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Characteristics of rhizosphere soil enzyme and microflora in cadmium

accumulation of Ipomoea aquatica Forsk.

BAI Haiqgiang, LYU Baoyu
( Environmental Monitoring Ceniral Station of Guangxi Zhuang Autonomous Region, Nanning 530028 , China)

Abstract; A root box experiment was conducted to study the characteristics of four kinds of rhizosphere soil
enzymes (urease, invertase, and acid and alkaline phosphatases) and three kinds of microflora ( bacteria, fungi,
and actinomyces) in cadmium accumulation of different species of Ipomoea aquatica Forsk. ( Cd-PSC, non-Cd-
PSC). The results show that the cadmium accumulation in the stems of leaves of Ipomoea aquatica Forsk. was
stable. Under the same conditions, the enzymatic activities and the microorganism amounts were significantly
greater in the rhizosphere soil than in the non-rhizosphere soil. There were significant differences in the
microorganism amount between the two species of Ipomoea aquatica Forsk. , showing a descending order in amount,
as follows; bacteria, fungi, and actinomycetes. Significant differences existed in the species of invertase, and in
acid and alkaline phosphatases, showing a descending order in amount as follows ; acid phosphatase, invertase, and
alkaline phosphatase. No significant differences were found in the species of ureases.

Key words: Ipomoea aquatica Forsk. ; rhizosphere; soil enzyme; microorganisms; cadmium

LA, S < SR A AWy 145 T )
BRI SR HY  AR  J2 3T  FR FE 7  H

fi, AN, i Sex NEREE Cd 1Y 5T Mk 35
$1839% 2 I, mSerh iy Cd St 3 -

b R SR 0" TS LB 1200 TT ¢ AR R AE
AEAMBRERY  FERANES RS TR
Hr, #(Cd) IR B e 1A fie 32 ST 10
R, L Cd AP R, S AEA dh R
2, PiAE 4w S R bR A b, Cd HEFE

- N7 BRI AR S E R,

R, KIS 4R e 52 T s 1 e 1)
YR T, Bl AnE Y e Hh T
SELE B 52 T T8 A A I 1] 7 ) G AR e
TVEARRI R Y ul et B £ 52 B R TS5 Y

FEETUH TV & 15 Y MO 2R AR TR 2 5K b L 9 B (2012-11)
YRR A PR (1983—) 35, TR, M 1B FRE M ARHIF TAE . E-mail : baihaiqiang@ foxmail. com

WEEH . BME, THR, E-mail:lvbaoyul017@ 163. com

.54 .



P A AT A B ML BRI S, R ATE )
T EfRO IR, R R E D H R
SYE R, ZadBFIT, Wang S5 Gk 1 R LR (2
3 Cd AR Z 5 Rl (Cd-PSC) 1 1 Fp 81 1 ZE 32 Cd
AL S A (non-Cd-PSC) , Hif & AT & A2 1) Cd FL
ZHEAUERER 172 ~1/3, B2, X P2
E SO A=Y 5 S S i 5 SR T

MR B2 AE AR - Rz fk A SR B, =AY
SRR FE X, RN R - =
SR GBS T, BRI RAR A
AERFSFAE P AR s = HERG TG PR S A M 8\ R/NR
HRAEL T A IFFE S, & B A TR] 22 TR AR B
TSR T R Y EGE AR PRRUN AR LA e
X Cd B WA T BE 52 AN [ AR A 2 B 2 i b A AR
PRELAEFIE D AL 52, R, 2835 DL B & i i
RIGHYZESE CA-PSC il non-Cd-PSC. Fy LY i o Sy
FERT G 0T T AR B S M RN 3 A ) X R KA
[ ZESE AR Cd BB AT A RS2, X F R Cd
TR ) 5 R 7 — = 398 (] (%) £k 2 RN A W 24 1K 3R O O
e BB AR E 4 R AR B R AR EY A A B
WK

1 HESH®

1.1 ZEEmMELE

PN ZE S T R0 43 S A AR 2R A b g - 1
(QK,Cd-PSC) il = F2 2 it B 5 75 308 & 11 490 i
(T-308 ,non-Cd-PSC) ,

TE AT G 48 (B R A 35 15 7K + Tl i5 7K
WA I 4, w(Cd) = 0.726 mg/ kg) FiIx I 43 (R
ZV5Y w(Cd) = 0. 173 mg/kg) FIRIE ik 1- 48
BOHFERIZ (0 ~20 em) W+, K38, 1R 2,44 20 H
i g e AL PR L 1
1.2 gt

