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Research progress and prospects of water and crop residue managements to mitigate greenhouse gases emis-

sions from paddy field

ZHOU Sheng'?, ZHANG Xian—xian'?, WANG Cong'?, SUN Hui-feng'?, ZHANG Ji-ning'?

(1.Eco—environmental Protection Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; 2.Shanghai En-
gineering Research Centre of Low—carbon Agriculture, Shanghai 201403, China)

Abstract: Rice production is an important emission source of anthropogenic greenhouse gases methane (CH,) and nitrous oxide (N>O). The
production and emission of CHs and N>O in paddy field are affected by agricultural management and environmental factors, especially water
management and straw returning measures, which directly affect the redox status of paddy soil and the content of decomposed organic mat-
ter in soil. Both water and straw management measures have significant effect on the CHs and N,O emission in paddy field. Many research
results show that water management measures, such as controlling irrigation and alternate wetting and drying can significantly mitigate CH,4
emission, but may also promote N,O emission. Hence, how to mitigate CHs and N,O emissions simultaneously is the key factor to achieve
greenhouse gases emission mitigation in paddy fields. On the other hand, straw returning can improve the soil fertility of paddy fields and
increase the exogenous carbon source, which promotes CH, emission in paddy field. How to optimize the straw returning measures, coupling
with water management, to achieve the co—benefits of soil improvement and greenhouse gases emission mitigation is very important for sus-

tainable utilization of paddy field. In this paper, the research progress of greenhouse gases emission mitigation in paddy field in recent
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years is reviewed from the aspects of water management, straw management and water and straw collaborative management in paddy field.

The research results of the effect of water management, water management coupling with fertilizer application on greenhouse gases mitiga-

tion in paddy field, and the effect of straw returning and water management coupling straw returning on greenhouse gases emission in paddy

field are summarized. Furthermore, the future research of greenhouse gases emission mitigation in paddy field is prospected.

Keywords : water management; straw returning; methane; nitrous oxide; mitigation strategy; global warming potential
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Figure 1 Conventional irrigation and water—saving irrigation management of paddy field
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Table 1 Effect of water—saving irrigation measures on greenhouse gas emission and yield in rice field

BRI KR CH.HERC=: N.O HEBL L A TR LT s Sk
Cultivation Water management CH,4 emission N,O emission GWP Yield Reference
(227 T I PR T — 4 T -84%~-19%"* 4%~137%" ~62%~—41%" —2%~T%"? [14-15,31]
Transplant Moist irrigation—Controlled
irrigation
T I -V ~78%~-32%"*® 17%~533%"% ~78%~-21%"% -11%~7%"%%  [13, 18, 30,
Moist irrigation—Shallow irrigation 32-33]
TRss ~72%~-31%" 11%~70%" -50%~25%" 3%~4%" [19, 34-35]
Alternate wetting and drying
78 —-69%~-63%"? 40%~413%"% -58%~-5%"? 0~9%"? [24, 36]
Film mulching cultivation
Hi% T T -28%" -100%" -66%~-37%" -28%" [16-17]
Direct seeding Moist irrigation—Drip irrigation
TR -31%~-22%" 8%~25%" —22%~-21%" 7%~12%" [20, 37]
Alternate wetting and drying
T Tk b ~-132%~-100%"%  -59%~867%"%  -103%~475%"%  -19%~-12%"? [38-39]

Film mulching cultivation

T F P BE AT S LR HH A L5 K S A R, e S (AR B A, IR (AR i 5 AR 2R 23 A0 R o HL 0 10

F R M T S — i S e 0 0 s 9 — B30 P — i A

Note: The values represent the effect of water—saving irrigation compared with that of conventional irrigation , in which the negative value represents the

decrease and the positive value represents the increase; the superscripts® ,?

and © respectively represent the continuous flooding, flooding—mid-season

drainage—flooding and flooding—mid-season drainage—intermittent irrigation in conventional irrigation.

R BT CHL HE R &, (5 NLO B hn# K s TS B 18
SRS R A ST AR A S OR | R A By
) I 205 SR 5 AT LA AR 4% SR PV B s 2 B, i e
R . R, RS A R FH 48 Tl o R v L DL SO
AR BRI 2 AR AR AR ] TR A E =, 1
A R F LB E D Aa ™ AR = SR IEHE B A5 .

1.2 AEMELEBKSEGENEHRESEHER
A

FH T /KRR R X S8 A PR S A5 AN ], K A A 2
AR HK o8 3 A B B R 5, BRAG 42
TEHERG AN 8 LI BT Y M PR B A5 R IR 7K 4348 A
FEF IR ORI RS . IR R FIOK R 2 L
TR HLIX. S Ry 50 53 0 2 59 Pl i s+ SR IR B
AT A H R 7K o348 B 20 SR AR AR 2= RO
CH. 2 VE E 7 22 1 4096175 TR K A 1Y CHL HE S £ 1
TR VYR A 429 , 10 P ARG R R, B HEL
MG T 329",

S oK Rl KA AN, S RG 2 Al T B
Wi B A5 E L R R FIERER
Zo 43 X K R A T K T AT A A P (A R
RS F8 A A K R B W] AR T RR K R 32, sk
SRS R A A AE ), S AR L, R R AR
ST CHaHE 7 5k 25 FE AR 90% LA, NoO HE TS 1

T 50% , {0 548 R 2508 T R4 7 it 3 R B
57K R HE AR EE L SR A K 0 R 4 5 709% (%) HE [R) 45
KB AT AR e B BTG CHLHE R B, BTG B2 55 8 90%
DLk NoO S 25 58T, 38 &8 188% , [R] s 7 i Rt 4
AR ES VAR TR [ B & AR [A) T K RS A0 S A
)T A S B R o o —— 1 /K BT A, 1 K P A R L
A KRG L B R A RGBT KB R R
HA BB REEE ), G H T 28R, £ 17K 50%
FF 77 S5t R BT 5 AE GEK R R P, KPR R R
TR (R 03 70% ) BIAR 25 0F T, 50 R I
A EE , CH HERT R FRAR T 519%~77%, T 72 o RERE AR 15
A AR E
1.3 AEBEEEMNBHEESEHMAZMm

