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Summary

Under conditions of no change of leaf volume and almost retaining of original canopy shape, next partial
deformations were treated on the many canopies which were dealt in the previous report (Yamamoto, 2016). The
mechanical deformations, in which leaf blocks in a grid were eliminated and relocated, were divided into the following
eight types by the difference of the elimination area; the central area (k), the bottom area (p), the radial areas (e), the
northern area, the southern area or the both areas (r), the oblique downward area in the northern side, the oblique
upper area in the southern side or the both areas (u), the several stairs, the several rows or the both (q), the
lengthwise areas cut off using several cross sections (s) and the simple formed solids distributing with regular
intervals (j). Further the mechanical deformation contained another 2 types; the decrease in number of leaf blocks in
an area (h) and the rotation (x). The partial deformations by relocations of leaf blocks after analyses of canopy shapes
comprised the next four types; relocation of leaf blocks to dissipate large leaf block agglomerations (i), that to rise
proportion of surface leaf blocks (b), that to decrease beam leakage to the ground (m) and that to avoid simultaneous
being of the overcrowded leaf blocks and the under-population (g). The each type contained several varieties which
were different to each other by the detailed processing. The orchard light environments were compared among the
canopies over 52,000 using OLEAS (Yamamoto, 1999). As the results, the improvement effect of orchard light
environment on a clear day was the following order; h >k >m >g=b=r=u>x>e=i>j=p>q>s, and
that on an overcast day was the following order; k >h >g>m=b>x>i=e=r=p=j=q>s > u By the
deformations, the characteristics of canopy shapes also changed and seemed to contribute for the effects.

Key words : canopy shape as prototype, characteristics of canopy shape, 3-dimensional structure of foliage
distribution, training and pruning, relocation of leaf layers
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Table 1 The classifications of canopy shapes as prototype.

Codes Contents

Trellis

Body of revolution

Body of non-revolution

Annular continuum of a cross section of foliage

Helix continuum of a cross section of foliage

Annular scatter of an unit foliage (starting angle was shifted in each stair)
Annular scatter of an unit foliage (starting angle was same in all stairs)
Annular scatter of unit analogous foliages with disordered inclination angle
Annular scatter of unit analogous foliages with different size

Annular scatter of unit analogous foliages with disordered inclination angle
and different size

Helix scatter of an unit foliage (starting angle was shifted in each circuit)
Helix scatter of an unit foliage (starting angle was same in all circuit)
Helix scatter of unit analogous foliages with disordered inclination angle
Helix scatter of unit analogous foliages with different size

Helix scatter of unit analogous foliages with disordered inclination angle
and different size

Radial scatter of foliages from the canopy center

Radial scatter of foliages from the canopy bottom

Disconnected scatter of large foliages

Top canopy and bottom one were different

Southern canopy and northern one were different

Canopy composed of four slender canopies

Canopy composed of two flat canopies

Canopy in which each foliage scatters with same distance

Canopy in which each foliage is randomly distributed

Canopy which CACOAS constructed

Special canopy which did not belong to A-L
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Table 2 The classification of partial deformations of canopy shapes.
The eliminated leaf blocks were finally relocated to another
empty blocks within original canopy as priototype using
random number in order to keep the total leaf block number.

Codes Contents
h  Contraction of number of leaf blocks in a set area in the grid

Elimination of leaf blocks in a central area in the grid

Elimination of leaf blocks in a bottom area in the grid

Elimination of leaf blocks in a radiate area in the grid

Elimination of leaf blocks in a northern area, a southern area or the

both in the grid

u  Elimination of leaf blocks in an oblique downward area in the northern
side, an oblique upper area in the southern side or the both

q Elimination of leaf blocks in several stairs, several rows or the both
in the grid

s Elimination of leaf blocks in the lengthwise erea cut off using several
cross section in the grid

j  Elimination of leaf blocks within simple formed solids with
regular-interval distributing in the grid

i Relocation of leaf blocks to delete large agglomerates after
diagnosis of the foliage distribution

b Relocation of leaf blocks to rise proportion of surface leaf blocks after

diagnosis of the foliage distribution

Relocation of leaf blocks to decrease proportion of light leakage

to ground after diagnosis of the foliage distribution

g Relocation of leaf blocks to avoid simultaneous being of
under-population of leaf blocks and the overcrowding after diagnosis
of the foliage distribution

x  Rotation of whole canopy
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Fig. 1. Schematic showing of the treated
area viewed from the grid side of
the each treatment in the h-type of
partial deformation. The gray zone
indicates the elimination using the
random number. The gradation
zone indicates the elimination with
the density gradient.
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Fig. 2. Examples of projection of the number of leaf blocks or the solid body after each partial deformation using a canopy shape of cylinder type

(B01z). The solid body as the prototype (B0O1) was shown in the under right of the figure. The sizes of black squares indicate relative scales of
total number of leaf blocks per square in the mesh along the direction from the east to the west or that from the zenith to the earth in the grid.
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Fig. 3. Schematic showings of the eliminated areas viewed from the
grid side surface (rectangle) or from upper surface (square) of
the each treatment in the k-type of partial deformation.

p10

Fig. 4. Schematic showings of the eliminated areas viewed from the
grid side surface of the each treatment in the p-type of partial
deformation.
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Fig. 5. Schematic showings of the eliminated areas (radial areas)

viewed from the grid side surface (rectangle) or the grid upper
surface (square) of in the e-type of partial deformation. The
number of inclinations and directions of the radial areas were
shown in the under right of the figure.

r02 r03
Fig. 6. Schematic showings of the eliminated areas viewed from the
grid side of the r-type of partial deformation.

u02 u03

Fig. 7. Schematic showings of the eliminated areas viewed from the
grid side of the u-type of partial deformation.

r05

r09

u01

u04



68 WA (R5E) 178 B4

q01 q02(q03) q04(q05)
q06 q07
Fig. 8. Schematic showings of the eliminated areas viewed from the
grid side of the g-type of partial deformation.
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Fig. 9. Schematic showings of the shapes
of sections and the places of the
eliminated areas viewed from the
grid upper side of the s-type of
partial deformation.
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io4 j05

Fig.10. Schematic showings of the eliminated areas viewed from the
grid side (rectangle) and the upper surface (square) of the
j-type of partial deformation.
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Fig. 12. Schematic showings of the b-type of partial deformation. The
thin arrows indicated scanning directions to detect if a leaf
block was a surface leaf block or not (upper). If a leaf block
was not a surface leaf block, this leaf block was relocated to a
near block to be a surface leaf block (lower).
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7
(1

Twenty six blocks in

@ contiguity with a leaf
block

il

Treatments (number of leaf blocks to
eliminate)

i03(>3), i04(>4), i05(>5), i06 (>6),
i07(>7), i08(>8), i09(>9), i10(>10),

Fig. 11. Schematic showings of scanning the 26 blocks in contiguity
with a leaf block to investigate the size of leaf block
agglomerate (upper), and the relationship between each
treatment in the i- type of partial deformation and the limitative
number of leaf block to eliminate in an agglomerate (in
bracket, lower).

Before

After

Fig. 13. Schematic showings of the m-type of partial deformation. The
thin arrow indicated scanning direction to detect cumulative
number of leaf block per longitudinal column (CN) in the grid
(upper). The bold arrow indicated the relocation of a leaf block
to an empty column to diminish the overlap of leaf blocks
(lower). The number of relocated leaf blocks to the neighbor
empty columns in the each treatment as follow; CN-1 (m01),
CN-2 (m02), CN-3 (m03), CN-4 (m04) and CN-5 (m05), and
that to the empty columns as follow; CN-1 (m06), CN-2
(m07), CN-3 (m08), CN- 4 (m09) and CN-5 (m10).
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Fig. 14. Schematic showings of the g-type of partial deformation. The
set space was divided into 245 cubes, where a cube contained
27 blocks. Number of leaf blocks in each cube (NLC) was
counted. The relocation of leaf blocks from a denser cube to a
diluter one was done in order to decrease the difference
between the two. The arrangement of a relocated leaf block in
a cube was decided using the random number. The number of
relocated leaf blocks was differed by the each treatment, and
decided by the next formula; a fixed proportion (%) x the
difference of NLC between the two cubes. Here, g01 (90%),
202 (85%), g03 (80%), g04 (75%), g05 (70%), g06 (65%) and
207 (60%).
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Fig. 15. Schematic showings of the x-type of partial deformation using
several rotation angles (RAs). The rotation around East-West
axis using the two RAs (upper), and that around the earth-
zenith axis using the 22 RAs (lower).
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Table 3 Abbreviations and their units of characteristics of canopy
shape (upper) and that of data related with orchard light
environment (lower).

