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Estimation of annual canopy transpiration rates on upper,
middle, and lower plots along a slope in a manmade

19-year-old Cryptomeria japonica stand
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19835 6 L V1B4EFEDKAEX O FHBERE L, £—

lZry B ZhEh,
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55.7, 48.3cm, Plot 3 #356.6, 49.0cm, Plot 5#%52.0, 55.3cmTH %, L7zd-> T, BEDOK

Table 1 Outline of the plots (Jan.,

x—1

RERME (1984F 1 A)
1984)

FHERBERE

5 UAREE FHHE THOREER SFi’JE&T% :szJéEETEIEP‘ :

E%iﬁt[z Density Mean H Mean DBH  Mean H Mean hel‘ghrt_lgrowth
o no.ha™! m cm m cm in 19&“ y in 1984

Plot 1 5200 6.9 8.5 2.1 7.8 55.7 48.3

Plot 3 4900 8.9 9.2 3.7 7.8 56.6 49.0

Plot 5 2500 15.1 16.7 9.3 10.4 52.0 55.3

H: Height, DBH: Diameter at breast height, HB: Crown height, DB: Diameter at crown height
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BN 312, B8, BEESE, £8TH, EETHER, £EXTH (WERL) OMEE
HEERE (IHEER 2R— 2177,
E— MSVADBEREE D S BMBEHEEERA T L7,
Sv=a ¥V
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£—2 HEARBE (19841 H)
Table 2 Outline of the sample trees (Jan., 1984)

HER BRA ﬁ =] H@EE@ iﬁ?% EEBEE@ BB E IR

Plot Tree No. m cm m pon Sapwc;onzd area
Plot 1 11 6.5 7.5 2.0 7.4 36.6
12 8.2 9.5 2.0 9.1 51.7
13 6.9 8.8 2.0 8.7 42.2
14 4.9 5.5 2.0 5.2 21.1
15 7.5 11.5 1.9 11.4 97.6
16 5.7 6.8 2.5 6.5 32.8
Plot 3 31 12.1 13.0 4.2 10.8 83.4
32 11.1 10.3 4.1 9.2 60.2
33 8.4 10.9 3.0 10.2 74.5
34 10.0 13.8 3.2 12.1 108.9
35 4.3 3.7 2.4 3.3 8.5
36 8.7 7.5 4.0 6.0 28.1
Plot 5 51 14.1 23.5 9.8 14.1 132.4
52 14.4 13.0 9.0 7.9 49.3
53 15.7 17.5 10.3 10.4 68.6
54 16.7 19.9 9.0 13.7 125.6
55 16.6 22.4 7.4 16.4 134.5
56 12.3 12.6 8.3 6.9 37.4

H: Height, DBH: Diameter at breast height, HB: Crown height,
DB: Diameter at crown height

SE(t) @ t RFICB T BB E (o » tree™! » day™')
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BERED > DEE I &> T, UMTBHNOBBREEICEDASND I LW, THIYWRE
TRASNTWD, Lirl, AFTR, IMTHNOESICL 2BRTEREDEIZ NSV, £Z
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X, ORBELEFFELVEEZSNZOT, UTTR, BERKE=HRKEL L T&K,

