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Effects of multiple winter cropping on soil organic carbon and double-cropping

rice yield in the south of China
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Jiangxi Agricultural University/Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Research Center on Ecological Sciences, Nanchang
330045, China

Abstract; The study included a set of five treatments ; winter fallow-double cropping rice ; milk vetch-double cropping rice;
rape-double cropping rice; garlic-double cropping rice; and potato, milk vetch, and rape rotation-double cropping rice. The
effects of multiple winter-cropping on the early- and late-rice yields, soil organic carbon, active organic carbon, and carbon
library management index in double cropping rice field were studied for a period of three years (2013 - 2015). The early-
rice yields of winter-crop treatments were higher than that of the control treatment. The late-rice yields of the winter
treatments were also higher than that of the control; however, the late-rice yield of winter rape was lower than that of the
control. The total organic carbon, active organic carbon, soluble organic carbon, microbial biomass carbon content, and
carbon library index of the winter treatment were extensively improved. In addition to the winter crop rotation, the soil-
carbon library management indices of the other winter treatments were significantly improved. A significant correlation was
observed between the total organic carbon and active organic carbon, microbial biomass of soil, total organic carbon with the
soluble organic carbon, and the carbon library management index. The carbon storage activity and carbon-storage activity

index were also improved, but the effects were not significant.
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2 S % 38 &

A UL G IR P ZL AR | LR AR R IZE 19 3.3 475, X T AR 5 T R A BRI 26 2 ¢
FEE AT GRS A B R & SR HE O VIR 3 HLAR i dat R ARG 4 L 1Y
FPIFRAR LU e B E M B TR ik i X P2 Z ) A — A, 2352 8 13 A B R BT Ab X
S FHERIE AL EE FEE Ty B W B A — R B R 52 R[22 0 H2H 43 i J 43 A BT
AIF T V2B TR FA AR TP e X S SR R R AR SR R e R ) M LR TR PR A 11
A LR — LA P P HLRR 2 A LR BOR S A LR AR Wi B A 5 B A A HLI 5, E AT T E A ]
R e L e A B (A P A L i 0 TR A LR X 3R 3 T Bl | A T A A R
SR BORIREE i AT F R BRI VA HLBR AR LB b BT o Y L AR/ (H R R A
Ty OIRASE X L3543 (AL AT 45 BB 25 B R A 1 LR Ay S R R ARG
GERIN, LIETH A HUR &t BT AR RIS ) N RIS R B A R AR L, PR - |
BRI RUERE NS DUFAE 3 MR A& s A sk AEiE TS, HSEHHE)Z (0—20 em) B 1384 HLAR A%
PR BB S A BT . BRSSO E IR R A 5 S B A BLBR B A R AR
BHEIR R BB A PRI R A0 DA PRI S5 5 0 T A/ P LSS0 A DUBR B 2% . Wi &5 Sl B e A
[7] 5% 2 0 Bl I 451 AN [ 87K 1 XoF - ST PR AL 28 2% 4L o SR A B RO 2 B PR Tt 2 AT RE A
EE kL3 AT HLBRANTR A DL Y SRAR, JAIWCAE B SR R FE A FH R 2 35 1 L3 WL A A L
B e AR T 20T A HUBR AT A DUR &5 i AP e 28 5, R A5 20 B SE R W] 3 AR VRS (g &2
BRNSR A ERERE B K TE R ) T s n I A AL R A T A W R A K R ST SRR Be s R R, 5
AACAIUBRAE KRB E T WA AR, B RS2 AR R Sl E A e ik 32 KA A 1 0 B2 i) i
R, AT AT HURR 2 A R A 7 S AR AR AR X AR i

P 7 XA X TR KR 2 X, & TR RN s R 2 HE 2 I S 1) R HE 4 AR I 2 92
UK RE AR B P O B s 02 F BRI ST A B BRI — T R SRR P X /R R A 7 ) B B8 AR F e A
(7] A Ff S 2T XA T R S IR A IR AN R A A 7 A FH PP i) [ e U P, LS O R 77 U A ot X e 4
AR —E S H K

