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Background and Objectives: The impacts of global climate change are
influencing terrestrial ecosystems especially forest resources in Iran and
other countries. It is a serious threat to the extinction of a number of
species. Assessing changes in plant functional traits along height gradients
is very useful for understanding the adaptation of vegetation communities
and their response to the environment in climate change. The aim of this
study was to understand the evolutionary trend of leaf morphological traits
and to investigate the segregation of three important populations of
hardwood species from Hyrcanian forests across elevational gradients.

Materials and Methods: Five populations were selected at altitudes of
300, 600, 1200, 900 and 1500 m above sea level in the forests of
Neka area, according to the natural distribution of the studied species.
Sampling of leaves were carried out in four directions and in the middle of
treetops to determine seven leaf morphological traits. Data were processed
using analysis of variance, Duncan's multiple comparisons and diagnostic
analysis.

Results: The results showed that the characteristics of the leaves and their
evolutionary tendencies were significantly different across various
elevation gradients for the three species. The diagnostic analysis of traits
made it possible to group the individuals with a high level of precision
for the three species. Leaf area, perimeter, length and width were the
best indicators, among other morphological traits, for separating leaf
morphological traits of three species across various elevation gradients.

Conclusion: Natural selection in the direction of adaptation and evolution
of the population of population of studied species in altitude gradients has
strongly affected the characteristics of leaf morphologies and therefore the
separation of populations. Leaf area was suggested as the most effective
functional trait and 300-m elevation was proposed as hypothetical limit for
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the altimetric separation of the three species provenances. Findings of this
study can help to assess the stability of isolated populations of the tree
species in the face of certain consequences of climate change, and also to
choose the optimal method of forest management in order to protect
genetic variations as well as improve risk prevention and management.
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Figure 1. Study area and stations.
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Table 1. Analysis of variance of leaf morphological traits of hornbeam, beech and oak species in different
altitude classes.

Squares Mean Lsx s Sils

Trait ciw

Oak 3Ll Hornbeam  ; o Beech i,

Area ol 21385.506™ 5338.246™ 4942.661"

Length J,b 201.508" 314.627" 129.703™

Wide - 149.738 59.379™ 29.178™

Perimeter Lo 1488.231" 1927.804 277.032"
Length/Wide ratio 2 ,s « Jb s 5.459™ 1.066™ 1.248™
Shape factor s s 5 0.210™ 0.659™ 0.236™
Petiole length S a5 Jsb 2.117" 8.757" 1.769™

PPN C]a..dﬁjb@.uw
** Significant at 1 percent error level

OISy a bys ck..e)'l s slagli,l 53 Bl 5 5 e il sl f Sy sLiw o Kils awslie =Y Jyi
Table 2. Comparison of mean leaf traits of oak, hornbeam and beech species at different altitudes by Duncan method.

i L. Height from sea level L s gl Sl gl
Species Trait 300 600 900 1200 1500
Area (cm™) =l 54.32 52.7° - - 37.3°
Length (cm) Jb 12.8° 12.6° - - 11.2°
Wide (cm) 5= 6.4° 6.4° - - 5P
sl i
Perimeter (cm) Lo 34.4° 342 - - 29.9°
Quercus castaneifolia . .
Length/Wide ratio 5 ¢ « Jsb s 21° 21° - - 2.3a
Shape factor | s 0572 0.56° - - 0.52°
Petiole length (cm) & .5 Jsb 0.71%  0.64%® - - 0.54°
Area (cm™’) =l 21.5° 17.9° 20.7° 23.3° 13.1°
Length (cm) Jb 7.8" 7.1° 7.9° 8.4° 5.9°
Wide (cm) 5, 4° 3.7° 3.9° 41° 3.1
= Perimeter (cm) L 187°  173° 189" 20° 13.9°
Carpinus betulus . .
Length/Wide ratio s ¢ « Jsb s 2P 2" 21° 21° 2°
Shape factor s .y 0.77° 0.75°¢ 0.73¢ 0.72° 0.83°
Petiole length (cm) & s b 0.91¢ 0.94¢ 1.2° 132 1.1°
Area (cm™) Coloe - 322° 326" 38.8° 30.7°
Length (cm) Jsb - 10° 10.1° 10.8° 9.4¢
Wide (cm) s ¢ - 5 5 5.6° 5b
A Perimeter (cm) L ; 234¢  242°  253%  234°
Fagus orientalis . .
Length/Wide ratio s, 4 Jsb oo - 2.1° 2.1° 2° 1.9°
Shape factor s 5 - 0.73° 0.71°¢ 0.75° 0.70°¢
Petiole length (cm) & s b - 0.41° 0.52° 0.59° 0.58°

CM»A\AJL.Z.A c))g slaasOlis rL»Q.A k_%}jp-
The same letters present the same group

"y
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Table 3. Regression coefficients of oak leaf traits in canonical functions.

