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1998 25 3.44 ±0.16 3.14 ±0.26 2.90 ±0.20 2.57 ±0.22 2.29 ±0.20 12.0 ±0.84

1999 14 x 2.99 ±0.30 2.87 ±0.22 2.59 ±0.19 2.35 ±0.21 12.3 ±1.07

2000 13 x 2.90 ±0.19 2.75 ±0.20 2.64 ±0.20 2.46 ±0.13 13.5 ±0.95

2001 14 3.31 ±0.27 2.88 ±0.18 2.86 ±0.17 2.61 ±0.13 2.36 ±0.15 13.7 ±1.40
y 3.44 ±0.23 2.99 ±0.24 2.88 ±0.22 2.63 ±0.20 2.38 ±0.18 12.8 ±0.96

K 1997 14 2.27 ±0.33 2.68 ±0.36 2.95 ±0.42 2.95 ±0.44 2.86 ±0.49

1998 25 2.41 ±0.51 2.93 ±0.40 2.87 ±0.38 2.60 ±0.49 2.29 ±0.44

1999 14 x
2.72 ±0.46 2.69 ±0.37 2.41 ±0.43 2.22 ±0.39

2000 13 x
2.50 ±0.26 2.58 ±0.35 2.55 ±0.38 2.45 ±0.43

2001 14 1.85 ±0.28 2.66 ±0.48 2.71 ±0.51 2.49 ±0.48 2.46 ±0.43
y

2.18 ±0.37 2.70 ±0.39 2.76 ±0.41 2.60 ±0.44 2.46 ±0.44

P y 0.28 ±0.02 0.23 ±0.01 0.19 ±0.01 0.17 ±0.02 0.19 ±0.02

Ca y
1.36 ±0.25 1.53 ±0.21 1.71 ±0.23 1.80 ±0.22 1.79 ±0.22

Mg y
0.35 ±0.03 0.33 ±0.04 0.34 ±0.05 0.36 ±0.06 0.32 ±0.05

z
 ±

 5
x 

  0.15 0.46  0.25 0.40   0.15 0.43   0.21 0.49   0.21 0.55

  0.13 0.23

  0.74 1.86   0.99 2.07   1.26 2.24   1.34 2.36   1.32 2.33

  0.24 0.34   0.18 0.28   0.15 0.25   0.12 0.22

  1.41 3.51

  2.94 3.92   2.51 3.58   2.32 3.40   2.11 3.14

  1.41 2.90   2.01 3.83   1.97 3.85   1.78 3.77

  1.90 2.68     9.6 17.6

30 60 90 120 150 °Brix

SPAD502

y 46.4 ±2.4 42.7 ±1.5 43.6 ±1.4 44.8 ±1.3 44.0 ±1.6

z
 ±

 5 13 25

60 90 120 150

41.3 48.6

30

38.8 51.0 38.0 46.9 40.9 47.3 41.7 48.2

y 0.56 ±0.06 0.93 ±0.09 1.01 ±0.09 1.03 ±0.11 1.07 ±0.11

z
 ±

 5 13 25

0.81 1.32

30

0.44 0.72 0.66 1.19 0.74 1.28 0.73 1.24

60 90 120 150

g



60

90 120

1-

15

N K

1-22 1-23

N K

N K K

N

1-22

N

47

7/25 8/15
z z z

No.

