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Summary

Based on the data from 9 species of deciduous fruit trees including 30 cultivars and artificially-made
model equipments of fruit tree canopy, several parameters concerning light extinction coefficient were esti-
mated to simulate the irradiation distribution in the fruit tree canopies. The parameters were used to esti-
mate the extinction coefficients of parallel incident radiation in leaf system and stem system, and also in
downward transmission and reflection. The results obtained were as follows :

1. The leaf inclination angle (o) were measured at monthly interval in the period of May to October.
These data were used to estimate two parameters (A, ¥ ) of Beta distribution function which characterizes
the probability density function of leaf mass distribution with respect to the leaf inclination ar;gle 7T (a).
The A and ¥ are the parameters for calculating the extinction coefficient of paralell incident radiation
(Kdlw) in the leaf system. Curvatures, i. e. cupping and/or rolling of the leaves developed in summer in
some species of fruit trees, i. e. apple, Japanese persimmon, chestnut, Japanese pear and peach. The leaf
curvatures resulted in transformation of & (@) ~ « curves and hence changed the values of the extinction
coefficients of direct radiation in leaf system (Kdl.), and also significantly changed the distribution of
radiational fluxes at leaf surface. The leaf angle even with occurrence of curvatures showed few seasonal
changed in & (a) ~ a curves, Kdl,~ solar altitude (k,) curves and also in the distribution of ra‘diational
fluxes except for the period just after leafing in many species.

2. The extinction coefficients (Kds:) in the stem system for the direct sunlight with solar altitude

(h,) were estimated by using multiple regression formula and two parameters, i. e. a (total area of longitu-
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dinal section of stem/total leaf area) and R: (area of longitudinal section of stem with each class of inclina-
tion angle/total area of longitudinal section of stem) . The data for the multiple regression formula was
obtained from an artificially-made cylinder-model equipment. The two parameters, however, were obtained
from many deciduous fruit trees. The Kdsw~ h, curves were almost similar in many species of fruit trees
except for the trellis training grapes. The light intensity which was estimated by using the synthesized ex-
tinction cocfficient (Kdw=Kdlw+a * Kdsw) decresed in a considerable extend as compared with that which
was estimated by using the extinction coefficient in the leaf system (Kdlw) at low solar altitude and/or at
high leaf area index.

3. The extinction coefficients for the downward-reflected and -transmitted radiation (second scatter-
ing radiation) in leaf canopies were measured by using an artificially-made model equipment. In a dark
room, the leaves were arranged as similar as in the tree canopy with respect to leaf distribution and in-
clination angle as possible. The model tree canopy was exposed to parallel artificial beams irradiated from
different altitudes (k) .

with no leaf (I,) were measured at different depths, i. e. different leaf area indices along the parallel beam

The photosynthetically efficient downward-radiation (I) and reference radiation

paths. The downward-reflected and -transmitted component of radiation (Si,) is obtained by subtracting the
direct radiation component (Di) from ratio, I/I. The extinction coefficients of the second scattering
radiation (Ksw.) were estimated from Lambert-Beer's law using Si and L. The values of Ksw. varied with
leaf characteristics inherent in the cultivars, but generally increased with raising h, and decreased with in-
crease of L like an exponentially decreasing curves. This indicates that in the fruit trees with weakly hori-
zontally distributed leaves the more inclination angle of parallel beam may increase the downward-reflected
radiation, and that the radiation around the leaves at lower layer may be less absorbed by them. The multi-
ple regression analyses of Ksw. with varied h, and L showed that a well-fitted estimation formula was
obtained in almost all the fruit species and cultivars. Furthermore, partial regression coefficients were used

in the above model.
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Fig. 1. A diagram showing the equipment of
measuring extinction coefficient of cylin-
ders which arranged towards 16 directions
at an inclination angle (7).
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Metalhalide 1lamp
(Toshiba DR40O0TL)
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Lens Wire-
netting~ >
7 Guiderail

e

Dark box

_J Light senser
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[ Light senser
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Fig. 2. Diagrams showing the equipment (left), The
course of the light senser on the guiderail

e

— 25 —

(upper right) and the diagrams showing
the installation of the light senser on the
guiderail (lower right).
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7o, ETCOBGHIIEIHT#%, FEOEmMELAE L
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Representative outputs on the chart of the

recorder from the light senser. An output
from blank test (in a case of no leaf) at h,
=90°
(upper), and that in a case of the installa-

and under the first wire-netting

tion of the leaves at same h, and under the
same netting (L was about 0.5, lower) . I,
and I were given by the integrations of the
upper output and the lower one, respec-
tively.

(BEhmEfEEHER).

ST, EED L OB [ DEIZERE %8 ) KV /- EE
g, T E RS R RS RO 3 B DOKFEHE
HBEOEEMETH 5. EED L OB OKTEHE OB S
YRS DEE % D &L, /L3 D VT AD R
TEHETE 2.

I/1,=D;,+ (1—D,,)S,, (11)
ZIT, Sw(K 1) OERBITRE N L FTIRK
ST SR 5 T & G & ER L OM B O K
HBEAFHMEDEETHY, 1DXNEEHLTCA2)AT
EBTE5.

Spo=(I/I,— D4,)/(1—Dy,) (12)

Dw RO BITIE, BE, FEHOFTLHREFTTICOR
R Kd, % L £ 3125 v — b - R—= VD ERNAG
ALTEETSL. EROENS L LEHD Kdl, 318
THIIE, 2R Lk )i, ERAEICEY H3EmE
DHEREESAREART (a) ZHWT, Horik & Ubacawa
1971 D FHE(Q)R)ICE DEIET B LHTE BY.
L2 L, REERTIE, &8 EICEFI T AERICERY 23 -
DT (—BK72 0 108D 5\ Wiz 2 NLTF), HEOE
SHERERE A LT CRIE T A HiERIRA L.
Thbh, EEOELHERK K, (SEFEERF I
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THKFHEEOBREFmHEOEETH L 2L, (13)XTEH
FRZY (DA

Kd',,=|cos a+sin a cot h, cos(f—¢)| (13)

ZIT, $IFFHATHBROBNAETHS. EEOEHD
BEFCOEREKOBERKKILE, TZIITDHH
PUOFE LML DED Kd'w 12 FOBEmMBEIZ S
FCOEBLERDEMBICEDIEERR LD E
THEILAZLDIZE L.