Abbre. Contents Units
PSLB Proportion of surface leaf blocks for the total blocks %
TPVD Transmission proportion along vertical direction %
LAIC Leaf area index per land area occupied by a crown
PNLES Proportion of leaves in enclosed space for the total %
MCFVD  Mean continuation frequency of leaf block along

vertical direction in a 3D grid block
MCFNS Mean continuation frequency of leaf block along

north-south direction in a 3D grid cm
MCFEW  Mean continuation frequency of leaf block along

east-west.direction in a 3D grid cm
MNLBA  Mean number of blocks per leaf block

agglomeration block
MCTVD  Mean crown thickness along vertical direction cm
MCT3D Mean crown thickness along three directions cm
TP3D Transmission proportion along three directions %
CDMPPFD Daily mean of leaf PPFD on a clear day uE-m?2es!
ODMPPFD Daily mean of leaf PPFD on an overcast day uE-m?2es!
CDMCV Mean coefficient of variation of leaf PPFD

on a clear day %
ODMCV  Mean coefficient of variation of leaf PPFD

on an overcast day %
CDMPPFDb CDMPPFD before partial deformation wE-m?2es’!

ODMPPFDb ODMPPFD before partial deformation uE-m?2es?!
CDMCVb CDMCYV before partial deformation
ODMCVb  ODMCYV before partial deformation
CDMPPFDa CDMPPFD after partial deformation
ODMPPFDa ODMPPFD after partial deformation

uE-m'z's'I
uE-m'z-s'I

CDMCVa CDMCYV after partial deformation %
ODMCVa ODMCYV after partial deformation %
R1 CDMPPFDa,”CDMPPFDb

R2 ODMPPFDa,” ODMPPFDb

R3 CDMCVa,”CDMCVb

R4 ODMCVa, ODMCVb

MEAN Averaged value of grouped data

MAX Maximum value in grouped data

MIN Minimum value in grouped data

STD Standard deviation of grouped data
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Table 4 The statics of the ratios of orchard light environments data
after the all partial deformations for that before. The
abbreviations refer to Table 3.

MEAN MAX MIN STD n
CDMPPFDa,”CDMPPFDb  1.027 1.545 0.826 0.043 52378
ODMPPFDa, ODMPPFDb  1.019 1.361 0.815 0.027 52378

CDMCVa,”/CDMCVb 0.984 1.292 0.667 0.036 52378
ODMCVa,”ODMCVb 0.991 1.195 0.642 0.025 52378
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Fig. 16. Relationships between the light environment data between before the partial deformation and that after. The abbreviations refer to Table 3.

The slant lines indicate 1:1 lines.
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Fig. 17. Relationships between the light environmental data before the
h-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 5 Correlations between light environmental data (R1, R2, R3
and R4) of the h-type of partial deformation treatments and the
proportions of values of characteristics of canopy shape after
the treatment to that before. In the latters, suffix "a " and "b"
denotes "after treatment" and "before treatment", respectively.
The abbreviations refer to Table 3. n=4560.

R1 R2 R3 R4
PSLBa / PSLBb 0.5904 **+* 0.6197 ** -0.5701 ** -0.5157 **
TPVDa / TPVDb -0.2013 ** -0.0916 ** 02671 ** -0.0322 *
LAICa / LAICb -0.6322 **  -0.3624 ** 0.5660 ** 0.0138

PNLESa /PNLESb -0.0715 ** -0.0350 *  0.0785 ** -0.0001

MCFVDa / MCFVDb  -0.6398 ** -0.5875 ** (0.5346 ** 0.3077 **
MCFNSa / MCFNSb ~ -0.2614 ** -0.3694 ** 0.1922 ** (.3806 **
MCFEWa / MCFEWb -0.2616 ** -0.3767 ** 0.1852 ** (.3350 **
MNLBAa / MNLBAb  -0.5973 ** -0.5399 ** (4881 ** (.2500 **

MCTVDa / MCTVDb -0.2742 **  0.0191 0.2857 ** -0.2138 **
MCT3Da / MCT3Db  0.2479 ** 03477 ** -0.3426 ** -0.3886 **
TP3Da / TP3Db -0.6386 ** -0.6138 ** 0.6225 ** (0.4228 **

z** and * indicates significance at 1% and 5% level, respectively.
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Fig. 18. Relationships between the light environmental data before the
k-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 6 Correlations between light environmental data of the k-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=2687.

R1 R2 R3 R4
PSLBa / PSLBb 0.5369 *** 0.5701 ** -0.5312 ** -0.4789 **
TPVDa / TPVDb -0.2229 ** -0.1136 ** 0.2900 ** -0.0257

LAICa / LAICb -0.6486 ** -0.4288 ** 0.5899 ** 0.0818 **
PNLESa /"PNLESb -0.0641 ** -0.0412 *  0.0676 ** 0.0105

MCFVDa / MCFVDb -0.6561 ** -0.6085 ** 0.5430 ** 0.3356 **
MCFNSa / MCFNSb ~ -0.2695 ** -0.4186 ** 0.2113 ** 0.4322 **
MCFEWa / MCFEWb -0.2621 ** -0.4023 ** 0.1924 ** (.3580 **
MNLBAa / MNLBAb -0.6264 ** -0.5860 ** 0.5132 ** (.3074 **
MCTVDa / MCTVDb -0.3479 ** -0.0695 ** 0.3697 ** -0.1645 **
MCT3Da / MCT3Db ~ 0.2433 ** 03253 ** .0.3201 ** -0.3870 **
TP3Da / TP3Db -0.6708 ** -0.6608 ** 0.6576 ** 0.4556 **

#** and * indicates significance at 1% and 5% level test, respectively.
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Fig. 19. Relationships between the light environmental data before the
p-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 7 Correlations between light environmental data of the p-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=2327.
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Fig. 20. Relationships between the light environmental data before the
e-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 8 Correlations between light environmental data of the e-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=4560.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa / PSLBb -0.0994 ##* -0.0692 ** 0.0550 ** -0.0147 PSLBa / PSLBb 0.4350 *x* 0.4797 ** -0.3901 ** -0.2952 **
TPVDa / TPVDb -0.2802 ** -0.1481 ** 0.3462 ** -0.0057 TPVDa / TPVDb -0.1971 ** 0.0453 ** 0.1964 ** -0.3097 **
LAICa / LAICb -0.4126 ** -0.2156 ** 0.3818 ** -0.0951 ** LAICa / LAICb -0.6497 ** -0.4754 ** 0.5441 ** 0.0931 **
PNLESa  PNLESb -0.0629 ** -0.0353 0.0569 ** 0.0054 PNLESa PNLESb -0.0522 ** -0.0320 *  0.0456 ** 0.0192
MCFVDa / MCFVDb -0.3347 ** 0.0130 0.2412 ** -0.2032 ** MCFVDa / MCFVDb  -0.6203 ** -0.6084 ** 0.5183 ** 0.3101 **
MCFNSa / MCFNSb ~ 0.3791 ** 0.1838 ** -0.3712 ** (.0721 ** MCFNSa / MCFNSb ~ -0.2350 ** -0.4410 ** 0.1591 ** 0.3813 **
MCFEWa / MCFEWb 0.3264 ** 0.1663 ** -0.3243 ** (.0538 ** MCFEWa / MCFEWb -0.2147 ** -0.4274 ** (.1435 ** (0.3505 **
MNLBAa ~ MNLBAb -0.3287 ** -0.0051 0.2307 ** -0.1813 ** MNLBAa / MNLBAb -0.5263 ** -0.5373 ** (.4359 ** (.2812 **
MCTVDa / MCTVDb -0.1751 ** 02175 ** 02539 ** (.0717 ** MCTVDa / MCTVDb -0.4012 ** -0.0818 ** 0.3415 ** 0.2237 **
MCT3Da / MCT3Db ~ 0.1351 ** 0.1756 ** -0.1170 ** -0.1713 ** MCT3Da / MCT3Db  -0.1312 ** -0.2594 ** 0.0645 ** 0.2071 **
TP3Da ~ TP3Db -0.1736 ** -0.1237 ** 0.2003 ** 0.0193 TP3Da / TP3Da -0.5530 ** -0.6316 ** 0.5001 ** 0.3895 **

