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Abstract

Carpinus betulus L. (Betulaceae), a tree about 30 meters high that is distributed in Europe, the 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 located in four provinces (Golestan,
Mazandaran, Guilan, and E. Azarbaijan) of Iran was investigated. In July 2005, 10 trees were selected from natural habitats,
maintaining a minimum distance of 100 meters 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 Hornbeam species.

Keywords: Altitudinal transect, cluster analysis, intraspecific variation, plasticity, principal component analysis
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Fig. 2. Leaves, fruits, and inflorescences of Carpinus betulus (from: Assadi 2023).
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Table 1. Geographic coordinates of the studied habitats in Iran

Population code 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 tralts in different pgpulatio

Mean Square

5
3 & rait Between Within Significant
Group Group
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*
Catkin length 36.622 3.703 0.012*
Catkin width 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 0.935ns
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
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Table 3. Mean + standard deviation of traits in different populations

. Province
Trait - -
E. Azarbaijan Golestan zandaran Guilan
Number of veins 13.30+0.82a 13.54+0.89a +0.8la 13.63+0.73 a
Lamina length (cm) 8.59+0.47a 9.45+0.89 bc .64 ab 9.67 +0.69 bc
Lamina width (cm) 4.22+0.53ab 3.95 % a +0.55 bc 459 +0.35bc
Leaf area (cm?) 5.07+0.11a 5 5.37+0.10 ab 5.52+0.12b
Catkin length (cm) 4.32+0.28ab 4. .62 449+0.58b 405+051a
Catkin width (cm) 1.01+0.07a 0.99 0.15 ab 1.02+0.11 ab 1.08 +0.09 b
Petiole length (cm) 49+0.19b 153+0.20b 1.36+0.12 a
Number of teeth 1.31+341ab 12.48 + 2.58 bc 1414+131c
Beak length (cm) 0.53+0.11a 0.61+0.08 a 0.59 +0.06 a
Beak width (cm) 044+0.17a 0.42+0.09 a 0.43+0.05a
Bract length (cm) 3.09+0.17a 3.42+0.38b 3.10+0.34a 3.54+0.31b
Bract width (cm) 2.13+0.38a 2.41+0.45 ab 2.24+0.56 ab 2.62+0.39b
Seed length (mm) 7.20+0.92a 756+1.13b 7.09+0.88a 7.45+0.89b
Seed width (mm) 510+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+0.87a
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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
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Fig. 3. Scatter plot of the tree individuals on a\s' f mponents of PCA.
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L NV Jlaie 5l g 0090 o lacames (50 Slao (603 posd (le a5 ol lid Olaw Soweciody jlode gwy
g bogrye ails (339 9 Sl (2ye S5

Table 5. The amount of trait plasticity for 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

s 5ol e liiosy ) oo, Slas 5l oolitial laisS sy 5 ot €55 alolid 5 (el o olpe e 5 S
lo5ss Codl | 6 yF iS5 st limes bl Lo e ods 5 05, s 4 Sy o puliscy ) gloaasie
loolfigs, 1o b ,s loo 1Ll 5 sl 45 Sy omlidcy, Slasie a8 col R s Slidllas 5| dn mls 50,55 5

etal. 2023) o,lo coge i aliSee

Lyl b o Gl b 1) Sy mlidbcdn, Olas g4 5l Loon o] Kaagh,

039 S lite e 5 Job o555, Sl ey Sl e 3 WBas 5,80 (slocuner 45 ol oLt yole Eagh @b

Jj.'a ‘uﬁ-’L“‘ P “5).: Sl ‘J)J B2 B S aesls Lg)‘ob_;.’.o x.:gLD.) )i:m L: &ils )l.wu Slows 9 ls
o g HladS g B0 0w, 3] - Slecases o a5 B,e 9 S e cile Vo dilais slaws 5 o
oz b LS slainaz o 4l Jsb 5 45 Jsb o5ils Jsb oSy Jsb
5 WS 50 (S Gl (iolBl L aS 6jeb 4 il oKy, (Sis 5 SWHL e b Olae ] Soop bLs T S sl
FAF bl 5o (G)bas 9) (Sl oliee ol plas |y Slpass 348 Dlas polas ‘seﬂubub).ﬂ 5 obeedS b anslae yo o005k
ol polas a5 Jl> ,o el (Abdolahi et al. 2017) co Lo #F9 LS K> 0 5 (Hamzeh’ee et al. 2010) o Lo
S YA (L) poun ;o 5 (Sadati & Mostafanejad 2009) o Lo AV« (o)]y055k) Loz j0 o8l Coogas
Sy Ble Voo ailass slaws (gills 0,6 oS Coluw g (B, o Jsb alol> mls 3.db .ol (Khanjani Shiraz et al. 2013)

