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Summary

In order to provide crown models of fruit trees for research on their light environments, a crown design system
(CDS) was developed. Fruit tree crowns for cultivation were thought to consist of three elements, viz. a trunk,
primary scaffold branches (“PSBs”) and compound units of stems after secondary scaffold branches (“units”). The
CDS used many alternatives in training-pruning procedure to construct crown models, namely, lengths and inclination
angles of the trunk, numbers of the PSBs and distribution patterns of sizes, branching angles and generation intervals
of both the PSBs and the units, and their central angles. The CDS constructed various tree crown models in a short
time. The appearances and the configurations of the crown models were compared between these alternatives. As the
results, the differences of lengths and inclination angles of the trunk greatly changed their appearances. Distribution
patterns of sizes, branching angles and generation intervals of the PSBs changed their configurations. Further, it was
found that combinations of central angles of the first PSB and the increments of the central angle in the order of the
PSNs greatly changed the appearances and the configurations. As the trunk was longer, the crown was less crowded,
the overreach of branches from the allocated space was less and the working space became more. The crowns with
trunks longer than 190 cm were easy to exceed the tree height restriction, and that shorter than 40 cm brought out
the shortage in the leafy bloc number owing to the overlaps of the units. In cases of two PSBs, the leafy bloc numbers
became insufficient when small units were used, and that became overmuch when the large units were used. Further,
leafy bloc numbers became overmuch in cases of six PSBs or five ones. When rows of the units were arranged like

“V” characters, overreach of branches from the allocated space decreased, and working spaces increased.

Key words : crown shape, light environment in orchard, tree form, tree height, tree width
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Fig. 1. Schematic showings of the relation between a parent branch and the child one with the changes of their attitudes.
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Fig. 2. Schematic showings of construction process of a tree crown using a trunk, two primary scaffold branches (PSBs)
and several units which prototypes were shown in a. The branching angle of a unit and the central angle were
shown in b. The inclination angle of a trunk and the direction angle were shown in g.
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Table 1. The list of the abbreviations (Ab.) of alternatives
concerning the trunk. The azimuth shows an angle
measured from the z coordinate axis in the
counterclockwise.

Trunk Inclination Inclination Azimuth
length angle direction
(cm) Ab. (°) Ab (°) Ab
40 C1 90 Al E 90 L1
70 C2 80 A2 SE 135 L2
100 C3 70 A3 S 180 L3
130 C4 60 Ad SW 225 L4
160 C5 50 A5 W 270 L5
190 C6 NW 315 L6
210 C7 N 0 L7
NE 45 L8
Table 2.
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The list of the abbreviations (Ab.) of alternatives concerning the primary scaffold branch (PSB). The central

angle shows the angle measured from the the z coordinate axis in the counterclockwise. Base, Mid and Tip
indicates a basal region, medium one and terminal one when a trunk was divided into three regions,

respectively.

Number Distribution patterns Distribution patterns Distribution patterns ~ Central Increment
of PSBs of PSB length of generation interval of branching angle  angles of of central
the 1st PSB angle
Ab. Base Mid Tip Ab. Ab. Base Mid Tip Ab. Ab. Ab.
(cm) (°) (") (°)
2 D2 35 35 35 H1l Equalinterval El 80 80 80 I1 90 F1 60 Gl
3 D3 60 60 60 H2 Alittlesparserasthetip E2 60 60 60 12 270 F2 72 G2
4 D4 100 100 100 H3 Very sparser as the tip E3 40 40 40 I3 180 F3 90 G3
5 D5 100 60 35 H4 Alittledenserasthetip E4 80 60 40 14 0 F4 120 G4
6 D6 35 60 100 H5 Verydenser as the tip E5 40 60 80 I5 135 F5 144 G5
100 60 100 H6 40 80 40 16 225 F6 180 G6
60 100 60 H7 80 40 80 17 45 F7 51 G7
315 F8 30 G8
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Table 3. The list of the abbreviations (Ab.) of alternatives concerning the units. The central angle shows the angle
measured from the the z coordinate axis in the counterclockwise. Base, Mid and Tip indicates a basal region,
medium one and terminal one when a PSB was divided into three regions, respectively.

Unit types Distribution patterns Distribution patterns Distribution patterns Increment of

of the generation interval of the unit size of branching angle central angle

or_like "V"
Ab. Ab. Base Tip Ab. Base Mid Tip Ab. Ab.

)

Like trifid K1 Equal interval Q1 Small Small Small P1L 80 80 80 S1 60° Y1
Like advancer K2 Very sparser as thetip Q2 Middle MiddleMiddle P2 60 60 60 S2 72° Y2
Like spindle K3 A little sparser as thetip Q3 Large Large Large P3 40 40 40 S3 90° Y3
Like pole K4 Very denser as the tip Q4 Large Middle Small P4 80 60 40 S4 120° Y4
Like plate K5 A little denser as the tip Q5 Small Middle Large P5 40 60 80 S5 144° Y5
Middle Large Small P6 40 80 60 S6 180° Y6

Middle Small Large P7 60 80 40 S7 Like"V"with60° Y7

80 40 60 S8 Like"V"with90° Y8
60 40 80 S9  Like V" with 120° Y9
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Table 4. The dimensions along the xyz coordinates of the five
types of the units with three steps in size, and the
numbers of leaf blocs which were built by each unit.

Types  Size The largest The largest The largest Number of

of units width along width along width along leaf blocs
X axis y axis Z axis
(cm) (cm) (cm)
Like Small 122.5 80.6 122.5 20
trifid Middle  194.7 105.2 194.0 35
Large 239.1 125.4 257.3 47
Like Small 134.6 120.9 134.6 19
advancer Middle ~ 150.3 122.9 127.2 39
Large 178.4 190.1 177.9 56
Like Small 78.9 53.7 121.0 18
spindle Middle  99.2 123.8 138.6 37
Large 140.2 168.4 239.9 61
Like Small 72.4 102.4 71.6 17
pole Middle  108.0 163.6 106.8 38
Large 115.3 185.0 126.2 56
Like Small 53 95.8 99.7 18
plate Middle 5.8 139.6 142.6 35
Large 59.8 171.0 180.2 57
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Fig. 3. The branch forms of the five types of the units with three sizes. Upper: Small size Middle: Medium size Lower: Large size
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® Rotation and transfer of a PSB
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Unit loop -

®  Rotation and transfer of a unit
and the re-rotation and re-transfer

@ Rotation and transfer of a whole
tree in a case of oblique tree

® Measurements of a tree crown

@ Micro—adjustment of array variables of

crown shapes, spaces under the
tree crown, and solid models)

Fig. 4. Aflow chart of CDS program. PSB indicates primary scaffold branch. The dotted lines show omission

in cases except of oblique trees.
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Table 5. Combinations of the alternatives in the each item which was
not included for the comparison experiments. The alternatives
refer to Table 1, Table 2 and Table 3.

Items which was not included Number of PSBs
for the comparison experiments 2 3 4 5 6
Alternatives
Trunk length (C) C2 C3 C4 C5C6
Inclination angle of trunk (A) Al Al Al Al Al
Disiribution pattern of PSB length (H) H3 H3 H4 H6 H6
Disiribution pattern of generation interval of PSB (E) E1 E1 E1 E1 El

Disiribution pattern of branching angles of PSB (1) 12 12 12 12 12
Central angle of the 1st PSB (F) F1 F1 F1 F1 F1
Increment of central angle of PSB (G) G6 G4 G3 G2 G1
Disiribution pattern of unit size (P) P3 P4 P4 P6 P2
Method for setting of the central angle of unit (Y) Y9 Y9 Y9 Y9 Y9
Disiribution pattern of branching angle of unit (S) all all all all all
Disiribution pattern of generation interval of unit (Q) all all all all all
Unit type (K) K3 K3 K3 K3 K3
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Working space

Fig. 5. Examples of the graphics of tree forms (a, b and c), crown shapes (d, e and f), solid models (g and h) and a
working space (i). A horizontal line indicates 50 cm.

Fig. 6. Effects of trunk length on the tree forms (views from the south) when the number of the primary scaffold
branches (PSBs) was four. The length scale and the direction were shown in the under right of the figure.
Abbreviations (C1, C2, C3, C4, C5, C6 and C7) of the alternatives refer to Table 1.
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— 50 om

Fig. 7. Effects of the distribution patterns of the generation interval of PSBs on the tree forms (views from the south)
when the trunk length was 190 cm and when the number of PSBs was six. The explanations of the figure refer to
Fig. 6. The abbreviations of the alternatives refer to Table 2.

S

Fig. 8. Effects of the distribution patterns of the PSB length on the tree forms (views from the top) when the trunk length
was 160 cm and when the number of PSBs was five. The explanations of the figure refer to Fig. 6. The

abbreviations of the alternatives refer to Table 2.
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Fig. 9. Effects of the central angles of the first PSB on the tree forms (views from the top) when the trunk length was
130 cm and when the number of PSBs was four. F8 was omitted. The explanations of the figure refer to Fig. 6.
The abbreviations of the alternatives refer to Table 2.

