ISSN 1000-0933
CN 11-2031/Q




& s 2R

') (SHENGTAI XUEBAO)
smmemiemmienney. 0 B 34 B F2H 204 F1H (FATF)
E] V4

AR 5FER R

HE S RIS R B R AG E EIE IR A PE A A0 e A E B E (239)
F AT B S LA B A 85 e T 2 1] S5 TR By wvvvvevnnnnnnnnnnssssissiitintias WA EBRE, A (247)
REKERT P RBAE RN EFETERATHRRE Yol e THEF,KANE, G M, F (258)
G e R b I A L P A RER, &L E (269)
SR BT S A S AR HE R veeeeeeeeeeeen ettt a e e TRAL,E ¥ (282)
B R A S F Btk BB S B R B o veenreeneeenre e ee e Bl bR B T (294)
W Z M T A G IE SR AT GO HE b ceveereernnrere et x| 4 kA& A L% (307)
R T Ll T PP wT A (316)
MESEMETS

NaCl Mt F i R4 A KA A & T B E M5 Bt e X B KR M HE, F (326)
AR A E B H AR R T S Ao vt 2R E M ARG PLEL «ooveererrrrreeneen WooZR, B R, W R, % (337)
Oy FE LAT-2000 L AE X558 55 JE B AL GG O T v vvvernernennsennennenneinenennees T O EKALINER,E (345)
K* Cr® 5 ) B 4 kK B A B T W vy eeevveeeenneesneseniie e, VIR F O Bk (353)
WA R R R E A 3 HLAE cvveeeenreeeeineee ettt £ MY M EBE. % (359)
B BHENAESRESR

EMBRAETORREEBZEMOET T oo IVETREEE R B (367)
HEPHTRRAN @B EFER MBI SHPE oo BHE TR REE, L (377)
T R A B G E AR A AR B IRAT LR R AT coeveeeeeeeeennns RN ENE B3R % (390)
AT A M IR H A K H B AT R A IRAG R om e eeeeeeeeneeen BEUAT X KR (400)
LA RN R AR A RS EHAEB G A B T e Rl s EENR,F (410)
1961—2010 £ 2 F 23 K B B E K = B YR GGAEIUGAHT vvvvvrrenmennnnne ¥ ML LB B2 (421)
LRI B 20 B LE AR AL B A B AT A B G R verreerereeeee e UTIE, EES T I % (430)
R R FEE N A LIRS D AR REBFFFAE  -oooeeerermeeeeeiinens FRE,RFE, I (442)
N SEBI 6 FRARMER LEMAED T T RACHAE oo x| gk k| FE e ot (451)

=W KFEMEIRER
FREH R T L EACHAEB X AR TACH oL woveeereneensenns tRESE B, X % (460)



BEHEH X NE TR L E Z oo kxS, ZF,KANFE,E (471)

FHPABEELEG LIEANBREEDTHAL ooeeereeen ks Rk, ), % (482)

BT A BT ) L T ARG A E AR e R, A, EHL, & (491)

W3 R

FREFREATEE TN TR IR T T TR o Xk K FE & L, % (500)

B i o - e WEH  EZWMA (509)

SWAT HERL 332 WAL By ZAL 8 BB HT——ATHL 0 B R AT TR A ] -oeeeeeresseremsnesssneseee
............................................................................................. oL R KA (517)

HAFIE A S CN 11-2031/Q * 1981 # m * 16 * 288  zh * P % ¥90. 00 * 1510 * 29 * 2014-01

ECEEECEEECEECEEECEECEEECEEE

SR & AR —— P ERA A R oA LA B (Y 1 5K, A T R TR T e S LA R T R R DA T
SElT A, SR WA SR A (L MR SRS R R SR IR A S R e rh T A AL A . R
TR I8 SR RARTE 0. 2—3 wm Z I BDGH H IR BRI A Y . BUCRTR WA A (U HE A S R G h AR ) i
AL P g 5 B 2 DRR R R A S R G AR . BIFTE W , KA P 2 5 il A R 7 B A )
TE 33 A 2 R L ) 2 DR, R R 3 1 45 2 2 0 41 K A e I 2 v W L 400 - T A1 B R
SERZHRL (PRI P282) .

