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Figure 1. Location of Brant, Oak individuals in the study area
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Figure 1. The method of measuring different traits of leaf with modification (Taleshi & Babarabi, 2013)
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Table 1. Different traits investigated of leaf traits for Q. brantii

Slio sy Sz
Attributes Unit Abbreviation
1 Height of the tip to the widest part of the leaf (mm) HTL
2 veins Extension (mm) CVL
3 Leaf dry weight (gr) WDL
4 Skewness SKE
5 Maximum width of leaf (mm) MWL
6 Angle between the major and minor veins D) AMM
7 Sinuses angular of leaf (D) SIA
8 Leaf base angle (D) LBA
9 Leaf tip angle D) LTA
10 Length of leaf (mm) LOL
11 Length of petiole (mm) LOP
12 Length of tooth (mm) LOT
13 Leaf width at 0.1 length of the base leaf (mm) WBL-0.1
14 Leaf width at 0.9 length of the base leaf (mm) WBL-0.9
15 Tooth width (mm) TOW
16 Leaf perimeter (mm) LLP
17 Leaf area (mmz) LLA
18 Number of teeth leaf on the left side NLT
19 Number of teeth leaf on the right side NRT
20  Number of secondary veins leaf on the left side NLVS
21 Number of secondary veins leaf on the right side NRVS
22 Number of minor veins leaf on the left side NLV
23 Number of minor veins leaf on the right side NRV
o duaw o Wilaus

24 Specific leaf mass (gr/mm?) SLM
25 Specific dry mass (gr*mmz) SDM
26 Relative length of the petiole (mm) RLP
27 Shape leaf LEF
28 Shape of leaf tip LTF
29 Shape of leaf base LBF
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Figure 3. Plasticity of leaf traits for Q. brantii at two altitude classes
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Figure 4. Coefficient of variations of leaf traits for Q. brantii at two altitude classes
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Table 2. Comparing means and coefficient of variations of leaf traits for Q. brantiii
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T-test
Siles e ol
R Mean Std. Error
3 y ok
z Tait omb el Vel Sl b el Y el
& Low High (Sig.) Low High
altitude altitude altitude altitude
(1500- (1700- (1500- (1700-
1700) 1900) 1700) 1900)
| Heightofthe tip to the widest 51.59 55.13 031™ 2.26 2.39
part of the leaf (mm)
2 veins Extension (mm) 02.23 02.35 0.35"™ 0.10 0.09
3 Leaf dry weight (gr) 00.30 00.29 0.62™ 0.02 0.02
4 Skewness 00.20 00.37 0.34 "™ 0.11 0.12
5 Maximum width of leaf (mm) 41.95 39.30 0.25™ 1.4 1.8
¢  /Anglebetween the major and 49.93 00. 69 0.88 ™ 0.91 1.42
minor veins (D)
7 sinuses angular of leaf (D) 92.37 90.31 0.74™ 4.28 4.06
8 Angular leaf base (D) 189.7 170.4 0.06 ™ 6.10 8.10
9 Angular leaf tip (D) 82.55 71.87 0.13™ 0.01 0.01
10 Shape leaf 02.15 02.43 0.04* 0.07 0.12
11 Shape leaf base 00.73 00.73 0.89 ™ 0.01 0.01
12 Shape leaf tip 00.66 00.64 0.13™ 0.01 0.01
13 Length of leaf (mm) 88.90 92.98 0.47"™ 3.52 3.10
14 Length of petiole (mm) 13.71 13.93 0.80™ 0.57 0.59
15 Length of tooth (mm) 02.20 02.41 0.55"™ 0.21 0.22
16 ~ Relative le“(grg;n‘;f the petiole 00.15 00.15 0.55™ 0.00 0.00
j7 ~ Leafwidthat0.1length of the 30.68 28.95 0.41™ 1.25 1.70
base (mm)
jg  Leaf widthat0.9 length of the 27.81 25.16 0.10™ 1.00 1.24
base (mm)
19 Tooth width (mm) 07.33 07.91 041™ 0.50 0.33
20 Leaf perimeter (mm) 244.8 253.29 0.14™ 0.04 0.17
21 Leaf area (mm®) 2721 2546 0.31"™ 0.06 0.35
22 Specific leaf mass (gr/mm?) 0.0001 0.0001 0.57"™ 0.02 0.04
23 Specific dry mass (gr-mm?) 977.7 819.3 0.51™ 0.13 0.39
900 093]
Mann-Whitney Test
4, Sk Slme ol
:3? cio Mean Rank claw Std. Error
S Trait Sl
;:2 ol el I el Sig) ol ) Y gl
Low High Low High
altitude altitude altitude altitude
2 Number of teestilcliieaf on the left 09 46 12.17 0.03* 0.65 042
25  Number of teeth leaf on the right 09.27 12.58 0.03" 0.68 0.37
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side
Number of secondary veins leaf
26 on the left side 10.69
27 Number of secondary veins leaf 10.69

on the right side

Number of minor veins leaf on
28 the left side 10.46

Number of minor veins leaf on
2 the right side 10.04

08.50 021"™ 0.26 0.33
08.50 021" 0.29 0.36
09.00 0.59 ™ 0.28 0.20
09.92 0.96 ™ 0.37 0.15

