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FEEE L V] it DXOREE P o 7 DX ek it AR R 2 o, UM a5 ke IR R A A, 3N, O HECR K, ks 12 i
TR ROV SR VZ 06T . R A A - R G i BT BT b e XA R [ B AR R N, O HEURRE , U5 5 ANt e
SEPE AL FEH AU 300 ke/hm® T 57 R 28 A HLAL FCiE 2 A0 2, 430 H N300 11 N300-OM 3% ; i fb AU 240 ke/hm® T 5
Jiti R 2 AT HLAE L 2 A0 FE, 4351 F N240 1 N240-OM {35 ; % BEAHE ZUIE T NO AR36 IR0 2h A il v KOK RS AR K B Ag 1
-3 N, O HEl 32 L4 v e KR S BE i B K R A K A PP 300, R AUt P T K B R R A9 AR AR X N, O HEBGE B i K
A FK ARG BB B N,0 2RHEE 585 10 + 5082 NOS-N S sh 8248k WM, FEH N, O HERA S B b i X
et FRUR U 9 F2 2R A% (L DR N, O A 1 T PR A 5 e RV el i FH £ T S8 19 N, O HEJCEE | ZEAR TR U R K
T AU B 23 2 1 A -3 N, 0 AHERCE: (P<0.01) o Db Ak it A A 28008/ DR K R AR 2 N, O HiFTisceE . i
ARk B A 7K RS B AN A K Fe 2 HE N, O HECA A 2. 69—3. 87 kg/hm? | BRI EGE 3 N, O HERCH 46 19 1 43 AL H 0. 43% —
0.64% , TETE X IR KRN 28 300 kg/hm® I, N300-OM AbERAGAE IH N, O HEf & 3k 3. 87 kg/hm* | 7 100 a B} ] R _E 14>
BREGR S (GWPs) 24 20. 76x107 kg CO,/hm* ;AL 240 kg/hm® 7K F T, N240 1 N240-OM AbFEAY N, 0 Eit-HEBCR 3 N300-
OM Ab3, A3 HIREAIE T 1. 18 kg/hm® 1 0. 57 kg/hm® ,7E 100 a ]RUEE L AHAEHAFH N,0 HES R GWPs 43 BIFEAK T 6. 33x107 kg
CO,/hm* 1 3.06x10” kg CO,/hm’,

SRR BT R X 5 A 5 ZEUIE L 5 N, O HETI ; 43R il v 2

The feature of N,O emission from a paddy field in irrigation area of the

Yellow River

ZHANG Hui'?, YANG Zhengli"", LUO Liangguo" ", ZHANG Qingwen', YI Jun', YANG Shigi', CHEN

Yuanyuan', WANG Ming'

1 Institute of Environment and Sustainable Development in Agriculture, CAAS/Key Laboratory of Agro-Environment and Climate Change, Ministry of
Agriculture , Beijing 100081, China

2 Ningxia Vocational and Technical College, Yinchuan 750002, China

Abstract ; Input of nitrogen (N) is essential for high crop yields, but excessive application of N fertilizer increased the loss
of gaseous nitrogen. Gaseous loss of N is a main way of nitrogen loss in the paddy fields of the irrigation area. The static
chamber—gas chromatograph method was used to measure the N,O emission from the paddy field. The five N treatments of
field experiment were conducted, including two treatments of the conventional N application rate (300 kg/hm®) , i. e the
application of only urea (N300) and the application of the organic fertilizer ( manure) with the urea nitrogen ( N300-OM ) ;

two treatments of the optimized N application rate (240 kg/hm’), i. e, the application of only urea (N240) and the
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application of the organic fertilizer ( manure) with the urea nitrogen ( N240-OM ), and no N fertilizer application plot
(CK).

The results showed that N, O emissions mainly occurred before the tiller stage or at the pre- and late- rice growth
stages, and more N, O emissions were measured after rice planting and irrigation. At different nitrogen levels, the total
amount of N,0 emissions during the whole rice growing season varied among 2.69—3. 87kg/hm’, and the loss of fertilizer
N due to N,O emissions was only 0.43% —0. 64% . N,O emissions from the paddy field is not an important way of nitrogen
loss at the Yellow River irrigation area, but the warming potential through N, O emissions in the irrigation area is not
neglectable. Excessive application of nitrogen fertilizer in the paddy field significantly increased N,O emissions, and at the
same level of nitrogen application, organic fertilizer amendment increased N,O emissions from the paddy soil (P<0.01).
Optimization of nitrogen application in the irrigated paddy field during the rice growing season reduced N,O emissions. With
the conventional irrigation practice, N,O emissions from paddy fields in N300-OM treatment reached 3. 87kg/hm’. In the
scales of 100a, the global warming potentials (GWPs) were 20.76x10" kg CO,/hm’. Optimization of N application in the
irrigated paddy field during the rice growing season reduced N, O emissions. Compared with N300-OM treatment,
cumulative N,O emissions in N240 and N240-OM treatments decreased by 1. 18 kg/hm’ and 0. 57 kg/hm*, respectively. In
the scales of 100a, GWPs caused by N,O emissions in the paddy field decreased 6.33x10” kg CO,/hm’ and 3.06x10” kg
CO,/hm* | respectively.

