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AERFEMRZFEHE TR ALUXESE FTFEETRK S
MR UALFNAE S 454E
Elarig x4 xIHE koS Wom o B R

JEEARAL R 227K - FREFEERE, AERT 100083; (i 7G 35 ELARAK A 25 R G S HFAMBLE I Fe ik, (L 5L 042200

W E ONE—ASHNEERKRS TEREARIEAF R K RSO A 2S5 ARG RRE, 8 0 TR AR 7K 2 1)
TRWE S K e G/ B AR R, ALt A 1 KRB B A BSR4 . TEA R R B (TR R A /N, A
FReT TN AEXHRIE TR AR R, fEIRRRIE T, T RAA AN RN, BT RRW)N AT 1-4R N5 R
ETRARCHIM(Robinia pseudoacacia)~ ZEW(Koelreuteria paniculata)FNAA(Platycladus orientalis))FNEAR (2% (Vitex negundo))
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Abstract

Aims Our study aims to explore water usage strategies and the competitive or complementary relationships
among neighboring arboreal and shrubby plants within the same stand under diverse rainfall conditions. Through
an analysis of soil water absorption and water niche characteristics of these neighboring plants, we aim to provide
a theoretical basis for vegetation restoration and management in the rocky mountainous areas, Beijing.

Methods Xylem samples were collected from trees including Robinia pseudoacacia, Koelreuteria paniculata,
and Platycladus orientalis, as well as from the shrub Vitex negundo. Additionally, samples of soil, groundwater,
and rainwater were gathered both before and 1-4 days following different types of rainfall events: light rain
during a dry period, moderate rain during a wet period, and rainstorms during a dry period. These samples were
analyzed to examine the characteristics and dynamic changes of hydrogen and oxygen isotopes composition (6°H
and 6'%0). The MixSIAR model was employed to determine the contribution rates of groundwater and soil water
from different soil layers to various plant species. Furthermore, water niche width and niche overlap were
assessed using the Levins index and Levins overlap formula, respectively.
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Important findings The results indicate that soil water content, 6°H and 6'°0, water absorption depth, and niche
characteristics of neighboring arboreal and shrubby plants were significantly influenced by the types of rainfall.
Following light rainfall during a dry period, shrubs exhibited heightened sensitivity to precipitation, shifting their
water source from deep soil to upper soil layers, while arboreal species predominantly relied on groundwater.
After moderate rainfall during a wet period, arboreal and shrubby plants from different forest types primarily
absorbed water from soil layers within the 0—40 cm depth range. Rainstorms during a dry period altered the water
utilization strategies of arboreal and shrubby plants, with shrubs predominantly sourcing water from the 0—40 cm
soil layers, while arboreal species exhibited more uniform water uptake across different soil layers. The niche
width of R. pseudoacacia and K. paniculata was lower compared to corresponding shrubs before and after light
rainfall during a dry period, whereas the niche width of K. paniculata exceeded that of understory shrubs both
before and after rainstorms during dry periods. Platycladus orientalis and understory shrubs exhibited similar
responses to different types of rainfall, with the niche width of P. orientalis experiencing a sharp increase on the
first day following rain, while that of shrubs spiked on the second day post-rainfall. For the dry period before light
rainfall, there was a substantial overlap in the water niche between R. pseudoacacia and understory shrubs, which
diminished with an increase in the number of rainfall days thereafter. Except for the dry period before light
rainfall, arboreal and shrubby plants demonstrated distinct water utilization strategies across different types of
rainfall, thus mitigating water competition between them.

Key words rainfall; hydrogen and oxygen stable isotopes; water use strategy; water niche characteristic
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FRARLE [l MK SCIE PR T R HE B AR, Hoo A
AFE R F E 2K B PRH(Dodd et al., 1998;
Liu et al., 2010). #RIf], SERASHET 5t T 5 3R AN
AR IS IR BRARAE S R G O IR PR, el =2
T2 T REHIX (Yang et al., 2015; Schlaepfer
etal., 2017; Bello et al., 2019). {HEH LM, &
AR A R A [R] 7K B 5 R FH SR s ke v 0 5 (%
PEFH I 22 %147 (Liu et al., 2010; Moreno-Gutiérrez
et al., 2012), HXTYERRRIRAER R ThRE(An/K S0
T, FROEI, WIRAF 0, Bl AF AN 2 FEE)
% ¢ H F(Schwendenmann et al., 2015; Tang et al.,
2019; 45, 2022; Sun et al., 2022; Dai et al.,
2023). UbAh, K3 R R A AR AR R A (] AT
TE A 3R B T2 5 e 2R AR A 3 R 4t (Grossiord
etal., 2017). Ft, TE/KFIFEABRHIX, PEAARMAE
B RGAEY K P RHE 2 ¢ H 2

