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General Comments



The Good of pesticide pre-mixtures

•Broader spectrum of pest species controlled.

•Pesticide resistance management (if >2 sites of action).

•Reduced quantities of packaging materials.

•Reduces size of pesticide storage area.

• Easier to use, especially if just single use-rate.

•Can allow for synergistic efficacy.



The Good of pesticide pre-mixtures

• Saves time loading sprayer with the fewer containers.

•Allows incompatible pesticides to be in a single container.

•Control the active ingredients and rates for a product.

•Pre-mixtures usually cost less than tank-mixing.

•Allows for specific adjuvants to be included in pre-mixture.

•Allows creation of new patented product.



The Bad of pesticide pre-mixtures

• Financial gain by manufacturer to include active 
ingredients with limited efficacy.

•Not always having correct rate of each active ingredient 
in pre-mixture to control some pest species.

•Allows users to become complacent about what active 
ingredients are included in pre-mixture.
oMarshal McGlamery quote "Can 'em and Confuse 'em"



The Bad of pesticide pre-mixtures

•Adding a different active ingredient to pre-mixture may 
cause compatibility issues.

•Advertisements for pre-mixture trade names say little to 
nothing about what active ingredients and rates are in 
the pre-mixture.

•Using the highest rate of a pre-mixture may preclude the 
use of one of those active ingredients in a second 
application.



The Ugly of pesticide pre-mixtures

•Multiple and/or cross-resistant pests.

•Antagonism from the active ingredients in the pre-
mixture.

•Complacency of farmers not knowing what active 
ingredients and concentrations are in pre-mixtures.



Fungicide Seed Treatments





Active ingredients and effective rates to control 
phytophthora root and stem rot

from Crop Protection Network



Questions
• What rate of Lumiante is in LumiGen Seed Treatments?

o0.2 fl oz/100 lbs seed or 0.3 fl oz/100 lbs seed or some rate in between?

o Is either product rate at the effective dose of ethaboxam for maximum 
control of phytophthora root and stem rot?
 0.2 fl oz/100 lbs seed = 2.27 g ai/100 lbs seed

 0.3 fl oz/100 lbs seed = 3.4 g ai/100 lbs seed

 Effective rate is 3.36 g ai/100 lbs seed

oWhich Sebring product and rate is used?
 Sebring 318 FS (2.65 lbs metalaxyl/gal) at 0.75 to 1.5 fl oz/100 lbs seed?

 Sebring 480 FS (4.0 lbs metalaxyl/gal) at 0.5 to 1.0 fl oz/100 lbs seed?

 Both meet the 6.8 to 13.61 g ai/100 lbs seed rate



Insecticides



Insecticide mixtures: 
the good



Intellectual property & marketing
• Industry perspective…

• Maintain patent 
coverage

• Create proprietary 
product from 
generics

• Create new product 
without new AIs

Sparks 2024

Good



Reduce costs of new AIs
• Industry perspective…

• Newer insecticides 
are generally more 
expensive

• Existing cheaper AI +
Reduced rate of 
newer expensive AI

• Concern: Reduced rates 
promote development of 
resistance Sparks 2024

Good



Reduced rates?

Sefina Renestra

Soybean aphid rate 3.0 fl oz/ac  =
0.0234 gal/ac

6.8 fl oz/ac  =
0.0531 gal/ac

Afidopyropen 0.42 lb ai/gallon

0.0098 lb ai/ac

0.17 lb ai/gallon

0.0090 lb ai/ac

0.0090 / 0.0098 = 
91.8%



Reduced rates?
Transform Ridgeback

Soybean aphid rate 0.75-1.0 oz/ac 6.9-13.8 fl oz/ac

Sulfoxaflor 0.023-0.031 lb ai/ac 0.017-0.033 lb ai/ac

Transform Ridgeback

Resistant soybean 
aphid rate

0.75-1.0 oz/ac >10.3 fl oz/ac

Sulfoxaflor 0.023-0.031 lb ai/ac >0.025 lb ai/ac

Largely overlapping ranges



Increase pest spectrum
• Newer insecticides 

are more specific

• Concern: Fit with 
IPM? 
• sub-economic 

pests
• natural 

enemies
• environment Sparks 2024

Good



Combine technical characteristics
• Improve control

• Contact + Systemic

• Extend apparent 
residual control
• Fast acting + Slow 

acting

• Concern: Fit with IRM?
• Differing residual 

activity

Good



Insecticide resistance management (IRM)
Good



Insecticide resistance

Sparks 2024



Example: soybean aphid & pyrethroids

Menger et al. 2022



IRM considerations

• AIs requiring different resistance mechanisms
• Different MoA for target-site resistance
• Metabolic resistance challenging to predict

