hEIRIE RS 2025,45(9): 5129~5142 China Environmental Science

RSN, A AR K S R R B S B AR BN LB S 5y ORI ) (3], v IR R, 2025,45(9):5129-5142.
Gao Q, Dang X H, Meng Z J, et al. Dynamics of plant water use efficiency and estimation of its carrying capacity: Take the typical Mu Us Sandy Land
vegetation as an example [J]. China Environmental Science, 2025,45(9):5129-5142.

EYIKDFIRABAENSREEABNEE
—— AR v R B k1]

g BEseme VUSRS L BH Y (LS AR YA BRI S RIS 0100115 2.4 52 kA ik
DAL FEAAMTFFEs, W5l SREZET 0174005 3.4 52 FVA KRR B, NS5l BEAIVESE 010020)

HE: UBLRDHIRBEERON RS, T Biome-BGC A A FRARAY BHLL 43 T3 2 24a UBRKIE AL, KRR (WUE) K HL 8k 3 B -
I 2 B2 AL T AR IR A0 0 - K 5 R e AR A 3. 45 SR W /0 6 4F 33 439, GPP AT BT 4E I K5 53 5K 6.42g C/m” Hil 5.45kg H,O/m’, WUE
L 0.006g C/kg HoO YK, 7 Hh Bl A28 5 /K REAS T4 O A 3, ol 1) 5 4 W 5 56 WUE 1 B A5 A T WE A S PR ZE BB K U815 DG 2 vh 2 T HY S B8R ) 336 1
E,COL M FERY I 33 WUE T Wik 18 22 B2 8RR -, e e it B2 (Rt 42 340 0.435) 01 ND V(T B2 4% 24 0.808) 7 A2 il 25 IR 4 5% Wi I FE T b 4 &
He) B b e R4 28 it T BRI IX S WU 388 7K 03 Mt A 3 ) 45 S W7 TR AP L JRE AP R Y S8 P 214 i A A % 32 o 7 i T2 ), 40 3ol T b3
15.07%. 3.78%- 16.72%. HIF50AT B T JELE T 5420 T 5 XA [F) R B S B R 7K 43 00 FHBTL R, IS AR e P 2 AR A /K SRR 4 AR AR 2R AR BRBE, DA DX sl AR i
R B 2 M b M AR 25 AR 0 ] R BRI B SRR ARG

KR AR, BYHRWH, KOFMRE: LHKG RS )

PESES: X173 XHRFRIRES: A XEHS: 1000-6923(2025)09-5129-14

Dynamics of plant water use efficiency and estimation of its carrying capacity: Take the typical Mu Us Sandy Land
vegetation as an example. GAO Qin', DANG Xiao-hong'?*’, MENG Zhong-ju', LIU Yang® (1.College of Desert Science and
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Abstract: Based on the Biome-BGC ecological process model, the spatial and temporal dynamics of carbon and water flux,
water use efficiency (WUE), and its driving factors in the past 24 years were simulated and analyzed, and the soil moisture
vegetation carrying capacity of different stands was estimated. The carbon and water fluxes increased year by year, and the
average annual growth rates of GPP and ET were 6.42g C/m? and 5.45kg H,O/m?, respectively. WUE decreased by 0.006g
C/kg H,0, showing a trend of carbon efficiency and water consumption imbalance. Interspecific competition significantly
affected the dynamic stability of WUE. The shrub pure forest showed stronger adaptability in the carbon and water
regulation relationship. The increase of CO, concentration was the main driving factor leading to the decrease of WUE, and
had a significant indirect effect through temperature (indirect path coefficient 0.435) and NDVI (indirect path coefficient
0.808). Moderate regulation of stand structure and surface vegetation coverage can effectively improve regional WUE. The
results of soil moisture vegetation carrying capacity showed that there was still room for improvement in the current
planting density of arbor forest, shrub forest and shrub-shrub mixed forest, which could be increased by 15.07%, 3.78% and
16.72%, respectively. The study is helpful to clarify the water use mechanism of different vegetation types in arid and
semi-arid areas, define the ecological limits of vegetation restoration projects under the constraints of water resources, and
provide theoretical support and decision-making basis for regional 'planting by water' policy formulation and sustainable
management of sandy ecosystem.
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Table 1 Basic characteristics of sample plot

e BT W Y 4K (m) RSy E (hm?) B =i (m) Je I (m) A2 (H4%)(mm)
38°57'37.26"E
Sv 3° 2] 1278 3033 0.67+0.19 0.80-£0.24 1.02+0.26
109°17'43.86"N
38°53'18.36"E .
Ao 20 3 1275 3767 0.62+0.14 0.980.15 0.72+0.21
109°11'48.58"N
38°59'15.84"E .
Sp 50 k3 1278 733 2.2740.31 2.19+0.16 0.87+0.20
109°21'24.56"N
39°2'16.09"E .
Ps 20 k3 1283 300 5.06+1.18 3.070.40 129.79+27.21
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38°59'10.41"E . Mixed Sp  3.1740.80  2.88+0.45 1.11£0.33
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Fig.1 The dynamic change characteristics of biophysical factors from 2000 to 2023
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Fig.3 The interannual variation characteristics of GPP, ET and WUE in different vegetation types from 2000 to 2023 were analyzed
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Fig.5 Path analysis results between GPP, ET, WUE, and biophysical factors
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Fig.6 Biomass variation characteristics of different vegetation types
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Fig.7 Soil water carrying capacity and surplus density of different vegetation types
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