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A review on soil CH;and N,O emissions from paddy—upland rotation systems

XIONG Li-ping', WU Jia—mei***, JI Xiong—hui'***, PENG Hua™**, LI Chang—jun™**

(1. Longping Branch of Graduate School of Hunan University, Changsha 410125, China; 2. Hunan Institute of Agri—Environment and Ecol-
ogy, Changsha 410125, China; 3. Ministry of Agriculture Key Laboratory of Agri—Environment in the Middle Reach Plain of Yangtze River,
Changsha 410125, China; 4. Hunan Province Key Laboratory of Prevention, Control and Remediation of Soil Heavy Metal Pollution , Chang-
sha 410125, China)

Abstract : Farmlands are one of the most important sources of greenhouse gas emissions. Paddy—upland rotation is significant factor affect-
ing greenhouse gas emissions in paddy soils. This paper discusses the effects of paddy—upland rotation on emissions of two main green-
house gases, methane (CH,) and nitrous oxide (N,O), including the impact of water—saving irrigation, fertilizer management and rotation
method on soil CHsand N>O emissions from paddy—upland rotation system . Three kinds of greenhouse emission reduction measures are al-
so proposed, including rice season water—saving irrigation, crop fertilization management and rotation mode optimization.

Keywords : paddy—upland rotation; methane; nitrous oxide
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HEZ 2011 42119 1803 pL-m 1324 wL-m™ %, AL
SRS CH A N0 By FEZEHEE , 43 ) o5 4 Bk A HE
J CH, A1 NSO 119 509% Fl143 % L)t F FE Ab JE B ik i)
TR NS L Sl E S A W N R A Y 1 S 2B u
170%™ K I, 2R A 85000 A% A5 B4 it 2% fi A H
RESAHEA T EENE L

KBFAE R E R EEM R Z — 8 7ER]—
B b 2 205 e AR R KRS A SR A (/)
A MR VB AT MRS ) I — R AR AR L,
I3 ATER L FNUE T It 1l , FiAR IR 29 470 77 hm™, 7K
AR R G A IR = SURHECZ K IR R B S
LR ORI RZ MmO R, R A B A A EE
5 it X ek 2 AR FH i % SUACHRICR A S B
ARG B BRIT KR —/INZE KRR —T3E OK A -5 =0
2K AR R AR CHL N NLO B HERL 22 57, 40 BT
Hosz g R 2, IF 4 A N R IRHER 5, B TE K R4
PEBETT 38R == SRR R 2 27

1 KEBEE4EXTAR A CH.F N,O HE AT 89 220

1.1 CH.HEH

LK R -4 KRR B, KR - 5K R 5 A
TREAR CHARR . 5K A BT R Kl -2 7KK
N 2 40 1) 5 22 CHL HEE 2 K R - T SR N =
118.5%. #H LRGN -5, A R IR — i A - 22
Bl E K - 7K i A K 54 1R A X R A R0 2> CHL HE
Jie O, R A2 AR CHL P2 HEiGE A 7K g -
A K A 173075 F - 22 FURS — il 2 50 1 JEL 41 CHL HEK
i A - W K AR R R 3 RE IR 24.09%~90.5% Fil
89.49%" ", W ZEFE H i /K 241, 4% CH, HEjik

I I R AR, 5 O R A A AR AR A L, R - R
KB K- AE CH. HF il 53 51 B A 53.6%~88.0% Fil
54.6%~85.4%"' s Y =3¢ — 5 AF — T 1 I R 2 A EL I
- MR CH, JEAEHE R 2 A 47.0% 58 = -1
T —H 2116 K G AH H 58 2 3 - WUZE RS CHL A A HE ik (2
HEAR 94.09%,

1.2 N,O HE#%

IKBRAE RS0 N.O HEAC & 3% = FHE8i K
KRHERG ., HAWKBH, 42 AE 0 H 1) + 1
N2O P HEC B 2 TR, 5K R 4K AR HE VA i
SENIRIE Y o R 2 B VR R N 3.7 1%, B K S SR 5 v
W 6.2 7% , 15 FUBCOBF 5T 3 hn 48.7%~56.5% . Fg -
TN 4.5 5" 5OUZERIM L, - E B -RE A B
1150.6% F121.9%~86.1%"°', -4 =L N0 -1
HETE 7 A< PR 3 ) NLO HERE A, T 5% R
Yo R R AR A LA A K,

1.3 ZHEIRER

IR AR EIE TN A HH 1 35 NLO HERL , 1H 55 2 A%
T CH R HETIC, FEAR T AR B 2R G0 10 255 45 1 186 T s 34
(£1). SR, /- E Kk ER-FEH
ERRAA H RELE AR -/ -
FAE RN - LSFCAE LUAR -2 7KK PR 25 6 14 T v 3403
B 73.19% . 24.7% F140.7%.,

2 KEBBAERSE CH. A0 N0 HER 22 I K 2=

2.1 kHEHE
2.1 1 KA BT CHAHETL A5 1

KA AEAR T CHL HE A 7 A0 HE R bl 3 7K
B R BT A R K EE R T

1 AEBEHER CHLIIN.O BEH N EBRILEBE

Table 1 Green warming potential of CH4 and N,O during crop growing season in whole year

