SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

43

AF DMK L TICHMD DK EFICET 57

thif, %7

https://doi.org/10.15017/15003

HRIER : WINAKERETREZMIRE. 38, pp.161-238, 1964-11-28. NI AKERZEFMBEE M
N—o30:

HEFIBAMR



161

2 F DMK & I DK FEF B3 % 5

rh ¥ & Gl

Yoshiji NAKAMURA

Study of the Water Economy of Trees and Tree Stands of SUGI
(Cryptomeria japonica D.Don.)
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BRI HE L, EBACh o TWaHZ L RENCT . Ao HRCIKET
LEEGH, DO —REELC BRTAEFL, bbhIBERHES, HHMEL Vo 2F
Ric ko THREEOE AR R o T, Lrd ) LeLBESFRORBIL 2011,
BHDT7> 78~ OEENERBEHETH . Hlllicd &7 EWNLEIT TR, £
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I. BFORFICL B SBRKER

FFosedicis, BE, K5, BESOANRER, FiTHEOBRARE L OO NS
HREE LT 5. BTRFEET K ZRRL COKET 5. KBEXPENER TS
o T, DBEDKBEDFER, T RFCHFNRRETH 5. HFRIAEL Lo TR
Wb, FEFRMEE L TCHERERT 5. BTl anKkad, WEMELIKG#LT,
e BES 2T 5. S e 3k 5 Bk, SHuLL(1920), STILE(1948), #(1951,
1956, 1960), i&)11(1956), KozLowsKy (1958)%ic X o T, 27 bito D Lz &0
Do Tnd. s, RF, ThH<Y, 7a<yTL bR, BET 2T ORKRE
R, ROZ20WANbARBS H—T%&Hfivie. (1) BERE 12 Al Fia R
TS, 2) EREPATA, BIVRELALEES TWBHS, (3) e ER+5
Wanrblh, REFMTR Q) oBosERbhicw. £SO K EDFMICDWT
i, (DRKOIER, DRAERREBEFRTHLBERTHWS. 25 LkSA—TEHC
Lz, White Pine®™, F5 w2y, 7hH=Y, 2532V ThHlLrdbTnwd, &
A (1953) ki hiE, ~¥/ FOHE R, BEREBERVEBARLLWERIRED, T0b2
i, AXRVERCIICS H—T R, B K -4 (1954) &, oI
THTOBKIE Lo, ZOREE, 2F, £/ F1% 0.35mol (9.58FF), Th~=
v 0.4mol (11.15JF), Z7u<v 0.45mol (12.75JE) ThH BT &hbho fo. O
FoRAkNE, HHTRBRT MO X IDHFE —B L. 45 - PR (1956) 13,
2E, b/ F, THTY, /0T YDEFDORALOBEY L bk, BRROEKEE,
(1) ZHE#%, Z2ABRUDTHEFARZ LDTCAH ETALCNBEY, (2) 212808 F
MiET, 32AY, FRTTULLAANLRWELY, (3) 2 3x4: Siliciic~ 3 ic
b, Zx0aKERR, REHELDTTHETRALCANDD, ThrbReChT%
T3z LT 2o%H- .

TR, FEFraE b NSBB8y ISTERO 0T, b LRESEETRWER B,
ML M T FET B2 LIZTE . SHULL(1920, 1924) W, B2 WKE O
BERELen, —BRk

y=alog,,(bx+1)+c
Tho . £EL yRBKE (%), x@HH, 6 b, ¢ @A RBESTVEREKZE L,
Xanthium T2, 5°C D & y=48.5log,,(0.098x+1)+0.85 20°C pxr & y=61.5
log,,(0.0136 x+1)+1.46, 35°C o » &, y=T74.510g,,(0.0148 x+1)+2.25 Tho 7.
¥ 7~ Split peas Ti¥, 5°C & y=30.1310g,,(0.148 x+1), 20°C 2 & y=34.58
log,,(0.28 x+1), 30°C ®r * y=60.9010g,,(0.172x+1) Tho /z.
CCCHEFNMC 2EEEY 722 T, ERABKCKIETERELZ L LR THE

K OE-H H

15, 25, 33°C # HAMAEE L UGESK, 3HBL8HED 2[REX»E 2 &, FEFK
CHFERW AL 2AME I, 37211, 8agiREIIMeTsy, HR
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63FI0A IR L, KBIEBORFRELLAUT, 10ELEVI0EY Yy — LD
ofkice—7 Lk, ERIFNMBI3ARDL 74 b ru vy Tholhs 2.

B R E B

T2 RFRCECTHORFET X TCOEKEOE/NR Fig. 1,2, 3 wRIh 5.
TOBKE, B 1—2HMCERCEAL, ThUABEREFTL2ETh E b E A
bhigdo . BERK 2 B HKGRFREO G kR Table. 1 R+ X 51, 15°C T 28%,
25 33°C 1k 322 T, SiRMODEKENRRRLE o 2. FEFED A KER 15°C T 13%,
25°C T 87%, 33°CT76% Tlho T, HIFMRICE 25°C TORFRD A KELREDE
{, WRERANDZCONTERESKRTLFFELL
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Table. 1 Relation between temperature and moisture content of seeds at 2 drys
since start of test and at germination.

15°C 25°C 33°C
At 2 days 28% N% 2%
At germination 73 87 76

Table. 2 Analysis of variance

At 2 days
Source DF SS MS F
Temperature 2 122 61 2.6 not sig.
Replication 8 331 41 1.78 not sig.
Error 16 369 23
Total 26 822

At germination
Source DF SS MS F
Temperature 2 873 437 1.44 not sig.
Error 19 5744 302
Total 21 6617

Lo Ui ofRk Table. 2 R+ X5, 2AB: #FHRoEGKkF, BEM
CEEERRLD bR . Lkdis TCOREEOREHATR, %FEECOETD
WAKICEET D202 RNE K. LAL—RAERTTHLORKE, SETCRLE
bk E L, FEDMOI & digo THEHEMCEMT 5235, ERTOBKENALEATH-
fo. Ele—BREIBNATE, AKRRALEVENETHATCLE>SETFb Do 2. TOD
BHREERREI L, SE»bEEN, b3 WIEE»EGRABITT 20HIcZs &
hebbbhb.

Fig. 1 Process of water absorption by seeds at constant temperature
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Fig. 1 vxiABRIBRT D 15, 25, 33°C o E KRB WSS ThHs T, 15°C TR 21H %
TIFRT, HKEL S0 ENHK L. 25 33°CCi T HEICHE L. ZOMDEKE
[125°C %3682, 33°C 2385% Thwo to. Fig. 2 HIRE?D EEABT+ 2847, ITH

Fig. 2 Process of water absorption by seeds at controlled temperature
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Fig. 3 Process of water absorption by seeds at controlled temperature

100
a d
S b
\Q:; €
b=l c
g
g8 50 M_(/;
(3]
&
2
2
[=]
=

1 2 3 4 5 6 7 8 0 10 11 1z 13 14 15 16
Days since start of test
a. 33-33-33°C  b. 33-33-25°C  c. 33-33-15°C
d. 25-25-15°C  e. 33-15-15°C
D HIERABGT 28 4T, 33-33-25°C » 33-33 15°C i 8 HHWKHHF L, &K
732 260% Tho . MEBRENKE L A5 EFHFIER, 33-15-15°C T2 160 Bic
G IKRT0% & Iro THIE L.



167

i DF st 2 kOB, Wkick 2KEHRXTEHY, Fhick v &k
WAL, Hiviis TholBir A8 l, Rk »3 T, g xn
IKGREL TR L, icfihd 5. CoOBERINRSKIER, ¥, BREED80% ThH
> C, BFORMCER T 4.3mg =05, KO8R 3.5mg LEHFEIh 5.
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I R F0a KR

1. ¥

BT 12 R U TR EE LMY O kS B RR, RSN AMNRETS
%. “Water balance” “Water deficit” “Water economy (Wasserhaushalt)” o JfzE 23
MAXIMOV % MONTFORT I€ Lo THWbLR TE 2.

KEAEFEL THWAHRED > bTREVEBOKRS T, BLEXoARS TRAEDES—
0%% Lo, AEHLTH50%1TKTH 5. GKEORDE, EBEROETLESOWT
WT, dLAKERBECETT 2, GRODCHET . KSBEBDKAT, BIL
TERRIMAKYRE S X EI T hABN 02V TIREN L LTERL, i
REBARRLCER LA LD LBEHCREWTEETHS. FRERE, VXX OMOBRH
MIRCER X, £ LU CHPERA TR RN, BENDBE~NBEHT 58, &
FeUTIERT 5. ToMBMAOBELZHBRT 22D CHEET, 20 L RAERERED
HErr 202 50WCMHETHL. ERLOEFE, MBEARODIT2 L) EWEKE
T AL ERD B W2 5. YO KSEERE, REOR D FRAMLLIFREH O &
(BT O AN TEERC LRSS LI THS.

CCTREAR, SROBEOEKEXESLOBERICIWTILLR, RELOEFEZL
TLHAD 2 DHEY, BELOEEFECLEWTRENE LSS b L. 3bKT ¥
Xﬁ,$VX¥,XT%,;VVVN,75&NN,#77¢U@#¢$%@3K$%L
BRI L.

it

2. R¥EBREOEKE

5 & B OH

WHDT H8, A THEHME L THEARREDOEKEL LbRk. TANRAELE,
HHORLICAEBETLLOT, 196244 A0 W oR b, M EH, WTFEHM2E 0
L, W R, ERESNCY YT v I L, BT 59—y FERkD. A
THRERO6FE, WEeEBETHHDOTC, S, /o—x0BML0BHEEY L Ok,

B R £ =E

A. ZHANDEKESR
BRBOEKENLDLEKESAKLH L & Fig.4 O X 5cins 1.
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Fig. 4 Distribution of moisture content of young tree, Akaba
(Clone of Cryptomeria), 4 year, April 1962
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— R B VR A KRS L, KRBT Bcon T, ervo —RHEOERD DK
SRR ks EL bR B, MEOHE WAk 16025 DEKELRL, KdE
V. T 4 EEE DR 942 THEDIEW. ThEr ERneand, 2 7T BigE,
3 o CRAERE, SRR .

B. X7V O¥ESR, /A0 —-ROLELOBIR
19634£ 4 B DR HDOIED B KRIL, KDL 5 Tho fo. 1FAIE1282%, 24FEEIE
1092, 7 o — 2 FIROEL 1389, HIMOIEL 1392, FTHOIEL 1329% Tho 2. /1
— sk, PO 1VFEEEDEKRCER Do kH, THNRCELRLT L, XA THI
LIgESLTRESLELDRS.
3. BEOEKROEHRIL

bR~ A

4HEETYRFE, Y777 O, EEAEQIC O R L, EpeEficd o<
DEKEOFEME L E L b~te. 196244 —10H 2, BEI0HFIBCHE L. Tk
W, v ) v oBREERECS 2 X 5, BEKe ks THEKGZHH L

s R B E

Y7 7) DEDEKEDOENEi: Table.3 IKRINS. BOESIMNEMEL LY
D% l, MTEMELBIZ 28 L, ThEhO®BIco{EX 1, 2, 3HEAEL L.
1—24E£EFS—6 AP lolndbbh, F2ont 1FE48ECE8 Jic, 244
ETRIALE bbb, VFEEETHIFLEDOHICOLED (ZOfKTE /e —%TF
W), SHRBTACAF CTEKERMETL, bbb bbbk, 3ELEECK
5 R/MHAZ MR A DRI, 70— 3D MNEEET L, £B b 1FERCONT
WABEDEKERDRICE . 11— 2FE8BD (R, 5—6 BicA/kERENT 52
BRI B 6 AT 5. S ALI08 0 LEAED HKER, 78—k OWAL
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Table. 3 Seasonal changes of moisture content of leaves, Yabukuguri
(Clone of Cryptomeria)

Age of stem 1 2 3

Age of leaves 1 1 2 1 2 3
April — — 151 — 133 130
May 440 429 226 417 173 101
June 552 468 292 341 212 130
July 322 248 183 243 179 126
Aug. 351 277 185 240 169 120
Sept. 279 260 204 251 169 115
Oct. 257 222 183 222 174 113

CXo ThED bl k. 2EAETE I 0— X O FHREBEKEREN. 2445
o 2EEER, 9 B/ hiurabhbs, 3EARKD L 2EAERR, 6 A
iR b bEFCcTALBRS E VA Uiy, 34ELERR D 2 RBENELLEALR
v, HWER, 1E2BULTHrRIRELTW5LEZLbNS.

TYAELYT 77 ) OESHOEKROE(E BT 52, Table.4 icinsd. 144
D aKER 8 ARREIRET 528, 2FEETRI A3 Llnsbbind, 2w
Z—vREAREC@ETHLS. BN VEAETRYT 777 2%, 2EEFETCRT
YRED, EOEKENGVWRREEL. Thbb, EAMCET2RKEDER, TY
ZFETINEL, ¥T 77 TRE .

Table. 4 Comparison Ayasugi with Yabukuguri by moisture content of leaves

Ayasugi
Age of leaves 1 2
Age of stem 1 2 3 Mean 2 3 Mean
July — _ — — 290 228 259
Aug. 342 232 269 281 189 203 196
Sept. 269 254 249 257 209 195 202
Oct. 223 213 200 212 198 161 180
Mean 250 209
Yabukuguri
Age of leaves 1 2
Age of stem 1 2 3 Mean 2 3 Mean
July 322 248 243 271 183 179 181
Aug. 351 278 240 290 185 169 177
Sept. 279 260 251 263 204 169 186
Oct. 257 222 222 234 183 173 178
Mean 262 189

4. THKSEBHBEDEKE
H3 Ky MAD RS & OBRICO W TiE, FTiepk ) BESRTE 2.
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- KITTREDGE (1948) ic X #uiE, EHEALLETHIHIKS L MDA KEL OEICS % b 1]
RA e, EBE CK) « &F (1953) 7A=Y Dovd: Y rETCL bR, Hoak
FREPENTCHAFELACRIETRELAEED WS, ThUTRELL 2ariddL
. JEE (1954) A T =Y TULbRRETS, FOEKBICI WL T0%ICk 5 ¥ TLL,
BB, GKRCKERERZ DN o 2. [ (1951) 2 ¥, b/ +OHBCH
BAakRE 2 fe. EBE (R) (1957) B2+, e/ F, THA=YDTF+ Y rEHTLLRT,
HOZKER, LHLHKD I T B, b0 >Kse RELZET, HhOLDE
L —EDMEIE S felov 245 L.

ABXKog S
k& ¥ #

TYR¥FOHVFH (V/u—varvF Ly 72) #HWCIEAKEL i, BE, %,
MOEKEL OBIFRE L b7, 196347 Brc @ik, LEXHMIETHrLHRIC
HRIek. TETROREBCH LT, WEAKRNCELEY 2 v, FAEcBERBE
AT 2MELDLSemOEIND, LEXRELL. HAXERECHT THE 105°C ©
U R LD, M+ 59— v xRkt FHERFRL, BARKE4S%,
ESAKERIS% TS 5.

w R E R
HEMREL L 52 Table. 5 0k 3wk, chxXicxT e Fig 5 i 5.

Table. 5 Relation between soil moisture content and moisture content of seedlings
of Ayasugi (Clone of Cryptomeria)

Soil moisture Moisture content of seedling, %
content, % Root Stem lgicés leNas‘gs
35% 108% 91% 163% 267%
25 — 92 165 270
25 — 82 148 303
17 106 83 126 218
16 120 73 156 256
14 115 91 144 259
12 126 86 129 205
11 148 99 156 217
9 92 97 159 220
4 — — — 66

FHA KRNI 2P ETR, HOEKBCLRIZE Do kENRD S LRV RV,
Frig, MABAKBAMAECR300%:8EKRERL, LHARI0% FTia &, E$210%
BWETKSIELIRSE. TRUTNEFCEBE LER LB LD S, 4 2% TRIAE
B3 CIMEL, FiEd662 TR L, LRPLHEELDLKE Lt k. ThbbiER,
FEX D, WL BARMMCGER TR 5. IBEERFEENL LTl 150271%, 321 90
GRIBR THRVEEL T 5. BOGKERLWEKERZDWDL IBESH L,
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# R £ E

iEPr Table. 6 KRIN D

Moisture content, %

171

Fig. 5 Variation of moisture content of the several parts
of seedlings following soil drying process

300 °—

Soil moisture content, %
O New leaves @ Old leaves @ Stem A Root

Table. 6 Relation between soil moisture content and moisture content of leaves
of young trees, Akaba. (Clone of Cryptomeria)

Soil moisture

content, %

Moisture content
of leaves, %

30
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16
15
11
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236
238
236
233
222
223

FEE KRR EAL TR,

SHPEDEKESBE NI DT 5.
AHEALLET, 1EAEDEKRSELEVEDLR WO, TEVECHT 2D KTE
RO, FTHREEBEZETT2020ds T, BMRDOKDIDONT VR EFs T B0
brELONRS. HAOERLLKL A5 HUEBECLDIED, TOERTREAE
PARDIEIC, HRVWHEE B LTV b k.

5. MEBOHWIEDOBENNOICDONT

R

1 FAEDEKRILEVELR WA, HERTL T

L, b0z Rviined L.

196342 2 5 & 7w VAFAEZED EKELJE L, KR 2 R s 2 SR O Hig
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TRl oo MBIREMCEB T 5T Y RE, hVvRE, 274, =VvIUnN, 954
NIVDYIEAR (5 —64HA) Thb., EQRRMEIL Y n—x BT, < vELE3ET
3)0 7.

H R EE

fERx Table. 7 @ X 5 iino fo. FEAWOKE, WEM, KWL & SEES 2%
KETHEE ED b, EKROBWIHCE~x L, fiy—Xved, ¥ 7w,
TYRE, ATH, ZFVAF, =P unNtho k. BREBETE, T¥2¥ir=vy v,
FRYRAFE, UFRNVEKRVYRAFE, ATH, =V UyNeoMcEEERZ LD LR,
WIREACIZ, U= v P Unk, VS UNRRETYRE, FY2E, 2 TH, v
TeNNVDOFTRXTOREE ORIICHEZER R LD bR,

Table. 7 Cnmparison among the clones by moisture content of leaves

Clones Summer Winter

mean . mean
Ayasugi 283 239 218 247 144 136 139 140
Honsugi 211 194 215 207 127 127 132 129
Measa 220 245 200 222 132 133 125 130
Ninjinba 210 196 210 205 130 54 77 87
Urasebaru 255 254 255 255 160 154 151 157

Analysis of variance

Summer
Source DF SS MS F
Block 2 680.7 335.4 not sig.
Clone 4 6190.7 1547.7 4.7¢
Error 8 2926.5 328.3
Total 14 9788.0
Winter
Source DF SS MS F
Block 2 980.9 490.5 not sig.
Clone 4 7827.6 1956.9 6.7*
Error 8 2353.2 294.2
Total 14 11161.6
* ; significant at 5% level
6. & =

— I H AR BRI E KK AE . Ch B WS ERESE S TAkICE A,
MBEBEERLKSBEZWHADBTSH S, L LRG0 a/KE R, MBOBARZ L o
TWBHMBEE D DL BBV E b Tn 3, MIREAT 5 2 HEERE Y, &
PoE&LEINT 5o, SRRIMAMICETT 5. kv b &5 akEOE L
WHUBLLL, ThRAKSDBAIC L 5L 0 b, EYOBEINC L 2508KEwhd Lk
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. AckLeY (1954) i X i, Y OTERS A2 8 B TS BRI L f2ic d 2
Db b, AEb ) DEKERTI%HBSI2Z BT L.

EOEGKERI n— 2O, WAL I Th kb, AFPYSRKTR I/ o—2DF
FARR, % M A KRB o . RSN ETDEDKFEB LKL OB FHEY
Lb~k. BHHRZ o—3xAMOEOAKERNPOEI VS, RALOBFRTR, W
DOHMEAT, ROBERNRETHs . BE 2 OBRIC oW Tk, BHE (1963) »iPRi
Drawy, "N RXEQEDKIBELDLN, REOKALTAECRIKLLEVH
B &L, TRUBRECE LWE{L 2k VT, SKEXELT 5025KKRH
FIEBERELILECS, WELOMCEOHMRZ 2D bR, X L—HETE DN
EnEgiEe, SEMUMONE L REMFRThHs . HHks L 0B &K, HESLLETR
FRPENLR R DRI Do ket FEOAKRILEEREZE A CORTETL, RoakE
RRZEAODL L ESL L) TS E 2EERSs k. DX CEYOEKERR, R
BRTFeEERD 5 2 REARER, [ERTRIEKyE 0MBER, —ERARKCE
TEREWE RN .

