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Leaf water relations of residual trees in heavily
thinned hinoki cypress stands in Shikoku, Japan
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Abstract

Leaf water relations derived from pressure—volume (P-V) curves were compared between two hinoki
cypress (Chamaecyparis obtusa) plantations at low elevations (210 and 320 m a.s.1.) in Kochi prefecture, Shikoku,
southwestern Japan. The objective of this study was to evaluate the effect of heavy thinning on the leaf water
status and mortality of residual trees. Our study sites included a stand with a northwest-facing slope and no
dead trees after thinning (called “Karakawa” ), and a stand with a south-facing slope and many dead trees after
thinning (called “Kochi-west” , ca. 23% of trees died). Mean values of dawn and midday leaf water potentials and
the P—V parameters did not show any significant differences either between sites or between treatments (thinned
vs. unthinned for Karakawa; upper slope vs. lower slope for Kochi-west). However, a significant difference was
found in regression intercepts between the two sites when the relationship between osmotic potential at full
turgor (™) and water potential at the turgor loss point () was plotted at the individual tree level, suggesting
that the surviving trees at Kochi-west were more drought-resistant than those at Karakawa. Our results basically
suggest that there was no clear difference in the leaf water status of hinoki cypress trees between sites or between
treatments in this study. However, the signs of higher water stress observed at Kochi-west at the individual tree
level may partly account for tree mortality in hinoki cypress stands at low elevations on south-facing slopes.
Therefore, heavy thinning of such stands should be avoided.
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1. 3ZC®»IC

ML TV 2 BIGENM D 2 & TR L.
FHARARMRANDFEDHRARO L ez m L X85
HINT, 1ERE D Lo E RN —ETIHMET N T
%, MERKICRINETOL AR S NEHIX
W BRMER ALY E ST (2010) TlEHZZ
LT, B (Ry) 0.8 LLEICAEZIEARE M
IR T 40% L EORIRZIT5>HEE LT
W5, KA LRICKBRIAARDKIEIE T DK S &
RN O N T RIS UCTHlERXZ 17 5 BRI &R
ENBVRTDCEDTH% (Bladon et al.,, 2006),
RIS & 875 5 MOEER O BRBA L, EuH, I H
SEs AR O RWRREZS LTI ERRT L,
RL )L T O ZEFEE R OB N2 F AW TRIGZ I RS
e NFd [ aEEN S S (B I, 2003; Bladon et al.,
2006), F/-. MEMICE /FEFAFLEHXRT, MW
BRATBERHEKZICHEBADPECRTVEESEDNT
W5 (kML 20100

fele L. MEEEKOZENKA L RAEL THEHE
ICERN D DI, AR 75% GRS HIZEATIY
EZ A, 2010) *° 90% (Bladon et al., 2006) 7% & i
MICHWEATH R T ENE L, MEDBIGE THEE
NTW % 40—50% FBREDBERMKTIE, ThEXTO
T ARMEARDIEFE KA N L AD#IEXH F O W
ENTVAERY (Bl BEAS, 2009; Hbkie G 0T
AT PY E S, 2010), £ 7z, BRIRICIE B HR O
RiCK O KGN LUIzETEREDZ LV GEAR
5,2002; &= 5, 2004, 2006)

UL, SEERICE 40% DL oss e Rk D5 FEAIC
AP ERIIC X ZEIERL 505, 2008) . IF
EBEUEMEARDFETZHAE AN B &b
(RMFR B WE LT Y = SZ T, 2010; 1£EES | 2012), 37
&I X > TEBEE MK DK A N L ANEGFEARD
HizglEic L, Z2ORE LT RXEFEROINE
FiLkrHHEz2zE 25885552 5N 5% (Ueda
and Shibata, 2005; £ 5 , 2012),