AR B GWP/kg €O+ hm 2 Hl TRV Bl 27 3k
Rotation pattern CH, N,O CH,+N,0 Decrease in GWP/% Reference
XA 8 607.2 248.0 8 855.2 [22]
IKAE-EK 3996.0 885.5 4 881.5 81.4
K- 1260.1 856.2 21163 318.4
WZEFe — — 17 848.0 [23]
FAK-KAH — — 11 123.0 37.7
T4 I AR R — — 7 800.0 [26]
IKAF-/NEE — — 2100.0 73.1
IKFE-2 7K H 11 840.0 120.0 11 960.0 [28]
KAF-INE 3700.0 5300.0 9 000.0 24.7
IKFE- LK 1420.0 5 670.0 7 090.0 40.7
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HEE B E WK T CHL B AL A TG o0 I T 22 B AR 7™ A
PRARZ5AT , 3 B0 CHL R BRI, Rt R 25K
VHERE X 2 RN A 2 CHLHE R G PV FH - 1
I Y W e — T AR T R 2R S A 1 v T
T T 5 TR B TR R0 SR R 3 1 CHL JRLAF SRR HE T
i LGCH R B A3 0 kD T 17.09%0~66.0% . 39.0%~
85.0% 11 60.0%~91.0% ; 170 . 11t ZF% FH /K A 25 42 1l
THEE 1) 85 2R /N2 28 CHLHE O 2 A% G IR 53 )
WY 79.9% F126.5%.
2.1.2 KA EHEXT NLO HEBL Y5

i 28 K 43 8 PR R 28 AR RS 2= NLO HET A 52
Wi o A2 W KR H NLO HE B AR, e 2 G HH &
T A2 AT DA K B A0 A R G0 A 2= AN AR e 2 A A
NoO HEFIC, Al g SCH R 5 3% B R 4 E K Ak B )
NoO-N Z= 5 HEE A S F 0.019%~0.02% FL AL, i
7K —H5 H - K AL FEE A 0.119%~0.56% 5 AL & 1k 0
R RN -FZRAERG D, KA 2= 4 0 W
N2 O HEJI A% GE HE I 34 Tt 22.09%~35.5% , /]N32 25388 il
11.3%~25.0% . #3221 W5 D0 A — 1 A5 =X g 2= 08 118
3520 O WA AR AR B L 32 N,O RAHHE
il 2 B AR GEVE W A B3 N T 7.6%~17.5% . 18.5%~
19.3% F1 23.6%~36.2%. T ¥ /K FE B AL T 3
Eh, J il fb 22 BB NOIE J5 R Ny, 3820 T NLO )
P AR TR A MR RS A R b Bl i
TR AR YE T 5 NLO (7 A T 2
22 MERREE
2.2.1 Jitg ARAS FEXT CHLHERL ) 5 i

A it FH % K SR A 2R 4t v CHLHETCERE 19 52
AR BRI R Y A SRR, A R T
7 CH. T AE i (A i 4 2, I o it A () 388 0m , T
THLBR CHa 4 Ak, AT R AIG CHLHE . 22 PR 0!
FAG RO 98 K B0, B — 22 56 At FH 205.1 kg N-hm™
1240.0 kg N - hm™ 1) CH, Z2 FUHE Al & A it I 43 5]
HAIN 41.19% F129.5% ; A7 Wt 52 2 B, B o it S = 185 m
LR - TS SRR R -2 SR AERY CHL A 4 31 HETL
O BTN 2.3~3.8 5 Fl 1.3~ 1.4 f55145749; 5 ff g g 113201
WFIE 2 B AR F AL Gt BE i K R - /N2 R E R 4
CH.HETHC e AS it BB 2611 11.3% , 10 4% 45 it HE Ak 389 />
48.9% ; XI| /> SCEEWIRIER 2 i 1 4 B 55 2 B - K A
SRR 2T it FH A AR b AS it HE Ko R s A W o /D
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E

AN FEAPUE K 5 1E R 5 CHL AR . #8015
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CH. Ji 4 23t HE k& 70 3G 0 1.4~6.0 F51 1A 2.1~
3345 AR SC RIS SR I, R A A SR D R
FF a4 2% 5 10 R e it b 31 LE At FR A CHL 2755 HE i
S SN 252.3% . 249.7% F145.0% , — )7 THI A HL
Py 5 2 A ™ CHL R AAR  E BR UR, 55 — 7 T, A L
Yy 5 114 53 e R AIK -3 Eh, UL 2F CHL ™ HES Y it
FHEAALAE H, vE AT T8 A 45 T8 24 1 A HILIE CHL HE
i A . A 9 2 B T A Ah B AR IR Ak BT
TER . FEIZEBUG 0GP AT ] 84 HL5
RIS FE , DR 4 CHLHERL A2 DV E AN 2
2.2.2 HEREEIEXT N,O HE AR 20

it FH AR 2 25 1 ok B384 2R 48 NLO I HERK
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SEJTT, PR O A RS it P 3 2 2 0F NSO HE I, AR A
SCUMA RS -ZZ SR E R G, bl A Ut A
NoO FHE IR 0 5 £ S S50t E S R — i FE /R AR U T
it AEHE A B NLO HEB i B 3 & A AR b3, 5
At AEAH L, FF - 22 SR MR BT il AR IE , R 2R
Z N, O HE G 5 4 590 36 0 71.4%~111.5% il 41.7%-~
61.29, JAEHECRE 3G N 1.5~27.1 51145 3 ZEAs -
TS JE AR HE R RS 6.2~12.3 F511

GeE B AUIE B R R R R RO Tl
FEAR 145 NLO M HERL . T WSHIESE T S5 L,
R R R ARLIE A S R 2 A # B 2R N0 REHEK
A3 5D 13.0% F120.4%

