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Water sources for Tamarix chinensis Lour. in different habitats on Chenier Island. ZHU
Jin-fang"*? | LIU Jing-tao", SUN Jing-kuan®, ZHAO Yan-yun®, LU Zhao-hua®’, LI Jun-
sheng' ('Biodiversity Research Center, Chinese Research Academy of Environmental Science, Bei-
jing 100012, China; > Shandong Provincial Key Laboratory of Eco-Environmental Science for
Yellow River Delta, Binzhou University, Binzhou 256600, Shandong, China; > Institute of Resto-
ration Ecology, China University of Mining and Technology, Beijing 100083, China).

Abstract: Tamarix chinensis is one of dominant species and widely distributed in the Chenier Is-
land of the Yellow River Delta. To detect the water use patterns of T. chinensis, we conducted a
comparative study at two habitats, seaside and dune crest. Soil moisture, soil salinity and oxygen
isotope compositions in the xylem water of T. chinensis were measured during two plant growth
seasons. The IsoSource model was used to calculate the feasible contributions of potential water
sources to T. chinensis xylem water. In July 2013 with high precipitation, 90.9% of the xylem wa-
ter in T. chinensis at the seaside was from the 20-40 cm soil layer, while 51.2% of the xylem wa-
ter at the dune crest was from the 60-100 cm soil layer. In July 2014 with low precipitation,
58.4% of the xylem water at the seaside was from the 20-60 cm soil layer and 67.0% of the water
at the dune crest from shallow groundwater. In addition, T. chinensis at the dune crest took up
deeper water source than at the seaside because of the difference of soil and groundwater salinity.
Thus, the water sources of T. chinensis varied with habitats and precipitation. These results sug-
gested that T. chinensis could adapt to variable habitats and precipitation by altering the water use
patterns, which benefits its competition capability for water resources and the maintenance of eco-
system stability of the Chenier Island under stresses.

Key words: Tamarix chinensis Lour. ; water source; oxygen stable isotope; Chenier Island.

E XK H AR I 4 (41201023, 41401100) FE K8 S0 & 114051 H (2016 YFC1201100) 5EBY
Wk H B 2016-12-29  #E%Z H . 2017-05-23
# WIRMEH E-mail; ljteco@ 126.com



2368

FiE HsW

EARES RGO, i TR 2 5 AR
T ERSE R R (52, A AR R TE I A AT A SR
ANTR] DTS EOAS (] 3¢ /] — 4 b 18] 7K 73 e 5 7 A 22
5 (Ehleringer et al., 1991 ; Dawson et al., 1996 ; Chim-
ner et al.,2004; Oliveira et al.,2005) . FH %) H9 K 43
HRIFFE R R A IF AR 58 22— 2, 53]
I FH/K 19 5 %5 VI AR ¢ ( Ehleringer et al.,1992; Ewe et
al.,2002,2007) . AWK 3 A P 14 228 A i X R 45
K 53 55 A AR AR R — B B AL (7 8 45,2011 5 Xu
et al.,2011;Dai et al.,2015;Wu et al.,2016) , FEI%
7, M) A2 EEWOR] T AE R R b FE 12 330K T
TET2, TR G =, KA A A TR
R FR MR Z K sl AR 6 2 HA B XK 43
72K (Ewe et al.,2002,2007; Yang et al.,2011) , Wu
£ (2014) 76 X5 VD B AE W) 7K 43 R 3w 1) Bt 52 v
B Z RN ( Tamarix ramosissima ) TEIRH 2= HE
i A2 - S X S R OoK 43 T A T 5 2 R A
BZE M EZDIRZ oK Oy £, R R RHEAR
R B PR SR AR A0 R L, D AR K ke R R BT 5 4
T —Fh B 1 £ R T Bt (Ehleringer et al., 1992;
Schwinning et al. ,2005 ; Cook et al.,2006;Duan et al.
2008 ; Xu et al.,2011 ;7% H##£5%,2013) , RTHAIMFST &
B A AR A K 3 G AR AU E Rl
E(D) & KAEW (Lin et al. 1993 ; Ellsworth et al. ,
2007) . Pk, 78 A BE 5T 32 DL SRR E ) AL R
("0) R FEIREHEN

