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Water use of three shrub communities in Mu Us Sandy Land
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Abstract; In Mu Us Sandy Land, Sabina vulgaris, Artemisia ordosica, and Salix psammophila are the three dominant shrub
communities. The water source of the three dominant shrubs and the associated shrub Hedysarum laeve were investigated by
stable isotope technology, and leaf stable carbon isotope composition and soil water dynamics were monitored to clarify how
these shrub communities utilize water. The results showed that the 80 of shallow soil water in shrub communities was
similar to that of rainwater in July and September. S. vulgaris mainly used shallow soil water (25 ¢m) in May, and mainly
used both shallow (10—25 ¢m) and deep (100—200 cm) soil water in July and September. A. ordosica and its associated
plant H. laeve mainly used surface soil water (10 cm) in May, but used surface soil water and deep soil water in July (10
cm and 150 em) and water from the total soil profile (10—150 e¢m) in September. S. psammophila mainly used shallow soil
water (10—25 ¢cm) in May, where as its associated plant H. laeve mainly used deep soil water (50—200 c¢m) ; in contrast,
both used shallow and deep soil water in July (10—25 e¢m and 100—200 cm) and in September (25—200 cm). There
were seasonal and inter-specific variances among leaf 8" C value of the four plants. The evergreen shrub S. vulgaris had a

constant leaf 8"”C value, which was higher than for the three deciduous shrubs. The leaf 8" C value of three deciduous
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plants was higher in May when the soil water content was lower at a shallow depth. Therefore, shallow soil water that was
recharged by rainwater was the main water source for three shrub communities. Based on the availability of soil water, the
three shrub communities utilized different depths of soil water in different seasons. There was water competition between
H. laeve and A. ordosica or S. psammophila. The evergreen shrub S. wulgaris had a higher leaf stable carbon isotope
composition, which may confer a competitive advantage. Deciduous shrubs or semi-shrubs may adapt to the environment by

enhancing leaf 8" C value during drought.

Key Words: Sabina vulgaris; Artemisia ordosica; Salix psammophila ; water source; stable carbon isotope

FEF R X KA AR Y B AL AE R SR SR R 7 A Anfel R A BRI 7K 43, A R B A B 2E
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WIANFE )2 K ) BT R T M FE M TR )2 KD RABCH /K ) IR T) A 336 78 (1 A ) — P ) A [
FKIEHIK S, XS BT R IR 5, — B, T A TR 2R A R % R F 2 3k sl Tk 5 o0
R 2R T AR B A 8 R st R P AS [ R B A - K st 7K ™) 5 AR 28 W A R 248 A AR R 4 R P 32 )2
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Fredbe B I, DL R e 1 1 B ) R S R PR, o YD M E AR A SRR YD HU R ( Sabina vulgaris) PR ID
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54 A5 RS
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T, HE HREAE T — WM LU T AN IR 7K 43 R P aoh P A e ) 26 5 5 28 DG I 2 B W J S IR AL 1 7K 43
IR 6T S AR K 43 R R B 2= S A R AR TE . B S R Vb Hh Ak T 51X B AN 80K 43
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1.1 HF5EIX AR

WS 2 v R e S R 22 3 VD b B i A= 2535 (39 °29 37.6"N, 110 °11 '29.4"E, 1300 a.s.l.) , HiAb £ 13
RUHIZARAC S L T N 52k A A X SRR 22 37 i A7 i K N AR B 208 (181 1) o Rl AR R 5.0—
8.5°C , Je ML IR -28°C , fie = il 40°C 5 - PR /K 2 350 mm, £ e 7 A 3] 9 H 3 £ 78 & 72 2300
mm Y TR EAL R VD HE N DEFARN AL FEHE A YD MR VDMK SRV A AR A A AL A
¥ %8 ( Hedysarum laeve ), 2 4F A= B A ML ¥ i 5 ( Leymus secalinus ) . R 7§ 6 ¥ 5 ( Calamagrostis
pseudophragmites) 2 B 5. ( Puccinellia tenuiflora) VA S — 54 Wi W) 55 VK 2 ( Bassia dasyphylla ) . 2% % HL 5
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FEF A FEX K 3 H 0 SR AR B R, AR S LI TORE S R LRI R L K EE R AE Flash 2000
HT JCE /O i iR 24 5 43 AR )i CO 1 H, , Finnigan MAT 253 i fSGE #6300 CO #9'™0 50 &, If
5 EBRFREEE K (Standard mean ocean water, SMOW) Xt 5318 AR B98O 18,

