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Summary

Effects of foliage biomass amounts per tree or orchard road widths (ORWSs) on orchard light environment, leaf net
photosynthetic rates and amounts of photosynthates per orchard land area were investigated. In each crown model
group (CMG), total 375 crown models were designed to possess fifteen grades of leafy block number per 3D grid
(NLB). Total 33,750 orchard models were made by combining these crown models with nine grades of orchard road
width (ORW). Light environment in their leaf layers and the photosynthesis of these orchard models were analyzed
using OLEAS ( Yamamoto, 1999). Daily means of leaf PPFD on a clear day (CDMPPFD) in August and that on an
overcast day (ODMPPFD) remarkably decreased by increases of the NLB. High and negative correlations were found
between both CDMPPFDs and ODMPPFDs and several characteristics of canopy shape. CDMPPFDs, ODMPPFDs, the
leaf net photosynthetic rates on a clear day (CDMPNs) and that on an overcast day (ODMPNSs) decreased as the ORWs
shortened. When leaf area index per orchard was used as a standard, CDOMPPFDs, ODMPPFDs, CDMPNs, ODMPNs,
amounts of net photosynthate per orchard land area on a clear day (CDMPNOs) and that on an overcast day
(ODMPNOs) were compared between the ten CMGs. Clear differences in these values were found between the CMGs.
Using these data above-mentioned, values of CDMPNO and NLB were estimated which were correspondent to three
plans for fruit production, viz. slight fruits with excellent quality, moderate fruits with good quality and many fruits with
ordinary quality.
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Table 1. Leafy block numbers per 3D grid (NLBs) in the fifteen grades .

7 DFEARMEER % ER T A E AT, NLBO HEfE I
5&7:,ﬂ@%mwf%7ny7@%gﬁtt(uT
Ty 7 AL

15B: B ONLBIZ LT 0 X 9 | L7z (315, &
BHEE T IVERIC BT 2 RMLAI=1150 ¢ EONLB (1l
7R, 2022) #100% & LT, ZD5%H AT, FHANITE
BB & O AT OARIISER & Lz 72721, 1
BB ETay 2 BRI 2 0E» S, AT
THEWUEHALL. L ->T, 15ERE Dof%rﬁ
WIS a R Tl o 722 E 2 Mo TH < (BB1HE).
B, VIS EEMETLLEE, Tuy AR
DR EVCMGIE CMGIOTIX1ZE T 1 v 7 51D %
FEDD, ZRUSLOBHEE FIVEE TSR O3EE ST,
KIZ_ BB OB E 7V E NN % BTG ARE 2 12 L
729 2T, IKkoOREBEIEE (LUF, ORW, #2%) %
MABDE. ZOMMAEHETET N2 R 5% St
BEFLE IR BIN). XoT, REBRTH) FHRE
ETVEULAES3 750 (=3750x9fH) 12k o7z BB,
FEIX R OVA O I VEO BT 7V 2Ry, F72,
R DK E WP 1348 O BLRCIRAE 2 g 1R L
72 (351K . OLEASORIE 710 75 L Cld, /ST X —
Z L LT, BIRTEEE S B R A B REBRILE
ALFEANE 2 D7z, 6 ] BEEE (R AR R PR A 2 45 L
<, HF R B R X AP RS IR R IR L IR R O G FHMETH 5.
72720, ERRWThold 7u v 7 1RO A T
SET B 7z@, ORW (=151 i BE A — S 7645 Wk 1) BRA#)
ZoWnWTh7ay Z1IBEOHATEHRE L ZITFTERS
AR (LA, 2022) 12FE L7 B HLAL = 115124024
T5EEDORWEI00% & L, 20%%AT, ZOT I
\Z4EB R B X O BT 4B R O A ETOB Y OORW % 572
L7-(525%). 70y 7 1LROHATHET HLEND

> 2Lt
- AX &

l/\

Table 2. Upper: Orchard road width (ORW. unit: cm) in the nine
grades, limit south-north width (SNW. unit: cm) and limit

Grades of NLB . . . .
MG L2 3 0405 6 7 8 9 1011 1213 14 15 east West w1d.th (EWW. unlt_.] cm) in each CMG. Lower: Their
CMGI,CMG2 426 459 492 523 558 590 623 636 689 721 754 787 820 853 886 planting density (unit: (10a)") .
CMG3,CMG4 114 123 132 141 150 158 167 176 185 194 202 211 220 229 238 oy
CMG5,CMG6 32 35 37 39 42 44 47 49 51 54 56 59 61 64 66 MG | 2 3 4 5 6 7 8§ 9 SNWEWW
CMG7,CMG8 160 172 185 197 209 221 234 246 258 271 283 295 308 320 332 CMG1 ,CMG2 57.1 952 1333 1714 2095 247.6 2857 323.8 3619 400 400
CMG9, CMG10 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 55 50 47 44 41 39 36 35 33
CMG3 ,CMG4 381 762 1143 1524 1905 228.6 266.7 3048 3429 190 190
231 198 173 154 138 126 115 106 99
CMG5 ,CMG6 190 38.1 571 762 952 1143 1333 1524 1714 100 100
840 724 636 568 512 467 429 396 368
CMG7 ,CMGS 571 762 952 1143 1333 1524 1714 190.5 2095 400 130
134 121 11110295 890 83 78 74
CMGY ,CMGI0 857 1143 1429 1714 2000 228.6 257.1 285.7 3143 600 600
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Nine grades of orchard road width
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Fig. 1. A schematic illustration of combinations of the fifteen grades of leafy block number per 3D grid with the nine
grades of orchard road width. A rectangle indicates an orchard model. In a large rectangle, an arrangement of tree
crown models in south-north planting is shown schematically. In each crown model group, these combinations
are repeated of each number of PSBs and at five different series of alternatives in pruning procedures.
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GAPTSSYB0M)

CMGS (8 PSBs)
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GZP158YEQS)

CMGT (5 PSBs)
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Grades of number of |eafy blocks per 30 grid.

Fig. 2. Examples of tree shapes (views from the east) in several crown
model groups at 1, 8 and 15 grade of leafy block number per
3D grid in each crown model group. PSB indicates primary
scaffold branch. Series of alternatives of pruning procedure are
indicated in the parentheses. A horizontal line indicates 50 cm.
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CMG1(3 PSBs)
(CEA1K3D3E3H4I4F5
G4P5S5Y6Q5)

CMG3(4 PSBs)
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CMG5(6 PSBs)
(C7A1K3DGE2H1I6F5 * &
G2P1S8Y6Q5)

CMG7(5 PSBs)
(C6AIK3DSE2H211F4
G6P1S3Y6Q5)

GMG9(3 PSBs)
(C5ATK3D3E3H2IF5
G4P4S36Y5)

Grade of leafy block number per crown model

Fig. 3. Examples of crown shapes (views from the top) in several
crown model groups at 1, 8 and 15 grade of leafy block
number per 3D grid in each crown model group. The
explanations in the figure refer to Fig 2.
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CMG1(3 PSBs)
(CBA1K3D3E3H4I4F5
G4P5S5Y6Q5)

GMG3(4 PSBs)
(C5A1K3D4E3HTITF3
G4P7S5Y6Q4)

