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Water use strategy of Platycladus orientalis in Beijing mountainous area

LIU Zigiang, YU Xinxiao, LOU Yuanhai, LI Hanzhi, JIA Guodong® , LU Weiwei
Beijing Forestry University, Key Laboratory of Soil and Water Conservation and Desertification Combating of Ministry of Education, 100083 Beijing, China

Abstract: In order to understand water source of the dominant tree species Platycladus orientalis and its eco-physiological
adaptation during growing season in Beijing mountainous area, the Platycladus orientalis of water use strategy under different
soil moisture conditions during growing season was studied. We employed the Iso-source software and measured the 8D and
8"0 in branches of trees, soil and groundwater to clarify their water source during growing season, and analysis combined
with eco-physiological factors, such as leaf water potential ({s), stomatal conductance ( GS) and water use efficiency
(WUE). Results show that Platycladus orientalis water use strategy with seasonal fluctuations, the in different seasons of
different depths of soil moisture utilization ratio are different. In the dry season, Platycladus orientalis absorbed water in 0—
20cm soil layer, the average utilization rate between 27.6—31.3% , at the same time, it utilization of 80—100 cm deep soil
water and groundwater are in the range of 27.0%—33.7% and 22.0%—28.9% respectively. In the rainy season, the ratio of
Platycladus orientalis absorbed 0—20cm soil water increased range of 47.2%—60.9% , the ratio of absorbed water in 80—
100 c¢m deep soil layer and groundwater is decreased, range of 10.5%—16.2% and 15.2%—19.8% respectively. In dry
season, the drought and water shortage of Platycladus orientalis is more serious, leaf water potential 44.5% less than in the
rainy season; the peak of Platycladus orientalis stomatal conductance appeared at 10:00 am in the dry season, but 51.67%

less than in rainy season, the photosynthetic rate and transpiration rate of peak also corresponding fell 22.3% and 37.0%
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respectively. Platycladus orientalis can reduce stomatal conductance decrease water loss to obtain higher carbon assimilation

rate and maintain higher water use efficiency to adapt the arid condition, showed high adaptability to arid condition.

Key Words: Platycladus orientalis; water source; use strategy; hydrogen and oxygen isotopes

M B SRR R AR — RIS K S R IR AT R © 2 N T E AN RS B
Eﬁ?ﬁiﬁfm,*E%?ﬂ—:Z: W) 25 YT 8 A2 AN A RE E Y K 43 W aE , TN E/‘J7J(§J\*Uﬂquﬁ[2'3] o Ewe & Sternberg
SIS B BRI AR RN IEAT T ST, R BT AR RS 7K 2 (4 R FH B I i 2 i stk M e R A R
IR 7K, 72T 2% 2R 487K Nippert 85 b 2 SR Y FEAS ) 2715 2 R IBUAS [v (1 7K 40 R SR e, 24 3%
JEIK G 70 e B, B AR A 2 7 1) W ORI RS2 K RS-0 RIS MR S R B, MR A R AR
W 2 v 2 R A TR B AR K TR . PIVST SR 5D 6 RA T L P 8 L X A 0 T A o R BB T IR 7K U B 43 <
FLOCHA 7K 53 R T SRR T -2 rp o BRI ZK 43, B A S A PT DUSE 5 2028 B A BRRRAE s 5% A2 R AN
v R J32 7K TR 1 SRS AT 17 L1 DX T SR M3 10 AR A AR R s A B S R B, DA 23 ot
WA AL 5 B Bl N 25 I R A5 U B AR BRI DR I8 W T S BREE . DT I WE SR, XA Y 7K ok
U8, JES 6 LA AR SRR RS A B B HC K 93 1) FH SR s ) F 5 R DL ARG

Featil DR TR A M T R X R A R, RN B A AR oK a3 s T
Y RERAUBEARRE A AT IR IR AL 5T XK Ay R R R, 7K 43 5 Sl R ) 241 XA
WE MBI . KIP 5 B B G T30 O G RAEFIRI KO A RAT & Rk 1 5 55
AREAERFIE R AR E T, I (Platycladus orientalis ) AF S L5 11 X537 5 B ) ) ML A B AT AR
Filv, 285 AT 1 SR A5 R R [ 2 A 0 R B0 0 A it 98y A 2305 I P 20 R T H Iy o 1 55 e o SR LA 7K 43 R
SR FIALT] AN TEAE | PRI S AE R BRI Y RTT 5 N BIFSE A K oK 23 A8 A 0 KU K 53 1 T80 A
SRESI R TTRERZ IR

