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Abstract: The proportions of water sources in plants are related to plant adaptation, and reflect the mechanisms of niche
differentiation and diversity in arid desert regions. At present, traditional physical methods is hard to determine the
proportions of water sources in plants. But, due to the stable isotopes does not existed fractionation when it transported from
the roots to the leaves, the stable hydrogen-oxygen isotope content (80 and 8D) were essentially unchanged among roots ,

xylem, and the water sources. This resulted in the hydrogen-oxygen stable isotope analysis as a tool for accurately identifying
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the proportions of water sources in plants. In the present study, 80 of the xylem of 14 dominant desert species in 8 families
(including Apocynaceae, Chenopodiaceae, Tamaricaceae, Leguminosae, Salicaceae, Zygophyllaceae, Compositae and
Polygonaceae) , river water, groundwater, and 4 layers soil water (including 0—40, 40—70, 70—100, and 100—150
cm) were measured respectively in desert, riparian forest, salt marsh, and sand dunes of Ebinur Lake Wetland Nature
Reserve, Xinjiang, China. Based on the roots distribution and 80, 14 dominant desert species were firstly classified into
13 deep-rooted species and 1 shallow-rooted species, and then the proportions of water sources in plants, the differences of
water utilization strategies between the deep- and shallow-rooted plants, and the replenishment relationships among water
sources were analyzed. The results showed that; (1) the proportions of water sources in plants were different among species
and families in the Ebinur Lake Wetland Nature Reserve; (2) groundwater occupied the largest proportion in water sources
in plants, whereas the 0—40-cm layer soil water was rarely used; (3) the proportions of water sources in plants differed
between deep- and shallow-rooted plants. Groundwater and river water were the main sources for deep-rooted plants,
whereas the soil water was the primary source for shallow-rooted plants; (4) groundwater contributed to river supply, and
subsequently, these two waters were discharged into the soil waters from deep to shallow soil layers; (5) atmospheric
condensed waters as a special precipitation in arid desert, to some extent, it also discharged into the soil water, river water
and groundwater. Overall, in the arid desert region, the diversity of availability in water sources showed a large variation in
the proportions of water sources in plants among species and families. Additionally, under the comprehensive influences of
the distance from habitat to riverbank, groundwater levels, and soil salinization levels, the perennials and halophytes mainly
absorbed the groundwater, river water, and deep soil water. On the contrary, the annuals and ephemeral plants utilized all

water sources that could be reached and absorbed by their roots.
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M S0 TEARFERHEDI B A A, ZRHY 80 e flf (-8.48%0) , FATHEEL (= 11.13%0) FIEEMIR} ( Mean +
SD A (=11.00 £0.20) %o) FIME IR (£ 2) o A AR, AT BB MR SR iR SRR M4 F) 3=
S AT K R R 7K, BRI K R FEIE 60% LA b (2% 2) o ikt TRERM AR MR /K Tk L 100—
150 em FEHAR P 20 MBI TE 21.1%—28.4% 2 [] , Ut WIZERL R ARL 322241 LR 7K 07K A 100—150 em ¥
EEHOK(E2),

R2 IR BEARPEX S MERNMBENNERMCEER & KEEEE NI L5

Table 2 The proportion of water sources and 3'*0 in 8 dominant families in Ebinur Lake Wetland Nature Reserve

