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Summary

Carpinus betulus L. (Betulaceae), a tree about 30 m high that is distributed in Europe, Caucasus, Turkey, and Iran.
These trees, with their wide distribution, are always undergoing changes in their appearance traits. For this purpose, the
variation of leaf and fruit morphological traits in 13 populations of the C. betulus (hornbeam) located in Golestan,
Mazandaran, Guilan, and E. Azarbaijan Provinces (Iran) was investigated. Ten trees were selected from natural habitats,
maintaining a minimum distance of 100 m between them. Random samples of leaves, catkins, bracts, and fruits were
collected from the outer parts of the crown. The evaluation of morphological traits across populations revealed significant
differences in most traits, except for the number of veins, beak length and width, seed weight, and the number of seed
sulcate. Principal component analysis indicated that, the first component placed greater emphasis on leaf area, bract length
and width, beak width, and seed width. The second component highlighted leaf width, catkin width, petiole length, and
beak length as key traits, while the third component prioritized catkin length, seed weight, and the number of seed sulcate.
Cluster analysis of the studied traits revealed that, the trees sampled from 13 populations were grouped into five distinct
clusters, based on variance changes in cluster formation. The findings indicated intraspecific variation in Carpinus species
regarding morphological traits of leaves, seeds, bracts, and catkins. Additionally, traits such as the number of veins, beak
length and width, seed weight, and the number of seed sulcate showed lower sensitivity to environmental influences,
making them valuable distinguishing traits for identifying of the said species.
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Fig. 2. Leaf, bract, fruit, and inflorescence of Carpinus betulus (from: Assadi 2023).
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Table 1. Geographic coordinates of the studied habitats in Iran

Olpl yo adllas 5550 slrollivg, oldlee Slaize —) Jgus

Population Locality Altitude (M) Latitude  longitude
1 Golestan Prov: Maraveh Tappeh, Golidaghi 1090 37°50' 56°00'
2 Golestan Prov: Minudasht, Loveh 750 37°10' 55°25'
3 Golestan Prov: Golestan forest 635 37°23' 55°22'
4 Golestan Prov: Ramian, Qaleh Maran 900 37°01' 55°08'
5 Golestan Prov: Aliabad, Zarringol 800 36°54' 54°52'
6 Golestan Prov: Gorgan, Kordkuy 965 36°40' 54°05'
7 Mazandaran Prov: Amol, Chamestan 1670 36°30' 52°10'
8 Mazandaran Prov: Chalus, Marzanabad 1035 36°35' 51°28'
9 Mazandaran Prov: Ramsar, Javaherdeh 1055 36°40' 50°32'
10 Guilan Prov: Siahkal, Deylaman 520 36°53' 49°53'
11 Guilan Prov: Rezvan Shahr, Gisum 350 37°30' 49°10'
12 Guilan Prov:Talesh, Hashtpar 330 37°32' 48°55'
13 E. Azarbaijan Prov: Kalibar, Arasbaran 1200 38°54' 46°47'
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Table 2. Analysis of variance of traits in different populations

Mean square

Trait Between group Within group Significant

Number of veins 73.150 1.414 0.568 ns
Lamina length 7030.654 45.656 0.051*

Lamina width 30.259 7.226 0.000**
Leaf area 0.054 0.013 0.022*

length Catkin 36.622 3.703 0.012*

width Catkin 1.738 0.199 0.006**
Petiole length 3.602 0.382 0.009**
Number of teeth 942.621 163.730 0.000**
Beak length 68.578 2.534 0.273 ns
Beak width 1.756 0.007 0.935 ns
Bract length 21.899 3.251 0.001**
Bract width 27.543 3.026 0.007**
Seed length 109.124 3.999 0.050*

Seed width 53.537 3.956 0.047*

Seed weight 0.156 0.002 0.666 ns
Number of seed sulcate 249.477 9.733 0.249 ns

S G i NS o0 O mhaw jo lo dime oy ) pmhaw jo o e %

Table 3. Mean + standard deviation of traits in different populations

Trai Province
rait E. Azarbaijan Golestan Mazandaran Guilan
Number of veins 13.30+0.82 a 13.54+0.89a 13.36 +0.81a 13.63+0.73 a
Lamina length (cm) 859+0.47a 9.45+0.89 bc 9.19+0.64 ab 9.67 +0.69 bc
Lamina width (cm) 4.22+0.53ab 395+0.47a 4.36 +0.55 bc 459 +0.35hc
Leaf area (cm?) 5.07+0.11a 5.23+0.14 ab 5.37+0.10 ab 5.52+0.12b
Catkin length (cm) 4.32+0.28ab 4,06 +0.62a 449+058b 4,05+0.51a
Catkin width (cm) 1.01+0.07a 0.99+0.15ab 1.02+0.11 ab 1.08+0.09 b



