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Abstract

Measurements of dependence of photosynthetic electron transport on irradiance and analyses of stable isotope ratios
(80, 8"C, 8"°N) were performed on 4 to 6-year-old pine trees (Pinus sylvestris L.) in the primeval forest reserve of
Biatowieza and on 21-year-old pine trees of a plantation of different provenances at the Sgkocin Forest Station near
Warsaw, Poland. Small differences in maximum photosynthetic electron transport rates, ETR,,.x were related to growth.
Stable isotope analyses suggest that water relations play an important role for the performance of P. sylvestris at the
sites studied. The intraspecific comparisons showed a very high variability of photosynthetic capacity between needles
of given trees and between individual trees under similar conditions. Differences between specific provenances were
also observed. This is relevant for ecological niche occupation in a wide geographical growth range, where P. sylvestris
is actually occurring. The high physiological plasticity demonstrated reveals a conspicuous trait of this tree species.
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Introduction

In the literature, it is discussed controversially if
photosynthetic capacity is a trait correlated to fitness
(Ackerly et al. 2000) and productivity (Long et al. 2006).
Still there are good reasons to expect that leaf
photosynthesis is a good indicator of plant performance,
also being a target for crop improvement (Long et al.
2006). In this context responses to stress are important
even and especially so, if stress is only mild. Moreover, it
is essential to look for possible intra-specific differences
between genotypes albeit closely related. Santos e al.
(2009) have performed such an analysis using five
genotypes of common bean (Phaseolus vulgaris) under
moderate water stress. They found differences in
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sensitivity of photosynthesis related parameters, such as
stomatal conductance (g;) and apparent electron transport
rate (ETR). Differences in responses of chlorophyll
fluorescence parameters were also observed among
5 cultivars of beech trees (Cafiova ef al. 2008).

Asking such questions it appears to be appropriate to
extend the range of intra-specific comparisons for which
the species Pinus sylvestris L. (Scots pine) is chosen in
the present investigation. Scots pine has a very large
geographical distribution in Europe and Asia ranging
from 8° to 114° east longitude and from 72° 20’ to 37° 00’
north latitude (Meusel et al. 1965, Chritchfield and Little
1966, Sokolov et al. 1977). This is connected with

Abbreviations: 8"C - carbon isotope ratio; 5'30 - oxygen isotope ratio, 5'°N - nitrogen isotope ratio; ETR - apparent photosynthetic
electron transport rate; ETR . - ETR at saturation with PAR; F; - basic fluorescence of dark adapted needles; F,’ - basic fluorescence of
light adapted needles; F,, - maximum fluorescence of dark adapted needles; F,,’ - maximal fluorescence of light adapted needles;
AF = F’ - Fy’; AF/F,’ - effective quantum yield of PS 2; AF/F’so - AF/F,,’ at half saturation; AF/F, s, - AF/F,’ at saturation;
F,=F,, - Fy; F\/F, - potential quantum use efficiency; g - stomatal conductance; PAR - photosynthetically active radiation; PARs, - half
saturating PAR; PAR, - saturating PAR; PS - photosystem; RAPD - random amplified polymorphic DNA; WUE - water use efficiency.
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VARIABILITY OF PHOTOSYNTHESIS AND WATER RELATIONS

the occurrence of many ecotypes of Scots pine forming
stands both on dry and moist soils and also growing on
both very poor and more fertile soils. Thus, among the
ecophysiologically diverse populations there are
considerable possibilities of intra-specific variability.
Studies on photosynthetic performance of plants in
the field increasingly rely on measurements of
photosynthesis using miniaturized equipment and on
stable isotope analysis (Liittge and Scarano 2004, 2007).
Measurements of chlorophyll fluorescence parameters
with a miniaturized pulse amplitude modulated (mini-
PAM) fluorometer allow analyses of photosynthetic
electron transport dependence on photosynthetically
active radiation (PAR) for the assessment of maximum
apparent electron transport rate of photosynthesis,
ETR,,.x, and light saturation (PARg,). In contrast to these
momentary measurements of chlorophyll fluorescence the
PAR dependence curves provide an assessment of
intrinsic photosynthetic capacity (Liittge and Scarano
2007, Rascher et al. 2000). This is compared here with
results of stable isotope analyses (**O, °C and ""N) of

