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e/, 30D C, 16.6 %k =YEiIwE 2T LdbhTkd, 2¥ vr%x <VOAHIT
93.39% ILDIE D, = VIROWTIE COEME KAEFCL M1 8855 (F 1950. p
55—56), Lichto>T ZhbHOMED M EOHEEIC OV TN, 3T IFRA
b, EREICIT 275 D@l Th D GEII 1941, p. 115—142), KORRICH 5 EHFEE

THeY b % AFDFCOIVE HRCHEZDR TS, LrLiasb SRy 7
y’?""&ﬁtbf%‘?, ¥l VD EDDE2DIELVIRIE kb T L EHE—FHLiwiEbye
ﬁiig—',)é? T L ZUE, F Yy FaTO EFVOEIE B/ FDEIN AFLDE LWBUB
Lot Wi HEEL REISRTWLEHE 1942) . 2hboz by H—HCHEEL, oh
B DBEEDIEE + ) 7 Y 2 AT HEREA DI, ChH OBED ASFRENTHK
JSODFHAD XOTRDHLIAELELMPRTILENE S,

KO & DT 2 OBHEIC O TIE 75D 55 < mb WAL LBIES h Tl D,

bbb —EEREERd BB d SRBWTE 26Tl YlhrThviidlnzi
i,\ (MARCHMOB 1926, 1943, #E# 1932, KRAMER 1949, RicHARDS and WADLEIGH 1952),,
LisLienih  bivbhat AEEICEHER* b Olnicis, 0 X5k —HEEBIRkc>
WTOEBTTIE U ) SATRL, 0220 L oOBBORE L £ oEEBEiRY

5152 EBRETHD LEL, bRDIO $OrbRVeokMlTEE AX /% w
I THTYVRDOWT <FVrFFOER: ThicBEROL% \né’\»é?‘&lﬂ?k&’)b;
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TERE R IOk, EOL\WIOMEEHED 77 413 STOCKER (1948) H\»»2>Tw3b x5
VAWADLHEDTHTAD { ZbbebhHERThY, o0 o0MEL ThEhxD
T OIS A 27D 5 X 5 IR A D 2TV BDT, DL 2DERETEL BRTD, H—
2 FIEOPDI . FRT  SHEEOMEED FF 4 DERIZDOWT  WLWAWAIEAEND
Bt abxic, T TIF Y rrakk hhopoleDid, FEHLTHL XUHT EHo
el a s SHEEEOHENL, £12 BV L, RERIIIOTHIRVLOT, EhdTn
HERLTVEVWEOLND KEd LDRITUIRDRWS 2, OSBRSS  #ENS
#em O HFOBEEILLEDT, DIWHHIC I ST Edbhie MEROPFEC LD, RE
DENS BEORZ LK OOENRT. AT LLAKE S I8 B RBFEH 5 DT, KFERIL
VWHTUBLFFITH D, EVRE B kdrd o 1EED RO 0 b2, £0
HBOFERXD L 5050612, ‘ )
LoCHEECR O MEMEE VS = P AD T 2 TH B, Lhik BIELHEIT LT
WD BADTRD, LERIE BEUATh FickoT BT HIRdETND |
DT, TLTLVHOH5 MEOHEEZ HEOLMLRLTEL LENRLDS, WEE2 W5 =
PR, BRI 2T REEER ERMANS HE O 4 2 @ OhbhbaZ B Ny (ol
Maxivow 1931, i 1932, p. 396; SHIRLEY and MUELI 1939 a, b, ) 2, bridk
WAL BEKSREO S L TORBIERT S HREAHFTORED LI Tw5 (STOC-
KER et al 1943), ULasLicaih 04572k 75T Ld —F Ligyy (LeEviTr 195D, -
MAECHUMOB (1926, p. 416 ; FfHaR 1929, p. 399 ; R 0 0 HAFK 1935, p. 377 (%, i
BMELIT ﬁvﬂvmhz,ﬁﬁﬁibbém;ﬁﬁﬁw BIV Fhabbibins I
o3 s HESLSL IR LI ERTS RBAKLL TR, LS HHD
MBEE LD T D, TOWHTIE, BEBRCH 2 THEY ERPNBRBACHLEZRETTTH DS -
73, STOCKER 7=, (1943) DE zpioid, LEVITT (1951) d\v»2T\w5 L 54c, & EEEE
WBE A B EHI TRV ICE X, HANE XOERFINCE RERL I35 EFL
bhEDT, #D L34 ITO REMED LDBOMDL, . v .
STockER (1954 13 [{EziE%:  FEMIAHEN S & X 2 ¥ bl (letale Trockenresis-
tenz) & ZRIEMEBENS KIS I N T D3 fo\ [§EEHE (vitale Trockenresistenz) il T
Do THIELENZIE - 22 TSI letal inifites 5005 43, vital 7x HECME &~
UR-Se IS I . o o . :
¥7c STOCKER (1947, 1954) % FRECHE% 7o Dbl plasmatisch' % konstitution-
el 7o [EEMEE Lico B BUBHEN EUWKSKET &£E2RHTHD, B#HIT EH
BOKSKEY ThYOFRIVL TR RELUCREBRIEDDBATEH S, §iFL E
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HEO PR LA BT 5 lb%@%&%@ﬁ%byﬁ%m'E%EORQ%%K
MR LoD MELMECET b0 THD, S OBE 3 b ic konstitutionell 7ojfEs -
Mea 2 D 3op 5 »3 plasmatisch AfHEMEC b S5,

STOCKER (1948, 1954) (% %7 [if§f% phénotypisch % genotypisch 7¢ [} i
DI T D, FFEE HIS I AVRILENT KBITEMIRIZEDTHY, BHIIE

bavik dEO HEMEO BERNRTFTACETLILOTHS, ZOFRTIE $o1Eb

SBEDO b\ 72D genotypisch 7iHEEHED FH 4% = L DEbDnDl,

WaLTer (1931, p. 111—112), Arvipson (1951) 1% ff8zik#% aktiv & passiv 2 3 1
Too 2T passiv 2\ 3 oIk AKRIRREBIC /20T Iy AV EROBRRD DT, & Tk Bk
235\, ARVIDSON (% aktive 7ojffifiihs X5z primary & secondary i bl T\ %,
B EPIOMEY BKCKZBREATH Y, #FE KSBEREY Bk b olRAThH
h, STOCKER o plasmatisch » konstitutionell =k %, Z OB TIE b secondary
DifELE%R %005 73, primary OFEEMIC S Shp 2 LD,

OB PRBERSEBROEEEO L tkivhbivc, AR O0»nbo wiliH
LHiTFs, ¥l EERBREBIE BREHETLSIibhic, AEERE bo<silxdhldb
35, 1951 kit BRO—METOEDTE LD LARWRENE &, HE W o
T PRTOEDTH L OLBIFEHE £, HHOEDOKGOHEE To>Thbolz
BEE—ET o wilxildbiFfs,

I FoMBEBEEizab

BB IE WA BW» Wb Twbh3, o7 ) x 3 SR, Bk Mo
SDIRWHDY 27D Ien 23 Z 8 BTH LRV, DX 3R FRIE LOoBWE
e bW TLES ZD XL ED FDOIVFFFE ~FVrr=ge DT
RIS DA S5 5 ?

1. HESHmTOMN

HIRNE 195142 70 18 HAH8ABHETOLWLE EOLIMO SHhihok L&
O HEEMO £OGKROFEESHE TH 31 BL8HABSHRLLANLLOD 3SHLED
FEHThb, 88 HIIX HFE BLAY BIEREC Ko>THY, 7%+ 5—30cm o
DO EDEIKRIY BLF 5% T, BYKSD B+ 1/3 58 02T \» it Ei
Vo COBEETEA2DL L, HETORD ERERNLOT LI, FHERZ &3~
DT, "RFL e/ F0&RL 0ELIFTFbNS, £/ 100cc LDl &< F
HTWB BRKMNE 7.7cc LT ER, DX bTrOMNeDOThS 12 2
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#wHEH»L 1.5cm BE ¥ Tx 5 5kTRTET, -
womghicET 1HTrbWwWILES: 888HD

tOZK%E  SOIL MOISTURE CONTENT
g X 50 %

R Loedb LT »iRYDFMBSDOEDOT h
DI EOFBRER I D 2 2% TEighotehs, H
WrbHE D@ RRET (U (1950) 2L
bAfe hROFBREBND HEETH L, WOKWE B : L

1 H
20 - 10 5 / ‘

27nY% DEPTH

o 30 ‘ ‘
2% ng ST *3"&«%’75:02’.%5‘5})7}{5‘7)37‘; St LoKAHE/H(RE) SO MOISTURE TENSION (Atmy:
ZenEILRS, H1R WL bEHODS 0 ih Lot

O&KkE A+ 21 HE B : 13 HY
E2Mic R UHEEMO 1955 4 7 H 16 H Fig.1. Soil moisture after prolonged rainless
' days. A : 21 days after the rain, B : 13
b 27 HETOB WD HOKGIKRRE % LT, days after the rain. ,

ZOEEX Il EOFILZ L) ¥ P& Mnbok %
Chprbbd, £2 0L AbLTeS, COFEL Y gé
2 LAERL, MBI LDHBEE 2T 7HA8H: %w
DBioRSka RA, 70 11 Hiik #&oLtiz el ﬁg‘i
Db\ T EBERHENRLZLRZ EnbELD L WikT %% V/
{fehota k575, 8HLBE 8, 9, 15 Bic/NE»b b, éao-( L

. 619 22 25 21
BRI UDTHHH 19 Benk)oW 2HH 25 H 81478 DATE JULY)

B XU 26 HE 27 BAGCRIAB DR, Riclot s H2M L& 23/ NREObokbou
' ‘ BEo+LDEkE —7 »Y Sem

e AVFEHFELDLTCND, O ENLELTE T ‘e 7 H % 8 cm =T BV 12cm,
Fig.2.  Soil moisture in hot sunny

ZLIEND ORI bE vEENRLWC bbb, ZOH days interrupeted at times by light

- ’ . rains, —— at the depth of 3cm

ERERD e it DA IKEN KRAFESKRDT ¥ v at the depth of 8cm, - -at

the pepth of 13 cm.
il FOBLMHLET EROREBVA L EFRTWE, 2DX5 bl & £

BRI B LI BHLELBTERND bHELMNS,

2. MHOSHLBLADDTENE

Loz X 5l 2D 2 e EDLDBWLRI VR TLHIDW TR, KER D
T EDEKEELD AL BENEGDT babiunst, 51 OF0EEN . WO 585
7R B A DS Bl &f%b(&ho¢%ﬁ%ﬁ@ﬁ%ﬂﬁ#B1%&64@15$@t
7—8 FICTD S5 B0 S\ eflR0 55 & 1 —35%0 X 51k b, 0.1mm M Lo
MO SBRVEA A as< o5 C bk »F5 L&, Smm MFOMT HEis i
iEbvirs<Hiul MOLSLRVESRD S22 LIZLERIBI e bELM,
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OIS IEHVIRD, OBV SHRRBRIST EoAvFarnbAs X, ¥
O£, DEL L T ik HOLT DTLLWI L Tikig k- Exbhs,

3. & ¥ . A

TS 5b i Todic HHA DT D%  BDflUE W om BB EHTED,
ERRE LD (1940) 13 AT WDV ENERL DSWT  daibiclenic =Y

‘wIK 7—8 Hix 0.1mm LI EORD.S By Boo-su reEE
©(1939—1953,15 4E[)

Table 1. Frequency of continuation of days without rain heavier than 0.1mm,
in July-August, - 1939--53.

5 Tocalyy—— B P | 1115 | 1620 | 2195 | 26— | 3135 | 360
B % . Miyazaki 3 1 1
7}‘7_& 1y Matuyama - 6 2 1 1
5 B Hirosima 10 3 1 1
F N Matue* 3 1 2 1
& E Nagoya 6 3 2
T bl Yokohama 7 2 1
W 0 Tokyo 6 2 1 1
*x . RB Mito 5 2
5 53 Nagano 5 1 1
= 1L Toyama 7 3 1
mooA Sendai 3
% H Akita 4 2 1 1

*  FNTi: 1941—53, 13 4g[d.
*  For Matue, 1941—53.

B2%& 78 Ak 1mm L EOROL&LGHODSWIcEK
(1939—53, 15 4ER)
‘Table 2, Frequency of continuation of days without rain heavier than 1mm,
in July-August, 1939—53,

M’ 11—15 ’ 16—20 | 21—25 | 26—30 | 3135 | 36—40
B Miyazaki : '3 1 1 1 1
oA i Matuyama - 10 3 4 2 1 ’
& B Hirosima 12 6 4 1 1
R I* Matue 8 1 2 1
%5 B Nagoya 9 4 2 3
Bk Yokohama 8 5 1 1
< =3 Tokyo 6 5 2 1
i B Mito 9 2
= i3 Nagano 6 1 1
= t Toyama 8 5 1
in . & Sendai 7 3
% H Akita - 3 1 2

* pNTi3 1941—53 o 13 2R,
* Tor Matie, 1941—53.