JKA3HKUR Difference water sources proportion/%

R

Family 8 150/ %o R K K 4 T2 3K Water of 4 soil layers
Ground water  River water 0—40 cm 40—70 cm 70—100 cm 100—150 em
JeATRERE
-11.13 0.827(0.55—0.96) 0.114(0—0.45) 0.005(0—0.03)  0.006(0—0.04) 0.013(0—0.06) 0.035(0—0.15)
Apocynaceae
# . -7.6243.04  0.234(0—0.70) 0.233(0—0.76)  0.079(0—0.29)  0.093(0—0.35)  0.143(0—0.58) 0.219(0—0.90)
Chenopodiaceae
FEMIFL
. -11.00£0.20  0.782(0.41—0.95) 0.142(0—0.59) 0.007(0—0.04)  0.009(0—0.04) 0.017(0—0.08) 0.044(0—0.19)
Tamaricaceae
G
) -10.51 0.614(0—0.92) 0.244(0—0.99)  0.014(0—0.08)  0.018(0—0.09)  0.032(0—0.16) 0.079(0—0.36)
Leguminosae
HMIE:
. -10.33 0.559(0—0.90) 0.273(0—0.97)  0.017(0—0.10)  0.021(0—0.11)  0.038(0—0.18) 0.092(0—0.43)
Salicaceae
et
. -10.9540.31  0.765(0.36—0.95) 0.152(0—0.64) 0.007(0—0.04)  0.010(0—0.05) 0.018(0—0.09) 0.048(0—0.21)
Zygophyllaceae
%ﬂ . -10.75 0.696(0.15—0.93) 0.195(0—0.85) 0.010(0—0.06) 0.013(0—0.07)  0.024(0—0.12) 0.062(0—0.28)
Compositae
2R
-8.48 0.284(0—0.76) 0.268(0—0.82)  0.058(0—0.24)  0.069(0—0.28)  0.111(0—0.47) 0.211(0—0.98)
Polygonaceae

T AT S SMEE R R KA PR o i3, A KR PR A UK 23 1 358 KIREAT R A8, R AT T 1, FOR BOREUKTER IR A 5 38 L OBR 455
PRUHAFR KO PR —THIE o 95 i AR SR BB 7, SR L) e v RS2 UK

3.3 3"0 fE 4 K H R K AP A AR AL

B IR 3 0, 8" O S R B, 4 A 3K IR B AE AR B E 200 (F=13.69, P<0.001 ) , & B F| H
IsoSource I F IR ERYIRN B KEN LB ZEHFM(E 1), F4 DRELZER,NEET,0—
40em T JE A 3 28] 22 Bl R, HAB K (2.02 +3.36) %o, W] AR IE . Hi4y 40—70 .70—100 cm F1 100—150
em TJZH9 80 23918 (=3.53 £2.41) %o  ( —5.45 40.46) %oFl ( —8.35 £1.05) %o, [A; ZEI T (K 1) .

LEBHTTA )2 "0 (AL S F S X85, & I 3K 8" 0 A28 AL 35 [l ( Mean +SD) 3 (—1.86 +
4.92) %o , HABARXT I KA 771 (= 10.59%0) , it T 7KAEL (= 11.55%0) S K 5 R 61, BIEEHA 80 7E4% 7K
P Ta] R K <K < 3K (B 1) o X ULRH , 76 SC LU bl 1 SRR DX P, 1R 7K R 45T K Bl S TRl 7K R
IKILFERNG LK, T340 K 14 R 8100 34 R B, 3 LI L X R WA ' 0 AR Ak [l ( Mean +
SD) R (=9.51 £2.33) %o, FAA B TR K FIHL N K AT L2 K (E 1),
34 BEAREKEAELZM AL

SR F AR CRY X P B EREE R, RSB S K BRI, 5 4h, RIZL)E (0—40 em) &
TR 7K B B 28 A i, W A (] 1R 2508 (SD) g 5.88, Hidy 1 2 Bl iR B 14 hn | 25 A& 7K 1 i 2 AL R i/ SD
BN, 2 100—150 em /M, SD EAL K 0.22(El 1),

4 itig

4.1 LIS R A= BEAR SRR AR 9 B 7K 3SR R
ARPWESLEE T E 4 NI B 8 B 14 FiAEY, 80 7E(-2.96—-11.44) %oltl] , V- S EH F J5 25y
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TR EKE
A RALFRAE 8'50/%0 Soil volumetric water contents/(cm?/cm?)
-15  -10 -5 0 5 10 0 6 12 18 24 30
i T T T T 1 T T T T 1
A
0—40 i 0—40 |- A
E 40—70 [ I F=13.69 40—70 |-
= P<0.001
5 |
= I
8 ' _
g 70100 |- | Fe13.69 70—100 [
X | P<0.001
®
" |
100—150 | ! 100—150 |-
| ROk F=3235 SD=0.22
, P <0.001
7k
L iy -9.51 £ 233