Key Words: The irrigation area of the Yellow River;paddy ;nitrogen application;N,O emission ;global warming potential

N, O 1ER—FEZ AR = S, BARAE R T R EE L COL MK, HIA R R HER 76 20 2,100 a,500
a HYIFR] R BE || B0 FfidE N, O A2 BRI 735 ( Global Warming Potentials, GWPs) 4351}y CO, Y 275 298 156
5120 IPCC MBI IR, KA B N, O A LL 0. 2% —0. 3% [ 3R A3 i, Wiit-5] 2050 4F
N, O 7E RS H I ARBUECKE3 inE] 350—400 ppb">' . KA H 90% 4 N, 0 2k [ 38 A PR, A< I 4 38 2 4Bk
B FE N,O HEBCIR , v [ Al 4 338 45 45 T 3k 4 MO AL 5 FUIE A B 1 AR BN, O ik o HE AR £ 1Y
40% ALAEEIERE A1 N, O HERCE 5 N, O HEBCE Y 749 2 SaAlit, A8 ARG N,0 25 o [ 4 B
HEMCH) 7% —119% ', RAEAT WG 0, 4 I A3 h R iy N, O HERK Tk B 450 (5 N, 0 75 R + 39 5 il
AR R RL =4, KRS A A B HE T A B K 432 A R B A IR A8 R R 2 il 39 N, O HEBCR KHg58 0 b
B ARBOKGIREE =, v ER 22850 XA B 7K 538 385 2K F A2 S A9 W A W2 1) v I T R0 10 o R 45 /K
A AR RE T CH, HERL A TR AS AT 3BE S i 7 N, O HEC, PR, XA FE R BGRE BT A4 0 HE R it , S i %
AR WA TR, S H T B AR A E B R

BECT] - YR DR e ™ D RS B T e RIS it 5 ke H IR AR By . R KM A 8
FHLHE I 1) 0 K HE G AR A AT LA AR SRy = A RE IR A% b DX Bt A ATLAE Bl 25 B 9T ke /K o 119 328 /L, /K A
AR 2 2 H AL TR IR A EOIR A X N, O 772 R S A s, ©A MR R, ZLE R | 14
T Ko AP R pH H5 14 NO; VR EESEXTREH N,0 By 7= A AR m gk, Horh IR i 5 02 5%
i+ 4 N, O HEBR B ZEE R HCTF R LR KR N, O HER it s Banid LT 24 M, hik, A
WFSE T 2010 AL+ AT F el X HAG AR M i 7 B0 DX il g oY, AR I8 XA N, O HEJCRe AiE | HE ik
S SFEA R ZR AR R R SR A B N, O A= BURTHE L3 S om0 A 53 3% L R F N, O HE s A f it
B S PR AR
1 MERAZE
1.1 a5 XA

TR b 5 AR AT R DX EAT AR 0 T R R B R AP FE ) (38°8'N,106°16'E ) i X F #E [
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BB BT T EM TR, TR, 24 HRER R 192.9 mm, K 1762, 9 mm, 4 XR
8.9°C , LA 152 d, 4F H HAIIA 3011 b, 4E PNk REAMIOAR Y 4628 5 18.29% , B2 17 58% Bk 1 219 , &%
2. 1% o XA LAS T A R 1, M3 A R DA b AR B R 30 em
Tidt MBI AT R L ik X LUK AR 3 KRS 2 4R34 7 8850 kg/hm?, 77 ME M A7 5 B0 /1N X i 0 sy IX
+ e 0—120 em PEFTAM BRI |, HFRIL PR 22 1,

F1 AUl T EEREAER

Table 1 Physical and chemical properties of experimental soil

TagEEE AL o) N T HEHZLF7 5 Soil available nutrients/ ( mg/kg) e
Soil depth Organic matter T-N T-P pH T-salt

/em /(/ke)  /(w/ke)  /(g/ks) N p K NO;-N NH-N /(&/ke)
0—20 14.87 1.09 0.80 96.33 29.27 151.67 10.10 1.09 8.58 1.13
20—40 13.07 0.99 0.76 69.00 16.80 144.00 7.52 1.08 8.71 0.93
40—80 5.73 0.52 0.48 41.67 4.50 101. 67 7.05 0.80 8.93 0.75
80—120 3.67 0.38 0.51 21.33 4.80 89.33 6.25 0.94 9.29 0.64

