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Effects of Different Rotation Patterns of Oil-Rice on Methane and Nltrous Ox1de
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CHEN You- de!, ZHAO Yang', GAO Du-jua}r’ _LUO Xian-fu', CUI Ting’, TONG ZKong-quan® , WU Jia-mei®
(1.Hunan Rice Be%ear('h Institute, Changsha" 410125 Chlnd -2. Nanxian Agrloultural and Rura,l Bureau, Nanxian 413200 Chlna
3. Hunan Engmeermg Research Center for Prevéntlon and Control of Agrleulturdl Nd.:l -point Sour(e Pollution in the Basin of Ldke
Dongtmg, Institute of-Agriculture Environment "l Egology, Hunan'Academy of Agrlcultural Science, Changsha 410125, Chlna)

Abst!"act “A field experlme,nt was carried ' out .t mveshgate the* effectﬂ of different rice-rape rotation systems on methane and nitrous
0x1de.emlss}qns “which were measured using*the static aldmber/ gas chromatography method, prediction of their global warming
potentials ((GWP) , and greenhouse gas intensity (GHGI) in paddy fields. The results showed that the average cumulative emissions of
CH, fronir a double cropping paddy field, single season rice field (including middle or late) , rape field, and leisure land were 135. 25,
55.64, 5.05, and 1. 89 kg-hm *, respectively. The CH, emission during the rice season accounted for 91. 8% 98. 5% of the annual
CH, emission in different rotation years, and the contents of dissolved organic carbon in paddy soil exhibited a significantly positive
correlation with CH, emission. The CH, emission in conventional late rice paddy was 18. 7% higher than that of hybrid late rice paddy
(P <0.05). The average cumulative emissions of N,O from double cropping paddy field, single season rice field (including middle or
late) , rape field, and leisure land were 0.94, 0.64, 1.38, and 0. 24 kg-hm >, respectively. Out of the total annual N, O emission,
57.2% to 70.2% was from the rape field; 17.8% and 30.6% was due to the winter fallow treatments with previous crop type of
double corpping rice and single season rice, respectively. There was no significant difference in N, O emission between hybrid rice and
conventional rice paddy fields. The GWP of double cropping rice-winter fallow and double cropping rice-rape was higher than that of
rice-rape and rice-winter fallow, and the GWP of CH, in rice season accounted for 71.2% to 90.9% of the annual GWP of rotation.
The highest treatment of GHGI was rice-rice-rape, and the treatment of rice-oil and rice-winter slack was lower. According to the
comprehensive environmental and economic benefits, the late hybrid rice-rape patterns should be selected to reduce greenhouse gases in
multiple cropping rice fields of South China.

Key words : paddy field; methane; nitrous oxide; rotation patterns; greenhouse gas intensity
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st f4 |\ S

S HY CH, HBAEHTL 5 T 0k R At 38 st
ﬂ%mﬂmmfiﬁ%ﬂiﬁS%Egm”ﬁ
189 kg-hrit 7, sz i ﬁtlﬂﬂﬁZlEﬂE’J CH HF}&'
B S

AP I Ch, A1t 550,26 -
148. 71 kg:hm 0 WUZERG HCH, HEicE I 8 & F—
R, — MRS 3 i T — 245 RS A .
KFEFAT CH, HERL 5 HE o, o B HERK 9 91. 8% ~
98.5% .

