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ABSTRACT

This study is to diagnose the drought tolerance of twenty broad-leaved tree species by the pressure-volume
'P-V) curves, As for the diagnosis of drought tolerance, the valuable water relations parameters obtained
from P-V curves are the osmotic potential at full turgor, ¥,**, osmotic potential at incipient plasmolysis,
W' maximum bulk modulus of elasticity, Ey.x, and relative water content at incipient plasmolysis, RWC!?,
Also, the figures related to the diagnosis of drought tolerance are the free water content (FWC; versus leaf
water potential (¥, ), volume-averaged turgor pressure (P,,) versus leaf water potential (¥.), and Hofler
diagram. In this study, the relatively high drought tolerant species are Fraxinus rhynchophyila, Quercus
acutissima, Quercus sevrata, Quercus aliena, and Populus alba X glandulosa ; the relatively low drought toler-
ant species are Fraxinus mandshuvica, Betula platyphylla var. japowica, Populus euramericana, Kalopanax
pictum, Carpinus laxiflora, Carpinus cordata, Prunus sargentii, Prunus leveilleana, and Cornus controversa |
medium species are Quercus mongolica, Acer mono, Acer triflorum, Acer pseudo-sieboldianum, Ulmaus

davidiana, and Zelkova serrata.
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Fig. 1. The pressure-volume curve of Ulmus
davidiana leaves in July, 1989. Ve is the
expressed water volume frome leaf tissues.
1/P is the inverse balance pressure in cham-
ber.
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Fig. 2. Relation between leaf water potential (¥} and free water content (FWC},
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Fig. 3. Relationships between leaf water potential (%) and volume-averaged turgor pressure(Pvat) . 1, F.
rhynchophylla ; 2, F. mandshurica ; 3, Q. acutissima ; 4, Q. mongolica ;5 Q. aliena:.6. Q.
serrata . 7, U. davidiana ; 8, B. platyphylla var, japonica ; 9, Z. serrata ; 10, K. pictus ; 11, P.
alba x glandulosa ; 12, P. euramerica ; 13, C. cordata ; 14, C. laxiflora ; 15, P. sargentii; 16, P.
leveilleana ; 17, A. mono ; 18, C. controversa ; 19, A. triflorum ; 20, A. pseudo-sieboldianum.
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Fig. 4. The Héfler diagrams of various deciduous broad-leaved species. Turgor potential (A) is positive.
Osmotic potential (C) and leaf water potential (@) are negative.

At (Fig. 4).
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1984 : 7k, 1983 . Parker &, 1982 &, 1985,
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1976) . EahvpFob AbzalvbFo A9 FrEgd =

Enux?} 22, E#EANAE Enob 29 GUl -



BEMAEEE 80(2) %, 1991% 64

217

Table 1. Water relations parameters obtained from P-V curves. ¥, is the osmotic potential at full turgor ;
¥\ is osmotic potential at incipient plasmolysis ; Enax is the bulk modulus of elasticity .

‘ . -\I,osat ‘I’o“p Emax

species (MP,) (MP) (MP,)