1.2 5Bt

RGN X BT BELHES . %8 5 ANIRAL T, 4045 % B ZUIE 300 kg/hm® F B 2 ANt AT AL ER 43 51
FH N300 F1 N300-OM 18552 ; P AL EAE 240 kg/hm® R 2 ANt ARALBE 4351 FH N240 F1 N240-1/20M L%, %
(CK) AN, FH NO AR, BARNE BRI Bt B 1 D3R 2, FLrh 288 N 20 0.3% , 5 /K8 197% 38
TR SR PR AU, B 30x10° kg/hm® FYFEZEAH S T 90 kg/hm’ YA ,15x10° kg/hm* FE 2540 S F
45 kg/hm* FENE ;B B0 A5 B T, 23 5104 105 kg/hm® F1 60 kg/hm? . DL FARBRAESS I Fe 8 M BB A4k
RIS, A DAL AR A i G 4 Rt ZUIR LA R 1 A At IR A B R0 5 X R R S R EF R
HAIAbHE

*2 HBRLEREESE
Table 2 Treatments and the amount of fertilizer applied/ ( kg/hm?)

i FHHLAE {731l AR A
AbHE Treatment Fertilizer-N NPKOM Fertilizer-P Fertilizer-K
(N) (N) (P,05) (K,0)
HHUIE A T (N300) B4 it Ak A 300 — 105 60
FHUA I (N300-OM) TR B A HUE 210 90 105 60
eAbrtia [ (N240) Hjite AL AR 240 — 105 60
Akt T (N240-1/20M) b2 EAE+ AP 195 45 105 60
X B& NO At e 0 — 105 60

NPKOM : Organic Fertilizer

IKAER A BRI AYUIE ) BEIC (EBERRES ) AL (K, 0) 768 M i F 22 A1 S 2L
ZEEEIFEA L. BIESIRIEAN 3 UGB A i He 53 31 4 :40% 114 PR 2R AL it Y, 7647 FHHE /K36 FH IS 4551
FHOETERHEZ R0 ,5 H 12 HAFB;60% 19 /KRR BGE AT , 3808 He 2510 20 BEAE (5 H 30 H) SRR &
FAEHY 30% ,AKWHE(6 A 23 H) i 20% JRAE(7 H 21 H) i 10% , HoAls B TR] R 48 25 24 3 > 5 — 2L
VHE 7K i BREEA AL B350 HE TR, XoF it AR FIES Fr) N240 AbBEHEE 57K 30% , Hoe b BV AK B AR RE— 3K, 2010 47k
FERE A5 B 00 I K Ab BEILE K 23 Uk, WEZK R 1600 mm, 157K 30% Ab B A T K IR ECR 21 WK, K &=k
1042 mm,

1.3 N,O SRRE A IS AR A
N, O SHAHE it R 85 A S WS AR TR R A SOMT ATk A, SRAEAR 2 /K 25 B B T RS Bl R AL WG AR | H R
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TH46 (500 mm x 600 mm x 1000 mm) FIJEE A (500 mm x 600 mm x 3000 mm ) P50 2H 5, #BEFH 1 mm JEARLS
AR T, AN S50 G AR T A AT [ T v SRR RSP G JBE KR P oK % B, TOUR AL PR IR AT R, B 1k AR R
FHAR ST AR A IR BE T o TR b oA A28 SR XU IR B S R AR R A 1 7 SRR R B
BF, AT DAR] 2D WA A PR BE A 4236 0—5 om 3R EE . HARSA H [R:RAE B A T i 2 AR AN EBRSEAY
FH o) SRR i i 467

BEUCRAERT A [ 2 7E 9:00—12:00 , KA E MEE 10 d T%E 1 UK, TRl AR 35 7K i A= 77 199 el it FES A 7K
R Y INBAERE, RH 5 AR 5 FEACPATRAE . SREERHESRTEFNFE S 30 min NSEL 3 UCRHE,
A3 BITE A S 0,15 .30 min I} ELZS 22 (VBH2005 , L/min ) 238 53 300 mL SARREFARAE

N, O ¥ B (A 5 7 v R SRR G5 ik . ELAAR S Al i 2k A5 2 78 v [ B2 g T BH R R A= At 5% B i
A S P S S A, ] HE GC-14A AR G35 TR i i N, O YR BE . N, O AR A i A A i
VI i, B FL A RAR (ECD) 20T, FEah N, O WREE 1Y 1 R FACHE i S AR E N, O FE S I i H AR, IR
67 B[] PR AR B T AR L AR T 1) AR R I ) N, O 38 £ i AR A 0
de 273
dt  (273+1)

K, F R N, O HEBGE R (pg-m™h™") 50 4 N,O WIS N B EE (p=1964. 28 ¢/m*) ;h FREEFA Y B4H =
JZ (m) sde/de RFEFEN N, O WEBEAZALA 0 SHARRNTREE (°C) o N, O Z=745 HiC i i iy AHAR 2 U0 7€ fEoK
YA, PR LA 2 YORAEAH R KK, BB INS 15 B A R
1.4 FEH N,O HERlr 4 sk 0 i i #4h 55