BRIk &7 5 S KEOFMWENZ, BKEERDN T v 2OFHAELCD 2 Tn
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EGKREBERERNCEL, EHOERERerF CEBBRIRKEY LEb s dICETT 5
SEMOEKEOEH OB, KEML W/ do k. [HEF (1950, 1960) 2+, v/
F VEAE L 2FAEOBBEM, 4KE, FELOFHNENELHEK L 22, GKER
BEECKT, MHBARHFTTARETT %2, cOBHER 1EEEECZDh 520 T
2EHRERETRE LB PRI Do . FEEDEKRR, LTRIEZE Lo 2
2%, FRETR VEERENRBCE s 2. COEMRMELEL2A4 T VY AFD 1— 24
HIECOWTHH TR E 2%, S2M (1950) 12, ¥, e/ %, THZYDEDEKEY
BISE Ltens, 2FS5 AnEgATH®REL Y, 4 REBcks o, £/ +19 23k
KT ArRE, TH=VES BRRARTI AN Rk s. 3EctBEL T2 5T
2, REDOIDALBRCEKERE NEWIZ 2T, TYZXFev¥7 77 COHE
Bk, 2o RERARLOBBREERLTWS. EERERBESML (1954) , BE (
1962) ko TELHOR T B, AXREDOE X, 6L IHEEERNE -
Twb. Lidis TEDOEKROFBHNAELLERERABLRLARY I —~FK L. HK,
mFEH (1960) 23, THF=LORER LI RIEDEKROEN T LbRILTH, BE
OB X B KERE o 7. SEH (1950) 75, BRI REHOTEDEKELL b~
ferh, BEMOAF 1FEEDRKERRRMOID LV E»o 2. 2D LI, &
BKGEREL ORBRBRIEARDIZo &0 LT 523, BEDRE CRIERN BT R
Th 5.

I ZF0#EHAER

1. ZHBORESE

W DR BBLIET 2o 0RARM AR, OlEYoPt+ 2 /KES 2 ED CUE
T 5HE, @QKSOHEKCh O EBROENLIEST 5HE, OEFKEAOBREC KW
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THET KPR BY I, PR IRIKIOBELZMNES 5 HHED 3 Bl kB
h5. MaxiMov R bOHELZIRE LT ZBBEREHET 20— TR, &
BERPDOERETRACH S LI CEMUELRy PTRELLEMERET S LEL
Rl otk UTFTredxsnionobke ko .

&, RUTFLUVKICKBAE
FHO Y TF L (10X20cm) 2B hod, BN L KESEED T, KEEL
T5. BAOMAKOESKELZHEST 28, WEEL LT, BREH e RERLEDGKEL
ODBFEELORIZDICHA V.

I, HEEICKDAE
By b4k BI %5 (Transpiration-chamber) i A L, BRI Lo TEKEHHIE
T5. EEHELKYE, BIRE, REAO UZFE, s —2—»2bhks. REFR
Silica gel, 5[ KR Y Ic ko 2. KEICT 5o, ZIC KE A, Kilid
DO B IXL DIDICIRENT 74 YRGS BREW, BHEFHEL LB L THS

Fig. 6 Transpiration-ehamber used. a, Bath (zinc)

b, Water

c, Air

d, Transpiration chamber (polyethylene)
e, Silica gel

f, Rota-meter

g, Water pump

h, Liquid paraffine

i, Pot

j, Seedling

SNEBRBEHOER A UEL LB IRV BRI INEREROEBRL0EM»DIEIN
5. T TRIEOWRBECRT 2EBEBOEEZ LR ZDICH WE.

%, YIROERED(CKIAE
A BNCHE LR, —EREck3 2B B2 EREL L. REMOK
BEH YT VDL WERCHWE. BFERRED I WEAERLET, coBal, av=
LT3N ECOBEDERRRIC Lo 2. TOHER, EDAKERLEREMNLOBEZL,
R BT 2B EADO B E LB Z2DICHAW .

Vi, R - —(CkZBKBOAE
MEOEBRBEL R X —2 —C ko THET 5. EHCH2TREOWO»LOBKES
HEL T 50 Ths T, BEHLLOHEDKKBEXHEL TV 5 210t bR, i
PMc&BE e Uk, coBMECE 20RO RE SN ORAL &b icild+
W52 ThB. LLEDhiiE, RUeAE, 3ABLBERELLELRT L)
g%, ZZTF—20¥Brr3—50030xfHnk. ZoFkk, HRRKRECTD
SKERTF LB L bR 2DV

Vik, RYMCHITZLEEREC S IRHBMNET
X LIRS E B L THE EEB b AT 5. & LR bOEFRE S8V T
B, THEREREREBL T8 TE 5. Lo T—ENEYRIALTLES
KEOHDLE L bahiE, BiEEYHET 2N TE 5. o ClIIESKEAE IR
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ETdrbbic, ERkELIKkELDAEY, THEOWEEL L TERELZHTELL. 2D
Mg, P=T+D TRINh5. fKE (P rliEwEa (T) 28y, REKELHEK (D)
T 5. B2 DOEKEY SHTE, TRKKOREECKRS. £ TLElLEY R
=—THAN—LC #KRcR T I Swe Lre. #KHBRIOARM T, AEROES
KEBEGBEZKEX2EEC L. AEAKER, —~BROERC Ll T, RoHEKL
=D B2 E I KR TE I HBR I h R L E 2 . T OF ki Phytotron TD
EB v .
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25, 33, 7A4%& Ilm ©av s ) —r7 0y 7% BEOHAK—Fc 10,
b Sem FE U CHidc oz, FEHEZRIET 3 eocdeihc g 60cm oiELE D,
av ) — b Thikedl. 74 YA —F—KBFAEBBIRNELREEDZEE LTH
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KRGS bEBELRET 20H vk,

2. ZBERACEEI IRERAT

HEERR, EANMCRKDOERTHD, HPBBASOKOILEKTHLE. oz
B, KZDLDEs KM b DOEFEICHEET ZRTFN, BRIERCIEZET 202 5.
THhBDRTR, MPOERGE KKE OB KESITOECEET 5D ICEE T 5.
BricGs -SHANTZ (1914) i Alfalfa @ ZEHER 2, KRNRTF & OHBFEEE L bk,
FORRE, WD LD ins 2.

H R 0.840-:0.009
B B 0.819-+0.11
WMERIRE 2 0.822+0.11
B 0.485+0.26

TR R EEERCREE L, SAOMMI Lo TERMERCEET 5.
coTi, B—oRENT e UCRERE, fik, kot e b b, HEENREREER
FrLTRER L BT
A BE L OB R
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5 & ¥ H
MEEHOER R LT, LELERIhbRaR A —2—%Huni AViE) . #
FHE BN AT T 55 — 6 FAEARF O T, 19604 6 A—124 ¥ ¢ H —[
EERL, Hi 1FE 2 iR, BEOEL: 2 AR KEXHIE, SUNcEKEE L
fo. BE, BER2H50MEE2THL, FONEANOENBL G, <Dz Lik3
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BEQHEING, WL ORENDKETEDHEEREL T 50K, WUOKNIEE
HERICT 5. BELEREAOBEY LI LML T 2D 2KRAAXEL T ) R &

Bz,

=

oy

T=—0.00794-0.0014 £4-0.0001 22
Tk bOEEE co/g/hr. ¢ R °C. Sk OfFRiE,
B, 2000HLFETho .
wRic, WABEGRERET 52 Q) XAnEbhk

log T=—0.0088-+0.0125 log¢

1RO S & b i

COEBOBERBER, 5-34°Cltbics Tw30DT, EBHIET 5 X E¥DEUIEH

Fig. 7 Relation between transpiration and

Transpiration, cc/g/hr.

Transpiration, cc/1002/day

0.2

0.1

0.01

temperature

Temperature (t) °C

log T=-0.0088-0.0125 logt

Fig. 8 The climograph relating to transpiration

+300

and temperature

Analysis of variance

DF SS MS F

Temperature 1

6.4132 6.4132
78 1.6873 0.0216

296

20 30
Temperature°C

79  8.1005

**  significant at 1% level

HE L 0BG, RS
DicDdHZTEw. logT & logt
DOMDOHEEFHE 0.89 T b»
THETho f=. Fig.T wnid
RED FEEIEARK 5°C Ttk
thh 5.

T ZCRREE RiER L 0B
Bhs, V=XV s TEDLRN
LIRELTHREL L. LL,
F—2x<L{bL{RFILTHRLL,
REO LHFE TR cHEEO
BHD T Ehbho . ABOR
BeEUERI A7 TeE
WTAH%E, Fig.8 ks 2. @
—RECTHK LSS, RE®RYE
DA, TRV ERTH
L., ZoBRF6H29—10A,
KIXTHE 8 AoMcabhre.
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CTHICE2O0EHAIELZ BN S, TD 11k, RELUAOREENT 2, ¥—Xvohike
RECTERO L2 bD. 20O NBRENREEZO b DI L TR, & Rikx
RTNBTH 5.

L2:L MEYER (1928) 1%, Zh2HOFERZPALACL T 5. HRLLORKERR
—RETES—6 X9 —10HL bV RCThotc. LML, HELDCHIs Tk, RE
ERTAERINEELWE LTESBEL TW 5.

T=0.087¢—3.72
Thornthwaite « HoLzMAN (1942) i X ¥

T+E=0.0837—-3.35
Th%. T, %i&E (inch) E, 7£5¢& (inch) ¢, RE (F)
EEEARRCE BERER, T, THE=0 » LTEHET 22, Eo 2K d rik 5°CHi
wieh, (1), QX & skhd X —¥3+ 5. Mever (1914) 1, 6°C PUFCix MM TES
Lisnh bRk,

Roser (1932), (iikf] (1956) (X E#REA{R% % & »isdw 2. Roser 2t Lodgepole pine,
Engelman spruce, Douglas fir 3 - ¥ Western yellow pine T L b~ &R T2, 49°C
¥FCRERNCEL, Th LR TRIEMcCBR L. ifxy~E®, XAFTL
PREFERE, BREOERE 2 bR, BEREEORB o Thfiae ks
ERLZ., chboiiie, sbhR27McElEx150, TOMERKAEEs T
7

) Ao HA

B & H OH

TYREHAR T, 4 + ba v 15, 20, 25, 30, 33°C o BEMELYNL, E&ER L
RELOBREZEEY L bk, 196344 Ac 1/5000 7 7" — 8y MekHE® 1 AFoz,
6 —9 A A WBLXRELL. HIEAERVECIY, <0z LRSHETHs k.

# B £ =

6 1HALIHIBHETCOEARI ALY D ZEEEIZ, TRIRE T Table. 8 0 X
5 Tho .

Table. 8 Transpiration of seedlings under controlled temperature in the Phytotron.

Temperature°C 15 20 25 30 33
Transpiration, cc/seedling 916 1724 2199 3625 3628

Analysis of variance

Source DF SS ms F
Block 4 305204.96 76301 .24 not sig.
Temp. 4 28581584 .56 7145396.14 52 %
Error 16 2191718.24 136982.39

Total 24 31078507.76

*% + significant at 1 % level
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S AFTORR, U GRE) Micd & bocgREsni s bhks, 30°C & 33°C o
Blicizss s 52wz, 15°C & 25°C, kX O 20°C & 30°C OEEFDM IS %
OB THR DL, EEERIREN 10°C ERT 52828k, Q=2 0okAlxne
iR I hk, REL C CRERBMCBEIN T 525, SR TREEDOEA 2L
TWHEEBREEXZ L TwaZ 2Kk 5.
BELZBELOHGEANCEET L, KOX ko k. 1Kb7eh 1 HD#ERK
Hix Table. 9 &, M FME (AE) 1g b7 h 1 BoEEE L Table. 10 K RI N 5

Fig. 9 Relation between transpiration and
temperature in growing season

Table.9 Seasonal changes of transpiration
of seedling under controlled
temperature, cc/day/seedling 40

Tempera-
tre-C MY

15 88 102 9.7 7.8 6.3
20 12.1 17.5 19.7 150 9.6
25 13.4 22,1 233 18.2 16.1

June July Aug. Sept.

|4

>
30 19.9 24.5 349 39.4 423 B 3
33 248 290 354 55.0 4.3 =
8
g
3 O May
Table.10 Seasonal changes of transpiration § o June
per unit weight (fresh, g) of top : o
part of seedling under controlled 2 20 © July
temperature, cc/day/g. .g A August
- 8 b
Elerléllgga May {uie -TEIZ Aug- Sept. -% / A september
15 060 0.69 066 053 043 =

20 0.74 1.07 1.20 0.92 0.5
25 0.83 1.37 1.45 1.23 1.00 10
30 098 1.21 1.72 1.94 2.08
33 1.45 1.70 2.08 2.06 2.60

bQ

15 20 25 30 33
Temperature, °C

5—6 BoWEKER, REL WHBEEREC 55222 Fig. 9 »:bbnd. TAcksE
30°Cie BT 2 ARIERA N ER kb, 33°CrririgZE L ks, L T8 Ak b2 33°C
TOREEBEIBCLYEE s . 9 TCRHIRIIBEGRIC s .

B fazZ&0B&E
b S~

FAERF VEARE LR, BELERERLOEEELLb~E. HERRECEAL
A—0F—2%, BELZBIEK: LTEELLLDOTHS. BERAME (Saturation



deficit) s L 7.
w R £ B

W oOWE 1g,
ANl el

log T=0.0003+0.0088 log Hd::----
Hd ; Saturation deficit (mmHg)

T ; Transpiration (cc/g/hr)

Analisis of variance
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1 OEEE L i35 O FIT, Il B3 5 & i

Source

DF SS MS F
_Hd B 1 4.9996 4.9996 125*
Error 78 3.1008 0.0397
Total 79 8.1004
* ; significant at 1% level

M HE20.89T, FEWAHFTOKRE, FboThH
BTho fz. Lo THZELEKEERLOMIC
(ENEL 1 AEN A NDR e PRRY SN

GiLTY(1898), DARWIN(1914), STOCKER(1923),
MARTIN(1943), BiaLogLowskY(1936) 1%, HAXIE

ELrEBER oM ERBERLY A 2D T 58,

DaNIEL 235 O REIAKIC O W T BE o HEBRT
3, EERBRIC I B dss fo. BATE (1923) 4%,

fRL75E L AEUER & OB EZRD X 5 B L.

T=235.1 Hd+28.1
Hd=0mmHg ORETLEBIEARZLHBR
%. DARWIN (1914) p#IHEEF 50802 off T
B lno ERE R L R ik, ZRHE(E
a3 5502 1002 ¢/ <, 105—1102, <

Fig. 10 Relation between transpiration
and saturation deficit
log T=0.0003-0.0088 log Hd

Transpiration, cc/g/hr.

0.2

0.1

0. 05

!

2%

les o *
0.‘/..r'_

¢ )
° o’.
° o °
S

5 10 20

Saturation deficit, mmHg
(Hd)

b b RETDKELIBEINCGEL A Ths . £&F - W (1962) 1, BEDOZE

B s T b,
C. ks &EDOBERK

T HK G oM S AR, WYOLE, KECts (TEELARTFTH 5.
Bl crrEES KRR —E TR, BELRELDBE/NOREE TECE/LL Ty
5. HEASGEBIRICE e b Do b T 52, HPOEERERIEARPKECE

By,

E/F, THZVRAFLID WL EEINLGI LR LDk,

L Lieab,

HEINICKE CHILDERS(1936) , SNEIDER «CHILDER (1941) 13, +TIEG KR EWBE,

) YT OEDELER LA BERSMET T 52 2R . KAICOWTX, FEE- 4
e TERBEST VR S 23,
T DEKEHS0—A52 1 e B F TREMA AT L, Thih# LAKIETT 5. 33.5
2% (MZFEHR) TRORETE, 7F 7 RKBET s 1o, gk (1954) wh 5=y TL

N (1953) BnTATYOTF Y TLBREER, 12

s

N
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b, THOWBICONTEBENFDLL. Thic ks TBBM, 4Ky —ErcHFL
T eHEd@m L. [MilE (1950) WRELIETED 2FEADEAZRF2 Ry Mokl T
T HEEAFEA 100, 20, 0 %2 FHE L. ZEXT Uo1002 2202 D Iic 2 23700 28,
BH#% 202053 ER o fo. ¥ 10020 DR ZEHE LWL, 02 TR THEBE X

DRI Lk, HE (K) (1957) B32F, b/ F, THZYD=F Y rHiTLLX
Tl lh, BRERBRLTOEKERFARKE L KAWRELKFELOMOL 2 HICI D%
Thk, BEDORELEMNRALL, TOAER L TEREL 2ERBRRIFLLIEI R LD,
KABBEKEETEL L, BEBBRXELD TR ks .

FHAR R IRC L S R 2B A0 R KER, Ml (1954) oXRrclse, =¥
B/ F, =Y OHEMAEYISETHEASE302 YL, OBE0ZICH+T 52, BLHMLD
6021 fo 72 X D BRBEBRKTHS .

B oE M OH

TYRAFHAE 1/5000 7 7'+ — Ry bic 1 ARKTF oML, TEKSI GV RAMAILK
ObHARCHHRE IR, Thic bR RBRBEORBOERAY L bk, WEREEHICES
LTI s THELRKERE YY) A5 VCREBICHEIQOEMY L bk (TH) .
Xy PAOLERW, KL% S5 5 4ciBEER. BAAKEII40% Ths 1.

" R EE

Fig .11 Relation between transpiration and 19632 7 Ak 2 1 E4 k& e
soil moisture content. o . —
EIEDE . N .
log T=0.0068+0.0040 log x ABMEORER Fig. 11 wRsn s
LHOGRSRBIERALET I 5

E 0.05 TrRBEONEN, NTYE R
g om hREFW. WK 7 7S ay b
E: 0. 02 5&,

_5 2 log T=0.0068-0.0040 logx------(4)
gg 001 MERER0.60THE h k. ©
g; s ° DT ik, BE, A bThiE
=9 5 10 20 30 40 KooZEBIREALIETELELE

Soil moisture content (%, dry) RBEBnbDEEZBNS.

CXELDODMFE

RBECIANEIRRT Tho €, HFERBERE K, MEcREE, BEScLET
5. o TRMLOKENTHXALAWT, B, HE 2rifclchkEt+sc e
Lz, 1EAZECERORY) F LrvEehrsd, ToHet s kG2 HE L THEK
B Ui (T8, BIEX 19624 8 B 19634 2 Awcds T 7n\~, R 10 s & 24F5R5 %]
EFE Lic. HEIRT YR E, kv 2E, ATH, =v I N, 950NN, Y7275
Vo6 BT, Tt e, WENMPREERECE bo 2.

" R E E
BRER: KR 5E5E 2 XiEe 0k Table. 11 /RIN 5
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BRI LT L

Hbb b, RECOoOWTZXZ 52, MEOORIRTVYARE, ¥7 7 7)) oflicfEzsEs
Lo, HNtcBETYRAFIL1BOEREDLTI0%, Y7 77 )11220%, HEOD T
Table. 11 Relation between transpiration and weather.

