£ 000 http://www.cqvip.com|

26 BE S H sy = ¥ # Vol.26,No.5
2006 7 5 A ACTA ECOLOGICA SINICA May ,2006

EMeEREREXN TIEEYHERE
A . corsicum W Ni 895 M

BAEHT, EEY A%, ERE 2 F

(1. PILKEREHRES TRER, M 510275;2. BRABREPFLREGHREBEHTH,I M 510655)

BE-RASHEMRRT S R TEKBEL ST+ A BIT 1 o 7500 4 28 B 58 0 3 ( Pseudomanas vesicularis ) J& L B P4
FREREROR AR BEY Alyssum corsicum 3T HIRBHEEBR, LREME BB BE 70d /5, K L4 DTPA
BRRERBEMRLIHARE LS T MBI PR AR TP HE AR REREHI,S A L R EHES.
REZAREEA  KBL A+ BUTHRNABRBAESHYH EREYEBBX BN MT 29% 309% # 43 % , 3 1 82 &
T A. corsicum B L BHEERINETE . KB LPHM 54% , T L 10 306% , BIL L PN 32%., WRELKREX—-FH
EHER,IIVHEYBEMEDHAMERIBRENF AR LM EDVEMER,

XEIF:TH; B HYBE; BEY

X RS :1000-0933(2006)05-1405-09 @5 # 5 :Q143,0938,X503.231 ITMIRIRM:A

Effect of soil inoculation with Pseudomonas vesicularis on biological properties of
three nickel-contaminated soils and on Ni accumulation by the hyperaccumulator

Alyssum corsicum

CAI Xin-De’, QIU Rong-Liang" ", CHEN Gui-Zhu', ZENG Xiao-Wen', LIU Wen' (1. School of Environmental Science &
Engineering , Sun Yai-Sen University , Guangzhou 510275, China; 2. South China Institute for Environmental Science , SEPA, Guangzhou 510655, China) . Acta
Ecologica Sinica ,2006,26(5) :1405 ~ 1413.

Abstract: In recent years, phytoremediation using metal hyperaccumulators has been proposed as a cost-effective and
environmentally-friendly solution to the problem of heavy metal contaminated soils. Despite their ability to accumulate high levels
of metals in the shoot, however, most hyperaccumulators are of limited usefulness for commercial-scale soil remediation because of
their small size and slow growth. Finding ways to improve the phytoremediation performance of hyperaccumulators will contribute to
the development of phytoremediation as a commercial technology. We studied phytoremediation by the Ni hyperaccumulator
Alyssum corsicum in three soils (a paddy soil, Yuangjing soil, and Mojing soil) with and without inoculation of the soil with the
plant growth promoting rhizobacterium ( PGPR) Pseudomonas vesicularis . After 70 days of incubation, several plant and soil
indices, including soil nickel concentration, soil bacteria, soil fungus, soil actinomyces, soil microbial biomass and soil enzyme

activity, were studied. DTPA-extractable Ni concentration in the paddy soil with added P. vesicularis was significantly lower than
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it was in the control treatment, and there was some reduction of DTPA-Ni in the inoculated Yuanjiang and Mojiang soils. In all
three soil types, microorganism population and microbial biomass were elevated in the inoculated treatments, suggesting that P .
vesicularis had colonized the tested soils successfully. Amplification of microbial DNA from the tested soils with five primers
showed that the Shannon-Weaver index of microbial DNA sequence diversity was higher in control soils than that in treated soils.
Activities of soil enzymes, including urease, alkaline phosphatase, acid phosphatase, polyphenol oxidase and catalase, were
generally higher in treated soils than in control soils. In the inoculated treatments, the biomass of A. corsicum was increased by
29% in the paddy soil, 309% in Yuanjiang soil and 43% in Mojiang soil compared to the control treatments. Phytoremediation
efficiency was also improved, by 54% in the paddy soil, 306% in Yuanjiang soil and 32% in Mojiang soil. The nickel
concentration in A. corsicum shoots, however, was not significantly affected by inoculation with P. vesicularis. In conclusion,
the PGPR P. vesicularis promoted the growth of the Ni hyperaccumulator A. corsicum and increased its phytoremediation
efficiency .
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AE B E SR A LM ESKESERZEUAEY T ZHEREME ARG RPN ER, FH
EYMSHEYRIEERR  ERIFBEDFLYN-FHFEERBEER, HYEEEREAERERK Ak
TRAR EELRBEAEASRA. ZLRA LS TER 2T - IMHRARE, BRBZABUF ERAAD
WHIER,