PV gh#Rik (Tyree and Hammel, 1972; Suili « #&JI,
1983) IZ KD EENBZEIKIEDIRBRT V¥ vIb (p™)
RERTF VX I ELEIBEOKETF VTRV (p,") &
W o TEIEDIK IR I S R DFRER L L THRAITH D
K7k, 1988), MWEZIRICT L ENTWABIAIFECN
5DKRDFEEEMESHERF I N TR TN TREIN
%o AU TREMEEOL /F N THERIC, HER
RIRIHRAFARDME My (KK & X)) &7 h
K FeA Uebhsy (R e R I8 0T, o
IKRT Vv )VIIEB LT P-V hifIEIC XD BEN S
IR REPEAE 72 LRI U, SRR DY A AR D HEDIK 77 R
P& 3B AN O FEAENT I E 3 B R 77 010 R
i & W o T AT BB O 50 S 31 U 72,

2. i & )5k
2.1 A&

AWML OFRMEHIE HHIEN2 DFTO L / F ANTHKT
b2, D HEEKTOFE)NLEEMKD 35 F4:
JEqMDTHSB AT, TEIND, &5 0 EDid G
PEERIC AT iE L, RIS TFE RO BN FEAE L T2
#1140 RO S Fy (DUF TEHIE)) THhd. F
N KR AR RIEZFNZEN 14.1°C, 2,964
mm, &HPE T 15.3°C, 2,707 mm TH 2 (KR,
2002), aRA MO EEE)AY 320 m, &HITHAY 210 m
T, IR E R L EB I E L Tv 5,

) OJEVERIC I 2007 1S 58 1 ARG BR I AV RR 1
ENTHEL ABHINOE / FI DWW T, B mE e, 6 e,
MNoOGEEEZEELGFLU TV S, F/OR IR
(32-41°) THbH. PEO FHIZEE &/ F Ok mh
KELZBMEMICH S (Miyamoto et al., in press), A
HFECiE, Rl T EBIC B9 % MR X & X (2
NZN20m x 20 m) ZHW Iz, WIARKEIEIANT Z—)b
Y720 1700 ALLE LB TH - 72h, 2008 41 HI
AERKEER 60% DR E KA FHfEE Nz (Table 1,
HXATOMERANOMEIEERICHABEL THE D . AL
RV INZ TRV T INF O 2 1d U kL A
ORI L RAEDETAEBELTVEE0D0D, k& LTH
NORE DI -7z (Noguchi et al., 2011), KX
Tld, BURFEMERICT AL > Tix & OJelifEz F 4k
EUTHIRREAEDREMEM LTz B, REICHEAD LT
o 7z (Noguchi et al., 2011, 7x3., MEERMKE 5 4
BWHICHT5 2012 F 7 ARRICE S LT, ¥/ DM
KX TR AROVZEMNDFEEL TR, ZDIEN
) IE BRI OFRAE X D FEMIC DOV TR, BARS (2009),
Inagaki et al. (2011), Noguchi et al. (2011), Miyamoto
et al. (in press) %= EZ BRI NI,

= AIE IR E R 38° D E RIS A7 L. 2002 T A
BTCERK 40% DR EMEE N7zpirTH % (Table
Do SO ZHRT 57z, 2010 £ 1 HicHm
EEDS FEISHF T 25 m x 21 m DX EZFE L,
WARMEZIT o120 M DL BRNZEKITH 23% £ £ <
HHEN, FRCRE EERTZEOHEED EV (Table 1, 1k
5,2012), i M TRMENMZIFEABEL THize D
ORI EETIEIAMIERICE > TFr v ITHEKEINT
Wizo MIRICWEY T Y HIR L, Frcptm L8 T
LTV, BKRETD VI ARE LS & UMK ZREAR
EYIDENLHEE L, BEANCDODWTHESER., #ak
KOERDAAE - WisEZFdEk L7z (Table 1),

