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Herbivores

Pathogens

1. Direct defenses

- Toxins/Inhibitors

- Bad tasting compounds

- Proteins

- Amino acid composition

- Digestible carbohydrates

2. Indirect defenses

- Volatile organic compounds (VOCs)

- Extrafloral nectar (EFN)

Chemical defenses

Plant nutritive compounds

Carnivores
Endophytes

Microbial
Mutualists
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Red alder – Frankia symbiosis
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Frankia Strain(s)
B1 (mature trees) 

Red alder – Frankia symbiosis
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Frankia Strain(s)
B1 (mature trees)
B1 – B18… (seedlings)
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Figure 2. Frankia-mediated effects on plant growth, leaf
chemistry and herbivory. Red alder seedlings were
inoculated with the dominant Frankia strain found in
mature red alders (B1) as well as a panel of diverse and less
host-specific strains found in red and Sitka alder seedlings
(B3-5). Seedlings (grown from seeds collected from one
mother plant) inoculated with the B1 strain showed
significantly reduced height growth, leaf protein content,
and herbivory by alder leaf beetles (A. ambiens) than
B3,B5-6 inoculated seedlings, while leaf oregonin
concentration was significantly increased [according to
post-hoc Test (Tukey’s P<0.05) after one-way ANOVA;
values are means ± SD, N=10 seedlings per treatment].
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Findings suggest that different Frankia strains have variable effects on their host’s 
leaf chemistry, susceptibility to herbivores, and growth. 

1)  How do different Frankia strains affect chemical leaf traits and aboveground herbivory? 

2)  What are the drivers resulting in the “disappearance” of seemingly high-performing 
Frankia strains in the course of host development?

3)  What are the ecological costs and benefits of different Frankia strains in nature and do 
plant-herbivore interactions influence the diversity of Frankia-alder associations? 

Take-home Messages





Fungal endophytes Bacterial endophytes



Fungal endophytes Frankia (B1) 
+ BE444

Frankia (B1) - only



Fungal endophytes Bacterial endophytes



Bacterial endophytesFrankia (B1) - onlyFrankia (B1) + Pseudomonas (BP16)



Root nodules of red and Sitka alder harbor diverse endophyte communities of non-
Frankia symbionts including both bacteria and fungi 

1) Preliminary experiments with fungal endophyte BE444 suggest stress-tolerance 
enhancing effects when added to Frankia-only nodulated trees.

2) Pseudomonas and Burkholderia species are particularly abundant in root nodules; some 
strains show growth promoting effects in alder seedlings when co-inoculated with Frankia 
(B1 strain).

3) Studying tree genotype x microbiome effects on host tree performance and adaptation 
will be critical moving forward.  

Take-home Messages II



Thank You!
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