Growing season Dormant season
Clones Fine Shghtly Cloudy Fine Shghtly Cloudy
fine _fine
Ayasugi 169 102 93 64 47 20
Honsugi - — — 24 18 23
Measa — — — 34 23 12
Ninjinba — — — 56 30 11
Urasebaru - — — 50 28 11
Yabukuguri 222 142 106 60 53 21
F-test * * not sig. * not sig. not sig.
Transpiration, CC;100g/day
* significant
YAFRI00%, ¥7 7 7 ) R1402DKGHEHERIC Lo CTHEET S, LrLEBORKE,
Y777 OEMBRT Y AF L HEZ L BRANCESD 22102 v, KIRBicow
TH5He, BhkhBorkRBfHcaEEna2obhk. 6 REOI b TR, TYAF

=P U, 95 E Tho 2.
DKFEEBIC Lo THEL TW 525, RFERICZER
brridvzlr. HEOHKIREMCERENS D LRV 2, FEEThERT
2, BRERBLAEBEY T2 7Y STYREEFSZ VI UNSATH ST TNV FRY
ZX¥DMFC s, R L EOODEER=VY I VN, U5 VRSEOENRLD,

RBEOECH L THETH S, TYRFE, Y7770, xT7H3R3IETHY, FvRF
ThHEVEMLEDs 2. FAIEA® 2, HicllliE Lk n+yoRBEE, R0kl
H 1.63mm, £Xic 1.07Tmm Tho . TOEFKEE, TH¥RAFLILLTHWS

E. %= =

W O EBIEN & S5 KT 2 o ¥ {%%, BriGes, SHANTZ (1914) 3 ALFALFA, SORGHUM
Sxttkhc AR, BE, SEEREEZ, Eok e ORI RBE KD TLR, £ < off
THEC Lo THEMLINTH 5. BEOERABEIRrRrL T L WEET, R
KRG AR ABEEOEA I CREORE L 5. FREENLIOLEENLLO
Lb B, TCTREENAEGZ LY BT, B-BRoB462 LT, 0E, fu%,
THkdH, HAEXZOEAL L TR L b bk, HBEGER, BELORMK0.89,
#1362 Dl 0.89, 11K 2 D 0.60 TH b, THEKS 2D HEBEREESAD ¢
bEVEIndo o, REZEEZ SRV CHEKT 52 F OERREOH HE VR
i, ChRBER I CHEERICEBIER 2 B Licb O, MNF2ERR e
LT e ) R bhtk.

log T=-0.0045--0.0061 log ¢+0.0049 log Hd-----:--- (5)

Y70 7Y e, AT, "AvREFRDERL,
ZOHICE 1 AR D10—202
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Analysis of variance

Source DF SS MS F
Constant 1 36.3788 ok
t 1 6.4139 ok
Hd 1 0.3998 o
Error 77 1.2869 0.0167

Total 80 44 4794

**  gignificant at 1% level

SEHTORER, IREE, AL I EIBOTEETL DT Livbho k.
RE#TcE Y CREE, BESAH-FERL LThbods T 5, SRS
BEXESL, HIREXS W22 VLo LI D CHEANAEREZ 32D TH 5. HAMNKRS
REFL LTCOMAR, RETHS 5. LHLRBEREE/L LI W, ¢ TRE, M,
S RN RBA CRIIEA L OBFHEEY L bk, EREARRE Lo TREDEE N
LS. WOHL2O0HOEBREOY ko THxbe, ETCRTYRFLS, ¥777Y
2.0, KT YIS, ZVIVUNS50, TYRE, ¥7 770, 2 7%2.8-3.3, &k
YAFL1.0T, AVAFRRBECEEINRDT LDV E 52,
F@Hk%@ﬂ@ﬁ%@%@,E%E,mﬁ,@E%K&Bbﬂéﬁ,%KHwﬁﬂﬁ
FCHETHIOE. Lt TRERBELEVWI 2R, BREERTIHEY -
Th%#&k%kbﬂ,%@&%@HW@%%&%&&TVh@#%Lhtb.
RKEEHA L LTHBGIT L TAR D e, By—X vk, S0 HclREHCERLE D
bilaho fo. Licplo TEBIEARREC Lo Thaid 2o Th, REEELMAL
BHUbhiw. 220 CRERCS bW 6 BRI, FHErRdDE
Bibo TH, HeHU b E v EEREVE W it .

3. BREACEET ZANET

MO bHoIEREN, AENERZ, BREACEET2LE2 bR b, o TRIEE
MERN: LT, ¥ES, ¥, BEOKSEF X, FHNERL LTEDEKRL L Vb, %
WIEM & OEE L b,

—fEic\ o T, MRDEBRBOHAREL L E ) bbb, /N7 Y aEKROR T
¥, ~AAROABTHE, HEOERBBLCEIIDERLDLELDNS.

ek (K)(1948) RIES & ZBIER & OB 2T, GUTTENBERG(1907), MITTMEYER
(1931), BErGEN(1904), RousCHAL (1939) Of5t % & & » T, WMEDOEIC Iz —F DL
Wk L. 373 GUTTENBERG I IEIATE & » ZBEE X D 2 v, MITT-
MEYER 330 DR A % L T\ 5. BERGEN » ROUSCHAL I3 % % HE DR H 1 0 A&
8% <, BOBOHEY CRIAIEORBKE LS 2o k. M (1958) 1 ki, kmAX*
@¢&@%@(%ﬁa)@%&ﬁ&%ﬁbﬁ Ble¥o T b, VAR, 24T
FlLTiiy, Ei&nzﬁiﬁm<5&1€m$#mw@m%ﬂﬁmQ#ok.

WO BKER L EHE, Eofs, Eolnm, T/R %L OB T, KraM-
MER(1959), KraMER. K0ozLOowsK(1960)iz X CTE L H BN TW A, b LKFDORIBS A
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ENLINEIND LD TH S bIE, EREOKSE WHEDIR, /NIl X h koKl
BRIV, toz i, mrxAEEsERRLTecEALRve LT, ERUM
M CHENBO/NI VIR, KEWHEP I DL, BATRS ) OXREIAREHWELT

LR TE 5. I X A EEHOMDE, 2K LTORBERD LTS, Lirliks
FEOWMMEH ST ) OERBERL LABMT 2. o L 3EORICHT 5E GV E
{igBledie, ExOKFPOUBRREET E21bEEL BTV .

WORES, KNEHCEET L EbanRn. e EWws W REHOREY
EHTHRIB DL, EILBRNDL LT Eaibhd. ZOEFTBATREBOEI LM
BMLTw3EExbhs. EoOKS LB ERERCHET 2RERRT TS 2. K
DOHEERBEMER T bRBE, KEAHORKEVWID L I/NIWEDODHE . &I
s+ 2 E O I EHK L b BEEL 2 WL 5. & LIUKRHERIC 2 d bl hid
RIRIC K S RERE © 0 BIEAREL 5. 5 RECHC X 2RO B, BUbn s
WOt b led kS REOREK 72 5. VEIHMEYER(1928) 235, ZEHcE » ML, HOME
B OEOMBEEKASE L b, 0.98 2 0.98CThs T, ERKRERELHET
HDICBHTHLBHTLELEbrcLic

BOAKROFBO NEEEREALETI T, & 2VWIRREIHc Lo THENC
HHEAAEFTITO b E ST, #lxiE, ReNner(1910), LiviNgsTON (1906),
LIVINGSTON. BrROWN (1912), Lroyp(1912), LAusHALT (1945) 13, Wi L\ ZEBAIEH el
Moa k&L KT &w, TOR-REEHRRELD T D20 T 5435, GREGORY (1950) %
ik, EEEAMET T 2LEIEOAKRRELTHL 0o T3

A BN, EfEOBIR
5ok B M

W X 5 ke, R A—2—cX 3 IVEE2 280 Lk, HIER A 7% bkt
I VAEAHE Y 2EAERY VL, Bloci@ UERREE Lk, IVRR 1— 24454
B o iia R b 4 — 2 —effil, BEBRELXUE, BNIREC Lo TL— 2543
DHEBHEN X D, e/ o—30 L, hif, THO LEEEDEKEN L L bl
5196344 A, 19626 —9 HTh 5.

®s R £ B

4269 Hckitsnl —2FEAEQEERER, Table. 12 wrIh 5. AREBBL
TOABBRIEAC Lo ThED bbb, EACY b L THE LR TE, 2
FEHEEQOERHERCRES o . LHrLZOERKINKIZS E D EER L.

Table.12 Transpiration of one and two year leaves

Age of leaves April Sept.
1 37¢c/100g/day 250cc/100g/day
2 40 120

HEREC %2 1EEEQEKER 2HEEE R bTR B MCEY. 6—9 Hic
BEA—2—THEL, 1EAE, 22EEEOREEYR/NIREC I, TR 2, &R
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BRD & 5clss 2.
T=—0.342.5%+1.2p0ner 6)
T; ##uE (cc/g/day), x; VAFALERE, y; 2HEAEE (GLHE)

Analysis of variance

Source DF SS MS F
Constant 1 651.07 469 ©*
x (1 year) 1 132.44 95%%
y (2 year) 1 37.85 27#%
Error 9 12,50 1.39

Total 12 833.86

*%

significant at 1 % level

DA ORRE, VAEAE, 284 LA BTACELCELD TER Ths .
7 a—;@ L, 1iE, THMO 1FEEFEDKKE L Table. 13 w/R3h 3.

Table. 13 Transpiration of 1 year leaves on the upper, the middle
and the lower parts of crown

Parts of crown Transpiration
Upper 19.0cc/100g/day
Middle 15.8
Lower 16.7

ISR CRBEICEY7 9 — 3 Lo VEAEOREER, 1, THO 1EAZE D
NTRREW. LHLZOER M BLTFLIFREZBVL 2RV,

70— 2B TOEOEKBBED T v FRES, EMR I OCRE, BELSORTFKE
T2rEx2bNh5 AFHHPRCOWTOREHR TR, T CRAK LD CEQHIC R
DDEHRBD, TRREBLTOLIENMICLIZEEZLEEDLIbDLELbND. BEDOEKE
B—BCBE L DD hv i vbn b2, B, EMIETOWEEELEZ bR .

B. BiARBEOKREZLOMMF

pS R -

T AEMAE 1/5000 BLpr 7 74—y b 1ARToM %, 196346 H—9 A&
BLREXLbr. EBRBRVECIIAELE. MEX7- 4+ o Tl5,25,30,
33°C oRBENEEXNZ, V22 LERSEIEI s .

B R E E

196346 B—9 B1SH FCOHARKOERB L RERZRTHOBRKRR, UTrRIN 3.
R LNEERCRE OB, WHEHRE LS, ERnRedbN, ThbOH
jAlvy Table. 14, Fig. 12 /RN 5.
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Table. 14 Regression equations between transpiration and weight of seeclings

Total weight log T=0.7470--1.8962 logw (7)
Top weight log T=1.0344+-1.8808 logw (8)
New leaves weight log T=2.1171+1.4075 logw (9)
Root weight not correlation.

T/R ratio log T=2.73614-1.2595 logw (10)
Leaf/Root ratio log T=3.1204+1.0802 logw (11)

Fig. 12 Relation between transpiration and weight or ratio of seedling.
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2FER0.552 70 ), BELOEOHEZZ LD bRl . BEEEOBOHEBEHEERC
DEIIEEHE DR, ERRUBELENDLTHAH. EIVERHED > 20 bREANLEE 2
LT, MADIKECHERHIREE 2 b T 52, [AOHB ks T, BEBEL LT
DRI EEONILs TWhHT 2L %, M ERELOHOMEEFEKZ0.67C, ¥H
I B o, HIEMZELBOM TS, Bab s &, HERRLIEL
LceZBLbha., 20z 2id, ErboEBRDL, BEEBELLTOBELYSHEY
o T nhbThs. 2ELOMOMBEEEL, IBIEL0.5THs /2. £E kL
BriEomchy, Ballbsoicks T, HERERIbRE ks . B, Y
TREUABELLTCOHIBELLOREVWE i, 2T ORIOMBRERA, oM i
BEEOIEL o . #, B, BOEKBEL LTOBIER, E2XARLIEL, 8, B,
BIZBKBRE TH 250, EIELBERACRBEZLLV, L EECd 3hic &
o T, MIENCEEL TN

C. EREKEL OBRK

B & M OH
EBBERIERCUEC X o THIE L. BIEREENT & & -01 1082 & 24857 C,
HWELHK S T b, BGKELXRD, RBECKHEI L 2.
%%mmmhﬁﬂm7vx¥,%yz#,)Tﬂ,;yyym,vitﬂw,%jyf
) OhART, HHCEFTLTY S,

R E B

(a) Rfx:oBifk

ZAE VEATEDQRBIER G, BREOHCRBEC s THhk I EDL BT L 2vbhs .
REOMAYRTLTCARELOBEREY LbRBE, Fig.l3lcin 5. ThbbaKkREEK
BEYHEE S 7S oy PLTRBE, ERICKR BT &b k. B/NIHRER
Yo THIN YRR, Table. 15 C/RE N 5.

Table. 15 Regression equations between transpiration and leaf moisture
content in dormant and growing season.

Dormant season Fine logT=-2.8560—2.0815 logx (12)
Cloudy logT=—1.1122--1.0586 logx (13)
Growing season  Fine logT=-0.5764--1,1185 log x (14)
Cloudy log T=—0.8827--0.8827 logx (15)

T ; transpiration cc/100g/day x ; leaf moisture content % (dry)

Fig.13 (a) B0, (b)) RBOHOHITEH %. R, v—Xvichrhrbbil, &
KELHEKED:OHBREWIOLEZbRS. HBEREOD XY BhBi, KEY
I KB B 7. KBl 2 oo kRa, W, ¥, T Xo THAD
rHEbRn 52, VELAECHRELTCRSE, 150% o0& kEY o 7 a—3 LPOIER,
OB 1 A BREDI6%, BOHKI6%ZDKIEFERIC L THELTWD T LIC
Tt 5., RELEOSKRMETT icoh T, REOEBECX 2B KBEDOEI/NE D,
BWOREIT T OR TR REEF 5.
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Fig. 13 Relation between transpiration and moisture content of leaves.
(a) Fine day (b) Cloudy day

A
/ )
100 | 100 — ..
. &/ 2
50 50

5 5
= [o3e] ?0 o
& 8o &
S S
y—f 0 i

~ (o]
o [} o &
o o Q N
g o g é’:

[o]

s / 5 10
< o <
5 =} o
& &
=] =) 000
S 5 S 5
= = o

50 100 50 100

Moisture content of leaves, %. Moisture content of leaves, %.
@® Growing season O Dormant season

(b) L DEER

ATHEMEC LT/ a—3OREMBEO bRV L B VEAED S KE L ERIEH &
OBGEY, HIFETL bz, 196343 Jic L b iofsRix Table. 16, 35 X Of Fig. 14 1R
INn5.

Fig 14 Relation between transpiration and

Table. 16 Regression equations between transpiration moisture content of leaves

and the leaf moisture content of the upper,
the middle and the lower parts of crown
>
Upper log T=—1.7176+1.3164 log x (16)
Middle logT=-—1.7156+1.2693 logx (17) é" 10 | % og
Lower log T=—1.7777+1.3466 log x (18) 3 o O Lo
3 O
.. . o 0‘//?
T ; transpiration cc/100g/day g5 YA —
— X x
x ; leaf moisture content, % 8 /oz %
8
EA WA ORR TR~ K hHE & /o/%
St
EMBHLLE VR, J0—F3OMENED F
SKELHEMMMCESET L LTH, WHOD 50 100
AR 0 &5 7. Moisture content, %(dry)

—(O— The upper part
—@— The middle part
--X-- The lower part
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() FESEOHIER
AT 1— 2D 5 KE &N & Rk, 196347 4 B o il <% Table. 17,
Fig. 15D X b icins 2.

Fig.15 Relation between transpiration and  Table. 17 Regression equations between transpiration
moisture content of leaves. and moisture content of leaves of 1 or 2 year

1 year leaves log7T=—1.9164-1.5878 logx (19)
2 year leaves logT=—1.4412-41.5089 logx (20)

50

T, transpration cc/1002/day

X, moisture content of leaves
BT TR, B EBICIEEER R L
BB hs fobd, SEBHICILE F Dk
HEdbhi.

Transpiration, cc/100g/day
=
Q’ .
3\\3
Ay

O!
5—/0/ (&) B %55
/° TYRE, RYRE, ATH, =YV VN,
(o]
’ YF e, YT 77 VEEROGAKE D

BV, 196343 H o H|E Tt Table.18 & L X
Fig.16 ® X 5 icics 7.

50 100
Moisture content of leaves, %.
@ 1 year leaves (O 2 year leaves

Table. 18 Regression equations between transpiration
and moisture content of leaves of several

clones
Fig.16 Relation between transpiration and Ayasugi log T=-2.8292--1.8333 log x (21)
moisture content_of leaves, Honsugi log T=—2.0888--1.5662 log x (22)
[ Heasa log T=—3.8388-+2.2942 logx (23)
Ninjinba log T=—1.9616+1.3537 log x (24)
o o Urasebaru  log T=—4.4151-2.6191 log x (25)
3 J@b Yabukuguri log T=—2.3502--1.6320 log x (26)
=T} )
§ 10 J:.Akg - T, transpiration,cc/100g/day
g ot x, moisture content of leaves (%)
g soinidt
S 5 —_ o i o
% e LD 6B R LCRBE, 5 %K
= X e = 3 [ ~ NP
& oé A HCEIREBICEEL SR L S bk, HIRE
A .
5 W oa BOKEIDECH~NTHRDE, UF ki,
®$£ ATH, TYRE, Y7270, hvz¥, =
slo 100 YV vNEin b, TOBERURERO KN,
Moisture content of leaves, %. WA DEHAERIC I LIETEDOEKRDOZED
O Ayasugi @ Honsugi ZLHERTODEEL bR LD, BEEDKS
A Measa @ Ninjinba BRICOWTIRO X HIChz 5. ¥ F €500,

A Urasebaru < Yabukuguri
AT OEBIERE, EOEKEOELICHL

THIETH Y, oGk Y RAE, =S vN@BEEThh, TYRE, v7 77 i
eIET5X5 Ths. ZoRIBOMKK, BHEIMADLDWAWSREE, ez
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Tt b EHIEESR I & 3o KXo S WS 5. 2O kw0 Tk (1657) & (
1959) ik Bk, w7, ATHREMEREREL, =Y VNELS, TYAF,
YTy s, Ry AFETTH S, ThbbAFOLHERERRHEC Lo TZ Lo
T b, ZAFRPRHEOKSEFEOLNE, LHBERE L OBRZRICOWT, ZOLTFDOE
BREALEORE, QD—QOX KB L TR Dy, HHIERECHT 5EOEKE L
EEER L OMOMEEFEORIE, H5BREOO LRI b 5LEL bNRS. THEK
BEOEWY T ws8u, X THE—EOEBIEMAHRET 5ot EoheF sk
HEATWAHC LASLETEY, MEMNCRSEATEKRSEZERL W EELbNRD.
FHBEREOEN= VY oNZ, EORFICHL TR TRV eic, LK YT S
FRLENLEr s, COHEDEE K 500 BUREKDAE 2 ¢, LM-T (Leaf
moisture-Transpiration) (&3 & Lk 5. 2% b LM-T ZHnAkEFwiok, HIBE
KEREHWLHERTE 5.

4. EOHIZERE

WPEKEE, BKEEREDONT VARKELTHT, d LBUKSERIC B WDk
FruE, AKBRIETL, DWicidtisE+ 5. Ochi (1952) &, i3+ % % ToORTE M
Wpkr # %, FukupA-Kaku (1952) %, H#EOWREBOFEEMK 4, &K (drought
coefficient) & Li. 3T7abbi@EanBiniE, Kd/hamutkasd s #EmL k.

TR I RDKRARICDOWT, 4, EA, Mk 2EOwEY L bRk,

Pz T I -

B AT T 5T YRAE, ZVRFE, ATY, vV VN, 95NN, ¥v777 )%
e, 19634 ¢ S IR X D AE L. S bh Bl fied+ 5/¢—+ ¥
Ml L, B2 0BEREERD .

# R E B

A, ESLDBR
A THEBKRD 70— 7 hiRo VgAY, 2E4EOEKEOM/DEBIL, 1963/E4 A
O #lE Tk Table 19 1t 7o 72.

Table. 19 Decrease of moisture content of leaves since start of test

1 year leaves 2 year leaves
Days )

Dry Fresh Dry Fresh
1 57% 128% 52% 109 %
2 47 92 40 67
3 44 79 32 47
4 40 67 24 32
5 37 55 20 25
6 34 51 17 22
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1 year leaves log Y=2.1703-0.08304d (27)
2 year leaves log Y=2.1102—0.14284d (28)

Y; Moisture content of leaves, %
d; Days since start of test

2EEIED GKEDETR, 1FAELI DL Mk b Behs 2. CO/EN, A (
1858) , RAM - /K (1959) ofER & —F L 1.

B. IEHr & OBIR
ATHGEARD 7 a—x BB, i, THO 1EAZEOGRREZ, 196343 A oflE
Tl Table. 20 iz 7z 2.

Table.20 Decrease of moisture content of leaves since start of test

b Upper part Middle part Lower part
s Dry Fresh Dry Fresh Dry Frsh
1 139% 58% 139% 58% 132% 57%
2 120 55 124 55 115 54
3 110 52 115 53 107 52
4 102 51 108 52 101 50
5 96 49 102 50 96 49
6 89 47 95 49 89 47
7 79 44 86 46 80 44
8 73 42 79 44 74 42
9 67 40 74 42 68 40
10 62 38 71 41 63 39
11 58 36 65 39 59 37
12 52 34 60 37 55 35
13 51 33 58 36 53 34
Upper part logY=2.1574—-0.0357d (29)
Middle part logY=2.1206—-0.03294d (30)
Lower part logY=2.1367-0.0313d (31)

Y; Moisture content of leaves. d; Day since start of test

@H—CHRE, WTFhd I TWT, &SSO RC, GEERRLDbRA
Do o BRBRBAOME, 70— EBOERAE L, FTHROER L bRTEKEDIE
THrWBHUB Lo k.

C. REILXEBEHN
TYRF, RVARF, ATH, =D U, 9580, Y77 7)45 KD 1 E43E
DEIREBOE T ORBILI963F 3 A ofilE ¢t Table. 21 ® X 5 ic/ro #=. % % Fig. 17 i©
/J§§%L7a.