Fraxinus vhynchophylia -2.19 -2.41 23.68

Fraxinus mandshurica ~1.88 -2.08 16.82

Quercus mongolica -1.83 -2.25 14 .47

Quercus acutissima -2.05 -2.32 21.24

Queercus serrata -2.04 -2.63 22.50

Quercus aliena -2.36 -2.66 24.55

Betula platyphylla var. japonica -1.51 -2.14 13.05

Populus euramericana -1.60 -1.80 16.67

Populus alba X glandulosa -1.80 -2.19 24.17

Kalopanax pictum -1.60 -2.10 16.57

Carpinus laxiflora -1.43 -1.83 10.34

Carpinus covdata -1.42 -2.00 14.50

Prunus sargentii -1.70 -2.24 18.63

Prunus leveilleana -1.69 -2.00 16.85

Cornus controversa -1.80 -2.28 17.22

Acer mono -2.05 -2.35 17.98

Acer triflorum -2.03 -2.30 18.09

Acer pseudo-sieboldianum -1.85 -2.30 24.46

Ulmus davidiana -1.72 -2.34 23.93

Zelkova servata -1.52 -2.53 18.36
), 1984), MrgctEel =lm® 7-d White oak  ®j|Z2&Ee), A, n=H, FA7] 52 90%
L Ene?b 2 38 Zedl wshed migtkol oFdt olAre] ke veblic}. = V,/V.& symplastic
Mocknut hickoryoll A& Enec7t 2 3¢ Wbl watere] #gEeolw, 1-(Vo/Vd7h Apoplastic
Wty Foh(Parker %, 1982). HABWR En.  waterel &gEeo|th. EdlvbF, EF3hF, @A
A 23 (Fig. 3), KSHETl dated 248 B A, Aol Axww, £3U%, %27 5ol
o] Z5tE= S Frgio] Zedn & 4 ¢l Apoplastic watere] g&eo] wlwH Hck. V,/
t}. Table lold& E3Fd, Az, TH, Z DWx &iEol ohsle] MMREE AF2o| HE)
A, a4, nz4, 29¥F 2559 Ewnot @ 4 dv BEKES 2Z71E #Beketa, Vi
20.0 MP, ol4o = fiifgol vl& vlmAd & 3¢ DWsl N,/DWe EEEY FMks 23
Gebich 2eu AR A, AeluE, ZAAS 4 U AkSeE A gUss kg A 2
g 22 15,0 MPyo|3t2 wlad o e el & EMEE Jebdd. V/DW, V./DW, NS/
Wk, DW %9 zhe ZEEjo]l A3, HE#bol F7t
g, P-V gkl & 73 EEakES &bl °l—§— e wAgdctn gcoh(Parker %,
Table 2¢ uvhebWct, RWCP=V /V, & &% 1982). 53 MAES Ao BHE + Ux

Ze tEe] mRetEel gt (Parker 5,
1982 ; Kk, 1983).

Table 2014 A7, A=, AMojuiF, 74x%}
o cE|UE S oelmA @Egfte] %% e
RWCU? zko] 80%e°lstgict. RWCY 7} 80%°]4
KRRl oz 3
(Cheung %, 1975).

RWC*= MR ESHE T A
Sl N EEekEz, X, Ed, o

Az

o @2 ¢zA

symplastlc waterel V,/DWet V,/V.e] B9 &
S ¥ Ml EhE Adsix] Edled &
EY 7]5ol A4 ddl FEel Folbste
ul @& zlolgt gtek(Parker &, 1982).

AR 2aH wlo] ot P-V kel A
Jde HEEAERTS mghks IdAss BEF
£ RWCHrHoln}, o ulol WTE ¥ BHEY M
#EKEe] A0S BRY Folo.

ol Aol HRE s & = P-V fhiRikel o
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Table 2. Relative water contents obtained from P-V curves.

RWCH» RWC* Vo/V, Vo/V, V./DW V,/DW N. DW

Species gH,0 gH,0 gH O

% % % % g DW g DW g DW

Fraxinus rhynchophylla 91.0 93.5 66.5 73.0 1.14 1.56 1.02
Fraxinus mandshurica 90.6 93.9 58.7 64.8 0.89 1.89 0.68
Quercus mongolica 71.8 75.9 61.3 85.5 1.39 1.63 1.12
Qercus acutissima 84.5 78.7 62.1 83.3 1.18 1.41 0.99
Quercus servata 82.2 87.9 55.8 67.9 0.78 1.15 0.66
Quercus aliena 86.1 87.1 79.8 92.7 1.49 1.49 1.30
fii’”la platyphylla var . japon- o, 70.9 59.4 88.5 1.92 2.17 1.18
Populus euramerica 90.9 92.2 78.9 86.8 1.67 1.92 1.09
Populus alba x glandulosa 90.1 94.2 54.3 60.1 0.77 1.68 0.57
Kalopanax pictum 84.6 86.2 75.5 98.2 1.07 1.75 0.70
Carpinus laxiflora 80.0 86.7 53.3 66.7 1.10 1.64 0.63
Carpinus cordata 78.9 88.9 41.7 25.8 0.75 1.43 0.44
Prunus sargentii 85.9 88.4 70.3 81.8 1.45 1.77 1.02
Prunus leveilleana 90.1 89.5 76.9 85.4 1.81 1.93 1.53
Cornus controversa 84.2 89.3 57.1 67.8 1.13 1.66 0.83
Acer mono 90.3 91.6 77.8 86.2 1.35 1.57 1.13
Acer triflorum 90.1 95.5 41.6 46.1 0.52 1.12 0.42
Acer pseudo-sieboldianum 88.5 91.0 69.0 78.0 1.41 1.81 1.06
Ulmus davidiana 83.1 85.6 66.2 80.7 1.39 1.72 0.96
Zelkova serrata 78.2 83.2 60.0 76.8 0.98 1.27 0.59

of

) A& KSRHETE MEEPG ALEE 4
e 7 #EY EHfe Y, 9", Enem
RWCPgow, 2 st FWCS W, 7e BIfR,
Pt ¥ 349 B4R, Hofler diagram %9 =g
of Wi tEBEl FHdct. E 20Hol BEHE
gol @l Ade Xy, ey, T3
v, 2R, HART S vlaE mEtE
ol & HHEoR, Hulvy, AFYT,

