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Effects of Cd contamination on paddy soil microbial biomass and enzyme activities and rice physiological in-
dices. ZENG Lusheng!, LIAO Min', HUANG Changyong!, LUO Yunkuo? (! Department of Resources Science,

College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310029, China ;*College of
Land Resources and Environment , Jiangxi Agricultural University, Nanchang 330045, China).-Chin.]J. Ap-

pl.Ecol.,2005,16(11):2162~2167.

A pot experiment with rice under submerged condition showed that with the increase of Cd concentration, soil

microbial biomass carbon(C,;.)and nitrogen{N,,.) increased initially but decreased at a certain concentration, and

the turning points varied with different soil types. Soil enzyme activities had the similar variation trend with soil

Cuic and N, and the turning points varied with different soil types and soil enzymes. The variation coefficients

were in order of dehydrogenase activity > acid phosphatase activity > urease activity. Soil respiration rate and

metabolic quotient increased tardily with increasing cadmium concentration. The chlorophyll content of rice in-

creased initially but decreased then with the increase of Cd contamination, and the turning points differed with

different soil types. Rice proline content and peroxidase activity were enhanced gradually with increasing cadmi-

um concentration. The variation coefficients of rice physiological indices on paddy soils derived from silty loam and

clayed red earth were in order of peroxidase activity > chlorophyll content > proline content, and peroxidase activi-

ty > proline content > chlorophyll content, respectively. Correlation analysis indicated that there was a close corre-

lation between the variations of soil microbial biomass and enzymatic activities and rice physiological indices under

Cd contamination.

Key words Paddy soil, Cd contamination, Soil microbial biomass, Soil enzymatic activity, Rice physiological

indices.
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FEFAAL, SO KRE £ R E TR W, 82 LK
-Cd- 3R 08 A My A EL A F A L8 W T TR A 1 2
EREEBR. ETH, BIR T AFRKEFSNE Cd 4
BN L ARG | SR A A OK R AR AR AR R
M, LA B LA A R (g A LR AR, LU HL A 4 3R
IKFEER RS RE.

2 MRSFEE

2.1 iR RBILIE

R AR WL R EZB R G R HAKR
T (EBEBEEKFAN L) NEFRLEN KB L EET
KFARL), HER0~20cm +, BERRNTEE 3.2 mm
0, & H, HEEARIEAERLE 1 SRR 5.0 ke Y T
FHEMHRTLEE, BT H5 80 cm? X 20 cm MR Z 85,

#®1 HREROERIBLER

Table 1 Characteristics of the soil used

SMEHR I CdCl, +2.5H,0, % CK.1,3.8.15 1 30 mg- kg™ !
(FECdif)6 Tab¥8, HE 3K FAT 4 HIHEN 0.4 g-kg LR
F,0.4 g kg VOB S AT HOEIE, B, BKER 154 E
Bk,
2.2 JKFE#RE

REBIEHI LA ERBERNE T AR
KBHIR 75, I RERIVS £ AR ERREM Kk
T, EKBREH2d, H40%HEB/REWREE3 b,
BREKD SRS, A TRERYEFRLY, R -E8E,
FREFHEP2S CHF 1H, RSEMHBERS . BB H
AMBEBRINEABEK S JIFERIENERES
TEBREH AR BMEFTHGEEAREKE 2 o, BRE
15 d(EHES RSB 0.2 g kg 1IREM 0.2 g0 kg™ !
BMBREATH ZEE 3K,

T pH  BEHLEK BB &N HE-F Cdei RS Cd SR 20 AR,

Soil  (H;0) TOC Avail, P Total N #& CEC Total Cd Avail. Cd Size composition( % )

types (g'kgﬂl) (mg'kgﬂl) (g'kgAl) (CmOl‘kgﬂl) (mg'kgﬂl) (mg’kgil) 2.0~0.02 0.02~0.002 <0.002
mm mm mm

HSY  5.97 11.55 39.57 1.00 14.59 0.743 0.106 65.0 28.8 6.2

HHY 5.12 29.69 10.63 2.56 12.47 0.725 0.036 22.5 57.0 20.5

1) E KL Paddy soil derived from silty loam;2) ¥ £L 84 /K FF + Paddy soil derived from clayed red earth. T[& The same below.