HETE RH 400 AFBHEMY RECHENWBHRBEEYE 5 #. EIRGF OB RHEYHEER
MFER , BREEYNESBRHRE EHAIRESTENIERROREB T - LR EBHEAHYEELEE
SRMEWENF N AT LERE Y, AABRREYHTELRER I ENEETERERE —BRIIM
RO, HATEXMEYRERKBRESRMAH TR G IBEXGETEENRER, AREHEKSE &Y
BN XE-EEELRET IREEORE  WREH TERBZEYAAEHE LR A, FERREER
ATEREHYBENER AR AN RTFRTHREBRBEVNRKENNEENESHEHY
Bt %}%M&%ﬁ““”Eﬁmﬁ%%“”ﬁﬁfﬁ%ﬁiﬁﬁ W A & Kluyvera ascorbata SUD165 B #k B &
RERGAIEIPEFROERFRNEYE Y SRR RAMEN RS R EEMBEESEREEE
KL AT o

ﬁﬁ%gﬁﬂ%ﬁﬁ%ﬁﬁ%z—,z‘llyﬁum corsicum B2 WM AT Ni E%iﬂ%ﬁ%@g[m LB ¥
RBAEYEARER REY TR RBRARERARE . ACRAZAERE, FR T BB REE 3
MERAXTRERREY A, corsioum BEBRHPBR, EEIFHRTRAHYEEELBOE LAY R
R
1 KBHEAE
1.1 RXBHH

(1) REEMN WERBREKME(P. vesiculars) , R RKR L Ak, WHEKSWKEE TR 1-
FEXRTFE-1-BBACOEIE —AE , B THYBEREL 4AE (Plant Growth-Promoting Rhizobacteria, PGPR) .

(2) HEHEY EFRB A. cosicum , K HFEHE,

G)XE+HE HAKBLRATNFERIBEHREKBHRIHREE BEE L), KB
NiSO, *6H, 0 AL BRJ5 (7 IR 0 i B 533y 400mg kg™ ), INE B T KGRI LB, RIE B TH B/ MRBH
MAEHYLER, %8 2 AR RTFEM, TItMBILRAZHRAERTHRORTBRBN L
®, TRRL)BERARALE 1.

1.2 FEMER

(1) EESE PHEBLCEANE2H, AR THIZENE, 1 2KERABRIZNE 10 ~ 20min 5 AL

AT & BAEBRRE. A4 TFTERAZETFARE. MEBRABRLHRFNETH. SHEK
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Table 1 Chemical properties and Ni concentration in tested soils

+ B Soil types oH BB (grkg™") Bk(gkg™") ,E,{’f'ﬁ(mg'k.g“ ) DTPA-Ni CEC ]
Total N Total C Total Ni (mg kg™ ") (cmol-kg™')
KRS+ Paddy soils 6.37 1.42 18.43 12.51 1.75 1.74
JLIL £ Yuangjiang soils 6.73 2.60 17.60 3532 15.2 1.28
B{L + Mojiang soils 6.67 0.76 7.50 5400 39.5 3.60

