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Variance characteristics of cadmium enrichment ability among
different Populus cathayana populations

WEI Tong, HU Xizhi, HUANG Xiong, HE Wenchun,ZHANG Li,ZHU Peng

(Key Laboratory of Ecological Forestry Engineering of Sichuan Province , Institute of Ecology & Forest ,Sichuan
Agricultural University ,Chengdu s Sichuan 611130, China)

Abstract :[Objective] This study explored the variance of cadmium enrichment ability among different
populations of Populus cathayana under cadmium (Cd) treatments to provide basis for restoring heavy
metal contaminated soil. [Method]) Cuttings of P. cathayana collected from three natural distributed popu-
lations in Yulin (YL),Rilong (RL) and Maoniugou (MN) in western Sichuan were used to conduct pot ex-
periment under three treatments (0,5(L) and 10(H) mg/kg Cd). Tree height,basal diameter and Cd con-
tents in root, shoot and leaf were measured to analyze the variance of Cd enrichment among populations,
and the nested ANOVA was used to differentiate the proportions of Cd content variance among populations
and clones. [Result] The growths of P. cathayana from different populations were not significantly affect-
ed by two Cd treatments. Cd contents of P. cathayana were 3. 36—45. 01 mg/kg and mainly 10—20 mg/kg

with higher values in RL and YL populations than MN population. Cd enrichment in aboveground parts
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(stem and leaf) was higher than in underground parts, suggesting strong mobility,and there were differ-

ences among populations. The Cd contents in different organs had significant differences among populations

and clones. The content variance of root and leal was mainly from populations (accounting for 65. 4% —

68.9% and 50.3% —71.2% .respectively) , while that of shoot was mainly from clones (H) or it was close

(L). The leaf had the biggest variance,with the maximum in clone,the total range and the total coefficient

of variation (CV) of 61.26,58. 22 mg/kg and 0. 58, respectively. YL population had the biggest variance,

followed by RL and MN. [Conclusion) P. cathayana had a good ability of Cd enrichment,and there was

considerable variance among populations and clones.
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B 5 Tl A 0 T A Y bR G A L - M G
15 9% B 2800 294t F— >+ 0 77 IR Y B 35 [
e E T UK EAE Ll R E R
Gt N R W E , DT 25 N8 0 3l 1y B0 f e Ok
B R o 58 (Cd) S e g 5 e vh i
ERMITTRZ — KA E R AL R RS
S R B L A AR BUR SO T TR AU
B g i B 55 LS (TARC) #R 44 H 51 Sy 250 2 5B 90 1
FESTACE LY/ NG €11 7/ B I o S L) P
TP % B 5 b 5 R /9 A W) 18 &2 (Phytoremedi-
ation) $AR » LA AR AR B L A8 285 3 A 335 55 0
RE T2 R AR ABIGE S T T 400 FiR
W€ B 4R m W £ RE B W R
Wt R KWK G W 32 (Thilaspi caerulescens )
Arabidopsis hallerit "™ [ Thiaspi praecox™ | [B
FiIF (Arabis paniculata)™™ | Salsola kali™™ | 5211
H ¥ (Viola baoshanensis)™™ 7R i 5t K (Sedum al-
fredii)"  EE B (Phytolacca americana )M 4
8 AWy bl A 3 MR Bl K I 2 T T AR 1 R AR AR
P, SR X B R R K2 A K8 R
R YRR H ALY AR YRR IS 0 A5
B AP G S R Rl A o

ST RS AR R I A W R T A R Y SR
BV 20T 5 &8 B8O AR R E R R R & A
(AR A ) » IS — 2 A A T 1) 3 AR R A A )
MW V2058 B A B AT DL R B w A
4 ASHr e - BV IR N 0 & M RO TSR
K B — R 2 K P G OR T 100 me/kg) R E
LERBORT 1B EA s RBORT 1.8
BEEFEYNY . Gu FPR Zacchini 455
FER I IR B — 7 AL BV FE B 2 A TP R
AR A b 3 20 B #R T LUk B 100 mg/kg §# %
YRR HAR R 5R E R KT B R A B
BEEAE 0.3 LIT . BKFELAH (Populus deltoids X