— IO, R CHLHER RN NLO HERCRE B T
R XR, ENEFRRE R, ELHERZOS
em) A AL I8 5 HL AL (ER) X F - 150 mV B CH. HE i3
58 5 1R )ZE (2 em) Eh 5 F 140 mV B N,O HE il 3
SeR )5 (HJE 2 3K o 38 0 2 - EFL IR 5 K N 75%
B, N2O HEBCR B e R o 3 22 R N.O AN ORI
FHSACVE R ok A S ARVE Y R K HE B
Jiti X 8 FH CHL AT JcHE S, P 6 FH - 8 U otk
B SRR AR A, 2 9E NLO B HERL , 1 7 42 NLO Y &
FEEOR A M RAL ., ZE RS R



856

URIEIRCX RSy F3965 45

FEEJEY), M RN AFE B 5, F H 5K EE
TR Be i Ak A g, A5 R F R A8 AU AL o i A AL,
PR HE NO P HER; HEME SR K 5, B Em A AR 2, R
BSARAE A T DA IR ST, [R)Is Ai 300 A Al 1) G A A
RN SRR E IERAE T 58 2 B9, s Ak AN A Ak )
FEEAVEFAERE T NO MHERL . R, 3 2 7K 4045 B
A it ME A e 42 1 NLO 19 AR B RIHIE 32 255 U HE AR
HESARNEEIRRE .

WFFEUESS , NoO HE A bl 20N it FH £ 7 8 0 i 344
JoneestERT Ik oA AP 2R it A R A e AR ) U HE i
A 38 1 it 2R Tl - 4 P A A RN R A o B T
TR, AT /0 7= A2 NLO YISk 5 SR T A8
e ST K R e B B S R A A S AR A
NLO P HE B2 A%, 30 o it o 28 R A 8 7 R0 Hh s Jin i
AR A A 590 R 8 A0 ) 700 45 T AT AR NLO HE TR
I, SR FH T /O T sl HE A T CHL I, 8 1 BB EUIE it
FH it T ) B RAAEG NSO HE AR, MU 20 R FH 25 3 T =
SARHERCHER BE o ) a0 S8 R AR ST S A
G2 TN A T A S 70+ g I ) R0 £ it S A PR i
FEFFAR CHLHE R = 09 R, 8 RO T NLO HE i
FAATR R 49 91 Ky 28%0~49% F11 12%~44%

2 BHEEXNERRESEHMA RN

2.1 BN EASTHEEMNBREESEHMIEIE

VE G T 2 3 2 1 AR 0 o 9 U, 2015 A 3 [ S
FFEi4 R R E 2 80.1% , 3 %A FH 7 204 F5 FFIE KL
b FARE BRRME JsURME I RME . RS FFISHIR
F /N OKFEREFLUIEEMER R 32, R 253000 0
63.1% M155.29%"", Br T F&FFAE R IEEHE A4,
Al JLFP R 7 8 TRFF 2 HER SR . f5FF
5 A= 7 el R v 7 A 1 R A R AR W I e
FEFH -4 . R, KRG 22 19 CHL HERICEE KR R %, H
RS AR A H Y 229%0~33%5, & RS AR 2 14k
PR A VR R BT 8 R 7 45 SR i SR ) an ik
R TR Z RS R A B N T 5t P, XA
FH I 2 SR HE B s i R [ RS FF B E . 1Y
WFoE R, 765 AU I A5, R H - 438385 /)
2 FEAFAE W 5T e AT i 25 R AR R 2 NLO HE L 1ELX
i B CHL HE B B A I 3 52 WA 1 A 1) A 5 ) 4
HH, 2K RN 22 5 R im0 B B4 A 40 5 e, 34 T 2
R AR H CHLHECSRE , (W) EH e CHL HERCRE: 5 2B P ot
¢ it FF Rl 3 AR 56, S FLK ARG AN 22 RS AR ) 5
WA B 22 55 BRI &, 76 AR ) K IR 48

ST B A FEUEA 75 A0 5 F3d H AT AN [ 722 3 b e
IR 25501 2 AU HE R B

FRE AT 25 H R FH AR b K ARSI N 2 RS A 1 B A
AR MR FATS 2 B A5 =22 0048 37 =0, AR P34 H
T FF 1 1 22 58 1] 4 Ay 4 v i FHORIE il HH . 76 AR )
KN PRAAE T, /INZE R A3 H AT 350K A 2249
CH.HE AR 0 2538, AHL ) B 25— AR BE 30 N0 HE
i, AR SR R BOK AT ZE CHL A NLO HERO™ A= 25
A GWP B TH =0 KRS FT 2 SRR H RS T8
FH Y 32 228 AR, BUZE AR 09 7K R G A8 FHOG A
CH. 1 N,O HE it 19 52 W 55 /N 22 76 FF i | ROR —
O I H MR 2R Y CHL HE R 32 5 FF38 H 52 1)
Fo AR R 2 RN A AR I S SUK A8 2 CHL HE i = 3
hn, R TR B A R S8R H IR R G b Ah
DA Rl W5 3G, ZE K A 2RI, i FH RS A A e H 8
PRARIREE o3tk , Sk HBE A ) R AL A1 Y i 2 A
f A IS 9, AT A T e - 398 CHL 9 7= AR 5 HE
B, I HAS AT 4 HH i 5 RS D CHL HE I 52 0 AH DG OC
FRI0on A H NLO HEBCSZ B4, RS AR E H 5 R
FH NLO HEC R 22 [a) U] 22 347 A 56 6 R, 3xX ] g2
TR 75 A1 78 20 i 2L 72 v D U FE RS 1 Ay
0o, 35 BURE 53 fife DX I ] el A e FH 8 40 1 0 38 S 20
Bi, i AR IR EE T N0 5 Bl R J7 0 N, IR I R
IC T A8 H N0 HERCES, Bb A oy 7% #F it = 20k
HH 398 C/N 38, 52 A H 38 b g 405 S fhad A
A A A 2R & I A2 NoO AR S BTG A3
i, Fe Z 2R R FH NSO (R 7= A S5 HER,

22 BFEHARBHEESEHERAF M

T AT B Mt FH 5 =X 1 = A e phA | BB
W A S dbis (R )Z2E ) SR, b
HE B A A HE O RS LG R B, DU A AN AR
THER A MRS FEAFTE IR S Bt AR rh S
TR A R TE 4y, 1 VA B FH DL VA RS AT 4 v g
SRR A R TR AT S AR A i ; e AR E
HN 2 6 AT B3 5 T 13w . JCIeREFF LA
FROE it ARG B A 358, FJCRS #1386 HAH B IR =Sk
HECE YA AR 4t v, (RS A 3 FH 0 R 0 M 4t 1
THEW 5.