K h DBREMETEDKdl, & FDE T TORBER
EHL LX), 4T 5 DLMEARE SR (1D)R),
4T B I/L(ERE) &3 (12) RITRA S, Sw 25
- (A

D,,=exp(—Kdl,,*L) (14)

Bon/zSuEE L EDRERIZIE, RDOLNVIZE S
TR 57300, LOWRISH LT, HEED MR
RERITEDONZOTFHRRVZELSR), S
LIZEBAEEICH T vN— b« "= VOEH % HEEA
LT, T RBEICOMERE Ko, 27 L7 ((15)R).

Kspy, 1=—1nS,,/L (15)

ERMBES A ETIVATEROBEEBE LT, ©E&E
WKL CHEEDO R L LOMERIZLD, Ksw ZHEEL
555, EHEETRD 20, ST TELREEERAD
KSwr, B ROL DF— 712 & AEBIFBHHT 24T\,
HRELTEOKEEREFEF VO TU 75 AAICH
HALHENY I 2L —Y g vk LTREET L V.

Apple

—o—‘Golden Delicious’
—e— ‘Mutsu’ (M26)

—a— ‘Mutsu’ (MM106)

—o~ ‘Red Spur’(Maruba)Z
-o- ‘Tsugaru’ (Maruba)

- —® ‘Jonathan’ (Maruba)

- ‘Ralls’

- (Maruba)

>
(=}

[\]
(=]

L 1 A A

Percentage of cupping or
rolling leaves (%)

(=)

May June July Aug. Sep. Oct.
Fig. 4. Seasonal changes in percentage of cupping or

*M. prunifolia

(M26)
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5. #iEME L RERE

IR RS ER B B 2 35 Bt B Al 0 8 44 (19854F
MDY T, 4TI F T, =K FY, BE, IF,
9, 7FY, sVvIo8EERR6RE (2L, UV
TTRERMELE OMET 1 ED) RUFBFHERIZ
WO14EAE (19854E 4B D+ 7 by 4 RfEZ W2, %
B, LE2~4HOEZERIZHW S NS L (BAS%)
IZ#FNFN, Tabel 2, Tabel4, Tabel 6 [ZFEH SN T
5. i 2 0FEERIZINBES AN HIIATTIT-72. L
il 3 DEBRIIIBSFEDOE DRI T 72, T2, EFL4D
FEERIT19844F (ZHIE 1B (Fig. 2) #1ER L, £ DF%HE
BEMEX A CTFHRNTAE LT o 058, BE, HERS
HEFEDYR*FT5729 2T, 8ALDL I AIILIFT
ZafE, 1B OBI0RDOEERY, 5V IIEHED
HHLDIZOBBEZORFETRET, HL ) 2R
WL, BEOKSSEEELEDS, SMOBY 0 i
P H10BMDOIEFES LT, LiLOMEET-7%.

BRRUEZ

1. EBEOEFAEBRERBETOHREHBD/-HD
INTGA—4H
1) EnZfh (Rih) rEEBEOEMAEIN R EKC
RIZTEE
FYET IR A A LAFTREITHEVCDOTHIATH R
3L, B EH) PERTE LW D, BEHrEORIC

Japanese persimmon

—o-‘Hiratanenashi’

—e- ‘Tanzawa’

— ‘Tbuki’ Chestnut
- “Okubo’ Peach

-o- ‘Koyohakuto’
r - ‘Shinsui’
- ¢Chojuro’
- -0~ Shinseiki’

Japanese pear

May June July Aug. Sep. Oct.
rolling leaves of several deciduous fruit trees.
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Table 1. Comparisons of mean inclination angles (@ in degree) and the
parameters (A, V) of Beta distribution function between the
measuring o with regard to the leaf curvatures (cupping
and rolling) and that without regard to the curvature in

August.
Measuring @ Measuring @
Fruit species without regard to  with regard to
Cultivars leaf curvatures leaf curvatures
a A v a A v
Apple
‘G. D.4(M26) 29.4 1.52 3.13 36.6 1.98 2.89
‘Mutsu’(M26) 31.8 1.62 2.96 37.3 2.00 2.82
‘Tsugaru’(M26) 30.2 1.45 2.86 39.1 1.94 2.53
Japanese persimmon
‘Hiratanenashi’ 33.8 2.15 3.58 41.0 2.29 2.74
Chestnut
‘Tanzawa’ 35.0 2.72 4.27 37.8 3.14 4.34
Peach
‘Okubo’ 51.5 3.25 2.43 53.9 4.37 2.93
Japanese pear
‘Shinsui’ 55.5 3.44 2.14 56.6 3.85 2.27
‘Shinseiki’ 43.7 2.50 2.65 46.7 2.78 2.59

Z‘Golden Delicious’

3 SR 110 & 0. A AV =63.87%
15( r A i 8 2 E; 20 r ) Io )
S =~ : ' '
- B B 16 & .= ols 10} ' .
< \ L1, o8 X : : !
P “Hiratanenashi’ 14 O ©s 0L : ! i
g 2r\ el = £ 20rB  AV=60.91% _
© % o e o : : |
o LN 12 8= Zw 10f ' :
- CER] + O : : |
: g\ N = -5' : - o- : H i
2 1 N 11 8% = e n s
= AN o 8';,‘ ~ 2 o 0 50 100 150
S -O.th; Relative radiation flux at
i i e leaf surface to horizontal
o 10.4,_’5;; plane (%)
-3 - . .
0 30 SO—L '“_'90 Fig. 6. Effect of 2 measurings « on distribution of
a or h, (degree) radiation flux at leaf surface of a Japanese
Fig. 5. Differences in & (a) ~ a curves and Kdl persimmon in August. A ana B refer to Fig.
~ h, curves between 2 measurings @ of a 5. AV indicates the average. h,=42.35".
Japanese persimmon in August. A:
Measuring a with regard to the curvature. %@L CHY. - 7258 (Rl) 3205 hikhro7z. B
B: Measuring « without regard to the BHIBEM %2 L PRROELX S HELETAOT, £
curvature. R0 4 BORM T, WD X FIEM AL —EH
EL, TNELBYETIEICED, ZO8E - &
X5 L THEFHAESHE S Tw B0, KEERTII, DO/ EBRBDLIENTELIDEEbN/. LIS

DI Ew (Bl VT hoEIC BD5 b0 OEETHLH, VoI, h¥F, Zkrr, 2YVRFE
D, A b7, 43 FY, TEIRFEZIVIIIEHE ETIX, —HOEICHN - 7-&H (Bl BB DHON, #
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Table 2. Seasonal changes in mean inclination angles (@ in degree) and thé parameters (A, v)of Beta distribution functions of

the deciduous fruit trees.