Populus nigra) TERBARER e B2 AL BEH R AR (A 4 & 46
AR5 3 B BOAIG L B G J2 3 BOR 52 B 3 R0O0 CRIVTR 52
fE 1) #B ik B Bl O TR R AR 9 AR UERY . He
SELUAE LA 6 R I I B i A2 A0 e 4 g O B R B
TE 200 mol/L MWk A M T, R AHMH (P.
cathayana) AN o g5 & 8 8 T 100 mg/kg,
HA iz RZAE 6 i b i R BAR A B/ BATS
A LLIA Ry — Se A7 A7 A — 5 T2 1 40 = AR e
I AR AR A PR A R R R GRS AR R
fiE » LA KWK S %5 b ) Al 380 45 5 1 o BT T LA RS
TSRS PR S R A e W R T )

FEL %) E 45 A Y G T 2R BE I TE B AW Rk
I WFFE KB, R Y A halleri 1Y%
AP b AL A AR (Zn) R 9 E L ELAR 11
w2 BE ) 7E TR 8] 0 RRORE 9 KR A A TE AR R
SO T — ol A R R K R B W SR (T
caerulescens ) {U R EEF I AW R oKL B E &
AE 7 (H U R 43 o o i AR (N 2% 3 H O 8 4R
B3, Zacchind ZEYLE X 2 AN B TEHE R Y
F5E vt B 4% B RE ) ZE W0 A A 1 AR TE) AE A
WKW G 25, W4 (Populus X canadensis
Monch)  Ba 4% (Populus nigra) FER 45 (Populus
alba)3 Figtes o FCA P I 4 0 % i die K Tk &R
RR/NEMERK 2~3 M5, ERYFNE SR E
AE 7 35 1% 718 SRR AE L O 2 B 4 R e R RE
I T 2R BKE R L AT DL A AL O g R
J& 15 d R B 2 AR H TG T A B AN T R
£ BE 178 S 1 BIF 5 AN )Ry BR AE 2D B T 7 & K- L 38 ik
Z AT IR KT 9 To P R 2 (8] 8 S A AT Y .
T AT LR B WA H M B E 2 A ARk
(YL (B30I H B £ (RL) Bl 31 JH 48 2F 78 (MND 1y
3~ F AR A= b ARE D B Rk 38 i R AL BT B AT
I8 Z B R AR B 38 R A W] 9 A AR R AR AR
J1 bR SRRAE . LU O A 5 4 2R AT A



54 PU LA AR} 2 2 4l CH SR RO 46
BRERS %, UM H EEBL(RL) B U 4E 4 7 (MND 25 3 A3t 77
i 3 4 AR BT A A (1B 1D R EE B bR 251 0 13,9 Al 13

L MRS IE B 2015 4F 3 AEEHRE S LITRCE T 1~2 4F4
L1 Rasthagsn F1% T 2B A 2 T DO 2 AR AL X AT A

HH# (P. cathayana) , Jg % Ml B} (Salicaceae) ¥
J& (Populus) H ¥ 4 (Sect. Tacamahaca) , = T 4
A6 PUHE AL 7 DU A4S DX, H AR 204 T 4R 800~
3000 m YA IR R 3 L0 RES . AR IR 5 BT T Y
T 2R B 1)1 A8 H PO R E & AR CY L) BT

/e (;== E _~ ’ ’
J Kangdmg

B e
et o 1 HAR(YL) B
0% i y Yulin
) i S
\ '»‘r \‘

4%

&1
Fig. 1
L2 REigit
P H AR BT K 29 10 em (Y4 B Bk 18 HL 48
—HUAE BT IH R I AR i S AT
B2 X I (CK) 1 5 mg/kg (L) .10 mg/kg(H)
P & i A P A SRS 3 A g AT A
AN B 2 - 0 A DA 1 AR 1 Jit o R -
BB ABRARE SEA B R 3 1 1 R
HERAG - ARKN TG 2 mm i, FRECS kg X
F 4 F CACL « 2. 5H, O ¥ W T £ b 58 50§
FRIRAIEHA 25 em X 30 em WA R4S . T4
I T 2015 48 3 HWIH#EAT 746 J5 A7 22 55
FIK 53 19 5 S8 3
1.3 MELERA X
1.3.1 A2 20154 9 AW, 4>
S T A RORIE A = RO B e At A% . 4R AR 25

-

;

EREGIRE N ﬁz@&&%mﬁw@@ﬂﬁtﬁi@@
15.8 CAE M XTRE 839 . X /L W. HFE L
T, 4F 38 K

d[26]