E1 #KEMPOEMUE4ITENBTREKE
Fig.1 3" O of water sources and the soil volumetric water contents of 4 soil layers
P AR A RERIRCT R 25 K JEETED 81O (18] 1-a) (4% 2 R AR AR & K (T 1=b) SR 220 BTSSR . R T RR 2R R BRI 8% 0 AR
KA 2R AR IR TR R K IR AR A R 225 . P<0.001

(=9.5142.33) %o, X FNAL T JE 0 A MEDE IR S AR A A I IR PO G 810 (= 11.93— =3.98) %otHI ') S
AR R 2 SR8 A3 Ml R A A vl A5, EAS YR 45 5 0 5 /M D B 1 1 55 DX 26 138 4 {1 ) B Tl 37 3k (- 6.90—
~4.80) %o , i Fiz 2 T A 1k 3 A L T b X ) 7% % A X SRR S 3 K, i e 7K K 7 S 2 BT
B N TERXC RGO, M F 45 o 1 28 S 3 AR A R TR 2R 40008 T S ) A 1 I8, T B8 i b K
T T RE W OR] AR P9 A R 7 2R R B0f b, e 3K LU TR 3 8™ 0 40 A X [1] B T BT i ek

I IX, MR KR ICER A ) BN A KR AR A T A K AR TSR R 1 9 SRR (B |
T | R R EEEE S IR TEH] AEAESE ORI ), FLUR P R K 2 UK H B 60% LA L 3 i B
XU AE ) S ER R K, 7E A R K AR R, PR AR A P R K B s B 90.2% , 3 A AR 7
59%—97% 8] , & F1| FH iR 7K Eb A5 de s i 0 i G4 8 S AR b T 7K 5 8 K BUEE 55.9%—84.3% 1],
OYABIRIE 0% —97% 8], AT T 3R IS TR . X N — 7 T 6 , M B B b, R R K IR 4D
DOAETE R ) 3R B 7K 4 X3, A% vl T RE AR v W ISR T T 7K RIS/ X LA K R IR 35 R B, L T
PR BFAT AR FH 4 B2 U5 A 25 3, I S e B IX e BRI A i el L MR, 7 b R KO 5 3145 IX 38,
TR B T T K, 55 WS AR R R 7K o0 ) FH SR 3k (i A5 AR X LA W | 25 BRI 5 4 /N MR 1 7K 9%
PR AT PR3 D8 N MR FE ST PP () B (L, 4R O AR R A X — G, W TR TR X R B L A b
TR, M K K IR TR AN, 3B K R AR R I X, MR I A R, AR TP M
SEFEHREVE (R R H S, ZE M T K AL BETE , R K RN A A | 335 K B AR 10 DX I, R K A
2 HARREE A EEEAR, IR TR RV i EE D

ABEGE  SAAGARAE A R AR K B AR, LA N b R K 5 SOK EL Y 55.9% , 43 A ISR AE 0% —
90%!i] , DA 13X BACIE A H Ay E 2R F MR /K A9 8 ALY (AR A I sl | F o) R0 EE B 4k IR el AE AL
g6 FURR) M E BUE IR . 3R BEIAG T N OK AR R 2 LT 8 RPN, A, B E S T RIX
FEVBIA] AR CRE TR AR ) B B Rl & 5 T L4 W SORI I K, W e AR B 5T H T K P B A A PN B R
27.3% ,Je b N K LASMG SR —KOK IR, XA Az 76 R K SRS AR TR, HRE AR 4 78 IT BRI, 1A A i
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WARBYPEFFR 5 AT F B BRARTE , 58 L K AR, WK A H T 5 TR A5 A /KU, Tl 7K R 78 50 47 4 P4 1)
Fe s T R K, (HAEARBESE b, S PR 7K (55.9% ) B4 H s T30 7K (27.3% ) X 2 R, SR X7k
T AR KU AR B N 2T PR A R 2 2T PRI KR 45 55, 25 5 i3] KO At K Rk K 38, T K
AFREAKUR, X TR K, BTG A% wh VR DA SGT RS (0 D e vk 55 i b R K fse KR, R, 7E kb
SRR R ek R TR E KR, B SAAS A S R R K . X R Dawson 25 BIFSE 8 — 2080 BT
AR I AAG NN AR G BB REAR S T i ST K, i 1 A 3 AR O L R K

