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Ecological and environmental impact of rice production in Shenyang, China

CHANG Jun—yan', SONG Ming-yang’, YU Xiao—man', BAI Jin—heng', JIA Jing—xu’, LIU Ming—da'

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.College of Resources and Environmen-
tal Sciences, Nanjing Agricultural University, Nanjing 210095, China; 3.Senior High School of Northeast Yucai Middle School, Shenyang
110179, China)

Abstract: Identifying environmental impacts of rice production in Shenyang will provide significant references for local clean production
standards. In this study, life cycle assessment (LCA ) was applied to evaluate 10 potential environmental impacts (i.e., land use, water deple-
tion, mineral depletion, energy depletion, global warming, acidification, eutrophication, aquatic toxicity, soil toxicity, and human toxicity ) in
the rice production system, and the functional unit was 1 ton of rice. The results showed that the parameters with significant environmental
impacts during rice production were aquatic toxicity, eutrophication, soil toxicity, and human toxicity, with impact indices of 16.278, 1.558,
1.457, and 0.960, respectively. The general LCA index was 2.267 after weighted treatment. We found that the large—scale use of chemical
fertilizers and pesticides in the arable farming stage increased the potential impacts of acidification, eutrophication, aquatic toxicity, and soil
toxicity. The large input of chemical fertilizers, especially nitrogen fertilizers, had aggravated fossil energy depletion in its upstream produc-
tion and increased the contribution rate of global warming in the agrochemical production stage. Furthermore, the large amount of fossil ener-
gy depletion in the agrochemical production stage increased the demand for raw materials, which increased emissions of heavy metals during
the raw material extraction stage, resulting in human toxicity as the main environmental impact in this stage. Therefore, reducing the use of
chemical fertilizers and pesticides is the key to controlling potential environmental impacts of the rice production system in Shenyang.
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Table 1 Inputs—outputs of rice cultivation in Shenyang area

Wyt Hfy A H
A kg+hm™ 211.34
w kg+hm™ 110.17
i kg-hm™ 107.06

SE3h kg-hm™ 107.06

H kW +h+hm™ 1712.05
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Figure 1 LCA system boundary of rice production
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Table 2 Environmental impact categories and their

equivalent factors

FRBT R FRBE R

) Heen e AR ) HE T it R

AR CO, 1 HEdEtE  1,4-DCB 1

co 2 Cr 6300
N>0 310 Zn 25
CH, 21 Cd 170
KAKTNE  1,4-DCB 1 Ph 33
Zn 92 As 3300
As 210 Ni 240
FAEW 640 000 Hg 56 000
WERE 38000 % 1400
= 170 000 Cu 14
SRR 170 BEEIR 0.54
JARFNE  1,4-DCB 1 T 250
Cr 650 37 0.8
Zn 100 PR 6300
cd 81 Wiy S0, 1
Pb 470 NH: 1.88
As 350 000 NO, 0.7
Hg 6000 ||&E#HEFML POV 1
Ni 35000 NO, 0.13
EpE I 21 TP 3.06
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Table 3 Normalization values and weighs for different

impact categories

PRBE Y 27 BT FEMEE &
BEURTHAE MJ-a™ 2590 457 0.15
AR kg CO—equ-a” 9 439.53 0.12
Rk kg SO—equ-a™ 43.39 0.14
wHHER kg PO%—equ-a 1.88 0.12
e kg 1,4-DCB-equ-a’' 6.11 0.09
UNISE3 kg 1,4-DCB-equ-a’' 196.66 0.14
KRR kg 1,4-DCB-equ-a’' 4.82 0.11
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Table 4 Inventory of life cycle of rice production