o w1 polie op i ghasile Glacener )0 Sy Job g 5ild Jsb 5 (S Glaceser )3 &S5 (oye 5 sk s
Slasal )3 jree Glatunex () p )0 ol Aagh @l b Gl o el (SWl oliee b Slao Gl (Soaly oasms plis
O S ol ) Dl )0 (oot &5 e Sy Sk g Led gl a5 Wi S a8 U e R o)l ot
Aediye> il Dol g bes (( Sw)b wile S e sla K> cxliies Lyl (Chapolagh Paridari et al. 2013) auws 4o
debusl o8l Lol ol jo b lalS (ol alelay )| g cay Sol)) 0 0)ls Doldl  cwgeste job 4 alite Olela )l o
5 ol slos b (Sl phes slhaol bulpd & e 3hlia 1o 5 (wad Slateds 5 Vb sles oS (FaL) s
Sl lize clela)l o (blsS wlicsy; b, Bile 4 e geie oldl Ll i pl S Caglio (lang
Lol 00l SIS o
Colis g s el el oS s oulidi ) Slio (s Jloisine B lanllhs 53 3] gl @l b genen
Jlse 505 4y (C. betulus, C. orientalis, C. SChuschaensis) ; yoe i 5 ailais slass § 515 ) slaws o5 ye Job 55

q



Slallas g a5y s (wlidcdn ) ) Slio I Sl iz (nl Sloaist SESE (6l w0 S sleiia g o o0ls S e
Oyazle 4o e adly g I —wlibosn, Slao —w, o (Chapolagh Paridari et al. 2012b) o5 colaiwl JgSJg0
O Al o ye g Jodbo 9 Sy o 9 Jsb ol ieeh @l b sldail o (Khoshandam Sarvineh Baghi et al. 2022)
aslass slasy Slas g, i Gaio guld BN 5 Lol (il (6,10 cxe gl alls 55 9 0 odalive (5 ,l0 cixe S biines
Slasi g S)liie (o0 5 Job g olas plis (o)l ime BB laumazr G S pes Jsb 5 S colis o Bl ¥ 0 S5
sl gyl pre Dglis S5,

slocamoz o lsd oo ewldcon ) Slas ) goland Gl ol S8 mls j0 a5 aisS Hlad 50 pol> Gaamd o
Browicz 55, oudie 4 aites paseaS JB Slio cnl sloe 2 b uilig o 55ke 4 ol LB (5 )Is gime gl 5 00 il
Ghahreman & ) ,Llac ¢ e 48 Lawgs o850 ol s <l C. orinetalis 4 C. betulus .o & e C. schuschaensis 443 (1972)
o s 3 3,8 3524 C. orinetalis 4 C. betulus 4553 95 v (35 b,o CiS (lgs g0 (o el 00y a2 04, 5.5 (Attar 1999
YL £95 45 35 55l ol 5 (SAbEL 2008) b 5,8 suslie w56 50 6 LS slacanes ;o |, (owlidcsn, Sliv )5 g4
sr—n 435 el bl o (Jloial 45 190 5 g WeolRtng) oy Cony e @ (lal 59 500 iz il slaaisS ol
Ol Sy ol o 0b; g4 g Canlools plasl g5 an |y Jloois sl K> o> ao,0 Ve Sg0 > mwg iaST,— Lo
as,ls Hlacsl glos iuS blis a5 (6 K0 slediss o0 S Olas ol g4 Lwly ol ,o .(Marvi Mohajer 2006) el 5 gg—io
Yousefzadeh et al. 2010, Panahi et al. 2011, Shayanmehr et al. 2014, ) cwl 423,35 1,8 0,Lsl 5 50 Olallas 51 a0
.(Jasinska et al. 2015