#3%k 78 A 5mm LLEORD.L S BODS\ @R
) (1939—53, 15 4D
Table 3. - Frequency of continuation of days without rain heavier than 5 mm,
in July-Augut, 1939—53,

s Tomcity B 0% t6—0 | 2125 | 2630 | 3135 | 36— | 41—5 | 4650
% % Miyazaki 1 1 1 1 1 1

B Matuyama’ 5 6 4 4

B B Hirosima. 7 6 3 6 1

B IT*  Matue* 4 6 2

£&E  Nagoya 6 5 ‘2 3 ‘

B ok Yokohama 6 4 2 )

w® z  Tokyo 7 5 '3 1

*K B Mito - 5 5 -2 1

£ ¥  Nagano 6 1 2 1 1
%= |Ij Toyama“ 8- 3 2 1

i & Sendai 9 2 1 i ;

#% M Akita 7 1 2 1 1

* ENTiE 1941—53 o 13 4R
*  For Matue, 1941—53,

=Y FPF=YO 1—4 EEFHORNCIELWD EOKFBEACONT |ELTED, -
SEpFic Lo 3k BEROsA¥EY KECKRT L #HFE,L20om £TE Fokel
BIKGZ 5L Finolel Lavbhn s, PEH LB (19549 12 MPFNERED ~rF v
W, bivbi (R, &F 1955) & FBEEEFTO ~FY<ieonT,  HiEg (195D i
VERD 7 v < VR OWT, BIU XS flr HEL %, 2 TR HEEHHN
DEE BYKSDOAADE BEERIEBITETIND, KD XY Tk BEOLTIE
XHERDEL pBREBVA BHTL LW E FBExbhbd, TD X5 b FLH
LThbix Ubf@E%U#%é SHEER O YA DHTEIL, bW E L, BIREID
TWieWDT K HENDBWEOLK b idRFHUILbIRVWDT, ZOX57% £D
A7 ARG, 0XvEbVIE AT RBBELNEELLILRADLELEILND,
4. » o % L , ,
HESHMTEOrbWESH oL LD L, £D L5k KESBIZZ LR HTULLL
e C Lh SRERND 0EDSVWTHO LW HO F=2)as%2LbNT HELMC

L7,
1 Fr0E¢rbeiztEonrvrs

FE=Y vIE %?@Em MDD I & BRI Wb T\ a3, Fhns ¥
DLSIEBWE 3 ThHEME EOF ) LT, SORCONTD  BARELFEERIE
EFPBTT LR, EEDFTHL RUDTOEOLETIE, FE (1942 23 eF )03\
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T HMTEELARFEOEMCIL bbb, FRC LD E, B2 F0OMHEN ok
VWHBUB LK, AFLTA-YTCE ol Lidiesofci w5, A (1933) 12 =¥o
~EVrFE THTVRbNEE B8 AETCOBLED ﬁuﬁﬁﬁ@gb LD T
B, chib BEsbBib L, LA i 1EUEOH Y 20HFT bR
b Llcdh LT imiif‘EE%LB&t%ﬁubﬁtbx:tbhfmaoﬁma%m
77 AnE E|EL, Wr LBHFE (1939 1 =¥
BEDEbiss R B Esbor bR \C LR TR D, G (1951b) i3 K%
5 Ui olcd% A3 2LT EEZLLN 7w%v B2 FXAFI D bR T AM
e olc LD ThB, 3223 FHEOERTIE Kid Libiikhokd o7

i ORF evsF Ta=YolEc

4% BRUISAEFEZLDBLTHE0D, pkbFLd Kid Liokhknd Hri s
DFHALELIE WOERRG, ThODERTIE A BREOKEAT bl #o
HEAS BRLTWSE: B8bbh3DT, ZERXTWDLED WEHEEY bhbLTW
HEE HELRG, WE bhbhodoTh 38R CoRERLTEE, 3EED <~
FYrF=0D FhhbniiidD FLHITONT, HHBT LbRTLBULENLD
L EBBIBLNLHDOT, R0 EL bW ED Frhsi: ThRBEROLIZEFO—IC
DWT LHRTARI, 7 ‘

1. RoFI37 hHL R LB

3oL BARARBZLACFETD O0EFOSVRRBEC/IZDETHTE bRIILDIT,
BOXWA7 3 5% FIRLANT EREko ok,

® R 1

(1) #EeFEk

+ HeENHOLT, ERr—2 2\ vbild 550 WELrThS,
15ED 70 A% B LIb D% OhDlt, EXY FHHc L s MRIE BEIEOLKD
EIEIL 2.55, Af&@mi: 0.68, FLMA=R 1L 74 %, WOLF-WAHNSCHAFFE

BRIz 2L

o BT Lb AT
B L5 RARKERL 93.5% (F=dicl) LU 63.2% (BERCHL) 750t

B4k + o O

Table 4, Soil texture
B OB Mo M B W B+
Gravel Corse sand Fine sand Sitt Clay
A &
Grain diamgier (mm) >2.0 2.0—0.25 0.25—0, 02 0.02—0. 002 0.002>
vyTA (%) 0.33 4.71 41.27 37.99 15.70
T Usicd 2ok BARKEIX T 64.5% (F=vrfL0), BRET ¥5=&%



O T b ol BigskET 64.3%, .
IKEFRFN 15 §ED L E0&KEBIL 33.5
%T, ZOMIT EThdH Tk oEFO+,

8
I

N
S

&0 00
T KAJAZE & KR (permanent wilting

percentage) ¥ X< —F&T 5% x5 (RICH-

~
=]
T

ARDS and WEAVER 1944), 4+ &/k® 2

TOXARNRE) SOL MUISTURE TENSION (Atm)

Ik 33 A L o Bf%T RicHArDs (1948) o

— 700%
porous plate apparatus ® X357 T F A LORA® SO MOISTURE GONTENT :

72 REOE\ FERLAZ LN TERy» HIN HRcomnrokto SKkEr/KGEHDES
1R, ?{Ej; DXL tensiometer 1= X % 45,
DD T, BERBLRN T LIS F ig. 3. Relation between soil moisture content and

s0il moisture tension of the soil used (determined

7z HANSEN (1926) D EFEHEC X 2T H &% with Hansex’s method and tensiometer). Small
figure on the upper right is the detail of the one
oo EYRERAEZELART RS VLD determined with tensiometer,

KEEOBER kIO, SOFEL KGEADE LOEKROE S LEFRIE FE
%ﬁ@@,%%#bbtiKObfﬁH%:&b,L&Ot‘mﬁ%ﬁ00<biﬂ10b1m
tensiometer 12 x>T4 &7z, tensiometer 1*01‘75:7]%2; #HHE (& 0.8 EELLT) o%xxT
HANSEN B:DBSFEDOHL S 5 KEDT O DONTIL 13535 2 LR TEIRIDICA, 35
DTHLHHFD Sl oOfffry OB LI EOoT HEELL, WThoEbwicd
ENRLRECELABESLNE LDHDTPUELLETIE BRUSKERTE KIEHI B
50T, ZORBROHOCSDS 51, £230buT@lIEbvwo7sr4%d al, 20Exk
REAKTRADDEREY HEIRLDHT,

ZE o AFresxd FEABRLEIME, 7r~Vii ATEREEMEOCLOZ, +
FEFDIMTESLDILDE ZHAT Hbui,

EE 16em 7 x9 30cm o RO Y IIABEY Mo EESEO AR, £+
EFE 3m@ﬁz¥%m<§o,xoxolg% ThEh A¥ vr7% TrI<IVELT
Foo SHSLHIR Ta~Y 0% AF¥ vox kOB 300 EE ¥Eol, EiHEA
DTHLEPNT BDOED 30&R: L, vV IDHTFRERZLHIDZ T 2DHLWEHE
kidote BREMEORLI FIAHRT FHLLLTR, ol LELE ~Fhib
LT bz, —¥rEdoLs 2R HHEORDIE HoRb I LiksenT, 7]
LHIE U905 SARKERI0D, KEPs0%0nT Lhimd < i, il
M EEMEABREEE (fo & 243 SHIRLEY 1934) 13 Ohvbisd2lc, #H4Mic Lo HEEALD
BIE 1AFFD Ak, KEPoTrnb LEMGC SFinbERLECT K<
PP TN b D% KRk bDELT mERk, KREIHDEXL ITHFHORDIE o
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D OAFIR Hiied OBHIEDOT, ZDO X3 BEAFIE ERITOHNS DEvhlcln, 20
FEVL BIigbisipolc, KX B ELR HWE,rD 0cm O7 790 £ORE 22D
THETEKREZ LD N,

(2) #% #®& S

e %l o
36@%30_ \ FARCLDT I, M7 T41L v
Hﬁ/ig: o b0 rdlehnl TaATIYREDELLL, o
= BIfRIE KA b T\ e S0 BE 20T
=
=l B Likisinot, Re L L £oa7ks
[==]
= -

o X EHADAFO  EOAEKEERL RETLEHO
R
b TR, HEORERTFH AR EEZT,

ol jpamsmmmmt e TRCDAFOEN BRL IS bvTWwD

© REeHVEIK DAYS AFTER DISCONUNUACF OF WATERIEC 7'1:&*?‘6 r %ﬁ@k zl) kD 7](5}3%% 215 ﬁ
B4R kohvFEIBHVHX Ex#ZzTh 2ith BR{EE Tl i
Fig. 4. Mortality due to drought of the seed-

lings in the deep containers, —— A¥F Cry- 3

‘ptomeria japonica, - v 7 % Chamaecyba-
ris obtusa, —+—7 71~ Y Pinus densiflora. E B 2.

(1) MHek

FXEBBRUASABIE FHF¥ 182cm ~~75cm 7x% 27c¢m (FRTHTF2 ) O
ELT 7Rk {bdk KRKOMrkE, HB5RO 5L EE =43 : B0 530 Br
Dok 2 BRI Ekal HESHEO BELAY VH, BERD X5 BB ¥

Ch P | o | & P

Cr Ch P Cr Ch

Plo | ol P | o

BSW HRcorolROROKE @ BOR WEOME

Fig. 5. Cross section of the container ~ Fig. 6. Arrangement of the species in the

for the experiment. A : 4 soil, _container,
B: fp sand, C: =24 ¢ gravel, D: ' :

PkFL drain.

AR oOnoOkFrx
Table 5. Seeds used,

W | & ~ [ % % % % | T K & s THAR cc
Species Source Germinability  [Weight per 1000 grains| Volume per 1000grains
« x| ERBREER | ,

Tokyo Univ, Forest at 19.0 4.2 12.2

Cr. japonica Titibu

e 7 % EHE B B : L
Ch. obtwsa  Hukusima, Nagano Pref, 72.6 _ 3.0 8.4
, | mkThRwER | 0 D

Th<Y N .
P, densiflora |15y0 Univ. Forest in 94.6 . Cosa 15.3
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<, BoEe LT ISk rrE 4 A2BREE DT, ENHEAOTAL BEXLET
¥, 1 —2HBERAEPOT BWHCEL TR, 7TH 13 Bib K&eP20%CHT 4nt
I I E it iee BATDE L DT has AATERKENT Kb T HKHE BT
#HE»S 5 100 15 0cm o7 m#0  LOREEY HEHEOOT LOKLT &K
Ea LD~ AEEAKRICK BREA RS 27, CORRTE B 1 DEHL 252> T
Bhic %@é%@%wmiof:mhtmﬁmtmbébaxt;?tb%,%ﬁ%ﬁoﬁ%
1B, SR AAEEKENFIcabl &, THwY LAXTE ET Hich LLERL
Bh DWT TR 0ENAS LEVERLbbal{k) AFTE ERhITnbd, &
JERTIE FDCBH AENSbhLNIh, DWT BT YLD, AFLE S F TR

TN SR BT D, CDEEFTIE KePhuE KueTOT dLERDITILD, b
W UKRES Lies b EoREsd $R0 Y Aaiadind. T5kB s HIRT KE
PLOTHEELARVDOT DX gD Es HnliEFili, 2OF2H 2L Hi
L% 5 B I BB E FYHME BHEBbbRE, RUBT AFEE+Oflh
kEEO RSz 816 Hob 9OA9HET 3JHIK ﬁnt@Woﬂéﬁ%k F
HE-Hobid L3ic RSAYEOF TRV, 90 17 HEERE ) bEOlk, Bh0ERER
onots 72 VR LBNEOT EROET - BEC IO ThaY, XF 124 v/

302 TH=Y 337 307,
(2) # &

.
100
HIRCLHT IS, L7 FDIVIIHN L
BOLBVEL THASYOILEIN D E |
<C B
LB FL, KRIOFR L BT Bt
Do Ele AFLEIFOFHAEFTEGD
A
Fa=VIE rOWRRT mrasnFe T 27—
, GITs T6 7o 2 25 26 9 E3 6 9
{ HhEUDAREEREEVNZ L EHRI] B ff  DATE /

DIEBERE UK, £OAKER 755 BIE 037 IOTHR TP ATV 35
. ) _ Fig. 7. The progress of mortality due to
S5cm Gl 7 B30—8 A1 Hiz, 10cm & 15 drought of the seedlings in the deep container.

o ——AX Cr. japonica,- v 7 % Ch. obtusa,
cm CiE8H1—2HK, 20cm Tk 8A 6 —e—7 H<Y P, densiflora.

oA ARBEEKRRETINOLN, Thndb BhicdbOsnAbhE ETRIZ A¥ L
z?%f@ x;%2ﬁﬁ Tﬁvvfu % L% $EM ot bl T, 2h B HKS
ummwgmmmkwma>ﬁ&<@on&a&'ﬁmo A E TN DT LA, 5
4 RoD z%at/#@ﬁh974®&kf@<ﬁﬁ %;6‘%7@@ 3MBED M 7T
4050 THEINE HE TS T LiZb Rol FAFRBANE EnbBERB L, B
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,o/f-; EIDTEEDTUND LI RAXD, °D
o A Bz ILRBLEDLART LD, L
i - B EEEO 3 OB Kk b 00
T Elo AWRBCHATE vITARL LD L
% E 5 B8RO XS, AF L s FOMM
= - 1A OOKESE HAUI LB C A E
! 20 LEDTWBM, THATYTREDLI &
= | ) 00 o a0 @ S i, HBFMOMNhT T4 LT
‘mEH 2 ITICY SO MOSTURE ) pp ppemetieir S ORSIO LS S