2.3 FEARE

BT /KBERB RO, EATILRSKENE, £ &
EFRBE, MARBEKEHCRTEY, A EERRFRE
MOKEBR1ADAR, EATHREEYR, kBT E4RE-
WAz EHEEH REREWMXZCBTRE. BR, +
WS T KPR 1545, EBRKEMIEMN 30 dRE.
FIERH A ST RS, BIR B MM 0~ 10 cm MR E 1
B, BT RS, AR BB, RARS T8, NE
TIEB A YR CON, IR VR SR B & RIS

FIBT RBARE 3 7, A BT HEED WEE
A, A SRS HERSE T EIyEREE.

2.4 SiHH:

TREA AT R R AR N cd 2R
R KW HEBREL, CdBEEASRA 0.1 mol-L!
HCL BB, Z&MHABPRTFRES AR E TN E; 158
YR C HEHEZ.0.5 mol: L1 K,S0, £, TOC-500
B3 E 2 e i N R E%.0.5 mol:
L1 K,S0, #5, 2 WAL B 52 7% sh 4 sl 2 B L g
WIEABERAZEMNFHFFE.0.1 mol- L™ NaOH BH K
W 0 22 16T s M o R T R TR L R R U R 5 R
BREE AR Ak g AR EEHN TTC |k
BENEE HERSRANRZBEMRER, kak
ARSI AR KRR, ML EENE; T H
A B R AR B v T 128
2.5 FiEAE

SEREIE S B8 F SPSS 11.5 & Microsoft Excel 2000

LT
3 &R5TR

3.1 CdAEXMEEEEMEYE CON KR BEH
) 5% 1]

FEFPE/KRG K DIBROGT, RN HAKE L5
BTG P REYR C PRI Cd L ERE
whnm B, Bl - R EE RN T RE(GE 2). K,
HHKRE L7 1 mg- kg™ VAL HE TR 4R H BT RE,
HEXTBA L, 8 mg- kg™ 'ALFE A H B HI4E B T
HALEEKRE 76 3 mg- kg "CEAFH B TR, H
¥E 30 mg kg~ 'ALEE AT BN GIE B . 2 LR
o, BAIEMEKRE LT AN BEY AR NEHKS
TS EREFB /DR T HIEZIER)E
TR AR EREE . BN EKRE L
REARHERTFTEAEMEKE L, HHHADH KRS
TEZINFEFEREN CdI5HRE HIEMEEERIE
KHE.

2 P AR B N #TTE | mg kg™ MLIEAT
I AE AR EKE L+, HEME C 5H
i N BAS (LR R 25 /Y, T 76 3% 2038 MK 7
WAL, ST EAHL, FEMBEKELF 8 mg-
kg UCEH BT MHIER, ERLIEAEKE LT
30 mg ‘kg VOEAHMEBIEER . L BHKE
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Table 2 Effects of cadmium treatment on soil microbial biomass carbon and microbial biomass nitrogen and metabolic quotient
A TR Cd 2t Cd treament(mgla ™ 1) THE  ERER
Microbial activities Soil types K 1 3 3 5 20 Mean CV(%)
BENE C HS 674760 1,012 75.66a£2.07  68.21b42.48  57.16c%3.04  46.56d+1.19  38.99e+2.84  58.25 21.26
Coielmgkg™ ") HH 895.75cd+ 16.41 924.16b+13.67 967.51a+14.47 924.16b+11.01 916.91bc£13.90 884.57d£16.58  918.84 3.2
BENEN HS 20.46b+1.17  23.46a%0.66  21.16b+1.43  19.41bc£0.93  17.95c%0.45  13.46d%1.16 19.32 17.13
Noic{mgkg ™) HA T2.51e£2.08  91.56at1.11  87.41bx1.54  82.23c+1.08  80.83c+1.24  77.22d+1.15 81.96 7.99
R Respiration HS 9.08+0.13  9.51d£0.08  9.82c*0.11 10.03bc10.19  10.22b+0.16  10.85a%0.13 9.92 5.86
rate(C0,-Cghg ™1 h ™) HH 5.32¢£0.07  5.85d+0.15  5.98cd+0.13  6.15c%0.13  6.416%£0.13  6.69a20.13 6.07 7.5
FRIBH Metabolic HS 0.14d40.001  0.14d£0.002  0.14d%£0.004  0.18c+0.006  0.22b+0.004  0.28a+0.002  0.18 30.34
quotient HH 0.006¢ 0.006¢ 0.006¢ 0.007b 0.007b 0.008a 0.01 1.97

