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Abstract

Ecological wood anatomy is an important discipline to reveal the effects of growing conditions on wood
formation. This study was performed to investigate wood anatomical changes of five different maquis elements growing
in two different regions (Arbutus andrachne 1., Lanrus nobilis 1., Myrtus communis L., Phillyrea latifolia 1.. and Spartium junceum
L.). Total 30 wood samples, 3 from each species in one region, and total 15 from one region were collected and thin
sections were prepared. After measuring vessel diameters, lengths and frequencies, mesomorphy, vulnerability and
xeromorphy ratios were calculated. The mesomorphy ratios 26.03 in A.andrachne, 103 in L.nobilis, 21.76 in M.communis,
14.25 in P./atifolia, and 16.69 in S juncenm in the Mediterranean region, and these values 71.98, 255, 42.1, 27, and 60.68 in
Black Sea region, respectively. The xeromorphy ratios 54.92 in A.andrachne, 14.91 in L.nobilis, 79.24 in M.communis, 98.08
in P.latifolia, and 50.84 in S.junceum in the Mediterranean region, and these values 28.96, 8.41, 47.27, 65.08 and 12.49 in
Black Sea region, respectively. All values except L.nobilis revealed xeric conditions in both regions. However, in the
Mediterranean region the conditions for L.xzobilis are much more xeric than Black Sea region.
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INTRODUCTION

Ecological wood anatomy, which reflects the
effects of growing site conditions on wood formation,
is a very useful discipline to understand the growth of
trees and some physiological process such as water
transport, efficiency and conductance of water. After
the first use of the term “ecological wood anatomy” in
the years of 1970s, valuable studies (Catlquist 1977,
1988; Baas and Carlquist 1985; Fahn et al. 1986; Baas
and Schweingruber 1987) were performed in different
countries of the World. In Turkey important studies
were also published regarding with ecological wood
anatomy (Yaltirtk 1971; Sanlt 1978; Ersen 1999; Ersen
Bak 2006; Merev and Yavuz 2000; Serdar 2003; Yaman
2002; Akkemik et al. 2007). In some of these studies
mesomorphy and vulnerability ratios (based on vessel
length, tangential diameter of vessel and vessel
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frequency) were calculated in species, genus or family
level or for whole flora of a site (Carlquist 1977, 1982;
Alves and Angyalossy-Alfonso 2000; Appelhans et al.
2012), in some others the effects of altitude and latitude
were analysed (Baas 1973; Fahn et al. 19806).

In Turkey the first study subjected to wood
formation and ecological site conditions was performed
by Yaltirtk (1971) on Acer L., and later Sanli (1978)
made a great study on Fagus orientalis Lipsky. In recent
years this discipline is getting extended throughout
Turkey and performed studies in species, genus or
family levels (Ersen 1999; Ersen Bak 2006; Merev 1983;
Giingordi 1986; Akkemik 1998; Efe 1998; Merev 1998;
Gergek et al. 1998; Ersen 1999; Kutbay et al. 1999;
Merev and Yavuz 2000; Serdar 2003; Yaman 2002;
Yaman and Saribas 2004; Ersen Bak 2006; Akkemik et
al. 2007). In spide of many studies were performed on
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ecological wood anatomy, there is still a gap showing
the effects of different conditions on wood formation
in different elements of maquis, which is a vegetation

type.

The purpose of this study is to investigate the
differences in wood formations of the same five
different maquis elements growing under the
conditions of the Mediterranean and Black Sea
Regions. With this study regional effects were revealed
in maquis vegetation in two different regions.

MATERIAL AND METHODS
Characteristics of Sampled Sites

Research materials (wood samples) were taken
from Termassus National Park-Antalya in the
Mediterranean region and Abana-Kastamonu in Black
Sea region (Figure 1).

Precipitation and temperatures of the sites
were given and compared in Figure 2. Maximum
temperatures are about 20C, precipitation is more
regular and distributes through the year in Black Sea
region. On the contrary maximum temperature is about
30°C and precipitation is high during winter and early
spring, and too low in summer (Figure 2).

The flora of these two study areas are about
the similar. The general floristic structures and
comparisons are given below:

Main elements in maquis vegetation of the
Termassus National Park and some other species: Pinaus
brutia Ten. Spartium juncenm L., Cistus creticus L., Cistus
salvifolius L., Arbutus andrachane L., Styrax officinalis L.,
Lanrus nobilis L., Qunercus coccifera L., Phillyrea latifolia 1..,
Olea enropaea L., Fontanesia phillyrevides Labill. subsp.
phillyreoides, Rhus coriaria L., Rosa canina L., Crataegus
monogyna )acq., Ostrya carpinifolia Scop., Pistacia terebinthus
L., Acer sempervirens L., Asparagus acutifolius L., and Ruscus
aculeatus L. (Bagsaran 1994).

Main elements in maquis vegetation of Abana-
Kastamonu and some other species: Pseudo-maquis of
Phillyrea  latifolia-Laurus — nobilis-Myrtus — communis L.,
Rbamnns alaternus L., Myrtus communis, Arbutus unedo L.,
Arbutus andrachne, Osyris alba L., Quercus ilex L., Erica
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arborea L., Ruscus —aculeatns, Olea enropaea, Pistacia
terebinthus 1. subsp. palaestina (Boiss.) Engler, Cotinus
coggygria Scop., Ficus carica L., Spartium junceum, Cistus
creticus, Carpinus orientalis Miller, Ostrya carpinifolia, Celtis
australis L., Palirus spina-cristi Miller, and Pteridinm
aquilinum (L.) Kuhn. (Zohary 1973; Mayer and Aksoy,
1998; Ak 2002).

Sampling and methods

Five species (Arbutus andrachne, Laurus nobilis,
Myrtus communis, Phillyrea latifolia and Spartium junceum)
from the maquis vegetation were sampled for
ecological wood anatomy studies. One species, L.nobilis
was a small tree and all of the others were shrubs.
Three samples from each species in one site were
taken. The standard sampling methods reexplained by
Ersen (1999) and Ersen Bak (2006) was used. In
sampling of shrubs it was considered to take samples
from about the mid point of stem between transition
part from root to stem and starting point of branching.

