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Effects of long-term double-rice and green manure rotation on rice yield and soil

organic matter in paddy field
GAO Jusheng'?, CAO Weidong', LI Dongchu' > ", XU Minggang' >, ZENG Xibai’, NIE Jun*, ZHANG Wenju'

1 Institute of Agricultural Resources and Regional Planning , Chinese Academy of Agricultural Sciences/Ministry of Agriculture Key Laboratory of Crop Nutrition
and Fertilization, Beijing 100081, China

2 Red Soil Experimental Station, Chinese Academy of Agricultural Sciences/National Observation and Research Station of Farmland Ecosystem in Qiyang,
Qiyang Hunan 426182, China

3 Institute of Environment and Sustainable Development in Agriculture ,Chinese Academy of Agricultural Sciences ,Beijing 100081, China

4 Hunan Soil and Fertilizer Institute, Changsha 410128 , China

Abstract; Rotation cropping systems have important significance to soil fertility, productivity and ecological function in
paddy field. We analyzed the long-term data from a field experiment started in 1982 to investigate the effects of rotation

cropping of double-rice with various green manure on the dynamics of rice yield and the total and labile soil organic matter
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in Red Soil Experimental Station CAAS. Four rotation cropping systems were selected by three replicates, which were
rotation of double rice with Chinese milk vetch (Astragalus sinicus 1. ), rape (Astragalus sinicus L. ), ryegrass (lolium
multiflorum) and winter fallow. Results showed that, during the duration from 1982 to 2008, the averaged annual rice yield
were 10.8 t-hm™+a™", 10.2 t-hm™+a™" and 10.0 t-hm™a'for the rotation cropping systems with Chinese milk vetch
(Astragalus sinicus L. ), rape (Astragalus sinicus L. ) and ryegrass ( Lolium multiflorum) respectively. Compared with
double-rice and winter-fallow cropping, rice yield was increased significantly by 27.2% , 20.5% , and 18. 1% under the
rotation cropping with Chinese milk vetch (Astragalus sinicus L. ), rape (Astragalus sinicus L. ) and ryegrass (lolium
multiflorum) respectively. There was no significant difference among these rotation cropping systems with three kinds of
green manure during the early period from 1982 to 1993, while the rice yield under the rotation with cultivating Chinese
milk vetch was significantly higher than that under the other two kinds green manure rotations at the latter period from 1994
to 2008. Sustainability index of grain yield (SYI) was a reliable parameter on evaluate the productivity of sustainable
cropping systems. Cultivating Chinese milk vetch could fix atmospheric nitrogen and improve soil fertility. The
Sustainability index of grain yield ( SYI) and potential of yield increased with cultivating Chinese milk vetch was the
highest.

Soil organic matter showed an increasing trend under the rotation cropping of double rice and green manure. The
rotation of double rice with Chinese milk vetch had the highest annually increasing rate (0.31g/kg) of soil organic matter,
while the rate was 0.28 g/kg and 0.26 g/kg for the rotation cropping with ryegrass and rape, respectively. The labile soil
organic matter under the rotation with Chinese milk vetch was the highest of all the treatments. Total organic carbon, total
nitrogen, soil microbial biomass carbon and nitrogen under the rotation with three kinds of green manure were significantly
higher than that under the winter-fallow cropping systems. Compared with rape, ryegrass has strong fibrous root system
which content high organic matter and crude protein. More carbon and nitrogen were cumulated in the soil under the rotation
of double rice with Chinese milk vetch and ryegrass than that under the other two cropping systems. Additionally, the two
rotation cropping systems of double-rice with ryegrass and Chinese milk vetch increased the microbial biomass carbon
content and the ratio of microbial biomass carbon to total organic carbon (C, -to-C, ) significantly compared with the
cropping of double-rice and rape or fallow.

In conclusion, rotation cropping of double rice with green manure had significant effects on enhancing rice yield and
promoting soil organic matter quantity and quality. Rice cropping with Chinese milk rotation vetch was recommendable for

rice productivity and soil fertility.

