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Response of plant water source of Gobi and desert Ammopiptanthus
mongolicus communities to rainfall in Nei Mongol
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3. Comprehensive Service and Guarantee Center for Agriculture and Pasture, Aolunbrag Town, Alxa East 750300, China)

Abstract : [Objective] Water is a key limiting factor for the survival and growth of desert plants. Rainfall is one of the main water
sources in desert ecosystem, and the water sources of desert plants can be temporarily disturbed by rainfall. Ammopiptanthus
mongolicus is the dominant plant in desert steppe and steppe desert in Nei Mongol. It is extremely resistant to heat and drought,and
plays an important role in wind prevention and sand fixation. Understanding the response of A. mongolicus to rainfall in different
communities will provide a scientific support for desert vegetation management and the conservation of vulnerable species under

climate change. This study aimed to address how different plant water source respond to rainfall in Gobi and desert A. mongolicus
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communities. [ Methods] Two A. mongolicus communities were selected, one in Gobi and the other in desert of Dengkou County. In
the Gobi A. mongolicus community, the companion species included the shrub Caragana korshinskii s Convolvulus tragacanthoides ,
and the herb Peganum harmala and Sophora alopecuroides. In the desert A. mongolicus community, companion species included the
shrub Artemisia xerophytica and A. ordosica,and the herb Echinops gmelinii and Lipschitzia divaricate. The main soil types were
brown desert soil and aeolian soil in two communities, respectively. Rainwater was collected using a rain gauge immediately after
rainfall. Groundwater, plants, and soil samples were collected from both communities on the 1st,3rd, 5th and 10th days following
10. 2 mm (moderate rain) and 7. 9 mm (light rain) of rainfall in July 2023, respectively. Four healthy plants of similar size were
selected from each shrub,and two-year-old twigs were sampled using scissors. Twigs with a length of 5 cm and diameter of 3 =5 mm
were clipped, the bark was removed,and the xylem was placed into 8 mL glass vials. The junction of root and stem was collected for
each herb. Soil samples in the Gobi community were collected by digging a profile with a shovel at depths of 10, 25,50, 100, and
150 cm. Soil samples in desert were collected at depths of 10,25,50,100,150 and 200 cm using an AMS soil auger. Groundwater
samples were collected from a well located about 500 m from the desert site. Water in soil and plant samples was vacuum extracted
using a LLI-2000 Water Vacuum Extract System. The stable hydrogen and oxygen isotope values of all water samples were measured
using a LWIA-912 Liquid Water Isotope Analyzer. Water sources of each plant at different periods after rainfall were analyzed using
the MixSIAR model. [Results] In the Gobi A. mongolicus community, A. mongolicus, C. korshinskii and S. alopecuroides mainly
utilized middle and deep soil water after moderate rainfall, indicating water competition among the three plants. In contrast,
C. tragacanthoides and P. harmala relied on shallow soil water recharged by rainfall. In the desert A. mongolicus community,
A. mongolicus mainly utilized deep soil water and groundwater after light rain, whereas A. xerophytica,A. ordosica,E. gmelinii and
L. divaricate used shallow soil water recharged by rainfall at various times after light rain. [Conclusion] In the two A. mongolicus
communities, there were significantly inter-specific differences in plant water source responses to rainfall. A. mongolicus consistently
relied on deep soil water or groundwater, while some companion plants used shallow soil water recharged by rainfall. These difference
in water use strategies promoted species coexistence of A. mongolicus communities in both Gobi and desert. However, the competition
for soil water was more intensive among species in the Gobi A. mongolicus community. Thus, it suggests that irrigation should be
considered during drought periods to reduce water competition from deep-rooted companion plants, thereby supporting the
conservation of Gobi A. mongolicus community in the future.
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Fig. 1 Daily precipitation in Dengkou Desert Ecological
Station from May to August in 2023
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Tab. 1 Basic community characteristics of A. mongolicus in Gobi and desert (mean=+SE)
) ! N SR/ cm
WA F R Yy b Rk /em B/ Bk e m™?) EE/%
Mt i)
K RE HEA WEH 69.75+9. 42 132.42+26. 99 147.75-+29. 98 0.06=0. 01
FracE )L 95.00£17.87  165.00+13. 61 159. 50+12. 97 0.024-0. 01 14. 75+2. 06
JiE AL 37.00+3. 70 78.50+11. 53 90. 254+8. 51 0.5440. 10
e IR 4 3240.
LN UK g3 8.17+0. 83 0.32+0. 15 | 1840, 21
HET 20. 33+1. 82 0.124-0. 04
W R WA 127.44412.09  163.78+43. 34 162. 11445, 47 0.0640. 01
B 56.14+3.92 94.00+11. 76 101. 86+8. 46 0. 0640. 03 49, 67+4. 48
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B b i) 56+ +
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Tab. 2 Two-way ANOVA of the effects of date,depth and their interaction on soil water content of A. mongolicus

