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FEE : E AN [ B B T /0 1 SRR B b S A W O A S e T 4 e I W R R SRR B AT 5T, 8 i T G X
YRR S RGBS L MERI R o S5 R R, RIS A9 36 00, 40 B B R 4 T i 3 B B T )
A 2 A B, VA (LT XoF 2 1) 95 K 2 43 5k 300,300 1 600 mg/kg, 3 Fih G 2B ) 4 T 445 BE 7 O BL TR > R TR > AT .
S A R S A P 200 L A R S 3 R e 0 S 5 B S A R R B 3 I SE T ) I 4% 4 R i L P X B ) A
W19 300 meg/ kg 5 T 1 3 3 5 A1 240 T 2 S Al JoE 3R 5 S e A0 TR K50 S S IR R Bl A ) R MO E R R
3902 0. 684 7.,0.851 1 F10.684 3,8 EMK ., HF5E KM, M LMK X BISHB L 1200 mg/kg W,/ 123241

PR R A R 40 I 3 A D BT a5 A D R IR AL .
XEWR: NAX BUEY e ik R
HESES: S154.4 NERARIRED: A

51

Wit 25 4 T 7 R R I £ 5 A e A L AT
X B SR B R RN . T 5 05 ) A0 A S DR
F BRI X 8K £ 0 A e T R AR X
SR, 33— X3 S5 et g T T, R R e
JiE 5 5 8 000 mg/kg'® o 15 B 37 b A vk
TR A KA, B 5] & S A e 5
THES BB A A IR 3 M TS Yk
L B 3T P R L R A VA B E 9T
ELERE R gRE ",

/INFLSE ( Brassica chinensis L. ) R B A WM .
BRI AR SO R TR R
WP Z Mz — BT, BTSN RO AR
W BE (P vk E . <500 mg/ kg ; B Mk - <2 000 mg/kg)
BT 30 68 /N A 3 A K A B R AR B R T &
T RGBT B A [ B ) 47 1 3 B
55T /N 1 SR B G A 0 B 95 R A R - S AL
A 5 I W o 2% 56 a2 5 2 5 1 485 ) 3 RE 110 R 5T 4
o

W BRAE Ay - S~ 2 25 2R 0 W) 5058 480 1 145 B
B Y- e = AR e
T P PP R AR A AN AT S AR B - 3 5% 5016 8 5 4k
FIT IR0, T EL 1 R 450 90 O S0 b 2 e 1 438 35

I
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PR 2T o AR SOH 5 e R VR BE R S Ak 3R
(B AN <1500 mg/kg) , BEAUHT 5 Yo By ™ B
P8 RIS S 8, F 5 LN /N SR B A A 0 A v
LK R AL TSR AL | AR A A S RE R
Wi, 32 T MR B ol A 490 144 45 F RS BE AR 1L, 483 70 ik Tl

S8 X i 336 A= R RR B ol A 25 28 0 T T I 19 2R S 2
[F)

1 HEE5H®

L1 s

AR T 2012 4 11 H—2013 4F 4 HFE{LI5
KAz TARWE TS BE M N BEAT o /0N 35 Ay
ILOVERFARA A RN LiEE  Zaf K =
X SR R R bk s g o R R
HFELHAAE R & o MR P Oy 38,52 mg/kg, #
K Sl 76 mg/kg, AL N iy 585. 82 mg/ke,pH {H K
6.8,Pb Jy 35.6 mg/kg, MIGAIEH] T AR5
320,15 em, E oA 15 em R4, AR K+ 2 ke
(TH&s).
1.2 A&t

BBt 5 A Ay B TS oAb B (T
L), He B 435124 300,600,900 .1 200 Fi 1 500 mg/ kg, it
S AbF T300 ,T600 ,T900 ,\ T1200 F1 T1500 , 7 fin 4%
9 Pb(NO;), o J5 B TCHE MR BE VS AL 3] TO Sy b BE,
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6 NbFE,3 REK . 10 H W), 4% BEOAS [R] 45 ik B 4b
RS BERESE A, 5 LR SES G ER
FE o 11 J A, B b/ B 5 B 46 A T AN ) b 38 1Y)
o SR R el TR v I B U e R P S e
SRS R K 5 60% oAy, IRAE 4 HBIWCER .
1.3 MEFZE
1L.3.1 3 ok O 8o e Oy ik

T/NEERIGRET , A B HRAR AR AR AR PR -4 10 ¢,
35T 90 mL TR K, 5E % 10 min i 4 FE 5 Y
5, HTCHA I E 1 ~9 mL JCR7K AR 10 F5F5 Bk
TR 107" LA 2 45 K E M B0