Jiti FH AT AILIE X K S A8 4R R 48 NLO HEIE ) b4
e, AR ERERIERGET KRR/
Z FEAFA H R0 T RS NLO B HERL, R FE T 5%
BA W T 2 AR KRR 2= Y HE i s A B AR Y Zou
SIS S WL 9 Kk BRG 28 22 i 8 0 Fs RN e
FH AE {2 25 AR NLO HEL A 18.0%~38.0% ; /K Af — % &L
WAE RGN 156 kg N-hm 2 FH LB , R 2= Fl # o
7% NoO HFHCBAS T 73 55038 11 87.1% F1191.7% , {HH:



866

URIEIRCX RSy F3965 45

R R /NS5 ) AR BB A 5 2 O o 3
H i 50.0%~100.0% FEZEAPUIE  FE-F AN AT
WIN,O BAHENCE THE 66.4%~121.6% ;25 JEHE 58 i
JIELFN S0 Ak AR 22 A K 28 NLO HE AL HL o LR AR
b B3 SN 17.0% . 7.0% . 6.0% , 117 A% FF it FH ef 2=
NoO 2= 795 HE i e o 8 00 #5 A Ak 3D T 8.0%~
88.0% , 4= 56 1F 3 N NLO U HE 16.0%". £ HLAE X
i - AR ET NLO HEGE AR — , AT Be A D [ 2
FEAF IR 32 1 33 C/N, FRAE T NLO HE R ; i P
i C/N A S EAIEASARE, ) HAe + b 2B &
AL AR CR B 22 5%, 30T NLO HEjl g R
) 2 5178
2.3 #BAEEN
2.3.1 ANIRFEVERL G CHLHERL ) 5 i

AN TRV A VRSO0 CHLHE R A 52 M AN [R] |, A=A -
A B Fe ARl & TR R - AR B
R BRUIBIE 5 2 B R R 1 SR 6 VR 1 CHLHEAR AL H 5
R -/NE A R G 12.7%~97.7% 5 {1 - 25
TR - U2 R A PR - W2 A AR X Y CHL R
HEF LI S - A 4 3G N T 127.0% A1 118.0%. Tij
HEA R 2R R Z CHLHEBOR i ik 825K
CH.HEl i 2RI 58 = e —K R >R IR 7K A >/ INAZ 7K
Fei> T 3 -k > B 32 B K R
2.3.2 A[RIFE AR NO HER ) 5200

K REAE RS NLO HEB R [RVE Y i e 4 7 X
M. Aot5RR L EA AR RS T, N0 F4:
HElci R IR R - S e M > L A - /N A2
FEOM, k55 R UK R AE R RESEMAA
[ VE P NLO - HEHCGHE R R 3R> 4 /N >R AE
BRSSPI SEPBE 58 & B, AS [RIK A1
B NLO JE AR HECR 58 = 0 — ARG - ek
TR - R - | RS E A - R -
T - FLfd - AR>S R - B - A, mT
ANTRIVE D 19 /K ) F A A A5 B it 1 22 5 L 1

Wy B RO R B 0 25 AR ) L SN0 7
.

3 KERIERS CH.A0N,O B HEEIEE Y

3.1 TS AKER, B CHHER

HF CH. 5 NoO B FEAE BHORTH R G R, TR I
AL AR FH K 2345 BN 3 A 25 TG PR Al &5 AR 2R B
HER B SEht b A PR G . K RRAIERZN A
i = AR FE TTHR IR o CH, 55 MUE A LE
5K HEE 2 TR N 3 N0 HE (AR AR T
CHL I HERL , FEAK T A BRIG RIS (% 2) . ik, RH
FEZET K R S BB LR LR A TR 2= 800
3.2 MSEMEARETE B N.O HEM

AR N it FH 2 38 0, NoO HE B3 i, PRI L 76 S 52 i)
IKFE = REETEE T, 25 R /D ZUIE R o (1) S4B
AR . FESCERAY H R R - R E RS
RN it o, 7T SR A A DA 4 7 it R e (2
210 kg hm?+%5 25 90 kg-hm™2) , FEAK NLO HEjil . (2) 1%
FH 2 B AR RE A Q30 38 A R 0 v it ARy 20 ) 42
e AR RO i E RO I NLO HEjik . Bl
F AN AL A HEA 38 28 NLO ] 70 A 9 /i &
SR BHERL , e E A ] T2 A ET SR A 5
RIS A 00 o) 7500 25 S 400 o 390 P e R V7 1 1Y
HIEE T AR08 NLO HIHER
3.3 fRUREENX, RO BEIGRER

IS [F e AE R GEAEYFE I X0 iR = SR HE
S T EUA S R R A BRI AR . ZERIEVED)
F A 1 [T R) S ) B T S AR 2R 3 i Tl
ARSI S . R -2 A A -
VEFIIK G - 48 2= B TR [ F2 B /K R AR AR X
M 5% 2% WA — 22 A5 X ) A 7 38 77 o L il A A =y
4018 kg-hm™ , 2T &% 45 it 6246 90 - hm ™", BAER
CH. 1 NoO 1 538 UV 34k 20> 142967, B4 77 15 1Y
GWP Lt XU Z= 75— 3241 0.1~3.0 kg CO, - kg (£ 3)

®2 5EEMEBRALEARKSEERBEBEESEHR

Table 2 Greenhouse gas emissions under different water management patterns compared to conventional irrigation

LR KA B K CH.HEc NoO HER e TR S5 3k
Rotation pattern Water management CH,4 emissions/% N,O emissions Net warming potential/% Reference
RS T 0 =[] B R -62.0 TR -20.0 [35]
ERTIET(S T 52 B -80.0 T EES -17.0 [35]
FE-hfe 1 AR -90.0 T EES -21.0 [35]
-z ek i il VR U -79.6 +27.0% -60.3 [36]