Brid bk o Fh 3 BRI K B0 Fh  ZEARBF ST 38 K BT T 2R TOUT SRR 3835 AR RN 47558 4 Fhdh
TAHAE K AR, b K TI7K  100—150 em )2 42 3K B9 R H FL B 2, 34976 21.4%—27.5%10] , Bii]
X 4 FAE Y B MR K K 100—150 em )2+ 2 3K, SCHOMIEH A AR PR X, BTk (3K
FU I A IR A T8 ) B9 32 AN R T, 07 8 8 S T T DX 0 30 %) IX 38, bR /K2 2 | 38K A3 ko i i v
SRR R R B DX, R DX, R i B A R R N PR AR A Rl NER o e
THH B AE S B R X (FR)Z ) WK A3, IR AR AR 3R 40 & R AR A ) R IR 2 DA 8
OB S EABEMEEE . AESCELIEIE L A SR O3 DX, EhTOR  ERFEAR | 515 AR FVD 355 28 359 A it 55 B A
Yy, e VR A YA i AR B G A R, L S A A ) DX AT Y A SRR A AR e v RV s X sk, 2D WA
& Eh i RIERIZK B Eh i B T K KT 100—150 em TRJZ +)2 150K A ] Tax Lo
YL S PER IR RE T, PRUE S Y Rh (AT R

FAN ARRBETE R KAV IR T3 B MHAY 14 DR K R 45 SR 5g M R )2 B3 (0—
100 em 2 ) 7K 45 i HAR P SK 73 LI 76% , TRZK b K FIGR 2 38 IR 4188 B2 A B D AL A B
B 24% . XRWTFTH B ELRHTHK, AT B | AR MR A LAY , /K 530 HA: 5 s i 7%
B PR PR R, FLAE K A A 0 2 T s 5 LA 3 s I {4 IR AT B SR A S T N AN T R
WAL ZEFTH MR A, KA+ 5ER)Z2 0 AR R Z  IKNK R IR E 2R RZ 50K, 5546
AR BT RTAL SN b ARG X P S [ X e A, AR P K o R IRAEAE 22001

Tic 5 N A AR 22 (R AR R0 5 ORI AR RRIE Al S D TR, — AR IR TR AR B st A%, 53 b —A~
SR 2 A KA A A3 AR B S LU R FERY S kmx 5 km XIS, BRI R /K 5 25 1]
ZERAK, RMESBHAK SR AR 22 5 F Bl stfee , BPTRES] 14 M), #HRHE 0285 k3,
AN B A Y B K A3 R A7 22 3] SR RN ZE R Y 80 #wm , At i) TR0 F 58K i s P p il A
B OR NIR SERERL SRR, T2 TR TR K (R 2) . 5356, SeiHHEP AR & 53 A
FIJ5 R, A K 2RI RERL 2 B VAR R A, AR, A FHT K LR K i e AT Bk R BRI R
FE IR BRI RI IR B AEY) . AR Ehleringer ZERFFE LS. | 224F A5 A8 Wy i W U 1 4300 )2 K 43
ol R AR A M AR R K B IRAR R DU JE B R R S E Y fE R 1 R 2 o e TR R AR
MIRE BERERL AR GRS 24 H BT BREAR RO RN A 50% LA K 438K I8 T b T 7K, 32 2R
FHHLTR K T 1 AF AR VAR 2R A ZERL R ZE R SR T 7K o5 R 9 5 5 09 U (B R K (28.4% F1 23.4% ) (H I HAL /K
SRURAHLE, 4niT 7K (23.3% 1 26.8% ) ,100—150 cm 1-387K (21.9%F1 21.1%) , Sk L 22K, Ui AR &
FIZERRIZRME YR BT 235 F RIS AR A £ 2R LR K, SREUT B — B K o R SR, v
R R AE ) FITRAR 2 AH LG, AT T2 A ¥ A i K 3 R 5 =X, AT 7K o0 1 68 B8 5, 7K 0 A6 2 B 58, B
TN 1K BRI A, X —S58 5 T RIS KA YR E 1 A AR R — 8, T RS R R
S AR WS A ) o3 A 28 ABFEASCh T (1) SRR R A 2 o0 Aty s wTE 7 AZ
HTC 58 AR I 50 AR SCRAERS[RIFE 8 i) SRAERTSRAT TRARAE A 5 (2) T Wbess IR AR R AEY) (A ) %L
AP AR R R SRR R TS | e R R R e 3D, DA 3 g SRR A A S
SRAE 14 MEY) R A 1 NERR R, 1 R OCEERHRERAR R R K SR IR e i AR R
4.2 SLELWEHL F AR PR DX P A AR IR ] (4 R 26 J To)

