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Abstract Annual CH; and N, O emission fluxes were measured from double rice cropping systems under six fertili-

zation treatments by using the method of static chamber-gas chromatograph techniques. The different treatments in-
cluding non-fertilizer (CK), conventional chemical fertilizers (NPK), fresh rice straw with chemical fertilizers
(RS+NPK1), mushroom residue with chemical fertilizers (MR+NPK1), fresh cow dung with chemical fertilizers
(CD+NPK2), and biogas digestion with chemical fertilizers (BD-+NPK2) were dedicated to this experiment in or-
der to study the characteristics of CH,; and N, O emissions and the relationship between gas emission fluxes and re-
lated environmental factors. The results showed that, seasonal variation of CH,; emission fluxes under different
treatments displayed the same trend, which can be described as “lower in early rice growing period, higher in late
rice growing stage, and negligible in the fallow season ”. The majority of N, O emissions (more than 78%) occurred
in rice growing periods, and small amounts of N; O emission occurred in the fallow season. Although the annual ac-
cumulated CH, emission amount for NPK was increased by 35% compared with CK, the difference between them
was not significant at 0. 05 level. Among different treatments of organic and mineral fertilizers, the annual accumu-
lated CH, emission amount for RS+NPK1 was 2. 44 times more than that for MR-+NPK1 (P<0. 05, P is the sig-
nificance level) , while the annual N, O emission amount for the latter was 59% higher than that for the former (P>
0.05). The annual accumulated CH, emission amount for CD-+ NPK2 was 2. 45 times more than that for BD+
NPK2 (P<0.05), but the annual N, O emission amount for the latter increased by 102% compared with CD-
NPK2 (P>0.05). The fertilizer-induced direct N, O emission factor (E) was reduced by 45%-80% under the
treatments of combined application of chemical and organic fertilizers in paddy fields compared to NPK. In this anal-
ysis, water status and temperature were main driving factors which affected the seasonal variation of CH, emission
fluxes. However, N,O emission fluxes did not have direct relation with water status in double rice paddies and a
temporal trade-off relationship between the two gas emission fluxes was not observed in this study. CH, was the
dominant greenhouse gas which contributed more than 75% to the integrated global warming potential of CH, and
N, O emissions in local double rice fields. By using composted mushroom residue and biogas digestion to substitute
for fresh rice straw and cow dung for returning fields, CH; emission and integrated global warming potential of CH,
and N, O emissions reduced by approximately 60% and 50%, respectively, and the grain yield will not be affected.

Key words rice field, CH,, N, O, fertilization
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1998; Zou et al., 2005; A4 A4, 2010), FEREAR
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(Azam et al., 2002), W& C/N HFEFF A H KA
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DAFE XA FH R 2 AR HE RO I, =24 vh A
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4

A ARRGEALALE N W R CH, A N, O HEBC 24 5T
No. 4 SHI Shengwei et al. Annual CH; and N, O Emissions from Double Rice Cropping Systems under Various . . .

709

B, 25 PR R B A K e A 4 2R 0 58 BOULIDEHMS A 2
BFs4kiE (Zheng et al., 2000; Nishimura et al.,
2004) o &4 B UL I K5 48 A v 4 1k 5 R CHL A
N, O & i EEKIE (Bouwman, 1996; IPCC,
2006) . WEFTEREEA T ZFAH I (Xing et
al., 2009), T H AT TR H CH, A1 N, O HEjiK
JAAE AL B R A R ez GIIAE iy =1 4, H
W UMERIBER R, 8 HAEAE KR I N A A —
) CH HEL (55555, 20055 VLA HESE, 2006) ,
1M N O HE s = 24 b A A AR MK N (Nish-
imura et al., 2004), BUZEREH AR R LA, IR
IR K SR B AR AR K . DIMERI ST 4510 RE 5
HMEE 2 REERAE R A TR IE

A SC LA pe M A 2T SRR A B o F SR 4. ik
BUE AL EFIA HLICHLRC M SE AL 3, 47 4 3 —
AERWLIN CRLAR. B RS AR IA D . BF5E CH, Al
N, O HEBAE S SRS R 2R o HEAAS [R] Ak B AR A
FH AR 7 80 g RNER B R AR R, SR R 3 P A 2%
AR HEfE 4 R 1 A 4k

2 MRSHE
2.1 WREXIEHR

WIS o, T A KB T8 2 F4 M
(28°08'19"N, 113°12'16"E), J& T W A5 Z= K 1E 1E

X WK 42 m, AESFIIREECH 17.1 °C, Z4F
R K & 1316 mm, PEKZEPAE 3~6 7, 4F
=10°C IR 5300~6500 °C, Y kb Bl = £l XL
A AR —h S, LA s A Al
LR R B MR KRS L, A T A
HLEE 1. 85% , Wf# A 124 mg/kg, A5 13. 4 mg/
kg, M 47 mg/kg, pH 5. 20 (H;0),

