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Effects of intercropping Sedum plumbizincicola and Apium graceolens on the soil chemical
and microbiological properties under the contamination of zinc and cadmium from sewage
sludge application. NAI Feng-jiao'”, WU Long-hua®, LIU Hong-yan'”  REN Jing', LIU Wu-
xing”, LUO Yong-ming”* (' College of Agriculture, Guizhou University, Guiyang 550025, China;
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Processes, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003,
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Abstract; Taking the vegetable soil with zinc- and cadmium contamination from a long-term sewage
sludge application as the object, a pot experiment was conducted to study the remediation effect of
Sedum plumbizincicola and Apium graceolens under continuous monoculture and intercropping. With
the remediation time increased, both S. plumbizincicola and A. graceolens under monoculture grew
poorly, but S. plumbizincicola under intercropping grew well. Under intercropping, the soil organic
matter, total N, extractable N, and total P contents decreased significantly while the soil extractable
K content had a significant increase, the counts of soil bacteria and fungi increased by 7.9 and
18. 4 times and 3.7 and 4. 3 times, respectively, but the soil urease and catalase activities re-
mained unchanged, as compared with those under A. graceolens and S. plumbizincicola monocul-
ture. The BIOLOG ECO micro-plates also showed that the carbon sources utilization level and the
functional diversity index of soil microbial communities were higher under intercropping than under
monoculture, and the concentrations of soil zinc and cadmium under intercropping decreased by
5.8% and 50.0% , respectively, with the decrements being significantly higher than those under
monoculture. It was suggested that soil microbial effect could be one of the important factors affect-
ing plant growth.

Key words: heavy metals contamination; Sedum plumbizincicola; Apium graceolens; chemical
effect; microbial effect.
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EAER, B TIERARE” U AHEEREM
YK EFRYR, SRR B — AR
iR BR, BRI M EERBNESRES
15 Yy, 4 TR R IS YR R BRI
Gttt R, REBHIER Y Cu M1 Zo BIRE &
BB T E, 4 5555 486 11450 mg - kg™ T
Fe X2 3 A REIG KA ISREBIR R
W, ERTESBAKESS, KA Zn @158 E
FARHET. 4 5. P EE AR UHLZ AN RE 2
MHATESRBSRANBEERNT .

PR 5L K ( Sedum plumbizincicola ) F—7Fp Zn .Cd
WIREEY, A4 REEH AR KENR
AV T 3 (Apium graueolens ) 2 — AR 85 BT 48
Zn Cd JTLE(BARXE R M - 3BA B B 3 /E
B, h AT J R R ATI5 R R R e SRS
A BEAEMBEEERE AR, TEERIHNEBERE
B AR BRE "R R, FHAE X (Zea
mays) 5B BHEY R B R K (Sedum alfredii) BAE
XF R RHETER, EAFFRFH Zn Cd, Cu ¥
EHFSRE I ERE, BABERRT In Cd 1KE
BEWE, R Zn REEAT) 9910 mg - kg™ R E
SRR, 5 EKF KD (Glycine max) [BFEH
A m K L3452 %d Cd.Pb,Zn K BEAEH

1.68 ~ 1. 871%. ABARMIBI R LB, EEBE K

B, SR AR R B PR R KT SR S
HEFRERRIAR, MEELETHETFX
HRIER. KRS IR &, BB 7S 1R 4
FRAg3EHN, 135 b AR RO Z R D, T R R ST
WA TR BB B R B, B P G R
RRE3E I, RF B E SIREHE 2 UK, AEEE
SREHEEEIEM X MY B2 SR RAET
R, Horh DA MR RE RIS TSR LUK 1 A
TEPER AL i IR R A’k AT
X2 A B IR PE IR RS B R R IR A
SR SRS TIE , 3007 LR YRR
B ReAl, A0 8 R A 2 0 T 5 LAY
ARARHEERRE, AT SRR ELEREREE
&R TS R KR

1 #R5F*®
1.1 408

A R BT HE KA RSB
PRI, 0~ 15 em 2 +IERT 5f 2 mm
Jeleif, % F. £ pH A 6. 70, FHLE 62.1 g - kg™,