M ( Tamarix chinensis Lour. ) Y 2 — Fh LA 19
i AR e P AR z , NP AR BAE 2
RGBT A S RGA A, BA B RUE T |
77 80 151 312 1) i 224 T (X1 & RS, 2001 5 Cui et all,
2010; 254774 2013 ; Zhang ,2014) . {E B ] = F YN
DUsEse i N BN E2 DL AREA 434 DX iRl
JZ ARSI GBS 2, 2011) AR DL5E
B iy, T SRR JORAR UKL BT o LR g
FUBRK Rk PRIE RE ) 55 , 3 & K AL, oK 43
JI Ry PR A 122 0 DAL 70 A 1400 e 2 B ) G BB 58
“F(Zhao et al.,2015;Zhu et al.,2016) . HHEJ, ¥ F
ZHL XIS 32 BB TP e $h B LB (R & T

F1 AEEETHEEEBHERRKRL
Table 1 Vegetation distribution in different habitats

4,2012,2013) JEAFetE (B ILESE,2009) koA
FRIE (RXHE 2= 55, 2011 ) 55 5 T, 10X A 7K 43
D7 TR D (R4 T5 55 ,2015) , 1B R DL 5E8 5
S B AR SATE A R 5 A0 B9 7K 43 01 FH 54 s et 1 & 4
HERRGEEAMYRERfa e BAHEEME L, #id
HEAEA [ A B v BE R K 25 A AR AR AR AR B K 5
TEAEZK IR (RHEK bR 7K) 19 80 18, 43 A BEA0 1)
FEIK IR 28 T A ST A [ A 55 v Bl o K S AR
AR 7K 43 AR 1) A5 Ak, 8 7 AN [A) AR 358 B0
TR G33E N AILR , A 8 TRT = A U DL 76 B T8 b AT i 7 PR
52U R A ERAAEARA S T o R A A ) )
BEHLS AR

1 ARMREHARTGE

L1 R XA

WHFFE DAL T I AR AR T DL 523 I 500 b [ AR )
FLARR AP XN HVE &, b A &y 38°5751" N—
38°21'6" N, 117°46'58" E—118°5'43" E, %X f
i W22 R el AR T 2 A o P > Y A, AR 3 K
4 550 mm, FEFAEHTE 6—9 A4y (i 2 4EREK S
70%L) 1) AR 275 K i O 2430.6 mm, AR 2K
i 12.4 °C (VLT ,2013 ;K4 755,2015) . Dlo¢
SR M MRS ERAE 5 m LR, R /KB (1~
2 m) WALEE R, IO AR R A R
JE R ANES 5T DL 5e 1+ 34k, 1R R IR
th M Ferb 2 CReT7 45 ,2015)
L2 PR E SRR AR

TEWTFE X AR B 0 43 A 17 0, T DL Se S e
BRI A4 EE 14 10 mx 10 m A [ 2 B
MEB R B T AR R R 56l 5 (Artemisia
mongolica (Fisch. ex Bess.) Nakai.) .75 & ( Artemisia
carrifolia Buch. ) FEFLAKEY) ; R ONAE b v | AEAT0
T AEAEAEYE TR 53 AT A — EAMALRE ( Limonium
bicolor ( Bag.) Kuntze) HFP5| ¥ ( Messerschmidia sibiri-
ca Linn.) \KEESE26 5 ( Zoysia macrostachya Franch.)
SERAAEY . AR AEST R R AL AR AL a3k 1
B

SPAIEERE 2013 4F 7 A (H BRI 293.3 mm)