FEPIR K 2 Bk FRRK R HEK AR AH R K, BT SRR X SR R ) T R X S
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LY AR R K AR st /D, DRI 8 K X 400 10 T R A W] 2208 AN T AR 3 A PN ) 7K 43 2 2SR U UK 1 il 25 K b
bR AN RARL . 7R VKN Bl S K Gl K T R 22 R R AR B B b, 28 0k M R B K IR BE M R A K
Gy VS TR FIK 4332 Sl B A5 RS RS R 3R A0 . — Bk, R K IR 8°0 Mt , Jm L (E 3B ik k. 75
FATHLE T W LI L K R K B 80 4331 K = 11.55%0F1 - 10.59%o , 1 T 7K AHXT T 7K B A £, 3% e
HFSC H i X b 7K AT RESET K RN K TR, 7 I P AR R 20 55 v Tl K ARG T 7K 8 O Al 71, T 7K
R K BANA AR IREY X S A ST ST 45 A TR, B DR AT BE Ry« AE T 5 IX g 3 B AR AN A TR Sk —— vk IRk
WL AN 1T A FIA]AG PASZK JRIRE , p F32 H TR ) 75 37t 38 BV 5 4, vk loK 78 10 4R il 26 12
FHTRIES , KB 3 Eh F IR FAEH, R, 7R 2K Rt R /K I BLAGA 4R B BE , 14 7K Y5 ) 7K 437 28
A M EAR DA TN . B , 7EHB R A N AR T A W sk R v, 7R 7K A3 R BR 6 R 7 1 21X, i T
FRRUTE TR ) B8 55 TN AT, T 7K AR A5 o K A D 2 252 T D) e AT 7K i 3 A 8 o 7 g s i) | 7K Ao
LRIRAR, MM N AR (Mo R K ) FFRE K A 2, B T RE 34 , FHK A /I ok e B AR G K /N, 3
il T K 8 7K A7 2t B S AR 32 7 s TIRT K, B T R KRN TR K B

AW T K K 80 (A T 43 ((~1.86 24.92) %o) , F M, B THER BN, T2 80 Z i
MIE . XULEH 7638 LR ARG X b R KRN K B e A TR 2 3K B S 7R 28 R AE R, K43
TR Z R R UK AN R R K, XX i B, T DU i 4 A A RS K AT G
WE A SCH Bl A 2R 0, 25 A K 3 BN (F=32.35,P<0.001) (& 1), —tHs, Ko & 4 2 X
PR A AR i, T 5 A I X3 K AT , 7 K BB FHT 7K 40 A K i 25 o X S iy B eI X, &
N R ZE ERE , RIS K S B N, RIRZ R HOKAMA THERZ 80K,

