis showed significant herbicide treatment by volunteer potato presence interactions for crop injury, 
volunteer potato control and biomass, and sugar beet root and sucrose yield (Table 2). With the exception of the 
glyphosate treatment, crop injury tended to be higher in the treatments without volunteer potato. Addition of 
fluroxypyr for volunteer potato control injured the sugar beets with and without volunteer potato 51 and 760/0, 
respectively. Sugar beet injury in the glyphosate treatment was not a factor in plots without volWlteer potato because 
glypbosate was hand-applied to the volunteer potato only and thus not applied in the respective subplots without 
volunteer potato. Injury observed in this treatment was 10% and was caused by the sugar beet herbicides. The first 
three herbicide treatments in this study are registered for use in sugar beets, while the last two are not Of the three 
registered-herbicide treatments, ethofumesate controlled volunteer potato 54% and was better than applying 
clopyralid at 0.156 lb ail A (33% control), or just using the standard herbicide application of efs&dmp&pmp + 
triflusulfuron + clopyralid (23%). It also had the second lowest potato tuber biomass at 4, 110 Ib/A compared to 
glyphosate, which controlled volunteer potato IOO%. The untreated check produced 24,590 pounds of potato tubers 
per acre. All of the herbicide treatments had lower potato tuber biomass than the check. Sugar beet yield in the 
untreated check with and wi thout volunteer potato was 7 and 20 toniA. This indicates that volunteer potato densities 
of 1 tuber per 2.75 ft2 or 15,840 tubers per acre can reduce sugar beet yields by 65%. Sugar beet yields using the 
standard herbicide regime (treatment 2) were reduced 27% by volunteer potato. Using ethofumesate for volunteer 
potato control eliminated volunteer potato competition and had the highest sugar beet root and sucrose yield of the 
subplots that had volunteer potato present. 
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Table 2. Cro12 injwy, volunteer 12otato control, and sugar beet :rield re~onse to herbicide treatments. 

Treatment 

Untreated check 

Almlication 

Rate Timing 
IbaiiA 

Cro!! ini!!!Y SOLTU 
with without 

SOLTU SOLTU control biomass 
- ---------­ 0/0--------­ Ib/A 

24,590 

Sugar beet 
root :r-ie1d sucrose :iield 

with without with without 
SOLTU SOLTU SOLTU SOLTU 
---tonlA---­ ----Ib/A---­

7 20 2,260 2,580 

Efs&dmp&pmp + 
triflusulfuron / 

efs&dmp&pmp + 
triflusulfuron + 

0.25 + 
0.0156/ 
0.33 + 

0.0156 + 

5/31 

6/5 & 6/11 

3 II 23 6,080 16 22 3,980 5,890 

clopyralid 0.094 

Efs&dmp&pmp + 
triflusulfuron / 

efs&dmp&pmp + 
triflusulfuron / 

clopyralid + 
COC 

0.25 + 
0.0156/ 
0.33 + 

0.0156/ 
0.156+ 
I qtlA 

5/31 

6/5&6/19 

6/26 

6 10 33 12,580 16 22 4,030 5,600 

Efs&dmp&pmp + 
triflusulfuron / 

efs&dmp&pmp + 
triflusulfuron + 

0.25 + 
0.0156/ 
0.33 + 

0.0156 + 

5/31 

6/5 & 6/19 

6 16 54 4 ,110 21 20 5,510 4,950 

clopyraJid / 
ethofurnesate 

0.094 / 
0.75 6126 

Efs&dmp&pmp + 
triflusulfuron / 

efs&dmp&pmp + 
triflusulfuron + 

0.25 + 
0.0156/ 
0.33+ 

0.0156 + 

5131 

6/5 & 6/11 

51 76 40 7,060 3 2,030 

clopyralid / 
fluroxypyr 

0.094 / 
0 .1875 6/16 

Efs&dmp&pmp + 
triflusulfuron / 

efs&dmp&pmp + 
triflusulfuron + 
clopyralid / 

glyphosate 
LSD {P=0.052 

0.25 + 
0.0156/ 
0.33 + 

0.0156 + 
0.094/ 

50% conc. 

5/31 

6/5 & 6111 

7/9 

58 

II 

10 100 

8 

0 

2,580 

9 

5 

22 2,450 5,600 

1,210 

• SOLTU is volunteer potato 
b Efs&dmp&pmp is a commercial I: I: I formulation of ethofumesate, desmedipharn, and pherunedipham. COC is crop oil 
concentrate. Glyphosate was applied with a cotton glove dipped into a 50% glyphosate concentration. 
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All rates 

hl~tQ;U!.~Kru~~1!YLQ!~Jm!l:!!;J9'J2!~@~lQ.Qgrr[g. Janice M. Reed and Donald C. ThilL Science 
Division, University ofIdaho, Moscow, ID A study was conducted at the Jacklin Seed research site 
near Nezperce, ID to evaluate the effect of three rates of trinexapac-ethyl (growth regulator) on 'Kenblue' Kentucky 

111F"0'''''00 lodging and seed yield. 'Kenblue' is a ~arly-maturing variety that lodges commonly. Plots were 8 by 
30 ft arranged in a randomized complete block with four Treatments were applied with a 

sprayer calibrated to deliver 10 gpa at 30 and 3 mph. Application data are presented in 
was measured and lodging was estimated visually on June 13,2002. Biomass 

was collected from a 2.7 area of each plot on July 17,2002. Plots were swathed on July 17 and harvested on 
30,2002. 

height an average of41 % to the untreated check 
lUvi"lai'~ lodging was 54 % in the untreated check and 33 

% in the calcium treatments, while did not with All treatments 
reduced biomass 30 to 42% compared to the untreated controL seed did not differ among 
trinexapac-ethyl treatments and the untreated however, the calcium treatment had a higher 
yield than the 0.267 Ib ai rate of trinexapac-ethyL 

Table I. Application data. 

Dale May 9,2002 
Air temperature (F) 52 
Relative humidity SS 
Wind (mph) 3 
Cloud cover 75 
Soil temperature at 2 in (F) 44 

Table 2. Kentucky bluegrass height, lodging, and seed with treatments. 

Untreated check 34 54 1.4 201 
0.178 22 0 0.97 287 
0.267 20 0 0.90 140 
0.356 19 0 0.82 222 

Prohexadione calcium 0.25 29 33 0.98 351 
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Kentucky bluegrass injury and weed control with carfentrazone in combination with other broadleafherbicides. 
Janice M. Reed and Donald C. Thill. (Plant Science Division, University ofIdaho, Moscow, ID 83844-2339) A 
study was conducted near Nezperce, ID to evaluatvthe effect of the emulsifiable concentrate (EC) formulation of 
carfentrazone compared to the dry flowable (DF) formulation and in combination with other broadleaf herbicides on 
Kentucky bluegrass injury and weed control. The experiment was conducted in a first year seed harvest field 
(seeded spring 2000) of variety' J2695' Kentucky bluegrass. Plots were 8 by 16 ft arranged in a randomized 
complete block design with four replications and included an untreated check. Treatments were applied with a CO2 

pressurized backpack sprayer calibrated to deliver 10 gpa at 30 psi and 3 mph (Table 1). Weed control and 
Kentucky bluegrass injury were evaluated visually 3,7,14, and 28 DAT. Weeds present were sheperds-purse 
(CAPBU), flixweed (DESSO), corn gromwell (LITAR), and field pennycress (THLAR). Bluegrass seed was not 
harvested. 

Table 1. Application data. 

Date 
Kentucky bluegrass growth stage 
Weed growth stages: 

sheperds-purse 

flixweed 

com gromwell 

field pennycress 


Air temperature (F) 

Relative humidity (%) 

Wind (mph) 

Cloud cover (%) 

Soil temperature at 2 in (F) 


April 9, 2002 
2 to 3 inches 

1 to 2 inches 
2 to 4 inches 
2 to 4 inches 
1 to 2 inches 

49 
68 
3 
50 
41 

No treatment visibly injured Kentucky bluegrass at any evaluation date (data not shown). At 3 DAT, CAPBU 
(50%), DESSO (70%), and THLAR (24%) control were all best with the high rate of carfentrazone plus dicamba 
(Table 2). LITAR control was best (70%) with the high rate of carfentrazone plus clopyralidlMCP A. At 28 DAT, 
CAPBU control was 100% with carfentrazone 40 DF treatments, carfentrazone plus tribenuron treatments, and the 
high rate of carfentrazone plus clopyralidlMCPA. All treatments controlled DESSO and THLAR 100%. LITAR 
control was 94 to 100% with carfentrazone in combination with all broadleaf herbicides; however, control was 
lowest with the low rates of the 40 DF (80%) and the 2 EC (70%) formulations of carfentrazone alone. 
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Table 2. Weed control with carfentrazone 2 EC in combination with other broadleaf herbicides. 

3 OAT 28 OAT 
Treatment I Rate2 CAPBU OESSO LITAR THLAR CAPBU OESSO LITAR THLAR 

Ib ai/A ----------------------------------------------------------%--------------------------------------------------------------

Carfentrazone 400F 0.016 19 14 12 10 100 \00 80 100 
Carfentrazone 400F 0.025 25 25 24 12 100 100 93 \00 
Carfentrazone 2 EC 0016 25 22 26 12 69 100 70 100 
Carfentrazone 2EC 0.025 40 28 26 10 98 100 92 100 
Carfentrazone 2EC 0.016 28 II II 10 86 100 98 100 

+ 2,4-0 + 0.25 
Carfentrazone 2EC 0.025 25 14 25 II 98 100 96 100 

+ 2,4-0 + 0.25 
Carfentrazone 2EC 0.016 30 19 26 12 86 \00 98 100 

+ MCPA + 0.375 
Carfentrazone 2EC 0.025 40 22 30 10 95 100 100 100 

+ MCPA + 0.375 
Carfentrazone 2EC 0.01 6 35 25 25 16 80 100 100 100 

+ dicamba + 0.25 
Carfentrazone 2EC 0.025 50 70 25 24 73 100 95 100 

~ + dicamba + 0.25 
0 
-....J Carfentrazone 2EC 0.016 40 42 25 12 \00 100 94 100 

+ tribenuron + 0.016 
Carfentrazone 2EC 0.025 24 22 42 12 100 100 98 100 

+ tribenuron + 0.016 
Carfentrazone 2EC 0.016 21 26 45 12 94 100 100 100 

+ c10pyraJidIMCP A + 0.3 
Carfentrazone 2EC 0.025 28 38 70 12 100 100 \00 100 

+ c10pyralidiMCP A + 0.3 

LSO (0.052 6 6 5 5 IONS 6 NS 
I All treatments applied with a 90% non-ionic surfactant at 0.25% v/v. ClopyralidIMCPA was applied as the commercial premix formulation . 
22,4-0, MCPA, dicamba, and c10pyralidlMCPA rates are in lb ae/A. 



Annual weed control in field com with postemergence mesotrione. 1. Earl Creech, John O. Evans, and R. William 
Mace (plants, Soils, and Biometeorology Dept., Utah State University, Logan, UT 84322-4820). To evaluate the 
performance of mesotrione for postemergence annual weed control in field com, Asgrow variety RX489RR was 
planted May 8, 2001 at a growers farm in Cornisil, UT in 0.76 m rows at a rate of 80,000 seeds/ha. The soil was a 
Kidman fme sandy loam with 1.6 % O.M. and 7.6 pH. Treatments were applied to 3.0 by 9.1 m plots arranged in a 
randomized complete block design with four replications. Individual treatments were applied with a CO2 backpack 
sprayer with flat fan 80015 nozzles calibrated to deliver 230 L/ha at 275 kPa Treatments were applied June 11 to 
com 20 to 25 cm tall. At the time of application, redroot pigweed (AMARE), common lambsquarters (CHEAL), 
and green foxtail (SETVI) were 4 to 7, 1 to 4, and 1 to 8 ern tall, respectively. Visual evaluations of crop injury and 
weed control were completed June 25 and July 11 and plots were harvested September 5. 

Without additives, mesotrione failed to provide acceptable control of any weed evaluated except common 
lambsquarters at the high rate. With additives, redroot pigweed and green foxtail control improved significantly but 
mesotrione still did not perform as well as some of the industry standards. The high rate of glyphosate proved to be 
the best treatment. Crop injury was not observed with any treatment. Com silage yields were not significantly 
different among treatments. 

Tab/e. Redroot pigweed, common lambsquarters, and green foxtail control and com injury and silage yield. 

Control~ ZEAMA 
Herbicide Rate AMARE CHEAL SETVI Injij Yield 

glha -------------%-----------­ % kglha 
Mesotrione 70 30 61 3 0 36,95,4 
Mesotrione 
Mesotrionel2 

140 
140 

48 
76 

95 
98 

16 
46 

0 
0 

36,057 
36,416 

Glyphosate3 

Glyphosate3 
560 
1120 

54 
96 

99 
100 

97 
99 

0 
0 

40,363 
48,256 

Nicosulfuron + 13 94 94 77 0 39,107 
rimsulfuron + 

atrazine l . 2 
13 

851 
Rimsulfuron + 12 88 89 64 0 39,107 

thifensulfuron-methyll.2 
Nicosulfuronl.2 

6 
53 93 18 95 0 33,367 

Primisulfuron-methyll ;l 40 48 56 35 0 40,004 
Control 0 0 0 0 32,469 
LSD (0.05) 7.8 7.1 6.3 NS NS 
I Crop oil concentrate added at 1 %v/v 
2 Anunonium nitrate added at 4.7 Llha 
3 Isopropyl amine salt 
4 Includes only July II evaluations 
5 Includes only June 25 evaluations 
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Annual weed control in field corn with preemergence mesotrione. 1. Earl Creech, Jolm O. Evans, and R. William 
Mace (plants, Soils, and Biometeorology Dept., Utah State University, Logan, UT 84322-4820). This study was 
conducted at a growers farm in Cornish, UT to evaluate the performance of mesotrione for preemergence annual 
weed control in field corn. Asgrow variety RX489r~ was planted May 8, 2001 in 0.76 m rows at a rate of 80,000 
seeds/ha. The soil was a Kidman fme sandy loam with 1.6 % O.M. and 7.6 pH. Treatments were applied to 3.0 by 
9.1 m plots arranged in a randomized complete block design with four replications . Individual treatments were 
applied with a CO2 backpack sprayer with flat fan 80015 nozzles calibrated to deliver 230 L/ha at 275 kPa. 
Treatments were applied May 9 without subsequent mechanical incorporation into the soil. Visual evaluations of 
crop injury and weed control were completed May 30 and June 20 and plots were harvested September 5. 

Mesotrione provided excellent control of redroot pigweed (AMARE) and conunon lambsquarters (CHEAL)at all 
rates but failed to control green foxtail (SETVI). A tank mix of mesotrione with metolachlor increased green foxtail 
control to 95 % while maintaining strong broadleafweed control. Crop injury was not observed with any treatment. 
Significant differences were noted among yields and because of a heavy green foxtail infestation, those treatments 
with better grass control generally had higher yields. 

Table. Redroot pigweed, conunon lambsquarters, and green foxtail control and com injury and silage yield. 

Control I ZEAMA 
Herbicide Rate 

glha 
AMARE CHEAL SETVI 

-------------0/0------------
InjUli 

% 
Yield 
kglha 

Mesotrione 70 93 96 0 0 23,769 
Mesotrione 140 94 97 14 0 24,397 
Mesotrione 210 94 96 23 0 29,559 
Mesotrione + 70 95 95 95 0 43,861 

metolachlor 534 
Mesotrione + 70 97 96 51 0 35,609 

atrazine 560 
Dimethenamid 468 97 95 96 0 46,193 
Flufenacet + 247 77 97 95 0 42,515 

metribuzin + 62 
atrazine 636 

Metolachlor 601 92 85 92 0 39,197 
Ac~tochlor 2242 97 97 98 0 47,897 
Control 0 0 0 0 20,809 
LSD (0.05) 2.8 5.7 4.1 NS 12,806 
I Includes only June 20 evaluations 
2 Includes only May 30 evaluations 

109 




Broadleafweed control in field com with preemergence followed by sequential postemergence herbicides. Richard 
N. Arnold, Michael K. O'Neill and Dan Smeal. (New Mexico State University Agricultural Science Center, 
Farmington, NM 87499) Research plots were established on May 13, 2002 at the Agricultural Science Center, 
Fannington, New Mexico to evaluate the responf.~ offield corn (var. Pioneer 34M95) and annual broadleafweeds to 
preemergence followed by sequential postemergence herbicides. Soil type was a Wall sandy loam with a pH of 7.8 
and an organic matter content of less than I %. The experimental design was a randomized complete block with 
three replications. Individual plots were 4, 34 in rows 30 ft long. Field com was planted with flexi-planters 
equipped with disk openers on May 13. Preemergence treatments were applied on May 15 and immediately 
incorporated with 0.75 in of sprinkler-applied water. Postemergence treatments were applied on June 5 when com 
was in the 4th leaf stage and weeds were small . Treatments with diflufenzopyr plus dicamba had a non ionic 
surfactant and 32-0-0 added at 0.25 and 0.5 percent v/v to the spray mixture. Black nightshade, prostrate and redroot 
pigweed, and common lambsquarters infestations were heavy and Russian thistle infestations were light throughout 
the experimental area. Treatments were evaluated on August 8. 

Dimethenarnid-p applied preemergence at 0.66 lb ail A followed by a sequential postemergence treatment of atrazine 
plus dicamba applied at 0.81b ailA caused the highest injury rating of7. All treatments except the weedy check gave 
good to excellent control of common lambsquarters, black nightshade, redroot and prostrate pigweed. Russian thistle 
control was poor with s-metolachlor applied preemergence at 0.95 lb ai/A followed by a sequential postemergence 
treatment ofmesotrione plus atrazine applied at 0.094 plus 0.25 lb ai/A. 

Table. Broadleaf weed control in field com with preemergence followed by sequential postemergence herbicides. 

Treatments" Rate Crop Weed control 
injury 

CHEAL SOLNI AMARE AMABL SASKR 
lb ai/A -0/<>­ -----------------%~----------------

S-metolachlor + 2.0/0.094 0 96 100 99 97 99 
atrazine (pmymesotrione 
S-metolachlor/mesotrione + 0.95/0.094+0.25 0 99 98 100 100 72 
atrazine 
Dimethenamid-pldicamba + 0.66/0.8 7 99 100 99 100 95 
atrazine (pm) 
Dimethenamid-pldiflufenzopyr + 0.66/0.175+0.5 5 99 100 98 99 99 
dicamba (pm) + atrazine 
Dimethenamid-p + atrazine/ 0.66+0.810.175 3 100 100 99 99 98 
diflufenzopyr + dicamba (pm) 
Dimethenamid-p + 0.66+1.0/0.8 6 100 100 100 100 100 
pendimethalinlatrazine + 
dicamba (pm) 
Dimethenamid-p+ 0.66+1.0/0.175+0.5 6 100 100 99 100 99 
pendimethalinldiflufenzopyr + 
dicamba (pm) + atrazine 
Weedy check 0 0 0 0 0 0 
" pm equal packaged mix and first treatment was applied preemergence followed by a sequential postemergence treatment 
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Broadleafweed control in field corn with postemergence herbicides. Richard N. Arnold, Michael K. O'Neill and 
Dan Smeal. (New Mexico State University Agricultural Science Center, Farmington, NM 87499) Research plots 
were established on May 13, 2002 at the Agricultural Science Center, Farmington, New Mexico to evaluate the 
response offield corn (var. Pioneer 34M95) and aru.aal broadleafweeds to postemergence herbicides. Soil type was 
a Wall sandy loam with a pH of7.8 and an organic matter content of less than 1%. The experimental design was a 
randomized complete block with three replications. Individual plots were 4, 34 in rows 30 ft long. Field com was 
planted with flexi-planters equipped with disk openers on May 13. Postemergence treatments were applied on June 
5 when corn was in the 4th leaf stage and weeds were small. All treatments had methylated seed oil and 32~~ 
applied at 0.5 and l.0 percent v/v added to the spray mixture. Black nightshade, prostrate and redroot pigweed, and 
common lambsquarters infestations were heavy and Russian thistle infestations were light throughout the 
experimental area. Treatments were evaluated on July 8. 

No crop injury was observed in any of the treatments. All treatments except the weedy check gave excellent control 
of redroot and prostrate pigweed and common lambsquarters. Nicosulfuron plus rimsulfuron and DPX 79406 
applied at 0.035 and 0.023 Ib ai/A and the check gave poor control of black nightshade. Russian thistle control was 
poor with nicosulfuron plus rimsulfuron, DPX 79406 and foramsulfuron applied at 0.035,0.023, and 0.033 lb ai/A. 

Table. Broadleafweed control in field com with postemergence herbicides. 

Treatments" Rate Weed control 
AMARE AMABL CHEAL SOLNI SASKR 

Ib ai/A % 

Nicosulfuron + 0.D35 100 100 100 57 46 
rimsulfuron (pm) 
Nicosulfuron + 0.035+0.25 100 100 100 98 98 
rimsulfuron (pm) + 
dicamba 
Nicosulfuron + 0.035+0.4 100 100 100 99 99 
rimsulfuron (pm) + 
dicamba + atrazine 
(pm) 
Nicosulfuron + 0.035+0.09 100 100 100 73 98 
rimsulfuron (pm) + 
diflufenzopyr + 
dicamba (pm) 
Nicosulfuron + 0.035+0.06 100 100 100 98 72 
rimsulfuron (pm) + 
mesotrione 
DPX 79406 0.023 100 100 100 52 43 
DPX 79406+ 0.023+0.4 100 100 100 96 98 
dicamba + atrazine 
(pm) 
DPX 79406+ 0.023+0.09 100 100 100 98 98 
diflufenzopyr + 
dicamba (pm) 
Foramsulfuron 0.033 100 100 100 89 36 
Foramsulfuron + 0.033+0.25 100 100 100 98 98 
dicamba 
Foramsulfuron + 0.033+0.09 100 100 JOO 98 98 
diflufenzopyr + 
dicamba (pm) 
Foramsulfuron + 0.033+0.4 100 100 100 100 98 
dicamba + atrazine 
(pm) 
F oramsul furon + 0.033+0.06 100 JOO JOO 98 73 
mesotrione 
Weedy check 0 0 0 0 0 
• pm equal packaged mix. 
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Michael K. O'Neill and 
Dan Smeal. (New Mexico State NM 87499) Research plots 
were established on May 2002 at the Agricultural Science Center, New Mexico to evaluate the 
response of field corn 34M95) and annual broadleafweeds to preemergence herbicides. Soil type Was a 
Wall sandy loam with a of 7.8 and an matter content ofless than 1 %. The experimental design was a 
randomized complete block wit.h three replications. Individual plots were 4, 34 in rows 30 ft long. Treatments were 
applied with a air sprayer calibrated to deliver 30 gaVA at 30 Field corn was with 
flexi-planters equipped with disk on May 13. Treatments were applied on May 15 and 

water. Black nightshade, common lambsquarters, redroot and 
infestation were heavy and Russian thistle infestation were light throughout the experimental area. 

with 0.75 in 

evaluations were made on June 12 and weed control evaluations were made on July 12. 

Flufenacet plus atrazine plus isoxaflutole and dimethenamid-p atrazine plus isoxaflutole applied at 0.2 0.66 
plus 0.024 and 0.56 plus 0.66 plus 0.024 lb ailA caused the injury ratings of7. Broadleafweed control was 
good to excellent with all treatments except the check. 

Table. Broadleafweed control in field corn with preemergence herbicides. 

F1ufenacet 0.17+0.66 0 100 97 98 98 100 
metribuzin + 
atrazine 
Flufenacet + 0.2+0.16 0 100 97 95 100 100 
flufenacet + 
isoxaflutole (pm) 
Flufenacet 0.45+0.66 0 100 100 99 100 100 
atrazine 
Flufenacet 0.45+0.024 6 100 100 100 95 100 
isoxaflutole 
Flufenacet + 0.45+0.147 4 100 100 97 99 100 
mesotrione 
Flufenacet + 0.158+0.127 0 100 100 100 99 100 
flufenacet + 
isoxaflutole (pm) 
Flufenacet 0.2+0.66+0.024 7 100 100 100 100 100 
atrazine+ 
isoxaflutole 
Dimethenamid-p 0.56+0.0.147 6 100 99 100 94 100 
+ isoxaflutole 
Dimethenamid-p 0.56+0.024 4 100 100 99 90 97 
+ mesotrione 

0.56+0.66 0 100 99 100 99 98 
+ atrazine 
Dimethenamid-p 0.56+0.66+0.024 7 100 100 100 100 99 
+ atrazine + 
isoxaflutole 
Dimethenamid-p 0.56+0.66+0.147 3 100 100 100 99 100 
+ atrazine + 
mesotrione 
S-metolachlor + 0.95+0.024 0 100 100 100 92 99 
isoxaflutole 
S-metolachlor + 0.95+0.147 0 100 98 99 95 98 
mesotrione 
S-metolachlor + 2.25 0 100 98 98 98 100 
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:....===-..;"-==-'=-"=-"~::...:o:..!",""",""--"~"-' John O. Evans, and R.Wiliianl Mace. (Department 
Biometeoro\ogy, Utah State University, Logan, Utah DeKalb DK626RR 
2002 at the Utah State University Greenville Fann in North UT to compare several herbicide 
treatments for lambsquarter control(CHEAL). Individual treatments were applied to 10 by 30 foot plots with a CO2 

backpack sprayer 015 nozzles providing a 10 toot spray width calibrated to deliver 25 gpa at 39 psi. The soil 
was a Millville silt loam with 7.5 pH and OM content ofless than 2%. Treatments were in a randomized block 
design, with three Postemergence treatmcnts were applied June 25, when the com was in the 5-6 leaf stage 
and lambsquarter was 4-6 inches tall. Visual evaluations for weed control and crop injury were completed July 26 and 
plots were harvcsted October 18. 

There was no evidence of com injury from treatments. gave excellent 
lambsquarter control at both application rates. DPX 79406 and nicosulfuronlrimsulfuronlatrazine were only slightly less 
effective. nicosulfuronlrimsulfuron treatments resulted in 81.7% lambsquarter control. Yields were not 
significantly different among treatments. 

Corn Weed Control 

Yield CHEAL 

Treatment Rate 717 7/26 10/18 7!26 

Ib ------%-----­ T/A ------%----­

0.23 
0 

24.8 
983 

0.09+ 
0.23 

0 0 26.4 
96.7 

Nicosulfuron/rimsulfuron n 0.05 0 0 25.7 81.7 

DPX 79406" 0.03 0 0 27.2 88.3 

Ni cosutfuroll!rimsu I turonl atrazi ne" 0.74 0 0 25.5 88 

Untreated 0 0 0 25.6 0.0 

82 4 
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Creech, and R. William Mace (Department of Plants, Soils and 
Utah Two identical studies were conducted at tIle Utall State University Research Farm in Utah 
(Table and at Harold Falslev's fann in Benson, Utah (Table 2.) to evaiu(lte pendimetlialin, 
diflufenzopyr+dicamba, and dimethenamid for weed conlrol in com. Com hybrid DK662RR was 
planted at Logan and Grand SX1342 at Benson 1,2002. applications were applied 
after planting and postemergence application treatments at the five to six leaf stage for com and 5 to 6 inches in 

for all weeds. Treatments were applied in a randomized block with three replications to 10 30 foot 
plots using a backpack sprayer. The sprayer had flatfan 0 IS nozzles providing alOft spray width 
calibrated to deliver 25 gpa at 39 The soils were Kidman fine sandy loam with pH of 8.8 and O.M. of 2%, and 
Millville silt loam witIl pH of7.9 and a O.M. of3%, at Benson and at respectively. 

No to corn was observed at either location. Lambsquarter was best controlled at with 
treatments that included applications following initial preemergence treatments. There was a 
diversity and pOPlllation of weeds at Benson where bristly foxtail (SETVE) was the most prevalent weed and 
by season's end all treatments displayed at least 80 control of this Evaluations in July indicated only 
pendimelhalin +dimethenamid and the two rates of diflufenzopyr+dicamba gave acceptable bristily foxk'li\ control. 
Velvet leaf (ABUTH) was best controlled by treatments that included both premergence followed by postemergence 
herbicides treatments. Redroot (AMARE) was observed early in the season but was crowded out by 
velvetleaf and foxtail by mid Flufenacet did not control but did suppress bristly 
foxtail enough tI1at harvest its population was significantly reduced. Yield was not statistically different for any 
treatment. 

Tablel. Broadleafweed control in UT. 

Pendimethulill +dimethenamid 1.0+0.66 PRE 0 0 II. 95 36.7 1.8 
1.0+0.66 PRE 0 0 12.48 33.3 55.3 

Pendimethalill +dimethenomid 1.0+0.66 PRE + 0 0 
13.44 50.0 95.0

0.188 POST 
\.0+0.66 PRE + 0 0 

13.39 31.7 100.0
difulfenzopyr/dicamba 0.188 POST 

Pelldimethalill +dimethenmnid 1.0+0.66 PRE + 0 0 
3.39 43.9 100.0

difulfenzopyr/dicamba 0.28 POST 
Flufenacet 0.56 PRE 0 0 12.48 23.3 50.0 
Flufenucet 0.75 PRE 10.99 21.5 73.3 
Untreated 0 0 11.36 0.0 16.7 
LSD 2.28 12.9 20.2 

, NlS added at 0.25% v/v. 
b N added at 1.25% v/v. 
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Table2. Broadleafweed control in silage com, Benson, UT 

Crop Weed control 

Injury Yield SETVE ABUTH SETVE 

Treatment 

Pendimethalin +dimethenamid 
Pendimethalin+H2O+dimethenalllid 

Pendimethalin +dimethenamid 
difulfenzopyr+dicamba 

Pendimethalin+ H2O+dimethenalllid 
difulfenzopyr+dicalllba 

Pendimethalin +dimethenalllid 
difu Ifenzopyr+ di call1ba 

Flufenacet 

Flufenacet 

Untreated 
LSD (0.05) 

Rate 

1.0+0.66 

1.0+0.66 
1.0+0.66 

0.188 
1.0+0.66 

0.188 
1.0+0.66 

0.28 
0.56 

0.75 

Timing 

PRE 
PRE 

PRE + 
POST 
PRE + 
POST 
PRE + 
POST 
PRE 

PRE 

6125 7/26 

-----0/0---­

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

9/20 

T/A 

15.4 
16.6 

20.0 

16.2 

23.5 

15.0 

14.7 

15.6 
2.28 

7/26 9/20 

----------------------0/0---------------------­

66.7 16.7 100.0 

86.9 3.3 80.0 

90.0 81.4 90.0 

66.9 83.3 85.0 

90.0 93.3 85.0 

70.0 3.3 96.7 

40.0 30.0 86.7 

0.0 0.0 0.0 
39 17 12 

a N1S added at 0.25% v/v. 
b N added at 1.25% v/v. 

115 




Richard P. Affeldt, Charles M. Cole, 
Carol A. Mallory-Smith, Bill D. and Jed B. Colquhoun. of Crop and Soil ;'::iClence. 
State OR 97331-3002) 'Jubilee sweet com was seeded in 30-in-wide rows on 
May 2, 2002, at the OSU Research Farm L::ar OR. Treatments were preemergence to 
weeds and crop on May 7,2002, with a compressed-air sprayer fitted with XR8003 flat fan nozzle 

that delivered 20 gpa at 20 data and soil characteristics are in Table L The 
was a randomized complete block with four replications; individual were 10 ft by 35 ft. 

Visual evaluations were conducted on 31 and July 8, 2002. Com ears were harvested by the 
center two rows for a distance of 12 feet in the middle of each plot on 2002. 

Table J. Application conditions and soil type 
Soil type Woodburn silt loam 

pH 5.5 
O.M. (%) 2.4 
Condition Dry, 

Air temperature 44 
Soil temperature (2 inch depth) 46 
Relative humidity (%) SI 

The water soluble formulation of pen dime thaI in (pendimethalin-H20) was as effective as the standard pendimethalin 
(Table and was no more injurious on the com. All treatments increased com ear 
where dimethenamid-P was applied alone. 

Dimethenamid-P 0.64 100 99 16 19 IO.S 
Pendimethalin 	 1.0 100 86 0 2 7.8 

LO 100 S9 2 6 8.5 
Dimethenamid-P + 0.64 + 100 100 19 30 9.1 

pendimethalin 1.0 
Dimethenamid-P + 0.64 + 100 99 IS 22 8.3 

pendimethalin-H 2O 10 
Untreated check 0 0 0 0 0 2.8 
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"-="-'-'-=="'-"-=...!=,-,==::..:.:...==,-,,-,,-===~,,-,-,-,,=-:;,-=-,"'-".!=,,,- Blaine G. Schatz and Gregory J. Endres. 
(Carrington Research Extension Center, North Dakota State University, Carrington, ND 58421) The trial was 
conducted to evaluate flax response to three application of selected POST herbicides. The 

was a randomized block design with a arrangement (main plots=herbicide application 
timing and and three The trial was conducted on a 
loam soil with 7.6 matter at ND in 2002. 'Cathay' flax was seeded on 
rate of 42 lbl A. Herbicide treatments were to the center 6.7 ft of 10- 25-ft plots with a 
hand-held sprayer 17 at 30 8002 flat fan nozzles for the PRE treatment and 35 psi 
through 80015 flat fan nozzles for POST treatments. PRE sulfentrazone was applied on May 10 with 60 F, 24% 
70% clear and soil surface. No significant rain was received May following sulfentrazone 
application. POST A) treatments were applied on June 7 with 57 F, 69% RH, 0% clear and mph 
wind to 2-inch tall flax. Mid POST (POST B) treatments were on June 19 with 67 F, 84% 10% clear 
sky, and 5 mph wind to 5- to 7-inch tall flax and to 6-inch tail weeds. Late POST 
were applied on June 27 with 78 F, 59% RH, 50% clear and 5 mph wind to 10- to 14-inch tall flowering 
stage) flax and 4- to IO-inch tall weeds. Density of weed was low, ranging from 0 to 3 The trial 
was harvested on 3 with a plot combine. 

Grass and broad leaf weed control ranged from 80 to 99% with bromoxynil&MCP A or and 
clethodim tank or the three-way tank mixture I). Weed control generally was not affected by 

A veraged across herbicide treatments, flax growth reduction was with the 
",,,,,n"""''''u times compared to the late (Table 2). first flower dates were 

was reduced as application was Physiological was not affected by 
application not shown). Seed yield with POSTA application timing was 17%) than POSTC 
Herbicide treatments that included clopyralid&MCPA had significant flax reduction from 
3 to 47% Flax injury did not occur with sulfentrazone (data not shown). This was probably due to the 
extended of rainfall following application ofsulfentrazone. While seed yield was with herbicides, 

of the seven herbicide treatments did not impact seed yield or test 
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Table 1. Weed control in flax as impacted by three application timings of herbicides. 

Weed control' 

Grass Broadleaf 

Herbicide Herbicide aplication timingb 

Treatment" Rate POSTA POSTB POSTC POSTA POSTB POSTC 

lb/A % 
Sulientrazone/Bromoxynil&MCP A+ 0.19/0.23&0.23+ 

clethodim+COC 0.08+2pt 95 95 92 99 98 98 
Bromoxynil&MCPA 0.23&0.23 0 0 0 93 86 87 
Clopyralid&MCPA 0.07&0.39 0 0 0 87 91 85 

Bromoxynil&MCP A+clopyralid&MCP A 0.23&0.23+0.07&0.39 0 0 0 97 95 95 

Bromoxynil&MCP A+clethod im+COC 0.23&0.23+0.08+ 2 pt 96 95 89 95 87 90 

Clopyralid&MCP A+clethodim+COC 0.07&0.39+0.08+2pt 98 92 90 80 90 90 
Bromoxynil&MCPA+clopyralid&MCP A 0.23&0.23+0.07&0.39+ 
+ clethodim+COC 0.08+2pt 99 92 91 97 93 85 

Untreated check x 0 0 0 0 0 0 

Interaction of Timing x Herbicide: LSD (0.05) NS 6 

' Grass=yellow and green foxtail; Broadleaf=Common lambsquarters, redroot and prostrate pigweed, common purslane, and 


wild buckwheat. Visual evaluation one month after herbicide application. 


bpOSTA=June 7; POSTB=June 19; POSTC=June 27. 


cBromoxynil&MCPA=Bronate Advanced; COC=Destiny, a methylated seed oil from Agriliance, St. Paul, MN. 


Table 2. Flax response to herbicide treatments across three application timings. 


Herbicide application timings a 

POSTA 

POSTB 

POSTC 

LSD (0.05) 

Injuryb 

% 

18 

19 

6 

Flax 

First flower' 

days 

56 

58 

63 

Seed 

yield 

bu/A 

21.0 

19.2 

17.4 

Test 

weight 

lb/bu 

54.4 

54.3 

54.3 

8 1.6 NS 

' POSTA=June 7; POSTB=June 19; POSTC=June 27. 


bInjury=% growth reduction by visual evaluation 7 days after herbicide application. 


CDays from seeding date. 
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Table 3. Flax injury and days to first flower as impacted by three application timings of herbicides. 

Injury' Days to first flowerb 

Herbicide Herbicide application timingC 

Treatmentd 
Rate POSTA POSTB POSTC POSTA POSTB POSTC 

Ib/A 
Sultentrazone/Bromoxynil&MCPA+ 0.19/0.23&0.23+ 
clethodim+COC 0.08+2pt 10 3 0 55 56 59 
Bromoxynil&MCPA 0.23&0.23 3 10 3 55 58 65 
Clopyralid&MCPA 0.07&0.39 8 13 3 56 58 65 
Bromoxynil&MCPA+clopyralid&MCPA 0.23&0.23+0.07&0.39 42 33 15 57 59 66 
Bromoxynil&MCPA+clethodim+COC 0.23&0.23+0.08+2pt 8 12 2 56 57 60 
Clopyralid&MCPA+clethodim+COC 0.07&0.39+0.08+2pt 25 38 12 56 59 66 
Bromoxynil&MCPA+clopyralid+MCPA+ 0.23&0.23+0.07&0.39+ 
clethodim+COC 0.08+2pt 47 43 12 57 60 66 
Untreated check x 0 0 0 55 55 55 

Interaction of Timing x Herbicide: LSD (0.05) 9 2 

'Injury=% growth reduction by visual evaluation 7 days after herbicide application. 

bDays from seeding date. 

cPOSTA=June 7; POSTS=June 19: POSTC=June 27. 

dBromoxynil&MCPA=Bronate Advanced; COC=Destiny, a methylated seed oil from Agriliance, St. Paul, MN. 

Table 4. Flax seed yield and test weight as impacted by three herbicide application timings of herbicides. 

Seed yield Test weight 

--- bu/acre - - -Ib/bu -- ­
-------~~~---

Herbicide Herbicide application timing' 

Treatmentb Rate POSTA POSTS POSTC POSTA POSTB POSTC 

Ib/A 
Sullentrazone/Bromoxynil&MCPA+ 0.19/0 .23&0.23+ 

clethodim+COC 0.08+2pt 22.3 21.0 20.4 54.8 54.5 54.6 

Bromoxynil&M CP A 0.23&0.23 18.9 19.6 17.3 53.8 54.1 54.1 

Clopyralid&MCPA 0.07&0.39 21.3 18.9 19.6 54.6 54.2 54.1 

Bromoxyni I&MCPA+clopyraJid&MCP A 0.23&0.23+0.07&0.39 20.6 21.7 17.2 54.2 53.8 54.1 

Bromoxyn il&MCP A +clethod im+COC 0.23&0.23+0.08+2pt 24.6 20.8 19.3 54.1 54.4 54.3 

Clopyral id&MCP A+clethodim+COC 0.07&0.39+0.08+2pt 23.4 20.6 16.2 54.7 54.7 54.1 
Bromoxynil&MCP A+clopyralid+MCP A + 0.23&0.23+0.07&0.39+ 

clethodim+COC 0.08+2pt 24 .0 18.8 17.5 54.7 54.5 54.6 

Untreated check x 12.9 12.4 12.0 54.6 53.9 54.6 

Interaction of Timing x Herbicide: LSD (0 .05) NS - - ----- ­

' POSTA=June 7; POSTB=June 19; POSTC=June 27. 

bBromoxynil&MCPA=Bronate Advanced; COC=Destiny, a methylated seed oil from Agriliance, St. Paul, MN. 
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Tolerance of peppermint to flwnioxazin and sulfentrazone. Charles M. Cole, Richard P. Affeldt, Carol A. Mallory­
Smith, Bill D. Brewster, and Jed B. Colquhoun. (Department of Crop and Soil Science, Oregon State University, 
Corvallis, OR 97331-3002) Four trials were conducted in dormant peppermint. Two trials were conducted in 
western Oregon and two in central Oregon. Soillypes and herbicide application information are presented in Table 
1. 