ARSI E T MFRE 557K B LT e 7K U ( 438K A T 7K ) i AR S 4RI 28 A S k34 <AL
T OGH H AR R AR A A T LU T AR AR 1 2= A 7K R PR A A 3R SRR AR R4k, P O
TEZ PR T R EREE K 23 A, St mt Ll DX R BIVR 2 0 s 100 A8 B I T 2 2

1 RS

1.1 B A

T 2015 AL FOMOL R4 # B AR AE S R
Gt [ 58 AL SR i AT (181 1) it s A R 0 [ 5%
FRARFE P 5 A2 O IX V3 R B 450m , J8 T4t
PR SRR S RN i =Y A R TR S K T B
6°C , ZFEF Y E R 41.6°C |, 2 B E-11.
6°C , 35 H M B £ 2662 /N, 4F ¥R /K 2 600—700

40°04'N

40°03’

i
Lzzﬁg;
B
3

mm , [HAEFEK ALY, FEERLE 6—9 H |, iZntHH] S DA AR Hy X

B WK BT ik A ARk B HY 70-80% . 11X AR b A CIPRORRARBE 02 SUMEAREA
WAL 1958 4 LS 2 AR SR R B b5 AU A

DT 3, Hr G s bR R 2 | KT A M 30 4 Bl BRERSH

Fig.1 Location of sampling site within the topographic map of

FIEZILEE K A A, el AR ARBE 36 R a5 85%, WL
DO SRS £ A 1K, SRS 1, 2 B0,
JEHELE 80—100cm , e JZ AR o & i A0 BRI R EA N £ 0%, )2 T 0 MAEAA B BE I e J= A A1 K

the studied area



12 X E SR A st DO 7K 3 ) SR 3

HE R R AR GIE M T K i TORAE AT R T R A AR 52 AR R R 2 BORK S R K
A7 A RSO [R] B ) (S AR . IBORE s 20 A 0 BB SRt bk i B n 2 1 Fms

F1 EHEREESR
Table 1 Condition of the experimental plots

, AR W SRR S35 1R BE T Az
g i , ;
T o Land class Sample Density/ Average Average Average
fee species and e area/m> (trees/hm?) stand age/a height/m DBH/cm
MIH Plavycladus orientalis N T 4lipk 40 1250 50 10.7 13.5

1.2 FEACREE

FE 2015 AEREYAE R ZR ) 4—9 H A H S BUHR IS IR TR 5l ISR AR  IZINH T B T e [ N i (3—S5 H)
H(6—8 ARk (9—11 H) =4ZFT,

FERE M IR 3 R T T AN AR RS AR & AR AR AR LR B bk | SR AR TR fb Y LA 2%
REBRRAE 3 MRS TEREERAAE R R, BEALIEER 3 A RAE AL AT 120em AR 3.5em 1) A R4 + 1
Fefh, THERZE 40cm LI AR 10em RAE LA S, 40em LLF BERR 20em SR TSRS B2 R4 3 M
i MR ACREE S TP R SRR 4 1R, AR M R KB B 3 AN SRR, B SRAESURSE 3 K, AP IERR S
K75 % S B A 2408 BORE 5 F R A 50ml i H , I Parafilm P53 A5 T UKHE (-20°C) , HZE
[ 57 2 5
1.3 HEah A R AE I

ARYRHE i SRR 2 (0 2 A ARl R A K SRR S ML 230 % 58 A, S FHAS BT Bk 2 i SRk 2%
422 2 TN 22, 0 PRAs 2R A S 03 40, SR U5 R FH IR, L 28 ¥8 B T A AR B A R R 3K oy, X F R+
SRl AR SR A K A DA 2 I T e ) e AR i ), 75 S B aZ ke i . BifJS ) LGR DLI-100 )
AIKFEEZR AL (32 ) I b B KA A R 7K A [R)467 25 8D .80 fB, 2 8D 8™ 0 Wil 2 15 22 43l by £0.
3% £0.1%0, MIAFKAEH Y EE AL R A 5 “ PR RFEK (SMOW) "I T-03 25, Km0

sample

85X =(

— 1) x 1000%o (1)