Key Words: rotation cropping of double rice and green manure; rice yield; soil organic matter; labile soil organic matter;

soil microbial biomass
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HEFRIS SRR,
1 MRE5HE
1.1 50 XA

RIGTE AV B4 B 2T S R P HEA T, OB B AR 28 1110527, b4 26°457 34k 150 m, 4F V-2
JE 18.3°C , >10°C LR 5600 °C , Z4E -4 R B 1250 mm, TCRE I 300d, 4F H I8 1610—1620 h, {56
T Fr i R, (R 5 U 2 2T ks 8 B KR L, R3S R ORG + RS0 AT 3 pH b 6.5,
BB E 0 20. 1 g/kg, A 2B AR 58254 0.94 ¢/kg 0. 66 g/kg Fl 176 mg/kg,
1.2 AR

K (R80T 1982 4EF 4, R A« WU FE-LR A0 fAERRE ) I 4 AMBBE ., (1) RERE (KR 5 (2) B8
FE(); (3)FERECIM) 5 (4) FERE (AR |, LR AEAEY) 43 59 R B 32 55 ( Lolium multiflorum ) i€ ( Brassica napus L. )
I =T (Astragalus sinicus L. ) , RHBEILXHHES], B2 3 K, /NXTE AL 37.5 m*(2.5 mx15.0 m) ,/NXZ
[ 60 em K YesHFRH . SRIEVEY) (52 208 s B2 50 AL, FReRTUCEITT 10—15d FFh s T
FH 8], AR AR AR 15 d 2 BHR IR 8 R gk Rl il 37,5 keg/hm?  JHRERE R0 7.5 keg/hm® , R A7 L
&R N 15.0 keg/hm® A7 b KRR it I 52 A0 ], H B ARt IES 522 2331 N 153 kg/hm? P, 0, 84 kg/hm®,K,0
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6—10 d VERIR T /- BEAL — Ut . K RS A RS A5 N 20emx20em, BRE R 20emx25em,, - S B AF 1A 3k
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KMnO, S8 fb- TR FRAP 25 ikl e ") - e i R ) U T 750 4R - T AR TR B 5 i ik s, 390
A AR A B R R - LR e A

BTG B A 5 20 B 2R Microsoft Excel 2003 K4 ¥ A7, 4k BR 2 6] J5 22 43 M F1 £ & L #2R
SPSS13. 0 4k 447, Z2 5 H i R H Duncan Hr & W 2575

2 ERSAW 5T —~FREOE) = FSREGH)
2.1 KRR 14 r R o R
SRR, B TR REC 1), 1982— = OF |
2008 AF 4 AT R AE T P A B RIAR (JIE) 10,8 B2 |
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i, 25 b B 2 B K e e S A S ) R A HEAN T, 4 i S R AR (IR & TAREAE (I L TR () , = T
FECAIR) o Gt RmI (£ 1) iR I0HT 11a(1982—1993 4F) /KRG 77 5 S il SR EAVEY) B35 8 T4 W
(P<0.05) ,ii =& Z BB EES, TR 11a J5(1994—2008 4F) , A HKFE - BEAE R ELES &5
TR 58 = DA T /K RS AR 7 £ 3 s TR SR A SR B (P<0. 05) |, ZRIEAE P il S 2k UK R 457 1 7= v 1
RN (H AR B B 22 K

PR M RFEREFR A (SYT) JE e RS0 LA 7= B — A AT SRS 40, SYT R R G0 i ] Fp Skl
LRI ZE R B FIAE 28 2 0% 7K it () W RS MR HR B0 =, R A S DRI SR R4 PR, bk B2z R b 3 7 i
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Table 1 Grain yield and SYI under long term rotation of double rice and green manure

R4S T & Grain yield/(t-hm™a™") PR T R MRS L SYI
Kb FH Treatments e C .
1982—1993 1994—2008 Sustainability index of grain yield
FEHE (4418 Rice-Rice (fallow) 8.65+1.86b 8.44%1.0lc 0.63
TG (£ ) Rice-Rice (ryegrass) 10.68+1.98a 9.53+1.06b 0.62
A (1) Rice-Rice (rape) 10.56+1.89a 10.00+1.20b 0.63
#EF (I0) Rice-Rice ( Chinese milk vetch) 11.02£1.91a 10.63+1.48a 0.65

