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Table 1 Coefficients of GHG and reactive nitrogen emission
of different material for agricultural production

T S 2 R AR
Carbon emission  Nitrogen emission
coefficient coefficient

SE3H Diesel 0.89kgCO2-eq/kg  0.56gN-eq/kg
SEIM LK Diesel combustion  4.10kgCO2-eq/kg — 4.10gN-eq/kg

A
Item

FEWLF W 0.82kgCOz-eq/kW-h  0.76N-eq/kW-h
Electricity for irrigation

AN fertilizer 1.53kgCOreq/kg  0.47gN-eq/kg
WA P,Os 1.63kgCO-eq/kg  0.36gN-eq/kg
A K20 0.65kgCO>eq/kg  0.03gN-eq/kg
A& JE Flim 22.72kgC0s-eq/kg  12.02gN-eq/kg
% HU7] Insecticides 16.61kgCOz-eq/kg  3.55gN-eq/kg
& #5) Herbicides 10.15kgCO»eq/kg ~ 4.49gN-eq/kg
A #i77 Fungicides 10.57kgCO»eq/kg  7.05gN-eq/kg
JKFEFPF Rice seed 1.84kgCOx-eq/kg  0.76gN-eq/kg

KBS A BN BB R Bk A o [ Az A A 1809 P2 (CLCD
v0.7, IKE Environmental Technology Co., Ltd., China) , fKZjfl
FhF 1) ¥ 55 R BOR H Ecoinvent v2.2 (Swiss Centre for Life Cycle
Inventories, Switzerland) , ¥&MEZEHEM R K H IKE eBalance v3.0
(IKE Environment Technology Co., Ltd., China)

The conversion coefficients of CO; equivalent for most of inputs were
from the Chinese Life Cycle Database (CLCD v0.7, IKE Environmental
Technology Co., Ltd., China), pesticides and seeds which were from
Ecoinvent v2.2 (Swiss Centre for Life Cycle Inventories, Switzerland).
The Nr emission factors (Nn) from IKE eBalance v3.0 (IKE
Environment Technology Co., Ltd., China)
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Fig.2 Carbon footprint and nitrogen footprint of double rice production in Yangtze River
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Fig.3 Mean proportions of the carbon footprint and nitrogen footprint of double rice in Yangtze River
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Table 2 Characteristics of indirect carbon emissions and nitrogen
(Nr) emissions of double rice production in Yangtze River

BRHE Carbon emission (kgCOz-eq/hm?)

ZHEK Nr emission (gN-eq/hm?)

F#3% Ttem R WS e R WS e
Early rice Late rice Double rice Early rice Late rice Double rice
4&ith Diesel 635.9+157.9 608.8+147.6 1244.74279.6 607.8+151.0 582.0£141.1  1189.8+267.3
ZMEN 383.4+82.6 423.5+97.0 806.9£165.1 77.0£16.6 85.1£19.5 162.1+33.2
AR P,Os 39.5+19.4 53.9+29.4 93.5+44.4 21.7+10.6 29.6+31.8 51.3+35.6
AR K0 66.2428.0 72.1£28.6 138.2452.2 3.0£1.3 3.3+1.3 6.3+2.4
FEIE Trrigation 21.5¢13.4 29.4+16.2 50.8+27.6 19.9+12.4 27.2£15.0 47.1£25.6
AR Film 164.4+33.1 — 164.4433.1 87.0£17.5 — 87.0+17.5
BT Rice seed 115.5+57.9 85.7+47.7 201.1+86.3 47.7423.9 35.4+19.7 83.1+£35.6
[4: %551 Herbicides 2.0+0.8 3.542.1 54422 0.9+0.4 1.5+0.9 2.4£1.0
7% 117 Insecticides 8.1+3.7 11.4£6.7 19.548.2 1.7£0.8 24+1.4 42+1.7
Z %77 Fungicides 8.6+3.9 8.1£3.9 16.6+7.0 5.742.6 5.442.6 11.1+4.7
JA Total 1445.0+201.2 1296.2+207.8 2741.24379.6 872.9+160.8 771.8+1573  1644.3£291.7
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Table 3 Carbon and nitrogen footprints of double rice at different cropping
scopes in middle and lower reaches of the Yangtze River

