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Water use patterns for a typical afforested shrub among topographic positions in

an alpine desert of Qinghai-Tibet Plateau using stable isotopes tracers
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Abstract: Salix cheilophila is a typical afforested shrub species that is widely used as the sand-binding shrub in alpine and
semi-arid sandy land. Research on water use source of S. cheilophila helps to understand the stability and maintenance of the
artificial ecosystem of desert sustainable development. In the sandy land at east shore of the Qinghai Lake, we took
S. chetlophila growing on different geomorphology of the dunes (windward slope, dune top, and leeward slope) as objects to
analyze water use source during the plant growth season by IsoSource isotope mixing model. The results showed that
S. cheilophila mainly absorbed three layers of soil water during growing season in 2018, and individuals among different
topographic positions used different layers of soil water in different growing seasons. At the beginning of the growing season,
S. cheilophila on the windward slope primarily depended on deep soil water in 60—120 cm depth and the proportion was
(50.28+18.11) %, while individuals on the top of the dune and the leeward slope used (79.96+7.59)% and (53.47+
6.47) % surface soil water of 20 cm depth. In the middle of the growing season, S. cheilophila on the windward slope
absorbed (45.52+26.91) % the middle layer of 20—60cm soil water, however, S. cheilophila on the top of the dune and

EEWE HE A RBFILET H (41961017) ;75 1545 B APHE L I (2018-NK-A3 ) ; Hi 3¢ 1 F-5 W8 U5 A 25 17 52 T 4 52 36 25 TT i 6k 4 W 0 i
(2020-KF-06)

175 B #5:2020-07-13; ¥ £& HH kit B 8 :2021-05-20

# JIAMEH Corresponding author.E-mail ; dshzhang@ bnu.edu.cn

http ://www.ecologica.cn



6216 A E = 41 %

leeward slope took up (45.17+£20.14) % shallow 20 c¢m soil water and (39.26+23.28) % deep soil water under 60 cm soil
depth, respectively. At the end of the growing season, S. cheilophila on the windward slope still used (46.07+27.17)%
middle layer of soil water, and individuals on the top of dune transferred to rely on (44.25+26.23) % deep soil water, while
S. cheilophila on the leeward slope switched to take up (42.57+18.78)% surface soil water as main water source. The
differences in water use patterns are closely linked with the range of the active root zones and soil water content along
different micro-topography conditions. This study can provide insight into plant-water relations to facilitate the selection of

woody species for afforestation and desert restoration management in the semiarid desert region.

Key Words: stable isotopes; water use pattern; IsoSource isotope mixing model; alpine desert; vegetation restoration
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TR vE T VP Hb A7 T 100°47'—100°50'E , 36°47'—36°50' N, #F4K 3176—3340m , [ F1 24 753km? , i
b =K SRIREE XU A Y | S g 2k T R R A S 55 XY (RS RR A B S 0L ) L AR 1981—
2019 4FFE A X 20km (178 25 B R BRI AR A AR RN 0.93°C AR [% K i 438.6 mm, 4 ZR KA T
PE-PUAL (W-NW) KU, AR K H 2 4.5m/s" ) AXAEWERZ R S5 Ada 29 A 4],

1980 4, 75 V344 VA N Ui 2 B0 R 726 B IR TN VD X B 5 - ST TR TPl RIEND & B R i 5
Pl Rl S AR 45 B AT BAR YD, — R PR IR IA VD AR T AR H A S A5 A X A vk + A5 2 1A skag il >
2008 4, bt i K 2EAE AR X [l & T3 667hm” Y £ HuAE A B VIR VR B0 /R 0 X, 51 3E T 8+ Fp VALY
2008—2017 4F , A IX A 8 55 JE R B AUt B 1 70% , VDI ( Hippophae rhamnoides) Wl 1 FF ( Pinus sylvestris)
NG (Populus simonii ) BRI B AL 45 >50% , B VDAL 25 > 85% , + 34 WL 5 BURHR 4 & K Bt , AT
Vi SRR B e
2 MRFE
2.1 FERCREE

