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Abstract: [Objective] In recent years, carbon footprint analysis has been widely applied to the assessment of carbon sources/sinks in
farmland ecosystems, but Chinese prefecture and municipal level studies still have problems such as narrow time span and lack of
measurement of key processes (e.g., N,O emissions from farmland, CH, release from rice paddies, and soil respiration and
sequestration), which lead to bias in the assessment of regional carbon sources/sinks and constrain the precise implementation of the
“dual—carbon” policy. This study aims to reveal the time—series evolution of carbon sources/sinks in farmland ecosystems in Heihe
City, Heilongjiang Province, over a 40—year period (1984—2023), to quantify the potential of carbon sinks to contribute to carbon
neutrality, and to identify the dominant factors of carbon footprints, so as to provide data support for the local government to realize the
goal of “dual—carbon”. [Methods] Based on the statistical data of crop sown area, production and agricultural inputs in Heihe City
during the 40—year period (1984—2023), and utilizing the carbon footprint model of agricultural ecosystems, we comprehensively
assessed the total amount of carbon sources/sinks of agricultural ecosystems in Heihe City, as well as the contribution index of carbon
sinks in the region. [Results] (DThe carbon emissions from farmland ecosystems in Heihe City from 1984 to 2023 showed a continuous
growth trend, with an average annual growth rate of 2.84%. During this period, both carbon absorption and carbon footprint showed a
fluctuating upward trend, but the total amount of carbon absorbed was much higher than the total amount of carbon emitted, and the
ratio of the two was at the level of 2.59 : 1. (2) From the perspective of carbon emission structure, soil respiration and farmland N,O
emission are the main sources of carbon emission, accounting for 58.80% and 32.22% respectively; chemical fertilizer, pesticide
application and agricultural irrigation account for a significant proportion of carbon emission from inputs of agricultural means of
production (74.51%, 12.26%, and 8.66%), although the proportion of carbon emission generated by the use of agricultural film is
relatively low (1.33%), it still needs to be paid enough attention.(3The amount of carbon absorbed by farmland ecosystems is mainly
related to the type of crops and their yields, with grain crops and soil constituting the bulk of farmland carbon sinks, accounting for
84.08% and 10.10%, respectively, of which soybean, corn, and wheat are the main carbon absorbing crops, contributing to 80.83% of
the carbon absorption in the Heihe region. @The carbon footprint of farmland ecosystems in Heihe City accounted for a slightly lower
proportion of the cultivated area in the same period (28.80%~66.44%), and the carbon sink capacity of agroecosystems in the region
was stronger. [Conclusions] The farmland ecosystem in Heihe City shows a carbon surplus and plays a good role as an ecological
barrier, but in the future, it is still necessary to deepen the “three reductions” in agriculture and improve the function of carbon sinks, so
as to synergistically promote the goal of Carbon Peaking and Carbon Neutrality Goals and the high—quality development of the region.
Key words: farmland ecosystem; carbon source; carbon sink; carbon footprint; carbon neutralization; Heilongjiang Province
Highlights: Focusing on prefecture and municipal administrative units, we fill the gaps in the study of carbon sources/sinks in long
time series, systematically integrate key carbon processes such as N,O, CH,, soil respiration, etc., and avoid the omission of traditional
measurements, thus accurately revealing the mechanism of the evolution of the carbon sinks of the farmland in the black soil area,
supporting the decision-making of the local government on “dual-carbon” actions, and promoting the practice of carbon neutrality in
agriculture.
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CO, MW i T 2 A3t % 200 J7 4F 14T fa] 5 i
(Intergovernmental Panel on Climate Change, 2023) .
A B O T — IR R ER B S BOR XS 125 G i)
5 10, AR T R BRI FE Tk A6 /KPR 1.50°C Z N
o B B 2 10 TE 76 3 45 /N (The United Nations
Framework Convention on Climate Change, 2023) .
A 2020 4 “ BB B AN B BOT IR, EFRK
fES AT “ TN BORRER . REILE BUT T
2022 4R AT T CRIETLHRIB IS T 58 ), S
SRR AN AE RIS R, 4 1 B AR = <A HE
JiCER | SEBRORARAFRE T SR, X R AR Al
KA

SRR ARIR TR BAAES RGN E KTk,
WFFE R WY, A A IS A A Ry B HE TR 5T ik 4%
i 30%( 5 1A, 2022), FRAF A I A A B HE ik
15x10° t, i H S AR T A ORI AR — R % <
PHERCIR GR35 bRAE, 2024) o A5, 1961—2020 4F
- by R T AR Ak 5 B0 A kB HE = LA 215 %
10° t(Qin et al., 2024); AR FER A, R E AL
5 DR A e S B T RS, R 1.86%
10° t, = BEPR TR [] 2 35 74 - b A T 20 (24
45,2024) . EEGARL CO, HER 2y 4 iR % SR
HERE Y 17.00% GBSCHAE, 2010), 53 2L 4R
— L BiREsE LT, HARKEHE L 5.00% (16 H14F,
2011), SR, WAPTFRIEINR AASRGHA BE
Y 1 B RE 7, o R R AR S R G DTmk 1 4 b A
ABFRYE 12.00% B [ B (5K 445, 2022), A< T A3
[E B TS 124974 0.668%10° t(BXIW] 4, 2022), 3 -3
WA R AR 23107 t P OREEEAE, 2011) . Hrf,
T R XAEMHZ A DL (SOC) . A (STN) | 4xf
(STP) %t 55 R G B8 ) BA BRI IEARSC
P, i SOC, STN., STP & it i — & FIH 5, [
eI TARE (BB AE, 2022)

