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Effects of Water and Fertilization Management on CH, and N,O Emissions in

Double-rice Paddy Fields in Tropical Regions

LI Jin-giu', SHAO Xiao-hui', GOU Guang-lin', DENG Yi-xin', TAN Shi-min', XU Wen-xian’, YANG Qiu’,
LIU Wen-jie’, WU Yan-zheng', MENG Lei', TANG Shui-rong' "

(1. College of Tropical Crops, Hainan University, Haikou 570228 , China; 2. College of Ecology and Environment, Hainan University,
Haikou 570228 , China)

Abstract: Paddy soils are widely considered a main source of methane (CH,) and nitrous oxide (N,0). Comprehensively evaluating
CH, and N, O emissions from double-rice systems in tropical regions with different water irrigation and fertilizer applications is of great
significance for addressing greenhouse gas emissions from such systems in China. In this study, eight treatments were evaluated:
conventional irrigation-PK fertilizer ( D-PK) , conventional irrigation-NPK fertilizer ( D-NPK) , conventional irrigation-NPK + organic
fertilizer ( D-NPK + M), conventional irrigation-organic fertilizer ( D-M ), continuous flooding-PK fertilizer ( F-PK), continuous
flooding-NPK fertilizer ( F-NPK) , continuous flooding-NPK + organic fertilizer ( F-NPK + M), and continuous flooding-organic
fertilizer (F-M). CH, and N,O emissions in double-rice fields in tropical region of china were monitored in situ by closed static
chamber-chromatography method and crop yields as well as global warming potential ( GWP) and greenhouse gas intensity ( GHGI)
were determined. The results show that: (D The cumulative CH, emissions from early rice and late rice are 10.3-78.9 kg'hmfzand
84.6-185.5 kg-hm*, respectively. Compared with F-PK and F-NPK treatments, F-NPK + M and F-M treatments significantly
increased the cumulative emissions of CH, from early rice season. Under the same fertilizer conditions, the cumulative CH, emissions

under continuous flooding condition were significantly higher than that under conventional irrigation condition. Irrigation and fertilization

RS EEA: 2020-11-20; 1&1THHA: 2021-01-01
EL£WAB . FxR AR FRETERAESTH (41807022) ; 1M KR ERAABING 21345 H (KYQD(ZR) 1858) ; 44 H AR #3E
&30 H (2019RC064 )
TEEB/N: (1994 ~) 2o W05 AR, BT 1) R L3R AR A5 TR0, E-mail : 17330919795@ 163. com
s« WEVEH , E-mail ; tangshuirong@ 163. com
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had extremely significant effects on CH, emission in the early rice season. 2 The cumulative N, emissions across all treatments were
0. 18-0. 76 kg-hm ™ in early rice season and 0. 15-0. 58 kg-hm ~*in late rice season, respectively. During early rice season, compared
with F-PK, F-NPK significantly increased the cumulative N, O emission; however, compared with D-PK, D-NPK, D-NPK + M, and D-

M treatments significantly increased the cumulative N,O emissions. Compared with F-PK, other three treatments under continuous

compared with D-PK, D-NPK, and D-M
treatment significantly increased the cumulative N,O emission. Irrigation and fertilization had significant impacts on N,O emissions in

flooding condition significantly increased N,O cumulative emission in late rice season;

late rice season, and fertilization had significant impacts on N,O emission in early rice season. 3 Early and late rice yields were
7310.7-9 402. 4 kg-hm > and 3 902. 8-7 354. 6 kg-hm ~*, respectively. Early rice yields in both F-NPK and F-M treatments were
significantly higher than those in F-PK, D-PK, and D-NPK treatments.
under the same irrigation condition significantly increased late rice yield. The GWP and GHGI in early rice season were 580. 8-2 818. 5
kg+hm ~*and 0. 08-0. 30 kg-kg ™'
conventional irrigation condition in the early rice season. However, F-NPK + M and F-M treatments had a significant increase in GWP
compared with F-PK. The GHGI in F-NPK + M and F-M treatments were significantly higher than that in other treatments. The GWP
and GHGI in late rice season were 3 091. 6-6 334. 2 kg-hm ™ and 0. 50-1. 23 kg-kg~
GWP and GHGI in both early and late rice seasons but fertilization had no significant impact on GWP and GHGI in late rice season.

Compared with PK, the other three fertilization treatments

, respectively. There was no significant difference in GWP among four fertilizer treatments under

', respectively. Irrigation significantly affected

@ Correlation analysis results showed that soil NH,” -N content and soil temperature below 5 cm soil layer had an extremely significant
negative correlation with CH, emissions. Soil pH was extremely significant positive correlated with CH, emissions but significantly
negatively correlated with N, O emission. Soil NH, -N and NO; -N concentrations were extremely significantly negatively correlated with
N, O emission. Given crop yield, GWP, GHGI, and D-NPK + M can be recommended for local water and fertilizer management to
reduce greenhouse gas emissions while maintaining rice yields. =y -

