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Abstract: [Objective 1The middle Yangtze River Valley is one of the major double cropping rice areas in China, and it is
of great significance to analyze the carbon footprint of double cropping rice for developing low-carbon agriculture in this
region. [ Method ] According to a survey on farmers, the carbon footprint of double rice production in the middle Yangtze
River Basin was estimated using a life-cycle assessment method in the agricultural sector. The proportion of different
agricultural inputs in the carbon footprint of double cropping rice production was explored. In addition, the relationships
between fertilizer and irrigation inputs and the double cropping rice yield, carbon footprint and the rice grain yield were
analyzed. [Result] The results showed carbon footprint per unit yield, carbon footprint per unit biomass and carbon
footprint per unit production value for double rice in the middle Yangtze River Valley were 0.67 kg /kg, 0.35 kg/kg and
0.27 kg/CNY, respectively, showing a significant decrease with the increase of double yield. The main components of the
carbon footprint were CH, (66.2%), Diesel consumption (13.2%) and fertilizer (10.9%). With low grain yield, 22.4%
early rice field and 36.7% late rice field were found excessively-fertilized, and 28.4% and 33.5% were excessive in
irrigation. There were large potentials in energy saving and emission reduction. A decrease of carbon footprint in early
rice and late rice was found in large-sized farms by 29.7% and 37.2%, respectively, compared to smaller ones. This study
demonstrated that carbon footprint of crop production could be affected by farm size and climate condition as well as
crop management practices. [Conclusion] Thus, moderate reduction of double-cropping rice area and developing
technology that saves water and fertilizer, as well as conservation tillage technology and large scaled farms could help

mitigate greenhouse gas emissions from double-cropping rice production of the middle Yangtze River Valley.
Key words: carbon footprint; double cropping rice; global warming; life cycle assessment
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AREHEAE Farm operation

activities
BEEFEH Diesel consumption for tillage
We3k#EiH Diesel consumption for harvest
HEWEF FE Electricity consumption for irrigation

A S IE BN AEIRIE FE Energy consumption of agricultural

B ESEHK
COz. N2O. CH, 55 2= AL
Greenhouse gas emissions of CO,,
N>O, CHj, etc.

KRB Farming inputs

transportation and their application in paddy field
ikl Fertilizers
27 Pesticides
AN Film
¥ Seeds

KRB AE 8% A Manufacture, storage,

FKAE
EENE R
Rice grain, straw, etc.
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Fig. 1. System boundary for calculating greenhouse gas(GHG) emissions in the rice cropping system.
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Table 1. Index of greenhouse gas(GHG) emission of different material for agricultural production.

IH Item FAAL Unit ZHU Coefficient KU Source
4t Diesel kg/kg 0.89 CLCD 0.7
SEi A% Diesel combustion ka/kg 4.10 CLCD 0.7
TEWEA . Electricity for irrigation kg/kg 0.82 CLCD 0.7
AN kglkg 1.53 CLCDO0.7
BEAE P2Os kg/kg 1.63 CLCD 0.7
HE K0 kg/kg 0.65 CLCD 0.7
AR Film kg/kg 22.72 Ecoinvent 2.2
A% 7 Insecticides kg/kg 16.61 Ecoinvent 2.2
[ %55 Herbicides ka/kg 10.15 Ecoinvent 2.2
AP Fungicides ka/kg 10.57 Ecoinvent 2.2
JKFEFIF Rice seed kg/kg 1.84 Ecoinvent 2.2
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A, Carbon footprint per unit yield(CF,), biomass(CFy), and output value(CF,) of early rice; B, Carbon footprint per unit yield(CF,), biomass(CFy),

and output value(CF,) of late rice.
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Fig. 2. Carbon footprint of double cropping rice production in the middle Yangtze River Valley.
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Table 2. Mean proportions of the carbon footprint of double cropping rice in the middle Yangtze River Valley.
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i H ltem LT Early rice H S Late rice XZfH Double rice
N,O 4.92 5.04 4.98
CH, 63.5 68.7 66.2
S5 Diesel fuel 13.9 12.3 13.1
HEWE Irrigation 05 0.6 0.5
A Plastic film 3.6 0.0 1.7
FlF Seeds 25 1.7 2.1
[%: ¥i57] Herbicides 0.0 0.1 0.1
Z th 71 Insecticides 0.2 0.2 0.2
W 771 Fungicides 0.2 0.2 0.2
BN 8.4 8.6 85
Al P,Os 0.9 11 1.0
HE K0 1.4 15 15
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A, Relationship of actual yield of early rice with N-fertilizer application rate; B, Relationship of actual yield of early rice with N-fertilizer application

rate; C, Relationship of actual yield of early rice with irrigation amount; D, Relationship of actual yield of early rice with irrigation amount.
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Fig. 3. Relationship of N-fertilizer and irrigation inputs with yield of double-cropping rice in the middle Yangtze River Valley.
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Fig. 3. Carbon footprint of double cropping rice at different scales in the middle Yangtze River Valley.
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kg/hm?