— 50 cm

Fig. 10. Effects of the distribution patterns of the branching angles of PSBs on the tree forms (views from the south)
when the trunk length was 100 cm and when the number of PSBs was three. The explanations of the figure refer
to Fig. 6. The abbreviations of the alternatives refer to Table 2.
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S

Fig. 11. Effects of the increments of the the central angle of PSBs on the tree forms (views from the top) when the trunk
length was 100 cm and when the number of PSBs was three. G8 was omitted. The explanations of the figure

refer to Fig. 6. The abbreviations of the alternatives refer to Table 2.

Fig. 12. Effects of the distribution patterns of the unit size on the crown shapes (views from the top) when the trunk
length was 70 cm and when the number of the PSBs was two. The explanations of the figure refer to Fig. 6. The

abbreviations of the alternatives refer to Table 3.
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Fig. 13. Effects of the methods for setting the central angles of the units on the tree form (views from the east) when the
trunk length was 160 cm and when the number of the PSBs was five. Y3 and Y4 were omitted. The explanations
of the figure refer to Fig. 6. The abbreviations of the alternatives refer to Table 3.

Fig. 14. Effects of the unit types on the crown shapes (views from the south) when the trunk length was 100 cm and
when the number of the PSBs was three. The explanations of the figure refer to Fig. 6. The abbreviations of the
alternatives refer to Table 3.
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Fig. 15. Effects of the distribution patterns of the generation intervals of the units on the tree forms (views from the top)
when the trunk length was 130 cm and when the number of the PSBs was four. The explanations of the figure
refer to Fig. 6. The abbreviations of the alternatives refer to Table 3.

Fig. 16. Effects of the distribution patterns of the branching angles of the units on the tree forms (views from the top)
when the trunk length was 100 cm and when the number of the PSBs was three. S8 and S9 were omitted. The
explanations of the figure refer to Fig. 6. The abbreviations of the alternatives refer to Table 3.
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Fig. 17. Effects of the inclination angles of the trunk on the tree forms (views from the east) when the trunk length was
130 cm and when the number of the PSBs was four. The explanations of the figure refer to Fig. 6. The
abbreviations of the alternatives refer to Table 1.

Fig. 18. Effects of the inclination directions of the trunk on the tree forms (views from the top) when the trunk length
was 100 cm and when the number of the PSBs was three. L8 was omitted. The explanations of the figure refer
to Fig. 6. The abbreviations of the alternatives refer to Table 1.
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Table 6. The effects of the trunk length (C) on the means of several measuring results of tree crowns. Ab. indicates
abbreviation. The index of crowdedness shows the mean length of branches which crossed a bloc. The overflow
shows the mean of proportion of length of branches which overreached the setting space to the total length. The
abbreviations in the righthand of the table were quoted from Table 5. The underlines indicate deviations from the

setting conditions. n=45.

Number Ab. Tree E-W  S-N  Height Working Indexof Overflow Number Occupied Abbreviations
of PSBs height width width beneath space crowded- of of leaf area of other
(C) canopy ness branches  blocs by crown  alternatives
cm cm cm cm m’ cm % m?

Cl 217 a°406 a 335 a 87 g 343 g 202 a 49 b 717 a 8.24 a Al E1,

C2 247 b 406 a 335 a 99 f 351 f 200 a 289 a 740 abc 831 aiH3, 12 F1,

C3 277 c 406 a 335 a 112 e 362 e 198 a 289 a 749 bc 831 a!G6P3,Y9,
2 C4307 d406 a 335 a 125 d 373 d 197 a 288 a 757 bc 831 aiK3, S1~89,

C5 337 e g a 33 a 138 c¢c 384 ¢ 195 a 289 a E c 831 aiQl~Q5

C6 ﬂ f ﬂ a 335 a 150 b 394 b 195 a 345 a E bc 830 a

C7 387 g 406 a 335 a 157 a 401 a 198 a 519 b 737 ab 826 a

Cl 187 a 327 a 318 a 74 g 381l e 234 e 722 b E a 6.50 a 1Al E1,

C2 217 b 327 a 318 a 8 f 383 e 225 d 298 a 599 b 6.61 a IH3, 12, F1,

C3 247 ¢ 327 a 318 a 9 e 392 d 219 c¢ 271 a 619 c 6.61 a !G4,P4,Y9,
3 C4 277 d 327 a 318 a 106 d 399 c¢c 213 bc 270 a 636 cd 6.61 a K3 S1~S9,

C5 307 e 327 a 318 a 117 c¢ 407 b 210 ab 270 a 649 d 6.61 a!Q1~Q5

C6 337 f 327 a 318 a 128 b 414 a 204 a 271 a 667 e 6.61 a

C7 357 g 327 a 318 a 135 a 418 a 204 a 294 a 668 e 6.60 a

Cl 194 a 337 a 324 a 70 g 376 e 255 d 832 b 602 a 6.56 a iAl, E1,

C2 210 b 337 a 324 a 75 f 377 e 251 d 317 a 646 b 6.68 a iH4, 12, F1,

C3 240 ¢ 337 a 324 a 8 e 383 d 243 ¢ 247 a 674 c 6.70 a iG3,P4,Y9,
4 C4 270 d 337 a 324 a 94 d 388 c 236 b 238 a 697 d 6.70 a K3, S1~S9,

C5 300 e 337 a 324 a 103 ¢ 394 b 231 b 238 a 714 d 6.70 a iQ1~Q5

C6 330 f 337 a 324 a 111 b 400 a 223 a 239 a 738 e 6.70 a

C7 350 g 337 a 324 a 116 a 403 a 218 a 246 a E e 6.70 a

Cl 200 a 339 a 305 a 74 g 382 e 251 g 98 ¢ ﬁ g 6.45 a 1Al E1,

C2 218 b 339 a 305 a 82 f 384 e 243 f 347 b 608 f 6.56 a !H6, 12, F1,

C3 241 ¢339 a 305 a 94 e 392 d 232 e 279 a 642 e 6.57 a iG2,P6,Y9,
5 C4 266 d 339 a 305 a 106 d 400 ¢ 227 d 264 a 659 d 6.57 a K3, S1~S9,

C5 294 e 339 a 305 a 119 c 408 b 222 ¢ 258 a 674 c 6.57 a iQl1~Q5

C6 324 f 339 a 305 a 130 b 416 a 215 b 256 a 699 b 6.57 a

C7 344 g 339 a 305 a 138 a 421 a 209 a 259 a 718 a 6.57 a

Cl 204 a 315 a 345 a 77 g 376 f 243 f 997 d ﬁ a 6.75 a Al E1l,

C2 222 b 315 a 345 a 86 f 379 f 238 e 334 c 625 b 6.87 a iH6, 12, F1,

C3 240 ¢ 315 a 345 a 98 e 386 e 228 d 240 b 660 c 6.89 a iG1,P6,Y9,
6 C4 258 d 315 a 345 a 111 d 395 d 224 cd 209 ab 674 c 6.89 a iK3,S1~S9,

C5 279 e 315 a 345 a 123 c 404 c 219 bc 201 a 692 d 6.90 a iQl~Q5

C6 302 f 315 a 345 a 136 b 412 b 214 ab 196 a 709 e 690 a

C7 320 g 315 a 345 a 144 a 418 a 211 a 194 a 720 e 6.90 a

ZDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 7. The effects of the distribution patterns of the generation intervals of PSBs (E) on the means of several measuring
results of tree crowns. The explanations of the table refer to Table 6. n=45.

Number Ap. Tree E-W S-N  Height Working Index of Overflow Number Qccupied Abbreviations
of PSBs height width ~ width beneath  space crowded- of of leaf area of other
(E) canopy ness branches blocs  bycrown alternatives
cm cm cm cm m? cm % m’
El 247 a" 406 a 335 a 99 a 351 a 200 a 289 a 740 a 831 a |C2 Al
E2 247 a ﬁ a 33 a 99 a 351 a 200 a 289 a ﬂ a 831 a IH3,12, F1,
2 E3 247 a ﬂ a 33 a 99 a 351 a 200 a 289 a ﬂ a 831 a iG6,P3,Y9,
E4 247 a 406 a 335 a 99 a 351 a 200 a 289 a 740 a 831 a K3, S1~S9,
E5 247 a 406 a 335 a 99 a 351 a 200 a 289 a 740 a 831 a iQLl~Q5
El 247 a 327 a 318 a 95 b 392 ab 219 a 271 a 619 a 6.61 a iC3 Al
E2 247 a 327 a 318 a 92 ¢ 390 ab 219 a 276 a 617 a 6.61 a iH3,12,F1,
3 E3 247 a 327 a 318 a 90 c 388 b 219 a 298 a 618 a 6.61 a iG4,P4Y9,
E4 247 a 327 a 318 a 96 ab 393 ab 218 a 271 a 622 a 6.61 a iK3,S1~S9,
E5 247 a 327 a 318 a 99 a 394 a 219 a 271 a 619 a 6.61 a |Q1~Q5
El 270 a 337 a 324 a 94 ¢ 388 bc 236 a 238 a 697 ab 6.70 a iC4, Al
E2 270 a 337 a 324 a 88 d 385 cd 236 a 255 ab 695 ab 6.70 a iH4,12,F1,
4 E3 270 a 337 a 324 a 8 e 383 d 237 a 308 b 687 a 6.69 a iG3,P4,Y9,
E4 270 a 337 a 324 a 98 b 391 ab 236 a 238 a 696 ab 6.70 a iK3,S1~S9,
E5 270 a 337 a 324 a 102 a 394 a 232 a 238 a 707 b 6.70 a iQ1~Q5
El 294 a 339 a 305 a 119 c 408 b 222 b 258 a 674 a 657 a iC5 AL,
E2 294 a 339 a 305 a 108 d 401 c¢c 222 b 276 a 673 a 6.57 a iH6,12, F1,
5 E3 294 a 339 a 305 a 102 e 398 c 221 ab 318 b 673 a 656 a {G2,P6,Y9,
E4 296 ab 339 a 305 a 125 b 413 b 221 ab 256 a 677 ab 6.57 a iK3,S1~S9,
E5 301 b 339 a 305 a 133 a 418 a 219 a 256 a 684 b 657 a iQl~Q5
El 302 b 315 a 345 a 136 ¢ 412 c¢ 214 a 19 a 709 b 6.90 a {C6, Al
E2 296 a 315 a 345 a 120 d 402 d 215 a 226 b 704 ab 6.89 a iH6, 12, F1,
6 E3 295 a 315 a 345 a 110 e 396 e 216 a 283 c 697 a 6.87 a iGlP2)Y9,
E4 309 ¢ 315 a 345 a 147 b 420 b 213 a 194 a 713 b 6.90 a {K3,S1~S9,
E5 320 d 315 a 345 a 161 a 430 a 214 a 194 a 710 b 6.90 a iQ1~Q5

