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Abstract: Water availability is a key ecological factor for plant growth in arid and semi-arid regions. We identified the
characteristics of water-uptake patterns by Achnatherum splendens and how it responds to changes in water conditions in
typical steppe ecosystem ( Lake Qinghai watershed ). We analyzed stable isotopes of plant stem water and potential water
sources including soil water, groundwater, and precipitation via direct comparison with differences among potential water

sources and a multi-source mixing model calculating the plant-use proportions from diverse soil depths under natural and
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drought treatment areas. The results showed that there were large fluctuations in the soil moisture (8D ) and the isotopic
contents (8"°0) of soil water in the surface soil layers, directly influenced by precipitation and evaporation. The slope and
intercept of the evaporative soil water line were evidently smaller than those of the meteoric water line, indicating that the
isotopic contents from soil water experienced stronger evaporation fractionation processes. The isotopic contents (8D and &'
0) of the stem were scattered along the evaporative soil water line indicating that the possible water sources were extracted
from diverse soil water depths. A. splendens absorbed mainly surface soil water (the proportion from 0—10cm was 45.1% in
June) at the early growth stage. Large precipitation events significantly affected the soil water content and isotopic contents
and infiltrated into deep soil layers. Differences in plant water use proportions were minimal during August and September,
which revealed that the roots of A. splendens extracted water from various depths when soil water availability was high. Under
the drought treatment conditions, A. splendens used mostly surface soil water (0—30 c¢m) in early July. The absorption
water depth shifted to deep soil layers when the surface soil became drier. However, the absorption depth again shifted from
deep to surface soil layers when surface soil moisture sharply increased after irrigation. Groundwater was not a main water

source for A. splendens during the growing season.

Key Words: Stable isotopes; Precipitation; Soil water; Achnatherum splendens; Water-use sources; Lake

Qinghai watershed
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Fig. 1 Spatial distribution of typical Achnatherum splendens steppe in Lake Qinghai watershed
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Fig. 2 The variation characteristics of air temperature, precipitation amount, 8D and 3O of precipitation in the Achnatherum splendens
steppe area
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Fig. 4 The variations of soil moisture and 3D in soil and plant water
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(734 8D 8" 0 {43 31K 10.0%0 1 1.97%0 ™ . (2) Z T IS G S5 i el 45 Kok 0 T i 7= AR i B A 2%
VER , AR ARRRAE 5 4Bk v e 45 B b X R /K P R [ 7 AR AR AE AR — 2> | i e 4—5 A it 8—9 Al gz
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Table 1 The variations of plant-use water proportions from different depths of soil moisture in two habitats for Achnatherum splendens ( mean

( minimum-maximum ) )

I Depth/cm 6/10 7/5 7/18 8/9 8/23 9/9
BB 10 45.1(21—63) 22.4(0—77) 94.2(93—96) 19.6(0—59) 23.2(0—68) 20.3(0—>55)
Control 20 20(0—79) 24.6(0—88) 1.5(0—5) 17.7(0—51) 25.5(0—93) 16.6(0—49)
30 13.8(0—55) 25.3(0—99) 1.9(0—7) 22.5(0—74) 12.6(0—31) 15.5(0—45)
40 12.1(0—47) 20.3(0—68) 1.5(0—6) 19.7(0—48) 15.4(0—40) 25.2(0—97)
60 9.1(0—36) 7.4(0—23) 0.8(0—4) 20.5(0—51) 23.4(0—69) 22.4(0—65)
/5 7/8 7/18 7/23 7/21 8/1
Pkl 10 25.8(0—78) 67.9(49—77) 5.5(0—22) 33.3(0—67) 3(0—12) 8.1(0—33)
Treatment 20 26.4(0—83) 13(0—>51) 9.6(0—38) 32.6(0—73) 4(0—16) 62.2(47—73)
30 25.6(0—98) 6.8(0—27) 10.5(0—42) 13.9(0—45) 12.9(0—50) 13.2(0—53)
40 14.5(0—43) 6.8(0—26) 17(0—66) 10.1(0—32) 21.7(0—82) 9.9(0—40)
60 7.7(0—22) 5.5(0—22) 57.4(34—77) 10.1(0—32) 58.4(18—87) 6.6(0—27)
T3k 8D L FEEAZ K ZE R MR KRR A e R A S A5 ] R IR EE TR K 8D

