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Characteristics and Regulation Mechanisms of Carbon Cycling in a Wheat—
Maize Intercropping Farmland Ecosystem in Yellow River Qasis of Ningxia
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(1.School of Ecology and Environment, Ningxia University, Yinchuan 750021, China; 2.Key Laboratory of Restoration and
Reconstruction of Degraded Ecosystem in Northwest China, Ministry of Education, Ningzxia University, Yinchuan 750021, China)
Abstract: [Objective] Farmland emission reduction and carbon sequestration are important development
directions under the "dual carbon" strategy. However, the carbon cycling characteristics of arid oasis farmland
ecosystems and their environmental regulation mechanisms remain insufficiently understood, limiting the scientific
assessment of ecosystem carbon sinks in arid regions. [ Methods] Using farmland in the Yellow River oasis of
Ningxia as an example, two consecutive years of flux observations were conducted based on an eddy covariance
system to analyze the carbon cycling characteristics of this ecosystem at multiple time scales. Random forest
(RF) , structural equation modeling (SEM) , and Michaelis-Menten models were then used to investigate the
response mechanisms of key carbon cycling processes to environmental factors. [Results] 1) The annual net

ecosystem exchange (NEE) of the wheat-maize intercropping farmland ecosystem ranged from — 286.29 to
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— 223.42 g/(m*+a) (as C). During the growing season, strong photosynthetic carbon fixation significantly
exceeded respiratory carbon emissions, indicating that the ecosystem had a certain carbon absorption capacity on
an annual scale. 2) The diurnal dynamics of NEE during the growing season showed a U-shaped pattern and were
significantly controlled by the inverted U-shaped diurnal variation of gross primary productivity (GPP), whereas
ecosystem respiration ( Reco) showed relatively small diurnal fluctuations and had limited influence on NEE.
3) Soil water content (SWC) and photosynthetically active radiation (PAR) affected the magnitude of
photosynthetic carbon fixation, with appropriate SWC and PAR enhancing photosynthetic carbon fixation. SWC
and soil temperature (T,) drove the magnitude of respiratory carbon emissions. 4) Climatic wet-dry variations
significantly regulated the carbon cycling processes of arid oasis farmland. Climate anomalies characterized by
lower precipitation and higher temperatures increased vapor pressure deficit (VPD) and decreased SWC, thereby
affecting different carbon flux components through direct and indirect coupling pathways of biophysical factors and
ultimately suppressing ecosystem carbon sink capacity. [ Conclusion] Biophysical factors such as PAR, SWC,
and Ty, together with climatic wet-dry variations, jointly regulate carbon cycling and carbon sink capacity in arid
oasis farmland ecosystems through direct and indirect coupling pathways. This study clarifies the key influencing

mechanisms of carbon sinks in wheat-maize intercropping farmland in arid oasis regions and provides a scientific

basis for agricultural carbon emission reduction and carbon sequestration in arid oasis regions.
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Fig.3 Diurnal dynamic variation characteristics of carbon fluxes during growing season

NEE .GPP #l R, /) H PN A5 AL TE 2 76 A [F] 4F 473 [1]
FHARL , AF 4% ik 38 09 A8 b R B AR FE 25 5 0 2023 4F
NEE . GPP # R.., 19 [a] 2% () {H 43 5] 2l — 8.05,
11.28.3.35 pmol/(m?+s) (LA CO, 11D , 1fif 2024 4E 43 5
g —10.43.15.05, 5.18 pmol/(m?*-s) (L CO, it ),
2024 4F /Y H 18] e il 5 W] W = T 2023 4F, H B 28 1k
MR B2 A K, 5 2023 4 A K ZR A O T ORI 2024 4R 8K
ORTAEEERTE S F AL NN

WiEE A TUSHE

TR G /NE-ERBAERBHA RE
NEE .GPP # R, 55 fif 3 8 76 47 9 I8 i . 3 1 4 K 2
W (OFES (D WEBRGRE I KF,GPPTE
A—8 A ¥ T R B/ ZZ - T K [ 4E 4R H 7E 4—8 H
FPA BRI WA A K AR (9 A NEE JL-F %
T 0. WL N NEE £ KAE 3 HBLAE 6 A, 2023 4F
2024 443 3 — 87.62 . —120.99 g/(m*+ H) (LA C