Table 1. Herbicide application date and soil types. 
Soil Application date 

Farm Type pH O.M. Fall Winter 
% 

Chambers, Linn Co. Chehalis silty clay loam 5.0 5.2 December 4, 200 I February I, 2002 

Jager, Lane Co. Chehali s silty clay loam 5.6 3.8 December 14,2001 February 1,2002 

Avila, Crook Co. Deschutes sandy loam 5.0 2.4 December 20, 200 I March 21, 2002 

Landrus, Crook Co. Ochoco loamy sand 5.2 4.4 December 20, 2001 March 21, 2002 


Herbicides were applied with a single-wheel, compressed air plot sprayer that delivered 20 gpa through XR8003 flat 
fan nozzle tips at 20 psi. The experimental design was a randomized complete block with four replications; plots 
were 8 ft by 20 ft. Visual evaluations were completed in late spring and early summer. Plots at Chambers Farm and 
Jager Farm were harvested on August 6 and July 3, 2002, respectively. Oil was distilled from samples collected at 
the Chambers Farm. 

All treatments caused some peppermint stunting at most of the sites (Table 2). Sulfentrazone and the standard 
oxyfluorfen caused less stunting then did flwnioxazin. Differences between flwnioxazin timings were valiable 
among locations, but injury was about equal between rates. The higher rate of flwnioxazin reduced peppermint 
foliage weights in both timings at both locations (Table 3). Oil yields at the Chambers Farm were not significantly 
different. 

Table 2. Visual evaluations of peppermint injury. 
Peppermint injury 

Chambers Jager Avila Landrus 
Treatment Rate Timing 4/2 5/31 4/2 611 0 5/8 7/2 5/8 6/5 

lb ailA -­ -­ -­-­--­--­----­--­-­--­-­--­---­-----­- % ------­-----­-­---­-------­-­--­-­--­--­-----
Oxyfluorfen 0.5 Fall 64 38 66 14 0 0 0 2 
Flumioxazin 0.125 Fall 84 40 80 48 II 20 0 II 
Flumioxazin 0.25 Fall 82 50 89 38 16 33 5 12 
Su Ifentrazone 0.25 Fall 45 32 54 IS 0 3 0 0 
Flumioxazin 0.125 Winter 74 44 86 42 12 27 4 21 
Flumioxazin 0.25 Winter 75 25 9 1 58 20 15 II 25 
Sulfentrazone 0.125 Winter 55 40 62 5 0 3 2 0 
Untreated check 0 0 0 0 0 0 0 0 0 
LSD(Qos) 18 II 16 20 6 21 n.s. 4 

Table 3. Peppermint fresh weight and oil yield 
PeI1Qermint 

Foliage fresh weight Oil yjeld 
Treatment Rate Timing Chambers Jager Chambers 

Ib ai/A -------------------- T IA --------------------- IblA 
Oxyfluorfen 0.5 Fall 12.8 11.5 56.4 
Flumioxazin 0.125 Fall 13 .1 9.4 57.9 
Flumioxazin 0.25 Fall 10.4 8. 0 44.3 
Sulfentrazone 0.25 Fall 14.2 10.0 522 
Flumioxazin 0.125 Winter 13 .6 7.7 68. 1 
Fl umioxazin 0.25 Winter 11.0 4.9 49.8 
Sulfentrazone 0. 125 Winter 14.5 10.8 61.2 
Untreated check 0 16.3 11.6 63.1 

LSD(oos) 3.6 3.7 n.s. 
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Tolerance of peppermint to norflurazon and sulfentrazone. Charles M . Cole, Richard P. Affeldt, Carol A. Mallory­
Smith, Bill D . Brewster, and Jed B. Colquhoun. (Department of Crop and Soil Science, Oregon State University, 
Corvallis, OR 97331-3002) Three trials were conducted to evaluate herbicide treatments on dormant peppermint in 
western and central Oregon. Herbicide treatments 'vere applied with a single-wheel, compressed-air plot sprayer that 
delivered 20 gpa through XR8003 nozzle tips at 20 psi. The experimental design was a randomized complete block 
with four replications; plots were 8 ft by 20 ft. Soil data and herbicide application information are presented in 
Table 1. 

Table 1. Herbicide application and soil information. 
Soil Application date 

Farm Type pH O.M. Fall Winter 
% 

Chambers, Linn Co. Chehalis silty clay loam 5.0 5.2 December 5, 2001 February I, 2002 
Davis, Crook Co. Ochoco sandy loam 5.7 2.8 December 13,2001 March 21, 2002 
Schumacher, Marion Co. MCAlpin silty clay loam 5.6 6.2 December 4,2001 February 1 , 2002 

Visual evaluations of peppermint injury were conducted through the spring. Final evaluations in May and June are 
presented in Table 2. Peppermint fresh weight was obtained by hand-harvesting peppermint in 3 sq yd in each plot. 
Samples were air dried and oil yield was obtained through steam distillation. 

Table 2. Visual evaluation of peppermint injury at three locations. 
Peppermint injury 

Chambers Davis Schumacher 
Treatment Rate Timing 5131 615 5/31 

Ib ai/A ------------------------------------ % ----------------------------------
Norflurazon 0.79 Fall o o o 
Norflurazon 1.58 Fall o 8 o 
Sulfentrazone 0.125 Fall o 15 o 
Sulfentrazone 0.25 Fall o 16 o 
Norflurazon 0.79 Winter o 29 o 
Norflurazon 1.58 Winter o 14 o 
Sulfentrazone 0.062 Winter o 24 o 
Sulfentrazone 0.125 Winter o 21 o 
Untreated check 0 o 21 o 
LSD,ooj) 15 

Some peppermint stunting was observed at all locations soon after treatment, but persisted into late spring only at the 

Davis site. This stunting was probably a result of standing water on the trial site through much of the smnmer. 

There were no significant reductions in peppermint fresh weights or oil yields at either of the harvested sites (Table 

3). 


Table 3. Peppermint l:ields at two locations. 
PeJ:mermint fresh weight 

Chambers Davis Peppermint oil yield 
Treatment Rate Timing 8/6 8/8 Chambers Davis 

Jb ai/A ----------------- TIA ----------------­ ----------------- Ibl A ----------------
Norflurazon 0.79 Fall 14.5 17.3 55 61 
Norflurazon 158 Fall 13.2 17.7 45 52 
Sulfentrazone 0.125 Fall 13 .6 17.8 48 56 
Sulfentrazone 0.25 Fall 13.2 20.5 50 59 
Norflurazon 0.79 Winter 13.5 20.8 48 58 
Norflurazon 1.58 Winter 13.3 20.3 41 62 
Sulfentrazone 0.0625 Winter 12.0 18.5 46 63 
Sulfentrazone 0.125 Winter 12.4 19.4 50 62 
Untreated check 0 13.7 19.7 44 55 

LSD'22Il n.s. n.s. n.s. n.s. 
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Tolerance of peppermint to sulfentrazone treatments. Charles M. Cole, Richard P. Affeldt, Carol A. Mallory-Smith, 
Bill D. Brewster, and Jed B. Colquhoun. (Department of Crop and Soil Science, Oregon State University, Corvallis, 
OR 97331-3002) Three trials were conducted in dormant peppennint in western and central Oregon. The 
experimental design was a randomized complete biuck with four replications; plots were 8 ft by 20 ft. Herbicide 
treatments were applied with a single-wheel, compressed-air plot sprayer that delivered 20 gpa through XR8003 flat 
fan nozzle tips at 20 psi. Herbicide application and soil data are presented in Table 1. 

Table 1. Herbicide application and soil data. 
Soil 

Fann Type pH O.M. Application date 
% 

Cook, Linn Co. Chehalis silty clay loam 5.4 4.8 February 1,2002 
Hansen, Benton Co. Newberg loam 4.8 3.2 February 1,2002 
Davis, Crook Co. Ochoco sandy loam 5.7 2.8 March 21 , 2002 

Visual evaluations were completed in late spring and plots at the Cook and Davis Farms were harvested in August. 
The harvested samples were air-dried and the oil yield was obtained through steam distillation. 

Table 2. Visual evaluations of peppermint inju2 and peppermint z:ields. 
Pelmerrnint in jury PeQQermint fresh weight 

Cook Davis Hansen Cook Davis PeQl2errnint oil yield 
Treatment Rate 5/31 6/5 6/ 10 817 8/8 Cook Davis 

Ib ai/A -------- ­ - ­ ------- ­ % -----_•• _------------ ­ ------------ TI A ------------­ ---------- IblA ----------
Sulfentrazone 0.0625 0 0 0 14.5 20.2 54 46 
Sulfentrazone 0.125 0 0 0 14.0 20.1 50 43 
Sulfentrazone + 0.0625 + 0 0 0 13 .6 17.8 45 43 

norflurazon l.18 
Sulfentrazone + 0.0625 + 0 0 0 14.4 17.8 52 46 

pendimethalin 2.0 
Sulfentrazone + 0.0625 + 0 0 0 13.4 18.6 56 46 

clomazone 0.5 
Untreated check 0 0 0 0 12.4 20.0 45 44 

LSD'Qo,) n.s. n.s. n.s. n.s. 

None of the treatments caused visible symptoms on the peppermint in late spring, although stunting was observed 
earlier. Peppermint fresh weights and oil yields were not significantly affected by any of the treatments. 
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Annual bluegrass control in carbon-seeded perennial ryegrass. Charles M. Cole, Richard P. Affeldt, Carol A. 
Mallory-Smith, Bill D. Brewster, and Jed B. ColquhoWl. (Department of Crop and Soil Science, Oregon State 
University, Corvallis, OR 97331-3002) Three trials were conducted near Corvallis, Crabtree, and Shedd, Oregon to 
evaluate herbicide combinations as alternatives to tht? standard treatments of diuron alone or diuron plus pronamide. 
Activated carbon was applied at 300 lb/ A in a l-in-wide band over the drill row while seeding the perennial ryegrass. 
Treatments were applied prior to weed and crop emergence. Soil data and application dates are presented in Table 
I. Herbicides were applied with a single-wheel, compressed-air plot sprayer that delivered 20 gpa through XR8003 
nozzle tips at 20 psi. The experimental design was a randomized complete block with four replications; individual 
plots were 8 ft by 25 ft. Seeded rows were 12 inches apart. Visual evaluation of annual bluegrass control and 
perennial ryegrass injury were conducted. The perennial ryegrass was threshed in July with a small-plot combine 
after swathing. The seed was then cleaned prior to weighing. 

Table 1. Soil and herbicide application data for three sites in western Oregon. 
Soil 

Location Type pH O.M. Application date 
% 


Corvallis Woodburn silt loam 5.6 2.6 October 7,2001 

Crabtree Holcomb silt loam 6.1 6.0 October 12, 2001 

Shedd Amity silt loam 6.1 4.2 October 9,2001 


Annual bluegrass control was better at Corvallis than at Crabtree or Shedd (Table 2), where diuron had been used for 
many consecutive years. Diuron combinations were often better than diuron alone. Diuron in combination with 
pronamide or norflurazon provided consistently better control than did diuron plus pyrithiobac or diuron plus 
azafenidin. Perennial ryegrass injury (Table 3) was greatest at Corvallis; the lower organic matter content of the soil 
at Corvallis may have contributed to the increased crop injury. The lower organic matter also may have contributed 
to greater annual bluegrass control at Corvallis, but herbicide-resistant annual bluegrass at the Crabtree and Shedd 
sites was probably the primary difference among sites. There were no differences in clean seed yield within 
experimental sites (Table 4). 

Table 2. Annual bluegrass control at three sites in western Oregon. 
Annual bluegrass control 

Corvallis Crabtree Shedd 
Treatment Rate J 1/13 3/5 11/30 3118 11/30 3118 

lb ai/A ------- ----- --- ---------- ----- ----- ------ % -------------- -­ ------ -­ ----- -------- -----
Diuron 2.4 99 94 90 32 88 50 
Diuron + norflurazon 1.6 + 0.98 99 98 91 56 89 71 
Diuron + norflurazon 1.6 + 1.96 99 98 95 78 86 81 
Diuron + pronamide 0.6 + 0.38 99 96 98 89 86 89 
Diuron + flumioxazin 1.6 + 0.05 95 85 90 50 80 59 
Diuron + flumioxazin 1.6 + 0.1 95 90 90 75 79 81 
Diuron + pyrithiobac 1.6 + 0.1 95 90 76 44 84 39 
Diuron + azafenidin 1.6 + 0.1 88 96 82 38 79 69 
Untreated check 0 0 0 0 0 0 0 

LSD,0051 3 8 7 11 3 13 
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3/18 

Diuron 2.4 0 0 0 0 0 0 
Diuron + norflurazon 1.6 + 0.98 4 0 0 0 0 
Diuron + 1.6 + 1.96 21 11 10 0 0 0 
Diuron + 0.6 + 0.38 18 0 0 0 8 0 
Diuron + flumioxazin 1.6 + 0.05 0 0 0 0 2 0 
Diuron + flumioxazin 1.6 + 0.1 0 5 0 0 0 0 
Diuron + 1.6 + 0.1 0 0 0 0 0 0 
Diuron + azafenidin 1.6 + 0.1 0 0 0 0 0 0 
Untreated check 0 0 0 0 0 0 0 

Diuron 2.4 622 1088 1224 
Diuron + norflurazon 1.6 + 0.98 554 1172 1189 
Diuron + norflurazon 1.6 + 1.96 555 977 1146 
Diuron + 0.6 + 0.38 532 993 1122 
Diuron + flumioxazin 1.6 + 0.05 597 1120 1219 
Diuron + flumioxazin 1.6 + 0.1 584 1074 1192 
Dimon + 1.6+0.1 540 1139 1228 
Diuron + azafenidin 1.6 + 0.1 610 1157 1206 
Untreated check 0 444 1050 1172 
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Improving competitiveness of sunflower with cultural systems. Randy L. Anderson. (USDA-ARS, 
Brookings SD 57006). Weed control in sunflower has been inconsistent in the Central Great Plains. One 
contributing factor may be that sunflower is not competitive with weeds because it is grown in wide rows 
(30 inches) and at low plant populations. 

To strengthen the competitiveness of sunflower, we devised a production system comprised of several 
cultural practices and compared its impact on weeds with the conventional production system. Common 
practices for oil-seed sunflower in this region include plant populations of 16,000 plants/ac seeded in 30­
inch rows, with N fertilizer applied broadcast (referred to as the conventional system in the Table). The 
cultural system was comprised ofoarrow row spacing (20 inches wide), increased plant population (I 9,000 
plantslac), and N fertilizer banded adjacent to the seed row (referred to as the cultural system). We 
compared these systems at two planting dates, early June (normal planting date) and planting two weeks 
later. Treatments were split into weed-free and weed-infested subplots. Glyphosate controlled weeds 
present at planting time; sulfentrazone and hand-weeding eliminated weeds in the weed-free treatments. 
The sunflower variety was Pioneer 6338. 

The study was conducted at Akron CO in 1998 and 1999. The experimental design was a randomized 
complete block with four replications; plot size was 30 by 40 feet. Approximately 60% ofeach subplot 
was harvested for seed yield. Weed biomass samples were collected from four randomly located 0.5 m2 

quadrats when sunflower began flowering. The weed community was predominantly green foxtail (Setaria 
viridus), with redroot pigweed (Amaranthus retroflexus), and kochia (Kochia scoparia) also present. 
Average growing season precipitation (June-September) at Akron is 8.5 inches. In 1998, precipitation was 
70% ofnonnal whereas in 1999, precipitation was 155% of normal. Statistical analysis indicated that a 
year by treatment effect did not occur, therefore treatment means were averaged across years . . 

The cultural system reduced weed density two-fold compared to the conventional system at the early 
planting date (Table). Weed density in both production systems was reduced by delayed planting. Later 
planting provided an additional two weeks to control weeds. The cultural system reduced weed biomass 
65% at the early planting, compared to the conventional system. Weed biomass was less in both systems at 
the later planting, with the cultural system reducing weed biomass 84% compared to the early-planted 
conventional system. 

Yield loss due to weeds was less than 5% with the cultural system at either planting date. In contrast, with 
the conventional system, weeds reduced yield 24% at the early planting date. Delaying planting reduced 
yield loss in the conventional system to only 6%. Oil percentage in seeds did not differ among treatments 
at either planting date (data not shown). 

Sunflower usually yields less when planted late, as shown with the conventional systems in weed-free 
conditions; later planting reduced yield 17%. Surprisingly, delayed planting did not reduce yield with the 
cultural system. We speculate that the cultural system improved growth efficiency of sunflower, which 
minimized the detrimental effect ofIate planting. Cultural systems not only improve sunflower's 
competitiveness with weeds, but also may widen the window for optimum planting. 
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Table. Density and biomass sunflower seed and loss due to weeds among various 1-',,,,,-,wvLH.'" 

Data across two years. Treatment means witbin a column followed an identical letter do not 
based on Fisher's LSD Study conduct::d at Akron Co. 

Yield loss 
Production Weed density Weed biomass due to weeds 

Early planting 

Conventional 

Cultural 

Late Planting 

Conventional 

Cultural 

Ib/acre % 

35a 203a 1680a 24a 

17b 72b 1810a 4b 

8c 69b 1440b 6b 

6c 33c 1710a 2b 
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Weed control and crop response in tribenuron-tolerant sunflower. Paul Hendrickson and Richard Zollinger. 
(Carrington Research Extension Center, North Dakota State University, Carrington, ND 5842 I and Department of 
Plant Sciences, North Dakota State University, Fargo, ND 5S105). The study was conducted at the NDSU 
Carrington Research Extension Center on a loam soil with a 6.2 pH and 3.9% organic matter. Tribenuron-tolerant 
sunflower '02RL0009' and a conventional hybrid '63MSO' were seeded May 23, 2002 into 30-inch rows at 22,000 
seeds/A. Guard plots were present between treated plots. Individual plots were 5 ft by 30 ft and arranged in a 
randomized complete block design with three replications. Herbicide treatments were applied with a CO2 

pressurized hand-held plot sprayer. PRE treatments were applied at 20 gall A and 20 psi through XR8003 flat fan 
nozzles. POST treatments were applied at 1 0 gallA and 20 psi through XRSOO I 5 flat fan nozzles. Pendimethalin 
and sulfentrazone were applied PRE on May 27 with 66° F, 33% RH, 0% cloud cover, 0 mph wind, and 54° F soil 
temperature. The soil was dry to a depth of2.5 inches with no significant rain for 12 days after application. All 
other herbicides were applied on June 29 with 76° F, 77% RH, 5% cloud cover, 6 mph wind, and 78° F soil 
temperature to 4- to 6-leaf sunflower, I - to 6-leaf green and yellow foxtail, 2- to 8-inch marshelder, and emerging 
kochia. The sunflowers were harvested on October 21. 

Broadleafweed control was generally good to excellent (76 to 100%) with tribenuron (Table). Green and yellow 
foxtail control from guizalofop-P decreased as the tribenuron rate increased from 0.25 to 0.5 oz ai/A. Pendimethalin 
and sulfentrazone did not injure the crop when evaluated on 6/29 (data not shown). Tribenuron was relatively safe 
when applied to the tribenuron-tolerant sunflower with yields of 1700-1900 lb/ A. Thifensulfuron, thifensulfuron + 
tribenuron, and foramsulfuron injured the crop and reduced yields when compared to the tribenuron treatments. 
Tribenuron applied at 0.125 oz aiJA seriously injured the conventional hybrid, causing a 90% reduction in height 
and zero seed yield. 

127 




Table. Weed control and crop response in tribenuron-tolerant sunflower. 

Sunflower 

Weed control2 Crop Height Seed Test 

Setaria spp. Marshelder Kochia Injury reduct. yield weight 

Treatment! Rate 6129 7112 9/4 6/29 7112 9/4 9/4 7/12 9/4 --­ 10/21 --­

oz ai/A . ----------------------------------- % ----------­ -- ---------------------­ Ib/A Ib/bu 

EXQress-tolerant h;r:brid 

Pendimethalin+sulfentrazone 19.8+3 53 0 0 87 80 88 96 0 0 1685 29.1 

Sulfentrazone 1c1ethodim 3 / 1.5 77 94 100 88 90 98 100 0 0 1564 29.3 

+PO+AMS +lqt+2 .5Ib 

Sulfentrazone 1quizalofop-P 3 / 0.99 80 98 100 94 93 98 100 0 0 1722 29.8 

+PO+AMS + I qt+2.5Ib 

Tribenuron+c1ethodim 0.25+ 1.5 93 100 100 100 99 2 0 1811 29.9 

+PO+AMS +lqt+2.5Ib 

Tribenuron+quizalofop-P 0.125+0.99 85 100 100 76 98 0 0 1906 29.7 

+NIS +0.5%v/v 

Tribenuron+quizalofop-P 0.187+0.99 83 100 100 100 98 0 0 1750 29.5 

+NIS +0.5%v/v 

Tribenuron+quizalofop-P 0.25+0.99 75 98 100 99 95 3 0 1907 29.7 

+NIS +0.5%v/v 

Tribenuron+quizalofop-P 0.5+0.99 37 7 100 99 93 15 0 1705 29.1 

+NIS +0.5%v/v 

Thifensulfuron+quizalofop-P 0.225+0.99 90 100 100 91 27 50 33 663 27.6 

+NIS +0.5%v/v 

Thifensulfuron+quizalofop-P 0.45+0.99 92 100 100 98 42 63 57 448 26.7 

+NIS +0.5%v/v 

Thifensulfuron+tribenuron+ 0.15+.075+ 85 100 100 98 83 37 13 1206 28.7 

quizalofop-P+NIS 0.99+0.5%v/v 

Thifensulfuron+tribenuron+ 0.3+0.15+ 75 86 100 97 88 20 23 1249 28. I 

quizalofop-P+NIS 0.99+0.5%v/v 

Foramsulfuron + 1.05+ 96 97 100 100 17 75 67 0 0.0 

MSO+28% 1.5pt+ l.5qt 

Untreated check 0 0 0 0 0 0 0 0 0 0 1147 29 .3 

Conventional h;r:brid 

Tri ben uron+q uizalofop-P 0.125+0.99 92 100 98 17 17 83 90 0 0.0 

+NIS +0.5%v/v 

LSD (0.05) 6 12 1 I II 3 20 18 8 7 327 1.0 

!PO=petroleum oil concentrate (Peptoil), AMS=ammoniom sulfate, NIS=non-ionic surfactant (Preference), and 

MSO=methylated seed oil (MES I 00) 

2Setaria spp. is a mix of green and yellow foxtail 
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Imazamox application timing on imidazolinone-resistant sunflower. Richard K. Zollinger and Jerry L. Ries. (Dept. 
of Plant Sciences, North Dakota State University, Fargo 58105) An experiment was conducted near Prosper, ND, to 
evaluate the response of imidazolinone-resistant sunflower to imazamox applied at the V3 to V 4 (early 
postemergence, EPOST), V 5 to V7 (postemergence, POST), and V8 to V 10 (late postemergence, LPOST) 
sunflower. On May 28, 2002, etha!fluralin at 1.1 Ib/A was applied and incorporated for weed-free conditions. On 
June 4 each plot was planted consisting of four rows, two rows of USDA 'cmsHA4251RHA426' planted on the left 
side of each plot, and two rows of Mycogen 'X8l359' planted on the right side of each plot. EPOST treatments were 
applied to V3 to V4 sunflower on June 27 at 10:00 am with 79 Fair, 84 F soil surface, 64% relative humidity, 0% 
clouds, 5 mph NW wind, dry soi l surface, moist subsoil, excellent crop vigor, and no dew present. POST treatments 
were applied to V5 to V7 sunflower on July 2 at 7:30 am with 70 Fair, 72 F soil surface, 64% relative humidity, 
75% clouds, 5 mph W wind, dry soil surface, moist subsoil, excellent crop vigor, and no dew present. LPOST 
treatments were applied to V8 to VIO sunflower on July 9 at 9:45 am with 73 Fair, 78 F soil surface, 63% relative 
humidity, 50% clouds, 2 mph N wind, moist soil surface, wet subsoil, excellent crop vigor, and no dew present. 
Treatments were applied to the center two rows of the 10 by 40 foot plots with a bicycle-wheel-type plot sprayer 
delivering 8.5 gpa at 40 psi through 800 I flat fan nozzles. The experiment had a randomized complete block design 
with four replicates per treatment. 

The study was handweeded to avoid any confounding and competition by weeds. For all visible injury ratings, slight 
injury was stunting but the higher injury ratings included yellowing. Both sunflower lines were tolerant when 
imazamox was applied at 0.031 and 0.063 Ibl A to V3 to V 4 and V5 to V7 sunflower. Unacceptable injury increased 
when imazamox was applied at 0.063 or 0.094 Ib/A to V8 to VIO sunflower. Injury did not entirely disappear 
through time. Sunflower from the V3 to VI 0 stage exhibited excellent safety to imazamox at 0.031 IblA. The USDA 
sunflower line exhibited more resistance to imazamox than the Mycogen line. 

129 




Table. Imazamox aQQlication timins on imidazol inone-resistant sunflower. 
Sunflower stage and July 3 Jul;r: 11 Jul:t 16 Jul:t 23 Jul:t 30 August 13 Yield 
treatment I Rate Line A2 Line B3 LineA Line B Line A LineB Line A Line B Line A Line B Line A Line B lineA Line B 

Ib/A --% injury ­ --% injury -­ -% injury -­ --% injury ­ --% injury ­ --% injury -­ --lb/A --­

V3 to V4 (EPOST) 
Immx+NIS+28-0-O 
Immx+NIS+28-0-0 
Immx+NIS+ 28-0-0 
Immx+MSO+ 28-0-0 

0.031 
0.063 
0.094 
0.094 

0 
0 
0 
0 

0 
10 
20 
0 

0 
0 
0 
0 

0 
10 
15 

0 

0 
0 
0 
0 

S 
S 
10 
0 

0 
0 
0 
0 

0 
0 
10 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

1210 
1470 
1370 
1340 

IS60 
IS80 

1360 
1600 

VS to V7 (POST) 
Immx+NIS+28-0-0 
Immx+NIS+28-0-0 
Immx+NIS+28-0-0 
Immx+MSO+28-0-0 

0.Q31 

0.063 
0.094 
0.094 

0 
0 
0 
0 

0 
5 

30 
10 

0 
0 
0 
0 

0 
0 
20 
S 

0 
0 
0 
0 

0 
0 
IS 

0 

0 
0 
0 
0 

0 
0 
15 
0 

0 
0 
5 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1090 
1380 
1380 
ISOO 

1700 
IS80 
1180 
1470 

t-' 
W 
0 

V8 to V 10 (LPOST) 
Immx+NIS+28-0-O 
Immx+NIS+28-0-0 
Immx+NIS+28-0-0 
Immx+MS0+28-0-0 

0.031 
0.063 
0.094 
0.094 

0 
10 
20 
2S 

S 
20 
35 
45 

0 
10 
IS 
25 

0 
10 
25 
3S 

0 
S 
7 

10 

0 
S 
15 
15 

0 
0 
S 
S 

0 
S 
10 
IS 

1410 
1390 
1420 
1290 

1380 
1480 
1480 
1230 

Untreated 0 0 0 0 0 0 0 0 0 0 0 0 1340 IS70 

LSD !O.OS} NS 4 NS 4 4 5 4 S 3 3 NS 4 260 
IImmx = imazamox; NIS =non ionic surfactant =Activator 90 at 0.2S% v/v; 28-0-0 =ammonium sulfate at 2.5% v/v; MSO =methylated seed oil = Scoil at 1.2S% v/v. 
2Line A =USDA ' cmsHA42SxRH426'. 
3Line B =Mycogen'X81359'. 
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Clearfield sunflower. Richard K. Zollinger and Jerry L. Ries. (Dept. of Plant Sciences, North Dakota State 
University, Fargo 58 \05) An experiment was conducted near Valley City, NO, to evaluate crop response and weed 
control in sunflower to herbicides applied PRE and POST. PRE treatments were applied on May 31 , 2002, at 11 :30 
am with 87 Fair, 62 F subsoil to a depth of 4 inches. 62% relative humidity, 0% clouds, 3 to 5 mph S wind, dry soil 
surface, and damp subsoil. Mycogen 'X81359' sunflower was planted on May 29. POST treatments were applied 
June 28 at 11 :30 am with 84 Fair, 87 F soil surface, 51 % relative humidity, 0% clouds, 5 to 12 mph S wind, dry soil 
surface, damp subsoil, excellent crop vigor, and no dew present to V4 to V6 sunflower. Weeds present were: 2 to 6 
inch (15 to 100/ff) green and yellow foxtail (40:60 ratio); 6 to 10 inch (1 to 5/fe) wild oat; 6 to \0 inch (10 to 20/ff) 
volunteer barley; and 1 to 6 inch (2 to 20/yd2

) marshelder. Treatments were applied to the center 6.67 feet of the 10 
by 30 foot plots with a bicycle-wheel-type plot sprayer delivering 17 gpa at 40 psi through 8002 flat fan nozzles for 
PRE treatments and 8.5 gpa at 40 psi through 8001 flat fan nozzles with an attached windscreen for POST 
treatments. The experiment had a randomized complete block design with four replicates per treatment. 

On June 28, PRE treatments were evaluated prior to POST application. Pendimethalin averaged 40 to 60% green 
and yellow foxtail control and 20 to 30% volunteer barley control (data not shown). Dry spring conditions may have 
contributed to nonperformance of pendimethalin. No crop injury was observed with any treatment. Imazamox with 
NIS or MSO applied alone or with imazapyr controlled foxtail species, wild oat, and marshelder. Using any other 
ALS type herbicide, whether SU safened (AE 1303600 I) or unsafened (tribenuron, thifensulfruon, nicosulfuron, or 
mefsulfuron), or TPS herbicide (c1oransulam) either killed or seriously injured Clearfield sunflower. Clearfield 
sunflowers are tolerant only to imidazolinone type herbicides (imazamox, imazethapyr, imazapyr). 
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Table. Clearfield sunflower. 
Jull;: 10 Ju1:t 26 

Treatment l Rate Sunflower SETSS AVEFA IVAXA Snfl SETSS AVEFA IVAXA 
(Ib/A) % injury ---% control ----­ % injury ------% control ----­

PRE 
Pendimethalin I 0 10 0 20 0 13 0 28 
Pendimethalin+sulfentrazone 0+0.125 0 0 0 48 0 28 5 46 

PREIPOST 
Pendimethalinlimazamox+ 1/0.031+ 0 86 83 99 0 91 91 99 
NIS+28-0-0 0.25% v/v+ I % v/v 

Pendimethalinlimazamox+imazapyr+ 1/0.031+0.014+ 0 95 91 99 0 98 97 99 
NIS+28-0-O 0.25% v/v+ I % v/v 

Pendimethalinlimazamox+imazapyr+ 1/0.022+0.01+ 0 85 78 99 0 94 92 98 
NIS+28-0-0 0.25% v/v+ I % v/v 

Pendimethalin+sulfentrazone/imazamox+ 1+0.125/0.03\+ 0 95 91 99 0 95 94 99 
NIS+28-0-0 0.25% v/v+l% v/v 

Pendimethalin+sulfentrazone/imazamox+imazapyr+ I +0.125/0.022+0.0 I + 0 95 93 99 0 97 97 99 
I--' 
w 

NIS+28-0-0 0.25% v/v+ I % v/v 
N 

POST 
Imazamox+NIS+28-0-0 0.031 +0.25% v/v+ I % v/v 0 78 81 99 0 85 88 99 
Imazamox+MSO+28-0-0 0.031 +0.25% v/v+ I % v/v 0 85 84 99 0 95 95 99 
Imazamox+imazapyr+ 0.031 +0.0 14+ 0 95 91 99 0 97 96 99 

NIS+28-0-0 0.25% v/v+ I % v/v 

Imazamox+imazapyr+ 0.022+0.0 I + 0 71 71 89 0 86 85 98 
NIS+28-0-0 0.25% v/v+ I % v/v 

Tribenuron+NIS 0.025+0.25% v/v 49 20 10 99 48 18 10 99 

Tribenuron+NIS 0.014+0.25% v/v 33 0 0 99 31 0 0 99 

Thifensulfuron+NIS 0.014+ 0.25% v/v 90 30 20 99 99 0 2 99 
Thifensulfuron&tribenuron+NIS 0.014+0.25% v/v 83 30 20 99 99 0 13 99 

Nicosulfuron+PO+ 28-0-0 0.031 + l.5pt+ I .Sqt 68 53 58 99 65 76 92 99 

AE 13036001+MS0+28-0-0 0.066+ l.5pt+ 1.5qt 70 58 68 99 68 73 86 99 

Cloransulam+NIS 0.016+0.25% v/v 90 0 0 99 99 0 0 99 

Metsulfuron+NIS 0.004+0.25% v/v 90 25 20 99 97 16 15 77 

Untreated 0 0 0 0 0 0 0 0 

LSD !0.05~ 3 7 4 6 6 10 10 15 
INIS = nonionic surfactant - Activator 90; 28-0-0 = urea ammonium nitrate; MSO = methylated seed oil = Scoil; PO = petroleum oil concentrate = Herbimax. 



Tribenuron-resistant cultivated sunflower. Richard K. Zollinger and Jerry L. Ries. (Dept. of Plant Sciences, North 
Dakota State University, Fargo 58105). An experiment was conducted near Prosper, ND, to evaluate weed control 
in sulfonylurea tolerant sunflower. Pioneer '02RL0004' sunflower was planted on June 4, 2002. PRE treatments were 
applied on June 6 at 10:30 am were 79 Fair, 62 F so;! to a depth of 4 inches, 33% relative humidity, 75% clouds, 12 
mph S wind, dry soil surface, and damp subsoil. POST treatments were applied June 26 at 9:30 am with 78 Fair, 80 
F soil surface, 62% relative humidity, 0% clouds, 5 mph NW wind, dry soil surface, moist subsoil, excellent crop 
vigor, and dew present to V3 to V4 sunflower. Weed species present were: 2 to 10 inch (20 to 75/ff) yellow foxtail; 
1 to 4 inch (I to 5/fe) redroot pigweed; I to 5 inch (I to 2/yd2

) common lambsquarters; 1 to 4 inch (I to 5/yd2
) wild 

mustard. Treatments were applied to the center 6.67 feet of the to by 40 foot plots with a bicycle-whee I-type plot 
sprayer delivering 17 gpa at 40 psi through 8002 flat fan nozzles for PRE treatments, and 8.5 gpa at 40 psi through 
8001 flat fan nozzles for POST treatments. The experiment had a randomized complete block design with three 
replicates per treatment. 

Yellow foxtail was emerging at the time of planting which resulted in a early crop competition resulting in some 
sunflower stunting. POST treatments were applied on June 27, which was later than scheduled because up to six 
inches of rainfall on June 23. The advanced stage of the yellow foxtail and delay in application resulted in poor 
yellow foxtail control. It appears that tribenuron antagonizes quizalofop by controlling yellow foxtail when 
quizalofop was applied alone compared to when applied with tribenuron. On June 27, PRE treatments were rated and 
no crop injury was observed from tribenuron. Pendimethalin + sulfentrazone applied PRE and sulftentrazone applied 
PRE + clethodim or quizalofop applied POST controlled yellow foxtail. On July 3 (7 DA T) there was no sunflower 
injury on any tribenuron treatment. On July 10 (14 DAT) and July 24 (28 DA T), all treatments controlled wild 
mustard, redroot pigweed, and common lambsquarters. MSO type adjuvant enhanced yellow foxtail control from 
tribenuron and partially overcame tank-mix antagonism more than other adjuvants used. Other ALS herbicides used 
instead oftribenuron, namely thifensulfuron, thifensulfuron&tribenuron, and AE 13036001, severely injured 
tribenuron resistant sunflower. 
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Table. Tribenuron-resistant cultivated sunflower. 
June 27 Jull \0 Jull24 

Treatment I Rate SETLU SINAR AMARE SOLSA Sunflower SETLU Sunflower SETLU 

PRE 
Pendimethalin+sulfentrazone 

PREIPOST 
Sulfentrazonel clethodim+PO+ AMS 
Sulfentrazone/quizalofop+PO+AMS 

POST 
Tribenuron+c1ethodim+PO+ AMS 
Tribenuron+quizalofop+NIS 
Tribenuron+quizalofop+NIS 
Tribenuron+quizalofop+NIS 
Tribenuron+quizalofop+NIS

I--' 
w Tribenuron+quizalofop+ 
~ 

Liberate 

Basic Blend 

PO 

L-132 

MSO 

Base 

Z-64 


Thifensulfuron+quizalofop+NIS 
Thifensulfuron+quizalofop+NIS 
Thifensulfuron&tribenuron+quizalofop+NIS 
Thifensulfuron&tribenuron+quizalofop+NIS 
AE 130360 01 +MS0+28-0-0 

LSD (0.05) 

Ib/A 

1.24+0.187 

0.187/0.094 
0.187/0.062 

0.016+0.094 
0.008+0.062 
0.01 2+0.062 
0.016+0.062 
0.031 +0.062 
0.016+0.062 

Iptlloogal 
I%v/v 
1.5pt 
0.75pt 
1.5pt 
I%v/v 
I%v/v 

0.014+0.062 
0.028+0.062 
0.009&0.005+0.062 
0.018&0.0 I +0.062 

-------% control ----- ­

89 89 99 99 

72 78 99 99 
53 73 98 99 

0.056 

15 II 2 

% injury % control % injury % control 

0 96 0 92 

0 
0 

98 
99 

0 
0 

99 
99 

0 
0 
0 
0 
0 

70 
50 
50 
50 
50 

0 
0 
0 
0 
0 

67 
40 
30 
30 
50 

0 
0 
0 
0 
0 
0 
0 

28 
52 
32 
50 
57 

30 
50 
50 
60 
60 
50 
50 
50 
50 
50 
50 
50 

0 
0 
0 
0 
0 
0 
0 
30 
70 
33 
50 
60 

30 
50 
40 

72 
85 
48 
73 
30 
30 
30 
30 
72 

3 3 
IpO = petroleum oil concentrate = Herbimax at IqtlA; AMS = ammonium sulfate at 2.5lb/A; NIS = nonionic surfactant = Activator 90 at 0.5% v/v; Liberate = surfactant; Basic 

Blend =Quad 7; L-132 =MSO =methylated seed oil = Scoil at I.5ptlA; Base = MSO basic blend; Z-64 = MSO basic blend; 28-0-0 =urea ammonium nitrate at I.5qtlA. 



Quizalofop preplant to wheat and barley. Joan Campbell and Donn Thill . (Crop and Weed Science Division, 
University ofIdaho, Moscow, ID 83844-2339) Two experiments, one in wheat and one in barley, were established 
near Moscow, ID to evaluate crop injury with preplant applied quizalofop. Treatments were quizalofop at 0.034, 
0.048, and 0.096 lb ailA and glyphosate at 0.825 lb rWA each applied 3, 2, and I wk before planting and the day of 
planting wheat or barley. Treatments were applied with a CO2 pressurized backpack sprayer delivering 10 gpa at 3 
mph and 32 psi (Table). The experimental design for both experiments was a randomized complete block with four 
replications and 8 by 30 ft experimental units. Soil pH, organic matter, and type were 6,2.50/0, and silt loam, 
respectively. 'Alpowa' spring wheat and 'Baronesse' spring barley were seeded April 29, 2002. Crop injury was 
evaluated visually. 

Table. Envirorunental conditions. 

