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Abstract

Aims Little information has been available on the effects of soil Pb pollution on plant nutrition. Our objective
was to characterize the responses of poplar (Populus deltoids % P. nigra) in C, N and P accumulation and N and P
use efficiency under different Pb stresses in acidic purple soil and alkaline purple soil.

Methods A controlled pot experiment using one-year old poplar was arranged with different treatments of four
Pb concentrations (CK: 0, T1: 200, T2: 450 and T3: 2 000 mg-kg ') in the field. Concentrations of C, N and P in
plant components were measured over one growing season. We calculated C, N and P accumulation and N and P
use efficiency.

Important findings Accumulations of C, N and P in poplar declined with increased Pb supplies in both acidic
purple soil and alkaline purple soil. Accumulations of C, N and P in alkaline purple soil were larger than in acidic
purple soil. Distribution patterns of C, N and P in poplar were altered in both soils when supplied with different Pb
concentrations. C, N and P accumulation in fine roots significantly increased with increased Pb supplies in acidic
purple soil, but decreased in fallen leaves. In contrast, C, N and P accumulation in fine roots decreased with in-
creased Pb supplies in alkaline purple soil, but increased in fallen leaves. In addition, P use efficiency of the pop-
lar in both soils increased with increased Pb supplies, but the N use efficiency significantly decreased under
treatments T2 and T3. Results indicated that the accumulation of C, N and P in poplar had been inhibited and nu-
trient use efficiency of the plant had been altered by Pb stress. Moreover, the effects of Pb stress on nutrient ac-
cumulation, distribution and utilization by poplar were much less in alkaline soil compared to acidic soil.
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N2 Tl 53 fh b & e, Ak A=
FEHIE . AR 2T BN, E AT (Ph) AR K =
A FH A5 43 L 35 Pby 5 Yo AN DN, 7 R i 2 A 45
LA R NRI AR R )3 B 45, 2007; Sinhal er
al., 2010; Beladi et al., 2011). PbLy# +IEWL I, 5%
W) T ) 338 2E 2 R A AR ) AE BAR I, AR AT
AR — 5, IET PO K EAFAE ] BE
S LIRS, S B I R SR U R A S
F#1%(Gopal & Rizvi, 2008; Ashraf et al., 2011), HEif
5 W FE )0 % 43 76 2% )RR R FH (Reddy et al,
2005; Sharma & Dubey, 2005); %37 fil, PbidHEH
EHHIR AR R ) 2E K (Qureshi e al., 2007; 45T
SN PRI, 2011), M4SNz 11 55 10— 0 PRI
Wt IR AL R e 0 B AR R . Oy T o G s
N B IAEE, AR AR I 5 B R o I S R A
Jay 57 N YERF B S AR A KR B (AR A,
2010). #RIM, CA BIHTFFURE N DG 4 R A -
THEREP TR . B E ST, Kk, 79
INRPOIME AT N A FR 70 AR B 5 20 BORRAE, %
T8 s G S T G PR R R A (1) A 3 B L
HAAREEE Y,

P 1 55 0 R0 TSR 8 e KV U Y 1 7
by PR ) BRSO T S TS SR TR
VAETE S T4, - EPbyg gL HR b, ™ 5
R I AR B N A AR (AT RS, 2009) 0 RRSE
AWM (Populus deltoids x P. nigra) EK &R &N
PRI U RE ) o H IR Sy, ol DMR G T8
SRV g IEE L S TP (W ef al., 2010; Rafati et
al., 2011). Ak, DABRSEARAE 4% I F0 %, B 5Tt
TPy e I 11 48 €0 - FN 45 55 (0 1 AN [ 2 B2 P
Jop 3 TR S 2% A8 A 40 TR BR 11 7% 23 (RN L% (P))
IR B8 5 A FCRHAE, 20 AT b SRR FE PO P aE 5 A i ok
J5 P P 30 6] WK S 448 W 4 1 AR K3 N 5 5545 A

R PR AEIAL Y N T S R (P I (R HE A 22)

BRI E R, T AN A A 1 BRI A X P
TG, DU A APV B0 M a4
RIE WY L R AL, [ O Pbis A X A 5C
FEAIAR A AR B8 ST F

1 MRFHE

1.1 RIS ARG A4

TR 56 Mk DY IR L K 2 A e B X R
(102°59' E, 29°58' N, #4620 m). Z%Hh[X & $h 73! 1)
VGRS, 8 2 B A B e S, B
ATEHE. BRI Bz 5L
AR AR . AEPR/K T 732 mm, Z4E T3
K F838.8 mm, ZAEFE)AR16.1 C, WX A
SPEIH I ECAT 019 h, 24 HEE K23%, L4
S TEFE W 298 K (FKAiE, 2009).