1 15.7 1950 9 1 1 1 1 1 1

2 15.5 2596 4 1 1 1 2 0 3

3 15.2 4722 10 1 1 2 1.5 1 1

4 15.0 1051 8 1 1 2 2 0 2.5

5 15.0 8481 10 1 1 2 2 1 2

6 14.7 5563 11 1 1 2 2 1 1

7 13.8 4482 12 2 3 3 2.5 3 2

8 13.0 9714 12 2 1 2 2.5 3 0

9 13.0 13201 7 3 2 2 3 1 3

10 12.6 8035 12 2 2 2 3 2 3

11 12.5 10305 15 3 2 3 3 1 3

12 12.4 6585 10 3 2 3 3 1 3

15.2 4061 9 1.0 1.0 1.7 1.8 0.7 1.8

12.9 8720 11 2.5 2.0 2.5 2.8 1.8 2.3

0

1

2

3
z
 2000 8 17

z z z

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1.5 2.0 2.5 3.0 3.5

N 8 17 DW

K
8

1
7

D
W

14.7

15.7°Brix

12.4

13.8°Brix

11

12

13

14

15

16

0.7 0.8 0.9 1.0 1.1 1.2 1.3

8 17 g

°B
ri

x 14.7

15.7°Brix

12.4

13.8°Brix



220 g

1-16

2 1999

2000 1-17

N 1997 2000

2000

60 90 120

2001 2000

N 60

N

K

2000

1998

N

60 90 N

2.5 3.5 1-24

N

N

1-25 N

1-26

148

N
y x

N
w

K
w v

g °Brix mg 100 l
-1 0 3 -3 +3 DW DW SPAD g

255 226 13.4 33 2 0 1.82 2.13 37.4 0.75

288 224 13.3 30 2 0 2.17 2.15 38.2 0.89

419 307 13.4 59 0 1.7 3.29 2.75 43.1 0.95

425 307 13.0 67 0 2 3.30 2.60 44.2 0.91

237 237 13.3 35 1 1 2.28 2.25 37.7 0.83

6 12 7 2 6

4
y
 0 1 2 3

x
 7 3 +3

w
 59

v
 118

1997 1998 1999 2000 2001 z

°Brix 11.8 10.3 12.3 14.3 14.1 1

g 320 266 347 314 327 0.576

60 DW 3.34 3.43 3.40 2.83 3.01 -0.905

90 3.22 2.96 2.78 2.61 2.80 -0.656

120 2.83 2.61 2.77 2.52 2.60 -0.442

60 DW 2.88 3.55 3.40 2.87 3.26 -0.527

90 3.33 3.41 3.08 2.86 3.31 -0.641

120 3.52 3.25 3.17 3.12 3.26 -0.383

N kg a
-1 0.92 0.32 0.32 0.30 0.42

kg a
-1

100 100 100 0 0

kg a
-1

40 40 40 0 0

14 25 14 13 14

12.5 12.0 12.3 13.5 13.7
z
 

*
5

 
N,P,K 3



49

30

1.5

2.0

2.5

3.0

3.5

4.0

35 40 45 50

N
D

W

60

1.5

2.0

2.5

3.0

3.5

4.0

35 40 45 50

90

1.5

2.0

2.5

3.0

3.5

4.0

35 40 45 50

120

1.5

2.0

2.5

3.0

3.5

4.0

35 40 45 50

1 × 4 5 A B

36

41

46

51

56

61

0.18 0.20 0.22 0.24 0.26 0.28

mm

N 3.7

N 3.5

1.5

2.0

2.5

3.0

3.5

35 40 45 50

0.20mm

N
D

W A

B

4

60

z
 **

1
***

0.1 n=35

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

0.7 0.8 0.9 1.0 1.1 1.2 1.3

90

N

9
0

D
W

=0.552
** z

1.5

2.0

2.5

3.0

3.5

4.0

0.7 0.8 0.9 1.0 1.1 1.2 1.3

90

K

9
0

D
W

r=0.683
***

  z
 60 120

***
0.1 n=38

y = 0.0937x - 0.5815

 = 0.933
*** z

0.5

0.7

0.9

1.1

1.3

1.5

10 12 14 16 18 20 22

cm

y = 0.3177x - 0.4427

r= 0.943
***

0.5

0.7

0.9

1.1

1.3

1.5

3 4 5 6

cm



30 90 150 N

r 0.56 0.55 0.52

60 N

90 90 N

120 r 

0.60 0.58

60 90 120 K

r 0.48 0.68 0.58

60 K 90

90 K 120

r 0.61 0.63

r N

K 1-27

1.0 g

17.0 cm 4.5 cm 1-28

N 1-

18 K N

1-19

1 2 N

1-5 N 1-6

N 1-9

N 1-12

1-17

1-22 N

30 60 90 120

150 3.6 3.2 3.0 2.7 2.5 

1-18

2000 4

N

1-16

N Proebsting et al.