1 #MREFE

1.1 5 HESL

ARIETF 2012 4 10 A 7EVLVE 8 1 44 BRI 56 AT, U0 A 3800 ) L3y 5], K - 49 1%
+ IR )Z 4 (0—20 em) pH {H 4 6.08, A UL & 50 41.81 ¢/keg, AT M 1.97 o/ ke, H 35 &2 H
16.38 mg/kg, B & 74 130.00 mg/kg,
1.2 REsT

RIS MEFE, AR 3 Uk, 4 15 MAR/NX, BANRE/NX BN 66 m?*, BEYLHES , /INX JE [l
WE 1 m A RPT, BB & 1 R,
1.3 g A B H ) 7 2

KT RV RTLR MR B4R 9 IS 10 A W1 R , #EFhit Ry 45 kg/hm® , T W RIBEF T 50 44% . 2
2P EEREIC A 375 kg/hm? LA, 5 AR BRAC I RIBEIA ARS8 Ml 2013 48 25800 55,2014
AR AR 18,2015 AEMERIMAL 8 5, BHAE 9 AKX 10 AWIE i, A&y 22.5 kg/hm®, B A Ui 45% =T
REANE 300 kg, JRE 150 kg MENFENE, WEAFICRIG HEA TSRS R TSR O e il Se i AF DR i |, K%
SRR IR 4 £ B4R 11 AWK R FEAh i 250kg/hm? | JERHIG R - B3 i 45% = 0K B A8 750 ke,
SEFFAGDE 900 kg, RE 225 kg, EFBAMERALIEH . SEET 2012 4F 11 A th AR, #EFh i 2000 kg/hm® 4%
PREE 40 em , 7715 30 cm #&Fh, AERLIE F 4 < iSRRG DE 900 kg/hm® ,45% —JCEE AL 750 ke/hm® , 4FBAESE
NEHE . 2013 454 H F Ak, SRt 2013 454 KA 463 ,2014 4 NERGIE 09,2015 R ko 08, F S
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B4 3 HJE 4 A%, Bamta] -k 5 Hw,7 oAk, 2013—2015 4EMEAE S A4 KOL e & | #&FPist a6
Hoa), Bkt 7 AR A, 10 A R Ak, AKREIERNH &2 08 2 1w HUit e & . 5 W Rg R AR IE . JR
2 (N46% ) , B /A TUE 330 kg, FEEEREIC (P,0,12% ) , /3Bt 420 kg, ZALHT (K,060% ) 4/ i 200 ke,
AR APHE SRR AU AR . A B  FEAE = 5.3 .2 i . 0 BEACTE KRR A G 5—7 d Wit A, B AR TE
FZENEER 1—2 em B, FRGIGRE RE 28R H BRSSO 5 AR e s H, At ) A5 PR R i
[Fi] — A FE R %

F1 REIET

Table 1 Treatments description

b
i 2012.10—2013.10 2013.10—2014.10 Ge 2014.10—2015.10
Treatment
ACCK) 2R - I A £ - eI AR A - LR - I A
Fallow-early rice-late rice Fallow-early rice-late rice Fallow-early rice-late rice
B - - A - LA - A BRI A
Chinese milk vetch-early rice-late rice Chinese milk vetch-early rice-late rice Chinese milk vetch-early rice-late rice
C - - AR - AR Th3R- TR S
Rape-early rice-late rice Rape-early rice-late rice Rape-early rice-late rice
D K- - W A K- R - WA K- LA - W A
Garlic- early rice-late rice Garlic- early rice-late rice Garlic- early rice-late rice
. R S RS - R
Potato-early rice-late rice Chinese milk vetch-early rice-late rice Rape-early rice-late rice

FH A,B,C,D,E HAHS  CK FR %R, A AbH R4 R FE R R A RS VEAC | B Ab BN A 2 5 RO AE R A RS TR AL 3, ¢ b
F AR AR IR RS T VEAL B, D Ab BN & Z KR A ARG R A B B AR PR AT & 43 B DA% 3 B w3, e A
FHR R = AF —Fe I Fe AL 31

