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Summary

When a leaf was considered to be a flat plate, distributions of leaf inclination angle in the fruit tree
canopies were approximated to a beta distribution. Many varieties of apple and pear, and a part of Japanese
pear belonged to strongly horizontal type. A part of peach and cherry belonged to vertical type, and other
varieties belonged to weak horizontal, intermediate and iso—angular types. There was no strong erect type.
By monthly investigation of the distribution at an almost same portion in a tree crown, seasonal variation was
not so distinguished. Methods for measurement of distribution of surface inclination angle on non-flat leaf
were devised using the wire—frame diagrams, which were obtained by a sterco—photogrammetry. Rotation of
the wire—frame diagram was effective using rotation angles which were obtained by simple measuring of
inclination angle of both mid-rib line of each leaf and a perpendicular line to the mid-rib. In the many fruit
varieties, the curvature increased in May and summertime (July and August), and decreased in June and
September. In apple (especially, central leader) and persimmon, the horizontal type was found at the upper
canopy layers, and the weak horizontal type and the intermediate one were found at the mid-layers and the
lowers. In peach, change of the distribution by the height was little. Horizontal type became strong in the
upper part of pear and Japanese pear with trellis training, where summer pruning was lacking. From these
results, inclination angles of current shoots seemed to be a main factor for intra—crown fluctuation of leaf
inclination angle.

Key words : distribution of leaf inclination angle, shoot angle, extinction coefficient of direct beam, non-flat
leaves, deciduous fruit trees
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Table 1 The six types of distribution of leaf inclination angle (LIA) and the parameters

for the beta distribution.

Distribution type Mean of LIA  Variance of LIA Parameters ~ Abbreviation

of LIA (degree) (degreez) A v of type
Strongly horizontal 15 300 0458 2292 I
Horizontal 30 300 1.667  3.333 I
Intermediate 45 300 2.875 2.875 111
Vertical 60 300 3.333 1.667 v
Strongly vertical 75 300 2292 0459 \"
Isotype 45 600 1.188  1.188 VI
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Table 2 Means and the variances of leaf inclination angle, parameters for the beta distributions
(2 and v) and results of the chi square tests in several deciduous fruit trees in August.

Fruit species Cultivars Tree forms Mean Variance A v X? Chi square

(degree) (degree?) value test
Apple SD? Dwarf-CL* 26.36 322.5 1232 2974 0.169 %
SD Semi dwarf*CL  25.05 256.1 1.493 3865 0.046 ¥
SD Open center 25.25 258.7 1494  3.834  0.057 **
Fuji Dwarf-CL 26.21 3324 1.175  2.859  0.064 **
Fuji Semi dwarf-CL  25.04 4050 0844 2183 0.181 ¥
Fuji Open center 26.92 375.6 1.054 2470  0.051 ok
Mutsu Dwarf-CL 27.42 391.3 1.032 2356 0.136 ¥
Mutsu Semi dwarf-CL 2242 2258 1.424 4291 0.028 **
Rall Janet Open center 27.69 289.2 1.530 3442 0.111 ok
Red Spar Open center 19.14 179.9 1.391 5151 0.013 ok
Jonathan Open center 28.62 375.0 1.173  2.516 0.122 ok
Persimmon Hiratanenashi MCL" 33.21 3724 1501 2568  0.054 o
Chestnut Tukuba MCL 44.04 2416 3615 3.775  0.098 ¥
Tanzawa MCL 28.48 2254 2145 4634 0.091 ¥
Tbuki MCL 34.37 366.4 1612 2611 0137 ¥
Walnut Shinrei MCL 36.83 4023 1.584 2288  0.031 ¥
Yorei MCL 45.99 3258 2668 2555 0015 ¥
Banshun MCL 36.38 2479 2779  4.098 0346 ¥
Peach Okubo Open center 4243 565.1 1214 1363 0.224 **
Koyohakuto Open center 51.31 414.1 2.168 1.636  0.110 **
Hakuho Open center 52.87 4209 2157 1516 0.056 ok
Cherry RB" Open center 5430 2829 3538 2330 0.584 Y
Satonishiki Open center 46.14 437.6 1.861 1.771  0.104 ¥
Napoleon Open center 40.67 426.0 1.678 2.037  0.095 ok
Japanese Shinseiki Trellis training 36.29 505.9 1.152 1.706  0.058 ok
pear Shinsui Trellis training 46.39 619.7 1.169 1.101 0.002 ok
Chojuro Trellis training 30.82 392.4 1.251 2402 0401 ok
Pear Bartlett Trellis training 34.79 574.1 0.908 1.442  0.066 *
La France Trellis training 42.92 554.7 1.262 1.386  0.208 *k
GC' Trellis training 45.59 455.6 1.747  1.704  0.228 ¥