2.2 REEITRHEBEEE

IRIR A R R X AL 1B, A 466 AN it JIE X e
(CK) ., H B3 (NPK) F1 4 Fg HLE 516
NERCHESE 6 NP, RE 3 NEE . &K 5 m,
P& 4 m, /NDX R SR R R o DA e A B ER K
A FEHL R B BT EERE (RS, FRIARFEED |
TG B WS R A (MR, AR . A5
G TR 3E (CD, fRIFRAEZE) FEE 5K F
FEFFRY R R BEIG IR (BD, RFRTE @), SR
PRI 1,

AN A A WL E B PE JoR FN5 20 B O T
FATEZE S, A HLTCHLUBCHE LA RS A Ry 3 245
P2 AR R B A Ee e 4, it 46 1 AR AR
(NPKD) 5 $4= ZEFITE AR N LB 4, e it 55 1
fLAE (NPK2), Hift NPK1 f1 NPK2 4k 4. s
AR FH o 43 1) Sk SRt Ak I A 38 (NPKD 3t /Y

90201 800, ANIFIALFE ) BAAHEIE £ L3 2.

x1 FEAVESHHERER

Table 1 Basic properties of different organic amendments

RhEE KAy N P05 K,O EERIRS C/N K5y N P05 K.0 HHk C/N
RS 7.37% 0.75% 0.09% 1.75%  40.61% 54.15 23.20%  0.92% 0.10% 2.65%  43.56% 47.34
MR  69.20%  2.12% 1.67% 3.07%  34.22% 16.14  69.60%  2.18% 2.24% 2.82%  30.97% 14.21
CD  75.10%  1.76% 2.08% 0.79%  37.18% 21.12 77.30%  1.52% 1.61% 1.57%  41.24% 27.20
BD  65.20%  1.23% 2.42% 0.25%  36.94% 30. 04 63.30%  1.08% 2.49% 0.73%  35.61% 32.97
T AU & i T I
x2 AENEWERE
Table 2 Fertilizer application rates of different treatments
AJE N/ BEIE P.Os/  BIE KO/ HHE/ AAE N/ BEIE P.Os/  BHIE KO/ AR/
Qb T kg« hm™! kg hm 2 kg« hm 2 t+hm™? kg« hm—2 kg hm 2 kg« hm 2 t+hm™?
CK 0 0 0 0 0 0 0 0
NPK 165 75 105 0 180 45 150 0
RS+NPK1 148.5 67 94 6.25 162 40 135 6. 25
MR+NPK1 148.5 67 94 7.5 162 40 135 7.5
CD+NPK2 132 60 84 22.5 144 36 120 22.5
BD+NPK2 132 60 84 22.5 144 36 120 22.5
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AR BEFERE R B RR (% N & 4620) 3
PERR 5 (P.O; % 1 1420) AL (KO & &
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P, L BRAE I kR Sl D Ak SR R R 1T
SRS 5 C 360, WL E] Dy 2009 4F 4 H 27
HZ 2010 4F 4 H 28 H . HAHI A FAT LI 3.
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Table 3 Management measures of double rice fields

A 7] (EpLEnyi
FLFE 2009 4F 3 H 24 H FEFE
200944 26 H Jti A EAE (5026 &AL, 100 %6 B A
60 Y6 IBRAE . 5 MLk
Bk, LR 20 em X 20 em
HEAMEENE (4020 AT 40 64 AE)

2009 4% 4 H 27 H

2009 4E 5 7 8 H

2009 4F 6 H 8~17 H  HEZKHf [T

2009 46 4 18 H SEFAE (0% A

200947 4 13 H thed]

MifE 200946 A 8 H FEFE

2009 457 H 14 H Bt

200947 H 15 H JEEAZEAE (5026 ZAE, 100 %6 B A
S0V B IE) . A5 HLA A S,
ok

200947 H 23 H B SFBEAL (40 %0 EUIE AN 50 204 AT

2009 4E 8 J§ 13~20 H  HEsK g

2009 4E9 H 07 H T AR (10 %0 &)

2009 4E 10 A 10 H ikl

PRER 2009 4E 10 A 11 H~  $RERIBIEURE
2010 4E 4 § 28 H

2.3 REFERMNERER
RSB — ML, YTaRAEm 5
RHEAT IR o SRAEAE R R BR IR A R B AR
55 em, & 1. 2 m, FIARSPIRENG “RETaig @7
XUZBCT FARE 23531 PR Bl 268 e 2 A G A R
WK BH GRS M 5 RS L BE T . SRARAR NS A
A 7 R M AR Bl P XUB PSR BE S A . R JE Pl AN
BRERHRI . TR 0. 25 m®, KRR H AT A L
HE 10 em, JRIE A —HR “U” BUE BDRME (18] 18
NI > PRAUEIR PN K 73RS 5 R T S PR s —

. RAERTE A 4 08:00~10.00 (JLHTRF ] ,
BEUCRAE HT T JE JAE KA I 7K B UE 5 1A e S 5
10, 15 F1 20 min Ji5 FHEE ST I 60 ml 44, HA
TSl LA 1 B B DR I [ S 3 5 0 Lk
BE o WL MR AR A N SR A AT R Oy BB 3 R —
UKo I 5 O T O U8 iy 4R — IR, - AE G
FELIH A0 28 BBURE AR . R A A v [R5 i B/
XK 2R EE . 35 em JREE L RIS (pHD %
FEARJE LA (Eh) , SRFERE A I5 B h i 6 1
LR A SRS A shids®. PRINEIR RS 2 h
JA—w. RN E + 58 5 em W B AR
SRR .

