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Scenario

INSV outbreaks routinely occur at vector densities 
well below those causing damage to crops through 
direct feeding.

Inoculum sources are abundant, and a small 
number of insects can initiate widespread infection, 
often before succumbing to chemical controls.

Previous CLGRP-
funded research by 
co-PI, Daniel Hasegawa
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Scenario
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Pathogen synergism between INSV and 
causal agents of Pythium wilt

Previous field observations suggest that INSV 
infection accelerates the development and 
severity of Pythium wilt disease



Immunity priming

Predictions: 

Disease symptoms can be prevented or mitigated through manipulation of 
plant immunity with immunity priming agents (elicitors)

Immunity priming will cause plants to be less attractive or palatable for thrips 
vectors

Some immunity priming agents can both activate plant defenses and promote 
direct suppression of soil pathogens

Elicitors



1. Evaluate efficacy and optimize dosing for four soil-applied materials with plant priming and/or biocontrol-enhancing 
capabilities.
 Deliverables: Provide evidence of efficacy, effective doses, and spectrum of protective effects against INSV, 

pythium wilt, and thrips under controlled conditions.

2. Test optimal doses and/or combinations of elicitor materials for field efficacy.
 Deliverables: Provide critical information about product performance in the field under moderate to high disease 

pressure from both pathogens and thrips vectors.

3. Quantify positive effects of soil-applied materials on pythium levels and pythium-suppressive biological control agents 
in the laboratory and field.
 Deliverables: Provide information on the effects of products that promote the growth of pythium-suppressive 

bacteria in laboratory and field experiments. 

Project Goals



1. Evaluate efficacy and optimize dosing for four soil-applied materials with plant priming and/or biocontrol-enhancing 
capabilities.
 Deliverables: Provide evidence of efficacy, effective doses, and spectrum of protective effects against INSV, 

pythium wilt, and thrips under controlled conditions.

Project Goals

Previous work

Greenhouse experiments revealed efficacy of a 
combination of two products, Actigard and 
Regalia.

Actigard + Regalia reduced infection rates and 
infection severity as foliar applications



1. Evaluate efficacy and optimize dosing for four soil-applied materials with plant priming and/or biocontrol-enhancing 
capabilities.
 Deliverables: Provide evidence of efficacy, effective doses, and spectrum of protective effects against INSV, 

pythium wilt, and thrips under controlled conditions.

Project Goals

Proposed work: Objective 1A

Test soil application of Actigard + Regalia
→ Soil application can occur through drip 
and may provide protection against 
Pythium fungi

Test chitosan and insect frass soil 
amendments for priming activity
→ These products have Pythium-
suppressive activity and could serve a dual 
role as priming agents and Pythium 
suppressants 



1. Evaluate efficacy and optimize dosing for four soil-applied materials with plant priming and/or biocontrol-enhancing 
capabilities.
 Deliverables: Provide evidence of efficacy, effective doses, and spectrum of protective effects against INSV, 

pythium wilt, and thrips under controlled conditions.

Project Goals

Proposed work: Objective 1B

Evaluate the effects of priming treatments 
on thrips-plant interactions



1. Evaluate efficacy and optimize dosing for four soil-applied materials with plant priming and/or biocontrol-enhancing 
capabilities.
 Deliverables: Provide evidence of efficacy, effective doses, and spectrum of protective effects against INSV, 

pythium wilt, and thrips under controlled conditions.

Project Goals

Proposed work: Objective 1C

Evaluate the effects of priming treatments 
on pythium infection under controlled 
inoculation conditions (greenhouse)



Methods: Objective 1A

Day 0: Planting seeds

Day 13: Elicitor applications

Day 20: INSV inoculations

Day 39: Sampling
Plant size
Infection rate
Infection severity

Treatments:
Control (no elicitor)
Actigard + Regalia (soil application at label rates)
Frass 1 (2g/kg soil)
Frass 2 (4g/kg soil)
Soil IPM Plus Chitosan (soil application at label rate)



Results: Frass treatments reduced both INSV infection and infection severity

N = 14/treatment



Results: Frass and chitosan-treated plants are slightly larger than controls after 
INSV inoculation

N = 14/treatment



Control (no elicitor)

Actigard + Regalia

BSF Frass 2g/kg

Chitosan (Soil IPM Plus)



Repeats of greenhouse experiment

Second repeat
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Repeats of greenhouse experiment

Third repeat – same issues
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Methods: Objective 1B

x200

Control (no elicitor)

Diagram color code
Actigard+Regalia
(foliar) Frass 2g/kg soil Frass 4g/kg soil 

Maintain for 3 weeks

Count thrips present on each 
plant by developmental stage 
(adult and immature)

Assess feeding damage on 3 
leaves per plant using rating scale

Actigard+Regalia
(soil applied)



Results

Thrips do not consistently exhibit preferences for or against elicitor-treated plants
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Results

Elicitor treatments do not affect levels of thrips damage
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Methods: Objective 1C

Planting seeds

Elicitor applications

Pythium or mock 
inoculations

Sampling
(5 weeks post planting)

Treatments:
Control 1 (no elicitor, no Pythium)
Control 2 (no elicitor, Pythium only)
Actigard + Regalia (soil application at label rates)
Actigard + Regalia (foliar application at label rates)
Frass 1 (2g/kg soil)
Frass 2 (4g/kg soil)

Number of symptomatic plants
Severity of infection
Plant size and biomass



Results: Ongoing (greenhouse and lathhouse difficulties)

Control 1 (no elicitors or Pythium)

Actigard + Regalia (soil application at label rates)

Frass 2 (4g/kg soil)

Actigard + Regalia (foliar application at label rates)

Frass 1 (2g/kg soil)

Control 2 (no elicitors, Pythium only)

Biomass
Leaf count
Root length



2. Test optimal doses and/or combinations of elicitor materials for field efficacy.

Deliverables: Provide critical information about product performance in the field under 
moderate to high disease pressure from both pathogens and thrips vectors.

