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Extended Abstract

Background: The accumulation of cadmium (Cd) in soil is a pressing environmental issue,
recognized as one of the most toxic pollutants affecting terrestrial ecosystems. Cadmium can
significantly reduce microbial activity and soil fertility, ultimately leading to the death of
plants. This problem has raised global concerns due to its widespread occurrence and
detrimental effects on agricultural productivity and ecosystem health. The present study aims
to investigate the resistance of male (clone 62-167) and female (clone 62-149) individuals of
black poplar (Populus nigra L.) to cadmium exposure. By examining various vegetative and
physiological characteristics, this research seeks to provide insights into the potential for
utilizing these clones in afforestation efforts on Cd-contaminated soils.

Methods: To achieve the study's objectives, a greenhouse experiment was designed following
a randomized complete block design. This design incorporated two main factors: cadmium
concentration (with levels of 0, 50, 150, and 200 mg/kg of soil) and gender (male and female
clones of black poplar). The experiment was conducted over a period of 120 days, providing
ample time to assess the impacts of cadmium on the seedlings. The physiological variables
measured included net photosynthesis rate, transpiration rate, stomatal conductance, water use
efficiency, water potential, mesophilic conductance, and intracellular CO2 concentration. In
addition, several vegetative characteristics were evaluated, such as root collar diameter growth,
height growth, total biomass, and leaf area. The stress treatment commenced in late May,
where seedlings were irrigated weekly with a cadmium salt solution for the first five weeks.
This approach ensured that the plants were exposed to cadmium in a controlled manner.
Following this initial stress period, the seedlings were irrigated with rainwater, respecting the
soil's water-holding capacity, at intervals of three days until the end of the experimental period
in late September. This methodology allowed for a comprehensive assessment of how
cadmium exposure affected the growth and physiological responses of both male and female
clones.

Results: The results indicated a clear trend: as cadmium concentration increased, both leaf
area and height growth of the seedlings decreased significantly. In the control group (0 mg/kg
Cd), the highest height growth was recorded at 30.4 cm, while the maximum leaf area recorded
was 51.8 cm?. Interestingly, the highest total biomass of seedlings (59.2 g) was observed at the
50 mg/kg Cd concentration, suggesting that moderate levels of cadmium might not be as
detrimental as higher concentrations. When comparing male and female clones, several key
differences emerged. Regardless of the cadmium concentration, male seedlings demonstrated
greater growth metrics than their female counterparts. Specifically, the collar diameter growth
averaged 2.1 mm for males compared to 2.0 mm for females. In terms of height growth, males
reached an average of 21.5 cm, while females achieved 19.9 cm. The leaf area measurements
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also favored males, with averages of 43.08 cm? for males and 43.64 cm? for females. Total
seedling mass showed similar trends, with males averaging 46.48 g and females 44.19 g. Water
use efficiency was also higher in males, measuring 0.31 pmol mmol™ compared to 0.26 pmol
mmol™ in females. Mesophilic conductance and stomatal conductance followed this pattern,
with males recording 0.003 mol m™ s and 0.45 mol m™ s, respectively, while females
recorded 0.002 mol m™2 s! and 0.39 mol m™ s™'. Notably, the only physiological parameter
where females outperformed males was in transpiration, with females showing an average of
4.01 mol m2 s compared to 3.31 mol m2 s in males. Despite the adverse effects of
increasing cadmium concentrations on most physiological and growth characteristics—
including photosynthesis, water potential, water use efficiency, collar diameter, height, leaf
area, and biomass—both male and female clones managed to maintain some level of
physiological and growth activity even under high cadmium stress.

Conclusion: In conclusion, both male and female clones of black poplar exhibit a degree of
tolerance to high concentrations of cadmium. However, for afforestation projects aimed at
rehabilitating Cd-contaminated soils, the male clone (62-167) appears to be more successful
than the female clone (62-149). This study highlights the potential for using male black poplar
individuals in environmental remediation efforts, emphasizing the importance of selecting
appropriate clones based on their physiological responses to pollutants. Future research should
focus on elucidating the mechanisms behind cadmium tolerance in these clones, as well as
exploring additional strategies for enhancing the resilience of plant species in contaminated
environments.

Keywords: Biomass, Black poplar, Dioecious plant, Soil pollution, Water potential

109. https://doi.org/10.61186/ifej.11.22.91

How to Cite This Article: Hatam, J., Tabari, M., Bahramifar, N., & Fallah Nosratabad, A. R. (2023). Growth and
Physiological Responses of Populus nigra L. Male and Female Seedlings under Cadmium Stress. Ecol Iran For, 11(2), 99-



https://doi.org/10.61186/ifej.11.22.91
http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

-~

V) VEY Y ojlouis [pmjh Jlo ol sl S awliiips

S rab @lio 5 (55)3Li8 pgle olSl>

Sy yigo 0o g 55 SBIRS (S99 50 9 gy Sl
©9003l5 445 & (Populus nigra L.)

Ol 55 e pte Cayi oKl ¢ obyd pole 5 (rnb mlie 20l ¢ g A 29T (555> (sopmitily —)
(mtabari@modares.ac.ir : Jgsue sdiuwws) ¢yl pl ¢)9 ¢ wyde Cun i oKl ¢ oL yd pole 5 (aub @lie 0uSils ()l 05,5 wliwl =Y
Olnl g o yte s oD ¢ 0Ly psle g b e 0SS (s jlarma 095 kil Y
Al zsS 98 Ol g S Slidng duwge ¢lutils =¥

VYT i i b VENNYIYS by ol
344 1A raschs

o g Syo doud )3 9 S cilols g 09,5 saculd [Eals 4 WG e (S )3 body YT fp 5w | (S posedls zess 18R g dodile
EYNEY 551) 5 claasl posedls 4 Caoglio oy Ban b ydls gy ccansl 42313 oy |y Slaa (sla 31,55 0ylgen allus (pl 9985 yoxin lalS
A plol (S59den 58 5 (g (srdastin wlwl y (POpulus nigra L.) (i p peus (FYNFR 6l 0dlo o

900+ D o) o dw yd panedls clile fole g3 b holad JolS clacSsl )b (B 5 S Giolojl G pgliiecnl (sl (R gy g dge
baJled S5l 8 sl puite b ploxil 0jg) W+ 0,93 Sy )3 (s pgio o3le il 9 5 aub) aw 93 ) Stz 9 (SB p)S kS 13 p)S o Yo
p3sedlS S Joloma b )l oo 3 3355 Bl 53 (51 (5 sl 8,5 5 (g0 3i9m S il 9 JS 0355055 il ¢85 5 5 o
Blal) 0y93 bbb ojgy dw Juolgd 10 S oly; cud b coley b b ol b b Jls (oylol eyl 5l L i plosl Jgl aian iy osody o (Sidn & jquody
L85 Sygo (e

