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Abstract

Aims Artemisia gmelinii is a dominant specie naturally established after abandonment of cultivated lands in the
Loess Plateau, and Caragana korshinskii is one of the main planted shrub species to control soil erosion.
Improved understanding of water use strategies of these two species is of great significance to evaluate the
sustainable development of the Loess Plateau under the trend of climate warming and increasing drought events.
Methods Stable oxygen-18 isotope was used to determine seasonal variations in the water sources of native A.
gmelinii communities established after abandonment of cultivated lands for 7 and 30 years and planted C.
korshinskii after 30 years. The contributions of soil water from different depths to water uptake were estimated by
the MixSIR Bayesian mixing model. The geometric mean regression method was used to fit the line of precipita-
tion to get the local meteoric water line (LWML).

Important findings The stable hydrogen isotope rate (JD) and stable oxygen isotope rate (5'20) of soil water
and xylem water plotted to the right side of the LWML, indicating that the isotopic compositions of soil water
were enriched due to evaporation. The native A. gmelinii communities established after abandonment of cultivated
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lands for 7 years and planted C. korshinskii after 30 years showed plasticity in switching water sources from dif-
ferent soil layers, extracting water from shallow soil (0-40 cm) when soil water was available, but deeper soil
(40-80 cm) when shallow soil water was dry. In contrast, A. gmelinii growing in site after cultivation abandon-
ment for 30 years mainly relied on water from the surface soil (0-10 cm) throughout the growing season. Our re-
sults suggest that the ability of A. gmelinii to compete for soil water reduces with aging of the community while
the planted C. korshinskii will have competitive advantage under the condition of increasing frequency of drought
events in the future.
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2008). Fraksnig)L(Caragana korshinskii) )& & &L 4
G JLBAEY), FOERMEE, RARAKIE, £E L
Fr g IX /K A R 50 AR 28 7 4 i Ok I HE K (7
2014) . I AR 75 35 BH o = g SRS IR T A K
J&, Wi SR A R AR AR (B K 5 1 T B K B Rk
IR IR N A BL AN B (TR EIREE, 2012), XK S8
B B R XK SO FE R AR AR . RAREBE AN
T A 4% 2 SPACHE M ik F2 32 B i 45 2 (BX SCR RN FZ
[ ¥, 2001; #XPE T4, 2005), W7t + R IX KRR
TE AL AT 40 S 35 3 0 2 N AT 465809 )L
1) - 438 7K 73 ) FH SRS X PPN A AR AR 8 T 1% X3
ERERTREE R HE R L

SEFE R R R R R R VP AR 7K 73
WG 1) — P ROFIRS B 1) F- Bt (Ehleringer & Daw-
son, 1992). 7R, VIR RS LIEK S K
) A J5iE 348 3 B i A2 e AS 2B TR 25 4318 (Brunel et
al., 1995), PH|ItiE I bR 22K 5 BB AE KR Y
AR T R AL R H wh vT DUB E A 1) UK a3 SR R
(Dawson et al., 2002). —JfEk = JHL MR AR ]
PUE AL B S KX HE A DTk 2, M 3N K 4
SKURRE, T YREL =R MR R A RS A — A,
T A7 £ TP TR, PhillipsAlIGregg (2003)%5 H
1 1soSource & & #5& 8 K 1 5€ 2 U5 o Bk 1) 30
IsoSourceii & 15 AL 7E IR A EPI I 7K 53 K5 77 T 43 3
Tz S (Wang et al., 2010; %5 4 9R%%, 2015). {H
JEIsoSource i A % A fil & KR B AN 58 PE 2 B, AN
REPT AL TE P RS B I LAER, RBHEFATIT
KT T DU Gt (R A R ALK 1R AL MixSIR
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(Moore & Semmens, 2008). ML T, NH-HHEA
BERAE R A KR RS, B UEEIE
A RE R 22 PRI IR [R) 67 2R AR A [R) A i 1A
e B, JFReal & /ei0(E 8, MBI AL T B R i
#Efi(Leng et al., 2013; Yang et al., 2015a, 2015b).

A E B H IR AR T R AR
MixSIRHE B FH 25 4 (1 7 1R 0 3 4 e R X g AL R
SR TE I AT 2 32 T (B B 74 R 304F ) A AT 26 B9 X8 L
(B AF304F) 1) L 3e sk 43 I S g o i o A M A
VIR AR B I ZE T AR AL, RT3 1 IR B )
7K @R, AP b R XGRS RS E
R R THIR B REOR] FH BRI o AR

1 #RFEE

1.1 RIS S FndF

TPt 5 DXL T B 78 A 7 VR 28 s D)9 el DUV /N9
1(37.23° N, 110.35° E). %X Ay MY 13 -+ i)
X, BHA R KSR, RS
8.6 C, HFR(LAiIR-6.5 C (1LH), H k%
mIR22.8 'C (TH), FFH/KES05 mm, ZEH5 5 ALA
1, T0% I FKERTET-9H . TIRFENES L, &
Tt WX AR 2 SR A AN [,
TR ORI 3 (R L), BARERIINIBEES,
T3S A LR (TOC) A4 % (total N) & & /E0-20 cm
TR Ao AR L, BEVE AR BEAR, A A,
DAAS [) 47 PR P 40 28 P 32 5 (R S JHE MR 35 S 7 ) A
TR LN THEARR R E R 3
12 IREEFERE

