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morphological characteristics of leaves and seeds in order to more easily
identify the species of Carpinus betulus, C. schuschaensis and
C. orientalis. Morphological and physiological characteristics are always
influenced by climatic and ecological factors; hornbeam trees also change
in their appearance due to their wide distribution, which makes it a little
difficult to quickly identify the species. For the conservation and basic
management of habitats of this species, accurate identification of species,
recognition of ecological needs, and study of its genetic diversity seems
useful.

Materials and Methods: Sampling of hornbeam leaves and seedlings from
two regions of Kordkoy, Derazno and Neka, HezarJarib was done
randomly from 5 individuals of Carpinus betulus, C. schuschaensis and
C. orientalis species that were at least 100 meters apart. Morphological
traits studied in leaf was as follows: leaf length (AL), leaf width (WL),
distance from the widest part of the leaf to the base (WPL), number of teeth
(NT), beak length (DB), beak width (WB), number of teeth in 2 cm
(NT 2¢m), maximum leaf width (MWL), petiole length (PL), number of
veins (VN), width in 0.1 leaf length (W, 1), width at 0.9 leaf length (W),
leaf area (LA), the ratio of leaf length to leaf width -leaf shape (LS), the
ratio of leaf length to the widest part of the leaf to the base (AL/WPL), the
ratio of the widest part of the leaf to the base to the length of the petiole
(WPL/PL). Also, the morphological traits in seeds were including total
weight of seeds (TW), outer shell weight (WS), seed kernel weight (BW),
seed length (A), and seed width (W). Traits were measured on a case-by-
case basis using calipers and rulers, as well as seed weight using a digital
scale with an accuracy of 0.001. Nest statistical design, Duncan test, and
principal component analysis (PCA) were used. The distribution of tree
trunks in the coordinate axis space, Discriminant analysis, and cluster
analysis were also evaluated.
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Results: The results of analysis of variance indicated that among the
populations, all studied parameters except NT, MWL, TW, and BW traits
were significantly different from each other. The results of PCA indicate
that in seeds 66.7% of the variances in the first component and in leaves,
96.69% of the variances in the first four components are justified.
The results of cluster analysis showed that the three populations were
divided into three separate groups (clusters). The results of diagnostic
analysis showed that NT 5., PL, LS, AL/ WPL, TW, WS and BW are the
distinguishing traits of the three species.

Conclusion: In terms of simple identification, hornbeam seeds do not
differ significantly in terms of dimensions, but in terms of leaves, Carpinus
betulus are the largest, C. orientalis is the smallest and C. schuschaensis
species is intermediate species. Morphological studies of this study confirm
the independence of Carpinus betulus, C. schuschaensis and C. orientalis
species due to complete separation of traits. However, it may be possible
that C. schuschaensis to be a hybrid.
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Figure 1. Leaves and seeds of Carpinus betulus, Carpinus schuschaensis and Carpinus orientalis.
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Table 1. Leaf and seed morphological traits studied in the present study.
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Table 2. Nested ANOVA design of seed traits.
S Camer s (G Comar oles
Tree Population Traits Tree Population Traits
0.002" 0.002" BW 3.0717 0.468"™ A
0.040™ 0.043™ ws 2.821" 0.3417 W
0.055"™ 0.057™ T™W

™ no Significant, **Significant at P = 0.1
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Table 3. Multiple comparisons of seed traits using Duncan test.

By xS e s By xS Jpen Sles oSl
C.orientalis  C.schuschaensis  C.betulus Traits C.orientalis C. schuschaensis C. betulus Traits Mean
a a a c b a u‘:i"l‘:‘
0.0382 0.0443 0.0842 BW 2.4420 2.5300 6.2540 A
Mean
S Sl
0.000099 0.000202 0.000744 0.5722 0.49148 0.91339 Standard
deviation
ol
0.1526% 0.169° 0.190° WS 1.5420° 1.4600° 4.8170° w o
Mean
Shrs Gl
0.002070 0.00178 0.00230 0.48659 0.35786 0.75924 Standard
deviation
ol
0.1908° 0.2133* 0.269° T™W o
Mean
Slrs Gl
0.002147 0.001798 0.003066 Standard
deviation
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Table 4. The hidden data of seed traits in one component.