1957 9 10

Elberta 7 11 N

2.2

2000

1-22

N

N

N 30

60 90 120 150 3.0 2.6 2.5

2.2 2.0 N

N

1-17 N

150

30 60 90 120 150

N DW 3.0 3.6 2.6 3.2 2.5 3.0 2.2 2.7 2.0 2.5

SPAD502 44 40 41 42 41 
z
 5 cm 3 30 6 10 60

K 60 120 DW 2.0 2.9

90 150 g FW 0.9 1.1

90 150 cm 15.0 18.0

N mg 100ml
-1 40 60

z
 5cm 6 10



1 2 1-5 1-6

1-7 1-9 1-12 1-17

1-22 60 120 K

2.9 1-19

K

K

2.0 Lilleland et al. 1962

Halford K 1.0 

K

1-5 1-7 1-9

2000 1-16

N 40 60 mg

100 ml-1 1-19

N

1-24 N

N

30 60 90 120 150 44

40 41 42 41 1-18

N

1-26

N

1984

0.9 1.1 g 16.0

17.0 cm 18.0 cm 15.0 cm

1-19

N

2000

1-29

N

N

N

1994 1996

Pavlov et al. 1996

Saiga et al. 1989 Shenk et al. 1981

( 1991) 1995

51

0.7

0.8

0.9

1.0

1.1

1.2

1.3

38 40 42 44 46

8 17

8
1
7

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1

N 8 17 DW

8
1
7

=14.7 15.7

=12.4 13.8



1991

N

K Ca

1997

1996 1991 1993

2008 2003

N

1994 3

30 60 90 120 150 2

1

70

0.5 mm

2.0 g 6500

400 nm 2500 nm 2 nm

1

32 Gain 1 20 25

1 2

1994

3

6500

400 nm 2500 nm 2 nm

1993

6 mm 60 mm

0.7 mm

1

32 Gain 10

N P K Ca Mg

1980

0.3 g

100 ml

10 ml 40 NaOH

0.02

N

P K

Ca Mg 1 g

105 4

70

50 150 mg

2

1-20 1-21

NSAS

NIRSystems

1

152

n n

N 87 2.04 4.03 2.94 78 2.23 3.91 2.91

P 86 0.13 0.36 0.21 73 0.13 0.33 0.19

K 82 1.09 3.83 2.56 95 1.61 3.55 2.73

Ca 96 0.82 2.78 1.72 71 1.08 2.65 1.74

Mg 83 0.20 0.62 0.37 71 0.22 0.61 0.36

104 1.72 4.42 2.64 94 1.79 3.74 2.59
z
 



1988

EI evaluation index 1-22

2

2

SEP Bais corrected standard error of

prediction

1-23 1-24

1-30

N Ca K Mg P

N

2 r 0.8

1504 nm r 0.91

2180 nm r 0.89 1692 nm r 0.88 2056 nm

r 0.86 1744 nm r 0.81 5

1

1

2056 nm 1

1412 nm 2 1278 nm 3 1226

nm 4 4

SEP 0.051

P

2342 nm r 0.78 1754

nm r 0.77 1

2342 nm 1 1870 nm 2202 nm 3

SEP 0.029

K 2

Segment Size 20 10

K 1626

nm r 0.88

1410 nm r 0.71

1

1626 nm 1410 nm 1

SEP 0.220

Ca 2 Segment

Size 20 10 Ca

1958 nm r 0.94 2000 nm

r 0.91 2 2

1

EI
z

12.4 A

12.5 24.9 B

25.0 37.4 C

37.5 49.9 D

50.0 E
z
 EI=(2×SEP/Range)×100( )

53

n n

N 91 2.12 4.06 3.22 83 2.43 4.13 3.22

P 69 0.14 0.37 0.21 61 0.15 0.26 0.20

K 70 1.56 3.56 2.62 77 1.77 3.52 2.56

Ca 74 0.34 2.19 1.27 72 0.50 2.33 1.26

Mg 95 0.21 0.53 0.36 96 0.22 0.51 0.35

114 53.0 70.1 62.2 102 53.4 70.3 62.4

114 0.14 0.26 0.20 93 0.14 0.25 0.20
z 

mm