251 124. 6 mm, 4 &K KX E 25 300

%é% e

ianquan county,

O

o) fE 22 T

Ya’an Danleng county

T

Shawan district

-
o

Hanyuan count

9 AR R R P L R

Sampling locations of P. cathayana cuttings

FE o B HEAT WK . A SR K phgk T, oK 4K R B
MW TRl 7K 43 T 105 CHEA A F 30 min, SR )5
65 CHET 4 & ME KB AEYE.
1.3.2 4&E KT M ZEm o B0 0F B ok
A FE A AR LE BB B K T L 4512 A 10 mmol/L ED-
TA-Na, #2830 min, DLK BRAR R 35 18 W% Bt
PSRBT 208 7ok o vk 3 WL LW AR A
% HNO,-HCIO, IR A BRI L5 » FH A B 7 Wi 4y
G EE T CAA-7000, H 4% 8 H) #F 17 40 & & 19 I
Y
L4 HELESSH

538 BRI 52 2 805 0 R 1 AE Y0 F 4 )8
AR 32 ) b, 13853 (19 BE ) FAE 2B K AE— o 4

T 15 M BT B 1T S U
T



%1 M

A

AN [ bR A 6

S R — v v 0 5 < i A gy

= AN — ’r‘ﬁ&fi? AR 2P
< 25 0 BRI A AR A P

PSR T 22 73 M BE LR R O S0 Y L AR T 22
Gy BTl R R 2 SR IR E A SR

2@ )
FIBEIIUA i oy = DRE—Oxns/nn_

nb
Ken HEZH.0 MBI TR S
RREAR T2 6" KT 2.

:_g,. .2
ri/?\:[ﬁ%%:o_t#%/ﬁ]giz:Sic'#%/ﬁ'%? Stf\%: i

n
RPN oy
TR (6] AH XS 3 CLE )
o’
owm’ Toxmzmn’ Tows’
Te A A (R 23 B CEE )
Otz Hpt
oum’ Toxmamn’ Towr’

— 2
=S

Pyy =

Piwz =

W E S RE AR R E R 5T 55
+EP S EXZE%EW(WEWEJFZE%E)
W& =
15 22 TiAH X 432 CHE 1)) -
P'l—'f: : Ui?:z—_':z i .

GmfZTLch%fﬁ/w*ufm%tz
2 5 b AR SPSS 20. 0 [t BAIR 2 oy 2
(ANOVA) 58 B » A2 5k Ui F 815X U7 22 43 Br (Nested
ANOVA) #47 . i ¥+ Originlab 8.5 fE&].

2 AR5

2.1 SRAEBTARSHFE LN LR
2% 1R 2 A LLAE 0 J2 76 AL 3 2 ] 8
RAERFEZ ], 3 D E MR W& &S E
A EMBEYREFEERYRERALEEESR . &
HAGFBER T 32 R AR R AE 1 A4 (R 3D,
F WA 5 15 0 4 A B /K SF R ot 5 4 A K 7 R 1
R,

x1 RAEXNAESHMENSIBEN M

Table 1 Effect of cadmium treatments on height and basic radius of different populations of P. cathayana

FhE W E /em Height #1142 /mm Basic radius

Population CK L H CK L H
YL 42.92+8.83 Aa 37.04+10.66 Aa 42.86+12.88 Aa 4.96+0.74 Aa 4.97+1.12 Aa 5.27+1.11 Aa
RL 41.4845.10 Aa 37.16+3.00 Aa 38.5845.63 Aa 4.66+0.35 Aa 4.337+0.14 Aa 4.54740.45 Aa
MN 36.9149.47 Aa 40, 80410. 58 Aa 42.8748.58 Aa 4,554+0.89 Aa 95+0.61 Aa 4,8240.71 Aa

T AN AN 7 B3 7R [ — 4k BUA [a] F o (] 22 5 8835 (P<<0. 05) , AN JA) K5 7 B 3 7R [R] — R e AN [a] b B4 0] 22 57 88 3% (P<C0. 05) 3 CK fy %%
Xt FRAR B LA AR B B AL B (5 me/ke)  H R & BEAR AL BE (10 mg/ke) s TR .

Note : Different lowercase letters represent significant differences (P<C0. 05) among populations within same treatments,different uppercase

letters represent significant differences (P<C0.05) among treatments within same populations; CK represents the blank control (0),

L represents the Cd treatment of low concentration (5 mg/kg), and H represents the Cd treatment of high concentration (10

mg/kg). The same below.

