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Table 1. Specifications, measurement methods and units of the assessed leaf parameters
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Table 2. Significant correlation coefficients between morphological traitsin P. alba
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Table 4. Correlation coefficients between growth parameters in P. alba
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Table 5. Correlation coefficients between growth parameters in P. nigra
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Table 6. Correlation coefficients between growth and morphological parametersin P. alba
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Table 7. Correlation coefficients between growth and morphological parametersin P. nigra

AB HB NB HS NL D50 DC H olas
o[-0 —-/¥ —e[A** —/yY — /¥y /e —\s /e LL
-Jo¥ Y4 —./¥ YA —Jvar* —/+0 —/eY — /YA BW50
J¥Y AR —J¥¥ —-/0) — /0. AR <IYY /¥ BW90
JVer -IY¥ AN e Jys** 55" A ALY —[¥Y LT
Ve -IVE <Y —[VE** — /55 A ALY — /¥y LW
—o[A* -\ —[5YV* DA AN AN —/-5 - [0 DBW
v AN of+A —/5¥* A /A .5 —/¥5 LP
AV DAY Nins AV —JAO** —\A —/N —/5V* A10
<A+ Nind <IY¥ —e[AY** — AV /¥ .I¥. I A25
o[ AN AV — /A —[aV** /Y0 —/\Y e[V a
Ve AN —/Y —[ae** —JAY** —/\a —/\. /5 g
/YA Iy AV ALY [N - [0a* -loY Iy AA
DA QALY AN —[AA** —JAY** IRYARS —/ey —. /82 BA
—o[ay** —IY¥ EAY4 S[aN* oA+ AT /N - [50* LR
DAV -IYs N —/¥0 —/¥A — /ey AW —/¥¥ PR
—/vO** /A —/\Y “[A** L Jayrr Mg /¥ /Ay TLA

P.nigra &5 p ;9050 opl 655,50 gl .cusly glis))
O (A10) Sy Jobo 7Ve agly wlan a5 oy L
S N e PSR I
(BA) b wol; can 1) glay)l pxio 5 hle pudions
S yusie ) gla)l 5y Cute puions ot 5 oy iy LCBld
A oode pizmen g b (NL) wl a0 Sy

Sy Job 70 aly cho |y glis) p hle maditume
(A Jeas) cusls (A10)

TN o )3 gyl pme s g T o gl et

fotans yo 9 allins 1513591 2 g
eiine ST L5 Sl pe )28 605 4 @l
5 gyl Cho p S Sl puiepd g
5 She S8y o glj caw & ob las P. alba
5 Cude peies I ppiie (0) G5 S, 3
oty ()l pite 1) (i malitan e Sl o iden
O (B) (8l S35y e 5 Sle Sp5) O 49
e 1) Cute it il Sl o gl g (ke pultine Sl


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-21 ]

[ DOR: 20.1001.1.24237140.1394.3.5.4.2 ]

WAY Gl 5 ke oy ojlod g Jlo o) o SRz olidps:

Table 8. Direct, indirect and total effects of independent variables on height as a dependent variable in P. alba

Js el it o &l 3l e <l 31 Jits sl yuiio
—/YY «/OA =V/¥o DBW
-Ivs A% -jav LP
«/A\ -¥/04 oY A
+[A- /a_ -0/\ B
N VN —/Y- BA
—/AY —«/eN —</A- LR
~[AY Yy -YIv® PR
-/aY =\/0A Y/o\ DC
-y Y/8A -Y/vY D50
~IYA —-/¥Y VYD HS