AWZE TR, N OMEKX. MK EB X T EAED
TR S VT R (el AT N 2 5 g e = W AN i
K& XU, KDRHEMEZHEXBTHR Lz, 2hick
D, RERBETYAUTEHEID, TNENOY AT
BED IR RFPEAEIC B I R D A S Wit I D 528 2
A U 7z,
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Table 1. SRR
Summary of study sites.
SEAKE JE
Tree density (trees ha™)
EEECS RS A bkl (2009 4REIEE) IR k% k=R MR AR ORGSE=R
Plot Area  Slope  Stand age Before After Thinning rate ~ Year of ~ Mortality after
(m?) aspect  in 2009 (years) thinning thinning (%) thinning  thinning (%) *
=£)Il Karakawa
MERHI P Unthinned 400 NW 35 1775 1775 0.0 — —
%X  Thinned 400 NW 35 1700 725 57.4 2008 0.0 (0/29)
AP Kochi-west
#HA 3 Upper slope 262.5 S c. 40 1714 1143 333 2002 35.7 (10/28)
AHE N Lower slope 262.5 S c. 40 1714 952 444 2002 8.0 (2/25)
oy AR Total 525 S c. 40 1714 1048 38.9 2002 22.6 (12/53)

IO OB, [t OAFEAR DR R/ [ & DR FARDRFERE] 274, BIERTFENSEI L T D, @ElEOT —213

EfES (2012) 12k %,

[number of dead trees]/[total number of remaining trees] is shown in parentheses; suppressed trees were eliminated from the calculation. Data in the

Kochi-west stand is from Sato et al. (2012).

2.2 BIEAE
WIEBEOY YT ) VI REBADRREN
AWFZETIE, 2009 £ 9 H 8 FHICE/II. 9 HIC &Ky
THEDOY YTV T RFER Uiz, IKKRT V¥ L0 P-
VHEERD 515 5 2 7K 53 e P V& A2 6 oD 7K o i R
KR, B CREARENIC X 2B EZIT 5T LN
MoNTWVW3, MEOY YT 7k, KiRCHT 3
REMHTOFE RO TE51E ., ENRALTVS
TEDEMOENC KB HEEEZZTIC WVETHM TS
pEZH6ND (UKkik, 1986), F)OMER{LX & R

RXICR®E Uz Lk >3 — (ECH,0, Decagon
Device #t) THIE L7=2009F 4 A1 HH 5 2010 4F
4 A1 HE TcoLHkyOFHZ (Fig. 1D I X,
YT VTR H G E R TR G SR A TR O
IR EMLE DT 5, LEEKEE 2009 4 12 A M
M5 20104 1 HOWEELRAOM & [ARETH -
Too MH2 HEOKRMEIERT, ENHhLREFODT
AZZAKEBNM L TH 2 DT — 2l XL, 9
H4 HER 1:00 EYHET, 0.5 mm U EDX & ZE
o BRI S Nah o (K587, 2009; Fig. Do
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Fig. 1. )1t / F AN THIC BT 5 HEE/KE GHR. D BRU=R (RE D OXGEIIMED 1<kl 5 HikaE () OZHiZL ;
BT —D DIk > — (ECH,0, Decagon Device #1) DHlE(#EZ /19
Seasonal patterns of soil water content in the hinoki cypress stand at Karakawa (solid and broken lines) and daily precipitation at Misaki (bars),
the nearest meteorological station. Each line indicates the soil water content measured by soil moisture probes (ECH,O, Decagon Device Inc.) .
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222BBIFFEHFDKRT Vv b

HEDOKRRT 2 ¥ )V OREICHH T 2RO
PARIX, SRR X 3 K O s Ea O R b & Rl -5
MHZNZTN3EKT DEEE LIz (Table 2), ALK
DY A X, @HIVEORE FEBIC I8 % 18 A D i & i
BN DORMLIX & MEKKICHNTHRICKRED >
7z (Tukey ® 2 & LiigiE, p < 0.05) & id. B &,
FTaBlXUBEERICEREEEIALN N>, Y
HOBHT A (5:50-6:40) & HH (12:10-12:50) 1T,
BEARORBE EHOH Y20 ORWIEHT, EXH
20cm fEEDOFIFED iy 2 3 T DY T T
Lice YU INWVRERICT Yy S TREKZEAALTZEDD,
TIVIRAINWTHED Z LRV RICANTZ, E5IC,
ZOHITIKZE G E R TR 2 AN Z&Ez il U 7z K Re
THIEETCHRE Lz, KKTFT VY vy IVOREICIE T L
WYy —F v 23— (PMS600, PMS %) Z=Huwiz,

