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HIATIE P A8 —15~—204E, RWC 75 8580 Effect of soil moisture on xylem pres-

sure potential in current shoots of
%OHPHE DL FT 2 &gtk 0 L O EHARD Todo-ir (O) and Akaezo-spruce (&).
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HEDEMIEKRE (%)
Relative water content of needles (%)

i~ 40 60 80 100 40 60 80 100
~ E "J\‘r T T T 1 “’“\‘r T T T 1
He e a8
&5 PN
L b3 Y
+ 5 ook @ L
N e 20 8°° & 50
A= 0 g0 a8 &

Ik @ fo) a
w3 & 8o
b= —s0f o = o
Hi g
A
Fig. 6 ARIFELRT V¥ o v EHEOHMIEKROME G
(O: bE=Y, At THZY=Y)
Xylem pressure potential in relation to relative water content of
needles in Todo-fir (O) and Akaezo-spruce (&) current shoots.
Table 1. # K % o P o [H #
Changes of P after watering
b ¥ = Todo-fir 71Ty  Akaezo-spruce
@k R 4h g ffﬁ 242431 ks [ ?,té @k . 4}! T f%é ;;}24}1 e R ;% B
) . 4 hours after |24 hours after 4 s 1ours after ours after
Befol(‘e_ thz;;e):rmg watering watering Befox(’e_ 2&%1’1 ng watering watering
(—atm) (—atm) (—atm) (—atm)
|
20,0 5.0 3.5 29.0 21,0 : 11,0
21.5 7.5 5.5 22.5 9.0 ‘ 9.5
18,5 3.5 17,0 9.0
19,0 6.8 21,5 8.5
16.5 4,5 17.5 5.8
16,5 4,0 21,0 7.5
HEDEKRE (%)
Water content of needles(%)
Ag __\\' IFIJO IEISO 2?0 ”4‘\‘ I(IJD 50 2(]]0
M= o% @ 2 s
Es % 8 e "
2§ ° o N
r g —20k 008 L &
N 38) LY
= o eo asst B

o)
£ ¢ ® =
] Q L. -

ﬂ%: c —40 o' s &

@« “
£ = "

>

Fig. 7 REBERT v ¥+ v EGED GKROBHK

(©:FF=Y, ATHZV=Y)

Xylem pressure potential in relation to water content of needles

in Todo-fir (O)

and Akaezo-spruce (&) current shoots.
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AOMREEDN ML LT D EEZ SN D, D P Ofiild, ik (19544 234 5 =V OELEIC DN T
IROTREUS TS L —B LT 5,

T DR THLEIC TN HRD P 3% T & —15~—20 LI T iz Tid, fRELERb-EBE
W DOTH 2 MDD - Fo, Fio, — 15 GQERINIC » e iAICH UKk 5 &, Table 1 JKRT L9

4IEFBICIZEBEAEDOWADURTL P AR U, —20&%EIKE kT hoy =y it —114ILEE
THET 5O 24 Bl S LB E Uice TEEP OHO LN TV AHDE KR Gigd) & P OEE S 5

& (Fig. 7, P EOMBIZHY LN LD, RWCITHAATERMNAEL, EMABARAGTCEH D,

2) KO 2

(1) MERE ik

1976 4F 4 JIRIC 1/5,000a 7 7'+ —w P ICHIEL, FAHCENTEW P Py A4ENET H T
Ve AR A MENE L, 9H1IREDII A7 AET AT o —2F v Eh oy b 2ETHEB LI,
SRR L ERU b OAER Uic, ATDEO ElE 1Tw KERIT 6 1, 400w Bt 7 7 16 4,
200w Y 7 VI A —F 8, HONST 16 AAMHE L, WRLOMER 45 Klux TH 5, EHikiT 20°C,
22l B3 40~60%, HELEMFE MEIIEES Ui, THMNICED 28503 24 6720, WERT &
ICHiFAE L, RGOEHE L 10 10 BiCid b F=Y 6418k, TH T =Y 61 K& 1S - 72, &8RO
BRI A TSI K LTSRS C A7,

P, RWC B KU LK ORI HER 1 EFERICE 200, SRS RAEBOSIC 20T IllE Ui,
BAEDRFE LT P HER O BiE ote 2~ 4K O i b aidkt s U, —30°C T kbt s L 7o #iT
AT DT, co BRI U 2oOK A FHIE %S TRE Uic, £/, SHFLMIEIO P 2HEET 570,
2 R FE D SARE Z_ 1145 10 MERIC DO TERFEEE 0.5 g MIEQTURAKHTHE Lice C O, EICHES
BESE DI Fe e 5 1o OB R BRI U, FHRIC L D85 7 ¢ YW ZLEK Ui,

P2 T U iiRid, ook UT—lR LIPS s & W B2 Bl Uice #EeE, 0 s

TUHBER L), 1 53O Y LUNHSE, 2 1 530 Yy LLEKIE, 31 &fho 4 BRI 530 fo, KRR
PEEEE 2 D DRI, 1 & 3D 8D o 7o WHEE 1 TIIHEOSRIGISS _EWIC D0 T 2ZED—IBA;
T HREE DML b ORI otc, P& RWC, BT R O 72 ks oy EnlkiB iz RWC Rl
DEAARED SHW L 7ohs, oIl Ul a8 r o onidbThTh D, ik
PEIC RIS e o oo BEEE 20 P Fe VIR T ARSHEEESO P F=Y 7R, THZ V=Y 2AKCD0
TR SIRINT &9, B EET S - T,

Hv

0}

(2) HMHEzx

PRV, THZ T VIEONT, dBKGE P, LEKSE RWC, P L RWC, P LTEOGKED
WfRa Fig. 8~12 TR,

LHOFIICHEN PIMETT 253, HIBE/KFE 02 (M F T Picxhs 2 Lk o #iiin {,
THIVw Y 25% YN T, b Fevid20% LRT S P DETINBL D, KAZEMES (19.5%)
VINICIs B & Lgkoricxt UTERENIC P AME RS 4 (Fig. 8), COBIMIE RWC ThE - <AL
B Do IRABWEMNTDO P I b FeyT —16~=20%F, 7THZV/=YT—-20~—25%K, RWCRI

P YT 90~80%, TAHTS YT RA~TIN THot, Eio, AHEEIKEN 25~18% D TIL,
PRI T ey @ P KL, RWC /&L EmAR L (Fig. 8, 9, TDXHIC
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Fig. 9 Lowiiic & &7 okt
I E R DZEAL
O rF=y, At T7HTV=Y) O bF=Y, A THZY=ZY)
Effect of soil moisture on xylem pres- Effect of soil moisture on relative
sure potential of Todo-ir (O) and water content of Todo-fir (©O) and
Akaezo-spruce (&) current shoots. Akaezo-spruce (&) current needles.

Fig. 8 -LHOEIICE b1 5 KIBER T
v e v DEAL

< Fig. 10 #4RICE S35 b Fv Y HIRDOHEIED KD
— 100k REDEAL & WEEE

Damage of needles in relation to water con-
dition of shoots in Todo-fir seedlings.

— 120} O - 44 No damage, € : 1/2 LIF Damage on less
than half of needles, (: 1/2 L) |- Damage on more
than half of needles.

— 140}
140 °
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AAA% T T IA T
3 i
— 20k e
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Fig. 11 AT H T YA Fig. 12 KRPERT v ¥ p v g1
IO, & B SEDBIE
Damage of needles in relation to water O bF=Y, A ThZU=Y)
condition of shoots in Akaezo-spruce Xylem pressure potential in relation
seedlings. to water content of needles in Todo-fir
A EREE No damage, 4 :1/2 2T Damage (O) and Akaezo-spruce (A) shoots.

on less than half of needles, /& :1/220 1
Damage on more than half of needles, & :
K% Dead seedlings.

KAEREAIEOR—THAMNTE LT P Fev 2D THT /=YD P BEL B A0, SRl =
VHEE LTS hE LU,

L & b —20 SUEAHE S —40 ATHHEIC 250 2
TN NG, —20 SUEHEOZIA, R 1 Tl f & 5 CRITAIRZ 01273 » T HAMIE 5
SEBLBNG. ~40 AUEMLOBMAE, 2BIFLE b P 5 —0 GER FIC i 5 S0 AR 7
PNE D, TP KEOEFTASE P (2 OBARIBETAR OEFRAEETHE &
(Fig. 12) 75, BABRAICHE L THb NP EHEL BND,

FY w7 8T VY D

P & RWC O

ves B e (Fig. 10, 1D, 24

~

Fig. 10, 11 TA 5415 P-RWC (it o —20 KL B 5 ZMAIC 20 TR, Wk 0 #2R%
Micear 5 (196879, 197070) 254 A AF T, Garoner & (1965)2 /37 2 © L =7 ) I ETIED KA F
Yy ek RWC OBESETED, WTFNRBITR0ICEL -7 2bE LT D, F/z, Jarvs
5 (1963 MW & Vv NDRT I TIHEOKET V¥ vd RWC ORRERD TS, sl 10
7o IS ZE M AR F DN T,

Z @ P-RWC l#IC BT A BRIA TSR D1 2 3 2 7o I GILEARID P B 108 TTHgED
OFEIFT R Lic, S » V=Y T —12%JERF (Fig. 13), 7A=Y T —16 GJERT

(Fig. 14) &#EZ 515, BADKILHABIOKEF v ¥ » WD TR & OB IRTIADE <, kD
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FERBETIENE #3135

Stomatal closure
—12.3~—16.5
-0
1.7 —T|_?5 -W o
1 i I L 1 i ] I 1 1 I
2/9 3 4 5 7 8 I 12 13 15 17
BIER H

Date of measurement
Fig. 13 ZEREEDP LA P2V HROKILHGBSORIBIERT v ¥ v v
Xylem pressure potential at stomatal closure judging from

evapotranspiration of a pot with a seedling in a growth
cabinet at 20°C and 45 Klux (Todo-fir).

i

|
|
\

,,,,,,,,, Stomatal closure
—15.0~—29.3

—a
—18.2
Stomatal closure
I | ] 1 I 1 L 1 1 I L
2/9 3 4 5 7 8 Il 12 13 15 17
Date 'of measurement

Fig. 14 ZEHREEBPOAHLT AV =Y HAROKILEREOAIBELRT v v v
Xylem pressure potential at stomatal closure judging from
evapotranspiration of a pot with a seedling in a growth
cabinet at 20°C and 45 Klux (Akaezo-spruce).
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Table 2. GILHASEMRBEA3EDKET VY 41

Leaf water potentlal at stomatal closure

it pizi 0)7}( BT VY v l X [N
Spez ies Leat water potenrlal | Refcrenu,s
Pmus syh)esms | (80)* ‘ RUI’[ER & SAND (1958)95)
Pinus sylvestris | 15 Jarvis & Jarvis (1963)44
Picea abies | 37
Pinus taeda 15 Kavrmany (1968)50
Pinus ponderosa [ 16~17  (84~91) ‘ Lorusninsky (1969)69
Pinus contorla 14~16 (81~85) | (1974)69
Pseudotsuga menziesii 19~22 (82)
Abies grandis ‘ 25 (85)
Picea engelmanni 16 (86)
Quercus | 8~15 Seer (1972)108)
Malus sylvestris | 19 ‘ Wast & Garr (1976)149
Picea engelmanni ‘ 5 i Kavrmann (1976)58
Picea abies 15~20 } Gross (1976)26
« RWC -
SELDTHLE Table 2 0L HICIEE, b FwY, RO LTS - 72

A, PFTYRTATV Y I0R0EN P TSNy, BMEOSTEAENEEL NS

T, EMEERD 1 ~4ICRONA LI, TR D EG ISR A © e To 2
BRONI, COCEREDIIC OV THRETH - 7o SELTFO L Fey TSR L,
PHOREICY VISEE SN X DT 5,

HIRDWERE WS LU HEOKMNEE OBEFREELD 5 & Table 3~5 705, HWEEO 10
QR THEESHD LN, THIYV YO PR FTYIDEHET ENEN 8 KL, 175IE
K78 57z (Table 4), 2O LFPWEFRELDO P B b F= YT —-28.5%H, THT/=YT 345
SF, BaEARENEN —7240, —95&STE Y (Table 5), P TAABOTHZ /=T Koy
FODRBDENMETHEHESRELLTED, POETFCH LU TRIEEER L&V 5,

—F, #EE O, 1 OIHKSICIBREENCENSD 6T, BEER 3 O BUKMCIIEEENRD &
, FETYOLBOBT AT v VObDL DGR L T, UL, WEE 1~3OIHKIE
F=YT19~10%, 7H L/ <Y T19~13% OROEIHIC &b % 25 (Table 3), $EKkaH519.5
% DXAEFEAMZ TERT 5 S, AEROWIL-PHYEDZIC KD WEEE 105 3 £ TO #EREK
DABKSTIRETLEOEEZ DD, THI V=Y OB, WERHEUD 5 LEKSEHERE 1O
DS 9% M EEZ DR, 19% VIR 2 SO EE OMBIR & RO ER S 58k 5, + M=
VOBG, THIV Y ERRRC 19% LITIE 5 SO T A0, MEEE 3 0K O R
POBIAIEKDITITH T EEL 6N D, &, HEK2 30 F=YO RWCP WC BT AT
=V ED/NEL (Table 8), » FeYi3 7A=Y <Y KOKAZERALT OBk T RIFMELICH
Z B DICHNEHEEZEHE TN L EVZ b,

WOFHS KL, PPV TUAB DT (FEHE36%), THx /=y T81% LT (R62%) &izh

THIY =Y OEHEREBIPILOE M 270, BOUAKEESHESD EM TR M, A+ 7T 150% Hi
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Table 3. 5 & BB L o £ 0o kIR 8E
Water status of shoots and soil at which damage of
seedlings was observed
T WEED 73 T
it b} Degree \ Number P RWC wC SM®
Species of o
i | damage samlple (—atm) (%) 2 (%)
0 | 41 7,0~26,7 92, 97~-59, 02 | 140, 00~92, 09 | 43, 10~14, 96
N = v 1 12 28,5~78,8 58, 24~37, 31 93. 28~52, 29 19,00~11, 87
Todo-fir 2 3 77,0~ 39.96~-35.39 | 59,10~46,95 14, 33~14,05
3 8 72, 4~ 33.81~23.80 | 40.67~22,98 17.51~10,78
0 40 7.3~52,6 90, 59~-52, 16 | 152, 72~84,08 | 47, 66~15, ]3
FThHIS Y 1 11 34,5~77.9 58, 85~-39, 85 | 111, 12~64, 00 | 18, 67~14, 06
Akaezo-spruce 2 2 58.3~104,8 46,65~41.63 84, 52~83,20 | 16,80~18. 20
3 8 95, 1~ 40, 95~30. 23 . 86, 90~41, i 19.82~14, 80

47

1) 0:f#4 No damage, 1: 353 ()f) ) 1/2 PIF#5%F Less than half of all needles was
@ 1/, I EAE%E More than half of all needles was dead, 3:

dead, 2: 35iE
%% Dead seedlings.