shi L Poalba gyl jusie cpiored bl Siuon
e Job 5 (DB0) (s st il B+ )5 jlad (DC) 4 by
8 O (Ntsed o pb Culh Cite (Sten (HS)
Jhd o (Stused copd g <AV (H) eyl 4 (DC) 4y
o)l <AY (H) glasyl 5 (D50) gyt 8l O+
5 38 o ol St 45 12 o oS el
5 S bbb cwl L8y il Gl b bk
65590 Jolge a8 woly lis a8 sudss o (VY) oS
bz gl G (Stasor 18 05 el i) Jio
cups Ponigrays ccwl oas bl 4gy i L P. alba
coyps g oI55 (H) el o (DC) ady jlad oy (Susson
(H) i) 5 (DB0) (gm0 > b sy (e
2 6)Sed Jolss oS 1m0 Sl culpd ol sl /AN
S ol St glts o lizen (3 Jpi2) 55 b ¢l
(DC) iy jlad ciao 4w 5 0gdle P.nigra p» glas)l o
sl b (HS) Ceus Jobo o (D50) (g yzo ko Do 3 ko
(AB) L5 45l5 b g cuto (Siuusen (NL) )l o Sy
Sl gl g e (Sen b e (Stusen
zb py8 odmlis P.onigra » (H) ¢ls,l 4 (AB)
oS basls ayly glis)) sl b oS cul wigs oyl
Olipe & W3l ol 3 (V) ohlSen 5 oyl 2900
015 ()8 g dilate 93 5l (S )3 gl g b (Sisen
585 doms 5 Cal 035 /S35 dibais §| YL alllasd)ge
on Colly g Jedless saad ol el opl &S
pitne <l 31 a8 5l ol j Path LT gl .culaal
Otpia &lg 3 9 cute Poalbays glis)l  (DC) agy lab
51 (DC) & ,kd P. nigra ,» (Jg cuilb 1) puiiions il
Ol Gy (Sed ols cub i) 5 oS paiine
Slaglis 655 93 (o A LIS (dag) 9 SFleree
Job slapsie P.alba jo a5 sy0bds 0> 3455 (,)1800]
$N5dsdyge Clao b (AB) 4l agly 9 (HS) cus
Cao VWY L pusie (ol Ponigrays (Jy sl Siuwed

8l e (S35l

Sy (NP Sl n (Kuwed (o) @l

g2 0 |y (Sien lime o ieS oS 2l lis aigS g
L P.alba j» a5 cusly (AA) S dglj Can 465 9
25 (BWIO0) Sy Jsbo 73+ )5 Sy (08 cbo Sy
Sy Job /8 5 Sy oy Cho 4w b P.onigra
s (LT) S5 ailo ) Sy o (BWOO)
dog b cub cue (Suwen (LW) Sy oy Sl
Jsbo 78 13 Sy oy (AA) Sy agl; wlin aSol 4
(LT) S5 syiosilo ) S o 5 (BWOO) 5
u»l.wl U)l 2 e e UL.M: l) gf)g d}: o)'l.\il 9 Ji.w
ol g S Sy JSs P.albays &5 b5 a5 oo
P ods cwl Sy o gle j Jies
(BW90) S, Job 72+ 3 S, 5, b P.onigra
Sl o (Siaed wyp mld b Cute (Siuwed
O (Shsad 2929 JOLL LS 63 )3 Sy (Soolsh)9e
929 9 (Sp S5 4 baye Cliv) i Clis ]
i dwsisn o 4 b (0l Slio (pl (o (Staen
g Mt Jaome Lulyd 15U Cod Sgali 9 Sy Jbo
bulyd b cov clio ool (e (lss bailpd ) (o
Sod W i (395 (392 oy ) (lasme 9)See
258 (VF) ohler g 08 il Clas ad b WS
6)., ol u5> L;of Slaw & J.s]oa)f u|9~° >9> d,..oyu
sy 55 @‘5340‘ 529 31 Sl (g Sl
i gy slopsio P.alba jd oS’ gy0bdy g 4565 92
I Sen b (AB) L aglj 5 (NL) b 2 5y
P.nigra o Jy ssslys (Siwes Kd (slug) Slaw
(HS) s Jsb 5 (H) £, b (NL) 4l ,» 5y slass
WM(AB)QMQSBL’?WM
by Sy ol (H) glis)l L (AB) asls ayl; 5 cusily
90 yb 40 b bie (Siuwen (HS) cuns Job 5 (NL)
gy elbyuito 5| Sy b 455 s 5 a5l slas 665


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-21 ]

[ DOR: 20.1001.1.24237140.1394.3.5.4.2 ]

YA

D55 93 (g 9 SiPeyee slayite o))

P.nigra 45 ;5 gl dily pusio p Jdiane (gl yuxio JS 51 g paims b ouiinnn I3 A Jodo
Table 9. Direct, indirect and total effects of independent variables on height as a dependent variablein P. nigra

Js el aino o il aiituno &l 31 Jino sl pite
/o] NI ofes DBW
el -V/Ay \IYs A10
— /vy —/¥A — /¥ a
i —[5Y -/ 8
—-/58 o[-y —/¥\ BA
50 —/¥0 AR LR
AN AR «IAY TLA
24 Niai -IYY DC
“IAN AN Diid D50
+IA¥ Vitd —[5Y NL
<IAY VYD — /oy HS
—+ISA — /0. —\A AB

