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Summary

Several parameters for Canopy Analyzing and Constructing System of Fruit Trees (CACOAS) were
collected from apple ‘Fuji’, cherry ‘Satou Nishiki’, persimmon ‘Hiratanenashi’ and pear ‘La France’,
and its precision was examined, From data measured by a sterophotogrammetry, we obtained significant
formulas of multiple regression (MR) to estimate seven shoot characters in every cultivars, Most of the
contribution ratios increased by adding interaction terms (products of 2 characters) to the previous group
of explanatory variables, As a technique to bring distribution of shoot characters to be close to actual
one, the previous CACOAS has used a method (MR+MCSa), which combined MR with a Monte Carlo
simulation (MCS) using a normal distribution curve with residual standard error from MR as the stan-
dard deviation (SD). In the present study, we newly examined another method (MR+MCSh). At each time
to calculate a character, MR+MCSb used a different normal distribution curve with an individual SD of
the residual, where the SD fluctuated with a level of estimated value of a character from MR. The
MR+MCSb improved distributions of many shoot characters, In addition, we examined two Kkinds of
MCSs using measured data distributions (MCSc and MCSd) and found that these methods were effective
for shoot characters distributions having of accidental errors in which coefficient of variation in the MR
were low, Another parameters for CACOAS to estimate yearly thickening of branches were collected in
the 4 cultivars, The contribution ratios in the most MRs increased by adding interaction terms (product
of 2 characters) to the previous group of variables, We added to CACOAS a new function which could
estimate fruit position in a crown, and collected parameters necessary for these. Significant formulas to
estimate number of reproductive organs were obtained from MR using branch characters in the 4
cultivars. Distributions of fruit bearing calculated from MR were compared with the actual ones, As these
parameters were made to have an identical style regardless of fruit tree species, we could make a general
program for CACOAS of all-purpose type, in which users could change a parameter file only.

Key words:branch character, fruit bearing position, Monte Carlo simulation, stereophotogrammetry,
yearly thickening of branch
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Table 1, Abbreviations of variables used in the multiple regressions of shoot characters and their units.

Variables

Order of annual branch

Total number of annual branches

Branching angle of annual branch

Basal diameter of annuall branch

Terminal diameter of annual branch

Annual branch length

Inclination angle of annual branch

Direction angle from south of annual branch
Radius of curvature of annual branch

Order of shoot

Total number of shoot

Distance of shoot base from annual branch base
Length of shoot

Basal diameter of shoot

Terminal diameter shoot

Branching angle of shoot

Radius of curvature of shoot

Zenithal angle of shoot’

Degree of apical dominance of annual branch (=B/C)

Degree of apical dominance of shoot (=K/L)
Interaction of X and Y (=XY)

Abbreviation Unit

B

C

D o
E cm
F cm
G cm
H °

I o
J cm
K

L
M cm
N cm
(0] cm
P cm
Q o
R cm
S o
X

Y

Z

“Zenithal angle of a direction in which a shoot generated on an annual branch.
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Fig. 1. The relations between the shoot characters and several branch characters in apple ‘Fuji’ . The abbre-
viations of the characters and DAD (Degree of apical dominance) refer to Table 1.
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Fig. 2. The relations between the shoot characters and several branch characters in cherry ‘Satou Nishiki’ ,

The explanation of the figure refer to Fig. 1.
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The explanation of the figure refer to Fig, 1.
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Fig. 4. The relations between the shoot characters and several branch characters in pear ‘La France’

planation of the figure refer to Fig. 1.
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Table 2. Coefficients of variances (R), residue (Re), F value (F) , significance (P) and the multiple regres-

sion formula of the each shoot characters of apple ‘Fuji’ using all characters of parent branches
(annual branch) and the part of shoot characters (Table 1) , the powers and their interactions. The
number of the observation was 1197.

R°=0.8308 Number of shoots(L)=0.003042B"+0.6599C — 0.005912C’+0.02106D — 0.0001125D"

Re=0.9995 —1.828E —0.8045F40.1291G — 0.003421 G*— 0.00008848G*+0.0001848 H*

F=221.2 +0.00000186H’+ 0.009206J — 0.00002851.J*+0.000000003696J° + 0.922X*

P<0.0001 —0.00281BD —0.002176BH + 0.006586 DE + 0.0004342DG — 0.0001028 DH

—0.00001904DJ + 1.202EF + 0.08496 EG + 0.01387EH + 0.00004736GJ — 2.314

R =0.7727 Distance from base(M)= —0.0126B"—0.3888F"+0.7548G +0.0002841G* 4 0.00001033I"