Materials and methods

Selection of sites and trees: Pinus sylvestris L. is one of
the most important forest trees in Europe where it covers
24 % of the forested area (Stanners and Bourdeau 1995,
Oleksyn et al. 2002, Xiao et al. 2006). Measurements
were performed in the Polish part of the nature reserve
Primeval Forest Bialowieza National Park and in the
Forest Research Institute in Sekocin, Warsaw. The sites
at Biatowieza were Vaccinio vitis-ideae-Pinetum (plot
#16) and a Calamagrostio-Pinetum (plot #5). The plot
#16 is considered to be edaphically dry and plot #5 to be
edaphically moist. We measured 10 and 12 young trees of
P. sylvestris 4 to 6-year-old in plots #16 and #5,
respectively.

At the Sgkocin Station there is a plantation of
20 different provenances of P. sylvestris from all over
Europe. The provenances are planted close to each other
under identical edaphic and water table conditions. We
selected 8 provenances for our study covering origins
from different parts of Europe (see Szyp-Borowska and
Staniolyte 2003, for details including exact geographical
co-ordinates and altitudes). The numbers used here for
identifying the provenances are the same as in their
original publication. The trees were 21-year-old.

Photosynthetic capacity of leaves and conifer needles
is age dependent (Warren 2006, Cafiova et al. 2008) and
therefore all needles compared here were of the same age.
They were measured and sampled within 10 d, i.e. from
28 June to 7 July 2005. All chlorophyll fluorescence
measurements were made and samples for stable isotope
analyses were taken of second year needles (needle year
2004). Measurements were made in the mid morning up
to the afternoon (between 11:00 and 17:30). At
Biatowieza, fluorescence measurements were carried out
directly on the young trees. At the Sgkocin Station

dried needles reflecting isotope discrimination over the
life span of the needles. Interpretation of stable isotope
discrimination of O and "C allows conclusions on
relations between stomatal opening and transpiration, and
hence, on water relations (Farquhar ef al. 1989 a,b, 1998,
Barbour et al. 2002, Liittge 2005) and N can indicate
nitrogen availability (Adams and Grierson 2001).

We wanted to know how large the intrinsic variability
or plasticity of P. sylvestris might be. How large is the
variability of performance between different trees at the
same site as compared to effects of different external
cues? Thus, we compared performance of individual trees
at two different stands in the primeval forest reserve at
Bialowieza, Poland (Jedrzejewska and Jedrzejewski
1998) with different soil moisture regimes at defined sites
and in an extended plantation of various provenances at
the Sgkocin forest station near Warsaw. The screening of
many trees allowed characterization of variability
between individual trees at a given site as well as the
responses to environmental conditions at different stands
of P. sylvestris.

branches were cut from the exposed canopy on top of the
trees and fluorescence measurements were performed on
the cut branches on site immediately, i.e. up to 15 min
after cutting.

Growth was measured by determining mean annual
increment of main shoot axis length.

PAR dependence curves of photosynthetic electron
transport: For each tree at Bialowieza between 2 to 6 but
mostly 5 samples were measured and for each tree at the
Sgkocin station always 3 samples were taken. The
photosynthetic electron transport rates were measured
with the Mini-PAM fluorometer (H. Walz, Effeltrich,
Germany), as described earlier in detail (Rascher et al.
2000). A bunch of needles were clamped in the standard
2030-B leaf clip holder of the instrument (Bilger et al.
1995). The PAR was incresed during 4 min in 8 steps at
intervals of 30 s. In this way, instant PAR curves of
effective quantum yield of photosystem 2 (PS 2), AF/F,;’
= (Fn - F¢)/Fy,’ and apparent photosynthetic electron
transport, ETR = 0.5 x 0.84 x AF/F,’ x PAR, were
obtained, where Fy’ is the basic fluorescence of the light
adapted needles, F,,” is the maximum fluorescence of the
light adapted needles under a saturating irradiance of
3000 pmol m™ s for 800 ms, the factor 0.5 accounts for
equal distribution of excitation energy to both PS 2 and
PS 1, and the factor 0.84 considers that about 16 % of the
incident irradiance are not absorbed (Schreiber and Bilger
1993). Measurements of PAR close to the needles were
taken by the microquantum sensor of the leaf clip
calibrated against a LI-COR 190 quantum sensor
(LI-COR, Lincoln, NE, USA).

