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# E 5 Granier FIH HOE S 4 B T K B A TR, T 2009 F 899 2= (8 A ) T
Z(11 A)BBERIEAMI AW E AR FAFELENMAE LT LA HRES L&
ERE ABMEAMNEE, FREN. TESFTHARTRAFERFZR, M, £
EARBRRARFNHAE BT EH AR BT AN E R/ LM EREF
#(0.4160.033) m”* - em” S MEFHEHBBH TR X R A 11 A LIEASE TR, &
PR 2B O R i el R G < 7 B S R A APl ol WS R i Rl
o, —# Z A E ZREIMA KA (P<0.01), "t f A HFELRH T ERIEKNA, K
AKAETHR(D) Mt A 2 AR, XEEZRIEE A EE KRR T met
KE FEH IR,

KW A BRAEE, DEAR PR AR BERASFE

RESES Q14 XEIRIREE A XEHS  1000-4890(2011)12-2659-08
Whole-tree water use characteristics of Schima superba in wet and dry seasons based on
sap flow and soil-leaf water potential gradient analysis. ZHOU Cui-ming', ZHAO Ping'" " |
NI Guang-yan', ZHU Li-wei' , WANG Quan®, MEI Ting-ting', ZHANG Jun-yan', CAI Xi-an'
('South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;
*Faculty of Agriculture, Shizuoka University, Japan). Chinese Journal of Ecology, 2011, 30
(12): 2659-2666.

Abstract: The stem sap flow of Schima superba was monitored continuously by using Granier’ s
thermal dissipation probe, and the leaf water potential of the plant was measured during three
sunny days (from predawn to sunset) in wet season ( August) and dry season ( November)
2009. The photosynthetically active radiation above canopy, soil moisture content, air tempera-
ture, and air relative humidity were monitored simultaneously. There was a significant difference
in the sap flux density on the trunk between wet and dry seasons. Besides, the sap flux density
and soil water potential were highly correlated, and the correlation was much better in dry sea-
son. The ratio of leaf area to sapwood area was 0.416+0.033 m” - cm™, and decreased expo-
nentially with tree height. With the decline of soil water potential in November, the whole-tree
hydraulic conductance and midday leaf water potential decreased, but not obviously. The regres-
sion analysis showed that there existed a quadratic polynomial relation between the whole-tree
transpiration and leaf water potential (P<0.01), and the leaf water potential was not declined
unlimitedly. The vapor pressure deficit within the surrounding air had a negative correlation with
leaf water potential, but whether the air temperature and relative humidity co-affect the leaf water
potential needed to be further studied.

Key words: Schima superba; whole-tree transpiration; soil water potential ; leaf water potential ;
whole-tree hydraulic conductance.
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Zoad A TALZERE HIUR B R AP K 732 BRbk
ARG I3V (0 T ), 25 R B B
PG R BIARARIY A ) W AR 22 | ) el s
T2 B BOARAT LS i | BRDk vk R
R4 (32 55,2005 ), Ho i T A e 46 it
LN YR AL 1 2 2 L A T AR bR
v 75 W B B U7 IR OB P AR, 2006b 5 £ 2 4
2007 ) , %7 V5 1 B BHIE 2 AE AR 2R WAy UK o3
AR D053 FH - HE W A (%) ARG 43, T R 40368 ok
ZE BT BN RS (Schulze et al. ,1987) , FTAE i
ZoARAR AR i, 280 S oR 32 W) T e 2 7%
J#E T FE R 7K 2 ( Kozlowski & Pallardy,1996) ,