Re=3.119 +0.01343J +0.003622L° +9.92Y — 4.304Y*+0.1397BC — 0.003357BD — 0.03379BG

F=166.1 +0.0942BK +0.03029DF — 0.002343DG — 0.00006065D1 + 0.00956 DL. — 0.01014EJ

P <0.0001 +0.4018EL+0.004897FJ —0.0001755GI +0.1318GK —0.07148GL — 0.2153K L. — 7.257

R°=0.6476 Shoot length(N)=0.1132C*+6.21F’—3.93F’+ 1.083G + 0.02538L.° 4+ 3.211 Y+ 57.27

Re=9.915 —22.657°—0.989BF +0.565CE + 4.814EF — 0.61 EL. — 0.1849G L+ 0.005676 HM — 10.66

F=155.34

P <0.0001

R°=0.2093 Basal diameter(O)=0.4634E —0.1856E°+0.1863F*—0.00745H —0.0003109H*+0.01118M

Re=0.3050 +0.02066N —0.0005988N*+ 0.000000552N? — 0.2775Z + 0.1350Z° — 0.02318CF

F=14.83 +0.00003609DH + 0.0008156 EJJ +0.006364FH + 0.02106 FK — 0.01854FM

P<0.0001 +0.00000707HI+ 0.00007966HN — 0.00024J L.+ 0.2822

R°=0.1064 Terminal diameter(P)=0.0001646C*—0.00002608H?— 0.0000005368H"+0.00000037841*

Re=0.2306 +0.0001692L°+0.95380 — 0.48450%+0.11530—0.04203CO +0.001657EH

F=10.85 —0.007824GO —0.000001141J +0.00002954J O +0.1160

P <0.0001

R*=0.3483 Branching angle(Q)=4.37E*—0.2116J +0.001024J*—0.000001027J 4+ 10.02L + 7.9560*

Re=33.39 —27.56Y°+12.537°—0.01957BD — 0.00156 DH — 0.0005396 DJ +0.04145DK +0.2515D0

F'=25.06 —0.6268EG +0.1959EH + 2.202F G — 3.486 FL. — 13.02FO — 0.26 76 GL. + 0.936 GO — 0.3874HP

P<0.0001 +0.0006478IN —0.001633JN —0.05594JO —5.183KO +47.09

R°=0.2988 Radius of curvature(R)=12.44N —0.3068N*+0.002103N"—12.530"—23.14P*

Re=100.5 —0.01442DN —0.214EQ + 0.02054HN + 0.004316J M + 0.9894N O + 47.850P + 4.814

F'=45.96

P<0.0001
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Table 3. Coefficients of variances (R), residue (Re), F value (F) , significance (P) and the multiple regres-
sion formula of the each shoot character of sweet cherry ‘Satohnishiki’ using all parent branch
(annual branch) characters and the part of shoot characters (Table 1) , the powers and their inter-
actions. The number of the observation was 569.
R°=0.9026 Number of shoots(L)= —0.9188C+0.07224C*—0.001793C" 4 0.07062D — 0.002253D"
Re=1.449 +0.0000138D°—0.1604E’ — 2.634F 4 0.6513F" 4 0.2806G - 0.002404G*— 0.0000333G"
F=113.1 +0.0006634H*—0.000000029911° —0.00001614J* —11.74 X"+ 8.942X*+ 0.003656 BD
P<0.0001 —0.1394BE +0.09891 BF + 0.002278 BH 4+ 0.0006379BI + 0.0003416BJ + 0.114CF
—0.003414CH —0.0009445CT + 0.0002536CJ —0.01771DE — 0.0005806 DG
+0.0004252DH +0.0001056DI+ 0.847EF 4 0.02374EG + 0.01772EH 4 0.006 736 EI
—0.1056FG —0.02608FH — 0.005433F 1+ 0.007411FJ —0.002036 GH + 0.0001554G1
+0.00006236HJ —0.000023971J 4+ 6.770
R°=0.9543 Distance from base(M)=0.1809G —0.00004589G"—0.00000004911°+0.01328J + 1.033K
Re=3.211 —0.005747K*+16.87Y —10.11Y*+0.0007805B1 — 0.02306 BK — 0.002758 CH
F=474.1 +0.002855DG +0.0006174DH — 0.0001231DdJ —0.01205DK + 0.03339EG
P<0.0001 —0.002231EJ +0.0006637GdJ +0.05958GK +0.0001631HJ —0.004163HK
—0.000040941J +0.001361K —0.002969J L. —7.112
R°=0.5909 Shoot length(N)= —0.00393B°+ 0.01365G*+ 0.00000003921J"+ 0.2502K*+ 4.441.
Re=13.08 +0.01188L7—0.0002428 M’ — 32.88Y + 35.65Y*+0.6375BF +0.01189EI
F=46.83 —1.49FL+0.5592FM + 0.1755GK — 0.1506 GL. — 0.001188JM — 0.5822K L. — 7.832
P <0.0001
R°=0.4229 Basal diameter(O)=0.0000007762H"+0.01338N —0.00007267N”—0.0000528 BI
Re=0.3391 —0.0003067BN 4 0.008884CF —0.00002134DH +0.0001088 DN + 0.0002142EI
F=37.12 +0.003099F N —0.00000557J N +0.6463
P <0.0001
R°=0.2648 Terminal diameter(P)=0.001728D+ 0.0000005374G"—0.006359N +0.000001046N*
Re=0.2725 +0.68380 —0.11680°+0.0002131BH — 0.00004299BI + 0.0003299BN — 0.0003593DL
F=15.38 —0.001354EN +0.000008557GI—0.002936N O +0.2095
P <0.0001
R =0.2222 Branching angle(Q)=0.00003946H"—6.898X —17.54Y"—0.1865BK +0.09287BM
Re=27.93 —0.002702CJ 4+ 0.07445DE — 0.0005499D. 4 0.2065DP + 0.02365EJ —5.599E0
F=10.53 —0.3267GP—0.006727HN —0.1487HP 4+ 17.920P + 66.46
P <0.0001
R°=0.6919 Radius of curvature(R)=0.09606B"+185.5C —30.37C*+1.126C*+ 102.6G — 3.266G*
Re=562.5 +0.02822G*+0.3898L° + 53.79M — 78.25N + 1.319N*— 0.007948N* + 66.86 P’ — 4407
F=43.33 +0.9623BD —0.5963BN +0.7114CG — 4.39CK — 0.6488DK — 5.031DP + 0.3665GH
P <0.0001 +0.07544GI—0.9302GM + 1.121HK — 2.231 HLL — 0.26291 L. 4+ 0.9782LN + 9.066MP + 151.2
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Table 4. Coefficients of variances (R), residue (Re), F value (F) , significance (P) and the multiple regres-