Tl FF LABE R sl B 5 204 B % Fef D CHL HE Tl i
I, HEHFIA HH AR FH CHLHERE 5 — K T bk
i H 7 S0 Bl 3 SR AR [R5 A R A A
J7 AR B, AT S ki FH ATl AR FH CHL HE G 22 R AIT
27% F124.3% , I+ HHER T CH HERE{E H B A I a]



JEL M, 25 <K S RIS BB P R 28 AR S 857

TR KRR ZE I A VR HEAT G 5 [RGBk HH
11 NLO HENCH 2 16.7% F1 42.19%'°, TEIRBESAF T,
Gkt HAS AT S HERE . BIFEA RS FEAE EL , b F 3™
8 DRAE ISR, LA 4000 A R 3 0 e, DRl 2 1 fi
P CHL BS54 o B A0SR K RS 2 i ) S bk i H (3%
JERE ) REFE S e D oy R PR NI T
KRG ZERTIRG H 3 Eh, 4 CHL AP AR 3R AL T4 R
BE 0 H B0 T s KRS A A AL R e, SRy e
Jot R B AL T ) 22 1 RN, T 23 e 1 UK R 2R 1
CH. SRR, (RS FF b i Y CH. R AHE o
FUBERE I HH B35 A0 Vi 18 2 v IR, R Gk
W (GRIZE ) e ZE W R 53 i K 4048 B, A Rk ]
REAR AR IR = SR HER 0 B 8 5940, SREAT ek ok
FHRIA HAH B, VAV HEA AT AR HH I = AR HE R
FEC 5 EBEA AR L, YA 3 A A5 CHLHEL
P T 11%~42%, 598 N,O HEICE 1% £ 1.0~
LARE ABZRA R = AR HERCR BERRAR T 6%~35% -
NoO HE It f9 1 0 25 BH A% FF 74 2834 FHOXF 5 HNL,O
BV PT RE LA BRSO o — BTN, 7R A A
FFIA AT e FH e e 1Y) RARAS O v] 3%+ 18
C/N Tt =7, i2F 1 44 Jon - 98 181 45 20 B9 B8 0, A I ik /D>
- B4R S A R T R A AR =,
NLO g = A 1ere
2.3 RATHEYEERRESEHEMAZm

il FFAA FHAS 50 AN AL ) e 3 R
SE 0 AT R 2 A A B A IR A U A 4
SRR FH e UG R L R, NI 2E T A% CHL Y
FEAEFHEC . FEFT A B A I L 3R 0 K A 2 A IR
FARHE R A T B KR R AT A R N 2R e
FH, 5K RE R AR AT A b, o] DA RS A1 76 448 25 1
N R M A, DN TR KRS 2R H 3 R RS
PRl R v =2 CHL A A DGR , 15 1T (2 25 FAAIG
R AT XT K R 28 CHLHE R PR AR HERON ™ 5381, SRR
75 Ji () % FH STt P K R RS A B, R R 2 it FH /K A
FEFF T8 K ARG 2 1% 19 CHL AR, 12245 St BIE
T R gE A A B SE K K R AR A B 4R 40 i ok
T, AR 80808 HRS FF 7R RS 2% CHLHET A At a2
YER . TPCC & A iy I Z I & AR S48 m ) h 4
5 KRS RS Ak i it RS AR L, R R 2R ARG FF
FEAG Fh RS AR A B B 1R 1K RS 22 CHL ™, bRib 2
R SREFFIEAR H B ACIR S T I8 F 8A H 5 37
RIS AR LY, IR R 22 B 24 it FH A A, RS A 78 1
e 28 Iy K BB R gL B T AR IR % RS R

W HE R CHL ™ 4 S5HE
2.4 FIBEENEREESEHIMAAZMm

T — LR NE A 11 0 A 2 — b 3 B (Y A 7 K
TSR AEAEY) =2 LS RHMEY b 32, 8 WA IEVEY 2
&G B HEME I, A DNDCERIZE S
SEIEE T 45 R B KRS 2R A A e
FH 2 S K R 28 CHLHEGEE , o & 2 ik H
X FH CHLHERC R A2 57 R F B A 8 7, W
e e FH 58 25 0, 76 7 MR RS 22 14 3 BU0RS H CHLHEK
o S BE N, T NSO HE R D) S R AR, SRk H
Xof et FH CHLHERI R 52 ma AL 55 e | 22 5 A 3 FH O e
CHHEHC A DEAL I JEAS AR [R] . ) 4 4% 2= it FH 5
SR 38 CHLHERCR G N, 322202 T4 3
I TR AR A B, B S Eh AR T
CH.HER

2R N8 FH GRS B NLO HEC A il VR T S5 22 FG
FFIA FH AR NLO HEBC 52 ma L SEAS AR, (EL I A
Z5 . 5 ESERABHEDF A, GRS EE
YRR C/N AR, HOE Y (EAE 150 1~20: 1 Z (8], 7£
WA b AR TR RS ARA | SRR A ) fid
T AR FEARS 2 R H 449 NLO HE ™ AR 1 ek A
PEIR AL = A W K Whia . R L, SRR A X RS N0
HERC IR, 32 B0 A 2 A A o e v B
BRI SR A I, A7 TR R AR SRR AR R E
T /KA HH 13 v NLO 1] N B9 554k, AT 30 4 A8 NSO
Heil ™,

3 K FIFREFNE B EX 7S HIE = SAHER

sbA

3.1 KA FFEFIHEEETTEE CHH AN

TCI R TEH IS S 1 KR AR T, FCHS
FFid FHAH B, R AP0 38 20 2F CHLHERC™ . 55 L
VHERE AR EE T K TR i T S 2 ARG AP H AR A T
T CHLHECR® ", 2[R S RS APk o 25 L 9%
il VR 5 R AL HE R A B, R CHL R TR T
58%~63%" FiAh, UNETSCHT I, R AT Sk H A K
e 25 R I S A AR K TR T A 3, ] (A A AT A BT R e
A0 A3 1) CHL AL, 8 38 PR AR CHL HE
iR . ERARFEFT A 50T A EE 7 R U 11 R S
FERERIA D AH 5 R LR VA EL , SR IEAE B A5 PF T Y
T M T O 2 AT FH CHL HE RIS RS AT 34 4%
AT I IS 1 R TR RS A N I W S S
RS H CHL HER,