2) kS, T Soil moisture on dry weight basis.

Table 4. ] & E o ¥ 15, 4 %, B % F %
Mean value, variance, and standard deviation of the measurements
et F K = v Todo-fir 7 =Y Akaezo-spruce
| WERE _ 0%
HEER SR i o i : ”A B o A e (L e
i YA (= 5 - Z. : g 3 .
Degree Number S = /S ' Stand Number T ¥ 4y W Stand- Differ-
Ttem of of Mean | ardy of Mean ard ence
damage _ value | Variance |devi- | value | Variance devi-
| sample I atlon‘ sample I ation
0 41 16.9 26,7788 5. 17 40 25,1 96, 6589 9. 83 Kk
P 12 38.6 80. 5802 8. 98? 11 55,8 266, 9384 16, 34 *
3 { 6 | 112.5| 164.9967] 12.85
0 38 82.6 64, 0850 8,01 40 74,85 136, 8886 11,70 ok
1 12 44,91 32, 3883 5, 69 11 47,80 27,3648 5. 23
RWC ~ :
2 3 38.07 3.7982 1.95
i 3 8 28,97 9, 7020 3.11 8 35, 90 12,4353 3.53 ok
0 38 122,77, 102, 1414 10.11 40 119,28 333.6311 18, 27:
WC 1 12 67, 40 144, 2461 12,01 11 86, 54 221,9193 14,90, ok
2 3 51,59 28,7222 5. 361
3 8 36.19 31,0498  5.57 8 61,50 230,5115 15,18 =
_ J i
0 41 21, 29i 45,9117 6.78 40 22,42 48, 5731 6. 97
M 1 12 14,97, 4.3178 2,08 11 15, 59 1, 6686 1,29
| i
2 3 14,17 0, 0134/ 0.12
3 8 | 14.31 3. 4241 185 8 16,45  2.3965  1.55 %

1) P: Xylem pressure potential of current shoots,
WC : Water content of current needles on dry
weight basis.

5% TH#E Significance at 5% level

1% T4 #& Significance at 1% level

RWC : Relative water content of current needles,
weight basis, SM : Soil moisture content on dry
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Table 6. 4 B W 12 %} 9 2 4 kK © W ¥k
Tolerance of seedlings to soil drought

Bom | oW N ﬂliei\m%rfeﬁg B
Species ] Item | wilting point Lethal point
P (~—atm) i 1520 3 85 72
[ ; RWC (%) ‘ 90~-80 58 34
Todo-fir WC (%) | 140~115 93 § 41
SM y) ‘ 19.5 i 19 ‘ 17
P (—atm) ; 20~25 3 34,5 ‘ 95
THTV=Y | RWC (%) 1 8575 ; 59 41
Akaezo-spruce | WC (% | 140~-115 ‘ 111 ! 87
| |

SM (% 19.5 i 19 19

%, T =Y T 100% BRIV, By F o~y eI E 5 FOIERT 80~60% L1 5 TN BY, F—

4
2= O 110%1, 105~~65%19 & 575 1) DIRM A 541, Ursic (1961180 2IgRTUN 2 & 3 105 5E
TR E—OEL DS UTED Uik Bhns

T O RS

FOXHCHR UKD G P v 2) K2 FevEtTHzS =D P (21

V) MBI LD, WS

BT & IDOEIIE, Dok

P (ite) oA Tl e % TR, LBIUKSDL
FAERFRTL & SNk U Tl 3 4 0 82d 5, #7201, Jarvis & (1963

a, b, c, 4 3 53— Wb, BTy XTHTY WEDEILKET VY v AREL, Wi
ELTIRI—0 9T >3 -1 98T 7Y Th LD, KAUMSEDGAMBOKRT vy » 1128
OUFHETa —a v T =y >a—a v b9 e THD, BRAEMNLHEEE LT I—n vy X7 4=y
Sa—awN kel LTS,

3 F & 0D

a) LA
1976 FERKIZ AT/ m— 2+ ¢ B oy P TEREB L -7, WARD KMREER, Tvove—F 4 v

IS= X BARERT v v (P) EHEOHIWEGAE RWE) Zdulscii~te,

GRS A b Ry, ThHZ VY RO RIGERR T 6720, 1975 EFKICH 7 R# T,

b) BICRT S PR, TAH T ey TSGR 26% A1E, b Ky T 20% A B AR
Td b, kAZEMASE (19.5%) Mo P, RWC 3, M F=YBsies —15~-20&UJF, 90~80%
THIS =y NBEBLE —20~—25 %, 85~75% TH - 720

c) HeEREAEO P, PRy T -285%0F, TAHIVTY T 3454, BLARENEN
—7240FE, —BEETHY, LWINLT ATV YOFBEL, PAEBCHETIRO TS Y
W F=y EDREPSRENC &GS, UL, FA—28UKS & CICRAEMALNICET % P 3,
THEZY=YHB =Y XDELDE0T, WG HEICIE RSO LS RBEZ P L ADE S & HR
O P OREREZRT 5 EPNELRDINS

d) WEREOLEANSE, Ty, THZ VoY EL 19% M TH BH%, KAERO 4 ks

RWC, f,’;v/k:?%iam‘,,@i’oﬁfgaﬁ,E), PRV RT ATy KO RIS U TSR B EE X R
ZDO
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e) SHABBobCs P, PFvY T-12KEFENT, THZV =Y T-16RFEUTE #HESN
B i, WBEIC X DB D O WREENFAE T 2WICEPEOHMHIICBE RS EEN S DN D,

£) 28O P-RWC #i#icid —16~-20 KIEE —40 KIERITIC 2 DO FRIANA OGN 5, WIEE
LBIRDPISAAFEFRICE LIz C IR D BEEDBIEMZIZ 01K -~ e ked TH D, BBEEBKDRAIC
LIl lcwEBZ 5N 5D,

B3 KT BEARD FIS

D E B 3@

(1) ke Fk

HAREEZT R TVEFERHOEAICONT, TREERERO P RWC 28345 BT g
BTISoTzo 1HEMRREQFHMIC LEK S Z BN EKRP SXAZRALUTETHE L TERT 2 &
BEETH DT, TEROBKERS Uk,

1976 E5 A28 A5 6 ASRETHRIL o —2F v ¥k v NTER UK, F N 54EER 40 A,
THI Y THEER 42 KICONT, BOTEKENERY) =5 LV VETEEERL, SOIKTIE
A ip A ic, WA LERIC 2 A9 DILTTERICE N 72, BRIT 20:1°C, BT 40~60%, RES

Table 6. #% 2% & & 3 o K 4 R #
Water status of shoots at which damage of seedlings was observed

R | # Bud
B E Degree | & K B[ | )
Species darcr)lfa ge Nug%ber (— zlt)tm) { }%Z/Z)L ‘(]ZAC)
- |sample | ,g“ o N
0 13 5.0~33.5 | 89.22~53.25 142, 99~81, 35
FOF ey 1 10 26,0~38.0 | 63.02~49,03 95.97~74.12
Todo-fir 2 4 34, 5~48. 8 45, 60~42, 40 71, 9769, 53
3 13 35,0~ 51, 40~32, 49 76. 30~43. 55
0 17 7.8~-63.8 87. 26~63, 78 133. 38~69, 34
THI Y 1 6 34.0~65.5 | 78.01~59.71 87, 86~59, 69
Akaezo-spruce 2 5 32.7~72. 4 71, 24~57,17 87, 33~60. 36
3 14 46.5~112.9 | 67, 40~45, 98 79, 80~56, 76
gy | ¥  Leaf
it i Degree ﬁtﬂbﬁﬁz I RWC J we
Species damage | of | (—atm) @ @)
o _sample S R S

o 14 5.0~38.0 89.22~53.25 | 142,99~81,35
R 1 18 26.0~72.2 63.02~37.68 | 95.97~-47,59
Todo-fir 2| 6 58, 8~ 49.26~38.03 |  76.30~47.59
3 ] 2 100, O~ 37.64~82.49 | 54.21~43,55
0 15 7.8~47.8 87. 26~59.71 ; 133. 38~-68, 15
FHI S e 1 34.0~74.0 78.01~57.60 |  87.86~59.69
Akaezo-spruce 2| 4 59, 8~104,7 57.12~45,98 | 60.36~56.76
3 3 80.6~112.9 | 57.45~-54,70 |  69.00~58, 02

1) Table 3 &ITL The same as Table 3
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JUHEZAREETH S

P B L0 RWC ollsEil, UMM R 2 S ARIC B 218 » 7o WERTHIZ
FIAORAEKICHE L, DNTHEE 2 EREBRICEEOWEE Ui, 155, O
FHEE3D P V=Y A FURIC DD TREEITENE S NI R

RG-S N

Table 7. U 5& {6 o - #5, 4> ik, ¥ HE 7 GEogrd)

Mean value, variance, standard deviation of the measurements
(damage of bud)

b pE F ¥ = v Todo-hir THhT ‘/“7 v Akaezo-spruce ‘
HETE - f g | fhizeH A
Degree SR 4y i VS L 4y W |Stand- |
c ‘ *" _|Differ-
Ttem of of Mean of | Mean | ard| ence
damage| samole value | Variance ‘devr | samble value | Variance devi- |
) | P B B at]on ‘ P | ~__ation
0 13 17,6 64,9993 8. O" 17 27,5 262. 3956/ 16. 20 *
P 1 9 31.8 14,06 3,75 6 47.6 111,8823 10, 58 sk
2 | 4 46,5 48,17 6. 94 5 50. 2 227,94 } 15,10
3 10 64.8 | 498, 22 22,32 14 79.9 323, 3712, 17, 98:
0 13 72,00 76, 41876‘ 8.75 17 79, 24 52, 55305 7,25
o 9 55, 45 21, 8309 4, 67 6 | 67,28 53, 8696% 7,34
RWC | ‘ ‘ - .
i 4 43. 83 1. 3839 1.18 5 64,05 21,2548 4, 61 sk
3 | 18 | 41, 44 26, 4142 5. 14‘ 14 58. 48 26. 64661 5, 16/ sk
i ! ‘
Lo 13 | 119.80 398.9361 19.97 7 92.97] 480.1280 21.91]
| | |
W 9 85. 59 35,9771 6. 00 6 73. /»7‘ 80. 0075? 8. 94 *
‘ % ‘ 4 71,02 0.8251  0.91 5 70,36, 87.6577]  9.36
|
s P13 57,83 93.5784  9.67 14 68.839  48.0390|  6.93 %
i i i |
ES Significance at 5% level.
ok Significance at 1% level.
Table 8. #l & i @ ° 4y W, BUEE R % GEowE)
Mean value, variance, standard deviation of the measurement
(damage of needle)
e F = v Todo-fir : T H xSy Akaezo-spruce |
lwemg| N N7 Y Todohr 1 ThEYEY Akaewosp
B TE ‘ | - FET D 75
HIETE SR | o o | . o, it
Degree [\ 7121 3 ) ‘ ar ik 3H ) e Differ-
Item of of Mean of Mean ence
damage value | Variance |devi- .| value | Variance devi-
sample ‘ ation sample T ‘ [ ation
0 14 19,1 ‘ 87.8550  9.37 15 23 7J 158,1957|  12.58
P 1 17 39.0 1 125, 4883 11,20 20 56,9 ’ 165, 3409 12, 86 sk
2 4 | 77.6| 191.6317 13.84 4 | 90.3| 319.5125] 17.87
S IS S EO
0 14 70.70 93. 0499 9. 651 15 80. 29 54,0789 7,35 EES
RWC 1 17 49, 44| 53. 4082 7. 81‘ 20 65, 20 28, 2853 5,32 ok
2 ; 6 41, 47 185, 6425 3. 96 4 52, 61 17, 1559“ 4,14 *
—— : T e R
! 0 14 | 117,17 460, 0486 21, 451 15 95,80 476, 9041 21, 84 E3
WwWC 1 17 | 75, 34! 150, 2508 12. 26‘ 20 72,60, 49.7820,  7.06)
2 6 | 57. SZi 92. 0481‘ 9,59 4 i 61,39 30, 5594 5,83
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(2) #REEE
BKIC & & 785 BEED KR AE &

EWES P F=ry EDRELITSTH
YIS =85, ThT YTV

Table 9.