FHN ARG ,0—40 em T2 FIHAY 3 )22 50H A, 80 B B AR FE (F 1-a) , B H 0—40 em + 211
8" O T Z T AT 3ok AT LA ey X224 SRR B AR I A SE LR SR PR IX P A R o A
P A T R, Ko TR - J2 A% Z 0 2 I R A R A R A 7K o0 - A ah i v 4308 T R B
INFFIO0 28R BRAP,MM0 B8 EHHER)ZE 6 870 R IRIE .,

5 ZitERE

SRR L F AR PRSP, AR K AR AS IR DX SR 1 P 1R 7K o R IRAEE 2200 . AR A5 7K o SR IR AE R A 1Y
73 G LB, RO A SCRAE R 14 A FEBAL AR B UR . (1) FeB R 52 00 H ka9 (AR il A
il AN EEEESE ESE S ARRFEAAS ) , BRI M T K, EHAR N, MR KR B i 509% L
b HAOKIER AR 50% 5 (2) 3 78 1 A9 A8 (ERTOT SR BER 33 AR AP $340) | E 2R
K K FNR R 2K, HAR N LT 7K JAT7K  100—150 em IRJZE + 2 K BRI T LA S |, 476 21.4%—27.
5% 5 (3) ERAEVD ERREY) (T IEER) , EEA AR )Z 158K ,0—40 .40—70 ecm M1 70—100 em + 2+
K B R AILAR N IK 519 76%

1 14 ADYIFPHEAR 2R 78 3823 (R 20 A 6 8 X043 B AR R AT AR RAEW) IS, R IAE L LG . B SR 1
PXN, TRV AR R A K S R FK 43 R R SR s B A AE 22 0, B . PR AR SR I I T RERE AR MR 3
FE RGBS ZAE A A, RIBCE BR—H K DR A P SR, 2R AR A b R K AR S, R R R —4F
A TRAR R, MR S A AFRE T, PRUE K RS IR, SRE T 223K T 7 A SR, R4 22 /K URE, i b R K ]
K EHOKTFER A KA S A ELBIAR S 53 A6, 3T R KRR 45 Tl KR T 7K 4 1 DX, 36 FL AT b R A
PHIX PR KA 80 i Tk TR K SR T R EK 2, B 2 IR N, £JE ) 8" 0 B 7 .
FEUATE L LT AR X 3t R K A KRBT K D 75, iR K ANATT K, BE S P8 RN K
IR AT HE L IR 2 )R 25 5

KABELE K TR 24 P 2 T 3 A1 3] 1R A s T W), R0 P A5 K T 0 AR 3 T 5 45 T 8 1 7K R
A WFFEIER, IS0 K PR FTAT I S K AR I 28, LA 45 /K K et e A 7 BB 45, BB 245 7K X AL 0 11 56
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it A5 R G 5 KRR K R A S K AR R T AR, HOR TR 32 B 3 WA A K A 2K &K Ay, FEIX
SesK IR K 43 25 b R | [ A VR i et o P /N 0 0 itk A s 3, IR, 5 LR KRR 4 K TR
7K IRAR L, KA BESE K 80 (/N R CEESS KT, Bk AR TR 80 (., et bk
B, 7RSS K DA G B W) A (4 3 I, 36 ESTE s e A I e L W S R R, R W 2 b ] BB AT A R
SEKIRG: AEWCEE 80 BUAKIEEE S, IE R RABESE K , DRIT , J5 S A R N 4% 7K R LAk, O AR
80 Fe/ NI R AR L K B AR PR P9 AV A K VR R P )47 28 8 AR 43 Al 00 1 P 7K 3 SR VR, — Fif K U
B, SAELE RPN S E 8" 0 [HEHE K IEAERIYI RN 5 BRI EB, SREEMRIK | K F R /K ixX
JUASKIE A b R 7K B 80 (et 1, R de 3 KA K RO /K IR ST DRI, 38R 0 A PR 45 7K TR A L 31
i TR KBRS K 80 M, I H AR F 1 3 R K AR K A He i, H R K S AR A Y He
Bk 24.4%—90.2% (2 1) , 3% — $ (AN At b X A B F2 485 SR AR LB 02220 B, X fE— e R it
B eSS K R 52 (5 - R 7K AR R P K 0 ) e A9 v, Ui B, S ER AR M B AR AR B X I A S A
AW, PTREAFAE MR S BELS K BB . 34N, KA BRAS K B e b WS R P A0, ST b s 36 2 180K
A5 R 2 +HOK A AR LR IR FOR X AE R 450 b A BRI . IR RS K R 1R 22 (SD)
(BB - SR BE B TR (L 1) B T2 ,0—40 em + 2RISR LR R A, X HE— B R |
I, KA BELS K AT BETE S LAV B SR PRI X v Af 7 . (HARE H Al SR FH RSB S K B S  TE D
Brep B BBESE FPAS BIASIE , A7E R K R A R /0 BT LT 15 1T R v T DX AR R 5 405 A Sl HE 32 B 7K
PR BN T R X, IR R — A R E,

