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Availability of different organic carbon fractions of paddy soils under two heavy

metal contamination levels

LI Yong-Tao', DAI Jun'", Thierry Becquer’, Cécile Quantin’, Marc Benedetti', Patrick Lavelle’ (1. College of Nasural
Resources and Environment, South China Agricutrual University, Guangzhou 510642, China ;2 Biodiversité et Fonctionnement des Sols, IRD, France;3 Université
Paris Sud XI FRE OrsayTerre 2566 Bat. 504 91405 Cedex France;4 Laboratoire de Géochimie et Métallogénie | Université Pierre et Marie Curie, France). Acta
Ecologica Sinica ,2006,26(1) :138 ~ 145,

Abstract: Biologically active or labile fractions of soil organic carbon are vital in understanding decomposition potential of organic
materials, nutrient cycling dynamics, and biophysical manipulation of soil structure. Proportions of dissolved organic carbon,
microbial biomass carbon and mineralized carbon in total organic carbon are served as sensitive indices of soil organic carbon
availability. However, most relevant work over the past decades has focused on forests and grasslands, with little emphasis on

quantifying active carbon pool fluxes in human-dominated agricultural systems, especially on heavy metal contaminated subtropical
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rice field soils.

We investigated different organic carbon fractions in paddy soils under two heavy metal contamination levels in Guangdong
Province, South China, in order to compare and assess the availability of soil organic carbon substrates under long-term heavy
metal stress. Our results showed that the contents of total organic carbon (TOC),0.5mol*L~' K,S0, extractahle organic carbon
(K,50,-C), microbial biomass carbon (MBC), mineralized organic carbon during 1 ~7 d (CO,-C, _,4) and 8 ~ 28 d (CO,-
Cs-4) of laboratory incubation were consistently lower in highly contaminated paddy soils than those in slightly contaminated soils
(p <0.001 in all cases). In contrast, availability indices of organic carbon presented different trends. Compared with slightly
contaminated soil, highly contaminated soil were revealed greater K,SO,-C/TOC ratio and microbial metabolic quetient ( CO,-C/
MBC), whereas, lower MBC/TOC and mineralization rate of organic carbon during 8 ~ 28 d incubation ( CO,-Cy_ 5, * TOC™'
d™'). Differences in mineralization rate of organic carbon during 1 ~ 7 d incubation (C0O,-C,_7,*TOC™* d™') of two soils were
not remarked. Mineralization rate of organic carbon during initial 7 d of incubation was pronouncely higher than that during.
subsequent 21 d of incubation. Mutiple stepwise regression showed that CO,-C, 4 was significantly correlated with K,S0,-C and
MBC (+* =0.83,p <0.001), while CO,-C;.. 5 was remarkedly associated with TOC alone (2 =0.70,p <0.001) . Our study
indicates that K,S0,-C is readily decomposed active C pool.

However, long-term heavy metal contamination decreased micriobial population size and respiratory activity, inhibited
microbial mineralizaiton efficiency of labile organic carbon. The accumulation of K;S0,-C could be attributed to the decreased
mineralization rate because more labile organic carbons in paddy soils may directly derived from exudate of intensive fine rice roots
rather than decompositon of raw litters. Moreover, elevated K,S0,-C in soil can enhance the solubility, mobility and biological
uptake of metals, and thereby increase the biological availiablity of heavy metals. It may further restrained mineralization rate of
active carbon pool.

On basis of the suppressed turnover process, relatively greater proportion of K, SO, extractable organic carbon in highly
contaminated paddy soil is not doomed to high availability of active carbon substrate supply. Thus, in order to assess the
availablity of organic carbon of paddy soils polluted by heavy metals, the combined functioning of active organc carbon pools,
mineralization intensity of microbes and supply potential of carbon substrates during different turnover stages should be taken into
consideration.