B o7k ot 9

PREHBISTT SR

% B 2

FBIOEDWEL DBEZR
HEADPRINF=YXIDTHZ =Y TELIE 5Tz,

%% %% (Table 6~9),

3F, ELoWE

ThHISZYOFICHONTIE, WEE1IOP D

D, WHEOERBSE» -~ EERLTVS

— 47T REETS 5t BEOBILAITHRB DI -

FEOBFAE b

2 IO S NI OB T I 5

Tolerance of seedlings to dehydration during bud-bursting season

D LTS,

o

i ¥ Bud #E  Needle
BoOm | WERE | ———
Species | Item Initial Lethal point | Inmal Lethal point
‘f damage pomt[ p Jdamage point | poir
‘ |
| P (—atm) 26 ‘~ 35 26 (80
“Togo_ﬁ?r 4 ‘ RWC (%) 63 ‘ 51 | 63
| wce (%) \ 96 1 76 ‘ 96
— ] i } i —
P (—atm) | 34 ! 47 i 34 ! (80)
THhHI =Y P | | p ; |
Akaezo-spurce J RWC (%) ‘ ’8 [ 67 78 J
WC (%) | 88 ; 80 | 88 (
l) TEE;L{* Estimated value
SHEDMMNEKE (%) DM EKZE (%)
Relative water content of needles (%) & ter content of needies (%)
20 40 60 80 100 20 40 60 80 100
T T T T 1 T T T T T
> &° Ooﬁ @°
w & ®o
[o]
P 0080 N ~ 20k 0 a
%@ a Q)‘p
o @ a
&
o ﬁ; Ag © ‘#; A‘: %S
® a0 B © @
oge & °® 0w & 4
® Fe-y © A:ﬁ
® sa® N - L4 as®
a & v s &
a N &
80 e Ae 8%  ep
® - w £ —sof ° .
e & s
° & € ; ® "
® a — 100 @ a
& a
& &
1201 — 120
Fig. 15 J}{a/J\ Ci 5 EBE DIRAIREDE AL Fig. 16 BKic X BEEE DK REED AL,
@/ﬁ& & (‘_'_ Jl‘;‘fﬂé@'ﬁﬂz =] E

Damage of buds in relation to water
condition of shoots in Todo-fir (O) and

Akaezo-spruce (&).
O A ¢ fEYE No damage,
Damage on less than half of buds,

@ A : #%E Dead buds.

©4:1/20F
Vi
1/2 Pk Damage on more than half of buds,

GEER Fig. 16 LAL)
Damage of needles in relation to water
condition of shoots in Todo-fir (O) and
Akaezo-spruce (&) seedlings shown in
Fig. 15,
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EEL 20 P OSHPOAT, 281EEL —80
. 50 200
SRR E Hb b, COMR» S, FREIC T T
o
N BRI SR B SEDFER 2 oo
. i . —20 o a0
OFERERKT D&, P FEwY, THL Y/ wvE oog%w s e
o s 2 50
LROWEREL, B0 P B REHLE LeP
a
o o
A I)Q?ft Oéa
RWC B8R T MR 02208 4 SIS, ° %
o
CHEREL Picstd 2 RWC A F M=y X7 °a
Qe
HIS TP OREN D TH D (Fig. 15, o &
o
16), @ RWC O d, Kwereowe (1967)57
. o8
DA H HAETFHOENIC LS5 S B %
o
Lo b F=YTRAMED RWCIZP D ASE N
ARV X NG Y (AUFINTN-S AT N L el -rer
\ Fig. 17 RIHER
7,127 s et 1
e O
P& RWC BRI, b Fwry Tl KR, 2 (O b F=y, AT THTS =)
o - Xylem pressure potential in relation
EHBRIC —40 &L, 40% AT 2 fn s Si to water content of needles in Todo-fir

. _ . C aezo- N s.
D95, T ey T (0©) and Akaezo-spruce (&) shoots

A aiiddn o

g

¥, 105, 50% £ TH

TOBERERL TV S, BOHKE (WC) & P OHETIE 2 o
BH ottt (Fig. 17), 7H /=YD RWC & —60 LE T T WC oYL 2 1 lh<ipis

DELTIE-TEY, 4EH

RTnsdoEZzonsd

Table 10. Jji K £ B i© 0 v # &

Materials used in Jehydmtlon cxerlants

% OB OO e - | ap ” /m 5 T
Period of HS i ;{\ I xu\b “f . B » Initial fresh
C‘(pe]’lment weedling | Number of sample weight

—_— . - S -

b E =y A AR |
four-year-old I 27 87,27 £ 22.51
, : Todo-fir
g : . :
£ &1 THE/ ey L |
(76,11, 10~28) three-year-cld i 27 33. 24
} . Akaezo-spruce
10~2 7., 1976 - . .
1028 Nov., 197 i R
seven-year-old
Akaezo-spruce

I+
—
o
&
S

259,43 4 67.11

[
(e}

by AR

one-year-old 36 3.02 £ 1,01

g ; Todo-fir

ST

- LA M Ewy 24

(77. 5, 4~7) two-year-old 41 20,69 -+
Todo-fir

4~7 May, 1977 . ggfj e

four-year-old 38 66,99 + 12,02

Todo-fir

i

o
o
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RERIIBUKKERS, BIKEEBARDKMREE OBRICEZ 2 MO BEL M2 BN TE 18 - 72, EE
ICEER U7oddkt & 32 Table 10 1577,

2HORRE & FADHEEKEN#H, HHETEIATAEEROBRD, BE RY) 257 L v STHE
Ly, TDOERICT VI HEDP S, FR2THEM LA 0 —2F 5 Bhy MOk 1EMD 2 KO
AT, %R 20°C, HOR LR 456 Klux, Bl 40~60% THK S ¥, HELMAE 1976 4 11
A ORI 115, BE 5 ] OFRUISELDETS b0 PkEIZ 0.01 g $ED LMETREFECHEE L

ot
o
T

ght)

csh weig

AT HIV Y 3EER
Threc-year-old

ATHhT VY 1F4ER
Seven-yoar-old

ObF=v 4 FEEs
Four-year-old

i i Il 1 1
20 40 60 80 100 20 140 160

Rtk BFRE (hr)
Time of dehydration
Fig. 18 Ji K B [ & Bl K | o B &
Effect of seedling age on dehydration rate of Todo-fir (O) and
Akaezo-spruce (&) seedlings shown in Table 10. Seedlings
were dehydrated under 20°C and 14 hour daylength of 45 Klux
in a growth cabinet.

sok ,/"/’ B E

g8
B8 a e
B

10 20 30 0
BikmsR (nr)

Time of dehydration (hr)
Fig. 19 DK E b =y BIADNKEDREFR
Effect of seedling age on dehydration rate of Todo-fir seedlings

shown in Table 10. Seedlings were dehydrated under 20°C
and continuous daylength of 45Klux in a growth cabinet.
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7oo 2HIQIERE AR Y T T L VB - LTI S OBUKE ST Lichs, 244EmPlET 1g LIN
ThHY, WERLOOFKBICHAMRTE 2B TH » 7, Fh, P Py TAAENTRI N S0l
KEA 0.0l g BETME TSI -7, 188, EERTIZER 10 51RO K S SIC XD BIAGREE L7
AL EBDOPSIDT, P FTYURICDOTHRAEB LR 726D TH 5,

(2) #REBLH

2 Bl OB (Fig. 18, 19) Z#45¢, P F=Y, THZ V=Y EHBO/NS0OEDIZER i
KEN, HEOBKBECHEE LT D CEnbh b, P ERKEOMBEE AL E (Fig. 20, 21), —40
SUEARE £ Tuic Bk S, BICBIfR7E < — 40 SUEAHE TRURDBRAICE LT Do Hl--BKERITHT
BT3P, HKSICET AEBERBIC, FFYYRDT ARV TELIL STED, P =Y
AIFEBMET AT THEEMTR QLD EoEsEy oNns, 4, 11A (1) &5/ (ID @
Py AARENE BB LTALE, 5ADLDIRILADED LD F—FkERIC L BN P AR LK
25, 5 OEEMEHFO PO 4XEEE 1L L0 B B TeD, 11 OFBHED P 244 5UE
THaEs HolfiE I Aobol@EALRALKE S, b5, 11 L5 JOB/KEICHIET 2 P
CEME LD, JRBABROMADKMREOEICELbOTHY, BUKBKO P& £ 520 b
SRR E P OWISHRIZ LA E S TRIERLUESEA SIS, HARDH DD &h» o
EERHIE S TOMARD MOINE 2 EOEBRE SE—IC LT, FEREEEO WAD P ORETET
D P QENBEEL T 5,

Ny 4 4RL

Bk (%)
Dehydration rate (%)

0 20 30 40
T T T T
10
§ . -
[e) ° \\ gﬁ N
S, ~
\Xo . 20 O% :' @ ®
—20F &N a0 \OQ
) O %~ .480
g
s
~ € —40} ©
ok 3
G o
2§
’: S ~60F o |
AN ol|
1N ]
L E \
H 2 —gop
= |
— 100}~ !
120k
o
- l20r —140f ¢
Fig. 20 WikKEEKPERT v » v OREE Fig. 21 BACKE ARMBIER T v ¥ » v OB
(G253 Fig. 18 LREIL) GE¥ i Fig. 19 E[HE L)
Change of xylem pressure potential Change of xylem pressure potential
with dehydrating in Todo-fir and with dehydrating in Todo-fir seedlings
Akaezo-spruce seedlings shown in Fig. shown in Fig. 19.

18.



—134— MREABRIBTT M 3135

& K oz
Water content (%)
20 a0 60 80 100 120
T T T T T T
aAd
A EER top
—~204 & T ER root . ' & a
oA s & La
£ a
a0 2 fal St
® a a
Y
2 s a . \ .
28 L . N Fig. 22 7Th x> =Y 3ELEARDERICE 78O H
k3 “ . B E MR O Ak ER O BEI%
;Z Relationship of water content between the
W e top and the root of three-year-old Akaezo-
K2 — 80 a A . . . .
< s & spruce seedlings, shown in Fig. 18, with de-
creasing xylem pressure potential of shoots.
— 100
' K E (%)
Water content (%)
20 40 60 80 100 120
T T T T T ]
o EED top ¢ °©
[e] 00 -3
—20F @ HTHER root af ® ®
&f ° °
9 ce 80
@ [
o O ee
o @
o e Fig. 23 I+ F=v 4FAHAROEBICE 725 M L
EHTIDEKEDRH
s 80 co Relationship of water content between the
= top and the root of four-year-old Todo-fir
seedlings, shown in Fig. 18, with decreasing
— 100} xylem pressure potential of shoots.
' K % (%)
Water content (%)

20 40 60 80 100 120
T T

Py

Fig. 24 7TAhH V=Y THREEHAOERICE L HH
b E MR D A UK EE DR

Relationship of water content between the

top and the root of seven-year-old Akaezo-

spruce seedlings, shown in Fig. 18, with de-

- A creasing xylem pressure potential of shoots.

— 100p
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Table 11. # 2L W [ GE & @ © W &
Comparison of lethal time between four-year-old seedlings of
Todo fir and seven- year old seedlings of Akae/o -spruce

IBEYA S ==

) i ko k& | Lethal «hmlox’;nt LA A e i

- - ] il £ e : Cutlcular -

Seedling size of water by Lethal time

Species dehvdration transpiration

P (g1) y(gf) (mg/hr) (hr)
Eyﬁoéofﬁi)dij; 73,354 12,50 22,814 3.75 9 4+ 1 082
T ATy B AR 438 53415 5 I BEL4f D 7 e 290
(Akaezo-spruce) 438, 534154, 05 131, 56246, 21 7 4+ 1 380

The estimated mean value

11 E QBRI 2 AR D B & Wy o & (Fig. 22~24), ThHx /=
Y BARAEIARIE T AR
Ee 2 O P-RWC ik 5, Py 4440 ET <y 7T4ENOSILNHE Uicss, b F
1Tk S 2 ks, Fig. 20 4
98 %, BOLSWE N vy =725 TH 42%, Th I w R

=V T 1%L, ThHho ey T —204LET5E, TN

T

7

DRy 12%, THI S Y h
38% L1 b, CofiA Fig. 18 o Lo W HTRDTHLE, BHAFRNIE - F

HTHY 150 IGRl & 75 B, F 7z, SALEEI OBILE T T

—95 &iH:

0y AAEATETHY IS0 I, T = ey T AR
DRI, Fig. 20 5 b By A4UEN, T IV vy TALTE b 30% 105 20T, 45 Klux,

C A G189 4 & Table 11 0k H i

20°C, M4 WHINET 7 F7 W Lz AR DT #d

R0, bRy 4RI 12 1N, REDDOTH TSy 84 (ASHD 16 IChEG 2 2 LTI A, T

PSR &N T TS A5, CRUEICHEE 978 4o b [l

DEDICEIIFHRTH L &7 h =y = HO

FTnABEEZ GILA,
HIC DT Hern & (1975)30 A3 545 LT

B, KO 4TI 2 XD ICH (HADKRS

TO MK TS,

T, el (1956)19 13 ZF, Ty T, Ussic 196D is 7— 4= CUELTHED, Fernes b

IR D s 2 BORRE I & BObRi D 8K

(1966)22 %> Puaris & (1966)% 24775 2 7 7 ~DWEAIED I

SYTIRIR L, WEEEO & OMREEAF D & O X O ielEsd 5 - LT 5.

