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1. Introduction

Sessile oak (Quercus petraea) is an ecologically and economically important
species in middle Europe. Its high tolerance to wide range of environmental and
climatic conditions such as drought, makes this tree species an ideal candidate
for future afforestation. However, less is known on the vulnerability of individual
within the species (intraspecific species vulnerability) which is crucial to
understand why some trees survive while others succumb to drought. The
difference in intraspecific vulnerability can be related to several factors such as
long-term climatic stressors, water-use strategies, genetic traits and inter- and
intraspecific competition.

Here, we tested the effects of plant water use strategies on
1.the resistance, recovery and resilience of plant radial growth to drought, and

2.the accumulated growth reduction (AGR) under successive droughts
[2000,2004,2007,2012], and accumulated growth enhancements (AGE) under
successive wet years [1997,2002,2006,2010].

2. Materials and Methodology

As a part of the TERZ (Thayataler Eichen - genetischeRessource fiir die Zukunft)
project, we sampled wood cores from 404 Sessile oak trees (Fig 1) spatially
distributed across the Thayatal national park. We measured their tree-ring width
to investigate the tree radial growth rate (Fig 4c). We also measured the 5'*C in
tree-rings of a wet year (1987) and a drought year (1994) using an EA-IRMS (Fig
2,3) to infer the change in tree water-use strategies.

Fig 3: Isotope ratio mass
spectrometer (IRMS)

Water use efficiency (WUE) is the ratio of photosynthesis (A) to transpiration (E),
and is a measure of the amount of water used per carbon gain (Fig 4a,b). 5*C is
related to the ratio of A to stomatal conductance (g) and termed intrinsic water use
efficiency (iWUE). The derivation of iWUE, calculation of resistance, recovery,
resilience, AGR to drought, AGE to wet years is shown in Fig 4.
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Fig 6: Relative growth ratio and difference in tree ring 5"°C
(AS™C) between dry and wet year.
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Fig 7: Effect sizes of change in 5"C (A8"C) on resistance and
resilience under drought. The effect sizes were calculated from
coefficients of linear mixed effects models.
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Fig 8: Effect sizes from linear mixed effects models of change in
8"C (AS"C) on the accumulated growth reduction under dry years,

and the accumulated growth enhancement under wet years.

The &™C in tree rings was higher during the drought year
(1994) than during the wet year (1987), and the tree ring
width was lower during the drought year than the wet year
(Fig 6). Our results indicate that, under drought, the iWUE
was increased, and tree growth was decreased. Our results
suggest that sessile oaks are more vulnerable to CE
starvation than hydraulic failure under drought. However, £
increased iIWUE under drought (as indicated by A3™C)
significantly increased the resistance and the resilience of
tree growth to drought (Fig 7). Moreover, trees that have
increased iIWUE under drought have less growth reduction
to successive drought years and have higher growth
enhancements to successive wet years (Fig 8).

Overall, our findings suggest that the trees that strategize
to increase iIWUE under drought would cope better to
increased intensity and frequency of dry and wet years. Our
study highlights the importance of understanding plant
water-use strategies in climate adaptation of forests.