3) BREAIE

Plot 3 DMBEHAT, KEREZHEE (400~700nm, 4-7BR &, 7JIEZE), KB (19834
6 128 £ T3 N4 A # VIBERH, BgI1E, Ptl00Q 2 & >3 — ¥ 2 HEERREN THHY
TERT), BEAKE (198343 B 6 H 2 TR AKBRNEST FH, DRI, SEEH~ANESH, KHEH
B)E2HIE L7, Plot 1 T10, 20cm, Plot 3 T10, 30cm, Plot 5 10, 40ecmDFEE T, +FED
pFffi (BEET »¥ 3 A—2%, SUN-W FEX, ¥ #¥) 2HEL ., Plot 3 DHEHNT,
BARE (BAGH, MC-B10-L, /vkI%® L U MODEL 911, EG&G #) %, 19834 6 A16
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LoND, HEHE G EIE L - DI319834 5 A28H T, KFHEKX O pF ffiid, Plot 1 32.65, Plot
3£32.20, Plot 5252.15CHo/z, ZDEEH, TEOBROEL I & 2BBAEEDOBHE(
DEVERAD STz, Tibb, HBOEROELIC L 2HERFEEDBE{LOEV,
ZZTOHESE R B I shrottt Bbhb, 22T, FMEBL THEZ N, D, bo
LY BESBEENASNIANER LY DY, AIEAUNOHORKEDHEE ZZ 555,
1B L O AR G T 2 SR OBEREE 2K— 5 0nd. EMEEL THE
LIBBRAD S b, ZFRERTRIBMEOBLHAKRCOVWTOETH S, HCHL»Z LD
@, FET (AR - EEFEE S & & b)) L% (ASE L BRTEE IR & &
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Fig. 4 Diurnal fluctuations in sap flow velocity
S: Saturation deficit in the atmosphere, W: Wind velocity
R: Radiation flux density, T: Temperature
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Fig. 5 Relationship between the radiation flux density and the sap flow
velocity
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M : Until noon on May 8, Sep. 5 and Nov. 21
J : From noon on May 8, Sep. 5 and Nov. 21



185

HEH L SEL TWE EWVZ b,

FU#tRAIC oW, HANE BESEOSHNZEEREAcE—612Rd, HH
HEOHESSHNCET 2350, BERKEIELLZY, BHHEDCLAOAERD
BEER, 5 AORGHEOESBETH M, SHEAL Y, SAOHAREOREMEICIZE
YA PEREV, B—4RT &5, BEOBEREEORSMEIE, LHPBSEHICH T
BO/AE L, BEORSKEREHOE) SRS REICR 2, KHOKMEIZHDIEZ S K
i, —HORHEEL LT, SHNCHEIEDSRVECR 2T LBbhd, LI
poT, HAKE L ARKE: ONMEEGREEMELE L TRFT 254, HEFEORNEE
HuzEhd, 2RZPROSHORBHOEEHBINT 2HENELEBLREIPFELVLL
322, RBEAHORLEOEHENKE VO, KRR, EHORMOIFIZ0ICHLT,
KHAOEETIE 3 ~4 gH,Om3EREWHEEX OGNS,

BETmEEO B, BRAR, FRiho LRSS, EF&RORBMEMETORER
s, SO TREEED 3OCRATES, 22T, —H2IhSORMFCHET 5, 10
BT, 11~138, UBLUBO 3 s, BH2 e, SHE#HCSD 2 REBHEORR
B (ZHE) 2bLdr, 28, REHORBED 0 ~BUOHENREARNEEZX S 1,
26~50% 2 K5 2, 51~15% % K453, 76~100%%2KX34 L35 HERF 2RI 1o

M (] Jul. .
L] A | sep. | Yor.
S LY
g 5 o - Y g * L o. * L .‘
< Plot 1
g * 2 trlee }2 3 [ 1 1 1 1 |. 1 i
{g 0
10 .
o o b o
3 ® oo .: ....o 'S ..‘
© L ]
n oS Plot 3 BN ]
8 tree 32 .
et 0 . 2 2 1 - [ [] 1 ] 1 L
+
3 R .
. .
Fd R R e " o0
5 e
510 Plot 5 i C
L tree 54
,:’ 0 L 1 % 1 1 ' 1 1 a2 1 1 1
o 100 300 200 400 200 400 100 300
A

Daily radiation flux density cal-cm -day"