Total 15 samples from 5 species were taken
from the site in the Mediterranean region and 15 more
from the site in Black Sea region. All analyses were
performed on total 30 samples.

In preparation standard wood anatomy
techniques (reexplained by Yaman 2002) were used and
three thin sections, transversal, radial and tangential
from each sample were taken.

On the samples tangential and radial diameters
of vessels, vessel frequency (number of vessels per
square mm) were counted. After maseration method
vessel lengths were measured. 50 measurements were
performed for each feature. IAWA Committee accepts
25-50 measurements for each feature (Catrlquist 1988;
TAWA Committee 1989).

Quantitave features of vessels are very
important in ecological wood anatomy. These
quantitave features are tangential diameter of vessels,
vessel number per square mm, vessel lengths, vessel
number in groups and bar number in perforartion plate
(Carlquist 1988). Based on tangential diameter of
vessels, vessel number per square mm and vessel
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Figure 1. The map of the sampled sites (Google Earth)
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Figure 2. Average of total precipitations and mean temperatures of Kastamonu (left) and Antalya (right)
during the years 1930 — 2005

. Mesomorphy = angential diameter of
lengths two formula were developed by Carlquist vessel/ vg;sgl numbg e%s vare mm) x Vessel
(1988): “Vulnerabilite” and “Mesomorphy Ratio™: length bersq

Vulnerabilite= Tangential diameter of vessel/

Furthermore another formula was developed
vessel number per square mm

by Yaman (2008) called “Xeromorphy Ratio”, which is
calculated as follows:
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Xeromorphy = (2 x(N(a2+ b?)/2)/ab x f)

(a: tangential diameter of vessels/2; b: radial
diameter of vessels/2; f: number of vessel per squate

mm)

In this study all these methods were used to
calculate vulnerabilite, mesomorphy and xeromorphy

ratios.

In comparisons of the results t-test (Kalipsiz
1988) was used. With t-test, similarities and differences
of vessel features in two regions were analyzed.

Table 1. The results for Arbutus andrache.

RESULTS

All' methods explained were wused, and
tangential and radial diameters of vessels, vessel
frequency and vessel lengths of five maquis species
were measured (Table 1-5). Tables include the results
of vessel diameters for eatlywood and latewood
separately, vessel lengths, vulnerability, mesomorphy
and xeromorphy ratios for earlywood, latewood and
whole wood in the 5 species.
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Table 2. The results for Laurus nobilis.
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results of them were included in the tables.

Results for Arbutus andrachne L.

In this shrub species diameter of vessel

elements and vessel lengths are smaller in the
Mediterranean region. In the Mediterranean region,
average tangential diameters of vessels are 26.38 in
eatlywood, and 16.86 um in latewood. These values are
33.16 and 18.87 um in Black Sea region, respectively.
Vessel lengths are 342.77 um in the Mediterranean
Region and 416.84 um in Black Sea region. Vessel
frequencies, which are another important feature in
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Mediterranean region and 155.68 in Black Sea region.

Based on these wvalues mesomorphy and
xeromorphy ratios were calculated as 26.03 and 54.92
in the Mediterranean region and 71.98 and 28.96 in
Black Sea region, respectively (Table 1).

Results for Laurus nobilis L.

In this small tree species diameter of vessel
elements and vessel lengths are smaller in the
Mediterranean region. In the Mediterranean region,
average tangential diameters of vessels are 41.33 in
carlywood, and 25.29 um in latewood. These values are
48.81 and 18.54 um in Black Sea region, respectively.
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Vessel lengths are 33255 um in the Mediterranean
Region and 416.6 pm in Black Sea region. Vessel
frequencies, which are another important feature in

ecological wood anatomy,

are

111.29

in

the

Mediterranean region and 56.64 in Black Sea region.

Table 3. The results for Myrtus communis.

Based on these wvalues mesomorphy and
xeromorphy ratios were calculated as 103 and 14.91 in
the Mediterranean region and 255 and 8.41 in Black Sea
region, respectively (Table 2).
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Table 4. The results for Phillyrea latifolia.
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Results for Myrtus communis L.

In this shrub species diameter of vessel
elements and vessel lengths are smaller in the
Mediterranean region. In the Mediterranean region,
average tangential diameters of vessels are 19.86 in
eatlywood, and 10.98 um in latewood. These values are
28.03 and 17.16 um in Black Sea region, respectively.
Vessel lengths are 441 pm in the Mediterranean Region
and 460.08 um in Black Sea region. Vessel frequencies,
which are another important feature in ecological wood
anatomy, are 314.16 in the Mediterranean region and
248.67 in Black Sea region.
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Based on these values mesomorphy and
xeromorphy ratios were calculated as 21.76 and 79.24
in the Mediterranean region and 42.1 and 47.27 in
Black Sea region, respectively (Table 3).

Results for Phillyrea latifolia L.

In this shrub species diameter of vessel
elements and vessel lengths are smaller in the
Mediterranean region. In the Mediterranean region,
average tangential diameters of vessels are 17.65 in
carlywood, and 9.66 um in latewood. These values are
22.66 and 6.54 pm in Black Sea region, respectively.
Vessel lengths are 343.13 um in the Mediterranean
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Region and 354.67 um in Black Sea region. Vessel
frequencies, which are another important feature in
ecological wood anatomy, are 345.15 in the
Mediterranean region and 196.05 in Black Sea region.

Based on these values mesomorphy and xeromorphy
ratios were calculated as 14.25 and 98.08 in the
Mediterranean region and 27 and 65.08 in Black Sea
region, respectively (Table 4).