Application date April 8, 2002 April 16, 2002 April 24, 2002 April 29, 2002 
Air temperature (F) 55 43 54 67 
Soil temperature (F) 49 40 45 49 
Relative humidity (%) 50 71 52 55 
Cloud cover (%) 10 100 o 50 

Weekly, visual observations from the time of wheat and barley emergence until heading indicated that quizalofop 
and glyphosate applied preplant to wheat and barley do not cause injury. 
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Effect of 2,4-D fonnulation on weed-free spring wheat Bradley D. Hanson and Donald C. Thill. (plant Science 
Division, University of Idaho, Moscow, ID 83844-2239) A trial was conducted near Moscow, Idaho to evaluate 
spring wheat phytotoxicity with 2,4-D acid and i:>ooctyl ester applied at two timings. A second trial was conducted 
near Genesee, Idaho to evaluate spring wheat phytotoxicity with 2,4-D acid compared to the isooctyl ester and 
dimethylamine salt. The experimental design for both experiments was a randomized complete block with four 
replications and 8 by 30 ft plots. Herbicide treatments were applied with a CO2 pressurized backpack sprayer 
calibrated to deliver 10 gpa at 30 psi (fable 1). Crop injury was evaluated visually 7 and 14 DAT and at heading. 
Wheat grain was harvested with a small plot combine at Genesee on August 30 and at Moscow on September 16, 
2002. 

Table 1. Herbicide application and soil data. 

Location Moscow, ill Genesee, ill 
Application date May 17,2002 June 3, 2002 June 7, 2002 

Wheat growth stage 1 to 3 tiller early joint 1 to 3 tiller 
Air temperature (F) 66 59 38 
Relative humidity (%) 52 70 70 
Soil temperature (F) M 52 45 

Soil 
pH 4.3 5.8 
OM(%) 5. 1 3.4 
CEC (meqlJOO g) 33 23 
Texture loam silt loam 

Spring wheat at Moscow was slightly stunted (2%) at heading by 0.5 Ib ae/A 2,4-D acid and ester regardless of 
timing and by 0.25 lb ae/A 2,4-D acid applied at early jointing (Table 2). No injury was observed at earlier ratings 
or with other treatments. Wheat grain yield was reduced 30% by 0.25 lb ae/A 2,4-D acid applied at the 1 to 3 tiller 
stage; no other treatments differed from the untreated control. At Genesee, slight stunting of spring wheat was 
observed at heading in plots treated 0.5 lb ae/A 2,4-D acid (Table 3). Grain yield was reduced 5 to 6% by 2,4-D 
acid at 0.25 and 0.5Ib ae/A. 
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Table 2. Effects of2,4-D fonnulation and application timing on weed-free spring wheat near Moscow, ill in 2002. 

Treatment' 

Untreated control 
2,4-D ester 
2,4-D ester 
2,4-D acid 
2,4-D acid 
2,4-Dacid 
2,4-D acid 
2,4-D ester 
2,4-D ester 
2,4-D acid 
2,4-D acid 
2,4-b acid 
2,4-D acid 

LSDco.05) 

Rate 

lb ae/A 


0.25 
0.50 
0.13 
0.19 
0.25 
0.50 
0.25 
0.50 
0.13 
0.19 
0.25 
0.50 

Application 
timing 

1-3 tiller 
1-3 tiller 
1-3 tiller 
1-3 tiller 
1-3 tiller 
1-3 tiller 

early joint 
. early joint 

early joint 
early joint 
early joint 
early joint 

Injuryz 
% 

0 
2 
0 
0 
1 
2 
1 
2 
0 
0 
2 
2 

2 

Spring wheat 
Yield 

IbiA 


1371 

1328 

1189 

1382 

1263 

964 


1120 

1031 

1227 

1253 

1267 

1092 

1259 


343 

I All treatments included a nonionic, acidifYing surfactant (LI 700) at 0.25% vlv and a1l2,4-D acid treatments included an 

acidifier (PCCI174) at 0.5% v/v. 2,4-D ester =Salvo, 2,4-D acid =Savana, and 2,4-D amine =Saber. 

2 July 8, 2002 rating at wheat heading. 


Table 3. Effects of2,4-D fonnulation on weed-free spring wheat near Genesee, ill in 2002. 

Spring wheat 
Treatment' 

Untreated control 
2,4-D ester 
2,4-D ester 
2,4-D amine 
2,4-D amine 
2,4-D acid 
2,4-D acid 
2,4-D acid 
2,4-D acid 

LSDcoo5) 

Rate 

lb ae/A 


0 .25 
0.50 
0.25 
0.50 
0.13 
0.19 
0.25 
0.50 

InjUfi 
% 

0 
0 
0 
0 
0 
0 
0 
2 

1 

Yield 
Ib/A 

6646 
6373 
6440 
6581 
6454 
6551 
6563 
6279 
6308 

317 
I All treatments included a nonionic, acidifYing stufactant (LI 700) at 0.25% vlv and a1l2,4-D acid treatments included an 

acidifier (PCCI174) at 0.5% v/v. 2,4-D ester =Salvo, 2,4-D acid =Savana, and 2,4-D amine =Saber. 

2 July 9, 2002 rating at wheat heading. 
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Don W. Morishita and Michael 
1. Wille (Twin Falls Research and Extension of Idaho, Twin ID 83303-1827). A study 
was conducted in Minidoka County, Idaho near Paul to compare the kochia control with different rates and 
combinations oftribenuron and thifensulfuron in wheat. 'Westbred 936' was April 6, 2002, 
at 120 Ib/A design was a randomized complete block with four and 
individual 25 ft. Soil type was a Portneuf silt loam (19% sand, 71 % and 10% clay) with an 7.8 
pH, 1.5% matter, and CEC of 15-meq1l00 g soil. Herbicides were applied on May 24, 
2002, using a bicycle-wheel sprayer with 11001 flat fan nozzles calibrated to deliver 10 gpa at 24 
psi. Environmental conditions at application were as follows: air temperature 60 F, soil 51 F, relative 
humidity 48%, wind 5 mph, and 10% cloud cover. injury and kochia control was evaluated visually 17 
and 49 days after treatment (DA T) on June 10 and July Grain was harvested 20 with a 
small-plot combine. 

None of the herbicide treatments injured the crop Kochia control with tribenuron + thifensulfuron and no 
other herbicide did not control kochia regardless ofthe rate & MCPA to tribenuron + 
thifensulfuron kochia but 64% over both rates and evaluation dates. The addition of 
fluroxypyr at 0.0625 to tribenuron + thifensulfuron kochia control to an average 91 % at the July 12 
evaluation date. Due to a late flush of wild oats, wheat were lower than expected. of wheat yields 
from lowest to followed a similar pattern as kochia controL The check averaged 13 buJ A and was not 
different from either tribenuron + thifensulfuron alone treatments. However, only the higher tribenuron + 
thifensulfuron rate plus bromoxynil & MCPA had a yield significantly higher than tribenuron + thifensulfuron 
alone. 

to tribenuron + thifensulfuron combinations. Table. 

Treatment Rate 6110 7/12 

Check 13 
Tribenuron + 0.0117+ 16 18 

thifensulfuron + 0.0117 + ° ° ° 
nonionic surfactant 0.25% v/v 

Tribenuron + 0.0156 + 0 13 21 
thifensulfuron + 0.0156 + ° ° 
nonionic surfactant 0.25% '11'1 

Tribenuron + 0.0117 + 5 81 91 38 
Ihifensulfuron + 0.0117 ° 

+ 0.0625 + 
nonionic surfactant 0.25% 

Tribenuron + 0.0156 + o 4 88 92 41 
thifensulfuron + 0.0156 

+ 0.0625 + 
nonionic surfactant 0.25% v/v 

Tribenuron + 0.Dl17 + 5 65 61 40 
thifensulfuron + 0.0117 ° 
bromoxynil & MCPA + 0.312 + 
non ionic surfactant 0.25% v/v 

Tribenuron + 0.0156 o o 66 63 49 
thifensulfuron + 0.0156 + 

&MCPA+ 0.312 
nonionic surfactant 0.25% 

LSD NS NS 9 19 17 
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Table 2. Crop Injury, weed control, and sugar beet root yield response to application timings of postemergence sugar beet herbicides 
Application Crop Weed control' Root 

Treatment b Rate date injury CHEAL AMARE KCHSC SOLSA yield 

Ib ail A ------------------------------%------------------------------- toni A 
O~ 4 
Efs&dmp&pmp + triflusulfuron I 0.25 + 0.0156 5/23 o 94 84 69 83 14 
Efs&dmp&pmp + 0.337 5/31 
triflusulfuron + c10pyralid 0.0234 + 0.094 

Efs&dmp&pmp + 0.42 6/4 
triflusulfuron + clopyralid 0.0312 + 0.094 

Efs&dmp&pmp + triflusu lfuron 0.25 + 0.Qj 56 5/23 4 92 91 61 84 II 
Efs&dmp&pmp 0.337 5/31 

triflusulfuron + clopyralid 0.0234 + 0.094 
Efs&dmp&pmp 0.42 6/04 

triflusulfuron + c10pyralid 0.0312 + 0.094 
Efs&dmp&pmp 0.675 6/ 11 
Efs&dmp&pmp + triflusulfuron 0.25 + 0.0156 5/31 0 64 58 48 53 12 
Efs&dmp&pmp 0.337 6/04 

triflusulfuron + clopyralid 0.0234 + 0.094 
Efs&dmp&pmp 0.42 6/11 

triflusulfuron + c10pyralid 0 .0312 + 0.094 
Efs&dmp&pmp + triflusulfuron 0.25 + 0.0156 6/04 8 65 59 65 48 9 
Efs&dmp&pmp 0.337 6/1 1 
triflusulfuron + clopyral id 0.0234 + 0.094 

Efs&dmp&pmp 0.42 6/ 19 
triflusulfuron + clopyralid 0.0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.337 + 0.0156 6/0 68 64 48 40 II 
Efs&dmp&pmp 0.42 6/ 11 

triflusulfuron + c10pyralid 0 .0234 + 0.094 
c10pyralid 0.094 

Efs&dmp&pmp 0.51 6/19 
triflusulfuron + c10pyralid 0.0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.42 + 0.0156 6/04 4 71 67 47 51 13 
Efs&dmp&pmp 0.51 6111 
triflusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp 0.59 6/ 19 
triflusulfuron + clopyralid 0 .0312 + 0.094 

Efs&dmp&pmp+triflusulfuron 0.337+0.0156 6/ \1 4 74 63 58 41 14 
Efs&dmp&pmp 0.42 6/19 
triflusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp 0.51 7/02 
triflusulfuron + clopyralid 0.0312 + 0.094 

Efs&dmp&pmp + triflusulfuron 0.42 + 0.0156 6/ 1 I 8 86 74 66 64 19 
Efs&dmp&pmp 0.51 6/ 19 

triflusulfuron + clopyralid 0 .0234 + 0.094 
Efs&dmp&pmp 0.59 7/02 

triflusulfuron + c10pyralid 0.0312 + 0.094 
Efs&dmp&pmp+b·iflusulfuron 0.51+0.0156 6/ 11 14 75 75 60 61 14 
Efs&dmp&pmp 0.59 6/19 
triflusulfuron + clopyralid 0.0234 + 0.094 

Efs&dmp&pmp 0.675 7/02 
triflusulfuron + clopyralid 0 .0312 + 0.094 

Efs&dmp&pmp+ triflusulfuron 0.76+0.0156 6/ 11 6 79 62 69 58 12 
Efs&dmp&pmp 1.05 6/ 19 

triflusulfuron + c10pyralid 0.0234 + 0.094 
Efs&dmp&pmp 1.12 6/ 11 II 63 50 56 38 9 
triflusulfuron + c10pyralid 0.0312 + 0.25 

LSD (0.05) 7 II 9 NS 22 4 
'Weeds evaluated for control were common lambsquarters (CHEAL), redroot pigweed (AM ARE), kochia (KCHSC), and hairy nightshade 
(SOLSA). 

bEfs&dmp&pmp is a commercial formulation of a I : I: I mixture of ethofumesate, desmedipham, and phenmedipham. 
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Interaction of seeding rate and herbicide rate on weed control in spring wheat. Don W. Morishita, Michael 1. Wille, 
and Michael P. Quinn. (Twin Falls Research and Extension Center, University of Idaho, Twin Falls, ID 83303­
1827) The second year of a 2-year study to examine the interactive effects of spring wheat population density and 
reduced herbicide rates on broadleaf weed contr0\ and weed seed rain was conducted at the University ofIdaho 
Research and Extension Center near Kimberly, Idaho. 'Westbred 936R' hard red spring wheat was seeded at 30, 60, 
90, and 120 IblA on April 8, 2002 . The experiment was a four-by-four factorial design arranged as a split plot 
randomized complete block with four replications. Main plots were wheat seeding rate. Subplots were the herbicide 
rates, which included a standard rate and fractional increments of those rates. Fluroxypyr + tribenuron were applied 
at 0.125 + 0.00813 Ib ai/A (IX rate), 0.094 + 0.00609 lb ai/A (0.75X), 0.0625 + 0.00406 Ib ai/A (0.5X), and 0.0313 
+ 0.00203 Ib ai/A (0.25X). Individual subplots were 8 by 25 ft. Soil type was a Portneuf silt loam (20% sand, 7 I % 
silt, and 9% clay) pH 8.1, 1.5% organic matter, and CEC of l7-meq/l00 g soil. Kochia and common lambsquarters 
were the major weed species present. Herbicide treatments were applied May 24 with a COz-pressurized bicycle­
wheel sprayer calibrated to deliver 10 gpa using I 100 I flat fan nozzles when wheat had 4 to 5 leaves, and kochia 
and common lambs quarters were both I to 5 inches tall. Environmental conditions at application were as follows: air 
temperature 64F, soil temperature 82 F, relative humidity 65%, and wind speed 7 mph. Plots were evaluated 
visually for weed control 52 days after treatment on July 15. Plots were harvested August 23 with a small-plot 
combine. 

None of the herbicide treatments injured the crop (Table). Kochia control was not affected by seeding rate and 
averaged 76 to 78% control when averaged over all herbicide rates. Averaged over seeding rates, tribenuron + 
fluroxypyr controlled kochia 91 % at the 0.25X rate and 98% with all higher rates. Similarly, the 0.5 X, 0.75 X, and 
I.OX rates controlled common lambsquarters equally at 96%, compared to 86% control at the 0.25 X rate. Again, 
common lambsquarters was not controlled without herbicide treatment regardless of seeding rate, averaging 75% for 
all seeding rates regardless of herbicide treatment. Seeding rate and herbicide rate did not interact with respect to 
crop injury, kochia or common lambsquarters control. Grain yield was affected only by herbicide rate. Grain yields 
of all herbicide-treated plots ranged from 59 to 73 bulA compared to 36 bulA in untreated check plots. Yields from 
the three highest herbicide rates, 0.5X, 0.75X, and IX, ranged from 69 to 73 bulA when averaged over seeding rates, 
and did not differ among one another. Grain yields from all three of these rates were greater than from the 0.25X 
rate, which yielded 59 bu/A. Crop seeding rate and herbicide rate did not interact to affect grain yield. 
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Table. Winter wheat broad leaf weed 

Seeding Control Grain 

rate KCHSC CHEAL Yield 

30 II 17 3 4 76 75 60 
60 13 11 2 2 77 75 61 
90 14 16 2 2 77 76 57 

120 24 19 2 78 75 69 

LSD (0.05) ns ns ns ns ns ns ns 

Tribenuron +f1uroxypyr 16 14 2 0 0 0 36 
Tribenuron 0.002 + 0.0313 17 16 2 4 91 89 59 
Tribenuron 0.004 + 0.063 16 18 3 3 98 96 70 
Tribenuron +f1uroxypyr 0.006 + 0.098 18 15 3 I 98 96 73 
Tribenuron +f1uroxypyr 0.008 + 0.125 16 15 2 1 98 96 69 

LSD (0.05) ns ns ns ns 2 5 11 

30 Tribenuron +f1uroxypyr 0 0 25 
60 Tribenuron +f1uroxypyr 0 0 41 
90 Tribenuron +fluroxypyr 0 0 25 
120 Tribenuron 0 0 55 

30 Tribenuron 0.002+0.0313 88 90 63 
60 Tribenuron 0.002 + 0.0313 93 85 53 
90 Tribenuron 0.002 + 0.0313 90 90 59 
120 Tribenuron 0.002 + 0.0313 95 90 63 

30 Tribenuron +f1uroxypyr 0.004 + 0.063 98 95 60 
60 Trlbenuron +f1uroxypyr 0.004 + 0.063 98 96 73 
90 Tribenuron 0.004 + 0.063 98 96 73 
120 Tribenuron +f1uroxypyr 0.004 + 0.063 99 96 75 

30 Tribenuron +fluroxypyr 0.006 + 0.098 98 95 78 
60 Tribenuron +fluroxypyr 0.006 0.098 98 96 69 
90 Tribenuron 0.006 + 0.098 99 96 70 
120 Tribenuron +f1uroxypyr 0.006 + 0.098 99 96 76 

Tribenuron 0.008 + 0.125 
Tribenuron 0.008 + 0.125 
Tribenuron +f1uroxypyr 0.008 + 0.125 
Tribenuron +f1uroxypyr 0.008+0.125 

99 96 74 
99 96 68 
98 98 57 
98 95 79 
2 5 11 
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Weed control using carfentrazone with postemergence wild oat herbicides. Michael 1. Wille and Don W. Morishita. 
(Twin Falls Research and Extension Center, University ofIdaho, Twin Falls, ID 83303-1827) A study was 
conducted at the University ofIdaho Research and Extension Center near Kimberly, Idaho to evaluate weed control 
with carfentrazone tank-mixed with postemergen('~ wild oat herbicides. 'Treasure' spring wheat was planted April 
6, 2002, at a seeding rate of 100 lblA in rows 7 inches apart. Experimental design was a randomized complete block 
with four replications and individual plots were 8 by 25 ft. Soil type was a Portneuf silt loam (26% sand, 67% silt, 
and 7% clay), with a pH of 8, 1.5% organic matter, and a CEC of 15-meqll 00 g soil. Wild oat, kochia, and common 
lambs quarters were the major weed species present at population densities of 8, 9, and 4 plants/fr, respectively. 
Herbicides were applied to 5-leaf wheat with two tillers on May 17, 2002 with a COrpressurized bicycle-wheel 
sprayer calibrated to deliver 10 gpa using 11001 flat fan nozzles. Environmental conditions at application were as 
follows: air temperature 48 F, soil temperature 50 F, relative humidity 70%, wind speed 6 mph, and 40% cloud 
cover. Crop injury was evaluated visually 14 and 54 days after treatment (DAT) on May 31 and July 10, 
respectively. Grain was harvested on August 26 from the center of each plot with a small-plot combine. 

No herbicide treatment injured spring wheat more than any other (Table) . Wild oat control 14 DAT ranged from 41 
to 91 %. Herbicide treatments that contained fenoxaprop controlled wild oat 86 to 91 %; those with clodinafop, 70 to 
89%; those with flucarbazone, 45 to 62%; those with propoxycarbazone, 41 to 75%; and those with 
imazamethabenz, 65 to 71 %. Fenoxaprop alone controlled wild oat 2:86%, as did clodinafop alone or with 
carfentrazone + tribenuron&thifensulfuron + MCPA. Tank-mixes ofpropoxycarbazone + carfentrazone + MCPA, 
imazamethabenz + carfentrazone + tribenuron&thifensu1furon + MCPA, and, clodinafop + carfentrazone + MCPA 
controlled wild oat 70 to 75%. Wild oat control with all other herbicide combinations was ::;65%. At 54 DAT, wild 
oat control ranged from 61 to 99%. Herbicide treatments containing fenoxaprop, clodinafop, or imazamethabenz 
controlled wild oat 2:80%, while those containing flucarbazone or propoxycarbazone controlled wild oat 61 to 78%. 
Kochia control 14 DA T ranged from 51 to 1 00% among herbicide treatments that contained a broadleaf herbicide. 
Tank-mixes with any broadleafherbicide combination plus either fenoxaprop or flucarbazone controlled kochia 
>80%. Kochia control 54 DA T ranged from 53 to 99% among herbicide treatments that contained a broad leaf 
herbicide. Kochia appeared to be controlled 9 to 60% 14 DAT, and 10 to 56% 56 DAT among herbicide treatments 
containing a wild oat herbicide alone. Common lambsquarters control was similar among tank-mix combinations 
containing a broadleaf herbicide, ranging from 71 to 96% 14 DA T, and from 90 to 100% 54 DA T. Herbicide 
treatments containing a wild oat herbicide alone appeared to control common lambsquarters 13 to 61 % 14 DA T, and 
18 to 71% 54 DAT. Grain yield of herbicide-treated plots ranged from 59 to 97 bu/A compared to 50 bu/A in the 
untreated check. Yield differences could not be detected between herbicide treatments or from the untreated check 
(P==O.ll). Grain test weights were similar among all treatments, ranging from 52 to 58 lb/bu. 
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Table. weed control and 	 to carfentrazone tank-mixed with wild oat herbicides. 

Treatrnentb Rate 	 7110 5/31 7110 5/31 7110 

Check 50 55 
Fenoxaprop 0.0825 6 0 91 98 9 24 13 44 77 58 
Fenoxaprop + 0.0825 + 9 3 89 90 86 85 92 100 83 56 
carfentrazone + 0.012 + 

MCPA LVE+ 0.25 + 

NIS 0.25% v/v 


Fenoxaprop + 0.0825 + 6 86 81 100 99 96 100 78 57 

carfentrazone + 0.012 + 

MCPA LVE+ 0.25 + 

thifen&triben + 0.014+ 

NIS 0.25% v/v 

Clodinafop + Score 	 0.0625 + 0.8% v/v 0 0 90 99 20 45 58 56 78 55 

Clodinafop + Score + 0.0625 + 0.8% v/v 3 0 70 8] 73 60 79 94 83 55 

carfentrazone + 0.012+ 

MCPALVE 0.25 


Clodinafop + Score + 0.0625 0.8% v/v 8 0 86 90 94 91 94 100 97 58 

carfentrazone + 0.012 

MCPA LVE+ 0.25 

thifen&triben 0.014+ 

Flucarbazone + 0.027 + 0 62 66 55 56 61 59 72 56 
NIS 0.25% v/v 
FJucarbazone + 0.027 3 45 61 91 84 90 100 68 57 
carfentrazone + 0.012+ 
MCPALVE+ 0.25 + 
NIS 0.25% v/v 

Flucarbazone + 0.027 + 0 5 58 78 84 65 90 100 81 57 
carfentrazone + 0.012 + 
MCPALVE+ 0.25 + 
thifen&triben + 0.014 + 
NIS 0.25% v/v 

+ 0.04+ 0 0 41 73 35 10 47 18 59 54 
NIS 	 0.25% v/v 

0.04+ 3 3 75 63 51 53 71 90 66 55 
0.012 + 
0.25 
0.25% v/v 
0.04+ 6 64 68 81 70 89 100 64 57 

carfentrazone + 0.012 

MCPA LVE+ 0.25 + 

thifen&triben + 0.014+ 

NIS 0.25% v/v 


Imazamethabenz + OAI+ 3 8 64 83 60 49 60 71 82 52 
NIS 0.25% v/v 
Imazamethabenz + 0.41+ 4 4 65 80 75 72 79 100 76 56 
carfentrazone + 0.012 + 
MCPALVE 0.25 + 
NIS 0.25% v/v 
Imazamethabenz + 0.41+ 5 5 7! 83 84 80 94 100 76 58 
carfentrazone + 0.012+ 
MCPALVE+ 0.25 + 

0.014+ 
0.25% v/v 

25 36 15 17 ns ns 
common 

is a commercial formulation contains the safener mefenpyr diethyL Thifcn&tribcn is a ]: 1 commercial 
formulation ofthifensulfuron and tribenuron. NIS is a nonionic surfactant, and Score is a surfactant. 
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Application timing for wild oat control in spring wheat with flucarbazone. Michael 1. Wille and Don W. Morishita. 
(Twin Falls Research and Extension Center, University ofldaho, Twin Falls, ID 83303-1827) A study was 
conducted at the University of Idaho Research and Extension Center near Kimberly, Idaho to compare the efficacy 
of flucarbazone applied alone or tank-mixed with other broadleaf or wild oat herbicides for wild oat control in 
spring wheat 'Treasure' spring wheat was planted April 6, 2002, at a seeding rate of 100 lb/A. Experimental design 
was a randomized complete block with four replications and individual plots were 8 by 25 ft. Soil type was a 
Portneuf silt loam (20% sand, 71 % silt, and 9% clay) with a pH of 8.1, 1.5% organic matter, and CEC of 17­
meq/100 g soil. Wild oat population density was seven plantS/fe. Herbicides were applied when wheat had 4 to 5 
leaves and two tillers, fully tillered, or at early jointing on May 15, 28, and 31, respectively. Herbicides were applied 
with a CO2-pressurized bicycle-wbeel sprayer calibrated to deliver 10 gpa using 11001 flat fan nozzles calibrated to 
deliver 20 gpa. Environmental conditions at application are given in Table l. Crop injury was evaluated visually 11 
and 29 days after the last treatment (DALT) on June 11 and July 10, respectively. Weed control was evaluated July 
10. Grain was harvested from the center of each plot with a small-plot combine on August 26. 

Table 1. Environmental conditions at application. 
Application date May 15 May 28 May 31 
Air temperature (F) 50 77 91 
Soil temperature (F) 48 70 81 
Relative htunidity (%) 70 76 50 
Wind speed (mph) 5 6 o 
Cloud cover (%) 100 50 25 

Crop injury ranged from 3 to 23% 11 DALT (Table 2). Winter wheat treated with flucarbazone + fenoxaprop at all 
three growth stages was injured only 3 to 5%, compared to flucarbazone + thifensulfuron & tribenuron, which 
caused 14 to 23% injury. All other herbicide treatments caused 6 to 14% injury. Crop injury ratings 42 DALT 
ranged from 8 to 16%, but did not differ among herbicide treatments. Wild oat control among all herbicide 
treatments and application timings ranged from 46 to 78 % and did not differ among each other except flucarbazone 
+ fenoxaprop applied to fully tillered wheat controlled wild oat better (70 to 78%) than did flucarbazone + 
thifensulfuron & tribenuron applied to 4 to 5-leafwheat (46%). All herbicide treatment and application timings 
controlled kochia 39 to 87% except flucarbazone + fenoxaprop, which did not control kochia at all at the first 
application timing. All treatment combinations controlled common lambsquarters 71 to 100% except flucarbazone + 
fenoxaprop applied to tillered wheat, which controlled common lambsquarters only 23%. Due to wide variability in 
grain growth, crop yields were similar among all treatments, including the untreated check. 

144 




Table]. Crop injury, weed control, and response to flucarbazone tank-mixed with broadleaf herbicides in spring 
wheat near Kimberly, ID. 

Untreated 18 

Flucarbazone + 
NIS 

0,027 + 
0.25% v/v 

May 15 11 8 55 87 89 37 

Flucarbazone + 
NIS 

0,027 + 
0.25% v/v 

May 28 14 15 55 70 91 26 

Flucarbazone + 
NIS 

0,027 + 
0.25% v/v 

May 31 14 10 57 51 82 20 

Flucarbazone + 
thifen&triben + 
NIS 

0.027 + 
0,028 + 

0,25%v/v 

May 15 14 10 46 53 100 35 

Flucarbazone + 
thifen&triben + 
NIS 

0,027+ 
0.028 + 

0,25% v/v 

May 28 23 13 55 75 100 29 

Flucarbazone + 
thifen&triben + 
NIS 

0.027+ 
0.Q28+ 

0.25% v/v 

31 20 12 53 70 91 24 

Flucarbazone + 
thifen&triben + 
2,4-DLVE+ 
NIS 

0.027 + 
0.028 + 
0,25+ 

0.25%v/v 

May 15 8 9 59 39 84 38 

Flucarbazone + 
thifen&triben + 

LVE+ 
NIS 

0.027 + 
0.028 + 

0.25 + 
0.25% v/v 

May 28 II 8 56 79 100 33 

Flucarbazone + 
thifen&triben + 
2,4-DLVE+ 
NIS 

0.027 + 
0.028 + 
0.25 + 

0.25% v/v 

May 31 6 15 51 86 100 40 

Flucarbazone + 
fenoxaprop + 
NIS 

0.027+ 
0.082+ 

0.25%v/v 

May 15 5 15 70 0 23 42 

Flucarbazone + 
+ 

NIS 

0.027+ 
0.082 + 

0.25% v/v 

May 28 5 9 78 43 85 24 

Flucarbazone + 
+ 

NIS 

0,027 + 
0.082 + 

0.25%v/v 

May 31 3 16 53 39 71 34 

was were oat 
Iambsquarters 
"nllfen&triben is a 2:1 commercial formulation of thifensulfuron + tribenuron, NIS is a nonionic surfactant 
"Wheat stage at the May 15,28, and 31 application dates were 4 to 5 tillered, and early jointing, respectively. 
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Comparison of postemergence wild oat herbicides tank-mixed with broad leaf herbicides. Michael J. Wille and Don 
W. Morishita. (Twin Falls Research and Extension Center, University of Idaho, Twin Falls, ID 83303-1827) A 
study was conducted in Minidoka County near Paul, Idaho to compare the effects of postemergence herbicide tank 
mixtures for wild oat and broad leaf weed control ill irrigated spring wheat. 'Westbred 936' spring wheat was planted 
April 8, 2002, at a seeding rate of 120 IbfA. Experimental design was a randomized complete block with four 
replications and individual plots were 8 by 25 ft. Soil type was a Portneuf silt loam (20% sand, 71 % silt, and 9% 
clay) with a pH of 8.1, 1.5% organic matter, and CEC of 17-meqf1 00 g soil. Kochia and wild oat were the major 
weed species present at population densities of 2 and 8 plants/ft2

, respectively. Herbicides were applied May 24 with 
a COz-pressurized bicycle-wheel sprayer using 11001 flat fan nozzles calibrated to deliver 10 gpa at 24 psi. 
Environmental conditions at application were as follows: air temperature 60 F, soil temperature 48 F, relative 
humidity 48%, wind speed 8 mph, and 10% cloud cover. Crop injury and kochia control was evaluated visually 17 
and 49 days after treatment (DAT) on June 10 and July 12, respectively. Grain was harvested August 21 with a 
small-plot combine. 

Tank mix combinations containing flucarbazone caused substantially more crop injury than other herbicide 
treatments on 17 DAT (Table). Flucarbazone + bromoxynil & MCPA injured spring wheat 10% while tank-mixtures 
with flucarbazone + tribenuron + thifensulfuron at either rate caused 20 to 24% injury. None of the other herbicide 
combinations injured spring wheat. On July 12 (49 DAT), crop injury with flucarbazone + bromoxynil & MCPA 
had been reduced to 5%, but crop injury in the two treatments of flucarbazone + tribenuron + thifensulfuron was still 
10 to 13%, and greater than all other herbicide treatments. Primary injury symptom was stunted growth. Crop injury 
on August 8 was 6 and 9% for the same flucarbazone tank mix treatments. Wild oat control 17 DAT ranged from 69 
to 93%. Tank-mix combinations of flucarbazone plus tribenuron + thifensulfuron at either 0.0117 or 0.014 lb ail A 
each controlled wild oat better than 90%, whereas combinations oftralkoxydim + bromoxynil & MCPA 5EC, and 
combinations offenoxaprop + thifensulfuron & tribenuron at 0.0141bfA or thifensulfuron at 0.01871b/A + MCPA at 
0.3741b ailA controlled wild oat only 69 to 73%. Wild oat control 49 DAT was 80% or better with all herbicide 
treatments except tralkoxydim + bromoxynil & MCPA 5EC, which controlled wild oat only 68%. Kochia control 17 
DAT ranged from 26 to 91 %. All tank-mix combinations offluroxypyr at either rate controlled kochia 2:80%. Tank­
mixes containing any of thewild oat herbicides + bromoxynil & MCPA SEC at either 0.50 or 0.75 IbfA controlled 
kochia 64 to 78%. Kochia control was <60% with any of the tank-mix combinations that contained any wild oat 
herbicide + thifensulfuron and/or tribenuron, except fenoxaprop + thifensulfuron + bromoxynil at 0.0825 + 0.014 + 
0.25 Ib ailA, which controlled kochia 81 %. Kochia control on July 12 averaged 97% for tank-mix combinations of 
fluroxypyr at either 0.047 or 0.0941bfA. Combinations ofbromoxynil & MCPA 5EC at 0.50 or 0.75 Ib/A + any wild 
oat herbicide ranged from 87 to 95%, while tank mixes of any of the wild oat herbicides combined with 
thifensulfuron and/or tribenuron controlled kochia 37 to 86%. By August 13, kochia control ranged from 25 to 98% 
among all herbicide treatments and treatment differences were much less distinct. However, the general trends 
observed previously were still evident. Kochia control averaged 98% in plots that had been treated with fluroxypyr + 
any of the wild oat herbicides. Tank-mix combinations containing bromoxynil & MCPA 5EC at either rate + a wild 
oat herbicide tended to control kochia 70 to 89%, while tank-mixes containing tribenuron and thifensulfuron, tended 
to control kochia <70%. Grain yields ranged from 52 (untreated check) to 99 bufA. Among the highest yielding 
treatments were fenoxaprop + thifensulfuron or bromoxynil & MCP A + fluroxypyr. 
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Table. Crop injury, weed control, and grain yield response to carfentrazone tank-mixed with wild oat herbicides, near Paul, !D. 
Weed control' 

Treatrnentb Rate 6/1 0 
CroQ lniu~ 

7112 8113 
AYEFA 

6/10 711 2 6110 
KCHSC 
7/ 12 8113 

Grain 
yield 

Ib ai/A ------------------------------------------ -%----------------------------------------­ bu/A 
Check 52 
Fenoxaprop 0 .0825 0 0 0 89 99 14 19 37 58 
Clodinafop 0 .05 0 0 0 75 98 69 92 87 94 

bromoxynil & MCPA 5EC 0.75 
Score 0.8% v/v 

FIucarbazone 0.027 10 5 80 96 65 87 70 84 
bromoxynil & MCPA SEC 0.75 
NIS 0 .25% v/v 

Tralkoxydim 0.18 0 71 68 64 91 75 82 
bromoxynil & MCPA 5EC 0 .75 
Supercharge 0 .5 

Fenoxaprop 0.0825 3 0 76 86 78 94 87 95 
bromoxynil & MCPA 5EC 0.75 

Fenoxaprop 0.0825 0 0 0 79 81 74 95 89 89 
bromoxynil & MCPA 5EC 0.5 

Fenoxaprop 0.0825 0 0 3 79 88 40 60 46 74 
thifensulfuron 0.014 
MCPA LYE 0.347 
NIS 0 .25% v/v 

Fenoxaprop 0.0825 0 0 0 73 86 31 37 25 69 
thifensulfuron 0.0187 
MCPA LYE 0.347 
NIS 0.25 

Fenoxaprop 0.0825 0 0 0 69 90 59 86 84 84 
thifensulfuron & tribenuron 0.014 
MCPA LYE 0.347 
NIS 0.25% v/v 

Fenoxaprop 00825 0 0 0 83 95 85 95 98 88 
MCPA LYE 0.347 
fluroxypyr 0.094 

Fenoxaprop 0.0825 0 0 0 90 99 91 98 98 99 
thifensulfuron 0.014 
fluroxypyr 0.094 
NIS 0 .25% v/v 

Fenoxaprop 0 .0825 0 8 3 85 94 81 85 77 82 
thifensulfuron 0.014 
bromoxynil 0.25 
NIS 0.25% v/v 

Fenoxaprop 0.0825 0 0 85 97 91 98 97 99 
bromoxynil & MCPA 5EC 0.5 
fluroxypyr 0.047 

Clodinafop 0.06 0 0 84 97 51 80 66 72 
tribenuron + thifensul furon 0.0117 +0.0117 
Score 0 .8%v/v 

Clodinafop 0.06 0 3 0 81 94 41 68 58 81 
tribenuron + thifensulfuron 0.014 + 0.014 
Score 0.8% v/v 

Flucarbazone 0.027 20 10 6 93 99 44 62 69 58 
tribenuron + thifensulfuron 0 .0117+0.0117 
NIS 0.25% v/v 

Flucarbazone 0.027 24 13 9 91 100 26 50 33 61 
tribenuron + thifensulfuron 0.014+0.014 
NIS 0.25% v/v 

Fenoxaprop 00825 0 0 3 81 81 46 68 44 63 
tribenuron + thifensulfuron 0.0117+0.0117 
NIS 0.25% v/v 

Fenoxaprop 0.0825 0 0 0 78 80 46 62 58 70 
tribenuron + thifensulfuron 0.014+0.014 
NIS 0.25% v/v 

LOS (0.05) 3 5 ns 10 10 18 17 16 15 
'Weeds evaluated for control were wild oat (AYEFA) and kochia (KCHSC). 

b Bromoxynil & MCPA 5EC is a I: I commercial formulation ofbromoxynil and MCPA containing 5 Ib ai/gal. Thifensulfuron & tribenuron is a 


2: I commercial formulation of thifensulfuron and tribenuron. Score is a proprietary surfactant. NIS is a nonionic surfactant. 
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Prickly lettuce control in spring wheat with sulfentrazone. Joan Campbell and Donn Thill. (Crop and Weed 
Division, University of Idaho, Moscow, ID 83844-2339) An experiment was established near Moscow, ID in 
November 2001 to evaluate weed control and spring wheat safety with sulfentrazone. Treatments were applied with 
a C~ pressurized backpack sprayer delivering 10 gpa at 3 mph and 32 psi (Table I). The experimental design was 
a randomized complete block with four replications and 8 by 25 ft experimental units. Wheat was seeded with a 
Haybuster no-till drill with disc openers on May 8, 2002. Prickly lettuce control was evaluated after bolting and 
wheat grain was harvested at maturity. 

Table 1. Environmental and edaphic conditions. 

Application date 
Application timing 
Prickly lettuce density (plants/yd2

) 

Air temperature (F) 
Soil temperature (F) 
Relative hwnidity (%) 
Cloud cover (%) 
Soil 	pH 

OM(%) 
CEC (cmol/kg) 
Type 

November 7, 2001 

Preplant 


1 
43 
35 
69 
o 

5.8 

3.8 

30 


Palouse silt loam 


Prickly lettuce control was 92% with sulfentrazone + glyphosate at 0.281 + 0.375 lb ail A which was higher than 
sulfentrazone treatments at 0.094 lb ailA or glyphosate at 0.375 lb ai/A (Table 2). Wheat yield and test weight were 
unaffected by treatments. 

Table 2. Prickly lettuce control and spring wheat grain yield. 

Treatment Rate Prickly lettuce control Wheat grain yield Wheat test weight 
Ib ai/AI % Ib/A Ib/bu 

Sulfentrazone 0.094 63 3118 61 
Sulfentrazone 0.141 76 3247 62 
Sulfentrazone 0.188 66 2940 61 
Sulfentrazone 0.281 74 3211 61 
Suifentrazone + 0.094 
glyphosate2 0.375 59 3203 61 

Sulfentrazone + 0.141 
glyphosate2 0 .375 81 3234 61 

Sulfentrazone + 0.188 
glyphosate2 0.375 76 3065 61 

Sulfentrazone + 0.281 
glyphosate2 0.375 92 3268 61 

Glyphosate2 0.375 39 
Untreated 0 3077 61 

LSD (0.05) 26 NS NS 
I Glyphosate rates are expressed as Ib ae/A. 

2 Ammonium sulfate (Bronc) at 171b/i00 gal was added to all glyphosate treatments. 
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Evaluation of wild oat herbicides for spring wheat. John O. Evans, Travis Osmond, and R. William Mace. 
(Department of Plants, Soils, and Biometeorology, Utah State University, Logan, Utah 84322-4820). ClearfieldR 

spring wheat was planted April 1,2002 on the Wallace Beutler farm in North Logan. Herbicide treatments including 
sulfosulfuron, fenoxyprop, flucarbazone-sodium , and MKH 6561 were applied to evaluate wild oat (A VEFA) and 
wild buckwheat (POLCO) control. Individual treatments were applied to 10 by 30 foot plots with an CO2 sprayer 
using flatfan Turbojet 015 nozzles providing a 10 foot spray width calibrated to deliver 25 gpa at 40 psi . The soil 
was millville loam with 7.9 pH and O.M. content of less than 2%. Treatments were applied postemergence May 20, 
2002 in a randomized block design, with three replications . Wheat ranged in size from 5 to 6 inches tall. Wild oats 
were two to three inches tall with 2 to 3 leaves. Wild buckwheat had two to three leaves. Visual evaluations of crop 
injury and weed control were completed June 25, and July 26. Plots were harvested August 20, 2002. 

