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& EARAT R N 13 & B , LARE 7 SRR H ARSI 42, B9 T BB AT 36 F (CT) . BB (CTS) e
BE(RTS) F4e#F(NTS )4 FhBkVEALBEST + B 40 A HLex (LF-0C) . F 4 A HLik (HF-0C) . - 342 20 4 43 (LF) A 4 41 4 (HF ) i 5
Wi, SRR, ARFEFHES KT, LIERAHHPIRS BT 191.21~251.54 gC-kg, fraction Z 8], BHA YLK (LF-0C) Z RN T
3.01~9.27 gC-kg™ Z[0], 2y L3 BA PR (TOC)HY 11.84%~23.31% ; BHEL 3 3B 13 LF-OC (i 5K , MRS FFH A RBRE I i LF-
OC;NTS 4b3F] TR 2 L EA WK R EAF] TR E 1A Bk B2 ; RTS A1 CTS Lb3A F FA VLRGN , {5 LF-0C 43
FRE R CT A PN F:3 - A MU 2R . LF-0C 5 TOC ZE{ARML, 2 B3 IEAHSE R R (R?=0.84) , H LF-OC X #FVEHE it e b Lt
TOC B RBIZN, W] IME R Fem T3 DLk AR L i R 87

KREEIR HAE A WUk ; 25 4 4L s DURAE
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Effect of Tillage on Content of Density Fractions of Paddy Soil Organic Carbon and Its Spatial Distribution

XU Shang—qi', CUI Si-yuan', CHEN Fu!, XIAO Xiao—ping?, ZHANG Hai-lin'"

(1.College of Agronomy and Biotechnology, China Agricultural University, Key Laboratory of Farming System, Ministry of Agriculture of the
People’s Republic of China, Beijing 100193, China; 2.Hunan Soil and Fertilizer Institute, Changsha 410125, China)

Abstract: The objective of this study was to understand effects of tillage on soil carbon and different fractions of it. Four tillage treatments
were set up on the Double—Cropped rice field;: conventional tillage without straw return(CT), conventional tillage (CTS), rotary tillage (RTS)
and no-tillage(NTS). The heavy fraction of soil (HF), light fraction of soil(LF), high fraction organic carbon(HF-OC) and light fraction or—
ganic carbon(LF-OC) were measured, and the effect of tillage on different fractions of soil organic carbon were also analyzed. Results showed
that soil organic carbon concentration in the light fraction were between 191.21~251.54 gC -kg™, fraction, and the light fraction organic car—
bon content(LF-OC) ranged from 3.01 gC kg™ to 9.27 gC kg™, which account for 11.84%~23.31% of total soil organic carbon(TOC). Both
of LF-0C and LF decreased with increases in soil depth. Tillage lead to the loss of LF—OC, while straw returning would increased the LF-OC.
NTS was of benefit to the carbon accumulation of surface soil(0~5 cm ), but was not conducive to the carbon accumulation of subsurface soil
(5~20 cm); RTS and CTS were favorable to the increasing of organic carbon, but the LF-OC of them decomposed rapidly; CT would result in
the loss of soil organic carbon. The variation trend of LF-OC and TOC were similar, showed a significant positive correlation(R?*=0.84 ), and
the reposition of LF—OC to the farming was more intense than the TOC. LF—OC can be used as a sensitive index to directive changes in soil
organic carbon pool.

Keywords:tillage; organic carbon; soil density fractions; Double-Rice cropping field
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S TSR — R AR AT % B (PR
1.6~2.2 g-em™ ¥ 35 R A BT, Z T k58
HAA HLERA 73 B S BECIR S A MUR R 5 ThRE, Tt
FLREAS I L R R A, TR I 7E 9 DL OB 5T
HAZ Bk B M EM . EAA PR (HF-0C)fR 1]
AR P EE MR ERIE , BF R A A WU TFIA
WA R A BN EE R X MR T2
RIWESNAEYE, &L P ARE A YR E N EE
ZH RS, B XA A B SRR, R B S
FA B B] B A 3 SR HLER B4, BF 5% 2 40 A LB )
FHRH - HEE YR 0 R e R

FERFVE T3 BT ST SRR R LA 4y
A ERKEW, SIARPHET T LR &
WA WIS/ HATIEST , PR s PR AR A HLAR A
IR 20 53 B A R B A R it X - 3 ik JR1 % B S o
BAE R BRI T AN [ 25 B A AL 420 14
IR — BT R D, LR X UG H BT B
it I, B ONZERG X R E EE AR B A A, 3R
| K R T AR O BRI 20917, A RFFE M,
FEH g E R TR, R RS H COo, EE
22—, I, FF RS HA PR 7 BIBEST , X 23R
SRR EEAERTEENE L