A PRIEVR I ( Global Warming Potentials , GWPs ) J&— ™ X 4 8 5 B 45 55, 9% FH Ok 2 04l AR HE Y
T AR REXT Bk AR T R 1 AR S E F GWPs(CO, B GWPs S 1) 26 2 A [R) it Ht Al AS [R) L &8
AT I AR H R (AR R RSO, . A R GE N, O SAMHERON 4 Bk AR Wz B 2520, 7 100 a A [A] R
JE b SRR N,O [ 2BRIEIEIE 1 CO, 1 298 52, it 7E 100 a B[R] RUEE 1, A% B AE K22 N, O HEIH
GWPs BRI 2% N, O HEjik R E /57 L 298 , 15t N,0 HEL Y GWPs,

F=p - h-

1.5 FdEabrg
FH Excel 2007 F1 SPSS13 - 0 #4305t e 475831409 o
2 BB

2.1 KFEAEKZ+IE N,0 HEEh AR LRE

IKFEHEAE K TR LI N, O HEBEh AR & 1, AS[R] Ak 3514 7 e EE IR 7K 96 S 55 2 R 3 e R HE TS 0
LA 224.38—73.73 pg-m >h™'  FiRLG M ] HEEE O/ ds — 2 /K2 ELER 1A, I ER A A D 5/ N, O
400 1 —+—N300-OM —=—N240-U20M —+—N300 —0—N240 —0—NO
350
300
250
200
150 [
100 [

NOHEHGHE  Flux NoO/(ug-m2h™")

0 1 4 7 19 21 26 30 46 52 64 75 95 105 121 142
Days of transplant rice/d

E1 2010 FEAEKSZTEN,O HIHBEENTTH

Fig.1 Temporal variations of N, O fluxes in the rice field in 2010
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HElc ;6 H 22 H 35 AT 5 A 304 AN [F) A% B2 A HE O ; 3 7 A 22 H AR S A I 21 3 R iy RS , N300-OM |
N240-1/20M N300 ,N240 NO 4b F (1 HEBGHE 3 53518 242.9 157 223.26 ,128.52 18.77 pg-m>h™") ; KFE K
A BV FH 55— YCHE K s B WSO AIGFS R H 3238 N, O HEBGHE K, N300-OM \N240-1/20M (N300 ,N240 \NO
b PR S K HECH 25300l 364. 4 (1174.1 132,47 [115.4 31.72 pg-m™>h™', AHE T HRJif JR 2 (19 N300 Fl
N240 ZbFE A HLAC TN Z AL R BE A5t FH 9 N300-OM  N240-1/20M b3 | 7E 7K R A= K i W4 %k il HE ik sk
F H i EAEALFE N300-OM AHERT I K

2.2 R[REIEAEE N,O SHEm R

AN [) i A A B K A A A2 K Z 448 N, O B R M 0. 84—3. 87 kg/hm® , AERM &G T N, O HER 2 H 4
RN 0.43% —0.64% (£ 3) . FEPE" PR, KL N,0 Holte h 0. 89—2.45 kg/hm®, Ik
At N, O HEB BN 0.39% —0. 47% ; T U WFFR RPN, O HERAS 288 1 A R Bk 1 £ 2k
FR U200 ORISR AR A AT LA R N, O HEG K AU SIS A o SR AR X A, S T A
FEEB—BL,

HeAE 2 ANA LR A A AL B N, O HERCE AR AS 76 =5 AUIE 300 kg/hm?® K7 T, N300-OM 4 B
HKFEHE A4 K 2 N, 0 ERHECE ok, HilE o 3. 87 kg/hm? 8 Ho B Ab 0 22 57 . 38, DAL &UIE 240 kg/hm?
iif, N240-1/20M AbFAY N,O HERCE A 3. 30 kg/hm® , % N300-OM AbFH () HEL & /0 0. 57 kg/hm?, J5 22453 H7
2R E (P<0.05) . 2 A it JR R ZAEALBEZE SRASH | &UIE 300 kg/hm® kb N300 A/K R4~
K N,0 HEi B ik 2. 86 kg/hm® , RALIE A 240 kg/hm*4b ] N240 (1 N,0 HEBUE & 2. 69 kg/hm®  #HA
JIEE N300 ¥ 0. 17 kg/hm®, 7 2250 iR i 2 N2 [E] N, O HER S AR b 22 AR B 2 A 2 A HLAE
AR FE N300-OM HI N240-1/20M 1Y RS HRECR 5 Bt iR R AL B N300 F1 N240 #9225+ 8. 3% (P<0.05) . 4%
SyHT IR Ut R X -4 N, O HEl it s ma e, VEE DX RS L v U it P 2 S 3 1 /K A 2B K28 N, O HE iR
S TEM R A Z AT AP AL A it FH 23 0 & 38 Rg I 138 N, 0 ik R . 7R UL 75 ZE R S Ui B 1 )2
M F AR R 76 2009 AER6 A ILRE B VEFTAY, B 2000 4E (R 00 25 SR A5 ), 76 MEE T A0 75 SUIE A B A 1
N, O HEBCR B AL S AL FH Y 22 5 .25 ;2010 AEXF N240 HEAT7K 30% Ab 35 iR B645 A5 o MU H. 5
ANEALFE N300 FLALTEZL N240 19 N,O S HEl it =2 7] 26 5 i 35 3 W1 DX o /K 3 3 i B+ N, 0
HET =

#3 FEMELEKEEKELTEN,O RHME

Table 3 Total emissions of N, O from the paddy field during the whole experimental period
N, O HEfi & Emission amounts of N,0 /(kg/hm?)