Brigh SR 4 R AN SR R S A P AN SRAE T SR r DML R B A A R A2 3R S 6 A AT
BIFFE B3 3 LA ) o 22 00 5 45 B

22 3L HR ( References)

[ 1] Ehleringer ] R, Dawson T E. Water uptake by plants: perspectives from stable isotope composition. Plant, Cell & Environment, 1992, 15(9):
1073-1082.

[ 2] Dawson T E, Ehleringer ] R. Plants, isotopes and water use: a catchment—scale perspective// Kendall C, McDonnell J J, eds. Isotope Tracers in
Catchment Hydrology. Amsterdam, Netherlands: Elsevie, 1998 165-202.

[ 3] Dawson T E, Mambelli S, Plamboeck A H, Templer P H, Tu K P. Stable isotopes in plant ecology. Annual Review of Ecology and Systematics,
2002, 33: 507-559.

[ 4] Saugier B, Ehleringer ] R, Hall A E, Farquhar G D. Stable Isotopes and Plant Carbon—Water Relations. Amsterdam, Netherlands; Elsevier, 2012.

[ 5] Waemn, Fs, MOGHE. SURUE PR 300 A K RO B S RS 2R84l 2002, 22(1) : 111-117.

[ 6] Fhxuid, wea, Mot, Bg, H24E. FUE R REARTEAA YK R TR L. A%, 2005, 25(9) : 2362-2371.

[ 7] MeiBner M, Kohler M, Schwendenmann L, Hslscher D, Dyckmans J. Soil water uptake by trees using water stable isotopes (8?H and 3'%0) a
method test regarding soil moisture, texture and carbonate. Plant and Soil, 2014, 376(1/2) . 327-335.

[ 8] Burgess S'S O, Dawson T E. The contribution of fog to the water relations of Sequoia sempervirens (D. Don) : foliar uptake and prevention of
dehydration. Plant, Cell & Environment, 2004, 27(8) : 1023-1034.

[ 9] Dawson T E, Pate J S. Seasonal water uptake and movement in root systems of Australian phraeatophytic plants of dimorphic root morphology: a

stable isotope investigation. Oecologia, 1996, 107(1) . 13-20.

] Walker C D, Lance R C M. The fractionation of *H and 'O in leaf water of barley. Functional Plant Biology, 1991, 18(4): 411-425.

1 LB, B, BT, PR E SR R 3 i X Ay FURDK A R IR 7 6 LU 2RS4, 2011, 31(24) : 7533-7541.

[12] XURESE, BRWET, 22 D20, WREMS, AERRE. B i ARSI KRR D P0 R ZoRER. T IXHBE, 2014, 37(5) : 988-995.

1 Noy-Meir I. Desert ecosystems; environment and producers. Annual Review of Ecology and Systematics, 1973, 4, 25-51.

] Wershaw R L, Friedman I, Heller S J, Frank P A. Hydrogen isotopic fractionation of water passing through trees//Hobson G D, Speers G C,

Inderson D E, eds. Advances in Organic Geochemistry. New York: Pergamon Press, 1966: 55-67.

