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Abstract; The inland Heihe River basin of arid region in northwestern China is composed by three great landscapes: the
mountain, the oasis and the desert. The upriver mountain is a sensitive region to the environmental change, which suffers
little human interference; in the midriver and downriver regions, the oases and deserts are ecological fragile regions, and
their environmental transition is the focus that people pay attention to. Plant is an indicator of environmental change, and
compared with the other organs, photosynthetic organ is more sensitive, as its characteristics can imply the influence of the
environmental factor change or the adaptation to the environment.

Along the Heihe River basin, from the water source collection area to the water source vanishing area, leaves or
assimilation shoots of plants were collected to determine the stable carbon isotope ratio. The results showed that stable

carbon isotope ratio (8°C) of the plants on the mountain regions were between —23%o — —29%o, with the mean value of
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—26.3%0; the 3" C of the plants in oases were between —26%0 — —30%o, with the mean value of —27.2%o; while the 3"
C of the plants in deserts were among —23%¢ — —28%c and — 12%0 — — 15%¢, with the mean values of —26. 0%¢ and
—13. 8%o, respectively. The 8°C was higher in the harsher environments. For the same species in different habitats, it
showed that the 8 C was higher when the habitat was harsher. For Populus euphratica, tree species of desert riparian
forest, the 3"C of its willow leaves were lower than that of its poplar leaves. Either in the mountain region or in the desert,
along the increasing altitude, stable carbon isotope discriminations ( A) of some plants reduced, while some were not
notable. The Aof Picea crassifolia significantly linearly decreased with the increasing altitude.

It can be concluded that the C, plants occupy certain proportion in the desert vegetations. Water use efficiency
(WUE) of plants in harsh habitat was higher than in suitable habitat. For P. euphratica, WUE of its linear leaves was the
lowest, and that of the orbicular leaves was the highest among the different leaf morphologies; WUE rose as the willow
leaves in seedling period grew to poplar leaves. P. crassifolia may be used as an important indicator plant to the
environmental change of the mountain area of the upriver region of Heihe River. Among the trees in the Qilian Mountain
area, the WUE of the evergreen P. crassifolia is the highest, the high WUE may be the reason that P. crassifolia is the
dominant species in the Qilian Mountain area. Exorbitant " C of the same species indicates the decline of the plant and the
severe stress of the habitat. Plant adapting arid environment is along the direction helping to improve the water use

efficiency.

Key Words:; inland river; Heihe River; stable carbon isotope discrimination; C, plant; water use efficiency; environment;

Picea crassifolia; Populus euphratica

T8 X P9 Il TR e 0 e L SR ST = R R LA, b7 LD M52 A28 3 T, 3R AR AU X
T AR RO A S X, HIN SR B AR B . FE BRAERRE S, AR HAES
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1.2 FERREMSH
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', Ry T Ry 70 HI R ARFE S AR R RO B[R] 02 R HUAE, 45 3R LA PDB AT
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#1485 T BRI 40 LR EEARREYH, X EBHYH H 8°C BT -23%0 ~ -29%02 8], F3H
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B/ NEE TR0 AR BR A R T /NIRRT B R LS AR M Y 8 C {EF IR - 26. 5%0, AN
3°C PR FTREAKREE, HARMZIHZREK,

£1 BARESLR GHEEEYHFSRARHBERRLIRILE (P C) MBI F(4)

Table 1 Stable carbon isotope ratio (5'°C) and discrimination (A) of leaves or assimilating shoots of different plants in the mountain, oases
and deserts along the Hehei River basin
A HYERLC LT

Species Life form Sample size 8C (%) A(%)
k1l X Upriver mountain

HIG A Picea crassifolia D AR 5 -24.94 +0. 40 16. 11 £ 0. 41
&M Potentilla fruticosa V) AR 4 -27.41£0.26 18. 69 £0.27
1% 3% /Bt Berberis diaphana AR 3 -26.81+0.62 18. 06 £0. 65
NI Salix gilashanica V) AR 3 -26.16 £0.28 17.38 £0.30
540 Salix cheilophila V INFRAR 2 -27.95 0. 65 19.26 0. 69
#83% B # Sabina prrewalskii AR 1 -25.40 16. 59
4% Populus davidiana FrAR 1 -28.07 19.38
TBHuLAA Sabina vulgaris /NEAR 1 —-23.88 15.01
4RFEME Potentilla glabra R 1 -25.32 16. 51
JR¥F Cotoneaster acutifolius R 1 -25.24 16. 42
/INH-ZE 7 Ribes pulchellum R 1 -27.12 18. 39
B2 Polygonum viviparum -3 1 -27.01 18.27
B4 38 )|, Caragana stenophylla R 1 -27.26 18. 54
M Midriver oasis

