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Cd. /K Pb/Cd TE/NEZEZEBRRETLYIERER
ERNSREFETEREDEERNXR

wORT,ES AL

(RBRFEIABER S TR, PZ 710054)

WE R R IAEENR T Cd AR TE R L HEAEE P brdi” MUE i 128 - HERBE 3L {E 300 mg/kg T 051 Pb 5
Cd B A b BEXF A& /NFZ ST AR 2R 53 D400 S TR TR R 15 BRI T DL S AR B - 0 W M G RS2 R I, S5 SRR . 1) /N4
AR 3 JEIAT Bl Cd W B R T, AR AR AT BRI 1) 40 et 2 IR R SR AIR -3 - B IR B & T I Wb it 2 2R Bk [ 2 ( P<0. 05)
B HE A 7 JR B TR ORI A B 1 3 (P<0. 01 ) FEAIG , BRIR 43I e R I R IR -3 - AR R 45 Wi A 4K 12 JRI B, ff o
WEE M RHE Cd< 50.00 mg/kg T I FEA% , Cd ¥R EE g 70. 00 mg/kg T LI 8.3 (P<0. 01) 3470, B R 20 W 78 Cd<20. 00
mg/kg T H AL, Cd>20. 00 mg/kg T 380, 2) (T E K+ R HRRFRME(GB15618—1995) " HLE AY TT 25 + Hesf 15 3
HETE (300 mg/kg) B, Ph FYAFLESSXT Cd Wil T A& /N2 4R 2 T 1 R 17 MR 25 1IN FRAIE A B Sl s ), 222 R I A Cd A3 T %))
T HS 2R B R A3 I B B 7 R B A0 W BRI . 3) A Ph/Cd AbFHE Cd ZbFHZ 8] | & /N S AR 2R B R A f] SO Sy W B 5
I BR L BRI AR TR RS | ORI % A T R ST T A ML R A A b B 0 e R AR P 1 SR A 4 A A G P = ] A 4 S
PEFE A AN,

KRR ARV EE Ph; Cd; &/ N2 AR R 43I0 5 AR B - i 2B v ok

Effects of Cd,Low Concentration Pb/Cd on the contents of phenolic acid and
simple glucides exudating from winter wheat seedlings root and the relationship

between them and rhizosphere soil microbial activity

JIA Xia®, DONG Suiming, ZHOU Chunjuan
College of Environmental Science and Engineering, Chang'an University, Xi'an 710054, China

Abstract: The study explored the effects of Cd and the combined pollution of the low dose of Pb ( < 300 mg/kg dry weight
soil) and Cd on the content of phenolic acid and simple glucides exudating from winter wheat seedlings root and the
relationship between them and rhizosphere soil microbial activity. Five levels of Cd, five levels of the combined pollution of
Pb and Cd, and the control without the addition of heavy metal (0.00 mg/kg dry weight soil) were selected to examine the
response of them through pots experiments at the third, seventh, and twelfth weeks after seedlings emerged. The result
indicated that; 1) Compared to the control, the content of simple glucides decreased-increased-decreased and it of phenolic
acid significantly ( P <0. 05) increased when wheat seedlings had grown for three weeks with the increase of Cd
concentration. And the content of simple glucicdes significantly ( P<0.01) decreased and it of phenolic acid decreased-
increased-decreased at the seventh week. The content of simple glucides decreased at Cd < 50. 00 mg/kg dry soil and
significantly (P<0.01) increased at 70.0 mg/kg dry soil Cd. However, phenolic acid content decreased at Cd< 20.00

BEWE : FHR A SRS (31000222) ; kB4 (CHD2009)C144 , CHD2012JC041)
Yo B H#7:2011-06-06; EATH#:2011-11-18
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mg/kg dry soil and increased at Cd>20.00 mg/kg dry soil. 2) Low doses of Pb**( < 300 mg/kg) significantly affected the
response character of simple glucides and phenolic acid contents to the stress of Cd. Furthermore, it mainly exihibited that
the phenolic acid content increased and simple glucides content decreased under the stress of Pb/Cd. 3) Between Pb/Cd
and Cd, the correlation character was different between contents of simple glucides and phenolic acid and rhisophere soil
microbial activities such as the number of soil bacterial, fungi, and actinomycetes, soil urease, invertase, and

dehydrogenase activities, the content of soil organic matter and total nitrigen, and soil microbial biomass carbon.