AR [ T )| PR 7N 2

Note:“+” in the table indicates increase,” — ” indicates decrease .
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FEIRRAT R CHL AT NLO 254 D HERS i, vl 4 DR A b
T B 7 A A IR = SR R A AR R S HL T SR )
IRET [R) LA 52

AR VT 22738 X K R EAS R A R R
HH I 2 SARHE G T T ST, Kk se g SRR, &
PR K FA VR B FRom/EY - & |, 4 F5 - e
F1o BRI, Ao ] 2 S H O VR A TR skl TR = R
RHEBOR A TR RIS a3 . A TRIK ARG i R DR = S
RHERCAAE W 2. 22 5 AR /K R A ke B X 2=
SMHERR R R e FLATLER , AT R B804 4 7 A ]
SEPR E AAREHE . R Rh 2 A A X K R
VR g0 3 = SRR ™ A= 5, BB 30 1 45
PER 3 B AR Ak 2 B4 5 AR B A 8 Gl A g e
CH. TR il £ 200 B 0 S s A 4 P27 1 R e 2 8 5 9 12
{5 B i T e 3 T B AF 98 R AR A b R 7

A e I AT L2 R B VR IR 28 v AR O AR B ok
HE SRV AT TR ITWESE , T K R5e A R G 9r Ik
DURY A I AR AL LA, TR 4 78 BE R U Y 2510
oy S A 2 AR I HE SR AR
FUR, P e AR TR I 2 U A il Tt Jp A
T SO R (ER AT T AR G 4 2 T D HE R it
FURT 2 IAR 2 0 T RO I 8 H R A K 548
VR Gel % AR HE A X 8D, B DR R ST
Al R, 7ERUS BOBEFE R, T B K REE A 2
GRS RE A R B 23 B PN T SRR B IR Z
SRR 2 S HR SO T AR B BE A b ) R 5 PR A D
fiiiti -

Sk

[1] Vitale D, Bilancia M. Role of the natural and anthropogenic radiative
forcings on global warming: Evidence from cointegration—VECM analy-
sis[J]. Environmental and Ecological Statistics, 2013, 20(3): 413-444.

[2] G5, Lo MeneE, ) B . ASIm] it A Ak 38R R FR e HE RO 5 E (1.
A FEIE IR, 2010, 27(2): 19-24.

WU Jia—mei, JI Xiong—hui, LIU Yong. Research progress of methane
emission from paddy field under different fertilizer treatments[J]. Jour-
nal of Agricultural Resources and Environment, 2010, 27(2): 19-24.

[3] Liu J, Hou H, Sheng R, et al. Denitrifying communities differentially re-
spond to flooding drying cycles in paddy soils[]]. Applied Soil Ecology,
2012, 62(Complete ):155-162.

[4] TPCC. Climate change: The physical science basis: contribution of
working group contribution to the fifth assessment report of the inter-
government panel on climate change[R]. Cambridge: Cambridge Uni-
versity Press, 2013.

[5] Wang F, Yue Z Z, Zhao D Y, et al. Improving energy and GHG perfor-
mance of the rice—wheat rotation system: A life-cycle analysis based

on a large—scale behavior investigation[J]. Journal of Cleaner Produc-

R 3 NEBIERENT CHA N0 £ BRIER BB R HEGRE

Table 3 GWP and greenhouse gas intensity of CHy and N,O for different rotation patterns

0 A L TR
CH, N,0 CH+N,0 CH, N.0

KFG-E R 2549 68 2617 97 3 0.3 [49]
WER-HE R 5673 423 6096~7400 93 7 0.4 [24,72]

BRI - R - || RRE 3318 2085 5403 61 39 0.33 [24]
K-/ 1634~8418 68~1830 1956~9468  61~98 2~39 0.40~1.60 [6,14,49]
XZEFE - 2359~14125  156~2674  2506~168 00  66~95 5~34 0.50~5.60 [6,14,24]

M3 - W - T || R 3215 1913 5128 63 37 0.27 [24]

BR-Tok 3996 886 4882 82 18 — [22]

EAR-FA 1260 856 2116 60 40 — [22]

TR - F 5351 378 5729 93 7 0.34 [24]

LR R — — 3254 — — 0..02 [70]




868

URIEIRCX RSy F3965 45

tion, doi:10.1016/].jclepro.2020.120319.

[6] SKIAR . AN R A8 AR TR i 2 UM Sl 28 AR LRI 50
[D]. B & B AR, 2013,

ZHANG Xiao—lin. Greenhouse gases emissions and greenhouse gas in-
tensity from different rice —based cropping[D]. Nanjing: Nanjing Agri-

cultural University, 2013.

[7] Carlson, Kimberly M, Gerber, et al. Greenhouse gas emissions intensity

of global croplands[J]. Nature Climate Change, 2017,7(1): 63-68

[8] Benbi D K. Greenhouse gas emissions from agricultural soils: Sources

and mitigation potential[J]. Journal of Crop Improvement, 2013, 27(6):
752-772.

(9] BRF, B W, FROGHE, 55 . B Al Xl P SEUAL I 2 A 5 i)
SHRFIA ] R EAEAE, 2005, 38(10): 2053-2060.

CHEN Shu-tao, HUANG Yao, ZHENG Xun-hua, et al. Nitrous oxide
emission from cropland and its driving factors under different crop rota-
tions [J]. Scientia Agricultura Sinica, 2005, 38(10): 2053-2060.

