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Summary

Crossings of beams of oblique-square pillar (BOSPs) against internal cubic blocks in a virtual grid
(VG) gave a possibility to analyze in accordance with Monsi and Saeki’s theory (1953) light environ-
ment in an isolated fruit tree crown where leaves did not distribute at random to the holizontal
directions. Some partial corrections of the model’s parameters and improvements of the work of simula-
tion were made on the previous model (Yamamoto, 1988). The tests of the modefied model (SCLEAS)
produced good results. By extending the functions of the SCLEAS from a single fruit tree to an
orchard, a new system (OLEAS) was developed. The use of the CLEAS was limited to orchards where
fruit tree crowns having an identical shape and canopy structure were arranged with an arbitrary
planting distance. The distance between the predicted fruit tree and the neighbor trees, namely, tree
space and row space, should be integral-fold of length of a side of the block in the VG. By the
procedure, in the spaces of outside of the predicted VG the OLEAS can utilize repeatedly a set of data
from the crossings, namely, Vr values (ratios of the volume of a solid cut by both a BOSP and xyz
co-ordinates to the volume of a block) and these block positions, which are calculated once in the pre-
dicted VG. When the altitude of parallel beam (Ho) is greater than 45°, the range of surrounding fruit
trees which have actions of light extinction on the predicted tree is limited to the 8 neighbor trees
against all azimuths of the beams (Azs) , and the 3 neighbor trees against an Az. When Ho is smaller
than 45°, a vertical plane of entrance of BOSPs is set at the distance which is integral-fold of G in the
holizontal direction from the side of the predicted VG and also is longer than the shortest distance
where any light extinction by the surrounding trees does not occur. By the procedure a set of data of
the Vrs and the block positions can be used repeatedly every time a top of BOSP moves the distance of
G. Algorisms to judge whether a top of BOSP stepping down along z axis exists within the predicted
tree or a surrounding tree or the other space are devised in the 2 cases (Ho=45° and Ho<45°) using
several simultaneous unequalities. If a top of BOSP exists within a surrounding tree, the OLEAS make
a parallel translation of the grid covering the tree to overlap completely to that of the predicted tree.
The cumulative leaf area index from the entrance of BOSP to the top(L’) is calculated using leaf number
per block of the top. This leaf number per block is given by reference to the value of array of distribu-
tion of leaf number (B (x, y, z)) of the corresponding position in the predicted VG after the
translation. Because the OLEAS has the same principle as the SCLEAS, the OLEAS is thought to have
the same effectiveness as the SCLEAS. The work tests of the OLEAS produced good results against
many orchard models which were constructed by arranging the several fruit tree crown models with 8
planting systems.

Key words : light environment, analyzing system by a computer, orchard, canopy structure, planting
system
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Fig. 1. A fruit tree crown model can be constructed by
arranging a leaf number or nothing (0) into
each internal block of a virtual grid (VG).
Combinations of blocks with leaves can make
the crown to have various internal canopy
structure and external form though an appear-
ance of bricks. The positive direction of x, y
and z axis of the VG indicates west, north and
the earth, respectively. A closed square on the
upper surface of the VG indicates an ent-
rance of a beam of oblique-square pillar (BOSP)
which has an altitude (Ho) and an azimuth (A 2).
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Fig. 2. Calculation of volume (V)of a solid cut by both
a VG and an oblique-square pillar (OSP).
When an OSP moves a distance of the length of
a side of the block along z axis from a square
(ABCD) on the grid surface and arrives at
another square (A'B'C'D"), the V is calculated
by the next equation.

h

V=3AH

Here, A; and H denotes an area of a i-th rec-
tangle belongs to a same block (in broken lines)
and thickness (z aais) of h-division, respe-
ctively. A subroutine program calculates a
ratio of a solid volume to the block one (Vr)
and the position of the block (x,y and z) to
which the solid belongs.
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Fig. 3. Four areas of entrance of BOSPs on the upper

surface of VG of xyz co-ordinates (areas en-
closed by bold lines) corresponded to 4 ranges
of Az (A:0=Az<90°,B:90° = Az < 180°,C:180°
< Az<270° and D:270° =< Az <360°)in the case
of Ho=45°, and the case of Ho<45° (E).
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. An area of entrance of BOSPs on a side surface of VG of xyz co-ordinates (an area en-

closed by a bold line at upper part of each range of Az)and that on the upper surface of
VG of x'y’z’ co-ordinates converted by Table 1(an area enclosed by a bold lines at the
lower part of each range of Az)in the case of Ho<45°. Original xyz co-ordinates are
shown in each VG of x'y’z’ co-ordinates (each lower part). When converted Ho’ values
(open angles) and Az' values (closed angles) are used as the beam directions in VG of
x'y'z’ co-ordinates, the same relationships as the case of Ho=45° (Fig. 3) appeared
between the areas and the beam directions. Therefore, the same subroutine program is

utilized for calculation of Vr values and block positions as the case of Ho=45°.
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Fig. 5. An example of calculation of Ho' and Az’ in a
case of Ho<45° and 0= Az <45 (upper part of
Fig. 4-A). As Ho' is an altitude against x'y'
plane,
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As Az’ is an azimuth against v" axis,
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TEXL0HM (w) THSbDIZEB., 2O wDE
T2V TIBERR (U4, 1988) (Zidic# L Ao
72OTI IR L7z (0~083%).
0°=Az<45° w=Bl*cotHocosAz an
45°=A2<90°  w=Bl*cotHocos (90°—Az) (12
90°=Az<135° w=Bl%cotHocos (Az—90°) (13
135°=Az<180° w=BI*cotHocos (180°—Az) (14
180°<Az<225° w=Bl*cotHocos (Az—180°) (3
225°<Az<270° =Bl cotHocos (270°—Az) (18
270°<Az<315° =Bl cotHocos (Az—270°) (7
315°<Az<360° w=BlcotHocos (360°—Az) (8

Table 1. Conversions from the xyz co-ordinates of block positions(x’. ¥’ and z') and direction angles of BOSP

(Ho' and Az') in the 8 species of x'y'z' co-ordinates corresponding to 8 ranges of Az when Ho is

smaller than 45°.

Ranges of Az X' v z Ho' Az’
0°sSAz<45° z x ¥ sin ' (cosAz cosHo) tan ' (tanHo cosecAz)
45°<Az<90° ¥ z x sin~ ' (sinAz cosHo) tan” ' (cotHo cosAz)
90°<Az<135° n—1—-y n—l—z x sin” ' jcos (Az—90°)cosHo!  90°+tan "' jtanHo sec (180°—Az)|
135°<Az<180° 2z n—1—x n—1—y sin 'lsin(Az—90")cosHo| 180°—tan ' ltanHo sec(Az—90°)}
180°<Az<225° n—1—z x n—1—y sin 'lsin(270°—Az)cosHol 180°+tan" ' ltanHo sec(270°—Az)|
225°sAz<270° y n—1—z n—1—x sin 'lcos(270°—Az)cosHo! 270°—tan"' ltanHo cosec(270°—Az)|
270°=Az<315° n—1-y 2z n—1—x sin 'lsin(360°—Az)cosHol 360°—tan™ ' lcotHo cos(360°—Az)|
315°<Az<360° n—1—z n—l—x y sin” ' lcos (360°— Az) cesHol 360°—tan ™' ltanHo cosec (360°—Az)|
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5) BAFRBOETESE

FIE] - EIAEHRB & 2 OEE FO R D TbR
B O(HERKD L VIZHETRKE b)) ICHELT,
SCLEAS M 2 O HARE % Fv 72 (LU, 1988).
—D301f8 Ho 7 AFATHH (KRS 5 v IdKZ/h
X2 5 DOFATHBROTE X &F) Db, HIEIEDS
NP ICEERET 2 BE0RAENICHFET 2 ERFE R
W&o TR T AEELHFHOT 5 00T, EEERE
R Kdyo £ &7z (LA, 1988). &9 —2idA
Ho 7% 5 FAT B AH RN O EREE 2 Z8T 5 L &
BLOEmMICHLTTHEICRT S L., 20KFH
FIREATRA T B EE MO 5 b 0T, ZTXREKEL
T AR EEKs £ Ao 7 (WA, 1988). ZREXELIGICE
L0 BOF % AFRIOHFmMERLESDICT S E
L, B—Hm%E b oN# x5 SCLEAS OEMrFik
ZRRT 225, AR ISR EOBRERD—DTH 5.

a) EHAEXFEH

BEHEREREIE, HBEELWERD S O S D&
T BAKRFEND ZOYEROBOEHBEO K TH S, M
7 - FEaoEHR (OR) 2BnTik, ZofMsrnE
HEEREE V) Sk b, e AL ERAEED
DYAREEOES LW AR O EIIEHETH 5.