858

URIEIRCX RSy F3965 45

3.2 k4> FNFEFF 1 E) B EE X A H NLO HE # B 2201

e FH NLO HE il =3 2 52 UM it FH 7K S - 387K 43
ZRAF R FZ I R R TR FSF 178 H S0 FH 81 K I it
SR FH ONLO HERRES ™ FEAH R K A4S B4R T
Z AN IR A AL i A TR P 392 SR A 3 5 7 4 i
B IR, R0 GRS FF A B RS HERE G, RS AT A RS H Y
NoO HERAT BEAR a4, A 5 MR R e, 7 A
A 0] VR YR R AR 7 5 T VR R ) NSO HE = Y
I IN, HR R K N Mo 2=
TELRNE A B A5 F T, 78 i Vi ot FH 5 P e
NLO HE 22 18] TG B 3% 25 5208 WA 5 45 SR 1) 22
5t AT RE R T S o AR A K s o 25 R I
o I LIRS S A5 RN I A A 1 4
KA (0.25 g g ) AT RS FHEE SN EAE A L A
A R 5 NLO HE i W i, EEE
NEEHAIRS 1 b R 2 5 T R O, £ 2E N,O 19 7=
A SR ; TRIARE , 40 SRR H 340 T K A FDIR 2
38 E AR 8 SR A R T R AR AR 0 & A AT 58
NoO HE = B 3G, 25 ERTiA, 578 B CHLHE
Wi A ARL , K 2048 B S RS AT IR P RIFE R, K 048
FRZFZ M AG H ONLO HER R = SR & . H R 38
e FH 3 S, 100 sk R P S AV R 4 ] s i
N0 [i] N34k, B IE , NoO HERCRAIG o 1 715 7K U8 (2
L TS B MBS ) 51T, R HEAL T 4746 -
PR SRR, Ak — SR AV 38 58, i 241 F
e NLO 1977 A S HERR
3.3 AkSMEFHEEENBHEESBEEIMZM

A H CH 1 = A ik 2 R R = Il 2 5
TR HLITE DR R AR, A AR SRR TR RS AR 2
NoO 77 ) FE 2 S N el R DR 7K 40 B 2 1 T e 1
CH. AT NoO HE il =2 [0 38 H AT A S I R 4o 78,
8] 40 W5 5 A s AR FH 7K 439 T R 7K 22 ) A A8
B, B CHLA NLO HECE A28 B, AR CHLHER S |
T 1) ek 3 50 IS T R IR L (L NLO HE ik 5 |
) T 25 RN T RE 330 5 55 A, RS AR A4 FH R 1 A R
A AL ARG H -3 R G R B KR 2
CH.HE B AR 8500 o 5 BT IE e H A L
FEAF bl H (FRJZ BT ) A0 i 1 V8 TE v FAIG
Fef H CH. HE BT 35 94.6% , H 7] B4 {5 7 B NLO HE ikt
R 516 B SR 2 RS 25 G iR RN AR
9.8% , FEAHLIE T A HE A B ik H ™ A Y CHL CHE 51
HRO . DRI, P I as 28 48 B K 435 A AT T, 2 FA AR
FEAFIA O PRI AR 52 0 (0 S 22 - B . 7R RS AR

ST AL P[] K I AT DR U/ FH CHL A AR
i, fEL[A] A 2R Bl it R L S i A4 ) 2
& AF N2 HE I A i , 3B S K ™ A N0, By 1k s A
CH. Y IAEE 5 BN 14 N2O HEHCH K -

4 ZitERE=E

41 FEZip

K A3 B A B R SRR HE R e, rh
92 FH | R] o R S R IR TR B 1 it AN A A R T
7 AR T AR CHL R o W K E S T KRS 5
AR D o, — 20 2 T RS AR AR i
ARG, T ] CHL 9 A= B0 1 CHL A 04k, KR
/A5 CHLHEAR &, {H B 48 4338 CHL R NLO
T AR A A HE IR , 15 7K E A S 25 1K CHLHE T
A [E]B, T BB A UE NLO B9 HER . Rk, Sy itk — 204
T 7K R A VR HEAT H IR = AR RCR KBRS
EHURCHEPTTE . 33 SCHER ST BT TN A RS AR
P R R B DA S TG iR A 2 EAE R T
WA A By 5, A R T SE B E MRS Rl = A
WHER B AR, USRI TR AR S 1 A & 2%
FENE BN A A4 0 50) , 76 PR AR H CHL HE &= 7 7]
B, BEA M NLO B A BRI HE L

i A 2 e B2 RS AE AR R O =X, ek R 1 45
NE T, XA FIFAE 37 . R A H ARG 16 N.O
Az 185 HE T AR T R A AT BT Y
A PEE T AR CH B HERC . s RS A 3 1
CH.HE B O HEAE TR A 38 A RS AR Oy =X S L,
B G AT 8 S 0 il PRI okt /D Ak PR AR PR 58 1) Ff
B o PR, RS AT HH 55 A8 HH K SR O R At 5450
D EEE AT AT AR it AR A LA AR PR 2R B RS A
VA HH IS Y RRARRS A5 LIRS R RS AT et
i HBC AR A , DL 35 mT g 2 FRAIR CHL R =
42 MREE

FTH AR RGN TR ER 24 iP5
Fhoa RS R R BA HEMEM . A R PERE
HERRGN A 5 ARG, 18N KA &R
B, BEARAS B = SUAHE R EE |, 4 5 75 25 S8 LA
I A

(1) g it — 2Ll /D5 7K AR =X 19 NLO HE TS
— 5, A e it BERAE S AT LA K E R A5 R
By it A it , AF 2 305 P 39 7K e K 0 etk 1 % 2%
L S s A R A ok e R R [ FRE T,
AT ] N2O 19 A B HE R, 325 3 [] B 98 20 e CH.