TR AR S R GeR IR AL R AT B Tl &
LR I X it A g R 4 RS ) 8, A B TS
Py 17y BEER R | WTRRSE R K DT M T, 21 T4
0], B 2 3T A S8 5 I A B0k (West et al., 2002),
VTAFEARIX — 7 R i 2 7 T4 AR 28 R GE AL
SR VR O T BT = ¢ 2 ol S0 ST R 1 e
P, T 2 1 A S 7 o A i B N R R
CO, HRMCE Y BE &, 7T FHRVPAS A F ZR 48 sl Fh e
M 5 A5 GREZINFT 4, 2022) o filk A& TR 78 ) 44

A I L A P AR S R G R AR R AR I
225, IR ARFE AR & L YRR A S AR A R (5
555, 2024) o D)1 A HI AR 25 R G B AR MR A 3 2 1
IKFE . FORFNE A (A48 55, 2023), TAEVL R
T I b DX S A 5 2 R R E L A e WO VE )
(PVINFESE, 2021) 5 dbt . REFIT AL = M i A=
B RGMAGATRE S B Z B TR TN By & P (e A
Iz AR (T A%, 2018) . ETRBIpITA R
A2 R GERIE AL D RE B 7S F e AN R 4538 %k
BRGEYON R BRI A SR T R B R IERIR TR
(TR, 2023), AL A IFE4E LB AT BRI
(FB/INFE, 2021; SEBRAEAIBLHE, 2021) . FEGXFP 2
SRR 2 AT — 5 T, W05 R v 20
M N,O. #&H CH, HEjif . 130 GR/INR, 2021)
g B (T RS, 2023) G EENE; B — 5,
IRF [0 225 8 A X 45 7%, ELAS BB B 4 b 4 5 b 7T AR M
A,

JIN D2 I S v ] Bl YT A8 PP b B L Bk,
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IR G, WA A28 R G0 i W SR P &, R
AT 40 4E (] (1984—2023 4F ) ¢ FH A= 25 R Ge i I
AL P A HUAE, S A mse Tk o RN B BTk 77, 18
b R R R E, LA Rk AR S R Gk
TRATAEFE, Sy SE TR T AR A Ml A A 25 S B A 4t
C T ERS

1 WFFE X3

PRI AL BRI T AR ALER, Ak bR A AL S 47°42' ~
51°03', ZRZ% 124°45' ~ 129°18", HbAb K D422 05 7R v,
INDLBZIR LS, T e 1 AR IX 2 AR U
3IAEGH, Km S AT . b HEE, ViR 5 5%
FERG /R TTHESR, PEE- 5 NS H A A X RO T AR, db
TR RG22 U i X AH %, 2R A6 B R IR V5 43k 25 Sy T
R R NAERE (& 1) o T iy Btk 2 R e, 5
=P, AL AN 4 ABURAR, IS AF(2019—2023 4F)
ST ARSI 1.70~2.56°C, IR K i 515.28~
752.40 mm, fEY A K E=H IR TE 2078.00~
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Fig. 1 The location of the study area

2245.30°C Z[A), DR+ e A 0N R -
A £, b SR ALY 90%, Hirp 2R 4 21
JETRIA 0.60 m ZE A7, e ATk 1.50 m. 2023 4F 43Ik
KA AEY R FE AL 1867.67x10° hm?, ML 7= &
578.10x10° t, kb 2022 4E4§ /i1 34.30x10° ¢, HiK
6.31%. Horp, KM AL 1333.33x10° hm?,
FEAIA 256.50x10° t, 5T i SE R AT 45 (BRI T A
RIUR, 2024) .

2 W5k

2.1 RAESRGHIAEHNGE

A A2 R G R BRHER 22l 4 5 T A
@Al B I8 8 5| & i HE G @ PRt F AR AE rh iy
ROLE FEAH H N,O HEIG @K AP T B
) CH, HEJL; @ A 30 0 3o A5 1 flk Rl (77 # 4,
2023) ., Hits AR M.

E= EApm(C02)+ENzO+ECH4+ERS(C02) (1)

A E AR M A S R GEARIUR B, B0 10%;
Enpmcoy A A A7 FERHSE A 51 B B HE 4
BRLR 10% t5 Exo AR N,O HEUE B e e 1 HE
TS, BN 10 6 Ecw, AR I CH, HECE A
AR HER S 1, BAAI N 10° 6 Ergceo, A T IRIRIR™E
(1) CO, Fe ATRHERT 1 1, S0 10° t,

2,11 Rk A IR

AN A 7 BRI HE I B AR AAE | R 2y K
5 AW ARSI T A FIHUREE I | Al FEBE A
M EIBE 7 A5 A B HROZ S . HA R AR

Enpmcoy=yp_; Qi X Ef (2)

b MR RRERUE, RBP4 RO A =Bk O
R i R IR AE AR AR R R AR AR E, AR
A = R e AR IR B HE R B (R 1) (AT
4, 2022; THIGE, 2023)

2.12 K& N0 H#

A& H N,O 7= A 1 B R R A vt s/ Z it T
TE AL AN S EEAEAE FH (Butterbach-Bahl et al., 2013) . 7F
it B —Ath e, R AR L S804 Bk N,O HE
RBUR E T, BAR BTk T 50 x10* t Na,O-N/a (1)
N,O HEjif & (Harris et al., 2022); & H N,O (ki &
X4 BR 43 N,O HER M TRkt 4.00% 34 im =
33.00%, (4 7 4Ek 1 N,O HERUREIE B Y 82.00%
(Hei et al., 2023) . Hit5 AN
12
a4

K Eno,, M EEHEI N,O B, HA ok 10° ¢
Enyo, HTRHEHERT N,O Hd, Bfh 10* ¢,

(1) FH#HE N,O

N,O B HHEROIR Tt FH Z A FA HLIE . VEY 5%
RicH . 3T L AE L PR (Hergoualc'h et al.,
2019), B¢ H AR S A B it AR AE . ZERE K AS FFi8
M = ® oo R . b E, AR R A
JETit FH 5 RS A 1338 NLO HEGE A 20x10% t 6%, 29,5
e 3 RCHETCR Y 43.00% (B o 855, 2023) 435
Jiti FH 23 & 2N B 0 L PR 22 i i i A 3L 35 NLO
HEC: (B SCHEAE, 2019), HAHLARHE i N,O Hiji it
SEYER A 32.70%(Zhou et al., 2017) o Hit# A K.