sion formula of the each shoot character of persimmon ‘Hiratanenashi’ using all parent branch
(annual branch) characters and the part of shoot characters (Table 1) , the powers and their inter-
actions. The number of the observation was 789.

R°=0.6821 Number of shoots(L)=0.1244G —0.00001626G"+0.01971H — 0.000008536H*

Re=1.151 —0.000067191°+0.00000008788I* — 0.00003707.J*+0.0000000184J° + 0.001329C1

F'=91.81 +0.000591CJ +0.01797EH +0.002317EI—0.001781 EJ —0.0009639GH + 0.0003072GJ

P<0.0001 ~0.00005555H1 +0.000149H.J —0.0000238517 +0.5475

R°=0.9273 Distance from base(M)=0.04143D + 0.4403G — 0.06151H —0.00000000963J* — 0.2986K*

Re=2.449 —0.026261.°+7.501Y —4.486Y*+0.001892C1 +0.1127CL —0.01403DF +0.004599DG

F=346.4 +0.0005026 DH — 0.0001226 DI —0.0001722DJ —0.01841 DL+ 0.5579EF — 0.02515F J

P <0.0001 —0.5121FK+0.6421 FL. —0.0004223GI + 0.0904GK — 0.02661 GL. 4 0.01038HK

+0.000066771J —0.0022571L + 0.005685J L.+ 0.2605 K1, — 7.147

R°=0.5412 Shoot length(N)=5.757E +0.3435G — 0.00001944H* — 0.03893I 4+ 0.00000022691*

Re=10.32 —0.01707K*+13.84Y*—0.003028 DG +0.001716DH + 1.561 EK — 1.529EL 4+ 0.1213F G

F'=65.23 +0.01419FT+0.9951FK +5.721

P <0.0001

R°=0.4365 Basal diameter(O)=0.000001127G"+0.0005078J —0.00000251M?*—0.0000003879N"

Re=0.2286 +0.1823Y*+0.007543CE + 0.0007546CN —0.000004989D1 — 0.0005432F J

F=60.32 +0.002649FN +0.3164

P<0.0001

R°=0.3010 Terminal diameter(P)=0.02273E +0.0000005769G"+0.0001921 K"+ 0.004653M

Re=0.1390 +0.16870 —0.0002412CH — 0.00000697DJ 4+ 0.00003542DN + 0.0009453FH

F=22.19 —0.00001337GI—0.0007284GK + 0.000005037HI + 0.00000527HdJ + 0.0005208HK

P <0.0001 —0.000244HL +0.2534

R°=0.4015 Branching angle(Q)=1.011K*—0.0563K"+0.008655N*—41.88Y*+0.07414DE

Re=17.88 +0.01703DG —0.02831DM —0.1464F G + 0.2105FH — 0.009029HN — 0.3769HP

F'=40.00 —0.09433LN +0.8148MP +65.16

P<0.0001

R°=0.3338 Radius of curvature(R)=0.0001244D*—0.4049G*+0.005924G’ —8.507L*+ 0.5789M*