CMG5(6 PSBs)
(CTA1K3DGE2H1I6F5
G2P1S8Y6Q5)

CMG7(5 PSBs)
(C6A1K3D5SE2H2I1F4
G6P1S3Y6Q5)

GCMGS(3 PSBs)
(C5A1K3D3E3H2I1F5
G4P4S36Y5)

Grade of leafy block number per crown model

Fig. 4. Examples of solid models at 1, 8 and 15 grades of leafy block
number per 3D grid in each crown model group. The solid
model in CMG3 was made of two trees and that in CMGS5 was
made of four trees. The explanations in the figure refer to Fig 2.
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Fig. 5. Relations between leafy block numbers per 3D grid (NLBs)
and numbers of units (units of stems after secondary scaffold
branches) in each CMG. PSBs indicate primary scaffold
branches.
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Fig. 7. Relations between leafy block numbers per 3D grid (NLBs) and CDMPPFDs (left) or ODMPPFDs (right) in CMGl1 (3 PSBs). The orchard
road widths (ORWs) refer to Table 2.

1.7 ¢ 85
__ 13t !i ~ 83
T =

- .
k" :

e ! £

S E s

~ 109 o 8.1
o
3 i 2
£ E

z ! - g

L *
S 105 E% 79
8 o o
101 | 7.7
’i
X
0.7 ] ] ] ] , 75 s ] ] ]
400 500 600 700 800 900 400 500 600 700 800 900
NLB NLB

Grades of orchard road width (ORW)
#Grade 1 [OGrade 2 AGrade 3 X Grade 4 mGrade5 QGrade 6 +Grade 7 ~Grade 8 —Grade 9

Fig. 8. Relations between leafy block numbers per 3D grid (NLBs) and CDMPNs (left) or ODMPNSs (right) in CMG1 (3 PSBs).The orchard road
widths (ORWSs) refer to Table 2.

84



Vg 24720 3 i & Tl MR 2 D38 s R B O S BREE, 8 DM A B B B LUV 3 24 7o) BE R A e B R D T

—ETNFEEHOHET— — IR
400
CMG2 (3 PSBS) 430 CMG3 (4 PSBS) 460 |
380
410 440
360
390 420 | @
340 '
370 400 |
320 350 380
300 330 360 -
280 2 2 2 310 u u s 340 M M M
400 550 700 850 105 145 185 225 100 140 180 220
NLB NLB NLB
500 )
CMG5 (6 PSBs) 410 CMG6 (6 PSBs) 450 CMG7 (5 PSBs)
@ 480 450 | 430
:I\l . H
£ L |
= 460 430 | 410 |
[«]
£
X 440 410 390 |
Q
- 420 390 | 370 |
a
E 400 370 | 350 |
o 9
380 ; ; M 350 - ; - 330 - ; ;
30 42 54 66 28 40 52 64 140 200 260 320
NLB NLB NLB
410 410
440 CMG8(5 PSBs) g CMG9 (3 PSBs) CMG10 (3 PSBs)
390 390
420
370 370 |
400
280 350 350 |
360 330 330 |
340 310 310 %
320 » » '] 290 a n I 290 » » »
150 220 290 360 230 330 430 530 230 330 430 530
NLB NLB NLB

Grades of orchard road widthd (ORW)
#Grade 1 [0Grade 2 AGrade 3 X Grade 4 MGrade 5 OGrade 6 +Grade 7 -Grade 8 —Grade 9
Fig. 9. Relations between NLBs and CDMPPFDs in each CMG. The explanations of the figures refer to Fig. 7.

85



10

WiE KA (FR5E) 198 HB2%

Table 3. Coefficients of correlations between leafy block numbers per 3D grid and CDMPPFDs, ODMPPFDs, CDMPNs and ODMPNs in each
CMG. The all coefficients of correlation are significant at 0.1 % level (n=675).

CMG Num.of CDM- ODM- CDM- ODM- CMG Num.of CDM- ODM- CDM- ODM-
PSBs PPFD PPFD PN PN PSBs PPFD PPFD PN PN
2 -0.981 -0.968 -0.982 -0.962 2 -0.958 -0.694 -0.957 -0.451
3 -0.989  -0.962 -0.988 -0.951 3 -0.864 -0.756 -0.882 -0.245
CMG1 4 -0.984  -0.969 -0.986 -0.966 CMG6 4 -0.899 -0.586 -0.914 -0.325
5 -0.989 -0.978 -0.9838  -0.967 5 -0.924  -0.810 -0.949 -0.521
6 -0.971  -0.957 -0.973  -0.957 6 -0914  -0.841 -0.935 -0.576
2 -0.987 -0985 -0.989 -0.985 2 -0.956 -0.910 -0.954 -0.833
3 -0984 -0976 -0.986 -0.977 3 -0.864 -0.886 -0.877 -0.773
CMG2 4 -0982 -0976 -0.983 -0.975 CMG7 4 -0.960 -0.920 -0971 -0.812
5 -0975  -0972  -0.979 -0.977 5 -0.975  -0.921 -0977 -0.819
6 -0.979  -0.977 -0.983 -0.980 6 -0.964  -0.949 0970 -0.874
2 -0.960 -0.937 -0.969 -0.837 2 -0.957 -0.948 -0.959 -0.930
3 -0975  -0937 -0.973 -0.815 3 -0.963  -0.971 -0.969 -0.951
CMG3 4 -0.947 -0.965 -0.963 -0.955 CMG8 4 -0.961 -0.943 -0.964 -0.906
5 -0912  -0946 -0931 -0918 5 -0.962  -0.962 -0.968 -0.913
6 -0.966  -0.953  -0.970  -0.937 6 -0917 -0.932 -0.931 -0.881
2 -0.969 -0.949 -0966 -0.911 2 -0.980 -0.980 -0.983 -0.957
3 -0.967 -0971 -0972 -0.964 3 -0.979  -0.969 -0.982 -0.926
CMG4 4 -0.899  -0.936 -0.908 -0.921 CMG9 4 -0.955 -0.960 -0.962 -0.906
5 -0.929  -0956 -0.942 -0.929 5 -0.988 -0.988 -0.991 -0.965
6 -0.930  -0.968  -0.943  -0.960 6 -0.957 -0.974 -0.966 _ -0.956
2 -0.825  -0.660 -0.842 -0.567 2 -0.975  -0.961 -0.978 -0.930
3 -0.965 -0.780 -0.961 -0.651 3 -0.982 -0.967 -0.984 -0.931
CMG5 4 -0.948 -0.606 -0.937 -0.423 CMG10 4 -0.975 -0.834 -0.966 -0.701
5 -0.856  -0.654 -0.844 -0.331 5 -0.987 -0.978 -0.989 -0.967
6 -0.949  -0.743  -0.953  -0.471 6 -0.991  -0.945 -0.993 -0.891
ORWHIN DO B A H S 212§ 5728, ORW % T4, S, TR 51, —E R ORI ISR 2 %

NLBZEI#E & LT, WM 21772 (55%). €
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DIFE A EDERBFEX TH B2 IEDORAHBRED R
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Table 4. Coefficients of correlation (rs) between leafy block numbers per 3D grids (NLBs) and several characteristics of canopy shapes (left, n=75),
that between CDMPPFDs and several characteristics of canopy shapes (middle, n=675) and that between ODMPPFDs and several
characteristics of canopy shapes (right, n=675).