Fruit species B May - June B July _ August ~ September _ October
Cultivars a A v a A v a A v a A v a A v a A v

Apple

‘G. D2 (M26) 37.7 1.55 2.16 38.8 1.85 2.44 38.1 2.23 3.04 36.6 1.98 2.89 36.2 2.10 3.13

‘Mutsu’ (M26) 37.6 1.71 2.38 39.7 2.40 3.03 38.4 2.98 4.01 37.3 2.00 2.82 33.4 2.25 3.81 38.5 2.59 3.47
‘Mutsu’ (MM106) 41.4 1.58 1.85 45.7 3.61 3.51 36.7 2.65 3.84 36.1 2.07 3.09 34.6 2.09 3.33 34.1 2.20 3.60
‘Fuji’ (M26) 33.1 1.42 2.44 37.8 2.06 2.84 39.9 2.23 2.80 43.2 1.80 1.96 44.3 2.31 2.39 37.7 2.51 3.48
‘Fuji’ (MM106) 39.7 1.72 2.26 37.5 2.24 3.13 39.7 2.55 3.22 38.3 2.11 2.84 45.6 3.70 3.61 43.5 2.40 2.57
‘Fuji’ (Maruba)” 35.9 1.54 2.31 44.3 2.61 2.70 47.7 3.42 3.04 42.8 2.36 2.60 40.4 1.94 2.38 36.7 2.50 3.63
‘S. D.* (M26) 33.8 1.55 2.58 35.9 2.16 3.26 37.1 3.36 4.79 35.9 2.10 3.16

‘S.D.” (MM106) 34.3 1.56 2.53 37.1 2.02 2.88 35.3 2.57 3.99 33.4 1.83 3.12

‘R.S." (Maruba) 32.5 1.23 2.18 42.9 2.84 3.11 39.8 3.32 4.18 42.0 2.25 2.58

‘Tsugaru’ (M26) 43.9 1.82 1.91 39.7 2.26 2.86 40.7 3.01 3.65 39.1 1.94 2.53 36.4 1.86 2.74

‘Tsugaru’ (Maruba) 40.0 2.22 2.78 38.4 2.33 3.13 35.5 2.45 3.76 32.8 1.64 2.87 33.3 1.84 3.14 34.8 1.76 2.80
‘Jonathan' (Maruba) 39.9 1.88 2.36 38.6 2.27 3.03 38.4 3.03 4.07 42.3 2.57 2.90 39.6 2.80 3.57 37.7 2.48 3.44
‘Ralls’ (Maruba) 38.1 1.67 2.28 36.2 2.28 3.38 38.7 3.00 3.97 38.8 2.38 3.13 36.0 2.18 3.28 32.0 1.96 3.55
Japanese persimmon

‘Hiratanenashi’ 35.3 1.41 2.18 35.7 1.94 2.96 38.0 2.84 3.89 41.0 2.29 2.74 43.9 3.02 3.18 45.2 3.22 3.20
Chestnut

‘Tanzawa’ 33.9 2.35 3.90 41.1 2.69 3.21 37.7 2.66 3.70 37.8 3.14 4.34 36.6 2.78 4.06 42.3 3.39 3.83
‘Ibuki’ 36.2 2.07 3.08 46.4 2.48 2.33 45.9 2.91 2.80 44.0 3.11 3.26 48.1 3.86 3.36 46.4 4.00 3.77
‘Tsukuba’ 44.9 3.82 3.83 50.9 5.00 3.84 46.0 4.34 4.15 48.0 3.82 3.34 45.4 3.42 3.37 47.8 3.42 3.01
Walnut

‘Banshun’ 47.9 3.85 3.39 45.4 4.00 3.93 38.1 2.27 3.03 39.1 2.34 3.05 46.0 2.70 2.59

‘Shinrei’ 38.8 2.66 3.51 40.2 2.95 3.65 39.9 2.78 3.48 48.4 3.48 2.99 45.2 2.97 2.94

‘Yorei’ 41.4 2.92 3.42 43.3 3.72 4.00 44.1 2.95 3.07 47.3 3.33 3.01 42.3 2.94 3.32

Peach

‘Okubo’ 32.5 1.63 2.89 55.4 5.52 3.45 50.7 3.40 2.63 53.9 4.37 2.93 51.7 3.24 2.41

‘Koyohakuto’ 52.3 2.50 1.80 56.6 5.15 3.04 50.9 3.22 2.47 44.8 2.19 2.22 45.2 2.76 2.74

‘Hakuho’ 46.9 2.65 2.45 54.0 4.90 3.26 51.1 4.85 3.70 52.3 3.43 2.47 53.1 2.59 1.80

Cherry

‘Rockport’ 50.4 2.94 2.31 47.4 3.30 2.96 46.4 3.90 3.66 51.0 4.24 3.24 47.9 2.46 2.16 44.8 2.43 2.45
‘Satonishiki’ 47.2 1.83 1.66 52.0 3.04 2.22 44.7 3.45 3.50 46.2 3.24 3.07 45.5 2.76 2.70 47.5 3.13 2.81
‘Napoleon’ 37.3 1.57 2.22 39.5 2.69 3.45 41.5 2.85 3.33 48.7 3.94 3.52 38.5 2.66 3.55 40.7 3.01 3.65
Japanese pear

