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Abstract: [ Objective ] In this study, we aimed to find the promising poplar species for the remediation of lead (Pb)-
contaminated soil by comparing the lead (Pb) resistance and accumulation of different poplar species. [ Method ] Seven
fast-growing poplar species were exposed to 8 mmol/L Ph(NO; ), for 6 weeks to analyze their capacities for Pb tolerance
and accumulation. [ Result] The net photosynthetic rate, stomatal conductance and transpiration rate were significantly
reduced in the leaves of Pb-exposed poplar plants compared to those under the controlled condition. Thus, the axial and

radial growth of poplar plants were inhibited by Pb exposure. The photosynthesis and growth of Populus nigra, P. X popu-
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laris and P. cathayana were more sensitive,, and those of P. deltoides were less sensitive to Pb exposure than the other
poplar species. The biomass of Ph-treated poplar plants was declined in comparison with that of poplar plants under the
controlled condition. The greatest reduction in root biomass was found in P. X euramericana (50.31%) ; the significant
decreases in wood biomass were found in P. nigra (31.99%) and P. x popularis (22.26% ) ; the significant decreases in
bark biomass were found in P. X euramericana (12.67%) and P. X popularis (19.54%) ; the greatest reduction in leaf
biomass was found in P. X canescens (35.44% ). The total biomass of the seven poplar species decreased significantly
under Pb stress. The largest decrease was found in P. X canescens (29.03%) , and the smallest reduction was found in
P. nigra (12.02%). Correspondingly, the tolerance index of the seven poplar species was decreased in the order:
P. nigra (88.09% ) > P. alba X P. glandulosa (82.98% ) = P. deltoides (80.70% ) > P. X euramericana (79.86% ) >
P. cathayana (76.79%) > P. x popularis (72.78% ) = P. X canescens (70.35% ). Significant differences in absorption
and transport of Pb were found among poplar species. P. delioides displayed the highest Pb concentration in the roots
(2 906.10 mg/kg). P. x canescens showed the highest concentrations of Pb in the wood (46.55 mg/kg) , bark (44.39
mg/kg) and leaves (325.90 mg/kg). The total Pb amount in the roots (4.20 mg/plant) and whole plant (5.06
mg/plant) of P. deltoides and those in the aerial part (1.21 mg/plant) of P. X canescens were the largest among the
seven poplar species. P. delioides showed the highest bio-concentration factor of roots (6.70) and P. X canescens
displayed the highest bio-concentration factor of the aboveground tissue (0.43). Meanwhile, P. X canescens displayed
the highest translocation factor (0.16), and P. nigra showed the lowest translocation factor (0.02). [ Conclusion]
Significant differences in Pb tolerance and accumulation were found among the seven poplar species. Among which,
P. nigra and P. deltoides displayed the strongest abilities for Pb tolerance and absorption, respectively, and thus both
species may have great potentials for phytostabilization and ecological restoration of Pb-polluted soil. P. X canescens
showed the strongest ability to transport Pb to the aboveground tissues, and thus it may have a great potential for phyto-
extraction of Pb in contaminated soil.

Keywords : Populus spp.; phytoremediation; Pb stress; photosynthesis; biomass; Pb accumulation; soil heavy
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Fig.1 The effects of Pb stress on photosynthesis of the seven poplar species
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Table 1 The effects of Pb stress on axial growth of the seven poplar species

A i
) (mmol-L 1) plant hight

e Pb treaments 0d 7d 14 d 21d 28 d 354d 42d

Pe 0 28.84+4.60 ab 36.14+5.22 ab 42.44+5.36 abe 52.30+4.17 def 62.78+4.02 fgh 71.10£1.79 fg 78.25+0.95 efg
8 29.12+4.52 abe 35.08+5.30 a 39.86+5.43 abc 44.30+5.28 ab 52.90+3.82 abe 59.04+4.24 b 64.08+2.12 be

Pd 0 27.00+1.80 a 34.48+0.59 a 42.53+0.88 abc 49.33£0.98 bede  58.37+1.46 cdef  63.60+£1.82 cde  67.87+1.03 ¢
8 28.42+0.49 ab 34.88+1.14 a 38.53+1.57 ab 42.40+1.04 a 48.63+0.65 a 53.12+0.73 a 58.50+1.56 a

Pe 0 30.42£0.89 abed  34.32+1.22 a 42.87+1.27 abe 50.92+1.19 cdef  59.02+1.00 defg  66.88+0.77 def ~ 73.82+1.37 de
8 30.87+1.70 abed  34.63+1.60 a 40.18+1.08 abc 46.22+1.27 abed  52.42+1.81 ab 58.83+2.10 be  62.08+2.08 ab

P 0 29.38+2.70 abe 38.27+2.80 ab 49.83£1.91 d 59.17+0.50 g 68.47+0.91 i 74.65+0.94 g 79.58+1.23 fg
8 30.67+0.22 abed ~ 38.55+2.61 ab 45.57+2.09 cd 51.48+1.24 cdef  56.83£0.93 bede  61.32+£0.32 bed  65.00+0.42 be

