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Abstract: [ Objective ] Rape multiple-cropping is an important planting mode to promote grain stabilization and rapeseed
increase in South China rice growing area. We explored the influence of soil organic carbon (SOC) accumulation and its
stability characteristics under different rice—rape rotation measures with whole-straw returning, which is of great significance
for in-depth analysis of soil carbon cycle in paddy fields by making full use of winter fallow fields to plant rape. [ Method ]
This study is based on an 8-year yield localization experiment. In contrast with rice-rice—winter fallow, we explored the
characteristics of SOC and its fraction accumulation under three rice-rape rotation treatments: rice-rice—rape, rice—rape tillage,
and rice—rape no tillage. [ Result] The results indicated that the content of SOC in 0-20 cm soil layer was increased by
5.28%-25.12% under the three rice-rape rotation treatments, especially under the rice-rice—rape treatment. Also, the
increasing rate of SOC in 20—40 cm soil layer was 18.48%—43.97%, among which the rice-rape tillage and the rice-rape no
tillage treatment reached a significant level. Except for rice-rape tillage treatment in 0-20 cm soil layer, the content of
mineral-associated organic carbon (MAOC) from all the rice-rape rotation measures was increased significantly in different
soil layers. At the same time, the ratio of particulate organic carbon (POC) to SOC was significantly decreased while the ratio
of MAOC to SOC increased in each treatment from both 0—20 cm and 20—40 cm soil layer. The increasing rate of MAOC/SOC
were 2.31%—7.49% and 1.56 %—-2.66% in the two soil layers, respectively. Possible causes of these results may be that
rice—rape rotation increased the activity of organic carbon invertase enzyme (B-glucosidase. B-1, 4-glucanase and Laccase) as
well as microbial biomass carbon in 0-20 cm soil layer to varying degrees, thereby promoting the conversion of POC to
MAOC. [ Conclusion ] In summary, rape multiple-cropping in winter fallow not only promoted the accumulation of SOC in
paddy field, but also increased the ratio of MAOC/SOC, ultimately enhancing the stability of soil carbon pool.

Key words: Rice—rape rotation; Soil organic carbon; Soil organic carbon fraction; Soil enzyme activity; Stability of soil

organic carbon pool
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Jite XoF = A HL A B 4 oy AR 2R 5 W 1) F 5 R R A
Ao FETF UL, ARFFRARIC /ARG Rl g (7K
TEITKRE TSRS il R, KRR R
TK T —ith S B A K R i S B SR AN [R) B A RS it T
+ HEH HLRR K He4H 4y POC F MAOC RYFR BHRHE,
VI Ry il o G B R o 52 RS it . 7o LR RS AT
2 1 3R HILA AR B AR Al [ (AR 1 374 L L
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1 MRSk

1.1 Ef gt

T 56 1A, 18 e 4 A6 B T AR Ml Rk 2 B I 56 i
(26.85°N, 112.49°E ), RN 18.0 C, 4FF
YIpkmiE o 1322 mm, B NN L T
(KRG £ o ORI EA T 2014 4F, G045 DU FR RS ol 42
FRARER, 43508« IKFE-—KARE—4C N (FEREIN, RRF ),
IKFE—KFE—IM3E (RS, RRO), JKAH—IH=E BB
(fE@E, ROT). K= #t (FEhb%, RON ),
B B POK RS . TSRS EIRESL, FoAh AL B
R R T AR . AP Ab PRI E 4 AN EE
AKX, BEALIX ZLHES , BEAS/NX TR 50.9 m*, i
A A BB R KRS R R R SR RIS, RS AT A
WS FH o R PR RIRS ARG Tk A B b 5 2 R G AT A
3250 9 400 F1 10 712 kg-hm 2, R A Ak B iy
R RN 6 331 kg-hm ™ Rt B AR o %0
AhFE, —BRREFF IS HE SRR 8 420
6 411 kg-hm 2, JH3ERE A0 H 5> B 204 12 740 Al
11 895 kg-hm 2,

AR =B rh, REY RN R A
JE(N) 120 kg-hm*, 8AE (P,05) 67.5 kg-hm 2,

BIAE (K,0) 120 kghm ?; FERHEMBUEE G, 4
FAEYIN N, P,Os Fl K,0 il FHEIN 150, 67.5 Fil
120 kg-hm *. HEEYARER AR E | i BERES
MGEALER, BN, /B (sl ) AR (s2E)
RO, MER e 5 :2:3,1:0:0f11:
0:1.

