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Fig. 11, ZABIICHRA LY~ 1 20y 70 Table 1. Characteristics on quality of
BT, WEE3 » ARB L BTBE LLb 0 tuber in D. japomica, D. opposita
Thb, chbll, Tavoa()drra =0k and two hybrids b.etween D.
D42 DITMETF 1 LERELED 5 b, REEE TR japonica and D. opposita.
BLiboDRENLL2FRMKTH 5¥, Tablel iz Spices Dcrgfmr:l;ralis Starch Viscosity
B, WRHOSEREZR LR L. AR, and Lines %> (g/100g)  (Pa. s)
TERVY s KERTHEMHRT v 7V OEREE X D. japonica 31.6 19.3 30.8
OMMEETRL TS, LApdoF v yal bRV D. opposita 15.8 9.8 5.4
KL HBY, BRI FHM ELLCREYR Hybrids between D. japonica and D. opposita
L7, . A-line 30.2 22.7 24.5

ARFEERERTHO1L>OBRTS 5 B-line 19.3 11.8 7.5
(@) A-line - (b) B-line

Fig. 1. Tuber samples in the hybrids between D. japonica and D. oppositz used for the
shape discriminant analysis. The scale bar indicates 30 cm.

Table 2. Correlation among the characteristics on tuber quality of seedlings of
hybrids between D. japonica and D. opposita®.

Water content Starch Grude Mucin Viscosity
Dry mass content —0.999 0.617 0.748 0.820
Water content —0.616 —0.746 —0.824
Starch 0.533 0.468
Grude Mucin 0.760

2; Twelve hybrids were used in this investigation.

Table 3. Correlation between the characteristics on quality and shape of seedlings
of hybrids between D. japonica and D. opposita.

Wet mass Length Max. width M?fénvgiﬂth /I\I/I\I%}ék Vxﬁ&
Dry mass content —0.105 0.203 —0.204 —0.143 —0.316
Water content 0.095 ~0.201 0.241 0.140 0.314
Starch —0.126 0.188 0.035 —0.180 —0.153
Grude Mucin —0.127 0.160 ~0.210 0.098 —0.373

Viscosity —0.058 0.107 —0.168 —0.022 —0.237
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Fig. 2. Rotation method of the image data of
tuber sample on CRT coordinate system.
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Fig. 3. Tuber outlines obtained from the image data.
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Fig. 4. Calculation method of the normalized dis-

tance and the width of tuber.
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Fig. 5. Calculation results of the ratios of tuber
widths. d,: a width at the middle point
x=%; d: a width at the trunk part; d;:
a width at the neck part.
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Fig. 6. Definition of shape parameters obtained Fig. 7. Example of curve fitting analysis used by
from the ratios of tuber widths. the expressions of power and exponential
laws.

Table 4. Shape parameter values calculated from the ratios of tuber widths.

Line Gradient (X1072) Flatten tail value Power & exp. index?
tan 6, tan 6, tan 6, ) [ [ " V2
A-line
No. 1 3.03 —3.00 —4.11 1.42 0.51 0.36 —0.414 —0.0460
No. 2 4.03 —3.16 —4.32 1.40 0.53 0.38 —0.407 —0.0448
No. 3 2.92 —2.47 —3.80 1.35 0.54 0.40 —0.358 —0.0415
No. 4 4.07 —3.51 —4.71 1.63 0.53 0.33 —0.446 —0.0478
No. 5 2.94 —2.87 —3.87 1.39 0.42 0.31 —0.378 —0.0418
Average 3.40 —3.00 —4.16 1.43 0.51 0.35 —0.401 —0.0444
Variance 0.0036 0.0015 0.0014 0.0127 0.0023 0.0014 0.0011 7%X10°¢
B-line
No. 1 2.12 —3.80 —4.46 1.25 0.40 0.32 —0.467 —0.0534
No. 2 1.69 —5.28 —5.80 1.24 0.27 0.22 —0.644 —0.0750
No. 3 0.97 —4.55 —4.59 1.26 0.29 0.23 —0.566 —0.0656
No. 4 2.03 —3.76 —4.50 1.31 0.28 0.21 —0.584 —0.0706
Average 1.70 —4.35 —4.84 1.27 0.31 0.25 —0.565 —0.0661
Variance 0.0028 0.0052 0.0042 0.0008 0.0037 0.0024 0.0054 8x107°

2: 9 and y, respectively show the indexes of power and exponential laws obtained by the
analysis on d,/d,-curve.

regression
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Table 5. Determination coefficients of the regression models for the relation
between the normalized axial distance and the ratio of widths of tuber.

