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Reduced methane and nitrous oxide emissions from ratoon rice paddy in Chaohu polder area, China

WANG Tianyu'?’, FAN Di'?, SONG Kaifu'?, ZHANG Guangbhin', XU Hua', MA Jing'"

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China;2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A field experiment was conducted from 2019 to 2020 to compare the differences in methane (CH;) and nitrous oxide (N,O)
emissions between ratoon rice (RR) fields and rice—wheat rotation (SW) fields in Chaohu polder using the static chamber-gas
chromatograph technique. CHs and N,O fluxes from the RR and SW fields were observed, while the soil redox potential (Eh), soil dissolved
organic carbon(DOC), soil ammonium (NH;-N), and soil nitrate(NO;—N) contents were determined during the rice—growing season. The
study results revealed that larger CHy flux peaks appeared in the SW treatment during the rice greening and tillering stages. However, CH,4
flux peaks of the RR treatment appeared at the regreening and tilling stages in the main season, and at the ripening stage of the main
season, and in the first half of the ratoon season. The N,O flux peaks of the SW treatment primarily appeared after precipitation in the wheat
season and during drainage periods, while N,O flux peaks for the RR treatment mainly appeared after fertilizer application for bud
promotion. Compared with SW, the annual total CH4 emissions, total N,O emissions, total greenhouse gas emissions, and greenhouse gas
emission intensities of RR were reduced by 22.3%, 86.5%, 36.3%, and 15.9%, respectively (P<0.05). No wheat grain was produced in the

RR treatment, and rice yield increased by 16.2% (P<0.05). The seasonal variation in CHy flux during the rice—growing season for each
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treatment was significantly negatively correlated with soil Eh (P<0.01), but no significant correlation was found between CH, flux and soil

DOC concentration (P>0.05). The seasonal variation of N,O flux for RR treatment during the rice—growing season was significantly

positively correlated with soil NH ;=N content (P<0.05). In conclusion, planting ratooning rice in the Chaohu polder area increases rice

yield and dramatically reduces the comprehensive greenhouse effect and greenhouse gas emission intensity.

Keywords : ratoon rice; rice—wheat rotation; greenhouse gas emission; Chaohu polder

FBE (CHL) A4 AL I &L (NLO ) J2: P AP B 1 R =
SR, A RE BB CHL R NLO Y 4 BRI R v
B350k COL 1Y 34451 298 £i511, A FH Ak /K8 Ji
ARSI, 3R A VL b CH., IR LS
AR RS CHW R IR Z —P, PRI
A it FH A R T8 A8 5 R 7K 404 EE AR A 2O HE K
U DU

5 E S R KRS (Oryza sativa L) 42 7
[, 2019 4E#E R BRI K 2 970 J7 hm?, KDL, 6
FELB b & R R 8 B 3l R, it i T 3R AR RO TR
P55 YL S BRBE ) L, R T A0l AT Hp 2 K e Ay R 1l
HZE . AT =7 POk, 3 B R A ORI TR T T
RS R B BRI RIA /NEZ (Triticum aestivum 1.) |
FEAH AR B A X A R F L, SeA T et (e R
SRR, IR 3 B

FRAERG, BNFh—ZEWCR PR A7k R . Sk ZKRgIR
E e K FEAE AR PR AR BB R A KR, Rl — 2
FA ZE K RIS 5 8 o R A SR B A T SR b P AR AR
ke B R R — ol & T R Ak B R A A KRR A B
Jta, e S HATER TR RS SR XD ZERE X
ORI P A R G R i) 17 A e e R P 6] R BB i 1
BEETREE 2B+ R Ak AR BB KRS ™ 2 P2 TH RS
Kb B, PR O B AR B T R TR A HE T N
ST SR MR PR A2 AR AR X AU TR R R R
T4 L SRR RN 2 BT e T T
5~7 a P A R AR I 5 /RS, B T AU Bk —
iz | N

H AT E AT 070 1A e ok B A X A 8 A Dy 2C e i
T = ARHE R A o KT R I R AT R B
A HE T AR , T4 R 1 CHL HE il 2 FAIC 33.89% , #L
P CH HETRCR R 23.23% . SONG 25 70 1] 1Yy
WF5E A& B, AH Bb 3 I 2R e, 2 5 P AR R 1Y) CHL A
NoO FHE il £ 43 1340 T 8.01% F1109.92% ., A AF 11
SO B R 57 AR T 6 I 5 P B TR TR B T
Gy PSS S w | L (B W B G BB O i b S By
T K535 R R v B AE 5 TR EA TR AR AT R
FA 7 B CHLHETC, AT RIS IR 28 SR HE R | (7]