1.2 TEHERRE

LR AEIS , T 2022 MRS A RS+
HERE S . AU LA REE 0~20 cm FiI>20~40 cm +
JERESL, BEA/NXIRIR “S” JERFEEE, RIFILATR
B 5 AR, FRAMIRAIN — A R, BRBR VT I
SSRGS, He BRI 203 4 B — 3B o -k
TRAET 4CIEIR VKA, T30 W A Wy o Rl 0
B s o5 — oy BAE AR Jead i, 44
F B . POC., MAOC K HiAth + 38 BEA B A0 44 o 11
M
1.3 fEHRiNE

AR AL (LR . 2R pH) R
ChBEgRsmFr ) Wiy kb e . 1 B4
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PRI 2 50k F ik, L IS 4 2 R ke A i R
U, AT LA R A e AR AR 1 umol XAl FEFE
FE SCH— BTG 1A (Ueg ) 398 B B D >R
FALL ABTS A 7 b A sz ), s LAAE R
v HHEA R 1 umol  ABTS H 1 3EE X oh— il
WAL (Ug ) MAEYAEYE (MBC) & &
52 R S5 BB 78 -K,S0, IR 4 k0,

3 POC Fl MAOC & il 52 5 I & gy 217
W, BRI : FREL 10.00 g & 2 mm iy
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PSR BEIR BRI US HOA 180 rmin™' AYFE IR P i 22 4R
P 18 h, $&% 5 MR R 0.053 mm i, A 255
TR 2w b kit h R T RKE A, H
W R R RA LY (>0.053 mm, POM),
TEBA T LA ALY (<0.053 mm, MAOM ),
KW E T 60 CHANMT . LTS,
WS 0.149 mm i, WA HLEK & &, 1458 POC
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MAOC Fl MAOC/SOC ( % ) Wit 5 kA
X—5, #3h POC M MAOC BT,
1.4 HEALIE

FFA R H#0 R ] Graph pad(9.3.1 ) #l SPSS 20. 0
HEATVERI NG T 20, ZE SR T80 43 A i 43 50l 41
Shapro-Wilk J5 15 Fll Levene’s J5 5 K6 56 538 A9 1E 245 43
ARy 2551, A5G . AbBRE 22 ok H L R
J7 2581 ( One-way ANOVA ) #EATKGE:, FIHXSH
( Duncan) AT HEES, P <0.05 BN s2m i 3 .
IR N 5 HL AL 43 o bl 2 ] R OGO R R B
IR HL A 4T ( Pearson correlation analysis ) #717
5 o

2 4 R

2.1 AEFIEREET L IEELHER

S AR, REREIR . RERSIH . RN
M b SOC FETE 0~20 em +JZ530H
15.08, 18.86. 17.66 fil 15.87 g'kg'; 7F 20~40 cm
FEH R 7,11, 843, 1024 F19.26 gkg ' (F 1),

X AR R AL 3, R A4 b B SOC & i 7
0~20 cm +JZ AN 5.28%~25.13%, J& HAGRE AL
Hi; 7F 20~40 cm 2R IL 18.48%~43.97%, H
g Tl B RORS I G Ak B R 3 B 2 KOF (P <0.05 ),
X2 LR W Rl S Al E T e AL R R
HURERE I = Fp i SR U TR 2 SOC, 1 F i
ZRAEXTIRZ R SOC TR R W e AR B B .

O E R T HIEL A & ES SOC BATHLIR
(K1), SRR, Rl R4 b Ll 4
AL 0~20 cm 12 B EWM 12.06%~43.94%,
TE 20~40 cm L2 B EHN 23.80%~31.62% (P
<0.05 ). AHXIFEFEIN, FEyhE Fhas b BE7E 0~20 FI
20~40 cm 2K I E 0 AE 5 C/N, RE I P 2
FETE 20~40 cm 2 FF#AL T 1% pH (P <0.05 ).
22 AEMEEET L POC 71 MAOC S ER

H 5B WKL 5

T &2 A A [A] F2 B2 b 2k 28 T POC il MAOC 1Y
i (Ela, B 1b), HHXREREIN, (Rt 2
WEMAT 0~20 cm )2 POC &, HHSERE
i 19.71% ( P<0.05); F& i Fl £ b 38 i 2538 hn
T 20~40 cm 219 POC &, HIE A 18.62%~
26.14% ( P<0.05 ), 5 5 a5 Ab BEAH Lb T e PR il
MAOC 5 H7E 0~20 cm fll 20~40 cm +)24) 5|3

x1 BHEMARMEREN AR LR LIRELIERZ N

Table 1 Effects of different rice-rape rotation measures on soil physical and chemical properties in different soil layers

