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Abstract; The environmental risks caused by emissions of greenhouse gases, NH; and sewage disposal are becoming increasingly prominent. In
particular, emission of fertilizer and other agricultural disposal is one of the important sources. In this study, we evaluated the effects of late — model
fertilizer on greenhouse emissions and water pollution. By using the closed chamber method under 60% water-filled porespace ( WFPS) , the emissions of
CO,, CH,, N,0 and NH; were examined at 23 “C. Our results showed that the average emissions of CO,, CH, and N, O obtained from slow release urea
were reduced by 24.69% ,3.01% and 26. 75% , respectively, comparing to the regular urea. The emission of NH; was reduced by 24.36% . In the
experiment of simulated rainfall (15 d) , the leaching rate of slow release urea was significantly lower than the regular urea, with 6.97% reduction of total
nitrogen and 4.75% reduction of urea nitrogen. In both the slow release urea and regular urea, the leaching of total nitrogen and urea nitrogen were
detected mainly on the first day. The content of total urea nitrogen and total nitrogen for the slow release urea were 36. 1% and 41.23% , respectively,
significantly less than 48.7% and 72.4% for the regular urea. Our results demonstrated a significant benefit of slow release urea in reducing the emission
of greenhouse gases and NH; , comparing to the regular urea.

Keywords: slow release urea; regular urea; greenhouse gases; leaching rate
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1 5|5 (Introduction)

LA = AUA (€O, (CH, \N,0) Al NH, i E
TR KA G T A R Tl L rh ) 6 A it
gl HEUR BRI 2 —. R R AL e 4R AR A
FIH Ty 1 &5 B2, D AR DR =R
PRHEBCAAE AL bR 2 7 TS ) BV A 5 2 X

W, RAPEEHR 5% ~20% 1Y CO, .,
15% ~ 30% ) CH,.80% ~ 90% [ N, O ( Hansen
et al. ,1990), K 1% ~ 47% B9 NH, ( i 37 3C %%,
2011) SRUGF 44, 4 H 4 1 2 R == AR ) B
IR (Melillo et al. ,2002) . F& B B E A M T &
Bt & o5 22 0 [ 58 (b B Al A1 5 o 2 4y
2005 ) . UM it FH 22 74 384 Bt BE 5 =X B A 5 B |
KT KMEE B Sl s AR R RT5 PG
2SI, Tk n) I A b NS feE
FREAAS IR 2 4 (RIER,1985) . R0 S 4 3
308 JIE ARk 38 g feff FH — 2 R AR RRE e, 4 i B RHAE 1
b BRI DS AR AE 1 v B R R I
Mk 8 AP AL E 52 9 H 19 (Cai et al.
2009). T2 BEAL AL B A 2218 B 5% 4 SRR B8 1
PIxr 30 B K AR OR 43 B RF L, A R it 42
R ALIER R A $G& 17 2 — , Stutterheim 55 (1994)
TEREE TR 5 AN 10 48] 35 A% K R 5 2%
FNER 5L G NERHA R R R A3, 22 BT EHIY A
RAHZ L 58% , i H @R A ZFHE R A
21% ~32% . P —Se2= 2058 ke BR, 7 /K A H it
FRIER A Z R R &k 70% £, % R & w5
30% £ , 7E R R B AUE , AR R AR Rk
72.6% ~ 86. 9% , M 5% A i IR R AL BT &
41. 7% (TR W] 55,2005 5 RATHIISE 2005 5 FAEHESE,
2003 ; 3 -4 45, 2003 5 %538 TR 45, 2008 5 £ % 4F
2003 ; £F &S, 2001 ; F/NFIAE,2003 ), UEH] T HEBEA
NERREFRRCR. i — P e B, & B L 41 R
FRRNF Hy - P BERE > 330 A RL, R Bk Rk
I Sy« 3 MR > F5 R (RS 45 ,2006) .

