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Article Info ABSTRACT
Avrticle type: Background and Objectives: Populus spp. have a wide distribution with a
Full Length Research Paper  great morphological variation in the world. The leaf heterophilic is a
remarkable characteristic among the genus of this species, which makes it
L ] difficult of recognizing a clone from another. Having knowledge on leaf
é‘mc_le h,'Story' morphological traits would help to separate the poplar species planted in
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Revised: 07.23.2022 the_ northern Iran.-Thls study aimed at |dent.|fy|ng these morpholo_glc_al
Accepted: 07.16.2022 traits. The correlation between leaf morphological and the growth traits in
mature trees could also be useful in assessing tree growth. Thus,
investigating correlations between leaf morphology and growth traits of

Keywords: mature trees was considered as a minor objective for the present study.
Clone,

Crown area, Materials and Methods: In this study, 14 clones of four species including
k/?(?:bhology P. nigra (42.78, 62.154, 63.135, betulifolia), P. alba (20.45, 44.13),

P. deltoids (63.8, 69.55, 92.258, marquette), and P. euramericana
(154, 214, costanzo, vernirubensis), which are planted more than other
species, especially in the northern half of the county were selected from the
poplar clone’s collection of Alborz research station in Karaj county. In this
collection center, 9 individuals of each genotype were planted with the aim
of genetic perseverance. Three of nine individuals of each clone were
randomly selected and after leaf sampling at a height of 3-8 m from seven-
year-old trees, 12 morphological traits were measured. Diameter at breast
height, total tree height and tree crown radius at four cardinal directions
were measured in the late growing season to determine correlation
coefficient between the mature tree growth and leaf morphological traits.
We used the Principal Component Analysis (PCA) with two methods of
calculating correlation and multiple regression analysis between leaf traits
and principal axes and the nested design of experiments to determine the
most effective traits on the separation of colons. Finally, mean values of
morphological traits were compared using Dunnett's T3 test.

Poplar

Results: According to the clustering results, P. nigra, P. alba, and two of
P. deltoids (63.8, 92.258) clones were placed separately in three groups.
The four P. euramericana clones in addition to marquette and 69.55 from
P. deltoids constituted another group. Leaf length, leaf area, maximum
width of the leaf, leaf dry weight and petiole length were determined to be
the most effective morphological traits among the clones studied. Crown
area was the only growth trait that had a positive significant correlation
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with leaf morphological traits, such that with increasing crown area over
leaf length, maximum leaf width, petiole length, leaf thicket and surface
area, and dry weight increased.

Conclusion: Regarding leaf heterophilic and high similarity of leaves in
poplar genius, five key traits of length, area, maximum width, dry weight,
and petiole length were recognized for the separation of the 14 clones.
Based to the results of this study, it is inferred that the crown area affects
leaf dimension more than diameter at breast height and total tree height.
Therefore, leaf morphological traits cannot be the sole criterion for
evaluating diameter and height growth of mature poplars.

Cite this article: Ghadiripour, Pedram, Esmailzadeh, Omid, Ghasemi, Rafétollah. 2022. Prominent leaf
morphological traits of mature trees to distinguish 14 poplar clones widely used in tree
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Table 1. List of the clones studied from the collection of poplar in Alborz research station of Research Institute
of Forests and Rangelands (RIFR).

oIS b Golantl Cadls oS el bl s
Clone name Abbreviation sign Clone name Abbreviation sign

Populus alba 20.45 P.a.20.45 P. euramericana 214 P.e.214
P. alba 44.13 P.a.44.13 P. euramericana costanzo P.e. Cost.

P. deltoides 63.8 P.d.63.8 P. euramericana vernirubensis P.e. Verni.

P. deltoides 69.55 P.d. 69.55 P. nigra 42.78 P.n.42.78

P. deltoides 92.258 P.d. 92.258 P. nigra 62.154 P.n.62.154

P. deltoides Marquette P.d. Marg. P. nigra 63.135 P.n.63.135
P. euramericana 154 P.e.154 P. nigra betulifolia P.n. Bet.
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Figure 1. Results of cluster analyses based on leaf morphological traits.
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Table 2. Correlation coefficients of leaf morphological traits with main axes.