[10] B e, ) F, BRIEAR, 55 . F FHOK S A0 R e n BEAE 20 BT il £+
LEPEPEAN])). A2 SRR, 2017, 36(1): 123-131.

YANG Bin—juan, SUN Song, CHEN Hong - jun, et al. Research on
emergy analysis and sustainability evaluation under paddy—upland ro-
tation systems[J]. Ecological Science, 2017, 36(1): 123-131.

(L] ST 2 . e PR S R A8 A A 0 7 4k | S g B e T = A
JCISZIAD]. 7 E: VLR AR R 2, 2017.

DENG Li-ping. Effects of multiple cropping rotation on crop yield,
soil fertility and farmland greenhouse gas emissions[D]. Nanchang:

Jiangxi Agricultural University, 2017.

[12] Choudhary M, Panday S C, Meena V S, et al. Long—term effects of or-

ganicmanure and inorganic fertilization on sustainability and chemi-
cal soil quality indicators of soybean—wheat cropping system in the In-
dian mid—Himalayas[J]. Agriculture Ecosystems & Environment, 2018,
257: 38-46.

[13] 5Kk, skibeH, =%, 55 &7 LB RS CHy ™ A 4 fk
FFER A REIALT. 2R 25 5 AR ARSI, 2010, 26(2): 97-102.
ZHANG Guang-bin, ZHANG Xiao—yan, MA Er—deng, et al. Effects
of land management in winter on production, oxidation and emission
of CH. during the rice—growing seasonlJ]. Journal of Ecology and Ru-
ral Environment, 2010, 26(2): 97-102.

[14] BEAPE . AN [ 56 A ) B2 AR F AR 25 3R e T = AU HREIORE 5 D).
A AURLR A, 2011,

HUANG Tai-qing. Greenhouse gases emissions from different rota-
tion systems in paddy fields[D]. Nanjing: Nanjing Agricultural Univer-

sity, 2011.

[15] PR . AN TR A8 11 2R G AR A AR 0 A Tl 2 AR S R R

BRI IR[D]. 7 50 # AU R, 2017.
XU Guo-chun. Effects of different rotation systems and rice cropping
models on greenhouse gas emissions and nitrogen balance in paddy

fields[D]. Nanjing: Nanjing Agricultural University, 2017.

[16] &l Fai, 4% &, gk fH, %5 SUILHEC /N A2 R AT A= 5 %) T 22

A S TAT CHL AN NO W JEE A 52 W (], 5ROl R 27241, 2015,
38(3): 85-92.
ZHOU Zi-qiang, LI Lu, ZHANG Heng, et al. Effects of wheat straw

biochar and nitrogen amendment on methane and nitrous oxide distri-
bution characteristics within soil profile in rice-=wheat annual rotations
[J]. Journal of Nanjing Agricultural University , 2015, 38(3): 85-92.

[17) 8 %), BV, RO, 45 . R R B 0 e F A A ki A7 11

SN VORI (AR IR ), 1996(5): 436-439.
HUANG Qin, WEI Chao —fu, XIE De~-ti, et al. Effects of different
cropping systems on the emission of methane from paddy field[J].
Journal of Southwest University (Natural Science Edition), 1996 (5):
436-439.

[18] T fh, BLARAT, B A, 45 A4S 1R 1R A [l i Ut Y e e
TR FELT]. A E 3R S IR RFEAR, 2016, 22(4): 913-920.

SU Min-min, KUANG Fu-hong, LU Yang, et al. Impact of N fertiliza-
tion on CHy emission from paddy field under different rotation systems
[J1. Journal of Plant Nutrition and Fertilizer, 2016, 22(4): 913-920.

(1] LA, BRI, IR, 25 . B B2 1T b F 2 X 43 1 CH,

N0 HERL AR M [T]. FREEREY, 2006(2): 207-213.
JIANG Chang—sheng, WANG Yue-si, ZHENG Xun-hua, et al. Ef-
fects of tillage—cropping systems on methane and nitrous oxide emis-
sions from permanently flooded rice fields in a central Sichuan hilly
area of southwest China[J]]. Environmental Sciences, 2006 (2): 207 —
213.

[20] Xu P, Zhou W, Jiang M D, et al. Conversion of winter flooded rice pad-
dy planting to rice—wheat rotation decreased methane emissions dur-
ing the rice—growing seasons|J]. Soil & Tillage Research, 2020, 198:
104490. doi:10.1016/j.5ti11.2019.104490.

[21] Weller S, Janz B, Jorg, L, et al. Greenhouse gas emissions and global
warming potential of traditional and diversified tropical rice rotation
systems[J]. Global Change Biology, 2016, 22(1): 432-448.

[22]132 AR, Z8MENE, S5, 55 XURAR O IR R AR CHL AT N.O
HER A SE B 5[], A= A5 FRBE 2441, 2015, 24(2): 190-195.

PENG Hua, JI Xiong—hui, WU Jia—mei, et al. CHs and N,O emission
reduction under different cropping systems in double—cropping paddy
fields[J]. Ecology and Environmental Sciences, 2015, 24(2): 190-195.

[23] LIRNE, B 0. XG55 F L K- A5 P A - R A

AL T FLAR)). AEAS AR, 2019, 39(21): 8091-8099.
JIANG Zhen-hui, YANG Xu, LIU Yi-zhen, et al. Comparison of car-
bon footprint between spring maize—late rice and early rice-late rice
cropping system[J]. Acta Ecologica Sinica, 2019, 39 (21): 8091-
8099.