Table 5. The results for Spartium junceun.

z z 2 2 3 3 3
7]
= > o O - w O - <]
s E z g § €3 € <£g ¢ &z &
=) = Z > >
2 3 & = ¢ 23 2% Bz &% £3 1%
5 2 T 3 3& 3. 5§ 51 EF Ei g &%
Y £ g o g 2 2 2t 2% 2% $2 8% s $%
0 E ° & E 3 o RN o g 58 82 &% g < PRE] g £
& 5 3 S & > > = > = >8 58 =8 =B X3 XB
46.73 69.26 75.00
Earlywood (89 (2134 ) (t141) 0.31 46.93 10.97
1 150.8 269.37 0.12 17.92 46.4
g Latewood 17.3 2132 (3299 19428 (1389 0.04 ' 6.71 ' 81.83 .
B (£4.1)  (£6.25) (£25.0) : : :
2]
2
- Earlywood %772 i‘if‘; iélf; 0.28 39.52 13.61
g 5 @97 (F112) 1432 (*14.9)  269.01 - 16.65 133
8 +195) (+44.7) 0. 6.65 51.3]
£ Latewood 1485 1856 (E1 18255 TR 04 5.83 89.05
3 W (*29) (4.7 (£29.9) : : :
-
9 39.92 47.82 78.17
= Earlywood (*9.1) (*10.9) (+13.) 0.26 35.64 14.43
3 139.6 23504 0.1 15.49 54.79
Latewood 12.25 1438  (£19.8) 156.88 (£38.9) 004 ' 545 ' 0515 )
Atewoo (*2.8)  (£34) (£26.1) : : :
. 44.79 57.24 79.91
Average of Earlywood 92 (+11.8) (+14.1) 0.28 40.7 13.00
. 144.53 257.81
Mediterranean + n 0.12 16.69 50.84
tegion Latewood 14.8 1808  (£23.0) 177.9 F40D o4 6 88,68
atewoo (£33)  (+49) (£27.0) ' :
. 47.13 38.43 36.16 .
Earlywood (+12.6) (*+12.3) (+7.7) 0.65 104.72 6.87
161.70 74.88
1 ) 4 o 0.48 78.19 10.76
Latewood 25.29 1956 (£224) 38.72 (£16.0) 033 5281 T
. Atewoo 61 (*5.0) (£8.4) ' e -
=}
B 55.82 40.11 44.48
B : . ) :
™ Earlywood 7.5 (*11.1) (+10.6) 0.63 90.99 7.72
3 2 145 96.88 0.41 59.81 1339
@ 24.11 2035  (£19.9) 52.4 (*+22.9) ' ' ’
Latewood . : . 0.23 33.35 19.06
e *7.0)  (£5.0) (+12.4)
)
Earlywood 17'52 17'94 i2'64 0.45 59.28 10.04
5 (*F149)  (£164) 13132 (£12.9) 105.2 034 4403 14
23.02 2035  (£189) 52.56 (*26.1) ' ' 7
Latewood > - Y 0.22 28.76 19.50
(58  (*6.9) (£13.4)
50.16 38.83 44.43
Average of Earlywood (+15.0) (+13.3) (+10.4) 0.58 85.00 8.21
Black Sea 146.01 92.32 0.41 60.68 12.89
: 24.14 2007 (204 47.89 (*21.7) ' ' '
region Latewood (*6.3) (*5.6) (+11.4) 0.26 38.31 17.57

Results for Spartium junceum L.

In this shrub species diameter of vessel
elements and vessel lengths are smaller in the
Mediterranean region. In the Mediterranean region,
average tangential diameters of vessels are 44.79 in
earlywood, and 14.8 um in latewood. These values are
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50.16 and 24.14 pm in Black Sea region, respectively.
Vessel lengths are 14453 um in the Mediterranean
Region and 146.01 um in Black Sea region. Vessel
frequencies, which are another important feature in
ecological wood anatomy, are 257.81 in the
Mediterranean region and 92.32 in Black Sea region.
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Based on these values mesomorphy and
xeromorphy ratios were calculated as 16.69 and 50.84
in the Mediterranean region and 60.68 and 12.89 in
Black Sea region, respectively (Table 5).

DISCUSSION AND CONCLUSION

Regional comparisons of quantitative features,
which are vessel diameters, vessel lengths, vessel
frequencies, mesomorphy and xeromorphy ratios reveal
significant  differences. The compatisons and
conclusions are given below.

Comparison of quantitative characteristics of
vessel elements

Vessel features, which are used in calculating
of mesomorphy and xeromorphy, were compared to
find the regional differences (Table 6). Comparisons
were performed in detail using the radial and tangential
diameters of vessels in eatlywood and latewood, vessel
lengths, vessel frequency in eatlywood, latewood and
whole wood. The t-test values were statistically
significant at least 95% confidence level.

In  Phillyrea latifolia tangential diameters of
vessels of eatlywood in the Mediterranean and Black
Sea samples were 17.65 pm, 22.66 um, respectively, and
t-test 5.12 (**%), radial diameters were 22.30 um ve
19.07 um and t-test 3.12 (**). The t-test showed that
the regional differences were much higher and highly
significant in tangential diameters of vessels (Table 0).
Similar results were found in the other species. Only in
Lanrus  nobilis, radial diameter of eatlywood and
latewood revealed insignificant t-value.

Regional comparisons of vessel element
lengths revealed high and significant t-test values at the
99.9% confidence level in Arbutus andrachne and Laurus
nobilis. On the contrary the rest three species, Phillyrea
latifolia, Mrytus communis and Spartinm juncenm, t-values
were low and insignificant. These results showed that
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different growing site conditions were not effective on
the vessel lengths.

Vessel frequency is higher in dry conditions of
lower altitudes and cold conditions of upper zones. On
the contrary it is low in wet conditions. In dry
conditions the less amount of soil water can be
transported to the leaves on the tips of trees within
narrower vessels. While decreasing diameters of vessels,
number of them increases in the same wood. With this
adaptation water transport can be made efficiently, and
cavitation can be restricted with this adaptation. The
regional comparisons of vessel frequencies in this study
showed dramatic results. All t-test values are statistically
significant at the 99.9% confidence level. This result
also showed that the most important adaptation to dry
conditions is increasing vessel number per one square
mm in the Mediterranean Region (Table 8). For
example in Phillyrea latifolia vessel frequency was 345.15
in the Mediterranean Region and 196.05 in Black Sea
Region. The t-value was 10.61 (***). The highest
difference was obtained in Spartium junceum. In this
species vessel frequency was 257.81 in the
Mediterranean region and 92.321 in Black Sea region. t-
value between them was 25.39 (***) (Table 8).

