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Article Info ABSTRACT
Avrticle type: Background and objectives: One of the oldest methods of classifying and
Full Length Research Paper  jdentifying different plant species is the use of morphological traits.
Among the morphological characteristics, leaves are very important due to
Article history: photosynthesis and carl:_)qn capture. Morphpmetric analysis _is usually
Received: 11.08.2022 performed_by two traditional apd geometric methods. Studies <_)f_ the
Revised: 01.28.2023 morphological changes of plants in Iran are often based on the traditional
Accepted: 02.20.2023 method and the geometric morphometry method has been used for animal
species. This study aims to investigate the changes in the geometrical
morphology of Fagus orientalis leaves at different altitudes and to compare

Keywords: its results with the traditional morphological changes.

Effective traits,

Morphological analysis, Materials and methods: In this study, the natural population of Fagus
Population segregation orientalis was sampled in four altitudinal stations. In the traditional

morphological method, 40 trees were selected, while in the geometric
morphology method, 10 trees were selected at each gradient, and 1 leaf was
selected from each direction. In the traditional method, morphological traits
include lamina length, lamina width, lamina area, lamina perimeter, shape
factor, and length-to-width ratio measured with a leaf area meter device. In
the geometrical method, the collected leave samples were dried and then
digitally stored with a scanner in the form of an image, hence, eight
morphological traits were used to investigate the morphological changes of
eastern beech leaves at different altitudes. Data analysis was done with a
multiway analysis of variance and Duncan's test.

Results: The results showed that altitude is one of the important factors in
the formation of leaf morphology in eastern beech. Trees that grow at high
altitudes generally have smaller leaves which show higher adaptability to
environmental conditions at each height level. The characteristics of the
beginning of the petiole, the end of the petiole, the last vein on the left side,
the widest leaf width from the left side, the widest leaf width from the right
side in geometric morphology and the characteristics of the perimeter and
area in traditional morphology were introduced as the most effective traits
in the separation of populations.

Conclusion: In this study, it was found that populations of different
altitudes were separated in both traditional and geometric morphological
methods, and it was shown that the two traditional and geometric methods
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did not work in the same way between samples. The grouping of most
populations in geometrical morphology analysis shows the efficiency and
accuracy of this method in the separation of populations. Using the new
method, the geometric information of morphological differences can be
displayed in different images and graphs, which can highlight the
differences in populations and increase the interpretability of results.
Determining the most effective traits in the separation of populations
indicates the ability of the geometric method to define different and more
detailed traits.
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Figure 1. Altitudinal classification of Kordkoy forestry plan.
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Table 1. List of landmarks defined for geometric morphology of Fagus orientalis tree leaves.

1 3,,0 sl
The beginning of petiole
2 fﬁa; skl
The end of petiole
3 SpSy
The tip of leaf

4 G S 51 S sl S

The widest leaf width from the left side
5 Sy G VS Gl 5

The widest leaf width from the right side

The intersection of blade widest width with middle vein

7 Srgor S 3 5,85 0 ¥

The last vein from the left side of the leaf
8 St S5 Lo s 25 S5 AT Ll o

The intersection of last left secondary vein with main vein
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Figure 2. Placing defined landmarks on scanned images using Tpsdig2 software.

1. The beginning of petiole / 2.The end of petiole / 3. The tip of leaf / 4. The widest width on left side of leaf /
5. The widest width on right side of leaf / 6. The intersection of blade widest width with middle vein /
7. The last vein from the left side of the leaf / 8. The intersection of last left secondary vein with main vein
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Table 2. Analysis of variance of the morphological traits of Fagus orientalis leaves in study area (lamina length (LL),
lamina width (LW), lamina perimeter (LP), lamina area (LA), Shape factor (SF), Length to width ratio (LW)).

Sl e o F S e
sig Source
0.000 43507 LL
0.000 27.463" wWw
0.000 27.648" LP
0.000 31.005" LA
0.000 4737 SF
0.000 7.469" LW

** Significant at the 99% probability level
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Figure 9. Separation of Fagus orientalis populations at different heights above sea level.
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Table 3. ANOVA variance analysis of leaf size in four studied altitude stations.
&)l:d'fu e F Sl e Kol 351 4y Slay o ¢ gorms S8 L5E Jele
sig MS df SS Effect
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0.0001> 6.78 0.0030492576 36 0.10977327 “’
Individual
ol 3L
0.0004495286 1872 0.84151762 ]
Residual
asdlas 5, 90 solKiy! oy Mahalanobis Juol g —¢ Jyue
Table 4. Mahalanobis distances between studied stations.
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Figure 10. Comparison of the leaf shape of different heights in wireframe graph form.
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Table 5. Analysis of the main components of leaf morphological traits.

P ool o35 polie
Cumulative% Variance% Eigenvalues
47.756 47.756 0.00285725 1
68.179 20.422 0.00122186 2
85.414 17.235 0.00103115 3
93.124 7.71 0.00046131 4
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Table 6. Determining the most defining characteristics by analyzing the main components.

PC3 PC2 PC1
-0.1333 -0.09146 0.014183 Xy
-0.02899 0.040386 0.336803 Y:
-0.19021 -0.13022 0.011386 Xz
-0.12529 0.133381 0.398062 Y,
-0.19246 -0.17472 0.013033 X3
0.106481 0.113168 0.173001 Y3
0.848391 -0.12164 -0.09272 X4
0.130924 0.372788 -0.43696 Y
-0.1039 0.774065 0.045317 Xs
-0.22896 -0.2686 -0.45387 Ys
0.065816 0.088081 0.009931 Xs
-0.08002 0.020988 -0.44517 Ys
-0.13829 -0.20312 -0.00907 X7
0.08744 -0.81849 0.217912 Y7
- 0.156049 -0.140993 0.007938 Xs
0.1 - 0.103931 0.210221 Ys
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Figure 11. Separation of Fagus orientalis populations.
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