5 HFTA 5% 28 B 20N X6 sk /0 1 2= A< M4 HE ke A
REAR bR AT 5 i A 4 3, PRI 0l 5 78 % e R M A
U/ D AR I B 555 HE 5 R ) D8 T 5 B T AR FH A
PURE S FH ). PR, AR S 565k 2% 1 <
A PR BT E R IR R A 35, H 3 2l
SR (€O, CH, (N, 0) il NH, HE K U1 i)
WA IR O, & 758 B 78 % e RN A ik R A 55 4

TR G i ] BESZ M.
2 ¥R 5 7% (Materials and methods)

2.1 =4kt

ARSI T R AR R T RO A R T R
2 IEST M (31°527N, 117°15"E ) , % M X 4F [ i
T2 1000 mm , - AR LAY ) HAR R RS
L, PIEAHTE R 1.98 g-kg ™!, HEERAS &
J90.11 g-kg ™", pH K 5.21. ik + 34 K 3 4, 4>
B R A O R (A B S 564, CK) 338 R R 5K
B (MEmEE IR R A(U)) EREIR R S5 40 (i
IMZEREIKER ,B(CU)) , B DAL PR B 3 417, 4%
AR 0.17 m®. #5504, A(U) . B(CUY A
YR8 m(+38) : m(ANE) =200: 1 ¥ L HEFLLAE
YISRA  INA & N 53.08 g, A(U) 4t i
JRZE 125.0 g(N &HM 42.46% ) ,B(CU) 4 i 22
BEIRE 128.1 g(N it 41.44% ) . SEEAE RS R
48 cm x35 cm x33 em( K x F& x 5 ) B SR i
11,8 N 2R HR 16 em. ST %S TR -+ HE 76 2 14
FifE(23 £2) C.

2.2 HEXEHRNT &

2.2.1 IREAMKA NH b R E A2 RS
HHEAE 4 mm B RE R, R AR B E B R R E
8:00—10:00, % 24 h RAE 1 IR, S H0 i B AE 58 2 %
P AE B0 23RN 30 d Y= SR (€O, N, 0,
CH,) 1 NH, A3k B A8 1k,

NH, PRSI R FH B8 i (RE D% SCA%,2001 ) , <Ak
PEFR SRR ANE 1a Fios , ORISR 247 55 2
] 25 6] 29 54 30 L, — ¥k R FE DL LAY B 25 ¢
(3 Lemin ") fEFR 10 min, F 2% (100 P& W% WA 30 % 2
LM 0.01 mol - L' YRR KU 22, I iAW
it

0 0

T ) o

Q Q o 0

=

Bl1 S&EIR(a) MSERHE(b) mEE

Fig. 1 Schematic diagram of gas circulation (a) and collection (b)

IRE S (CO, N,0 CH,) RS HHIE-X
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33 &

N

FHE 5% 5 (Raich et al. ,1990) M & , A R AFELS
W SERE S (B 1) B IURERS ] R 7 s, Bl S 21 9

SURRE AR T Agilent7820 AR TE I & | TAE A
1.

®1 SHEEREE
Table 1  Gas chromatography equipment
Py
- § N . =R 4l
AR e RER RRIME  RRBE RWBR oy HIEERE
& " /(em*>min ") /C RE/C RE/C : . IA fis [6]/min
/(em’»min ")
. Coll :SS—3 m x2 mm x PorapakQ(80/100) . 25K, 400
CH B4 N,/30 - .
“ Col2:55—3 mx2 mm x PorapakQ(80/100) " = ? 53 FID, 300 H, 45 1.7
Coll ;:8SS—3 m x2 mm X PorapakQ(80/100) . ) 255,400,
co Frali N,/30 £ fl i
2 (ol2:55—6 m x2 mm x PorapakQ(80/100) AN, 53 PRtk 375 FID, 300 H, 45 31
Col3:8S—6 m x2 mm x PorapakQ(80/100) . H, 45,
N,0 B4l N, /25 - - .
2 Col4:SS—3 m x2 mm x Porapak(Q(80/100) "~ = 7 53 ECD,250 Ar/CH, 20 4.4
2.2.2 JERAMRKE W E  CRABUBER M 4 CK A(U) F1 B(CU) A1 CO,HERGHE &t 537 78

X BV EA T N TR, A3 R FAERR 1 UK. BT AL (H)
IR AN H = Hy x 60%/15 15 (9] 55 bk 45
2004 ) , Horr H o R B0 i AR B Y B (mm)

S AETTAERE R 9 1000 mm , T 345 45 K
W0 40 mm , 7EAA FICHPACE — M8, (556
FIRORG B, EFE R m AT DA o4 2 i 2
TV S 3 = AR b A = AR K RE ) PR ZE
SR, KRR PR R PR e IR P R R T I v AR
(HIEANAE, 2011 ), SV RCR FH /KRR BV b 12 A
(5K%Ef1,2012).