Comparison and evaluation of mesomorphy and
xeromorphy ratios

All differences in vessel diameters, lengths and
frequencies also reflect mesomorphy and xeromorphy
ratios (Table 9). Cartlquist (1977) proposed 50 as limit
value for mesomorphy. Over values of 50 are
considered mesomorpic (humid) conditions, and under
values represent xeromorphic conditions. Later,
Carlquist revised this value as 75. In Turkey wood
anatomists accept this value as 75 in general (Ersen
1999; Ersen Bak 2006; Yaman 2002; Serdar 2003;
Saribas ve Yaman 2004; Gergek e al. 1998).
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Table 6. Vessel diameters of the species (um) and their regional comparisons and t-values.

Eurasian Journal of Forest Science 1(1): 20-37 (2013)

Arbutus andrachne Spartium juncenm Myrtus communis Phillyrea latifolia

Laurus nobilis

= Earlywood Latewood
%]
g Tangential Radial Tangential Radial
L
g Mean 17.65 22.30 9.67 11.40
= Stddeviation 4.48 5.57 2.47 3.37
- Earlywood Latewood
L
g Tangential Radial Tangential Radial
= Mean 22,66 19.07 6.54 13.13
Std.deviation 5.26 4.74 2.04 2.78
t-test 5.12 3.12 6.89 2.80
= Earlywood Latewood
o
=
g Tangential Radial Tangential Radial
[
;E Mean 19.86 24.57 10.98 11.60
= Stddeviation 5.01 5.10 2.17 243
Earlywood Latewood
<
(]
< Tangential Radial Tangential Radial
o
&  Mean 28.03 22.89 17.16 16.83
Std.deviation 6.58 5.06 4.82 454
t-test 6.99 1.65 8.27 7.18
= Earlywood Latewood
u
g Tangential Radial Tangential Radial
-,% Mean 44.79 57.24 14.80 18.08
U
= Std.deviation 9.23 11.83 3.28 4.78
Earlywood Latewood
<
o
g Tangential Radial Tangential Radial
&  Mean 50.16 38.83 24.14 $2120.09
Std.deviation 15.00 13.26 6.29 5.64
t-test 2.16 7.32 9.31 1.92
g Earlywood Latewood
v
g . . . .
g Tangential Radial Tangential Radial
g Mean 26.38 3227 16.86 16.89
= Std.deviation 5.49 8.42 431 447
Earlywood Latewood
<
()
:U Tangential Radial Tangential Radial
&  Mean 33.16 25.92 18.87 16.10
Std.deviation 6.64 6.06 5.66 427
t-test 5.57 4.33 2.00 0.90
9 Earlywood Latewood
v
g Tangential Radial  Tangential Radial
o
&5 Mean 4133 44.03 25.29 23.42
= Stddeviation 8.77 10.84 6.33 7.11
- Eatlywood Latewood
v
ﬁu Tangential Radial Tangential Radial
7  Mean 48.81 43,77 18.54 24.11
Std.deviation 7.14 8.55 6.30 5.68
t-test 4.67 0.13 5.34 0.54
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Table 7. Vessel element lengths of the species (um) and their regional comparisons and t-values.

Vessel element lengths (um)

A.andrache L.nobilis M.communis P.latifolia S.juncenm
g 342.77 332.55 441.00 343.13 144.53
& Mean
g
3
s Std. Deviation 40.69 99.27 79.86 61.05 23.07
=
3 Mean 416.84 416.59 460.08 354.67 146.1
&
5‘ Std. Deviation 108.09 81.29 106.80 4543 20.42

t-test 5.34 4.63 1.01 1.07 0.34

In the present study all mesomorphy values
except that in Lawurus nobilis are lower than this limit
value, 75, and show dry conditions in general (Table 9).
However, these values are higher in Black Sea region
than the Mediterranean region. Wood anatomy also
indicates that Black Sea conditions ate more humid
than that of the Mediterranean conditions. For
example, in Arbutus andrachne mesomorphy ratio is
26.03 in the Mediterranean region and 71.98 in Black
Sea region. The difference is very clear and shows that
growing conditions for this species dry in the
Mediterranean region and medium in Black Sea region.
Mayer and Aksoy (1998) stated that maquis is relict in
Black Sea region and therefore climate in some areas
shows transition characteristics from the Mediterranean
to Black Sea climate. For that resason, mesomorphy
ratios are generally under the limit value, 75.

Ersen Bak (2006) stated that mesomorphy
ratios higher in trees than those of shrubs in the family
Oleaceae. In our study a similar result was obtained.
Lanrus nobilis, which is a tree/small tree, produced

higher mesomorphy ratio than others, which are shrubs.

The values are 103 in the Mediterranean and 255 in
Black Sea region, respectively (Table 9).
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On the other hand, Yaman (2008) developed
a method “xeromorphy” showing the effect of dry
conditions on vessel element features. Differently from
mesomorphy ratios, xeromorphy values are higher in
dry conditions and lower in humid areas (Table 9). For
example, in Arbutus andrachne xeromorphy ratios are
54.92 in the Mediterranean region and 28.98 in Black
Sea region. In Black Sea region temperature is lower,
and precipitation is higher. Therefore xeromorphy
ratios are less in general (Table 9).

Mesomorphy ratios are very changeable.
However regional differences might clearly be seen in
most of species. Demir (2003) found regional
differences in T#ia L. species. All mesomorphy values
were over 75. However these values in T7/4a are around
100 in the Mediterranean region and around 350 in
Black Sea region.

The lowest mesomorphy values in Turkey were
determined in endemic Rbamnus L. species growing in
the Mediterranean region (Akkemik et al. 2007).
Rbammus species grow generally on the stony areas and
they are shrubs. In the present study all shrub species
revealed about the similar mesomorphy ratios except
Laurus nobilis characteristics.
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Table 8. Vessel frequencies of the species and their regional comparisons and t-values.