In control runs, temperature of the needles was
recorded during the measurements with intervals of 30 s
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up to 180 s between the 8 steps of increasing PAR. It was
found that the mean temperature difference between the
first and the last step was only 0.23 £ 0.93 °C. Thus,
heating of the samples was negligible. Further, it was
tested whether the short intervals of 30 s between the
steps were adequate. This question was addressed using
provenance #15 at the Sgkocin Station. PAR dependence
curves were performed by increasing the intervals
between the steps from 30 to 180 s and comparing the
relevant features of the curves obtained. Although the
differences were rather small, at the extended intervals
between steps the maximum ETR were significantly
lower than at the shorter intervals. This implies that the
needles already suffered some photoinhibition by the
extended irradiance. Hence, the time interval of 30 s was
a good choice and was used strictly in all recordings.

The PAR dependence curves were plotted from the
measurements using Sigma-Plot with an exponential
decay function for AF/F,’ and a hyperbolic saturation
function for ETR. The following cardinal points
describing the intrinsic capacity of the photosynthetic
apparatus of the needles were obtained: ETR ., AF/F’
at saturation (AF/F,,’s,) and at half saturation (AF/Fm’s),
saturating PAR (PARy,) and half saturating PAR
(PARSs).

Photoinhibition: Photoinhibition was assessed by
measuring potential quantum use efficiency of PS 2,
Fy/Fn = (Fi - Fo)/Fn, of needles adapted to darkness for
30 min, where F, is the basic fluorescence of the dark
adapted needles and F,, is the maximum fluorescence of
the dark adapted needles under a saturating PAR, and
where values of F,/F, below 0.80 would indicate
photoinhibition of the sample (Bjérkman and Demmig
1987). All curves were obtained between the Ilate
morning, noon and early afternoon when ambient

Results

Values of F,/F,, are indicators for stress responses leading
to photoinhibition. For all pine trees measured here at all
sites values of F,/F, were always > 0.80. The values

irradiance was highest but the measurements of F,/F,
showed that in all these measurements the needles never
experienced photoinhibition.

Stable isotope analyses: Standard approaches according
to Keitel er al. (2003) were used for determinations of
C and N contents and analyses of carbon (3"°C) and
nitrogen (8'°N) isotope composition of dried needles.
Measurements were carried out with an elemental
analyser (NA 2500, CE Instruments, Milan, Italy) coupled
by a Conflo Il interface (Finnigan MAT, Bremen,
Germany) to an isotope ratio mass spectrometer (Delta
Plus, Finnigan MAT). For oxygen (8'*0) isotope analyses
a high temperature pyrolysis elemental analyser (TC/EA,
Finnigan MAT) was coupled to the isotope ratio mass
spectrometer. The isotope values are expressed in the
standard delta notation (%o) relative to VPDB (Vienna
Pee Dee Belemnite) for carbon, acetanilide and N, of air
for nitrogen and VSMO (Vienna Standard Mean Ocean
Water) for oxygen. The sample size of needles for stable
isotope analyses was 3 for each tree at both sites.

Statistics: Statistical data analysis was performed with
SPSS 15.0 software (SPSS, Chicago, USA). Analysis of
variance (ANOVA) using the general linear models
procedure was employed for testing location effects on
measured parameters. Prior to analysis, data were
checked for normality and homogeneity of variance. Data
were transformed, if necessary, to prevent violation of the
ANOVA concept. In addition, statistical significance of
differences between data sets was examined by Student’s
t-tests (P values are given in the text). In cases were
averages of individual readings are presented the errors
are given as standard deviations (SD), and where such
averages were averaged the errors are given as standard
errors (SE).

measured were 0.83 - 0.84 at the dry site, 0.80 - 0.85 at
the moist site of Bialowieza and 0.83 - 0.85 at the
Sekocin Station. Hence, there was no mid-day depression

Table 1. Averages of cardinal points from PAR dependence curves (see Materials and methods for abbreviations) of the trees at three
different locations as indicated in the forest of Biatlowieza. Data are averages of the averages for all individual trees at each location
with SE (number of trees in parenthesses). ANOVA results regarding location effects (dry/moist) on chlorophyll fluorescence data are

shown.