W T 2012 463 A 22 H—5 H 22 BHEER T
GRS SE T iR 2 KM N AT, Bl 2 Fh 115
A3 ALK 20 em , FE 15 em 5 15 em B [ ARG
o AR 3 % ALA (ST P g BIVR PR IX (58 20
mm) \S2 : FE I AR BR ok X3 (58 5 mm) |\ S3: AEAR PR
X)), &z a4 300 H A JE Je M (B AS BE 8
it Ah FAB BT LA R ) 43 B REAE T
4.5 kg, BEEMAALHEE2 AH R NIKKG A,

FPE WA, RSB 3 Uk, 3k 24 MRAR
1.3 EERFZE

FEFPE IS 55 40 MU 1 FERE S 1 250 FIAR
FRUCEEARPR - AR AR PR 4=, 57 BI2% BHR A7 T 4°C 0K
Frh, 2R 100 KI5 2 WHUEE 5 2Ll T .

AR AR, BUrh Je = B2 e W 1 mm {5 [
P A ARPR £, P AR AR bR = 1 £ IR & 1
WO | )Y 7 e o8 3 T D VA | /N W i e |
SLERE N, FORTEE AU | mm G & T AR
HOTE 0 ~4°CIR-AT7A
1.4 WEFH*
1.4.1 HHhELELSETMNE

FREUHE T 0 w5 B9 R & 0.2 g, FH Ik 4 A AX
(MDS—2002A , FIH#EHA ™) #E4T 16 i, FESL A 5
mL i) HNO, (R FL 20 %0 65% , i 9 4l ) 1 2 mL 1Y
H,0,(R U8 30% , 3 Frat) 7 o FHRF I Ok
HEAY ( AAS, Hitachi Z—5300, H 777 I & 433 v )
Cd &, MR R E SR MES LY ()
GBW-07603 ) #4743 s 42 il , Z b it Cd 145
HER R R 0. 057 mg/kg, I ZE{H N 0. 059 mg/ kg, %
HHVAE it b B 7 VK IV SRS S RB S T IR AP EEK
1.4.2 1EMAMKITHMNZ

A RE-FRNEFEAK (pH=7.0 ~
7.2) ) R B 5 - KA R — 5 B B R
(pH=7.2~7.4)°", BB B 32 5 - T T o fin s 41 e
HRERBNEHE IR (pH=7.0)"" ) R BT
B AT LR CE Y R A B, e b A T A
A, SR A 107 107° 10703 AN B, 0 5 Tl 28 T4 4
R 1070 107 107°3 AN, I 5 L TR 4L
SR 1072107 1073 MR . 40 E e AE
30°C ~32°CHEIRAR TR IG R , H i w-FRAE
26°C ~ 28CHIRAE T MR IR, A EE 3
W, MEREFR 2 d I IR Ge it A 7R 8, H T i 2k
W 4 ~5d JF IR ST T4 5L
1.4.3 13gEEEEMHaM T

F A S Uk Bl ek e RS 5
p-NPP LU (035 0 5 R B I 3 2 5 3 AL il
DAREEVE A 3L 5T, SR FH 7S IR AL A ( potassium
hexacyanoferrate 1) ¥ 552 B gEA 70 ),
1.5 HBRBRSGIHE

Bt 115 A EDE 22 1) ] Excel 2003 F1 Origin

F1 XA ENELER

. 2/ HALR R KPR/ N)/ WS N) / B P)/ w(HRLK)/
T o Eﬁ:TE'F}:_I %LH‘EL_@ FH%?)&%—% FHUT /% w( )_] w0 ( B _]) b w( AL _1) w (AL -1)
(pS - em™) HA/mV  (cmol - kg™') (g-kg) (mg-kg) (mg-kg™) (mg-kg)
Cd V5% 7.08 74.33 -24. 67 20. 74 2.31 1.61 105. 8 0.12 476. 44 98. 54
LR 6,77 114.33 -9 10. 32 3.49 1.58 98.2 0.08 195.92 192.3