LYY TIIEKRT Vo v VIIERICAF v
FCHEmEZ RS, g EE (75°C T 72 KDL L
B ZHE L, ThHOMEML S, EDOEX DR
e G2 E B Oz lEHER (LMA) ZKRDT,
LMA Z52 0% U7 i B E 9 2 K13 & @iz R
IHiIcH D (Pooter et al., 2009). P-V Hifih 515
BNBIKDFMEE & IS T &M DE WIS U2
bz Ed % HINTHIE LTz,

223 P-VHIR E KD FEMEE

RO 75 DKKT > ¥ v )VORIEIC WS FED Y
VYT ORI, P-V IERE R O R IE 2 2R A O R
i EHOHY 720 ORWEGFmNS 1 D3Oy ST
Ulzo o7V KRBTV v VIEHOED XD &
PRRKEDICY TV T U, YTk b L,
C o —)VS M SERE K UTIRRE T 5 RFBIRR S oK & &
Db, HEEIN 20em 2 E DL E 7 Z Y O ELD |
TLy oy —F v UN—Z2HOTKRT V¥ v )Lzio
B UNGE U PV g2 ERR U 720 FEEROWE TR AL -
A (1983) It o Tze fER LTz P-V HifED &, ER
TFUVXIVERSEEOKRT Vv b (p, "™ EHXRE
KR (RWCP), BkBEOREBERT V¥ v b (™ B
KUHIEDAREEHMSER (o) ZRDz, TN D IKMNTZIE
DEELZD, p, P & p ™ DEMENE EBEDEIKEN
KRELHETLUTCEERT V¥ v )V EHEEF U THZEBRICTH 2
2 EMNTED (KK, 1988), iz, —fRIC e DEM
FOE EAMARBEDE < RIS Z LWk DK
ICKBWEZNRKE L KIS ¢ DENMEWIE EAl T
BEDZMEN G KK DR FIC KB WELLE /TN E
TNTWVWS Gus - &I, 1983), AR MERITWVWD
MOBEHTEDMERINTWVSM, AWIZE Tl Jane and
Green (1983) O JTHEICHE > THRRERER DR AME (e
iRz,

Table 2. fiEAARDOMEER (DBH). #m (H). & & (Hy) BXRUHEHE®R (CLR)
Diameter at breast height (DBH), tree height (H), the height to the lowest live branch (H,) and
crown length ratio (CLR, [H — H,]/H) of sample trees.

AT X No. DBH H H, CLR
Plot (cm) (m) (m) (%)
) X 127 20.4 160 103 35.6
Karakawa unthinned 128 23.8 17.8 9.6 46.1
136 19.4 142 10.1 28.9

) 60%[FEEIX 290 26.9 15.4 7.1 53.9
Karakawa 60%-thinned 292 19.5 158 94 40.5
294 23.8 158 94 40.5

EEIVE A B (40%[#1%) 1 22.7 157 103 34.4
Kochi-west upper slope (40%-thinned) 2 29.2 16.8 7.4 56.0
3 23.2 16.5 8.5 48.5

EENPE R FE (40%MH 1) 4 29.2 17.9 8.7 51.4
Kochi-west lower slope (40%-thinned) 5 333 17.3 7.8 54.9
6 32.5 179 7.6 57.5
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3. R0
3O BBIFAEBRRDKRT VY v Ib
B 7 DKR T > ¥ v JVIE S O E T - 0.45
MPa /» 5 0.43MPa DfiZz/R Uiz, HHROKKRT >
¥ )VIE—1.62 MPah 5-1.49 MPa Dfi7Zz /R~ L 7z, B
F5. Hec, U o FEBXUHEXBTKRT >
vy VICHERE IR LN -T2 (Fig. 2).