B T bl A B (%) AL MRS BRMEZE SFIRE (m)
ST A EENGERY 55 REMD kb iR AbE | 1.00 0.91 1.58
WA LaVa Rt 90 BRM S 1.00 0.83 2.15
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A, TR FERCREE IS ST IR AT ZEM BRI P I
H Parafilm & 11 A9 Fl 38 FE S 7E - 10 °C F 2
WA TR KEEAE 4 C R IVAE
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Fig.1 Changes of soil water content at different habitats
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Fig.2 Salinities of soil and groundwater at different habitats
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ARG M 0.113% ~0.262% ., 0~20 5 20~40 cm
TSR LR EER(P>0.05), H B EKT
40~60F160~100 cm +IEFEH (P<0.05) ; MR
MIFENT H 35 $h i b 75 + R B o — s i
185 30 T O A AR R 3 458/ (0.085% ~0.098% )
&2 TR R B ST T (P<0.05) , 60 ~
100 cm 3 ER AU 0.098% , 7F 2014 47 H |
VA -4 7 b Al E AR H S 2013 AEAHAL, (H
AR B E R T 2013 4E (P<0.05) ; MEE AR
N N we = e RV ) | SR = o S A
H#,0~20 em HHEE RS 20~40 .40 ~60 cm +
s R R 25 (P>0.05),60~100 cm 13
TR (0.057%) BEALT L2 (0~60 em) &
EhiE (P<0.05) ;5 2013 4FEAH LL, WS ARMITE DA T 45
BB R B E R (P<0.05) , HL5 I &
a2 R B#E(P<0.05), 2013 4 7 A H12014
AE 7 AR K S E R IO 27 (P>0.05) , i

HUR K o S TS R K (P<0.05)
2.3 HVEAEKIE SRR R K 810 A

ANTRIA= 358 45 TR AE AR IR S ARMINAS B 7K 9 8™ O
HAEARRIBEK A T AR IE N & 3 fr s, 7E
2013 4F 7 H ATV M MIE N T, 138K 8% 0 {H kil
TR A3 imn &l 25 7 i, 460K 80 (E YA kv [l
K -8.96%0 ~ —4.96%0, 7 JZ 1K 80 {H 22 1] 2 5
35 (P<0.05) , BMIATHS K 80 {H Y5 20~40 em
FHOKAY 80 [EZ 18 JC 2 3 22 5% (P>0.05) ; Ifi
BRMIEN T, £ 5K 8" 0 18 /Y 48 1L 75 Bl 4/
(=9.56%0~—8.23%0) , 452 £ HEK 8" O {5 i M
FH 22 5 35 (P<0.05) , BEMIR BTES K 8" 0 fH AT
FHUF 7K1 60~100 em +3E/K 80 210, H -5
TAKSPOH LR EZES (P>0.05), 7E 2014 4F 7
A A BEMIFEN T | SV K IR R
JEEBAK Y 800 HHK 2013 47 H¥ B ¥ &
(P<0.05) ; T 1RO 4338 7K 8" OB 1 78 BBl K —4.55%0 ~
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Table 2 Proportions of potential water sources ( %) for Tamarix chinensis Lour. at different habitats

Vi 3 R ey
2013.7 2014.7 2013.7 2014.7
TR 0~20 cm 5.0 (0~20) 15.2 (0~63) 6.2 (0~28) 3.4 (0~16)
20~40 cm 90.9 (80~97) 32.9 (0~63) 12.0 (0~54) 5.8 (0~25)
40~60 cm 2.4 (0~10) 25.5 (0~100) 11.8 (0~52) 8.2 (0~35)
60~100 cm 0.9 (0~5) 16.9 (0~70) 51.2 (17~78) 15.6 (0~65)
HiF K 0.8 (0~4) 9.5 (0~40) 18.8 (0~83) 67.0 (35~87)

TSN I8, 155 D (i IME ~ SRR o

—2.74%0 % J2 T HEK 8% 0 M| H i fa 5
2013 47 H Rl BIA BT K 43 8°0 fE 5 40~ 60
em TR 80 (HE .3 £ 5 (P>0.05) ; M A
3K 80 {EFH R BRI 2 A &2
HEK S"O HZ M £ 7 B # (P<0.05), H B EM/KT
PR 4K 80 H ( P<0.05) , BRMIA T #/K 8" 0
HA T Hb R /K F1 60~100 em 3K 2 ]