M—6 HAHFE:HAKE

Fig. 6 Relationship between the daily radiation flux density and the daily
transpiration rate
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TNZNDOEMNRD ERAOREL LB LER, 88512, KO 1EWE, R492380,
RAF3RZEEDSLIBBERLDBSLD, KOS4EHES LLRRBCZhZAMELE, Z
ZT, 3DDORMHIBIT 2 HHRADHEABDETEOHORERERL: b D2FREESH
EMEZ LWLz, e z2iE, HAFHMO I OOBMEOREANBEORBM@ELS, Th2h,
100, 160, 100calscm™2*min™'TH 3 LT3, ZOEHDH 2 HORFEEOBREAHNEN 2
Zh, 40, 90, 60caleem?min"'THo7z L T2k, 108 COMMNBERREIZ40%% DT,
S 2, FARICI1I~13RE, 56.25% CX4r 3, 14BELIEIX, 60% CR5F3 &4 D, 20
HORSKRTE, [2=3=3J&HEN2, ZOL>%5HKET, 198345181 H» 512831
HETOBEBHORIZERS L, EREARMCSENIEHRER—3ITRT, BHT, *H%
DIRRRE T, BHEOHER S,

WEHIZDOWT, BRERSLHEAD ) ODEEME L OIEE2R— 71057+, DRI
REEA[1=1=21»513=2=2] s CREMEM, [3=2=2]»5[4=4=14]
ETRHEVpbOTV, LerLids, REKS [3=3=2], [3=4=3] ZETak
DEALSETHIEb DB, ZOXIRIESOENEL 2B LR E R ERIEF T2 VL
LEZohs, BRIZLY, Epnhd & BEIEE I SMCET L, Mabsh KL EE
LT, EBRnTwaiiz, BBEHREERELHNLONZT, Lido>T, REMNLW (S
EFREV)DDIC, BERRENNE VLW ZeB8B I3, e 213, I—TORKEEAT 3 =
4=3] OHER (118118) &, WY FHEL $ CRRSEH D, BT 2 TELDA TV,

R—3 BRIXSOHEHH (1983%F)

Table 3 The number of days in each weather class in 1983

xR RK 55 B 5 xR K 5 H 54 X &KX & H
Weather class No.of days Weather class No.of days Weather class No.of days

1=1=1 49 2=2=2 14 ¥2=3=3 8
2=1=1 4 ¥3=2=2 8 *¥3=3=3 17
3=1=1 2 1=3=2 8 *¥4=3=3 6
1=2=1 9 *2=3=2 34 2=4=3 6
*2=2=1 10 *3=3=2 32 3=4=3 16
3=2=1 4 *¥4=3=2 4 4=4=3 20
*¥4=2=1 1 2=4=2 1 2=2=4 3
2=3=1 1 3=4=2 6 1=3=4 1
*3=3=1 3 4=4=2 4 =3=4 3
4=3=1 1 1=1=3 2 *¥3=3=4 4
*¥1=1=2 8 1=2=3 4 *3=4=4 14
2=1=2 3 2=2=3 10 *4=4=4 28
*¥1=2=2 12 *¥3=2=3 5

*  Including days when transpiration measurement was made
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Fig. 7 Relationship between the weather class and the daily transpiration rate
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rwI3EFRE D, Ll, RARSCE, Efcrrbh i, HEHEL» S BRBREL#
ETEBFENDY, ERBEHREOHEREL L TRKRARIEYTH S,

i) EEOAE s L BE#E

ZREX L bHHEARN 6 KT 052 9~12ADHEEF 2HWT, DBH (W&EER), D-H
(MEER LBEOR), D HWEERO R L HE O, DB* (AKX THEZE DO %), DB:
CL AKTEEZ L EEEOR) LBADY OHRKEONEHGRE L SNz, HBEHRSK
DEHotz, 108248, 1IAURE BT 2R 2K— 812”7, DBH, D-H, D**H & H&E#
Brig, EFEER I LB ISHBL TS, 2EFBERCODVTV L 20RBREH TIED
23y, DB, DB-CL L HEHE L X, SREXR I THEHHEAAKRTYH, HEH
FAHBLTWS, 2~8 Bz 2 - &3 AD BRBEICDWT Y, DB?, DB-CL i HEH
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transpiration rate
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H¥,95 A—%, DBH, D+H, D?*-H, DB?, DB:CL L EEDBFEEFHNLMER, KT A—
5L ERE L OFHGERE, BEKE L OMEEREFALCTH o, 22T, BERE LB LS
LTV 3,85 A —% O DB-CL # L T2EREARC OV T H L O LERA L ERER D
TIkHTEHEL7-EE1L, Plot 1329, Plot 34333, Plot 54326t-ha ' Th o7z, T 5D
EEIX, ThETITHRESIN TV AFHOER, 2Lz, RA®PD19.6+4.4t-ha T~
THEDREDDETH %,