®1 EBRDM 3 MEARBHBEERE

Table 1 Community characteristic of three shrubs in Mu Us Sandy Land

FEVE 245 PR/ cm LR/ cm W/ % A=A

Community Height Crown diameter Coverage Associated species

VD HLAT Sv 78.13 — 71.25 W Ls BB T Cp
BYPE Ao 92.19 136.00 x 131.94 67.50 4E Hl 2R Py
I Sp 332.88 360.00 x 404.38 37.00 sk Hl BIDE Ao

Sv. YA Sabina vulgaris ; Ao BBYLE Artemisia ordosica ; Sp{’/l‘wﬂ Salix psammophila ; Ls. fifi 55 Leymus secalinus;Cp;fFiiﬁb%% Calamagrostis

pseudophragmites; Hl: %% Hedysarum laeve; Pt; BB FL Puccinellia tenuiflora

FERFAFE T R E— I EAR S AR AT 0 i R PS5 B M 5030 %, 7F 65°C N T8 24 b, By i
Jeat 70 B, SR 5 1E B EMOW R A 5T B B R E R 2R HER TS SE 0 = P a2 8 C (B, M A FESL7E Flash
2000 JER AL ERAASEA ] CO, , Finningan MAT 8V +BUE{(GHE G CO, PP C 520 A I 5 E bR
BRI XS T R AR 8 C EL

TEVS A SR VD E RS h ) EC-5 EHEK LR W 10,20,30,50,100 em A1 150 em ) AT K
i8S min 0 — N HE CR300 B RAESAEREUE . AEVDMIEE iz 88 88501, 1 WET 458K
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IR 80 FHEIIE + 522 (mean+SE ) 7R, 11d Iso-Source 1.3.1 BZ IR AR 15 3 FhiE
AT A AR 06 A TR VR BE - HEAK A 51, 5 S PSP S5 bR R (mean£SD) TR, AR IGTR A4 K
TEARKE 25K 80 A, K43 H 6 2K 80 (A, WAE/K ARG BN 1%, FVFHRE R E N
0.1%., i@t SPSS 19.0 FRUH 275 22 /30515 ( Two-way ANOVA ) 2B SRAE B ] F147) b o) - A a5 1k ) 47 251
BRSNS IR 3 (P<0.05) , FiF Duncan 225 HLH 50 B AN ] Ask [ s AS ) 4 ol 0 1 i k[ o7 36
EZ [B] 25 5

2 #HR

2.1 AERKZETRIR 2 WA 250k i N

2018 4F 4 H—9 H B8R 237 (1) S B T 2 367.0 mm, B HY H R 20 52 8 H 30 H 1Y 34.4 mm .
7H 19 HAY 322 mm 17 H 16 HY 31.8 mm, AR Z=RY H B 52 25.6 .47.6 .11.4 144.2 92.2 mm Fl
46.0 mm (& 2),

40

30 +

10 +

W L0l

2018-04-01 2018-05-01 2018-06-01 2018-07-01 2018-08-01 2018-09-01
H A Date

H BT & Daily precipitation/mm

2 2018 F 4 A—9 ASBREFUHHENE
Fig.2 Daily precipitation on Ordos Station from April to September in 2018

2.2 K3 FEAREE N SRR

UHIAAREYE T S H 13 H 20 em R EKE R, 85 9.67% ;30 em HIESKEIRZ , N 6.03%, 7 H 13
H 20 em H38E /KSR, 58] 9.53% ;50 em HHEE/KEIRZ, N 8.55%, 9 J 22 H 150 ecm +IEE /K
1=, I8 E] 5.27% 3100 em HIEFIKEIRZ , R 4.60% (K 3) .,

BUPERET 5 H 13 H 50 em TR E K i m, i85 14.25% 510 em HIES KSR, R 12.03%;
30 em HIESKEFIRZ, N 11.38%, 7 H 13 H 10 em +3E& K EHRE, 5% 15.19% ;20—50 cm +3EE K
IR, 10.82% 10.14% F1 11.35%, 9 H 22 H 50 em +3E & /KB, 55 16.16% ;30 ¢cm F1 100 cm
T EKERZ 53 14.58% 1 14.67% (& 3) .,