A SO P8 B A 4 7 vk DF S B O =0 F 148
TR PEAH 43 J AR AR AE BB IR , LS B BBk X i
8 A HUBRZL A 23 A O ALER YR T AR - 39ERR
B I AR A BB 2L N S ] FR it
FSARYE

1 #BE57FE

1.1 RIEHhHER

RIS TR E T 2 B AR HEHERR R TG
FEH1(112°18'E,28°07'N) , %M X 45 Ay K Bifi 1t 22 X
IS, FFHMKE 13583 mm, FEHRE
16.8 °C, MM A BN ERE = BRAERX . iR HWAE S7
& HRE A R AT R KRR L YR
FRE i A 4 R - A - B, AT e A AL
P 1,

1.2 Rt

RIS IEF 2005 4F , % i BB BB BRI RS
FEAREH 4 M3, A3 3 IRER , BEVLHES], /DX
TR 66.7 m*, S (NTS) : AHEATEH , K RS BB et
Bk, R RRBOR AT 2R E =ik H ; JEdF (RTS)
JKFEILFRET A IEREALIEHD 4 38 J5 PRk, BHR Y 8 cm,
R EHTEERERH, BEKKEERE
H, WAERBMATHFSEREBMA L B
(CTS): K AE B mly A A =X AL Bl b — 3 , 75 P e Bk AL
JEHb P 3 , $FR LY 15 em, RRGBRERT2EBE
W H , AR NGRS, AR AR TR A
+ ; BEBHRS AT AR H (CT) KRB A A 4 X 2 Bl
— i, PR BERFALIE - PO , BHR L 15 om, REEARE IR
RIEFEFBEHEE . 3 FEFFE H A3 (CTSNTS,
RTS)#4#Fi4 HEZ) 12 500 kg-hm™,

B sRELLR A AR 32 5. WAL
13 5, BEAEEACHERT SR 6L (N:P05K,0=20:12:
14)375 kg+hm™, 53 BERTIE ji FR & 150 kg -hm™; B FE
FEAE M B & A 375 kg-hm® FIFRE 75 kg-hm™,
SYBERHEIEIR R 75 kg-hm?, &4 BI7E R M RS RRLHT
WS AR S R BR B (R TER ), R e Rk . & PRZRH
[AIABK
1.3 BEARENESE

THERET 2009 4 7 A, BAEBRZ )G . B4/
XRHZ S SRR, B8 3 /MR GFFEE, F
0~5.5~10 ¢cm F1 10~20 cm 3£ 3 NER S4B - £53%
SA, R RIS E BARXTE , SRA R
KR FE S22, 1T 0.25 mm 5 , i A R H 88 k) 4%
FRAREINAE o

T LK R A E R IR (KLr,0,) ™,

+ 3% 4y 4 S IR A A i 7 55, 3B Roscoe
1 Buurman™§) 7 L PRIE OLEHAT T IS T0R R . B
R . W5 LHETFTERER 50 mL B.O08
BB 25 mL B EER 1.85 grom™ FVRILBEE R, 12
A7,3%% 1 h J5 3000 r-min™ B.{> 10 min, ¥ _EER &
BIALR S EFIMAER, BER LASRE 2~3 K, B
ZEEHPIRAY R, B8 TRy Ry T EE

®1 T EEAREAMR
Table 1 Basic physical and chemical properties of studied soil

+)Z Soil layer/ % E Bulk density/ A #LHK Soil organic carbon/ HRFFHE, Available N/ HH Available P/ #HZL4 Available K/
mg-kg"!

cm g-em™ g-kg™

PH( Hzo)

mg-kg™ mg-kg™

0~20 121 34.90

224.10 438 97.10 6.26
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20, A 25 mL Z808K , R ER Bk 2~3 1K,
HEHEOCEEAT RS ERER TG BB
EET 40 CHA DT RE  THEHLE 51 T
HAHFEERGT 0.25 mm 5, WE HEEHRSE,
BIAEE 4 A ALK & B (AL gC kg™, fraction ) , e LA
HP 5 5 E 5 e EAIR A A WL & B (HF-0C),
BRHAYIIRAZMERE
1.4 BIESH