SR CH, AN N, O ¥R JE R A 3% (Agi
lent7890A, ) M. KI#S /3 A KOG 1
frlgs (FID) FirsFHi Al g5 (ECD) ., LA 43
A2 200°CHI 330°C, JrEgpiklbE PQ L FEAE, AR
55°C, Dimali A M. WE N.O W E R ECD
FH CO, (5. 670 — N, AT R MRS
SFaE (Zheng et al., 2008), {X#FARHER it EH
FARMEY) T DAY CHL AT N, O BRI,

KFEAR I 4 pH A Eh 43591 b 5 4% iR
Bt (IQ Scientific Instrumentsl150, FEE) FIE L
I JFIEAL (Ecoscan, FERFD M, 13 0~10 cm
P IRFR &K fksd K 43 B 34 (ECH, O Log-
ger, LED L%,

2.4 HEFEMEIEST

FEH CH, #1 N, O HEHE & i 58 A =0
(Zheng et al., 2000) :
= ol Ci{_f 272373+z pﬂo’
Hrr, Fohy CH WHERBGE R (A7 mg-m *-h™ ")
AN, O WHEGE & (AL pgom “-h '), o A
FAER RS T % (CH, A 0. 714 kg/m® I
N.O H 1. 964 kg/m®) » h JE285d 7K )2 5 B R A e o)
FEFETOUERER /K T 1) 56 B g B Cfz . m), dC/de Oy
SRAEIS AR HORAER N CH MR AR fL R (A7 ml-
m *-h™') 5 NoO W BEARfL 3 (B pl oo
h™') s ¢ FERFERINFEIREE (R O, p IR
FERINAE, po AFRHER SR, BT X4 R
A2 m, SJEFRAR/N s SEPRTTHE P Z s SRR R .
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hm? ) J2 d AR AR P A HE i 1 9 - 24485 00
) ey ) A fe » SR J5 B R InmiAs . 435 2L CH, #l
Nit.

TR E (Water-filled pore space, 6,,) iT&
J73 (Farquharson and Baldock, 2008) Jy:

o= -0
P _ Oy

(1—2)
Hrp, 02 BIEAE KE (em®/em®), T, /& 11
SALBREE (em®/em®) s o, & LI (g/em?), o
g IR (2,65 g /em®),

MR H AN N,O- N B4R R 5 (Emis-
sion factor, E) i1 /\ 3 (Zheng et al., 2004) K.

_ NtiNO
i A 3

Horp, N Rt BAE AL FE N,O - N HECR (B,
kg/hm”) , No W AH LA #E N, O - N HEjici (L
fii: kg/hm®), N B A A (RA: kg/
hmz)o Nn No*ﬂ NFiiJL‘,{ N—i’_l‘o
F A RE R4 CH RS, ZRA
X ), RAAPRBE AR 1L CH, - C i R %L
(Q 1ENM ARG IR CH, e 148 R, H
AHLICHLECHE AL Y CH, HR G I8 2 NPK ) CH,
Heilci 5 S A PR AR LA .
Co

ict_
Q=" e

Hrp, COHANLICHLEC AL CH, - C HEltE (5.
fii: kg/hm?), Co y HptifLIEAL ¥ CH, - C HEil &
(i kg/hm?*), Ce iy A PR A (BRA .
kg/hm*), C.. C,fl Ge¥LA C it

R E 4 Excel #3215k H OriginPro8 {4
VEEIIFF SASS. 1 AT 581 o0 b s ARl Ry
PR B 1 R ) LSD A g, A H A HE R
B F 55 (T). 135 em @ (TO . KZEE
. pH. Eh IS 0 ~ 10 em H3ERF 0, 45555
EXH Lo Bl A (Stepwise selection model)
I3

3 HER59H

3.1 CHHABEENETELMRITHNE
AN REAE AR HRE | AR CH, HERCHE R BLH A
IR AR (B D, 58 CH, HEiE 54

(2)

LB 2% . HE R BE I, Rrgemt a4, A8 fb i
£ 0~30 mg-m *-h"; Wifg CH,HE8cHE & 728 ki
M, HEBOREE R, I EITE 0~70 mg-m *-h !,
AN [] A L i R A U oA 1 9 3 h 0 G A b
T, TP HH S 2URIREARG, RO S BIME K 254 CHLHE
AR A R . RN CH, HEB AERFARARAK
FEUI 2] o i, X BEL it AR AR b BE L R R AL
P MEACTE . AR A0 IHURN VA A 3K PR P2
CH, HEffE &=/ 0. 01, 0.09, 0.05, 0.18, 0.17 Fil
0.04 mg-m *-h ', AR T /KA K 0 HE ik
(FED,

