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Abstract

Betula platyphyllavar. japonica (white birch) has heterophyllous
leaves (i.e., early and late leaves) and is a tgppioneer tree species
in northern Japan. Seedlings of white birch wergased to ozone
during two growing seasons, and measurements wargex out in the
second year. Early leaves did not show an ozonerxied reduction in
photosynthesis because of lower stomatal condu&aresulting in
higher avoidance capacity for ozone-induced stregdso, an
ozone-related increase in leaf nitrogen content rpaytly contribute
to maintain the photosynthetic capacity in earlpudes under elevated
ozone in autumn. On the other hand, late leaveswsldo an
ozone-induced decline of photosynthesis and earéfoldation of
leaves occurred. Also, smaller leaf size and higstematal density in
late leaves were observed under elevated ozondei@ifices in stress
resistance to ozone may be related to differingctuomal roles of early

and late leaves for birch species.
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Capsule: Early leaves have higher resistance tmeziress than late

leaves in heterophyllous white birch.

Introduction

Tropospheric ozone (§) is a widespread phytotoxic air pollutant, and

is also a significant greenhouse gas (Bytnerowicale2007; Serengil

et al., 2011). Ground surfacez@oncentrations are increasing in East

Asia because of the rapid increase in emissionstild main Q

precursors, nitrogen oxides and volatile organimmpounds (Naja and

Akimoto, 2004). A further increase ing@oncentrations as a result of

continued economic growth in and around East Asigiedicted for

the near future (Sitch et al., 2007; Yamaji et &2008). Ohara et al.

(2001) reported that the increase ing ©@oncentration may also be

influenced by trans-boundary air pollution. Watarabt al. (2010a,

2012) suggested that the present €oncentration in Japan has a



negative impact on the growth of forest tree specie

The white birch Betula platyphyllavar. japonica is a typical
pioneer tree species, which rapidly establishesoeedt after large
disturbances such as wild fire or landslides (Koiaed Sakagami,
1985; Koike, 1995). This species is widely used fervegetation and
is distributed broadly in the cool temperate reg@mnNortheast Asia,
including northern Japan (Koike, 1988; Mao et 2010; Kawaguchi et
al., 2012). White birch has an indeterminate growthttern, and its
shoot development has been classified as heterdpihyl(Koike, 1995),
I.e., a first flush of early leaves, then expansafrthe late leaves.

Kohno et al. (2005) classified the sensitivity ohie birch to Q as
moderate among 18 tree species native to Japan. ARE40
(accumulated ozone exposure over a threshold ofim6l mol?) value
of 16 to 30umol mol* h induced a 10% reduction in growth in their
experimental study. Matsumura et al. (2005) repdrieat exposure to
O3z at 66 nmol mol (daytime average) for two growing seasons had
adverse effects on growth of white birch, in thepen-top chamber

(OTC) experiments in central Japan. However, shetime exposure



to Oz during summer did not cause a reduction of groamld a decline

of photosynthetic capacity of fully expanded suaves in white birch

(Hoshika et al., 2012).

Manninen et al. (2009) pointed out that indeterménagrowth

patterns of birch may have the ability to producewnleaves to

compensate for the Odamage. Pell et al. (1994) found that aspen

(Populus tremuloidgsunderwent continuous formation of new leaves

with greater photosynthetic capacity, in compensatior injured older

leaves, under elevateds@Previous studies reported that newly formed

leaves had different leaf morphological traits swchstomatal density

under elevated © (Matyssek et al., 1991; Ginthardt-Goerg et al.,

1993; Paakkonen et al., 1995b; Frey et al., 199%) change in leaf

morphological traits could be considered a possibEmpensatory

response (Gunthardt-Goerg et al., 1993; Paakkoreal.e 1995a). In

fact, reported younger leaves of hybrid popl®opulus maximowiczii

x trichocarpa) were less responsive tozs@han older leaves (Pell et al.,

1996). Pell et al. (1996) thus suggested that saxe¢ed senescence of

older leaves may occur under elevateds @s compensatory



mechanisms.