(b7

DR—FRRAPMEFRET LSDRBERLEEKT(P<0.05) The different letters in the same line indicate significant difference atP < 0.05 level according to LSD test, the same below; 2) %

Standard deviation. T 7] The same below.

TR N BB e RN EKRE L, B R RZE/N
FE W E KRS L. 2 T 0 0 0R A P 9 P AL 2
WREH M ZE BT, SMAEYE CON AR E,
HMHKB L RIEARERES THAEEKR
T, ERELRABEFAR(EK2).HE Cd LbHE
R B R, s AR AL KR L B
I, (B 8 mg kg ' TUEXRADE . HLEHE
KiEL A EEABR AR D FEREKRE L, B 15
mg kg MEHABERIIFARE. CAITHRIE, Bk
- R A M AR A UK TR B E R R TR T A 22
i, TEEAN H /KR i SURR TR BE AR UK A AR > 1
AR COMAEYR N> T RIR A RO
PEKRE L P RK S BUAE Y R N> IR 5R B > 1%
AR C> .

TIEBEYR CRHAEYR N, MR RE X
RgHER R LR RS DR b EEREY S
AR MK TE LR BNS RIE EAR AR 2R
ReERE—EWMDAL. 5XRML, KEEHN Cdi5
RELEHAEVE CHREVENFE —CENHE
b, B — B MR B AT Cd MR BER I A X — &
BF S AIEES . Cd B—Fhig R T &, KikE
BEAT (R A AR, I A R R, E Y
Cd MR B4R SE 4% DT, H R R0, SEMT 0] T L 48
wAmmAERDY B CON TER L EN
KPR —F, ATAER Cd 75 Je ff R A
WX R KA AT 27t s o 9 R e
FEHE R EMBUEM BT K BAERKE W
T, Cd {55 L vP I 4 A3 5R, Bl 2 —Fh Y
WAL . LA R YRR BB R —,
VA S B AR AR B AL AR ) B 8 A 0 7 B[] B
P AE T 0 /p . 3 PR 5% 52 B B3l B8 F 3 A &R £
T Y TS ER, TRRTEEZWRE, ™
FEHIEHAEMREEREREBREN Y. Ee

JRI5 5 B i AL 0 RS e, R ME SR
B LR AL, TS BB 38 s

FEEESRGET, TEFUEEDEPECNSG
EHEHNEN CHEREIFEMHE, EFEM CIHEERAE
PR W R AR T R A
SRR A YE RS RN, BN
5+ @y EE s, 25 EFER T WA
A% pH ZE A S ER R B AE (0 S e 45 ) B PIAE G
B, TEEAEY AR RS FHAYEE
LR B, AR EB LAY C EEES,
ST EMEEDEY B L (BRI
LR A A LA R AR R R B, R K AR 73R, K1
£, M F @k w e &AM E SN, BT
T TIE A EY RS, (B rFRRE S A
DA O
3.2 Cd AbEEXT 1 gm0 R e

Cd A [E Ab ¥ A TR RE IR R AT e 3K 3. B
Cd ZbEEVR B X0, L R EG 15 TE A i 3 5R, (B3] — &
VR B I D 2R U 55, LR IR R R K
R FRACOR T A 22 5 . DRI | BR Y B R B KK S
EHE IR RN EKE LT 2317 8.1
115 mg-kg !, MAEH LMK TE L F 5512 15.3
13 mg kg™ {H 2 F 09 AR EE AN K S BEIE R
Cd & 4b 38 o 359 =5 F % BE, T B2 1t 5 MR B 15 1R 7 30
mg kg MECEERHBMEER . EOEHKE L+
Cd ARALIE M HIEEE Y S F R M EKRE LN
A5 REORE, 2 PR W LR IE RN Cd V5 B
BURFREARIRCY . it 2055 > R YL B EREE > BREE .