TEREVE K 7 R F SRms v, an o] SEELARh A7 2
— ANE R ) B 22 1) (Pefiuelas et al., 2011;
Ellner et al., 2019). B A MRIZ AR AT F A
[V 337K 73 (Liu et al., 2019), K, kD47
RL 53 B8 R R A 1) R (R P AEA L o 76 B PP AR S
R, HPRIKSESA S BIMEOH 2 RkIE,
N g R AR S BT AR RIZE 5F MR (Wang et al., 2020;
Wau et al., 2022; Dai et al., 2023), [ 1L JFEEARFIIK
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MK (Sun et al., 2022), A7 1l X EFFE R 22 AR (Liu
etal., 2019), IR 77 (Grossiord et al., 2014; Brinkmann
et al., 2019). #iF (Antunes et al., 2019) 137 7 ARk
BB RS (Yang et al., 2015), W ERAES RS
(Priyadarshini et al., 2016; Grossiord et al., 2019), %
JFAZ RS (Yang et al.,, 2011)AI5EEAE S RS (Wu
et al., 2016; Tiemuerbieke et al., 2018; Pan et al., 2020;
Liu et al., 2023), I24 N1k, T IRAAEHE K 53 F) H
FHEROT 7T 2 2 ¥ &I KR 5 Jr K 1A (Grossiord
etal., 2014; Yang et al., 2015; Antunes et al., 2019;
Liu et al., 2019; Wang et al., 2020). FFA 55 A H]
(Eggemeyer et al., 2009; Priyadarshini et al., 2016;
Grossiord et al., 2019) L K EEARFNE A A (Wu et al.,
2016; Liu et al., 2023), {HXJTRATARIEARIE YK
I RIFENEEA W 5T e A, BN THRBCERIE, v
ARMGEATR SRR R I g AR IR AL
bt R AR ) 2 R IR R T R N bR ) B
FB. B, A% EHRA TR ARFFEA B K 73 K5
BATERATIE T, AT HSe 4/ AR R o

B 7K A L HB AR AR A 25 R BRI BKIR, ATk e
TG AR R, IRA LS AR R
N AT A BI7K SCi FE(Zhang et al., 2011; Liu et al.,
2015, 2019; Tao et al., 2017). K, #F 70zt X IRA
TR 7K 73 ) ARy PR XS B R B e 2, ANAN g VR AR R A
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& R PEAG AR A e W s pEER AR AR, T B n] LAAR
fE A A W - KRR B AR AR SO AR ) B AE (Liu et
al., 2023). CAHWTILERY], HEP/KIH A
R PRIBBURE I 52 PR I B K/ . B SR Y (RS [A] L 5
FEE RO ) R 4 2R A R 521 (Liu et al., 2019). U147
3F 55 (2022) BF 58 K B, 3.1 mm % W I oA 6f ol 4
(Robinia pseudoacacia)M7NIEAR (Abelia biflora)/K 5y
R =R, 106.6 mmE f5, LA/ E
ARIIHENN T 0-40 em 3K FH LEp], (H/STEAR
XoF 526 TR M B B RG . e A, BT ET LT R Ol
SRCAAEA K 73 ) SR o 7 RS AT 1498 7K 5375 R,
T 7K 53 ) P o B R S 9 BEORK, PR i 32 R K
PR Z I b2 R, M AT K
SRR, BEREANFE L ZROKE BT 5 (Mei &
Ma, 2022).