#8X 354&@@% E R %%ﬁm$ﬁ§§ DFHTAP BBELS SBObRTW5 L)
Fig.8. Mortality for every Fig.9. Soil moisture contents 73, SERD I\ D LD B IKROFEES

three days of seedlings in at varions depth

~tbe d/eie}; (é);‘nm;;;()mca ' from the spfl surface. iz FEORICLDT, 0cm X HEE-L

~~~~~~ v 7 ¥ Ch, obtusa - : . . B
o7 H<Y P. densiflora’ DETIE Z7IFRIDOTHLEHFHAIL

(. : e X5 7,

Bl 2 2EBLTWRAZ R, BORWE 7 25 2HBR L iEbvo i NEAL
3 Tr=Y R¥ vsxThb, JMELL LOAKERN KAWEEKRID S 0O
Th E AEDOBVIEAEEFTHLNRD WS Z i, ¥l ZZTRLAE WEEDOIE
£ Boxns 729 0lEMmE —FHLTW%,

2. BORNEZ HHEFIRLAESLS |

FXDEERT BOFIWE7ZaH LR LAWEL VWO [HEEDOEME: BORWVWE 7 FH

DIERED —FKLTWBDT BROEDE T HFDFH A EE D DENT  [FEREE S 5T

HTz o
£ B’ 1
(1) #HEEE

FX EBRUHF T AEC, FHF 45cm, ~ 30cm, 7HF 6em D & FEFOAY

BER ooz Xk
Table 6. Seeds used.

T = 73 H | % ¥ ¥ % | F kB g | hATE cc
Species . Source Germinability We1ght of 1000 graws Volume of 1000 grains
A X K H &R 184

Cr. japonica T@na,si, Tokyo | 18.4 . 4.1 12.0
v 7 & B m ) s '

Ch. obtusa Klﬁ;‘okawa,Kooti Pref. - - 43.8 ] . 3.1 . 8.6
o HER BEMR | ’ ' ' )

P. densiflora I;Irtér;xakuéax, Iwate | 97.6 82 o149 .
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F 3z Eﬂmﬁ@i&bh,%eikLb¢l5kﬂxé % 100X klitEc 48
l5EVﬁ%OHLo%#T%6OT#% BE XL F0E, ERr% ETERCEFE L,
8A 11 16 KX 3l HE ZThLh D EDORY KL +§N:7k7‘z%07‘:®%\:t75§§
Kb cEr»e, 82 31 H KX0 9h 17 B ZhFROL2F2K sk
O&%E0, 1HEBBCLLNT HanrboThichDd HMhicdbor Lz, KBOS
Bix BTEOLED I,

 EmIm EBROSN
Table, 7, Conditions of drought treatment.

Cr | Ch P
P lor|on| 5]
P > o Series I I ‘ I
1 T
KE B LA WL 1125 m.w—m!m.m~m.u
B0 MEo AKae bl HE ' %
g Length of drought treatment 15 15 | 17
Fig. 10. g KaeehELOLOEKE % ‘
lfnent Ofa:;in :;-c- Soil moisture before re-watering 24.4 24.4 | 2L5
cies in the con- LR EARHCELLH \
N Date when permanent wilting ViI. 21 Vil. 25 ! K. 10
laners. percentage was attained l

(2) & #

BURCLDTIIR, SED2 ) I=>2iB LT AFH DO LML J<
THTIH BDEB DI 20D LHAABEEKRCEL THE 6— 7 Hiooz
KeRDELO LOTKRIL 2ROV, ZOBEETESIDLTE 72 27
DEDOHEEFTED, TR FhL TV T0bH

Lo LV, RREBhOb T, ~Y 202 Dh B % MORTALTY -

50 100

T T T 1

-1

M

2L TBRELLWE LI LS, Bzt eraffic
2%
Mo X5 Sl T, G japonica

Ch, obtusa
® 8B 2 ', iy
(1) MR eFE

. -

F. densiflora
m& 15.5cm 7z 3.lcm o ﬁ?xev%'SW?“
' : /
Ch. obtusa

—1 95 e EEEEOERVI, ST —LDEAL opan

P.densiflora

Lic, oF=esr% JEQFIFBIETL, £DOK [, »

Ch. obtusa

DEOIE HEELCLDT I E Ta=<y 1008  7r<v

P densiflora

W HFAERITT Kevhexn ZExXF L
2 jomico

AF¥resx BOEO300KE 48 15 He e —
DUFtee FEAH EHDT D AHEE B AL EON
Foo EX LBHRUFNTAET THATHET HHLF SNE LosvECissvsz

: Fig. 11. Mortality due to drought of the
oTh, &Y frExVhunz ¥Y—1vivEbl seedlings in the shallow containers.

ol

% 75 &  SURVIVAL
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CEB8E onolXE

Table 8. Seeds used,

W | B ) # F X % F R B g | THAR cc
Species | .. .. Source | . Germinability Weight of 1000 grains Volume of 1000 grains
« & [ OTEREER | =

Cr. japonica '1g¥° U Forest in) 8.2 3.4 8.2
e x| R BR EEM
Ch. obtusa Tokyo Univ. Forest in| 47.6 L7 7.1
7 B [Titibu o : 3’
M =L E —JF 97.5 8. 15.8
P.densijlora Itinoseki, Iwate Pref.

T BLWEREHOFHFART R L, THTHK
KCFEFDEEENLTTFE) bl ThhbIIKESLLT L2H

S RIERLDDEE

Bl 0”‘&%}»&7‘\_0 25 D5 B

L3 SARKERY BEXFON

8 AL 1ﬁﬁ®tb 7ﬁvVﬁ%Bnk@6 [N

L?)l7@x%ﬁV%%bto7ﬂl4EL1@,7H 18 20. klU\QSEL4ﬁ?OJ%

hZhos r—uvinb %ﬁ@lo$%10_f:®%ﬁ%ab,=W7$—7T
EDLDRK LY BIKRELDANLIDIC

:/'T’t-lza)/

rotnt kPR, AreoTrb iEME

KE2EREUFET Bh774%2 L6,

(2) # %
% 12 Mo
ZDERTYH

E3

$<_7wv7ﬁ%0a%%%#oto

—T Um— T T

100 /.._-7 q 0

3 / ]

50 o4 150
s [ Z X (. japonica ] ;:;
S 0 100 ,f
=100 05
ERl 2.
s 1 E
o
S b 1 =4
B3 50k , 150 =

[ {\ t / % (h obtusa 1o
8 ol o ¥
®© "

100 o
o[ ]\ / v 1 =

s0f / - 150

[ i/ FHTY P densitlora
ot 100
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TO8KE SOIL MOISTUR CONTENT
EgENH LoV FLIDHFEOIV
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Fig. 12. Mortality due to drought of
the seedlings in shallow containers.
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Fig. 12. Length of roots of the seedlings died

EEHim o ToRlEE B it , during every three days. A Cr. japonica,
L e v 7 ¥ Ch, obtusa, —e—7 51< v P.
b, # B ‘ densiflora.

¥ tsx 7hvw
(r. japonica Ch. obtusa P densiflora
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Fig.14. Length of roots of the seedlings
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208 i BEED B\ ED  THERD F 7 41050 T
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Fig. 15, Dry weight of the seedlings Fig. 16. Top-root ratios of the seedlings
alive and dead. alive and dead.
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Table 9. Seeds used.
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T i % F R % F K B g THIZHE cc
Species Source Germinability Weight of 1000 grains [Volume of 1000 grains
x| ERBRE

. . _|Tokyo Univ. Forest 34,7 3.5 8.6
Cr. jabonical, by,
v 7 o* i} i
Ch. obtusa ﬁ‘;(\" SR 42.8 2.1 7.8
S CTEEIRT
PﬁfiﬁmTﬁwtmm Forest 93.4 3.1 14.9
- @ensijior@iin Tiba

ENRHEHDIDOBIL BE XL EVE, FXEBRLUFFAHT WBTFITh, 7 A21

Hab 81 10 HOBWIAEK

Y1) Lo EHO MK T B IR LD ~fe, B

XD ED, KEILT HBRERLIBIAR, KOAENT FI27FE2EIREBLT BIX]

BB\ eDb, UV 27FE2E0kBL FV 277V E) > HRDT F) 7700 0OKEL

SHEE, B 17 KLt X5 L50EERlb ok

FYre—F DD SHE0 ki

TN, T —F—Dinhd ZBEOBEL O%mCdL,%bﬁ#m TheEih &%

O BE (EMEEEAY FF Y 2, BHEAE, p.9) O HiSO: Tl ofk, Kz Lo 1RHEO

DB For—Fe=mnb EOFELTC FV2F%2XDRBLT Vi) vyl okiisg s

DDFX, £V 7 FEEKEDFCT 77& LS T—riRWRT REORHCEE, 248H

Bie S ALABBEBNE S AELLANT

FRTTA%d Lol B LZEKOWET D
Wik FTLC, R ow T HSEC
ERDONDR RRER ROk, 1H 1K
il BESES TR by DEL Dz LTF
WEd Lo, Frr—F -3 ERIOTHR
D FFLBVWEIAREE, BiE (21°-32°)
THRERR IO, T2 EEEH O
T RREHDHDE, 8 24 O B XU
FHC 8 xR b0 DIL IR—IR
30 i, 16 s XU 24 ofERC 16 2<%
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Fig. 17. Desiccation resistance of ~shoots,

- AX Cr. japonica, - v 7 % Ch, obtusa,
—e—7 H<Y P, densiflora.
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B ETCY, BH Lot FEO BT A ENET T

L ; ,/ a=Y vox AREDEOII ELab05, 50%h%E
S5l u///, hACEFBREL B U Erbbinse % 18 EO
% . IS, FASnHERGCET AL Y oMETY
& BERDWENT NN EE  TepsinoTent, £ORRIREED

ol ce o o mpecple T WESECIEE | HANEC 204
ZSEE AR HUMIDITY * 2 B RS o :
18 W raAnERD T TO 5. & &
Fi%g‘:ealtgé SEIF;% ;:3?“ Ei;;i: gl:. RO D 7 3 FERLsvES\ 0O HEEOMEAE

T
AEPTHTVRABNLE BEFIDIND IFYrFaTO FrHip BHE0E0E
ot s B (1942) OB LB 0TS, SO LS MEET MWHMEHNDZ 2L
MAKCIIMOB (1926, p.409—410) i« 2 #us TYMAHOB (1926) 5% % <D= 2D WHE
DI\ 72T MToaﬁa%tuﬁﬁ&ﬁfmbo%*Kobt% F 2T
BOURDEAU (1954) 23 =D X3 s hEET WEHEL 6'\"1:}%‘ D, EAKABERKR >
Crb QHEE bord Ibubostii, 128 HiCE SROIVCEERDOEL L BL
AERNTLEDI LD T 5, ZDEBTIE, K1 T ERKARAEZKRETHrDb
FEEITIE oS D LicWhs, EBR 2 Tl =¥ b/ FT IAVKARESKRLR2>Trb 16
EEK@HM@U&,??VWi22EEKHhE&h°C@%%®%%&l%WMMHD%
BT BEOEMNC WHAWHE ZHENBRIDT {bNBHT LIL TE KL, AUER -
(1948) 1f EOEEIC DT a—rYDAIIVYD <FVrF=D £OHTFOLD
BRI WBUB LB & EEHREL T %, FoweLLs and KRk (1945) %
BT L5 e BET b~ b & Pinus ponderosa i b T\ 5%, WiFcs (1954 & v 5
F I DHHD %¥®%1® Lishs o Lofkdks BELIFAFECILRT
B < HCH D, THEME (1928) & Ty i vFyRse BRUEIELD
NTWB, Ll vHUnBRAL B0 RORKROSS Y WEMEL LT TO2T S
i XL IRNARETS A0b b, CORRTELIE BEO LW IEOMEMEO A
DB ED ARO7 3 FOIERE:E—HKLT\w5h, EF VDIV ROL RV TS
EXxpURT AR 2 TRRCRESRTEY, Moko SEED S ownTd  Hale
(1926), Haic et al (194D 23 BHATEHEL TS, ;
mbMv67ﬁﬁ®%%&£O@%<tbm;ﬁ@@w57ﬁﬁ%ﬁﬁLf BiEU L5 R
Bt ds o fote b2 By TH~Y OIS boE b DX LIk DR D 7 B R
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L7aWiZd v Evbh R, R F L v FOEfrIvuhdooz DAUBENMIRE (1943) i3%kE
DGFERIZONT ZHY 8em DA vE HONDOTC KU L) hEREYE D\, Picea
engelmanii L LKA FEEKEE ThHHV TS THNKH I U, Thuja plicata
L Abies lasiocarpa 3. 4 BPNERZickEnichs, Pinus edulis 3 10 Hi->T% Hihic
otz b WMELTWBIDERTIE DX RECIHERE DI Bbhinholc,
Px ZORBROHERND MY SEORESMOMBLH L TV 525 BOXW377
FERERTSE BRRBLbLNOL HEMILND FYLnbBHI il ZORBOMKE
WBEHEZOLNRLEDT, TDO L5 RIXHVD KBREELLTL RORXCB 773 2ERTH &
MR OEBTRWEBV L VBELEEE T,

OB 73 FHFRT BT L LR EDT AFLe 75D [WEEDNEM MDD &
i, AXFDERIH B/FxX0d BMORWE 73 FRenT s BRSNS X #H
25RBDT, WOINDEZ B & (HEEEOBRE LbNI LA, B UBEDKRH,»T
BARD LB DIZE  WEDU B Z &Y bELMTI NI, LRI EEOL TR *
D X5 BRI ZWEZIRT, B UHECHEN A ODL LTI T YOENE DL
i B2 ORMREDER LI, TOZENLHEZD L, BOFINE 7 HH L [
DR —F LDk IS rD—FXTERPOICIICHR LD, LrLasnb Boik

WBEZIFEFER LR IEDWO BB IAILIZIOFITLIL B Fiozr iz

FHARIDOT FEDOTVBHLENLELDE BROBVE 723 d  BEA LI 27
Vo Finbh Ik ROZUHANEOTIE BOKIEN T BCBRETSL L
DI, OEL bwickiZddie Kied EHRFIUIELIRNDT, BOK UL 2 5330
LhFERe T ROBAVTHIIYNR EZXOVE L5 2 LT D, RIS DD iEs
D VBB O TED, ThOEDETIX 739 k?sd LOEKBOXTITL
ANERNDTy BOFHFFDOE D431 TR B LEILbNG, BOFHFLLT 56
HINIEDIE, BT MEDRHTE AR BOBOLL%E bOLbLTWEI XX
Bzt iulisbin, il BOFF ey ORI LOEKROEESHD
B E2Th ZDTITLIFNR b3 LEBLLND, LOEKEOFESMOEL K4
RBICLD OB vFHIDFHADENC LOBE ik LolOKRIERL, B
HoLTik Bl BE0HEENERslenic B TORE B hbin FToRBL
B LDDTB e (WALTER 1926, & & 1941), Haic (1936), Haic et al (1941) ix
MOFHHE DAV ERIID  LHICDI ALATREDTVAHHERREL TS, K%
CXd&, P TR 2DOAVFHZETLRON BOFENHLS LBV DI
BT FEOAVLAIN DEWELVRED LS, Lalksd MOXWE7 a7
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UG I B INREELHI TRV L, B UHH fhcboobniiTin sy
DOF I EEDIIZS 2 x0T Bailesnnz i, ¥ BOXW37r¥4% FERLT
DELRLTS BEOBGIE BLBFOFHTARRLRBZ LD bEDLMS

B UBEOKLNTIE CoBETE MOLBVWd0iry IEXOUREN, Z0X5ik
#iz Haic (1926), HaiG etal (1941 I F|EL T B, TV ROFF L RO
WBZHTEFTERL Thk ks TREEINS ROFBREBOPELSLLBLIDN, T
DZrIRERF = BOISRELLF=RY Il&ZXoz2kI tnbbdbhrid, ROk