communities in Gobi and desert after rainfall

VAT R H&R [l 2377 Al W F P
REE H 1 1. 175 0. 392 2.241 0.093
WRE 31. 648 7.912 45. 293 <20. 001
AEAEH 11. 488 0. 957 5. 480 <20. 001
AT H 1 344. 449 448. 150 374. 642 <0. 001
WIE 5 459. 843 1 091. 969 912. 859 <<0. 001
MEAEM 1 918.526 127. 902 106. 923 <0. 001
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Fig. 2 Soil water content at different depths of A. mongolicus communities in Gobi (a) and desert (b) after rainfall in July, 2023
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Fig. 3 Stable hydrogen and oxygen isotope values of soil water and plant water of A. mongolicus community in Gobi after rainfall in July,2023
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94. 5% A1 75. 2% ~92. 3%. HIJE AL F 9% JE 3% W I 4 1
KEBH M 50 ~150 em + K, BT 5 R
80. 2% 78. 1% s MG & 3 KRAIEH 5 K, W& FEAH)
FH 10~25 em 38K, BUE 3 U 4350 R 80. 2%~
83. 1% M 52. 2% ~77. 1% IR 55 10 K, BITEALESY
ST 0~150 em 387K, 9% 5E 3% ) = 2R F 100~
150 em 3K, BH 4R 64. 6 %.
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Tab. 3 Utilization percentages of different plants to soil water in different depths in A. mongolicus community in Gobi

H 1 TR/ M E I/ %

! om AT Fr ARG L HTELE LhY e WET
07-04 10 7.0£7.0 6.6+6.5 12.8410.7 15.449.4 7.1£7.0
25 6.0+6.3 5.946.0 7.0+£6.2 6.5+5.7 5.8+6.2

50 15.9+£18.8 17.2419.7 26.6+24.9 15.6+15.1 15.44+17.9

100 60.4423.5 59.64-24.9 36. 44257 45.5417. 4 60. 84-23.7

150 10. 7410.5 10. 7410. 4 17.2+21.0 17.04+16.6 10. 9410. 6
07-06 10 2.0%2.1 2.8+3.2 56.4+12.0 34.3£8.0 2.0£1.9
25 2.31+2.4 4.1%+6.3 26.71+12.4 17.949. 2 2.242.2
50 4,3+4.2 5.9+6.5 7.8+6.4 22.6+14.5 4.6+4.3

100 38.0+29.4 25.7+25.4 4.6+3.8 12.749.0 45.0+£26.6

150 53.4+28.9 61.5+26.7 4,.5+3.9 12.548.9 46.2+26.0
07-08 10 5.94£5.9 1.44+1.6 25.3+18.7 30. 3+20. 2 2.0£1.9
25 8.3+10.9 1.44+1.8 54.94+18. 1 46.8+18.1 2.0+2.0
50 36. 8+20. 3 2.7+4.3 11.9411.7 13.6412.3 3.7+4.4

100 18.1415.6 13.2412.6 4.0£3.9 4.8+4.4 18.54+17.3

150 30.9422.6 81.3414.1 3.9+£3.7 4.5+4.0 73.8417.2
07-13 10 7.5+6.8 7.1+6.6 15.94+12.0 9.8+8.7 8.0+7.8
25 8.9+8.3 7.8+7.4 18.8414. 3 12.2413.6 8.4+7.8
50 8.9+8.1 7.7+7.2 19.54-14. 3 13.47414.9 8.4+8.3