9 595 Uil Sad 0lRigy, Sid 5 Casb lire Aozl S lilpg Ll 5 L (6,5 les 4l jo oS cul e ails ol
SSles b ye 55 laazal Sl 5 oalS S, (ST slajls Jd 5l 65 @ gdge Jol> bys mlan 5l el
Sl Kz Cos lnds IRz 50 (Sl olie a5 (pl 092 |y (FED an et al. 2005, Faraji et al. 2023)
Sl iz ;3 09 ;55 )5 alls slal o Staj ugllae Ll \ S 9 ol s Koz oy 4 s Oyl
298> s yen (553 0aiS S (n ke Olgre 4 (FAGUS 0 IS TIPSKY) sy Zagb) (A1) 455 bl 5 plndS” (355
—ly ad> e (gl Azt o g 0 s . 5509 RS (i 000 b S )3 lalS Ygens o)l

) saFly shls 3)ls 0525
5 &loly sl |, BLS Ll ol R 3o 9 0,5 0925 (698 caiiS ol aF s oleolliyg, b anlis [0 5 5V
Ol Sid Las Lol 13 wilgs oo a5 GBS ) pglie disS §pew oyl odle Lo co plaisl 555 s S slals adg
PV L assS o ya0lsl 3 5 oyl )l S 10 a5 (559b 4y cams JSCid 1) coST 20 5 oy (soodgs g S Jooss | o K>
59e,0 VAL Jod Cgz 50 0w 0955 ()5 alls (Moradi Dirmandrik et al. 2015) coul Ko slesgs jo as)o
b G yee s Sl (SiS 4 Spglie slaaisS osim slaaiels 1o 0l sasliv o OVIF L Gz Sy 40 0058 oy FaiSeal
Acer ) o, S 1,3l (Quercus macranthera Fisch. & C.A.Mey.) 5,5l Ly L (Quercus petraea (Matt.) Liebl.) oa w Lo L
(Alijanpour et al. 2018) alosls plaisl os5 4y 1) 4245 bB wge Sorbus torminalis (L.) Crantz SGl,L 4 (campestre L.
byl sLaasisS (sl 538 L) 5o 5 aligs) B o5 0l oLt 3 Al b 4928 Jazes (slaJSir 45 0 plonl gy gl
Lol gy asl ade slaoogs JuSis 5l oaisSagamae Jole ylgicds g aiiwd (5 900l; al> 0 Jgb 10 (Q. robur L. 4 Q. petraea)
(Dietz et al., 2022) oS oo (5,5 ol
e (I3 e sob A (o) 990 Dlao (aled ;5 Gl )| Cumen 45755 oaline (g os Sl Aeg @S eluln
aS Conl ] Gge g9090 () g 083 co LS (OLS g a5k (lad®) ;i85 Il olbiwl aw 5l (S a4 Cans JBlas 1) (5 58
Iy oo pled podMe clao (ol jo g il aud)F 18 0> ing, ddlaie ohg eS| Slbul o 4o Wilgs o ol )l )| Conax
5 0laile) plial 90 al e glagbisl plo b gl pae Lany 5 (3,800ub,30 5 (S Glocuner (ole als (550 5 Job


https://jfrd.urmia.ac.ir/?_action=article&au=110054&_au=Shahruz++Moradi+Dirmandrik&lang=en
https://jfrd.urmia.ac.ir/?_action=article&au=110054&_au=Shahruz++Moradi+Dirmandrik&lang=en

edilis 00,5 dgaome iws (ul Glp ) &5 Ol botul cpl o b mlge g 0L oSl alols a5 ols las (LS
51 8ls (85 LB 455 ol sl 2 los)T Cones