There was no evidence of wheat injury with any treatment. Yields were not significantly different for any treatment 
but there was a trend for higher yield with MKH 6561 +fenoxaprop with dosages above 0.038 Ib/ A. Generally, 
MKH 6561 at rates above 0.038 Ib /A provided excellent control of wild oats with the mefenpyr safener or with the 
addition of fenoxaprop. Flucarbazone-sodium with either mefenpyr or 2,4-D gave excellent control of wild oats and 
wild buckwheat at the June evaluation date. Wild buckwheat control weakened by July for the lower 0.038 rate as 
new plants emerged. MKH 6561 treatments were generally poor for controlling wild buckwheat except for one 
treatment with MKH 6561 +fenoxaprop at 0.057+0.041 Ib/A. Sulfosulfuron provided acceptable control of wild oats 
but not wild buckwheat. 

Table. Evaluation of wild oat control in wheat. 
Wheat Weed control 

Treatment Injury Yield AVEFA POLCO 
Rate 615 6/25 8/20 6/25 7/26 6/25 7/26 
Ib/A -------0/0------­ Bu/A ---------------%--------------­

Untreated 0.0 0.0 24.3 13 .9 10.0 6.7 10.0 
Su Ifosulfurona 0.041 0.0 0.0 32.8 73.3 88.3 46.7 40.0 
MKH 6561 b 0.057 0.0 0.0 25.8 100.0 93.3 0.0 56.7 
MKH6561 b 0.172 0.0 0.0 31.2 98.3 100.0 80.4 75.0 
MKH 6561 b + mefenpyr 0.057+0.004 0.0 0.0 35.3 90.0 100.0 50.0 53.9 
MKH 656 I b + mefenpyr 0.172+0.012 0.0 0.0 35.8 100.0 100.0 50.0 70.0 
MKH 6561 b + mefenpyr 0.057+0.008 0.0 0.0 37.6 90.0 100.0 10.0 59.5 
MKH 656 I b + mefenpyr O. I 72+0.024 0.0 0.0 20.5 100.0 100.0 40.0 31.7 
MKH 656 I b + mefenpyr 0.057+0.02 0.0 0.0 15.4 70.0 83.3 50.0 48.3 
MKI-I 656 I b + mefenpyr 0.172+0.06 0.0 0.0 35.5 98.3 100.0 36.7 55.0 
MKH 6561 b + mefenpyr 0.057+0.04 0.0 0.0 24 .7 40.0 36.4 13.3 26.7 
MKH 6561 b + mefenpyr 0.172+0.12 0.0 0.0 36.5 95.7 100.0 16.7 60.0 
MKH 6561 c 0.038 0.0 0.0 29.9 55.7 46.7 23.3 13.3 
MKH 6561 c + fenoxaprop 0.038+0.04 I 0.0 0.0 30.0 56.7 100.0 16.7 53 ., 

MKH 656 I c + fenoxaprop 0.038+0.02 I 0.0 0.0 3l.l 63.3 73 .3 33.3 50.0 
MKH 6561 c + fenoxaprop 0.057+0.041 0.0 0.0 42.4 80.0 80.0 83.3 84.5 
MKH 6561 c + fenoxaprop 0.057+0.021 0.0 0.0 44.6 83 .3 86.7 8 1.7 63.3 
MKH 6561 c + fenoxaprop 0.076+0.021 0.0 0.0 44.4 86.7 96.7 67.9 66.7 
Flucarbazone-sodiumc 0.038 0.0 0.0 28.8 86.7 83.3 90.0 59.5 
Flucarbazone-sodiumC+2,4-D 0.038+0.149 0.0 0.0 32.3 100.0 100.0 86.7 66.7 
Flucarbazone-sod iumc+ mefenpyr 0.038+0.027 0.0 0.0 25.6 86.7 83.3 81.7 76.7 

Flucarbazone-sodiumc O. I 14 0.0 0.0 26.1 81.7 100.0 96.1 53.3 
Flucarbazone-sodiumc+2,4-D 0.114+0.44 0.0 0.0 26.1 98.3 100.0 100.0 91.7 

Flucarbazone-sodiumc+ mefenpyr 0.1 i 4+0.081 0.0 0.0 27.9 96.7 93.3 90.0 85.0 

LSD (0. 052 20.5 24.8 32.2 39.8 50.4 

, Surf-90 0.5% v/v added . 
b Surf-90 0.25% v/v added 
c Activator 90 0.25% v/v added. 
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Evaluation offenoxaprop for wild oat and wild buckwheat control in spring wheat. Jolm O. Evans, Earl Creech, and R. 
William Mace. (Department of Plants, Soils, and Biometeorology, Utah State University, Logan, Utah 84322-4820). 
ClearfieldR spring wheat was planted April 1,2002 on the Wallace Beutler fann in North Logan. Herbicide treatments 
including, fenoxyprop , flucarbazone-sodium, and cCI.nbinations with thifensulfuron, bromoxynil, MCPA and fluroxypyr 
were applied to evaluate wild oat (A VEFA) and wild buckwheat (POLCO) control. Individual treatments were applied 
to I 0 by 30 foot plots with a CO2 sprayer using flatfan T -jet 0 15 nozzles providing a 10 foot spray width calibrated to 
deliver 25 gpa at 40 psi. The soil was millville loam with 7.9 pH and O.M. content ofless than 2%. Treatments were 
applied postemergence May 23, 2002 in a randomized block design. with three replications. Wheat ranged in size from 
5 to 6 inches tall. Wild oats were two to three inches tall with 2 to 3 leaves, and wild buckwheat had two to three leaves. 
Visual evaluations for crop injury and weed control were completed June 25, and July 26. Plots were harvested August 
20,2002. 

There was no evidence of crop phytotoxicity at either evaluation date. Yields were not significantly different between 
treatments. Fenoxaprop alone provided excellent control of wild oats but did not control wild buckwheat. Wild oat 
control was exceptional for all other treatments as well at the July evaluation and only wild buckwheat control fell below 
80 percent for treatment combinations fenoxaprop+thifensulfuronitribenuron+MCP A and 
fenoxaprop+fluroxypyr+MCPA. 

Table . Evaluation of wild oat and wild buckwheat control in wheat. 

Wheat Weed control 
Treatment Injury Yield AVEFA POLCO 

Rate 6/5 6/25 8/20 6/25 7/26 6/25 7/26 
Ib/A -------%------­ Bu/A -------------------% ----------------­

Untreated 0.0 0.0 25.3 0.0 0.0 0.0 0.0 

Fenoxaprop 0.1 0.0 0.0 35.9 100.0 100.0 6.7 0.0 
Clodinafop+bromoxynillMCPA' 0.05+0.75 0.0 0.0 28.3 100.0 100.0 99.3 100.0 

FI ucarbazone-sod i UI11+ 
BromoxynillMCPA" 

0.027+ 
0.75 0.0 0.0 23.4 100.0 98.9 100.0 100.0 

Tralkoxydim+ bromoxyniliMCPAc 0.18+0.75 0.0 0.0 24.7 100.0 100.0 100.0 98.3 
Fenoxaprop+ bromoxynillMCPA 0.1+0.75 0.0 0.0 22.4 100.0 100.0 100.0 93.3 
Fenoxaprop+ brol11oxynillMCPA 0.1+0.5 0.0 0.0 30.1 98.4 100.0 93.0 94.1 
Fenoxaprop+thifensulfllron+ MCPA" 0.1 +0.0 14+0.37 0.0 0.0 24.4 98.3 100.0 98.3 80.8 
Fenoxaprop+thifenslllfllron+MCPA" 0.1 +0.02+0.37 0.0 0.0 29.1 100.0 100.0 98.1 85.8 
Fenoxaprop+thifenitriben+MCPA b 0.1 +0 .0 14+0.37 0.0 0.0 28.8 96.7 93.3 100.0 60.0 

Fenoxaprop+flllroxypyr+MCPA 0.1 +0.37+0.09 0.0 0.0 20.3 93.3 100.0 93.3 75 .8 
Fenoxaprop+thifensulfllron+flllroxypyrb 0.1 +0.0 14+0.09 0.0 0.0 34.7 96.7 100.0 95.0 90.0 
Fenoxaprop+thifensulfuron+ 

bromoxynilb 
0.1+0.014+ 

0.6 
0 .0 0.0 20.0 100.0 100.0 100.0 99.3 

Fenoxaprop+ bromoxynillMCP A + 
!luroxypyrb 

0.1 +0.5+ 
0.9 

0.0 0.0 24.1 100.0 100.0 100.0 96.7 

Thifenitriben+ fluroxypyrb 0.019+0.06 0.0 0.0 25.5 93.3 86.7 95.0 98.3 
Thifenslilfuron+!luroxypyr" 0.02+0.06 0.0 0.0 23.4 56.7 93.3 88.3 80.0 

LSD (0.05) 11.4 16.3 8.2 8 12.8 
n Score 0.8% v/v added. 
b NJS 0.25% v/v added 
, Turhocharge 0.5% v/v added. 
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Wild oat control in spring wheat. Joan Campbell and Donn Thill. (plant Science Division, University ofIdaho, 
Moscow, ID 83844-2339) An experiment was established to evaluate wild oat control in spring wheat south of 
Uniontown, WA. Wheat was seeded with a one pass drill with cross slot openers. Treatments were tralkoxydim, 
flucarbazone-sodiuIIl, and fenoxaprop applied alonf' and in combination with MCPA and thifensulfuronltribenuron. 
Herbicides were applied with a CO2 pressurized backpack sprayer delivering 10 gpa at 3 mph and 32 psi (Table 1). 
The experimental design was a randomized complete block with four replications and 8 by 30 ft experimental units. 
Wild oat control was evaluated after heading and wheat grain was harvested at maturity. 

Table 1. Environmental and edaphic conditions. 
Application date 

Wheat growth stage 

Wild oat growth stage 

Wild oat density (plantslft2) 

Air temperature (F) 

Soil temperature (F) 

Relative humidity (%) 

Cloud cover (%) 

Soil pH 


OM(%) 

CEC (cmollkg) 

Texture 


June 12,2002 

I tiller 


I to 4 leaf 

I 

61 

58 

71 

5 


5.4 

4.6 

26 


Silt loam 


Flucarbazone-sodium stunted wheat 5%, but no other treatment injured wheat (data not shown). Wild oat control 
was excellent (99%) with flucarbazone-sodium and tralkoxydim (Table 2). Wild oat control with fenoxaprop at 
0.063 alone or fenoxaprop at 0.083 lb ailA with broadleafherbicides was 87 and 85%, respectively. Wheat grain 

yield was higher in all treated plots (3904 lb ailA or greater) except fenoxaprop + MCPA + 

thifensulfuronltribenuron (3887 lb ailA) compared to the Ill1treated control (3689 lb ailA). Wheat test weight did not 

vary among treatments. 


Table 2. Wild oat control and spring wheat grain yield and test weight. 

Treatment Rate Wild oat control Wheat grain yield Wheat test weight 


Untreated control 
Flucarbazone-sodium + 
NISI 

F enoxaprop/safener 
F enoxaprop/safener 
Fenoxaprop/safener + 
MCPAester+ 
thifensulfuronltribenuron + 
NISI 

Tralkoxydirn + 
COCINIS2+ 
AMS3 

Tralkoxydim + 
COClNIS2+ 
AMS3 

LSD (0.05%) 

lb ai/A 


0.0267 

0.25% v/v 


0.083 

0.063 

0.083 

0.38 

0.014 


0.25% v/v 

0.18 


0.5%v/v 

IS IbilOO gal 


0.24 

0.5% v/v 


IS Ib/l 00 gal 


% 

99 

90 
87 
85 

99 

99 

10 

Ib/A 

3689 
3904 

3922 
4093 
3887 

4064 

4150 

213 

Ib/bu 

60.9 
60.5 

60.8 
60.8 
60.7 

61.0 

60.8 

NS 
I Nonionic surfactant (RII) 

2 Crop oil concentrate plus nonionic surfactant (Supercharge) 

3 Ammonium sulfate (Bronc) 


151 




Wild oat control with fenoxaprop in combination with broadleafherbicides. Michael J. Wille and Don W. 
Morishita. (Twin Falls Research and Extension Center, University of Idaho, Twin Falls, ID 83303-1827) A study 
was conducted near Rexburg, Idaho to measure wild oat control in spring wheat (,Pennewawa') with fenoxaprop 
and mefenpyr diethyl tank-mixed with broadleafherbicides. Wheat was seeded April 16,2001, at 100 Ib/A. 
Experimental design was a randomized complete block with four replications. Individual plots were 8 by 25 ft. Soil 
type was a Ririe silt loam. Herbicides were applied broadcast May 24 with a COrpressurized bicycle-wheel sprayer 
calibrated to deliver 10 gpa using 11001 flat fan nozzles when wild oat was in the four leaf stage. Environmental 
conditions at application were as follows : air temperature 78 F, soil temperature 74 F, relative humidity 54%, and 
wind speed 3 mph. Plots were evaluated visually for crop injury and wild oat control 28 days after treatment and 
near maturity on June 21 and August 10, respectively. Plots were harvested August 27 with a small-plot combine. 

No herbicide treatment injured spring wheat >4% on both evaluation dates and did not differ among each other on 
either date (Table). Wild oat control with the herbicide combinations ranged from 77 to 93% on June 21 , and 66 to 
91 % on August 10. Due to variability in wild oat control, no significant differences were observed between 
herbicide treatments on either evaluation date. Grain yields among the herbicide treatments, ranged from 68 to 88 
bulA. All herbicide treatments had grain yield higher than the untreated check, which yielded 10 bu/A . 
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----- ------- --------- - ---- - ----

Table. Effect of fenoxaprop tank-mixed with broadleaf herbicides on crop wild oat and grain in 
wheat. 

Treatment 	 Rate 6/21 8110 

Check 10 
0083 0 0 90 84 81 

Clodinafop + 0.05 0 0 89 81 79 
bromoxynil & MCPA + 0.75 + 
Score 0.8% vlv 

Fenoxaprop + 0.083 + 0 84 78 75 
thifensulfuron + 0.014 + 
:\1CPA ester + NIS 0.356 + 0.25% vlv 

+ 0.083 + 0 2 85 78 83 
MCPA ester + 0356 + 
fluroxypyr 0.125 

+ 0.083 + 0 3 88 88 81 
thifensulfuron + 0.014 + 
fluroxypyr + NIS 0.125 + 0.25% v/v 

+ 0.083 + 0 3 93 89 82 
thifensulfuron + 0.0187 + 

+ NIS 0.125 + 0.25% vlv 
+ 0.083 + 0 0 92 91 88 

thifensulfuron + 0.0234 + 
fluroxypyr + NIS 0.125 + 0.25% v/v 

Fenoxaprop + 	 0.083 + 0 0 77 78 75 
thifensulfllron + 0.014+ 
bromoxynil NIS 0.25 + 0.25% v/v 

+ 0.083 + 2 3 77 75 74 
thifensulfuron + 0.0187 + 
bromoxynil + NIS 0.25 0.25% v/v 

Fenoxaprop + 	 0.083 + 0 3 88 70 70 

thifenslllfllron + 0.0234 + 
bromoxynil + NIS 0.25 + 0.25% v/v 

+ 0083 0 0 83 83 83 
tribenllron & thifensulfuron + 0.014 + 
bromoxynil & MCPA + 0.5 + 
NIS 0.25% v/v 

Fenoxaprop + 0.083 4 0 84 66 68 
bromoxynil & MCP A + 0.5 + 
thifensulfuron + NIS 0.014 + 0.25% v/v 

Fenoxaprop + 0.083 + 0 90 78 77 

thifensulfuron 0.014 
bromoxynil & MCPA 5EC+ 0.5 + 0.25% vlv 
NIS 0.25% vlv 

Fenoxaprop + 	 0.083 + 0 81 69 85 
bromoxynil & MCPA 0.5 

0.083 + 3 85 76 75 

0.5 
NS NS NS NS 16 

a Fenoxaprop as a commercial formulation of and the safener, diethyl. Score is a proprietary 
adjuvant. NIS nonionic surfactant. & MCPA and bromoxynil & MCP A 5EC are commercial I: 1 bromoxynil and 
MCPA formulations Thifensulfuron & tribenuron as a commercial 2: 1 
formulation. 
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Control of over-wintered glyphosate-resistant spring wheat with quizalofop. Curtis R. Rainbolt and Donald C. Thill. 
(plant Science Division, University ofIdaho, Moscow, ID 83844-2339) A field trial was established near Genesee, 
ID at the University ofIdaho Karnbitsch Research Farm to evaluate quizalofop for control of volunteer over­
wintered glyphosate-resistant spring wheat (RRV-'). The experiment was located on a site where glyphosate­
resistant wheat trials were conducted the previous year. Experimental design was a randomized complete block with 
four replications. Herbicide treatments were applied at the 2 to 4 and 7 to 9 leaf growth stage of the volunteer wheat 
(fable 1). Volunteer wheat control was evaluated visually and the study was terminated prior to heading to prevent 
seed production. 

Table 1. Application data. 

Application date April 16,2002 April 29, 2002 
Wheat growth stage 2 to 4 leaf 7 to 9 leaf 
Air temperature (F) 50 65 
Soil temperature at 2 inches (F) 40 60 
Relative humidity (%) 45 55 
Wind (mph) 5 oto 2 

Soil 
pH 5.1 
OM% 2.4 
CEC (meqIlOOg) 21 
Texture silt loam 

Glyphosate alone at either application timing provided no control ofRRW (Table 2). On May 9, all rates of 
quizalofop applied at the 2 to 4 leaf stage controlled RR W 85 to 90%, while control with quizalofop applied at the 7 
to 9 leaf stage ranged from 18 to 25%. By May 17, control was 60 to 63% for quizalofop treatments applied at the 7 
to 9 leaf stage. On May 22, quizalofop treatments applied at the 2 to 4 leaf stage controlled RRW 97% on average 
co,"cpared to 85% for treatments applied at the 7 to 9 leaf stage. Control of RR W with quizalofop was not rate 
sensitive, and regardless of application timing, required approximately 23 days for control to reach acceptable (85% 
or higher) levels. 

Table 2. Glyphosate resistant wheat (RRW) control near Genesee, ID in 2002. 

Application RRW control 

Treatmentl Rate timing May 9 May 17 May 22 
lb aiJA %----------

Quizalofop + glyphosate 0.028 + 0.56 2-4 leaf 85 95 97 
Quizalofop + glyphosate 0.034 + 0.56 2-4 leaf 90 93 97 
Quizalofop + glyphosate 0.041 + 0.56 2-4 leaf 90 93 96 
Quizalofop + glyphosate 0.048 + 0.56 2-4 leaf 89 94 97 
Glyphosate (control) 0.56 2-4 leaf 0 0 0 
Quizalofop + COC 0.048 + 1% v/v 2-4 leaf 90 94 96 
Quizalofop + glyphosate 0.028 + 0.56 7-9 leaf 20 62 84 
Quizalofop + glyphosate 0.034 + 0.56 7-9 leaf 23 60 84 
Quizalofop + glyphosate 0.041 + 0.56 7-9 leaf 18 60 86 
Quizalofop + glyphosate 0.048 + 0.56 7-9 leaf 25 60 85 
Glyphosate (control) 0.56 7-9 leaf 0 0 0 
Quizalofop + COC 0.048 + 1% v/v 7-9 leaf 25 63 86 

LSD (0.05) 10 4 3 

lThe glyphosate fonnulation used was Roundup Ultra Max and the COC (crop oil concentrate) used was Moract. 
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At Nezperce, 'Fidel' and 'ID588' wheat 
ai/A At both a.!l~lllIv'nRH1 

increasing imazamox rate 
At both 

and Weed Science Division, University ofidaho, Moscow, ID Three studies were established 
near and Nezperce, Idaho to evaluate injury and yield of three irnidazolinone-resistant winter 
wheat varieties treated with two rates of imazamox rpplied at two growth The was a 
randomized factorial with four Main were three wheat varieties by 
48 were two times (24 by 24 ft) and were two imazamox rates and an untreated 
check (8 lmazamox treatments were applied sprayer calibrated to 
deliver 10 gpa at 32 and 3 1). At the study was 
thifensulfuronltribenuron at 0.014 Ib ai/A to control broadleaf weeds. 

with 

evaluated and 

Table 1. n. lJ,m ",""V, and soil data. 

date 3/29/2002 4/16/2002 4/812002 5/15/2002 4/24/2002 5/23/2002 
Wheat growth stage 3 to 4 tiller 7 to 8 tiller 2 to 3 leaf 3 to 5 tiller 3 leaf 3 tiller 
Air temperature (F) 50 50 55 56 51 50 
Relative (%) 58 58 49 45 58 75 
Wind (mph, direction) I,W 0 I,NW 3,SW 2,E 4,W 
Cloud cover (%) 100 100 0 60 0 100 
Soil temperature at 2 in (F) 43 45 46 50 41 41 

pH 5.4 4.3 5.6 
OM(%) 2.8 5.1 5.7 
CEC (meq/l ~Og) 21 33 30 

Texture silt loam loam silt loam 

At 'Fidel', 'ID588', and 'ID587' wheat was injured 5, 4, and (0.05) 1]. Wheat 
injury was with imazamox at 0.094 Ib ai/A (10%) than imazamox at 0.0471b ai/A (1 %) (0.05) = 2] and 

at the 7 to 8 tiller (5%) than the 3 to 4 tiller application time (0.05) Wheat seed yield was 
lowest with the high rate of imazamox (89 bulA) to the low rate of imazamox and the untreated check (93 
and 94 bulA) [LSD (0.05) = 4]. Test weight was 61 and 57.8 lblbu for 'Fidel', 'ID588', and 'ID587', 

[LSD (0.05) = 1.2]. 

At Moscow, 'Fidel' wheat was visibly more than 'ID587' wheat (9 vs. 4%) but was not different from 
'ID588' wheat injury (7%) (0.05) Wheat was with imazamox at 0.0941b ai/A (18%) than 
the 0.047 lb ai/A rate (2%) [LSD (0.05 = 4]. Wheat of 'Fidel' and 'ID587' decreased as imazamox rate 
increased (Table 2). The untreated check more than the rate of imazamox for 'Fidel' and 
'ID587', but not 'ID588'. Test was lower in all varieties at the 3 to 5 tiller time compared to the 
2 to 3 leaf application time varied with imazamox rate and time (Table 4). 

with imazamox at 0.094 lb ai/A compared to 0.047 lb 
increased with imazamox rate (Table 4). Wheat yield was 

r-nrn....o.rprl to imazamox at O.0941b ai/A (90 bulA) but did not 
Test 59.1, and 57.0 lblbu for 'Fidel', 

test weight decreased with 
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Table 2. Wheat injury at Nezperce and wheat yield at Moscow averaged over imazamox application time in 2002. 

Wheat variet~ Imazamox rate l 

Fidel 

ID 588 

ID 587 

LSD (0.05) 

Ib ai/A 
0 

0.047 
0.094 

0 
0.047 
0.094 

0 
0.047 
0094 

Nezperce Moscow 
injuri yield3 

% 

0 
13 

0 
23 

5 
12 

8 

buiA 
51 
51 
43 
32 
34 
29 
37 
31 
29 

4 
'Imazamox treatments were applied with 90% nonionic surfactant (R-II) at 0.25% v/v and 32% urea ammonium nitrate at 1 
qtlA. 
2June 25, 2002 evaluation date. 
3Two replications harvested at Moscow. 

Table 3. Wheat test weight at Moscow averaged over imazamox rate in 2002. 

Moscow 
Wheat variety Application timing test weight I 

Ib/bu 
Fidel 2 to 3 leaf 63 .0 

3 to 5 tiller 61.7 
ID 588 2 to 3 leaf 62.8 

3 to 5 tiller 62.3 
ID 587 2 to 3 leaf 62 .8 

3 to 5 tiller 62.4 

LSD (0.05) 0.2 
'Two replications harvested at Moscow. 


Table 4. Wheat injury and test weight at Nezperce and wheat test weight at Moscow averaged over variety in 2002. 


Application time Imazamox rate2 Injury 
Nezperce 

Test weight 
Moscow' 

Ib aiJA % -- -----------------Ibibu--- ----- -- -- ---- --­
2 to 3 leaf o 59.7 62.6 

0.047 o 59.7 62.8 
0.094 6 59.3 633 

3 to 5 tiller o 59.7 62 .8 
0.047 4 59.0 62.3 
0.094 26 57.5 61.3 

LSD (0.05) 6 0.4 0.3 
'Two replications harvested at Moscow. 

2Imazamox treatments were applied with 90% nonionic surfactant (R-ll) at 0.25% v/v and 32% urea ammonium nitrate at 1 

qtlA. 
3June 25, 2002 evaluation date. 
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Idaho in 'Fidel' 
with imazamox and 

and broadleaf 
were 8 

1 and All studies, 

Traci A. Rauch and Donald C. ThilL (Weed and Science Division, 
University ofIdaho, Moscow, ID Four studies were established near 
imidazolinone-resistant winter wheat to evaluate weed and wheat injury and 
flufenacetfmetribuzin combined with various herbici<ies, metribuzin combinations, nrc)nron'~::lrh::l~~on 
herbicide combinations, and with various rates. All 
randomized complete block design with four replications. All herbicide treatments were 

backpack sprayer calibrated to deliver 10 gpa at 32 and 3 mph 
the propropcarbazone and broad leaf combinations, were with fluroxypyr at 0.124 Ib ail A to control 
catchweed bedstraw. In all experiments, wheat injury and weed control were evaluated and wheat seed 
was harvested on July 31,2002. 

Table 1. Application and soil data for the imazamox and flufenacetlmetribuzin study. 

preemergenee 2 to 3 tiller 
Downy stage preemergenee 4 to 5 leaf heading 
Air temperature (F) 58 52 56 
Relative humidity (%) 62 60 55 
Wind (mph, direction) o 2, N o 
Cloud cover (%) 90 50 100 
Soil temperature at 2 in (F) 45 55 46 

5.4 

OM 5.6 

CEC OOg) 29 

Texture 

Table 2. Application and soil data for the metribuzin cornbinaliion, propropcarbazone and broadleafherbicide combination, and 
nmnr",n"",rhom"l"p plus nitrogen studies. 

date April 4, 2002 April 25, 2002 April 4, 2002 April 19,2002 
Growth stage 

Wheat 3 leaf 4 tiller 3 leaf 2 to 3 tiller 
brome 3 leaf 5 leaf 3 leaf 4 to 5 leaf 

Catchweed bedstraw 4 inches 
Air temperature (F) 60 57 60 52 
Relative humidity (%) 52 52 52 60 
Wind (mph, direction) 3, N 2, N 1,N 8, N 
Cloud cover (%) 0 0 0 80 
Soil temperature at 2 in (F) 50 40 50 55 

pH 5.4 
OM 5.6 
CEC 29 

In the imazamox and flufenacetfmetribuzin imazamox combined with thifensulfuronftribenuron 
bromoxynil!1vICPA visibly wheat 20%, while the high rate of imazamox applied at W;;O'UH'!-> 

6% (Table 3). The application ofimazamox (4 to 5 leaf and heading stage) and and 
sulfosulfuron treatments controlled downy brome (BROTE) 93 to 98% but did not differ from imazamox at 4 to 5 
leaf growth stage. Wheat yield with flufenacetfmetribuzin plus sulfosulfuron (89 bul A) was than 
flufenacetfmetribuzin metribuzin alone, flufenacetfmetribuzin plus propropcarbazone at 0.02681b ai/A, all 
imazamox treatments, and the untreated check to 77 bulA), Wheat was poorly correlated with downy 
brome control due to a non-imidazolinone volunteer winter wheat population. The volunteer population 
increased the of the crop by total crop In imazamox treated all volunteer 
non-imidazolinone resistant wheat was killed and overall wheat stand reduced. Test weight did not differ among 
treatments. 
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In the metribuzin combination study, no treatment injured winter wheat (data not shown). At the three leaf timing, 
propropcarbazone alone and propropcarbazone plus metribuzin at 0.047 lb ai/A controlled downy brome 97 and 
98%, respectively, but did not differ from any treatment applied at the three leaf growth stage or propropcarbazone + 
NIS + metribuzin at 0.187 lb ai/A at the five leaf f:, ;owth stage (Table 4). Wheat yield and test weight ranged from 
75 to 88 buiA and 60 to 61 lb/bu, respectively, and did not differ among treatments. 

In the broadleaf combination study, no treatment injured winter wheat (data not shown). All treatments controlled 
downy brome 98 to 99% (Table 5). Catchweed bedstraw (GALAP) control was best when propropcarbazone was 
combined with bromoxynillMCPA, MCPA ester, fluroxypyr, carfentrazone, and thifensulfuronltribenuron alone (68 
to 63%), but was not adequate with any treatment. Wheat grain yield with fluroxypyr, carfentrazone, 
triasulfuronldicamba, bromoxynillMCPA, and thifensulfuronltribenuron plus 2,4-D amine combinations (84 to 86 
bulA) was greater than propropcarbazone plus 2,4-D amine at 0.475 lb ae/A, propropcarbazone alone, and the 
untreated check (78 to 72 bulA). Wheat seed test weight ranged from 59 to 61 lb/bu and did not differ among 
treatments. 

In the propropcarbazone plus nitrogen study, propropcarbazone + NIS applied with nitrogen at 100% v/v injured 
wheat 11 % on April 25, 2002, but did not differ from any treatment with nitrogen at 100% vlv (Table 6). Wheat 
was injured 6% by propropcarbazone + NIS applied with nitrogen at 50% v/v. By May 9, no treatment visibly 
injured wheat (data not shown). All treatments controlled downy brome 90 to 98%. Wheat grain yield was higher 
in all treatments compared to the untreated check but did not differ among treatments. Wheat test weight ranged 
from 59 to 60 lb/bu and did not differ between treatments or from the untreated check. 

Table 3. Downy brome control and wheat injury, yield, and test weight in the imazamox and flufenacetlmetribuzin study near 
Lewiston, Idaho in 2002 . 

Treatment' Rate 
Application 

timini 
Wheat 
injury) 

BROTE 
control4 Yield 

Wheat 
Test weight 

Ib ai/A ---- ----------%-------------­ bu/A Iblbu 
Flufenacetlmetribuzin 0.425 preemergence o 23 77 60 
Sulfosulfuron 0.031 4-5 If o 93 85 60 
Propropcarbazone 0.0268 4-5 If o 98 81 61 
Propropcarbazone 0.04 4-5 If o 98 79 60 
Metribuzin 0.188 4-5 If o 15 72 61 
Imazamox 0.0313 4-5 If o 84 63 61 
Flufenacetlmetribuzin + 0.425 preemergence 

sulfosulfuron 0 .031 4-5 If o 98 89 60 
Flufenacetlmetribuzin + 0.425 preemergence 

propropcarbazone 0.0268 4-5 If o 98 76 61 
Flufenacetlmetribuzin + 0.425 preemergence 

propropcarbazone 0.04 4-5 If o 98 88 60 
Flufenacetlmetribuzin + 0.425 preemergence 

metribuzin 0.188 4-5 If o 31 79 60 
Imazamox + 0.0313 4-5 If 

imazamox 0 .0313 heading 4 96 64 61 
Imazamox + 0.Q313 

metribuzin 0.094 4-5 If 4 71 59 61 
Imazamox 0.039 heading 6 71 42 62 
Imazamox + 0.039 

thifensulfuronltribenuron 0 .0156 
+ bromoxynillMCPA 0.5 heading 20 75 30 61 

Untreated check 65 62 

LSD (0.05) 5 16 II NS 
Density (plants/If) 15 

190% nonionic surfactant (R-II) was applied at 0.25% v/v with propropcarbazone and imazamox and 0.5% v/v with 

sulfosulfuron. 32% nitrogen (UAN) was applied at I qtlA with imazamox. 

2Application timing based on downy brome growth stage. 

3May 29, 2002 evaluation date. 

4June 21, 2002 evaluation date. 
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______________ 

Table 4. Downy brome control and wheat yield and test weight in the metribuzin combination study near Lewiston, Idaho in 
2002. 

Treatment 

Sulfosulfuron + NIS 
Propropcarbazone + NIS 
Propropcarbazone + metribuzin + NIS 
Propropcarbazone + metribuzin + NIS 
Sulfosulfuron + metribuzin + NIS 
Sulfosulfuron + metribuzin + NIS 
Propropcarbazone + metribuzin + NIS 
Propropcarbazone + metribuzin + NIS 
Propropcarbazone + metribuz in 
Propropcarbazone + metribuzin + 

2,4-0 amine + NIS 
Untreated check 

LSD (0.05) 
Density (plants/ft2) 

Rate l 


Ib ai/A 

0.031 + 0.5 

0.04 + 0.25 


0.04 + 0.047 + 0.25 

0.04 + 0.094 + 0.25 

0.03 I + 0.094 + 0.5 

0.031 + 0.187 + 0.5 

0.04 + 0.094 + 0.25 

0.04 + 0.187 + 0.25 


0.04 + 0.187 

0.04+0.187 

0.148 + 0.25 


Application 
timing2 

3 leaf 
3 leaf 
3 leaf 
3 leaf 
5 leaf 
5 leaf 
5 leaf 
5 leaf 
5 leaf 

5 leaf 

BROTE 

control3 


% 

94 

98 

97 

96 

86 

70 

86 

96 

63 


86 


II 

15 


Wheat 
Yield Test weight 
bu/A Iblbu 

84 60 
80 61 
83 61 
88 60 
77 61 
78 61 
80 61 
78 61 
76 61 

79 61 
75 61 

NS NS 

, NIS (90% nonionic surfactant) rate is in % v/v (R-II). 2,4-0 rate is in Ib aeiA . 

2Application timing based on downy brome growth stage. 

3 June 21, 2002 evaluation date. 


Table 5. Downy brome and catchweed bedstraw control and wheat yield and test weight in the propropcarbazone and broadleaf 

combination study near Lewiston, Idaho in 2002. 


BROTE 
Treatment l controf 

Propropcarbazone 
Propropcarbazone + metribuzin 
Propropcarbazone + bromoxynillMCPA 
Propropcarbazone + M CP A ester 
Propropcarbazone + fluroxypyr 
Propropcarbazone + carfentrazone 
Propropcarbazone + triasulfuron/dicamba 
Propropcarbazone + 

th i fen sui furon/tri benuron 
Propropcarbazone + 

thifensulfuron/tribenuron + 2,4-0 amine 
Propropcarbazone + thifensulfuron + 

tribenuron + metsulfuron 
Propropcarbazone + 2,4-0 amine 
Propropcarbazone + 2,4-0 amine 
Untreated check 

LSD (0.05) 
Density (plants/ft2) 

lb ai/A 

0.04 


0.04 + 0.14 

0.04 + 0.75 


0.031 + 0.65 

0031 +0.187 

0 .04 + 0.008 

0.04+0.12 


004 

0.014 

0.04 


0.014 + 0.148 

0 .04 + 0.0093 


0.0046 + 0.0037 

0.04 + 0.148 

0.04 + 0.475 


99 
99 
99 
99 
99 
99 
99 

99 

98 

99 
99 
99 

NS 
15 

GALAP 
control3 

0/0______________ 

53 
20 
62 
68 
67 
67 
52 

63 

45 

45 
27 
17 

33 
7 

Wheat 
Yield Test weight 
buiA Iblbu 

78 60 
80 60 
85 60 
83 61 
86 60 
84 61 
85 60 

81 60 

84 60 

81 59 
82 60 
77 59 
72 59 

6 NS 

'All treatments were applied with a 90% nonionic surfactant (R-II) at 0.25% v/v. 


2MCPA, fluroxypyr, and 2,4-D rates are in lb ae/A. 

3June 21, 2002 evaluation date. 
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Table 6. Downy brome control and wheat injury, yield, and test weight in the propropcarbazone with nitrogen study near 
Lewiston, Idaho in 2002. 

Wheat BROTE Wheat 
Treatment Rate l injury? control3 

Ib ai/A ----------'Yo---------

Sulfosulfuron + NIS 0.031 + 0.5 0 93 

Propropcarbazone + NIS 0.04 + 0.25 0 90 

Propropcarbazone + nitrogen + NIS 0.04 + 50 + 0.25 3 98 

Propropcarbazone + nitrogen + NIS 0.04 + 100 + 0.25 11 96 

Propropcarbazone + nitrogen 0.031 + 50 4 96 

Propropcarbazone + nitrogen 0.031+100 10 93 

Propropcarbazone + 2,4-D ester + NIS 0.04 + 0.15 + 0.25 0 98 

Propropcarbazone + 2,4-0 ester + nitrogen 0.04 + 0.15 + 50 6 95 

Propropcarbazone + 2,4-0 ester + nitrogen 0.04 + 0.15 + 100 8 96 

Untreated check 


LSD (0.05) 4 NS 
Density (plantsIft2

) 15 
TNIS (90% nonionic surfactant, R-II) arld nitrogen (32% urea ammonium nitrate) rates are in % v /v. 
2April 25, 2002 evaluation date. 
3June 21 , 2002 evaluation date. 

Yield Test weight 
bu/A Ib/bu 

81 59 
82 60 
82 60 
81 59 
83 60 
84 59 
85 59 
85 59 
84 59 
75 60 

5 NS 

2,4-D rate is in Ib aelA. 
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Donald C. Thill. (Crop and Weed Science Division, University of Moscow, ID 
Historically, does not control chamomile as well as sulfonylurea herbicides. Under 

acidic conditions, sulfonylurea herbicides can be deact;vated by hydrolysis. A study was established near Moscow, 
Idaho in winter wheat to evaluate mayweed chamomile control with seven sulfonylurea herbicides applied at 50% of 
the maximum use rate and combined with 2,4-D acid at three mix to spray times. Plots were 4 by 10 ft arranged in a 
randomized complete block with four replications and included an untreated check. All herbicide treatments 
were applied with a CO2 backpack sprayer calibrated to deliver 10 gpa at 32 psi and 3 mph (Table 1). 

solution pH was measured at application time. The was with c1odinafop at 0.063 lb ai/A on 
May 2002 to control Italian ryegrass. Mayweed chamomile control was evaluated on June 2002. 
The was terminated to wheat maturity. 

TableJ. n.vvu",,,,,,,, and soil data. 

, 
stage 2 to 3 tiller 

chamomile growth stage 2 to 6 inches 
Air temperature (F) 60 F 
Relative humidity (%) 56 
Wind direction) 3, W 

o 
50 
51 
3.7 
18 

solution pH was six for all herbicides alone and two for all treatments containing acid 
(Table All treatments controlled chamomile better than acid alone (71 %), except chlorsulfuron 
and thifensulfuron alone, all triasulfuron treatments, and sulfosulfuron + acid at the 48 hour time. 
Time between mixing and spraying did not affect mayweed chamomile control. Sulfonylureas combined with 
acid across all mix-spray times controlled mayweed chamomile as well or better than the 
alone vs. 80%). 
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Table 2. The effect of time between mixing and spraying sulfonylureas combined with 2,4-D acid on mayweed chamomile 
control in wheat near Moscow, ID in 2002. 