N Eatlywood (1/2 mm? Latewood (1/2 mm?) Vessel number per 1mm?2
'_g) Mean 207.17 137.97 345.15
% = Std. Deviation 49.86 3791 87.28
§ 3 Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?2
A ,“g Mean 108.83 87.23 196.05
¥ Std. Deviation 28.32 19.57 47.44
t-test 12.13 8.41 10.61
3 Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
T  Mean 187.95 126.21 314.16
§ - Std. Deviation 69.38 25.26 35.44
§ 3 Earlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
= % Man 153.17 95.50 248.67
Q Std. Deviation 39.47 27.26 65.45
t-test 3.08 5.84 6.22
N Earlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
'_g) Mean 79.91 177.90 257.81
§ - Std. Deviation 14.09 26.99 40.68
§ -% Earlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
78 Mean 44.43 47.89 92.32
¥: Std. Deviation 10.39 11.42 21.67
t-test 14.34 31.37 25.39
A Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
T  Men 114.28 164.94 279.22
§ - Std. Deviation 25.24 29.63 46.57
§ 3 Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
< F;:U; Mean 75.49 80.19 155.68
Q Std. Deviation 10.32 13.02 23.15
t-test 10.06 18.52 16.80
x Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per Tmm?
$  Mean 50.52 60.77 111.29
§ = Std. Deviation 6.14 6.50 12.54
§ '% Eatlywood (1/2 mm?) Latewood (1/2 mm?) Vessel number per 1mm?
= T Mean 22.93 3371 56.64
2 Std. Deviation 5.94 6.46 12.24
t-test 22.83 20.89 22.05
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Table 9. Mesomorpy and xeromorphy ratios of the species.

The Mediterranean

Species Region Black Sea Region
A. andrachne 26.03 71.98
&= L. nobilis 103 255
&
£ M. comminis 21.76 2.1
3
= P. latifolia 14.25 27
S. juncenm 16.69 60.68
A. andrachne 54.92 28.96
B L. nobilis 14.91 8.41
&
g M. comminis 79.24 4727
S
4 P. latifolia 98.08 65.08
S. juncenm 50.84 12.89

One of the high mesomorphy values was
calculated as 1295 for Ostrya carpinifolia Scop. growing in
Cide-Sehdagr by Gercek et al. (1998). This result
showed that the growing conditions were very humid
for this species. Yaman (2002) stated that 175.79 was
an average mesomorphy value for wild cherry in the
west Black Sea region. Ersen Bak (2006) found the
highest mesomorphy value as 2363 in Fraxinus
angustifolia subsp. oxycarpa because of growing in very
humid condition and in Longos forest. She also
indicated that shrub species in Oleaceae revealed
xeromorphic characteristics, whereas tree species
showed mesomorphic characteristics. In our study four
shrub species have xeromorphic features. On the
contrary Lanrus nobilis has mesomorphic Mediterranean
and 255 in Black Sea region, respectively (Table 9).

Vulnerability ratio indicates the capacity of
resistance to lower water pressure and freezing
condition. The values of 1.0-2.5 for vulnerability show
mesomorph characteristics. A value under 1 indicates
that vessel frequency was high and plant needs safety in
conductance of water under lower water pressure
(Carlquist 1977, 1988). In both the Mediterranean and
Black Sea regions vulnerability ratios in five species
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were under 1.0 (Table 1-5). This result indicates that
plants adapted to conduct water safely in two regions.
Within these 5 species the highest one (0.61) was
calculated in Lawurus nobilis.

Finally this ecological wood anatomy study
may reveal that

(1) The coastal parts of Black Sea and the
Mediterranean  regions  show  xeric
conditions for the shrubs in general.

(2) Mesomorphy ratios are lower in shrubs
and higher in trees.

(3) Wood formation shows more xeric
conditions in the Mediterranean region.

(4) The most important adaptation to dry
conditions is increasing vessel number per
one square mm in the Mediterranean
Region. Vessel frequency increases to
uptake water safely to the leaves at the tip
of plant.
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Yapilandiriimig Ozet!
Girig

Son yillarda odunun anatomik Ozelliklerine ekolojik faktorlerin etkilerinin arastirildigt calismalar yogunluk
kazanmistir. Odun anatomisi ¢alisan bazi bilim insanlart ekolojik odun anatomisi ¢alismalarinda odun anatomisi 6zellikleri
ile ekolojik faktorleri iliskiye getirirken trahe 6zelikleri (trahe hiicre uzunlugu, trahe ¢api, mm?deki trahe sayist) yardimi ile

hesaplanan “mesomorfi” ve “vulnerabilite” degerlerini tiit, cins ve familya diizeyinde veya bir bolge florasinin timi icin
kullanmaktadir.

Ekolojik odun anatomisi terimi 1970 yillarda kullanilmaya baslandiktan sonra diinyanin farkli tlkelerinde
(Carlquist 1975, 1977, 1988; Baas ve Carlquist 1985; Fahn ve ark. 1986; Baas ve Schweingruber 1987; Alves ve
Angyalossy-Alfonso 2000; Appelhans ve ark. 2012) ve Turkiye’de (Yaltrik 1971, Sanlt 1978; Ersen 1999; Ersen Bak 20006;
Merev ve Yavuz 2000; Serdar 2003; Yaman 2003; Akkemik ve ark. 2007) 6nemli ¢alismalar yapilmis ve konunun 6nemi
daha da iyi anlasilmaya baslanmustir.

Bu calisma; Akdeniz ve Karadeniz Bolgelerinde dogal olarak yetisen 5 maki elemaninin odunlart incelenerek,
farkli ekolojik kosullar altinda, odunlarin  anatomik Ozeliklerinde meydana gelen farkliliklart ortaya ctkarmak ve bu
farkliliklarin bolgesel olarak karsilastirilmasi amaciyla gerceklestirilmistir.

Materyal ve Yontem

Calisma alaninda dogal olarak yetisen odunsu taksonlara ait 6rnekleri, yetisme alaninda iyi ve dizgin gévdeye
sahip cali ve kiiciik agaclardan kékbogazi ile dallanmanin bagladigr yer arasinda orta noktadan gévde kesiti alinarak elde
edilmistir. Akdeniz Bolgesi’nde, ¢alistlan 5 maki elemaninin her biri i¢in 3’er 6rnekten 15, Karadeniz Bélgesi’'nde de ayni 5
maki elemaninin 3’er 6rneginden 15%er olmak tizere toplam 30 6rnek tzerinde calisilmigtir.