Key Words: low concentration Pb; Cd; winter wheat; exudares; rhizosphere soil microbial activity

THEE SR RS SRR AER K ET N, SHEESEAM L, P Cd & &)™ HE i H gk
TRERIT5 Y ), BRI Cd 3K Ph /0 WL, 3 R A EAA e A T LR AR [0 R BE BRI A A/ 34 30000 A4, HL
82% —94% (A AR L b i T R 4T Tk R 3R HE ORI A P AY Cd B R 24 680 A R ik
2005 4F Cd 5 Y M i AR EL A 1. 33 5 hm® ) X AR S T RE A4 AR K AR bR - AR 28 R G 2 b
A E VER B T AR R UM, H RTEH Ph  Cd 75 34 X) 583 Wi v R AR S AR R 43 ) A5 5 el ) B 9 48
211 AN IRE 2T I E] Ph Cd A7 BRI A KRR B AR - R G P AR S E
TR S AR PR - AR S R G TR, H AT R WS A D

AN Ry At A e TR AR B R, L R T B A B IR KT B i PR 4, Pb Cd
5 YR/ INAZ IS0 B 5 P BE 23 AR IAE XS HOAR R A A K WAy [ A 7 S 25 15 T, T AR 28 53 A ) 14 728 A B 4225 i 39
AN R A A WA RSO R B T ST M AR A 32 T 5 e 3 - R HLB RN BT R L A
M 381 /N 22 685 57 70 2R WL ISORI FHRI ™= b it 0 DA B - S mT e A 7 J A5 (), H T O Ph  Cd X/NER R 53
W IT 2 0 2B R K Bk FvD R I AR R AW 7 i o P BIR 55 7 32k 2 i 40 T 400 1) 4 b
RPN B85 A E I AR K25 57, ANBE L S0 Hb S AR 28 78 1438 rp 43 WA ) Jo 1) SE PR ARRAIE ; L AR, 6 F 3
4@ Pb VR BERERE R T E A DI BT hn i 1 254 ifE ) PR (300 mg/kg T 1) BFXTEY)
R 2R 43I0 T ) M R AR AT AR 5 285 5 o] DL HE 398 Ph YR B 7 [ R B 2 (B Y R IR 2% Cd 76
INFERE IR P AR B A R MR TR % IR Ph XN R A AR K AR R SOD S5 B A W i 5
MM T 300 me/kg T4 Ph 245 Cd SLAFRHE R IR XHHIR R4 7= A 5, it TR AR PR 1
BB RGWZ AR E A B E S, B TR R W iR PR - BN 7R e 1A 2R T fe
Ak A H B S AWGCR 35 ICER R R 0 WY i I B R T 7R R 1 S5 B i bR (GB 15618—
1995) " I s AnifE Pb BRAEEE (300 mg/kg 1) Jt B P i v T DB A IS0 )« - BB PRI ot et el AU bm o rh 48
15 YR fEIG FHE (50 mg/kg T 4) 5, Cd \Ph/Cd ZbFXT A& /INAE Iy 1 MR 28 193 FR A1 8] ARSI et 140 52 W)
HGHRPR T S RE P TEPE R CRRHE , DU IE 60 7F 4 +4% Cd  PbCd 15 e 451 P& /NEMRBR HIAER RS
12 A PR RIRR e MR LRl A 400
1 #REFZE
1.1 bR

2 /NFZ (Triticum aestivum L. ) ShFP R/ IME 22 5 4 EE M8, 2 BE T H00m , 3%, R 5K, bR 88cem,
PRAUER 5%

P R Rt | HRAR AL SR B o R S b A e ) e S SR LR 1
1.2 st

WRHEFRE IR BT AR (GB 15618—1995 ) KK M A1 i) « - 8 R 5% o7 i it IUbR o v i e bm
R FHE (50 mg/kg T 1) , 13 Cd AL HEE W 0.00.,5.00,10. 00 ,20. 00 ,50. 00,70. 00 mg/kg T+, 4K
W5 CK T, T, T, T, Ty, fi& Pb/Cd AL ¥ E ¥ A 0. 00/0.00.50.00/5.00.80.00/10. 00 ,120. 00/20. 00
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180.00/50. 00 ,230.00/70. 00 mg/kg T+ KK 45 CK. T, . T, Ty Ty T,po K% ( #5755 46 cm, HAE 36 cm)
IR AT NEZ GG E . R Z SR G R TRPE G & /N 77 DOR B Z0Rk IR, 200l T 8 Ak
KA 0—20cm JZ 3, ZHHRIR R AT it 1 mm G580 IR G &, 3895 e ab 3R B H
b IR A I AN TS YT 2 R 48 oK F DA E S 0 o 4w 1) e AR A A A B - B K —
3, ST R BEARS BE 1) 1238 Cd 1 Pb/Cd B A LB VA A G 2, B 1 15 kg, De /KA LI &K
A B KRR KB 1Y 60% , T 2010 4F 10 A 1 HFEA/NE | B A0E R 200 BRI/ NG . A4 A 00
) FH A R K GEE , i 1 3K 435 3k 3 (] B R FF /K 1Y 60% , A gk /N 22 i R, BAb B E 3 4>
HE,
#1 fht R AR

