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Effects of Continuous Super Rice Planting on Organic Carbon and Aggregates Stability

MENG Yuan-duo, PAN Gen—xing"

(Institute of Resources, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract:In this study, Soil organic carbon(SOC), soil aggregates and SOC distribution in aggregates were investigated using cross—site

study, the top—soil samples were from three sites of continuous super-rice planting experiments in the mid—lower Yangtze River. Undisturbed
top—soil samples were separated to different size aggregates by low—energy ultra—sonic dispersion procedure. Soil aggregares, variation of
SOC and SOC distribution in aggregates were analyzed to illuminate the effects on aggregates stability and SOC reserves after continuous su—
per-rice planting. The content of SOC decreased in three sampling sites after continuous super—rice planting, deceasing from 3% to 14%;

SOC content was higher in aggregare of 2 000~200 wm and<2 pm than in the others, and the content of SOC decreased after continuous su—
per-rice planting in these aggregates. The distribution of aggregates was dominated by 2 000~200 pm and 200~20 pm fractions, and the

content of 2 000~200 wm macro—aggregates and soil aggregate stability increased after continuous super-rice planting. Decreasing SOC was
a soil dynamics after continuous super—rice planting in short time, but did not change the carbon storage potential in long time.
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BB U BRI - - R TR RS
BRORFRBE R A 5 A - S SR (AR 2, BT5T
T RS R A Bl & B S R iy
ARSI, Sk B A AR R o 7K A B DA R A
Xt FIKRE L BRAE PR I AR AT R AR BB 2R 3R

1 #REFZE

1.1 ftit 1%

PRI KRG 1 90% 53 2T LA B A RS 7 HLIX., T
KITH Tl X 23R E EE AKX 22—,
AT R B BRI LRI L 159 B Tl BH A1
TLF AL 3 LK, 78 S B R AE B A A B AR ) B
PRI T Hh R 5 SE PP B R AE 3 a L LB, 3F
T BT AR R 88 ) HE L S S A T ER AT
3B RSB ST

(1) ZBARRFHBE KRG P & P K R R Tu b , 7
FEBAE TS S X IR AR R (E: 117°47' N
31°39"), +HCAMIBRERA T W E KL
2005—2009 4F K HHAI /)N X 74 SE R A [R]— 7K A
SRS B RS AR AE OKRE- B -1h3% ). 3 M
RREFDFEREILX A3, B NX 3 REE , 25
K BWAL 6 5 (& Fk CH-X6), F M il 4 5 (CH-
F4) Bk 6 5 (CH-Y6) , Forr ok H # ALRE L Fl R i
% 153 (CH-CK),3 MEBZRE i Fl R 8 HURE R AL L
FRFFAESI B, i = 29 160 kgN-hm?,

(2)WimE 4 W P K LR B LA (E:
113°17' ,N:28°13"), AEZFBIOKFREHE A

e, + NI RS 1 o BRI T - O3
ZEH RS (CS—CK) , FBEAZ 1 2 24 b i i, SR U ZR
FE-& W VE T R, ESFE 5 a; QBERE+h3E
(CS-CY), BRa AR Y IR 2 5, REvhat A, B S
i 4 a; QWS HGEAE(CS-CY), RGN 819, iR
REWME 299, RN ZER - R FEAE T X, E LR
15 6 a,

(B)ILHE XA TT A =R M R T H L (E
197°57',N:33°05"), +HEREEL R T HIEKRE
+. HIERIEIFIRT 2006 48, 3 SEBEAE T8
THE 3 5 (XH-N3). 1L 8 5 (XH-Y8) FIEg A# 44
(XH-N4), & ARG HHERE 5 5 (XH-CK), RE-H1E
B, MR & 205 kg -hm™, 2 FEALIX A B3, B
i3 REH
1.2 HMFRE

FERSRET 2009 F/K ARG 1T, SREERTZE
F/NX I UETE " FEL S5 FR4E 0~15 cm H3ERES:, H
R A TG 3548, ¥ AR T R4 2 SHRE P9 Y (B 236
B, R EREE T 4 CHKFET IR, 53— 5
SIBRE WA R A F A G , KT, i 2 mm s
F o 7E 1 AVRE S E LB AR B AR A NX L
¥ 1 ANEE R, SRR 3 AN X R B E
TR FABANE B, R 3 AV SRS - SR
FRRFE S R BRAEE AR R R 1,