N ™ — - NERHARI R
st HeR IR Sy B G BT R Lo st of
Treatments Total emission Before Tillering to Ripening feriiii;er N /%

amounts Tillering jointing stage '
N300-OM 3.87[2.46]a 0.22(5.75) 1.32(34.13) 2.32(60.12) 0.64
N240-1/20M 3.30[2.08]b 0.38(11.88) 1.36(42.50) 1.56(48.75) 0.51
N300 2.86[1.82]¢ 0.44(15.57) 1.38(48.41) 1.03(36.02) 0.43
N240 2.69[1.71]¢ 0.43(16.13) 1.17(43.48) 1.09(40.40) 0.49
NO 0.84[0.54]d 0.21(25.43) 0.32(38.09) 0.31(36.48)

IF) B 5 Fe AN ] - B 2 AR 30 i) 22 5 38 5% WK R IR 185 [ )7 B Rl N, O HEBUR A8 N & 455 () " WA ER R K
FEA A A B B BE N, O HECR 5 2R J I N, O HECR I A 20 LE

KFEAFAET B L N,0 RiHHEGE i 3, W BERT (0—26 d) ZrBE-HK 7 (27—75 d) A
(76—142 d) 3 BB, N,0 SRR F 2 Rk AR RAE R A S ], A ALIE AR 2 LA FH 19 N300-
OM F1 N240-1/20M P AL B, N, O HEAl 32 B K A= A8 K R sl 2, L HE & 43 31 o s HE ki 19 60. 12% Al
47. 43% 3 FUR IR 43 BE—R T BHHE R A R AR, 20 501 o S HE RO 19 34 13% 1 41. 17 % , 53 AT s PR 45 4 T 9
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K RBE B A DL & ARSI A G, 1T 43 BE R I HE R AR ERARR 5 B IR 3R (1 N300 Fi N240 P4~ 4b 3
N, O HEif iz 72 /KRR 43 BE—HR T BT o el e oK, 2] o S HE O 7 48. 419% 1 43. 48 % , HUIE: WL 43 3l i
SHERCR Y 36. 029% F140.40%
2.3 FEHPZEHHEMSA SRS N, HEHGHE & A

IKAEAS R A 3 o BAg H - 382 0—30 em () NO-N S & 2, /KFEA K 2R 1 4% NOS-N & i asfk
FEHUH AL AT (FF) & S5, 0 BE (TS) #Z2FEH ( BS) NOS-N S ARG, LA (MS) BUAkE (AH) A BT
PR AR S, RREACERE AR IR XS 2 0—15 em 3 NOS-N S mH K, A HLUIEES 4 bt H 1Y
NO;-N & it AR, ZEA R = 208 A HLALEC A it N300-OM ALY NOS-N & e fm . A Sr B
KRR AR B BB N,0 ZitHEi & 582 15 NOS-N & S B A 06, HOM 56 R B 8 5 (R =
0.76 "), Skiba ZFtl & B N, 0 HES % + NH;-N Al NO;-N ¥ B i E A 56 56 & 5 38 i NOS-N 5 2l 3 48 i
N,O Heg ™' ABgE W], AR IRAE B B B AR 2 AFZ 0—15 cm -4 NOS-N S iy 2R A | 3%
JZ NO;-N &y 20 5K FES AT BB N,O BiHHEm R WA,

30
25 | —— N300-OM —a&— N240-1/20M —&— N300 —o—N240 —o—NO
20 -
15

10 |+

NOjs -N content/(mk/kg)

MS | AH | ‘ FF | TS
0—15cm 15—30cm

Growth stage of rice

B2 KBEAREEHPHELIBHSELIEDTTUL
Fig.2 Dynamics of NO3-N contents in top soil during the rice growing season

BRIP4 5Bk FF . GEAEHT;TS: 4rBEW; JS: I BS. 228l MS. BUEUH; AH. WOk)E

2.4 JKFEAERKTETIE N, O HEB BRI RIS

KRS AR K 2R T N, O HERCE AR 76 100 a (OIHA] R BE b R TR AL B 807 & N, O 1 4 BRI IR
Wi #4( Global Warming Potentials, GWPs) 4n3% 4, F H Ut A B 3 0 T N, O HEBUW KA IRALN T XS
AL GWPs 75 100 a B[] KRB I 3% i 22 5 i 3 (P <0. 05) , N300-OM , N240- 1/20M N300 F1
N240 AbHE A GWPs 23 % %R NO 341 T 358.39% .291.40% 238. 75% 1 219. 52% , v W A& H H &0 S A
SRR N, O HERL I A 2 R0 40 .35