‘Shinsui’ 42.6 2.52 2.81 59.5 4.16 2.13 55.0 3.78 2.41 56.6 3.85 2.27 57.8 4.02 2.24 57.8 4.38 2.44
‘Chojaro’ 39.0 1.79 2.34 51.8 2.68 1.98 46.0 3.12 2.98 48.2 3.43 2.98 48.5 2.07 1.77 45:1 2.36 2.34
‘Shinseiki’ 47.6 2.12 1.88 52.4 3.44 2.46 48.7 2.24 1.90 46.7 2.78 2.59 48.5 2.71 2.32 47.2 2.38 2.16
Pear

‘Bartlett’ 39.3 1.72 2.23 46.9 2.81 2.58 49.2 2.75 2.28 47.4 2.64 2.37 49.6 3.04 2.47 50.1 2.70 2.15
‘La France’ 50.2 2.58 2.05 53.7 3.73 2.53 53.1 4.07 2.83 54.4 3.14 2.06 55.6 3.75 2.32 54.1 4.04 2.68
‘Grand Champion’ 40.8 1.50 1.81 50.7 2.79 2.16 49.6 2.88 2.35 48.7 2.74 2.33 50.2 3.88 3.08 50.7 3.70 2.87
Grape

‘Delaware’ 55.5 5.27 3.28 39.4 3.25 4.17 49.5 3.01 2.:47 63.3 5.06 2.14 44.9 3.27 3.28

‘Neo Muscat’ 57.5 3.92 2.22 34.9 3.21 5.06 53.6 4.78 3.25 63.4 4.50 1.89 56.8 4.13 2.42

‘Stuben’ 44.9 3.40 3.42 34.2 2.85 4.65 44.3 3.06 3.16 59.7 3.89 1.98 45.1 2.76 2.75

ZGolden Delicious’ YM. prunifolia *‘Starking Delicious’ “‘Red Spur’
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DEESRIBR L TCEICREIC R 572 (Fig.4). T/, 20O
£ S I LR ARSI ATS b DOFEH o
74,

8 ARy, WIBEZ i (k) %4 LA-EIcELT, #
NHBENLDERELTHE LSO, RUHhEEEIC
TEHE LS OOWMEDEFAE DS A Y LB L7
LZA, MARICHBRZEVWARD N, BE X EFA
EAEVWHIZThTWwo 72, Lo L, Eih(Rih) o3sE
Lado2BERh i) Eho7-0T, TGl DEITK
ETH o7z (Tabell). ZOHZEHBDENHTKE CH
Nizdboo—>o, #530 FHE ICHTAHT (a)~a
Hh 75 K OF Kd Lo~ h, B % Fig. 5IR L7z, 72, 785 4 —
AL VDRNELEY, BOF— I RUIST A — 4 %[
—2 LT, BHEMNOERBE S % HEE LR Fig. 6
R L7z, B GR ) 12 & AR E S AT O I E
D BERE((2) X) DAL K O O K E SR
FE(()RX) DEALE b 725 L, SEICHTERN OIS
DARDOEALE 725 LbDEELLNA.

2) ERBOEAROESAENIHOB/HE LD
EHHZE(L

REEH,I LEEMH I TOABD, ZERHDIS
A= (A kv)ROFYESHEE « % Tabel 217K L
oo BB, IO OMEIZEM E) ¥ Z R L REER

ICEDWTERIEINAZLDTH 5.
BWE—-REICOVWT, TAKOT (a)~a s
Kdl,~h, i # % Fig. 7IZ/R L7z, Tabel2 b & b¥TH
FIZTHE, V) rTIFE0~40EIZa 2B L, KFEISEN
AL L, TN E IR ETIIS0EMEICa 2 H L,
B AGEWEDNS D 572, OB ORBICEL,
FTHHFEZN IR v TED - 2 BZITLLENC,
FROGEEFACLOTHY, BEEBORHEEED
Znl, FEoBEm (e 2 ER LT, EREOERAES
fixRAE L. CORBROHERETHVT, IhbL00HR
EUTOLHIC, T%bb, )y TEEGKFER, 7%
WESVKER, 2, sV, —kvt, 4T3y F
TIRTHVAERI ~hEE, TRy hEE, Y vk
PR~ SV B R O B WES BN L7
W ZOSERBRIREBOEDRAMEOENE B <
FELTWAELDEEZ LNLD, SHEDORAED L HIZ,
AL Z M RE L2 b D Tid %L, 72, EM
WA CEEE I HEM (R OB ERLAL0T
b ol SARORE/HRI LEEOSFEIILEE D
L72bDTh %L, 7, FHHWELEEETLE, &
HLIZ v, E508, A—HEANTHMIEIC XY 56
DPEFELZDLIDLDH 572, SEOFEIIB RO
FACRRTE L7225, #L &9 O - FilE (EpHaeE - &

10r —— Apple —— Cherry
8}
- -- = Japanese -
il persimmon Japanese pear
) <o Chestnut 0 Pear
i I Walnut ——~ Grape
é-  ——- Peach
X 2r
1k 1
0.8}
0.41
—i 1 1 i L1 1 — O L
0 30 60 90

a ,Leaf inclination
angle (degree)

h, ,Sun altitude (degree)
Fig. 7. Representative @ (a ) ~ a curves (right) and Kdl..~h. curves (left) of several deciduous fruit

trees. Apple: ‘Mutsu’ (MM 106) , Japanese persimmon : ‘Hiratanenashi’, Chestnut: ‘Tsukuba’,
Wallnut : ‘Banshun’, Peach : ‘Okubo’, Cheery : ‘Satonishiki’, Pear : ‘Bartlett’, Grape : ‘Delaware’
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FH - @) 550 IIBHEROE S I L ) S
BORBRDLILIBETELZWVY. WTFRIZLTH, &
DINGTA—F AL v RHE - AFTHILREETHS
DT, i, BHALUOBENRSICL 2 EVSFREIN
HEAIIIERIET A DR .