Table.21 Decrease of moisture content of leaves of clones. (Winter)

Ayasugi logY=2.1618—0.0570d (32)
Honsugi logY=2.1407—0.0611d (33)
Measa log¥=2.0926—0.0252d (34)
Ninjinba logY=2.1417-0.0453d (35)
Urasebaru logY=2.1935-0.0422d (36)
Yabukuguri logY=2.1317—-0.0549d (37)
Analysis of covariance

Sourcc DF SS MS F

Within 36 0.0310 0.0008

Reg. coef. 5 0.0360 0.0072 9

Common 41 0.0670 0.0016

Adj. mean 5 0.1300 0.0260 16%*

Total 46 0.2640

*#  gignificant at 1% 1level

AR ORER, BURERE, BEE
Bic bE Do BEEME R LD,
HREEOREIV O BHCE B~
L, RVARF, T¥YR¥, Y7277,
=T UN, UFRN, AT Yo

o

19634 7 B o#lE ¢ Table. 22, Fig.
18D X 3 icico . BT ORI
PHRRE, BEVEC S & b o miEi
FEwH Ll WREHOKREWH DL
LIk brdl, FVRF, Y777
), = I UN, ATH, U782,
TYRF Lo . MY—AVEHEKL
TLZBL, WTFhomfEd Hc K& infl
HRLTW 55, HOBRBRIEARLS
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Fig. 17 Decrease of moisture content of leaves

since start of test (winter)
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oy
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=1
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Moisture content of leaves,

dry weight percent

A

1 2 3
Days since start of test
O Ayasugi @ Honsugi
A Measa @ Ninjinba
A Urasebaru X Yabukuguri

4

5 6

Table.22 Decrease of moisture content of leaves of clones (Summer)

7

Ayasugi
Honsugi
Measa
Ninjinba
Urasebaru
Yabukuguri

logY=2.4541—0.0669d
logY=2.4909—-0.1780d
log Y=2.4335-0.0990d
logY=2.4440—-0.1277d
logY=2.4799—-0.1454d
logY=2.5133-0.1454d

(38
(39
(40)
@D
42)
43)

8
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Analysis of covariance

Source DF SS MS F
Within 12 0.0029 0.0002

Reg. coef. 5 0.0989 0.0197 98+#
Common 17 0.1018 0.0059

Adj. mean 5 0.1510 0.0302 5
Total 22 0.2528

#* significant at 1 % level

Fig.18 Decrease of moisture content of BT, EANEEOENIBYRTHLAS D,
leaves since start of test, (Summer) Y ZRERFY— XV 6 BED N TR

g 0 BBt bR & <, UL, X THIE
s 0 BN S . T R A R o R R
e - Uters, HICikds b o k.
g8 Wizt s ZRT 5 TR, LWHLHIRES
;g 50 nTWwa2, RENLDIORXAGDLIAHHD
2 8 i, BREKd o, Kootk
kg Tz 5§ e RRETOUKOAKKROETFOKE
Days since start of test ThH00, EFRFLLIAWHOW, Wiz
O Ayasugi @ Honsugi MndbseEr Tak.

A Measa @ Ninjinba

N “éu-— \g N p ol
A Urasebaru x Yabukguti L L, MOHEDHERENLLHNHINE R

FEOwME, B, Bo b2 Lkl
FBRAREDORIeIo o, A TH, TYAFREME, FV2F, U5 xvdBEELwb
n, CRERKILZATY, FVRAFERLTRED, TYREIEOERILTITE 5.
LALEHMERELE L, BHELEZDRTH2Y 5 2 0), BEREBIVNS o k.

5. RBERAOEHE(L

ABERR, EYAORNPHARERE, AB»boERCIE U T, FLIER & 0Fk /e
AU LIS eZMENERT. &l (1942) &, 7A=Y, hi=Y, Faver=,
VRY YNV F, FRVR, FIVYS) OERBEOFMEEY L DR, FOKR
SHIER L REHORIC KER BNV OB BT L bbby fo. SHERL6 BicE kil 8—
S A 2EFHDOILAS b 543, [RIESZI AcEAE, 6 A 2BHo LA bbh
oo oM, $EHOM ERoKEN6 ALK 2DKR LT, REHR
IREFTHREZMEL, IATHNCERBE THLAEDOKREIINBMRCELALLELE
WLTWa. @F bl (1961) 1, ERFEOHN L EFDILELLRAF, €/ %, T
By OPKEDOEME T L brieh, BKERIEBOREHCEDEERL, Hk
WMo E5e, B LBoREME: b\ s CAE L. T—8 AoKE 0 E
Kiclkgy, ZO®RBLOEHNE Y 2.

HrRCHEBIC L TRORZHMWRKOEBR, TOFOKRREHMC Lo Thhts T
BrF2bhn. RaBer (1937) 1, KATFTTHROMEDS DT &% HZ b, K
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SREFENICIE 5°C LT OEMIM, & & b B2/ LD TH Y, Mever (1928),
THONNTHWAITE - HoLZMAN(1942) % L ¢ KITTREDGE (1962) &, & 5 L1-E2 #HiHEL T
V5. Ivanov (1924), WEAVER-MOGENSEN (1919) i X huid, HAED SiERIOX DD
HEER, Eol,¢—+ v FUF %o fkops, loblolly pine #1313 13.5% Tho . £k
(1958) I, ZOMO ABER HCHLTAF39.6%, £/ +36.47%, TH<v
36,62 TR b EH b T2,
A Y& D5 &

ok H

R FGHARO 1VELEEDE RO FHZ(LEIE 2 IVEETRE L.

s R £ =B

D1k 100g 72 b OZE Ik Table. 23 IKWR&h 5. FCeb& bkl dic, #iK

Table.23 Seasonal change of transpiration of cuttings

Month Transpiration loss
cc/100g/hr. cc/100z/day

Jan. — —
Feb. 0.7 17.2
Mar. —_ —_
Apr. 1.5 36.8
May —_ —
June 52 124.8
July 10.0 240.0
Aug. 11.4 273.6
Sept. 7.9 189.6
Oct. 6.5 156.0
Nov. 2.6 63.1
Dec. 2.0 48.7

TERNVRIRRE, faz e oMl F b TEL, RHEROZEMNE TS 2[/RTIKE
LTWBEBINKEN. RRKOEBRMERAAEL T —8 Aicik, 1 AKHEED2.4—-2. 71
DOKRSHEHEALTEY, REORBELXRT 2, 172 Ths ko, XOHEKCHT 5%
HEDOHSZ, 6 —T%Ths T, HEROBEPIC BRTHR VBN THo fopd, HIE
LR ERBOREIC Lo TR, 2D bats iRITTH S LETRA L.

B BAXDE &
AR S A~ !
1963 5 —9 AT ¥ 2 F A% 1/5000 BifLv 7’5 — Ky b 1 RKF oMz, 7- 4
FhEYTHEBBYIE L. CORBROAME, Mar —~L£HPrxERTE (ES,

BRE & EBEANENEA LR THLE D) 25D Th 5. REMFER 15, 20, 25, 30,
33°C T, < bz LikShBscrie o, KRR V ETCHE L, HI0EHRECEEKL,
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THELOENDKIREYHEE L.

# R 2 B

FRRETCT VP AFEAN I ReEZ BT 28R Flg. 19 /R dh 5.
15°CTRERBERLE O EMHE(LE L. 20 25°C i1 6 AH» b T B CEBE

LML,

Fig.19 Seasonal change of daily transpiration
of seedling
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‘s, BALIBOERC R NI DK
HEREECE s 2D,
HTh 5.

C HXxonis s
Lok # M

X BrEvWiREER R, 30-

33°Ccik 7 ARk 1o kb bbh,
BENL8 AT T 1R LA 2 545,
SHFAI»ZD 9 A THUSENT 5.
BELOBFEYZBE, 6 ARERER
HERS Ve, T—8 Hit33°C 4330°C
Ih R EL D, LT IAREN
33°Ccigint 2. ERRECSbbhiz
HEEoWAME, TARKEIAD2
[, BRKASE 9 BOARE .
CERRINEEEE, BHARIARSKD
DHERBEThHo T, BUREREBBEL T
Win. REREBRER 2 IREOM I
EEBT 500, AR ZEUEDH
g, CoRfloRkE#RcCA s
HAREW. HIRKDOEDHZ ek LBR

s, 6 9A—178D 25°C kit 5%
= OFN I bk pitE LT 30°C LI LEoER T Rick

BRARALIBO A FFARM S v 5 K fklic, HADERBEEHLII60F, T4 v x—2
—W X TAIE L. 196044 ], Table.24 kR I N 5K % 1 KFofiz otk

Table.24 Height and weight of young tree tested

. Weight, g.
Height, cm. Total  Root  Stem  Branch  Leal
fresh dry dry dry dry
77 540 65 32 150
#® R £ B

1B 1RKbEb*Y 7 KYROERBERT L Table. 25 It/ 5.
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Table. 25 Transpiration of young tree, Kiurabo (Clone of Cryptomeria)

Early Middle Late
June — — 335:c/day/tree
July 558 510 665
August 555 630 439

6 A—MicRE S ZThBRE L, ~HEERPKLIB L. Liciis THEINI N
D EBREARS E VKA TR, 1HK335cc Tho k. TAKKEZLEROA RS
<, BRI DCEBRERZCENL, T—8 4B U CoEEicik, 6 Aol
2fFE Lie. 8 ATTAICRA AR Y ZRIEANE L 225, chiz—FHLERoERTH
55, RIELI7T4 bruoyOEBALLELNRI D, 8 ALk} 2EBKEDETIR,
HIRRE T ADN2BIRTH 5.

D. = £

MORAR, RECHAEEZ - TWT, TRk b ZEMOEKEL T3 LX)
A, ALK AR R CTHAMERERT 52 & bhs k. TRREBEBET 51
Koz e ZBERE, 8 Ac—MNcET L. coBifik, REE T2 W TN
HWHOZ S OAFRFECAZ b, BERKS? b CRERCHTT 3 2R TEhdo k.
CDOLO58ADOHER, BEsayto— T8 Ls TEZETHEMT A 228
TEBH03 b CHERWETS 5.

MADZEZBIERE, [KRRTFLrEWHE RS D, TR, Bty
FOEHICE blro TEHNKENT B 22, VIEPHAZLBWTOERTLE b
ARk,

P DEMBER T —8 HiciAE%x doRflin s —7 2/ D LT, MADKEKE
i, 774 b bo Y CRERZEELUCHE LR, BEC—RFUAETRAbhk. ©
OBRRE, TEKGHRTALRETLIFT bR . AFOREARPEZLOLRTH S
&, BUBHCREDERERZ LI EY. iE L 25°C LTogRRETR, 6—TA%
9 ADFEMEMEV i, HEMAMCAREL, h—o DBk h —7 iz 59,

TAVA =B —TLORIEHARKOEBEED 8 A TAKMET Lics, ThiiBBErdbdbb
no L ERBOERTLEL b SR, COFEDKEOFHERLIELDbNRS.

6. & H & %

ZE B EX (transpiration coefficient) 13, LB 1 g A AEFET 2 DICHLEL 3 5 K5
BTHObIND. Lo TZOMARD DI S—EE, b 3EEHM
EbhifcKkKOREY, TORMNIK EEI R Y& cils T 5. BlicFEkE (water
requirement) > \» 3 S b H 03, HIRAK L RAHECh 5. ¥ &R (efficiency of
transpiration) 213, AFEKE FOMEThHs ¢, ~EOKIBIC Xo THEIN DL
MHEEXRLTY 5.

AR, (P TR2RVERIh, BELOBEFELLEI LML IN T B4, A
CEALTRSEDbhs TWwins., M - i (1928, 1932) X hud, A F555—699,
v/ 410795, T hH =y 10892092, Fily (1942) wXiuE, F3awwv s ) 260, #
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52225, FaATRUHFw 222, FYx221, THwUI94, vRY ¥y F182,
ZAR (1941) i hig, RF400, &/ *350Tho . HBREKE, ZREALREDRE
OBBLEHE TS 2000, AN, KANRHC I TEEIRDZLELBRS. L
HLEED, &5 LA2WTR, MATREBLA b Tz, BE 2 ZBER
L DAL BrIGGs:SHANTZ (1914) 23, A%, RECTIEMEARE Lic s o n, LY
RIRE TOERBGFEE L, BHUEHRICHAZE CORBRR G k.

TR 774 Fruv, 15, 20, 25, 30, 33°C ORELHET, TYRAEEADE
HWEEB Y Lb~T.

B oE o O

774 b huYT, 15,20, 25, 30, 33°C OEEMIE A LT, VIR X b EERELR
EL, RERBBEERDR.

" R E =B
RREOEELEC X o THIE X h K %% Table. 26 K R3h %

Table.26 Transpiration coefficient under controlled temperature.

Temperature °C 15 20 25 30 33
Transpiration coefficient 533 523 511 656 991

Analysis of variance

Source DF SS MS F
Repeat 4 79208 19802 2.3
Temperature 4 825059 206264 24.3:¢
Error 16 135390 8461

Total 24 1039657

#%  significant at 1% level

DO OERRE, THLOTEHWEELE /LD, SO &2 bIEEIRESERIRBC A
MOYEBLTWHLELLNRS. Thbb, 15, 20, 25°C T 500 <, WAL
Hrdbiignat, 30, 33°Croficizhkd bbb 5. Hic33°C i 91 & ¥ o
THRWEZRLE. SO 2KEN 25°C #E5ERE LCERTRBL 52 50K L
T, ABERXHERAE VWD TES. KSBRFENICR 3 28R TR 2 BRICH -,
BWRADRENDCONTENRAKBE RSB, 2E0 25 LERETRAKOBEBE T
Fo THYEAERDEVENLAY. CoBEYHEANcEbed, SRYEEET 3
MHEDOH—~T 2 Lickh s, BROKRBRRIEEL VEL. X UEERTREREH
EHBA 2D, KABEBENCRRFCL, MEAEMCESEVITEL kv, Shcx
HEERCD LS RkEL R0, KESOMINL e MBI BAT 5D Th 5.
IR CORBIEAR, EREAMT 2R L FRERICY 2B MBOBAL 232 /s T
W5LE2BbR5.

EBEBRERET 2 22o00RF, ThbbARERIRERLENNCELTS. &+
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LrWEDORE L TREN BEEBRES, FHHCE T 5234 RTthsrd. 2T
R E R NEERE CE V0T, AllofEoRMER, BNERRD
DEEX NI CHYEERE Uk, BRlowHEER, K8, KEEKE KT 2 Table.
210k d51ciss o

15°CTix, REFREES Ax AR T, HoRiBlicon T A& {/k%. 20°C Tk 6 HIc
BEBDOMUMA—TTIAREETHS. 15-20°C ¢it, S ATV ALIGLEAEEE LY.

Table. 27 Monthly changes of transpiration coefficient under controlled temperature

May June July Aug. Sept.
15°C  Dry matter produced, g 0.98 1.04 0.58 0.19 0.02
Water transpired, cc 272 306 300 241 63
Transpiration coef. 277 294 517 1268 3150

20°C  Dry matter produced, g 0.96 1.83 1.17 0.32 0.73 .
Water transpired, cc 375 525 610 465 96

Transpiration coef. 391 286 521 1453 480 -
25°C  Dry matter produced, g 1.06 1.80 1.10 0.41 0.73
Water transpired, cc 415 663 722 564 209
Transpiration coef. 391 368 656 1375 286

30°C  Dry matter produced, g 0.64 1.43 1.33 2.23 0.69 :
Water transpired, cc 616 735 1081 1221 549
Transpiration coef. 962 513 812 547 795
33°C  Dry matter produced, g 0.71 1.05 0.66 1.18 0.89
Water transpired, cc 768 870 1100 1085 575
Transpiration coef. 1081 828 1666 919 646

W SICIERICRE REERL T 5. 25°C Tl 20°Cic X < LT %23, 9 A OEEIZ
BAVNIL B EAN T o T3, 30°C TRIAS2EHA S Y22+ /¥ s A
~7 &, 33°C T, 30°C K TWw 5059 BB 2R o TW5

AMic & %2 5 —7 AREREZERBRRIE o Tnw5a, 8—9 FIEE 2 ORI
—EDOHAZ LD D X TE ol .

. +BRKFEXFHBOER

THKGE, MPOKIDNS YV ACELET DL LT, LIELEREE L CH
RAFcs. LHEkGEHEEE ODBRCOWTRER T W, B, koo
T bTHrOEBIRECEET B Lok 525, VEHMEYER(1927) i k¥, BEIBAEK
EADKARES E TREER 2> TH L ERTH b, — 5 RICHARDS *WADLEIGH(1952)
I Xhid, HEKSPRABEESACET 2K, EPOREREE2A2 5. n—y 10
TP o THRARGKEOTRY TERBESKE] L IAX. cOARBEERKE
DFIEN0% b lcs T b, MG KED ERIBEERKEL VETBE N2 ZHCHD,
IHREGKERENT 52, KOFAWILEE 505, BEMOMD 2 Bic+ sBEOU
BARDIeHdIC, MPOEFBRRFRELALZ LD 5. :
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TR LSS0 ENEIL, =7 v 7P huE, FHAKSHRRET B L
KaaET 52 e W iciy, TR, BoaKERELT 5. BWOEKERED
FThid, JARBALCTLE, TOSERMEADEMEALETT 2. ZERIEAOKET
RO BERE N Y, REHOBRTREEREYNE e, REREz ST 2ick 5.
PNFF 2N I E, IREARAEARD 2K ERIELAELTEL L ELTKEL, TC
LThiZ LIEsMIExh s, ZoER, TEIGRLLRR, ZEexbIhedn
HEDOREXHEHCLCH, B, EORERBAIL< B hbhsLiKks. IR
RKBEXT 5 EMOBEBEORMOBESFBEFRL LTEREIAS. HPNTRICKIRENEC
22 &, REPHBOMCK T 28En1BT 5. MUEARTOKOE & RXILEE
# (DPD) mAEFWIEE. § Lo i AaE T 50, KEK THAL KR
LT ERTHRE, HAROEERES THRCR I KOBHRERcXILE-TLED.
L2LT ) LARREBRIBLALTEE LAY, SRR, Ko+ 38R ndFLL,
DPD @ S\WR'E, ki, DPD DEWHE, Bt L TkE2BId 235 Ho
EREFHCEYREC L TKE2E8%. T TR L HWENBMET 5 ek
5.

AXDRE L LHKF L OBBICOWTRE S DFERD D, ehdb TRAN « AKT (
1943) , K& (1960) , HEF (1961) vk, T KD CEET B L 200K T2 DB,
HERIIC, MEMNCLELMC L. KR - AKT (1943) cihid, KEAEOKEKRE
LEEBOEX, 4/KELOHBREE, ThTh0.563% X 50.86 Th - . AKHL(1960)
BAMHEDZREROEE,LDS, ABOESX, BEOASUEL fiE L ofcEEERx
Kl BT (1961) BB KEHsEONECHN Rt xb S bk L

g (1957) wxiug, TYAFRmEts b0, LEKSOH L bR 55
BT, Y7773 Kk50WIRvTlRE®RLL, EhEELERT 2RECThHS. B
AENEMERT ¥ RE, ¥7 77 ) ORERE LTHLRTY 523, & OHE CrRizig
Wi 7 ¥ 2, Bl Y7 2770 2R L TR LTw 32, 2FgI0RE & -1k
Hr ORI OWTIR, MEIR T 52, ZLLREMBEREOKRCTHY, B, £y b
LETKADZENE L LB v, BHLHER Ck, Kb s8ie A+ (
THOEX, HHEEL, W) 2R TR T s 2l TH 5. B (1957) ©
InE, TYAFE, ¥7 77 okER, +HER s B:—»Bp—By 2EL B on TR E
LEZ B0, TYRAFXOHPBRICELS ko k. 2O ELLTYREDHERYT 77
I EHBERE G HEwmIh s, TEHRHE - BR (1962) i, T¥x¥F, /=L
A UHHORER, TEOVRREC X T, 2 ERLD, FOERES L 2K
o o. BEOESEEGE, TYAFREEMTCREOESRIELDSEFTED
o, B, Hofldrfiere s THEML, KECBOHARED L. &kt
i, BOBEGRELRWT, Ewbh{hh, HBEOHALEEL L

T =Tk Lysimeter I, 7Y 2X¥, Y777 ) 2 #HEL T, THEKkSLOBFHY 1961
—1963E I fcs TL bR 2.

B oE B o#
Lysimeter iZ AKKDBERZBFEOUEIC bHWBRTW S, & TR MARDKITA
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T, Btk rBRELOBEELLRZOICHVWE. KE3R£F, 32, 7H9H
FRFRImoary ) —~tro7ay J10a2FHEOHic—Flicxlk. £7 0y 7%
BieHkfrxdds, HHEBOHMEL T 5. LEKIDay bo—viiikick by, BA
OEREI 1.8m &I, 2+ yBoBRE 00 Tl L. i, &xliloz4
bbb T, BL2ABK, KExBBELEL. ABoE Xk, 15, 30, 45cm o 3 [6<
Doz L Cho o, 1HOKIEEIELIEETRRDOL S Th 5.