VALY Salix psammophila R 2 -26.53+0.17 17.77 £0. 18
/INH3% Populus simonii AR 1 -26.95 18.21
M) Salix babylonica AR 1 -26. 81 18. 06
188 4% Populus alba var. pyramidalis AR 1 —26.56 17. 80
a1/ NI Zizyphus jujube ¥ TR 1 -26.57 17. 81
VI Elaeagnus angustifolia » TR 1 -28.08 19. 40
B4 Populus gansuensis » AR 1 -29.18 20. 54

B TR Midriver and downriver deserts

41 Reaumuria soongorica 3) /NEAR 10 -24.95 +0.45 16.12 £0.47
B EAFE Lycium ruthenicum R 5 -27.92 £0.64 19.23 +0. 67
1% Phragmites communis ) -V N 2 -25.06+1.09 16.23 +1.13
MUY M Nitraria sphaerocarpa V) /NEAR 5 -25.56 £0. 50 16.76 +0.52
I8l Alhagi sparsifolia FEA 4 -27.51 £0. 62 18.80 £0. 65
TR BRE Ephedra prrewalskii D R 4 -24.29 +0. 82 15.44 £0.85
BM) Tamarix gansuensis D R 2 -25.30+1.09 16.48 £1.13
BT Zygophyllum xanthoxylon V INER 2 —-25.48 £0.31 16.68 +0.33
/NR B R Nitraria sibirica R 1 -25.72 16.93
#3558 K Asterothamnus alyssoides gk 1 -26.91 18.17
K T3 Ajania fruticulosa FEA 1 -26. 66 17.91
Y Artemisia arenaria AR 1 -27.79 19. 09
.35 & Achnatherum splendens W 1 -26.07 17.29
JR 8RR Clematis canescens R 1 -26.55 17.79

T BRE Ephedra intermedia R 1 -23.01 14. 10

H 2. -F Sophora alopecuroides B 1 —-26.62 17.87
FEEH 3R Nitraria tangutorum R 1 —26. 48 17.72
1848 Haloxylon ammodendron 3) R 6 -13.62 +£0.27 4.45 1£0.27
%k Salsola passerina 3 FEA 4 -14.82£0.41 5.72 £0. 38
YWIBH Calligonum mongolicum 3) R 3 -13.49 +0. 49 4.32 10.50
VTG Y3 Calligonum potanini R 2 -13.61 £0.24 4.44 +0.24
KBV Calligonum gobicum R 1 -12.97 3.79
HF YR Calligonum chinense R 1 -14. 42 5.27

4 i W Calligonum rubicundum R 1 -13.54 4.37

1) 3038 TR B8 B 404 Data are used to analyse the effects of altitudinal gradient; 2) >y 2001 4E3R 445 ) Samples were collected in 2001 ;
3 BR AEARFIAIE 4347 Data are used to analyse the effects of habitat; * FF K Tree; /pFF K Subtree; AR Shrub; /MK Subshrub; ¥ A
Semishrub; E4x Perennial herb
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533K —26. 0% —13. 8%0, TEMRMEX—TEE T, BREFHBRIEA PR E AR IR E Y 8°C (R, XM
PR BUE TR SR RIS YIRA B UH JERERIN 3°C HRMK. EREX—EET,E
ARBEV IR 8°C [HER® , FEABKERIM.

