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RS HEEX R RIS RIS CH, 1 N0 HEa &0

(R A A BURAAE I B SR SRR 80 %, Mat 210095)

H E: BHERRREESETS(CH) AL N0 EZHEHR, 5 HRE AR HE— B ROl A ST RS . ARBFTER
JHZLX B, FEEE MBI 2 BRI B ER B A R, LLJCIS TR 00 MU VE FIAS AT ARS8 AL B X IR, TR0 46 F 400 1 5T
St b T S AW SR T IR A . CH R . 7 CHa W 2 CHy AR . NLO HE B N,O HERCR I + 1385
AHALEEGPE . ERBR S KRR, S50 AR N 1 CH, W, R CH, HEcE:, MR- He s e ig
Wk HIEEAE FRALF N,O HEl, Bk LSRR BRIEEN S [ 96.89% ~ 123.02%; FARGILAERIR By TG+ 1A R] W 3)
PR T IR AR AL, BT 235 CHL T, R T CH HERUR:, RIS Oy B MRS AR R 4 8.72% ~
14.18%; I ZE RT3 b 2 4 v R AU ARaR TR 07, AR 387 CH VB RN SR ARG 1, D8/ DR CH, A NLO HERR:,
MBI R BRIGIR T 6.35% ~ 13.14%. Bk 1, FEH CH, SIS 2 7™ CHa I 9.46 15 ~ 12.20 %, FEMGLLAEMFEFFA HYY
RER AR =4, I SR BB MR B D 7K R P2 1.19% ~ 5.48%. FEMS AR ZR S BRIEIR TS, 45 A FTA M RERE I KA
PR, BT AT R A

KR RENSALYE; REARAH; ARIFIREE; CHL M N0 HEjl; 2ERIEIREHR

FESZES: SI153 XHERFRERS: A

Effects of Rice-Duck Farming on CH4 and N,O Emissions in Rice Season Under Different

Cultivation Environments

WANG Qiangsheng, LIU Xin, XU Guochun, YU Kunlong, ZHANG Hui

(Laboratory of Modern Farming System and Ecological Circular Agriculture, Nanjing Agricultural University, Nanjing 210095,
China)

Abstract: Rice cultivation is an important source of CHy and N,0. Greenhouse gas emission reduction in rice field has
always been a hot topic in agro-ecological research. In this study, under two conditions of open field cultivation and
insect-proof net cultivation, the effects of rice-duck (RD) farming and wheat straw returning on greenhouse gas emission
and related soil physiochemical properties of paddy field were investigated by a split-zone experiment. The treatments
included conventional rice farming with inorganic nitrogen fertilization (CR+IN), RD farming with inorganic nitrogen
fertilization (RD+IN), conventional rice farming with wheat straw returning (CR+WS) and RD farming with wheat straw
returning (RD+WS), and the emissions of CH; and N,0, methanogenic potential and CH,4 oxidation potential, soil
denitrifying enzyme activity, and global warming potential of paddy fields were determined. The results showed that straw
returning increased methanogenic potential and CH, emission from paddy field, but decreased soil denitrifying enzyme
activity, soil redox potential and N,O emission. As a whole, the global warming potential of straw returning increased by
96.89%—123.02%. In RD farming, due to the uninterrupted activities of ducks, redox potential of paddy soil was increased,
CH,; production potential and CH,; emission of paddy field was reduced, global warming potential decreased by
8.72%-14.18% compared with conventional rice without ducks. The insect-proof net cultivation significantly increased
redox potential of paddy soil, decreased methanogenic potential and soil denitrifying enzyme activity of paddy field,

reduced the emissions of CH, and N,O from paddy field and the global warming potential by 6.35%—13.14%. On the whole,

OIEATE ;. TLIRE BTN AR 235 H (JATS[2022]482 . JATS[20211482) . 1 SUAR iAW vh AR G175 H (202211008) ., V175
AT SR 0I5 H (BE2018333) Al e iU Bl AR 4130 B (TG(16)006) %% By
TEH T ForiE(1971—), B, WHLAEE N, i+, FEOFR T NEHLZEEFFE | A HBVEARPAIA SEFRLO). . E-mail: gswang@njau.edu.cn
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CH, oxidation potential of paddy soil was 9.46—12.20 times as high as methanogenic potential. RD farming and straw

returning could increase rice yield. However, insect-proof net cultivation reduced rice yield by 1.19%-5.48%. In a word,

RD farming could not only slow down the global warming potential, but also increase rice yield combined with straw

returning, which had extensive application value.