OKFERIL ARBTLE JRURTR

TR e pe ome BT
TRURTHRE R/ kgt 106.82 10.85  117.67
JE kgt 7.66 7.66
il kg ! 0.41 0.41
Hifi/kg ! 0.67 0.67
Sl /kget! 10.71 225 3.51 16.47
PN /Sav/ 12.38 1.63 14.01
HLF/AW -h-t" 171.00 66.46 21.78  259.24
Wl kgt 37.98 37.98
B kgt 15.64 15.64
e Hm et 100024 1.000.24
KPR /m* -t 154678 29.30 020  1576.28
GYIHERL  CO/kg-t! 0.61 0.31 1.22 2.14
COJkg-t" -24591 15595  44.81  -45.15
N.O/g-t" 260.16 3.40 5.15 268.71
SOJ/kg-t! 0.16 0.63 0.72 1.51
NO/kg-t" 0.03 0.41 0.28 0.72
NHi/kg-t! 2.14 0.02 2.16
CHu/kg-t 16.08 0.31 0.05 16.44
TP/kg-t"! 0.18 0.18 0.36
COD/kg-t" 2.54 0.02 2.56
NH:/kg-t" 1.36 0.50 1.86
NO/kg-t" 0.87 0.87
Cu/g -t 0.80 0.80
Zn/g-t"! 25.00 0.10 25.1
Cd/g-t 0.10 0.10
Ph/g-t! 0.10 0.10
Heg/g-t" 0.10 0.10
Aslget”! 0.10 0.30 0.40
Ni/g-t"! 1.30 1.30
Vig-t 0.50 0.50
FHCW -t 11.54 11.54
WM /gt 12.00 12.00
=g 5.12 5.12
IR gt 12.31 12.31

42.33% F112.97%, JREAGEA 7 FlsRHER BB &
B SR CO,, HERE S 200.76 kg, 1H AL B Bt
3 FH COL HE il & —245.91 kg, S5 7K A Fi i 4 o 3
CO ™ A= B Z N X ERAR I 1) DTRRE R —11.65% o
2.4.3 WEifRiL

A7 L oA R A R IR B IR ARV (R 6.11 kg
SO—equ(El3) o JERHFR AT ™ FIFAR B B 3=
G 55 R AV T {E Y BT K3 40 1 15.06% . 16.2% F
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Table 5 The results of characterization of life cycle inventory of rice production

BT 52 2 Hfr JEEHE R B B ARG I B IR AR B B Jit
RERTHFE MJ-t! 1037.88 3541.50 2314.03 6893.41
ABRARHE kgCO—equ-t 49.89 164.07 173.64 387.60
78N L kgSO,—equ-t 0.92 0.99 4.20 6.11
wHERL kegPO —equ-t 0.04 1.07 2.12 3.23
+ Rtk kgl ,4-DCB-equ-t" 2.02 6.88 8.90
NS kgl ,4-DCB-equ-t 150.52 35.05 3.29 188.86
IR kgl ,4-DCB-equ-t”! 0.02 78.44 78.46

<6 JKTEAE =& dy B HA N E M dn & AL Fn A 5 4
Table 6 Life cycle environmental impact indexes and evaluation results of rice production
— ’ff/ﬁ’ﬁt}ﬁﬁiﬁ%uwﬁ%ﬁ } it _ TSR PR35 52 i 46 5 ] it
JEURH R ARG IK AR R SR PG K FEFIAE
REIRTHAE 0.000 40 0.001 37 0.000 89 0.002 66 0.000 06 0.000 21 0.000 13 0.000 40
AERAF R 0.005 29 0.017 38 0.018 39 0.041 06 0.000 63 0.002 09 0.002 21 0.004 93
WhEifk 0.018 63 0.020 04 0.096 80 0.135 47 0.002 61 0.002 81 0.013 55 0.018 97
wERL 0.015 50 0.414 73 1.127 66 1.557 89 0.001 86 0.049 77 0.135 32 0.186 95
|- M 0.330 61 1.126 02 1.456 63 0.029 75 0.101 34 0.131 09
NR#EE 0.765 38 0.178 22 0.016 73 0.960 33 0.107 15 0.024 95 0.002 34 0.134 44
KA EEE 0.004 15 16.273 86 16.278 01 0.000 46 1.790 12 1.790 58
it 1.135 81 0.635 89 18.660 35 0.142 06 0.080 29 2.045 01 2.267 36
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Figure 2 Life cycle global warming effects potentials of

rice production
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Figure 3 Life cycle acidification effects potentials of

rice production
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Figure 4 Life cycle eutrophication effects potentials of

rice production
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Figure 5 Life cycle toxicity effects potentials of rice production

R7T NEXEKFE AT & 65 FHEB IR E R Xt te

Table 7 Comparisons of potential environmental impact of one ton rice production in different areas