2.3 REARERHHEEITHERBIELE

& SO HE ik E i A U ((Zheng

et al. ;1998) .

F=p+273/(273 + T)-h-dC/d:
A, F O HEGE B (mg-m ™ d ™) 5p AFRHER TR
T CH, N, 0 J& CO, % B, BUE 537 7 0. 714
1.98.1.97 kg-m ™" 5 T SRR b SR AR A P4 11 °F-
BIRBE (°C) sh SARFEF A S A5 S (m) 5dC/
de A RAFERE PR AR AR L.

B R RAE LS F P M, A G R B 2
FiI Kk FH SPSS19. 0 i PR 2 T 2253 #r. s ek
H Origin8. 0 F1 Microsoft Excel for Windows2003 i
FTAbH.

3 ZR545H%(Results and discussion)

3.1 R[RIZEAI G b B X 4 358 o I 2= AR NH,
HEMCE i
3.1.1 FAREAGRLEN LEF CO,HMM Y

9 &2 S CO,HERGHE & ARk th £, b B mT 0, X

TAE S 155 6 .7 .5 d HBLIE(E , FR/NIUF A A(U)
>B(CU) >CK. 5 A(U) @AM, B(CU) 4l €O, HE
R ek fo AU ) G 2836. 63 mg-m > d ", F
YR A 2740. 16 mg-m - d ™', ULIH Bk
JEXT CO, B AL 2 1T 223 A .

—a—CK
—o—A(U)

20000

15000

10000

5000

CO, HEBGE & /(mgrm™2-d™!)

A A L A A
0 5 10 15 20 25 30
At ] /d
B2 TRETMELE CO,HEME B
Fig.2  The effects of different types of nitrogen fertilizers on CO,

emission from soil

PS5 TR 2= SRR = 00 1Y BTk b, €O, 1Y)
STk N L, A 55% ~60% (3 ARSF,1998) . A%
SEES AL BEAERE R LA (U) AT B(CU) 4k
PR LI T R 2 CO, M E — B & F CK 4.
FFFE 2 B, it I8 BE A% BH 0 b £ 2 - 39 0 0 R i
CO, ) 3K ( Xiao et al. ,2005 ; Zhang et al. ,2007).
H S5 AT i AR EHE #E T CO, IR, iX 5 AT
5% (Xiao et al. ,2005; Zhang et al. ,2007 ) 45 F: A
—F, 1M B(CU)H CO, HFGR LT A(U) 4, Ut
W] 530 PR 3R 2 AH LG, 2R PR 2 4% CO, B BTl B
A — 7 B UCHELE .
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3.1.2 AEEAFAPAIENLIEF CH, HH N H
w3 AR B RAE X 4 3 CH, HE 5
il ph AT AR, CK 4109 CH, HERGH & 5 2518
AR TE 15 d BRI ; 1 A(U) AT B(CU)
ARFRAY CH, HERCE e AL S AT 4 d SRR R,
555 d JFaREE in, A(U) R B(CU) ZLBEAY CH,
HE i A S BIAE AL IS 955 15 .16 d . 5
A(U) ALY CH, HEBCE & 55 K E A, B(CU)
AEFR Y CH, HE ik 38 5 04 {4 AR T 24,36 x 107
mg-m >d " P ¥ HECE & R AR 23035 x 107

mg-m d "

CH, Hi/308 & /(mg-m™2-d")

3 FERELLET CH,HEHIEE RS0
Fig.3  The effects of different types of nitrogen fertilizers on CH,

emission from soil

AP CH, 2 i A8 A HLBE IR A
ST Gk F e TR A3 iR T T AR L PR AR SE R ]
ST, PR TG AR ) BRCERL A B CH, ) R I R A 41
il , HZZ B R AL CH, i TR JOs R A% T3 38 JR
AbFE. BT B, K A LA R T DL 3 e
M) 552 1l - ST CH, 804k B i/ FH , 2 [0 5 S 0
i T 1843 AEITHA Y Broadbalk /N22 R8I 72 T G
HLERE B D180, 45 SR e W], CH, U1k 3 3R d i {EL
HIAE TCEAE AL B A9 /N X (Hiitsch et al. ,1993). A<
S R REAS Y it AR XS CH, A9 R 0 R fig ke 21 ) 61
VEFH , HE R R AL FEXT CH, BYBHREE F 5 47
3.1.3 AFREEARGICAEIN LIEF N,O HHH Y
& 4 AR 2R AR AR BE X 3 N, O HEik
FIRZIR. R RT 0, CK 40 N, O HERCE 2 BT #
PO 9 d BHA RS ; Mk ACLALR) N, 0 HEik—H
8 ETRR kS FE5 23 d BF, T EA TG B T AT
CKZ. A(U)ALFEM N, O HEGE #H IR 4&E T B
(CU)4bFE, H B(CU) 4K N, O HEBGH #4655 29 d

KBNS P 4R F . CK A(U) F B(CU) 411N, 0
B RHEGE R 590 2.38 6.92 5,34 mgem “>d ',
Bl A(U) >B(CU) >CK, B(CU)AbHf) N,0 F¥
HERGE & A(U) A3/ 0.73 mg-m_z-d_l.

8r

7 —a— CK
3 —e—AU)
=6 —A— B(CU)
s [
= 5t
Pa
g
= g4k
;lgi L
25}
:‘E
£
1
0 1 [ T T T T
0 5 10 15 20 25 30

s ] /d

B4 FEEELIER N,O H M EEH T
Fig.4 The effects of different types of nitrogen fertilizers on N, O

emission from soil

ARSI CK A i TR A A, %A R
R, I, 7ESC 500 A v N, O HECE AR P ik 3]
KRG R8T B3 b B4 A 70 e 1A
URJFAR BT N, O YRR Ay 248 3] s I Pkt
Hhn. U B FH R] e AR BE A A2 HE N, O FHERL, X — A%
TN CREFRS 20065 £ 451545 ,2008) fIHF5E 45
R—3 MERIR R A N,0 BOd R — H K T3
R A, T UEAE (2010) B AIF ST LA i [F] B 1 45
R A2 EUR A it FE A% B 38 N, O A HERCA B
MIFEHEAE T, Al 58 N, O i e KOk . B 5%
KB, FAL 22 AL PR ) oK B R /NAZ BTN, 0 Ay
PECEL /2 TE N ARFR ) 3. 88 £5F0 1. 10 f5 (KK
F5E,2006) ; TEXTKIBEER L N, O HEBOW 58 A5
HZEMIAEE S (T BE%E,2009) . Ll g d T
Rt U, 38 g AF ) KRR NL,O 2974 3
Mt( A N 31) ( Bouwman,1990) .

3.1.4 F R KA G EM L IE P NH, HHH
v 5 ASFEIZEA AR AL BT e NH, HERCARY
SO, ARSI R, NH, 381t 2% A9 51 iR WS (48 7R
Ay FELT - R 1 i s 1)) WS, SR 5 FH 3 R i
17 RO E , B Ja THA 2RO & (R 3 /9 NH, &
O BRI ). RIS AT R4 d NH, AR
BRGNS WSO BB RS s 7E5 5 d MU 46
IR IS, HONH, A9 R T LR 3 5 55 13 d
I NH, Bk B, 2 J5 AR R 218 10 T R
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N

33 &

AR, CK A (U) F1 B(CU) B NH, 73
314 0.0507 ,0. 1318 ,0. 0997 ¢, HEF K :CK > A(U)
>B(CU).

JERHE 3 b NH, HEC E2Em A R 22—,
NH, IR AT K 1 —Fh B 2Rk 4. AR, a3
ZH NH, HERCE AR 15 B2, i 3438 R 25 4 NH, /9
R R T ERIR R AL, Bk 256 (2005 ) X T 4158
Mot AT IB REARF 5T A B, 38 MBI £ NH, 9 4E
RN, 13 NH, # & FR2L0T F] 35 12 ~ 18 d
ZN. EE PR SR R A T E] 1 B s A ) o i
TR IR A R Ak, HoA 08 B UR R 11
YERT, IR, 358 NH, A9 & R 018

0.6 - —a—CK
—e—A(U)
—A—B(CU)
—~ 05
2
< 0.4
w O
& L
Eo%
02
T 1—,—\/\'/._\
| 1 | 1 | 1 | 1 | 1 | )
5 10 15 20 25 30
s /d

5 ARERAELIEX NH, HE A S 25 #00
Fig.5 The effects of different types of nitrogen fertilizers on total

NH; emission

3.1.5 FREAMBAEEE A NH, # K #EE
B %2 AR AENEAL BT R & SRR
NH, - HHE il & 5 i 1 28 4k, th 26 2 m A1, Co, Ml
NH, V- #HEGHE B, CK 4Li/h, A (U) 4Lk, A
(U) \B(CU) V¥ HFuis s A X CK 2 43k 34
K (p <0.01) , BEHAE AL REAZ HE 2F H [H] CO, Al
NH, B ; 1 B(CU) 2R CO, Al NH, -4 HE o
AT A(U) ik B E K (p <0.01) , Bt
WS R Z AL, B RR IR E X CO, F NH, (1 HE i 5]
AH 5 o 4 .

AL SR BEAL CH, S35 HE i E B ARIK T
XTHRZAL, A(U) 2019 CH, F- Y HEGHE A CK 435
F R EKF(p <0.05) , {HE KB W FKF; B
(CU) 41 CH, R HENGE R HIXT A(U) F1 CK Z1#5
IKFNH R E KT (p <0.01) , BEHAAR 5 58 IR 2,
GEREPRFXT CH, HERICEA AR 5 A 0 A .

H R 2 ], N,O ~F44Emsl 2, CK i

K, Ab L S-S HE R AT CK 41, B(CU) 41°F
PIHERGE B/ ; A (U) 4109 N, O -2 HE il &A1
X CK HZERARE (p>0.05) , Wik E S
ANEAEAR XS N, 0 HEBGE A K ; B(CU) 4119 N, O
SR HERE AT A (U) A CK 4L #3530 3%
(p<0.01) , UtBHZE BEFR R X N, O RS CA B 5. 1)
IR

£2 ATRRELETRESEN NH, FHHRBEEHNEN
Table 2 The average emission flux of greenhouse gas and NH; with

treatment by different types of nitrogen fertilizers

e SEBHEBGE £/ (mgem ~2d ") NH, HEif &
CO, CH, N,O /g
CK 3909.22°¢ 0.7964° 2.85% 0.0507°¢
A(U) 12634. 00* 0.7763" 2.74* 0.1318?
B(CU) 9893. 84" 0.7529°¢ 2.01° 0.0997>

3.2 FRBERLENFONRLENT B

3.2.1 FEEHNAEMNFZEEMREENDH K6
RTINS [R) X 7K Bk 2 R 1 s i 25 4L P &
LA 1 d IREMMR TS R K, A(U) 4
W R EK 60. 88 g, Al ALY 48. 7% ;B(CU) 41
PREZ MR 36. 20 ¢, o it AL B 35.23% ,B(CU)
I A(U) AR IRE 24.68 g; W55 2 d FF1R, B
(CU) PR Z kBt A (U) 415 A S0 56 1 2
e, ACU) ZHE IR &R it I B & Y 84. 98% , B
(CU) ik PR H i I B 5 1Y 80.20% , A (U) 41
e B(CU) ZHZ Mk IR 3.50 o. UL ZERE IR 19k
Hh AR L E PR 208, IF Hk b B b

70

FRE Wi B /g

T 1T 1T 1T © T T T-T]

2 4 6 8 10 12 14 16
f ] /d
El 6 A[E) AR AL IE X 7k 5 BR 3% ik tH BRI BN
Fig.6  The effects of different types of nitrogen fertilizers on urea

leaching loss of water samples

3.2.2 FREHALEMEEALENDH K7
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AR E A Ab B KA A AR AR . H AT
AL AR D B IR R Ak S S A ) G
B d, ACU)IKRFEMR S B 38. 41 g, it AR L
Y 72.36% ; B(CU) 4I7KFEMk B 21. 87 ¢, i
it I A AR 41.23% ,A(U) 4 HE B(CU) 2H £k
VA 31.13% . NE 2 d FRER, B(CU) kil BUA =
it A(U) 4. AL B, A(U) 4 Btk i
VA 45.70 g, AR A E Y 86.10% ,B(CU) 4
WA 42.00 g, AL BRI 79.13% ,A(U)
ZHI B(CU) A2kt SR 3.70 g, A iE S & &/
6.97%.