et XAE AL L XA RS 7, 2 A
AP IR AL T X B AR R . R T A
THAPEN R, REOZHDOK LRIME, 1H 85
BT, ARSTEINEES, DRIk B A R 2 1%
Mo X OFE B UK B TORE RO e B . IR . ZE A
(Koelreuteria  paniculata) K Ml 1 (Platycladus
orientalis) & A 5T L1 X 70 Af T AR B ) 1 78N AR
R, ATET FERACIRGL T T2 B XA E N AR,
RIS BRI AE S IE B () 5 3158, 2017). BIRH
RS b 5T XA 4 7K 23 SRS RIE 578 458 22 (X ST 4%,
2014; XITHRAE, 2022; RS, 2023), EEH BT
N TE S £ P A R R AN BR800 AL ) o A 9 A
BT X SRR TR CRIRR « ZER AR AR T
FEAR (X NS (Vitex negundo)) NBF XS 5, 43 A
7] 5 R SR (- B R AR BN, TRk B/ NRT s
AERH I ) A A= TR R, T RR IR i Ry T 5
KA FEW, FPRF 2R FRARSHFER
B 7K 20 ) FH 2 & AN 35 4/ B AN R R, DU A fEAE +
Al DXV 1 2 ) 0 B A AR AR v o = B R i

R Aem AL TR BRI R AR S CP bR )

WK
1 #MRA7E

1.1 XM

B8 X AL T A6 5t B i AR B AR AR S R G0 0E fr
WFFL34(39.90° N, 116.47° E, #4100-1 153 m)I .
1% X W Ul iy 21 i 2 5 R B P 2 e, A %
KES57.3 mm, FEREZEEFHECOH, 45 aF
FEZK R 11179.80%. P34 Tk13.11 °C, Jisfm <
IR41.6 C, HAKRIE-19.6 C, T3 ROFIEX
LR F1981-2010%F). ZX MM ALK, LZ
R, Ak ERZ, CLREYEE L ARRE oy
TR ERAY . MR AL T K B IR A R (20224 FE) LA
J A PR H R K Al R, 1% XM TR K A R
35 mo W 7E X AR 15 500896.4%, BUA R 202
1958 4F J5 & & W N T Ak, BLOWAA . vl A2 (Pinus
tabuliformis)~ ¥& % ¥k(Quercus variabilis)FRIFE R 3,
L F D> & 28 W AL L7 M KA (Larix  gmelinii var.
principis-rupprechtii) % . P EEEAR NI KA
W (Broussonetia papyrifera)5s, WA Y) I 5N
B Hi(Setaria viridis)5 .
12 #mRE

K RAF . G A5 = AT
PO IR . ZER AT AR N AR, PR 25 70l R E 3
BRIl B RN S M . THIAR 20 mox 20 miF)Ff
(1), FEHLEIZKSFBE 29100 m.

T20234%6 H1HEIH30HEWAKZ), Wil
TR FEM IR RPN R BT RS R R B I AN ]
Al fg 2 FEUE B K 2 R IEFIAF (Liu et al., 2019;
Mei & Ma, 2022), RIEAFIMIFFERAET, REW /G
1-4R [P i o FE A AN L I38RE S 2 IFE RN AT VRN 5 14
RIHER9:00-11:00REEGFL120CHUFE), RAFE H I
PR B2, Ak, WEEA KR B R KR
HBBHKARE-LT K. REFESIZRH

Tablel Basic information of typical forest trees in a rocky mountainous area in Beijing (mean + SD)

it K WE - Y HE JiEe WE o MREEA WARR WEAEYE
Forest type  Altitude (m) Slope (°) Slope aspect Density Diameter at Tree height Shrub Shrub height Shrub biomass
(treehm™?)  breast height (cm) (m) (m) (t-hm™)
RP 146.67 17 74k Northeast 650 19.36+3.25  934=136 % Vitexnegundo 091+0.14  159+0.18
KP 155.29 15 Zdt Northeast 700 8.64+636  9.48+123 M4 Vitexnegundo 0.75+0.18  142+0.15
PO 142.45 10 Zdt Northeast 850 16.69£4.55 1025+ 1.22 3f%k Vitex negundo  0.59+0.11  1.33+0.12

KP, ZEBitK; PO, fIRAMK; RP, HUMLAK.