Grape Delaware Trellis training 42.46 350.1 2251 2522 1427
Stuben Trellis training 41.86 2525 3.251 3.741 0.278 *k

Neo Muscat Trellis training 42.32 332.3 2388 2692  0.209 ok

# Starking Dclicious.
YCentral leader.
*Significant at thc 1% level.
“Modefied central leader.
YRockport Bigarrcau.
"Significant at the 5% level.

‘Grand Champion.
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Fig.2 The step in the measurement of non-flat
leaves by the stereo-photogrammetry.
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Many wire—frame diagrams (binary images)
of a non—flat leaf by 46,656 rotations

(combination of rotation angles (¢ ,8 and @)

Export files of 12 shape— values of each
wire—frame diagram and a table of the

combination. of ¢,0 and ¢
of 10 degree step around each x, y and z shaft)

-ro"‘ n " /1 ﬂ\\\\\“
\\\\“-.”" ”’/l}m Calculations of 12 shape —
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Binary image of object Export files of o
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Fig.3 A method to detect leaf rotation angles using several shape-values of leaf by image analysis.

Photographing Original image

Conversion to binary image
White back &

Calculation of 12 shape-values Removal of micro particles

Hand correction of binary image
of each isolated leaf

Fig.4 Photographing of leaves in field and several steps in the image processing and analysis. ROI
indicates range of interest.
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perpendicular line

(PL) to mid-rib (&)

Inclination angle
of mid-lib (&)

Handling of a protractor with weight thread

Adaxial face (ADF)  Abaxial face (ABF)
Shoot

Leaf tip tums to sky Leaf tip turns to sky
ADF turns to sky

Leaf tip turns to ground
ABF turns to sky

Leaf tip turns to ground

ADF turns to sky ABF turns to sky
Rotation angle (6 ) around y shaft

0=180+¢ 6=180-¢ B=¢

6 =360-¢&

PL shows right riser
ADF turns to sky

Perpendicular line to mid—'n'h (PL)
PL shows left riser PL shows right riser PL shows left riser
ADF turns to sky ABF turns to sky ABF turns to sky
Rotation angle (£) around x shaft
&=180-6

{=6

£ =360-0 £=180+0
y

Two rotations of a
wire—frame diagram
around x and
y shafts

Fig.5 The schema of easy measurement of leaf attitude to detect rotation
angles around x and y shafts in the wire-frame rotation method.
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density (PPFD) on sunlit leaf surface of direct
beam, which are affected by combinations of
solar altitude (h), solar direction angle (¢s), in-
cident PPFD on horizontal plane (PPFDinc), leaf
inclination angle (a) and leaf direction angle
(B), where Band¢s were measured from south
to east.
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Fig.14 Seasonal changes in wire-frame diagrams of 'Napoleon' leaves.

Table 3 Sesonal changes of mean inclination angle of all triangular sections in the five wire-frame diagrams
of non-flat leaves and the variance in several deciduous fruit trees.

Cultivars Nopoleon Satonishiki Fuji Jonathan La France Le Lectier  Hiratanenashi
Month™ Mean” Variance' Mean Variance Mean Variance Mean Variance Mean Variance Mean Variance Mean Variance
May 329 3412 331 2890 343 3351 328 2959 329 3412 284 2703 413 4218
June 213 1569 218 3250 303 387 186 2121 213 1569 238 2627 356 4489
July 305 2155 353 291.8 288 2794 342 3408 305 2155 324 4167 356 4215
Aug. 347 2635 322 2750 369 401.1 300 3068 347 2635 262 2477 405 3823
Sept. 301 2464 313 3086 320 2992 276 2690 30.1 2464 290 2624 375 4513

“Mean inclination angle (unit: degree) of all triangular sections (169sections * 5 leaves).