SRR BRI 2.86.4.36 [129.4 g - kg™ 54
B4 BN 0.57 M 606 mg - kg™ BERRELIREUSAR |
B4 8. 02 g - kg™ H110. 6 mg - kg™

MRS B S, M B R RK AR
B RT s LA SRRk B #LIE L. FRAE R
EAMEIERTEETEE, BT RREER NIE
A RERE -E2HRENFaRTE N, JPHER
ZEFBIITET  FOE KL 6 FEME, Pkt
KabH K#B B BELENEFERATTBR.
1.2 RAEiRit

R ABAERRINRE AT, 304 M, 251
H: 1) AFMAEYIX R (CK) 52) 7 R KB AE(Sed) 5
3) FFIREAE(Cel) 34) fEF R R 5 AR (S+C).
RSB ER 15 cm 5 10. 3 em, % +
1 kg(PtT5), B4 REE, L 16 &, FEHLHE
5. BAEG AT BRSNS 6 #, [AEL
BNBEMET RRATFES 3 #4, BIRMAE N
2010 £ 6 A F 2011 £ 9 7 F R F &S
BES K. BE S KERLHEF Zn Cd 28
5|52 : Sed ZbFH 534 F10. 34 mg - kg_1 ;Cel AbFH 569
#10.40 mg - kg™ ;S+C 4bFE 432 F10.36 mg - kg™

AIREE T 2011 4E 12 A 24 AFF R P A S
AL K 18,2012 £ 3 ARBRAEE/AY 4
KHEEMR. 2012 4E1 A5 HF3 A 22 H4rBikiE
M, B —KABREREO0.4 g R S 0.2 g; 58
“WHBREIRE0.25 ¢ BR A 0.125 g, iR
£#10.125 g.

50 i F RE LS8 2 2 T 3850, B R B F k1R
RHEESKEAHERKEMN 0% 4.
1.3 #HEARESLE

RETF 2012 4E5 B 13 HUsdk, REMYH
A AR MY R RIS B S 45
FBXK . ZBFKBER,105 CAF 30 min,80 €
BT RE, MR, EH. SR T EERIRS  CRE
201200 g BEEE RS AT HAS P, S B F L5
B —WRAET 4 CARES, AT BRI A
E B R A R E R R E , RIA
4y HEXT T 10 B & 100 B R i, & A.
L4 WEHE
L4.1 Bl e #-5KEUKTHE
pH HHLET B33 SRR (A A 2L
L8 RS B(EERAM) T HTIE, SR
P+t TR, 3 E &R 28 KA HCL-HNO,
(s, (RFRE 4 ¢ 1) 4k, BERR RS Zn Cd



1430 R

H &

24 #

K1 mol - L' NH,OAc(pH 7,1 : 5 L+ t) Big,
JRT T U 43 36 6 B 1t [ Varian SpectrAA 220FS ( :k
1) 220Z (A B4 E. FeHEzs g xR, IR A
EERRES LB GSS4 #HATa B, il e
G5 SRIFEAR ) VR B TR R .

1.4.2 ERBASEHIBmEENE SEhS
BRI E S, LS 7 L BTl #EA9 0. 002 mol - L™
KMnO, I Z R IR R A B - R ARA LA
¥, 24 h 55 NH, N 2R
L4.3 HEMEMEEFENE HEMEHEE
W K AR AR, A RS REEAR
BRESEF ERRASGTREFREER (8
1000 mL}EFF A0 1% FfNFLLL 3. 3 mL, /i 1% 4
HBE3mL)™,