«55 -



7.5 B3R HT R SPSS 17. 0 Seit 4,
2 FHERE5HH

2.1 EXMEMIBAENERRER

2 AL AP (QK | T-308 ) [y 25 Cd T
L ULIEN 1, J7 2250 A 45 SR 3 B, 3 PR AN [m] it
MZERZEM N Cd BRI FAEREEER (p<
0.01) , £ Cd {54+ FXF BE +FE P FP L3 | 2%
T-308 .QK PFh i FPZE 019 Cd T kb, 55 —2E 43 i)
H1.69 Fl 1.6, %8 —FEHHE 1.72 Al 1.67, Pikh
FhTER Cd 3 iy 25 Sk R T B A By 22 5
P, 33U I A [R) 28 32 S AP T Cd i T i R A A Fa
FE ) A ) 22 5 R BE I Y Cd ik B e At 3
A B B4 AN ) i o A e (1] 1) B K T A8 Ak, AT 2 —
ISR T 2 AP Cd WO Rae S 2R e, s
TRz s A A

1.8 A
1.6 |
1.4 +
12
1.0 |
0.8
0.6 |
0.4t
02 1

0

O QK
W 1-308

11

w(Cd)/(mg-kg™)

sk

CUSE (I R gt B

Cdis g+ L
A B ZEIETE p<0. 01 K 222 535 (F)
1 ARMMEFENHE CdRELL
2.2 TIEREEMEAST
2.2.1 MHFREIEARFRG LE
H 2 IO FE Cd V54 4 b HPR S1.S2 (83 IX
WAE AP A YA 225, H RN HR = B R SR (T-
308 ) AR PR TARFR R Rl (QK) MY BRIG P, T
M RN, S1 AT S [X Al il 7% M A A ] ik
PRI it A (R A AR S 2 22 S (p<0. 01) ,S3 X Jlitin
FAAE R FETEZESE (p<0. 05) , LS 1R 22 S MR/ HE
J¥4:52,S1,S3, UitEH 3 /> Xk 1) 4 19 il 3 7] 1
THEEXT Cd MR R, 3 5 1o A P 78 28 2
6] Y 22 S A — 3, ZEXT IR 3 1 S2 X A
[¥] 2% S0 .35 (p<0. 01) , S1 Fll S3 7E it il ] 47 7E
HI 2 (p<0.05) , HEHETE M 22 5 P /N iy
4:S2,S1,83 30 3 A4~ X 25 S 1 K/ NEH/RA — 3
S1 il S2 RNy, AAR 22 it Fobr ) T 0 P 5 1 v AR B
s P A R 1, T S3 XSS A R, 1 B AR 2R 0 WA XS
R TEPE R AR,
2.2.2 RE&AFE 8 iR

HIP 3 Al DL, 78 Cd T5 5 5500 T RAR P IR

.56 -

QK l T-308
2000
< 18001
2 16001
31400}
= 1200}
= 1000 |
£ 800t
8600 -
1400t
8] 200l
0 S2
(a) Cdyg Yt
1800 a
~ 1600 b B
0 1400
S 1200 b
= 1000t a
vz 800 |
2 600F
o400}
& 200
0 Sl S2 S3
(b) xf i+

a.b EFETE p<0. 05 KFE-EF B E(TR)
B2 REIXBEFTEESMENERE(FE—7F)

QK M T-308

A
0 ’—I |_I
JOR P ?ﬂtﬁ L7451

ﬁ%@&@% IR Tt
(a) Cdy5 4

1600 1
1400 |
1200 -
1000 -
800 -
600 -
400 -
200 -

WP E(ng- g

a5

1600 1

1400 Ag
1200
1000

800 4 a

600

400 |

200 |

0

Wil SEILNG e Bl
RN RN

(b) X i+
E3 RE4MIEBELRMENERYE
e Y e P U N E A S [ R
it AE i o ] 22 S K, 34 3 By v B 3R R ) 3 1
RPRRZ MBI, Sgeit7 MR B, KBl
EKEDH%IE‘T@TE%%%(F>O. 05) , AL .
TR 0 3 P it A [ i o [0 2 A R 285 ) e PRI B 2
5 (p<0.01) , H 2RI/ NHET - IR VEBE IR Bl , 7%
AT, BRI . D\ 4 TG P A o Ao ] 7 22
PER/NRTE 52 W0 42 ZE M I Cd A9 BTk R/

S RGP /(ne- 2




HEF R - BRVEWERR I , e AL TG, Dl MERE IR 1 , IRk AN b
F ULATE Cd 53t C F P GRS X R AR I i
R Cd MmN JEIAE RN, FEXT IR
38 T DRIEGFN A AR R R A 22 SN T
i B e T i 22 S W S 3, D HAE X R | 3
P EAXT R AR IR Cd 52 M8, 1 € N I AE 3R
YEHE /N,
2.3 TEREVHENST
2.3.1 ARFR5IEARFRE AR