Re=169.6 —6.022N 4 0.00007068Q° +83.19Y*+ 2.715CM — 0.02476 DH + 0.01902DJ — 0.0243DQ

F'=15.96 +0.1468GH +4.582GL —0.7992GM — 20.21GP — 0.2848HM + 0.1012HN — 0.00826 J Q

P<0.0001 —21.41KO—2517TLM +74.26LLP + 3.39NO + 3.307PQ — 71.21
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Table 5. Coefficients of variances (R?), residue (Re), F value (F) , significance (P) and the multiple regres-

sion formula of the each shoot character of pear ‘La France' using all variables of parent branch

(annual branch) characters and the part of shoot characters (Table 1), the powers and their inter-

actions. The number of the observation was 662.

R°=0.7619 Number of shoots(L)=0.00918C*—0.03494D +0.000002117D°+ 1.75F*+ 0.4258G

Re=1.427 —0.01167G*+0.0001452G* — 0.01033J — 3.411X +2.622X°*+0.7502BE — 0.7063BF

F=81.44 —0.3523CE +0.02925DF — 0.001836 DG + 0.00008355DdJ — 2.997EF 4+ 0.02001 EH

P <0.0001 +0.001409EI —0.005152EJ 4 0.06332F G + 0.02664F J — 0.0004291 GH — 0.00005289H1
—0.00008567HJ +3.168

R°=0.9254 Distance from base(M)=0.001081C"+0.05863D — 3.385F*+0.4378G —0.0001317G"

Re=2.568 +0.06562H +0.0001311* —0.00000020861° 4 0.07065J — 0.00008756.J*

F=178.3 +0.0000000685J° 4+ 2.22K —0.007839K* — 1.472L.+ 0.0112L.° 4+ 1.347X’ 4+ 9.366 Y*

P<0.0001 —10.17Y*—0.001993CdJ —0.000372DH — 0.0001812DI —0.01057DK +0.005613DL
+5.727EF +0.3693EG — 0.056151 EH — 0.005957EI — 0.02863EJ — 0.3428EK — 0.9077EL
—0.4188FG+0.03763FH —0.007113FI+0.04464FJ + 0.5784FL+ 0.0003453GI
+0.04885GK —0.003068HK — 0.006593HL — 0.000065211J — 0.0016461K + 0.00255JK
—0.005598J L. —4.902

R°=0.4088 Shoot length(N)= —0.08925C*+ 18.3E*—9.991 E*— 0.001452H*+ 0.9307M + 12.28 Y* — 52.657

Re=16.45 +58.177°—0.3378CK +0.3238CL +0.002094DG + 16.54EF + 4.33FK — 3.264F L

F=26.20 —0.7636FM +0.01972HK —0.004972J K — 4.828

P <0.0001

R°=0.1550 Basal diameter(O)= —0.0000002385N*+0.1344Y + 0.008728 BF +0.002266EN

Re=0.2560 +0.002296 FN +0.00003998GH + 0.3342

F=20.03

P<0.0001

R°=0.2583 Terminal diameter(P)= —0.002075D +0.000935K*—0.081180°+0.06874Y*—0.0004407CG

Re=0.05353 +0.01936CO +0.0008515DE —0.0002099DK +0.004025D0O 4 0.00165FH

F=14.05 +0.00009525GH —0.0004393HL + 0.00002565HN — 0.00000065871J — 0.000006279J N

P <0.0001 +0.01898L.0O +0.2768

R’=0.2975 Branching angle(Q)= —2.027E’—0.00002581H*+ 0.00002373N°+ 16.75P° — 23.25Y*

Re=246.7 —0.00367BI+0.2518DE —0.4247DO + 0.04015HL — 0.006332HM — 0.0025756HN

F=17.08 —0.4196HP —0.00013161J +0.0760110 4 0.045041.M — 0.04867L.N + 76.68

P <0.0001

R°=0.6068 Radius of curvature(R)=29.2B—208.2F"+ 23.34G —0.8013G"*— 0.00000708I*

Re=376.2 —0.0000009784J° 4+ 0.9099K*+58.6M — 30.11N +0.6681 N*—0.003623N*+ 104.50"

F'=21.13 +293.2X"—0.342B1+0.9408 BJ —5.406 BM — 0.5543BQ — 0.4085CH +0.4116CI

P<0.0001 —0.3054CJ —0.007673DI —0.02337DJ + 0.03959DN + 0.02924DQ — 27.52EG

+2.836EJ +5.572EN +5.018FJ —22.51FM +457FP + 2.708FQ + 6.712GL — 0.2606 GN
+38.81GO —0.03963HdJ + 0.3996 HM — 0.0041451J + 0.0236IN — 0.6788J L. — 0.05943J N
—16.29KL —36.96MO —4.981NO —0.0856NQ —636.20P —231.5
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Fig. 5. A schema of Monte Carlo simulation, P :
Probability density in a distribution curve,
RN* :