2.4 BEMIN AT AE K IR A A L B3]

AN A B S AR BE R K 25 AR A% 45 T TE 7K TR
(R LB AR an e 2 firs . 7F 2013 47 H 0
AR MR FH B 7K 43 JLF- 4238 5K I F 20 ~ 40 cm
HHEIK (90.9% ) , X HoAh £ 2 3K ik 2 R K
(AR LA 8580 5 E S AR A0 ) 7K 43R TR 22 R 60 ~
100 em 3K FIER 2 H T 7K, Hord 51.29% 7K 435k
J5 T 60~100 em TIHEAK X8 240 R 7K 8971 FH L 4]
4 18.8% ., TE 2014 4 7 A, B T FE I & K B s
AR R HEE KR BRI, TV AR AT 20 ~ 40 cm
3K A F T L AUAR FE 2013 4ERRAE 58.0% , %o HiAt:
252 HOK AR 2 R K B R LA g
Hrpr F=2LL 20~60 em 4K FEKIE(58.4%) 5

1T PERF AT 3K B9 M L4 33.0% , T
K (67.0% ) BAR K R H A B I3 KR

3 i

3K — i T A R b A AR I B TR K
FHMFE ( Gazis et al.,2004;Xu et al.,2012) . TEEEI]
=AU DL 7SS M P A TR R 2 M DX 32 TR AR
FEUR,2013 4F 7 A R K, 4 2 15K 415 5
#hFE, MM 2014 4F 7 H BER EEAR, S8 RIE S K E
RERRAC, LRI 5 R R I UE AR O K
A SF SRR UI O CRZ SR, 2013) o BERT I UE
T i AL £ I Isidoro F1 Grattan & B, [
XD R S5 IR G SR X 2R 1 YRR B4
(Isidoro et al.,2011) , FEMIVE Ky —Fh i £RHE 47 , B
MR S P o A R IR A R (S
BAE,2011) o FETT = A e X, ek ok
U5 32 X2 W AN T K (5K B B 45, 2006) | T 7E
DUSESRITHb A3 Bt R BR 5T+, IR B FLBUR,
TRV E RS, & Eh R KB i AR
Ve AR 2 A8 (Xie et al.,2012; 4074
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2015) , Rtk i X3k 3 R 4 2ok A R, A
o R, ARRIAET 2014 4F 7 A& )2 48 &b it
IR EMRT 2013 45 7 A, FE 2 i T £ 4319
WIS ok T PR IR B AV T 3 R 4 [ B A W YRR
FEBIRN A R AR BRI 9 F |, /DR 7 A
TEMELBMIRET 60 ~ 100 em 325 26 B 3 1%
F LR s BOR AR R B
£ 50~ 150 em By HEH P 60~ 100 em 115
AR A3 MRS ARG 858 1 5 AH R, FE T TR AR E AT
38 R R B B 0 0, B B TREK
WK 5 X AS R VR e K T8 A R RN E R
.,

KRR E R B A RS | 2Rk S
FEA K (Gazis et al.,2004) . FERITEIE RAYEFE T,
0 B ah 55 HIE 0 K o 1 B 55 1 45
Grfie, MR K78 & 5 e 2 g U KR 0 Bl
FAk, LMK 1 8" 0 {1 — AR T R KR &
U8, T 5 W 7E 38 b 118 8 i R A KRR )
PR H W= A 22 5% ( Zhang et al.,2005; Gu et al.,
2015) , ASCAFGR &5 5 s, 2013 4F 7 H 36 i i
WERRMIEN T 42 £ HOKH) 80 (H B E KT
2014 4F 7 H 5K 80 &, X WITE 2013 427 A
e R T2E ki, BHKZ2 Km0 & 4 7%
b, WAE 2014 4F 7 A REREHAR, 10K "0 HzEk
75 RS 1) SR VE FH o R i v i 351k, — e ol
T, B HHER B N, R ZE R s R A F E S
FETR UG (Shurbaji et al., 1997 ; Cui et al.,2015)
AT, 2014 4F 7 7 MR BRMIVE A T 445
KRR [R5 28 A ) 1) T8 A1 1 0 5 i 45 10 A — 2K
TE AR MIFE T 40~100 em +3K A 880 1K
£ 2013 4F 7 A F12014 4F 7 AR ZEE T 0~40 em
+HOKH §%0 A, X FEEH THAKP 0 E4E/~
JF — MR (2013 45 7 H K 80 =~ —6.0%0;2014
4ET H K 80 =~2.0%0) , iV IEFMFE b A7 T 55
TN, K B K KT8 B B R L R 2 L3
FITF Lol A5 3T VA £ 39 7K R0 HL R K A 8" 0 (B 5
ICAR T AAIHE LR 20~ 40 em +3EK A 80
HAETZE BEHRERTRZE AN FEL 2R
:— & 0~20 em T2 ZE KR FE L 20 ~ 40
em 73 A& 0~20 em 2 KRR N FEHP (>2.0 mm)
o7 T EORE L R e (R4 T 4, 2015) , HIERRK
AE 155, KR /28 A5 20 ~40 em 2, 15
)2 P BOKERE R R kAT