20154F9 F, TEANZLM 35 & AT 26 XS ) LAE K
Za i, FIFAAREERAY B 4290 mm), DAFEAR T
s, L2009 45 75 11 LAO.5 mE [ B 5 5 R
M, BUREKEENL5 m, 1.0 mIRE N4 1220 cm)



g 3 e XU R ARVE AN TV MR B3 3K 2 R SR 177

RL AR LZ RN 8575 (T (E bR e i 72)

Table 1 Particle size distribution and major nutrients in different soil layers (mean + SD)

T WL biivaA ki ISEERIRTS £ e
Soil layer (cm) Sand (%) Silt (%) Clay (%) Total organic carbon Total nitrogen Total phosphorus
(@kg™) (@kg™) (@kg™)

0-20 21.18 £3.12 67.41+2.08 11.40 +1.08 2.49+0.70 0.23+0.05 0.93+0.13
20-40 20.61+6.84 67.42 £ 554 11.86 + 1.47 2.25+0.66 0.21+0.04 0.98+0.16
40-60 19.25+4.96 69.03 + 3.56 11.72+1.41 2.03+0.36 0.19+0.07 0.90+0.12
F2 R X R A B
Table 2 Information of monitoring plots in the experimental places
TRPREEIR B R R e g PR S
Years since cultivation Longitude and Altitude Dominant species Slope Slope aspect Plot size
abandonment (a) latitude (m) ) (m)

7 37.23°N,110.35°E 10590 HZENEE Artemisia gmelinii 17° 3 Shade slope 40 x 40
30 37.23°N,110.35°E 10489 ZLHSEE Artemisia gmelinii 17° B3 Shade slope 40 x 40
30 37.23° N, 110.35° E 1094.8 Fr 44578 )L Caragana korshinskii 18° B34 Shade slope 40 x 40
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HIEARKT2 mmPHARHERR, Pk 5 BRIEAR
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DASURE A A FRL R A 40 2R I S22 T R % XS LT Rt
N4 JE AR AR % B (FRLD)
13 #HmX&E

20154E5 H1H E9H30H, 4k B& FR (1) 15
B8] P& R R /INEEAT M, P USCEE A IR B R A
TR AR P, AN R P R A R A PR )
A IR BT 4F (2008 4F 1R #F ) AR #3047 (19854F /e 41
IBHE) . AHIE T BT IR B 74 1 R B b Jo Y 4n 24
S REVE . AR BE30ME I R SR B b i F A 3 i 32 7
TETE TR E304F 19N T E A MR Hb G BT 2% 40 ) LA
(LA T RIFRTAE AN S TS . 304E 4N 432 1 F130
TERTSRHRAY L), FEE L 3 s B AP A (R 2),
ToF 7] 5 370 L 2R P B £ 200 mZz . #E20154E 15
19H . 8 H5HM25H « 97 19 H X FE AN 13 4E it [F]
I A] SR RE . (H20154E5 H 19 H R KA 304E A7 4 HR Y
L, PUAFRSET R, Fra s JLAE Hh H 350 i K 4
FER R AE; 8 H 25 H AR IR #F 747 Rl R AR T 3 S
HILRREL TR R, N AR WK . BRICR
FERTLEREH N LGB AR . K3 R IR
PRARk, TR RESMIENER . KA
BN O ARl b 2k (B 435 cm), FRZEH%
(1) 4 Bz F0 4] iz 5 LA 8 4 [\ A2 2 43 78 (Liu et al.,
2014), TR, WHEFE S ONL0 mLIE L RS
OEH, AE OB E, RNKERAE, [l SLk
FEHEE T-20 C FAK, HERMENE.

TERFHRAEY) R JZ T 7 F b A7 BORE, O
RFE 120 cm. 0-40 cmt 2410 cmEUFE— 47,
40-80 cm-+ 524520 cmIUEE 4y, 80-120 emb )2
—fr, HEINEL, KIRNEZE RGN,
R = G w Y S T i M P A8 YA T
L, 3 OB RN VK SR A, A [P S 56 5 ViR
BT-20 C A%, BERMENE, 75—k
NS, B S = I T, 77105 CHELT#1E
JreE, &SRR EKE. A A3 S (Auto-
matic Weather Station AR5, Avolon Scientific, Jersey
City, USAV KIS I R &, B46 H PRk Hix
AR . ORPHEESS . RO AN IR
1.4 KRGIEEFIER T

M P TR FA 28 TRR SR L 33K 7 AR ) AR ot
HRIK . FHARE R R AL AP HOR 1A /K R AL
FE P (TIWA-45EP, Los Gatos Research, Moun-
tain View, USA)I&EAE A FhaE AL R ILE
(6D. 50):