Linear regression

Power law regression

Exp. law regression

Line dildy  dldy  d/d; dildy  d/ds 4/ dy dldy  dldy  dd;
A-line

No.1  0.868  0.873  0.913  0.844  0.809  0.83  0.737  0.811  0.827
No.2  0.846  0.771  0.949  0.638  0.667  0.83  0.322  0.770  0.757
No.3  0.812  0.878  0.947  0.767  0.789  0.894  0.564  0.946  0.931
No. 4  0.940  0.873  0.907  0.921  0.799  0.901  0.898  0.666  0.807
No.5  0.934  0.882  0.894  0.845  0.837  0.896  0.617  0.880  0.853
B-line

No.1  0.801  0.98  0.958  0.682  0.850  0.884  0.472  0.941  0.903
No.2  0.858  0.987  0.985  0.760  0.880  0.874  0.878  0.910  0.923
No.3  0.240  0.963  0.925  0.351  0.847  0.910  0.182  0.933  0.949
No. 4  0.825  0.93  0.938  0.844  0.787  0.831  0.784  0.932  0.947
Average  0.792  0.941  0.935  0.739  0.807  0.879  0.606  0.865  0.877
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Table 6. Curvature degrees on the center
line of tuber.
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Fig. 8. Outlines and center lines of tuber samples simulated by the inverse Fourier trans-
formation for the first ten harmonic progressions.
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Fig. 9. Calculation method of tuber width using
the normal to the center line.

Table 7. Fourier coefficients on the center
line of tuber.
Fourier coefficient (cm)
Line Constant term  Harmonic term of number 1
@ a, of cos-term & of sin-term
A-line
No. 1 4.24 —2.51 —0.15
No. 2 6.73 -3.04 0.85
No. 3 4.93 -1.39 ~{.66
No. 4 7.44 —4.82 1.58
No. 5 5.51 —2.55 1.45
Average 5.77 —2.86 0.61
Variance 1.71 1.56 0.97
B-line
No. 1 2.07 —0.67 1.83
No. 2 0.40 0.17 1.53
No. 3 3.33 —1.47 0.37
No. 4 0.06 0.31 —0.18
Average 1.46 —0.42 0.89

Variance 2.32 0.68 0.90

. (a) Sample No 1 of (¢) Sample No. 2 of
56 A~—line 6 B —line
=
5
153
o3 3
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= o B/
=l /
3 3
£
& >7” Regression line Regression line

0 L Il L Ll I J i 0 L (/ | | - | - I
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Fig. 10. Examples of calculated tuber width and
their inverse fourier transformation for
the first ten harmonic progressions.
Shape parameters are obtained from the
curve simulated by the inverse Fourier
transformation.
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Table 8. Fourier coefficients on the width
curve of tuber.

Fourier coefficient (cm)

Line Constant term  Harmonic term of number 1
% a, of cos-term b, of sin-term
A-line
No. 1 3.04 —0.38 —1.68
No. 2 3.64 -0.79 —1.83
No. 3 4.00 —0.90 —1.88
No. 4 3.24 —0.18 —2.03
No. 5 3.90 —0.58 -2.26
Average 3.56 —-0.57 —1.94
Variance 0.17 0.09 0.05
B-line
No. 1 3.42 —0.73 -1.99
No. 2 4.17 —1.09 -2.95
No. 3 3.72 -0.88 -2.38
No. 4 3.52 —0.69 —2.28
Average 3.71 —0.85 —2.40
Variance 0.11 0.03 0.16
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Table 9. Shape parameter values calculated with the curve of tuber width approx-
imated by the Fourier series for the first ten harmonic progressions.

Gradient of width

Linear incremental

Line Length ?(f rrrll)eck part increment distance of width
(X102 (cm)
A-line
No. 1 26.0 9.90 34.0
No. 2 28.0 6.30 31.0
No. 3 18.0 11.80 34.0
No. 4 26.0 12.50 43.0
No. 5 24.0 15.90 36.0
Average 24.4 11.28 35.6
Variance 14.8 12.45 20.3
B-line
No. 1 22.0 16.10 20.0
No. 2 20.0 23.60 20.0
No. 3 24.0 18.50 25.0
No. 4 14.0 16.60 28.0
Average 19.8 18.70 23.3
Variance 16.3 11.74 15.6
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Table 10. Discriminant analysis with one shape parameter obtained from the width

ratios and curvature degree of tuber.

