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lha2) #haroll HE 1949 EERel HmihaEe o] 83%, wo] 17%Ax, HEES 2k 30.8ton/
ha/day°l ek

1ha®] AZl #ZE#&E-S 84¥e°l 1, 194ton/ha/monthE 713 ¥ek:, 5% o] 386ton/ha/months 1%
weokel, = lhad] £/ ZERES 3, 983ton/ha/yro| ot

ABSTRACT

This is the basic study in order to know the amount of transpirational water loss in a Larix leptorepis stand

by a heat pulse method. Especially this study has been measured and discussed the diurnal and seasonal trends

of heat pulse velocity by changes of radiation, temperature and humidity, differences of heat pulse velocity

by direction and depth in stem, differences of heat pulse velocity by dominant, codominant and suppressed

trees, diurnal change of heat pulse velocity by change of leaf water potential, sap flow path way in sapwood

by dye penetration and amount of daily and annual rranspiration in a tree and stand.

The results obtained as follows :

1.

=1

10.

11.

Relation between heat pulse velocity (V. and sap flow rate (SFR) was established as a equation of SFR=
1.37V(r=0.96**) .

. The sap flow rate presented in the order of dominant, codominant and suppressed tree, respectively. The

daily heat pulse velocity was changed by radiation, temperature and vapor pressure deficit.

. The heat pulse velocity in individual trees did not differ in early morning and in late night, but had some

differed from 12 to 16 hours when radiation was relatively high.

. The heat pulse velocity and leaf water potential showed similar diurnal variation.

. The seasonal variation of heat pulse velocity was highest in August, but lowest in October and similar

value of heat pulse velocity in the other months.

. The heat pulse velocity in stem by direction was highest in eastern, but lowest in southern and similar

velocity in western and northern.

. The difference of heat pulse velocity in according to depths was highest in 2.0cm depth, medium in 1.0

cm depth, and lowest in 3.0cm depth from surface of stem.

. The sap flow path way in stem showed spiral ascent turning right pattern in five sample trees, especially

showed little spiral ascent turning right in lower part than 3m hight above ground, but very speedy in
higher than 3m hight.

. The amount of sap flow{SF) was presented as a equation of SF=1.37AV and especially SF in dominant

tree was larger than in codominant or suppressed tree.

The amount of daily transpiration was 30.8ton/ha/day and its composition ratio was 83% at day and 17%
at night.

The amount of stand transpiration per month was largest in August (1, 194ton/ha/month), lowest in May
/386ton/ha/month). The amount of stand transpiration per year was 3, 983ton/ha/year.

Kev words : Heat pulse velocity, sap flow rate, transpiration, Larix leptolepis stand
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e T3 KRR Lol Aolrlr] dii
off e KSBES T (siol) -HEM (plant) -k
¥ (atmosphere) ¢ % # #8 (continuum), &
SPACet:= #£#E %8 Uojdoi(Lange 5,
1976 ; Hinckley %, 1978). #Ao|u} KAo|u}
katgEhel REe o UEFLE 2o B 4 9l
Aak, 5 HS kaBEhel A AKEE
e B\iErt B Ausl dza Faksie),
BE HARY ¥E-F7]-71A 2 olojAe EY =
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= 719 EHiEe] ARk oA s
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=7 o Foll BhERES 4 dd
AEGEEE ZY3tc shviel

duld o HRKES ZHsle ddole K&
A, BEEAZE  HRHEERGICESE,  heat
pulseikx 5ol AcH(FHN, 1978). ol & ubal& #
JE e HEE vebdide Aol dee
W oEEE chacoh, 32 Alelgle vFol od7iel
Abauh ql 3|, thibel A SRS BIMITEE-S K
FExd 24 4 2A+E heat pulseisko]l dg A
L=l oI, 1974 /NEE, 1990 BN 5,
1989 ; Lassoie 5, 1977 ; Swanson®} Whitfield,
1981) .

Heat pulseikoll o8l Bmfges Azxz &4
3} Alehe Huber(1932)e]ct. 2] Huber$t
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Aok ZA7)7171 AgEle] 7] Bk
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B 3 FiE

1. Heat pulseixe| BIEME

Closs(1958) ol o)8t=, Aol v vhi-of B4
ol ojwl F Yol heat pulsed FW, 1 HoZ
FE T (e ARF)ol xgbd ol HolA
= Al el vt Asdte shRike =71
(8% Al A (thermocouple) off 2)8] &=k «
Aol 9lojx 2x¥d T, t)e o8 (1Ndez
vebl Al o}
Tix, t) =Q/{zkt exp[ ~ (x—V)2/4ke) - (1)
A7, T=2%, Q=#Aux" HH&E(cal/cm),
t=heat pulse® F FHe9] 7} 7(sec),
k=taMpMsel BEBEE (cm?/sec). V=heat
pulse # P (cm?/sec) o] c}.