TR S IR AL RE Y] LI — g
B W, FFMB A —R S5 BT R E
FHEERR ). — BB HKBRAES W, ZKFEEMw
IEEhATCEE, BT R 5 IR M M AR AL AR
HA—F. LEEEEN NS ES B REERF
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Table3 Effects of cadmium treatment on seil enzyme activities

T R i) Cd 2 Cd treatment(mg-kg ™ ') FHH EREN
Soil enzyme activities Soil types K 1 3 1s 30 Mean CV(%)
i3 R HS 0.33c+0.01  0.34c£0.01  0.37ab£0.01  0.38a£0.02  0.37b+0.01  0.35bc0.01 0.36 6.60
Uresse HH 0.53¢£0.02  0.55bc£0.01  0.56abct0.01  0.58ab+0.01  0.59a£0.04  0.58ab+0.02 0.56 4.88
B REE HS 1.03b£0.09  1.32a£0.11  1.16ab+0.12  1.14ab+0.10  1.13ab£0.08  1.02b+0.11 1.20 15.31
Acid phosphatase HH 2.61c£0.15  3.10b%0.08  3.67a#0.16  2.73¢£0.07  2.67c+0.11  2.23d£0.08 2.84 16.90
L2 HS 0.12c£0.02  0.12c20.02  0.15¢40.01  0.20b£0.03  0.24a£0.01  0.15c+0.01 0.16 30.06
Dehydrogenase HH 0.18c£0.01  0.31a£0.02  0.33a£0.02  0.26b£0.01  0.25b+0.01  0.23b%0.01 0.26 20.38

)RR B0 Urease activity unit: NH; " -Nmgeg ™ '-d™ 1,37 C;2) R BER M35 18 i Acid phosphatase activity unit: Phenol mgrg ™ +d ~*,37C +3) 1 2% 1 8 ] Dehydrogenase activity u-

nit: TPF mgrg ™*-d™ 4,37 C.

R4 Cd bIBX KA EIRIEHRE RN

Table4 Effects of cadmium treatment on rice part physiological indices

é&%ﬁ: iﬂ@sﬁ Cd&J:E Cd [reatment(mg'kg_ 1) "T‘i'i]fﬁ ER/‘?‘\&
Physiological indices Sl types K ) g 5 2 Mean CV(%)
HRRLR HS 4.38°£0.16  4.47°40.13  5.33°#0.13  5.56%0.11  4.94°£0.19  4.41°%0.11 4.85 10.24
Chlorophyl(mg-g ™ ! FW) HH 4.64bc0.17  4.76b+0.16  5.33a£0.11  4.66®10.08  4.47°:0.14  4.46°10.31 4.m 6.80
hEMAR HS 49.47¢£0.83  50.56°10.47  53.66910.54  S6.66°10.45  59.32°+0.76  63.98°+0.76  $5.61 9.36
Proline( pg-g ™ 'FW) HH 30.69°40.82  40.00°%0.59  42.28940.84  44.35°%0.83  47.86°£0.63  51.55°%0.47  44.29 9.99
A ELYEERE POD HS 134.52°£1.00  138.03¢£2.75  160.519+1.00 167.04°+3.33 183.01°£3.09 216.53*%3.33  166.58 17.24
(0.Dyzg g "-min” ' FW) HH 192.01°+1.76  216.01°43.06  232.53°+2.00  258.54°£2.25 262.03+2.02  269.03*#3.18  238.33 11.97