REHOEH W B4R E Kdlg, & Horie + Udagawa
(1971) OFFCLVEE L. T4bb, EERED
EHOFLEMNEE (a) EZ05H (o) %FHEIL,

EoERAES i EN— Y BEEEACGER L. x—
SRBDNTA—sD ALy EFFEL (198 L U0R),
KITNR— ¥ BEE = 1572 (@D:0).
A=(a—2a%/ 7—20%/7)a 0c?
v=(a—2a?2/7—2¢2/7) (1—2a /7). (262) @0
B(a,v)= f"/2(201/71')*_1(1—2:1/7&”71da @1)

BN AESHAPEANE—THs LR ZEIN, 22D,
EOBMAEDOEETESAABY («) H2RTEB
NBEFIH LT, 8 Ho OFATHMASAG Lz L &
D HE SRR T Kdly, 3R TEH 2 515 (Horie -
Udagawa, 1971).

a9

V(a)=Q2a/7)* *(1=2a/7)" ' /B(a,v) @
Kdlgo= foa.\T’(01)cosold"’+ f,,.R/ZZ\T’(U‘)/
7 (cosa +sin~ 'u+sinacotHoy 1—u?) da @3

Z 2T, a*=Ho, u=cotatanHo TH o 7.
EHPICIIEASRES. BUEMEIRS L CEM#EER

HE (&
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F) FI3E F2H

OYRTH A, ME - EEERIEIC OV TR T
v (1)X28). Yim 5 (1969) $EFOESEHE
PR Kdly, & BBEDBEE LR UHREL Kdsy, & FHWT
FEHOBEFRIREE SR L. Zo%RE, e
EVIY RO TS o', LT, ZOEEESZITE
LB, ThxtT B, KFENOER L HBEOWE
DEDHERED A b > THEHOBEFOUREKE 45
LD Tho 72 (Yim S, 1969). T2k 6o T,
SCLEAS &, BICFET L9, Ho51 L, BHEOES
FR AR (Kdspo) % FE O MEWTEI RS 12X 3 5 ACF1E E
IBTALEOBROEROLLE LTRKOTHEE, HERD
B SRR ER % ORIz & 0 ARRETE L 72 (1LAR,1988).
Kdgo=Kdlygo + AKds, @4
Z 2 TCAREOREREITT 2 ROBMMEEOE & T
Hotz (LA, 1988 ; IUARS, 1990). k4 & M@
FHHRE % b DFEBEICAT 208 Ho OFATHAR DO ESHE
W AR EL Kdsyo DRDFRIUTOHEICE 572, 7,
ERIAEL 6 Fsfkico T, ERBOKROHERTTEDE &
Ry (j=1~6) MBI EHAELA. & 612, HHEER
FER (IUAKS, 1990) 1ok by, —EoEFEE () %
A% | < AR B0/ Ho DT
DES RS Kdeno.» %, FHEHICBIIEEOEEE
LEA FETETOY IZo2WTHIEL, RICZOERF
A () #187:. SCLEAS ¥, ZoOEEFERDOFIHZL
¥o—-o, MEOERAE (¥) 1, LiLo6 By
B oBEHMAEOSRETRME (V) 4T,
SCLEAS NOZEHTH 5 Ho & & b2, 6 HOMEHE
SR ICAR B Kdeno.»; # ERIFHEL 22 2L T,
D6 ADEICFENEND Ry DEAEDIFTEHL (26)
R), Kdsy, A SE7.

Kdeyo.»=0.14677 —7.806sin? +5.507cos”
+0.325tanHo +0. 354sin? cotHo
—0.0000005%4tan” —4.641

-
—

€9

6
KdSHoz EFinCHO,Tj (26)

BEF 512, FHRIROEE E L2 D, BoBESEREREI
BEIZITRDEENZ 25, HAEENC X 5 RERR,

R R BOBOERARES DT — 5 B L UFAT
D Ho # VT, EBBICEHHE LA b D TH - 72,

ZLT, T0 Kdsgo £ @R TEE L7z Kdly, & & HW
T Kdyo #5HE L 72 (@05X).

b) THRE ZREEXDOELFELE
T & ZREEEOTSEREL Ks 1E, mlEICRA 2%



RBEERBEMAT > A 7 4 (OLEAS) —IIA

DRFHRE (KETFESLEB/E) & &b, FATEHRD
£ (Ho), EOMEE B X UBHAORFEEEmETE (L)
DEBLZTHEEZT. NTHED S OFATHEDIC
BEABE L 205 EE (UES, 1990) 1ckbh, £
%5 L BLU Ho 2 HHABGERDS, EBADK
BOKFEEEZBIE L2, ZOKFRGRED S B
TS ERCEHELABEL T I LICEY, ExEaL
F& T & RE L2 RomE % A5 LAKFREE (1)
#1587, MEEEREED L OB %, FE0MA Ho
DFFTHEDE BT 5ED KEEL K OR HF K
Ksuo.i PfEIX, ASEIOFATHARAKFEMEE (lo), T
BIOL #AVTORNICL WEE L.

Kspo.=—In (I'’To) /L’ e
FERAIK D 7-[F— R FED LD Kspo. HE VT,
L& Ho BEPINLDORE A FHAEHKL Lz Ks OE
EURR A& (LA, 1988 ; A S, 1990). SCLEAS
389 2 =% & LT ZoERFRROREFZREZ FwV,
SCLEAS N ZEHTH 5 L' & Ho ZHBAEHE LTE
[FET, KsxFESE (LA, 1988).

6) EEJ Uy FROE&TOY 7 OXREE

3) WRELZEIIE, 1RO HFENZ) v Fa 1B
THIEGE, #o»r070y 72 0H5. RHEE
2, 1fAo7oy s GLAEK) &, FALEEZ%3o
AIEPOFRFRENINEYY LB LICL>TELSES
HEZFEEDDDENVZ 5.