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 8. The effects of the distribution patterns of the sizes of PSBs (H) on the means of several measuring results of tree
crowns. The explanations of the table refer to Table 6. n=45.

Number Ab. Tree E-W S-N Height ~ Working Index of ~ Overflow Number  Occupied Abbreviations
of PSBs height ~ width  width  beneath  space  crowded- of of leaf area of other
(H) canopy ness branches  blocs by crown alternatives
cm cm cm cm m? cm % m’
H1 226 2305 a 335 a 8 d 384 a 256 c 183 c 622 a 6.62 c iC2 Al E1,
H2 233 b 340 b 33% a 91 ¢ 368 b 223 b 124 a 683 b 739 b i12F1,
2 H3 247 ¢ 406 d 335 a 102 a 354 c 201 a 136 ab 749 c 833 a iG6,P3,Y9,
H4 234 b 359 ¢ 328 a 93 ¢ 375 ab 228 b 118 a 661 ab 7.20 b !K3,S1~S9,
H5 253 ¢ 359 ¢ 328 a 98 b 381 a 229 b 167 bc 655 ab 7.09 b !Q1~Q5
H1 242 a 309 a 307 a 88 bc 410 a 243 bc 429 b ﬁ a 573 d {C3 Al E1l,
H2 243 a 312 ab 310 ab 90 b 404 ab 235 b 325 a ﬂ b 6.00 cdil2, F1,
H3 247 ab327 ¢ 318 ¢ 95 a 392 d 219 a 271 a 619 d 6.61 a !G4,P4,Y9,
3 H4 242 a 337 d 309 ab 87 ¢ 395 cd 245 ¢ 296 a 596 c 6.27 bciK3,S1~S9,
H5 252 b 310 ab 314 bc 95 a 40.0 bc 241 bc 322 a 606 cd 6.29 bc!Ql~Q5
H6 242 a 318 b 318 ¢ 93 a 397 cd 2568 d 304 a 602 cd 635 ab
H7 254 b 317 b 314 bc 93 a 394 cd 243 bc 273 a 622 d 647 ab
H1 272 a 323 a 323 a 98 d 399 a 244 d 320 b 680 a 637 c {C4 AL EL
H2 273 a 326 a 326 a 99 «cd 393 b 236 ¢ 243 a 713 b 6.67 b 12, F1,
H3 276 ab349 ¢ 349 ¢ 105 ab 380 d 218 a 205 a 78l c 738 a iG3,P4,Y9,
4 H4 270 a 337 b 324 a 94 e 388 c 236 ¢ 238 a 697 ab 6.70 b (K3, S1~S9,
H5 284 b 324 a 325 a 106 a 399 a 230 bc 205 a 715 b 6.62 b {Q1~Q5
H6 270 a 322 a 336 b 102 bc 39.7 ab 232 ¢ 210 a 692 a 6.60 bc
H7 284 b 322 a 336 b 100 cd 395 ab 224 b 244 a 715 b 662 b
H1 305 bc296 a 293 a 104 d 419 a 228 e 281 b 643 a 573 c iC5 Al EL,
H2 313 c¢d318 b 314 b 113 ¢ 407 b 217 ¢ 212 a 686 b 6.46 b il12F1,
H3 326 e 356 d 352 d 124 a 388 c 197 a 187 a 768 f 762 a !G2P6,Y9,
5 H4 298 ab343 ¢ 347 cd 112 ¢ 380 d 204 b 198 a 738 d 759 a {K3, S1~89,
H5 320 de337 ¢ 339 ¢ 127 a 410 b 214 ¢ 256 b 700 c¢c 6.75 b iQ1~Q5
H6 294 a 339 c 305 b 119 b 408 b 222 d 258 b 674 b 657 b
H7 324 e 346 ¢ 348 cd 118 b 386 ¢ 201 a 203 a 751 e 752 a
H1 324 a 327 a 331 a 119 cd 424 a 217 e 28l a 624 a 589 c iC6 AL E]L,
H2 330 b 337 a 337 a 123 ¢ 411 b 206 bc 233 b 667 b 6.60 b |12 F1,
H3 340 ¢ 361 b 351 b 138 b 393 d 191 a 213 bc 733 ¢ 791 a iGLP2Y9,
6 H4 328 ab354 b 348 b 115 d 381 e 209 bed 1.74 d 819 ef 7.63 a [K3,S1~S9,
H5 354 d 354 b 349 b 143 a 403 ¢ 209 cd 217 bc 813 de 758 a iQ1~Q5
H6 328 ab354 b 346 b 134 b 397 d 212 d 205 c ﬁ d 756 a
H7 354 d 354 b 346 b 122 ¢ 387 e 205 b 192 cd 83l f 763 a

ZDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 9. The effects of the central angles of the first PSBs (F) on the means of several measuring results of tree crowns.
The explanations of the table refer to Table 6. n=45.

NumberAb. Tree  E-W S-N Height Working Index of Overflow Number Occupied Abbreviations
of PSBs  height width ~ width  beneath space crowded- of of leaf area of other
(P canopy ness branches  blocs by crown alternatives
cm cm cm cm m? cm % m?

F2 247 o* 406 ¢ 335 a 103 a 354 a 201 a 136 a 749 a 833 a (H3 I2

F3 247 a 335 a 406 ¢ 102 a 354 a 201 a 136 a 749 a 833 a iG6P3Y9,
2 F4 247 a 335 a 406 ¢ 103 a 354 a 201 a 136 a 749 a 833 a !K3,S1~S9,

F5 247 a 355 b 398 ¢ 99 b 347 b 201 a 125 a 752 a 849 a iQ1~Q5

F6 247 a 398 ¢ 355 b 100 b 348 b 201 a 125 a 752 a 849 a

F7 247 a 398 ¢ 355 b 100 b 348 b 201 a 125 a 752 a 849 a

F8 247 a 355 b 398 ¢ 100 b 348 b 201 a 125 a 752 a 849 a

F1 247 a 327 a 318 a 95 a 392 a 219 a 271 a 619 a 661 a iC3, AL E]L,

F2 247 a 327 a 318 a 95 a 392 a 218 a 271 a 619 a 6.61 a {H3 12,

F3 247 a 318 a 327 a 95 a 392 a 219 a 271 a 619 a 6.61 a iG4,P4,Y9,
3 F4 247 a 318 a 327 a 95 a 391 a 219 a 271 a 619 a 6.61 a !K3,S1~S9,

F5 247 a 321 a 325 a 95 a 393 a 221 a 271 a 612 a 6.57 a !Ql~Q5

F6 247 a 325 a 321 a 95 a 393 a 221 a 271 a 612 a 657 a

F7 247 a 325 a 321 a 95 a 393 a 221 a 271 a 612 a 657 a

F8 247 a 321 a 325 a 95 a 393 a 221 a 271 a 612 a 657 a

F1 270 a 337 b 324 ab 94 a 388 a 236 a 238 a 697 a 670 a |C4 AL EL |

F2 270 a 337 b 324 ab 94 a 388 a 236 a 239 a 697 a 6.70 a iH4, 12,

F3 270 a 325 ab 337 b 94 a 388 a 236 a 238 a 697 a 6.70 a iG3,P4,Y9,
4 F4 270 a 324 ab 337 b 94 a 388 a 236 a 239 a 697 a 6.70 a 1K3,S1~S9,

F5 270 a 313 a 311 a 93 a 386 a 239 a 239 a 687 a 6.77 a 1Ql~Q5

F6 270 a 311 a 313 a 93 a 386 a 239 a 239 a 687 a 677 a

F7 270 a 311 a 313 a 93 a 386 a 239 a 239 a 687 a 6.77 a

F8 270 a 313 a 311 a 93 a 386 a 239 a 239 a 687 a 677 a

F1 294 a 339 b 305 a 119 a 408 a 222 a 258 a 674 a 657 a iC5 Al E1,

F2 294 a 339 b 305 a 119 a 408 a 222 a 254 a 675 a 6.58 a iH6, 12,

F3 294 a 305 a 339 b 119 a 408 a 222 a 258 a 674 a 657 a iG2P6,Y9,
5 F4 294 a 305 a 339 b 119 a 408 a 222 a 254 a 675 a 6.58 a iK3,S1~S9,