Key words: organic carbon; substrate availability; heavy metal; microbe; labile carbon
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RS TREN BRI A VBT L E % R MR HEEN . B0, Dai F'7 MR BRAE HLK
T AL B A B AN LR, i Sato and Seto VMG R B AW E B LB ER R . HREHE AR
FAKRBAERRT EHRE KB I BENESREE™ . AR TEMRECRY +HBREBHIRSRFREE
BEMESBHETHABLIERNERE. ZRRUSTABREVELBTILBERHKBLEITRN
£, 0AET LEMBESG - BASREEEARMHEKBLIBEARESEIRNESR, 7 T LK
He W T B R0 X R TR B B A ML B AL B B T, O 3 R AN ROR) R AR B
1 MHEEAZE
1.1 BAEXH#HRGRE

MRRBA T RE WS WEFE LU, WS 8, TEEIKE. B TFRPAAKRE
WELSBRT LEKSE, ZBMRABLEZAARABRENBR. 20034 6 A, EKBERXBOFEE, £
T # 6 km 4B 10 km &b, 2 BE R HTE | L BBV R A48T , 1B V5 S 72 B S IR) A9 T R 95 e oK B APE 9 R B8
Ko 2 REXHNFERS MRES, FEH 60 m. G871 o’ WERMILRES MY T EERENE
HE REEEO0~10cm, 30 M LBEREN —FLoZBRATHE AU EBAERNEBER, 53—
SRR RTRENE, 4CHE, T AT 1,50, BESMER BAEYEYBRAT LHBROTE,
1.2 +EBEAEFENESRNEE

i+ R A pH {{ (PHS-3C)#% 1:2.5 2K R R E . CEC M BMELHEWE. BHENK. B
£ CHN JTE 2 H7{X (1108 Carlo Erba) THMIE . /T 2 pm BRVRLS B 78 H,0, ZBRA VLG F B8 1k 1)
5. 1% Cu.Pb.Zn.Cd F Fe.Mn.Ca )£ & 2 #7 % ] HF-HNO,-HCIO, 4, B T R4 6 6 B sl @,
DTPA % Cu.Pb.Zn # Cd 7 £ 33E#F 5 8 £ 14 pH E 5 A1 0.005M DTPA % (0.005mol L' DTPA + 0.01mol -
L7'CaCl, +0.1mol-L™'TEA) #R¥HE# 1 h, B F BRI b E Bl E™

21 AT REEABLFTERLMEE(n=15)
Table 1 Main physico-chemical properties of paddy soils in two sampling sites

e e
RRR SHAE CEC b iE A ﬁmﬂ% | &8 & £
. . (<2 pm) Organic C Total N Total Fe Total Mn Total Ca
Sampling sites (H,0) (emol kg™!) X . o o I )

Clay (gkg™') (gkg™") (gkg™") (gkg™") (mgkg™"') (mg kg™")

BISHK Slightly 38 Mean 4.1 6.76 201 17.5 1.71 31.0 106 823

polluted soil # 8 Range 3.6-~4.5 5.63~7.43 121 ~288 16.1~19.8 1.59~1.95 18.4~55.6 99.5~158 524~ 1325

EBRRK Highly A Mean 2.9 6.63 227 9.0 0.84 103 206 1572

polluted soil FiM Range 2.2~3.7 3.21~9.41 121 ~ 367 4.59~16.0 0.33~1.46 83.1~113.0 129~339 920 ~ 2714

PR, T LT 10 km ZMKHABRBREK, B4 B S EMHXHE, Cu.Pb.Zn fl Cd £ B KB E S 5
R E R+ FER A (GB15618-1995) /0 6.1.3.0.8 F 9%, +HMB MM, KBKEXLABEW, 74T
6 km bHIKHANEFRX 4 HESBESERHE,Cu.Pb.Zn#l Cd @ BHWHEN I EBIS Y+ 4.6 15,
1.2/5.3.6 %M 1.445, pHHERE 2.9, SANBMLEASERARS R LMK —$ 44, R M CEC &
B, KBEKEFEERE, MREXIRIEHASFEMNESRNSENAAERIE 1 MK 2 075,

F2 AIREEABIKER SR (mg kg™, n=15)
Table 2 The contents of heavy metals of paddy soils in two sampling sites

