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Liberty and AMS with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A. Wirth. An
experiment was conducted near Hillsboro, ND to evaluate the efficacy of Liberty and AMS with different
adjuvants. Flax, amaranth, quinoa, and tame buckwheat were planted on June 11, 2013. POST
treatments were applied on July 10, 2013 at 8:30 am with 83.4 F air, 73.4 F soil at a four inch depth, 25%
relative humidity, 10% cloud cover, 5-7 mph N wind, dry soil moisture, good plant vigor, and no dew
present. Plant height and density at time of application was 6-10” (1-10/ft?) flax, 6-10” (1-15/yd?)
amaranth, 8-12” (2-15/yd?) quinoa, 6-10” (1-5/yd?) tame buckwheat. Soil characteristics were: 68.5%
sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were applied to the
center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot sprayer delivering 17 gpa at 40 psi
through 11002 Turbo Teelet nozzles. The experiment had a randomized complete block design with
three replicates per treatment.

Table. Liberty and AMS with Adjuvants. {Zollinger, Wirth, Kazmierczak)
7 DAA 14 DAA ! 28 DAA

Treatments Rate. Flax = -Amar —Quin = Tabw - Flax -Amar - Quin :"Tabw Flax -~:Amar.:Quin " Tabw

% control % control

% control

Liberty 22fl oz :
Liberty+AMS 22fl 0248.5}b/100gal 92 20 20 a0 96 96 97 - 98 96 90 93 98
Liberty+AMS :22fl 0z4171b/100gal i 97 95 95 ¢ 96 97 95 95 | 96 9 | 85 93 98 |
Liberty+AMS 20/10 2211 024101b/100gal 03 - 92 92 a3 93 93 93 95 92 83 90 93
Liberty+AMS 2000 1226 0z+171b/100gal |88 90 9 @ 90 ° P92 92 i 92 | o5 92 | 83 - 90 . 99
Liberty+Doubledown 22ft 0z42.5% vV 72 68 70 70 72 70 .72 75 80 65 87 99
Liberty+Amsol Plus . 22fl oz45% vfv 77 73 73 73 73 73 72 72 i 80 70 72 95
Liberty+Downdraft+AMS 2211 0242l 6248.516/100gal 65 62 62 65 65 €8 68 75 77 83 83 98
Liberty+Downdraft+AMS i 22fl oz+4fl 0248.51b/100gal i 90 83 85 90 ‘ 90 : 93 92 ' 98 | 87 83 91 ¢ 98




Liberty with Glycerol. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A. Wirth. An experiment
was conducted near Hillsboro, ND to evaluate the efficacy of Liberty with glycerol, a humectant. Flax,
amaranth, quinoa, and tame buckwheat were planted on June 11, 2013. POST treatments were applied
on July 16, 2013 at 11:00 am with 89 F air, 78.8 F soil at a four inch depth, 42% relative humidity, 15%
cloud cover, 8-10 mph S wind, dry soil moisture, good plant vigor, and no dew present. Plant height and
density at time of application was 12-18” (10-20/ft?) flax, 18-24” (10-20/yd?) amaranth, 18-24" (10-
20/yd?) quinoa, 18-24” (10-20/yd?) tame buckwheat. Soil characteristics were: 68.5% sand, 18.3% silt,
13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were applied to the center 6.7 feet of
the 10 by 40 foot plots with a backpack-type plot sprayer delivering 17 gpa at 40 psi through 11002
Turbo Teelet nozzles. The experiment had a randomized complete block design with three replicates per
treatment.

Glycerol has been shown to have humectant activity and keep spray droplets in a moist state for a
longer period of time to allow better deposition of the active ingredient on the leaf surface. This study
was designed to test the humectant influence of glycerol with Liberty. Glycerol lmproved and also
decreased weed control depending on concentration.

Table. Liberty with Glycerol. (Zollinger; Wirth, Kazmierczak)

14 DAA 28 DAA
Treatments Rate Flax -~ Amar.. - Quin’ Tabw Flax - ‘Amar-:Quin. - Tabw
(Product/A) % control % control

65

53

58

68

Liberty 18floz 72 50 62 70

Liberty+AMS 18fl 0z+31b 68 62 62 85 78 62 63 85

{Liberty+AMS+Glycerol 118fl 0z+31b+0.5% v/v 52 80 68 77 50 80 72 78
Liberty+AMS+Glycerol 18l oz4+31b+1% v/v 78 78 58 87 83 77 76 90

Liberty+AMS+Glycerol 18fl oz+‘3!b+2.5% vfv 38 40 42 70 42 40 42 70

Liberty+AMS+Glycerol 18fl 0z+31b+5% v/v 60 47 43 70 67 42 45 70

’ Liberty 22fl oz 68 52 65 73 68 50 70 77
Liberty+AMS 22fl oz431b 68 68 70 83 72 65 65 82

Liberty+AMS+Glycerol :22fl 0z431b+0.5% v/v 68 60 63 83 70 60 73 88

Liberty+AMS+Glycerol 22l 0z431b+1% v/v 78 68 65 83 85 68 73 88

Liberty+AMS+G|ycero| 22fl 0z+31b+2.5% v/v 55 42 42 70 58 42 48 70

: 22fl 02431b+5% v/v 67 67 48 73 73 65 62 75

Liberty+AMS+Glycerol

(8]



Liberty with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A. Wirth. An experiment
was conducted near Hillsboro, ND to evaluate the efficacy of Liberty with different adjuvants. Flax,
amaranth, qumoa and tame buckwheat were planted on June 11, 2013. POST treatments were applied
on July 10, 2013 at 8:30 am with 83.4 F air, 73.4 F soil at a four inch depth, 25% relative humidity, 10%
cloud cover, 5-7 mph N wind, dry soil moisture, good plant vigor, and no dew present. Plant height and
density at time of application was 6-10" (1-10/ft?) flax, 6-12” (1-15/yd?) amaranth, 8-16” (1-10/yd?)
quinoa, 8-12" (1-5/yd?) tame buckwheat, and 6-16” (1-15/yd?) redroot pigweed. Soil characteristics
were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were
applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot sprayer delivering 17
gpa at 40 psi through 11002 Turbo Teelet nozzles. The experiment had a randomized complete block
design with three replicates per treatment.

AMS enhanced Liberty. Generally, most other adjuvants did not influence herbicide activity or had a
negative affect.

Table.Liberty with Adjuvants. (Zollinger, Wirth, Kazmierczak)
14 DAA ) 14 DAA 28 DAA

Flax ~ ‘Amar ““Quin.. Tabw Flax ““Amar: - Quin: Tabw Flax :-Amar ~-.Quin " Tabw

% contro|

Treatments

% control % control

Liberty

Lberty+AMS ‘ 220 02431b : 92 92 ey e 92792002 92 77208599
Liberty+NIS 122l 02+0,25% vy P73l es les | oes {72 68 e 77 P70 ls2 | 70 s |
Liberty:po : 22 oziqt 7368 67 ie7 73 067 68 eT 70 50 155 e
Liberty+Mso 22fl 02+1.25pt 63 . 65 | 63 | 63 60 © 62 : 60 6D {60 60 | 48 - 93 |
LibertysDestiny HC . 2211 o2+1pt 737073 73 73 7800073072 s B3 58 75 .93
Liberty+NISsAMS $221102+0,25% vfv431b : 0 075 197 77 62 | 76 i 76 | 78 P60 | 50 | 73 . 96 !
Liberty+PO+ANS 220 o241qt431b 50 70647 70 500068 67 L7 37755 58 96
Liberty+MSO+AMS 1221 02+1.25pt431b 30 | 40 ;40 ¢ 40 130 | 40 40 . 40 . P23 ;33 | 35 . 96 |
Liberty+Destiny HC+AMS 22fi oz¢iptilb 8282 8282 727785 g8 ez 60 60 73 99
Basta 82 | 60 | 62 @ 62 8 60 | 68 8 i 84 | 47 63 90




Glyphosate and Clarity with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A. Wirth.
An experiment was conducted near Hillshoro, ND to evaluate the efficacy of glyphosate and clarity with
different adjuvants in hard water. Flax, amaranth, sunflower, and conventional corn were planted on
June 11, 2013. POST treatments were applied on July 16, 2013 at 9:30 am with 89 F air, 78.8 F soil at a
four inch depth, 42% relative humidity, 15% cloud cover, 8-10 mph S wind, dry soil moisture, good plant
vigor, and no dew present. Plant height and density at time of application was 10-16” (10-20/ft2) flax,
10-20” (5-20/yd?*) amaranth, 18-30” (10-20/yd?) sunflower, and 30-36” (10-20/yd?) conventional corn.
Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Low pH caused by some adjuvants may be below the pKa of the herbicides and change the herbicide
into the acid form in some treatments. The efficacy of glyphosate acid shows higher efficacy than of the
salt in many treatments. Dicamba and 2,4-D will precipitate at pH 1. pka of glyphosate = 2.6 - water
solubility = 2%. pKa of 2,4-D = 2.64-3.31 — water solubility = 0.09%. pka of dicamba = 1.97 - water
solubility = ~0.06%/4500 mg/I. Surfactant + AMS provided the greatest weed control and overcame hard
water antagonism compared to other adjuvants used.