Table 1 Basic physical and chemistry properties of soil

N : 2 7 T AT
e /ef}Lﬁﬁ N ﬁxﬁl P AT K AT Pb cd
. Organic matter Total N/ Available P Exchangeable K Soluble salt pH
Soil type /(mg/kg) / (mg/kg)
/(g/'kg) /(g/'kg) /(mg/kg) /(mg/kg) /(g/kg)
ki3 Brown soil 17.17 1.12 71.17 575.00 0.74 8.45 7.35 0.22
1.3 ik

1.3.1  IERER AR
TANEYE A 3 JH T AR 12 R 2 ARG BRSO /N E R R, PHE AR RSN -, F6 429 B
ARER A R AR R IR MR SRR R IR 24, 1 mm FEIF BP0, — 1 T 4C AT
TR R S i TS A A W e e SRR TR MO e, D) — e KT T R CON SR
M7E
1.3.2 MWEHiH 505
BRI R SR - R s
B TR R 5 e ) I S R AT L €t MR R TR 43 ek LA SRR B X 5 R P IR 19 B e B
E
9 AT UM S A I E SR 3, 5- RS KA IR IR AR R AT LM IS 0 T i DA AL - T 1 A 4 1 B
B,
AT LR S R E B IR B - M A R SR A - B I i, A R LI E Rk, IRV E i C
R U7 BB R PR AL | SN R B A BB e A R
22 M S MBS PR AT A =80 Lo vk | o S A S0 PR 1 B R 0 G 2 v, 0 U6 R ) TTC (L0
RN ) LB B A R il T P 1 DU SR FH AR IR — N DRI A 1 T >R AR 1 b L € 12 e A Tl s R
F 3,5- Sk A R A AT 3 Uk, ] Xt 7K figt I A T S0 T ot R S A3 T AT - 9t RS
1.4 HdEseitoth
SEEBART R 3 A AT REIIME, R SPSS15. 0 254 excel FRA42EAT ik 28 TAS 6 AR G 4047
HRZR I b S Ty TR 5 B = MR s 1 S My T i — 2 3 S I TR
R ZR 0 T RO 8 75 ek = AR o TR OB 75— 2 ) R B 1
4 R X AR A3 U 8 R M 8T D) B RN
(KSR At 1) - WA 5% S — T B it 1) - A ) 5 i ) /RS HRAE it ) - A ) 5 X 100 %
AR = 1IEME YR ¢/ HIREA L
A AR RS = LN SR B/ TSR R C
+ A YRR AT BIF ( Biological index of fertility ) A,
BIF=(1.5xDH+ kx100 x CA)/2
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Xk R 2B GEH 0. 01, ARFFT L 0. 01, DH A B IE M, CA Jyad Ak A i s o2
2 ZER551
2.1 Cd.Pb/Cd b3 2/ N2 D) 3R W R 0 Wb 1 784k

e 2 RIAL, & /NGB AR 3 EIRS, AR R BE B Cd AR 2R T3 R 0 0 O 52 i) 5 B2 BHA t B R PR
H Cd ¥ N 5.00 mg/kg I3 e, Lot FEAE AN 28, 72% | 1 70. 00 mg/kg T+ 1 Cd X 43 2R B R 43 b F
TR R (P<0.01) MHI G s A AR 7 JEIE, B Cd MR T vm AR 2R I 2 43 1l £ 3 B0 g o8R-8 -
RIS, Cd WFEH 5.00 F150. 00 mg/kg T B, B iR o3 i 00T B i 2 (P<0. 01 ) B4R, H. 5. 00 mg/kg T
B IR A3 M U DRI 12.49% 5 Zh AR 12 JRIE, Cd X AR 2R B R 43 0 7E ARk BE (Cd < 20. 00 mg/kg T

) ISR AR, e EER (Cd>20. 00 mg/kg + ) S AEdEAE HT, F i By R 73 b e 384 il A e s I Cd 3
JE 4 70. 00mg/kg T+,

A 3 BT Ph WAL T B 5K+ 85 B AR E (GB 15618—1995) 7 T R it it brifE (300 mg/kg
) I BR 50. 00 mg/kg T4 Pb AT 235 (P<0. 01) 298 Cd XAR R I R 43 WS i AR FEAE HTAh | Atk B 114
Pb #4123 (P<0.05) Jisk Cd XA ZR My R 531 ) S A 1T 5 A i R4 7 Jl i) B 230. 00 mg/kg B9 Pb Al Cd &
AL PRI 3 (P<0. 01 ) FP AR FR W IR 3 WA FIAb , HoA ik B2 1) Ph S47I5R Cd X B R 43 16 14 £ R 2400 5 4
iR K 12 JARE,50.00 mg/kg T 1A Pb 1l 22 5. 00 mg/kg T A9 Cd %R 28 B 52 43 04 4 300 10 4 7, 180. 00
mg/kg T+ Pb F I 1458 50. 00 mg/kg T 19 Cd X B ER 4 WA AR HERG R | T A BE Y Ph hinss Cd X HR
REBTRST W IMEIRN . BAORE , SR —WRE Cd AFA L, Ph (A 7E 4 .35 (P<0. 05) 52 Cd Xf 46/ A2
N8 pUATE AL RS (T