KP, Koelreuteria paniculata forest; PO, Platycladus orientalis forest; RP, Robinia pseudoacacia forest.
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R2 RFEI [a) A0 £ 2
Table2 Date of sampling and rainfall information

R H 34 Femie  PRMORE PERIRAY
Rain event date Rainfall Rainfall Rainfall type
amount intensity
(mm)  (mm'min")

R MEHIR WEF2R WEAR  WEHE4R
BR IstAR 2nd AR 3rd AR 4th AR

T/ Light rainfall during a dry period  2023-06-18 2023-06-20 2023-06-21 2023-06-22 ns

2023-08-15 2023-08-21 2023-08-22 ns ns

2023-06-19 8.60 0.07
2023-08-21 13.44 0.04  JRiETFH

Moderate rainfall during a wet period
2023-09-08-2023-09-10 85.20 0.04

FE %W Rainstorm during a dry period  2023-09-06 2023-09-10 2023-09-11 2023-09-12 2023-09-13

2023-08-21F12023-09- 105 M 7E 7 =, BH¥2023-08-21712023-09- 107 R /E 51 K. nsfo BeG IURE .
Because on 2023-08-21 and 2023-09-10 rainfall occurred in the early morning, so we took 2023-08-21 and 2023-09-10 as the first day after the rain. AR, after

rain; BR, before rain. The ‘ns’ indicate no sample was taken.

R I S5 RN o3 A, X 3 Uk SR P Y A AT T
W, 5359/ R AER R . AR AE T AR R
AT 2R E LIET 2 5BERES, HPR <
60% N T 2B, R > 60% NG IH B (K152,
2023). NFEMRAELIET 2B, BENH R
BTN, TN AT 7R B - 4384 A1 5 /K &1 345 8 0.05
m’ m A AT, RZ1N20%. RN R AR AR IR B,
M HIA — 3 W7 « 3170 KB S,
R A7 % 1 AR AR S K B P 29°80.19 m-m >,
RZINT0%. WAL HIBT 2B, WAT7R
(1 AR AR S K R P IME 2 0.10 m m°, RA40%
Fe A o ARAR R AT, K 2 R 1R 1) BB R 5 S
DTN ET; A5 AT LR AN A B B R, ) 3 A% i
Y gl 1Y) S AR B R R R H AR N T AT

TERFNEEHL N, BEFFINZIX, Al EKH R
U, el B AR = — S 3R T A CRIRE
ZERANNIAT), BE B EEMRRAE TR AL AT mbftiz 43 51
IR A RN EARGRIS) . P BRI AEAR LY
BEARRAH TR AR AEAR A K IR . REER
Z14 mm, K A4-5 cmf) Sttt gk, FIRREEARE3
ANFERPE NI . IR R 25 R 5 10 3R R AN ) R
BEA R BB NS0 mLEOE A, FParafilm/&
FE, MNFEE VKRR RIRAR T, i Rl S = iR
K5y o

TEFTFARFEA AL B, A 85 R 5 R
dt o AR 12 X HE AR 2 2 A1 VR B R0 3K 4 AR 4
WERE, K 138 7r Bi0-20. 2040, 40-60F160-80 cm
L4z RE M LAFRESRE NS0 mLEOEF, H
Parafilm#f 2, FONCRIRAR, Gk [B] 5250
BERE20 CFRTE, AT RMERNE; 75— NE
&b, U105 CH24 nEE R E, LR+
B A KR
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FETERRI™ b BE LA B34 1 ) 17 2 B4 T SR 4
WEBERNI0 cmPESIS T EON1S emK#i -
HEH, TR CE e KB I E R K ZE R ). fERE
M JE, SERDEI A R KRE IR A 5 3250 mL
B, I Parafilmds [ &, B F-20 CiK
FEARAT o
1.3 FEMIEHSNE

K FH 4 E 3 B S A B R R S0(L1-2100, EEN
B, AL AN L RE S K, SRR K
BIR3 he ARFUHES. HHEFIERFKFEL13 mm x
0.22 umA WL JE A L I8 5, F A /K R A 2 40 it
{%(DLT-100, LGR, Lawrenceville, USA)J & H 54
Fa 5 [F A1 &= H R (FPH M 6%0), Hdh PHEE E A
+0.1%o, 0" OXE EE +0.3%0. I 5E i A5 B b i i il
TG QR IE MRS IE, LR BRAKBETR G LIS Y
T4k