3) T & »

a) HHMICED 2 b Ve, Ty ey RO R

HRIC S 2 B MR DK & S DM 4 2 904% 1976 47 11 /&3

DIAICHEED J6:d 5 P @i ETHUTHED, b Fwyh —26400L, 7hz/ =y

B —SAKUE, FHOMKT 2 P Feyss =35 &ML, TATY YN AT KULETS 5 70, ARDHIE
AU 2 IREE b —80 KT & ok 3 5 R DA - 72,
G0 PUE, B2 0K BIEFILT & -70nl, RWC % WC U

) BHIHIC B Al
el of, Fio, b F=wvo P-RWCIREHZHER 2 &Rk ER Licds, ThT =

VI3 RWC O AN S <, WIS ZE a8 S8 - Foo
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d) BIKERIC I AEADBACEE R, 28MEL S /NIVEHRFZEELDD, HWEMERTHOEK

EOEBNSOERBERERD, W EBBSEEDT I T, T, [ILEAED STEICE 2 JUkER

bEey AFEE, THIZY Y THEEHRESYERDIRIZ 0% L1570,
e) HARDOPKRIZ2HEE & P A8 —40 SKIERLTRAIC

KRICHT 2P RTATY YOI KoYy KOEL, BURRI0% NiEro2DE

FAH FRVIBS I BEEADEREIRER
1) ke
MRS EE Y B —ERZ BN/ oY, THZ Y= Y0 6 FEMERY,

WK 22 T 2 DR E I <78 » 7o BRI E
RAKBED Uik 20 A% 1 E LTk S ¥,
1978425 H 26 H» 0 e JERR 5 1, 19, 25, 42, SOMERIMAK &
BRIk X #7260 (A'~D) o 458 E, 7A3H
4T, FRBATOEAIC 48 EBUK S ¥, Hi
REWEE S 9 HPIDICB Ll -1,

i,

AT LB 10 TEAR T

Table 12. MBEFHEARAB L BEAFFHEOP (b Few)
Number of the damaged seedlings and P of seedlings when
transplanted (Todo-fir)

EL, 0D FRT—ELIE 57,
5ij‘:%<fioflo

[l — i

BRI &

R 20°COHARN /e —2AF s By P TEEC

e bD (A~D) &, I 24
oI T FER 613, 48, 73, 116, 169 R
CRIEB DT

wE | M
Degree of | Without A A’ B B’ C c’ D D’
damage | drought
0 5 6 9 2
-+ 2 1 2 6 1 2
1 | 2 1 4 1 3
2 , 1 1 2 1 1
3 | 2 5 1 6 3 8 7
P 140 20,4 s 31,3
(—atm) 3.240.6 | +1.9 6,5+0,9 +2.5 4,340.4 +3-2i7 1+3.6 +2.4 7,8+4,0
0: fEBE No damage, + &5’&@6%&;, Damage of only the top of shoots, 1:3%5IE&E®D !/, PI'F Damage
on less than half of needles, 2:ZFZEE D !/, Pl Damage on more than half of needles, 3: %% Dead
seedlings.
Table 13. MERWEARK EHMAMTIEO P (THZ V<)
Number of the damaged seedlings and P of seedlings when
transplanted (Akaezo-spruce)
BEE| oo M
Degree of | Without | A A7 B B’ C L C/ D D’
damage | drought i i
o 5 10 2 1
+ i 3
o
2 s
3 i {10 10 8 9 10 7 9
| - . p
P | 121, 4 28,4 | 12,9 21,0
<~aum>517i24; Yo |81£1.3 t46‘b4ilé‘ 74| i Vo4
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AR

PRSI DS TR OO & DIE E/N SO AL Utc, 2 [HEHERTE, %I X oo HE
BaTELIIYC IR Y o F U VI BA L THK S B, QR EINCEATY 20, 1K
OLDIE P A, 2HBEOLDIE P A —40 KIFLIFIC 5 ¢ &8 PRSI OT BRkEZRE Uice 9
EEET, 0 R, + L O 2R D RGP N E D —) Frhbo, 1 &TOHFEKID
AT 12 N OWEE, 2480 1/2 2 Lo, 3 o b B Uiz,

2) fEREE

SER 5 DKL X 2 s s 5 (Table 12, 18), b F=wvid 25 BRLI Lo 0T HHL Lo
(R DSREIE Ute s, MBIk S 5 &Iz d » Th 42 BT 7 ke LTndee 7
H T 43 19 BRI CATTRIAE L, Tk s g o & DT HREM AT 201 19 REEID & D LA
ote, THIV Y OUEREZEE A S MREPRIL» ORSOIRRICT - T 0, 19 KHBLKT
WK Sz b DEBRNI7TIET b Py 2D OEVEEEZT T L, ThTY YO A2 FLET

SHEHAAEAE LT BB AR A TH S48, A2 FHELB T Buk s €/ dRBATHMHLTE YD, Thx

TAVPLETC B L, F—Bco 2 MBEOMADKEIEZTELRT T AL L LD IT LI,

VoY RBOKSE TS I9MRIAA L EA o1, P PV BEUKSENE 24 IHBUKETRIELA LD

MAMBE A, EFEZON D,
A RSS2 P, b F=vT —3040E

) 340 )
&fjf&’ T oH L YT —20 ><\“ f ( L Z:')’ - 300~Q o) . 300
NETO REER LD 275D o P TRIZEL T
L] £
Wh, LT R YT EOMANEL, [ r ® -
® e
BROMHIIC 35 © 15 - 72 2B 3 D #BL & D 60 SALE °o o ® o
R » ; o o *®
LI - T D, COETBOVEEA < oaop ° ) 200k
BOWKSIHCH D EHL BNL, THbY, 040 ®
(o)
o (o}
ﬁg‘f[i/ﬂé%jiiul%l//ﬁ<v}/I/\(r! Sk st ég® @ OO.
- @ O -
Hir DO BB BKAE VTN S C &, LB ° ° ® e
e ° : ® %0 0
Wos AKITiE T 7o SR AE LTH D, Ligk 5 o? WO R © o0
f | 08 8 R ® @
2 ONIb O XD BURGEHBED o€ ZIEXD s ;08 ce “TgBee 8g.
@ (]
BWEREDO P BES BT FALoND D. 02 g g;z’és &
[e] o @ 8
MOl & 3 IR BN L 2 TR S B TH -g8° ., s :
@ o s
i L7 By, MOAREHIT X 0 RHUKE A5k T ® °
9, KMUTERSoREMRTELEDHRAIC R N B !
) . o e A B C D
WENEITT A EHZ OND, TOTEE, #H A B G D
rETY
FEEEMHICIE 2T 1 AR B Lcc &, 24 Todo
HRETE B & & TR N DR MR RE DS IR L Ao A Fig. 25 S AL T b & i & DBk
. ‘ o ) Damage of seedlings in relation to
LEWHELZTTWELEDOENT SNL, TO seedling weight in each treatment

from 26 May 1976.

K H1C 2 M DBE O FAC T O WIS & ,
9 R OB D7 I OB TEDTA CIEWE E 22 S IER O 1/2 DU 0% No
CEBLTWA, £, FPF=YEThI =Y damage or damage on less than half of

' ) , needles, @ : 1/2 VI I- ¥/ 12454C Damage on
@D P il ns T 5 AL B ERA S, more than half of needles or dead seedlings.
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CNETOERBREERTE -1,

FEE SICHAREEE L EORGET A5 & (Fig. 25), 2RE & —EQMHAEREY, BKGHRE
DOFRDKEDBHRICTED &0 DRI S0 o, TOC & RBIRITBE R ORI TEIC X 5528 -
EZ bbb,

JZER 6 OFER (Table 14) 12, %5 OMBLEMOBERERL, THTV=VE Y X0k
SREEDHL, WELHE L o7 THZV =V IIEBEPKIE A EKIET L L 91T 555, 116 AL
HEOHLDOROLTPEBETH -c, PUKEINL BET P FvVIBEERLE, 73y~ Y 3R
Utze FEBR 4 THE L BOL L~V ORUKEIT 40% 1T ThH D, SOk 10% 43, 20y
BLHEHV~AVICELTLES CEARLTON S,

2 M OFRERD S, FHARAE L THM LG, TTIKER L TOAHAL T ABIK TS 254008
BIARICHA, Ay ~vdD P i3 40~60 [IELE DD, BKEL/NELIL A, F/o, W BRE
LT, PReYRT7THDV Y L0, 2ORERBEADOKRE & &0 - felEltt & 0 E O ERR
TR D, PERPRKEZEL M LT, EURESOWMRTIE P FeY QBN T =Y <
VEDELIRBEEZL NS,

3D T & ®

a) bR=V, THIV VOB LET A0, FEOEEOEAE 20°C HARE S/ 0 — 2 F +
Bk oy b TEREE, BB PERES P PBUKER S0 TRE Ui, 5RRRERIR 5 AR OER
#319, 25, 42, 50 Wi, 7 A0S 48, 78, 116, 169 W] TH b,

b) JEEO ATHIES 5 Pl b K2y T —30 %EATE, TAH TV wYT —20 KRR, Bk
2 Fe Y THSE%, THIVYTHS% L o7, 2MEE b —20 KEARO HATHNIT 24
BRI SR BT EICEDIEEAEDLDNEET 5,

C) WEREOHEMED P H 5, PN VR THI VY LOMEENS S, CHREICHROEE

Table 14 B A ¥ & M F R E
Relationships between dehydration rate and damage
of seedlings after transplanting

Y B ) %
mSpeciesﬁg ‘ delll;rgfa‘?i{)n J[mtlg{ frggh szght chglydrzz‘fmn i‘atg | p{%ﬁ;;{:ﬁ il
‘ (hr) (gr) (%) | &
48 52,0 & 8.2 29.3 + 2.1 0(4), 3(6)
(S S 73 70,7 £ 6.0 32.1 £ 2.2 0(3), 3(7)
Todo-fir | 116 943 % 10,0 35.7 + 1.4 o(1), 3(9)
‘ 169 127.1 + 10.5 41,1 + 2.9 3(10)
48 3.4 % 8.0 30.3 & 2.4 O(l), 3(9)
TRy 73 | 877+ 7.0 35.0 & 5.4 | 3(10)
Akaezo-spruce 116 1074 £ 5.1 42,5 & 8. 2% 3(10)
169 132.2 £ 9.2 52,4 + 8, 0% 3(10)

() OHIOBFEIHEEL, () NIIHERE
The number without ( ) shows the degree of damage and the number with ( ) shows the number
of damaged seedlings.

o FKEORDOEBRHOEIND,
The value contains the decrease of weight by the fallen needles.
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b Ey, Th R Y ARDIEIEICE T A0S (A

THEDBNC LB EEX DND. T, FIRROR x SOWATH, BERRMAT A2/ =Y &D b Fey

TRAKBAEEZ NS,

W3 LKA OBVIC L ATEROKFIFESE S
HIRZETTOADITORERS

1N RO Bk FEORE

COEBTIR, BRSO ENCHT S FFey, TAHADY = UHAD KEEEEEY

L, 2R OKRIERER S d 2 & FIFHC IO & LT ORBIRBIC D0 T A Lic, &

CHGEE L, WPEAFED I O [EREE O BT

fj&?@jrij? rﬁ)"\ )[”l//”\i

- (195190 0 e (1956)100 3
T T R ARIR O DS, TR,

AR i & ORI IR s

Ho L~ v ~Ov R i & 4 5 K2

<
™~
A

)
>
$r
¢
=g
o

IR STEEWRMND 5 A G D, Wlks

T O AP DOIATIED

IDAERITED N T s e
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WILEBRAME TR Ui D R EEEKRR G B Ui,
B2H LEKAOEN
D MEEEE

M B XU MRS IO T

CTIUZ 1971 & 1972 SETEN DR FH%
TR 25% DEBEBWOIERICID,
BOAEPHNE, T34

Tkg ETHET XS
HARDEHBOHEICH N, BKIIERF
KOEEE, RTBICAESS

2 YL E#R S ETRD o

Table 15 ITFd, EBIT

BOWIEREC

HEHW LIcodTH

%313 %

b, L L

B OB THE A BIAZ H

BRFERYD, HREBEMBEHE U, AKkFER

HHEKRR
ic, BHIX (85-75%), K (60~50%), ¥ARK (35~25%) D3KE L, HHKENR 0.5g HET

FIU #HIAEBATIEBCIZ >TSS,
B < OIS BRIS 5 e DT 1973 4RIGBI LTcicd TH B, 71
72403 a v 7 )~ PR ICOKAER LT &R 35°C LRI
R 2 20 AR LD TH D
WA 288 & & MERBEHLGE BN Bk U D&V, FICIRA Tz LS
EMERRFTREL, SRS HARZH AL 5 Mo g RE ke &y
RIS BRI U, FERRBRIAIFIC &
Wik 70°C HEAFR BT