Bifi 2 R AR AT LA K B R AR e ) s ] 1
(AR AL ARG 25 SR A [) 19 7K G 01 FH 5 s A 1 %of
XAPARAE BT 77 A B9 7K 53 38 ( Stratton et al., 2000
Wu et al.,2014;Gu et al.,2015) , TEEFFETWESR
Gerh R 7K 53 ) SR IR 52 8 T 52 e /13 52 v
FEKUE S Fh B AR, Ewe 55 (2007 ) 76 % 2 1 12
HOAE 7K 43 R H SR i) B 5 v i I, TE R T 1Y
MZE  3RJZ IR LIROK 32 A B /K o2k A
TREZLHOK AT 2=, R3S b B8, Ay
WA A HE K R H R K TR A K. TR A B A
(2011 ) FEXF 52 DCHE B 9 7K 53 1) 5K g 1) 0 5
Hh B AR TR I K B A v ) b DX 32 B DA P VR R
TR Ry F | TR R K AR A X T DR
T KRN KA, AP BT K SR T TE K 5
TRRIRB K, PR A [6] A= S5 AR AR B AR 7K (9 8 O A
TEAFIREK ST R 3 0 22 ek, ATIESE
F W]l CBAE ) AR BTRR K 5 A& W TEK IR Y 810
{8, 7T LAB 22 A8 9 B9 7K 43 A U5 ( Dawson et al., 1996 ;
Ewe et al.,2007) , A5, IsoSource 453K,
WEFD BRI EY 2013 4F 7 1 BES BN 60~ 100 cm
KA F T He A, % 0~ 60 em - HEAK R
JE U K B MR s TR, i TR R
ER AR B S B A )2 R R
B 3K Ho 4 S AR YR T 20~ 40 em 3K
PR ER TP RN SR 43 )R A 2 5 me . 2 4>
A B AN FE SR A R IR 25 S SRR AR R o0 A
WAIAH K (Nippert et al.,2010; Cui et al.,2015) , &
B TR A e o W TR X PR
UTHEEAS MIAR 2R ] TR AL g A 7R R T B A/ 1Y
2014 4F 7 A, 55 K EEREAR 2T T QUM RO
AR XS B — 4 J22 R K Y B v e AR S 0 22 )22 43
IR, DA ARAS R 88 B 7K 43 il /2 A K R oK
e AEMIHE AT, 33 K AR B A AR K-, X
MCEE K & TRk A0 AR B SR, PR AR M Y
FEIKIR Y K L O & Eh R R W E R
Ko TEDLSEIR B TE N, BRI P A A ) 24
TRIR RFAAEY) (B HE = 45,2011 ) , 7F 4K B D
FIZETT  BEMIDIX T F2 K R IR R 8 A 1 5 H
PEAAEY) Z 8] 7K 53 55 4, A A TR R A 19 4=
1K et DL B N AP e SR A7 3R s TSRS
TEE A T IR E M, [ AN [R] A2 455 7F Bl K 73
FRAFEACREMIK 53 A Y5 1) 5 722 A ) T 1 s A A0k
IR 2 AR PREE 13 N BE T, 2 i A S R G K Bt
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