F I 4 AT, 78 Cd 155t b3 A AR B AR X s
TE 2 A RIFETEN 25 22 5 (p<0. 01) , BB IX.
SR TR MR Y SR T ST Cd g R AN
TR 20 M, 76 2 AN Ab ], S1 2R
FERK,S2 M2 5 RN T S1,S3 iy 2 R
TE 3 XS e/ BT ST IXORT S2 X6 2 S i
WA R Cd B TTRRAR IR K, TEXT IR+ || S1 IXTE
P AP IRl 25 SR, S2 AT S3 K22 R AN
AT L, Cd V53 4 F A 3 ALK I B R T
RSN Cd B, e X BE 4 -, B ST X i
FAEHT 23X Cd 1YW, S2, 83 IX 1Y 22 5 AN i
UL Cd 1595k T 2 AN A E XS R 3 A i
2251k

QK M T-308
~ 35
on
S 30f A
o2t B &
S 20} B B 4
] 157
210t
= ]
0 ) n
H Sl S2 S3
(a) Cdy5 41
40 -
@ 351 A
3 B
Y a
< 25t
< 20+t a a
§15-
10t
_’_
H ST
o Sl S2 S3

(b) %L
B4 BRMERRRREBAMEDBENES

2.3.2  RF)duAtE 69 iz

H A ) e 288 s A D R A A o I ) A S A
AR, B[R] Ao 2 ] — b ) AN ] 2 A
T 2 [] X AR s folc A 0 B4 e o B A A 3 AN RV Y
LA

HI1E 5 ke J7 22 0 Br i R Wom 78 Cd 5 4 1
B3 R A 2 A MY R ] A A A A Y

Z5E(p<0.01) B Cd F5 3510 AR R A
BIVER T30 Cd MR R 3 8 7
2 A PRI AR LA AN — 0, 20 R RNk TR e B
Sy, BB AR B R (p<0. 01) KFARFR R
s PP SR | U i A 2 AR 2R A R R 4k R A
(3NN FEIZET H Cd S bR i R A
B, R B A A M 8 (p<0. 01) KT
o PR SR Tl ) i B i TR B Y 3, 25
Cd A TRaH, T2a0ai R wR,3 Kk
YIAE 2 A Rp I 22 5 0 B O NIl T,
T IR, BT S 2 2 M (p<0. 01) SO A:
YIRh IR TR, 40 B AE b )0 22 Sk ok, B IR
2R, ULBAE = Cd AR E T, SR h
Cd i SHRPRAN AR 2 0 IE A G, 4B 28
22 rp Cd s R I R
OQK MT-308

70 1 A

T HE%£/(10°CFU/g)

(@) Cd¥5 ¢ 1

00 A

60 B

50
40
30t
20
10

F LR %/(10°CFU/g)

(b) XJ

Bs5 WmMABGRH3EXMENBENER

PED O ot Ol o T A G R R E SR TS B 3 S|
TUASTR] 4 o, MR 2R Bl A 0 2000 [ 19 22 S AN 32
e Cd AR

3 5

a. [FHERREYES R SENARREEET
R R, BT MR AR ES
4 Foft L SEREHE AN 3 Bl W B AR R E R T ARR
PRt

b. TEZESARAR 2 5l A A B R R ], 3 2R
AW 25 5 VR INE R D AT, O R
Xt A 0 ZE S 25 M P Cd S R S R AR OR, Al
P REAR X E 4 e A IR

- 57 -



c. FEALTGE R Wl IR A | 0P B I Il AE A [ Chinese ) )
] 2 S 10 25 L /NI 0 < B B R G, [ 6 ] HARSH P B,TIFFANY 1. W,LAURA G P,et al. The role

AT . BRI TG | IR BELE S A ] () 22 S R 2% of root exudates in rhizosphere interactions with plants and
d ﬁ%@@ﬁﬁ%%&ﬂ&@}iﬁ%ﬁi%ﬁ%%ﬂi% other organisms [ J ]. Annual Review of Plant Biology,

2006,57 ; 233-266.
[ 7 1 KURZ H,SCHULZ R,V ROMHELD. Selection of cultivars

fitg TG PSSt 5 Re , AT Ik B AR A AE Y v £ 384
Cd & EME 0, A Rk — 015
STk food and fodder plants [ J]. Journal Plant Nutrition Soil