T L L DA R T AR TR BT AR R I |, 42
Foft S VP R B A3 5 107° ~ 1071 (1077 ~ 10 TP Al
107" ~ 10 7%, {5 3R 343 0K FH 248 A 77 28 (IR 7 2
F RS R IR A A E T IR (Martin) 35 35 56 M 5
YA E TN, T30CHE R 1 ~2d(HK) .
28°CHFE 3 ~5S d( ELH ) 28°CHF S ~7T A& HE)
Jo A BT T A R TR R T B S
BB RBR LA T 0 i A e b7 18 DL B & i
GEL7/E /G

TiF A 40 T R S A A A T SR FH dic R B 48 %80 (MPPN)
FREE IS P B IR B A B 1077 ~ 1071 AN
107° ~ 10 ™" Tl 1k 40 T 5 77 R FH B B A T 35 25 AR
(Stephenson) 573, R E S E THEFHEN
25 ~28CHEFE 14 d J5 4% " o r i T P R A

T ARME 5 B i b A — L B R A R e B R
LT 0 5 7 4 B VRS DL b A B
1.3.2 0 mg R FAE AL | B Rl 1 3 3 1 ) g

E I FE - S A W g [T g 00 AN [ R E Ak
BN A/ SR BR A 3 1 i Ak | S Ak 3 58 0 I 1
MR W R R a2 4> B 3k ( Barometric
process separation, BaPS) , Il & i %y A + FE 18 i & .
FAKEM pH HESH, REITASHNO, N
2.33, A/ AEMALLEI N 0.75  BFIHR R 1, E
TRL/K VR O 2 5 3R B Oy 25°C, I8 3l I AR 4 % 2
W€ 8 h, RGN ARG LA Bl H 434 B sh it 5T+
o Ak 3 A (Nit) | Bl Ak 388 28 (Den ) F1 I I 3 32
(Res) "',
1.4 H4ESH

K F SPSS 13.0 e it 73 M 4k 44, 73 B H 384 [
Aab B[] AR o 5 A 0 B (S AL S A AR L ST
W A 1Y 22 e B AR DG

2 HR5WR

2.1 HXPMERRETEBEVHEN L0

TN H A AR R RS RS R
T 3 R AW, A B A A R SR AE
8 I e O B AR R bR . ANRALBER
SRR B 0 T T R 2k R A I A SR AR L
NS

£1 TRHLETNEERFELEMEDOHE

Tab.1 Number of rhizosphere microorganism under different Pb treatments

S AN/ B4WE 43 L/ B/ K40 4y L/ LT/ K40 43 L/ e/ WA 43 L/
(x107g™") % (x10*g™") % (x10%g7") % (x107g™") %

0 1.65 +0.07" 0 2.30 0. 09" 0 4.47 0. 13° 0 2.10" 0

T300 1.86 0. 10° 12.7 3.65 +0.07° 58.7 4.72 £0. 10" 5.6 2.34° 11.4

T600 1.84 £0.10° 11.5 3.50 0. 06" 52.2 4.90 +0. 13° 9.7 2.33" 11.0

T900 1.20 £0.06° -27.2 2.39 +0. 13" 3.9 3.82 +0.08" -14.5 1.61° -23.3

T1200  1.09 +0. 10 -33.9 2.49 +0.06" 8.2 3.21 0. 10° -28.2 1.41% -32.9

T1500 1.08 =0. 40" -34.5 1.49 0. 13° -35.2 2.99 0. 12" -33.1 1.38¢ -34.3

T A B 3R M = AR 22 RSB A AR RN G FERORTE 5% KT 25 2%, T

2 1 0B W, R R AL BN (S8R B i 2 4 5
HHUMHREZ AR RKZ BERED, X565+
SRR W) B A R R, U] — R Y B R TR
Tt R el s - b R E AR R L 2 SRR AL

Wit o VA BE ) BGOSR AR B 40 B L LT R
A DA M 25 R I S B BT S B A ek
{25 2 TR 11 T 686 W 8 R0 36 3 T XoF I 1 4B ok B
Bl AN A 7] o

300 F1 600 mg/kg 14 4% ¥ FBE S Ak A 4 7F AR
7 S N I G a7 S @ T A o | B S N L

300 mg/ kg 4b 3T 40 TR K5 5 5 0 A 2 A% 5 B
1,600 mg/kg Ab FH T LR T Ki Sk 8 i 2 2 KR
FEHTE 5 1 K F 45 T 900 mg/kg 1 4 Mk B2 78 oAb 28
D S S0 T AR A R S T e B, L BE A R Y
R, FLA O g . /DT AT 1200 mg/ kg 4T
B TS 0 Ak $ 2 AT 44 i (900 A0 1 200 mg/kg) B
FH M (300 F1600 mg/ke) AR PR b B i, Hod,
600 mg/ kg X L 1A 505 1 42 3 550 0y B B 55 I vk
BEVR NI H] 1500 mg/ kg M ELpR AR ) &2 A1