Table, Glyphosafe and Clarity with Adjuvants. {Zollinger, Wirth, Kazmierczak)

Treatments

Rate

14 DAA

28 DAA

Hax

Amar

Snft

Corn

Flax

Amar

7]

Snfl

Corn

Touchdown HT+R-11 9.7fl oz+1% v/v 0ppm 4.8 P22 67 62 P22 60
Touchdown HT+R-11+AMS 9.7 02+1% v/v48.51b/100gat Oppm 4.8 62 68 63 50 75 75 83 83
kTouchdown HT+R-11+AMS 9.7fl 0z+1% v/v48.51b/100gal 1000 ppm 5.0 i 52 68 63 72 60 70 68 80
Touchdown HT+Ful] Load 9.Mi 02+ 0.5% vfv 1000 pprn 4.8 35 78 63 50 43 78 70 57
Touchdown HT+Hel-Fire+Induce 19,71 02+0.5% v/v+0.5% v/v 1000 ppm 3.2 15 ;. 62 60 57 18 : 67 . 65 62
Touéhdown HT+Brimstone+R-11 9.7f1 0240.5% v/v+0.5% v/v 1000 ppm 1(‘) 45 63 62 57 47 72 77 73
Touchdown HT+Full Load 9.7 oz¥1% v/v 1000 ppm 4.6 {40 : 70 68 60 : 43 75 70 69
Touchdown HT+Hel-Fire+nduce 9.7l 0z2+1% v/V40.5% viv 1000 ppm 3.2 33 75 65 a0 35 78 77 72
Touchdown HT+Brimstone+R-11 19.711 0241% v/v+0.5% v/fv : 1000 ppm 2.4 P31 69 68 63 55 67 : 72 72
Clarity+R-114AMS 811 0z+1% v/u+8.51b/100gal 0ppm 65 17730 0 25 0 1832 730 7
Clarity+R-11+AMS 8fl 0z+1% v/v48.51b/100gal 1000 ppm 6.6 {10 ! 37 28 [ 7 i35 28 ;0
Clarity+Full Load 8fl 0240.5% viv 1000 ppm 5.5 15 37 23 3 15 37 23 0
| Clarity#Hel-firesinduce 8 0240.5% v/10.5% v © 1000 ppm 25 i1z 3 5 o 12 032 |25 o
Clarity+Brimstone+R-11 8t 02+0.5% v/vH0.5% viv 1000 ppm 2.3 28 35 23 0 32 38 28 0
Touchdown HT+Clarity+R-11+AMS 7.2f 0z+61t 02+1% v/v+8.51b/100gal Oppm 4.5 i 57 1 67 50 66 ;i 62 ! 74 ! 58 71
Touchdown HT#Clarity+R-11+AMS 7.2fl o246 6241% v/v+8,51b/100gal 1000 ppm 4.9 74 72 53 53 74 78 60 85
Touchdown HT+Clarity+Full Load :7.2fl 02461l 0240.5% v/v 1000 ppm 4.8 35 63 47 37 i 38 60 ; 52 37
Touchdown HT+Clarity+Hel-Firetinduce 7.2 0z+6fl 0240.5% v/v+0.5% v/v 1000 ppm 3.0 35 65 47 38 35 68 50 40

;Touchdown HT4Clarity+Brimstone+R-11 17.2fl 02461 0240.5% v/v+0.5% v/v ! 1000 ppm 3.0 H 28 | 63 45 43 33 67 52 52 ¢




Efficacy of Herbicides at Different pH in hard water. Zollinger, Richard K., Angela J. Kazmierczak, and
Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of herbicides
at different pH in hard water. Flax, amaranth, sunflower, and conventional corn were planted on June
11, 2013. POST treatments were applied on July 11, 2013 at 10:00 am with 86.3 F air, 76.3 F soil at a
four inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good
plant vigor, and no dew present. Hydrochloric Acid was added to treatments 2, 7, 12, and 17 to drop the
pH to 4. Water was hardened to 1018 ppm using CaClz, MgClz, and FeCls (FeCls at 18 ppm).Plant height
and density at time of application was 8-12” (10-15/ft?) flax, 10-14” (10-20/yd?) amaranth, 12-18” (10-
20/yd?) sunflower, and 24-30” (15-25/yd?) conventional corn. Soil characteristics were: 68.5% sand,
18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were applied to the center
6.7 feet of the 10 by 40 foot plots with a backpack-type plot sprayer delivering 8.5 gpa at 40 psi through
11001 Turbo Teelet nozzles. The experiment had a randomized complete block design with three
replicates per treatment.

Reducing spray solution did not always have a positive effect. AMS did overcome hard water antagonism
as did Hellfire adjuvant in several treatments. Hellfire reduces spray solution pH to ~2.

Table.Efficacy of Herbicides at Different pH in Hard Water. (Zollinger, Wirth, Kazmierczak)
14 DAA 28 DAA
Treatments Rate . Flax - Amar - -Snfl - Corn Flax ~“Amar.Snfl -".“Corn

{Product/A)

RUPM 14.2floz 1018 40

50 52 53 40 72 60 78
RU PM {pH 4} 14,2floz : : 1018 33 67 58 63 60 82 68 85
:RU PM+AMS :14.2fl 02+8.5|b/100gal 1018 55 | 82 67 : 77 67 | 80 74 87
RU PM+Hellfire 14:21 éz+0.5% 7 ~1018 55 77 60 60 74 87 78 79
RU PM+Quest 14.2fl 0240.5% v/v : 1018 H 33 ¢ 75 57 72 i 43 88 70 88
HM2028 32fl oz 1018 25 73 63 65 32 85 67 88
' HM2028(pH 4) 32Ml 0z ‘ 1018 | 28 0 70 67 | 83 | 33 85 72 94
HM2028+AMS = 32fl'0z48.5|b/100gal 1018 43 80 67 82 57 S0 75 93
HM2028+Hellfire :32fl 0z+0.5% v/v 1018 25 63 55 70 32 73 58 88
HM2028+Quest 32fl 0z4+0:5% v/v 1018 25 68 60 55 27 67 60 077
Clarity 16fl oz 1018 22 50 52 0 23 52 50 10
Claflty {pH4) 16floz 1018 53 50 50 0 55 50 45 3
Clarity+AMS 16fl 0z+8.51b/100gal 1018 23 47 50 8] 22 57 50 2
Clarity+Hellfire 16fl 0240.5% v/v 1018 52 50 47 o 61 57 47 12
| Clarity+Quest 116fl 0240.5% v/v 1018 27 37 43 o] 28 37 43 8
Liberty 27.3floz 1018 83 67 77 50 85 50 83 55
Liberty (pH 4) :27.3fl oz 1018 73 73 73 58 78 67 72 58
Liberty+AMS 27.3fl 0z+8.51b/100gal 1018 97 82 77 53 96 67 75 53
‘Liberty+HEI|fire :27.3fl 0z40.5% v/v 1018 83 72 82 62 90 67 87 70
Liberty+Quest 27.3fl 0z+0.5% v/v 1018 75 67 73 50 88 50 87 62




Glyphosate and Dicamba with Different Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and
Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of glyphosate
and dicamba with different adjuvants. Flax, amaranth, tame buckwheat, and canola were planted on
June 11, 2013. POST treatments were applied on July 11, 2013 at 11:05 am with 86.3 F air, 76.3 F soil at
a four inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good
plant vigor, and no dew present. Plant height and density at time of application was 8-14” (5-15/ft?) flax,
10-18” (10-20/yd?) amaranth, 10-18” (10-20/yd?) tame buckwheat, and 8-12” (15-25/yd?) canola. Soil
characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 10 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Glyphosate and dicamba have activity on flax, amaranth, and buckwheat. Clarity has very little activity
on canola which shows how glyphosate ‘friendly’ the emulsifier is in oil adjuvants.