AR K I IR S — A LR B4, W SO
JERALGE WAK Iy 5 B R S PR A A A
YRR, FErboK 0 S BE AR T3 1 Rl Ui v L= A% 3120 4 T
R TR R 1 A5 7K 0 548 1) A8 A R - 33K 43 25
(XBEHFE4E 2009 ), Reich 1 Hinckley ( 1989 ) % 2
A (Quercus marilandica ) FIREA (Q. rubra) W)
WESE R B, MK ) T BRI ZR W i 7K e 5 H ) e R
AL EEAFAE TE AR OC ; BEA 7K 7 S5 B2 A - K e Y
TR FECR AL T T % (Saliendra et al. ,1995) ;
TREMT  BRUIHIKH A -0.4 TFEE-0.6 MPa,
BT 2 B 5 v 7 S, O R R B A
25 e/ IMEL [ IR AR 2% 5 AL S Bt BT R
(Lu et al. ,1995) , 3 i 9415 + S BAE MR N
(7K 1 2 Geka K R 7, IS IE A W v 25 - 43k 1y 7K 43
DLV 2 6 2K e R rp <L SCEERYME R,
AL BEAR - M - 17 L 7K 28 1 0 7K =2 1) Y oF
JE A 2 i K B R BT A s Ak, K
RGNRETER (IS, 2009) , SEEUER 8 id
i B R o AR R A g K R S
7AbRY & A (Comstock & Mencuccini, 1998 ; Sperry et
al. ,2002) 5 HH T I R /K SAHXT B AL, AL 6 1Y 2
i K AN SR AR 325 B K 3 SR AR TE K 43 ik aE
PR FRREE DL 5] (Jones, 1990 Tardieu,
1993 ) 5 it F 7K # e 28 — B (i 2 ool 20 <AL T i L
2 AL, e LK ) B (K B2 AR
AT S 257Uk (Oren et al. ,1999) ; FEH) L AT L)
LR R K ) SRR AR L AR R BRRAAE
K3 N 5 (Sperry et al. ,2002) , ¥yFpE]I K 43 F) FH
BRI 22 59 KR 53 VA PR T AN [ 6149 7K 3 25 /g w1+
ERRAILR 1 TR AR S T AR A HOARL (A, /A ) R4
RAEY) FEK S G BYRFAE A, /A (BB U6 4

R B i AR (B B ) KR B2 Y 25T AL
A2 (22 BRI LI ,2000) | KA AR R0 A4
AMIEGE 38 35 I B I (sap flow) (I 7K 3
{EAN A, /ASERAAE BRI A TLAS 7K 73 1) 4R AE 1Y
TR A3 AT A (7] b 3 7K ST 1898 It R R AR 7K
T AR R ZE I S R KB R BTE T
T ARIK 53 R 52 30855 X R E B K 3R AE B 520
XF IE AN [R) 2= 55 A 40 (0 7K 3 TR A B 1Y
PR IR ABIFTEK I BRI MEAIL PR B 5 BEfitlh

1 HRMXREHARFE

1.1 [N

BF AR5 AE Hh 2 B A p A ) Bl /N L
Mt PERE B AR S R G I S HEA T, LI X 5 0 — F
T20 tHad 80 AFAL P WA AE (1Y) fif K ( Schima super-
ba) NT K, REHE T X 2885. 6 m?, 37 #5514 th 4, Ak
AR R, AL R WA | R
RET; PR 21.8 C, mm A (7 ) Wik
32.7 C Wi B i R 38.3 °CL, & A (1 ) ¥R
13.3 C, Wm0 °C , F 2 H i >22 C ryhf
[k 6 N H DAL G BGRE A H BT 4L 1945 hj4F
7K i 1600 ~ 1800 mm, {H 3 A Ay, TR RH]
FH2 B LEENE 82% , A& 2 % 18% , 1
PR F R 2 R B B A =
1.2 WOk
1.2.1 TSR AKFTARPT B %
TEFESRIT Y 6 ARAS[R] R BE T R (WIEAFIE N 1),
FRFAbm M= (29 1.3 m) AKF—XF Granier #8%T
T HIRRZ 10 em B A A B EHS DL2e $04E
KA (FEE Delta 28 71 A=) 8, A 30 s Il —
W, B 10 min i 47 °F 39 9 i A7 £ H (BT 4F
2006b) .

1.2.2 REEFEFAOUWM 78I T 2245 LI-COR

R1 RS BRI EHE
Table 1 Morphologic characters of Schima superba sample
trees

RS WE M ppr MWEBL AMEAL A /A
(m) (m) A(m®)  Ag(em®) (m? + em™?)
1 12.8 0. 194 101. 83 248. 10 0.410
2 13.3 0.212 118.39 297.72 0.398
3 13.6 0.201 107. 96 266. 27 0. 405
4 12.8 0. 141 59.72 130. 12 0. 459
5 13.2 0. 148 64.76 143.51 0.451
6 13.7 0. 258 164. 03 441. 63 0.371
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A HBURESE B RHT2v 25 S0 L s If