Rsam le
X (%o)=(—=2=-1) x 1 000 (1)

standard

XA TCR AR, Reample IAF it HY B[R] 3K LUAH

Restandara /9 BB BRAREY) T (1) =L 82 [R) o7 2% LU AR
OD I B N +0.5%0, o200 (1131 &4 1+
0.2%0. H T 7EARIR FL B 28 MR fE b, 32 EUAE
YKl BE 2R S 7K 0 1 BA A DG IS I I i
H M IR, T it RS € R 3R £L AR 1 1)
0045 2 O A A P (R 5 4, 2012). N TV RR
[R] PR 2 595 At SR IRAR 22, R T 358900
FLos GatosA m] I GIE A AT A AT AR IE o 7K 942
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HORURE 23 A7 43 IAE PE AL AR AR R K 2 v B R XY
IKARNATF TR K RIS 2R S8 35 R0 =2 JH K 2 P 3 A 155
FUH B S0 R 5E

1.5 HUESHT

UL SR 7R (MixSIR 1.0.4) 32 FH S B s A4
HIM 7K vTik(Moore & Semmens, 2008; Leng et al.,
2013; Yang et al., 2015a, 2015b). 7EAHF 7T A [F 1+
JZ I 8K A3 A A A R RIS s R AT 2 A LI
IKIETE SRR, A iZHh X b R /K HEER K (>50 m),
R K AT AME AT AR . 25 L JZIK 5 KR
2, SRR DT AR B ¥ B R A3 A A 2 RT R A P —
(Phillips & Gregg, 2003), A 1 B ELUL 7 {8l 1 ffdE
YRR B KR 9T 5K B R 4, AT AR £
R 3K BT K R A TR 2 R LA
RO A R 38 /K SRR 2 254 R 7K 5 28T
14y, RIS ()F)Z H3EK(0-10 cm)3Z
RERMBEN NS, 2R R AE B AN R B
KL ZE . () L3/K(10-80 cm)% [F A7 2 4%,
H O AR ST AT, [Ro10-40 em A3 & /K B4R
ek, WA Z, %2 %45 510-40 cmFl
40-80 cm; (3)i# 2 133 /K (80-120 cm)%a A4z o q 3L
AN - HER B R T AR A, H A 2 A R,
IR K S IR L (3G A A AR /1N o Rk, 0-120 cm
TR AR 9> 4+ Z 0-10 em. 10-40 cm.
40-80 cm#1180-120 cm.

AR, N R A 5 b R TEAR
AWK R, S R R T Re e RA 0, 1
AARE AL R AN R A2 43 18 (Ellsworth & Williams,
2007), A5 K FH AR 8 IR R EAT /K IR TR0, 4
T B A F L 2o OR AL 2 Al . AN RIKIE
v Al 222 R0 [R] 67 2540 PREL A B 2R [ 3 N T3, 60
[R5 VR IR 80, B THE A P35 R

¥ 1 Excel 2013 F1SPSS 16.0 4t it % i i % 4w
BEAT > M7, FOrigin 8.0 B A-1E .

2 GR7h

21 FEIKPORMENZTL

20154E5-9 H /K &\ Bk 0™0 Je P4t H IR
B B TE] A AR AL I B LT 7R . 20154 R 50X 59 H &
PE/K 7 4283.6 mm, BE/K EZEHTES-IH, H4
B K B 170.9%, H.80% LA L i [ 7K F 4 B K
/N5 mm, FOKHRIRFEKE N8 H1H 161 mm.
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B 7K 6™ Off 7E-11.33%0— —1.61%o31 il 9 484K, 3
TR, FF S IR B K S A 2R A B R4k
INEK R R E RIS .

B2 88 7 3K 4y . HE W 25 K R BR /K )
OD-0" O A MEAH 25 2 o W 4 9 [X /KR i 1)
SR8 R FR A AT [ A 2 A, 7331 241K S
B 7K 28 (LMWL: 6D = 6.356°0 + 4.85, R? = 0.866,
p < 0.001), #HXJ T 4>k & /K £ (Rozanski et al,
1993)(GMWL: 6D = 8520 + 10), LMWLA BAL 15}
RAEE, R YH PR KZ AR, X5+ E
45 X 4 22 [ K 28 7 R AR — 8. 7E0D-0"°0 43 A5 [&]
b, BIEKSMR(SWL: 6D = 3.656°0-34.57, R? =
0.658, p < 0.01)FEAZ: il 78 24 Hh [ /K e 14 T 77,
RER AR AL T BT BEKLR, R LK S A
TRRFIM IRE R . FZEK HoDAE Ao PO 1
1E LK E A R A A X a), R T 744 3Rt
HETER . B0EYHZL I T AI04E AT 45 B8 )L 3 B
AF R K5y, H R HIREAAER 2R
22 HEESKEMTIEKPORLEN T

MEBHRT AE Y, 74EFI304 N 2434 i + 3
K3 Bt B K B AR AR, AN ) H 3 2 ()R 30 HH AFABL )
A, 5 H AN S A KV, TR AT
HAHESIRMENY, FHRE LS KEK,
40-120 cmtJZ 3Ky 1040 em)Z L HEK
gy, ME) T MAHSEE L KA H W), b %
M A3, 0-40 cm+3E/K 4315 LIVK H B R K
F, 40 embL R L2 RHOK S SR TR, BRI
R EET%. $I8H25H, 3044124 M-3% % 0-40
cmtJE IS KE R ER7%, M40-120 cm+ )2+
BRIy BEARAAE . QA TEMA T E S A K G, 7EF%
KRN, 8Ky & s IRE T 5, 0-40 emt 2
43K A LB, 80-120 emt 2 K ST AR V%
AREMWKE . 304EFT 480X ) Lt 3K 4 () B AR k2K
BAT- SRS, 8 W KB R A /& 1040
emt 23K Sy, B SR I ZEHUE R 14
SKEIZWR/DN, 9H40-40 em+ 2 1 L3k 15
B, 8 A A9 H £780-120 et 2 f) 3T S /K &
PEFFAE TR T (5.78%), KT IR 210 .