28|32 heat pulsed & FHozX-e Lik(#%e
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HEZ)oll xabE "WolAl Mol M 2=
T x,t){» g (DA ez el A
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Table 1. The mean value of sample trees.

EEB K, £%Ke FF 271& Table 1o, =
da ol 5o HHEEMES Fig. 1o ebilld.
Heat pulse 459 AAlS s 2AE
olopr 7] $& FA ol BEBAKS] 7] 4¥ol
A A% 6cm, Zol 30cm He E715 M35
Fig. 29 A8z A&sdct. 22l #igol 4
Fote Wik oyl g bt Ae] AdAdEs
= 5Ee #HEHAS AMEsieo.

3. MEXZE

1) Heat pulse EEE S} BHE T BFR ME
velg My B OEESARY Er1o AHFel4
2l 74 6cm, 7o) 30cm H+& F715 AHH3A

A Boll 22 & AF4d= & Fig. 29 2
Az & 4=z 38t3, heat pulsed FEIEEE Sap
Flow Meter RET(AS), HP-1ZHE ZF3}
o}, Fig. 2004 IRARHL 0.706 7135 A&

rle _Jl):

sdgon], ARAYdE UFL oaﬁ*lﬂ oy
5 AR AEsel 4% ek Feha
o] WealE @AKE (cc/hr) & é daled £7]9]

EOKETE& b BHROE (SFR,

sap flow rate,

Trees Height DBH Basal area  Heartwood c‘rosss/ection Sapwood crosssection

(m) (cm?) {cm?) at breast height (cm?) at breast height (cm?)
Dominant tree 14.5 14.7 159.0 60.0 97.0
Codominant tree 13.2 10.9 90.0 35.2 54.6
Suppressed tree 8.2 8.0 50.5 12.6 37.9

A. Dominant tree B. Codominant tree C. Suppressed tree

HIGHT (m)

]

4 2 0 2 4 6 B 1012 14 16 18 4

2 0 2 4 6 8 1012 14

2 0 2 4 6 8

IGHT (kg)

Fig. 1. The state of sample trees.
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Fig. 2. An apparatus for measuring the water flow
rate. W water cylinder, E : elements(sen-
sor) for measuring the heat pulse velocity,
S : segment of the stem with about 6cm in
diameter and 30cm in length, F ! filtering
flask for measuring the amount of water
flow through the segment, P! vacuum
pump, M :sap flow meter for measuring
the heat pulse velocity, A,B,C @ a rubber
tube.
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B, kEe KEFEEEE(VPD, vapor pres-
olat AFfEe e AdHste

sure deficit,

A EAs A}, Kol 2ol heat pulsed] A
A Abqlubdl e BEEAI(1.2m) F3o] heat
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7la, #ife 2XE AYol 1.0cm, 3sH¥-ell 0.7
cm F9o #MEH AME 2.0cm HolE AH]JAl
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e Z7te -"%‘-Z* J* k258 1.0cm,
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selector% ol &3l FAlo FA ot zElx
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oA, d B oedslel A A BEEiare
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o] 6cme] FHE F .5% Mt Fucshin
: Y a‘—T—f‘}“’éﬁr Frhtbe
71 F, 724178 75t Fo
2 A3, dAFF
ZA8tg et o]

FEA, Ale AL WAl fsed

N

s
3 >
oX Olw H

e £ o pf 2 2
2
3

e
ks
a
A
b

2
o
n
>
=
nir
wjo
A
32
2

mR W ER

1. Heat pulse EESl #ERXE 2| WME
Heat pulse S} BHEHENS BAlE B



GEHKSRE 82(2)%. 19935 6A 157
20 T Y (cm/hr), pe 2 LE MY LER/4£H #
W, g/ce), mE HEL JFY SAE, = A
_ Z3 #rel HE (2 0.33) ol TH(EEN, 1972). 47
F A heat pulse &S BIHEHE-LS vtz 4] A3}
T 15} - AE gerhs Ae AASn A, 9t heat
\:’ ®, pulse EHE+ BREKES =Hste igEad A
L 25 4 93, AAZE heat pulse HEE} @K
w BEY T gl
2 ot 1 TN(1972, 1974) 9] AWM }2o] AZo 5
« #%% SFRS} heat pulse #E V Abolo)c
g e SFR=1.37Vet #A7 4eige dZsta 9
e y o,
5p 4
a
f,t) 2. Heat pulse EE2 ¥t ¥ FEHP(t
g ol A BBK,  BEEBK  HBALS
0 ' N Table 15} o] F-E3ted, 77} heat pulse EE
o 5 10 % WEste] Fig. 4o Jvebwich, 4438 242
HEAT PULSE VELOCITY (cm/hr) E719) FZoll #EZYE 2.0cm Folol A 203
Fig. 3. The relationship between heat pulse veloc- Ao 2 d&ZAslyder. BA4722 heat pulse
ity(V) and sap flow rate(SFR). The EEES vy o E#oke] A T3, #EE

regression equation is SFR=1.37V(r=90.
96**) .