1% WHART]

IF A AT 4R KR 7 4 . FIROUZI 250215 o A5 750 A 45
PR M TR AE RS, AR R RGEFER
T RYIREEA7 (100 kg 25 18T ) T CHL AT N0 B HETL
o AT SRAE 22 e AR e A8 P AR A il == AR HE K
AR AR DL AGE .

ABFGEHEAT T R R0 DL R S0 2 3, ) 1
HUBEF XA R VE D7 =X (R 22 e/ E AR RS ) T 2 4R
() CH, A1 NLO HEBCGE 5, 52 T 58 40 A0 38 I L o7
(Eh) B3z A MR (DOC) |+ 3 A (NH;-N)
FS A (NO-N) 1 7 i S L ZE 5 AR 4k, DU R /R
2 R ARG o0 AR AR T AR HE OB (19 A5 1k K
HigmH#

1 MBREFE

1.1 5t

K H S T 2019 4F 10 A % 2020 4F 10 7 7E& 8L
AE TR P4 % (117°26747"E,31°18 05"
N) P . %0 X & T A6 0 A 8 i o 2 KUk, 4F
TR 16 C, 2 F-HIREKE A 1215 mm, 1 5
MAE 4 500 CLA L, ToFE WIHE i 200 d, % Ge i il B2
R AN K FRRCAE o A R R R R K
Nt AT R BN A PR
17.38 g-kg! , RS H N 1.69 g-kg', 13 pH Jy 4.81,
PR 224 50 12.2 emol - kg™, Fvbr Jphr R 5
43N 23.75% .66.65% .9.70%

RIS B R R (SW) AR5 (RR) 244k
FEL 80 /N X TR A 25 m? (5 mxS m) |, B~ A0 H 3 vk
BE . KRR, WAL B[R] 7K 2045 $5) S o)
W, RIRTTH K, TR 5 RS, e m HEK
T /DA K TR m i PR RIS T A
THEWE, A KBk AREK . SWAAB A& /NEY
BAZERFEC ARG B, AR FSSOIR I R A AN IR L, /A2 B8R
Je RS FE BB A HT 38 A 5.63 t-hm 2, AP A LL
S 77.65. RRALEE 48 2 9 (Astragalus sinicus L.) .
FEFI PR A FAC VR AR, 58 = BEFOK RS 0T 15 d fk
S H 38 R 3.28 t-hm 2, AE AR A HE A 11.35,RR
A2 3 A AT BT WA 0 AR R TR AR ), i HH
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46.19 t-hm™, FIFFAR A LM 19.43,

SW Ab B /N FZ I3 Bl R 9552 11, F 2019 4F 10
F 27 H&FR, 2020 4E 5 1 22 H sk, 4 & 13 208
do 22 RN T A 154 kg-hm2(LLN i), BEHE
FHA 4 98 kg hm (L P05 3 ) , B I8 it FH 4 4y 98 kg -
hm? (DL K0 1) o KAl i Ao e B AR 245, F
202046 H 5 HE2#%,20204F 10 A 24 H#k, &4 &
W3k 141 do RE A 8 194 kg - hm? (PLN
) L BEAEE T 7 90 kg - hm (L P,OsH) , BT it JT
090 kg-hm?(LIK0 1) .

RR AL =95 T 2019 4F 11 J1 5 H#&Fh, 2020 4
474 HlGk, E w3151 d. ¥ F A
R 17 kg - hm 2 (AN 31 ), 8 AE it FH 2 4 17 kg -
hm (LA P,Os 31 ) , B AE jfs F & 4 17 kg - hm ™ (2L K,0
) o KM SR FEWEEF—5, T 20204FE4 J]
17 H#3%,2020 4 8 A 14 H R F 3K, 2020 4E 10
H 26 HEAZEBOGR, 24713192 d. FEEAICE
RN 252 kg hm 2 (LA N3, B AR it FH i 4 79 kg -
hm™ (2L P,Os 1), 8 I it FH &4 79 kg - hm™ (LA K.0
). BARR R HAEBIEO IR 1R,