23

http. // stbexb.alljournal.com.cn



5 ]

5 T B 5+ 7 BT B AR /N ZE - TR ) 1 4% FH AR 265 2R GBI PR AR K 38 42 BL 283

. 7810 A BHAE 3 H R4 K %, NEE 44 % H 1R
AN, HHBREAE , 6 B /N 22 - FOR A1/ AR s 30 sk HE ik
TR I . NEE Z % TABRE a4~
o i A R W Al HE ik =2 25, Hovh GPP BEAE I 19 B B
WAL, S KAE S BAE 7 H L 2023 4F F1 2024 4F 43 5]
b 188.28.,278.82 g/(m* A (LA Cif) . AR N
B RGN HERL , 32 E 2 A R s v R B
S5 A0 W RS ) o A s ), L 2023 4F B K E R 134.06
g/(m? AL CHH(8 A ), 2024 4F e KAl M 208.94
g/(m? HOLLCHO7 A, Al 1L 2023 4F (1 F 5% R,
F18y (A I 7 A= 490 ) 60 s i 4

T 3 1 7 22 A BT R BH L 2024 4F 4 K 2R GPP R
R 1 HAF 4 5091 8 7.55.5.03 g/ (m*-dD (LLC i),
YR T 2023 4 H: K 22 GPP Ml R, 19 H F- Y18 5.37 .
3.34 g/(m* d) (LA CH) ;M 2024 4F 4 K Z= NEE #y H
SEHE A —2.52 g/(m?-d) (LA C i), /T 2023 4E )
—2.03 g/(m*-d> (LA Cit); H NEE .GPP Hl R, 55 fii
i TR 2023 4R F1 2024 FEAFTE 3 2 5w (4 AT
2023 4F (G T 5 M 3K 43 5 il 8 3 a8 T B U
B LR /N2 - FOR VR AR A6 A A ik & o 41 il
- S G R B HE O R, S SO - Rk S A i
TR 114 ik 555 0 2 2 2R G T i P B AR

12
(a) 21 ® '
300 S 10} !
250 « gl i
T 200} = i
i < 6f -
. 150 2 |
's 100} H i
. n i !
® il & Al !
= [ -2 L}l i
= -50f ! -
EK 41 i
100 - I
1 1 1 1 1 1 L 1 6 1
2023-03 2023-06 2023-09 2023-12 2024-03 2024-06 2024-09 2024-12 2025-03 2023 2024
H (% 3
WA CINEE [@HReco EMGPP i

TE R 2 PR35 0. 05,

4 2023F4RZE2025F4AREEATURE
Fig.4 Monthly variation characteristics of carbon fluxes from April 2023 to April 2025

24 FRBEF ETEE

IINZE - K TE AR A% I 45 Bk 3 2 2 23 4T B BURRAIE
WK S5, HRJER NEE.GPP Ml R, B H B 2 1Y
B A K 2 30 Ok T BN R Y R, B 80k K %2 GPP
R, B AR PUE B8 K0 NEE 2R Pt f A% . (H
H R ) NEE . GPP # R.., ¥4 8 h BE AL Y 3% 3l FF
LR H RE R A R G A % HE R S B 58

ot BBl L H AR RGOR - A EE A5 A N [ 1 AR
b 202341 H R E NEE 4 —4.24~1.61 g/(m*+d)
(PACH AEEFE N —223.42 g/(m* ) (LL CH) 5 1M
2024 4E ) H R NEE B —5.71~1.19 g/(m* d) (LA C
), 8 BRUE A —286.29 g/(m* ) (LA Cit), 4
W], 2024 FF AT HSR BRI AE 7, 5 2023 4F T R i
2024 AEREIK A K

2500 : 12
[ i 110
2000} : i
= 1500 ! A ! $l
v I ' TR 6
= mLy i ' L ']/—/‘1 -
z, 1000} W/ i —"i 4 =
& S00f /.-—-’""——-i ik P =
) L1 VAR, I 10 #
¢ s e .
?é% ol e:-:"'/ e T ,__ﬁf_ .
= Tl ¥ ol ¥
B - |
—500} i i %
! ! 6
s S S 5 S S S S
o8 S & & & <8 & S o8
v Kyl Xy & Myl o & Kyl Kyl
b o 5 5 5 5 5 ) o
HWIEE-H-H)
——NEE£# ——RecoZ# — GPPEH NEE Reco GPP