F3 TALSEFRRMELTERHENE" /kg-hm 2

Table 3 Amount of methane and nitrous oxide emissions under different treatments/kg+hm

-2

KA . .
Ak i3 T e P UEIZINT Hi e
LR-R — 64.36 +9. 74b 64.36 +9. 74c 5.35£0.48a 69.71 £9.97c
LHR-R — 54.23 x2.11c 54.23 2. 1led 4.82 £0.39a 59.06 1. 83cd
H ke MHR-F — 48.32 +3.67c 48.32 £3.67d 1.94 +0. 50b 50.26 +3.24d
ER-LHR-R 67.77 3. 66 75.95 £3.50a 143.72 +7. 16a 4.99 +1.03a 148.71 +7.83a
ER-LHR-F 57.26 4.15 67.35 +4.26ab 124.61 +8.41b 1.85 +0.26b 126.45 +8.61b
LR-R — 0.62 £0.04a 0.62 0. 04c 1.46 +0. 06a 2.07 0. 10b
LHR-R — 0.66 0. 03a 0.66 0. 03¢ 1.34 +0.07a 2.01 £0.09b
AR MHR-F — 0.64 +0.02a 0.64 +0.02¢ 0.28 £0.09b 0.92 0. 10¢
ER-LHR-R 0.58 0. 06 0.42 +0.07b 1.00 +£0.0la 1.33 £0.22a 2.33 £0.2la
ER-LHR-F 0.49 +0. 06 0.38 +0.03b 0.88 +0.03b 0.19 +0.11h 1.07 £0. 14c¢

1) [Al— B AR AN [ 5B (1 4 B 22 57 2. 25 (P < 0. 05 ), F[A]

éﬁ%ﬂ,ﬂéﬁ*ﬁ%?ﬂéﬁﬁm. #?%%ﬂ NZO ()
S SA HE R B L R RS2 A (R 18. 8% I
60. 3% . —Z=FeAg H 2 (8] W R A HH =22 (1 B9 N, O HiE
JTC P2

A KREA KT, WERERE H N, O (19 HE R

EHEET—Z/ M. ER-LHR-R /K A5 5 U F 1
N,O HEiZ e LR-R .LHR-R 1 MHR-R &b (1) 7K Fi A5
H# /1 61.7% (P <0.05) . 50.2% (P <0.05) #
56.7% (P <0.05) ,ER-LHR-F /K4 TR H N,0
HE e LR-R .LHR-R F1 MHR-R 4b 35 1% 7K 65 A5 HH 38
h142.1% (P <0.05) . 32.0% (P <0.05) #137.7%
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B 41 %

(P <0.05),ER-LHR-R /K /E B N,0 19 HER &
I ER-LHR-F 5 13.8% (P <0.05) , —Z= i 45 kb
(] G 4t 35 1 2 S
THRHE N, O HEBC 5 55 TR PR b Ak 3 ik i
(1) N, O -2 HE R i HE AR PR 1. 14 kg-hm =2, ¥
S 8] R Z (8] CH, HEfCETC i & 22 5.
IR VR AL R AR NL,O HER S il 0.92 ~
2.33 kg-hm ? ,ER-LHR-R AbFRAY N,O HE A 55
T HAbAL P LR-R F1 LHR-R 4b3 A i 25 T MHR-F
A ER-LHR-F AZbH. 032 A4 N, O HEj A7 J& 47 H HE
LY 57. 2% ~ 70. 2%, %4 IF N, O HEC 5 8 A HE )
17. 8% #1130. 6% .
2.4 FEHEZGIRZEROY RS SAHEGR A 5
AN 4b3 CH, 9 GWP A ER-LHR-R &b 3 7 5
(#4) ,ER-LHR-R 43 CH, 1 GWP 43 b LR-R |
LHR-R fil MHR-F 4b P & 116.5% (P < 0.05) .
158.8% (P < 0.05) 1 200.3% (P < 0. OSI)VZ_ER-
LHR-F 4L 31 CH, B GWP 43 5] it LR-R, LHR-R il
MHR-F 4b B 25 81.4% (P <0.05)/ 114. 1% (P <
0.05) A1 151. 6% (P <0.05), LR-R'4b #f CH{ =
GWP 5 MHRrF &L}Em 38.7% (P <0.05 ;,;LI;LR -R
5 MHR-F AN CH, 9 GWP JE S 10 5
KIEJ&JE N,O ) GWP H ER- LHRLR @}Em

o

=, 535 Eb LR-R . LHR-R Fl MHR-F 4b P& 12. 5%
(P<0.05). 16.1% (P <0.05) #1 154.1% (P <
0.05) ; LR-R f1 LHR-R 4b¥E N,0 & GWP, [t MHR-
F 4357 55.7% (P <0.05) F154.3% (P <0.05),
Ht ER-LHR-F 43 51| 5 48.5% (P <0.05) il 46. 8%
(P <0.05); ER-LHR-F 5 MHR-F At ¥ N,0 ¥
GWP Joi EM 2 7.