JEL PR, S R RIS SRR R 5 A S 859

FINO HERCH F A o 53— T Rl A FE XA 1 4
SRR ) A R I, AR TR — e A
R COM R R FT I8 AR A7 TA5 38 Rk, o
LR VAR FH 2 200, , 5 B X RS AT 6 F LS Bl
Jt CR 2 ) A8 AL AL 22 AR A ST A L, 2545
JE T VTGRS AT PR FS A - 39 1T 5k 15 T 2 A HE i
ZIHR AR

(2) JAF AT Y i o5 R 8 L AN W 5
RS o AT R R B e B —— K R AR A S 5
AR AR T 2 AR ORI LUR R K R 3
BN TE K SR I YR , B 2 R A Ak T
TCHE AR DL, DR CAE T A GEs H 3 K R
TERIE 7= 58 A5 14 [+ B R Dk /U T 188 P 7K 42 A CHL
HEmcE o DR, TRABIE ST R 15 e o b 7 52 A AL
FF T BORE H CHL A NLO P [R) s HERIL ] | L3 A7 B 5t
AR SRR BN AS A, Al KU HE ) 58 MR HE A
FH il 2 AR B AR SR PR AR e AN B AR S

(3) 1A FH 7K PRBE SR AR RS | £ 28 G 557K
77 BB T RS R R 25 A R AR AR 3 T R
R I OKAE+K 7 K & B A S AR AR
TR ZES M AR, B T A R AR e SE IR AR
20 M0 AR ) T R G o A EH R R A K AR A8 A
ASCEE s R AR ) A A B, SR BB (] A 20 A —
HIKJZ A SE IR FH B 2 A S AERE, I8 1K &
B HL S i, R R IEE T T RE 2 fedt CHL Y
KRR, I, dnfar LA RS B R R 2R e K 73 4
A BB K REREAT , 980 BUREE A MR
PR R GE BRSSP, I AR I 2 AR
SR SRR T RN IR 4 A i N Y
W5 1

Sk

[1] H e AR S PRI AR . rp AR R SRR A 728 A 55— U A BT i 4t

[R]. Jbat: vp E A A ERBEEB, 2018.
Ministry of Ecology and Environment of the People’s Republic of Chi-
na. The People’s Republic of China Second biennial update report on
climate change[R]. Beijing: Ministry of Ecology and Environment of the
People’s Republic of China, 2008.

[2] Li C S, Qiu J J, Frolking S, et al. Reduced methane emissions from
large—scale changes in water management of China’s rice paddies dur-
ing 1980—2000[J]. Geophysical Research Letters, 2002, 29 (20) : 33.
doi:10.1029/2002GL015370.

[B] LA, PR, L . PRSI A A 5 5 AR S
FEUERE]. b E Al B XK, 2014, 35(3) £ 14-20.

PENG Chun-yan, LUO Huai-liang, KONG Jing. Advance in estima-

tion and utilization of crop residues resources in China[J]. Chinese Jour-
nal of Agricultural Resources and Regional Planning, 2014, 35(3) : 14—
20.

[4] 95 500, IMBLL, £ I, 4. FEATIE S5 ALAE HC-E it X 13
FIREI[T]. - HE2A4E, 2003, 40(4) :618-623.

LAO Xiu-rong, SUN Wei-hong, WANG Zhen, et al. Effect of matching
use of straw and chemical fertilizer on soil fertility[J]. Acta Pedologica
Sincica, 2003, 40(4) :618-623.

[5] Ma J, Xu H, Yagi K, et al. Methane emission from paddy soils as affect-
ed by wheat straw returning mode[J]. Plant and Soil, 2008, 313(1/2) :
167-174.

[6] Zou J W, Huang Y, Zong L G, et al. Carbon dioxide, methane, and ni-
trous oxide emissions from a rice—wheat rotation as affected by crop res-
idue incorporation and temperature[J]. Advances in Atmospheric Scienc-
es, 2004, 21(5) :691-698.

[7]Xu Y C, Shen Q R, Li M L, et al. Effect of soil water status and mulch-
ing on N>O and CH4 emission from lowland rice field in China[J]. Biolo-
gy and Fertility of Soils, 2004, 39(3) :215-217.

[8] Yagi K, Tsuruta H, Minami K. Possible options for mitigating methane
emission from rice cultivation[J]. Nutrient Cycling in Agroecosystems,
1997, 49(1):213-220.

[9] Li C S, Salas W, Deangelo B, et al. Assessing alternatives for mitigating
net greenhouse gas emissions and increasing yields from rice produc-
tion in China over the next twenty years|J|. Journal of Environmental
Quality, 2006, 35(4) : 1554-1565.

[10] Haque M M, Kim G W, Kim P ], et al. Comparison of net global warm-
ing potential between continuous flooding and midseason drainage in
monsoon region paddy during rice cropping[J]. Field Crops Research,
2016, 193:133-142.

[11] Sander B O, Wassmann R, Siopongco J D L C. Mitigating greenhouse
gas emissions from rice production through water—saving techniques :
Potential, adoption and empirical evidence[M]. 8. Cabi Publishing—C
a B Int, Cabi Publishing, Wallingford 0x10 8de, Oxon, UK, 2016:
193-207.

[12] 2R AL . FEHAR VA [RIRE MRS 15 7K Bl 28 S ARHE RO 16
WFFED]. MR : A bRl R, 2012.

ZHU Shi—jiang. Experiment for water—saving and greenhouse effect of
irrigation mode in cold rice area[D]. Harbin: Northeast Agricultural
University, 2012.

[13] Sun H, Zhou S, Song X, et al. CHs Emission in response to water—sav-
ing and drought-resistance rice(WDR) and common rice varieties un-
der different irrigation managements[J]. Water Air and Soil Pollution,
2016, 227(2). doi: 10.1007/S11270-015-2741-7.

[14] Hou H, Yang S, Wang F, et al. Controlled irrigation mitigates the an-
nual integrative global warming potential of methane and nitrous ox-
ide from the rice—winter wheat rotation systems in southeast ChinalJ].
Ecological Engineering, 2016, 86:239-246.

[15] 2L, FIREE, A7 Lar, &5 4 mERE H i FR sl HECR D], 4
A TR, 2013, 29(8) : 100-107.

PENG Shi-zhang, HE Yu—pu, YANG Shi-hong, et al. Mitigation of

methane emissions from paddy fields under controlled irrigation|J].