Also, birch has heterophyllous leaves, i.e., eaalyd late leaves
(Clausen and Kozlowski, 1965; Kozlowski and Claus&f66). Koike
(1995) suggested that white birch may first flugh early leaves to
avoid damage by late frost, and utilize higher temgiures for
expansion of its shoots as long as possible. Previstudies revealed
that there are different traits such as leaf gaghexge and leaf
longevity (Koike, 1995; Miyazawa and Kikuzawa, 2004 abata et al.
(2010) reported that maintenance of early leaves whserved rather
than of late leaves under water deficit treatmemt Betula ermanij
although photosynthetic rate was decreased onkyairly leaves. These
imply a different “value” and “vulnerability” of edy and late leaves
for birch (Matsuki et al., 2004). The different tra of its early and
late leaves for white birch may also be relatedtheir difference in
susceptibility to @-induced stress.

Therefore, the aim of the present study was (1)etst whether new
leaf formation of white birch was accelerated whokler leaves were

shed as suggested by Pell et al. (1996), (2) tomera whether there



was different susceptibility between early- and ekh¢aves to
Os—induced stress in white birch. To test these pgedns, we studied
the effects of @ on photosynthetic traits of early and late whitiech

leaves.

Materials and Methods

Experimental site and plant material

The experimental site was located in Sapporo Expental Forest,
Hokkaido University, in northern Japan (43°04' N41220' E, 15 m
a.s.l., annual mean temperature: 9.3°C, total gui¢ation: 1279 mm in
2012). The snow-free period is usually from earl@M to late
December. The soil is brown forest soil. Measuretsewere carried
out in a free-air @ exposure experiment (for details of the systene se
Watanabe et al., 2013). We set up two plots, oneaimbient Q and
another for elevated O Size of each plot is 55 m x 7.2 m. The
distance between thes&nhanced plot and the ambient plot was about
20 m. In June 2011, 3-year-old white birch seeds$ingere planted in

each plot. Exposure to O0s based on the system used at Kranzberg



Forest in Germany (Nunn et al., 2002; Werner anbti&a, 2002). The
target Q concentration was 60 nmol niblduring daylight hours. This
enhanced daytime {treatment was applied to ten white birch
seedlings from August to November 2011, and fromyMa November
2012. Ozone concentrations at canopy height wereonded
continuously by an @ monitor (Mod. 202, 2B Technologies, Boulder
CO, USA). The daytime hourly meanz@oncentration in ambient and
elevated @ were 25.7 + 11.4 nmol mdland 56.7 + 10.5 nmol mdl
during the experimental period in 2011, and were52% 11.6 nmol
mol™* and 61.5 + 13.0 nmol mdl during the experimental period in
2012.In 2012 the mean tree height was 3.0 + 0.Z&mu the mean stem
diameter at breast height was 8.0 £ 2.1 mm. Thd swmisture was
measured in the root layer (at depth 20 cm) by 1&d8sors equipped
with an EM5b data logger (Decagon Devices, Pullnvéh, USA). The
average soil moisture was 28.1 =+ 2.8% during thessasurements.
These values were nearly equal to the field caya@2%).

We conducted a survey of the number of leaves attémminal shoot

of white birch at one- to three-week intervals dwyithe growing



season in 2012. Also, the number of shed leaves asmsessed by
counting the leaf traces at the terminal shoots.rieked early leaves
(flushed at the end of April) and late leaves (Hed at the 1st week in

June and July).

Measurement of leaf gas exchange

Leaf gas exchange was measured in early leavesHéld at the end of
April) and late leaves (flushed at the 1st weeklume and July) using
a portable infra-red gas analyzer (Model 6400, lardnstruments,
Lincoln, NE, USA) at controlled values of the let@imperature (25 °C)
and of the leaf-to-air vapour pressure deficit (VPR.4 kPa),
according to Watanabe et al. (2011). The interdallu CO;
concentration ;) response curve of the net photosynthetic raig (
i.e., theA/C; curve, was measured over May 30th to June 9th,ustg
18th-27th and September 22nd-28th under light sdad conditions
(PPFD, Photosynthetic Photon Flux Density: 1p6®| mol'). The
A/C; curve was obtained by measurement over 12, G@eps C,,

50-1700 umol mol?). We determined the light-saturated net
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photosynthetic rateAsa) at a CQ concentration of 38@mol mol* and
also the stomatal conductance at this;@@ncentration Gs). From the
A/C; curve we calculated the net photosynthetic rate aatCG
concentration of 170@mol mol! (Anas indicating maximum rate of
ribulose-1,5-bisphosphate regeneration), the maximuate of
carboxylation V¥cmax), and the maximum rate of electron transport
(Jmax) (Farquhar et al., 1980; Long and Bernacchi, 200&)ues of the
Rubisco (Ribulose-1,5-bisphosphate carboxylase/exysge)
Michaelis constants for CO (K;) and Q (K,), and the CQ
compensation point in the absence of dark respirati”), used in the
analysis of theA/C; curve, were derived according to the methodology
of Bernacchi et al. (2001). All gas exchange measents relevant to
the A/C; curve were carried out on days with clear sky bedw 8:00

and 16:00.