FE—E WA C L 122) T R R T R Y MR A I &
FERTIEZTEER S RE RN s SUR R,
RE A% UK Y 2 B B 2 B X - SRR S YR B
7120 ot U P O I 5 A R R A T LY B4
X R A B R Y B N BURR M S AR IR B
KRS LN E, FEMHEBT CdI5REEK
ST HEREENTL. ROEEKB L L
EREEMHES TERHKE L, X R RO E Mk
KBLHENERGEE BES, TEXESREY
W RET B, NTTREIR T Cd V5 B A B R4tk
Ay i1
3.3 Cd ALFEXT/K FE AR 43 4 TG R M o
KRR SR Cd bEREMINELHAE
T, HET S EERHAB I PHAE S mg-
kg b, W ELEFGEEREE AELEY
KEMHEZEESRYETXRGE 4) FEELEEK
o, KR AN 3 mg kg '40FE, 8 mg-kg ™ 14k
BHEEZRAEE, 215 mg kg M EEE T
BM2MtEMKBYHEEERERALR HEHR
WHAKBLIHFERRHERZI KEH FPEE
B & REEE Cd 4b 72 ¥k BE 3 R T 2 8 38 m, &% 4 38
HEREE BMEKBLIKERERSEST
HAEWKE L, TRAJE 2 I EPERAK.
KR fr At AL B G PERE Cd BRIk KB
BT, HE OB ERREE (R 4). HaOEN
KB PoKFEs AR SRR, BT R R
ANCNRIETT D, Cd 15 325 /K38 A B 1R 1 U 7R

BB FOKTE £ ARk St E AL B 1A 1 > g
ZER>BER S f; HOIEHAR - kR it
ENBEEE>HERSE>HEESE.

Cd 5 3L 5 /K T8 40 M P VR UL Cd2 ™+ B F R ALAE
E5REER OREHRPMGESE S, MHERE
REBEHFHLETE (CET M . Zn?* I
F ) FEAEM KRS FHE WA, BEEERRL
FERERT, TRARMNEFRESRE, X2EERE
S EHEENEERED cl i Sy A
FeE I E, W] LASR RN H 0 R A AR A K, T
A KGRI R B TR Van Assche 210
H, KRBT CA2* M B 5 R BB RS IS
.

HY A S RE RS BRIy R
AR —Fa AR . BT R R AR
FF T BB A 345 i R B, AT B SR AE 4 3 5 e
(3 Y Y, TT AV M 4RSS R R, B
A W) o T B RO AR S e B PR TR Al B AL SR TR
el FEEBEREEENIIME. Bk, ME Cd
AEERR B WA, KRR R R R S W £, 8
IR A (R 5 0 O A A N SR 4 R A 9 B K
B AL A B I, T XT 4 A& TR VEH,
/0 B SR A T 5 R E ),

FEAYBERDENTZEE, FAEE
A, XTI R Y R 8, S L AR
it 326 45 g B I BN, R R B AE b R IR S B
ST BRI R BB R SR BRI
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Table 5 Correlations between rice part physiological indices and soil microbial biomass and soil enzyme activities after cadmium treatment{n = 18}

F A KA A 4T AR C WAEME N LR R B [ Red7 g e
Soil types Rice physiological indices Cic Niie Respiration rate Urease Acid phosphatase Dehydrogenase
HS HEREEY 0.08 0.16 0.13 0.79** 0.06 0.54"
MEmEEY -0.93"*  -0.85"" 0.98"" 0.44 -0.08 0.52"
o SRS ~-0.92"*  -0.88"" 0.97°* 0.38 -0.11 0.43
HH HRESTE 0.80* " 0.52" -0.29 -0.26 0.87"" 0.70* "
MEREE -0.31 -0.26 0.93*"* 0.72** -0.54" -0.13
ot AR -0.04 0.04 0.95"* 0.80"" -0.31 0.14

1)Chlorophyll{mg g~ ' FW);2) Proline(pg g~ > FW);3)POD(0. Dyzg g ' 'min ™! FW). * P<0.05; » » P<0.01.