1.3 TEAREEFR AT E

K FH ] Bl - S 0 o3 AR R 43+ 3 B R A
UKL , K ¥ Stemmer SEO) T 43 B BAE 1B B R
Bt 4% 50.0 g, BT A 250 mL ZEIBK AR,
B . F%E =B A &A% (JYD-650, g
FAER A FRA T ,2001 )KBE R (170 J -min™ ) #7543
A5 min, YRIHREESFES H 2 000~200 pm RifE Y FURL
4, SRIEFAUTREIT R 43 B Y 200~20 pum ARiA% Y 550

£ 1 KRB L (0~15 cm) BARTRL MR
Table 1 Basic properties of studied paddy soils(0~15 ¢cm)

KA 15 sampling site B Code pH(H;0) SOC/g-kg™ 44 Total N/g-kg™ POC/g-kg™ HkL Clay/g-kg™
LR a 6.59+0.11 23.79+0.33 1.840.02 4.700.65 594.67+2.31
Chaohu Anhui b 6.91+0.11 22.28+1.02 1.72£0.15 5.27+0.90 612.00+£22.90
BRI a 5.7320.14 21.57+0.28 1.67+0.06 3.0520.13 412.67+34.08
Liuyang Hunan b 5.52+0.14 20.02+0.32 1.66£0.10 3.66+0.37 365.00+£36.96
TTHRNAL a 7.22+0.09 14.56+0.24 1.16+0.01 2.76:0.23 340.67+12.86
Xinghua Jiangsu b 7.25+0.13 13.53+0.60 1.1420.06 2.95+0.34 326.89+12.17

B ORI N R b R R A

Note: "a" means planting conventional rice; "b" means planting super rice.
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R, YRR B0 B 20~2 pm FI<2 pm KL
1RO 2H o A5 R R AR S R TS FRE K
2 000~200 wm K2 A TR AL 100 H 5, 45
1.4 TEAVBHRSEME MR ED
4=+ T R ARSTURL 20 78 HLBR 75 B % F B A% BR A
AR 5 SR A HLER I 2 S R B s
BpH(K Lt 2.5: 1) A pH & ; B3 F Y
Rl TR B3 s MUMRA BT S . ELAR T 45 R L SC
HRI71
1.5 {HEMGITHHELE
R & T 45D, FrE ¥ E R HAR(MWD)
FRIE I e+ SRR E T B FE s . BT R R & T 4
$0(D,) TR Tyler ST (& /TR .
Mr<e)M=(xlxm) "
R o BAREREAEHER Mr<x) HEHER
INTF xR ELRER M N HESBRRER S
e N HRLIER K EAZ D, WREDTELEE, 81T
X B TIEL M B RS
EHEBEER(MWD)ITHENIARIT .

n
ri—1+ri
2,

MWD=-"1—
Yu
i=1

Ko B8 | FEARERRAS , re=r, w: B3 | AR
RE R, n HEIRERRE

BAEFE Microsoft Excel 2003 -6 4b 3, 5K F SPSS
16.0 AT 2250 #7, AR 3 Z 8] R R AL
Z (A FUA [F] UL 2 8] 9 2 28 LU 85k T LSD . (Least—

significant difference ) , i Z MAHERE 2 (P<0.05),
2 BERE5HW

2.1 TEFHER(SOC) RER A (POC) KT

k2 Fis B 3 MRS 41 SOC i
TENT 13~25g-kg? Z[A], HAPLEABIKREL
SOC #£ 20~25 g-kg™ Z[a], R W BHAIVL 5244k 53 5]
TE 19~22 g-kg F1 12~15 g-kg Z2J0] . HEEFHEBHAS
J& BRIt 6 5 (CH-Y6)Sb, 5% MRS tb A AL
Bk E B BB R(P<0.05, TR ), DAZA U iR & 1
TRNE R B, [RIE R 10%~14%,  +3E ik 258% (POC)
EREESMEBERBEAINEE AREXTE
FKF, EEMIEBRREE,3 M s SOC/POC fEH
T B RURE A T RRALG, Ui A R RS 5 38 DLk
RN TS POC FEHYIMK, MBS Pk
F,BEFEFE TR LS 2R B,
22 TERAREETRIE ST