Good



IRM considerations

• AIs requiring different resistance mechanisms

• No (or very limited) resistance of pest to any of the AIs
• Redundant kill

Good



IRM considerations

• AIs requiring different resistance mechanisms

• No (or very limited) resistance of pest to any of the AIs

• Similar rates of decay (residual activity) for AIs
• Prevent selection by only one component

Good



IRM considerations

• AIs requiring different resistance mechanisms

• No (or very limited) resistance of pest to any of the AIs

• Similar rates of decay (residual activity) for AIs

• Similar toxicities at application rates for AIs

Good



IRM considerations

• AIs requiring different resistance mechanisms

• No (or very limited) resistance of pest to any of the AIs

• Similar rates of decay (residual activity) for AIs

• Similar toxicities at application rates for AIs

• Pest biology
• Mixtures better for sexually reproducing insects (beetles 

& caterpillars)
• Mixtures less beneficial for asexually reproducing insects 

(aphids)

Good

IRAC 2023, Sparks 2024



Insecticide mixtures: 
the bad



Negate benefits of selectivity

• Sub-economic pests 
don’t need control

• Usually only one 
significant pest in 
soybean at a time
• aphids
• caterpillars/beetles 
• mites

Bad



Negate benefits of selectivity
Bad

Sparks 2024



Negate benefits of selectivity

• Toxicity to natural 
enemies
• Predators
• Parasitoids

• Environmental impacts

Bad



Fewer options for rotation
-- toolbox for soybean aphid is already small

Bad

1A: Carbamates
1B: Organophosphates

3A: Pyrethroids

4A: Neonicotinoids
4C: Sulfoxamines
4D: Butenolides

9A: Pyropenes



Efficacy: Lamberton, MN - 2016
Koch et al. 2019

Sefina
Transform

Warrior

Untreated



Koch et al. 2019

Sefina
Sivanto
Transform

Warrior

Lorsban

Untreated

Efficacy: Nashua, IA - 2017



Tran et al. 2016

Selectivity of sulfoxaflor



Koch et al. 2019

Selectivity of afidopyropen



Insecticide mixtures: 
the ugly



Mixtures for soybean aphid



Rosemount, 2018 
Application: 8/17 (R5); 181 aphids/plant

8/23 8/30
Group Treatment 7 DAT 14 DAT
- Untreated Check 453 a 83 a
3A Warrior II (1.6 oz) 246 b 102 a
3A+4A Endigo ZC (4 oz) 39 c 43 ab
4D Sivanto Prime (14 oz) 43 c 11 b
9D Sefina (3 oz) 80 c 3 b
3A+4A Argyle OD (5 oz) 6 c 2 b
3A+4A Argyle OD (8 oz) 0.7 c 0.9 b

P-value<0.0001 <0.0001

da Silva Queiroz et al. 2019

Ugly



Rosemount, 2019
Application: 8/22 (R5); 407 aphids/plant

8/28 9/5
Group Products 6 DAT 14 DAT
- Untreated Check 544 a 634 a
3A Warrior II (1.6 oz) 294 ab 478 ab
3A+4A Endigo ZC (4 oz) 57 bc 96 bc
3A+4A Endigo ZCX (3.5 oz) 47 bcd 86 bc
3A+4A Endigo ZCX (4.5 oz) 16 cd 27 cd
3A+4A Argyle OD (5 oz) 16 cd 15 d
3A+4A Argyle OD (6 oz) 12 d 8 d
9D Sefina (3 oz) 49 bcd 13 d