Qo0 S jo o pixe 8 oy gy e jo I Jxe o Jxe e IS
ns non-significant, * significant at five percent level, ** significant at the one percent level

e LT Lo gs Jlogp 4555 5y 50 0usS S8 Sl g ganail s, dbal SSu -V Jous
Table 3. Separation of individuals, the percentage classified and separator traits, in Q. brantii

leaf by Discriminant Analysis

GCL&S)I slaads (@A) oj)f B 5 GanaS
Altitudinal class Classification in each group (%)
ol el I gl 5
Low altitude High altitude Total

by i)l

ot € 56.00 44.00 100.0
Low altitude

YL elas)

e 14.30 85.70 100.0
High altitude

saS o Cao

Discriminated trait

Number of teeth on the left leaf

cow Olas ol sl oogy laeiils ¢ yeaasie
e o lid gaid 093 5l Dglate cenl8l Lyl
o9k opl s (Jones & Wilkins, 1971)
Slas wadgmSojlal o el o 5l ol las
syl aab 9o 0 S cwl,y g e ailais slass
eyl o o] polie g ooy o e ciglas gyl
Gl &5 b ol i) 5l ae SV
Bailey & Sinnott, 1916; Wolfe, ) slaaisl

1979, 1993; Wilf, 1997; Jacobs, 1999,
2002; Gregory-Wodzicki, 2000; Kowalski,
2002; Huff et al., 2003; Greenwood et al.,
2004; Greenwood, 2005; Royer et al., 2005;

23k o (Traiser et al., 2005
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Table 4. Correlation coefficients betwwen leaf traits of Q.brantii with altitude

Trait Correlation coefficient
Height of the tip to the widest part of the leaf 0.084
Extension veins -0.001
Leaf dry weight -0.099
Skewness 0.109
Maximum width of leaf -0.248
Angle between the major and minor veins 0.009
sinuses angular of leaf -0.094
Angular leaf base -0.383*
Angular leaf tip -0.231
Shape leaf 0.402*
Shape leaf base -0.165
Shape leaf tip -0.036
Length of leaf 0.115
Length of petiole -0.070
Length of tooth 0.135
Relative length of the petiole 0.223
Leaf width at 0.1 length of the base 0.265
Leaf width at 0.9 length of the base 0.232
Width of tooth (mm) 0.116
Leaf perimeter 0.156
Leaf area 0.055
Specific leaf mass 0.152
Specific dry mass -0.010
Number of teeth on the left leaf 0.4327%%
Number of teeth on the right leaf 0.391*
Number of veins secondary on the left leaf 0.050
Number of veins secondary on the right leaf -0.214
Number of veins minor on the left leaf 0.339%*
Number of veins minor on the right leaf 0.379*

Aoy S prha )0 o Jixe i o yd iy gk )0 o Jixe
% Significant at the five percent level, ** significant at the one percent level
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Figure 5. Tree diagram of Q.brantii individuals with leaf traits using cluster analysis
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Table 5. Analysis of variance and comparing means of separators traits in different classes

S a3l s il ly a5
Analysis of variance and Duncan-test

P Oele

9 o Mean Sl gme han

g Discriminate Traits Jgl adg> pgd Abgs o Ay (Sig.)

~ First cluster Second cluster  Third cluster

1 Maximum width of leaf 35.42b 44.56 a 44.56 a 0.00 10.52
2 Leaf area 217493 ¢ 3564.08 a 2803.06 b 0.00 10.83
3 Sinuses angular of leaf 95.61 a 83.69a 90.70 a 0.48 0.73
4 Length of tooth 2.17b 415a 1.89b 0.00 21.99

el o gime NS odimolis s o j8 Dglate By >
Different Alphabets in each row represents a significant difference
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Abstract

Morphological characteristics of individuals are due to hereditary and environmental factors.
Regarding to the importance of leaf morphology in systematics investigations and bearing up
the effects of environmental variations, especially altitudinal variations on these traits, the
differentiation feasibility of brant oak in a restricted altitudinal gradient is investigated. A total
number of 400 leaves from 40 individual ramets in Armarde, in an altitudinal ranges from 1580
to 1844 meters above sea level were sampled and 29 quantitative and qualitative traits were
measured. The results revealed that the number of teeth and the shape of leaf at lower altitudes
are lesser than higher altitudes. Also, leaf base angle has a negative and significant correlation
with the altitude. In two altitudinal classes, the shape of leaf tip and the angle of midrib and
vein, showed the lowest plasticity and coefficient of variation with respect to environmental
conditions. Ramets were classified in three different classes based on cluster analysis and the
separator traits were the maximum leaf width, leaf area and sinusoidal angle. Considering the
fact that the separator traits would not showed any significant association with altitude, it seems
that some variations might be likely due to physiological response of leaves to environmental
variations. However, it's more likely that the occurrence of inter and intra specific hybridization
between brant”s oak species would culminated in separation of the individuals.
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