1.2 HEHERRE

N TR S AR SO 0 155 0 . CHL A NLO HE G
T A = 0.6 m KRR EUNEAERKFE NG 2 1.2
m AR UEHE 7 AR K, x84 0.5 mx0.5 m, #AS4H K
JEEFRAR A 0.5 m%0.5 mx0.15 m, JiEJ&E b #A 3 em R
U, SRAE B 5 ) PN T A 2 K DL BRIE SRR B A
WA 2 B . ST 2019 4F 10 A K Rk i Bl
AR /NI A T01 i 5 /N X - S 3R 1HI 55, IS s
N/INZE B 58 A e P KRR AR K o St e
B BEAIMARF— 8 SRR K F SR A ALK
JAE TNt 7K D TR b VR R SR N R A
20 mL ELAS BERS L, £ R AE AL 10 min Jy [R]BR 267 7
KR, HORE AR, KREERK TR R R 2~4d-

U AR AR AE R ZE RN 2 4~T d - K, SR AFE B[]
 E9:00—11:00,

FAESRER [ I, FH DMP-2 507 2 mV/pH /L
THIAE 10 em PEAL + 38 E AL LA (Eh) |, B
JE11 (Model 2455, Yokogawa , Japan ) ic sE 6 it . AP,
B 8~12 d R A — Wk - HEAE 5 IR0 2 + 38 b DOC |
NH:-N FINO:-N [ {5 f o FEAE PR 1 LA | Bl HL %
IUINK R 3 AR FE A5 B0 1 m? AR RR A A BB 4 b4
DUE 2T = e AR AR AR )

1.3 #H@ROH
1.3.1 SARRE o b

CH. Fl NoO ¥ FE i FH 22 B8 12 A 5335 (Agilent
7890B) 1l i . A K >4 80/100 H ) Porapak Q 7T
FE FEFATRE 60 °Co CH. MR i &L KO 2 T4 ARG
A% (FID) RGN | 4G #5368 B 300 °C, UM A, T e
5 mL-min™, 25 5 BIR A, Ui i 400 mL - min™', &R
KR, WA 45 mL - min~'s NoO ¥ BE i FH ©Ni Ht 74l
A I 25 (ECD) Az I, A6 I 25 6L & 300 °C, 2K <M
95% W +5% WL, it 5 mL-min™' .

1.3.2 H4EFE S BT

FH B ORAE 0~20 em FR)2 HHERE S, BN 23 05
RAE Ay BIERE S R Y SR A A A vk & R
16 1% 2SI A I TR PE B . FREL 20 o fif 1
FE, A 0.5 mol - L ) KoSOL R 3 (LK bl 1:4)
300 r-min #% %% 1 h$2 B -5 DOC, A J5 il +f A 3
TOC 73 ¥ 4% (Multi N/C 3000, Jena, Germany ) ATy
Bro FREL20 g B 4F, INA 2 mol- L7 1) KCHRZ 2
(+ KA 1:5),300 remin” 3835 1 h 2B HE g
NH:-N 1 NO:-N, #A Ji5 i 12 % 22 i 8l 43 7 { (Skalar,
Netherlands) #7752 . +AEFE 105 C 4T 8 hillE
T+ IKE
1.4 #iELbIE

CH. AT NLO HEBGH 2 A0 -

®1 RKEEERBR
Table 1 Management practice of different treatments from 2019 to 2020

¢ T PR s FEZZ A SW PHERE RR
Management praclice /J\£ Wheat 7J<$a Rice %%ﬁ Mllk Vetch 7J($E:i RiCe
FERh KRS H 2019-10-27 2020-06-05 2019-11-05 2020-04-17
WeE) H A 2020-05-22 2020-10-24 2020-04-04 2020-08-14;2020-10-26
SNENE ] A Mt BEAR 2019-10-27356 kg-hm™  HEHE 2020-05-30;68 kg-hm™  FEHE 2019-11-05517 kg-hm™ FEHE 2020-04-13;68 kg-hm™
AR (INTT)

IR T AE 2020-01-28 598 kg+hm™? 43BEAE 2020-06-21;69 kg+hm™
FAE 2020-07-31;57 kg-hm™