BEOKAE S LEBROENE T 2 —2 L BRKES L VEEOICERORTZ2EL T,
ROZENEZ LD, BAD D OBEBER, BHESAXREREIEREVERSHS, L
o T, BMEOAE S LEROE /S5 x—% DB?, DB-CL Lid X WG T %, EEDOKRE
XEBBOAE S LBIIHET S LI REBE, Tubb I I CRA—RERTE, BEOK
%X LEROEN/ ST A —F Th2 DBH, D'H, D*H b HEHE L LOHIEETY,

#—4 ERBR Tr=a(DB.CL)+bOMR#, EHK
Table 4 Coefficients and constants of equation Tr=a(DB « CL) +b

DATE a b r DATE a b~ r

Feb. 14 0.083  -1.188 0.739 Jul. 30 0.222 -3.889 0.954
15 0.151  -2.999 0.701 Aug. 5 0.174 -3.995 0.943

Mar. 18 0.263  -3.470 0.805 6 0.208 -3.773 0.963
19 0.222 -3.458 0.801 13 0.256  -3.816 0.962
Apr. 13 0.261 -4.732 0.857 19 0.212  -0.298 0.933
14 0.272 -5.334 0.863 Sep. 3 0.121 0.595 0.874
May 5 0.188  -2.208 0.931 4 0.140 1.135 0.834
6 0.157 -3.134 0.946 5 0.150 1.607 0.797
7 0.032  -0.040 0.720 6 0.119 0.898 0.823
8 0.234 -2.417 0.934 7 0.096 0.501 0.845
9 0.241 -3.712 0.941 Oct. 23 0.055 0.352 0.940
10 0.224 -3.450 0.924 24 0.098 0.151 0.946
11 0.220  -3.083 0.930 Nov. 11 0.044 -0.171 0.754
28 0.212 -2.342 0.912 12 0.119 0.650 0.875
29 0.054  -0.962 0.726 13 0.120 0.330 0.878
30 0.172  -1.740 0.894 14 0.159 0.585 0.932
Jun. 14 0.213  -3.151 0.933 18 0.122 0.733 0.904
15 0.238  -3.842 0.937 19 0.130 0.690 0.896
Jul. 24 0.182 -2.705 0.871 20 0.129 0.098 0.918
25 0.260  -4.511 0.870 21 0.120 0.391 0.929
26 0.285  -5.312 0.920 Dec. 5 0.116 0.207 0.905
27 0.224  -4.675 0.933 1983 6 0.114 0.410 0.895
28 0.229 -3.803 0.941 7 0.117 0.518 0.882
29 0.206  -3.607 0.973 8 0.097 0.315 0.853

Tr ; Transpiration rate 1+ tree™. day™* a : Coefficient b : Constant
r : Correlation coefficient
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£—-5 RROKKS

Table 5 Combined weather class

K& RXK 57
Combined S weith l% 5
weather class ather class
2 3=1=1 1=2=1 1=1=2 2=1=2 1=2=2
1=3=2 1=1=3 1=2=3
3 2=2=1 3=2=1 4=2=1 2=3=1 3=3=1
4=3=1
4 2=2=2 3=2=2 2=3=2 3=3=2 2=4=2
2=2=3 2=2=4 1=3=4
4=3=2 3=4=2 4=4=2 3=2=3 2=3=3
5 3=3=3 4=3=3 2=4=3 3=4=3 4=4=3
2=3=14 3=3=14 3=4=4 4=4=4

£—6 RIAOKRS & FHARKHE (m-day™)

Table 6 Relationship between the combined weather class and the mean
daily canopy transpiration rate in each plot (mmeday?)