R 2 A PR EC A it AR BEA KRB AE K 2 N, O HERE) GWPs 151, & &L 300 kg/hm® T ,N300-OM 4k
FRAE 100 a BF[E]RE LB GWPs 2h 1151.73 kg CO,/hm’ , fEAL AL 240 kg/hm’ i}, N240-1/20M A HAE 100 a
it ] ROEE Y GWPs hy 983. 40 kg CO,/hm’® , % N300-OM 4y /b T 168. 33 kg CO,/hm*, J5 220115 H 22 57
W3 (P<0.05) , TEMIFIRZAKFT, Bt iR F 52U 300 kg/hm’ A HEFE 100a B[] ] 1 GWPs 4 851. 11
kg CO,/hm* % N300-OM AZbFEAIK 300. 62 kg CO,/hm’, 75 2250 H145 22 55 .3 (P<0.05) , DL &5 E, &
RNEHEH] 25 AR H N, O HE Y GWPs; ZEAHEI AR K- T, AHLUIE (F538) i & 0 H] B E 1458 1 N,0
IR 1 3 K00

AN EE ) GWPs Sy — s I RUEE EFREH N, O HEBUN Y GWPs 5 507 7 5 (1) LU, HAE K/NAT AZE G
WK R A 7= 2 DAL FIEABR AL RS o B S X /KRG R ™ 1) GWPs 43 BT 2B (3% 4) ,N300-OM Ab 3y 43
I GWPs i, H I w5 T HEAR(P<0.05) , EALANE N240 40 BH A 5007 7 52 1 GWPs e fik, N240-1/
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20M N300 F1 N240 A PR 7 [6] 22 A B 2# . 4 DALFE N300-OM N240- 1/20M N300 F1 N240 F4 B P & 11
GWPs 73 B F ATt ZALAL L (NO) B4 H T 175.02% .96.53% 92.01% Fl1 74.12% , 3 B = ZE H A HLUIE A BL &
Jite FH 2 3 25 48 i B A3 7= B ) GWPs

%4 FEMEAMEAREEKS L N,0 HML KR ES

Table 4 Global warming potentials (GWPs) of N, O emissions from the rice field during the whole experimental period

ib3m 100 4F GWPs HOX R K AGWPs LR GWPs
Treatments (kg CO,/ hmz) Increase by CK/% GWPs of yield per unit/(100a)
N300-OM 1151.73a 358.39 0.142 a(175.02% )
N240-1/20M 983.40b 291.40 0.101 b(96.53% )
N300 851.11bc 238.75 0.099b(92.01% )
N240 802.81bc 219.52 0.090b(74.12% )
NO 251.25d 0.051 ¢

1) 7 100 4 GWPs F575 1008 TR [0 FRE N, O 70 FRA AT, LT v CO, 10 298 17 ;2) AGWPs J6 1A A A 8 5 41
FENO HLE GWPs R T 41403 M7 GWPs 295 44 AT N, O ) GWPs 5528057 B HL 04 ) 76 114 55 P BB 407 A BTG X1 (2
PR GWPs? K T 43 %

2.5 R[AGIE A B RE A 7 R B
ANFEACPERE S P A RN 5, 5 CK M EL 4 ANHEARAL BRI 7= 5 435k 66. 68% —99. 15% , ALY

PROREE . 52 D ENCA IR, AT T 2 B KA, Horh N240-1/20M 17 B de , B AR

Rty 35 CK 371K 99.15% ., 254 R R A 5 I A K R R R B AR sh 25 A= s A LR 2,2 AN i AL

JE Ab B A KRG AE B T U R DA PAT s BB AR X ™= R s e K

2.6 HC IR RS I N, O HEC S R SR
B L UEE X 2010 AF /K R FhoRe 1T R R 18 x 10°

hm? ™2 7 2B EUIE 300 kg/hm?® I, A HLAE Fi IR 25

x5 AEHERLEIKTE=EH M

Table 5 Rice yields of different fertilizer treatments

b 721 Yield 77 Increase
B At FH N300-OM Ab B A4 AE N, O HER &t ik 3. 87 Treatment /(kg/hm?) /%
ke/hm? , A H BT 195 HE X 2010 4F K RS A4k N300-OM 8132.57x411.7b 66. 68
K2 N,0 B W 69. 66x10° ke/a, 7E 100a ] N240-1/20M 9717.16+295.9a 99. 15
N300 8608. 04:+572.0b 76.42
A L et vE ) > 7
JRUBE L iy 2 R 55 ( GWPs) 24 20. 76 x107kg €O,/ N240 8953.42+195. 7ab 83.5

hm” ; Bt JR ZE N300 ZbBEAY N, O HEjik i ik 2. 86 kg/ NO 4879.2+72.9¢

hm? | TH45 ] 2010 4F i) e IXOK R A g P05

N,O BHECE K 51.48x10* kg/a, ¥ N300-OM 4k BHy;

/1 18.18x10" kg/a; 7F 100 a B AL [ A2 BRI IR (GWPs) 4y 15.34x107 kg CO,/hm* %% N300-OM J/b
5.4x10" kg CO,/hm’;