Fz2 Cd.Pv/Cd EUTENEHGERREBEESDE

Table 2 The content of phenolic acid exudating from winter wheat seedlings roots under the stress of Cd,Pb/Cd

3 J& Three weeks 7 J& Seven weeks 12 J& Twelve weeks
Bl R A it B R A it B R A it B
Samples Phenolic acid Influence Phenolic acid Influence Phenolic acid Influence
content/ ( pug/g) ratio/ % content/ ( pug/g) ratio/ % content/ ( pg/g) ratio/ %
CK 6.59 £ 0.03Aa 4.60 = 0.03A 10.84 + 0.04A
T, 8.48 + 0.01B +28.72 4.02 = 0.04B -12.49 9.84 + 0.02B -9.27
T, 6.64 = 0. 02Ab +0.71 4.82 +0.03C +4.84 9.95 + 0.05C -8.25
T, 7.70 = 0.04C +16. 84 5.06 + 0.03D +9.99 10.77 £ 0.03 A -0.66
T, 7.52 £ 0.02D +14.07 4.27 + 0.06E =7.12 10.89 + 0.06 A +0.46
Ts 6.27 = 0.01E -4.82 4.72 = 0.03F +2.76 12.90 = 0.05D +19.02
T 7.06 = 0.05F +7.11 4.95 £0.01G +7.72 10.15 + 0.06E -6.43
T, 7.34 £ 0.01G +11.41 5.88 + 0.05H +27.99 9.77 £ 0.04B -9.92
Ty 9.18 + 0.02H +39.23 5.26 £ 0.021 +14.48 10.38 + 0.07F -4.28
Ty 8.25 + 0.041 +25.22 4.64 £0.02] +0.97 11.17 £ 0.05G +3.02
T 6.69 = 0.03Ac +1.43 3.65 £ 0.03K -20.60 10.14 + 0.06E -6.52

“+T IR« = BRI R R RFUA /NS FRERIR 0.05 KF2FRE , ARIKE PR 0.01 KPR EF

2.2 Cd.Pb/Cd 2P A/ NE YR B 3l = 84k

e 3 A g AR 3 SR B — Cd AR BT A/ NS AR R T RS I B B Cd R 3G e B
g B - S I -FR AR a3 ELSZ A 535 ( P<0.01) , Hi 5. 00 mg/kg T 414 Cd X AR 2 f7 BB 43 W06 1 417 41
PEH N H1R N 81.89% 4l A1 7 R, AN [RIHR BE Y Cd X AR 2R fR] BRUE 2K A 43 1 B0 1 A% &l 3 ( P<0. 01)
POV, M R A5 i Cd ¥R BE R 50.00 mg/kg T+ 4 A K 12 BT, Cd % 4% /N Az AR 2R 7 BB 28 A 43 1
TEAIRMREE (Cd< 50.00 mg/kg 1 +) B = BEFRIAIHIME T, 1 70. 00 me/kg T 4= B 205 B0 H B 5 3 (P<
0.01) e 1EH .

G K 3 JERT, BR 50. 00 me/ke T 111 Ph AT # 2 3E (P<0. 01) 20 Cd X AR 25 &7 SRS 40 0 1) 10 ) 1
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FHAL , HoAl R B2 Ph/Cd A BRI 35 (P<0. 01 ) H1 il 3 EROME 28 1) 430 ot 5 4 B 24 7 JRI A, 80. 00 1 120. 00
mg/kg T 19 Pb Al H R 3 (P<0. 01) 58 Cd XA 2 15 BEOBE2IE 200 R4 il Vi LAk B2 1) Ph A 2 2 ( P<
0.01) 22Uk Cd HIREMARON ; 4 AR K 12 JEF,50. 00 1 80. 00 mg/kg T+ Pb # 2 % (P<0. 01) &) 5. 00
F110.00 mg/kg T+ Cd X4/ INAZ AR R ] SRS 43 W W I/ ), LAV B2 1 P 1] iR 38 (P<0. 05 ) JINEE Cd
FIRIIRN . AT | 5 R /- I FRAEARARL, Ph AFLE 23 i3 (P<0. 05) 52N Cd X244 /NFE AR 2R ] HOpE 25 4
WA I REAE

#3 CAd.Pv/CdEUFTENEHERRBRBELSWE

Table 3 The content of simple glucides exudating from winter wheat seedlings roots under the stress of Cd,Pb/Cd

