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Transpiration rate in and out of the crown.
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RFRCEAR, FEOSEGTIENRECEDC Lic/d, ZHICh i b FHED IR FEN T
b, WROESHFERCIIFTHEIOWMECIEARTKLC 250055,

Figs. 20 3 X0 21 OFMCEFER & IBEE & DBIRO X 5 I L Blbh T s did, FEic Figs.
9K XV 10 DFAMHRIREDOAXCHIERL, BECHEMEFETHLS I LERL TV 5, LivL, KoK
DT HAE S fe— oD L LTk, RO BEACKT 5 NS O BENEL bR B0TH
bo

Myrica  Tubra
Myrica rubra 10F  mi& Wind Vel : 0.5 m/sec
5 mLi& Wind Vel : 0,5 m/sec s
24t T ;
v T T . . .
W 3 T = bt .
3 v/.' .. ,/,/”' 5
S2- 0 LT o
7 2 .
g : =3 . ‘.
I T
2 2T
0 05 1.0 5
. L e il
4 55%  RADIATION INTENSITY 0 05 10- 15
(CAL/CMYMIN) #5431 58K RADIATION INTENSITY
Fie. 22 RIS T H o s (CAL/CMMIN)
g 22 WEFET=mallatna TROLIHE  pig. 93 gk T-mHitn, <HbL15
O me Off & {ESTREE & DI EO ne OfF L FEHREE X OBIR
Relation between radiation intensity and Relation between radiztion intensity and
value of m¢ in equation T=m¢H;+ng, value of n; in equation T=mqeH,+n.,
where T represents the transpiration rate where T represents the transpiration rate
and Hg the saturation deficit of atmosphere. and H; the saturation deficit of atmos-

phere.
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Cryptomeria  japonica
Cryptomeria  japonica R Wind Vel : 2mysec
050" & Wind Vel . Qﬁl/SEC
——————— 3_
< | T - -
= _,,r"—: "__,—‘”— =
s |- - 5
U3J 025r S .
g 52- .
ﬂ
S * .
< &l
£ T
1 L ~ *
0 05 10 & .
#3437 RADIATION INTENSITY 1 ! |
(CAL/CMYMIN) 0 0.5 1.0
#5341 5% % RADIATION  INTENSITY
Fig. 24 @F&E% T=mqHq+n: TRbLLE (CAL/CM/MIN)

B0 my Off & BRI L ORIER Fig. 25 @f%% T=mHo+n, TRbLIH

Relation between radiation intensity and
value of m,; in equation T=mgHa+ng,
where T represents the transpiration rate
and H, the saturation deficit of atmo-
sphere.

&0 ng OfE LIRAHRE L ORI
Relation between radiation intensity and
value of ng in equation T=m;Hz+ng,
where T represents the transpiration rate and
H,; the saturation deficit of atmosphere.

FoT, BRET LARTEE He toBRYEREEL T, T=meHe+ne, 5%, ZOHF my
B X OHEN L O ne OEEXFRDEREEC L OTRD, Thbo (L EHRE L O BFEY BXTA5
L, ¥=rE&TiL Figs. 22 X 23, AF Tt Figs. 24 B X 25 wRL- & 5 iR eote,
WEROBEDOSE S Figs. 22 X0 24 0 X 512, me DEEAREE X OBIRIEHECTH BH, e
LUESIEREE ¥ OB Figs. 23 X0 25 O L 5 BT, LieioT, ZOfELL my Bk
U ng DEXRDTHFERT OFHERLYFETH I LIXTESBD, ni DIDITKERBFENI B E
DB BOTHIEL, XHICHOBFELELTRSBZ 2Ic L.

6. BRILIEHEEEOBRFE

IR L KRR D UICBE L ORI bBHRRTOFERYFEET B 2 LR THODT, 2FC
TSR L IEAREE L OBRATANTAR D Z i Lo L, COBREERENTCHET 20 H2T
3, FTRBEPIC R AWAIE Y BRBHTORE, Lo HROEC X 5 HEEBRL T LEND
Do FITH=2TRBIUAFILOVTKD & 5 ItEBREY IR e T Z ORISR L7,

Figs. 26 3 XU% 27 %, BESPNC R pEAN 0 ARBITOEEL I snic, FhEh 1951 4
12 A4 HB L0 1954 6 A 30 H v~ 2 BIU 2AFOFRIC oW TR I oo ERERTH 5.
R EA TR 2 — X R L, HhCRESCEAY. T L TEDBRENR—EBRLDDEHFST,
R Z N ENREIORLNCH) 1m EFC 100 7Y MEER 1% BIT L T o EL T/, Fig. 26 ©
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~ Myrica. Tubra Cryptomeria japonica
< Mg Wind Vel :0m/ec ~ | aal/m/min.
< S 01 #4588 Rad Int
& R A& Rel Hum 77% 80 2 o
= £ | 9
= T 01 E N RARER Rel Hum /3_

113 SR Air Temp 12.6°C : i L 100
b4 — C 90_
2 5012 g
= > H Aim Air Temp
5 E B ————
E g
# % Hr '
® 1 o z \\
L] 1 S X

0 P 1@ - e
#m T IME * N b o
Fig. 26 RSN TORAR Y ARPTOH O 5 | T
Bk, 1951 4F 12 A 4 HillE, SHER, oL | . |
SREQE 100 wRERD SUTHEAI% 7ot 1213 13214
Examination of influence due to the illumi- B % T ME

nating lamp necessary to light in order to
take readings. Dec. 4, 1951, laboratory
experiment. Small arrow head in the figure
shows an instant of lighting 100 w electric
lamp.

Fig. 27 REEANTOWAIR Y ARIBITOFEO%
BR, 1954 426 A 30 HifllE, SANER,
SRENE 100 wEEER D sUTHRAI A 7R3
Examination of influence due to the illumi-
nating lamp necessary to light in order to
take readings. June 30, 1954, laboratory ex-

) ) B periment. Small arrow head in the figure
IRFERNREL T bEROBFRRMRO 2ok 7R’ shows an instant of lighting 100 w electric

L, Fig. 27 TIXIEEINT 10 2460 & 0 aSEil lamp.

MERLTd Do 100 7Y MERAITHIOHAIR Y CIE <Y FE LR EERRYERA L. WX2bhr %
151100 7Y FERIBELRSATLICICDOFEL LW DI LA ERD LRI, Tiobhb, diAR
D DS DORARE TIERBRINZ LA LFEININEEZ TILoh 22 Likied . £ I CHRE
HCOHAILD ITIE 40 7Y OB 1 HRHA L, BECHL Ty B L TllE s 275 2 2ic
L

SERCIHE D kB ERISRT Bcbic, 500 v Y FEERSMHOIFNIC 250 7Yk EEKERLT
1EEZE, A—EITESRED S Lic 20 KEFITE AL T 0N~ Thic. ERIEFEAT
T2 ERBIOAF O OWTEE 4 R Zieotc. 205 bRE 30°C, HRRE 80% ¥ IUE
W 1mfsec DI TR eofcThFhn 1 [T o0RERNEY Figs. 28 L0 29 I/RL7.

Mo “IN” fskt “OFF” (Z—EOEITIEARED b L TEENRSUTZ B Lo 2 RL T
b, vt EDHE (Fig. 28) TIXW L L KEITOHERH B L 5 TH DA, Ivaxov und THIEL-
MANN' 2RE LTV B EDFE L WEEIRS bhitv. TO%E, dbAHAKETE ITL s
EHRELNRIN LIV ba#RT B0b, TOREIELbhS, *h, 2A¥0iEs (Fig.
29) TIHE LA & FDHENTD b Ieh Dlc, Fic 2 ORI S UREIFROER X 2 E»» DT
HBHCit, PEO Fig. 21 K RLTEW . 0L 5 Zhboliffics\ i, KR oEc &
BEFLEDBAAMEDTH B DT, EFHBISCEITEHO S LieB\ T, WETEOMIEER & IFAME L O
RE RIRNTRD T2 DTH %o
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(Gr/Hv/100Gr)

@& %% TRANSPIRATION RATE
g

0

L e as

M_yrica Tubra

OFF 1N OFF
LN

IN
’\./J./v' TeALA |
calcm/min.