Z S TIRAESRMEICOWTHEN WS, EEHHE R
HERTED A DEHIWZEAL (Table 2) DR T A2 E L
T, BEEHOLDOLZDH%ETEIAAICHE L2
WASEDH LN, BIED @3N Eh ol ThD, HE
MO EER T TOMMETIX, £& LTHEM R D5E,
REOMEIZ L ABHEROTERE, KU, &6 HE
BMEICLY, cOMBEOBENRONLY, FOEL
BERINE ot 72720, HF0 FEE TIRE
HASEL mhEL an AL, T2, TFYTE, 3
RHEEE L a5 Ars 6 AT TEAL, 7TA, 8A
IZWRL, 9RBICHUIAS o7 B, FHolfEE
DEEFRILDEEZOND. B, VIO A ¥ —
FUr-FYIRRE Ly K A= TREEANE
ERBEDI-H 9 AUBEORIE I Tb R o7

Rz, EOEFAENSA OFHIEFKED 72
WEO—D, JrIT0 HU(TUNE) 2B ZOE(L
PEENOERMBE O % EICRIFTHERRT. T
(@)~ a B OZEHMZEAL (Fig. 8 H) (e L 72 Kdlw,~
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5
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ko ,Sun altitude (degree)
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HEAEDTE(0ED, FADOES, ZTOZERMGAm,
Fe Gl E— EIKHE L), ERBESS/ETVE
AWTE& A OBENERBSN M 2 HEE, TO5HFEY
WL E2A(Fig9), 5HHALWIZI0OAE6~9A
EOBICIEHL 2 LEVWDRD LN, Lo TE {,
HASERR ICENENTBD TR Eh o7zl b E 2
5L, ZOEIECEFAESMOEIIHED FEROK
BESEEEOEILICLBIONREVIDEEZ SR
A. L2L, 6 ~9ATIEHYLEVIRDLNIZICT
X9, 37, EEBEHIHEOFHHEDEVIZEEKEE
CTKREL DK %).

I TIF—BILHPRE L7225, KRieh/hZRD, b
ORBETHRBERERNTSH Y, B EFAERIETE
A OFEHM LB ERBET A IS RITTHE I/
DDEEZ LN, WTFRIZ LT O EERNIHET I

0 30 60 90
a ,Leaf inclination
angle (degree)

Fig. 8. Effects of seasonal changes in A and v on @ (a )~ a curves (right) and Kdli,~h, (left) of cv.

‘Fuji’ on M. prunifolia apple.
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Fig. 9.
tributions of radiation flux at leaf surface
(relative radiation flux to horizontal plane)
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cates the average. h,=61.7°.
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Fig. 10. Relations between extinctionn coeffients of
the cylinders at several inclination angles
(7) and solar altitudes (k).

Table 3. The result of multiple regression analysis of
extinction coefficients for direct sunlight of
cylinders (Kdc,,) with variables, solar altitude
(h,) and inclination angle (7 ) of cylinders.

Formula of Kdcy, y =0.14677 —7.806sin ¥ +5.507
regression cos ¥ +0.325tan h,+0.354sin 7 cot h,
—0.000000594tan ¥ —4.641

Coefficient of multiple correlation (R) 0.9485***Z
Coefficient determination (RZX100%) 89.98%
Variance ratio (F) 188.6

n 122
Residual 0.4757

ZSignificant at 0.1% level in F-test

DEFITHED Kde, oy DB Y BIKEWITIEEET

Hot. TOZEFHAENKFISEVDDOLD L, FEHE
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IZEL Y (Kde, s r—), HEFHOHETHAICIIHE
DOREWTHREICEE L < 725 (Kde, oy 1 EITIT012EL 22 5)-
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Table 4. Parameter a (total area of longitudinal section of stems/total leaf
area) and R; (ratio of area of longitudinal section of stems of each
class of inclination angle 7 to the total area) of several deciduous
fruit trees.

Fruit species a R(i=1~6)Y X10?

Cultivars(Rootstock) R, Ry R; Ry Rs R¢

Apple
‘G. D% (M26) 0.0261 175 355 - 298 58 71 43
‘Fuji’ (M26) 0.0198 127 260 201 195 97 120
‘Fuji’ (MM106) 0.0267 231 314 168 198 48 41
‘Fuji’ (Maruba)X 0.0293 260 279 211 137 90 23
‘Mutsu’ (MM106) 0.0338 323 373 131 107 49 17
‘Ralls’ (Maruba) 0.0345 139 195 331 127 41 167

‘Tonathan' (Maruba) 0.0563 281 241 166 158 70 84
‘Red Spur’ (Maruba) 0.0254 91 331 353 148 71 6
Japanese persimmon

‘Hiratanenashi’ 0.0262 316 257 150 114 81 82
Chestnut

‘Tanzawa’ 0.0184 225 255 163 141 181 35

‘Ibuki’ 0.0195 57 236 174 202 178 153

‘Tsukuba’ 0.0190 71 217 199 190 186 137
Walnut

‘Banshun’ 0.0430 363 211 189 153 70 14

‘Shinrei’ 0.0337 332 193 262 125 75 13

‘Yorei’ 0.0379 244 319 197 88 133 11
Peach

‘Okubo’ 0.0341 203 238 239 149 100 71

‘Koyohakuto’ 0.0308 183 227 253 264 37 36

‘Hakuho'’ 0.0420 261 232 239 207 41 19
Cherry

‘Van’ 0.0264 172 227 145 138 188 130

‘Satonishiki’ 0.0392 62 198 343 241 143 13

‘Napoleon’ 0.0365 164 247 97 277 48 167
Japanese pear

‘Shinsui’ 0.0416 70 271 92 156 191 220

‘Chojaro’ 0.0430 207 182 254 141 198 18

‘Shinseiki’ 0.0452 413 355 117 86 100 84
Pear

‘Bartlett’ 0.0922 105 197 99 145 245 209

‘La France’ 0.0322 329 136 134 142 159 100

‘Grand Champion’ 0.0508 342 122 37 99 363 37
Grape

‘Delaware’ 0.0418 761 103 76 42 14 4

‘Muscat Baily A’ 0.0478 731 189 37 29 8 5

‘Neo Muscat’ 0.0164 731 114 9 26 13 22

Z*Golden Delicious’

Y Ranges of inclination angle (7 ) of stems were 0°~15,15°~30°,30°~45°,45°~
60°,60°~75° and 75°~90° for R,,R,,R3,R,,R5 and Rg,respectively.