P AR s AN [ 58 2 0 250 B vl 8 o v A2 Ak 1
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3 AT 20 T TR NS B A ) Rk R
YHE 600 ~ 900 mg/ke, H AL 1200 ~ 1 500 mg/kg,
2 W] B0 TR X B TP 308 1 T 52 BE ) f i s AR T R
W e 8 498 o ) 72 e Wi RE 22 S L A TR TR R A
AT ZBE T iR T AR . Bk, /DB SRR 3 KK
TR PR EY R A2 RE ) R By O > R > A
o
2.2 HMW/NEFRNRERTEBEN  RELRERA R

e

fitd AV R Al A A T2 1 3 v R e AR Y
2 AN AR 23 ) A L A R SR AL R S S
SERL, AL B AR AR T 5 %R B A B8R T % D0 A
Ko R, BFFEA [ 55 e J5E 45 o X6 R P - S8 i Ak
T A A T B 52 00, AT S I HG 0] 4 338 280 38 ) T A 52 0
2.2.1 EYXUNE SR B LSRG AL SR 1k 2 T R

p- AL

AN [) e BE TS AR BT /)N 1 S AR B R S A A
J At e 2 T 50 D0 2 SR 1 1 RIIEL 2 B o AT
Tl DL /0 SR B - 3 b B R i AR T Al
T A B AN AL T B A A A T R R i
HAE 2 AR PR R AN AR (R 1), B -3
KA A0 A S AT, i S5 A AR B 3 v
3 B A 2 T R 65 % AR B RCAE AL E ) Y &5 1 A
T

B LRI 2 al i, /0 SRR B S A Ak 4
R S B I o T A AN TR R, o B A R R B
YR IITHE R 2 A a3, BT e b — 2. 1D
BYUS I Z D 300 mg/ kg Ak B IR il £k 4 B A A AL
20 R RO oy, S B TR RGN, 2 S A R B
A, 2 T1500 4b 3 i 415 .
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Fig.1  Number of rhizosphere nitrifying bacteria under

different Pb treatments

T A [ Ak BEAR 3 AR /]S 5 B R R TE 5% KT 2R
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Fig.2 Number of rhizosphere denitrifying bacteria

under different Pb treatments

Horb [ T1500 5 TO 7 4b B 7] fiFf £k 20 7 45 it 22 57 I 3%
(P 1) o I W 3 385 I, s i A AT 1 5 R 5 s Ak 2
BCE AR 2D 5 T 1 0 B S TS A A .
H,T300 , T600 F1 T90O 1) Jiz firf £k 4 B %5 = 4 TO 43
MBI T 327.7% 226.0% F1170. 3% |, {fii T1200 Al
T1500 T 4351 F % 35. 6% #i1 50. 6% . [ T1200 4,
AL PR S A Al R 5 TO fE] 25 R Y
(1 2) o3X BEW] 300 ~900 mg/ kg F) 475 ¥ BE B3 0 v {2
N SRR PR S A 20 R R R Ak 2 TR AR
1, 1500 mg/ kg i B2 S i D) XF /I 1 2R AR B A 48 il
2 TR R SR Ak 20 TR A R XA I 3 I R AR
1M 1200 mg/ kg 55 ¥ B2 A AT /)N 1 3R B 3 i Ak |
SAE A A0 P ) AR K2 M R BR R, B 2 AN P 5k
et B A R ) 72 b W RE RN, S A Ak 4 R R A
(1 AR 22 B 30 0 B A LR
2.2.2 YR/ SEAR PR RS AL SRS T R A 5

it 5 0 S IR B, /N SR AR PR = A Ak
MR RETH R M AR (% 2), 5
il A 0 52 s 24 T 50 A e o T A 1 i {1 —
e, ¥ BLAE T300, T300,T600 F1 TOOO AR Fr: +- 5
F18 i e 38 25 R S A A i 32 48 W 3 KT TO ., o, i
b3 R 55 TO 42 85 136.5% 132. 0% 1 67. 1% ,
SR AL A2 85 TO 43 51l £2 5 T 100. 7% 65. 6% Fi
37. 8% ;T1200 F1 T1500 3 Br - 3 1 fiff £k 3 Z8 4¢ TO
O3 R 2. 3% #1082, 6% , I AE AL F 4L TO 43 51 T
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2.2.3  HNE/IN SRR R A T 3R 11 5