B X %R, 0 XK
HOE KX Combined weather class
Plot
1 2 3 4 5
Plot 1 0.0 0.6 1.4 2.2 3.0
Plot 3 0.0 0.7 1.6 2.4 3.2
Plot 5 0.0 0.5 1.4 1.9 2.6

BRRFCEEN2HE L, R—6DBE»SHELAEFER L0 AEKE L1112
AT, BOLEEHLI TR, BAEEDSE Y, 6, 7TAMNS5, 8 BICRTEMEL, %7,
RIPOEBEEZEEL TR 20T, KHOENEHC L, BRAERDOERHELR—7
IR,

REHMDOLMAIZDOWT DB & CLASFIE SR TWRIE, DBCL 2,85 x—% L+ 2 EF
AedTRDOT, AEMLEOEKELEREETE 3, EBRIEREXRLDT, Er0H
Bick st eRat, Thbb, BBAOHEIC & »FHEH % Plot 1%, Plot 3%, Plot 5
BO 3 2ORBIZBT, ThZhOERLED» SHEMOERKELRE L/, 1984F 1 HEAE
DOET, 8 m £ T% Plot 14, 8 ~12m % Plot 3&, 12m Bl E#% Plot 58 ¥ L7z, 20 %
NOERILE FHEER (K—2) »5RD 7R, Plot 184520%, Plot 3 E2341%, Plot
5B TH oo LIcdioT, ZOREMOEREEIIONmMm LEE SN, ZDEIR,
FEREAE2890mm D#24% 1z H 7 B,
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Table 7 Annual canopy transpiration rate in each plot (mmeyr-?)

Plot 1 Plot 3 Plot 5

x B B
Transpiration 710 760 610

rate in 1983
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Summary

It is well-known that the growth of Cryptomeria japonica on the slope decreases from
the bottom to the ridge. To discuss causes of this growth depression from the point of
water comsumption, a method for estimating the difference in canopy transpiration rate
was studied along a slope.

Measurements of sap flow velocity using heat-pulse method were made on the three
plots, Plot 1 near the ridge, Plot 3 near the middle of slope and Plot 5 near the bottom,
in a 19-year-old Cryptomeria japonica stand where the tree height became lower with
ascending the slope. Diurnal courses in sap flow velocity of 3 to 6 sample trees in each plot
were obtained for 48 daytime periods from February to December in 1983.

The transpiration rates per tree were calculated by multiplying the sap flow velocity
by the cross section area of sapwood. Since the sap flow velocity was affected by
radiation, the daily transpiration rates were closely correlated with the weather class
classified by radiation flux density. The transpiration rate increased with tree dimension
and was correlated with several parameters indicating the dimension, especially with the
DB-CL, diameter at crown height X crown length irrespective of difference in tree height
among the plots. The canopy transpiration rate in each plot was estimated by using the
weather class and the parameter DB-CL.

The daily canopy transpiration rates estimated were 0.6~3.9 in Plot 1, 0.7~4.0 in
Plot 3, and 0.5~3.3 mm in Plot 5, and the annual ones were 710 in Plot 1, 760 in Plot 3,
and 610 mm in Plot 5. The difference in canopy transpiration rate among the plots is
probably caused by leaf amount and the difference in transpiration rate per unit leaf weight
is not remarkable. Height growth rate in recent years did not differ among the plots which
may be corresponds with not apparent difference in water consumption. The annual
canopy transpiration rate averaged in the entire study area was 690 mm, which amounts
to 24% of the annual precipitation 2890 mm in 1983.