CMG NP- NBL CDMPPFD in all ORWs ODMPPEFD in all ORWs
SB_LAO MCFNS MCFVD PNLES PSLB LAO _MCFNS MCFVD PNLES PSLB LAO__MCFNS MCFVD PNLES PSLB
2 0.872 0930 0980 0982 -0.194 -0.886 -0.954 -0.973 -0.988 0.137 -0.886 -0.942 -0.953 -0.972 0.060
3 0741 0.828 0981 0956 -0.207 -0.765 -0.841 -0.977 -0.969 0.158 -0.716 -0.852 -0.949 -0.944 0.066
CMGI 4 0.731 0.828 0.969 0.922 -0.228 -0.692 -0.868 -0.969 -0.947 0.193  -0.701 -0.893 -0.952 -0.961 0.137
5 0.798 0.888 0.929 0.969 -0.191 -0.793 -0.906 -0.926 -0.984 0.153 -0.775 -0.908 -0.922 -0.976 0.097
6 0904 0.882 0966 0.901 -0.234 -0.936 -0.937 -0.952 -0.943 0.183  -0.933 -0.940 -0.942 -0.933 0.146
2 0323 0834 099 0974 -0.168 -0.235 -0.802 -0.983 -0.975 0.132 -0.255 -0.793 -0.981 -0.979 0.099
3 0781 0.622 0985 0917 -0.239 -0.820 -0.695 -0.977 -0.951 0210 -0.841 -0.714 -0.956 -0.947 0.168
CMG2 4 0920 0.857 0973 0943 -0.213 -0932 -0.891 -0.950 -0.979 0.185 -0.937 -0.904 -0.933 -0.982 0.157
5 0.898 0.791 0973 0.845 -0.226 -0.848 -0.862 -0.982 -0.922 0203 -0.848 -0.853 -0.979 -0.921 0.171
6 0.848 0.844 0983 0.890 -0.234 -0.865 -0.905 -0.982 -0.948 0.204 -0.874 -0.897 -0.976 -0.947 0.168
2 0.800 0.674 0980 0.877 -0.144 -0.747 -0.591 -0.974 -0.901 0.112 -0.829 -0.756 -0.907 -0.840 0.100
3 0.822 0.634 0.754 0.717 -0.098 -0.758 -0.649 -0.813 -0.720 0.132  -0.746 -0.649 -0.763 -0.758 0.102
CMG3 4 0.868 0.814 0.718 0.883 -0.112 -0.732 -0.807 -0.826 -0.885 0.099  -0.825 -0.823 -0.723 -0.912 0.092
5 0248 0.708 0.643 0.849 -0.118 0.111 -0.833 -0.828 -0.941 0.083  -0.208 -0.757 -0.602 -0.862 0.080
6 0.874 0.652 0.947 0.889 -0.071 -0.816 -0.657 -0.934 -0.910 0.061 -0.835  -0.667 -0.912 -0.904 0.062
2 0782 0.582 0953 0.799 -0.214 -0.721 -0.668 -0.963 -0.843 0.174  -0.741 -0.701 -0.938 -0.872 0.098
3 0.859 0.781 0922 0.928 -0.135 -0.786 -0.803 -0.943 -0918 0.114  -0.837 -0.798 -0.915 -0.927 0.195
CMG4 4 0.797 0.792 0.660 0.868 -0.214 -0.508 -0.831 -0.861 -0.904 0.195 -0.609 -0.854 -0.792 -0.926 0.201
5 0402 0.761 0.608 0.867 -0.147 -0.108 -0.737 -0.782 -0.763 0.118  -0.280 -0.802 -0.714 -0.869 0.142
6 0334 0.568 0.830 0.770 -0.162 -0.062 -0.677 -0.931 -0.821 0.121 -0.243  -0.663  -0.866 -0.847 0.117
2 0.567 0.407 0.662 0318 -0.094 -0.093 -0.164 -0.816 -0.399 0.069 -0.526 -0.532 -0.315 -0.250 0.095
3 0.642 0.098 0.774 0.459 -0.100 -0.660 -0.072 -0.803 -0.381 0.074 -0.514 -0.100 -0.595 -0.322 0.185
CMGS 4 0.628 0.263 0.869 0.666 -0.078 -0.496 -0.128 -0.913 -0.555 0.064 -0.332 -0.107 -0.546 -0.450 0.121
5 0.708 0.431 0518 0.703 -0.051 -0.492 -0.432 -0.805 -0.601 0.074 -0.512 -0.422 -0.362 -0.628 0.136
6 0.677 0.227 0.714 0.790 -0.062 -0.640 -0.215 -0.802 -0.736 0.087  -0429 -0.319 -0.512 -0.752 0.115
2 0.852 0375 0.839 0.647 -0.147 -0.749 -0.357 -0.904 -0.577 0.117 -0.565 -0.258 -0.580 -0.574 0.093
3 0594 0.616 0.611 0.786 -0.210 -0.240 -0.462 -0.880 -0.712 0.162  -0.740 -0.787 -0.418 -0.583 0.165
CMG6 4 0585 0.549 0.739 0.601 -0.112 -0.577 -0.664 -0.802 -0.526 0.112  -0.406 -0.468 -0.263 -0.571 0.101
5 0.781 0.635 0.750 0.719 -0.170 -0.638 -0.551 -0.876 -0.766 0.134  -0.623 -0.578 -0.433 -0.643 0.125
6 _0.759 0.539 0.714 0.747 -0.089  -0.576 -0.405 -0.842 -0.739 0.174  -0.644 -0.696 -0.621 -0.752 0.110
2 0.899 0.761 0913 0.790 -0.187 -0.902 -0.885 -0.950 -0.845 0.145 -0.861 -0.887 -0.929 -0.870 0.156
3 0415 0.674 0.829 0.860 -0.214 -0.072 -0.706 -0.910 -0.923 0.184  -0.287 -0.659 -0.764 -0.881 0.142
CMG7 4 0550 0.695 0.856 0.862 -0.145 -0416 -0.801 -0.930 -0.807 0.167 -0.688 -0.589 -0.754 -0.918 0.090
5 0964 0942 0937 0923 -0214 -0935 -0.945 -0.953 -0.926 0.214 -0.908 -0.914 -0.929 -0.936 0.183
6 0912 0902 0932 0.944 -0.157 -0.859 -0.942 -0.949 -0.934 0.201 -0.881 -0.939 -0.900 -0.950 0.172
2 0902 0.718 0.930 0.909 -0.116 -0914 -0.845 -0.973 -0.948 0.122  -0.935 -0.862 -0.959 -0.947 0.133
3 0954 0913 0938 0.924 -0.116 -0.902 -0.923 -0951 -0917 0.145 -0931 -0.932 -0.936 -0.924 0.114
CMG8 4 0954 0.861 0.694 0.854 -0.107 -0.934 -0.883 -0.637 -0.862 0.214 -0.963 -0.928 -0.711 -0.934 0.091
5 0794 0.767 0.770 0.922 -0.198 -0.682 -0.794 -0.836 -0.886 0.117 -0.702 -0.866 -0.779 -0.946 0.095
6 0457 0.761 0.526__ 0.870 -0.103  -0.221 -0.763 -0.725 -0.920 0.200  -0.532 -0.883 -0.475 -0.928 0.100
2 0952 0886 0945 0978 -0.182 -0913 -0.926 -0.933 -0.985 0.133  -0.926 -0.909 -0.919 -0.976 0.090
3 0951 0.888 0.901 0.935 -0.147 -0.887 -0.935 -0.947 -0.968 0.142 -0.898 -0.899 -0911 -0.941 0.081
CMGY9 4 0870 0.836 0.816 0940 -0.111 -0.711 -0.914 -0.900 -0.959 0.040 -0.811 -0.883 -0.858 -0.964 0.037
5 0.761 0933 0911 0972 -0.163 -0.692 -0.936 -0.932 -0.975 0.118 -0.731 -0.947 -0.929 -0.976 0.110
6 _0.868 0.797 0.790 0.933 -0.216 -0.753 -0.879 -0.881 -0.959 0.059  -0.835 -0.859 -0.846 -0.963 0.151
2 0794 0.885 0.753 0928 -0.186 -0.724 -0.909 -0.811 -0.941 0.151 -0.785 -0.880 -0.714 -0.906 0.057
3 0937 0.895 0.826 0.952 -0.158 -0.876 -0.923 -0.896 -0.974 0.137 -0.892 -0.879 -0.827 -0.956 0.081
CMGI10 4 0929 0.760 0.740 0.860 -0.195 -0.909 -0.825 -0.791 -0913 0.154  -0.828 -0.958 -0.920 -0.965 0.100
5 0964 0912 0923 0.976 -0.198 -0.950 -0.934 -0.933 -0.984 0218 -0.942 -0.942 -0919 -0.977 0.153
6 0935 0934 0916 0974 -0.189 -0.908 -0.931 -0931 -0.975 0.166 _-0.879 -0.950 -0.938 -0.957 0.125