Co \ GU Y GU
Trait Function 1 Function 2
Area o>l =A 3.42 -3.17
Length J;b =B 0.33 -0.32
Wide - ,=C 0.30 -0.11
Perimeter L. =D 0.91 -0.80
Length to wide ratio s s « Jsb < =E -0.06 0.001
Shape factor <&, =F 0.01 -0.01
Petiole length & s J b =G 0.03 -0.06
FU sbaab 55 g5leads slaal sauey S —E Sy
Table 4. Grouping of oak individuals in altitude classes.
. e.,\&wﬂ LSLA°JJ§
(G2 Lo e Sl gl Pridicted groups S
Hieght from sea level (m) Total
300 600 1500
300 7 3 0 10
Al s
St 600 2 8 0 10
Frequency
1500 0 0 5 5
300 70 30 0 100
Lo, 600 20 80 0 100
Percentage
1500 0 0 100 100
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Table 5. Regression coefficients of hornbeam leaf traits in canonical functions.

Cho \ &b V&b
Trait Function 1 Function 2

Area o>l =A 1.36 1.30

Length J,4b =B 0.36 0.26

Wide - ,=C 0.14 0.17

Perimeter L. =D 0.91 0.68

Length to wide ratio 5 = 4 Jsb coui =E 0.018 -0.01
Shape factor (s . s =F -0.020 -0.003

S s Jsb =G 0.021 -0.10
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Figure 2. Distribution of hornbeam trees of different elevations based on functions 1 and 2.
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Table 6. Results of classification of hornbeam individuals in altitude classes.

A.L&wﬂ LSLAAJ;

S e Pridicted groups &
Hieght from sea level (m) Total
300 600 900 1200 1500
300 9 1 0 0 0 10
600 0 7 3 0 0 10
ol s
St 900 0 2 6 2 0 10
Frequency
1200 0 0 0 5 5
1500 2 0 0 0 8 10
300 90 10 0 0 0 100
600 0 70 30 0 0 100
o 900 0 20 60 20 0 100
Percentage
1200 0 0 0 100 0 100
1500 20 0 0 0 80 100
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Table 7. Regression coefficients of beech leaf traits in canonical functions.

Cho Vb V&b
Trait Function 1 Function 2

Area c>lae =A 1.18 -3.12

Length J,b =B 0.24 -0.30

Wide 5,.=C 0.07 -0.29

Perimeter L. =D 0.27 -0.64

Length to wide ratio 5 ¢ 4 Jsb cuus =E 0.015 0.06

Shape factor <o 5 =F 0.009 -0.02

Petiole length & ,5 J4b =G -0.008 -0.07
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Figure 3. Distribution of beech trees of different elevations based on functions 1 and 2.
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Table 8. Results of classification of beech individuals in altitude classes.

A.L&wﬂ 6LAAJJ.§

) Lo e 5l gl Pridicted groups s
Hieght from sea level (m) Total
600 900 1200 1500
600 3 1 1 0 5
Sl 900 2 6 2 0 10
Frequency 1200 0 1 9 0 10
1500 0 1 0 9 10
600 60 20 20 0 100
Aoy 900 20 60 20 0 100
Percentage 1200 0 10 90 0 100
1500 0 10 0 90 100