F5 294 a 314 a 337 b 119 a 408 a 224 a 258 a 667 a 658 a iQl~Q5

F6 294 a 337 b 314 a 119 a 408 a 224 a 258 a 667 a 658 a

F7 294 a 337 b 314 a 119 a 408 a 224 a 258 a 667 a 658 a

F8 294 a 314 a 337 b 119 a 408 a 224 a 254 a 668 a 660 a

F1 302 a 315 a 345 bc 136 a 412 a 214 a 196 bc 709 a 6.90 a iC6, Al E1,

F2 302 a 315 a 345 bc 136 a 412 a 214 a 184 ab 711 a 6.95 a IH6, 12,

F3 302 a 345 bc 315 a 136 a 413 a 214 a 197 c¢ 708 a 6.88 a IG1,P2Y9,
6 F4 302 a 345 bc 315 a 137 a 412 a 214 a 183 a 711 a 6.96 a !K3,S1~S9,

F5 302 a 350 ¢ 339 b 136 a 413 a 215 a 195 bc 706 a 6.96 a !Q1~Q5

F6 302 a 339 b 350 ¢ 136 a 413 a 215 a 1.88 abc 707 a 6.90 a

F7 302 a 339 b 350 ¢ 136 a 413 a 215 a 188 abc 707 a 6.90 a

F8 302 a 350 c¢c 339 b 137 a 412 a 215 a 183 a 708 a 693 a

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 10. The effects of the distribution patterns of the branching angles of PSBs (I) on the means of several measuring
results of tree crowns.The explanations of the table refer to Table 6. n=45.

Number Ab.  Tree E-W S-N Height Working Index of Overflow Number  Occupied Abbreviations
of PSBs height ~ width  width beneath space crowded-  of of leaf area of other
[0) canopy ness branches blocs by crown _ alternatives
cm cm cm cm m® cm % m?
1 211 & 454 d 335 a 79 d 33 d 202 ab 901 d 689 a 867 a iC2ALE]L
2 247 b 406 ¢ 335 a 102 b 35 ¢ 201 ab 136 a 749 ¢ 833 b iH3FL,
2 13277 d 317 a 335 a 119 a 40 a 207 b 151 a 728 bc 685 d IG6,P3Y9,
14 277 d 385 b 335 a 100 bc 36 b 200 a 651 c¢ 714 b 798 c¢ iK3,S1~S9,
I5 257 ¢ 385 b 335 a 97 ¢ 36 b 203 ab 402 b 724 b 777 c¢ iQ1~Q5
11 230 a 348 e 339 e 81 d 36 d 212 a 954 d 59 ab 7.37 a iC3 Al EL,
12 247 ¢ 327 ¢ 318 ¢ 9 b 39 c¢ 219 bc 271 ab 619 c 6.61 b iH3, F1,
I3 271 d 296 a 297 a 104 a 42 a 231 d 223 ab 589 a 551 e 1G4,P4,Y9,
3 14 271 d 337 d 304 ab 94 b 40 b 216 ab 866 ¢ 589 a 635 c iK3,S1~S9,
15 230 a 306 b 336 de 93 bc 39 ¢ 224 ¢ 207 a 609 bc 656 bc iQ1~Q5
16 271 d 322 ¢ 307 b 92 bc 40 b 221 bc 287 b 611 bc 610 d
17 241 b 322 ¢ 330 d 90 ¢ 39 c 216 ab 890 cd 58 a 6.66 b
11 260 a 348 ¢ 327 a 83 e 36 d 220 a 989 b 689 cd 744 a iC4, Al EL
12 270 bc 337 b 324 a 94 ¢ 39 ¢ 236 ¢ 238 a 697 d 670 b iH4 F1,
I3 276 ¢ 308 a 316 a 102 a 42 a 252 e 207 a 653 a 579 e iG3,P4,Y9,
4 14 276 ¢ 345 ¢ 321 a 91 cd 39 c¢ 252 e 914 b 676 ¢ 6.70 b K3, S1~S9,
I5 260 a 312 a 324 a 97 b 40 b 245 d 187 a 674 bc 640 d i1Q1~Q5
16 276 ¢ 315 a 324 a 88 d 38 ¢ 229 b 262 a 716 e 6.69 bc
17 263 ab 340 bc 320 a 93 ¢ 39 b 231 bc 934 b 658 ab 6.47 cd
11 275 a 367 e 321 d 103 d 38 e 206 a 58 d 704 c 742 a C5ALE],
12 294 ¢ 339 bc 305 ¢ 119 b 41 bc 222 d 258 b 674 b 657 b H6,F1,
I3 311 d 299 a 286 a 124 a 44 a 231 e 172 a 653 a 547 c 1G2,P6,Y9,
5 14 310 d 331 b 295 b 111 ¢ 41 cd 212 b 565 d 682 b 647 b K3 S1~S9,
I5 288 b 346 cd 314 d 121 ab 41 b 223 d 176 a 676 b 649 b 1Q1~Q5
16 310 d 352 d 293 ab 108 ¢ 40 d 214 bc 193 a 703 ¢ 655 b
17 290 b 330 b 316 d 119 b 41 b 217 ¢ 510 ¢ 671 b 641 b
1 278 a 331 f 365 e 115 d 38 e 199 a 444 d 743 d 770 a iC6 Al El,
12 302 ¢ 315 d 345 bc 136 b 41 ¢ 214 d 19 b 709 b 690 c I{H6,F1,
I3 321 e 301 b 307 a 145 a 44 a 223 e 120 a 687 a 573 e {G1,P2Y9,
6 14 320 e 323 e 337 b 132 ¢ 41 ¢ 206 ¢ 397 ¢ 721 ¢ 679 c K3 S1~S9,
I5 294 b 306 ¢ 353 cd 136 b 41 ¢ 215 d 137 a 711 b 6.86 c 1Q1~Q5
16 311 d 334 f 357 de 119 d 39 d 203 b 170 b 751 d 737 b
17 320 e 292 a 348 bcd131 ¢ 42 b 208 ¢ 3.88 c¢c 717 bc 647 d

zDifferent letters indicates significance at 5% level by Tukey's multiple range test.
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Table 11. The effects of the increments of the central angle of PSBs (G) on the means of several measuring results of tree
crowns.The explanations of the table refer to Table 6. n=45.

Number Ab. Tree E-W  S-N Height ~ Working Index of  Overflow Number Occupied Abbreviations
of PSBs  height width width beneath  space  crowded- of of leaf area of other
(G) canopy ness branches  blocs by crown alternatives
cm cm cm cm m? cm % m?

Gl 247 a* 334 ¢ 339 bc 96 bc 384 b 221 bc 253 a 674 bc 6.92 e !C2 AL EL,
G2 247 a 352 d 341 bc 95 ¢ 377 ¢ 220 bc 253 a 679 bc 7.21 d {H3, 12, F1,
G3 247 a 371 e 346 c 98 370 ¢ 215 b 253 a 693 ¢ 754 c¢ iP3,Y9,

2 G4 247 a 399 f 333 b 99 a 359 d 207 a 266 a 718 d 7.99 b IK3,S1~S9,
G5 247 a 401 f 318 a 98 ab 352 e 202 a 277 a 736 de 825 ab iQ1~Q5
G6 247 a 406 f 335 b 99 a 351 e 200 a 289 a 740 e 83l a
G7 247 a 322 b 341 bc 94 c 389 b 223 ¢ 253 a 668 b 6.69 e
G8 247 a 303 a 339 bc 91 d 397 a 231 d 253 a 644 a 6.29 f
Gl 247 a 327 b 301 ab 96 a 412 b 243 cd 271 a 558 bc 581 c¢ {C3 Al ElL
G2 247 a 320 b 297 a 9% a 403 ¢ 236 ¢ 271 a 573 ¢ 619 b {H312,F1,
G3 247 a 326 b 325 d 96 a 396 d 227 b 271 a 597 d 6.46 a P4,Y9,

3 G4 247 a 327 b 318 cd 95 ab 392 de 219 a 271 a 619 e 661 a [K3,S1~S9,
G5 247 a 323 b 323 d 93 ab 391 e 216 a 271 a 627 e 658 a !Q1~Q5
G6 247 a 318 b 316 cd 86 c 406 c¢ 217 a 271 a 625 e 583 ¢
G7 247 a 327 b 305 ab 95 a 417 b 247 d 271 a 547 b 563 c
G8 247 a 289 a 309 bc 92 b 423 a 255 e 271 a 531 a 530 d
Gl 270 a 339 d 300 ab 94 a 399 b 250 d 238 a 656 bc 6.28 bc !C4,Al EL,
G2 270 a 332 cd 296 a 94 a 393 ¢ 244 c¢ 238 a 674 c 651 a !H4, 12, F1,
G3 270 a 337 d 324 e 94 a 388 ¢ 236 b 238 a 697 d 6.70 a !P4,Y9,