2 ** indicates significance at 1% level .
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7 ** and * indicates significance at 1% and 5% level, respectively.
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Fig. 21. Relationships between the light environmental data before the
r-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 9 Correlations between light environmental data of the r-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=2690.
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Fig. 22. Relationships between the light environmental data before the
u-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 10 Correlations between light environmental data of the u-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=2736.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa /" PSLBb 0.1268 *** -0.0039 -0.0539 ** 0.1165 ** PSLBa /" PSLBb 0.1065 *** -0.0509 ** -0.0840 ** 0.0345
TPVDa / TPVDb -0.2584 ** -0.1128 ** 0.3658 ** -0.1022 ** TPVDa / TPVDb -0.3021 **  -0.1397 ** 0.4132 ** -0.0198
LAICa / LAICb -0.6653 ** -0.2894 ** (0.5492 ** -0.3261 ** LAICa / LAICb -0.6614 ** -0.1180 ** 0.5543 ** -0.1590 **
PNLESa PNLESb -0.0747 ** -0.0109 0.0802 ** -0.0404 * PNLESa /PNLESb -0.0858 ** -0.0496 ** 0.0963 ** -0.0042
MCFVDa / MCFVDb -0.4126 ** -0.3912 ** 0.2326 ** -0.0924 ** MCFVDa / MCFVDb -0.3825 ** -0.2085 ** 0.1953 ** -0.0783 **
MCFNSa / MCFNSb  -0.0291 -0.0675 ** -0.1190 ** 0.0504 ** MCFNSa / MCFNSb ~ 0.0185 0.0718 ** -0.1012 ** 0.1106 **
MCFEWa / MCFEWb -0.0210 -0.1487 ** -0.1152 ** 0.0510 ** MCFEWa / MCFEWb 0.0084 -0.0478 ** -0.0887 ** 0.1057 **
MNLBAa / MNLBAb -0.3748 ** -0.3576 ** 0.1856 ** -0.1085 ** MNLBAa / MNLBAb -0.3370 ** -0.3226 ** 0.1655 ** -0.0039
MCTVDa / MCTVDb -0.5515 ** -0.1566 ** 0.5707 ** -0.2755 ** MCTVDa / MCTVDb -0.5025 **  0.0474 ** 0.5207 ** -0.1655 **
MCT3Da / MCT3Db  0.0787 **  0.1931 ** -0.2157 ** -0.2524 ** MCT3Da / MCT3Db  0.0469 ** -0.0568 ** -0.1287 ** -0.0408 **
TP3Da / TP3Db -0.3283 **  -0.1665 ** 0.1828 ** -0.1924 ** TP3Da / TP3Db -0.3510 **  -0.2065 ** 0.2845 ** 0.0617 **

z** and * indicates significance at 1% and 5% level , respectively.
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z** indicates significance at 1% and 5% level.
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Fig. 23. Relationships between the light environmental data before the
g-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 11 Correlations between light environmental data of the g-type
of partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=3450.
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Fig. 24. Relationships between the light environmental data before the
s-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 12 Correlations between light environmental data of the s-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=5087.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa / PSLBb 0.0957 #*x* 0.1175 ** -0.1927 ** -0.1514 ** PSLBa  PSLBb 0.1320 =*** 0.0942 ** -0.1825 ** -0.0611 **
TPVDa / TPVDb -0.4084 ** -0.2816 ** 0.5584 ** (.1380 ** TPVDa / TPVDb -0.4073 ** -0.2516 ** 0.5479 ** 0.1210 **
LAICa / LAICb -0.5540 ** -0.2032 ** 04501 ** -0.1602 ** LAICa / LAICb -0.4424 ** -0.1029 ** 0.3821 ** -0.1108 **
PNLESa /PNLESb 0.0399 * 0.0015 -0.0404 * -0.0891 ** PNLESa /PNLESb -0.0115 -0.0105 -0.0115 -0.1023 **
MCFVDa / MCFVDb -0.3115 ** -0.1207 ** 0.2433 ** -0.0029 MCFVDa / MCFVDb -0.2559 ** 0.0195 0.1845 ** -0.1061 **

MCFNSa / MCFNSb ~ 0.2162 **  0.1958 ** -0.2474 ** 0.0087
MCFEWa / MCFEWb 0.2566 ** 0.0679 ** -0.2516 ** 0.0767 **
MNLBAa /" MNLBAb -0.2915 ** -0.1022 ** 0.2163 ** -0.0308
MCTVDa / MCTVDb -0.3608 ** -0.1765 ** 03928 ** -0.0659 **
MCT3Da / MCT3Db  0.0231 0.0710 ** 0.0149 -0.0233
TP3Da / TP3Db -0.2411 ** -0.1654 ** 0.3033 ** 0.1010 **

MCFNSa / MCFNSb ~ 0.1227 **  0.0619 ** -0.2220 ** (.0440 **
MCFEWa / MCFEWb 0.1103 ** 0.0628 ** -0.2173 ** -0.0283 **

MNLBAa / MNLBAb -0.2545 **  0.0048 0.1766 ** -0.1067 **
MCTVDa / MCTVDb -0.3396 ** -0.1613 ** 03769 ** -0.0386 **
MCT3Da /" MCT3Db -0.0047 0.1294 ** 0.0049 -0.1242 **

TP3Da ~ TP3Db -0.3095 ** -0.1429 ** 0.3237 ** 0.0073

z*% and * indicates significance at 1% and 5% level.

z** indicates significance at 1% and 5% level.
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Fig. 25. Relationships between the light environmental data before the

j-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 13 Correlations between light environmental data of the j-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=2243.
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Fig. 26. Relationships between the light environmental data before the
i-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 14 Correlations between light environmental data of the i-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=3337.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa / PSLBb -0.1917 *#* -0.1658 ** 0.1468 ** 0.0048 PSLBa / PSLBb 0.3709 =*** 0.4603 ** -0.3256 ** -0.4611 **
TPVDa / TPVDb -0.2631 ** -0.1633 ** 0.3777 ** 0.0391 TPVDa / TPVDb -0.2520 **  -0.0940 ** 0.3023 ** -0.0055
LAICa / LAICb -0.3641 ** -0.1977 ** 0.3375 ** -0.0433 * LAICa / LAICb -0.4305 ** -0.2727 ** 0.3835 ** 0.1155 **
PNLESa /"PNLESb -0.0515 *  -0.0389 0.0470 *  0.0091 PNLESa /' PNLESb -0.0332 -0.0114 0.0221 -0.0002
MCFVDa / MCFVDb -0.5248 ** .0.3498 ** (.4273 ** (.0718 ** MCFVDa / MCFVDb -0.3729 ** -0.1661 ** 0.3658 ** 0.0080
MCFNSa / MCFNSb ~ 0.4308 ** 0.2591 ** -0.4413 ** 0.0413 MCFNSa / MCFNSb  0.0139 -0.1869 ** -0.0912 ** 03015 **
MCFEWa / MCFEWb 0.4120 ** 0.2865 ** -0.4233 ** -0.0530 * MCFEWa / MCFEWb  0.0032 -0.1693 ** -0.0668 ** 0.2786 **
MNLBAa / MNLBAb -0.4685 ** -0.2879 ** 03684 ** 0.0029 MNLBAa ~ MNLBAb -0.2628 ** -0.0509 ** 0.2589 ** -0.1206 **
MCTVDa / MCTVDb -0.0001 0.0561 ** 0.0769 ** -0.0841 ** MCTVDa / MCTVDb -0.0611 ** -0.0712 ** 0.0563 ** 0.0735 **
MCT3Da / MCT3Db  0.3337 ** 03584 ** -0.3152 ** -0.2068 ** MCT3Da / MCT3Db  0.3758 ** 03250 ** -0.4117 ** -0.2260 **
TP3Da / TP3Db 0.0614 **  0.0384 -0.0140 0.0450 * TP3Da / TP3Db -0.3129 ** -0.3517 ** 0.2613 ** 0.3097 **