100 36.7+26. 4 28.0+19.7 23.0+15.5 45.34-25. 2 29.6+20.6

150 38.0+27.2 49.4+21.8 22.8+13.8 19.3421.9 45.6+23.2

2.5 INEREDEDEZFEHEEYIKS KR
JNRIJE AN R] H VD B 435 EVR AN [ AR P 00 7K 3
HIEAIR. QN 4 PR WA 5E 1 R 5 3 RAES 10 K,
VAT A 100~200 cm 3K FIHL T K, 4
FLYEE R 74, 620 ~81. 3%0; M JE 55 5 R EZHH 0~
200 cm HIEIK, BTN 90. 4%, WG 1 K, B
FEFIH 25~200 em HHEK, BAH R 78, 865 B
Y BRI 25 em.100~200 em - HEK FITHL T 7K ,

SEATHCR 85, 4%, MRS 3 KA 5 K, RE A
YE FEER 10~50 em K, B 43 H I E
WA 52. 8% ~61. 7% Ml 57. 6% ~68. 2%. /NI 5 4R
10 K, B FEHM M 10~50 em +HEK, BTSN
66. 3% ; YL FE A 25~200 cm K Fi
K BVE AR 92, 5 %0, WISk A A AW S 56 1
KA 3 REEHMA 10~100 ecm HIFK, BEH /TG
Rl 4351k 66. 8 %6 ~73. 8% M 71. 8% ~T73. 7% ; Wi J5 4%
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Tab. 4 Utilization percentages of different plants to soil water in different depths and groundwater in A. mongolicus community in desert
FIRE G/ %
H #H IR/ cm
A 5 By bk L HEEY
07-13 10 4,0%3.3 10.6+8.6 6.546.6 20.6411.5 14.3+7.8
25 6.144.5 22.5410. 3 21.2410.4 17.8412.1 10.847.5
50 8.646.6 14.0E11. 9 8.1£8.0 18.1415.0 30.3416. 8
100 15.3+£11.3 17.2413.9 18.3417.7 17.3+13.5 18.3+12.8
150 21.2+14.6 12.7410.3 17.44+14. 4 13.2410.0 13.349.3
200 22.1+15.1 12.4410.0 15.4413. 2 13.0410.0 13.09. 3
T K 22.7+14.7 10. 648. 8 13.1411.0
07-15 10 6. 85, 4 14.2410.7 17.1+12. 4 22.3416.7 20.0£12.5
25 6.444.7 24.449.7 27.4+11.4 21.4+15.0 19.9411.1
50 11.7410.8 14.24+11.5 13.14-10. 4 10.7410. 3 17.5413.6
100 14.0413. 4 12.2410.5 10.84+8. 9 12.4411.5 14,4411, 3
150 17.8+16. 3 12.4410. 1 11.449. 1 12.7+11.6 14.8+11.0
200 28.2+17.8 11.649.6 10.34+8.5 20.54-15. 0 13.4410.1
T K 15.14+12.5 11.0+8.4 9.9+47.8
07-17 10 25.4+12.1 27.04+13. 2 31.7£15.9 50.4+18.6 50.5417.5
25 17.8+15.3 14,612, 2 13.2411. 4 10.9410. 6 10.649. 8
50 15.3+13. 1 20.14+15. 4 23.3418.1 14.0414.0 19. 616. 4
100 10.548. 8 9.248.0 7.646.9 7.847.8 6.145.9
150 11,049, 1 9.448.1 8.147.4 8.1+7.6 6.546. 1
200 10.449.0 10,949, 2 8.6E7.8 8.84+8.8 6.746.6
T K 9.6+8.0 8.8%7.9 7.547.0
07-22 10 5.043.8 24.8412. 2 7.546.4 27.84+15.5 20.849.5
25 7.245.9 25.54:19. 0 14.0%+11.5 29.7425.5 21.5414. 8
50 13.2410. 4 16.0414. 1 25.84-18. 3 17.0416. 7 17.5413.7
100 13.0414. 1 8.547.7 11.4411.9 9.0+8.6 14.34+10. 8
150 18.6416.9 8.447.2 12.8411. 4 8.147.4 13.249.8
200 26.8419.1 8.947.7 16.6+13.7 8.447.7 12.749.6
Hi R K 16.24+15. 1 7.946.8 11.9410. 4

SN

a3 B 390k 74. 5 %6~75. 3% F1 59. 8%6~80. 7%.