Pn 0 31.10+0.24 abed ~ 35.80+0.20 ab 44.50£0.30 abed ~ 54.10+0.10 efg 66.10+0.74 hi 72.50+0.40 fg 76.83+0.19 def
8 30.13+0.66 abed ~ 32.65:1.35 a 36.95+3.13 a 44.80+3.83 abe 51.37+3.34 ab 58.17+5.04 abe  60.53+6.39 ab

Py 0 32.58+1.56 abed  38.73+2.04 ab 43.95+3.67 abed  53.52+4.00 efg 63.94+3.01 ghi 73.68+2.95 ¢ 83.13£1.81 ¢
8 33.27£1.23 bed  34.48+0.98 a 39.80£1.77 abe 46.00£2.08 abed ~ 53.98+1.19 bed ~ 57.63+1.44 ab  60.98+1.56 ab

Py 0 36.35+1.57 d 44.00£1.50 b 50.08+1.57 d 56.75+1.57 fg 62.12+1.75 efgh ~ 68.20+0.80 ef 73.17x1.30 d
8 34.92+1.36 cd 39.98+1.22 ab 45.15+0.96 bed 50.00+0.74 bede  54.58+1.06 bed 57.171.30 ab  59.17+0.59 a

TE: R P RYBE N FIE£SE(n = 12) o [RISIEUER AR 7R AN R b KA i i) 22 57 (3% (P<0. 05)

FIAl, Data indicate means+

SE (n = 12). Different letters behind the values in the same column indicate significant difference betweens the treatments and among species. The

same below.
Fz 2 PbRpEX 7 MFHEEE KA
Table 2 The effects of Pb stress on radial growth of the seven poplar species
pa AR i
cpecics (mmol-L71) ground diameter
Pb treaments 0d 74d 14 d 21 d 28 d 35d 42.d
Pe 0 2.45+0.11 a 2.63+0.10 a 2.89+0.14 a 3.15+£0.17 a 3.77£0.16 a 4.09+0.26 a 4.48+0.27 a
8 2.95+0.13 b 3.29+0.09 b 3.55+£0.09 b 3.78+0.12 b 4.21+0.18 b 4.29+0.18 a 4.39+0.25 a
Pd 0 3.70+£0.06 cd  4.02+0.07 ¢d  4.37+0.14 ¢ 4.87+0.10 de  5.12+0.04 def 5.44+0.08 cd  5.75+0.08 de
8 3.90+0.14 de  4.21£0.20 cde 4.5120.16 cd  4.84+0.15 de  5.11+£0.07 def 5.39+0.11 ¢d  5.58+0.12 cd
Pe 0 4.76+0.14 5.06+0.18 f 5.46+0.17 e 5.80+0.16 f 6.14+0.18 i 6.42+0.14 ¢ 6.70+£0.15 g
8 4.74+0.14 5.01+0.11 f 5.37+0.17 e 5.64+0.16 5.85+0.14 hi 6.11+0.15 fg 6.38+0.16 fg
e 0 3.52+0.22 ¢ 3.92+0.17 ed  4.36%0.15 ¢ 4.96+0.14 de  5.40+0.21 fg 5.71£0.18 de  6.08+0.18 ef
° 8 3.75+0.14 cde 4.16+0.05 cde 4.65+£0.07 ¢d  5.03£0.04 de  5.34+0.07 fg 5.58+0.09 de  5.68+0.07 de
- 0 3.79+0.05 cde 4.11+0.09 cde 4.58+0.13 ¢d  4.80+0.14 de  5.17+0.41 defg 5.46+0.52 cde 5.81+0.56 def
8 3.73+£0.04 cde 3.86+0.08 ¢ 3.95+0.07 b 4.17+0.06 ¢ 4.52+0.02 be  4.74+0.05 b 5.01£0.04 b
Pp 0 3.98+0.07 de  4.34+0.10 e 4.74+0.11 d 5.07+0.10 e 5.53+0.13 gh  5.90+0.10 ef 6.25+0.07
8 3.87+0.08 de  4.10+£0.08 cde 4.46+0.09 cd  4.72+0.08 d 4.86+0.06 cde 5.07+0.09 bc  5.17+0.08 be
b 0 4.05+£0.03 e 4.42+0.07 e 4.71+£0.17 ed  5.04+0.14 de  5.37%0.12 fg 5.71£0.22 def  5.97+0.20 def
8 4.04+0.12 ¢ 4.22+0.12 de  4.44+0.13 cd  4.66+0.09 d 4.72+0.05 ed  5.03+0.06 be  5.17+0.05 be
2.3 7 FiGHE EME T Pb HiEiEH HRIRAAAR A Yy AR, 4359108 0.78 F10.82 o/ #k, L

IEFOLT, BRI R A W) i e, 15 3.24
g/ W, HLAMAZAR AR Rl RE 22 A5 K Ph [RS8 I, kA%

M Al AR 22 A K (B 2A) o BR T RN R A7 1R
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