[24] 80 NI ABEELS, 5k W8, 55 R T A ROR FVEDI A K A AR 20

IRtk KRR T CHL N0 HEBLIR 52 (1. A2 AR 22417, 2019, 33(2):
379-388.
ZHONG Chuan, YANG Bin—juan, ZHANG Peng, et al. Effect of pad-
dy-upland rotation with different winter crops on rice yield and CHa,
N>O emission in paddy fields[J]. Journal of Nuclear Agricultural Sci-
encese, 2019, 33(2): 379-388.

[25] Sk 5, BASRAE, IXERA, 45 A K ELRR A FE 1 X /N2 AR K 2Rl
AL ] BRI, 2014, 34(10): 2675-2683.
MO Yong-liang, HU Rong—gui, ZHAO Jin-song, et al. Effects of al-
tering winter flooded paddy field to rice=wheat rotation on greenhouse

gases emission during wheat growing season[J]. Acta Scientiae Circum-



RS, 4 K SRR G001 -E 0 CHURIN.O HERCBR S A 869

stantiae, 2014, 34(10): 2675-2683.

[26] Fi SR DU 1| AN [ A7 R 2 2R A8 B A P 2 AR

Bl 2 ROV 2R [D]. bt Al KA, 2016,
SU Min—min. Greenhouse gas emission and net global warming poten-
tial in croplands as affected by different rotation systems and nitrogen
management in Sichuan Basin[D]. Beijing: China Agricultural Univer-
sity, 2016.

[27] e, B FE ) . XU R FH Al 8 2 9 WO N 7 4 €0 2 AU B

AR TEIRAO B, 2018, 46(16): 51-56.
YANG Bin—juan, HUANG Guo—qin. A green and efficiency recycling
agriculture mode of winter—planting milk vetch with “Double—Reduc-
tion and Double—Increment” in double—season rice fields[J]. Jiangsu
Agricultural Science, 2018, 46(16): 51-56.

28] 1 & VLK M, 32/NK, &5 FeAE Iy 200 &K TR MR Y
S FRIEEARE, 2019, 40(1): 394-402.

FENG Xi, JIANG Chang-sheng, PENG Xiao-le, et al. Effects of crop
rotation on greenhouse gas from flooded paddy fields[J]. Environmen-
tal Science, 2019, 40(1): 394-402.

[29] Hu R G, Cheng W G, Tang S R, et al. Simulating the effects of soil
temperature and moisture in the off-rice season on rice straw decom-
position and subsequent CH. production during the growth season in a
paddy soil[J]. Biology and Fertility of Soils, 2016, 52: 739-748.

[30] Su M M, Kuang F H, Lv Y, et al. Nitrous oxide and methane emis-
sions from paddy soils in southwest China[]]. Geoderma Reg, 2017, 8:
1-11.

[31] Kang G, Cai Z , Feng X . Importance of water regime during the non—
rice growing period in winter in regional variation of CH. emissions
from rice fields during following rice growing period in China[J]. Nu-
trient Cycling in Agroecosystems, 2002, 64(1/2): 95-100.

[32] Dong H , Yao Z , Zheng X , et al. Effect of ammonium-based, non—
sulfate fertilizers on CH4 emissions from a paddy field with a typical
Chinese water management regimelJ]. Atmospheric Environment,
2011, 45(5): 1095-1101.

[33]1 Qin H L, Tang Y F, Shen J L, et al. Abundance of transcripts of func-
tional gene reflects the inverse relationship between CH; and N,O
emission during mid-season drainage in acidic paddy soil[J]. Biology
and Fertility of Soils, 2018, 54(8): 885-895.

[34] Sacco D, Cremon C, Zavattaro L, et al. Seasonal variation of soil physi-
cal properties under different water managements in irrigated rice[J].
Soil & Tillage Research, 2012, 118: 22-31.

[351 4% 2. et YT K I R — il 8 1 T 2 SUUACHR IO 1398 BB

HEZ AL D], B ARl Rz, 2016.
XU Ying. Mechanisms of greenhouse gas emissions and soil organic
carbon dynamics from rice—rapeseed rotation in water—saving irriga-
tion paddy fields[D]. Wuhan: Huazhong Agricultural University,
2016.

[36] BT F i, Fsk, ¥, 4 K45 BURIRS AT I XRS50 16 R
Gl % R HER Y 5 6 OV ). A A PR A4, 2017, 26 (11):
1844-1855.

HANG Yu-hao, WANG Qiang-sheng, XU Guo—chun, et al. Effects of

water regimes and straw incorporation on greenhouse gas emissions in

a rice—wheat cropping system[]]. Ecology and Environmental Sciences,
2017,26(11): 1844-1855.

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

[38] Mazza G, Agnelli A E, Orasen G, et al. Reduction of global warming
potential from rice under alternate wetting and drying practice in a
sandy soil of northern ltaly[J]. ltalian Journal of Agrometeorology,
2016, 2(2): 35-44.

[39] Wei Q, Xu J Z, Yang S H. et al. Partial wetting irrigation resulted in
non—uniformly low nitrous oxide emissions from soil[J]. Atmospheric
Environment , 2017, 161(5): 200-209.

[40] Tariq A, Jensen L, Tourdonnet S, et al. Early drainage mitigates meth-
ane and nitrous oxide emissions from organically amended paddy soils
[J]. Geoderma, 2017, 304: 49-58.

[41] AR SC . FE A2 40 1 AR A8 R G0 = AR (CO, . CHL A NLO) HELF 7
[D]. B AL mE AR ML K2, 2005.
70U Jian—wen. A study on greenhouse gases (CO,, CH; and N.O)
emission from rice —winter rotations in southeast China[D]. Nanjing:
Nanjing Agricultural University, 2005.

