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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 020 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 2040 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 2040 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. PB-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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e EFE A AN R NS . AKRE-se A A ORI TR AR, 2 7 AR
Ko TR B RS THR R B IR T 3 AE Ty, ek R AU 22 39 0 38 IE ) A &%
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MAOC H {73 FelM e AL AL AR 8N 34 HURRAR 3R B B, R Al g il S S5 A T ARk
W VR RSB AR AR, A TR AR R RO CONTBE R 5 Jt 0t - 38 LA e FL AL 0 AR R R i 1Y
WEFEARRT D . STk, AR URSE\ERE I R A E A RS, PRAUKFEANISERAT 2| Ie T, K
RE—7KRE—I =« 7RG S A AR 7K Re—inh i G Bt S8 A [R) Al it R ST HLRR S 2 70 POC Al
MAOC HIRRHFAE, LAY E & B AR R At 780 M RSAT,  $2 T3 LR R A
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1.1 BALR T

TRLG H AT 750 5 48 17 B T AR A e SR aG M (26.85°N, 112.49°E), 4EFHKiR N 18.0 °C,
FETHERNERN 1322 mm. fHAHSAE LR FRKRBE L. R8T 2014 4, G
PR AL, 3R KIBIKRE-4H (FEREIN, RRE). KIE—/KRE-M3 (FEHEH, RRO).
IKFE—HERIRE (R, ROT). /KRB (FEihf, ROND. FRG#abdkKFg. w3y
AL, HADA I IR RV R AT . AR E 4 NESNX, XA, B
INXTHEFUA 50.9 m2. BT AbERRER R /K FEATRL A SR PRI AL, AEFF A BBIE H o R R R RS el vl
AL T rh P R RS AT S0 B HIZ18 9 400 A 10 712 kg-hn?, ARG AL B il SE RS FTHE B 20N 6
331 kg-hm?; FEVHER ARG oAb B, —ZRAE ARSI &40 2008 8 420 F1 6 411 kg-hm™2, ARG
FFI8 > B304 12 740 1 11 895 kg-hm2,

FERHE =T, FFREMRIBIEES AZEE (N) 120 kg-hm?, #IE (P,0s) 67.5 kg-hm™,
AL (K20) 120 kg-hm?; FERFFEPZAEE S, SZFEDR N P.0s Ml Ko0 JiH &4 150, 67.5
H1 120 kg-hm?. BFZRAEWIIERIS R IR 2= i BERRES AL, HBEIE. B8 (B JEAEE (8L
) e, AL 5:2:37 1:0:0 AT 1:0:1.

1.2 TIEHMEE

BT\, T 2022 M REICR G R AE TR . R 48R 4E 0~20 cm A1>20~40 cm +-
EREA, BN XAZIRCSVTERAE L, WEIFUATREE 5 AL ARARSIN— AN IR, PRBR T
HIEH AR BR G, 1% BB DY 20920 B — 8B 0 ERAMRAE T 4°CIEIRVKAR, Ty Ay s
WEHERIE; 530 LA RN TR, HFEEAVK. POC. MAOC & HAth T3 S Ak
PR R I 5E
1.3 $E4RNE

IRV AN, 2% pH) RH (IR DSR2k Tl E . 1
B-HIEIHET G (S-B-GC) 1 B-1,4-H ZEWERG (S-C1) WETERYI E ¥R FH b (i, Herh sy st il
FEOREU, A DURE R AR 5w I AE A 1 pumol KRS SRR 8 SO — /MBS 1AL (UrgD) . RIEARS
TEPENIR FH UL ABTS IR 7 iE AT I E DS, Sy AR R B 5 43842 B 1 pmol ABTS H HH2E5E X
NS S (U-gDo SZEMAEYER (MBC) & 8 E K& E2&-KSO4 2 2N,