Location ETR pax [tmol m? s™'] AF/Fry’ g AF/Fy’so PARy [umol m?s'] PARsy[umol m?s™]
Strict reserve 135 (2) 0.26 (2) 0.58 (2) 1237 2) 272(2)

Dry site 128+ 7 (10) 0.25+0.01(10)  0.60+0.01 (10) 1257 + 74 (10) 260 + 14 (10)
Moistsite 149+ 9 (12) 027+001(12)  0.58+0.01(12) 1350 + 87 (12) 316 +21 (12)

df 1 1 1 1 1

F 3.389 2.625 10.827 0.624 4.332

Sig. 0.081 0.121 0.004 0.439 0.049
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of photosynthesis. Needle temperatures during the
measurements were recorded via the thermocouple of the
leaf clip holder. The lowest and highest temperatures,
respectively, occurring during the various runs of PAR
dependence curves were 17/27 °C at the dry site and
21/29 °C at the wet site of Bialowieza and 21/30°C at
Sekocin. Thus, these temperature ranges closely
overlapped. Temperatures also did not show any trends
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Fig. 1. Scatter diagrams of stable isotope ratios measured in
three different samples (n = 3) from different trees (mean = SD)
at Biatowieza (squares = strict reserve, triangles = dry site,
circles = moist site).

during the measurements, i.e. temperatures mainly
scattered around the medium between the extremes
indicated above. Since at mid-day the strongest stress due
to irradiance and also temperature is expected, this means
that the trees were never under photoinhibition at any
time during the present study, i.e. none of the various
mechanisms by which stress can possibly cause reduction
of potential quantum yield were effective.

Saturating and half saturating PAR is rather high
(Table 1 for Bialowieza and Table 2 for Sg¢kocin). Such
demand of high irradiance for saturation of photosynthesis
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Fig. 2. Scatter diagrams of stable isotope ratios measured in
three different trees and three different samples each (n = 9)
from different provenances (mean + SD) at Segkocin.
Provenances are: closed circles - #2, closed triangles - #6,
closed squares - #9, closed rhombs - #12, open circles - #13,
open triangles - #15, open squares - # 17, open rhombs - #20.
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Table 2. Averages of cardinal points from PAR dependence curves of the trees of 8 provenances of P. sylvestris at the Sg¢kocin
Station. Data are averages of the averages for all individual trees of each provenance with SE (n = 3, i.e. 3 individual trees for each
provenance; numbers of measurements for each individual tree were 2 to 7).

Provenance  ETR, [umol m?s™'] AF/Fy’g AF/Fry’s0 PARg [pmol m?s™'] PARs[umol m?s™']
#2 130+ 13 0.22+0.00 0.57+0.01 1425 + 125 276 + 31
#6 136 + 3 0.23+0.01 0.56 £0.01 1444 + 31 287+ 8
#9 106 £ 11 0.20+0.03 0.55+0.03 1296 + 86 233 +13
#12 87+ 8 0.17 £ 0.00 0.55+0.01 1211+ 98 194 +£ 19
#13 93+ 6 0.19+0.02 0.56 £0.01 1132+ 45 193 £ 10
#15 131+ 14 0.23 +£0.02 0.56 £0.01 1388+ 45 271 £25
#17 9 +13 0.18+0.02 0.54 +£0.04 1362+ 23 231+ 15
#20 108 + 11 0.20+£0.01 0.56 +0.01 1350+ 99 239+ 23

Table 3. Range of maximum apparent photosynthetic electron
transport rates (ETR ) [pmol m™ s'] in needles of individual
trees at three different locations as indicated in the forest of
Biatowieza. Averages with SD (n = 2 to 6) are given for each
tree. Mean for each location with SE (rn =2 to 12) is also given.

Strict reserve Dry site Moist site

No. ETR,.x No. ETR No. ETR
1 147+41 1 121+ 18 1 154 £33
2 122+19 2 131£19 2 126 + 34
mean 135 3 129 £29 3 187 £29
4 147 £32 4 158 £47

5 145+ 12 5 124 £ 15

6 106 £ 7 6 111 £13
7 94 +17 7 108 £ 16

8 109 £ 19 8 126 £ 25
9 134 £ 27 9 181 +£44

10 182 +44 10 188 £ 51

mean 130+ 8§ 11 139+23
12 184+ 0
mean 149+ 9

indicates a sun plant nature of the pine trees studied.