#4528 Rad Int 05
0.4

1 1 1 1

Br 14 15 16 7

F %l T I ME

Fig. 28 LR DOMIC & 25 BOISEE, 19544 6

A2 Hillsg, EN%E%, INk X0 OFF
vk 250 W EIKERET D s L % RS

Examination of influence due to the

diffe

rence of wave lengths of light. June

2, 1954, laboratory experiment. IN and

OFF

show the instants of switching in

and off the 250 w high pressure mercury
vapour lamp.

8

BRF TRANSPIRATION RATE (Gv/Hr/M?)

g

Myrica Tubra
K17 :E% Rel Hum :407%

o

35C

/ _-30C
/

25¢C
/

05 10
$5413%% RADIATION INTENSITY
(CAL/CMVMIN)

Fig. 30 J83R & TRAREE » OBIfR, 1953 423

A 10 H~4 A 10 HllsE, ERER,
EGdT 0.5m/sec

Relation between transpiration rate and
radiation intensity. Mar. 10 to Apr. 10,
1953, laboratory experiment. Wind velo-

city,

0.5 msec.

Cryptomeria japonica

cal/em/min

[RER1 Y] Rad Int 054

—oue,

&% ® TRANSPIRATION RATE (Gr/Hy/100GT)

072 18

B 7 T I ME
Fig. 29 YR OEIT X 2 BOSEE, 19544 7

A1 HllE, ERER, IN % X0 OFF

(X 250 w S FEKERIT o UL % RS
Examination of influence due to the di-
fference of wave lengths of light. July 1,
1954, laboratory experiment. IN and OFF
show the instants of switching in and off
the 250 w high pressure mercury vapour
lamp.

Myrica  tubra
4722 Rel Hum :607%

=3

g

M/B ;
12 °|C | J

05 1.0
¥E4I5EK RADIATION INTENSITY
(CAL/EMYMIN)
Fig. 31 j@F&3 L RHIMEE £ OBk, 1953 4E 3
A 10 H~4 A 10 HillE, SHER,
FEaHL 0.5m/sec
Relation between transpiration rate and
radiation intensity. Mar. 10 to Apr. 10,
1953, laboratory experiment. Wind velo-
city, 0.5m/sec.

if§ F % TRANSPIRATION RATE (Gv/Hr/M?)
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Cryptomeria,  japonica

R4R:&% Rel Hum 160%

M Wind Vel :2m/sec Cryptomeria Japunica

RUEEE Rel Hum : 70.%

2 2
o I=1
N ' 35¢C N
3 10t ’ 5
S S 10 /L & Wind Vel : 2m/sec
w o w
= _— = .
=—307C z g : —30C
5 ./ g . e
E E
¢ 5 /——QOOC g
e L
g g b= 200
= [ )
w 12T
el £
0 0.5 1.0 "o - -
%R 41 5% RADIATION INTENSITY 0.5 10"
(CAL/CMYMIN) B3 47 52K RADIATION INTENSITY (CAL/CMYMIN)
Fig. 32 JEFER L IBHIRE L OBILR, 1954 42 Fig. 33 MEIEH & [EAIARE » OBILR, 1954 42
A 24 H~4 B 16 Hll=, SPER A 24 H~4 A 16 HHllE, S5
Relation between transpiration rate and Relation between transpiration rate and
radiation intensity. Feb. 24 to Apr. 16, radiation intensity. Feb. 24 to Apr. 16,
1954, laboratory experiment. 1954, laboratory experiment.

T EEECOWTIL 1953 F£3H 10 HX W EFE4 A 10 HEToMic 27 [\, AF IO Tik 1954
H£2H2U HIVAE4LH 16 HETOME 19 EOERE R Z 80, BIFEOWTUIZD 5 D
10 |, EETOWTLIEOERHEROLE L L h Figs. 30 XU 31, Figs. 32 X0 33 iR
LTk, EERETHCIIieS 0.5misec, HETIIHG 2misec Wifichic. Fie, EHBELD
Z BT DL 8 HD 500 7 Y FERYIEESEL TR I inol, KpblEbrik 5, ZhboBfRX
& A 2PN QERRTRS LS Rb AN B 2 Lhvbhok. X THMHARLT L L, EHMEYR T
5E,

T = R (1)
AR TZOBFEYFELTI ENTESL, 2 Tm, X2 OEEOEREFL L, ZIEHREN @R
R RETEEORNERTETH D, T, ne 22 OEMR LN E OZSEOM, o, HEE
BRENBOROBIEDOMERL T 5, ZHLORHE m, KLU n, OffiL Figs. 30~33 %85 &,
WERARESE L LB LI > TR Y, BRBELSE A L > TNl R 5 5.
Thbb, m, FIO 0. 2L KRS DOCIBERBECER TH D Z L2 b,

I TY<ETERIVAFLOVTE I ok FhFh 27 [k X O 19 [FOEROFREEL S, B/NERE
B LoT my BIU 0, OEXVHULHEIELT, ZoMLRLARVAIFBEGRE b ok 5 T2
LTxhic. T5 & Figs. 34~37 KRLC L 5T, ThbDfET & bAGHOKEZDEFRER L
b FEBIBIRIC B B & Lot

Figs. 34 X0 35 B¥~E 2220 TO m, BIY n, OF L KGHOKEKDEFITLE L OB
R, Figs. 36 L0 37 FAFEOWTDO m, BIU n, O L RKHOKEZOEFREE L DM
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Myrica  tubra
-
- / a
=S e
I/ 7
[ R4 Pid
S P L
- 3 //
50 /e -
w e e
’ .
2 S A R
s ~
g e e Rel Hum
’ o °,

P 2 40x
g PN 80 -
S S e e :
> et 2 x 70 ~
I *e” ° 80~

o ! ! 1

10 20 30
Feeiok SATORATION DEFICIT (mmHg)
Fig. 34 BF¥%£% T=m,R+n, TEbLLIHE
D m, O & FIFMNEE & OBR, FEuH
1% 0.5m/sec
Relation between saturation deficit of
atmosphere and value of m, in equation
T=m,R+n,, where T represents the
transpiration rate and R the radiation
intensity. Wind velocity, 0.5 m/sec.

A No. of Specimens : 19
Cryptomeria Jjaponica
;
l'p
’l
Il’
50r
’
s ® /,
l" ,/
’ Vi
é /. a ,’l
/ a pog
LL I'I ,’I
o / ’I,
I/ @”
w 25F /! o
D J X A L, ) .
B / L 1R RE
= S S Rel Hum
//I " A/’ e 40%
b [ 7 a 50~
~= * ./
S s - 60~
= 7 x 10~
.

1 1 1 1
0 10 20 30 40
A#ErE SATORATION DEFICIT (mmHg)
Fig. 36 %% T=m,R+n, TEbLLIHE
D m, O & FIFIREE & DOBIFR, EH
1% 2mfsec
Relation between saturztion deficit of
atmosphere and value of m, in equction
T=m,R+n,, where T represents the
transpiration rate and R the radiation
intensity. Wind velocity, 2m/sec.

Myrica rubra

g
LN
S

S TR
o _--"" Rel Hum
v s /.—’ 2 4070
. //” - 58 “

v a:.c';, &7 x ?0” |
S | ,° 80
20 30

# g 5& SATURATION DEFICIT(mmHg)

Nro4E VALUE OF hr

(=]
—
(=}

Fig. 35 @F%% T=m,R+n, TEbLIH

GO n, O LAFFARRE & OB%, E
B 0.5 m/sec

Relation between saturation deficit of

atmosphere and value of n, in equation

T=m,R+n,, where T represents the

transpiration rate and R the radiation

intensity. Wind velocity, 0.5 m/sec.

s No- of Specimens : 19
Cryptomeria japonica
I/
]O !/I o ’
~ III R Q///
b I, //
‘,’I ,// .
LOL //" o e ’/'
/ Len //
uu] J /7
S5 / A
D s A .
= VA LRY.d
> S S ¢ Rel Hum
A s ¢ e 40 %
<l S - 50 %
- P4 x %
= %
0 1

