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Summary

One hundred eighteen 'Fuji' apple trees were constructed by combining five kinds of training systems (TSs)
with several parameters for training-pruning (PTPs) using the model method described in the previous paper
(Yamamoto, 2014). The simulation experiment on the light environment was done on each orchard where the each
constructed tree was arranged to have an almost identical LAI per orchard area (LLAlo). As the result, in the end of
July of the 15-year and the 20-year of tree ages, there was some fluctuation of the light environment among the 118
orchards in spite of almost equal LAlo. In addition, a considerably big difference of the daily mean leaf surface
PPED on a clear day (CDMPPFD) and that on an overcast day (ODMPPFD) was recognized to be about 32%. The
rank correlation analyses after the 10-year of tree age showed that the order of the CDMPPFD or the ODMPPFD
did not change greatly, even if the tree age differed. The multiple range tests for the CDMPPFDs between the five
TSs after the 10-year of tree age indicated that there were following relations of the magnitudes, namely, trellis
training (TT) = slender central leader (SCL) = open center (OC) >=Y shape (YS) > modified central leader (MCL).
And that of the ODMPPFD indicated such relations as TT = SCL>YS> = OC>MCL. Within same TS, the mean of
the CDMPPFDs in each PTP or that of the ODMPPFDs was calculated. The some means separated significantly by
the difference in several PTPs, e.g. the number of secondary scaffold branches per primary scaffold branch. The
characteristics of canopy shape (CCSs) of sum total of 107 were calculated. Factor analyses were carried out using
the all CCSs at the four tree ages. The factors separated by the factor analyses included gap factor in set space,
thickness factor of tree crown, north-side shape factor of tree crown, the south-side shape factor, tree height factor,
leaf area density factor, LAI factor, vertical distribution factor of foliage biomass, leaf agglomeration factor and gap
factor within tree crown. High positive or high negative correlations were widely recognized between the CCSs and
the CDMPPFDs or the ODMPPFDs. The all factors, which were found by the factor analyses, were incorporated in
the multiple regression of the CDMPPFD or the ODMPPED by a stepwise method. And, over about 90% of their
fluctuation among the 118 orchards were explained by those variables. The effects of the differences in TS or PTP
on the light environment quoted above were well explained by the CCSs changes, which were accompanied with
the differences in TS or PTP. Then, evaluation of the 118 orchards was carried out using the results from the
principal component analyses for the CCSs, the TSs and the ranks of light environment. As the result, the 118
orchards were almost distributed in each TS. The rank of COMPPFD tended to be higher, as the score of the first
principal component (degree of gap in the set space) was bigger, and that of the second principal component
(thickness of tree crown) was smaller. However, some deviations from the relations were also found.

Key words : factor analysis, gap in tree crown, leaf area index per orchard, principal component analysis,
simulation in 4D
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Fig.1 Upper limit of south-north tree width (LSNW), upper limit of
east-west tree width (LEWW), upper limit of tree height (LTH),
set space, set land compartment, cubic grid, tree space, row
space and area occupied by a crown (LAO), height of crown
bottom (HCB) and dimensions (TH, TWEW and TWSN) of a
tree which was constructed by CACOAS.
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Fig.2 Each one example of tree shape image from CACOAS at pre-pruning in the 3-year of tree age in the five training systems; open center (OC),
modified central leader (MCL), Y shape (YS), slender central leader (SCL) and trellis training (TT). The numeral indicates the tree number

shown in Table 2.
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Table 1 Several parameters for training-pruning in the five training systems; open center (OP), modified central leader (MCL), Y shape (YS), slender central leader (SCL) and training to trellis (TT). The

abbreviations of the parameters were used Table 2.

SCL
El or BL
EA or BW

MCL YS TT
El or BL El or BL

El or BL

oC
Equal length (EL) or bottom longer (BL)

Abbreviations

Parameters for training-pruning

DPPSBL

Distribution pattern of primary scaffold branch (PSB) length

EAorBW EAorBW EAorBW

BADPPSB  Equal angle (EA) or bottom wider (BW)

Branching angle distribution pattern of PSB

lor2
El or BL
50° or 70°

20r3
El or BL
50° or 70°

3or5s
El or BL
50° or 70°

3or5s
El or BL
50° or 70°

3or5s

Equal length (EL) or bottom longer (BL)

NSSB
DPSSBL

Number of secondary scaffold branches (SSBs) per PSB

Distribution pattern of SSB length

50° or 70°

LIAVS

Limitative inclination angle of vegetative shoot in thinning
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Table 2 Values of parameters for training-pruning (VPTPs) of the 118 trees. The abbreviations of the parameters for training-pruning refer to Table 1.

M M M [as}

S - @« — 5 - 2 — 5 - @ — S - @ —

S EBE.82 2 £2E.B0 2 S BEE,Be 2 B ELEY
B E 229%2= B E£S92=x 38 E 582 85 528¢¢%
E £ 0oz D £ £ AMzAd £ & O@dzAd & =& A dz03
1 OC EL EA 3 EL50° 31 MCLBLEA 2BL 50 61 SCL ELEA 2 EL 50 91 TT EL EA 2 BL 50
2 OC ELEA 3 EL70 32 MCLBLEA 2BL70 62 SCL ELEA 2 EL 70 92 TT EL EA 2 BL 70
3 OC ELEA 3 BL50 33 MCLBLEA 3EL50 63 SCL EL EA 2 BL 50 93 TT EL EA 3 EL 50
4 OC ELEA 3 BL70 34 MCLBLEA 3EL70 64 SCL ELEA 2 BL 70 94 TT EL EA 3 EL 70
5 OC ELEA 5 EL 50 35 MCLBLEA 3BL50 65 SCL ELBW 1 EL 50 95 TT EL EA 3 EL 50
6 OC ELEA 5 EL70 36 MCLBLEA 3BL70 66 SCL ELBW 1 EL 70 96 TT EL EA 3 BL 70
7 OC ELEA 5 BL50 37 MCLBLBW2ELS50 67 SCL ELBW 1 BL 50 97 TT EL BW 2 EL 50
8 OC ELEA 5BL70 38 MCLBLBW2EL70 68 SCL ELBW 1 BL 70 98 TT EL BW 2 EL 70
9 OC BLEA 3 EL 50 39 MCLBLBW2BL50 69 SCL ELBW 2 EL 50 99 TT EL BW 2 BL 50
10 OC BLEA 3 EL 70 40 MCLBLBW 2BL 70 70 SCL ELBW 2 EL 70 100 TT EL BW 2 BL 70
11 OC BLEA 3 BL50 41 MCLBLBW 3 EL 50 71 SCL ELBW 2 BL 50 101 TT EL BW 3 EL 50
12 OC BLEA 3 BL70 42 MCLBLBW 3EL 70 72 SCL ELBW 2 BL 70 102 TT EL BW 3 EL 70
13 OC BLEA 5 EL 50 43 MCLBLBW 3BL 50 73 SCL BL EA 1 EL 50 103 TT EL BW 3 BL 50
14 OC BLEA 5 EL 70 44 MCLBLBW 3BL 70 74 SCL BL EA 1 EL 70 104 TT EL BW 3 BL 70
15 MCL EL EA 2 EL 50 45 YS ELEA 3EL 50 75 SCL BL EA 1 BL 50 105 TT BL EA 2 EL 50
16 MCL EL EA 2 EL 70 46 YS ELEA 3EL70 76 SCL BLEA 1 BL 70 106 TT BL EA 2 EL 70
17 MCL EL EA 2 BL 50 47 YS ELEA 3BL50 77 SCL BL EA 2 EL 50 107 TT BL EA 2 BL 50
18 MCL EL EA 2 BL70 48 YS ELEA 3BL70 78 SCL BL EA 2 EL 70 108 TT BL EA 2 BL 70
19 MCL EL EA 3 EL 50 49 YS ELEA 5EL 50 79 SCL BL EA 2 BL 50 109 TT BL EA 3 EL 50
20 MCL EL EA 3 EL 70 50 YS ELEA SEL70 80 SCL BLEA 2 BL 70 110 TT BL EA 3 EL 70
21 MCL EL EA 3 BL50 51 YS ELEA 5BL50 81 SCL BLBW 1 EL 50 111 TT BL BW 2 EL 50
22 MCL EL EA 3 BL70 52 YS ELEA 5BL70 82 SCL BLBW 1 EL 70 112 TT BL BW 2 EL 70
23 MCL ELBW 2 EL 50 53 YS BLEA 3EL50 83 SCL BLBW 1 BL 50 113 TT BL BW 2 BL 50
24 MCL ELBW 2 EL 70 54 YS BLEA 3EL70 84 SCL BLBW 1 BL 70 114 TT BL BW 2 BL 70
25 MCL ELBW 2 BL 50 55 YS BLEA 5EL50 85 SCL BLBW 2 EL 50 115 TT BL BW 3 EL 50
26 MCL ELBW 2 BL 70 56 YS BLEA SEL70 86 SCL BLBW 2 EL 70 116 TT BL BW 3 EL 70
27 MCL ELBW 3 EL 50 57 YS BLEA 5BL50 87 SCL BLBW 2 BL 50 117 TT BL BW 3 BL 50
28 MCL ELBW 3 EL 70 58 YS BLEA 5BL70 88 SCL BLBW 2 BL 70 118 TT BL BW 3 BL 70
29 MCL ELBW 3 BL 50 59 SCL ELEA 1BL50 89 TT EL EA 2 EL 50