JYBENE 2020-05-04 580 kg-hm™
2B 2020-07-30552 kg-hm™
fE B IE 2020-08-16552 kg-hm™
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Feper x B2 (1)
AH: F oy CHL 8 N0 HEBGE 2, mg-m™+h™ (CH.) 8%
pgem”-h" (NO) ;p AR MRS T CHL 5L N0 %5 i,
0.71 kg-m”(CH,) B 1.96 kg-m>(N:0) 3 VA R FERE Y
FRARFL, m® s A RAEFE P8 55 19 R 3T A, m?;
de/de by B7 B[R] N SR FEFR I CHL B NLO ¥R JEE 1254k
pL-L"'-h"(CH) B nL-L"-h™" (N,O) ; T Hy R AEER N IR
FE K PR RAEFE N K AE  kPa; Po A FRMEIRZS T K
SRS kPay TR 56 HH M XS 5 e KSR
UM PIPEZET 1,

CH. 1 NoO 255 HE il ot a8 8 HE il ot 1 1 F 53 8
H

T 5= [(Fia+F:)/2]%(Di=D;)%x24/1 000 (2)
A : Tl CHa B N0 Z2 95 BHE i, kg - hm ™5 F AT
Fia 53 5AE T ORES i+ 1 YORAE RS CHL B N0 ~F- 1 HE
G, mgem - h DA D 43 B R DRSS i+ 1 IR
BRAERTE] , do CHA AT N,O Z2 5 HERL B R AR Y
SR I e i ] [ B o AS R A s FF- 38, I 3 AN AR
SEREL A T AL BRIA] ) 7 22 A R 2 A

i B S5 Y CHL R NLO 7E 100 4F B A] )R |
F A TR B TR B 345 (Global warming potential , GWP) 45

3501
300
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0

CH,HE i i CH, flux/(mg-m™-h™)

& COL 1) 34 £5 1 298 £551, 1155 H AN [ b #HE Jik CHL
FNLO 77 AR 1 i & AR (TGHG ) , 22X T -
TGHG=34XT+298X Ty (3)
K TCHG 2 S &= SUAHE L, t COze-hm™; Ten F
Tx.o 53908 CHL I N,O B HERCEE  t-hm 2,
U3 SARHER B (GHGD) 24 b A= 77 1R 28 3407
LRGN FERR", T A

TGHG
. (4)

A GHGIUM L 2 R L, 15 Y AR AR

& ,t-hm?>,
2 HERESH

2.1 CH.1N,0 HERL

PRI CHL HE A B th7E K R A= K 22, HARk
AR B AR (1) o RRAR PR CHLHE 0% H
IAE PR 2R T W A BEM] U DL R P AR 2R 4
R 2R AN AR 28 CHLHERGHE 7259 518 0~268 mg-m™-
h™' 1 0~36 mg - m™+h™", A5 2= - 34 CH., HE il 55 4
3219 mg-m”-h', BTN 3.96 5. SW ALY
CH.HEC A B BRAE KRR T 10 70 BEM] , HCAS 2% CH.
HEMGE R 0~217 mg-m-h™", K FG A K 221 CH.

GHGI=

AR

P PR AR

\
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Figure 1 Seasonal variation of CHs and N,O fluxes throughout the experimental period of 2019—2020
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HEF#E FE4 39.06 mg-m-h™', 5 T RR A 3 i 258 1
CH.HEjkH £ 23.08 mg-m™+h™',

RR #1 SW &b B A K A5 AR K 22 19 CHLHERO 38
(K 2) , H BB A 44 S HE R 19 0.05%
F10.04% . KAEA K1), RR AL 3 A5 2 CHLHERCE:
b7 A AE B HE R A9 86.30% , S FE A 1) 6.32£5 .
YE 52 m T CHL AR , RR A FEAAE (g
CH., 22 FUHE ik & 43 1) 2 25 Ik T SW 4k 3 22.30% F
32.92%(P<0.05) .

PR 40 3 NLO HE A 2 45 A8 A B A — 3 (&
1). RRAMHEE R0 PR 22 FF AR 2211 NLO HEK
i 435 R 0~390,0~517 pg-m™2-h™ F10~1 526 wg-
m? ™' N,O HE il 04 = 5 H BUAE AL 1 IE e FH /S 5 RR 4k
PSR 0 AR AR A R 2R T34 NLO HEGH 14y
W4 49.02,45.48 pg-m>+h? Fl 143.46 pg-m?>-h',
SW Ak F f) A7 25 F1 g 25 NLO HE il #4351 4 0~4 004
pegem?h"Fl0~3 019 pg-m>-h™, N.O HE 04 3= 22 1
PRAEAZ ZE R W T R 20 R HEZK 9% T s SW AR PR A2
ZE- 1 NLO HEIH & 4 683.44 pg-m>-h', R H R
(1 2.86 fif . RR Ab 3 4455135 NLO HEHCE 10 64.76
g . m~2-h™', % T SW 4 H 1% 497.70 ng - m?2-ht(P<
0.05).