AXis 2 Axis 1 Abbreviation sign Trait
X S
0.092" -0.958** LL Graghs) S dsb
Leaf Length (mm)
- S . =S|
-0.042" -0.973** MLW (o) S 2 slgy Sl
Maximum leaf width (mm)
X Sty S-S e b
0.504™ 0.227™ BMW (o) St by M= 65 0 e o
Distance between the base to the maximum width of leaf (mm)
X S
-0.298"™ -0.910%* PL (Gahe) S ez dsb
Petiole length (mm)
2 S culbes
-0.493"™ -0.468"™ TL o) S
Leaf thickness (mm)
) S S asl;
-0.583* -0.402" LAIA (r2) S S5l
Leaf apex angle (Degree)
3 S gl
-0.351"™ -0.549* LBA (452 S o sl
Leaf base angle (Degree)
0.378™ -0.625* SVIMA (r3) (ol S 1854 3 S 55 5
Angle of the second vein with midrib (Degree)
x S
0.009"™ 0.965%* LA (g ) S e
Leaf Area (mm°)
é P
0.256™ 0.935%* DW (p5) S 05
Dry weight (gr)
0.853** 0.012" SLA €5 2 gl S S g
Specific leaf area (cm°gr™)
gf i osle
-0.623* 0.485™ DM (h232) S

Dry mass (%)

JWZLL;)\JL;&A Ol rJ&jM)JQO jﬁﬁ 3&9'@.‘)3)\5@#)@% g_,.:?j@ns_g:cbn
** * and "™ indicate a significant difference at 99%, 95% level and no significant difference, respectively
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Table 3. Results of multiple regression for the leaf morphological traits with the two main axes (Envi-fit).

(EHVI-fIt) Jné‘ 44-\}& 39 \.3 sfﬁ 6\.&;’4—# A\Jlf.\.'\e b.’:‘“;J @L‘S -y JJJ’

Sold e

OGN Y ol ad s V Sl ad e S
P-value R? Axis 2 Axis 1 Trait
0.012* 0.903 0.255 0.967 LL (mm)
0.012* 0.913 0.124 0.992 MLW (mm)
0.480™ 0.438 -0.977 -0.211 BtMW (mm)
0.012* 0.966 -0.211 0.978 PL (mm)
0.636™ 0.435 -0.317 0.948 TL (mm)
0.144" 0.673 -0.897 -0.442 LAIA (Degree)
0.840™ 0.381 -0.500 0.866 LBA (Degree)
0.060™ 0.597 0.701 0.713 SVtMA (Degree)
0.012* 0.935 0.098 0.995 LA (mm?)
0.012* 0.911 -0.099 0.995 DW (gr)
0.096" 0.601 0.984 -0.180 SLA (cm?gr?)
0.360™ 0.501 -0.842 -0.540 DM (%)

Ll 13 pme B pe 5 Ao 33 40 slazel a3l e ULy S5 5T

*and "™ indicates significant differences at 95% and no significant difference, respectively

PCA
o~
& e <
> Y A& .,
e ," PnBet. ‘\
il \
1 .
SLAl E -“\’ 09 5
LY
i) ; 3 Group 2
. ]
) Ll
Yes, s feeee < i i
e e ™ 1 H
Group3 __--- pe1sa \ | 04278 \
- e 104 b O
=~ PdMarq. v h 3
- SUMA‘"‘I Y r!;,':("“l\' \, ‘\l
h', _____ \ =‘ Be2 14 ',' \‘\ _F.‘nhl.ISJ :
APA63.8007m "~ \ PeVemi -~ L i Axis 1
YA T ' R R 3
1 oat - ',
H “:ML[\SVW “"7"(.)""\«) SSI‘E;A 710 4 - ‘\\ e
1]
| N OW m/ B \ ey
H l’d‘)"t;%‘-_‘ Y LL l” BtMyV s‘* = "J
S ! _, Srzazoa- 3
1 ; Camagmoet AN (G T N S
Y ’-' o Y T
N LATA P e
 ; s
i D’; 'Il ""
WCido oy yogo / 7
Group 4 N { 1 o9
The most effective traits { Pad4.13 ! 9
04 ~®_____.- Groupl