2.2 AP T SR 87 C (HRY H

FEYAVAERFAERET 87 C HK LA 1a, F 2RV, EMNZAFERBEZF (F =
223.30 > Fy 5, (6, 14) =4.46) ,BFEH A BRI B K KA RIFHIHET 37 C HA BT UH
KBRS K RMFZERINGL . ZEBER(LSR, 05(7,14) =0.47,LSR,,(7,14) =0.59) WE 1a, TUFE H,
FEBERRE R 3 C (iR Mo
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Bl FEBAEYLY (a) MIBER(D) ERFEE T A 8" C HivEd
Fig.1 Variations of foliar 8° C of desert plants Reaumuria soongorica (a) and Salsola passerina (b) in different habitats
1 #Z55Hb Abandoned land; 2 JA[ &M Floodplain; 3 $45#k#h Woodland of Populus euphratica; 4 Fr[a]{li#h Inter-dune depression; 5 L gk B
Gobi before mountain; 6 Y0 Desert ; 7 T i#-X BE Gobi of downriver region

ARNEFRFRENZAFEREESR(P<0.05) , ARAMWASFEITREMNZAFER BFESR (P <0.01) The different small lotter
means significant difference at the 0. 05 P-level, the different capital letter means significant difference at the 0. 01 P-level

FBEYEIRARFAESET s°C ALK BHAF (B 1b) , F 24 ER, B2 AGEEREE
EZR(F=62.07>F, (3, 8) =7.59) , EVERMTHER TERM, ZE HESBH (LSR, s (4,8) =0.47,
LSR, , (4,8) =0.64) ([ 1b) 4 M AL BT X BEINIE T 8°C HIA BEZF (P <0.05) , EFH 5 WPEH
B, 8 C EFAERBEZER(P <0.01) , SAWHRMMER,

TR SMESR 0 ~60cm /5 +EEEG/KE V4578 #B5RH 10.2% £0.7% , F A5 HEH 9. 5%

+0.8% , 5% H 8.4% +1.2% , LA 8.2% +1.0% , IIETRBES5.6% +0.5% , VP 2.7% +0.6% , F
WREEL.8% £0.5% , WEEH, KK MEEF, A YMBIRARIH 8°C Ell/h,

FELLYD 8P C (AN —26. SBhoTHAMGMR ML , B A K RIF  FE ALY 87 C B - 25. 1%0hY A1, B KB Y
FRE, T AR R AL YRR s ZE PG R KB b R 3558, M BRLL Y E) 8P C B3R -24. 1%0, BT
8°C ETEE BTN —25. 8%0, KBTI H - 27. T%o, KB — BB Ky —27. 8%o, & HAIFIT Fy - 28. 6%0,
SHERRI N —29. 7%0, TEFIFNGIRT , P EEP IS REIE BT AN A 8 C {EH -26. 1%0, ZEFEHE T RN
TN -23.9%0, [FIFMEYIK SR, 5" C HEBE/N; Rk K42, 5" C ERBE.

Y ETEA KRR 5°C N —12. 9% MR FFIAFET, ZHHA B TR S 767 B e 30
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FHRRRI 8°C (B8 —13. 2%0; TERRA K BE M BLRMAMK HEUF, 87 C (H2h - 14. 2%0, YHHF™E R
8°C N —12.7%0, K HFiHt 8" C {EH - 13. 4%0, KBTI 8°C (HN —14. 4%0, WP P HHEAET BHE R
BE 1 8°C {H - 13. 4%, FEHIBMI Y — 13. 8%, MRS, RIFME YK 4422, 8 C (il , & W Y

3°C EFUREMYHIE TR,

AR 8 C A& AR (E 2) , %M,
ENZEGFEREESR (F=40.86 > Fy (5, 12) =
3.11) , B &1 82 C EE/D, F -29. 3%, BT
813C {E%jt, /ug -27. 5%o, gﬁ Hﬁ&(LSRO.os (6’ 12) =
0.44)BH(E2) , KAEHSHENZ AL BEZ
L3 Lan AN A e R s N A e B e
Zx, B SHEMZAGFEREER . 2AFEEE
Hgs M i (K ARTE B AT ) 89 3P C BN
—29. 0%, HRTE (W BT . = AR B0 B % | B8 B B Fi
BIIE ) F-34 % —28. 3%, MIRHE H/NF M, X4
KIEARFH T KA T B R0 B A8 8°C
SR, T KA RAL R - 30. 0%0, 3BT KA B K AL
R —28. 9%o, 31T KAz BEAR A 5 T0 v 1 BEASSE B L 1
N =27.1%0, [H—WF , KSR T R 8" C BN,
2.3 AR E THEYH R s FEAR AE R