3 it

3.1 XEDLEXT
] oz
REEVL A

vl

510 RHE EEFIH 10~50 em HHEK, 0 H

REFEAE WK 53 SRR XS BE R AY

T V& & ol R 490 14 7K 73 R J5ORT I T 614

Wi IO A7 0 A 0] 28 5. VDA AT AR HR XS LRI ST
X FF R BRI S AN U] AR BT AR TR 5 1 RIS 5 K RE
AR BHK 5 B AR RS 1 KA HZE L
SR Ho A =8 1 WA 2 50K, 3 3R 9
EANTZRAFAEK 3 58 4. SR, JJE A6 A 95 B 2 X o
FRAT W SR MR« RIS 26 1 K 2 ) v = R
J2 MK TR AR 3 KA 5 K, I % 1) R TR b
FERYTR )= TR TR A5 10 K, P& SR IRBR )2+
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HEK. MK 3 BAE ST B A2 AR R AR
X 3 AT B 04w 87 5 HAR 2R 0 A REAE AR AE, 1D
AT AT SRS J LR R B B4 )3k 1.5 A 1. 1 m. 7
HHVYAR EEAAGAE 0.9 m PN 1 HE AL A AR R IR
B0 0.5 m AR EZMGTE 0. 4 m WP i Tz
P& DA T IR 200G LR R AT AP AE S, 3
XoF 626 I I e S ARARL. A5 AR 5 2 B At X BE A 4 XoF
P ) ) 7 L, 7 e ) 22 5 30 400 = PN 552 3ty R JR 5 ]
LR B 48 B 5T 28 (Sti pa brevi flora) B A FH /N
#hFE R E L KPS O SRR 2 Mk B4
(Helianthemum songaricum) G868 R FH/INM L G A1
DR o 71385 S SORT R R A M 72 5 SR S 1) 22 B
(Tamarix ramosissima) JI§GE R (Alhagi camelorum) .
WA (Calligonum mongolicum ) FIYEHL R 7F T B2 A4F
13 2 ER IR IZ 8K 18 B R 0 22 B A3 DU B A1)
FHRJZE K™ fh e T UL, S BE A 4 7K 43k U5 %
T P 37 22 S 5 A 3 A O
3.2 WRDEZBEHEREY KRS KRIEXNERD
iRz

VPIUD 255 T T 45 R W %t /N T 14D e 97 A, A7
Tl ] 2 5. VAT X8 /N E B e L AN B A ACTE TR S 46 5
REGIA I b2 5K Hogy B9 200 2 L%
KR T 7K. 5 v R DU /N T 2 30 4 B S 1 i
PR JEEE 1R 3 KA 5 K& EEAHIEREZE
TR TS 10 KETH E2EAANRZE 50K, 54
DUIA) PR 2 K. ik i 22 55 1T RE S5 AE ) IO AR 2R O A
AR PBER P AATR AR L 1.6 m, 40 3257
AGTE 1.0 m PN 5 111 5% ARV AR R A s 1. 3 M
1.0 m. AR5 3 E B AGTE 0. 4 F1 0.3 m WY, A7
TIFFE 2% B I 2 JE A 7 HC Al b DX 199 7K o T Al 37 A TR
(Y52 0] o 510 G0 < VG SR 2K 22 3 1 v 2 55 vh i N KR it
FI R 3K WA B VD 57 B 2 1Y) BR VD8 KR
JE5 1 RFERHIEZE 50K, B 1 JRWNEFHERZ
KT ARG PR B A R A S 45 Bl
P28 W i L BE R IR 2 3K, PRI 45 RIS AN TR
TR 3 RIS ] 22 5 R T 4R 21, HERE
TR 13K FEAREY) F B R Z R K,
s 9 = SR AR AL B VD B CH p po phae rhamnoides)
T B 2R R E R HEK T AL B (Carex
moorcro ftii ) FlEF 2 8 B (Astragalus laxmannii)
TR FHR)Z IR iy JRESE T RO B 2 AR AR
5 H FERHNERIZE R Z - HEK AT /K, 8 H FEEH]
FHIRZ A= HE AR H T 7K, 1115 2R Bk 4 4 JL 18 (Erodium
oxyrhinchum) FE (Suaeda glauca) ¥ EZF| K