860

URIEIRCX RSy F3965 45

Transactions of the Chinese Society of Agricultural Engineering, 2013,
29(8):100-107.

[16] Fangueiro D, Becerra D, Albarran A, et al. Effect of tillage and water
management on GHG emissions from Mediterranean rice growing eco-
systems[J]. Atmospheric Environment, 2017, 150:303-312.

[17] Coliro L, Marton L. F M, Pilecco F P, et al. Environmental profile of
rice production in southern Brazil: A comparison between irrigated
and subsurface drip irrigated cropping systems[J]. Journal of Cleaner
Production, 2017, 153(1) :491-505.

[18] Ahn J H, Choi M Y, Kim B Y, et al. Effects of water—saving irrigation
on emissions of greenhouse gases and prokaryotic communities in rice
paddy soil[J]. Microbial Ecology, 2014, 68(2) :271-283.

[19] Liang K, Zhong X, Huang N, et al. Grain yield, water productivity and
CH. emission of irrigated rice in response to water management in
south China[J]. Agricultural Water Management, 2016, 163:319-331.

[20] Maneepitak S, Ullah H, Datta A, et al. Effects of water and rice straw
management practices on water savings and greenhouse gas emissions
from a double-rice paddy field in the central plain of Thailand[J]. Fu-
ropean Journal of Agronomy, 2019, 107 : 18-29.

[21] Katayanagi N, Furukawa Y, Fumoto T, et al. Validation of the DNDC~-
rice model by using CH, and N,O flux data from rice cultivated in pots
under alternate wetting and drying irrigation management[J]. Soil Sci-
ence and Plant Nutrition, 2012, 58(3) :360-372.

[22] BORTF, RBHAR, TR, 4 . ANl 3R 55 BAE KRR AR AR KA
RGP R IIBETELT]. 7K ARFF240E, 2003, 17(3) : 140-143.
HUANG Xin—yu, XU Yang—chun, SHEN Qi-rong, et al. Water use ef-
ficiency of rice crop cultivated under waterlogged and aerobic soil
mulched with different materials[J]. Journal of Soil and Water Conser-
vation, 2003, 17(3) : 140-143.

[23] Tao Y Y, Zhang Y N, Jin X X, et al. More rice with less water — evalu-
ation of yield and resource use efficiency in ground cover rice produc-
tion system with transplanting[J]. European Journal of Agronomy,
2015, 68:13-21.

[24] Zhang G, Yang Y, Huang Q, et al. Reducing yield—scaled global
warming potential and water use by rice plastic film mulching in a
winter flooded paddy field[J]. European Journal of Agronomy, 2020,
114:126007.

[25] Chen Z, Lin S, Yao Z, et al. Enhanced nitrogen cycling and N,O loss
in water—saving ground cover rice production systems (GCRPS) [J].
Soil Biology & Biochemisiry, 2018, 121:77-86.

[26] Cabangon R J, Tuong T P, Abdullah N B. Comparing water input and
water productivity of transplanted and direct—seeded rice production
systems[J]. Agricultural Water Management, 2002, 57(1) : 11-31.

[27] Kumar V, Ladha J K. Direct seeding of rice: Recent developments
and future research needs[M]//Sparks D L, editor. Advances in Agrono-
my, Vol 111, San Diego: Elsevier Academic Press Inc, 2011: 297-
413.

[28] Farooq M, Siddique K H M, Rehman H, et al. Rice direct seeding: Ex-
periences, challenges and opportunities[J]. Soil & Tillage Research,
2011, 111(2) :87-98.

[29] Liu S, Zhang Y, Lin F, et al. Methane and nitrous oxide emissions

from direct-seeded and seedling—transplanted rice paddies in south-
east China[J]. Plant and Soil, 2014, 374(1/2):285-297.

[30] Gupta D K, Bhatia A, Kumar A, et al. Mitigation of greenhouse gas
emission from rice—wheat system of the Indo—Gangetic plains:
Through tillage, irrigation and fertilizer management|J]. Agriculture
Ecosystems & Environment, 2016, 230:1-9.

[31] Yang S, Peng S, Xu J, et al. Methane and nitrous oxide emissions from
paddy field as affected by water—saving irrigation[J]. Physics and
Chemistry of the Earth, 2012, 53/54:30-37.

[32] Win K T, Nonaka R, Win A T, et al. Effects of water saving irrigation
and rice variety on greenhouse gas emissions and water use efficiency
in a paddy field fertilized with anaerobically digested pig slurry[J].
Paddy and Water Environment, 2015, 13(1) : 51-60.

[33] Liu G, Yu H, Zhang G, et al. Combination of wet irrigation and nitrifi-
cation inhibitor reduced nitrous oxide and methane emissions from a
rice cropping system|J|. Environmental Science and Pollution Re-
search, 2016, 23(17) : 17426-17436.

[34] Liang L, Lal R, Ridoutt B G, et al. Multi-indicator assessment of a wa-
ter—saving agricultural engineering project in north Beijing, China[J].
Agricultural Water Management, 2018, 200: 34-46.

[35] Oo A Z, Sudo S, Inubushi K, et al. Mitigation potential and yield—
scaled global warming potential of early—season drainage from a rice
paddy in Tamil Nadu, India[J]. Agronomy—Basel, 2018, 8(10) :202.

[36] Yao Z, Du Y, Tao Y, et al. Water—saving ground cover rice production
system reduces net greenhouse gas fluxes in an annual rice—based
cropping system[J]. Biogeosciences, 2014, 11(22) :6221-6236.

[37] Thi Thai Hoa H, Dinh Thuc D, Thi Thu Giang T, et al. Incorporation
of rice straw mitigates CHy and N,O emissions in water saving paddy
fields of central Vietnam[J]. Archives of Agronomy and Soil Science,
2019, 65(1) : 113-124.

[38] Fawibe O O, Honda K, Taguchi Y, et al. Greenhouse gas emissions
from rice field cultivation with drip irrigation and plastic film mulch
[J1. Nutrient Cycling in Agroecosystems, 2019, 113(1) :51-62.

[39] Kreye C, Dittert K, Zheng X, et al. Fluxes of methane and nitrous ox-
ide in water—saving rice production in north China[J]. Nutrient Cy-
cling in Agroecosystems, 2007, 77(3) :293-304.