F3RM, HELEAREIILL 2 000~200 pm
A1 200~20 pum P SR A BURLZH AT o5 9 EL BB R, 431
AT 36%~63%F1 14%~43% 2 [7], HIRE 20~2 pm
BRI , A F 14%~28%2Z ], <2 pm T R RS04
B i B LA/ IN ALK 4%~13% . D6 B R B ik#i &
S X KRG - A AR50 AR, B RALAVE R
KB ESFEBERE G, LR X KRS £
2 000~200 pm A 5 1A 5 5 HUARE X BRAH L g 3 1
Bn,20~2 wm F<2 pm B R AS50RL 4 2 w0
200~20 pm FORLH AR LA B 2, RV 9 R I FH AT 55
244K, 2 000~200 pum i 5 1A 5 43 B0 i e 63

% 2 FEKESHAET L T0C B SOC &8
Table 2 Contents of soil SOC and POC under different rice species

SRAE 55 Sampling site QEHR S Treatment code SOC/g-kg™ POC/g-kg™ SOC/POC
LRI Chaohu, Anhui CH-CK 23.79+0.33 ¢ 4.70+0.65 a 5.12+0.66
CH-X6 20.46+0.69 b 5.17+0.33 a 3.96+0.16

CH-F4 21.24+0.73 b 5.54+0.38 a 3.86+0.38

CH-Y6 25.14+0.61 a 5.48+0.26 a 4.60+0.33

WEE I PH Liuyang, Hunan CS-CK 21.57+0.98 a 3.65+0.47 a 6.47+0.68
CS-CY 19.09+0.59 b 3.39+0.30 a 5.60+0.31

CS-CJ 20.94+0.45 ab 3.92+0.21 a 5.36+0.36

YLF %4k, Xinghua, Jiangsu XH-CK 14.56+£0.24 a 2.76+0.23 a 5.30+0.50
XH-N3 12.90+0.32 b 2.60+0.14 a 4.97+0.31

XH-Y8 14.04+0.23 a 3.05£0.32 a 4.46+0.43

XH-N4 13.64+0.59 ab 3.22+0.19 b 4.26+0.44

HEARNEFRFRFA— R AR L2 AR E 27 (P<0.05), TH.

Note: Different small letters in the same site indicate significant differences in different soil at P<0.05. The same below.
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Table 3 Percentage of different particle—size fractions under different rice species

KAE 5 Sampling Site AP S Treatment code 2 000~200 pm 200~20 pm 20~2 pum <2 wm
LR EW Chaohu, Anhui CH-CK 37.26+1.20 a 21.10+1.62 a 28.53+1.90 a 13.11+2.23 a
CH-X6 43.20+1.33 b 24.66+0.77 a 22.82+0.50 b 9.32+0.77 a
CH-F4 55.94+4.10 ¢ 18.91+1.18 a 16.94+1.30 ¢ 8.21+2.74 b
CH-Y6 63.87+2.87 d 14.76+£1.42 b 14.38+0.93 ¢ 6.99+0.53 b
RGN FH Liuyang, Hunan CS-CK 36.03+4.73 a 28.67+4.03 a 25.28+7.42 a 10.02+0.98 a
CS-CY 36.94+6.14 a 30.97+4.19 a 28.55+2.71 a 3.54+0.31 ¢
CS-CJ 43.67+2.60 a 28.10+4.18 a 23.06+1.18 a 5.17+0.50 b
VL FR2%4k Xinghua, XH-CK 40.03+5.18 a 32.71+3.24 a 19.57+1.61a 7.69+0.33 a
Jiangsu XH-N3 43.18+4.38 a 28.66+2.27 a 19.31+2.80 a 8.86+2.39 a
XH-Y8 44.38+1.78 a 34.21+0.95 a 17.40+1.96 a 4.01+£0.78 b
XH-N4 47.29+4.68 a 31.53+4.94 a 17.24+3.58 a 3.95+1.06 b