4 G4 270 a 339 d 311 cd 89 b 391 c 232 ab 238 a 707 de 6.47 ab [K3,S1~S9,
G5 270 a 325 bc311 cd 89 b 391 ¢ 229 a 238 a 715 de 6.50 ab !Q1~Q5
G6 270 a 321 b 316 de 85 ¢ 402 b 228 a 238 a 720 e 5.96 de
G7 270 a 340 d 302 abc 93 a 403 b 253 d 238 a 648 b 6.12 cd
G8 270 a 305 a 307 bcd 91 ab 412 a 264 e 238 a 622 a 573 e
G1 294 a 334 de313 b 119 ab 412 ¢ 228 d 257 a 656 b 6.41 abciCs, Al EL, |
G2 294 a 339 e 305 b 119 b 408 cd 222 ¢ 258 a 674 c 6.57 ab {H6,12, F1,
G3 294 a 321 ab339 ¢ 111 d 408 cd 213 b 258 a 703 d 6.37 bc {P6Y9,

5 G4 294 a 322 ab335 ¢ 114 ¢ 403 d 206 a 258 a 726 e 6.64 a K3, S1~S9,
G5 294 a 314 a 340 ¢ 113 cd 404 d 203 a 256 a 736 e 659 ab {Q1~Q5
G6 294 a 333 cd292 a 102 e 418 b 206 a 254 a 728 e 571
G7 294 a 326 bc344 ¢ 123 a 418 b 234 e 254 a 639 a 626 c
G8 294 a 323 ab292 a 119 b 424 a 237 e 254 a 631 a 587 d
Gl 302 a 315 a 345 cd 136 bc 412 ¢ 214 d 196 b 709 b 6.90 c iC6, Al EL,
G2 302 a 352 ¢ 344 ¢ 136 abc407 d 207 c¢ 197 b 736 c 7.14 abciHS6, 12 F1,
G3 302 a 351 ¢ 351 cd 138 ¢ 407 d 197 b 199 b 770 d 7.23 ab {P2,Y9,

6 G4302 a 354 c 343 ¢ 131 a 407 d 192 a 190 ab 793 e 7.03 bc {K3,S1~S9,
G5 302 a 338 b 365 e 133 ab 400 e 188 a 188 ab 808 e 738 a (Q1~Q5
G6 302 a 372 d 316 b 132 ab 407 d 191 a 191 ab 796 e 7.01 bc
G7 302 a 313 a 356 de 136 bc 419 b 221 e 189 ab 688 a 6.58 d
G8 302 a 333 b 292 a 135 abc427 a 225 e 183 a 677 a 6.19 e

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 12. The effects of the distribution patterns of the unit size of the units (P) on the means of several measuring
results of tree crowns.The explanations of the table refer to Table 6. n=45.

NumberAb. Tree E-W  S-N Height  Working Index of Overflow Number Occupied Abbreviations
of PSBs  height width width beneath space crowded- of of leaf  area of other
(P) canopy ness branches  blocs by crown alternatives
cm cm cm m’ cm % m?

Pl 205 a" 343 a 143 a 82 f 470 a 424 f 108 ab 272 a 337 g
P2 212 a 341 a 212 b 89 e 415 b 292 e 107 ab 488 b 555 f iC2 ALElL,
P3 247 d ﬁ d 33 d 102 b 354 e 201 a 136 b ﬂ f 833 a {H3,I12,F1,

2 P4 222 b 346 ab 316 ¢ 88 e 399 ¢ 252 d 125 b ﬁ c 6.18 e 1G6,Y9,
P5 250 d 411 d 316 ¢ 106 a 383 d 219 b 133 b 622 e 729 b [K3 S1~89,
P6 232 ¢ 361 ¢ 316 ¢ 94 d 386 d 234 c 118 ab 583 d 6.79 d iQ1~Q5
P7 232 ¢ 357 bc 316 ¢ 98 ¢ 382 d 228 bc 091 a 600 d 7.04 ¢
Pl 234 a 297 a 304 a 90 f 448 a 319 d 315 b ﬂ a 431 f iC3 Al E]L,
P2 242 b 308 b 319 b 98 e 403 b 224 c 250 570 b 6.21 e [H3,I12,F1,
P3 276 d 399 e 383 d 112 b 348 g 188 a 241 a 800 f 892 a iG4,Y9,

3 P4 247 b 327 ¢ 318 b 95 e 392 c 219 c 271 ab 619 c 6.61 d K3, S1~S9,
P5 276 d 398 e 386 d 118 a 36.0 f 187 a 246 a E e 862 a 1Q1l~Q5
P6 260 c 354 d 342 ¢ 103 d 377 d 203 b 247 a 667 d 739 c
P7 260 ¢ 360 d 347 c 106 c 369 e 198 b 228 a 685 d 781 b
P1 238 a 308 a 253 a 85 d 462 a 353 f 341 b ﬁ a 3.70 e 1iC4, Al E1,
P2 236 a 306 a 251 a 91 «c 421 b 270 e 244 a ﬁ b 535 d iH4,12, F1,
P3 278 ¢ 381 d 339 ¢ 103 b 361 f 198 a 213 a 821 e 808 a iG3,Y9,

4 P4 270 b 337 b 324 b 94 ¢ 388 cd 236 d 238 a 697 d 670 c iK3,S1~S9
P5 278 ¢ 377 d 331 bc109 a 39.0 c¢c 205 ab 214 a 667 ¢ 7.07 b iQ1~Q5
P6 264 b 354 ¢ 330 b 103 b 383 e 224 ¢ 224 a 711 d 718 b
P7 264 b 353 ¢ 330 b 106 b 383 de 209 b 208 a 705 d 725 b
P1 265 a 252 a 260 a 104 d 463 a 315 e 340 d 2 a 393 f iC5 Al EL,
P2 266 a 269 b 270 b 107 c¢ 433 b 260 d 241 ab ﬂ b 524 e iH6,12,F1,
P3 308 c 365 e 339 d 119 b 375 e 201 ab 210 a 874 e 803 a {G2Y9,

5 P4 300 b 307 ¢ 308 ¢ 108 c 405 ¢ 223 ¢ 209 a 721 d 6.42 d !K3,S1~S9
P5 308 ¢ 345 d 347 d 124 a 398 d 200 a 264 bc 710 d 7.18 b iQ1~Q5
P6 294 b 339 d 305 ¢ 119 b 408 ¢ 222 ¢ 258 bc 674 ¢ 657 cd
P7 294 b 342 d 305 c 122 a 405 c 207 b 279 c 682 c 681 ¢
P1 297 a 278 a 279 a 118 d 459 a 278 f 276 d ﬂ a 437 e 1C6,Al E1,
P2 299 a 291 b 286 a 125 c 435 b 234 e 196 b 614 b 559 d I[H6, 12 F1,
P3 333 c 348 d 373 d 136 b 394 f 189 a 210 bc 806 e 7.75 a iG1,Y9,

6 P4 330 c 318 ¢ 329 b 119 d 407 d 220 d 172 a 777 d 6.63 c !K3,S1~S9,
P5 321 b 364 e 345 c 143 a 417 c¢ 193 ab 227 c 689 ¢ 694 b 1Q1~Q5
P6 328 c 354 d 346 c 134 b 397 ef 212 ¢ 205 bc 802 e 756 a
P7 328 ¢ 353 d 345 c 141 a 402 e 197 b 212 bc 782 d 759 a

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 13. The effects of the settings of the central angles o
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f the units (Y) on the means of several measuring results of tree

crowns.The explanations of the table refer to Table 6. n=45.

Number Ab. Tree E-W S-N  Height Working Index of Overflow Number Occupied Abbreviations

of PSBs height ~ width  width beneath space crowded- of of leaf area of other
(Y) canopy ness branches  blocs by crown  alternatives
cm cm cm m’ cm % m?

Y1 260 d* 459 f 329 ¢ 82 e 349 de 188 a 1677 d 675 ab 7.88 cd iC2 Al El,

Y2 242 b 434 de 331 ¢ 85 e 346 e 189 a 1557 d 680 b 805 c IH3, 12 Fl,

Y3 282 fg 419 bcd333 ¢ 88 d 359 c 189 a 13.60 c 696 bc 7.68 de iG6,P3,

Y4 276 ef 439 e 329 ¢ 85 e 358 c 189 a 1874 e 654 a 7.63 e IK3,S1~S9,
2 Y5 249 ¢ 419 bc 329 ¢ 83 e 345 e 185 a 1620 d 689 b 805 ¢ iQ1~Q9

Y6 211 a 424 cd 333 ¢ 83 e 320 f 199 b 921 b 696 bc 897 a

Y7 286 g 399 a 248 a 114 a 405 a 221 d 084 a 681 b 656 f

Y8 274 e 404 ab 302 b 110 b 381 b 212 c 090 a 715 c 7.47 e

Y8 247 bc 406 ab 335 ¢ 102 ¢ 354 cd 201 b 136 a 749 d 833 b

Y1 261 c¢ 338 de 331 cd 88 d 384 de 202 a 660 c 643 e 6.72 bc !C3, Al E1,

Y2 264 cd 337 d 332 cd 85 de 387 cd 201 a 827 d 633 de 6.54 bc !H3 12, F1,

Y3 280 e 346 ef 328 ¢ 84 e 387 cd 198 a 1041 e 628 de 650 c iG4,P4,

Y4 283 e 351 fg 338 de 86 de 379 e 202 a 1029 e 628 de 686 b IK3,S1~S9,
3 Y5 261 c 343 def326 ¢ 83 e 384 de 19.7 a 10.16 e 632 de 6.61 bc iQ1~Q5