[EZFBERIR 225015 5% B3 K

2.2 EHHERHLR

KT RF LR AL FAE L 3G DL REAE (0 B TR (B 2) . Xt 1982—2007 4F - HEA HLT & B A 4F
AT G oM 2B, IO e 28 = e A b AT LT 8 < B e P, AR B0 oh 0. 31 g/keg, K30
XUERG A WA YRR 2, A HLTRAE S N4 0. 28¢/ kg, K 3 W02 e i 35 48 1 £ S84 ML 4 348 Jin Ay
0.26g/kg, MR IRALEE + A7 WL & BEREAE O R B T3, a0 2 0, 2L - 36 HLR E T a3

ke, FERE (111)29. 25 g/ke, FERE (2)28.90 g/ke, FERE (A IH)27. 08g/ ke, P LR NEAE P 45 4b BE £ 38 HLIT & &
BEETAWNAEE(P<0.05)
2.3 +HHEEEAEMLR

KRR LR RO S VRS I - EE AL & i, ek Ar T I a MU A o S/ 3R 2 T, Fe e
() Ak 388 - 458 v 1 A ML o TR AR (46 PR ) A B I 38 3 TR RS (22 ) IR (i) A3, SR 3 =2 () T b 3%
Z5t ., IR A P SR R FE RS (IE ) Ab 3 T REAE (T ) b B, = T ARERG (AR A3 B S TR A
(F2) AbB . 3 ARIE A MU S AR U 40 0 o e (R ) A BRI 5 3 T AG R (22 ) b B v TR A (3 Ab B

T RERE (&R ALBE B =3B sR A A5 A 33 R A 0 A AL A = ) A RE R (IE) 10. 99 g/kg,
Fei () 8. 72 o/kg, FEiRE (% )8.57 ¢/kg, R (&) 8. 250/ kg, SRMELRAEAEYIHSE | BB 22 BRI A PRRE LL, BhAw

L RBER M LS RE AU B RS . RIIXEGEREALIEA: 26a J5 4 20 B 3SR PEA P S B

T2 KHAWEEEIEEAE 26a l5 LIFEFE B NIRRT (2007 4)

Table 2 Content of the active soil organic matter under long term rotation of double rice and green manure after 26 years (2007)

FIEEAEVR (g/kg)  PIEHEAILUE/ (2/ke)

i TIAHBY (¢/kg) AR , M ALY (g/kg)

X R Highlabile soil Middle labile soil X . X
Treatments Soil organic matter . . Labile soil organic matter

organic matter organic matter

FERE (4 IH) Rice-Rice (fallow) 27.08+0.31c¢ 1.45+0.03a 3.36+0.32b 3.44+0.47¢
FfE () Rice-Rice (ryegrass) 28.90=+0. 19a 1.23+0.06b 2.78%0.06¢ 4.560.68b
FEFE () Rice-Rice (rape) 29.25+0.20a 1.20+0. 16b 3.78+0. 10ab 3.74+0.01bc
FERE () Rice-Rice ( Chinese milk vetch) 28.38+0.18b 1.58+0.03a 3.91£0.29a 5.50£0.32a

[R5 B FRR 22 53K 5% WEKF
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y=0310x+ 19.44 y=0.256x +20.63
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i § 50 51
é.; S o I I I I I | 0 I ! I I I I
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Fig.2 Annual change of the soil organic matter
AT LI LeAG 23 500 R R AR (E ) 38. 7% , FEiAe (1) 29. 8% , FEFET ( £2)29. 6% , Feifed (4 1H)30.5%

2.4 BHEAVLR EE A ERE

M 2007 4E +HEFES3 A3 M I E 45 AT 40 (36 3) |, PSR AUAE Y 45 b 38+ A HLRR 4 A IR Wk
AP R A S PR TN, RO RERE ) FIRSAE (22 ) b 2 A 38 BILAk 2 2 53 I e vt IR
RS (A& PR AbBEEE = T 4. 77% ,8.02% F1 6. 75% ; - 3E4 R 5 543 i B0 FRAR RS (A< PR Ab PR = T 8. 94%
4.82% F1 4. 12% ; + 3G Wy ik 15 12 40 0 RGeS (A< IR ) Ab B 55 T 29. 81% ,15. 98% F131. 72% ; +
SRRV Wy R N 0 AR BR R e (A TR ) b2 1 1 1. 82% ,2.69% H116.89%

