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Abstract: [Objective] As characteristic fruits in China, hawthorn (Crataegus pinnatifida) and cherry
(Prunus pseudocerasus) play a pivotal role in the fruit industry. Carbon footprint serves as a critical metric
for quantitatively assessing the potential impact of production processes on climate change. Analyzing the
carbon footprint composition of hawthorn and cherry production is essential for promoting green and low-
carbon development within the fruit industry and cultivation regions. [Method] This study utilized survey
data from hawthorn and cherry orchards in Jiang County, Shanxi Province of northern China, to evaluate
their carbon footprints from cradle to gate based on the life cycle assessment method, analyzed low-carbon
advantages of different areas using carbon economic efficiency index, and explored the mitigation potential
in hawthorn and cherry orchards. [Result] (1) The carbon footprints per unit area of hawthorn and cherry
were 6.93 and 8.62 t/hm’, respectively, while the carbon footprints per unit yield were 0.23 and 0.57 t/t.
Variations in urea and organic fertilizer application, as well as planting area, resulted in significant regional
differences in carbon footprints per unit area. (2) Nitrous oxide (N,O) emissions from fertilization accounted
for 36.60%—65.34% of the per-unit-area carbon footprint, representing the dominant source in both hawthorn
and cherry production. (3) The carbon footprints per unit yield exhibited a negative correlation with the
carbon emission efficiency. Regions with lower carbon footprints per unit yield demonstrated higher carbon
emission efficiency and greater low-carbon advantages. (4) Under four simulated scenarios, the integrated
implementation of green fertilizer blending, optimized irrigation practices, and renewable energy
technologies reduced emissions by 77.06% and 77.72% for hawthorn and cherry, respectively.
[Conclusion] In the cultivation of hawthorn and cherry, the carbon footprints per unit area and the carbon
footprints per unit yield of cherry were significantly higher than those of hawthorn. Fertilizer application is
the main component of the carbon footprint of cherry and hawthorn orchards, and the carbon footprints per
unit yield is negatively correlated with the carbon emission efficiency. Through a series of emission
reduction measures, hawthorn and cherry orchards have the potential to achieve carbon neutrality.

Key words: carbon footprint; carbon economic efficiency; China’s hawthorns; cherries; mitigation potential;

life cycle assessment
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Fig. 1 Geographical location of Jiang County and distribution of surveyed villages
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Tab. 1 Emission sources and related emission coefficients
HETBORVE Heg R 5 SCHR
RE 7.49 kg/kg [17]
A BERRES 0.71 kg/kg
HEE 0.39 kg/kg
ekt A BT 0.008 5 kg/kg
Ebil 1% [18]
R B 1.1%
V&) B B 63.92 kg/kg [19]
A HU 57.07 kg/kg
A 60.69 kg/kg
Seih 2.601 kg/L [20]
H 0.884 3 kg/(kW+h) [21]

R EE R, HESCR B S T s s O
2R EL A s = A e = AR,

141 REBNBHNZ
A B BENBRHE O S TR AE I AS PR IR Y Bk

TR A = A P HE AR
A= Z(IiEi) (1

o AR T R BN = A Bk HE &= (kg/hm®),
LRGN G S G, E AR GAHX B (1)
AR 7, i RR AR TN S RIS, b e R 2.
M5
142 BN E

AT FUNR Y A2 i 2 T FE AR AR R HET
AT Es i R E

Afuel,i = Ifuel,i X Efuel,i (2)