P4k B A 48 N0 SRR HE L 40 A I A — 3K
(#£2). RRARHNO HEjik T2 4E P e KRR K 22 3L
AR N0 RBHERCE ok, o e HERO

41.54%, =P AR ZER 1.84 75, 2 2 FE 1 1165, SW
ST NLO HEjik AR P /N K, AR
80.43% =PRI 41145 . FeAE R E 5 NL0
FITHERCR , RR AL BEN,O 4 4E BHERCR N SW AR B
#13.51%.

22 KFEFE RRESTHINEMRESEHRGEE

1 %% 3 AT A1, RR Ab BE7E JE K A 2B K 22 19 TGHG
BN AL 2R 1.71%,. RRARFE44E 52 TGHG
A3 ) AR T SW AL 36.31% #124.05% (P<0.05)
RR &b 3 {1 7K 8 77 i He SW AR BT 16.19% (P<0.05)
H 424 B A Y 7= & e SW AL BRAIK 24.33% (P<0.05) o
5 SW &b FEAH HE , RR &b BE 4> 4E 8 2 GHGI [ (%
15.85% F135.51%(P<0.05) .,

23 ABEKSHERE

BAE B ERW T £ Eh (& 2a) . RRALEE
TEHE K [A]F- 25 - 38 Eh o164 mV, 78 T8 58 #F s
K PR ZE - HEEh -21 mV., SW AL B 7E /K A
6] °F- 15+ 4 Eh S —182 mV, 15 58 5 I 151 % 247 - ¢
Eh %101 mV.

KRG K ZE, RR 4L B + 3 DOC & 5 0 44.41~
64.61 mg kg™ CEYME R 52.44 mg-kg_l,li':l:' 2=
YA R 50.44 mg - ke, P AE 223 R 56.04 mg -
ke'o SWALFE 3 DOC Hy 45.39~76.50 mg- kg™, -
54 57.15 mg-kg ' (K 2b) .

RR 1 SW Ab F %) 338 NHi-N 5 78 A 22K

Fz2 20192020 F ZAE CHLMNOZFHMER EHMEAZ (kg hm™?)
Table 2 Total seasonal CH, and N>O emission throughout the experimental period of 2019—2020(kg+hm™)

CH.HEi% CH, emission

N.O HEJiZ N>O emission

L T

AR RIS

o ES 243 = o 243
Treatments  Wheat/milk i BER Bt Wheat/milk vetch T T2 RER Bt
Main season Ratoon season T'otal Main season Ratoon season T'otal
vetch season season
SW 0.56+0.19a  1331.17+159.22a — 1331.72+159.26a  34.11+8.97a 8.30+1.80a — 42.41+10.70a
RR 0.56+0.41a 892.95+63.06b 141.23+61.71 1034.74+3.57h 2.06+0.20b 1.29+0.39b 2.38+0.69 5.73+0.46b

TE SO A I AR e 22 o ] — 3R R ING TR R A BRI AF E 8 35 22 52 (P<0.05)  FE R B A2 B n=3. I,

Note: The data are presented as the mean + standard deviation. Different lowercase letters within the same column indicate significant differences

between treatments(P<0.05,n=3). The same below.