FRE 24 £ 24 et ] DTPA DTPA DTPA DTPA
Sampling sites Total Cu Total Zn Total Pb Total Cd Cu Zn Pb Cd
RBYRK Slightly 3 Mean 309 269 192 2.71 80.6 59.6 60.8 0.45
polluted soil T8 El Range 195 ~ 477 214 ~ 326 126 ~ 320 2.21~3.43 45.6~121 14.0~93.8 27.5~105 0.09~0.82
ES¥X Highly 3 Mean 1417 329 686 3.69 97.9 54,9 74.1 0.38
polluted soil HiF Range 592 ~2807 272 ~ 363 316~1135 2.40~5.66 46.6~188 23.4-~79.5 30.0~175  0.14~0.80

1.3 HAEVEYERK K SO, FBENRMT LB INEMEDEYERRAKMBRENE™ ., 30g+
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FHEM(TE)ALAHEEGE 8CRIEES ARG TER 240, 0.5 m L™ K,S0, # 1:5 wiv L BB R
$# 30 min(200r/min) ,7E 5100 g /7 F B0 10 min G, BBFPHENBRRAESRENEENE, 55—
FAHERMEGASEROERHEFRNTER KSO, R BRE EHEREHAENER BB P AR, E
A K,S0, TRIBEIHS . MY EWBBIET 514K MBC = Fe/0.38, Hr Fo % B2 M B A EEAE
MR BB P AR EE,

T ALE A HUBK B9 M E R A NaOH TR HOIETE AT HE & 14 T U B SUAE 9 L BRIR I B o 7= £ 89 co, B™, 50
g TEEG(TR)AEORHE R KEH BT 24 B, E28CEBARGT 1 LER B P HEEEE 284, 4
NaOH R S0 H 7= A B9 CO, , FIZE & 1 mol L™' BaCl, VLI WM K ET CO; , Fl o HEBR 7 < ) 4% B9 NaOH, 2 51l
H1-~7d#M8~28d K CO, AR, UAFNHEWANHEFRENEBD LAAVBRE (CO,-C, o F1 CO,-Cy. ) A
VB gL R (AN A VREX=4EH CO, B,C0,-C,,,*TOC™ " d™'#l CO,-Cy. 5. TOC™" d™") o WML
(gCO) AN HAENENEBRIE 28 d BT LMNEIBRE.
1.4 Sitatr

YR HF| T SPSS 12.0.1 (SPSS Inc. )#47. M AR T KR ANOVA(Tukey 1SD) 73 51 LA LA B 41
MEATBRAZERPBEE, ZUELE B0 A TES A H LB MR E TR 57 % 8 &% 0w ARG
B A HUBR B 1k B R B PEBRFE AT o
2 BRI
2.1 AMESBIERKETABINMEDTNEVRERESEILE

FHESRBIERKFETHRKBLEIHEEIR MEDEDRBK.0.5 mo L' K,S0, BHHSHE K .1
~7dF8~28 dFLMEVBRURMENRBEHERNE 3. BERMEBLOKB LS P/ TOC 251 K0
17.5 g kg ' 71 9.0 g kg™' ,MBC 4 5% 210 mg kg ' #1 56.6 mg kg™', K,S0,-C 2+ F K 120 mg kg™' #1 79.6 mg
kg ', CO,-C,_ 51K 261 mg kg™ ' #1133 mg kg™' , CO,-Cy_ 25,73 5K 491 mg kg™ ' F1 136 mg kg™ ', Wi ¢CO, 251K
3.78 mg C-CO, mg™'TOC #15.12 mg C-CO, mg™'TOC., B RAEEX LM ERIEIRHEN THREB XA, BREN
RABEHRBEHREER TREISLLEINp <0.01), EIGH A S P Eik &R E ARSI KRS EK
FRERKR(p<0.001), BRWANTRERKKBLEREMMBERLSAHL, Bl FRAT LEKHSES R
FHEFRAEHEZHT RV ROBRR BETHAIENSE, X HERERM KB L 306 HlRiEinE
RHEBEFRRAE,
2.2 FMESRBR/KFTKBELAVRERNA K