30 MCL ELBW 3 BL 70 60 SCL ELEA 1BL70 90 TT EL EA 2 EL 70
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Table 3 The abbreviations of characteristics of canopy shape and their units except characteristics as a ratio.
Abbreviation ~ Contents Units
ASLC Area of set land compartment m’
CVLAD Coefficient of variation (CV) of leaf area density per leaf block %
CVNEBA CV of number of blocks per empty block agglomeration %
CVNEBEWVC CV of number of empty blocks per east-west vertical column in a 3D grid %
CVNEBHC CV of number of empty blocks per horizontal column in a 3D grid %
CVNEBNSVC CV of number of empty blocks per north-south vertical column in a 3D grid %
CVNLBA CV of number of blocks per leaf block agglomeration %
CVNLEWVC CV of number of leaves per east-west vertical column in a 3D grid %
CVNLHC CV of number of leaves per horizontal column in a 3D grid %
CVNLNSVC  CV of number of leaves per north-south vertical column in a 3D grid %
HCB Height of crown bottom cm
LAla Leaf area index per ASLC
LAlc Leaf area index per LAO
LAO Land area occupied by a crown m’
MAXLAD Maximum leaf area density per leaf block cm’!
MAXNLBA  Maximum number of blocks per leaf block agglomeration block
MCF45E Mean continuation frequency of leaf block along down directions with a dip of 45 degree from east in a 3D grid block
MCF45N Mean continuation frequency of leaf block along down direction with a dip of 45 degree from north in a 3D grid block
MCF45S Mean continuation frequency of leaf block along down direction with a dip of 45 degree from south in a 3D grid block
MCF45W Mean continuation frequency of leaf block along down directions with a dip of 45 degree from west in a 3D grid block
MCFEW Mean continuation frequency of leaf block along east-west direction in a 3D grid block
MCFNS Mean continuation frequency of leaf block along north-south direction in a 3D grid block
MCFVD Mean continuation frequency of leaf block along vertical direction in a 3D grid block
MCT3D Mean crown thickness along three directions in a 3D grid cm
MCT4SE Mean crown thickness along down directions from east with a dip of 45 degree in a 3D grid cm
MCT45N Mean crown thickness along down directions from north with a dip of 45 degree in a 3D grid cm
MCT45S Mean crown thickness along down directions from south with a dip of 45 degree in a 3D grid cm
MCT45W Mean crown thickness along down directions from west with a dip of 45 degree in a 3D grid cm
MCTEW Mean crown thickness along east-west direction in a 3D grid cm
MCTNS Mean crown thickness along north-south direction in a 3D grid cm
MCTVD Mean crown thickness along vertical direction in a 3D grid cm
MLAD Mean leaf area density per leaf block em’!
MNEB Mean number of empty blocks per column in a 3D grid block
MNEBA Mean number of blocks per empty block agglomeration block
MNLBA Mean number of blocks per leaf block agglomeration block
MNLC Mean number of leaves per column in a 3D grid leaf
MVEBA Mean volume of empty block agglomeration m’
MVLBA Mean volume of leaf block agglomeration m’
NEB Number of empty blocks in a crown block
NEBA Number of empty block agglomerations in a crown
NL Number of leaves in a crown leaf
NLB Number of leaf blocks in a crown block
NLBA Number of leaf block agglomerations in a crown
NLES Number of leaves in enclosed spaces leaf
PNLES Proportion of leaves in enclosed space for total leaves %
PSLB Proportion of surface leaf blocks for total leaf blocks %
PSLBQE Proportion of surface leaf blocks for total leaf blocks in a quarter part of east side of a 3D grid %
PSLBQN Proportion of surface leaf blocks for total leaf blocks in a quarter part of north side of'a 3D grid %
PSLBQS Proportion of surface leaf blocks for total leaf blocks in a quarter part of south side of a 3D grid %
PSLBQW Proportion of surface leaf blocks for total leaf blocks in a quarter part of west side of a 3D grid %
PVCCS Proportion of volume of concavity at crown surface for volume of set space (VSS) of a 3D grid %
PVCCSQE Proportion of volume of concavity at crown surface for a quarter VSS of east side of a 3D grid %
PVCCSQN Proportion of volume of concavity at crown surface for a quarter VSS of north side of a 3D grid %
PVCCSQS Proportion of volume of concavity at crown surface for a quarter VSS of south side of a 3D grid %
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Table 4 The continuance of Table 3.

Abbreviation ~ Contents Units
PVCCSQW Proportion of volume of concavity at crown surface for a quarter VSS of west side of'a 3D grid %
PVCEB Proportion of volume of closed empty blocks within a crown for VSS %
PVCEBQE Proportion of volume of closed empty blocks within a crown for a quarter VSS of east side of a 3D grid %
PVCEBQN Proportion of volume of closed empty blocks within a crown for a quarter VSS of north side of a 3D grid %
PVCEBQS Proportion of volume of closed empty blocks within a crown for a quarter VSS of south side of a 3D grid %
PVCEBQW  Proportion of volume of closed empty blocks within a crown for a quarter VSS of west side of a 3D grid %
PVCODQE Proportion of volume of concavity which opened in the downward (VCOD) for a quarter VSS of east side of a 3D grid %
PVCODQN Proportion of VCOD for a quarter VSS of north side of a 3D grid %
PVCODQS Proportion of VCOD for a quarter VSS of south side of a 3D grid %
PVCODQW  Proportion of VCOD for a quarter VSS of west side of a 3D grid %
PVEBL Proportion of volume of empty blocks for a third lower part of a 3D grid %
PVEBM Proportion of volume of empty blocks for a third middle part of a 3D grid %
PVEBQE Proportion of volume of empty blocks for a quarter part of east side of a 3D grid %
PVEBQN Proportion of volume of empty blocks for a quarter part of north side of a 3D grid %
PVEBQS Proportion of volume of empty blocks for a quarter part of south side of a 3D grid %
PVEBQW Proportion of volume of empty blocks for a quarter part of west side of a 3D grid %
PVEBU Proportion of volume of empty blocks for a third upper part of a 3D grid %
PVLB Proportion of volume of leaf blocks for VSS %
PVLBL Proportion of volume of leaf blocks for a third lower part of a 3D grid %
PVLBM Proportion of volume of leaf blocks for a third middle part of a 3D grid %
PVLBQE Proportion of volume of leaf blocks for a quarter part of east side of a 3D grid %
PVLBQN Proportion of volume of leaf blocks for a quarter part of north side of a 3D grid %
PVLBQS Proportion of volume of leaf blocks for a quarter part of south side of a 3D grid %
PVLBQW Proportion of volume of leaf blocks for a quarter part of west side of a 3D grid %
PVLBU Proportion of volume of leaf blocks for a third upper part of a 3D grid %
PVOEB Proportion of volume of outer empty blocks except concavity at crown surface for VSS %
PVOEBQE PVOEB in a quarter part of east side of a 3D grid %
PVOEBQN PVOEB in a quarter part of north side of a 3D grid %
PVOEBQS PVOEB in a quarter part of south side of a 3D grid %
PVOEBQW  PVOEB in a quarter part of west side of a 3D grid %
REBLBL Ratio of empty block volume to leaf block volume in a third lower part of a 3D grid

REBLBM Ratio of empty block volume to leaf block volume in a third middle part of a 3D grid

REBLBQE Ratio of empty block volume to leaf block volume in a quarter part of east side of a 3D grid

REBLBQN Ratio of empty block volume to leaf block volume in a quarter part of north side of a 3D grid

REBLBQS Ratio of empty block volume to leaf block volume in a quarter part of south side of a 3D grid

REBLBQW  Ratio of empty block volume to leaf block volume in a quarter part of west side of a 3D grid

REBLBU Ratio of empty block volume to leaf block volume in a third upper part of a 3D grid

SDLAD Standard deviation (SD) of leaf area density per leaf block cm’!
SDNEBA SD of number of blocks per empty block agglomeration block
SDNLBA SD of number of blocks per leaf block agglomeration block
TH Tree height cm
TP3D Transmission proportion along three directions in a 3D grid %
TP45E Transmission proportion along down direction with a dip of 45 degree from east in a 3D grid %
TP45N Transmission proportion along down direction with a dip of 45 degree from north in a 3D grid %
TP45S Transmission proportion along down direction with a dip of 45 degree from south in a 3D grid %
TP45W Transmission proportion along down direction with a dip of 45 degree from west in a 3D grid %
TPEWD Transmission proportion along east-west direction in a 3D grid %
TPNSD Transmission proportion along north-south direction in a 3D grid %
TPVD Transmission proportion along vertical direction in a 3D grid %
TWEW Tree width in east-west. cm
TWNS Tree width in north-south. cm
VLB Volume of leaf blocks m’
VSS Volume of set space m’
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Fig.3 An example of a longitudinal row section
in the 3D grid showing leaf blocks, empty
blocks within leaf blocks and outer empty
blocks.
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Fig.4 Distribution of leaf blocks and empty blocks on a longitudinal
section of rows in the 3d grid (left) and that on a cross
section of stairs in the 3D grid (right). The numbers of leaf
blocks or empty blocks were counted on all rows (north-
south rows or east-west rows) and on all stairs to investigate
MNLC, CVNLNSVC, CVNLEWVC, CVYNLHC, MNEB,
CVNEBNSVC, CVNEBEWVC and CVNEBHC.
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Fig.5 A schema of calculation of land area occupied by a crown (LAO).
A projected plan of a tree crown with the ground direction on
the stair network in the 3D grid (left) . The total number of
squares on the stair network where projected leaves exists was
counted to calculate LAO (right).
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Fig.6 Data of number of leaves within 9261 blocks from CACOAS
were given by three-dimensional array. Leaf area densities
(LADs) were calculated using number of leaves in each leaf
block and the mean area of the individual blade. Data of LAD
were used to calculate the mean (MLAD), the maximum
(MAXLAD), the standard deviation (SDLAD) and the
coefficient of variation (CVLAD).
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Fig.7 In a longitudinal section of rows in the 3D grid (left), dland
d2 indicate vertical thickness, and d3 and d4 indicate thickness
along down direction with a dip of 45 degree. In a cross
section of stairs in the 3D grid (right), dS indicates thickness
along north-south direction, and d6 indicates thickness along
east-west direction. These calculations were repeated in all
longitudinal sections of rows, all cross sections of stairs, and
all down directions with a dip of 45 degree to obtain the several
mean thickness along several directions in the 3D grid. G and Z
indicates the ground and the zenith, respectively.
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Fig.8 Typical description of continuation frequency of leaf blocks in
a longitudinal section of rows in the 3D grid (left) and that in
a cross section of stairs in the 3D grid (right). A and B: Three
leaf blocks continued along down direction with a dip of 45
degree. C: Five leaf blocks continued along vertical direction.
D: Two leaf blocks continued along vertical direction. E: Four
leaf blocks continued along east-west direction. F: Two leaf
blocks continued along north-south direction. G: Seven leaf
blocks continued along east-west direction. H: Four leaf blocks
continued along north-south direction. G and Z in the left side
indicates the ground and the zenith, respectively.