1.4 W H &k
1.4.1  {EW75Fp 5

2015 4F /KR A RE/NX A 50 Bk, P10 B T AU OB, H V- SRR B AT BURE , /NI S bR,
AR TR 25 TR A R R R N R A /N X ST SO TR
1.4.2 AP E

2015 4E TR RFUCIRI SR 5 SBOREY: , T L 0—20 em) 12 IREAE), —5B 5 AR KT, I 135
B, 5 BAEHURRS: 57— T kA IV (4°C ), FH T 5 38 02k A R0 m] 5 A WL, 138
T PURR I S A FRAR OB LIRS R A A 3 B % 4 S WL & BN 16.85 o/kg, I TEA
MUk &R 2.39 g/kg, JTIEIIT .

O HEA PR (SOC) « R FHH B ERAN SNk >

QHHEFEMEAHLIK (AOC) , KT 333 mmol/L &k FRADE AL LI & )

QT A WL (DOC) FREL 2 ¢ Brfif 4E A 50 mL ZEI8/K T, 5B 1 h, L8, SR ¥ g Ol 4R
R, B0 15 min (1000 v/min) , P PFAE R )2 B9 W) BOE R B AT FLAE N 0.45 wm BIBERSEFTHhIE
JEWM 5 ml. 0.8 mol/L K,Cr,0,F1 5 ml ¥ H,S0,,7E 185°C FiH& 5 min, FH 0.2 mol/L Fe,S04 jif 1 ,

@+ SR Y E MR RR (MBC) R FH S 05 B 25K, S0, R BU >

& - HehR R4S BRES K CPMT) ST E T TG PERR + RS B = A DLER ; BRIZEFE 5 = BE it/ S IR +
G s W PP J3E = TR MR/ BRI 5 0 V0% 8 B8 = R S IR P2 3/ 5 B P 005 5 i A BAE 40 ( CPMIT) = il
JEEHR Bt i3 BEFE £0x 100,

1.5 Hdakba

K F Microsoft Excel 2010 FEA 780 (1538 M B AEIK, FH SPSS17.0 #4847 .2 2007, Al LSD (least

significant difference test) FEATHEAEIRL ) 22 7 BB PEHL R,
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2 EREH

2.1 XUZER A ZE 58 Flo KRS 7= 1 1) 5 il

H# 2 T LU PR i s A R K R K AR B, 21.41 A S X IRE R AR E , K
FRAEEIACHE D e 08 C e/, 4B B D E 5XTREANAN I 22 7 B 2% BRI IALPE B &, 4k
HE /b, SAF GBS X RER AR E, S9CRLE D s, YO AR ¢ A0 D 5XTIRER B E,
TRIEANIE C fem , R WA EE B, FRUCH AL B, B WAREE D, A S X =R AR E ) P G D
fem, O A EE B, Y S5 X R W E 25 S WA A R R R AR B B AR B, HOR O AR €L %%
IR EXT IR E R AR E , ARSI IR B e, YO AL D, R A B E | 1 55 06 B4R 3 52 1 = P 2
o BRREDR B SN R HOREACFE D, A B S X I A N B SGESRAN B B B, IR M ALER D,
BTG EE R AR E , TR SR B f5im, KON C & 0B 5% IR 25 5O 38 MR ™ = LIAb 3
B fiw i, O E, FRRCH AL TR D, 3 55 IRAL 2 i S 22 R ) KRS AR 77 & LA TR 55 = e b 1k A
o HUETTLAE R AR EY RS I A AORRE, 25 48 R KRS = i

F2 BHEMEMIKEFEREMHEERNINN
Table 2 Effect of winter crops and multiple cropping in paddy fields on rice yield and its components
AR (E2EY IR