standard

1 ,6X J 8D B 870, R, T R S RAE A HT SMOW 1% D/H 5"°0/°0,
HRAE Rl 07 2R o et Sy S B A AR B AN [RIK 43 R IR AR S5 7K 43 i [R5 2B 24 AN R K A
[ ZAE TR A, o] DL ad 22 7026 Mo Mr i 777 , I Tso—Source 455 7Y 115845 A%F A A U5 K 9 1 W IS0
TP EASTRE KRR D A0 R 2 R A Tso—Source #5573 24 9 AV 76 7K 5 A4 [] 437 25 (B0 AH ) 1
AR, AR PN K IR G I —A AKX RR N
6X = ¢,6X,+ ¢,6X,+ ¢;6X,+-++ ¢,6X, (2)
cF eyt eyt e, = 1 (3)
20X AW ARZETARBIHS K> 8D 5 80 fH,%0; X, X, Xy~ X, 535 & AE KPR IK 431 8D 51 80 fH;
€€y €50 e, TN AR AT A 7K IR A W R TR
1.4 DUHEHAR( Ps) ZEBHAE( Tr) MASLLFE(Gs) ME
AR BT BRSO R Li-6400 #5500 G AU I M o) &3 (Ps) (28 IE 33 (Tr) AR
FLEE(Gs)  FEMIMEE By ERLIESE 3 st B 3 IRE &, T2 I IR] 24 06:00-18:00, 4 2h Il 5E 1
WERINE 3 B 2 AN EE T DU O A RS K 43R RCR (WUE) |, Foman +>
WUE= 1% (4)

1.5 I H K3 () TsE
B H e BRI R | BERE A /N PR BYRENLBTEC 3 F- AR B, KR SR | B JE R H A WP4C 85 55K



4 A E = 36 &

AL (Decagon, /K S, FEIE]) F it 2 il it b - HE AKX, C 480
2 HBREH

2.1 KA RS HIEARRS K R AL

M 2 AP AR AE K 28 4—9 H B BB K B ol 520.8mm, Hid 4—6 A 1 H #1F7K A 39.8mm , J&
FRZE;7—9 ARKE RN REN 77.1%, BKERZ & TiZE, ARFEARETIRTIET 7,4 30.
0°C , A K ZW RN 22.6°C, Bk, 6 4~ H I 3SR AR E S BUC S 18 38 i 5 A i #a T
Fase AR fb et (B 3) , — R 2 0—10em 1 HIEF K ELT 10—20em 1), RFEHTFH LS KEN 6.
73% ,NZEN 10.54% , N LR ZE 5 56.61% , i IH 22 0K /-8 5k, 7 A A V3 1 &K &N
12.23% , i TS /K S IE, 158K 5 70l

U - 350
120 F — EET 4 300
\E 100 4 250 So
g 8
§ 80 - 200 g
5 60 15.0 §
> [
% 40 F - 10.0 &
& pc|
20 4 5.0
0 | I | . il .. . L |II| I hi. .I.. | | Al 0
2015-04-01 2015-05-01 2015-05-31 2015-06-30 2015-07-30 2015-08-29 2015-09-28
H i Date
B2 BAkIHREBENTH
Fig.2 The variation of precipitation distribution and temperature
2.2 HHOK HR KRR SRK I SR R 2R IR ER PN
. e . Soil water content/%
LS R T N N = s R Bk 7 R O | K O ] D 200 400 600 800 10001200 1400 1600
e — roes 0 T T T T 1
FEAEI B A 2 D B, AR RS Wbl [X (2013 4F) F 2%
MK DT B 8D = 5. 987781 0-9. 072 6 (R = 5 [ )
0.9223) ) W LA ih A K BN EHOK T kAR EETO —9)
KRR R AERDL T4 T2k ok T3 9
MHITEE T Jr, S0 80 M 8D {H 4 9 1 - 6. 74— 80
~0.05%0F1- 60.89—39.42%0 1 [E A5 4k, F 2= 19 8'° O Fl ~1oo =
8D {43 I £ ~83.38—=3.66% 1 - 71.49—-38.01%o, Hi B3 tEaKBTH
WEHE ,Eéiuméﬁ/ﬂ 30 F18D {E%?}ﬁi/]\%%o = Fig.3 Variations of soil water content

0—10cm +3E1) 80 F1 8D {f = T 10—20cm +3, IF
Bifi 25 - SR VR BE R 0 2 W AR R B & 60—100em, +- 1819 850 F1 8D {H % 31 Fl& /I, MERE 0—
30cm (-4 80 F1 8D (HAELEIZL,0—10cm +3EH) 80 F1 8D {H H 10—20em &, 7E R )Z 80—100cm +
HEH B0 M D A 5 T KT, TEEAN KT, T K 80 A1 8D {H 45l 75 - 10. 11—=7.95% 1
-71.06%—-67.62%% 81 , W SE Fl /N, AN K, A K FENBELK S 8" 0 1 8D {H 435l #F - 70.01—
=50.02%011-7.38—1.38%0 3l [l 2y, H N5 2= 31 2% 2 2 W 4G I3 Ui WA 7E 7 2= b i K 4>k 5 R fig
AL,
2.4 DA K R G A L 5]