BEKF, B<2 wm B RGN 5 & 5 508 2
2>,200~20 pm F1 20~2 pm AR, B, BE%
FEFPAE T B SRIATE U E A 52 B0 , J 1 P REAS
Bt XRESHRMARZHRIEANETH,
23 TEARGCHFENARIRSE

mE 1 s, BREBURA H A9 SOC & EARkL
BRI/, 3 AR KRS £ 33 LL 2 000~200 pm
<2 pm B H A& B RS, O IHE 17~28 g-kg?
19~26 g-kg? 2Z[a], Bl SOC F % [i] 2 000~200 pm Fi<
2 pm PRI EE, GRS I A
X 3 FKRE E AR EIBR R O 3 FhKAE 1
P SR AASBURE 2 Fh A LR 9 43 AT RRAE AR AL o TE S R
BB, REBEWH KRS A VL& &7E 2 000~
200 pwm F1<2 pm FkiH g2, 7E 200~20 pm Fl
20~2 pm &4 BB AL ; WL 2440 A R AR Bk 4
PLERTE200~20 pum F1 20~2 wm 70 54 2k,
2000~200 pm <2 pm %A B2 AR ; 1R % FH &1
FE 3R e Hh A ARSI A BH B AR 1 o X AT BB PO AN

(R0 X KR IR A AN, 199 ) B A S B X
IR IR T A ALBRA AL 0 o ol A SRS ML A
SR BRI A AT B K SR AR AP 5 2 B A W
R 534 , 7] BER DR A B BRRIB 1 A= 0 3 o

3 itig

31 EEMEBLAENHETRANBRSENMFEE
HIR T

EELEFP A RAEE BE LA HLR B AR
WTREGR 2R 4), 3 MERMHESRER AL
BSR4 T 1 0.39 gk, LRAELBIRUBTRILL 6 5
(CH-X6)REHRIAE] T84 0.67 g-kg'c FEIFHAHE
SRR ARA KGR T 138 YU AR ARk
Bo HHEYIERA YRR FEINEA VY IR A &
I A PLBRAY R R A5, 1A PR
B R I Z MRBUAR R, AR R 5
B DA HUBRA A W 0 TR M A A SR e £
A ML IRAY E 2R M, BT AR tds B

K CH-CK E2CH-CK 0 CH-X EICH-F4 [QCH-Y6 [0 CS-CY

30
Ncs-cJ CS-CJ] B XH-CK B XH-N3 XH-Y8
251 7 - = ::E: =7
" "/ — %
g Z N [/ T~ S HTRT=,
a0
~ 20 71 N Z N\=Z N\ NS =2
20 7. — N 7. N\ 7| NI ;; Nel =7
RS 7 o N\ 7 N P N | R =7
o 7 o =" N AL T N2 B ZZ — N7 N =7
S15+¢ 7K P N ZZ N Bl ZZ X3 Nl ZaE NS =7
7 D4 N 7 N NN % 0 N 7 NP o
2 7 oy = N IZE TN N Noe NERZ 2NN =7
Zi ne == N7 N N /| N Nt [ N, =~
7 o = N7 TN N2 Y NI N el =7
0} ZhillNS S/BNZ ;trf \ N 0 INE NE fii NS =7
78 oy = N 27 N N\ 77 N Nl Nre! =%
& / = N lZ NN N 22 N N Z e =7
7 o= NERZaEl Nz TN Nzl =7
Sr 7 o= NZRZENN N ZEHIIN NGHZ7EINS =7
g R4 £a) ) % ) 9
7 o= N H IR N 7N NZRZMNINS =7
0 /A e —] N\ 7, N NS /| \Na'a NS /. et =720
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1 kBt ARG ATNBRSETNL

Figure 1 Variation of SOC content of particle-size fractions of aggregates in the studied paddy soils
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(SRR YN ok Sl =b: Ly | W G oL fa X7 i
T LT 4 R M EER FDA JK R B A9 TE 19, 5
5T H A X R, BERERR)G L LR A
TIEMIRFEFR R L, B R SR BME R RRUT
AR ABRE AR, v fE5E T LR X &
PTG AR, SRS T S T S i A LR B
P , HALF R Z i — 5T