*Variance of inclination angle (unit: dcgrecz) of all triangular sections (169sections = 5 leaves).
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Table 4 Means and variances of leaf inclination angle with the different height in several
deciduous fruit trees in Augast. The abbreviations refer to Table 2.

Fruit species  Cultivars Free forms Heights Mean Variance Heights Mean  Variance
(m) (degree) (degree’) (m)  (degree) (degree?)
Apple SD Dwarf « CL 3.0-2.4 19.82 182.1 1.5-1.2  27.83 392.1
2.4-2.1 19.02 1689 1.2-0.9 33.96 509.9
2.1-1.8 20.78 173.8 0.9- 41.97 225.5
1.8-1.5 23.93 2299
SD Semi dwarf + CL  3.3-2.7 21.92 1854 2.1-1.8  22.80 248.9

2.7-2.4 23.37 173.4 1.8- 29.78 304.2
2.4-2.1 26.99 325.5
SD Open center 3.3-2.7 25.06 1957  2.1-1.8  25.66 373.9

2.7-2.4 20.95 237.1 1.8- 32.77 256.1
2.4-2.1 24.89 226.7

Fuji Dwarf « CL 2.7-2.1 16.56 166.5 1.8-1.2  27.02 330.8
2.1-1.8 27.07 328.8 1.2- 34.38 346.2
Fuji Semi dwarf - CL  3.6-3.0 16.39 1863 2.1-1.8  21.30 178.7
3.0-2.7 21.03 2572 1.8-1.5 3347 480.0
2.7-2.4 18.77 219.4  1.5-12  29.56 416.4
2.4-2.1 25.16 338.8 1.2- 41.85 396.9
Fuji Open center 3.0-2.4 23.15 161.7 1.8- 31.91 485.2
2.4-1.8 27.02 376.3
Mutsu Dwarf « CL 3.0-2.4 19.12 2023 1.8-1.2  20.67 212.6
2.4-1.8 24.93 258.0 1.2- 40.87 426.3
Mutsu Semi dwarf - CL  2.7-2.1 17.72 1972 1.5-1.2  29.33 2822
2.1-1.8 20.46 185.8 1.2- 24.93 266.9
1.8-1.5 22.52 186.0
Rall Janet Open center 2.7-2.1 23.42 1909 1.8-1.5 35.53 267.6
2.1-1.8 19.70 198.5 1.5- 34.02 362.6
Red Spar Open center 3.0-2.4 19.71 198.0 1.8-1.2  20.18 215.3
2.4-1.8 19.00 195.6
Jonathan Open center 3.0-2.4 25.06 195.7 1.8-1.5  26.97 378.6
2.4-2.1 32.79 398.1  1.5-1.2  28.85 357.2
2.1-1.8 30.52 445.5 1.2- 28.87 247.9
Persimmon Hiratanenashi MCL 3.3-2.7 21.87 2352 2.1-1.5  41.87 261.2
2.7-2.4 28.06 230.0 1.5- 49.69 254.5
2.4-2.1 2431 304.9
Chestnut Tukuba MCL 2.1-1.8 37.42 231.2  1.5-1.2  52.09 219.7
1.8-1.5 43.35 265.5 0.9- 43.53 170.5
Tanzawa MCL 3.6-2.7 29.68 2302 2.4-18 2246 182.4
2.7-2.4 25.86 193.4 1.8- 34.96 208.4
1buki MCL 2.1-1.8 23.93 3108  1.5-1.2  43.29 220.3
1.8-1.5 36.40 376.4
Walnut Shinrei MCL 3.3-2.7 28.91 363.6  2.1-1.5 3522 316.0
2.7-2.1 34.58 302.1 1.5- 46.16 429.7
Yorei MCL 2.7-2.1 45.47 336.7 1.5- 54.73 236.7
2.1-1.5 37.66 2579
Banshun MCL 3.6-3.0 34.02 3169 2.7-2.1  36.82 172.0
3.0-2.7 38.53 246.3 2.1- 36.02 253.2
Peach Okubo Open center 2.4-1.8 4231 581.7 1.8- 42.55 547.9
Koyohakuto ~ Open center -2.1 47.11 345.6 1.5- 48.56 349.0
2.1-1.5 58.04 468.5
Hakuho Open center -2.4 52.11 455.5 1.8- 50.92 354.6
2.4-1.8 55.54 442.6
Cherry RB Open center 2.7-2.1 52.95 390.7 1.5-0.6 55.06 220.7

