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Abstract: Ecosystems in the karst region of southwest China are very fragile due to thin soil layer and intensive
infiltration capacity of rock fracture, which result in a very limited amount of water storage for plant uptake. Water
retention in the soil zone and shallow fractured rock zone (subcutaneous) is a key factor for plant growth. Distinction of
water sources taken by karst plants is a challenging task for botanists and hydrologists but is needed for ecosystem
management. In this study, stable isotope analysis was used to investigate water sources for plants because of no isotopic
fractionation during water uptake by terrestrial plants. We selected several dominant plant species in three forests of mostly
primary forest, secondary forest and bush covers at the Maolan national nature reserve of karst ecosystem in a small
catchment of Libo, south Guizhou of China. Proportions of water sources for plant uptake were determined by the 8D and
8"0 values of plant stem water, and water taken from soil layers and the subcutaneous zone. The analysis reveals that
water was mainly taken from.the soil layers and to less degree the subcutaneous zone as well. In October with scarce
precipitation, plants in the bush and primary forest were prone to take more water from subcutaneous zone, while plants
from secondary forest were prone to take more water from the upper layer of soil. Different species had different water use
strategies, Lindera communis took a larger proportional water from the subcutaneous zone, suggesting deeper roots.

However, Platycarya longipes extracted more percentage of water from the s upper soil water because of its shallower roots.
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Tab.1 General situation of the plots
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¥om

MR Slope

Forest type

354

Slope( °) aspect

g

Location

H B HF{E Vegetation characteristics

R HFh

Dominant species

16 307 4 I
TR
Karst
primary
forest

30 ~40 NE

WX 3
WA A
Karst
secondary

30 ~40 SW

forest

T
A

Karst

20 ~30 NE

shrubbery

25°18'05"—
25°18°'16" N

107°57'10"—

107°57'40" E

25°18'35"—
25°18'50" N
107°56'45"—
107°57'00" E

25°18"20"—
25°18'35" N
107°56'10"—
107°56'25" E

BREMEBTE , FTAR BAEMEFRZ
180 A 40y By 434 1 AR , LT ROl 2, 5 10 ~20 m,
FAEBSH R UL; BARK3 ~8m, &K
ES% ~10%; WERRAMKEHEE, KTHE
HH3~5 om WEEN R

The stand structure was well integral and hierarchic,
which was dominated by tree layer. The mean tree
height and coverage of tree layer were 10 ~20 m and
more than 80% , respectively. The height of shrub
layer with coverage of 5% - 10% was 3 ~8 m,
some lichens and mosses grew on the ground, the
thickness of litter layer was 3 —5 cm under forest

HEBRREHS AR, AR BARBLKE
B, ®S~12m FAARREBR0% UL HAE
W2~3m, B 10% £4, RA L BER. K
R BEBEESHH RTHEETREEL~2 cm
The stand structure was well hierarchic, of which
tree layer and shrub layer were matured. The mean
tree height and coverage of tree layer were 5 — 12 m
and more than 80% , respectively. The height and
coverage of shrub layer were 2 —3 m and 10%,
The

scattered, of which thorns,

respectively. distribution of grasses was

ferns, lichens and
mosses are common species, the thickness of litter

layer was 1 —2 cm under forest

HROEAEWE—  ERALBFA, TR LUE
ARBERE,HE2~4 m, W= ML 80% L L, 4
TESHFHBRETEAL1~2 cm

The stand vertical structure was simple, which was
dominated by shrub layer. The mean tree height and
coverage of shrub layer were 2 —~4 m and more than
80% , respectively. The thickness of litter layer was
3 -5 cm under forest
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R AL F ( Pittosporum brevicalyx) /)
8 8 ( Machilus microcarpa) , F
18 ( Preroceltis tatarinowii) Y6 i g
#d ( Pittosporum glabratum) | %2
#% ( Castanopsis fargesii)