P-value<0.0001 <0.0001
Aita et al. 2019

Ugly



Rosemount, 2024
Application: 8/19 (R5); 624 aphids/plant

8/27 9/3
Group Products 8 DAT 15 DAT
- Untreated Check 537 a 83 b
3A+4A Leverage 360 (2.8 oz) 325 a 222 a
4D Sivanto Prime (7 oz) 88 c 30 c
29 IKI-220 (1.43 oz) 47 c 12 d
29 IKI-220 (1.14 oz) 17 c 11 d
9D Sefina (3 oz) 46 c 2 e

P-value<0.0001 <0.0001

Koch & Ribeiro 2025

2.7x 
higher

Very Ugly



Moderate 
pyrethroid 
resistance

Mixtures 
worked well

Newer 
chemicals 

worked well

Janet Knodel & 
Patrick Beauzay
July 25, 2024



Resources on insecticide mixtures



Summary: Insecticide mixtures
• Some mixtures contain reduced rates of a newer AI

• Allows lower cost
• Potential issue for IRM

• Mixtures can broaden spectrum of control
• Don’t often have multiple pests at economic levels in 

soybean
• Increases toxicity to natural enemies & environment

• Insecticide resistance management is essential
• Mixtures can help, but under certain conditions

• Decreased performance of some mixtures for soybean aphid 
in recent years



Herbicides



From Joe Ikley
< 0.5" rain within 2 weeks after PRE and 1" rain within 4 weeks.

3.5 fl oz/A



From Joe Ikley1" rain within 2 days after PRE and 6" rain within 3 weeks.

3.5 fl oz/A



Can pyroxasulfone be applied POST to soybean 
after Fierce EZ is applied PRE at 8 fl oz/A?
• 8 fl oz/A / 128 fl oz/A X 1.7 lb ai/gal = 0.119 lb ai/A (3.6 Zidua)
• Coarse soils (sand, loamy sand, sandy loam) = NO
• Medium and fine soils?
oYes
oBut at what rate (lb ai/A) ?

 0.067 lb ai/A
 0.186 lb ai/A maximum rate – 0.119 lb ai/A = 0.067 lb ai/A remaining

oHow much Zidua in fl oz/A is this?
 2.05 fl oz/A
 0.067 lb ai/A / 4.17 lb ai/gal X 128 fl oz/gal = 2.05 fl oz/A 

oWill this dosage provide effective weed control?
oIs enough rainfall likely to occur with POST application to maximize 

weed control?



From Brian Jenks

4 fl oz/A = 0.116 lb ai/A of pyroxasulfone;  6 fl oz/A = 0.174 lb ai/A of pyroxasulfone



Adjuvants = MSO + AMS



From Joe Ikley



From Joe Ikley



From Joe Ikley



From Joe Ikley



Best kochia and waterhemp control from Spartan 8 
fl oz/A + Metribuzin 75 DF 10.7 oz/A

•What is the sulfentrzone rate of Spartan 4L and 
Metribuzin 75 DF needed?
o0.25 lb ai/A sulfentrazone

 8 fl oz/A Spartan / 128 fl oz/gal X 4 lb ai/gal = 0.25 lb ai/A 
sulfentrzone

o0.5 lb ai/A metribuzin
 10.7 oz/A / 16 oz/lb X 0.75 lb ai/ lb product = 0.5 lb ai/A metribuzin



Best kochia and waterhemp control from Spartan 8 
fl oz/A + Metribuzin 75 DF 10.7 oz/A
• If use Preview 2.1 at 23 fl oz/A, do we achieve the rates of 

these two AI's?
oNO
oHow much Spartan 4FL must be added to achieve 0.25 lb ai/A 

sulfentrazone?
 1.6 fl oz/A Spartan 4FL

• 0.25 lb ai/A sulfentrazone – 0.2 lb ai/A sulfentrazone = 0.05 lb ai/A needed
• 0.05 lb ai sulfentrazone / 4 lb/gal X 128 fl oz/gal = 1.6 fl oz/A Spartan 4 FL

oHow much Metribuzin 75 DF must be added to achieve 0.5 lb ai/A 
metribuzin?
 2.1 oz/A Metribuzin 75DF

• 0.5 lb ai/A metribuzin – 0.4 lb ai/A metribuzin = 0.1 lb ai/A metribuzin 
needed

• 0.1 lb ai/A metribuzin / 0.75 lb ai/pound product = 0.13 lb pr/A X 16 oz/lb = 
2.1 oz/A Metribuzin 75 DF