Fig.9 Several patterns of adjacency of leaf blocks or empty blocks.
The numerals indicate numbers of the blocks.
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Fig.10 In a longitudinal section of rows in the 3D grid (left), the
oblique arrows and downward ones show transmissions
along down direction with a dip of 45 degree and that along
vertical direction, respectively. In a cross section of stairs of
the 3D grid (right), downward arrows and lateral ones show
transmissions along north-south direction and that along east-

Concavity

west direction, respectively.
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Fig.11 Classification of concavity at a crown surface using number of
leaf blocks, which surrounded a concavity.
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Fig.12 The four regions divided in four directions in the 3D grid (left)
and the three regions divided in the longitudinal direction

(right).
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Fig.13 Schemas of leaf blocks at the crown surface. A longitudinal
section of rows in the 3D grid (left), and a cross section of
stairs in the 3D grid (right).
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Fig. 14 CDMPPFDs and ODMPPFDs of the 118 orchards in the end of July in the 10-, 15- and 20-year of tree age.
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H53IZR” L7z, HMPPFD OZEIREII /N & 2o 72 A8
(#16%~#%110%, #53%), 118EHLOHIZIF% R 7
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4ODEZ &, 118FEHIZ B1F 5 CDMPPFD B L O°
ODMPPFD O KM, /M, FIMH, BEdEFE, Z8)

BB LURKEOHEGEZHEORIIR L. Erobh
WA 5 4R & Z N LLEE O 30 O & ORI IZEEREE O
REZENPRBOONT: (5565K). 72, BHE104FLL
W, s o LA E VR E R LAIAY W L 72720,
DMPPED (& L7z (55635). H#n10, 158 & N204F
» CDMPPFD 3 X (*ODMPPFD & 118 R #1123 F 5 %
BRI, Fheh, 5.4~6.7%3B X 0°6.3~7.2% D
FicH ) (B563), WREPIOMOLEERE (B55) (12
Rl L. 72, SRS BEORAKEOE AL,
FnEN, 25.1~32.9% 5 £ 1524.6~32% D#PFHIZH -

Table 5 Maximum (MAX), minimum (MIN), mean (M), standard
deviation (SD), coefficient of variation (CV, %) and
proportion of the largest difference (PLD, (MAX-MIN) / M X
100%) of CHMPPFD and OHMPPED of the 118 orchards in
the end of July in the 15-years of tree year. The unit was pumol

— AR 81

72 (B65K).

2. 118EMICH I ZAREORIER & & UHEE DB
18RE & IERIAERE

4O ORH#IZ B A5 CDMPPFD B & ' ODMPPED
7= VTS D BT R I L, BTRITR
L7z, F—H##<b #7422 KEORM, 2% ), CDMPPFD
& ODMPPFD O RIOMBIZ S 13 EE ko7 (87
). KIZ, B s oMM E RS & BHi54E L 10
ELLRED 30 Ot & O M OFBIRBUT SRR E <K
AL, FEICHERE &) LoMBREIL0 4RI E D,
Z2RKHE) LOMBEREIZ0.65M T TH -7 (BETH).
TG 1045 LLRE, 227 2 BT O MBI L R — RIE DB A1
TR <, AHBIREIZ0.78~0.94 DFFHIZH > 72
A BELRBEOHEIE, TREVBEADLE (BE75).

& 25T, DMPPFD T — % b )i, 2O

FIF—% % flnwsd 2 &, M ThkEBEEEE T

Table 6 Maximum, minimum, mean, standard deviation, coefficient
of variation and proportion of the largest difference of
CDMPPFD and ODMPPED of the 118 orchards in the end
of July in the 5-, the 10-, the 15- and the 20-year of tree year.
The abbreviations and the units refer to Table 5.

emZes’
Tree age MAX MIN M SD CV PLD
MAX MIN M SD CV  PLD* SE)Year CDMPPFD 238(2) ;4(1); ;6138 igé 2‘:‘1 ;0(1)
C6HMPPFD 694 504 590 42 7.1 322 10-year CDMPPFD  397.2 310. 7. 6 54 25
1501 1124 1314 92 70 287 15-year CDMPPFD 367.5 2654 3103 19.1 6.2 329
CTHMPPFD ' ‘ ’ ‘ ' ‘ 20-year CDMPPFD 349.6 2543 299.2 20.1 67 319
C8HMPPFD 288.3 200.5 243.8 23.7 9.7 36.0
C9HMPPFD 386.5 264.0 320.8 26.7 8.3 382 S5-year ODMPPFD 255.8 187.6 2223 182 8.2 30.7
CIOHMPPFD 5209 360.4 4259 319 75 377 }g-yeaf ODMPPFD };g; H‘S‘f ggi gg Si g‘;g
CIIHMPPFD 673.3 - 437.5 537.6 41.2 77 44.3 20?’:: ggﬁgglﬁg 155'3 112.1 134.8 9'8 7.2 32.0
CI2HMPPFD 7309 478.1 584.6 458 7.8 43.2 Y : : - . . :
CI3HMPPFD 672.1 456.5 5414 372 69 39.8
CI4HMPPFD 510.6 3633 430.7 276 64 342
CISHMPPFD 392.3 2682 324.4 24.5 7.6 383 Table 7 Coefficients of correlation between CDMPPFDs and
CI6HMPPFD 285.6 204.4 2432  22.0 9.0 33.4 ODMPPFDs of the four tree ages. Significance levels were
CI7HMPPFD 12;'2 1;3-; 1?;‘1‘ g‘g g-z ggg as follow; £>0.321(P<0.001), r>0.254 (P<0.01) and 0195
C18HMPPFD : . ) . ) ) (P<0.05).
O6HMPPFD 415 294 351 2.7 1.6 345
O7HMPPFD 122.5 88.6 104.1 6.6 6.3 32.6 Tree age S-year S5-year 10-year 10-year 15-year 15-year 20-year 20-year
CDM ODM CDM ODM CDM ODM CDM ODM
8§Emg§£g }‘5‘?? 1325 ng g; ;; gé(s) PPFD PPFD PPFD PPFD PPFD PPFD PPFD PPFD
: . . . . . 5-year CDMPPFD 1.0000
O10HMPPFD 186.7 128.8 159.9 13.5 8.5 36.2 5-year ODMPPFD 0.0093 1.0000
10-year CDMPPFD 0.4561 0.1264 1.0000
OlIHMPPFD 278.9 187.0 2338 ~ 21.8 9.3 39.3 10-year ODMPPFD 0.1743 0.6830 0.6067 1.0000
OI2HMPPFD 312.5 203.9 2556 248 9.7 425 15-year COMPPFD 0.4142 0.1684 0.8484 0.5559 1.0000
O13HMPPFD 2809 1850 232.8 22.0 9.5 41.2 15-year ODMPPFD 0.2075 0.6502 0.6089 0.9154 0.6330 1.0000
OI4HMPPFD 1872 1259 1582 142 9.0 388 20-year COMPPFD 02066 0,659 0.9644 05038 03789 05439 05389 10000
OI5HMPPFD 1514 1042 1263 10.1 80 374 mAl : ' : : ' - < ~
O16HMPPFD 147.7 964 119.1 102 8.6 43.1
O17HMPPFD 121.1 90.2 104.4 6.4 6.2 29.6
O18HMPPFD 409 30.7 355 22 6.1 28.6
“Unit:%
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Table 8 The orders of CDMPPFD and ODMPPFED of the 118 orchards in the four tree ages.

Tree age  5-year 10-year 15-year 20-year Tree age  5-year 10-year 15-year 20-year

[a) [ [ [ a [ [a) [ [a) [ a @) [a) [ [a) [
s s EEEEEEEE s pfEEEEECECE
Y : 2 :Z::Z::: ::Z:ZEIEG::CEOZ
£E £ O O U o © © © 0o £ £ O O U o © © © ©
I OC 24 107 23 64 39 67 23 76 60 SCL 4 41 15 44 11 30 51 17
2 0C 10 93 10 76 1 10 36 71 61 SCL 1 3 6 16 7 8 4 7
3 0C 6 84 26 70 12 47 7 28 62 SCL 2 4 21 9 56 33 66 10
4 OC 17 74 25 48 51 53 38 57 63 SCL 11 7 114 71 63 56 55 53
5 0C 30 118 19 102 6 80 6 87 64 SCL 12 8§ 8 59 38 48 21 29
6 OC 36 117 7 75 8 81 5 97 65 SCL 18 30 54 52 48 69 88 79
7 OC 37 112 51 9 78 95 8 92 66 SCL 19 31 43 62 18 60 32 48
8§ OC 38 113 35 88 26 75 43 83 67 SCL 20 32 70 49 95 46 79 14
9 OC 35 111 32 77 27 73 57 55 68 SCL 21 33 44 63 19 61 33 49
10 OC 14 110 29 74 73 88 59 81 69 SCL 46 1 9 57 9 24 37 38
11 OoC 31 102 58 8@ 40 83 29 88 70 SCL 47 2 75 50 82 63 114 64
12 OC 32 103 8 67 13 76 9 74 71 SCL 39 5 48 32 58 49 28 46
13 0C 33 108 88 94 80 109 93 101 72 SCL 40 6 55 15 31 21 60 11
14 OC 34 109 92 107 8 90 54 75 73 SCL 7 26 39 33 54 26 19 30
15 MCL 9 8 98 97 97 96 87 96 74 SCL 5 25 18 14 45 38 44 26
16 MCL 91 90 71 100 44 97 30 95 75 SCL 8 27 40 34 55 27 20 31
17 MCL 64 91 106 93 110 92 99 82 76 SCL 9 28 22 13 43 40 49 27
18 MCL 65 92 89 114 107 118 100 117 77 SCL 72 13 85 47 47 35 85 15
19 MCL 70 104 115 117 116 117 116 118 78 SCL 73 14 84 7 66 62 63 42
20 MCL 71 105 104 112 83 86 71 86 79 SCL 78 11 101 29 75 31 89 40
21 MCL 58 67 100 105 114 110 102 109 80 SCL 79 12 105 36 8 39 84 59
22 MCL 59 68 118 115 91 104 112 113 81 SCL 26 47 11 5 24 41 46 51
23 MCL 83 94 97 113 102 114 70 103 82 SCL 27 48 13 38 16 17 40 32
24 MCL 84 95 65 89 96 106 67 106 83 SCL 28 49 12 6 25 42 47 52
25 MCL 54 100 87 109 84 102 77 102 84 SCL 29 50 2 37 17 18 41 33
26 MCL 55 101 81 106 59 99 65 93 85 SCL 66 9 20 21 10 15 24 13
27 MCL 106 96 110 103 106 107 107 105 8 SCL 67 10 28 26 20 28 15 16
28 MCL 107 97 103 108 94 101 91 98 87 SCL 99 17 60 54 41 32 52 45
29 MCL 68 71 112 111 112 115 111 116 88 SCL 100 18 83 24 99 23 92 21
30 MCL 69 72 107 101 117 111 110 104 89 TT 50 61 41 39 36 52 25 60
31 MCL 87 59 102 92 101 94 104 89 9% TT 51 62 34 72 34 59 27 39
32 MCL 98 57 73 79 88 8 80 78 91 TT 60 63 31 73 61 72 69 69
33 MCL 8 87 50 98 64 82 42 90 92 TT 61 64 37 51 70 54 61 63
34 MCL 81 88 64 91 32 84 206 85 93 TT 104 21 49 42 57 43 75 58
35 MCL 76 81 109 118 113 116 118 114 94 TT 105 22 61 23 71 22 97 34
36 MCL 77 82 116 104 115 103 103 99 95 TT 112 19 62 60 50 68 18 73
37 MCL 114 65 95 99 104 112 105 110 9% TT 113 20 9 22 15 16 8 44
38 MCL 115 66 66 96 108 100 106 94 97 TT 62 55 16 56 28 66 22 66
39 MCL 101 58 113 95 118 108 117 112 98 TT 63 56 67 40 46 44 56 24
40 MCL 118 60 99 82 92 91 83 84 9 TT 9% 53 72 35 23 74 17 47
41 MCL 94 98 74 8 72 79 39 67 100 TT 97 54 8 27 87 37 109 35
42 MCL 95 99 69 87 77 93 74 100 101 TT 92 23 33 10 14 7 11 6
43 MCL 116 69 117 116 109 105 94 115 102 TT 93 24 91 45 85 14 53 22
44 MCL 117 70 108 110 100 113 108 111 103 TT 88 15 96 8 105 5 113 12
45 YS 22 75 30 41 30 51 12 36 104 TT 8 16 93 25 76 45 101 54
46 YS 23 73 17 46 29 34 14 37 105 TT 108 38 45 19 9 13 13 1
47 YS 42 114 46 53 22 50 45 o6l 106 TT 109 39 57 28 74 29 72 50
48 YS 43 115 27 61 53 65 76 56 107 TT 45 44 3 1 3 4 10 9
49 YS 44 116 53 68 69 70 50 68 108 TT 48 45 5 3 5 2 I 19
50 YS 41 83 82 78 62 78 68 80 109 TT 49 46 59 20 49 6 o4 4
51 YS 15 79 38 8 65 77 58 77 110 TT 82 29 56 58 35 20 31 43
52 YS 16 8 78 8 67 87 73 107 111 TT 110 36 47 18 52 9 35 23
53 YS 8 8 68 55 79 57 90 62 112 TT 111 37 36 2 33 1 81 2
54 YS 8 8 94 66 93 64 95 70 113 TT 56 51 111 4 3 2 5
55 YS 13 106 52 69 60 71 82 72 114 TT 57 52 4 4 2 11 3 3
56 YS 25 78 42 65 21 58 34 65 115 TT 74 34 24 17 42 25 16 25
57 YS 52 76 76 85 103 98 96 108 16 TT 75 35 63 12 98 12 62 8
58 YS 53 77 111 84 111 85 115 91 117 TT 102 42 77 31 68 55 78 41
59 SCL 3 40 14 43 37 19 48 18 118 TT 103 43 79 30 81 36 98 20
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Table 9 Coefficients of rank correlation between CDMPPFDs and
ODMPPFDs in the four tree ages. Significance levels were
as follow; r>0.321 (P<0.001), r>0.254 (P<0.01) and r>0.195
(P<0.05).