BULIZE KD P 4 uaieed ¢ (BiaLoGLowsK 1936, PARKER 1949) X< A&F0U%Z
a3y &mb et (FoweLns and Kirk 1945, LANE and McCoMB 1948), 4R # =¥ 23
KE D vhaEEELLLHLXT Fh HEHOoF=vd FEHTLIHIERETLHLIT
it bbb T, T-RE Fiobb s EMLBOF=FORER > =Of#EECK
EPpELL oz LIk IEBRTED, biibhd THIIVOIEFYIrHEOWT LD
X5 ieBladE L (1953), =@ X35 /BBl :@%@f@ B U SEOKRITIE Yo
BETY 3o 0Lrdbiess, BED b 72Tk T-RIFEOENT/LS D X5k
BEGRIL 130F b Lig\, ff (1950) i3 g0 =eonC #EOH VDO T-R RO F
F AL THEMEE BRA B LT 2o 205 fER RS TR Y, (HE (1950) % gHEESTI
BREOB\ OIS MO 77 4 L T-REIZ FHHER BERALS L L5, BAEED RO
KEEDLRLEAFTE KIU BAEEROIEDS HUHEN HEcIoTz iisrn»b &
Bob\W7acid  Zo X5 BIRAYR D Ie DRI,

RO SSRIREED THEMCEEL QLD T, £ONF ITFEEDDOL LD, H EHT
2D LT WALWADEEDLEFICEL LT HrHFsxlbNlrlsh, BXOEECEE
Bl Ta<Y voF AFOER RN AEIEND X0, OBV DIHEL
P (BE4dts desiccation resistance) OJEfr: HEO WD 7 AV EFRLCES VO ifE
MEDIEfrE —FL T, 2LV OMEMEDIEIZZDH T 55Dk KEed L) »~t
FL EDLBWETKEYS L2 ThHihiaws © SloiZeBExbi, ThbDORI?
WTh HEEOBWEE FHAARDLDLELELLND,

6 & 5 ¥ L

BOENS 725 2GR L BRAZRHCH I NEBWIIE 7wy AF v/ F0JH
BN DX, 2DOFH AL DS OBHI LD ERHO T I 7DOFHFARILZ L
MARE L, BOBVE 7 I F2FR LBV 7YY OIFEES 222X iR
iU, AXE e 2 FOMEEOIEMT Wi ok, COZAFH AL ROITWD

7 AV HEHCEET L L ELbRBED, BORWoTWwsE7aY. T-RFB
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IO F =kt =gl BREUBEOLLD AEFOIObDL HFEhicboo [HEE
WDFH A% BHETHZLETES2,  BEOLWIEOMEEOFF 1% HET3E
U@ 3 $ATRIeh Dk, HERLTOEREHA O 2 h ROBWB 73 FEFHERL
BV ERRT THIY bFx AXOMER #HHAME LD LEOT EEOBGD
LD F7 41k HEROWAWAIHEN: MORBEREL rdhe BRLTV3 2Ex
2o

N +orv %2k 24E0REB

WEHEZ $21d IWKSEEOSL ETORBEEKHTS E8hbnTn% L EORETH
B4 L\+5 STOCKER et al (1943) ® % v # =% #i% LEVITT (1951) D5 L5 43
BRI LA 3B 5hITIRRGSY, EAE BIU ARBENIE RERA I
50T, £DH7FOERCE JFTEEL B NTHRIZ, ZhiCX>T STOCKER (1954) D
Vi ovital RTREMEDS A BRBRBT S, AF EIF THAIYOIEFYrF=0 kEL
i@ﬁﬁ@@%ﬂobfm;?fm mﬁ(%EI%OKia)oﬁ%ﬁ&éﬂ,%@%ﬁm
LoEKEE WHLHIRER "—Em"t%o;ﬁkﬁyfﬁx:mbhfkb,:@f
B owTiE bihboN3 X3 #HHORMRED, TD5 2 HRESATHARWDT
ChLVE LiZbnbitl, AFELE JFONTIE  1BEHEOWT Z A& (195D, [ g
(1951) OFERB D, THAIV L2 FROWTIEX ¥ (1937) OoFFERD 5,

1. PrRUMoXK ‘ \

%19 Moy EES3em »a¥ T5em (3F79) @ O\ AL
KT FTAD ZFEYYDOERZ 4mm BO74r 4 & EkD 2mm
Ho7r4meiEol bW =d4v0h, To R %z : «
OB BT EMEREAOLE RILRE (AR 14.75%) T i
37g oW, ¥rDRILHFAFRLTT LoFEF0bKE

RHLED BED=FIFL LI, 72F¥y =af> FHFRE i

73 %HbET 0ghdIiL aAvOBRTH=FE2FML

Foo 150 EEFAE L. B 10 Mo LT X5y iad bl i, €

5 FOMEEZEL T I TEHenE, Thih 1Z0oF#orx #19R ;%?%ﬁfﬁ4
x

by, FAEFoEEY t—varz) (1/10mg x=Y) I@.ﬁ.¥MWMMahr
e culture.
3 Ko F 5% i D oo A F2 0 k2 A : = seedling, B: 4 soil,
TEADT ZhHhzle THXY 40K ~AFre/F BORO e s s
s . N . . tubing for outlet of the air on
1000 ¥r2 2 505, FhFR F =¥ o2k, KTIXQH L the time of the watering, D :
7 Fe'v container made of

DY H = BEDATHIKEDNTNT, Tz TRIEHEGS D L5 brownglas, E: 24+ gravel.
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BI0OER ohoferx
Table 10 Seed used,

1 @‘. = ‘ o EE E:iiA ‘ ] A=V O mg

Species.” . ] ) : Source ) ] Weight
A x ] THRBEXEIER 6.0—3.0
Cr. jabonica : Tokyo Univ, Forest at Titibu : :
v VAR oK H & & oW A 2 5--3.5
Ch. obtusa - : : Tanasi, Tokyo .
T h =Y HATEEERAK 9.0—11.0
P. densiflora Tokyo Univ, Forest in Tiba ‘ -

LT, 40 23 Bhb 3X% 1EE kX% 5°C OBBEORNT KiThilk Ob,

LD EED Bz 7eb XT  27°C DEERRC e, [EEICVRT 3B B A0 FEEN
mtiotﬁ,Mgtimy*ﬁ%&uat%%¢éiﬁu‘%mmty%%?ftcx¥at
SETIRS A6 HIE THTYTRSATHC BEARNTEELEDT, TEHEY B
U X5 RO L DEXBAT REBERRADA vE/ R IAFRIETS Thher
mkbwtoE?éK FTe URHE D @&x&ux%*#w MUHERELLLDOEZ B
T'ﬁ%%¢<&<?6:amoa&to?%%ﬁiowt4u%/u 7 #¥ 6.5cm OAFE
wkEHIed DIRIRB T i®ﬁ§ﬁ%<k0?§b@%&%bﬁoit Av=Es 0 kE
U3 EDFEF DD EIARS DRl HNEETo Ok P AXLOTES
7;&Ltﬁ,ﬁ%mLkﬁoﬁoézax&tﬁaxiﬁ%ﬁtt;6ﬂlaifm +oe
Kins BAEAROBIDICHS X5 ke, 61N KDYV 22D R
XUl 2D ATl E@ﬁ@ﬁ% iﬁu’?fm %v%)®ﬁwk£vfbto%ﬁ
50 HDS b XS xhHokdbo B M@EFo% 2bUKLT HBAZL, Ero 12
M CHEDF =T 2 Ub~NBEEL L, 2= Dikodvblasote, S kREER 4 MR
L, &R TEF %5 Th, HREHFLT F =2 RAELICHIE, £2THbULEORED
BEEE 1) TY A ACE LT EEACED N, EXE XTIy rksii,

Lo OFE O?@lSﬁLhom%%%k%Km FDKY i@ém$ﬂ F=y
© 70 % (BHEKELD AT LE KERALLE0SKE ied L) kb, Fhm
b EMCKED L3I EmeT  LofkEn |

A. 60%(%%§m§l0?:bf,%ﬁmﬁﬁ BXI%E 8 %5F OZ2TW5b, K
SN BIE1EE - | .

B. 50 % CEMKGD 3 LZ¥5H (53 %) 150 0o oTwb, KSEHNE L% 1.6
KE R - | ,

C. 40 % CBKkS» BIF28 Ql%) X3 DZoTWw5H, KFHEA BXE 9.5
&IE)

"D. 30 % GRABREESKBIDTTLT, BiKkSE F2o7imlin2Tn%, KGR
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51 BX% 18.4 KE)
FTANRDILFR KERDR, EOEKRIE 1—2HEER freslk F=¥iiX
PoT LbNtr, F=DABIREIEDTHETDLIILSAIL LELE XDEHELRL
F=DFETFRENDOT BELL, ERESIDLED 9A 27 BETOLWIEIK KEPD
e EE L FOFHOMEE B 1l B loTekh T, A UMAETE MEcL>T KF
BT AEENLE G (FO—FIMEERDO A FFFOFHA AL D), L2 T Kz 5
DEORBLEET EnbrBETHRHE b5 0T, KevokE#Ks HAid ki
Rt Bl ot KOEED k=D b(é&&‘kb&ﬂ’uﬁ:; EEEDB\NIED &K

BN R KkDovYyax
Table 11, Irrigation regime.

4 K £ % A ES v J ¥ T H=
Soil moistue Cr.japonica Ch.obtusa = | P.densiflora
B KA Max 36 28 36
70—60 £ /N Min 31 25 29
| ‘ SE # Mean - 33.2. 26.3 32.4 -
g B K Mex 19 15 21
g 70—50 £ /M Min 16 13 13
2z o Y 3 Mean 17.7 14.3 19.6
[<]
2 : & K Max. 12 9 13
g 70—40 £ /N Min. 1 8 11
g St # Mean 11.3 8.9 12.0
==
- B &k Max. 6 6 7
70—30 £ /M Min, 5 4 5
) 3 # Mean 5.6 4.7 6.3
Fe 70—80 3.55 4.9 3.64
Bo5on
FEﬁ% 3 70—30 6.67 8.25 6.02
BE 70—40 10. 44 13.26 9.83
BHSE 70—30 21.07 25,11 16.63
~= R
G ool INPNNSINNN \I\N\l\l\l INNSNNSSN
,‘_’70
2z
=
Z 50
w 70
>
250
=
§7o
%50
oL
<
Hao

P T SRSV T O S T T SN WO AU ST |

VL2530Vl 5 20 VI25 30V 5 10 Vo255 3ovl.iT 5 10
2 ¥ Crjaponica & /% Ch.obtusa TATY P densiflora

B2 FogkoELo—H5
Fig. 20. An example of the change in the soil moisture.
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ROBEDO —BI% 20 K LT, EEErH20T FHEL LTI Lok,
C EROLVIEE HE ravr BEOBERAYINDT EBDIFRSELLN, F0
ik FHEDO =/ T &OHOT mmET FENS EOBSEEND, HRIE FEDF
[ FE FATAFE =% 200> TC 1/100mm E Tl DI,

9A 27 ReRBR% I &Y, LOEKERY T0%E Thddladb F=% ArE/00
ToEE nEFrh, KoLhT BEOEDREVWIIIE EEEDDOFE, #HEEHLIEY »
YV DANT I bid, A4 FPIET Kik I 5FeOh0b, £E 500mg 2=2) 1lmg
O PoraYAFYT FeTRENY, HEMIAROFT S PEHOER KOBKELL
b, 105°C OERIRT 72 Kb LD HBEES b 3055 ) Tldshon,

(2) #% #

a. EEDIFRAY

. rav

FAVDERED IFASE FELSL BT #2 Noldt, 7a~YTix 701
BL#ED 72 30&ERE Z<{bTHT, MBLILZFHNAE bI0iEo%) Lish ok,
TawYTCRIELEOHLWENEEWOT, EOKMNRLXDT VT4 21k #3308+
NI DIED D o AFLE7F T LEWNCDORONT MEDHWIEDFH 443 oD

‘601

nm
/.6"- AN
Z L AL X
8 y Cr. japonica
Saot - :
g * .
S A
3 L o
= 20f o ¥ —
Y |
g
= = 08
7] g L
W 0 S
S 40} s yAYS £
& w [ Chobtusa
e © o8t
o
'L_A'J -
jd < o s et
N E v
o = L
‘e 14 ,
: , THTY .
] L 1 L L L # | Pdensifiora -
i I D 2t
" ® T ~
Ly 201 it wh
L TARY P densiflora ol N
L L ! 1 H 1 ) 1
O wE il ol = VBT VI T W

B2 E FEMNMLEOX ﬁ'ﬁ‘@iﬁ@ IFRY & 22 KD EEDEED s A

Fig. 21. The course of increase in height above (85 21 RomgEs» R X
cotyledon. Fig. 2Z. The course of growth of diameter
+ o EkFE lower limit of scil moisture: of the hypocotyl (see the explanation of

—60%, - 50 %, —e— 40 %, —<++— 30%. Fig. 21). :



LC&t, L2 TRTH AFTIR8 AUME MEC I HFHAN DIEOTER,

2. WEpD 7 vy

PREhD F 7k FOERD £ABED IFAo% 5 2 Kiclnd, LOMETS #2730l
BNE0d MEIOZ FFOIES MR AFC X B FTH AR @5%D&anfbéoccﬁb

#or 21 BEOERNALBLHEANEL R L, AFTIE 64 15 H, v/ &TIL

68 b H: —#Z7HAIH,
Ta=Y Tk 7 A1 BT
OB B LR T, &7
F0 FROEL b LERT
1L PEOERES bULEzxo
TEAET EETLOIC KR
3 b& 5 E Thok D
TEYFDOFH AL TAHTY TR
BUBIE BRI DFHANTT
FOFH AN FLATHEETIC
LA BE D ETOI N
AFLL I ATIE ¥ Lidbic
I EmBLE ROk,

b.  BHER '

OF 27 Hir $BE5HEO
T @ HFk =0 FhF
noz o fFEHEbHILS
hoE 23 RicLdT, |

1. =%

EEELEMEY HERLE
whiFT ZhER F12,13%
CLldd, £EE EPELLT
AFr b/ F T HER BB
XUO&ReoWT Dbl E

R . k= 60, 50, 40, 30 %
WBH, T A YT GRSl Fig.23. Represeatative secdlings at the end of the experiment.
left to right : lower limit of soil moisture :

TEGF 2R ox 0 bbbhT 60, 50, 40, a=d 30 %.
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B2k £ E B (mg
Table 12, Fresh weight (mg).

B aEKE
Specis Minimum soil mosiore | 60| 50 | 40 | 30 E DR e
A x ‘ £29 : % ®
B Cr. iaponice 793.4 | 582.0 | 503.6 | 276.1
a, 1= 7 * : J - P ,
£ Ch. obtusa_ 285.7 285.9 158.8 79.2 ok ox
0 P, donsifiors 3604 | 892.1| 298.9 | 300.9 —
A abonies | 490.4| 387.0| 33L7| 213.4 * %
mg Co obtusa | 158.0 | 145.0 | 114.2| 79.0 * %
P dﬁzggboj; 332.9 | 307.4| 276.5| 223.9 *
cr jabom"j; 1283.9 | 969.0 | 843.1| 849.6 * %
33 Ch. obrusa ¥ 443.7 | 380.0 | 273.0 | 158.2 * %
3 T AT 692,9 | 699.6 | 575,4| 524.7
P. densiflora . . . . -
* 5%, * 1%OBBRVTHERE
Significant at 5% (*) and 1% (**) levels.
B13K & Y EH (ug
Table 13. Dry weight (mg).
| A& KHR ' ;
Species Minimum soil moisture, 60 | 50 20 30 2= o ft
‘Rﬁ = Statistical test
Hh Cr. saponic v 2041 141.4| 118.4 70.1 * %
=3 15 7 Ed :
L8 Ch. ohtusa 76.3| 62.1| 45.0  23.7 ® %
0 =4 dfnsi?zor/a 119.4 | 125.9 | 119.3  101.3 L
. |
cr japvnigi | 946 75.1| €8.9 40.9 ® %
#8 Ch. oirusa ¥ 2.1 22.1| 19.6 15.8 * ¥
P dfns;}m‘fa 83.6  79.3| 76.4  53.6 *
7 : 205.7. 217.1| 187.3 | 11L.0 * %
Cr. japonica he : : :
g Ch. obrusa | 102.4 | 843 646  39.5 * %
- J B =z 203.0 | 206.1| 195.7 | 159.9
P. densiflora : E : : -

* 5%, *F 1% OERETHEE
¥ Significant at 5% (*) anl 19% (* *) levels.

WHRTER, 2D X5 REREY XHIEDEY LDHTIDE, 10 EKE OEKTE 60
BLLEDICELED THARKENTD vITALLTLDTE H2URDIFIT I Do
STOCKER et al (1943) D3 X 51 %ok%;wﬁﬁ%ﬁf@iﬁimﬁ?é KD RRS
TCOEBEEDOY V 7TAT [MEEeLLbT L, TASYOMEENEDLE DL RFL
b7 F T MRS T A AR D LR 27\ TH YT LOaKEN KAMESK
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HUFCEADT XUDT &, (MR GREN WeGT
100)

ERCHENLL bR TN, -

=TT

horbhbnicrEo L0
akEy KMELTHZ X 50
BOM)TYHADS XTI D

= I