Key words: water and fertilization management; tI‘OplLdl reglons double-rice paddy fiélds; greenhouse gas emission; glﬂ‘bd} wzirmmg

potential ;
[ g— | w"‘ e

i i ).,x

T JUAT PR A R A0 A2 W 5 S5O e AU A N SR

TR, G BRURAE I O 0 AN A RE AR i
10 4F5, R0l I %”ﬁﬁilﬁﬁﬂl?ﬁﬁl?’} i A BR A jyﬁk’ﬁﬁt
5-;959%45%@? [ﬂﬁﬁizﬁﬂ(ﬂ*ﬁﬁiﬂﬂﬁ &Bm%l
%LM]Eﬁjtﬁaé{f AR (COY) | Eﬁkm((:H YRl
A NL) JLSP LA RT3 B
{m@mﬁi Hau KA HCO, . CH, FIN,0 EWM ﬁ*
éﬁzﬁa\ﬁué/}jj 729, 1 x10° 6. 1215.5%10" 9%[1 5937
x 107 7£ 100 a HTIETJK'BZJ:,CH4 I N,0 43k
IR (GWP) 233l CO, 125 %5 H1298 %) CH,
XF A ERAR R GTHR R 208 20% . R I CH, #1 N,0
AR, 2Bk CH, HEUS &/ 15% ~33% R A
48 ok IR TR - 5809 CH, AEHERCE K 4Bk
CH, HEBU R 7% ~17% 7). 38 [ 2015 4F CH,
HEBCE N 61. 59 Tg, Ho Al i s i 7= 4 19 CH,
Heil 8 & 20.42 Tg, 5 CH, & HE A & Y
33.29% 'Y YEARAE, R P ON,O0 RHERCE 2 & 3.
A FHAUE B3 HE N,O B# 1 7.0% ~ 11. 0% ).
T A 25 R G0 1 [ sl HE v 0 B 3 e A # Y
Ti] 7K A4 BASE 2R 0 A% L CH, AT N, O A HEO
2% A BR AR W RN 2 BN 803 45 5 T 3 X
K.

FH 5] 7K 4348 B2 S MR e 1 CH, A N, O HE i A
KRR Z —. FH CH, HEROR ™ A b i 25
AAEFES R K o3 XX P A~ 2o B 0 HL A 5 22 (1) 5%
Mg 10 2R EE R R K i R SR, 2o K A
450 cH, MR EHE ", Kkt h
PR B PR T AEAFIAEE RS H CH, 17 AR B A

TS0 AT L 5 s KA e, T
AEARE I CH, HEMOR A 3290 ~ 93% 77 it 1
FEL A [ 5 D Al CH, AT BT HE R %wﬂﬁ%ﬁ--
33. 1% ~ 52/4% F1 46. 3% ~ 69. 3% ; Hi 1% [ b
N, O JELA BB RV 11. 1% - 27 3o, i
HEE A T N, O S AE BB BRI T 10.29% ~
60, 9% " K R FR I 1 7 4 i CH, 2947 60% ~
80% Bl CH, AL FIr4a k™) il FE o [ B 7 0K fi 14
PR H A 03 AR B, DT 52 i 4 3 Gl A= 1) T P
Fek s 4 B AR AR A SRR A 52w i AL RN s Al Ak VR
MIHERR ) N, O [0 KL ke, 7244k CH, 1A
At 2xR2 i N, O HER, A 5T R ARG H CH, #1 N,0
HEWCAFAE P A5 1 56 22170 {8 4 3K 43 X e 1
T AR 52 WA A AE — 22 B 25 25 S

JENE S PR UEAE ) ™ & 0 B B il 2 — , A& P
REAERE D) 7= 5 1 [R) B 38 BE Vs 20 F i = <R
FHERL. & XA R AR B2 i AG FH CH, AT N, O HE
BRI O A KA, (B2 SR IE S — e
W N, R E AR g R R[]t AR A
FRIE SRS N, O HEAkc 3% 25 75 2 CH, HEik
AR M 22 5, AR SR B A . it FH 9 5 28 I 35
CH,, HEC, 1 it A MU FnE AILHE AR U X3 CH, HEjiX
TG R T S AR A g R I it FH A HL
AEFIE L1 n T RS CH, F1 N, 0 HEjik. Fan 252
HIBIT5E A& Bt FH PR 26 oK W 35 e iF CH, HEAk, /5 X}
N, OHEA 25 2. LA L i 57 45 SR A9 AS TR AT
2 AN R AR iy it A i R AR R TR S LA S 3 PR AL
PR 22 AT .



3460 57

B 42 %

L
&

A T8 ] g R 1 0T B3 5, ¥ e 5 A W R A
i CHATE R B ] A G 22 KRR IR, T
ISR PR 2R (9] Qo4 R Rk S ) O A B (SR
o) DL e R A R R A AN, 4548 1 CH,
FIN,O HECR SH XA LA —E 5. Y
i, T E A R CH, 1N, 0 HER i fFo 5
A e ARG RN A L IX i X A M XA A AF
G A, BN, B A 8451 e 9 me 44 25 B T
(e K 56 3% B, SRS CH, V2 HE & R
135.25 kg-hm™*, 5 CH, 4F HE il & ) 91.8% ~
98.5% ; W & fF M N,0 F ¥ fE ik & M 0.94
kg-hm ™2, 255 N,O FFHECR A 17. 8% . R4, HIfh
25200 (R F 5 2 I it i S A il oA R AR e X e e 2
CH, HECE:, 5 T W 457 0 A 53 3% I 4417 Hb [X K
FE-ULE5eAE RS0 CH, HER E 2 P A K REZE N,0
HE T 2 TP A BT (AT X T Ml XA ] 7K E
EHAM IO ZERH CH, 1 N,0 ﬁkﬁﬁzéﬁﬁﬁaﬁﬁﬂ%