Tree age S-year
CDM
PPFD
S-year CDMPPFD 1.0000
5-year ODMPPFD -0.0675 1.0000

10-year CDMPPFD 0.4870 0.0898 1.0000

10-year ODMPPFD 0.1184 0.6903 0.5619 1.0000

15-year CDMPPFD 0.4303 0.1624 0.8482 0.5323 1.0000

15-year ODMPPFD 0.1578 0.6508 0.5806 0.8985 0.6027 1.0000

20-year CDMPPFD 0.3827 0.1217 0.7610 0.4242 0.8549 0.5085 1.0000
20-year ODMPPFD 0.1834 0.6634 0.5342 0.8942 0.5680 0.9343 0.4926 1.0000

S-year 10-year 10-year 15-year 15-year 20-year 20-year
ODM CDM ODM CDM ODM CDM ODM
PPFD__PPFD PPFD PPFD PPFD PPFD PPFD

Table 10 The comparison of several CHMPPFDs and OHMPPFDs of the 15-year of tree age between the five training systems (upper)
and that of CDMPPFDs and ODMPPFDs in the four tree ages (lower). Numbers of trees in OC, MCL, YS, MCL and TT

were 14, 30, 14, 30 and 30, respectively.

C6HMPPFD  C7THMPPFD C8HMPPFD COHMPPFD C10HMPPFD C11HMPPFD CI12HMPPFD
oC 58.7 bc” 1294 ¢ 2298 ¢ 325.8 be 4535 a 588.5 a 6449 a
MCL 539 d 120.7 d 2183 d 287.6 d 396.4 ¢ 5158 ¢ 5693 ¢
YS 58.0 ¢ 126.1 ¢ 2263 ¢ 3126 ¢ 427.3 ab 553.5 ab 6044 b
SCL 60.6 b 136.0 b 2533 b 335.0 ab 438.3 ab 541.7 b 585.9 be
TT 633 a 141.0 a 274.6 a 3413 a 429.6 b 524.0 be 5612 ¢

CI3HMPPFD C14HMPPFD CI15HMPPFD C16HMPPFD C17HMPPFD CI18HMPPFD
oC 5854 a 4450 a 3193 ¢ 2257 ¢ 1293 ¢ 59.0 be
MCL 5223 ¢ 4058 b 2974 d 2231 ¢ 121.1 d 543 d
YS 555.8 ab 4304 a 3144 ¢ 2243 ¢ 1262 ¢ 58.0 ¢
SCL 541.1 be 4384 a 3348 b 2524 b 136.2 b 60.8 b
TT 533.6 be 4413 a 348.1 a 2712 a 1403 a 62.7 a

O6HMPPFD  O7HMPPFD O8HMPPFD O9HMPPFD O10HMPPFD O11HMPPFD O12HMPPFD
oC 347 ¢ 1073 a 1263 a 122.8 cd 150.6 ¢ 219.6 ¢ 240.8 ¢
MCL 31.7 d 982 ¢ 1149 b 118.7 d 144.0 d 207.7 d 2258 d
YS 349 ¢ 1072 a 1244 a 1264 ¢ 156.1 ¢ 2259 ¢ 247.0 ¢
SCL 362 b 1089 a 1248 a 1325 b 166.0 b 2454 b 268.5 b
TT 378 a 102.3 b 110.0 ¢ 138.7 a 1759 a 258.7 a 283.6 a

O13HMPPFD OI14HMPPFD O15HMPPFD O16HMPPFD O17HMPPFD OI18HMPPFD
oC 2202 ¢ 152.0 ¢ 124.1 b 1263 a 106.5 a 357 b
MCL 206.1 d 1404 d 1135 ¢ 112.7 b 98.8 ¢ 329 ¢
YS 2252 ¢ 1549 ¢ 125.6 b 1252 a 107.1 ab 355 b
SCL 2449 b 165.8 b 132.8 a 126.4 a 109.1 a 36.8 a
TT 257.0 a 172.7 a 133.8 a 112.0 b 102.9 b 369 a

5-year 10-year 15-year 20-year

CDMPPFD CDMPPFD CDMPPFD CDMPPFD
oC 575.6 a 3578 a 3226 a 311.0 a
MCL 5538 b 3287 b 2912 b 282.6 b
YS 569.8 a 3474 a 309.0 a 296.0 ab
SCL 574.0 a 352.1 a 3165 a 3044 a
TT 554.6 b 3549 a 3179 a 306.5 a

ODMPPFD ODMPPFD ODMPPFD ODMPPFD
oC 200.2 d 1509 b 1359 ¢ 130.5 b
MCL 2094 ¢ 143.1 ¢ 126.6 d 123.0 ¢
YS 2054 cd 1542 b 138.1 b 1322 b
SCL 243.6 a 162.6 a 146.0 a 141.7 a
TT 2322 b 164.1 a 1479 a 1429 a

“Different letter indicates significance at 5% level by Tukey's multiple range test.
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Table 11 The comparison of CDMPPFDs and ODMPPEFDs in each training system between parameters for training-pruning (PTP) in the four
tree ages. n indicates the numbers of tree per parameter in each training system.
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Tramings Tree age PTP DPPSBL BADPPSB NSSB DPSSBL LIAVS
VPTP” EL BL 3 5 EL BL 50 70
n 8 6 8 6 8 6 7 7
S-year CDMPPFD 576 575 578 572 % 576 576 575 576
10-year CDMPPFD 363 349 362 350 356 359 353 360
15-year CDMPPFD 332 310 328 313 325 319 320 319
20-year CDMPPFD 316 305 313 303 309 309 313 309
oC
S-year ODMPPFD 200 201 203 198 * 200 204 201 202
10-year ODMPPFD 151 149 154 148 * 149 152 149 152
15-year ODMPPFD 139 131 139 131 * 135 135 133 135
20-year ODMPPFD 131 128 134 127 * 129 130 132 129
VPTP EL BL EA BW 2 3 EL BL 50 70
n 16 14 14 16 14 16 14 16 15 15
S-year CDMPPFD 557 550 ** 557 551 ** 553 554 552 555 554 554
10-year CDMPPFD 326 332 326 331 333 326 335 324 ** 326 331
15-year CDMPPFD 290 292 293 290 292 291 298 286 * 287 294
20-year CDMPPFD 282 284 283 282 285 282 291 275 * 278 285
MCL
S-year ODMPPFD 206 213 ** 209 210 211 208 206 213 ** 210 210
10-year ODMPPFD 144 142 142 144 145 142 144 142 142 144
15-year ODMPPFD 125 128 127 126 126 127 128 125 126 127
20-year ODMPPFD 122 124 123 123 124 123 124 122 122 124
VPTP EL BL 3 5 EL BL 50 70
n 8 6 6 8 8 6 7 7
S-year CDMPPFD 573 567 564 573 568 571 569 568
10-year CDMPPFD 352 339 351 342 348 343 349 340
15-year CDMPPFD 314 301 312 305 311 301 307 306
20-year CDMPPFD 303 284 * 297 290 298 285 295 289
YS
S-year ODMPPFD 204 207 203 207 205 207 203 206
10-year ODMPPFD 154 153 157 151 ** 156 150 * 154 153
15-year ODMPPFD 139 136 142 135 ** 140 133 * 137 137
20-year ODMPPFD 133 129 137 127 ** 134 127 * 131 130
VPTP EL BL EA BW 1 2 EL BL 50 70
n 14 16 14 16 14 16 14 16 15 15
S-year CDMPPFD 580 567 ** 579 568 * 580 566 ** 573 572 574 574
10-year CDMPPFD 350 353 348 355 362 341 ** 355 348 350 353
15-year CDMPPFD 316 317 315 318 321 311 319 314 316 318
20-year CDMPPFD 304 303 306 304 307 299 * 304 303 306 302
SCL
S-year ODMPPFD 247 242 246 243 235 251 ** 246 243 244 244
10-year ODMPPFD 160 165 * 163 162 163 162 163 162 162 163
15-year ODMPPFD 144 147 146 146 145 146 146 146 146 146
20-year ODMPPFD 141 142 143 141 141 142 142 142 141 142
VPTP EL BL EA BW 2 3 EL BL 50 70
n 16 14 14 16 16 14 16 14 15 15
S-year CDMPPFD 554 556 555 553 556 552 233 233 554 553
10-year CDMPPFD 349 362 359 350 363 346 * 352 358 357 352
15-year CDMPPFD 312 323 321 315 326 309 * 315 322 321 314
20-year CDMPPFD 300 312 310 302 313 300 305 308 310 302
TT
S-year ODMPPFD 234 23] 232 233 227 238 ** 234 233 233 233
10-year ODMPPFD 161 167 ** 163 166 164 164 164 166 164 165
15-year ODMPPFD 145 151 ** 147 149 148 149 149 148 147 149
20-year ODMPPFD 140 146 ** 141 145 144 143 144 142 143 143

ZValues of parameters for training-pruning shown in Table 2.
Y* and ** indicates significance at 5% and 1% level by t-distribution test, respectively.
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Table 12 Means and coefficients of variation of the 107
characteristics of canopy shapes (CCSs) of the 118 trees
in the 15-year of tree age. The abbreviations and units
refer to Table 3 and 4.