Table.28 Soil moisture content

A-horizon B-horizon
Maximum moisture capacity 9% 43%
Field moisture capacity 23 16
Wilting point 7 6

K QMBS EEI6IE L 1962—63FE TR HEN AL DRI LT 5. 1961F 1 HR
D@ KiCH#EKE RS A, Dry KiRERO %, Moist X HERFE D 23 Fov e A1 D %
K, WetKit#Er iR L iz

1962—635E D ALFE ik, Wet KizshHhho Z@BH e 24+ 5WE (100mm/H) %
#EKL, MoistiX131/2, DryXizi#ic 1/2 FREO KL EEIC L. LIEE KRR Wet X
3025, Mois KX 202, Dry X 10% T3 5.

Table.29 Meteorological characters in Fukuoka city
1961 J F M A M J J A S (0] N D Year

Temperature, °C 44 54 102 144 19.0 22.8 283 28.1 254 19.7 13.8 8.2 16.6
Humidity, % 6 6 70 74 75 74 18 79 75 72 72 68 72
Precipitation, mm 50 45 121 98 153 92 160 140 212 260 68 55 1454

1962

Temperature, °C 4.7 6.7 9.0 13.2 18.1 21.2 26.7 27.1 23.7 17.4 12.2 8.4 157
Humidity, % 68 68 64 69 T 80 81 79 76 72 74 73 173
Precipitationmm. 116 45 43 . 82 135 209 451 158 161 116 132 96 1743

1963

Temperature, °C 26 35 87 143 19.1 220 27.0 27.0 22.6 16.6
Humidity, % 67 69 i 75 84 8 71 79 75 74
Precipitation, mm 121 60 84 170 496 504 222 319 114 74

Table.30 Depth of water supplied to the Lysimeter in 1963.

May June July Aug. Sept.
Wet soil 114mm 130mm 115mm 120mm 50mm
Moist soil 52 48 50 50 20
Dry soil 26 24 25 20 10

FECHWEMEE, WDKHBEENROT Y RF, ¥7 77 2R, 195944 LA
FrFRO b2 bAT, 1961FE2H54 o4 —2— B L. HEABXS A/
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m*<C, TYR¥, Y7770 %4AKFD0, 170y 7B LE. ME K& X1z Table,
31 ©REN, FEANOMREREFEEEZRAD NI .

Table. 31 Height and diameter at the ground level of seedlings used, February 1961

Ayasugi Yabukuguri

Wet Moist Dry Wet Moist Dily
Height,cm. 42 41 43 47 48 46
Diameter at the ground level, mm. 8.3 8.9 8.5 9.5 10.1 9.2

# R EE
1. #1i5 & 0 B

1963% 4 H & 8 Aic WetX & DryX CHIE L 7 #iifd %, Table.32 ic;nd¥n 5. WEDE
Xk 0, 10, 20, 30cm Th 5.

Table. 32 Soil temperature in wet and dry soil, 1963

April August
Depth _—
Wet Dry Wet Dry
Ocm 18.0°C 19.4°C 29.1°C 30.6°C
10 14.8 15.2 28.1 28.8
20 14.6 14.9 28.1 28.8
30 15.2 15.3 28.5 28.9

TEHBEREANCEZHAL MAD NS VAR Lo T E 5. ZHAREEREC KB
HowRchby, ERNciitoErrigincEzT sEHz AvF—vEdb 3T
i, HERMCEFE LU LENT A vE—%, Tl ls THARDL D ke, HiR
Trigh. KakEmEWee, THKFOLDRTIEO B EEL, MECHR
CEBT 5. WOWBIZKTHEMULESI0.72, 502 ffL 22354813 0.51, &1Lk
B 0.30 Th 5. BHEDHIUKTHRRIL 54 0.90, 502 8F L4 0.53, i
L 35412015 Th 55,

HMERHFEZEAZICEL T S1c®, HHEOWEI Lo THFIc 1.4°C, Hicl.5°C pig
Epibo fo. LALHHPEERD E D bbbk, 10-200moE S Cc0.7°CREETH Y,
FRIVELRDEBEXIDRNELSAhBLFE2 b k. Fraser® (3, =i iz
BROEREZIERT 2, RORERMERERDIC 2R EDR, TYRE, ¥7
IR FEQL BT LB ADRE DY k.

2 R EDBR

1961—63Fic i 37 Y R, ¥7 77 0ERER, Table.33 wRSh 5.

F UKy 2AFGRORESY, KERTRT L Table.34 /i 5. EERETR, 1961
Frd & b DryX z3, Wet[X, MoistiX & b v 23, 7 X F CliWet X & MoistX o
e na o b, 196263 MM AEE b b v v, JBREET
11, 19614E1k Wet [X <<Moist [X << Dry X & 75 b, 19624E-—634F ., Wet KDk Eix Dry



Table. 33 Growth of young trees in wet, moist and dry soil.

Ayasugi Yabukuguri
Wet Moist Dry Wet Moist Dry

Height, p

1961 75 74 69 83 83 77

1962 110 103 103 125 121 118

1963 137 127 128 159 148 148
Daiameter at the ground level, mm :

1961 13.3 14.2 14.0 13.1 14.4 13.8

1962 17.8 17.8 17.9 16.9 16.9 17.1

1963 21.0 18.7 19.3 21.3 18.6 18.6
Weight of total leaves, g

1962 778 644 632 352 415 363

1963 609 585 637 704 539 509
Weight of one year leaves

1962 544 396 398 252 284 234

1963 345 313 354 383 264 221
Weight of stem, g

1962 139 116 129 107 118 114

1963 200 181 169 274 199 187
Weight of root, g

1962 176 142 134 125 138 121

1963 131 131 99 136 109 98

Table. 34 Growth ratio of young trees in wet, moist and dry soil

Ayasugi Yabukuguri
Wet Moist Dry Wet Moist Dry
Height
1961 8% 80% 607% 7% 3% 63%
1962 47 37 48 51 46 53
1963 25 23 24 28 23 25
Diameter at the ground level
1961 - 58 60 64 38 43 50
1962 30 26 28 29 18 24
1963 18 5 8 26 10 9
Weight of leaves (new leaves/old leaves)
1962 231 160 168 252 216 180
1963 137 117 123 89 96 77

Eio%iv%%%zf 196 14E VB HH v, BARBKEKC X 50E% DryX e U, 3
KEEBT i Moist [X, Wet X &7t Tk b, Table.29 ik /;RIh 3K T, LE
BRECED TR do 2. LA LEBAKER Wet 238 <, JEXKBEOENE <A F XD
WAL te. 1962—634ED KB, WetX ©Hic110 130mm—T, & fuid%h4 ko 7Eisde
BEPPLIEb52FELORIELEN, CORETCRERRECRTEEV L o f2.



202

ZXFDORECTEERL L Ex bn 599196140 AF&EE, 5 A154mm, 6 4 92mm ¢, §
AREEN 2, 6 AREECR AL RET, Wb b5 72T, EAKOHRL S
bakcdbbhiz. 3EDHKEREY Y EF2bChBe, 5—6 o0&, 250 mm {f
BLUTTR, KELOBEFERLEF LT, ThilbTik, BRE EL, LBk
BEBCONRT, EREERIMACKEDI LWL D, —HFEKEKER, RUEHoBRE
5% 250mm B ORIckd X <, ThLUTTh, DUEThAEERBEAZL B2 RN
Bohte. EHEX, 5—6 HWNE 250mm LT AECEET X5 Th 5. LEK
Ewt, ZEKRGEL 02 Thvng, BAKERE, BLAENREDAE. Thik
R HERBEORELE L b 5.

3. xR OB

A HAZEHREBEOEHSIEE
HoMfr, Hulic < BT, KFedd 3 BERAES VDI, 2ROEI DL 2
THD ZHRTOEIEG N Lino TL 5. 1962FOREKR TR (244) O BEEDK HE
£&1%, Table.35 w/Rxh 5.

Table. 35 Proportion of weight of several parts of young trees

New 0l1d
leaves leaves Stem Root Total
Wet 42.2% 15.9% 21.6% 20.3% 100%
Ayasugi Moist 40.8 18.2 21.8 19.2 100
Dry 37.5 21.1 21.9 19.5 100
Wet 41.4 21.6 21.0 16.0 100
Yabukuguri Moist 41.2 25.3 18.6 14.9 100
Dry 41.5 22.9 21.2 14.4 100

By TEAL, BERThULE0ESDEL LTRIE- 2. TY¥ ¥R, TERGE
T 5 LEQRESHMICE L, THEAED LD 5E 423 WetX 42,.22: 235, DrylX37.5
2D Utz B HEDH A 1R15.92 5 521 1% i Uiz, &L BoEai32l.6%h
521.9%1C.5 % T AR E IR E TR HOEA $20.3% 2 519,521 Lt
ZTRRW. Y7770, FE HE B #ribEhAbhnT, BoEH&216.0
e bl4 421l Lic i Th 5.

B. ®Hik, T/RiK

AR EHADBROLEL £bT b0k 85, MADHKRE, T/R K2 LHKS 2 0BG
ad e, Table.36 i 5. THKSRERKEL Y b LEKRECH S EET 5. Lok
Table.36 H/D ratio and T/R ratio of young trees in wet, moist and dry soil

Ayasugi Yabukuguri
Wet Moist Dry Wet Moist Dry
H/D ratio 63.6 5.1 58.6 73.9 72.3 69.2

T/R ratio 5.4 5.8 6.4 39 3.9 4.3
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o THEAKE S E BlcohT, BRIbAKICR D, R TRAS<e s, LK
i, HHKSC X BREO bk, § % KETEEEAA LD DRI ER
Bo fo. T/REX, THEAHTW 2FRE LD,

C. HEELHORBREOMRELE OBEK
RAitBEL LTOEROLZDRE, YELREORRCEET 5L bR T2, &)
L@, THKSC Lo THo TL 208 Db, ULbRThic. ¥EeBE, HOUHE
%2 O OEEESE, Table-37CRIh 5. HE 2 G L oM OHEBGRERERKE T A
ro bt . —ACHBGEEE, BEt L dERIOT LD THD, WLk
Table. 37 Correlation coefficients between leaf weight and stem weight
or diameter at the ground level

Ayasugi Yabukuguri
Leaf ; Diameter Leaf; Stem ' Leaf; Diameter Leaf; Stem
1962 1963 1962 1963 1962 1963 1962 1663
Wet 0.92%* 0.88%* 0.75¢ 0.75¢ 0.80* 0.93** — 0.87%
Moist 0.927* — 0.94* 0.93*+* — 0.98** — 0.99%*
Dry 0.93+* 0.91** 0.98+* 0.92%+* — 0.98%* 0.84F 0.98+*

** . significant at the 1% level *, significant at the 5% level
+TEETR, EOBOLLHN, BOBEILHILERCKEILSEE L T2 b. kK
L7¥2E¥Eci, rl. d) 2 Moist X¢, ¥7 77V ® r (1. d) »3 Moist-Dry X CcHE]
MGl b hetelnio fo. WEHWr) LBE (Ws,), BTER (Do) & OMOBEMA:
ERX, ko Xdcks .

Ayasugi
Wi Ws
1962 wet Ws=0.06W;+96 (44)
Moist Wg=0.12W ;143 (45)
Dty Wg=0.16W ;427 (45)
1963 Wet Wg=0.18W;4-92 47)
Moist Wg=0.19W,+68 (48)
Dry Ws=0.16W ;168 (49)
Wi ; D
1962 Wet D=0.013W,+11.0 (50)
Moist D=0.011W,+11.9 (51)
Dry D=0.012W ;+11.5 (52)
1963 Wet D=0.018W,+7.5 (53)
Moist ———
Dry D=0.025W,;+17.2 (54)

Yabukuguri
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W;; Ws
1962 Wet
Moist
Dry We=025W,+27 (55)
1963 Wet We=0.32W,+45 (56)
Moist Ws=0.36W,+5 (57)
Dry Ws=0.39W,+11 (58)
W, ;D
1962 Wet D=0.016W,+11.0 (59)
Moist
Dry
1963 Wet D=0.015W;+10.9 (60)
Moist D=0.012W;+12.2 (61)
Dry D=0.012W +12.7 (62)

THUKSOMMERECHT 528, coXROBEMATR, vk oLk
Az 7. EOHNESE ) OBROEERAZ, EebFrldkELroHl+ 52,
963FED T ¥ 2 F#RFE, LHERLEWTW B FBRE VW2 5. 1962EDT ¥ X £ DAL
Rrhlice e, Wet X THER 1kg bich 60g DA A L, Moist [X Tz 120g, Dry[X
T 160g ApEF 5 2w b, 19634ED ¥ 7 7 77 ) ik, Wet [X 320g, Moist [X, 360g,
DryX 390g2 755 T\ 5. BAKECEL TR, —E0HHEont s 2zt Fal.
Y777 T, HAERD SO BAKKER IR, Wetikd FaEn & 5%

4. LERARBHCRETEE

MARDEER, WAWAREBHN T o022 hblko TWT, FhFEROT 0+ 2 DEIR
Ricko T lito Tn%. ZLTHRRG BRSO ADBEDNT v ALEEOEND
RRELC HMARZEHHNCREOR P o ek s. HiAD LERKEOEICH L
T, WO Lo T2008K L. FO—0FE, ¥, /%, 477,
BN, A72YRETHHDT, BEHLS5—6 A UREEBEBARAL, Hic—k
Brhx, KEBUORELXR LD, BKBREOETIC: biro THEMRKES%, KW
33, 20083, =V, £, rYye BT 50T, 5—68 FCcABKHE
L, BB AEMELARWT, Kl 3 BLL, K¥EXHRT S, 2F¥CBWT
b Lo TREMcb 3 v0b bz 224l (1954) , HE (1962) 7% & baic
LTwd. &) LeRERAPRREC L Thkh b RELLELD 2 EL bR D2, B
JoTTllho T B ERTHEINS.

CCTREBENTE LTSS, FOLICEET IR LORTR.

PR

QEETYAF, YT 770V %54 VA —2— iR LbDT, MBIk, RELE
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LR L ERTS 5.

# R E R

4 A THCKERXBDTHbO, KERER Fig.20c/R&dh 5

1962 DR EB, W _ ' o . .
MeeapFaTeo T ko TR
3Kk 53 D% L R R BRI
3 rrridhhoie. 5A
235 6 e TREREXR
Lzt THe—Fsesz
. 8 ALHUCHEmL, T
YRERXIBLURB WAL T 2
2, Y727V RO TR
L, 0 22 RERE
A%, KERBcRvo . gl My e Tuly  Aug. Sopt. O,
F3Ek G BRI AR D

A

Ayasugi

Daily increment, mm
3

nsxir, RENOR¥E
Lb¥brrBlEtoRENX
o . YT 7 7Y
HUBLW. THOKES
rEAK S CEER S EbR
o, BERtonRERR
K&, TATFACEEOR
ENI»ARL BN, Kok
REER . HEORM K
B E, BidEBFEOTRMN O Wet soil @ Dry soil

Zbhbd. ThbbEELT

BIEEX L LAMHL, LRIOFBREN Lo . L URRBiE 3 < e HCRH
TORENRI kY, FR—-ENOBRKERCHE T 2L, T TbEDLCLEIIL
EBETOH L o .

ZFORERPR, cotlRIEKFEI bbb TACEE b OML —7 vz
2% BEERAEREL 22001108 3IRLE Y bbby, LTSI NN D
HAWERENE L, TEKD S EOACKREAPCEE LW 5L EL bh b, Fraser®
Lo kT ETRAGIHMEBEDO LRI EFLF 5D T, BORKEHBLELRE DI Lo
TW3R, COEROHACTRREMBCERS DR . 8—9 FOLIEKITOK
EWflicowvCik, BELoa kERix27%, wRLr12% <, Ko@F:dEx bhitb.
B LAMBOET AEENCEEZIRH L2 B2 i vhd Liko.

P LA EADOERRTE 5501, AFOLEKED IR, TH ¥ TH
KU, 8—9 AREBIVIHFNI T ik s, KHlkEschIBAR, 5L
BN ORI AREE L,

Yabukuguri R

14

Daily increment,mm
<

a

April May June July Aug, Sept. Oet.
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5. & %=

IOk PO MFEE U b~ 254, BbRELz 2, EEEBETHh, Ky PR
Bchbh, ZHAKSOMAHMNTL 5. BE OO, GKESHAKET 59
—k Y FPTRINTV B4, ForoRBeciirsc kb alv. COERTE,
BRI LT KRS R A L. 19614E DMLY, B %0 Dry X & j#K
4 5 MoistX, WetX %2 < o . 1962—634F 1%, 14 Ao #EBHRE % 100mm & %% T
Wet[X » L, MoistXi%, 50mm, Dry[X % 20-30mmigik Ute. K5 OUHAR 3~ CTHIZKRE
Kic ko fetedd, MERRERABO LA KRCEDSL 52 T & aibbo kot EBRIE
DEEBChbhlk. AFOKPIBETHREBPLEL bh 285 —6 AOMER,
19614F it 250mm & b, FHEABEORINCONT EERED Lo . 1962—63FEDEER
MRLDRABREBUTOMRKETE, EERECRLEIEE LAV IL. BAKE
13 250mm Fith otk b X <, THhUTTh PIETIRER LA k. HEORER, 250
mm T CTHRBERKERECUTW 52, TRUEDF—F -3 DO Tl ¥ Ltz 2k
W2V TOXIEHRRKRBEC o TKICHT 2ERBBRD X 5T, ZOMKRRIE
KL T/R icRadh %, BREE B EAb, EBokitc #KL2E&
AR EDHRLD.

WHREEO KA AR, T07kKkd% BRTHLEL6NTW 399, ¥ EE
BRERAHYEBEL BRI TLORTRDE, Y—X Vi€ s THEADEH LTRED
LR e bdok. 5—6HXbEIbbhic, WetROKERL o . ¥ 7 Alkd
bbb —HRKELEAT & WetKoHFpDi{tF+AaL. LaL8—9 erdtotk
ERER, THEKSOZ DL <4+ 20HERZ bivie. WetX @ L8 /KRIL 2T %R
b, 2BCIZFEMEALEZELZ DA Y. HMEOETIC X 2REMH 2 H X i hnn
WO TR A, R (1963) 23, T Y REBIAR 15, 20, 25, 30, 33°C o ENEY
LT, 774 b oy CHTRER, 6 AEHDREXKRER 25°C kb bbitics, 8—9
ROERERERZR3ICThHs 2. ThbbKE®RNCZ, 30°CHELx#HERLT 52 L5b
o TP, Lichio TAFOLEREKE, HEBRREEKS M, BERRENRKRHE L
Zrnd, REMBL kS oBFEHIATE 5.

IV. 514 DOKBINE

RV, T ET I, Zuo—FKkc ko THEEIN, 20—BREFDFTFHEREL,
EoadBRzi TL R CET S, 7u—30T&ErbEcELULER, LEKSD
REZF, HERm LT 5conT, TRREBELTWL. LTI beRakKka
WTEABFET 5. Licss T—HBD, 3O KSIER, Ko x>l h
5.

P=D+E+G+M
PafKeE, DRithE, ERREBRE, GRUT/KEBRE Matik rEniEcds.
b UHITRKNOZEL Ui X 5 BB ERE2RETRE, Grr0 b, FhkKELRE
DIPVEETHIE, dMOK/i 5. Licdiso T, &5 LK TORSEEDON L, KD
X 3Bt ah 5.
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P=D-LE

MO KFRE LB T sedicr, EX0 > b 2HARERTHRE L v, —fKicik P
& D BBMT, ERRAOEARS V. EBROFKCHALEI > T52, G MDI|
HaAs TETHMKARS. IHPREHEs TRIA VA —2—C Lo T, BEKITDIK
FREX LD ELMRTE 5.

B E B

FA4VA—F—T}, Pt D A TH D00, ZEBRE E OHERBELTHB. K
SPRZ DR DD IFEHD T4 v 2 — 42— bk,

Ll 54y x—~2—4X, #57, 32, 74 1mpavsy—t 7oy 710E8»nbk
b, 570y JI3EERE, 57y itk ) 3 4KFoMELL. EERDEL T,
WerHEtxS5 : 4 0HACRE .

L2 54 v 4~—4—i&, HER, 773 T70cmoHE<C, 1FE 75t 4 v 3 AKX L%t
BXaw#Edz. ekt 86d, Bat (KLWKL) o388 chs.

L3 54y 2—4—i& L12RAETHY FLePoBSEAE%T :3 ¥2133 T
Uiz, 14EEE7E b4 V24 KT oML .

fﬂk %7 % g

1963%£5 — 9 Ao fkE, W&, ABHRER, L1544 —2—THELZER,

Table.38 D X 5 THo- 7.