RS 4k T‘%ﬁ Effective Number of /% PR Fﬁ it
Rice season Treatment | bp;lk/c, panicle number/ grain per Mdttunng "Ijhous;%ng— Y YICM/Z
ength/cm (10%/hm?) ear rate grain weight/g (kg/hm?)
FLFE Early rice A(CK) 20.54a 298.45¢ 122.10b 86.23b 25.82a 7875d
B 21.41a 312.23b 125.17a 85.77b 26.12a 8230b
C 21.21a 300.91¢ 122.88ab 88.48ab 26.14a 8035¢
D 21.39a 318.58a 123.49ab 89.10a 26.00a 8390a
E 20.70a 310.48b 121.84b 86.78ab 26.10a 8045¢
B Late rice A(CK) 20.25a 304.18b 125.98a 83.03a 25.20a 7745¢
B 21.15a 313.74a 123.79a 85.71a 26.06a 8160a
C 20.77a 309.34ab 123.16a 83.13a 25.91a 7680c¢
D 20.70a 313.65a 125.75a 84.86a 25.01a 7950b
E 20.50a 312.82a 123.56a 84.52a 25.65a 8010b

Biili o 3 AT AT ; RIFIR R BR300 3R08 22 535 5% 8% KT

2.2 WA A 202 ool A P 48 AT BILBIR I AT LA 52 00
MIEL 1 AT AR AR AL B e B LR 5 1 LIAL B B Sy, OO AR BE D, 4% 2 Ffr b BEL55 50 1

B 2400 - a . a 2350 a a a a
@23.00- % a %"300—b — = ™ +
g By L
§-§ 22,00 | =£ 2%
z3 b &2 200 |
2 21.00 | 32
48 g
25 5000 %3150 I
g <000 ° L
-HZ“ 19.00 Hg Y
2 19.00 - B 050 |-
— <
3 18.00 =
A B C D E A B C D E

AbFE Treatments

E1 WEHHLZFEM T LELIFTIBENEEEIRSENZM
Fig.1 Effect of winter green manure and upland multiple cropping patterns on total organic carbon and active organic carbon contents

of soil

Eh A,B,C,D,E ZbFES LR 1, 8050 3 A EE B V-39E  #8 B L R R E R0 R 22 51k 5% B3 K T
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B LA MR REde m B PR & i, S A HLBR S i DUAR R D e, OO AL BE B, PR
NALHR C fe /N AR E A ARRAR B S0 B W R 2 5 UG R AN [R] & A 0 i v 0 1R A BB )
HHARERCR,
2.3 WA A =0 o0 b s PEA LR A 4 0 5 1 A

K 3 ATLUE AR AR AL BN Wi AT HLaR & B DL BE B S feies , AR AR B COFTE R 4 B
D, HAAFAL IS0 IR G V22 S R[] 2 Pl ik B Gl A W b e 75 L LLAR B B ek, O 4028 D, HA%
AP Ab B 0 B AL P22 S 2 . X AT BEJE R TS R FEA R e v B B A S R AN () e A% A B - 4
YA MUK S e A E R AP A B 22 5 . AR B AE IR R AL 2R C LIS, 2 0 IR, LAAR 3 B
R HA A TP AL 5 X0 BR 22 S N i 2

R3 VERELMEMI LEFEFNKREAS B

Table 3 Effect of winter crops and multiple cropping in double cropping paddy fields on labile organic carbon of soils

JLsL AR LR (2/ke) AP, (g/kg) WA= %
Treatment DOC MBC Microbial entropy
A(CK) 0.34b 0.46d 2.23a
B 0.46a 0.52a 2.27a
o 0.44a 0.49¢ 2.21a
D 0.42a 0.51b 2.26a
E 0.44a 0.50bc 2.267a

DOC ; dissolved organic carbon; MBC ; microbial biomass carbon; [EIFAS ) /NG b 2 R [l — 4 B AS [) b B ) 22 St 0 2 (P<0.05)