% il ANFEIKAE &4 SR H CH, F1 N,0 HEila:,
Sh A KRR BRI TR TR AR = SRR
(GHGI) , fF 5 AN [R] it A N 7K 43487 B4 Tt XoF X0 25 75
[ CH, F1 N,O HEA A2 | & 78 16 Hh /K A
LR B HESE P H . BTSN , AT ST IR BEAN 7T
[ Ay b DX FH L 2= SR HECF T (0 A A2, D A
S FAIX R FH I A AR D HE R A O AR A R R
Y.

1 #R5FE®

I A

FET ] JErC A7 A T3 6 A7 VA i 4 8 0 L AR Sk
P AR (109°56'01” E, 19°56/58" N) . i%HiJ& Tl
ARty 2 U A, AR 2R 23, 80°C, AF B
R A1 786. 10 mm , 4245 H R ] 142 059 i

A B R % 7 v ﬁ-*ﬁﬂ(fl‘a Al
A T bR 1. ARG 0 1) mﬁ‘?ﬁ“{kg

1.1

LRI , P , AR5 A X 7 Ejvbffﬁﬁ WAL g '. &
(R L BMERMER ! i (€
- : Tdbleﬂ Bafsu properties of soil | ! JL i #“.‘
& P Lt JoA o '_‘,--"'
fal A 4 TR Y E@iﬁﬂl AR Ao [ | e Bk _Er
- =, /g-kg g lg-" 7ing? kg /mg-kg /nig-kg A /% /% =
i 5:9£02  27.3+1.0 2.819,1“u 147.8%7.4  123.0x2.4 4'9.6£2.3 61571£2.4  20.5+0.4 I117.81'2_."‘4‘
= i J
160 40
— Pkt
—— H-FH/GR

120 W\’\J {30
- MW 5:,
E -
= 80 120 ©
2 2
& :
40 | ‘ JM 0

N ‘N\AUI l‘ Lull . |‘| il ,MJ N P

= & z © z = g = g = @ 5 oo %
T 2 2 &2 2 & & 5 5 8 % g & = g
HW (A-H)
E1 REHESESEAEEL
Fig. 1 Dynamics of air temperature and precipitation during the sampling period
1.2 it FAEAS—21 ) I W K-t A MLAE (F-M) . £~ 4b

A IG BT R 2 Pk o4 3L H FEIE (D)
AR (F) ] 4 it IEA =X [ s #0 A (PK) |
it AW (NPK) il B #R + A HLIE (NPK + M)
A HLAL (M) ], —3k 8 N4 3| B H M7 % -t
BRAE(D-PK) | H HLHEWE- it A w41 T ( D-NPK) | #
HEWE-Tt AW AR + A HLAE (D-NPK + M, AHLIE 5 A
JEAS—2) B HLME E -t A HLIE (D-M) 3 K-
TEBEER L (F-PK) 3099 7K -l OB 20 I ( F-NPK) |
KK it ZBE AT + A HLIE (F-NPK + M, B HLIES

3AEE 24 NNX L, BA/NK 21 m2(3 mx7
m) . IR /N X BEHL X AL HES , BN X U JE AL B,
B 7K SR AR 55, DU JESE A ML R 50 em, B 145 /N IX
V) 5 7R IR e KL O Ak 7K 45 B M 4% /N X 47
Je PRAr T K AR 5 3910 53 BEID, i A 23 BENE )5
i TRIZK 3 SR 7% T W08 F LAY 2D JE 4 B, 4y BE I 1
2 HE K -7 TR K 3 Al R TR K R
B HESR SRS FARVE T H 2 KRR OR. K K4
AL FNFE IR T Ui O i 7K 22 3R 45 R, S 109 e )



73 FEKEF .

K NEAE BN $ i X AR [ CH, AN, O HERL 152

3461

KAy FARTE T 2K REUOER.

FREZERYHMAC R 120 kg-hm > (N AE) . 90
kg-hm > (P JI) F190 kg-hm > (K &) ; A 7= 10t
REFH R 150 kg-hm > (N AE) | 90 kg-hm > (P Alt)
1120 kg-hm > (K AE). AERFE B 400 B i R R
(&% N46% ) EWERRES (% P,05 16% ) U ALHH (&
K,0 60% ) &k, A AL Sy SRR S A HLAE (% N
3.8% ). BRas 11 Ak B R i AR A AR A0, LB a1
DX I LS AR . R 2R N it FH L g3 o A
BENE: fEAE =5:3: 2, WA ANA AR — ke Phti 5 e AS
Ze RN LB BEAE: BEAE = 6: 4, B — IR it
AT IE J7 234 R At