+ 1 MBC.K,S0,-C.CO,-C 7715 TOC W HE, HBR T AR LAV REZRERWE W, BEREER L
FREMAEE R EEEE . FRERTHN EAEHEHEIRME 1 /R, MBC/TOC(0.24% ~1.72%)
1 K,S0,-C/TOC(0.59% ~ 1.49% ) BIFEEAE IR , W 85 3% &4 T 8 CO,-C,_,./TOC(0.54% ~ 2.91% ) Fl CO,-Cy_ 554/
TOC(0.24% ~3.98% ) B3 LR HIE 5 H (ANOVA, p <0.05,n =30), H—FH, HRHEXYEN THRE
(B 2)% 89, B 5%k F 1 89 MBC/TOC 71 8 ~ 28 d BIH LB D 4L, (CO,-Cy. 5 - TOC™ d7') BRI 1E 53 5 Ky
0.6%%10.05% , 53 51 B 2K THI5 4 + %K MBC/TOC(1.2% )0 8 ~ 28 d BIA HLER T L4 (CO,-Cy_p, * TOC ™
d- ") HEE(0.10%) . MR, BG5S 15K K,S0,-C/TOC H{EH(0.97%) BB ER T RIFE 1 %(0.690%),1 2
MRBERK 1 ~7d WBRTERNESHEN0.21%, ERAEE, MH, ERESLEN1~7d R LEHE
KHEERT8~28d AWM L%E(p<0.01),
2.3 ARIBRERZ AR R R B A HLB T (L R

HI36 43 47 % B, TOC . MBC. K, S0,-C #l CO,-C X EH HLBRIEAR Z [EIFF FEAR B R XM (p <0.001, MK
REEERFIL), B3FHT CO,-Ci 1 CO,-Cy. 5 H1 55 TOC.K,S0,-C F1 MBC KR B EH XK R, CO,-
C,.,5 MBC 1 K,S0,-C WEHFBHEBER T CO0,-Cp. 5 T BHIE W CO,-Cq. x5 TOC I ENE 712 A
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ERT CO,-C_ M BHR XHANBRWT L2 HBIRE TOC.K,S0,-C MBC FUIER, M MBC #0
K,S0,-C £ 1 ~ 7 d B3 F B BLAT X CO,-C B ma %k, TOC M 7E 8 ~ 28 d B X CO,-C M K,

23 RANERMTRARTABLIAAKRERNRE (FHE L FEE . n=3)
Table 3 The contents of different organic carbon substrates in paddy soils under two heavy metal contamination levels (Means + standard deviation,

n=23)
REE BA LR TOC LRS- 3 K,50, BEEHVE 1~ dTHBENKR s~28d P HRENHR HEHRBE
. i MBC K;50,-C €0,-Cy .74 C0,-Cy. 284 (mg C-CO,
Sample points (gke™) (mg kg™ ') (mg kg™ ') (mg kg™') (mg kg™1) mg~' TOC)
395 #u K 88 H Slightly polluted paddy soils
L1 17.8+0.3 187+7.5 134 £16.2 299 =+ 126 650 = 53 5.0820,27
2 17.320.5 167+8.6 127£8.2 235 17 496 + 142 4.39:0.75
L3 18,0 1.6 262 +23.7 119 £10.0 293 +46 510 + 45 3.10£0.52
L4 17.21.2 223 +74.4 113£10.9 244 215 440 £ 175 3.4121.76
L5 17.24 0.4 212+ 47.2 108 £ 5.4 236 +3 358 + 93 2.90+0.76
{4 Mean 17.50.9 210 + 48.4 120+ 13.1 261 + 59 491 + 138 3,78%1.18
W5 44K RS H Highly polluted paddy soil :
H1 4.72:0.1 24.5:8.2 65.4+5.9 74 6 5712 5.59+1.21
H2 4.7210.1 13.1+1.8 46.1£3.2 40 £13 28.2x20 5.10£1.52 '
H3 7.4411.4 67.0£19.9 65.4+2.9 162 =11 163 = 60 5.26+2.26
H4 15.3+0.6 101£9.7 122£3.2 232 +25 264 + 18 4,95+ 0.66
H5 12.8£1.6 77.6+28.6 99.2+6.7 159 =25 167 + 35 4.69%2.08
¥4 Mean 9.0+4.5 56.6+ 36.9 79.6+28.4 133 £73 136 + 92 5.12£1.43
BE#KF Sig. p<0.001 »<0.001 » <0.001 p <0.001 p <0.001 <0.01

