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1 MeSTE
11 HEmRERTALE

S IEAREYIRE S SR SEITE 2008 4 10 A #HT. Wtein A M mE EdL, B 500 m A2 A 1A
PECE RRE S, 20K 5 MY : A (Amaranthus retroflexus) (A) , —#E3% (Erigeron)
(B) , ¥ E3E (Sonchus oleraceus) (C) , W% (Beckmannia grass) (D) FlE¥% (Solanum nigrum)
(B) o KHmEmRas 2 K ES R, SR 3 bk, HRsit s, 4CHRAE. RAEMREME
PR LIS AR bR L3I, $Hg LOAARMRPR 138, MPEER AR 2 mm At BB ORbr %,
FAINKEREKEYIFE G LI (P 343, EAXTI. B L8l TAE 4. TIBFERESEHN AR
AT, AL 10 B if, 387 H3ERES pH B BR . TIRRE R E &R A RS e 1 100
Hifr LI E SR AENNE . EUEAKFERE, 2R 2. o, fTEHTESRSEMN
DE
1.2 B SEEEAE

SKHIBERE ZARR LIRS, 49T T 1/5 LB A4 Pb 100 mg L™ ) 1/5 LB “F#k, T 30 ‘C1H
B EIELEFE 3d 50t EaR PR B A1 Po HUtESH R £ . IREG IS MR FHBE M 0 L ke, DA
24 h PN 1g 139 NH'-N 2= 7 5RoR; RS MR 3,5- i KR th ik, LL24h J5
19 HIEHEFEN = BEER

T IEpHR K L 251, BEFSHMIEN E . AR BRI A EENE . FHE ke
CECKH £ IR AL HiZ: &

+3EZn. Pb. Cd. CuEHHNO-HCIE#Z €% ; TIRELBEAMSHEN Rk =KH LR
(DTPA) #HL; Y EEE 4 REHHNOHCION & E %, E4JE S EAICP-AESIENE

T SR G AT PR BRI WD S AT AR E0ERY, Hat A RN Pa= {[(Ci/Si) ma’
+(CilS) ael V23 Y2 R, (CHS)muc HIEESIR TR T YRR KM (C/S)ae N TIER TS
IR T RbrE: Pa<l, Ki5H; 1<P;<2, Bi54; 2<P4<3, Fi54; P4>3, HiT
Beo TGO g ER B K (TR E SRS JebriE) (GB15618-1995) 1) — i brifk.
2 ZRE5M
2.1 HEYRRTIEERKEESREIRN

WGBS Ll 5237 o s ISR — U R AR, E B L RE U A PR A AR KA 5 <0.002 mm
WKL 5 26.1% 7 45 o SR 3R I F AT MR iR AFTR « AKX IR 3 pH R v, AR
TR AR AN B B WK, TSR AR PR LI pHYY 2R 1, AR T H &R AR .
M HE T IEFRE o E SRRSO DM IR bR LA MR & . RSB I WS, R
AITR BAR bR PH & P ac g (CEC) WAk, FIHHLARIERE 1IRE5.

XEYINR R LI E SRS ENE (R2) K, BRARSL, HALA KA S ZnfICdR) & &35
BT E R LR E R brdE (GB15618-1995) , HE & @i HYAZnfICd N, PhAICUIRZ .
B ZEATE AR T LR, ARFESRZRS Y, BREESNREGY, CREES NS, D,
EFFRAE s N E VS e o MR PR 33852 75 Yo e B b T O AR A, vl RS AW ie B 4 J A O

ANEAEYIAR R L3 Zn, POAICA S & A DTPASREUS & EIT N W H> 2> — > H >
AL DE, Cukd i LA 25> — 3> B> B> N . CHEMAKR LIET ESE OIS, H2
DTPAIRELA & BB br LI (8K . DTPAIREUN EEA/KIES . TS MKEEESIE,
— N I AR IR 2 5 7 KR IR AT R TSRS, ASEEESR SR
RN 2 i B A B ) AR A I B ER LA [R5 A

