The effects of elevated CO2 and O3 on paper birch resistance to bronze birch borer
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Abstract
 Plant defense theory generally predicts that increases in atmospheric carbon
dioxide (CO2) will increase plant resistance to herbivores while increases in
stressors like atmospheric ozone (O3) are predicted to decrease plant resistance.
 Mechanisms of tree resistance against wood-boring beetles like bronze birch
borer are poorly understood.
 We investigated the effects of elevated CO2 and O3 on patterns of bronze birch
borer colonization and paper birch resistance to bronze birch borer.
 Bronze birch borer colonization was higher in birch growing in elevated O3 and
elevated CO2.
 Total pools of secondary metabolites did not explain colonization patterns and
birch resistance.
 Nitrogen is a limiting factor to insect development and changes in concentration
or form of available nitrogen may contribute to birch resistance.

Introduction
Burning fossil fuels has resulted in exponential increases in atmospheric
concentrations of CO2 and ozone (O3). Plant defense theory predicts that when
elevated CO2 stimulates photosynthesis and growth, plants will have increased
resistance due to increased partitioning to defenses (secondary metabolites)
(Herms and Mattson 1992). However, increases in stressors like atmospheric O3
are predicted to decrease plant resistance to herbivores. Resistance in woody
angiosperms against wood-boring beetles like bronze birch borer is poorly
understood but is hypothesized to result from constitutive and induced expression
of primary and secondary metabolites. Paper birch is sensitive to stress and as
the climate changes it is unknown how resistance mechanisms against its major
pest, the bronze birch borer, may change.
Objectives: To assess the effects of elevated CO2 and O3 on (1) patterns of
bronze birch borer colonization and (2) expression of constitutive and
induced resistance mechanisms of paper birch against bronze birch borer.

Methods
Study Site - Free Air
CO2 Enrichment
(FACE)
This facility, located
in Rhinelander, WI,
has exposed birch
trees to ambient and
elevated CO2 and
O3 since 1998.
Bronze Birch Borer Colonization
Populations were assessed by
counting D-shaped exit holes and
external signs of larval galleries.

Results
Bronze Birch Borer Colonization
Elevated O3 and elevated CO2
significantly increased bronze birch
borer infestation compared to
ambient levels.

Birch Resistance Secondary Metabolites
O3 and CO2 had no
effect on constitutive or
induced total phenolics
or tannins in birch
phloem.

Birch Resistance - Primary Metabolites
Elevated CO2 significantly decreased
phloem nitrogen concentration (P = 0.03).

Many essential amino acids were not
present in birch phloem, and 85% of the
soluble nitrogen was contained in low
quality forms (non-essential amino acids
and biogenic amines).
The non-essential amino acids, aspartic
acid (3.05) and glutamic acid (3.41), and
the biogenic amines, GABA (2.29) and
histamine (3.65, 3.71), contained 75%
of available nitrogen.

Conclusions & Future Work
 Bronze birch borer colonization is higher in birch growing under elevated O3
and elevated CO2, indicating that there may be a change in plant quality driving
this pattern.
 Surprisingly, total pools of secondary metabolites do not explain colonization
patterns. However, individual defensive compounds, selected via coevolution,
may be important to resistance and are currently being investigated using a
metabolomics approach (HPLC-PDA-MS).
 Elevated CO2 decreases total nitrogen available to developing bronze birch
borer. Nitrogen is a limiting factor to insect development and changes in quantity
or form may affect host resistance (Slansky 1992).

Birch Resistance - Primary and Secondary Metabolites
Constitutive and induced primary and secondary metabolites (N content, amino
acids, phenolics, tannins) were analyzed using spectrophotometry, gas
chromatography or liquid chromatography

 Non-essential amino acids and biogenic amines (e.g. GABA, histamine), which
have putative defensive functions, contain 85% of available nitrogen and may
contribute to birch resistance against bronze birch borer.

Wounding
To study constitutive and induced resistance mechanisms, three wounds
were applied using a cork borer to each tree: (1) unwounded control, (2)
wounded control, (3) wound + bronze birch borer.
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Experimental Design & Statistical Analysis
Elevated and ambient CO2 and O3 were arranged in a 2 X 2 factorial design
within 3 blocks and wounding treatments were sub-plot factors. Data were
analyzed using mixed model ANOVA (SAS) (∂= 0.05).
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