Table. G!yphosate and Clarity with Different Adjuvants, (Zollinger, Wirth, Kazmierczak)

14 DAA : 28 DAA
Treatments Rate : Flax =~ Amar .. Tabw. Canola Flax i Amar. " Tabw: Canola
(Product/A} % control i % control

Touchdown HT+Clarity 7.2fl 0z+3.2f1 0z 22 | 52 . 53 33 22 | 53 : 60 . 50
Touchdown HT+Clarity+N Pak AMS : 7.2t 0243201 0242.5% v/v 22 0-50:50 037 2200053763 43
3'_I'ouchdown HTfCIarity*—Class Act NG 7.2fl 0z+3.21l 02+2.5% v/v L 43 1 63 . 62 67 45 82 77 75
Touchdown HT+Clarity+Prime Oil+N Pak AMS : 7.211 624321 02+1% v/v+2.5% v/v 43 53 53 57 : 40 55 62 63
Touchdown HT+Clarity+Superb HC+Class Act NG 7.2l 0z+3.2l oz+1pt+2.5% v/v i 63 ¢ 72 ¢+ 65 1 77 i 63 i+ 73 82 | 85 :
Touchdown HT:fClarltyi-Supe rb HC+AGB034 7.2fl 024321 0241 pt+2% v/v 73 65 &7 62 78 67 87 70
Touchdown HT+Clarity+Superb HC+AG8034+Interlock 7.2fl 0z+3.21l oz+1lpt+2% v/v+afloz ! | 65 60 : 70 . 65 i 83 60 82 75
Touchdown HT+Clarity+MSO+N Pak AMS 7.2l 0243.21l 0z+1% v/v+2.5% v/v 47 52 &0 58 50 53 73 63
Touchdown HT+Clarity+Destiny HC+Class Act NG 7.2fl 0243.21l 02+1pt+2.5% v/v i 60 80 : 70 ;73 60 | 88 87 | 85
Touchdown HT+Clarity+Destiny HC+AG8034 7.2fl 02432 0z+1pt+2% v/v 58 70 62 57 57 77 77 70
Touchdown HT+Clarity+AG11011 7.2fl 0z+3.2fl 0z+1% v/v : 53 52 62 | 62 | i 57 55 85 78
Touchdown HT+Clarity+Superb HC+AG13061 7.2fl 0243,2f] o2+1pt+0.5% v/iv 55 52 58 57 57 50 : 73 i 65
Touchdown HT+Clarity+Superb HC+AG13062 7.2fl 0z43.2fl oz+1pt+0.5% v/v . 40 55 ¢ 57 © 60 | 40 55 75 72
Touchdown HT+Clarity+Superb HC+AG13063 7.2fl.0243.2fl 0z+1pt+0.5% v/v 47 55 60 53 48 53 72 65




Glyphosate and Select Max with Different Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and
Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of glyphosate
and Select Max with different adjuvants. Flax, amaranth, quinoa, and tame buckwheat were planted on
June 11, 2013. POST treatments were applied on July 16, 2013 at 11:25 am with 89 F air, 78.8 F soil at a
four inch depth, 42% relative humidity, 15% cloud cover, 8-10 mph S wind, dry soil moisture, good plant
vigor, and no dew present. Plant height and density at time of application was 10” (5-15/ft?) flax, 8-18"
(10-20/yd?) amaranth, 18-24” (10-20/yd?) quinoa, and 18-24” (10-20/yd?) tame buckwheat. Soil
characteristics were: 68.5% sand, 18.3% silt, 13.2% cIay; sandy loam texture, 2.1% OM and 6.3 pH.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Flax and amaranth are key bioassay species because Select has no activity and will just show glyphosate
activity and also show to what level the oil emulsifier is glyphosate ‘friendly' or glyphosate ‘antagonistic’.
Foxtail millet is controlled by both glyt and Select. RR corn is controlled only by Select and will show the
level of oil enhancement on a lipophilic herbicide.

Susceptibility:

Glyt = flax, amaranth, and foxtail millet

Select = foxtail millet, and RR corn

Table. Glyphosate and Seiect Max with Different Adjuvants. (Zollinger, Wirth, Kazmierczak)

14 DAA 28 DAA
Treatments Rate Flax i *Amar " Fomi ..".Corn Flax ““Amar.: Fomi:i: Corn
(Product/A} % control ; % trol
Touchdown HT+S§]ect Max 8fl 0z+6fl 0z 25 . 62 38 42 25 62 42 42
Touchdown HT+Select Max+Between 8fl 0z+6fl 02+40.5% v/v 33 83 75 70 37 83 82 73
i Touchdown HT+Select Max+Succeed 8fl oz+6fl oz+1% viv 25 70 ‘ 43 52 25 70 . 43 52
Touchdown HT+Select Max+Downdraft 8fl oz+6fl 0z+46fl 0z 22 62 72 60 22 62 73 60
Touchdown HT+Select Max+Translate 8fl 0z+6fl 02+0.5% v/v .20 | 60 . 63 48 : 20 60 63 50 |
Touchdown HT+Select Max+Airforce : 8fl 0z+6fl 0240.5% v/v 4b 63 75 45 ‘ 40 63 75 55




Glyphosate and Clethodim with Different Rates of Adjuvants. Zollinger, Richard K., Angela /.
Kazmierczak, and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the
efficacy of glyphosate and clethodim with different rates of adjuvants. Flax, amaranth, foxtail millet, and
RR corn were planted on June 11, 2013. POST treatments were applied on July 10, 2013 at 4:00 pm with
84 F air, 84.4 F soil at a four inch depth, 28% relative humidity, 25% cloud cover, 2-4 mph N wind, dry
soil moisture, good plant vigor, and no dew present. Plant height and density at time of application was
8-12” (10-15/ft?) flax, 12-18” (10-20/yd?) amaranth, 12-18” (10-20/yd?) foxtail millet, and 20-24” (15-
25/yd?) RR corn. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1%
OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a
backpack-type plot sprayer delivering 10 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

The species were chosen to indicate herbicide activity by individual herbicides and combinations:
Glyphosate has activity on flax, amaranth, and foxtail millet. Select has activity on foxtail millet and RR

corn.

Table, Glyphosafe and Clethodim with Different Rates of Adjuvants. (Zollinger, Wirth, Kazmierczak)

Treatments

Touchdown HT+Select+R-11+AMS

Rate
(Product/A)

14 DAA

28 DAA

Fléx

Amar

Fomi

Corn

Flax

Amar

o,

Fomi

Corn

9.7fl 0z+6fl 0z+1% v/v+8.51b/100gal 92
Touchdown HT+Select+Prime Oil 9.7ft oz46fl 0z+2pt 22 68 92 73 22 69 92 77
‘Touchdo‘wn HT+Select+MSO 9.71 0z+6f1 0z+1.5pt 47 80 99 82 47 80 98 78
Touchdown HT+Select+Superb HC 9.7fl 02461l 02+40.25pt 45 58 92 47 43 62 99 62
Touchdown HT+Select+Superb HC 9.7l 0z+61l 02+0.5pt 32 67 95 75 32 73 98 73
Touchdown HT+Select+Superb HC 9.7fl oz+6fl 0z+1pt 30 66 96 45 30 63 96 50
Touchdown HT+Select+Superb HC 9.7fl oz46fl 0z+2pt 37 80 99 60 37 78 99 60
Touchdown HT+Select+Destiny HC 9.7l oz+6f1 02+0.25pt 63 81 93 67 63 80 99 67
Touchdown HT+Seiect+Destiny HC :9.7f 0z+6fl 02+0.5pt 48 85 95 78 50 75 99 73
Touchdown HT+Sélect+Destiny HC 9.71 02461l oz+1pt 45 64 89 78 43 58 96 65
Touchdown HT+Select+Destiny HC 9.7fl 0z+6fl 0z+2pt 55 83 98 89 55 77 96 90
Touchdown HT+Select+CLNOV775 9.7f 0z+6fl 0z+0.25pt ‘ 58 70 95 70 67 70 99 65
Touchdown HT+Select+CLNOV775 9.7fl 0z+6fl 0z+0.5pt 55 68 99 83 60 63 98 83
Touchdown HT+Select+CLNOV775 9.7f 0z46fl 0z+1pt 7;1 73 99 77 75 72 98 72

9.7f 0z+6fl 0z+2pt 71 83 ' 92 73 83 99 92

‘Touchdown HT+Select+CLNOV775

99



Clethodim with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A. Wirth. An
experiment was conducted near Hillsboro, ND to evaluate the efficacy of clethodim with different
adjuvants. RR corn and foxtail millet were planted on June 11, 2013. POST treatments were applied on
July 11, 2013 at 9:30 am with 86.3 F air, 76.3 F soil at a four inch depth, 43% relative humidity, 0% cloud
cover, 8-10 mph SSW wind, dry soil moisture, good plant vigor, and no dew present. Plant height and
density at time of application was 10-18” (15-25/ft*) foxtail millet and 20-24” (15-25/yd?) RR corn. Soil
characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Shadow 3 is a 3 Ib/gal formulation of clethodim.