Exyo,,=(Fgx + FoxtEcy) X (EF, + EFy) x 298 (4)

P Fon AR H i FH AR RE %) 2006 FH o, 257 R

F1 RlAEFFEREIBRHEER RS
( BEFE, 2022; TEFE, 2023 )

Table 1 Carbon emission factors of agricultural

(3)

EN:OZ (ENZO(D) + ENZO(U) X

production materials

AV A =Bk WHER RS
e 0.8596 kg/kg
124 4.9341 ke/kg
AR 5.1800 kg/kg

L AN ) 0.1800 kg/kw

A AP S 0.5927 kg/kg

Al 266.4800 kg/hm?
Al BB 3.1260 kg/hm?
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10* t; Fon A% it FH 2SR A 0 HH 22, Bk 10% ¢
Fop MFEFFA AP RUGIE B, 3078 10° 6 EF, M4
TCRAF N N,O HEREL, 4 0.0105 kg/kg; EF,
MEITCESLAK I N0 HEL R 5L, 4 0.0041 kg/kg.

Fon=(FsnntFsne) X (1 - EF3) (5)

A Foan NEEE &, AL N t; Fone N
AN R/, AR ¢, KR E K bR GB/T
15063—2020( & 5 MK BN, WA RS &N
15.00% ([ ZAREDEHZE 025, 2020); EF; A
N A A= B TR BHE & (. 4 0.10 kg/kg.

Fox=Y10;XT;x P;x F;x K, (6)

X, j AHERE & 0, A% j FlE & RYAFEIR 37
B, A Sk T8 5 j FhE & i 3% R 4,
Jood; Py RS RN E &R 2 HE R AL, B
kg/(d-3k); F; e j Flves & 208 00 &4 | L4, B pr
N %; K; H j R & IS & A, AN g/kg.
FARSHIZ 2,

Fer =31 YiXZ X Gy X Fy (7)

o, k RN ; Y ONE K MRAEY 2
Veretg, BAOLR 5 Zo NS k R AR B RS FERFRL EL;
G N k FARAE IR FE 2 RS ', A0 g/kg; Fi
R ke AR RS AR LG, R %, A
BbRHIE B B AR AVEYIHR 20.00% T A S
B 3,

(2) [ HHERL N,O

KA R CGLFE R NC R Sh P15 554 h i ) 8

*2 HAERNEKEAESH
( #8338, 2010; EREZBREZE, 2011 )

Table 2 Nitrogen application rate parameters for

manure application

T #@ﬁkdﬂ??&/ FEMEIL H ?wi@%%
(kg-d'-3k™) v Sm/(gkg™)

LG 365 27.67 30 3.51
LUES 365 53.15 30 3.51

ki 199 5.30 65 2.38
IiES 365 2.38 33 10.14
EiES 365 238 33 10.14
K& 210 0.002 45 8.96

TE: REMFHERA S HRAFYE

o UK 3 A FH Bl VA 18 T sl AR AL 0 0 5 ke g TR
B TR HE R O (2248, 2020) o SMEAR)
Al PR AR 4 NH, M NO, &2, Ml i & 1Y
1 NLO HE(Zhang et al., 2020) . HitHE A H:
En,0,= (Eno0u TEn,0,, ) X298 (8)

K Exo,, MR H HIEEICEIE KU 4
N,O HEAlUE I, B057 R 10 t; Ex,o,,, AR H 180T
R AT A NL,O Helo B, Bk 10% ¢,

Ex,0,y,= (Fsn X Fracgass+Fon X Fracgasm) X EF, (9)

s Fracoase At ZUAE th & JC R #45 K LL A,
BRINE N 0.10 kg/kg; Fracgasm St AR P AT R
FE 5 He ), BRINE A 0.20 kg/kg; EF, IR FI/K H A
[ R AL R 3 8 N, O T 432 HE T i HE s 9 7, R
0.01 kg/kg-

Ex,00, =(FsyTFon)*Fracigacu ¥EFs (10)

e Foy AR B AL A R T i, S0 6
Fox AR Wit FHAENE 4 05 H 1, 5057 4 t; Fracieacs
A T 8 rp i sk A AR TR AR B BT A I U L
191, HUAEL 0.30 ke/kgs EFs Sy S AM1/K T UM A2 ™
A2 NLO [EHZEHER A HERL N -, BUE 0.0075 ke/kg.
2.1.3 #&w CH, #&

i H CH, 7= 2B 48 75 18 7K Y LI T A% DR S 4 1

%3 RASAGENIEESH
( #E3K3E, 2010; ERZRUEZ, 2011 )

Table 3 Nitrogen return rate parameters for

straw returning

AR FEFRPRLLL AR/ (gkeg")  FEFHEH HLBI/%

IKHE 1.20 7.53 30
N 1.30 5.16 45
PN 1.28 5.80 20
“&r 1.60 8.50 20
= 1.55 7.30 20
yNCA 1.60 181.00 80
B S 0.50 11.00 20
ikt 1.62 12.26 20
JRZE 0.21 13.10 20
i 0.50 5.07 90
e 1.60 14.40 20
B3 0.21 8.00 20
JIR 0.50 11.00 20
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T, s = e, VR T AR R KRR R
I IR M BRAR | it A LA A e e
JREEE R (2 e w4, 2020) . 7548 H % (2022) 3 F
HET R v R GRA T 1980—2020 4 R E 4l £
4t CH, Heci, I b7 SRR Y 47.33%. THHRAF R