1RKOFAEAOEEDOE T COBBERMEBL L
(10=) & Z2DFAENOESH R NRE Kdy, (24) )
EERHWT, SHERDORDEDFAT 6 BiRIC AT 2
EHXOHADEEETES (8R). 72721, Ho<45®
DA, FHENOROFIOFAT 6 HRICAST 5 E
HHOEEGLESEZRIE RSV,

D=exp (—KdgoL") @8
Z OFT 6 HfR AR T 5 VI hoSEAIC b EHHGIE
FLE4& (D) TAHEHTELDOLT S,

SCLEAS O KGO BEHEE G4BT LA Ty 7
T, —DOORMNEHCITHETS. ZORNEROE
i, EEOZHEEIET A 70y 2OME (x, v
BIU) #ORICHTRHOTERHELLTOy 7 0@EL
F5 () zHW3. X2, 20ZHEE»ET S FIT6
HEICAS T 2EHEE @) L Z20LHEED Vr
BELof%z, ZoOBHEHClO i FHICMZA ZL
T, KEAEROFHEA»RE S ) v FEBRT 247
Oy 7 %80 3E2FCLEOELEYRT L, ELY

97

9

ZEH Cl ©i FHOME (D) 1, HEEBIC, i FHO 70y
INAFT B REROESFEOE SRS (@9).

mmax

]:)izl‘?::ll:)mvrm= (29)

Zotemi3F i FHOTOY 7 #HBHT S mmax D%
HEDI bED—2THHI L %R, D, IEFDLHEMKE
MBS 54T 6 AEICOWTDRADME, Vr, iEZFD
SHEOEES 7Oy 7 RKEICHD 2EE, L, 13Z0
ZHEAFREELAH BT 2 Z0ETHI T TORESE
HEERETH . 70y 7 2BUTALEEOBRKTS
5 mmax X700y 712X TELRS. 0913 D, 0 EE
BstERNE V) L), SCLEAS D707 5 LADEHET
W) AL TREMICET S D ED T3HHAR,
EEZTWREELW B)~BIRITDoWTH FEE).

FEROBHIEHDIIN,IC, Ty 7 ICAHTAEED
BELCOKFEEE L 2 OWELE» 7o v 7 IC ST 5
HE (K1) LoEEMz 5 3EEORHIEH (C2, C3
BIUC) #HETS. COFEEE GRELEHED
BOAENIHED &, Th S DEHIEHEOHKEIZ 7T v
7 AEHT B R4 D S DD KTFHEHRE DA FHE
HBVIHENFESEICIE ST, AFTLE880EA%
boTEtEXNE, 7oy s 1L LTOKFEBED
FHfE (NEAMNFESE) k5.

KIGHARED S 7% % 1 ROFFIENA, EPOERFIC
WIS N A5 s, —HIEABL, HBVIE, FExFL
THERSTAZEICEY, 7))y FOEEDBEF TIZ
FET 2 (KBAERRO KREELLS AT S) 3%
Z25. ZOLE KFHEEBENT IEbo/ET B E,
KIGHOKFHBEDHEEEG (I'/1d,) 1680 THKHE
T&5.

I'/1do=exp(—Kspo.r L) 80
72720, Id, IHEBEAMC BT B KB AR O AT 58 E T
»5.

Z O REELEDFHAEN D F DEDOFAT 6 EAKIZA
ST 284 (HEEHOEHA) 31 206 2 OF4T 6 HikD
exXDfE (D, T74bbH, HEEOEE) #ELFIW
DBDIZELW (=1—exp(—Kdgl)). 2L T, 1D
AT 6 ER AR T AV ThoSEAEICHELEETH
BEASELD D ET 5. B4 DEHEEIZONT, T 1E,
HEHOEHE (=1—exp(—KdyoL) B L UZHED
Vr D 3EDRER, ZOFHEEISET L Tay 2 Dl
LES () 2BFLT2mAIEH C2 oz 2. K%
KD S % AR FEEEE Ty 7 2BV TELE, B

mE:lexp (_ KdHoL'm) Vry
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FIEBC2OMBRIREMIC i FEHEO 7Oy 7 I2BITAK
W% e R o> — KL 6 7k S T 58 BE o 0 E AR NS 34 fE
(Tos) 2% 5% B, BUAHFIEEEHTI 2w,
FR 2 HED B IAERIZ KB YRR O KEELE A A ST
LEwbDk LT, $4bb, #0EHR (1—exp(—
KdoL'm)) 750 & LT, MEMINERORELITI 2 &
BT 5.

Iosi=1dom§l (1—exp (KdgoL'm)) Vrm
exp (_KSHO.L'mLYm>

%8B, m, mmax, Vrp, BE L, OHFIZORXDOEE
EFUTH5.

Ric, RZEFXBSICET 5EHIZEE (C3 BLU Ch)
WZOWTHRLY. —DDORZE/NXE D 5 OFATHAR D E S
TS ARG T 2 EEE ARG DOCIN EF U b D% v
HTx3. 2LT, OB EREXESS KT
272, CORDAFTLEEEFEL-OLIZRRY,
I TiHEA DL HENOES O NS 2816, B
HDOKFHEEEB L Vr lED 3HEORE%ETE L, MW
HROBTH270y 70BLEF*ERL T ARFILEH
C3TME L., ZLTIOEE*LEREXE,H DF
THBICDNT, ENFhOPEOLETay V7 %2BY)F
EHETHRYETE, BRIIEH C3 3EENIC FHD
Ty 2 IIBITE, REEFEEASLL-EE (T4b
+, —REEDL) OKFEMEEOMEMMESME (sL)
%% (B25%).

Je Ke mmax

ISli:E1 KZ=1 m2=1€XD (—KduokL km) VrikmIsx 62

ZZT, Iskx BRZEXED S OFATHEOKFEEET
»5 (D). 72, m BL Y mmax OBBHIZCIR D%
HLRAILTH S, 9NIE %2> 7 Kduok, Lixm B &
O Vrgn DT EXFD K I, 120FTHE (KE
) ARZEXMAS OFATRBICEEIRZ 255 % b
23 &k,

FHZER c4 #HE L, KBOERO ZXEE K
mEE BUX) LFLFHEZETORERED S DOFAT
HRRIZOWT, ZNFROBEOETOY 7B TX
53 THED BT, EHIEHK C4 OEITRRIICKRZESL
PEBAF L Z0 i FBoT7uy 7 1L LTO,
RZEHE R O Z KBS K FH @ E O MEAIFESE
(Is2) 2% %.

6D

e Ke mmax

]
ISZi:IS]K Jél ]22:1 mélexp (l—exp (_KdHDJKL’]Km))

Vrikmexp (— Kok L 7kmL Km) @3

IWRFRE (R F13%

98

£2%

ZZT, ZREGELEOW AR KsSuoik.Lkm DTV TAF
EXFIE, QOROKB DO Z REA O R GEHK
(Ksuo.1) %, RZEXE D5 OFATHARICHIET 2 b D
WWEBEHZ 2T E v, oTHEXF0OHB X6
EFRCTH 5.

LREZFLDHBERDLIIICERDE. KEBEHEETOR
ZEXED S DFATHARIZDONWT, EREOFHEEKR 7%
O 4 EEORFIERME (7o 2 mEME) 13, #he
N, £78 v 71 AST 5 KB EOBESEEE (CL),
KRR O ZREEDEKFHREBED 70 v 7 FI4ME
(C2), ERZEXED? L OFTHRE (—KkEELN) OB
SNXAFEHEED 70y 7 FE (C3) BLPERZE
X 2> & O AT HEHRAT ZREELIG IS U 72 e D ACETE
BEOTOy 7 FME (C4) 2% B, Cl~C4 OELHIZE
BEOREBREL2ZL2E, Zho3EEIIBITLES
DAY —DAB L OO, WS, Fak&E2Ren
IR L 72, F—BZoBEARERRE —2—20
Ty 7 DHNATHRETAIDER LSS,

7) EEORHBEDSES &

iFHO 70y 7 OHREHENOEIZ DBG) OMNEA
AEEL L7, BHEMOERMOKBELERE (1d1) 13ME~%
DEVERABE (o) EHMNAE () THWTEIRIC
XDEEL.

IdI'=1Ido | cosa +sinacotHocos (8 —Az) | (4
CZTCRIIERDBELBIE L 60EDIETHRAEL, «l3ED
ERAEERTESMERT («) @) AT
THNOETEE L.