#** and * indicates significance at 1% and 5% level.
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z** indicates significance at 1% level.
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Fig. 27. Relationships between the light environmental data before the
b-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 15 Correlations between light environmental data of the b-type of
partial deformation treatments and the proportions of values
of characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=528.
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Fig. 28. Relationships between the light environmental data before the
m-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 16 Correlations between light environmental data of the m-type of
partial deformation treatments and the proportions of values of
characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=5280.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa /* PSLBb 0.4318 #** (.3356 ** -0.3966 ** -0.1081 * PSLBa / PSLBb 0.5625 *** 0.5055 ** -0.5371 ** -0.2280 **
TPVDa / TPVDb -0.4727 **  -0.3469 ** 0.5869 **  0.0631 TPVDa /" TPVDb -0.0880 ** -0.0940 ** 0.1693 ** 0.1056 **
LAICa / LAICb -0.6546 ** -0.3495 ** 0.5954 ** -0.1533 ** LAICa / LAICb -0.7310 ** -0.5298 ** 0.6428 ** -0.0077
PNLESa PNLESb -0.1610 ** -0.0622 0.1174 ** -0.1046 * PNLESa /PNLESb -0.0136 0.0173 -0.0085 -0.1101 **
MCFVDa / MCFVDb -0.4790 ** -0.3150 ** 0.3636 ** 0.0468 MCFVDa / MCFVDb -0.6206 ** -0.4981 ** (.5270 ** 0.0786 **
MCFNSa / MCFNSb ~ 0.1977 **  0.0212 -0.2310 **  0.2888 ** MCFNSa / MCFNSb  -0.5988 ** -0.5191 ** (.5565 ** 0.2868 **
MCFEWa / MCFEWb 0.2398 ** (.1449 ** -0.2892 **  (.0594 MCFEWa / MCFEWb -0.5270 ** -0.5383 ** (.4848 ** (.2320 **
MNLBAa / MNLBAb -0.4604 ** -0.2471 ** 0.3444 ** -0.0779 MNLBAa / MNLBAb -0.6210 ** -0.4631 ** 0.5203 ** 0.0056
MCTVDa / MCTVDb -0.3599 ** -0.1929 ** 04237 ** -0.1120 ** MCTVDa / MCTVDb -0.6692 ** -0.4924 ** (.6163 ** 0.0111
MCT3Da / MCT3Db  0.1050 * 0.1970 ** -0.0887 *  -0.2698 ** MCT3Da / MCT3Db -0.3998 ** -0.2146 ** (.2988 ** -0.1928 **
TP3Da / TP3Db -0.6297 ** -0.4052 ** 0.6308 ** -0.0161 TP3Da / TP3Db -0.7759 ** -0.6825 ** 0.7810 ** (.2528 **

z** and * indicates significance at 1% and 5% level, respectively.
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7 ** indicates significance at 1% level.
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Fig. 29. Relationships between the light environmental data before the
g-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 17 Correlations between light environmental data of the g-type of
partial deformation treatments and the proportions of values of
characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=4561.
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Fig. 30. Relationships between the light environmental data before the
x-type of partial deformation and that after. The abbreviations
refer to Table 3. The slant lines indicate 1:1 relations.

Table 18 Correlations between light environmental data of the x-type of
partial deformation treatments and the proportions of values of
characteristics of canopy shape after the treatment to that
before. The abbreviations refer to Table 3 and Table 5. n=8332.

R1 R2 R3 R4 R1 R2 R3 R4
PSLBa /* PSLBb 0.5214 #x* 0.5656 ** -0.5437 ** -0.5576 ** PSLBa / PSLBb 0.1997 =*** (0.2380 ** -0.2042 ** -0.213]1 **
TPVDa / TPVDb -0.2557 ** -0.1330 ** 0.2885 ** -0.0421 ** TPVDa / TPVDb -0.0343 ** -0.0289 ** 0.0637 ** 0.0264 **
LAICa / LAICb -0.5383 ** -0.3167 ** 04682 ** 0.0741 ** LAICa / LAICb -0.6846 ** -0.4218 ** 05995 ** -0.2214 **
PNLESa  PNLESb -0.0625 ** -0.0420 ** 0.0542 ** 0.0307 * PNLESa PNLESb -0.0618 ** 0.0045 0.0718 ** -0.0763 **
MCFVDa / MCFVDb -0.5272 ** -0.4535 ** 0.4634 ** (0.2874 ** MCFVDa / MCFVDb  -0.5646 ** -0.4322 ** 04591 ** -0.1694 **
MCFNSa / MCFNSb ~ 0.1134 ** 0.0068 -0.1104 ** 0.1992 ** MCFNSa / MCFNSb  0.0855 ** -0.0508 ** -0.1846 ** (0.2562 **
MCFEWa / MCFEWb -0.0102 -0.1570 ** 0.0101 0.2967 ** MCFEWa / MCFEWb  0.0812 ** -0.0665 ** -0.1671 ** 0.2644 **
MNLBAa / MNLBAb -0.4258 ** -0.3116 ** 03435 ** (0.1112 ** MNLBAa / MNLBAb -0.5643 ** -0.4247 ** 04593 ** -0.1935 **
MCTVDa / MCTVDb 0.0364 *  0.1941 ** -0.0195 -0.2444 ** MCTVDa / MCTVDb -0.1068 ** 0.0589 ** 0.0716 ** -0.1418 **
MCT3Da / MCT3Db  0.4180 ** 0.5512 ** -0.4795 ** .0.5250 ** MCT3Da / MCT3Db  -0.0451 ** 0.1247 ** -0.0029 -0.2460 **
TP3Da / TP3Db -0.4425 ** -0.3762 ** 0.4402 ** 0.2983 ** TP3Da / TP3Db -0.4063 ** -0.3632 ** 0.3484 **  0.0629 **

=*% and * indicates significance at 1% level, respectively.
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Table 20 The comparisons of the R1, R2, R3 and R4 between the 26
types of canopy shapes as prototype. The MEANs of R1 and
R2 were separated in the descending order, and the MEANS of
R3 and R4 were separated in the ascending order. The types of
canopy shape were arranged in the descending order of the

MEAN of R1 in the table. The abbreviations refer to Table 3.