Y6 228 a 358 g 344 e 84 e 369 f 212 b 991 e 591 ab 719 a

Y7 283 e 291 a 304 a 106 a 426 a 241 e 076 a 574 a 551 e

Y8 270 d 308 b 310 ab 101 b 410 b 228 d 113 a 605 bc 6.05 d

Y8 247 b 327 ¢ 318 b 95 ¢ 392 ¢ 219 ¢ 271 b 619 cd 6.61 bc

Y1 258 bc 335 c 321 c 8 <c 384 cd 218 ¢ 741 c 714 c 6.67 b C4 Al EL,

Y2 263 ¢ 339 cd 322 ¢ 85 cd384 cd 215 bc 910 d 711 c¢ 6.67 b IH4,12,F1,

Y3 277 ef 345 de 322 ¢ 83 cd 379 d 212 bc 1050 de 709 c 6.78 b {G3,P4,

Y4 279 ef 339 cd 320 ¢ 84 cd 381 d 210 ab 1138 ef 707 ¢ 6.74 b 1K3,S1~S9,
4 Y5 256 b 351 e 321 ¢ 8l d 379 d 205 a 1249 f 716 ¢ 6.74 b iQ1~Q5

Y6 239 a 332 ¢ 320 ¢ 83 cd365 e 227 d 1000 de 665 b 730 a

Y7 284 f 303 a 279 a 104 a 430 a 267 g 064 a 628 a 530 d

Y8 274 de 318 b 303 b 102 a 412 b 252 f 101 ab 661 b 598 c

Y8 270 d 337 cd 324 ¢ 94 b 388 c 236 e 238 b 697 c 670 b

Y1 319 cd 301 bc 316 cd 111 ¢ 413 ¢ 210 e 242 b 713 ef 6.17 cd iC5, Al E1,

Y2 319 cd 310 cd 337 e 107 d 402 d 204 cd 304 b 731 f 651 bc !H6,I12 F1,

Y3 335 e 343 ef 307 bc 102 e 393 e 201 bc 575 c¢ 720 ef 6.75 ab iG2,P6,

Y4 338 e 354 f 324 d 94 f 385 f 197 ab 973 e 703 de 6.84 ab !K3,S1~S9,
5 Y5 313 ¢ 315 d 328 de 89 g 389 ef 192 a 10.03 e 718 ef 6.17 cd iQ1~Q5

Y6 266 a 337 e 371 f 100 e 383 f 207 de 699 d 691 cd 7.08 a

Y7 338 e 285 a 291 a 125 a 435 a 243 h 074 a 629 a 560 e

Y8 325 d 292 ab 301 ab 121 b 422 b 227 g 089 a 671 b 6.03 d

Y8 294 b 339 e 305 bc 119 b 408 cd 222 f 258 b 674 bc 657 b

Y1 325 c¢d 319 bc 327 b 129 ¢ 412 ¢ 201 ¢ 249 bc 752 cd 6.70 d !C6,ALEIL,

Y2 325 cd 324 bc 338 bc 119 d 398 d 196 b 292 <c 767 de 7.02 bc HS6, 12 F1,

Y3 341 e 338 de 336 bc 109 e 395 d 194 ab 473 de 762 cde6.86 cd iG1,P2,

Y4 344 e 329 cd 359 e 110 e 389 e 190 a 463 de776 e 7.14 b K3, S1~S9,
6 Y5 321 c 340 e 309 a 107 e 399 d 191 a 516 e 771 e 6.64 d iQ1~Q5

Y6 281 a 361 f 357 de 117 d 385 e 198 bc 414 d 749 ¢ 752 a

Y7 344 e 299 a 314 a 144 a 443 a 229 e 081 a 673 a 570 f

Y8 331 d 316 b 331 b 137 b 429 b 217 d 091 a 707 b 616 e

Y8 302 b 315 b 345 cd 136 b 412 ¢ 214 d 196 b 709 b 6.90 bcd

Different letters indicate significance at 5% level by Tukey's multiple range test.
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Table 14. The effects of the unit types (K) on the means of several measuring results of tree crowns. The explanations
of the table refer to Table 6. n=45.

NumberAb. Tree E-W S-N Height Working Index of Overflow Number Occupied Abbreviations
of PSBs  height width  width  beneath space crowded- of of leaf  area of other
(K) canopy ness _ branches  blocs by crown alternatives
cm cm cm m cm % m?
K1 295 ¢* 428 d 357 ¢ 91 c 339 c 185 a 356 b 664 c 854 b iC2 Al El,
K2 275 ¢ 423 cd 406 d 111 a 329 d 21.6 ¢ 366 b 830 e 9.69 a {H3, 12 F1,
2 K3 247 a 406 c 335 b 102 b 354 b 201 b 136 a 749 d 833 b iG6,P3,Y9,
K4 252 b 339 a 313 a 110 a 394 a 204 b 1.00 a 527 b 6.91 c iS1~S9,
K5 249 ab 361 b 305 a 113 a 390 a 282 d 089 a 504 a 7.15 c {Q1~Q5
K1 293 ¢ 378 ¢ 38 c 8 ¢ 362 d 195 a 460 d 619 c 7.57 b iC3 AL E],
K2 285 b 400 d 379 c 104 a 353 e 213 b 226 b 782 d 845 a {H3, 12 F1,
3 K3 247 a 327 b 318 b 95 b 392 c¢ 219 bc 271 c 619 c 6.61 c iG4,P4Y9,
K4 250 a 299 a 314 b 104 a 403 b 224 ¢ 170 a 575 b 640 c S1~S9,
K5 246 a 303 a 294 a 107 a 412 a 312 d 137 a 484 a 6.09 d iQ1~Q5
K1 323 e 360 ¢ 346 ¢ 87 «c¢ 357 e 213 a 409 c¢ 713 c¢ 7.74 a iC4, Al E1,
K2 292 d 395 d 397 d 103 a 366 d 217 a 243 b 771 d 7.87 a {H4,12F1,
4 K3 270 ¢ 337 b 324 b 94 b 388 c 236 b 238 b 697 ¢ 6.70 b :G3,P4,Y9,
K4 253 b 305 a 296 a 106 a 408 b 252 c¢ 157 a 624 b 623 c |S1~S9,
K5 244 a 308 a 297 a 104 a 415 a 341 d 126 a 55 a 589 d {Q1~Q5
K1 337 e 397 d 359 c 109 c 385 d 202 a 353 e 705 d 7.27 b iC5 Al E1,
K2 322 d 387 ¢ 387 d 126 a 362 e 204 a 213 c 872 e 884 a {H6, 12 F1,
5 K3 294 a 339 b 305 a 119 b 408 ¢ 222 b 258 d 674 c 6.57 c {G2,P6,Y9,
K4 305 ¢ 325 a 321 b 124 a 422 b 237 c 158 b 644 b 6.13 d {S1~S9,
K5 301 b 320 a 302 a 124 a 430 a 307 d 112 a 58 a 576 e {Q1~Q5
K1 354 e 377 d 408 d 125 ¢ 390 d 190 a 333 d 721 d 757 b !C6, Al, El,
K2 345 d 385 e 402 d 132 b 378 e 194 b 183 c¢ 879 e 837 a {H6,I2 F1,
6 K3 302 a 315 ¢ 345 ¢ 136 ab 412 c 214 c 19 c 709 c 6.90 c iG1,P2Y9,
K4 312 ¢ 291 b 321 b 139 a 427 b 221 d 142 b 663 b 631 d iS1~S9,
K5 307 b 275 a 304 a 138 a 436 a 278 e 090 a 619 a 587 e 101~Q5

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 15. The effects of the distribution patterns of the generation intervals of the units (Q) on means of the several measuring
results of tree crowns.The explanations of the table refer to Table 6. n=9.