A3 M5 A P HAN 5180 FHAH T 24t 40 s v - 24
HFPEIK(VSMOW) T3 % (%o0) e 7:

5 = Samvte = Ruamon (1)

VSmMoOw

A, OXHIHAGTO (%o), Rampie WA HI S HAN
580, Rysmow NVSMOW KIS HAS'*0 .
1.4 EYIKD KBS

SR UL B VR A A (MixSTAR) & AU AR 206 3%
TEAEAKIRFI R . iZ X R KA 35 m, {Hif
T ER0HE, MK B T A LR 2B
R T . BEAN, G5 A% XK IR T 7T R
(Liu et al., 2019; K%, 2023), AT TR BAEI K
TR 3 BN - HEKCRT IR 7K o B Hh R 9. 550-20.
20-40. 40-60. 60-80 cm-t3% /K FIH: R 7K fr1o*HAN
SO T EE A bR AE RS, TR YIBIE NRIEE . 25k
MIAE AN I 26 R 25 T K 10 HANS 80 0 2B B
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“0”, BRIANANKAERBGLR S D/RAT REEZ R
BT KW B N every long”, iR ZE B EN
“Residual Only”, 1% %Y 45 5 fff H Gelman-Rubin £/l
Geweke 12 Wi i & 1AL & A e 8, 5 AU S50 00 3
BATHI, ERG RS Mg R FER R,
15 KoZFETHh

IK A3 A A7 %5 & R Levins 6 $(Levins, 1968)
THE:

B, =

1

1

-
2

D5

=

A, BIAYIRNIK S RS ALTE L, PRt 2
2 KR A Eef, o e R

Ko A 25 AL E B JE FH Levins H & 48 21 (Levins,
1968) 115

,
2 BBy
= J=1
r
2B
j=1

K, Qu VRN F kIR 53 RS E BB, Py
RIS 2 K R F EE A
16 #iELE

K FHSPSS 22,08 W H s 1247 /b 3 AN 73 47, H
FADRIZR 7 2200 BTVt AN [RL R AF I A] ) 1 438 57K & A
LUK THAS O AR K KOPHAS Ok 4T 2
S, ZREEMEQE < 0.05)HXEH%(Duncan)
5. FHOrigin 20223 EE K .

2 SR

21 PEMMMKIRERMRATHIFE

WF 78 HA TE) (2023 2 6-9 A ) iZ X & B W &=
839.01 mm (1), A7 « 317Jb 5T &[N (7 H29-31
H ) F# W & 428.60 mm, /&K FF 3 H B W &2 1
51.08%. 6 FLFEN2IK, BN E13.20 mm, FIKIEH
KW ES.60 mm (CRIE), J&+FH MG 11
PR G K B I 290,05 mP m ). 8 H FEFE R8I,
SE70.01 mm, BREKHTESL.01 mm, JEITIE
A (IR S K EZ80.18 m* m ). 9 L&
2R, MFTEE92.40 mm, IR KW ES85.20 mm (R
), BTHEAM(HERR S KEZ 8014 m’-m ).

PRI 72 X R AEPBE W [F) 7 2 4H, 152 4K S
Rk ZE(LMWL) 7 F: o°H = 8.1116"0 + 10.846 (R®

)

o €)

= 0.89), SEFRKTFEKL(GMWL, 6°H = 850 +
10)MHEE, REAABER I K (K12), R IEK T
AR EEINGHANE, TS AR BN
F B I IFUBE I 2RI (1 e 2R 1 R R A R
BN T 2 KRR K 4R (B12), HOR T H K2R
(GWL), R ITIX A 35 /K 32 Fok A R 7K L (A
e, BAERNAERER AT T SRR FA &
HA S E BT H A S.60 mm (TN AT G
(4 R A /N H 3K (1 6*HANS PO ok, F7 AR
AA R K [FIAL 26 4 R AE B 9 13.44 mm (F291 1 RY)
A JE /N
22 PEMBIETIEEKEFKEARATIFE