12
Ecu, =" (S, XEF,) xGWPy, X i (11)

K S, R a FOKRERRERP AL, 078 hm?;
a FKFEZERY, IRV R 2R LU R 5 EF, N
55 a PSR AE I BEHE R -, AL g/m?;
T 1 H g HE S R B 8.31 g/m? (T ER4E, 2023);
GWP¢y, A H B Y A BRI TR TR AE, BRUE 25.00.,
2.1.4  EHEFR A 6B

- B 2R A ML (G dE AR RUE )
) FAE Y 5 0 (REIAR ) B CO, 1ad 72
(Yang et al., 2022) . ZxAb A4 - S8 0P 08 B HERIGH K Ay
598.20 g/(m*-a) (VL [E 445, 2014), H M PR &R
CO, HEjlf i IR CO, HER 19 50.00% Aoty
(TSR, 2015) . HAtsA=h:

12
ERS(COZ) = S XTXEF(,X ﬂ

K H1: Ergeo, W TIEIFIL = A 1Y) CO, et (i,
BANEA t; S TR, B0 hm?s T oITE], BR07 K
a; EF B IEJ5 T3P B HEAGH 2R, 299.10 g/(m*-a).
2.1.5 HATaRHEAGR AR

i B HE il 2 7 A7 T BRI PR 7= e ) 5 R
PN, R LU 3 VT T A B HE RN . AR
AR

(12)

(13)

~lN Ll

E,, = (14)

s Eg ARFRA AR ZS R G0 A0 1 LA HE TR
JBE, BN kg/hm®; Eq, AR AR RGN
B HERCOR B, B0 kg/t; S BFHLEIAR, hm?; ¥ KR
YR B, Bk tORS /N, 2021) o

VR C M CO, MM R ECh
44/12, N,O (1) 4Bk EIEHMA, HUE 298
22 RHEESREHRIHE

A AR 25 2R GE B I WSk P R 2 : DRV 4=
A W B R @ HE R R, TR
KN

C = Cerop + Csoi (15)

A C AR HALS RG WG, BN
10* t; Cerop MR HAEZS RGERANE DRI E T, B
H10%t; Coon A TSR R L, 07k 107 ¢,
221 RAEMAE A KT P B ROk

A A= 38 R G WCHR A VRl i 66 VR
WS CO, H¥s Z e b il A= W e fs A7 T A
N Bt AR GBS 245, 2008) o AR ELHE 0 Hr, 4 BK
AR RS, RAEYI Wk e 5 47.00%, Hrh DIk
YE it 7= A A e 31 2 RO Jee o b 3 (SNG4, 2023)
HitHE AR h:

Y xB;x(1-W,) X (1+R))

CCmp = Z?:l I

X YO RVEY i, BN 6 BN AR AE
PIBR IR W3S RAEYI & K% RO AAE
YRR L L A RAVEVII 205 248K, SR AR ED)
ZU e SRR A, FERVEDRRI S,
BRFOLFE A0/, 2021; FA15F, 2022)

222 EIEeyEE B

I AR A AR Y AR 2 B W T B
Oy FREEAL I A HILTE 0 B SR S B 5 A A7 RS
HCO, M R (CEFI%, 2022) . HAT, 433K 2 m R

T4 FTEREDHRBHERE
( $BHB/INFE, 2021; THZ, 2022 )

Table 4 Estimated coefficient of carbon absorption for

(16)

major crops

RAEZEAL  RBCRE% FEEAKRRE HUER  &FRE
IKFE 0.414 0.12 0.60 0.45
N 0.485 0.12 0.40 0.40
EX 0.471 0.13 0.16 0.40
&r 0.45 0.13 0.20 0.40
[ 0.45 0.13 0.27 0.35
pNCA 0.45 0.13 0.13 0.34
B5 S 0.423 0.70 0.18 0.70
THUEH 0.45 0.09 0.04 0.25
R 0.45 0.13 0.40 0.10
iied 0.45 0.70 0.72 0.60
e 0.45 0.17 0.32 0.55
B3 0.45 0.90 0.25 0.65
JRAR 0.45 0.90 0.050 0.70
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3N MR B 5N 2305x10°+£636%10° ¢
(Huang et al., 2024), £ | m WE LIENTHYA
1500x10° t 5 HLAK (Gongalves et al., 2021), HAEAKA
kA T R A LR 5 TR SR 59.90% i AT
(Georgiou et al., 2022) . 545 i, T IERRIFE TR E
PEZ L IREEH WAL UE YIRS 2 RN
AHEAEH (VIR AR, 2023)
HAHEAFR:
Csoi=Fsoi XS xT (17)

e Foon R B - HERE R E R, 3078 thm?-a;
X HBCEA(H 0.4518 (% 5); S M#FH AR, B0 Ky
10° hm?; T R Hsfa], Bf7 ok a( EATAE, 2022) .
223 AR BOKIR EAE

HHRARA:

(18)

(19)

qm —

e C, ARFRA A 25 3R 40 A T B Al IR ATt
B, 5ufi 2k kg/hm?s C,, AR H A8 RG> 5
TR AC I B8, B kg/ts S AT AR, BAN N hm?;
Y RAANEY) B i, B R tORS /N, 2021) o
23 BBk

Al f b HE N ISAETF A AE MY B 7= A= 1 fifk
v, By As CO, A i 46 1) 1 45823 6], AR 1 2B AR
IR i —F g (B -4, 2011) o HOtEA
KA:

E

. (20)

Cer =

x5 HFERBESESTEERERSE
Table 5 Reference for soil carbon fixation rate in

Chinese agricultural ecosystems

Byt [E B R /(t-hm 2-a ™) E =P
i AR S 0.3800
whyK4E, 2008
it AP S 0.3160
it AL S 0.1290
it A P S 0.5450 LKA, 2008
TeHLA MLEC i 0.8890
20 cmiREZE L 0.1275
XK AESF, 2018
30 cmiFR)Z L 0.1830