BREZET 2019454 H 19 H#fHL, 4 H 20 HJiti
AGEAR PSR, 4 A 21 HIFERRA, 2019
5 H 13 HEEEE, 2019 £ 6 A 13 H i BLAE,
2019 4E 7 H 20 H WK AKRE I 2E4700 7, Mfs =T
2019 47 H 30 HIZJRMEMER, 7 A 31 HFF IR
5,8 A 12 HIGHEN, 9 A 9 Hi AL, 1 A 5
F S K R I AT 0 72 /K e o A 0 ] — e B 5
~7 d RE—RHE JOLERIIEIF I, 3 s Al
R ZFE«ZEﬁﬂm 5~74d ﬁtﬂmﬁfﬂ:mﬁf
IEﬂ)@OS 00 ~1T.00. -~ o ol
1.3 RS R S

Wﬁ:ﬁ nn%%ﬂl b e

ST 118 1 A R A

il SR PV PR TR AT i S0_oni

x50 emx90 cm) , FEIARSNF I — )= /@ﬁk?ﬁﬂ%ﬁ
KB P B SR B T o e, 0 50 1A T B
7Y U RS )2 (50 em x 50 em x 20 em) [& 2 755 H
HR R T TS 2 2 ol AL R ) e A PN IR AR Ak Y TR
FETHAAL. REESFERT R S LA AR N -, 7
[ G A T R K, B AR AR, 100 mL £ 5 2 2 4l
SHRAFNIAAER, 20 51F 0, 10, 20 130 min M
TO A LA EBCRE , A AR L 25 1 20 mL B
¥53f ( Nichidenrika Glass CO. LTD. ) H,7f7 [B] 3256 =
FAEAHETEL(GC-2014, B3, HAS) #E4750H7. GC-
2014 438 N,O #: #$8 ECD & K 300°C <
R AR AT CH, Kl #§ 8 FID R R 300°C
HA AR, AR R 50°C er“jj 1.0 m,
WAEA 2.0 mm A E K 2.0 mL-min ™', BRI
P R R R A AT e F AL

FH T A AARE R 4 1 [T, RS 31 (M 222,
Kt i =) [F 2 “”%’ﬁlei/ F;,H%@?%ﬁ Eh it
(Bante 220, [V FRACES il 38 23 7)) M AE 5 em +
JZ IR A3 Eh. %%%wﬁé%}é% 0~20 cm 2
A A IS AT B R bR . B AR 2
mol - L.™'KCl ¥ W& = 48 J5 i F 3% 22 3 50 43 #r (Y

(Proximal022/1/1 , Z R % B AL 28 24 v )
M2 + 384 A& (NH, -N) M S Z (NO,y -N) & &
1.4 FAEAES 5y Mk

CH, A1 N,0 HEica it a A,

Ac 273
f=pXh X X (1)

KA, £ CH, N, O HEGHE & , CH, HEAGE &, 5
7 K mge(m®+h) "', N,O HE ik @ &, BN
Mg'(mz h) ' p MARHERE R CH,-C HT N,O-N 1)
JE, A A kgem Y h NRAFE R (0.9 m) ;
AC/A,: i CH, F1N,O HEBGH 2 T R RSIRAGE
PF- IR B R C.
CH, A1 N,0 RitHiaEita A =X,

p= > (), -1) x 24 (2)

R, B CH, AL N,O B A
kg+hm 25 n FEEA U REWEL f, %ﬂf";lf ZElby
%mﬁfﬁz AN i 41 Y MAHE i t»H & A
ERR/N IR (J\?KWIETJF_HTIETJ $1_Lj‘7 e 4

100 4 )i'r“ﬂaﬁﬁ CH 1 N,0 %frﬁl%ﬁﬂzg-;ﬁﬁi*
mﬂ*?}(cw( ol COMeq kg hm ) AR,

GWP(off= WPy, x1298 + GWPgqp x 25+ (3)
o, PL €Oy ¥ aE, CH, Fil N,O S3THERCER R
VS R coz”iﬁ’a 25 {51298 fi%.
T2 SARHERCIR B (GHGI, kg-kg ") 2 B {77
AR SS THEA KR

GHGI = GWP,../Y

K, Y NEY =, H6 kg hm .

¥ H Microsoft Excel 2013 ¥ ff #7805 18
FEE,SAS 9.2 17581t 70 i, AU 2 T
Z M /N i FE M 22 15 (LSR ¥E ) A6 16 45 Ab B S g
EZEF B ZEM (P <0.05), A Pearson FH K53
M 2 B0 0 B il = SR HERICE: 5 2R 5% R 18] 19 41
K. Fr A s ¥ DL 3 Wk E &A1 Y s b o
ZERFIR.

2 HFREHMW

2.1 WUZEFEH CH, HEBGHE 2 B
BB AIRE WA CH, HERCIE K[ &
2(a) F2(b) . EAZEE [ 2(a)f12(b) ], K
W KA AL BE CH, HERCHT G 38 i, jits A7 HLAE b 2
(F-M Hl F-NPK + M) CH, HERCHE indspe, KA Al
JEALFR ( F-NPK A1 F-PK) CH, HERLZE 34 0. fiti AR
JIEL, K 30 T K A% Ak B R B — S WA, e Y R O
2.95~9.43 mg-(m’-h) ~'; BRI S, A AL CH,

ey

(4)

.“._.l'.