2.1-1.5 54.80 239.7
Satonishiki Open center 2.4-2.1 28.00 2256 1.8-1.5 57.65 377.5
2.1-1.8 41.20 3825 1.5-1.2  57.65 3717.5
Napoleon Open center 3.3-2.7 33.65 470.0 2.1- 51.73 389.6
2.7-2.1 42.45 383.6
Japanese Shinseiki  Trellis training  2.4-1.8 28.15 313.0 1.8- 44.52 565.4
pear Shinsui Trellis training ~ 2.4-1.8 51.81 561.5 1.8- 40.70 617.4
Chojuro Trellis training ~ 2.7-2.1 23.14 2254 1.8-1.2 38.80 447.9
2.1-1.8 30.40 375.8
Pear Bartlett Trellis training  2.4-1.8 17.55 159.3 1.8-1.2 51.07 418.5
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Fig.15 Probability densities of leaf inclination angle and extinction coefficients of direct beam at different
height within tree crowns of apple in August. The abbreviations of tree shape refer to Table 2.
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Fig.16 Probability densities of leaf inclination angle and extinction coefficients of direct beam at different
height within tree crowns of apple, persimmon, walnut and pear in August. The abbreviations of
tree shape refer to Table 2.
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Fig.17 Probability densities of leaf inclination angle and extinction coefficients of direct beam at different
height within tree crowns of peach, walnut, and Japanese pear in August. The abbreviations of tree
shape refer to Table 2.
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Fig.18 Probability densities of leaf inclination angle and extinction coefficients of di-
rect beam at different height within tree crowns of cherry in August. The ab-
breviations of tree shape refer to Table 2. RB indicates 'Rockport Bigarreau'.
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Fig.19 Rotations of a 'Fuji’' shoot photograph using various angles.
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Fig.20 Relations between shoot angles and mean inclination angles of triangular sections
(upper) and the variances (lower) of non-flat leaves in Fuji'.

€0

90
]
o
b
9 .
T 60k 60 60 60
c ®
.8 * o 0 -
v . LX) Cld
s . °® wu” o . o ® oy
a 00 o o’ . Po% .
L] ] *.

k] . .
2 wf a0 0 a0
h o oo
c
8
=
Q
Q
@ o o 0 0

-90 o % 00 0 50 50 0 [ -g0 0 90

Shoot angie {degree)

<9 600
F 800 600 600
5 [
7}
I .
I
8
=]
400 400 400 | 400 b
=
£ L4
= .. - e o
% . . . LY
2 200 . wf ° e 200 | 200 * *
: e’ *t . | .t
L4 L] o o
= . LI .
& . .
15 - . » % .
8 . . .
5 . . .

0 0 [ 0

-80 [} 90 90 0 20 -80 0 90 -90 [} 90

Shoot angle (degree)
Ma
y June July Aug.

90

60

a0

800 r

400 .
L
e ®
.
200 . (Y )
. *‘
L] - L3
L]
aQ
-80 a 80
Sept.
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flat portions (upper) and the variances (lower) of non-flat leaves in 'Fuji'.

262



Mean inclination angle of

Variance of inclination angle of

P SERR O SETERL 0 A

— LA« BRI PUIR o LR o SR o /ML e 1B

ZHH

90 90 90 9 - « La France
[
3 . - .
L ¢ 60 60 . . 60 ge 60
_Q on® .... A L] bl ¢ . ~....
F=] P * &
§ . K o on, % ., . P . o * . .. ® . .
L . L] ” o
I (1) . o ° ® L)
S0} 30 e 20+ Cete 30 o, " a0 b [l
5 LN
8
h=
0 [ 0 oL R —————
-90 [ 90 -80 0 90 -90 [ 20 _g0 0 %0 -90 [ 90
Shoot angle (degree)
& 3 *
L]
Beoo F_e ..°' soo | ¢ 600 | ~e 600 | 600 o ® o
& L . o A
& [T oo o ° ® . . )
2 o ®o . . . oo® P
ém 400 ) -’ o ° . ¢« 4
b L L L . L
g . i 400 F e o e e ® 400 « o o 400 o
3 . . % o . .
K} ®e . ® L3
®
€200 200 - 200 . 200 | 200 |
= .
5
0 0 0 s 0 0 :
-s0 0 %0 -90 0 90 -90 0 90 -90 0 90 -80 0 90
Shoot angle (degree)
May June July Aug. Sept.