AL Cropping scope

TiH

Hom R REERY gk

Large-scale grain planter (23) Family farm (13) General farmer (40)
fift £ 728 Carbon footprint (kgCO,-eq/kg) 0.53+0.03¢ 0.62+0.05b 0.80+0.10a
R LI Nitrogen footprint (gN-eq/kg) 6.73+1.53¢ 9.67+1.11b 12.04+1.13a

AEVING TR R A IR ] ) 22 57 5 K S (P < 0.05)

Different small letters indicate significant differences between farm size classes (P < 0.05)
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Fig.4 Relationship of actual yield of rice and irrigation amount and N fertilizer input
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BEVERRL, ATUYIANST . AR RN S5
75, fEfEiE IR SRR 2, HUMAERE B, AN



2130 BRPE AR

TR A BRILRISOSCEERE AL B BRI T —— ALV A R a il 235

fE— R EIR R B R AL o BORSCREXT
(E IR N WS Y SESNREIE (225 P B T BV RTE 2 C v v

RS DNEOR IR BT, KR 2 78 AL 18 PR
TLER R AR 6.1%A1 6.0%.

* 4 ETEERBEREMETHRBFRYR 534

Table 4 Coefficient estimates and marginal effects of the Poisson regression model

% /£ 328 Carbon footprint

%232 Nitrogen footprint

7P s L
Expls i I 8 PR I 8 PR
Coefficient of estimate =~ Marginal effect Coefficient of estimate ~ Marginal effect
71 Gender 0.115(0.058) 0.018(0.009) 0.216(0.108) 0.033(0.017)
UL Age 0.061(0.031)" 0.009(0.005) 0.044(0.022)" 0.007(0.003)"
#(H Education -0.330(-0.165)" -0.063(-0.032)™ -0.345(-0.173)" -0.066(-0.033)"
HHEH PR Experience -0.052(-0.026) —0.008(-0.004) -0.033(-0.017) -0.005(-0.003)
HHETHF Farm size -0.053(-0.027)" -0.008(-0.004)" -0.067(-0.034)" -0.010(-0.005)"

SAFARAL A Climate change awareness
KB EE 1IN R Low carbon awareness
BRI = IR Risk aversion

LI L5 Farm income ratio

ML & Machinery ownership

F- 3L PRI Soil fertility deficiency
HEWEZ% 1 Sufficient water irrigation

-0.040(-0.020)
-0.336(-0.168)"
-0.182(-0.091)
0.162(0.081)
-0.173(-0.087)"
-0.229(-0.115)"
-0.220(-0.110)*

-0.006(-0.003)
-0.053(-0.027)"
~0.028(-0.014)
0.026(0.013)
~0.028(-0.014)"
~0.038(-0.019)"
~0.037(-0.018)"

-0.058(-0.029)
-0.412(-0.206)"
-1.303(-0.652)
0.173(0.087)
~0.048(-0.024)"
-0.121(-0.061)"
-0.145(-0.073)"

~0.009(-0.005)
~0.065(-0.033)"
~0.201(-0.101)
0.027(0.014)
~0.008(-0.004)"
~0.020(-0.011)"
~0.024(-0.012)"

{5158 4% Credit access 0.113(0.057) 0.019(0.010) 0.159(0.080) 0.027(0.014)
AR SZFF Technical support -0.350(-0.175)"" -0.061(-0.031)™ -0.341(-0.171)"" -0.060(-0.031)"™"
ey e BORBIRFME MR B RE K (P<0.05) . (P<0.01) . (P<0.001)