P<5%, if [r >0.238 P<5%, if |r] >0.091 P<5%, if [r] >0.091
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Fig.10. Relations between orchard road widths (ORWs) and CDMPPFDs (left) or ODMPPFDs (right)

in CMGL (3 PSBs). NLBs refer to Table 1.
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Table 5. Partial coefficients of correlation (rs) between orchard road widths and CDMPPFDs or ODMPPFDs where
the leafy block numbers per 3D grid was used as a sub-indicator. P<5% if |r| >0.091 (n=675) .

CMG 2 PSBs 3 PSBs 4 PSBs 5 PSBs 6 PSBs

CDMPPFD ODMPPFD CDMPPFD ODMPPFD CDMPPED ODMPPFD CDMPPFD ODMPPFD CDMPPFD ODMPPFD
CMG1 0.344 0.752 0.472 0.812 0.251 0.549 0.293 0.650 0.216 0.435
CMG2 0.222 0.534 0.226 0.536 0.133 0.353 0.135 0.370 0.171 0.437
CMG3 0.156 0.571 -0.237 -0.271 -0.065 0.069 0.358 -0.122 0.047 0.073
CMG4 0.052 0.180 0.081 0.107 -0.009 0.090 0.068 0.280 0.069 0.136
CMGS 0.261 0.720 0.529 0.870 0.099 0.696 0.229 0.757 0.320 0.535
CMG6 0.131 0.549 -0.007 0.312 0.032 0.249 0.095 0.148 0.069 0.186
CMG7 -0.058 -0.124 -0.009 -0.024 -0.040 -0.114 -0.045 -0.041 -0.015 -0.009
CMGS8 -0.092 -0.183 -0.035 -0.063 -0.040 -0.057 -0.026 -0.060 0.050 0.044
CMG9 0.209 0.616 0.135 0.473 0.205 0.409 0.255 0.576 0.304 0.577
CMGI10 0.175 0.526 0.215 0.516 0.133 0.171 0.050 0.459 0.200 0.266
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The grades of the orchard width were 5 in every CMG.
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Table 6. Multiple comparisons of the means of CDMPPFDs, ODMPPFDs, CDMPNs, ODMPNs, CDMPNOs and
ODMPNOs from each experiment of the number of PSBs between the ten CMGs. In each experiment, the
fifteen grades of leafy block numbers per 3D grid are combined with the nine grades of orchard road width