Table. Clethodim with Adjuvants. {Zollinger, Wirth, Kazmierczak)

7 DAA . 14 DAA 28 DAA
Treatments Rate Fomi:iCorn Fomi 'Corn Fomi.::Corn
(Product/A) % control % control % control

Shadow+COC+AMS 3fl 0z+1% v/v+0.75lb 23 | 33 37 50 40 68

Shadow 3+COCHAMS 2l 02+1% v/v40,751b 20530 32052 48 62
Shadow+COCHAMS 161 0241% v/v40.751b 20 30 {53 67 | 55 82
Shadow 3+COCHAMS Al 02+1% v/v+0:751b 20 .30 60 65 6379
Shadow 3+HCOC+AMS 4l 02+0.5% v/v+0.75Ib 20 | 30 I 65 77 72 ¢ 91
Shadow 3+HCOCHAMS 4l 0z+1% v/v40.751b 200 930 6 74 650 90
| Shadow 3+MSO+AMS {4fl 02+1% v/v+0.751b | 20 30 | 60 77 | 67 . 92
Shadow 3+NIS+AMS 4] 0240.5% v/v+0.751b 33 a3 637170 67 . 68
Select Max+NiS+AMS 121l 02+0.25% v/v+0.751b 47 | 53 ‘ 73 . 86 . 84 97
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Clethodim and Glyphosate with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A.
Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of clethodim and
glyphosate with different adjuvants. Amaranth and RR corn were planted on June 11, 2013. POST
treatments were applied on July 11, 2013 at 9:45 am with 86.3 F air, 76.3 F soil at a four inch depth, 43%
relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good plant vigor, and no dew
present. Plant height and density at time of application was 10-16” (15-25/ft?) amaranth and 20-24” (15-
25/yd?) RR corn. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1%
OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a
backpack-type plot sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

Shadow 3 is a 3 Ib/gal formulation of clethodim.

Table. Clethodim and Glyphosate with Adjuvants. (Zollinger, Wirth, Kazmierczak)
7DAA . 14DAA . 28DAA

Amar -:Corn Amar -:Corn Amar:Corn

Treatments

Glyphosate+AMS 22fl 0z+0.751b 95 0 95 0 95 | 0

G‘lyphosate+AMS+Shadow+COC 2211 0240.751b+6f] 0z+1% viv 92 40 93 73 93 70
Glyphosate +AMS+Shadow 3+COC 22fl 02+0.751b+4fl 02+1% v/v ‘ 90 - 40 93 73 94 | 82
Glyphosate+AMS+Shadow 3+HCOC 22f] 6240.751b+4fl 02+0.5% v/v 97 30 ! 97 82 97 90
Glyphosate+AMS+Shadow 3+HCOC ) 22l 0z4+0.751b+4fl 0z+1% v/v ) 96 30 96 63 96 75
Glyphosate +AMS+Shadow 3 22fl.02+40.751b+4fl oz 95 20 95 42 95 52
Glyphosate+AMS+Shadow 3+NIS 122fl 02+0.751b+4fl 0240.25% /v | {96 | 23 96 . 52 i 96 52
Glyphosate+tAMS+Shadow 3+NIS 22fl 02+40.751b+4f ©6230.5% v/v 93 30 93 63 93 62

Glyphosate+AMS+Select Max+NIS 22fl 0240.75|b+12fl 02+40.25% v/v 96 27 9 | 78 {96 89
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Clethodim, Basagran, and Raptor with Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak, and
Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of clethodim
basagran and raptor with different adjuvants. Pinto beans, quinoa, and RR corn were planted on June
11, 2013. POST treatments were applied on July 11, 2013 at 10:00 am with 86.3 F air, 76.3 F soil at a
four inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good
plant vigor, and no dew present. Plant height and density at time of application was 6-10” (10-15/ft?)
pinto bean, 10-18” (10-20/yd?) quinoa, and 18-24” (15-25/yd?) RR corn. Soil characteristics were: 68.5%
sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were applied to the
center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot sprayer delivering 8.5 gpa at 40 psi
through 11001 Turbo Teelet nozzles. The experiment had a randomized complete block design with
three replicates per treatment.

7

Shadow 3 is a 3 Ib/gal formulation of clethodim. Pinto dry bean injury was stunting and necrosis.
Basagran antagonized clethodim.

Table. Clethedim,Basagran, and Raptor with Adjuvants. (Zollinger, Wirth, Kazmierczak)
7 DAA 14 DAA : 28 DAA

Treatments Rate Pinto :: Quin-" Corn Pinto ~:Quin:> Corn Pinto - 'Quin . -Corn

% control

Shadow+COC+AMS 6fl 0241% v/v+0.751b 0 0 47 0 0 : 85 4] 0 : 9% |

.Shadcw 3+COC+AMS 4fl 02+1% v/v+0.751b 0 0 ' a7 0 0 87 o 0 96

| Shadow+Basagran+COC+AMS 16f 0242411 0z+1% v/v+0.751b H 28 ¢+ 75 | 28 22 82 | 35 ©22 82 : 50
Shadow 34Basagran+COGIAMS 4l 02+24f 02+1% v/v+0.751b EEYIEE) 32 17 78 42 17 82150
Shadow+Raptor+Basagran+COC+HAMS 6fl oz+2fl 0z+24fl 02+1% v/v+0.751b 22 68 22 17 72 43 17 95 52 :
Shadow 3+Raptor+Basagran+COC+AMS 41l oz42fl 02+24f] 02+1% v/v+0.751b 17 68 20 17 78 27 17 95 50

| Basagran+Raptor+COC+AMS 1321 oz+4l 02+1% v/v40.751b ‘ 18 0 73 . 20 17 92 - 25 ¢ L 17 {98 | 40 :
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Glyphosate and Clethodim with Different Rates of Adjuvants. Zollinger, Richard K., Angela J.
Kazmierczak, and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the
efficacy of glyphosate and clethodim with different rates of adjuvants. Flax, amaranth, foxtail millet, and
RR corn were planted on June 11, 2013. POST treatments were applied on July 11, 2013 at 10:20 am
with 86.3 F air, 76.3 F soil at a four inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW
wind, dry soil moisture, good plant vigor, and no dew present. Plant height and density at time of
application was 6-12” (5-15/ft?) flax, 8-16” (25-30/yd?) amaranth, 12-18” (10-20/ft?) foxtail millet, and
20-24” (15-25/yd?) RR corn. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam
texture, 2.1% OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots
with a backpack-type plot sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

Flax and amaranth are key bioassay species because Select has no activity and will just show glyphosate
activity and also show to what level the oil emulsifier is glyphosate ‘friendly’ or glyphosate ‘antagonistic’.
Foxtail millet is controlled by both glyt and Select. RR corn is controlled only by Select and will show the
level of oil enhancement on a lipophilic herbicide.