Key words: Rice-duck (RD) farming system; Straw returning; Cultivation environments; CH4 and N,O emission; Global warming

potential

SEERAR R O AN i S, T Bl K
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et LIk, By B B 25 78 A A ALK AR A 7= Hp A LA
FH, SORA AR T RS H B, 1 B R TR
TRV RUE KRR R AR, D T AR AR 2
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S BRI I P MK R S B 7= 14 R T e JRE e S Ak
JE, DA 7R A AR 25 AR G B R S i T 1 e
A SRR AR, R 2R Al IRl AR RO R
HZ%,

1 #RERE

1.1 R

RIS T 2015—2016 4E7E g s Ak KAk gk )
(32°34'N, 120°24'E) #17. K@ A0 ks T 2=
PRI A, 2AEFAIR 145 C, KEEERKE
SERRIRA 22,5 C, BRI 1025 mm, 24
KPH RS R 4.99x10° Im?, KFEAE K ZE R B ST
1 3.01x10° I’ IRIGHIRTHE R/ NAZ (Triticum aestivum),
IO BHEEA DU & 24.6 g/kg, pH 6.3,
AT 1.26 g/kg, HAUA F I 97.2 mg/kg, AR
i 24.3 mg/kg, HAHEE 95.7 mg/kg.
1.2 Rt

SR DI T, 15 i bk 55 R D) 2 R 45
FROREE AL, o s AR S 525010 4 A Ab 3
WA VE+ ICHLENE (CRHIN), KRS V45 FF 34 M
(CR+WS), FEMGHEAE+TCHLZAE (RDHIN)FIRE RS I+
F&FF 8 B (RD+WS)o 5 552k FH AL 4544 S E Bl
B, M2 2.5 m, HALS hm?, B M
LN 0.6 mm. A HLYE K 6 000 kg/hm?, 7E4%
A, AR ERACY RGN, P,0s, KO
0904 300, 150, 150 kg/hm?, BHCIZ %K 15% 1F
FENE, 45% VESFEENLOKFRER ARG 7d Al 14 d J5 554t
A, 40% VEREAE; WAL 2 HVESEAR ; HPAE 50% 1
R, 50% FE{EAEAR.

BERKRE A R RE 9108, 5 H 24 HEEFN, 6
H 15 BB, PURKRERFTE B BIE R 3.5 it
HUEHFRATIE N 13.3 cmx30 cm, /8 4 1. HIE/NX
AR 200 m*(16 mx12.5 m), &ACFHEE 3K, /)
DX [R] S PR  , WEEELE , s HE . H R K 2R
TR AR . KRR 17 dBEAE 1
FIRE TG DAREA I 225 % iR F RIS LR IX
DUJE FJE R E 1 m s R B RS 740k, I 7E 3EAE
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Fig. 1 Daily mean temperature and precipitation in rice season in 2015 and 2016
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SAANE
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I Onoo 43 MR CH, AT NLO HE i (kg/hm?) .
1.3.3 R AR AR IR EEEE AR
SRAERT pH/mV R (pH 3110, WTW, Weilheim,
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(Denitrifying Enzyme Activity, DEAE/KFERAR)E 45 d
AT S5 SEURE, SR B B s
1.3.4 +3™ CH, )1, CH, Afki ) 8™
CH, ¥ J1 R CH, LT 12 2 IR E A2 450
Conrad 25Uy gk, HIEHCREAE K IR AR5 30 d 9E7T,
FAS/NXIC S A f RIS
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FREC 15 g 88+, BT 300 mL MiFHT, HEKL
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FERSRAESMETR, BT 30 °C 53R, TARFER RS