1 1 1
10 20 30 40
F #€3% SATURATION DEFICIT (mmHg)
Fig. 37 jE¥®%% T=m,R+n, THbLIHE
D n, Off & fIFRRE & OB, M
1X 2mjsec
Relation between saturation deficit of
atmosphere and value of n, in equation
T=m,R+n,, where T represents the
transpiration rate and R the radiation
intensity. Wind velocity, 2m/sec.
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FRThs. RO L5 hdOLFERTRUCHBMCE D E0o TIN50, WIh OB IEHR
FRICHD EELTELE LR, T, RNFOEOESIE X, BlhotiBdHUuRLEI K, B
FRIBEE L I EBRCHh o,
T, 2D m BIU 0, OF L EFRER He L OMOBRAEREEZ T, SiUR/MERE
B XY, COBEMOME LG L OZROME 2FEL, ThZhoBECXT 2 m, 8L n, OS5
RERDD RO L5 IekER MEBNE, 7272, AFD n, & He OMFBEDO S, Fig. 37 0 X5
W RBROHF 2 50 & {HEI 2 SOMIIRA Lisholce ¥k, 0, HIEMRENSOHEDEHERD
EZRL, REOHEFREE He NEORCIERETHH LELON DD, n, k¥ Hao L OBFEHR
HTERIFERYEETS b0 & LR L,
Y=t x4 (Raifi=0.5m/sec) .
m,=2.13 Ha+2.65 |
I J .................................... (2)
m, DIHEFHFE=5.51 n, DYHEHE=5.13

AFEOEE (B =2m/sec) .
m,=0.14 Hy+0.15 |
n —0.36 1y J .................................... (3)
m, DIFHEFZE=0.57 n, OEHKFE=0.88

22T, b (2) BIvr (3) X& (1) KefRATHE, FhrPholEci+ 5ERET OFF
B EoN5 . Tihebb,

< DG (B =0.5m/sec) :

T=(2.13R+1.99) Ha+2.65R ..........cciiieannnnnn.. (4)
T OFHHE=5.60

A E DA (JE=2m/sec) :

T =(0.14 R+0.36) H;+0.15R
T DIFHEHRFE=0.97

Z 2T R callom®lmin BRiCcFb UIIBSREE, Ha 12 mmHg HETHDb L RSHOKESD
FFTRETH D

EEMAREE He 13, REHOEIFIKESEY e (mmHg), TOROBRREL H, x100 (%)
THEbHEIE,

H;=es; (1 —-H,)
TELINLIETH S,

7. BRFRIELEEE OBEMF

Ll ET—ZEE TR} 5 BREOFEINMEL DT, D REME ) L B EDOWMARO L
ROBDBEN DD, FDOIedEY <228 IOAFROWT, TREN 1954 4£1 F 19 ALREES A
17 HETOM, $X00 1954 £2 A1 H2LRES A 31 HECoflic, 27 ER XV 26 HOEREY R
Zieotz. £0D5 L, WETEL b 4 EFOORRSERO A% Figs. 38 BX Ot 39 iRl .
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50_ Myrica Trubra

g Fs& Air Temp :20°C
= FHE:ZERel Hum : 70 %
E 40
w
> ELECE 3
& 301 Rad Int
2 cal/emymin
2 \\ ; 0.74
& 201 0.41
S P~— 3
é 0.24
~ 10 4
& — 0
®
?g 1 L L 1

1 2 3 A

fL& WIND VELOCITY (M/SEC)

Fig. 38 @F&= L AUd & DBILR, 1954 4£1 A 19
H~3 H 17 HillE, EXER
Relation between transpiration rate and
wind velocity. Jan. 19 to Mar. 17, 1954,

laboratory experiment.

Myrica rubra
A
2_
B
bi_‘_ Al . /
/ -
///./
— -——]

0
LR W!ND VELOCITY (M/SEC')
Fig. 40 Fig. 38 oA, EEd: (T.—T.)
L DA UEEGE L ERRBERIC e A o
LxRT, oS, Fig. 38 0%
et Isd 2
Showing the relations in figure 38 can
be converted into linear relations if the
ratios of wind velocity to (T,—T,) were
plotted against the wind velocity. Curve
numbers in the figure correspond to that
of figure 38.

10  Cryptomeria japonica
#sk Air Temp : 20°C
B4R :RE Rel Hum: 60 %

TRANSPIRATION KRATE(Gy/Hi/1006r)

AT IRE
\ Rad Int
~. —_1 cal/cm/min
. 1.00
° :'\g : 039
0.24
4 0

@ A

0 1 2 3 ]
SiLig WIND VELOCITY (M/SeC)

Fig. 39 BRLLFE L OFR, 1954 £2 A1
H~3 F 31 HillsE, SWER
Relation between transpiration rate and
wind velocity. Feb. 1 to Mar. 31, 1954,

laboratory experiment.

Cryptomeria japonica

0 1 2 3 4
Uik WIND VELOCITY (M/SEC)

Fig. 41 Fig. 39 OB, Eilty (To—Te)

LD L EEE L ERRERIC S
xR RT. HFoFEFER, Fig. 39 o1
nextisT %

Showing the relations in figure 39 can

be converted into linear relations if the

ratios of wind velocity to (To—T,) were

plotted against the wind velocity. Curve

numbers in the figure correspond to that

of figure 39.



CROOREERS L, BIHRIL 0~1m/sec OMEHOTHAP TIXEMAHNT B ICoN T T

MERBEIIERE H5

ML, 1~4mfsec DFEEANTIHZIE—BOMECHITTAEANDDZ L bh b
i, BEERREES/ NS B Lie Ao TR L, Ocallem?lmin 0% L Cikiic FRA-T5BHARAELN S,
SEIC TN OHROER AR B wic, Fily v tRbL, RENBEOKOEHRREY T, (£

DEGE v DFgEDEFHERY T, THRHLT, v/(To—T.) ®FEL,

Flo D THOEE

FoE LR E ORERRD S &,

Figs. 40 3 X% 41 © & 5 K ERBENESNR %, Fig. 40 0&FEHIT Fig. 38 OR—BE 0L
MIEL, Fig. 41 0&E#kT Fig. 39 OF—FE0FHBCHIEL T\ b, $a% Z OEROEMOME,

bR, L ORZEDME & THE, ChbDEFIIARC I o THEbINSE Z LI b,
v/(To—T)=av+b

HaoBEba/el S, 2hbOEKaRs IO bDEILE D CENMECHME & bikIT5. 2
TR/AEFEEC LY, WEEC O W TEZ kot Fh 27 Bk X 26 FOEBRERE:LL B a

BIUbDEERD, ThbOfE LIEEHMRE & OBIFREFANTES &,

biic. Tisbb,

Figs. 42~45 © X 5 7cis g
a % 7203 b OXIEEIIRSREL M T B i Lich o TR id EAIC IR AT 2 B %

RLTCWA., £2T, BERTR/IEHEELHWT, ShLDOHEAIOMEE X O L DR EOME & wRDT
(7)) R fRATHE, ThehoBBEXT5ERBR T, LM v L OBFERNELNRS ., FOfED

KDL KT 5 o

Y= T TDHE

T.=T,Fv/(0.55e %1 « p+(.32e3-41%)

=T,Fv/(0.55X10" 3R « p40.32x 107235 )

ZAFDEE

O~ Myrica

LoaG lal
/
/

5\Ft # No.of Specimens : 27

Tubra

0 05

10

#2451 33% RADIATION INTENSITY
(CAL/CMYMIN)
Fig. 42 Fig. 40 &R E AR BEAHE a D
KFE L EEATREE & OBIR
Relation between logarithmic values of
gradient ‘‘a’’s of straight lines in figure
40 and the others and radiation intensity.

)
r
/

bl
/

LOG

_3_

EURHR No. of Specimens - 27
Myrica rubra

|
0 05
$a445%% RADIATION

10

INTENSITY
(CAL/CMIMIN)

Fig. 43 Fig. 40 RS NiTERR & il & D22

| ELO{E b OXIRL & IR & ORI
Relation between logarithmic values of
Y-iﬁtercept “b’”’s of staight lines in
figure 40 and the others and radiation

intensity.
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LOG

+05)

-05

FERoLBRENEORE (to6) (UED

U HHK No. of Specimens : 26
AN Cryptomeria japonica

- e

1
0 05

1
1.0
8 4 NSITY
#24% 588 RADIATION INTE (CAL/CMMIND

Fig. 44 Fig. 41 RENLEROELHE 2 D

XBUE & IRHIREE » OBILR'

Relation between logarithmic values of
gradient ““a’’s of straight lines in figure
41 and the others and radiation intensity.