Time between mixing Spray solution pH Mayweed chamomile 
Treatment' Rate and s2ra~ing at a22lication control 

Jb ai/A hours % 
Chlorsulfuron 0.0078 I 6 76 
Chlorsulfuron + 2,4-D acid 0.0078 + 0.5 I 2 88 
Chlorsulfuron + 2,4-D acid 0.0078 + 0.5 24 2 88 
Chlorsulfuron + 2,4-D acid 0.0078 + 0.5 48 2 89 
Metsulfuron 0.00187 I 6 89 
Metsulfuron + 2,4-D acid 0.00187 + 0.5 I 2 91 
Metsulfuron + 2,4-D acid 0.00187 + 0.5 24 2 95 
Metsulfuron + 2,4-D acid 0.00187 + 0.5 48 2 86 
Triasulfuron 0.011 6 66 
Triasulfuron + 2,4-D acid 0.011 + 0.5 I 2 76 
Triasulfuron + 2,4-D acid 0.011 + 0.5 24 2 78 
Triasulfuron + 2,4-D acid 0.011 + 0.5 48 2 73 
Prosulfuron 0.0094 I 6 80 
Prosulfuron + 2,4-D acid 0.0094 + 0.5 I 2 90 
Prosulfuron + 2,4-D acid 0.0094 + 0.5 24 2 93 
Prosulfuron + 2,4-D acid 0.0094 + 0.5 48 2 88 
Tribenuron 0.0078 6 89 
Tribenuron + 2,4-D acid 0.0078 + 0.5 I 2 93 
Tribenuron + 2,4-D acid 0.0078 + 0.5 24 2 90 
Tribenuron + 2,4-D acid 0.0078 + 0.5 48 2 89 
Thifensulfuron 0.014 I 6 78 
Thifensulfuron + 2,4-D acid 0.014 + 0.5 I 2 88 
Thifensulfuron + 2,4-D acid 0.014 + 0.5 24 2 82 
Thifensulfuron + 2,4-D acid 0.014 + 0.5 48 2 83 
Sulfosulfuron 0.0156 I 6 85 
Sulfosulfuron + 2,4-D acid 0.0156 + 0.5 I 2 89 
Sulfosulfuron + 2,4-D acid 0.0156+0.5 24 2 82 
Sulfosulfuron + 2,4-D acid 0.0156 + 0.5 48 2 80 
2,4-D acid 0.5 2 71 


LSD (0.05) II 

Densit~ (2lantslft22 23 


I All treatments, except 2,4-D acid alone, were applied with a nonionic surfactant at 0.25% v/v (R-II). All 2,4-D treatments were 
applied with an acidifier at 1 % v/v (sulfuric acid/urea). 
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Imidazolinone resistant wheat and canol a weed control. Joan Campbell and Donn ThiU. (Crop and Weed Science 
Division, University of Idaho, Moscow, ID 83844-2339) Two experiments were established near Moscow, ID to 
evaluate weed control in imidazolinone resistant 'Columbia 23303' winter wheat and '46A76' spring canola 
Treatments were applied with a CO2 pressurized b<lckpack spmyer delivering 10 gpa at 3 mph and 32 psi (Table 1). 
The experimental design for both experiments was a randomized complete block with four replications and 8 by 30 
ft experimental units. Wheat was seeded October 6,2001 and canola was seeded May 30,2002. Weed control and 
crop injury were evaluated visually. Wheat groin and canola seed were harvested at maturity. 

Table 1. Environmental and edaphic conditions. 

Experiment 
Application date 
Wheat growth stage 
Mayweed chamomile size (inch) and density (plants/ft2) 
Canola growth stage 
Volunteer pea growth stage 
Air temperature (F) 
Soil temperature (F) 
Relative humidity (%) 
Cloud cover (%) 
Soil 	pH 

OM(%) 
CEC (cmollkg) 
Type 

Wheat 

May 12,2002 


7 Wier and 10 inch tall 

1 and 3 


60 
56 
40 
o 

4 .8 
5.2 
35 

Loam 

Canola 

June 15,2002 


3 leaf 


2 leaf 

2 node 


68 

70 

61 

o 


5.6 

2.6 

20 


Silt loam 


In the wheat experiment., mayweed chamomile control was 98 to 99% with all treatments containing 
thifensulfuronltribenuron (Table 2). All other treatments did not provide adequate mayweed chamomile control 
(:::50%). Wheat was injured 1~1o with imazarnox + thifensulfuronltribenuron + bromoxynil/MCPA, but imazamox 
alone did not injure wheat. Wheat was injured 6 to 11% with flucarbazone and imazarnethabenz + difenzoquat 
treatments. Wheat grain yield and test weight were lower compared to the untreated control with all treatments that 
showed visible injury except imazarnethabenz + difenzoquat treatments. 

In the canola experiment., both treatments controlled volunteer wheat 96 to 97%, but volunteer pea was not 
controlled with imazamox (Table 3). Canola seed yield was better than the untreated control with both treatments 
(orthoganol contrast P = 0.04 for quizalafop + clopyralid + etharnetsulfuron and P = 0.06 for imazarnox). 
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Table 2. Mayweed chamomile control and winter wheat injury, grain yield, and test weight near Moscow, ID in 2002. 

Mayweed Wheat 
Treatment Rate chamomile control Injury Yield Test weight 

Ib ai/A % % Ib/A lblbu 

Untreated control 0 3065 60.6 
Imazamox1 0.031 26 0 2919 60.6 
Imazamox1 0.039 50 0 2186 60.6 
Imazamox1 0.047 49 0 2867 60.3 
Imazamox1+ 0.039 99 19 831 56.6 

thifensulfuronltribenuron + 0.0144 
bromoxynillMCP A 

Flucarbazone2 
0.25 
0.027 16 9 2026 58.4 

Clodinafop3 0.05 15 0 3376 60.5 
Fenoxaprop 0.083 15 0 3370 60.7 
Tralkoxydim4 0.25 10 0 3339 61.1 
Imazamethabenz + 0.23 15 6 3081 60.3 

difenzoquat2 0.5 
1bifensulfuronltribenuron + 0.0144 99 0 2907 60.4 

bromoxynillMCP A 2 0.25 
Flucarbazone + 0.027 99 11 2263 59.2 

thifensulfuronltribenuron + 0.0144 
bromoxynillMCPA2 0.25 

Clodinafop3 + 0.05 98 0 3436 60.3 
thifensulfuronltribenuron + 0.0144 
bromoxynillMCPA 0.25 

Fenoxaprop + 0.083 99 0 3521 60.5 
thifensulfuronltribenuron + 
bromoxynillMCPA2 

0.0144 
0.25 

Tralkoxydim + 0.25 98 0 2969 60.6 
thifensulfuronltribenuron + 
bromoxynillMCPA4 

0.0144 
0.25 

Imazamethabenz + 0.23 98 10 2890 60 .2 
difenzoquat + 0.5 
thifensulfuronltribenuron + 0.0144 
bromoxynillMCP A 2 0.25 

LSD {0.052 18 5 500 0.5 
I Applied with 28% urea ammonium nitrate at 2.5% vlv and nonionic surfactant (R-ll) at 0.25% v/v. 

2 Applied with nonionic surfactant (R-l1) at 0.25% v/v. 

3 Applied with crop oil concentrate (Score) at 0.31 qt/A. 

4 Applied with nonionic surfactant/crop oil concentrate (Supercharge) at 0.5% vlv and ammonium sulfate (Bronc) at 15lb ai/lOO 

gal. 


Table 3. Weed control and canola seed yield near Moscow, ID in 2002. 

Treatment Rate 
lbai/A 

Volunteer pea control 
% 

Volunteer wheat control 
% 

Canola seed yield 
Ib/A 

Imazamox 1 

Quizalafop + 
clopyralid + 
ethametsulfuron2 

Untreated control 

0.031 
0 . ~5 
0.188 
0 .0188 

14 
~ 

97 
% 

604 
634 

384 

LSD (0.052 8 NS 
I Applied with 28% urea ammonium nitrate at 2.5% vlv and nonionic surfactant (R-Il) at 0 .25% v/v. 
2 Applied with nonionic surfactant (R-Il) at 0.25% v/v. 

NS 
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Joan Campbell and Donn ThilL (Crop and Weed Science 	 of 
Idaho, Moscow, Idaho 83844) Four experiments were established in winter wheat south of Moscow Idaho to 
evaluate wild oat control. Herbicides were applied with a CO2 sprayer calibrated to deliver 10 
gpa at 3 mph and 32 (Table The in all was a randomized complete block 
with four and 8 30 ft units, Wild oat control was evaluated visually after "'".-",vlno 

plants were headed. Cold spring conditions resulted in late emerging wild oat which allowed wheat to compete 
welL Wheat was not harvested since wild oat was not competitive even in the untreated plots. 

Table 1. Environmental and edaphic conditions. 

oat 

two, 
May 16,2002 May 16, 2002 

stage 2 to 5 leaf 2 to 5 leaf 
Wheat growth stage 3 to 7 tiller 3 to 7 tiller 
Air temperature (F) 68 60 
Soil temperature at 4 inches 59 51 
Relative humidity 36 42 
Cloud cover (%) o o 
Soil moisture 

4 
24 

In one, fenoxaproplsafener and mesosulfuron + methylated seed oil controlled wild oat better (99%) than 
tralkm,:ydim (97%) and flucarbazone (96%) (Table 2). Wild oat control with mesosulfuron nonionic surfactant 
(98%) was better than with flucarbazone (96%). In experiment two, ",ild oat control was best (99%) with 

alone or in combination with bromoxynillMCPA or MCP A ester + thifensulfuron/tribenuron, 
but these treatments were different only from fenoxaproplsafener + MCPA ester + tribenuron (95%) 3). In 

wild oat control was best (99%) with sulfosulfuron + + and 
4). Wild oat control was not different among treatments in four (Table 

Table 2. Wild oat control \vith fenoxaprop, 

Untreated control 
0.083 99 
0.027 96 
0.009 99 
0.009 98 

Tralkoxydim4 0.18 97 
0.24 97 

Mesosulfuron + Hl<O'HYJ''''<;,U 

Mesosulfuron + nonioruc 

0.018 Ib/a melenDVI'-OlemVI (safener), and 3.8 ptla nitrogen solution (32%) 
0.0I81b/a 	 (safener), and 3.8 ptla nitrogen solution (32%) 
surfactant and 15 Ib/lOO gal ammonium sulfate (Bronc) 
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Table 3. Wild oat control with fenoxaprop plus broadleafherbicides. 

Treatment Rate Wild oat control 

Untreated control 
F enoxaproplsafener 
Fenoxaprop/safener + bromoxynillMCPA 
Fenoxaprop/safener + bromoxynillMCPA + thifensulfuronltribenuron2 

Fenoxaprop/safener + bromoxynil + thifensulfuronltribenuron2 

Fenoxaprop/safener + bromoxynillMCPA + fluroxypyr 
Fenoxaprop/safener + bromoxynil + fluroxypyr 
Fenoxaprop/safener + bromoxynil + tribenuron2 

F enoxaprop/safener + MCPA ester + tribenuron2 

Fenoxaprop/safener + MCPA ester + metsulfuron2 

Fenoxaprop/safener + MCPA ester + thifensulfuronltribenuron2 

Fenoxaprop/safener + MCPA ester + thifensulfuron + fluroxyp~ 

LSD (0.05) 

Ib ai/a' 

0.083 99 
0.083 + 0.75 99 

0.083 +0.5 + 0.016 96 
0.083 + 0.25 + 0.016 96 
0.083 + 0.5 + 0.094 98 

0.083 + 0.25 + 0.094 98 
0.083 + 0.25 + 0.008 96 

0.083 + 0.374 + 0.008 95 
0.083 + 0.374 + 0.004 96 
0.083 + 0.374 + 0.016 99 

0.083 + 0.374 + 0.023 + 0.094 98 

3 
IMCPA and fluroxypyr rates are expressed as Ib ae/A. 
2Applied with 0.25% v/v nOnlonic surfactant (R-ll) 

Table 4. Wild oat control with fenoxaprop and sulfosulfuron alone and with broadleafherbicides. 

Treatment I Rate Wild oat control 

Untreated check 
Sulfosulfuron 
Sulfosulfuron + 2,4-D ester + fenoxaprop/safener 
Sulfosulfuron + bromoxynil + fenoxaprop/safener 
Sulfosulfuron + MCPA ester + fenoxaprop/safener 
Sulfosulfuron + dicamba + fenoxaprop/safener 
Sulfosulfuron + fluroxypyr + fenoxaprop/safener 
Sulfosulfuron + fenoxaprop/safener 
F enoxaprop/safener 
Sulfosulfuron + fenoxaprop/safener 

LSD (0.05) 

% 

0.031 94 
0.031 + 0.375 + 0.083 95 
0.031 + 0.25 + 0.083 96 
0.031 + 0.5 + 0.083 96 

0.031 + 0.153 + 0.083 94 
0.031 + 0.125 + 0.083 99 

0.031 + 0.083 96 
0.083 99 

0.0155 + 0.041 96 

2 
lAiI treatments except fenoxaprop/safener alone were applied with 0.5% v/v nonionic surfactant (R-ll). 
2MCPA, dicarnba, fluroxypyr, and 2,4-D rates are expressed as Ib ae/A. 
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Table 5. Wild oat control with clodinafop alone and with broadleafherbicides. 

Untreated 
Clodillafop 
Clodinafop 
Clodinafop 
",!\JUllli:lt\'!l 

Clodinatop + v!VIJYl,:1WJU. 

+ t\u,·mmnm. 

+ 
vHlUllU""fJ + 

lod.inatop + 
Clodinafop + prosulfuroll + bro'moxYIul 
Cloilinafop + thifellsulfuron + bromOXYIlil 
Clodinafop + thifellsulfuron + bromoXytlil 
Clodinafop + thifensulfuron + ester 
Clodinafop + thifensulfuron + ester 
Clodinafop + thifensulfuronltribenuron + MCPA amine 
v",uu,an'IJ + thifensulfuronltribenuron + MCrA amine 
Clodinafop + thifensulfuronltribenuron + bromoXYIlillMCP A 
v''''UUlla''''1J + thifensulfuronltribenuron bromoxynillMCPA 
Clodinafop + thifensulfuronltribenuron bromox).nil 

thifensulfuronltribenuron + bromoxynil 
Clodinafop + prosulfuron + MCPA amine 
Uc)(bflalCIP + prosulfuron + MCPA antine 

+ thifensulfuron + MCPA ester 

0.05 

0.063 


0.063 + 0.8 + 0.125 

0.05 + 0.8 + 0.125 

0,05 + 0.8 + 0.028 


0.063 + 0.8 + 0.028 

0.05 + 0.018 + 0.375 

0.063 + O.DIS + 0.375 
0.05 + 0.028 + 0.375 
0.063 + 0.028 0.375 
0.05 + 0.028 + 0.664 

0.063 + 0.028 + 0.664 
0.05 0.028 + 0.375 

0.063 0.028 + 0.375 
0.05 + 0.028 + 0.5 
0.063 + 0.028 + 0.5 
0.05 + 0.028 + 0.375 

0.063 + 0.028 + 0.375 
0.05 + 0.018 + 0.375 

0.063 + 0.018 + 0.375 
0.083 + 0.023 + 0.375 

99 

98 

99 

97 

98 

98 

99 

99 

99 

98 

98 

99 

99 

98 

99 

99 

99 

98 

99 

99 

98 


NS 
+ + 
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~llilIlIY~~L£l;!!ill:QLm..:I:Y1!lli<!:.J:YJ~LY\2illc..Y1lI!Q1l.Lg@~~Q.!f~§. Traci A. Rauch and Donald C. Thill {Plant 
Science Division, University of Moscow,ID Two studies were established near Idaho 
in winter wheat to evaluate Italian ryegrass (LOLMU) control, wheat and yield with flufenacetlmetribuzin 
alone and in combinations in one and chlorsulfurornlmetsulfuron, flucarbazone­
sodium and metribuzin alone and in combinations in experiment two. All plots were 8 30 ft 
randomized complete block with four replications. All herbicide treatments were applied 

backpack sprayer calibrated to deliver 10 gpa at 32 psi and 3 mph (Table 1). In both exr:terimelrlts, wheat 
injury and Italian rye grass control were evaluated visually on June 4 and July 9, 2002. Wheat seed was harvested on 

12,2002. Only three replications were harvested from both experiments due to steep terrain. 

Table 1. Application and soil data. 

Application date November 11,200 I April 18, 2002 November II, 2001 April 18, 2002 May 9, 2002 
Wheat growth stage I leaf 2 tiller l1eaf 2 tiller 4 tiller 
LOLMU growth stage 3 leaf 3 leaf 5 leaf 
Air temperature 50 47 50 59 
Relative humidity (%) 100 70 100 70 45 
Wind (mph, o o o o 2,SW 
Cloud cover (%) 100 85 100 85 90 
Soil temperature at 2 in (F) 45 45 45 45 52 

5.4 

OM(%) 2.3 

CEC (meq/IOOg) 23 


In experiment one on June 4, wheat was injured 0 to 6% and did not differ among treatments (Table 2). 
Flufenacetlmetribuzin + triasulfuron treatments controlled Italian ryegrass 71 to 73%, but did not differ from the 
other treatments, except flufenacetlmetribuzin at 0.34 Ib clodinafop, tralkoxydim and flucarbazone-sodium 
alone to Wheat yield was with flufenacetlmetribuzin at 0.34 Ib ail A + triasulfuron (108 
bulA) but did not differ from flufenacetlmetribuzin + flucarbazone-sodium, and both rates of 
flufenacetlmetribuzin alone to 96 bulA). Wheat seed test was 63 Iblbu for all treatments not 

In two, all flucarbazone-sodium treatments at the 5 leaf wheat 16 to 24% on 
June 4 and, in combination with metribuzin at 0.0941b ai/A, 14 to 20% on July 9 (Table 3). 
Chlorsulfuronlmetsulfuron and flufenacetlmetribuzin in combination with flucarbazone-sodium applied at the 5 leaf 
grm.vth controlled Italian ryegrass better (59 and 60%) than flucarbazone-sodium and metribuzin alone and in 
combination. Wheat yield was higher with flufenacetlmetribuzin at 0.5107 Ib ailA and flufenacetlmetribuzin 
(0.251b ailA) + chlorsulfuronlmetsulfuron (99 and 100 bulA) than flucarbazone-sodium and metribuzin alone and in 
combination and the untreated check. Wheat seed test weight with aU flucarbazone-sodium treatments applied at the 
5 leaf grmvth stage was lower than all other treatments including the untreated check 

In both Italian ryegrass control was not adequate with any treatment due to a high plant density and 
large plants that survived from the 2001 growing season. 
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Table 2. Italian ryegrass control and wheat injury, yield and test weight in experiment one near Genesee, Idaho in 2002. 

Treatment' Rate 
Application 

timing2 Wheat injuri 
LOLMU 
control4 Wheat yieldS 

Ib ai/A -----------------0/0---------------­ bu/A 
Flufenacetlmetribuzin 0.34 spike 0 45 85 
Flufenacetlmetribuzin 0.425 spike 0 49 96 
Triasulfuron 0.026 spike 0 59 91 
Flufenacetlmetribuzin + 0.34 

triasulfuron 0.026 spike 0 71 108 
Flufenacetlmetribuzin + 0.425 

triasulfuron 0026 spike 5 73 82 
Flufenacetlmetribuzin + 0.34 spike 

tralkoxydim 0.24 3 leaf 4 50 83 
Flufenacetlmetribuzin + 0.34 spike 

c1odinafop 0.063 3 leaf 0 54 83 
Flufenacetlmetribuzin + 034 spike 

flucarbazone-sodium 0.027 3 leaf 4 55 93 
Tralkoxydim 0.24 3 leaf 6 31 75 
Clodinafop 0063 3 leaf 0 23 63 
FI ucarbazone-sod i urn 0.027 3 leaf 0 33 78 
Untreated check 69 

LSD (0.05) NS 24 24 
Density (plants/If) 43 

190% nonionic surfactant (R-II) was applied at 0.25% v/v with flucarbazone-sodium. Ammonium sulfate (Bronc) at 17 lb/I 00 
gal and a crop oil concentrate/non-ionic surfactant blend (Supercharge) at 0.5% v/v were applied with tralkoxydim. Crop oil 
concentrate (Score) was applied at 0.4 qtl A with clodinafop. 

2Application timing based on Italian ryegrass growth stage 

3June 4,2002 evaluation date. 

4July 9,2002 evaluation date. 

sThree replications harvested. 
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Table 3. Italian ryegrass control and wheat injury, yield, and test weight in experiment two near Genesee, Idaho in 2002. 

Triasulfuron 0.026 0 0 46 93 63 
Flufenacetlmetribuzin 0.425 spike 0 0 39 91 63 
Flufenacetlmetribuzin 0.5107 spike 0 0 50 99 63 
Flufenacetlmetribuzin 0.25 

ch lorsulfronlmetsu lfu ron 0,0234 ° 0 49 100 63 
Flufenacetlmetribuzin + 0.34 

0,0234 0 ° 49 94 63 
0.425 

0.425 
flucarbazone-sodium 0.0268 3 leaf 3 43 93 63° Chlorsulfronlmetsulfuron + 0,0234 spike 
flucarbazone-sodium 0,0268 3 leaf 5 I 53 91 63 

Flucarbazone-sodium 0.0268 5 leaf 21 14 28 71 61 
Flufenacetlmetribuzin + 0.425 

0.0268 5 leaf 24 16 60 89 61 
0,0234 

Metribuzin 0.188 3 leaf 3 21 74 63° Metribuzin 0281 5 leaf 0 0 31 75 63 
Metribuzin + 0.094 3 leaf 

flucarbazone-sodium 0.0268 5 leaf 16 11 31 71 61 
Metribuzin + 0,188 3 leaf 

Untreated check 79 63 

LSD (0.05) 6 8 23 16 

was at 
2Application on Italian ryegrass growth stage 
3July 9, 2002 evaluation date, 

harvested. 
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Traci A. Rauch and Donald C. ThilL (Crop and Weed 
Science Division, ofIdaho, Moscow, ID 83844-2339) Three studies were established near IVle."r,nU! 

Idaho in 'F2020' imidazolinone-resistant winter wheat to evaluate Italian ryegrass control and wheat yield with 
imazamox and flufenacetlmetribuzin combinations,imazamox and broadleafherbicide combinations, and imazamox 
combined with various All plots were 8 by 30 ft arranged in a randomized complete block design with 
four All herbicide treatments were applied using a backpack sprayer calibrated to 
deliver 10 gpa at 32 and 3 (Tables 1 and 2). All studies, the imazamox and broad leaf herbicide 
combination study, were oversprayed with thifensulfuroultribenuron at 0.014 Ib ai/A and MCPA ester at 0.5 Ib ae/A 
to control broad leaf weeds. In all Italian ryegrass control was evaluated visually, and wheat seed was 
harvested on 19,2002. 

Table I. Application and soil data for the imazamox and flufenacetlmetribuzin study. 

stage I leaf 3 to 4 leaf 2 tiller 
Ital ian ryegrass stage 2 leaf 4 leaf 
Air temperature 47 47 59 
Relative !DO 70 43 
Wind (mph, 0 I,W 0 
Cloud cover (%) 100 15 30 
Soil temperature at 2 in 45 40 55 

5.1 
3.7 
18 

Table 2. and soil data for the imazamox and broadleafherbicides and the imazamox and 

date 
growth stage 

16,2002 
3 tiller 

studies. 

April 
2 tiller 

Italian ryegrass stage 5 leaf 4 leaf 
Air temperature 58 64 
Relative "_,,,uU"J 70 45 46 
Wind (mph, direction) 1, W o o 
Cloud cover (%) 15 o 80 
Soil temperature at 2 in 40 47 50 

pH 51 

OM 3.7 

CEC OOg) 18 


In all no treatment wheat not shov.'ll). 

In the imazamox and flufenacetlrnetribuzin study, all flufenacetlmetribuzin treatments, the split of 
irnazamox, and imazamox combined with thifensulfuroultribenuron and bromoxynilJMCPA controlled Italian 
ryegrass 86 to 98% (Table 3). Italian rye grass control with imazamox alone at 0.0391b ai/A at the 2 leaf and 
0.047 lb ai/A at the 4 leaf was 76 and 77%, Wheat with flufenacetlmetribuzin treatments 

than diclofop and all imazamox treatments applied only at the 4 leaf growth All treatments 
more grain than the untreated check. Wheat test of all treatments, diclofop and imazamox at 

0.047 Ib ai/A, was than the untreated check (62 vs. 61 

In the imazamox and broadleaf herbicide study, Italian ryegrass control was reduced 60% with the addition of 
metribuzin at the 2 leaf stage and 26 and 31 % with the addition of fluroxypyr and UH,.v,,,,,, 
r"'~n"'r'tlv"'lv applied at the 5 leaf stage compared to imazarnox alone at the same timings 4). Wheat 
was with imazamox plus chlorsulfuroulmetsulfuron (67 bulA) and was better than all treatments at 
the 5 leaf stage and imazamox plus metribuzin applied at the 2 leaf stage. Wheat test weight ranged from 59 to 60 
Iblbu and did not differ among treatments. 
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In the imazamox and adjuvant study, the high rate ofimazamox (0.047Ib ai/A) with NIS and all treatments with 
MSO rates above 0.5% v/v controlled Italian ryegrass 71 to 88% (Table 5). Wheat yield (23 to 49 bulA) and test 
weight (58 to 62 Iblbu) did not differ among treatments . 

Table 3. Italian ryegrass control and wheat yield and test weight in the imazamox and flufenacetlmetribuzin study near Moscow, 
Idaho in 2002. 

Application LOLMU Wheat 
Treatment' Rate timing2 control3 Yield Test weight 

lb ai/A % bu/A Iblbu 
Flufenacetlmetribuzin 0.425 spike 94 86 62 
Flufenacetlmetribuzin + imazamox 0.425 + 0.039 spike + 4 leaf 98 83 62 
Imazamox 0.039 2 leaf 76 76 62 
Imazamox + imazamox 0.D31 + 0.D31 2 leaf + 4 leaf 86 78 62 
Imazamox 0.039 4 leaf 65 66 62 
Imazamox 0.047 4 leaf 77 66 61 
Imazamox + thifensulfuronltribenuron + 0.047 + 0.016 

bromoxynillMCP A 0.5 4 leaf 89 75 62 
Diclofop I 2 leaf 64 69 61 
Untreated check 52 61 

LSD (0.05) 9 7 
Density (plantsIft2) 37 

190% nonionic surfactant (R-II) at 0.25% v/v and 32% nitrogen (urea ammonium nitrate) at I qtlA were applied with imazamox. 

2Application timing based on Italian ryegrass growth stage. 

3July 9,2002 evaluation date. 


Table 4. Italian ryegrass control and wheat yield and test weight in the imazamox and broadleafherbicides study near Moscow, 

Idaho in 2002. 


Application LOLMU Wheat 
Treatment' Rate timing2 control3 Yield Test weight 

Ib aj/A % buiA Iblbu 
Imazamox 0.031 2 leaf 75 64 60 
Imazamox + dicamba 0.D31 + 0.125 2 leaf 74 64 60 
Imazamox + chlorsulfuronlmetsulfuron 0.031 + 0.014 2 leaf 81 67 60 
Imazamox + metribuzin 0.031 +0.141 2 leaf 30 51 60 
Imazamox + thifensulfuron/tribenuron 0.D3 I + 0.023 2 leaf 81 58 60 
Imazamox + metsulfuron + 2,4-D ester 0.031 + 0.004 + 0.5 2 leaf 71 63 60 
Imazamox 0.031 5 leaf 86 50 59 
Imazamox + dicamba 0.031 +0.125 5 leaf 80 47 59 
Imazamox + 2,4-D ester (no UAN) 0.031 + 0.5 5 leaf 78 45 60 
Imazamox + 2,4-D ester 0.031 + 0.5 5 leaf 88 44 60 
Imazamox + dicamba + 2,4-D ester 0.031 + 0.125 + 0.5 5 leaf 85 39 59 
Imazamox + thifensulfuronltribenuron 0.031 + 0.023 5 leaf 59 41 59 
Imazamox + metribuzin 0.031 +0.141 5 leaf 68 37 59 
Imazamox + metsulfuron + 2,4-D ester 0.D3 1 + 0.004 + 0.5 5 leaf 79 36 60 
Imazamox + bromoxyniVMCPA 0.031 + 0.75 5 leaf 88 51 60 
Imazamox + fluroxypyr 0.031 + 0.124 5 leaf 64 32 60 
Imazamox + clopyralidlMCP A 0.031 + 0.605 5 leaf 84 48 60 
Untreated check 38 59 

LSD (0.05) 20 14 NS 
Density (plants/if) 56 

190% non ionic surfactant (R-11) was applied at 0.25% v/v with imazamox. 32% nitrogen (urea ammonium nitrate) at 1 qtl A was 

applied with imazamox (except with one 2,4-D ester treatment). Dicamba, 2,4-D, fluroxypyr, and clopyralid/MCPA rates are in 

Ib ae/A. 

2Application timing based on Italian ryegrass growth stage. 

3 July 12, 2002 evaluation date. 
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Table 5. Italian ryegrass control and wheat and test in the imazamox and near Moscow, Idaho in 
2002. 

Imazamox + NIS + UAN 
Imazamox + NIS + UAN 
Imazamox + MSO UAN 
Imazamox + MSO + UAN 
Imazamox + MSO + UAN 

Imazamox + 
lmazamox + NIS + UAN 
Imazamox + MSO + UAN 
Imazamox + MSO + UAN 
Imazamox + MSO + UAN 
Imazamox + MSO + UAN 

check 

LSD (0.05) 

3July 12, 2002 evaluation date. 

0,03\ + 0.25 + 1 60 

0,03\ + 0.25 + 2.5 58 


0.031 	 0.5 1 56 

0.031 + I + I 78 


0.031 	 2.5 + I 79 

+ 


+ + 
0047 + 0.25 + 2.5 78 


0.047 + 0.5+ 1 60 

0.047 + 1 + 1 86 


0.047 + 2.5 + 1 88 

0.047 	 2.5 + 2.5 86 


I 53 


18 


44 59 

44 59 

46 59 

46 60 

44 59 


41 61 

45 59 

36 62 

40 60 

32 61 

36 59 

23 60 


NS NS 

2All rates are in % v/v. 
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Influence of methylated seed oil on Italian rye grass control with AE F 130060 plus AE FI 07892. Richard P. Affeldt, 
Charles M . Cole, Carol A. Mallory-Smith, Jed B. Colquhoun, and Bill D . Brewster. (Department of Crop and Soil 
Science, Oregon State University, Corvallis, OR 97331-3002) Winter wheat was over-seeded with Italian rye grass 
to prepare a study area at the OSU Hyslop Resear"h Farm near Corvallis, OR. Herbicides were applied on 
December 9, 2001, to 4- to 5-leafwheat and 3- to 4-leafItalian ryegrass. Treatments were applied with a single­
wheel, compressed-air plot sprayer that delivered 20 gpa through XR8003 nozzle tips at 20 psi. The herbicide AE 
F 130060 was applied at three rates in a tank-mix with the crop safener AE FI 07892 . The treatments were repeated 
with the addition of a methylated seed oil at 1% v/v. Visual evaluations were conducted on January 23 and April 17, 
2002, and the wheat grain was harvested on July 31, 2002, with a small-plot combine. Soil characteristics and 
herbicide application conditions are presented in Table I. 

Table 1. Application conditions and soil tyPe. 
Soil tyPe Woodburn silt loam 

pH 5.5 
O.M. (%) 2.2 
Condition Muddy 

Air temperature (F) 41 
Soil temperature (F) (2 inch depth) 40 
Relative humidity (%) 87 
Wind Calm 

Italian ryegrass control improved as the rate of AE F130060 increased (Table 2) . The addition of methylated seed 
oil caused a 5% to 7% increase in Italian ryegrass control and up to an 8 buiA increase in wheat grain yield. The 
lowest rate of AE F130060 without methylated seed oil increased wheat grain yield by 29 buiA over the untreated 
check. 

Table 2. Italian ryegrass control, wheat injury, and wheat grain yield. 
Italian [Yegrass control Wheat injury Wheat grain yield 

Treatmene Rate 1123 4/ 17 1123 4117 7/31 
Ib ai/A ----------------------------- % --------------------------------­ buiA 

AE FI30060 + 0.009 + 73 72 0 5 110 
AE FI07892 0.018 

AE FI30060 + 0.011 + 68 79 0 6 112 
AE FI07892 0.022 

AE FI30060 + 0.013 + 65 86 0 10 116 
AE FI07892 0.026 

AE FI30060 + 0.009 + 68 79 0 II III 
AE Fl07892 + MSO 0.018 

AE FI30060 + 0.011 + 70 84 0 9 120 
AE FI07892 + MSO 0.022 

AE FI30060 + 0.013 + 75 92 0 12 122 
AE FI07892 + MSO 0.026 

Untreated check 0 0 0 0 0 71 
LSD(QQ51 7 5 6 6 

iMSO = SunIt II methylated seed oiL 
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0.0134 + 0.75 
0.0134 + 0.5 %v/v 

0.75 ql/A 
I 

60 
53 
45 
46 

60 
60 
59 
60 

49 
66 
58 
2 

!1l!Jl@:UY~~Jillit.Y.!ml&lli~.£Q!1!rr1UlL!Y!!!1!~~~"Yi!!:Ln~Q§!!lfu!:Q!1. Traci A Rauch and Donald C. Thill 
;:jCllell\~e Division, University of Idaho, Moscow, ID 83844-2339) Two studies were established near 

Moscow, Idaho in winter wheat to evaluate Italian ryegrass (LOLMU) and ventenata control and wheat 
injury and yield with mesosulfuron. All plots were 8 30 ft arranged in a randomized block with 
four All herbicide treatments were applied using a CO2 sprayer calibrated to 
deliver 10 gpa at 32 psi and 3 mph (Table 1). In both experiments, wheat injury was evaluated on May 
2002. Weed control was evaluated on June 4 and July 12,2002 in one and on June 11 and 
2002 in experiment two. Wheat seed from experiment one was harvested on August 19, 2002. two was 
not harvested due to poor ventenata control throughout the study. 

Table I. Application and soil data. 

one 
Application date April 30,2002 
Wheat stage 2 tiller 
Ital ian ryegrass growth stage 4 leaf 
Ventenata growth stage 5 leaf 
Air temperature 64 66 
Relative humidity (%) 45 40 
Wind (mph, o 3,N 
Cloud cover 50 70 
Soil temperature at 2 in 55 55 

pH 5.1 5.4 
OM 3.7 3.0 
CEC (meq/lOOg) 18 18 

In one, no treatment wheat not shown). The rate ofmesosulfuron with MSO 
but did not differ from mesosulfuron at 0.01341b ai/A with NIS 2). 

Italian ryegrass was 50 to 35% by the low rate of mesosulfuron and diclofop. Wheat yield did not differ 
among treatments but tended to be with mesosulfuron at 0.01341b ai/A. Wheat grain test was 60 
lblbu with all treatments, the low rate of mesosulfuron lb/bu). In two, no was observed 
for any treatment (data not shown). Mesosulfuron treatments vente nata 49 to while diclofop 

had no activity on ventenata. 

Table Weed control and wheat yield and test in experiment one and two near Idaho in 2002. 

Wheat test 

Mesosulfuron + MSO 
Mesosulfuron + NIS 
Mesosulfuron + MSO 0.0089 
Diclofop 
Untreated check 44 60 

LSD (0.05) 21 NS 20 

ratio of mesosulfur on to safener. The MSO (methylated seed oil) was Sun-It II and NIS (non-ionic surfactant) was R-ll. 
2July 12,2002 evaluation dale, 

16,2002 evaluation date. 
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Longevity of volunteer wheat at Akron CO. Geoff Soper and Randy L. Anderson. (SEAGREEN Research, 
Pannetts Road, 4 R.D. Christchurch 8021, NZ; NGIRL, 2923 Medary Avenue, Brookings, SD 57006). 
These results call into serious question the common perception that wheat kernel viability in the soil will be less than 
one year. Instead a robust result for the 12 mor.J110ngevity of the Akron volunteer wheat seedbank , conservatively 
estimated to average 6%, has been determined (p=0.75). A lowest possible limit to the average 12 month longevity 
of wheat volunteers was estimated at 3% (p=0.95), the best estimate itself amounting to 16%. The importance of 
the results so obtained to weed scientist, wheat breeder and crop agronomist cannot be over stressed. 

The longevity fractions ofvolunteer wheat were calculated from Vona emergence count data obtained in the 
growing seasons subsequent to the wheat harvests of 1987 to 1989. Calculations were performed as follows. Total 
wheat crop grain numbers were calculated from wheat yields and 1000 kernel weights. Volunteer wheat seedbank 
ground-densities at wheat harvest were determined from crop grain numbers by assessing the yield fractions lost to 
the field by combine and by hailshatter. Longevity fractions were then calculated as the fractions of these 
seedbanks which emerged as volunteer wheat plants after 12 and after 14+ months in the field . 

None of these four factors, i.e. yield, 1000 kernel weight, combine grainlosses, and hailshatter, were in fact 
measured directly, and each of them had to be estimated. Wheat harvest yields were estimated from the same year 
yields of Akron farm and of yield trials conducted within 500m of the emergence count sites. Wheat 1000 kernel 
weights were estimated from a series of same location trIals conducted at and around this time, and from the yearly 
1000 kernel weight statistics obtained by US Wheat Associates for the entire north-east CO and central-east CO 
wheat growing region north of Cheyenne Wells. Combine grainloss extent was estimated from analysis of on farm 
records of quite considerable UK surveys (detail given in companion report, this volume). Hailshatter extent was 
assessed from recalled severity, US Storm Prediction Centre hail records, incomplete Akron Station hail notes, and 
close questioning of onsite experts. 

In order to rigorously assess the information to hand, longevity estimates were detennined in three ways. By taking 
best estimates (BE) of all four of the above factors, by taking conservatively assessed estimates (CE) of these 
factors, or by taking extreme estimates (ME): 

Values, consistent with known emergence count conditions, were averaged and assigned to BE estimates. The 
longevity values calculated using the best estimates (BE) of the four factors involved, were designed to provide an 
objective estimate of what the actuallongevities may have been, and represent an averaging of the different results 
that might be legitimately inferre.d from the information to hand. There is no guarantee however that these BE 
longevity values did in fact occur. With this qualification then, tile BE longevity estimates are intended to provide 
the best provisional idea of the volunteer wheat longevity values, that can be estimated from the available 
information. 

The longevity values calculated using tile extreme (ME) estimates of these factors were designed to determine the 
conceivable minimum value of vo}unteer-longevities, thus placing a lower limit (LL) on the volunteer wheat 
longevities, which the actually occurring longevities must certainly have exceeded. Low-extreme longevity 
estimates (ME) occur when the estimated volunteer wheat seed bank at harvest has it's maximal value, and thus 
when crop yield is maximal (ME), the 1000-kernel weight estimate is minimal (ME), the combine grainloss fraction 
is maximal (ME), and the hailshatter extent too is maximal (ME). 

The CE longevity estimates were designed to provide conservative longevity estimates. Neither as high value and 
as partly assured as the BE longevity estimate values (which more or less represent the middle point of the 
possibilities), nor as low value and as certainly assured as the ME longevity estimates, the CE longevity estimates 
are intended to detennine cautiously low longevity values with a high degree of assurance. 

Where it was possible to legitimately assign probabilities, such as for combine grainloss or for crop yield, CE and 
ME estimates were determined at the p=0.75 and p=0.95 levels resp .. For the other factors, CE and ME estimates 
were assigned "even more" cautiously. Those readers who wish to pursue this matter in greater detail should contact 
the primary author for a full report, (gffspr.sgrnrsrch@clear.net.nz). 

In this manner three different types of useful information were determined. 
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At this point, it is worth noting that the simultaneous occurrence for all four factors of conservative (CE), or of 
extreme (ME), values, all at the same time, would have been most unlikely, and that the actual cumulative 
probabilities associated with CE and ME longevity ::stimates would be more extreme than that associated with the 
individual factors. That is, the CE and ME longevity estimates are more assured than the least justified of their four 
component factors. 

Although space does not pennit a detailed description of the lengthy estimation processes used, an example may 
prove instructive. For example, ME estimates of yields were assessed at 160% of same year Akron farm yield 
(p=0.95); ME combine grainlosses were assessed at 6% of crop yield (p=0.95); ME 1000 kernel weights were 
taken as 18.2 g for all three years (the minimum 1000 kernel weight found in the surrounding region over 1981 to 
1990); while ME haillosses were assessed at 650/0, 250/0, and 25% of the crop yields for the 1987, 1988, and 1989 
wheat harvests resp. (a yearly hailshatter of 5% to 10% occurs quite frequently; a yearly hailshatter of 25% might 
occur one year in ten; one of the above three harvest years may have incurred more considerable than usual 
hailshatter; two and possibly three of these years were recollected as having had unremarkable hailshatter). 