[40] Wassmann R, Neue H U, Lantin R S, et al. Characterization of meth-
ane emissions from rice fields in Asia. Il . Differences among irrigat-
ed, rainfed, and deepwater rice[J]. Nutrient Cycling in Agroecosystems,
2000, 58(1):13-22.

[41] Chareonsilp N, Buddhaboon C, Promnart P, et al. Methane emission
from deepwater rice fields in Thailand[J]. Nutrient Cycling in Agroeco-
systems, 2000, 58(1/2/3) : 121-130.

[42] HpAe N RAEFTE Ol 38 . KRBT RE AR M. b s h AR AR 3

AR, 2015.
Ministry of Agriculture of the People"s Republic of China. Water—sav-
ing and drought—resistance rice (NY/T 2862—2015) : Terminology[M].
Beijing: Ministry of Agriculture of the People’ s Republic of China,
2015.

[43] Weller S, Janz B, Joerg L, et al. Greenhouse gas emissions and global

warming potential of traditional and diversified tropical rice rotation



JEL PR, S R RIS SRR R 5 A S 861

systems[J]. Global Change Biology, 2016, 22(1) :432-448.

[44] Khalig M A, Khan Tarin M W, Jingxia G, et al. Soil liming effects on
CHa, N2O emission and Cd, Pb accumulation in upland and paddy rice
[J]. Environmental Pollution, 2019, 248 : 408—-420.

[45] 2 B . F5KGTEREH 57 5 0] B4, 2018, 30(10) -
1108-1112.

LUO Li-jun. Development of water—saving and drought-resistance
rice(WDR)[J]. Chinese Bulletin of Life Sciences, 2018, 30(10) : 1108—
1112.

[46] Johnson—Beebout S E, Angeles O R, Alberto M C R, et al. Simultane-
ous minimization of nitrous oxide and methane emission from rice pad-
dy soils is improbable due to redox potential changes with depth in a
ereenhouse experiment without plants[J]. Geoderma, 2009, 149(1/2) :
45-53.

[47] Tan X, Shao D, Gu W. Effects of temperature and soil moisture on
gross nitrification and denitrification rates of a Chinese lowland paddy
field soil[J]. Paddy and Water Environment, 2018, 16(4) : 687-698.

[48] Nie T, Chen P, Zhang Z, et al. Effects of different types of water and
nitrogen fertilizer management on greenhouse gas emissions, yield,
and water consumption of paddy fields in cold region of China[J]. In-
ternational Journal of Environmental Research and Public Health,
2019, 16(9): 1639. doi:10.3390/ijerph16091639.

[49] Linquist B A, Adviento—Borbe M A, Pittelkow C M, et al. Fertilizer
management practices and greenhouse gas emissions from rice sys-
tems: A quantitative review and analysis[J]. Field Crops Research,
2012, 135:10-21.

[50] Li J, Li Y E, Wan Y, et al. Combination of modified nitrogen fertiliz-
ers and water saving irrigation can reduce greenhouse gas emissions
and increase rice yield[J]. Geoderma, 2018, 315:1-10.

[S1] B2 M, BXSEIR, i, 55 . P ARV RS FF 236 R I 1 52
[J]. 2l T4, 2019, 35(13) :218-224.

HUO Li-li, ZHAO Li-xin, MENG Hai-bo, et al. Study on straw
multi—use potential in Chinal]]. Transactions of the Chinese Society of
Agricultural Engineering, 2019, 35(13) :218-224.

[52] Sun H, Zhou S, Zhang J, et al. Year—to—year climate variability affects
methane emission from paddy fields under irrigated conditions|J]. En-
vironmental Science and Pollution Research, 2020. doi: 10.1007 /
s11356-020-07951-w.

[53] Nie T, Chen P, Zhang Z, et al. Effects of irrigation method and rice
straw Incorporation on CH emissions of paddy fields in northeast Chi-
nalJ]]. Paddy and Water Environment, 2020, 18:111-120.

[54] 5% R, XUGERN, WA, 55 T A= 9 5t A FH LS T KA

7 AR R SRR A A )] P RO B2 2012, 45
(23):4844-4853.
ZHANG Bin, LIU Xiao-yu, PAN Gen-xing, et al. Changes in soil
properties, yield and trace gas emission from a paddy after biochar
amendment in two consecutive rice growing cycles|J]. Scientia Agricul-
tura Sinica, 2012, 45(23 ) : 4844-4853.

[551%5 S, REG P, B ORIE, 45 . A= 9 JBUmcads FHOGT et R 08 ) 0+l L
R Al TAR#R, 2013, 29(15) : 184-191.

JIANG Chen, MA Pei-xia, HU Bao—guo, et al. Effect of biochar re-

turning to paddy field on CHy emission reduction[]]. Transactions of
the Chinese Society of Agricultural Engineering, 2013, 29(15) : 184 -
191.

[56] Zou J W, Huang Y, Jiang ] Y, et al. A 3—year field measurement of
methane and nitrous oxide emissions from rice paddies in China: Ef-
fects of water regime, crop residue, and fertilizer application[J]. Glob-
al Biogeochemical Cycles, 2005, 19(2) : GB2021.

[57] Yao Z, Zheng X, Wang R, et al. Nitrous oxide and methane fluxes
from a rice—wheat crop rotation under wheat residue incorporation
and no—tillage practices[J]. Atmospheric Environment, 2013, 79: 641~
649.

[SILISHE, SRk, 2= Bk, 45 PRI HEBEE T SRR R B
FFAE Rl 3 80N, A AR, 2008, 41(9) :2703-2709.

WU Fen-lin, ZHANG Hai-lin, LI Lin, et al. Characteristics of CH.4
emission and greenhouse effects in double paddy soil with conserva-
tion tillage[J]. Scientia Agricultura Sinica, 2008, 41(9) :2703-2709.

[59] MR, 22 F Ik, g, 55 . AR FEFFAL B 7 KR MR 2= <
PHECE BT, P REIFREERE, 2012, 32(5) :803-809.

HOU Xiao-li, LI Yu—e, WAN Yun—fan, et al. Greenhouse gases emis-
sion from paddy fields under different rice straw treatments[J]. China
Environmental Science, 2012, 32(5) : 803-809.

