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Effects of Water and Nitrogenous Fertilizer Coupling on CH, and N,O Emission

from Double-Season Rice Paddy Field
FU Zhi-qiang, LONG Pan, LIU Yi-yi, ZHONG Juan, LONG Wen-fei

( Collaborative Innovation Center of Paddy Crop and Oil Crops in Southern, Agronomy College of Hunan Agricultural University,
Changsha 410128, China)

Abstract ; To provide support for the efficient use of water and fertilizer technology to double-season rice cultivation, water and fertilizer
coupling mode was applied in this research, including two irrigation methods and four N levels. The irrigation methods were flood
irrigation and intermittent irrigation, while four N levels were high-N, middle-N, low-N and none-N. Field experiment was conducted
to study the effect of water and fertilizer coupling mode on CH, and N,O emission. The results showed that the accumulated CH,
emissions were significantly reduced by intermittent irrigation, in comparison with flood irrigation, the reduction in early rice season
were from 13. 18 kg-hm > to 87. 90 kg-hm %, and were from 74. 48 kg-hm ~> to 131. 07 kg-hm ~* in late rice season, with a rate of
24.4%-67.4% and 42. 5% -65. 5% respectively; whereas the accumulated N,O emissions were increased, the increment were from
0.03 kg+hm > 10 0. 24 kg-hm * in early rice season and from 0.35 kg-hm > to 1. 53 kg-hm > in late rice season when compared
flood irrigation, increased by 6.2% -18.3% and 40.2% -80.9% respectively. On the whole, intermittent irrigation reduces the
warming potential of greenhouse gases (GWP) , which were decreased by 18.8% to 58.6% in early rice season and by 34.4% to
60. 1% in late rice season, and the reduction of total GWP were from 2 388 to 4 151 kg-hm > (CO, eq) , with a rate of 41% -54%.
Through correlation analysis it found that CH, emissions from soil were significantly related with soil solution Eh and solution CH,
concentration. In comparison with the flood irrigation, the application of intermittent irrigation in double-season rice cultivation was
conducive to CH, reduction, though the increase came in N,0, but the GWPs were significantly reduced. Comprehensively,
intermittent irrigation matching with middle-N is more benefit to double-season rice cultivation.

Key words : double-season rice; intermittent irrigation; CH, ; N,0O; emission reduction
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Fig. 1 Dynamic of CH, flux in the early rice season
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Fig. 4 Seasonal variation of late rice season N, O emission flux
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B, F Y HERGE Bk 87.32 pge(m’-h) 7' H
At s AL B (W2N3) | 7 2 HE 0 o 77. 03
pge (m?®+h) ~' B b R KT Ta] R
LB N, O HERCE BAT) = T K HERE. 5 WK HE
WEAR LL , [B] SHEEE SR T N, O A1 X HEcH 3
736.91 pg+ (m*-h) "
2.2 KNEHGHEXT CH, A1 N,0 BBHERR Fidg
T TS A 5

R 1 Al RURR AR K], 45 ab 3] CH, HE
i 22 SRR . ZE AR it UK, R ) K
T CH, (YRR S HE 32 10 2R T /K VIR, %
RS ] 13. 18 ~87.90 kg+-hm ™2, Wi/ T 24. 4% ~
67. 4% . WRFEHAM], 45 AbHR] CH, HE St A7 7
WFEES. FEME A I EOK T, A A B B i
CH, HER 3 55 A 0 250 T W AR , o AT i 2
K 74.48 ~ 131.07 kg-hm >, Wl > T 42.5% -~
66.5% . SR I 5 KA LG, ] o I AE
IR CH, Hl AR T PRI 52. 58 kg+hm 7, I
4 1] - BT R AR 97. 88 kg-hm ~2. A~ [ it &L 7K “F- 4
L, CH, HF ik SR 2 it R B 1Y b T — o 13
JINR(ERSKE S NCE TS

TR A, 45 AbFE] A N, O BERUHE B A7 A
FREF(R ). EAMRIRER &M, b A il A =
AN, N,O HEBCRR 2R A g i e . 7EAH R Y
TR R SERE 254 T /Y N, O HEjl R a2
1 T K R, 38 HE M 0.03 ~ 0.24 kg-hm ™, 3
HEWRE TR 6.2% ~18.3% . WRAEMIA), 2 4L FEIE) N,O

SRR AR oA e 22 . AR AR 1 UK
T, [ B E S T A9 N, O HEji R
THEKHEWE , 3 HEMR B4 0.35 ~ 1,53 kg-hm ™2, 3%
HET 40.2% ~80.9% . 5 WE K HEBEAH LL , [] ko 0%
e BRI AY N,O HERLE EBEN 0. 13 kg-hm > Hf
FE A a1 DU B4 0 T 1. 42 kg+hm 2.

MERSHERL ) CH, 5 N,O iR TR (%
). FLAE A5 Ab 3 ] f 165 T 08 SR LU 88, DA 7K
Wit 20 (WIN2) Fe ey, DA TA] B BE AN it 20 ( W2NO)
A%, M1 222 259. 7 kg-hm > (LA CO, eq i1, FIF)),
it A B B TR it AL B R (R I A%
T, YU A o it 2R B 0 HG s A ) A e
IKSETF ) T8 34 AR T W K E B, BRI T
308.6 ~2 113.2 kg+-hm ™ F&I{ 4 19. 1% ~59.2%.
WO H0H (), % Ak B 3k v A DA K TR it IR 4
(WINT ) H5ear , LA TR B it K 20 (W2N1) eIk, %
HAHZE3 124. 8 kg-hm 5 FEAH ] A it 7K F [R]
BT TR 35 AN T s KR, AR R T 1 622.7 ~
3124.8 kg+hm 2 38> T 34.9% ~60.6% . MMZ
ZRERIG RIS SR A [R] it T ) o T A 3
TR TSV K HE R AR 41% ~ 54% , HirP L W2N1
FW2N2 1 R A B2 e R, 2R 25 5 F [ 4 151
kg-hm 2 F14 125 kg-hm 2. WK BT, i 06 2208
TR TS AN RN 29% | it P &SN 39% | i
RN 35% 5 [RIBEME T, 5 AN 2 L, i (R
RO R RREAC 1% | JEH A I 16% | it & A&
Ha N 33%.

®1 REB™WZCH, 5N,0 22 51gRERE"

Table 1  Cumulative emissions and the warming potential of CH, and N, O in early and late rice seasons

TREHE A I HE A At EUE A

s o o | MmEE o | mmEE 0 reTETen
/kg+hm 2 /kg+hm 2 (C0z eq) /kg-hm 2 /kg-hm 2 (COz cq) /kg-hm 2 /kg-hm 2 (€0z eq)

/kg+hm =2 /kg+hm ~2 /kg+hm =2

WI1INO 53.96 d 0.91 ¢ 1619.2 164. 64 d 0.50 e 4264.0 218. 6d 1.41a 5883.2
WINI 86.50 ¢ 1. 00 be 2461.4 197.18 a 0.76 d 5157.0 283. 68¢c 1. 76a 7618.4
WIN2 130.49 a 1. 03 be 3569.3 180.69 b 0.36 ¢ 4624.4 311. 18a 1.39a 8193.7
WIN3 118.81 b 1.07 ¢ 3288.1 175.24 ¢ 0.86 d 4637.3 294. 05b 1.93a 7925.4
W2NO 40.78 f 0.97 ¢ 1309.6 77.32 0.85d 2185.3 118.1¢g 1. 82a 3494.9
W2N1 45. 17ce 1. 03 be 1435.2 66.11 g 1.27 ¢ 2032.2 111.28h 2.3a 3467.4
W2N2 42.59 ef 1.31 a 1456.2 82.03 1.89 a 2613.0 124. 62f 3.2a 4069. 2
W2N3 50.91 d 1.23 ab 1638.4 100.76 e 1.66 b 3014.6 151. 67e 2.89a 4653.0

1) W1 LKA Flooding irrigation, W2 03¢ [ B BE Intermittent irrigation; NO, N1, N2, N3 ZMHCFRARFBME N K . Ak N, K N,

N, & N3 4 Bl N fifiti; & A —SIAR RN

2.3 CH,. N,O HEits 38 i Re A e v
2.3.1 53 Eh A
Wit CH, . N,O HEfGE & 54 BERH . 2o i

BB IFRRTE P <0.05 Fil P <0. 01 /K- |25 5k 3 i 3%

A 13 Eh f9AH ST R B, HIEE TR Eh fH
5 CH, fifRe s 2 MAHOCER (R 2). Hr B
Z=THES om F110 em LW Eh fH5 CH, HFBGHE =
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R E AR,
Mo AE 22 R, 7 ~ 13 em A I3V Eh (5

CH, HERGE &2 AAH LR (R =0.5469,n=8) ,
2 E R, TR 3 WA SR (P <0.05) 5 7E
A, 1587 ~ 13 em AW Eh {H5 CH, HEBGE
*x2

HEMAKE(R =0.8379,n =8) , ik FI M B M &
KFE(P<0.01). FrHMI AW Eh 55 CH, HE
i A A (HOR . TN, O By HECGE
530 Eh (E 300 8 F M R, R N,0 HEjik
Z +HE Eh A K.

TEAR Eh ESEESEHMBEREXE"

Table 2 Correlation of Eh values in soil solution and greenhouse gas emission flux

CH,/mg-(m?*+h) !

N,0/pge (m +h) !

A ER i W i W
5 em )2 14 -0.9078"** y=—-0.0324x +0.278 7(n =24) -0.2215 —
B 10 em ¥R)2 11 -0.6505"* y=-0.0345x-0.958 1(n =24) -0.2632 —
15 em W2 T 1 -0.1953 -0.2442 —
ZE T -0.7396" y=-0.1488x -0.7729(n =8) 0.094 8 —
MafE 7 ~13 cm 4b A -0.9154 "~ y=-0.1179x +1.8985 (n=8) -0.1586 —
FERE -0.5632 — 0.1357 —

1) R BB AR DC R B (r 1B, HHOC R B W25 MRl F RS, + A+ = 53038 /RTE P <0.05 F1 P <0.01 K FEREE, TH

2.3.2 H5HHERWP CH, A1 N,O A M
WA AT & B CH, HERGHE & 5 R
o CH, W& 2 IEAHOCOC R, N, O HEGH ) 5
TIEEEW T N,O MREETC AR (KR 3). BoRd
7= RSy EEREI 13 10 em AMIRW P CH, W E 5
CH,, HElm & 2 B F A& (R* =0.6689,n =8,P <
0.05) ; AR, 35 38 BIH 25 A0 X KF- (R? =
0.8241,n=8,P<0.01); FlHiHEHM, ~HFHHEA D

R LZER (R =0.6925,n=8,P <0.05). FEH
Z, 13T ~ 13 em WM CH, WREE S CH, HEk
TP R | i A R S A 38 2 b B R O
(3), A EHEAER P Y CH, B R RS
()R BRI, HOWR EYeE 7 CH, M HEGE &, i
N,O HEfa o B 5 - ER W h i N0 W RN
TEARDG  HARIA 3 0 2K SR 388 Wi i N, 0
WA N,O HERUW P e &

x3 TEARBESGRESHREEMEXME

Table 3 Correlation between soil solution concentrations of greenhouse gases and emission flux ( sample size n =8)

b AR R AR T

CH,/mg-(m*-h) ~!

N,0/pg- (m*+h) ™

r 5 A5 pREL r i LA pRAL

Sy BERA 0.8178"* y=0.1573x-3.9812(n=8) 0.4927 —

A 10 em P 0.9078** y=0.015x-0.0847(n=8) 0.4832 —

il 0.8322" y=0.0877x+1.5905(n =8) 0.5918 —

Zp 0.9883** y=0.0314x-4.0329(n=8) 0.0392 —

WiFE 7 ~13 cm A 0.9309** y=0.003x+1.976 3 (n=8) 0.1248 —

FrEI 0.9686** y=0.0034x-1.3461(n=8) 0.6351 —

3 Wi LA TR AL CH, BE T, DT K B B AR A L CH,

J1E

3.1 KEAAHASTREH CH, HERAY R

AHIF G 45 S 2 B 5 v K HE IR AH B TR] BRI
EREALT CH, MHER, X 510 A0 98 45 R — 30
VFZ IR CH, 2R 2548 T 7 CH, W1k
FF 7= CH, BB 7=8, 2K 5 A8 5 m B
TS KR FH BELAS T 4 A0, i K b T R AR
Berf, Ay CH, 20 B8 AR AR T R4 i 551 12
BET CH, Bk SR, A TR K, fa]
VI DR PP B 0 M S | e IR
WAL T T CH, 4G M 58 T CH, A

HERC 2 S AN, R A K AR
DL R BD], R HHE /K 5 3 Eh s R F, B e HE
T 2RI > 3 AR S CH, HECE
5+ Bh 2 B A CRZR—E0 RIRAHES
FHi, CH, HEGE &5 B0 CH, W 5 =%
IEASER AR, EA BT R IR HIAE AU CH, —3R o3
TEHETAT R THAE R AT T 8 CH, o A2 i
1) 20% . LHER MY CH, W HU , R W] CH,
4 A R A iy, S BCHE R A CH, i, iy
LR SGREF AR — 3