F 1 LA SR

Table 1 Basic properties of plant rhizosphere soils

R B TRRE A S HURLALAL

SZirzl'wle oH OMI CEC ) NH4*->1N Availabli p Particle composition (%)
(9kg™)  (cmolkg™) (gkg™ (mgkg™  2~0.02mm  0.02~0.002 mm  <0.002 mm
A 6.18  11.07 4.25 21.13 1.48 37.6 39.3 25.7
6.16  12.40 12.38 15.30 5.68 345 431 22.4
C 643 1153 1213 8.23 2.56 34.4 44.9 207




D 6.72 1441 3.63 17.83 5.27 311 428 26.1

E 6.77  68.27 13.38 4552 12.60 31.5 44.0 245
F 723  20.23 16.70 13.64 4.47 29.2 39.2 31.6
FROFZ AR <
10~-20 5~10

Critical level of nutrients<<

2 MPINER L3P AL S BRI & i IR gE A TS g (CPD

Table 2 Heavy metal fractions and their contents in the rhizosphere soils and their comprehensive pollution indexes (CPI)

RO DTPASREUA T 48 ey
FE b Total metals(mg kg™) DTPA-extractable metals(mg kg™) 54
Sample EiR e
Zn Pb Cd Cu Zn Pb Cd Cu CPI
A 109.5 16.10 ND 20.97 6.814 6.203 0.065 0.661 0.33
B 326.5 142.8 1.050 62.40 23.87 19.87 0.387 4.731 1.93
C 293.7 99.48 0.858 33.38 15.72 28.99 0.157 2.880 2.19
D 536.3 207.0 1.725 41.81 39.36 64.26 0.496 3.669 4.37
E 382.5 177.3 1.258 79.77 33.49 26.47 0.510 5.690 3.22
F 696.7 255.6 8.217 42.18 20.65 19.49 0.298 4.012 20.11
R LR R — bR <
Grade Il criteria of the National Standard for Soil <250 <300 <030 <100

Environment<<

ND: AA&H, No detection

22 HEYNEESRBIRRRER

A B4 B IR RIEDORE (R3) , (BN X B 5 eI Zn RICAIESFIE Y A (1 &
EWERAER P RS &R, UEHSMEY XN ZnfCd A BRI M _Fikighe J). HZEZE, HHRCd &=
o KT HAR TS B, HARERM MR E A EERiEimcdrigE f1. &4 &% (Bioaccumulation
coefficient, BC) R AN EMEL B S ES LR ZMESES BN, & 7Y
PMELSBEICERNEER. BER/IFELA, HEERIME. THEHEY M L E £/ LA, W
AR THEYIEIUEE, Fik, EYH EEE £ RO T VR AR S X ) T 5@ s ) 0 H & Jm iR 8
A —ANEE BRSNS B (CCERIM) CA & SE R B0l N2.197/12.246, ¥KT1, Hith
FEERTRESE, & T HEEEWNEARRHE.

K3 MHPxE GRS LR

Table 3 Accumulation of heavy metals by plants (mg kg™ dry mass)

=LY AL Zn Pb cd Cu
Plant Position ¢ fContent BCY &#Content BC  &#Content BC  &fEContent BC
SR fRRoot 1855 0.169  9.701 0.602 ND? ND 4131 0.197
Amaranthus retroflexus Z£Stem 15.95 0.146 7.783 0483 ND ND 2417 0.115
IH-Leaf 42.88 0.392 13.25 0.823 0.133 ND 6.967 0.332
- HERoot 4545 0.139 16.64 0.117 0.51 0.143 3213 0.499
— 5% Erigeron
2£Stem 48.18 0.148 7.700 0.054 0.167 0.114 13.75 0.214
IH-Leaf 81.12 0.248 13.09 0.092 ND ND 14.62 0.227
I f{Root 51.87 0.177 12.68 0.127 0.233 0.267 17.23 0.516
i B 2% Sonchus oleraceus
2£Stem 32.87 0.112 7.550 0.076  0.350 0.419 9.017 0.270
ILeaf 56.25 0.192  8.600 0.086  0.650 0.756  13.38 0.438
f{Root 60.75 0.113 15.18 0.073 1.150 0.665 1247 0.298
TH %5 Beckmannia grass 2£Stem 39.48 0.074 1133 0.055 1.600 0.925 7.100 0.170
IH-Leaf 106.5 0.199 2142 0.103 2.200 1272 11.70 0.280
N . fRRoot 45.60 0.119  9.983 0.056 0.033 0.024 9.867 0.124
6% Solanum nigrum
Z£Stem 89.78 0.235  8.900 0.050 1.000 0.794 9.583 0.120
I-Leaf 60.35 0.158 14.33 0.081 1.833 1.452  44.20 0.554