wy



VERY o5l V40,90 (S 9 g (65918 9 pole (Sl gy & il

Q)Liuﬁkgbjfw'cﬂli‘)@\ﬁgd Loy aS sl

(5 St gty s pan 655 53 Xgy cpl S 4l

ST

N U U N g K3 o
Sl B &S 5 Ly cpl o VL 5
5ol S oo i bods
pslie 2alS ol 2alS Ll s s ol e
el S ke 5 2 b S e
Gleglisl 5o 55 5 ose e SlRl s LS 5 ol
Jols 31 b sl i W15 e s ke 515V
ol 03 1 el psle axdl 5 oS by Wil S5
Ol et Ly, adlae (VW) das  alS Lacu_?)\
Sy Colaw ohsn &85 aw S, gboas
a5l QM):Lan &8 S das e Ol oa
Les rals O s 3 bus e Sl pli) I L
S Sl o350 S S 1 s S, Cxlus
Lo ke Sl gLyl Rl b 3 5 e 65 52
Cheas gy ks WS s e Y
Colae IS sba ( SL bl 5 L als
L gl bl s ool Ll 1 s s,
boars b sy b bld odd aelul
Sy colis Ll S Ly, e § el o
s (TN e Rash mls dilessad ol
S S5 03 i b B glacumes o8 sl OLE
@Q&m@\ﬁg;ﬂ:ﬁwduéﬂ)\ﬁgﬁ
655 Gl s Comlin s e [2alS (18) dns e
Llgr G Vot a Cond e e plE ) 3 5 e
Sl il gl S o5 o) b s e
o2 LS s Sl s ssledds £55 s gl cpl s
aw a aS 358 o oedalie pl by (gl sl
x5 L Lo e 51l 0Ll S @ sl 53 6

S S ool a NSl s Sdw w

YA

S5 o g Sy

el o1l Olgeas L5 o 2B Ol i
aalr S 5 SSOAS) slagpaly Sl Sl
(V) 352 43,8 3 s Lal 2 i 4 ol
by Ol Ul el obal S & Jsb o
5l Sl s S i) ol 3 e el
Bl 5 b Shy o KT i 4 e &S
a5 (1) Wy O & b sk oo &S 55l
Sodsb 3 olS sla S s oms calse Vs
33 S Mgy 0 diS WSae Ll g5 o ol OLsl S

(YY) sl olem 5 ol o ks
slacin oy oS sl QLA fass ol @Lﬁ
5 e il $55 aw a8 wldos,
Lo cla..ﬂ 3 CL&J)\ obsl S C-:.QL, SRR
Sp oo 5 dsb e ool bacias
e 4 655w a s blde 5 S5 Olssa
03,0l Sl slatio anslie pixes Al e
5 S osledls sbaw S S sl ol b S 5o
e pfpS B nfie by w55 4 S
Bl Ol ladely Sepl 4 a5 Lok
oS e 5 ol ials 5 L Rl b
Obal S S s 1y o LA o Sk AlS e
baS Somb L51.&@5.?)1 sl 5 o)
Sl b 655 8 2ol lacumes clylad 505
Fotm 8 s o el bl SSn S
5035 50055 SR 2SS L Rty s eas
5 BT Sk ol 3550 S35 ins s
S das e Ol 50 e tass WS e )3 L5l
s LS e 5 Sl o0 S5 slatio
Lo s Gobsine 5 558 Stomer SAL
Lol S (S0 5 Ly als) plasl 5l
Jsb s cimlos Sl i Ly, axlllas (T4 YY)



Ko 5 (A eoie [ e SIS Sy wlidiCoy ) padunts Joss

oslizal 5,50 gl SOl o) 51 SO el
YY) daea Ohpos Copde s pluls o
53 aallas sy e S glaal gdues S
M&sggﬁcb.gltu:,\qmudu@
L R
el O VU Cmes Ao ps b (gdes S oS
SAY VY LS5 aaS sl Ol bk &S c,l:.,
Lol glaailb s s g laal ws s Ve
s o3g azb Olea jathe e YO0 5 e (e
Lt 4 baib O s 354 sbal sl
Fomb bV gladib ple wlie S 5 sla Shs
alio Ls (G )3 (g 59 bl S5y s 555
3 SE5 a4 olal WS e Jgenssba
O o3 68 S slaly Sess gl Lsy
Slaamar Aoy o Slaia pl plo il wils Lo
AL L e 51l 150G sl &8
Dope 2 GAok el dxies 55 g
Al e GRS Jelse @ Sl 5
Ll OLad iasn 5 (YorA) 0L 5 K
Slo oz 5 Sp bdcsn, b Shs &
s Lzl LB LS 55 LaslSle o6 et
(YY)
213 OLE e 65 el ey S s Ll
Sl Loy Av sV A Ve dr (oS a S
Voo @ er o el glaaib 55 55 e
5ens ol aib Olea 4 Glese Lib e )0es
wlie S b Sns K)o bl ol
s A Glagls ) s b 5 das 5 VL aib
357 Fomly sk b glaly o= (g e V0
S 238 slalin ol pd e edalis
Lo A oke glisl 53 S Comer
Lol (i Bl 85 g5 S o
5 omeal ASL axils Jases g3 55 else blis s