L. 4.4 T A Y BEE 2R BIOLOG 047 7
EHBRESE, BRBEL 107848+ EHBR
150 uL 43518 2 LT i ECO BP9 96 4L
H1,28 CRFMBEESER 1A BR 12 0 &
ELISA P #4038 i —w ™. LBk
BEAWCD = Y (C, - R)/31, . ChE i MM
WAAE; R 3t AL MR e E. RIS HEERE
H ==Y PlnP, 5w P RS i AN LA AR G
SEA TR R S AE HE ™. Richness $§
BN C-R{E, A KT 0.25 WFLE™ . T REEY

i ZHEMER) McIntosh 88 U = ./ z n’  Hrh n K
5 | FLEAEXT OB .
L4SHEHYESREENNE #HY2E In.CdX
Fi HNO,-HCIO, ({4 48, R FR I 3 - 2) iH AL, [T
W e T E . RIS BXT R, R A E &R
WS YR GSV-2 47  priE s, W& 4 R A
HEY) VR BE T L .
L5 BELHE S

% FA Excel 2007 1 SPSS 13. 0 8 {4 5 4R #E 47
MR, /N B EF 255k (LSD) #iT B & X
FHE (a=0.05).

2 ZERS5HWH

2.1 AFELEHEYAEYE R LR RIRE
R IRIT T ELBE 6 Kg, HE(S+C)
HHEAET RRAEYERES TV R RXEME
(Sed) b3 (P<0.05) (£ 1) , RHAFXEHI BX
EIER FWIN T RRNAEYE; B 81k
(Cel) HRWEAE (S+C)FHERKBARBHAEY

®1 FELEBARSHEFEXEEBEMBNTINES
BRE

Table 1 Shoot biomass of Sedum plumbizincicola and Api-
um graueolens and soil total Zn, Cd concentrations ( meant
SD}

Vi ENEYE THE LR
Treat- Plant biomass Soil total Zn and Cd
ment (g pot™") concentrations (mg - kg™')

T RX ¥ Cd In

S. r’ bizincicola A. gr '

CK - - 0.57+0. 20a 601+23a
Cel - 0.21+0. 10a 0.36+0, 03b 551+4.3b
Sed 0. 5810, 24b - 0. 34:0. 08b 50519. 5b
S+C 13.613. 5a 0.20£0.03a 0. 18+0. 05¢ 407+12¢

Sed; f£8" 8 K HAE Sedum plumbizincicola monoculture; Cel: ff 3 B4E
Apium graueolens monoculture; S+C: f£ 5 R K 5 K ¥ [H 1 Sedum
plumbizincicola and Apium graueolens intercropping. [&]¥| A [6]FH %R
AbF a3 7 5 % (P<0. 05) Different letters in the same column indica-
ted significant difference among treatments at 0.05 level. - Tt 4K No
harvest. T[] The same below.

BAEE /. 1R S WEE SR, BAEME LT 7
KMEFREYREHA TR TREBE, XAk
BHTELEESBEP B T RUMEESN, T
BB KRR, AR T, a4
FrREMEB/N, TRREARRE AT R RER
B, TR IR TR AE KBS By &
IR

5AMEYE CK AL FAH L, PR B 1E (Cel) |
T R K BAE(Sed) FEF R R 57K RIEALH (S+
C)+8 Zn Cd IKEHE TGS, T RRXEHE
EfEALHE L4 Zn Cd £ B B ERK, ELBHE 6 £
fG, L4 8 Cd % E 558 CK FE1K 36.8% .
40.4% .68.4% , &= & Zn Y& & 4> B BE 1K 8.3%,
16.0% 34. 6% ; HEES 6 WBE 57T WS
YetifEep Zn Cd, 1328 Cd #1 0.36 mg - kg &
ZF0.18mg- kg, 2B In {432 mg - kg FHEZE
407 mg « kg™, 4B TR 50. 0% F1 5. 8% . k&>
MRERU T ZRXG/DEEEREFRS T/hEFR
FAAFRI AR, H - SBHRAIB IS Zn Cd &
ER/NEZREDERS, KPR MERE Zn A1
Cd 4R 110%.
2.2 ST EXH - RRIE