BLFIZEH C2, C3BL U CADEIZTVTRI 7Oy 7
ANAHT A EHECOKTFHBE TCOFBHETH - /2.
ZDHb, HEMEOEEZHBEEICIZC2, C3BLY
C4 2B5-3 5. —F, HIAEEDOIEESZLEEIZIZ6Y
NTHE SN2 KBEFNEOERZHEEDIZH I C3
BIVCAPESTA.

rERoTO v 7 Z L o#EDERS (€2, C3B LU CY)
FHEMICIE LT, 2070y 7 AOERSIRE 5
BLTH, ZIZEITLBEREIMESNSHY, SCLEAS 37
0y 7 ADFEFROHEER, EOEMAE, EohMNA
BB IUBELEOASHFENORE—E42ZEB LT, 3
MZERENFEIC—BoITE2ES L7z (LA, 1988).
Ty s HADEDSANT VT A THLERELLD
T, VAKR3IEICH o TRILEOER ZFHD. 12k 213,
1MELIE1IRE, 2~8MEabid2B, 9~2THELIE
3B LALT. UHMIARZOREICLI NI, BEICBITA



BEEYCERIERT S A 7 4 (OLEAS)——LUA

13855 15cm DI ERZEEOEHA IR E TIck 5%
i, )y TTHT6%, ¥ THI8LY%, F 7 by THT8%
B4 3 v+ TR Tho 7z RER).
SCLEASIE, 71 v 7 ADfk L OREHEO#ELZ L
Ex#EE L7295 2 T, Beer-Lambert D% H\ T,
DERBIZI 2 BEREZR—7 0y 7O 1B TOED
EHOBE T HBE I KBS Y, RTBO¥EBI TS
NEHRYELE ZOBEORNBRERK OEED, 7
Oy 7RIZT YT AIHMTAERIIEL, £FArsH
AFT 2 HORNGBRBOTHETHB EREZL, UTO
FECTKMExFE L. T4bb, 5 KR LAKDE
mYEHEE (LA, 1988 ; LUAS, 1990) % Hw, Zo0
HAEHO L X1 %, BXU, Ho KERZEXMD S
DFATHAEOMA (Azx) ZHWT Ks EEEHEL 7.
ZLTEREXESD Ks fBEEXFHLTRKELA i F
Bo7ov 7oK BGH) O—H—HOEIIOVWTK
BES LA SO CTEROZRBELFETL0T, 7HE
THTLICHZAERELN (2721, 1=SLN=<B()) &
L, 1RiZ, LN 2% «B()**<LN= (¢ +1)B() ¥ D #iH
HhE, 7oy s NOBEEEEREE LB 136 TEH
BT

LB=«aB(i)¥? /70 v ¥ K& 35
72& 21X, BG) =8 DA, 7V FLGMTIE 3@ 2
Biczdh, ZoHb3ME (LN=3) DL, 0-8°
<LN=(0+1)-8° 0#HICH B0 5, £=0, L7=d5o
T, LBIE0%5. ¥/, 5KHE (N=5 OZEW,
1-83<INE (1+1) -8 D#EFHICH B Hh 5, k=11T7%
D, L7245 T, LB a-8¥3 /(7 0v 7 KHE) OHE
%3, Tabb, A—70y 7BV TEREDRT
BEXNRICR->TWARERBL) LICHFAETALED LBEE
Ao kv,

12070y 72875 HERDEISETKETHL
X, EROBELEZERE (Is) 38R THZ 5N 5.

Isl=(Tos; +1s1;+1s2) exp (—KLB) (86
KETHWHETH, HELEIEHMEFICTT Y 212
AET UL, Isl 3E4 OEOEFAKE « ITKFFL, F
LA B ICERRIGINTEZONS.

Isl=(0.5cosa +0.5) (Tos;+1s1;+1s2;) exp (—KLB) 87
LA»L, LRROZO0BEIIBOTHTHL. @F, 7
Oy 7 ~AST 5 EHELIHEICELTAY—TH
%. SCLEAS 13873 (0.5c0sa +0.5) DEpsr%, 7u v
7 ~AETT AEELEO A IICET 2R —0RE, ED
ERAES LUCEOFNMAFICL>TE T 2BIEREK

-
—
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Kq CEEZ#27. ZOBHBED Kq EIXZRD LI ZHlE
EREEOCHETEG 2. $4bb, 8HAD»L ALY
58 ARDFATHMAE 1HE LT, T2 EEHAEL 2.
INRLDOMD—D—DIF, SEKDAFHEDAFHIEL
WS, L AT AHA (Azmax) b b, 220,
ZNZENOAFEHE RIS 5 A5 H AR DS OA
BH—OBREFIERIC RS L)Lz ZEH8ARD—D
—OPEED aBLVBOEEZ D1 DOFHIZHE S5
ExGRNICIVEEL, ThzmEL EHEKRSL),
1 oOFHOHESNZHEEE L. 2L T, ZOFE
EFHMONT — ¥ ELBOFH L AR TV,
FHOBEL L RED T — 5 # S HAF L. ThE
IR, ARTASHEER EREEFUELC LT, 8 HA»L
WEICAS T 2 EAKFE (e=0) 1242 L X OHEL
HZHREZFTE L2, 2L T, BEOMHEICHT AHIHE
D% Kq &L, ®CTOFED Kq fEXEFE L. 20
MEEBROBERLHWT, TY—0BE (15KR),
Azmax, @ BXU B EFHHEH L L7z Kq OEMOYFHEE
REEHE LA 2L T, ZOREFEFEEZ SCLEAS A
DINFT A =% LTHW/. —7%, SCLEAS ® C2, C3
BLUCADEIERT Y FI2BVWT, 70y ZIZAST
BEELKFEBEO FANOEE Y 7uy 2 TEATH
L9127, SCLEAS OEEZNEEDEHEAT v 7T
R EEOFANOBEELHNT, £70y 70
Azmax &, NEY—ORERHJTLEELIL, Thb
CEVFHANVOETEELMHLDED L BIZLDY
Kq E* ERYRHEE L, REMIZNICL Y HESHOE
X R EFHE L7

Is1=Kq (Tos; +1s1;+Is2;) exp (—KLB) 68
HMEPEE 1 136K TRME L - KB E e 0 ¥ 52 658
FE (1dr) AT C3 B XU C4 OEELEI D 5 75,
COHBEICD Lo HRHECHE L FKICKeE BE
S, HEBERZOGEE (d) 2s5t&E L7 695%).

Id1=1dl' +Kq (Is1;+1s2;) exp (—KLB) 69
B, B (LA, 1988) OfFERIiBHk L7z ERto158
DA —504 & Azmax DRDF B L O ERIFHEER
WZDOWTIE—EENRINFE Y 25 - 7D T, FDOHDIEFR
REABOMNFICEER L. Kq OFMEHEOFMIC
DV (LA, 1988) S I,

8) SCLEAS DEtHBREOHE

SCLEAS D ANEG T, miEfFEL#ETA - B
T BT S OBENERS 0T — 5 (3 XICELF
EBH) 2 ANT 5. RICEHLOKBEHKFEEIEE (Ido)
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BIORZERKFEBEE (Is) AT 5. SCLEAS O
HAES TR, BEZICBT ABEANLSEOERT LR
BEoBEBSfrHEaHELXFIEE DL, Ih iR
BOEL, BEICIBELTCOSMRHEMELXHNT S

(6 [X).