Tk 3 R 0y il 530 0 S 22 T M R WL P B B 3 8 T 0 I U i SR R 55 5
R TR ISR R Bl IR E YRR (C, ) B BLER (C,,) HIETHIEAS 200 L3 A Y s 4
R (£ 3) , FIELRIEVEY) 48 = oA B 2w Ab RAS [ 4 393 A M 0 . 35 3 TR I SR A B, B s T4 A
YRR, 58 2 DR R 2 R BB o R Wi e, ARSI T S e 1 A AILAR P Y LR X 55— T
o, 158 B A 2o A B dd 2 1 TR PR WL , e rh 58 5 RN B A AR A T SR AL 3L

F3 KENEHEERE 26a )5 T EANE, S TR TR MR FROR (2007 4)

Table 3 Content of SOM, TN, SMBC and SMBN under long term rotation of double rice and green manure after 26 years (2007)
TIEREY R RIEREYEA

Qb PR (g/kg) A/ (g/ke) /(mg/kg) /(mg/kg) AR/ %

Treatments Soil organic carbon Total nitrogen Soil microbial Soil microbial Crie” Corg
biomass carbon biomass nitrogen

FERE (&) Rice-Rice (fallow) 15.71£0. 18¢ 1.79+0. 02¢ 576.921. 34c 36.9+1.81b 3.67+0. 17¢

TR (42 ) Rice-Rice (ryegrass) 16.77+0.11a 1.86+0.01b 759.9+5.50a 39.4+1.56a 4.53+0.03a

FERE (3#) Rice-Rice (rape) 16.97+0. 12a 1.88+0.01h 669. 1+9. 50 37.9+0. 50ab 3.9420.06b

TERE (I ) Rice-Rice ( Chinese milk vetch) 16.46+0. 10b 1.95+0.01a 748.9+10.48a 37.6+0.61ab 4.55+0.08a

[FIF)FRERIR 22535 5% BE KT Ci/Coy

3 itie
3.1 AFIXEREENEIEVER R I A TP
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AT N EE TR —, RESIEATE NI 3mSR R R E SRR IR &
YN RV , REAS R FIAR R B 3G AE A, 58 5 e id F RS n 38 55 01 2R rp R0, BN T = 58 SO B Fn
AU, B T AR ISR aE TR R e B0 IR, BAE RE RAR, oKL A Y SRR 2,
AR TAHEL R, AR TR 3 FhapHE/EY) , i 55 =, B8 B KR iy dseimn , P i R e PR d s o

SRNEAEY A A 52 3K B 2540 AR R 52, RIS mTl, BT 3N AR AT, 2R NE HE fife S5 2
THFE TR R TR I KR LRG3 B0 52 K RS A i 24, T 3 3 iy 400 < A K i
SR FBUKRE = B SR EBRA , SRS R R EARS— 02
3.2 XUERGACFAEXT H A HLE R AT

T YU IR A AR, SR e R AR S UIM G AR TS M MU A AR R
R S P D RS LA LR A 43 2, E BTG PR HILR | 3 W fa b | 39l o B U B R
YriE AL 7, g AR e A LT ZH 53 1 5 e A B A AR A AT DA S e - R S0 A PR R RN B AR
TR, RS A VLR ARG O TR G A L S A R IR AR R Y . URHMEY 5 = e hE
ERAPAR, AV, KBRS 2 e it m TR R AL & &, U TR A
HUBTFN - S5 Wik AL, REE B ANSA bE , PR AU R ik LA o ey, H IR ik AR
R IR, R R R SR A R SR s A B A IR A e T R S A PR X
HEALFE

EPR G 1 (W SR NEAE D I 78 A ARAEAE D A= I s 1 - S8 55 1, DRI B, RS IEVEI A O X 2k
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