Fig.22 Relations between shoot angles and mean inclination angles of triangular sections
(upper) and the variances (lower) of non-flat leaves in 'La France'
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and the variances (lower) of non-flat leaves in 'Hiratanenashi'.
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Table 5 Results of multiple regression analysis of mean leaf inclination angle (B) of non-flat
leaves using shoot angle (A) in apple and pear.

Month Object R 22 Re? F valuc Signiﬁcanccx Formula
Fuji
5 WLY 0.6726 3.888 32.87 P<0.0001 B=-0.1149A+45.72
5 Fp' 0.6627 5735 3143 P<0.0001 B=-0.1658A+40.07
6 WL  0.6143 2284 2548 P<0.0001 B=-0.05844A+44.12
6 FP 07749 1976 55.08 P<0.0001 B=-0.07433A+42.25
7 WL 05639 3.725 970 P<0.0020 B=0.00000000003814A%0.07816A+40.03
7 FP  0.5545 3.679 934 P<0.0023 B=0.00000000003606A°-0.08123A+41.26
8 WL 0.1720 4.855 332 P<0.0871 B=-0.04492A+48.67
8 FP Not obtained. B=42.13
9 WL Not obtaincd. B=46.54
9 FP Not obtained. B=41.19
Jonathan
5 WL 0.7538 5.556 9.95 P<0.0007 B=0,0000000004810A°-0.00000386A"
-0.00003237A%+0.00817A%+41.52
5 FP 05170 4245 17.13 P<0.0008 B=-0.09001A+42.88
6 WL 03105 7314 720 P<0.0163 B=-0.098562A+36.17
6 FP Not obtained. B=37.60
7 WL 0.3541 3.509 877 P<0.0092 B=-0.05250A+44.89
7 FP 02763 4.017 286 P<0.0884 B=-0.000000002372A°+0.001030A%+40.44
8 WL 04568 3.022 13.46 P<0.0021 B=-0.05658A+45.63
8 FP 02676 3.993 585 P<0.0279 B=-0.04927A+43.47
9 WL 07163 3.134 18.94 P<0.0001 B=0.00000000002878A%-0.1229A+42.88
9 FP 07395 4210 2129 P<0.0001 B=0.00000000003977A%0.1751A+37.53
La France
5 WL Not obtained. B=49.16
5 FP Not obtained. B=58.47
6 WL 03067 6514 7.08 P<0.0171 B=-0.08767A+42.85
6 FP 02864 7218 642 P<0.0221 B=-0.09255A+40.65
7 WL 04965 8.054 1578 P<0.0011 B=-0.1608A+43.87
7 FP 04943 8.697 1564 P<0.0011 B=-0.1729A+42.80
8 WL 06844 6212 1626 P<0.0002 B=0.002020A-0.2117A+40.70
8 FP 06271 7.731 1262 P<0.0006 B=0.001720A%-0.2283A+44.61
9 WL 0.6236 5.755 26.51 P<0.0001 B=-0.1495A+4571
9 FP 0.6025 6.436 24.25 P<0.0002 B=-0.1599A+48.35
Le Lectier
5 WL 04454 3.185 6.02 P<0.0120 B=-0.00001560A3+0.0008442A%+53.61
5 FP  0.4120 3.841 525 P<0.0186 B=-0.000000004118A°+0.0000002688A"+57.38
6 WL 05127 6.625 16.84 P<0.0008 B=-0.00002868A%+51.98
6 FP  0.3582 5.823 893 P<0.0087 B=-0.00001836A+51.74
7 WL 0.5362 3.616 18.50 P<0.0005 B=-0.07827A+51.64
7 FP 03441 2478 839 P<0.0105 B=-0.03613A+54.21
8 WL Not obtained. C=47.06
8 FP Not obtained. C=49.30
9 WL 03887 5.234 10.18 P<0.0057 B=-0.001740A+46.61
9 FP 03370 6273 8.13 P<0.0115 B=-0.001872A%+47.91

“Coefficient of determination.