FHERM. FEAEdE  Jbm Ml K% E-mail; cites. chenjw@ 163. com



55 34 45 2 4 = 3 i Vol.34,No.2
2014 4F 1 J ACTA ECOLOGICA SINICA Jan.,2014

DOI: 10.5846/stxb201304240794

TR, M, EHHE, BEMS, WLt ST A ST B KRR A T R . AR 2R, 2014,34(2) 1491-499.
Cao LM, Li M B, Wang X Q, Zhao Z P, Pan X H.Life cycle assessment of carbon footprint for rice production in Shanghai.Acta Ecologica Sinica,2014,34
(2):491-499.

£ F 4 R BTG 0 LTk PR R i

1,2 = 2 3 2 52 b 1,
AU B, EALT, REM, Eral
(1LILPER K, M5 330045; 2. BEATR A ERBAEY B R3S, LifE  201403)

~

R R AE R A A A AB R ABRHEL R E S . S 18 PAS2050 VS 45 & A d Ao O 3 3 g i sk e A 7=
AT T ORI ITAS , 25 5RRW . (1) BT LIS KR AE = HECA 11.8114 t CO,e/hm®, 374 4 W 7K 8 A 7= JR 3 B4 ik 2 328 oy
1.2321 t CO,e; (2) i HIR 3 SAARHEBUR ARG A 7 fe E 2 B BRHARBOR , B WK RS AR 7 00 B HEEL S 0.9507 t CO,e, i /KFEAE =4
ABRHERLC 77.1% , Forh UGS (CH, ) MOt R0 TS MR, RS FR 28 SR BRHEU Y DTk 553K 96.6% 5 (3) fh 2= AR it i
S TR RO, A MK RS A 7R B S HE R R 0.2044 1 CO,e, d KRB A F= R HEAY 16.5% , b N Fem , HECER A 0. 1159 ¢«
CO,e, HIL, L WGAGRR KRS AL 7= 1 S SRR R TGRS Y e B, 573 & mT s aod it 72 RUME AR P 36038 a2 RN it ) 45 ok ok o A
iR R HEL

SRR KR 5 B 5 TR AR A R A

Life cycle assessment of carbon footprint for rice production in Shanghai
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Abstract; Global climate change has become an urgent issue of concern. Climate change will increasingly threaten our food
production, security and even the survival of the human race. It also has a serious impact on natural ecosystems and the
socioeconomic system. With the increasing scale and improvement in mechanization levels, the economic linkage between
agricultural production and reduction of Greenhouse Gas ( GHG) emissions is even closer in the agricultural production
system. Therefore, the development of a low-carbon agricultural model is one of the long-term strategies for low-carbon
economic growth throughout the country.

This research of carbon footprint is introduced to measure the GHG emission over the rice production cycle. The carbon
footprint can be defined as the total carbon emissions caused by an organization, event, product or person. At present,
carbon footprints are used to measure GHG emissions in products, services, organizations, cities and countries and offer the
decision basis for the formulation of GHG emission reduction schemes.

Agricultural ecological systems, every year, also produce a lot of GHG emissions. The whole process of prenatal,
intrapartum and postpartum agricultural production are closely related to energy consumption and GHG emission. In the
process, all the agricultural inputs, such as chemical fertilizers, pesticides, seeds, cultivation, plant protection,
agricultural machinery, irrigation and harvest also produce greenhouse gas emissions.

The whole cultivation of rice involves methane ( CH,) emission. This study shows that rice cultivation is one of the

biggest sources of GHG emissions in crop cultivation. Rice paddies emit a large amount of methane in their water logged
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mode. Different irrigation modes have a great influence on the emission of GHG. Straw return is another factor that promotes
GHG emissions. Soil organic content increases with the return of straw, with an increase in the soil methanogen activity,
leading to increased methane emissions.

The current carbon footprint research is the first time it has been used to measure the carbon emissions involved in rice
production. The carbon footprint for rice production in Shanghai was assessed by the PAS2050 paradigm and life cycle
assessment. The study area, located in Changjiang Farm, which belongs to the Guangming Group in Chongming County
Shanghai City atlatitude 121°32'22"" E, longitude31°40'23"" N. Chongming County, in the Yangtze River Estuary, is a
typical sub tropical monsoon climate with mild climate, abundant rainfall, annual average temperatures of 15.3 °C | and
annual precipitation of 1245 mm. It is the major grain production base for Shanghai city with winter wheat and summer rice
forming their main planting patterns, which are typical for the middle and lower reaches of the Yangtze River rice-wheat
rotation cropping pattern.