154

  λ1
z

  λ2   λ3   λ4 R
y

SEC
x w

SEP
v

Bias
u

EI
t

N 2056
m

1412 1278 1226 0.98 0.067 0.99 0.051 0.004 6

P 2342
m

1870
m

2202 0.89 0.022 0.75 0.029 0.006 29

K 1410
m

1626 1220 2424 0.93 0.219 0.89 0.220 -0.062 23

Ca 1958 1922
m

2424 1890
m

0.96 0.110 0.94 0.120 -0.018 15

Mg 1968 2248
m

1904 2044
m

0.84 0.048 0.79 0.047 0.004 24

1930
m

1976
m

1762 0.92 0.214 0.90 0.208 0.012 21
z
 (nm)

y
 

x
 

w
 

v
 

u
 

t
 Evaluation index (%)

m 

Segment Gap K(0) K(1) K(2) K(3) K(4)

N 20 0 1.819 -147.845 -154.824 -1563.283 360.385

P 20 0 -0.204 -67.704 7.399 -24.711

K 10 0 2.502 -6164.550 -1001.858 1340.979 541.147

Ca 10 0 2.238 -411.891 249.973 -260.009 218.957

Mg 20 0 1.214 -93.902 -42.792 22.879 -9.114

20 0 2.517 -96.792 -116.901 508.464
z
 K(0)+K(1)d

2
Log(1/R(λ1))+K(n)d

2
Log(1/R(λn))

2

2.0

2.5

3.0

3.5

4.0

2.0 2.5 3.0 3.5 4.0

1.0

1.5

2.0

2.5

3.0

1.0 1.5 2.0 2.5 3.0

    r=0.94

SEP=0.21%

0.1

0.2

0.3

0.4

0.1 0.2 0.3 0.4

    r=0.75

SEP=0.028%
1.5

2.0

2.5

3.0

3.5

4.0

1.5 2.0 2.5 3.0 3.5 4.0

    r=0.89

SEP=0.21%

0.2

0.3

0.4

0.5

0.6

0.7

0.2 0.3 0.4 0.5 0.6 0.7

    r=0.79

SEP=0.046%
1.5

2.0

2.5

3.0

3.5

4.0

1.5 2.0 2.5 3.0 3.5 4.0

    r=0.90

SEP=0.20%

    r=0.98

SEP=0.05%



1958 nm 2000 nm

1

SEP 0.120

Mg

1968 nm r 0.74 1996

nm r 0.67 1

1968 nm

1 2248 nm 1904 nm 2044 nm 4

SEP 0.047

1930 nm

r 0.88 1

1930 nm 1

2

1976 nm 3 1762 nm

SEP 0.208

2

SEP

1-25

1-26

1-31 

N

0.96

Ca r 0.85 P r 0.84

K r 0.73 Mg r 0.64

1

2

1920 nm r 0.96 1436 nm r 0.97

986 nm r 0.96

1782 nm r 0.95 1172 nm

r 0.96 1922

nm r 0.96

1

1910 nm

r 0.32 1910 nm

2380 nm

1910 nm 2380 nm r 0.96 3

SEP 0.65

1930 nm 2308 nm 1986

nm 1902 nm 4 r 0.97 SEP 0.87

55

λ1 λ2 λ3 λ4 R SEC SEP Bias EI

N 2188  /1920 2132 / 1920 1750 / 1920 2000 / 1920 0.97 0.118 0.96 0.109 -0.004 13

P 2226
m

/1920 2336 / 1920 2052 / 1920 1938 / 1920 0.88 0.020 0.84 0.016 0.007 27

K 1902
m

/1920 1394 / 1920 2342 / 1920 1986 / 1920 0.85 0.287 0.73 0.295 0.060 34

Ca 2004
m

/1920 2234 / 1920 1600 / 1920 1700 / 1920 0.93 0.154 0.85 0.193 0.007 21

Mg 2002  /1920 1896 / 1920 1734 / 1920 0.68 0.057 0.64 0.046 0.001 32

1910
m

/2380 2074 / 2380 2298 / 2380 1636 / 2380 0.99 0.55 0.99 0.65 0.08 8

1920
m

2392 0.98 0.006 0.96 0.007 0.001 13
z
 SEC SEP Bias mm

Segment Gap K(0) K(1) K(2) K(3) K(4)