SN3 s g0 59y 2 o Slaadlie 4 w5 Gaad S S Gl Y S
Figure 2. Combination of the results of clustering analysis and PCA on biplot diagram.
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Table 4. Results of nested design ANOVA for the leaf morphological traits.

kS NN . Sl Sl e o
Percentages of the Sources of .
variance components P-value Mean squares variations Trait
64.6 0.000** 11.69 3451.9 (Clone) - Js
Spdsb
13.8 0.000** 4.19 295.4 (Tree) = >
(LL)
21.6 70.5 (Error) U=
71.9 0.000** 13.95 5783.1 (Clone) :Js
3,, by Sla
13.8 0.000** 5.79 414.5 (Tree) o>
(MLW)
14.4 71.6 (Error) U=
23.6 0.009** 2.91 111.6 (Clone) .ls Sl by s
27.3 0.000** 3.78 38.4 (Tree) w5 S sl
49.1 10.1 Error) s BMW)
82.3 0.000** 23.8 0.173 (Clone) :Js
Sp S5l
9.1 0.000** 6.3 0.007 (Tree) s i
(LAIA)
8.6 0.001 (Error) U=
52.6 0.000** 5.7 0.036 (Clone) s
(Tree) S p o sl
30.4 0.000** 9.9 0.006 ree) = ,s
— (LBA)
17.0 0.001 (Error) U=
56.6 0.000** 7.7 0.029 (Clone) s Lpss S5, ass
20.8 0.000** 5.6 0.004 (Tree) = s Sl S5,
22.7 0.001 (Error) U= (SVIMA)
72.0 0.000** 14.4 0.196 (Clone) s
S
13.1 0.000** 5.4 0.014 (Tree) s -
(LA)
15.0 0.003 (Error) Ua=
70.5 0.000** 11.9 0.011 (Clone) s
16.9 0.000** 7.7 0.001 ree) o>
12.6 0.000 (Error) Ua>
50.7 0.000** 5.7 4519.5 (Clone) . Js
3)_» 5}‘»“5
28.1 0.000** 7.6 793.4 (Tree) o= =
(SLA)
21.2 104.0 (Error) U=

A
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Continue Table 4.

oritols G o2 Solspme o F Sl ke Sl e i
Percentages of the Sources of .
variance components P-value Mean squares variations Trait
7.0 0.031* 2.3 133.6 (Clone) Js
p<.~'l;- a:LA
0.0 0.670™ 0.9 57.8 (Tree) o s
(DM)
93.0 67.1 (Error) W=
60.2 0.000** 7.66 3967.1 (Clone) s
;ffﬂl d}lﬂ
24.0 0.000** 8.55 518.1 (Tree) ¢ s
(PL)
15.9 60.6 (Error) W=
479 0.000** 5.1 0.0002 (Clone) s
30.8 0.000** 8.2 0.0000 (Tree) ¢ s
(TL)
21.3 0.0000 (Error) s
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Degree of freedom for clone, tree and error are 13, 28 and 168, respectively; **, * and ™ indicate a significant
difference at 99%, 95% level and no significant difference, respectively
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Identification key of the 14 investigated clones
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Figure 3. Identification key of the 14 investigated clones based on the five leaf traits of length, area, maximum
width, and dry weight besides petiole length.