NumberAb. Tree  E-W S-N Height Working Index of Overflow Number Occupied  Abbreviations
of PSBs height width ~ width  beneath space  crowded- of of leaf area of other
(Q) canopy ness branches _ blocs by crown alternatives
cm cm cm m cm % m?
Q1 247 " 406 a 335 a 103 ab 352 a 199 a 130 a 759 a 841 a iC2 AlEl,
Q2 244 a ﬂ a 335 a 101 bc 356 a 202 a 138 a ﬂ a 817 a iH3,12,F1,
2 Q3 242 a ﬁ a 33 a 97 c 356 a 204 a 150 a ﬁ a 807 a 1G6,P3,Y9,
Q4 249 a 406 a 335 a 105 ab 353 a 200 a 130 a 755 a 845 a iK3,51~S9
Q5 252 a 408 a 335 a 106 a 352 a 201 a 133 a 748 a 853 a
Q1 247 a 327 abc317 a 94 bc 392 ab 218 a 263 a 621 a 6.57 bciC3, AL E]L
Q2 246 a 318 ab 311 a 92 ¢ 398 a 224 a 29 a 603 a 628 c 1H3 12, F1,
3 Q3 246 a 312 a 308 a 90 c 399 a 224 a 330 a 602 a 620 c 1G4,P4Y9,
Q4 247 a 334 bc 322 ab 97 ab 387 bc 215 a 244 a 631 a 6.84 ab iK3,S1~S9
Q5 249 a 345 ¢ 331 b 101 a 382 c 213 a 223 a 631 a 715 a
Q1 270 a 335 a 324 a 93 a 387 b 234 ab 225 ab 702 bc 6.74 bc iC4, Al E1,
Q2 270 a 333 a 323 a 93 a 394 a 240 bc 273 ab 682 ab 6.47 cd iH4, 12, F1,
4 Q3 270 a 332 a 323 a 93 a 397 a 245 c¢ 308 b 666 a 6.33 d iG3,P4,Y9,
Q4 270 a 339 a 325 a 95 a 384 bc 231 ab 204 ab 713 c 6.90 ab iK3,S1~S9
Q5 270 a 346 a 327 a 97 a 381 ¢ 228 a 18 a 723 ¢ 708 a |
Ql 294 a 340 ab 340 ab 119 ab 409 ab 221 ab 257 a 676 ab 6.55 abciC5, Al E1,
Q2 293 a 333 ab 333 ab 117 bc 412 ab 223 ab 259 a 672 ab 6.37 bc iH6, 12, F1,
5 Q3 293 a 328 a 328 a 113 ¢ 413 a 226 b 261 a 662 a 620 c iG2,P6,Y9,
Q4 295 a 345 ab 345 ab 121 ab 405 ab 221 ab 257 a 676 ab 6.75 ab iK3,S1~S9
Q5 296 a 350 b 350 b 123 a 402 b 218 a 256 a 68 b 695 a
Q1 302 a 314 a 344 ab 136 bc 412 a 213 a 196 a 714 b 6.94 abciC6, Al E1,
Q2 300 a 314 a 340 a 130 cd 413 a 216 ab 190 a 703 ab 6.68 bc {H6, 12, F1,
6 Q3 299 a 313 a 338 a 129 d 415 a 219 b 186 a 694 a 654 c¢ {GlP2Y9,
Q4 304 a 315 a 349 ab 140 ab 412 a 213 a 201 a 714 b 7.08 ab }{K3,S1~S9
Q5 306 a 318 a 356 b 143 a 410 a 211 a 208 a 719 b 724 a

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.

184



BHERGT Y AT A WS 7 )y — IR

MTHRRAEFEOZETE (R 5, 1988 FA - XK,
1972), R mREE Ok - BB, 19930 3CE - AV H,
1987 : AF R, 1995), HiEdiE (A, 1997 1 RE S,
1980), =EHOLE Gl 5, 1995 A& - w=1iE,
1995), V) ¥ IOV O A (FrEE, 2018) 7 &IZBY
§ A WFZED S S 7z

FRLOWFEE L L ORBOWE A EMTEIZE T 24
3 CPE - 35, 1989) = HIZL CEFRIK L2 &

73

EUTFOETHL. Thbh, BHEAEOHEICEWV
TiE, ZHOERDPNMAEL, FEBp RO #E M AR <
RS EERAEFNORErI>EF L v, FAEKDLZL
TELRWAREDHETHL., Sz iul, 77— %4%4<
BV, Setba W U L7z RSk R 1 L w2 &
Thdb. T—IPEHELOALTHTHIUIHE 5 FIRIC
bbb ellh b, Ak L PRB RGBS A
DOFRIZL B TIFE L Z &b, EFIBREOUEL

Table 16. The effects of the distribution patterns of branching angles of the units (S) on means of the several measuring results
of tree crowns.The explanationsof the table refer to Table 6. n=5.

NumberAb. Tree  E-W S-N Height Working Index of Overflow Number Occupied  Abbreviations
of PSBs  height width width  beneath space  crowded- of of leaf area of other
(S) canopy ness branches  blocs by crown alternatives
cm cm cm m® cm % m?

S1 233 a2 380 a 344 ¢ 9 b 354 ¢ 211 d 2023 e 709 ab 8.07 bcd iC2, AL E],
S2 245 ¢ 415 b 328 b 105 a 36.6 a 202 c 093 ab750 cd 7.92 cd }H3, 12 F1,
S3 258 d 423 ¢ 277 a 105 a 355 bc 203 cd 136 c 741 bed 837 bed iG6,P3,Y9,
S4 258 d 423 ¢ 344 c 103 ab 340 d 184 a 225 d 809 f 893 a K3,

2 S5 235 ab 381l a 344 c 102 ab 364 ab 220 e 082 a 689 a 789 d Q1~Q5
S6 245 ¢ 415 b 344 ¢ 101 ab 351 ¢ 192 ab 1.14 bc 787 ef 840 bc
S7 258 d 423 ¢ 344 ¢ 105 a 350 ¢ 202 c 115 bc746 cd 856 ab
S8 246 ¢ 415 b 344 ¢ 103 ab 353 ¢ 202 ¢ 212 d 737 bc 8.37 hcd
S9 243 bc382 a 344 c 102 ab 351 ¢ 196 bc 071 a 773 de 843 ab
S1 245 ¢ 302 a 320 a 91 b 403 a 226 c¢c 395 b 592 a 6.06 b C3, Al E1,
S2 245 ¢ 331 bc 309 a 94 ab 399 ab 225 bc 206 a 606 ab 6.28 ab {H3,12 F1,
S3 257 d 343 ¢ 324 a 100 a 388 abc 223 bc 212 a 611 ab 6.89 ab {G4,P4,Y9,
S4 233 a 319 abc 322 a 93 ab 38.7 abc 21.1 ab 3.72 b 634 abc 6.72 ab K3,

3 S5 257 d 335 bc 325 a 98 ab 384 bc 225 ¢ 214 a 604 ab 6.97 a Q1~Q5
S6 257 d 336 bc 327 a 95 ab 382 c 207 a 237 a 654 c 6.99 a
S7 245 ¢ 339 bc 306 a 94 ab 39.7 abc 219 abc 229 a 619 abc 6.38 ab
S8 239 b 312 ab 320 a 90 b 39.0 abc 21.7 abc 3.71 b 617 abc 6.56 ab
S9 245 ¢ 328 abc 307 a 98 ab 39.3 abc 21.4 abc 204 a 635 bc 6.62 ab
S1 249 a 330 ab 344 ¢ 88 d 393 a 242 ab 367 b 669 a 6.38 a C4, Al E1L,
S2 274 b 339 abc 328 b 94 bcd394 a 240 ab 164 a 690 ab 6.50 a H4, 12, F1,
S3 287 ¢ 335 ab 301 a 103 a 387 a 244 b 184 a 677 a 701 a G2,P4,Y9,
S4 249 a 35 ¢ 344 ¢ 88 d 385 a 229 a 348 b 709 ab 6.68 a K3,

4 S5 287 ¢ 324 a 301 a 99 ab 385 a 239 ab 185 a 691 ab 6.95 a Q1~Q5
S6 287 ¢ 330 ab 301 a 96 bc 384 a 235 ab 204 a 700 ab 6.92 a
S7 274 b 345 bc 328 b 93 bcd390 a 234 ab 183 a 707 ab 6.65 a
S8 249 a 345 bc 344 ¢ 90 cd 389 a 232 ab 348 b 700 ab 6.60 a
S9 274 b 330 ab 328 b 93 bcd390 a 227 a 164 a 732 b 6.64 a
S1 287 a 321 a 293 a 113 ¢ 415 a 224 bc 329 d 663 a 610 b C5, AL, E1,
S2 294 b 338 a 302 a 118 abc 409 ab 224 bc 202 a 671 ab 6.52 ab iH6, 12, F1,
S3 302 ¢ 358 b 318 b 125 a 402 b 221 abc 243 ¢ 678 abc 7.02 a G2,P6,Y9,
S4 294 b 338 a 302 a 115 bc 408 ab 22.0 abc 239 ¢ 682 abc 6.48 ab K3,

5 S5 294 b 338 a 302 a 120 abc 409 ab 226 c 207 ab 666 a 655 ab :Ql~Q5
S6 287 a 321 a 298 a 117 bc 415 a 224 bc 316 d 664 a 620 b
S7 287 a 321 a 298 a 119 abc418 a 224 bc 349 e 663 a 615 b
S8 302 ¢ 358 b 318 b 119 abc398 b 216 a 218 b 692 c 6.99 a
S9 302 ¢ 358 b 318 b 122 ab 398 b 218 ab 219 b 688 bc 7.08 a
S1 302 bc 317 ab 345 ab129 a 417 ab 218 b 207 c¢d695 a 649 d C6, Al, E1,
S2 300 b 311 a 338 ab137 a 418 a 219 b 186 ab694 a  6.67 bcd iH6, 12, F1,
S§3 309 ¢ 312 a 355 b 141 a 408 cd 207 a 195 bc735 b 729 ab iG1,P6,Y9,
S4 300 b 311 a 336 a 133 a 41.1 becd 21.3 ab 192 ab 714 ab 6.86 abcdiK3,

6 S5 303 bc312 a 337 a 139 a 415 ab 216 b 216 de700 a 6.86 abcdiQl~Q5
S6 297 ab 320 bc 347 ab 133 a 414 abc 215 b 170 a 700 a 6.71 abcd
S7 293 a 326 ¢ 344 ab132 a 415 ab 218 b 171 ab699 a 6.65 cd
S8 309 ¢ 312 a 355 b 136 a 406 d 212 ab 201 «cd 716 ab 7.21 abc
S9 309 ¢ 314 ab 355 b 141 a 407 d 212 ab 226 e 715 ab 7.32 a

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 17. The effects of the inclination angles of the trunk (A) on the means of several measuring results of tree crowns.