FLfE Early rice

Wi FE Late rice

TiH Items

KIS LZF TR MZF

/NI SZF

KHUL LZF TR MZF N SZF

453 Diesel fuel 484.7465.2 b 526.8491.3 b 676.2444.1a 525.3477.1b 571.54102.1b 772.0466.6 a
AN 255.6431.1 ¢ 361.4453.3b 470.9450.2 a 332.24545¢ 412.5420.1b 554.2477.9 a
WAL P,0s 19.248.2b 38.5H14a 42.9+105a 34.249.7 b 36.9+16.4 b 66.3415.4 a
HE K0 65.5420.1 a 57.1#72a 67.1#159a 52.4#15.1b 85.1+16.8 a 96.249.4a
JEE Irrigation 15.345.1b 18.343.8b 253+1.8a 31.748.6a 23.847.1a 39.3#10.2a
AR Film 153.9439.1a 165.4461.1a 167.2438.6 a

AT Seed 123.6449.5a 118.8455.3a 111.5451.7 a 132.3466.1a 55.619.1 b 745421.9b

[ %57 Herbicides 1.9409a 20#.1a 2.1408a 31#l2a 45%2.1a 264.3a

& HUFI Insecticides 7.08.7a 10.3#4.5a 5.2439a 7.329a 10.8#3.1a 10.022.9a

A B 77 Fungicides 7.31#38a 8.3#2.9a 10.5#4.6 a 6.0#3.3a 8.7%.7a 7.3825a
FifE CH, 2751.04902.7 a 2863.11962.7 a 3018.84802.9 a 3106.4+1009.1 a 3403.841122.1a 3480.141245.4 a
HTE N0 149.9431.1 ¢ 212.2428.2 b 276.3428.2 a 198.2+21.8 ¢ 252.2432.9 ¢ 329.6441.5 ¢
gt sue; 4035.14302.7 b 4382.24232.1b 4874.04202.1 a 4429.34333.1b 4865.34298.1 b 5532.24442.1 a
& Yield 7500.04511.2 a 6653.24302.7 b 6222.04441.2 b 7800.04311.1a 7403.64413.2 a 6037.52849.1 b
P E R Cf, 0.5440.05 ¢ 0.6620.02 b 0.7840.08 a 0.5740.05 b 0.6640.09 b 0.924).13 a

AN /NE B AN R AR USR] () 72 57 S35 K F (P<0.05) RSN J9/15(<0.67 hm?). #1(0.67~2.0 hmA)RIK (>2.0 hm*) =8,
Different small letters indicate significant differences between farm size classes at P<0.05. LZF, Large sized farm(>2.0 hm?); MZF, Medium sized

farm(0.67~2.0 hm?); SZP, Small sized farm(<0.67 hm?).
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Fig. 4. Relationship of carbon footprint with actual grain yield of double-cropping rice in the middle Yangtze River Valley.
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T E AR e g 5 R lb e fE 00 5% 338 R A i
it S At S E R EZ R, JFH& R
B NAFTEEAE, FHAFR X AEMEEA, &
b AR 22 S N s A [R] X 38 A A [T R S 2 DA
i E) PSS AR AR ] (X o A 22 e 0, pol
W ot ST R 2 40 W R G5 T B 4 T R 4 T
JiiE, VR T IR E FE O LB SRR S 2
B, FRHWITT T A AN R 8 SR R B R Ak A2 320 i
&, 2104 0.90 kglkgs ek, mER. WAL PE Y
N E B BAR, 24 050 kg/kg. ANFEAEYIH
FHM&E. RERNKT WA EEAR AN [F 45 ]
2%, R ZEREE. Cheng &M%t 6 E &AM
BN RS AT TAGSE, 43 I B E A A
YV Y B P R R 2N 0.11 kglkge. BlEm, FS/
S T R I B, ST I AL R A
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FR T KA = B2 ME, B8 0.58 A1 0.29
kg/kg. Nelson 5P +57 Hy HE[E 1990-2004 4% i
NI R TR 0.33 kglkgs T i L T4k 21 i
WEEHE, Fia b R AL B BB T A
0.11 kg/kgo. WL, FRALP= R K 2RI K FE> 4
INFESE FRSHRITE, UL BT i X KRS 2 7= 1
NEEE, AN FIVEYD 2 18] SR ARG B 7 B il i
Ko Kk, FERIT AP X AR YA P2 A5 R rp N E 24
JEZE B RGAR AN, &4 RN EFE A, HE
JURESRAERE I, M R AR R = AR HE T
3.2 KIIHith X WEFEE =ik Bl E E AR