CCSs Mean CV(%) CCSs Mean CV(%)
ASLC 1505 109 PpvCcCSQW  3.13 457
CVLAD 192.93 8.6 PVCEB 024 517
CVNEBA 98.37 7.4 PVCEBQE 0.17 102.7
CVNEBEWVC 496 172 PVCEBQN 027 7238
CVNEBHC 5.06 41.8 PVCEBQS 027 781
CVNEBNSVC 452 226 PVCEBQW 037 668
CVNLBA 64.55 7.9 PVCODQE 2.88 547
CVNLEWVC 142.02 382 PVCODQN 331 40.6
CVNLHC 120.87  22.5 PVCODQS 3.53 397
CVNLNSVC 11644 178 PVCODQW  3.84 46.7
HCB 2521 650 PVEBL 9542 24
LAla 1.41 260 PVEBM 91.76 2.2
LAIc 430 11.2 PVEBQE 9643 2.0
LAO 5.04 348 PVEBQN 94.90 1.5
MAXLAD 1.21 239 PVEBQS 94.67 1.7
MAXNLBA 841 234 PVEBQW 93.69 2.1
MCF45E 1.09 7.2 PVEBU 98.66 1.2
MCF45N 1.55 7.8 PVLB 472 239
MCF45S 1.56 9.1 PVLBL 458 49.1
MCF45W 1.53 8.2 PVLBM 8.24 244
MCFEW 1.95 7.9 PVLBQE 357 546
MCFNS 1.96 8.8 PVLBQN 5.10 279
MCFVD 1.93 8.1 PVLBQS 533 305
MCT3D 147.53 139 PVLBQW 631 313
MCT45E 196.31 16.6 PVLBU 1.34  86.0
MCT45N 189.88 19.1 PVOEB 8932 34
MCT45S 197.42  27.5 PVOEBQE 91.40 4.8
MCT45W 183.01 140 PVOEBQN 8885 3.8
MCTEW 143.46 341 PVOEBQS 88.12 39
MCTNS 156.15 26.1 PVOEBQW 8635 57
MCTVD 14299 29.8 REBLBL 28.56 654
MLAD 0.06 11.1 REBLBM 11.93  28.6
MNEB 420.18 1.2 REBLBQE 40.82 753
MNEBA 6.26 122 REBLBQN 2041 33.8
MNLBA 1.92 6.0 REBLBQS  19.68 35.0
MNLC 35593 31.0 REBLBQW 1635 313
MVEBA 0.04 21.6 REBLBU  >10° 764.8
MVLBA 0.01 19.2 SDLAD 012 123
NEB 8822.81 1.2 SDNEBA 6.15 13.0
NEBA 1427.84  10.9 SDNLBA 1.24 122
NL 7474.60 31.0 TH 33544 87
NLB 437.19 239 TP3D 67.79 8.9
NLBA 227.14  22.0 TP45E 66.31 10.5
NLES 3062.58  55.0 TP45N 75.22 8.1
PNLES 38.02  30.5 TP45S 7542 8.1
PSLB 78.38 8.4 TP45W 73.94 6.1
PSLBQE 83.64 10.6 TPEWD 66.98 6.2
PSLBQN 80.17 9.8 TPNSD 6937 9.3
PSLBQS 79.70  10.6 TPVD 67.02 147
PSLBQW 74.46 9.7 TWEW 30047  25.1
PVCCS 241 320 TWNS 326.68 149
PVCCSQE 1.99 552 VLB 279 319
PVCCSQN 247 377 VSS 58.65 157
PVCCSQS 275  33.1
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Table 13 Factor loadings (FLs) of caracteristics of canopy shape (CCSs) in each factor from factor analyses of the

15-year of tree age (left) and that of the 20-year of tree age (right) in the upper part of the table. Coefficients

of determination (CDs) and cumulative coefficients of determination (CCDs) were shown in the lower.

Abbreviations of CCSs refer to Table 3 and 4.

15- year of tree age

20-year of tree age

Factor 1 FL  Factor 2 FL Factor 1 FL Factor 2 FL
TP45N 0.9372  MCFVD 09111 TPNSD 0.9408 MCFVD 0.9228
TP45S 0.9371 MCF45S 0.8993 TP45N 0.9238 MCF45N 0.9129
PVOEB 0.9369 MCFNS 0.8854 CVNLEWVC 0.9221 MCFEW 0.8972
TP3D 0.9363 MCF45W 0.8728 TP3D 09161 MCF45W 0.8936
TPNSD 0.9354 PNLES 0.8723 TP45S 0.9108 MCF45S 0.8834
CVNLEWVC 0.9309 MCF45N 0.8722 PVOEB 0.9091 PNLES 0.8516
PVOEBQW 0.9027 MVLBA 0.8591 PVOEBQE 0.9052 MCFNS 0.8510
PVOEBQE 0.8889 MCFEW 0.8438 PVEBQE 0.8654 MVLBA 0.8187
NEB 0.8651 CVNLHC 0.8176 NEB 0.8586 CVNLHC 0.7758
MNEB 0.8651 MNLBA 0.8063 MNEB 0.8586 NLES 0.7488
PVEBQW 0.8618 SDNLBA 0.8010 PVOEBQW 0.8487 PVEBU 0.7450
REBLBQW 0.8447 ASLC 0.7666 TOVD 0.8198 MNLBA 0.7438
TOVD 0.8413 VSS 0.7666 MVEBA 0.8115 ASLC 0.7117
PVEBQE 0.8217 NLES 0.7627 REBLBQW 0.7983 VSS 0.7117
SDNEBA 0.8129 PVEBU 0.7341 SDNEBA 0.7945 SDNLBA 0.6558
MVEBA 0.8085 CVNEBHC 0.6679 PVEBQW 0.7908 CVNEBHC 0.6518
REBLBQE 0.7807 MAXNLBA 0.6279 REBLBQE 0.7568 MVLBA 0.5943
TP45E 0.7570 CVNLBA 0.6212 REBLBM 0.7424 MCT3D 0.5819
TP45W 0.7430 MVLBA 0.6135 PVEBM 0.7349 MAXNLBA 0.5445
PVEBL 0.7041 MCTNS 0.6050 TP45W 0.7109 MCTNS 0.5444
REBLBM 0.7037 MCT3D 0.5489 TP45E 0.6991 MCTEW 0.5404
PVEBM 0.7029 PSLBQE -0.6225 REBLBL 0.6293 PSLBQN -0.5452
REBLBL 0.6962 CVNEBA -0.6281 PVEBL 0.6273 CVNEBA -0.6026
TPEWD 0.6292 PVLBQN -0.6284 TPEWD 0.5723 PSLBQE -0.6702
MCT45S 0.5353 PVLBU -0.7341 MCTVD 0.5585 PSLBQS -0.6729
MCTVD 0.5043 PSLBQW -0.7521 MCT45S 0.5218 PVLBU -0.7450
MCTEW -0.5188 PSLBQSE -0.7746 PVCEBQW -0.5013 PSLBQW -0.7450
PVCEBQW -0.5461 PSLB -0.8392 PVCEBQE -0.6216 PSLB -0.8274
PVCEBQE -0.5569  Factor 3 FL PVLBL -0.6273  Factor 3 FL
PVCEB -0.6414 PVEBQN 0.9700 PVCEB -0.6599 PVEBQN 0.9665
VLB -0.6734 REBLBQN 0.9408 VLB -0.6621 PVOEBQN 0.9326
MNLC -0.7004 PVOEBQN 0.9257 MNLC -0.7041 REBLBQN 0.8674
NL -0.7004 CVNEBEWVC -0.5285 NL -0.7041 MCT45W 0.5207
PVLBM -0.7029 PVCEBQN -0.6406 PVCCSQW -0.7132  CVNEBEWVC -0.6030
PVLBL -0.7041 PVCCSQN -0.6527 LAO -0.7135 PVCEBQN -0.6387
LAO -0.7415 PVCODQN -0.7040 PVLBM -0.7349 PVCODQN -0.6812
PVCCSQW -0.7642 PVLBQN -0.9700 NEBA -0.7726  PVCCSQN -0.6971
NEBA -0.7756  Factor 4 FL PVCODQW -0.7875 PVLBQN -0.9665
PVCODQE -0.8020 REBLBQS 0.8461 PVLBQW -0.7908 Factor 4 FL
LAla -0.8061 PVEBQS 0.8262 PVCODQE -0.8100 PVEBQS 0.8576
PVLB -0.8217 PVOEBQS 0.8085 LAla -0.8167 PVOEBQS 0.8378
CVNEBNSVC -0.8263 CVNLNSVC 0.5236 CVNEBNSVC -0.8335 REBLBQS 0.8320
PVCODQW -0.8342 PVCCSQS -0.5436 PVCCS -0.8360 PVCODQS -0.5159
TWEW -0.8554 PVCODQS -0.5794 PVCCSQE -0.8469 PVCCSQS -0.6381
PVCCSQE -0.8616 PVLBQS -0.8262 TWEW -0.8563 PVCEBQS -0.6474
PVLBQW -0.8618  Factor 5 FL NLB -0.8586 PVLBQS -0.8576
PVLB -0.8651 TH 0.6670 PVLB -0.8586  Factor 5 FL
NLB -0.8651  Factor 6 FL PVLBQE -0.8654 LAlc 0.6391
NLBA -0.9017 SDLAD 0.8705 NLBA -0.8945 MLAD 0.5692
PVCCS -0.9019 MLAD 0.8327 TWNS -0.5818
LAlc 0.6826 Factor 6 FL

MAXLAD 0.5152 TH 0.6575

Factor 7 FL

SDLAD 0.8422

MAXLAD 0.6791

CVLAD 0.5605

Factor No. CDs(%) CCDs(%) Factor No. CD(%) CCD(%)

1 33.98 33.98 1 32.58 32.58

2 21.98 55.96 2 20.18 52.76

3 7.67 63.63 3 8.02 60.78

4 6.90 70.53 4 7.09 67.86

5 3.66 74.19 5 4.75 72.61

6 3.43 77.61 6 4.65 77.26

7 2.36 79.97 7 2.48 79.74

8 1.95 81.92 8 1.87 81.60
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Table 14 Coefficients of correlation between most characteristics of
canopy shape (CCSs) and CDMPPFDs or CDMPPFDs of
the 118 orchards in the 15-year of tree age. Significance
levels were as follow; 1>0.321(P<0.001), r>0.254 (P<0.01)
and r>0.195 (P<0.05). Abbreviations of CCSs refer to Table

3 and 4.