WFFE X S5k EURIEFE/MI -t BB /kg COrequ-t  HEIfR{L/kg SO—equ-t"  E#HFMb/kg POY—equ-t"  #M/kg 1,4-DCB-equ-t”
byl 6893.41 387.60 6.11 3.23 276.22
i 4.039.00 973.00 — — —
W™ 3679.30 481.27 13.70 3.02 8.95
TLH 2461.00 3768.10 17.80 — —
g 629.00 1170.00 — — —
H A 5 200.00 1 460.00 11.00 — —
TSR 14 590.00 2760.00 8.00 — —
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it R S BOR & B AR BRI AR
rh DAL FH 2008 1 722 A2 9 NH.  NHGFI NOS Y & 8 354k
RTBEE M 1.57 kg PO —equ -t &5 T g s X5 3% A2
M T 5 BB TEAL AR R A 2 145 R AR
o How B IR AE I s T AR

A Bt XA AR A 7 1 B e (1 2 A W R T
30 %, o AARBENE R AAHE A L R 430 2 W
65 18 5 A1 S £ SR LG B TR Z K A 2
B, SR B B T ARG BN T A B A A EURH R
W BL 4 Jm B AR RSB RZ I, L R R B B fb 2
AR 25 ol FEDRE AR A 5 A5 58 s T H AR 0 Bt
M VER (3G

4 #ig

(L)AL FH ey DX RO A= ™ 85 1 3R 358 52 i R /MR
A KAABENE R E TR SR N PRI
b A ERAZE FIRETR T FE .

() A=A A 2 1) fof R 2 A AR S P A
LU 5 KRS AL A Hh SRUIE e i i FH s P TR A
BRI IR AL (4 32 B ISR 5 K R MiAE B B CHL Y
RAFHEHON 2 58 AR A BRAL IR ) TR Fg s AR BT A
PR BRI A g 2R R BERE IR T R PRI AE 5 I
BHFRB B b A BRI T RAN K T ARV )

Yj(
Hg“i

(3) 20 Al 2 RO A0 A 245 1 P 2 ol A 0 3 [
IR A 7= VR AE PRSI 1) S B

SE 3k

L TEGEHR . LT HR4E M. U R SETT R RAE, 2016.
Bureau of Statistics of Liaoning Province. Liaoning statistics yearbook
[M]. Beijing: China Statistics Press, 2016.

[2] Society of Environmental Toxicology and Chemistry. Guidelines for life—
cycle assessment: A code of practice[R]. Europe: Society of Environmen-
tal Toxicology and Chemistry, 1993:35-41.

B1% e, BRIEUR, S IERS . JET A B W R IR PR Al R G ). BR
R, 2010, 31(11):2795-2803.

LIANG Long, CHEN Yuan—quan, GAO Wang-sheng. Integrated evalu-
ation of circular agriculture system:A life cycle perspective[]]. Environ-
mental Science, 2010, 31(11):2795-2803.

(4] TEHEIE, /0, L I, GF L RS KR A7 RERE S B AL I A

A FIEAI]. Al FRETR A2 4H, 2014, 33(6) £ 1254-1260.
DONG Long-li, LI Xiao—ping, JIANG Xue, et al. Assessment of energy
consumption and carbon footprint of rice production using life cycle as-
sessment method : Case study in Chongming Island, Shanghai, China[J].
Journal of Agro—Environmental Science, 2014, 33(6) : 1254-1260.

(515 Ji, WRISUR, = HE R . PP AR 2B ) Jr =i A i Jo 1 R 458 5 1)

TEARI]. A SR 2447, 2009, 28(9) :222-226.
LIANG Long, CHEN Yuan—quan, GAO Wang—sheng. Assessment of
the environmental impacts of two rice production patterns using life cy-
cle assessment|J]. Jouwrnal of Agro— Environmental Science, 2009, 28
(9):222-226.

(6] BARWI, A, FHTIL, 45 ST A R PR (9 bR AR
B B[], AR SR, 2014, 34(2) :491-499.

CAO Li-ming, LI Mao—bai, WANG Xin—qi, et al. Life cycle assessment
of carbon footprint for rice production in Shanghaill]. Acta Ecologica
Sinica, 2014, 34(2) :491-499.

[7] Nunes F A, Seferin M, Maciel V G, et al. Life cycle greenhouse gas
emission from rice production systems in Brazil: A comparison between
minimal tillage and organic farming|[J]. Journal of Cleaner Production,
2016, 139:799-809.