LR S EBE OISO ORI T, FEMOE, (K DRLOZE) &, EiHt R
DT AES TV EREFEEB O DT 205%H—7 Vv —TELTHEDP o/, T, 5 BKEE
Table 15. £ B W M & # #
Experimental period and materials
%& | E B W I B w [EEREAE
o6 & B = B4 H w HWFEDEET
Light Experimental # Kt Number of samples Satur:tion*
condition period Materials \ deficit
1971, 5.29~9.15 b Fy 4 AR
four-year-old 5 5 5
79 May~ Todo-fir ) 997. 55
15 September THI ey 4 A :
four-year-old 5 6 6
i > 1971 Akaezo spruce.
Shade 1973, 5.15~9, 29 bR 4t
four-year-old 4 4 4
15 May~ Todo-fir 1,609, 67
29 September Th I =Y 4R ) 7
four-year-old 3 4 4
1973 Akaezo-spruce
1972, 6. 1~9,28 bRy 4 AR
four-year-old 6 7 6
! June~ Todo-fir ) 1,403.17
28 September T ALy ey 5 AR ) s A
~ five-year-old 5 6 5
[EE i 1972 Akaezo-spruce
Open 1973, 5.15~9, 29 b F=Y 4 AR
four-year-old 4 4 2
15 May~ Todo-fir . 1,743, 91
29 September TAT T 4L 2 £
four-year-old 3 4 2
1973 Akaezo-spruce

* Total of daily maximum saturation deficit during the experimental period.
% Levels in soil moisture—W : Wet, M : Moderate, D : Dry.
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T2HGEE—Iv—TE LTHDIN T,

B D 2 & ZEANHEEH

FEETOHDO TR (Table 16), ZRERBIZ P F= 28 611~337, TH T/ =V h1,042~345 & 75

SEETIRELIK E & b
K& CHEIC OIS S - 1o,
BEI O,
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ke

W 1g B D OEMLIERDERE I,
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IO NTH 7705,
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(Fig. 27, 28), M0 2 WIRKIC AT HFEL L,
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WHEEE, ERXTOEBEOENAEV, TREEFKREE P P2y D THT VY TRE L,

WHIRKTT B2 <Y DO FEEDRED - 12,
BEHETOSDTH, ZKEGREIE (Table 17),
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Effect of soil moisture conditions on
total transpiration and dry matter
production in Todo-fir seedling in the
shade.
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Table 16. /£ B & K 2> H &

5 2 5% -

LBk S 0 B8 GEET)

Effect of 3011 moisture on growth and water consumptlon in the shade

¥, e - =
o |k ERE LMEER/ER | & , / » B R
MS e‘ies@ Soil ; ugr%ocr Transpiration Growth/ Transpiration/ G?OW%E rfte Leaf amount TERr:;tio
pec moisture | sample coefficient Leaf amount Leaf amount (g1)
| osampie 3 . 3
W 9 483(598~337) | 1.07(1. 36~0.56) | 001(625~337) 0. 60(0, 87~0,21) | 4.30(7. 65~1.79) | 2.16(2. 72~1. 75)
}:fogo-fz” v M 9 426(541~368) | 1.17(1,34~0,85)  498(612~323) | 0.62(0.83~0, 46) | 4.44(8, 47~1, 84) | 2.00(2. 78~1.68)
D 9 451(611~360) | 0.80(1,18~0,54) | 352(481~252) | 0.36(0.62~0,19) | 4. 11(9 65~1,28) | 1. 79(2, 12~1. 37)
W 9 | 535(811~436) | 0.88(1,21~0.57) | 456(576~352) | 0.49(0.76~0.23) & 4.39(9. 78~1.36) 2, 60(3. 222, 08)
THETS =Y 58 44 ] ~ 44 13— 400, 79~ 4 1. 4 ~
Alkaro-spruce M 10 585(1,042~411) | 0.83(1,20~0.39) | 446(543~294) | 0.44(0.79~0,14) B 17(11. 60~1, 43), 2.70(3.27~1.98)
D 8 505(798~-345) | 0,52(0,97~0,28) | 248(334~193) | 0.21(0.55~0,10) | 3.52(7. 67~1.55) | 3.09(4. 65~2. 36)
1) W :85~75% on a dry weight basis, M : 60~50%, D : 35~25%.
2) HEE/FHE Increment in fresh weight during the experimental period/Initial fresh weight of seedling.
3) #iE Dry weight.
Table 17. £ £ & Ko H &I 5 % b K S D2 EEET)
Effect of soil moisture on growth and water consumption in the open
wom | pEke SN o owomon | wmiRmE | ZEREME | 4 g ox ¥ g TR %
Species Soil o lranspl.ratlon Growth/ Transplrdtlon (xri)wt\li ra;;e Leaf amount TR ertio
B moisture | sample coefficient Leaf amount Leaf amount (gr)
1 - - —— -
W 9 362(510~311) | 1.37(1.85~0.92) | 490(600~301) | 0.75(1.33~0.37)  7.60(10.90~4.85) 2.10(2. 33~1, 75)
Mooty M | 1 346(442~278) | 1.78(2.73~1.05) | 603(884~395) | 1.14(1.41~0,54) | 7.01(9. 15~5.03) | 1.91(2. 60~1.70)
D 10 309(393~219) | 1.47(2.75~0,82) | 427(601~306)  0.74(1.59~0,29) | 6.76(8.92~4,90) | 1.74(2.02~1,11)
[ - — - - - L — - S i i - -
W i 8 442(545~349) | 0.95(1.29~0,75) | 413(487~367) | 0.48(0.63~0.36) |11.84(14.37~5.02), 2.49(3. 00~2, 08)
THhE =Y ~4 ~ | 417(527~296 4 59~ 26(16, 43~ 2.5 ~1.74
Akaczo-spruce M ‘ 10 506(637~410) | 0.84(1.20~0.62) | 417(527~296)  0.40(0,59~0.26) |12.26(16.43~3.82) 2.52(3.19~1.74)
D | 7 556(782~386) | 0.56(0, 79~0. 32) g 292(382~224) | 0,20(0. 32~0.06) |10, 92(15, 30~6. 04)} 2. 33(2. 66~1. 99)
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Effect of soil moisture conditions on 2'0
total transpiration and dry matter
production in Todo-fir seedling in the
open. Fig. 30 T'

s
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Effect of soil moisture conditions on
total transpiration and dry matter
INTH - T production in Akaezo-spruce seedling
in the open.
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BIC LI SVNE <, T AT T VNI R & L AN A O, BT D LD RS ot
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WX TT T ey OB T hE XD 50% FEICET LTS5 (Fig. 30), FF
WK T H 1T A S THT (Fig. 29),

DHITMMTELLIE -7 (Table 17),
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I & REARI 2 A
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FTHHEZ L F=y BT AT =Y KOEL, BEEKTE N Fevy1.47, THZY/ =5 0.56 £78

Y, FReYRTAIV Y ED 3O EIERERLTOS, COXIKEEETO M F=vidT AT

= KO AR K A A LK AT L

DIEF b & psffillsin g,

TR RRAIMIERE b b Fe Y LD TH Y v Y TRELRD, TALS %Y DERBDIED > 108,
ETHEE R DRI T
BRED SR/ E {TE T,
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25% LRAFEMEAD 21.8% LD EVIY, RMAEERELEBEDNNT VABKEANE P e &%
RUTWBEEZ LD,

CDEBICAN I B ERAZAS A0S KRER - L HBICK 2EHR 2 €, HESBICE 185
P OZMRIETMSE FvY TR 2% FETHEC20ICHL, THT Y=Y TR BB NETHY, TH=
V=Y O BBEANOKMREEZR CELSE, RAROETHEE TR EBEX 5N5,

CO XD TRNREDINS S, BWEESROBRO L KoV, ThzV =y J0HELE
et UGBS K&, 2D ERER2OBEILLEMN T NG,

3 F & 0®

a) REBRPCESZ2LBRDDEEBLL L), 5HPLIARDIZD H—i 5 2% © 3HEERE

CiE 5t LBUKS O, RBREBEOWUEEIMEETBCE sz, L8k T, BERX (85~75% %
#A), X (60~50%), HHRX (385~25%) O 3MFLE L, HMAIEOKATEMAIL2L.8% TE %,
75 RENDRE FF AR S HFENRL - /ofcy)d, BERT &EHE TR THRET L,

b) b F=vOEEEEIE, BT T611~337, EEETT510~219, THIV =Y TRENEN
1,042~-345, 782~3849 &75 57z, LBUKSO BHIREICE 2 2 BB BEINCERE 1L 50D - 7208,
BEAETOSDTRIEEZRICE ST T Fe Y OEBEEIZ/NELRY, THZY =YD LD
K& o7,

c) WRXTOTHIYV=YOHMEEREFNER, EROFRICEERRZ/NEE sk, b F
<V OHEHETOSDRERENHD UCIEMEERRILEASETEY, 1gHELDOEYERE

BRT7THTV =YD IEENMEE 5c, CORDEHNET, HRXOD b Fey0BBBEBRE TV <
Y X0t EL D, mRHIEICOHT B EMEEE IR U,

B3 FREATOADTOXERE

1) kkhE A

MRy BEENET Y Y 6EEHERY, KA P VRICHT AHAOARBOENE S B
WATHS B —2F v EXy FTI9794E5 A 15 A~24 HICERE B -7, WA BHEKICHKER
ENERIE T STRIC KB L CTH - 20T, ERERICHO Y, W2 KECLTH—€TREDD
%, HEARE S 2.8cm OREAF o — VIR TEE L TERIC S D AR, R 5L V4E (U8emX
80cm) AEMLASE UTHIARIC 5, SOOEMBMTLRED, MRS 25ERICLDEaREE
WiE Lt 7a—2% » €k v PNOREERT L TEMLENOIRES 20°C & U, WER 30Klux, &
F&1T 5.6/min & L7z,

YeAREBED AR BN S IMLER LD TAREREHBIORYD, vy v e—F» Y N—ICXD P
ZRE UTHROWEIREA A Uic, PAIEICER LHOERZ 0D EHEERDIEAHREDFHEIC
Ftze Pt —20 RIERIRIC - B s THRICHAIK L, £ 0%RO P LREREOEELIREEH~ T,
WA T pIRIZ 2 BHE & & BIEERIAE & W DR T RO BE L Rch T, 1 EOREL 5 @R T
F2ARAEL, PII5~6HAE Ui, SR F=y I6@K, 7H=v <Y 10E8ETH %,

Tz, BAMOEMCEZ L TH -7 b F= Y 5EEHE TH IV =Y 6EEHE 10 BEAEZHD,
79 H~16 HIC25°CDOHRIEI 0 —AF ¢ U4 v P TRIKE LD THEL GG S0 5 5 EKkT D
AT/ a—2F 5y By MCHEBLH, 5HEAKOFETRARELZAE Ui, XARESRRED
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SR, 209 1T 3

LRICE B 755 BT ONEAREOZE e, IR 2 W7o - 22504 100 &

FEED P s BIA S - 72RO EE, ThHD =Y Fey X R
BT DHOE PPy KR T, TOET

TR T3 5 DIC 10 HiETHR D
) THTY =Y (24.17+£6.98g ¥iE) A5 P Fewy (13.08+£2.90g) KOE

BT EBTRTDH 5D, SORKEROFEETHARDA E O E DI & BKHE]
bz e, FA—PAkEo PR T7THx <Y CTEL Haick, Fig. 31 @ B (14.27=1.83g) & C

(12.98+4.34g), E (29.25+£5.84g) & D (19.08+3.302) DLHWEHZDOEZ D THAES P D

F D DD KO R

)

EFREBENC EERDS, PPV EThT =Y OE NAEE

BT AHKA N VADZTTOE, bbb

HoOKBOWKBIETI, b F=YOAREOREIE C, BKE 20T » Fevid 602 ditk, 7

AL YT 0% WikERD, THZY VI Fe v 1 2BEOHERETH -7/, HKEMD P
B h Ry T —2L8k2.7%E, THIZ/ v YT 2843 1QFEEBODTHIC THT =Y TES
Wotett, [A-ORA P VARETR T T/ 7Y OHAEN PERTOT, ZOREQEBMMET

59, MUEETHKRENTNS

Fig. 31 Bik&FRICE 6755 Hinid OIefmm DZEAL
A (11.98%+1.94), B (14.27+1.83), C (12.98+4.34) T+ F=,
D (29.25+5.84), E (19.08%3.08) X7 h =/ =
Photosynthetic response of Todo-fir and Akaezo-spruce to
dehydration and watering.
A, B, C (Todo-fir), D and E (Akaezo-spruce) show a group of
seedlings used in an experiment.
Dry weight of needles—A :11.98+194gr, B:14.27+183gr, C:
12.98+4.34 gr, D : 290.25+5.84 gr, E : 19.08:+3.08 gr.
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’ Change of xylem pressure potential
Photosynthetic response of Todo-fir (O) with decreasing soil moisture.
and Akaezo-spruce (&) to soil drought.
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BUKBBETAONALIICP OEPICE BB INAMBEOE FES P F=y & 7A=Y THET