Line Parameters of width ratio curves Power & exp. indexes? Curvature
tan§ tand, tané & S S Y Y2 A Az

A-line
No. 1 A A A A A A A A B A
No. 2 A A A A A A A A A A
No. 3 A B B A A A A B A A
No. 4 A B B A A A B B A A
No. 5 A A A A B B A B A A

B-line
No. 1 B B B B B A B - B B A
No. 2 B B B A B B B B A A
No. 3 B B B B B B B B B B
No. 4 B B B A B B B B A A

z: 9 and ¥, respectively show the indexes of power and exponential laws obtained by the regression

analysis on 4,/ di-curve.

Table 11.

Discriminant analysis with two shape parameters obtained from the

width ration and curvature degree of tuber.

Parameters of width ratio curves

Line

Curvature degree

tan 6,-6, tan 6,-6, tan 6, AimA;

A-line

No. 1 A A A A

No. 2 A A A A

No. 3 A A A A

No. 4 A A A A

No. 5 A A B A
B-line

No. 1 B B A B

No. 2 B B B A

No. 3 B B B B

No. 4 B B B B
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Table 12. Discriminant analysis with three shape parameters obtained from the
width ratios and curvature degree of tuber.

Parameters of width ratio curves

Curvature degree & index®

Line tan 6;-tan f,-tan 6, 8-6-Gs Ay 7oA
A-line
No. 1 A A A A
No. 2 A A A A
No. 3 A A A A
No. 4 A A A A
No. 5 A A A A
B-line
No. 1 B B B B
No. 2 B B B B
No. 3 B B B B
No. 4 B B B B

z: 4 and 7, respectively show the indexes of power and exponential laws obtained by the regression

analysis on d,/d,-curve.
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Table 11 1zit, 2EER X 2HFIGHTOERE LT
T, ERERHNER Y S LT b 0iktan g & &
BLOtan b & DB TH %, tan b £ &
i, WHEFRLLAERAOREAR L 4 F5 86
FEOFEHFMELTH D, tan & & S ixv- b FpR
PHOEBUOZRLTH S, WHHEPRTEST
TELTh, 2hboBR 5 A-s0HGRT
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Table 13. Discriminant analysis with one shape parameter of tuber obtained from
the Fourier series transformation.

Fourier coeff.

Fourier coeff. Shape parameters®

Line of center line of width curve
@ @ b a @ b LNP GWI LID
A-line
No. 1 A A A A A B A A A
No. 2 A A B A B A A A A
No. 3 A A A A B A B A A
No. 4 A A B A A A A A A
No. 5 A A B B A B A B A
B-line
No. 1 B B B A A A B B B
No. 2 B B B A A B B B B
No. 3 B A A B B B A B B
No. 4 B B A A A B B B B

?: LNP=length of neck part, GWI=gradient of width increment between the neck and the trunk
parts, LID=linear incremental distance of width curve between the neck and the trunk parts.
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Table 14. Discriminant analysis of three shape parameters of tuber obtained from
the Fourier series transformation.

Fourier coeff.

Fourier coeff. Shape parameters?

Line of center line of width curve
a~a-b G-~ b LNP-GWI-LID
A-line
No. 1 A A A
No. 2 A A A
No. 3 A A A
No. 4 A A A
No. 5 A A A
B-line
No. 1 B B B
No. 2 B B B
No. 3 B B B
No. 4 B B B

z: LNP=length of neck part, GWI=gradient of width increment between the neck and the trunk
parts, LID=linear incremental distance of width curve between the neck and the trunk parts.
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Summary

The analysis of tuber shape with digital image
data was applied to the selection of lines with supe-

rior characteristics from hybrids between D.
opposita and D. japownica. The interested lines with
superior characteristics seemed to be slenderer in
the hybrids, then the shape parameters to evaluate
the slenderness were calculated and used for the
discriminant analysis.

The ratios of tuber widths were used for the one
of the discriminant methods. The tuber width was
obtained from the intersections of the tuber outline
and a circle with its center at the middle point of
tuber. The tuber widths of 80 were sampled on the
CRT image data along the tuber axis. The other
method was the application of Fourier series to the
representation of tuber outline. The Fourier series
description gave a good approximation of the slen-
der tuber shape.

Next combinations in the shape parameters
obtained from the ratios of tuber widths gave the
accurate solution by the discriminant analysis:

1) The initial gradient of tuber width from the
middle point toward the trunk part.

2) The initial gradient of tuber width from the
middle point toward the neck part and the ratio of
tuber width at the points of one-fourth and middle
of tuber.

3) Three kinds of ratios of tuber widths at the
points to divide the tuber into four equal parts.

In the case of Fourier coefficients of the width
curve, next variables gave the accurate solution by
the discriminant analysis :

4) The constant term and the coefficients of first
harmonic number.