VOMIEEE R S A 14 H 20 em HHES KB A, 55 14.6% ;10 cm F1 30 em 4385 7K 8 H K, 258
10.75% %1 10.55% ., 7 H 14 H 10 em HIEE Kt Fm, 53] 15.65% ;20 em HIEE/KEKRZ,H 12.3%, 9 H
22 H 10 em HIEE/KE RS, IAF] 11.7% ;20 em TIEE/KEHIK, N 8.9% (E3),
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Fig.3 Soil water content in three shrub communities in the growing season of 2018

2.3 EKE 3 FLEEAR MK S KR

7 H 13 H 3 FEARBES$ 10 em H3EK A8 0 (H( —15.14%0 . —14.02%0 .~ 11.53%0) #8431 7 A 11 HAYH
JK(=18.53%0) ;9 A 22 H 10 em +HEK A0 (8 (=6.73%0. ~7.71%0, —4.82%0) #3%3IE 9 A 11 HAYFRH K
(=5.19%0) , VS HAARE AA TR K 43980 (5 5 H 13 HEEIE 10—25 em 137K 7 H 13 HS"™O (T 25 cm
F1100—200 em 37K 9 H 22 H8"0 (3T 25—200 em +3EK (E 4), BISEREVES BYbE Ml Sy
R A&ARFRK A8 0 5 5 A 13 HEEE 10—150 ecm +3EK ;7 A 13 HS™0 {HARELL 10 em 1150 cm + 3
K39 H 22 H#EFEEE 10—150 em HHEK (B 4)  UHIEEES o YOI S8 R SRR TRk 4380 fH 5 A 14
H #2510 em F150—200 em +487K,7 A 14 H8"0 {E#HEE 10—25 cm H1100—200 cm +-487K,9 H 22 H3"
O {HAHELT 25—200 cm H3EK (& 4)
2.4 AN[FEIREE IO 3 Tl AR R A AR YK 53 R TR ) TTRR R

UHIAT S H 13 H FZAIH 25 em 158K, K RIER 78.5% ;7 H 13 H EZEHIH 10 em LK, &
HIKAP HVEAY 38.1% , HKIE 25 em . 100—200 em 37K, 4351 d5 HOK 20 R G 11.0%9—16.4% ;9 H 22 H £
R 10 em £3EK, & HAK SRR 36.8% , HK & 25 em, 100—200 em 37K, 4351 b7 HK 43 3 1)
10.2%—15.4% (% 2) .

F2 EOEDHRERE LKA KB FRE (%, FHARER)

Table 2 Contribution of different depths soil water to water source of Sabina vulgaris in Mu Us Sandy Land ( %, mean+SD)

TR SH13H 7H13H 9H2HA
Soil depth /cm May 13th July 13th September 22th
10 8.9+7.7 38.1+5.5 36.8+5.5
25 78.5+4.9 12.7+10.7 14.4+12.1
50 2.8+2.7 8.4+7.2 9.1+7.8
100 2.9+2.8 11.0+9.4 14.2+12.0
150 3.6+3.3 13.3x11.3 15.4+13.0
200 3.4+3.2 16.4+13.8 10.2+8.8
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Fig.4 Stable oxygen isotope ratio of three shrub communities in Mu Us Sandy Land

TR bR K IY , B G EBREHEARRSRK 7 IR G b PR AR R S R SRk o

EYPEREE T 5 A 13 HEYWE AL FEZH A 10 em 5K 43515 HAK R IER 72.9% 1 66.5%
7 A 13 HRWDEFS S EZRH 10 em RHEK 7050 b KK IEHT 51.9% F1 36.6% ; HIXFIH 150 em + 33
K, 433 5 K A3 R IR B 13.9% F1 18.3% 39 H 22 H BV EFIAG 4 2R H 10—25 em 3K, 251 b ok 4
AR 46.1%F1 49.0% 3 Xif HoAth 45 )2 K BRI EL BRI (£ 3)
#3 ELZTDVHARRE LA ERDE (Ao) MFHSE(HL) K5 RIBHRIKE (%, FHELRER)
Table 3 Contribution of different depths soil water to water source of Artemisia ordosica ( Ao) and Hedysarum laeve (Hl) in Mu Us Sandy Land

(% , mean+SD)