Measurement of leaf traits
After measurement of the gas exchange rate, theaé¢ discs (8 mm

diameter) were collected for determination of theafl mass per unit
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area (LMA) and the nitrogen (N) content of leavdfiese leaf discs
were dried in an oven at 70°C for 1 week and wédrentweighted. The
LMA was calculated as the ratio of the dry massthe area of the
leaves. The N content of the leaves per unit mahllg.4) was
determined by gas chromatography (GC-8A, Shimadanto, Japan)
after combustion with circulating LQusing an NC analyzer (Sumigraph
NC-900, Sumika Chemical Analysis Service, Osakapaig. A
calibration curve was generated using acetanilidd=10.36%,
C=71.09%, Wako, Osaka, Japan). We calculated thea-based N
content (Nare9 as the product ofNmass and LMA, and the
photosynthetic nitrogen use efficiency (PNUE)Ag:divided byNarea
In August, one further leaf disc was collected tetefmine the
chlorophyll content. The leaf disc was frozen iguid N immediately
after collection and was stored in a deep freezer80°C prior to
analysis. Chlorophyll was extracted with dimethyllfoxide as
according to Barnes et al. (1992) and Shinano et(BH996), and was
determined using a spectrophotometer (Gene speditachi, Tokyo,

Japan).
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Additional leaf samples were collected to assesamleaf size, leaf
air space and stomatal density in August. Leafspiace was calculated
as according to Koike (1988). The amount of leaf space was given

by the following formula;

V, =V, _(\Nf _Wd)/pw ~W,/py

where V, denotes the amount of air space in a leaf ¢nv; is the
volume of fresh leaves (cthwhich is estimated as the value of single
leaf area multiplied by leaf thickness of fresh\ea, w; is the fresh
weight of leaves (g)wq is the dry weight of leaves (g), amd is the
density of water (g cm); thuspw=1; pq is the density of the dry matter
of leaves (g cif), and assuming to be 1.45 (Yokoi and Kishida, 1985
The volume of air space in a leaf is given Wy/V, (%).

The stomatal density was determined by the SUMPhmet(Koike et
al., 1998), which involves making a replica of takaxial leaf surface
using a celluloid sheet (Universal Micro-printinggUMP, Tokyo,

Japan). Stomata were counted at 5-7 locations, emadandomly from
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intercostals fields, of area 0.4 Miyrunder a light-microscope.

Statistical analysis

The effects of @ and leaf age on LMA, on leaf N content and on leaf
gas exchange, were tested via repeated measurdgsanaf variance
(ANOVA). The Student’s t-test was used to test #féects of Q on
leaf traits, and on the number of leaf at the teratishoot in white
birch. Data were checked for normal distribution
(Kolmogorov-Smirnov D test). Results were considkerggnificant at
P<0.05. All statistical analyses were performed wBIPSS software

(20.0, SPSS, Chicago, USA).

Results

Number of leaves at the terminal shoot

The number of attached leaves at the terminal shwas initially
enhanced under elevated (Fig. 1A). The number of shed leaves was
enhanced under elevated O August (Fig. 1B). Also, an early decline

in the number of leaves was observed under elevdded(Fig.1).
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However, early leaves were maintained until mid-@sr in both

treatments (Fig.1B).

Leaf traits

There was no difference in LMA of either early @até leaves between
ambient and elevateds;(JTable 1). Ozone did not affect leaf N content
of late leaves, although for early leavBlgass and Nareqa Were greater
under elevated ©than under ambient in September (t-teRtz 0.008
for Nmass P = 0.039 forNares).

Fig. 2 shows leaf size, stomatal density and leafspace of early
and late leaves in August. For early leaves theas wo difference in
leaf size, stomatal density and leaf air space leetwambient and
elevated Q. For late leaves, especially flushed in July, thevas a
difference between ambient and elevategl i@ several parameters of
leaf traits. Ozone led to smaller leaf size (-428clate leaves flushed
in July) and higher stomatal density (+24% in la¢aves flushed in
June, +18% in late leaves flushed in July). Chldrglp content was

not different between the Oreatments in both early and late leaves
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(data not shown).