(n=675).
Number CDM- ODM- CDM- ODM- CDM- ODM-
of PSBs CMG PPFD’ PPFD” PN’ PNY PNO* PNO*

CMGl 3331 f 1392 g 1025 g 781 g 1553 bed  11.87 b
CMG2 316.6 ¢ 137.8 g 995 h 7.76 h 15.08 cde 11.80 b
CMG3 3721 e 160.2 d 1092 e 821 ¢ 15.68 bce 11.83 b
CMG4 386.8 d 1575 e 11.08 d 8.09 e 1592 b 11.67 b
2 CMG5 4328 b 1894 a 1184 b 853 a 19.00 a 1374 a
CMG6 4473 a 1816 b 1193 a 838 b 19.17 a 13.53 a
CMG7 3954 ¢ 162.2 ¢ 11.26 ¢ 813 d 14.86 de 10.76 ¢
CMG8 387.0 d 155.6 f 11.10 d 8.01 f 14.64 ¢ 10.60 ¢
CMGY9 3311 f 1267 h 1033 f 736 i 1537 bede 11.02 ¢
CMG10 3299 f 1222 i 1027 fo 724 ] 15.33 bede  10.86 ¢
CMGI1 3562 f 146.7 f 10.64 f 798 e 16.15 b 12.16 ¢
CMG2 3314 h 138.1 g 10.14 h 776 f 15.40 bed 11.82 «cd
CMG3 381.1 d 1640 ¢ 1107 d 824 ¢ 1594 b 1192 od
CMG4 3746 ¢ 151.0 ¢ 1087 e 797 e 15.62 be 11.50 de
CMGS 4326 a 191.1 a 11.83 a 8.64 a 19.11 a 1391 a
3 CMG6 436.7 a 171.1 b 11.78 a 822 ¢ 1892 a 13.27 b
CMG7 3990 b 1721 b 1137 b 834 b 15.00 cd 11.04 ef
CMG8 3929 ¢ 160.1 d 11.19 ¢ 810 d 1476 d 1071 f
CMGY9 3470 ¢ 1244 h 1055 ¢ 729 g 15.74 bc 10.93 ef
CMGI0 349.7 g 123.0 h 10.58 fo 725 h 15.79 bc 10.88 f
CMGl 3669 d 1486 f 1074 e 801 e 1629 b 1219 b
CMG2 349.1 e 1407 g 1041 g 781 f 1577 be 11.88 b
CMG3 366.1 d 166.8 ¢ 1095 d 833 b 15.75 bc 12.02 b
CMG4 3926 ¢ 156.7 ¢ 11.13 ¢ 8.07 d 16.02 be 11.65 bc
CMG5 4514 a 1877 a 1203 a 846 a 16.02 be 13.63 a
4  CMG6 4195 b 1730 b 1159 b 827 ¢ 18.61 a 1335 a
CMG7 349.1 e 140.7 ¢ 1041 g 7.81 f 15.77 bc 11.88 b
CMGS8 393.1 ¢ 160.1 d 11.19 ¢ 8.09 d 14.76 d 10.70 d
CMGY9 3526 ¢ 1283 h 1063 f 736 g 15.86 bc 11.04 od
CMG10 3389 f 1219 i 1040 g 723 h 15.50 cd 10.84 d
CMG1 362.1 f 1448 f 10.66 e 792 f 16.16 b 12.03 b
CMG2 3489 ¢ 1402 g 1043 f 781 g 15.83 bce 11.89 b
CMG3 3902 ¢ 1639 d 1120 ¢ 826 ¢ 16.06 be 11.93 b
CMG4 3831 de 1639 d 11.03 d 808 e 15.85 be 11.66 b
CMGS5 4463 a 186.7 a 11.96 a 844 a 19.21 a 13.61 a
5 CMG6 407.8 b 176.3 b 1147 b 837 b 1842 a 1349 a
CMG7 3814 e 166.8 ¢ 11.13 ¢ 826 ¢ 14.68 d 1092 ¢
CMG8 388.0 cd 1609 ¢ 11.14 ¢ 812 d 1467 d 1073 ¢
CMGY9 3424 h 126.8 h 1048 f 735 h 15.60 bc 11.02 ¢
CMGI0 331.1 i 117.8 1 10.27 g 7.14 i 15.30 cd 10.71 ¢
CMGI1 3260 h 1364 f 10.12 h 775 f 15.34 bc 11.80 b
CMG2 3419 f 1401 e 1033 g 781 e 15.68 b 11.89 b
CMG3 373.7 e 160.3 d 10.96 e 8.19 ¢ 1577 b 11.83 b
CMG4 326.0 h 136.4 f 10.12 h 775 f 15.34 bce 11.80 b
6 CMGS 4325 a 183.4 a 11.80 a 843 a 1896 a 13.60 a
CMG6 4056 b 1780 b 1145 b 841 a 1840 a 13.56 a
CMG7 3795 d 168.6 ¢ 11.13 d 831 b 14.66 ¢ 10.99 ¢
CMGS8 399.1 ¢ 159.4 d 11.25 ¢ 8.08 d 14.84 ¢ 10.69 ¢
CMGY9 346.1 f 1292 g 10.54 f 741 g 1571 b 11.12 ¢
CMGI0 3319 g 1236 h 1031 g 730 h 15.35 be 10.94 ¢

Zumol=m2-s71,

ymg*CO,*dm2+h'l.

*kgCO,* (10a)!-d"!

“Different letters indicate significance at 5% level by Tukey's multiple range test.
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Table 7. Estimation formulas of amount of net photosynthate per orchard land area on a clear day
(CDMPNO) using CDMPPFD (left) and that of leafy block numbers per 3D grid (NLB) using
CDMPPED (right) at 4, 5 and 6 grades of orchard road width (ORW) in each CMG (n=75).
CMG Grade of Estimation formulas R’ Estimation formulas R’
ORW X: CDMPPFD’, Y: CDMPNO* X: CDMPPFD’, Y: NLB*
4 Y=0.0002128X°-0.2525X+79.45 0.987  Y=0.01525X>-15.71X+4302 0.991
CMGI(3 PSBs) 5 Y=0.0002701X%-0.2893X+84.32 0.989  Y=0.01818X"-17.89X+4709 0.992
6 Y=0.000213X-0.2426X+74.12 0.989  Y=0.01634X>-16.57X+4477 0.992
4 Y=0.0005083X"-0.4501X+108.9 0.986  Y=0.02964X-25.35X+5780 0.990
CMG2(3 PSBs) 5 Y=0.0005036X>-0.4418X+105.8 0.987  Y=0.03071X"-26.14X+5928 0.991
6 Y=0.0005362X>-0.4588X+107.0 0.986  Y=0.03336X"-27.98X+5928 0.990
4 Y=0.0004948X>-0.5004X+136.2 0.820  Y=0.007094X"-6.988X+1820 0.864
CMG3(4 PSBs) 5 Y=0.0005502X>-0.5364X+140.1 0.781  Y=0.008335X"-7.999X+2025 0.832
6 Y=0.0004746X-0.4623X+121.5 0.772  Y=0.007961X"-7.646X+1944 0.827
4 Y=0.0004948X>-0.5004X+136.2 0.820  Y=0.007054X"-6.988X+1820 0.864
CMGA4(4 PSBs) 5 Y=0.0005512X-0.5364X+140.1 0.781  Y=0.008335X"-7.999X+2025 0.832
6 Y=0.0004746X>-0.4623X+121.5 0.772  Y=0.007961X"-7.646X+1944 0.827
4 Y=0.0005126X>-0.6026X+184.1 0.910  Y=0.001763X"-1.972X+571.7 0.926
CMG5(6 PSBs) 5 Y=0.000009207X%-0.1359X+79.72  0.914  Y=0.000435X>-0.8349X+328.5 0.930
6 Y=0.00003398X2-0.4318X+139.3 0.859  Y=0.001486X>-1.756X+530.8 0.881
4 Y=-0.0002138X*+0.01766X+47.09  0.810  Y=-0.0001199X>-0.3570X+213.6  0.845
CMG6(6 PSBs) 5 Y=-0.000179X>+0.00927X+42.89 0.780  Y=-0.00008068X7-0.377X+215.0  0.817
6 Y=-0.00004211X>-0.09074X+59.22  0.817  Y=0.0003027X>-0.6914X+270.9 0.849
4 Y=0.0004218X>-0.4455X+123.7 0.956  Y=0.009294X-9.378X+2467 0.966
CMG7(5 PSBs) 5 Y=0.000466X>-0.4716X+126.3 0.957  Y=0.01051X>10.33X+2657 0.966
6 Y=0.0004588X7-0.4716X+120.8 0.963  Y=0.01087X"-10.58X+2698 0.972
4 Y=-0.0001759X?+0.03907X+26.72  0.912  Y=-0.001445X"-0.7459X+755.6 0.926
CMGS(5 PSBs) 5 Y=-0.0002081X>+0.07096X+18.19  0.902  Y=-0.0006553X-1.356X+872.3 0.932
6 Y=-0.0002035X>+0.0727X+15.84 0.902  Y=-0.001598X%-0.6419X+737.9 0.924
4 Y=-0.0002264X>+0.05896X+23.12  0.940  Y=-0.0005627X>-2.468X+1303 0.961
CMGI(3 PSBs) 5 Y=-0.0002536X>+0.07935X+18.80  0.938  Y=10.001491X>1.873X+1210 0.960
6 Y=-0.0002195X>+0.05971X+21.04  0.938  Y=-0.0009179X>-2.255X+1275 0.959
4 Y=-0.0003217X%+0.1189X+14.13 0.948  Y=-0.002756X’-1.109X+1105 0.965
CMG10(3 PSBs) 5 Y=-0.0002443X*+0.07013X+21.16 ~ 0.948  Y=-0.001114X>-2.221X+1293 0.966
6 Y=-0.0002096X>+0.05037X+23.39 0.948  Y=-0.0005591X>-2.588X+1356 0.956
Zumol=m2-s°!.
YkgCO,* (10ay!-d!.
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Table 8. In the left side of the table, components in designing orchards, i.e., limit of south-north width (SNW),
limit of east-west width (EWW) , limit of tree height (TH) and orchard road width (ORW) in each
crown model group (CMG) together with numbers of PSB (NPSB) are shown. In the middle of the
table, three levels of CDMPPFD corresponded to three plans for cultivation of fruit trees, viz. many
fruits with ordinary quality (A), moderate fruits with good quality (B) and slight fruits with excellent
quality (C) are shown. In the right side of the table, net photosynthate per orchard land area on a clear
day (CDMPNO), leafy block numbers per 3D grid (NLB) and number of units per tree (NU) which
are calculated using the three CDMPPFDs and the estimation formulas shown in Table 7. NUs refer