Table.38 Water budget for the Lysimeter (L1)

Run off Evapotranspiration

Month Precipitation — — D

Sugi Hiniki Sugi Hinoki
May 496.3mm 443.4mm 445.3mm 52.9mm 51.0mm
June 503.8 413 .4 459.2 80.4 54.6
July 222.0 — — — —
August 318.9 248.9 258.3 90.0 80.6
September 114.2 53.0 54.9 61.2 59.3

SAOEHRER, £F, /23K 50mm Tho 2. 6 Btk e AEMKOERF
BERAECENL, chi3KEOBMME LT oW TWw5. LrLe / FHOEEBRER
Do EMBAbNR o 7. 8 AOEBHREIXAF 90mm, b/ F480mm ¢, RF
HOFT 2L 1 FMoBREX T L. YARBEWDE XFEHK, &/ F5H 2 3 60mm
T L, BEMcZERR bR s .

Frt, ®EL, Bt (KKL) o3fEHotEc X 5 8RB, L2 54 v 2 —
2—TT—9 AciliE LR, Table.39 icins 7.

TA298—9 B 2A0#HtLoXEBIHEr: 86mm, B+t 85mm, B +13113mmTh
ofe. BHLBERER, FTECIs Thk ) b, BESKRI>EEL Lo k. &
WRIEERE : ZREOE TREN, KL, Bt 18 19mm 423, #H€rd 40mm &
WIS D B ER IR .
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Table. 39 Evapotranspiration from the three kinds of soils, red, brown and
black (volcauic ash) soil. (July 29-Sept. 2 1963)

: Evapotranspiration s
Soil Naked Planted Transpiration
Red soil 68mm 86mm 18mm
Brown soil 45 85 40
Black soil 94 113 19

TRk B2EERER, L3514 vt —2—7T, BeFto BalkE hrzih
& Table. 0 D X 5 1Iciss 2.

Table.40 Water budget for two kinds of soil texture, mixed
sand and red soil. (Aug. 20-oct.2 1963)

Sand:Red soil Precipitation Run off Evapotranspiration
7:3 225.7mm 116.8mm 108.9mm
3:7 225.17 109.1 116.6

BrRFte brEFGKED WD, Bo'EE&YED DL, KERERELSTS. £
Hpuk TRl L Tw 384, BBt tEoBE L, b v EERLVWED
Thbh, HBRE, WENTTATHOERBIEET2L5L5Th 5.

L1, 12, L3 54 v * —2—DREHEOHEEALB L TAL5LLUTDL 5 cko 7. L2
FAVA—Z—DRER, TAZ9HA»BIA2B FTHI bR, chik8A 17 Ao
HKBRELRKERNLEBLONDZLD, L1534 v 4 —2—DERE2R0 X —KT 5.
TL354 v —4—DflER, 8A208—10A 2K Zhbh, APFOLL 54 24—
A—DBRIHET 22, b T 10-20mm OB B RAbRECT . 54 A4 —
2 —HTEBRELDZVOLbbNSHRRNAINWAEEL bRDM, 2T HITR
MEE, T3, IHoITxTIREELTCWDIEELLRS.

oMo @SR, Table.38-40 wwiRd ey, Hhilolfik GE3E, ID wwis T
HHBERHET 22 KD XD kb L1354 v x—2—0ERBIE, LETT oy 7bikc
H 4008 Tho o REOEEE LT HBERRD 52 (4K —64) Table. 41 D E:f%
Micle s, T—8 AOAEKRER 38mm CTHELZ L, SAON2ETLS. RRERGS
MTIRERBEL YD Bk 5 Ths. Tahle.38 i1k 7 A OBEIEEH KT T 325,
Table 41 ClRMMEHE» b DOKFHES SOmm & Zx TERATRL .

Table.41 Water budget for young forest in 1963

Month Precipitation Run off Evaporation Transpiration
May 496mm 443mm 33mm 20mm
June 504 423 55 26

July 222 134 (50) 38
August 320 249 52 38
September 114 53 34 27

ABHRET, TOEDTREMEHL I EBEINR DL EL DR DM, VKT 2K
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WK HFET 5 Table. 22 IR I N 5. AT, XBRBCULT HERAET 52
Wiz ek, AOHBDHS0Z NATKE LTHELTWSEELLR 5.

Table. 42 Water budget for young forest in average year

Month Precipitation Run off Evaporation Transpiration
May 116mm 63mm 33mm 20mm
June 245 164 55 26

July 227 139 50 38
August 153 63 52 38
September 243 182 34 27

V.& & £ &

BEKix, BELARERCHEG 52— KM ThH 0, 1EXEMECL, BRICXs T
HCRIRE N 5. KB OL LR, FREEROWECEEL, RARIC o TY
BAREEERT 5. WERARET 52 HERmmRT 5. B CHRKsEs T BRI,
ERE 230 0WTh, MPIC Lo THEMAFIRETCRAR b, HELAL T
TLENRT 2L, MHRAEBTE R R, BELAL Lo, HEGRCHT MY
DIIEE, EFHEBIC L 2KGDOHELR, MET 2R bbb EL bR L. Th
bbb, HERELEKENDRLCEZCORT, YO KCHT 38R/ UES. ©
MY & LKy, B e RREIE L o AN ES 2D, HYNETOEDOLTIH®
L BT 5K+ sEEFcic 5.

THe OB, Tihobb BUKERAORE, HHEKS, BRIAMEO BEEREED, 7
TRIEKG & TR L OFOBREHL LD N TEKT 5. OB, +HEpmis
THICE bigo THAL, BEALVD U mRECHRAKAES D LEL bRS. +
GKELROGKRLOMBEXLDORTABE Fig.5ichit X 5, AEAKETOR
ROEKERR100% T, THOWRCORT W 52 hiciAL, HESOLL EbED
T15022 L KICE L e, T DI EWRT 2 2, oK B EDH D OEKIERC Lo
T2 3 b, WK R R 32 EZ2b05.

WARBF DO > —o Tk, HEREAOK Fich bbb, o OERE, +HEn
FRUDEES, FTENCADRIMYMORIETHs T, COIEMAIK Lo THRMZEGEE
X 522N TES. ThbLLEREAXZETIT ks T, MYORE, HiiE
DEKREDZCML L 50 % S F, EFREREMREHEALALTIIER, 5Lk
RETRT TR, YHARCLERRE T2 ORRAEECKs T %. G4
BABMIC X 25 KEBEOHENKECLRERD 2hdic, REDI»ALBEWERK R, tiE
2% PSS 2 L M ERZ bR 5.

BOEKFEOE NERABIEBCH UTHIBRAT 27, 2F VEAEDRA, 4k
X, AiEae T e UT A HmT 52, EiR, logT=a+blogx n#flans (11—
25:0). b % LMT (¥ (Leaf Moisture-Transpiration) * 4 %%, #AD doWE L
MR BHRRANERE DL EL bR S, AROER TR, v 2¥o LMT &5z
1.56, ¥ 7€/, x432.62C, FHONI WY 2FRBEDOSKLICIEL E ) BEIh 1o
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EHIERAEBCR I T LNTES., LaLlYy 7w 5 VRIEDOERKEDLTHDIET HERK
TER %D 32, BN RERHET 5. EoaKER LHEASE BERL 05,
LMT Rt T HERFEL L3082k FTh 5. HEOMSTHED BEH & 1k
L& By, Wk oBRRLELN TRV, THERFELIAELTALDHC 2
BTE. Thbb, IMT ZR0oEW R L MERE,E L, LMT 8O/
REMBEREMENEELDNR S, 5 LB D AFREAS T HERED &I 7
brRBE, YTk, ATY, TYRE, Y7250, hVARF, =vIunNthso
THARBEZRC b TEEREOATZ LbRTARDE, Y—X VI Lo TKSI
Tt 2 RIEO B0 T L hibhs 2. LEKER6 AL 9 Biciind b, BEC—FH
RIXKEEREZRT R, BElc kT 2 RESBRERED Kk, CoBHORT%T
RAEAGCHT BRIEREs el bio 2. 5—6 A LEREREMMA LI VA, 8
— 9 R B L, RN o k. BERHOMEBIEEEL ) 22EY. AFOKED
THDHWEE, 774 + b YOERP T, 25-30°Cofich 5L EL bR BH, KE
O TR 25°C g, BER3ICCIEBRYERTS X5 ThHb. Lido TR
FOLEEKREIIZS—6 A2KY, 8—9 AnBRELHRRFLEL DT 23 TES. 5
—6 Ric kA osHBRT I s 2, FRELANHE L OHELD b IEH I 55,

BIW HMAKDKIFEFR

Il EMEBOEKE

FHOKSRTR L L, BEFROBEONT VAKELTWT, E, S2%SoRFI
EEING. SBERTLOBERCO VTR VBT IR Tw 5. Pz dEETF (1929) 2
FBEHEID20m OERIOEKELWE, ZRE, HR2 oM HBEEREZHELEEE
%, BEO 1ISALMOWEL0.46, #&FE&i1: —0.79 Th b, MBS BATA —0.75, 10
H#lz: —0.73, 15 AHijk —0.70 Tho 7. Stickel (1931) Kk B2, HEDLKRLD
ek, 7562 0.74, WREE0.67, REDWM S DI 0.67 DA BEdE.
A (1951) Qe xHKIHEOBEE TRISHTIONE, ERELEEREELD, —BEXS
O B HE RS st RA (1952) 13, ZERTE / : LB T4 KROELELL
FLBRTWAH, Thick 22 WEONERNC S HEET 54, [UROEE, FAMEL
OEAFADEFCHBEEL, HREHRROEKEL W 5 #8805 O TR Kk % F 1
THC2RRELR LW L Ths 2.

T TRINIFEI HABI9614 1 A F comnl, HHEG, EIfoaKkEL LB
7z.

HEMOER, BAESE
HAEMIANKREMEFRE WA T, B&E% 100m 2R, #4305 Ti%oILEDE
MHTH 2. ry b, BIVCIERXRDOL D Ths 2.
IX S EH, AF30FE4, BH
N10°W
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L& Scm, Fjg 3cm, HfE2cm, AjBIZIZ L A & A¥D%E, Afg 0—15cm,
MR% <, HERHERE, MHR. AJ8 16—30cm, ERIRK7E. BJE 31-45cm,
E s,
BT, L73HFURT, ARET, ARXITF, HT/F, ¥ HF

IX #mES, v/ +10F4, BLE
NS5S°E
L& 3cm, FE 2cm. A 0—10cm TIHEHAOMES. BE 11—60cm.
AY, ¥, Va vK7, e¥hF, vF

X AImEdER, &/ £30F4:;, BsA
N10°E
LJE 3cm, £/ D%, AB, 0—20cm, b/ +0hBRED BRL <, Mk
WRELND. WHREE, THRCBREERAONR 5. BE, 21-45cm. x4
&R, fBfa.
TAZE, ThAF, 67V FF7, ¥ hd, v&

IVK #llFEg, ZF1054, BpHl
N35°E
LE lcm, HE lcm. A,/ 0—8cm, A./® 9—20cm, Hffs, MRS AFREEL
Tw5. BE 20—, %0, @rat (B

. Y, Y
N40° E

LiE 3cm, HE 2cm. AJE 0—45cm, i 10cm OEX ¥ TEORMEL LT
5. BEa. HhES. BE 60cm—, H~ IR,
H¥, 4A57%, VY&, hR5, THAXAHTYT, 53, e¥H*, { X7
FEBEPDOLRRIIKD & 5 Thvo 2.

Table.43 The weather in Kasuya forest

1959 1960

Sept. Oct. Nov. Dec.  Jan
Temperature °C 242 18.4 13.6 8.9 53
Humidity % 76 72 75 69 66
Precipitation, mm 140 19 100 114 66

Lk RER, HA20BE, EES57as MeownwT 20, 40, 60cm DOE X 2 B
B, 105°C TR L, a3~V +E, IOEEREKEBCET 28&42k
7o,
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# R £ =B

570y FOEGL, EIMO LS KERERKAKBCKT 5 E4 TRT 2, Table.
4 ordireisd.

Table.44 Soil moisture content of several forest soil typs from autumn to winter

1959 1960

Plot  Soil type Depth Sept. Oct. Nov. Dec. Jan.
I Ba 20cm 54.4% 37.3% 28.6% 54.1% 62.3%

40 52.3 31.5 31.5 55.8 65.1

60 56.7 31.7 31.9 51.4 52.0

mean 54.5 33.5 30.7 53.8 59.8

II Ba 20 53.5 42.0 51.6 56.6 54.7

40 57.4 36.6 56.2 73.1 52.8

60 52.3 35.6 55.6 61.8 48.0

mean 54.4 38.1 54.3 63.8 51.8

IIx Bs 20 66.0 79.7 61.7 58.6 83.3

40 58.5 65.9 58.1 67.3 70.1

60 60.2 38.2 53.5 67.1 72.6

mean 61.6 61.3 57.8 64.3 75.3

v Bp 20 92.8 69.4 75.9 84.4 56.5

40 78.7 63.7 52.0 68.9 47.1

60 71.5 54.5 44.8 63.5 44.3

mean 81.0 62.2 57.6 62.3 49.3

\% BE 20 73.6 70.0 74.0 74.4 67.5

40 75.2 73.2 88.1 69.8 57.8

60 75.2 62.0 83.1 52.5 64.1

mean 4.7 68.4 81.7 65.6 63.1

Analysis of variance

Source DF SS MS . F
Plot 4 5856.1835 1464 .0459 14 =
Season 4 1733.8195 433.4549 4*
Depth 2 927.4891 463.7446 4.5
Error 65 6829.7474 105.0730

Total 75 15347.2395

*k;  significant at 1 % level *; significant at 5% level

SEATTORR, oy b, VXV, BIDITRTLCAEXENRZLDDRE. Oy
Ferk, AELESo IR, IRAREL, & IKOAKENMENOR, 7a—% (R
FI0FA) 235 LTV BRD, MEHOBAEANEET Z2D0ART, MR XITLAY
BHLTWS. IOCBELAFHBO A<, MEMMMDDEFEEEL TN 5.
R7u—xick 2MOERS, WERCHT 3MoMdErEDT 2kdic, EKEQK
Tre@iFd 5. IRk, IKE 200mizinizr oy b CrhER, Wi, EEige i %
LWas, B2 FGAKT, 7r—32530o LT edhic REARZ W, &5 LTk
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Highti e, AR Lo ThER BRI, KR LAsvrFORIRTE
KEREHHEDLELbR%. N-VRo LA KER L IR X bEe. La LI IV,
VRoickitakiii s b, B e Uk X0 S KRR R L& a3t
HidoTikhwn. IV, VROBEA XD EMAEDH I VKON BEKERGZ.
Iy —HOwAVFLrELTEIIL B2 5. TESKRLHEBEREVE VbR TV S
MELoMFEYZ 3L, 10513 199mm ¢Dl <, FIX O & KRN AEKEC L T30
R EFCHB UL, HEEROFERE, WELABRBEONT VAL LD2EDTHLI0D,
0 IR ABRRICT L Thk DKIBARE L, EEFRO DI Hieirz bhicEih
KEDR Do ez 2Tl b.

oI ZFHKDKFRXK

1. ¥

BRI D OER BT, BELABROKSBRZCET 5ZHOKEREH TS B, ks
LOEBELXEHIEAET 2 L RATET, [IRAFHC L sHERTHLATH S
HorToN (1923) 1 X 2#EERRKD L D Tho k.

740 2155Wr-Lr-dh-N _ Ec
- 1,000,000 5

B Td:7 % & (inch/acre), d:DBH (inch), hA:H (feet), N: k&% (acre),
7#¥¢&, Lr:1linch feet w3+ 2O ER, Wr: ZNE/EDE. BaTE (1923)
fa% (Hd.mmHg) 25RO L D eHEEL .

T (inch)=235.1 Hd+28.1
MEever (1928) WZIEFEE (t°F) bHEE L.

T (inch)=0,087 t—372
THORNTHWAITE-HOLZMAN (1942) (3R A&FE (E) b Nz @B 4 BE (t°F) 75
HEE L.

oy

T+4E=0,083¢—3.35
(LR (1956) 2 F UK @& ke & S5 E (Real/cm/min) 2 #27% (HdmmHg) » 04
EhbHEE L.

To=(0.14R+3.35) Hd+3.08 R
¥ 7-PAPADAX(1962) i1, fl17 D205 %2 K S ER B L E % T, X B> #HE L7z, KITTREDGE
(1949) 1© X AU D 2&E T I 25— 750mmaD Eic % », MEYER (1928) 1. X uiE North
Central ~CiL7E#E R »: 200—300mm, #EA p3 150—200mm, &3E#&HE 100—150mm T %.
HIRICHADOK P BHRMDOKEEL T2 %52 Table 45Dk 5 1Icin %

A d &3 KB EDE T HOUNEL ® ZoN O WK X uiE, Hewkd d s T
EBRESWR L. FHNE oW, & (1958) n2¥F, e/ %, TH=Y<TL
DR, 2F¥@3Ewr 1H4.8mm, Xcl.9mm, t / F3Ek, 3.9mm. & 1.9mm,
TA=EER 3. Smm, X l.3mm CThs 2. BRIEHRE—Y— XYy TLBRE X
CTEZHT 5. 'IE (1950) cihid, 7o YRoEoEBERRIFOR 1 B 1.63mm,
2KXHKX1.07mm Tho 7.
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Table. 45 Average annual depth of transpiration from forest

Species Transpiration,mm Investigators
Cryptomeria japonica 1230 Satoo
” 392-495 Shibata
Chamaecyparis obtusa 970 Satoo
” 233452 Shibata
Pinus densiflora 680 Satoo
” 633-1242 Shibata
” 645.5 Taneda
Pinus silvestris 103 Vater*
” 47 Burger*
” 157.5 Schubert
P. pinaster 149 Henrici--
P. radiata, young 885 ”
»  old 760 ”
Larix decidua, 60-100 year 670 Schubert
Picea Abies Karst 255 Vater*
” 170 180 Burger*
” , 35 year 250 ”
” , 98 year 187.5 ”
4 , 60-100 year 315 Schubert
Fagus, 35 year June-Nov. 50 Zon
50 year 233 Hohnel
55 year, June-Nov. 225 Zon
50-60 year 184.9 Hohnel
115 year 272 ”
115 year,June-Nov. 375 Zon
150 year 352 Hohnel
150 210 Burger*
Acacia mollissima 2500 Henrici+
” large tree 1047 ”
” plantation 888 ”
A. dealbata, plantation 1042 ”
A. decurrens 524 ”
Eucalyptus stuartiana, young 1186 ”
” old 1200 ”
E. diversicolor, plantation 1248 ”
E. lindleyana, plantation 429 ”
E. macarthuri, plantation 268 ”

*  cited by Biisgen, M. walabium, 1927
+ cited by Kittredge, J. The influence of the forest on the weather and other
factors, 1962

KXFEDIZHHT 5L, Hk»DOE B LIERZRE Y INL &K @5 E (Evapo-

transpiration) %A\ 2 5 2B R ARG AL 5. HBREZ KRATIb &I HEERT
ZAHEZBNTE D, THORNTAWAIT ®° BELANEY-CRIDDLE €. L 5 /23 L B T\ BB,
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2. Z¥RDHS OFEHE ,
A HEAOEBEDHD OHE

TTA PR YOHADTF -2 —2bid, KOX DI LTHEES RS, 2 TRIBER
M1 BCERT 2&E% 350 Kigr +% (Table.10) . 5 o B0 FEXRZE 17,
6°C T, 7 4 b b vcirl5°C 2 20°C DRffich 5. £ & T15°C D%k 0.60cct,
20°Cic BT & E 0.74cc 1B, HAIFHFEIKC Lo T 0.67cc 2383 bNh 5. AFHROE=
T, O IAEET 3Tt/ha 235, HKALOAEKRRE, 5 AR T6mm s, Rt
LT, 6 31321.6°CT, 77 4 + b v Tik20°C L 25°C R, 1.17ce 38 bh, #HF
MrboZEER, 128mmeHEINS,. chafioBcsLd+to5be, 7H172mm,
8 H162mm, 9 H 86mm X /v 7=. (Table.46)

Table. 46 Transpiration from forest calculated by the data of seedlings.(Table.10)

Month Tempera- Transpiration loss of seedling, cc/g/day i Forest
ture, t°C 15°C 20°C 25°C 30°C 33°C t°C mm/Ha
May 17.6 0.60 0.74 — — — 0.67 76
June 21.6 — 1.07 1.37 1.74 — 1.17 128
July 26.2 — — 1.45 1.94 — 1.52 172
Aug. 26.8 — — 1.13 — — 1.43 162
Sept. 22.5 — 0.59 1.00 — — 0.74 86

B. EHEO#HTENR
U D#ENE L BE L OBEFRR, kO XSl ink
T=—0.0079+0.0014 £+0.0001 £2------(1)
log T=—0.0088+0.0125l0g £ ++---+---++ (2)
T:7%8, cc/ghr, t:GEC
CHEDBFRE, ERERACET 2UEOHTHL 205, WV RROEBREOHT
THERTBZ LR TERV. X TI3A4 VXA —2— BT 59 KROERKEY, Bk
DHRMOEMELIREL T, BB Kcks TEEL, HRKOZEKRBEOHERE Liz. K
Krkord cltiddbhi. 6 —8 At Ttos 4 vt —2 -k 58 RKD%MK
BEEBEEBIC L, TOROEERE (D) e oWk (T) MV EHE LT,
BNZEECIs TK=1L22RELE. (DR K=1.2%20n052

T=—0.011240.0019 2+0.0001 £2--+veveeee (63)
iz 5, HRROEKBEOMECEN LB, (Vkgday)ieHEF oz 5, ERAKRIK
RafEbhfe

T=—0.269+0.046 £4+0.003 £2-eveveeernnns (64)

logT=—2.16-+1.861log# c--coorereeeeraeees (65)

TrwiEdElkgbioh, 1HEER T Kk0E () T 300, BHEOERKSE S Ec k
5 TRD B, KD oEDELXH ALERL .