IWRFRE (RF) F13% %25

ZHEGOFEBRIIUTOMEY) TH b, KGR
FHE (1.01)%288) ok, KBS, KZELR
B IUCERZABEDIEIEDL. KEXHSTIE Cl
& C2 DEHNEB~OME, KZENKEHTIE C3 & 4
DENNEHA~OMEEITH. RiZ, ThoORFIERE

———— :SCLEAS + OLEAS ~——— :OLEAS only

| Input of data and parameters

Cl

| ——— §

Beam=solar

Next sky No. of sunlit
—1 beam leaves
direction ;—vl Calculation of Kduo |
YL | Ho<4s’
Ho=45" Calc. of solar

Calculation of

I Conversion of Ho and Az by Table I |

direct light

I

intensity on a

L Calculation of Vr values and block positions }—% SP1 l

sunlit surface
1 ~C3

[ 1

' Decision of an area of entrance of BOSPs

I Calc. of sca-

I [

intensity on a

————+| Next block in the area of entrance of BOSPs

sunlit leaf

ttering light
I «~—C4

Yes

T No| All sunlit
” leaves ?
Calculation of a block posiotjon Yes
at integral-fold of G along z axis | «— (2
from a block in the area Calc. of sca-
T ttering light SP4
- intensity on a
~—>—l Calculation of a position of BOSP' top | «— shaded leaf :Cci
= . No | All shaded
SP2 Ho=45 SP3 Ho<45 leaves ?
3|1 | Yes
S ding t 2 2 The estimated tree(l) N iA” blocks?,
urrounding trees e estimated tree o
l__—l 1,C2 Yes
1 Beam=solar
Calculation Calculation — Statics & output
of L' and Ks of L' and Ks éﬁ g:am=sky of hourly data
C—— | [
All times ? O————————
Space of inter-trees Yes |
or inter-rows(3) No ,
. Did BOSP’ Lop move No Statics & output
Ho=45" | Ho<45 | integral-fold of G ? - of daily data
-7 =n-
Yes ?
o |
. EN
z=n-17? All blocks in the area P VG:Virtual grid
Yes of entrance? No BOSP:Beam of oblique
Yes -square pillare
All blocks on the surfaces SP:Subroutine program
No | of entrance? C1~C4:Arrays
— | Beam=sky | «——

L' :Cumulative LAI in
a BOSP
G:Length of one side
of VG
n:Division number of

one side of VG

Fig. 6. A flow chart of the program of SCLEAS and OLEAS. Slender lines indicate SCLEAS
and OLEAS, and bold lines indicate OLEAS only.
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725D THAH. L7zh>T, SCLEAS DWGFED72HDF
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3. RHEENXBEEIT X7 L (OLEAS) CHT 58
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AR LDV OB E 247 ) BB IZ BV T
i, o fEiibEi L T, B - EREE0 Lt M
FEATK & v, BB ENOEBEOUGEDEEMIIMZ,
BANE O I E T & o THML R4 % 720, B,
BIRET, BEBEE B L OB 3 & R EDEEREE & oM
HEGBIECEOTEY. LarL, #SICielze g,
R EOCREIOMESCHETOFEIEIINE TIILALTH
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5720, FREEKICR S, 72& 213, lha ODREE%
FLTEALVHEDIEET ) v FEDL Y, 10
15em PR SO 70 vy 7 THETHUL, &5t 3 EE>
EEFOORINEHFRETCREI SV, $72, Vr
i 70y 7 BEOHEO O OFTERN b HM4E %
L. Lad, BHES3mETHE, T0IT%HHEEKIL
5.

¥ 13 SCLEAS 2 1EK L 728 & (19884F) A 54 H
T, ShEBELZLEROKRH D GO, FHECRE
DR RN 2 ER L&k, 2ohT, Eilo
RIRE L 7R BER O NREE A RT3 5 & LI EERA
T ELRWIE, BIU, F—0dMERERE & NS %
L O RBHAR (B 5V IIEFEOITIEE & NS L b
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REi% Wiy 5 2 & T ZOSRBRELET (BT Hil
KOBIR) I2RIObDEER . ZTD728HD SCLEAS
OFHOTEEN 2B L2 s, —EOTHIZLD,
SCLEAS LML KESORIES ) v FEBIEL A5,
SCLEAS OBRE* EHMIHHTE L 2 L% - 72,
DEZ %S EAIRB BB~ X 7 4 (OLEAS)
ER L 7.

FRoMEE S ORBEICBVLTIE, BVELEEL
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G(2cotHott)

Fig. 7. Areas of light extinction brought out by neigh-
bor fruit trees in the case of Ho =45" in an
orchard model where the same fruit tree
canopy is arranged with a tree space (D1)and a
row space (D2). An area within a dotted line
and that with slant lines indicates an area of
light extinction for all Azs and that for an Az,
respectively.

T 5L EOLESMFE, KBREBOHE S L Bk
DHHE, bbb, HEESE B, D, £7X. &
FImdL A ORE) LESIEESE @R, D, £7X)
DOME % HWEMNER 2 LLIE ) v ForhoTay &
1BROEREORIIZTAILETHS. ZhITLD,
A7) v FOx BLOY EEDBBEOEE & ¢E04
DHEEMERETRD - LHTE, KBS v Fe—FEst
L7, VriEifELTuy s NEHOTF— 5 %, #0454
HICTHEYELFEHT A ENTE A,

EED Ho OFATRBAETOHE A (Az) » 5 AF
T5E, HEMNEREDLICEL, B &G CcotHo+1)
% 130§ 5IERFEORICHERET 5 JE08 O 8 ERE

DOER%%F5 (7B XU08KOKEHMNDESE).
Ho=45" O#E, ZoOHMIX, RLIEF->TH, 36 %

1BETHERRTH B0, BESOHBE VW2 5 (B
7H). Ho<45° DFdE, ZO#HBAIZLEL %Y (Ho=0
DEZIZERKICEY), ZHROEDBIC X 5 5RER
BEZTA. LHL, Az DET o721 KOFITHHED
WEE, COHEBEIIEEEDFITeARELRY, LR
bD XY KIBICHINT 2 (557 B L 08 KRG .
Ho I KFEED 5 VWIIFREDZXEF.LEOEETH
50T, Lilo#iiE, KB TIIH#ERLIT L, K2
HCEREXET L TEREL B,

2) BB L B HAMERBEOSHETILTY X A

SCLEAS THW-ENE8 + L8 ) v FORE
R A7y 7 1 BAETRY->TTEAXBES (0
~n—1 O, BEIININLFERHAD %, y BLU ) O
ZNFNOWAER LI, ALE S TRYAXEES (—
IUTBIUnU Lo, BSIAXFERRADX, Y
BLUZ2) o5 TwEb0E LTHE DS, L
%, X, YBIVP Z THROONBLFEKTT Y 720
Tb, "7uvy, kL, T4, Batrabry .y
FizownwTd M7y b kT2 esdhas. #1LTC,
KEBEOWENGH 2D TRE S ) v N& THEEh 7
oy N i,

Ho=45° DA, #ER ) v FOFT vr fEEEEL 7
Oy s ERY—EEL, HEER ) v FoREB (B
JUZEDER) 2B1F 5 AGHHEE (E7TH) 2&RETS
FTOFET T RILSCLEAS LRILTHE (2. 2%
). 7., #IHFERERS 7Oy 2 1 BEDOH AT 2
BOIEHE (TH) (MR 7EZEOWRITDS, HEitEst

G(2cotHotL) H
__ ~G(cotHocosAz+1) B 0
\\:v \\\ =~ \:T\ “\ ‘V LT . y
Qs ke
oy AR IR AN NS
R %ﬁ‘m\\\‘ﬁ ’
X0, X0 YA S PR 4 Ao
%, 2RI T PPN -0 6
4 N X < q < 7\ N\
GD‘*Z“.; RN Ao Fe :1
L;; :v] W N VS, : .
] - |
G <3 < I |
N Q7 > N
N W L~y L= Dtl__i_l