AN 8 7Y B W S o) 358 2 /K O B R A7 A 22
S (E3), FERN8.60 mmXit3 N Hksr i = 11 (40-80
em) ¥ K B G 3E R, T R 3 PR T AR 040
cm. ZEAAIAI0-20 em 35 K B (BI3A-3C). 5
MURTAH L, BT 13.44 mmJs 55 1 K 5 248 7 A i
ANUAT L3040 emE/KE, BERE T 2EM0-20
emH140-80 cm 3 % 7K & (EI3D-3F). [4#85.20
mm 5 3R 5 25 FT B S O B B N RNATE L, b
T2 i = 2 R i g/ (B13G-31)

3K (0 HAN " OB% [ N 32 (2 i (1 4) o
R AT 358K (1 07 HAN 6 SOt 2 2 (1 0 2 3R 1)
. 8.60 mmp# Y FFE(RAIFE2040 cm. A
0-40 cm. IF10-20F160-80 cm+-3%/K (15" HANS' 0,
R o) B AN 28 A% R o R 2 1 (60-80 cm) 7K

o~ 0.6 4300

E 04l

E 4250 ’g
2 - il 200 &
%8 o E
g g —02r [ F&RY Precipitation | 150 %

S RP g
% g4 K 100 £
* £ 06 PO o

S 08t [Il 50 ¥

g -1.0 L1 'l Ill n J| s 0

06-20 07-10 07-30 08-19 09-08 09-28
A #1(H - A ) Date (month-day)

BEL bt A DR S0 ] a8 A AR5 K R e R 0 AR
k. KP, ZEMAHE; PO, MIAAMK; RP, HIFEAK. H3RAFEKE
(0 m )R REHEE 10, 30050 cmiF & FH41E .

Fig. 1 Variations of soil volumetric water content and
precipitation during the sampling period in a rocky mountainous
area in Beijing. KP, Koelreuteria paniculata forest; PO,
Platycladus orientalis forest; RP, Robinia pseudoacacia forest.
The soil volumetric water content (m*-m ) were the mean of
measurements at the depths of 10, 30 and 50 cm for each plot.
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&H (%o)
AP o0 90 A0 4040 A0 10 A
R
- b
- ab
0 0
10t |~ 8.60 mm 1 ©8.60 mm 11 98.60 mm 1-10
20t {1©13.44 mm | @13.44 mm |11 @13.44 mm 120
—207 [ 8520 mm 85.20 mm 85.20 mm -
30fa ¢ bl 30
50l b AHE
T 60} § * i 60 %
_70 B S 40 )‘:ill;zz:la; 0. R =0.90 Tree xylem water Shrub xylem water _70
onl ?H = ~40.953 +3.0015"0, R* = 0.9 Pl = —14.593 + 6.6305%0. R = 0.86 1 F  SH=-356 370040, R*=0.91 4 L _
ol + 1= 43786 200,004 pureswmo ol [ i || 80
FH =-13426+ 505450, B =0.66 SH = ~28.404 + 406950, k* = 0.80 H=-12.141 +6.198570, R*= 0.69
-100 — : —_—— —100
b Tota T T T T b
b +H b il C
v SO et L  ,-m—a L, —Wa
DD O® o XY X b XD DD O XA Y Ko NIIOD o X0 Y XD
50 (%o) s 5150 (%o) 0 (%o)
[%F 1 Rainfall amount == 8.60 mm mm 13.44 mm 85.20 mm
7K Rain o HiF7K Groundwater LMWL: 6°H = 10.846 + 8.1115%0 GWL: 8°H = —43.429 + 2.4730%0

B2 RFEFEHEA T K FRAKRBEK. BEARRBEAK. WK bR K B SR A 2 4 (0P HAN6 O) i A AE (T 341
hRHEZ) . Soil water, +3#IK; Tree xylem water, 77 AKAJF #57K; Shrub xylem water, FEAAFR#E/K; BN E, 8.60+ 13.44F185.20
mm; LMWL, KFFKZ; GWL, R /KE . A F/NG 7 RER R R R ) 4248 35 72 7 (p < 0.05).