[EfEALEE (S+C) ™ F K H L #8 Zn Cd ]
W B E S T RELRE(P<0.05) , HiEEL b
S ARG Zn Cd RIRE K T Fr S B /EAL 78 ( Cel)
(F2). TR Zn Cd WKEE 537K 0.015 A
49.8 mg - kg M TFTERHEXR B4R (C
0.2 mg-kg"' Zn 50 mg - kg”) , RUHFEEMHD
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®2 FORBEMNERSHTER L LBE RRYGE
Table 2 Zn and Cd uptake by shoots of Sedum plumbiz-
incicola and Apium graueolens in the 6" remediation
( mean+SD)

i3 #HY Cd Zn
Treatment Plant (pg - pot™) (mg-pot™")
Sed TR K S. plumbizincicola - 0.20+0.08b 0. 58z0. 24b
Cel ¥ A graueolens 0.24+0.13b  0.27+0.02b
S+C HH A graveolens 0.17+0.12b 0. 10+0.02b
S+C BT RK S plumbizincicola 108+13a  21.7+1.8a

B RAEREA] AR FEAET ] RN Zn 1 Cd 1R
e, BT A M I E A B AR B, /e 3
(S+C) R 2 K LB A Zn  Cd T U E 4
B LD B R AAEAL Y 150 #0137, 4 4%, B jEl /R4
H(S+C) 3 6 KIEEMAT BERXNELBRREE
HERE WS 50 KESBRBREMY S E
iR, AU B E R BB BEYNELB R
B, B A TR R, AT
FBAEFNBEEMER.
2.3 +HERHRNTL
F—HEYBERRZIT TEEMEERE 6 K
f5 & 4b ¥ T A i R AR TR B BB AL, & 4b 78 pH
SR+ 38 (pH 6. 07) A8 LB B REAK, X T 6B 5 16
BRI TR 5 4 R A M BR AL A . &
R B SRR B EER, BERA IR
W g, SRR XY B8 (CK) kb BRAR H, , R #E
R 3 M MR A B B ERE, X
3AMCEBRIEELR (RS, THEH TRYEK
HHRAR SEREY N R E R ER— . [ 1E
S (S+C) HEEN B SR EES THMR LM,
TTRE R TR B AL B R A K AE AR, i fE 4
X4 O TE AL WOVE P BT BH. CK Ab 38+ 384 1 RUB
SESMHERYK 3 ST L B, N R
RE B EER.
2.4 TSR REEE R
[EIEARTR(S+C) LA AR BE & T X 8
(CK) Fr3E Bk (Cel) MELD 8K H4F (Sed) 4b 3

£3 FRLBAFTROELHERTL

(F4),00%19.0.7.9 M 18.4 5, EREBE. ¥
SEPE(Ce) B RHAHBBEER T CK M
Sed. [FI{EALH (S+C) T IMERBR B ER T CK,
Cel # Sed Zb3H, 435 75.1.3.7 1 4.3 5. CK &
HEKHRMEY, EEBEEZT Cel M Sed
A3, T Cel Ml Sed ALHZ BIERA B E, ULA T
RRMFIN R AT EEB RS, AEAL
MEAMAEEEEE S T RELHE, AT - 5
HEYIER S HRE ARSI A K. SR AE) £
EHAYBEEERTREELE(S+C), T L%
PR, XA REREMEY E KN ER A2 —.
RREMERBIRER, K E N EE LR
o 24 B 1 L 2 e 52 A A PR B 388 o T K O
L DR P R R, AR A R R R
ARSI SR IR BB R, R )
J& , TEPRE BRI EAY RO AR A
.

PR — MR RE B, BEK AR DL TP RORKER.
TR S LB EY AR S R EIEMH
5, B DL RS TS MR R AL LR AR
B B R A WL A A AL R A
TR S EAL AN RR SN R A
FEER, SR EMh R PR AENRA
SHbYrE A LU B A S @K AR, T
Rt E A ENEE AR 4 TR, AR
Ry CK AbFE AR AR A SIS P B, Cel \Sed A1
S+C 408 A R B % 4 8 B 22 57 s Sed AL BT
FNHEMmEEEER T S+C 43, M Cel 403 + 3
HELEEE S Sed S+C XERARE, HH + 5
WREHEVE I AR B EEAKRERARM EEIR
W, TS A S A AL T BE R oM T R
RPLELLIR T YR K.