3 J& Three weeks 7 J& Seven weeks 12 J& Twelve weeks

FE b i B A AR i B A ik Pl iy B AR
Samples Simple glucides Influence Simple glucides Influence Simple glucides Influence
content/ ( pug/g) ratio/ % content/ ( pg/g) ratio/ % content/ ( pg/g) ratio/ %

CK 41.14+0.09Aa 33.93+0.06Aa 53.41+0.04A
T, 7.45+0.03B -81.89 30.00+0. 03Ab -11.58 21.74+0.06B —-145.69
T, 47.24+0. 05C +14.83 22.21+0.06Bc -34.52 30.28+0.03Ca -43.30
T, 53.31+0. 10D +29.59 25.78+0.05Bd -24.00 53.60+0.04A +0.49
T, 31.18+0.09EDb -24.21 9.62+0.06C -71.65 34.02+0.02Cb -36.30
Ts 28.01+0.02Ec -31.91 16.39+0.05D -51.70 91.77+0.08D +71.81
T 38.58+0.08Ab -6.22 74.59+0.11E +119. 86 54.93+0.05A +2.85
T, 26.80+0. 04Ec -34.86 17.49+0.05D -48.45 35.52+0.04Ch -33.50
Ty 30.02+0. 03Eb =27.03 17.92+0.05D -47.19 31.15+0.06Ca -41.69
Ty 16.52+0.04 Fe -59.83 31.45+0.06 Ab -7.31 15.72+0.04E -70.56
Ty 19.77+0.07Fd -51.94 33.13+0.03 Aa -2.34 28.97+0.07Cc -45.76

“+T IR, < = BRI R R RFUAR/NS FRERIR 0,05 KF 2R R RRIKE FREEIR 0.01 KPR EF

2.3 Cd.Pb/Cd AbFE R4/ NAZ 4 MR 2R A I ) S AR PR - e AR W B ) i A ek

HH e 4 I, Cd BT | A& /IN 2 AR 2R R My R 43 b a5 A o - S0 200 B | TR RO TR B30 R B 3 (P<
0.01) FuAHIE, ZEIK Ph/Cd A AR B MR 2R S0 R 4 0 -5 AR o - 8 0 R R e 288 R 450 i 22 A B 3 ( P<0. 05)
TR (HAE O REER Cd AL R REAR,

Cd AbBER | & /NFZ AR 2R fA SRS A3 i it S AR PR 340 T | 0 BRI AR B B B 3 (P<0. 05) TR 5%, T 7
fik Pb/Cd &G4BT T BRAHAS 23 b 55 AR o - S 48 T 0 L PR 50 A A G T ] 55 Cd A B R TR] A TE AR DG OG
FUREE , SWAHMAEECE R Cd AL ™A B IEAH A S B 3 (P<0.01) IEMSE, LRg5REHILT
300.00 mg/kg T+ Pb £ 52 Cd &b BT 48 /N2 MR 2R 43 Wb 40 FAR o = 38 B A4 40 o 0 250 ok 22 10 ) A G 1
FFIE,

&4 Ca/PbCd £HTENEYBHRAS WY SRELIERENHENBEXNE

Table 4 The correlation between the content of exudates from winter wheat seedlings roots and the number of microorganisms under the stress

of Cd/PbCd
VSRR 1€ i Wk stk WA G
Treatments Items Bacterial Actinomycetes Fungi Nitrosob-acterial o €
bacterial
Cd 312 Phenolic acid -0.624 " -0.687 ** -0.714** 0.294 -0.097
fA] M2 Simple glucides -0.483 " -0.571* -0.475* 0.320 0. 170
Pb/Cd PR Phenolic acid -0.427 -0.642** -0.607 ** 0.061 -0. 146
fRIBAAEZE Simple glucides 0.245 0.153 -0.030 0.544 " 0.037

“wow "FRIR P<0.01 KR E,C o« " FIR P<0.05 KR
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2.4 Cd.Pb/Cd AbBE R A/NZ 4 AR 2R 50 W) 5 AR B - S S M P A DG

5 41JE Cd/PbCd Z50F T 2/ N 4l B AR 22 20 W) S5 AR B = 38 V6 4k P AF DG MR A o R AT T, Cd 4
R A/ INAZ AR R NI IR 43 W et S5 AR s - AR DR 2 T it RO St T 2 22 ) S A I (P<0. 01) AH G, JLrp
5 PR T 0 0 Sl 1 2 TR SR AR 3 (P<0. 1) TAURRSG T 55 e Ak il 7% M 22 [B) S 0 el 28 (P<0. 01) 1EAH G, FEAIR
Phb/Cd A Ab PR T MR 22 B0 R 431 £ 45 AR B RS 1 P AH DGy 1) 5 B Cd AL B A L R AR | (EUAH SC R B
REARG, o 55 5 S 1 el Cd AR BT BB 35 (P<0. 01) TR G R8N B3 (P<0.05) TAAHSC,