FeiH CHL HEf 3 ZEAE KR A K Y (95%
PLED . XFHR . Al AR AL HE . R s Ab B R AL
A= ZEALFERN A v Ab 38 ) RS CHL BT HERCE 73
A EAEHERCR A 4400, 270, 3390, 44%, 23%
27% , WRE R HERCER 4 B A HECE 1) 552,
720 67% . 52% ., T5% M 72% . IKINIIN CH, HE
A, B AR PR CHL HERCR L 44 HE
FCRAY 4. 40%0F0 1. 16 %0, HAABEE/NF 1%, 5k
SAFHERC it A0 AT Ak B EL A il AR Ak R T
3520 CH HERL, (HERARE (P>0.05), HHl
TeHLECHEAL PR, RERCAR Y CH, HE a2 1R i b
PR 2. 44 £, AZEAE PR CH, HETRC D& TH i b 3
Iy 2. 45 £, 2R EE (P<0.05),

3.2 NOHMEBENETTHMERIENE

B WA AR I TR RE Ak B AT AL TSI G it
ALFLAYH B — R ) N O Heilog (| 2), B
FEREAR 11 KI5, BTk )28 T B2 ny HE k.
55 19 KR BNE A4 7 I B HE R R AE. LAtEAE
REAL PR B, B ACPRR Z . BUE, T E ETGE
FREZEFEHERC WHE A TE N O Helod, ek mg
P TCIK 0T PN 25 2 A0 B LR 3 — A N HE SO, oAt
SEFRHEBON S o WA N, O HE e 1% T4
P FH AR & B N, O HEBOE . IR N, O HRil 22
S IAERS AR 5 1 K B B T I A 3 HE 0 B
Ko HAB B HERCECH 5 . IREETE 0~200 pg-
m “-hto AR N O HERCR G055 . 13 3% 2L 1%
K JE B R B R B HEL (2009 4F 11 A 17 HD,
WE IR EERAR . BEKED TERrEEm No O HERL
B, 2010 4F 4 H 2 H HBURRIIAYEE —A> N.O HE
i, FTRRE Tz e ARk R 2, R Tt
A= P Ak 0 S A A TS SR 51 A /Y . 2010 4F 4
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®4 FEMERLETHEE CHLMN,OHHE

Table 4 CH,and N,O emissions in double rice fields under different fertilization treatments

CH. HE% N2 O HEfi
(e b ¥ SEHHEGE B /mg - m 2 - h ! CHy BB ke - hm ™2 SERHERGERE/pg - m™? - h ! NoO - N ZFUECRE kg - hm?
Hig  CK 3.49+0. 60¢ 64. 50 26.11+2.19b 0.31
NPK 2.7240. 26¢ 50. 27 208. 22454, 07¢ 2. 45
RS+NPK1 8.25+1. 17 152. 46 80. 24+4. 812 0.94
MR-+ NPK1 4. 4840. 63be 82.79 126. 3428 928 1. 48
CD-+NPK2 8.51+1.78 157.3 56. 21412, 54 0. 66
BD+NPK2 4.0640. 55¢ 75.03 91.98411. 10 1. 08
MR  CK 2.8740. 10° 79.95 7.3247.71¢ 0.13
NPK 5.0840. 93¢ 141. 39 37.8342. 50V 0.67
RS+NPK1 11. 0820. 85P 307. 21 28.0448. 15 0. 50
MR-+ NPK1 3.5140. 76¢ 97.78 35. 866. 200 0. 64
CD-+NPK2 18.2342. 822 507. 52 29.73+6. 56 0.53
BD+NPK2 7.1240. 72b 198.11 83.36421. 29¢ 1.48
R CK 0.0120. 02¢ 0. 64 3.98+1. 14b 0.12
NPK 0. 0940. 07 4.00 12.124+2. 87¢ 0. 36
RS+NPK1 0. 05+0. 02 2.13 2.794+1.15b 0. 08
MR+NPK1 0.18+0. 067 8.32 10. 024-3. 522 0. 29
CD+NPK2 0.17+0. 18 7.78 5.0741. 65 0.15
BD+NPK2 0. 040. 0. 02 1.78 5. 2042, 294 0.15
£ CK 1. 46£0. 17¢ 145. 09 9.58+2. 96¢ 0. 55
NPK 1. 9840, 32¢ 195. 66 60. 82+7. 79 3.48
RS+NPK1 4.4940. 47 461. 80 25. 6743, 63P 1.52
MR+ NPK1 1. 9240. 35¢ 188. 89 41. 4749, 672 2.41
CD+NPK?2 6. 341, 16 672. 60 22.1145. 200 1. 34
BD+NPK2 2. 620. 30¢ 274. 92 42, 898, 792 2.71

e (D Aol I P EARER 2 (SE)s (2) BARTEE a - ¢ FR Al —f8AREA AL AL L 2 0] LSD #5360 8 & P22 e r 4 (a=

0.05,

F R WL S Bk o il 1 N, O R

5 UAER I 25 5 AN (Zheng, et al., 20005
Nishimura, et al., 2004), AXEFTH N, O Hiji 3
BT EKRAE RN . X R iR AR B, A
ARFR L TRA AL, AR ZEAL FRAITE M AL FE A R AR
AR N, O Zit-HRik i 20 5 44 HE S B
78%. 902, 95% . 88% . 890N 94240, IRIN P
HERA (5 AR /NS 43 145 5 A0 P g b X4 7K Y
N, O HEBOW I AR Bl L S5, 2006) . Jiti Ak IE AL
PR R R AR I N R 2 HE N, O T 32 4E N, O
FitHFca B T HAAL R (P<<0.05), 7EA
PLICHLBC AL B b, TR AR B N, O 248 2ERHE
i R RAL B = 5920, TRIEALFRY N,O 44F &
FRHEC R A 280 3 102%, Wb R CH, Rk