ey ol pusio b Cute (Siuod) Cuily (Siuod (i)
5 Jsb b o Sy ool (gyeile 00 jlas
i Aol o U olya o8 (4505 ygly b ki Stuusan
clao gn 5l (DBW) b b Sy o Sl
Slaie ) st G b adlansige (Srigsisge
a8 ol i ey 4355 ol Al Siuwod iy
32 (TLA) Sy S g G it 5 positons |
451 P.alba j» g cuie Pnigra 48 gl
555 f3csins (H) £y b (TLA) Sy IS g Stisad
ady jlad) (pagy yide dw L (TLA) Sy JS gdaw (Jy
e (4l 0 Sy ol 5 yiele e > jlab
b & Syed Jsb cus Cdo jlam g iy Co
5 O9ole bawg odel Cunds @l b solae gl ol 3,5 o
03 s ) &S Cul (F) Ko g b g (V) oy
sl 5 5y e Slio 6Vl Stsad i yysio (5 5
55 5 oy b Gl |y isgy slagsio b S e
(g 2ty (Stusor gLyl b jhd (2 (odag) (sl yite
9 e Ojpod LU cwlie gl oLl ]
sl (gylad g (2B gy (o Clio odalie p e
Jon Cuo b i (2, lyd )3 Hpie Clic G
2 pge 390 sbyladsS Sl o)l pizmen b
Walgs 1y @y Ay GGl aldygy s (S
S ol U5 pae bl 4 & Candy ol o 23l
Sy 4 aKdugy kulpd 0 Codgize o 4 baes
Slio plo Bl I eitans e S Il 5 bl
ety byl jolateds gli5)l g Jlad (sa Shg L dtasen
o) 3 (F) ol aslio > ol o losdlsS o] 3,Skes
gy b gl adsl Clsasl el S JS o oo )

2,5 oalazwl YU

(12,38 9 Sl

Clidod duwe (Sados )b | (ond 35 ()
(oiag) 95 Olye b yeaS gbgl g @l da S
P.alba lopgio ) bl Jlite 3l g (S5« 2By,
dusho plofme | aold o piY &S Cunl 035 P.onigray
e ()l dloases

cio W) L (DC) aiy Jus P. alba 5 uomes
o Ve L (DB0) (sl B+ 5> Jlad 5 (Sjsledyse
Jed Ponigra o oS Jb o cuib  Suwed (5505850
Staan (Soigshie lio §) Sz b (DC) ai
Cio S5 b laid (D50) (gm0 5l B0 3 ylad 4 iy
site Poalba > ppimen Gl (Staren (S59ds8)90
S35y ] 5 She S5y o gl Slio b gl
b S5 e 9 Slee S5, o gy (0) Sk
b S b 3 Cotn Staon (BA) &l 45l 5 (B)
e Sod (LR) Sy (ope Sl 4 Sy Jsb
aol; wlas b gyl pixo P.onigra p o8 Jbs > cuil
o 4l 0) L 5,8, 3T 5 Sle S48 o
wb agli o B) b Sx5) w5 Sl S5
& Sy Job o o b g e St (BA)
4wl il Cute (Siumed (LR) Sy (oe Sl
53 adlllandjgo pgio 4igS 93 a5 Canl ol LIS ol Cowd
LSS 6, sboglw Jase LSy byl
2 () ohlen g pgple 50> (Ui (S35 )90 9 (g,
& Sy s & SldyS e 25 Gladss 4l
Ao Olgoe ) e Mg iy g gy oS s
25 gl € Slao g @ 58 e st
Wy gl &5 (Slio pgd dwd X)l> (Ster
Py dlwd g diud Ladpe 55 Loy (Jaoe Lulyd &
bl Gl N (Stesen gy b e a8 Sl
Olecds ) Sped bl 5 Sy phw Sl g
B (Sly o bulyd 4 o slosel BB sl jasli
a8 041> 3939 38 (6,50 i B Cliiod WXled)ST B yme
) cop Sy plew Populus s ) sad o i
3 e 5 sl bLS) 3 15 L (o5 Gl 1 58b oo
YU oy b sy olsal gy wadls flesa o
OHlSer 5 sl pismed (FNVNAN D) 5,5 eolatl
(TLA) Sy IS aaw a5 wob olis 295 asdllas > (F)
P. euphratica alba, P. ,» glas,l L (ool  Stuen
OUS 38 e 43555 b 5 cusly P. deltoides 4 P. nigra
Sl g paiime Sl (TLA) Sy 8 aow Cano a5 L3l
Otk Olysdr g il gl 59y p (Sute malileneyid
G0 ) b Gl gl e dinly pusie p yihe Cudo
sxo O L Pnigra s s (TLA) Sy S adew polbs


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-21 ]

[ DOR: 20.1001.1.24237140.1394.3.5.4.2 ]

¥a VRF Ll 5 5lae /o2 el [pges Jlo o) slo JSi ulipsy

&l

1. Alba, N.C., D. Maestro, M.D. Gundez and E. Notivol. 2002. Advances in the preservation of genetic
resources in Populus nigra L. in Spain. In: Van Dam, B.C. and B. Bordacs (eds.) Genetic diversity in
river populations of European Black Poplar, 125-136.