Yo I¥) €] agy cosider wals ot 3 2l ialS Jleg g gy 5 S g el Sl G L el e sy slaeidly
A5 osalie (p)S OVY) Jlog JS 035055 cnpiinr «poeedls )55k 13 p)S e B0 Clale Jlo )3 5 (@pe yia( Sl OVIA) S o g (o s
CEYLA ) Sy e o o il VAR 3le YVB 5) Jls g6l Liagy (e dee ¥ oodle /Y ) ady Jlab i) ojlil (gl clale I s 8o
Lkdgse Caolim (Jso due 32 Jge9,5e +IYF 03l oYY 1) O B yuma ol)S ((p,5 FF/NA o3la FSIFA 15) Jlog JS 039565 d(quye yio s5lo FY/ST o3bo
sl.e(ljﬁ ALY I > )I Sl P i ) (d.ul.‘ DD oy ye J}o <Y o3l o+ /Y0 )J) ‘5‘43)’5) wlm 9 (‘L.ILJ P o yuo J}a ofeo¥ odlo cof oY ):)
cpiwgid (glaolul paredls” clale ()38l b as ST .l 039y 5 iz 3l i e3le iz 50 (A6 )0 miyeyie g Jge dee ¥/ Y 0ole /YN 1) 5,00 jlade
A03)8 Lai (03905 U1y 093 (pag) 9 (Seiolnied sboculld

S35 pgo b S (glp 0gacnl byl ) paadls (Y glaclale 4 Jood cly 93 0 4 3550 gl Baid ol @l 3115 5 Aol
Al 4zl Jlosay (FY/VFR 0lS) 03lo b dy Cnss (6 ity Casdbge g5 g0 (PYVEY (40lS) 5 b 5l oolisl cpguadls’ 4 039l (clacSs 5

Algd oLS 035555 iy 3 ol Umilyy (SB[ Sogll 1S oo 1y

4 Slge SB Glornl ppen J S e
SE ghodols g (gunjess (95 slacdld Jals
e 53 JHBT 0lS (g jtingid Jldbo 0 55 L g 39 oo
L) Blo Sy g Ay dawgi g A5, Rl Qi dlge
Lin and Aarts, 2012; ) 595 kil Sy > ¢ olals
ol «&ly > (Mokarram-Kashtiban et al., 2019
3 0 S eltonn 9 e M1 51 (230 b
o jl) Jge 9 planign (Sidpid sl
g el lacdld (e g ol Gl 3 Griwgd
ol (05 Ol 5 rdgSlgacan; Jl (S g il ol
.(DalCorso et al., 2008)

9 NP gl 4 e Mg o0 peredls gex
2 S8) sk 3 ojlgen GlalS 295 olS )5 Cilisee (i)
535 0 B (it g (shw)) ame oSl
Sl ) 284 paxie gyl bl (s Grenes
S g Shbl b (Bl e Ol 4 Gl
g (Gilogiegn bis (dly 268 Splie slapiuw
.(Emami et al., 2016) xa> o

Aodko
Sbplss 3 bl xeos 5 o Clils L S Sl
S b SLS ) (S gl glacdld doxs ) (s
S5 pg)S 09 oy oliends poradls 9 oo dlaeld
5 olusl coMos (gl (> L paile 5 Sl s,
;1 (Sun et al., 2020) >0 oo (L (yg0lym Cuns; baxe
5 S5 S peadls «gygpo s (i b Gle
Folar Coomr (pimen g o= e 1 5YL obyy
3915 518 el x5 3y90 sl s> 5 Sl gl
S paswedls”.(Di Baccio et al., 2010; Liu et al., 2020)
Hao ) 5l 3455 laro j3 (s Sy oS sl LS 318
22 dlee Glawd slaKiw 2 paie oyl (et al., 2020
locyld 515 5 casl o oy LS5 yolis §) SasS
5l SV gane 5 g (6 0ed Sl el (puligm (ko
Blo plo HLS 50 a8 o 0 O3] Canls ;5 @ilawd sladeS
Lo 5 Gladl oMl (sl (S)i ies 4 a5 (529
peedlS” zezs (Nikolic et al., 2017) 35 sales Cons


https://www.openaccessjournals.com/
https://orcid.org/0000-0003-3267-1872
http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

102

A1 s 2306 L e 9 30l 130 ¢y S (6o dgmans il S

Chen et al., 2016; Hao ) cool atsly yoidgds yais )
J(etal., 2020

03y yolody &S At 15 Iy LS 1 o pogio
L diliseo 3blio 3 mlio 52 slajly el Ban L
(SILs) (s50p0 (Tuskan et al., 2006) wgu o cuiS
5o i (som S | Cidd g oy (03515 e
cliseo sladio) )0 (gdaxio sla yimg}y a5 Aitwd ) )
o5t ks> 4 s bl el a8 S g0 il (5, (So3e5S]
GV pmen g baptungST bl )3 Wl 5l eolizal
@it siaoh Cueal L Lol adlas (S sl Sl
gy 4 a5 (Xu et al., 2008; Hao et al., 2020) ¢l
lils Sogll who oloicas gxo (slaosn VT iol5sl 4,
@YlolS dloex ) lagiyy el (S
@Yl ol ) o Sogll G I3 aals laion
Cunglie dulie Bun b 3l (gh o )cnl ol J1oy95
S pgee sl ole 5 5 slaal peels 4
9 S59lgjud sbdasuin wll 5 (Populus nigra L.)
ol 0dds plodl iygy sladiastive Sy

W sdg; 9 dlge
£, 5 o SIS (clo o (3455 (ol pl sl
o3lo iS5 (FY/NEY) 5 kS (e il B+ Y/0) LS
0l aslS slaaals jl ond A)g) (g5, paus (FY/VFA)
b @lie oSl 53) BB Ll )3 (29598 ole
)5 3 pgsedlS S 3j90 ede Cany oKD
IS5 2 5 st Lo slocSoly o B 3 ke
oo ghaw Yl ) pedlS g Jlesl b (Jlo VAY)
C)ypods &5 29 S p)SolS 13 p)S oo Yer 9100 B
— oos) il Jols) Lo alS S &y CACH, S ol Joloxo
Sbls (Xu et al., 2019) a5 aslal sy blgl s (2o
S ) pasedio Mie 1yl o Jolxe a3 (slys &5 sl 3
Pankovic et al., 2000; Baumann et ) ,|,l8" pgueals
Jo (5 g jlord (yglean) Gl ol (al., 2009
b ol bl Jls (oylol el cavday 568 slaclale ¢ u
du Juolgd 35 (59 Ve e &) jae Jolgl B ooy bilol )
5 Sin Oygod poedls Sai Jslowo L gill 5 gy,
Coley b o 40 lawlgl) (Xuetal., 2019) Jol aan gy cody
o5l pbol (Zarik et al., 2016) S ely; b b
Sal 5 ol sl by & 039 S5 e ol
e o (el 92 by i) sl g (gl )38

5 ool sl  daw (slac!
Shugid £ dor bl (S cslopeit
ke 5 (GS) lesjsy calin (E) Gy &5 A) s
Casb) 5 )95 dod (b Ll o (C) Jsho (19,3 CO2
5B Yols ol8wd 1 ealazwl b (/0 celw) lop o
Model LCpro+, ADC BioScientific Ltd., ) fo> Ji18
Borghi et al., ) .5 (5,50l (Hertfordshire, UK