WHI wk

3 g

AR FAF Y, KIS R R A 7= B = R ik
BTSN A PR R R 12553 )N 0.63kgCOz-eq/kg A
0.25kgCO2-eq/CNY , KT 4 [F 4F 15 H A0 77 B sk A2 328
(0.89kgCOz-eq/kg) 161, J5i K n] GE7E T H Hh 2% 10
W, S ST AR BN ACEA R . 51
an, FRIE A6 X B R R D, AT ]2 5 S0
BINIEE, IR 7 R s R A G 2
o A, VLRI E A AT e K L 3R,
2 e B A TR AR ™= B ol sy T AR AR X . AN X
S DR AR B AR AR il S Ak = S B I 22 i
T EOZ XA AR 1) B 2 759 2 HH I 3
SO, ARRFFER, FE KT RS A 1 A
S5y A 8.37 Fil 8.49gN-eq/kg, i i T Xue
SENNET LCA Jrikit B 520 B W) Ak 7= R i
(2.65gN-eq/kg) » {HAK T Pierer RN — 7=
HE TS B R B P R RN o BT R 22 57
BER F 2R UE T % BF 78 B A0 EUR T E T R )
X oo WhAl, BPAr= o B A R HE ORI ok 1) 22
SRR R — A E R AR
L, FEH NHs # K2 FEME LRI, 5 Leip
GOS8 LS R, ERFEAIE ARG AE G, NHs H

” and “*™” indicate that the correlation of each index reaches a significant level at P < 0.05, P <0.01, P <0.001, respectively

(7] 4% 5 5 o o R0 it P 6 10 39 m 2 2 M 1 n f
HO9, Ak, MR K ZE NH; 48 K% s A &L 7
R EVE TR L A O, X — AR T
EMREAE K FEN R IR M LR E T, (2t
T AEIREE S M, AT KRS FH LAY 4% NH N
WREETE 20, AR, FRARHE H i A E AR
ZNER H 2 0] AN ZERE 2 e 2 A EEAER . o
FPR I, FEH B K 2 M E TR
SERFEAN TR, G5 Yedd B B LU AR BE e . [A]
i, A DA L) 2 I (0 ISR AT N B il AR b PR
Jite F1 AR

AR RFEH, KILREBUKFEAEFE 53.1%HH
PUIERM NG &, FRR R TR AR X
2 g A P A R BN TR 8 RN R O 1) B
R, KRR TN 80% LA o AR AE
BRI TF R = SRS R Chen 2521
EMRE KD KA EE AR R, N TR =R
i 20% AT LS 7K A8 b3 A2 7= 30871 (1A DG IR = S
PRHEBCR, IR BT RS R . AT
Fa i, PR RUBO DUZERG IR . BRI /NG B3
s, X5 NIRRT FLA R . AR TS R
H R AR K T 0.7hm?2 () 4R 37 - 38 ] e o B B
BT NUBR AR 3 30% LA . R, tA RS
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Carbon and Nitrogen Footprints of Double Rice Production
in Yangtze River Based on Farm Survey Data
——A Case Study of Jiangxi and Hunan

Chen Zhongdu, Xu Chunchun, Ji Long, Fang Fuping

(China National Rice Research Institute, Hangzhou 311300, Zhejiang, China)

Abstract  Quantifying the carbon footprint (CF) and nitrogen footprint (NF) of crop production can help
identify key options to mitigate greenhouse gas and reactive nitrogen emissions from agriculture. Based on
farmer's production survey data, the CF and NF of rice production in the Yangtze River were estimated. The
results showed the CF and NF per unit yield for rice production in Yangtze River were 0.50-0.90kgCOz-eq/kg
and 5.20-13.17gN-eq/kg, respectively. The largest fraction of CF and NF of rice was the share of CH4 emission
and NHj3 volatilization, respectively. The scale of planting was negatively correlated with the CF and NF, and a
decrease in the CF and NF were found in large sized farms (more than 3.3ha) by 33.8% and 44.1%, respectively,
compared to smaller ones lower than 0.7ha. 53.1% of a field exposed to excessive fertilizer and 54.9% of a field
exposed to excessive irrigation showed low yields. Improving farmers’ education level and awareness of
low-carbon and green agriculture could significantly reduce the CF and NF of rice production. Thus, developing
technology that limits water and fertilizer consumption, as well as developing in farm machinery operation
efficiencies and large scaled farms, strengthen the popularization of knowledge and culture level of farmers and
low carbon green agriculture knowledge and guidance of different types of adaptive behavior; improve the
innovation and promotion mechanism of low carbon green agriculture technology would be favorable toward
mitigating climate change and eutrophication of double rice production in Yangtze River.

Key words Carbon footprint; Nitrogen footprint; Double rice cropping; Ecological assessment; Life cycle
assessment
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