(2) LIPS FRAIHAROLEHAGTRE, FEYHLEMSBRIKER, AEDE L%
(ERRL)RBEH 2182, B2 HEAEN 5008,

(3) BRMEHE BARIKY,H. EYBRW, CHLVBEABREHI LB, KBRS, SH%
EBETK AKBREBELIRTERHE. BAMKE | K, RAESE(NIS, P15, K15), B8 ¥ 0.4¢-
Ko MBBREMERBN 70d, AKHHE, EWHHREHITHNE(E 2 ANE 1K),

1.3 H&R%E

AT ER RN LEESAERABE RO E L, N3 HERNT S, 2FRERK +
BEMBSHE NEARBESHEMELE L RESES 1N K90, A TEN AHA EFELH. HE
HEH . MAEYEYRK, DIEBEYEHE DNAFFIZHMES. ZREHELE . ERARXT, 4915 0.84mm
0.15mm EREMERATUELRESESE., MYHEREA AR KB GEYEEREN LBF  BEY SR
B MM TR S, BAEE FKRE R, 0CHT MR, ATELRSRENE.

1.4 FEW

1.4.1 TEUEFAELESENE"' +WpHRAL K =1:2.50F, HEEHEFRA 2ml HNO, . 1ml
HCIO, .1ml HF 4 &, A4 A 0.005mol-L™'DTPA + 0.01CaCl, + 0.1TEA 7£ 150r-min ' EBIR G B (+ K
4 1:10)2h, # % A 10ml HNO, .5ml HCl.Iml H,0, {HE. + EMHYESERARFRE S AEE
(Hitachi Z-5000) & . S&AMHEMEBEYIRE, SHKAEBRRHEEL-HBMME. BMEFRREAZBRER
2373

1.4.2 WAEYMEY WA EFTEREREN AHSE S ATEARBEEREES EBAK,
BEREREFBETIREFS  HEZBELH ABRERK 1 SREFREERBREE,

AWK M E R A ERRED ., 10ml 0.5mol- L' K,S0, B4 , A K,Cr,0,-H,S0, ¥, T 180°C i
# 10min, X A FE B A 150ml = AP, FE8E N 80ml, i A 1 7 48MHED s+ /R 7, A 0.05mol - L™
FeSO, IR iR E 24 5. BIRBIETLHEM . FNMEARAERZ L BT A,

T AEY S DNA 73 SR A9 2 R F RAPD-PCR ., ALK At E BEF A8 RAPD £
PGB —E5I 9 (SBS A)FFT5I YR Tk , A 5P %t SBS A02.SBS A03.SBS A11.SBS A19.SBS A20 % 5
FY AW ERYTI VAT PCR Y 14, AL bk B 7E L IR R4 (UVP, INC.) H1iE, R G 1T H DNA £ 71
A Shannon-Weaver 2 HE 1 F5 %k,
1.4.3 HEEEEST LEPIEAIHE(EC1.11.1.6) LB EILE (EC 1.10.3.1) IR B (EC 3.5.1.5) .
PAMEBEFREE (EC 3.1.3. 1) MARMEBE AR S (EC 3.1.3.2) IS MW & S BB #1T. 7EBEIS AR b
ET %, AiER S EMAERMN H,0, mg- (g min) ', IREE N NH,-N mg- (kg-h) ™', BB LB K 20 E W mg
“(kgoh) ' BRMEBE R ES MR ME RS BRAE 9 PO, mg- (kg-h) '
1.5 HHEMBESIT

Shannon-Weaver 8 8 (SWD) & AR T,

D, =- > (N,/N)In(N,/N)
i=1
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RH,D,H SWI, N, % i 1 RAPD £ Y M E , N b+ B WH S DNA ) RAPD R RV L&,
2 HBRE5HH
2.1 MNTIWRETENEW

REABSHRIEPERSENDTPARRSRSELER 2, AL EPHORE, LB A
B EEMNZRAMNERBEREIEEKFE(p>0.05), MFAEL, 4315 DTPA HISHE S EEXT B
THPHE,ABENBEEMNERBE XD BEKF (p <0.05); 3 FIoL L WMEBIL+, MK T 3T R,
BERAEE(p>0.05),