+ R 5113 H May 13 7 H 13 H July 13 9 J1 22 H September 22

Soil depth/em FBUE Ao 4% Hl BUE Ao P4 Hl BUE Ao 4% Hl
10 72.9+3.1 66.5+3.6 51.9+5.5 36.6+7.0 26.0+7.9 30.0£7.5
25 7.926.9 9.7+8.4 9.9+8.5 13.111.1 20.1+16.8 19.0£16.0
50 4.424.0 5.5£4.9 5.9%5.3 7.9+6.8 12.911.0 12.2+10.4
75 5.8+5.1 7.246.3 8.4+7.3 11.229.5 17.6+14.8 16.7+14.0
100 4.4x4.0 5.5£4.9 9.8+8.4 13.0£11.0 13.3£11.2 12.5+10.7
150 4.5+4.1 5.7%5.0 13.9+11.8 18.3+15.4 10.1+8.7 9.628.2

TEVPHIEES T 5 A 14 H YW LE A 10—25 em 38K, 20905 HoK 23K 1Y 59.0% 1 37.9%
X HA A 2 R HOK R AL, 7 A 14 BRI 50—200 em 36K, 5 HAK KB R 71.0% ;4%
S8 F R 10—25 em F1100—200 em HHEIK , A HIK 3K IE /9 91.8% , 9 1 22 HUPHIFIE 5L F 2R H 10—
100 em 3K, 430 by HoK 53R I8 73.8% 1 72.5% (£ 4)
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F4 ELRDURERE AT Sp) gL (HL) k4 RIBAI TR E (%, FEEHAREDR)
Table 4 Contribution of different depths soil water to water source of Salix psammophila (Sp) and Hedysarum laeve (Hl) in Mu Us Sandy

Land (%, mean%SD)

- B 5 14 H May 14 7 14 H July 14 9 J1 22 H September 22
Soil depth/cm YhHI Sp 4k Hl I Sp T Hi ThHi Sp ZEREl
10 28.6+18.5 19.5x12.1 15.2£12.8 18.0£14.6 26.4x3.2 22.7+3.4
25 30.4=16.0 18.4x10.5 13.8+11.7 16.6+13.3 16.9+14.2 17.8+14.9
50 10.8+8.8 16.2£13.0 16.9x5.1 8.2x4.3 15.1x12.7 15.8£13.3
100 10.5+8.5 15.8+12.7 20.9+17.4 18.6x14.1 15.4£13.0 16.2+13.6
150 9.6+7.8 14.7£11.7 16.7£14.0 19.4x16.0 13.7£11.6 14.3x12.1
200 10.1+8.3 15.4=12.3 16.5+13.8 19.2+15.8 12.6+10.7 13.2+11.2

2.5 3 FLHAEARREAE A Y R AR i R R AE R 2= B A

YR (P<0.001) BHA] (P<0.001) K HAHE AR (P=0.001) XM 7 £ 5 Bk [a) 137 2 A8 AR 52 i 47058 31 2 2K
F(F5) . WNETHIARE ARG Z VA s i F 6 2 H 2 5 A B2 (P>0.05) . R0, A
F 3 2Z2 0] SV 55 (R i e ok (R 37 2R (B 25 S B30 B 2B KT (P =0.087) 55 A I 7 e ik [l 437 2R I 3 5
T 9 H(P<0.05) , A G Z [V H ey it A2 ik (R4 22 (8.2 53k Bk 2 7K (P<0.001) ,5 A1 7 A /Y
M A E R A R E S E =T 9 H (P<0.05) , A4y Z [l 47 45 0 it Fr Fee ik [ 467 R 25 5B 5 3% (P<
0.05),5 ARyt R ke R B Em T 9 H (P<0.05) . MWFPEIZESFRE 5 H 4 FdE Y iy it B i e ik [w)
MEMEZFARE(P>0.05), 2R1M,7 AF 9 H 4 Pk it B e [\ 47 2 (8 22 5738 Bk B % K (P<
0.001) 5 Vb AR I A2 e [ 67 2 (25 s T HHAth 3 Rl 4 (P<0.05) (E15)

x5 P ENHERERFEVCERESNAONEERTEST
Table 5 Two-way ANOVA of the effect of species and time on leaf stable carbon isotope

AR5 R Source of variance S5 I SS )5 MS F P
opecies . . . <V.
Y)Fh Speci 30.582 10.194 34.582 0.001
Hs [8] Time 12.810 6.405 21.728 <0.001
nteractions . . . .
MEAEH 1 10.367 1.728 5.861 0.001