Cz2F¥HKhonr=E
HBAROERE T, BE @) LEEXPEBL LUEET s nTE 3. ThabbEATF
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LAEBMER:OMER LRIV EY. ERICOWTRE SOMENRL D, MO TR 5o H
Leedbik—ErihstbbhTnh s

E I

REARIEBTERER I A R P LI > BT, #Etke ¥9850m, Bl FED 4, BUikstim
DOFEGESMEL, B2 A FHIEL, BRI oERM L8 Tths. Kok
19257 v 2AFPBED T FRAFRERFC, ~7 2 — iz h3000Ek0%E CHfldiz.
19534 (284FF) Witk o THMRIC KR L, BHEEREBCT Y 2F2E&k L. ~7
2 —W1S00KTIRIFE Do BIL T\ 5. 19604 9 B e U ANRICIRER L7e AR D 5 B b,
EAREZDBAT, EOEHE LbX.

¥R
AERRRIKD LD TH B.

Table.47 Leaf weight of trees sampled, Ayasugi, 34 year.

Height, m DBH, cm Volume,m? Er?rﬁ:?gs of Welght, Ilfga?zes
branches  ~“Head  Fresh  Dry
10.5 19.5 0.1579 142 16.9 2.3 27.1 14.2
9.8 17.0 0.1166 131 11.0 2.0 22.6 10.8
13.3 23.6 0.2882 137 11.5 — 23.8 11.9
24.5 12.3

AXHROERRIANT 2 —VicEET3I6.78, THET 1851 20 5 KENHELIL.

D. 2¥FHDEHE
g (63) BIFAFXHoER (18.5t/ha) L ob, HkDEBRBL HET 2L, &
R, HHE, /B, F# L Crk Table 48 © & Hicic . ¥ Fig 21 wxRxN 5.

Table. 48 Monthly transpiration from sugi forests

Month t°guk"ll{?1:gm t“‘CH'll'Tamm t“‘COb'lI‘, mm t°C AS9[‘, mm
Jan. 4.8 1 3.3 0 8.4 18 —0.8 0
Feb. 52 2 4.0 0 9.3 21 0.1 0
Mar. 8.3 17 7.3 12 11.1 34 4.0 0
Apr. 13.2 46 12.3 40 15.6 63 9.5 23
May 17.6 81 16.9 76 19.3 96 14.2 56
June 21.6 114 21.3 111 22.1 119 17.6 81
July 26.2 167 25.3 157 25.6 160 21.5 120
Aug. 26.8 173 25.8 162 26.6 171 21.7 122
Sept. 22.5 123 22.0 118 23.9 135 18.6 89
Oct. 16.5 72 15.6 65 19.0 94 13.1 48
Nov 11.7 36 10.8 31 15.2 60 8.1 16
Dec. 7.2 12 5.6 4 10.3 29 2.4 0
Total 844 776 1000 555

t; temperature T; Transpiration
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Fig.21 Transpiration from sugi forests in
several districts

DEBEF L HRT) D DRIEEE L

TS E AR . EEERT o

Tt kSt aeh sREToE 10

B LG, ®Eiolhs 844mm pisk /
DHONTW D, MREHRFERIRKOD

WER, HEEOMNDOHRC Lo T /
Abndrvbhan™, o TRK

THIF LA b o A Ek 1007

i b DOFEFEDI32% 72 2 5 Kittre- J/
dge™ ¥z v T, @ik s

ERBAYMEE L. BROEEBRER \
Table. 49 @ X 5 It iso 7z

BEOF B ¥ 1600mmT, N

MWHCTRBLALMTH 5. BETOFE

DL D (1890—1960) B 5 BT, G/0/ ®
5 % WAFEIR1953FE D 244lmm T4 b,

T E/DTAEIR 19394 1000mm T & __r4/
o . EME, BOWE, REWFK JOF M A M 1J J A S 0O ND
DT RSIRE EH A 3 5 & Table. 49 Month

DX Hicto o, FETE, WEIE O Aso @ Fukuoka (D Hita @ Obi

Table.49 Water budget of stands in Fukuoka prefecture.

Months 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Trnspiration, mm 1 2 17 46 81 114 167 173 123 72 36 12 844
Evaporation, mm 7 7 12 15 18 18 23 23 16 13 9 7 168
Evapotranspiration, mm 8 9 29 61 99 132 190 196 139 85 45 19 1012
Average year (1890 —1960)
Precipitation, mm 64 80 94 116 116 245 227 153 243 97 8 79 1601
Evapotranspiration, mm 8 9 29 61 99 132 190 196 139 85 45 19 1012
Water deficiency, mm 0 0 0 0 0 0 0 43 0 0 0 0 43
Water surplus, mm 5 71 65 55 17 113 37 0 14 12 41 60 631
Drought year (1939)
Precipitation, mm 69 80 102 145 41 8 99 69 76 145 80 10 1000
Evapotranspiration, mm 8 9 29 61 99 132 190 196 139 85 45 19 1012
Water deficiency, mm 0 0 0 0 58 52 91 127 63 0 0 9 400
Water surplus, mm 61 71 73 84 0 0 0 0 0 60 35 0 394
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Rainy year (1953) 1 2 3 4 5 6 1 8 9 10 11 12 Annual

Precipitation, mm 67 74 120 82 206 1060 274 128 267 31 56 15 2441
Evapotranspiration, mm 8 9 29 61 99 132 190 196 139 85 45 19 1012
Water deficiency, mm 0 0 0 0 0 0 0 68 0 54 0 0 122
Water surplus, mm 59 65 91 21 107 928 8 0 1288 0 11 56 1550

BHER L Ebo TWwB2s, 8 Hirz@ss 196mm st U <&k 153mm T 43mm
KARERZ BRI, RE/ASZ 63lmm ¢, AEonHEtishsd0eExbh 5. 1939
ERBEAITETSY, 1A0b4AETRINEOT 1S b oot 5 HRFE 4lmm ¢
58mm O KSARERBZ D, TOKFREZIA F TSk, 10—11HRHOL 25 »
o fept, RBRBOKSARRE &Y, #MEERT 400mm @ KFRERE Ule. &S HE
kM 51953 I E 2441mm 7523, FRTh 8 B 2108 1w SEr 122mm b K43 A2
2 Ul
CDIPCHEBRBLHRBLONF VAERZ DL, BENFLENTE2, 8 AiKiiE
BARET L 083b0 5. LB LTA D LEFI—A0%cET 3. BEIVFEDOXR
BHHLOMEREDE U LHEEAAC LB THABLKED L diCio 2.

Table. 50 Frequency ‘occured water deficiency in Fukuoka, 1890 —1959

Month g::gg;r ation Frequency
May 99mm 27/70 38.5%
June 132 13/70 18.5
July” 190 30/70 42.8
Aug. 196 54/70 77.1
Sept. 139 22/70 31.4
Oct. 85 38/70 54.3

8 Hlcksr 2k RED R ESEERTT % TIEFiCFE <, KW TI0A D542, TH D422 2
e 0 EW. KORENC A EEMOFERER, FREFESY 600mm 4 L Fbso T
5535 ABNOBRACEHNRKE Wb, Il GEERE) rarkvHRIh3eEx
bha., EELREFANRTIXTHEEINSZ D TRL, ARiKke LT—MHtEhclrz b
h, 0&O00WTkC PBRIHNcEBROLDICEAIN 205, EROKIAREX

COMEERRR T ELS. BREEHICE 32, RF¥HKOKIRZE Fig.22, 23 RE 5.
SEEMER 160lmm T, T OIRETR, 8 Ak 43mm ONENART 3 Lick 345,

THEboEZAKEFAT 500, EBECRAKSRRERA DRV, &HRE, FliE, 1012
mmU 25 7o 721939413, Fig. 23 i3 X 55 — 10 cfiBngk@naEs TEb
D, COEOHEDORER 400mm :FEINZ. LEPOLGRKORER, FhdTH
e, % 100-300mme Ez BT 3. 20 IcERAKEY 200mm 2 ThiE, 5SAnb
OMEALE A 200mm (CET 2 T, PRIk EE CTEAET 222 B8 TE 3.

WEARE®XSHASSmm, 6 H52mm, 7H 91mm T 525, THE COMBARER, +
Hhogthke o THE SN, R, 8—9 Ak, HERROEL T T 2rixsd.
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Fig.22 Pattern of water budget for sugi forest in average year in Fukuoka

Precipitation, Evapotranspiration, mm/Month
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Fig.23 Pattern of water budget for sugi forest in drought year in Fnkuoka
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B2 b I —HL, L0 1I0mmEE i+ FR v, 9 Fiid W30mmo o b ¥ 23k
b bnt.

SN OREHERTH 2 A H, FE, SRl LE EH) oXEHrdb ok
Bk, Table 48D Lk S I HEEXI N, 2E L C TR EOFEXF—2 &/ LTOHE
Th 5. PRRLERE S CHE S h iz 18.5t/ha, A3 37t/ha &\ 5 BUHI,
ek (1958) MAFHOEMEDHIC & bWkl (36.5t/ha) & X —F+ 5. ||
(1956) ik 561t LW #EdL S 503, WHOALKOERE LT, 37t 2\ 5 KUER
i FhirierdZzbhhv., ZOo&EXZZRED 232 THhIE, AFEKO~FROERE T
P UCERIE € 1000mm, HH T 776mm, &R ¢ 844mm, L% ¢ 555mm & /o
fo. 77 4P ruryOERTE, 8 AIERMEHO —FNLE TRAbhizs, KD
HTREDINE D IR, BHEOERETRLIAbEV. I i, 1EMALD%
s kRN T 5. Kittedge(1948) 1< i, K CHFI LM O - HEEESHEE, B
HKEDI3%TH O, TORERHWE, BRlloEEES ST 168mm <, FE2+
HOEBRER 1012mm ic o 2. ZHOERBFEOFHNAETG Y2 %L, FECRAT
bR W EBRIEARRS bR 35, BETR1— 2SR S°CRIRIIE R 5205
EBMARLE v hbhiy. DHRPWE LB TR 1 — 2 B 0EBEHErk v D
<, KIEMCE0 2 LTRELR 5.

I BERRCEIBIREOHKE

(7 B

INKEHMBEEREDISELEERF, TYRFE, 2584 Y77 7 ) #Ehc L <,
HWERELNELOHFELLLN, 2O TO, APl T 3 2E0RBNLESRYE
FHEDMC L. HER, #BAEcl CEEREEYRD, IDbIHERER (2,
Observation (0)) &, H/h 2k X 5 EHEERER (2, Estimation (E)) %3k 5.
(O (E)DR#4D, BREFZA®E (Growth Deviation Ratio (GDR)) %3k, fiHiod ki
D

GDRzgggxmo
GDR p¥fEIc2\Tik, Kik(12)DE—S5, (89)d Table-2 B.

R DD SHPORER S S bhk. KE 1, REICT 2B B HiE
WicshReE%, GDR ) EHDO A& L Oflc, HEEZEREEYkS, HEEKOE N
FRERHEZEx e, RE 2R, REFERZIRLEL, Azi¥ KL 2 HEC s TRENE
HEOLMC L. MBEOKRYER, BREOETLAGMEL, ERASRELRKINT 5N
BEERL, BHNORS L AL AR R EAERENCXIT 5. HE3I R, PHOZ 568
BEEflT o0 e Ex . ZOE, BRCHET2AFOREDCREBRIRS—6A T
[EYEES A 120mm, 6 A 250-260mm 8 bhk. (KEk(12)mE—6, (88)d 2,
3K, (89)m Table-3, Fig 1). GDR»T 5 ZADHL < 4  ZDIEQ BN OEAIRIEY %
e RADIDE—T) , —~EOHIAZZWE LIC . 2T 5 ADEDRARIER

*LRHER, 17.51—58.1962. £
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HBHARMAR S -7 2l OIH LT, <4 F2DERARL 2EFHRREN. TR TH,
75 ADEL A F AQERRGNT AR B E DI W, AFXOREYHRT INOR
b hk, EMAREARELZO D TR T, BRilicsd sRROMHEOE DTS
BLEXTUT D . 194SEDETTE L 2192mm ¢, BRI CREF CTho 223, BRI
AT Tho hledCKELRIE L, 1938411 1533mm ¢, D Tho 7225, ERMANEH
Tho kld, KER X 2o .
MAFoBcowTix, @), (13), (17), 23), (35), 45), (73), (85), (%94),
(106), (129), (130), (134), (15)DHErSH 5.

BIEB AFTORALBZVECHKFCOOTOKRKFIRIRRE

L.EKXKLCDODNWT

PERBRMR I T Do DAL LT, K 500mm OBEKBRLEL L Wbty %28,
BRUbREAAKAEDREL EFEEB TNV, o THRRIURTT 21D KGR E,
BETHRAERELETFT VI LTHEIT LThi.

HATHR, MAThh, KSPERKIRBOBTCEEL SDRENEGENR, Thb
BTN THEINEEERUDTCHERINS

HZHOLBEORERT, NOYHW AL & Fig.24 Relation between DBH and
LT, BT V¥AERS HBL T 2HH 2 L weight of leaves
THEARZ 2 b, MEANA A £ IR (K 100
P, WIF29E) b bl bk, MR R s
10, 20, 30, 40fFic ki) A 41E, MR, 3K 50 ]
HEipsTable51 o (1)—3) Khr-z bk, & /; 30
EREBRRESIRCR T 5 VEMOKRERT, I
VDEOSNTEEC 55 —10EoRER»bIA °
RS UERICHELT, (4), GNorle. HE 5 1w o
WFig.241c ko €, WEEFRCHES e TLEr o
skt (6) i Lie. ELES#RHORIL TH 5. z 9

A¥OEBKMEART TR bELMCLEL I B
SEERT, L EEEO MBS EL, 64), d
(65)Rc ko THEEINLBETOXBER, ~
72 —nYh 14E Kk 844mm T T (Table-48), il
R 1kg S b 456kg (MY TF 5. L P WS 0
kAo TIEE (6) 1c 456 T T, #oA 14ERD DEH, cm
EHER R (1) O L. BRI mAO B4 ® Ayasugi, 34year, Kumamoto.

#1500 L SRS, 7 4 b b e v ORBEND

BOhTWwa2, thixxof kKbl sc i drle. 22T, 14ERHD
BE (7) ZHERE (5) ThH- T @) IR L. MANHEMEARICHE 5 KRARE
(7) % AR (8) THlo T(9) EiRLie. MAR VRIS 2 /KO B A& E (T)
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LFIAK ) oFIT

(10) k7R3 h 5.

Table. 51 Water economy of tree

Age 10 20 30 40
(1) Height, m 6.2 10.8 14.9 18.4
(2) DBH, cm 9.2 16.6 22.7 27.9
_(3) Volume, m3 0.0258 0.1360 0.3416 0.6029
(4) Weight, kg. dry 10 52 121 212
fresh 24 125 290 510
(5) Annual growth, kg. dry 3.9 7.6 10.2 12.0
fresh 9.5 18.3 24.5 29.0
(6) Leaf weight, kg. dry 4.4 9.8 14.5 20.0
(7) Water transpired by tree 2006 4469 6612 9120
kg/year
(8) Transpiration coefficient 514 588 836 760
(9) Water utilized by tree 3.9 7.6 10.2 12.0
kg/year
(10) Water absorped by tree 2010 4477 6622 9132
kg/year
Fig25 Relation between tree age and water T X DI LTRD FebARD K5 BB,
2?;:3)2% xtg.ater utilized for produce 10 42 2 4 1 4E[ > Bk divs 2010kg,
10000 AKE UTRRIRE 2 Db T e 4kg T,
8§  b»2o 2006kg REBKIC Lo TRDbIS.
5000 S 204 T2 477 kg 2Bk S, 8 ke AR
o g HSh, 469kg sEMSRB. 30T
o 20 o B 136622kg pBUkSh, 10kg A S h,
g, 3 6612kg A B IN 5. 40 4 Crx 9132kg
28 ° o 8 § #BokIn, 12kg #FA SR, 9120kg 53
59 g AEKEnD. 10—40RAKAOBUKE R
3 5 i 42 ORI CTROIH F o5 e D bhtk.
4 8 log T=2.22+1.09 log x----- (66)
°Z T Wk ke/&, x;BH
2 g Bon 14 %3 2 21 #9218kg DK A3 ER
|, B =h, 0.2kgFoRIMAKEEINT 5.
5 10 20 3u 40

Age

WADIEAE K T Table. 52 I RIN 5.
EOEKRIES, B, v—X VR Lo

THoig W EBT 523, BARLHAROHEH B F152002% 238 b hie. BOEKERI402 T
b0, BOBKRIBLLEVEDLRVWEELDbNS. BIEET 2KkIE1RDEL,
104F 4 To kD549, 200ETT3%, 30EETT3%, A0FELTRTLI% Ths =, 3E, B,
BIAELE T Bk sk, 104 26kg, 20%F4: T 101kg, 3044 T 241kg, 4054 T 419kg,
Tho T
HADKWNIC kT 2 KGN, KT 4ELET % flic LT Fig 4 i3 nk,



Table. 52 Dry matter and water contained in a tree.
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Age 10 20 30 40
A B A B A B A B
Leaves, kg 44 8.8 9.8 19.6 15 29 20 40
Stem, kg 10 14 52 73 121 169 212 298
Root, kg 2 3.4 5.8 8 31 43 58 81
Total, kg 16.4 26.2 67.6 100.6 167 241 290 419
A; Dry matter, kg. B; Water contained, kg.

EDEKRIMmR, ¥/ o— 304
MOEGKRIBLELEDY
bbb .

RS 1.

RniExbhs.

CHBEERD A< Y T VEETRE,

Bl EOA

<, 14EH3E360%,

BOEME L KD

5 LicEKEDHH

Fig26 Vertical distribution of water presnt
in the body of Ayasugi, 34 year.

BRE, Y=V RBULTHED bbb [J Sen
4EET ¥ AF DK O Bl e
S Fig26 k¥ n 5. KiEl2.6m,
Mo g 23, 7cm, #F5 0.24m? o F 45 i
FCOREERNTE 5. T~*Iiﬂi14mFEJIfm
W Uiz, ZERHR S 5 2m B 1 5 ——
FHEEL 24D Lol WECL TR
BKEBRREROTHL L
[H2£1502, %4
KR 1402 ¥ cteBbntw 5. #
i Table. 33 de, ) — 10 20 30 40

DHEE & K EL Table. 54 RS R

5. ROk H#EE R Fig.26 0k 51,

Dry matter, kg. Water content, kg.

BEFSLETr, RO e bio
T, FaRakRELTW 5. B, HilE, BEQLYTE L KSEY ¥ &0 sTable. 55 ¢

Height;12.6m DBH;23.7cm. Volume;0.24m?

»5.

Table. 53 Dry matter and water contained in a tree stem.

Height, m. Dry matter, kg. Water contained, kg.
11.2—12.6 2 2
9.8—11.2 3 3
8.4— 9.8 5 6
7.0— 8.4 7 10
56— 7.0 10 13
42— 56 12 17
2.8— 4.2 15 21
1.4— 2.8 20 29
28 40

0— 1.4
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Table. 54 Dry matter and water contained in leaves.

Height,m Total leaves New  leaves old leaves
A B A B A B
10.6—12.6 0.8 2.9 0.8 2.9 — —
8.6—10.6 3.9 7.6 0.8 2,9 3.1 4.7
66— 8.6 3.2 5.9 0.6 1.8 2.6 4.1
4.6— 6.6 2.7 4.8 0.5 1.5 2.2 3.3
2.6— 4.6 2.1 3.5 0.3 0.7 1.8 2.8

A, Dry matter, kg. B, water contained, kg.

Table. 55 Dry matter and water contained in a tree

stem New leaves old leaves Total
Dry matter, kg 101 3 10 114
Water contained, kg 140 10 15 165

2 HBEDNVT

MADEREY  LIc LR F Ok L Table. 56 wRIns. 10FEEKFOBRKE
11610 Imm—<, 1. 1mm #FHH I, 609Imm ZEH I 5. 20F4 Tk 764. 5Smm 2305
KEh, 1.2mmapf Xk, 763.3mmapiE I 5. 30F4 Tk 749.6mm 2K I h,
1.Imm 25| 3, 748.5mmpsiEsi 3 5. 404 ¢ 773.5mm 2%k 3 1.0mm 23
FEEh, 772.5mm R#EKI R 5.