76 135 30 em Ab3HE SM200-05 + 3K AMEIRES |

VU U8 S e FL 25 K A% %8 5 55— Delta-T 04l R4

IS IR R TR SEA 5 Granier $R%E [R5,
FHIKIEE 7 i (D, kPa) 2545 S i 25 5 L J&

(T,°C) Mz SAMXHEEE (RH , % ) P EIFEF «

bT

+ c
KA, WE a. b.c 435N 0.611 kPa, 17.502 A
240.97 °C ( Campbell & Norman,1998) ,
1.2.3  MERKSMIE BRI AR 2
(2009 48 H 20.22.25 H) Fl+2Z=(2009 4 11 H
3.4.5 H)WBIRA, R ML E™R PMS MODEL
1000 J& 7 2 7K S &0 7k #(8 A 25 H 1400
SEIRIET , SEI 20k ) o DA WIHT A i ok 5
AR - K 3 (SR 2 7 S 0 30 ) H Al < PR
R e, IFEAN TR T)  BXFp oL F — %
R AHRFAM BB/ (K 1), FEAT] DI B
HIH R KSR IR AR R 3 B
B AR B LA LA /N, DL 5 .00 (2R 1
i) —20:00 Bf4E 1 h i —IK,
1.2.4  FERHRFERIDNE (1) hMmR(A) .
AR RUR IR AR 28 1 1) C S S0, Hh T faf O A
S MrE g 1 X BA G, AR AT LAY, R A K
RIS | 5 B R T B 1) 5 0 fr A 11 31
MR, EREHAMUEERE 15 B TR Bafs R A, 2
Sl UM RN B SRR, TR T B e AL (R
B ) FHAE A R BRSSO M 42 R /NTiT 52 ), 0 5 1
S JE | g 7 48 5 30 44 T AR ¢ R 28 (Schidfer et
al. ,2000) ;

As=m(DBH)"
AP, DBH e m Fn 4355 i i A8 26 1 m] 05
TS B R B ARG m=0. 6841 ,n=2. 0266,

(2) FEZMTE LA, o [RVRELEAE AN B 3
VEFE 5 BRAREA , SR FHUSCHR VRN v T AR A2, 2
S A S AR KOG R (Schifer et al. ,2000)

leA, =alg( DBH) +b
X, a T b A EE - Hr A 0 R, AR o=
1.6722,b=3.1988,
1.2.5 EWZEBIITE RYE Granier(1985) B4
B3, N FH H 35 AL 50 RS 5 il BR B 2 2 BE Y
Yavor Parashkevov 1811 & WF il B9 Baseliner 3. 0 i
SEERLIR AT Ko DRI SR S o 2 S 48 1 Do s 504 e

D:ae(T )(1 _ RH)

o SRy R 2 A
J =119 - (ATMA;AT) (e H,0-m™-s)
% AT BB I 21 0 e 0 e R Il 22, AT S H %
1) P it P 0 22 J oy IR R VR % B |l T RO R
BBk A R R RS 5 mV, Je it 1 Ui
H (BF-45 20064 )
AmV, - AmV\ !

R e
T AR R ECFLA , B 5 A B FL A 8 A 1) 285 2 A
¥5) R BE AR AR L (Lu et al. ,1995 ; Phillips
et al. ,1996) , TEFRET A 55 90k & DL R 2 ROt
IR BH AR, 3 FE T LA sk G oK BHOG B LA SR K B A
ELRE A ARG ART A, R 1 4h
S DR XA T 0 2 s i Rk, T A TR AR
LM T TR0 8 S 4 g R 25 0

