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water scarcity in these regions. Determining appropriate shrub density is crucial for vegetation establishment and ecological
restoration. However, the response of water use strategies in desert grassland shrub—encroached vegetation to different
densities remains unclear. In this study, hydrogen and oxygen stable isotope techniques combined with a Bayesian mixing
model ( MixSIAR) were applied to analyze differences in water use strategies among Caragana korshinskii, Stipa breviflora,
and Lespedeza potaninii. The results showed that; (1) Soil moisture content decreased with increasing planting density. The
average soil moisture content in T,( 1200 plants/hm®) and T,( 1600 plants/hm®) was higher than that in T,(2352 plants/
hm*) and T,(3076 plants/hm®). In the late growing season ( August to October) , the shallow soil moisture content in T,
was significantly higher than that in T,. (2) As the growing season progressed, significant differences in water sources from
various soil layers were observed among the shrub—grass systems under different planting densities. In May and July, T,
and T, preferentially utilized shallow soil water (0—40 c¢m) , with absorption proportions ranging from 20.60% to 27.97% ,
while T, and T, relied more on middle and deep soil water (40—300 cm) , with absorption proportions ranging from 20.23%
to 23.53%. Stipa breviflora in T, and T, primarily depended on soil water from 0—20 cm, with absorption proportions
ranging from 34.83% to 58.47%. (3) Short—term sufficient rainfall significantly altered plant water use strategies in the
desert grassland shrub—grass system. In June and August, when precipitation was relatively high, Caragana korshinskii and
Lespedeza potaninii mainly utilized shallow soil water. This study revealed the response strategies of plant water use to
density in desert grassland shrub—grass systems, providing a theoretical basis and data support for the scientific allocation

of shrubs in ecological restoration in this region.

Key Words: desert grassland; shrub encroachment; hydrogen and oxygen isotopes; water absorption ratio; water

use strategy
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Fig.1 Dynamic distribution of temperature, rainfall, and precipitation 3D and 5'0 in the study area
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Table 1 Changes in soil moisture content in shrub-encroached grassland with different planting densities of Caragana korshinskii

AN TRIFY 26 T BE HE R AR 8 S K %

A Soil water content of shrub-encroached grassland with different planting densities of Caragana korshinskii
Month T, T, T, T,

4 J1 April 8.55+0.17 Ca 7.67+0.24 BDab 6.75+0.80 Bb 7.59+1.21 Cab
5 7 May 8.28+0.40 Ca 7.38+0.19 Da 6.47+0.96 Ba 5.71+0.93 Ca

6 H June 8.71+0.19 Ca 7.67+0.16 BDab 7.03+0.79 Bb 7.68+1.02 BCab
7 A July 8.70+0.23 Ca 7.82+0.20 Cab 7.31+0.70 Bb 7.85+1.04 BCab
8 H August 10.66+1.74 Ba 10.68+0.08 Ba 10.18+0.93 Aa 10.09+1.18 ABa
9 J1 September 12.31+0.26 Aa 11.33+£0.26 Aab 10.75+0.61 Ab 10.24+0.73 Aab
10 7 October 9.91+1.77 Aa 9.01+1.65 Bab 8.33+1.87 Ab 8.81+1.51 ABab

Frp T, FHHIEEE 1200 Fk/hm? planting densities of 1200 plant/hm?; T, , FAEZE 1600 #k/hm? planting densities of 1600 plant/hm?; T, , flii
ZEF 2352 #k/hm? planting densities of 2352 planl/hmz; T, SRl 25 3076 #/hm? planting densities of 3076 plathm2 s AR KB A A R Rl
BRI (R 56 K 5 3 (P<0.05) RTINS 5o L 3 A 35 O 5 K % 52 8.3 (P<0.03)

2.2 FEOK | EHOK T FIREPZE T K 43 IRl R FRAE
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HZERER, AR A R R AL N 80 (=12.50+1.14) %o—( =2.18+0.17 ) %0, 3D = ( —69.67 +
5.58) %oo—(—14.68+6.07) %o, BALTESNEL K, HHEKL I FE(SWL) ¥IE Ny . 8D =4.138""0-33.83(R* =0.7942,
P<0.05) , 3K i [l 7 A8 T Bl K. 8" 0 (= 11.61£1.05) %o—(1.09+£0.02) %0, 3D = ( —=97.28 £1.35) %o—
(-38.01£1.50) %o, TEFEAAEKZEN, ASRIFF AP0 AE % B HE S RGP A /K119 8 0 F 8D A fbIE A — 3
(F4)  FrTa A 2 AR AL JE Bl K. 8 0 (—8.09+0.384) %0—( —3.72+0.43 ) %0, 8D = ( —67.69 £ 1.51 ) %oo—
(-38.20+0.43) %o, HEALEF FRYENE EAALTEREI ] 8% 0 (-6.72+£0.23) %o—( —0.52+0.46) %0, 8D = ( —50.04 +
0.76) %o—(—20.71%5.61) %o, F#iF W[4 R AL IEEI N .8 0(-6.26£0.47) %o—( —0.5+0.41) %o, 8D =
(=50.10£1.52) %o—( —31.34£6.75) %o, L XF HLAEYIK | 35K 26 K Rl (7 E AR AL ], 85 43 A - 38K BT,
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Fig.2 Characteristics of spatiotemporal dynamic changes in soil water content
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2 2352 Fk/hm? planting densities of 2352 plant/hm?; T, , FHE % B 3076 #k/hm? planting densities of 3076 plant/hm?
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x5 WEAE K U R FH 325 SRR TR ARG . Gnl&l 5 1 6 FIE 7 Jirs , AN R4y 25 A 25 B X AN [R) 4 )2 3
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Fig.5 The absorption ratio of water in different soil layers by different planting densities of Caragana korshinskii
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