) TR TS RV TS LU B B 1 RS R RN 2R R HE O 211
N, O,
3.3 IRHWEFR CHLH N,O Hi I FRER &

3a M1 3b fii7n . R BEAE RS AR AT S A AR R
HACRES . FRREFERS AR 11 K i 158 BER 35 H 1)
BAMK, BB 0~10 em HHEREE 0, KF 90 %,
14 5 em Eh WA _EFHEABAL TR FORZE . FAEM
WO RS A BITE R Ak 42 K 29 K5 R BCHE /K 09 HH 1%
fiti, SR -HERE 0, 208 T, Eh R ETE. K
T AR S IR TR A B iy = IR R 2
st a] Py A AL T TACKRES . M TR, %%
ARFRR R K 2 AR 5 1398 Eh AR AR B2 A5
(P<<0.0D), 5+HR R 0, B 5 & EMHK (P<
0.01), MM+ Eh 5 38 B 0, 78 24 2% 77 A
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Fig. 1 Seasonal variation of CH; emission fluxes in double rice fields (means + standard errors)

B2 RS N O Heo 18 CRSE - FriER2)

Fig. 2 Seasonal variation of N>O emission fluxes in double rice fields (means+standard errors)



P 35 %

714 Chinese Journal of Atmospheric Sciences Vol. 35
600 @) CK 115
1 — NPK
400 —— RS+NPK1 12
—— MR+NPK1
—— CDWNPK2 fg
200 —— BD+NPK2 R
E — KEEE > :id
= g
5 0. ] i
1; *®
—200- A,
—400 T T T T r—3
0/ —
140% 1 ()  imem 150
— TEEE

TERE

TEREE/C

S|/C

_10; [ ll .ll @ I |..I

H FEK & /mm

20

2009-04-28  2009-06-28 2009-08-28 2009-10-28 2009-12-28 2010-02-28 2010-04-28

Date

P03 R RE I CHyR No O AR S R : () B AL KET AR R A id s i (Eh) L5 ] 7R )2 8 B Y 2= 35 284k 5
(b) 5 em FIEREE (T A0 ~ 10 em HHERSEE (0 FHEE; (o Hir/HMRSIRS B KRR

Fig. 3 Main driving factors which affected CHsand N, O emissions: (a) Seasonal variation of redox potential (Eh) and water layer thickness

in early and late rice fields; (b) dynamic change of soil temperature (T) at 5-cm depth and 0 = 10 cm soil moisture (0y); (c¢) annual change

of daily maximum temperature, daily minimum temperature, and daily precipitation

7* (P<<0.0D),

AN LI HH PR A RN R K B R (8 30,
EESEAT—3C (1 A)~40.4°C (7 A) Z[H],
FRE . MR AR 58 5 cm SF 343 43 0 Ry
24.8°C., 27.1°CHI11.7°C, 3 ~ 6 A NIEAK 44
FEIKEY 56 %0, IR S 38 5 em JEEE AR L
BEFISE (r=0.91, P<<0.01),

CH. HEGHE & 540 e 258 2 270 [mH 43 B &

B, MK T CHHRGE S 3 5 em il
3% Eh Z AR BORBUE XM B R L7 72
(5) 1, iy FH TR JC K 26 CHL HE0E 1 52 21 4 5
Sem M TR W ZR G 7R (6) ], LI
BRI, Jove HIR)HE K -5 5 i R BA I
B> ZERAET A IR Z 8 5 CH. HETCE %
I Eh 0 SRR R e P SRR L i R
TE—EfEE I 1 3 Eh B4k, gl i, oK.
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AR IR SR CHL HEBCR 22ty F R &R,
Fey = 0. 41 0-008ERH0.064T) __ () 55

n =199, R* =0.32, (6))
F(‘H — O 116(0'047T~‘+0'22ww> . 1 31,
Y
n =221, R* = 0. 29, (6)

H, n NFEANL R HE REL

N O HERl B2 B, 24N 1 T4 4 F
N, O HEoE & 5 RAFE R B R B e & L
(D] AKFEAER N A& T 40T N.O fE i
5 1 Eh JMETEFR R B o R LR (8) ],
{HAAF PRI KRR AR R PR 2500 N O HE i
SRR R ZEIFAFIERERBCR, X
Al RER HTAS I N, O HEsGE %5 K 43 22 A
TORK, g FH A TE No O HERIC, BRHGAR M 17 51 R
B Z KA A A WL 8 P 2 2 i HE G AR

Fyo = 7. 22¢" %7 — 26, 47,

n =211, R* =0.15, D)
FNZ() = 32. 0460' 0027Eh 27.43
n =55, R* =0.11. (8)