SR Excel 2007 1 SPSS 11.5 #4347 56 5042
Gt 545,

2 R

2.1 TESA RENSHTHIERSESBIHRISE

FALH 0~20 em BHE T3, BRA DA IS BN
F 191.21~251.54 ¢C -kg™,fraction Z[8], Lt & F
TOC(25.38~39.76 gC-kg ™) Fl +- B 2 A HLAR & &
(22.09~31.84 gC kg™, fraction) (3K 2), B4 7H MK
HREAFLZE0~20 cm HEE)HFLHE LR, ME
20 H A HURR & B e 330 T AT A 2 R T R
¥, BRHMN(LF) 5 HEBER 1.43%~4.25% 15
HTFRATAIRS B8, BB VRS & (LF-
0C) %)k 3 B A MK 11.84%~23.31%; [FIFEH F
BAPA YRS 2R/, £ A (LF) A1 LF-
OC ARk Ba R —BLo

LF-0C F1 TOC #Jpf + Z IR mFEAL, FHeM5
Wrk i, i Z [0 2 B IEAHE (R=0.84) ,, LB H
A LME AR TOC 224k R . LF-0C ZEARF 1=

HIAE L L TOC 2R fL B A IZL  OHZ B % (45 HAe
AR L EPSHABNIE) B TOC E R T ,0~5
cm 885 10~20 em LEHF A LF-0C FEZ I,
NTS.CTS.RTS 1 CT 4351 2.17.1.60.1.62 F1 1.75,
AT TOC HAE AL IR ; @QLF-0C & TOC 7 H. Bkl
T EHR T AR, ZRUEEH LF-0C H TOC 7 + 33 H
AL HEONEIZL . HF-0C £ L2 a2
IR R , (B AR IR B i /N F LF-0C, 23/ F
TOC ZEAR T ZE IR, UHRENEER
i
22 TEFNBRSEREERRAES RS

HHET RN FEE 0~5 cm -1 LF-0C M 2
T4 BER, &R LF-0C 5HAE TOC HE 4+ iy
AR HFEAR—B(E 1.2), 0~5cm +JZ NTS 4b#
LF-0OC £, H CTS.RTS 1 CT Z09&E T 2.11.2.51
gC-kg™ F14.01 gC-kg™', HALFH[A] 25755 B EKF
(P<0.05);NTS Ab# LF-OC/TOC 7R4351 . CTS.RTS
FCT & T 3.68.5.24 1 7.34 NE 4005, 0T I, $H4E 7
X LF-0C 52 m# TOC ¥R B2

W % )2+ 3 (5~20 cm)LF-0C 5 HA7E TOC HpF
07 LB AR b B AFE 2 5, B NTS Zb3 i LF-0C/
TOC & FHifth 3 MbFE(CTS.RTS 1 CT), {H LF-0C
HMIKTF RTS #1 CTS B4k 3, wIgER M F CTS.RTS
1 CT 3 A~ bBEBHEDR 3 1 3 S BUR A G LR 7%
HAE TOC HPr i tuBilFEAG . WRE 3 (5~20 cm)3
AFEFFIE FH AL B NTS.CTS #1 RTS [8] LF-0C 25 538
/NHARRE(P>0.05),{H 3 AMab B B E & T CT 4

R2 T EANBRREEERETRAS PSS HEHE

Table 2 Soil organic matter and its distribution feature in different soil fractions

e o BN CERBSENEL) | RARNSY  BATAIRER  RATAIRA R
gC-kg? % gC-kg™ gC-kg™, fraction ¢C-kg™,fraction

0~5 NTS 39.76+3.44 4.25+0.13 9.27+0.34 219.83+8.80 31.84+0.04
CTS 36.29+1.29 2.85+0.05 7.16x£1.06 251.54+3.78 29.98+0.32

RTS 37.41+1.12 3.08+0.02 6.76+0.19 219.43+6.33 31.62+0.88

CT 32.93+1.53 2.29+0.12 5.26+0.22 228.70+9.25 28.32+0.72

5~10 NTS 31.80+1.07 2.80+0.02 5.77+0.81 206.45+3.03 26.78+0.50
CTS 35.13+0.26 2.47+0.04 5.85+0.56 237.22+2.58 30.02+0.79

RTS 33.79+1.53 2.41+0.06 5.48+0.70 226.84+2.56 29.01+0.84

CT 31.23+1.16 2.19+0.03 4.17+0.13 191.21+6.00 27.66+0.31

10~20 NTS 25.99+0.21 1.72+0.08 4.28+0.41 250.30+3.52 22.09+0.23
CTS 28.57+0.40 1.96+0.09 4.47+0.40 235.31+20.90 24.58+0.22