- ST R A AR S P R e, R T
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SREE . MF 2 WTLLE B A B R EE RS I, R IR
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- SR R 2 T TO, H 3 AN Ak B ] 25 R
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Tab.2 Nitrification and denitrification rate of rhizosphere soil under different Pb treatments

poy:il fiifb %/ (mg-kg ™' -h ") SR AR/ (mg-kg ™' +h 1) I R/ (mg-kg ™' -h 1)
TO 0.304° 0.720° 0. 624"
T300 0.719° 1.445° 1.152°
T600 0.705° 1.192° 0.976°
T900 0.508" 0.992° 0.893"
T1200 0.297°¢ 0.701° 0.123°
T1500 0. 053" 0. 159 0.107°

i3, F ) - HERE AE 55 96 ELAE = B VR B S LS A
FR 3 R A W I %R 5 T T1200 i T1500 4b 3 (1) B W%
R 2 AR T TO, R R 4 0 3k B 80.3% AN
82.9% ,FR W]+ HE Y ¥k B 3k B 5 1 200 mg/kg
Ji, R P o R A7 B T A . AR
- P R A i A U 1 AR A A LA A Y
ZESLARAE O U A B I S B A R g
F T, — T e T A AT g
A BRGNSy — O TR T R b
3 AT A A W3l L 1 SR R VR N AR 2
WA LY, T AR B 2 Y R R R X — W
T e B R A O, b R R
TR PR 22 1 R W e L AR A U W B0
AN BT i el 2 (18

10 p
»=0.009 8 x+0.080 9

2 08 b R?=0.6847
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k .
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2 06 P

g

B 04 b
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= o2p
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ARIF N 332 FE L pH H P E A =L AR
AFAET R 2 PR B R s ™ 5l 5 o
AN TR B R T e JBE Ak B /I 1 SRR P - S R AR L S
A AR AN AL SRR A 20 TR RO B SC R TR 3)
i P 5 i A A T 0 R SE AR KR 0684 7 (p =
0.032) , S fiKf A 3 < 5 S v Ak 2 o KB ) Dl o AR B
7 0.851 1(p=0.013) , ¥k 2 8 & IEAH KK, &
AT R fel 7 A Mol 3 B0 PR 58T A A R R S A 1 2 TR
A3 2 i A RS il A 3 R i O S B P A T IR 1

15p

y=0.0007x+0.325
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T: 12 R*=08511
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g 09 P
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g 06 P
X
3 0.3

L
A A A A A ]
0 3X10° 6X10° 9x10° 1.2X107 1.5X107 1.8X107

SR PN B 5 kg !

P03 Al | B Al A A A S i o 2 T K AR O

Fig.3 Relational coefficient between nitrification, denitrification rate and nitrifying, denitrifying bacteria
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Fig.4 Relationship between soil respiration rate and

total number of microorganism
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Effects of Lead on Microbial Communities in Rhizosphere and
Physiological Functions of Brassica chinensis L.

Fu Weiguo' Wang Fankun' Li Pingping" Tang Juanjuan'
(1. High-tech Key Laboratory of Agricultural Equipment & Intelligentization of Jiangsu Province,
Jiangsu University , Zhenjiang 212013, China
2. College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract. By studying the characteristics of microbial number, nitrification and denitrification rates and
respiration rate of rhizosphere soil of Brassica chinensis L. grown under the different concentration of lead
(Pb) environments, the effect of lead on the ecological safety of plant rhizosphere micro-ecosystem was
revealed. The results showed that the all numbers of bacteria, fungi and actinomycetes first increased and
then decreased with increase of Pb concentration, and the peak value occurred in the environment with
soil Pb concentration of 300 mg/kg, 300 mg/kg and 600 mg/kg, respectively. The Pb tolerance of
microbe was fungi > actinomycetes > bacteria under the Pb stress environments. The all numbers of
nitrifying and denitrifying bacteria in the rhizosphere, soil nitrification and denitrification rate, and soil
respiration rate also first increased and then decreased with increase of Pb concentration, and peak values
of all above parameters occurred in the environment with soil Pb concentration of 300 mg/kg. Nitrification
rate and number of nitrifying ( R* = 0. 684 7) , denitrification rate and number of denitrifying bacteria
(R*=0.851 1), and respiration rate and the total number of microbe (R’ =0. 684 3) were all correlated
significantly and positively. In conclusion, only when the soil Pb concentrations reaches or exceeds
1200 mg/kg, significant microbial community structural and functional degradation of B. Chinensis
rhizosphere micro-ecosystem will occur.
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