— AN, R 0.005mol- L' DTPA Rt WMEL B S BAIRBE T WELBMOAHMES . AL+
BMMRRE BRSIMPRAMMEEABLEEEANESRE ,H DTPA BEGS M & BB R ; T
THBI+EHERNRBAERBTERAN, T RPRNFTEFERSIRAES™ ,#X 2 ## 1+ 4 DTPA £
SHRETEAE. LB I HENELEE DTPA BRSHRIER, E—EBRELTURNAALH T RHPEY K
WTEZNR, B, B TIRHPROAHEAR , AU BRRBRORETEER,

2 HRBRINAPEASEMDIPA RBSALSER
Table 2 Total Ni concentration and available Ni concentration extracted by DTPA in tested soils

+ A Soils type and treatment E\ﬁﬁ'g(mg'kg'.l) DTPA Eﬂﬁﬁﬁ'g(mgkg“)
Total Ni concentration DTPA-Ni concentration

KB+ Paddy soils JE#R K + Soils without plants 475.5+£35.6a 183.8+12.7a

XF B8 £ Control soils 464.4 1 67.6a 138.0+7.8b

AL+ Treated soils 457.9+69.3a 110.8 £ 4.3¢c
JGIL+ Yuangjiang soils EH K 1 Soils without plants 3435.1+37.9a 14.0£1.7a

%§ 88+ Control soils 3329.0 1 226.7a 12.2:1.6 ab

AL+ Treated soils 3142.2+23.3a 11.2+0.8b
BT + Mojiang soils JEMR K + Soils without plants 5373.0+ 101.2a 33.8:0.4a

*§ B8+ Control soils 5223.4 1 64.1b 24.7+4.5b

4+ Treated soils 5168.7 + 66.4b 24.3+1.8b

» BPBBWHLHME  IREEZ, FHANFERRIAEZAE B EER(p <0.05) Data are means + SD. The different letters indicate statistically

significant differences (p < 0.05) between treatments
2.2 XMNTEHEEVROER

(D) MHEHE EREARAFELENEn KRIWPAH EHARKENHERLE 1~E3, 4EL
BLEMBEARL N 157.4x10° g T E R 17.6x10° fog” ' (BIT+ K 98.7x10° g™ BN B L+ 4
B3 im 401% .272% 2015% , E R X B B EKFE(p <0.05), EFEEE  EMHEAEL Tt MBI+
2910 65.5%10° P eg' 56,1 x10° Peg™' . 23.6 x 10° ~-g ™', %t BB + 4 HI AN 38% .229% .265% , KRG+ .
LT HEREBEREZR(p<0.05), HEHSH . EMEKBL T+ MBI LEPRHIH 43.9x10° T~

W3R KX + Soils without plants
Ox 1 Control
B 4B+ Treated soils

180 - BB X + Soils without plants = gg [
— 160 |- O X+ Control z
Ty 140 @42 + Treated soils Wy 70
2
] I SE60|
< 5§ 120 | T5
L2 100 L £ 5 sol
25 240
;3 80 :’3 40
5 | cLE
xﬁh 40 ® 20 -
0r s 0 :
o L I EinH | et - P 1

. Byt
Paddy soils  Yuanjiang soils Mojiang soils

Ju
Paddy soils Yuanjiang soils Mojiang soils

A1 AE+HPAFOHE B2 RAE+HPHNNRE
Fig.1 Population of bacteria in tested soils. Results are the mean + SD Fig.2 Population of fungus in tested soils. Results are the mean + SD
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62.0x 10° g1 .20.6 x 10° -g™" &%t MR + 43 B3I 14% .320% .57% , LI+ P E BEHEER(p <0.05),