2018 757, AE T NI ZR 58 L Bl VIR VD /s X 4 2009 4R AR A A0 V0 B, 260D Bl XU | Fe T0URN 5
A3 R 3 A 10 m x 10 m WY [EERETT, D S 000 v B el S 4ehm (3R 1) o [FIE ZEASFE T R EE SR
JZ 150em 1Y HIESATRL B (£ 2) o

F1 TSI A SYHE
Table 1 Community features of S. cheilophila at study sites

(A i BE Po-ZR T AL Jb-r v ;S RV F R B

Position Height/cm West-East length/cm  North-South length/cm Coverage/ % Richness

X3 Windward 155.50(56.97) 123.25(54.96) 115.50(52.67) 51.81(4.70) 6

FET6 Top 210.83(25.77) 168.67(13.44) 126.67(29.79) 51.41(2.19) 6

I Leeward 186.57(48.50) 147.57(40.26) 112.57(51.42) 49.82(3.93) 8
i FR A (FRifEiR)

F2 FAHEH 0—150cm R E IR EH R %

Table 2 Particle size composition (% ) at study sites

. . b A kL L& ety ik bk
1V & Position . . . .

Clay Silt Very-fine sand Fine sand Medium sand Coarse sand
X Windward 0.27(0.09) 4.97(1.41) 4.71(1.08) 34.46(1.62) 47.73(1.38) 7.86(1.35)
FT0 Top 0.22(0.19) 4.20(1.47) 5.62(1.69) 25.09(7.98) 50.87(5.43) 13.98(7.88)
BRI Leeward 0.29(0.14) 5.32(1.22) 5.62(0.67) 36.27(5.40) 44.53(2.90) 7.69(5.64)

ARE L ORI A S HOH D (1—2mm) |, Kk <0.005mm , #3547 : 0.005—0.05mm , % ZH 75 0.05—0. 1mm, 48%5 : 0.1—0.25mm , H1 b, 0.25—
0.5mm , ¥ : 0.5— Lmm ; E08 2 n VY E (hrifEiR)

2018 4E5 H1SH 6 H17H. 7 H 18 H .8 A 16 HA 9 A 15 H 4 B R ALY AL 5 A 3B AN + I RE 5
TEEE I BRANFE P, BEHUA A E B HOB SRR AR T 19 S50 3 Bk, 789 B M TAT 150em A9 5 BEAL , 73 1) DAL P
ZRVE R PUAN Ty ) BY R SR 8 B AR Ak /IR, e da A0 B R B S B e A 10mL IBEESIR ., B H ZE BT
RAE 3L, SEER I N AT 45 AN REIRE o RIS ZEAR B F - B S B A [l TR B 1) 3R (0—10 em |
10—20 ¢m ,20—40 cm 40—60 c¢m .60—80 c¢m ,80—100cm . 100—150 cm) 25 A 10 mL (IEESIR P, HTHRZE
10em +EHEFAECT  BUCREE 5, HAR B2 HCRAE 2 i, s R AT Hl 4R 0.75—1mL MK, B H BT R
A2 17 kRS, 3T 255 AR HERESL . BT RES A parafilm EF 0BRSS BB #E A vREE AL =
TE-20°C PR E B E NI T, 76532 %% LI T RN 2R AT BT 8 50 — 350 LR AR & 4 [m
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SEE R 105°CHE xE 4= 88 57 15 7% 7K 2 ( soil water content, %)

R KA i R A K OB 2 B AR | Ol T 3B B0 2 A S ), T DRI Y i LI . B B R 2 I B I
A 30mL BB, ] parafilm 35 1 85 BHREAETE 4°C vKAE T i 202047 . oK B 10 B0 ok TR T IIFE IX
PIRCE Y A TR R, AR X0 i 0 3R K A B D) 3 A SR R B 1.5—5.0m, A TIAER YD B il 7 BE AE 8—
12m, £ KAEYD B 09T VAR Y — S A R R K, e oh , ST AR XN AT IR 8 AR, A AR 2R ) 7K
S5 AT FEAR X B A AR HL R 100em VREE LAPY, PR, AR SO 98 o R % B8 b 7K X 24 K 43 1)
P SN e
2.2 [ SHT
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BOKFAEYIK . L 7K 2 B 2mL BEREAE SO 2% B HRTE R AE (4°C) o XT3 Y 80K K &
WA 2 ) Rk TGS TR 2R 43 BT {X ( DLT- 100) PHE/K H H O £ [FI7 3 Lh#e . DLT- 100 Wl 2 AF 9 25 4T 7K [R]
PR, AL Y, vT BEAE AR & 25 A 1222, PR G115 YL IE 3¢F ( LWIA-SCI) #E1 T2 W,
WX G TR0 R Z A TH IF . AP R T LOR 2 Rl HEHEA& IF 7 K ) — R U 14 22 35 F7K 1599.9%
2 2% 14 2 TSR S A ) S 88 68 B8 ) £ T R PR B3, AR5 L DILT- 100 32— 58 AN [k 8 1) 2
P PR A R, LAy 870 B R4k, EUAn R .