Fig. 2 Distribution characteristics of hydrogen and oxygen isotopes composition (6°H and '°0) of soil water, tree xylem water,
shrub xylem water, rain and groundwater under different rainfall types (mean + SD). Rainfall amounts, 8.60 mm, 13.44 mm and 85.20
mm; LMWL, local meteoric water line; GWL, groundwater line. Different lowercase letters indicate significant differences at
different rainfall types (p < 0.05).
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Fig. 3 Variations of soil water content in different stands and rainfall amounts before and after rainfall (mean + SD). KP,
Koelreuteria paniculata forest; PO, Platycladus orientalis forest; RP, Robinia pseudoacacia forest. AR, after rain; BR, before rain.
Rainfall amounts, 8.60, 13.44 and 85.20 mm. Different lowercase letters indicate significant differences in soil water content under
the same soil layer at different sampling times (p < 0.05).
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Fig.4 Variations of hydrogen and oxygen isotopes composition (6°H and ¢'*0) of soil water in different stands and rainfall amounts
before and after rainfall (mean + SD). RP, Robinia pseudoacacia forest; KP, Koelreuteria paniculata forest; PO, Platycladus
orientalis forest. AR, after rain; BR, before rain. Rainfall amounts, 8.60 mm, 13.44 mm and 85.20 mm. Different uppercase letters
indicate significant differences in 6'%0 values of soil water at different sampling times, and different lowercase letters indicate
significant differences in 6°H values of soil water at different sampling times (p < 0.05).
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Fig. 5 Variations of hydrogen and oxygen isotopes composition (6°H and ¢'*0) of xylem water in different stands and rainfall
amounts before and after rainfall (mean + SD). kp, Koelreuteria paniculata; po, Platycladus orientalis; 1p, Robinia pseudoacacia;
vnkp, Vitex negundo under Koelreuteria paniculata; vnpo, Vitex negundo under Platycladus orientalis; vnrp, Vitex negundo under
Robinia pseudoacacia. AR, after rain; BR, before rain. Rainfall amounts, 8.60, 13.44 and 85.20 mm. Different uppercase letters
indicate significant differences in xylem isotope values among different vegetations, and different lowercase letters indicate
significant differences in xylem isotope values at different sampling times (p < 0.05).
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Fig. 6 Absorption proportion of soil water in each layer for trees and shrubs in different stands and rainfall amounts before and after
rainfall. kp, Koelreuteria paniculata; po, Platycladus orientalis; 1p, Robinia pseudoacacia; vnkp, Vitex negundo under Koelreuteria

paniculata; vapo, Vitex negundo under Platycladus orientalis; varp, Vitex negundo under Robinia pseudoacacia. Rainfall amounts,
8.60, 13.44 and 85.2 mm. AR, after rain; BR, before rain. GW, groundwater.
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Fig. 7 Variations of water niche width of overstory arbors and understory shrubs in different stands and rainfall amounts before and
after rainfall. kp, Koelreuteria paniculata; po, Platycladus orientalis; tp, Robinia pseudoacacia; vnkp, Vitex negundo under

Koelreuteria paniculata; vnpo, Vitex negundo under Platycladus orientalis; vorp, Vitex negundo under Robinia pseudoacacia.
Rainfall amounts, 8.60, 13.44 and 85.20 mm; AR, after rain; BR, before rain. ***, p <0.001; *, p < 0.05; ns, p > 0.05.
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Fig. 8 Characteristics of water niche overlap of overstory arbors and understory shrubs in different stands before and after rainfall.
KP, Koelreuteria paniculata forest; PO, Platycladus orientalis forest; RP, Robinia pseudoacacia forest. AR, after rain; BR, before
rain. Different lowercase letters indicate significant difference in different rainfall types (p < 0.05).

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



JLLGR%E: AR R 26 1F R Ab s 0 i DR AE TR I K 2 RSO A S A RS E 1099

BRI Z T 3(0-60 cm)/K(1&6), 10X 3R 7R A
=, PR RGN T 0-40 con 3K R FH EL A, EAT5 LA
R K O 3 BEK 4y kPR . FLJE R — T AT RE A
8.60 mm [ [ WY 2 X R = 13040 emiK 73 F= 4
SR, T 6 B IR JE R T 3 K o B R A B R
(E3A-3C); 5 —J7 vl fe 2P A ], 0%
VB ERAR I ZUREE, 2009), 1E3 )20 A0 1K &
YRR iy 10T B R A U B2 (WL 4SS, 2023), 171 PR
RIE TR T 3R JZ R AAUHEYE(Liu et al., 2019;
Tang et al., 2019). [Kltk, 73T 2B B /NN
FEVRET, MR EAR B S50 I IR 2 )i B e 4K
VR CAGRARIK 43 I8 I RE 0, T T AR FIE A AN ] -+
BEK Rl T Ky g . (T RREW
(85.20 mm) i, AS[RIBR S T ACRIRE A [ 7K 43 e 5 45
BE 3 S KR T = R 2 R HE(0-40 em)E AR, <w]
IRPE BR300 R e 4 K 43 MR AL P IR S AE LA
S WA HREI(Yang et al., 2015; Brinkmann et al.,
2019; Mei & Ma, 2022; 5K3%5, 2023).