2. Al Afas, N., N. Marronand and R. Ceulemans. 2006. Clonal variation in stomatal characteristics
related to biomass production under short rotation coppice culture. Environmental and Experimental
Botany, 58: 279-286

3. Amiri, B., B. rasouli, A. Kazemi Talkouei, M. Dehdar Dargahi and R. Norouzi Gour abi. 2008.
Investigation on structure differences between Poplar plantations in two habitats of Guilan.Proceeding
gf the )Second National Congress on Poplar and Potential Use in Poplar Plantation, 474-483 (In

ersian).

4. Asadi, F., H. Mirzzaie Nodoushan and A. Modir Rahmati. 2005. Path analysis of Poplar different
gttributt)es in early stages of growth. Iranian Journal of Forest and Poplar Research, 13: 295-312 (In

ersian).

5. Asadi, F. 2002. Genetic diversity and its structure within and among plant populations of various
poplar species and cross ability between native and exotic clones. PhD Thesis in Forestry, Tarbiat
Modaress University, 257 pp (In Persian).

6. Bunn, S.M., A.M. Rae, C.S, Herbert and G. Raylor. 2004. Leaf- level productivity traits in Populus

%rown in short rotation coppice for biomass energy. Forestry, 77: 307-323.

chrl;zgaliif,)ss. and S. Grando. 1996. Drought as a challenge for the plant breeder. Plant Growth Regul,

8. Ceulemans, R., I. Impens and V. Steenackers. 1988. Genetic variation in aspects of leaf growth of
i’g%lus clones, using the leaf plastochron index. Canadian Journal of Forest Research, 18: 1069-

9. Ceulemans, R. 1990. Genetic Variation in Functional and Structural Productivity Determinants in
Poplar. PhD Thesis the Netherlands, 134 pp.

10. Dickmann, D.I., M.A. Gold and J.A. Flore. 1994. The ideotype concept and the genetic improvement
of tree crops. Plant Breeding Rev, 12: 163-193.

11. Dunlap, J.M. and R.F. Stettler. 1998. Genetic variation and productivity of Populustrichocarpa and its
hybrids. X. Trait correlations in young black cotton-wood from four river valleys in Washington.
Trees Structure Function, 13: 28-39.

12. Jahanbazi Gojani, H., Y. Iranmanesh and M. Talebi. 2008. Investigation of produce ability in native
bushwood after logging in Chaharmahal va Bakhtyari province. Proceeding of the Second National
Congress on Poplar and Potential Use in Poplar Plantation, 100-110 (In Persian).

13. Kire%er, K.E. and S.K. Rop. 2015. An assessment of morphological and physiological traits that
correlate with faster growth rate and high biomass production in Acacia tortilis %Forsk.) Hayne
seedlings.Advances in Life Science and TechnoIO?y, 34: 8-12.

14.Kremer, A., J.L. Dupouey, D. Deans, J. Cottrell, U. Csaikl, R. Finkeldy, S. Espinel, J. Jensen, J.
kleinschmit, B. VVanDam, M. Tutkova, R.C. Munro, S. Steinhoff and V. Badeau. 2002. Leaf
morphological differentiation between Quercusrobur and Quercuspetraea in stable across western
european mixed Oak stands. Annals of Forest Science, 59: 777-787.

15.Marron, N. and R. Ceulemans. 2006. Genetic variation of leaf traits related to productivity in a
Populus deltoides x P. nigra family. Canadian Journal of Forest Research, 36: 390-400.

16. Marron, N., S.Y. Dillen and R. Ceulemans. 2007. Evaluation of leaf traits for indirect selection of high

ielding Poplar hybrids. Environmental and Experimental Botany, 61: 103-116.

17. Mirzaie Nadoushan, H., M.B. Rezaieand and K. Jaimand. 2001. Path analysis of the essential oil-
related characters in Mentha spp. Flavour and Fragrance Journal, 16: 340-343.

18. Pellis, A., I. Laureysens and R. Ceulemans. 2004. Growth and production of a short rotation coppice
culture of Poplar. I. Clonal differences in leaf characteristics in relation to biomass production.
Biomass and Bioenergy, 27: 9-19.