ARERRETURERTARATEZEHFH A
E281L DL 3a, FTLLE H, A (6 FEE M4k = B 1 3%
BN, REXR AR S (F =0.98, P <0.001),FH3R
FEEER 0.78%0/100m, F¥E =AM ILX G FFBILRY , 35

,30 —
a
3 b
bIC x be .
-8 | il ® d
w
,24 —
22 -
-20 | | | |
1 2 3 4 5 6
H-J Leaf morphology
B2 #HARHENTH 8 C ER
Fig. 2 Comparison in 8 C of different morphological leaves of

Populus euphratica

1. K& Linear; 2. ¥4 FF Lanceolate; 3. #4[E|JE Oblong; 4. =
£ IRIR B JE Deltoid-ovate; 5. JR[EIFE Ovate; 6. [BIE Orbicular
ARAMDEFBRFENZAFEBRELZSR (P <0.05) The
different small letter means significant difference at the 0. 05 P-level

BEAMRET BER, SRR BEE, A EY B K, FEXF BN 1600 m B TRIESRIN N 19. 5%0, i 1L X

¥R 16.1%(F 1),

A W Nitraria sphaerocarpa
® B Alhagi sparsifolia
B JESLEEEE Ephedra przewalskii

22

18 —
a b

16 —

A (Gnn)

y=39.29 - 0.0081x

15 - ” =098 P T
pP<0OOl T -
14 | | | | | | | ]2 | | | | | |
2700 2750 2800 2850 2900 2950 3000 3050 800 1000 1200 1400 1600 1800 2000
W E B Altitude (m)

B3 HFiEsis(a) MFREEY(b) EARRERRET AR A EREL
Fig.3 Variations of A of leaves or assimilating shoots at different altitudes for Picea crassifolia (a) and desert plants (b)
#5485 75772 Linear regression equations: YiHIHl| Nitraria sphaerocarpa, y =21. 69 —0.0040x, r* =0.93, P=0.007; 385¢H Alkagi sparsifolia,
y=29.51-0.0079%, * =0.96, P=0.021; RS Ephedra preewalskii, y =21.48 —0.0043x, > =0.94, P=0.028

He—8IIREYEHE FHHZELBE, 6 H/NETERIK 2450 m B A {H 19. 3%0,2690 m By
17. 8%0,2730 m WHB/NE 17. 1%0, /NFEAR SHIZERGR 1840 m B 19. 9%o0, FHEE 2800 m ¥/ E 18. 6%o.,
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EBAFAERANFEE R RN A BRI ARE

TR WP R B T AT B SRR S ) A (B REYEIR 6 B A8 4L T 1B 3D, BE VIR 6 B 3, 3 R
WIE AME 2B, R YA A R S BE R , HE — A K R T M X B 4t D) B 2, AR
B AMEZEXEIR 973 m B4 17. 6%0, 1430 m WHFEIEE] 15. 3%0, TEM A A EREYE R & 2 LR
BB
3 ifig54%i

FRDEARZRHY BE BZERRE 3°CE™®, Bender'* il Smith &' 5 B2 AR EBFE M B
REAMEYHE SRR, CHEYIE 8P CETE —23%0 ~ —32%02 8], C A YIFE —6%0 ~ — 19%0 J5] , CAM HHI7E
—10%0 ~ —-22%eZ [}, BiZE 1 B, WK FBAREYRI N CHEY . FREMYHEBS NP RE, AV B
HIRD IR BT AR B E DR AR B AR AT U KRR PR E EET A
¥ E RIS G, B3k AR REDHET HAVET AR EESRB UET (BN EEYE
w) P o C Y.