TAEAN L | S04E SN S5 RN 304 2k
3 ) LAE b - 358 7K 430 Ot KA I 1) SR ARE R T A2
H(EI3D. 3E. 3F). 0-10 cm1 /2502 ik HiFE fk
B K TR BB AN 78 R SR RIS T o B AR 4K, B
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Fig. 1 Temporal variations of precipitation amount, isotopic compositions and daily temperature during May to September in 2015.
The circles represent the means of stable oxygen isotope rate (5'20), and the downward arrows represent sampling dates.

AR T HAh L JE (p < 0.01). 5UbAHR, BRTFEMAM SRS R AEE A FIRAE F 2 57 B3, 304E40%
MEE R AN, S0EANZLINE R MIB0FFT AL ARG JLRE AR R 300" Ol B3 i T 304E AT LAY L, R
#140 cmbl F BRI OCOA M MR EMN  WERICE L R E R,

75 5t (30U SE E A Hhn = 4, F < 1.16, p > 0.112; FAMIiXSIRAE A 1+ SR AN [F] 7K 43 K5 (0~ 10
Fr 2% %%X'%)M‘iﬂbn =4,F <5419, p>0012). 754  cm. 10-40 cm. 40-80 cm#180-120 cm=t /=) 7k
ZUIH T L B0AF G 2L I S 5 MR 264500 LREHEBO cm ELA), MEIATT UL, AN [ERE A (R K L A I A K
uTi%mﬁHu%ﬁmﬁ , 3 -7.79%0+ BEFE SRR 2R 25 5 L TEE R AL S TS (IR K A X

—7.14%0%11-8.13%0 . RUBAR SR AT, KR A KIHGEH 19H) M
2.3 HEPEPORNIES HIEKSFIANRE 40-80 cm#E R RIAE K I HS5H)AI0-10 cm, K

E2 8RB AR BB R A e RHAOH19H)FH R 140-80 cmtJZ /K4, WK
BOKER R R B AX I, RHEYKETREE  HBlRiA88.0%. S7HEMAHEFE R, 30FE4M%
BORIE T ARFE L2 ) LK TR SEE 30 HEEE ALK B I0-10 em L EH+
TERT SR BN LI A J5T 3 R A7 3548 F EEAE0-10 em. Ky
10-40 cmA140-80 cm+- )2 35 /K [F] 7 2 AR X 8] 9% BOFEAT ZR B RAG J L AR K AR A AR I H AR 5 A AT
3l), MB0FEANM M E AT ERFEAL R LEA e B, MEST AR &S LS AR E -2+
0-10 cmtZ LK R R E A B . P, KA BOKS R LLBIfEE 2 55 . 8 H5H XF10-40 em+ )2
I [B) AR 0 P SR AR TR A8 BAE AR A 3K Wk B 45175 63.9%, 8 H 25 H 3 R F0-10
PRMEE B (p <0.01). ARIITLLEE], KA cmt 28K, 9H19E TR H40-80 cm+ )2

FAEYIA TG RIS, R AEAFERAE H I, F—EA 3Ky, R H51°460.9%.
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IBRH0E A ANBUH-SE 2 Artemisia emelinii from site abandoned
IEH30HHYZ UL Artemisia gmelinil from site abandoned

4 m p O

from cultivation 30 years ago
BT AN SETE, Artemisia gmelinii from site abandoned
from cultivation 7 years ago
* B ME30E T &ER Y )|, Caragana korshinskii from site abandoned
from cultivation 30 years ago
AR S PE7K £ Global meteoric water Line

_____ e bl S-S I e S T ALY i cba sl rnd i TS
AR NTUPE /NS LODAl MEE0TIC Waleh Liine

___________ 137K 4% Soil water line

p |
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E2 201548 58 X RS E K (20 IEFH TE) 35K 5 FitE )
TKII6D-0"0 I R o M KRR L I e e FeoR, K2k
FRE BRI R R . 010, AURE [FIOL Z L3, oD, Sk e [FIfL
HIE,

Fig. 2 Values of 6D as a function of 6*%0 for precipitation
(open square), soil water and xylem water in 2015 at the
experimental site. The local precipitation line is indicated by a
dashed line, soil water line is indicated by a short
dash-dotted line. 90, stable oxygen isotope rate; 6D, stable
hydrogen isotope rate.