R [ 437 2% [0 it < 1 B i 2 Tso—source ZRAFTTH BN (B S) Bl 2275 AR 1k, MATTXEAS [R]UR BE £3E K
SR LB R] K o R IR 2 A8 b, e K8k =5 B, AN 3R )2 0—20em 137K 1 ~F- 34 1



12 RUNEE S P | e T e 1] Vi IDEE b Y 5

-12.00 -12.00 -

41 SH
¢ 0~10cm
-1000 - m 10~20cm -10.00 |-
A 20~40cm §
_ L © 40~60cm N |
80017 5 60~80cm 8.00
A 80~100cm
-6.00 - O HiIFK -6.00 -
® &k
-4.00 |- -4.00 |-
-2.00 |- -2.00 |-
0 | 0 1 1 | |
0 -20.00 -40.00 -60.00 -80.00 0 -20.00 -40.00 -60.00 -80.00
-12.00 ~ 65 -12.00 ~ 79
2 -10.00 |- -10.00 |
S~
=
%S -8.00 |- -8.00 |-
]
i S
SR 600 [ -6.00 |-
E £
B2 400 | -4.00 |- { %
)
=
S 200 |- -2.00 |- {
0 | 0 | | | |
0 -20.00 -40.00 -60.00 -80.00 0 -20.00 -40.00 -60.00 -80.00
-12.00 85 -12.00 9
(0] (0]
-10.00 | -10.00 |
-8.00 - %} -8.00 - §
-6.00 |- E}ﬁ -6.00 |- Ei @ ;
-4.00 |- }E -4.00 |-
-2.00 |- -2.00 |-
0 | | | ] 0 | | | |
0 -20.00 -40.00 -60.00 -80.00 0 -20.00 -40.00 -60.00 -80.00

AFMEILE
Hydrogen isotope value 8D/ %o

B4 LK MTRMKEZKNEREMERRFAE
Fig.4  Distribution character of hydrogen and oxygen isotope value for soil water, ground water and xylem water during the

experimental period

BT 27.6—31.3% , XFIR)Z 80—100cm +IE/K FTHL T /K B A FH 2R 4 A F 27.0—33.7% F1 22.0—28.9% 2
6] s HE A2 AR 2 0—20em 3K LB K T 47.2—60.9% , 3R JZ 80—100em 37K Fil
TKEFH AR, 43 3T 10.5—16.2%F1 15.2—19.8% , FHIH 2 AAATEH ZEX0F22)2 0—20em +JE7K
- X F ELAGI3 0 T 83.5% 5 X R 2 80—100cm = 37K Fl i T 7K 114 3F- 25 ) L A5 43 5100k /N T 106.9% Fil
28.2%, TEEAEREN, X 20—40cm . 40—60cm Fl 60—80cm X =4~ 4 3 JZ /K 43 F| FH He 4l 5 /0 | 7
1.9%—10.1% 3t BBl N 8 30
2.5 MK A IRCR S T R IHE O R

WS A U AT oK 3 (@) 22 AN R 6 IR, TCie S 2Rl 2 52 e U1 JEAR AL BV R R3] v /1 1



6 S % 36 &

FME b ¢ RIS THE @ Bl MIAR 7E — K p H 20—10cm ®10—20cm =20—40cm =40—60cm
KT HRBEAEZESS, AR L B g IR TWZE, m60—80cm w30—100cm m groyndvwater

120

VLR SRR A A K 435 SR ™ 5 WA AR S 2R 0 IE
1200 iK 5] g WE{H , H—5.98MPa, 75 i Z=F B H T e e
£ T 14.00 iKEEAE , 1 -4.14 MPa,

WAL FEE (Gs) B2 224Nl 6 (b) R, A=

60 . I
‘l’//ii%&lj;] GS EIEIEXX“I%“M }I:/;”/E/f’to }J\E‘}l% 6:00—101009 40 | I I I
Gs 2 FTHEH 7E 1000 SAFNEAE , F) T IE4F 12:00, Gs
BRIV TS AT 4R 14500 HBLSE — WA, S 2 J I I
4 5 6 7 8 9

100

80

i
Contribution rate/%

TE 14.00—18.00, 2 T, MIFI7EN Z=0°F 3 Gs f
FLER 2R 27.6% , 525 R TR 2 1 IR W4 A A9 SF- 2 (8 49 ) At Mouth
4 0.0658mol m™> s~ F10.0998mol m > s~ | - I ZAIL
51.67% ; 52 Z= FI W 2% WU A 19 SF- 349 {8 53 1l 2 0.
0653mol m™> s A1 0.0756mol m™ s, 52 2% b 1 11X
15.82% .,