R2 RABMAESHMEEVENZIN

Table 2 Effect of cadmium treatments on biomass of different populations of P. cathayana g

FhBE Population AbFE Treatment R Root 2 Shoot - Leaf # Fk Whole plant
CK 3.32+0.76 Aa 2.494+0.78 Aa 3.07+1.63 Aa 8.88+£3.06 Aa
YL L 2.97+0.82 Aa 1.494+0.96 Aa 1.6540.57 Aa 6.56+2.35 Aa
H 3.56+1.84 Aa 2.74+1.54 Aa 3.334+2.35 Aa 9.62+5.57 Aa
CK 3.09+0.61 Aa 1.8440.22 Aa 3.66+1.02 Aa 8.58+1.53 Aa
RL L 3.15+0. 46 Aa 1.6440.12 Aa 3.16+1.36 Aa 7.95+1.68 Aa
H 3.53+0.81 Aa 2.08+0.40 Aa 3.89+1.11 Aa 9.50+1.91 Aa
CK 3.49+1.12 Aa 2.15+1.12 Aa 2.84+1.62 Aa 8.48+3.53 Aa
MN L 4,08+0.63 Aa 2.52+0.66 Aa 3.74+1.27 Aa 10.34+1.99 Aa
H 3.56+0.87 Aa 2.50+1.05 Aa 2.46+0.84 Aa 8.16+1.98 Aa

R3 RALESHMNEZIRETMIRBMLER

Table 3 Comparison of transport factor and tolerance index of different populations of P. cathayana

T it 5% 35 % Tolerance index 38 Z 8 Transport factor

Population CK L H CK L H
YL — 0.88+0.12 Aa 1.39£0. 25 Aa 1.21%1.34 Aa 1.63£0.30 Aa 1.74£0.52 Ab
RL — 0.95+0.18 Aa 1.12£0. 20 Aab 0.2940.65 Ba 2.424+0.67 Aa 2.5540.43 Ab
MN — 1.2040.29 Aa 0.89+0.18 Ab 0.47%0.56 Ba 3.85+1.97 Aa 4.51+1.85 Aa
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Fig. 2 Comparison of cadmium concentrations of different populations of P. cathayana
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Comparison of cadmium concentrations among organs of different populations of P. cathayana
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Table 4 Results of nested ANOVA of cadmium concentrations and sources of the differences for

three populations of P. cathayana

. e F Y F value P 1{f P value SR/ % Proportion
Organ Treatment Ll Tt & i Ttk # Liipiid pREES R
Population Clone Population Clone Population Clone Error
CK 2.115 2.505 0.135 0.012 — — —
i Root L 43.084 3.715 0. 000 0.007 65. 4 16.4 18.1
H 122.016 2.670 0. 000 0. 000 68.9 11.1 19.9
CK 118.535 2.316 0. 000 0.020 81.9 5.5 12. 6
== Shoot L 37.396 8. 784 0. 000 0. 000 42.2 41.7 16. 1
H 27.719 12.719 0. 000 0. 000 8.1 73.2 18.7
CK 45.631 15. 446 0. 000 0. 000 22.6 64.1 13.3
- Leaf L 23.291 3.408 0. 000 0.011 50. 3 22.1 27.6
H 427. 604 12.612 0. 000 0. 000 71.2 22.9 5.9
T AR TR0 TGP AR (] AR AR L M 25 57 (P<T0. 05) B, A3 5878 S SR R 1 4 4 L 91
Note: The allocation of differences was calculated only when there are significances among both populations and clones.
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Table 5 Variance of cadmium concentrations within different populations of P. cathayana under high
cadmium treatment (H)
T 8 Root 2% Shoot - Leaf
Population 1 2 3 4 1 2 3 4 1 2 3 4
YL 9.01 3.09 10. 89 0. 34 10.73 4. 80 15.63 0. 45 19.99 9.28 35.31 0. 46
RL 13. 33 2.78 9. 27 0.21 13.99 4.40 12. 45 0.31 45.01 11.06 33.14 0. 25
MN 3.45 0.98 3.27 0.29 10. 83 2.53 9.66 0.23 16. 57 4.82 19.01 0.29
it Total 8.06 4.62 17. 34 0.57 11.61 4.12 15.63 0.35 25.15 14. 50 58.55 0.58

H:1.2.3.4 0 AR E I AR vE2E 2 (mg/ ke) FAE 5 R,

Note:1,2,3, and 4 indicate the mean value,sd,range(mg/kg)and CV.

3 9

ABFIE R 3 AT 5 A 10 mg/ke

®

Ab BT AR R R R AR ) S AR AR R S X IR A
PTG 2 35 22 5 X AR T 32 A M B AR B 1AL, B
K B SR AL PR X5 9 A AR W] R,
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