FAEERERATTRHABLRERSRIE BN B F A (T B, n = 15) The mean comparison of contents of different organic carbon !

substrates in paddy soils under two heavy meial contamination levels (T tests, n=15) i

8 r O K,804-C/TOC
CO;3-C.7/TOC

0 MBC/TOC
B CO;-Cy.234/TOC

4% Percentage (%)
-y

Ll L2 L3 L4 LS
SEHE A Sampling points

Hl H2 H3 H4 H5

B1 #RHEEKBLH TOC H K,504-C. MBC. CO,-C o9 F1 CO,-
C.ma BT
Fig.1 Percentage of K,50,-C, MBC, CO,-C, .74 and €CO,-Cs .. 234 in TOC

of each sampling point

3 4‘?5#)&%4‘1@{5&%&2& Means and standard deviation,n =3

1.5 - -
0 BHRtiN i
o Slightly polluted soils
12 |- | ES5pti !
. Highly polluted soils |
& TR T tests i
o 4+ p <0001 5
809 2 nsP>005 i
: n=15 ;
B ‘
% 06
R !
fm ':
i
03 - !
i
0 L '

K32804-C/TOC CO;-C1.7¢ - TOC1d?

MBC/TOC CO2-Cs-284-TOC 1!
F BB BRI Carbon availability indices

B2 B4R TSR K A KRS £ B K, 50,-C/TOC . MBC/TOC ., CO,-
Cro74°TOC™" ™' F0 CO,-Co .00 TOC ™ d™' WY IG M HEBE

Fig.2 Significant differences in K;580,-C/TOC, MBC/TOC, C0,-C,.,d-
TOC™" d™" and €O;-Cg. 259 °TOC™! d™" in two paddy soils with different

pollute level

5 Bk 6 Bk 6 AR X Bk A 4L 5 B TORE SR 40 17 B B mL, 4 3 LA CO,-Cy Ly 1 CO,-Co oy I E BB, TOC,

K,S0.-C IMBC WEZF &, #ITZTELERSH, B IMEEAER (R ORMEINBRDSEKE, K,
K,S0,-C(p <0.001)F1 MBC(p <0.05)# A B LA CO,-C, ,, 20 HZE R BT, TOC B T 5 CO,-C, .., MK


http://www.cqvip.com

I 000 http://www.cqvip".coml

135 FAE FARBSHENROATREEMNHESRISRAEF AR b HER 143

MEBEKFERT 0.05 MEHBRERB 24, XKHEITHER D, M0 7d BIBRT LB WHE KL
K,80,-C, K& MBCo # X, ZELL CO,-Cy_pp WA R TR o, U TOC(p < 0.001) 38 AKE T K,S0,-C
1 MBC SRS, BWAZS EEEASH TR T C0,-C, .,y 1 CO,-Cy_p, I 83% F1 70% BIAF T (7 x
100% ),

800 800
OO re s’ 220 007Crza = L85 +70.7 0 I COrCazma - 3326+ 127
r=0.84 o r= 0.75"‘"'l r=0.84%**
-, B [ °

~ 600 |- 600 |- . 600 L %

B . P

S . o«

b

; 400 400 |- 400 o

3 e oL o g

[#] -

T -
. ©o © o &
200 ~ 200 | B,°' * 200 - -
‘s o 57
CO3-Cg.234=2.7x-74.8 . CO2-Cy.281 = 0.8x + 87.3 CO3-C1.7a = 15.0x + 0.85
”» r=0.89%** r=0.79%%* r=0.88***
0 [ 1 [ | o i i ] ] o I 1 1 J
0 50 100 150 200 0 100 200 300 400 0 5 10 15 20 25
K2804-C(mgkg'!) MBC (mg-kg')) TOC (g'kg!)