RI R2 R3 R4
£ Z x % x % Z

Table 19 The comparisons of the R1, R2, R3 and R4 between the 14 g g < o < o Z o Z
. . = = = = = = = = n
types Ofpz_‘mal deformatl_ons. The MEANs of R1 and R2 were L 1.090 a7 1435 1.068 a 1284 0930 a 0718 0955 a 0.776 2775
separated in the descending order, and the MEANS of R3 and Q 1.050 b 1359 1.020 gh 1151 0973 cd 0799 1.003 n 0938 2784
R4 were separated in the ascending order. The types of the F 1.042 ¢ 1313 1.022 fgh 1.151 0976 def 0.817 0.995 ij 0.891 1125
partial deformations were arranged in the descending order of P 1042 cd 1194 1034 b 1149 0966 b 0818 0974 b 0.853 2809
the MEAN of R1 in the table. Abbreviations refer to Table 3. Y 1040 cde1238 1028 ¢ 1120 0971 ¢ 0.846 0985 ef 0.891 2809
W 1.039 cde 1.247 1.024 of 1.152 0974 cde 0.832 0990 h 0.880 1563
C 1.039 cde1372 1.029 ¢ 1.334 0.975 cdef 0.698 0.987 fgh 0.744 1134
R1 R2 R3 R4 T 1.037 de 1246 1.025 de 1.158 0.974 cde 0.807 0.988 gh 0.861 2862
— z z Z X 1.036 def 1285 1.029 ¢ 1208 0.974 cde 0.769 0.981 cd 0.823 2755
%; = ig 5 § ] z = z N 1.036 def 1.134 1.022 efgh1.098 0.979 fgh 0.892 0.999 kim0.941 912
S = s b= b= = = S S Z 1.036 ef 1239 1.023 efg 1.154 0.974 cdef 0.814 0.989 gh 0.849 2817
h 1.070 a* 1.545 1.045 b 1361 0.949 a 0.667 0.977 b 0.642 4560 B 1.032 fg 1.399 1.028 cd 1.352 0.977 efg 0.710 0.983 cde 0.642 2233
k 1.062 b 1510 1.049 a 1352 0952 a 0.692 0.970 a 0.642 2687 R 1.029 gh 1.175 1.015 jk 1.095 0.984 hij 0.886 0.999 Im 0.903 1592
m 1.058 ¢ 1.415 1.032 d 1256 0962 b 0754 0.992 d 0.812 5280 V 1.028 gh 1.264 1.020 gh 1.183 0.983 hi 0.784 0.987 fg 0.851 2798
¢ 1045 d 1282 1041 ¢ 1223 0965 ¢ 0.806 0.969 a 0819 4561 S 1.028 gh 1.184 1.018 hij 1.167 0.980 gh 0.814 0993 i 0.828 2827
b 1039 de 1268 1029 d 1187 0977 d 0.810 0979 b 0849 3528 U 1026 hi 1242 1023 efg 1.146 0989 jkI 0.850 0.996 ijkl 0.871 926
1039 o 1300 1014 fg 1150 0983 ¢ 0819 1008 £ 0.871 2690 M 1024 hi 1545 1028 ¢ 1361 0994 Im 0.667 0981 ¢ 0758 2715
. O 1.024 hi 1218 1.024 of 1.149 0983 hi 0.830 0983 de 0.867 2806
u 1.037 e 1248 0997 i 1.190 0.981 de0.790 1.008 f 0.708 2736 I 1.022 i 1.299 1.019 ghi 1.181 0989 kI 0.803 0.987 fg 0.886 1698

. . . ghi 1. . . . g 0.
x 1026 f 1244 1.020 e 1.140 0.987 f 0868 0.989 ¢ 0.770 8332 H 1022 i 1182 1.017 ij 1.136 0.986 ijk 0.826 0.990 gh 0.854 2810
e 1.021 g 1.103 1.015 f 1.069 0.987 f 0930 0994 de 0.942 4560 K 1.020 i 1109 1.013 kI 1.061 0.987 ijk 0919 0995 ijk 0.952 1652
i 1.019 g 1.121 1.015 f 1.094 0.989 f 0.888 0.992 d 0.896 3337 E 1014 | 1185 1010 Im 1.070 0997 m 0904 0.994 ij 0921 2317
j 1013 h 1.117 1.013 fg 1.070 0.994 g 0.906 0.994 de 0.938 2243 D 1.013 j 1.089 0997 n 1.021 0998 m 0950 1.008 o 00961 470
p 1.012 h 1.105 1.013 fg 1.081 0.993 g 0901 0.992 d 0.902 2327 G 1012 j 1.120 1.008 m 1.056 0.997 m 0930 0.997 jkI 0.928 2219
q 1.006 i 1.131 1.012 g 1.103 1.001 h 0.880 0.994 ¢ 0.904 3450 A 0996 k 1.195 1.002 n 1.079 1.020 n  0.890 1.001 mn 0.905 755
s 0.999 j 1.116 1.007 h 1.104 1.007 i 0.890 0.994 e 0.880 5087 J 0990 k 1.030 0.996 n_ 1.017 1.030 n__ 0978 1.007 no 0.954 215

“Different letters indicates significance at 5% level by Tukey's multiple range test.

“Different letters indicates significance at 5% level by Tukey's multiple range test.

Table 21 The effects of combinations of the types of the partial deformation (rows) and the types of canopy shape as prototype (columns) on the mean
value (boldfaced type ) of R1s (=CDMPPFDa/CDMPPFDb) and the maximum values (thin character) in each combination. The rows were
arranged in the descending order similar to Table 19 and the columns were arranged in the descending order similar to Table 20. The

abbreviations refer to Table 1, 2 and 3.

L Q F P Y w C T X

R

\ o) 1 D

1.205
1.435
1.230
1.346
1.135
1.337
1.140
1.195
1.146
1.177
r 1.089
1.239
1.053
1.192

1.090
1.359
1.078
1.334
1.095
1.325
1.043
1.104
1.061
1.117
1.064
1.180
1.071
1.245
1.076
1.241
1.021
1.064
1.014
1.043
1.006
1.040
1.003
1.032
1.001
1.042
0.995
1.035

1.087
1.308
1.078
1.289
1.088
1313
1.039
1.107
1.059
1.131
1.059
1.218
1.061
1.238
1.049
1.244
1.021
1.054
1.016
1.051
1.008
1.043
1.007
1.062
1.000
1.061
0.995
1.052

1.074
1.213
1.072
1.199
1.069
1.247
1.060
1.127
1.063
1.129
1.048
1.115
1.052
1.205
1.037
1.200
1.021
1.035
1.021
1.094
1.014
1.061
1.015
1.049
1.011
1.066
1.003
1.039

1.082
1.285
1.079
1.270
1.062
1.218
1.048
1.157
1.057
1.168
1.043
1.166
1.042
1.165
1.024
1.136
1.021
1.057
1.022
1.119
1.017
1.078
1.018
1.065
1.016
1.097
1.004
1.110

e 1.034

1.063
i 1.044

1.093
i 1038
1.091
1.036
1.066
q 1.031

1.071

1.082

1.049
1.128
1.021
1.068
1.061
1.175
1.039
1.084
1.043
1.114
1.045
1.133
1.050
1.160

1.018
1.027
1.016
1.052
1.011
1.049
1.004
1.028
1.008
1.069
1.006
1.048

1.057
1.253
1.048
1.264
1.056
1.196
1.036
1.168
1.047
1.
1.033
1.127
1.033
1.154
1.028
1.164
1.020
1.047
1.017
1.114
1.009
1.075
1.009
1.045
1.002
1.083
0.997
1.089

1.055 1.050
1.299
1.051
1.282
1.042
1.256
1.026
1.133
1.010
1.104
1.015
1.243
1.007
1.214

1.020
1.041
1.010
1.042
1.044
1.089
1.011
1.033
1.023
1.058
1.013
1.053
1.004
1.026

1.023
1.195

1.018
1.030

0.945
1.018

0.957

157 0.976

0.000
1.017
1.021
1.015
1.019
1.008
1.022
1.003
1.021
1.004
1.051
0.995
1.013

1.022
1.057
1.016
1.065
1.013
1.047
1.010
1.063
1.010
1.058
1.001
1.052

0.971
1.009
0.976
1.009
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The effects of combinations of the types of the partial deformation (rows) and the types of canopy shape as prototype (columns) on the mean

value (boldfaced type ) of R2s (=ODMPPFDa/ODMPPFDb) and the maximum values (thin character) in each combination. The rows were
arranged in the descending order similar to Table 19 and the columns were arranged in the descending order similar to Table 20. The

abbreviations refer to Table 1, 2 and 3.