Table. 56 Water budget of Sugi stands

Age 10 20 30 40
Number of trees/Ha 3036 1708 1132 847
(3) Volume, m? 83.4 244 4 386.7 510.6
(4) Annual growth,dry, ton. 11.1 12.3 11.5 10.0
(6) Leaf weight, ton. 13.4 16.7 16.4 16.9
(7) Water transpired by trees, mm. 609.0 763.3 748.5 772.5
(9) Water utilized by trees, mm. 1.1 1.2 1.1 1.0
(10) Water absorped by trees, mm. 610.1 764.5 749.6 773.5

FIFAE LTHRSESZKSEBER K 1mm T, 10—4054E TR E Y bbb, Bk
B 1084 2064 L Lok 150mm 025 3% 523, 206840 ECiid 0 b asbin
W 30RO WK BIT20A L bRV 23, S hiRRe L 2 KB REDOBR TS 5.

oy OAEFEAK 531 Table. 57 )RS 5. 10FEAMKSr T 8.0mm, 20494 Ty 17.2mm,
304 T 26.2mm, 404E4 T 35.5mm T 5.
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Table. 57 Dry matter and water contained in stands

10 20 30 40
Age A B A B A B A B
Leaves 13.3 2.7 16.7 3.4 16.4 3.3 169 34
Stem 30.4 4.3 88.8 12.5 137.0 19.1 179.5 25.2
Root 6.0 1.0 99 1.4 35.0 3.9 49.1 6.9
Total 49.7 8.0 115.4 17.2 188.4 26.2 245.5 35.5

A ; Dry matter, ton B; Water contained, mm.

3. = £

RMDBIKILL, Lod PP EORERY T 2B AEALMITL TR L 5. AFXDRE L
HELDOEFRR, T TbEbPLLL IS —6AnERilleitEsnt. GRo
KPR LR E L ORI, HADEA 250mm wEE xE k. Thbb FERE
ik 250mm LIFTib ¥ 0 Z8xil, ThllLoManE% 5. c ook
DOZBIEE X 140mm TH b, 110mm DXL 5. —HRAKOEE, RO BHicy$
ZERYEBE 380mm T, HFEEIVIREIE L. TOL 5 ICERBICE L ko HEA
BT, HEICEs THR2RVL W L 2bh b, Liedis T, BRAKAT 510
ik Table.56 RN HBKBLETHHEA Lo T, +oARERBESTEF, ch
Lol v E S OBMS ERI N, AFKkE LT 900 1000mm BHSHETCEHS 5. #4-

Table 49 ic/R3 & 5 1c, FAETH 630mm OBERAREK L LTHREIR B0 D, XK
DSRAL T D fo b DB RS 1500-1600mm T 54 D L 2% bh .

] E

AL, ZAFORTF, WK, YK, RADEKERTF— VBT 5 /Kk5 K4 £,
HRRI S BIEFT L2 d DT, RO 4 IIc3 3T Cie

B FMTOKMRFOMA L U, FFRT 2BAMMEL L b bk

B2 WA, YROAMREL LT, AEANTFL LCOKE, AEHKT2 LTO
Kuze bbb, KELOHEESYHE b L.

EIM RADKIREL LT, BROKIEE, WEBELEELOMESYLHE Lo
L.

BA MWL LT, KPERKd 2 SSRERTE, AFRIZFHROKIKER F —
Viek i HKRIRE R, KOWK LIRS &\ 5 s b IRIT Lie.

Doz 2 #3bleodNEYERNTHLRD I LS.

B 1 DK FRE

I FrFofFr e dixd RKRE

HBfoRFEFE coricdhet, LI, I K451, 15, 25, 33°C 2 271@ v i<
Abbe T, BRAKCBIFTREDOZESL L bk, BAERRISOBSInbRD, *
D 1ZiPo 1—2 A THRASZCHETHY, To23b % VB2 RIRVINE, *
DIRTHRFC Lo CHIBKN IR LEETES . 2HEOETO A KEEX
15°C 2825, 25 33°C ik 32T, HEMAKE L SN XD K2, STl AELZRA
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L bRAEde k. RO &KEE 15°C 739, 25°C 872, 33°C 769 ¢, Wimikng
TEABVLWAEEERALDDREI. k. %‘éﬂ—ﬂ%@%]ﬁzﬁiTﬁl%\r&ﬁ_‘) 3.5mg
HEIRNK.

B2 WA, IARDKRE

I 2FoakER

aRRTRErEVESL, BNk Figd e rnT i, 70— %0 LEE, A
e, ELROEKETS.

HBRROEMIE(E, 1 —24EECRS—6 AnidbEL, 2FHo Lk 1F4ET
8 A, 2&4AECRIH bbb, 3ELEETCRRENE/LLZADR W, 70
—ZOMWAIC L BRTH D&, Lo ETRS Ak 6 BiedrdTakR s,
TR, DX & nArbhinl.

FIEK G EHARRDADE KK L DBRZRIEDHE T, Fig.5 0 X dicins 2. 14
HEFTHEOLRCONTIEDGKELEDT 52, LEEKERIOZIC 5 ¥ TEEL
B, FRUER Y, EOAGKRIAKE LS. 2HAED X el
YER, HETL20R 1EAEL VR, BoakRr, HEREcohT, L3>
ML, BEAL VD LB, RIRETRERKCEL, ThUEEL LARET Lk,

WAD 1 EATERRFEIC Lo TAKERT LAY, BLADEE TR, U7/ 5VHE
LEL, TYAE, 274, hVZF, = v UyNOIHEL k5.

II 2 FDOFKEIEA

ERERcES T 2BERATL LT, BE, 8%, 18ky, Kigvre v b0C, #HE
WHCHBHT Ue. 788E 2R RO 2 OO MR 0.89 Thrir b &<, 1Kk
2120.60 Tho . BELOBKE (1), 2) X2, fEeofick (3) X, LEEKS
t@ﬁmu@)TﬁXﬁﬁTmiEwm%%zaa@)fﬁﬁbn#

EEEHcEET s NNRT 2 LT, B, B, BEOREFE, EodgkErebddh
Ht.1¢Eﬁ,2@¢ﬁ®&ﬁ;ﬁgmﬁibﬁbbkb#,EH“@&%#&?B%
CEHv. 70 —20MBELELE VBEFHERAEVI IR, LROEO LN THOEL H W

BLMEV. MADREL OB, Table. 14, Fig. 12 cRx3n 5. FHiEHE, HEHR/4R
T OROHBEE S, BELOHERRYy. EOEKKRIERIFMcEEL, X
FERREIC ko Thkh o) T Litbio k. MBERMREDOR X YHRAK, RE
X v RIRIE &\ (Table15), EARLEMTS ¥ D EFHRVH, BB Lo TRk D
¥ %% 5 (Table.18. Fig.16). MiFHOMME #/~3 LMT (R0, HHERELHRAL TV 5 X
5. LMT BEOBEVWRE (v 7 2 0) BEHERE»E <, LMT HEOEW BE (
RYRE, 2P vs) REMEREL K. KFoMfbE s 2B SoWE OB,
RYRE, TYRE, Y7270 EL, A THREV. OB, Wt Bk
ZrELZBLNAM, SHOERTRLELMCK DRl . BRIEAOFHNIEL,
TR T—8 Ankd &<, BEPCHECULENAELRT. 5—9AK I A b ErY
TERICHE THE LB AOERER, 15°CTrb E v L L. 20 25°C Tl 6 —
TAERC52h—7T <. 3033°C cRrRTHAHME 8 AKH» B I B¥idhriF T2
oilizid bbbk (Figl9). 74 v » — 2 —TRIE L ARDERE R, 7—8 Anfk
T6 A0 21 Th 5 (Table25). AEBEBIREC - T2 &Y, 7 4 ta YT
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HLE L BRI GRER, 25°CE2EKE 3 5MH —7 iz (Table.26).

T Mk e RO EX, Table33:34 wiRdh 5. LEKERTHEHAKDIDOZ VBN
25, BAEER, 27abFLiEd v, RERABKE LT TERE L
BEOHERA Db 52, KEHKECRAKRLS. 20 LRHER I IEEL L
FBLTW 3B X 5% (Fig20).

AEGEHROKBEFHE L Table.38 KR+ L 5c, WENRLED INATARNWSHLY
R, e/ 3RebEDEDRWY, 6—8Acik, AFKROFREZ . BatchE T
Z1FE72 A v0EBRER, 88 17 Ak $40mm <, FEL K LKL L bE 2o 2
(Table.29). A DKITIWEK L Tabled2 I/RI N 503, ABRBLOERBOH LR D
2w, EOMBAKBEOARARREI LAV EELDRS.

B3 R"AD KRR

I #HktEo kR

Bs, By, Bp, Be M@+ 5 112 2 b, KebA 20T TO EKEL LbRE. S
SE L THhoe, TEY, VXV CRbEOPCHEEENRLY, BILIBEEELAR
LHbhtk.

I 2FRDOKFBK

BHROEHEE, 7> 4P bo Vv THEIREHAD T — 2 —5bTabled6 d X 5 it
EIht. TAOZEKEZ 172mm €, 8HX VT b . YK ZARDF— 2 —55
KDO N ZBBOHENIL (64) (65) XN Th 5. MELUBE CHEI N MEET ¥R F
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Study of the Water Economy of Trees and Tree Stands of SUGI
(Cryptomeria japonica D.Don.)*

Yoshiji NAKAMURA

Résumé

This paper reports the experimental results on the water economy of seeds, seed-
lings, young trees and mature trees of Sugi (Cryptomeria japonica D.Don.) It consists
of the following four parts. In part 1, the process of water absorption by seed was
investigated as one of the typical themes of water relations of seed. Part 2 is concerned
with the water relations of seedlings and young trees which is studied ecologically
and physiologically. There is cleared the water budget of young stands by the use of
the Lysimeter. In part 3, the water budget of mature stands are cleared from the
climatic factors such as temperature and saturaion deficit. There is also discussed the
relation between tree growth and precipitation. The last part is concerned with a
tentative calculation of the water budget of different stages relating to the growing

process of trees and tree stands.

Part 1. The water economy of seeds

Process of the water absorption by seeds

The relation between the process of water absorption by seed and temperature
was studied in the Phytotron, Kyushu University. Temperature treated are 15, 25,
and 33°C. Germination test was held by the ordinary method in the autumn, 1963.
The moisture content of seeds on the two days since the start of the test are 282 at
15°C and 322 at 25-33°C, and the moisture content of seeds at the time of germina-
tion are 732 at 15°C, 8725 at 25°C., and 762 at 33°C as shown in Table. 1 and
Fig. 1,2,3. It is calculated that the water amount required for the germination of

seed is about 3.5 mg. per grain.

Part 2, The water economy of seedlings and young trees

I. Moisture content

The distribution of moisture content in the body of a young tree of Akaba (Clone
of Cryptomeria) was determined on a clear day in early April. Result is shown in
Fig. 4. It seems that as a general rule, the moisture content is higher in the younger
part than in the older part. The seasonal changes of the moisture content are shown in
Table. 3 in the case of Ayasugi and Yabukuguri (Clone of Cryptomeria respectively).
The maximum moisture contents of 1 and 2 year leaves were observed in May to

June, and 3 year leaves did not show any systimatic change. Relation between soil

* This paper is based on a thesis presented to Kyushu University in the requirement for the
Ph. D. degree in Aguricure.
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moisture content and moisture content of several parts of seedlings were determined
on fine days in summer. Results are shown in Fig.5 and Table. 5, 6. The moisture
content of 1 year leaves decrease following soil drying process, but it is not clear
above the wilting point. 2 year leaves show resemble tendency, but it wilt faster than
1 year leaves. The moisture content of stem and root increase gradually following
soil drying process, and decrease rapidly under wilting point.

II. Transpiration

Some problems concerning transpiration were studied by the use of six clones of
Cryptomeria, namely, Ayasugi, Honsugi, Measa, Ninjinba, Urasebaru and Yabukuguri.
They are famous clones in the northern part of Kyushu Island. Measurements are
made by volumatic and gravimetric methods, and results are as follows.

Environmental factors affecting transpiration

The relation between transpiration and several environmental factors were analysed
statistically. The correlatation coefficient between transpiration and temperature is
0.89, if logarithmic transformation is carried out. And it is highly significant at 12
level (Fig.7). Regression equation is as follow,

logT=—0.0088+-0.0125 log ¢ )
where T is transpriration (cc/100g/day), and ¢ is temperature (°C). If logarithmic
transformation is carried out, the correlation coefficient between transpiration and
saturation deficit is 0.89 and it is highly significant at 12; level (Fig.10). Regression
equation is as follow,

log T=0.0003--0.0088 log Hd 3)
where Hd is saturation deficit, mmHg. If logarithmic transformation is carried out,
the correlation cosfficient beiween transpiration and soil moisture content is 0.60 and
it is significant at 525 level (Fig.11). Regression equation is as follow,

log T=0.0068+0.0040 log x (4)
where x is soil moisture content, 2. It is concluded that the transpiration of Sugi
can be estimated by the data of the climatic factors.

Plant factors affecting transpiration

The relation between transpiration and weight or ratio of the several parts of
seedlings were investigated from May to September, And results are shown in Table.
14 and Fig. 12. There is highly correlation between transpiration and the leaf weight,
and it is highly significant at 1% level. Regression equation is as follow,

log T=2.1171+1.4075 logw (9)
where w is new leaves weight, g.

Relation between transpiration and the leaf moisture content were studied by the
use of cuttings of young trees in dormant and growing season. The correlation ceffi-
cient between transpiration and the leaf moisture content on fine day is higher than
that on cloudy day both season (Table.15). Leaves of the upper part of crown
contain more moisture than those of the lower part. And transpiration from the
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former is larger. But the relation between transpiration and the leaf moisture content
is not significant difference among the leaves of the upper, the middle and the lower
parts of crown. (Table.16). Transpiration of 1 year leaves is more than that of 2
year leaves in summer, but less than that of from the latter in winter. According to
the analysis of covariance, there is not significant difference with respect to the
regression coefficient, but significant difference with respect to the adjusted mean
among the regression equations (Table.17) There are highly significant difference
among the clones regarding the relation between transpiration and the leaf moisture
content (Table. 18, Fig.18). The regression coefficients of such relationship of Urase-
baru and Measa are higher, and those of Ayasugi and Yabukuguri are in between.
The distribution of clones by the regression coefficient is quite similar to that by
the requirement for the soil fertility. It is concluded that if regression coefficient is
higher, the requirement for the soil fertility is higher.

The drying process of leaves were investigated by the use of cuttings. The drying
speed of 2 year leaves is faster than that of 1 year leaves in winter (Table. 19). Leaves
of the upper, the middle and the lower parts of the crown show similar tendency as
regards drying process, and not significant difference is observed (Table.20). The
analysis of covariance show that there are highly significance observed among the
clones as regards the drying process of 1 year leaves (Fig. 17, 18).

The relation between transpiration and constant temperature were determined by
the use of the seedlings of Ayasugi in the Phytotron. Temperature treated are 15, 20,
25, 30, and 33°C. it is cleared that transpiration march seasonally under constant
temperature (Fig.19).

The relation bstween transpiration coefficient and temperature was studied by the
use of the seedlings of Ayasugi. Temperature treated are same as above. Maximum
transpiration coefficient is 991 at 33°C and minimum is 511 at 25°C (Table. 26).
There are distinct seasonal changes during growing periods. And transpiration coeffi-
cient is lower in May to June, and higher in July to August (Table. 27).

III. Relation between soil moisture and tree growth

The growth of young tree in wet, moist, and dry soil were measured in the Lysi-
meter in 1961, 1962, and 1963. The size of the Lysimeter is each one meter in
breadth, length and depth respectively, and soil used is sandy black soil in A—horizon
and redish soil in B-horizon. Water is supplied periodically by the watering pot, and
the depth of water irrigated is shown in Table.30. The wet soil was maintained over
the moisture equivalent and the dry soil was kept under that during growing season.
Height growth is best on the wet soil, but radial growth is best on the moist soil
(Table. 33,34). The relation between soil moisure and height growth periodicity was
studied by the use of Ayasugi and Yabukuguri. Results is shown in Fig.20. Generally
speaking, the peak of height growth occur in May to Juge and September in the
northern part of Kyushu Island. Pattern of the growth periodioity differ following
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location, climatic condition and so on. As shown in Fig. 20, daily growth rate of
Sugi is higher on the wet soil than on the dry soil in May to June, but reveresely
lower on the wet soil than on the dry soil in September. It seems that the observed
phenomenon is related to soil air and soil temperature as well as soil moisture.

IV. Water budget of young stands

Water budget of young stands were studied by the use of three kinds of the
Lysimeter during growing season in 1963. Results are shown in Table. 38, 39, 40,
and 42. As shown in Table. 42, monthly evapo-transpiration is about 50 mm in mid-
summer, and transpiration is 38 mm in same season. And water deficiency is not
occured. Water budget depend on tree species, soil factors, locations and so on. Sugi
planted in brown soil is more transpired than that on red or black soil (Table.39).

Part 3. The water economy of mature trees

I. Moisture content of forest soil

Seasonal changes of the soil moisture content were measured in Ba, Bs, Bp, and
Be of the forest soil types. As cleareed in Table. 44, soil type and season are highly
significant difference at 1% level and soil depth is significant at 52 level.

II. Water budget of mature stands

It is cleared that as mentioned earlier, transpiration by tree can be estimated
with temperature and leaf weight. Transpiration from mature stand is estimated by the
data of the seedlings measured in the Phytotron (Table.46). Maximum transpiration
occur in July and it is 172 mm. Regression equations between transpiration and
temperature are obtained in No. 64 and 65 by the results of the cuttings, seedlings
and young trees. Leaf weight measured at the roof of the Aso mountain are 36.7
ton in fresh weight and 18.5 ton in dry weight per hectare. Transpiration loss from
mature stands in Fukuoka, Hita, Obi and Aso districts are estimated in Table. 48 and
Fig.21. Annual transpiration loss are 844 mm in Fukuoka, 776 mm in Hita, 1000 mm
in Obi and 555mm in Aso district. Water budget in Fukuoka prefecture is shown in
Table. 49. In drought year, 1939, precipitation was deficit to evapo-transpiration in
May, July, August and September. And deficit amounted to 400 mm. A deficit of
122 mm occured in growing season during rainy year.

III. Relation between precipitation and tree growth

Relation between monthly precipitation and annual growth of Sugi were analysed.
Materijals are Ayasugi at age of 35 year, Yabukuguri at age of 25 year and Misho
(seedling plant) at age of 35 year. Those samples were obtained from the Kyushu
University Forest in kasuya district in Fukuoka prefecture. Methods are as follows.
1; Annual growth are calculated by the stem anelysis. 2; Mean annual growth ratio
are calculated by the least square method. 3; Growth-Deviation-Ratio are calculated
by following equation, O—_E

GDR= 5 X 100
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where GDR is Growth-Deviation-Ratio (%), O is observation (annual growth ratio)
and E is estimation (mean annual growth ratio).

Results are as follow. There exist significant correlation between GDR and
precipitation in May and June. Therefore, it can be decated that the precipitation in
May and June makes a controlling factor. Consequently, author concluded that May
and June are critical periods relating to the growth of Sugi. And meteorological
equivalent are 120 mm in May and 250-260 mm in June.

cf. The Reports of the Kyushu University Forests. 17 (51-58) 1962,

Part 4. The Tentative Calculation of Water Budget of Trees and Tree Stands.

The water budget of tree at 10, 20, 30, and 40 year old are calculated as Table.
51. The amounts of water absorped by tree in a year are 2010 kg at 10 year old,
4477 kg at 20 year old, 6622 kg at 30 year old, and 9132 kg at 40 year old. The
larger parts of those amounrs are transpired from leaves. The amount of water
utilized to produce organic matter are 4 kg at 10 year old, 8 kg at 20 year old, 10kg
at 30 year old, and 12kg at 40 year old. The total volume of water present in the
body of a tree are 26kg at 10 year old, 101 kg at 20 year old, 241 kg at 30 year old,
and 419 kg at 40 year old (Table. 52). The water budget of tree stands are calculated
as Table.56. The depth of water absorped by tree stands in a year are 610.1 mm at
10 year old, 764. 5 mm at 20 year old, 749.6 mm at 30 year old, and 773.5 mm at 40
year old. The larger parts of those amounts are transpired from the crown. The
depth of water utilized to produce organic matter are only 1.0-1.2 mm in a year.
The total depth of water present in the body of the stands are 8.0 mm at 10 year old,
17.2 mm at 20 year old, 26.2 mm at 30 year old and 35.5 mm at 40 year old.