5 8L I SR YF IS5 sl glatecl il (2008

S5 pguo 03l g 5 gl b (Sojler b g gy slogwly

ObLS ozl L bl p» ook slaiags 42 5]
Lol Gl a8 oo diilS gladndy o SB pordls o
4 olS Jooo bl iman 5 o] Cuans slop sl
4 lS ) poedls dles S lil cuslsl a8 cal
5 Il olge «SB 2STlg) S olond oS58 sladasiie
$lysSh 5 (9l ol b g SK T gy
Baize et al., ) 5)b Sty jawgn, lopisls ls,See
(e yebay (2018; Greger and Landberg, 2008
b 455 S Gl slayolS L alS Calises (sladisS
Emami et al., ) siws  Jglite Cumlus 5 Gl e
ek Sy olld § )y (2016; Polle et 1., 2013
Copolucs el & (S99 )90 9 (aloordon ((S29)5 43)
W Aalgs lase 13 ALl paeadls 4 lalS xS L i
e g ite Ol Gl (S595e (sl Sl plyiea
Car glS polie lacss) bl g plulis 35 9
Durand et al., ) cul o3gll 3blie )5 Wil dawgs 5 A,
S (2010; Castagna et al., 2013; Salehi, 2014
ols bas > ege (i (Dioecious plants) a,bg> aLS
Loyd (Renner, 2014) Wb piwwsST slodSles
b (e (LS 4 Cs a9 LS )3 b claaiss
.(Ohya et al., 2017; Kersten et al., 2017) c.l
O SIS g ol Clie ) i glacls
e Sla i B Hlgd g plalS sl g 5 slal
Juvany and ) el osd (5155 (ot Slalllae 5> Calisee
Ol Yaese (Munne-Bosch, 2015; Liu et al., 2020
S sne pabods pKiw SIS olbjm 5 @jg (JWST i
Juvany and Munne-) col cglaie o3le g 5 glaasly
(Bosch, 2015; Chen et al., 2016; Hao et al., 2020
Sk ohilj 5 (odag) 1) )3 Ol I Canio g o0 oS
(Alvarez-Cansino et al., 2010) il o3lo g
A ) slaplil 1y o odle slaal Lages
WS o Bpo Jredds gl symdar 5 ol g oge (S5
JooS g (pdngy 8y Glp Ty i mle § o glaal 4
oela] (s g lopw «(6)9d Wilo (s SRS
Xu et al., 2008; Alvarez-Cansino et al., ) x> .
31 349 (smlads ¢g) 0yl 51 .(2010; Chen et al., 2016
02 23 O8S JB 5 o p sl oS e plis oS
|y e I3 5 )1 (st pSkas (i il 15
» J(Liuetal,, 2020) auS’ o awslsl alS slacsl
& St pge Sl i ol 9y S (Sagl
4o ) (Khodadust et al., 2023) s pbx! oleS i
st 3 odle sl & Cuns p slaal ol gk
b pin polie (S05olhiee 9 Sujddnied sloaasuis
4 B0 S ezt yogad ;0 b olail dsa
Cunl 48,5 & you0 abdS j3 Sledllas 55 paredls pSiuw 318
oo 4l &) Cons 5 Al oo 3Sdas g Gl Jl e oS


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

10y

)b 5> illy 455 ool 5l edlazl b uilyly (Kon
duwlio (gly g B0 o 9 4 550 (TWo-way ANOVA)
cdaw > (Duncan) oSSl (glaels win 9050 5l o Sileo
SASOL by 5l bzl L aop g el
Sl oy sy omiomed A5 edlanwl (Rodriguez, 2004)
sladasiin y posadls CLL polan 5 Jlog i i

(Payne, 2009) GenState ,l3sle 5 5| S55)es 548 9 (oiiug)
A ealiiwl

CO; cbale sladasin » d)b@’“ ):1 JLP Cumi>

Spae 25 (35 Sy daw {$I059) 093) Joke 0
2l deily g Jlg JS 0dsis) (Js e plag) o)
(P<e/+0) 2uoy> gy ghaw )3 9 (P<+/+)) b > S s
o9y 9 Mgy cola (ldgje colia (dladasils
Sl (gl gime 3B jriwgid o Lol ety Jlog 4y s ylab

() Js)

Sl 236 Lo e 9 8 ol 36 ¢ S sS (Gpb Sgmams il Ao
vissnsssssesssnn VoV /Y 05lod [pmd3h Sl ol (sla K  wlispe

L bl Jg VL slaciond I Sy o sl dngs
Y daly wlol p Ol Gpae ol . (Parad et al., 2016)
Rohi and ) ui auslbxe ¥ dasly luly Jidgse colia 4
ol 3l ealazwl b o ysd (Ll 43 pizeen (Marde, 2009
chamber, Skye, SKPM 1400, Pressure ) ,Lis aladse
Yang et al., ) w5 ¢pSo;lul olS (F) o] Jemsly (UK

(2007

R (1) aasl
8

o ol Y) ala

cldgse Coba= — (V) abaily

5 Jlael ) 5 5o o Jg 5y ot

5 (9 We) Oialejl 93 slel 3 5k Sy pguedlS
LA g pS03ll 0y80 b 0 (S5e)e b (slbdasuie

ool l58le 5 51 enlazl b baosls (g,lel Julows 5 4550

9 dwjlﬁ)) )2 )l o aooly .as Pbo‘ 4 4w SAS

S35 oo Job shag 5 Sefdlnin sladasilo  pgpedls CIE 5 Jlo5 Comiz 86 uilyly oo =) i
Table 1. ANOVA of the effect of seedling sex and cadmium concentration on the growth and physiological

characteristics of Populus nigra seedlings

Foko o CO2 clale

e Glajsy calan Siagd
Sy pdaw Intercellular CO, or Stomatal Ph i
. 2 concentration Transpiration ! otosynthesis
Leaf area (cm™) (umol. mol) (mmol m?s?) condl:%ggrl\)(mol. (Hmol. m2s?)
o F o Lol pSibe o F o)Ll pSibe o F o,lol Sike o F o Lol Sibe o F o Lol Sk
S sine Slayyo S sine Slayyo S sine Sl po S sine Slayyo S sine Slaypo
Fand Mean Fand Mean Fand Mean Fand Mean Fand Mean
P value Square P value Square P value Square P value Square P value Square
6.77%% 148738 10.15%* 9047.521 34.86% 5.908 3.44% 0.039 0.4" 0.008
193.18** 4244.950 3.38* 3009.076 10.14** 1.719 13.78** 0.156 3.15* 0.066 Gen(j{z{r
P9
Cadmium (Cd)
0.19™ 4.236 5.18** 4620.799 2.12™ 0.359 0.52™ 0.008 5.72** 0.119 pogedls X Copuuics
; GenderxCd
o Sl Joo JS o3555 ) iy jlad o Gpae LIS
Water potential Total biomass Height Collar diameter Water efficiency
(Bar) (gr.m?) (cm) (mm) (Umol mmol-1)
560.68** 19.624 9.07** 377.575 16.05** 178.684 5.24* 0.664 11.35%* 0.028 mr
0.96™ 0.034 206.64** 8599.428 395.66**  4405.138 320.81**  40.631 3.89* 0.009 f’%"ﬁ
Cadmium (Cd)
184.68** 6.464 0.30" 12.438 0.56™ 6.210 0.67" 0.085 0.081™ 0.002 P32l X iz
GenderxCd
Ghdgje calin
Mesophilic conductance
(mol m?s™)
4.00% 4.108 Sl
Gender
1.76 1.809 popedls
ns Cadmium (Cd)
2.461 2525 Pl X S
ns GenderxCd

A (p<0.01) o p> K 9 (p<0.05) duoyd iy grdaws 53 (6) b sime (gl gixo pas sdind LS o ey %

ns, * and ** indicate non-significance, significance at the level of five percent (p<0.05) and one percent (p<0.01), respectively.