abA 8137 $sled Fig. 29 e 4
o]-%, heat pulse #HES} Pl Z
A EKEEe AAE EA3le] Fig. 3ol
veldet. Heat pulse EET <129 S
= B3 29 fEs =& HEMRFES Jey
om, heat pulse #HEE E33e 2o K,
& #KEEY e siobe A

714 EKEEE BERES 2L Yujen,
Fig. 2014 o2 #tifi#E SFR(cc/cm?/hr) 2}
heat pulse /& V (cm/hr) 2}2] B{%+ SFR =
1.37V(r=0.96**, 1% A& 4 Aoz eyt
o}

Heat pulse Byl g z718 oA
(Huber, 1932 ; Huber®} Schmidt, 1937)elA+
heat pulse #E9 HHEF&E] Zotes BRETFol
A Alzbs)odch, eyt Marshall(1958) & Akt
off thgk #HEIe] o]EH T2 ¥ heat pulse
o] a4 dAE J slgich zel 93
= heat pulse #EE Vicm/hr)e} BHEFE au
icc/cm?/hr) $4o| Alelol= au=pim+c) Vo 3t
Az gt stdcl, of 7] 4, av @R
e, ue AAdER ZEe Bk EE

d 4 ok, o

R, HB8KRY 27 Folglew, 53 124%H
164] Abeloll o] & 71| heat pulse #ES] ZR7}
ek, N (1974) ol 2] 3bwd "ol 4= JLITAC]
kg AR BAlglel UF7t 24 heat
pulse ®E 7} wia oty o},

Heat pulse #E+ HHEES BEY B
HAE 43S Jehiiu, 2 3eE HHEY F
L8k 7k HxA Fart dojuz Yot (Fig.
4)., 2o FBA HEESK HBK 25 o
134]73 iAol =3, 2 3 Hddze o
16217b2 A& S o4 & vk, 164 olF 2x
k71 A1 Z3ke] HF 204] Aol A A 2~5cm/hr
of =3lct. 22l B heat pulse EESY o
A EBBAANAM <F 33cm/hr, #EFELKNA o
20cm/hr, $# A4 <k ldcm/hr A=

N1 (1974) oll 91314’4 AL T = -:-bl-—“r’—

23 747 °‘~a- 3} g7 348 45E e

o
Heol 5 £F 25 A 1147 oo 28l
chn Feh, 2 3 ogiwe 1747k HA LS
TRt chgd A 1Ak A e gt
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Fig. 4. Heat pulse velocity among dominant, codominant and suppressed trees. The holes for embedding the
elements are 2.0cm deep from surface stem at 1.2m high above ground.

Fig. 4o+ heat pulse EE~} Aol =d
A)zhe HEtge) HdlAol w3 At Ao 4

A &klak, 7l&e] Hdo =37l ofHel heat
pulse EEE Al Fddes A& & 5 3
o, 2@z 4E7 AAH ZshA 43 3 X
A we Audel AHA 2 & & Ut
oldbH o 2 heat pulse #EEE LK, HE
. R S u}

B, KR#EE o mEER 4l
gl JwH 35 Foh(FENM, 1974 Lassoie 3,
1977). Schubert(1939) ol wh2 =, BhEKES
HElrt 712l Udstel odel HE oD gho.
o Hwle] S oln HxE 7| 2dsket o

Aspalal, ol sled HABAL ohetn
Seh()l, 1974). 2 AFATIME 723}

9} heat pulse EEEQ #H3lE dbz 4] Ux|eA =
okgkoh

g4, A A#7re] heat pulse FES el
2 o7 Hdte] 429 EEHARe i FF9
heat pulse #E#EY d8istE Fig. 5o vhebuliet.

o

Bt Eol £& 12~164] Alejolls A& F el ©
7kel zol & veby o}, BitEel HE of
114" 2 F oF 164] ol F A|Zelle MAEF
of & Aol §lrt.