3 g

HHIK S0 PO T B K . 2L R R
(Ft 1155, 2012). #J2(0-10 cm)-L 337K 4> F16™ORE
JE b 9L [ K BT AR AL, TSR R R R . BRE
M RVEFEH RAEMARE, XKEWERZEH#S
KEAL Ho®0R m, X 5RAI8H £ Z A K
B M F A R EBAR M 45 A, LB IR
R A i 67 [R5 28 4EL sz il o 4, 7E80-120 cm -+ /2
3 S K B R 3 4 AR AR BN B e T
Fa e (E3), 32 H T P /KRN 28 2 A FH i - 480 52 1)
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BN IZH IR S, XA DU A A R (L, 2013,
Dai et al., 2015)4H— £ HUtAHML, T 5 it
Ei 75 (Medicago sativa) i 4 it & IAS [F] 2 vk 1 1%
K60 RIREAR, B T Z N, 285555
NI TR E (R REE, 2014),

FEAHIFEH R A AR ot 350 [5) o7 25 A R I Hh 215 1k
Z 5, RHEDTEBAN B K FETRICAFR 21+
K53 (FK3), KA ISR e B K — LK — A
KA EAT . FEYIIAR RIEAS AR R 50 A0 Yo 1l
VIR K R £E X (R 5 B 2R, 2009), dnA:KAE
P E i L AR AR A S 2R 48 (1)K 2 ME (Betula utilis) Fl
A i (Bashania fangiana) W 7K [X 15 55 - 338 3 T
FIZERR 23 A A —2(Xu et al., 2011), SF/RZ Hribis
(PR 2 WA ) - AR SE RV (Chen et al., 2017).
S R AN E AR R M R IL, HOK
By AR > A T 112 0-60 cmtE 2, Fr 4 HRNY
JLRHER A3 4HAR 73 A T #h30-40 ecm-+ )2 2 1 (I&5).
ENZE, ZRZ/KAT R, Y 3 BAR S AR 3
b 2 T ) K 4y, AR AR TR 2 K
(/NS 2014; 38R, 2014) o (B A HS:
B R F R AR R R LK Gy, BEAUR BT B X 8K
oy B A BUm I R R (R 2R, 2013), A FLARTE
ORI R NAR X 38K o 1) S b, X PR AR
MAESRERKBEZ LER, LHYRELIET
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Fig. 3 Soil water content and stable oxygen isotope rate (5*°0) of soil water at different depths (mean + SE, n = 4). A, D, Artemisia
gmelinii from site abandoned from cultivation 7 years ago. B, E, Artemisia gmelinii from site abandoned from cultivation 30 years
ago. C, F, Caragana korshinskii from site abandoned from cultivation 30 years ago.
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Table 3 Stable oxygen isotope rate (6*%0) of plant xylem values for the five sample collection periods for Artemisia gmelinii from site abandoned from
cultivation 7 years ago, Artemisia gmelinii and planted Caragana korshinskii from site abandoned from cultivation 30 years ago (mean * SD)

TR GRHHEIR) SRAEERTA] Sample date

Plant species (years since cultivation abandonment) 2015-5-19 2015-8-5 2015-8-25 2015-9-19
YUZHER Artemisia gmelinii (7 a) -4.37 +1.84 —9.85+0.97°® - -8.00 + 1.60°°
YNFLHERS Artemisia gmelinii (30 a) -6.39+1.11™ —9.37 +0.49® —6.65 + 0.44°* —7.02 +1.01%4
F7 45478 ). Caragana korshinskii (30 a) —7.35 +0.59" -471+0.67™ -6.18 +0.70"

ANFKE - B A R P 2B AE AN [RRAE F IR0 825 1 22 S (RE AR R A WA BEAT OS2 R AR TR B, RS R >2I, AT LSDM M ELER), AR/
B R R R AE R — R B I B2 R .

Different uppercase letters represent significant level of the same species among the different sampling dates (independent-sample t- test and LSD-t are used to
test). Different lowercase letters represent significant level of different species within the same sampling date.
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Z AR AR o LS AT R SR R R AR R SRR R K

SO EH T EAKM0-10 em b EH I PN IRIRE SKE, RN Ry & BAERZ
KTy o —BORUERZK AT, ) EEAME Rem(RY), Wiz K R B A AT 570
JFAKERE R AR AR, B SORARYIAIIRENE Wi XA RER hi TAERAIDE TR T Rk AR A8
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Fig. 4 Seasonal variations in fraction of uptake from four
potential soil water sources for different plants (mean + SD). A,
Artemisia gmelinii from site abandoned from cultivation 7 years
ago. B, Artemisia gmelinii from site abandoned from cultivation
30 years ago. C, Caragana korshinskii from site abandoned
from cultivation 30 years ago.

SR 3 T VR L 2 WU 37K 43 (Asbjornsen
etal., 2008). 74F- 4% M- 34 2 R 304 21 AL 52 18 1) Wi
IKAEANR], AT REAS T 74 40 R - 328 3 o A A R
T2, WRARME M R R A ZEUN I Ak, A

www.plant-ecology.com

2500
: 1
7 2000 F
8
% _
© 1
B 1500
5
= V]
e —_—
£ 1000 |- —‘
=
M W r_|_|
3
& 500 F
= % g
= V] PI
S
0 |

0.2 0.4 0.6 0.8 1.0 1.2
FIERE Soil depth (m)
7 1 FFIER L Caracana korshinskii

Z a Laragana Korsnins:

|:] MZINSEE Arremisia gmelinii

[El5 RS AT 2 B NS ) LA AR AR A 2% 2 B 2 R
IR RFALE o

Fig. 5 \Vertical distribution of fine root length density with
Artemisia gmelinii and Caragana korshinskii.