3.4 AEENYEZE CHH N, O B8k

F AN [ A B B D R A AR A, TR
T Q T E {8 KAy 5 A W A ML L™ A= CH, Al
N.O WIRES . BMRGERILEE 5. REBE IR Q
HAAfE R V2R, A2 Q E ik 8. 52,
R FH A FE (P<<0.05), FEEANHLN Q {H
b 4. 48%0 B KT HE AL —0. 33 V0 iR AL
FE1.01% (P<C0.05), B WEAE H rpopr i - 3 =
CH, WRE ) 5k, X2t TR 28 R A T 4t AT 4k
RGN RIS ). BURLALA . 16 P LK
WHERMERRNITR & AERAE S R AR ™ H e

FAA AKX E) CHy . FER oA eF 4 R
S5 50 o1 AR DLBRAEWE K S5 T 2 TRl A W KA
74 CHy, i H C/N W ESSE, TR mIEHLANE G
Oy T A . R AT i 2 A A OOR F JE e =X
St KRl AE R . AL 2 o ik 1 A BILBk
B I, FAXE S AT HILZH 53 A0 AR 5T 22 SR AR E B
WEEYIRE . ROA LR A CHLBE ) 5 A
B AR R R,

AEIE XA HLYEE FE N, O HR e

s, ALACAL BRI E B2l 0.8500, 3 & A8

EEAMFRAIA FEA TR (P<C0.05), [ I Ak 38 T i
LB EAE 5030 0. 45% K0 0. 47 %, BB gt AL AR
WEHRREAR T AT00 R 4500, HES AR E (P>
0.05), SALALACEEAR L, A HLICHLEC it wT LA fiff 7
&L E B 45 % ~ 80 %, 9 2H Jic it Ak 3 b Ay
PLEL™E N, O Ry 574 CH, BB AR A I .
PRV AL BRI E S E T 1 F AL B 8806, TR Ak
R E A Le 4 2840 PR 176 %, H 2 R R B2
(P<C0.05),
3.5 T2 CH,, N,O HEKRENN

FRANt AT AL FRAS . A5 BILTCHL I it i A A A 2
MR, AR IR B 1R, bR 2 R AR (P
=0.05) (8 6), LA 100 4= Ay isf ] RUBE . BAL7 T &
B CH A N, O 1 2 BRI IR % (GWP) 433 8
CO; f 25 f5H1 298 {5 (IPCC, 2007), A [ 4b B
CH, F1 N,O g R JR = % (Integrated global
warming potential of CH, and N, O, & GWP, L)
CO, i) HEMARM 2R, XIS GWP fF/h,
{5 3.89 t/hm’®, HABAL L) B GWP ¥ T XF
MR 5 55 i A0 TG bt 2% R T R R AL B Y R

x5 AEMELE CH 1 N,O =L NBLE

Table 5 Comparison of CHyand N, O generation abilities of different fertilization treatments
CH, N> O
Jb B MR AR /kg-hm™2  CHy - C/kg- hm 2 Q MEHAR/kg-hm 2 N2O-N/kg- hm 2 E
CK 109 0 0.55
NPK 147 345 3.48 0.85%*
RS+NPK1 4442 346 4. 48%" 401 1.52 0. 24 %"
MR-+NPK1 1496 142 —0.33%¢ 409 2.41 0. 45%®
CD-+NPK2 4189 504 8. 52% 452 1.34 0.17%"
BD-+NPK2 5832 206 1.01%¢ 461 2.71 0. 47 %>

TE: a— ¢ FORIFE—FEIRTEAR FREAL AL BE 2 0] LSD 4550 . % M2 70 4 (a=0. 05),
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F 6 AEEIELAETREFE~EM CH . N,O HEEIER =M
Table 6 Yield and integrated GWP of CH,and N, O emissions under organic and inorganic fertilization treatments
[EEATES s CH. i N2 O HEi
R/ M Fe/ R CO. Jise/ FFRL CO, it/ B GWP/ R i)
KT kg« hm? kg+hm? kg+hm™2 DN kg - hm™? DN t+hm 2 GWP/kg - kg™ !
CK 3333b 3875b 3627 93% 259 7% 3. 89 0. 54
NPK 7083¢ 76412 4892 75% 1630 25% 6.52 0. 44
RS+NPK1 70582 76504 11545 94% 712 6% 12. 26 0. 83
MR-+NPK1 6966° 75674 4722 81% 1129 19% 5.85 0. 40
CD+NPK2 68502 77674 16815 96% 629 4% 17. 44 1.19
BD+NPK2 69252 80337 6873 84% 1269 16% 8. 14 0. 54

E: (D a, b FREERAEAFEAL AL B Z 0] LSD K5 B 35 122 5/ 4l («=0. 05);5 (2) Bf ™k iy GWP 2R — 4L M A 4F R 5 GWP

A kg hm™?) 5FEE 5 (AL ke hm™ %) BYLLIE.