Ibl

LOG

+F
s 434K No, of Specimens 126
~ Cryptomeria  japonica
\\
\\
~
\\
\\
\\
. .
Ok, \\
N, \\
\\\ . \\\
\\ . \\
N o
N \\\
~ ~,
N\,
\\\ \n\\
\\ "
_] - \\\
.
~
N
- L
[¢] 05 10

#5351 58% RADIATION INTENSITY (CAL/CMYMIN)

Fig. 45 Fig. 41 /R I NIcERR & #iHh & 032

HELODME b OXIEE & EEREE » DR

Relation between logarithmic values of
Y-intercept ‘‘b”’s of straight lines in
figure 41 and the others and radiation
intensity.

To=ToF0/(2.77 €08 « 942,16 e3-3)

=Ty F0)(2.77 X10-5F « p+2.16 X 101-15%) |

[ (o)

Z T T vk misec BARITHEI LEH, R X callem®[min BARiT3Hb LICIBSARE, e RHRYKO
E, T, 3AMNBOHOBMERCHR, BERLORBHBRECEK THS. i, RFDEADHE
D5 b, EOREEHBENEOHEDOITHAT S, coX IoTHEfEC W Tk ookt h

Fh 27 {3 X 26 EDERCHL T HWHEDOFEMERRDTLS &,
HHEN 0.02 Oflichh, AFTIREA 0.20 5/ 0.01 OffchoT,

IFEI I ERBEREYRDLT Z Lbaots
ZZTHFEG D (4) BIW (5) ReFETHMWLERERY (8) BI (9) Kick>TH
EL, BV BOROEFER T ¥XbTXe Ry, WEEOEBRLHE T 210 BE X2 FIZET 5
TR0 B,
Y= EDBERS

To=(2.09R+1.67) Hi+35.62 R

ZZT,

KL,

H(l:es (1 _H/'>

T=TyFv/(av+Db) ’

ZZT, i

|

a=0.55x10-1-97R J
b=0.32 10~

< EETIEEK 0.35
(8) BIXv (9) R
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AFOGE !

To=(0.14 R+0.35)H,;+3.08R
.......................... (12)
T, Hei=es(1 -H,)
BIU,
T=ToFv (av+b)
ZZT, a=2.77X1070"R ] ...................................... (13)

b=2.16 x10-"-&

7oL, RiX callem?lmin THi L IESHREE, es XX OMOKRICHIS T 5 KRR OKELKDEA
S mwmHg), H, XESREL I\ THFH L ABRRBEDCMT 0~1 ORMADME, v 1% m/sec T
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Research materials
Measurement of the Total Transpiration from a Forest. (Part 6)
Studies on the rate of transpiration as the function

of environmental factors under controlled conditions.
Yoshito YAMAOKA

(Résumsé)

1. Introduction.

As the transpiration rate measured by the potometer method agrees within an error of
42.49% with the value under natural state, as has been already dealt with in detail in Part
5, the author has proceeded to investigate the relations between transpiration rate and various
environmental factors under controlled conditions. It has already been reported by many of
the investigators such as, Briggs and Shantz®’, Sayre®"’, Cribbs®’?’, Dole!"’, Wilson*#’, Blaydes'’,
Meyer®®, and others, that the transpiration rate shows a daily periodicity, and the correlation
between this daily periodicity and environmental conditions has been investigated by Shapiro
and De Forest!”’ by the cobalt chloride paper method (Bakke?', Livingston and Shreve!’)
with respect to eight species of chaparral plants. Kadota'*’ has also observed the daily
periodicity of the transpiration rate in his investigation on Japanese black pine. In the
early observation performed by the author with respect to Myrica rubra, it was observed
that the same daily periodicity of transpiration rate exists.

As to the orjgin of this daily periodicity of transpiration rate, it can be considered that
this owes mainly to the daily periodicity of environmental factors such as air temperature,
relative humidity, radiation intensity, and wind velocity. Several investigations with regard
to the effects of these environmental factors on the transpiration rate have been made.

Meyer®?, Thornthwaite and Holzman'?’, Thornthwaite'"’, and others, investigated the
effect of air temperature on transpiration rate, and the trends were represented by the
convenient form of linear relations. But the gradually accelerating tendency of transpiration
rate with the increase of air temperature can be seen in the results of laboratory experiments
by Roeser®”’ with respect to Lodgepole pine, Engelmann spruce, Douglas fir, and Western
yellow pine.

Martin®*"’, Bialoglowski®’, and others, showed the linear relation between transpiration
rate and relative humidity. But the trends were not straight in Daniel’s'®”’ experimental
results on five species. (by Kittredge'’)

Arthur and Stewart!, Martin'*’, and others, investigated the effect of radiation intensity
on transpiration rate. The influence of radiation on the rate of transpiration of Helianthus
annuus under natural conditions was investigated by Martin, using shade tents constructed
so as to transmit different amounts of radiation, and to permit such freedom of air circulation
that other environmental factors were not éltered appreciably, and found the relation between
radiation intensity and transpiration rate to be linear within the limits of experimental
error.

As to the effect of wave length of light, Leclerc du Sablon'®’ suggested that the accelera-
ting effect of radiation on transpiration rate may be due partly to heating of the leaves
and partly to a change in the permeability of the protoplasm. Ivanov and Thielmann'®

showed that the transpiration rate under blue-violet light could be accelerated to the extent
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of 50 or 60% as compared with that under red-yellow light of the same intensity. Lepeschkin!7’,
showed that the permeability of the protoplasm of Elodea leaves increases under methylene
blue light with increase of the light up to 10% of full sunlight, but beyond this intensity
the change in the permeability of protoplasm is very little.

As to the effect of the wind velocity, several investigations have been performed by
Renner®”, Seybold®* 33 Wrenger's’, Wilson and Livingston'’, Nakayama and Kadota®'*s’,
Satoo™-3", and others. And according to the report by Renner, the effect of wind on the
transpiration rate of Rhododzndron hybridum was indistinct under scattered light. Seybold
reported that the transpiration rates of plants mainly composed of cuticular transpiration
were increased by the wind, but the effect of wind on the transpiration rates of plants
mainly composed of stomatal transpiration were small. Wrenger investigated the effect of
wind on 38 species, including Helianthus annuus and others, in the laboratory, and showed
that the transpiration rates once attain the maximum values proper to the species (12—150%)
after 10 or 15 minutes by the influence of wind, and gradually decrease there after. Accor-
ding to the experimental results on Japanese pine trees performed by Nakayama and Kado-
ta, the effect of wind on transpiration rate differs according to the time of the day, and
the transpiration rate in the afternoon decreases or increases by the influence of wind
depending upon fine or cloudy weather, respectively. The measurement of the lag period
of the transpiration rate caused by the change of wind velocity was performed by Wilson
and Livingston with respect to willow, and by Satoo with respect to Cryptomeria japonica.
Satoo?®®’ also reported that the effect of wind is larger on new leaves than on old leaves,
and he also performed some experiments on a leaf model®’.

As has been described above, the reports with regard to the effect of environmental
conditions on the transpiration rate are numerous. But there are as yet no synthetic results
useful in the estimation of the transpiration rate under optional meteorological conditions.
For that reason, the author decided to carry out a series of experiments with respect to
Myrica rubra and Cryptomzria japonica in order to obtain the synthetic result necessary to
estimate the amount of transpiration.

2. Transpiration rate under natural conditions.

It is necessary to investigate the ‘relations between transpiration rate under natural
conditions and meteorological conditions before starting our laboratory experiments, in order
to obtain some rough information in advance about the relations between transpiration rate
and environmental conditions. The following two examples show the results of experiments

carried out in the open with respect to the cut shoots of Myrica rubra mounted in potome-
ters.

Fig. 1 shows one of the results obtained on Dec. 4, 1951. The total leaf areas of cut
shoots A and B are 1120.6cm® and 870.5 cm®, respectively. But there is no remarkable
discrepancy among the vzlues of both transpiration rates, as can be seen in Fig. 1, and
moreover, transpiration curves A and B follow approximately parallel courses. As can be
seen, the variation of transpiration rate has correlated with the variation of the intensity of

solar radiation and the air temperature, the former variation following about 10 minutes
behind the latter variation.

The comparison of the transpiration rate inside and outside of the crown was then
investigated, as shown in Fig. 2, on cut shoots of Myrica rubra on Oct. 17, 1951 (fair).