5B Eix (Fig. 32), LBEHEPRKZEICEAMA—DKA P LRADSLETIE N FeyBTH = =Y

FDEO P ERTOT, b FwYONGREE TAT S vy D K& 842 oM, HHICH L

Fevi@7hxy =y K0 ilEnd s s, S0, THIZ V= il FeyOex7 v
ABPNENT EWE, b Fe Y OWEEIST AT ey X0 B LT EICE 0, a5 A

T, WAWDMPSHTH P V=R T AT =Y XOWGEndsE 52 o4 d,

AT B E MR T Ul g Gk A ik 4 4 & Fig. 33 O XD, DD P g Fig. 34

DEHICTIE 5Ty TORBICHIO 7 DR AZEJMN D G5 IKEIL 22. 7% ki1 Ch 5, SOOIk ET
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a) Ma#H—ETOOALNRAEMEE L, AGEEICE T D 0 OEAIREOIE F &K E D
BORAEA, R 30 Klux, LN 20°C D& TR H AT I L D~ K= b s
L 2D SO Uiz, $h, SEEENCE §78 5 BOLRE O R T8 30% LLFIC -

7ol D LK & H L 7,

b)) BUKEBICE T D AT OO P, b Fe v 5HRENR T ey 6ARENTRD
E L, WENL 2 B OO 20% £ TET DIC 10 IR D J 8 Do, CHLE P Ok Nl
MWE Fwy TROCHDE Ut L 22 51 s,

C) HAUKIE P B —20 &IERTTRICT - el T ds TOREHREL - F=YC60%

Bitk, 7HITV =Y T30% RSN D, P vR T AT YO ONMBEEER LI,

d) PICHtd 2500 OGN E D HEIE 2 iR & & i KGRI TR D, WKEED
ERBKBEOSEDID/INE S, WRICE LB INEHDOE A F Y Y 2% Ui, b AT ) Y ADFED
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FeYDP BT ATV =V X0 ENCDTH Do
£) PPV HEPUKERIC B AR OE T EESENC & (), BKED 2T Y v A

MEncd () »oSHHLT, LaRkicEd 2WEERT AT = YLD H 6 EHZ 5N D,
BAE 2

ERERP D, FFwvY, THIV =Y OWROWEEA KK T 5 LTHERTIHEAEZF LD T Table
18 1ToRT, HIBKADPBIKED L HIE—KA b VAT S PIREND LT LD, BEFRELPH
FAEO P (E) OAOREETIR 2 EOMEEAILIT 5 ¢ LTSS, BOLLEAIEDHILR,
ARIC & D0 IEA R K BB AL &% i U CEIE ™ 2 LWED D S,

F7o, FARDKSRIENENT B BTF4 Fig. 35 IWRT P-RWC Hific B 5 5bH 3 & 55¢T
&, BRSSP OBEKETIE Fig. 36 0XLHITIE 5,

EERICE B0 2BFED P 1T —15 REOKAEMGPGETAKEBRY 608, TAHTYV =Y
Fev kD5 B BESOIEAOKRTETLELD S (Fig. 8), ZOLEKASIDKAZMEMNETH 5
DNABEMAD PIT P N2V T —16~—20%[E, 7A=Y T —20~—-25&F, RWCIEEzhen
90~80%, 85~75% L7150, KIS C OZEHMOBSTNI» OIhED, b Fevid —12 KHEME
TAIV YR -IbRIEMIEEEZ 5D (Fig. 10, 11, 13, 14), HEPRSE HIC wlEd 4 & 2 RIfES

Table 18. + F =Y, 7 H# Y =YKWk

Components of drought resistance of seedlings

15 H 1 PR o=y ThI Ty
Component Todo-fir Akaezo-spruce

|
[ E— S
LIRS TS (T) i

P at which initial damage occurred by soil —28.5atm —34,5atm
moisture
Exq T, A0 | _ _
Lethal point | 7Zatm 95atm
BALAEEKE (D, T) ] 172 1o

Soil moisture at lethal point

TRAITAE S g R AL (T) )
P at which initial damage occurred by dehy- —26atm —34atm
dration of seedlings
fie 74 (D) _ % 3 — )
Lethal point (—80atm) 1 (—80atm)*
RTINS BOEA. (T) L —
Lethal point after transplanting 0atm i 20atm
B 1 (D, T) ;
Time to death 42hr 19hr
= - 1} Il
& FLOPH &1 (D) _ =
P at stomatal closure l2atm 1satm
Transpiratin coefficient in dry soil moisture | | ‘
ELIICHE S B A IKTEE (A) i W 348 W
Decreasing rate of photosynthesis slow fast
BRICE S Ao e 2T Y YR (T) NoE N ‘ Kox
After-effect of drought on photosynthesis small \ large

T : i Drought tolerance, A : il Drought avoidance, D : ik Drought resistance.
* HE7E[f Estimated value.
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B EBRA LA,
Usual water stress,
DGR LT AR
e bursting buds 3 U 7o 0B HIBTIT R EBEN 2 b L o
Damage symptoms occur in some
seedlings and death occurs in burst-
ing buds and transplanted seedlings
after drought.
T iEEAEDHA EASPF KA ML
Z o —8OKUF LN TIREIEN X b L2,
Damage symptoms occur in all
seedlings and below —80atm all
seedlings are killed.
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>
N
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K
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Fig. 35 PEwY, ThHIV Y THADIKS
Water status of seedlings in Todo-fir (solid line) and
Akaezo-spruce (broken line) under water stress.
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Relationship between xylem pressure potential
and soil moisture,
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b —40 [IEMEICHUEREDRH SN D5, CNRBUKSBRICELIZ YOS EEZ 5’ (Fig
20, 2D, [E—DTBRSPRAKEICHT L2 PRI PV XD 7h =YK (Fig. 8, 20), ik
EBSBNEDENEMNED, TOHMAO—2E LTTAZY =YD MY v 7 #5F VY v WHBHEIC
I -TRELBEEBBTONS (Fig. 4),

FEOWERELPBILEDO PR P F=yTENEN —28. 5%, —72&E, 7HT /%Y T —345
SHE, —BRULEEBDTHZ Y =V Fey XDEL B o7, BN (6 A¥nd) S8 (9, 10 4D
TOREFRESD P BE—HEANTIRIZEAEENHD SNIEHh -7 (Table 5, 9, F 7, PN
FOKWMIZ P F=vT —35%E, THZ V=Y T —4T5EERY (Table 9), FELD »EDEL,
I AGF ORI 2 5 20 BUIGEEE I iRk K& b o ZiEL sy (Fig. 18, 19),
KOKEEE FIE ZTHAC WERBHEERTE ¥y ONKEER 7h /=Y 20D BOENERL
(Table 14), B S b F=Y 34200, 7AH /v VI3 19KIELYD, b Fw Y TR 705,
B #ENIC L A (Table 12, 13),

WARICE BSOS HAIRDETHEER P Fe Uy BTz =y X (Fig. 81), JpAMOE BN 5
K b Py TELCE S (Fig. 33), CHIEBKRA PVRIKHT S b FeYD P OETHEN T H
IV EDBNDTH D, AN 0TS PR 2iEE & —20 KULANEE 78 57298 (Fig. 32
~34), WKBOWEAED e AFV VAR T IS = YBE FeY EFORELE 7z, TDEDITHESE
T TORERENI N Fey BT hx /=Y XOFRERD, T OMESEER T EOEBBEOENT
EELTOS (Table 16, 17), KAFMAICEOERIBOERBEEZ F F=w8809, THZ/ <Y
12556 2780, HEEE (g BN D) BHHETF T FeyBT a2y YD 3fE L, W
SPICE Fevid7Th Ty =y LOKFASESRS, BR-REICE U TS d 572, o DRR
AT AE, PN YERRT AV VIR OMERRS L E0DCENTE D,

51 B X ®k

1D B - BEIESRNT IR S AER ORI KBIC X AR, JLrskE 29 128~133, (1977)

2) Bavowin, V. C. & Barney, C. W. : Leaf water potentlal in planted ponderosa and lodgepole
pines. For. Sci. 22 : 344~350, (1976)

3) Barrs, H. D. : Determination of water deficits in plant tissues. In: Kozrowski, T. T.(ed)
Water deficits and plant growth. Vol. 1. 235~368. Academic Press. New York—London,
(1968)

4) Beapig, C. L. & Jazvis, P. G. : The effects of shoot water status on some photosynthetic
partial processes in Sitka spruce. Physiol. Plant. 41 : 7~13, (1977)

5) Bece, J. E. & Truner, N. C.: Water potential gradients in field tobacco. Plant Physiol.
46 : 343346, (1970)

6) Biest, R. : Trockenresistenz und osmotische Empfindlichkeit der Meersalgen verschiedener
tiefer Standorte. Jahrb. f. wiss. Bot. 86 : 350~386, (1933)

7) Brum, A., Surrivay, C. Y. & Eastiy, J. D. : On the pressure chamber technique for estima-
ting leaf water potential in sorghum. Agron. J. 65 : 337~-338, (1973)

8) Bover, J. S.: Leaf water potentials measured with a pressure chamber. Plant Physiol.
42 : 133~-137, (1967 a)

9) - Matric potentials of leaves. Plant Physiol. 42 : 213~~217, (1967 b)



by, T h IS =y AR IS AU

10)  Bover, J. S. & Guorasuy, S. R. : Rapid field measurement of leat water potential in soybean.
Agron. J. 63 : 344345, (1971)

11) Brawpur, J. R., Hinckiey, T. M. & Brown, G. N. : The effects of dehydration-rehydration
cycles on protein synthesis of black locust. Physiol. Plant. 40 : 1~-5, (1977)

12) Brices, L. J. & Sunantz, H. L. : Relative water requirement of plants. J. Agr. Res. 3: 1~
63, (1914)

13) Brix, H. : Determination of viability of loblolly pine seedlings after wilting. Bot. Gaz.
121 : 220--223, (1960)

14) ———— : The effect of water stress on the rates of photosynthesis and respiration in

tomato plant and loblolly pine seedlings. Physiol. Plant. 15 : 10--20, (1962)

15) - : Effects of nitrogen fertilization on photosynthesis and respiration in Douglas-
fir. For. Sci. 17 : 407414, (1971)
16) . : Nitrogen fertilization and water effects on photosynthesis and earlywood-late-

wood production in Douglas-fir. Can. J. For. Res. 2 : 467478, (1972)
17) Carpwarsrr, M. M. : Plant gas exchange at high wind speeds. Plant Physiol. 46 : 535--537,
(1970)
18) Crauvsen, J. J. & Kozrowskr, T. T.: Use of the relative turgidity technique for measure-
ment of water stresses in gymnosperm leaves. Can. J. Bot. 43 : 305-~316, (1965)
19) Dixox, H. H. : Transpiration and the ascent of sap in plants. McMillan, London, (1914)
200 LHEPIREPENGE R O LBk, AR, 505 pp., (1972)
21) Duniway, J. M. : Comparision of pressure chamber and thermocouple psychrometer deter-

mination of leaf water status in tomato. Plant Physiol. 48 : 106107, (1971)

22) Ferrerr, W. K. & Woobarp, E. S. : Effects of seed origin on drought resistance of Douglas-
fir (Pseudotsuga menziesii.) (Mirs.) Franco. Ecology, 47 : 499~-503, (1966)

23) Frank, A. B. & Harris, D. G. : Measurement of leaf water potential in wheat with a
pressure chamber. Agron. J. 65 : 334335, (1973)

24) Frirrs, H. C. 1 Growth rings of tree : their correlation with climate. Science, 154 : 973~
979, (1966)

25) Garoner, W. R, & Euvic, C. F. : Physical aspects of the internal water relations of plant
leaves. Plant Physiol. 40 : 705-~710, (1965)
26) Gross, K. : Die Abhingigkeit des Gaswechsels junger Fichtenpflanzen von der Luftfeu-
chtigkeit bei unterschiedlichen COy-Gehalten der Luft. Forstw. Cbl. 95 : 211225, (1976)
27) Harms, W. R. & McGrecor, W. H. : A method for measuring water balance of pine needles.
E ol()gy, 43 : 531532, (1962)

28) oy SRR OO o3 & iti, 246 pp., (1960)

29) Herikvist, J. @ The water relations of Pinus sylvestris. 11 Comparative field studies of water
potential and relative water content. Physiol. Plant. 29 : 371~379, (1973)

30) - - — & Parssy, J.: The water relations of Pinus sylvestris. 111 Diurnal and seasonal
patterns of water potential. Physiol. Plant. 38 : 61~68, (1976)

31) Heru, D. & Kramer, P. J. : Drought tolerance of pine seedlings under various climatic
conditions. For. Sci. 21 : 72--82, (1975)

32) Hmwcexury, T. M. & Rrrenie, G, AL @ Reaction of mature Abies seedlings to environmental
stresses. Trans. Mo. Acad. Sci. 6 : 2437, (1972)

33) s & e ¢ A theoreical model for calculation of xylem sap pres-

sure from climatological data. Amer. Midl. Natur. 90 : 5669, (1973)