to Fig. 5.
CMG NP- SNW EWW TH Stage ORW CDMPPFD CDMPNO NLB NU
SB in ORW A B C A B C A B C A B C
m m_m m Unit” Unit” block
40 40 35 4 1.714 320 360 400 2044 16.13 12.50 836 623 458 33.3 257 19.7
CMGl 3 40 40 35 5 2095 320 360 400 19.40 15.18 11.82 846 625 462 33.7 257 199
40 40 35 6 2476 320 360 400 18.30 14.39 11.16 848 629 463 33.8 259 19.9
40 40 20 4 1.714 300 340 380 19.62 14.63 11.26 843 587 427 33.6 244 18.6
CMG2 3 40 40 20 5 2095 300 340 380 18.58 13.80 10.64 850 590 429 33.8 245 18.7
4.0 4.0 20 6 2476 300 340 380 18.42 13.79 10.88 855 590 432 34.0 24.5 18.8
1.9 19 35 4 1.142 330 370 410 2037 15.07 11.75 230 161 120 129 104 89
CMG3 4 19 1.9 35 5 1.523 330 370 410 18.55 13.61 1044 238 169 128 132 10.7 9.2
1.9 1.9 3.5 6 2476 330 370 410 17.11 12.49 9.61 234 163 119 13.0 10.5 8.9
1.9 1.9 2.0 4 1.142 360 400 440 20.33 1536 12.09 247 191 161 13.5 11.5 104
CMG4 4 19 1.9 2.0 5 1.523 360 400 440 18.51 13.89 11.01 226 160 121 12.7 104 8.9
1.9 19 20 6 2476 360 400 440 16.59 12.53 999 223 159 120 12.6 103 89
1.0 1.0 35 4 0761 390 430 460 27.08 19.79 1539 68 50 37 108 9.7 89
CMG5 6 1.0 1.0 35 5 0952 390 430 460 23.89 18.00 13.57 67 50 37 10.7 9.7 89
1.0 1.0 3.5 6 1.142 390 430 460 22.62 1649 1260 68 51 37 10.8 9.8 8.9
1.0 1.0 2.0 4 0761 380 415 450 2294 17.61 11.75 60 44 28 103 93 84
CMG6 6 1.0 1.0 20 5 0952 380 415 450 20.50 1583 10.72 60 45 29 103 94 84
1.0 1.0 2.0 6 1.142 380 415 450 18.66 1431 986 60 44 29 103 94 85
4.0 1.3 35 4 1.142 360 395 430 18.00 13.55 10.14 296 213 153 25.1 19.6 15.6
CMG7 5 40 1.3 35 5 1.333 360 395 430 1690 12.70 9.65 298 214 156 253 19.6 15.7
4.0 1.3 35 6 1.523 360 395 430 15.70 11.83 9.07 298 215 158 252 19.7 159
4.0 1.3 20 4 1.142 340 385 430 18.70 14.72 10.04 335 253 168 27.8 222 165
CMG8 5 4.0 1.3 2.0 5 1.333 340 385 430 18.27 14.67 10.23 335 254 168 27.7 223 16.5
4.0 1.3 2.0 6 1.523 340 385 430 17.04 13.67 9.48 335 254 166 27.7 223 164
6.0 6.0 35 4 1.714 310 350 390 19.64 16.02 11.68 484 370 255 149 122 94
CMG9 3 60 6.0 35 S 2,000 310 350 390 19.03 15.51 11.17 486 372 253 15.0 123 94
6.0 6.0 3.5 6 2285 310 350 390 18.46 15.05 10.94 488 373 256 15.0 123 9.5
6.0 6.0 50 4 1.714 310 350 390 20.07 16.34 11.57 496 379 253 152 124 94
CMGIO 3 6.0 6.0 5.0 5 2,000 310 350 390 19.42 1578 11.35 497 379 257 153 124 95
6.0 6.0 5.0 6 2285 310 350 390 18.86 15.34 11.15 500 382 262 153 125 9.6

zumol-m2-s!,
¥kgCO,+ (10a)1+d.

K¥ b, T BENROERBOEGIETLZ LT
PNLES® FH4%. koT, ThoENLBEDRIZIE
FWIEOHENET NG, —F, BOTEILEDS
F EFNLBAHE K TIULPSLBIZIR T § 4 72, WM IZ
TEOMBBEERSE T NS (H4RE).

—7, JE¥ 57— % (CDMPPFDXODMPPFD) &
LAO, MCFNS, MCFVD3 X O'PNLES & @ jIZi3 D
EWAHRIBIER DS B A1, PSLB & OB IZIED AR A
BHHNT (45, ToORMELE LT, Y- ES
OWKHIBHEIRME D ZEALE L7263, ZOZEDS
CONBRBEOEALZ L2530 EEZ LN,

NLBAE L W& 17 - 72 Bk (LUK, 2016) D %EER
TlX, LAO L DMPPFD® IZIEDAHBIBIFRATEED & 11
72, ZOBHE L TLAOD B R A I 12 HE§ 5
Kz WA S, BREAGREOUSEICAFICH b0 L
ZEzoniz, LaL, RO LD ICNLBA)L VW H#FH IS
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bl2p e &, MHRIITAOHBD AL N7z (5F4FA).
oK E LT, LAODHIRIZ X 2 BB #E LY