A random number, V denotes an estimated

CP : Cumulative probability density,

value from multiple regression method (M
R). A Monte Carlo simulation combined
with MR (MR+MCSa) used a residual stan-
dard error from MR as the standard devia-
tion (SD)
and produced a final value (V+E*).

in a normal distribution curve

Another Monte Carlo simulation combined
with MR (MR+MCSb) used a normal distri-
bution curve with a SD of estimation resid-
ual at each calculation of a value, where
the SD fluctuates with the estimated value
from MR. A Monte Carlo simulation method
(MCSc) used the mean of the measured
data and its standard deviation (SD) in the
Another Monte Carlo
simulation method (MCSd) used actual

distribution of the measured data,

normal distribution,
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Fig. 6. Relations between the moving averages (x) of 20 data of each shoot character after rearranging in as-

cending order and the moving standard deviations

(y) of estimation residuals in pear ‘La France' .

These estimation formulas were used in a Monte Carlo simulation combined with multiple regression

method (MR+MCSb) .
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Table 6. Formulas to estimate standard deviation (y) of estimation residuals in the each multiple regression
shown in Table 2—5 using moving average of 20 data of each shoot character (x) which were ar-

ranged in the ascending order. R’ denotes coefficient of variance of each formula.

25

Character (x) Unit Approximation formulas R n
Apple

Number of shoots v=0.01744x"—0.2522x*+ 1.145x — 0.6840 0.5346

Distance from base’ cm v=0.00005238x"—0.006341x"+ 0.2325x + 2.007 0.1151

Shoot length cm v=0.00003588x"—0.01149x°+0.8945x + 1.417 0.8371

Basal diameter cm v=0.4341x"+0.0343x"+0.02431x + 0.2333 0.2490 1197
Terminal diameter cm y=—6.784x"+7.497x*—1.959x + 0.2510 0.2986

Branching angle ° v=0.00002477x"—0.00895x" + 1.002x 4 3.200 0.6563

Radius of curvature cm v=0.000005856x"—0.001169x"+ 0.4318x + 25.12 0.5265

Cherry

Number of shoots v=0.002525x"—0.08555x*+ 0.7641x —0.3451 0.5759

Distance from base’ cm v=0.0001646x"—0.01367x"+0.3642x 4+ 0.3584 0.6713

Shoot length cm v=—0.0004873x"+0.01933x"+0.6301x + 0.6902 0.9149

Basal diameter cm yv=0.8186x"—3.032x"+ 3.797x — 1.209 0.5375 569
Terminal diameter cm y=—1.986x"+4.423x"— 2.825x +0.7539 0.5140

Branching angle ° y=0.0003145x"—0.06108x"+4.008x —61.55 0.3455

Radius of curvature cm vy =0.0000002879x" —0.0009964x" + 1.096x + 141.0 0.6400

Persimmon

Number of shoots v=—0.01531x"+0.2414x*— 1.061x + 2.176 0.2449

Distance from base’ cm v=0.0001658x"—0.01263x"*+ 0.3065x 4+ 0.2254 0.3190

Shoot length cm v=0.00006456x"—0.008495x"+ 0.4794x + 2.246 0.3994

Basal diameter cm y=—0.9458x"4+1.529x"—0.4693x +0.1418 0.4974 662
Terminal diameter cm v=0.5655x"—0.1665x"—0.01515x+ 0.1553 0.1208

Branching angle ° v=0.00004654x"—0.008392x" + 0.4982x +7.776 0.0152

Radius of curvature cm y=—0.000004074x"+ 0.004091x*— 0.2096x + 72.60 0.4995

Pear

Number of shoots v=0.003493x’—0.05028x"+0.1694x +1.983 0.0083

Distance from base’ cm y=—0.0005803x"+0.03734x>—0.5315x +7.429 0.2784

Shoot length cm v=—0.0004725x"+0.02182x"+0.3539x +5.096 0.7698

Basal diameter cm v=9.454x"—18.87x"+12.49x — 2.451 0.4103 789
Terminal diameter cm y=—8.747x*+9.906x"— 3.129x + 0.3997 0.5007

Branching angle ° v=0.000003984x"— 0.004969x" + 0.6353x + 3.704 0.1916

Radius of curvature cm y=—0.0000004457x"+0.0005471x"+0.4085x + 86.55 0.8055

"Distance of shoot base from annual branch base.
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Fig. 7. The comparison between the distribution of measured values, that from the multiple regression method
(MR) and that of the 2 kinds of Monte Carlo simulation methods combined with MR (MR+MCSa and