GWP Ry it ab#L Y 2. 1 f%, 4 2Eb B & GWP
IR RTREAC PR 2.1 4%, SAHEREAH E . it b AE A
A HLICHLEC X3 i Ag F AR =l AR = AR HE
T AU A AL R TE 2 RE A 8% AR i 2 A%
s B ALY S GWP K T fb e b 2,

PRI 2 A i FE R (AR T 3 3500 1) BT R AN
WA, i AR FR R CH, = A (TR ZE R0 5 — 3 B
GWP ) 75% Lk b, BFEH FERESI. R
AL B Ak B, N, O X — & & GWP (1) 57 #ik 4
25%, BT AP AL HE ., PAL7 =5 A GWP
(AP RET SO R A5 7™ 2 RS FH CHL R N O HERC 45
8 CO, it 2t i 0 AN [ it N 15 it 199 428 % 8 25 A
W4 M — IR R (Zou et al., 2005), FEiEAbHE
AL E Y GWP U 0.4 kg/kg, (U555 1L
ELZ&PE R R AR B 48 0, AR T AS it AT it AL A
SRR, A ZEAR PR AL R GWP B, 2T
AEFEAY 2. 2 f% . SREECRIE 2 S L AR ECRE AT HE . R
T AE S5 LI BCAG A RS O CHL HEBRRAR 592,
CH, Al No O 1) 3 A 35 % 850 0 43 501 B AR 5206 Al
53% . R AR E I XA VLR S 1k
JIESTC it Fi 4% A i e AR 4 A ™ v ) Tl = AR HE
)/ LR AVt 15 X A W (T E R = O Al
4 it
4.1 CH,F1 N, O HEFIHIK R

Fir A AL 3 CH, F1 N, O ZEHEC T 8] 1 34 T TH
KRR AR AR A I P T v Ak 33 RA it A A 3

CH, A1 N, O HEBCH & A7 78 IEAHC R AHKE R AL
391 0,33 (P<C0.01) F1 0. 45(P<C0.01), %4k

WA F AN E5 18 (Cai et al., 1997; KP1E1E
&, 1997; Zou et al., 2004) , % FAFH CH,H1 N,O
HEHOF ARG . AT A LU W5 R A

(D P2AEFRAA—2, CH, — =4 F L3k
VERRJEE (2~20 em) (L BATMESE, 1994), T
N O [ 7= A J2 R R A 1 458 B 45
2004), MM E]JC/KE SN, FE+HHE (0~2 cm)
C2BH T N,O =AM TR, 11 2 cm PLFA)
IhFIRJFRAS, CHy A58 i R Z 2. K FS
ARVINRZ TIEEAA S ET S, fEHEE T
FAFT . 222 R IR A RS AR A PR 20 T R
Hejik N O, 1 L EEUR)IZ 40 T H FK 43RS ik
JEARAS . K2 R T CH, [l KA HE. 8 R
MAE (2007) NN F R A AR A ) CHL A N, O
[ 20 K HER 4 .

(2) HEffE AR A g, CH, M N, O #B ] DL
KRR T 1 ) RACHE R (22 R AE . 1998;
Yan et al., 20000, HREGAEHH N, O LI EH 5 5 F
K 2 E T HERICAR AV 1 G FE 3 1) 4 v HE il ORB3 1
&5, 1997 ARE ST, 2003), ANiEG AR HIVEE Y
WA EEIL 22.5 t/hm?, HEUKESEETEER
PUBR R A TS SR B T RAFIAEAEIREE . K)ZR
T AR 0 7= A2 1 N, O Al 38 2 7K T B 1) KA1
7K 2R 4488 vh = A g CH, I3 58 7K R AR 22 0% i
A LB, 1BREEIE S NH, "~ N 278K i it
A EIFE A6 NO; = N, i NO; - N kA T3
JERIRAEFREL 5 LSO ARAE ™ A2 1) N O JRA] LA
ik A AR IR e RAHER (Xing et al.,
2009) ,
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4.2 IFEEZEMWNER CH, 1 N,O HEA IS5 0E

MZERGH CH HECGR B “RAg 0, MRiZ,
UNGEUEE RS TR S RS b N < TR f o S
VIR . RRAER I i 2 m oK, <ORAR.
A NG S Y CHL R 22 TR, HEIK
FREE ] . 15 A 9 FH 09 PN i s T JE R 7K, 0~
10 em +HEBJEREZE 60%, WM 75, 23 CH.HE
TR BT . PR PR BT P 198 DR 22 50t [i] P FH i) 4k 3G
KRS, MHAHE S em SFEREENCY 11.7 °C, £
e A CHIIRE T o3 Ik o AR AR i 2o %
7K ERT CHHEBCRAT — & R BHAFAE . HEZK
R4 /K 2 28 3l A7 )7 CH, ) RACHER . CHL HE
R T O T R A . Eh Bk 3 R 2R
B, IR B MR 2 HA TERUON . WK AT £
8 Eh RGN, T8R0T LR RN
IERLN . 4 Eh {1 RN A7 S90S o 55 Y 45
il 17 S AU IR T RO SR (Yu
et al., 2006) . AHICHMEST BTt & BU A& AL BRI 1-3% Eh
A SR B 3 B RORE e . SR K
IR TR & 1 J7 R RE RS UG A D CHL HE Y 2=
RERSIE A o