Fig. 8. Areas of light extinction brought out by surrounding fruit trees
in the case of Ho<45° in an orchard model same as Fig. 7.
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o, FBE OS5V NUADBFROVFRAIC
HEDOBINGE, FoOHFo 3w EOXMES, HAEE
(D) BLU D) BLOGHEZEHWHEHMICLY
Tol., ZOLDOYTIV—Fr7aysLr0FET IV
T XLIE3)THBT L. AFERELER) 01 7Oy

TSR EASL, Tuy s 1ER1ETHAL7:0°

i2, ZETELZ—2—205HKOBHEYT 570 v
IZOWT LROBENEITH. 2070y 7 HBEET S 3
BOVWTRADT) vy FOFIZH DL L XX, 2OHOT

Fig. 9. An example of an area of entrance of BOSPs (an
upper area with slant lines) at a remote plane
with a distance of integral-fold of G (=KG) from
the upper surface of VG (a lower area with slant
lines) of x'y'z’ co-ordinates in the case of Ho<45°
and 0° <Az <45° (Fig. 4-A). The distance (KG)
is composed of & GcotHo (an area within a bold
line) and the remainder ({). Here, e = | cosAz |

at 0°=Az<45°, 135°=<Az<225° and 315°=<Az<
360°, and €= | sinAz | at the other ranges of Az.

G is the length of a side of VG.
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BRTEZLHE (BIN), ZOHEBEIFEEROHEE
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iZIZ 20 FEEARFEOHRLE) #5, Ho & Az DA
ErxRbL2H05, 2 BIOBEFMIZH - 72 € GeotHo DI
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727476 PO DEEDESF). LFD e GeotHo
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Fig. 10. Twelve and simple fruit tree crown models which were constructed by combining 4
solid bodies (sphere, circular cylinder, rectangular parallelepiped and circular cone)
with 3 internal canopy structures (empty, clustery layers and removal of 3
inverted-pyramidal layers). The tests of OLEAS were conducted against 96 orchard
models which were constructed by arranging the each fruit tree crown model with 8
planting systems (see Table 4).
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TN HHO# 25 IN+1 FHOBMOFRIOER F To
#HWEICHY, T/, HEHEH L SHBFIEEHMICHES
THHlo RN—1 FHOBFIOFai05EH 25 RN FH
OB FCOHHEICH B, T2, EREDLEDLZODF
TR, XEIZH->T — (D,+2)RN BL UV HE)
WKiH>T (D;+n)TN THY, z@IIAETHY), #H4
570y 7 OFEHMB(, v, 2) 369X THFz 65N 5.
B(x,v.z) =B(X— (Dz+n)RN,Y+ (D;+n)TN,Z) 69

5) OLEAS DEEBENEE

FiED2), 3)BIU4)R, #EEHT) Y FAED
1 RKORHHERICEDLZBELXERTA2HFTHS. ¥
bbb, ZOHSTIE, 1EXOFHFENCBITS, FL
BoOERB» S % 2BEERFEEK L) OFEOAEST
5. BIARRIHEER 7Y v FRICEAT B L XD 5,
SCLEAS D& LR ASEDL ST, EHIEHK CL, C2,
C3BLUCADRIERMED S, 72751, fHEX0%
WAL (b5 VIdBER) BHNICH S0 L) »OREE
BE2EUEE, BEBZ) vy FAOEREDLEDLDHD
FEPB LU Ho<45° OHAORFHEXDO AFO%EL
BN ZAIRETHILEESHICMbE (56
MoA#EESH). £ LT, LiLDfT#% SCLEAS & [
BRICEV — T30 ET (556 X).

4. BEiEBBET VA SBR SN2 EBEETFIVICH

¥ % OLEAS L& 2BIKBRD A&

OLEAS I X AEMTHERZHEB LB T 5720, Hi
LR EREE LY D OEROBEOMEH % BT T, &
& THM R BE % K212 OLEAS OFTRER% 1T - 72,
B - EEEEBE S0 s5 4 (LA, 1998) 12k b,
s EEOMTER Gk, M, EAES L MR &3
HEEOEREE (P, /752y —BEBIUBEVN L
MR D3 BRrERTHRZE, UK, 1998) &L xMas
&, 12AOBEEF NV (BI10K) #1 e L7:. #d (EE
BOEE) % 3.15m, 1#OFEH%120008& L (5
2FK). TOMOERFENFHMED TEHLETFELLT
5512k TSO ST A ETRE LD, MAEIBEARE
ETHAHI L, o, FhEPNOERBEXEVH
FTovic7uy 7ENTEREZKRELAEZOT (LA,
1998), #f7E 5 A HFE (AOLC), ¥ERBBIEMAME (VLO),
B S A ERA YL ) EEAERE (LAL) BLUTFHE
HREHE (MLAD) BT LIELL R Rbhdh o7 (B
2%). ZoBEETFTVOFRENE, 8 EEO MRS,
bbb, SRR X SIRERE S LT, 3.15mX3.15m,
3.15m X3.75m, 3.15mX4.5m, 3.75mX4.5m, 4.5m X

5.25m, 4.5mX9m, 9mX9m, B X EFRAXERA (Jh
VB LAk ZICEL B AEEEO R RE L %
MBI, BHREEBROBIW LT LT -5 (E3IH)

Table 2. Leaf canopy thickness (LCT), land area occupied
by leaf canopy (AOLC), total leaf number (TLN),
volume of leaf canopy (VLC), leaf area index per
AOLC (LAL) and mean leaf area density (MLAD)
of 12 species of fruit tree crown models used in
the tests of the OLEAS. Species of fruit tree
crown model (A~L)refer to Figure 10.

Tree LCT AOLC TLN VLC LAI. MLAD

crown

models cm m? m® em ™!
A 315 7.852 12000 5.190 3.056 0.0462
B 315 7.605 12000 5.231 3.155 0.0458
C 315 7.672 12000 5.231 3.128 0.0458
D 315 7.852 12000 5.946 3.056 0.0403
E 315 7.785 12000 5.096 3.082 0.0471
F 315 7.852 12000 5.096 3.056 0.0471
G 315 8.122 12000 9.004 2.954 0.0266
H 315 8.055 12000 5.946 2.979 0.0403
1 315 8.122 12000 5.946 2.954 0.0403
J 315 7.492 12000 5.136 3.203 0.0467
K 270 7.200 12000 4.978 3.333 0.0482
L 315 7.492 12000 4.978 3.203 0.0482

Table 3. Diurnal data of direct solar PPFD (Ido, unit :
umolm ~%s™!) and sky PPFD (Is) at horizontal
plane on a clear sunny day or a typically clouded
day which were used in the test of OLEAS.
These data were obtained in the end of July at
Tsuruoka and modefied to be symmetrical about
noon.