AR AR AR R T GWP, Ao X2 g g
WBEE T8, WZERG H A M EE & N Ak
P 28.4% (P <0.05) ; —ZFEA BRI INSE AR
M GWP = FAINAHE LR-R 5 LHR-R [A]JC
FE2ESE A3 MHR-F ZbFH 7 54. 3% F135. 6% .
2 CH, 1Y GWP (5.5 GWP 1 71. 2% ~90. 9% .

MZEFRALH KR - A e M R —2
7“/\$$a%ﬂ%@%$%#%%i%?ﬁ%ﬂ%%ﬁ ; T\Iﬁl
Ab BRI P T B M 2 -

AR AR A AR A T GHGT 2 - ER¢ {HRR >
LR-R > ER-LHR-F > LHR-R > MHR-F. ER LHR RAL
H GHGI U Ak B R 23. 4% ~ 101, 8% ER-
LHR-F &b, GHCI 435 H LER-R Fil MHR-F b 2
41. 5%(P<0 05) il 59. 8% (P <O0. 05),LR- RL%E'H
GHGI 4} 31Ft LHR-R %p MHR-F 4b3 44 8%.(PE
0.05) 1 63.5% (P <0. 05). 4

-

#4 Kﬂﬂiﬂ*f’?%&mi’—ﬂdﬁﬂkﬁﬁﬁ&” o

¥ ==Table 4 Rlce yields ‘and greenh0u§9_.gas emission intensity under different treatments
© lGWP(CH GWREN,0) )i GWP GHGI
e ] - /kg-(hm '42) /kg-(hmz'z) 7 -/Zjlj:g}itn% LESE R /kg-hm 2 /kg+ (kgea) ™!
LR-R /¥ 1743 +249¢ 618 +29b 7370 +369¢ 1427 +170a 2360 +235¢ 0.27 £0.03b
LHR-R 1476 +46¢d 598 +26b 9538 +477b 1 658 +249a 2075 £72¢ 0.19 +0.0lc¢
MHR-F 1256 +81d 273 +31¢ 9321 +746b — 1530 +99d 0.16 £0.01d
ER-LHR-R 3772 £278a 695 +62a 12 156 +365a 1331 £82a 4467 £272a 0.33 0. 02a
ER-LHR-F 3161 £215b 318 +42¢ 12899 1 185a — 3479 £187b 0.26 £0.02b

1) GWP( CH,) %% LA 100 a SHHHEJLEE, CH, MRS GWP(N,0) F/REL 100 a JHHAILEE N, O (U85S GWP /5L 100 a NEF[A]

JUEE, BV () CH, N, O 8 I 34
2.5 bHUKEBHAYER NS CH, KR

FEH 4% DOC AR ZETT 22 78K, 5.96 ~
134.52 mg-kg ™' (£ 5). — Z= v AF A g A5 A0 £ 4

x5 AELEBEHKBEAIRSE

Table 5 Content of dissolved organic carbon under different treatments/mg-kg

DOC 7 & bfE A 5 W i 2B W72 s hn 7('£7J<7Fa/\
BERI] DOC & B, KA T EI DOC &
R F AT, ﬂéﬁéﬂﬁmﬁ]ﬁﬁﬁ.ﬁ@/ﬂi%

D /mg-kg !
-1

KRG i
b3 A RIEF Hi ST EENI] S BE R Frh R0 A 5 -6 1} I
B 4y BERR I FrRE HEI I ek S BERRI TS .