(8] A N R AN I Gt . P ESETHAF M. Ut A E e
Jizkt. 2016.

National Bureau of Statistics of the People’s Republic of China. China
statistical yearbook[M]. Beijing: China Statistics Press, 2016.
(9] A N RILAN ] [ G R . b [ BEIHGE T AR S M), LT v [ 5E
T RAE, 2016.
National Bureau of Statistics of the People’s Republic of China. China
energy statistical yearbook[M]. Beijing: China Statistics Press, 2016.
[10] T %, @ . o [ Ab A7 R R A= A ST SR (). o IR ERBE Y
2%, 2015, 35(5) : 1592-1600.
DING Ning, YANG Jian—xin. Life cycle inventory analysis of fossil en-
ergy in China[J]. China Environmental Science, 2015, 35(5) : 1592—
1600.

(1] B AL K ) U A RO AR ST B (). BRI 2



1800

VREINCR Sy 375585

AP, 2012, 37(12) :55-58.

CAO Xiao—fan. Research on computational methods of nitrogen oxide
in thermal power plant[]J]. Environmental Science and Management,
2012, 37(12):55-58.

[12] 2k 1m) 48, SAE A, A8k . vl K T R v BRRHIF G 1) A i o 01
AT, P EFRERLE, 2005, 25(5) :632-635.

DI Xiang—hua, NIE Zuo-ren, ZUO Tie-yong. Life cycle emission in-
ventories for the fuels consumed by thermal power in China[J]. China
Environmental Science, 2005, 25(5) :632-635.

[13] 57— W4 [ 9 G P30 2 g B 25 DA 2y . ¥ e I 2 B 2 (M. b
AR EFRETRRE T R, 2011
Compilation Committee of the First National Pollution Sources Survey.
Data of pollution sources survey[M] Beijing: China Environmental Sci-
ence Press, 2011.

[14] 5 TLU . v [ B B8 5T 24 A1) T b XS W 7 M 5 4 3 114 52 i
[D]. At gl R, 2005.

ZHANG Wei—feng. The status and utilization of phosphate rock of Chi-
na and its effects on competitiveness of Chinese phosphorus industry
[D]. Beijing: China Agricultural University, 2005.

[15] Liu Z B, Guan D B, Wei W, et al. Reduced carbon emission estimates
from fossil fuel combustion and cement production in ChinalJ]. Na-
ture, 2015, 524(7565) :335-358.

[16] Chen P, Ma ] S. Petrographic characteristics of Chinese coals and
their application in coal utilization processes[J]. Fuel, 2002, 81 (11/
12):1389-1395.

[17] ¥rax 2z, BRI, B DUA . BRR B e IR B LA As  Cd . Cr B L

FEPESSIRATSEL]. $ABESI 1 LR, 2004, 19(5) :478-482.
XU Lii—si, CHENG Jun—feng, ZENG Han—cai. Experimental study on
the release characteristics of trace elements As, Cd and Cr during coal
combustion[J]. Journal of Engineering for Thermal Energy and Pow-
er, 2004, 19(5) :478-482.

(18] FARMI . WAL A8 AL AL ™ PR 45 5200 (1 A= A S PR [D]. #8-1 « 2
TR, 2004,

WANG Zhen-gang. The life cycle assessment of phosphatic fertilizer
production in Hubei Province[D]. Hubei: Wuhan University of Tech-
nology, 2004.

[19] IR, &, & B FET A A i e ik s e

AR SR A LR AEIE (D). $REET5 4 5 BiiA, 2010, 32(3) : 102
104.
ZHOU Jian-guo, ZHOU Chun—jing, ZHAO Yi. Selection of reducing
agent for selective catalytic reduction and denitrification based on life
cycle assessment[]]. Environmental Pollution & Control, 2010, 32(3) :
102-104.

[20] BRARAE, BRA)ZE, BB, 45 30T R e 5O AR 43 25140 T g

K1) NS 2R, 2007, 18(12) :2771-2776.
CHEN Zhen-hua, CHEN Li-jun, WU Zhi-jie, et al. Ammonia volatil-
ization from rice field under different water condition in lower Liaohe
River Plain[J]. Chinese Journal of Applied Ecology, 2007, 18 (12) :
2771-2776.