X M. prunifolia
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72770, REBRTIZY =90° OEHLEIER S, coth, D{E
THZ27-0T, HEOHEMEEOS7ZITREICE - 7.
&ﬁ@@ﬁtAt@ﬂﬁfu,Eif%k%@aﬁ¢%
EFEIBBLZFO 2LV DT, Tl EDR Tl
BEL D7

7, h RO O=AEKMELR &2 MTEKRE LT
TomERESHOKE (Table. 3) iE BB LRBHT
&)o f:.

LR L) OB CEERE L PR CEREER
B) IR L FER IR T THESh TR, 72721,
Pawmer (1977) 42 Y > T (N v ¥ 0 4L T) O6ERT
BEKEESENCHETHEFTVOHRT, Bt KR
EEEROZOPSEBRINDL LIEL, Biik=AH
BICEWEoBRZEE LAY, L L, EBOKEIIEL
DEFAEOEDP BRI NALT L6, PatMer DA
ETIREHLDZ 5WIH 5.

2) BEERBDasLUR

Table 4 ICE B Do RUR DIEZR LY. a DEIR
AL IAYFID N—Ly M OH0.09FKRITIE, B
0.01572° 545 0.055 D &P I & » 7-. Fig. 11 iZB D FEHE
SICRZ-RDHHDOEITH S, bR TH) v T
D 5L (ZWE) TR (Fig 11 T), 600 hE

Lateral branches

Biennial branches

Shoots

Grape ‘Delaware’

Fuji’
(Maruba)

Apple ¢

Relative frequency, R ;
[}
r T

i 1 1 1 1 1 -

0 30 60 90

Stem inclination angle
(degree)

Fig. 11. Representative relative frequencies (R:) of
area of longitudinal section of stems with
respect to inclination angles (6 classes) of
fruit trees. *M. prunifolia

BRLN, 77 E2B OB - SEOBEAL IS
FIEFM T W25, M TOT By Tk, KFESHS 8
RED 572 (Fig. 11). 72WTWVORBIFET, B34 OHEHT
HEEXMATCa 23 HLET L, HI0K%ITEE L
2% 572, o BOVR: OFTEIZH ER LU E DR O 4T
W T HW 0o 2B EE, 3 EBDHBNIE—I2 5
fil, COZODOHEEDEICEEMIC R TUTITEREY
R OBEREESH L EQO)ROBEROEERL S
DELEV)ZEIEE LD THA. HERIU EOKX
WIRIZAREAAL ) 218, BE, EOFETLE X
NIECENTHEEL, KEEEI»LZ VKT, h
LOBITEICKRE L WALV,
3) EREHOEOEHFAREFRHONH

EERICHR L BR8N — T D, Kdsw—h B %
Fig. 121K L 7. BBEBBINICRT, h oIz
9 Kdsw DREAIZ7 ), A9 by, 43T F Y, £E,
k¥ FT, sV, YT, ¥, TRIYDJEIZAT
Holz. LHL, 7R 2EBEMMOBTED Kds., DfEix
HEWIEH»E-TBY, ZhsfCEMEIR A A 100 T
3.3, h250° TR 1, hAHI80° THO0.7 Tho72
(Fig.12).

.- Walnut ‘Shinsui’

—..— Grape ‘Neo Muscat’
. 10 —-— Japanese persimmon
b SE ‘leratagenashp
; N ——— Cherry ‘Varn’
: 6 —— Apple ‘Fuji’ (Maruba) ”
S i T Pear ‘La France’
4
‘é —.— Chestnut ‘Tanzawa’
- 2 L
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- = B 8 juro’
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e 1|
(&) -
= 0.8
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e
e 0.6 ‘\
-
rﬁ [ 1 1 1 1 A 1 1 1 J
0 30 60 90

Solar altitude, 4 (degree)
Fig. 12. Representative Kdssw~ h, curves of several
deciduous fruit trees. *M. prunifolia
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Fig. 13. Changes in 3 extinction coefficients (Kdl,
Kdsw, Kdw = Kdlw +a * Kds) for direct
sunlight to solar altitude and changes in
ratios of sunlit area which were estimated
using Kdl., only (solid line) and Kds
(broken line), of 4 leaf area indices (L) of
cv. ‘Mutsu’ (MM 106) apple.

4) EOREFRBEBOBEFRROERRUARKRR
=RE
EOESHOLRFEREIT CICE CEBRMHHERVCHA
HLZ(ERER1%288). Ch»S1ESN S Kdl,~h,
MEAE O Kdsi~h T —, “OJBETHETS &
(Fig. 13, 14), MBEMIZKE BV ABDO LN T,
7 Ky Cidm AR X3 (Fig. 14), ZDIEHhD4ET
OB TR L L7722 & QM TH - 72 (Fig.
13).
COWBICIXELHOWMEDL S 25, WhiE, AR
FARB Kdw (=Kdlt+a * Kdsw) DAL PN TWV S, 4
DIEHINE 75 72D T Kdi~ho BIFR & Kdli~ h, B &
DEVRENTH 7. L L, HWENEERS S %
HETHE, EPEVZEDLIDBEVIZRISRT LI
AT E 2V,
5 RERZAVTEHEL AZSA0OBRBORKS S

A
(=)

Fig. 13, 14 IC¥EmMMIEKL % 0.5, 1, 2, 3D4E
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Ratio of sunlit area

Extinction coefficients for direct sunlight

0 20
Solar altitude, %, (degree)

40 60 80

Fig. 14. Changes in 3 extinction coefficients and
ratios of sunlit area of cv. ‘Neo Muscat’
grape. Explanations of the figure refer to

Fig. 13.