CCSs CDM-  ODM- CCSs CDM- ODM-
PPFD  PPFD PPFD  PPFD

MNEB 0.2248 0.6485 TP45E 0.0537  0.5726
CVNEBHC  -0.3009 -0.7651 TP45W 0.0981  0.6249
CVNEBNSV -0.2355 -0.2458 PVCCS 0.1225 -0.1572
CVNEBEWV -0.2422 -0.1549 PVCEB -0.1121 -0.3876
LAO -0.1393 -0.6472 PVOEB 0.0644  0.5028
LAlc -0.5936 -0.0866 PVLB -0.2248 -0.6485
LAla -0.3810 -0.7529 PVCCSQS 0.0353 -0.2243
MLAD -0.3867 -0.2662 PVCODQS -0.2014 -0.5007
SDLAD -0.4248 -0.3423 PVEBQS  -0.2467 -0.4007
CVLAD -0.1147 -0.1339 PVOEBQS 0.2515 0.5716
MAXLAD -0.4260 -0.4445 PVLBQS -0.3520 -0.6131
MCTVD 0.0244  0.4815 PVCCSQN 0.2338 -0.0110
MCTNS -0.1277 -0.4984 PVCODQN 0.0870 -0.4332
MCTEW -0.1483 -0.4605 PVEBQN 0.0498 -0.1351
MCT3D -0.1853 -0.3625 PVOEBQN -0.0808 0.3327
MCT45S -0.1465 0.2761 PVLBQN -0.0505 -0.3532
MCT45N -0.0007 -0.0867 PVCCSQE -0.0021 -0.3005
MCT45E -0.2264  0.0673 PVCODQE -0.1530 -0.5557
MCT45W -0.0686  0.2491 PVEBQE -0.2128 -0.4108
NL -0.3994 -0.7932 PVOEBQE 0.1850 0.5376
NLES -0.5045 -0.8301 PVLBQE -0.2746 -0.5614
PNLES -0.5530 -0.7617 PVCCSQW 0.1710  0.1226
NLB -0.2248 -0.6485 PVCODQW 0.1799 -0.0990
MCFNS -0.5743  -0.6920 PVEBQW  0.1138 0.0165
MCFEW -0.5142  -0.7363 PVOEBQW -0.1312  0.0478
MCFVD -0.5964 -0.6466 PVLBQW  0.0259 -0.1199
MCF45S -0.5752  -0.6632 PVLBU 0.2526  0.5671
MCF45N -0.6036 -0.6530 PVLBM -0.3069 -0.6988
MCF45E -0.4220 -0.0985 PVLBL -0.1928 -0.6407
MCF45W -0.5468 -0.6980 PVEBQS 0.3520 0.6131
NLBA -0.1076  -0.5454 PVEBQN 0.0505 0.3532
MNLBA -0.4942  -0.5536 PVEBQE 0.2746  0.5614
MVLBA -0.3074 -0.4819 PVEBQW -0.0259 0.1199
SDNLBA -0.4884 -0.5132 PVEBU -0.2526 -0.5671
CVNLBA -0.3777 -0.3726 PVEBM 0.3069  0.6988
MAXNLBA  -0.4247 -0.5499 PVEBL 0.1928  0.6407
NEBA -0.0056 -0.2276 REBLBQS 0.2032  0.5098
NEB 0.2248  0.6485 REBLBQN 0.0273  0.2985
MNEBA 0.0414  0.2978 REBLBQE 0.2729  0.5388
MVEBA -0.1024 -0.0868 REBLBQW 0.0641  0.1859
SDNEBA 0.1531 0.5651 REBLBU -0.1314 -0.1859
CVNEBA 0.2142  0.5227 REBLBM  0.2914  0.6935
TPNSD -0.0071  0.2049 REBLBL 0.1269  0.5494
TOEWD -0.1245  0.1690 PSLBQS 0.4715  0.7380
TPVD 0.0919  0.6026 PSLBQN 0.4821 0.6869
TP3D 0.0187 0.4396 PSLBQE 0.4309 0.6121
TP45S 0.0260  0.5009 PSLBQW  0.5081  0.7280
TP45N 0.0934 0.4406 PSLB 0.5552  0.8070
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Table 15 Results of multiple regression analyses of COMPPFD or ODMPPFD in the three tree ages (thel0-year, 15-year and 20-year) using
characteristics of canopy shape (CCSs) by a stepwise method. PRC, CV, CD and 1V indicates partial regression coefficient, criterion
variable, coefficient of determination (=R”) and incorporated variable, respectively. The abbreviations of CCSs refer to Table 3 and 4.

Tree age 10-year Tree age 10-year Tree age 15-year  Tree age 15-year  Tree age 20-year Tree age 20-year
CV: CDMPPFD CV: ODMPPFD CV: CDMPPFD CV: ODMPPFD CV: CDMPPFD CV: ODMPPFD
CD=0.930 CD=0.975 CD=0.970 CD=0.949 CD=0.880 CD=0.939
F value=46.2 F value=148.5 F value=66.8 F value=84.5 F value=49.9 F value=59.3
Significance  P<0.001 Significance P<0.001 Significance  P<0.001 Significance P<0.001 Significance ~ P<0.001 Significance P<0.001
v PRC 1V PRC IV PRC IV PRC 1V PRC IV PRC
LAlc -0.5960 PSLB 0.4117 PSLB 0.7175 LAla -0.4957 MCFEW -0.3773 NLES -0.3458
MCTVD 0.3576 TP45N -0.3790 MCF45W -0.4332  TP45N -0.4483 LAlc -0.4749 CVLAD 0.2729
CVNEBNSVC -0.4143 LAla -0.6136  CVNLHC 0.5054 REBLBM 0.4015 MCT3D 0.4689 TP45N -0.6575
SDNEBA 0.2924 TP45S 0.6120 MLAD -0.5316 MCT45S 0.4455 PVOEBQS 0.2293 LAla -0.4800
TP45S -0.5425 PVCCSQW 0.4324 CVNEBEWVC -0.7074 CVNEBEWVC -0.5107 CVNENNSVC -0.4667 SDNLBA 0.3124
PVCODQE  -0.4507 TP45E -0.2082 MNLC 0.2267 MCFNS -0.4300 TP45S -0.2807 TP45W -0.4120
NLES -0.4024 REBLBL 0.5467 HCB 0.4747 CVNLHC -0.2997 CVLAD 0.3800 PVCEBQW 0.4615
CVNLEWVC -0.6029 MCT3D 0.3814 PVCCSQE -0.3592 MCT45E -0.2593 NLES -0.5943 HCB 0.2545
REBLBQN 0.3330 CVNLHC -0.4924 MCFEW 0.5641 MCF45S 0.3125 MAXLAD -0.2725 PSLBQW 0.5622
SDNLBA 0.3653 REBLBM 0.5076 TP45S -0.7354 PNLES 0.5141 CVNEBEWVC -0.3188 MCF45W 0.4344
MCF45W -0.2734 PVEBM -0.3421 REBLBQE 0.5374 PSLB 0.3286 MCT45N 0.2963 CVNENNSVC -0.5157
REBLBQW  0.3487 CVNEBEWVC -0.4443 TWNS 0.4907 PVCEBQS 0.1599 MCT45E 0.2752 REBLBQN 0.3209
MAXNLBA -0.2378 TP3D -0.4441 TPNSD 0.2583 MNLBA -0.1902  MCFNS 0.2415 REBLBQW  -0.2494
MCF45S 0.1853 CVNEBHC 0.4699 MCFNS -0.4137 NLES -0.4027 TP4SE -0.1663 TPVD 0.3467
TP45N 0.3853 SDLAD 0.3388 CVNLNSVC  -0.5836 CVNLNSVC -0.3198 PSLBQN 0.1560 PVOEB 0.2074
REBLBM 0.2449 PVCEBQE -0.2316 MNEBA 0.3928 PVCEBQN -0.2908 MCT45E 0.4117
TWEW -0.1779 SDNEBA 0.1994 CVLAD 0.4761 SDNLBA 0.2737 MCTNS 0.2233
PVLBL -0.2792 MAXNLBA -0.1735 MAXLAD -0.5072 PVLBM 0.1949 REBLBQS 0.2918
PSLBQS -0.2919 LAlc 0.2613 NEBA 0.3582 PVCODQN -0.2289 MCF45S 0.2793
PVCEBQS -0.3298 NLES 0.2595 MCTVD 0.4772 MAXNLBA 0.1979 MVEBA -0.3897
PVOEBQN  -0.1928 CVLAD -0.3052 PVOEBQE -0.2542 CVNEBHC 0.1607 CVNLHC 02118
MCT45N -0.1896 MLAD -0.2739 MVLBA -0.3149 PVCEBQN -0.2923
VLB 0.3180 MCFEW -0.1989 PVCCSQS 0.4854 SDNLBA -0.2216
PNLES 0.2375 MCTVD -0.1706 PVCCS -0.4550 MCF45E -0.1497
MCFVD -0.1668 PVEBQW -0.2612
MAXLAD 0.2652 PVLBQW -0.2612

REBLBU -0.4424

MCT45W 0.3306

TH -0.4361

PSLBQS -0.3838

MCTEW -0.2544

SDNEBA -0.3423

REBLBL 0.2354

TWEW -0.2000

PVEBQE -0.2532

NL -0.2267

PVCEBQN -0.1615

CVNEBHC -0.1605
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Table 16 The comparison of means of several characteristics of canopy shape (CCSs) which were incorporated into the multiple regression of
ODMPPFD between the five training systems in the three tree ages. The abbreviations and units of CCSs refer to Table 3 and 4.