It is surprising that the transpiration rates differ to such an extent shown in Fig. 2. Curves
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A, C, and B’ are the transpiration curves of cutjshoots mounted in potometers and placed
in situ. But curves B, A’, and C’ are the transpiration curves of cut shoots mounted in
potometers and placed on earth about 2 meters apart from the parent tree. The transpiration
rate of curve A is more than double that of curve C, however the shoots are both in the
crown. It seems probable that the occurrence of such a large discrepancy was due to the
fact that the cut shoot A was put in full sunlight, whereas the cut shoot C was put in the
shade. As evidence, the transpiration rate of cut shoot B in full sunlight on earth approxi-
mately agrees with that of cut shoot A.

In the second place, the cut shoots in the crown were placed on earth and the cut
shoots on earth were placed in the crown in sifu, at the instant shown by the small arrow
heads in the figure. As the result of this, the transpiration rate of cut shoot A was decreased
and that of cut shoot C was increased to an approximately comparable value. The trans-
piration rates of cut shoots B’ and C both placed in shade approached to nearly the same
value. Thus, the transpiration rate differs widely according to the position of cut shoot in
the crown and to the different conditions inside or outside of the crown. The effect of the
intensity of solar radiation would be considered as the main origin of this large discrepancy
in transpiration rate. The values of air temperature, relative humidity, and wind velocity
in Fig. 2 are of no avail in explaining these discrepancies, for they were measured in the
open shade from beginning to end of the experiment.

Furthermore, an experiment was carried out on Myrica rubra in the open on Oct. 31,
1951 (fair) in full sunlight in order to investigate the effect of solar radiation on transpira-
tion rate. Fig. 3 shows the result. The solar radiation was suddenly screened by a sheet
of drawing paper hung in front of the potometer at about one meter away from the poto-
meter at the instant shown by a small arrow head (12 : 33 A. M.) in the figure. As a result,
the transpiration rate fell to the value equal to 35.5 gr/hr/m® from 53.2 gr/hr[m*> about 10
minutes after the screening. Thus, the transpiration rate of Myrica rubra had varied
appreciably because of the change of intensity of solar radiation. And the necessary time

lag of the transpiration rate to follow the change of intensity of solar radiation was about
10 minutes.

As the transpiration rates under natural conditions are affected simultaneously by the
complicated change in the environmental conditions as shown above, it is difficult to
separate these effects of environmental conditions from such a simple experiment. For that
reason, the author carried out an investigation with the aid of a hand-made small Géttingen-
type wind tunnel explained in the next article.

3. Experimental apparatus and the measuring methods.

Fig. 4 is a plan view of a hand-made small Gottingen-type wind tunnel. Part A is the
mezsuring chamber enclosed in glass plates at its fore side and upper side. A cut shoot
mounted in a potometer was placed in this chamber after being mounted in a stand illustrated
in Fig. 2, Part 5, and the readings of the potometer were taken through the fore side
window. The dimensions of this chamber are 63 cm in height, 46 cm in breadth and 46 cm
in length. The circuit length of the wind tunnel is 4.7 meters, and the wind velocity at
the center of chamber A can be varied, by operating the ventilator B, to an extent of 0 to
4 mfsec. Four plates E, F, G, and H at each corner of the wind tunnel are the guide vanes.
The wall of the wind tunrel is made in double wall construction, except around the chzmber

A, in order to maintain the inuner air temperature and relative humidity as constant as
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possible.

Fig. 5 shows the electric circuit arrangements and the pipings of the automatic cont-
rolling devices. There are automatic controlling heads B and C respectively for air tem-
perature and relative humidity, calcium chloride container E, electric heater F, thermopile
radiometer D, agitating fan G, rotating vane type anemometer. Lambrecht's hygrometer
and bulb thermometer in the chamber A were conveniently arranged in their proper posi-
tions. The controlling heads B and C operate the relays O, P and U, V, respectively, and
by the action of electric motors R, Q and three way cock W, T, X, the air temperature and
the relative humidity in wind tunnel are automatically controlled. M is an ice box and S
is a small boiler; L, to Ls show eight of the electric lamps, 500 watts in each, and H is
the water-filter. I is a constant-water-head tank supplying water in the water-filter H; J
is an automatic recorder of the thermopile radiometer D, and K, to Ki; show the electric

keys in the whole works. The water-supply in the potometer can be conducted by a small
rubber tube inserted from the exterior into the chamber A.

The author has investigated the relation between transpiration rate and various environ-
mental factors one by one, using the above described wind tunnel which can change
individually the radiation intensity, air temperature, relative humidity, and wind velocity

at will, and also can maintain the environmental conditions in any desired state auto-
matically for a long while.

The small agitating fan G installed in the chamber A was not utilized after the co-
mmencement of our experiment, for the fan G disturbs the air flow in the wind tunnel.

4. Lag period of transpiration rate caused by the change of environmental conditions.

Before starting our experiments, it is necessary to measure the lag period of transpiration
rate caused by the change of environmental conditions. These lag periods of transpiration
rate were measured on Myrica rubra changing the air temperature, relative humidity, and
wind velocity in wind tunnel one by one. The results are shown in Figs. 6 to 8.

Figs. 6 to 8 show the results of laboratory experiments with respect to the lag periods
caused by the changes of air temperature, relative humidity, and wind velocity, respectively.
In these cases, it is essential to spend a few minutes in order to change the air temperature
or relative humidity or wind velocity in the wind tunnel. Accordingly, the lag periods
will be somewhat extended. But in spite of these disadvantageous counditions, the lag
periods were 6.5, 7.5, and 10 minutes, respectively, as shown in each figure.

Thus, the lag periods of transpiration rate in the case of changing the environmental
factors one by one can be considered as 6.5 to 10 minutes.

5. Relations of the transpiration rate to air temperature and relative humidity.

Meyer®!’ and others represented the relation between transpiration rate and temperature
by a convenient form of linear trend, but it appeared in more complicated form in our
investigations on Myrica rubra and Cryptomeria japonica.

Fifteen experiments were carried out on Myrica rubra during the period from Feb. 11
to Mar. 9, 1953 under constant wind velocity of 0.5m/sec, and 4 experiments on Cryptomeria
japonica from Feb. 25 to Mar. 3, 1954 under constant wind velocity of 2m/sec, changing
air temperature under constant radiation intensity and relative humidity. Butonly 5 among
15 experimental results are shown in Fig. 9 with respect to Myrica rubra, and all of the
results in Fig. 10 in the case of Cryftomeria japonica. It is obvious that the trends are

not linear in these species, but the transpiration rate increases acceleratively with higher
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air temperature, and the whole height of the curve tends to rise with lower relative
humidity. And furthermore, there are two points of inflection in most cases on the
transpiration curves; their positions seem to be fixed at certain temperatures. The reversal
of the curves under relative humidity of 70 % and 80 % is an exception. But it is not in
general, as can be understood from the relation of transpiration rate to relative humidity.

With regard to the relation between transpiration rate and relative humidity, 22 ex-
periments were carried out on Myrica rubra during the period from Feb. 24 to Apr. 8, 1953
under constant wind velocity of 0.5m/sec, and 5 experiments on Cryptomeria japonica from
Mar. 5 to Mar. 20, 1954 under constant wind velocity of 2m/sec, changing relative humidity
under constant radiation intensity and air temperature. Only 7 results in dark and 7 other
results under the radiation iantensity of 0.21cal/cm®/min are shown in Figs. 11 and 12,
respectively, with respect to Myrica rubra, but all of the results are given in Fig. 13 in the
case of Cryptomeria japonica. In all cases, the relations between transpiration rate and
relative humidity are best represented graphically by straight lines. The gradients of these
straight lines increase not only with higher air temperature but also with higher intensity
of radiation.

Thus, the relations of the transpiration rate to air temperature and relative humidity are
complicated. But there is a scientific phenomenon given semblance in these happenings.
It is the saturation deficit of the atmosphere.

Figs. 14 and 15 show the theoretical relations of the saturation deficit to air temperature
and relative humidity drawn from the tables in Fowle’s ‘“Smithsonian Physical Tables’’12).
The only difference between both phenomenon is the missing of points of inflection in the
latter.