Cer=S8 —Cgr

f(qj Cer %ﬁmiﬁgﬁﬁiﬁﬂ’ $1jﬁ‘7 hmz;
Cox WEBE T, IEENERE S, AUE N ESIRT
24 HERIESSH

BHREIE T 1987—2023 4F (B IR IT G HE L)
KSR g Ge it i, Fodh, S B AR K
FAGEITE . OIRCERE ., B4 00) Airaie; @Rl
FE A A S A3 o T 5 DU IR Sl A A Tk T
@SR i, HAAEZE AR A . HET Excel 2016
PEATBUR GE 3 kb BE, Origin 2024 28], % ] IBM
SPSS Statistics 25 FAFEATAH AL A A RE 2347 o

3 AR50

3.1 BT H RS HE T
3.1.1 s AT R R AL

1984-—2023 4F &I T A FH A= 25 R GeaeHE g i 5%
IR G TR, B 1984 4E 1 101.01x10% t
TFE) 2023 4E£4 300.89x 10 t, R 197.88%, 4F 14
BRI 2.84% (-] 2) o PRI AR H AR ZS R GuiiHE
TR A JR TR T LA 5 AN BB

(1)1984—1988 4F, FAIAT i 4 H A= 25 R GehilHE L
ISR R AR IR =8 15.91%, X —FrEt
ARSI 2 .

(2)1988—2002 4F, fcHE i = % il A b
ARSI AERTE 2.27% HEAR A, BARAS AL AR
XA

(3)2002—2010 4, BHEHBIG K W& s, 4E1
BRI 2 11.13%, 230 P ZE T REE

(4)2010—2019 4F, Bi-HEACR 22 10 2 B0 Bh A
HE, ARSI [T 9% 22 3.05%, A E] H 3R 2 UG R .

(5)2019—2023 4, fifk HE 750 E PE R 1G4 4k,
AR A F] 9.30%, AT .

3.1.2  BRHEAK T3 e

HRAE 1984—2023 4 IR A& H A= 25 R Gk HE
R T et 80, 25 HER R 0072 5 L S
HS o b, HIERFIAE R B EE R GR R,
H TR 5 58.80%; 4¢ 11 N,O HEM L 32.22% 1)
7 ECAE R B L, S i U it FH S Al 3 3l 1) E B
SR R H CHL, HEBCR) BTk AR XS A R, 5 FeAR 2
1% FEAR YA 7= A AH 2 B RRHERCO)T 1T, PR AE Tt
DL 74.51% B4 XTI RA B KB, ™ . 1 e iE

(21)
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BHEARO A 7= 1 7 S RS s AR 2518
FLL12.26% B 5 Hek 2, S AR AR i ) o ik
R A FEMETTER T 8.66% HIHEML, R T /K BE
PR A . S AO BB (2.81%)
A FH SRS FH (1.33% ) 119 7 BEAH XTI, (A3
SEPRYY (R Uk HE P S AN AN, el R AR HE S Al T
FFEE AR BT, 3K 28 B HEC IR g B0
AR EH R (K 3) .
3.1.3  mHEFGRE LA

R T A A 25 AR G0 B ThT ARBRHE B i 2 0 )
T (y =10.221x + 1138.9, R = 0.86, P< 0.01),

2023 43k 1529.52 kg/hm?, #HT 1984 414 1157.67
kg/hm® ¥4 32.12%, Hirhr, 1984—1994 4F (R4 343
K 1.87%, 1987 4 HE A S I {E 1089.69
kg/hm?; 1994—2023 4EAYAEIIG R 0.32% ., F&T]
AR A28 R G A B HE R AR BRI 21, B
R TR (y = 1.8268x + 437.33, R = 0.22, P>
0.05), 2023 43k 497.29 kg/t, ¥ 1984 4Ef) 548.80 kg/t
TEET 9.39%, Hb, 1984—1997 4E35 3 T F%,
1997 4E A f M1 327.66 kg/t, AE X 3.89%;
1997—2003 4FfHE % 3 LT+, 2003 4F 35 5 s
768.23 kg/t, AEXIHEHE 15.26%; 2003—2023 PI4ER

3507w CH, Rice feld CH,
I & 1 N,O Farmland N,O
300 | k4 7= % Input of agricultural production materials
I+ 3PP Soil respriation
_ 250}
5
ﬂ]lEH 200
Ead)
= 150t II s
=
=y
100
* [ oottty
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Ry
&2 BT A A S R G e HE T AR Ak

Fig. 2 Temporal changes of carbon emissions of farmland ecosystem in Heihe City

ML= BB
Input of agricultural production materials
8.07%

F&H CH, Rice feld CH,
0.91%

4< M N,O Farmland NZO/ .
32.22%

74.51%

LI Soil respiration
58.80%

K 3

ALNE Chemical fertilizer

Vi)
Pesticide ANV HEE
12.26% Agricultural irrigation

8.66% A B
Agricultural ploughing
2.81%

A< JI5 Plastic sheeting

1.33%
/ A LRSI

ANV HLIE) /1
Agricultural machinery power
Agricultural machinery diesel
0.03%

0.40%

PRI T AR FH A 25 R G R

Fig.3 Carbon emission composition of farmland ecosystem in Heihe City
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—2.15% WIHGH B sl (K] 4) o
32 EiWKHRGHBRRBEIE
3.2.1 BB T AL

1984-—2023 4F FI] 7 A FH A= 25 R Gefik R ATk it
BRI T, N 1984 4E1Y 178.53x10% t )
2023 4Ef 830.29x10* t, HEIE 365.08%, 4FHHE KR
4.02% (K] 5) o HRINITTAR FH AR 75 2R GERR I B s Ak A