152 — WERRETICRE B335

34) Hnckrey, T. M., Scaroeper, M, O., Roserts, J. E. & Brockermorr, D. N. : Effect of several en-
vironmental variables and xylem pressure potential on leaf surface resistance in white
oak. For. Sci. 21 :201~211, (1975)

35) ——— et al.: Leaf conductance and photosynthesis in four species of the oak-
hickory forest type. For. Sci. 24 : 73~84, (1978)

36) Hsiao, T. C. : Plant responsees to water stress. Ann. Rev. Plant Physiol. 24 : 519~570,
(1973)

37) SFHBEARED - MERSEHE © BPROBIOKEHIER AR, SRR 10 ¢ 1~46, 11: 30~70, 12
1 1~40, 13 :1~50, (1930~1933)

38)  LMEEARES IS ¢ TR 49 AbHGEEISHU I B Y 2 X OBIRE, EHREB R, 87pp, (1976)

39) Iunn, W. S. : Die Ursachen der Resistenz von Pflanzenzellen gegen Austrocknen. Proto-
plasma, 10 : 379~414, (1930)

40) AFRE= BEZ: F Fey oy = v R OEEICH T 48478 2 LK BICET, HEMib
LEHMEEW - 37~41, (1941)

41) Jarvis, P. G. & Jarvis, M. S. : The water relations of tree seedlings. I. Growth and water
use in relation to soil water potential. Physiol. Plant. 16 : 215235, (1963 a)

42) & : The water relations of tree seedlings. II. Transpiration in
relation to soil water potential. Physiol. Plant. 16 : 236~253, (1963 b)
43) & —ro : The water relations of tree seedlings. III. Transpiration in

relation to osmotic potential of the root medium. Physiol Plant. 16 : 269~275, (1963 c)

44) & : The water relations of tree seedlings. IV. Some aspects of

the tissue water relations and drought resistance. Physiol. Plant. 16 : 501~516, (1963 d)
45) Jorpan, W. R. & Rurcuig, T. J. : Influence of soil water on evaporation, root absorption,
and internal water atatus of cotton. Plant Physiol. 48 : 783~788, (1971)
46) AE B BIAORSREIEE, WoCEgEtt, 1,121pp., (1979)

47)  InpEsEHEr b Vv, =V Y O HRO AR, B 41 0 33~41, (1951)

T I — DR Fey, VeV BRERMMEIC 1 2 AT £ D kA o iEESR B2, R
kRek, 33:215~218, (1951)

49) ————— 1 H TV ORIV (T - 63/ HARGE ¢ 164166, (1954)

50) Kavrmany, M. R, : Evaluation of the pressure chamber method for measurement of water
stress in Citrus. Pros. Amer. Soc. hortic. Sci. 93 : 186~190, (1968 a)

51) -————— Water relations of pine seedlings in relation to root and soot growth.
Plant Physiol. 43 : 281~288, (1968 b)
52) -————————: BEvaluation of the pressure chamber technique for estimating plant

water potential of forest tree species. For. Sci. 14 : 369~374, (1968 ¢)

53) - e — ¢ Stomatal response of Engelmann spruce to humidity, light and water
stress. Plant Physiol. 57 : 898~901, (1976)

54) - & Levy, Y. : Stomatal response of Citrus jambhiri to water stress and
humidity. Phyal()l Plant. 38 : 105~108, (1976)

55) FUUED : FESMBEOUMEICE O ARIEE, HKE, 241 1~19, (1942)

56) Krieerer, B, : Dmrnal pattern of water potential in woody plants. Plant Physiol 43 : 1931
~1934, (1968)

57) Kuwirrine, E. B. : Efect of leaf aging on water deficit-water potential relationships on
dogwood leaves growing in two environments. Physiol. Plant. 20 : 65~72, (1967)

58) Kocu, W, :Der Tagesgang der Productivitat der Transpiration. Planta, 48 : 418~452,



bRy, Th I RO B S0t (et — 153 —

(1957)
59) Koziowski, T. T.: Water relations and growth of trees. J. Forestry 56 : 498~-502, (1958)
60) ———————— : Water metabolism in plants. Harper & Row, New York, 227 pp., (1964)
61) - - (ed) : Water deficits and plant growth (I). Academic Press, New York
& London, 390 pp., (1968)
62) o Water deficits and plant growth (II). Academic Press, New York &

London, 333 pp., (1968)

63) Krawmer, P. J. : Plant and soil water relationships. Macgraw-Hill Book Company, 482 pp.,
(1969)

64) & Kozrowsky, T. T. : Physiology of woody plants, Academic Press, New York
& London, 811 pp., (1979)

65) Kunstie, E. & Mirscueriicn, G. @ Assimilations- und Transpirationsmessungen in einem
Stangenholz. Allg. Forst- und J.-Ztg. 141 : 8994, (1970)

66) Levirr, J.: Frost, drought, and heat resistance. Ann. Rev. Plant Physiol. 2 :245~268,
(1951)

67) Levrrr, J. @ Water stress. in “ Response of plants to environmental stress.” Academic
Press, New York & London, 322~446, (1972)

68) Lorusminsky, W. : Stomatal closure in conifer seedlings in response to leaf moisture stress.
Bot. Gaz. 130 : 2568~263, (1969)

69) e e & Krock, G. O, : Transpiration of conifer seedlings in relation to soil
water potential. For. Sci. 20 : 181186, (1974)

70) Mackron, AL E. S. & WrearnerLey, P. E, 1 A vapour-pressure instrument for the measure-
ment of leaf and soil water potential. J. exp. Bot. 16 : 261~270, (1965)

71) Maxivwov, N, A. : Internal factors of frost and drought resistance in plants. Protoplasma,
7 :259~291, (1929)

72) NA =7 v—®7 QURERID @ i &K, JJLERBE, 871pp., (1959)

73) Miiar, A. A., Duvsen, M. E. & Witkinson, G. G. : Internal water balance of barley under
soil moisture stress. Plant. Physiol. 43 : 968~972, (1968)

74) o & Norum, E. B, : Relationships between the leaf water status
of barley and soil water. Can. J. Plant Sci. 50 : 363~370, (1970)
75) BN v AF i ADAT $ : Hobkak, 59 :293-~-297, (1977)

76) Vtﬁwwrmé&cmnVJA\fﬁr/va [ bkzE, 58 11~14, (1976)
77 — e PRBERAAR K ORI, S ", 145~167, (1978)

78) AR 1 H OO S RRHBIC S5 L o e s 0% 1 w 345--348, u%m

79) e e KT RO S DEFITHET LT (H) /HDKwMme"

depRikH, 959467, (1971)
80) 4k UL - P LEHE - Pressure chamber 125 A MAO RO FREED HER,  HAGE, 54 : 388~-301,
(1972)
81)  ARIRFHBAL : EAMRICH ! 15 : 958262, (1963)
82) HMHFE-— I T H IV =YD H%~%,ub% 43 : 20~37, (1969)
R L - B R LN DA T ENT A=Y OF TORAL, Al IR, LRk
L EBREE, 861 66-71, (1954a)
LA TFET Ay, AXOF WL, VFREEORE, Bk,

36 1 113117, (1954 b)
85) s 8 hoRGET =y, AFOF T O, Wk,

HkEE, 37 : 100~



— 154 — IR S Wl

103, (1955)

86) Necisui, K. : Photosynthesis, respiration and growth in 1-year-old seedlings of Pinus
densiflora, Cryptomeria japonica and Chamaecyparis obtusa. Bull. Tokyo Univ, For. 62: 1~
115, (1966)

87)  RHIRSCHY © BIARDIRIERE, HAKEE 34 : 337~-343, (1952)

88) Parxer, J.: Drought resistance in woody plants. Bot. Rev. 22 : 241~289, (1956)

89) -————— : Drought resistance mechanism. In “Water Stresses in Plants”. ed. by Kozrowski,
T. T., Academic Press, 195~234, (1968)

90) Parxer, J.: Further studies of drought resistance in woody plants. Bot. Rev. 35 : 317~
371, (1969)

91) Puaris, R, P. : Comparative drought resistance of five conifers and foliage moisture content
as a viability index. Ecology, 47 : 211~221, (1966)

92) ————- & Ferrerr, W. K. : Difference in drought resistance between coastal and
inland sources of Douglas fir. Can. J. Bot. 44 : 1651~1659, (1966)

93) Rurcmig, G. A. & Hinckrry, T. M. : Evidence for error in pressure-bomb estimates of stem
xylem potentials. Ecology, 52 : 534~536, (1971)

94) DsRoo, H. C. : Leaf water potentials of sorghum and corn, estimated with the pressure
bomb. Agron. J. 61 : 969970, (1969)

95) —--—— : Leaf water potentials of tobacco, estimated with the pressure bomb. Tobacco
Sci. 14 : 105106, (1970)

96) Rurter, A. J. & Sanpos, K. : The relation of leaf water deficit to soil moisture tension in
Pinus sylvestris. 1. The effect of soil moisture on diurnal changes in water balance. New
Phytol. 57 : 50~65, (1958)

97) TEN W e SR T e pEER MR IEEODIS (1), Ak, 46:412~420, (1963)

98) o i s MROIEREOUIZE (D) AKRGE, 49 1 198~204, (1967)

99) e B R - (L BEHFIC B B WADKDEEE, HRkEE 51: 111~117,
(1969)

100) ABERSRE : RELLE

e —MEA 484 6 A LAl 6 9 H LANC Y CodtigBic B 5

et

TAEDIC DN T, LIRS XEGEE, 44pp., (1973)

101) e IR A8 LIRS H A 5 H~7 M, MIREX&SR A, (1973)

102) ﬂ~ﬁﬁm~w:H%Mn%mw% &J‘xSﬂv?H,iﬁﬁMx%u,Oww

103) 4yt s PSRN ORI JEE S 2O (O DT OMEMDE Y ) — ), HARKERN
Wz, 61pp., (1979)

1040 EHE W I 3 Sl DORNMITER T A AFKRBICBY A ARHERT V¥ p v O HiRE, H
WRak, 58 : 321rv327, (1976)

105)  EEKLER : R, b/ %, T h eV OFKBMENICE L3 TIROEE, O, 50 : 27~-35,
(1955)

106) ———e I RF, B A, THY VDT Y FOEN, ELRBEORNIEDF T AICD
WT, B, 51 1~108, (1956)

107) Scuoranper, P. F. et al. : Sap pressure in vascular plants. Science, 148 : 339346, (1965)

108) Semzr, K. W. : Drought resistance and internal water balance of oak seedlings. For. Sci.
18 : 3440, (1972)

109) ZARK : 2F, v/ %, ThHYOREWCICHEREIEONREICET 50, WEFPF, 28~
42, (1952)

110) Srarver, R. O.: Absorption of water by plant. Bot. Rev. 26 : 331~392, (1960)



Ny, Ty WOROWIC T AR R — 155 —

111) Scarver, R. O. 1 Plant-water relationships. Academic Press, New York & London, 366 pp.,
(1967)

112) Stavig, B. : Methods of studying plant water relations. Springer-Verlag. Berlin, Heidelberg,
New York, 449 pp., (1974)

113) Srtocker, O.: Das Wasserdefizit von Gefiasspflanzen an verschiedenen Klimazonen. Planta,
7 :382~-387, (1929)

114) - —————: Die Dirreresistenz. In “Handbuch der Pflanzenphysiologi,” ed. by Runraxp,
W., Vol. 3:696~741, (1956)

115)  Stransky, J. J. @ Needle moisture as a mortality index for southern pine seedlings. Bot.
Gaz., 124 : 178179, (1956)

116) Sucorr, E. : Water potential in red pine : soil moisture, evapotranspiration, crow position.
Ecology, 53 : 681686, (1972)
17 HEAEv T~ Fe v ARDBAI

(1967)
118)  AZ0lF Jh : IR 51 ARARD Sk L kb, 28 1 327~329, (1976)

119) Svzuki, K & Kivonara, T.: Influence of water stress on development of pine wilting die-

HUF oo g, MRGRIERC R 1966 @ 3138,

Fr ) e b 7 b ]
RicLr D iy

sease caused by Bursaphelenchus lignicolus. Eur. J. For. Path. 8 : 97107, (1978)

1200 @ESEE 0 b Fe Y RO S KOS F ORI 2 D RS O PRRAR i, 18 ¢ 88
~91, (1969)

121) et B By 24RO O DAL DT, 8T RkEE, 199201, (1970)

122) ——— 0 P NV L T A T Y DR AR, 19 0 109~111, (1970)

123) Taganasui, K. : Dlﬁerence among species with respect to the transpiration ratio in dif-
ferent soil moisture conditions. J. Jap. For. Scc. 54 : 373378, (1972)

124) BT v 7 v
167, (1973)

125) Taxanasui, K. : Effects of shading and soil moisture conditions on transpiration and dry

EORGTITRIC B2 B LKy & HAT O, 84 A B, 166~

e

matter production in fir, spruce and birch seedlings. J. Jap. For. Soc. 57 : 95~-99, (1975)

126) RIS« DU Bt FERMIEAR T Y v e, TIMRIEE
ik, 25, 1618, (1976)

127) Taxamasui, K. : Effects of snow on sap pressure of Todo-fir (Abies sachalinensis Mast.)
whorls. J. Jap. For. Soc. 58 : 233~-236, (1976)