BB EREE SR ARG R (£4),
B LI 3 X R/ 9 22 B R <200 wm 3 NS0 4H P
ARG ALER , T ) FH AL 35 244k B/ B A 3 1)
7 RE HBORLEH o T D, 3 /N A HLA G sl A AL
H R ARFAEE SR, XM E 5 TR S ML
PR 5% , TR I K RS Rk A 243 B2 Wi R T
PRI DAL IR S Y 1.60 F5F0 1.84 %, ML
B RS B o B LU 2.12 5 F0 2.31
fi% . Spaccini ZFWENT ZRARFF B A H ) 38 A R4
SURLAL H A HLBR FBROK AL A 1 & B AR (LRI 5T P 3

L, BHET R SRR R R R TER L
BRESRE T A o N HLAAE 2 1 LL 45115387, 2 000~200
pwm AR P AR LI T, & T R
BUBK ) 43%~60% , 31N 8 AR AR A3 iy
kT B Z A LB I I % % B R ARG PRk & 235
AR ;200~20 pm B RIK AL T 148 15%~27%
1) A HLBK . Wright S5 A8 5808 B K & B A HLARAE
AE 2 000~250 wm BRI H Jastraw 254, A °C
N —HIEE KA RK AR EELZHE
BB, BT LAK BT SRR A HLBR B A/ VR AL TT BB S [
TIHEA WA BB R,
32 EEMEBERYAREREER G BRYE
RIFEIF M

BESFEBPAES ,3 MESUKRE £ 2 000~200 pum
FHL I SR A SURL 20 Y38 (3R 5),200~20 pum SN B
i, <20 pm P AT SR AAHRIA B AR X E 2R A
RAF L E R RRAEY R, KRBBRE AR -

R4 HE LIRS TR AR ARG BRA GG E R 5 5]

Table 4 Reserves and distribution proportions of organic carbon in bulk soil and different size aggregates for topsoil(0~15 cm)

KEFEAR S Treatment &+ 2 000~200 pm 200~20 pwm
KA A5 Sampling site
code &/t -hm™ &/t hm™ o 11/% &/t hm™ HBl/%
R CH-CK 43.84:0.55 19.14+0.27 42.86:0.81 9.06+0.85 20.28+0.94
Chaohu, Anhui CH-X6 38.31:1.16 18.230.62 47.42£1.97 8.24£0.40 21.42+0.85
CH-F4 39.62+1.21 26.85+0.56 59.82:+0.71 8.02:£0.66 17.86+1.20
CH-Y6 46.02+0.99 29.77+0.82 67.23+2.10 6.530.31 14.74:0.72
HARE NI FH CS-CK 40.48+0.29 15.59+2.81 45.73+6.64 9.11£1.14 26.91+4.42
Liuyang, Hunan CS-CY 35.70+1.02 17.88+3.39 51.83+3.98 9.13+0.92 26.55+2.29
cS-CJ 39.17:0.91 14.88+2.30 43.08+2.35 8.13+1.10 23461175
TTHRAL XH-CK 27.91+0.31 15.24+1.22 53.52:+4.64 531040 18.77+2.40
Xinghua, Jiangsu XH-N3 25.04+0.41 16.49+0.87 47.72+2.98 5.20+1.39 22.17+5.33
XH-Y8 27.11+0.23 15.02+1.16 54.9241.75 5.22+0.49 19.18+2.59
XH-N4 26.39+1.07 14.90+1.80 55.39+5.91 4.59+0.56 17.12+2.49
. 20~2 wm <2 pm
KA &5 Sampling site  ALFH Treatment porEp— L% porEp— %
R CH-CK 10.95£1.37 24.48+2.19 5.48+1.16 12.38+1.27
Chaohu, Anhui CH-X6 8.67+0.33 22.55:0.74 3.31£0.27 8.61+0.59
CH-F4 6.68+0.51 14.88+0.93 333026 7.44+1.01
CH-Y6 573031 12.94:0.66 2.26+0.57 5.100.25
AR CS-CK 5.86+2.01 17.23+3.64 1.50£0.24 438+0.76
Liuyang, Hunan CS-CY 7.80+0.98 22.94:2.73 1.51:0.17 4.43:021
cs-CJ 9.511.77 27.472.41 2.05+0.14 5.99+0.87
TTHRAL XH-CK 552032 19.48+1.80 2.33+0.07 8.230.64
Xinghua, Jiangsu XH-N3 8.08+0.86 24.65+3.99 3.59+0.95 15.441.27
XH-Y8 5.07+0.36 18.530.47 2.02+0.20 7.37+0.37
XH-N4 538+1.14 20.00+4.15 2.01x0.55 7.49:1.12
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MEL ESrHr el A, E S B RAE S, TR L
B, A SR (AU A 20 SRR 2 MR A Y R A T AR
fbo 2 000~200 pm S AASTURLZH 38 4 o R 4K
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LA MLk i AL R ARG T AR H, G5 SRR
2 000~200 pum P 58 {45507 2H 6 0 ) 5 B 40405 -4
AU BFEHBRHELKR, 5 2000~200
pm [ 5R {4 FORL 20 A HLBR fif B AR fb B A AR IEAH 26 5%
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AR SRR, X EEANERE —& W RFER.
LRI X+ HERR & B, I R IR AT
KRBV FESER, HEDRE 6 A YLk 2