5 Jol ailpe a8 ols lis Lol sloailye 4y ,ole fagh calize glacaren ;o aslllas 850 Slao il ls 4 gl
S S, slows g pows ailie ;o yion 150 cu o b als JLed olass g als ()59 Slao Ll s oo 3 g cou 1) Slis 25T pgo
A g i OS5l (g SalSlan ol 4 ceei (655 JSE 50 lio ol 4 aad oo i sl (nl 5 %S oo sl ke adlge o
il ol 4 alizme Gloains plai Slao )y 9,50 455 50 248

SLainaz s e o o s ol sloaifio 4325 51 Jolo gl aifse 50 olul 35,8 (sloasly (25T, Jloged
Copmoz o oodosnliie £5-15 I3 jsbo &y Ll 0,5l o 5l L alidliizr Cundge bl yy |y (g 9550 sl gl cilizes
ol s sladiged Sy ;58 ol Gliwl s 5l e hlew )| Cmez £55 5 (LS 5 haile slacerez I eSS
45 )0 g (e YT -0V +) sgume ol asals 51 LS slocenez 9 (e VWo v) elis,] o 5l Ly ol )| Comoz
el o sl o sl 13 iy el als )0 (VoYY haisle ohug 4y g (e PV =)+ Q) LS slacros
15 o LT 5 5 0y (5 S5 st gmaldl Jolge 1 5 Ly i ) gl S5 &y lsicso |y il yo (sloisnar
ST g 9 oo LS | et Wi <ot UL &Sl (o 3550 Slio I Jolo g5 a5 slo (Las jlages nl mizmen
YL g9 5 Ol Sty plw aload Iy ome (oS dimgn ot (nl 5 OIS 5 haile (bl slacuner 5l LS
Jlex> 45590 13 g laolling) 985 5 Conmg Slear | Lanlgas (slacaisid 0529 5 Gll )0 jree iz Sl (950 (oulidid,
Browicz 1972, Riahee et ) cuwl oals iz () Sglain  SingignS U slagundads 45 poxin a5 ils oo (i ol slodisS o
.@al. 2022, Assadi 2023

)al M&Q‘b‘dbmraw '|9SGA.§=\5.>|.>QL2..§}.S:-UJUQ.A.>)5A >
(u|)l_44\_9.15)_> ) G (G L.w‘ sblores )1 u)Lf ul.’;...)|6

bl gladigs & s s

Gamdab SBlos @L.w‘ lrog S
$) Cubdginn ogf Cuxaz g dind [y
elss IS sb 4 a5 i aseie ulol o)

gl plas ) dslllas 0550 gocaras plu 4 Cas 0l Dolg
2 odke 038 e oS5 5 ee S gsw‘wwu) clo S5 -
WIS et LB 3 (Liibbe et al. 2017) L. S WhOU et B. 2022) 155 os alaz 5l s ,Kas Lelse oo § Syl gl
5 oS Slio 1 e B Ll @i 1N ol T oole wcily i oS sla S5 s dels Sy clppizran
sl il wai 53 s L sldas G .(Pggpour et al. 2018, Ebrahimi Gajooti et al. 2000) o515 ;o0 (5590005 § (S
Blio 15 51 4T ol (o amam 9,0 B sl Sl 5 (S (Tl oy gl ) gl o ol i i 53l asy
Job « 5,5 slaws Slas 3l les oo Slas comncodly ol ulul p copizman ol ool gl 5 asSTy ails (5 cwliicsx,
A5F S5 S e Slio s & s Ll 51 58 (5 s ¢ ol L5 ol 5 als i oS lae 20 s
2,5 oolaiwl ;o0

e i (ol G SRy » Fhe (e g e Jelos (n e Ole 45 (ol ln 09b oe sty (OLL 5o
Sl Gl ez 58 iz (al slaaiss lal esgacs o ol )) CSl i ook j Slass (il 05 (esS S ok 4],
SLatisS doisS el (oliiiin, sl Fis 5 gy Sloials WSl onl Jsbo o atily Jyital slacdly J5s 59 5 ol
slosls plssoe ol slaasil gl Gulwlyy 0, )18 anlllae 550 bap)T (SB 5 il 5 (s cs0el8l Jols 5 ol o2
255 et S S8 L yen iz GladisS SISE o 1) oaiiS plete i g (S Llps