Q) St+EEEMEMEBRME R ARL4HEGERR L. HRBALE) LRI REYEYRKILE 4.
KRS+ 38.9~64.0mg kg™, TEIL T 4 28.6~47.1mg-kg™' , BIT+H 11.9~44 . 6mg-kg™' . FERFKBL T
MBI+ EY BB B 14% 9% M 271% KL MBI+ HFERBIFBEKFE(p <
0.05),

or W 42K £ Soils without plants
80 ~ WIEMK L Soils without plants 60 - OXtM+ Control
O X+ Control ~0 & 47 1 Treated soils
L; 70 - @i Treated soils ) % 50
02 ¥

E =] 5'.5 40 2

X ﬁg 30| &

x4 ® : ‘

B HE g

= 0§ |

Kigt St ey kAL It st

Paddy soils

Yuanjiang soils Mojiang soils Paddy soils Yuanjiang soils Mojiang soils

B3 RETHPREEHRR M4 RRIMPHREDEYRK

Fig.3 Population of actinomyces in tested soils. Results are the mean + SD

(3) St LM AEY S DNA BRI ZREENE R 9
A LR S PR B S DNA SRA S MBI MiAT Y 8
RBY AR N0 F (K3, HP 24 FHE
LW, 66% ;EXBMHERTRH 126 %, 5 34%.,

3FPKR AR S DNA MY AR RE 4,
3RF LAY AR BK/MNBLF b VL £ (134 #%)
>BIL+ (131 %) > KEE (105 ). LB+ |
AV DNA MY AR E S B, KB LPEb
T1N&TLEPEAT 84 . B+ PR, F—
TEY AT REOWF R TR > AH > EREK
+.

Fig.4 Amounts of microbial biomass in tested soils. Results are the mean + SD

®3 SHIIPHNRBRIMEDHEL DNA Y HNER
Table 3 Amplified results of microbial DNA from tested soils with 5

primers
59 THE EHEEXR KEEHER SHHEEW
Primers wHe wae WHe RS HH(%)?

SBS A2 66 54 12 82
SBS A3 65 44 21 68
SBS All 51 48 3 94
SBS Al9 94 52 42 55
SBS A20 94 46 48 48
&3t Total 370 244 126 66

a: Amplified band; b: Non-polymorphic amplified band; c: Polymorphic
band; d:Ratio of polymorphic bands to total bands

%4 TELMPMED R DNA Y MER
Table 4 RAPD results of microbial communities in tested soils with 5 primers
1 4% Soils type and treatment SBS A2 SBS A3 SBS All SBS A19 SBS A20  &it Total

K& L Paddy soils JEHR X £ Soils without plants 6 6 2 7 5 26

X3 B8 £ Control soils 8 8 7 11 12 46

A F + Treated soils 7 8 4 8 6 33
JLILt Yuangjiang JEMR X £ Soils without plants 7 1 7 10 13 38
soils %1 B 1+ Control soils 8 11 9 16 8 52

4B+ Treated soils 4 11 3 13 13 44
BT 1+ Mojiang soils JEH X 1t Soils without plants 7 5 7 3 15 37

%} B8 1 Control soils 11 4 11 12 47

A B+ Treated soils 8 6 8 15 10 47
41 Total 66 65 51 94 94 370

R TIEP MY S DNA B SRR SWI BB 5, MESRI R, ERB K B P H SWI HE TR+

MFIAb 2B 4 i T R SWI — BB TAE LK,
2.3 MW HRME RN

AE SR AE S M IRMEERE S, KBEL, ABE S L EBEEYBEMRLNEFER, T
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S EBABERRENERAIEEKFE(p
<0.05), JLIL+ ¥ BREBEHRREBEERTFNRELY
SREAMEERESESR TR L8, REMR
BN ERBIFRBEKTE(p<0.05), BILLH,
BREBRMEEEE TR0 HTE 4 REE
HHETFHRLEPN, RS BERRBRSHAE
MERXBIREKF(p<0.05),
2.4 MHEPBEICREE W