[60] Lee C H, Do Park K, Jung K Y, et al. Effect of Chinese milk vetch (As-
tragalus sinicus 1..) as a green manure on rice productivity and meth-
ane emission in paddy soil[J]. Agriculture Ecosystems & Environment,
2010, 138(3/4) :343-347.

[61] #itte, 30, 5% LAY . KSR 5 R R B DGR T CHL R NLO
HERASZ L], T E IR, 2003, 23(5) :105-109.

JIANG Jing—yan, HUANG Yao, ZONG Liang—gang. Influence of wa-
ter controlling and straw application on CH4 and N,O emissions from
rice field[J]. China Environmental Science, 2003, 23(5):105-109.

[62] BTG, XA, AR, 45 . B 58 5 0 T I L S0k Ity A

PR K2 il 2 A B2 I )], WA 22412, 2018, 27(12) 1 133~
144.
CHANG Dan-na, LIU Chun—zeng, LI Ben—yin, et al. Effects of incor-
porating Chinese milk vetch on reductive material characteristics and
greenhouse gas emissions in paddy soil[J]. Acta prataculiurae Sinica,
2018, 27(12):133-144.

[63] Bronson K F, Neue H U, Singh U, et al. Automated chamber measure-
ments of methane and nitrous oxide flux in a flooded rice soil. 1. Resi-
due, nitrogen, and water management(J]. Soil Science Society of Ameri-
ca Journal, 1997, 61(3):981-987.

[64] Hu N, Wang B, Gu Z, et al. Effects of different straw returning modes
on greenhouse gas emissions and crop yields in a rice—wheat rotation
system[J]. Agriculture Ecosystems & Environment, 2016, 223: 115-
122.

[65] FI/NHE, #R it ite, 30, 46 . ANRIBHER I T SR8 A S RS
BRAG IR B G A5 R 55 (L1 1. AL FRBE R 242241, 2009, 28(12) :
2489-2494.

BAI Xiao-lin, XU Shang-qi, TANG Wen—guang, et al. Ecosystem ser-
vice value and carbon cycle of double cropping paddy under different

tillage[J]. Journal of Agro—Environment Science, 2009, 28(12) :2489—



862

URIEIRCX RSy F3965 45

2494.

[66] /N, AILZFIE, 20 XK, 45 . AN IS H 107 =00 A i 2 UK

HEMGE R BETEL]. A BAERTIE, 2007, 28(5) :629-632.
XTAO Xiao—ping, WU Fen—lin, HUANG Feng—qiu, et al. Greenhouse
air emission under different pattern of rice— straw returned to field in
double rice area[J]. Research of Agricultural Modernization, 2007, 28
(5):629-632.

[67] ELRA, WIS, WU, 5 . FEAF 4 M 200 R 22 48 A< T CH.
N0 HERL B SE ML B s A R 72741, 2017, 40(3) :367-375.
WANG Bao—jun, HU Nai—juan, GU Ze-hai, et al. Impact of rice straw
return methods on CH4 and N>O emissions across a rice—wheat rotation
[J]. Journal of Nanjing Agricultural University, 2017, 40(3) :367-375.

[68] th — %%, oy, 4R A, 4F . FZERFFL My xS SERH 25 CH.

HEA L], LEASFRET I, 2010, 19(3) :729-732.
MA Er—deng, MA Jing, XU Hua, et al. Effects of rice straw returning
methods in wheat-growing season on CH; emissions from following
rice—growing season[J]. Ecology and Environmental Sciences, 2010, 19
(3):729-732.

[69] Ma J, Ma E, Xu H, et al. Wheat straw management affects CHs and
N,O emissions from rice fields[J]. Soil Biology & Biochemistry, 2009,
41(5):1022-1028.

[70] Xu H, Cai Z C, Li X P, et al. Effect of antecedent soil water regime
and rice straw application time on CH4 emission from rice cultivation
[1]. Australian Journal of Soil Research, 2000, 38(1):1-12.

[71] Lu W F, Chen W, Duan B W, et al. Methane emissions and mitigation
options in irrigated rice fields in southeast ChinalJ]. Nutrient Cycling
in Agroecosystems, 2000, 58( 1/2/3) :65-73.

[72] IPCC. 2006 IPCC Guidelines for national greenhouse gas inventories

[M]. 4. Japan:IGES, 2006.

[731 w/hit, 52 Jy, B2, 55 . DNDC AR PP I 7 S N X K A 7
AL SAHER AR IR ]. Bl AR, 2016, 25(12) :14-26.
GAO Xiao-ye, YUAN Shi-li, LU Ai-min, et al. Effects of alfalfa
green manure on rice production and greenhouse gas emissions based
on a DNDC model simulation[]]. Acta Prataculturae Sinica, 2016, 25
(12):14-26.

[74] Zhu B, Yi L X, Hu Y G, et al. Effects of Chinese milk vetch (Astraga-
lus sinicus L.) residue incorporation on CHs and N>O emission from a
double-rice paddy soil[J]. Journal of Integrative Agriculture, 2012, 11
(9):1537-1544.

[75] SRZAE, skmnfe, BmNAe, 55 6 TAEYIRS FHR i S 3% 4 Bt

AEMERR[I]. 2441, 2018, 32(11) :2274-2280.
ZHANG Jing—ting, ZHANG Li—hua, LU Li—hua, et al. Overview of
the characteristics of crop straw decomposition and nutrients release
of returned field crops|J]. Journal of Nuclear Agricultural Sciences,
2018, 32(11):2274-2280.

[76] 2522, 4 48, 25/, 45 K 4345 3HL e A T FE g kOB 5 0k
JELI] A FRETRE 241, 2009, 28(2) :221-227.

LI Xiang-lan, XU Hua, LI Xiao-ping, et al. Water regime manage-
ment affects methane emission from rice paddy field: A review[J]. Jour-
nal of Agro—Environment Science, 2009, 28(2):221-227.

[77] Huang Y, Zou ] W, Zheng X H, et al. Nitrous oxide emissions as influ-
enced by amendment of plant residues with different C: N ratios[J].
Soil Biology & Biochemistry, 2004, 36(6) :973-981.

[78] Schiitz H, Seiler W, Conrad R. Processes involved in formation and
emission of methane in rice paddies[J]. Biogeochemistry, 1989, 7(1):
33-53.