"4

Sladely 5 3503 Ol Ol oo 5 Klosls OLLS 5>
Llg e u&.,.;- Lol wul Sl 31 S0
gl 53 b e s siledl 65 5 Gbacanex
Sre W gLl Glacanas S St e Yo
Sy cols opsn S b Sns 4 s L
s 3 )?SUQ»J

CLL?)\ Ll S 3 s basids ple &l Ly,
S osline andllas 5y40 435S a5l Ly CEM 3l
S gl Rl L gsleidy €58 55 &S(g b
Soes A 5 (RIPl Ly S P a Jb
Ol B L e 458 5 Ll ol lalS W,
Sl el S s Ib 5 o8 4 b s ¢l
03 o, YL 5 ag EalS Ll s g Al e
oo e dsb ced Gl 1B L B S8
dsb s cubioslss 5 Llals Ly, a5 ol
rlpls tlle 3L ol e 5 i3l lnl S s
5 bl gL S oS 08 e etalin JS, b
ooy S Lo g 3 i) Rl L e
S Llossai 5SS Slopls ) 655 s FediS
Slebes Ll 5 AL Gl6S Clw 4 s L
A3 85 5 4 o VL lelisl s Of Gl
ebeldl 51 (S LS s e B 4 b
Lylsedge o1y S o slge Colls il oS dias
N slagli ) 5o sy Jead 0o obS Jdo &
JUEl 5 (6 s 588 il 55 o ST s QLS
S > Jsb ez pn (Gl s o I s
S gl slpe iy JEI o a3l S,
2 () (Kol Jrass s (Y0) 555 0
S5 olbicsy ;) Glssas 5 ijl J.‘;L. aus
ot s maw Sl plal Gl L as sl 0Ll
btk 65 55 L as AL e falS S IS
(V) )ls Slyan Sasy cpl 55 5 e

A lunde gl S5 g gl QU

le.hg_,_w ) NG ngjj.b ’.<M4”"'j CL«.A )‘ oslaul 9



VERY o5l V40,90 (S 9 g (65918 9 pole (Sl gy & il

Lis ol b @l we) 2 wge &
S5 S sl 5 Ol LS o el b 1) e
L oSlhil gy 1) Camex OF LUlS camexr S
LS oo G b S Gk S s s
G Tl e Sl S e Wl sy (7))
Sl Sl Ll o g0 Vo i) s s5ledids
debsl Jolge g3 S0 03 Spee 655 S
Snlea A3l gileads 65 4 Cad o
23 piledls & il e 45 50S s gl
035 Fpdteds ol Sl g Yool
53 andlas 550 A8 an S Lgd alld anlis
cplells &S oS das e Ol 55 (5 % e gl
0AeS B pSote sl SSe B s e
PRy J_<.3> bl Ao alils Ol
Flsl bl okl JL ol ple guives S
b o b gl s SYL sl b e Gl
AV 5 g5 Olpee a0l 5o YL el
sl 51 5ot e O 5 S 4 S A
SR T P P P I &~ BET TR
dolesl Jolse blie 53 1) €5 Cunar Ll oo
wlh Cldo 5 el SR Gkl e
Ll anw s gl (S35 e 8L 5o L5 e
Ol eets ladaly & a5 LMY 6,8 15 eslizal
25 e (SHL rals e Rl ale a3l
2 ol 5 bl g xS s 0lab Loy Sulb
bobeily ol e B a G e gl
oeb A= Jsl 4 s aJ.,eTui,ﬁ Olbdo 4 4> g
desm 03 5 o Sk | a8 s,