Ornek alinan odun materyalleri laboratuarda 1.5x1.5x1.5 cm. boyutlarinda kiipler haline getirilmistir. Elde dilen
kipler, alindiklar1 yoreler ve 6rnek agaclart belirten kodlar tGzerlerine yazildiktan sonra beher igerisinde damutik su igerisine
konularak kaynatilmis, bdylece odun dokusu igerisindeki havanin disartya cikartilmast saglanmistir. Kaynatmanin yeterli
olup olmadigini kontrol etmek icin beher icerisine soguk damitik su eklenerek kiiplerin dibe ¢oktiigh gortildiikten sonra
kaynatma islemine son verilmistir. Ardindan standart kesit alma ve preparat yapma teknikleri uygulanarak preparatlar
yapilmstir.

Hazitlanan peparatlar tzerinde trahe radyal ¢apy, trahe teget ¢apt, 1/2 mm?¥deki ilkbahar odunu trahe sayist,
1/2 mm¥deki yaz odunu trahe sayist ve 1 mm? ‘deki trahe sayilari belitlenmistir. Maserasyon ile serbest hale getirilen
odun elemanlarindan trahe hiicre uzunlugu 6lgiilmistiir. Olgiim ve sayimlarda n=50 olarak kabul edilmistir. Ol¢iim ve
sayimlarda S. Carlguist, 25’1, lawa Commitee, 25-50yi esas almaktadir (Carlguist 1986, 1988; Iawa Committee 1989).

Ekolojik odun anatomisinde trahe hiicrelerinin nicel 6zeliklerine biyitk 6nem verilmektedir. Bu konuda en
onemli Szelikler: trahelerin teget capt, mm? de trahe sayisi (trahe yogunlugu), trahe hiicre uzunlugu, gruplardaki trahe
sayist ve perforasyon tablasindaki bar sayisidir. Odunun ve odundaki hiicrelerin fizyolojik fonksiyonu birka¢ ekstrem
hicrenin aksine islevsel olan hucrelerin  ¢ogunlugu tarafindan  belitlendigi i¢in, o6lctimlerle ilgili verinin
degerlendirilmesinde her nicel 6zeligin ortalama degerlerinin kullamlmast en uygun yoldur. Trahe ¢api ile ilgili olarak
trahenin dis capt yerine limen ¢apinin Slciilmesi fizyolojik fonksiyon agisindan en ideal dusiincedir. Geleneksel olarak
trahenin dis ¢apt kullanilmasina karsin, ginimizde birgok arastirict liimen ¢apint kullanmaktadir (Carlquist 1988).

Trahe cap Slgimleri ilkbahar ve yaz odunu trahelerinin radyal ve teget caplari olarak toplam bes tiir iki bélge icin
toplam 3000 adet Slgiim yapilmustir. Olciimlerde her bir degisken igin n=50 &lgiim yapilmistir. Rendle ve Clarke (1934)
tarafindan trahe gruplarini saymak biciminde karsit bir agtklama getirilmis olmasina ragmen mm? deki trahe sayist her bir
trahe sayilarak hesaplanmalidir. (Carlquist 1988). 2 mm? ilkbahar odunu trahe sayist ve 2 mm? yaz odunu trahe sayist
Slciliitken n=50 olarak alinmustir. Toplam olarak Akdeniz ve Karadeniz Bélgelerinde toplam 1500 adet sayim yapilmustir.

Trahe hiicreleri liflerin ayirma yontemiyle bozulmaya ugramadan ayrilabilirler. Trahe hiicre uzunlugu 6l¢tliirken
dikkat edilmesi gereken ugtan uga yani perforasyon tablalarin arasint 6l¢tilmesi gerekmektedir (Sanli, 1978). Trahe digerine
uclardaki ¢ikintilart da kapsayacak bicimde 6l¢ilmektedir. Cogu arastirict tarafindan kullanilan bu metot Carlquist (1988)
tarafindan onaylanmaktadir. Trahe hiicre uzunlugu n=50 olarak Sl¢tilmistir.

Trahe capi, trahe yogunlugu ve trahe hiicre uzunlugunun eckolojik faktorlerle yakin korelasyon gostermesi
nedeniyle Carlquist tarafindan iki oran gelistirilmistir (Carlquist1988). Bunlar “Vulnerabilite” ve “Mezomorfi” oramdir
ve asagidaki bicimde hesaplanir:

! Expanded abstract in Turkish.
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Vulnerabilite= Trahe Teget Capt / mm?deki trahe sayis

Vulnerabilite= Trahe Teget Capt / Trahe Yogunlugu

Mezomotfi = (Trahe Capt / mm?de trahe sayist) x Trahe Hucre Uzunlugu
Mezomorfi = Vulnerabilite Orani x Trahe Hiicre Uzunlugu

Bu esitlikle beraber, Yaman  (2008) tarafindan gelistirilen “Kseromotfi Orani” da hesaplanmis ve
karsilastirmalarda kullanilmustir.

Kseromorfi = (2 x(V(a2 + b2)/2)/ab x )

(a: trahe teget cepeti/2; b: trahe radial ceperi/2; f: mm?deki trahe sayisy)

Olgiim sonuglarinin karsilastirmasinda da t-testi uygulanarak benzerlik ve farkliliklar incelenmistir.
Tartisma ve Sonug

Turkiye’nin Akdeniz ve Karadeniz Bolgelerinde dogal olarak yetisen 5 makinin farkli ekolojik kosullarda
olusturdugu odunlarinin anatomik 6zelliklerinin karsilastirmast yapilmis ve bolgesel olarak belirgin farklara ulagtlmistir
(Tablo 1-5). Tlkbahar ve yaz odunu trahelerinin teget ve radyal caplari, t-testi uygulanarak karsilastirildiginda, t-testi
degerlerinin genel olarak %99.9 giiven diizeyinde anlamli oldugu saptanmugtir (T'ablo 6).