7 1T A LA R 5 O RN AS B4 5 TR KR
FERT A O, WA T 5 K, RN
5 PRI 7K 58 R0 S A, 2 R e S T 75 1 Pk 2 (FF AH B 4
2006), HtEY)fEE ﬁ%%ﬁ%%mﬂﬂmﬂzﬁ
SR 5 iE (2 4, 2012).

AR FER Y, Tl B Rk P K R AE A
M2 N (e FE TSR, T R 23 2 3 U AEY)
TEVR S5, N v I Hh X 5 IR AL % (Cheng et
al., 2006). 7EAERERALINTS S¢ R, B0 b s i Sk
IR ENE T BB GRER, 2014), &5
(1) 7K B8 5 RS Aok itk — A R, AT 520 3 -
I DX AR P A2 o IR T A (10 R SR 5 20 2R 32 1 TR
HEBOME I N T HEAMAT 2 BN LI F /K SRS S e T
BATA AR AR, TSRS R IR, X R
F 7K 53 ) FH S 55 A R TR A Rk B s iR AR R
AR A 3 B P K B RN R KR AR A, 1 KA )
AR NESR o (EJ2 BEE R B IR IE n, A5 sa K
Iy FIFHSRIE R A W R . A 5T B IR B304 1)
RN B AN L I 322 185 A0 AN [ B 1A 3= R P 3R 2 1438
IRy, ok B RN S AN o 3 e R X AR T4k

AT R8T SR /K SR> A ZEHUR SR BN, 1X AR AL
YR E T HUK RN EE, FEERE LIES KE
BEARR, 3R T 4 186 KR B 304 1 R AR B M 41 28 1 3 75



B 3 e XU R ARVE AN TV MR B3 ke 338K 73 R SR 183

BEVEFN N K 43 35 4, 1 FROBEVE B2 IR 2% B ARG
4 ZEig

At FL I8 1T A AR E R A7 2 AT MIXSIRSE 2 #H 45
A T EEBR DT B Fe g X 32 R SR E AT SR 1
(BB 7 A 304F) FIAT 2548 XS JL (B HF 304 4 7K
SRS . BRI, BEE TR, BT
AR L AL 28 AR B 304 1 N L HEAMAT 2%
BRXG L] R Hh A KR, 43R )= (0-40 cm)H3gEK
AR, A ER 40 cmbl B 3Ky, 3
B TR, 2 EIRI40-80 ecm 2 HIEK
g5e AWK R A BRI AT BN, AT RO
T2 e, N AT & 5859 JL304E J5 I i A KA
BRIBILIL R, R ENG ) LAE 1 1 B X AT B
PP I )RR R J ;T IR 304 (1) R AR H b 44
ZY 35 AR T0-10 em 2 H 3K, BE
FHIBMHAFE IR 3G, H25R 32 0 B AR T P R #h 78
()22 2 35K 5.

O SRS AT 2% BN ) LI TR 7K SRS 35 S bk 17
Sof T RIS B T 52 1, W 9T B B X R AR A
AN THEARM KA =7 AR 9 AR S R G
ARSI IR %, (H TN BA KRS o) 1) e 3 LA %
NS U 02 SR T B SR R A U A5 R T 5
Wi, 36T E A G AR KOS T AR 5T 5 A
FLATAINIK Y 54 R R I — DAL .

Sk

Asbjornsen H, Shepherd G, Helmers M, Mora G (2008).
Seasonal patterns in depth of water uptake under
contrasting annual and perennial systems in the corn belt
region of the midwestern US. Plant and Soil, 308, 69-92.

Brunel JP, Walker GR, Kennett-Smith AK (1995). Field
validation of isotopic procedures for determining sources
of water used by plants in a semi-arid environment.
Journal of Hydrology, 167, 351-368.

Cai M, Han RL, Jin SJ, Guo Y, Liang ZS (2012). Effect of soul
drought on growth and water consumption of two
subshrub species in Loess Plateau. Journal of Northwest
Forestry University, 27, 26-32. (in Chinese with English
abstract) [285), #h&%, ¥rislsr, 080, SR80 (2012).
g i b R 2R AR A K SRR R
SR, PHALAR AR 2R, 27, 26-32.]

Chen J, Xu Q, Gao DQ, Song AY, Hao YG, Ma YB (2017).
Differential water use strategies among selected rare and
endangered species in West Ordos Desert of China. Jour-
nal of Plant Ecology, 10, in press. doi: 10.1093/jpe/rtw-

059.

Chen XL, Chen YN, Chen YP (2014). Relationship among
water use of different plants in Heihe River riparian
forests. Chinese Journal of Eco-Agriculture, 22, 927-979.
(in Chinese with English abstract) [[4/NiH, FEIE5, BEIE
WG (2014). PR Y i ] A MRAE 40 K o0 A 9% AR
Fi. PEESLOAER, 22, 972-979.]