The variation of ETR,;,x among individual trees was
larger than the average variation between locations in the
forest (Table 3). The average ETR,;,,x was a little but not
significantly higher at the moist site than at the dry site
and the location in the strict reserve (P = 0.1). Averages
of all cardinal points extracted from all individual PAR
dependence curves obtained at each location (Table 1)
show a slightly better performance with respect to
ETR,..« and AF/F’, at the moister site than at the drier
site. This is correlated with growth as given by annual
increments of the height of the main stem axis, which for
all years was significantly (P < 0.001) higher in the moist
than in the dry site (Table 4). The increments in stem
length were proportionally much larger (1.91 to 2.84 fold
in the various years) than the increase in ETR;,
(1.15 fold) in the moist site as compared to the dry site.
However, one would not expect a similar factor and small
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differences in ETR,,x may be important in the field
where small increases in photosynthesis may add up to an
important contribution over time.

Stable isotope data are related to each other. It is seen
for the scattered data of individual trees and the averages
that 'O was more negative in the moist site and the
strict reserve than in the dry site (Fig. 1 and Table 5,
P < 0.001). 8°C values were not different at the three
different sites. 3'°N values were less negative in the moist
site and strict reserve than in the dry site (P < 0.001).

Table 4. Growth rates of the trees in the forest of Biatowieza as
given by means of main shoot increments in different years.
Values are in cm with SE of 30 trees. Differences between the
locations (dry/moist) as examined by Student’s #-tests for all
years are significant at the level of P < 0.001.

Year 2005 2004 2003 2002 2001

Drysite 18.940.9 14.240.9 15.1+1.1 12.9+1.3 10.1+0.8
Moist site 37.7+1.7 35.3+1.8 28.8+1.3 27.8+1.5 28.7#1.5

Table 5. Averages of stable isotope data [%o] of the trees at
three different locations as indicated in the forest of Biatowieza.
ANOVA results regarding location effects (dry/moist) on isotope
data are shown

Location 510 s8¢ 35N

Strict reserve  -7.28 +0.41  -31.5+0.9  -5.99 +0.73
Dry site -535+0.67 -30.0+0.8 -10.2 £ 1.53
Moist site -796+0.69 -30.7+0.7  -6.13+0.90
df 1 1 1

F 65.5 3.89 60.7

Sig. 0.000 0.063 0.000

Contents of N and C/N ratios did not differ between the
pine trees at the different plots and averages were 2.3 %
N and 22.3 C/N.
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At the plantation site of Sg¢kocin variations of ETR .«
between individual trees of each provenance were larger
than variations between different provenances (Table 6).
Nevertheless, it is evident that some provenances had a
lower intrinsic photosysnthetic capacity than others, e.g.
provenances #9, #12, #13, #17 and #20 had lower ETR .«
than provenances #2, #6 and #15 (P < 0.05 to < 0.001).
Averages of all cardinal points (Table 2) again indicate a
better performance of provenances #2, #6 and #15 with
respect to ETR,,,.x and AF/F,;’s, as compared to the other
provenances.

For 8"0 the values were more negative in #13 and

Table 6. Range of maximum apparent photosynthetic electron
transport rates (ETR,,c) in needles of three individual trees each
of 8 provenances of P. sylvestris cultivated at the Sgkocin
Station. Averages with SD (n = 2 to 7) are given for each tree.
Means for each provenance with SE (n = 3) are also given.

ETRmax ETRmax ETRmax ETRmax

#2 147+34 #9  84+42 #13 100+£16 #17 78+15

138 + 77 119 £ 50 99 +22 95+ 28

104 + 26 115+ 14 81+ 18 124+ 0
Mean 130+ 13 106 £ 11 93+ 6 99+ 13
#6 138 +82 #12 102+13 #15 150+61 #20 92+17

137+ 55 81 £25 141 £ 23 128 £21

132 +44 78+ 15 103+ 18 103 +43
Mean 136+ 3 87+ 8 131+ 14 108 £ 11
Discussion

Photosynthetic parameters, such as ETR,,,, have been
used in evaluating intrinsic photosynthetic capacity and
performance of plants (Rascher et al. 2000, Liittge and
Scarano 2004). The present study shows the usefulness of
this approach in combination with stable isotope data for
assessing the plasticity of ecophysiological performance
of pine trees with respect to water relations. Better
performance regarding ETR,,,.x is related to a better water
availability. This is seen in comparing the dry and moist
site at Biatlowieza and considering the measurements of
the provenances at the Sgkocin Station, where 5
provenances (#9, #12, #13, #17, #20) showed ETRx
values even lower than in the trees at the dry site in
Bialowieza. This can be explained by the fact that annual
precipitation is higher in Bialowieza (626 mm) than at
Sekocin (529 mm).