XUZERE N, O HERFEZE R A K R A A
IR . 24N N O Heloa & F<E . Eh 4§
IR R AL W A DG FI R B & o TR
A Eh %t N, O HE s & 09 /5 1S A 7E H a1 5
ABeFRI K, B WA H IS N, O HEjd a]
AE -5 7t A 77 =MD FH R (B G o ANl K R 1) UL
WA SR Z N 233 kg/hm’®, JLALT LA I
At A (FRAESE, 20005 AR SCEF, 20035 X 2L
4§, 2006a), T HL5 . MRS AR 30 KA 21
KA TEUGHEACHG FH , a] B s 1] 2R T HoAth 7] 28 3 56
RS A 46 55, 19975 48 7 SC 4%, 20035 X1 5 4%,
2006b) , & H 1A B A (NH, - N Al NO; = ND
SHREMEE 10 RN TR, 2% k. 12
WA A AL (Nishimura et al., 2004; 254
B, 2009) AR LA B A MK AR, WA A
#% N O K HE W & F (Bremner, 1997; Nish-
imura et al., 2005), —SELIN AT, AF HHHEK I H
N, O HEB s 8O (Yagi et al., 1996) . A
WA DL 2540 H3Ew BiA. pH ¢k
ZHO N O HEBCAE TR Tk 43 IR S 12
B ( Lee et al., 2006), 7K. $AEEIREE R X 4E N

N O HEgpyEm, SATE HEAR TR R T A
RERILTK .

HUEBFEE RAE] . AR KK 53224k
EIEFEH N,O HE0w FEHE R, RATAN Y 1
YRS ORI IR AESS) K F 6
b BUAEAAE T 26 AT, FEAHER N O, HATEAL
SEBM GESUR & pH %) fFFAZ0RI, —HA
| N, O 72k )y 32 40h Ft it s BUS shiHEiGE 2
4.3 BHEIT N,O HE AR &2

it A LTS ) 2x 58 in C 5 i 3 i g - CH,
HERC, ZA R G HABPE R E S5 R — 2 (Yagi et al.,
19965 4R 3C4E, 2003) , HAS[EA HLY R N, O
HER R e WA 5 2 . A 45 R R WA Rl AL
TSI 2 0 H AR N O HEjik, JoHJE A s
MA2E, ARG ISR A BRI A
I P R AL RE 1 AN Y i PR AR PR BT 5 F2 SR AR R ) 1 4%
N, O HEjit (Farquharson and Baldock, 2008; Yao
et al., 20100, — 5T, A HLERIEA 11 5 [ e 5%
BCA A . FHOL C/N H S g @ WA R/
Pk Bt EEE N & (Huang et al., 2004), C/N
Ll A R B340 T MR AT 3 e R SR AR, TR LR AR
IKFEAE R A Y 3 A A GRS
2009) s MIMIFEAE N O HEC, MHELZ R, R C/
N Ee/N B T i e isca s0al . Hak 1™
A N O W Rkt B 7E S SR UAE Y 2 5 G
PRI BN BLAR A B Al Ak 4 T P g i, fe it
N, O #HF—H R JF 8 N, (Azam et al., 2002), 3%
AR C/N ELAE X ZT , H =381 E FR7ERCKR
25, FHEIFFEA P HAGREZTEER, (i
TIEPRAEAERIE . ART N,O &5 N, I
Wb N, O HEK

R WA DL R T BETE R R TE S FAF
TR 250 . B R RN 2R 250 A E LA L
SICAEAE T I 0 R 7 e R v 257 2 —
EBER NO; - N, NO; - N & 3K X} 78
JEAE T SR E A =4 N.O BB i, it
AL, AR N, O HE 2 ik 7 C/N L
RERILEMA VUKL Z MR, RMEH —
BAR R WA ML N, O fE YR 55 . C/N
XA HUIE = 4 N O 3 5 3 el T C/N I
FHZEBRIAPERZE . X T C/N i A L
R S, RRIES. A YL AH B AT RE R %
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(1) 2r3enZEfa i CH, Hejg 3= B8 p e K Fi A
A P A A PR B B AR PR A P ) G R 2
K CHHERCES s N O HEos 52 & A Ae K f k.
KW, IR .

(2) 7K. AL IEIR S AE H CHL HER R 15 A8 1k
MR ZE . H K 408 T 6 Fi -3 Eh X
N O HEA — e, A BER A K CH,
N O FEHEBC 1] TETH K R . HEK I H A 5%
U/ L CHL RIS 23380 N, O HEL

(3) A P4 CH, il N,O [ 5E )1 /7
PR 22 5. B 1) R 2 R 24 25 1 A LB e 1k o
CH. B, 7= NoO BIBE 155, T 20 B i
FNEE W LRI . 5 AEAH H . A HLICHLED
Jiti P ARG T E0AE N, O B 2R 50

(4) CH, 7= A i a %00 o 2R F 44 R R
RN 75U SR EEMIRESRA. DA
TR AN v AR et P R e R 2R 3% ASAT DA K
J3E RAACRR FH R (AR = 3000, T ELRE RS AR 8 1k
JE . PR

BUA DR A T3 I 2 MK I e ARl R R I
BEARIR | PR 270 [ (] SRAE R A P A Bl | RSO Pl s ARk R 2441
TESCHAZIN 3 S — i B 4 AR L ZNESUE BN =)
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