Al ) 2 I S R T AR KRR ] 9.27%, X
— B Bt D RS 2 BH R

(2)1987—2003 4%, fifkc W Wi it 722 £k 52 3L I b 1)
BIRHIE, BN T ERa, AERRRIR S 4.38%, i
Z B BRI RE T AR M

(3)2003—2012 4§, i W e sk A o i, 4F
WIHE RT3 19.07%, 3 R 0 2 0 bk, il The

1980 1985 1990 1995

2010 2015 2020 2025

(7

R AT LLoF R 5 B CEILSUS S
(1)1984—1987 4F, MR T A% FH A= 25 R Geh i (4)2012—2017 4F, BRMCE: H BLRFE: TR
1700 1800
1600 y:10.221x+1138.9
1500 1 R=0.86 |00
1400
T 1300 f Lo00 =
<= 1200 | =
o0
< 1100 1500 &
1000 e
o
B 900 &
E oo \\Y// N \/ 1400 2
£ 700 =1.8268v+43733 gﬁ
E eo0f R=022 1300 &
=
E 500 r —— A T AR B HE B JE Carbon emission intensity per unit area ";
400 | —a— BT P SRR JE Carbon emission intensity per unit yield 1200 =
300 T LT AR BRHEAGERE 28 M 34 Linear fitting of carbon emission intensity per unit area
200 L [ &5 X [8] (FAALHETAR) Confidence interval (per unit area) 1100
-= = B R HE R I 2R £ 4 Linear fitting of carbon emission intensity per unit yield
100 ¢ I E{F X 7] (|42~ &) Confidence interval (per unit yield)
0 - - - - - - - - 0
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
A
4 PRI A AR R G HEGR B
Fig. 4 Carbon emission intensity of farmland ecosystem in Heihe City
900 o FE T .
250 | - #[# ik Soil carbon sequestration
7 7
§(5)8 T [ BERIUR Vegetables, fruits and melons g
I -FH
700 | [ &3 {EY Cash crops Zf -
650 L]
600 | [ 1 # & EY Grain crops
T 550+
s ]
%sm- - ]
L % ||
= 40 ] 7Zé7
= 400 | (W 1% g
¥ 350 | 2 B
300
250
200 vl
150 ]
100
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0 L 1 L
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EA

5 JRAT T A AR 25 RGeS Al A2 £k

Fig. 5 Temporal variation of carbon absorption in farmland ecosystems in Heihe City
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B AERERT N 5.17%, %M BOILRE S A FTisss .
(5)2017—2023 4, fifie W AC 2 7 B0 3ol 34 4 3
Sk, AEFHEH IR E] 12.04%, FIAA HERIC I RE AR

AR TG
SRR T A AR 25 R ST R B R 3 R AL

N7, R W St 38 8 R B B HE A 1) 1.51~3.47 1%,
SERE 2,59 7%, FEAUE BT X R AR S R G
A 5 H Y R RE
322 BB

1984-—2023 4F YT i A FH A= 25 R Geilk R SeF-34
Fe B T B, MY 2 BRSO IR, &
Fik 84.08%. j:t%élil@”z?ﬁﬁﬁf%ﬁT 10.10%,
SR AR A R IE IR TP BB . AT RS
FIREET I 5.84%, Hrbz 5‘1’5%.5 5.06%,
BRI 7 0.77% . ANRIVED AR I 2% 52k,
B E BB RIE . AR EEY T, KRG R
2, A7 ik 40.13%, 2 & T HARVEY); TR/

1 KAE(2.33%) . 225(0.42%) . H53#(0.29%) . AT
(0.20% ) G AR EVEW I 5 LA X ALK . & Th1E
YT, RIS (3.15% ) FIEHSE (1.61%) A9 DTk ER B 2,
TR 0.29% ) FEM(0.01%) i 5 L AEH A R . 5%
SRS, B2 0.69%, IR A 0.08%, %
&, B TTAR H AR R R T RO
O HHEETE AR R (81 6) .
323 BEOKRE T

TR T A FH AR 2 2R G0 LA T R R A S T B
Wesh FIr#a(y =37.8x + 2723.8, R = 0.57, P<
0.01),2023 43k 4220.61 kg/hm?, % 1984 4(1)
2046.05 kg/hm?* ETFT 106.28%., Hi, 1984—
2003 4E 414 -0.38%, 2003 4E A F K {H 1904.53
kg/hm?; 2003—2023 4F3435H 4.06%, 2019 4F ik
i1 5744.12 kg/hm?® . ZATTH 4R H AR ZS R GE L ™
S e W WA U S AR B, BA R N Ry =
9.2971x + 1001.8, R = 0.78, P <0.01, 2023 4Eik

39 23.57% A1 17.13%, LEM B THEMEW T 1372.24 kg/t, 58 1984 411 969.94 kg/t FTIT 41.48%.
AN H3E [ % Soil carbon sequestration
Vegetables, fruits and melons 10.10%
0.77% /N3 Wheat
L5FEY) Cash crops 17.13%
5.06% T4 K Comn o / JKF& Rice
23.57% ~__ . 2.33% 3K Tubers
’ o - 0.42%
~— =14 Sorghum
— 0.29%
;T Millet
0.20%
AN
A VEY) Grain crops
84.08% .
K Soybean
40.13% )
Mk} Oilseeds ™ Tobacco R N(I)e(l)c;l(l)s&frmts
0.29% 0.01% o
—
2% Sugarbeet
1.61% —
k3 Hemp
T 5%

N

% Vegetables
0.69%

Bl 6 SR A A 25 R eSO 1

Fig. 6 Carbon absorption composition of farmland ecosystem in Heihe City
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HiHp, 1984—2002 4FHJ[E#H 0.32%, 2002 ikl
i 915.77 kg/t; 2002—2017 4EPeh - FF, H 2017 4E
N E 1431.85 kg/t, AF Y 3.02%; 2003 —
2023 41 -0.45% (& 7)o
33 EBAMKERSHREITTH
3.3.1 R EE ] T AL

1984-—2023 4F FRIA] 7 A FH A= 25 3R Gkl J2 300 52 I
SHHEFAFIE(y = 0.9711x + 15.824, R=0.67, P <
0.01) . BT IHIE] SR T A ik R 78 49.37x10* hm?
A 71.29%10* hm?, 4EHG0E 0.95% (& 8) , HA
JEHA 53R 5 BB,

(1)1984—1991 4FFFLE T K, 4F-F R
FE LR AL T R W SR FE AR

(2)1991—1999 4Ef AR AZ AT, Bk /& 8 AH
XS, AR 3.03%.