AR FEA A (Ps) 5288 B3 (Tr) B ARG S — 30, #F 2 A0 M B " 22 4k, BRI S2 S FLIF 5K 2,

MR 6:00—10:00,Ps A1 Tr 2 ETHEHE 78 10,00 IKFWEME , ] T I 12:00, Ps 1 Tr H 3R/ IME, 1 5 75
T 14:00 IS —RIE(E , BEJS7E 14.00—18.00, 2 NS, HPE A ILIR AR 22 5, AR Ps 76
BT ZE 1000 WE(E 5514 5.67 mmol m™> s~ F16.94 mmol m™ s™", 7F 14.00 AYIE(E 7 51M 4.49mmol m > s~
F15.40 mmol m™> ™', 5275 10,00 H1 14,00 WE(E FL 254054 22.3% F1 20.2% , 5275 10,00 WEAE . 1400 55
26.2% ,FZ= 10,00 WE(E L 1400 155 28.5%, MIAARY Tr 76 5222 FITH 2 1000 W& 43504 1.97 mmol m™ s~
F12.70 mmol m™ s~ , 7 12:00 AYWE(E 4358 1.51 mmol m™> s~ F12.15 mmol m ™ s™", 522 10.00 F112.00 435
LR ZRAIR 37.0% F1 42.3% , 2281 10,00 WE{H FL 1200 WE{E 25 30.5% , M 25 10.00 WEAE H 1200 W& {E &5
25.6% .
2.6 KSR FRIRZA RS T 50 56 R BT Y i - 7 7K 34 S e 338K AR o, BV ) 32 T 52 i 1)
JE 00 i 2K TRISE AN K 2 7K 3 [z 28 B e AS T) B BT 45 1t A ), DR okt 3 e o7 A A 4 K R AR
WA 7K 38 K G P ARRC3R A5 A A S A G G R e — e R BB AR W 7K o R R ke, A&l 7a T
I 7K B K A3 FIHRCR S8 oK R 2 A 2 IEARSG, FE R* 405128 0.560 F110.692, RIBEE i K 357+, Hok
SRR R ARG, B AR AT 7K 4377 SRBR BE W AR i, A = 2R R 2K 48, R — 3R 2 0K/ 1 A
AR ZAE L RIZ K, WA Sk R ZAEAE R 247K IR K 4 TRl 28 4 i) TR (8 23 Bl /K R % A= A8 Ak, JF LA
MAAAR AT GEFI FHER)Z K 43 s Bl 7K o3 R AR T, AR A K A7 22 (-t Ok, U BH 52 2R A 7K 43 R AR LU RN
e, A R 2 i A AR 28 A2 78 % 4 R R s el L 2 S 4R Rl R

B 5 furaxt& el geskiRasF Rt fl

Fig.5 Proportions of feasible water sources for P.orientalis

3 iTFig

3.1 BHOKR RS RS R RHE

52 MR R AR AR 1 XU 0, 0 SR (S R AR AE (R 25 L2 K A3 8 Ak T SRS [l— ka3
ARIEZT R ) 3 PR K 43 MO AU AU R A AT AR R 22 532128 32 132 WK RN 28 R % M 5
JESREL T HAR Gy i 8D Hl 800 (H AL ALK, AR A L SR 2 A8 2 52 28 R BRI, A L
KA, 8D Fl 8O L th PRI 28 % 5k i A AR s A g AR I RIS, X8 SO 452 FE RS I s 7 L R e o X
SR 2R BRAIE S BT Nt e BRAR T2 L3 0Kk 23 I SRR R AL SZ R B 2R 38 32 3] 1 328 K
PR SRZLRE M, B2 H R W AR A R A2 R R EA B R R H , #E AT, K3, AR



12 X E SR A st DO 7K 3 ) SR 7

-7.00 - 0.12
-6.00 [ i 0.10 |
< W
a g
=5.00 [~ >
§ g 008 [
=] =
§ g 400 - %3
= =1 -
-] o 0.06
£ 3 -3.00 |- v '§
S g 004 |
o 200 | =
E ——4H —a—5f g
oo L +—6)] ——7H E 002
’ —=—8H ——9 3
0 | | | | 1 1 1 0 | | 1 1 1 1 |
4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00
10.00 - 350
oA o 3.00 [
o 8.00 [ o
B E 250 |
g g
s & 600 [ @é 2.00 |
e £3
nE % © L
R 400 rs 130
= b
2 2100 |
z &
S 200 [ g
2 £ 050
0 | | | | | | | 0 | | | | | | |
4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00

f5f 1] Time/h

6 REPEMMAMFAB SILSE LGERMEBERTL

Fig.6 Variations of leaf water potential, stomatal conductance, photosynthetic rate and transpiration rate of P. orientalis in

experimentaldate
AP bR
Hydrogen isotope value 8D/ %o
0 -20 40 -60 -80 0 -20 -40 -60 -80
0 T T T l 0.00 r . : ,
-0.50 f y=0.0732x + 1.0282 050 k y=-0.045x + 0.3837
< R?=0.56 : R?=0.6919
g 100 F 1.00 |
= mo
= -150 } 2
&= 5 150 f
g 200 | %
* 2 % = 200t
it a 250 | B
gl AN = !
g “ = 250 ° .
5 300 | . b 6.
“ N 3.00 f RN
§ -350 t % o
= 0 | L0 350 | o
. ° N
-450 L 4.00 *

