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Abstract

Three-year-old cloned saplings of Cryptomeria japonica D. Don were grown in a growth cabinet that allowed automatic control of
temperature, relative humidity, and light conditions, and were irrigated once daily. The lighting period in the growth cabinet was
controlled, with 14 h of light and 10 h of darkness (lights on at 08:00 and lights off at 22:00). This study investigated the relationship
between sap flow rates and swelling and shrinkage of the stems of the cloned saplings. The improved stem heat-balance method and
a strain gauge were used to measure swelling and shrinkage.

The sap flow rate reacted to light and darkness immediately, increasing and decreasing just after lights-on and lights-off,
respectively. The tangential strain on the surface of the inner bark exhibited a reaction that followed but opposed the reaction of the
sap flow to lighting conditions.

Based on the diurnal changes, sap flow rate rates over 24 hours could be divided into four periods: Zone A; began with lights-on,
when the sap flow rate increased, and lasted about 2 hours. In the following zone, A,, the sap flow rate remained almost constant at
1.3 g/min for about 10 hours, and then declined for about 2 hours as lights out approached. In Zone B, the first dark period, the sap
flow declined, quickly at first and then more slowly, for about 4 hours, until the start of the second dark period, Zone C, when the the
sap flow rate became almost constant at 0.05 g/min and remained so for about six hours.

As noted above, close correlations were observed between sap flow rates and tangential strain in all periods. The first derivative of
each sap flow rate and the corresponding tangential strain were calculated, and the results indicated a negative correlation between
the two variables in all periods.

In particular, the relationship between the first derivative values exhibited a highly negative correlation in Zones A; and B,
expressed as a primary formula. Sap flow was found to continue for some time after lights-out, and this compensated for reduced
evaporative effects, albeit at a slow rate, over 4 hours.

The total sap flow rates during both the light and dark periods were measured. The total sap flow rate in the dark was only about
10% of that in the light, disregarding transpiration in the dark for convenience. Thus, the total sap flow rate responsible for

swelling of the stem was about 10% of that consumed in evaporation during the light period.

Key words: Three-year-old cloned sapling, growth cabinet, sap flow rate, improved stem heat-balance method, strain gauge method,

tangential strain



110 A R, IR B, ZE A, TR OIR

1. %

il

B U7 e i g B 22 B i ) E IR 1R, T e —
De—F— GBI EFI A L7cb o (R EUN k) &,
b= — G O ER D EF A LD (e—F R
{50 Granier(1987)DFE) E03b 5. ThEine—X—D
BENR—EDOLDLEITRNDBDEIZSHIZ 4y TED.

BN STEITIIREA T T 3 LY, e—F—FIiR
B R DR BN 35 (Cermak et al, 1973) &, bE—4—F
B O iR B 3% (Sakuratani, 1981), &HIZe—4
— E FE BB A i BN S E O B % (Tanaka et al, 1993)
LITHr TG, ZORMBUNEIL, BR Y 720 0/t
ENZONDIFNERHLN, Te—T I XEHEITRONLT
L. Zhizxt LT, E— k%L 27k (Swanson and
Whitfield, 1981) <°, Granier(1987)?® F % (Granier et al,
1987) TiX, o —7 3 B ChHHA, MiEL I &
(LT D5 A (IR K T RS E LD

ARIORIFETIE, BERUG DT RN EL, BB ED T
FUZTRNIEE B DGR O N D ARAFEY) (BEAR) 12 351F 248
R R EL LR EIATHIZEEE —D ALY, 7'r
— 7 DEHESITRET SRS, b — T 5 B R R R By
LA R U7z Fik (Tanaka, 1994) THRHK I EOMIEEAT-
7-.

it DI - N 2 BV A T E T 5721l NURRT
v RuA—4%ik (Liming, 1957 : Kozlowski, 1972 : Palmer
and Ogden, 1983) X, O § & & — ¥ % (Okuyama
Yoshida and Yamamoto, 1995:Nakai and Abe, 1997,
1998: Abe and Nakai, 1999, 2003: Yoshida et al, 1999,
2000) R ENRZNETH VSN TS, BIEIZE NI E%
%A, FEHEIHEITRE T ALK E, 257l
BT —H TIEAFICBITDE R 228 R BRI
LILTWD. — 7, BFITEH M O EITH LT, FFITAK
oA 0L By ZE E 2T IR RSERITEDILNR
WMEINTWDLD, BHEIEIZH L UIOT AT — V0
MR SNDEEMRBEOFE T, ERHENEREOE
) () &I/ hS<ENLZENMBILTND.