AR T 2 KR HEK 8D 20 I RE LR IR 1 [ K Y AS 1k, InTE AR AT S
HlA I 22 K& R 1K 8D A A BRI 22 51,7 A 3 oK I 4y LUK S04 £ HE &
YEFREL, H3K MK, 8D K ARV EAER, 73 Ah N K S22 31 Rk 25 B AR A w4334 8D fE K, I
R 2 K TR E R R AR, IR 2 133K b 8D E B/ T3RZ 0 M TE 8—9 H Z iR [E/K 52 R 2
FHES K R 8D (AN, X — AT A SR 5 R A S AR L Saxena P WFIT AR — B, B AT R BLE
J2 K iR A AR %52 KA K A2, HLH S oK iR A7 28 4 A AR AR TR R 3 T iR
J2 K Z B FNZE KA HIEmA /N K A A B TR EE 55 R K o B | Ty s B - S8 T b, AE AR R AR G,
76 8 A 23 HEFKERE K (1=5d,P=86.3 mm) M9 A 9 HRjHAKFFLEMEK (1=11 d,P=30.7 mm) (&
2b) XA FIFREKAE HHEZ P ASB MR 5 K2 3K 8D (EA & K, H4h, H K EaE W7
BAZ IR AN P AR Bl - HEVR B R N 2% K A E PR ek 55 ), DR - K T 8D SR A HE Bl % 1 4
TREERG TSI N (B 4) X R T 2EAR R P A B 4500 T B /K RN 28 AR FE A - 86K rp e [ R 152l
FEPIFRSEG 251 T R 2 H T /KA 3K (60 em) RS R 4B 22 FPEAR B 2 b T /Kb 8D 193 aliis
BRI X a3 R K 32 AR K S A/, 1808 A 23 HIRJZE (60 em) 3K 8D (HE/N, X 5 T 5 MoK 45
P 2, 38 0T BE 5 8 FOM R A0 A R AE 25 DI AH OG , (6 45 K PR skl o fe A s Bl e e 2
3.2 PRPAREE SR N 2 B R S R Y Ee A S b

PRI R A 358 T 48 B HLA A R A K 43 R O X, 38 2 AR R TR IR B2 1 38K (BB AT Ak oy 2 R
Flomp 7 R ELAT W 22 5 (1R 4,36 1), X 5 AT RERS A W AOAR R AR IE B AR BRARAE AT 51 R B R AR
PERRARLELAF Y, W OHR 6 B E 0—60 em MR RE T4 T2 L, iR )2 - Eh i
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REMZ ISR K 25 3K | TR JZAR 2R 32 R I 4 5 ZE Rk 0 R KRG 1 KDY S FE AR R R
AR R FTIBOK 3 B2k A R 2 EEK (0—30 em) , 7 A 18 HFRJZ HHEE /KBRS 5 7 wOR RIMOK IR
JERGAS R 2 R BEAE 9 2 3K o A BRI, AR 2R MR /K T8 38 38 e [ A TR 2 38K (181 4)  fEX K
SR AT BRI T R R R (K 4(b) ), RIEK B2 A2 5 A R BR B AR 3R A6 M & 2R
ARk, TR H AT TR RS, 252 MR ZR T T 1 00 (A5 A A R SR E MR AR RO A3 i AT 2
P BT R B ARG N RE ST, TR Y R B AR R K B BRI T S 1
HRRMIKFFIE 5 T 52 T 5 XA (HEAR TeAR) 1 ZIESR R D REZE R, 7000 2= AR IR 2 4= 48 K0T 1+ 2
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R % H A )0 e SR ) 1 7K G S A8 1 R e A8 LK 4 R O = DA T b 35 7 22 708 (R PR 45 Asbjornsen et
al (2008 ) 72 foy 1N P s DA 5 BB 75 (A. gerardii) 2 RARME ) IR A 110231738 1 AR R A T 28 7 2
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squamosa ) N Fie T8 A2 2% R 88 0 B9 ) ( Nitraria tangutorum ) 3 78 5 2= DL T K AR S 32 5 69 7] A FH 7K
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M T AOK IR ATHE S AR AS— B, R R R F WA KA T K A5 85038 Tl e v RO JE ) 4338 2 400, 7E 60cm LA
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