PIZ KRR EERZ —, REVEBR M A 09 B e, B 1k
IR S, BKFEEE] Cd 5 RIG, KREAL 4
T BRIG TR EHIRE I 2R 2 7, PR & & RERg i, R
fig 1 AL £ R INEE, AT 06 & 7 2 T R, A BT
R, BB AR
3.4 AEHIERS LBV E YR R R
I3 &

Cd b BS/KFEM o E R 5 T | =W A4
Py K SR I YR A OG5 A N L AR BUR [ T &
ER(RS) EEMBEKE LY, KEHSRERS
TARREE N SRS B R A e, S H AR
AR R AR N B K RE e R I &R & R
FhEEES L EMEYEDR C N BERF R
IR, 5y PR AF FIRE R B IEANR, 5 1R
BHE A R AR

ERLERKE LT, KBHERSRELE
AR CON R RRYEBERR S I S/ 1S 2
BEFEIEMX. KB BERS RSy
55 5 iy P T 1 P 9 E R DR BB U R B IE A
x, SBRAEBREEE R0, 5 HA RN
L N

Cd V5 R K R # T ¥ r w H R BUE W 18 B 3
7K R AR oy A B AR R AR AL, X R g R 2
FIBER A H U EEE R KR L, LRE
BT & N Btk & B8, Cd 5 R EMHE R
o, {5 32 BR A Al VR R S B B 1 VK R A B AR AR
(MdEAYBEEAMER S ES LM EN R
TP VR R AR AR, T S LR U K R AR
BAR TR (W R B SeE . hREs n) (2
RFE KR, B S B RERE (R A L M L S AF A, —
EHEHTF LR NG FHTFABEHERNE
R, SRR SR RS M, fE R AR
KRG+, BIRENRRAR S B Z,  Cd 5 RE
VR BAE AR, X R A E el
I, i AL REEE R R E R SRS TR Y
B CON A/, Cd 15 B s T 1 e 0% 45 F F ok

FE Y L AL B e A, (R (K 78 Al BR A, (3 —
BRFILAR. DEAEVIR L2 N L, L E B 1
S, HEIT KA RBREZY N, AR S K
MR R REBREB A ME T EEN PR P&
BEU2) R FoK R KRR R M A

4 &

KRR DIEEKMERFMAT, NEES
J& Cd V5 S 3t R A 4 TR R oK RS RN AR
B RE R A, B CON FHIEH
Cd AbBRMR EERE I B 7, Bl — 2 iRk BEET 3 0 R R
Heb, EERBKBE LT, 1 mg-kg™ ' A HE A
5,8 mg-keg” VAbFE PR AEAE R AR B ALIEYE KT
trb, AR B B0 3 F1 1 mg-kg T AL B, W V5 A
4504 30 mg kg VA1 >30 mg-kg” VAbHE ;2 Fh AR
7 PP TR VE P 58, BE 0 4 0 0 B A BB MR BBE M O TIT 2248
AN, Cd A G W BUBTRE, R BEKE LA
REHE > HEYR C>MAEWE N> HEFTE
FEFE B LK S A | N> R
A >R CO> .

Rt R T A B Cd Ab FE M B HG hnT _E A
Bl —E W AT R N T RR . DREE L BR L B R B SN AR
TEHEE M R SR AR E L B KR L o 2
8.1 fll 15 mg-kg ™", W 7F & L0 8 M /K G 1 P 4 31l 2
15.3 1 3 mg-kg ™' AH 2 i 4 3 A R BG 0 L 2L BE 15
PEAE Cd 5 4b 38 o 2 & F X IR, T R A Bl BR B V5 1
¥E 30 mg-kg " 'AbFEETH BUIIEIEA 2 LN
BRGNS PEXT Cd 15 Y i) U B A LB > TR
YEWE EREE > IR .

Cd b EKBHEETREENNELFET
B, R S BN A KB P HHAE 8 mg-kg™!
Wb, B KBRS RS TR EE
STARPE KRS+, B A N 3 mg- ke 07, B 15
mg kg MCHEETHZESBROK TR WER S
B S YR E LR Cd 4b 2 vk BE 38 X W .
Cd 5B e KRG A AR A BUR R BEAE AN K 7S
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AR S E A EE > MR E S B> HER
BB T2 LD KRS P AR s AL A B I
SHERSH>ITEGESR.

MM, Cd AL T2 S, TE 3 | KRS + o
KM RESRES LEREENEBEEEEEE
M EA I E T R R R A RS SR
B CNEBEFME, 5-HErrg e 2 8% EH
X TERCIWIKRE Lop, KGR E SRS LI
R CN, TR R S E R B
EAR T BB E R E R &5 LR
V6 FI BB E R IR B HE 2 B IE M2
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