(1) MHEIERMEYEZ W

HkERKAEERALEK 6, NEKEEE, KB
+ B tAESMBZEXEZZER(p>0.05);MT
TEMARR, T REEBRLES AR EERKER,
HEEXRZEABEER(p<0.05), MBIRE B

Shannon-Wwaver$i 8
Shannon-Weaver index

0 JE4
%t + Control
B &+ Treated

ntt

P
/
%
/,
|
%

N\

X

X 1 Soils without plants

soils

JILt Bt

KEL G . B|ILE
Paddy soils Yuanjiang soils Mojiang soils

Bs5s KB EMPEEY DNA F 51 H Shannon-Weaver 15
Fig.5 Shannon-Weaver index of microbial DNA sequence

diversity in tested soils

HEE,KBLAMBI+ABSMBZEANKELEELR MLt AR5 BHKRBAREEESR (p <

0.01),
%5 ARTMPsHINRMELE
Table 5 Soil enzyme activity in tested soils
+ 8§ Type of soil enzyme + ¥ Soils K FE L Paddy soils JG{L t Yuanjiang soils BIL + Mojiang soils
R ¥ Urease activity JEMR X 1 Soils without plants 20.29 + 1.43a 35.97+2.16b 4.53 £0.96b
%t B8 -+ Control soil 4.8411.17b 82.48+7.97b 1.03+0.49b
ALFB + Treated soils 26.64+2.9%a 203.92+2.34a 42.12+4.25a
B HEBEM A Alkaline phosphatase JEHR X £ Soils without plants 2.26+1.12b 2.49+0.56a 1.22£0.11b
activity % 8 + Control soils 2.37+0.3% 2.23+0.59ab 1.46+0.57b
PR+ Treated soils 6.43+1.54a 1.30x0.24b 9.36+0.86a
BB BN Acid phosphatase activity ~ JEMR Xt Soils without plants 32.31+4.78b 21.07+3.74a 61.07 £2.39a
%t B8 + Control soils 59.38+3.57a 7.29+1.00b 60.50+5.17a
KL FB £ Treated soils 64.45+ 6.74b 17.05 + 4.46a 11.11£2.32b
LK {LEE Polyphenol oxidase activity ~JE#R X 1 Soils without plants 2.46 +0.95a 8.53+0.68a 3.47£2.02¢
*§ B8 + Control soils 2.74+0.07a 7.86+0.93a 6.94 £ 0.70b
AP+ Treated soils 2.85+0.24a 8.37+2.16a 11.21+0.24a
TR LS M Catalase activity JEMR X 1 Soils without plants 0.80+0.03a 1.72+0.05a 1.93+0.07b
% %% 4 Control soils 0.98 +0.04b 1.67+0.2a 2.10£0.07a
S FB 1+ Treated soils 1.41+£0.03a 1.79+0.18a 2.18£0.03a

*» ROWENFHE + LS, AHRNEFRAIAEZEMERBEZEF (p <0.05) Data are means + SD. The different letters indicate statistically

significant differences (p < 0.05) between treatments

6 HIPRIM G BEF0 IR B B

Table 6 Growth rate of plants and plant high

AR #6hH %8R #1048 W 3k Bef Bk
18 2 B} jE] Times Fourth week Sixth week Eighth week Tenth week Plant high
(cm-week™ ') (cm-week ™ ') (em*week™ ') (cm*week ') (em)

7K & £ Paddy soils %t B £ Control 0.87+0.17a 0.93+£0.04a 0.98+0.07a 1.16 £ 0.34a 9.64+0.41a
AL 78 + Treated soilsa 0.47+0.1%9 0.78+0.17a 1.13+0.32a 1.64+0.44a 9.69 +0.92a