Science,1999 162 ; 323-328.
(1] Tzt ok OB R AF. Eamisde bR L [ 8 ] JANIS € K, DIANE F,JOHN M M, et al. Effects of light

to reduce the concentration of cadmium and thallium in

YHRIUE S DRI [ ], 35875 iR R 5 1% reduction on growth of the submerged macrophyte
#,2002,3(4) :56-59. (WAN Yunbing, QIU Rongliang, Vallisneria americana and the community of root-
CHEN Zhiliang, et al. On efficient improvement of associated heterotrophic  bacteria [ J ]. Journal of
phytoextraction of heavy metals from contaminated soil Experimental Marine Biology and Ecology,2003,291(2) :
[ J]. Techniques and Equipment for Environmental 199218.

Pollution Control,2002,3(4) :56-59. (in Chinese) ) [ 9 ] SHAHEEN Z, FARRUKH A, IQBAL A. Metal tolerance

[ 2 JOSKARSSON A, WIDELL A,OLSSON I M, et al. Cadmium and biosorption potential of filamentous fungi isolated from
in food chain and health effects in sensitive population metal contaminated agricultural soil [ J]. Bioresource
groups| J ]. Biometals,2004 ,17 ; 531-534. Technology 2007 ,98 (13) : 2557-2561.

[ 3 ] WANG Junli, FANG Wei, YANG Zhongyi, et al. Inter-and [10] DANIEL D, EMILIEN P, FREDERIC C. The influence of
intra-specific variations of Cd accumulation of 13 leafy temperature  on bacterial assemblages during
vegetable species grown in Cd contaminated soils [J]. bioremediation of a diesel fuel contaminated subantarctic
Journal of Agricultural and Food Chemistry, 2007, 55 soil [ J]. Cold Regions Science and Technology,2007 ,48
(22):9118-9123. (2) . 74-83.

(4 JERPA LR, T, 55 ABCRAR RO ERIVIXIMR 1117 KLOSE S, TABATABAI M A. Urease activity of microbial
PR A R R W 2 ()], Rl 54 4, 2007 (3) - 108- biomass in soils as affected by cropping systems [ J].
113. (WANG Shuhe, WANG Xiaojuan, WANG Qian, et Biology and Fertility of Soils,2000,31(3/4) ,191-199.
al. Responses of rhizosphere microorganisms to arbuscular [12] LYDIA P O,PETER M V. Regulation of soil phosphatase
mycorrhizal fungi and their effects on host plants[ J]. Acta and chitinase activity by N and P availability [J].
Prataculturae Sinica,2007(3) :108-113. (in Chinese) ) Biogeochemistry,2000,49(2) : 175-191.

[ 5 JBefede, waog, JAmiee, . R RO E £ 5% [13] DINESH R, GHOSHAL CHAUDHURI S, SHEEJA T E.
AW RS []. A3 BE224), 2010, 19 Soil biochemical and microbial indices in wet tropical
(4):817-821. (HOU Linglong, HUANG Rong, ZHOU forests: effects of deforestation and cultivation [ J ].
Lirong, et al. The accumulation of Cd in Huttuynia cordata Journal of Plant Nutrition and Soil Science, 2004, 167
and its promotion by rhizospheric microbes [ J ]. Ecology (1):24-32.
and Environmental Sciences,2010,19 (4).:817-821 (in (ks B 41,2014 -02 -25 48 miE S0

- T -
GUiBXEZEM ( BAREM) )NRE =R EBBPBHAT”

E A, WHAEERF B FE AT G A0 F B R LA ERAA L AT EF2BF S
BAT A LBBETH =B v BAFSAE R <2013 £ a4 B A S F AR ARE 5000— P B A
FEFI AR L R LR BRI PGCTEHERFFR(AAFFHR)IANZLE =BT BRI,

P B S AR A T 2008 A 3 IR 1R, 2014 42 P B S A HEN TSR AR R R 24
T, F =B T B AR SR AR B B A e AU ) TR K ARG SL(F5000) 7 2R B kR A B 300 AP
SCHAF) A 15 FF 3 SCHAF) 2%,

AR5 5000 (##8 F5000) , & F B A3 3 A4S &AL AT B 2000 445 5290 I 4 o4 B RAATLIRA, §
B P BRI EE RN H SR AR LBA R AL ERT S EEXEE AR RE TR K E
REZWHIRR, AT K AFI 002 R Y0 A, 51 AR B ZHR AP F ey LR K,

(7Tl R F B P 344
.58 -