Cd ZbBET | A& /NFZ MR 2R fA] BAME 28 43 Db it 5 AR P R il 1% 14 22 80 2 3 ( P<0. 05) T AH G MK Ph/Cd A
b B f] HME DS A3 1 it 5 AR PR R 8 S R 22 S BT P 22 8] B AR 5 D ) R Cd A B R 1) 67 R 56 AR
RHIEMZEFEFR,, ARG EHILT 300. 00 mg/kg T 1 Ph 2520 Cd AbH R 28 /NAE AR 22430840 FIAR s+ ¢
it 76 22 TR 0 56 R AERAE

£5 Cd.Pb/Cd S TRNELEIRR S Y 5 1057+ 180 E MR X 1

Table 5 The correlation between the content of exudates from winter wheat seedlings roots and the rhizosphere soil enzyme activity under the

stress of Cd,Pb/Cd

) DRERTAIL: ) 3 N Z Wy AL o g
ww i PHEBERARS e e MRIERE
Alkaline Polyphenol N
Treatments Items Urease Invertase Dehydrogenase . Catalase
phosphatase oxidase
Cd iR Phenolic acid 0.455 -0.881"" 0.685"" -0.743 " -0.124 0.422
Iéﬁﬁﬁ . 0.229 -0.480 " 0.361 -0.449 -0.147 0.200
Simple glucides
Pb/Cd 312 Phenolic acid 0.396 -0.851 ** 0.673 %" -0.573* -0.107 0.433

or p
SRAES 0.372 0.057 0. 146 0.262 0.267 0.276

Simple glucides
“x x "R P<0.01 KPR+ " FR P<0.05 KT

2.5 Cd.Pb/Cd AbBE T A/NZ LR R 51 SR PR 8 2R AR BT O &

FH % 6 Bl nT A1, Cd AbHLR | A& /N2 AR 2R LI R 4 il it 5 AR s 1 3 Aol A W ik 5t (3% ( P<0. 05) F Al ¢,
5EHEA WU 2R E (P<0.01) IEAHSE, 5 A8 T £ W~A 48 5k BIF 2 (8] 2 [B] 20 8 3 ( P<0. 01) fAf
Ktk 5 Cd BT RE], Ph/Cd B G AL AR RSBy R 43 i i ST Yy iR B 25 (P<0.05) IEARDG, 5
MR 34 RN AR 1 AR oA 36 8 BIF Z (0] 26900 3% (P<0.05) k&,

R6 Cd.Ph/Cd EFHTZNEHYERAES WM SRR LIFELFERBXE
Table 6 The correlation between the content of exudates from winter wheat seedlings roots and the soil biochemical activity under the stress of

Cd.Pb/Cd

WA

RS . s 7 N
A BUEIRR ey ot % e ok O by
Qb T i H Microbial . A A YT . Soil s
Treat . It bioms Soil Microbial Microbial Total Ratio . Wk
reatments ems 1omass respiration metabolic lcr? 1 nitrogen of C/N orgame 84 BIF
carbon . quotient matter
quotient
Cd fi3#R Phenolic acid -0.579 " 0.067 -0.158 -0.045 0.389 -0.076 0.634 " -0.729 "
Imi*ﬁjﬁ . -0.465 0.455 -0.256 0.155 0.117 -0.038 0.137 -0.436
Simple glucides
Pb/Cd PR Phenolic acid 0.526" 0.243 -0.224 0.147 -0.524" 0.432 0.903 ** -0.560 "
RRAES 0.468 * -0.215 -0.278 0. 140 0.283 -0.009 0.007 -0.127

Simple glucides

“wow " FIR P<0.01 KR C o« " FIR P<0.05 K

Cd ALFER | A/ NS AR AR ] OB 1) 0 it 5 AR B 1 M8 4% JOUAE AL 1 A [ AR SCVEAS |35 7R Ph/Cd 45
AR A SR 5 o AR PR SR M R R AR B 3 (P<0.05) IEA DG, HAHSCTT 115 Cd 2R A,
[R5 - el 2 (AR B T AHSTT ) K AR B R o, RS R R WM T 300. 00 mg/kg /9 Pb £
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S Cd AL A& /N2 MR 2R3 I R R 398 £F A3 1 22 1] 1) 56 R AR AE
3 itig
3.1 Cd.Pb/Cd AbFE T 4/INAZ 4 P A 2R 19 198 R T3 PR 2 23 AR