The results of these calculations are provided (Figure, Table). The ME derived longevity values represent the 
conceivable minimum longevity of volunteer wheat occurring at Akron, and as such they place a lower limit (LL) on 
the actual Akron volunteer longevities occurring over this period. The one year longevity of the volunteer seedbank 
at Akron averaged 3% (ME or LL), 6% (CE), and 16% (BE); while the average longevity at 14 months averaged 1% 
(ME or LL), 2% (CE) and 5% (BE). All longevity results were averaged over three years (subsequent to the 1987, 
1988, and 1989 wheat harvests), four blocks (replicates), two tillages (till and notill), four canopies (fallow, corn, 
sorghum, and proso-millet), and three samples (per treatment replicate). The robust nature of longevity results, the 
veracity of ME or LL longevity estimates, the usefulness of CE estimates, and the qualified representative nature of 
BE estimates are evident. 

The longevity values found after 12 months in the field at Akron, are far in excess of the zero longevity results 
obtained after one year in the classical buried seed experiments of Duvel (1905) and Kjaer (1940); and of the 0.1 to 
0.3% longevities obtained by Lewis (1958, pers. commun. 2002) after burial for one (and two) year(s). This 
difference appears to have arisen because the classical experiments, in fact, buried wheat grain which had been after­
ripened in dry storage for six months and more, depending on experiment. Along these lines, after-ripened barley 
grain had zero longevity after six weeks burial, while the longevity after 12 months burial of freshly harvested 
barley grain amounted to some 3.4% (Rauber, 1987). Thus, the wheat longevities as observed in the classical 
studies would appear to have little bearing on volunteer wheat seedbank longevity, and seem to have had a 
prolonged and misleading influence on agronomic perception. 

The longevity values obtained at 14+ months, are derived from emergence counts recorded after the sowing date of 
the next winter wheat crop in the Akron two year rotation, and are important for tItis reason. The implication being 
that significant genetic contamination of tIle succeeding wheat crop can and is likely to occur, at Akron and at other 
farm sites in the Central Great Plains of the US. Another implication is that wheat breeders or growers wishing to 
maintain genetic purity would be advised to observe a quarantine period of two years and more. 

Finally it should be noted that the Akron longevities as detennined from emergence counts, do not measure the 
extent of the volunteer seedbank remaining viable and dOffilant at the end of the emergence count period, and might 
therefore understate the actual Akron longevity values. 

In summary, the Akron longevity results would appear to have far-reaching consequences for weed scientist, wheat 
breeder, crop agronomist, and farmer alike. 

References: 

Duvel lW.T., 1905. The vitality of buried seeds. US.D.A. Bur. Plant Industry, Bull. No. 83. (25 pp). 

Kjaer A., 1940. Gennination of buried and dry stored seeds. I. 1934 -1939. Proc. J.s. TA., Vol. 12, pp 167-188. 

Lewis J., 1958. Longevity of crop and weed seeds. J. First interim report. Froc. J.s. TA., Vol. 23 , pp 340-354. 

Rauber R. , 1987. Survival offreshly-ripened seeds of winter barley (Hordeum vulgare L.) at different soil depths. 


Agnew. Botanik, Vol. 60, pp 325-355. 
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Table: "Vona" volunteer wheat longevity fractions, Akron. 

Fallow Canopyl Cultivation 

Notill Till Av. Notill Till Av. Notill Till Av. 

(%) (%) (%) (%) (%) (%) (%) (%) (%) 

LL or ME estimates 
9rno 8 2 S­ 5+ 2 4 6 2 4 

12 rno 7 u 2 4 4 u 2 S- u 3 

14+ rno 2 Z2 U U u 

CE estimates 
9rno 17 3 10 11 4 7 13 4 8 

12 rno 14 8 8 2 5­ 10 2 6 

14+ rno 4 z 2 2 2 3 2 

BE estimates 
9rno 47 9 28 30 10 20 36 10 23 

12 rno 38 4 21 21 S­ 13 27 4 16 

14+rno 11 u 6 5+ 3 4 7 3 S-

Canopy - average of com, sorghum, and proso-millet treatments. 

2 U, Z - sic "trace" values of < 1%; "u" rounds to unity, 0.5 ~ u < 1; "z" rounds to zero, 0 < z < 0.5. 
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Figure. .ME estimates of volunteer wheat longevities at Akron. A placing of lower limits on average volunteer 
wheat longevity values. Effects of average, till, notill, cultivation, fallow and canopy treatments. 

BE, CE and .ME longevities have very similar graph shapes, although their estimates are not strictly speaking 
proportional. In visual impact, more or less equivalent. CE longevity values are some 2 fold greater than the ME 
longevity values, with small variation (1.9 to 2.1). BE longevity values are some 5.4 fold greater than the graphed 
.ME values, with more variability (4.9 to 5.8). Comparative BE, CE, and ME longevity values are given in Table. 
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Combine grainloss extent of wheat. 1. Estimating average and extreme grain loss fractions. Geoff Soper. 
(SEAGREEN Research, Pannetts Road, 4 R.D. Christchurch 8021, NZ). All else equal, the scale of any volunteer 
wheat problem is directly related to the extent of wheat grainlosses to the field at harvest time. This report examines 
the likely extent of wheat grainlosses as incurred :,y combine harvester. In average case, these amount to 2% of 
wheat crop yield, with extreme losses of 6% possible (p=0.95) . 

Literature mention of combine wheat grain losses is restricted to Japanese measurement and citation of other 
Japanese results (Komatsuzaki £ Endo, 1996), and to a chain of citations which invoke a series of little known but 
fairly extensive UK surveys (Marshall et al 1989; Cussans, 1978; Hughes, 1974; Anon, 1973; and Anon J97]). 
Because of a number of mistakes that have arisen in this sequence, and because some of the implications of the 
original surveys were not fully realized, the original on farm records have been reanalyzed with a view towards rigor 
and useful context. 

To this end, on-farm crop yields were calculated from average combine rate of work (acres/hr) and average combine 
grain-threshing rates (tons/hr), as were determined for each onfarm case. With yields known, combine grain losses 
as fractions of yield could then be calculated. The distributions of these combine grainloss-fractions for wheat were 
notably skew (refer Figure). On the basis of graph and curve-fit comparisons, it was judged that the actual empirical 
distributions were in fact neither normal nor lognormal, but were somewhere in between the two, more nearly 
approaching lognormal. Because of this assessment, calculations of grain loss likelihoods were undertaken for both 
assumed normal and assumed lognormal distributions, and the results interpreted with the above point in mind. 
Grainloss likelihoods were also assessed for the actually occurring empirical distributions themsel ves as an 
additional check. The results of these analyses are given in Table. 

Wheat incurred an average harvester induced grainloss fraction of 1.9% in 1969, 2.2% in 1971, and 2.0% over both 
1969 and 197, as averaged over 52, 22, and 74 onfarm cases respectively . For grainlosses sampled over both 1969 
and 1971, an average of 2.0% was obtained, a median value (p=0.50) of 1.6%, a conservatively high value (p=0.75) 
of 3.2%, and a significance threshold value (p=0.95) of 6.0%. As a general rule, slightly lower results were 
obtained for 1969, the most extensively surveyed year, while generally higher results were obtained for the more 
sparsely sampled 1971 wheat harvest. Notably, an extreme significance threshold (p=0.95) value of7.7 % was 
generated for an assumed lognormal distribution of the 1971 grainloss fractions. 

As a check on interpreted results, the observed yearly grainloss fractions and yearly log-transformed grain loss 
fractions were ordered and assigned Hazen probabilities (Table; Thode, 2002), and the conservative and 
significance-threshold values calculated directly from the empirical distributions. From these latter considerations, 
a median value (p=0.50) of 1.8% was obtained in 1971, a conservatively high (p=0.75) grainloss of 3.9% was 
indicated for 1971, and a significance threshold (p=0.95) value of 6.0% was found, again in 1971. 

In summary then, UK survey data indicates an average grainloss of 2.0%, a median grainloss (p=0.50) value of 
1.8%, a conservatively high grainloss (p=0.75) of 3.9%, and a significance threshold grainloss (p=0.95) of 6.0%. 
This last significance value is a matter of interpretation, discarding the high 7.7% value generated for an assumed­
lognormal-distribution in 1971, in favour of the value assessed from the ordered empirical distribution and assigned 
Hazen probabilities. 

If these results are taken as typical of combine grainloss extent in other years and other regions, then likely 
(average), median (p=0.50), conservatively high (p=0.75), and extreme (p=0.95) volunteer wheat seedbank renewal 
via combine grainlosses at harvest, might be estimated from crop yield and 1000 kernel weight, and the scale of 
potential volunteer problems better defined. In report II of this series, such average and extreme volunteer wheat 
seedbank analysis has been undertaken for a number of wheat growing locations and regions . 
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Pi the cumulative 
Other methods of such 
method, and . ., XL Pi = (i-I) I (n-1), a 
characterized by built-in biases towards and understatement distribution 
values associated with probabilities. 
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Figure . Distributions of yearly combine wheat grainloss fractions. Fit of the normal and lognormal curves defined by grainloss fraction (normal) and log 
grainloss fraction (lognormal) sample means and standard deviations . 



Combine grainloss extent of wheat. II. Variabilty with location, yield, lOoo-kernel weight, and loss fraction. Geoff 
Soper. (SEAGREEN Research, Pannetts Road, 4 R.D. Christchurch 8021, NZ). In the first report of this series, 
analysis of wheat combine grainloss records of UK survey indicated that some 2% of the wheat crop yield was lost 
by combine harvester to farmer field, on the average, and that most such wheat grainlosses by combine harvester 
were less than 6% of crop yield, at a cautiously assigned p=0.95 level (95% of onfarm cases). Assuming that these 
UK combine loss fractions hold more or less true for combine-harvester operation in other years and other regions, 
the numbers of grains likely to be lost to farm field might be determined from wheat crop yield and 1000-kernel 
weights (TKW) at specific location, the likely extent of the volunteer wheat seed-bank estimated, and in this manner 
the scale of potential volunteer problems better understood. Estimation of the likely scale of volunteer wheat 
problems at various sites is undertaken in this report. 

Table I summari zes the likely grainloss numbers lost to the field by combine-harvester, as predicted for various sites 
around the world . At UK, Japanese and NZ locations, average wheat grainlosses are estimated at some 280 kernels 

2 m· , with extreme values up to 850 kernels m·2 possible. At Akron CO, grainloss estimates of this extent are only 
likely in highest yielding years. In average-yielding year, combine-harvester induced ground-densities at Akron are 
estimated to be 30% lower, with 220 kernels m·2 likely, and with ground-densities of up to 650 kernels m·2 possible 
on more extreme occasion. 

Table 2 explores the differences in harvester-induced wheat-seed ground densities that might occur at the same site 
or region. Likely average ground-densities might be expected to vary by up to 50 to 80% depending on yield and 
TKW swing. At Akron CO, it is estimated that average combine-induced ground densities might range from 180 to 
280 kernels m·2

. In the Canterbury region of NZ, the likely average values might range from 200 to 360 kernels m·2• 

The relatively lower Akron values, appear to be related to the fact that although grain-yields and kernel-sizes are 
both much less at Akron, the proportional difference in grain yields is greater than the proportional difference in 
kernel-sizes. 

Higher combine-induced ground-densities occur in regions of greater yield capacity. The higher-yielding larger­
grain CA (California) HRWW (hard red winter wheat) crop has higher values of harvester-induced ground-density 
estimates, than those of the lower-yielding smaller-grain 7-State (KS, OK, TX, CO, NE, MT, SD) HRWW crop 
(refer Figure) . For the 1990 wheat harvest, the average yield for the CA HRWW crop was about 5.3 t ha· l

, more 
than twice as high as the average 7-State HRWW yield of 2.4 t ha· 1 (Table 2). In this year, the average lOOO-kernel 
weight (TKW) for the CA crop of around 36g was nearly 50% higher than the 25g average 7 -State value. In 1990, 
the estimated ground-densities induced by harvester amounted to around 290 wheat kernels m· 2 in average CA 
HRWW field, and to around 190 wheat kernels m·2 in the average 7-State HRWW field . Similar results occurred 
over the 1991 to 2000 harvests . 

The combine-harvester induced ground-densities over the 1990 to 2000 harvest period for the various US wheat 
classes are displayed in Figure, while Table 3 provides their average values over this period. Over these 11 years, 
average combine ground-density estimates were as little as 110, 140 and 170 kernels m-2 for N. Great Plains Durum, 
N. Great Plains HRSW (hard red spring wheat), and Midwestern HRWW (hard red winter wheat) respectively. 

Over this same period, ground-density estimates averaged 230,250,260, and 270 kernels m-2 respectively for the 

SRWW (soft red winler wheat) of the E. States, the SWW (soft white wheat) of the Pacific N.W. , the HRWW (hard 

red winter wheat) produced in CA, and the Durum wheat produced in the Pacific S.W .. 


All else equal, the two factors, wheat crop yield and wheat grain-size as measured by wheat lOOO-kernel weight, 
strongly influence estimated combine-induced ground-densities. Of these two factors, the effect of grain yield is the 
more considerable . 

As various Akron trial s indicated , quite severe yield stresses made little if any difference to lOOO-kernel weights 
among various yield-affecting treatments. Thus one might expect that grain-size would not vary greatly at 
neighbouring locations, all else equal. At the same time one might expect both yield and lOOO-kernel weights to 
increase in a good year, and both to decrease in a poor year. Although this latter observation might be true often 
enough, it is definitely not true in all cases . For both the CA and the 7 -State HRWW crops, the 1990 yields were 
higher on average than the 2000 yields, yet average lOOO-kernel weights were lower in 1990. 
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In Rothamsted PYTV'r'TnP the light or lowering the temperature, over one or both of two 
consecutive 16 increased the final 1000-kernel weights of wheat. These effects were 
found to be UU\~fJ""U'-'l" of each othcr and additive c Ford, 197 ). In a similar IOOO-kernel 
weights were decreased for grown at warmer temperatures over the first 14 after head initiation, 
although yields were unaffected. The effect on final TKW of water over these 

was not examined, and remains unknown. 

In summary in of and NZ, combine harvest are estimated to incur average wheat 
grainlosses of 280 kernels m·2 In the estimates of combine-induced U-"'-'1J'''Hl''';> were lower. 
For US combine losses for the HRWW wheat class are estimated to average 220 and 170 wheat 

for CA, Akron and the 7 -State Midwestern regions (or 

An eleven year ('AmI',,,,; of combine-induced estimates for US wheat indicates that in the 
Pacific SW slightly than those of the Pacific NW, which themselves were 

on the average. The Midwestern ground estimates were 
substantially lower. Lowest density estimates were found for wheat grown in the N. Great Plains. 

Onfarm values of up to three times thc average values are quite possible (p:::::0.95). speaking, 
of greater yield capacity had combine induced wheat kernel densities. 

Both grain yield and size (TKW) affected estimate with the effect of or site yield more 
dominant. Factors TKW are understood. However, higher and lower light 
intensities over the period anthesis can decrease crop TKW on the size and direction of 
any concurrent yield increase volunteer wheat densities. 

it should be noted that hailshatter might be considerable in some US and in these regions it too will 
affect the scale of volunteer wheat An into hailshatter extent with US is underway, but 

for report in this volume. In this reader observations on wheat hailshatter extent in 
would be welcomed. The author may be contacted al ~~~~~.::::.:..:-'=-'~!!.!..:..'-=~. 
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Table 1. VaIiability of combine grainloss estimate with site, yield, TKW I and loss-fraction. 

yield TKW grain loss fractions 

2% 6% 

(t ha· 1) (g) (kernels m·2) 

UK ADAS survey 4.4 50 180 550 Soper (unpubl.), Anon.a (1971,1973) 

UK Rothamsted 6.6 49 270 800 Bacon el at (1998), Thorne £ Ford (1971) 
Japan Ibaraki 4.6 33 280 850 After Komatsuzaki £ Endo (1996) 
NZ Canterbury 7.0 48 290 900 Midrange, local consensus 

US Akron high yield 3.9 28 280 850 Anderson (1984, 1993), Halvorson el al 

mid yield 2.7 25 220 650 (1994), Merle Vigil (pers. commun.) 

I 1000-kernel weight. 

Table 2. Regional variability of combine grainloss estimates. 

category yield TKWI grainloss fractions 

2% 6% 

(t ha·1
) (g) (kernels m·2) 

NZ, Canterbury high range 

mid range 

low range 

10.0 

7.0 

4.0 

55 

48 

40 

360 

290 

200 

1100 

900 

600 

local consensus 

US , Akron high range 

mid range 

low range 

3.9 

2.7 

2.0 

28 

25 

22 

280 

220 

180 

850 

650 

550 

Anderson (1984, 1993), 
Halvorson el al (1994), and 
Merle Vigil (pers. commun.) 

US, HRWW 2 CA av.1990 

av.2000 

5.3 

4.9 

36 

38 

290 

260 

880 

770 

Anon.b (1992), Anon.c (1991) 

Anon.b (2002), Anon.c (2001) 

US , HRWW 7-State av.1990 

av.2000 

2.4 

2.3 

25 

27 

190 

170 

580 

520 

Anon.b (1992), Anon.c (1991) 

Anon.b (2002), Anon.c (2001) 

I 1000-kernel weight. 2 hard red winter wheat. 

Table 3. Combine grainloss ground-density estimates for US wheat class, averaged over 1990 to 2000. I 

loss fraction durum hard red spring hard red winter soft red winter soft white 2 hard red winter durum 

N Great Plains N Great Plains MidW EStates Pacific NW CA Pacific SW 

2 2 2 2 2(kernels m· ) (kernels m .2) (kernels m· ) (kernels m· ) (kernels m· ) (kernels m· ) (kernels m·2) 

2% 110 140 170 230 250 260 270 

6% 320 420 510 680 740 770 800 

I after (Anon.b, 1992, " ., 2002; Anon.c, 1991, .'" 2001). 2 uses USWA production, NASS yields, assumes 80% winter wheat. 
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Figure. Average combine grainloss estimates for US wheat class over the harvest years of 1990 to 2000. Wheat 

1000 kernel weights and bushel weights were taken as the harvest averages determined by US Wheat Associates 

(USW A) for the various wheat classes. Wheat class yield calculations follow USWA use of NASS data. 


The HRWW (hard red winter wheat) crop is mostly produced by the seven Midwestern states (KS, OK, TX, CO, 

NE, MT, SD) plus CA; the SRWW (soft red winter wheat) crop by 16 Eastern states, AL, AR, GA, IL, IN, KY, LA, 

MD, MI, MS , MO, NC, OH, SC, TN, VA; the SWW (soft white wheat) crop by three Pacific N.W. states, WA, OR, 

and ID; the HRSW (hard red spring wheat) crop by four states of the N. Great Plains, MT, ND, SD, and MN ; and 

the US durum crop by two states of the Pacific S.W. (CA, AZ) and by two states of the N. Great Plains (MT, ND). 

Roughly speaking, these produce some 97 , 97, 90,94 and 99% respectively of the US total for that wheat class, 

although these percentages alter with year. Qualifying statements made by USW A for wheat class may apply. 


Graphed SWW values use USWA production estimates and NASS yields, assuming 70 to 90% was grown as winter 

wheat. For the SRWW class, USW A harvest data was incomplete. The export-cargo derived graph has been added. 
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Geoff 
Research, Pannetts Road, 4 R.D. Christchurch 8021, In the first report of this series, 
induced wheat grainloss records, of UK survey, indicated that on the average some 2% of the wheat crop was 
lost farm field, and that most such wheat were less than 6% of the crop yield, at a cautiously assigned 

level of onfarm cases). In the second report of this series, these results were applied to the 
likely average and extreme wheat induced at sites and 
However as many farmers can attest, volunteer densities usually alter with position across combine transect. This 
report examines the in wheal that occurs behind combine as indicated 
the strike flush) of volunteers on the better 
of volunteer wheat experiment, and on the of harvester to minimize the volunteer wheat seed bank, are also 
offered. 

To this a sampling of onfarm volunteer wheat strike across combine transects was undertaken some four weeks 
days) after grain harvest, using a 1m x I m sampling subdivided into a 10 cm x 10 cm lattice. The combine 

harvester used was an axial-flow 1992 model with 6.1 m cut and a 1.2 m (4-fool) wide rear trash outlet. 
The axial-flow models create coherent "tubes" of straw and smaller thus tending to concentrate trash and grain 

through the combine into narrow by reducing the trash settling width and the extent of any wind 
Trash had not been chopped and behind and had been baring the soil for ploughing 

and later autumn sowing. Conditions were optimal for volunteer strike and volunteer-count 
measurement. Counts were undertaken in meter wide transects across four combine widths at three locations 

SO m More extensive was by the of the operation 
in progress. 

The volunteer counts across combine transects are provided in As was apparent from the green 
across the field the lines of trash outlet, volunteer numbers were concentrated in narrow 

These were mostly of about 1m wide, and sometimes less, but on occasion out in\o strips of 
up to 2m and sometimes 3m wide. In the transect between trash outlet volunteer counts 
were much reduced and similar in magnitude to each other. At these latter there was in fact a fine-scale 
tendency lowards events of single isolated volunteers or of isolated several-volunteer clusters. 

Volunteer wheat extent systematically varied some IS fold over combine-wide transect. For particular combine 
transect, the same pattern occurred but to a different this systematic variation ranging from 6 to 37 fold. 

over 12 combine transects, densities of 164, 32 and 1 J volunteers were recorded over the central 
meter, over the meter and over the other four meters or so of the actual combine cui 

that the volunteer densities were in direct to the combine-induced 
earlier, this to a combine pattern on volunteers. In this instance some 15 
kernels were <iistributed combine-harvester over the central meter and downwind meter positions than were 
distributed over the other four meters out of the actual combine cut. 

There was also evidence of greater at the crop end of the cutler-bar, ..r;m,.,,~r'>(1 
to those at other cutter bar positions (see 

Combine grainlosses of wheat can be subdivided into those that occur at cutter and and those that pass through 
the header and emerge at rear trash outlet. In survey of UK wheat crop these front and rear combine 

were fairly similar on average, although either might amount to insignificant or to major 
fractions of the total combine in particular on farm case (Anon, 1971, Soper, unpub\.) 

Logically speaking, combine front losses might be to be more or less uniformly spread over combine 
intake width. If so, and if also at combine front equalled those at combine rear, then the 6.1m 
and 1.2m (4-fool) cutler and trash-outlet combine would ensure that were six fold more 
concentrated central to combine cut than at non-central The real situation is more in that the 
intake in the current onfarm case around 5.7m the variable effects of wind in spreading rear 

the fact that the trash tube for a cut crop may not be as much as 1.2m 
wide, and that grainlosses at front and rear may not have been equal or 
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In general case, the condition of the crop at harvest, and the operation of combine harvester will both affect this 
pattern. Four other factors also systematically affect grainloss concentrations on the ground, and the consequent 
volunteer occurrence pattern. Firstly , there is the effect of the relative losses incurred at combine front and combine 
rear (by the impact of culter and reel, and by the ef[iciency of the threshing mechanisms, respectively). Secondly, 
there is the concentration effect afforded by the relative widths of combine cut and combine trash outlet. Thirdly 
there is the effect of subsequent wind spread of trash, and of any mechanical trash dispersal or removal. Fourthly 
there is likely to be an effect of combine design type . 

In the observed case presented here, approximately 25% of the total grainlosses arose at the combine front and 
approximately 75 % of the total arose at combine rear. That is, the rear (threshing efficiency) grain losses were some 
three fold greater than those incurred at the combine front. At the same time. the actual-cut width to trash-outlet 
concentration factor affecting rear grain loss concentrations, amounted to some 4.5 fold. In the observed example. 
wind spread was not a major factor. and trash was not mechanically dispersed or removed. 

Trash chopping and dispersal behind harvester reduces the extent of systematic variation of volunteers imposed by 
combine-harvester, but does not remove it. In the observed case, a uniform rear-grain dispersal over say 2.8m (9.3 
feet) would still have resulted in a seven fold systematic grainloss variation across the average combine width. 

A strong implication for any realistic field studies of wheat volunteers, is that sampling would be best undertaken in 
transects across the direction of combine travel, in sampling units of exact numbers of actual combine cut-widths 
wide. Or failing this, a less labour-costly equivalent method justified. "Inverse sampling" or "Poisson-distribution" 
orientated methods of weed-sampling, such as were used to good effect by Felton et al (1994) and Wicks et al 
(2000) for numerous weed species, may not be appropriate for estimating volunteer wheat densities determined 
by combine. The limitations of measuring volunteer wheat occurrence via ordinary random samples may not be as 

great, but such measurement would still require more care than usual, in that more samples might be needed. 

Finally, recognition of the combine grainloss concentration paltern imposed on wheat volunteers offers opportunities 
for new methods of volunteer wheat control. One that comes to mind, is the use of the weed spot-spraying 
teChniques developed by Felton et al (1991), possibly redesigned to take advantage of concentrated volunteer wheat 
occurrence in fairly well defined strips. Another might be to restrict a tillage method to the volunteer-dense strip. 
A lower release by combine of trash "fines" over a more confined outlet width could increase strip-till effectiveness. 

There might also be a window of opportunity for combines redesigned to retain small trash and associated grain off 
the field , rather than dispersing them with the larger trash . This with redesign minimizing the numbers of grains 
retained in the partly threshed ears attached to the larger trash. Such higher grain, higher protein, higher feed value 
"seconds chaff' might have commercial value, which might offset the extra handling cost involved, or some of it. 
With the advent of herbicide resistant wheat volunteers, such methods may merit revival or redevelopment. 

Thought too might be given to the killing or damaging of the volunteer grains within small trash before dispersal. 
E.g. a grinding of "fines" , through rollers or otherwise, might damage the grain or seed coat sufficiently to promote 
either immediate decay or immediate germination in any unkilled wheat kernels remaining. This method would 
seem to offer considerable promise at low cost. More so, for regions where hailshatter is not a significant factor. 
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Figure, Volunteer wheat density across combine-width transects, nearly four weeks after harvest. An axial-flow 
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1992 combine was used with 6,1m (20-foot) cut, and 1.2 m (4-foot) trash outlet. Straw and stubble had been burnt. 
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Interrupted wind grass control in winter wheat. Joan Campbell and Donn Thill. (Crop and Weed Science Division, 
University ofIdaho, Moscow, Idaho 83844) Two experiments were established in winter wheat near Deary, Idaho 
to evaluate interrupted windgrass control. The objective of the fust experiment was to compare efficacy of various 
graminicides on interrupted wind grass. The obje.:tive of the second experiment was to determine broadleaf 
herbicide antagonism to clodinafop. Herbicides were applied with a CO2 pressurized backpack sprayer delivering 
10 gpa at 3 mph and 32 psi (Table 1). The experimental design was a randomized complete block with tluee 
replications and 8 by 30 ft experimental units. Weed control was evaluated after interrupted windgrass headed. 
Both experiments were oversprayed with thifensulfuronltribenuron for broadleaf weed control which suppressed 
interrupted windgrass. Wheat was not harvested since interrupted windgrass competition was low. 

Table 1. Environmental and edaphic conditions. 

Experiment One Two 
Application date April 8, 2002 April 21 , 2002 
Windgrass growth stage 1 to 2 leaf 2 leaf to 2 tiller 
Wheat growth stage 3 leaf 4 leaf 
Air temperature (F) 49 60 
Soil temperature at 4 inches (F) 40 50 
Relative humidity (%) 64 56 
Cloud cover (%) o 100 
Soil moisture High High 

Interrupted windgrass control was 92% or greater with all treatments except metribuzin (87%) and clodinafop (80%) 
in the fust experiment (Table 2). In the second experiment, interrupted windgrass control was best (95%) with 
fenoxaprop/safener + thifensulfuron + MCPA ester and this treatment was better than all clodinafop treatments 
containing broadleaf herbicides other than thifensulfuron (Table 3). Interrupted windgrass control was better with 
treatments containing clodinafop alone or clodinafop and thifensulfuron (85%) compared to clodinafop plus the 
other broadleaf herbicide combinations (45%) (orthoganol contrast P>O.OOOI). 

Table 2. Interrupted windgrass control with graminicides. 

Treatment l Rate Interrupted windgrass control 
Ib ailA % 

Untreated o 
Flucarbazone 0.04 98 
Propropcarbazone 0.04 98 
Sulfosulfuron 0.031 98 
Imazamethabenz 0.47 98 
Imazamethabenz + thifensulfuron 0.47 + 0.0234 96 
F enoxaprop/safener 0.083 92 
Clodinafop 0.05 80 
Tralkoxydim 0.24 98 
Metribuzin 0.25 87 

LSD (0.05) 7 
1 Flucaroazone and imazamethabenz treatments were applied with 0.25% v/v nonionic surfactant (R-11). Propropcarbazone and 
sulfosulfuron were applied with 0.5% v/v R-11. Clodinafop was applied with 0.32 qtlA crop oil concentrate (Score). 
Tralkoxydim was applied with 0.5% v/v crop oil concentrate plus nonionic surfactant (Supercharge). 
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Table 3. Interrupted windgrass control with clodinafop alone and with broadleafherbicides. 


Treatment t Rate Interrupted windgrass control 


Untreated 
Clodinafop 
Clodinafop 
Clodinafop + MCPA ester 
Clodinafop + MCP A ester 
Clodinafop + dicamba 
Clodinafop + dicamba 
Clodinafop + clopyralid/2,4-D 
Clodinafop + c1opyralid/2,4-D 
Clodinafop + dicamba dimethyl amine 
Clodinafop + dicamba dimethyl amine 
Clodinafop + MCP A amine 
Clodinafop + MCPA amine 
Clodinafop + prosulfuron 
Clodinafop + prosulfuron 
Clodinafop + bromoxynillMCPA 
Clodinafop + bromoxynillMCP A 
Clodinafop + 2,4-D amine 
Clodinafop + 2,4-D amine 
Clodinafop + thifensulfuron + MCPA ester 
Clodinafop + thifensulfuron + MCP A ester 
Clodinafop + thifensulfuronltribenuron + MCP A ester 
Clodinafop + thifensulfuronltribenuron + MCPA ester 
Fenoxaprop/safener+ thifensulfuron + MCPA ester 

LSD (0.05) 

0.05 

0.063 


0.05 + 0.375 

0.063 + 0.375 

0.05 + 0.094 

0.063 + 0.094 

0.05 + 0.607 

0.063 + 0.607 

0.05 + 0.094 

0.063 + 0.094 

0.05 + 0.375 

0.063 + 0.375 

0.05 + 0.0179 

0063 + 0.0179 


0.05 + 0.5 

0.063 + 0.5 


0.05 + 0.375 

0.063 + 0.375 


0.05 + 0.028 + 0.375 

0.063 + 0.028 + 0.375 

0.05 + 0.028 + 0.375 

0.05 + 0.028 + 0.375 


0.083 + 0.028 + 0.375 


% 

87 
72 
65 
38 
33 
40 
53 
38 
40 
57 
37 
63 
29 
37 
48 
43 
57 
40 
93 
87 
90 
82 
95 

28 
tAli treatments with c1odinafop were applied with 0.8 ptlA crop oil concentrate (Score). Fenoxaprop/safener + thifensulfuron + 

MCPA ester was applied with 0.25% nonionic surfactant (R-ll). 

2MCPA, dicamba, c1opyralid, and 2,4-D rates are expressed as Ib aelA. 
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Soil persistence of ethametsulfuron. Janice M. Reed and Donald C. Thill. (Plant Science Division, 
University ofIdaho, Moscow, ID 83844-2339) Studies were conducted near Nezperce and Potlatch, Idaho 
to evaluate soil persistence of ethametsulfuron. Plots were 16 by 30 feet arranged in a randomized 
complete block with four replications . Etham..-:tsulfuron treatments were applied to spring canola with a 
CO2 pressurized backpack sprayer calibrated to deliver 10 gpa at 30 psi and 3 mph (Table I). Canola injury 
was evaluated visually. Canola seed was harvested with a small plot combine on August 28 and September 
5, 2001 at Nezperce and Potlatch, respectively. 'Cashup' winter wheat was no-till seeded at Nezperce on 
September 23,2001 and 'Rely' winter wheat was no-till seeded at Potlatch on September 15,2001. 
Ethametsulfuron persistence was evaluated by visual wheat injury and wheat yield in 2002. Winter wheat 
was harvested on August 1 and 5, 2002 at Nezperce and Potlatch, respectively. 

No rate of ethametsulfuron injured canola in 2001 (data not shown). Canola yield at Nezperce ranged from 
1788 to 1937 IblA and did not differ among treatments (Table 2). At Potlatch, canola yield from plots 
treated with ethametsulfuron averaged 18% more than the untreated check and were not significantly 
different from each other. This was likely due to competition from wild oat, common lambsquarter, and 
field pennycress at Potlatch. 

In 2002, no visual wheat injury was noted at either location early in the growing season; however, a 
difference in stand height and maturity was noted just prior to harvest (data not shown). Wheat plants 
treated with the 2X and 4X rates (0.054 and 0.108 Ib ai) of ethametsulfuron at both locations were slightly 
shorter and greener compared to the untreated check and the IX rate (0.027 Ib ai) . Wheat yield at Nezperce 
ranged from 81 to 88 bulA and did not differ among treatments or from the untreated check. At Potlatch, 
wheat yield from plots treated with 0.054 Ib ai ethametsulfuron was lower than the untreated check and the 
0.027 Ib ai rate. 

Table I . Application and soil data. 

Location 

Application date 

Canola growth stage 

Air temp (F) 

Relative humidity (%) 

Wind (mph, direction) 

Cloud cover (%) 

Soil temp at 2 in (F) 


pH 
OM(%) 

CEC (meqIlOOg) 

Texture 


Nezperce 

May 30, 2001 


4 leaf 

63 

49 


3.5,NW 

25 

60 

4.9 

5.9 

32 


Silt loam 


Potlatch 

June 6, 2001 


2 to 4 leaf 

65 

54 


3, W 

75 

50 

5.2 

2.9 

19 


Silt loam 


Table 2. The effect ofethametsulfuron on canola and wheat yield near Potlatch and Nezperce, Idaho in 2001 and 2002. 

Treatment' 

Untreated check 
Ethametsulfuron 
Ethametsulfuron 
Ethametsulfuron 

Rate 
lb ai/A 

0.027 
0.054 
0.108 

200 I Canola yield 
Nezperce Potlatch 

----------------IblA --------------­
1792 1124 
1937 1326 
1927 1422 
1788 1381 

2002 Wheat yield 
Nezperce Potlatch 

------------------bul A ----------------­
88 100 
81 ]02 
81 90 
83 95 

LSD (0.05) NS 171 NS 7 

, Ethametsulfuron was applied with a 90% non-ionic surfactant (R-II) at 0.25% v/v. 
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Spring barley, potato, and sugar beet follow-crop response to imazamox and guinclorac applications in winter 
wheat. Michael 1. Wille and Don W. Morishita. (Twin Falls Research and Extension Center, University of Idaho, 
Twin Falls, ID 83303-1827) A study was conducted at the University ofIdaho Research and Extension Center near 
Kimberly, Idaho to assess the potential for injury to sugar beet, potato, and spring barley planted one cropping year 
after imazamox applications. Imazamox and quinc10rac was applied to Clearfield® winter wheat ('Fidel') in the fall 
2000 and spring 200 1. Each crop was grown separately and thus evaluated as separate experiments. Experimental 
design for each crop was a randomized complete block with four replications. Individual potato and sugar beet plots 
were four rows by 35 ft, and barley plots were 8 by 25 ft. Potato row spacing was 36 inches and sugar beet row 
spacing was 22 inches. Soil type was a Portneuf silt loam ~29% sand, 65% silt, and 6% clay) with an 8.1 pH, 1.6% 
organic matter, and CEC of 14-meq/100 g soil. Clearfield winter wheat was planted October 9,2000. All herbicide 
applications were broadcast-applied using a COrpressurized bicycle-wheeled sprayer calibrated to deliver 10 gpa 
with 11001 flat-fan nozzles. Fall treatments were applied to frozen soil on December 7, 2000, when wheat had 1 to 2 
leaves. Spring treatments were applied April 11,2001, when wheat had 4 leaves. Soil and environmental conditions 
at herbicide application is shown in Table 1. The wheat crop was managed and harvested using standard production 
practices for irrigated winter in southern Idaho. Spring barley was planted April 9, 2002, at a rate of 100 lb/ A in 7­
inch rows. 'Russet Burbank' potato was planted at 1 ft intervals on May 1,2002. 'HM 2984RZ' sugar beet was 
planted April 26, 2002, at a seeding rate of 57,024 seed/A. Due to a late freeze May 7 and 8, the experiment was 
replanted on May 14 with 'HM 2980RZ' sugar beet. Each crop was kept weed-free using both chemical weed 
control and hand hoeing. Crop injury was evaluated visually June 6 and August 9. Barley was harvested September 
3 from the center of each plot with a small-plot combine. Potato and sugar beet were harvested from the center two 
rows of each plot on September 19 and October 8, respectively. 

Table 1. IEnvironmental conditions at herbicide application. 

Application timing 
Fall Spring 

Application date Dec. 7,2000 April II, 2001 
Air temperature (F) 25 48 
Soil temperature (F) 28 52 
Relative humidity (%) 100 78 
Wind speed (mph) o 5 
Cloud cover (%) 100 100 

Evaluation ratings for crop injury were not significantly different, due to variability among treatments within each 
crop. Barley yield ranged from 55 to 75 bulA in herbicide treated plots, and 55 bulA in untreated check plots. Yields 
of herbicide treatments were all greater than the untreated check, but did not differ among each other except fall­
applied imazamox, which was lower than all other herbicide-treated plots and equal to the untreated check. Grain 
test weights ranged from 40 to 45 lblhu and were similar among all treatments. Potato yields ranged from 307 to 368 
cwt/ A and did not differ among each other or from the untreated check. Potato yields did not differ among 
treatments with respect to either grade, or specific gravity (data not shown). Sugar beet root yields ranged from 22 to 
27 tons! A, and from 6020 to 7380 lb extractable sugar/ A (data not shown). Neither sugar beet root yield nor 
extractable sugar yield differed among any treatments. 
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Table 2. barley injury and yield response in to irnazamox applied to soil in fall 2000, and 

Check 55 44 

Imazamox+ 
UAN+ 
NIS 

0.077 + 
1.25 + 
0.25% v/v 

Fal12000 0 0 55 45 

Imazamox+ 
UAN+ 
NIS 

0.154+ 
1.25+ 
0.25%v/v 

Fall 2000 9 3 75 40 

Imazamox+ 
UAN+ 
NIS 

0.077 + 
1.25+ 
0.25% v/v 

2001 16 0 73 44 

Imazamox+ 
UAN+ 
NIS 

0.154 + 
1.25+ 
0.25%v/v 

2001 28 3 62 44 

Imazamox+ 
UAN+ 
NIS I 

Imazamox+ 
UAN+ 
NIS 

0.077+ 
1.25+ 
0.25% vlv I 
0.077 + 
1.25+ 
0.25% v/v 

Fall 2000 

Spring 2001 

15 66 45 

13 NS 

1 




Table 3. Potato 

U.S. #2 Culls Totalwt 

Check 

Imazamox + 
UAN+ 
NIS 

0.048+ 
1.25+ 
0.25% v/v 

Fall 2000 
0 3 

30 
35 

0 3 

30 

35 

85 

82 

70 

89 

185 

206 

91 

64 

48 

55 

324 

324 

Imazamox+ 
UAN+ 
NIS 

0.096+ 
L25+ 
0.25% v/v 

Fall 2000 5 0 36 0 11 47 70 63 180 82 54 316 

Imazamox + 
UAN+ 
NIS 

0.048+ 
1.25 + 
0.25% v/v 

2001 0 3 29 4 31 99 86 216 93 58 368 

Imazamox + 
UAN+ 
NIS 

0.096+ 
1.25 + 
0.25% v/v 

Spring 2001 4 0 33 0 3 27 65 79 170 94 62 326 

0.38 Fall 2000 0 33 0 10 31 81 71 182 87 43 312 

0.76 Fall 2000 6 37 0 6 34 77 88 198 105 38 341 

Imazamox+ 
+ 

+ 
NISI 

Imazamox+ 
+ 

UAN+ 
NIS 

0.048+ 
0.38+ 
1.25+ 
0.25% v/v 
0.048+ 
0.38+ 
1.25 + 
0.25% v/v 

Fall 2000 

2001 

0 2 31 10 34 75 37 147 99 61 307 

NS 
0.59 

NS 
0.21 

NS 
0.09 

NS 
0.46 

NS 
0.09 

NS 
0.10 

NS 
0.31 

NS 
0.53 

NS 
0.33 



Tolerance of winter wheat, spring barley, sugar beet, and potato follow crops to imazamox applied in imidazolinone­
resistant winter wheat fall and spring the previous growing season. Pamela J.S. Hutchinson, Felix E. Fletcher, and 
Brent R. Beutler. (Aberdeen Research and Extension Center, University ofIdaho, Aberdeen, ID 83210). The 
objective of this trial is to determine winter wheat, spring barley, sugar beet, and potato follow crop response to fall 
and spring imazamox applications in the previous winter wheat growing season. 