Project Goals

Spence Research Farm
USDA-ARS Salinas



Actigard

Regalia

Actigard + Regalia

Actigard + Methomyl

Regalia + Methomyl

Actigard + Regalia + Methomyl

Methods: Objective 2A

1 = In-field INSV symptom severity (20 plants per block)  
 
2 = Plant collections for INSV testing using TAS-ELISA (3 plants per block)
   
3 = Plant collections for thrips counting (3 plants per block) 
  
4 = Above ground wet biomass (3 plants per block)



Date (2023) Activity Days Application rates Data collected*

7/19 Frass soil application, plant field 0 BSF frass: 2 g/kg

7/21 First water 2

8/1 Flag field 13

8/3 Elicitor spray (1) 15
Actigard = 1 oz/ac; Regalia = 30 ml/gal; NuFilmP = 1 

pint/100 gal; Field rate = 60 GPA

8/10 Thinning 22

8/14 Pre-treatment eval (1) 26 1, 2, 3

8/15 Elicitor spray (2) 27
Actigard = 1 oz/ac; Regalia = 30 ml/gal; NuFilmP = 1 

pint/100 gal; Field rate = 60 GPA

8/16 Drip tape installed 28

8/17 Methomyl spray (1) 29 Methomyl = 10 lbs/ac; NuFilmP = 1 pint/100 gal

8/21 Pre-treatment eval (2) 33 1, 2, 3

8/28 Elicitor spray (3) 40
Actigard = 1 oz/ac; Regalia = 30 ml/gal; NuFilmP = 1 

pint/100 gal; Field rate = 60 GPA

8/31 Methomyl spray (2) 43
Sprayer broke the morning of the application and 

replacement parts had to be ordered

9/5 Pre-treatment eval (3) 48 1, 2, 3

9/11 Elicitor spray (4) 54
Actigard = 1 oz/ac; Regalia = 30 ml/gal; NuFilmP = 1 

pint/100 gal; Field rate = 60 GPA

9/14 Methomyl spray (3) 57 Methomyl = 10 lbs/ac; NuFilmP = 1 pint/100 gal

9/18 Final eval (4) 61 1, 2, 3, 4

9/22 - 9/27 Crop harvest 65-70

1 = In-field INSV 
symptom severity 
(20 plants per block)
  
2 = Plant collections 
for INSV testing using 
TAS-ELISA 
(3 plants per block) 
  
3 = Plant collections 
for thrips counting 
(3 plants per block) 
  
4 = Above ground wet 
biomass 
(3 plants per block)



Final INSV evaluation of lettuce plants
61 days after planting
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3. Quantify positive effects of soil-applied materials on pythium 
levels and pythium-suppressive biological control agents in the 
laboratory and field.

Deliverables: Provide information on the effects of products that 
promote the growth of pythium-suppressive bacteria in laboratory 
and field experiments. 

Project Goals



Methods: Objective 3A

Days 40-61

Proportion of plants per plot 
showing symptoms of 
Pythium. 

Sampling 3 plants per plot for 
laboratory examination of 
roots

ELISA check for Pythium 
infection



Methods: Objective 3B

Density of
 total bacteria & 

Streptomyces

Dilution plating 
on selected 

media

Soil sampled from 
each plot at 

harvest 

Individual Streptomyces 
colonies (n=39)



Actigard+Regalia BSF Frass Control

Results

Overall, diverse color and morphology Streptomyces spp.

Soil amendments selected for more similar phenotypes 



Results
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Results: Inhibition activity of Streptomyces against Pythium (ongoing)

P. uncinulatum-inhibitory Streptomyces isolated from each treatment
  Ongoing work with these isolates is quantifying:
   -the frequency of pathogen antagonists
   -the mean inhibition zone size per antagonist
Streptomyces species identification based on a multilocus sequence analysis (MLSA)



Key takeaways

Frass shows promise as a priming agent to protect plants against INSV and 
Pythium

Soil applications of Actigard + Regalia are not as effective as foliar applications 
in protecting against INSV, but do show promise against Pythium (ongoing)

Behavioral trials suggest elicitors do not affect thrips preferences/damage

Field experiment results are inconclusive due to low disease pressure, but will 
be repeated

Elicitors enhance soil bacteria, and specifically disease-suppressing 
Streptomyces



Ongoing work: No Cost Extension 

Objective 1
Repeat greenhouse experiments with new inoculum

Objective 2
Repeat field experiment

Objective 3
Complete characterization of Streptomyces isolated from soils treated with each elicitor
Test Pythium-suppressive capabilities of each elicitor in greenhouse conditions



Mauck laboratory 2023
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