JGIL £ Yuangjiang soil Xt B £ Control 0.05+0.04a 0.10+£0.0la 0.16 £ 0.02a 0.25+0.09a 2.81+0.14A
AL 78 + Treated soils 0.25+0.03b 0.29+0.10b 0.24+£0.03b 0.62+0.01b 4.81+0.25B

BT + Mojiang soils Xt B8 £ Control 0.06+0.07a 0.05+0.05a 0.18+0.05a 0.20+0.11a 2.64+0.08a
AL T8 1 Treated soils 0.26 +0.06b 0.19+0.10a 0.11+0.11a 0.22+0.20a 3.51+0.81a

* BHRBRERIKREENTEHE + RHE, SRR FHERFEZHA EFE %R (p <0.05) Data are means + SD. The different letters indicate

statistically significant differences (p <0.05) between treatments
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HESMB L PHEENEDBRRLERT. £HEF,3
L A, corsioum FBEBRAMEOGE EH S, T
H) 25K 558mg- Bk (KFE L) .45 mg- B (ST
)1 20mg- Bk (BIL L), BT BB N 29% (K7
+).309% (JTiL+ )M 43% (BT L),

Q) MEYRTENEHE HEYH LSk
THIRETERERS. NXSHYHIHBESES,
KRS BB, N 14037 .8mg kg ' HIKE BT+, %
1825. 1mg-kg™ ' ; K EICIT £, 4 1418.0mg kg™ ' c &
BERP I EIH ERIRSEELBENRZ
EHERHYTEE(p>0.05),

REEYH ERSESEMG ERIEDE

*7T HHKENRMELR
Table 7 Results of biomass of plants

wEBENE BTHREDRE

Tj:pemo?ss?ils A HH Treatment (mg- %k - D) (mg-#& )

Shoot biomass Root biomass
KL %§ B 1+ Control soils 431 = 6b 32tda
Paddy soils 431+ Treated soils 558 + 98a 29 + 6a
Tt X 8 £ Control soils 11x2b 2£1b
Yuanjiang soils 4b ¥+ Treated soils 45+ 1la 7+2a
BTt X} B8 £ Control soils 14+ 4a 2tla
Mojiang soils 4t 3 + Treated soils 20+ 6a 2+ 1la

* RPBEHIREEWNFHME « iREE, AHRAMNFI LR
FWEZEAEEEZEEZR(p <0.05) Data are means + SD. The different
letters indicate statistically significant differences { p < 0.05) between

treatments

B FHORBBE(RKRS), 2MELEE, MKk AKELFREEEN 7.831Img- B 3B
BN 54% ; T+ H 4 0.065mg - Bk ' IR ERI% 0 306 % ; BIT + % 0.037mg k' BN RIGHN 32%

£3 @KW EPHBTERESR

Table 8 Ni concentration in shoot and root

+ ke ! ko~ ! k-1
ﬂ;@ﬁ At 3 Treatment i@.]:gﬂﬁ’(mg kg ) i@.—Fgﬁﬁ’(mg kg ) Cahoot Croor Emfﬁg(mg ﬁ )
Type of soils Shoot Root Extracted Ni
7K %8 £ Paddy soils %t 88 £ Control soils 11822.7 + 150.3a 9176.8 + 1289.5a 1.3 5.092
AL 38+ Treated soils 14037.8 + 2724 . 1a 11282.0 £ 2157 .2a 1.2 7.831
JELt Yuanjiang soils %4 B8 1 Control soils 1492.9 + 137.5a 380.6+213.7a 3.9 0.016
AbF + Treated soils 1418.0+ 78.2a 506.0 + 140.8a 2.8 0.065
if B8 £ Control soi .7 +415. . . 1. .028
BT+ Mojiang soils X+ B8 1 Control soils 2002.7 +415.9a 1351.3+582.9a 5 0.0
At ¥+ Treated soils 1825.1+145.2a 304.4 +219.0a 6.0 0.037