RIS, A LR A R R A B B 218, i
A B SR X A SR (A i BA ., R SRR BLBR T
B S A4 BRI 38 ) FEREL P SR A s 2 R A L &
B S, XA e SR EN KB L EENE
Y 5 HBRRREEEH X,

AR HT ] A, K AR AR SRR I A B KA
A AR BB AP Six LTS H , BIR 4
TE R RS2 4 38 B B B B AL o 2R 7R et R
AT HEFN R b X #E Y8 + BRSSP 3 0
PRAEANT R 7 3 PR OB ST IR, B E A
BBk F 24343 F 2 000~250 wm AH RSB 1
Spaccini S HBIEHHES | A BT R IT 45 THHES |
A RABIR, 5K 5 T WHARY, A E B L
TR AR AL B IR TORLR L 2R T B
3.3 BERIEX 15 E A K AR

M BRI, ESEREBEEAEE 3 R
3 R BRRE MR A SR, BAR A LK
A TR, {2 2000~200 pum L H 54 H G PR
A BRI | EBR A B A LU BN B, R
WARE SR B T Ik 3, 4 MLak it /D mT
REE BRI G 5 E T LM M REE 451
KATA, MG T 88 VLR RES , i
BT BYERT I, HABTREH—S05R
DR I 3 B 52 S B 75 DKL I SR 4ot A8 AL F) 4
B ER

UEARESRe , it R 5 R FH G MBS [ R 7K S g 1 i
WHFERI 3T 20 a SROKAE L340 BA B R 5, 5
BBk 1 B K, MR ER LMK R ATH
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Table 5 Variation of aggregate and aggregates stability index in studied soil

SRR s =1 AR ToR 2L R Accumulation of aggregates/% > .
Sampling Site Treatment code 2 000~200 wm 200~20 pm 20~2 pm <2 pm "

BRI CH-CK — — — — 2.70 0.44

Cheohu,, Anhui CH-X6 5.13:1.63 0.97+0.32 -2.98:0.82 ~1.40+034 2.64 0.57

CH-F4 6.18+2.21 -0.28+0.20 -3.90+0.34 -1.34+0.34 2.64 0.61

CH-Y6 8.47+3.08 1.37:0.43 -4.40+0.29 -136:0.33 2.63 0.67

WX CS-CK — — — — 251 0.47

Changsha, Hunan cS-CY 2.76+1.38 ~0.90+0.25 -3.98+0.79 -0.58+0.13 2.51 048

cS-CJ 1.02+1.13 1.01:035 3.76+0.65 0.320.20 2.46 051

LAk XH-CK — — — — 2.53 0.51

Xinghua, Jiangsu XH-N3 1.22:+1.12 4.18+0.41 -4.41£1.32 2.03+0.34 2.63 0.65

XH-Y8 1.03+0.20 -1.42+0.48 023046 -0.120.30 2.51 053

XH-N4 0.800.27 ~0.550.42 0.98+0.45 -0.3420.19 2.51 0.56
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