PR 4o R P A R L, BR
DU JIANE K253 A Tl o 740 591k phth S bR
b b5 A FH O Y, 6K 0-20 em 136 )2 48 it
IR AR A LR 1o BRI AR R DE A8
WFFA T, SRR P R I R (9 38 Y 1
THAPERPUR T
1.2 Rt

N TR BR 55 458 W 6 Povs e IR 1) i 52 4 K
JLAEARIFR FEPOYG Y 56 AF T IR AR AOE AR AE, AR
V] % B 5 o R DY ) 1) 7t o e v R R e A
#L(Wu et al., 2010), AR5 B4 NPOIRHEREEE: X
M CK (0 mgkg ' T+, LIPbit). T1 (200 mgkg T
+, BAPbif). T2 (450 mgkg T+, LAPbil). T3
(2 000 mg-kg T+, LAPbil).

20104F2 A RAR (A 138 . L3R SR IS4 B
SRIRT« BE R  Iod 7 (R U 20 AT L3387 S ),
PO IRA) R HERL60O RFE AN B (L1142 4936 cm, T
[14£25 cm, 125 cm), RF7E% 14 ke (T-1).

Table 1 Basic physical and chemical properties and contents of heavy metals in test soil (mean + SD)

B e el ECLIIRT S 5T
pH Total nitrogen Total phosphorous Total potassium Organic carbon Total plumbum
(gkg™ (gkgh (gkg™ (gkgh (mgkg™)
gtk t 5.77 +0.06 221+0.08 0.53 £0.04 14.54 +0.67 19.65+ 1.05 47.12+3.67
Acid purple soil
A5 SR+ 8.33+0.07 3.11£0.09 1.29+£0.04 20.97 +1.25 1437 +1.37 30.48 +£2.85

Alkaline purple soil
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AR FENLITEE J5 e 1 mm i, PL4C. N. PuC
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FEIRE i 45 C K T Ko Crp O 28 4K -Fe SO, 3 58 V5
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1.4 HURAIB RS

IR 53 560 A9 300 R 6 48 o IR 5 % 3 A 4
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HIHE(RAR LA, 2008).

NAH 2% NUEN=1 W) A= W) 5 /N ) B R 5
(Sorgona et al., 2006)

P FH 20 % NUEw=#8 9 4= ) 2 /P 1 A B 3R o
(Sorgona et al., 2006)

B IR T ZE K36 (one-way ANOVA) LL#E AR Pb
Ab B AR IR M AR RN R £ P R SR AR A
#C. N. PRSI LN, PRIHRCRZR, B
FHEAKPFHE Mo = 0.05. FTA W 4e v 3 3 ]
SPSS 11548 vl 4 A4 T o
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T4 BE 25 PR IR M 25 €1 L 040 I £ 1o
RRSEZAMRRC S B (p < 0.05), HAKIEC, P
P AL TE 23 % T (p > 0.05) (K1). T3
S B 5 2 B ARG P o 38 R SE A A A A AR C 5
TR A PR A SR HPE R (p < 0.05).
PART L3R ERSE A AR . RHARFI 2N AR5
AEFRSCAT T 50 B LE 38 0 3% 25 5 o AN A5
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SEH NG AR A, (AN HLR R P &
T HE PR IR 3
2.2 BRERIZHC. NFPHESHE

PR P 55 0 RS TR (0 R RRSE 498 B C AN
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FEWI TR A PRI HIRC. NFIPA
B (p <0.05), ME5ITEE A - hRKE AT ANRC
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HEEETE RO L@ <0.05). 25, MR HEY
SMCHR B AET2 RT3 A0 B ] 22 7 0. 3% (p < 0.05),