Special restrictions

• Soil texture

• Soil pH

• Soil OM

•Rainfall 

•Do the results of this one-year study at seven locations 
mean these rates can be used in all ND fields?
oNO



Kochia control in HRSW in ND?
• When was kochia first confirmed resistant to dicamba in ND?
o1995

• Why was Starane labeled in HRSW in ND and when?
oIncreasing frequency of dicamba-resistant kochia and 1998

• Please read the Starane Ultra label, what should the minimum rate 
be to control kochia?
o0.4 pt/A Starane Ultra

 What is the rate of fluroxypyr?
• 0.4 pt/A / 8 pt/A X 2.8 lb ai/gal = 0.14 lb ai/A

• What was original rate of Starane?
o0.12 to 0.25 lb ai/A

• What rate of fluroxypyr was used in 2009 in SD?
o0.086 lb ai/A



If minimum fluroxypyr rate should be 0.14 lb ai/A,

•Do any HRSW herbicide pre-mixtures (31) contain this 
rate of fluroxypyr?
oAlmost NONE (28)
oWhich pre-mixtures contain 0.14 lb ai/A fluroxypyr?

 OpenSky (1.25 pt/A) = 0.14 lb ai/A fluroxypyr
• 1.25 pt/A / 8 pt/gal X 0.95 lb ai/gal = 0.14 lb ai/A

• Problem: no bromoxynil included to maximize kochia control.

 Sentrallas (14 fl oz/A) = 0.14 lb ai/A fluroxypyr
• 14 fl oz/A / 128 fl oz/gal X 1.3 lb ai/gal = 0.14 lb ai/A

• Problem:  no bromoxynil included to maximize kochia control.

§TruSlate Pro (2 pt/A) = 0.16 lb ai/A fluroxypyr
• 2 pt/A / 8 pt/gal X 0.64 lb ai/gal = 0.16 lb ai/A

• Problem:  no bromoxynil included to maximize kochia control.



Kochia control in HRSW in ND?

•When was kochia first confirmed resistant to fluroxypyr in 
ND?
o2012

•At a fluroxypyr rate of 0.12 lb ai/A, approximately what rate 
of control can you expect?
o72%

• Is this acceptable?
oNO

•How many HRSW herbicide pre-mixtures have at least 0.11 
to 0.13 lb ai/A in them?
o18



Kochia control in HRSW in ND?

• Should fluroxypyr ever be used alone?
oNO

• At least what active ingredient should be added to fluroxypyr?
oBromoxynil

• How many fluroxypyr pre-mixture herbicides contain bromoxynil?
• ONLY 4



Kochia control in HRSW in ND?
•How much fluroxypyr is in Huskie FX (18 fl oz/A)?

• 0.08 lb ai/A!
• 18 fl oz/A / 128 fl oz/gal X 0.6 lb ai/gal = 0.08 lb ai/A

•How much Starane Ultra, must be added?
• 2.6 fl oz/A
• 0.14 – 0.08 lb ai/A = 0.06 lb ai/A / 2.8 lb ai/gal = 0.021 lb pr/A X 128 fl

oz/A = 2.6 fl oz/A



Kochia control in HRSW in ND?

•What is the minimum bromoxynil rate to be mixed with 
fluroxypyr?
o0.37 # ai/A or 1.5 pt/A of Moxy 2EC

•How much improvement in kochia control is possible 
with this rate of bromoxynil?
o20%  (only 9% additional control at 1 pt/A)

•Are there other options to controlling kochia POST in 
HRSW?
oNo



Broadleaf Control with Group 27 Premixes
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From Kirk Howatt



Summary/Conclusions



Summary/Conclusions

• There are many positive attributes of pesticide pre-
mixtures.
• There are beginning to become more negative issues with 

pesticide pre-mixtures, particularly with herbicides due to 
lower than effective rates of certain active ingredients 
resulting in less effective weed control.
•Pre-mixtures can be both positive and negative to reducing 

pesticide resistance, depends on active ingredients and 
rates.



Summary/Conclusions

•Make sure the appropriate rates of other products 
containing the desired active ingredient(s) to obtain the 
effect dose.

•Are all active ingredients in pre-mixtures necessary for 
the pests within a field?



Questions