SNLBOHRIZ L 2 HBBEDOTEALDTi b7z 0 L%
A5,

MDA 2B ETO, HHVEFEENPOETTO
BHENEEIEOZAL S, FEEOWMIC X 2 B5EN &
DRI LD TH L. LrLl, TOZEeERYIZL
BL7ZHNZIZE AL\, REOPERL GBI ET 5
HIEHEE O EE TH 2 (FlE, 1985). LoT, #
SR CIIEED 5 W IIEIRIEEDFH SN 5725,
DEFEAFIL 729 2 THEEFE 2 v CEHl L 72611
WThad Rbhofbke LT %EE - EiRE%END
OB =EMBMR ($57R, 1964), B & B O IER
(Boyton - Harris, 1950; Barlow, 1980; Johnson - Lakso,
1985; #H, 1989) Z EHwsN/z. LaL, IhH D
HENFELZAVLHETH, HEHEORRELEHIO
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TAHEHINEREEE B2 5N b, EEOFHEISHEETHN
FEEO Ty hu— Vb REECR S,

i e N N E R () Cyrayi RV NN S b e
%hHZ R ERNICEHI L2 mEIZIZEAER . K
OEEIKE L, BEITEBREOSRGHIZ RS
MDA, WEI/NSITIUIHEIC S ks 72, KBGO
EEAVNSTIUL, BRI E TRES. HOBRHE
DE KB DOEEIBD T/hEWVE E1E, ORWATK
ECTHBBORBIIRY 2 m FTRE. 72721,
C DY 6 OFGHACTF IR 138D TR E WO T, KF
DEAOHEI/N S, T, —HoBEET VB X
O— 80 FHEEBRKIZB W TRBEEEE L ORW & O @
MAHB 2T L 72 (365%). 2oRKE LT,
DMPPFD DM RSB L7-bneEzonb. £
72, BRAIWCHERTERBORMHEDE D> 728 HE L
T, DMPPEDAHUIERHDFTAVNENTZDTH A .

REBRORER, RBE OGBSI KIZTTORWO H
FREL RO, DMPNOIW RIZTREITKE VT
EDHSH D7 o 72 (13X B & UHE1414).
ORWII R OW) B A e % FoAi 3 H mERBERIC R 5.

WHEEEROIEL LT, RENREIES I HETE
B2, BWEHHBRTIZLIELIEW Y EiF sz (A -
ER, 1972, /NBF, 1985; 1% 5, 1987, #i - /NEF, 1992, &
% - W18, 1995, FtiE, 2018). LA L, FENEIZIES
OBERPERT 5720, FENED AT v CRBRE

DOWEEFE 2 LT 5 & SIZEBEFLETH L. 72,

% { OFFERBCIIRFENE & & b ITEBM R 2 R L
TR 7R R R B AR S vz (VNEF, 1985; 4%
5, 1998 FHH S, 2006). LA L, MRAEFHAKE LR
EMAEN IR A SH 5. F72, Monsi - Saeki (1953)
DHERFEREFIIE U CREHAND L) AE LTV, ST
BIEZN) S T D FEWE AT AMERL S 7z (VNEF, 1985; 4%
25,1998 W - T3, 2002). L2L, #ESHOIE
5 F WHEHIROEE B I BT B IE A X O A
IZOWTIXEM A AL 5.

R CIFRENEREZEYAEZEOMRD Y IZ, DMPNO
il 7z, WD LT HWEDIT L A EDEED
HEDLDTH 5. L7205> TDMPNOI B2 F81%E &
IE 2, RMEIEOEBTENZWEAERNZRTODOLEE
2 HbM s, DMPNOZALGY 5K E RERITEERE QMG
BHGEETH B, MOGE R EET 2B O

L7235 C,
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BHE L CHBRGREZRPEFERZEENEZOND.
Lo L, RRICHW MG E B E O EEYER (LIRS
1995) &, Iho OB - EBREAY RN D
DTHA.

A E (1022472 ) OFMALL) (3 RMOFEF 12
ML CRksnsg, LaL, BEHEEOATIERE DN
WmAERCTZO, FHAXEYVEEL THV LfERTH
5. F7z, BHEHIRAEE S T B TR
OBFIHE L T2 2 A%, LirL, XD L)%
HAERFZEClX, TRE % BAKICHU) )0 LB DD, Lo
THHEEIZOWTIEE2ROPTEET— 5 L LOR
L7

I NFE TORB OB EIIFEIZ DV T I OMH
(1989) IZFELCRBENT VAR, Vo ThEDDW
ALFEEE DS HE A FZTE R T IR B O R & WilBRA T h LT
% (Emerson - Haydea, 1975; Jackson, 1983). F 7z, 2
HS (1996) (3 » TEOEENREHSNIIT 720,
MW HEE B 5% ER LB (Shinozaki - Kira,
1956) %1 ¥ TEHC Y TIED TEBRZIT, £ 0EER
kR L7 SEMEEHCTEI L2 A TR EERSE
BCh b, LarL, FEBRES LS GRS 2 i
IS % 7% EORERZBMTN, L7720 EREOME X
EEE 2 P — VxR 7 EORTTRIRO FERRRLE &
BRELELZ o7 ZORETHHRERITOWTEER
LTwiwv, F/2 BoHEr vy ORMEEIZOWT
—HOEBREITV (WS, 1987 4% - ik 1989), &
WZOWCHI A 24T - 72728, JEERBER LA o FH
134T > T,

EROSOMH T, ORWOEH %4, 58 & O6IZHR5E
L7z (%2%). LaL, REEIEEORMAL - AL,
R C & 2 BTG ORIEIE K 2 2 R L7
L&, RMOORWEE O FEFH (B 1~BRE9) 25k L
TILTEDL EITEbN W,

BB OB L VAEFEY A7 2T 5 BT, #
FEPNERLHEZ P OISR AT L LT L2 0%
WS (IR R FER S, 2018), JLBRBE, LARGHEED 5
(ZREI Y 7 ) B A R SO ERIZL T L b
T, F7o, EEOEEY AT ADREIZN 5T,
720 OERLZHEICFELLTLILIIRNETH 5.
LL, #EOGLLZZE IS, BEREICRIZT 1Y
TN EROEEIBOTREVIEZEET L L, Kk
DOFER (58F) 1d Lk DR HERCOREL A 2, 7
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P35 (LA, 2016). T bbb, BALWFLETEHE
528D (V1) v FEFN) &fERL, EBiE
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% it it i > CDMPPFD & % \» 12 ODMPPFD O #H B 4% 4
ERHELZEZA, WITNB0ITLETH - 72
B 03\ 12 & 5 CDMPPFD % ODMPPFD O i fii
BOADHoTH, INLEHEORNERITE N ITEHBL
Tz, EFLICEBLY-VERTELLTE2EH40D
LTI, 7Oy 7 OFAMEE (V)Y FETL) 24
AV EY, BE7Oy 7 ORBRIZERZ OBBRBERT
DFEFNIITEAEEDLL WV, S5, KFAETH- 72
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(AR, 2018). Z O TIEIHAKOAE R LD T,
oL EZOMMREEFRE Lz 25, CDMPPFD &
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> T TI0989H % 130967, H ¥ TIX0982H %\ ik
09728 X 4 7 F 7 Ti30984dH 5 130997 TH - 72
(R%EE). BEESFHLTHNIE RFIZEL L
CDMPN*CDMPNO® &5 i o B, fhfdiic & 24
BZELLDEEZOND.

FERD2, 3B L U4H S, NLBOH KD 5\ ZORWD
A2 & ) DMPPFDXDMPN %S 4§ % 75, DMPNO
WEHKRT AT EDHL NI o7z, FERLEZEZ TN
(X, NLBOERIZ L ) REHIIHER 2500, RiFH
HERELEAL T 2720, FMLEYORFEL7- Y LRI
WAL, REMELETTZ. F72, BHEICE-> TEH
b T v, —J, NLBOWMAIZ XY, FEBIIR
5705, BB EDCEREEIUGE T 5700, FLEDORFEY
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512, FHROSTHL P LH 12, BIRRLHBEN LR S
B £ 7 IVEEO I ERCEBE L NOVICEPE LB E
ARH SNz FABROMRIHT IR L EmmERED
SN ORENEEE R RKT S ) A TERTH L.