B7 MERMRESEBESEXXR

Fig.7 The correlation between the xylem water of isotope composition and physiological and ecological factors

YLK BRSO HL 8D 1 80 B, {H 138K 8D F1 8" 0 (B[Rl SR A A2 78 A& - M AE T2 ), B+ 4
TRIERE AR A 53 MR FIZ a5 ), e 8D A1 8™ 0 (HRAH 13V E I B IE Wm0 2 A5 eI
T e T KR R 3R AR A AR AE B R, s % B A= 38K 43 FEG 8D 1 80 (B AT REAZ 28 K R AE T A1/
KA R AR AU R A A5 L 8D A1 80 {EL R A, (FL R - 3 TR B 1y TR [R) (52 28 7 (A W ek - Bl
& LR RN, 23K 5P 8D A1 SO (i R A2 2K 2 A s 2 B AL, TR)Z 80—100em Y A= 3E/K Hi
8D A1 80 A I AL 5 b F /K $E3E , HF /K 8D M 80 fH Hedckase , RBEZEAT A8 8l , X SCF45 2 ik



8 S % 36 &

PURE U b, X Hb R K 1 8D A 80 (AR BIAR /N, Ab T — N v L TR AE A ARG AL BT AN ) K
P D A0 4R R B 7K 3 KSR KR i A I
3.2 (AAZK SR IR ST B A AR A A

RS DX AL 7K 4301 P SR s it 24 08 8 , AR AN TR 40 0 R TR) 8 ER B K A R LA 22 5 . e
2 GBSO 2 0—20em LHEK TRJZE 80—100em - HEK FIHL T /K ; AT 2=, MMM F£)E 0—
20em 3K FI P HE A48 A, X JE 80— 100em 387K F b T 7K f49 F) FHT HE A0 8/ )N 5 78 3 A A= K ZR Py Dl AT %
20—40cm 40—60cm 1l 60—80cm X =4~ + I 2K 43 FI FH H 470 . Ehleringer % 75X 2 X M /K 43K
VREA FIRST IS 2 B0, TRAR 22 M3 5 W AR 2 - 38K sl b /K 4R 2B A7 TV AR 2R A ) 3 ok 36 22 + 39 F FH 2
BREIK , BARAR 10em LA EE BRI 35253 FIK o e 22, MIAA RO &R I AR &R (U e IR )2 H 858H £
IR, SR IR R BB IS 2 1K oy 3R 43 2R3 551 R BRAE P BLRR AN A1 JR L #AHs Ak, A
TP AT SE R F B R A AR R R FH VR 2 K R b R oK S AR e K IR, g A R AR e HRr A K r b 45 . Li
DO Sy AL VE MRS AR HEA T ST e 2 B, FE R K SR KA 24T, Y5 AR FH )2 30em DAL 480K
MAERE K R ZET )2 R 2 3PSk oo AR A /K 70 R FH SR, o] RE 55 HAR 2R 20 A5G, A
2) 50% AR R AT TE 0—20em Ab , REPRRBEAFE B IERRA KL, MFITE R R 11
K AR TE 5 14 A B 20 LAGE R TR | (H = 5 1 2% 2 MR 2 X I K IS iy e, (o R T 2 U 4 v ) T
JREHOK S, e KA BT B A R — R L RE T RIS IR A A B N Y 2 A AT
FR A5 TR A SR RR R, AR AE T2 R K AR, B /K 43 5 B b ™ o, L FL TSR BE AR AR 23 K
T RN 7 1 R A, R 2RI, 3K T BB 1 0, 52 IR 1 — SR g A0, BRI R AE /1 A B 6 S 4
K ZEEAE PR K AR B AT AL T 208 K S B A 8 i i HG g A B . NS 56 ZERF 98 KA T
Ly R L DX A 7 A — et ELT A 25 2R 8 K 43 1) 50 i i, 2 B 490 23 30 o TR K IR 5 38 S AL O A A e K T e
AIRZE BB FE 7K 40 FH SR A FH R 2 AT BRAGK 43 TR ZEIIF 5 ST Fh e e T 3k 8 s 2 A A A
B IRE 2 B0, MK A3 4 B 22 6 AP 3 a8 45 AL R AR AR ik TR Ak 8 T B A v /K A R R AS03  2R B
WU IIE W BE ST o DR AR TR 2247 WSO S TR R B 114 496K 4, i 2ok i 20 74 AR 2SR A DK 1o R ik
BRSSO K A3 S AR T B B R T 5 e 2R 85% , [Rl g b 1 5 AR R 17K 4356 4, T DASR 5
B RN A 2L AE R T A R TR SRR KT 50 T PR R 00 b | S5O0 T AR MR iR e M LA