Sl Sl

LTy del) lineaz «5559,5 clidgie NS crds molie slao,lol o ie Jisy 5l aiils o o3Y 053 5 B,
5 0Ll e pedolil Con Lo sloo ol o i QLSS I (reizman 5 picta 5 il ) (USols) Glalss gl (i)
igled (10,98 5 (55Kl inged )l |y Lo (8L sladined (sl ;5 a5 (colal 5l 5 5 (ke



References

Abdolahi, A., Ali Arab, A.R., Parhizkar, P. & Pourmalekshah, A.A.M.A. 2017. Effect of gap size and position within
gaps on growth characters and survival of Chestnut-leaved oak (Quercus castaneifolia C.A.Mey.), Cappadocian
maple (Acer cappadocicum Gled.) and Caucasian alder (Alnus subcordata C.A.Mey.). Iranian Journal of Forest
and Poplar Research 25(2): 275-285. DOI: 10.22092/ ijfpr2017.111762 (In Persian).

Adamidis, G.C., Varsamis, G., Tsiripidis, I., Dimitrakopoulos, P.G. & Papageorgiou. A.C. 2021. Patterns of leaf
morphological traits of Beech (Fagus sylvatica L.) along an altitudinal gradient. Forests 12(10): 1297. DOI:
10.3390/f12101297.

Alijanpour, A., Fatullahi, A., Eshaghi Rad, J. & Mohamed Shabanlou, A.R. 2018. Effect of aspect and soil on
quantitative and qualitative characteristic of hornbeam (Carpinus betulus L.) in Arasbaran forest (case study:
llginehchay and  Kaleibarchay = Watersheds). Journal of Plant Research 30(4): 887-898.
https://plant.ijbio.ir/article_1276.html. (In Persian).

Assadi, M. 2023. Corylaceae. Pp. 3—-12. In: Flora of Iran, No. 178 (Assadi, M. ed.). Research Institute of Forests and
Rangelands Publications, Tehran (In Persian).

Atar, F., Atar, E., Gliney, D. & Turna, I. 2024. Analyzing population diversity of common hornbeam (Carpinus betulus
L.) in native habitats in Turkiye: A focus on leaf characteristics. Austrian Journal of Forest Science 141(3): 173—
194. DOI: 10.53203/fs.2403.1.

Bice, R.S. 2020. Genetic Diversity Correlates with Morphological Diversit
mollis. University Honors Theses, 871 pp. DOI: 10.15760/honors.89

Browicz, K. 1972. Corylaceae. Pp. 91-97. In: Flora Irapa,

Among Populations of Achyrachaena

@

Bruschi, P., Grossoni, P. & Bussotti, F. 2003. Witiig and ng tre@ variation in leaf morphology of Quercus petraea
64-1
rafshar, M. 2012a. Seed and bract morphotypes of Carpinus
1): 17-32. DOI: 10.22051/jab.2014.1127 (In Persian).
Chapolagh Paridari, A., Jalali, S.G., SOPboli, A. & Zarafshar, M. 2012b. Leaf, stomata and trichome morphology of the

ger, K.H. ed.). Akad. Drucku.
verlagsanstalt, Graz.

(Matt.) Liebl. natural populationsgTre

Chapolagh Paridari, 1., Jalali, S.
betulus. Journal of Applied

species in Carpinus genus. Taxonomy and Biosystematics 4(10): 11-26. https://thj.ui.ac.ir/article_17429.html.
(In Persian).

Chapolagh Paridari, 1., Jalali, S.G., Sonboli, A., Zarafshar, M. & Bruschi, P. 2013. Leaf macro- and micro-
morphological altitudinal variability of Carpinus betulus in the Hyrcanian Forest (Iran). Journal of Forestry
Research 24(2): 301-307. DOI: 10.1007/s11676-013-0353-X.

Chen, Z. & Li, J. 2004. Phylogenetics and biogeography of Alnus (Betulaceae) inferred from sequences of nuclear
ribosomal DNA region. International Journal of Plant Sciences 165(2): 325-335. DOI: 10.1086/382795.