RTS 27.24+0.28 1.72+0.08 4.17+0.17 242.45+9.76 23.47+1.32

CT 25.38+0.40 1.43+0.04 3.01£0.43 207.21+30.00 22.70+0.41

T RPRT R E AR
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FE(P<0.05), X7]REEBHEZ) 138 F B LF-0C 4
fRTCIE HASFT I S BUOME LF-0C A B HZ R
&AL LF-0C 122 R 1@ B TOC 724 4b ¥ ) 22
S BE AELAHER LF-0C 22 R05EE 0~5.5~10
cm Fl 10~20 em + 2 43 5| ik 43.26% 28.72% F
32.66%, T TOC (XK 17.12%.11.10%F1 11.17% , 3
B LF-OC XA b et me i 58 ok R A

—_
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1
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1 FEBMEREE T LERETIRSE

Figure 1 Distribution of LF-OC under different tillage treatments
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Figure 2 The proportion of LF—OC in TOC under
different tillage treatments

KL 3R+ 5 HF-0C 25800, LI HXHHER
Hta e R A8 (18] 3) o SefAb3EFn At 3 M40 3E(CTS,
RTS 11 CT) #HEEL,0~5 cm +JZ NTS 43 HF-OC &F
Hifth 3 403, HE CTS 1 CT bR BE (P<
0.05),1H 5~10 cm F1 10~20 cm 12 ,NTS 4b3 HF-0C
¥R EART A 3 MR, AT RE R FHHMEDE ) L3
FEARMERR LA WL AR O RIET , b 1723550 ALk
5 BRRLEE S , AR FEHBVERAIEIN,

3 i
ABRFEH], B8 LR 4145 (LF) o £
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Figure 3 Distribution of HF-OC under different tillage treatments

Y 1.43%~4.25% , T LF-0C 5 35 HLERE 11.84%
~2331%, X FEBFTRATAIBRSERE. &
HE PR & BT 191.21~251.54 gC-kg™, fraction,
X 5 B #12E09(170.0~348.9 ¢C kg™, fraction ) Fll Bar—
rios ZE19(256~296 gC +kg™, fraction ) W 5% 45 4y —
R P E IS B, U S M Rk >
(5 FRUR N 3T 2 B R4y, AR S BIR
&, B+atE), ZRPBRER, 5 ZHERER
il

ARFGEH LF-0C 25 5 3 BB PR Y 11.84%~
23.31%, 5 Bremer"(9%~24% ) () B 53 45 R 8 b —
#,H& T Haynes" (1.8%% ~4.6% ) Fll H1 #i & 114
(2.91%~5.87% ) {5 25 51, JRA T g 2 - O T4
BURR 2 A B SR AT, S R BV 3R U Y
LF-0C &2 FR K. APFFTRI, HXTEEBRM 1.59
g em™ IR 2.06 g+ cm™ B, T EEFPRRZH T EHAY L4
i 5~16 58, Christensen tA 4% FiAHE (% & ) K
B [F] A F  SHEAT PR R 5O A B,
HAIR I 5 — Kk F%E 1.85 g-em™ EIBPEM A
F#HERF R TR AT . QFTRERS %, 11
O B e 5 22 O T A DR R 5 ARG, 38 HP LF-0C
FREERARE E3%Z+ A A BHE T R i
YEHFIRAERT [B] 5200 1), Janzen BFFE R HH , In& K 3
A HLIX 0~7.5 em 3+ B LF-OC/TOC 43 14 2.0%~
5.4%.3.3%~7.1%H1 7.1%~17.5%", Gregorich FlJanzen
Xt 2R AT BN 2 2R N R, 13 LF-
0C 7£ TOC & B TE 2.9%~30%22 7],

13 LF 1 LF-0C FZEF7ERE ,NTS.CTS,
RTS #1 CT 4 MHHEA PR 2 -3 LF \LF-0C & &
LF-OC/TOC ¥ B E R TWERZE L, AABERS
X AL IX 1 B RS RN —B . BHE
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LGP AN RIFP S KRS 31T TR, 45 R %
%R HIEHI P RAB IR S ENEN LT
BRI, 25 A M SR R SEPRR B T [H
FERITFR S5 R . W R ER A A YRS K EE R R 2
SNSRI, B R A A YR B R R EEE
fERFEYITE H FEYIAR R AR i S AR, T AR 5T 45
HHEACFRBHE BB Y/N T 20 em, Bt Yy sk ik /0
M AAFE T )2 3