Cheng XL, An SQ, Li B, Chen GQ, Lin GH, Liu YH, Luo YQ,
Liu SR (2006). Summer rain pulse size and rainwater
uptake by three dominant desert plants in a desertified
grassland ecosystem in northwestern China. Plant
Ecology, 184, 1-12.

Dai Y, Zheng XJ, Tang LS, Li Y (2014). Dynamics of water
usage in Haloxylon ammodendron in the southern edge of
the Gurbantinggut Desert. Chinese Journal of Plant
Ecology, 38, 1214-1225. (in Chinese with English
abstract) [#5, AHIE, B, 2 (2014). LR
R SR RK T R B, AR, 38,
1214-12251]

Dai Y, Zheng XJ, Tang LS, Li Y (2015). Stable oxygen
isotopes reveal distinct water use patterns of two
Haloxylon species in the Gurbantiinggut Desert. Plant and
Soil, 389, 73-87.

Dawson TE, Mambelli S, Plamboeck AH, Templer P, Tu KP
(2002). Stable isotopes in plant ecology. Annual Review of
Ecology and Systematics, 33, 507-559.

Ehleringer JR, Dawson TE (1992). Water uptake by plants:
Perspectives from stable isotope composition. Plant, Cell
& Environment, 15, 1073-1082.

Ellsworth PZ, Williams DG (2007). Hydrogen isotope
fractionation during water uptake by woody xerophytes.
Plant and Soil, 291, 93-107.

Gao XD (2013). Catchment-Scale Available Soil Moisture
Spatial-Temporal Variability in the Hilly Areas of the
Loess Plateau. PhD dissertation, Graduate University of
Chinese Academy of Sciences and Ministry of Education
Research Center of Soil and Water Conservation and
Ecological Environment, Yangling, Shaanxi. 35-64. (in
Chinese with English abstract) [FiB¢4 (2013). ¥
B2 DX/ A UK A8 7 5 e SR IT.
et i s, P E R AR A B B E K R RS
EREIR L, BETE . 35-64.]

Hu XM, Chen JM, Wan HE, Zhao YY, Xu XB, Gu XJ, Li WJ
(2006). Effect of short-term watering on photosynthetic
characteristics and chlorophyll fluorescence of Artemisia
sacrorum under long-term drought. Acta Agrestia Sinica,
14, 236-241. (in Chinese with English abstract) [#]4HE,
BRE, HTHEE, B, REW, Rk, Z4EE
(2006). %5 3 K X 1T - 4 28 S 5 e A AR A A
SRR IVOCHHERI M. FHh224R, 14, 236-241.]

doi: 10.17521/cjpe.2016.0253



184 fHMIHEZEZR Chinese Journal of Plant Ecology 2017, 41 (2): 175-185

Leng X, Cui J, Zhang S, Zhang W, Liu Y, Liu S, An S (2013).
Differential water uptake among plant species in humid
alpine meadows. Journal of Vegetation Science, 24,
138-147.

Liu W, Wang P, Li J, Liu W, Li H (2014). Plasticity of source
water acquisition in epiphytic, transitional and terrestrial
growth phases of Ficus tinctoria. Ecohydrology, 7, 1524—
1533.

Meng XJ, Wen XF, Zhang XY, Han JY, Sun XM, Li XB
(2012). Potential impacts of organic contaminant on %0
and 6D in leaf and xylem water detected by isotope ratio
infrared spectroscopy. Chinese Journal of Eco-Agricul-
ture, 20, 1359-1365. (in Chinese with English abstract)
[ #H, RE¥ER, KOS, HEE, g, =gk
(2012). AR LA GRS HARN E A A ZEAT K
SBORODIIFEM. F [ A 2 ARk 24, 20, 1359-1365.]

Moore JW, Semmens BX (2008). Incorporating uncertainty and
prior information into stable isotope mixing models.
Ecology Letters, 11, 470-480.

Ning T (2014). Study on Suitable Initial Planting Density of
Caragana korshinskii Plantation in Semi-Arid Loess Hilly
Region. PhD dissertation, Graduate University of Chinese
Academy of Sciences and Ministry of Education Research
Center of Soil and Water Conservation and Ecological
Environment, Yangling, Shaanxi. 1-9. (in Chinese with
English abstract) [ 7% (2014). ;T R2&+ EHEX AT
Fr R AR AG J UGS B % BER AL, e g,
RFE B A A B2 E K AR S ARSI B A R L
Bevbtzig. 1-9.]

Phillips DL, Gregg JW (2003). Source partitioning using stable
isotopes: Coping with too many sources. Oecologia, 136,
261-269.

Rozanski K, Araguds-Araguds L, Gonfiantini R (1993).
Isotopic patterns in modern global precipitation. Climate
Change in Continental Isotopic Records, 78, 1-36.

Wang P, Song X, Han D, Zhang Y, Liu X (2010). A study of
root water uptake of crops indicated by hydrogen and
oxygen stable isotopes: A case in Shanxi Province,
China. Agricultural Water Management, 97, 475-482.

Xu GQ, Li Y (2009). Roots distribution of three desert shrubs
and their response to precipitation under co-occurring
conditions. Acta Ecologica Sinica, 29, 130-137. (in
Chinese with English abstract) [{& 57, 252 (2009). 3
AR AT TR =i TR AR AR ZR 70 A e AR S LR B K
M. AR AR, 29, 130-137.]