Susceptibility:

Glyt = flax, amaranth, and foxtail millet

Select = foxtail millet, and RR corn

Table, Glyphosate and Select with Different Rates of Adjuvants. (Zollinger, Wirth, Kaimierczak)
14 DAA 28 DAA

Treatments Rate Flax - Amar - :Fomi - Corn Flax . :Amar.: Fomi- Corn

Touchdown HT+Select+R-11+AMS 7.2fl oz+6fl 02+1% v/v+8.51b/100gal 75 88 99 57 82 89 99 48
Touchdown HT+Se‘Iect+SuperSpread MSO 7:2fl oz46fl 0z+1pt 28 60 93 67 22 60 90 62
Touchdown HT+Select+DRX 101 17.2fl oz+6fl gz+1pt : P23 63 92 | 63 {23 ¢ 55 92 53
Touchdown HT+Select+Superb HC -+ 7.2fl oz46fl oz+ipt : 43 80 95 63 40 75 98 63
Touchdown HT+Select+Destiny HC :7.2fl oz46fl oz+lpt : 37 82 95 | 67 45 ¢ 77 9% : 68
Touchdown HT+Select+CLNOV775 7.2fl 0z+6fl ‘0z+1pt 62 78 99 67 62 83 99 68
Touchdown HT+Select+DRX 102 :7.2fl oz+6fl 0z+0.5pt H ;28 63 ! 95 : 55 | 27 60 95 55
Touchdown HT+Select+DRX 102 7.2f| oz+6fl oz+1pt 35 60 87 55 35 57 S0 . 50
Touchdown HT+Select+MLR-1 ;7.2f| oz+6fl oz+5pt H i 37 . 80 96 62 | 40 | 81 98 60
Touchdown HT+Select+MLR-1 7.2fl 02461t oz+lpt 43 67 95 58 45 74 95 60
Touchdown HT+Select+MLR-3 ) 7.2fl oz+6ft 0z+0.5pt i 43 73 1 98 63 ! 45 75 98 | 57
Touchdown HT+Select+MLR-3 k 7.2fl o246l oz+1pt 50 70 96 62 58 72 96 65
Touchdown HT+Select+Duce 7.2fl oz+6ft oz+ipt 40 65 90 68 50 @ 67 g5 78
Touchdown HT+5elect+Kixyt 7.21l 02+6fl oz+1pt ) 47 85 88 73 52 83 98 73
i Touchdown HT+Select+Savvy 1 7.2fl oz+6fl oz+ipt ; i 40 : 53 95 © 68 48 57 95 70
Touchdown HT+Select+SURFOM 8874 7.2f) oz46ft oz+lpt 47 77 92 78 48 73 95 75
‘Touchdown HT+Select+UAD-1315 7.2fl oz+6fl oz+ipt 0o 0 0 0 R ¢ B B o 0
Touchdown HT+Select+UAD-1348 7.2fl oz+6ft oz+1pt 33 72 95 ‘68 S 32 72 95 78
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Glyphosate and Clarity with Different Rates of Adjuvants. Zollinger, Richard K., Angela J. Kazmierczak,
and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of
glyphosate and clarity with different rates of adjuvants. Flax, amaranth, tame buckwheat, and canola
were planted on June 11, 2013. POST treatments were applied on July 11, 2013 at 11:25 am with 86.3 F
air, 76.3 F soil at a four inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil
moisture, good plant vigor, and no dew present. Plant height and density at time of application was 10-
14” (10-15/ft?) flax, 8-18” (5-15/yd?) amaranth, 10-18” (10-20/yd?) tame buckwheat, and 8-12” (15-
25/yd?) canola. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1%
OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a
backpack-type plot sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

Glyphosate and dicamba have activity on flax, amaranth, and buckwheat. Clarity has very little activity
on canola which shows how glyphosate “friendly’ the emulsifier is in oil adjuvants.

Table. Glyphosate and Clarity with Different Rates of Adjuvants. (Zollinger, Wirth, Kazmierczak)

14 DAA : 28 DAA
Treatments Rate Flax -*Amar... Tabw Canola Flax .- Amar . Tabw ‘:Canola
{Product/A} ‘ % control ; % control

Touchdown HT+C|a rity+R-11+AMS 7.2l oz+4fl 0z+1% v/v+8.51b/100gal 32 32 40 35 32 35 43 27
Touchdown HT+Clarity+SuperSpread MSO 7.2fl oz+4fl oz+lpt 143 47 48 45 43 48 i 48 35
Touchdown HT+Clarity+DRX 101 17.2fl oz+4fl oz+1pt i 35 47 i 62 50 33 45 62 37
Touchdown HT+Clarity+Superb HC 7.2fl 6z+4fl oz+lpt 18 33 40 27 20 42 42 i8
Touchdown HT+Clarity+Destiny HC 17.2fl oz+4fl oz#1pt | P22 37 | 45 23 20 35 | 42 18
Touchdown HT+Clarity+CLNOV775 ’7‘2fl oz+4f] oz+1pt 50 40 38 32 52 45 40 22
i Touchdown HT+Clarity+DRX 102 1 7.2fl oz+4fl 0z40.5pt 22 33 37 32 22 35 43 25
Touchdown HT+Clarity+DRX 102 7.2fl oz+4fl oz+1pt a7 43 60 33 42 52 58 27
Touchdown HT+Clarity+MLR-1 7.2l oz+afl 0z45pt ; 28 32 45 38 28 32 | 50 37
Touchdown HT+Clarity+MLR-1 7.2fl oz+4fl 0z+1pt 279733 1471035 28 38055033
Touchdown HT+Clarity+MLR-3 7.2fl oz+4f] 0240.5pt 30 35 43 38 30 35 . 60 35
Touchdown HT+Clarity+MLR-3 7.2f oz+af] oz+lpt 37 33 47 37 40 40 53 32
Touchdown HT+Clarity+Duce 7.2fl oz+4fl oz+1pt ) 53 | 65 77 62 53 78 78 78
Touchdown HT+Clarity+Kixyt 7.2fl oz+4fl ez+1pt 60 63 85 70 63 63 85 77
i Touchdown HT+Clarity+Savvy 7.2f oz+4fl oz+1pt 120 23 » 38 37 ¢ 22 23 40 25
Touchdown HT+Clarity+SURFOM 8874 7:2fl oz+4fl oz+dpt 35 42 57 35 : 35 48 58 33
iTouchdown HT+Clarity+UAD-1315 17.2fl oz+4fl oz+lpt P32 37 52 43 A 30 43 : 53 32
\Touchdown HT+Clarity+UAD-1348 7.2fl 0z+4fl 0241 pt 32 30 42 27 32 30 52 23
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Glyphosate and Saflufenacil with Different Rates of Adjuvants. Zollinger, Richard K., Angela J.
Kazmierczak, and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the
efficacy of glyphosate and saflufenacil with different rates of adjuvants. Flax, amaranth, quinoa, and
tame buckwheat were planted on June 11, 2013. POST treatments were applied on July 11, 2013 at
11:45 am with 86.3 F air, 76.3 F soil at a four inch depth, 43% relative humidity, 0% cloud cover, 8-10
mph SSW wind, dry soil moisture, good plant vigor, and no dew present. Plant height and density at time
of application was 6-12” (10-15/ft?) flax, 10-14” (10-20/yd?) amaranth, 10-14” (10-20/yd?) quinoa, 8-12”
(1-10/yd?) tame buckwheat, and 8-14” (1-15/yd?) redroot pigweed. Soil characteristics were: 68.5%
sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH. Treatments were applied to the
center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot sprayer delivering 8.5 gpa at 40 psi
through 11001 Turbo Teelet nozzles. The experiment had a randomized complete block design with
three replicates per treatment.

Both glyphosate and Sharpen have activity on all species used. Qil adjuvant antagonism occurred with
some treatments.

Table. Glyphosate and Sharpen with Different Rates of Adjuvants. {Zollinger, Wirth, Kazmierczak)

14 DAA 28 DAA
Treatments ©- ‘ Rate Flax =~ Amar: Quin : Tabw Flax " ‘Amar Quin -+ Tabw
(Product/A) % control % control

TguchdoWn HT+Sharpen+R-11+AMS 7.2fl oz+1fl 0z+1% v/v+8.5|b/100gal 60 : 73 73 75 67 81 83 88
ﬁ'quchdown HT+Sharpen+SuperSpread MSO 7.2fl oz+1floz+lpt 42 57 52 53 38 48 57 65
Touchdown HT+Sharpen+DRX 101 17.2fl 0z+1fl oz+1pt : . 65 . 8 | 88 88 53 | 70 82 90
Tou'chdown HT+Sharpen+Superb HC 7.2floz+1ft oz+1pf ‘ 30 45 45 43 30 47 57 70
Touchdown HT+Sharpen+Destiny HC :7.2fl oz+1fl oz+lpt 50 93 87 92 P47 76 | 92 99
‘T‘ouchdown HT+Sharpen+CLNOV775 : 7.2fl oz+1fl oz+lpt 53 75 65 65 k 65 87 82 98
“Touchdown HT+Sha rpen+DRX 102 7.2fl oz+1fl 0z+0.5pt ¢ 52 69 ‘ 66 83 47 50 53 85
Touchdown HT+5harpen+DRX 102 7.2floz+1l oz+1pt L0 78 ee. 73 3810760055, 78
Touchdown HT+Sharpen+MLR-1 7.2fl oz+1fl ozt5pt 52 72 68 82 48 58 | 62 78
Touchdown HT+Sharpen+MLR-1 7.2fl oz+1fl oz+lpt 63 92 82 91 62 65 67 85
Touchdown HT+Sharpen+MLR-3 7.2fl oz+1fl 0z+0.5pt i 52 1 e85 : 92 89 © 60 | 67 93 . o5
Touchdown HT+Sharpen+MLR-3 7:2fl oz+1fl oz+ipt 75 94 92 94 65 85 93 98
Touchdown HT+Sharpen+Duce 7.2fl oz+1fl oz+ipt 52 ¢ 95 72 95 52 85 80 97
Touchdown HT+Sharpen+Kixyt 7.2l oz+1fl oz+ipt 65 82 68 83 65 77 7‘2 90
?Touchdown HT+Sharpen+Savvy 17.2fl oz+1fl oz+ipt . i 55 | 82 i 78 83 . 60 93 89 99
Touchdown HT+Sharpen+SURFOM 8874 7.2l oz+1fl-6z+1pt 63 96 92 96 50 92 : 89 96
Touchdown HT+Sharpen+UAD-1315 7.2fl oz+1fl oz+1pt o o . 0 o] ) 0o 0 0
Touchdown HT+Sharpen+UAD-1348 7.2floz+1fl oz+lpt 70 96 95 97 70 93 92 98
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Glyphosate and tembotrione with Different Rates of Adjuvants. Zollinger, Richard K., Angela J.
Kazmierczak, and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the
efficacy of glyphosate and tembotrione with different rates of adjuvants. Flax, amaranth, foxtail millet,
and RR soybean were planted on June 11, 2013. POST treatments were applied on July 11, 2013 at
10:45 am with 86.3 F air, 76.3 F soil at a four inch depth, 43% relative humidity, 0% cloud cover, 8-10
mph SSW wind, dry soil moisture, good plant vigor, and no dew present. Plant height and density at time
of application was 6-12” (5-15/ft?) flax, 8-16” (25-30/yd?) amaranth, 12-18” (10-20/ft?) foxtail millet, and
8-12" (5-20/yd?) RR soybean. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam
texture, 2.1% OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots
with a backpack-type plot sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

Flax is a key bioassay species because Laudis has no activity and will just show glyphosate activity and
also show to what level the oil emulsifier is glyphosate ‘friendly’ or glyphosate ‘antagonistic’. Amaranth
and foxtail millet are controlled by both glyt and Laudis. RR soy is controlled only by Laudis and will show
level of oil adjuvant enhancement on a lipophilic herbicide.

Glyphosate has activity on: flax, amaranth, and foxtail milllet

Laudis has activity on: amaranth, foxtail millet, and RR soybean

Table. Glyphosate and Laudis with Different Rates of Adjuvants. (Zollinger, Wirth, Kazmierczak)

14 DAA 28 DAA
Treatments Rate Flax ::Amar. Fomi:. :Soy Flax :‘Amar...Fomi - ":Soy
{Product/A) ' % control % cantrol

Touchdown HT+.audis+R-11+AMS 7.2f 0z+1.5 0z+1% v/v+8.51b/100gal 68 95 99 18 67 92 99 20
Touch‘down‘ HT+L.audis+SuperSpread MSO 7.2ft 024151 oz+1pt 22 55 80 48 20 55 83 35
:'Touchdcwn HT+Laudis+DRX 101 17.2fl 0z+#1.5 oz+1pt 18 . 48 78 43 23 48 85 38 |
Touchdown HT+L§ udis+Superb HC 7.21 6z+1.5f oz+1pt 22 70 95 45 28 70 95 40
chchdown HT+L audis+Destiny HC 7.2fl oz41 .5 oz+1pt ! 23 63 | 95 38 : 27 65 95 | 42
Touchdown HT+.audis+CLNOV7 75 7.2fl 6241 .51t oz+lpt 48 67 92747 53 73 95 67
i Touchdown HT+Laudis+DRX 102 7.2l 0241.5fi 0z+0.5pt 18 : 58 90 40 18 | 58 S0 | 40 |
Touchdown HT+audis+DRX 102 7.2l 0z+1 .5 oz+1pt 22 47 ’ 88 35 22 50 90 35
Touchdown HT+Laudis+MLR-1 7.2fl oz+1 5fl oz+5pt | 27 65 94 ’ 43 27 63 : 94 38
Touchdown HT+Laudis+MLR-1 7.2l oz+1,5fl oz+1pt 27 60 93 53 30 60 93 53
Touéhdown HT+H.audis+MLR-3 7.2fl 0z+1.5f 0z40.5pt 128 | 65 | 92 47 ¢ 32 63 94 i 48 !
Touchdown HT+.audis+MLR-3 7.2fl oz+1.5fl oz#lpt : 45 88 97 35 52 86 97 a7
Touchdown HT+Laudis+Duce 7.2fl 0z+#1.5f oz+1pt 38 79 95 53 35 71 95 53
Touchdown HT+Laudis+Kixyt 7.2fl 02+1.5f oz41pt ‘ 40 75 93 48 35 65 95 45
Touchdown HT+Laudis+Savvy 7.2l 0z+1.5 oz+1pt i35 55 | 92 38 35 52 92 @ 47
Touchdown HT+LaudissSURFOM 8874 7.2l 0z+1.5f oz+1pt 37 82 95 47 38 82 95 55
i Touchdown HT+Laudis+UAD-1315 17.2fl oz41 .5 oz+lpt i 43 78 96 | 48 40 | 73 96 | 47
Touchdown HT+Laudis+UAD-1348 7.2fl oz41.5f oz#lpt 30 63 90 48 37 63 93 52
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Experimental Adjuvants with Herbicides. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A.
Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of Touchdown HT and
Laudis with different adjuvants. Flax, amaranth, foxtail millet, and soybeans were planted on June 11,
2013. POST treatments were applied on July 11, 2013 at 10:45 am with 86.3 F air, 76.3 F soil at a four
inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good plant
vigor, and no dew present. 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH.
Plant height and density at time of application was 6 to 12 inch (15 to 20/ft?) flax, 8 to 16 inch (25 to
30/yd?) amaranth, 12 to 18 inch (10 to 20 yd?) foxtail millet, and 8 to 12 inch (5 to 20/ft%) RR soybean.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Flax has tolerance to Laudis. RR soybean was planted.