Jol adl 3o i Jol il 5o olis
The first component Traits The first component Traits
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3.421 s e - W
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5 elyl
66.7 T oY 0.944 T™W
Explanatory variance
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Table 5. Standardized coefficients of the discriminant function.
The first function Traits The first function Traits
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Eigenvalues
667 s ol -0.098 BW
Explanatory variance
-0.237 WS

Y



VEe e € 0)lond YA 0)93 (K> 5 g2 (55918 9 poke Sy 5y 4 pald

PO S PO WS L N OV
e 855 SSE 53 eiS plate Slio Ul w
Ol (V) Lsse b ,=e Carpinus betulus L
Ol ys ooy S L Lasmis o cilas
Wb LB aoss TW ossie biwres elul
S asdlas )50 s 4l Ve 5l aS g5k 4l
3,50 0% 5 5 03,5 O30 bbal aes jree &5
©55 05wl 0 s al Ve Sl L s s

(U dsds) cosl ad § 513 55

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
5 10 15 20 2
1 ! ! 1 !

°

B8

<

]

T 101

T g

o s T

1
4
3 6|
9|
0f

11

el S Sl pa bl et a

L5 8 (sl [ (a2 55) 058 4w 5o bawly .2 S
055 03 e laaly gl oy S L3 (=Y IS2)
Gl pow 03 S 03 5 i 2 slaal e
A wb s gl il 3 L s
w05 ol JS O3y Sl &S das e Ol
SSE p Gfp A Ll re 05 s 2y
S ) ohKea Sl5nsT s o

Sl 035 B35 Sl &S e Slio

G ez 5110 B sled slanly Gl Sl il sl glad s 4 5 Jolo ol S 1Y S
Slarer 553 sl ST .o L) Came ¥ LYY ojled slaal 5l tcimS Coamex 51 Y BV oylad slaal
i JGT 51 Jeol Jgl addge bl s andllas 5 ) 4o
Figure 2. a. Dendrogram of cluster analysis using mean seed traits, number 1 to 10: C. betulus, number 11 to

20: C. schuschaensis, number 21 to 30: C. orientalis b. Ordination of tree specimens of studied populations
based on the first component of discriminant analysis.

Yy



Oe2 5 (£l diagpw o118 Uy jl /e S 1 owlindCou ) o S g dmliio 9 (b3

T YC Rp WES g i W P zs - Jod>
Table 6. Results of discriminant analysis.

xz 5P S e
Total C. orientalis C. schuschaensis C. betulus
10 - - 10 SR
C. betulus
—ixS
10 5 5 _ - -
C. schuschaensis
10 5 5 - o
C. orientalis
66/7 50 50 100 655 Sy S Lo do 3

% of species grouping accuracy

oo (DB) Soles Jsb (PL) S ws Jib
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Table 7. Nested ANOVA design of studied leaf traits.

ICPN Cra Slis [GIEN Craz Slis [GIEEN Sz Slaws

Tree Population Traits Tree Population Traits Tree Population Traits
0.787" 0.126™ Wog 6.159" 1.441" NTacm 11.463"™ 1.720™ AL
7.146™ 1.124™ LA 2.053™ 0.323" MWL 2.072" 0.306™ WL
0.025™ 0.054™ LS 34.436™ 2.967" PL 2.064™ 0.347" WPL
0.041" 0.631" AL/WPL 0.179™ 1.237" VN 15.175™ 15.170™ NT
0.041" 0.631" WPL/AL 0.209™ 0.053™ Wi 6.818™ 1.141" DB
0.330™ 0.346™ wB

agma e ™ Ao s w5 Ao ss S Jleil maw 3l pme o 54 T
™ no Significant, **Significant at P = 0.1 and *Significant at P = 0.5
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Table 8. Multiple comparisons of leaf traits using Duncan test.

28 ] e lis 23 S e i
C. orientalis C. schuschaensis C. betulus Traits  C.orientalis  C.schuschaensis  C.betulus  Traits
C b a c b a »iJL-‘
48000 7.9000 16.2000 PL 42000 527000 105700 AL g
Mean
Slre Gl
0.78881 1.66333 347582 402770 59638.0 154612 Standard
deviation
b a g:'i’\":‘
10.5000° 10.400% 10.7322° VN 2.4300° 2.8900 5.1400 WL
Mean
e Sl
1.17851 1.10050 1.05409 0.41913 0.56263 0.65184 Standard
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Table 9. The hidden data of leaf traits in the first four components.
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Figure 3. a. Dendrogram of cluster analysis using mean leaf traits, number 1 to 10: C. betulus, number 11 to

20: C. schuschaensis, number 21 to 30: C. orientalis b. Ordination of tree specimens of studied populations
based on the first two component of discriminant.
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Table 10. Standardized coefficients of the discriminant function.
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Table 11. Results of discriminant analysis.
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