HR ARSI AR R IR BT A ASE W B = AR S A A S R A BAE R Y s A
@, A = AR E R A A TE AR R R v R R IR BT FR BSR4 9 R BsF A, [ R85 v 4 D I
THE T IR ALY, AT AT 5 Wi 40 A K R A R PR 28 1 2 S AR 23 I ) i B R s 78 R HF
FERA TR A 3 R, 4/ NZE AR 2R T BRI A o0 b st Bl Cd YR 2 %) TP 3 7 2 B0 Ay AR A — 3 im — BRI B 42
T AR 43 i B R BA B 35 (P<0. 05) 3400, faf S BEZS 0 4- I FRIE AT BE S BE S Cd YR IE T & /N IR R 4%
WA A A FP IS AT REAS IR O ARVR B Cd b3 a7 B S 43 Wb i P AIG 1T 6 5 HL o 28 T AR B 2B 4
FIFA G, MiBEE Cd W RE A1 INAR 28 43 WA TRT SR 25 (%) R 2 RE SR B S A= 1 R A 250 i T e it 2, DA T -5 30
ARBR - ] BB SRR RE AR N, 2 Cd MR BEARZL T 2 B, Fh TR 2R 40 000 13 BB 2R R 25 1 mT e AR fb 5 R AR
BrAd: 5t HA FRR BEAS IR, 25007 SR B T R ARG, BLAh , iR T BE S5 AR PR 148 Cd MRS H X, X 5
PRBFEE N FRRIF ST 25 SR AN ]S T R 20 bt 1235 (P<0. 05) THis 1y Ji PR ] B 5 O AR B+ i 4 = 3k Ak
JEAE A 22 T 5 AR B - S By BR B SR, SR 25 SR R WA /N2 A I AR 2R A i %t Cd e B T
o AP 7 AR B R A 5 PR B I s AR A X ik T RO ST A ST s 4l AR 7 JEIEE, Cd SR &R A
FREIS 43I0 RPN 3 (P<0. 01) IV, R BARE G 4%/ N2 A R ] ) K | MR 2R TR BOBH 2 1) 43 b
FRIERTRE S AT AR 3 RIS [A], HOME O Fh 28 50 T AR PR Ak 4 o i AT, DT 28 B0 HH B IR B 42, T %o 3 7
WAL I AR - RIAE T, S AR 3 B AEAE I BN 26 B Cd Wil N A& /N 22 Dy AR 22 430 I PR 11
HUER R S5 HR PR A P b B A B AH O - S TG P 25 SR AR P2 R S 4 AR 2R A K B TR J AR 2R A R
SR IME DL S A AR 12 R, Cd e TR A& /N2 AR 2R 0 A T T RT3 PRI A R A LR B, (HL 40 T
11 KA AR AR Cd B FRAER[R] , B R 7 i ) Cd B FRAE R 20. 00 mg/kg 1+, 1M fa S 43I Cd [BIRR
{E4 50.00 mg/kg T+, FEL/NZ 4l A K A TRI B 39 10] , Cd %o AR 25 fA7 B0 288 T3 AR 43 00 B4) 5% R RS AE A TR
A RESEBEE L AR ] A HAR R B Cd BE S B 22 5517 ek Bl 44 /N2 A K i TR] A SE G, HUAR
Br - 307 S Cd MR B B AT BB [ TR 235 RS LAAR 3R 43 U400 R IV A0 1) AR s 26 W et AR B 45 4 1) 22 57, DT A
YT 3 AR BB, R ARV BE 1) Cd X AR 2R AT BN XS RT3 12 43004 114) 5 W) 25 S5 AR T 400 1 6 AN )
Az K B[] LA B 114 A LIRS 2 5 | AR 2R I R 0 ] BAE 2 o i 22 e 1) o5 — IR R, VAR TR, Cd ik R &
JINFZ T MR 2R T I R T BRI (1) 3 A oA B T A e B R i i, SR A FE ST K R 20 Cd X4
INFZUITEAR R 3 I A T R B RS M K R s U85 4 Y R A &2 | T R K B VD 8 R I I g 45 R L
FHF 84 I8 375 YL (0 XU PP ELA AR D 22 1 ] R

RUE HATHESE R WK Ph SR A K R0 A A AR R AE R S 0 ) 8 A S i i (124 5 Cd 3%
A EN B B A ) A RO AN ST AR R I RVR B Ph (<300 mg/kg) BRI B HE Cd
Xof B3 T R T SR 2 0 IR AE B 2, IX T RES Ph XA IAR R AR K I R2 i A 56, anAg 58 22 B Ph ] il 3t
B R ZR A R A I R R TR A TR 2 3 R B 4 R TR MR AR AN MR R R AT B I Cd
FISEIARON , MRV BE Ph 7R T B8 L5 | S LIAR 3R 430 W0 A0 AR B - 498 26 A e 45 4 B 0 1k k2B ik
AR XA Ph iR Cd xR R By RS- I RRIERZ 1) 55 — PR 2[RI IR A R K KR A58 2 B0 Ph I A7 76 n] fift
INZERRBR pH (E T, 17 Cd A B /NFZ AR BR pH (BRI, 24 38 A5 nT R T 3 1 25 Sk R - 850k
) 2 TR A /N AR R I R TR BELH IS 1) 40 X IR P/ Cd Ml L REAIE A — A 1T RE R
3.2 Cd.Pb/Cd 4bBE N 2/NZ W AR 2R 50 1) 5 AR bR - e A= Wi P &R