[42] Baruah A, Baruah K K, Gorh D, et al. Effect of organic residues with
varied carbon—nitrogen ratios on grain yield, soil health, and nitrous
oxide emission from a rice agroecosystem[]]. Communications in Soil
Science and Plant Analysis, 2016, 47(11):1417-1429.

[43] 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[]]. Environmental Science and Pollution Re-
search, 2016, 23(17): 17426—-17436.

[44] 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.

[45] A PRI A [R] it S A o SR it Sl 22 48 A A< CHL A NLO 1
FMWFIED]. AL el K2, 2014
ZUO Huai—feng. Effects of different fertilizing techniques on the emis-
sions of methane and nitrous oxide from rice-wheat rotation cropland
of Chao Lake Basin [D]. Hefei: Anhui Agricultural University, 2014.

[46] #7 . Al FUILGE BRSO 22 46 11 2 Gl % 2800 A WL AF
FE[D]. Hat: B AR R A, 2015.

YANG Bo. Observation of net globle warming potential under differ-
ent nitrogen fertilizer management in annual rice—wheat rotation sys-
tem[D]. Nanjing: Nanjing Agricultural University, 2015.

471 X030, B B4 Ot S5 R TR IR AR TRl R AR PR

AU K Y- 363 A O CHLAE Y 52 0[] 7 = Al BE27 2019, 52
(14): 2484-2499.
LIU Shao-wen, YIN Min, CHU Guang, et al. Effects of various paddy—
upland crop rotations and nitrogen fertilizer levels on CH, emission in
the middle and lower reaches of the Yangtze River[J]. Chinese Journal
of Applied Ecology, 2019, 52(14): 2484-2499.

[48] W22, #h B, X By ORI DA [ A X e P i 2 MR
(CHLA N0 HER BN, 1A 2435 2016, 27(1): 99-106.



870

URIEIRCX RSy F3965 45

HU An-yong, SUN Xing, LIU Qin. Effects of different rotation sys-
tems on greenhouse gas (CH; and N>O) emissions in the Taihu Lake
region,China[J]. Chinese Journal of Applied Ecology, 2016, 27(1): 99—
106.

[49] Mukesh K A, Yumin D, Sanjeev K A, et al. Influence of bamboo bio-
char on mitigating greenhouse gas emissions and nitrogen loss during
poultry manure composting|J|. Bioresource Technology, doi:10.1016/].
biortech.2020.122952.

(501 BRI, Kok, B B, 45 . DL AL R AL AL e e T 3 XK Al -

SLE AR R G0 N0 H CHLARRISE )], FRERE, 2019, 40(11):
5182-5190.
HU Yu-lin, TANG Shu-rong, TAO Kai, et al. Effect of optimizing fer-
tilization on N,O and CHs emission in a paddy—cowpea rotation sys-
tem in the tropical regions of ChinalJ]. Environmental Sciences, 2019,
40 (11):5182-5190.

[SLY SRS, R, JH T, 4 . ARG 3 SO -

SYRUEIRLT] AR E RSB, 2016, 22(2): 337-345.
GUO Teng—fei, LIANG Guo—qing, ZHOU Wei, et al. Effects of fertiliz-
er management on greenhouse gas emissions and nutrient status in
paddy soil[J]. Journal of Plant Nutrition and Fertilizers, 2016, 22(2):
337-345.

[52] Sk . FAT I X R 22 2R G 77 ik Bl 3 ORI A 52 IR
[D]. 2L ferffall K2, 2018.

CHAI Kai=bin. The effect of straw incorporation on crop yield and
greenhouse gas emission under rice=wheat cropping system[D]. Wu-
han: Huazhong Agricultural University, 2018.

[53] Yang X, Shang Q, Wu P, et al. Methane emissions from double rice
agriculture under long—term fertilizing systems in Hunan, Chinal[J].
Agriculture Ecosystems & Environment, 2010, 137(3): 308-316.

[54] Ye R, Doane T A, Morris J, et al. The effect of rice straw on the prim-
ing of soil organic matter and methane production in peat soils[J]. Soil
Biology and Biochemistry, 2015, 81: 98-107.

[55] XUME RN, 255 M8, M A%, 45 1A R T A i) 1 DX A FH v Tk

2 8000 R 2 SR A BE B AR A ] Al BRI R 22440, 2011,
30(9): 1783-1790.
LIU Xiao—yu, LI Zhi-peng, PAN Gen-xing, et al. Greenhouse gas
emission and Cintensity for a long—term fertilization rice paddy in Tai
Lake Region,ChinalJ]. Journal of Agro—Environment Science, 2011, 30
(9): 1783-1790.

[56] Li J, Liu H, Wang H, et al. Managing irrigation and fertilization for
the sustainable cultivation of greenhouse vegetables|J]. Agricultural
Water Management, 2018, 210: 354-363.

[57] Zhang X, Davidson E A, Mauzerall D L, et al. Managing nitrogen for
sustainable development[J]. Nature, 2015, 528: 51-59.

[58] Castellano M J, Schmidt J P, Kaye J P, et al. Hydrological and biogeo-
chemical controls on the timing and magnitude of nitrous oxide flux
across an agricultural landscape[J]. Global Change Biology, 2010, 16
(10): 2711-2720.

[59] Wang M, Xia X, Zhang Q, et al. Life cycle assessment of a rice pro-
duction system in Taihu region, China[J]. International Journal of Sus-

tainable Development & World Ecology, 2010, 17(2): 157-161.