10-year
CCSs CVNLHC CVNLEWVC CVNEBHC LAlc LAla MLAD SDLAD CVLAD MCTVD MCT3D
ocC 148.31 a* 86.25 d 7.75 a 271 ¢ 1.30 a 0.04 b 008 b 17295 ab  98.70 d 158.45 a
MCL 149.61 a 113.13 ¢ 7.11 b 3.19 a 1.30 a 0.05 a 0.08 a 16944 b  109.20 cd 160.96 a
YS 120.12 b 69.62 ¢ 6.20 ¢ 299 ab 130 a 0.04 b 0.08 ab 182.56 a  124.89 b 154.37 ab
SCL 82.79 d 138.50 b 3.18 d 3.16 a 095 b 0.05 a 008 b 15508 d 158.72 a 125.00 ¢
TT 107.07 ¢ 21234 a 3.02 d 294 b 0.65 ¢ 0.04 ¢ 0.07 ¢ 17039 b 15733 a 14456 b
CCSs NLES MCFEW MAXNLBA CVNEBA TP3D TP45S TP45N TP45E PVCEBQE PSLBQW
oC 3014.72 b 1.98 ab 8.64 ab 92.57 cd 60.55 ¢ 67.82 e 67.85 ¢ 54.54 ¢ 024 b 3.67 ¢
MCL 334061 a 2.05 a 877 a 9135 d 6484 ¢ 7227 ¢ 7221 e 60.63 d 028 b 277 d
YS 2959.79 b 1.92 b 8.71 ab 97.27 bc 61.26 de 68.04 de 6720 de  61.96 ¢ 0.39 a 5.74 a
SCL 970.46 ¢ 1.72 ¢ 693 ¢ 10585 a 66.60 b 7550 b 75.18 b 68.28 b 0.10 cd 4.03 be
TT 962.89 ¢ 1.87 b 7.60 be 9891 b 7541 a 8338 a 83.01 a 74.47 a 0.03 d 2.07 e
CCSs PVEBM REBLBM REBLBL PSLB
ocC 90.24 ¢ 935 ¢ 12.20 ¢ 7523 ¢
MCL 89.79 ¢ 8.81 ¢ 17.09 ¢ 7212 d
YS 89.69 ¢ 8.76 ¢ 1543 ¢ 77.82 be
SCL 9312 b 1370 b 3347 b 84.19 a
TT 93.89 a 15.70 a 54.18 a 84.61 a

15-year
CCSs CVNLHC CVNLNSVC CVNLEWVC  CVNEBHC LAla MCT45S MCTA45E NLES PNLBS
oC 151.79 a 90.57 b 89.38 de 7.74 a 1.72 a 163.36 b 16621 ¢ 4,5145 bc  46.68 ab
MCL 149.87 a 97.84 b 117.78 ¢ 720 b 1.75 a 18585 b 19626 b 4,976.5 a 50.56 a
YS 119.83 be 127.44 a 74.67 ¢ 6.20 ¢ 1.75 a 19137 b 19537 be 4,326.0 ¢ 4395 b
SCL 88.14 d 132.56 a 140.86 b 3.18 de 129 b 169.47 b 19091 be 1,386.2 ¢ 25.04 d
TT 110.63 ¢ 125.84 a 22340 a 3.00 e 0.87 ¢ 25567 a 21623 ab 1,558.0 de  31.66 ¢
CCSs MCFNS MCF45S MAXNLBA MNEBA SDNEBA TP45N PVCEBQS PVCODQN  PVCEBQN
oC 2.04 ab 16l b 8.79 a 596 b 548 ¢ 068.61 d 0.32 ab 458 a 0.40 a
MCL 212 a 1.70 a 10.03 a 591 b 553 ¢ 7243 ¢ 043 a 4.06 ab 0.29 ab
YS 201 b 1.57 be 871 a 5.67 b 542 ¢ 6778 d 0.18 b 2.89 cd 0.17 be
SCL 1.77 ¢ 1.40 d 717 b 6.03 b 638 b 7598 b 022 b 3.49 be 0.38 a
TT 1.94 b 1.53 ¢ 7.70 ab 726 a 7.19 a 8379 a 0.17 b 2.00 d 0.12 ¢
CCSs PVLBM REBLBM PSLB
ocC 915 b 10.03 ¢ 73.66 b
MCL 1033 a 8.76 ¢ 70.87 b
YS 1022 a 8.87 ¢ 76.85 b
SCL 7.03 ¢ 1337 b 84.20 a
TT 6.03 d 1595 a 82.99 a

20-year
CCSs HCB CVNLHC CVNEBSNVC LAla CVLAD MCTNS MCT45E NLES  PVOEBQS MCF45E
ocC 21.77 b 149.49 a 453 ¢ 1.95 a 20720 a 19583 a 161.80 ¢ 50684 b 1.64 be 1.06 b
MCL 28.58 ab 148.56 a 4.76 ¢ 1.95 a 21394 a 187.50 ab 195.02 ab 5759.7 a 1.72 a 1.13 ab
YS 1497 ¢ 124.43 be 6.86 a 195 a 217.79 a 152.18 ¢ 187.63 ab 5281.0 b 1.65 b 1.08 b
SCL 20.00 be 92.69 d 5.06 be 143 b 205.03 a 110.65 d 18549 b 19055 ¢ 1.45 d 1.11 ab
TT 33.02 a 11498 ¢ 336 d 097 ¢ 212.01 a 16949 bc 21460 a  1902.1 ¢ 1.57 ¢ 1.15 a
CCSs  MCF45W SDNLBA MVEBA SDNEBA TPVD TP45N TP45W  PVOEBQN  PVOEBQN PVCEBQW
ocC 1.63 a 1.28 ab 0.04 b 539 ¢ 5402 e 6855 d 68.80 d 294 ab  86.03 b 0.39 ¢
MCL 1.69 a 135 a 0.04 b 551 ¢ 59.14 c¢d 7174 ¢ 68.84 d 255 b 86.47 b 0.31 cd
YS 1.68 a 1.29 ab 0.04 b 556 ¢ 5871 d 6776 d 72.57 ¢ 3.09 ab 9190 a 0.66 a
SCL 1.44 ¢ 1.20 b 0.03 ¢ 641 b 71.19 b 7561 a 75.11 b 272°b 87.56 b 048 b
TT 1.54 b 121 b 0.05 a 710 a 7922 a 8344 a 79.79 a 1.53 ¢ 9193 a 0.20 d
CCSs REBLBQS REBLBQN REBLBQW PSLBQW
oC 14.97 be 16.20 ¢ 10.93 de 70.16 cd
MCL 1232 ¢ 15.12 ¢ 1622 b 66.35 d
YS 24.07 a 3470 a 9.16 ¢ 72.55 be
SCL 2259 a 17.75 ¢ 13.98 ¢ 7794 a
TT 21.69 a 2341 b 21.16 a 76.64 ab

“Different letter indicates significance at 5% level by Tukey's multiple range test.
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Table 17 The comparison of several characteristics of canopy shape (CCSs) between values of parameters for training-pruning
(VPTPs) of each combination of training system in the three tree ages. The numbers of trees per the parameter in each
training system refer to Table 11. The abbreviations of CCSs and that of training-pruning parameters refer to Table 3
and 4 and Table 1, respectively.

OC in 10-year NSSB TT in 10-year DPPSBL
CCSs \.VPTP 3 5 CCSs \.VPTP EL BL
MCTVD 94.51 105.35 * PSLBQW 77.24 81.66 **
MCF45W 67.54 69.16 * NLES 1056.63  882.09 *
PVCCSQS 439 339 * PNLES 28.91 24.13 *
PVCODQS 5.82 432 *  MCFEW 1.92 1.83 *
MCL in 10-year DPSSBL MCF45W 1.47 141 *
CCSs . VPTP EL BL PSLB 8329 8586 *
NLES 3167.16 3482.14 **  TTin 10-year NSSB
PNLES 43.32 47.63 ** CCSs \ VPTP 2 3
MCFVD 1.95 2.03 * MCT3D 139.71 151.00 *
MCF45S 1.57 1.64 ** NLES 884.03 1055.24 *
MCF45W 1.56 1.63 * PNLES 24.18  28.87 *
TP45S 7130  72.89 * MCFEW 1.82 1.92 *
PVCCS 2.75 233 * MCFVD 1.76 1.86 *
PVCCSQW 3.27 233 ** PVLBL 2.66 1.57 **
PSLBQW 73.83 66.90 ** PVLBM 94.24 93.48 *
PSLB 73.88 70.83 ** REBLBQN 27.37 22.01 *
YS in 10-year NSSB MCF45N 1.44 1.52 *
CCSs \\ VPTP 3 5 MCF45E 1.04 1.18 **
CVNEBHC 5.46 6.78 ** PVCCSQS 2.72 1.79 **
CVNEBEWVC 2.89 3.76 ** PVLBQE 0.97 1.29 *
NLES 2787.84 3171.70 * PVEBQE 99.03  98.71 *
PNLES 38.13 43.38 * OC in 15-year NSSB
MCF45S 1.49 1.59 * CCSs \VPTP 3 5
SDNEBA 5.20 5.53 * MCFNS 2.00 2.13 **
PVCEBQE 0.20 0.52 * NEB 8745.14 8701.80 *
PVLBU 1.28 0.44 * REBLBL 12.43 10.67 *
PVLBU 5.31 7.07 ** PSLB 75.92 70.59 *
PVEBL 94.69 92.93 ** MCT45S 222.51 297.78 **
REBLBL 17.89 13.49 ** NLES 1417.78 1691.24 *
PSLBQE 79.35 73.61 * PNLES 28.81 3437 *
PSLBQW 78.48 73.33 *  MCL in 15-year DPSSBL
PSLB 80.63 7538 ** CCSs . VPTP EL BL
YS in 10-year DPSSBL LAO 6.62 6.30 *
CCSs . VPTP EL BL MCFNS 2.07 2.19 **
CVNEBEWVC 3.06 3.84 *  MCF45S 1.66 1.74 *
MNLBA 1.92 2.00 * PVCCS 2.57 224 *
SDNLBA 5.28 5.58 *  PVCCSQW 2.88 222 *
PVLBM 10.82 9.43 ** YSin 15-year NSSB
PVLBU 5.65 7.41 * CCSs \ VPTP 3 5
PVEBM 89.18 90.57 ** MCTVD 112.40 14047 *
RVLBL 94.35 92.59 *  MCFEW 1.93 2.01 *
REBLBM 8.26 9.65 ** PVCEB 0.23 0.43 *
REBLBL 16.86 12.83 * PVLBU 1.46 0.57 *
PSLBQW 81.05  75.02 ** PVLBL 5.83 722 *
SCL in 10-year DPPSBL PVEBL 94.17 92.78 *
CCSs \VPTP EL BL PVCEBQE 0.17 0.58 *
MAXLAD 0.73 0.64 * PSLBQS 83.94 76.05 **
NLES 1047.05 904.38 * REBLBL 16.30 13.16 *
PNLES 25.46 21.99 *  PSLBQW 77.36 71.38 *
CVNEBA 104.30 107.32 * PSLB 80.52 74.05 **
PSLBOQW 84.18 88.35 * PSLBQE 80.76 71.81 **
SCL in 10-year NSSB YSin 15-year DPSSBL
CCSs . VPTP 1 2 CCSs \.VPTP EL BL
MCT3D 131.38 119.84 * NLES 41.54 48.74 *
MAXNLBA 6.46 7.33 * PNLES 4088.60 4796.47 *
PVEBM 93.45 92.88 * MCF45E 1.02 1.08 *
RVLBQW 1594 1394 * REBLBL 1652 12.01 **
PVLBL 5.74 7.76 **
PVEBL 94.26 92.24 *