* RPBEAIREINIEHEAEE . FAARNFBRATEZRHE B E 25 (p <0.05) Data are means + SD. The different letters indicate

statistically significant differences { p < 0.05) between treatments

3 itig
3.1 BRMEES T LR RREMN L R
TERHEAEYFHBHEMERME T EMESRARERENARESNEESEZ —. BXHAT.EL2RE

B AP ERRBL: —B—RAENA KW HAEYFHERBENEORRE; —EENEKMMEYFEKE
BAREGHEAD . Kozdroj B I\ N , 48 Y MR FR 4> WA o 55 46 45 3K 19 7 HLIBR AR 40 7T BE MR AR B s AR 90 B R |
BB AR . AR50 B R B R S M TR B T 8005 4 TR A0 AR B, X + 3B 15 L MO B i 3R 8
H—EMBEMNEN. AREP, LB LEPAHSR AFSEMREAESEYBEN B LR, L EME
VEYBUEWN B L EPHR, XEEREZALBHEPHAEYOMBERERS B LRI R, Fo, 4088
TP DTPA REBUSHRAE B/D T 5 b 19, 82 76 40 38 + 35 b X3 5 W w9 0 1 RIS X BR S P iR,
XUEMNTLREBMEYHBROERE, BT R PREEE BEERBEES SN B LRI A B ENE
7SI T M E T B BRE I, (BN IR Y S DNA B SR RE 4B P
WMAEY S DNA FF SR M SWIR B L E P /N EEEAEM N BBRARESNH T LEPHEH AN
BAEYRR R, BiF#t—5 00,
3.2 BFERE A. corsicum X HIRB IS Y E R R HLE
MABRBEKEFEEER(ROMEYRBER(RNDERE, BHE 3 HEPAEKEN 4. corsicum , 7E
BENTEHREERKEEREYBIMERR, t I+ BPABENBHNERKATEEKFE, XML
BOILHERE: —RARRHEKRA S REBRAENE D, Y1 RPEMNESREBENRBEARES, &
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TRFTHASBEFHSERENBEATIAIIMAHEIRERAES &RES F ARFEMN.HE
Fe' A RHRERENESY, IR RBENESY THAY N AFEERK ATRE T LRI ENF
B, EHTHYETABENINEHOHET. —REARXBEKTUMNAEHZHBHITERY E ACC fE M —
BRI, EFERMFFEXR,PGPR AILIATREMYEANZHAKY, ATH TR ELTR S ERCBNETEY
B ACC R LA™, X —AWEEP,ACCE ACC RERMMERAT AR o THRME , HYERN ACC
KETRE HEMBSTZHROER. HYBNZESETR, ZAMEDEKRN ZBERN "™ BE, &M F
HYWEK, B, T RERMKREERHETHEEYNEK,
3.3 MY ESRSESIRESEARNBEHXER

Burd %\, %0 PGPR M B RHY TERKMNES R BBREL W, ARRLE RS Bud SHH
RERER—BH, E3RHLHLIED FNEEBRARHLEBESX B HYKARNEEHEEREEN
EZR. BANEYEANRSERECERS) ,AHEYEI AR L BEPHERFE-—ENER  XHERIES
H3R MR A X Robinson B @RI A. bertolonii WA KN E STANNESEZRBRAE HELH,
Lombini™ fl Emst £ A WY RN S BOREZ + RSP S RAEY M AR A S E BB,
ARRBAKBLPERSRTEES HRXAIBI L BRATTLE(RER2), SHYRSENERIAFTL—
B, B, EESRBF T HNESBELBRDT RRLIBEDPEBRHABRHUREREEN,

SELR, ELTRPEMECEBRARES, KBLP A, cosicum EYRBET 29% TILLHREET
309% BT LHRET 43% M EBBARETUERELR I WPEE A, corsicum WAYER;HETMRE T
MY B WP RBURRRER,
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