AE O FE T, EHIMIZRB TR A 0L ) %
FORBBEICNETHILEE —~DHBELTWDZD, OF
BT =R V.

2. £ 73

2.1 AR

PEERIZIX 3 A DA (Cryptomeria japonica D. Don.) 7
a—2EARI0ARE AV, ZHOEAZE S—IF 2T Rk
U7 IRy MR AT 7o, AR OFRBRBIAA R T DS
%, T 80.3cm, F7-, H# EE 12.5cm (2361 AR EREAR IS
T 1.19em Tholz. B AL, ##EAK (N 50.0 ppm,
P,O, 25.0 ppm, K,0 30.0 ppm, CaO, 20.0 ppm, MgO, 10.0

ppm, Fe,O; 2.0 ppm, Cu 0.1 ppm, Mn 0.1 ppm, Zn 0.1 ppm,
B 0.2 ppm, Mo 0.1 ppm, #J#§] pH : 52)% 1 HBEIZ1Uvh
NP OEZRPLERLE.

2.2 BEZMH

FBRIIBRBEHIH AT R A TR = (GC-2, /IR T2 ()
B NTITW, BE - EIX 201.0°C, 75+5.0%R.H.,
B &I 14 B (BAESR) 10 BeRE (R EHR) EL7Z. ENO A
TIEIE, 8 T OKERT 7 (1kW : HRF-1000X, #A T EREE
¥ (BR))E, 12 STOBET 7 (400W : D-400, B2 (BK) )& HH
HEDYETZRAENEL. Z2BZO%E, XEITHFE NS 0.8
mOEHSITINTHI490.0+5.0 g mol-s'm™?/ u A (BFKHF)
ThHoT-.

2.3 EBHE
2. 3.1 BHRIRE
2.3. 1.1 HIEHER

BHE T B OIS, S B BN 3% (P R ST,
1994) ZH U7z, JEFEIZLL T ICARTHY Th 5.
T, BfOABICHIRE—Z =R &M, BiEWCEY, E
BIEBRICHELEAE OH Zitia7 2. BA\EDITHEL T
Fig.1 \Z7RTHYRD 5 2, T7ebb,

OF : BHiagD, TORENBEI T LICIEIEND

g,

QU: BEEL T LAFMICEITNSEE,

OD: WEARELCFHACEIT NI EE,

OS: WrEMA % i 7 T U JE L 2k A 20,

HC: HHEWNEOITAE OB bS8 E,
NEZLNS. T72bb, OB

OH = QF + QU + 0D + 0S + HC -+++- (1)
DAL T 5. ()REERTDHERK

QF = QH - (QU + 0D + 0S + HC) - (2)
NxHID. QROFHITILL TOFIE, 37205

OH: b—2— i35 EBEBROEELEIRNOH

H,

QU: b—F—IZ&V % AT 5 OSBRI O E AR
et

OD: b—%—|ZXVHAT 2 TRl # 2K i O AR
e,

OS: WM Jichst J7 e O I8 A I He ],

HC: il (¥nlhisd),
12Xk, ZhbaEb EICBE OF BRdos. 2)F bR
W7z OF b &k



A FHAR ORI RO - IGHED) & OBk 111

R
A A
08 Ml | 08
< (T OH 5 —>»
"l:hel'mal
storage

Fig. 1.
Legend: OH, Heat energy supplied by the heater. QF, Energy

Heat balance of the stem with the installed heater.

transported by sap flow from the heater. QU, Energy
transferred up by thermal conduction along the stem.
OD, Energy transferred down by thermal conduction
along the stem. OS, Energy lost by convection from
the surface of the heated stem into the surrounding air.
HC, Energy saved by the energy change inside the

stem.
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Fig. 2. Structure of the heater system used in this study.

Notes: Four thermocouples were located above the heater and
four below. To measure the energy flow that escaped to
the outside horizontally, two thermocouples were
located inside the insulation: one in the inner inter-layer

and two in the outer inter-layer.
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Fig. 3.

Changes in sap flow rate (@) and tangential strain measured on the surface of the inner bark (O).

Legends: Lighting period (white bars), 14 hours. Dark period (black bars), 10 hours.
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