Ioime @glis (P<+/+Y) Aoy o aw > ol Jawils
L olis

dy shad gy a5 ol ol b SSle dwslie @l
G Jag IS w555 Sy g Jl i) s,
P oo O Iy colaa g Ldgie colia ol Gpas
g odlo iz )3 (5,25 ke o g 252 o3l puix |
(1 JS8) ol 3 5 i ]

G5 slijyy colia shaasio  peedlsS o

» e IS o35y 9 Jd kb gy (Jd W) i,
«shijy (19> CO2 e g (P<+/4)) dop> S, s
(P<+/+8) 20> gy o 3 ) Bpan DL g juiwgd
ool ol Jawsly 55 (gl dmo puuss Lol «sliS o sixe 53U
Shaario p peedls b Jlb Comir blite gl 2,
9 kdoje colan (Mg, (90 CO2 clale (piwgd


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

sy 6 Lo 5 3ol 9 ymiSasS (53 Sgnmo il dnes

104 S o 03l 5 5 sladles (il 5 gy slagel
c
o 30 - b o
5 7 (3 . .
T (b) ” ) 2/5 - ©) a
= W 0 Am 2
o 3 £ 20 - 1 T
S 3 - 4 8 1 L E
> - il Z 1 .
A, & 3 515 - g 1P
o ) o 3
3 § 20 1 32 4 5 1
i %, 5107 s
~ 10 - L 3 g
-7 5 48 o5
s
0 - 0 - s 0 -
Male ; Female L. Male ; Female .sL K oo
f 60 -
0/5 Ty e @ )
=~ b Y g P
T Fon LA L ® T, | I
3 E > £0/25 1 m“; e
2 203 = 8 g
f‘i) % 2 E 0/2 A 3 lg 30 1
> o2 i, g0/15 1 G 520 -
N 20/ 5g 0L &8
y S0 % 30005 101
D5 . o
2 £ 0 L5 0- 0 -
37 Male ; Female st - = Male ; ol Male ; oL
Female Female
0/003 @ he 5 9
5 (@
(b) 0 %4 b) —
0/002 Ea

(43l 5> e e 2 dpe) hdspe Zalia

...Mesophilic conductance (mol

w

0/001

[y

Transpiration (mmol m-2s1)
N

o

(6 > mp e 2 o)

Male ; Female L Male ;  Female L

s —g il Gran Lh5—b w393055 = oSy paw —g (s g5, Lingy o «Jls phd yingy —aill e Blyl £ pSilio duaglie =V S5
_ Ll baaseio o @) sne pie s LS LSy By (dgje colin =g 5 Jlb iz 3 Cod (5,5 - «sla59,
_Figure 1. Comparison of mean * standard deviation a- Diameter growth, b- Height growth, c- Leaf area, d- Total
biomass, e- Water use efficiency, f- Stomatal conductance and g- Transpiration as affected by gender. Similar letters

indicate non-significance between male and female individuals.


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1]

[ DOI: 10.61186/ifej.11.22.91]

sy 36 Lo 5 3ot b (JmiSasS (53 Sgmmo il S

000 oo s VY /Y oyl [pmail Jlo glpl slo S wlidps
1.4 1 a
0.7 1 q,
ERES @ bl 1312] @ @
3 oz 96 1 b S E
- E 0.5 3= b
- = 0. [=]
iy 2 (b) (b) \2\ 0.8 4
5 Coa ® 320
=] i .= .
3 £ 03 55 0.6
s 3 0.2 4 1, 0.4 4
NPT N g
- ! _g 0.2 A
2, g 0 4 T = o 4 .
- 0 50 200 E
= PR JEHYP ....;Ls
Cd concentation Cd concentration
490 -
5 7 i a c z
45 - @ (‘i)}’ ;?i 480
. - - ]
A 1] ® ® 5 470 ®
< L35 o o~ 460 1 b
_1; = 3 4 A{ e ] (b)
e 4 F aso
> Ez.s 1 %5 a0
E z 1§ ] \’i 5 430 A
WE 1] 3 g 420
2 E0.5 ) 410
n, B0 N
5 & 0 T . . 400 - . . T
- 0 150 200 o v} 50 150 200
PIESERAHS PPPESERHTY
Cd concentation Cd cocentarion
40 (a)
—_ g &
4
R g (@ s ? 5, 30 ®
2 .
1 Es D (©
o B 3 220 il
B (c) ) L2 7
305 1 210
v o
> B
A, 0 T T T
0 200 0 50 150 200
rJ.,.;\s;_um fomeals e
Cd concentration Cd concentation
70
h -
4, 607 @ - 70 a e
)& 50 @ T a0 ®
o E © T E 50
2 240 (d Y, B © @
'KJ'tJ £ 30 o, g40
R 3 £
5 T2
22 10 - BE
0 - . T . 0 . . )
0 50 150 200 o 50 150 200
pomadls lale pameals Slale
Cd concentation Cd concentration
. ) 0
w2 % @ i i 2
R G D) P
0.3 - ® ]
i, E ® + 8 6
9P Z 025 A 1 = 5
5 & Ly
Jo 02 sy B (101
X5 015 o 4 & 12 1
32 0l > g -14 -
I
5 g 0.05 4 = -16 A
52 o . . -18 - © @
Y z 200 0 150 200
ealS Slal el L

Cd concentration Cd cocentration

Oiagy =B 3y = o Jolw cpu o ySaS g clale —z (glaje, Colin —0 Gweid —all Hlao Bl zoll Sl dunlio -V JSUs
ilisin Sl 3 o T Bpmn IS 5 5 ol Jeiiy ~bo o5 s~ oJS 0355085 5 oJl B tag) =3 ol €6
. w] ldasuin w (o)b sxe pie .o_\;.moLf.‘d Oy ‘_'95.)> (p59lSTp )5 (ao) pasadls’
Figure 2. Comparison of mean + standard deviation a- Photosynthesis, b- Stomatal conductance, c- Intercellular
carbon dioxide concentration, d- Transpiration, e- Height growth, f- Diameter growth, g- Total blomass h- Leaf area,

i- Water potential and j- water use efficiency under different cadmium concentrations (mg/Kg). Similar letters
indicate non-significance among Cd concentrations.