Olgn S p s g5 mlbd 4 s b osenlsl

Y

S sl Ol s Jasn s (YOA) O
B R O N N
Sl s Sl Llie g5 Bl 5 025
(TA) &S al 5 D5 50 e 05 2

23 0L 5 i 65 glawly ey S s
s ge sl Ao dr 54 A A LS a S
e Y0 Y @ e ol gladid s
2l s ey sl kb Oles 4 Glee L
b alie Sl Sns bl s gl
Yore 44 éutu.:,\ 05 kb 5 a5 VL
oo Foml slbaib Lo glol oI g
S 8 o edalie plly 4l e sdalis
s g b Sl ol Al e
delse Rlie 3 L 55t ol WS Sk
5 SIS sl adlh e dslisl
& sl oskea 1y ptass (Y+Y)) 0LKas
Sk s Sl S Sn S
ooty iz en 5 HOVER e (D)) 42 sems
2 Sp S b Shwy Coeal G
S OISl gl sl il a0 515/ Msnes 5 G
L il slaey S 5 1) Hevea e slad s
b S Sidsose sbheliScins i elinl
S s3 Ws sl @l sl ool ol ol
5 b GBS gl el sl s p e
(Y4) 54 dals= ase Hevea o

Ly, Syl €5 a0 g5 Yy
e Lo (gl LS Slag ]l ann s lSS
P e e W B PRCN KPR )
N N BT P IR ST PRS- PR
5 SSPS e slassd v Gl all e
S ade b wd g ab O el (S5 5d
30503 53 GBS Dlnd & e ol sl
spbp 65 2 S5 S ol 5 LS



Ko 5 (A eoie [ e SIS Sy wlidiCoy ) padunts Joss

GLls X a 55 B 4 G Sres 45 5 02
oS L Ll ey St s g8 S
L 65 ol ol plisl Lol glawl nle
OLE 3 855 & Comd A Sndiando dntes
a3 e
CL&J)l Ol s oS il Ol Ol oo JS 5 sba
5l Jolse IS L o ol 3 L3 elae )
hisn S Slis 5 (Guls s J:;L (slsn
aw oo adlas 3y s S S coles
AN Gl gl S el 68
Lo g 5l Lyl Sl ets Ky 4 S e S
2 LS Glacirer ol 4 a8 wsls Ol
5 sa5 dal gt (SaS el Sl sladely s
Gl S S s g5 Ssline Olye 2pm s Ll
Olyee e 5 e laglis ) s ales 340
ol Sl L5 SIS amlie 53 g5 ol
4 Cawle 2y Soge o AL ke
e S sladanr (il Sl slaaly

s Al g ol slie glacsad b andlas 5 40

1.Gratani, L. 2014. Plant phenotypic
plasticity in response to environmental
factors. Advances in Botany J. 17p.

2.Ehsani, A., Yeganeh, H., Sur, A., Saghafi
Khadem, F., Abarsaji, Q., and Akbarpour,
H. 2013. Investigation of changes in
phenological stages of Poa bulbosa
species in  semi-steppe regions of
Golestan and Khorasan Razavi provinces.
J. of Plant Science Research, 29: 1. 17-27.

(In Persian)
3.Lykholat, Y., Khromyk, N., Ivan’ko, I,
Kovalenko, 1., Shupranova, L., and

Kharytonov, M. 2016. Metabolic responses
of steppe forest trees to Altirude-
Associated local environmental changes.
Agriculture & Forestry J. 62: 2. 163-171.

"y

A s 5 piledd slaw S S il Ol
Sl j B 45 4 Cand ($5 e asdo
Aes Los sl I e e BV el
e 20l A 5 bty JU5 olen 528
2 J Ll 5 Sl Sl 5
SE5 Solbew Sy » Sasy L e Gl
ULJ:.\.K«S;\; OLs S8 ,ea 6LAJ§;>.- 55 gskends
b g b e S el L golen opl Al
o3l QLA sl g5 O (YY) syls akasly e
b hgio (558 Ol (Jyeme LLL & ool
3 8 S SSdsose Sl st s 1, ok
Ll s Vo s g5 das e 0L o5 IS
5o G Shs b SLEL age Sliv Gl
() ol e Usolow Jolse 5 BT & sy
e Sl B 655 SR e g5 s
Los gl S 1Yer 5 dee 10l Slelis ) s
2 P Camer St ol Sl Ll e

VO J.JYL CLL?)\ DL OJP-YL’ 9 J\J:L’ LACLL?)( ‘J_:l
SUI s 55 ;ieS by 45

LS plo @ S Sodpsasdo b 050

4Jump, A.S., and Pefiuelas, J. 2005.
Running to stand still: adaptation and the
response of plants to rapid climate change.
Ecology Letters J. 8: 9. 1010-1020.