CEY E B AP TR R R 2 AL AR, BIBRER 2K BAH RE, =
10°C B9 X807 100 ~171d, FHEAE 1600°C FE 3200 ~3400°C 2 J8),1 B EHKIBAE -30CE -12 ~ -6 CZJa N
R BRI T = 10°C B K HE 140 ~ 170d, FUEZE 3000 ~ 3300°C , A # A, P il iR
200mm B F#H) 30mm £, G REK R TR R TREEK, NRREE, C Y%L KI R BT HEY
B, RREMIFE , C, T YA 5EE BB X, U TFHEYAFS TESHREREE X, £EE
Sonoran FEELE , C, W FHEAWIREE TR KL E R 4. 4% ,FEHE T BB KB/, C,N T HEYEEY X &
g EHE A, RE SR E S — E WO C ARAMEY, L2 R (Polygonaceae ) FI H R
( Chenopodiaceae) ¥, Ef ML E SHBHX R , BB EXE— TR,

MY 8°C 5 WUE RIEFMXEXRRDZ Y, |k 18H, WIKEYHER KK WUE &&; %
FeARUIGE WUE 8%, ZEILX BESHIEK D RGBIFHHTT . £BE. EE/NE ER0. SES. KA
T /N2 T RS LS R WUE 4 FEB ZSEAILG 2, FR 2R K, Garten 4™ 1%
BLEE L R P ILER Bk A M B B SRR 8°C B R T I8 I MR R I B g, O
EE# ( Pinus massoniana) # WUE B BRI 8 . & A R M8 FA R 02 5 SR E T L%
PIHE% Y Ar S H WUE 2 H R IEHXER, EHAEYK WUE KT KEaED D, APFRGEH,
FEWX , K HE AR B SRRk R RS TE RSN TR AT, Y8 T ERIK SR Tk
A5 B SRR PRI, B WUE T RERHE S MAEREIL K B 2R T EREA,

TR T 2 A e R P 38, AR T M ZE TR, AR IR B9 8 C B AT T 380 A 89
3°C PP AR RS, IR WUE 85, K &M 8 WUE B/, HRIE 8 WUE & TAIRIE T
KL X SREHNERRNER -3 . BHARTEN A WUE /MR N : B > EEHT > =
FARIVEITE I ~ W BT M ~ B4R > K&

CFEEA Y, BRER BRI A h B AN SRR B 10 WUE B, B S04 . W Ak Bl i) WUE &
15, LW B WUE (UK T RRERHEY . 4% Comstock %1 it 35 [ 7 3 Y i85 o A K f) — R /K (Hymenoclea
salsola) ) WUE B R IR, BMEZEAR KRR FIK A0 BE T, L0 5238 O e 1 7% . WUE,iEB] 8°C {8
BT R BiY) WUE 5 — 52 538 (52 2600 s (H A 4 WUE B8 (L7 R KRR &Rt KR rh iR B N T (b
W, M DARTRFSE 5 B 1 TR N, AU ERRLESE T WUE B K, TEHFE T WUE 85, My
F XAl K SR IR B — RS BRI STEA™  EAR R K 40 £ T AR M VT LIRS 5 B A B Th BB LA 3E
RESNRFREE

RREEY , FRBSBERET , MERERREERZERR Komer 4 W& B C,MY+ AME
BB RO T TE /. BB 3a B M, AR LXK EERFER T A ERERK T BRI (7 =
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0.98, P<0.001) ., FHZITEHUIR I T HEIK 2400 ~ 3300 K A BF 3 A0 4 BH 3, 7 1L 45 F1 BH 35 3 o 2 Ao
M REERIRIE, FRa I B R, T A2 R _ B0 X 3R B B AR o

WML KA B B BRI S )y 8°C ERTR 2. 9%0, CIRBEMLY 8°C (B F il RBE 11k
B B 3. 8%0( ] 1a) , 7935 8" C (AL T R4 T HIRIHAEBE T it 2. 2%, BRMAT P E R
TR 8°C HF A K AE B F i 3. 9%0, C,SREMWB Tk 87 C HAEVE LI AEET M B 1. 9% (&
1b) , FERMRIRMY 8" C (8 KB BIFH R 1. 3%0, TERU B 8°C (K BEIFIIRM 1. 7%0, CTRBHE
Pt C, B YIEARFAE S T 87 C HRMER, Al I RAY) FEIE C 1 C ALY , 3R B F A
W4, SE M F A R 87 C Ei R EM YN FEER AR EhE. ETREFRT MYREEEF
FHRBEKD TR TT AR
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