N 20 0 -0.101 124.092 -116.567 94.457 -20.353

P 20 0 0.308 3.979 9.342 5.812 0.982

K 20 0 7.346 3.557 42.431 -112.496 38.569

Ca 20 0 18.343 135.785 -48.700 267.777 -83.378

Mg 20 0 3.232 20.791 -2.037 15.824

20 0 52.883 -0.218 24.876 4.974 -23.798

20 0 -0.033 -0.470 4.516
z
 K(0)+K(1)d

2
Log(1/T(λ1))+K(n)d

2
Log(1/T(λn))

  mm

2



N

1920 nm

2188 nm 1920 nm r 0.86 1

2188 nm 1920 nm 3

SEP 0.109

2050

nm 1920 nm r 0.61

SEP 0.118

2180 nm 2258 nm 2146 nm 1120 nm

4 r 0.88 SEP 0.174

Ca N 1920 nm

2004 nm 1920 nm r 0.63

2004 nm 1920 nm 3

SEP 0.193

2004 nm

1984 nm 2022 nm 2434 nm 4 r 0.79 SEP

0.216

1988

EI

1-22 N A

Ca K Mg B P C

EI 1-30

N

Ca K Mg

P

N

1991 1995

1991 Pavlov et al. 1996 Shenk et al.

1981

N 1504 nm 1692

nm 1744 nm 2056 nm 2180 nm

1 SEP 0.1

2056 nm 1

-23 2180 nm 1

Kamishikiryo et al. 1991

2

156

2.0

2.5

3.0

3.5

4.0

4.5

2.0 2.5 3.0 3.5 4.0 4.5

r=0.96

SEP=0.11%

0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.5 1.0 1.5 2.0 2.5

r=0.85

SEP=0.19%

0.1

0.2

0.3

0.1 0.2 0.3

r=0.84

SEP=0.016%
1.5

2.0

2.5

3.0

3.5

4.0

1.5 2.0 2.5 3.0 3.5 4.0

r=0.73

SEP=0.30%

0.2

0.3

0.4

0.5

0.6

0.2 0.3 0.4 0.5 0.6

r=0.64

SEP=0.046%
50

55

60

65

70

75

50 55 60 65 70 75

r=0.99

SEP=0.65%



1 2056 nm 2180

nm

1

Kamishikiryo et al. 1991

2170 nm

N 1 2056 nm

2180 nm

N

Pavlov et al. 1996

EI Ca

K P B Mg C

1991 Mg B

C

Ca 1958 nm 2002 nm

1970 Ca

Ca 1996

2

Ca

EI

A N

Ca B P K Mg C

EI 1-31

N

Ca

P K Mg

1993

N SEP 0.20

SEP 0.11

N

SEP 0.05

6 mm 60 mm

4

2

1920 nm

1920 nm

N

2180 nm

2050 nm 1

1-25 1993

N 1

2058 nm 2050 nm 2180 nm

N

Ca N

1 2004 nm

Ca

2000 nm

Ca

P K Mg

P

57



2340 nm K 1400 nm

N

1

3

158



3

1990 1992

1993

1994 27

5

0 1

2 3

4

1990

3 2 3

1990

8

1

(+)