13 POC Al MAOC ¥ &l & 2 R T e 75 S50 7%k, BARPIRMN . #REC10.00 g i 2 mm ¥
IRTHRETF 100 mL 08 F, IO 50mL 5 g- L /N Im B ER AN UG BN 180 r-min! BRI Fh i 4L
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PR 18 h, Ik 5 EMAIT 0.053 mm §if, FIH & F/KDEZ R -8 2 FRKET
t, Hoo s B N ERA LY (>0.053 mm, POM), % FEB AT MESSAENY (<0.053
mm, MAOM), ¥ E T 60 CHA MM T . EREETIE, BB 0.149 mm 6, I5E A WLk
EE. T3 POC & &L POC/SOC (%) itE AR R :

BRAHI R E (2)

POC & (gke) —HRANMHENHE R (gkg) x
O e TR (@)

(gkg™

%
POC/SOC (%) = - ; x100
&= (gkg )

POC %
A~
=

MAOC 1 MAOC/SOC ( % )it 5 FR AR —5, # =t POC i MAOC Biv .
1.4 BIELTE

Fr A B HCR A Graph pad (9.3.1) A1 SPSS 20. 0 #EAT/EERIAGE 404, (EBE4T Bds 2 i 4331
FIF Shapro-Wilk /7781 Levene’s J7 VARG S B I IEAS A0 AR AT 225510, 956 . Ab3IR] ) 22 SR
MR T Z 54T (One-way ANOVA) #HATHE:, FIFHXSH (Duncan) ¥E#ATILEL, P < 0.05 Bk
N . B 5 G LR 4 4 o5 bz )R 9% 0% R ORI Rz JR @b A OGP 43 BT (Pearson
correlation analysis) BEATHEE .

245 R

2.1 FEMIETEE T TIEIBU MR

S )\EEE, FEREN. Rl RRmEAIRE 5 A SOC FEfE 0~20 cm L2451 A1A
15.08. 18.86. 17.66 f1 15.87 g'kg'; #E 20~40 cm FJZ43704 7.11. 8.43. 10.24 1 9.26 g'kg' (£
Do FXIFEREMNAEE, FEmhEZ A& A SOC FELE 0~20 cm L2300 5.28%~25.13%, JLHFEFE
AL, 7E 20~40 cm L JZHEIRIE 18.48%~43.97%, Horb g i B ARG il S0 A HLIA B B KR (P
<0.05), XLegs R R S M et 7 AR R, BRI = MiE 3 223 7 RE SOC,
T e 38l R R bR G VR )2 R SOC AR B R IE BUR BN I I

e T LSRG ES SOC RAMUKES (& . SHERBINML, FEl =& b s
SR BAE 0~20 cm 12 T EWIN 12.06%~43.94%, 7 20~40 cm 12 5N 23.80%~31.62% (P
<0.05) . FARTAEFREN, FEHE R &AL 0~20 F1 20~40 cm 2K B3E M I O/N, Bl E
PRI AE 20~40 cm 22 [EK T 13 pH (P <0.05)

1 FEHEMTEMERSEXN T E T B R RS

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

+= Ak 7 A B £ BRAEL

Soil layer Treatment SOC/(g'kg™") TN/(g'kg™) C/N pH
RRF 15.08+0.42b 1.98+0.24¢ 7.69+1.00a 6.41+0.26a

020 cm 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
RRF 7.11%1.46b 1.39+0.01¢ 5.12+1.05a 7.13+0.24a

20~40 cm 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
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RON 9.26+1.39a 1.72+0.02b 5.38+0.78a 6.73+£0.12b
7E: RRF, FEREH4LE; RRO, FEREIMALE; ROT, FEimEHALIE; RON, FEiltibd. RPEUEAFHERMEE, F—FfE—+
ETMFFRR R 2 8 255 8% (P<0.05); F[H. 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.