3 2019—2020 F£ &4 IE CH, A0 N0 2R

ESHHRNE FERBRESEHMEE

Table 3 Total greenhouse gas emissions, grain yield and GHGI throughout the experimental period of 2019—2020

BIR S SMAEHECE TGHG/ (1 COse+hm™)

774 Yield/(t-hm™)

TR SARHERE GHGT/ (t-17")

W KRS KREKE o KREKE  KEEKE
Treatments Non-rice growing  Rice growin, it I KT it Non-rice growin, Rice growin, S
€8 J € 8 J Total Wheat Rice Total ¢ 8 8 ©8 J Annual
season season season season
RR 0.63+0.06b 36.25+0.02b  36.89+0.04b — 12.63+£0.32a 12.63+0.32b — 2.87+0.07b 2.92+0.08b
SW 10.18+2.68a 47.73£5.61a 57.92+7.66a 5.98+0.43 10.71+0.19b 16.69+0.62a 1.70+0.44 4.45+0.47a 3.47+0.46a
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Figure 2 Dynamic changes of soil Eh,DOC,NHi-N,NO;-N during rice growing in 2020

AR A B N AR L SR, S TERE R 5 56 40 d A
KB (18] 2¢) , 2850 8 I 3 ) B 2B Rl &5 AL W0 06
Ko EKRGAE K ZE RRACTE 4 NHI-N &= K
0.35~18.46 mg-kg ™', -3} 5.64 mg- kg™, H iy
Z - HE A 5.87 mg- kg, FEAZFI(E N 517 mg-
kg SW AL 4 4% NH;-N & it 4 1.20~17.49 mg-
ke, FHIMEH 6.61 mg-kg ™o

WAL B RS 2 38 NOS-N & b e M TR A B
AL AR (E 2d) , RRALBEAE 0~6.77 mg-kg™ P
3, FEME R 1.92 mg- ke AHEE T AR S, A
P ENO-N FHEH I T 77.87%; 1Ml SW 4k FEAE
0~14.23 mg-kg ' NI 8l ,FII(E H 2.63 mg-kg ™',
24 BECHLANOHWNBE SNERZHX TS

FHOCHE S B (3% 4) F W, P AL 3 (% 8 28 CHL HF T
A 4 Eh A IR A DG (P<0.01) (B Y5 14
DOC ¥ F JC & 2% A 5 PE (P>0.05) 5 SW Ab B 1) F5 2=
CH.HEGHE 4 5 148 NHI-N % 2 2 0 35 A OG (P<
0.01) . RR4b 3R 2= N,O HEJiE & 5 4% NH-N
A 5 E A G (P<0.05) 5 SW AN B9 A% 28 NLO HE
JiE 5 3 Eh 2B IE A (P<0.01) . BR SW 4k

1% WHART]

FHNLO HE O 5 40 TR 5 2 IE A 56 (P<0.05) 41, H
s 2 AR RGE B S AR IR OC B E A e

3 iTig

AR, AR AR 73 (£ D), &
IKFE A 1) 38.02% , i -4 2 CHLHERCR AN (5 Fri 2
CH S HE L &1 13.66% . A58 & B, W 4b P CHLHE
JifiE 5 58 DOC Jo i 2 A0 M X 5 XL AR
TR 45 F— 3, BB 145 DOC B A2 BRI CHLHE
R EERE . AN F X A AR AR (R S)
BR, B ZEM CHLHE R & R 28 CHL B HE R 1
2.02%~35.24%. SONG AN i AE 2= CHL HE Ui 45
AT RE S R MUK ARB R AR e oG . PR
T 1 Sk ZE R I I R A7 0 PRI 28 P AR T
B —ZR/K A, TR & K R & TSk A R A

R R AR ARHE ) CHL 8/ [R]R
FRA ZR AR Y 3B B, AR T - 5 e T
PE | 3G MG i R % 18 CHL ™ A2 f ) RS AE
B ) R SRR AT Y A PR 2 CHL HERGE S A
T TG S 5 AR OCAE , AT BB T /K 2 48 BT e A
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F4 BECHLAMNOHMBEES TFEBEUMFHBERKXR

Table 4 Correlation coefficients of CHs and N,O flux with soil properties in rice paddies under different ecosystems

i3 Ei=ga A RN IR LR TR TR AR FE i
Treatments Parameter Soil Eh Soil DOC Soil NHi;-N Soil NO;-N Temperature in chamber
RR CH.HE 5 —0.33% 0.23 -0.10 -0.20 0
NoO HE i i 4 0.17 -0.64 0.40% 0.08 0.19
SW CH.HE 5 i —0.48%* 0.29 0.50%% -0.09 0.17
NLO HE il i 1 0.37%* 0.02 0.06 -0.16 0.29%

T #3RRTE P<0.05 /K ERYEFAN G, 378 T1E P<0.01 /KF B F A

Note: * indicates significant correlations at P<0.05 level, ** indicates significant correlations at P<0.01 level.