[60] Jiang J Y, Jiang S S, Xu J Y, et al. Lowering nitrogen inputs and opti-
mizing fertilizer types can reduce direct and indirect greenhouse gas
emissions from rice—wheat rotation systems[J]. European Journal of
Soil Biology, doi:10.1016/j.ejs0bi.2020.103152.

[O1]f M9, # A, B8 3, 45 ARt DOK SAR AR K S 2 it

N X i 3 28 it 08 - 5 NLO HE B A B2 WA [J]. PR R 2 AR AR
2018, 38(2): 365-371.
XU Peng, JIANG Meng—die, WU Lei, et al. Effect of nitrogen fertilizer
during rice growing season on N>O emission from the subsequent rape-
seed season in central China[J]. Acta Scientiae Circumstantiae, 2018,
38(2): 365-371.

[62] Zheng X, Yao Z, Wang R, et al. A 3—year record of N,O and CH. emis-
sions from a sandy loam paddy during rice seasons as affected by dif-
ferent nitrogen application rates|J|. Agriculture Ecosystems & Environ-
ment, 2012, 152(3):1-9.

[63] Tt & AT HLALER AN AN R e A A X A I i 2 Ui
SEMR[D]. B at: f AR, 2019.

YIN Gao—fei. Effect of organic fertilizer substitution on greenhouse
gas emissions from farmland in different crop rotation systems[D].
Nanjing: Nanjing Agricultural University, 2019.

[64] Yao Z, Zhou Z, Zheng X, et al. Effects of organic matter incorporation
on nitrous oxide emissions from rice—wheat rotation ecosystems in
China[J]. Plant and Soil, 2010, 327(1/2): 315-330.

[65] Zou J W, Huang Y, Jiang J 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): 1-9.

[66] 43 . M 28t T T 22 58 A RGTIRL = ~URHE I 2 I 5[ D).
T TN R, 2016.

LI Xi-xi. Effect of pig manure application on greenhouse gas emis-
sions from rice and wheat rotation system[D]. Ya'an: Sichuan Agricul-
tural University, 2016.

[67] Li M, Xue L H, Zhou B B, et al. Effects of domestic sewage from dif-
ferent sources on greenhouse gas emission and related microorgan-
isms in straw—returning paddy fields[]J]. Science of the Total Environ-
ment, doi:10.1016/].scitotenv.2020.137407.

[68] RZ Mg, 20N, 2 A, 55 N IR A HUIE A e L 2 LR

PRI, Al TREAAR, 2018, 34(4): 162-169.
WU Jia—mei, JI Xiong—hui, PENG Hua, et al. Effects of different or-
ganic fertilizers on greenhouse gas emissions and yields in paddy soils
[J]. Transactions of the Chinese Society of Agricultural Engineering,
2018, 34(4): 162-169.

(691 LIS, B 6., 15 /NEE, 45 . 5 7 BUFRE A [ A2 Bl Jy 276

LRI FE RN R[], A 24z, 2020,34(2): 376~382.
WU Si-ping, SUI Feng, XIAO Xiao—jun, et al. Effect in different mul-
tiple cropping pattern on the globle warming potential in southern dou-
ble cropping rice fields[J]. Journal of Nuclear Agricultural Sciences,
2020, 34(2): 376-382 .

[70] 5KAE 55, o, BREEAR, 45 . ORI DA [l K AR A SR A
FH ot A R AR ZCHE R T2 D). o AR A AR 2 4l 2013, 21(3):
290-296.



RS, 4 K SRR G001 -E 0 CHURIN.O HERCBR S A 871

ZHANG Yue-fang, ZHOU Wei, CHEN Liu-gen, et al. Methane and
nitrous oxide emission under different paddy —upland crop rotation
systems during rice growth season in Taihu Lake Region[]J]. Chinese

Journal of Eco—Agriculture, 2013, 21(3): 290-296.

[71] FKEE 5, KBAW). BRIAAR, 45 K SAC AR RS AR A AR AR

X CH. AT NLO HEBC 52 (1] A= S I 85 2% 4, 2012, 21(9): 1521
1526.

ZHANG Yue-fang, ZHENG Jian—chu, CHEN Liu—gen, et al. Effects
of different upland crops cultivation on CHsand N>O emissions during
upland—growing season from paddy rice—upland crop rotation field[J].

Ecology and Environmental Sciences, 2012,21(9): 1521-1526.

[72) %% Bk . A% A BIRS it X A P L % OO AR A9 5 0 23 AT D] 3%

B ARl R, 2016.
YANG Lu. Management measures in paddy field and their effects on

greenhouse gases emission[D]. Wuhan: Huazhong Agricultural Univer-

sity, 2016.

(73] ARIRAR, Bevr % . Z—RSeVE RGN It RK A J5 22 AR K

R bk RIS A AR B SE (D). 7 Rl 247, 2016(9):1488~
1494.

YU Qing—fu, NIE Li—xiao. Effect of N application rates on grain yield
and N - fertilizer utilization efficiency of succeeding direct—-seeded
rice in wheat-tice rotation systems[J]. Journal of Southern Agricul-

ture, 2016, 47(9): 1488-1494.

[74] i FHE, 43042, EH R, & LM AR K SR A VERL Y e 8

FIH R 20 405 L. A 35 24, 2019, 38(11): 3357
3365.

MENG Yu-hui, JIN Wen—jun, DONG Zhao-rong, et al. Comparison
of resource utilization efficiency and economic benefits of different
paddy —upland rotation systems in Jianghuai region[J]. Chinese Jour-

nal of Ecology, 2019, 38(11): 3357-3365.