3462 57

B 42 %

HEfGE BN F-M > F-NPK + M > F-NPK > F-PK [ ] 2
(a) ]. H FLHEWE 45 b Pt A 5 BENE , CH, HEBOIT 4R
W 5 A SR E ) 7K 53 - HE K S8 A
LA HERC (Y, HEBE T CH, HECHE i, A
HEAKIE CH, HERREAR. &b FEHEGE 5= 4 D-M > D-
NPK + M > D-PK > D-NPK [ & 2(b) ]. R Z=Rh 4
TR B K A 3] CH, HFAIGE 55 T8 JLE I 4b
B RREZE CH, HEA S 24 h e Pk b 5 3.

32
(a) FAE-KMHEAk —— F-PK
-  --a-- F-NPK
; 24 r mecieems F-NPKAM
% eerens F-M
E
= 16 f
=
B
=
= 8r
b=
0 )
04-15 04-29 05-13 05-27 06-10 06-24 07-08 07-22
32
(e) Wefs- 10k ——F-PK
_ T  --a-- F-NPK
= uf ceecemee: F-NPK+M
E VR ¥ |
=
E
= 16}
=
=
=
z 8
L]
0 ---------------------------------- P
07-20 08-03 08-17 0831 09-14 09-28 10-12 10-26

HiW(A-H)

MRS 2R 15 A A0 B CH, HEBGE Bris [ & 2
(c)F2(d)]. #AbFERAIESE 8 d 2247 BE CH, HE
AR, I (YL N 6. 93 ~16.27 mg-(m’+h) ~'. F-
M Al D-M Jiti A 3 BENE J5 57 — Ji e = J8 A2 4 3 il
WL — AN, e A AR S R e A B CH, HE
TR AR BN A — R 224 S I — AU . A 2
KK AL BE CH, HERCRY & 15 L4 22, CH,

HER 32 2 P AR R R T .
32
(b) RS- —— DK

e D-NPK
:'T-? 24+ ~=-t===r D-NPK+M
E JR— N Y|
=1

E

= 16+

=)

o

=

0 !
04-15 04-29 05-13 05-27 06-10 06-24 07-08 07-22

32
(d) e -Hi HLIHERE ——D-PK
[ D-NPK
'E 24} —=—-t===- D-NPK+M
E
g
= 16}
i)
2
T o8t
=
et
0 b X . e o s -
07-20 08-03 08-17 08-31 09-14 09-28 10-12 10-26

HiW (H-H)

LA RFRIEL, T
B2 AEKBLAETREREEMGES CH, HIBETW

Fig. 2 Dynamics of CH, emission fluxes in early rice and late rice seasons under different water irrigation and fertilization treatments
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Fig. 3 Cumulative CH, emission in early rice and late rice seasons under different water irrigation and fertilization treatments
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Fig. 4 Dynamics of N, O emission fluxes in early rice and late rice seasons in different water irrigation and fertilization treatments
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Fig. 6 Dynamic changes of NH," -N in early rice and late rice seasons under different water irrigation and fertilization treatments
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GHGI T F-PK Qb3 A5 2 5 AL 0 4% b 13
GHGI 4 D-NPK + M > D-M > D-NPK > D-PK, # [t T
D-PK 4b 3, D-NPK . D-M #1 D-NPK + M &t B GHGI
A EE N 18. 1%, 47. 6% F1 50. 7%, 45 4L 3 GHGI ¥
AW EMEE R AR KS AL GHGL 2 F-
PK > F-M > F-NPK > F-NPK + M. 5 F-PK Zb38AH It
SR F-NPK, F-M Fl F-NPK + M 4% 4b 38475 51 i
GHGI /b T 32. 6% 13. 4% Fi1 39. 4%, {BAS b3 [A]
GHGI 22 5 AN, 5 WL 45 4b 3 GHGT "} D-PK
>D-M > D-NBK + M 3| D-NPK, % DPK ﬁﬁ;:u,D—
NPK ,D-M il D-NPK + M 4h ¥ 53 51] i CHGI BT
33.6%. 9/9% 22, 5% %ALEEL%E%@%%%

|0 %3 T\I’J7J<HELE'F‘7J<@"7"=§" CH, 1 N,0 %188 §¥‘fﬂﬁ§’:\1¢ﬁm§i§‘
= . Ta]’)le 3 Rice yields,’ globdl Wdrmlng potermal of CH, and N, 0, dnd gre house'gas erlnlsslon intensity

L under different water 1rngdnon and fertilization lredtments 2
- = Hige 1 | Y4 W 7
SUSL e O GHGIL PR GWP GHGI
| 7 /kg'hm > Vkgrhm 2 T hgeks ! /kg+-hm 2 /kg+-hm 2 /kg kg !