R5 AEMEXMEBEBNESE CHLAN0HME BRESEHNE FEMEESEHRCEEN 0

Table 5 Effects of different rotation systems on CHsand N,O emissions, total greenhouse gas emissions, yield and GHGI

during rice growing season

CH.HEi i CH, emission/(kg-hm’z)

NOHEA & N,O emission/ (kg hm™) MRERRK

ki REUR

i WE IR R R RARRALN  PRERR RERME BEBRGLA o R Ty g, PR
Areas Periods  Treatments  Main season/ Ratoon season/ Contribution of Main season/ Ratoon season/ Contribution of ‘T“(;ml TGH(i/ (-hm?) CHGI(ror) References
early season  late season  ratoon season/% carly season  late season  ratoon season/% (t-hm?)
W 2016—  BMBENARS 218.5 — — 2185 242 — — 242 8.15 8.24 0.99 9]
VISE g 1939 22 1788 23600 361 147 W94 508 954 978 098

W 20178 WER 506.00 41634 — 922.35 — — — — — 14.19 — 8]
AR 550.34 59.40 9.74 609.74 — — — — — 1222 —

Wb 20174 EHESER 882 60 6.37 942 1.67 1.61 49.09 3.28 3301 14.09 2.20 [10]
AR ER 397 216 3524 613 3.04 2.34 43.49 5.38 2245 17.67 127

W 2018—  FEAR-LM 95.08 338 343 98.46 211 0.87 29.19 2.98 424 — — [11]
WO mamang 193 247 202 2180 19 1.09 3658 299 505 — -
WAR-F5% 3189 5.4 13.93 37.13 143 0.74 34.10 217 193 — —

THO2019—  R-ERE S 133117 — — 133117 830 — — 8.30 4173 10.87 445 ABFR
W0 mnggwrs 89295 14123 1366 103418 129 238 6485 367 3625 1263 287

TE 9 B A 3 45 I

Note:* The data listed is a three—year average.

AR R, PR I A L R REAR G S e S B ) - R
B TRIRAESIA Sy, T AR 2 1 ) ORE AR R DMAC 5 o7
AR, YRR T KR 2 BE s Y CHLHETL
WE AN KRS A K 5 0 A BRSO AR T X
CH. W5 1o 5P AEF R, v 2% 008 il P
K, B8R 1 398 NHG-N A 7 F b S0k B i o, &
TR CHLHER . S Ah, H RS 2Ry BE R K
A 3 AL 2L R R, A A v ) AR R K
B4 A A R 0 T P o TR A 9 S R TG R T
FEZE ) CHL HER 2

ARG R IR, T2 e ESOCh B AE R R, L
FEi 2 CH B P FAR 22.319% (6 2) o PIAL B CHLHE
Ji EE AR PR A K 2, e S HEY 99.95%~
99.96% , F-A= g ab B A AR 28 CHLHERR 5 A8 28 CHLHEK
1) 86.30% (K 2) . HIL, HFiZE CHH G 1Y 22 =7 02

SR CHAFUR B2 S B2, R S /E
T /N2 SRS AT A A L, KRR 1 2 AT
A W AR T 0 BRI, [RIEfn
T ER AT R (B 2a) , o™ B 1A 9 AR SR TS
f PR B 458, DT I 25 4 1 A T CHL 19 7 A R HE
JICPN T PR A R AL BRAC TR AN 1R R R, AT
A, 28 = P id s/ B A H /)y, L 5 423
Eh B R B AR T 22 #1368 B (P 2a) , H i H: CHL HEL
S AHBA /N (F2) o W0 AR o | e e AL LG R
FELCAS IR A P 1 AR R L I R IS 77 A TS 2 1
CH.HE AL, 26 A 5 ot A7 ™, AR AR 7
W, A A AR R CHLHERCR 52 AN [R], CHLHECR:
$937.13~1034.18 kg-hm (£ 5) . 5557 55" 58 1 X
b 3 FPAS TRl &4 Se A AR R R B, 5 &
ZEOR N AH L, 282 A T AR 48 22 95 B AR A2 A CHL HE

WWW.Qes.019.CN
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i 61.87% . APHFILAE VLB, TEAb R BT,
FEARGUR D T CHLHERCR 1 34.93% . AWFIE 5 A4E T
PR R R R BB 9 i 06 14 AR
R,