4 #ig

(1) RIS DXAUAR ) 7K ) FH SR s Bl 2 1 08 8l , L AE AN (] 249 X AS [ 38 IR B /K 43 1 R B AR e 25 5
FERZE DRI E BN 222 0—20em H3E7K )2 80—100em 4 HE/K FlH T 7K ; i AT 2, A7 X} 22
0—20cm - HEAKFH LB, R Z 80—100em = HE/K A T 7K i A E Bk /N s 728 AR KRN AT
20—40cm ,40—60cm il 60—80cm X =4~ 3 2 7K 43 b g /b

(2) R ZE N 3K A3 1 251 0 Bl B S 5 e A AT A - AR S M it A MR K o 25 AR 22 B, i ook
PN IR G B Sy i AT 3 5 R P AL B DD 7K 408 R S AR ATH A o P i [l A R 3 A48 o8 7 7K
SRR IS B TR AR BE R BGRAIE N RE TT o AT Fr AR AR 80T - K 43 215 A8 1k Ayl 1o 16 B A
FIEA B RadE b

5% 30k ( References) ;

[ 1] Rz, TUd, ERE, Wik A REARTEIERDORBRA R RITERE. vk L, 2004, 26(4) : 509-516.

[2 Li S G, Romero-Saltos H, Tsujimura M, Sugimoto A, Sasaki L, Davaa G, Oyunbaatar D. Plant water sources in the cold semiarid ecosystem of the
upper Kherlen River catchment in Mongolia: A stable isotope approach. Journal of Hydrology, 2006, 333(1) . 109-117.

[ 3] EweSM L, Sternberg L D S L. Seasonal water-use by the invasive exotic, Schinus terebinthifolius, in native and disturbed communities. Oecologia,

2002, 133(4) ; 441-448.



12 X E SR A st DO 7K 3 ) SR 9

[17]

[18]

[19]

[20]

[21]
[22]

[23]
[24]

[25]

[26]

[27]
[28]

[29]
[30]
[31]
[32]

[33]

[34]
[35]

[36]
[37]

[38]
[39]

Smith S D, Wellington A B, Nachlinger J A, Fox C A. Functional responses of riparian vegetation to streamflow diversion in the eastern Sierra
Nevada. Ecological Applications, 1991, 1(1) . 89-97.

Nippert ] B, Knapp A K. Soil water partitioning contributes to species coexistence in tallgrass prairie. Oikos, 2007, 116(6) : 1017-1029.
ARSI, AHGE, PUER, WA, XK. WEIb0 X 3 AR K R IE, T RIXHITE, 2014, 31(4) : 649-657.

XBSCHE. ALt X MBI K 23 A ISLEBEZEL D] deat. Jbatpfall k2%, 2015.

BUEAR, AHbE, XS0V, SRR dbatil KSR R+ SR G AR AE. DL RERS TARRN A2, 2013, 21(3) : 403-411.

VTR, i F, TRENRS, BURSR, AR . RAT LR A Ll DR B A —— it #2285 R G K 20 AT SRS . A= 25274, 2014, 34(21):
6317-6325.

HSHE, F L, ZERTT, WIRH. TP IR A AR BE T BB K AR IR BT, B B, 2015, 35(3) : 416-421.

A AR S X OUAE AR AR 2R B RBURRERE R [ D] A58 PRI, 2014,

AR, AR, EXE, BUKOR, TS TR AR A BRI AR A AR AR, 2013, 33(8) : 2425-2433.

WS, EdEdE TR A SR L AR B A SE R PEAEARAEBE 24, 2009, 24(6) : 6-9.

Wang L, Wang Q J, Wei S P, Shao M A, Li Y . Soil desiccation for Loess soils on natural and regrown areas. Forest Ecology & Management,
2008, 255(7) : 2467-2471.