3.2 LMA &K EMEE
LMA XU P-V #ifih 5155 N5 k0RO
25 X AISE Y5l % Table 3 12759, LMA E°F)11 D 60%
R X DM O FH & KIS IR THEICE W EZ R L 2
(Tukey D £ H L#giE, p < 0.05; Table 3), /Ko7 Fek
fHICOVTR, WINOEERAARM THEEARZADL
N&Eh >t RWCPIZ0.76 5 0.78 Z/Rm L. 4D
DRBEXRBTIES DENIERITNES o Tz w™ E-
1.23 MPa » 5-0.97 MPa, " 13— 1.70 MPa » & —
1.46 MPa Z /s LTz, ™ & p,P30INE, EJT
R X O AKX K O EEMEL . @HIE T
B Lo AR FER K D BEMED 5 7o e 1
4.82 MPa 5 8.45 MPa &£ 72 0 /| TIRRIXX T,
EAIPE TR AR R E TRV 2 R U ze 22D 60%
RSB T B p ™ & w P d 4 DOFEXDED T
EE <, WHT ey EIREIRWEZ R LU T2,

AL XIVT ™ &y, EDOBGRETOY FT %
ELuOERICHEO p B ERT B —UDEDS

ZHREREHSE SNz (ANCOVA, p = 0.038), [l
ERROYIFIZE) O EAITEE D & & o s ¥
DISZ—=VICHFEHT B &, 60% BRX DT X TOfE
Oy DERKK DA XD & @R Z R Lz, —
B @BAETE p™ & o, WS NO KRG B
e RhE N TIHRIE N IEA S NIEh o T,

4. B

/) FEADIKKRT Vv VB XU P-V iR, 515
5N KRBT % P E O Tk, Y7 b
ML CUBMKETHEZIRIBEhah > (Fig.
2, Table 3), L7z > T, RWFED 2 HhFiDE /F AN
THIZBOTREEARMIC, A MHE, LHEXEWT R
DEBAEICHBWTE RO ZIEICHBRZEWN IRV &
EZ6N5%, LHAKEROETF/$Z—> (Fig. 1) %
YTV U TRTOK 4 HRNZBERDMEH S N aho Tz
TE, BRUY VYTV UV ITHBHIZER Tz &
HERT DL, SRIOKET VY v )UK KD R
flix, LEESRIEZIR UTe R Ic B % &/ HEtk Dk
REZKMLUIzEDEEZ OGNS, LHL, ZTOKI
SICHZ M HER, 10 HIRICH O — 7 2l 2 T
Wiz ehb (Fig. D, TOE—=JHIcYH 7Y v
JhERLUISGAEICITSH EIERRERMESNT
AREMED B B, 722U, w0 p " IZHIEE D AL
SRS TR LRI E Uiz R"d T & kK,
1986) @A - & FE O I AE T 5 DKK T

Nz (Fig. 3), &5, ¥4 METYU R MERICH VU IICENRENTE 8L S FHMOHER] (iR
BA(775 Dawn
0.0 =]I| Karakawa EHE Kochi-west
-0.2
'0.4 — p—— — p——
-0.6
. -08
[0]
a
E .
= H & Midday
; 0.0 = ]|| Karakawa =8 Kochi-west
-05
-1.0
-1.5 —— —1 - p——
-2.0
AL 60% 1% #m\ LR 40%mR k) #HE T A (40% M%)
Unthinned 60%-thinned Upper (40%-thinned) Lower (40%-thinned)

Fig. 2. ¥ MHEFB X CLEIXHOIATT (1) EHW (F) OIKKT > v VoL

Comparisons of dawn and midday water potentials between sites and treatments.
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Table 3. &/ FDLMA (gm?®) BXU P—VHIFIC & > THS NI BEDKDRFEMO M GEHER) | FIRE D s
T FREDMRERR RWC™) EKKT V)b (p,”, MPa), BZKREDIZERT > v )L (p*, MPa) &
CHIRD AR R DI KAE (60, MPa)

Mean (SD) values of LMA (gm™) and leaf water parameters of Hinoki cypress trees calculated from P—V curves;
relative water content at turgor loss point (RWC™), water potential at turgor loss point (", MPa), osmotic
potential at full turgor (w,*, MPa) and the maximum bulk modulus of elasticity (¢, MPa).