(3)1999—2017 4F Jy i is
# 6.08%,

(4)2017—2019 4EAHEACHE &8 /N T BB R 1
I, Bk RIS T R, AR 17.50%

(5)2019—2023 4Rl b T, 4E 14
H 2022 4E M Bl 73.49%10% hm?,

A FH AR 25 3R Gk A o ] s SR b T AR L
B, 1984—2023 4fk 3 5 HETE 28.80%~66.44%

15.91%,

Pzl LI, AR

18.06%,

1984 AE LR BRI i Al A= B R G AR S B 7 o IE
i, 2B RA SR
332 BAEHmEE
B S 30 5 IR | Al AR OB A (45 1k
JE it £ AR 251 o L A AU SN T . A RO R T
R BB T R AR I AILBR S il 4 FH o) L 4R N, O,
PAEY) 7= 1A W S A G, SRR CH, A
FHC, HGARBEHETI (K 6). 1 1984—2023
AT AT T A AR S R Gtk R A R TR AR [
WA R | Rl A R BORHE A L R N,O . AFH
CH,. RAEY B AU e bRl ol A A4S i,
_LIE!Jﬂﬁ;FEﬁHT:

YO JEIIR) =1.7340x, (1 3EFIZ) —0.247x, (0l
HEPERRHE ) +0.275x; (48 H N,O) —
0.014x,(F HICH,) — 0.866.xs (A /EH) 2 = HF)

(R =0.990,n = 40, P < 0.01) (22)
Y AL ) =0.429x, GHFF) +1.209:x, (TRAE) -

0.417; (R ALIESN T7) + 1.060x, (£ 24)+

0.311x5 () — 0.0620x, (FHETBE) — 1.448 x, (531
(R =0.935,n=40,P <0.01) (23)

e SRR P o 2R 2 (LA R X Tk A2
B R TR AR, HR AR B AR NLO
PN A B RHE A KA CH, it (Ax(22)); £l

Z[8], GBS RO A S R SRR RE AR, B A OB R A S L L0 IE A TR X AR 3 7 A 2
L o s P e
7000 1 1600
6000 y=9.297x+1001.8 4 /‘ A AAA A 11400
R=0.78 \ AL -
T AR ALY 1200
p A , - a4 1 '
E 5000 A\/A o i : ﬂgl
2 A . ¥
° ]
< 7 a \ \ / s 1AL, {1000 g
%4000- . __.:._.--/-'- ° =
e P N ) ___.--""./ Ng =
= o L .___o___.__.o\ .\ ./ o/ 1800 =
= neoo T / % =
3000 b =2o i e \/ © e
B R |4 . &
= S y=37.8x+2723.8 1600 =
= o R=0.58 %
& 2000 F o ) S
i a. FOLTH AR AR5 Carbon sequestration intensity per unit area 1400 —
b. B BRI SCEE Carbon sequestration intensity per unit yield
1000 F c. AL T AR BB AL 5 5 1 28 MEF0L & Linear fit of carbon uptake intensity per unit area
d. BfE X[ (PAALTIAR) Confidence interval (per unit area) 1200
e. PN RO Y 2 M 0L & Linear fit of carbon uptake intensity per unit yield
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Ty
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Fig. 7 Carbon absorption intensity of farmland ecosystem in Heihe City
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801 o i Carbon footprint 1140
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Fig. 8 Carbon footprint and ecological profit and loss of farmland ecosystem in Heihe City

*®6 BNMREESRGEBRETSIREEFRHEXE
Table 6 Correlation between carbon footprint and driving

factors of farmland ecosystem in Heihe City

IKshHEF B IR A DGR P
T HERFIR CO, bt 0.939 0
AL AT BHEHE A CO, 0.880 0
4 HIN,Of: 0.855 0
i HCH, & 0.372 0.018
BB AR 0.884 0
A NE it & 0.889 0
F L) )1 0.826 0
Vet 0.836 0
BRGE MR 0.760 0
A fEfe it 0.263 0.101
HUAR S ] 4 0.798 0
RAEY) BT 0.766 0

s (AaX(23))
4 1w

4.1 BRIE/SCR F45AE
41.1 BB FBIESHT

X 1984—2023 AF ] 7 A% H sk HE ik e A2
FRER 04T, AT DUR BLH B A A2 B 2 4 5 I R
R G, R WIFB(1984—1988 4F), ficHEik
B 2 R BT e 5 R 4 A P A o (R
T M BRI AT, % S R T S ) AR

MGETHRR AR L B A G . 1E AR B B (1988—
2002 4F), fHEBGEA B FE . — 7T, FE 4 A BRI
VHRE | A RLE | IRPHARIE T RS 2
FEIFEVE AT, B i BUR A X AR s O — i,
b A= 7= IS Bl 8 B A | R AR A LB A
FREesin, FoTEB A, WE W T IR 2 AR
1o 2002 45 Y HREHE K (2002—2010 48) I Y
T S B BUR 1 B RO, ARl B A iR A=
FE BT B B T cHE AR BT AR Ak
(2010—2019 4F) By 3% shARFE R I, BLACA L 254 Bl
B S E — R VR T RRHE A 3 K
JE, PREE T AT R4 A B A AR AR IR B Bt
(2019—2023 4F) (1) PR3t S S 7 T A6 A b T FR
ik REFFE AR A RS T = T, R
I AR HE A A T H