1968 1995 Tomas-

Barberan et al. 2001 0 50

100 150 200 mg 100 ml-1

6500 400 1100 nm

20 mm 1100 2500 nm 2 mm

2

1995

131

6500 400 1100

nm 10 mm 1100 2500 nm 2 mm

53

78

50 g

30

3

1 400 1100 nm

1994

151

400 1100 nm 6500

NIRSystems

50

45

2 1100 2500 nm

1996

78 1100

2500 nm

6250

KDDI

43

35

4

2 Segment

20, Gap 0 NSAS NIRSystems

59



P L S T h e

Unscrambler Camo Full cross validation 

SEP

1

2005

21 10

U-2810

10 mm

240 380 nm 0.5 nm

400 nm min-1 2

2 40

(+)

4 30 ppm 2 12

ppm

100g

100

2

2006

200 400 nm

C10082CA

30W L7893

0 1 cm

45 90

1 mm

100 msec

2

10 g

50 ml 100 ml No.5C

10

1995

1988

5 ml

5 5 ml 10

5 ml 1

700 nm (+)

8

1965 25 ml 2

7.5 ml

50 ml

2 g

100

1993 2

1.64 Ln(

) 5.35 2-1

100 g

50 mg 50

mg 80 mg 80 mg

110 mg 110 mg

160

0

1

2

3

4

0 50 100 150 200 250

mg 100g
-1

FW

z

n=23 =0.90

0 1 2 3 4



200 mg 200 mg

3 100 g

8 4

7 180 mg

50 mg

115 g 310 g

1

7 207 mg 8 155 mg

2-2

2-3

1

400 1100 nm

500 nm

1100 2500 nm

1664 nm

1546 nm 1738 nm 2154 nm

2-4

1664 nm 1734 nm

1428 nm 2148 nm

2-5

2

400 1100 nm

924 nm, 798 nm, 988 nm 764 nm 4

r 0.77 SEP 15.3 mg 2-1

-1.0

-0.5

0.0

0.5

1.0

1100 1300 1500 1700 1900 2100 2300 2500

(nm)

1664

17341428 2148

-1.0

-0.5

0.0

0.5

1.0

1100 1300 1500 1700 1900 2100 2300 2500

nm

1664

1546 1738

2154

0

50

100

150

200

250

300

350

7/10 7/15 7/20 7/25 7/30 8/4 8/9

0

50

100

150

200

250

300

350

100g

1

m
g

2 3

61

0

25

50

75

100

125

2 , mg 100g
-1

FW



2-6

1100 2500 nm

1664 nm 2

1 1664 nm

1 1664 nm

2

1744 nm

3 2272 nm

r 0.84 SEP

12.6 mg 2-1 2-7

3

400 1100 nm

162

(nm) nm R 
z

SEC 
y

r 
x

SEP 
w

Bias 
v

400 1100 924
m

, 798
m

, 988 0.831 15.6 0.688 17.3 0.56

924
m

, 798
m

, 988, 764 0.878 13.6 0.769 15.3 -0.55

1100 2500 1664
m

, 1744, 2272 0.884 13.1 0.844 12.6 -1.51

1664
m

, 1744, 2272, 2090 0.923 10.9 0.808 14.3 -3.51
z 

n=53
y 

mg 100ml
-1

x 
n=78

w 
mg 100ml

-1

v 

m 

0

50

100

150

200

0 50 100 150 200

 (mg 100 ml
-1

)

SEP=15.3

z
 924, 798, 988, 764 nm

0

50

100

150

200
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Delicious Peach Fruit Production and Shipping Technology

Kazuo Takano

Summary

To improve the quality of peach fruit produced in Okayama Prefecture, we analyzed the relation between the quality of

peaches and peach tree nutrient conditions in the fields of farmers. Then we examined the methods of shipping of the peaches

that had been harvested at the fully ripe stage. Results show the following.