25, St MHoluF,
ML, 5T 52 d2d f@Egttel %3
B2, 2w, AT,
kg, =FuE, =EUT F

305 % ok

RN
“

=
S

&
R
B
fru

3 B X K

1. Cheung, Y.N.5,, M.T. Tyree, and J. Dainty.
1975, Water relations parameters on single
leaves obtained in a pressure bomb and some
ecological interpretations. Can. J. Bot. 53:
1342-1346.

2. Cheung, Y.N.S,, M. T. Tyree, and J. Dainty.
1976 . Some possible sources of error in determin-

ing bulk elastic moduli and other parameters

from pressure-volume curves of shoots and
leaves. Can. J. Bot, 54 758-765.

. BRAEE - $ot& . 1980, MK AKaHiEol B

8} A3 - RN HREE (1) -Pressure Chamber
Techniqueol| o] 3 ffetEiiiEe] ZHr -k
50 : 25-28.

CEARE - 2 - AR 1985, ARl miRctt

. Han,

. Hinckley,

o RIE H%E. TRk HEEHHRE 5 3-7.
S.S. and H.S. Choi. 1986.
physiological interpretations on the Quercus

Eco-

grosserrata and Quercus acutissima leaves. J.
Kor. For. Soc, 72 : 37-44.
T.M., and S.W.

Running . 1978. Temporal and spatial variations

J.P, Lassoie,

in the water status of forest trees. For. Sci.
Monogragh 20 : 1-72.

M E T - HEPERR. 1990, dLiBHE O X1

KEBFE=F44 0 BOKFTFHEEIEER
EORMFK. B kEE. 720 154-157.

. Kramer, P.J. and T.T. Kozlowski. 1979. Phys-

iology of woody plants. Academic Press, New
York, 811PP.



HEMBEIE 80(2) 5%,

9. ALIGE - )M, 1983. ¥ oKkSFHREORE P

10.

11.

12.

13.

14.

15.

-V gh#gsE— . BHAREE. 650 23-28.
JULR - N, 1984, 3 X+ 3, 24 h v,

D30I 0EOKSEYE O FEHRL. B
3E. 66 : 499-505.

S - &)L 1989, R ¥FOFHEME ORIIRSE
FoRE. R OoFME, 151 1-4.

FUILGR - BRI MBS - &0 - B 1988,
MECBTBEZRF B HEZRARKOEDK TR
. HIKEE. 70 518-524,

AokED. 1088, P-V fi#iEs B vwie s
o0 WEERE. BMAEE. 70 . 362-366.
Parker, W.C., S.G. Pallardy, T.M. Hinck-
ley, and R.O. Tesky. 1982. Seasonal changes in
tissue water relations of three woody species of
the Quercus-Carya forest type. Ecol. 63:
1259-1267.

Scholander, P.F.,, H. T. Hammel, E.A. Hem-
and E.D. Bradstreet. 1964.
Hydrostatic pressure and osmotic potential in

mingsen, E. A,

leaves of mangroves and some other plants.

16.

17.

18.

19.

20.

19914 6R 219

Proc. National Acad. Sci. 52 : 119-125.
Scholander, P.F., H.T. Hammel. E.D. Brad-
street and E.A. Hemmingsen., 1965. Sap pres-
sure in vascular plants. Negative hydrostatic
pressure can be mesured in plants. Science 148 :
339-346.

Tyree, M.T. and H. T. Hammel. 1972. The
measurement of the turgor pressure and the
water relations of plants by the pressure-bomb
technique. J. Exp. Bot. 23 : 267-282.

Tyree, M. T., Y.N.S. Cheung, M.E. Mac-
Gregor, and A.J.B. Talbot. 1978. The charac-
teristics of seasonal and ontogenetic changes in
the tissue-water relations of Acer, Populus,
Tsuga, and Picea. Can. J. Bot. 56 : 635-647.
KIEA 1979, R FIERRBHBOATRHEYE (1D, - K
ILEASRE AR F /v vu, HE S AEORE-H
AREE. 90 : 269-270.

RUEA . 1986. MK itk kDR, FSE),
Bl 3583, U K8, 847 %R .
134PP.