21 A B, H R, TR, 5 IS T R A R A 208
W I SE AT, R KALTE S5 KRR, 2016, 14(1) : 42-49.

SHI Min, XIAO Wei—hua, WANG Chun—mei, et al. Influence of fertil-
ization and irrigation on nitrogen percolation leaching in black soil re-
gion[J]. South—to—North Water Transfers and Water Science & Tech-
nology, 2016, 14(1) :42-49.

[22] Brentrup F, Kusters J, Lammel ], et al. Environmental impact assess-
ment of agricultural production systems using LCA I : The applica-
tion to N fertilizer use in winter wheat production systems[J]. Europe-
an Journal of Agronomy, 2004, 20(3) :247-264.

(23] FE B, A o, BUTHT, 4 . L0 J5U A R A 32 S = U
HE SRS, A PR, 2006, 25 (G TI) :237-242.
WANG Chong-yang, ZHENG Jing, GU Jiang—xin, et al. Emission and
affecting factors of major greenhouse gases (GHGs) from single—sea-
son paddy field in the Lower Reaches of Liaohe Plain[]]. Journal of
Agro—Environmental Science, 2006, 25(Suppl) :237-242.

[24] BRI, o LAY, 52 SCR, 5% . AR S BSAT DOAS Rl Rl AL X A

F A AR AR SRR AEWE L] AP AR Al 4R, 2012, 20(6) -
728-733.
CHEN Shu-feng, MENG Fan—-qiao, WU Wen—liang, et al. Nitrogen
loss characteristics via runoff in typical rice planting area in Northeast
China under different planting management[J]. Chinese Journal of
Eco—Agriculture, 2012, 20(6) : 728-733.

[25] FL3CTR, B A HLICHUIE R G TR LK R B 4w

T AR OK T e 5 B AR AL ). P KRR, 2006, 20(5) :517-
523.
KONG Wen—jie, NI Wu-zhong. Effects of integrated fertilization with
commercial organic manure and chemical fertilizers on heavy metal
balance in soil—=rice cropping system[J]. Chinese Journal of Rice Sci-
ence, 2006, 20(5) :517-523.

[26] F R, SRR . LT AR AR L A 2 4 % ek K B BRI KU (],
AT RI AR, 2004, 20(2) :62-64.

WANG Qi-chao, MA Zhuang—wei. Heavy metals in chemical fertilizer
and environmental risks[J]. Journal of Ecology and Rural Environ-
ment, 2004, 20(2) : 62-64.

[27] van Calker K J, Berentsen P B M, de Boer I M J, et al. An LP-model
to analyse economic and ecological sustainability on Dutch dairy
farms: Model presentation and application for experimental farm "de
Marke"[J]. Agricultural Systems, 2004, 82(2) : 139-160.

[28] Lasco R D. 2006 4F- IPCC. | % i & VR 7 P4 7 26 DU 45 < R0l Ak

b K e At A= b 1) I [M)//Eggleston H S, Buendia L, Miwa K, et al.
2006 4F IPCC [ Z2 I 2 A LR . BA 1 HOAR S ERER LA I
FLIT, 2006.
Lasco R D. 2006 IPCC national greenhouse gas list guide fourth: Agri-
culture, forestry and other land use[M]//Eggleston H S, Buendia L, Mi-
wa K, et al. 2006 IPCC national greenhouse gas list Guide. France: In-
stitute for Global Environmental Strategy of Japan, 2006.

201K ¥, FEREL RKA, &5 V0V ISR COL i i M IR 1

FEAE)].  E SRR, 2006, 26(6) :657-661.
SONG Tao, WANG Yue —si, SONG Chang—chun, et al. CO, fluxes
from rice fields of Sanjiang plain and its environmental response fac-
tors|J]. China Environmental Science, 2006, 26(6) : 657-661.

[30] BEE 22, £ %, BRIRME, 55 . S B R A A AR e I % /UIA



20184 8 B

WARE 45 P BHH X KRG A 77 () A 2SI B R R 5T 1801

HEBBETELI]. R FRFRL 24, 2012, 31(9) :1862-1867.

HOU Yu-lan, WANG Jun, CHEN Zhen-lou, et al. Emission of green-
house gases from paddy fields of rice—wheat rotation system in Chong-
ming Island, China[]]. Journal of Agro—Environmental Science, 2012,
31(9):1862-1867.