AL EE 240 kg/hm? B}, 55 ZUE M300-OM FHL#5, N240-1/20M 40 BRI 7ERE X K R E A A= K 78 N, 0 FR &
Hel i8> 10. 26 kg/a, 7E 100a B RUEE B A2 ERIGRIEE (GWPs) 18 T 3. 06x107 kg CO,/hm? ; Hujifi fR &R
N240 AbFHP) N,O BIHHEMC 3 5 AU M300-OM 3k /> T 21. 24 kg/a, #£ 100a B[] RUBE | (%) 4= 2K 34 7 v 94
(GWPs) 1§/ 6.31x10” kg CO,/hm’,

LEG/MTAS BT b R IR T AL IR 240 kg/hm? |, FE4E AT /0 N, O HEBCE 10, 26—21. 24 kg/a, 1E
100a M) RUEE B BRIEIR S (GWPs) FEAIR T 3. 06x10"—6.2x107 kg CO,/hm’,,

3 itig

3 N,0 7= RERAEMUE Y S 5T i A S AR P SE Ry R i k-5 R /R R Y

IR W AR Y 23 5200 33 N, O By AR Rk, R 3IREE W2 \pH (65 58 NH Ay B i o 2 thl i A A T iy i
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B2 AR B N, O AR = RIHERL, 4 B KAZ 502 52 m N, O AR s S HERU R EZE R ) Al R0 it i 1 3
JiE: N, O HEBCE S ) EE R ZFE, FACAYREH SR N,0 = EHEC S . AR T4 TR W, 78 # I L i X
FNEHE FD RS N, O HEBGEZ a4 A F s UIE it A 258 N, O 11 B HE AL 35 384 o, 6 40 [R) U 2K F
T, Yt HUIE ARG 4 N, O i HERL, 5 2B oA R0, MR AR I i A HUIE AL ER Y RS
FH 138 N, O BRRHER AT Bt AL AR AR B 227 5 HILAR B4 it P 412 0V IXORS FE 498 N, O 7 A BRI % 32 22
DR, A5 HLAC AT B4 0 T A LR &, FE 3 B 2 1F R, A ML A8 A 7= 0 ANk B Ak i 7
PR T OB, A HUR A B3R N 25X — o B A U AR T REUR, TR N, 0 B K E A A
Hefg 4>,

MAEAIKAEAE K ZE N,0 R R E , 2SI A IR E M, N0 H i R AR AT, 4
SR AE KRS Tk A7 X O R R, 7R X 2Tk 28—32 °C R, e - 3 P A B A
TE 24—25 C A AT A H MU E s v s A AT R A HLS AL, Rt ik T w1 - SRS AR VR T kA T
P N,O HEBCE AR . Skiba 257 BFZE & B N, 0 HE5 % 4 NH;-N F NO;-N ¥ B 0 E AR & ; 38 i 4= 48 v 1)
NH; e 8, m] AP s i Ak VR FIRT N, O HERCAY BTk, 380 NO;-N #2340 N, 0 HEd '™ . ARWFoE s
T DX O [) I it 2 B2 0—15 em -4 NOS-N &3 hn oy 3205, HHE 148 NOS-N & i 5K 454
ARE N,0 BRHERCR A G,

RHESRSG N0 {7 EA W BAZT 280, 38 N, O HE i & Fifi 7K 23 & F0RLEE A8 A0 L 3025 1k
ARAEOT R B A R AR FE AN N, O AHERL ) A PO TRL BRI | S92 A s SR R A K 3 A HE T A
5 AR N, O K= K HERL, A1 BT RS F N, O HE 04 [ H B0AE /K RS 2 BE RS0 A 20t 020 3Kk 40
[F) e FH 44 T IR A2, T K R K DA NH-N AFAE AR 3E T 245 AE/KRa I FE R, 35 1+ 98 1938 7%
P AR T BRE b S R R A N T N, O HECCY L AREFIEAS I AR TR ARER TV XK R AR K R g
N, O HE 3242 e /K R 43 BE T KoK R AR vh 5 30, () B 70 A 8K 43 T A0 8 i A e Ky HE i i
FERS S ACIRZS , I RERAEAG A /DA N, O HEjl, et et 32 W 398 5 K AR ol K I R 4 s
IK SR A Y AR T RS A SRS AR AN B 1 2 K o KA 2R N, O HE 32 B2 48 ih 7e B HE /K B B, HH ) R 22 8 7K
11 N, O HEBARME , 73090 FE A 012 N, O HE ) &Rt 0

BT X AT S ARASERE ,2010 AEAE KRB BUS , RARERSEMAR,0—S om MR IR B 7E
10.9—17.5 °C, BAEIERUG A 1 A BT K, 15 N, O A HERCEE A B0 I A0, o T AR T 3P i, T IR 4t
PRRFEKZ  RFITF N, O HERL, 71 X AR it FH A, PR 2R U8 2T 158 L #8235 4 30 FH % b FH ] 7K 2 e 4
JtiAE H TR Y, KRR IR TG, ERAE T il i & & B H N s> TR B N, O (7= FnHET
LEA AT TR XA N, O HERCH 2 1) 245 AR fL 52 ma K, A0 32 K it A o8 B it Ay X 55 2
FARYM R, VE XRE N, O HEHGE & 0925 281k 55 1 B AR AL A AR SE MR