7T B, 5 A B AT B 238 LF-0C &8, 7%
FFE H ST HE S BN A VUK B A 5 DLk
JESTINgE TOC B4 B 8™, AT NTS AbHFSFF
£ 0~5 cm +J2 B4, H LF-0C B35 T HAth 3 b
7 (CTS.RTS Fi1 CT)(P<0.05), f5 #1340 H i 3 b3
(NTS.CTS F1 RTS)7E#EE 0~20 cm +#EH LF-0C
T CT Ah3H, 136 A AT 34 B ST R S MR A g A3
BT LF-OCRichard 287548 H /MR IEIE A Bk 2%,
LF-0C & 24, X LF-0C Stk i &2,

AR FRAFEXT T IEABh < LF-0C Ji
R BESREHEM LF-0C & &, ZHI5RIAN, X 13
A TR B2 S BRI HLBR AT 2R 2, T 3Rk Y
Wik T2 R HIE MR AR, ARG HNTS 4k
FFEFFAE 5~20 cm £ 2/, HHE LF-0C &
5 RTS M1 CTS A EEFHARE, WEEEHTEE
HIEZBHESL S INEE T LF-0C f950# . CT AbFREP
TCREFFIE HAH SR B SMNE LF-0C A, #HEXUmE T
J&A LF-0C H)4Hff , i LF-0C & &7 MR 1
B4 F A AR ARIK T  Roscoe 5548 H B R +
TR Fe+t Al A & BB MABIFEF A 5E,
R IRIBHE AL 0] B4 A DL AR LA AR/, B B0 1
WA % te bk R, BB H LF-0C A f6,

AR, G HREE T 5~20 cm 2/ -1
FHAEN. 5~10 cm F1 10~20 em 12 ,NTS kb3
HF-0C ¥4 &8 & 1% F 3 Ath B9 A4 4% #F 18 H 4k 38 (CTS.
RTS), AT RE2 B W W3R )2 13 LF-0C Zad i K i)
ML, TR T SRRLEE A B R B B R, Pre—
ston SEHF 57 R BIHHE + 18 S B ST R 45 A kg
T 109%™, +EEWSE, FEME LF-0C 4# 1 [F
BF, ATREARHE T A YIRS TR S A, T
Hhn HF-0C i & & , KALBRA FEE— 5T

BFFE B, LF-OC X B il mi i B 4, mT DASE
hg s R VR REEEPR, BB RIT TS
/™ TOC Wsh&7AB M, BEMITIEH , LF-0C X} + 3
PR B N B, AT AN AR R 1 ML B R

WI7AE AR, (H f TR A IR e, R RE S A A
B, FEEEZRBISIE LF-0C 76 355 A iy
YERE2-2, AR RIBHEAL R LF-0C 258
TOC 3% ,LF-0OC/TOC 5 TOC 7EA[F] 4k 32 8] 25 fk #
$—3(, LF-0C/TOC i+ 2 miEm kA, 755 TOC 48
fk e —3, B LF-0C [ TOC Z5fhmIZY , %l
TR R, LF-0C 5 TOC I B/ EAH
KRR, UL HBEAE HHe/R TOC A TE1R

NTS b3 FREMFBHE LRI TERE (0~5
cm) 13 LF-0C, FIB i F IR 2 (5~20 cm) LA
ZWMBELT LF-0C {0t E, F)F 13 LF-0C
BN, {EERESMNE LF-0C 3 AR EIEAF]F
HF-0C MIE R, A0 NTS F|F R Z0 & 2 A
I AFFF R BRI R . F5FFIE H RS XY A
/b BB BV B, B R 3G i - AR BR A4, AT
FEAREL LF-OC 43R 3, 18 YAi#taiFsee A
T - SRR

4 i

FEH 13 LF 1 LF-0C 8L M7ELEERZE, H
BE+ R IET T RE, BAT AN S RN T 191.21~
251.54 gC-kg™, fraction 2 i] ,LF-OC 5 + 3% BA HLGK
i 11.84%~23.31%, LF-0C 8EWAE A3~ 75 H 3%
TOC shs2hiytats, B R MR

FEFFIE A F) F 138 LF-0C B3ehn, migkvEn]
S LF-0C {43 , BFESMNE LF-0C 4 78 /2 19 1%
BT, BEAT R A HF-0C FITE AL, # T 133 A9 TR
#, 5 H 58 NTS A3 F FHRZHRM R, AF T
2 HERNA R
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