EERIR S B
T2 A3 TRA L
SOC/ TN/ pH
Soil layer Treatment C/N
(gkg!) (gkg™)
0~20 cm RRF 15.08+0.42b 1.98+0.24¢ 7.69+1.00a 6.41+0.26a
RRO 18.86+0.73a 2.85+0.00a 6.61+£0.25a 6.45+0.11a
ROT 17.66+1.03a 2.25+0.11b 7.90+0.84a 6.57+0.27a
RON 15.87+1.36b 2.22+0.14b 7.17+0.84a 6.46+0.22a
20~40 cm RRF 7.11£1.46b 1.39£0.01¢ 5.12+1.05a 7.13+0.24a
RRO 8.43+0.72ab 1.83+0.12a 4.63+0.58a 7.21+0.04a
ROT 10.24+1.00a 1.75+0.04ab 5.86+0.55a 6.82+0.08b
RON 9.26+1.39a 1.72+0.02b 5.38+0.78a 6.73+0.12b

TE: RRF, RERENAEH; RRO, MMIMALEL; ROT, RIHMHBIALH; RON, MG . £hEN FHEARMELE . F—5]
[f]—+ 2 AR F R F R P Z A2 7 B3 (P<0.05); FIH, Note: RRF, Rice-Rice-winter fallow; RRO, Rice-Rice-Oilseed rape;
ROT, Rice-Oilseed rape tillage; RON, Rice-Oilseed rape no tillage. Each value in this table is the mean + standard deviation. Different letter

in the same column for the same soil layer indicates significant differences among treatments ( P<0.05) . The same below.
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. EHiREL AR, W— LR PRICAH R 75 2R A PR 2 [ A7 4 i # £ 5% (P<0.05); FIA., Note: Error bars in the

figures indicate standard deviation. Different treatments in the same soil layer without the same letter indicate significant differences among

treatments ( P<0.05) . The same below.

B R ORI AR T OB S A AL A P 45 25 HLAR 75 1 S A B L]

Fig. 1 The content of POC and MAOC, as well as its ratio to SOC in different rice-rape rotation measures

i 6.75%~25.00%F1 51.74%~57.06%, HAE T
MBI BT 0~20 cm + 2 KA 3 B E 5, HAHK
F g F K (P<0.05).

Fei v &2 b B B0 T POC F1 MAOC i SOC Y
Eefl (& 1e, B 1d). AHXTRERG IR, i Fp s ik
B POC/SOC FLAEAE 0~20 cm A1 20~40 cm 43 %]
B AR 9.80% ~ 21.33% Fl 18.01% ~ 20.75%
( P<0.05), fii MAOC/SOC HAETE 0~20 cm Fil 20~
40 cm 439 FRE 2.31%~7.49%H 1.56 %~
2.66% ( P<0.05). Z&E R FRWIFME Fhdm 1 L1
A ML B Rt
23 AEMEHEET LIEREEMREDEDE

RESENMASS SEERHEXHE

A S AL AR OGBS M5 D, AR RE R A

ARG AR e AL B B RS T 0~20 cm Al

20~40 cm - J2 1) B~ 4005 1 BRI B-1,4-7) R WE B IS
PR 5 R FHAL R S T 20~40 em )2 B-HiAG
BEE RS PE , LA &2 0~20 cm Fl1 20~40 cm + )2 B-1,4-
RS (K 2a, B 2b, P<0.05); A AN
e A B G B T 0~20 em - E IR EHEE, A
MM Rl AL I B E R T 20~40 em TR E T
P, JEHRERMAL B (& 2¢, P<0.05). ZEfAYIA
Y T, SRR N EL, R A AL H G R T
20~40 cm 12 MBC & (& 2d, P<0.05).
MENEHIEI, POC/SOC HAHTE 0~20 cm
125 B-1.4-H RAERG TSR 2 B E MG, 78 20~
40 cm TJ25HEG VIR B-1,4-5 R BHEGIE 1Y
B RFEMMEXE; MAOC/SOC HAELE 0~20 cm +)2
5+ 18 BRI AT RN M L - 1,4- 50 M A S M A
FIEAE  FE 20~40 cm + )25 +5EA HLER R B-1,4-
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Fig. 2 The soil enzyme activities and the content of MBC in different rice-rape rotation measures
*2 FEHEMAREMERET LIREEEMEDNEYE SANKAS S LLABXES

Table 2 Correlation analysis between the ratio of organic carbon fractions and soil enzyme activities and microbial biomass under different
rice-rape rotation measures

+)2 FHLERA 5y 5 L
soC MBC SGC SCl1 SL
Soil layer Ratio of SOC fraction
0~20 cm POC/SOC -0.271 0.345 -0.471 ~0.699" -0.206
MAOC/SOC 0.187 -0.393 0.502° 0.639™ 0.134
20~40 cm POC/SOC —-0.714™ -0.372 -0.505 —-0.824" -0.380
MAOC/SOC 0.662" 0.132 0.459 0.785™ 0.147