1. Technical development of diagnosis of nutrient condition for producing peaches with high sugar contents

(1) Influence of duration of sunshine and precipitation on the sugar contents of peach fruit

In the production region of southern Okayama, which adopted light sensors to measure sugar contents, we analyzed the

correlation between sugar contents (Brix) in Shimizu-Hakuto peaches and the duration of sunshine and precipitation

during 1993-1998. The average Brix was quite expensive in that year because there were many periods of sunshine with little

precipitation. The difference of fruit Brix between years was as high as 2.6 . However, the annual difference of fruit Brix

among farmers was as high as 4.6 , which clarified that cultivation environmental factor aside from weather factors are

strongly influential. Multiple regression analysis of fruit Brix, duration of sunshine and precipitation for six years, and the

duration of sunshine and precipitation of a term from mid-July to the beginning of August showed a high multiple coefficient

of determination (R=0.994) to fruit Brix. The annual changes of fuit Brix by duration of sunshine and precipitation were,

respectively, 1.8 and 0.8 , as presumed from the obtained multiple regression equation. Furthermore, its change by the

duration of sunshine was greater than that attributable to precipitation.

(2) Effect of peach tree nutrient conditions on fruit quality

We investigated the effects of nutrient conditions of N and K of peach trees on fruit Brix, flesh firmness, and enlargement of

Shimizu-hakuto peach fruits in southern Okayama. Significant negative correlation were shown between fruit Brix and

leaf N content, leaf K content, and fruit juice N content. At 60 days after full bloom, a tree with many leaf N and K contents

showed a tendency toward delayed stoppage of shoot elongation, increase of succulent shoots, and decrease of fruit Brix.

However, even if the leaf N contents were high at 60 days after full bloom, the fruit Brix was comparatively high in a tree

with large reduction of leaf N contents from 60 days after full bloom. Conversely, even if there were few leaf N contents and

few succulent shoots on the tree at 60 days after full bloom, the fruit Brix was low in a part with high N contents in soil and

where late response of N was expected. Moreover, at 120 days after full bloom, the tree with much leaf N and K contents

showed a tendency toward an increased rate of enlargement of fruit on the 3rd growth of fruit, and decreased flesh firmness at

harvesting time. The analysis of the relation between annual changes of fruit Brix and nutritional status of peach trees revealed

that fruit Brix increased in trees where leaves or fruit juice N contents decreased than those in previous years. From these

results, it was inferred that the nutrient conditions in the early growing period and maturation period mutually influenced the

fruit Brix.

(3) Diagnostic indicator of nutrient condition for producing the peach with a high sugar contents

Using a nutritional diagnostic indicator based on results from investigations of fields producing fruits with a high sugar

contents, and of fields which produce fruits with low sugar contents, and examination of improvements of fields which

produce fruits with low sugar contents. The indicator for producing fruits with a high sugar contents, at leaf N contents on 60

and 120 days after full bloom will be 2.6-3.2%DW, 2.2-2.7%DW, respectively, at leaf K contents at 60-120 days after full

bloom will be 2.0-2.9%DW, at fruit juice N contents on the harvesting time will be 40-60 mg 100g-1FW. Moreover, although
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the excess of N could not be judged from chlorophyll leaf contents, a shortage of N can be judged if the chlorophyll-meter

measured value drops below 40 at 60-150 days after full bloom. Furthermore, the leaf size is a simple index of nutritional

diagnosis that the farmer can perform independently. The proper leaf size was diagnosed with weight of about 1.0 g, length of

16.0-17.0 cm; more than 18.0 cm signals an excess of nutrition. Less than 15.0 cm signifies malnutrition.

(4) Application of near infrared spectroscopy to determination of mineral contents in peach leaves

We employed NIRSystems 6500 to obtain the near infrared spectroscopic parameters in order to estimate mineral contents

in peach leaves. The calibration equations were obtained by the multiple regression analysis of data of second derivative

spectra from 1100 nm to 2500 nm. The calibration equations were obtained for the dry leaf, where the highest predicted

correlation coefficients (r) were 0.99 (N), 0.94 (Ca), 0.89 (K), 0.79 (Mg), and 0.75 (P). On the other hand, the calibration

equations were obtained for the flesh leaf, where the highest predicted correlation coefficients were 0.96 (N), 0.85 (Ca), 0.73

(K), 0.64 (Mg), and 0.84 (P). The bias-corrected standard errors of prediction (SEP) for N in dry and fresh leaf were 0.05%

and 0.11% (dry weight), respectively. The correlation coefficient between fresh leaf thickness and absorbance at 1920 nm was

high. Therefore, the accuracy of the calibration equations was improved with quotient mathematics by absorbance at 1920 nm.