Z BRI H M ( Carpinus pubescens) |
B R4k & ( P. brevicalyx) . H X #k
( Cyclobalanopsis glauca) | ¥ S #%
(C. fargesii ). B B # ( Pinus
massoniana ) . T MW B ( Lindera
communis ) . 1 K I %5 ( Mahonia

fortanei)

F A (L. communis) | % K 18 H
#i ( Carpinus pubescens) . ¥ H &
( Clausena dunniana )., X
( Pyracantha fortuneana ) . 8§ K AT
(Nandina domestica ) | [H 3 ik F
(P. brevicalyx ), £ Bk F K

( Cyclobalanopsis multinervis)
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2 MRS " i
5D(%o) = [ (( D/H)Mmplc - (D/H)mndm)/
2.1 X8 (D/H) ] X1 000,

IR REE: BB ML, BEBEERN
9 ~114 30 m x30 m ¥ 97, %6 BUE i ( Lindera
communis) K B ( Pyracantha fortuneana) | 15 M 3% %
( Clausena dunniana) 3 P B SER, B EF 1 f
BT AP B F 1L F (Platycarya longipes) YE K
PR, AR T A, A bR Y S B R/ B R (5
R 10 cm, BEAL 4 om) K/NEE -BHME, &
PR3 -5 Bk, BRI RAEERAE SR . BURE R E]
HATEEA (2007 £ 10 H ) AT 2 P B R K M
(2007 £ 8 H ). #HYIT1H & A8 b F b 8] B
BREeRAEBAEM /M, BT 0.5 ~1.0
cm, K 8 ~15 em, BB BIRJLE KM ZE, BAEHK
FEEAK AR B ARG H T, EPEELBAE
BB E P AR A O MEHBEIBLER
%, B 1k 28 & (Bollard, 1960) ,

THMRE EEYEEENEILRE L RE
LR M HIFE 0 ~10, 10 ~30,30 ~50, >50 cm 435
BUA#E (230 g)IBE 2GS E 1 R 8 3%
BHPERLUBGEL, B HRE.

KEHRE:WETHREX 4 M RTFRER
DR L BRI Rz KRB T AR RA R
M, FEHEZX KRR RE 3 0 E S E
KAREIK , T KRR B SRR B B J5 37 B B35 T 10
mL EAMEEBERHFNTHRLZEH P, REH
B P, 38 parafilm HHIE A, B (4 C)
£ Al (Peniuelas et al., 2003) ,
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WMY)ERKE(PDWP) BB BRI Y K 0 5
8K 53 B 4 RS (Larcher, 1997) , fERHE
HIEMYIERKPE(3:00—6:00) (Snyder et al.,
2000), 7k # W & K F PSYPRO N\ & i# /K # 1
(Wescor INC., US),
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#8418 1% (Ehleringer et al., 1989, Dawson et al., 1991) ,
HARERAME SR CO, - H,0 V%% (Epstein
et al., 1953; Socki et al., 1992) ; KBS E WX H
H, - H,0 V75, FBOH L MY A RIARE,
REBEWEWKEWAKFER AR E R HRE
P SL 6 % %8R i i 1% ( continuous flow MS) Isoprime-
GC 4TI E , LR AR MR A SMOW (45 V- ¥y 3%
K) B IRZE, D /NTF 4%0,8° 0 /NF 0. 15%0,8D

8°0(%o) =[(("0/°0) e = (P0/°0) niua)/
("*0/%0) aea ] X1 000,
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Walker 55 (1991) 2 Hi a4l 3 i I 52 + 58K}
4 W4 RIS 26 08 82 ST A AR 2R 1 K 43 RO L o R
Uio Brunel %5 (1995) iif FIiX A% & & B T 38 3 I
FE T HOKFE AR B R R H, B 2 B 3%
IKTER RS, X —BRIRE Y B B3 W 6D N
8" 0 WEHE 3 FUKIR, BB R A, e
Y3 A RERKIE, AR P EREK
TEK BHBERRERT K, BARERS X
Brunel %£(1995),
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3.1 EYwERAR