KT RACHE I CH, HEHCAY 820 A7 A 7] ) 45
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W0 AR R A b CH, HERORE 2 it
PRI R T 860, 7 A it ZRUHES b B e I B A
b i I SR Y PR R BB A . — 2 i it R
BN, K R A AR AR K N RE B ek T /K AREAR R 2k
K, TARZE ARG . B3Ry CH, R
HERGE 1 = 2 RSB, A 4G E A0, KA
FRORI KR AR 119 38 A2 20, H v 2 3 43 2l o 7K
FEAEARAG ). R KRR 2Rl UL KA
T CH, MR Hok, R A9 RE B A K 3m T AR
RO, h 77 CH, AR HE T 70 2 R 5 A AR
PR CH, BRIEHES 2 BANE = E N IR E ]
DAdE s 14 pH B, RZHRMIE DA RE S +
1 pH {H7A2 434 T CH, TR . WwAHHFIIA N
NH, -Nal 7= NH,; B9 & X CH, % 1k H A 30 i 1
2 42 0F cH, HERC? . B2, R
AR PR 2 CH, HERUY.
3.2 KA ARESTREH N, HE
JKFIAE 52 A N, O HER M R =45 H 7. 7k
PARBEAEZ ARG I L3 N,O By A i, K
R N,O [ KA. AHFSE 5 il K
WEAH EL , T SRS N T N, 0 HEl, o R M 2.
N, O J& T3 Y ms ik 5 Bl AL VR FH By il =4y
— Bk 3 N,O HE B B 75% ~
85% Y - HEFLBR f KR Z 18 Y L LBk
HRAE30% ~T70% B LARALAE A 35 Y R IEALIR S
KT 60% W], -3 S A A A F Bl 7K 2355 s 34 m
MG & 0 5 ESEMD . 2R R R
(4 N, O HEfl 3= %2 BUAE £ 3T s B i B 1557
T BALBR E KR i, 23 UG HRESZ B, N, O Bt —
R E N, , B MAE =LA N,
F5 ARG AL T AR A B A 1 A T A
RS M FEAIE N, O [ HERC, B 4s 55 H Al wk
FER—30 . FEARR ST P RO P N0 WS
N, O HECGHE &t 52 EAHOC , (HAR DG I AN I 2. Xt
52 2 4K o 2R s ), B8 T b S 4y
N, O B8 JFE N, 1A Bk RS L, AR
) BT TR 11%) 3 K R DAk F AN W B b B iR
B RN, O st A TR . BT R B
] AR E IR 25, e LA B 2 Rt &8 i T N, 0
(RHECER: o R 2 () BOE E 25440 &, N, O HEjlt it b
Jit SRR A TR, X S ARG IR AR AR AR A Y T
R RIFFCRHIRZE DB, RE A
- 8 5 AR e 23 K B NH, N R Bl AR 1R FH 4 AR S

Py, 42 iF NOy IR B i 412 32 S il A A, 15 m
N,O HEC . U AE [ B A5 T, 4 e i
PERG R T RB A HE - SRS 1L 5 RS AL A B A TE T A
FIF N,O 7= SHER.
3.3 WUZERE HCHE R = SR A K B2 A A R
EFE

Q4 v KRR AR 7 K B IR FH 0% () S0
/DREH CH, 1N, O HEUR: & JR AR A A M 2 201 fif R
() — SR IR] . A BIF 5% 3R B 55 4 300 o K o Tk A
LE, (B B A N,O A HERCE N T 29% ~ 130%
{ELAF L ) BV TE , 5 /K FE R A3 i T 85% ~ 155%
() CH, HEC. PRI [ S Tk B SR 38 HE T N, O, Bk
KRG E W CH, HERC, (8 L2585 10 T v 34 3
Wb, R AHIF Y 25 R 3% B AR IR = SR HE ik R
it 2 F 3 T 0 (R PR ZR 25 A IR T ok
B, WA 0 B IR A AR R T 41% ~
54% , T 0 X 25 5 W IR A /R IR B AE 1%
~39% . 1] WAH Hoite U, VE AR SO0 IR = AR Y
YERTEE SR ZL. FE KRG A 7 v WA 2503~ 1) T B i 2
SRR AN ZRE M [k [R5 T b 4
(25 1R v 5 B LU AP 2Ry, (B ™ i A v | (] B
RE AR T H A R KT, &8 = N 1 HE
i Ll 1. 5ok, B WU R X — i W 44 TR
Wy, LFEWERAES ~9 H |, X Beis a2 K fa A K
T AR R ZET, A A & K B Ll K 3 5k
&K, A A F T R A A 4 . 255
1] B Wi B Bl A E R R R XA T
5w

4 HFig

(1) FEAH R 9 20K 71, TR 8KGHE I A A1)k
/b CH, HEjL, B4 UE N, O HEL, e & A ) TSR3
TRV A, Y TR R, X RSCR A LA g A 2
TR G R G RER R R Tk B A R IR = AR
WCHE. FEAR R VEIE S5 1R it R, AR TR
.

(2) CH, MHER 5805 W Ak 8 SR Aor
(Eh) B YIHAC , H A2 4 38 i bl 2 A B 1 ik
FRM. N, O HEBOU 5 380 W 1) S A8 S H 37 LA
RO E SR B TE LA G e R, o 3
P N BRI, i N BB — R EAR
N,O FHERL, (AT CH, (HERL.
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