L P X C M Y B T W [¢] 9] Z N F \ Q 1 S H R K E G A D J
k 1165 1.092 1.064 1.083 1.056 1.059 1.098 1.060 1.049 1.056 1.042 1.060 1.048 1.037 1.037 1.042 1.032 1.034 1.013 1.017 1.020 1.014 0.997
1.265 1.149 1205 1.292 1.337 1.114 1352 1.155 1.152 1.135 1.146 1.098 1.144 1.183 1.151 1.181 1.155 1.136 1.049 1.055 1.070 1.056 1.020
h 1.138 1.068 1.059 1.072 1.063 1.051 1.081 1.049 1.041 1.050 1.043 1.041 1.043 1.043 1.035 1.035 1.034 1.032 1.030 1.024 1.019 1.022 1.014 0.996
1.284 1.144 1.208 1.334 1.361 1.120 1.347 1.158 1.142 1.149 1.109 1.154 1.083 1.151 1.182 1.151 1.181 1.167 1.135 1.073 1.054 1.063 1.047 1.012
g 1120 1.075 1.048 1.044 1.048 1.050 1.058 1.043 1.047 1.046 1.028 1.050 1.029 1.036 1.024 1.036 1.040 1.031 1.036 1.032 1.017 1.015 1.000
1.175 1.110 1.141 1.138 1.223 1.093 1.174 1.095 1.109 1.086 1.063 1.089 1.059 1.142 1.058 1.107 1.127 1.118 1.067 1.061 1.052 1.034 1.013
m 1.084 1.045 1.039 1.038 1.038 1.037 1.038 1.035 1.033 1.030 1.044 1.032 1.039 1.031 1.035 1.028 1.027 1.024 1.024 1.018 1.020 1.015 1.012 0.991 1.005
1.204 1.108 1.161 1.236 1.256 1.119 1.194 1.126 1.103 1.139 1.136 1.078 1.143 1.131 1.129 1.142 1.123 1.110 1.095 1.054 1.069 1.046 1.079 1.014 1.013
b 1106 1.045 1.039 1.033 1.042 1.040 1.038 1.036 1.038 1.027 1.034 1.039 1.030 1.030 1.033 1.027 1.023 1.030 1.009 1.024 1.021 1.018 1.009 0.978 0.991 0.966
1.135 1.076 1.096 1.086 1.187 1.062 1.078 1.071 1.083 1.050 1.064 1.091 1.051 1.091 1.109 1.056 1.069 1.088 1.029 1.050 1.047 1.050 1.029 1.034 1.011 0.989
X 1.019 1.032 1.029 1.028 1.014 1.021 1.025 1.021 1.021 1.019 1.024 1.024 1.030 1.014 1.017 1.006  1.007
1.046 1.084 1.119 1.107 1.140 1.077 1.081 1.113 1.116 1.056 1.098 1.095 1.115 1.069 1.077 1.061  1.027
i 1039 1.022 1.017 1.014 1.016 1.017 1.016 1.017 1.016 1.014 1.008 1.014 1.012 1.015 1.011 1.013 1.015 1.014 1.012 1.014 1.009 1.008 1.011
1.094 1.075 1.084 1.056 1.094 1.052 1.093 1.073 1.069 1.053 1.019 1.035 1.029 1.092 1.027 1.069 1.082 1.085 1.030 1.040 1.031  1.020 1.013
e 1.021 1.017 1.015 1.016 1.016 1.014 1.018 1.014 1.014 1.015 1.013 1.014 1.014 1.014 1.014 1.015 1.014 1.014 1.013 1.013 1.013 1.012 1.011
1.043 1.031 1.041 1.045 1.069 1.028 1.054 1.032 1.027 1.027 1.018 1.021 1.034 1.035 1.028 1.028 1.034 1.030 1.018 1.019 1.023 1.018 1.014
r 1051 1.023 1.020 1.023 1.015 1.016 1.017 1.015 1.015 1.016 1.031 1.014 1.000 1.015 1.010 1.013 1.009 1.012 1.007 1.009 1.002 1.005 1.000 0.980
1.159 1.097 1.091 1.101 1.125 1.058 1.140 1.056 1.051 1.052 1.099 1.050 1.023 1.064 1.054 1.058 1.106 1.056 1.049 1.066 1.023 1.040 1.042 1.004
p 1.035 1.025 1.016 1.019 1.011 1.017 1.021 1.019 1.014 1.017 1.006 1.016 1.017 1.012 1.011 1.008 1.012 1.013 1.012 1.007 1.010 1.010 1.009 1.004
1.070 1.055 1.050 1.069 1.068 1.057 1.050 1.073 1.040 1.059 1.027 1.077 1.041 1.062 1.033 1.023 1.053 1.069 1.081 1.018 1.037 1.037 1.027 1.016
j 1034 1.019 1.016 1.017 1.016 1.016 1.019 1.017 1.013 1.011 1.004 1.013 1.010 1.010 1.010 1.007 1.010 1.013 1.010 1.011 1.012 1.010 1.006 1.002
1.068 1.044 1.057 1.057 1.057 1.042 1.070 1.045 1.041 1.037 1.024 1.046 1.031 1.032 1.063 1.040 1.041 1.052 1.045 1.034 1.034 1.032 1.019 1.016
q 1.039 1.026 1.017 1.017 1.010 1.017 1.021 1.017 1.015 1.014 1.010 1.014 1.014 1.006 1.010 1.007 1.017 1.015 1.010 1.009 1.013 1.001 1.006 0.997 1.002 0.994
1.075 1.052 1.085 1.069 1.085 1.047 1.103 1.059 1.053 1.050 1.034 1.066 1.040 1.043 1.085 1.046 1.045 1.064 1.080 1.041 1.031 1.031 1.036 1.035 1.021 1.014
s 1.023 1.014 1.009 1.006 1.006 1.012 1.011 1.011 1.008 1.008 1.006 1.008 1.007 1.004 1.006 1.003 1.011 1.008 1.006 1.007 1.007 1.004 1.002 0.997 0.996 0.991
1.080 1.065 1.104 1.093 1.070 1.060 1.100 1.061 1.035 1.071 1.044 1.070 1.042 1.045 1.098 1.038 1.062 1.074 1.089 1.030 1.029 1.025 1.021 1.037 1.018 1.017
u 1007 0.994 1.004 1.003 1.001 1.004 1.001 0.997 1.002 0.995 1.024 0.997 0.985 1.000 0.995 1.001 0.983 0.996 0.990 0.999 0.985 0.993 0.986 0.959
1.068 1.031 1.053 1.079 1.098 1.048 1.190 1.047 1.050 1.060 1.137 1.050 1.012 1.057 1.052 1.065 1.059 1.036 1.039 1.072 1.027 1.044 1.047 1.015
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Table 23 The comparisons of MEANs of light environmental data
(R1,R2, R3 and R4) between several treatments in the h-type
of partial deformation. MAXs in R1 and R2 and MINs in R2
and R4 were shown in the table. MEANs in R1 and R2 were
separated in the descending order and MEANS in R3 and R4
were separated in the ascending order. The treatments were
arranged in descending order of MEAN of R1 in the table.
The abbreviations refer to Table 3.

R1 R2 R3 R4
Z

2 5 Z z z

= = = = = n
hO1 1.085 a* 1.545 1.062 a 1.355 0.934 a 0.672 0961 a 0.645 456
h13 1.076 ab 1.531 1.052 b 1.349 0.943 abc 0.677 0.971 b 0.642 456
h12 1.076 ab 1.542 1.053 b 1.361 0.942 ab 0.667 0.967 ab 0.767 456
h09 1.074 abc1.264 1.045 bc 1.212 0.947 bed 0.795 0.980 ¢ 0.801 456
h07 1.073 abc1.262 1.043 ¢ 1.199 0.946 bed 0.807 0.979 ¢ 0.811 456
hil 1.068 bc 1.278 1.041 ¢ 1.156 0.952 cd 0.842 0.983 ¢ 0.815 456
h06 1.068 bc 1.262 1.040 ¢ 1.176 0.955 d 0.842 0.987 cd 0.802 456
h10 1.068 bc 1.248 1.041 ¢ 1.178 0.953 cd 0.832 0983 ¢ 0.810 456
h02 1.062 ¢ 1.528 1.046 bc 1.351 0.953 cd 0.680 0.970 b 0.751 456
h08 1.045 d 1.151 1.027 d 1.093 0.971 e 0.910 0.992 d 0.895 456

MEAN
MEAN
MEAN

“Different letters indicates significance at 5% level by Tukey's multiple range test.

Table 24 The comparisons of MEANS of light environmental data (R1,
R2, R3and R4) between several reatments in the k-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3. n=456.
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BLUILE DO A (103, 102) DNEIZKE Ao 72 (5275).
6) *EJHJ

FRlu (H10 Y Mo, billd 2 vk o
RO o TTE ZHEHANET T v 7 OHIE) @
JCERBICGER R, R H Tl E A R A & A o
MEXFDICKE LYY >TTE LM (u05)
bEN, Lo ARFDITNS YD I - TTE 28K
(W04) Db -7z (5528%%). ZRHTIE, Zheld
I DEAAR SN2 b DD, ZUHEOFNERFIE
PN E o7 (5B285).