B3 3MEER L RRERS RRARBEANKRT L2 ARBENRALLER

Fig.3 Highly significant correlations of mineralized organic carbon during 2 incubation periods with 3 soil organic carbon substrates

p<0.001, n=30

3 itig H4 TANEHNBEDEANRTLESRERX RN S TG E R

WEMRLHA NS WT LR LERTH, A2
ﬁﬁi %[—'E % % ﬁﬁ %j: ﬁ ﬁ #l ﬁﬁ ':F' B ﬁ H %E‘& i 48 Table 4 Multiple stepwise regression models of mineralized carbon
during 2 incubation periods with organic carbon substrates
200 RREMENBBN IR, RETRBEYE S :
}gﬁ;&-*&$ﬁ , Eﬁét %ﬁ%%m&¥&ﬁé%{ﬁﬁﬁ Multiple stepwise regression models

P R 30T g Ay 2 9 R B 3B TS e o CO-Cygy = - 47.7+2.0(K;50,-C) +0.3(MBC)  0.83  65.5 0.000

r? F P

K;50,-C 0.000
ETHEYHT ., BFE,EFRHRLTHEM M 0.019
WA RE Y RE S SENRMG L) 2%  TOC 0.066

C0,-Cq .35 = - 126 + 33.2(TOC) 0.70 65.2 0.000
~3% MUKW EG R T ROBEYHIEN o 0.000
0.6%)BERTFHER129%)BEFTHE, ML Kso-c 0.16

MBC 0.57

WRR. SRAETHEUNESRERETR
B™, YEMESRAFEFHEY I REMENH
TR Y 40 A A R 0 /0, T 5 B A 0 98 b B T AR RE O L LU B A Y . RO RARSR E A
O EL A/ 40 T EL R R W R B R R R . .

KE 0.5 mol L' K, S0, L7 A MM A UK EER AMEY BT WAYHA YR P E =Y, X E
ok B S A Y U VR W ER R S I, B 0 R A UK P B R BR K L3 B B AR W A R AL N R A BT Y
MNFFEIEYE . MAEESREROBARE L L BOTRER, B THEE TS I R4
Yo s BB, LIREA YRR, LR ON AR AIBRER TR AR M E TS B 1 % K, S0,
BRSHNRKILREERTRER, MANTREN 7dHREFRS, RMAE8~28d BERFME2), X
AT RS i TR RS AR R 2 b S0 AUAE Bk BOUCAR T SR A+ S A SR 28, I A K RE AR K A b RO W
HH YR EER B TIRERKBRRSBE/N TR E S T 8L 50 AR o b Bl A VLR £
= AR RS LRE MB T R RT KS0, BMSHNKNERER, 5 FE TAMKE
BB L R AR TN RS HERMY S EESRETHREA™ BE T &R M HE" R
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BT, BRERMEBHFAGE. EZERUTENFI-EREEY. BRANENOERERR v RLSR
AR B SR Ak W AL R B R T B SR 6 R B AR A R o TR A I 3R R VT s —
S HE VBT, B E R NBRNER R SRR, AN EGRAE L PHEN R K, S0, H#
SEVBREERAES RERNEEE R, HFARLERBE IR M EY AR, REFRELRA,RE
3.8% ~39.9% MIEMAEH HURRTH LA™ BREEVRENEARORETEIRNS LBRSRRMSE
NEBTHK .

BT LNERENRSBARGBRE Y, RN EEERETRENOR SR ERN TR,
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B3 4347 (35 3) B, TE R SR R0, 0L A9BR S5 K,80,-C FI MBC XHIMEHREN SR EEH X, Mo LEH
RERANBREEMRX, RAEESREROKBE LD KSO, ARSKERERTHNKER, HEER
Ml TR R BN WA B IR A R E R WBE R . Wang B W RIE 7d WIEFRE LW P
B K,S0,-C SRR, ST LM XRTFREE. B, AT LB —Br B, B8 Y3k & Soak gt nr % 77 8 ik
FRANEEHARR . BAEWX KRS FRESE VUK 58 | 1 8B i 7 05 B A1 3R 44 3R e R A BB 4 T
WAFBER RO BE ™ . EARGTNEE, BREREEMEYT LEE VRGP EF=Y, LR #
— PR, HERZEHERTW . Bk, N ESB BRI KB L ENUBRE B, FUE % RIS
PR PR B b AR R B AR M R T TR ) B R O R R B B M R
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