s Aper, AR 18 B I FE 7= A 10 B HE & (kg/
hm?), Ty ARR NS SN EAE, Epe AR BRRHH OE

x2 UBEFEERANGELS

Tab.2 Summary of main input data for hawthorn production

X %**E'rﬁl‘ R . ﬂﬁ?ﬁﬁé%/ ’Eﬁﬂ}g/ ﬁ‘mﬂﬁg Bﬁﬁﬂé %Ei‘f@é %&fﬂJi H/ . 55?93{2

A /hm (kg'hm™®  (kg'hm™®)  (thm?)  (kghm?®  (kg-hm™®)  (kghm™®)  (kg-hm?)  (kW-h'hm™?)  (L-hm™)
W 1628.00 110.23 198.54 1.56 16.23 476 737 5.03 3.36 0.05
MK 386.60 76.09 1.33 13.56 5.18 438 2.95 2.07 0.03
MHEZ 390.13 96.52 161.32 1.44 3.37 4.03 5.19 2.74 2.41 0.01
THE# 537.47 65.83 114.64 1.32 5.49 8.22 6.24 9.86 3.72 0.03
5 HLAE 192.27 83.77 1.50 2.87 7.56 8.11 8.30 1.72 0.04
FAE 1149.87 234.56 200.32 1.96 527 8.95 7.98 6.47 4.25 0.06
A 4 897.20 62.71 0.78 432 6.69 7.35 4.99 3.28 0.03
ZIREH 825.33 47.76 0.66 3.05 525 3.56 6.28 3.99 0.03
RACHH 380.27 68.54 125.49 0.75 5.78 8.72 9.13 13.21 3.28 0.04
Aoz 279.53 72.39 0.78 424 10.22 8.35 6.59 2.55 0.06

=3 BHEFEERANEIBLE
Tab.3 Summary of main input data for cherry production

X ﬂwﬁﬁé ﬁ%%{z ﬁﬁiﬁﬁa‘é%/ ’Eé‘ﬂg/ f ELELZ B%E?f@i %E%@i %é?fqg H/ | ﬁsiﬂafz

AR /hm (kg'hm?  (kghm™  (thm?)  (kghm™)  (kg'hm™)  (kghm?  (kghm™)  (kW-h'hm™)  (L-hm™)
HEE 501.33 76.89 0.76 13.24 5.73 4.32 3.58 2.13 0.07
MKEL  567.33 98.46 54.43 1.45 20.42 5.94 6.24 435 272 0.04
MH: % 96.20 64.34 62.45 0.67 2.35 8.73 8.25 9.74 2.19 0.04
DA 93.27 32.90 0.45 5.67 6.95 5.22 8.53 2.89 0.05
5 B 58.37 97.59 102.43 1.23 10.37 7.12 5.22 3.57 2.75 0.04
M 990.67 110.39 83.24 1.44 18.46 6.56 5.79 5.77 3.41 0.03
7Y NS 69.67 35.78 68.43 0.34 5.94 3.23 2.56 4.90 2.39 0.02
UL 39137 80.56 1.32 12.43 4.77 3.10 3.56 3.06 0.03
KR 485.00 40.34 0.35 10.58 10.13 12.09 14.05 4.07 0.03
AUz 80.13 70.30 0.83 6.32 8.91 9.36 6.69 3.38 0.04
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Fig.2 Systematic boundary of carbon footprint accounting
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LA = AR 1) NLO HE

AN,0 = Adirect + Aindirect 3)

Adirect = Z (Fn % 0.085 x % x 273) 4)
Aindirect = Ay + Ay (5)
AV=Z(FH><0.11><1%><%><273) (6)

44
Alr:Z(an0.24x1.1%xﬁx273) (7)

s Adirec 27~ H [H]Ji 28008 72 A2 (1) NLO BLHEHETR
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144 Fhapfnit AKX

SRR TR IR T B 2 25 3 a0 R A U5

A =A;+Agel,i + AN,0 (8)
A

= — 9

C 7 ©

s AR AR T B A7 AR ik 2 128 (kg/hm®), CRIR
BT PR L I (kg/kg), YN LA R B 45 2 B
()77 5 (kg/hm?)
145 BZFHFTENK

TR 255 3 (CEED & VN & 0% K Sk .
B 5 R IR PR B4 B 0K s, R Z X
BN HER ™ AR B 25 R e, ARBRAE O, T
AT

Ngp

Ecee = e (10)