Hour time Bright sky Overcast sky
of a day

Ido Is Ido Is
6a.m. 40.9 125.0 0 80.1
7a.m. 141.8 256.9 0 274.3
8a.m. 354.4 346.3 0 370.2
9a.m. 594.9 416.9 0 365.3
10a.m. 942.5 462.9 0 444.9
lla.m. 1334.9 467.8 0 650.3
12a.m. 1493.9 446.8 0 725.0
lp.m. 1334.9 467.8 0 650.3
2pym. 942.5 462.9 0 444.9
3p.m. 594.9 416.9 0 365.3
4p.m. 354.4 346.3 0 370.2
S5p.m. 141.8 256.9 0 274.3
6p.m. 40.9 125.0 0 80.1
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Fig. 11. Relations between hourly mean PPFDs
(HMPPFDs) measured and HMPPFDs esti-
mated by the SCLEAS.
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PLRAIBET RS 70y 7 OKEEOEELR EHPWLET
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5%, EBROESHORMWERFEBLVO 70y 2R
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FEEREIE CL, C2, C3 BLU C4 DERFIZHEME (1. @
6)%BH) ICX-o TEEMICRES L LR &),

ZOIEPIC, B TRIIFEME ROV ERDbR
505, BEOFERS I, EoWEMAESHIRELE
1L 6121, SHRIEWIC OV TRERA I RD 723D
RS DZEALICEET 589 XA — 7 #FHT 5 HE
DI L7z, 72k 21E, BREEmEREEEET S
L, EOBRAERERESMER @) oftE
FrlL, EFEEOBRARE K EOFTEREY TH VO
X AEOERAEDOREICRM LS LD TERER
L. F7:, BELEOBERE Kspo.L 1DV TIE,
XYoo FREREDAFHEZBIT LAV

3. OLEAS D#%EEH LU OLEAS IC& 2BITHBRD
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5. OLEAS I Ho=0" O & X3 EREEICR Y, T/,
Ho<45° ® & &, K87 v FOAEIZB T 28k
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Table 4. Estimated results by OLEAS of daily mean PPFD on leaf surfaces (DMPPFD,
unit : #molml ~ % ~ ') of 96 species of orchard models (12 species of fruit tree
crown models X 8 planting systems) under 2 weathers.

Fruit Weathers Planting systems (Tree space X Row space)

g‘;?nn 3.15m 3.15m 3.15m 3.75m 4.5m 4.5m 9m com
models® X3.15m  X3.75m  X4.5m X4.5m X5.25m  X9m X9m X com”
A Fine 348.5 353.4 353.8 365.4 367.8 371.8 375.9 376.8
B 336.9 337.9 337.7 337.7 341.1 343.2 345.2 345.5
C 356.7 358.7 358.9 365.0 366.6 369.3 372.4 373.1
D 339.7 354.4 361.0 383.6 400.2 405.9 410.4 412.1
E 335.4 339.9 340.9 350.8 353.1 355.0 356.6 356.9
F 361.0 368.3 371.1 384.9 392.3 396.3 399.8 400.8
G 325.7 336.8 341.6 361.9 373.4 378.1 382.5 384.0
H 341.8 345.4 346.1 354.0 355.9 357.8 359.6 359.9
I 367.2 374.6 376.1 391.2 396.6 400.5 404.2 405.2
] 320.3 320.6 320.8 321.5 322.4 323.6 324.8 325.0
K 300.7 300.4 300.0 300.2 300.5 301.5 302.3 302.4
L 314.3 314.5 314.6 315.0 3157 316.4 317.5 317.4
A Cloudy 169.1 170.4 169.8 172.7 174.1 176.4 180.8 181.1
B 166.7 166.4 165.6 166.0 165.9 167.1 169.4 169.4
C 173.1 173.3 172.8 174.0 174.9 176.2 179.6 179.7
D 159.3 164.6 167.5 173.6 179.0 182.5 187.2 188.1
E 160.0 161.4 161.5 163.8 164.6 165.8 167.6 167.7
F 172.5 175.0 175.8 179.1 181.5 183.8 187.6 188.1
G 157.3 162.6 164.8 170.8 175.9 178.9 183.7 184.7
H 160.7 161.7 161.5 163.2 164.1 165.2 167.2 167.3
I 174.2 176.8 176.6 179.8 181.4 183.6 187.8 188.2
] 152.4 152.2 151.9 152.4 152.9 153.5 154.8 154.9
K 146.7 146.1 145.4 145.4 145.3 145.9 146.8 146.8
L 149.5 149.2 149.0 149.1 149.4 149.8 150.7 150.7

* Refer to Fig. 10.
" An isolated tree.

Ho=0" O & X DFHERREIIHEITONE.

OLEAS D EEMBKRILIITEX 2 h > 72D T, OLEAS
WL BDBITEROFREARETHZ L1124 D, ZoOMEE
EEHE L 72w, 2B BMLEEE TV (FI0K) 25
WS h 2 B EE 7 VOHRENEEOETEAKAR
KEFHREE (PPFD) ® HF¥fE (DMPPFD) #*REXK
HiZoWwTlhET A& (FE4FK), FEALOHEET
VCHBHEED L2149 DMPPFD DA DSHN 7.
EHBENTEOSA, MBI T 2 FHER (3.15m
X3.15m #2) @ DMPPFD DRk & &3 T17.6%,
EHKTIS5.1%, FRT7.5% B L UHMATL.A4%TH-
72 (ZhEh, E4ROLEEDD, G, ABLUV)). ¥
BEEDG Y TR Y —bH s VIIESL L - UAHEL 3BR
%L 725 DTid, DMPPFD OAEIFIZ I & KA -
7o, PEmAR O B4REE). BRAOH

EAERICD, FMEED EF 29 DMPPFD O R/AME
MA RS N7z25, —EOBREICIEZ DT~ D1 L D2
DFRDENN L ZFELERALL, HIB X OKEL
LICHERHEZR R -7 (B4ETR).

SCLEAS # £ U OLEAS B E&EDBREDOEHZ LED
F— Yk FDENFETETOYy F T EICEBT A0
5, DMPPFD fEDWE /21T T {, 4 % BHTH T HE
Thb. LT, MEOHEEN,S, BERISHET, R
WESPEOBEET IV (FI0KD) KBRELT, M
TR L FHERE (3.15mX¥3.15m A R) RIET 5. BE
£RD R PPFD BB M OEROZELE LB T 5 &,
FER O H I HEEh & HEEEA5#ET 5 72080 TR
SAABN (FBL2R L), BREGKRVGMIC L7z (5B
12EF). BEK B OD TEWSA TR B oL 5RE,
L bit, EEZRBESHOER» V2 ICHETH S
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Fig. 12. Diurnal changes in hourly distibution of rela-

tive frequency of leaf area in respect to leaf
PPFD estimated by OLEAS of an isolated
fruit tree (left) and a dense-planted orchard
model (3.15m X 3.15m planted, right) of a
fruit tree crown model (empty circular
cylinder) on a fine day (upper part, 6 hour
times) and a clouded day (lower part, 3 hour
times). HMPPFD and SD indicates hourly
mean PPFD on leaf surfaces and its standard
deviation, respectively.
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L7-k E0BRH B WI3FE GRESIB L OBILs) o
HMPPFD fE % lb#¢ 5 (5513, 14B L UI5H). wi'h
DOEEZ L 7)) v Fo LB T & HMPPFD fEIZ K & 2o 72
A (B3R, MV (GEM) ST 2 EHHE (FH)
D BB HMPPFD fE® HA &6 13K B BT R 6
BTI40%BICd o720l LT, KEEEDOEWE
MIETLZ (B13X). 7))y FOEBHED AT A
A (xy %) ® HMPPFD O BAE & (F14K), K&
FRAEIED o (BEICR51TE), Bl
BEELRY, e 2iE, 120 TI353.6% b o 7z (88
14K, S 2ICEBE EICEBEOMNEICH 5
A 12X A NEEREOKRETH L. ZORZIII
B OBEICR D BTG L 00, ZOFIEEDS
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Fig. 13. Comparisons of hourly mean PPFD on leaf
surfaces (HMPPFD) within a slice with a
width of the block paralleled to xy plane of
VG between the dense-planted orchard model
(3.15m X 3.15m planted, dotted line) and the
isolated tree (solid lines) of a tree crown
model of empty circular cylinder from 6a.m.
to 12a.m. on a fine day.
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Fig. 14. Comparisons of hourly mean PPFD on leaf
surfaces (HMPPFD) within a slice with a
width of the block paralleled to zx plane of
VG between the 2 shown in Fig. 13.
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Fig. 15. Comparisons of hourly mean PPFD on leaf
surfaces (HMPPFD) within a slice with a
width of the block paralleled to yz plane of
VG between the 2 shown in Fig. 13.