FERD6IZFL L7 A HARIX REME L IE I > 72
bOTHL. LaL, EEBFIIRFBUIFEL LD DT
v, bz BREWTOUERIE, HDVIEHE
L1k, HMIERERERE~NOBELH 5725 9.

K GLgEFO—HEOMIE (LA, 2015, 2016, 2017,
2018, 2020, 2021, 2022) Zix, T F CTOMWEEZ DN
B ORIV SRR T (MLT, fiE
Fih) LR LETNFEEHAV 22T, fEkE
EETFVTFHEORES L EFIVTHEOERICIOWTR
BIZELE L2,

Monsi - Saeki (1953) (ZZ&KHIZBREL/H 2T, b
T U 2 RS LK E V72 & 2 oFHIE (To)
W23 B BEE VT E DR SIAEICE W 72 & & OFHINE
O okt 1L7To<1) z&HL7. L ToD¥fHIIE U6
FHAEOREDKFHANS T ¥ F K557%0 3 5 HEWEHE O
BEEOBITICHV SN, ZOHRDE L OWFEEICX
D, 1/ Tolx ZE g & @ ot @ % i 5 (Monteith, 1965;
Pearce b, 1967) & A\ 31 -1 ToldFER |2 X 2 B0k
IE#E (Barritt5, 1991) & &EFHE N/ L L, 10%KHE
WAt y ISR ZED L EHFIET LA E T
1-1/ ToD BB 1T EERE A & L &GS % s o
ZANEENT V. Lo T, L/ Told B S L7241
THGIREE (0 2 WITAHREE) L RBLENLRETH
% 9. F72, Monsi - Saeki (1953) 131 TolZ &9 % #il
A B E O BIR 2 E A MM TS 2 5 2 & CTh
WHEOEREEHERRE L. 20k, NUREE
ENOFEACFIEOMHETEEIC 2D, R fRss
BARBYICEH S 2 &7z (R, 1972). F 72, Monsi -
Saeki (1953) DIRESMFICIEFE TN LW, BERHOK
GRS DMEFHA L DT K B 8 e S S A
Sz (B - M), 1963 BE, 1968). 512, #ED
TEFL AR & 8 % 72 R P OB 2B
DEAEFIE S TON, COFHEARE KT 5 2 & T
RAZELERBETIZB LHELEGREOHEEDTH
72 (Horie - Udawawa, 1971). —7J7, Monsi * Saeki®
BEFRMEDO—>, GO T v 5 LEIC D AT
M oir (Allen, 1974), FE7 ¥ ¥ AEO TR IREALEY
R 77 % EQORELRD B R RS BT, T



Vg 24720 3 i & Tl MR 2 D38 s R B O S BREE, 8 DM A B B B LUV 3 24 7o) BE R A e B R D T

—EFVFEEACLET— — A

SToatfllofb iz, Ty FHvaEsHv s
(Oikawa, 1977, ###§, 1995). T7&bbH, ar¥a—4%
FAWTkA AR AESHAMAEEZH T 570
(beam) %38 SH 52 LT, ZEMIZbeamA 2L T 5
HEZEHE L, EREBECHRANE OIS T 5N
7z,

FARONRER E R, HRRLRETIE, T/ ToD
SRR & FHAIRER B 2 — BRI % CHUL R v, A LR
EOFHASFEEIIAT % EOWEESHFET 5. Nz
T, VERS72 0 & BB T S BB K S
HE~OEYTHANVOEOBEBHOKETHL). &b
TR T, BEREORETIRL, 2O —miE
TOREE T L R BT AENH I NS0, B
ISk NLIWEIREET 5. L7 > T, FEmghio
T vy AEIEETE MO T, L Lad bRk
43 ¥7 C 13 Heinicke (1963) LLBE, AHARYGEREE (17
lo) OFFHIDSHET B, SHIZE>TWw5 (Smart,
1973; Lakso + Musselman, 1976; #& [, 1978; /IN¥F, 1985;
CE - ATH, 1987; 5115, 1999; BH - F-2E, 2002)
ANy 0 — AL TR E 2 R RIS L 72 A R B T Y
EHWRIEOHR TS, MAREEE (17 To) 25Eh
L CTw 5 (Jackson - Palmer, 1971; Charles-Edwards -
Thorpe, 1976).

X REEREE (I7To) ORHIIEE SR 2 H Vv 7285 NG
BREOFRAEL LT, &5HANN - 721 ToF31ME
DT T 4V, LS REEDL ToT— 8 DF
A, 7y FRAICBIT 5478y 7 ~0L TofH
Fi e &AM w5 17z (Heinicke, 1963; Chales-
Edwards - Thorpe, 1976; #ll, 1978; /N¥F, 1985; fii= -
/NP, 1992; Kikuchi b, 1994; B46 - Hit%, 1995).
R AEVESEIC XD BHENIAR D TR & W ZEBE AL
HNCHAES % 9 212, R R FHIG AT AR E S b
BB T, ERo 7T 7 4 VRSO IEHE 5 F
HR ek & LT To P EO I 2 E B I AT
HECh A, NEREEIIRL DD, V¥ IRFEOR anffifil
AATAERMEAEM LT ToOBBRIPHRE SN TS
(Heinicke, 1966). LA L, FBOFEIZL b oT
ERHOFHUSTON TR W LIZRETH 5.

L TonHII TR EEINL Z Lid, BEDLTTY
FHIGETN (72& 21370 v FEfT 5870y 2
W) IX5ET2HLEOELL (ERBOBICRZHS LR
LaWHSORTE) THY, BREOZERIKE L, o

¥7,

L2l
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7)) v FOHHEARKE VI EFHIRA OREICEE T 5.
R R H OIEA e 2 G IR AT 5 & & DR
BHEOTREL 2D, E512, EO2HEICKE AR
124725 & EOREFMIHEEITZ O L & ORFHEIGIHEE
DR B2 WD L. BRHOFHAHGE ST
F-ERICE, FROMENEHTE RV OTHS ).
72720, HAZDOLORHEIZERATOEDL D
DEELIEZD.

ROV T Tl SNSRI B T A S
N7ZwvwE ¥, Heinicke (1963) LISk FHETELSH
THWERO—2L LT, ElRoREBHIIA 5% <
OWEENEZ H5ND. HEITRLIL )T, EBEHIET
NS OWEEE FS 5 720 B A ERCE . £
LTCINLDOFFEEMARRELHAEDEL LT, 5
ERO ML B EH O b W ICET NV FEEHVD 2 L
IZED, BRERZMDT, 2% - 2RO LR
5345 & B8 OMOIGE BOREE A O 7 — & & REIC AT
T&7z 2, INSHOF—% #3RTEINZE UM
AT B L L HIT, FrA REMEICHW 2. £/, EBGEx
ELOHIER GRSt — %, SR, B -
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