The accuracy was better at wavelength of 2180 nm or 2050 nm in N and 2004 nm in Ca, when selected as the first wavelength

in the calibration.

2. Development of shipping technology of delicious peach fruit

(1) Distinction of astringency in peach fruit using near infrared spectroscopy 

To establish a nondestructive method of measuring astringency in peach fruit, near infrared spectroscopy (NIRS) was

attempted. In the organoleptic test, significant correlation existed between astringency and polyphenol concentration which

ranged from 30 mg to 220 mg 100g-1FW. Strong astringency was sensed when the polyphenol concentration in the fruit was

higher than 110 mg 100g-1FW. In analysis of the model solution of catechin and chlorogenic acid which are the main

components of polyphenol in fruit using the second derivative transmittance spectra from 1100 nm to 2500 nm, it was found

that there was a high correlation between absorbance around 1664 nm and 1730 nm and concentration of the solution. Then

measurement of intact fruit by NIRS was performed using the second derivative reflectance spectra scanning from 1100 nm to

2500 nm. As a result of performing multiple regression analysis, the absorbance at 1720 nm showed high correlation with

polyphenol. In the calibration equation development, the highest predicted correlation coefficient (r) was 0.80 and the bias-

corrected standard error of prediction (SEP) was 14.7 mg 100g-1FW for polyphenol. It can be concluded that NIRS is a

promising method for determining the astringency of peach fruit.

(2) Distinction of fruit maturity by nondestructive measurement of chlorophyll contents in peach fruit on a tree

To establish a nondestructive measurement of maturity based on chlorophyll contents in peaches, visible-NIR spectroscopy

was attempted. Chlorophyll contents and flesh firmness decreased as the peach fruit ripened. Each showed a high correlation

in peaches that had been harvested from same tree. Although this correlation demands caution because points differed

according to peach tree N nutrient conditions, it was thought that distinction of fruit maturity was possible using a portable

type chlorophyll meter on a tree.

(3) Optical evaluation of the keeping quality of peach fruit

The keeping quality of peach fruit was evaluated optically and the correlation between N nutrient condition of tree and the

keeping quality of fruit was examined. Postharvest, the voltage at the time of internal diffusion reflectance spectrum

measurement of fruit increases gradually. Increased optical permeability of fruit was observed. This change of optical

permeability of fruit postharvest increased continuously; as fruit softened, it became impossible to evaluate the change of

physical flesh firmness. Nevertheless, optical permeability was considered to be effective for evaluation of the keeping quality
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of fruit. When peaches harvested from a tree with high leaf N contents were compared with those harvested from a tree with

low leaf N contents, even when the chlorophyll contents in fruit were the same, the voltage at the time of internal diffusion

reflectance spectrum measurement of fruit was high, and the flesh firmness was low. The period during which they retained

high quality was short.

(4) Examination of harvesting stage, freshness retention and transportation method for the purpose of distribution of

peaches harvested at full ripe stage

To establish the optimal transportation method for peach fruit harvested at the fully ripe stage, we examined changes in fruit

size, quality and flesh firmness during maturation, and the influence of harvesting ripeness and storage temperature on fruit

keeping quality. In addition, we investigated truck transportation. The harvesting stage for fully ripened fruit transportation

would be just before reaching the peak of fruit enlargement, indicated by fading of the green color of the peach skin in the

stalk cavity. The time was comparable to the fourth to sixth day after the harvest time for machine sorting of fruit, and on the

second to third day after the harvest time for hand sorting. The fully ripened fruit softened quickly at room temperature, but

retained flesh firmness when stored at less than 5 . The freshness retention period of the fully ripened fruit was about two

days at room temperature, and about ten days at 0 . When the fully ripened fruit harvested at the optimum time noted above

were transported between Okayama and Kyoto under a low-temperature condition such as 5 or less, the firmness and taste

of fruits were sufficiently maintained and were not spoiled.

190