Ey=J A

B TRE S 2 I TR
_ Js + Ag

E, = A

AR SCRIAR T80 o AR SR SR 2R T R Ty
TORUEZS S HERR M, DA 20078 TR TR I 5 o 2 2R
11 2Z A R e S5O0, AL AR PR Pt PR 200 i AR
g e A A ) K AR B A A 3 ao R T — i B
6], P B 5B AN A AT, 3K — I A] [7] B e
Wi 5 e SR 25 s TRl Y ity o A RIS R B, I DR/
M 30 ~ 180 min A 5§ (Hinckley et al. ,1994 ; Kostner
et al. ,1998 ;Peramaki et al. ,2001) , P NGEH L
R RALIF BE ) 2 ZE IR Sl R, FRATT R 8 67 X L
DTN RO 5 066 AR S 3 B i AT
BATEE DR AT, S A 5 3 A O REGE R
BsF, 6T 10 57 B[] B A YA % PAR 1 55 s i e
(45,2006 ) |, A S 56 B LI 1) /g s R 22 46
5 10 ~ 60 min , SR J5 LI L (B2 o Hi AH . RS 51,
PRI G s s ROV 5K ek /25 2% B R 38, AR SO T
ASIEVT IR A AR I RN | BOA 3ok 2242 ST 1) 43 #
T K 0 75 I (B T2 B 2% SR 00
1.2.6 HEWKITSFEMIIE 7R gEM A E&
PR AR B A3 e R K S0 AR K S B A
IR B 2 B K SR B 7 A 1
JZ 75 I AT I K O S Bk RN M K O &
JEE AT AR Ay Ml A ) 3 iy 3K A ROCR I — N R AR,
AT LAY Darcy € HEKAS
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K =E/(¥, -W¥)
Hp K, =k/A,
o b B AR 2R BRI 4 38 28 5l 2 i R 2 [ 3
WK I T K A HK T T B R PR e 2 28
R A AR TR, WO R HOKE  hE)E
[ — I [A] S K 3, =3 2 2540 R MR R T +
B 5 R R K A B AR I A O e
THER B b 7R T A 568 2 e DA 458 rp i
WK 43 B9 3 #2 ( Hubbard et al. , 1999 ), Ryan 5§
(1997) WS A, B i BRI 1 m, ] b is i Kt 23
HEIA ST 0. 01 MPa Y I3 TT , A 5T
PR AT 14 m, B8 31 56 238 S K 43 iy
BT S RE /N0, 14 MPa) |, %] k{8 B 154052 i 45
/N TERLZIE AT
1.3 Zitath

A3 9IS FH SPSS 16. 0 il Excel #4748 4347 #l
21 BRI AT 2 ~ 3 VR E A A, 2
5[] FL A A3 BT SR 9T A AR 1 - 35908 (e B 221
(R o 7K AR AR 28 1 G 2R L B Jy 7K 342 40K
HIETEIER ), AR ¢ A5 47 22 S0 i,
AR AR i e/ B S MR B (1LSD) |, A8 £ [] A9 4
FE R CORREL R/ T

2 HRE5HMH

2.1 THOKFE SRR OCR

Ko SRR ZE I 1) BRI, £ HOKBAE
— AR R T A e A K A R A B AR I AR R
M X KSR A LI O, e 86 8 AR 11 AR R
T2, T RWIETEZE M 7 A 28805 30, DLt
IRp I 7K A8 ] - K 3 s el T 5 20 ) SR AR 1
Fasg, RHOK &/ (0) B4/ (B 1) AT LAy %
KA HRABAT AR, BOAT R FH 22 WA i i 7K 354K
Bk, B 2a 52 6 PRAERIAR BR 4 458 1Y K #
(V) , X8 H2 HWoFHEM 11 A3 H v F4ME
BTSSR A 8 AR 11 AW oA i E R 2
5 (P<0.01),8 H a1 K#E(-0.213 MPa) B i
T 11 A6y (-0.420 MPa)

X8 F 1T A ARS8 T3 0 % B 1 43 A kR
25 (P<0.05) , BLHIFEE TR 3k, T 4K
()7 RE AR, 3 0 2% B2 AT T %, RT3 %A
REANTR) 2575 1 - R 7K SRR I i 2% 3 A AR DG 1
30,8 HADFER KSR A 22 (R =
0.28,P<0.01), 17 11 F 4 FAH G LB U (R =

0.71,P<0.01) , B 8 F i Rz 52 + KL
BA 11 AR, ARFFEIE , 82= + 3 7k 3
AARKHY 22 57, T HE/K 43 LB e i) 2 i 1 T [
2, HBRSE T R I OO 30% XA RS
IR R K 1 BT 38 A AR A OC &R (Trvine et
al. ,1998) ., Gardner(1960) il Cowan (1965 ) t1EBAL
() 3K o3 O ek A 3K 07 5 B AT PR A AR
RWWOK P FEZN -, HHOREARN (11 H) 5
BT AR SR, B T2 1 R K A 2=
RE B ff-Hb S e 1 R 8 E R A

——6(2009.8.20)
10 —0—0(2009.11.3)
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Fig.1 Diurnal variations of soil moisture in different sea-

sons
B
3 4 5 6

| ®2009.8 [12009.11

tekerl

B2 AEFWHMHHFZHARIKSE (a) MENTREETS
fE(b)

Fig. 2 Predawn leaf water potential (a) and mean sap flux
density (b) of sample trees in different seasons
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2.2 IR K3 SRR 1 06 R