2.5 TARGAAEWREE SR BIOLOG 4t

AWCD HE R B FHREERN, B4
7 e A AN AT B IR, B30 €0 B 3 T DA S R o A ) 0o gk

Table 3 Changes of soil physico-chemical properties in the pot experiment under different treatments ( mean+SD )

it oH REE AR WRR | ERE  ERE | 24 e Py
Treatment EC oM Available N Available P Available K Total N Total P Total K
(mS-em™) (g-kg”') (mg-kg') (mg-kg') (mg-kg') (g-kg') (g-kg') (g kgh)
CK 4.32+0.05b 2.89+0.70a 59.6+0.3c 2375x143a 226+25b 930+37b  4.17£0.10a 6.4610.11a 22.2+0. la
Cel 4.27+0.01b 1.06+0. 10be 71.8+0. 5a 1244+ 14c¢ 277 +6a 420+27¢ 3.35+0.06b 5.90+0.47a 20.1+0.1b
Sed 4.36+0.08ab 1.65+0.10b 63.4x2.4b  1878+52b  257+21ab 630+47c¢  3.42+0.05b 5.94:0.47a 20.9:1.4b
S+C 4.48+0.03a 0.58+0.03¢ 55.1x1.5d 616x161d 214+22b 1308+198a  3.00+0. 10c 3.74x0.59b 20.21x0.2b
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Table 4 Quantity of microorganism and enzyme activity of
soil in the pot experiment ( mean+SD)

3 AEBE ERNE WRAEE Ak
Treatment Bacteria Fungi Urease AEEN
(x10% cfu - (x10° cfu activity Catalase
g g (mg-100g7" -  activiy
24 h7h) (mL-g™)
CK 6.27+2.10¢  0.020.40¢ 451+142b 1. 6310. 14b
Cel 14. 1+2.5b 3.7520. 16b 678+18a 1.92+0. 55ab
Sed 6.47+1.52¢ 3.37£1.87b 790+9a 2.18+0.04a
S+C 125+51a 17.7£10. 3a 737+63a 1. 36£0. 20b

FEHR AR, — A AWCD HAELIE BB K/
FEmBABRERERERHE S, MEARENME
PR N LT LUE t, F AL ) AWCD fg
HhndGE , R HB AR REEE S, SEY FEER
B AHEZ T, CK 2402 R A MRS E R AR £
EAEYIEEAUZ SN AR HAE LR 0, T
HZ YRR WY R, AR BRI B E
B + R Y RS AECR Y X R A R
RAEY), AWCD {[E8K; WS AT 7 KRB /EL
HE YRR Z U B LRI AL, UiEA 5
RIVERE LG, ELL e LI MAYR R RE THEKR
A e AR O B R
B3RS ATLUE S, S+C A B A + T/ A YT 68
ZFME Shannon 850 (H') Richness $8%(S) .Mcln-
tosh 5% (U) FEEE T CK . Cel #1 Sed 4b38, 1351
AR S54SR B e LA i SRR, 6
R T RS R E B A A R B R
YRR ; Cel F Sed 4038+ BRAAYIRY 3 BT
BERAUR. WA ESEYEEORT +HiHE

1.6
[
r

—_
S

T EILWCE
5

Average well color development

e e
= "

04+

et
)

O il O

! et

24 36 48 60 72 84 96 108 120 132 144 156 168
Bt 15 Time (h)

B1 RFE4LE BIOLOG ECO # 4R iy AWCD {4 it 6] i
e

Fig.1 Change in AWCD with duration of incubation in BI-
OLOG ECO plates under different treatments ( mean+SD).

Sed: £ 8 K HAE Sedum plumbizincicola monoculture; Cel . /3 BfE
Apium graueolens monoculture; S+C: B B K5 K K H E Sedum

plumbizincicola and Apium graueolens intercropping.