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

106

U 2 Lol 5 3ot 35 (S sS (5 b Sgm o s

Sy yge 0o g 5 sl (Sojdasd g gy lagesly

(¥ JS) (ol Jrilty 39y ke iy S p SolS
sobods b VEIY) S p)Sols p p)S Ve e clale 5 5
Dy e oy yid gyl aie

Je e (¥ Jgi) ob Gl (pimen b
2 J909,Ss0 VVYF) oole w0l & yaw clale > g
(458 ) @yoyie 2 J3e9sSee VIY) 5o (456 1> @poyie
clale ) Johw 9,0 COz clale 1y iy sl (olais]
J909)5n YAVY) 5 ol &0 pgnedls S okS” 2 )5 oo VO
wudly 3l (oo 2 JgagySen YPYIT) o3le 5 (Jse
ab @ (L VP/A) (it bld & o) Jesly e o5 ity
“VPIZ) 9 pgadlS p)SOLS p oS e Vev clale 3 03bo
poredlS p)SolS 2 p)S e VO- cale > 54l 4 (L
g2 by e

gaw pgedls clale lEIL al pui ) jlaics e

Sy () Jgie) €8l ials bl el)] ivgy 9 S
gy eV JS8) (e sessle OVA) Sy s o5l
YoI¥) eyl gy (577 JS8) (peihe YY) 4y lad
Oyidey D odnlie Wbl jlag > (o=Y JS3) (e sl
>V IS8 (456 3 @yeyie 2 Jooidhee ¥NA) 355 lude
<l G pae oL (7Y JK5) ()5 0VY) Jg JS 03955
P ke O il )3 (oY USKE) (oo 2 JgegySee /V)
J9e9)See VIV=Y) jitaogd 0 odnlite poradls’ oSl )
b aedals ) (WhY JS5) (a6 53 @peyio 3 Joo 2
J9o9,See +[OA) laio) ol (S 2SS 5 05 V00 4
Fobe o COz g (¥ JS8) (458 > @pesie p Joo 2
ppS N0 cdale 3 (VS (Jse 2 Jse9rSee YYA)

poredls’ CLAE gl g Jlog ot Blite 150 Cod 005 gt o Jlod (Seialaeid sladasiis (Jlne Bl £) Sl Y g
Table 2. Mean ét standard deviation) of the physiological characteristics of Populus nigra seedlings under interaction

of gender x cadmium concentration

: o ) e e .

ol ity o Frgd (pS555 2 o5 k) Jl i
Water potential '"éf,ﬁcee'LL{'rZ{igr?Q Photosynthesis Cadmium concentration Gender

() (umol. mol) (kmol. m*s?) (mg/k)
~10.820.3° 431.2+37.3° 1.1240.21° 0
~14.2+0.1° 464.2+35.1° 1.08+0.17% 50 5
-16.6£0.1° 491.3+30.8° 0.82£0.11° 150 Male
~15.80.2% 486.8£37.2° 0.98+0.12° 200
-13.9£0.1% 453£32.6° 1.14£0.12° 0
-13.940.2% 433.7431° 1.03£0.11% 50 oole
~15.140.2% 464.3+7.8° 1.07£0.19% 150 Female
~16.8+0.2¢ 412.749.49 0.8740.05% 200

ol dlllas 550 duasuivo j 50 o S 5 A o (60 dxe pas sdad LS yetw ) eSS gy
The same letters in the column indicate non-significance between 8 treatment combinations in each studied characteristic

dpmp pghe e I ggio i SbaS
0398 (Wu et al, 2010) P.deltoidesxP.nigra
5 (Di Lonardo et I., 2010; Hu et al., 2014) (P. alba)
» jo (Nikolic et al., 2017) (P. deltoides) . l;,) ngio
035565 yidlS W) cle Cawl ol )5 aslS Clduiss
Soigpss slaShy Joa sl clale a3 L
5 &l Gpao @l (ials g Jlals ail) gsite
el Sl Gl il b oS (] ity
Kundu, ) cusliS salgs 0355 65 05294 (b gy (slbdiasuin
&S Col oais Ol youo L;LmAIﬁ)la 9 LmL”K O (2023
Cuol 0303 olS p cglae slaguol jep 4 yomie
Cunl Sao Cpicren dacugles ol (Zalesny et al., 200‘5)
Cumdy 9 o olugy bl (SB s Shy 5l e
A3l SIS g S9S Slaculin 3 g oS (Su3lsnid
ol )D 5 Frweid i Dgdte (paredlS (IS Cod Y gl
Weigel and Jager, 1980; ) .l o 3kl olS ai, Lials

W ,s el oyl (Igbal and Khan, 2010; Kundu, 2023
(€lis)] ivgy kS Givgy ol Gl b Sl Liagh
C’L’ Lol odnlin JJLQ LmJLQ; Jf 03955 9 f)g ffla“’
L3BI 4 (Celtis caucasica) ;lcl sl Jos g5y sliv
55 o (Dezhban et al., 2015) (Robinia pseudoacacia)

Ol ) e @il Joos 4 gliie sy lals
lplul dacdl ;5 Wl peos b Bl o] dons &5 wiad o
&S 3l (U S sl 2 Jslo 5 slapyize b
P hesden 5 (e Ol 4 oo LUl pgadls
Jes Sy pawedlS’ xexs (El Rasafi et al., 2022)
oil8l el el (Populus nigra Sy Pouo)
OsS g (BB 5 Loy g Oll G junlipul (Slgie
@ sigd 09 Sl gy Ll odd ol (9)3 oeusST
posadlS zexs (Lomiglio et al., 2015) sl (5L
oot plewdon 9 (Sdpid ol pien
Yang ) P. nigra x P. simonii . e ;3) oljl la JIS5al,
Iy (P. nigra x P. maximowiczii 1 ,.» o (et al., 2023
(Kundu, 2023) 125 0 I8 56 cod
chle Gulel boas ob ol job sl wls
Ogy ey Jhd ag)) (sing) shdasuie il pgredls
S Gloj bl sl 1 S aw 5 Jloo il ey jlad
9 0355 65 il b odnline Albl 2939 S > paedls
On b poredS pSolS )3 p)S e 0 il 5 5
awlS ol Hlde jl clale yol38l b &S cul ail 1y e
);L.» dl).: sf%p.)lf clale C.\a.w u»u])ﬂl L 03955 u.u.tblf W


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

21y 6 Lol 5 180l L ¢ iS58 (b Sgmano il Spor
L0V e seese s sssssessssssssssssssssessmssssssesmssssssessmsssss s s s e VEY Y ojlosis [pmjh Jlo o)yl slo JKin cwlidps