Chidumayo, E.N. 2006. Fitness implications of clonal integration and leaf dynamics in a stoloniferous herb, Nelsonia
canescens (Lam.) Spreng. (Nelsoniaceace). Evolutionary Ecology 20(1): 59-73. DOI: 10.1007/s10682-005-3873-9.

Dahlgren, A. 1983. General aspects of angiosperm evolution and macrosystematics. Nordic Journal of Botany 3(1):
119-149. DOI: 10.1111/j.1756-1051.1983.tb01448.x.

Dietz, L., Gégout, J.-C., Dupouey, J.-L., Lacombe, E., Laurent, L. & Collet, C. 2022. Beech and hornbeam dominate
oak 20 years after the creation of storm-induced gaps. Forest Ecology and Management 503: 119758. DOI:
10.1016/j.foreco.2021.119758.


https://doi.org/10.3390/f12101297
http://doi.org/10.53203/fs.2403.1
https://doi.org/10.22051/jab.2014.1127
https://tbj.ui.ac.ir/article_17429.html?lang=en
https://tbj.ui.ac.ir/article_17429.html?lang=en
https://tbj.ui.ac.ir/article_17429.html
http://link.springer.com/journal/10682
https://doi.org/10.1007/s10682-005-3873-9
https://doi.org/10.1111/j.1756-1051.1983.tb01448.x

Ebrahimi Gajooti, T., Ostadhashemi, R., Razban Haghighi, A. & Imani, Y. 2000. Ecological factors affecting the
distribution of Carpinus betulus L. in the forests of Arasbaran. Journal of Sustainable Management of Hyrcanian
Forests 2(1): 37-48. https://cuhfj.areeo.ac.ir/article_122240.html. (In Persian).

Faraji, B., Javanmiri Pour, M. & Etemad, V. 2023. The oriental beech (Fagus orientalis L.) seed production
and regeneration in northern forests of Iran. Journal of Plant Research 36(3): 233-244.
https://plant.ijbio.ir/article_2121.html. (In Persian).

Fenner, M. 2001. Seeds: The Ecology of Regeneration in Plant Communities. 2nd edition. Oxford University Press, 424 pp.

Fereidoonfar, H., Salehi-Arjmand, H., Khadivi, A. & Akramian, M. 2018. Morphological variability of sumac (Rhus
coriaria L.) germplasm using multivariate analysis. Industrial Crops and Products 120: 162-170. DOI:
10.1016/j.indcrop.2018.04.034.

Fririon, V., Davi, H., Oddou-Muratorio, S., Lebourgeois, F. & Lefévre, F. 2023. Within and between population
phenotypic variation in growth vigor and sensitivity to drought stress in five temperate tree species. Forest
Ecology and Management 531: 120754. DOI: 10.1016/j.foreco.2022.120754.

Ghahreman, A. & Attar, F. 1999. Biodiversity of Plant Species in Iran. Tehran University Publications, Tehran.

Ghorbanli, M., Savadkoohi, F. & Satarian, A. 2014. Exploring the effect of habitat altitude on leaf morphology of
Iranian hornbeam (Carpinus betulus L.) in Shast Kalateh forests in Gorgan. Journal of Plant and Ecosystem
9(37): 3-15. https://www.magiran.com/paper/1271587 (In Persian).

Hamzeh’ee, B., Safavi, S.R., Asri, Y. & Jalili, A. 2010. Floristic alysis and a preliminary vegetation
description ~ of  Arasbaran  Biosphere  Reserve, NW Rostaniha  11(1): 1-16.

https://rostaniha.areeo.ac.ir/article_101488.html.. (In Perdian)
Hassler, M. 1994-2025. World Plants. Synonymic C list trib¥tion of the World Flora. Version 25.02
(updated Feb. 2025). https://www.worldplal
i, NS
Morphological differentiati v
109-122. DOI: 10.12657/dengjo.

Jian-Xun, L., Xiao-Lu, Z. & Wan-CMn, G. 2005. Biogeography difference in cone, needle and seed morphology

e.

Jasinska, A.K., Rucinska, B., Kozlow ey, S.Y Safarov, H., Boratynska, K. & Boratynski, A. 2015.

elict tree Zelkova carpinifolia (Ulmaceae). Dendrobiology 74:

among natural Picea asperata populations in Western China. Forestry Studies in China 7: 1-6. DOI:
10.1007/s11632-005-0012-1.