Table 25 The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the p-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

R1 R2 R3 R4

Z Z 6 Z Z

o o < o Z o Z

= = = = = = = = n
p0l 1.019 a* 1.066 1.015 ab 1.057 0.988 a 0.938 0.992 bc 0.932 455
p02 1.017 a 1.038 1.013 b 1.032 0989 a 0.962 0.994 cd 0.959 456
p05 1.017 a 1.105 1.016 a 1.081 0.989 a 0.901 0.991 b 0.902 431
p09 1.016 a 1.097 1.017 a 1.077 0.991 a 0.905 0.993 bcd 0.926 344
pl0 1.002 b 1.058 1.013 b 1.056 1.001 b 0.931 0.987 a 0.945 328
p03 0.993 ¢ 1.045 1.006 ¢ 1.059 1.010 ¢ 0.930 0.994 d 0.923 313

“Different letters indicates significance at 5% level by Tukey's multiple
range test.

Table 26 The comparisons of MEANs of light environmental data
(R1,R2, R3 and R4) between several treatments in the e-type
of partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

RI R2 R3 R4

s £z 2 2

= = = = = n

Z Z

MEAN
MEAN
MEAN

R1 R2 R3 R4

o]
<
=
k07 1.078 a* 1.409 1.052
k05 1.067 ab 1.510 1.048
k13 1.062 b 1.308 1.049

%z z z

= = = n
1.254 0940 a 0.749 0.940 a 0.749 456
1.352 0.948 ab 0.692 0.948 ab 0.692 456
1.193 0.951 ab 0.816 0.951 ab 0.816 456
k12 1.058 bc 1.362 1.053 1.240 0.951 ab 0.765 0.951 ab 0.765 456
k02 1.056 bc 1.337 1.051 1.300 0953 b 0.718 0953 b 0.718 438
k03 1.047 ¢ 1.278 1.038 b 1.254 0.969 ¢ 0.767 0.969 ¢ 0.767 425

MEAN
MEAN
MEAN
MEAN

o e

el0 1.025 a* 1.103 1.017 a 1.069 0.983 a 0.930 0.992 a 0.942 456
€09 1.024 ab 1.101 1.016 ab 1.068 0.985 b 0.938 0.993 a 0.943 456
€08 1.023 bc 1.084 1.016 bc 1.052 0.985 bc0.948 0.993 ab0.953 456
e07 1.022 ¢ 1.077 1.015 ¢ 1.049 0.986 c 0.952 0.993 ab0.962 456
€05 1.020 d 1.058 1.014 d 1.049 0.988 d 0.959 0.995 ¢ 0.964 456
€04 1.020 de 1.059 1.014 d 1.054 0.988 d 0.963 0.995 c¢ 0.956 456
€06 1.020 de 1.057 1.014 d 1.038 0.987 d 0.966 0.994 bc0.970 456
€03 1.019 de 1.056 1.013 d 1.040 0.988 d 0.963 0.995 c¢ 0.969 456
€02 1.019 de 1.052 1.013 d 1.039 0.988 d 0.970 0.995 ¢ 0.974 456
e0l 1.019 e 1.039 1.013 d 1.037 0.989 d 0.971 0.995 ¢ 0.974 456

“Different letters indicates significance at 5% level by Tukey's multiple
range test.

“Different letters indicates significance at 5% level by Tukey's multiple
range test.
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Table 27 The comparisons of MEANs of light environmental data
(R1, R2, R3 and R4) between several treatments in the r-type
of partial deformation. The descriptions of the table refer to

Table 23. The abbreviations refer to Table 3.
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Table 29 The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the q-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

R1 R2 R3 R4

4 Z Z Z

5 £ E g z § &

= = = = = = = = n
r05 1.069 a” 1.300 1.022 a 1.140 0.961 a 0.840 1.013 ¢ 0.908 412
r06 1.050 b 1.239 1.021 a 1.159 0.971 b 0.819 1.003 b 0.871 455
r09 1.045 b 1266 1.009 cd 1.126 0.991 cd 0.846 1.027 d 0.939 454
r08 1.033 ¢ 1.215 1.011 bc 1.069 0.988 ¢ 0.904 1.012 c 0.948 456
r03 1.022 d 1.156 1.013 b 1.099 0.989 ¢ 0.897 0.996 a 0.934 456
r02 1.015 d 1.147 1.007 d 1.101 0.996 d 0.905 0.998 a 0.914 457

“Different letters indicates significance at 5% level by Tukey's multiple
range test.

Table 28 The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the u-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

R1 R2 R3 R4

Z Z Z Z

5 g 5 2 g g § &z

= = = = = = = = n
q01 1.018 a” 1.108 1.011 b 1.078 0.997 b 0.905 1.005 d 0.929 499
q07 1.015 a 1.109 1.019 a 1.089 0.992 a 0.900 0987 b 0911 513
q05 1.015 a 1.131 1.007 ¢ 1.103 1.001 b 0.880 1.009 e 0.913 445
q04 1.014 a 1.129 1.017 a 1.102 0.997 ab 0.883 0.999 c 0.918 451
q06 1.013 a 1.099 1.018 a 1.085 0.992 a 0.907 0.986 b 0.911 519
q03 0.989 b 1.063 0.997 d 1.039 1.017 ¢ 0.945 0.999 ¢ 0.937 511
q02 0.982 ¢ 1.044 1.018 a 1.057 1.014 ¢ 0.962 0.977 a 0.904 512

“Different letters indicates significance at 5% level by Tukey's multiple
range test.

Table 30 The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the s-type of
partial deformation.The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

R1 R2 R3 R4

Z Z Z Z

=  § 2 § gz & z

= = = = = = = = n
u05 1.058 a” 1.248 0.951 d 1.126 0.978 b 0.798 1.041 d 0.737 456
u0l 1.049 b 1.214 0999 c 1.190 0958 a 0.790 0.992 a 0.708 456
u02 1.032 ¢ 1.130 1.014 a 1.084 0973 b 0.896 0.989 a 0.903 456
u03 1.029 cd 1.199 1.005 b 1.084 1.000 d 0.927 1.021 c¢ 0.955 456
u06 1.028 cd 1.196 0.999 ¢ 1.137 0987 ¢ 0.862 1.003 b 0.901 456
u04 1.024 d 1.122 1.015 a 1.106 0.990 c¢ 0.924 0.999 b 0.939 456

“Different letters indicates significance at 5% level by Tukey's multiple
range test.

355

R1 R2 R3 R4

Z Z Z Z

S 2 2 0z i 9z % gz

> > > > > > > > n
s08 1.011 a” 1.116 1.018 a 1.104 0.994 a 0.890 0.984 a 0.900 513
s09 1.010 a 1.042 1.012 b 1.038 0.997 ab 0.957 0.993 d 0.922 527
s07 1.004 a 1.048 1.010 ¢ 1.046 1.003 ¢ 0.956 0.995 d 0917 523
s03 1.004 a 1.032 1.008 ¢ 1.034 1.001 bc 0.962 0.994 d 0.924 526
s10 1.004 a 1.062 1.010 bc 1.076 1.003 cd 0.943 0.989 bec 0.908 505
s02 1.003 a 1.074 1.009 ¢ 1.093 1.001 bc 0.909 0.992 cd 0.887 528
s04 1.001 a 1.032 1.003 d 1.026 1.008 d 0.961 1.000 e 0.924 527
s01 0.988 a 1.058 0.986 e 1.023 1.026 f 0.941 1.019 f 0.946 528
s05 0981 a 1.066 1.008 ¢ 1.074 1.018 e 0.920 0.983 a 0.909 431
s06 0.977 a 1.081 1.002 d 1.094 1.023 ef 0.902 0.989 b 0.880 479

“Different letters indicates significance at 5% level by Tukey's multiple
range test.
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Table 31 The comparisons of MEANS of light environmental data (R1,
R2 R3 and R4) between several treatments in the j-type of
partial deformation. The descriptions of the table refer to

£345%).
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Table 23. The abbreviations refer to Table 3.
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Table 34

The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the g-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3.