Table. Experimental Adjuvants with Herbicides, (Zollinger, Wirth, Kazmierczak)

14 DAA : 28 DAA
Treatments Rate .Flax " “Amar - Fomi . Soy Flax ::""Amar.: Fomi. Soy
(Product/A) % control % control

Touchdown HT+R-11 9.7fl 0z+1% v/v 74 83 99 0 75 . 83 98 4]
Touchdown HT+R-11+AMS 9.7fl 02+1% v/v+8.5lb/100gal 93 923 99 0 92 92 96 Q
Touchdown HT+CSGN2 >9.7ﬂ oz+0.1pt ;62 93 99 0 65 . 93 96 0
Tou;:hdown HT+CSGN2 9.7l 02+0:3pt 65 88 99 0 70 88 98 0
Laudis+R-11+AMS 12l 02+1% v/v+8.51b/100gal 135 33 30 57 i 35 52 | 23 | 73
Laudis+CLNOV775+AMS 21l 0240.3pt+8,51b/100gal 0 40 23 63 0 48 20 70
Laudis+FOP61US+AMS 2fl 0z40.25% v/v+8.5|b/100ga! ] .48 27 55 .0 . 52 17 68
Laudis+FOP0S60+AMS 2fl 0z+H0.15% v/v+8.5|b/100gal 20 60 33 58 20 60 22 67
Laudis+CSGN2 2fi 0z+0.1pt ‘ 0 25 13 47 0 28 10 22
Laudis+CSGN2 2fl 0z+0.3pt 0 27 15 48 0 27 10 23
Laudis+CSGN2 2fl oz+1pt L0 | 28 12 | 48 0 32 . 10 | 20
Laudis+CSGN2+CLNOV775 2fl 0z+0.3pt+0.1pt 0 35 20 57 0 38 10 65
Laudis+CSGN2+CLNOV775 2fl 0z+0.3pt+0.3pt 0 38 30 62 9] 50 17 77
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Experimental Adjuvants with Herbicides. Zollinger, Richard K., Angela J. Kazmierczak, and Devin A.
Wirth. An experiment was conducted near Hillsboro, ND to evaluate the efficacy of Touchdown HT and
Callisto with different adjuvants. Flax, amaranth, foxtail millet, and soybeans were planted on June 11,
2013. POST treatments were applied on July 11, 2013 at 10:45 am with 86.3 F air, 76.3 F soil at a four
inch depth, 43% relative humidity, 0% cloud cover, 8-10 mph SSW wind, dry soil moisture, good plant
vigor, and no dew present. 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture, 2.1% OM and 6.3 pH.
Plant height and density at time of application was 6 to 12 inch (15 to 20/ft?) flax, 8 to 16 inch (25 to
30/yd?) amaranth, 12 to 18 inch (10 to 20 yd?) foxtail millet, and 8 to 12 inch (5 to 20/ft?) RR soybean.
Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a backpack-type plot
sprayer delivering 8.5 gpa at 40 psi through 11001 Turbo Teelet nozzles. The experiment had a
randomized complete block design with three replicates per treatment.

Flax has tolerance to Callisto. RR soybean was planted.

Table, Experimental Adjuvants with Herbicides 2. (Zollinger, Wirth, Kazmierczak)

Treatments

Rate
(Product/A)

14 DAA

28 DAA

Flax " :Amar

Fomi

% control

Soy

Flax

Amar

Fomi

% control

Soy

Touchdown HT+R-11 ) 9.7f 0z+1% v/v 74 83 99 0 75 83 98 0
Touchdown HT+R-11+AMS 9.7l 0z+1% v/v+8.51b/100gal 93 93 99 0 92 92 96 0
Touchdown HT+CSGN2 19.71 0z+0.1pt 62 93 99 0 65 93 96 o]
Touchdown HT+CSGN2 9.7 .0240,3pt 65 88 99 o 70 88 98 0
Callisto+R-11+AMS 2l 0z+1% v/v+8'5lb/100gal 35 33 30 57 35 52 23 73
Callisto+CLNOV775+AMS 211.0z4+0,3pt+8,51b/100gal 4} 40 23 63 0 48 20 70
i Callisto+FOP61US+AMS 2fl 0240.25% v/v+8.51b/100gal ’ 0 48 27 55 0 52 17 68
Callisto+FOP0960+AMS 21l 0240.15% v/v+8.51h/100gai 20 60 33 58 20 60 22 67
Callisto+CSGN2 2floz+0.1pt - 0 25 13 47 ] 28 10 22
Callisto+CSGN2 21l 0240:3pt 0 27 15 48 0 27 10 23
Callisto+CSGN2 2l oz+lpt 0 28 12 48 0 32 10 20
Callisto+CSGN2+CLNOV775 2fl 0240.3pt+0.1pt 0 35 20 57 ] 38 10 65
Callisto+CSGN2+CLNOV775 12fl 0z+0.3pt+0.3pt 0 38 30 62 0 50 17 77
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Glyphosate and Tembotrione with Different Rates of Adjuvants 2. Zollinger, Richard K., Angela J.
Kazmierczak, and Devin A. Wirth. An experiment was conducted near Hillsboro, ND to evaluate the
efficacy of glyphosate and tembotrione with different rates of adjuvants. Flax, amaranth, foxtail millet,
and RR soybean were planted on June 11, 2013. POST treatments were applied on July 10, 2013 at 4:00
pm with 84 F air, 84.4 F soil at a four inch depth, 28% relative humidity, 25% cioud cover, 2-4 mph N
wind, dry soil moisture, good plant vigor, and no dew present. Plant height and density at time of
application was 6-12” (5-15/ft?) flax, 8-16” (15-30/yd?) amaranth, 12-18” (10-20/ft?) foxtail millet, and 8-
12” (5-20/yd?) RR soy. Soil characteristics were: 68.5% sand, 18.3% silt, 13.2% clay, sandy loam texture,
2.1% OM and 6.3 pH. Treatments were applied to the center 6.7 feet of the 10 by 40 foot plots with a
backpack-type plot sprayer delivering 10 gpa at 40 psi through 11001 Turbo Teelet nozzles. The
experiment had a randomized complete block design with three replicates per treatment.

The species were chosen to indicate herbicide activity by individual herbicides and combinations:
Glyphosate has activity on flax, amaranth, and foxtail millet. Laudis has activity on amaranth, foxtail
millet and RR soybean. CLNOV775 has more activity at lower use rates than other adjuvants used in this
study.

Table. Glyphosafe and Tembotrione with Different Rates of Adjuvants. (Zollinger, Wirth, Kazmierczak)

14 DAA 28 DAA
Treatments Rate Flax “Amar :  Fomi = Soy Flax = Amar ' Fomi.: " Soy
{Product/A} % control % control

Touchdown HT+R-11+AMS

9.7fl 02+1% v/v+8.5b/100gal 88 87 99 13 95 93 95 0
Touchdown HT+Laudis+Prime Ol ’9.7fl oz+1.5fl oz+2pt 23 63 98 62 27 60 90 60
Touchdown HT+Laudis+VISO 9.7fl oz+1.5fl oz+1.5pt 37 68 98 68 40 67 . 96 88
Touchdown HT+.audis+Superb HC 9.7fl 02+1.5f.0240.25pt 25 77 99 50 30 8298 45
Touchdown HT+Laudis+Superb HC :9.7f 0z+1.5fl 0z+0.5pt 25 75 99 57 28 83 99 50
Touchdown HTHLaudis+Superb HC 9.7f) 02415 oz+1pt 327689852 42,0778 L9 a7
‘ Touchdown HT+audis+Superb HC :9.7fl 0z+1,5fl oz+2pt 35 70 99 62 47 81 i 93 68
Touchdown HT+a udis+Destiny HC 9.7fl 0z+1.5f 0240.25pt 40 78 99 58 47 78 98 63
Touchdown HT+Laudis+Destiny HC 9.7 0z+1.5fl 02+0.5pt 32 75 99 60 42 77 98 63
Touchdown HT+Laudis+Destiny HC 9.71 02+1.5 oz+1pt 45 76 99 63 74 81 96 77
Touchdown HT+Laudis+Destiny HC 9.7fl 0z+1.5f oz+2pt 68 84 © 99 69 76 86 96 87
Touchdown HT+Laudis+CLNOV775 9.7fl oz+1.5 0240.25pt 62 75 99 67 76 77 98 60
Touchdown HT+Laudis+CLNOV775 9.7fl 0z+1.5fl 0240.5pt 72 82 99 70 81 78 93 83
Touchdown HT+Laudis+CLNOV775 9.7fl 02+1.5fl oz+1pt 78 78 99 72 84 85. 96 68
Touchdown HT+Laudis+CLNOV775 79 92 99 77 ’89 93 : 99 95

19.7fl 0z+1.5f oz+2pt
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Spray droplet size and nonselective grass. Howatt, Roach, and Harrington. Hard red spring
wheat was seeded May 14 near Fargo. Treatments were applied to 5 leaf wheat and 3 leaf yellow
foxtail on June 19 with 81° F, 47% relative humidity, clear sky, 7 to 9 mph wind at 150°, and dry
soil at 65° F. Treatments were applied with a sprayer mounted on a 4X4 all terrain vehicle
delivering 10 gpa through XR11003; XR11004;AIXR11004; Al11004; and TT111004 nozzles to a 7
foot wide area the length of 10 by 30 foot plots. The experiment was a randomized complete block
design with four replicates.