Jascé o (Sharma and Dubey, 2005) ub . ials 3 Cawl ol lsl 4 (Pisum sativum) S5,83450 (49,
bl ieS o ylsen 5l 1 50 ade (poeadls Hlau S ) (Hattab and Dridi, 2009)
Gy Camin i L byl o anl ol odg 03l Gglas poradls Jlow Sl Mo ils Basd
by e & 0p0 slp g ol SWl Oldllas olals odnlin odlo 5 5 it 93 [y Fiweid Hlide ) (g)ld xe
bl Seo b iz ) Cannd 00lo i )D 5,35 09 clale (ol b s ojlul o cul Jb jd ol i
Wb Joho 093 medplie 9 (o] 38 Clllae 4 @l b & 8l el x93 5l o 0 egnels
.(Gharebaghi et al., 2012; Salehi, 2014) Weigel and Jager, ) s,  glewan ;505 slo ying}
s al 4oy CO2 clalé (g, yiw auis ) 1980; Khan, et al., 2006; Mobin and Khan, 2007,
Z‘;‘Se;.«o :;KSL;;;} o :)":;ﬁ:":” iy as, b esose ol B ) (S (Igbal and Khan, 2010
5k )0 pgredlS o o o ol oIl g gy ke ey Sl s poeadls 43 Frnsid “‘”“’L” 4 ol
w0l piiie iyl 4 d g b .ol 0dgs odle b 5y s L, CO2 cus > J*” Sbmpl g Jdoyls ‘r”?:"’lf
COp clalé (S o 1y ial53l pamodls’ cali ol8 o ‘L%‘— Iy 5o s .(Chaffel et al., 2003) Ao g0 Bk
S tugl Cdplio o b b wlhie QAP Jologgy 2 9P 05 0l pSheS sy, peeedlS 50 4 Ol
Hamada et al., 2015; ) .l alS oLS )3 porodls coons 25 Sy Syl plazs e fﬁ)fw 9 03| JolSS
Oz (Yl ekl (3b 5 (Gong etal, 2023 S ki JT ghegd oh el wnd
1 Sl 5 o Gpme LI il gk 5 Ylezs] | o .(Poschenrieder Et al.l,Li989)
Gly i yole (15 il Gl Gis 5 Wy 2 Ui el oJl Gl «Cud O I B
(AbdElgawad et al., 2015) w3 ials |, glals P ewelie (TS )3 p S (e 101) pgredls (VL il
sin oty podlS e (RIS Jusly ojlsl S el S0 LG L LI el s
(Loito o) ity oolo aply > Galsil ol g bl alysl 20 80 g M) Calam g (g5 (9
o o ety (33 VLU LS| 3 el oags i alyjl HASAN oo Gl |y olS 6y00 00 5 40 o 2
Sopsb s dsvg ooixte gla b)) poreds LiD Wlis ysba (et al.,, 2009; de Araujo et al., 201?
335 5 ol Ol o 3 s s ) ol (Sn pls O3 02 8 S SIS > sl ol SIS
W) 1y ol bty lgio 5 435 (opSels Sy elo sk Populus deltoidesx &y poio (g9) il pbxl

Saradhi, 1991; Polle et al., ) x5 il58l (i jsb 5 (Castagna et al., 2013) Populus maximowiczii
) (2013 Poschenriederetal., ) cusloss (135 oS ylo s)

3 (1989
S ST S o b e b e 3 5 ol oyt
oo g P Comir o &S 3D LB @I (I sk SalS YL chekale 3 a5 Jls ) ud saalie pgedls

gloaarie )3 Gline O3l Gy pgve SJW s 0 g g i Om e 5 Cute Ay il
boojlail (VL &S sygbr )3 3929 (sdag) 9 (Neidmid S a5 (Rahmani etal., 2020) ol ons 355 als
03l poredls” clale iuli8l b odnline p i ) el Olgise |y posedls YL scbale )3 5,5 ials LY )
Sgcl b el GOl by oad adlee shaasiie g0 sanlie 45 gb sl 1 Cas Fiwgis ialS 4
Scdld poredls’ (Vb glaclale )5 iz 930 Gl g o s Sy prdaw o5l g gl iugy Al b
P 3)S bis Glojlul B 1) 05s (adng) 5 (Seigdeid ) a8 wily LialS by, pesedls clale (al5al b (o
rgee b 9> » a2 ST a8 cutl bl Gl egeme lackale )3 5w el BV 5l (S olgie 56y el
PSS B) peeadls Vb e ble @ Jood iy St polie clale ()l Vool cansls pomedls YL
Cails ()8 K dawg (gl pgredls” 4 o3yl S Sy aw Gl sy wile Job Sbe Lials el
0slS) odle Al & cund Wl (FYNEY (5lS) 35l oLs 5,05 ¢ g, plul Lials L cdons 55 90 LS
5l 4l cum | (BY/VFR

References

Alvarez-Cansino, L., Zunzunegui, M., Diaz Barradas, M. C. & Esquivias, M.P. (2010). Gender-specific costs of
reproduction on vegetative growth and physiological performance in the dioecious shrub Corema
album. Annals of Botany, 106(6), 989-998.

Baize, D., Bellanger, L. & Tomassone, R. (2009). Relationships between concentrations of trace metals in wheat
grains and soil. Agronomy for sustainable development, 29, 297-312.

Baumann, H.A., Morrison, L. & Stengel, D.B., 2009. Metal accumulation and toxicity measured by PAM-
chlorophyll fluorescence in seven species of marine macroalgae. Ecotoxicology and Environmental
Safety, 72(4):1063-1075.

Borghi, M., Tognetti, R., Monteforti, G. & Sebastiani, L. (2008). Responses of two poplar species (Populus alba
gg((i) ESSUIUS x canadensis) to high copper concentrations. Environmental and Experimental Botany, 62(3),

Castagna, A., Di Baccio, D., Tognetti, R., Ranieri, A. & Sebastiani, L. (2013). Differential ozone sensitivity
interferes with cadmium stress in poplar clones. Biologia plantarum, 57(2), 313-324.


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

Sy £ L ple 5 Bl b (s (55 Sgms il Ao
)-8 S35 pguo 0o g 5 ol (Sigderid o (g slaguly

Castiglione, S., Franchin, C., Fossati, T., Lingua, G., Torrigiani, P. & Biondi, S. (2006%. High zinc concentrations
reduce rootmg capacn%/ and alter metallothionein gene expression in white poplar - (Populus alba L. cv.
Villafranca). Chemosphere, 67, 1117- 1126.

Chaffei, C., Gouia, H. & Ghorbel, M.H. (2003). Nitrogen metabolism in tomato plants under cadmium stress.
Journal of Plant Nutrition, 26, 1617-1634.

Chen, L., Zhang, D., Yang, W., Liu, Y., Zhang, L. & Gao, S. (2016). Sex-specific responses of Populus deltoides
to Glomus Intraradical colonization and Cd pollution. Chemosphere, 155, 196-206.

DalCorso, G., Farinati, S., Maistri, S., & Furini, A. (2008). How plants cope with cadmium: staking all on
metabolism and gene expression. Journal of integrative plant biology, 50(10), 1268-1280.

de Araujo, R.P., de Almeida, A.A.F., Pereira, L.S., Mangabeira, P.A., Souza, J.O., Pirovani, C.P., Ahnert, D. &
Baligar, VV.C. (2017). Photosynthetic, antioxidative, molecular and ultrastructural responses of young cacao
plants to Cd toxicity in the soil. Ecotoxicology and Environmental Safety, 144, 148-157.