MR+MCSb) in each of the 7 shoot characters in apple ‘Fuji’ .
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Fig. 8. The comparison between the distribution of measured values, that from MR, that from MR+MCSa and

that from MR+MCSb in each of the 7 shoot characters in cherry

MR+MCSb refer to Fig, 5.
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Fig. 9. The comparison between the distribution of measured values, that from MR, that from MR+MCSa and

that from MR+MCSbh in each of the 7 shoot characters in persimmon ‘Hiratanenashi’ .

and MR+MCSb refer to Fig, 5.
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Fig. 10. The comparison between the distribution of measured values, that from MR, that from MR+MCSa and

that from MR+MCSDb in each of the 7 shoot characters in pear ‘La France .

MR+MCSb refer to Fig, 5.
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Fig. 12. The comparisons between the measured distribution and the estimated ones from the 2 kinds of Monte
Carlo simulation methods (MCSc and MCSd) of the 4 shoot characters in cherry ‘Satou Nishiki’ .

MCSc and MCSd refer to Fig, 5.
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The comparisons between the measured distribution and the estimated ones from the 2 kinds of Monte

Carlo simulation methods (MCSc and MCSd) of the 4 shoot characters in persimmon ‘Hiratanenashi’ .

MCSc and MCSd refer to Fig, 5.
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Fig. 14. The comparisons between the measured distribution and the estimated ones from the 2 kinds of Monte

Carlo simulation methods (MCSc and MCSd) in each of the 4 shoot characters in pear ‘La France’ .
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Table 7. Mean, standard deviation, maximum value and minimum one of each shoot character.

Unit Mean Standard Maximum Minimum n
deviation value value

Apple
Shoot number 3.846 2.391 12 1 1197
Distance from base” cm 7.110 6.475 58.16 0.0604 1197
Shoot length cm 14.88 14.93 90.52 0.1914 1197
Basal diameter cm 0.5655 0.3400 2.095 0.0934 1197
Terminal diameter cm 0.3708 0.2425 1.535 0.0626 1197
Branching angle ° 50.85 40.94 162.9 1.371 1197
Radius of curvature cm 84.65 119.5 704.5 1.139 1197
Cherry
Shoot number 7.929 4.466 17 1 569
Distance from base’ cm 19.14 14.71 55.22 0.22 569
Shoot length cm 11.16 20.15 82.28 0.49 569
Basal diameter cm 0.9238 0.4420 2.309 0.323 569
Terminal diameter cm 0.6844 0.3142 1.579 0.137 569
Branching angle ° 61.37 31.25 144.1 6.0 569
Radius of curvature cm 1057.3 988.3 3639 0.4 569
Persimmon
Shoot number 4.956 2.019 12 1 789
Distance from base’ cm 15.32 8.922 46.93 1.37 789
Shoot length cm 25.45 15.10 68.33 3.86 789
Basal diameter cm 0.7035 0.3026 1.515 0.158 789
Terminal diameter cm 0.4218 0.1647 0.871 0.090 789
Branching angle ° 53.10 22.92 110.7 6.3 789
Radius of curvature cm 137.6 204.6 1214 6 789
Pear
Shoot number 5.067 2.869 15 1 662
Distance from base’ cm 11.42 9.092 37.66 0.46 662
Shoot length cm 16.71 21.12 83.70 0.73 662
Basal diameter cm 0.5245 0.2772 1.519 0.198 662
Terminal diameter cm 0.3853 0.1941 1.004 0.091 662
Branching angle ° 61.00 29.08 126.9 6.5 662
Radius of curvature cm 409.6 579.3 2266 1 662

"Distance of shoot base from annual branch base.

90



BRI > 2T LW B INT X =2 — A - BP [ - fnbk - 5gHh - B4 - S8 - B 33

Table 8. Coefficients of variance (R”), residue (Re) , F value (F) and multiple regression formula of cumu-

lative probability density (y) using each shoot character (x) and its powers. The all formulas were

significant at 0.01% level.