Now we can divide the curves in Figs. 9 and 10 into two parts, as shown in Figs. 16
to 17 and Figs. 18 to 19, respectively; the first part is in direct proportional relation to
the saturation deficit, and the second part is its residuals.

Figs. 16 and 17 show the main part of the curves in Figs. 9 and 10, respectively, in
direct proportional relation to the saturation deficit, and Figs. 18 and 19 the residual part
in oscillatory nature with respect to the air temperature. Accordingly, it may be suggested
that the latter part is a component of the transpiration rate relating to something like the
regulating action of openings of the stomata of plants which must be related only to the
air temperature or to the leaf temperature.

From these results, it can be suggested that the transpiration rate will be roughly in
linear relation against the saturation deficit of the atmosphere, as has already been reported
by several investigators. In order to coufirm this, 67 and 26 experimental results on Myrica
rubra and Cryptomeria japonica were rearranged, respectively. The radiation intensity was
divided into 13 steps in the case of Myrica rubra, and 9 steps in the case of Crygttomzria
Japonica; the trouspiration rate involved in each step was plotted separately against satura-
tion deficit of atmosphere. Fig. 20 shows one example for Myrica rubra and Fig. 21 one
for Cryttomeria japonica.

The points in these figures are scattered to a somewhat large extent as is indicated by
the pair of dotted lines. This scattering nature will be due to such effect as, oscillatory
nature of the second component of transpiration rate, individual differences in transpiring
power of cut shoots, small fluctuations in environmental conditions especially in radiation

intensity, experimental errors and so on. But we can not see any oscillatory nature of the
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transpiration rate in Figs. 20 and 21 as in the case of Figs. 9 and 10. The fact seems to
suggest again that the oscillatory nature depends only upon the air temperature or upon the
leaf temperature.

In order to compare the transpiration rate with respect to different combination of wave-
lengths of light, two different radiations were used in the case of Cryptomeria japonica as
have been identified by different marks x and - in Fig. 21. The first mark X shows the
transpiration rates under the radiation of 1 electric lamp of 500 watts in its capacity without
filter, and the second mark . shows the transpiration rates under the radiation of 8 electric
lamps, 500 watts in each, totaling to 4,000 watts through a water-filter, but having the same
radiation intensity of 0.21 calfcm®/min in both cases. That is, in the former case the radia-
tion is abundant in longer wave-lengths, and in the latter case in shorter wave-lengths.
But as there are no remarkable discrepancies of transpiration rate between both cases, the
effect of wave-lengths of light upon transpiration rate on this species seems not to be
important.

Turning now to the relation hetween transpiration rate T and saturation deficit Hg,
the trends can be roughly represented mathematically by equations of the form T=m.H,
+nq, where m; is the gradient and n,; is the intercert on the ordinate. The method of
least squares was employed in obtaining the values mg and n; with respect to the results
readjusted in 13 and 9 steps of radiation intensity on Myrica ribra and Cryptomeria japonica,
respectively. And the relations of m; and ngs to the radiation intensity were investigated.
These results are shown in Figs. 22 and 23 in the case of Myrica rubra and in Figs. 24
and 25 in the case of Cryptomzvia japonica.

The trends are linear as regards the relation between m,; and radiation intensity on
both species, as shown in Fig. 22 and Fig. 24, but the values of n, scatter widely in the
figures on both species, as can be seen in Fig. 23 and Fig. 25. Of course it is not
impossible to derive an equation for estimating the transpiration rate from the relations of
m,; and ng to the intensity of radiation, but it would be liable to permit large errors coming
into the result owing to the scattered values of n;. Consequently, the author decided to

search for other functional relations useful in obtaining a more accurate equation for the

estimation of transpiration rate.

6. Relation between transpiration rate and radiation intensity.

As it was disadvantageous to derive an equation for the estimation of transpiration rate
from the relations of transpiration rate to air temperature and relative humidity, the relation
between transpiration rate and radiation intensity was investigated. Before starting our
laboratory experiments on this relation, it was necessary to examine the effect of illumina-

tion in order to take readings in dark, and the effect of different wave-lengths of light on
the transpiration rate.

Figs. 26 and 27 shown the results of experiments carried out on Dec. 4, 1951 and June
30, 1954 with respect to Myrica rubra and Cryptomzeria jafonica, respectively, in order to
examine the effect of illumination necessary to take readings in dark. Cut shoots of these
species were carried into a dark room immediately after the mounting in potometers. And
after the transpiration rate had attained the steady value, a 100 watts electric lamp was
switched on at the height of about 1 meter above the cut shoot at an instant shown by a
small arrow head in the figure. Fig. 26 shows the transpiration curve after the transpiration

rate had almost attained the steady value, but Fig. 27 shows the transpiration curve from
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10 minutes after the cut of a branch. A lighted match or a pocket electric lamp was used
in dark in order to take readings. But the effect of the illumination of a 100 watts electric
lamp can scarcely be seen in both figures. Consequently, we can consider that the tran-
spiration rate will not be affected by the illumination of such a degree, or if any, very
little. Thereupon, the author carried out his experiment in dark using a 40 watts electric
lamp, switching on only in case of taking readings.

In order to examine the effect of wave-lengths of light upon transpiration rate, a 250
watts high pressure mercury lamp was employed besides 8 electric lamps, 500 watts in
each, totaling to 4,000 watts, and those were switched on in full throughout the experiment.
Switching this mercury lamp on or off, 4 experiments with regard to the effect of wave-
lengths of light on transpiration rate were performed with respect to Myrica rubra and
Cryptomeria japonica. Figs. 28 and 29 show the results, one each, for both species performed
under the air temperature of 30°C, the relative humidity of 80%, and the wind velocity of
1 m/sec.

“ON’”’ and “OFF” marked in both figures show the instants of switching the mercury
lamp on or off under constant radiation intensity of 8§ electric lamps. A little effect of the
mercury lamp seemingly exists in the case of Myrica rubra (Fig. 28), but it is not remarkable
as Ivanov and Thielmann®’ had reported. As to the cause of this effect slightly increasing
the radiation inteunsity owing to the illumination of a mercury lamp, as shown in the figure,
some consideration will be given.

In the case of Cryptomeria japonica, the effect of mercury lamp on transpiration rate
was almost negligible, as in Fig. 29. And it has been pointed out in Fig. 21 (article 5)
that the effect of wave-lengths of light on this species is small. Accordingly, the author
carried out his investigation with regard to the relation between transpiration rate and
radiation intensity under artificial radiation.

On Myrica rubva, 27 experiments were carried out during the period from Mar. 10 to
Apr. 10, 1953 under constant wind velocity of 0.5m/sec, and 19 experiments on Cryptomeria
japonica from Feb. 24 to Apr. 16, 1954 unber constant wind velocity of 2m/sec, changing
radiation intensity by switching on or off the 8 electric lamps in turn under constant air
temperature and relative humidity. But only 10 among 27 experimental results on the
former species are shown in Figs. 30 and 31, and only 9 among 19 experimental results on
the latter species in Figs. 32 and 33.

It can be seen in these figures that the trends are best represented graphically by strai-
ght lines without exception. Now, if we represent the transpiration rate with T, and the
intensity of radiation with R, then the relation will be represented by an equation of the
type

=, R, e @
where m, is the gradient and n, the intercept on the ordinate. The gradient m, determines
the degree of influence exerted by radiation intensity on transpiration rate, and n, the
transpiration rate under zero intensity of radiation. The values m, and n, are both increa-
sed with higher air temperature and decreased with higher relative humidity, as can be
seen in Figs. 30 to 33, that is, the values m, and n, are the functions of air temperature
and relative humidity.

Consequently, the method of least squares was employed in obtaining the values of m,

and n, from 27 and 19 experimental data with respect to Myrica rubra and Cryptomeria
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japonica, respectively. And the factor having a high degree of correlation with these values
was sought. The saturation deficit of atmosphere was found to be a factor having a higher
degree of correlation with the values of m, and n,, as shown in Figs. 34 to 37.

Figs. 34 and 35 show the relations of m, and n, to saturation deficit, respectively, on
Myrica rubra, and Figs. 36 and 37 the same relations with respect to Cryptomeria japonica.
Obviously there are direct proportional relations in all cases between m, or n, and satura-
tion deficit, notwithstanding that the plotted boints have scattered to some extent as shown
by the pair of dotted lines. The different marks in the figures show that the scattering
nature has no direct connection with relative humidity.