::575;\/‘L\ﬁ§’ Eia}gtb\ﬁ J: D § 0 1 ! i Il I ! ! L i L Il ! 1

L N
b L LAEMHIR FTA NS E 1 k88 ” : 2 1k

o CTOPS ¥ ROOTS- TOTAL
%, BECIOT AKuxWEBRTDE % ©EE  OVEN DRY WEIGHT

N \_ % - o

AEFRBIS Lot £ Y i
P BN EIKRBIT b D

QETD BMABAIOT, B g

MU TE  EDOKRGDORZD

vr by B FE BECXOTC

0 L L L 1] L 1 L 1 1 L ] 1
Sy R 75 60 50 40 - 30 60 50 40 30 60 5 40 30
BRI TI 6#96?_0 e ¥ I oBMER2 A® |LOWER LIMIT OF SOIL. MOISTURE CONTENT (%)

L9 .0 JREER % £ DT mUE LOBEEKRE0%DLEDTEARINTE Y
Hgls D IKIR % 74?&5%Lt%£@*%&

zxoC IRFER L BN Fig; 24, Weights of the seedlings expressed as the percentages
o EER of those grown with sufficient water supply (lower limit 60 %).

. R ¥ Cr.japonica, - v 7 % Ch.obtusa,—+—7 7 <7
THES o FHETHBWIZ K P. densiflora,

DXV F I EFAGTHILDTEADE FETND %@&%®’i®%m$%%kb,m#0
THRWHD 2KRIE oS3 TErok BEOEE.L HELT SHOLOEKELD
X, Fik m®¥uﬁﬁ%ﬂﬁth%ﬁmovf VT 5 LI X2T ?%@m%&
Lrwt, ¥1c BHOEDAKREN2DL HBINCX>T BHO LOKFRAEb LD, L
nE BT LS ETEETAC L LoT FEKSEALD LB, TNEROME EhE
ROMED TEEARE THEASEAL 8B 14 RCLHT, Erbbrb il £oF
%%m%&?%mﬁ%ﬁm‘%KUﬂﬁf% BB X 2T WL SABNRDTWD,

EOFHAKR L ABIEEROBERY 25 HiC LT, AFLE TR EOFEE
KRN I Y AERET VA, THTY TR FIUREPEE, RoTEEK
BOFHA 1 %t D BHEERDFH AL EOAVERIO HOrbTIRVEDT
y4mﬁ%avu7kﬁtwfa # 15 BEDO X LD, AXLE 7 FTIR LOFHEEKER
DT TN TTAD %k§<06%;@m$®h#macéf®%@ﬁm%uéLmﬂ,
THCVTE ENROEL buEb WY BERLD L EnbELN, e LOF
KBOL VBN ED  EOPEEKROETFIC IS £EVETFR HEOLVT WhL
BLTFH A ni b5, EHR0E b TbE BEDBEDOFH AL T IRsDR,
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B 14 & L oFEKSIRRE

Table 14, Average soil moisture conditions.

o ’
:;/00 - - [~ & & 7k¥EMnimum|
| ~ soil moisture 60 50 40 30
I [%ifE Species T
2 ;Ejv Z x 64.5 | 60.0 | 5.3 | 46.2
Y ég Cr. jatonica : : I B
g 2 [P Y -
2 50f Z‘EEE Ch. obtusa 64.7 | 60.5 | 54.7 | 44.9
- _2 T h =Y i
N %;)5 5 P. densiflora 63.8 | 59.6 | 53.7 | 46.4
Ly
° il > x 2 3.3 | 9.5
, 1 . . A% Cr. jabonica 0.64 | 1.42 3. -5
60 50 40 7[5'(/0) H/-\ 1= 7 e 9 3 3.2 .64
TORNEAE  MEAN SOIL MOISTURE CONTENT (%) gé,.\ g g Ch. obtusa 0.59 | 1.81]3.25 | 8.6
Ko 7T h =Y - -
PATERR P densi lor 0.71 | 1.45 | 3.64 | 7.73
BB W Lomsskkragron | CEo L desiirs |
o £R ' =15 ﬁ j;mmi@mj@f» B~BITEHin S ERER
Fl;g.. 25, . Crowth of seegllmgs as ia. func- DV BB (DB TEHEDEDE BT L ol DIT.
10on, of mean soll moisture content. 3@‘}‘6 vUTr4)

— A% Cr.japonica,------ v 7 ¥ Ch,

obtusa,—o—7 <y P.densiflora. Table 15. Depression of growth per 1 % decrease of

mean soil moistuse content, represented as the percent-
ages of the dry weight of those grown with sufficient

ol
100 water supply.

_ BB EEA KR % ;
E Minimum soil moisture 6050 \ 50—40 | 40—30
B - - —

Rz e .\

E Cr. japonica 6.0 \ 18 | 3.2
3% . v o* i3 ’ o4
- I Ch. obtusa . | .

i b I 4
s | P. densiflora —0.5 1.0 ‘ 2.3
©

T el LoVRARRAL EMEEEONES, B 2 N

1OFHAKSBRN  MEAN SOIL MOISTURE TENSION:
CLpT LI, TAwY TR LOTERIEA

26 M LoEEKSEALERLD )
BAR FHTEOEENY LA, AFLe TR R

Fig.26. Growth of seedlings as a func-
tion of mean soil moisture tension, HikaaR A L £ BOBRIL BHHET, KSERADD L
——RA¥ Cr.japonica,------ v 7 % Ch,
obtusa,—e—7 B~ P.densiflora. & XL T b THDOKGIRIDFIT AN BLEL

WET L, KSBEADE N LEFRIE KGRAVEEOTD LI EOFBIIRL D
too EDFEKFRADTFH A 1V REZ &0 HMEERDTFHF AR LDT, ZOIVFHF
DO TLEVED EHECKTAVITATLDTE I ROLIKRD, AFL
v F TR KSRADEGEHTIE I b TAKFRADTFAAN ARCEEE SOV
2% TA=Y TR LK bTFnLr0Unive Linl LOKGRADEHEE T Vi
EAOFH A0 £BCRIETEET BECI>THNS kv i/l ool

E¥hie Faszviro FevosBCRIETHEOUVr AL TR oLbT
{788 AF¥Le/$ TR BERELT, AFLe/FE 228 FLI LD KR
FDENEZFR Y ROKMDREOFF A OHELY 0L 5050, TH<VIE ZHR0ES
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DOWTIE BEOXEILLEE X
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BiU L) IEREZ LD LT, 1o
2L AFoORXLVIRIR X0
Bk ED Z0& D LidDT
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i EDBOEL b EER 2
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oo LU HorFyw
FedERTI7ITATHLD
T HFEBFROISKERY R
DA EFHTH
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B 16 & LOWHGRGENNIKEL,»ED L IS ERE
D~V R (REIEEKE 60 % OODFEFIHTEH Y
VT A %)

Table 16. Depression of growth per 1 atmosphere increase of
mean soil moisture tension, represented as the percentages of
the dry weight of those grown with sufficient water supply.

BEEES KSR 50->
Minimum, soil moisture 6050 40 40-30
A ¥
Gr. japoniea 34,6 4.9 4.3
Cn ohtusa 25.0 10.3 4.4
T B vV
P. densijlora - 2.7 2.7 4.2
EITER - &% (mm)
Table 17. Length (mm).
BEEEKE 2= ORE
&\ Minimum soil 60 50 40 30 | Statistical
Species moisture test
g
g R
3 63. jaﬁoj}ca 32.9 27.1 24.1 19.4 *%
¥z s 0= 4.9 37.0 2.7 20.3  **
oS Ch. obtusa * : : °t
3 T k=
ié P, Jemiflora | 24 2.4 23.4 22.9 —
o jat“wjla 165.4 155.4 151.7 150.3 ~ —
BE| o e 115.3 131.0 142.5 151.7,  **
a 7oy 203.6| 205.6 190.9 170.4 *
P. densifiora . : . : ‘
f
cr japoégca 216.9 199.6| 193,0| 186.9 *x
& :
S| 5 dhtus 170.3 199.3 185.8 186.7 —
N GRS
P fen;z,ﬂ{w 254.9 260.0 240.9 220.0 —

*5% ** 1% oBETHER
Significant at 5% (*) and 1% (**) levels,

EI8HK Borr¥yeA=30OvIT A (mm/mg)

Table 18. The ratio of length (mm) to weight (mg) of the
roots.
ERLESKE % = ORE
_Minimum soil Foice, 60 | 50 | 40 | 30 | st et

A ¥ 1

Cr. japonica 1.75 | 2.08 | 2.22 | 3.70 *%
e J X

Ch. obtusa 4,34 | 5.88 | 7.14 110.01 i
T A=Y .

P. densijlora 2.44 | 2.56 | 2.50 | 2.94

* IR 1 %THE

*% Significant at 1 % level.

FHROFFFDOYT VT AL EBOEL bl EEREEE, Thbb X

NOERHIEY BOBOT I TARIE ARVEREL2LOZ E8LEL NI, ZOMHERENX
RELE7HFTE Z2oXHLTED, TH<YTE 2200 L hrbviafb 2 EAbh
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B 2R LoRESKR60%
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TATChHLb LIt FENLLED
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Fig. 27. Length above coty-
Jedon expressd as the percentages
of those- grown with sufficient
moisture supply.—— A¥X Cr. jab-
onica, v 7% Ch. obtusa,
—e—7 B~y P.densiflora.

) YT+ RELATIVE VALUE
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~ //’ ‘
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100b  &m =~
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501
0 1 Il { 1
60 50 40 30%

nBE2 AR

I
LOWER LIMIT OF SOIL MOISTURE CONTENT

B28E LoRKESKE60%
DEEDTRALZINNTBYY
TATh bbb LIROFFY

Fig. 28.

Length of roots repre-

L/
%

-
)
(=1

T
]

.
2

7 Y7 4 RELATIVE VALUE

.
Lo 40 30%
* toBEEAE -
LOWER LIMIT OF SOIL MOISTURE CONTENT

60 50

w29 ® LORKEKEG0%
DEEXDTRACINTBTY
TATh bl Licrh =Z&E&D s
Fosa

sented as the percentages of those Fig.29. Total length of seedlings
grown with sufficient mozisture
supply. —— A¥ Cr. japonica,

H~<Y P, densifiora,

v 7 ¥ Ch. obtusa,—e«—7

represented as the percentages of
those grown with sufficient moisture

SUPPIY. —Cr. japanz'ca’ ...... v
7 % Ch. obtusa,—e—7 5=

P, densiflora.,

oo COMBEEIE = P AELZAE E£OBIFIIBVCEWIERE FIROKRLL T BER
BRLTVDHI LI, &FDFFHE Eroxic SHeo0@Eofit LTebhbin L
MNOT AFLOWTE EOFIVFF IRV ENIEE KUV @RBRALIL, 32D
BETIE 122 ) LICERNRALRL RGO,
3. FEpo 7+ ‘
Pgo <> m0ERY B 20 RL, Thid TxisRUIIKE

R Lod, EoEETd  Fil

vy T7TA4eLT %30
B19 R MEOERE (mm)

OERLEDHY 5 5 5D IS Table 19, Diameter of hypocotyl (mm).

e K=Z
IR E D LIRS bR, g%;x\ﬁgﬁgﬁtm 50 | 40 | 30 | EOBE
AFEEIFTCE LOHY A 3zmm;m 1.53 | 1.32 | 1.14 | 1.00 **
D EWRY  BERIE A, T (‘J:h. gbtus:: 0.94 | 0.84 | 0.73 | 0.58 %
I~V Tl pRAREE KR ;iﬁ&%m 1,34 |1.35 | 1.31 | 1.14 *%
DTFerbnicr Ekd b ii 1% DREBRRCHE

Significant at 1 % level.
L5 LLIEEL el

4. B o %



BogTH 20 #e, Tov
VTAE ExREIBRLISE

%3l icLlwt, TH<YT

1 2okl =FvrLizik
biighoteh, 2Fre s+
T DBV FI IR E
2 BOEST L Ininoiz,

5. EUKH

B2 RZLDTIdE v

7% TIE HEHTLRTE
TDFTTFHIDDE T Y
BARRIIE DI, TH=Y
EAXFTH —ZEDOERTIRES
nicaoic,

6. T-R=R
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830 K foREak® 60 %

LOWER LIMIT OF. SOIL MOISTURE CONTENT

& 31 OOV I TA

DREXTT5Y I 74 T b L Fig 31,  Number of branches
TR DOE R represented as the percentages
Fig.30. Diameter of hypocotyl ' of those grown with sufficient
represented as the percentages of moisture supply.

those grown with suicfcient moisture ——A¥ Cr, japonica,------ 15
supply. —— A ¥ Cr. japonica, 7 % Ch. obtusa.

coeee 7 % Ch, obtusa,—e—7
F<Y P, densiflora,

BAOXR K o B

Table 20. Number of branches,
- BEEkE | s
! . : ) D K 5E
gW\ 60 50 40 30 Statistical - test
Cr. japomca 3.6 | 27 | 29 | 21 *
Co:” chtuia 7.6 | 7.4 68 | 47 »
T =Y
P, densifiora 0 0 0 0
O 1%DOEBRTEER
**  Significant at 1% level.
21 & &kE (EF%
Table 21. Water content of seedlings (dry weight basis), -
L
iR Minimum soi] mosture 60 50 40 30
Species —
A ES :
H Cr. japonica 292.9 312.2 334.7 293.5
2, v 7 x ;
ES Ch. obtuse 275.3 | 277.1 | 254.9 | 235.9
; T on <y
=l P. densiflora 200.2 183.6 | 173.4 196.7
A ¥ ‘
. Cr. japonica 421.3 414.9 382.9 415.7
#3 Ch. trtnn 503.4 | 490.5 | 405.4 | 400.2
8 PRl 298.8 | 289.6 & 2619 | 280.2
P.densiflora - . . .




32
/2% T-R % BAHELLDHTIFIT R

Table 22. Top-root ratios..

—BEEAE | T
Minimum, soil mois-' 60 50 | 40 30 EOKE FOOErot oy T-

FLe/FTE XOIVFH

15 e ture Statistical test
S
pesies ) v REIBVENDIn, THw
A ¥
. : 2,18 11.87 1 1.73 | 1.71 *
Cr. daponica ” VT FD X3 —EDHE
Ch. obtuse 3.00 | 3.01 | 2.29 | 1.49 s b e
T h v Y B (N AMES o3
b. demsiflora | 1-46| 1.62 1 157 | 1.82 —

TR PPy s 2. B UHLHMOER
Significant at 5%(*) and 1 9%( ** ) levels. (1) HResE

B 5.5em 729 3. lcmd HIADv ¥4 2 iRAL HESHEOLE
Wwh, Ty T A BEXFOH T AEERT, £oFert  SEOFFEBCHIT, Fh
%nm;tﬁb%ﬁ@%ﬁmo#ohﬂio s290 5A8HRERLLELOR 35Eb
T HHECS 200, FAERRUAZAZET TH6HET hoFkEL 68502
OFEHICH LIS KOYI B FERMLTELTR, 7TH 27 H 4@DO>¥—1rD5H
b EREREOL oL Xk 2E%XZLY, LOBKRM 68 % b X5 wKebic
X, ERLhb EERC ThThOME 64bTh YWAHAMERK XAHAELTRLT