Xu Q, Li HB, Chen JQ, Cheng XL, Liu SR, AN SQ (2011).
Water use patterns of three species in subalpine forest,
Southwest China: The deuterium isotope approach.
Ecohydrology, 4, 236-244.

Yang B, Wen X, Sun X (2015a). Irrigation depth far exceeds

www.plant-ecology.com

water uptake depth in an oasis cropland in the middle
reaches of Heihe River Basin. Scientific Reports, 5, 12506.
doi: 10.1038/srep15206.

Yang B, Wen X, Sun X (2015b). Seasonal variations in depth
of water uptake for a subtropical coniferous plantation
subjected to drought in an East Asian monsoon region.
Agricultural and Forest Meteorology, 201, 218-228.

Yin L, Zhao LJ, Ruan YF, Xiao HL, Cheng GD, Zhou MX,
Wang F, Li CZ (2012). Study of the replenishment sources
of typical ecosystems water and dominant plant water in
the lower reaches of the Heihe, China. Journal of
Glaciology and Geocryology, 34, 1478-1486. (in Chinese
with English abstract) [F /5, B4R %4, Btzmig, HikiR,
FEERR, %, £77, FRZ (2012). B T iy
A R GUK I A2 IR B AL SR K o KR TE. VK
#5134, 1478-1486.]

Zhang BQ (2014). Study on Spatiotemporal Variability of
Drought and Rainwater Harvesting Potential on the
Chinese Loess Plateau. PhD dissertation, Northwest A&F
University, Yangling, Shaanxi. 106-111. (in Chinese with
English abstract) [K5 K (2014). # -+ & 7T 50 4548
F MK RIEAIE I, A se, PIbRMmE
BoR%, BeFies. 106-111.]

Zhang BQ, Wu PT, Zhao XN, Gao XD (2012). Study on
regional drought assessment based on variable infiltration
capacity model and palmer drought severity index. Journal
of Hydraulic Engineering, 43, 926-934. (in Chinese with
English abstract) [Tk %K, =4, BT, mEAR
(2012). F£F ]2 R B 25 m AR R APalmer T~ 5 H8 H K X
BB AL, KRR, 43, 926-934.]

Zhao WZ, Cheng GD (2001). Comments on a number of issues
of eco-hydrological processes in arid areas. Chinese Sci-
ence Bulletin, 46, 1851-1857. (in Chinese with English
abstract) [BXC%, FEE M (2001). TR XAEAKLT
TRWT 0 T 0 PR . Rk, 46, 1851-1857.]

Zhao XN, Wu PT, Wang WZ, Feng H (2005). Research ad-
vance on eco-environmental water requirement. Advances
in Water Science, 16, 617-622. (in Chinese with English
abstract) [BXPGT2, SuHE, T, Wik (2005). A&
IR ke, KEFEE R, 16, 617-622.]

Zheng XR, Zhao GQ, Li XY, Li L, Wu HW, Zhang SY, Zhang
ZH (2015). Application of stable hydrogen isotope in
study of water sources for Caragana microphylla bushland
in Nei Mongol. Chinese Journal of Plant Ecology, 39,
184-196. (in Chinese with English abstract) [ 448, #
BE, 20, 22, R, KER, sKEHE (2015).
LR FTE A NSRS ) LHE MK 43 SRR 58 1Y)
M. AR, 39, 184-196.]

Zhou H, Zhao W, Zheng X, Li S (2015). Root distribution of



s 3 e XU R ARVE AN N TV MR B3 ke 38K 73 FI I SR 185

Nitraria sibirica with seasonally varying water sources in Sinica, 17, 9-18. (in Chinese with English abstract) [J&#£,
a desert habitat. Journal of Plant Research, 128, 613-622. XM, = Eak (2008). 1 Fr b X ST 2 BEVE A bl
Zhou H, Zheng XJ, Tang LS, Li Y (2013). Differences and VT TR A R AR 9. Bl 254, 17, 9-18]

similarities between water sources of Tamarix
ramosissima, Nitraria sibirica and Reaumuria soongorica
in the southeastern Junggar Basin. Chinese Journal of
Plant Ecology, 37, 665-673. (in Chinese with English
abstract) [J¥, AHZE, Fiika, 2 (2013). #EME/R
IR G ZRE. FRIANZIW 7K 73 IR 57 [F.
YIHEZS SR, 37, 665-673.]

Zhou P, Liu GB, Hou XL (2008). Study on vegetation and soil
nutrient characters of Artemisia sacrorum communities in
hilly-gully region of the Loess Plateau. Acta Prataculturae FATRTS PR TR O

Zhu L, Qi YS, Xu X (2014). Water sources of Medicago sativa
grown in different slope positions in Yanchi County of
Ningxia. Chinese Journal of Plant Ecology, 38,
1226-1240. (in Chinese with English abstract) [4#K,
WL, VFM (2014). 7B EhIA R AL 0088 B 5K
KR, FEWADFAR, 38, 1226-1240.]

doi: 10.17521/cjpe.2016.0253




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice




