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N, O Emissions from Agricultural Ecosystem in Sichuan-Chongqing Region

YANG Jun"?, HAN Sheng-hui*, LI Fu-chun®®, ZHANG Xu*, ZHAO Xiu-lan', LIU Chun-yan’, FAN Mao-hong’

(1. College of Resources and Environment; Southwest University, Chongqing 400716, China; 2. State Key Laboratory of Atmospheric
Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, Chinas
3. National Engineering Research Center of Waste Resource Recovery; Kunming University of Science and Technology, Kunming 650093,
China 4. Chongqing Research Institute of Environmental Science; Chongging 401147, China; 5. School of Civil and Environmental
Engineering; Georgia Institute of Technology, Atlanta, GA 30332, USA)

Abstract: A regional nitrogen cycling model TAP-N was adopted to estimate nitrous oxide (N,O) emission from the agro-ecosystem in the
Sichuan-Chongqing Region during 1990-2004. The county level agricultural activities data were used> and Sichuan-Chongqing Region was
divided into four sub-areas by the geographical characteristics; environment and local climatic conditions and administrative division. The
results showed that annual averaged N, O emissions (in nitrogen gauge) in 1990-1994, 1995-1999, 2000-2004, respectively, were 52.3,
58.2,62.0 Gg/as of which 55% came from the N,O direct emission of the fertilized croplands. They were 29.6(7.6-63.3), 33.0(8.4-
71.8), 34.0(8.5-75.8) Gg/a, equals to4.73,5.39,6.11 kg/Chm® *a), respectively. Upland/glebe was the primary source of the N, O direct
emission. Meanwhile, paddy-upland rotation system also played an important contribution to it. The increasing rates of N, O emission from
agro-ecosystem and N, O emission flux in cropland were much higher in 1995-1999 than in 1990-1994. The N, O emission flux in the cropland
showed a continuous increasing trend in 2000-2004, but the increasing rates of total N, O emission from agro-ecosystem were stagnant due to the
decrease of arable land area. The N, O emission of agro-ecosystem mainly came from Chengdu Plain and Chongqing. The contributions of
different sources to the total N, O emission of agro-ecosystem were variable in the region. For instance, the primary source of N, O emission was
the direct emission from croplands in Chengdu Plain and Chongqing, whereas, in northwest region of Sichuan province was the N, O emission
induced by grazing. The results will provide a scientific basis for policy maker to make fertilizer effectively applied and mitigate GHG emission
from agro-ecosystem of Sichuan-Chongqing Region.

Key words: N, O emission; IAP-N model; nitrogen cycling; agricultural ecosystem

= = o — /5 ; Y= -
AAL TR (N,0) A2 4k — 5 L fik (Co, ) Fl H J ﬁ;ﬁ‘E'ﬁﬂ=,2(1°8-g;i;1%2§1%2009-03-25
y = HeyH 2y = AL =rh JH 15 E&mH: HE B AREE S H (406050300
(CHO SR = RIS N0 FER U AT o L0, 00 L 00 o b s
Kronssdnim CERI BG40 120 4B), 355 KA R BRI 75 R A5, E-mail: lancelot1983 @ 163.

com

‘:Pitf:z)[ﬁ’f»h%fi@[ﬂ . Eﬁﬁﬁfﬁm- E 1750 ﬁ;, j(/ﬁ % JEIRIER N, E-mail: shenghui_ han@ post. iap. ac. cn



9 1 4% ) DR AR 23S R G AR 2685

N, O R EESEIN T 17% » 5 T 42 J7 4 LORAEAAT I 1
KN, 0 B EER) 2005 4, KA N, 0 #BE (AR 4
HON 319 % 107°, £ 22 JLHAEH, N, 0 I L LA REAE
200.8 x 107 FH R L 1 't

N, O HEBCIE 43 0 F AR IR CRLFE W AR AR L B3t
FIN A V5 CE 5 T B AR HH L S R s b B R 48 4k
FIREHREE A Uk e & AR AE P75 Ak
TEAER ) RS BEFEHEL N,0CLL g & =ik, FIADIA
17.7 Tg, NRTESFBN N,0 548k N,0 Hios &
(11 46 % , T AV AE =53l N, O HEBCR A Y5 )
75% ~80% S WEFL R, M 1960 ~ 1994 4F, AER A
WA RS N, O HEBE N2y 80% » Hovh + 38 B Bk
B IE N T 1609% » I 3 B PR T IE AU 2%
B R e BT | PRI, MERA A A b 2R 2
ZREE N, 0 FEJBCE , [7R] I 05 12 40038 1 A 58 2580 N L il
AT, XFINTR N, O BIYRTE L R L 3R R Ak e 428 1)
ARG it X TR NI A A IR, Wk % A Bk
AR R EEE X

(CIEYNEE S ISR TR L R S RN SSUE )
IR, 1994 FEHE N, 0 FFIKZY 540 Gg/ar 92.4% K H
ANV E By, BEVRTE S A DM A = o RE 4 iy 5.8%
1.8% AH N,0 HEZHBOE B &ML N,0 19 F
BHFBOIE, 297 60.3% » TR FEAFTRZ 7 19.5% » TR
HIRL 5 14.0% , FERCBEEEE R RF T 5.6%, H
RS FF R BE P A AR & 7 29 0.59% M
0.1%".

H Al & AR H N,0 HElcs 1 5 vk F 8 A Qi
FEAR R, 4541 DNDC™ . DAYCENT™? . WNMM'™; @
LRI R, B an g7 T R BN, 0 HEBUE S EUIE i
HH & SRR B A OGO R A @5 T Al N &= H
HeCER 75 5, 0 TPee 7 ik 2 R I A R
PR TAP-NU 25 I A A B TAP-N A — ]
DLUFAl DX 38R FH A N T P 270 26025 1 PR A B B 2
JTEQO R AR FL AT A I 28 oy W, SEAR 1 JE
b AR S SR BN A R A KRN SR o R S VI
TIEE WU il A0 R A B8 46 1o R A e AR
H N, O FEBCR 2. EEA3 2R A N, 0 HFI R
HA, ik AR IR 5 LK (W0 I 4R R 5 L PR, o
FEASE IR A I 20 RUE A S I 52 380 565 i 5 i 1) ot 5 FH 45
T BRI 15V @ T QW FF A B D 1S
OB, 45 4 SR A1 Sl 000 3 oK A% B
N, O HEBUE I

J i DX e LA = i KA R T R e K

(RO il 2B P e 2 — TR IANS O, Nk X
JERRE AR N0 mHEBOh X 2 —, HEOlCE A 19.3 ~
35.0 Gg/a. ANEIBIF TR T 11 b X104l 5 45 SR AT 48
KIS, AN N L AR N, O HECF O A T Bk
FOREE S X ST, A5 A DURA Sk 72 N AS F0e) . 5 4,
HORTOC T 18 H X N, O HE TR Al S ATF 50 i AR Ak
SR W LG 2y, REFE RS RGN e
043 HE TS ST B R G, R B ON,0 1] B2 HE
) AL T EL AN TG B KV B0 d F TAP-N A%
AP UASE A HLIX 15 aC1990 ~ 2004 4 ) HEA £l
ARG CERFRA B (B2 HE R R RS A R b
HEI, 2AE B R G0 DL R BCBCHE RO 1 HE TS B A% H
HECE L 4 N, O HE NG 510 20 7] 3 9 % R fff 31 BL
— g DU 2 LR E S A AR A R 4R N, 0 HEAK
I 23 S AT AR L Ay R S T )1 s X AR AR S R
Gl 3= AR AR SR S A

1 #MR57%

1.1 WFFUHL DXL
N X, 045 189 AN B GAT BUX 35 . i b [X 1
N T s I S N T o [ U o i N (]
JBOIRRFAE S, HARIREE S5 A 4 A DL St
DAV R AL IS T N0 HEBUR A W R
I 2% 22 S Pk, g BE A (R E ST DY )1 b X N, O HE TSI
B AHIEFERR 3 )1 367 Hb DX (1) 15 4R B AE PR35 Ak
A LR AT BUX R B0, K A9F 7 b X 43 kg DY K X ik
(B D, B T K CERMXO, X CRHET D X
NP EHBXO ATV N PG IEHBIX D

B1 It X X 5
Fig.1 Sub-regional definition for Sichuan-Chongqing Region

1.2 W5k
IAP-N FETUAE TPCC v ail b, % e T A



2686 7N 58

B o 30 &

[F) A AN [ 1 3 BUAN [F) SR AR BN, O
TR AN TR T 37 ) — AR 4y IR R G LA A R
BN B RS T pee RN A B,
TAP-N 70 = AT 4 ek s RS AR I8 BAS A 3%
iy b AE YRS FRAE B, 3 6045 AR A AR 7E AR 1) 34 1
B WA RGBT SR I A, % e
T KABAED I I 20 s AR S B O s, 2 ks
FAR PR LI 53 by 54 R R B0 AR
DU s AR FH U5 0 — 8 AR HH 200 B 1R 4 55 )L
ANJFT . FE L 78 v B BOM B R B RS 1 1 5K
T E ARG S g i b, N TAP-N BEAAL BT
1994 “FH [E A H N, 0 HEIBOH
AHIE 78 ok i B A 3 B KT Hds , SR
DX P15 70 TAP-N Al 55 1990 ~ 2004 4111367 b
XA AER RS N, 0 HE.
AR H N, 0 HEHGK(1D:
MO = SINSNUN x ERD (D
k=1 j=1 i=1
o, N, 0y WA N,O HEHEE, N, ME—
A RITI R N N B CEER IR A IR
M RS FF A R AR DR 204 A RS R
5 AK), BF,, FARRN. =24 R A s a1 N,0 H#%
H R 7, 0 e i A= HBRMBTT, (= 1,2, -,
ror AR TTAEL, j R E 2 R RER j AN
WARTIRTCRIER |k N — R TT, ¢ M s R
IR ORI BN
A& H N0 [EHE (2D
N, O = >, (N-Lr; x EF) (2
TAP-N BERAE TH 5K N, O HEBUN, $ KA N
DURE BRI N, O HEBCE N B 82 HE B0 43, BT AAE
TAP-N 7Y b B A= 3 ) HE s, G TR &
WRE ARG N0 HEs R . N, N, 0, B R
H N, O [MFHE SR, N-Lr, AR I CELHG 52 1L /K FE
FH S RME P A S 8% 5 M) S R A AR 3 =, EF
A T B O AR T 2 2 N, O TRIHE R 7
FAMEE RGN, 0 HooH 503D
N, O stem = 2> (N x EF,) (3
TS N, O e e N BB IS B R G N, O HECR
N, AU P H R G0 CRLFh b B R 48 % T il
IR PRE R [ A A7 B T g AR ) B G
EHBOMEE, BF, N5 i RIEMLIRZEN N,0
He s K1

o) ol FF R e HE il 54D
NZOErbN20 = Z(Nﬁemm X frtho) 4

A N, O o0 A FHTEIAS AT REBE N, O HETCRE s £ 0 H
FEFFRAGE 0 N, O HERCE T3 Ny, A FH 8] L B2 38 5% 11
FAT b BT U, Fh A AR P ik B I 2 A SRR AT
T i) 42 08 2 i ARG A 5 Uit T4
1.3 Hdls ks Ffs i

A YRAG B ) B A V3 5y 7K ST B (35 A
VR 38 R AR 1 451 A3 R R 7K L U 2%
L CRRIA LK I 28 A 1 8 B i AR
SESP 383 BRI B K S L 5K S R ) BT A 5 S
B 7K R IE T SR 19, 20 8L & Hp [ R Mk
Rl B A BT 6 BB ok 1 B2 ot LA
SR (K05 0 B 2 B0He J A, B8 T R8I F
LR AR 1 LU AT 23 i DU 9 b L 5000

AHIFFUA ST T B 1) 5 R L 2 5 (3T AR A
WG R B ARG L R AVEY AL RS FE T A A
HATF R, AR, FE KSR AN
SEHE M BUR . SR A BRI HEBCR 7, 3 H C
HRL7 121170 e g 5 )1 96 X i o A 100 A 258
1.3.1 RH N0 HEHA ¥

HR A )1 v DX b 3 AR ARE s Ak 2 = 07
RIS, )1 i i X AR TH 43 2R R G DA e
N, O HEBUA 7 gk 1 fios .
1.3.2 A FH A REHEBC L B AL RS FF A b HE s 4 1

A FEMBEFZF B N, 0 HEB R 7 5 8%
HI 1PCCH BRI 0.025, A FIRE AR BE I N, 0 HE
JHAFHL 0,007 17
1.3.3 FEE ARG HTRN T

FAE B 7 3R 4 KA N N, O HE R T3
KHT IPCCH™ J5 9 Je BRI (I 2 FITzs)

2 FER5SH

T A 5005 55 )1 i e ORI A & R 48 N, 0
HED TR RO, 38 15 aC1990 ~ 2004 4K, A H
TEE RSN H B, LA S a i 1 AN, 325 3 AN
1, B 1990 ~ 1994+ 1995 ~ 1999 2000 ~ 2004 4, %
I A 4 5 a BISPIIME .

2.1 X AR H N, O HE

I b DX B R AR AR A A 23 A1 R R R
JE Ryt R A 0 R s T )1 b XA FHON, O L 42 A )
T TR 1R DX 38 53 AT A DA B A AR AR A R A (3
378D . 1990 ~ 2004 4F [H) B M 11 AR — B 7 ok D,



9 1 4% ) DR AR 23S R G AR 2687

#1 JIateXKE N0 BEEHHRET

Table 1 N, O direct emission factors of croplands in Sichuan-Chongqing Region

5 e g N, O Heg A

X 2k BRI (B AR 2 B I o
DU =R b (—FE P D K Hh 0.008 7 0.001 1 0.0225

I e (i) 0.008 7 0.001 1 0.0225
KFE(—H—3O KA + RN 0.0095 0.0007 0.028 4
T IXA X IKFE + 4K 0.002 0 0.0003 0.0052
IKEEAR RO A 0.0280 0.0125 0.043 4

IKF 0.009 6 0.0040 0.0151
WFERG PR WZERG + AR 7280 0.006 7 0.0002 0.0212

DY F (4R P i K H 0.0087 0.001 1 0.0225

e PR 0.0087 0.001 1 0.0225
KA K KRB RAEC—EEP O A 0.0280 0.0125 0.043 4
] 0.009 6 0.0040 0.0151
IKFG(—AFE— 3O IKFE + AR /SRR 0.009 5 0.0007 0.028 4

1D Fd KT SCRL7, 135145 17]
£2 JIHtXEESERL N,0 HEF0s)

Table 2 N, O emission factors of manure management systems in Sichuan-Chongqing Region
FAP AL T X DRAAA K Bk i s I A7 Ci ke oAl
HERA 7 0.001 0.001 0 0.02 0.02 0.007 0.005

F3 st XBHEERERATEA
Table 3 Arableland area and N input in Sichuan-Chongqing Region

X3 AR M B2 FIEEY FFEmE> it A

ﬂgﬁ)\p,z) iﬁ)\ﬁ

1990 ~ 1994 164.35 379.2 151.3 29.0 159.1 718.6

PR HX 1995 ~ 1999 159.94 434.8 152.6 30.5 205.8 823.7

2000 ~ 2004 144.30 433.6 152.9 31.4 207.2 825.1

1990 ~ 1994 350.57 872.7 395.4 64.1 407.3 1739.5

RS I 1995 ~ 1999 342.95 983.3 389.4 68.7 506.1 1947.5
2000 ~ 2004 310.26 1023 420.6 69.1 537.3 2050

1990 ~ 1994 84.28 126.3 85.3 13.0 58.6 283.2

1Y R X 1995 ~ 1999 83.47 143.2 89.9 13.9 73.4 320.4

2000 ~ 2004 78.62 142.6 97.6 15.0 76.6 331.8

1990 ~ 1994 26.56 26.7 20.8 2.4 10.7 60.6

N7 b i X 1995 ~ 1999 26.32 31.9 28.3 3.5 18.9 82.6

2000 ~ 2004 23.21 32.4 29.3 2.5 19.9 84.1

1990 ~ 1994 625.75 1404.9 652.7 108.5 635.7 2801.8

JI X ST 1995 ~ 1999 612.67 1593.1 660.2 116.7 803.9 3173.9

2000 ~ 2004 556.40 1631.5 700.5 117.9 841.3 3291.2

D A IR 10 hm? s DB FEIPALHN Ce/as 3 TAB SN B R TRDUE S A R RS AR I (1 R

AR FH U N SN AH N, SOMBSAT G, i1 S HB0E 550 54 4,734 5.39. 6.11 kg/Chm’*a).
I X AR HH N, O HEBCRE: Aad e R I IR AR kA 15 A0 13 H X 1995 ~ 1999+ 2000 ~ 2004 41 Ak Hi 11
2.1.1 ARH N,0 HEHK F3 5 G b — N I3 23 50 982> 13 % 10* h® 1 56 x

JIAHEIX 1990 ~ 1994 1995 ~ 1999+ 2000 ~ 2004 10" hm?, 1A% FH 520 A\ ek 40 bE B — A I 341 23 531 6 T
A N0 I HHEHEB R 7 8 29.6(7.6 ~ 372 1 117 Gg/a, R, & HH N,0 HEHB LT 1995
63.3) 33.0(8.4~71.8). 34.0(8.5~75.8) Ggla, V- ~ 1999 F 17 0 B2 oK. % 2 (35 189 M) 1990 ~
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Fig.2 N, O emissions and N, O fluxes from croplands in Sichuan-Chongqing Region
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Fig.3 N, O emission structure from croplands in Sichuan-Chongging Region

HEB - HEE N 10.8 Gg/a, FLFEMRARMHE K, BIUIX P X O AR N, 0 a3 HE s, 2000 by
DX 30 A A7 00 55 R BRI OCR AL (3R 4D JIRgT b DX & BN, 0 1) B2 HE R B 26.99% M
L XA DX B b R DL e SUIE T 2 AR L 60,49 .

F4 A XRIESZEZMIRN N,O HME/1a™!

Table 4 Sources of N, O emission from agroecosystem in Sichuan-Chongging Region/t*a ™!

. & H A& H EIDIEie TR H 1] M
i T g 1 et HE FFE R
1990 ~ 1994 7196 2580 1197 771 32 11777

FRHLX 1995 ~ 1999 8250 3048 1239 900 35 13471
2000 ~ 2004 8300 3120 1279 1126 35 13 860

1990 ~ 1994 18 965 5985 3427 1122 56 29 555

BB SR 1995 ~ 1999 20 691 6636 3538 1358 60 32284
2000 ~ 2004 21488 6998 4089 1622 59 34256

1990 ~ 1994 2829 996 737 1961 11 6534

J1 VG P X 1995 ~ 1999 3258 1121 814 2212 12 7417
2000 ~ 2004 3346 1192 943 2771 12 8264

1990 ~ 1994 613 224 21 3380 2 4439

5L % 1995 ~ 1999 818 202 342 3587 3 5042
2000 ~ 2004 839 300 363 4101 2 5606

LR 1990 ~ 1994 29 603 9785 5583 7234 101 52306
it 1995 ~ 1999 33017 11097 5933 8058 109 58214
2000 ~ 2004 33973 11610 6674 9621 108 61986

2.2 JIArHLIX ZE(EE PR RS N, 0 HEK (2 4).1990 ~ 2004 4T HATA], )13y Hb DX A OB (8 45

AWK ] ¥ M X A 5 # R 48 N,0 HEl oy HAS N, T FHEER 6.1 Gg/a, FERIE T
MRS E T B R G N, 0 HERCRBU N, 0 HET . T XA T X, HE e 43 0 AE s 3 10 45 21 R 40
W HEBCEAE 1990 ~ 2004 4F 6] — B £ 1 K i 3 N,O HEBUR I 20.4% F1 60.8% .iX5 1 XA X
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Table 5 Calibration results with uncorrected results/t*a ™"
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JNPEAL X 613 596 -2.72 818 826 0.90 839 868 3.46
JU 3 B T 29 603 29 125 -1.61 33017 32896 -0.37 33973 34 435 1.36
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