D-PK 7310.7 £415.2b 580.8 £155.2¢ "% 0.08 +0.02h 4107.7 £80.9c¢ 3104.8 £991.9b 0.75 £0.23ab
D-NPK .‘ 7317.6 £433.6b 697.6 £213.9¢ 0.09 £0.02b 6258.2 £491.4ab  3091.6 £930.7b 0.50 0. 16b
D-NPK + M 7972.0 £691. lab 951.7 £213.9bc 0.12 +0.04b 6592.0£1131.6ab 3803.1 £601.4b 0.58 £0.07b
D-M 9017.0 £547.3ab  1068.1 +265. 1bc 0.12 +0.03b 7354.6 £618.8a 4894.9 +1118.6ab  0.68 +0.20ab
F-PK 7373.7 £1007.2b 922.3 +276.7bc 0.12 +0.03b 3902.8 +783. 8¢ 4568.1 +£1450.5ab 1.23 +0.61a
F-NPK 9402.4 £1371.7a 1241.5+132.3b 0.13 +0.01b 5513.1 £276.0b 4583.8 +817.7ab 0.83 +0. 12ab
F-NPK + M 8665.6 +1507.7ab 2424.0 £162.3a 0.29 +0.08a 6197.2 £756.7ab  4653.8 £1558.4ab 0.75 +0.19ab
F-M 9388.4 £873. 1a 2818.5 +£347.6a 0.30+0.06 a 6316.3 £1211.7ab 6334.2 £2043.4a 1.07 £0.49ab

1) =3RRI/ NG 8E R b B R 25 53 83 (P <0.05)

TrZERTAE KR WY (3R 4) - HERIY 1 35 52 ) .

FZ% CH, HEBCFIIERE 2R N, O HE, b 35 52 il i g 2

CH, HEC. it AEAR 2 25 2 BLA% H CH, . N, 0 HEik
FIMEREZE N,O HE. A= CH, HE Rl i 5 it HE

L HAEH Z B AE U 2 2. R REZE GWP FIl GHGI B
THEE it AT T IE 5 it A 28 ELAE 22 TR AR A R
WaAE 2 GWP Fil GHGI i #E R ARkl 2. 5 At &
AL it A 4 1) 485 R AR o 1 PR AR B A i

x4 AEERIMERSZETNESE CH, 1 N,0 HHE. GWP, GHGI M=EMHFEHHY
Table 4 Variance analysis of CH, and N, O emission, GWP, GHGI, and rice yield in double-rice

season under different water irrigation and fertilizer conditions

e ] Lk
CH, N,O GWP GHGI g CH, N,0 GCWP GHGI i
HEM(R)  <0.001 0.109 <0. 001 <0. 001 0.053 0.017 <0. 001 0.019 1 0.015 0.073
JERE(F)  <0.001  <0.001 <0. 001 <0. 001 0.028 0. 084 <0. 001 0. 084 0.208 <0. 001
RxF <0. 001 0.716 <0. 001 0.010 0.293 0. 961 0.097  0.963 0. 844 0. 787

1)P<0.05 FmREFEE,; P<0.01 FREFWEE
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3.1 A[FEIKAEAS B HA H X RG L CH, HEL
(14 5 ]

T HH A K IR BT T 8RS, A R 7= W ot 1
Oy SEAHUT AR CH, Y RS CH, HECR
AREA T R GV E I EE 3L K 43 37 5048 B2
mRE H CH, HERCARY R E N E ™ AR I A5 5 WoR,
TR RS R (P <0.001) FIMEAEZE (P =0.017)
FEH CH, HEBL (3R 4). BRmSEAED [ FE R0,
AP ENEE R R GAEZEE CH, V¥ HEE
4 234. 3 kg-hm > H1 361. 8 kg-hm >, A W57 B A
Z CH, 2R 10.3 ~78.9 kg-hm >, 5 T
TR AR R = X T ARG r 4 R X R A
FH 7K 4345 B2 53 i AR P2 i S AN ) s i 1. A
IR IR A B CH, SRERHRCE S 84.6 ~ 185.5
kg+hm ™, 55 ZE A5 A 5 S T i A Ak CH, I
WG N 78. 6 ~ 181. 96 kg hm 2 HIIE W 15 T
FH 4520 ﬁﬁﬁﬁlﬂﬁﬁﬂlﬂ&*ﬁ%%gé%ﬁi CH, 2

R 56,60 ~ 175,70 kg-hm' (9455 4 m«ftﬁﬁ;ﬁ”

z@;mﬁﬁ%ﬁ&fﬁﬁnﬁmmﬁrﬂk
A | i A ﬁ%ﬁnﬁﬁﬁﬁﬁﬂﬂxﬂﬁﬂﬁﬁTéﬁﬂé
FHV CH, HEBAG AT, R 2 CH %&#Fﬁﬁla
H 3. 70 50. 74° ke hm, W 2 CH4 ,%%i\ﬁlfﬁﬁli--”
1 32. 12 60,99 kg-hm 2, G2 CH, /-é%%/\ﬁtﬁi%’
s TR S ARG RS IR 2 CH, BAUE
i Y0 v TR S 4 S, — Oy ThG D5 PR T R K R e
FEHA ], AT b DX 5K 22 T I 30 L IX, HL AR K
BT AN R i R P BB DR SR A B AN ]
Ty —J7 THI 8 SR DR e it R AR i CH, AR BT
WD TR CH, HERE . 5 G AR b XA
o, FRE G X RS O CH, HEi 4 g, A 3k [
ot i DX K R ApopE T AR/ B CH, B E A A 2
M AR 2 CH, 2R E S T REZER, 2
FH B AE 2R A 1R] |, IRV 5 KT, B RS
XA HH 7K 3480 B2 ) A58 R A4S i 3 K ) A K Ak B
CH, ZAUHE Y 5 = T 5 ML AL B, Kudo 265 1Y
9T & B, 5 45 S K A Lo, 1) ) HE 7K AT g 20
47% CH, HEHL; 5 H 5 A0 7 0 18 i 4 39 5 Pk, 4
A AR LA (Eh) , B0 CH, P=A S
IKIE LAY PRE IS, i B Eh FRAK. 24 Eh KT - 150
mV I, CH, HEBEE Eh AR S5 m e,
I HLARFL i K A B K AR A A 1A 1] 2l A8 7K RS 25 52 M)
Eh RZS, K Eh SBE R cH, Hig 7.
MEAEERZ MRS H CH, HE B &K, R 4 45