Gas exchange traits of leaves

Ozone exposure did not reduBgas Vemax Jmax @aNdAnax in early leaves
of white birch throughout the measurement periodl€ 2). The value
of Gs for early leaves decreased under elevated @zone induced a
reduction of photosynthetic parameters in late Esa{¢Table 2). In late
leaves flushed in June,s@aused reductions iAsat (-32% in August;
-32% in September)Ycmax (-26% in August; -26% in September), and
Jmax (-21% in August; -16% in September). Ozone reduBed(-28%),
Vemax (-31%) andJmax (-19%) of younger late leaves (flushed in July)
in September. The photosynthetic nitrogen use e&ficy (PNUE) was

also decreased in both early and late leaves faurdker elevated ©

Discussion
Formation of new leaves may help to offset reducadbon gain in
injured older leaves under elevateds QPell et al., 1994, 1996;

Watanabe et al., 2010b). In factz 6timulated leaf production of white
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birch from May to July (Fig. 1), and no difference photosynthetic

capacity of younger leaves (i.e., late leaves fhgsin July) was found

between the treatments in August (Table 2). Aldte enhancement of

number of shed leaves was observed under elevated Bugust (Fig.

1B). This is supported by the previous observati¢Rsll et al., 1994,

Populus tremuloide#lichx.; Pell et al., 1996Populus maximowiczii x

trichocarpa Paakkoénen et al., 199@etula pendul® However, the

present study also shows that early leaves, whidrewthe oldest

leaves, were maintained until mid-October, simiyarin both G

treatments (Fig. 1B). This suggests that white bished late leaves

rather than early leaves under elevated O

In fact, Gs-induced decline ofAsa: was observed only in late leaves

(Table 2). Early leaves did not show any significamduction in

photosynthetic rate during the growing season urglevated Q. Fig.

3 shows a comparison of the relative decrease glitlisaturated net

photosynthetic rateAsay) in early and late leaves of white birch against

AOT40 found in the present study. The decreas@®Qfwas greater in

late leaves than early leaves. This observationiciagts that early
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leaves may have less susceptibility ta—hduced stress than late

leaves, regardless of actual leaf age.

Early leaves had lowe6s than late leaves (Table 2), which may

result in lower stomatal © flux. Moreover, Q induced stomatal

closure in early leaves while no reduction in phstoethetic capacity

was observed (Table 2). This may lead to a limdatof stomatal @

flux for avoidance of further @induced stress (Kitao et al., 2009;

Hoshika et al., 2013). Also, early leaves, whicmggrally lived longer

than late leaves, might have higher tolerant cafyacsuch as

detoxification and/or repair of £induced stress than late leaves.

Long-lived leaves are generally known to invest Heg cost for

maintenance and/or defense capacity to the bionid abiotic stresses

than short-lived leaves (Chapin et al., 1980; Cole988; Matsuki and

Koike, 2006; Bussotti, 2008). However, Tabata et (2010) reported

that the content of soluble ascorbate peroxidase ghutathione

reductase, which affect detoxification, were simiia early and late

leaves ofBetula ermanii

Pell et al. (1994) suggested that plants may hdmneedpportunity to
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utilize N by re-translocation from older leaves new leaves if @

accelerates the senescence of old leaves undeant®év}. However,

early leaves, which were the oldest leaves, hadgpEeNmassand Narea

under elevated ©in September. This result may be partly related to

the maintenance of the photosynthetic capacity amlye leaves even

under elevated © In fact, @ caused a reduction of PNUE in not only

late leaves but also early leaves. Therefore, than@uced greater N

content in early leaves might be an acclimationgess to elevated O

in early leaves. Also, previous studies suggestet hitrogen may be

allocated to maximize carbon gain (Field, 1983; d$ie and Wegner,

1987). The retention of N in early leaves might baa benefit for

carbon gain in white birch rather than re-transtoca of leaf N

content from early leaves to newly formed late leswv

The present study also shows that newly formed ésavad different

leaf morphological traits (Fig. 2). Especially, tlseomatal density in

late leaves was higher under elevated @ig. 2). This finding is

consistent with previous studies for European bjrBetula pendula

(Matyssek et al., 1991; Gunthardt-Goerg et al., 3;9Raakkdnen et al.,
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1995b; Frey et al., 1996). Also, late leaves showetaller leaf size

under elevated ©in the present study. Frey et al. (1996) suggested

that Gs-induced increase in stomatal density may be relate a

reduced leaf size. In spite of their higher stonhatensity, no

difference inGs was observed in late leaves under elevatgd Table

2). This suggests that the increased stomatal dgnsas apparently

overridden by narrowing stomatal apertures (Matksse al., 1991).