I (13.44 mm) 5B 1R, AR PITRAR
HITHEAR T A BE N % % J20-40 em 3K Wik, [
38N T %$40-60 em 3R T KR AHEE T
FAR2URBERT, X UCNT AT RRAE H 5 B R H IR
K, TR BUN AT RIEAR . WS RIEREL
AN [F) T R 2 5 SO L 7K 43 SR IE AN [F] (Liu et al.
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TR RIEAS . 7K S A0 A K BB A 5%
(Liu et al., 2019). fE/NRYAT, 13— EAATT5HEL,
TR AT TN H RIREH 7TIRiE @ ), MR ZEm A4
KHE RS, HAR R H AR LR, BRI s 3
RIZIRI 38K 3o BeAh, FeoRmt i F0 H A 25 44 4
AJREAE NI 2% R N AT DUE A R O 45 AR K 43
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(W V555, 2020) . MAEFIAR T I 5% AR 2507 55 BERTAS ]
Foe W SR TR e 9 — 3, BRI S AR A8 7 W6 BEAE R S 26 1
RBESE, MM A A0 8 FEAE W 5 562 R b, 083 k
ZIRAANT JZ HEATE I AN [F] 7K 4 ) FH S s I 6 - 498
FrKEARA, WIS P 206 ] — BE 8 338K 43 5%
G, LEKHAIK B 5 4 A T il — PR AE AL (7 3E
& 2022).

AESALE B R T A FAFER FH AR [F 558
AR URE FE (R 4 BHAE, 2008; 15 BAEEE, 2019). T
SN (8.60 mm)FT, 3FHLIHTARFIM T HEAIK S
A AT B P EE(0.78 0.63F10.73) (KI8), FHITF
ARFAR T HEATN K 53 R IFAB L &1, AFAERONI
PSR R MTREIR IR 26 H T3 EKEAR, Mitl
WIHEKHEZETRKER, TRARFIEARY T LR E
B Ky, RGN T /K 43 B2 H S mT RE R (R B
,2022). 8.60 mmN &, FIFLFIAR TR K4
257 B B [ % W R ERH 0 ke, 2 BH R bR v
HONHANKE R X5 (2022) BT 45 RAH—
o IR (13.44 mm)RT G, HARARR R 514
MFFIAR T A K 7 AR S0 B B AR B, (H R
T KX R, YRR A — R K BRI
T3 7K 0 B FH 2% (Han et al., 2023). Sohel%%
(021 B FE AR I, WA IR (B 1) R ZNFIR A %5 )
SER AR AT I R A RSO i B I EE R .
SN A TR N b B A 7K 53 1) FH SR R 7K 73 A 25 0 AR A,
AT FERLIRNIR T 5 R A 7K 53 KPR A K 43 A2
ASPLRFAE (I AH AL o

4 ZEig

AR TN VR AR T HE R A TEAS [F) B RO S 1 R oK
ISR AE AL AR HEAT T M. TR/,
VEA BRI KR IR 2 35 ) B2 36 R8s, i fE
AATS DLHL R KR 3 W NI, TRARFIEEA Y DL
0-40 cm 3K Ny E KIS KU, XRFPE KE
Tk TG, HRTHEAK T L, Hud ki
FIF EHOK S RYG; TRBEWNG, BEAFEKS K
JEN0-40 emiR)Z L HEK, IR AR IA A 1 2 WK
®ETY. TR/ANNE, BRI T %K E
AAEBIOR, WG HbE R R R BOE i id . A
W R I, BT 5N HT TR AR FAREA K 53 R 5 AH ]
Ak, P TN B R B AN R K 2 R SR, AT
WG TR 3 SE S o (H AR SR B TE SVR AR TE
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