¥Standard deviation of estimation residue.

*F -test.

“Triangular sections in a whole leaf.

“Triangular scctions in a flat portion.
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Table 6 Results of multiple regression analysis of mean leaf inclination angle (B) of non-flat leaves

WIEAFRRE (RZ) 167 HL4T

using shoot angle (A) in cherry and persimmon. Symbols refer to Table 5.

Month Object R?

Re

F value Significance Formula

Satonishiki

0.3965
0.3883
0.5841
0.5869
0.7609
0.7482
0.6404
0.6549
0.4627
0.4997

OO 000 11N L
mE o mE !
JETEIENERE

Napoleon

0.7075
0.6813
0.6705
0.6703
0.3150
0.2887
0.4657
0.5102
0.4678
0.4112

ReRiNe e e N e - T RV V)
mEmMEWE o !
JERERENERE

Hiratanenashi

0.8367
0.8017
0.4341
0.3116
0.7746
0.7995
0.6658
0.6301
04128
0.4450

NoRENe R BN BN Bie SN SR I ]
! o ! !
JEREIEREARE

5463
5.586
6.742
7.055
3.773
5.304
4.972
5.454
3.959
4.716

3.362
4.266
7.516
8.958
4778
5.469
6.229
6.559
3.710
4.729

1.918
3.357
3.485
3.665
2.852
4.242
3.117
2.343
4.003
5.064

10.51
10.16
10.53
10.65
50.91
47.55
8.31
8.86
13.78
15.98

18.85
16.04
9.50
9.49
7.36
6.50
13.95
16.67
14.07
11.18

38.43
30.32
5.75
7.24
25.77
2991
31.87
27.25
11.25
12.83

P<0.0051 B=-0.09029A+44.66

P<0.0057 B=-0.09073A+44.96

P<0.0014 B=0.000000004722A%-0.2353A+39.18
P<0.0013 B=0.000000005018A%-0.2479A+40.51
P<0.0001 B=-0.1378A+48.95

P<0.0001 B=-0.1872A+45.00

P<0.0020 B=0.000000003381A%-0.002670A%-0.1119A+51 .61

P<0.0015 B=0.00004267A%-0.002951A%-0.2210A+57.11
P<0.0019 B=-0.07513A+44.69
P<0.0010 B=-0.09639A+48.51

P<0.0001 B=-0.001313A’-0.05275A+54.43
P<0.0002 B=-0.001791A%-0.05050A+55.56

P<0.0011 B=-0.0000005817A*+0.0001026A%-0 4860A+41.77
P<0.0011 B=-0.0000006732A*+0.0001177A%0.5686A+41.07

P<0.0154 B=-0.06535A+45.30
P<0.0215 B=-0.07028A+43.19
P<0.0018 B=-0.1189A+51.17
P<0.0009 B=-0.1368A+51.23
P<0.0017 B=-0.07026A+47.19
P<0.0041 B=-0.07985A+44.68

P<0.0001 B=0.001131A%-0.1042A+50.83
P<0.0001 B=0.001947A%-0.1618A+43.39

P<0.0140 B=0.0007439A%-0.07160A+48.16
P<0.0161 B=-0.05032A+52.41

P<0.0001 B=0.001596A-0.1214A+43.50

P<0.0001 B=0.002790A%-0.1919A+31.70
P<0.0001 B=-0.08913A+51.45
P<0.0001 B=-0.06196A+52.37

P<0.0040 B=-0.00001408A+54.76
P<0.0025 B=-0.00001903A+50.51
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Table 7 Results of multiple regression analysis of variance of leaf inclination angle (C) of non-flat
leaves using shoot angle (A) and mean leaf inclination angle (B) in apple and pear. Symbols
refer to Table 5.