LR-R 34.27+17.66a 64.34+6.76a 97.07+1.09a 25.88+3.73a  5.96+1.92b  16.05+0.88bc 16.18 +0.77 ab
LHR-R 31.37+5.00a  57.65+6.52ab 82.81+11.20a 33.98+5.52b  7.62+0.99b  13.30 +0.86cd  20.67 +5.83 a
MHR-F 35.321.82a 50.40+4.72ab 80.65+9.40a 35.28+1.76b 16.71+0.63a 11.28+0.57d 14.64+1.56 b
ER-LHR-R 122.72+9.68  44.73+6.68a  51.01 £5.98b 50.54+3.48a 21.27+1.84a 26.32+2.97a 17.78 +0.36 ab
ER-LHR-F 134.52£10.31  46.582.69a  51.54 +4.50b 46.58 £2.69a 18.59+5.22a 18.66+2.96b  20.06 +2.24a
3 CH, HRUR A 0.858 * 0.516* 0.782* 0.695°* 0.792 * 0.517% 0. 604 * 0.711*
HERE(r) ) ’ ) ’ ) ) ) )

1) = Fl = = 4351387R 0.05 F10.01 KFEERBE; 2)AITER—F
g ]

FRORE A —ZE I R A S, B AT AT PO 81 Dy A A T T R A I A A



10 14 WRACEAE . RIS R R AT AR Ok A PR g R4 7 SR HE A A 52 ) 4707

) DOC 5 e .

AR 3 DOC 5 CH, HEBOE & i
FHSEA T, AT WA TR 30 ) + 38 ek 5 CH, HEjik
i I P S IE AR DG R

3 g

3.1 7fHH CcH, HERK

AFZEE XA KD B KPR T2
BORBE R B RS A CH, HERCHEAT T M
PR 3 2 FLRE ARG B CH, P 2 HE R 4 51
43.94  71.15 F1 147.2 kg-hm >, B A5 4 114.25 .
130. 50 #11377. 8 kg-hm | ARMF 5 WEFFH CH, 1)
S HE R A 62. 51 kg-hm ™7, 5 HABAT 58 F A9 HE
AR ZE A K (H AL T HAKOK - e As CH, (1°F
PIHERCE R 71. 65 kg-hm 2, il T HAL B 5% % 4
5L R R AR ML 10 a AR I, K
i 5E 2RI S e 500/ i B CH, HE 028,
AR (1 45 pH 3K 8. 0, FVBE TR 19 A6 R 5
RN ] RE S BRI R L CH, ﬁkﬁﬂt’iﬁc@.

3 % 7 D 2 B PR GHL Rl

T ARSI HE Y R B 2 A5 ) A o
WR B MG RS LR-R (9 CH, HEMCE At LHRR
[.GH, 5 18.7% (P <0.05). 1T il J5t 4 2 7k 7

CHgg 3 2 RO KA 700, SR LA
AR SR L WK AR (KRR AL L >, skt

CH, FHRE 2 PR M CH, Y EEAR TRIAE, AR
BRI CH, ki) 5% B RIATAL 1 CH, %tk
T TR AL AR S AT S o BT A K R D
P RANAE , 2422 KRS CH,, HERL HeH B0 /K R I

ER-LHR-R il ER-LHR-F #bF i i 5 5 o o 2%
ARG B HERCS B 2 = LHR-R AL B W] g A9 LA
S AR FRE AR 2 55 A LA R i B
e PR B B A RE 5 ) 3 s 7 F A CH, HE
B, A AT B SR K R AN [ Ao =X, AR R K
T L% A3 D CH, HE ACE & L i B HE s &/
32.3% 7' JER-LHR-R 1 ER-LHR-F Y MeR5 MR,
1 LHR-R Zb¥ 4 EH%, I B 7 ™ & CH, HEL
()22 5.