These structural changes of leaves might contribtoteeduce the @

damage (Gunthardt-Goerg et al., 1993; Paakkonemalet 1995a).

However, late leaves eventually showed a declinepbbtosynthesis

(Table 2), and apparently younger leaves were megtIresponsive to

O3 (Fig. 3). In the present study, these structuradrges of leaves

were not enough to reduce;@amage.

In conclusion, early leaves of white bircBdtula platyphyllavar.

japonica) did not show an @induced reduction in photosynthesis, and

the Gs-induced early defoliation of leaves was occurradate leaves

only. This result indicates less susceptibilityaarly leaves to chronic

O3 stress than late leaves in white birch, becaussyel@aves may
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have a higher avoidance capacity fos-i@duced stress due to lowés.
Also, early leaves had greater leaf N content undbvated @ in
September. This may partly contribute to maintaie photosynthetic
capacity in early leaves as an acclimation prodesslevated @. The
early leaves play an essential role in the grownid aevelopment of
the new shoot (Kozlowski and Clausen, 1966). Alaalifference in the
importance of early and late leaves for birch magpend on their
contribution to subsequent growth (Matsuki et &004). Differences

in stress resistance tos@etween early and late leaves may be related

to differing functional roles of early and late less for birch species.
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Table 1 Leaf mass per unit area (LMA) and leaf nitrogemimnmt of white birch seedlings grown under ambiant elevated
O3 measured in the second year of treatment (the 204R)

June August September ANOVA results
) ) ) Leaf age:
Ambient Elevated @ Ambient Elevated @ Ambient Elevated @ Leaf age O,
Early leaves
LMA (g m?) 50.8 (5.6) 50.7 (7.5) 62.5 (9.0) 60.1 (6.3) 58.7 (5.8) 59.0 (3.4) <0.001 0.677 0.812
Nmass (%) 2.9 (0.3) 3.0 (0.3) 2.4 (0.2) 2.5 (0.1) 1.9 (0.2) 2.2 (0.2) <0.001 0.066 0.427
Narea (g m?) 1.5 (0.3) 1.5 (0.2) 1.4 (0.2) 1.5 (0.1) 1.1 (0.1) 1.3 (0.1) 0.025 0.427 0.365
Late leaves (flush in June)
LMA (g m?) 51.2 (4.9) 52.2 (7.9) 53.8 (9.8) 55.4 (6.8) 0.495 0.972 0.793
Nmass (%) 2.8 (0.2) 2.9 (0.3) 2.6 (0.2) 2.6 (0.3) 0.022 0.742 0.585
Narea (g M?) 1.4 (0.2) 1.4 (0.2) 1.4 (0.3) 1.3 (0.1) 0.239 0.781 0.625
Late leaves (flush in July)
LMA (g m?) 58.9 (8.2) 57.2 (4.5) 61.3 (9.3) 60.8 (4.8) 0.368 0.662 0.859
Nmass (%) 3.0 (0.4) 3.2 (0.1) 2.8 (0.3) 2.8 (0.2) 0.025 0.314 0.239
Narea (g m?) 1.7 (0.4) 1.9 (0.2) 1.7 (0.5) 1.7 (0.2) 0.795 0.527 0.489

Each value denotes the mean (£SD) of 4 - 6 repédarees and levels of significanck yalue) of repeated measures ANOVA.
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Table 2 Photosynthetic traits of leaves of white birch sleegls grown under ambient and elevated ®easured in the second year

of treatment (the year 2012)