IE: SGC AU B-HAM T AHE L, SC1 AR B-14- M BMHAEE ML, SL AU AT 15 * R R b B i) 77 76 18 3% 22 57 ( P<0.05),
w0 RN A Ab B A A7 AE A B 35 22 5 ( P<0.01 ), Note: SGC represents the activities of B-glucosidase, SC1 represents the activities of B-1,4-
glucanase, and SL represents the activities of Laccase. * represents significant differences between different treatments ( P<0.05 ), and **

represents very significant differences between different treatments ( P<0.01) .

SR B [ ZOMIN 22 2 B A RORAS . I E I 22
Fofox - HE i g B4 BER MR B, (R BEIX RS
AL AR 0T 5 TR ™ i A0 A i = AR
HABEEME L. EE/\EE MRS R R,
TEKREFNMSEARE AT A il A F R, A R A R
TCI8 S 78 XU A8 Al 1 384 i — 2= S Fh A

ARG SR E R, HRE S e A T LA LA

HRBEMEG R B W IR O (R 2). EREM
R A P4 R 1 A AL AR E

3 3 ®

3.1 FEHEM LEEVERR R0
IR 53 SRR 000 P A DR ) B 228 4
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e &2 A 45 Ab B 2514 N T POC Al MAOC & i
(Fl 1a. & 1b), 3% 0] RS 5 Fh T SEAR R A AR,
B TR AR R KL, il POC Al
MAOC JE 25 ik 75 i 2 1 2 44 =1

WA R, FEME A AE 0~20 Fi
20~40 cm R EEFERIKT POC HANLEKMLL
B, RIS T MAOC B fitk (F 1e, B 1d),
FHAERS FRAE H T, v 42 b R A% 0 25 4 0 - Bk I
FR e, AR TAE LR R . el R
FXTFREARG IR 3G T AE Y R Z AR, X S5
Z R AL PR AT L i - 3 A R M B AF 5 A
F—30Y e PR 1 Fe e T AR P Bk i
SR, FEIME R R KR ARG AE . AR R A
WA IS, WEERE T RIZ R LR
PEAHCEGG M, BORRFRE S T2 LMY
AWt (B 2), S8 T G0 P sk 5 A o i AR
HE AR S5 A B9 R ] MAOC 43T .
3.3 WmmER HIEHMMERNZ L ERETEN

Tt 1 52 P RS AT 8 FASAUAR 2F T 598 HILAR AR
2, EE THRERREE, R e A P Al
Jt =R T —E W . FEARFE T, TR AR
AR B HIEAR 5, H M ON HEES
WhEREIE B EZER (£ 1), XEHAEFRTFLEILH
FUFF, BmEFESE T R Em AN RRR, &
R BAE—E R bl AR i R R L fE
1o FRATTHT AT 5T 2% B A RS I S R R T 4 o R A
WRZEF AR, RS 5.31%~7.38% ",
FEAKIFFE R, R ARG T A R A DR fofE 9 2 /K R - 1
B 14.78%. fEAF—HER SR, SRRBMAHL, R
=G M 2 —ZE AR RS AR X 0~20 Al
20~40 cm 12 pH i E W, X 5 AL HES
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e 62 4

FRAO H 2 1 18 pH FREMZE R AR, R T
FEFFIE AN 2 S 380 R = 8 fh R 4 £k .
SR, RETMPIEE A SREREN . RS =2 A
b, #490# 20~40 cm +)2 pH FFE (£ 1), XAEE
SEMEE R TS AR, AR RRARR
broriby 2, HEEREAX K, 5L TIRZE -
ey pH FRERT. MeAh, fEARE T, MR TR
PG R, FEfE At 2 B BRI RS FHI6 B,
AR R PR S AR (R 1), X R
i — 2 PR =X EL A O v 9 TR AR . Rk, B
WM RERINZ 2R AL, 5 F LR iR
IR, R X TT R R R R A S
b T30 FEL 2 — A X A i B AR B R 5 i

4 4 ik

T iR R, R &2 Fh & A it 32 g A2 i A
[FJZ R A HUARFUR , B35 MAOC [ B Al
TR L], SERAA MR ER S, AR T kR
MR EAE o v, RS I 2 Fh v 2 2 8 HLAK
PRIE R EE, AXAE L pH IR ER
TEAZ RSB FETT , AR ™ & . 550
TR T R A S R, RERE AR —
T AF G 5 £ 1) A A
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