{5 BB 2 B (DRI 0 b T B TR ) 2%
(E,) , FighA AR B oK $BqE AT i 7K 3
(V) H5(E)MKFR, [ILFE R R Kz E] ]
REAEAE—Fh 60 SR P, DASE 38 7 - S5 R A 3843
(7K AR Ak, PR R A RO 53 T B — A K BB
T R 2 K AR AR B AL, AR 2 Fp R 9 i B 7K 34 AE
KA A AE BT SRR LR — T N okt e i —
1 25 AR Fl B ™ EE B9 7K 43 7 Bk (Saliendra et
al. ,1995) .

o7 8 AOrAgikEGH 25 H FAFRR I, 7K
PRI A2 21k, R ARIEE K SRS R B &5 F F F
17500, 518k 25 H B9, Rt 8 A 20,22
HFI11 H3.4.5 HEYMELER, xF8 A1 HRF
AR Rk e v, FPE 43R 28 1 B 53 it
TFMERLA AT, R w, FE ARG — ki 2k
KFR(P<0.01), H 8 AR 11 AZ K
(P 3) , B AE RE b X T 5 2 i K 340t 4 ) 2%
i P R R A AR, T R I I R SR SR AR (11
A R 5k 1000 pmol » m™ « 5™ B T 44
KAy, SALFR A A, N 3 AT, W R AN &
B E. 30 R i R R YR R R — 2 (E R @
SETRUE , R AR 1 A ROR T 2 A Ak
- F K3 B ALY TE 6, DA S 2% I i K 43
25RO B4%5 , 5 Trvine 45 (1998) il Saliendra %5
(1995) M B Z5 AL, TR, b AT DA e T 1 5K
AN ) 8 T AR ) DA R o v
W 2 B2 R R T i, 8 S LR B ) LG A
SRR R K 8 5 YK R 5 B (D) AT
AT R A A R R OGE (I’ 4, R 2
ANFEEAR L S —FE 7RI HAH 11 B, T fE
JER N DEK , 26 B AR ( DR 2 RT3 1) |

40 6 2000.8 a 2009.11
12t — y=-0.0752x*-1.4987x—0.4703
: By R*=0.9065(P=0.00,1=42)
R R DN aad - »=-0.7097x*-2.3649x-0.5163
Eosl . R*=0.9392(P=0.00,7=30)
. A
]
20.6}
-9
0.4l
=
o2t
0 ! ! ! f )A ! J
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"k (Mp)
B3 FAEREBSHREKBENXER

Fig.3 Relationship between leaf potential and whole-tree
transpiration of Schima superba
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Fig.4 Diurnal variation in leaf water potential and water
vapor saturation deficit of air

MBI K5 T R, 8 A FEAR A AH DG 1 T
BFE (8 H R =-0.728 fil 11 H R* =-0.576,
P<0.01) , = ifih =5 90 0T I 7K 348 4 5 ) b A R 2 T
RERY BRI AR 11 H i K3 2K T D,
2.3 WESKIERER

Shinozaki 55 (1964 ) $& H 14 1 A R BB H
B AL 253 HLK o AR i ALK SR DU R,
R P9 BT 50 1) A T SRR — R B T
I, LA I A A e AR, B e B 0 A T AR A
(A/A)TEN R L B R e, Ko & B,
A, /AR B B 14 I i R B ( Phillips et al. ,2002;
Medowell et al. ,2002) , & B B8 Z 1) [F] £k 7= 1 4% [
BRI, R EFEACERE A /AT
B )2 AR HREAR AR A8, 18022 T K
77 B T 0T BN, 23 T AR T KR SRIEAK 43
[ R A4 1E RN

M IR A A, /AR, FERT G A, /A3
{54 (0. 416+0. 033 ) m* - em™>, T X1 IBE ## 45 ( 2009 )
XA ] M X2y 5 AR B BIF 9T R A /A (1,838 =
0.048) m*> - em(n=14) WK G, 7l G5 HE A7
B 5 ARG S5 AR DU ) B[R] AS 7] 45 45 A
Ko ARBFFCRAR R ZEA A R AT A, 45 R
NFRB P E B R E IR (B 5) R B AT B
TR FRURT 20 T FR B SR 08 B AR = 17T 38 0, (L 320 4 1 R
HE AR XTSRS B o SR AR AT B X 5 X
ERAE (2009 ) XiF I A1 JE (4 1F 55 &5 S R — SE 1
PR FY , andb & 55 4 ( Pinus banksiana ) F12E
A2 ( Picea mariana) AN—3( Ewers et al. ,2005)
2.4 BEWIK I TR AR