Imazamox at 0,0.04, or 0.8 Ib/A (0, IX, 2X rates) was applied to imidazolinone-resistant winter wheat November 2, 
1999 or Mayl, 2000 at the Aberdeen Research and Extension Center in Aberdeen, Idaho, in a 'Declo' loam soil with 
1.1 % organic matter and pH 8.3. A fall + spring sequential 0.04 Ib/A treatment was included in the trial. 
Treatments of fall 1999 applied 1 X and 2X rates with a simulated winter kill by May 01 , 2000 glyphosate 
applications, and plant-back to non-Clearfield spring wheat (,Treasure' planted May 30, 2000) were included in the 
trial. Experimental design was a randomized complete block with four replications . Plot size was 50 by 40 feet. 
lmidazolinone-resistant and 'Treasure' wheat was harvested fall 2000 and plots were kept intact. The trial was 
maintained weed-free throughout all growing seasons. Irrigation, and fertilizer, insect, and disease control plot 
maintenance was performed as necessary throughout all growing seasons. 

Winter wheat (,Dawes') was planted September 9,2000, and 'Baroness' barley, 'PM9' sugar beet, and 'Russet 
Burbank' potato were planted Aprilll, April 18, and April 24, 2001, respectively. The winter wheat follow-crop 
planting-date was approximately 10 and 4 months after the fall 1999 and spring 2000 imazamox applications, 
respectively. The spring 2001 follow-crop planting-dates were approximately 17.5 and 11.5 months after the fall 
1999 and spring 2000 irnazamox applications, respectively. Yield data in the 'Treasure' spring wheat planted in 
simulated winter-kill plots 7 months after fall 1999 irnazamox applications were not collected. No crop response or 
yield loss was observed in 'Dawes' winter wheat planted into the trial area fall 2000 (data not shown). While 
'Baroness' spring barley planted in 2001 was stunted in the 2X spring 2000 plots, yields were not reduced (data not 
shown). At mid-season, 'Russet Burbank' potato were injured (stunted) 12.5% in the simulated winter-kill treated 
plots (Table) . Although there was a trend for lower U.S. No. 1 tuber yields in the simulated winter-kill plots, 
potatoes yields were not significantly affected. Overall % visual injury ranged from 24 to 56% for sugar beets 
planted spring 2001 (Table). Only the fall 1999 IX rate with simulated winter-kill resulted in reduced sugar beet 
yield. 

Table. Follow crop response to imazamox applied fall or spring in the previous growing season. 
Sugar beet 

crop response Potato crop response 
Planting %crop % crop 
tirnini injury injury Tuber yield 

Treatment Rate App. code l MAT 7/24 Yield 7/24 U.S. No. I Total 
Ib/A T/A -----------cwtlA---------­

Weed-free 
control 0 32.08 0 170.8 232.1 

Imazamox 0.04 A 17.5 25 3179 0 213.9 262.1 
Imazamox 0.08 A 17.5 23.8 29.87 1.3 202.6 258.5 

Imazamox + 
Imazamox 

0.04 
+ 

0.04 

A 
B 

17.5 
11.5 

27.5 29.68 2.5 203.2 250.5 

[mazamox WK3 0.04 A 17.5 56.3 19.34 12.5 118.6 214.1 
[mazamox WK 0.08 A 17.5 28.8 33.94 12.5 122.8 206.7 
Imazamox 0.04 B 11.5 28.8 3161 1.3 1735 237.6 
Imazamox 0.08 B 11.5 23.8 32.65 3.8 215.6 279.4 
LSD (0.05) 17.6 4.9 4.4 68.5 74.1 

I A = November 2, 1999 application date; B = May 1,2000 application date. AI! treatments applied with I qtlA 32% N 
+ 0.25% vlv NIS 

2 Sugar beet 'PM9' planted April 18,2001 ; 'Russet Burbank' potato planted April 24, 2001. MAT = months after treatment 
3 WK = winter kill. Glyphosate applied May I, 2000, 'Treasure' spring wheat planted May 30, 2000 
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Rotational crop response to imazamox persistence. Traci A. Rauch and Donald C. Thill. (Plant Science Division, 
University of Idaho, Moscow, ID 83844-2339) Two studies were established at the University of Idaho Plant 
Science Fann near Moscow, ID to examine rotational crop response to imazamox persistence. One study was 
established in fall 2000 in 'Fidel' imidazolinone-resj~tant winter wheat and the other in spring 2001 in 'Triangle' 
imidazolinone-resistant spring wheat. In both studies, the experimental design was a randomized split-block with 
four replications. Main plots were two rotational crops, spring barley and yellow mustard in experiment one and 
spring pea and yellow mustard in experiment two (16 by 80 ft) and subplots were four herbicide treatments and an 
untreated check (16 by 32 ft). Herbicide treatments were applied in 2000 or 2001 using a CO2 pressurized backpack 
sprayer calibrated to deliver 10 gpa at 30 psi and 3 mph (Table 1). Experiment one was moldboard plowed and 
cultivated prior to seeding rotational crops, while rotational crops were direct-seeded into standing wheat stubble in 
experiment two. In experiment one, 'Camas' spring barley and 'Idagold' yellow mustard were seeded on April 22, 
2002. In experiment two, 'Granger' winter pea and 'Athena' winter canola were seeded in fa112001 but 
winterkilled due to poor fall establishment. 'Karita' spring pea and 'Idagold' yellow mustard were seeded as 
replacement rotational crops on April 26, 2002. Spring pea was overspraytd with bentazon at 1 lb aiJA on June 5, 
2002 for broadleaf weed control. In both studies, rotational crop injury was evaluated visually on June 4 and July 
10,2002, and seed was harvested with a small plot combine on August 13,2002. 

Table I. Application and soil data for experiments one and two. 

Previous crop 

Application date 

Wheat growth stage 

Air temperature (F) 

Relative humidity (%) 

Wind (mph, direction) 

Cloud cover (%) 

Soil temperature at 2 in (F) 

pH 

OM (%) 

CEC (meq/l OOg) 

Texture 

Primary tillage 


Experiment one 
'Fidel' winter wheat 

November 2, 2000 April 24, 200 I 
I leaf 3 to 5 tiller 

50 50 
73 86 

2, E 4,E 

30 10 

44 40 


4.7 

2.8 

16 


loam 

moldboard plow 


Experiment two 

'Triangle' spring wheat 


May 31,2001 

3 to 4 tiller 


74 

60 

o 
5 

70 

4.6 

4.3 

19 


loam 

none (no-till) 


In experiment one, spring barley and yellow mustard were not visibly injured by any treatment (data not shown). 
The treatment by crop interaction and the treatment main effect were not significant for seed yield. Seed yield 
ranged from 734 to 1016lb/A for yellow mustard and 3683 to 4213 Ib/A spring barley (Table 2). Spring barley test 
weight was not different among treatments. 
In experiment two, yellow mustard injury increased with imazamox rate and was 35 and 28% at the highest rate of 
imazamox on June 4 and July 10, 2002, respectively (Table 3). Yellow mustard injury tended to decrease with time 
at all rates. Seed yield ranged from 1778 to 1950 lbl A for yellow mustard and 919 to 1233 lbl A for spring pea and 
did not differ among treatments. Seed yield for spring pea and yellow mustard tended to be slightly lower at the 
highest rate of imazamox compared to the untreated check. 

Table 2. The effect of imazarnox on yellow mustard yield and spring barley yield and test weight in experiment one near 
Moscow, Idaho in 2002. 

Application Yellow mustard Spring barleyl 
Treatment2 Rate timing yield Yield Test weight 

Ib ai/A Ib/A Ib/A Iblbu 
Imazamox 0.04 fall 2000 870a 4213a 52a 
Imazamox 0.08 fall 2000 734a 4066a 52a 
Imazamox 0.04 spring 2001 1016a 3953a 51a 
Imazamox 0.08 spring 2001 757a 3683a 51a 
Untreated check 771 a 3792a 51a 

lMeans within a column followed by the same letter are not significantly different (P > 0.05). 

2 All treatments were applied with a 90% nonionic surfactant (R-II) at 0.25 % v/v and 32% urea ammonium nitrate at I qtlA. 
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Table 3. The effect of imazamox on spring pea and yellow mustard injury and yield in experiment two near Moscow, Idaho in 
2002. 

Crop injuryl 
Spring pea Yellow mustard 

Treatment2 Rate June 4 July 10 June 4 July 10 Spring pea Yellow mustard 

lb ai/A --------------------------%-----------------------­ -----------1 bl A -------------
Imazamox 0.032 Oa Oa la Oa 1950a 1186a 
Imazamox 0.04 Oa Oa 8a 4a 1847a 1233a 
Imazamox 0.064 Oa Oa 16a Ila 1906a 1026a 
Imazamox 0.08 4a Oa 35b 28b 1778a 919a 
Untreated check 1877a 1135a 

iMeans within a column followed by the same letter are not significantly different (P > 0.05). 

2All treatments were applied with a 90% non ionic surfactant (R-II) at 0.25% v/v and 32% urea ammonium nitrate at I qt/ A. 
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Spring barley and yellow mustard response to irnazamox and other grass herbicides persistence. Traci A. Rauch and 
Donald C. Thill. (Crop and Weed Science Division, University ofIdaho, Moscow, ID 83844-2339) Studies were 
established near Moscow, Tammany, and Bormers Ferry, Idaho to examine spring barley and yellow mustard 
response to imazamox, sulfosulfuron, flucarbazone-s,:,dium, and propropcarbazone persistence. The experimental 
design at all locations was a randomized split-block with four replications. Main plots were two rotational crops, 
spring barley and yellow mustard (15 by 144 ft), and subplots were eight herbicide treatments and an untreated 
check (16 by 30 ft). All herbicide treatments were applied in 2001 using a CO2 pressurized backpack sprayer 
calibrated to deliver 10 gpa at 30 psi and 3 mph (Table 1). The study at Moscow was moldboard plowed in the fall 
and cultivated in the spring, and at Bormers Ferry, the experiment was cultivated in the spring prior to seeding 
rotational crops. At Tammany, all rotational crops were direct-seeded into standing wheat stubble. 'Camas' spring 
barley and 'Idagold' yellow mustard were seeded on April 9, 20, and 23, 2002 at Bonners Ferry, Tammany, and 
Moscow, Idaho, respectively. At Bonners Ferry, spring barley was oversprayed with carbaryl at 0.5 Ib aiiA to 
control cereal leaf beetle on May 8,2002 and with tralkoxydim at 0.241b aiiA to control wild oat on May 8 and June 
3, 2002. Yellow mustard at Bonners Ferry was oversprayed with carbaryl at 0.5 Ib ail A to control flea beetle on 
May 8,2002 and with quizalofop at 0.069 Ib aiiA to control wild oat on May 8 and June 3, 2002. Rotational crop 
injury was evaluated visually, and barley and mustard seed was harvested with a small plot combine on August 13 
(Moscow), 20 (Tammany), and 21 (Bonners Ferry), 2002. 

Table I. Application and soil data for Moscow, Tammany, and Bonners Ferry, Idaho locations. 

Location Moscow, Idaho Tammany, Idaho Bonners Ferry, Idaho 
Application date May 8, 2001 April 26, 2001 May 17,2001 
Wheat growth stage 4 tiller 3 to 4 tiller 4 to 6 tiller 
Air temperature (F) 62 65 62 
Relative humidity (%) 45 51 58 
Wind (mph, direction) 2, W I,W 3, SW 
Cloud cover (%) 25 60 90 
Soil temperature at 2 in (F) 60 50 50 

pH 4.7 5.0 5.3 
OM (%) 2.8 4.0 20 
CEC (meq/IOOg) 16 25 49 
Texture loam silt loam loam 

Primary tillage moldboard plow none (no-till) field cultivator 

At Moscow, no treatment at any evaluation date injuried spring barley or yellow mustard (data not shown). At 
Tammany on June 21, spring barley was injured 0 to 31% but did not differ among treatments (Table 2). By July 
15, flucarbazone-sodium at 0.027 Ib ailA, propropcarbazone at 0.08 Ib ail A and both rates of sulfosulfuron injured 
spring barley 31 to 39% and did not differ from the low rate of propropcarbazone (26%). The high rate of 
sulfosulfuron and propropcarbazone injured yellow mustard 25 and 29%, respectively, on June 21 and did not differ 
from propropcarbazone at 0.04 lb ai/A and the high rate ofimazamox (14 and 16%). By July 15, the high rate of 
sulfosulfuron and propropcarbazone injured yellow mustard 30 and 36%, respectively, and the high rate of 
irnazamox injured yellow mustard 15%. At Bonners Ferry on June 14, spring barley was injured 0 to 9% and did 
not differ among treatments. By July 16, both rates of sulfosulfuron injured spring barley 16 to 26% and were not 
different from the propropcarbazone treatments (8 and 10%). Yellow mustard was injured 16% by the high rate of 
irnazamox and propropcarbazone on June 3 and did not differ from sulfosulfuron at 0.062 and propropcarbazone at 
0.041b aiiA. By June 14, propropcarbazone at 0.08 Ib aiiA injured yellow mustard more than all other treatments 
(28%), except the high rate ofirnazamox and sulfosulfuron. 

At Moscow, spring barley yield (3488 to 5978 Ib/A) and test weight (50 to 53 lb/bu) and yellow mustard yield (524 
to 1120 lb/A) did not differ among herbicide treatments or from the untreated check (Table 3). At Tammany, spring 
barley yield was highest with the high rate of irnazamox and did not differ from the low rate of irnazamox or 
flucarbazone-sodium at 0.054 lb ai/A. All three treatments yielded more than the untreated check. Barley yield was 
poor in the untreated check due to a reduced barley stand from an alleopathic effect of or disease in the downy 
brome residue. Spring barley test weight ranged from 49 to 51 lb/bu and did not differ among treatments. Yellow 
mustard seed yield was highest with flucarbazone-sodium at 0.027 Ib ai/A but did not differ from the high rates of 
irnazamox and flucarbazone-sodium, sulfosulfuron at 0.031 lb ailA, and the untreated check. Both rates of 
propropcarbazone reduced yellow mustard seed yield compared to the untreated check. At Bonners Ferry, spring 
barley yield was highest with both rates of imazamox. All other treatments did not differ from the untreated check, 
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except flucarbazone-sodium at 0.054 Ib ail A. Spring barley seed test weight ranged from 51 to 52 Ibfbu, and yellow 
mustard yield ranged from 2062 to 2722 Ib/A. 
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Table 2. Spring barley and yellow mustard injury near Tammany and Bonners Ferry, Idaho in 2002. 

Tammanv Bonners Ferrv 
Spring barley Yellow mustard Spring barley Yellow mustard 

Treatment; Rate June 21 July 15 June 21 . July 15 June 14 July 16 June 3 June 14 
Ib ai/A ------------------------------------------------------------------------------%----------------------------------------------------------------------------­

I mazamo x 0.04 o 0 0 0 0 0 5 3 
Imazamox 0.08 o 0 16 15 0 0 16 18 
Sulfosulfuron 0.031 31 33 3 0 0 16 1 5 
Sulfosulfuron 0.062 I 8 3 1 25 30 9 26 I 0 24 
Flucarbazone-sodium 0.027 II 31 6 0 3 0 4 8 
Flucarbazone-sodium 0.054 o I 0 0 4 0 3 4 
Propropcarbazone 0.04 I 8 26 14 I I 0 8 8 14 
Propropcarbazone 0.08 24 39 29 36 3 10 16 28 

LSD (0.05) NS 29 17 15 NS 12 10 II 
190% nonionic surfactant (R-Il) was applied at 0.5% v/v with sulfosulfuron and 0.25% v/v with all other treatments. 32% urea ammonium nitrate was applied at I qt/A with all 

imazamox treatments. 

Table 3. Yellow mustard and spring barley yield and spring barley test weight near Moscow, Tammany, and Bonners Ferry, Idaho in 2002. 

N 
a 
I--' 

Moscow 
Spring barley Y. mustard 

Tammany 
Spring barley Y. mustard 

Bonners Ferrv 
Spring barley Y. mustard 

Treatment l Rate Yield Test weight i:ield Yield Test weight i:ield Yield Test weight l'ield 
Ib ai/A Ib/A Ib/bu Ib/A Ib/A Ib/bu Ib/A Ib/A Ib/bu Ib/A 

Imazamox 0.04 3488 50 524 3239 51 1409 5575 52 2650 
Imazamox 0.08 3664 51 748 3750 51 1240 5469 52 2465 
Sulfosulfuron 0.031 4227 52 854 2202 51 1317 3729 52 2359 
Sulfosulfuron 0.062 3805 51 869 2335 50 1267 3094 52 2113 
Flucarbazone-sodium 0.027 5978 53 1120 2151 51 1473 3843 51 2722 
Flucarbazone-sodium 0.054 4462 51 891 2944 50 1357 4424 51 2238 
Propropcarbazone 0.04 4672 53 957 2617 51 1043 3849 51 2318 
Propropcarbazone 0.08 5347 53 1073 2475 49 707 3554 52 2062 
Untreated check 4864 52 1085 1658 51 1380 3303 52 2219 

LSD (0.05) NS NS NS 990 NS 199 750 NS NS 
190% nonionic surfactant (R-II) was applied at 0.5% v/v with sulfosulfuron and 0.25% v/v with all other treatments. 32% urea ammonium nitrate was applied at I qt/ A with all 

imazamox treatments. 



Rotational crop response following mesotrione application in field corn. 1. Earl Creech, John O. Evans, and R 
William Mace. (plants, Soils, and Biometeorology Dept., Utah State University, Logan, UT 84322-4820). A study 
was conducted at the Utah State University Greenville Farm in North Logan, UT to evaluate the potential of 
mesotrione to persist in the soil and affect rotatiOHal crops. The soil at the Greenville Fann was a Millville silt loam 
with l.2 % O.M. and 8.0 pH. In the spring of2001 , herbicide treatments were applied to plots that measured 20 by 
200 ft and were arranged in a completely randomized design with three replications. Treatments were applied using 
an ATV sprayer that was calibrated to deliver 12 gpa at 30 psi. Preemergence treatments were applied May 18 and 
postemergence were applied on June 18. Com was planted on May 18 and chopped for silage on September 15. 
The field was then subject to two secondary tillage operations, a fall disking and a spring harrowing. Rotational 
crops were planted across the herbicide treatments in the spring of 2002. Visual evaluations of crop injury were 
completed June 10 and July 11 and plots were harvested as individual crops reached maturity. 

No injury to any of the crops due to the herbicide treatments was observed. Slight differences in plant height were 
observed but were attributed to soil fertility differences because the trend was seen across treatments in particular 
areas of the field. Yields were not significantly different among treatments. 

Table 1. Crop variety, seeding rate, planting date, and harvest date. 
Crop Variety Seeding Rate Planting Date Harvest Date 
Winter Wheat CV9804 100IblA 25 September 2001 20 August 2002 
Spring Wheat Fidel 100IblA 5 April 2002 20 August 2002 
Spring Barley Steptoe 701blA 5 April 2002 20 August 2002 
Alfalfa DKI25 151b1A 5 April 2002 12 July 2002 
Yellow Mustard Tilney 121b1A 5 April 2002 1 September 2002 
Swillower Pioneer 63A 70 25,000 seedslA 2 May 2002 1 September 2002 
Sugarbeets PM21 80,000 seedslA 2 May 2002 15 October 2002 
Saffiower I 30lblA 5 April 2002 15 October 2002 
IUnknown variety 

Table 2. Crop injury following mesotrione application. 
Treatment Rate Timing Crop injury 

Winter Spring Barley Alfalfa Yellow Swillower Sugar Saffiower 
wheat wheat mustard beet 

glha ----------------------------%-------------------------------
Mesotrione 140 PRE o 0 0 0 0 0 0 0 
Mesotrione 140 POST o 0 0 0 0 0 0 0 
Mesotrione 140 POST o 0 0 0 0 0 0 0 
+ atrazme 560 
Untreated o o o o o o o o 
LSD (0.05) NS NS NS NS NS NS NS NS 

Table 3. Crop yield following mesotrione application. 
Treatment Rate Timin Cro ield 

Winter Spring Barley Alfalfa Yellow Swillowe Sugar Saffiower 
wheat wheat mustard I beet 

glha -------bu/A-------­ --------------T/A-----------­ Ib/A 
Mesotrione 140 PRE 112 75 116 2.0 1.3 8.4 14.6 2313 
Mesotrione 140 POST 117 96 130 1.8 1.3 10.0 8.3 3239 
Mesotrione 140 POST 93 106 131 2.2 1.1 11.5 14.5 1705 
+ atrazine 560 
Untreated 94 93 108 2.4 1.4 10.0 8.7 1741 
LSD (0.05) NS NS NS NS NS NS NS NS 
I Plant biomass 
2 Head weight 
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Sugar beet tolerance to sulfentrazone applied in potatoes the previous growing season. Pamela J.S . Hutchinson, 
Felix E. Fletcher, and Brent R. Beutler. (Aberdeen Research and Extension Center, University of Idaho, Aberdeen, 
ID 83210). This trial was designed to evaluate sugar beet tolerance to sulfentrazone that had been applied to a 
potato crop the previous year. On May 26,2000, sulfentrazone was applied preemergence at 0,0.094, or 0.188 lb/A 
to potatoes at the Aberdeen Research and Extension Center in Aberdeen, Idaho, in a 'Declo' loam soil with 1.4% 
organic matter and pH 8.4. Plot size was 48 by 30 feet with three replications. The trial was maintained weed-free 
throughout the growing season. Potatoes were harvested fall 2000 and plots were kept intact. 

The experimental area was fertilized with 50 lb NI A before planting 'PM21 ' sugar beets approximate I y 10.5 months 
after sulfentrazone application on April 17,2001 at 57,024 seed/A on 22-inch rows. Sugar Beets were planted over 
the entire area to create a randomized block design with 48 by 30 foot plots. Sugar beets were sprinkler irrigated 
and received two applications of25 lb N /A through the irrigation system during the season. 

Sugar beets were treated with 0.54 lb/A phenmediphanldesmediphan on May 17 and May 23,2001, and maintained 
weed-free by hand weeding throughout the growing season. Beets were also treated with 0.93 lb/A aldicarb for 
insect control on June 25, 2001. Sugar beets were harvested from two rows of20 feet each in the center of the plots, 
using a two-row mechanical harvester on October 10, 2001. 

No visual injury was observed during the sugar beet growing season (data not shown). Sugar beet yield, % sugar 
content, % sugar extraction, and estimated recoverable sugar were not affected by sulfentrazone applied to potato 
the previous growing season (Table) . 

Table. Yield and sugar properties of sugar beets planted following sulfentrazone application in potatoes. 

Treatment Rate 
Ib/A 

Root :tie1d 
T/A 

Sugar beet 

Sugar content Extraction 
% % 

Estimated 
recoverabl e sugar 

Ib/A 

Weed-free control 
Sulfentrazone 
Sulfentrazone 

0.094 
0.188 

32.8 
33.8 
31.4 

17.18 
16.81 
16.58 

85.60 
85.55 
85.12 

9681 
9763 
8873 

LSD ~0.052 ns ns ns ns 
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Robins 
ofIdaho, Moscow, Idaho, 

Laboratory 319 
in Sorbaria sorbifolia was 

Pacific Northwest (Idaho, Oregon and One Campanula persicifolia 
was found to be a new record Idaho. Twenty-six counties submitted 
identifications of the 44 counties for Idaho. The lab identified 44 and 2 

species as noxious that were new to county records not 
previously documented for Idaho by the Erickson Weed Laboratory 
table). 

Identified exotic 

Common Name 

Ada Lepidium campestre field pepperweed 
Ada Onobrychis viciifolia sainfoin 
Adams Caryophyllaceae Gypsophila paniculata baby's 

Lyeium barbarum vme 
Gieer chickpea milkvetch 

Polygonaceae Polygonum sachalinense knotweed 
Boundary proeumbens 
Boundary 
Boundary Draba verna 
Boundary cataria 
Boundary Plantaginaceae Plantago laneeolata buckhorn plantain 
Boundary Scrophulariaceae Veronica arvensis com speedwell 
Butte Malvaceae Abutilon theophrasti velvetleaf 
Butte Asteraceae Sonehus annual sowthistle 

Polygonaceae Polygonum lapathifolim pale smartweed 
Canyon Chenopodiaceae A triplex mierantha weedy orache 

Poaceae Digitaria sanguinalis 

Clark 
Origanum vulgare 
Eehinochloa 
Myriophyllum 

Idaho Poaceae canadensis 
Idaho Sorbaria sorbifolia 
Kootenai Malvaceae Abutilon theophrasti velvetleaf 
Kootenai Brassicaceae incana hoary alyssum 
Kootenai Campanulaceae 
Kootenai Brassicaceae 
Kootenai 
Kootenai 

Gem 

Campanula willow bellflower 

Sorbaria sorbifolia 
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Table cont. 

County Family 

Latah Asteraceae 
Latah Rubiaceae 
Latah Caryophyllaceae 
Lewis Boraginaceae 
Lewis Polygonaceae 
Lewis Brassicaceae 
Nez Perce Euphorbiaceae 
Nez Perce Solanaceae 
Nez Perce Poaceae 
Owyhee Apiaceae 
Power Campanulaceae 
Shoshone Campanulaceae 
Shoshone Brassicaceae 
Shoshone Euphorbiaceae 
Twin Falls Chenopodiaceae 
Twin Falls Euphorbiaceae 

Scientific Name 

Acroptilon repens 
Galium pedemontanum 
Spergula arvensis 
Lithospermum arvense 
Polygonum aviculare 
Thlaspi arvense 
Euphorbia dentate 
Solanum rostra tum 
Ventenata dubia 
Pastinaca sativa 
Campanula rapunculoides 
Campanula rapunculoides 
Draba verna 
Euphorbia cyparissias 
Atriplex hortensis 
Euphorbia peplus 

Common Name 

Russian knapweed 
piedmont 
com spurry 
com gromwell 
prostrate knotweed 
field pennycress 
toothed spurge 
buffalo bur 
ventenata 
wild parsnip 
creeping bellflower 
creeping bellflower 
spring whitlowgrass 
cypress spurge 
garden orache 
petty spurge 
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Evaluation of herbicides for purple loosestrife contro\. Rodney G. Lym. (Department of Plant Sciences, North 
Dakota State University, Fargo, ND 58105) Purple loosestrife is not widely established in North Dakota but 
isolated patches continue to be found especially in urban areas. Biological control agents have become established 
in the larger infestations, but mosquito control programs often reduce the biocontrol agent population and thus 
purple loosestrife control. The purpose of this research was to evaluate 2,4-D, triclopyr, and glyphosate for purple 
loosestrife control at two locations in North Dakota. 

The first experiment was established in Chautauqua Park along the Sheyenne River in Valley City, ND, on August 
1,2000. Purple loosestrife was beginning to flower and ranged from 0.5 to 6 feet tall. Cattails were present and 
were approximately 6 feet tall. Herbicides were applied with a single-nozzle backpack sprayer with a hollow cone 
nozzle delivering approximately 60 gpa at 35 psi. The air temperature was 82 F with a dew point of67 F. The 
plots were 8 by 30 feet with two replicates and followed the shoreline of the river. Evaluations were based on 
percent stand reduction compared to the untreated control. 

2,4-D acid as the NB30380 fonnulation provided much better purple loosestrife control 13 months after treatment 
(MAT) than as the NB20652 fonnulation and averaged 81 compared to 26% control, respectively (Table 1). 
Purple loosestrife control from glyphosate and triclopyr averaged 92% 13 MAT which was similar to control 
reported in previous experiments conducted at North Dakota State University. Glyphosate also provided near 
complete control of cattails (data not shown). The high level ofpurple loosestrife control continued through the 
second growing season (23 MAT), and averaged 83% with all treatments except NB20652. 

A second experiment to evaluate the NB30380 fonnulation of2,4-D acid compared to tric10pyr and glyphosate for 
purple loosestrife control was established along a city drain in an open green space within the Fargo, ND, city 
limits. Purple loosestrife had been established for at least 5 yr, was flowering, and was approximately 18 inches 
tall when herbicides were applied on July 20, 200 I. In this experiment, herbicides were applied with a hand-held 
4-nozzle boom sprayer delivering 8.5 gpa at 35 psi. There were three replicates which paralleled the drain. 

As in the first experiment, the NB30380 formulation of2,4-D acid provided good initial purple loosestrife control, 
which averaged 84% 1 MAT. Control from NB30380 was much better than from the NB20652 and mixed amine 
2,4-D formulations which averaged 32 and 45%, respectively. EH1389 is an experimental glyphosate formulation, 
which provided similar control to the commercial formulation, and averaged 85% 1 MAT. No treatment provided 
satisfactory purple loosestrife control the following growing season and control declined to 33% or less for all 
treatments 13 MAT. 

Purple loosestrife control with triclopyr, glyphosate, and NB30380 varied by location which was likely due to more 
uniform coverage at the Valley City compared to the Fargo location. In the first study, herbicides were applied 
with a back-pack single-nozzle sprayer at approximately 60 gpa compared to a boom sprayer that delivered 8.5 gpa 
in the second experiment. Glyphosate and 2,4-D acid as the NB30380 formulation but not triclopyr, provided the 
most consistent purple loosestrife control regardless of application method. 
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EXIJenmental formulation of glyphosate 

Table 1. Purple loosestrife control with various formuations to 
l;lvpn()Sale and with a nozzle sprayer at 60 gpa in 

Treatment 

acid 0.94 100 31 26 35 
acid (NB30380Y 2.5 100 98 81 83 

Glyphosate 3.6 100 100 92 88 
Tric10pyr 2.7 100 98 92 78 

17 25 41 

acid formulation at 1.88 lb/gal from PBI-Gordon, Kansas City, MO. 
acid formulation at 5 Ib/gal from PBI-Gordon, Kansas City, MO. 

Table 2. loosestrife control with various formulations compared to glyphosate and applied 
with a boom 

Treatment 

2,4-D acid (NB20652)b + NISc 0.95 + 0.25% 32 20 0 
acid (NB22267)b + NlSc 0.95 +0.25% 81 46 33 


2,4-D amined + NlSc 0.95 + 0.25% 45 46 33 

Glyphsate 3.6 83 50 25 

Glyphosate + NlSc 3.6 +0.25% 88 72 10 

2,4-D acid (NB20652)b + glyphosate (EH1389t 0.71 + 1.875 73 30 33 

Triclopyr 1 53 28 10 


acid (NB30380)f + 2.5 + 0.25% 84 48 32 

26 NS 
treatment. 

acid formulation at 1.88lb/gal from Kansas City, MO. 
was a nonionic surfactant, Aqua Zorb from Kansas City, MO. 

DMA formulation at 1.88 lb/gal from Kansas City, MO. 
Kansas MO. 

acid formulation at 5 lb/gal from PBI-Gordon, Kansas City, 
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Cut stump applications of natural-based products to control French broom along roadsides. Steve L. Young. (Hopland 
Research and Extension Center, University of California, Hopland, CA 95449). A study was conducted at Jackson 
Demonstration State Forest on the north coast of California to test mechanical cutting of French broom and cut stump 
applications of acetic acid, pelargonic acid and glyphosate . French broom, a woody perennial, was the dominant 
vegetation with a few forbs growing underneath the canopy. Mature plants with a stump diameter of up to Y2 inch were 
cut to approximately one foot September 21, 2001, prior to site establishment. All plots were 10 by 10 feet with 
treatments replicated three times in a randomized complete block design. The natural-based products and glyphosate 
were dripped onto the cut surface of the stumps in a 100% and 50% concentrate, respectively, on the same day that the 
cutting was done. Visual evaluations for control were made March 28 and October 12. 

Acetic acid and pelargonic acid controlled French broom re-growth (Table). The percentage of dead stumps was not 
different between acetic acid or pelargonic acid and was significantly less than glyphosate . Acetic acid had the greatest 
percentage of stunted stumps, indicating the poorest kill. Percent dead stumps with glyphosate remained significantly 
higher than the other two treatments after more than one year after application. 

Table. Control of French broom after mechanical cutting and cut stump treatments. 

French broom stumpsC 


Treatment' Timingb Dead Stunted Alive 

% 


Acetic acid 189 d 30bc 41a 29b 
386 d 32b 19a 49b 

Pelargonic acid 189 d 39b 24ab 37b 
386 d S8b 6b 34b 

Glyphosate 189 d 77a Ob 23b 
386 d 91a Ib 8c 

Untreated control 189 d Oc Ob 100a 
386 d 3c Ob 97a 

'Acetic acid and pelargoDic acid were drip applied as a 100% concentrate. Glyphosate was drip applied as a SO% concentrate. Acetic acid 

(BumOut®) @ 2S% solution, pelargonic acid (Scythe®) @ 60% solution (4 .2 Ibs ai/gal) and glyphosate (Roundup®) 41% (3lbs aelgal). 

t>riming of evaluations was 189 and 386 (d) days after cutting and application. 

'Values for each of the two evaluation dates (189 d and 386 d) followed by a different le tter are significantly differen t at P =< O.OS. Ratings are 

percent of the total stumps in the plot. 
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Control of yellow starthistle and other roadside vegetation with natural-based products. Steve L. Young. (Hopland 
Research and Extension Center, University of California, Hopland, CA 95449). A study was conducted in Lake 
County along Highway 29 near Lakeport, CA with natural-based products (Table 2) in comparison to glyphosate for 
control of annual vegetation. Plots were establisher! January 17, 2002 along a highway roadside dominated by a 
variety of annual weed species. Soil type was a sandy loam (50% sand, 30% silt, 20% clay, pH 6.2, 1.5% organic 
matter and CEC of22 meq/100 g soil) . The plots were 10 by 30 feet with treatments replicated four times in a 
randomized complete block design. The treatments were broadcast-applied with a CO2 pressurized backpack sprayer 
delivering 100 gpa at 36 psi using three XR 8002 flat-fan nozzles evenly spaced across a five foot boom. Natural­
based products were applied up to five times starting on February 25 and ending on June 7. Glyphosate was applied 
February 25 and May 16. Control ofyeUow starthistle, slender oat, hairy vetch, foxtail fescue, curly dock and 
buckhorn plantain was evaluated five times at approximately one week after each application beginning March 5 and 
ending JWle 14. Due to emergence and senescence patterns of weed species over the growing season, control of 
broadleaffilaree, hare barley and soft chess was evaluated early in the season between March 5 and May 1. Control of 
medusahead and lupine, data not included, were evaluated later in the season between May 1 and June 14. 

Table 1. Herbicide application data. 
Application date 2/25 3/26 4/25 5/16 617 
Application timingb POST 28 d 59 d 80 d 102 d 
Soi I temperature (F) 55 60 69 75 85 
Air temperature (F) 73 68 74 80 78 
Relative humidity (%) 33 32 54 35 43 
Wind speed (m/h) 0 0 4 4 3 
Cloud cover (%) 0 0 10 0 20 
Growth stage' 

Broadleaf filaree 5" to 5 leaves 
Curly dock 8" to 3 leaves 
Foxtail fescue 6" to 6 leaves 
Hairy vetch 6" to 5 leaflets 
Hare barley 6" to 6 leaves 
Medusa head 6" to 4 leaves 
Buckhorn plantain 5" to 8 leaves 
Slender oat 8" to 6 leaves 
Soft chess 4" to 6 leaves 
Yellow starthistle 8" to 8 leaves 

'Growth stage was evaluated prior to initial appiication. Additional applications on 3/26, 4/25,5/16 and 617 were made based on percent control from 

previous applications. 

"Treatments were applied postemergence (POST), POST 28,59,80, 102 (d) days later. 


The natural-based products showed phytotoxicity on all vegetation (Table 2). Five applications of acetic acid provided 
83% or better control of slender oat, broadleaf filaree, hare barley and medusahead. Control of yellow starthistle after 
one application was 980/0, but after five applications dropped to 36%. This was a similar trend for control of hairy 
vetch, soft chess, buckhorn plantain, foxtail fescue and curly dock. Plant essentials and pine oil controlled hairy vetch, 
broadleaf filaree and hare barley at least 83%. They also provided good control (>88%) of yellow starthistle, soft 
chess, buckhorn plantain and medusahead after one application, but subsequently declined in control «85%) by the 
last application on June 7. Pelargonic acid controlled all weed species, except soft chess, buckhorn plantain and 
medusahead at least 85% or better after five applications. Yellow starthistle was the only weed that one application of 
glyphosate did not control (>95%) up to 60 days after application. A second application provided 100% control yellow 
starthistle and any other vegetation on June 14. A consistent level of control with the natural-based products, except 
for pelargonic acid, compared to the standard treaUnent of glyphosate was not achieved for 7 (yellow starthistle, 
slender oat, soft chess, buckhorn plantain, foxtail fescue, curly dock and medusahead) out of the 10 weed species 
evaluated. 
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Table 2. Weed control with natural-based l2!:oducts and glyphosate in annual vegetation. 
Weed control' 

Treatment' Rate T . burung CENS AVEB VlCS EROB HORL BROM PLAL FESM RUMC ELYC 
gallA % 

Acetic acid 20 POST 98a 58b 81b 74b 89a 78b 94a 75ab 74a NR 
Plant essentials 15 POST 100a 80a 93a 96a 94a 98a 98a 75ab 90a NR 
Pine oil 20 POST 100a 73a 91a 91a 98a 94a 99a 60bc 75a NR 
Pelargonic acid 10 POST 98a 83a 96a 98a 8ja 84b 98a 86a 93a NR 
G1yphosate 2 POST 80a 39c 45c 44c 88a 25c 50b 40c 66a NR 
Control Ob Od Od Od Ob Od Oc Od Ob NR 
Acetic acid 20 28 d 80b 61b 60c 81b 86c 69c 98a 50b 68ab NR 
Plant essentials 15 28 d 96a 68b 97ab 98a 95ab 89b 100a 43b 50b NR 
Pine oil 20 28 d 85ab 66b 89b 96a 91bc 74c 100a 35bc 55b NR 
Pelargonic acid 10 28 d 99a 71b 96ab 99a 93b 70c 99a 73ab 80ab NR 
Glyphosate 28 d 100a 100a 100a 100a 100a 100a 100a 99a 96a NR 
Control Oc Oc Od Oc Od Od Ob Oc Oc NR 
Acetic acid 20 59 d 86a 86b 68b 95a 84a 65c 89b 60ab 88a 88b 

Plant essentials 15 59 d 95a 89b 100a 100a 83a 80b 94ab 41bc 88a 93ab 

Pine oil 20 59 d 84a 88b 98a 98a 95a 78b 95ab 55ab 66b 88b 

Pelargonic acid 10 59 d 95a 90b 100a 100a 85a 76b 89b 64ab 93a 89ab 

Glyphosate 59 d 85a 99a 100a 95a 100a 100a 100a 100a 99a 100a 

Control Ob Oc Oc Ob Ob Od Oc Oc Oc Oc 

Acetic acid 25 80 d 54c 81ab 59b NR NR NR 49c 65ab 64a 91ab 
Plant essentials 20 80 d 90ab 70b 100a NR NR NR 73b 24bc 82a 78c 
Pine oil 24 80 d 75b 69b 98a NR NR NR 66bc 60ab 65a 88abc 
Pelargonic acid 15 80 d 96a 93a 100a NR NR NR 64bc 81a 93a 86bc 
Glyphosate U 80 d 90ab 100a 95a NR NR NR 100a 100a 91a 100a 
Control Od Oc Oc NR NR NR Od Oc Ob Od 
Acetic acid 30 102 d 36b 83a 60b NR NR NR 49d 65bc 65ab 88ab 

Plant essentials 30 102 d 85a 86a 100a NR NR NR 84b 20de 73ab 51c 

Pine oil 30 102d 81a 41b 100a NR NR NR 65c 38dc 41b 36c 

Pelargonic acid 25 102 d 96a 94a 100a NR NR NR 78bc 85ab 90a 64bc 

Glyphosate 102 d 100a 100a 100a NR NR NR 100a 100a 100a 100a 

Control Oc Oc Oc NR NR NR Oe Oe Oc Od 


'All treatments were applied in a 100 gal/A total spray volume. Acetic acid (BurnOut®)@25%solution, plant essentials (Bioganic®)@ 100% 

solution, pine oil (Organic Interceptor®) @71% solution (5.67Ibs ai/gal), pelargonic acid (Scythe®)@ 60% solution (4.2Ibs ai/gal) and g1yphosate 

(Roundup®) 41 % (31bs aelgal). 