SRR AR R 3 5 R CH, HERL. AR5
T E A VLR AL FE CH, HEL & T A it A HLAE 4
P 52D AR ST 45 SR — 2, A HLIGHLAE Bl it
LEFRIREAE VERG I CH, HERL; A5 i BF 5T 45
MR ISR IR £ 0 B3 mFE H CH, HE
R 5 AWV T L 8 v A7 HLAE 8 A £ A 4Tk
ARG TERE N CO, HE; W IR UL KR
#E CH, HEHOFFRAR L B 20 Rk, A0 AT
F MR R4S 2 P-M AEE T CH, HERCR .
3.2 AR[AZKAEAE B PG b X AR N, O HEjik
ﬁ%?ﬁﬂﬂ%fiﬁﬁﬂd’ﬁﬁﬁ%iﬁ%?i N,0 £ %
PR XA I AR S R]KOIE AE BE AR O 4
AR (3R 4) i HE A 253 mi XU A TH N, 0 HE
AL, R Ak 5 ) A 2 A T N, O . ZIKEJM
FREZE N,0 BRHE RN 0. 18 ~0. 76 kg hm‘2 %
T AR ey A 2 Hﬂﬁl:ﬁ%ﬁ—%'-%aém
SRR 0068 ~ 0. 77 'keg+hm 2 mﬂi&i‘fﬁ%ﬁ
5 “”fﬁ@ﬁﬁﬁﬁ%ﬂiH{@{%*%T%uﬁﬁﬁiéui
RAEZE NJQR A ﬁlﬁﬁﬁli%ﬂéﬁf%ffm e A
Mziﬁﬂl?uﬁéﬁﬁ%aé&\l 0 EAEH 0. 19~ 1. 3
kg+hm E?Elfemﬂzﬁrﬁv\ﬂﬂlﬂiiﬁu" S
il A RN, O F BB HE B thu b 5 55— i

. IR i L R A e 20

WHE N, 0 HEBC 3 0. AR5 RS ZE N0
SRHERE M 0. 15 ~0. 58 kg+hm ™2 KT H 25120
fiRiE 1 WA 2 N,0 R BRI & 0.44 ~ 3.40
kghm ™ AALTF FH S A5 78 ) R AR XCRF 5%
P PR 2 it %t A HON,0 HESE 1.20 ~ 1.60
kg hm G5 R Sk A 0 A 2 AR A ]
XU ] 4 7K R ) K | DR SR PR B s Fl g HH 7 7
UJT,“E’JELﬁ#MM/EFH,NZO HE R0 [ B K A B
HERINO, -N B US40, R )T + 3 52 il 1k 1
FF=HE N, O ARG AR ARG 2R N,0 SRR
H KT Bhattacharyya 25" 75 F[ & 45 g IV b X HF
FERGH N,O0 BFHEMC 0. 58 ~ 1. 82 kg+hm 2.
ARG RS AR A N,0 B HE T =
G505 B ZE N,0 BRHE & & T W AE 2=, M
FEWE N,O SAHHEiCE & TR KA, R 2R W
FH ) 7K 4348 B A 25 S s 1) . it MEASE X 5, Bt
BEPPIEAL I N, O AR & e ik, D-NPK AL 3 N, O
SORRHECE ey, i R R AT AR 2 % N, 0 HETR,
H N, O HEfil 5 B R 2% B3 i s Y ax 2
& T RAEFTA B it A SRS AR AR s AL
YERERBE T 5 SO R
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AW AREH P CH, 1N, 0 HERCAAE It
R AR AR ARSI CH, A1 N, 0 HEfik
S5 TAF G X IR | AR ol A B0 [ K 30 v K Ah 3 PR
WE 7K 3 BUR SR IR BE AR CH, HEH i N, 0 HET
e REAE B RKF, AT B2 PR A3 T W A A A5 1)
JEE Y SR ARAE B N, (i N, O HERO D 5 i ALV
Ab FHHE K G PV R A2 2 R AT, 7 0 I 1] N, O HETi
B, CH, HERCE M, B CH, HERCIS I, N,0 HE
THCRAAR , 1 55 #9546 BB oT 45 AR AT, T ko
B PR AR R A F 7= B GE R = CHL , HE RS
M9 R ) A R 1 - e At A2 N, O HERCRS .