Dezhban, A., Shirvany, A., Attarod, P. & Delshad, M. (2015). Response of chlorophyll fluorescence and growth
of Celtis caucasica and Robinia pseudoacacia seedlings to the cadmium stress. Journal of Forest Sustainable
Development, 1(4), 352-363 (In persian).

Di Lonardo S., Capuana M., Arnetoli M., Gabbrielli R. & Gonnelli C. (2010). Exploring the metal
Rhytolrg(r?;adé%tigg potential of three Populus alba L. clones using an in vitro screening, Environ. Sci. Pollut.

es, , 82-80.

Di Baccio, D., Castagna, A., Tognetti, R., Ranieri, A., & Sebastiani, L. (2014). Early responses to cadmium of
two poplar clones that differ in stress tolerance. Journal of plant physiology, 171()/18), 1693-1705.

Durand, T.C., Sergeant, K., Planchon, S., Carpin, S., Label, P., Morabito, D., Hausman, J.F. & Renaut, J. (2010).
Acute metal stress in Populus tremulax P. alba (717-1B4 genotype): Leaf and cambial proteome changes
induced by cadmium2+. Proteomics, 10(3), 349-368. )

El Rasafi, T., Oukarroum, A., Haddioui, A., Song, H., Kwon, E.E., Bolan, N., Tack, F.M., Sebastian, A., Prasad,
M.N.V. & Rinklebe, J. (2022). Cadmium stress in plants: A critical review of the effects, mechanisms, and
tolerance strategies. Environmental Science and Technology, 52(52\, 675-726.

Emami, A. S., Tabari Kouchaksaraei, M., Bahramifar, N. & Salehi, A. (2016). Gas exchange responses of two
poplar clones (Populus euramericana (Dode) Guinier 561/41 and Populus nigra Linnaeus 63/135) to lead
toxicity. Journal of Forest Science, 62(9), 422-428.

Gharebaghi, N., Jafari, H., Saidnematpor, F., Taheri, M. & Sohrabi, E. (2012). Locating related genes is an
effective physiological indicator of tolerance to cadmium in the Hordeum Vulgare. In Proceedings of 1th
National conference (In Persian).

Gong, Z., Duan, Y., Liu, D., Zong, Y., Zhang, D., Shi, X., ... & Li, P. (2023). Physiological and transcriptome
analysis of response of soybean (Glycine max) to cadmium stress under elevated COZ2 concentration. Journal
of Hazardous Materials, 448, 130950.

Greger, M., & Landberg, T. (2008). Role of rhizosphere mechanisms in Cd uptake by various wheat cultivars.
Plant and soil, 312(1-2), 195-205.

Hamada, H., Farfan-Vignolo, E.R., Vos, D.D. & Han, A., (2015). Elevated CO, mitigates drought and
temperature-induced oxidative stress differently in grasses and legumes. Plant Science, 231, 1-10.

Hao, L., Chen, L., Zhu, P., Zhang, J., Zhang, D., Xiao, J., Xu, Z., Zhang, L., Liu, Y., Li, H. & Yang, H. (2020).
Sex-specific responses of Populus deltoides to interaction of cadmium and salinity in root systems.
Ecotoxicology and Environmental Safety, 195, 110437.

Hasan, S.A., Fariduddin, Q., Ali, B., Hayat, S. & Ahmad, A. (2009). Cadmium: toxicity and tolerance in plants.
J Environ Biol, 30(2), 165-174.

Hattab, S. & Dridi, B. (2009). Photosynthesis and growth responses of pea (Pisum sativum L.) under heavy metals
stress. Journal of Environmental Sciences, 21, 1552-1556.

Hu, Y., Nan, Z., Jin, C., Wang, N. & Luo, H. (2014?. Phytoextraction potential of poplar (Populus alba L. var.
pyramidalis Bunge) from calcareous agricultural soils contaminated by cadmium. International journal of
p K}oremedlatlon, 16(5), 482-495. ) ) ) ] )

Igbal, N. & Khan, N.A. (2010). Variation in growth, photosynthesis functions and yield of five mustard (Brassica
juncea L.) cultivars under high cadmium stress. Plant Stress, 4, 87-93.

Jiang, H., Korpelainen, H., & Li, C. (2013). Populus yunnanensis males adopt more efficient protective strategies
than females to cope with excess zinc and acid rain. Chemosphere, 91(8), 1213-1220.

Juvany, M. & Munne-Bosch, S. (2015). Sex-related differences in stress tolerance in dioecious plants: a critical
appraisal in a physiological context. Journal of experimental botany, 66(20), 6083-6092.

Kersten, B., Pakull, B. & Fladung, M. (2017). Genomics of sex determination in dioecious trees and woody
plants. Trees, 31, 1113-1125.

Khan, N.A., Samiullah, Singh, S. & Nazar, R. (2006). Activities of antioxidative enzymes, sulphur assimilation,
photosynthetic activity and growth of wheat (Triticum aestivum) cultivars differing in yield potential under
cadmium stress. Journal of Agronom and Crop Science, 193, 435-444.

Khodadust, A., Tabari, M., Sadatl, S.E. & Vicente, O. (2023). Sexual response of black poplar seedlings to water
gﬂcit stress. Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research, 30(2), 230-

Kundu, S. (2023). Physiological and Biochemical Responses to Salt and Cadmium Stress and It’s Amelioration
by Exogenous Application of Polyamines in Hybrid Poplar (Populus nigra x maximowiczii, Clone

- NM6) éDoctora_l dissertation, University of New Hampshire). ) )

Liu, M., Bi, J., Liu, X., Kang, J., Korpelainen, H., Niinemets, U. & Li, C. (2020). Microstructural and
physiological responses to cadmium stress under different nitrogen levels in Populus cathayana females and
males. Tree Physiology, 40(1), 30-45.

Lin, Y.F., & Aarts, M.G. (2012). The molecular mechanism of zinc and cadmium stress response in plants.
Cellular and molecular life sciences, 69(19), 3187-3206.

Lomaglio, T., Rocco, M., Trupiano, D., De Zio, E., Grosso, A., Marra, M., Delfine, S., Chiatante, D., Morabito,
D. & Scipﬁa, G.S. (2015). Effect of short-term cadmium stress on Populus nigra L. detached leaves. Journal
of Plant Physiology, 182, 40-48.


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.3.1 ]

[ DOI: 10.61186/ifej.11.22.91]

Sl pas g Lo ple 5 3ol U ¢SSz s (6 b dgmme il Ao
10& """" VEeY Y D)L»f) /p-!bb)b JL» ul).;l dl_m §'>~ L;“’t"sfﬁf

Mobin, M. & Khan, N.A. (2007). Photosynthetic activity, pigment composition and antioxidative response of
two mustard (Brassica {uncea) cultivars differing in photosynthetic capacity subjected to cadmium stress.
Journal of Plant Physiology, 164, 601-610.

Mokarram-Kashtiban, S., Hosseini, S.M., Tabari Kouchaksaraei, M. & Younesi, H. (2019). Bioavailability of
Soil Heavy Metals as Influenced by Biochar and Rhizosphere Bacteria in the White Willow Phytoremediation
Process. Applied Soil Research, 7(4), 196-211.