B GETS Jere TR 2 .
A8"0 = 0.166ln (NB)* + 0.2123In( NB) + 0.3541 (R* =0.994) (1)

BT YA IE 4k .
A8"0 =-9.12134In(BB) + 9.1453 (R* =0.889) (2)

K (D) M (2) P A0 NEAH 80 [HWIMZE(E , NB 1 BB {H AT LB EIE 2 Wi F (LWIA-SCL) B iR

JIT A it I B[] 457 3R LG SRS RR DO AR RS R TR AR 3

80 = (R’ Rt = 1) X 1000%0 (3)

A R AREE P ERFIL R R R IPRUERE S TR SRR 2 R L, o 6D 1 8™ 0 H4AH X T br
FRUERE S (VSMOW ) |, Hirr 8D Fi1 6" 0 MR IIR 2253 BN 8D <1.2%0( ) ,6"0<0.3%0( 7).
2.3 BdESHr

M1 H RS AT A B ™ TR H RN RS R 25, LA o [
FAE TsoSource Z2ICIR AR AT AN K 43 A U o BRI 8N 1%, R A2 E R 0.5%,
AR A 7 V0 Hi R ) ) 2B R AR B K A A R AR T s K R M LR =2

(1) FRJZEHEIK(0—20 cm) ; H3K A7 2 (AN 3K 378 AR e, H 552 B oK fiz & 245 As b
Y5 5

(2) 12 L HEIK (20—60cm ) « BAR Y[R Z A8, AR 2 32 B 15 A0 i/

(3) WIZ EHEIK (60—150cm ) - 355 7K 2 AR 2 A AR AR B R e

R TR A S K | K [R5 A SR o R B ) 25 Sk, DL A5 3 B B i #RTE SPSS 17.0
(SPSS Inc.,Chicago, USA) Hilf47 05 22008, Hidh, B3RS /KE ORI R ZH M E TR ZHE
J7 255081 LSD, HAE 0.05 7K by 6 5Lt 2Pk i b 308 5 7K at | - B8R ) ()57 26 28 i ol 2 T ) 722 Ak 0 il 55
B ASE 1) ) 728 A SR JFH 2R R 267 2520 BT ( ANOVA) I F Turkey's #6586 7041 H i 2547k
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Fig.1 Seasonal variations of precipitation amount, air temperature, and isotopic compositions
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e K SR Z 5] 80em TREE — 5 BRI/, 80em LAN T E K AR ETE 1% 24, e (A 30
FE 100em Zef7, HHEAK 80 [EHIIL T (K] 3) , £ SN 60 KA +HEVR B (I 2 I FRATE#, 3=
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Fig.2 Seasonal variations of gravimetric soil water content (SWC) and 6'®O values in soil water among different topographic positions

ANRIRE FE R AN R M SR 7 A Rl — 2 2253 8.3 (P<0.05) , AN [R/ING T30 Rl — SRR A AN R 21 22 53 18 3% (P<0.05)