Khanjani Shiraz, B., Hemmati, A., Pourtahmasi, K. & Sardabi, H. 2013. Growth comparison of different poplar clones,
planted on lowlands of west Guilan. Iranian Journal of Forest and Poplar Research 21(3): 557-572. DOI:
10.22092/1JFPR.2014.4733 (In Persian).

Khoshandam Sarvineh Baghi, A., Payamnoor, V., Nodeh, M., Alishah, O., Aghaei, M.J. 2022. Evaluation and
comparison of leaf and seed morphological characteristics of hornbeam species in two long regions of Kordkoy
and Hezar Jerib (Estakhr posht) of Neka Mazandaran. Journal of Wood and Forest Science and Technology
28(4): 83-99. DOI: 10.22069/JWFST.2022.19127.1927 (In Persian).

Kianfar, M., Jalilvand, H., Asadi, H. & Naji, H.R. 2023. Morphological response of leaves of Persian oak (Quercus
brantii) and wild pistachio (Pistacia atlantica) to elevation gradient in the Zagros forests, llam. Journal of Forest
and Wood Products 76(3): 245-256. DOI: 10.22059/jfwp.2023.358147.1251 (In Persian).

Li, Y., Zhang, Y., Liao, P.C., Wang, T., Wang, X., Ueno, S. & Du, F. 2021. Genetic, geographic, and climatic factors
jointly shape leaf morphology of an alpine oak, Quercus aquifolioides Rehder E.H. Wilson. Annals of Forest

Science 78: 64. DOI: 10.1007/s13595-021-01077-w.
VY


https://rostaniha.areeo.ac.ir/article_101488.html
http://www.worldplants.de/
https://doi.org/10.22092/ijfpr.2014.4733
https://jwfst.gau.ac.ir/article_5903_4fef370ba312b298ad6b1a981e77b223.pdf?lang=en
https://jwfst.gau.ac.ir/article_5903_4fef370ba312b298ad6b1a981e77b223.pdf?lang=en
https://jwfst.gau.ac.ir/article_5903_4fef370ba312b298ad6b1a981e77b223.pdf?lang=en
https://doi.org/10.22069/jwfst.2022.19127.1927
https://doi.org/10.22059/jfwp.2023.358147.1251

Libbe, T., Schuldt, B. & Leuschner, C. 2017. Acclimation of leaf water status and stem hydraulics to drought and tree
neighbourhood: alternative strategies among the saplings of five temperate deciduous tree species. Tree
Physiology 37(4): 456-468. DOI: 10.1093/treephys/tpw095.

Marvi Mohajer, M.R. 2006. Silviculture and Forest Management. 2th edition. Tehran University Publications, Tehran.

Moradi Dirmandrik, Sh., Ramezani Kakroudi, E., Alijanpour, A. & Banj Shafiei, A. 2015. Quantitative and qualitative
characteristics of Arasbaran Forest Protected Area in slope gradient classes. Forest Research and Development
1(1): 1-15. https://jfrd.urmia.ac.ir/article_20051.html. (In Persian).

Moradi, S., Abrari Vajari, K., Pilehvar, B. & Shabanian, N. 2017. Interactions between tree layer diversity and some
morphological traits and nutrient of leaves of hornbeam (Carpinus betulus L.) trees in Hyrcanian forests
(Case study: Asalam forest, Guilan). Journal of Plant Ecosystem Conservation 4(9): 49-60.
http://pec.gonbad.ac.ir/article-1-216-en.html. (In Persian).

Nowghani, Z., Koohi, L., Panahi, P., Torabian, Y., Poorhashemi, M. & Hashemi, A. 2016. Non-destructive leaf area
estimation of indicator tree species of Hyrcanian collection, National Botanical Garden of Iran. Journal of
Applied Biology 29(1): 175-190. DOI: 10.22051/jab.2016.2475 (In Persian).