http://soils.issas.ac.cn



1282 +

e %55 %

HHETEIL (Agilent 7890A) Z3HHMENLN CH, W .
+ ¢ CH, % 1k ¥ 71 (Methanogenic Oxidation
Potential, MOP): 300 mL IMVEMHMA 12 g 4, R
Ja S T AR ZE% 5, FFEA 1.5 mL 4l CH,, 28 C
Bige, TERGFRAOANI] B e L CH, 5% B
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DU K R ko
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K FH SPSS19.0 #i %LU K Office 2007 ¥R #4T
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APRARLY , FEMG AR R TR Y CH, HEL
WE, PR 43 AR 7.53% ~ 13.65% £ 4.23% ~
14.51%. S F& HARSEAH LE, 19 3505k 5% il 25 A (1A -
¥ CH HElGE L, WAEE 505 T % 6.66% ~ 11.11%
1 7.00% ~ 13.11%,

Bl 3 R R AR X RS AR RG22 NLO HE 52
M) o NLO HEE 7 A8 H AL T ACIR A B 4R3Ik
S, AR AN B 2R LT KFEAEE ] N,O P
HERCE B0 39.34 ~ 73.13 pg/(m*h)., FEFFib 51
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BRI TR NL,O HEGE £, 5 TS 0 # M
FEVEAHEL, PRAEMERS H N,O HEEGE 55 LT 6.33% ~
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Fig. 2 Effects of rice-duck farming on CH, emission flux in rice season

22 TEHIESWIEFERBA

AFARSE AT, R VR X R FFA A
+HE Eh 052 ULIE 4. AEREAR)S 20d 2, FEH L
5 Bh B R, o 30IG SR LT, 2R R,
Bk 60 dJ5, ZIMFEImrEaE. 5IHER
ACFRAH G, AR HANBRREAS 7RG H 4% Eh, PHAE
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29.41 mV. FEMILVESR S TAEH 3 Eh, 500910
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Fig. 3 Effects of rice-duck farming on N,O emission flux in rice season
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Fig. 4 Effects of rice-duck farming on soil redox potential in rice season
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2.3 KBEFFERTEH CH,. N,O HiEIkigE &0 BT 102.39% ~ 118.43% #l 107.19% ~
3 131.30% , 4= BK 3 0 W 3553 0 1 F+ 96.89% ~
L1 W T RENG AR ARG AL FH A [F] Rk B 110.51% F1 103.16% ~ 123.02%, {H 3 &A% T 5

WEEREH CHy . NLO BVHER i M 22 BRI IRV #5052 H N,O G, PIAERIAEH N,O S HEI & 53 %)
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SVHE T A BRI S, AR [R) RS T CHL A HET
B R 8.72% ~ 14.50% H1 5.11% ~ 14.18%,

SRS TR ) T B 8.45% ~ 12.64% Fl1 4.92% ~
13.38%. W2 Ak 35 FN &8 Mo AR 55 X R L NLO HE R
R TG A, SEEMARIE AL, W AR A
R AL TR CH, R HECE 4 R TR v 34

PIAE A A I CH, A9 B HE & 20 0 T % 6.65% ~

11.17% H1 6.86% ~ 13.26%, ABRIGIE S 5T
W 6.35% ~ 11.12% #1 6.82% ~ 13.14%.

MIKRE = KT, R FFAA HH Ah B KRS = e i TS
FEARIE AL, B 4.67% ~ 8.60%; el HeEisw
FIREVESEBR P B2 5 1.13% ~ 4.99%; W% k55 1A%
TRAEEBR R, PIAER T TR 1.19% ~ 4.49% Al
1.87% ~ 5.48%.