[15] Bauerle T L, Richards J H, Smart D R, Eissenstat D M. Importance of internal hydraulic redistribution for prolonging the lifespan of roots in dry
soil. Plant, Cell & Environment, 2008, 31(2): 177-186.

http ; //www.ecologica.cn



12 G 37 %

[16] I, JRH4E, RESOAY, 282, s /RBEE & R B SR KK R I sh s, ARk, 2014, 38(11) : 1214-1225.

(171 SR, RO, 258, §h, RGBT B SRR K S0 R IBRR. TRIXHITE, 2014, 31(6) : 1093-1099.

(18] Jailg, JSWroE, RESIAY, 2822, WEE /R AR 2% 2 RUREM | IR L R0 K SR IR S ). AR AR 2SR, 2013, 37(7) « 665-673.

[19] #EHER. T5KAY AR EPEER AT D]. dbat: fEMLR-EIER, 2007.

[20] Ohte N, Koba K, Yoshikawa K, Sugimoto A, Matsuo N, Kabeya N, Wang L H. Water utilization of natural and planted trees in the semiarid desert
of Inner Mongolia, China. Ecological Applications, 2003, 13(2): 337-351.

[21] FBEA, BEZR, 2/, 20, RAER, ., kst QR RTEN S /DTG LTEAK 2 AR IRBT 5 P i BT AR SR,
2015, 39(2) : 184-196.

[22] %W, EHA, arEm, PR, f5R. FWE IR 4 B ARA R K S AR EE R R 0T, Mok R, 2012, 48(7) : 14-22.

[23] bS53, THEAS, B ahom. B9 g A B4 DR R/ A 580 WL AR A 9 K 23 ok BRARAE. T IB9E IR 5 3R 858, 2015, 24(7) .
1168-1176.

[24] s, BRwE, TRE, PRIFIF. S8k AR S ik 7 R W5 —— LR SR ARRE DR (). SBBRRTSE, 2015, 34(2) : 285-292.

[25] MLEAR. it RRIEPR R —LHOR S F LY D], B8 AT, Bk, 2011

[26] ik, BRW], TUIE, Edmunds W M. [RA7 A8 1 PSS AU Gt KA RIR. suERB=2 0t R, 2007, 22(9) = 922-930.

[27] Yang X D, Zhang X N, Lii G H, Ali A. Linking populus euphratica hydraulic redistribution to diversity assembly in the arid desert zone of
Xinjiang, China. PLoS One, 2014, 9(10) : €109071.

[28] MWeAs, BOGHE, WA, B2, SOy, H S LLmhie A R ORI KA I RS0 . AR ARG, 2009, 28(12) ; 2489-2494.

[29] Phillips D L, Gregg J W. Source partitioning using stable isotopes: coping with too many sources. Oecologia, 2003, 136(2) : 261-269.

[30] Phillips D L, Newsome S D, Gregg ] W. Combining sources in stable isotope mixing models: alternative methods. Oecologia, 2005, 144(4) .
520-527.

[31] BRZ, MR, BREE, KL, B8, 22, Bk RET IR AEYK R IEPILATIE. HiER2A4l, 2008, 29(6) : 709-718.

[32] #/bk, sk, 22038, 22000, PMfIE. 38 SO hi 3 T U R 3 i AR 2o b 20 % HL 2 B 0 . MR A5 2, 2008, 32(6)
1268-1276.

[33] E3H, X, Bk, i, X/NME, ERA. T 5 DB Y RE T 50K MR R AR W) 5 1Y 23 (8] 23 A5 4 R A= 7352%7 4ik, 2008, 28(9) :

[34]

4120-4127.
Ehleringer J R, Roden J, Dawson T E. Assessing ecosystem-level water relations through stable isotope ratio analyses//Osvaldo E S, Robert B J,
Harold A M, Robert W H, eds. Methods in Ecosystem Science. New York: Springer, 2000 181-198.

http ; //www.ecologica.cn