E5 2023F4HF2025F 4 Anif = £ ENEHE

Fig.5 Annual cumulative characteristics of carbon fluxes from April 2023 to April 2025

http. // stbexb.alljournal.com.cn



284 KRR

40 %

2024 4F [ K A A 3K A A1 78 2 A SE VR B A
K, I8 J0TE Ay iR B B B0 R A 5 RR D) O A A I
JERAPH CO W E £, RN 2024 42 1 GPP 1E
AR AR R GPP A F] 1 398.32 g/(m’+a) (LU
Cil), B #F & T 2023411 1 012.56 g/(m*+a) (L C
TFD o AR B0 BRBE A% O 1 R - SR i T
H5E T WF W, 2024 4F R R4 K W B, 4F R AR
R, 4 1112.03 g/(m* ) (LA CI), B & & T 2023 4F
) 789.14 g/(m*- ) (LL C i)

25 MBEBESNEYYIERFEIE

251 HEFTUSLAMYERAFHMEESH D
A - T K [AIEA FH Bik 3 o 41 435 76 90 0 B TR ) 1 A
A DL 6

MRE IR NEE 5 478 I8R5 (DSRO |
R, J PAR # 5 1 2% 1 #H 5 (p<<0.00D) , 1fif GPP 5
DSR . R, Fl PAR ¥ &2 I 2 1E 4 3¢ (p<<0.001) , K B 4@
SRR IR B A M T AR O I B O AR R IR
FH 2B 285 R 8 0 A 7 g ey, e A2 46 K

MREIAEERE ,GPP MR, 5 T, % 1FE M &
(p<<0.001), AT WA IR A I VE 2 006 G VR T 3k s
55 1L W) O 0 BRI 4 NEE 5 T, 5 8 2% A 56 (p<<
0.00D);NEE 5 P & i 3 1E AH & (p<<0.00D) , JF K2 %
JK R ZUH A 25 2R G I, T SO I P B HE TR s B
SR WS T 3o 52 W 25 A< 8l ) 2 5 B T Wl /N A2 - R OK
[ VEA H O A 5P 2 L (H X NEE B 38 #2475 A
L HETT T30V PD 55 kil f 4 43 8] 0 4 R K59

*H_'Y:JF%&I_U

s I

rww

l. - =

RH | = = AEE | REE A

LEL

Ws
T{5cm) [I8
Til0cm) | =

T(30cm) [ »=

SWC(5 cm)

SWC(10 cm)

SWC(30 cm)

—0.64 —(004 —0L08 022 —0.18 —0.66 —0.69 —0.65 —0.34 029 002 —032 —024 —0.17 027 013 0.16)

080 059 =013 =007 045 045 056 064 013 —036 057 059 059 015 028 024

070 0 —024 006 004 021 057 040 —045 049 057 064 041 046 044
=002 034 028 013 022 068 042048 075 082 086 —0.05 -0.09—0.10] 0.6

] * —0.16 —0.25 —0.30 —0.27 —0.11 028 0.05 —0.08 —0.04 —0L01  0.11 0.04  0.03

0.89 076 050 —031—0.09 047 036 028 —0.41 —0.33 —0.35

056 041 030 051 —028 —0.03 051 043 033 —0.64 —0.69 —0.67 - 0.4

- 02
0.94 045049 —0.06 039 027 018 —0.32 —0.24 —0.28
049 —0.39 —0.12 040 030 0.24 —0.13 —0.05 —0.10)
-0
—0.05 —0.33 089 085 0.80 —0.18 —0.12 —0.14
—0.33 007 019 031 027 018 018
- —0.2

=031 —0.34 —0.39 —0.13 —0.06 —0.06)

097 0.92 —0.32 —0.25—0.27 -

0.98 —0.25 —0.20 —0.21
—0.15 —0.13 —0.14 —0.6

091 0.90]
—0.8

—1.0

W DSR T AT AL FE S s RH AR EE s WS g XU 5 #3678 p<<0. 05;%%3K 7R p<C0. 01;+++FK IR p<<0. 001, T,
6 EKFHREEHNISEYYERFHBEXESH

Fig.6 Correlation analysis between carbon flux components and biophysical factors during growing season
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