22 ElFMEEE R T IEPOCFIMAOCS 8 R E S B REL 5
T E AN FEFE R R 7 POC AT MAOC & & (& 1ay Bl 1 b)o AHXTHEREIN, (R Skt
HEZENLLT 0~20 cm L2 POC F&, MHEEMRK 19.71% (P<0.05) ; FEME &AL EE
BT 20~40 cm 2/ POC &, WIEN 18.62%~26.14% (P<0.05) o FEiI & fl &40 FHAH LL T4
FEN A MAOC & &7 0~20 cm F1 20~40 cm + 243 AN 6.75%~25.00%F1 51.74%~57.06%, ok
T RGBT 0~20 cm L 2R B R FS, HRWEBEZEKFE (P<0.05) .
MM R 7 POC Ml MAOC 5 SOC HyLLH (B 1e. B 1d) o MHXFEREN, &
FHHE{E POC/SOC EUAEFAE 0~20 cm Al 20~40 cm 43 71 3% 35 FEK 9.80%~21.33%F1 18.01%~20.75%
(P<0.05), 1§ MAOC/SOC H B 7E 0~20 cm A1 20~40 cm 73 1) 5 3E 42 51 2.31%~7.49%H1 1.56 %~2.66%
(P<0.05), %25 R G E P4 S T TG HURE AR 1.

a b
) 6 0~20 cm 20~40 cm ) 20r 0~20 cm 20~40 cm
! =~
iz R <0 'sp b
o T G0 be T
B, 25 ]
=3 £
52 il
i3 Gz
® g b & & 2 =2
3 & E
- &)
0 0
S & S & & <z_oé & & Q,o& S
AbPE Treatment AbPE Treatment
c) d)
28 0~20 cm 20~40 cm E 100~ 0~20 cm 20~40 cm
E EY]
LN @) a
B g = .
Tx oo
o & o
Rl 8 14 KOS
By b by = §
=% Pt
ﬁ ° 7t Jf S
43 1S
2 58
g s
$ O & & $ O & & = & s & &
S S S S S &S S S
AbPE Treatment AbPE Treatment

W BREL AR, [F— L2 AR TCAE R AR R AR R E 2R (P<0.05); T[H. 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.
Bl 1 Agil B AN AS [F R RE 15 e T 33O 25 A HLBR AT W) 45 6 258 WL & 2 S 5 A Bk e 49

Fig. 1 The content of POC and MAOC, as well as its ratio to SOC in different rice-rape rotation measures
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2.3 FEIFMETETE T TIRESE AR EMEYNER RSB REA S SELAE XM

TE IR FEAAR DS B VEPE T T, AEXS REAE N, FERG I ARG I S b B B35 A T 0~20 cm Al
20~40 cm +JZ (1) B AT HEEBEA B-1,4-85 SEVEBGVS I RRUh BN AL H B E R T 20~40 em 2 BT
HPEEEEEYE, L& 0~20 cm A1 20~40 cm /2 B-1,4-% BHEEESETE (B 2a. & 2b, P<0.05); FEHH
AR R AR BE B35 42 5 1 0~20 om T 2R EGIEME, FEIM E M A0 B EE S T 20~40 cm 1 EE
B s PE, JCHAEREMALEE (] 2¢, P<0.05) . EWMAEWAEYETTE, SHEBREMHELN, FEREm
FHRE T 20~40 cm T2 MBC 5 & (& 2d, P<0.05) .

A TR, POC/SOC HUAEAE 0~20 cm )2 5 B-1, 4-7] SEPE BRI 14 2 W3 1A AH S, 7£20~40
em T2 5 EHEE A B-1, 4-1 RFEREIE 1 2 82 7MH5%; MAOC/SOC HAETE 020 cm H)2 5
398 B AT BAES . B-1, 48 REREIS M B BSOS, 1E 20~40 cm )2 5 HIEHHIEAN B-1,
AR Y R R EMX GR2) o & RRWRIMERIEm T LA VIR E e .

a) b)
20r 0~20 cm 20~40 cm - 0~20 cm : 20~40 cm
o ﬁ.,_" - a a a :
H e H;E_E 80 T _T.
— 14_
b
=3 = 3
=3 = 3
l g a
@‘? -2 7t 5 b -
o :
O L & $ O &
S LSS F LSS
AP Treatment
C) d)
20~40 cm 750 0~20 cm : 20~40 cm
~ i
I.u) a <H-L ;ﬂ a a
2 B e
# 3 g & s00f b b
57 S L 1
2z | o
& 5 HS ;
Y ;’ C 5 :
2 e |
0% b b ¥ Z 250f
g i C % E a b
2 = © b b
F S | TN T
0
S Q S S S Q S S < S S
FFEE F&FEE S F&&E
AP Treatment AP Treatment