45
40_
35_

30

Sk A /g

i) /d

E7 AESEELEI KSR SN
Fig.7 The effects of different types of nitrogen fertilizers on total

nitrogen leaching loss of water samples

3.2.3 FEHARAETHRME ENEF N
Hr & 3l Ft AT AL BEZ AR 1 d 1 R R AR Uk
Hh i o i AT Y L BIAR R, Ab BRZH AR CK 23
KB 3K (p <0.01), 1 B(CU) ZHAIX A
(U) 419 22 SR B T 1 527K (p <0.01) ,
W2 % PR 22 0T 55 43 1) R Tl fig e BIAR 4 1 22 BEAE .
TERA SR R, A (U) 4k PR R AR A 53 5l
9106.23 g F145.70 g, B(CU) ZHitk R Z HLEA
3R 102.73 ¢ 142,00 g, AbFRLHARXT CK 4343k
B B3 (p <0.01) , H B(CU) dHAHXT A(U)

3 FAEARELETREMBEAREENEESESHT
Table 3

Significance analysis of urea and total nitrogen leaching flux

with treatment by different types of nitrogen fertilizers

- IKEER R R Bk i/ g KRR Rk R g
H1d £t H1d 21t
CK 0.47¢ 5.28¢ 0.18¢ 0.44°
A(U) 60.88" 106.23* 38.41° 45.70*
B(CU) 36.20" 102.73" 21.87" 42.00"

AR 225 55 2 7K (p <0.05) . U Z2 B IR %
XFFRIT IR RA — 5 RGBT, S S0
PREFID 3 4 5 rp S0 HH R YR A, TR, Y
Y SRR Ve NIOR N SRR X N S e

4 138 (Discussion)

Bt 2 AAT T AR 1 7 4 A TA R S it B T
T A A A it P A R (1% B, S SO LA TR
1%, AR KRR T RERE A 2855 2025, 1T FL X 3R 85
TR T ™ EE AT gL, 7 R BN ATT Y B A e R
(&% %, 19965 1993 K&K K ,2000; 4 K == 4,
2000). H #ir, & E B8 B 24 2= R R AR 2
30% ~35% , R F WA . DR B e A S R
R0 PRIt AL T 3 B e, kR mT R sl
CUBCA B AT [ DG A 1) 88 7 BAEE,2001)

GE AL NE 2 A e gl =5 AR NH, HEF, 48 v T
BRI AR A R R B A1 . LR LB 2 &5 4 F
ARRIE RO A A 2 (A AU 28 R AL IR ) 553 P 2 FHIR
A (NEBIZRALAL) , 285 it 2] FH E), BE R b 9 &
3T AR AR ) A R fie , TR) B AL o i 5
B KAEH R RAL L AT 5% 32 24 v e X AR A
Py 7= R0 e IR R 28 45 O T, AR Bk B A
(2005) AR, e3R8 D 20% RIE A &I R £
KL FI— KRG ST, BRIRE N E K
PR R U 5 R A it %) R 2R A PR i
R R WA H 5 5 PV & 55 (2009 ) Y T 78+
I T A 58 43 i it FH 9% AR IE NS AR T S Y
INZZ PR B R W oR, 9 R IR 3R b R B T
9.97% /N HEHIRAL 7 + 18 - 3 50 it FH 28 AL e
F S8 AL AL S , R RE IR K HL A 38 IR 48 7™ 27. 01%
B AT (2006 ) BF 53 & BR, bR 2t fin 21 38 v 5 ik
I LU T T 28 R AL I ) 9k 2 SR AIK 13 3 PR A
P IR ) 2 K, 1 HL2% R AL AR X 2 R R
ATHEE 10% ~25%.

AR S B SY T R 2RG8R0 R
AR NH, HE IR ROk 2 3 48 () 5 . 45
T R IR Z A0 B R 2= SRR NH, R i R 3
Fbt PR R A, BB IR Z 4119 €O, .CH, \N,0 -1
H it 8 bt 38 R 2R 2053 I FEAIR 24, 69% 3. 01% |
26.75% ,NH HECR /D 24, 36% . 3 B IR & F
IR Z IR R R, G2 B IR 2 e B AR W
ERENE T, G2 R DR 25 EL A3 PR 28 4 B %) e 26008
I 6.97% IRER R =B 4.75% , REIR
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N