Bl TEDOF2L HEHAZED &b, 105°C Ot 72 Bl sbnl, F—va
Y ARHYTE %%E%u#ohoﬁﬂékékmﬁm CA—LDEDLE BFKEELLAND
RbIE =T ERONDT ok, Thmb EH WHLb FER LUK
o KakbsErok, 8A1HE &kl BHDY ¥—uvhd FRELOERE 647
OREERCADAT FXELBHRLISC MERLEFD LY, EHELLO HKR 2L
iz, Fmbhik A0S ¥—13 FxisiUide SHKERER, LEK
OffifgaicoT pblicEpdi, BA6HE 1l He WHDY ¥—vab Ikl
I WHoOMERORRE LOoEKRELLN5FHRELD, 80 1l BRERELIHED
T FREFNOHHEOFIHD F=0RKD HPHEOFF A% OO r=0LEEE
L7,

(2) # &K

B 23 F %ﬂ%hbk%kc?ot %:@%ﬁﬂ@ﬁi%ﬁ;& FDLED T F¥—LDED
LDEAEE LT, BAEKED 1 FCLIGWERB IS KheDknT, v -
LDED LoEKRIT mt@%<,ﬂ%%%ﬁ0toiﬁ VD EDTERELDOTVBHL
ED &h065*~y® HO BRI %ib%ﬁ4mk#btpo%06%m%%oh
LoD LERCHTE AELIORFRLELOD AEEOV ITAE 532 Kl
?o%muiimm%%ofwb&bﬁ@ gko@éﬁikm B EAEFH 43000
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B BR WOMLTOEWEOEL (mg) »-OBH(%) 100F === mmm
Table 23.  Soil moisture content (%) and dry weight of £
seedlings above cotyledon (mg). %
H H oo S
Date .27 WL Mﬁ'WJ1§
+ o &Kk=E o wsof T
Seil moisture content 70.6 | 714 70.8 ’ 71.0 }é [N
1 - \ 3
Z ) A Ed
L Cr. japonica 2.3 24.1|26.1 2.2 ¥
v . J *F - (S
o Wz Ch. obtusa 13.4 142 152 164 &
A3 > Y
BE | Pamstioa | 431|454 199 533 w0
: | J —
£ D &k | C : . ,
’_Mjgll moisture content 71.2 | 70.5 | 45.6 | 28.9 V.27 v &
B | ~ 2 B ## DATE
L = A 3 22.8|24.5|25.5 25.3
EZ.'ED (ér.];ll’on%z_‘ca 2 & 32 OB Xy R
e Ch. dhtuse 13.6 | 14.4 | 14.8 | 14.8 Fig. 32. Growth of seedlings as
1 > A infiveuced by drying of soil. A
EE P.densz‘flora 42.0 | 45.2 i 48.6 | 50.4 ¥ Cr. japonica’, e 2% Ch,
: | obtusa,—s—7 #~ Y P.densiflora.

SIOEBRTh SLohxhthbbhd, KEPEOEHELEbED E1HD5

HIO AR TITYTE KhkoSlTookbnl (1BEAEbibimots x
FLes 2T AEEN EHELRFRLUTRE bR, ©¥0 5 HEo4 7 1 icis K
Diemotey ¥ =1d BOAKFR AAFEEKRUTFE XTI, 205 Bk
THAXYDEREL OO TRKERLDLDD B IFESEAD, XEFLE s FTE 3L
A EBRBBD RSO, AFTIE BFEDS 2Tl YA FADEEND D HILTW 528,
ThiE A20BBEDTHRL RBPOFFa vicks H|EFLIEILNRD, Bt o 4
REE LIET LOBy*ORBOUr B 2% THTYHN AFLEIFEbRDE (15D
METINE Lt b,

3 £ =

EDKGFRE IO EBDEREY LD BHor 0k b Tkkl, Hkor=%
LD HODIEDIE HhEFDTEH —o—dhFrbFse it %gfkvobﬂ<mbﬁ
REREDOTH, AF 2% LI THVEONT it (GEH 1950 @ X %) 235, =
FL e FRDOWT ZER (195D LREE (195D 23, Tr~YEru<YiEont Fth
C(195D 2, ==V E T FeYimonT Eﬁt%kmw)ﬂ,$umomf HHE (1950)
2 LbNTW D, TREDORRAE Thrh BEE b "—ED” 4KkRic +
T b DRSO EDH T D, LLisb BETIE Shbuwichic T2 LEsbo
Kebloz Th FEerOFEN BASKEOLNET LdBEFT, FRIVFE & &
DEEDOREL LEEDTWDHDT, D L3572 LIXTERWE E2LRTRD, EEZ
LaWh REDRGREC 2dehTe 30Tk B SRicomokf0 B

KEZTLDDTNWD 735% Brb T i Wb Ty % (HENDRICKSON —and

[
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VEIMEYER 1941), &= %n 353540 ERTE wodAF 0 andED EnbFTET
Ay EH—Ir —D KRB fcdfthTwbz s EHHELZL 2T LaIhTs
D, FDX 5 kKECLLODK DIiN Ve wiEEY thibhTwsd B
FoweLis and KiRK 1945), Z D85 Uhed DI hATLARER R Zinol,
ERICONDle HZ7AD2ZFErE BRUBBEIO MOMFEEZ DY, nli~T
T Ay DEMEAFT ATTAvH I LKL ER, HIAKDS 2 AFTAvTEDD
1 ERICoMDEDERE L LI aAS L H T AEE I, ERICONDID LT U
+Ah BELRREET 37g 10, FhiekE 7.5cc bz T XL E¥T 4l %BEBOEKRLLE
Db, LErE HOETREWT Fbongisb HE2), b HE ok
TIRAWT X EbonElDb, 3cc O KEhd Enblibil, #FLLsE 51% 55
DO GBI DT, AE b T T HEo ke FIaly vx)r T EHE
ERT 78ELT, BIF 24 BERE LD, HEDO <% 2 IVIDAT BIL2
cm ~ASi BhEh, £oFeFnb lom ZroE0 BREOEL FKEELLANTCE
ZhH, BB RDOIIK EOokXZ 1313 EIMEKELNLO HKEEZLDL, KCH
WESNE 40% B DakRE L Lic, ChEBRUC Lk EROBIC ERHRL S
L EAIRLEDBOD TAXYERS 2IbDD LogKEN 0% X307 b DT

o2 AR FtAleBEDKEL bR ETD s o, BHIKE>TH X2

SOOIL MOISTUR comr-:r;z% | PEESE Libot foh LT 5ok FEML debinte

0" 5k L EEThio b FETFADr Il

BLT 520bhic, 20 X5 kR X>T, Logk$

% gl % FhRERESHIKECI S OFEE <ty o

:ff e ERC OO ETIE TERWZ LAV 2D T, K>

iuﬂ 5EXETCO LOBIVFOBEEEXNLDIIERC LI, Z0F
cm

HBEOES A BE o B CTRLND I Xy, WADLEIGH

% 33 FgicEOKeys  and AveErs (1945), WADLEIGH and GAucH (1948), Wap-
feztcr DA VvEI DILHD

FOEKRED X T OG5 LEIGH et al (1946), AYERs et al (1943), Davis (1942) 7
Fig.33. Vertical distribution of

moisture of the soil ina container Y% T DFFEEROMADOT <* vy guayue /e D & F

whicih was given with insufficient

amount of water, E FoKGEDOERELLNRTWS,

HERDIFASELLRTN ) b, MEIDEZES BnEL{kddbui BEIhic, &
OHAE PEDEEOERC LSS DT, ik OFEEHCRS ML DL b T
% (BAXKER 1930, p. 248—2533), AFiouwTik %M (1933) ©X2T T TREZE 3hT

Wh, LasLishih YoBETH L2orvER BREELWEDLWIERE FSIFaai
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HULBLZ Db ExBE, REIDEKROLELE —ix BEESLDEHELOLND, T
DHEVH=HFIE FZRONLISR vFiabbbhibdl Bxbhslic Fics
UNRIBZENDE 3BFTERD, Ll AFTIE U5 SARKEDIELIDDIT
b ZOHENRBLbNTG 00, HOKGSRELZGBERZZIE F2 b,
BOFHYF (BT ThEROCEFBIND 2Kk0r7 ) LSt TxToflzLieT
ZAG LEabaTREEN 0LviEE Koo Twiess, £OBEL BEC I oThA
V, AFLEFTRWHBUBLL, THXYTIE IrRATEESKELUTET . hrbhliz
L ¥ %@ﬁ%%bﬂéﬁ%ﬁotoﬁﬁ(mm)miﬂm FRATL x¥ﬁ%?k%i®m
GOREES T THYRb DL EEES el e sRdlTh E WEL T
%o BREADSIFICL T =0 ik HFoThvns, RElb il bfoREEE»>H2
2 ZOEREBEUL FEPLEETR RPDEDLDOD X5, HROERIT +o0
EIKBR A FIKBEDM% 25 V & FolRIEC VHER LT ZinbhiTy Bo RERDHEDS
BRI LD pHL T, S OOKRTRL U L5 kR E LD L, ol BHOERTIL |
BE2EN AFLDR i@Mﬁ@%@&\5Hm<v:amﬁ01m%ﬁ ZOERBTIE A
FLersFObWINC EF0ll FHARREDLNIELIDIC, % (1937) & <% V7 F=
T LFAOREL KePOEEYHLT RRERIky b230 THrwYINL &
DIKTRRED % 5H$?wkm5 FERER T Do ,
ROTFHATLONTUL, B7FTiE OBV FHROEIRE BRIk, AFeT7D
~VTE HEVXOED LEMETIRAVA LAY, 2ohr X (1937) ik
INEFRE THYTE ZnabueTun5izy BRnL{ksn v 25Tk £OR
ML LTWo, TDLDD RADKERIL REOFESBLMR 0T HB & & 7Egi
Ve LAl ZOERO I AFLRZic BREEobned bvichiet
PRI DITE WPt Wi HRE WEE TR EbRT% HERO =7
ADHL DA LT V20 EHI L 57255, MOBEWCHTH EROFHFOU
VT AL COBETY RO TERPEWEY BRE ok, FI (1943 X T
YO 3 —4EEDF =T ONWT AL IEE BRI AESRR TR DD
k RTwd, ZORBORKRS 3R U LD 20, v 2 F UG Bo Aol
BT T ROBECHLT MERIICERNENR 2V 2 LikiDl,
HLDPLHWINE REREREX LDT REETE, 2rERCrblREdR5 &R
BoOZEE: HOOUIELY A5 LiioT LbRAZENRTEDHDT, F05fkn=
b HEEEZED LI LR XK hbitT\ 5, /A, L (1949, %4 (195D,
)l B O(1954) ik Bo e R0 LoEKEEI LRIk IoT E
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B < b T 5, WADLEIGH and GAUCH (1948) ¥ v soED / ¥asrn +0
blicedins 2w Lb =, oD HEIL soil moisture stress (ZKGHREH & HEEHRIED
BREOF) O TYKEK:LT HbbIh, soil moisture stress 73 15 KIE MR ©i b &
ED ¥R LEDHLWDOTWS, DAUBENMIRE and CHARTER (1942) iipiEo = 2flo
Kor=0hEL HofKERNR KAMEEGKRCLDETIE bbby, ARAME
BRI DL Fokl LEBLLTW3, HERO~*Y =TIk Z0DX) RFET
EREEEOEKREDERY LONDZ LIXTERVDOT ¥AMDO r=ombEHo +=
FOTHFY LbNkIh, THZYTE £OEKRR FikHo 13 bWt
EFTOBNIE AECEBIRD Rieh ok, AF¥rer$+T1k o 4Tk 4
ENB LD, AF L FOBWIEIIL EMRRAL IOk, ENEhP Erbls 7
F=VDEEY RIS AFLEFTE BLAY HENRRLRAD, 2O
Hiz o0 bu s onT BRbhizz 82 —FKLTw5b,

COHERTIE AFLes 304 FOrbEECIST WhUBLLIEELS U,
TAHAIY T ED GKER AKAMEEKRDTRADE LENRADR, &I HA VEH-
MEYER and HENDRICKSON (1930) %, Kk OEREMLH, 28 KA BE S/KRL EC K%
‘S AT BIKGSELONED, LOKRGOFEMEL EKBEAbD L, LienoT
ABETEY S P EHEL T %, DauBenmiRe and CHATRER (1942) & ¥
Bo < 2P0 RoF=ik EOFKEN KABBEKRCINSETIE AERBBELZ
T, EMNKABESKRLD A b & Whhie EENEEDLWMEL T D, L Lk
boIhb R CORBROMBRE-FHT DL ERERL b TlEW» Bl Davis
1942, AYERS et al 1943, WADLEIGH and AYERS 1945, WADLEIGH et al 1946, WADLEIGH
and GAucH 1948 7 ¥), £m5 ﬁﬁﬂ%/\@ KOBENCERT 2 HE2E 2 5L, £ 0 GKEN
B iy —EBEOKS —EHEELZE O LELNIR L&D, B KETvic
(7B i3bESE, LOLERL KGR L LOEKROERE Lol 23
Ko X5 HEfFReE2d2oTEY <k td HbHEOLTE FHipkso K#
Gh D nbLREHAE S ERTWBOT, HIN Ke s D\ DDORBER I
EEENE bEVSHZT, FOX)ETIE £OEKROELE EARCHEHIFEL W
LEZLNRTW S (KRAMER 1949, p. 62—67), & DEEET Ohvofc Tt KRS L &K
RroPEFRELHTHHES BINO L K BKROFHAHSTE BKROBA L)
KRN D LR bhhbvic &0 KriIvhHLETDI=FAF~D LOKFD
WAL bie5 B AEL, LERDTHEOEKRD LBk JETHEN KEVF

ZBHND, EIHMN AFLE2FTIE RUMAREI N, TH<YTER LoksSn T2
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LSBWADTES 0o LB E bbb d, 128 KARAESKEUTEHHLWT X
UHT FOF7FOPEN BOZ Vbbb Twa, Thbb L0OKGLEEDERTD
WT AFELEFE AL ARIDLATCWIROEEE LD L, T~ ik VEIHMEYER 72
BbOEETLEEY HbbLTWHI LK D, DI b2 DHE FXIRONL - £DK
BOEPHTONTD Sl OO T L F = 7D I AHERELT, ZNETRED
bt o Eficis BEOFT 43 MECRZOTRErS e R
2 EDEPE URS SAR OABRDTHIRWES VI, BeshlckiE@ndrs RiCX
DT KEIEBRT ¥Tbl DT, &ROF=3EEINHDOT AvEIDINPD 2O
T aKEEL LD COERETE BARUSKRTLSbINTE RoOSMADR
BickoT HBEshTwbE0oa7kRIE EEE ba) 2 eh Bxbhd, HMKEX
DFOEKED 1T, EORNITO KOBENEGTHALLOT, BEQUHT LK £2T
KBFHEINZ X5 eDE whbhThb, ¥ ﬁ@iﬁ%%b;,iﬁ#bbtﬁ&bm‘
HHWHHEFD FI s TRBKE FETHC LNTEBEFTEL, BRENROALDT
KO EYV AL BFEMLL Lokt Er rhuhbibko HMHENEK /K> T FH
7o 812, 133% IV BB RERENEL, THvY e/ FOLWEOBRIIE ok
5Tk Az a0 W BA bTREHIICE LRD, LLEND TAIYEAF
T b BE Are/onnie PPHZFRSMLTHS L) KEbbh, ROBEL
Th 2RO EL bW IIELWEDF UL AXDIEFI A THZY IV RELNOT
DX HERIILTUTES 0, ¥ AFLE7FOLVWETIE ROBLASTMN WbHUS
L Bh3 D, hokSRELr&£ED ERERIE ELAbrbhnDl, ELIK
SLAUHVEIED AELLLRRRTE BoAresie BHEHTHB0T, £0R
BENDE LT, BOSHKED #EOLWEOFF 4L 5HEVEECKRS WD, vH
MOEBE BT X5 RERLBTN5, chboZ tnbEx by, RORE: Thicd

EFBLEDERETTIE ZhbDFHFADTRTEY HELERT, Bk FERzb &
DT UL B a0,

ARBIT WRY KERAtcXs gEmofER: WRCXS LOoWREOFv RS
ThY, FLRELERED Lorvricrbind BERONT LBXBZLENRDD. Ll
AB  ZOEREOMDOLIIR ~FVrIFZROWTE HodFsyre HEEEO
BEOBRT EREBI5 T LR TERAILN, 1FEDTFZEDTUL AFET I~
VOBV EOIVFORBOYr Az FHANHBHI X FTCREELLLED
ThbH (B, k& 1954b, 1955), %71 lﬁi@}zmomrﬁant%%ﬁ FOEE
*FVrFzRonTh HTEREZNESDEDVTUE WL TFITANDI b,
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T-R%I ROBRE: HEOEEELO BEERY LR bbbyt k, »l
SA FRELPVWEEEDLDbT,. Ll EEOLVWED T-RIEOFHAE -0y
20 ABCHIETHEOYF A E pibTLbERE ANk, BECIOT M
LR BEHNC HAS DT FO L3 REGEAE VD LRI, T-RRRX Lorv s
POEWIEE BLEL LB EIE DAL REDBRTHZ LA, TORRTE AF
Lo FTIE FOERMRAREDLII, TATYEDOWLTUL 0 L5 hERE LidHbih
fehote, TH~ YT ABCKTS HorvsopEsn 0L ka2l EORRLEA