F1 FERSHIEXFES CH, 1 NO HIUE B, 2R BT (GWP)LURIKFE=E MM

Table 1 Effects of rice-duck farming on total CH4 and N,O emissions, global warming potential (GWP) and rice yield

KIF KGR b3 CH, HEit & (kg/hm?)  N,O it (kg/hm?*)  GWP (COy-eq, kg/hm?) P (kg/667m?)
2015 it CR+IN 222.82+10.52 ¢ 1.09+£0.12b 6527.8+160.2¢ 636.7+13.9b
CR+WS 473.93 £20.48 a 0.80+£0.07 ¢ 13483.2+332.1a 6713+ 147 a

RD+IN 192.30 £ 12.71 ¢ 1.20£0.12 ab 5702.5+138.6¢ 6452+143b

RD+WS 420.04 £20.26 b 0.92 £ 0.08 be 12 004.1 £292.1 a 697.6+13.4a

e CR+IN 208.01 +10.14 ¢ 0.99+0.08b 6 086.5 + 148.6 cd 608.1 £12.2¢

CR+WS 420.99 £20.25b 0.74 +£0.06 ¢ 11 983.7 +£294.5 ab 642.6 +£13.1b

RD+IN 177.84+9.42 ¢ 1.36+£0.12 ab 5340.5+123.2d 637.5+£119b

RD+WS 384.28+19.47b 0.80+0.07 ¢ 10971.7+241.3 b 667.3 £ 13.6 ab

2016 R Hh CR+IN 238.84 1091 ¢ 0.83 £ 0.07 be 6906.5+168.6 ¢ 627.6+12.6 ¢
CR+WS 494.84 +£21.92 a 0.66+£0.05 ¢ 14031.4+£342.7 a 659.4+14.8b

RD+IN 204.97+9.07 ¢ 0.92+0.08b 5982.2+146.5¢cd 6347+ 11.6¢

RD+WS 469.57 +£20.37 ab 0.73 £ 0.06 be 13341.7+331.4a 689.3+13.2a

e CR+IN 207.16 £9.12 c¢d 0.75£0.07 be 59993+ 1452 cd 5932+ 11.1d

CR+WS 460.91 +£21.27 ab 0.64+£0.05¢ 13 074.8 £ 322.8 ab 628.7+12.7¢

RD+IN 184.33 +8.46d 1.28+0.11a 5500.1 +£135.5d 6228+ 11.6¢

RD+WS 426.35+20.28 b 0.62+0.06 ¢ 12 103.0 £299.5 b 657.4+134b

T R FRFIARNG FE: 2R AR R AE G B PRIE T 4% A BEH] 22 5+ 78 P<0.05 KTV ; T,

2.4 TEE” CH,#EH. CH, S4B HINRAELES

A5 A B o X 7 ) s AR 5

A[FAabEE] R 4% CH,

iE

FEH 387 CH, ¥ CH, A S 3k 2, T
UL, FEFFIAS HANER P CH, ) B3 S T IO AR AL
L, FEMS IR S R E 22 AN 2 . CH, AL I TE
AR 2 2, SRR 1 CH, A i)

AT 1R H RS VE RS AR H (CRAWS)>Fef g 2L+
FE&FF 4 H (RD+W S)>FE G A E+TOHL AL (RDIN)> 5 HE
IKFE+THLAIE(CRHIN), B2, FEH IR CH, &b
IR CHL W11 9.46 % ~ 12.20 f%; M= ARHTHY
KT 3% CH, AL Ty, AR CH, (kG £

F2 TEELIEXMTEELIES CH B AR CH, 842 HBEME®(ug/(gh))

Table 2  Effects of rice-duck farming on soil methanogenic potential and CH, oxidation potential

SN Qb 2015 4 2016 4F

7 CH, ¥ 11 CH, & L&) 7 CH W N1 CH, A fLiE )

7= CR+IN 121£0.03b 13.08 +0.26 d 121£0.03b 12.67+0.26 d
CR+WS 1.43+0.03 a 14.31 +0.28 be 1.42+0.03a 13.83 £ 0.29 be