A R FE S AR T N, HEBA IR =500, AR A RIS A AR E Z M KFEZE 3 N, 0 HEcE N
0.89—2.45 kg/hm?  EBHEGE T N,0 HERAIHIEHN 0.39% —0. 47% ', ABFFE45 78 H A [ ik B i 7k
R AN A K 25 4 N, O HER MRy 2. 69—3. 87 kg/hm? , AEURHEGHE i N, O HER 26 18 1 20 ALK 0. 43% —
0. 64% , ZPAREH N, O HEBCAS B XORS FH AR B 1 2248 (R HE XA N, O HE A 14 TR 78 #4458
Ko TETE DX 2 BHE KR 25 U8 300 ke/hm i, A HUIE AR R ECA i H T, 78 100 a B[] ROBE 178 X Rg B AR K
BN, OHF A 2 BRI I H (GWPs ) 2 20. 76107 kg CO,/hm” ; B i PR 3% i 1 FH 2B 122 3 N, O HlF7S7E
100 a BFIE]RUBEE | () S EREE RIS (GWPs) M 15.34x107 kg CO,/hm”, A W55 20, AF H CH, F1 N, O A9HEL
ZIEAMEHK R BEKIEACRE T, N,0 HE R 5K, (A2 T80 CH, A & 7= A kL, N e e
A S HE DX FH Y SARHE s T B, 75 B2 % CHL AT N, O AL A BRI IR T
4 HiL

(1) BT Vel DXRE P v 20 i 4 S 35 1 Tk R AR 4 22 1 18 N, O HE R, FEAH RV R K R, A LR
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B A it FH 2 Job 25 (2 AR 48 N, O 17 AR TR ; D0 T it B AT R0/ XA K A 2B K22 N, O ik i
T DR e FLRE /K FE MR S it s, >0 158 22008 300 kg/hm® /K KRS RS AN A4 K2 N, 0 RRHERA
3.87 kg/hm’ , AL AL 240 kg/hm? 2L FEfY N, O HEACE H7 3. 3 kg/hm? 5 8 BAC AL FEHEBCER D820 0. 57 kg/hm?
X B R 2R Y 2 AR T UIE 300 kg/hm® BURE I N, O HE & A 2. 86 kg/hm® , # i ZUIE A HLIE BC At FH Ak
AT 1.01 kg/hm® s PEALZAUE 240 kg/hm? 1) N,O HECR Hy 2. 69 kg/hm? | 5 & AL HA MUK A it FH 19 98
/B 1.18 kg/hm®,

(2) VEDX KA AR 2R T 38 N, O HE 3 B4R ih AE K et 43 BE AT MoK R AR R A v s 19, [ sl e 1 4 438K
O PRSI R HE R, R FE RO it A 7K B 4 SR R B A8 A X N, O HEBGHE S 52 i K, AN[H
AL PRAE H 45602 NOS-N & i s SR 5K & A F BB N,0 REHE = B EAHG, WA KA K Zk
B, AHUILEC A AR 1358 N, 0 MHER 2k A A KR A B 5 0, e )= e 7K Rt s, L s o o
HEWE Y 50.37% —62.82% .,

(3) FEH N, O HEBCAS 2 9T LI DR R R R Y 242 HHE X RS N, O HER A BB i K
Fed FHAS [R) A 2 g 7K R A A K 25 33 N, O R 2. 69—3. 87 kg/hm?®  IERMEGE 1F N, O HEBHR i
FAUHR 0.43% —0.64% , 2010 AF-AEHE X > B K FIE FAE 300 keg/hm® T, A HLAEFIIR 2 Bl At F I, 76 100
a IFIE] RUEE_ B IXAS H N, O HEBU 2RISR I (GWPs ) 2 20. 76x10” kg CO,/hm’ ; Hjifii R Z i, 7E 100 a i
B )OEE F N, O HERE) GWPs A 15. 34x107 kg CO,/hm” , %4 HLAE AL 4 it FH 9 GWPs 18 /0 5. 4x107 kg CO,/
hm? ; AL A 240kg/hm® KR, N240 £ N240-1/20M AbFRAY N,0 231k 5 N300-OM AbFf L4, 4031
FAR 1. 18kg/hm® F1 0. 57kg/hm’ | 7F 100a B[] RUBE F AR N, O HEHCG R GWPs F#(IR T 6.31x107 kg CO,/
hm®F1 3. 06x10” kg CO,/hm’,
Bt T EAMBLE R AR E DT R BRR XN EE S B SR b E O B BB Be Ak HVE R
WFFE T SRV 0 AR AR T S A0 P 25 7 15 B, e e 350
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