Now, considering again the trends as straight lines and employing the method of least
squares, the values of gradients and intercepts on the ordinate were calculated, and the
empirical formulas of m, and n, on both species~ were obtained as the function of saturation
deficit of atmosphere. But it should be noted that the values of two points in Fig. 37 are
extremely far apart from the dotted lines and were omitted, and that the equation of straight
line representing the relation of n, to Hy; was obtained in type of n,=s-H,, where s in-
dicates the gradient, for the value n, is the value of transpiration rate under zero radiation
intensity and should be considered as zero when H, is zero.

For Myrica rubra (wind velocity =0.5 m/sec) :

m,=2.13 Hq+2.65)

n,=1.99 Hg
mean error of m,=5.51
mean error of n,=5.13

For Cryptomeria japonica (wind velocity =2 m/sec) :

m,=0.14 Ha+0.157 (3)
n,=0.36 Hy J

mean error of m,=0.57

mean error of n,=0.88

By substituting these equations (2) and (3) into equation (1), we can cbtain the equa-
tions representing the transpiration rate T as the function of radiation intensity R and
saturation deficit Hg, on both species, as follows.

For Myrica rubra (wind velocity =0.5 msec) :

T=(2.13R+1.99DH;+2.65R . ... oiiiiiiiiiiii i @
mean error of T=5.60
For Cryptomeria japonica (wind velocity =2 m/sec) :
T=(0.14 R+0.36)Ha+0.15R .. ... oo (5)
mean error of T=0.97
where R represents the intensity of radiation in cal/cm®/min and H, the saturation deficit of
atmosphere in mmHg.

The saturation deficit of atmosphere H, can be represented as the function of saturated

vapor pressure e. (mmHg) and relative humidity H, x100 (%), as follows.
Ha=es(l—H,) ciii i e e (6)

By these equations (4), (5), and (6), we can easily estimate the transpiration rate of
Myrica rubra and Cryptomeria japonica under wind velocity of 0.5 and 2 m/sec, respectively,
and under any air temperature, relative humidity, and radiation intensity.

7. Relation between transpiration rate and wind velocity.
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As the emprical formulas for estimating the transpiration rate under certain wind
velocity were derived as above, we have to investigate in the second place the relation
between transpiration rate and wind velocity. For this purpose, 27 experiments were carried
out during the period from Jan. 19 to Mar. 17, 1954 with respect to Myrica rubra and 26
experiments on Cryptomeria japonica during the period from Feb. 1 to Mar. 31, 1954. But
only 4 among 27 experimental results on Myrica rubra are shown in Fig. 38, and only 4
among 26 experimental results on Cryptomeria japonica in Fig. 39.

The transpiration rate decreases rapidly with higher wind velocity within the range of
0—1 m/sec and approaches to a constant value asymptotically within the range of 1—4 m/sec,
as can be seen in Figs. 38 and 39. And furthermore, the rate of decrease in transpiration
rate diminishes with lower intensity of radiation except in the case of 0 cal/cm?*/min. In
this exceptional case, 0 cal/cm?/min, the transpiration rate increases on the contrary with
higher wind velocity.

Now, in order to obtain the empirical formulas of these curves, let us put v as the
wind velocity and represent the transpiration rate at v=0 with T, and the transpiration rate
under certain wind velocity » with T,, and calculate the value of v/(T,—T,). These values
were all plotted against the wind velocity, as shown in Figs. 40 and 41 for example. The
curve numbers in Figs. 40 and 41 correspond to those of curves in Figs. 38 and 39, respec-
tively.

The trends are all linear as shown in the figures, and best represented mathematically
by the equation of type

V[(To—Tu)=a0+Db, i i e e )]
where a is the gradient of the straight line and b the intercept on the ordinate. Here again
the values of a and b decrease with higher intensity of radiation. The method of least
squares was employed in obtaining the values of a and b with respect to 27 and 26 experi-
mental data on Myrica rubra and Cryptomeria japonica, resvectively. And the logarithmic
values of a and b were plotted against the radiation intensity, as shown in Figs. 42 to 45.

Obviously the logarithmic values of a and b are in linear relations with the intensity
of radiation. And again the gradient and the value of intercept on the ordinate were
calculated by the method of least squares. By substituting these values into equation (7),
the empirical formulas of transpiration rate T, can be obtained for both species as the
function of the wind velocity v and the radiation intensity R. as follows.

For Myrica rubra: )

T, =ToFv/(0.55e 3 R.p+(.32e~5-11 &) } ................ (@)
=ToF9/(0.55X 1037 2.p+0.32 X102V &)

For Cryptomeria japonica:

T=TF@ e k2 60y ©
=ToFv/(2.77X1070"Rep+2,16 X 10" HE)

Where v is the wind velocity in m/sec, R the intensity of radiation in cal/em®/min, e
the base of Naperian logarithm and T, ié the transpiration rate under zero wind velocity in
grams per hour per square meter of lexf area in the case of Myrica rubra, or in grams per
hour per 100 grams of green leaf weight in the case of Cryttomeria japonica. Of course T,
is the function of air temperature, relative humidity, and radiation intensity. The positive -
sign among double signs in equations (8) and (9) should be applied only in the case of zero

intensity of radiation. By applying the equations (8) and (9) ome by one in 27 and 26
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experimental results on Myrica rubra and Cryptomeria japonica, respectively, it was found
that the mean errors of trauspiration rate lie between 0.02 and 0.35 g#/hr/m® in the case of
the former species and between 0.01 and 0.20 g#/h#/100 gr in the case of the latter species.
Thus, the equations (8) and (9) represent the experimental results of both species satisfactorily.
Now, modifying the data of 27 and 19 experiments concerning the relation between
transpiration rate and radiation intensity with respect to Myrica rubra and Cryptomeria
japonica, respectively, by the equations (8) and (9), we can obtain the equations representing
transpiration rate T, in the case of zero wind velocity. The following equations are the
results when applying the empirical formulas with regard to wind velocity.
For Myrica rubra:
Ty=(2.09R+1.67)Ha+35.62 Rl
where, Hu=e,(1—-H,)
And T=T,Fv/(av+b)
where, a=0.55X 10 3 Ry e an
b=0.32x10"2-%£&
For Cryttomeria japonica:
T:=(0.14 R+0.35)He+3.08 R 1

............................ (12)
where, Hy=e.(1-H,)
And T=T,Fv/(av+Db)
where, a=2.77X10 " R b e 13)

b=2.16 X103~

In these equations, R is the intensity of radiation in cal/cm®/min, e. the saturated vapor
pressure of atmosphere in mmHg corresponding to the air temperature at that time, H, the
relative humidity expressed in values from zero to unity, and v the wind velocity in m/sec.

8. Relations of the leaf temperature to transpiration rate and environmental conditions.

It is known that the temperature of a leaf in direct sunlight will be considerably raised
by the heating action of solar radiation, but on the contrary it will be reduced by the
transpiring action of a leaf. There are few previous works with regard to this problem.
Miller and Saunders®® have shown that the temperature of a wilted leaf is always higher
than that of a turgid leaf in the case of arop plants using thermocouple. Clum® measured
the temperature of leaves of Fuchsia speciosa, Phaseolus wvulgaris, Brassica oleracea, and
Syringa vulgaris by means of thermocouples, and found that these leaves were nearly always
warmer than the air during the day, and in direct sunlight they were frequently warmer
than the air from 5 to 10°C, the maximum difference attaining to 13.1°C in the open and
16°C in the greenhouse. But no definite correlation was found hetween the transpiration
rate and the difference between the le2f and air temperature, or between the difference of
the transpiration rates of two plants or leaves, and the difference of their temperatures.
Copeland” measured the temperature of the leaves of chaparral shrubs by wrapping a leaf
around the bulb of a thermometer and reported that the temperature of the leaves of chaparral
shrubs in direct sunlight was sometimes higher by as much as 10°C above the shade tem-
perature, the cooling effect of very actively trauspiring leaves amounting sometimes to
more than 10°C. Also Martin'’ measured the leaf temperature of Helianthus annuus with
Clements and Martin’s thermocouple method and reported that ‘‘the temperature of leaves
hanging nearly at right angles to the sun’s rays in the open averaged about 1°C ahove that

of the air, while that of leaves under tent was about 5°C below.”” Thus, the leaf tempera-
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ture vories widely according to the amount of transpiration and the environmental conditions.
But the regular relations of the leaf temperature to transpiration rate and euvironmental
conditions have not yet been found. The author has suggested that these irregularities of
results will be due to the fact that the measurement of leaf temperature was made on an
individual leaf.