SR Y e 2 24 B A 21454 2 — (Hinckley
& Braatne,1994) , fii FAEY AR B L HHAL , g
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Fig.5 Relationship between tree height and the ratio of
leaf area of whole tree to sapwood area of trunk at breast
height for Schima superba

R 7K A3 R T CO, W, B R I AL T B 2
N CO, SR A= Py it (EL ] B 2538 K 4310k
TR T A FRAS A PR | 2 B PR R K
BUJS I 7K 43 5 B ( Cochard et al. ,1996) , A<HF
FEXSHH [ IR 221 f8) L HE 7K 3 AR I 7K S5 2 1 1Y
SIMT R, R 11 AR R 8 AR T
(Bl 6) HTREZMBIK I RERAREER
(P>0.05), /KJj5 B 5 4 ek Sy AH 5 73 B 45 21
R 8 Ay “H A2 (R =0. 130, P<0.01) , 1L
W, GRS ar A 7K 075 B 527 - S /K S 5 e AN B 4 T
11 A WZERA —2E (R =0. 411,P<0.01) ,
W] K ST R AE— e R EE R far AK )
S Cochard 5% (1996 ) X} Jo #F 46 #k ( Quercus
petraea) BIWEFEF Lu 55 (1996 ) Xf BX P == £2 ( Picea
abies ) (IR FEALIN Ry 7K 07 3 B2 B+ SR 3T B i R
K, TN R X A2 A e e 3 2 Jird PR R T T 5
T SRR K T3
Z FIORFRRAE , S M Wi ADoK o3 i I ot B 2
) K W% ( Cochard er al. ,1996) , ARWFFXTFHER &,
T, 3.5
E 3.0
"m 2.5

W 2009.8 [12009.11
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Fig.6 Variations of whole-tree hydraulic conductance in
wet and dry seasons
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Fig.7 Variations of mean midday leaf hydraulic potential
in wet and dry seasons

HEAT M R B, BT AR 11 A BTt K3 v,
XS 8 H A B B R (8 7)), B AR B3F (P>
0.05) , UlH e K S HK ) T BT BERAF LT 48
YW, AR — K2 |5 Cochard 55 (1996 )
A4 R —E, AT T BAR - K 5 B fdiK ) =
JETRE AL W, AR T R iR fE -3 MPa
EHARRRRRE AN TR K ) RS A B R T
T PE (S a) VATRIRE FE BT I, AT L sl 5 A Jo

FEUE,
3 3 i

ARV T KRB 7K 5 5 faf AT
R FAR R, BT 2 24 KA
BT T 3B vl 0 W5 B Bl W T R
R, Lu 55 (1995 ) X WK 25 A2 47 7K 204 i S 563
KIS A K BT R, B4 T O R e R (E A
1.9 dm’ - dm™ - h™' " FFEF] 0.05 dm’ - dm™ - h™",
B I, AT AT i 38 A 3 K A AR A AR A K 43 AL
A ELENEN, I 5 HAM A 2R NE e, 1
T ZE A BRI R 4 i K S LK S B A
W S BE AR ARG A OGP, JE R H R SRR A
SR 5 R K S AR R AR DG, BRI K S5 AE
YIRS R A R EEER, B ZET A
A2 H ) Je Kt Jr 3 B2 A8 AR AR 4 i A5 3 (Reich &
Hinckley, 1989) , 1 Z2 0t 5 45 LU 22 W 1if i - 7K A4
H AR A, T —E KT (— RN KR
W), — R 2 B i R 7K 8ok R 5K 4k
s

I 5 3R A W) 7K 43 4% g i FE Darcy FE 1
(Hubbard et al. ,1999) ] %1, 44 -5 J2 1 7 (1) 7K 3
T B2 SR AU W) 75 I 423K B0 T (5K — o B 1y 48 K8 43
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FAETH R FERAZIE]) , i 7 AR 29T
T AR 7K 5 5 B 25 15 79 G 32, 4518 5 Saliendra
S5 (1995) X 7K MERIE ST B 45 SRAR AL, A AT A it Fr oK
PFif A AR ISR T B TR S 3R BEAR, 3R
FLOCHT , NI AL S A BT B SRt
IR R B Uk, 35 1 AL #3h
SPH AT fEYE (Raschke ,1970) o ASBFFEE X 7K
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