5 ER-LHR-F 4b B AH H, ER-LHR-R 4% 7% fij
TS, P KA AR AR VR T I Y CH, HETSC53 0 3
T 16.2% (P <0.05) #119.3(P <0.05) ,LR-R [t
MHR-F BRSNS 4E E 0 CH, HEik 53 i 3
Y 33.2% (P <0.05) #138.7(P <0.05), LHR-R
Wb PRAE K AR 25 FAE /R R 4E CH, HERCS i85 MHR-
F ARG 22 5 (AR M LR-R Ltk MHR-F

OHERC TR Sk CH, P34 HE RS I 2 P PR e 1
2. 67 fi5. UL, & AR AR AR 2 A B A
CH, ({9 HE 1, 3 5 HoAl 2 % 0 BF 5% 45 36 4 7 —
S0 3 AT I [ B S R R - R
CH, 24 S HERC I 85 T 3E-/K R , 1 R HLF 5 o
FRPRI 2 55 03 36 B, AT 8 3542 3F T CH, 19
HERL.

KRR AR CH, HER A B LR
B, B IF A PR, LR RIS A B TR IR Ak
B, BT AR — 3L
3.2 FEH N,0 HEK

RIFIIFFEE XK A N,0 FHERCES5 AR,
Wang 252 fF 52 L e A8 N0 i 4E 5N 0. 015 ~
0.19 kg+hm > 1 0.099 ~ 0. 14 kg-hm {5 £1 4= ff;
SIS R HITE S 2, IR NO R
0.42 ~ 0.90 'kg-hm 2 F 0.21 ~ 0.87 ké-hm 2,
Akiyama %% B 45 2R K IR BB, O
HERR 0.34 0. 99 Ke-hm 7, ABFFCE M/ 11 36
N0 BIHEH A 0,49 ~0.58 kghm > 10538~ 0066
kg-hm > BN, Qb PR A, )

ARG S MRS — 5 MR ) N, 07
HEMOTE .25 IR0 T s 108 1 M ek 55 PR K R A
KRB ). 0500450 I BFTE R0, 245 RS
St 2R 9 PRV L MR 85 , 11 2 S 2 77 T30
G2 Bia NIERS U E SR P R ENY ¢
FUFHGE 1 8 T3 BURE , JF AL 2 J55 5 BURG 5 2 50
B K B 25 7 I A 2 S R RS -
TEAERTHIRHRR N,0 HLs MURE 7 , A BT 5 B Ak B T
B2 22 RE AVH ARG 9 N, O HEZ A 0. 19 kg+hm >
F10.16 kg-hm ~> , KAEA B J5 101, FF H UL+ DLYR , #¥
1N, O HEHCIE B 0L, 4% 58 W0 A 1 1 00 1 o
AR O, e B FEL LT L350 K 3 B
S 2 A8 R N, O RS 3 HUR ,
W] Bl A S AR R A L R A A IR T N, 0
HER T 5 1K 3.

L I RETRES PR 159 N, O T 406 T — I i
] A S 002 I A 1 U P L — R 0 T 18,3
kg +hm ™, A7 T R U2 7 IGAR F  K B ] b —
R R K N, O HERCS , 5 800 % e A e
R AL T SRUHE R T — TR

FE-ISEAEAE DI 36 2 N, O HE R i e 2 22 7
JEAEE 1A HHER R R 1,33 ~ 1. 46 kg-hm ™*, Lt
SCHRT37, 38 TIRIBFIESS L , (AR T )11 7% R IX
FRREL- T S i 5901 e - e 5 £
O IR T R R )8 7 e & 17K 4
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P EUIE A i R 9 0 5% R I 2 S i
B0 AR ZE rh I 3 2 R A R R R N, O HE
W BTk N 57. 2% ~ 70. 2%, 5 T W22 1y