1)BC: & % Z¥Bioaccumulation coefficient; 2)ND: 4 HiNo detection



T3 PORICuf) 432 ft S N AEYI A RN R T R B 2 ek o SO Al 258 Fh P& 8 K TR
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HEERG R E RN : — —AGERN A KA R E D sk g, —EEN K
(I A RS BRI K S8k, BETT R E MR RS 1 20 A1 & A s P28, it 7 o L
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Fig.1 Numbers of bacteria and Pb-resistant bacteria, and urease and invertase activity in rhizosphere soils

WX E S R S LR SR SR FIDTPATREGE & i . IR AH B AR A DG /T GR
4) KI, AFREDEREEPOA RS DIRES R LR, EYES RS ERE REMRNE, H
e zZn S B 5P IR Zn a8 BRE E A CNE, 5 DTPASRIGS & &0 ] B IR 40 B A0 il i 35 40
Ky Z. MHHCAEES HIECIEE. DTPARIGEE &, RPra i Rgm e . L RES R R I
AL IEARSG: PO 4H B £ S DTPASRISP S & MY 2 FPb & 2 8% IEM K. DTPASRIN
BEEEAEWIRE 5Bk SR RIS, g T LU A AR, R ZE. IR
R T RS0 G SR UATI R,  BOEI AU I8 S O o R A0, T A o 4 J e b A
AT G BRSO, R PO4TIEAN B 5 L3 (PDAR ELAE AT RE R 1 P 2RIk i A ) T
PO, TR AR AR BR AR B 3L BT B R NI IO A71E, A Al e3R8 1 A8
X H < U VE AN ) _E B s B m I RE 7, AEREYISRIUIE B G i e 3 b B BRI TS

IR H ANV E ), VIR R RSN I E B A A . BRI RERE (e AT
MUBE 75~ RS RO KA, BRI O T IR Mg T 5 L IRUE M BCR . AR S ESFEIEMR,
PARAE IR R EZORDL . FeAUBgiEE S 3B P B FE o . I VEAT MU0 35 B A R A 0 S i
By SR, 3 RAE I SRR RUIE F7 KB, AR g s R ) A AR B RS M 2 T
AR (b, Wic) , JEHEREMRIEXMAEY) . IR 5 AL BEE OOy
3.304 mg gt ht, M REFIFRE S 3R BARTE =, TR SR b S AL B 1 967,61 mg gt h,
MRPR EIRAE U SRR S AR =, AT W S PR 52 BRI o AT 7T A B



AN E R AR e - SRS A 2 S K, S B M0.341~0.576 mg gt h, AL ERE AR LR, 8
[ 4927.37~80.63 mg g™ o {ELZIKIS BRI S0 R AR DER (X -t 5 L R ARG PR AT ORI i 32 T 4
JEMERN, 5 EIRE . BRI R N2 H R a1 Y S .

WAENEYE RS RS LREGR S BN HIERE A E D (R4 KIL, ED
R Cd & &S L IEIREE . HALBRETE PR B S, M HEEPhbE R, DTPARIZAZnIC
FEMS TRV 20 E IEHEDE (RE) o BAUREIETE S PO AIC, M HHPbE R R 2 IEA
K, BELRESRELE, BYRPESESTERALEMRIE. LIRSS LIRS R
FEAHBCAR 1, FEHYIRPRA ST, YRR WP E A KBTI T e REdR, A AT
A AEAC BT, (AR PR B M S, IR RN, AT T BE A A A A K S S
<2 J TR SORT 1) 3z %