The entire carbon emission of rice production in Shanghai was 11.8114 t CO,e ( CO,-equivalents)/hm’, corresponding
to a 1.2321 t CO,e/t rice grain yield. GHG emissions from paddy fields were the major source, which emitted 0.9507 t
CO,e/t rice and accounted for 77.1% of total carbon emissions during rice production. Moreover, CH,was the largest source
for GHG emissions with a contribution rate of 96.6%.Chemical fertilizers were the second largest emission source in rice
production. Chemical fertilizers emitted 0.2044 t CO,e for each ton of rice production, contributing 16.5% of total carbon
emissions in rice production. N fertilizer was the biggest emission source, which released 0.1159 t CO,e/1 rice.

This research investigates the GHG emissions over the whole process of the Shanghai rice production cycle and reveals
the energy consumption and GHG emissions in rice production. Thus, a rice carbon footprint is calculated by assessing the
GHG emissions in Shanghai rice production. The results are beneficial for producing reduction plans of reducing GHG
emissions in Shanghai rice production. Furthermore, the results will supply both practicable and theoretical foundations for

drafting carbon footprint formulations in other industrial areas.

Key Words: rice; carbon footprint; greenhouse gas; life cycle assessment
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AL A BR A R AE S 100 mL 45§ AR R FE A8
AT

FES 24 h PIJH Agilent 6890 N 714 H 6 33
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Table 1 Carbon emissions from various production processes
T Hefi: e Jrpra—
HELR HATR TSR iizif& Fmission 7%21«1; hjiﬁff
Emission source Data sources Activity value factor /(1 COye J(Uhm?) /(1 COye/tKAF)
/hm?)
453 Diesel oil HEHL Plow tillage 15.75 L/hm? 0.00256 t CO,e/L 0.0403 9.59 0.0042
HHth Harrowing field 7.95 L/hm? 0.0204 9.59 0.0021
JiEHE Rotary tillage 14.12 L/hm? 0.0361 9.59 0.0038
SE-Hb Paddy field leveling 11.47 L/hm? 0.0292 9.59 0.0030
HE AR Other operations 1.24 L/hm? 0.0031 9.59 0.0003
&R Seedling 1.50 L/hm? 0.0038 9.59 0.0004
ER Harvest 31.31 I/hm? 0.0802 9.59 0.0084
i, Electricity FHEBE Trrigation 22275 kWh/hm? ~ 0.000757 t CO,e - kW/h 0.1686 9.59 0.0176
u&z’ﬂuﬁui Rice ) 26.63 kwh/t 0.1932 9.59 0.0211
processing and packaging
Hoe b AN Nitrogen 277.50 ke/hm?  0.004005 t CO,e/kg 1.1114 9.59 0.1159
Other sources AL Phosphorus 73.50 kg/hm? 0.003894 t CO,e/kg 0.2862 9.59 0.0298
of emissions HNE Potassium 108.00 kg/hm*  0.005213 t CO,e/kg 0.5631 9.59 0.0587
BRE5] Herbicide 10.20 kg/hm? 0.004733 t CO,e/kg 0.0483 9.59 0.0050
A& HH Insecticide 12.90 kg/hm? 0.004733 t CO,e/kg 0.0611 9.59 0.0064
AP Fungicide 3.90 kg/hm? 0.004733 t CO,e/kg 0.0185 9.59 0.0019
*gmﬁg%ﬁ:@% .GHG 9.1180 9.59 0.9507
emission from paddy field
T Seed 37.5 kg/hm? 0.000795 t CO,e/kg 0.0299 9.59 0.0031
St Total 11.8114 1.2321

0.2624, 21.3%

o,

0.0201, 1.6%

0.9507, 77.1%

o HafEk
| TR
O 8 HERESAHT

B1 BEXEEMBESEHR (1 CO e/t KFH)