570% hOEBOFEBOBEC LS FFT AN BWNLELT TR HERERILLHA T
B ETEERR DD,

STOCKER et al (1943) i EHE KESOFREOR@ER L EDOEERCH TS KO Dig
WERBTOAEROKIEE LTS, ZOFRC LENE, TH<YiE &2k LiEEsrso
I, AFLes L BRULSDLVOMEEEYS DI ik, LOIVFTIE H1vHF
bR WM ORI, THAIYRLDOLIBRNRATIE BRUKEHE, AFLe/FTD
WL AL F FRDOWTL R XOT B bA AREOWTL FH AL,
PRELETLEY S O0RENALOHEEN —FT5:bnxic e T i yinb Riciiot:
¢ ABEHTLEOAVRFOFEBLOLWERIE AL TLE BERIIRVGEVLDRTN S
(LeviTT 1951),

WADLEIGH and AYERS (1945), WaDLEIGH (1946), WADLEIGH and GaucH (1948) i
i?ﬁﬁ&ﬁ@i@ﬁ%?ﬁﬁ ¥ EEHOBREBEEY bbb el 30T b5 soil moisture stress %
integrate LT Fhi4ED BEEY H: HT Wb, FHiC kb & integrated total soil
moisture stress 23EAME E EEITAD  stress MEEBRICL LAY HEERDO A~V I Fit stress
DFLILWEEE WHUALWEL TS, COERTIE HEFEOBEEL HEVE
AT DT, KREWALTCONTELEL S 25T, ThEERELOBERTRLLES, =
FresxTlh HEOERLELU ISR KFRADE S LZAHEE KARIDOELDY
BUIKRE 2s0tehy, 7H<Y Tk 20 X5 i@t Abhicdhotc, FERSER 15
EfEsicedind &HBEDO~IHZE E20b0T KSEINEL LoTrbix &l
IBFH AR, 2O LBOEEWS T FHFABREL NI, Lo T LoRkSet+
PHEDOEDFH AL LOBKFD  HAWFEDZ 2ELOND, 2O Lh fEA 3
TLE REFOERTIRbIDL A, BED HoKSEHTD FHEDFH 4% L
VEODFFHVELT EHLREREETS,

OB FOEBCE IETHEE Ta<Y TR 30kl AFresFTik

BRULAHWT b Plehuwb LB LD, LLT AFLe/7FTIX FRKGHS
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X OESLOIo TOBRE (87kH 50%) T £28pbKFT EZREFBLL LS
XERTFBLNBN, TH<YTE BRSO 4/5 B0 m2Th b hEELLRL,
HRORGMEDI I 72T BUDTHER S Tl L2HT BRKSH 1/2 SHvE
TENRBZEE HTH LS, LIFLIE EH6R0EL b &T5L, ZORROHER
ST ED L ThuE, BoAERLTREECTE, AF L /7 FREATINCOKER
BLENBHN, THTYIRE FORBEIFTIIRNEWS SENTED, kEL EHORED
CrE BRIETHERLRWOT, HHoLoAKRY LOBEEITIFTIVLHLN)
CEIR COEBRABIND FIRR, HOAE SEPEELIE AL FTE HK
FHETILTHRRLIEER KERIE FFANDBA, TH<YTE FAKZO2EH
CHWETEAOTE  EEKERD SIS L5 75 Ak (1948) 12 Xus GOURLEY %
VEIHMEYER 72bDEZIC LIeMRDT FBRKARESKRZC D E T KEPL< T X
 KeRBrEr BobsBEoto fKkEr BMEKE ¥l KTUEET &
DHEGD BELIEIBLENRDLELTEY, /ML chiedL T Lo@dKER Ko
YEFTIPIUEKERLL T b EREE L, KEPHEIE mm&a%bio@ﬁ&&%mi
D80%EC EEDBHITE BEEIL TS, TOXRBROERNLIL Ko LEO0LS &
DHEVEIZFE BEC IOoTHhN, K LHED e 2Tk GOURLEY OFER L
AU LV LY,
4. »o5FL
TELHETBLVWERAvEIL ERVRT, AP, BJF, TAXYE FA0LIET
LHERE D EDRT, KesllUR®5E 20 LOREDOEKREY wWHHE £
ABIELEOT LOFVFOERCE JETHEEY Lbh~N, AFL L/ L L0y
FOHBE WHUBLL 5B, THYEEENRT L, LORKRIKATEEKR
DTFEEMNBIEB KT £ENRSERdFbhic. 20 HEOLVIEOFH LIV THEER
Bz, SREVHHO LRI XET LorvropBCowLTh KREB IR,
AXLe 7 FDEEN EO LEBIRY EArbWTE THIVIE AELTVWLHTE
BEIOT, EhIE DIV EHIE EOFEASEALLT VWOrS EEHCLLDL,
Loy FOBED bbbhbick EBELL, BHOMKOMEC N T ZEELEIR

D7,
V  EBRGRIC T 2 ROFEE L 4

BOREREL 4560 MEERCEERBAZ LR —BER LDLRTWDLIHTH
D, CORKTH hoAvFILIB F=ofEr AROWERD BEOLWIZOTHT AR
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b HAEED BEoRE: S48 BERLTVAZ LR b2k T, HHORETD
MOXEL FESMELLNC, AF B/F KIP THIYD <FVrr=0 HEo
FEEE TESMBCOWTUL INET BLAE LBRBRTWERWS, Thifb o ik
REELFE 2 2IXBHVWIET TR AEMLEACHELB ) 5 X T LB,

1. MEeF*E

1951 422 1952 4E . HEWHMKE Fhrifh #53%kr HoRLLHTr % %, LR
DY FFHsEBTieDt, 195147 F 31 Hyx 19524
7H 23 Bz, NS 50X50cm o b= EEAIC
FhEn THEBIOSHEY AEECOWT REX
L, 2Ok $2rH kA2 15x30cm OFES

BE2HAT BEigh ok, B esixic L
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Fig. 66. The decline of transpiration after detachment...
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Fig.67. The decrease of water content after detachment.
upper : ratios to the imitial values, lower : measured values.
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Fig.68. Transpiration represented as the percetages of the lmtla.t
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Fig.69. Trauspiration rates represented as the percentages of
available water content (water content at normal level minus
the one at the lethal level). ——A¥ Cr. japonica, - e/
¥ Ch. obtusa,—e—7 s~ P. densiflora.
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Fig.70. The change in the remaining available water content
of scedlings after detachment represented as the percentages of
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Table 35. - The ratios- (%) of actual transprauon rates
to the rates expected when the initial rates continued
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Résumé

In Japan, in spite of abundant annual precipitation, irregularity in its distribi-
tion (Table 1—3) causes sometimes severe drying of the soil in the summer (Fig. 1
—2). Seedlings of conifers, which has not yet developed sufficient root sys:ems to
intake moisture from the deeper layers ‘of the soil which is still fairly moist in such
casss, suffers seriously from the deficiency of soil moisture on their first summer
after the emergence from seeds. Experimental studies were carried out on the drought
resistance of such seedlings of Cryptomeria japonica, Chamaecyparis obiusa, and
Pinus densiflora, which are among the most important forest tree species in Japan,
and the factors determining the differences in the resistance among spemes were
investigated.

Several days after the available water in the soil was exhausted, seedlingé bf the
three species began to be killed. When roots were left to penetratc freely into deeper
layet*:s of the soil as they do naturally, resistance to drought was strongest in P . densi-
floraand weakest in Ch. obtusa(Fig. 4, 7). However, when the depth of penetration of
the roots was lumted by planting seedlings in shallow containers, rank order of the
resistance changed ;. the mortality of P. densiflora was also lowest in this case too,
but the mertality of Cr. japonica was higher than that of Ch.obtusa (Fig.' 11, 12).
This result suggests that the depth to which roots penetrate affects the drought
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resistance, and that care should be taken about the depth of containers used in experi-
ments comparing drougt resistance among species. However, the depth to which rcots
penetrate, weight of root systems, and top-root ratios had no consistent relation
with the. differences in drought resistance among the species, though they showed
always close relation with the. difference in drought resistance among individuals of
the same species (Fig. 13--16). To eliminate the influence of the differences in the
root systems, tops of the seedlings were detaéhed from thé root systems and their
desiccation resistance was -compared under controlled air humidity. In this case, . the
rank order of -resis'ance was the sams="as when the depth of penetration of root systems
is restricted, independent of the air humidity, i. e., the rank order of désiccation
resistance lined ‘:ip as P. densiflora, .Ch. obtusa, Cr. japonica. (Fig. 17).. This
result shows that lethal drought resistance is also affected by various propertles of the
shoots. : ‘ ‘

Respcnses of the growth of the, three species to the soil moisture deficiency were
compared by growing- seedlings of them from seeds in little containers (Fig. 19). Soil
moisture in containers was regulated by modifying iis lower limit, soil was allowed
to dry out to various limits and when it was reached water -was supplied again to a
little above the field capacity (Fig. 20, Table 11). Growih of scedlings of Cr.japonica
and Ch. obiusa was affected by-a slight decreass "of soil moisture below the field
capacity, and the effects becam= more intense with increasing soil moisture deficiency,
wherzas the growth of szedlings of P. dansiflora decreased only when the soil mo-
isture was depleted to below the permanent wilting percentage before rewatering (Fig.
24, Table 12,13). In the course of their growth, shirinking of diameter of the hypocotyl
was observed, and it was more severs in those supplied with deficient soil moisture
(Fig. 22, though it was also observed in those supplied with sufficient soil moisture.
The degree of soil dryness was expressed in terms of mean soil moisture content and
mean soil meisture tension, and the effect of soil dryness on ‘growth ~was. discussed
more quantitatively (Fig. 25, 26, Table 14—16). The effects of the level of - water
supply were also observed on varicus phases of growth, such as the lenght of shoots
and roots, the diamster of hypocotyls, the number of branches, top-root ratios, etc.
(Fig. 27—31, Table 17—22). Additional experiments for a shorter period gave data
substantiating the main experiment carried out for a rather longer pericd (Fig. 32,
Table 23). From these results, it is concluded that vital drought resistance was strongest
in P. densiflora, and between Ch. obtusa-and Cr. japonica there was no appreciable
difference in this respect. : o :

On July-August, when the risk of drought is highest, the amount of roots of
the three species was compared on - those grown in the nursery conditicns. Roots
contained in the layes of soil of every 5 cm were sampled with blocks of the sci’, their
weight and length were measured, and the surface area and number of root tips were
estimated from them. Total amount and the vertical distribution of roots of FP.
densijlora were found to be most suitable for enduring drought. Between the other
two, Cr. japomica was slightly better (Fig. 35, 37).

- The pattern of seasonal changes in the amount of shcots a.ncl ‘roots; ~depth of
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penetration and vertical distribution’ of roots, top-root ratios, and the share of
produced dry matter to roots and shoots were compared among the species throughout
the growing season. The amount (Fig. 40, growth rate (Fig. 41), and depth of