4 MYV AT G IRRHE S IR SR A O . IR R B R P e

Table 4 Relationships of heavy metal contents in plants with heavy metals, bacteria count and soil enzymes activity in soils

THE SR

=7 R A HEJE Soil metal AR R P4 TR 2 JOR R 11 AL
Pljar?t Heavy i DTPARRELE Count of cu!tlvable Count of Pb-.re5|stant Urfea.se Invefrt.ase
position metal bacteria bacteria activity activity
Total DTPA-extractable
R Zn 0.91** 0.78* 0.83* 0.61 0.47
Root Pb 0.50 0.48 0.26 0.10 0.34 0.06
Cd 0.74 0.44 0.83* 0.61 0.67
Cu 0.36 0.43 -0.12 0.06 -0.30
= Zn 0.47 0.65 0.07 0.61 0.49
Stem Pb 0.71 0.89** 0.71 0.93* 0.84* 0.93**
Cd 0.92** 0.76* 0.80* 0.86* 0.93**
Cu 0.71 0.75 0.01 0.29 -0.06
it Zn 0.88* 0.80* 0.59 0.79* 0.65
Leaf Pb 0.60 0.72 0.42 0.75 0.84* 0.89**
Cd 0.84* 0.98** 041 0.96** 0.80*
Cu 0.85 0.75 0.0042 0.45 0.42

e *FI*03 R RN TE0.05R10.01 7K LAHEME 22 Note: Significance level compared with reference
#5 HIEAFRILAESB S HIEEE. WRERE BRI

Table 5 Relevance between Different forms of heavy metal and rhizosphere bacteria and soil enzymes

TiH ERaE DTPARRIEE &R
Items Total metals DTPA-extractable metals
Zn Pb Cd Cu Zn Pb Cd Cu
JOR g 3
. 0.87 091* 0.84 0.62 0.73 0.95* 0.75
Urease activity 0.97**
ARG T
. 0.78 0.76 0.79 0.41 0.87 0.74 0.81 0.53
Invertase activity
Al SR AR
. . 0.77 0.62 0.82 -0.059 0.61 0.91* 0.39 0.11
Count of cultivable bacteria
Pb HUI:AH B

. . 0.60 0.90*
Count of Pb-resistant bacteria

W R B R IRAE0.05710.017K F AR S22 Note: Significance level compared with reference
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D MEME R AT IEZHELBAREERGY, E48EE Y FEE NZn, Cd. PbAICU.
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PHYTO-ACCUMULLATION OF HEAVY METALS AND CHARACTERISTICS OF
RHIZOSPHERE MICROBES IN HEAVY METAL CONTAMINATED SOILS, QIXIA,

NANJING
SunRuibo  Sheng Xiafang LiYa He Linyan'

(College of Life Science, Nanjing Agricultural University, Key Laboratory of Microbiological Engineering of Agricultural
Environment, Ministry of Agriculture, Nanjing 210095, China)

Abstract  Five species of plants and their rhizospheric soils were sampled and collected from heavy metal
contaminated soils in Qixia, Nanjing for analysis and exploration of characteristics of phyto-accumulation and relationships
of contents of heavy metals with population of bacteria and activity of soil enzymes in the soil. It was found that the heavy
metal pollutant in the rhizosphere was dominated with Zn and Cd; and the plants growing therein were quite high in heavy
metal absorbing capacity. Beckmannia grass and Solanum nigrum featured the characteristics of a heavy metal
hyperaccumulator plant. The numbers of bacteria and Pb-resistant bacteria in the rhizospheric soil both reached up to 10
CFU g of soil. The activities of soil enzymes were little inhibited. Significant positive relationships were observed of heavy
metals contents in the plant with contents and forms of the heavy metals in the soil, soil enzymes activity, and Pb-resistant
bacteria. Soil bacteria in the rhizosphere, heavy metal-resistant bacteria in particular, may improve bioavailability of heavy
metals in soil, thus promoting uptake and transport of heavy metals by plants.

Key words Heavy metal contaminated soil; Rhizospere bacteria; Hyperaccumulator plant