Foliar 3'"°C is considered an indicator of water use
efficiency (WUE) during the life span of the leaves or
needles sampled, or even longer. In the latter case 3'"°C of
leaves depends on 8"°C of carbon storage pools
remobilised during bud break, carbon assimilated during
leaf expansion and assimilates produced subsequently in
the growing season (Farquhar er al. 1989 a,b, 1998,
Duquesnay et al. 1998, Warren et al. 2001). Therefore,
carbon isotope ratios have been used for assessing long

Table 7. Averages of stable isotope data [%o] for the trees of
8 provenances at the Sgkocin Station. All values are with SD;
n =9 per provenance, i.e. 3 trees per provenance and 3 samples
per tree.

Provenance 830 ¢ N

#2 -7.48 £0.76 -2842+0.59 -5.84+0.77
#6 -6.45+0.87 -28.83+0.54 -6.38+0.29
#9 -7.20+£0.56 -28.78 +£0.11 -6.66 +0.30
#12 -6.30+£0.59 -27.79+0.11 -6.08 £0.56
#13 -7.45+0.27 -27.25+0.33 -5.74+0.52
#15 -7.53+0.53 -28.12+0.63 -5.59+0.36
#17 -6.78 £0.43 -28.33+041 -545+0.64
#20 -7.40 +0.56 -30.08+0.41 -5.19+0.34

#15 than in #12 (P = 0.02). For 3"°N the values in #13,
#15, #17 and #20 were less negative than in #9
(P =0.001). For 8"C the values in #20 were more negative
than in all other provenances (P < 0.02 to < 0.001), the
values in #13 were less negative than in #2, #6, #9, #15,
#17 and #20 (P < 0.05 to < 0.001) and the values in #12
were less negative than in #9 (P < 0.001) (Fig. 2, Table 7).
There was no correlation of bulk N content and C/N
ratios with photosynthetic performance. Contents of N
and C/N ratios did not differ significantly between
provenances and averages were 2.4 % N and 20.8 C/N,
which did not differ significantly from those observed in
Biatowieza.

term water relations of plants performing C; photo-
synthesis, where more negative values of carbon isotope
ratios are proportional to increased stomatal conductance
(gs), decreased WUE, and an increase in the ratio of
internal to external CO, partial pressure, ci/c,. However,
3'3C is also modulated by mesophyll conductance, which
— although potentially also varying intraspecifically —
mostly affects comparisons between different species
(Flexas et al. 2008). Furthermore it is affected by
metabolic isotope effects related to photosynthesis as well
as respiration (Kodama et al. 2008). An increase in ¢;/c,,
as deduced from more negative 3"°C values (Farquhar
et al. 1989a,b) may be either due to an increase in g and
lower WUE at constant maximum CO, assimilation or
vice versa due to a decrease of CO, assimilation at
constant g, (Scheidegger ef al. 2000). Thus, it is
important to note that in the present investigation 8'°C
values were not different in the different trees in
Biatowieza.

However, the assessment of water use efficiency is
facilitated if stable oxygen isotope ratios can be
considered in addition. A reduced discrimination against
"0 depends on the ratio of the partial water vapour
pressures in the atmosphere and in the gaseous space
within the needles and is a function of the back-diffusion
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of water from sites of evaporation being opposed by
convection of source water to these sites via transpiration
(Farquhar et al. 1998, Barbour et al. 2002). This so called
Péclet effect is given by the ratio of non-enriching
convection of water to the leaf evaporative sites via the
transpiration stream to the effect of '®O-enriching
diffusion of water away from the sites of evaporation
(Barnard et al. 2007). Stable oxygen isotope ratios reflect
leaf water enrichment, and while there is no '*O
enrichment in the xylem stream water, 5'°O in the organic
matter of bulk leaf material is a useful tool to characterise
stomatal conductance independent of effects of
photosynthesis over the life span of the leaves or needles
(Adams and Grierson 2001). Like stable carbon isotope
ratios, stable oxygen isotope ratios result from several
parameters (Brandes et al. 2007). Nevertheless, the
observation that at the two close-by sites at Biatowieza
80 is more negative in the moist site suggests that
transpiration is higher than in the dry site (Table 5). This
supports the correlation that water availability determines
performance as ETR,,,,x is higher at the moist site than at
the dry site (Table 1).