SCL in 15-year NSSB
CCSs \VPTP 1 2
LAO 3.73 3.36 *
MLAD 0.07 0.07 *
PVLBU 3.28 2.60 *
REBLBL 31.44 4259 *
TTin 15-year DPPSBL
CCSs \.VPTP EL BL
MCT45N 23240 204.64 **
TTin 15-year ~ NSSB
CCSs \.VPTP 2 3
MCT45S 22251  297.78 **
PNLES 28.81 3437 *
PVEBQE 98.93  98.58 **
REBLBQE 99.31  72.67 **
NLES 1417.78 169124 *
OC in 20-year NSSB
CCSs U VPTP 3 5
MCF45E 1.04 1.10 *
PVLB 5.81 6.25 *
CVNEBVC 41537 41342 *
NLB 538.14 579.20 *
NEB 8721.86 8680.80 *
PVLBM 7.96 9.69 **
PSLB 7495  71.66 *
MCL in 20-year DPSSBL
CCSs \.VPTP EL BL
LAO 6.92 6.33 *
LAIc 4.53 495 **
NLES 5493.60 6058.25 **
PNLES 50.09 5524 **
PSLB 7097  68.50 *
MCT45E 207.00 186.17 *
PVOEBQS 84.86  82.68 *
PVEBQS 13.79  11.06 **
YS in 20-year NSSB
CCSs \.VPTP 3 5
MNLBA 1.98 2.05 *
MVLBA 0.01 0.01 *
PVCEB 0.26 0.38 *
MCT3D 14430  174.53 **
MCT45N 164.47 193.96 *
MCFEW 1.96 2.13 **
PVLBU 1.27 0.38 *
PVEBL 98.73  99.62 *
PSLBQW 7580  69.37 *
PSLBQE 80.60  70.68 **
PSLB 7936 72.62 **
TT in 20-year DPPSBL
CCSs \.VPTP EL BL
MCFNS 2.04 1.94 *
MCFEW 2.02 1.89 *
MCF45E 1.23 1.08 **
PSLBQW 7440 7930 *
MCF45N 1.63 1.51 **

z* and ** indicates significance at 5% and 1% level by t-distribution test, respectively.
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Table 18 The upper part indicates the eigenvectors (EVs) of the first principal component (left) and the second

one (right) from the principal component analysis of characteristics of canopy shape (CCSs) in

15-year of tree age. The lower part shows the eigenvalues (EVAL), the coefficients of determination
(CD) and the cumulative coefficients of determination (CCD) to the eighth principal component (PC).

First principal component

Second principal component

CCSs EV CCSs EV  CCSs EV CCSs EV
NEB 0.1416 CVNLBA -0.0384 MVEBA 0.1966 REBLBL 0.0303
MNEB 0.1416 PVCODQN  -0.0387 MVLBA 0.1803 TP45E 0.0299
TPVD 0.1394 PVLBQN -0.0459  VSS 0.1770 LAlc 0.0290
PVOEB 0.1337 PVEBQW -0.0476 ASLC 0.1770 TPVD 0.0289
TP45E 0.1322 PVCCSQW  -0.0477 MCF45N 0.1687 TP45W 0.0269
PVEBL 0.1312  ASLC 0.0483 MCF45S 0.1643 MAXLAD 0.0269
PVEBM 0.1311 VSS -0.0483  TPNSD 0.1642 REBLBU 0.0236
TP45W 0.1308 MCT3D -0.0521 MCFNS 0.1639 LAO 0.0224
TP45N 0.1306 MAXLAD -0.0579 MCFVD 0.1624 PVLBL 0.0169
SDNEBA 0.1292 PVCEBQS -0.0580 PVEBU 0.1563 PVLBM 0.0159
TP45S 0.1289 SDNLBA -0.0599 CVNLHC 0.1479 PVEBQN 0.0044
REBLBM 0.1278 MCF45N 0.0602 MCFEW 0.1435 PVCODQS 0.0026
CVNLEWVC  0.1269 MVLBA 20.0613 SDNLBA 0.1414 REBLBQN 0.0023
TP3D 0.1259 MAXNLBA  -0.0658 MCFNS 0.1402 REBLBM -0.0026
PVOEBQE 0.1257 MCTSN -0.0671 PVOEBQW 0.1374 PVLBQN -0.0044
PVEBQE 0.1205 PVLBU -0.0692 MNLBA 0.1364 SDLAD -0.0086
REBLBL 0.1159 MCFVD -0.0709 TPEWD 0.1326 PVEBM -0.0159
REBLBQE 0.1153 MNLBA -0.0714 PNLES 0.1265 PVEBL -0.0169
PSLB 0.1115 MCFNS 20.0731 MCF45W 0.1246 LAla -0.0190
MCTVD 0.1026 MCF45S -0.0745 MCF45E 0.1213 MCTVD -0.0199
PVOEBQS 0.1017 PVCCSQS -0.0748 MNEBA 0.1212 TH -0.0218
MNEBA 0.0985 PVLBQS -0.0798 MCT3D 0.1203 PVCEBQE -0.0278
PSLBQS 0.0976 PVCEBQN  -0.0808 CVNLBA 0.1179 VLB -0.0326
PSLBQE 0.0954 PVCEBQE -0.0819 REBLBQE 0.1177 NLB -0.0326
PSLBQW 0.0951 CVNEBNSVC -0.0821 PVEBQW 0.1128 PVOEBQS -0.0358
TPNSD 0.0943 PVLBQW -0.0855 MCT45S 0.1115 PVLBQE -0.0365
REBLBQW 0.0895 MCFEW -0.0863 HCB 0.1067 PVCODQE -0.0396
CVNLNSVC  0.0884 TWNS -0.0867 TP3D 0.1047 TWEW -0.0422
PVCEBQN 0.0855 PVCODQW  -0.0879 MCT45N 0.1009 PVCODQN -0.0484
PSLBQN 0.0850 NEBA -0.0888 PVLBQS 0.0985 PVCCSQS -0.0518
PVOEBQW 0.0825 PVCCS -0.0928 MAXNLBA 0.0984 MLAD -0.0536
PVEBQS 0.0798 MCF45W 0.0981  TP45S 0.0898 PVCEB -0.0576
TPEWD 0.0716 PVCEB -0.0982 CVNLEWVC  0.0878 PVCEBQN -0.0690
PVEBU 0.0692 CVNLHC -0.0984 NLES 0.0853 CVNLNSVC  -0.0690
REBLBQS 0.0600 MCTEW -0.0991 TWNS 0.0840 PSLBQE -0.0693
CVNEBA 0.0674 PVCCSQE -0.1019 PVOEB 0.0790 NLBA -0.0739
MCTA45S 0.0646 PVCODQS -0.1022  TP45N 0.0774 REBLBQS -0.0796
PVOEBQN 0.0622 PNLES -0.1086 CVNEBEWVC 0.0746 PSLBQN -0.0959
LAIc 0.0526 PVLBQE -0.1205 MCT45W 0.0729 PVEBQS -0.0985
MCTA45E 0.0509 PVCODQE  -0.1229 REBLBQW 0.0688 PVCCSQE -0.0989
MCT45W 0.0500 NLES -0.1297 CVNEBHC 0.0664 PVCODQW  -0.1006
PVEBQN 0.0459 TWEW -0.1307 MCTA45E 0.0607 PVCEBQW -0.1077
MCT45N 0.0401 PVLBM -0.1311 PVOEBQN 0.0586 PSLBQW -0.1079
MCF45E 0.0390 PVLBL -0.1312 PVOEBQE 0.0560 CVNEBNSVC  -0.1107
TH 0.0387 NLBA -0.1334 PVLB 0.0541 PVLBQW 0.1128
REBLBQN 0.0314 CVNEBHC  -0.1347 CVLAD 0.0534 PSLB -0.1146
CVNEBEWVC 0.0292 VLB -0.1357 MCTEW 0.0519 PVCCSQN -0.1209
MVEBA 0.0259 NL -0.1379 SDNEBA 0.0417 PSLBQS -0.1217
HCB 0.0033 MNLC -0.1379 MNLC 0.0397 NEBA -0.1251
MLAD -0.0019 LAla -0.1379 NL 0.0397 CVNEBA -0.1314
REBLBU -0.0139 LAO -0.1381 PVCEBQS 0.0390 PVCCS -0.1557
SDLAD -0.0253 PVLB -0.1416 PVEBQE 0.0365 PVLBU -0.1563
CVLAD -0.0299 NLB -0.1416 NEB 0.0326 PVCCSQW -0.1729
PVCCSQN -0.0304 MNEB 0.0326

PC EVAL CD(%) _ CCD(%)

First PC 48.14 44.16 44,16

Second PC 18.78 17.23 61.40

Third PC 8.36 7.67 69.06

Fourth PC 4.8 3.93 72.99

Fifth PC 3.95 3.62 76.61

Sixth PC 3.14 2.88 79.49

Seventh PC 2.18 2.00 81.49

Eighth PC 2.03 1.87 83.36
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Fig. 15 The distribution of scors of the first principal components (the vertical axis) and the second principal components (the horizontal axis) of the
118 orchards whichi were expressed using five symbols of the training systems and the order of CDMPPFD in the 15-year of tree age.
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