5.Bruschi, M.L., Cardoso, M.L., Luchesi,
M.B., and Gremiao, M.P.D. 2003. Gelatin
microparticles containing propolis
obtained by spray-drying technique:
preparation and characterization.
International J. Pharmaceutics. 264: 45-55.

6.Delagrange, S., 2011. Light and seasonal-
induced plasticity in leaf morphology, N
partitioning and photosynthetic capacity
of two temperate deciduous species.
Environmental and Experimental Botany
J. 70: 1-10.



VERY o5l V40,90 (S 9 g (65918 9 pole (Sl gy & il

7.Koike, N., Takeyoshi, I., Ohki, S.,
Tsutsumi, H., Matsumoto, K., and
Morishita, Y. 2003. Growth
characteristics of root-shoot relations of
three birch seedlings raised under
different water regimes. J. of Plant Soil.
255: 303-310.

8.Liu, W., Zheng, L. and Qi, D. 2020.
Variation in leaf traits at different
altitudes reflects the adaptive strategy of
plants to environmental changes. Ecology
and Evolution J. 10: 8166-8175.

9.Rajsnerova, P., Klem, K., Holub, P.,
Novotna, K., Vecefova, K., Kozacikova,
M., Rivas-Ubach, A., Sardans, J., Marek,
M.V., Pefiuelas, J., and Urban, O.
2015. Morphological, biochemical and
physiological traits of upper and lower
canopy leaves of European beech tend to
converge with increasing altitude. Tree
Physiology J. 35: 1. 47-60.

10.Evans, J.R., and Poorter, H. 2001.

Photosynthetic acclimation of plants to
growth  irradiance:  the  relative
importance of specific leaf area and
nitrogen partitioning in  maximizing
carbon gain. Plant, Cell and
Environment J. 24: 755-767.

11.Korner, C. 2007. The use of ‘altitude’ in
ecological research. Trends in Ecology
and Evolution J. 22: 11. 569-574.

12.Guo, Q.Q., Li, H., and Zhang, W.H.
2016. Variation in leaf functional traits
and physiological characteristics of
Abies georgei var. smithii along the
altitude gradient in the southeastern
Tibetan Plateau. J. of Mountain Science.

13: 10. 1818-1828.

13.Guo, Z., Lin, H., Chen, Sh. And Yang,
Q. 2018. Altitudinal Patterns of Leaf
Traits and Leaf Allometry in Bamboo

Pleioblastus amarus. Frontiers in Plant
Science J. 9: 1110.

14.Mohebbi Bijarpsi, M., Rostami Shahraji,

T., and Samizadeh Lahiji, H. 2019. The
effect of altitude on the morphological
and physiological responses of beech
leaves (Fagus orientalis Lipsky.) in the
forests of Gilan. Iranian J. of Forest
and Poplar Research. 26: 4. 577-590.
(In Persian)

wy

15.Saeedi, Z., Azadfar, D., and Sagheb
Talebi, Kh. 2015. Variety of eastern
beech leaf stomata characteristics in
Hyrcanian forests. J. of Wood & Forest
Science and Technology. 22: 1. 167-183.
(In Persian)

16.Sabeti, H. 2008. Trees and Shrubs of

Iran. Yazd University Press, Third
Edition, 886p. (In Persian)
17.Nasiri, S., Poor Tahmasebi, K.,

and Oladi, R. 2014. Seasonal dynamics
of long radial growth of Quercus
castaneifolia. Iranian  Forest  J.
6: 3. 351-361. (In Persian)

18.Amiri, M., Dargahi, D., Habashi, H., and
Mohammadi, J. 2008. The effect of
physiographic ~ factors on  natural
regeneration of Q. castaneifolia. J. of
Research and Construction. 21: 116-123.
(In Persian)