Due to the variation between individual provenances
an overall comparison becomes somewhat less
straightforward if we take the data of the S¢kocin Station
into consideration. The 8"°C values at the Sekocin Station
with the lower annual precipitation except for
provenances #6 and #20 are less negative than the values
at all Bialowieza sites with the higher annual
precipitation which would be in accordance with a
reduced transpiration and higher stomatal control at the
drier Sekocin Station. However, the 8'°0 values at the
Sekocin Station are more negative and closer to those of
the moist site than the dry site suggesting that
transpiration on average in the Sg¢kocin Station is as high
as in the moist site at Bialowieza. If we compare the
Sekocin Station with Biatowieza we must bear in mind,
however, that in addition to the different performances of
the various provenances at the Sgkocin Station we also
have the problem that we compare differences in
pedosphere relations for the two plots at Biatowieza and
differences of annual precipitation if we compare the
Sekocin Station with Biatowieza. Therefore, in view of
the multifactorial effects on stable isotope ratios we
cannot put too much weight on this comparison.

Conclusions

A broad geographic scale comparison of Scots pine all
across Eurasia suggests that P. sylvestris has higher
transpiration rates at drier and warmer sites at the expense
of lower water-use efficiency (Poyatos et al. 2007). The
data presented here support the contention that the
ecophysiological comportment of P. sylvestris is closely
related to moisture. Photosynthetic capacity is affected by
water relations and therefore is an important trait in
relation to the performance of P. sylvestris in forest
ecosystems and plantations.
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Moreover, with the large geographical range of Scots
pine (see Introduction) many ecotypes developed which
show different degrees of resistance to water shortage, so
that there are also putative genotype differences between
provenances some of which are susceptible while others
are resistant to drought (Birkjukova ef al. 1981). Evident-
ly the differences between provenances cannot be ex-
plained by climatic and edaphic site characteristics includ-
ing water tables (Gessler et al. 2005) as possible cause.

However, genotype effects must be subtle. The
photosynthetic capacities as given by ETR, of the
different provenances do not appear to be related to their
gross relative genetic distance. Provenances with higher
(#2, #6, #15) and with lower ETR,... (#9, #17, #13),
respectively, are randomly distributed along a genetic tree
obtained by random amplified polymorphic DNAs
(RAPD; Szyp-Borowska and Staniulyte 2003), although
we must admit that RAPD is not considered an up to date
technique anymore. It is also hard to estimate if the
performance given by the measurements of ETR,,, is
related to the geographic origin of the provenances. Two
of the better performing provenances (#2, #15) are from
northern Europe and the third one is from eastern Poland
(#6), while the less well performing ones are from
western Poland, western Hungary and Western Europe
and one (#20) is from Turkey at 1400 m a.s.1.

In literature in general (Evans 1988, Field 1988) and,
in particular from investigations with conifers (Duursma
and Marshall 2006), it is known that maximum rates of
CO, uptake by leaves or needles are correlated with
nitrogen content. Some relations to N supply via
transpiration are also seen in the present data when we
compare the moist and dry sites at Bialowieza. Although
bulk N content and C/N-ratios were not different at the
two sites 8'°N values were much more negative at the dry
site. where 8'°0 values were less negative and
transpiration must have been lower than at the moist site
where these relations were the opposite (Table 5). The
degree of transpiration appears to affect allocation of
nitrogen compounds to the needles. This is also indicated
b?/ the trend of less negative towards more negative
8"°N-values versus more negative towards less negative
3'*0-values (or lower transpiration) seen in Fig. 1. Thus,
it may be assumed that N supply is involved in the inter-
dependency of increased transpiration and increased ETR .

The most conspicuous result of the present study is
the large variability of the photosynthetic capacity and
performance of individual trees of P. sylvestris at a given
site or of a given provenance. The considerable amplitude
of photosynthetic performance observed among the Scots
pine trees evidently shows high ecophysiological
variability. This is relevant for ecological niche
occupation in a wide geographical growth range, where
P. sylvestris is actually occurring.
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