W, Cd AbFER 4 /N2 M 22 3 T 5 i IR P - S A4 B L o R I 2 TR B i 2 W I8 25 (P<0. 01) T
AR FR , H 5 A HLIR A 35 (P<0.01) IEAHSC | ST8E W ik i 8 2 (P<0. 05) ARG RS 1 A 12
HE 16 E A 525 (P<0. 01) FAHIC, FeBH Cd AbBE T AR 28 20 WA B T %o AR B - 498 64 1y 2 B2 e A J i il 4
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FHZT OB SR 5 ZR , BLAT, 43069 Fh B R 15 a5 R o - S Ol R S S IS 2 S W f 3 (P<0. 01) Rt
ARG, N5 e AR 5 R 2 A0 03 (P<0. 01) TEAHDG, [AFER B Cd a1 R S 25 RAL A EHT, A2 ARIUAE )
A BRIV A FPOMIAEAE , i T S M P9 g, A Tl e I L A Y i AR R
T BB B R 0 LA ST DR ) FE A A2 i el 5 A BRI B S R AR TS 0 O TR 4, MG R B
T3 1 O i A ARG 2 (B A il 2 TE A DG OG22, AT BB 28 S AR B T S 2 T | SO TR RI O TR B 22 T ) Bk 3 (P<
0. 05) fFAHIC T RE S MR 28 70 WA M3 R 1) P 25 G, A S s 12 LA AR JER A0 ) 20 77 A7 A, D) 2 4 5 87 BRO 218 40 o o) AR
PR W AR IR R VE ) B AT RE A e B X R A DG 2R

AR K Ph(<300 mg/kg) 5k 252 M AR 2R B 1 0 ] SAOBE IS o3 bh it S5 AR B I A TR | B TR R R i 4 | -
SRR B Tt A0 U 6 AT AL 4 20 B i B e e S AR B - S A A A M 2 T T A DG P
fIE, 2B Ph Wk BE7EAR T 57 - EFR 8 o B AR v ( GB15618—1995 ) 7 #2114 T 24 - 498 B 355 5k v {1 30 [T ik, 473
SR Cd XA/ NEZ RS AR S RETIRE R R e, R T E SRS LR —EEE
S E RS AR e AR TR RS N E SO R X — R E AR B T HEY A K R H
K HEA AL T RE 052 M 2 — R T WS 09 [P E , 1E AN AR 9 285 51 s BV [ R BR = AE Y P 7398 23k 28 Cd
X A&/ NZ BT AR £ 1R AR T RE A5 W RRAE , ) AN IR A BT 26 AR T IR BEAR I 1) Ph Xl 22 3% RIOT S5 19 4R
KRB — R WA VE > DR e ) A A5 I i O T o 4 i 5 o (1 o PR 10 0% % e AT e
BT YR A 2 D BE B GE B VR R 2 A5 )t RN W] — 2R A4 40 0 A B — 15 e AR 515 e i 1)
FEEE R BIRR A, PLAMA V%% 1 49 A S D RE T R AR 2804 f T Y e MR/ N5 Y i, DA R Ml IX R /K o | -3
G eSS + S B AL RRAE 55 A0 22 R 2 7E B 4 xS A A T RE A5 MR A HP (R T S S R X TR %

A PR TR R B MRy R AR T A A R G R S 2R ) B R S, AR T
VR BEAT I 5 208 22 S A B IE 5T A
4 #Hig

il Cd \Pb/Cd Ab3F 4/ N2 41 AR 2R I TR 1 7 PR 25 43 Db B G 55 AR B - B AR A W T M G R A
FRLER R .

1) Cd XF4& /N2 41 B AR 2R B TR R FRT BB 1) 0 it 5 ) (i 325 (P<0. 05 ), BLZE S R Tl AR A i 30 AR R
P73 2 015 R 2 53 WA XS [k B Cd Jolb 3 194 i O R AL AN [

2) Pb W ELEAR T E 5« RS B hnif (GB15618—1995 ) ” HiLE Ay 11 25 + HE P48 2L i (300 mg/kg)
O PRI 23 B35 Cd XA/ N2 4 AR R A3 I A T o B SE A R AR, HL 3 SR B IS a8

3) A /INZE Sy T AR 2 T 1 R 7 PO 2K 0 o 5 R s - MR AN BT TR R TR | IR | A A
ARGTEYE AV A S UCE Y R SR PR LI W A A TE PR Z ] B AR DGR AFAEAE Ph/Cd A3 5 H
M Cd Ab PR ) B B A [
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