peneiration of roots (Fig. 42, 44) were greatest in P. dehsiﬂéra and least in Ch.
obtusa throughout the growing season. As for the pattern of the seasonal growth of’
toots, P. densiflora completed larger parts of it before the season of the summsf
drought, and showed the pattern most suitable for enduring summer drought (Flg 42).
The other two species showed nc difference in this respect. The percentages -of pro-
duced dry matter used -for root growth was highiest in P. densifiora and lowest
in Cr. japonica. P. densiflora shcwed-always lowest top-root ratios, and the top-root
ratios .of C7. japonica was slightly lower than that of Ch.-obtusa. Top-root ratios
of P. densiflora showed minimum change throughcut the growing season, whereas
the one of the other two species was higher in the season of summear drought' than
in the other seasons. From these findings, it may be said that P. densiflora is more
adapted to encounter drought in the summer than the other two species, with respect
to the pattern. of seasonal growth.

Critical water content of shoots, or the lower limits of water content at which
seedlings ‘are still alive, of seedlings were determined using various methods. The
critical water content was always lowest in Ch. obfusa and highest in C7. japonica
(Fig. 47—50). The amount of water which can be lost before the seedlings are killed
was greatest in C7. japonica and least in P. densiflora when cxoressed as the
value per unit weight of seedlings, but it was greatest in Ch. obiuse and there was
no appreciable difference between the other two when expressed as the [e:centages
of water. contents at their optimum conditions (Fig. 51, 52).

The relation between the degrze of dehydration and the recovery of water content'
from it of seedlings was studied by rehydrating seedlings which had once lost water
to various degrees. The degree of recovery from dehydration was not linear propo-
rtional to the degree of dehydration or the mimum water content at the time of
dehydration. As far as water content of the seedlings was kept above a certain limit
specific to the species, the recovery of water content from dehydration was not so’
affceted by the degree of dehydration, however, when water -was lost beyond. the
limit, the recovery of water content was irhibited proportionally to the decreased
water content or degree of dehyration (Fig. 55, 56). These limits were fairly above
the lethal level or critical water content, and supposed as the the limit beyond which
seedlings were injured severely or parts of tissues were killed. These limits were
highest in Cr. japomica and lcwest in' Ch. obtusa. ’

Besides these limits, the course through which tnese limits are reaches is also an
important factor determining the drought resistance. The responses of transpiration
and water content of seedlings to the decreasing soil moisture content were chsérved.
Transpiration rate was determined by means of the rapid weighing methed and
represented as the value at the standard condition of 20 mmHg saturation deficit.
Water content was determined on the same sample which was used for the determi-

nation of transpiration rate, Transpiration rate showed only a slight ~ decrease until



107

scil moisture decreased to a certain pcint between the field capacity and the
permanent wilting percentage, which differed slightly with the conditions of ‘ex-
periment, however, when soil moisture decreased. to below the point above menticned,
transpiration showed marked decrease with decieasing ‘soil mcisture until the avai-
lable water in the soil was exhausted. After the soil moisture feached the pérmanent
wilting percentage, ' the rate showed the minimum. value: with little: fluctuations,
which is supposed as the cuticular transpiration, and kept this value for several
days until the measurement was stopped. Water content of the’ seedlings did not
show any systematic change -as far as available water was held in the soil, but it
began to decrease with decreasing soil moisture contents as the same time with ora
little before the available water in the soil was exhausted and the rate of trans-
piration reached the minimum value (Fig. 59—62). The relation between the
changes in transpiration rate and water content of the seedlings which were caused
by drying of the soil is ‘discussed. In these rather qualitative' change in the water
relations with drying of soil, no appreciable difference was found among the three
species. However, quantitatively, t there were differences among the species, especially
in the rate of transpiration after the available soxl moisture was exhausted, the rate
in these conditions was lowest in P. densif lora and highest in Cr. japonica. The
extent of regulation of transpiration was greatest in' P, demsiflore and least -
Cr. japonica (Table 30, 31), The decrease in water ‘content in' such condition
was least in P, denszflom, between the other two the rank order in the decrease
changed each other accordmg to the conditions of root systems ; when the penet-
ration of the roots into the deeper layers of the soil was hindered, the decrease
was more marked in C7. japomica, but when the roots were allowed to p’enetr‘at&
into the deeper layers of soil, it was more marked in Ch. obtusa (Table 30, 31).
From this result the cause of the change of the rank order of drcught resistance
among the species according to the conditions of root systems was discussed. The
influence of soil dryness on the diurnal march of transpiration and water ccntent
of seedlings were also studied (Fig. 64, 65). After available water in the soil.was;
depleted, the range of diurnal fluctuations in transpiration ‘became minimum,
though the rate was slightly higher in early morning and decreased toward after-
noon. However spatlal difference was found only in the transplratlon rate, but
not in the trend of diurnal course.

To eliminate the differences in the development of the root systems, shoots
were detached from the root systems and the course of water loss of them was.
studied. When shoots were detached from the roots and water supply was cut off,
transpiration rate decreased rapidly at first and then  gradually until 1—2 hours.
after detachment when it reached a very low value with little fluctuations. The
rate of transpiration at this time, which is supposed as cuticular one, was highest
in Cr. japonica and lowest in P. densifiora (Fig. 66, 71). The extent of regula-
tion in transpiration after detachment was greatest in P. densiflora and least in
Cr. japonica (Table 33, 34, Fig. 66, 71). In accordance with the differences in
the magnitude of transpiration rate in the cuticular phase, the decrease in water
content of seedlings after detachment was rapiddest in Cr. japonica and slowest
in P. densifiora (Fig. 67, 73). When water content is expressed as the percentage
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of the vital range of water content, i.e., the difference between the water con-
tent at normal condition and at the lethal level, this trend became more promi-
nent (Fig. 70, 75). This shows that the time required to. reach the lethal level
after detachment is shortest in Cr. japomica and longest in P. densifiora. These
trends were not affected by the difference in the air humidity, though the cuti-
culartramparaﬁemnratewashrghcrandthcfethal level was reached earher in
drier air.
If the changes in water content of plant shoeots are expressed as
‘ Wt=Wo+ {'Adt—( Traz
where W# and Wo represent the water. content of plant shoots at £ and o, respec-
tively, and A and Tr represent the formulae expressing the course of changes in
water absorption and transpiration, respectively, this formula is transformed to
the following formula using the results of the above mentioned experiments and
some approximations ;
~W=Wi
ir—a ‘ ,
where ¢ is the time length from the time when available soil moisture was exhaus-
ted to the time of death of seedlings ; W and Wi/ are the water content of shoots
at normal level and at lethal level, respectively ; #r and @ are averages of trans-
piration and water absorption at such conditions, respectively. In this study, W
was largest in C7z. japonica and least in P. densiflora, WI was largest in C7.
Japonica and smallest in Ch. obtusa, and #y was largest in C7. japonica and smal-
lest in P. denszflora Though @ was not able to be determined directly, it is
presumed from the amount and distribution of roots that it is largest in P. den-
siflora and smallest in Ch. obfusa. As the results of the difference in these vari-
ables, drought resistance of P. densiflora was always strongest. Between C7. ja-
ponica and Ch. obtusa, drought resistance of Cr. japomica is stronger when roots
are allowed to penetrate freely into deeper layers of the soil and z is larger, and
weaker when penetration of roots is limited and @ is not so large or shoots only
were compared and @ is zero. Among these varlables Zr and @ seemed to be most
effective in determining the # or drought sesistance, as estimated from the results
of the present experiment. It may be concluded that the most important factors
determining the drought resistance of the three species are the'niagnitude of cu-
ticular transpiration‘and the development of root systems. From these results, the
author discussed some practical problems such as ths irrigation in nurseries, esti-
mation of drought resistance, a.nd 31lv1cultura.1 practlce of these three species,



