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Effects of Cd, Pb, and Zn combined stress on Cd accumulation and translocation in

Populus yunnanensis seedlings
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Life Science, Southwest Forestry University, Kunming 650224, China)

Abstract: In order to explore the interactions of metals in the combined pollutants Cd=Pb, Cd-Zn, and Cd-Pb—Zn, seedlings of Populus
yunnanensis were selected, and the characteristics of Cd enrichment and transport under the single and combined stress of Cd (50 mg -
kg™), Ph(500 mg - kg™) and Zn (500 mg - kg™) were analyzed by soil pot experiments, to provide a reference for the restoration and

utilization of mining areas where P. yunnanensis occurs. The results showed that: both single and combined stresses significantly reduced
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the height growth rate of P. yunnanensis seedlings and increased the growth rate of the ground diameter. The height growth rate decreased

the most under the Cd—Pb—Zn combined stress (24.45%), and the increase rate of the ground diameter was the highest under the Cd—Zn
stress (317.04%). The biomass decreased significantly only under the Cd—=Pb-Zn combined stress, with a decrease of 30.28%. Compared
with the single Cd stress, the Cd—Pb stress significantly increased the content of Cd in the stem of P. yunnanensis, whereas the Cd~Zn and
Cd-Pb-Zn combined stresses significantly reduced the content of Cd in the roots, stems, and leaves. The accumulation of Cd was 0.32 mg-
pot under the single Cd stress. The Cd—Pb stress did not significantly change the accumulation of Cd (0.34 mg- pot™), while the Cd—Zn
(0.14 mg-pot™") and Cd—Pb-Zn(0.13 mg-pot™') combined stresses significantly reduced the accumulation. The results of bioaccumulation
and translocation factors of Cd in P. yunnanensis under different stress conditions showed that the interaction between Pb and Cd (PbxCd)
promoted Cd accumulation from the soil and enhanced Cd translocation, showing a synergistic effect. The interaction between Zn and Cd
inhibited the accumulation of Cd, but increased the translocation of the absorbed Cd to the shoot, showing an antagonistic and synergistic
effect on Cd accumulation and translocation, respectively. The interactions among Pb, Zn, and Cd inhibited both the accumulation and
translocation of Cd, showing an antagonistic effect. This study shows that P. yunnanensis seedlings exhibite tolerance to the combined stress

of Cd-Pb and Cd-Zn, and that the effects of heavy metal combined stress on Cd accumulation and translocation depend on the type of

metal interaction and the specific plant organ.

Keywords : Populus yunnanensis; heavy metal combined stress; heavy metal interaction; Cd; accumulation; translocation
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Figure 1 Variation of plant height(a) and ground diameter(b) of Populus yunnanensis
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A 2 R AR TE A 4 1A W (P<0.05) , BRIl
30.28% , HiA Ab BFEEZ AR B35 (P>0.05) 5 AR AT 9 A
YN N g SRR A R OB N P N T2
(P>0.05) , 2L W RHAE Cd-Pb—Zn & A WA RS Cd 4b
PRI 2 PRI (P<0.05) , B IR R 40.73% ., EA&JRE A
o3 T R AT A A2 (A T 1 5, — b o 4 A5 W
LT PR B AR 22, B R 30% , H Cd-Pb-Zn 4k
I I 1 5 IR T A A5 A 3 (P<0.05) L T Cd
Cd-Pb ,Cd-Zn AL F £ 46 75 CK TC B 3 2 5 (P>
0.05) , B HA A% 41 B % Cd—Pb—Zn 45 36 B i 52 1
2%, W — Cd iirif K Cd-Pb . Cd—Zn il B —E
X IR R A2
2.2 ELEIMEXEFLE Cd &2 CIIREER N
HH A2 E Cd A Ba ik 2 s .
HEELEMET  HER P Cd & e, FHh
36.12 mg-kg™, HFIZEdh Cd SR 2, F I E 9 M
18.01 mg-kg ' F112.99 mg-kg™', & 45 B Cd & = Kik %

SEXIE R 0.15 mg - pot™, AR AN o Cd B R & AHIE , O
Y9{E 43514 0.04 mg - pot™ F10.05 mg- pot™, %5 Cd
FBRRMEEI NS>, A S SELEY
SRR AT (R D) AW KN R E EA Y Cd R
ES S

i — Cd A AH e, Cd-Pb B A i B 25 8
25 Cd 1 2 (P<0.05) , Wi 4 38.06% , Xif HoAth 5 T
Cd & HEIA B3 (P>0.05) ; Cd-Zn 24 Wl 2. 2% 1%
AR 25 P Cd 5 12 (P<0.05) , BR324 78.19%
34.64% F175.68% ; Cd-Ph—Zn & 4 W38 7R e B E FAI
B Cd & (HREIE/NT Cd-Zn il . 5¥—Cd
JHip 38 A B, Cd-Pb & 4 i B A7 45 25 CA B R i
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ZAEMHERTEZE I CARREREU LB BRI E
EREAL (P<0.05) ,Cd . Cd—Pb . Cd—Zn . Cd-Pb—Zn kb Ff
1y Cd B 25435125 0.32.0.34 .0.14.0.13 mg-pot ™',
23 EEEMEXNEMHE CIEESHEZEHNZMT