50% %z 7-bDEEZLA. BIABDATA R (yz
5) @ HMPPFD DA E 413 (#15[), KEGHR A

m

HICEWBEIZEHETHL, BEICESICoh T
BEROHNT & & B ofz (B515K). HF13~15KIE A 5
AR (Bl HVIZE) K720 OIEH PPFD O FHET
o 7275, BHEEKROFEE PPFD DILWA A (5512[)
LRI, ATAANTH HMIEL HEENREL, K
WM ARY. 22T, M (P offgET VI
W, EB#HIC L A EEREER S TR SNSRI
BRELT, KFFLIIEEDR T A ADFOIER PPFD
iAo 7ra 74 —VKE (FBIRDOTA AT L —HEHEHD
#T—BH, 15EROER PPFD 2158 TER) * %
fEE (315cm X315cm HEZ) &M OB THET 5.
120512 BV 2 i EBLCIE, ELEB O FE B EE R A%13
EAERIE R\ 728, FEME PPFD 570 (L& O 12
BEAEENRRON o7 (5E16DA EB). LA L,
11 H (#16MHCED), ®EMHH15H (BEI6KDE
EF) BLXURERPS11FIH (BLI6KOGLH) o 7a 7 1
—VRIZIX, KEEAMAETDEEZD, EFiIZH5/ED
BHZ X 2 R R EASR < £ U A HAAHECHA T
7. MO ERASA AT 74— )VE (B16HD
C, EBLUG) oo fIESDZEE PPFD 4% 1400
umolm 2 ' Ll E (Af) OFEH, FHHIE TIE 200~
300umolm %! (H) B VIEI MU TFICEDb o 72 (5
16D, FELXUH). —4, AICIIZnL ) %%
bixd oz, ZOBOKEEEIZNTL T, KbEH
FLEERTH B0 5, FE L CICEBICH BB
L BEEVEERES K SHFAIE, BELRL )RR T
Hol-fBLYTFTTHs. CofPEOEMHFERE DM
HEOL L PHERE B LA LERYT. —F, &
BB L A RBESHEORER, R EEOERB L &b (12,
EHRBHROFEICIEZOBHNICIZE LRV (Geot71° D
BEEIZILRIERRB CE, ) 205, HEEEHROBRA T
bEPTHo7. BHEIIIREROLEEREDLEL
Hh s, BEARME,HKEDOFREER (300~11004molm ™
257 AHELLT (3004molm "% LLTF) o kL7
FEH—HR oM BEI6K), REXHEI TV &
25, FIKOEFERNFRRTIEH D I2 v, 132D
DOTa 7 4 = VENIBWTH FEL L Ak a2 BRI
BNz, HROFMIEET 2. L EOBITHRE,
FEBBoOBRELFRFENOBEETER D) At
OLEAS DFTE 7L TY X LAHPEFICHNTWALEZ L%
HEICRT b DTHA. EBROBTEENRZ LT AHAT
L ZOMEEIZ L ASEDLS R,

ERD LI, FLBOSREREDOFEIIRLIC X



24 IWEAFHRE (RF) $£135 H25

111315 17 19 219 [BY
3
S

- 1315 17 19 2 iy
35 T8 1136 17 19 g i
—oser g

7 9 111315 17

R

Frangranpanerreree

i

Fig. 16. Comparisons of profile of leaf PPFD distribution within the uppermost slice paralleld to
xy plane of VG between the isolated tree (A) and the dense-planted orchard model
(3.15m X 3.15m planted. B) of the empty circular cylinder crown model (Fig. 12-D) at
12a.m. on a fine day, that within the 11-th slice paralleld to xy plane between the 2
(C and D), that within the 1-st slice parallel to zx plane between the 2(E and F), and
that within the 11-th slice parallel to yz plane between the 2 (G and H). S,N,E,W,U
and L at the arrow tops indicates southern, northern, eastern, western, upper and
lower direction, respectively. The levels of leaf PPFD (unit : 100,umolmizsfl) s grey
(0-1), dark blue (1-2), blue (2-3), dark red (3-4), red (4-5), dark magenta (5-6),
magenta (6-7), dark green (7-8), green (8-9), dark cyanic (9-10), cyanic (10-11), dark
yellow (11-12), yellow (12-13), dark white (13-14) and white (>14).
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D& HVIEIBEAORIMICHE BN/, 1HS-)D
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Table 1. Discriminants using 2 parameters (Rwg and Rsy)
to judge a direction (Azmax) from which scatter-
ing lights from sky most drench to a block among
8 directions. Here, Isw, Isg, Iss and Isy is total
scattering light in a block from western, eastern,
southern and northern side, respectively, and
IstotaL is a sum of the Iss from 4 sides. Rwg=
(Isw—Isg) /IstoraL, Rsn= (Iss—Isy) /IstoTaL.

Discriminants Azmax

| Rwe | <0.2 and | Rgy | <0.2 Incidence of uniformity
Rwe>0.2 and Rgn>0.2 Southwest

Rwe>0.2 and Rey<—0.2 Northwest

Rwe>0.2 and | Ren | <0.2  West

Rwe<—0.2 and |Rey|<0.2  East

Rwe<—0.2 and Rsy>0.2 Southeast
Rwe<—0.2 and Rgpn<—0.2 Northeast
| Rwe | <0.2 and Rey<—0.2 North
| Rwe | <0.2 and Rgy>0.2 South

8

Table 1. Fifteen grades (A —O) of inequality of incidence of scat-
tering light in a block.Each grade is made from a com-
bination of range of |RWE| with that of |R5N |.

Range of |Rsy |
0 0.2 04 0.6 08 1.0

0
A B C D E
0.2
B F G H I}
0.4
Range C|G|J|K]|L
of
‘RWE‘ 0.6
D H K M N
0.8
E I L N 0
1.0

Table III. Multiple regressins of modification coefficients (Kq) by Azmax,
leaf inclination angle () and leaf azimuth angle (3) corres-
ponding to the 15 grades of inequality of incidence of scattering
lights into a block (A-O, see Table II).

Grades Formula R* Significance
by F—test
A Kq=0.5cos+0.5 1.0000
B Kq=0.5074cos @ +0.1443cos ( 8 —Azmax) +0.479  0.9785 P<0.001
C Kq=0.5044cos a +0.2355cos ( # —Azmax) +0.483  0.9656 P<0.001
D Kq=0.5025co0s @ +0.3329cos ( # —Azmax) +0.484  0.9563 P<0.001
E Kq=0.5059cos @ +0.4213cos (# —Azmax) +0.481  0.9516 P<0.001
F Kq=0.4962cos a +0.2146cos (# —Azmax) +0.491  0.9673 P<0.001
G Kq=0.4990cos a +0.2657cos ( 2 —Azmax) +0.488  0.9441 P<0.001
H Kq=0.4395cos @ +0.3529co0s ( # —Azmax) +0.556  0.8404 P<0.001
I Kq=0.4976cos @ +0.3601cos( 8 —Azmax) +0.493 0.8743  P<0.001
J Kq=0.4801cos a +0.3141cos ( f —Azmax) +0.493  0.8990 P<0.001
K Kq=0.5020cos a +0.3930cos (# —Azmax) +0.486  0.9379 P<0.001
L Kq=0.4331cos a +0.5015¢c0s ( # —Azmax) +0.483  0.8984 P<0.001
M Kq=0.5064cos @ +0.4711cos (8 —Azmax) +0.481  0.9414 P<0.001
N Kq=0.5125cos @ +0.5294cos ( # —Azmax) +0.475  0.9338 P<0.001
0] Kq=0.5014cos a +0.5766cos ( # —Azmax) +0.486  0.9340 P<0.001

* Coefficient of correlation of multiple regression.
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