Coley P D. Possible effects of climate change on plant/herbivore interactions in moist tropical forests. Climatic Change, 1998, 39(2) . 455-472.
Wassmann R, Jagadish S V K, Heuer S, Ismail A, Redona E, Serraj R, Singh R K, Howell G, Pathak H, Sumfleth K . Chapter 2 climate change
affecting rice production; the physiological and agronomic basis for possible adaptation strategies. Advances in Agronomy, 2009, 101, 59-122.
Shao H B, Chu L Y, Jaleel C A, Zhao C X. Water-deficit stress-induced anatomical changes in higher plants. Comptes Rendus Biologies, 2008,
331(3) . 215-225.

De Soyza A G, Killingbeck K T, Whitford W G. Plant water relations and photosynthesis during and after drought in a Chihuahuan desert arroyo.
Journal of Arid Environments, 2004, 59( 1) 27-39.

Seki M, Umezawa T, Urano K, Shinozaki K. Regulatory metabolic networks in drought stress responses. Current Opinion in Plant Biology, 2007,
10(3) : 296-302.

Zhang W H, Lu Z J. A study on the biological and ecological property and geographical distribution of Quercus variabilis population. Acta Botanica
Boreali-Occidentalia Sinica, 2002, 22(5) : 1093-1101.

JEVHERY , PRI, REERL, 98, MOGHE. RRIFEK FAF T PIRSREAE I Bk 23 FIRT SRS . A AR 5243, 2011, 35(8) : 789-800.
Querejeta J 1, Estrada-medina H, Allen M F, Jiménez-Osornio J J, Ruenes R. Utilization of bedrock water by Brosimum alicastrum trees growing on
shallow soil atop limestone in a dry tropical climate. Plant and Soil, 2006, 287(1-2) . 187-197.

ARSI, AibE, BRI, 2R, XUFNE. JCRTPY LR e X SRR [ L s AR AR A, KRk 2013, 24(5) : 642-650.

B, ARG, XSCF, SRR Jbat il KT R K A FIIRAE. RHTEEANS TRERE2AHR, 2013, 21(3) ; 403-411. (AR Z&3Cilk
555 8 ARSCHIRTE S, BT )

IO, Ak, SR, WAL, XU AL atv LR X SRR R A 3R AR S T, KRt i, 2013, 24(5) + 642-650. (A4
MK 50 23 AAOCHRE T, TEIN)

Ewanchuk P J, Bertness M D. Structure and organization of a northern New England salt marsh plant community. Journal of Ecology, 2004, 92
(1): 72-85.

T, XEAE, TJ1, 258, TR, FH BURILTDHE M) S5 X 1R iz A8 S L. FRIXAFSE, 2013, 30(3) ; 438-443.
Rossatto D R, Silva L D C R, Villalobos-Vega R, Sternberg L. D S L., Franco A C. Depth of water uptake in woody plants relates to groundwater

level and vegetation structure along a topographic gradient in a neotropical savanna. Environmental and Experimental Botany, 2012, 77 259-266.
SRAER, ZNIE, FR s, 2R, RE R, BB, BT 8D .80 YT I I I UL A WK 43R R IR AR AL F AT ZEAS AR, 2015, 35
(24) . 8174-8183.

Barnes C J, Allison G B. Tracing of water movement in the unsaturated zone using stable isotopes of hydrogen and oxygen. Journal of Hydrology,
1988, 100( 1-3) . 143-176.

WU, SRR, B ST KRR L Z IR AL E RE SR A K BEERE | 2013, 24(2) :272-279.

FOEAE, E4d, BERE, A8l Ui R E/RE S D 0 A8k K XK JE R38R 23 SRR, 2011, 33(1) : 92-97.
Ehleringer J R, Dawson T E. Water uptake by plants: perspectives from stable isotope composition. Plant, Cell & Environment, 1992, 15(9) .
1073-1082.

mIRER, BOARAE. JEaT ERE AR A AR RATS. JERthOll R 2224, 1981, (3): 9-27.

MY, XIS, EVT0, BB VU XU A1 K LR 275 0 0 1 AR N LA R 4 04 K 23 R SR = B AR AT ST, 2008, 30(4) :
496-504.

Li S G, Tsujimura M, Sugimoto A, Sasaki L., Yamanaka T, Davaa G, Oyunbaatar D, Sugita M. Seasonal variation in oxygen isotope composition of
waters for a montane larch forest in Mongolia. Trees, 2006, 20( 1) . 122-130.

B, T RE A A R R AR —— LR GOR S E LRI D], dEat: Jeatholk k%, 2013,

FEBSR, W4, BRRZE. ARFARAMY KR FIBCR AN B R BESE. AR, 2001, 21(11) ¢ 1952-1956.

KA, REE, A, BT, RIS Bk A Y 2 R X bR K A A I A B A A N 3 . AR AR, 2011, 31(22) .
6677-6687.