(3178 L2, A A, B 4x 45, 45 . 2138 Fr e X W e 2B 101 T] COn I

5 B AR AR A AR IREEAAT, 2007, 23(1) :7-11.
ZHOU Wei—jun, ZHU Liang—zhi, HAO Jin—ju, et al. CO, emission
and fixation in paddy ecosystem during late rice growing season in red
soil hilly region[J]. Journal of Ecology and Rural Environment, 2007,
23(1):7-11.

[32] 2/, S5, RRA, G5 BRI P IX &/ N - ORI R
Gk EWIPEA (D). A FREERE 2240, 2015, 34(4) :809-816.
PENG Xiao—yu, WU Xi—=hui, WU Fa—qi, et al. Life cycle assessment
of winter wheat—summer maize rotation system in Guanzhong region of
Shanxi Province[l]. Journal of Agro—Environmental Science, 2015, 34
(4):809-816.

[33] sk #, 4l Fh KA, 45 KRS [ B ST RE (R TR AR 55 7 &k 119 56
AT PEFEK, 2015, 21(6) :32-36.

ZHANG Wei—-wei, CHAI Yong—shan, SUN Yu-you, et al. Research
on relationships of yields and population indexes of different growth
stage of rice[]]. China Rice, 2015, 21(6) :32-36.

(341 5 K, Wfwh, G, &R AR SIRRIE SO KL 3R
USR] AR, 2005, 25(12) : 3282-3288.

XIAO Yu, XIE Gao—di, LU Chun—xia, et al. Froming mechanisms and
accumulating processes of gas regulation by rice paddy ecosystems|[J].
Acta Ecologica Sinica, 2005, 25(12) :3282-3288.

[35] B BH . A5 1 i B 5 =00 A FH sk 280 T 457 B K e A= 77 R 7 1 52

[D]. ¥ BH - kBRI A%, 2016.
SUI Yang—hui. Effect of different straw returning on carbon and nitro-
gen sequestration and rice growth and development[D]. Shenyang :
Shenyang Agricultural University, 2016.

[36] Sleeswijk A W, Oers L. V, Guinee J B, et al. Normalisation in product

life cycle assessment: An LCA of the global and European economic
systems in the year 2000[J]. Science of the Total Environmental, 2008,
390(1):227-240.

[37] Behera S N, Sharma M, Aneja V P, et al. Ammonia in the atmosphere :
A review on emission sources, atmospheric chemistry and deposition
on terrestrial bodies[J]. Environmental Science and Pollution Research
International, 2013, 20(11) : 8092-8131.

[38] 7 & wE TR E SRR R U] B A HoRAE,
2011.

YIN Hao. Atmospheric deposition of nutrients in eutrophic freshwater
lakes[D]. Shanghai : Fudan University, 2011.

(391 W, e, Sl [, 45 Wil X g 7 AR A A i JRLUIE A ().
A IR 244, 2009, 28(2) :420-424.

WANG Ming—xin, XIA Xun—feng, LIU Jian—guo, et al. Life cycle as-
sessment of high—yielding rice in Taihu Region[J]. Journal of Agro—
Environmental Science, 2009, 28(2) :420-424.

[40] Hokazono S, Hayashi K, Sato M. Potentialities of organic and sustain-
able rice production in Japan from a life cycle perspective[J]. Agrono-
my Research, 2009, 4(1) :407-412.

[41] Blengini G A, Busto M. The life cycle of rice: LCA of alternative agri—
food chain management systems in Vercelli (Italy)[J]. Journal of Envi-
ronmental Management, 2009, 90(3) : 1512-1522.

[42] EWIR, 25 5, ARIRAE . A R e R A e Ak ik pLI

[J]. KR, 1998, 22(4) :3-7.
WANG Ming—xing, LI Jing, ZHENG Xun—hua. Methane emission and
mechanisms of methane production, oxidation, transportation in the
rice fields[J]. Chinese Journal of Atmospheric Sciences, 1998, 22 (4) :
3-7.

[43] 5 R, 9K R, RO, S5 LT RIRLRT GIS BOAR iy Hh A H e
HEMAGTHIL 427524, 2006, 26(4) :980-988.

HUANG Yao, ZHANG Wen, ZHENG Xun-—hua, et al. Estimates of
methane emission from Chinese rice paddies by linking a model to

GIS database[J]. Acta Ecologica Sinica, 2006, 26(4) : 980-988.