B2, Kdlw DA% H D\ ERIRER R Kdi, % 18
BALUTEE L, &LERE2ATOOKEGEE~
DEGHBEER L. TOHBEICH, WKEOEIZHLT
DL IICRZE. LaL, ZOEQOHMIHICHED HE
&, Rz IO EL Z LICX 5 B0 R
#EE Q)R THVTEHET AL 2RO T LIEL L5
7o,
(exp(—Kdl,,+ L) —exp{— (Kdl,,+a+Kds,,) L} )/
exp(—Kdl,,+L) x 100 (16)
LRI DWT h, A56°, 30° R UN75° D 3 ExRE, LA0.5,
1, 2, 3D4EELELT, BoBREELHE&D BN
DML EEFFHE L7z, Table5 3 ZFDFERD—EH %R

L2 (72720, Kibh DEZEHODLOXHAV). Wi
NOGETYH, A6 TLAIDEEIZIZ, ZORED

HAITEI0%ICHEL, WA TLHA3IDHEICDH
B HhH#10%7% ), hAS75° TLH0.5DBFEICIF
1 %Rt ThHo7. LA -T, BEOKZTCREOE
BI3IERBELLEVLOD, BIFDLHIZ, KEHEELs
BB E D, FEENSWIEEICIHOBD LD 5EE6H
mlRy, BOBYESRL TREtsREHET AL, K
GESFEZTTOEEATELVWEELYELAILILE
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Table 5. Representative extinction coefficient values (Kdsy,) for direct sunlight of stems at 3 solar altitudes (4,) and
percentages of loss of sunlit area in estimation by using Synthetic extinction coefficients (Kd,,=Kdl,,+a *
Kds,,) against to that by using extinction coefficients leaves (Kdl,,) at 3 solar altitude and 4 leaf area in-
dices (L) in several deciduous fruit trees.

Percentages of loss of sunlit area (%) calculated?
P h,=30° h,=75°
L= L= L= L= L= L= L= L= L= L=
0.5 1 2 3

Representative h,=6
Fruit species values of Kdsy, L= L=
Cultivars (Rootstocks)  k,=6° h,=30° h,=60° 0.5 1 2 3 0.5 1 2 3

Apple

‘Fuji’ (MM106) 5.45 1.49 0.90 7.0 13.7 25.3 35.4 1.9 3.9 7.6 11.4 0.9 1.8 4.2 5.8
‘Mutsu’ (MM106) 5.02 1.48 0.95 8.5 15.7 28.8 40.2 2.4 4.8 10.1 13.9 1.5 2.9 6.7 9.2
‘Ralls’ (Maruba) 5.48 1.44 0.84 9.4 17.3 31.6 43.4 2.3 4.8 9.5 13.8 1.2 2.3 4.6 6.8
Japanese persimmon

‘Hiratanenashi’ 5.32 1.48 0.91 6.4 13.0 24.4 34.2 1.8 3.7 7.5 11.1 1.0 1.8 4.0 10.5
Chestnut

‘Tsukuba’ 5.81 1.43 0.78 5.3 10.4 19.8 28.2 1.3 2.7 5.3 7.8 0.5 1.1 2.3 3.4
Walnut

‘Banshun’ 5.21 1.46 0.90 10.6 20.1 36.3 49.1 3.0 6.0 11.9 17.1 1.6 3.3 6.6 9.8
Peach

‘Okubo’ 5.47 1.45 0.85 9.2 17.4 31.2 43.0 2.4 4.5 9.5 13.8 1.1 2.3 4.3 6.8
Cherry

‘Satonishiki’ 5.66 1.40 0.77 10.5 19.9 35.9 48.6 2.7 5.4 10.4 15.2 1.1 2.2 4.6 6.8
Japanese pear

‘Shinsui’ 5.78 1.43 0.79 11.3 21.5 38.2 51.5 3.0 6.0 11.2 16.5 1.3 2.6 5.3 7.5
Pear

‘Bartlett’ 5.90 1.44 0.78 23.8 42.2 66.5 80.5 6.4 12.6 23.4 33.2 2.8 5.6 10.6 15.5
Grape

‘Delaware’ 469 1.51 1.04 9.4 17.8 32.5 4.6 3.0 6.2 11.9 17.3 1.8 3.9 7.4 10.6
Z(exp (—Kdly, L) —exp |— (Kdly,+a-Kdsy) L} ) /exp (—Kdl,,+L) X100 (%)

YM. prunifolia

5. BEROBEREELDPOBSET A, HBEIFERLL FNIIT DB DP o728, SHERAELTVELW. 72720,
RZ%. FiEoO@ir, BEMICBVNTY, TOELL REDEOEBIEAMODVWE) Y TD L) 2EE%
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BEMIFHEL-bDESZ LY. AREERICLY, BREHWFEEERPELZFHILT
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BB REDORSHFET H. EERIKERZ SHERFERBEMRET 5 2 EATHERICR o 1. ARET
MR TWL Yin b DB HE G, ERFHT 5 &, TIE, B & 53 % RFEESHE (BEHED) ICBRE LTl

BIEPNCRESE—I2046 L TBNE, BEICL Bk NRTC &2, EBROBENTIZ, LI 5) TIHHE L,
W SOESEORERZQANRTEHATELIDEE R W2 & B BIEOES DA, I L BREHELD

bha. SEFASD A, SHICKL %A, ERHRHSAET
I/I,=exp{— (Kdl,+a-Kds,,+bs Kdf,,) L}  (17) VAT ORZEFEIG (—REXELE) OHLD $hid, KEK%E

Z ZC, Kdfe IREDOEEOLRERE, b ITRERHE Z L OB, BEE O 555V T EEAE
W/ EoREROETH L. REFHMLIEKEIKE BWRGTTAHENOB E LTRE LY. LS5 T,
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15. Relations between rates of downward-
reflect transmit radiation (Si) , altitudes
of the parallel beams (h,) and leaf area
indices (L) of of
Japanese persimmon.

Fig.

cv. ‘Hiratanenashi’

BoNzKdsu (72720, Fh T XEH.LOMA)
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Leaf area index, L

Fig. 16. Relations between the extinction coeffi-

cients of downward-reflect and transmit
radiation (Ksw.), altitudes of parallel
beams (h,) and leaf area indices (L) of cv.