BRMSH>ZE K4 E CAHRRUEHENRE,

x1 HBEMESTEELY

Table 1 Biomass and tolerance index of Populus yunnanensis

HEae CdEE SRR 2R, 5

fb3 A=k AW A MAEYRE TR P4 £
Treatment Root biomass/g Stem biomass/g Leaf biomass/g Total biomass/g Tolerance index
CK 1.30+0.28a 11.30+1.33ab 2.99+0.85a 15.59+2.03a 1.00+0.13a
Cd 0.98+0.34a 13.21+1.43a 3.01+0.36a 17.19+0.77a 1.10+0.05a
Cd-Pb 1.06+0.04a 10.69+1.55ab 2.83+0.32a 14.57+1.30a 0.93+0.08a
Cd~Zn 0.73+0.50a 12.26+4.20ab 2.39+0.72a 15.39+3.04a 0.99+0.19a
Cd=Pb-Zn 0.97+0.31a 7.83+1.24b 2.07£0.95a 10.87+2.14b 0.70+0.14b
T R B Rl Bk R 4 A BN 22 53 .35 (P<0.05) . FIAl.
Note: Different letters in the same column indicate significant difference among treatments (<0.05). The same below.
0T (a) [ # Root T 047 . O HRoot
/T:D a a [0 ZStem é % [ Z£Stem
n L ] 1 I Leaf b 3 % I Leaf
ED » £ 03r1 S Total
= o
§ a E "5‘ a
= 30 z 502
s S oo b b
< a 58 b
= -
i = 2 b
st o 0df b c
42 ¢ ¢ . ¢ b EE@ a a
e Bl B ¢ Laed il
[ == = = 0 b Z 7
CK Cd Cd-Pb Cd~Zn  Cd-Pb-Zn CK Cd Cd-Pb Cd-Zn  Cd-Pb-Zn
Kb IR Treatment Ab PR Treatment

AN B [l — 8 1 B SR AN [ b B R) 22 5 2. 2% (P<0.05)

Different letters indicate significant difference among treatments of the same organ and total (P<0.05)

B2 EHEBRECIEE(a) 5CIREZE(b)

Figure 2 Cd content(a) and accumulation amount(b) in each organ of Populus yunnanensis
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H— Cd A AR L, Cd-Pb 2 & A B 1 5 Cd A
&R BCR M e S R 8(P<0.05) , Cd-Zn . Cd-
Pb—Zn 52 & P38 W) 52 25 I Cd & 4 R £ (P<0.05)
H Cd-Zn 52 & W38 B B0 de K, U6 B &2 & W 368 B Ph
FIAFFEAE HE Cd 3 1 A & 45, T Zn B A7 7E 3D
il Cd & % .

e — Cd A, Cd-Zn B4 M0 B 15
Cd ¥ iz 280 (M ER 4, P<0.05) , Cd—Pb & 4 a8
fifi Cd ¥%iz ZE0E it e, (BAE R 83 (P>0.05) , i
Cd-Ph-Zn B A WA RAR T Cd ¥iz 250 E TR &
F(P>0.05), % F A%, Cd—Pb F1 Cd—Zn & & W30 it
Pb . Zn B FEAER A 24 Cd MK 38 1) b | 385555, {H,
Cd-Ph—Zn B A WA, Ph Zn BSEAENH T Cd ¥z .
2.4 HGHE CAEEFHEHES HIERUMRMXR

AN TR 4 i it A B A A S B AL S B U 26 3
Ro FEEM-THEEAET , HEAHES Cd TR Cd-
Zn [ 38 B e, HoON Cd=Pb—Zn & 4 138, Cd-Ph
JHp 361 55 B — Cd i TG B 35 25 55 (P>0.05) , {H 3 i 2
i F Cd—Zn Fil Cd—Pb-Zn P33l (P<0.05) ; 3242 45 Ph Al
MRS Zn ¥ AE Cd-Pb—Zn = & A 8 i 52
F o #HE A (Cd-Pb.Cd-Zn) . 5 CKHIH, -1
pH {7 Cd=Pb ,Cd—Pb-Zn [} F & % T %, 7 Cd—Zn
JopE T S T AT LB AR Cd ME N CK B 2
T W s A B A AE Cd-Pb . Cd—-Pb—Zn i} 38 4 CK 2