JZ 3K AT DA R 4 7K o SHe TR X A R A4 I i 2%
S T U SR RIS R A7
3.3 AN EEHEXNENMAENER

R 1 U0 A 75 6T HHRRT A T 1 A BH S L R R
FAH 2RI 38K 5 V0B8R U0 A 75 X /0N FR A% 1) o7 A,
ANBHE, W5 R A R )Z KR T K. XA
TEETR 1R 23 £ A AT 400 D0 B R FH o B D T8 19 7 2 1 4
IR AL FE SRE I R TiE AE B B 5% LA B VD R LRV
B RPN . B AR BoR, FU SRR 21
(VAT XS 7. 2 mam [T G B 8 A 1 L (HLZE 13, 7,
25.9 F1 54. 0 mm HYRFE 5 BEA ZCH HFIK, HBEE
Ref 7K 2 P B ITX R ZK A R T 2 E Al 23 KT S i
B 10 mm AT (4R I X R AR SR AR U0 4615 19K 492k
TERZMHL /NN, e AL, 356 WG AN B V0 46 75 7K 43 ok 1R 1 2
VIS ZESR . RKENDAEEREERWE RS
WHRHA R LHK, TRWE SR HRZ 5%
7K Bk ZE v R DULRE TR R v 2 K VOB T 4
T ARG BN 2 58K, 2 2 2R AR
JZ KR I TR 7K, Bk 2 e 3 5] MR FH 45 )2 4 50K
FH T 7K Aofe B i — 2 57 S BE VD Vb 4 75 1
TE 7K 43R UG X I (1 7 3

4 & it

PN VDAC 55 BV S TR AL 1) 7K 23 R 500 5 TR 1)
Wi T A 7 o ] 25 . VR TR I I BE BP0 A7 AT AR R XY
JUFI G F A B E 80K, =& Z RAEE K o
AP TR AE 9% B 32 RE A I 19 Ab 8 1 P = 13
K. /NE JE U U 4T R A TR R K TR
15\ PRV RS R A Sk AR i RS 28t R M) I R AR ST
= T HEOK. FERN i 0 TR Vb &35 I 45 PR A
BEVD TG MR B0 W) R A TR R 2 33K AR T
TR T ALY, RBEVD A H R AR Y 2
[AFEAEBER ZU A K 73 5 4. I ROBERY VD& 725
JE PR T I AT LA i A kb ST TBE L DD 2o B IR 5
A HE B B IR,

S Wk

[1] TIAN J,ZHANG B Q, WANG Y B, et al. Vertical partition
patterns of infiltration within soil profile and its control
factors at large-scale arid mountainous areas[]]. Journal
of Hydrology,2023,618:129190.

[2] ZHANG Y Y,ZHAO W Z,LI X B, et al. Contribution of

soil macropores to water infiltration across different land



o 422 -

TR 24 CHARFRE RO

2025 4F

[3]

