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“Capsule™; Elevated ozone and CO; concentrations had varying effects on leaf ultrastructure of aspen and birch.

Abstract

Impacts of elevated atmospheric Q3 and/or CO, on three clones of aspen (Populus tremulvides Michx.) and birch (Betula papyr-
ifera Marsh.) were studied to determine, whether or not elevated CO; ameliorates Os-induced damage to leaf cells. The plants were
exposed for 3 vears at the Aspen FACE exposure site in Wisconsin (USA) prior to sampling for ultrastructural investigations on 19
June 1999, In the aspen clones, elevated CO; increased chloroplast cover index, leaf and spongy mesophyll layer thickness, inter-
cellular air space volume in mesophyll, amount of starch in chloroplasts and cytoplasmic lipids but decreased the number of plas-
toglobuli in chloroplasts. In contrast, elevated Oy decreased chloroplast cover index, starch content, and the proportion of
cytoplasm and intercellular space in mesophyll, and increased the proportion of vacuoles, the amount of condensed vacuolar tan-
nins and the number of plastoglobuli. Ozone also caused structural thylakoid injuries (dilation, distortion) and stromal condensa-
tion in chloroplasts, which was ameliorated by clevated CO, by 5-66% in aspen clones and by 2-10% in birch. Birch ultrastructure
was less affected by clevated CO, or Oy stress compared to aspen. [n the most Os-sensitive aspen clone. thinner leaves and cell walls,
lower proportion of cell wall volume, and higher volume for vacuoles was found compared to more-tolerant clones. % 2001
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1. Introduction

Several studics have indicated that projected climate
change will impact strongly on forest growth and com-
position (e.g. Wuebbles et al., 1999; Kirschbaum, 2000;
Lindner, 2000). In particular, there are major uncer-
tainties regarding the responses of forest trees to the
expected rise in greenhouse gases (O3, CO,, CHy, NO»,
NO,, CO, CFC-compounds). Tropospheric concentra-
tions of Oy and CO, are predicted to continue rising at
1-2% per year, with considerable consequences for for-
est tree productivity, and the stability, structure and
functioning of forest ecosystems {e.g. 1PCC, 1992;
Keeling et al., 1995; Matyssek and Innes, 1999; Reilly et
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al., 1999). Whilst the effects of elevated O3 and elevated
CO»- on forest trees are well documented for these gases
individually, our understanding of the combined effects
of elevated O3 and elevated CO»; is limited, and largely
results from a number of short-term studies measuring
growth, photosynthesis and antioxidant responses of
seedlings raised in growth chambers (see review by Polle
and Pell, 1999).

The existing database relating to the interactive effects
of CO, and O; on conifers and deciduous trees provides
a confused picture (Polle and Pell, 1999). Elevated CO,
contributed negative impact of (O3 on growth, pigment
concentrations, antioxidant activities and gas exchange
in Norway spruce ( Picea ables) after one growing season
{Polle et al., 1993; Lippert et al.. 1997), whereas Os-
induced photosynthetic responses {Barnes et al., 1995),
ncedle loss and chromosomal aberrations in root tips
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