Pb/Ppil AL B B 5 OO T R 45 45 BCL NAIP
()53 A Jes (P12 o AKX B, P if A BRAS R P
RO P RKEZATAAIRC. NAIPA R 1) L A5l 1
W, HC. NFIPER S5 L7 ) 5 30 B i
. AT RRIER AL, B ER O L P IRSEAAT
BaARC. NAPR 2 1 E il B B, b N
FIPAR 52 1 1 LA T2 T L 184 F i 4
23 BREZRXZNFPH AME

TUREL A R PR L3P I C/NL BC/N, I
N/P. JEN/P5 ) B B3 0 W 25 22 5 (p > 0.05) (&
3)o T2 TIALFRSAF FRRPEZ G L B C/NEF[E
fiX(p < 0.05), HT3ALFEAF T4, BTS04 P EN/P,
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Fig. 1 Variation of C, N and P contents in different organs of Populus deltoids x P. nigra under different plumbum concentration
treatments (mean + SD, n = 5). CK, T1, T2, and T3, plumbum concentration is 0, 200, 450 and 2 000 mg-kg’ldry soil, respectively.
Different capital letters indicate significant differences in different soil within the same treatment, and different small letters indicate

significant differences in the same soil among different treatments (p < 0.05).

(p <0.05). TURBERAAET, BRSO P EREIAS
Wi (I NUENR IR H 386 T () 55, 1 Bl 45 Pb Ak 2R 32
(38 n, Pt 48 b WK 36 AR AC M I NUENYY 0t 25
%, HAGFE T2, T3RBESAE T 5 A E
255383 (p < 0.05).

3 iTtig

POAEAEY A KA T Fr e s (e s, BURIKIE
I A 2 X AL 1) A 2B 5 T AN (Reddy et al,

2005). A MIBFITRE, /L€ L PbPria
TR K Z LIS (Kopittke er al., 2007,
Rossato et al., 2011). SR, 40T DL 5048 95
a3 Be 55 R 7 2O B B RS 5 RS 1R e D BR A,
A BRI B U5 2 FL AN R S5 A RO D RE R 28 B b, AT
ST I IE Y AT (S L, 2008) o ARG 45 K W,
BRIEAACH) M C NFIPE BT P FPAS ] 338 4% 1
IR HH B P AL A B (8 I BRI, B
AP TS PR (A P BRSE A B C. NAIP
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2 ARIFHR I AL EE R R 2R

W& S EIIC. NHPRUR B CHEELbrAEMm %, n = 5)

Table 2 C, N and P accumulations in different organs of Populus deltoids % P. nigra seedlings under different plumbum supplies

(means £ SD, n=15)