Items R Re a Unit* Fomula

Apple ) . . ,

Basal diameter 0.9970  0.01693 59448 em  y=0.3476x"—3.001x"+9.963x" — 15.62x*+10.98x"
—1.791x+0.07092

Terminal diameter 09977  0.01528 74901 cm y=4.613x"—25.45x"+53.99x" —54.01x"+24x°
—2.928x+0.03997

Branching angle 0.9993 0.006794 273682 ° y=—2936X10""x*+1.6X107"°x"—3.41 X 10"
+3.702 X 10~°x*—0.0002589x" + 0.01846x 4 0.00003383

Radius of curvature  0.9950 0.0540 40660 cm y=-—2544X10""x"+9.399 X 10 "“x"—1.394 X 10" "’x*
+1.060X 107"x*—4.365 X 10~°x*+ 0.009356x +0.1313

Cherry _

Basal diameter 0.9993  0.008623 249607 cm  y=0.1428x"—1.452x"+5.902x* —11.91x"+11.91x*
—4.452x+0.5384

Terminal diameter 0.9982  0.01484 95932 cm y=0.1483x"—1.454x"+5.575x"—10.32x"+ 8.896x"
—2.119x+0.1361

Branching angle 0.9995 0.008035 393135 ° y=—9.772X107"x*+5.208 X 10~ —9.677 X 10~*x"
+6.746 X 107" —8.078 X 10 °x*+ 0.004111x — 0.00745

Radius of curvature  0.9892  0.02312 15227 cm y=1.214X10"*x"—3.553X 10 "*x"+3.964 X 10~ "x*
—2.055X107"x*+4.512X 107 "x*—9.793 X 10°x +0.3216

Persimmon i i

Basal diameter 0.9994 0.008510 326883 em y=—0.3425x"+1.7x" — 2.343x" — 0.6861x* + 3.221x”
—0.7549x +0.03864

Terminal diameter 0.9997 0.006312 611552 cm y=—81.44x"+251.3x"—287.4x" + 144.4x* — 28.33x”
+2.384x — 0.05832

Branching angle 0.9988  0.01253 143459 ° y=—3426X10""x+1.679 X 10x*—2.969 X 10~ "x"
+2.187 X 107°x’—0.0005542x"+0.01025x — 0.03354

Radius of curvature 09956 0.01108 37542 cm y=—2154X107"*x"+1.295X107""x"—3.094 X 10™"'x"
+3.734 X 107%x*—2.388 X 10°x* 4+ 0.00768x — 0.01022

Pear ‘ )

Basal diameter 09976  0.01505 67642 cm y=3.02x"—19.26x’+47.97x"'—58.16x"*+ 33.98x"
—7.086x+0.4573

Terminal diameter 0.9987  0.01225 127650 cm y=13.98x"—65.95x"+122.3x"' — 110.9x° + 48.49x”
—7.167x+0.3283

Branching angle 0.9996 0.006664 472967 ° v=9.906 X 107 "x*—2.754 X 107 ’x*+2.287 X 10~*x*
—1.369 X 10"°x’+0.0001614x”+ 0.001384x — 0.002061

Radius of curvature  0.9977 0.007755 72879 cm y=—1.128X107"x"+1.046 X 107"x’—3.807 X 107 "*x*

+6.857 X 107"x’—6.366 X 10~°x*+0.003032x +0.1770

“Unit for shoot character (x).
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Fig. 15. Cumulative probability density curves (thick dots) and their approximate curves (thin lines) of the 4

shoot characters in apple ‘Fuji’ .
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The range of the each character was divided into 1000 classes.
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Apple Cherry
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Fig. 16. The relations between branch age and basal diameter of branch or the terminal one in the 4

cultivars, and the approximate curve using branch age, the square. and the cube,
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Table 9. Abbreviations of variables used in multiple regressions of branch diameters and their units.

Variables

Abbreviation Unit

Age of branch

Basal diameter of parent branch
Terminal diameter of parent branch
Parent branch length

Inclination angle of parent branch
Direction angle of parent branch”
Existence of pruning (1:pruned, O:not pruned)
Branching angle of parent branch
Radius of curvature of parent branch
Number of branches per parent branch
Order of branch

Basal diameter of branch

Terminal diameter of branch

Branch length

Inclination angle of branch

Direction angle of branch”

Branching angle of branch

Zenithal angle of branch’

Radius of curvature of branch
Number of child branches per branch
Number of leaves per branch
Number of fruits per branch

year
cm
cm
cm

<CHVWTOLUVOZECORe—-IQEALTQT P
B
B

“Measured from south in east direction.

“Zenithal angle of a direction in which a child branch generated from a parent branch.
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Table 10. Coefficients of variances (R“), residue (Re), F value (F) , significance (P) and the multiple regres-

sion formula of the basal diameter of branch and the terminal diamter using all variables (Table 9)
and the parts of their powers and interactions.