~iming ofapplication was postemergence (POST), POST 28,59,80 and 102 (d) days later. 

'Weed species evaluated for control were yellow starthistle (CENS), slender oat (AVEB), hairy vetch (VICS), broadleaffilaree (EROB), hare barley 

(HORL), soft chess (BROM), buckhorn plantain (PLAL), foxtail fescue (FESM), curly dock (RUMC) and medusahead (ELYC). Values for each of 

the five evaluation dates (POST, 28 d, 59 d, 80 d and 102 d) followed by a different letter are significantly different at P = < 0.05. NR for species that 

were not evaluated because plants had either not emerged or had died from natural senescence or complete control. 
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Natural-based products for control of medusa head and other annual vegetation along roadsides. Steve L. Young. 
(Hopland Research and Ex1ension Center, University of California, Hopland, CA 9S449). A study was conducted at 
the University of California, Hopland Research and Extension Center near Hopland, CA with natural-based products 
(Table 2) in comparison to glyphosate for control of annual vegetation along roadsides. Plots were established March 
21 , 2002 along a roadside right-of-way in formerly grazed rangeland dominated by a variety of annual weed species. 
Soil type was a Sutherlin sandy loam (48% sand, 37% silt, IS% clay, pH S.6, 4.1% organic matter and CEC of 18 
meq/100 g soil) . The plots were 10 by 30 feet with treatments replicated four times in a randomized complete block 
design. The treatments were broadcast-applied with a CO2 pressurized backpack sprayer delivering 100 gpa at 36 psi 
using three XR 8002 flat-fan nozzles evenly spaced across a five foot boom. Initial applications were made April 8. 
DRA-033, an experimental herbicide, and sulfuric acid were re-applied May 3 and May 28, while coconut oil and fatty 
acid were re-applied May IS. Evaluations for control of slender oat and ripgut brome were made April IS, May 24 and 
June 24. Control of subterranean clover, soft chess and lupine was evaluated April IS and May 24. Control of 
medusahead was evaluated April IS and June 4. Control of hedgehog dogtailgrass was evaluated May 24 and June 4. 
Evaluations for control of broadleaffilaree and barb goatgrass were made once (data not included). New vegetative 
growth was non-existent after June 4 due to droughty summer conditions and therefore, no further evaluations were 
recorded. 

Table 1. Herbicide application data. 
Application date 4/8 5/3 5/ 15 5128 

Application timing' POST 25 d 37 d 50 d 

Air temperature (F) 65 65 74 68 

SoiI temperature (F) 67 60 80 73 

Relative humidity (%) 62 57 34 76 

Wind speed (m/h) 2 3 3 4 

Cloud cover C%) 0 0 0 20 

Growth stage" 


Slender oat < 25 cm to 5 Ivs 

Ripgut brome < 18 cm to 4 lvs 

Clover < 8 em to 6 lilts 

Soft chess < IOcmt04lvs 

Lupine < 12 cm to 9 lilts 

Medusahead < IOemt041vs 

Hedgehog dogtailgrass <10 em to 61vs 


'Growth stage was evaluated prior to initial application. Additional applications on 5/3, 5/15 and 5128 were made based on percent control from 

previous applications. Growth reported in height (cm) and number ofleaves (lvs) or leaflets (Iflts). 

"Treatments were applied postemergence (POST), POST 25 d and either 37 or 50 (d) days later. 


All natural-based products showed phytotoxicity on vegetation after at least one application (Table 2). Fatty acids or 
coconut oil provided 91% or greater control of all vegetation after two applications. Due to the wann, dry spring, 
vegetation in plots treated with these products did not recover after two applications. Three applications ofDRA-033 
was more effective at controlling broadleaf species (>98%) than grass species «83%). Controlofbroadleafweeds, 
hedgehog dogtailgrass and soft chess was 88 to 100% with two or three applications of sulfuric acid. One application 
of glyphosate controlled all vegetation (100%) by May IS. 
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Table 2. Control of annual vegetation along roadsides with natural-based ~roducts. 
Weed control' 


Treatment' Rate Timingb AVEBA BRODI TRFPR BROMO LUPPU ELYCM CYXEC 

gallA % 

DRA-033 20 POST 64bc 62b 91a 66b 97a 71c NR 
Fatty acid 20 POST 94a 9.5a 100a 98a 100a 96a NR 
Coconut oil 20 POST 93a 90a 100a 9.5a 100a 9.5a NR 
Sulfuric acid 30 POST 69b 69b 9.5a 83ab 97a 8.5b NR 
Glyphosate 2 POST .5.5c .50c 38b 69b 80b .59d NR 
Control Od Od Oc Oc Oc Oe NR 
DRA-033 30 2.5 d 80c 79b 100a 78c 98a NR 80c 
Sulfuric acid 3.5 2.5 d 79c 7.5b 100a 9.5b 100a NR 88b 
Fatty acid 20 37d 99ab 100a 100a 100a 100a NR 100a 
Coconut oil 20 37 d 93b 96a 100a 100a 100a NR 91b 
Glyphosate 37d 100a 100a 100a 100a 100a NR 100a 
Control Od Oc Ob Od Ob NR Od 
DRA-033 30 .50d 76a 83a NR NR NR 79a 80a 
Fatty acid .50d NR NR NR NR NR NR NR 
Coconut oil .50d NR NR NR NR NR NR NR 
Sulfuric acid 30 .50d 83a 76a NR NR NR 7.5a 88a 
Glyphosate .50 d NR NR NR NR NR NR NR 
Control Ob Ob NR NR NR Ob Ob 

'All treatments were applied in a 100 gall A total spray volume. DRA-033 @ 100% solution, fatty acid (Greenscape®) @ 100% solution, coconut oil 

(Bio-SAFE®) @ 100% solution (700gfliter), sulfuric acid (CT-311)@ .50% solution and glyphosate (Roundup®) 41% (3lbs aelgal). 

t>-riming of application was postemergence (POST) and either POST 2.5 + .50 (DRA-033 and Sulfuric acid) or POST 37 (Fatty acid and Coconut oil) 

(d) days later. 

'Weed species evaluated for control were slender oat (AVEBA), ripgut brome (BROD!), clover (TRFPR), soft chess (BROMO), lupine (LUPPU), 

medusahead (ELYCM) and hedgehog dogtailgrass (CYXEC). Values for each of the three evaluation dates (POST, 2.5 d and .50 d) followed by a 

different letter are significantly different at P = < 0.0.5. NR for species that were not evaluated because plants had either not emerged or had died 

from natural senescence or complete control. 
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Control of annual vegetation along roadsides using natural-based products and g1yphosate. Steve L. Young. (Hopland 
Research and Extension Center, University of California, Hopland, CA 95449). A study was conducted at the 
University of California, Hopland Research and Extension Center (HREC) near Hopland, CA with natural-based 
products (fable 2) in comparison to glyphosate for :;ontrol of several annual weeds common along roadsides. Plots 
were established February 21, 2002 at HREC along a roadside right-of-way. Soil type was a Pleasanton sandy loam 
(47% sand, 41% silt, 12% clay, pH 5.3, 2.5% organic matter and CEC of 18 meql100 g soil). The plots were 10 by 30 
feet with treatments replicated four times in a randomized complete block design. The treatments were broadcast­
applied with a CO2 pressurized backpack sprayer delivering 100 gpa at 36 psi using three XR 8002 flat-fan nozzles 
evenly spaced across a five foot boom. Control of slender oat and scarlet pimpernel was evaluated visually four times 
starting March 8 and ending May 24. Prior to natural moisture induced senescence of early winter annuals, control of 
soft chess, hare barley and broadleaf filaree was evaluated 3 times, starting on March 8. Control of turkey mullein and 
medusahead was evaluated April 25 and May 24. Natural-based products were applied four times starting February 26 
and ending May 15. Glyphosate was applied twice February 26 and May 15. 

Table 1. Herbicide application data. 
Application date 2126 3/27 4/18 5/15 
Application timing' POST 30 d 52 d 79d 
Air temperature (F) 78 73 70 79 
Soil temperature 66 60 89 
Relative humidity (%) 31 43 75 32 
Wind speed (m/h) 0 0 5 6 
Cloud cover (%) 0 0 50 0 
Growth stage" 

Slender oat < 6" to 5 leaves 
Pimpernel < 6" to 4 leaflets 
Soft chess < 4" to 4 leaves 
Hare barley < 4" to 4 leaves 
Broadleaffilaree <4" to 8 leaves 
Turkey mullein < 5" to 8 leaves 
Medusahead < 4" to 4 leaves 

'Treatments were applied postemergence (POST) and POST 30,52 and 79 (d) days later. 

bGrowth stage was evaluated prior to initial application and includes height and leaf number. Additional applications on 3/27, 4/18 and 5/15 were 

made based on percent control from previous applications. 


Due to the warm, dry spring, any remaining plants of broadleaf filaree, soft chess and hare barley had senesced 
following the third application of the natural-based products and were not included in a fourth evaluation. The natural­
based products controlled broad leaf weeds better than grass weeds (fable 2) . After 3 applications, control of broadleaf 
filaree, scarlet pimpernel and turkey mullein was 85% or greater. Acetic acid did not adequately control any of the 
grass weeds, except for one application on medusahead (100%). Plant essentials was the most effective natural-based 
product for control of soft chess, hare barley and medusahead at 80%, 94% and 100010, respectively. After four 
applications, pine oil showed the best control of slender oat at 71 %, which was still significantly lower than one 
application of glyphosate (100%). Glyphosate controlled all vegetation, except the later emerging turkey mullein and 
scarlet pimpernel, at least 100% after one application. After a second application, control of these weeds with 
glyphosate was also 100% (data not included). 
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Acetic acid 10 POST S3b 60b 60a NR NR NR NR 
Plant essentials 10 POST S9b 96a 64a NR NR NR NR 
Pine oil 10 POST 53b 7lab 61a NR NR NR NR 
Glyphosate 1.5 POST 75a 64b 60a NR NR NR NR 

Plant essentials 15 30 d 100a 53b 
Pine oil 15 30d 

30d 

Plant essentials 25 52 d 86ab 
Pine oil 25 52d 78b 99a 60c 93a 100a 9511. 93ab 
Glyphosate 52d 100a 100a 10011. 100a 100a 100a Oc 

100a 80b 94a 100a 100a 100a 

Plant essentials 25 79d 69b NR NR NR 84b 100a 99a 
Pine oil 25 79d 71b NR NR NR 80b 50b 88a 
Glyphosate 1.5 79d 100a NR NR NR 100a 21bc 53b 

treatments were a 
solution, pine oil (Organic Interceptor®) @71% (5.67Ibs ai/gal) and glyphosate (Roundup®) 41 % (3lbs ae/gal). 

"Timing ofapplication was postemergence (POST) and POST 30.52 and 79 (d) days later. 

'Weed species evaluated for control of slender oat (A VEBA). scarlet pimpernel (ANGAR), soft chess bare barley (HORLE), broadleaf 

maree (EROBO), mullein (ERMSE) and medusahead Values for each of the four evaluation (pOST, 30 d, 52 d and 79 d) 

followed by a different are significantly different at P <0.05. for species that were not evaluated because plants had either not emerged 

or had died from natural senescence or complete control. 
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Mechanical cutting and natural-based products for control of jubata grass along roadsides. Steve L. Young. (Hopland 
Research and Extension Center, University of California, Hopland, CA 95449). A study was conducted at Jackson 
Demonstration State Forest on the north coast of California to test mechanical cutting of jubata grass and foliar 
applications of pelargonic acid, fatty acids and glypbsate on the re-growth. Jubata grass was the dominant vegetation 
with a few forbs growing between individual plants. The mature plants with an average basal diameter of 12 inches 
were cut to approximately one foot September 21, 2001, prior to site establishment. All plots were 10 by 25 feet with 
treatments replicated three times in a randomized complete block design. 'Herbicides were broadcast-applied May 9 
with a CO2 pressurized backpack sprayer delivering 100 gpa at 36 psi using three XR 8002 flat-fan nozzles evenly 
spaced across a five foot boom. Spot applications of herbicides were made June 27 to individual jubata grass clumps 
with the C~ pressurized sprayer and a single nozzle. Visual evaluations for jubata grass control were made 
approximately one month after each treatment with a fmal evaluation October 12. 

Table 1. Herbicide application data. 
Application date 
Application timing' 
Air temperature (F) 
Soil temperature (F) 
Relative humidity (%) 
Wind speed (m/h) 
Cloud cover (%) 

519 
POST 


61 

68 

64 

4 

o 

6127 

49 d 

67 

60 

71 

o 

o 


Re-growth' 

Jubata grass 12" clumps wi 6-18" re-growth 12" clumps wi 12-48" re-growth 


'Treatments were applied postemergence (POST) and POST 49 (d) days later. 
bRe-growth was evaluated prior to each application. Additional applications were made based on percent control from previous applications. Actual 
re-growth on June 27 for plants that had been either treated or untreated was 12-36" or 24-48(+)", respectively. 

Since jubata grass is a perennial grass with extensive underground roots, control ratings are based on above-ground 
growth with the realization that one year of treatments and monitoring cannot provide conclusive results in terms of 
total plant kill. All natural-based products showed phytotoxicity onjubata grass re-growth after at least one application 
(Table 2). Control for all treatments peaked on July 25, following two applications of natural-based products and one 
application of glyphosate. Glyphosate maintained a high level of control (98%) through the last evaluation. 

Table 2. Control of jubata grass after mechanical cutting and postemergence treatments. 
Treatment' Rate Timing" Evaluation Date Jubata grasS control' 

gaVA VoVvol % 
Fatty acid 20 POST 6/27/02 52b 
Pelargonic acid 10 POST 6127/02 18c 
Glyphosate 2 POST 6127/02 91a 
Control 6127/02 Od 
Fatty acid 50150 49 d 7125/02 90b 
Pelargonic acid 50/50 49 d 7125102 77c 
Glyphosate 49 d 7/25102 98a 
Control 7/25/02 Od 
Fatty acid 128 d 10/12/02 77b 
Pelargonic acid 128 d 10/12/02 15c 
Glyphosate 128 d 10/12/02 98a 
Control 10/12/02 Oc 

'The first application (POST) was made in a 100 gaVA total spray volume. The second application (49 d) was by spot to individual clumps in a 50:50 

mix. Fatty acids (Greenscape®) @ 20%and 50% solution, pelargonic acid (Scythe®) @ 10% and 50% solution (4.2 lbs ai/gal) and glyphosate 

(Roundup®) 41 % (3lbs ae/gal). 

~iming of appl ication was postemergence (POST) and POST 49 (d) days later. Afmal evaluation was conducted 128 d. 

'Values for each of the three evaluation dates (POST, 49 d and 128 d) followed by a different letter are significantly different at P = < 0.05. 
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~!Qy!!lli;&j~!!!gJ!!!!;tmill!!:lll:l~~2r.Q.!lY9.t§jjQ!J;;Q!!j!Ql..QLlli~LID:!Q.QI!!!J!!QlliUQrul§~§.:. Steve L. Young. (Hopland 
Research Hopland, CA 95449). A was conducted at Jackson 
Demonstration State Forest on the north coast ofCalifomia to test mechanical of French broom and foliar 
apI)licati(:ms of acetic acid, pelargonic acid, coconu~ oil and glyphosate on the French broom, a woody 
perellI1lial, was the dominant vegetation with a few forbs growing underneath the canopy. The mature plants with an 
!>vl'·""'<"" stem diameter of Ih inch were cut to one foot in height 2001, prior to site 
";:''':lVll'''I''''',",I''. All plots were 10 by 25 feet treatments replicated three times in a randomized complete block 
design. The herbicides were broadcast-applied with a pressurized backpack sprayer 100 gpa at 36 psi 

three XR 8002 flat-fan nozzles across a five foot boom. applications were made 
March 29 and June 13. Visual evaluations for French broom control were made 1 and July 25. A fmal control 
evaluation was made October 12. 

POST 
74 
52 
44 
o 

76 d 
62 
60 
69 
o 

"1'1"'''''''''''''''' were made based on percent control from 
p""lIg')ruC acid: 6-8"; g1yphosate: none; untreated 

Due to the fact that woody plants like French broom have extensive underground roots, control 
above-ground with the realization that one year of treatments and monitoring cannot 
in tenns of total kill. All natural-based products showed phytotoxicity on French broom after at least 
one application 2). Coconut oil and pelargonic acid seemed to re-grow less after the first application than acetic 
acid but more than glyphosate. However, a fmal evaluation showed a decline in control to less than 80%. Control with 
acetic acid on July 25 at 780/0, but declined to 63% on October 12. Glyphosate maintained 98% or better 
control ofFrench broom re-growth over the entire length of the experiment. Continued evaluations will be needed to 
determine the extent to which French broom is controlled by these treatments. 

Acetic acid 
Pelargonic acid 
Coconut oil 
Glyphosate 

PelargOllic acid 
Coconut oil 
Glyphosate 

20 
10 
20 
2 

15 
30 

POST 
POST 
POST 
POST 

76d 
76d 
76d 

511102 57b 
5/1/02 88a 
5/1/02 93a 
511102 98a 

7/25102 87bc 
7/25102 90b 
7125102 99a 

Pelargonic add 10112/02 80b 
Coconut oil 10/12/02 78bc 
Glyphosate 10/12/02 98a 

were spray 
(4.2 Ibs ai/gal), coconut oil 100% solution and g1yphosate (RoundlupQ!» 

'Timing ofapplication was postemerg.mce and POST 76 (d) days later. A fmal was conducted 177 d. 

'Values for each of the three ""alUa"lOn 76 d and 177 d) followed by a different letter are significantly different at P < 0.05. 
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Control of gorse and other woody and herbaceous vegetation along roadsides with natural-based products. Steve L. 
Young. (Hopland Research and Extension Center, University of California, Hopland, CA 95449). A study was 
established at Jug Handle State Reserve on the northern coast of California near Mendocino, CA to compare the 
efficacy of natural-based products and glyphosate for: control of roadside vegetation. Gorse, a woody perennial, was 
the dominant vegetation with blackberry, another woody peretUlial, velvet grass and sweet vemalgrass growing in the 
open spaces. The most abundant forb was common catsear. Total vegetation control was evaluated with an 
experimental herbicide (DRA-033), fatty acid, coconut oil, sulfuric acid and glyphosate. The reserve was mowed 
spring 2002, prior to site establishment May 1, 2002. All plots were 10 by 30 feet with treatments replicated four 
times in a randomized complete block design. The herbicides were broadcast-applied with a COz pressurized 
backpack sprayer delivering 100 gpa at 36 psi using three XR 8002 flat-fan nozzles evenly spaced across a five foot 
boom. Initial applications were made May 2. Re-treatment applications offatty acid and coconut oil were made 
twice. Sulfuric acid and DRA-033 re-applications were made only once because of excessive vegetation growth. 
Visual evaluations for weed control were made prior to re-treatments May 10, June 11 and July 3. After visual 
evaluations July 3, abundant vegetative growth prohibited re-treatment of the natural-based products. A fmal 
evaluation for vegetation control was made September 5. 

Table 1. Herbicide application data. 
Application date 5/1 5/30 6/27 
Application timing' POST 29 d 57 d 
Air temperature (F) 56 63 62 
Soil temperature (F) 60 68 78 
Relative humidity (%) 82 79 84 
Wind speed (m/h) 5 7 2 
Cloud cover (%) 100 o o 
Growth stage" 

Gorse 5-18 cm vines 
Blackberry 8-25 cm vines 
Velvet grass 8-12 cm to 12 leaves 
Sweet vernalgrass 10-30 cm w/ inflor 
Common catsear rosette, 5-6 cm tall 

'Growth stage was evaluated prior to initial application. Additional applications on 5/30 and 6/27 were made based on percent control from 

previous applications. For initial application, gorse was the re-sprouts from spring 2002 mowing, sweet vernalgrass was starting to show 

inflorescence (inflor). 

"Treatments were applied postemergence (POST) and POST 29,57 (d) days later. 


All natural-based products showed phytotoxicity on vegetation after at least one application (fable 2). Fatty acids 
or coconut oil provided 91% or greater control of all vegetation after three applications. On September 5, efficacy 
of these two treatments had dropped to less than 75% for all vegetation except the two grasses. Two applications of 
sulfuric acid were effective for controlling gorse and the berries (>83%), but the remaining vegetation seemed to 
benefit from the reduced competition. Control had dropped noticeably «35%) after a fmal evaluation on September 
5. DRA-033 was not an effective weed control treatment. One application of glyphosate provided 95% or better 
control of catsear and the grasses for the entire season. Gorse and berry control was adequate (86%) and poor 
(61%), respectively, on September 5. No treatment, except for glyphosate on gorse, controlled the woody perennials 
for the entire season. One application of glyphosate or three applications of the natural-based products, fatty acid 
and coconut oil, were the most effective for short-term (57 d) control of all vegetation. 
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Table 2. Control of gorse and other wood:t and herbaceous vegetation along roadsides. 
Weed control' 


Treatment' Rate Timin&b Gorse Berries Vemal Velvet Catsear 

gallA % 

DRA-033 30 POST 64b 81b S3c S6c 69b 
Fatty acids 2S POST 99a 96a 91ab 93a 88a 
Coconut oil 2S POST 9Sa 99a 93a 91a 8Sa 
Sulfuric acid 40 POST 9Sa 9Sa 83b 76b 86a 
Glyphosate 2 POST 10c 31c 40d 40d 21c 
Control Oc Od Oe Oe Od 
DRA-033 30 29 d SSb 61c 23d 33d 48c 

Fatty acids 25 29 d 97a 88ab 91ab 91ab 79b 

Coconut oil 25 29 d 88a 83b 79b 78b 66bc 

Sulfuric acid 35 29 d 96a 83b 53c 56c 64bc 

Glyphosate 29 d 99a 95a 100a 100a 100a 

Control Oc Od Oe Oe Od 

DRA-033 57 d 26c 23d 8c 8c 10c 
Fatty acids 30 57 d 97a 96a 94a 94a 95a 
Coconut oil 30 57 d 97a 100a 91a 91a 93a 
Sulfuric acid 57 d 68b 36c 33b 33b S4b 
Glyphosate 57d lOOa 81b 100a 100a 99a 
Control Od Oe Oc Oc Oc 
DRA-033 127 d Sc 18b Oc Oc 31dc 
Fatty acids 127 d 61b 6Sa 8Sab 8Sa 74ab 
Coconut oil 127 d SOb SOa 6Sb 6Sb 59abc 
Sulfuric acid 127 d 13c Sb l3c 10c 35bcd 
Glyphosate 127 d 86a 61a 100a 100a 95a 
Control Oc Ob Oc Oc Od 

'All treatments were applied in a 100 gall A total spray volume. DRA-033 @ 100% solution, fatty acids (Greenscape®) @ 100% solution, 

coconut oil (Bio-SAFE®) @ 100% solution (700glliter), sulfuric acid (CT-311) @ 50% solution and glyphosate (Roundup®) 41 % (3lbs ae/gal). 

"Timing of application was postemergence (POST) and POST 29 and S7 (d) days later. A final evaluation was conducted 127 d. 

'Weed species evaluated for control were gorse (Gorse), Himalaya blackberry and California blackberry (Berries), velvet grass (Velvet) and 

sweet vernalgrass (Vemal) and common catsear (Catsear). Values for each of the four evaluation dates (POST, 29 d, 57 d and 127 d) followed by 

a different letter are significantly different at P = < 0.05 . 
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Resistance of spiny sowthistle to thifensulfuron-methyl and imazamox. Kee-Woong Parkl, Carol A. Mallory-Smithl, 
Amanda McKinle/, and Stephen Reinertsen2

. (lDepartment of Crop and Soil Science, Oregon State University, 
Corvallis, OR 97331 ; ~e McGregor Company, Colfax, WA 9911 1) Suspected sulfonylurea resistant spiny 
sowthistle was collected near Colfax, W A, from tWI) fields that had been in winter wheatllentil rotations since at 
least 1988. Since 1989, imazethapyr was applied to all lentil crops and thifensulfuron-methyl was applied to about 
one-half of the wheat crops. Greenhouse studies were conducted to determine if the spiny sowthistle was resistant to 
thifensulfuron-methyl and imazamox. Spiny sowthistle seeds were placed in 98-cell trays (26 ml/cell). Fourteen 
days later, plants were transplanted into 6 by 6 cm pots containing a commercial potting mix. Plants were grown in a 
greenhouse with 16 h supplemental lighting and 25/20C day/night temperature. Experiments were conducted in a 
completely randomized design with four replications. Herbicide treatments were applied when the plants were in 
the 6 to 7-lf stage with an overhead compressed air sprayer calibrated to deliver 187 Liha. A nonionic surfactant at 
0.25% (v/v) was added to all treatments. The study was repeated. Aboveground biomass was harvested 3 weeks 
after treatment, dried at 60 C for 48 hr, and weighed. Biomass data are reported as the percent of the Wltreated 
control. 

Resistance was confinned in both collections (Rl and R2). Biomass of the susceptible (S) biotype was reduced by 
80% by thifensulfuron-methyl at 30 g ailha. However, neither resistant biotype was affected at this rate. The rate of 
thifensulfuron-methyl required for 50% growth reduction was 1293 g aiIha and 972 g aiIha for the resistant biotypes, 
Rl and R2, respectively, but only 2.3 g ailha for the susceptible biotype. The two resistant biotypes also were 
resistant to imazamox. The rate of imazamox required for 50% growth reduction was 118 g ailha for Rl and 80 g 
aiIha for R2, and 7 g ailha for the susceptible biotype. 

Table. Biomass as a percent of the untreated control for thifensulfuron-methyl and imazamox resistant (R) and susceptible (S) 
spiny sowthistle. 

Thifensulfuron-methyl Imazamox 

Rate RI R2 S RI R2 S 

g ailha % 

I 99 96 85 120 98 95 
10 101 102 31 89 86 51 
30 97 99 20 81 72 22 

100 90 94 19 66 57 17 

300 77 81 47 37 
1000 64 57 25 23 
3000 29 30 17 16 

10000 18 19 15 16 
LSDo05 11 19 8 10 16 7 
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Estimating a rotation's selection pressure for weeds, based on jointed goatgrass demographics. Randy L. 
Anderson. (USDA-ARS, Brookings SD 57006). Crop rotations are changing in the Central Great Plains, 
as producers are adding com and proso millet to the winter wheat-fallow rotation. Because the sequence of 
winter and summer annual crops will influence weed communities, we were interested in recognizing 
population trends with weeds as affected by crop sequencing. Population dynamics ofjointed goatgrass, a 
common weed in winter wheat, have been quantified in this region; these data provide an opportunity to 
estimate selection pressure of various rotations for the ecological niche occupied by winter annual grasses. 
Our goal is to gain insight for designing rotations that minimize selection pressure for weeds. 

We developed an empirical simulation model to estimate changes in jointed goatgrass seedbank density 
based on the following parameters. Seed survival is 30, 6,3, and 2% after 1,2,3, and 4 years in the 
seedbank, respectively; survival % was based on the interval from the last winter wheat crop. Seedling 
emergence is 20% of the seedbank population in the first two years after seed shed, and 10% in years 3 and 
4. Approximately 80% ofjointed goatgrass seedlings will emerge after winter wheat planting. Seed 
production by jointed goatgrass was based on an average emergence time and interference with winter 
wheat; each plant produces 90 seeds. We assumed 10% seed removal with winter wheat grain during 
combine harvesting. Also, we assumed that seedlings during intervals between winter wheat crops would 
be controlled, therefore not producing seeds. Demographic data for jointed goatgrass represented a no-till, 
direct-seeded production system. 

We compared two cultural systems for winter wheat, a conventional system comprised of a semi-dwarf 
cultivar planted at 45 kglha with N fertilizer broadcast before planting, and a competitive canopy 
comprised of a tall cultivar planted at 67 kglha with N fertilizer placed near the seed in a band. The 
competitive canopy reduces jointed goatgrass seed production per plant 45%. 

Starting with one jointed goatgrass plant in winter wheat, we calculated population dynamics among five 
rotations comprised of winter wheat (W), com (C), proso millet (M), and fallow (F). We compared W-F, 
W-C-F, W-C-M-F, W-W-C-M, and W-W-C-C-M-M. Simulations were run for 12 years to compare all 
rotations after complete cycles. Because winter wheat growth is reduced when grown after winter wheat, 
we increased jointed goatgrass seed production 10% in the second wheat crop. 

After 12 years with W-F, seedbank density increased to 21,163 seeds in conventional winter wheat (Table). 
Population growth ofjointed goatgrass increased approximately four-fold with each cycle ofW-F (Figure). 
Lowest density occurred with W-C-M-F; only 0.02 seeds remained after 12 years. To aid comparisons 
among rotations, we converted seed densities to selection pressure based on seed density in W-C-M-F with 
the competitive winter wheat canopy (Table). Selection pressure allows us to quantifY the effect rotations 
have on a selected ecological niche, as occupied by jointed goatgrass and other winter annual grasses. 

Rotations varied considerably in selection pressure for jointed goatgrass; note the I mil1ion-fold difference 
between W-F and W-C-M-F with the conventional canopy. The three-year interval before the next winter 
wheat crop favored the natural decline of seed density in the seedbank. The W-C-F rotation also was 
favorable for seed decline, but its selection pressure was 50-fold greater than W-C-M-F. 

Organizing rotations to include at least two years between winter wheat crops reduces the selection 
pressure drastically compared to W -F. Yet, this 2-year interval is not effective if the rotation includes two 
winter wheat crops grown consecutively. Selection pressure ofW-W-C-M was 1.6 million, a 64,000-fold 
difference compared to W-C-F. In a second example, seedbank density in W-W-C-C-M-M with the 
conventional winter wheat canopy was approximately 100-fold less than found in W-W-C-M, reflecting 
the 4-year interval of summer annual crops impact on seedbank density. But, growing winter wheat two 
years in a row still minimized the interval effect; W-C-F and W-W-C-C-M-M have equal frequency of 
winter wheat (1/3 of the rotation is in winter wheat), yet selection pressure was more than 60-fold greater in 
W-W-C-C-M-M than in W-C-F. 

Increasing competitiveness of winter wheat, which reduces seed production ofjointed goatgrass plants 
45%, can have a striking impact on selection pressure. With W-F and W-W-C-M, selection pressure was 
reduced at least 35-fold compared to winter wheat with a conventional canopy. 
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Organizing rotations in a cycle-of-four with only one winter wheat crop, such as W-C-M-F, is most 
effective in minimizing the winter annual niche for weeds. In rotations with continuous cropping, replacing 
fallow in W-C-M-F with a cool season crop such (ls dry pea may achieve the same impact on weed 
dynamics. Dry pea is planted in early April, enabling producers to control jointed goatgrass seedlings at 
planting time; thus, selection pressure for winter annual grasses with W-C-M-dry pea may be similar to W­
C-M-F. 

A competitive canopy with winter wheat also may improve herbicide impact on population dynamics. For 
example, imazamox controls jointed goatgrass in winter wheat; the label recommends applying imazamox 
once every four years. Integrating this tactic with our simulation of population dynamics in W-F showed 
that jointed goatgrass popUlation would remain static across 12 years with the conventional winter wheat 
canopy if imazamox eliminated 95% of jointed goatgrass seedlings. In contrast, only 80% control efficacy 
was needed to prevent population growth with the competitive canopy in W-F. 

Table. Change injointed goatgrass seedbank density after 12 years in each rotation. Selection pressure of various 
rotations was compared to W-C-M-F. Simulation calculations started with one plant in winter wheat in year I, and 
were based on popUlation dynamics ofjointed goatgrass in the Central Great Plains. Conventional wheat canopy was a 
semi-dwarf winter wheat planted at 45 kglha with N fertilizer broadcast before planting; the competitive canopy was a 
tall cultivar planted at 67 kglha with N fertilizer placed in a band near the seed. 

Winter wheat canopy Winter wheat canopy 
Rotation Conventional Competitive Conventional Competitive 

--------- seeds/seedbank ---------­ -------- selection pressure ---------­

Wa_F 21,163 603 5,300,000 150,750 
W-C-F 2 0.131 500 33 
W-C-M-F 0.D2 0.004 5 I 
W-W-C-M 6397 166 1,600,000 41,500 
W-W-C-C-M-M 63 9 15,750 2,250 

a W - winter wheat; C - corn; M - proso millet; F - fallow. 
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Figure. Seedbank density ofjointed goatgrass at planting time of each winter wheat crop in W-F. Simulation started 
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~~[!Q!UU[QI~~4lli:~~;lg!!!!!Q!Y!illY~~y. Randy L. Anderson and Dwayne L. Beck. (USDA-
Brookings, SD 57006 and Dakota Lakes Research Fann, Pierre SD 5750 I). Rotations are rapidly 

changing in the Great Plains because of no-till systems. In place ofwinter wheat-fallow, producers are 
seeking rotations comprised ofa diversity ofcrups. To help producers alternative rotations, a 
cropping systems study was initiated near Pierre SD in 1990. Sixteen rotations of various 
combinations of crops are evaluated in a no-till production 

After 10 years, weed communities among rotations differed considerably. To quantify this we 
recorded weed densities among four rotations: winter wheat-fallow (W-F), winter wheat-chickpea (W-CP), 
winter (W-C-CP), and winter pea The 
rotations include a range of winter and summer annual crops, with winter wheat and dry pea being 
winter/spring annual (cool season) crops whereas com, soybean and chickpea are summer annual crops. 
Experimental design was a randomized complete block with four replications. Plot size was 150 by 300 
reet. 

Weeds were controlled with herbicides commonly used in the region: bromoxynil MCPA in winter 
wheat, nicosulfuron + primsulfuron-methyl in com, and + metribuzin in the legumes. 
Glyphosate controlled weeds during non-crop intervals and at Weeds in 10 randomly-placed 0.1 
m2 quadrats were in July of2001 and 2002. Data for each rotation were across crops and 
years. 

Weed density averaged 31 plants/m2in W-F, with downy brome and Japanese chess being the main weed 
(see Figure). When chickpea was included in the rotation (W-CP), weed density increased to 60 

plants/m2, with summer annual weeds such as green foxtail, witchgrass and redroot pigweed as well as the 
brome the weed community. When a second summer annual crop, com, was added to 
the rotation (W-C-CP), brome species were eliminated in the weed community, but summer annual weeds 
remained at a of25 plants/m2. In the four-year rotation ofW-C-SB-Pea, with a balance of two 

wheat and dry pea) followed by two summer annual crops (com and soybean), 
weed was only 5 ,a 12-fold difference compared to weed density in W-CP and a five-fold 
difference compared to W-C-CP. Two years in warm season crops reduced winter annual weeds whereas 
the two cool season crops minimized of warm season "'1-''''''''''"'' 

The effect of rotations on weed population dynamics can be partially by rate ofweed seed 
decline in the soil seed bank. Seed survival in soil is usually with the loss in live seeds 
occurring during the first two years after entering the seed bank. Studies have shown that seed density can 
decline 90% in two years. Yet, seed decline within one year was not sufficient to reduce weed density, as 
demonstrated with W-CP. Other studies have shown that seed density ofdowny brome and green foxtail is 
four-fold greater after one year in the seed bank compared to two years. 

A second factor contributing to the two-year interval effect is rate ofpopulation growth by A study 
in northeastern Colorado estimated the population foxtail in continuous com. If control of 
green foxtail in com 90%, a single green in year one led to 18 plants in year two and 
324 plants in the third year. Population growth was exponential, to high densities foxtail 
in the third year of com. A similar trend has been observed with downy brome population growth in winter 
wheat. The change in life cycle among crops enables producers to control ofweeds with 
different life cycles before seeds are produced. 

It has long been noted that rotating crops \vith different life cycles can disrupt popUlation growth of weeds. 
Our data rotations that include two-year intervals within each life cycle of winter or summer annual 
crops will maximize the life cycle effect on weed density. A unique aspect ofGreat Plains crop production 
is that both winter and summer arroual crops are economically-viable options, providing producers with an 
opportunity to reduce weed commooity density by crop sequencing. 
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Figure. Weed densities within various rotations; data averaged across crops and years within a rotation. 
Bars followed by the same letter are not significantly different as determined by Fisher's LSD (0.05). 
Study conducted near Pierre, SD. 
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Crop and Persian darnel rooting depth. Johnathon D. Holman, John M. Wraith and Alvin 1 Bussan. (Land 
Resources and Environmental Sciences, Montana State University, Bozeman, Mr 59717) Water is a major limiting 
resource of cropping systems of the northern Great Plains and other arid regions. Weeds compete with crops for the 
limited water resources. A key component to crof success is the ability to extract water from the soil profile. The 
goal of this research was to evaluate the soil water profile at the end of the growing season following growth of 
Persian darnel and three different crops. The final water profile might provide insight into water use patterns of the 
weed and crops and the mechanisms of competition between Persian darnel and wheat, canola and sunflower. 

A study was conducted at Bozeman, Mr in 2001 to evaluate rooting depth of Persian darnel compared to spring 
wheat, canola and sunflower. In 2001, monocultures of spring wheat, canola, sunflower and Persian darnel were 
seeded in a randomized complete block with four replications and 0.42 by 0.35 m experimental units in an area 
planted to spring wheat the previous year. Soil moisture readings were taken at harvest from each plot at 20 cm soil 
depth increments from a soil depth of 10 cm to 170 cm with a soil neutron probe. Neutron probe readings were 
converted to volumetric soil moisture content using a previously determined conversion factor from soil laboratory 
analysis (data not shown). Soil volumetric moisture content was then converted to soil matric potential using the 
Van Genuchten soil moisture retention model (Wraith and Or 1998) (Equation 1): 

[1] 

where e is the matric potential, 2r and 2. are the residual and saturated water contents, respectively, and V, n and m 
are parameters fit depending on the shape of the 2(8) curve. The soil moisture retention model and corresponding 
parameter estimates were fit using nonlinear regression (Figure 1). All parameter estimates were significant at P ~ 
0.05 (data not shown). Effective rooting depth of the four species was estimated from soil matric potential. Based 
on previous research, soil moisture was assumed ineffectively extracted, or that plant rooting ceased at a given soil 
depth when matric potential was greater than -1 bar (Gregory 1998). 

Soil matric potential was regressed with soil depth for each species using least squares regression. A logarithmic 
function was unable to be fit to the data set likely due to the lack of observations and stochastic response. Crop and 
Persian darnel rooting depth was compared using mean separation (alpha = 0.05) at each 20 cm soil depth interval. 
Persian darnel and canola rooting depth was estimated to be 60 cm, spring wheat rooted to 100 cm and sunflower 
rooted below 170 cm (Figure 2). Persian darnel rooting depth was not different than spring wheat or canola, but was 
less than sunflower (fable 1 and Figure 2). The deeper rooting depth of sunflower might enable it to capture soil 
resources, i.e. nutrients and moisture, in an area unattainable by Persian darnel. These results support previous 
research which showed Persian darnel reduced the yield of spring wheat and canol a more than sunflower (Holman 
2002). 
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Gregory, P.l 1998. Alternative crops for duplex soils: growth and water use of some cereal, legume, and oilseed 
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Table 1. Mean soil matric potential at soil in Persian canola and sunflower. 

I Mean soil matric ootential and standard error 
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