T I CH, HEBUR KRS AE =B L 78 1) 32 BRI 2
—, TR ERRE AR ZINE . B Rt
o b T BRI R AR FH L S AR 1 1.28%10°
kgthm?, (54 BB 77.2%. Shang 252U
TR ILIT 548 20072009 4 W2 A5 5 AR
JECE: A 1.55%10% kg/hm?, o CH, HEB &% 8 3
TR RGRHER TR . AR, REH
HEAK G B R e v T 95 B R A e S S HEN
+aEd, BRI E R IEEAGEE AL, 0] CH,
R, B CH, Ak 1P, Yagi 26PImt 5k
B, KRS AR K T 22 Ul ZK B R RE A R0 /0 Fe
CH, HE, 584 /K FE H 1) CH, HEBCR AR HEF 15
AT A 45%. SEMAFGH CH, HEIR ZE G R 2, W
TR, KRR . AR R, A
XM R 2, ERE P kb el R A
MR g A AP B 7 Py TR
A B TREE CH k. B oh, AT 7T R BLLE
BENTE U RGACE BENBHERCF AT 5 ELE A K. Bl
HRELN A EERE, R &I E s
BERM AR KSR TR R B s, Bk, b
A ZSIREE L 22 B R B A T J S AR SR 9 1 B 45
N it 15 e 28O P S R G e A Mk A 77
FERFBRHE B 2 AR B8 BN 2 1) T B HE AR, X
Z R BB HE T o A W5 N AL 2B ) 40% 75 47, Al
KRR, g Ak GRS 7 X A AR it
W, BAeEAIETE b L 30%2, B4k,
A PR AT ORI, TR AR R A Y FE )
BEE, N TRERIFH R, R REREMA A
B R, R TR = AR R
FhFiem T 35.3%. AHFFUE AR PR R BT
HiEHLIX. 38.8% 1) - Ag RN 36. 7% HE Ag Hh A
R o f R AL BB e FH &, 28.4% ) FRg AT 33.5%
PRI RS FH R Sl i R R, PR, &
WA KT 3 3t IX G A 78 KRG Pl A v A7 78 3o i
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RIS HE I G . R, RiFR SRR R KRS
EAEMIE T, BREMAL R R, 3 m a0
BRI AR, P> WEZERG K A2 28
3.3 KTt Xk FEdE AR R R SR B

AT RI, KT R X KA A =i e 28 3=
FORIETARE, Seuh . Fhr DA ARG CH, 1 B
J L, TR G e g e B AL 328 7 75 B X LT THI
AT RE . LI B B AR RO, A ST,
05 ZH05, CHy HECEAR KRG A, $2mR &R
W, REEIER R A R R, M BRI AL
AR A, SRR AL SR
RESEHE AR SE SRR R, 50 RS S HE
e RATREFKARN:, 755 558 X AT R
B R K REEAT B, e 2R K AR — b 2R R
A4, SCRERIEE . BE. BHEGE, B
P KB IR R 8GR, TR 2 g FH CH, O HER
IS BRI HOR, BT, LS AE,
R TIEANR SR, Nk SR AREHE H 1.
AR ERE. BEM. CPEEAL. &M
I AHE S KR B P R BRSO R
PUHAE, PRACH RN E SR EEH, AR T KT
HRiE b X KRB (RS AR Y (1) T R SR R FE
3.4 WRBERM

AHIE TR A P R A 4 A% B R RS A 7 1)
WA, THEEFESE T KRAE PR EER 10
FhA BHEN LR H ] CH, HE, SEBL T KR A =1
[F—ArdE FECON AT AR S . (B2, K
B FC R R I A iy S BAVEAN Y, RS FAFAE—E
G R TR BB BN B 1. MU
PR R S . EAMEE AT I EAE T
ETE, #FR AT, PRI 2 /DA LSTE)
2R, DR R 2 25 T S AN 7 2 R 5T
BN B R REC TR 2 ) St B0
S EFEAE NN AE A AR, ARG, H
BERREIR AR S L 20, R e it 5
I FHEEELE, TS0 Tt e L
TP, BETIFHERANIGRIEHEFE, fBHAL
Bt 5 AR AR =ik A2 B LA 6.42%, AR 2 FnsE
TP DTRR IO R M E . Ak, BT A A R
B e vy SR O, TR TSR R TR A 2
BRHESSH, SR ESLhRMEZ MefA—E
2R, ik, 5T, A E
A AR50, Jd i S B e HERR T SeRemm, i —
VAT W g e
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