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Utilising jasmonates for plant protection

1. Overview of induced resistance (IR) and 
jasmonates.

2. Two case studies on jasmonate induced 
resistance (JA-IR).

3. General patterns associated with 
jasmonate treatment.

4. Where is the research going next?

Epigenetics

Marius Walter

Microbiomes



Induced resistance (IR)

- IR + IR
Defences

Pest or Pathogen

Wilkinson et al. 2019
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Induced resistance (IR)

- IR + IR
Defences

Pest or Pathogen

Examples of resistance inducing stimuli:

• Pest or pathogen attack

• Plant beneficial microbes (e.g. 

Pseudomonas simiae WCS417)

• Chemicals

• Non-protein amino acids (e.g. beta-

aminobutyric acid)

• Phytohormones (e.g. Jasmonic acid)



Jasmonates

• Jasmonic acid (JA) - plant 
hormone.

• JA regulates plant responses to 
stress (e.g. herbivory).

• JA and its derivatives, such as the 
methyl ester of JA (MeJA), are 
collectively termed Jasmonates.

Juan Carlos Fonseca Mata

Jasminium grandiflorum



Case Study 1 – MeJA protects Norway 
spruce against the European spruce bark 
beetle



The problem – Ips typographus

European spruce bark beetle
(Ips typographus)

Blue stain fungi
(e.g. Grosmannia penicillata)

Photos: Paal Krokene



MeJA spray treatment



MeJA provides dual protection
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Left: Mageroy et al. 2020  Right: Wilkinson et al. 2022



MeJA provides consistent protection in Pinus 
and Picea

Huynh et al. 2024



MeJA represses growth in Pinus and Picea

Left: Wilkinson et al. 2022  Right: Huynh et al. 2024

Water MeJA



Case Study 2 – Jasmonate seed treatment 
provides long-lasting protection of tomato 
against pests and pathogens



Jasmonate seed treatment

Worrall et al. 2012

Tomato    

(cv. Carousel)

3 mM JA (0.25% 

EtOH)

Incubate in dark 

@ 4 °C

1-72 hrs

Wash seeds

x2 in distilled H2O 

for 10 mins

Seeds sown in 

compost



JA seed treatment protects against pests and 
pathogens

Worrall et al. 2012

Red spider mite 

(Tetranychus

urticae)

Credit: Jacopo Werther

Tobacco 

hornworm 

(Manduca sexta)

Green peach 

aphid 

(Myzus persicae)

Credit: Scott Bauer

Grey mould 

(Botrytis cinerea)



JA seed treatment does not have a long-term impact 
on growth and development of tomato (cv. Carousel)

(a) Germination.

(b) Root growth.

(c) Plant height at harvest.

(d) Fruit dry weight.

b-d 3 mM JA concentration as used 

for resistance tests.

Worrall et al. 2012



General patterns associated with jasmonate
treatment



Jasmonate treatment - Advantages

• Induces resistance to 
pests.

• Increases resistance 
to pathogens.

• Enhance recruitment 
of pest predators 
(indirect defence).

Rice and water 

weevil (Lissorhoptrus

oryzophilus)

Bhavanam et al (2021)

Tomato (cv. Micro-Tom) 

and corn earworm 

(Helicoverpa zea)

Paudel et al (2014)

Haas et al (2018)

Cabbage and Diamondback moth (Plutella xylostella)

Strapasson et al (2014)

Tomato (cv. Cereja) and 

leaf miner (Tuta absoluta)

Tomato (cv. Micro-Tom) 

and Red spider mite 

(Tetranychus urticae)

Worral et al (2012)



Jasmonate treatment - Disadvantages

• Cultivar specific 
benefits.

• Reduced germination.

• Repressed growth.

• Reduced yield.

Western flower thrips (Frankliniella occidentalis)

Mouden et al. 2020



Jasmonate treatment by seed soaking or spraying often provides 
strong protection against pests and diseases. However, these 

benefits can be cultivar/species specific and be associated with 
costs under certain conditions.



Where is the research going next? -
Epigenetics



Deciphering the mechanisms of JA induced 
resistance

weeks - JA +

Wilkinson et al. 2023



Epigenetics

Epigenetics is defined as 
the study of changes in 
gene function that are 

heritable within and 
across generations and 

that occur independently 
from changes in DNA 

sequence1.

DNA 
Methylation

Histone 
Modifications

RNA 
Regulation

Epigenetic mechanisms

GeneTE

TETE

1Parker et al. 2021



Mimicking JA induced resistance

weeks - +

Wilkinson et al. 2023

JA



Precision breeding - Gene editing

"Gene edited organisms
generally do not contain 

DNA from
different species, they 

contain changes
that could be made 
more slowly using

traditional breeding 
methods."1.

1Defra "Gene editing explainer" (2021)



Epigenome editing



Deciphering induced resistance in tomato

Project title: Deciphering plant stress memory: 
the exploration of how DNA methylation and 
the rhizosphere microbiome control stress 
memory in plants

Funding period: 2024 - 2028



Where is the research going next? -
Microbiomes



   

   

   

   

   

   

   

   

 
 
  
  
 
 
  
  
 
 
 
 

Plant beneficial microbes
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Jasmonates regulate root associated 
microbiome

Left: Raza and Jiang (2024)  Right: Kulkarni et al. 2024



Combining crop protection strategies

Crop: Tomato

Treatments:

• JA seed treatment. 

• Synthetic community of 
plant-beneficial microbes.

Pests/pathogens:

• Mamestra brassicae

• Botrytis cinerea
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