June August September ANOVA results
Ambient Elevated @ Ambient Elevated @ Ambient Elevated @ Leaf age O3 Leaf age x @
Early leaves
Asat (pmol m? st) 15.1 (1.7) 15.€ (2.4) 8.0 (2.1) 6.1 (3.1) 3.9 (2.2) 3.4 (1.5) <0.001 0.522 0.633
Gs (mol m? st 0.27 (0.04) 0.28(0.05) 0.14 (0.03) 0.09 (0.04) 0.13 (0.05) 0.07 (0.03) <0.001 0.036 0.177
Vemax (nmol m? s1) 78.8 (13.2) 78.1(10.8) 50.8 (12.1) 40.9 (20.0) 25.7 (14.6) 24.5 (8.3) <0.001 0.547 0797
Jnax (umol m? s™) 148.8 (32.2) 145.€(16.8) 106.1 (13.5) 90.3 (36.0) 64.9 (35.0) 73.0 (23.7) <0.001 0.628 0.669
Amax (pmol m? st) 27.5 (5.7) 26.C (5.0) 20.7 (4.1) 16.5 (6.0) 10.6 (5.2) 12.8 (5.0) <0.001 0.421 0.447
PNUE @mol mol* s?) 162.3 (23.8) 148.€(37.2) 78.8 (15.9) 58.1 (30.4) 49.7 (27.4) 35.1(12.6) <0.001 0.084 0.858
Late leaves (flush in June)
Agat (umol m? st 10.5 (2.3) 7.1 (2.7) 6.5 (1.2) 4.4 (1.6) 0.003  0.010 0.312
Gs (mol m? st 0.30 (0.11) 0.23(0.09) 0.16 (0.08) 0.12 (0.06) 0.001  0.118 0.409
Vemax (rmol m? st 46.5 (7.3) 34.3(12.0) 38.8 (3.0) 28.6 (6.8) 0.125  0.009 0.553
Jmax (umol m? s?) 106.7 (11.6) 84.4 (25.2) 90.0 (5.2) 75.4 (10.5) 0.099 0.057 0.484
Amax (umol m? s?) 22.9 (2.6) 20.1 (4.8) 16.4 (2.2) 14.5 (3.0) 0.008  0.204 0.831
PNUE @mol mol* s?) 109.5 (24.9) 73.1 (34.4) 69.0 (24.5) 41.5 (11.4) 0.031 0.006 0.435
Late leaves (flush in July)
Asar (nmol m? st) 14.9 (1.5) 14.5 (1.9) 10.4 (2.6) 7.4 (1.0) <0.001 0.027 0.120
Gs (mol m? st 0.40 (0.10) 0.44 (0.21) 0.25 (0.09) 0.21 (0.10) 0.011 0.953 0.537
Vemax (mmol m? s 68.6 (8.1) 59.4 (9.9) 58.9 (15.6) 40.7 (9.0) 0.013  0.010 0.358
Jnax (Lmol m? s™) 141.1 (16.0) 130.9 (22.2) 130.6 (25.5) 106.0 (21.9) 0.120  0.031 0.504
Amax (umol m? st) 32.8 (2.9) 32.4 (3.1) 23.2 (4.0) 20.4 (3.8) <0.001 0.245 0.466
PNUE @mol mol* s?) 135.7 (24.7) 113.4 (22.5) 84.9 (16.1) 60.4 (10.3) <0.001 0.037 0.755

Each value is the mean (£SD) of 4 - 6 trees anclewf significance R value) of repeated measures ANOVA.
Asaw Net photosynthetic rate at growing €€ncentration (38@mol mol'); G, stomatal conductance to water vapour;

Vemax Maximum rate of carboxylationl,,x, maximum rate of electron traspoW;,.x, light-saturated net photosynthetic rate at,G@turation;

PNUE, photosynthetic nitrogen use efficiency.
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Figure legends

Fig. 1 The number of attached leaves (A) and shed leaB)s at
terminal shoots of white birch grown under ambiamd elevated ©
measured in the second year of treatment (the Y€dr2). Data are
represented as mean * SE (n=6). t-testP<6.05, **P<0.01,
*** P<0.001. Black arrow denotes the timing of shed aflg leaves in

white birch.

Fig. 2 Individual leaf size (A), stomatal density (B) ahzhf air space
(C) of white birch seedlings grown under ambientd arlevated @ as
measured in August 2012 (in the second year ofttneat). Data are
represented as mean + SD (n=5-6). t-test: n.s.igniScant, *P<0.05,

** P<0.01.

Fig. 3 A comparison of the relative decrease of lightusated net
photosynthetic rateAsay) in early and late leaves of white birch against
AOT40. Solid line denotes the regression line foarlg leaves
(R*=0.67), dashed line denotes the regression line I&ie leaves

(R*=0.86).
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