WY RSB EL LY . ERWERRS,
ERMEAKALERRBE(HHE.P=0.424; BF,
P=0.076) , HEEYMEA KL ERKTHE, &
MR R K SR, WK BE I R R, SA RS
(1997) MBFFLE R — B, BMESE - WHE KB T
T 55, F5 AR o 70 B A A e 5 2 R 2 1 K 2 25 it
HREELR, BIKE M E RS, AR (R
FACT ) 15 B 7K S Ab b B R K T AT AR, B
B SAL T (75 R BB AR, — A X BARE S A
e WA R K U BT ALK ( Schwinning, 2008)

k2 HHWEDEFRKBHME
Tab.2 Predawn water potential( PDWP) for the

sample plant species MPa
TE-RE
7K H KB
mp Y Water Change in PDWP

Species Seasons potential between wet
( £SD) and dry season
( £SD)

s 7 A Jul -0.53 +0.04

KB Pyracantha uly 0.03 +0.07
Jortuneana 10 A October -0.56 +0.06
: 7 1 -0.74 £0.04

B Lindera A July * 0.02 +0.05
communis 10 A October -0.76 x0.04
3} 78 Jul ~-0.64 £0.06

EEE A July 0.04 £0.06
Clausena dunniana 10 [ October -0.68 0. 08
& 7 A Jul -0.49 +£0.03

W SRALF i 0.07 £0. 05

Platycarya longipes 10 A October -0.56 £0.05
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1981 ) F3E & 5% g, AS [5] U i () 3 = 6 i 67° O Al
SDHEKERBE(P<0.001)(H2), REAEE
WK K RAHY) /NEOK 53 BB T X R K 2R
U LK R IE TR, BB R K ERH T R &L
KSR, BREASRT —E01E.

Hop  RBEABHE KM FBRE LI, %A T —
s T 7K /9 BT A Pk B ( Willliams, 1985) , i FRE K
X RBAEBW KRB I AEH, BRE EHBK
TSR T KR EA ZFrtE(E 2) , A EH B K
277 22 5 P B RO .
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B2 koD K& 67045 YA KK LMWL %R
Fig.2 Relationships between 6D,5'* O values of
different water and LMWL

A BB B R K4 6°0 ML 5250
HEAS LEEF KRS FRAMREF RS E W
( Ehleringer et al., 1992), 1 3EKDPHEEEIHT
+ 2k D,"0 B E &L (Allison et al., 1983) ,ER+
BEK Ay 0 TR0 2 40 AR A L T )2 AR E (Smith et al.,
1997 ; Walker et al., 1991; Sterberg et al., 1991) , ¥
g X LR, IR IR (AW SE, 2006) ,
FEO~10 em) ZFASEMWBE, D,"0 MEHE;
TRE(>10 em) , L BAELHLE,D, "0 Wi TRIZ,
HEA R AR AERB/N P HEY, 2007),

RIS Y /N 6D K 80 R & H %
Yot B TR AR OK LK KRS
KRB S (R ) ML, R 2 KRR

AWK REY T REAKR(E ),

5'%0 (%)
614 -12 -10 -8 -6 -4 -2

14 12 -10 -8 6 -4 -2

D (%0}

-100 -

""" & RE T IK (0~10 cm) Up soil water
-= A TFR1WK (10~50 cm) Lower soil water
- % /MK Tree xylem water

= A RBHBH K Subcutaneous water

B3 ORI K B S A 4 /B 8D & 80
9 R oL 2 R 4E
Fig.3 Characters of 5D and §'80 values in twig
xylem water and different water source in the study sites
a. KA MEEH Secondary forest;
b. HEARMEEHL Shrubwoods;
c. JUAEMBEH Original forest.