Ekolojik odun anatomisi ¢alismalarinda kullanilan temel kriterlerden birisi, ekolojik kosullarin etkisini belirgin
sekilde yansittgindan dolay, trahelerin teget caplaridir. Bu 6zellik ¢alistigimiz tirlerde de ortaya cikmustur. P. /atifolia’da,
Akdeniz ve Karadeniz Bolgesi’ndeki 6rneklerin trahelerinin teget ¢aplart sirastyla, ilkbahar odununda 17.65 pm, 22.66 um,
t-testi de 5.12 (***)’dir; radyal ¢ap ise 22.30 pm ve 19.07 um olup, t-testi 3.12 (**)’dir. Genel olarak t-testi sonuglari,
teget ¢caplarda ¢ok daha yiiksek degerler verirken, radyal ¢aplarda daha dustktir (Tablo 6).

Calistlan tutlerin trahe boylarinin karsilastirmast ve t-testi sonuglart Tablo 7’ de verilmistir. Trahe boylart A.
andrachne ve L. nobilis turlerinde, bolgesel farkliligs %99.9 giiven diizeyinde yansitirken, diger ¢ tirde boy farkliliklart
anlamsiz sonuglar vermistir (Tablo 7).

1 mm?deki trahe sayilari, kurak kosullarda artarken, nemli kosullarda azalmaktadir. Az olan suyun emniyetli bir
sckilde iletilebilmesi i¢in, su iletim borularinin ¢aplarinin azalmasi ve gaz embolisi sorununun ortadan kaldirilmasi
gerekmektedir. Kurak kosullarda trahe ¢aplarinin azalmast gaz embolisi sorununu en aza indirmektedir. Nemli kogullarda
ise su iletiminde sorun yasanmadigindan trahelerin caplart daha genis ve sayilart da azdir. Bu calisma kapsaminda, 1
mm?deki trahe sayisinin karsilastirmast da garpict sonuglar ortaya koymustur (Tablo 8). Butiin degerler, 2 mm? ilkbahar
ve yaz odunu ile 1 mm?deki trahe sayilari, %99.9 giiven dizeyinde anlamli olan farkliliklar gbstermistir. P. /atifolia’da
bolgesel farklilik karsilastirldiginda, Akdeniz Bolgesi'nde 1 mm?deki trahe sayist ortalama 345,15 iken, Karadeniz
Bolgesi'nde 196.05’dir. Bu deger %99.9 giiven diizeyinde anlamli bir farktir. En carpici farklar S. juncenm tirinde elde
edilmistir. Bu tiirtin Akdeniz Bolgesi 6rneklerinde 1 mm? deki trahe sayist 257.81 iken, Karadeniz Bélgesi 6rneklerinde
92.32 olarak bulunmustur. Tir icin, her iki bolge ekolojik acidan belirgin sekilde anatomik farkliliklar ortaya koymustur
(Tablo 8).

Trahelerin teget caplari, boylart ve 1 mm? deki sayiarinda ortaya cikan butiin bu  farkliliklar, vulnerabilite,
mezomorfi ve Kseromorfi oranlarina yansimakta ve bu degerlerin de anlamli bir sekilde farkli ¢tkmasina neden olmaktadir

(Tablo 9).

Carlquist (1977) tarafindan mezomorfi oraninda 50 degeri sinir kabul edilmis ve bu degerin altindaki degerler
kurakeil kosullari, dstindeki degerler de nemcil kosullart géstermektedir. Bunun sonrasinda, Carquist (1988), mezomorfi
degerinin 75 ve tzerinde olmast durumunda ekolojik kosullarin nemli, altinda olmast durumunda da kurakcil oldugunu
belirterek, bir degisiklige gitmistir. Ulkemizde yapilan ¢alismalarda ise, genellikle 75 degerinin alinmast yoniinde bir egilim
olusmustur (Gergek ve ark.1998; Ersen 1999; Yaman 2002; Serdar 2003; Sartbas ve Yaman 2004; Ersen Bak 2000).

Bu calismada L. nobilis disinda kalan diger tim tlrlerde mezomorfi oranlarinin tamamu her iki bélgede de 75
stirinin altinda bulunmustur (Tablo 9). Bununla beraber, Karadeniz Boélgesi’ndeki kosullar, Akdeniz Boélgesi’ndeki
kogullara gbre daha elverisli oldugundan, tir i¢ci mezomorfi oranlar, Akdeniz Bolgesi'ndekilere oranla daha ytksek
bulunmustur. A. andrachnenin  Akdeniz Bolgesi 6rneklerinde mezomorfi degeri 26.03 iken, Karadeniz Bolgesi
orneklerinde 71.98 olup, her ikisi arasinda ¢ok belirgin bir fark bulunmaktadir. Mayer ve Aksoy (1998), Karadeniz Bolgesi
makilerinin Akdeniz kalintist oldugunu belirtmektedir. O nedenle, mezomorfi oranlarinin 75 sinirinin altinda olmast
kismen de olsa Karadeniz Bolgesi’nde, Akdeniz iklimine yakin alanlarin oldugunu gostermektedir.
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Ersen Bak (2006), Oleaceae familyasinda mezomorfi oranlarinin aga¢ formlu olanlarda, calilara gére daha yiiksek
oldugunu belirmistir. Bu ¢alismada da benzer bir sonuca ulasilmistr. L. nobilis agag/agageik formunda oldugundan,
mezomorfi oranlari, ¢ali formunda olan diger titlere oranla olduke¢a yitksek c¢ikmustir (Tablo 9). L. mobiliste Akdeniz
Bolgesi’nde mezomorfi 103 iken, Karadeniz Bolgesi’nde 255’dir. Her iki deger de mezomorf karakteri yansitmakta ise de,
Akdeniz Bélgesi'nin daha kurakcil oldugunu gostermektedir. Diger 6rneklerin tamaminda butin degerler 75 sinirinin
altinda olup, Akdeniz Bolgesi’nde daha disiiktiir. Mezomorfi oranlarindaki en carpict farklilik S. juncenn tirtinde tespit
edilmistir.