2.4 RUZEAE H A Z2 02 Aot 3t 22 A8 BRAS 2052 )

1 4 AT, IERA SRR LIAL R B S fk s, R AL BE D, & A FhAb A 5 T R (H R AL B B 150 i 24
SR AN AKX IR 5 SR 3 AR A b A B A SRR AR RO A TR AL B R, A BE E A
AN, BSR4 AP R B PR 5 B H v T IR, LUK B € RIAREE D e, HLAS A B X R 2 5L
TR S AN AR b A T AR R TR RS R LA B D f i, HS R IR S S B H A R b B T
Xif R (H S I 22 R B 3 4% &b FRBR 224 FRIS B AL R D fie s, OO AL BE B, HLAS 4 Rl B 1 5k
R BRALHE E b, 25 &b B X RS 52 0 b2 S o Pl R D0 RO S [R) 4 R 9 T L Bt v - SR I R 4
FIRR R4S AR AL

F4 VUEHHELFEMTHLERETEEY

Table 4 Carbon management index of soil under winter crops and multiple cropping in double cropping paddy field

20T B L 0T BE B K
B A (k) BAH (k) A8 KRR BEERIREC i
Treatment AOC Steady carbon CPI .. & . ‘p CPMI
activity activity index
A(CK) 2.41b 18.04b 1.21b 0.13b 0.81b 98.52b
B 3.01a 19.80a 1.35a 0.15a 0.92ab 125.02a
C 2.96a 19.15ab 1.31a 0.16a 0.94ab 123.06a
D 3.10a 19.26ab 1.33a 0.16a 0.98a 129.14a
E 2.80a 19.14ab 1.30a 0.15a 0.89ab 115.67ab

AOC :active organic carbon ; CP1;carbon pool index; CPMI; carbon pool management index ; [f] 51 AN [R] /NG 2] e 7 ] —4F B2 A [A] 4b B B] 2 57 0 3%
(P<0.05)

2.5 BB S SIS VEA HLAR S 2H 2 SRk A PR RO A O B

H1% 5 AT LA Hh, R SO LA 55 A LRI ol A4 ik =2 1) S A 8 28 AR G, A5 T i A ML B R I
B BLS RO AE R AOC XU A LR 5 S A DL I 5 2R L RV PR A LR BE 4 00, ek, 3
AT HLBR -5 T PEAT HLBR TR i S AR 35 A O 3k U I PR AT ML 5 B e S eyl 5 P LR R
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6 S % 38 &

RS R AL LIRS TR P R OB P2 A PR O T 2 R OC , A W ik S Bl A B M A
TERR 5 A SE X UL AN [ TG PR A L A5 21 70 Z B SC R V), Rl i B T - Sl i A AR R A
TR AL S R IR RO RN KR

x5 TESANBRSTEEREENREHES REEEERERNHEXIN

Table 5 Correlation coefficients of soil total organic carbon with soil labile organic carbon pool and CPMI

TiH R P T A DL ATV DL Ty B T R B 4
Project Total organic AOC DOC MBC CPMI

S LK Total organic 1

A HLER AOC 0.673 1

A B DOC 0.631* 0.678** 1

A Pyt ik MBC 0.738** 0.681 ** 0.727** 1

Tk R4 H4E 4 CPMI 0.635* 0.999 ** 0.664 ** 0.658 ** 1

« B FEASE(P<0.05), * = JgH BEFAE((P<0.01)

3 e

3.1 N A A T KR 7=k 1) B2

KRN D SR A& R VR R R = i A AN SR, TR — 55 8 5y R W], & Fh )
PR RS TN TR o, ATl TR i, AT AR T &M R R i T
W W e 7 B R ATl S TR O, HAL A &AL PR 5 TR IR, X 5 T R — SRR SE 4 R —8, &2k
S AR R RS S 0 SRR KRR R e R MR . AP R R ] AR
YA B A AR O R SR AT RE SR R 5 S R TR, A B B I RCR: , B TS RE R AL M
PEHEKRE A A, IR R A= 6, 1 AASAITFE R 25 Ak B+ A HLI A B TS Al LA, & PR 2 Se b B 4
SERA LR & B AT PR A L & R SRR Y R R T IAAR B Ul S A LR A B T R
TG TEA LR S IR m Y =i
3.2 NUEAE A A Ffodt + 38 B HILER FIE VA MR (1 520