The explanations of the table refer to Table 6.

n=45.

NumberAb.Tree  E-W  S-N Height Working Index of Overflow Number Occupied Abbreviations
of PSBs height width width  beneath space crowded- of of leaf area of other
(A) canopy ness branches  blocs by crown alternatives
cm cm cm m® cm % m?
Al 247 & ﬁ a33 c 9 d 31 c 200 a 289 a ﬂ d 831 a iC2E]l,
A2 260 b 406 a 337 ¢ 94 ¢ 358 b 204 a 507 b 713 ¢ 7.90 b [H3 12 F1,
2 A3266 c 406 a 331 ¢ 93 c 355 bc 203 a 800 c 694 ¢ 7.96 b iG6P3,Y9,
A4 265 ¢ ﬁ a 316 b 8 b 360 b 203 a 1370 d 648 b 7.60 c [K3,S1~S9
A5 256 b ﬂ a 293 a 83 a 375 a 203 a 2311 e ﬁ a 691 d iQ1~Q5
Al 247 ¢ 327 a 318 bc 95 a 329 cd 219 a 271 a 619 d 6.61 abiC3, E1,
A2 245 ¢ 327 a 324 ¢ 95 a 328 d 219 a 448 b 607 d 6.62 a iH3,12,F1,
3 A3245 c 327 a 324 ¢ 91 b 336 ¢ 221 ab 720 c 583 c 6.40 b iG4,P4,Y9,
A4 241 b 327 a315 b 8 ¢ 355 b 226 bc 1286 d 534 b 586 c {K3,S1~S9,
A5 234 a 327 a 298 a 79 d 375 a 229 c 2145 e 476 a 527 d {Q1~Q5
A1 270 c 337 a 324 ¢ 94 a 388 c 236 a 238 a 697 d 482 a iC4, El,
A2 265 bc337 a 329 ¢ 93 ab 395 ab 240 ab 450 b 669 ¢ 4.62 b {H4,12,F1,
4 A3 264 bc337 a 325 ¢ 91 b 391 c 237 ab 679 c¢ 661 ¢ 457 b iG3,P4,Y9,
A4 263 b 337 a 312 b 87 ¢ 392 bc 236 ab 1080 d 634 b 438 c iK3,S1~S9,
A5 255 a 337 a 294 a 81 d 397 a 241 b 1793 e ﬂ a 394 d iQ1~Q5
Al 294 b 339 a 305 a 119 ab 408 b 222 ab 258 a 674 d 657 a iC5 EL,
A2 292 b 339 a 317 bc 121 a 405 bc 221 a 368 b 670 cd 6.75 a iH6, 12, F1,
5 A3294 b 339 a 324 d 117 b 404 ¢ 220 a 494 c 662 c 6.68 a iG2P6,Y9,
A4 290 b 339 a 321 cd 107 c 408 bc 225 b 769 d 631 b 6.26 b iK3,S1~S9,
A5 279 a 339 a314 b 95 d 418 a 231 c 1316 e 574 a 558 c ;Q1~Q5
A1 302 b 315 a 345 ¢ 136 a 412 b 214 a 196 a 709 c 6.90 a iC6, E1,
A2 305 bc315 a 352 ¢ 135 a 420 a 217 a 336 b 688 b 653 c iH6, 12 F1,
6 A3310 c 315 a 348 ¢ 131 b 410 b 215 a 347 b 695 b 6.85 a iGLP2Y9,
A4 306 bc315 a 334 b 120 ¢ 405 ¢ 216 a 453 <c 686 b 6.75 abiK3,S1~S9
A5 293 a 315 a 320 a 104 d 398 d 216 a 607 d 671 a 6.58 bciQl~05

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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Table 18. The effects of the inclination directions of the trunk (L) on the means of several measuring results of tree crowns.
The explanations of the table refer to Table 6. n=45.

NumberAb. Tree E-W  S-N  Height Working Index of Overflow Number Occupied Abbreviations
of PSBs height ~width width beneath space  crowded- of of leaf area of other
(L) canopy ness branches blocs by crown alternatives
cm cm cm m° cm % m’

L1 266 a’ 331 a 406 b 93 a 357 bc 203 a 597 a 691 ab 7.91 ab iC2 A3 El,

L2 266 a 393 b 340 a 93 a 355 ¢ 203 a 58 a 694 b 796 a H3, 12 F1,

L3 266 a 406 b 331 a 93 a 357 bc 203 a 597 a 691 ab 7.90 ab !G6,P3,Y9,
2 L4 266 a 340 a 393 b 92 a 359 bc 204 a 638 a 687 ab 7.82 ab iK3,S1~S9,

L5 266 a 331 a 406 b 93 a 36.1 abc 204 a 653 a 685 ab 7.75 abcQ1~Q5

L6 266 a 393 b 340 a 92 a 365 a 204 a 828 b 671 a 753 c

L7 266 a ﬁ b 331 a 93 a 361 abc204 a 653 a 685 ab 7.76 abc

L8 266 a 340 a 393 b 92 a 362 ab 203 a 7.76 b 679 ab 7.67 bc

L1 245 a 324 a 327 a 91 a 391 a 220 a 455 a 591 a 656 a !C3 A3 EL,

L2 245 a 319 a 324 a 92 a 390 a 218 a 451 a 595 a 659 a IH3 12 F1,

L3 245 a 327 a 324 a 91 a 390 a 220 a 454 a 591 a 656 a !G4,P4,Y9,
3 L4 245 a 324 a 319 a 91 a 391 a 219 a 472 a 593 a 652 a K3, S1~S9

L5 245 a 324 a 327 a 91 a 394 a 221 a 520 a 583 a 640 a iQ1~Q5

L6 245 a 319 a 324 a 91 a 393 a 219 a 492 a 59 a 645 a

L7 245 a 327 a 324 a 91 a 394 a 221 a 520 a ﬁ a 640 a

L8 245 a 324 a 319 a 91 a 392 a 219 a 471 a 592 a 651 a

L1 264 a 325 bc337 ¢ 91 a 390 a 236 a 477 a 664 a 656 a iC4, A3 EL,

L2 264 a 314 b 299 a 91 a 391 a 238 a 477 a 657 a 653 a H4,12 F1,

L3 264 a 337 ¢ 325 bc 91 a 390 a 236 a 477 a 664 a 656 a G3,P4,Y9,
4 L4 264 a 299 a 314 b 91 a 391 a 239 a 480 a 657 a 652 a K3, S1~S9,

L5 264 a 325 bc337 ¢ 91 a 393 a 237 a 509 a 659 a 646 a 1Q1~Q5

L6 264 a 314 b 299 a 91 a 393 a 239 a 497 a 654 a 646 a

L7 264 a 337 ¢ 325 bc 91 a 393 a 237 a 508 a 660 a 6.46 a

L8 264 a 299 a 314 b 91 a 392 a 239 a 494 a 655 a 6.47 a

L1 294 a 324 a 339 b 117 a 403 b 220 a 366 a 666 bc 6.77 a iC5 A3 EL,

L2 294 a 339 b 326 a 117 a 405 ab 222 a 3.63 a 661 abc6.67 ab i{H6,12, F1,

L3 294 a 339 b 324 a 118 a 402 b 220 a 362 a 666 ¢ 6.79 a iG2P6,Y9,
5 L4 294 a 326 a 339 b 116 a 406 ab 222 a 3.83 ab 658 abc6.60 ab iK3, S1~S9,

L5 294 a 324 a 339 b 117 a 404 ab 220 a 390 ab 663 abc6.69 ab 1Q1~Q5

L6 294 a 339 b 326 a 115 a 408 a 223 a 429 ¢ 653 a 648 b

L7 294 a 339 b 324 a 117 a 404 ab 220 a 394 abc662 abc6.68 ab

L8 294 a 326 a 339 b 117 a 40.7 ab 222 a 4.09 bc 656 ab 6.56 ab

L1 310 a 348 b 315 a 129 a 412 cd 215 ab 267 a 695 d 6.74 c !C6, A3 EL,

L2 310 a 352 b 355 b 131 a 413 cd 21.7 ab 255 a 689 cd 6.75 c !H6,12, F1,

L3 310 a 315 a 348 b 130 a 411 d 214 a 254 a 697 d 680 c !G1,P6,Y9,
6 L4 310 a 355 b 352 b 131 a 41.4 bc 21.7 ab 289 a 686 bcd6.66 bc K3, S1~S9

L5 310 a 348 b 315 a 128 a 416 ab 216 ab 414 b 681 abc651 ab !Q1~Q5

L6 310 a 352 b 355 b 129 a 419 a 218 b 434 b 672 a 642 a

L7 310 a 315 a 348 b 128 a 417 ab 216 ab 427 b 679 abc6.45 ab

L8 310 a 355 b 352 b 130 a 417 a 218 ab 4.00 b 675 ab 6.50 ab

zDifferent letters indicate significance at 5% level by Tukey's multiple range test.
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