R1 R2 R3 R4 R1 R2 R3 R4
Z Z Z Z Z z z z
g Z 0z 2z z & z 3 s = 0z z & z
= = = = = = = = n = = = = = = = = n
j03 1.019 a” 1.117 1.018 a 1.070 0989 a 0.906 0.991 a 0.938 453 €01 1.049 o7 1282 1.047 a 1223 0960 a  0.806 0964 a 0819 457
j02 1.017 a 1.070 1.012 b 1.057 0.992 b 0.947 0.997 b 0.946 442 202 1.048 ab 1.268 1.046 ab 1.214 0.961 ab 0813 0.965 ab 0.822 456
04 1.013 b 1.061 1013 b 1.057 0994 be0.950 0.993 a 0.949 455 203 1.047 ab 1264 1.045 abc 1.208 0.963 abc 0.817 0.966 abc 0.834 456
. 204 1.046 abc 1.243 1.043 abed 1.192 0.963 abc 0.832 0.967 abc 0.841 456
48; }‘3(1)(7) b }‘8;‘2 i'gig f) }‘gg 8‘33; ;d 8'322 g'zzg b gg;; :3; 205 1.045 abc 1236 1.042 abede 1.189 0.964 abed 0.835 0.968 abed 0.845 456
ALAME c : c : - - a> 206 1.045 abc 1.238 1.042 abede 1.188 0.965 abed 0.834 0.968 abed 0.845 456
“Different letters indicates significance at 5% level by Tukey's multiple 207 1.043 abc 1.209 1.039 bede 1.162 0.967 abed 0.858 0.970 bede 0.861 456
range test 208 1.042 abc 1203 1.038 cde 1.154 0.968 bed 0.863 0972 cde 0.868 456
) 209 1.040 be 1.192 1.036 de  1.149 0970 cd 0872 0974 de 0.879 456
2101039 ¢ 1176 1.035 e 1.136 0971 d _ 0.882 0975 c¢ _ 0.889 456
Table 32 The comparisons of MEANS of light environmental data (R1 “Different letters indicates significance at 5% level by Tukey's multiple range test.
v 5
R2, R3 and R4) between several treatments in the i-type of
partial deformation. The descriptions of the table refer to
Table 23. The abbreviations refer to Table 3. Table 35 The comparisons of MEANS of light environmental data (R1,
R2, R3 and R4) between several treatments in the x-type of
R1 R2 R3 R4 partial deformation. The descriptions of the table refer to
Z z Z Z Table 23. The abbreviations refer to Table 3.
% %
8 £ 8 Z & g€
= == == = = R R2 R3 R4
i06 1.021 a° 1121 1.016 ab1.093 0987 a 0.888 0991 b 0909 456 z z z z
i07 1.020 ab 1.112 1.015 b 1.094 0.987 ab 0.922 0.992 bc 0.918 456 5 005 2005 z 3 z
i05 1.019 abe 1.119 1.015 ab 1.094 0.989 abc 0.904 0.992 be 0.901 454 = = = = = = = =
i08 1.019 abc 1.088 1.014 bc 1.077 0.988 ab 0.930 0.993 bed 0.934 338 ng }gg; a i;‘é ig;g “bd i(‘)gé 822 a 8‘333 3223 a:dg’g% ;:2
. X. ! a .. ! abcdace B .. a 5 .. anc ..
fgg 1813 zbc i'(l)gi igg a i‘ggg g‘gzg bl: 8‘22? g'gzz ad g‘gzg 222 x31 1033 a 1233 1.022 abede 1.094 0.982 a 0.990 0.987 abed 0.931 347
109 ¢ : ¢ : ape . : ca b x21 1.033 a 1225 1.026 ab  1.099 0982 a 0977 0986 abc 0.897 347
i04 1.017 be 1.107 1.015 b 1.090 0992 ¢ 0901 0991 b 0.896 456 X32 1032 ab 1234 1.021 bedef 1.075 0.984 a 0.984 0990 abed 0.938 348
i10 1017 ¢ 1036 1012 ¢ 1030 0.990 be 0971 0995 d 0.966 456 X33 1.032 ab 1234 1.021 abedef 1.085 0.983 a 0982 0989 abed 0.942 347
“Different letters indicates significance at 5% level by Tukey's multiple x19.1.030 abc 1227 1025 abc 1116 0983 a 0974 0985 a 0913 348
ranee fost x18 1.029 abc 1221 1.023 abed 1.099 0985 a 0976 0.987 abed 0.902 347
g : X22 1.029 abc 1209 1.021 abedef 1.113 0.986 a 0975 0989 abed 0.911 347
x17 1.028 abc 1.187 1.021 abedef 1.081 0.983 a 0990 0987 abc 0.941 347
X23 1.028 abc 1216 1.020 bedef 1.098 0.987 a 0978 0991 cde 0.929 347
Table 33 The comparisons of MEANSs oflightenvironmental data(Rl, x27 1.027 abc 1.209 1.021 abcdef 1.092 0.985 a 0.984 0.987 abcd 0.931 347
. X29 1.026 abed 1.190 1.021 abedef 1.090 0.986 a 0971 0985 ab 0921 347
R2, R3 and R4) between several treatments in the m-type of x25 1026 abed 1161 1.019 def 1100 0.987 ab 0.977 0990 abed 0.927 347
partial deformation. The descriptions of the table refer to x28 1.026 abed 1.202 1.021 abedef 1.092 0.986 a  0.985 0.985 a  0.925 347
Table 23. The abbreviations refer to Table 3. X26 1.026 abed 1.196 1.021 abedef 1.103 0.986 a 0.984 0986 abc 0.931 347
X24 1.026 abed 1.164 1.019 cdef 1.119 0.989 ab 0.955 0.990 abed 0.905 347
x14 1.026 abed 1.162 1018 cdef 1.100 0.989 ab 0.954 0.991 bed 0910 347
R1 R2 R3 R4 XI5 1.025 abed 1.175 1018 defg 1.113 0.988 ab 0.979 0991 bed 0910 347
- - - - X16 1.024 abed 1185 1.018 ef 1113 0989 ab 0.969 0992 def 0917 347
Z = z » Z z Z - X06 1.020 bede 1.197 1013 g 1103 0.997 be 0.963 0998 f 0914 347
= ‘E‘ £ § = g = S X05 1.019 cde 1233 1014 g 1115 0996 b 0961 0996 ef 0900 347
- X04 1.015 de 1117 1018 efg  1.082 0996 b 0962 0987 abc 0.893 347
mgg :'(1)8(5) a }'Z?‘S‘ }'ggz ab :iig g'gig a 8;2: gz;g a 8223 :;Z X03 1.008 e 1137 1016 fg  1.140 1.006 ¢ 0961 0991 cde 0.770 347
m . a B . al . . a . . a R
mo8 1.092 a 1.402 1.051 b 1244 0935 b 0.766 0984 b 0812 528 “Different letters indicates significance at 5% level by Tukey's multiple range test.
m09 1.072 b 1.385 1.038 ¢ 1231 0952 ¢ 0.775 0992 ¢ 0.827 528
ml0 1.055 ¢ 1.352 1.029 d 1.205 0.966 d 0.806 0.995 cd 0.854 528
mOl 1.049 ¢ 1.148 1.025 d 1.098 0.968 d 0.889 0.995 ¢ 0.910 528
m02 1.038 d 1.140 1.018 e 1.074 0979 e 0916 1.001 e 0.925 528
mo03 1.029 de 1.132 1.014 ¢ 1.067 0985 f 0935 1.002 ¢ 00927 528
mo5 1.024 e 1.117 1.013 e 1.056 0988 f 0943 1.000 de 0.925 528
m04 1.024 e 1.115 1.013 e 1.057 0.988 f 0.943 1.000 de 0.926 528

“Different letters indicates significance at 5% level by Tukey's multiple

range tes

t.
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