B T FEURT LA ™ 6 A 91 BT PN, 3 2o e HE
AR S O R A VAT TT B BRHE IR DL . BT 4E
(2011)IANy, 4= A H AR 285 2 4 o Ao i AR HE B
TR 460~710 kg/hm?, T F& TR T[] e i 1 D) Ak
T 1089.69~1670.32 kg/hm? Z [i] (K] 4), Bof7 p= Bk
I A P 1R TR v S (R EHI BEOR VTS 37.90%
(AR /INRRT, 20211), Ji R A 1 1 B 52 18 6+ 3N
W, A H N,O HECAE T AGE T, TR T
PO 2548, $E T T IR SRR TN & S HE P b 2k
Jite, {5 3 A BA FH A U5 A B D, S R 4 Ak H
N,O HEBSA o AFJE, FEFFIA USR8 1, i
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5 AFEHEIR 103.10% FEFLDRPH, FRTRI T TA L% S8 Bk
BOR, A bR 8l T A B AR = B, AR AR
FBEIN, FEFF 256 R F AL LR A K TP 42
Fto PEGit, #E 2023 4, B RAFFLEA R R
94.40%, HFFIILZE A HLIRAL KT 99.83%, 437l 4= [
SR L 8.40% F1 26.83% (4K, 2023; Eifh,
2023; Fo A A, 2023)  RAERIRTTATER /LR
AR 250 F 7 T B T 4 3 R, (AR R
Alb Az = AR R AR 24 ()it P AT SR ik HE 1) = 22
K (E] 3), X 5 ARAVEY) ™= 5 i 473 fin— 24, Ui EH
FRE A A 25 26 4 AR B ™ d AT SR R DGRV E H
BEAN, AVt 2R HE A R IE, X — 852
HIAIF S8 BURARST (T84, 2023), TR R AT B2 K 43
S A B AR s ) - SRR I, o R A TR
SER R AR R AR AR, S - A HLER D
(XA, 2021) 6
4.1.2  BRILE A4S AE ST

FE T A FH AR S R G R AR R T 22 BB B
HARRFIE, 5 DX IRl K Jr SR R o R 235 4 ) 4 2%
YIAHE . 1984—1987 4 [y MR 8 1< ] = 245 25 T AR
BAEYI CUKAG | /N2 ) RV ED Canideh W) 1Y)
DMK 5 1987—2003 4F- D] PR Al A= = 2 2R 1] (B
TR AAED = i S h IS RE ) ) I B2 2 AR BLAVE FH &2
PRI )R a3 2003—2012 AE7E “ WU 1R 4 5y
TEEEL 19.07% HYAFESE R, ™ I R B B i)
R T 20122017 4F “ Pl 2 4 22 8 B oK (W R AE 25
Fa R, SR IBE ) N, BB — LR T B

Wl 558 DR 2017—2023 AF 38 2 S0 “ Py 5

R, BRI RE J1 Lk 12.04% (AR S84 K R ] 7, 3iE
SARAAE WSS R R AR RO W55 = 5 R Py
TSR A T A BT RE ) A B0GE AR
BAETAEQOLD I, MEAHAS R FE
A AWy e I SR B AR S BT AR A AR A, R
X [HTE 4.5~5.5 t/hm® Z ], 1 A ik HAE S R 50
e R M e 5 DO) 22 0 sl b TR A, I8 B X ) B AR
(&1 7)) 5 BAAS T AR R MAC 58k 32 435 Rt AR BT 7™ i s AL LA
5i8 5 497 1 F [RI R OB VT OS/INY, 2021) 5 58
LI, fh T SOR M X UK 1 HE 8, b A
FIFE T, T B A b T FEURI AR 4 oA T AR o,
R ) S R B VE R T R 3, (R E P W
A 7 A 7 ) o T B, DA 7 A R
fageit, M 2023 4K, AT R YRR

T FURUR A 7= 43 1) 4 1Y) 1.57% 1 0.83% (K
it A, 2023; AT REUN, 2024) . Hod, KE
TR FN/INZZ S e R B RS AR A, 3 — W47 g
LR /INR (2021) R §05 (2023) B BIFSE 25 SR AP AR 22
S, PRI TS A ok SRR T AR e N AP K
W6 7 T ) R % R B 3 AR . B o, AT
2022 AECRE R GH AR R ik 104.62 hm?, [A] HE S
25%, FAR T FEURILEL = B4 I 24 A8 1 1/3 R4 [
() 1/7 VA B CR6%E, 2022) . H3EA HLER T B ER
AR RS —A EZMROBGR TR, A5 i
IR, ARl 3l /N T - S8k e (DR IR,
2014) o RAEWIRIBRICIE TR AN, I D2 AR VR 3
) A= 4 ek K 22 7 T I DY 28 40 i SRR KR
Hh, S B B I BRI OGRS B RIS AT R
Z AR, AR A R i (5K = 5%, 2007,
Wei et al., 2024); BAF B RN R, HRH +
S R e 1 /N T ARAE Dyt W RE g, FIFEAR A2
RGEPIRIBEE BEZNMAE, S 10.1%(E 6).
ELpARR U, v E A 3R 2 A LR A 8 T 34 3
K AR 0.14 t C/(hm*-a), HPFREFTIE H A TTHERZ)
h 2/5(Zhao et al., 2018) . F5ELIER I, 75K
FE H it FH RS A B 34 n - e 7, ] B 2
#E CH, MHERR, BR300 (IR RS, 2020) .
42 R IEERER

PR T AR A S R G B D AR R T
X FEEAZ P NN Z IR S0 O HAES RSk
B3 0 B T e T R, e - R A R
FEHEROIR, H DTk SRR B ) — 3G @R
A LA SE Tl s A A AR = Bk P
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