0 .
0 12

£5 TEAKENBHIMUEMEEESHEEEN
®u

Table 5 Effects of different treatments on function diversi-
ty indices of soil microbial community in the pot experiment
( mean+SD)

AbEE Shannon Richness Mclntosh
Treatment EHH $E¥D HHU
CK 1.51+0. 3¢ 0.44+0. 19b 0.2410. 10¢
Cel 2.25+0.05b 5.00+3. 00b 1. 740. 50b
Sed 2.13+0. 15b 3.7842.27b 1. 36+0. 26b
S+C 2.75+0. 11a 15. 60+4. 60a 6. 78+0. 49a

YIRIFREE RIS R0 L BB B 1L, B PR R AR A
ATHRMEY SR TR T — & PR,
1Ml CK &b 28 4 SR AE e FRE V& 2o MR U AT A
Bl T HRFERMEEY, REESMEY 0F

MRS, T EMEMFEEE TR
3 i @

BB FRIEAER A = AR T £ I& A,
RN R YT £ F 2 KR ERFENE K
FE NTREEY=ED . a4 BHERBH
Y5 EEYEfE, TR R S B R B
BMELSBREAE. AR AN, A ESEM
EHYET R REER BEREGBHEEYET R
KBEREREENE, AELEYE Y
RRH EEA Zn Cd R E 2 589 R KR
LbFRRY 150 F037. 4 45, [RIVEL T £ 38 Zn 1 Cd
W77 B AR 5. 8% F1 50.0% , F ERELBE 6
WEHET FRBEL AT R REAAAR AL
YrEdeE /N, mEELEP AT R XK ATEERSHK.
HERES " HRER, SREMEKNIRED EH
MTABRR L Zo M Pb HEE,Zn LB HHR
VEAYBIHEIN T 13% F1 22% , T Pb H B /E 43 548
11.5% F124% , 5AR B 45 B —5.

HY R ESME S N BEERER, §ASEE
SRS AL B | B 0 B N5 1 4 2 A B [
AT K ER B RERARMER, L EHE
PEAR (b SR D8 A 4 PR BBURE B ) 1+ BRI RS T
M5, TEES 5E IR EREERE R, 215
A YIS SE AR, FOE M AT AR Y R AR Y T R
ZHVERIIENS, FE—ERE Rt H AL S YR
AL BT LI R R, RS R R
s, 13 Ak BB AR A o B E R (B
BEATR S, AFEDH CK 403 IR E fid H ik
SEEEMERAR, T H At & A HE (] AR EGVE M WA B F
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#E 5 ;Sed L IEHITEMLEEE B ER T S+C [AEA
AL E R LR EER, AT TR
WELERE S AMEEY R CK AR A TIEL
BIRBHEER B E L, M S S B E A
AR STy T REELETHYWERKA
=

REMRE RN, EERGRH FEYKBE
SIS B YRR Z BB, B 2R
PEAKE T, RS TT H EE Rl D, R IR A
WECESE I AR A, S+C AEAL RS £
HAEHBES Cel 1 Sed ALFEM L4 E 7.9 A
18.4 £ AWBES 3.7 M43 45, LELAESH
40 T R0 BT A R A B R1FE 4G B B B BRI BIOLOG
R R, RIYEALET T B YRk IR A FaE T A
Shannon 3§ % . Richness #§%{ . McIntosh $§ (% ¥ &
EE TR, M AR 7 R AL H A3
A TR 2 REE B B L RIVE AR AR, U B 5 E] MR AH
b, S BN X R AL TERZ,
A YR EERECE B B REAR, TSR AT 5 K H) 4
AR VR AR A 3. BRI, Fr A R K RME
TR AR E R EE™ N E
R, T - AR N AR Ak T B R B T SR AE A AR
KMEERAZ—.

4 5 #®

ABFR GRS HRER R A
FRREFEEERABRAAFBRNERET RS
. A B R WERSE, AR B AR A KA
B, TR T A R R A KRR, ST SR
O RRBIEAALL, R B L IRIF B EFRE, £
WHREMAERE D ER TR RELE, HR
A S E MR R A A B AR e, BRI T £
B AEYBRER AR MY SRR B ES
TR B /EAL BT 138 Zn A Cd W B F
REAK. UL, A R RSB E AL AT B R R 1
T ERXEREAS RERIENERHE, MA
AR R 1 TR SE AR R B AR

B
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