Fig. 1 The composition diagram of GHG emissions from

major categories
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3.2

HERCHY CO, , ZE7K A= F N Y CO, ¥ HERCH &R 11
{E7 — A B AR i % SR HE g s
T JE 3 P = 38 MILAR 9 AR FR /N, PR AR A 5 43
Br CH, AT N, O i = R HE ., I 2 L E
MO AN PR 5, A 10.3089 kgCO,/hm? | i b 3
FH 1) 5 2= SR HE R /D, M 8.1785 kgCO,/hm”, AT fE
S DR A B A B RIS FH B — B AE 1210 2245, B
W% 20 d, AT DA /D AE K 20 d 24, A R0 TR
HH i & AR HECHE i . A STk LU R, CH XA
T = SARCHE B T e K, 45 A BEAE 96.5%—96.8%
N,O TTRREITE 3.2%—3.5% 2Z 8] , SN

®2 WHRRMELTRHEL

Table 2 CH, and N, O emissions from paddy fields

b (CHy) E¢o,/ (N;0)Eco,/ £ CO, 4kt Uk L Contribution rate/%
Treatments (1 CO,/hm?) (1 CO,/hm?)  Total Ego /(1 CO,/hm?) CH, N,0
HB Rice Transplanting 7.9181 0.2604 8.1785 96.8 3.2
R Broadcast sowing 9.9431 0.3658 10.3089 9.5 35
7CH% Hole seeding 8.5567 0.3100 8.8667 9.5 35
T34 Average 8.8059 0.3121 9.1180 96.6 3.4
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Fig.2 The composition diagram of GHG emission from paddy

field operation
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3.4 AEREESHT

A5 25 1 B 7K B A AN Bff 2 ik R T A
S BRIV KM TAE R RO % KB FIWT A5 1,
A DL 28 3, vl S 9 HE il R 04N 1 1 S A
IPCC 2006 4EHERL R K02 95% B A5 X [l H i ok, H
FIHER B BORH EHES | 1PCC2006 4FHE R B
96% - X o) T H 01 ok, HH A3 == S AR HE i &R
BORHRENES ] IPCC2006 4FEHEik 250 97% B A5
[ [E1 R AT <R TP AR s I T e Y N
T AR AT LA B JH Al HE 5 U5 55 0 50 B30H0 0 K R e
F-HECR B AN PR IR T L KA

B I 45 T0UAS 0 2 PEAE, BRI 33.54%, L)
49.75% , FH e HERL 33.54% , IR 2= SARHEIL 20% , T
15% (% 3) . &HEBCR SO 2 12 1] 1PCC2006,
B A R A ST AN E PR N £19%
TEVEEGOR T,

x3 THMEMESH
Table 3 Uncertainty analysis

LRI €I HeCR AL AR %
- Activity data Emission factor Theintegration of uncertainty
ST
Emission sources iﬁﬁ T’Eﬁ ?jﬁﬁ ?jﬁﬁ EFR J:\IKEF% TR TK\E
FETE FEE FEE M FBR Ty DL THR Vg e LA
BR TR R TRR 5 s
259l Diesel oil 33.54 33.54 0.94 2.02 33.55 11.26 0.00 33.60 11.29 0.00
i Electricity 49.75 49.75 7.00 7.00 50.24 25.24 0.04 50.24 25.24 0.04
HE Others 33.54 33.54 11.79 10.46 35.55 12.64 11.42 35.13 12.34 11.16
FH i) 38 2 AR
GHG emission from 20.00 20.00 0.00 0.00 20.00 4.00 3.62 20.00 4.00 3.62
paddy field
IKFEFI T Rice seed 15.00 15.00 20.00 20.00 25.00 6.25 0.00 25.00 6.25 0.00
N -
B LESTHT Total/ % 77.06 19.82 76.89 19.65

Uncertainty analysis

AfiE EBR Uncer-tainty upper limit; FFR Upper limit; | FRFJ5 The square of upper limit; | FRI€ LI 77 The upper limit multiplied by the amount
of square;TFfé Low limit; FBR¥J7 The square of upper limit;T[‘Ei@ LIESE)S The upper limit multiplied by the amount of square