713 713 7122 7122

Treatment Rate Spray Wht Yeft Wht Yeft
oz/A % % % %

Immx+NIS+UAN 0.5+0.25%+32 F 85 80 99 78
Immx+NIS+UAN+Inter 0.5+0.25%+32+4 F 85 80 99 79
Immx+NIS+UAN 0.5+0.25%+32 M 85 80 99 83
Immx+NIS+UAN+inter  0.5+0.25%+32+4 M 85 80 99 80
Immx+NIS+UAN 0.5+0.25%+32 C 85 80 99 81
Immx+NIS+UAN+Inter  0.5+0.25%+32+4 C 85 80 99 81
Immx+NIS+UAN 0.5+0.25%+32 XC 85 80 99 80
Immx+NIS+UAN+Inter  0.5+0.25%+32+4 XC 85 80 99 78
Immx+NIS+UAN . 0.5+0.25%+32 uc 85 80 99 81
Immx+NIS+UAN+Inter  0.5+0.25%+32+4 ucC 85 80 99 79
Clet®+NIS 1+0.25% F 85 70 99 78
Clet+NIS+Interlock 1+0.25%+4 F 85 70 99 80
Clet+NIS 1+0.25% M 85 70 99 79
Clet+NIS+Interlock 1+0.25%+4 M 85 70 99 80
Clet+NIS- 1+0.25% C 85 70 99 79
Clet+NIS+Interlock 14+0.25%+4 C 85 70 99 79
Clet+NIS ‘ 1+0.25% XC 85 70 99 79
Clet+NIS+Interlock 1+0.25%+4 XC 85 70 99 79
Clet+NIS 1+0.25% ucC 85 70 99 79
Clet+NiS+Interlock 1+0.25%+4 ucC 85 70 99 78
CVv. : , 0 0 0 5
LSD 5% 0 0 0 5

% The formulation of clethodim was Select Max from Valent Corp.

Plants were larger than desired at application because of persistent precipitation and
saturated soil condition that prevented earlier application and reoccurred after treatments were
applied. This has not been good environment for imazamox efficacy in other trials and even
seemed to be detrimental to clethodim activity. Imazamox provided better yellow foxtail control
than clethodim on July 3, but herbicides gave similar control of wheat and yellow foxtail on July 22.
Efficacy of these herbicides was not affected by droplet size of herbicide spray or addition of
Interlock. Control of grasses has been less affected by spray droplet size than broadleaf control in
previous research.
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Spray droplet size and selective grass. Dr. K. Howatt, R. Roach, and J. Harrington. Hard red spring
wheat was seeded May 14 near Fargo. Treatments were applied to 5 leaf wheat and 3 leaf yellow foxtail on
June 19 with 75° F, 64% relative humidity, 20% cloud cover, 7 to 9 mph wind at 150°, and dry soil at 65° F.
Treatments were applied with a sprayer mounted on a 4X4 all terrain vehicle delivering 10 gpa with
XR11003; XR11004; AIXR11004; Al11004; and TT111004 nozzles to a 6 foot wide area the length of 10 by
30 foot plots. The experiment was a randomized complete block design with four replicates.

7/3 7122

Treatment Rate Spray Yeft Yeft

oz/A % %
Fenx 0.8 Fine 90 87
Fenx+Interlock 0.8+4 Fine 90 86
Fenx 0.8 Medium 80 86
Fenx+Interlock 0.8+4 Medium 90 89
Fenx g 0.8 Coarse 90 84
Fenx+Interlock 0.8+4 Coarse 90 85
Fenx - 0.8 Extra coarse 90 87
Fenx+interlock 0.8+4 Extra coarse 90 85
Fenx 0.8 Ultra coarse 90 87
Fenxt+interlock 0.8+4 Ultra coarse 90 86
Flcz&Flox 2 Fine 60 53
Flcz&Flox+Interlock 2+4 Fine 60 53
Flcz&Flox 2 Medium ' 60 50
Flcz&Flox+Interlock 2+4 Medium 60 58
Flcz&Flox 2 Coarse 60 58
Flcz&Flox+Interlock 2+4 Coarse 60 48
Flcz&Flox 2 Extra coarse 60 48
Flcz&Flox+Interlock 2+4 Extra coarse 60 53
Flcz&Flox 2 Ultra coarse 60 45
Ficz&Flox+Interlock 2+4 Ultra coarse 60 48
cv 0 7
LSD 5% 0 6

Plants were larger than desired at application because of persistent precipitation and
saturated soil condition that prevented earlier application and reoccurred after treatments were
applied. This has not been good environment for flucarbazone efficacy in other trials and even
seemed to be detrimental to fenoxaprop activity. Fenoxaprop gave better control of yellow foxtail
than flucarbazone. This was expected because of intrinsic differences of the chemicals and the
influence of the weather. Yellow foxtail control with fenoxaprop was not affected by spray droplet
size or addition of Interlock. Averaged across Interlock addition, flucarbazone applied in coarse
droplet spectrum or smaller tended to give better control than spray equipment set to give larger
droplet sizes. Addition of Interlock did not provide consistent benefit for flucarbazone control of
yellow foxtail but tended to help when larger droplet sizes were the target.
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Spray droplet size and PGR. Howatt, Roach, and Harrington. Treatments were applied using
various nozzles to achieve (F)ine (XR11003), (M)edium (XR1104), (C)oarse (AIXR1104), (XC)
extra coarse(Al1104), and (UC) ultra coarse (TT111004) spray droplets. Quinoa, amaranth, flax
and tame buckwheat were seeded on July 11. Treatments were applied to quinoa, amaranth,
flax, and tame buckwheat that were 4 to 6 inches tall on July 30 with 72°F, 90% cloud-cover, 2
mph wind at 315°, and dry soil at 65°F. Treatments were applied with a sprayer mounted on a
4X4 all-terrain vehicle delivering 10 gpa at 35 psi through the various nozzles to a 7 foot wide
area the length of 10 by 30 foot plots. The experiment was a randomized complete block design
with four replicates.

8-4 8-4 84 84 828 828 8-28 8-28

Treatment Rate Spray Quinoa Amar Flax Tabw Quinoa Amar Flax Tabw
oz/A % % % % % % % %
Dicamba 2 F 53 53 18 58 87 83 38 81
Dicamba+interlock 2+4 F 64 53 38 53 94 83 53 80
Dicamba 2 M 73 69 33 64 94 89 45 86
Dicamba+Interlock 2+4 M 75 65 40 61 94 86 56 85
Dicamba 2 C 58 55 18 61 89 84 33 85
Dicamba+interlock 2+4 C 70 60 40 63 94 90 59 85
Dicamba 2 XC 43 48 13 53 79 79 28 81
Dicamba+interlock 2+4 XC 58 55 45 56 89 83 58 83
Dicamba 2 ucC 48 53 13 55 89 83 28 61

Dicamba+tInterlock 2+4 UC 53 45 40 55 93 85 63 85

2.4-D acid 8 . 93 93 70 78 99 99 73 97
2.4-D acid+Interlock 8+4 81 83 56 71 99 96 74 94
2.4-D acid 8 91 91 66 79 99 99 81 98

F
F
M
2,4-D acid+interlock 8+4 M 93 94 75 81 99 99 83 98
C
C

2,4-D acid 8 93 94 71 79 99 99 85 98
2,4-D acid+interlock 8+4 94 94 71 78 99 99 84 97
2,4-D acid 8 XC 94 90 69 78 99 99 86 98
2,4-D acid+Interfock 8+4  XC 93 90 65 70 99 99 83 97
2,4-D acid 8 uc 90 88 65 73 98 98 81 96
2,4-D acid+Interlock 8+4 UC 93 90 64 76 99 98 84 97
Ccv 15 14 22 10 3 5 18 11
LSD 5% 16 14 15 10 5 6 16 14

Plants were allowed to get taller than preferred for complete weed control to emphasize differences
among treatments under adverse conditions. 2,4-D generally gave more control of the species included
than dicamba. Response to treatments seemed to be affected by slight differences in plant size at
application and resulted in relatively large LSDs for most evaluations. Medium and course spray droplet
spectra tended to result in greater weed control with both herbicides than smaller or larger droplet sizes.
This trend was strongest with evaluation of dicamba efficacy 5 DAT. Interlock influence was inconsistent
except with dicamba on flax. Flax control with dicamba was improved with addition of interlock, especially
at the larger droplet spectra.
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