* Identification of these clones is impossible only based on leaf morphological traits; G= Groups resulted from
cluster analysis

AY



95 & puid

81988 g pole sla i

VLY Y b)wc"ﬂ 8593 ¢ ’°' 9<

<€ oy o€ P Hg’ e e e o€ .tAU |7 oy T oy

[9AJ] 2%S6 1B AOUAIJJIP JUBDOYIUSIS OU )BIIPUT SINII] JB[IWIS

14 8STT6 P'd 88766 . Y769 ¢ S0°SO1 . 0L°0 e LTSL ap 8°0€ @OTLI @ C9S p L00T  poqe 6°EE pOLLT 810
14 8¢9 P'd q 6L°86 e €9L9 ¢ STE01 @650 « 68'LL p 99¢ e ELIT q 0SS oqe £ECI p C8C p €80T @910
€ y1cod poq S8°PL > ILLT p 19769 g STO  opaq IS°LY op 6°€E 2 O°LS] qCYS pog E8TT  poge 8'E€E ap SE°61 % P10
€ 180D o°'d ap EV°89 ,808C 2 16°0L o0 EC0 ap 6TV op E1€ p 0°LTI 2 6'8F aq S6CI poge 8CE pog SLIT qS1°0
€ pS1od 0 99'1L > 8ELT » 09°€9 Jopo €C0 poq PTOF p0'1€ p L'LTI q 0°6S aq 1'8T1 @ V'SE , 6691 S0
€ TUIDA 9°d aq LI'E8 2 909€ o 19PL op 1€°0 q CV'99 ap 0°6T 2 0851 q 1'0S 2 V'1TI poge 8 1€ poqe V' TT qS10
€ ‘brep prd e I7'L8 q 8E6F q L0788 2q 6€°0 q 98°6S o VLT 2q 0°SS1 aq §'8Y oqe: 179C1 pag 66T op £0°61 qS1°0
€ cs69Pd ap L889 L IEIE 2q ECOL » 1E0 q S0'8S 0 0°6€ s ['€TC + 1L » €001 poqe 1 V€ > 16'vl @910
C g ud 30 05°€9 p €981 op EV'ES s€1°0 ,eree 2 6°CE , 677l qS'6Y 2 0°CS1 p9LT ap LE8I pCl’0
C LY Wd 5,5 9V'S9 ap S8LI 5 89°08 s V170 ,1L°8C p I'PE L 0Lyl q0°€S aq V'CEI pog 9 €€ ap $9°81 qS1°0
C PSITOWd 5, 0S°€9 ap 8PS R OVLY 5 S1°0 pOILE 29'9C pl L > €TV ap SOT1 @ £S€ ap 16781 p £1°0
C sereowd 18761 , 98C1 JLOLY 5S1°0 ,608C > 0Ty p P'S01 p I'VE 4 LT6 aoqe 0°S€ op €61 : L1°0
I el'vy ed wy 18°LS p S961 5 S6°0S 5p €C0 2q IV'ES q6'L8 qS'CTLI p 0'7E ,8L8 @ £9¢ oqe S1°9C @910
I sroced @ 80°9¢ p 9L8I yop C1'TS 5 L1°0 yop S5°8€ : V€91 @ 0°€61 p COY pog 9811 ¢ 0'8€ p 9¢E1C p €10
ooy D
(wur) ANEEV (ww) (13) (wu) (22132(7) (22132(]) (22132(7) A_.._meov (%) (wur) (wur)
o v . 1 V1 MTN Md 1d Vvl vdl VINIAS VIS Wad M 1L
e R

A

sper) [edrdojoydiow
Jeo juenodun
) SuIUIULIdIAP JO POYIRN

6l Lm0 X L s o
10 (50 T g eron € 9 ) nf D 1T (3g-1AUd) spoyiow [je ur juenodwiun

SE PAIOPISUOD )T} Y]

usisop paisau A ny ur syuduodwod dduerrea sadejuadiad ay) Jo uonewnsy

— ey <oy £50 60 g2 | bl eme A g

O o o DR (€ (6O
D a0 AL e . ] TS ISR T W
s il Qi e o A A 17 (VO
*sasA[eue uL)SN[ Aq pajnsa.t sdnoas ay) uowre syudwriddxd uSisap pajsau Ajnj ui
sjuduodurod sa3ejuddrad duBLIBA IY) JO UOBWISI PpuR ‘YY-IAUY ‘YD J JO Spoylaui 3day) Aq paje[ndfed syrea) [edrsojoyd.aoun yed yueytodut ysour 3y) jo uosriedwiod Iy, s dqe]
nqy cComr 550 60Re0 42 23 <€ 6o ey e (€ (60 Frvie -