Qb3 ZREE R R RN R i FHARAN R MR
Treat- Stem Leaf Fine root Coarse root Total
ment accumulation (g) accumulation (g) accumulation (g) accumulation (g) accumulation (g)
[i740 Si C CK 24.39 + 3.00% 12.67 £ 2.12% 4.86+0.46™ 23.38 + 0.96™ 65.30 + 3.65™
Acid purple soil TI 20.51 = 2.07° 7.96 = 0.86"° 9.18 = 124" 18.72 + 1.48" 5637+ 1.53%
T2 16.59 + 1.64*° 9.86 + 0.76"° 4,08 +1.42% 19.61 +0.79"° 50.15 + 0.43%¢
T3 12.30 + 1.62% 5.24 +1.64* 3.21+0.17% 14.35 £ 1.55% 35.10 £ 1.821¢
N CK 0.31 +0.07 0.33 +0.02% 0.08 +0.01% 0.26 + 0.05 0.98 + 0.10*
T1 0.25+0.014® 0.22 + 0.06* 0.14 + 0.02%° 0.18 +0.034° 0.79 + 0.044°
T2 0.26 + 0.074® 0.29 + 0.054% 0.06 + 0.03 0.26 + 0.04 0.87 £0.114%
T3 0.20 + 0.024° 0.18 + 0.08%° 0.07 £0.01* 0.16 + 0.044° 0.62 + 0.06%
P CK 0.074 +0.012% 0.047 £ 0.0074° 0.021 + 0.002% 0.044 + 0.0074 0.186 £ 0.011*
Tl 0.055 + 0.009"% 0.032 + 0.004"° 0.039 + 0.0074° 0.041 +0.010 0.166 + 0.022°
T2 0.057 £ 0.009"° 0.036 = 0.006"° 0.019 £ 0.005** 0.032£0.011*° 0.144 £ 0.021*¢
T3 0.043 + 0.002%° 0.019 = 0.005"¢ 0.014 +0.001" 0.019 = 0.003"¢ 0.095 + 0.004
HIE Jr s oy |- C CK 36.12 +2.00% 14.09 + 1.85% 7.78 £ 0.76* 19.58 +2.36™ 77.57 +1.78%
Alkaline purple soil TI 34.25 +2.70P 12.33 + 1.37°% 447 +0.76% 17.26 + 116 6831+ 4.47%
T2 27.21 + 1.66% 10.49 + 0.344% 435+0.57" 15.79 + 0.815° 57.84 +2.155¢
T3 16.38 +£2.15" 8.58 +0.41% 2.69 + 0.29% 11.27 £ 0.40%¢ 38.92+2.18%¢
N CK 0.46 + 0.08 0.34+0.17% 0.13+0.015 0.25 +0.08 1.18£0.10
T1 0.40 + 0.06% 0.40 + 0.06% 0.08 + 0.02" 0.20 + 0.044 1.08 + 0.095
T2 0.37 £ 0.084® 0.32 £ 0.074 0.07 +£0.01%° 0.19 + 0.025® 0.95+0.16"°
T3 0.25 +0.04%° 0.27 +0.02%° 0.05 +0.014° 0.12+0.01%° 0.69 + 0.04%
P CK 0.101 £ 0.007" 0.043 £ 0.013* 0.033 £ 0.0075 0.038 £0.010* 0.216 +0.014"
Tl 0.085 + 0.007% 0.040 = 0.005** 0.020 + 0.006% 0.034 £ 0.006"* 0.179 + 0.014"°
T2 0.071 £0.011*¢ 0.033 +0.002"° 0.018 £ 0.003** 0.027 £ 0.001%° 0.149 £ 0.009"¢
T3 0.038 +0.003 0.022 + 0.0014¢ 0.009 = 0.0015¢ 0.015 = 0.002" 0.084 +0.0015¢

CK. TI. T2. T3, #WKE5 40, 200, 450F12 000 mg-kg ' F o [Fl—FIH AR KE FRER RSN 13, [F—B R H 2R BEE <0.05);

AFNE PR E . AR 22 57 5 (p < 0.05),

CK, T1, T2, and T3, plumbum supplies is 0, 200, 450 and 2 000 mg-kg ' dry soil, respectively. In the same column, different capital letters indicate
significant differences in different soil within the same treatment, and different small letters indicate significant differences in the same soil among

different treatments (p < 0.05).

B R ETRIEL 6 1. Polihia W Bokds 7 RKSE
ARATH %52 B Cy NAIPH S FiAk s 55 RUAH L, Pb
JM B AR 2R (5 L P BRSE A AR C . NFIPAR 55
P LU A8 B SR I, TS A B S BRI
PR [5] - 338 5% 11 BR324 A P IR R FH R 3 B0
HH B PO E R 2 A3 I 3 g, HLA BT
o BRSE J A P IR 2% % 8 2w T IR MR A 1
). X EELE AR, — @ FEEE PO S A D)
C. NFIPHIR R, oA 1A 55% 53 M R [F]
I ARER I, Bl T34k A T Pbys Y XAEAIC . NFIP
R Ar RS A 052 ma A XD, AT DASE G b i
INE-SEE QIO T A ne B7 8
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REPRAR A B C o AR AR RNFREE b yioe A R AR
AP, N SHYERK R E M R V)AL
(117543 T6 % (Hirel et al., 2005; T H H4%, 2010). Pb
TR R R 55 40 s B R S A A RN R 43 J0 3%
K G % (Kibria et al., 2010). FRPEE 10+ FI4S 4k
ot P RRSE 22 A N 38 8 3 s T LA A BN
Sra(FE), XTSRRI Z DN,
Ja s R B M b R A R R A L (R R AR
TG 3l(Kibria et al., 2010). FYI0FE53 763 RIS H]
DA = 40 B N BH 5 7 A B0k, NI 7E— 2 F %
G fEPoREME . BEAE PO RN N, MAAN
SIS T 2 IR 1, 0 L AR PR 3
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Fig. 2 Allocation characteristics of C, N and P in different organs of Populus deltoides % P. nigra seedlings under different plumbum
supplies. CK, T1, T2, and T3, plumbum supplies is 0, 200, 450 and 2 000 mg-kg "' dry soil, respectively.