‘Hiratanenashi’ of Japanese persimmon.

S8t LA AT, Sw ASEUK L 72 (Fig. 15).

Siw& LEDBFE A5)RITHKTIIDH T, TREELL
DRBEFRE K, FEH L TRLAEZD DHFig. 16 TH
b, BB, ZOKsu  Fh ELDOXEFHAWCEMEG
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HbH. BWEPE, 5125 —D20MEM, Thbb, W
THDOhDFETEH, LOBEKITHEYY, Ksu DSEHEIC
WA L72hs, REIC—EBICHELI-ZETHAB. LD
BERITHED Ksi, DRBITE K OERAZEEZ EZB L 70
BEBBLLTW (BRENIZ W) ZEERLTWAS.
— R IZE DB B ERHH 400~500 nm & #7 680 ~700 nm
DWEFEETENDIII LT, ZOHMEEENOEL LT
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Leaf area index, L

Fig. 17. Ksw.—~L curves estimated by the multiple
regression formulas at 8 altitudes (h,, 10°
interval) of the parallel beams of cv.

‘Hiratanenashi’ of Japanese persimmon.
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Fig. 18. Ksw.~L curves estimated by multiple re-
gression formulas at 2 altitudes (h,) , 70°
(upper) and 20° (lower) , of the several
deciduous fruit trees.
B, WFhoOGHEIZS EROS F FEE ICARLR

7TAEm AR &7z (Fig. 18).
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Table 6. Results of multiple regression of Ks,,, L using of several powers of beam altitude (k,) and leaf area index (L)
along the beam as the variables and representaive values of Ks,, L of several deciduous fruit trees.

Fruit species Formulas of multiple regression using R? F  Estimated Ksp,, 1"
Cultivars powers of s, and L Value¥ L=1 L=3

Apple

‘S.D.X Ks=0.0412h,+0.2542L+2.356L 1 —2.546 0.9260 50.14 2.9 1.9

‘Fuji’ Ks=0.0002733h,2+0.1708L+1.989L "1 —1.302 0.9264 68.60 2.2 1.2

‘Mutsu’ Ks=0.0003385k,2+0.1687L+2.504L ~*—1.501 0.9297 72.25 2.8 1.5

‘Ralls’ Ks=0.0004067h,2+0.3534L+2.572L "1 —2.246 0.9413 88.12 2.7 1.7

‘Jonathan’ Ks=0.0003853h,2+0.4730L+3.070L "1 —2.667 0.9095 52.67 2.8 1.7

‘Tugaru’ Ks=0.03977h,+2.479L"1—1.836 0.9064 75.97 3.4 1.8

‘Red Spur’ Ks=0.0003799,%+0.1583L+1.297L"*—1.029 0.9524 107.59 2.3 1.7
Japanese persimmon

‘Hiratanenashi’ Ks=0.000003033h,3+0.1052L+1.425L~*—0.6880 0.9585 135.80 1.9 1.5
Chestnut

‘Rihei’ Ks=0.0001969n,%4+0.1363L+3.001L~*—1.239 0.9264 72.67 2.9 1.1

‘Tanzawa’ Ks=0.0002289,%+0.2914L+4.020L " 1—2.313 0.8842 37.03 3.1 1.0

‘Ibuki’ Ks=0.000002564k,2+0.3419L+3.477L~*—2.359 0.9228 68.90 2.3 0.7
Walnut

‘Shinrei’ Ks=0.0001871h,24+0.1316L+2.195L "' —1.015 0.9351 76.62 242 1.0

‘Yorei’ Ks=0.000002021h,2+0.2640L+3.672L "1 —1.993 0.9190 65.27 2.6 0.7

‘Banshun’ Ks=0.000002463h,>+0.00044581,2+0.9547L "1 —0.0859 0.9544 109.27 2.3 1.6
Peach

‘Okubo’ Ks=0.000002898h,>+0.2261L+2.407L "' —1.454 0.9303 77.23 2.2 1.0

‘Koyohakuto’ Ks=0.010914,+0.06166L+1.346L "1 —0.6813 0.9124 59.63 2.3 0.7

‘Hakuho’ Ks=0.000001737h,3+0.9197L ' —0.006004 0.9645 246.92 1.5 0.9
Cherry

‘Rockport’ Ks=0.00001979,%—0.001114h,%+1.623L 1 +0.3446 0.9766 186.04 3.3 2.2

‘Satonishiki’ Ks=0.02372h,+1.7166L~'—0.9354 0.8559  39.75 2.4 2.1

‘Napoleon’ Ks=0.0002809%,2+0.1920L+1.975L "' —1.442 0.9328 73.70 2.1 1.2
Japanese pear

‘Shinseiki’ Ks=0.000002365k,°+1.210L "' —0.4102 0.9161 94.04 1.6 0.8

‘Shinsui’ Ks=0.000002423h,2+0.2844L +2.574L "1 —1.680 0.9353 76.85 2.0 0.9

‘Chojaro’ Ks=0.0000019444,>+0.1846L+1.889L "1 —1.120 0.9563 128.39 1.6 0.7
Pear

‘Bartlett’ Ks=0.0002484k,2+0.6202L ' —0.1954 0.9450 154.46 1.6 1.2

‘La France’ Ks=0.03596h,+0.8475L"1—1.194 0.9269 112.87 2.2 1.6

‘G.coV Ks=0.02022h,+0.5330L "1 —0.5574 0.9016 80.43 1.4 1.0
Grape

‘Delaware’ Ks=0.0004240h,2—0.0264h,+0.2019L~40.5333 0.9721 201.00 1.0 0.9

‘Stuben’ Ks=0.000001981,2+0.2247L+3.349L."1—1.875 0.9323 79.81 2.4 0.6

‘Neo Muscat’ Ks=0.0000009043x,%+0.08555L +2.343L~*—0.6431 0.9476 105.71 2.1 0.7

Z Coefficient of correlation of multiple regression, YF test : Significant at 0.1% level in all cuiltivars,

cious’, W ‘Grand Champion’, ¥ h,=70°

EEHFHEBTH o701, Bo L, EIEVHEROD
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