33 &

AR E R R AW KA R RS AR 1 d
TARKA L, R IR Z 4R R AR A =55 A
36. 1% F1 41.23% , 538 bR 2% 4 JR & A ML A& & 57
K 48. 7% 1 72. 4% . ALK R LA BEIRA MUY
GEREACNE X R 2 SR HE AR AE D3 77, DL S BEAIR
IR 43U A B FH A5 7 R AL T AR

HY T AR 52 50 R T SRS AR — SR R ORI 5
ZRACNE Y 52 ], BIF 5 T R /DN, I8 AN RE E ff b 44
IR 22 8 A0 I e 30 1 ) 7 A B O R
%, HREARI L BRVE 2 15 00 5 SC I e e T E R Y
THOL R L H AR AR, ANRE S S0 PR B AR SR A
B R, ARV R A b S B R R AR E AR B T AR
HAREAE T IR H b AT i — 2 S

5 518 (Conclusions)

ARSI B 5E e B, it 9% R R B il E UK
(CO, N,0,CH,) Kz NH, i HE i L 538 PR 2 10 B
D, BFR RO R 218 | bk 5k AL, BI 22 B IR
e LR w7 SRS R T Y A
. IRl AT 5% 02 75 %5 A4S 9 AT, A R A
Fo, HERR TR I R 0T Y s AR A S e R
2 A 2 MR ol v R 0 R R AT A
FEA Y A B R S5 R VR S ISR TR RE TR 2 2%
Al

REEEEN: T4 (1957—) , &, # B, AR H, £ E
FRIAMAFUHM T RRERTREANA R (H) AEE
L AMRBEER. ZRE P AN FR 2 A D
BEAMFERT RN ZRAEARETARBER, ZHA T
UMPFLYHARERER LXK ZXEHRBTEE; ZRAE
ERENSF5EE ZAA AW LB AKEAR 2K,
THAEENFREE.

£ % 3 #f ( References) :

Bouwman A F. 1990. Exchange of greenhouse gases between terrestrial
ecosystems and the atmosphere//Bouwman A F. Soils and the
Greenhouse Effectf M]. New York, USA: Wiley.61-127

CaiD Q, Wu Z Y, Jiang J J, et al. 2009. A unique technology to
transform  inorganic  nanorods  into  nano-networks [ J ].
Nanotechnology, 20 255-302

FEES BIY, Hhaliff, 5. 2000. I8 R BOK R4 T A S H
TEREMTE ] AR, 20(4) : 659-662

P B, RS, . 2003, ANTA EHEAE A7 A R OK R A
HEZS0R K AR AR SE [ J]. L, (2) : 115-119

T, EERE, B, S 2010, SRR 14 AU B RO A 2k AN

N, O HER A2 (] Al FREERE 2274, 29(5) :1015-1019

kL35 3, sRE=. 2001, WG4 R SRME )], BHRCE EREUE
B, (4):11-12

FREESR. 2001, oSN XS KRG 1 738007 K 44 e M) 26 )
FELI]. HEWPE TR SILRER, 7(2) : 145-152

Hansen J E, Lacis A A. 1990. Sun and dust versus greenhouse gases:
An assessment of their relative roles in global climate change[]].
Nature,, 346 (6286) ; 713-719

MRz, TR, A H T, . 2005, 7 T AR SE M T3 AU R 1 ST
[J]. L4 42(2) :253-259

SATEAR, ZEMRE, BRMEST, 45 2004, TRIUAC B K AMB TR AA R R
PR LA [ )] KRR, (15) : 87-93

Hiitsch B W, Webster C P, Powlson D S. 1993. Long-term effects of
nitrogen fertilization on methane oxidation in soil of the broadbalk
wheat experiment[ J]. Soil Biol Biochem, 25(10) : 1307-1315

FRIOL, B REIE, H K. 2003, 42 PR 30 T 7K A W A e e 7
RYRZA ()], B3R, 34(6): 525-528

SN AR KT, SR, 1996. /N FE/ KA WA B RS 3R
[J]. PRAERAL R 224, 24(5) « 35-41

SEAE TR ER  ZERE. 1993, /NG KT H —FP VR it FH 2808 X i
XEMREFRREWE 1], TR AR, 2(3) : 1-6

Melillo J] M, Steudler P A, Aber J D, et al. 2002. Soil warming and
carbon-cycle feedbacks to the climate system [ J]. Science, 298
(5601) : 2173-2176

BN W B, AL, 45,2011, %) P SRR IV RE B (0. 3 6O B ik
R KR R IR L) ], ROl R4, 42(8) .
87-91

ZEIEER, 0, A0 R, . 2008, it FHIRREIEXHEIAS A K R H K
PRI )], A2, 24(8) : 283-286

Raich ] W, Bowden R D, Steudler P A. 1990. Comparison of tow static
chamber techniques for determing carbon dioxide efflux from forest
soils [ J]. Soil Science Society of America Journal, 54; 1754-1757

BRI BRI, ERNEE. 2006. A [R5 BN IS 70 R0 HE T =% HE ek )
AR TR T] . K R4 ,20(6) : 115-119

I SC, 2, BH G, 45, 2011, R RS AR 5= ARHEK
WEFEHERE ()] AEIRTSE 25 (4) : 621-625

KK, kuite, TR 5. 2006. IR /K B E R CO, ,CH, M N, 0 HEjik
T AR BR AR Al K FEX B A M R [ T]. REERL 2,27 (12) .
2369-2375

RAP, sk R, A4S, 45, 2005, FEREUIL I B3R BEIBURRIE B =X 7K
TR RO [T ], 1358242 ,42(4) :619-627

Stutterheim N C, Barbier ] M, Nougaredes B. 1994. The efficiency of
fertilizer nitrogen in irrigated, direct seeded rice ( 0. sativa L. ) in
Europe [J]. Fertilizer Research, 37(3) :235-244

NG R TR Ae  ZE A 452009, R IR 28 X K A 7 5 AL LR
FEGRRBTTET]. PR Al 244, 22(4) : 984-989

TR PR PINERLE , 55, 2003, AT H IXRE 22 R i ZUIEE B
i R HHU T ORI [J]. 10240 ,40(3) « 426-432

THMH, BT RYE, 5 FE, 4. 2009, T EH NH,-N HEBCR & 28 04316
AHIEFELT]. A IR 222241 28 (3) « 619-626

F/INA JRIHER, KRR | 55 2003 . $5 B AL 35 40 58 RE SR B 45 B it
HBESE[)]. MW E R S IERER ,9(4) « 390- 395

Xiao Y,Xie G D,Lu C X, et al. 2005. The value of gas exchange as a



10 48] T YEAESE SRR IR 20 BB 2 AR NH, ORI £ T B 2847

service by rice paddies in suburban Shanghai, PR China [ J].
Agricultural , Ecosystems & Environment, 109 ; 273-283

R, FhINR AR B, 45 2005, A R U8 4t P AR 5 A 21
MEFIEEARLT]. A TR S IRAA, 11 (4) ; 487-493

AR, b, AR T A5, 2005, AU A PRER 78 FH i) 9 9 1 AR A R v B
TR AN S W S [T]. R AR, 36 (3)
357-359

FRIG, A4 2001, BRI B (A SR BOIR S [T ], fRIE T
Ak,28(5) : 27-30

RIE . 2012, [EIBRIE I 2 B R A o T L R R A AR (0] B
FWEE, (3) : 64-65

Zhang J F,Zhang X H,Li L Q, et al. 2007. Effect of long-term fertilization
on C mineralization and production of CH, and CO, under anaerobic
incubation from bulk samples and particle size fractions of a typical

paddy soil [ J ]. Agricultural, Ecosystems& Environment, 120

129-138

Zheng X H, Wang M X, Wang Y S, et al. 1998. Comparison of manual
and automatic methods for measurement of methane emission from
rice paddy fields [ J]. Advances Atmospheres Science,15(4) ; 569-
579

AR, 1998. i %= MR CO, 1Y 55 — I ——HhBR IR [ T ] . ISRl 2= 00T
7%,11(2) : 21-24

(P A ARSE) i 2 2x. 2005, HP E Al 448 2004 [ M. JL AT [
Aoll R 300-306

B R SUAR XU, 46 2006, A7 1 4 X8 B Ak 20Uk o AT 280 1Y
B[] A IR 254,25 (WS T)) « 154-157

RIER. 1985, T LA A K m s R[], 14,17
(1):2-9

RIER.2000. & H I EUE AU SRR T]. S HEE,9(1) :1-6