For that reason, 20 thermocouples made of B. S. No. 36 copper and constantan wire were
soldered in series, and the difference between mean temperature of 20 leaves and air
temperature was directly measured by inserting 20 hot junctions into the surface of 20
different leaves, and hanging 20 cold junctions in a bundle in the free air. In such a manner
the measurement of the difference between mean temperature of 20 leaves and air temperatu
re was performed with respect to the leaves of Myrica rubra and Cryptomeria japonica.

Fig. 46 shows only 1 among 13 results of experiments carried out during the period
from Mar. 20 to Apr. 9, 1953 on Myrica rubra under constant wind velocity of 0.5 m/s2c, and
Fig. 47 shows only 1 among 16 results of experiments carried out during the period from
Feb. 24 to Apr. 16, 1954 on Cryfttomeria japonica under counstant wind velocity of 2m/sec,
with regard to the relation of the difference between leaf and air temperature to the inten-
sity of radiation. These trends are best represented graphically by straight lines on both
species with almost no exception as in Figs. 46 and 47. And it can readily be understood
that the difference between leaf and air temperature is in direct proportional relation with
the transpjration rate, as the latter is also in linear relation with radiation intensity as
shown in the figures. In all cases, the difference between leaf and air temperature became
negative with lower radiation intensity, but never exceeded —3°C. Consequently, it seems

as if the accelerating effect of radiation on transpiration may be due mainly to the increase
of the temperature of leaves.

Figs. 48 to 50 show the relations of the difference between leaf and air temperature
to air temperature and relative humidity. Figs. 48 and 49 show 9 among 25 results of
experiments carried out during the period from Mar. 26 to Apr. 8, 1953 with respect to
Myrica yubra under constant wind velocity of 0.5m/sec, and Fig. 50 shows all of the results
of 3 experiments carried out during the period from Feb. 25 to Mar. 3, 1954 with respect
to Cryptomeria japonica under constant wind velocity of 2m/sec. The differences between
leaf and air temperatures are all negative in the case of zero intensity of radiation as in
Fig. 48, but all positive in the case of 0.51 and 0.64 cal/cm®/min as in Fig. 49. But in the
case of intermediate intensity of radiation, 0.21 cal/cm®/min, as in Fig. 50 (Cryptomeria ja-
ponica) this differences changed its sign from positive to negative with the increase of air
temperature. And it can also be seen in the figures that the leaf temperature acceleratively
decreases with higher air temperature and decreases almost in linear trends with the dec-

rease of relative humidity except in Fig. 50. This tendency is quite opposite to that of
the transpiration rate.

Now putting together the results obtained above, it can be suggested that the leaf
temperature would be decreased linearly with the increase of the saturation deficit of
atmosphere, and the whole trends would be raised with higher intensity of radiation. In
order to confirm this, we divided the radiation intensity in steps of 0.1 cal/cm?®/min and
rearranged the experimental data in these steps. The relation of the difference between
leaf and air temperature to the saturation deficit was investigated. Figs. 51 and 52 show

the parts of the results.
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The values of radiation intensity indicated in the figures are the mean values of radiation
intensity corresponding to each plotted point. From these results we can understand that
not only the leaf temperature decreases in nearly direct proportional relation to the saturation
deficit, but also the whole trend rises with higher intensity of radiation, as has already
been expected.

The gradients of the straight lines in Figs. 51 and 52 seem to have no connection with
the intensity of radiation. Provided that the gradients are constant with regard to the
intensity of radiation, the inclination of the straight- line representing the relation of the
difference between leaf and air temperature to the radiation intensity, shown in Figs. 46
and 47, will have no connection with air temperature and relative humidity under constant
wind velocity. Such being the case, the values of gradient with respect to 13 and 16
experiments on Myrica rubra and Cryptomzria japonica, respectively, were calculated by
the aid of the method of least squares. And the relations between those values and air
temperature and relative humidity were investigated. But no correlation between them was
observed, as was expected.

Finally we have to investigate the relation of the difference between leaf and air
temperature to the wind -velocity. Oun Myrica rubra, 25 experiments were carried out during
the period from Jan. 21 to Mar. 17, 1954 and 21 experiments on Crypiomsria japonica from
Feb. 1 to Mar. 31, 1954. But only 4 experimental results for each species are shown in Figs.
53 and 54.

These trends resemble closely to that of the relation between transpiration rate and

wind velocity. That is, the effect of wind velocity upon the leaf temperature is violent
within the range of 0

1m/sec, but it is very small beyond this wind velocity. And also
the leaf temperature increases with higher wind velocity when the radiation intensity is
zero, but on the contrary acceleratively decreases with higher intensity of radiation. It seems
probable that the wind urges the circulation of air around the leaves to conduct heat from
air to leaves’ surface when the temperature of leaves is lower than the temperature of
surrounding air, but to conduct heat from leaves’ surface to air when the temperature of
leaves is higher than the temperature of surrounding air, until the equilibrium is attained
between the leaf temperature and the air temperature. Aund it also seems probable that the
transpiration rate follows behind the change of the leaf temperature.

As we have described above, there are close correlations between mean temperature
of leaves and transpiration rate and environmental conditions. And the relation between
mean temperature of leaves and environmental conditions follows a regular trend. But it
should be noted that the mean temperature of leaves had been determined by only 20 thermo-
couples inserted into 20 different leaves; nevertheless the total number of leaves amounted
to 80—250 in the case of cut shoots of Myrica rubra, and to a countless number of needles
in the case of cut shoots of Cryptomzria japonica. Accordingly, it is still doubtful whether

the measured values will give the true mean temperatures of whole leaves of a cut shoot
or not.

9. Conclusion.

There are systematic relations between transpiration rate of cut shoot of Myrica rubra
and Cryptomerica japonica and radiation intensity, air temperature, relative humidity, and
wind velocity as stated above; nevertheless, the transpiration rate of individual cut shoot

differs tolerably. This individual difference may be due partly to the fact that the cut
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shoots were severed from each part of four directions and three steps of height of the crown
of the parent tree in sequence. Four directions mean unorth, east, south, and west and three
steps of height mean bottom, middle, and top of the crown. Thus the author has tried to
bring the mean value of experimental results closer to the mean value of the transpiration
rate of the whole parent tree. With regard to this individual difference of transpiration
rate of cut shoot, Kadota!'*’ investigated with respect to Japanese black pine, but the diffe-
rences were not so great as to impede our investigation. In addition, the individual diffe-
rence lies not only on the cut shoot severed from a different part of the crown but also on
the cut shoot severed from the same part of the crown. For that reason the author has
adopted the method just descriked above.

In this research the author has tried to derive the empirical formulas necessary to
estimate the transpiration rate of Myrica rubra and Cryptomeria japonica in two ways. But,
as the first way to derive the empirical formulas from the relations of the transpiration
rate to air temperature and relative humidity was in danger of bringing in an erroneous
result, the second way to derive the empirical formulas from the relation of the transpiration
rate to the radiation intensity was adopted. And the empirical formulas necessary to estimate
the transpiration rate of both species were obtained as the function of radiation intensity,
air temperature, and relative humidity under coustant wind velocity. In addition, the em-
pirical formulas with regard to the relation of the transpiration rate to the wind velocity
were obtained with respect to both species. Consequently, it became possible to estimate
the transpiration rate of both species under any meteorological condition.

Furthermore, the relations between temperature of leaves and transpiration rate and
environmental conditions were investigated by means of thermocouple method, soldering 20
pairs of copper-constantan thermocouples in series, and showed that the systematic relations
hold between them closely correlating to that of the relations between transpiration rate
and environmental conditions.

In conclusion, the author wishes to express his gratitude to Dr. U. NAKAYA of Hokkaido
University who kindly took a great deal of trouble and effort to help the author throughout
the research, and to Dr. A. HicAsHI of the same University, so also to Dr. M. AXKIBA of
Tokyo University and to Dr. M. OHMASA, the Director of the Government Forest Experiment

Station in Tokyo, who kindly led the author in preparing the report.