Nikolic, N., Zoric, L., Cvetkovic, 1., Pajevic, S., Borisev, M., Orlovic, S. & Pilipovic, A. (2017). Assessment of
cadmium tolerance and phytoextraction ability in young Populus deltoides L. and Populus euramericana
plants through morpho-anatomical and physiological responses to growth in cadmium enriched soil. iForest-
Biogeosciences and Forestry, 10(3), 635.

Ohya, I., Nanami, S. & Iltoh, A. (2017). Dioecious Tplants are more precocious than cosexual plants: A
comparative study of relative sizes at the onset of sexual reproduction in woody species. Ecology and
evolution, 7(15), 5660-5668. o ) )

Pankovic, D., Plesnicar, M., Arsenijevic-Maksimovic, 1., Petrovic, N., Sakac, Z. & Kastori, R. (2000{. Effects of
nitrogen nutrition on photosynthesis in Cd-treated sunflower plants. Annals of Botargl, 86(4), 841-847.

Parad, G.A., Kouchaksaraei, M. T., Striker, G.G., Sadati, S.E. & Nourmohammadi, K. (2016). Growth,
morphology and gas exchange responses of two-year-old Quercus castaneifolia seedlings to flooding stress.
Scandinavian Journal of Forest Research, 31(5), 458-466. ) o

Payne, R.W. (2009). GenStat. Wiley Interdisciplinary Reviews: Computational Statistics, 1(2), 255-258.

Polle, A., Klein, T., & Kettner, C. (201_3]2. Impact of cadmium on young plants of Populus euphratica and P.
canescens, two poplar species that differ in stress tolerance. New Forests, 44(1), 13-22. .

Poschenrieder, C., Gunse, B. & Barcelo, J. (1989). Influence of cadmium on water relations, stomatal resistance,
and abscisic acid content in expanding bean leaves. Plant Ph?/siolog , 90(4), 1365-1371.

Prasad, M.N.V. & Strzalka, K. $1999). Impact of heav?/ metals on photosynthesis. In: M.N.V. Prasad & J.
Hagemeyer (ed): Heavy Metal Stress in Plants. Heidelberg: Springer, 117-138. )

Rahmani, A., Asghari, A., Jafary, H. & Sofalian, O. (2020). Physiological and morphological responses of two
barley varieties and their progenies to toxic effects of Lead. Journal of Plant Production, 27(35), 205-227.
Renner, S.S. (2014). The relative and absolute frequencies of angiosperm sexual systems: dioecy, monoecy,

gynodioecy, and an updated online database. American Journal of botany, 101(10), 1588-1596.

Rohi, A. & Mardg, S.S., A. (2009). A study on gas exchange in various genotypes of wheat exposed to drought
stress. Scientific Magazine of Sapling & Seeds, 24, 45-62. o )

Rodriguez, R.N. (2004). An Introduction to ODS for Statistical Graphics in SAS 9.1. In Proceedings of the
Twenty-ninth Annual SAS Users Group International Conference. Cary, NC: SAS Institute Inc. )

Salehi, A., Tabari Kouchaksaraei, M., Goltapeh, E. M., Shirvany, A. & Mirzaei, J. (2016). Effect of mycorrhizal
inoculation on black and white poplar in a lead-polluted soil. Journal of Forest Science, 62(5), 223-228.

Sarasdsréi, P.P. (1991). Proline accumulation under heavy metal stress. Journal of Plant Physiology, 138(5), 554-

Sharma, P. & Dubey, R.S. (2005). Lead toxicitﬁ in plants. Brazilian journal ofglant physiology, 17, 35-52.
Sun, H., Fu, J. & Yang, F. (2020). Effect of Arbuscular Mycorrhizal Fungi on Switchgrass Growth and Mineral
Nutrition in Cadmium-Contaminated Soil. Polish Journal of Environmental Studies, 29(2), 1369-1377.
Tuskan, G.A., DiFazio, S., Jansson, S., Bohlmann, J., Grigoriev, |., Hellsten, U., Putnam, N., Ralph, S.,
Rombauts, S., Salamov, A. & Schein, J. (2006). The genome of black cottonwood, Populus trichocarpa

(Torr. & Gray). Science, 313(5793), 1596-1604.

Villiers, F., Ducruix, C., Hugouvieux, V., Jarno, N., Ezan, E. & Garin, J. (2011). Investigating the plant response
to cadmium exposure b Sroteomic and metabolomic approaches. Proteomics, 11(9[);, 1650-1663.

Weigel, H.J. & Jager, H.J. (1980). Subcellular distribution and chemical forms of cadmium in bean plants. Plant
Physiology, 65, 480-482.

Wu, F., Yang, W. Zhang, J. & Zhou, L. (2010). Cadmium accumulation and growth responses of a poplar
(Populus deltoidsxPopulus nigra) in cadmium contaminated purple soil and alluvial soil. Journal of
Hazardous Materials, 177, 268-273.

Xu, X., Yang, F.A.N., Xiao, X., Zhang, S., Korpelainen, H. & Li, C. (2008). Sex-specific responses of Populus
cathayana to drought and elevated temperatures. Plant, cell & environment, 31&3), 850-860.

Xu, S., Li, B., Li, P., He, X., Chen, W., Yan, K., Li, Y. & Wang, Y. (2019). Soil high Cd exacerbates the adverse
anwpact of elevated O3 on Populus alba 'Berolinensis' L. Ecotoxicology and environmental safety, 174, 35-

Yang, C.H., Sun, Y., Wang, Y.Q., Yang, P. & Wang, L. (2023). Genomic-Wide Analysis Identifies the PI-PLC
Gene Family and Expression of Its Member PsnPI-PLC6 Confers Cadmium Tolerance in Transgenic Tobacco
Plants. Russian Journal of Plant Physiology, 70(3), 31.

Yang, Y., Liu, Q., Han, C., Qiao, Y.Z., Yao, X.Q. & Yin, H.J. (2007). Influence of water stress and low irradiance
g%norphological and physiological characteristics of Picea asperata seedlings. Photosynthetica, 45(4), 613-

Zalesny Jr. R.S., Bauer, E.O., Hall, R.B., Zalesny, J.A., Kunzman, J., Ro?, C.J. & Riemenschneider, D.E. (2005).
Clonal variation in survival and growth of hybrid poplar and willow in an in-situ trial on soils heavily
contaminated with petroleum hydrocarbons, International Journal of Phytoremediation, 7, 177-197.

Zarik, L., Meddich, A., Hijri, M., Hafidi, M., Ouhammou, A., Ouahmane, L., Duponnois, R. & Boumezzough,
A. (2016). Use of arbuscular mycorrhizal fungi to improve the drought tolerance of Cupressus atlantica G.
Comptes Rendus Biologies, 339(5-6), 185-196.


http://dx.doi.org/10.61186/ifej.11.22.91
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.3.1
http://ifej.sanru.ac.ir/article-1-512-fa.html
http://www.tcpdf.org