Diger yandan, Yaman (2008) tarafindan ortaya konan kseromorfi oranlari da hesaplanarak, bolgesel farkliiklar
denetlenmigtir. Mezomorfi oranlarna benzer bir sekilde kseromorfi oranlarinda da belirgin farklar bulunmustur.
Mezomorfi degetleri, kosullar kuraklastik¢a diigerken, kseromorfi degerleri yitkselmektedir. Bu yonteme gore de, Akdeniz
Boélgesi'nin Karadeniz Bélgesi'ne gore daha kurakeil oldugu Tablo 9’da gériilmektedir. Ornegin A. andrachne tiriinde
Akdeniz Bolgesi 6rneklerinde kseromotfi orani (54.92) oldukea yiksek iken, Karadeniz Bélgesi 6rneklerinde dustktiir
(28.96). Benzer sonuglar diger turler icin de bulunmustur.

Turkiye’de yapilan ekolojik odun anatomisi ¢aligmalarindan bolgesel farkliligi ortaya koyan bir diger calisma da
Demir (2003) tarafindan ihlamurlar tzerinde gergeklestirilmistir. Bu galismada mezomorfi degerlerinin tamamit 75
stnirinin Uzerinde (mezomorf) olmasina karsin, Akdeniz Bolgesi kosullarinda, Karadeniz Bolgesi kosullarina gére daha
duastk ¢tkmustir.

Ulkemizde en diisitk mezomorfi degerleri Akkemik ve dig (2007) tarafindan Akdeniz Bélgesi endemik Rhamnus
tiirlerinde bulunmustur. Uzerinde calislan endemik Rbamnus tiirleri kayalik yamaglarda yetistiginden, yetisme ortami
kosullar1 belirgin sekilde kurakeil ctkmustir. Bu calismada da mezomorfi degetleri, L. nobilis tirt disinda, digetlerinde
Rbamnus titlerine benzer sekilde oldukea disiktir. Gereek ve dig. (1998), Ostrya carpinifolia ile ilgili ¢calismada Dogu
Karadeniz, Bati Karadeniz ve Dogu Akdeniz’den aldiklari odun 6rnekletinin anatomik ¢alismalarinin neticesinde
mezomorfi oranlart hesaplanmis ve Bati Karadeniz’de 873.5, Dogu Karadeniz’de 448.7, Dogu Akdeniz’de ise 539.0 olarak
hesaplanmistir. En yitksek deger (1295) Cide-Sehdagi’nda alinan 6rneklere aittir. Ttrkiye’de ekolojik odun ¢aligmalarinda
yukseltiye bagli olarak odunun anatomik Ozelliklerindeki degisimler incelenmis, mezomorfi ve vulnerabilite oranlar
hesaplanmistir. Bu calismalardan biri Yaman (2002) tarafindan yabani kiraz tzerinde calisma yapmistir. Bu calismada
ortalama mezomorfi oran 175,79 olarak bulmugtur. Mezomorfi oranin 75 degerinin Gstinde olmast yabani kirazin
mezomorfik karakterde oldugunu gostermektedir. Ersen Bak (2000), Oleaceae familyasi taksonlarinda mezomorfi
oranlarini hesaplamus en yiksek degeri Fraxinus angustifolia subsp. oxycarpa taksonunda 2363 olarak bulmustur. Bu tirin
subasar ormanlarda ve yags oranin yiiksek oldugu alanlarda yayilis gosterdigini vurgulamustir. En digiik degerin ise agag
tirlerinden F. ormus subsp. cilicia tirinde 809 olarak hesaplamustir. Bu tiriin daha kurak alanlarda yayilis gosterdigi
belirtilmistir. Oleaceae familyasinin ¢ali tirlerinde mezomorfi orani 75’e yakin veya altinda hesaplanmustir. Bu familyada calt
taksonlarinin kserofit bitkiler, yetisme alanlarinin da kserofit alanlar oldugunu belirtmistir. Bu calismada da, calt tiirleri
kserofit, aga¢/agaccik formunda olan Akdeniz defnesi, mezofit olarak degetlendirilmistit.

Vulnerabilite orani icin elde edilecek diigiik bir deger su basincina ya da donma kogullarina dayanikli olma
kapasitesini vurgulamaktadir. Vulnerabilite oranmin 1.0-2.5 degerleri arasinda olmast mezomorf karakterliligi
gostermektedir. Bu oranin 1.0 degerinin altinda olmasi trahelerin birim alanda fazla sayida bulundugu ve digik su basinct
altinda daha buyiik bir su iletme emniyeti isaret etmektedir (Carlquist 1977, 1988). Akdeniz ve Karadeniz bolgelerinde
calisilan 5 tiriin vulnerabilite orant  (Tablo 1-5) her iki bélgede de 1.0 degerinin altinda olmast su emniyeti acisindan
anlamli bir sonucu ifade etmektedir. Calisilan tirler icerisinde en ylksek deger (0.61) L. nobilisin Karadeniz Bolgesi
orneklerinde bulunmustur.

Sonug olarak elde edilen ekolojik odun anatomisine ait veriler asagidaki sekilde 6zetlenebilir:
1 Genel olarak her iki bolgedeki ¢alilar kurakeil kosullarin varligint yansitir.
(2 Calilardaki mezomorfi orant agaglara gore daha disuktir.

3 Her iki bolgede de benzerlik olmasina karsin Akdeniz Bolgesinin daha kurak olan iklimi etkisiyle odun
olusumu daha yiiksek oranda kurakgillik 6zelligi olusturmustur.

“4) Kurak kosullara karst adaptasyonda cesitli elemanlarda degisiklikler meydana gelir. Bu ¢alismayla, incelenen
tirlerdeki en biyiik adaptasyonun birim alandaki trahe sayilarinda ortaya ¢ikan degisim oldugu gorilmistir. Trahe sayist
Akdeniz Bolgesi’nde artarken Karadeniz Bélgesi’nde daha disiktir. Bu durum suyun emniyetli bir sekilde ve kavitasyona
ugramadan tepedeki yapraklara kadar ulagmasint saglayan bir 6nlemdir. Béylece Akdeniz Bélgesindeki yaz kurakligindan
dolayt su iletiminde emniyet daha da 6n plana ¢ikmistir. Calisilan 5 tirde de perforasyon tablasinin basit tipte olmast da
iletimde etkenligi artiran bir durumdur.
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