128) e 1 Effects of soil moisture stress on xylem sap pressure and relative water

content of Abies and Picea seedlings. J. Jap. For. Soc. 59 : 6466, (1977)

FAH Y, THI YN O

129) WA LR IS XS b Ry, T T e BTN B, PRI, 27 1 55~
57, (1978)

180) o ERRIET) - TR FRY CMETNEE TR ey RO EERIE, LT, 81, 230~-234,
(1979)

131) Tamari, C.: Nutritional studies on the seedlings of Abies sachalinensis Masr. with lamas
shoots. Bull. Hokaido Univ. For. 24 : 513~-598, (1966)

4, 13 (2) 1 1~-180, (1943)
1:73~78, (1960)

132) s BT A= wvD
133) SRR - Ei o) '“a Bl
134) MR o |

MR D [ 4
135) f’x’z%u\ﬂ“' f AL R !
136) TranouiLiing, W. : Photosynthese und Transpiration einiger Holzarten bei verschieden

R

'Yf

v C

];;’;-15/[;}'@ i
Z MR o J5

33 : 203~-206, (1901)




— 156 — RESBRBTRHE #3135

starkem Wind. Cbl. Gesamte Forstwes. 86 : 35~48, (1969)

137) Ussic, S. J. @ Tolerance of loblolly pine seedlings to soil moisture stress. Ecology. 42 : 823
~825, (1961)

138) Wavrrter, H. : Zur Klarung des spezifischen Wasserzustandes im Plasma und in der Zel-
Iwand. Ber. d. deutsch. Bot. Ges. 76 : 40~71, (1963)

139) Waring, R. H. : Die Messung des Wasser-potentials mit der Scmoranper-Methode und ihre
Bedeutung fur die Forstwissenschaft. Forstw. Cbl 89 : 195~200, (1970)

140) ———— & Creary, B. D. : Plant moisture stress: evaluation by pressure bomb.
Science, 155 : 1248~1254, (1967)

141) Wearneriey, P. E. @ Studies in the water relations of cotton plant. 1. the field measure-
ment of water deficits in leaves. New Phytol. 49 : 81~97, (1950)

142) ——————— & Siarveg, R. O. : Relationship between relative turgidity and diffusion
pressure deficit in leaves. Nature, 179 : 1085~1086, (1957)

143) Wist, D. W. & Garr, D. F. : The effect of leaf water potential, leaf temperature and light
intensity on leaf diffusion resistance and transpiration of leaves of Malus sylvestris. Physiol.
Plant. 38 : 98~104, (1976)

144) A B 7 Az ey AT ONT (D), WEldLSER 1958, 40~49, (1959)



FEwY, T hE Y Y EROM

Studies on Drought Resistance of Todo-fir (Abies sachalinensis

MAsT.) and Akaezo-spruce (Picea glehnii MAST.) Seedlings
Kunihide Taxanasm®

Summary

Todo-fir (Abies sachalinensis Masr.) and Akaezo-spruce (Picea glehnii Masr) are most
important tree species of afforestations in Hokkaide. Immediately after transplanting their
seedlings damage is sometimes caused by serious drought from spring to summer in Hokkaido.
Todo-fir is usually rated as a more drought resistant tree than Akaezo-spruce, but we do not
have sufficient proof as to which of these two tree species is more drought resistant. The
difference of the drought damage between Todo-fir and Akaezo-spruce on afforested lands does
not always indicate the difference of the drought resistance of both species, because these two
species are not planted in the same place. To compare the drought resistance among tree
species, environmental conditions must be the same.

In the natural forests of Hokkaido, Todo-fir is rooted more deeply than Akaezo-spruce and
appears to flourish on fertile thick soil. Todo-fir is often distributed on southwestern-facing
slopes and ridges with deciduous broad leaf tree species and Ezo-spruce (Picea jezoensis Carr.).
On the other hand, Akaezo-spruce is a shallow rooted tree and often is distributed in special
sites such as swamps, serpentines, and larva flows apart from other species. Akaezo-spruce
sometimes appears to develop into pure dense forests in such sites.

In this report both drought avoidance and drought tolerance of these two tree species
having such different ecological characteristics were studied and the total drought resistance
was compared between two species. Drought avoidance was based on the xylem pressure
potential at stomatal closure, the dehvdration rate of seedlings, the transpiration coefficient,
and the decreasing rate of photosynthesis during droughts. Drought tolerance was based on
the xylem pressure potential and the soil moisture content at which death or visible damage
was observed, and the survival rate of the seedlings transplanted after drought, the time to
death, and the after effect of drought on photosynthesis.

The water status of the seedlings was measured by the xylem pressure potential (P) of the
shoots, the relative water content (RWC) and the water content (WC) of the needles. P
above —40atm was measured with a pressure chamber and the osmotic pressure potential of the
shoots was substituted for P below —40atm. The osmotic pressure potential of the shoots
was measured by the cryoscopic method using a copper-constantan thermocouple after the
shoots were killed by freezing. RWC was measured after floating the needles in distilled
water for 24 hours at 20°C in the dark. The apparent photosynthesis of the seedlings was
measured by an infrared gas analyzer.

Responses of seedlings to soil drought

1. The P and RWC of Todo-fir and Akaezo-spruce were measured under soil moisture stress
in the autumn of 1975 when the seedlings of both species were placed in a glasshouse and in
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1976 when the seedlings were placed in a growth cabinet with the temperature at 20°C and
a light intensity of 45klux with a day length of 14 hours.

2. A rapid decrease of P began when the soil moisture content dropped below 25% in
Akaezo-spruce and 20% in Todo-fir in the autumn of 1976. The P and RWC at the permanent
wilting point of soil moisture (19.5%) were —15atm to —20atm and 90% to 80% respectively
in Todo-fir and —20atm to —25atm and 85% to 75%, respectively in Akaezo-spruce.

3. The P at which the visible damage and the death of the seedlings were observed was
—28.5atm and —75atm, respectively in Todo-fir, and —34.5atm and —95atm, respectively in
Akaezo-spruce. Judging from only these value of P, Akaezo-spruce was more drought tolerant
than Todo-fir. But the soil moisture content at which the damage or the death of seedlings
was observed is considered to be more suitable for comparing the drought tolerance of these
two species than P, because P of Akaezo-spruce was lower than that of Todo-fir under the
same stress conditions of soil moisture, especially below the permanent wilting point.

4. The soil moisture content at which the damage was observed was around 19% in both
species, but the range of soil moisture, RWC and WC at which the death of the seedlings
occurred may indicate that Todo-fir was more drought tolerant than Akaezo-spruce in dry soil
moisture content.

5. The P at stomatal closure was concluded to be below —12atm in Todo-fir and below
—15atm in Akaezo-spruce by the measurement of the evapotranspiation from a pot with a
seedling. 'The phloem of shoots or needles in both species was observed under a microscope
te shrink severely before visible damage occurred.

6. The P-RWC curves of both species had two inflection points which were at —15atm
to —20atm and around —40atm. It was considered that the turgor pressure of the shoots
reached nearly Oatm in the former and the dehydration of the seedlings reached the critical
point in the latter.

Responses of seedlings to dehydration

1. In the bud-bursting season from May 28th to June 3rd, 1976, visible damage to both
buds and needles was observed at the same value of P which was —26atm in Todo-fir and
—34 atm in Akaezo-spruce. Those were the same as the values of P at which damage occurred
in the autumn. The lethal P of‘ the seedlings was assumed to be around —80atm in both
species. Needles were more drought tolerant than buds in the bud-bursting season.

2. The RWC or WC in the bud-bursting season was higher than those in autumn, because
the increase of RWC or WC may be related to the change of RWC or WC with the growth
stage. The P-RWC curves of Todo-fir had two similar inflection points, as those in autumn,
but the curve of Akaezo-spruce did not show a single inflection point because of the increase
of RWC.

3. The younger seedlings of both species were dehydrated more rapidly than the older
ones, and in the younger seedlings the WC of the tops was smaller than the WC of the roots
covered with polyethylene bags. It was easy for younger secedlings to lose water from the
top in comparision with the older seedlings. The amount of water lost by dehydration from
stomatal closure to the death of the seedlings was about 30% of the initial fresh weight in
both four-year-old seedlings of Todo-fir and seven-year-old seedlings of Akaezo-spruce.

4. The dehydration rate of both species was limited to —40atm and was kept at a con-
stant rate of about 40%. Akaezo-spruce showed a lower P than Todo-fir at the same rate of

dehydration, and the difference of P between the two species became large below the dehydra-
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tion rate around 30%.

Lethal point and lethal time of the seedlings tramsplanted after drought

1. The seedlings of about the same weight of both species were desiccated in the growth
cabinet at 20°C and natural light conditions for 19, 25, 42, and 50 hours from May 26th, 1978,
and also for 48, 73, 116, and 169 hours from July 3rd, 1978. In September, after the seedlings
were transplanted in the nursery of the Hokkaido branch of the institute the drought damage
of the seedlings was observed.

2. The P at which one-half of the seedlings were damaged was about —20atm in Todo-
fir. The P and dehydration rate at which all the seedlings were killed were —30atm and
35% in Todo-fir and —20atm and 30% in Akaezo-spruce, respectively, but if the roots of the
seedlings reaching around —20atm were immersed in water for 24 hours, the seedlings of
both species were hardly damaged.

3. Todo-fir was more drought resistant than Akaezo-spruce in the case of transplanting,
because Todo-fir showed longer lethal time and lower lethal P than Akaezo-spruce. The
drought resistance of Todo-fir may be caused by the drought tolerance of the roots.

Efficiency of water utilization

1. The effects of shading and soil moisture conditions were studied during the growing
season in 1971, 1972, and 1973. Transpiration was measured by the pot weighing method.
The three levels of soil moisture on a dry weight basis were “wet (W)” at 85~-75%, “moderate
(M)” at 60~50% and “dry (D)” at 35~25%. The permanent wilting percentage of the used
soil was 21.8%.

2. The transpiration coefficient of Todo-fir was 611~337 in the shaded condition of a light
intensity of 75% in the open, and 511~219 in the open. That of Akaezo-spruce was 1042~~345
in the shaded condition and 782~349 in the open. The effects of the three levels of soil
moisture were not statistically significant, but the transpiration coefficient of Todo-fir decreased
with the decreasing soil moisture and that of Akaezo-spruce increased with the decrease.

3. In dry soil moisture conditions the dry matter production and the transpiration of
Akaezo-spruce decreased in both shade and open, but the dry matter production of Todo-fir
in the open almost never decreased with decreasing soil moisture in this experiment. This
was because in the open the dry matter production per gram of oven-dry weight of Todo-fir
needles under dry soil moisture conditions was nearly three times as much as that of Akaezo-
spruse. The transpiration coefficient of Todo-ir showed a higher drought avoidance than
Akaezo-spruce in dry soil moisture.

Apparent photosynthesis of seedlings during drought and after watering

1. The apparent photosynthesis of seedlings was measured at a temperture of 20°C in the
assimilation chambers when the light intensity above the seedlings was 30 klux. Seedlings
with roots wrapped in gauze were fixed in empty plastic pots covered with foam polystyrene.

2. The depression of the apparent photosynthesis of Todo-fir occurred more slowly than
that of Akaezo-spruce. The apparent photosynthesis of Akaezo-spruce declined to 20% of its
maximum value 10 hours faster than that of Todo-fir because P of Todo-fir decreased more
slowly than that of Akaezo-spruce.

3. The seedlings of the two species were watered when P decreased to around —20 atm.
The relative value of the apperent photosynthesis increased to 609 in Todo-fir and 30% in
Akaezo-spruce 20 hours after watering, which indicates that Todo-fir recovered the apparent

photosynthesis twice as fast as Akaezo-spruce.
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4. In both species the apparent photosynthesis after watering was smaller than that before
watering at the same P. Todo-fir was more drought tolerant than Akezo-spruce, because
Todo-fir showed a smaller after-effect of drought than Akaezo-spruce.

5. The apparent photosynthesis of both species also declined with the decreasing soil
moisture. But the apparent photosynthesis of Todo-fir did not decline so much as that of
Akaezo-spruce at the soil moisture content from 35% to 25%. The permanent wilting per-
centage of the used soil was 22.7%.

Total drought resistance

Table 24 shows the different components of drought resistance. The P at which the damage
or the death of seedlings occurred did not show drought tolerance because P of both species
showed different values from each other under the same stress of soil moisture or the same
rate of dehydration. Judging from both drought avoidance and tolerance, Todo-fir is more
drought resistant than Akaezo-spruce.

Fig. 35 shows the typical water status of the seedlings of the two species with P-RWC

curves and Fig. 36 shows the typical relationships between P and soil moisture content.
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Photo. 1+ F= v 4k (P=—9.5 &[E) O
Cross section of a Todo-fir shoot in —9.5atm of xylem
pressure potential.
ph : phloem %5, xy : xylem K% (20%x5)

Photo. 2 | F= v 48k (P=—28.5%F) DOHiWIG
Cross section of a Todo-fir shoot in —28.5atm of xylem
pressure potential.
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Phote. 3 7h == Y4k (P=—12%HE) DHi
Cross section of a Akaezo-spruce shoot in —12atm of
xylem pressure potential.

i

Photo. 4 7 Hh /= VX (P=-3L5%E) OMNHE

Cross section of a Akaezo-spruce shoot in —31.5atm of
xylem pressure potential.