Fhi 76 Cd Wil R4 CK i 2 F B 5 A 3L £E Cd-Ph-
Zn JF8 T A CK B 25 T s BUSCHITE Cd—Zn BB T 45
CK % TR

FHE Cd B H 552 MY 5 A F8 BR1E R 4 )
AR FE, 8 A IR R AR AR AE R PREE AR 1 HEA T TR 43
Frel A, 13 pHH S S E A8 & s S HAL 7]
DA R AR A i 17 A5 et SRR 19 96.9% , BEAE [z LI
W Cd & HFE 2 FRIE S R 6 R 1 46 K 4%
FE. SR (E3)ER, ERCA TR CABERE CdE
BERBE H IS Cd S Zn RO R (-
1 >90°), 5 g ZS Ph R IEAHSEE R (e ff < 90°) ,
VB AW L 2 Cd il A, RBRRAIS 13 b sc e s
Cd . Zn 9 55 3t 100 S B3 AF 40 WG AR FH ) 28 46 25 Ph %
3 DU R Cd R AT A i 4 o

g Cd & 5z BRI L S s 4
J& AL o) SRR B A ML AR A
Lgghn Ay, Hop i 38 pH A ML (OM) A
S (AP) B 52 35 12 3 7K F (P<0.05) , oA B o1 ik
RO K 13.9% .29.3% F112.8%., w1 & 3 0] 41, 1 5
pH (B A ML & i 5 WA Cd & FE 46 Ar 2 R 6 ¢
R, G5 CAFERBE I EM LR, MA M SRY
Cd &% Fisiitr ¥ RO R, ILAh, 14 pH
B AR S g A E 48 & (ECd.
EPb .EZn) 2 AL R

R2 EGRBECIESERMEHIZRY

Table 2 Bioaccumulation factor and translocation factor of each Populus yunnanensis organ towards Cd

L3 HREAHBCF REERK HIERBTF SR R

Treatment H Root 2% Stem I Leaf M |7 Aerial part  Total BCF 2% Stem I} Leaf Total TF
Cd 0.99+0.022a  0.28+0.004b  0.53+0.044a 0.33+0.012b 0.37£0.025b  0.29+0.008bc  0.54+0.034a  0.33+0.005hc
Cd-Pb 0.95+0.040a  0.39+0.006a  0.57+0.026a 0.43+0.008a 0.47+0.009a 0.41+0.016b 0.61+0.030a 0.45+0.019b
Cd~Zn 0.22+0.022¢ 0.19+0.02¢ 0.13+0.018¢ 0.17+0.023¢ 0.18+0.021d 0.87+0.139a 0.60+0.035a 0.82+0.127a
Cd-Pb-Zn  0.74+0.113b  0.18+0.036c  0.20+0.019b 0.19+0.032¢ 0.24+0.027¢ 0.25+0.061¢ 0.28+0.038b 0.26+0.054¢

*®3 SHETEELIER
Table 3 Physical and chemical indexes of soil in each treatment
o AT e hibe e CREGL xR ks
Treatment pH Organic mater/ "5 ohosphoras/ potassimy xchangeable Cd/Exchangeable Ph/Exchangeable Zn/

(g-kg™) (mg-ke™") (mg-ke) (mg-ke™") (mg-kg™) (mg-kg™) (mg-kg™)

CK 4.68+0.04b 26.7+0.79ab 89.18+5.55¢ 2.66+0.41b 250.20+12.26a 0.46+0.01d 0.74+0.05¢ 5.88+0.86¢

Cd 4.73+0.04ab 19.55+2.15¢ 78.48+4.29d 2.75+1.17b 237.28+5.86ab 8.71+1.43¢ 0.78+0.02¢ 3.90+0.36¢

Cd-Pb 4.42+0.03¢  26.00+2.34ab 121.48+5.48a 2.57+0.41b 253.31+11.02a 10.78+0.19¢ 111.55+0.65b 3.43+0.07¢
Cd—Zn 4.75+0.01a 28.47+2.10a 90.05+6.45¢ 2.21+0.71b 218.24+12.21b  46.42+2.97a 0.70+0.13¢ 111.26+3.87b
Cd-Pb-Zn  4.40+0.02¢ 23.38+1.03b 100.31+4.10b 6.62+1.25a 253.85+22.08a  30.31+5.86b 138.58+7.28a 292.73+5.48a
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Figure 3 Redundancy analysis between Cd accumulation and
translocation indicators of Populus yunnanensis and soil

physicochemical properties
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