3.3 AWK 80 R R 4 S AT

Bl 4 ZAFVREE HHOK K 80 [l R 4 bl KRR KZ (LMWL 8D =7.72 8" 0+12.2,R*=0.959, P<
0.01) , RABERLE AR R FNERIE B2 T 2R K L (CMWL.6D =8 6"0+10) , X F AL B A R K TC 4 A 7%
KRR T MWL BEHAAR X [ K FEAR KRR BE I 52 b 3R /K RN /K 28 & K I B2 i > 5828 R 48 (SWL.
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+ 8 R & &7k & Soil water content/ %
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B3 ARSI EEEETESKES K0 ALEARNERETL
Fig.3 Vertical profiles of gravimetric soil water content (SWC) and §'®O values at the windward, top and leeward positions during the

growing seasons

8D=6.016"0 -17.70,R*= 0.902,P<0.01) i FRAFEKRLN T Iy, 15K 78 KL RPREIN, 2] £ 3K
ST SRR, R KA 80 M R L IRERIZ E A,

ML 4 T, SRR 55K 80 FBISAE 3K SR, X 3 7m Sy 3= 22 A AR [RITR B2 )2 R ) - 498K Bl
oK 2 2810, MR 257K 1Y 6'°0 L R Se s s s/ iy 28 Ak i e (&1 5) ,6 H ok, 9 i/, 513K
FIREIK 60 MR Ak a5 — S, AR AE M AR BB 67 [ AS B B B (9 25 5% (P>0.05)

3.4 HEYITETE KR TR

ML 6 T T AR U e A W SR 3 AT KR 300 XU () S e AR K Ry 5 ) 2
FIH 60cm AT [ 14387K (50.28+18.11) % , AL KA1 7 H 60cm LA L0 580 FZMOKZ , 84 K R
B9 A A 2 AR Z 280K, F T SE07EAE K BRe 5 2R H 20em DLE 350K FH
FL oM (79.96£7.59) % 37 AATSREE 2 A LR 20em 19 £399K (45.16+20.14) % fA#EA 9 A, T 1%
1M FEFFHRIZ 60—150em (1 37K, R 007 A 1A DL 3R 2 38K Sy = 2RI, R LAk
(53.47£6.47) % ; £ K HEBRZRN 7 HHIFIH 20em DU 09 487K (72.38%) , 1 2] TAERK R, NHEZF]HE
JZ 20cm [ 47K (42.57£18.78) %, HHIL AT W, , AN [ HE SR A7 1) S M0 2E AR [ AR K 2= i R K IR TR], A K 2
WIS A ) 30X G W0 AR 8K R S B R, 1T e TOURN 3 XU %) 25 M 22 b ) P 62 - 388K AR e
BEZE(T H) 0 XU A0 A FH 2 20—60em 1) 37K Fr T0 ) S 40 3= 22 01 22 2 580K i KU 9 S 40 DA
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4 BFEHFERLTDHRSEEK, HEAMEYEFZKT D 56%0 HEMEXR
Fig.4 Linear regression relationship between 6D and 630 in precipitation, soil water and xylem water at the experimental site, as shown

with the local meteoric water line (LMWL with black line) and the soil water line (SWL with dashed grey line)

B2 HHOK N EEOKIR AR FRII(9 A) X

SRR KR R | RIS TR R s 2 B s

RSN R CCEY EIVES R YGRS S A B o o

KR : s

4 g 5 o} P e g,

41 HHUKATEDD F SO0 2 Rt § B -
SR Y AR TR A A S

FW 22 B (P<0.05) 75 A Y 38 & K B ik s ST e s

(3.42+0.85) % , I WL U2 (2.78+0.39) % , It T £ it vonth

(1.82:0.71) %, a7kt 5 5 FIHE |+ 40 b % BS REMREGSIESK S0 MR

*Eﬂ{%l% ?ﬁ D[E‘][Z%O: , Hﬁ ﬁﬁ Ef/‘J 2‘%}% Ig % iﬂi g % I @ B‘J % Fig.5 Seasonal variation in the mean 3180 values of the xylem
PRI LB R S L HOR S ORI /N 57 37 ] MU S (AR ) 452 52 13 ( P<0.05)
T K AEAE VDB X R 70 B b 30 XU A XL 3 3

FE T AU B A 5 0T S S M P A B G a0 S 2 XU A S R ML, T XU R A e
(%2), HHES/KES FIEFMOCR PR ERY], LIS /K s SRR 0 & 8 BOEAR DG, 5B & & LA
St e 2 W, XU (R B R (0.2740.09) %I T35 X (0.29+0.14) % HALRD & 5 (7.86+1.35) %
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