SS: -5l sum of squares; MS ;377 mean square

3 iTFig

3.1 3 AMEARBEE KRR TR BN A

B RVPHLAY 4 FhEAFEREA (U0 HuA | RYDE VM0 B A A R A 48 ) SR BUFE J5 AR 8 78 K o 1
e, WA 2R R) A e K 0 T AR M, J2 2R AN R B Y R ek, o Wb 5 A 2R A
25 cm )2 3K, 7 AR 9 A FEEFRIH 10—25 em FHJZF 100—200 cm H)Z K, BBVDE KA Y
Wb — A FHAH R A K23 S8, B 5 A FEAH 10 em 1%)2 H38K 7 AR A 10 em )2 5K F1 150
em RZ 13K ,9 HIFI 10—150 em £3EK, WHI5 H FZFIH 10—25 em (&2 EHOK LAY 48 F
FHI ) 50—200 em +3EK ;7 A = RIEHF R 10—25 em )2 HI37K 1 100—200 em 2 33K ;9 H ¥ 35
FIFH 25—200 em 37K, 5T X A9 2 H N /K BRI S TR IZHL T 7K JL-FASSEMAATBY | PR LG B2 R s A A
PR RI T - K AN FER TR, 7 A9 A 3 AT 7R N TR 2 - 8K AR E S ml o 28 (B 344230 SR A 22 i
JURBYFAK . ARSI SRR A RN, X 22 A BEnY B ACIR DL 22 e 3 iy . flan, &5
R HLA) T AR T (Salix matsudana ) FHEA VD #2200 R Z LK FHL T K 02 AR RV =20 A
HIZH T K, Fe ) S0 T KRR 1.0 m, 70 VbR AR 55 0 3 B KRR SE 1.5 m, 1M SR VD75 A 5 1)
R KB 1.3 m 1,
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Had 80 em, A EEAAE 0—40 em VL ERRA LB ERPHINEERRS EE, BUEORRR
JESE 200 em, IR EFAAE 0—40 em Y YIHIAYIR R ERSE 150 em, 40HR EE A AE 0—50 em T, X
i A HA V> A B A7 i BHRID VD MR B ( Salix gordejevii) EZFIH 0—50 em HHEIK 122
NI (Artemisia halodendron) EEF|FH 10—150 cm F KU B 2 AR E TR A RETE N AR AR )
R FEEIAGTE 0—40 em Y UL IR AL VD MR S 3 B PR K T AR R A 0
I K Ta A, EIE SR VD AR T R IX A S AR S d R s i A 5 5 RV sV 0 AR R TR S AR
I ORI JEE
3.2 A MPREARM R AERRE AR AR Z= T B A

E LRV H I H SRRV MR 88 C (AR , MRV YOI S8 3 R mAR Y i 87 C {E
FEER 23S 1l 5 AT 9 Ao 5 I RAEZ RIS AL, AU T 5 BRUDE Ay R i i) 1R 25
AKEBAR , PRI, 3 3 R 4 5 R e Bk [ 7 3R (BAE N T 5, eAh WA E] 22 50k 7,5 1 4 Fhid
PR 85 C I SR, 7 AR 9 A VbR 8V C (8 B E R T LM 3 Al A, R T B, Hak
HE XA LA HAD A B R G P WA, a0, B 5 22 A VDI vD 235 A 8 C (B TR V08 L
( Nitraria tangutorum ) FI¥F 55833 )L ( Caragana korshinskii) 2 AR B X YA S8 C A
B, i85 -23.88%0; 1 42 ( Picea crassifolia) ( —24.94%0) FIAR 1% B A ( Sabina przewalskii) ( —=25.40%o¢) IX
Zo X 3 FE S T AR

4 it

TEB VD, BT AN T KR VD MR RV FIVD M 3 M A 75 AT £ 2K KR, 3 FhiE
AR B A AR Y SRR USRI 7K 53 M TSR, BIVAR B A [] % B - S K 88 T M) I | 7 AS ) 2275 40 ]
ANFITREE 8 30K, 1545 B sl AR AP AR AR 3 S o R SRTEA U A B4 I R A 5 ik R 7 3R {EL
B, TBERA TS LS T 5RME 3 M AP VBRI S i B v R I AR ik [ A 3R L1 O
Bi. SR Y R T R XA BRSOl TR E R ARG PGB RS ARR L  JE /K  5E 4 S B0
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