2rép o= M A MeE BILE oo Crerne? € o o 0rme ey (60 ety wvirg” oo § e (o (R0 S g oo € S o y-1am) ©




Ol 9 5255298 plyy [ Bl U8 )3 S (wlidCEn ) e LS s S 39

Glaaasie Sl oY 5l s Sy ldsy,
Cﬁﬁﬁ)&ﬁ@xjﬁg}il-’ﬁuéﬁi-’
0 JS2) 5,8 3 sy 5e 0T S5 s 56 b
Ly sbpls S8 J gbois
S gk 5 Sons g sk ol 03 o
$8 aw S, sla S5 & adlls LSl e
WS o3 OLES (Yerd) OLan 5 sl Loy s
5Ll Mg bl bliyl S slis 5l 2
() 505 o3litel it 1 S 5S 53 OF 51 015
5 S oks phe b e Ce e Jlallses
gl Geomea (FT) ol ad e OF 055,35 (s sims
5wl S o35 b o3k Ster 5 S 5
D pgee 53 W8 ediS e Olsear Nl o0
LS sba (MU 5 Y0 LX) 5,8 5 s
o gl 5 S p e W5 gl S S Ol
Sy s a bae Clis 4 Cws S,
e mls (V) dibe s sloasls
58S sls OLE (T410) OLKan 5 e ls
FUsl b S e ¢ sezme (PoNigra) |55 5 5o
gl o3 A s ool e S o
oz S SIS SOT s 4 Vel (s,
Syge Sldlas OV, (s il s S
Ogw g 850 Stwen ol aulse wo)lil
woly Sy culbis Slio a4 &S s 0L
2l S Sasls 5 ol S5, L ess S5,
A s glaaiie L sldesy; clis
Sl pmn (Smpas & S gl s ae
sl 4 bgsa olidisn, Slis oSe s kil
S b S sl Sl S, dsb)
by elen 4 S S 035 5 (o wulis
Gl e bl S8 L e S5,
Ol ol (U i) cdls s pre St Stosen
53 gl el SGRIL S ke &5 Clias
035380 S 05s 5 el p adlas 5,5 lapls

wsl3 Sl s Bl gl Colee 5

A

SLolS SSE e e Sl e

cilise ek S Aol 3 (53b Caenl ilie
S mes dgb (YY) 5531 5 gonms .3)05 5o
Sl bal S5 bess oy 0 Sl 5k
Cio Sin b oden | Cido ol 5 Lsge
Sri S SSE s Koy Sl 5 liis,
e 33 5 (P. euramericana) ol el o
5 3yl ((V0) axudls s (P. deltoides)
dol Glaosl gl oy | ghaiea (Y0VY) O Sas
s (P. euphratica) oy slaalole 5,855 ,5s
bz Slis @lags sbadlg s (P. alba) o 58
52 (V) dsed bl Jse 1y S Jsb alex
WS T Lild s edplnl e tays
bl 5 ey Sl sar g, okl
s3le L (P. euphratica) oy lsais; slaaals
sreo LS e (YA 5 YA) il LSl e
il Slie poaes 5 (7)) oy 5 0348
L (P. caspica) cliddw jlsais, sbalsi S,
V) Gy Jol e s oslize oLl as T
Sle Sl Sy Jsb dersl il Slio
Tl 5 S e (Sl (S s Jsb oS
S 3 e Sle nfees Olsear S ek
2Ll dm e wledd 218 a5
Calid a8 b ol pls ccl Glate lags ol
CiS Olg e oS de Slllas b e opl mlo
ois 53 oLl )50 Cdo ey ol dlenmlay oS
Sl WO U5 e 5035 ke g5 ior 53 LalS
Gla o aglin rizon 5 KU Sl IS asis
Sl mls b bl s 5 sl slaal b s
Jgull 350 eslinal o i glaei S o3,
Fa s S b ol pluls A
S 3 oSl e s eda s slagls
st 655 ,5P.d 92258 ; P. deltoides 63.8)
s P.e 214 P. euramericana 154 (ls. S
Sl 4 G0 SSIL (Y oy S 5 Poe costanzo