[4]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

use types in a desert-oasis ecoregion[ J . Land Degradation
&. Development, 2021,32(4) :1751-1760.
AT B K B il R B R UK SCHIF Y i
[J]. /K3, 2022,42(1) :1-10.
XIAO J, EZIZ A, ZHANG H. et al. Responses of four
dominant dryland plant species to climate change in the
Junggar Basin, Northwest China[ J]. Ecology and Evolution,
2019,9(23) :13596-13607.
IRPC AT HRRE TRAE R 5. B U RUE R A RTERS A 2
RYGAEYK R RO i R LT ). B A S R G 507
P, 2022,2(1) : 73-81.
ROTHFUSS Y, JAVAUX M. Isotopic approaches to
quantify root water uptake: a review and comparison of
methods[ ] ]. Biogeosciences,2017,14(8) :2199-2224.
BOWEN G J,CAI Z Y,FIORELLA R P,et al. Isotopes in
the water cycle: regional- to global-scale patterns and
applications[ ] ]. Annual Review of Earth and Planetary
Sciences,2019,47(1) :453-479.
ZHANG ] H,WANG N A,NIU Z M, et al. Stable isotope
analysis of water sources for Tamarix laxa in the mega-
dunes of the Badain Jaran Desert, China[ ] ]. Journal of
Arid Land,2018,10(6) :821-832.
ZHOU H,ZHAO W Z,ZHENG X J,et al. Root distribution
of Nitraria sibirica with seasonally varying water sources
in a desert habitat[ ] ]. Journal of Plant Research, 2015,
128(4) :613-622.
SRV X SR AT R, PR AR B8 2% T YLLK 4
R R H R B K By e Bz [ . 07 JH A 252 4z, 2017, 28
(7):2083-2092.
DONG Z W, LI S Y, ZHAO Y, et al. Stable oxygen-
hydrogen isotopes reveal water use strategies of Tamarix
taklamakanensis in the Taklimakan Desert, Chinal ] ].
Journal of Arid Land,2020,12(1):115-129.
WU Y S,LIAO Z L, YU X Q, et al. Stable isotopic
analysis of water utilization characteristics of four
xerophytic shrubs in the Hobq Desert, northern China
[J]. Frontiers in Plant Science,2023,14:1103789.
CHEN J,XU Q,GAO D Q,et al. Differential water use
strategies among selected rare and endangered species in
West Ordos Desert of China [ J]. Journal of Plant
Ecology.2017,10(4) : 660-669.
WIS HEREE, . RRYDA TR EESLET
SRR S B A A BT ], AR 2R, 2024, 44(2)
858-869.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

AR B SR S TR BEAE ) T [ R R AEAE ) -
TIEARG R BCLT ] Rk 2019, 28(2) £ 33-40.
KIR0TGRSy 7 T e D 3 A R
REARAEL) ] hE VML, 2022,42(2) :104-112,

o R ey | QINE- W S| DO EAR ] ki x5 % N
SERLYINT R AIZERT K 6150 A oD sgma ] ], o EAE A
A 2#4H 52012, 20€10) :1359-1365.

WANG J, LU N, FU B ]. Inter-comparison of stable
isotope mixing models for determining plant water source
partitioning[ J ]. Science of the Total Environment, 2019,
666:685-693.

BRI B/ MR, SEAR M. R4S 5 Fh 2 A Rh G
TR G 1 Kot E AR s m ] BT RE AR A
SRR ,2017,56(2) :205-211.

ZHUY ], WANG G J, XIN Z M, et al. The annual
dynamics of the water source of an Amumnopiptanthus
mongolicus community in the Gobi Desert of the
Mongolian Plateaul ] . Forests,2024,15(12):2117.
SONG Y F,YAN D H,LIU T J,et al. The suitability of
isotopic methods in identifying water sources of a
shallow-rooted herbaceous plant in a desert steppe[]].
Science of the Total Environment,2023,902:166072.
WRIE AR ER , 5, 5. DU SRR 2 4072F H 4B K75 £ K
SRR ] Mol B2, 2016, 52(2) :47-56.

CULY Q,MA ] Y,FENG Q, et al. Water sources and
water-use efficiency of desert plants in different habitats
in Dunhuang, NW Chinal J ]. Ecological Research, 2017,
32(2):243-258.

Frell RN, SRR, L S 2 A U R A IR Y
WRAEAFHELT ], Rl A%, 2019,36(7) : 1706-1715.
AT, RS, R, S TR RBKE AT
[eil v A8 e DX AR W K o3 Sk U 0 A LD . 0 AR 2 2 4k
2016,27(4) :1053-1060.

WU H W.LI X Y,JIANG Z Y.,et al. Contrasting water
use pattern of introduced and native plants in an alpine
desert ecosystem, northeast Qinghai-Tibet Plateau,
China[ ] . Science of the Total Environment, 2016,524;
182-191.

R B, 20 55, St R BEIE T AR B R R R
(Haloxylon ammodendron) Bt % 1 354 9 /K 43 % IR
(1] A EVPBEE, 2018, 38(5) : 1024-1032.

FRATHE AT 0%, 45, 5 2 A0 VIR AN & H 1
WK R IR 22 5 [T ). B A 244, 2024, 35(7)
1762-1770.

(FAE G R4 45)