3.3 AREKIEX &Y TEKLL

HE 3% K - RTE 40 ~ 60 cm , 1R 45 W5 3 45 o IX
THKEURABRMERFES, LEEER 2 B
EJZ(0~10 em) ,ZRRKEREW,ZRMHERM. T
J2(>10 cm ) 3 K 53 B 32 B K W B9 R0, 1 78 3
MEREFZAMTKBEZER, EFEZZKGNAER
W77 FE K B ¥ B (% 483, 2007; Cramer et al.,
1999) . &5, ARIKUE XS B U 45 ¥ i K 43 57k
e 4,
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KA HA Water ratio (%)

Fl-1 Fl- F2-1 F2-2 F3.1 F3-2
O & EE W\ Subcutaneous water M FELMAK Low soil water (10~50 cm) 74 FE LK Up soil water (0~10 cm)

0 St-1 812 82-1 822 53-1 $3-2  S84-1 8422

B4 3P HERIMARTEYIELEO~10 em) [ FLE( > 10 em) B FRZ S KT B AR L4

Fig.4 Calculated water uptake from two soil layers and the subcutaneous flow for the

4 species in secondary forest, shrubbery and virgin forest plots
F1 - 1. 1@ K 4 bR b Wet secondary forest; F1 —2. FZE IR 4 B Dry secondary forest; F2 — 1. 18 2 7 A M Hi Wet shrubwoods; F2 -
2. FHE A Dry shrubwoods; F3 — 1. 75 25 A MRAE Hb Wet original forest; F3 —2. F 2 JF 4 k4 # Dry original forest. S1 ~ 1.8
FH M REHL Wet L. communis;S1 -2, TZFMHMAEH Dry L. communis; S2 ~ 1. B 21 3 f#E#h Wet C. dunniana; S2 -2. T&EH#H
B BEHL Dry C. dunniana) ;S3 - 1. 85 Kk B EEHL Wet P. fortuneana;S3 - 2. T % K Wikt Dry P. fortuneana;S4 - 1. 18 % B R AL & B #b

Wet P. longipes;S4 —2. TR LA FFEH Dry P. longipes.
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MY FEEAE, KL BEKS(LFELERMLET
BK)BHEDKSHFEEKRRE HEETEKBH T
BB A, MHYEKESNS A, L ETEAN
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REBRABWKWFIHMS,8 A EARMKME
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MR 12.39% ; JRAMK 9.71% ) , ¥k 10% k4 .
XARE— A FRAEMKES EHRKRBE XL
S RAKBRTHAM 2 M), #b T KA
RAEVEEGHA; H—Fm, w53 M+
Hu A B D SR AT 0%, YR AR MRORE b iR B )R R B L
Hb, T DR A AR 52 N 28 T, HE K PR b Ok K

RETE Y B LR 2 28O0 R R T AR AR
WHREBTREBMFEARFE, BABIH 10 A,
WA AR R B 5 AR A PR 58 4 — B K I8
FRAE  EARMRAEAMRFH T EEZWRZEBW K
(4510 24.26% F113.14% ) , MR EK G BT R
K B ) A LG B84 fin (62. 89% ), IXHIE A T IR A K
RRRAEWRRE, RRSHBRMARE; Faf, #EAR
AR R A MRORE M PR SR AT IS B A R B B
KRR E YT, WP REBSEW
KIEBBRAG , MR Al T8 T B A8k, R 8
RHER, REEBWKETEETERASHER
T T BB, W18 R B KX & g B
PN A E R

AR FATKASFAERRARFER(E 4b) B
KA 10 B, F B 3R R A 0 W KR A L 8 B
AR 26.6% ; MBTSCHRBIFREEBEWKZ
MekEmEE,LRK 10 A, REBAEW KA TR,
MEHRDREE I BFARBEET K, RHE
R AR R AHXTECER , A R L B BIR B A BE R AR BT
FEIK G TIAESEHE ST 3R B - o b A 0 o T 25 A
BIEMERRBE/PNTLRESE, 1997a) , X 5F M
WREFFE IR E WK IR X RS2 w T
WH XK, G6FH R EA N IRH IS S S 3R E
Y MR OK BE 11 (M2 B %, 1997a) , RERIEAE Y B AR
B EDRSRME T AT RE

EHEERSK AMI0 AR KNARS
H K 53.90% F147.35% ,EALAK; 10 A HET
BAXARABRERA (NS AR 29.9% Hm%) 10 A
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