3.3 PR CH, A1 N,0 HERY
Al

WZEFGH CH, 1 N,O HEZ 55K F Eh, 5
em & pH A1+ HENH, -N & NO, -N 5 & i 52 1.
ARSI, L3 Eh SR 30
PLRE T AR CH, HERCE PR AL, TAS D N, Ok ik
57k BEEAR SR EE R T 06, AR L CH, i IR
SUERHE R Eh KT~ 150 ~ — 160 IV HH5 77 4

CH, ziﬂﬂ%n%a L CH, kL 5] NO Hki .tii%-“

NHY Ng HAS ¢+ R *&Ezﬁﬁﬁa%/‘iiﬁ%
Eh AHOGHEA, e CH, HERC: 3 B 32 A e
AR 5 Fy A B 5 e e 2 7I‘HEJ GHY HEjik

'ﬁﬂ%ﬁﬁfzﬁ%ﬁ*ﬁﬂé 5 14 Bh Iﬁ‘ﬁﬁﬂfﬁy

%éﬁ%%*ﬁfimﬁ R FH % 7 X [ i e 'CHM
MO ARG s AR TRt - e P B .
Z I AT A SRR, MRS [ CH, A1 N,0
Hef pH (B AE 5 ~ 6 Z [0, AWF5E CH, HEMS £ 4%
pH S 3 IR A G, 5K PR R 4 R 5 A% D CH,,
Helc s 4% pH 2 1EAHCOC R W45 3R — 2, i AR
KRS 3 pH i3 hn CH, HERL.

A K & B N,O HEi S 13 NH, -N NO, -N
B B 3 UM O N, O HECE: T 8 A2 it B F
WA AR . 5 22 AR B SR RS D N, O HE ik
5H /K NH, -NF&&EHINO, -N 7 & 2 15
KR AT . Fh/INER DS 1 B 9 R, R CH,
HERCS £ 3ENH, -NF 5 280 % A SC ARG H N, O
Helc 5 H4ENO, -N & i AR B 3 E AR OG. 1 A it
B 2% A7 e 25 5% 09 D PR AT RE R i A R E £ 1
NH, N m, (B S K &R L, Hokid i+
HENH, NI RN 358 19 1 398 3 J5 R85 A 1) T + 1
NH,’ -NfiFfk, i £HENO, -N & &3 1IK.
3.4 A[FEIKAEAS B KRG ™ i | T AR T v 34
AR BE 1 5% 1

T5 2253 M as R R (3 4) ¢ it B 2 5% i 7K e

S DB R R VI it S R T 5 i R A8 A A
S AE THAY GWP Fl GHGL. 24 M4k R FP A K A5
ST AT i A B ER AR B R 2w A HILIE i
Jiti. 5T D-NPK + M Al D-M &b FRK g re & 44 5 1
D-NPK #1 D-PK 4b 3, F 52 D-NPK + M 4k 3 7 &
BT R A = T X AR E R R
D-M A3 =g 5 T FE A 2 20 A T8 303 i X A 1 A
e, D R AT BB A AR Y rh oK R A 2 it A A L
JE, 385007 e FH 4580 CRAERE T, HlEZK IS HE A 1R) 35 45
TR FRA LR B () SE K| AR 3R e 2. B
RAEDT RF T B, A HLAR AL AR A BH O it BE 2
B0 A BEFE Ay TR HILET 5 i, PR K RS L A PK
REFN RS ZE D-NPK + M .D-M . F-NPK + M Al
F-M 43 At A HLAE & B CH, HERE i, A
ﬁ‘ﬁ%l@ GWP il GHGI 145 T8t fin; % PRAD B4 i
= ,D-NPK + M .D-M | FNPK+M$HFMJQJEH§E*H
7% GHGI If/». o
521 b K R A ST B D- NPK.*ZLEME
t, FAES D-NPKA+ M 4bHE = 5 GWP ﬂi*n GHGI4y
SIS 8. 9%, 36. 4941 33. 3% ; WeREZS D-NPK + M
ULEZ Vi GWP il GHGIZY 18 1 5. 3% , 23./0%
%u 16. 0% N2 xﬁm%é\ﬂiﬁxﬁﬁn%ﬁ 1%&?‘
TR T, DANPK + M Wb E GWP . GHCI i-ijmﬂzzjx
Ejlzliﬁﬂ’\qj D-NPK + M AbFE Ay >4 Ml X 2 Fef H e 1
FOK AR A R I R4 RS LI BRI g R —
0, A HLICHLEC RE S A B2 A HE R RICR.

4 @

(1) VR AI it A AR (2% 2 A Rs 22 CH, HERL,

VR S 5 R W R 2 e EH CHL, HE . K300 8 7K R it
FHA DL S A=A 1 CH, HER, B F% H CH, HE
AR T AER R S 0, e CH, HECSE e A
i 4.

(2) i A S5k 5 52 ) AR A N, O HERL. H A
FEWESE R HH N, O HE i AR R AL #ERTH N, 0 HE
A PUIE R A IE 2598/ DR N, O HEHL.

(3) it AT 2 5 e K R 7 i 0 G HE R 3R, A PILIE
T A JIES 2 8 T KRS 7 k. Ry s DX XU = A A
?%iﬁimﬁﬁﬂﬁmmﬁ@ﬂﬁﬁ{tHFH‘EJC RE e PR IE K g

SCRESE I A A HFROCR | & M1 2% 1K
E”"‘Eﬁ%f.
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