25 N, O HEBE & N A5 4E 5 A 0 BTk oR
65% L.

S N, O MHERCE I TA W, S HE
WFFE L AR — 20 AR5 & I N, 0
PJHERCH 0. 26 kg-hm ~>, $3F Wang' " BB 5T ik
PRI N,O HECH 0. 18 ~0. 46 kg-hm 29455 H
HAF 78 RN N, O HEC R Tk RE ], A58
PR N,O HE A o 58 AF A AR HE T 17. 8% F
30. 6%, 1] 14 J5 PR 2 | 43 BEJE WG F 22 ), A HE K
A3 HEE L ETID R TR A B SRR A S B A
FIFREH N,0 Ay HEL, 11 H 38 I8 7E 2 F 43 1k 30 ife
FH , BEEHYIAE 3K 5 oK R A B a2,
FITF N, O #9577 A= S HER, - R 27t B 1 R R AR
Jiti BB 4 X B T AR BF 5 K I 3] N, 0 ﬂkﬁﬂt%% )
3.3 +IiEDoC

7 K2 141 DOC (&fﬁﬁﬁkaiﬂmﬁi’*-;

b‘ﬂiﬁ’ﬁi,\ﬂ% T AT o A H ii% EP 1 oax

EERK, ”’rfnmpﬁzs 96 ~134. 52 nig-k Fﬁ%f}@a
R B IR T A L. ﬁﬁﬁaﬁ%@i o “”J i
CH, ﬁlfﬁﬁt'ﬁ DOC Eﬂﬁ%ﬁwa@é% 35%5@)? A

;Emmm~ﬁ@@ﬁmw7aimim,ﬁmﬁ 7

HEJE 03 kB X B 5 400 £ 4L
DK HEL CH, PR
3.4 ERESKHEBGRE
T % A GHGI J& V- A i % 8l 25 5 2 Ak

ﬁnﬁﬁé/? s, KR CH, HECA K, o R HE
LAY 91. 8% ~98.5% . 52 CH, 9 GWP (5 & GWP
[ 71.2% ~90. 9% . 7] W., & fift g 1 CH, 1 HE ik #E
A Rk R R % S GHGTH T

AWFFE R, BRI ZERG () 7= 1 , (A& F ER-
LHR-R 9 CH, 1 N,O % &, Ktk H GHGI #
f=. M MHR-F 203 f5 24 CH, 2, & 2= K R HE
ﬁﬁuﬁ@ N,O Fb il 32 it/ MHR-F () GWP il GHGI

HoAth b T 43 5198 /0 26. 3% ~ 65. 8% F 11. 4% ~
50. 4%, 5 F IR 855 RN AN AR 7R RN 1 25 A B I,
MHR-F Ab USO8 HRR = IR ARG R. % &
JER T 2GRS, SRy 3850 R B 5 HL DX S A 5%
PN ) R A P R LHR-R 0 5E4E
K, 4K GHGI [t MHR-F 5 12.9% (P <0.05),
{5 GWP 5 HLE K CH, HERE F A K, i 4% Fh
A LA DA VR N, O (R HERL , X Aol =
LB RN 2 1 = ASACHE i B F A R L

R /L, DOCH E‘@?jz

B 41 %
4 Hig

(D) AFEEAVER AR S CH, 19 GWP (54 AE A
4 GWP 19 71.2% ~90. 9% ; 13 DOC 5F5H CH,
HE 2 B EAR DG 5N L, & =M E iR
HRERAA T CH, WIHEL.

(2) — 2RSS 5 — =W LR AR TH A9 N, O HE
JTE 25 X ) 5 A2 i S AR N, O O HERC D 3
AR H.

(3) A HJEAER) GWP F GHGL, #5 - -1 — 24
AR 53575 TR P A B A0 3 5 TR
W S5 RDOEIE I AR a5 AR R AR 45
B, 2GR B 2R ] — 24 se e e 5 il SR 4 A
SEAHAFHERE I 22 TR Hﬁ’ﬁﬁiﬁffﬁﬁlE’JAfii/WH‘iiﬁ
S 2k
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