ARG, FAEZE NLO HECR RS 2R N0 S HE
Y 64.8% , W = T SCHERHRIE™ M, i FH AUIE 2 OR E
THAE R R ™ ) S SR A, L v it R 28 T A2 P
A= FERR ZE 8 &, it AR 1 IS ] o5 P2 AR ik e 2R
PR, B i 45 S SRR S 0%, A 2E A AN 1 AR A
Jit FH A SR A A S RS AR VR R B T 58 2 IR,
A2 2E NLO 7= A= FNHE R . 53 4b, P54 22 W a) A
AR K B TEK )2, RS ) - BEK AR LA T il
A A A AE AT, AT A2 2E NLO f 7™ Az FiHE
TP A 58 25 B FOG H AR 2R NLO HE A BH 8 4
WA, — 5T, 58 2= BB T G 3 A 40, BRAIR
1) 38 Ao AN R TR A A B AT, DA T i 20
NoO 74 5 55— D7 1T, 48 25 3 H s A A Ak 1
AR, il NLO i — 2538 J5 R N, 2 1 a2 S5 i ek
FEFT AL 0 NL O AR5 58 = B A h R RS AR T
W, S BUPREZE NO HEBCR /N, 542 28 NLO HE ik
HIEENREENOH R 5 R . AFRHX
AR S R (R 5) 5o, AR Z= I NLO HEL =
di KA AE K 2R NLO B HEC T 119 28.9490~49.09% -

EN I ST VAN o (ol NV T o
NLO HEAICE: 7 A 4F B HE R 1Y 80.43% , X 42 4F- N,O HE
TR A TR Pk S, R 22 AR R AR R R, JR /KRR
A K R 1 NLO HECE 25 51K 93.96% (3R 2) , i J2: it
AL B NLO HEU R 22 S E R N . RS H
T UM it FF R 7K 8 R AR 7K e A R 2 O 380 A 224 %
19 N O HERR , BSOS 23 16 1] 4 T /KR 2, N,O
& F g b — 2538 Ik Ny, R R RS 2R 1Y
NoO HE il it d 25 0% 54 2205 19 NLO HE i >
FAEREA /NG K N0 HEC R = T RAEF L =
YEALPR(F2) , X 5 AT ABFTEEE RARRE, BR/INZ FIge
= JERE AR Z A A7 22 57 AT RERZ I NLO HERAb , & /N2
At R0 T P o 1 T e, A R T L0 A AR S HE
JHRO, G AR SO P AR R AN, RS 2 NLO HE ik
FEAR (3£ 2) , X AT RE S B R b R 2 R it RIE A 6, R
2] F P A e FH 3 NHE-N FITNOS-N % 2 A9 F- 44 (E
WARFPAERGH (K 2¢ K 2d) . B AE 7 2t 50 A
NOHER (F5) 0 B A5 45 3R . 5 A
FE IR PR R AE R — 58 = e A =CAH L, FRAE RS-
SEA PR AN A A Y NLO HERC R fie i o RUIE it P o

1% WHART]

(AN [ b SR B0 2 AR HE B %) 2 55 1 P2 A A
R VE X WA B B EOE G B AR AE RRE R . A
WG RG22 e AR AL B KA A 1 28 St U & R 154 kg -
hm?, K R A= K25 194 kg - hm?; B2 R b BRI KA AR
K2 Bt 8 N 17 kg - hm?, KRS 4R K F ol 252 kg -
hm?, B A G2 30 A R it FH o A0, 7
A PRAE SN 1 T EA — e R, AT — e AR
I ARFRLRAE X PRI B I A AR

P 4236, 2 BOAR B R R A RS I T RN 4.0%
10°~6.0x10° hm®"', DAAIA IR A5 2 A5 45 R ik 17 9)
AR, B RAR AT IE B ARRR B AER, al Ak
HH HE i CH. AT N0 A 8 I 5 AR HE i i 8.41 % 10°~
1.26%107 t COze. MR, ZZRFIHE 5 2 U /N i
AT DLREAG - B VR o B ol R AS i 4
1o B, 7R BB e FivE P A= Fe A R A7 0 H
Hil 5o

AL P A 0 e FH I = SO 3 1 5 il T i 2
— AR ASRAI T L AR RS R B CHL A
NoO HEBCHEA T LI, B 2 Fofo AP 2 e %0 Fef FH CHL
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