RD+IN 1.19+£0.02b 13.50 £ 0.27 cd 1.18+0.02b 13.08 £ 0.27 cd

RD+WS 1.42£0.02a 13.85+0.29 ¢ 1.42+0.03 a 13.44+0.28 ¢

B CR+IN 1.21+£0.03b 14.10+0.27 be 1.21+£0.03b 13.77+0.29 be
CR+WS 1.42£0.03a 1538+ 031 a 1.43£0.03a 1498 +0.31a

RD+IN 1.19+0.02b 1452 +0.30b 1.18+0.02b 14.19+0.29b

RD+WS 142+0.03a 1485+0.29a 1.41£0.03a 14.54 £ 0.30 ab
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Fig. 5 Effects of rice-duck farming on soil denitrifying enzyme
activity in rice season

2.5 TEHCHAMANOHHHESEFEKE~E
HIHE X

3 R, FEARE AT, REH CHy HEBUS
i 5 I CHL W ) . CHL AT ) . BRI TR T
(GWP)FIZKFE =it B IEAHOC, FhlE 5™ CHy %
J1. GWP BOKFRE ™= A M R 5 5 NLO HElCE i
3 R A A RS P W U OC . NL,O HEC R R 5
CH, W& JJA GWP B AHSC, 5 138 Sl AL il v
BEIEH. GWP 5 N,O HER SR 8 & ke, ml
fESE R M 7E GWP 5 CH, (b Hefek, Hilshxd
GWP SZIHARK, T N,O X HFZ AR/ N, 7 CHy W )
55 CH, E AL 1 . GWP FUK A= % 1IEAH 56 . CH,
AT 15 RO P G 2 R G A A
fRlTEME S GWP B A, TS5k RS ™ it 35 1E
e, GWP S/KFE = W G, Ui KR
PR EIRT, RRE RS RS, KL
FEd N EEAE, LAREAE GWP, FEFFE FH A0 &g
ARG GWP FUKFE LR =&, FEg LAERE IR GWP
{REETF KRR = i, AR e i b ph T3k | 1
TN AR S AR GWP FIK R =4 (K 6).

x3 FMHEESRE CH,M N0 HMAESEF 5KFE~ERHEXE(-48)

Table 3 Correlation among CH,4 and N,O emission related factors and rice yield

CH,. R N0 HFi /7 CH &) CH AT RANALEEE GWP KR
CH, HE7if i 1.000
N,O HEjif e -0.753" 1.000
7= CH4 ¥ ) 0.966" -0.694" 1.000
CH, Ak ) 0.412" 0.180 0.535" 1.000
SR At I —0.457" 0.611" —-0.434 -0.600" 1.000
GWP 0.999" -0.746" 0.967" 0.414™ —0.452" 1.000
KRG = 0.655™ 0.185 0.707"" 0.110 0.303" 0.660" 1.000

Hee PR ERAE P<0.05 Fl P<0.01 /K A0 6,

o My A Ehp
o f&FFiA FH Eh|
o [WE=Hk s Eht

)" *CH, ¥ 71 (MP)

LSRRGS GWP)
4w (Yield)

o fiifgtL/E MP|, MOP?, DEA?T
CHZLTEF1(MOP) | F5FFi4 [ MPT, MOP|, DEA |
SR EEEG TE(DEA) |o 254k MP|, MOP|, DEA|

o i HAE CH, ., N,O1
o FEFFAH CH,1, N0/
o 5K CH,LL N0

o FEiMyAEAE GWP|, Yield}
o FEFFAH GWP?, Yield?
o M Z 4 GWP|, Yield)

(L 5311 37 38 Fn s 20)

& 6

AR FHTRAESRE CH, 1 N,O HEREI N HLH

Fig.6 Mechanism of CH, and N,O emissions from rice paddy under the experimental conditions
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