Panahi, P., Pourmajidian, M., Jamzad, Z. & Fallah, A. 2011. The value of micromorphological leaf and pollen traits for
distinguishing species of the genus Oak in Iran. Iranian Journal of Forest and Poplar Research 19(1): 163-179.
DOI: 10.22092/ijfpr.2011.107628 (In Persian).

Riahee, A., Assadi, M., Zare, H. & Mehregan, 1. 2022. Systematics of Carpinu§§molecular phylogeny and morphology.

Sabeti, H. 2008. Forests, Trees and Shrubs of Iran. 5th edition._Wazd liIvEsi gPications, Yazd.

Sadati, S.E. & Mostafanejad, S.R. 2009. Qualitative a i
platyphyllos) and Cappadocian maple (Acegcappa
of Forest and Poplar Research 16(3): 408" &\ https://Hfpr.areeo.ac.ir/article_108001.html. (In Persian).

Sekhavati, N. & Yaghotipoor, A. . a assessment of Quercus brantii Lindel. leaves in Zagros forests,

Resources and Sustainable Development Studies Journal 12: 1-5.

Kermanshah. Environment,
https://www.noormags.ir/view/f®articlepage/1699059 (In Persian).

Shayanmehr, F., Jalali, S.Gh., Hosseinzadeh Colagar, A., Zare, H. & Yousefzadeh, H. 2014. Morphological variations
of genus Alnus in Iran: assessment of five new taxa. Taxonomy and Biosystematics 6(18): 45-64.
https://thj.ui.ac.ir/article_17505.html. (In Persian).

Takhtajan, A. 1997. Diversity and classification of flowering plants. Columbia University Press, New York, 620 pp.

Thorne, T.F. 1992. Classification and geography of the flowering plants. Botanical Review 58: 225-348. DOI:
10.1007/BF02858611.

Yousefzadeh, H., Akbarian, M.R. & Akbarinia, M. 2008. Variation in leaf morphology of Parrotia persica along an
elevational gradiant in Eastern Mazandaran province (N. Iran). Rostaniha 9(2): 178-1809.
https://rostaniha.areeo.ac.ir/article_101604.html. (In Persian).

Yousefzadeh, H., Tabari, M., Hosseinzadeh Colagar, A., Assadi, M., Sattarian, A. & Zare, H. 2010. Variation in Leaf
Morphology of Tilia spp. of in Hyrcanian forests. Taxonomy and Biosystematics 2(3): 11-24.
https://tbj.ui.ac.ir/article_17374.html. (In Persian).

Yuan, C., Zhang, Z., Jin, G., Zheng, Y., Zhou, Z., Sun, L. & Tong, H. 2021. Genetic parameters and genotype by
environment interactions influencing growth and productivity in Masson pine in east and central China. Forest

Ecology and Management 487: 118991. DOI: 10.1016/j.foreco.2021.118991.
\F


https://doi.org/10.1093/treephys/tpw095
https://jfrd.urmia.ac.ir/?_action=article&au=110054&_au=Shahruz++Moradi+Dirmandrik&lang=en
https://jfrd.urmia.ac.ir/?_action=article&au=110055&_au=Elias++Ramezani+Kakroudi&lang=en
https://jfrd.urmia.ac.ir/?_action=article&au=110056&_au=Ahmad++Alijanpour&lang=en
https://jfrd.urmia.ac.ir/?_action=article&au=110057&_au=Abbas++Banj+Shafiei&lang=en
https://pec.gonbad.ac.ir/article-1-216-en.pdf
https://pec.gonbad.ac.ir/article-1-216-en.pdf
https://pec.gonbad.ac.ir/article-1-216-en.pdf
http://pec.gonbad.ac.ir/article-1-216-en.html
https://doi.org/10.22051/jab.2016.2475
https://doi.org/10.22092/ijfpr.2011.107628
https://ijfpr.areeo.ac.ir/article_108001.html

Zhou, Q., Zhao, F., Zhang, H. & Zhu, Z. 2022. Responses of the growth, photosynthetic characteristics, endogenous
hormones and antioxidant activity of Carpinus betulus L. seedlings to different light intensities. Frontiers in
Plant Science 13: 1055984. DOI: 10.3389/fpls.2022.1055984.

AN