SR IE A HUBR L0 R 0 o TP LB R2E e ik UKL AT BILBR I 5 S A A PR . AR 5T A
O, BIEARIE i 3R i i A A 5 B T 3t A Ty 3 R D 2R AT T A ARl A B it % U A
JlI AR g P AR B S SR G RN RE RO T R B i A M LB B, R AR DY RS A SRR T
PRI L, 58 25 9 TH eite 4 AL A e AL HE BE A8 25 4 iy A AL R L e i LR 5 . IX
ABFFELE R —E, AT K AN [R]A b Ak P A 338 S AT LB 75 -5 4 PRAH LA AN TR RS BE A i vy, F2 29
JELTA AT R AR A T 5 = S RIS AT — 5 I FH A 190 T 308 FEL A HILARAE 0 R A DL T T b e
AW ST EE R FW] L TR [BI A 2 TT DA S 35 4R T R VA LA % ik, X 5 i AW SE 45 SR — 80
ABFE R, A EA P53 5 ISR AT 1m0 1 3 b A LT, PRI 488 e 6 AT BB 5 R A — 5 BT
Hk o AT FEI0 W AR A2 T Ak SR A W e i v W ., 2 ZR MR 55 25 SR R SE ) Ak L5 4 PR Ak L ) ks 81 M 2%
PEZE S, ATRERN I DR IR 2R AL 28 THAVRY) St s T 3R A, 3800 1 SN HILAR BRI R, R B W i v
T IR AR SERUAE I AR R R
3.3 BUZEAE AT S hons b S e A B B 2

IR PR BRASH(CPMI) NS & 1 - 3EOR PR AR AN L SRR R 15 FE R AR , AU e 1 Hh A8 R Tt X 1
HEA BB B S, S e T 3 HLBRAL S (A ARG B Bk R A B U A i 3 A B KO AR AR
AEI I RAFIPEIN R bR, 1 /NP5 R R WA ZEA AR PR R o 1 LB P 06 R 0% Ak
RSP - St IR A PR R, e DU = e A TH A RCR O i, R A2 woNh SR s A8 18 I RCR IR Z .
AT ORAE Y BB R A AR R A AU st A AU 5 JEHLAE -5 5 FH AN B A A0 50t P JE S 3 i i
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TR PR, T ARRAE ORI TE AR AR, A0 St M AR AT A FE R 2 AN TR
PEAT LIS 4R g MRt 2 A5 B BSOS 0, oA HILICATUAE IC It e e 12 5 B 50 35 3 s, EL R A HILAC e T 4
RS D 2 A8 PSR AR T AR SRR A A o 3 P - e 126 4 B A R SR A I A () it IS T X = S LR 19
SO, AT R, 5 X0 BRAC PR L | A ) A A ik B - 330k PR 5 50 ( CPT) 1 S8 3509 6 I A< R VE W E 1% 42
e R A AR R, T AN [ & Ak B ) A Z R 2R TR Rk T ) AN ] DB A 0 e A AT o T 7 e T
S 8 A S E AN TR, SRR A B AT A 22 5 (EUROR A M 0 8 2 i e e SRR 2R i SR e A L
EF 8
3.4 BHEA YIRS T A HLBR S 4100 SRR A BRSO AR 5 A

A b Xk A A B | S A BRI B HEAS 20 B ik P A B K AR DG 23 M ml R, MR PR 5 9
PEA LRI R E D), s VAT ML AE — R B O T L e S Lt f e AN, 16 PR A LA 5 T o 1k
LB TR W e R P A RS BOR BB AR5, Al i AT LA 5 TR 2k Wy B N gk 2 A PR JO P 1 1 3
FHSE T Bl 5 P PR RO AF AR 38 AR DG X S A A5 P 4 R — B, XU ] L 0
AT UK Z 18] 56 R U0, RV B TIRE B D5 I AN —AF (A —E R B L3R AE T 38 v 5% R AR B 0 s 1) A L
i, RIS UL T AR A BRR BORE A4 R A VR A PLIR AL

4 Zig

AP AT LA i DU i, AR ER AL XA R B R ORIV EYAE T L)L 25 B e AL
RIS PEAT LR 35 &, - e A BRAR Bl A7 W 4R
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