A : Ecpp fRERRE T AR (Ot/kg), NppfFE ILHEFI
PRk B AN A L T AR P 2 IR 8 (6 /hm?) o
1.5 BHERIEE

A AR B 7Y L R 25 6] SR I8 g B Ak
M B, RECH G 2 BUH KB 5730, 4
i, AR AR R R CE) 2025 F 9D A0 IR R AR 24 456 AT
B iE X BA A B AL IR R 24 M B &> 20% Al
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BUR S A5 CA B AR, AR T LS AT
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LAk el PR = AR 0. LI MR It
FEWETE 5 (Ba), £EI ] RUZ T L 4 Fhs kS 5
B 2 Y 1 5 Ah, T AT R SO0 IEORHE Y B e b T
20%, SACHERCE T RIAR — 2. £ 4 B S, i
AR HE O A A A B G, RS SOR A T
AN [ BB PR S It (5 4)

2 HER G

2.1 BIEAR A0 AL S SRR I

22 S LR OB B A b ) AT TR AR B A2 328 43 1)
6.93 1 8.62 t/hm’, 7 % FAE BLH il 722 57 52w, BAvL
TH] FRB A2 320 A7 78 B S 25 0R) S 5k (B 3Dt A
T, 2 R S A T AR B A IR, A
12.72 5 9.83 t/hm’; #EBRFIAE 1, KBS F AT
AL T AR B R IR =, 43 A 13.2415 12.36 t/hm?.
R 3 EBEA AR BRARD &, SEOL R
R R AL s AHEGZ R, AR E £ 76 B R K SR A i
(LR AR AV A N R VAR AY  J B B
1%, 20514 4.34 A1 5.56 t/hm?.

AL B R R S A MR BERR, B —
FUTE 25 YRR DX 35 B P Bk A i e IR AL B BT A
I o 288 L 1Ly s PR A ol AL P BRLASE 7 R B A2 28 23 Sl K
0.23 A1 0.57 t/t, PEAK [ (1) BAA07 7= o e A2 20 6 3 v T
Ll e, 3 5 R 2 M ol b I B 7 7 B R BN
EECK. E LA B rf, T 2B R B AR T A
N0.39 t/t, T AR 7K BRI R AR B I PP LA P R ik A2
I, 53N 0.89 A1 0.76 t/t. 3X 3 AR LA 5 15
B 5 H AR ZE AN K, (AR NI & HoF A
RO, S AL S b L 2 = AR, A 2
Bz W B ) L R AT 7 A R IR LA (43l R 0.15

AT0.11 /), BRAT BB B ™ Sk 2 75N 0.32 tt,
B FLAR TR R AR A
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Tab.4 Description of different mitigation scenarios and proportions of emission reduction measures

fZ) it RHER Ba/% S1/% S2/% S3/% S4/% SRk
e (e 100 75 50 20 0
XU AR R A N,OHTR T F£39.5% 0 5 15 25 30 [40]
AR A AT 75 NLOHEK T~ 4£40% 0 5 15 25 30 [26, 28]
GBS WA A N,OHfFTR T F%37.7% 0 15 20 30 40 [27, 29]
T B+ LSRR R 100 40 15 0 0
TV + AR R FERLHE T BE21.5% 0 10 15 20 0 [34]
1B + BT R FEFRHEC N £ 100% 0 40 35 0 0 [35-37]
TVE + PrRedR FERHERCT F7100% 0 10 35 80 100
R gt U550 100 80 50 20 0
EZENRE TN RAEF R 1 100% 0 20 50 80 100 [30, 32]
IEHFEI HraE Iz EHHPCR B 100% 0 50 70 100 100 [38-39]

#E: Ba. S1. S2. S3FIS44r BT ILA ZEUETE F\ 15 R 10203045, 1E 52(20404). 1% 5:3(20504) Al 5:4(20604) . T .
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