Month Object R? Re F value Significance Formula
Fuji
5 WL 04418 28.73 12.67 P<0.0026 C=-0.5271A+435.8
5 FP 0.7788 46.97 26.40 P<0.0001 C=-0.001620B+16.29B-340.9
6 WL 043293207 573 P<0.0142 C=0.001283B%+0.009421A>+365.7
6 FP 03175 6148 744 P<0.0149 C=10.06B-282.0
7 WL 0.3404 47.99 826 P<0.0110 C=-0.6926A+408.9
7 FP 0437 39.02 1243 P<0.0028 C=-0.0001380A+174.0
8 WL 0.2931 38.69 6.63 P<0.0203 C=-0.5057A+455.1
8 FP 0.3708 90.50 9.43 P<0.0073 C=-1410A+208.2
9 WL Not obtained. C=411.5
9 Fp Not obtaincd. C=186.1
Jonathan
5 WL 05943 31.25 476 P<0.0138 C=4.944B-0.0002610A+2.657A
-0.03774AB+193.9
5 FP 0.6168 39.78 7.51 P<0.0031 C=7.699B-0.01447A%+0.5850A-173.1
6 WL 0.3175 59.07 7.44 P<0.0149 C=-0.8091A+307.5
6 FP Not obtained. C=180.2
7 WL Not obtained. C=392.0
7 FP Not obtained. C=135.6
8 WL 0.5058 43.51 3.33  P<0.0439 C=0.004009B-0.0002427A+12.67A
-0.2294AB+11.69
8 FP 04798 51.83 6.92 P<0.0074 C=0.001793B*+0.01056A%-26.33
9 WL 02562 4753 551 P<0.0321 C=-0.01267AB+401.7
9 FP 0.2723 88.79 599 P<0.0264 C=-0.0002211A%+201.7
La France
5 WL 02307 31.90 4.80 P<0.0436 C=-0.05578B°+446.0
5 FP Not obtained. C=150.4
6 WL 0.7484 48.07 9.67 P<0.0007 C=-0.003324B°+20.25B-6.616A+0.1471AB-50.91
6 FP 0.2919 73.32 6.60 P<0.0206 C=-0.9526A+138.7
7 WL 0.6698 78.65 1521 P<0.0002 C=-0.005040B°+34.46B-596.2
7 FP 0.5861 1150 6.61 P<0.0052 C=0.0004818A°-10.96A+0.1913AB+320.8
8 WL 0.6485 46.93 13.84 P<0.0004 C=-0.006244B+0.48684B°+22.44
8 FP 0.4836 60.94 7.02 P<0.0070 C=-0.001521B%+14.86B-354.6
9 WL 0.7292 59.46 2020 P<0.0001 C=-0.7128B*+71.91B-1256
9 FP 0.6208 40.40 7.64 P<0.0029 C=0.0002229A%-0.01274A%6.237B-134 8
Le Lectier
5 WL 03854 4504 470 P<0.0260 C=-0.009143B*+77.66B-2199
5 FP 03326 8246 7.97 P<0.0122 C=-0.001160B>+411.1
6 WL Not obtained. C=480.3
6 FP 0.2628 66.06 570 P<0.0296 C=0.01706AB+117.0
7 WL Not obtained. C=508.1
7 FP 0.2150 30.25 438 P<0.0526 C=-5.174B+355.3
8 WL Not obtained. C=4259
8 FP 0.4775 58.88 14.62 P<0.0015 C=-0.0007409B%+254.7
9 WL 0.7009 45.49 10.94 P<0.0006 C=-0.8184B*+80.36B+0.02512AB-1446
9 FP 0.4358 70.15 579 P<0.0137 C=-0.0003766A+0.02561A%+117.6
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Table 8 Results of multiple regression analysis of variance of leaf inclination angle (C) of non-flat

leaves using shoot angle (A
Symbols refer to Table 5.

) and mean leaf inclination angle (B) in cherry and persimmon.

Month Object

R?  Re F valueSignificance

Formula

Satonishiki

O O 00 00 N~ LW
-
ja~

Napoleon

WL
FP
WL
FP
WL
FP
WL
FP

WL
FP

NeRNoRvC I RIEN BIES B e Y I ]

Hiratanenashi
WL
FP
WL
FP
WL
FP
WL
FP
WL
FP

O O 00~ NN i

0.3575 47.56 8.90
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Fig.2b An example of estimated result using the multiple regression formulas, which show rela-
tions between shoot angle (SA), leaf inclination angle (LIA) and its probability densities
(PD) in all triangular sections (left) and that in flat portions (right) of 'Fuji' in June.
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Fig. 26 Estimated mean leaf inclination angle and the variance using the formulas shown in Table 5-8

at various height in the tree crown of Fuji' which were read on the tree photographs after
leaf fall. Abbreviations of tree form refer to Table 2
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