R3  AFEIREAER FRCEAASHAEIITC/NL NP BC/NL BIN/P. NI FIPHI FH R CP b R 2, n = 5)
Table 3 Leaf C/N, leaf N/P, total C/N, total N/P, N use efficiency (NUEY\) and P use efficiency (NUEp) of Populus deltoides
P. nigra seedlings under different plumbum concentration treatments (means + SD, n =5)

RbBH HC/N HN/P RMCN MN/P NFHABENUE,  PRIFISENUE,
Treatment Leaf C/N Leaf N/P Total C/N Total N/P (g mass-g™") (g mass-g™")
Rt CK 38.08 £ 4.16™ 7.13 £ 0.68* 66.76 £ 6.06* 531+£0.53% 13339+ 1246  703.27 +5.30™
Acid purple T1 35.86 + 4.86™ 7.13 +£1.18% 71.27 + 3.65* 476 +0.29" 148.85 £ 7.37 707.47 + 13.38
il
sot ™ 3481 £524% 7871114  5778+6.69%°  6.07+0.69% 12278 +£13.62"° 73853 +8.117
T3 30.94 + 8.43% 9.47 +2.13% 57.15 £ 3.43%° 6.50 +0.31%° 124.04 + 8.52"° 805.04 + 24.31%°
5 R CK 3491 +£2.06%  7.60+3.35% 65.96 + 4.574 5.47 +0.28% 135.75 + 8.22 741.29 £ 11.33%
Alkaline Tl 30.88+ 1.85%  10.11+0.7° 63.60 +2.57" 6.01 £0.06®  131.61 +2.00°® 791.22 +9.19%
purple soil T2 334748214 99442188 6198+ 11.86™  640+1.03%  119.85+428" 821,10+ 4.73%
T3 31.59 £1.65%  12.31+0.35% 56.57 + 0.63* 8.20+0.27"° 122.79 + 3.83%¢ 1005.94 + 1.56%

CK. T1. T2, T3, #HKEE 5100, 200, 450412 000 mg-kg '+ 4o [F—F P AR KRG FREE R 5. [F-— 43 N %R B2 <0.05);

ANRVNG P RERIR A 3 AN R AR PR 22 5 2 (p < 0.05)

CK, T1, T2, and T3, plumbum concentration is 0, 200, 450 and 2 000 mg-kg 'dry soil, respectively. In the same column, different capital letters indi-
cate significant differences in different soil within the same treatment, and different small letters indicate significant differences in the same soil
among different treatments (p < 0.05).

TR I S B PR 36 PR 25 52 B — s IS ), RO R N 2
0T 400 0 NI W AT (R 4 4%, 2010) . Xiong %

(2006) (IHF 57 25 B AL 1, P il 525 BRI T A 2%
(Brassica pekinensis)H3 HEN 75 & DL A i 25 2 R
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M. PICARET T, 7EPIRIAS ) 384 A R RK
A A R AR FH N Fr ot B HH B Po o 1 P2 1 34
INSERE NG AR R ) . BEEIATH IR
R [P 2t R L LS B P I X R JEE (1) 38 T o
RS — 5T AT e i TP A I
BREIFE D ICR 2 —(RAKE, 2003; RAREAE, 2010;
FmaiAE, 2011); 75—t nl ge2& K oyPrl Ll
PO I B 1 A5 ), AN 1 428 Pb ) A2 ) A 3L
Peo IXLEGF IR AR, —E R RIPoPria sl 1
RIS I3 5 T 2 L, 3 17 s R 40 A ) 1 A
IRAR . POl T SR W SZ BRI B AR L
ARG 2, Rk LR U4 4t 7 1R 4 19
JRiYi

M) S8 B IR S 2 e DI — e E b
S AR AT IS AR Ak [ e 3, TR A 45 B C N
P 88 K L 43 TOAR S DU 2 o) P85 BT 7 AR A 25
(R N AL (W et al., 2009) . ASHF9T Y, T1ALFE 35
BT R A L R R AT IRC. NAIP A
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