P 2 it AN R AL A T SR PR A E A ) B S B

Fig. 2 The soil enzyme activities and the content of MBC in different rice-rape rotation measures

2 FmE A EMERERE T TREE RN EDENE S B RE S SELAEX S
Table 2 Correlation analysis between the ratio of organic carbon fractions and soil enzyme activities and microbial biomass under different

rice-rape rotation measures
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+2 BHURA Sy b L
Soil layer Ratio of SOC fraction SOC MBC SGC scl SL
POC/SOC -0.271 0.345 -0.471 -0.699™ -0.206
0~20 cm
MAOC/SOC 0.187 -0.393 0.502" 0.639™ 0.134
POC/SOC -0.714™ -0.372 -0.505 -0.824™ -0.380
20~40 cm
MAOC/SOC 0.662™ 0.132 0.459 0.785™ 0.147

TE: SGCREP- MM HIENE, SCUREP-1, 4- M RBERRE Y, SLAREEREE: *REA R FAIEREZER (P<0.05),
#fRRA R AL A A ER B35 72 5+ (P<0.01). Note: SGC represents the activities of B-glucosidase, SC1 represents the activities of p-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).

34 it

3.1 FERE M LIEAHRRENE N

IKFE—IH S 2 70 70 R F A TR ) L BE 254, R IR I ORI 2 2 0 088, Raim A
BGPTSRk, RHEZ R R T LG WU B TR 2 A = A
Hem ) A E B R o HL ) \FER RIS BB, TEKREAM R S EIEH AT, X
FEFEIN, TCAR R AE W FEIEAE 30— e fi, SRR S SR, YRt R s
Pk & E (R D XEMNTREHACHFMS T, STERENML, FEfEmErmsg 7 T 8a i %
(28 SR00), R T REFTIE H AT LA AR AR A S ool th AR sg e, (R e MU 2R,
HEMIRE AL g HG 32 B DR T B 1 N B e — RV SEAS AL H 35 1) L 2 A AR E R BRR, R
Iy B OGS (B 2a-K] 20), R T ASFRRIE A LA WU AL SRR . et Re
A 5 LA A 7 AR A A 3 B K B R AT ELHEEL S R B RS . HE—20 ar RE,  AEX T
FERGINACEE, FERGIH —ZEMAEXT 0~20 om 3R)ZE T HEG MUBRN S AEHE(E FHASc0m, 1 Ry v 2 S ot 1) %o
BRJZCLT 20~40 cm 12 LEEE PR R IEHFRCR T N R E (R Do XnREZH T /KR R E
HTE 0~20 cm 12, TR R KIS, ANLIREERHA 40~100 cml'®),  H B ZEFEARXT T XCEFEFE S
SRR AT IK, EER. RATEARIE, HER R WP sk iE AR ae A 355N\ 2 05K .
IR R B, SELMLPIIE R G B E ARG T S 58 G R T WU R AR i, 57
WARBHELL, REMEBIPHEE T 0~20cm L EAHIRM & &, MfE20~40cm LERAREER. XK
B 0~20 cm + 2 IEIHHE GG R TR S LERA, (S RFF A T E VIR, 7EREH LR
JFEULT M) 20~40 em 2H,  JHEEAR R S IR A AR R I R R, AR b A FUEHE
BT TR C R EZE . Mhoh, R HESm HIa MU S 2 E B R R 09, 7EAH
FeH . FEImEAR TR e A B A E RS AT A R B SRR ETE 0~20 cm LE AN G &
TEEERMEHZ —,
3.2 FEmEMN IEENIRA S R ERE SN