® Aoy EEldel Aduistel heat pulse #EES
A stg F4lo FAsle] Fig. 6o vepllo).
Heat pulse #E+x= Ko relddel odwlstel 7ol
HEf 8 kEaze] duslel ot} 2 <F 12
A7 Hdi Aol Haba, 2F 1641702 LA7 @
£ FAEE 164 o] Fol FAE epWlnl. o]
9} 7o} heat pulse HE+ KkaoZadel 7hio
vl ste] Fr1ela, Aoz kagzEldel Fhst
= heat pulse #EEE Aok dudHoz
heat pulse #E2l F7lol KoTulde Fiset
£ E EMBFR ok ek CRiE, 1986) .
g3 Jod4 ko] ek heat pulse HE 2
A 4w sE Table 20 vebwich. 8ol A =l
W heat pulse EE7} 7ba Eokx, 10¥0] 7}
A okt 2elm 6, 7, 992 heat pulse FEE

[
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Fig. 5. Heat pulse velocity among same size (codominant) trees. The holes for embedding the elements are
2.0cm deep from surface stem at 1.2m high above ground.
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Y
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-
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o i i 1 i [ I U i i A 1 1 1 [} L )
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Fig. 6. Diurnal trends of heat pulse velocity and water potential. @ — @, heat pulse velocity . © — C, water
potential.
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Table 2. Monthly trends of heat pulse velocity (HPV) in dominant tree and environmental factors at measur-
ing time from 12 to 4 p.m.

Month 5 6 7 8 9 10
Maximum HPV (cm/hr) 18.1 25.6 28.9 40.2 27.6 14.6
Average HPV (cm/hr) 13.4 24.3 26.9 34.8 25.1 13.0
Average radiation (g.cal/cm?/min) 0.72 0.80 0.96 1.21 0.69 0.44
Average temperature (C) 23.2 26.0 28.3 29.7 25.7 15.3
Average VPD (mbar) 10.3 17.2 18.8 20.2 18.2 12.5

= A9 vlsd ¢E JelWo, 53] 8¥oll= H t}. Heat pulse #E+ &
S8, B KEMEE7 27 dFo) heat pulse 1, o] &3 HExow
EEL JHE B ez Az HN9TY) dEpden, dEe &7t sba oo

off osty Hul}Foldi= 6, 7. 8Yol heat B E heat pulse EEE Mz oM o=

pulse #EZL 7bA w4 viehdam, 10€e) 7HF ot &cl. Douglas-firdl AE ME3H @& &

GA deldgn @b 2R3UFoiME 7, 8¥9 okt (Lassoie &, 1977). A2 ARy =

heat pulse #E7F 713 FUddtn I (BH F, Exo] 7lab T3, ofLe] &, A& oz o}
1989) . olckz &} (K&, 1986).

Hulvpg o] JRrAkel A g9lo) =& Aozt

3. weld heat pulse E/E bz shRl=FERN, 1974), = ohE #Huh)s

Golg tha T REskY 719 WHdd @ dAFoixE wsiEE Agkd zlelE: delddn
2 heat pulse #EY =zle]E Fig. 7o viebdll Bk (/N - 88K, 1990). FA¥EHIQ]  Betula

L v L] L T L | T
R T (°c)
(gcal/cm¥min) 4 30

Aug. 28,1991

......

< 25

40P - 20
30p <415
; east side

; west side

20 r ; north side

; south side

HEAT PULSE VELOCITY (cm/nr)

9 1 13 15 17 19 21 23
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tree. The holes for embedding the elements are 2.0cm deep from surface of stem.
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Fig. 10. Diurnal trends of transpiration among dominant, codominant and suppressed trees.

Table 3. Daily transpiration of trees and the stand in the Larix leptolepis forest. Data was calculated from
SF=1.37AV and Fig. 3. SF is transpiration rate(H,O ¢m®/hr) ; A is cross sectional area of
sapwood{cm?) . V is heat pulse velocity (cm/hr)

Day

Night Total

30, 234m/ (86%)
11, 941m! (81%)
5, 230m{ (84%)

Dominant tree
Codominant tree
Suppressed tree

35, 0187/ (100%)
14, 770m{ (100%)
6, 226m! (100%)

4, 784ml (13%)
2,827mli19%)
996mi(16%)

Stand (ha) 25,651 { (83%) 3,128 7 117%) 30,779 1 (100%)
Table 4. Monthly transpiration of trees and the stand in the Larix lepfolepis forest. {Unit :
Trees Month 5 6 7 8 9 10 year
Dominant tree 439 746 676 1, 165 823 490 4, 339
Codominant tree 185 315 285 491 347 207 1, 857
Suppressed tree 78 133 120 207 146 87 771
Stand (ha) 386, 248 655, 474 593, 915 1,194, 479 723, 311 430. 478 3,983, 905
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ol = 549 ghe U4z 2194l =lE 10

47t 590l

[e]

—
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Ay HulF kgl Mz 8%e] b Fod,
2k 66.6mm/monthg “FEFH G, 1974) .

% 1had) G4 #hare £ KEES A4E38
m, o 3 983ton/hac g 398.3mm/yraich. &
(1992) o] Aeigt Az wzgd AuF Hge
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