19. Rae, A.M., K.M. Robinson, N.R. Street and G. Taylor. 2004. Morphological and physiological traits
influencing biomass productivity in short rotation coppice culture. Canadian Journal of Forest
Research, 34: 1488-1498.

20.Ridge, C.R., T.M. Hinckley, R.F. Stettler and E. Van Volkenburgh. 1986. Leaf growth characteristics
of fast-growing Poplar hybrids Populustri chocarpaxP.deltoides. Tree Physiology, 1: 209-216.

21.Singh, H.B. and R.K. Jha. 2004. Variability associations and path coefficient analysis in Poplar
(Populus deltoids Bartr). Session of International Poplar commission, pg: 176-187.

22. Tuberosa, R., S. Salvi, M.C. Sanguineti, P. Landi, M. MacCaferri and S. Conti. 2002. Mapping QTLs
regulating morpho-physiological traits and yield: casestudies, Shortcomings and perspectives in
drought-stressed maize. Annals of Botany, 89: 941-963.

23.Wang, Y.P., X.J. Lu, 1.J. Wright, Y.J. Dai, P.J. Rayner and P.B. Reich. 2012. Correlations among leaf
traits provide a significant constraint on the estimate of global gross primary production. Geophysical
Research Letters, 39: 1-7.

24.Wu, R.L. 1994. Quantitative genetics of yield breeding for Populus short rotation culture. Efficiency
of indirect selection on tree geometry. Theoretical and Applied Genetics, 88: 803-811.

25.Wu, R. and R.F. Stettler. 1994. Quantitative genetics of growth and development in Populus. I.A
three-generation comparison of tree architecture during the first 2 years of growth. Theorical and
Applied Genetics, 89: 1046-1054. o ) )

26.Wu, R. and R.F. Stettler. 1998. Quantitative genetics of growth and development in Populus.
Phenotypic plasticity of crown structure and function. Heredity, 81: 299-310.


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-21 ]

[ DOR: 20.1001.1.24237140.1394.3.5.4.2 ]

. LS 93 (odng) 9 (SeiPse s psie b))

27.Yousefi, B. and A. ModirRahmati. 2004. Evaluating an a?roupl ng of 48 different Poplar clones based
?n |eaf cha;ractenstlcs and wood function. Iranian Journal of Forest and Poplar Research, 12: 79-110
In Persian

28.Zalesny, JA., R.S. Zalesny, D.R. Coyle and R.B. Hall. 2007. Growth and biomass of Populus
irrigated with landfill leachate. Forest Ecology and Management, 248: 143-152.


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-21 ]

[ DOR: 20.1001.1.24237140.1394.3.5.4.2 ]

Ecology of Iranian Forests Vol. 3, NO. 5, Spring and SUMMEr 2015 ...ttt e enes 11

Evaluation of Growth and Morphological Parametersin two Poplar Species
(P.nigraL. & P.albal.)to Tree Growth Reveal Traits Related To Productivity
(Case Study in Kermanshah, Zanjan and Esfahan Provinces)

Afrooz Alimohamadi®, Farhad Asadi? and Reza Tabaie Aghdaei®

1- Assistant Professor, Scientific Board Member of Payame Noor university, Tehran, Iran,
(Corresponding Author: afrooz_viva@yahoo.com)
2- Scientific Board Member of Research Institute of Forest and Rangeland
Received: July 29, 2015 Accepted: November 30, 2015

Abstract

Morphological traits genetically correlated with wood production have been targeted as an
aternative to the indirect selection of Poplar trees for high biomass production. So in this study
two Populus species (P. nigra and P. alba) growing in Kermanshah, Zanjan and Esfahan
provinces were selected to investigate the relationship between various leaf morphological traits
and growth characteristics. In order to assimilate environmental conditions, cuttings were
planted under randomized complete blocks design with 3 replications. 16 leaf morphologica
traits and 8 growth characteristics were measured in middle and end of growth seasons. Path
anaysis was applied to estimate the direct and indirect impacts of traits on height. Also the
rel ationships between morphological traits and growing characteristics were determined. Results
showed that leaf area was highly correlated with height in P.nigra and had high positive direct
and indirect impact on height. Although there was no correlation between leaf areaand height in
P.alba but leaf area was correlated with 3 another growth characteristics. In generd, results
showed that the leaf morphological traits can be used in order to select Poplar trees with high
growth rate indirectly.

Keywords: Morphological traits, Growth parameters, Populus nigra L., Populus alba L. Leaf
area


https://dor.isc.ac/dor/20.1001.1.24237140.1394.3.5.4.2
http://ifej.sanru.ac.ir/article-1-184-fa.html
http://www.tcpdf.org