13 POC 5 MAOC Z [l 73 Fe A o] LASRAEA WLAK BT 73 Be 1 S LA A= 0 i O e 2 72
B, feonEIERRER AR E N, 8RR b AR A R R 2T, [, A g v A el
T3 POC A1 MAOC W& & &I b, A B TH7m B 3a ML R S AR e e . AHE 7L
KAFEMEFAFFEEHEZN T POC A1 MAOC IR ER (B 1), 7E 0~20 cm T2, BRFEH L T
POC & &E4h, HAREAIEN POC R T W& 5m, (HfghE M & B B8N 171%)Z MAOC &
o R O] GRS FEAG I ANFE I R N3 R R E RS IE S S BPE S R o e, BRIE S
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T 5 55 fEIRA DG - A R B-1,4-70 SRRV 1, PR T S A 2 S A AR YR A O
i EYE (B 2a-F 200, REFF &0 7 fREse 4, HETRAE 20 R J5 Bk S50 YA 45 & TR R
MAOCP!, 1fij POC B A R (EfGHads g, FFEicHEs T ERmism, e T55
IHRAR I EEE (B 2a. B 2b), Gl iR fs 5 S g a0, fiH POC 5k
BIHF BN AL A L B BR S &, T MAOC S ER E. £ 20~40 cm T2, Tl &Rl & kb3
PR FERINT POC A1 MAOC & (I la. I 1b), XATRESE BRI RN L8R, 0 7%
2 IR R R A WIRRYR, fF POC A1 MAOC JEZ5 b & B35 5 35 14 in 231,

RNHTRIL, FEw A Fh &AL FRAE 0~20 AT 20~40 cm + 2 B E BRI T POC (54 HLER A EL 51,
[FEfE2m 7 MAOC At (Bl 1ew B 1d), RIALEFRSFTICH T, FE M RE B 252 T 3 A 1
FaE e, AR T ARSI R . RBE A T RN TR 2 R, X S5EY 2R
A AIRE T DA ik - 39k e A e PR (ORI AL 45 RAH — 24, R WL RS e A 2 2 iR A= 0 iE 3h iK
RS, FEMEM N RERFRF. RRLL W L5, BERE T REMRZ LG
FCHEE M, HAFERS TIRE R EE (B2, W5 T EY IR R 2 AR,
AR BIRRIR ] MAOC H1 43 .

3.3 fEmE M TIEE MM RO MR ERETN

Feh S MRS FRE MR T RIEA MU R, P2 T iREFREtE, R xS e A3 vk
A=A T — . EA AT, TELAERSESAVRRRBAEAR 8, H15 ON HEE
FRHETREFEER (KD, RR\E/BFEELCHEMET, BmEREE 7 HIEREN R R,
BRI R — E R LT DA s IR AR AN B T . BRATTAT IR 71 3R K AR v S Ad i £ R
GNEEMH R, I KREEF 5.31%~7.38%100, fEAHF 7T, FERE AR T R A R A P 22 /K
PR 14.78%. HF—HME, SFERENMLL, BREm =8 M T L —Z 0SS F 8 Bt
0~20 H120~40 cm 1)z pH TG M, X5 HARRE 70 A A AL H 238 il 3% pH T PR 45 AN [F] 260,
KT AT HA S SERERN =FE M R R LR . R0, BN EEMSEREN. BEm=
ZEFAEL, ¥ 20~40cm 12 pH N (R 1), XATRERWEEM FlsEFHK, MARRA
PRARFIR b i %2, HRVERF ARG, 51 TR E LI pH TR, ok, fEARREH,
MR TRMHES M, BREmeE T REARKMAETIEHSAE, HEERE GRS 288
(£ 1), KRN =M EGESME SR B, o2 WORERR I 224 /A R,
&R B REIRAME R IR A B, TE e 7 X e FE ARG I =2 5 P & 6 R AT 340 FH 2 — PR X L4 1
VI i Ty i

4 45

FEAT IR R, R R A 15 e fe e A R 2 I E A IR R, REIREMAOC !, B4
PUBRFILEG], SE5EAa MU AR, A AT LI KAk . Horh, Famgih R Ao %= 8
PUBRARTT SN R, HoX &= L3 EpHI BB F 5. EAFIEFT BT, A OREEAR ™ &
FOIE A GE IR R M SR, R R A — AR R A B A
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