BEDOKIFFMEIE  Leaf water parameters (7 = 3)

FHAX Plot LMA (n=21)* RWC™ P w™ Emax

)RR X 176.6° 0.77 -1.63 -1.23 8.45
Karakawa, unthinned (16.4) (0.06) (0.13) (0.11) (3.51)
EN - 60%MIR X 158.0° 0.77 -1.46 -0.97 4.82
Karakawa, 60%-thinned (12.6) (0.04) (0.07) (0.15) (1.79)
EEE BhE B (40%M%) 182.7° 0.78 -1.70 -1.22 7.94
Kochi-west, upper slope (40%-thinned) 9.5) (0.03) (0.14) (0.28) (3.98)
T R N (40%R%) 179.5° 0.76 -1.62 -1.03 5.27
Kochi-west, lower slope (40%-thinned) (12.3) (0.07) (0.06) (0.15) 2.51)

TEATE ORHE RS =20, BAR LT T 7Ny ME 4 HEXMOAEE (TukeyD 2 E L, p < 0.05),

“n =20 for lower slope at Kochi-west. Different letters indicate significant differences among four plots (Tukey’s

HSD test, p < 0.05).
-1.2 | o #&@ LER(40%FIH) Upper (40%-thinned)
* m TER(40%MH) Lower (40%-thinned)
2 60%RAEE 60%-thinned
4 FRIEE  Unthinned
-1.4
A
E /1|
= Karakawa o7 e
=  -1.6 7
:5_3 A . '6_..-”
1.8 e
& =N S [ei]
Kochi-west
-2.0 1
| | | | |
-1.8 -1.4 -1.2 -1.0 -0.8

w:" (MPa)

Fig. 3. SUKEDIZBERT > ¥ v )b (5™) EERT ¥ VAL S BOKRT > vib (p,?) &
DOBIfR G, B EAITEORIRERD
Relationship between osmotic potential at full turgor (,*) and water potential at turgor loss
point (). Solid and dashed lines indicate regression lines for Karakawa and Kochi-west.
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IR, 1983) £ HAHT e, BERANY IS
IKRDZAL 2T TlE— A DK A N L A DIRRER
HETTERNVEEZISND,

HIFFBECHPOKRT Y ¥ ILiE, WEFho
FAEREChECTe /FTRESNTVSME UKk,
1986; BIADL ,2009) &[FEFEE TH >z, BT HDIK
BTy VEVTNOFHEX TE - 0.4MPa fRE T,
/) FTKARL RIS KB HAREBES DK FOhEE S
EVWbNTWVB-0.9MPa 55— 0.8MPa (K7 , 1986)
EOEhEDEhoTz, TOTENL, HEROIHAE
WRARIFZKA LA ZZIFTCHEST., ZBUC XS HM
DKKRTFT VY VOKFhSEETETCVWIEEZDS
Nz, —FH. HHICHNTKIDEH Clhe % KD 7KK
T VY )V, HRRETEER T 1.8 MPa A" 5 1.0 MPa
(FHIF , 1978), L HiEpEME DRV Z /L BICEB T %
11 446 J FHTIEH-1.5 MPa UKkik, 1986) &R
HENTHED, SHOHHEDOKRT VY v IVDME & iZ
F—HT %, Lieh>T, RABOFHEX TE HAHIE
SELBAEZEC T EEZ SN, KD+ T
L RHTH> LD ABENBKTH>TT NS
DA%,

SEESNZRWCPIZ, ThETICe / FTHE
ENTVRHEORHANTIZ D BN, LLEIEH <.
4HEXBTOIESDEMNIEFICT/NE o7 (Table
3)o RWC™ IZZ DEMMEVIZ E, ENDKDDEDN
THLENENZ N EERTH (BEFES, 2002), /K
RACHNT BMMEEEZ ZBITE, w," Ry 5
I RWC OZLICRH T 2WEDZELZ EZERT %
DENH D, RWCP DA THMAZRIETERY L
e ZRJ, 1984) Fz, w, " Ry LEHZO, K
RO CERBISME E O A BEFREMAREBEINTY
W KK, 1986; ALILS | 1996),

—HT w," &y OBBRICOWTHEA T & D%
Jay U, AU ™ THELZEEICE., malo
EARZENEDE p," DEBEICEL 20, WEED
EWER D S DA Tz (Fig. 3)o 1 HADEWIEH % WY,
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