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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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Project Goals

Virus 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. Immunity priming



Project Goals

Long-range goal: Integrate immunity priming into 
current INSV disease management practices in lettuce 
to provide more effective virus control while reducing 
applications of methomyl-based insecticides.

Immunity priming

Objective 1. Evaluate elicitor products for effects on the growth of iceberg and romaine 
lettuces.
Deliverable: Elicitor products provide extensive protection against diverse pathogens, but can induce trade-
offs in growth vs. defense, which we will quantify to provide guidance on safe use of elicitors without 
phytotoxic effects as part of integrated disease management.

Objective 2. Evaluate protective effects of select products identified in Objective 1 
against INSV inoculation and disease progression.
Deliverables: This objective will provide specific recommendations for use of elicitors to prevent inoculation 
by INSV and/or suppress symptoms that negatively impact marketability or yield.



Rationale & Design for Objective 1. Evaluate elicitor products for effects on the growth of 
iceberg and romaine lettuces.

Check 
different 
doses

Statistical analysis comparing elicitor 
treatments to a control

Work for this project performed by three students (Miguel Lujan, Kirsten Bailey, and 
Abbie Yee) with technical assistance from staff member Kristal Watrous

Samples to evaluate effects 
on leaf physiology



Rationale & Design for Objective 2. Evaluate protective effects of select products identified in 
Objective 1 against INSV inoculation and disease progression.

Select products
Optimized dose

INSV-infected 
tissue

Inoculum 
preparation

Mechanical 
inoculation

Semi-quantitative ELISA to 
evaluate infection rate and 
titer



Active Ingredients
1. Acibenzolar-S-methyl [ASM]. Mimics salicylic acid, the master 
activator of anti-pathogen defenses in all vascular plants. 

2. Chitosan. Activates the nitric oxide (NO) pathway. NO signals 
trigger local and systemic defenses via multiple pathways.

3. Pyraclostrobin. Pyraclostrobin has demonstrated priming 
activity against viruses from three different families in 
solanaceous crops but is untested for this application in lettuce. 

4. Laminarin, a beta-1,3 glucan. Triggers plant defenses via 
activation of rapidly diffusible signals and basal defense genes.  

5. Silicon dioxide. Absorbed by plant roots. Primes inducible 
plant defenses operating over several pathways. Silicon-treated 
plants respond to pathogen challenge more strongly.

6. Reynoutria sachalinensis plant extract. Activates induced 
systemic resistance (ISR) and systemic acquired resistance SAR) 
mechanisms of immunity. 
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Results for Objective 1: Pilot Experiments (Summer 2021)
Effects of select elicitors on growth of young plants in the greenhouse

Actigard at full and half dose amounts had negative effects on both cultivars
Dose may have to be further reduced

Most other elicitors had neutral effects on romaine
Iceberg may be more susceptible to growth effects due to priming
Caveat: Overall plant growth not optimal – needed improved lighting conditions

* Indicates significant difference relative to Control (P<0.05)
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Results for Objective 2: Pilot Experiments (Summer 2021)
Effects of elicitors on resistance to INSV infection

- For romaine, Actigard at 1/10 dose, Cabrio, and Regalia reduced infection rate by 
40-60%
- For iceberg, infection overall was low, but DEsect and Regalia treatments had no 
successfully infected plants
- Caveats: Overall plant growth not optimal, overall infection rate very low!

Romaine Iceberg
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Results for Objective 1: Growth experiment Rep 1 (September-October 2021)
Effects of select elicitors on growth of Romaine plants in the greenhouse

Different lighting conditions vastly 
improved overall plant growth 
(~10x larger)

Under conditions with optimal lighting, 
negative effects of Actigard are not 
evident

* Indicates significant difference relative to Control (P<0.05)
Letters indicate differences among treatments
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Results for Objective 1: Growth experiment Rep 2 (February 2022)
Effects of select elicitors on growth of Romaine plants in the greenhouse

Second replication of the experiment 
shows similar results

Slight negative effects of Actigard at full 
dose, slight positive effects of Regalia 
(not different from control, but 
different from each other)* Indicates significant difference relative to Control (P<0.05)

Letters indicate differences among treatments
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Results for Objective 2: INSV Challenge Experiment Rep 1 (October - November 2021)
Effects of elicitors on Romaine resistance to INSV infection

When the experiment is run in the late Fall, priming had little effect on the infection 
rate following rub inoculation of INSV (Actigard still had lowest infection rate)

INSV titers were overall very low in infected plants. There is a trend of Actigard and 
Cabrio EG reducing titer, but this is not significant.

Priming success might be influenced by amount of natural light in the greenhouse
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* Indicates significant difference relative to Control (P<0.05)



Results for Objective 2: INSV Challenge Experiment Rep 2 (February – March 2022)
Effects of elicitors on Romaine resistance to INSV infection
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* *

* Indicates significant difference relative to Control (P<0.05)

When the experiment is run in the Spring, priming treatments affected both infection 
success and INSV titer.

Actigard reduced infection success by more than half, while both Actigard and Regalia 
reduced infection severity (titer). 



Summary

Metric Actigard
(ASM)

Cabrio EG
(Pyraclostrobin)

Regalia
(Reynoutria ext.)

DEsect
(silicon dioxide)

Plant growth in 
greenhouse

Full dose is safe 
when plants are 
robust, have 
adequate 
lighting

No effect Full dose shows 
no negative 
effects on plants, 
some growth 
promotion

No effect

Plant growth in 
field

TBD TBD TBD TBD

Effect on INSV 
susceptibility in 
greenhouse

Reduces 
infection success 
and titer in 
plants that do 
become infected

No significant 
effects in 
replicated 
experiments

No effect on 
infection success 
but does reduce 
INSV titer

No significant 
effects in 
replicated 
experiments

Romaine

Regalia and Actigard show 
promise as agents for 
limiting INSV infection and 
severity of disease

Mechanisms may differ

Actigard – prevents some 
infections and attenuates 
infections that do establish

Regalia – only attenuates 
infections, doesn’t reduce 
infection rate

Opportunity for synergy 
between products if their 
modes of action differ



Remaining Activities

Test elicitor combinations
Actigard, Regalia, and Actigard + Regalia (all vs. Control)

Test multiple doses

Field trials on Romaine and Iceberg (funded by Department of 
Pesticide Regulation)

Commencing in early summer, 2022

Longer term investigations

Season-specific priming efficacy has now been observed for both lettuce AND cantaloupes 
Late fall – priming has low efficacy in greenhouse with mixed artificial and natural lighting (natural 
lighting decreasing)
Spring to summer – priming agents show efficacy against viruses (natural lighting increasing)

We will further investigate these links to fine-tune recommendations based on season
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