19.Aghajani, H., Mohajer, M.R.M., Asef,
M.R., and Shirvani, A. 2014. Prevalence
of macroscopic fungi causing wood rot
on hornbeam trees (Carpinus betulus L.)
(Case study: Kheyroud forest, Nowshahr).
Iranian J. of Forest and Range Protection
Research. 12: 1. 55-65. (In Persian)

20.Ahmadi Mazracheh, A. azadfar, D. and
Saeedi, Z. 2021. Ecotypic diversity
changes of Quercus castaneifolia
populations in drought gradient (west-
gast) in Golestan Province. J. of Wood
and Forest Science and Technology.
28: 4. 65-81.

21.Bresson, C.C., Vitasse, Y., Kremer, A.,
and Delzon, S. 2011. To what extent is
altitudinal variation of functional traits
driven by genetic adaptation in
European oak and beech? Tree
Physiology J. 31: 1164-1174.

22.Read, Q.D., Moorhead, L.C., Swenson,
N.G., Bailey, J.K., and Sanders, N.J.
2014. Convergent effects of elevation on
functional leaf traits within and among
species. Functional Ecology J. 28: 37-45.

23.Royer, D.L., Meyerson, L.A., Robertson,
K.M., and Adams, J.M. 2009. Phenotypic
Plasticity of Leaf Shape along a
Temperature Gradient in Acer rubrum.
PLOS ONE J. 4: 10. e7653.



OS2 g (A desoswo [ o (WS S g wlidiCou ) panduid Juod

24.Royer, D.L., McElwain, J.C. Adams,
J.M., and Wilf, P. 2008. Sensitivity of
leaf size and shape to climate within
Acer rubrum and Quercus kelloggii.
New Phytologist J. 179: 3. 808-817.

25.Walls, R.L. 2011. Angiosperm leaf vein
patterns are linked to leaf functions in a
global-scale data set. American J. of
Botany. 98: 2. 244-25.

26.0midbeigi, R. 2000. Approaches to
the production and processing of
medicinal plants, Publishing Designers
Publications, Mashhad, Volume 1,
Second Edition. 283p. (In Persian)

27.Gitonga, L., Kahangi, E., Muigai,A.,
Ngamau, K., Gichuki, S., Cheluget, W.,
and Wepukhulu, S. 2008. Assessment of
phenotypic diversity of Macadamia spp.
Germplasm in Kenya using leaf and fruit
morphology. African J. of Plant Science.
2:9. 086-093.

28.Ai-Min, L., Min-Li, L., and Chun-Ming,
Z. 2018. Phenotypic diversity analysis of
leaf traits in cultivated Houttuynia
cordata Thunb. populations from Hunan
province. Plant Science J. 36: 1. 73-85.

"y

29.Jetro Nkengafac, N., and Claurence
Nkumbe, N. 2021. Analysis of leaf
phenotypic diversity of some Hevea
Accessions/clones conserved at the
Institute of Agricultural Research for
Development (IRAD) Ekona, Cameroon.
World J. of Advanced Research and
Reviews. 12: 2. 372-378.

30.Ming, R., and Moore, P.H. 2013.
Genetics and Genomics of Papaya,
Springer, New York, pp. 35-45.

31.Zhang, T., Kesoju, S., Greene, S.L.,
Fransen, S., Hu, J., and Yu, L.X. 2018.

Genetic  diversity and  phenotypic
variation for drought resistance in alfalfa
(Medicago sativa L.) germplasm

collected for drought tolerance. Genetic

Resources and Crop Evolution J.
65: 471-484.
32.Karami, J., Kavoci, M.R.,, and

Babanejad, M. 2015. A relationship
between some environmental variables
and the spread of charcoal disease in
Oak trees. lIranian J. of forest and
rang protection research. 13: 1. 34-45.
(In Persian)


http://www.whzwxyj.cn/
https://link.springer.com/book/10.1007/978-1-4614-8087-7
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Tiejun-Zhang
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Sandya-Kesoju
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Stephanie_L_-Greene
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Steven-Fransen
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Jinguo-Hu
https://link.springer.com/article/10.1007/s10722-017-0546-9#auth-Long_Xi-Yu
https://link.springer.com/journal/10722
https://link.springer.com/journal/10722