VECF (YIVE ol iy | o jyoo 090 9 Sy (50, 955 | o), Ka g (g pae VY+/130
Table 3 (contd) (aolo) ¥ Joue
Petiole length (cm) 1.43+0.17 ab 1.49+0.19b 1.53+0.20b 1.36+0.12 a
Number of teeth 10.15+1.29a 11.31+341ab 12.48 +2.58 bc 1414+131¢c
Beak length (cm) 0.64+0.04a 0.53+0.11a 0.61+0.08 a 0.59 +0.06 a
Beak width (cm) 0.43+0.04a 044+0.17a 0.42+0.09 a 0.43+0.05a
Bract length (cm) 3.09+0.17a 342+0.38b 3.10+0.34a 3.54+0.31b
Bract width (cm) 2.13+0.38a 241+045ab 2.24 +0.56 ab 2.62+0.39b
Seed length (mm) 7.20+0.92a 7.56+1.13b 7.09+0.88 a 7.45+0.89b
Seed width (mm) 5.10+0.32a 5.61+0.69b 5.38+0.77 ab 520+0.72a
Seed weight (g) 0.03+0.01a 0.04+0.03a 0.03+£0.01a 0.05+0.04 ab
Number of seed sulcate 9.30+0.83a 9.38+0.92 ab 9.20+0.76 a 9.23+0.87 a
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Table 4. Principal component analysis of studied traits in different populations

. Component
Trait 1 2 3 4 5 6 7

Number of veins 0.077 -0.055 -0.288 0.208 0.351 0.068 0.739
Lamina length 0.127 -0.361 0.208 0.122 0.540 0.333 0.156
Lamina width -0.390 0.436 -0.086 -0.020 0.393 0.110 0.138
Leaf area 0.498 -0.346 0.058 0.035 0.347 -0.018 0.226
Catkin length -0.077 0.064 0.737 -0.364 0.096 -0.199 0.106
Catkin width -0.380 0.494 0.168 -0.335 -0.094 0.230 0.088
Petiole length 0.303 -0.456 0.060 -0.341 -0.067 0.434 0.137
Number of teeth -0.384 0.372 0.046 0.111 0.027 0.605 0.188
Beak length 0.228 0.472 -0.148 0.192 0.427 -0.014 0.253
Beak width 0.635 0.286 -0.208 -0.061 -0.017 0.433 -0.071
Bract length -0.727 -0.154 0.081 0.454 0.064 -0.139 0.095
Bract width -0.676 -0.199 -0.184 0.441 -0.108 0.070 0.108
Seed length 0.500 -0.040 0.296 0.555 -0.380 0.052 0.080
Seed width 0.678 0.238 0.151 0.488 0.002 -0.149 0.201
Seed weight 0.038 0.394 0.602 0.203 0.019 -0.007 -0.399
Number of seed sulcate -0.036 -0.392 0.479 0.097 0.437 0.135 -0.105
Eigenvalue 4.523 3.448 2.378 0.605 0.498 0.341 0.127
Percentage 37.932 28.898 19.978 5.083 4.161 2.871 1.077
Cumulative percentage 37.932 66.83 86.808 91.891 96.052 98.923 100

asdllas 5550 SCamaz 10 Slao Cwidl oo -0 Jgo
Table 5. The amount of trait plasticity in the studied populations

Trait Plasticity index Trait Plasticity index
Number of veins 0.167 Beak length 0.229
Lamina length 0.363 Beak width 0.183
Lamina width 0.385 Bract length 0.378
Leaf area 0.341 Bract width 0.389
Catkin length 0.327 Seed length 0.307
Catkin width 0.376 Seed width 0.247
Petiole length 0.333 Seed weight 0.187

Number of teeth 0.400 Number of seed sulcate 0.192
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