VERY O 5l V40,90 (S 9 g (65918 9 pole (Sl gy & il

o 8 S O ol e s Ll
Sl e Lot bl cl il (S5
o QLS 5 arls asly Sle s S alidcs,
bl Jaols 5 ol Rl gl s s 5B
S S ol S85 L pss S5, asls bl o
Sols s STyl 5 (V4) cd S Cidw
5 oSl Glanse sasis ba) szl
Jsi) Gl i o il 35 Losas (o 55
el 0303 OLES ke Stsar zb e L
sl 5 kol S8, L pss S8, asls i
el lhcos 5t s 4 S S
) 5 en s e a5 6 3 S35
S 4 g e Gl IS SSE s Sde o
Sonr 35k cplply (08) Lpde w88
ol B L o 53 opl Ol ghie Sl gme
ke o b1y w0l e
Sl 4wt pl el Gl 5 Sls las

Sl 5L 6 5 e

25 e i s Koo lew ol sl
3l 5l el 4l A s Ol 3 4
slizel 4y 3yl 5 N 50 C\S s Sl
Gl Sho spdls OISk 5l ol
53 bame 36 5 (8Y 5 8Y Er X)) CoVL sl
e 3 ekga (YY) R RARSEYE
3,0 olS CU Soleme 53 g ﬁ:l: 5 g
33 CSU O sladass js Slalae & 0 (88)
SISl &S Wlesls LS csb o ol sl bl
S L5 dr LK s als gasly 5 S
ol sooplil BV &1 £0) dzea IS
S0 g 3l S ok lagl s S sl e
5 St oD R Gl oS il
O 53l Adyss o5 S s S ol
L ates ozl o blie 5o 5 158l S, S
b S, slas il Yl 5 S skl ials
Al Bl H g il els 4 s 5 C LB
5 gl Bl des SR d e Sosllon
bostss Sl 4 5ot ol asls O &

asdlas 5,40 IS VE )a~S/J.gwuc.éqjjgﬁpdi.i})&&ﬂblybymw%lﬁ—\ Jyd>

Table 6. Pearson correlation coefficient between the tree growth and leaf morphological traits for the 14
investigated clones.

(i) g6 Bl pas Comlis (o Sl) s il o () J gl S

Crown Horizontal Projection Area (m?) DBH (cm) Total Tree Height (m) Trait
0.376" -0.075™ 0.147™ LL (mm)
0.537" -0.154™ 0.211™ MLW (mm)
-0.03" -0.308" -0.235™ BtMW (mm)
0.510" -0.205™ -0.260™ PL (mm)
0.413" 0.273™ -0.308* TL (mm)
-0.037™ -0.360" -0.209™ LAIA (Degree)
0.285™ -0.285™ -0.125™ LBA (Degree)
0.315" 0.005™ -0.008™ SVtMA (Degree)
0.491" -0.163™ 0.171"™ LA (mm?)
0.538" -0.160™ -0.206"™ DW (gr)
-0.189"™ 0.121™ 0.273™ SLA (cm?gr)
-0.094™ -0.093™ -0.222™ DM (%)

m@jjlsterijJ:ﬂo}%% :wlchﬁjzjl:wﬁg%;@m} ¢

*owE

** *and ™ indicate a significant difference at 99%, 95% level and no significant difference, respectively
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