4 itig

e [ St 5 b RO b v i AR R A 1 5, A 20
22 80 AFUAII Uy, [l b3 st o B 3 [ A H Oy
SRR % TR HRON EE Wk 2 — IR
R FH L 2 SRR HE T e e T S T AR HE R o 7Y
172025 {FLE A A 2 3 % 7K R A 7 4 S 31 B A

FERD A 4327 25 38 1 AR B KR 2B 7 ik HE
S, g /N B A 3l A L5 TSR W Rl B B K
TN BHEREFE MEW IR R % AR HE RS 15 3 3
ARPGH KRG A =k LB 204 1.3303 t CO,/t1% | AR
WA By L g T K AR 238 1.2321 t CO,/t B
e P 2 AR HE T3 o 2 A e HE B 19 A s, 5 MDY
HREH GWP 53] 1.0344 t CO,/t, i A il ok HE Y
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77.8% A SR AT ST % P I R 202 g A UL S A
£ 0.599—0.861t CO,/t Z[a], Hi 223 Feims i, foe iy
{EH 0.861 t CO,/t"" | Sk 5 X VT I3 A FF 8
FH e 22 PR 2k IR 28 SR PR A (B 6.383 t €O,/
hm? ! ARBFSEREH GWP 134 0.9507 t CO,/t, 4
SETBRHERL Y 77.29% , ASBIF 58 P8 A 19 KT A 3 K 3]
DIARSATREFF A I, H AP & s, B =
AR T VRS 45 R EEAOR ULRE R = R
IR KR A = HE R Y £ Z R &R il i B Kz 2 | I
/e R SR HE O — R R A AW R, CH,
S EEA IR A, HOR SR STk R L T
96% (£ 2) , W LW, MM | LK it
FE OV S A 22 b CH, HERT R W, ASBIFSE
oA 3 e A T K YT A S R L CHL HE RS T % B, 4%
PR K 21 ARG CH, HERC S B AR s a3, 6 A
WIS mg m™> h™' A Ay, 7 H ARk RS 43 BE R ik 2
R 60 mg m™ h™' 5 H — A 5 SR FE E] 5 mg
m” hT DA, R GE TS R I, 1  E R
PERT DUA 08> CH, HERC, A, 08 28 B W )
U9/ e FH EE T v B8R FH K, DT Dk 20 7K 5 R
AR B 1 T AE , DBl DV R A FRARHE AL

JEASE AR F [ 3l 2 A HE Tk ) 57— Rl HE
WO, ABFFE R I, N P K3 Ff AR 22 ARt T, %o
IR A P e HE R STk F A 3 16.6% , K LK
] RUAE it P it 22, 44 UBE it P A iR 1.2 x 107
AT R R 1735 A e b — i ali Ut
#AIL 180kg/hm* | /> 5 Ml X H: 5 3k F] 400—600kg/
hm? , {E 7K R R 2 B R FH R AR (332 11) %,
T H A A& ik R AR H 2R E A 60% , 4R fE ik 3
X—F K B8 509% Y I8 it T, 2 342 sk
FiAe 3 2l Hh 9 0B it FH o B B HE I 5. 14 < 107 ¢
CO, e gbah, 396 B IR 28 5 S s Ak A RS
IR E SR N, O, BARf AR AR R G AN
A 1.5x10° t N, 0 H#:3E A KA, tie 208 51 AL 1
N, OHEff it 5 N, O SVHERU I 1Y 13% , >4 U it 2 f
W2 4 HER N, O HERE B 229% | 4
e A T ] 2 g AR 0 M X N, O R B R
I, 38 R A e Ty A PR R A F IRt FE o i
FHW ORI FH 2803 258 5 0 22 1 B NE , DA B AR 6 AN [+
Folv it AR 2 it A 44 v 260 25 R R0, s 3 it
N, O HER R A AE R}, U/ UM it FH o, 9 /D 7K A

Heita & AR

ARICHITE T 7K AR Az 7™ 4% i e HE I I A AR X 5T
B, 2 AT PP KRR A 7 oS00 Ay e A 8 , X6 ik 7K A £
PERRHERCRAT BB S R A AR AR K A AR
7 BRARR AR MY A 7 5 R AR R S BAR M HE S AR Y
M
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