Apple

R*=0.9575 Basal diameter=0.2215A +0.4315C+0.0171D —0.004499E — 0.003655R
Re=0.3339 —0.0002672A1+0.02216AV —0.004403JN

F=107.3 +0.001359J0O +0.0002762NR —0.1837

P <0.0001

R*=0.9641 Terminal diameter=0.06856A°—0.005659A°+0.3653C +0.009845D
Re=0.2805 —0.06335J —0.0084330 —0.003107Q — 0.0003152A1
F=115.0 +0.04726 AV +0.007172DG +0.003313JO +0.1572

P <0.0001

Cherry

R*=0.9685 Basal diameter=0.001515A"+0.8747C +0.0000005834N" —0.004846@Q
Re=0.4658 —0.0413AC+0.0000002098 A1+ 0.0004584AR
F=415.9 —0.0001643JR +0.2145

P<0.0001

R*=0.9543 Terminal diameter=0.001393A"+0.8877C —0.006487Q —0.001852R
Re=0.4881 —0.05626AC+0.001411AD +0.0000002005A1
F=251.3 +0.0004972AR —0.00681 DG +0.2830

P <0.0001

Persimmon

R*=0.9562 Basal diameter=0.2139A +0.4708B+0.0000001484R’—0.08028U
Re=0.2495 +0.003401AD —0.1056AdJ +0.001185A0

F=153.1 +0.000040480R + 0.3355

P <0.0001

R*=0.9475 Terminal diameter=0.2683A +0.2952C +0.0000002169R’—0.04851U
Re=0.2915 +0.003306AD —0.07732AJ +0.001004A0O

F=126.4 +0.000066160R +0.1819

P<0.0001

Pear

R*=0.9434 Basal diameter=0.2027A +0.718B+0.0000001277R’—0.003973AD
Re=0.4874 +0.0004697A1+0.001911AO0 —0.4473

F=130.7

P <0.0001

R*=0.9226 Terminal diameter=0.8102B—0.0211D—0.000003275N"
Re=0.5443 +0.0005435A1+0.001589JN —0.01677

F=1144

P <0.0001
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No. of clusters per annual branch in apple
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Fig. 17. The relations between flower (fruit) number
and mean values of each branch character
in the 4 cultivars, Different letters show

the significance at 5% level by Tukey's

multiple range test.
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Table 13. Coefficients of variances (R“), residue (Re), F value (F) , significance (P) and the multiple regres-

sion formula of of number of flower clusters per annual branch in both apple and pear, number

of flower per shoot in persimmon and number of fruits per annual branch in cherry using several

variables and their powers. The abbreviations of the variables refer to Table 12.

Apple 2
R=0.1700 No. of flower clusters=4.267M —4.443M"—0.018350
; +0.000003170°+0.00168P — 0.2404
Re=0.4608
F=17.66
P<0.0001
Cherry .
R=0.9349 No. of fruits=1.53N+0.005468AA —0.0007165AN —0.09656 AP
T — 2.549M°+ 2467
Re=1.073
F=5.38
P<0.001
Persimmon
R°=0.4303 No. of flowers=2.884B+0.413S+0.3371X —0.006387AA +2.007HI
Re=0.7323 —2.673C*—0.0005694D*+-0.00007327K*+0.00011120"
F=13.10 —0.03224T"—0.00000488U° —0.6009ST* — 2.725
P<0.0001
Pear
R—=0.4163 No. of flower clusters= —0.002338AA +0.6918A1—0.4755AJ
; 0.00000244R*—0.0003945V*+0.00000476V*
Re=0.5267
+0.1390
F=11.06
P<0.0001

Table 14. Total number of the observed clusters per
annual branch in both apple and pear,
that of flowers per shoot in persimmon
and that of fruits per annual branch in
cherry (left) , that of estimated values by
the multiple regressions (middle) and the
round off number of the estimated values
(right).

Table 15. Proportion (%) of coincided cases of the es-

timated values with the observed values in
respect of number of clusters per annual
branch in both apple and pear, that of
flowers per shoot in persimmon and that
of fruits per annual branch in cherry (left)
and that in respect of their exisistance re-
gardless of their number (right).

Total number of clusters, flowers or fruits

Proportion (%) of coincided cases

. . Round off . No. of Exsistence of
Fruit Observed  Hstimated . Fruit

. of the estimated X clusters, flower clusters, flowers
species value value species K X

value or fruits or fruits

Apple 105 105.2 118 Apple 70.4 70.4
Cherry 162 152.7 158 Cherry 34.3 86.8
Persimmon 145 144.9 143 Persimmon 55.6 74.6
Pear 76 76.1 79 Pear 76.2 82.0
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Fig. 18. The comparison of flower (fruit) number frequency between the observed results and the estimated one

from the multiple regression in the 4 cultivars,
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Tree form with fruits

before pruning

crown form and tree form after

19. The simulated top views of tree form with fruits before pruning,
pruning of a 8-year-old tree in each cultivar by CACOAS in all-purpose type, The every cultivars have
3 primary scaffold branches (PSB) and 5 secondary scaffold branches per PSB in a limited space of
400cm (S-N width) X400cm (E-W width) X350cm (height) . Horizontal bars indicate 50cm,

Fig.
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