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30 11.17 2.21 6.40 2.20 mg/100g
30 207.80 9.00 77.63 52.85 mg/100g
30 7.49 1.69 4.53 1.94 %
30 0.62 0.15 0.37 0.13 %

C/N 30 14.76 10.19 11.89 1.17 -
CEC 30 34.59 14.00 24.83 5.16 meq/100g

2-1. 
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Ŷn=b1[x1.n x1]+b2[x2.n x2]+…bm[xm.n xm]+y 
 

m n Ŷ x b

x y  

RMSE Root Mean Square Error  

 

 

V-LIF 2-3 2-4

2nm 470nm 800nm

520nm 570nm

 

PLS

2-5 2-10 :R2 = 0.83

RMSE = 1.64 :R2  = 0.89 RMSE = 0.64 :R2  = 0.86 RMSE = 0.49

C/N :R2  = 0.70 RMSE = 0.63 :  R2  = 0.61 RMSE = 27.71 CEC

R2  = 0.72 RMSE = 2.68

2-13  
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2-5. PLS  
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2-6. PLS  
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2-8. PLS  
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2-9. PLS C/N  
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2-10. PLS CEC  
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2-11.  

 

 

 

 

 

 

  

(nm) CEC C/N (nm) CEC C/N
472 -0.076 -0.001 0.625 -0.027 -0.002 -0.011 672 -0.017 -0.021 0.138 0.002 0.000 -0.001
476 0.162 0.014 -0.128 0.055 0.004 0.029 676 0.033 0.026 0.050 0.005 0.000 0.001
480 0.146 -0.005 -0.182 0.051 0.003 0.028 680 0.015 0.009 -0.077 0.015 0.001 0.004
484 0.112 -0.028 -0.216 0.051 0.003 0.025 684 -0.013 -0.048 -0.041 0.005 0.000 0.008
488 0.066 0.076 -0.294 0.038 0.003 0.015 688 -0.055 -0.043 -0.010 -0.005 0.000 -0.003
492 0.086 -0.048 -0.246 0.030 0.002 0.016 692 -0.011 -0.070 0.061 0.000 0.000 0.007
496 0.010 -0.027 -0.237 0.010 0.001 0.007 696 -0.038 0.006 0.019 -0.009 -0.001 -0.008
500 -0.005 -0.071 -0.224 0.002 0.000 0.003 700 -0.004 -0.046 -0.032 0.001 0.000 0.003
504 -0.015 0.068 -0.303 0.004 0.000 -0.007 704 -0.017 0.025 -0.048 0.000 0.000 -0.002
508 0.034 0.028 -0.241 0.005 0.000 -0.002 708 0.012 -0.004 -0.133 0.001 0.000 0.004
512 0.027 0.007 -0.190 -0.001 0.000 -0.003 712 -0.030 0.033 -0.164 -0.003 0.000 -0.006
516 -0.054 -0.037 -0.137 -0.010 -0.001 -0.002 716 -0.034 -0.040 -0.210 -0.013 -0.001 -0.007
520 -0.045 0.012 -0.236 -0.013 -0.001 -0.005 720 -0.022 -0.003 -0.150 -0.013 -0.001 -0.010
524 -0.007 0.013 -0.126 -0.005 0.000 -0.003 724 0.001 -0.002 -0.159 -0.003 0.000 0.000
528 0.008 0.037 -0.125 -0.021 -0.002 -0.009 728 -0.031 -0.004 -0.131 -0.005 0.000 -0.003
532 -0.057 0.004 -0.060 -0.020 -0.001 -0.012 732 -0.038 -0.028 -0.145 0.002 0.000 -0.001
536 -0.046 0.005 -0.099 -0.024 -0.002 -0.012 736 -0.003 -0.024 -0.059 -0.002 0.000 -0.001
540 -0.037 -0.042 -0.196 -0.011 -0.001 -0.002 740 -0.013 -0.001 -0.120 -0.002 0.000 -0.001
544 -0.018 -0.088 -0.047 -0.010 -0.001 -0.004 744 0.035 0.007 -0.066 0.005 0.000 0.005
548 -0.048 -0.012 -0.175 -0.012 -0.001 -0.005 748 -0.031 -0.019 -0.125 0.000 0.000 -0.004
552 -0.015 -0.051 -0.094 -0.001 0.000 0.000 752 0.013 -0.022 -0.053 0.002 0.000 0.003
556 0.030 0.120 -0.215 0.004 0.000 -0.001 756 -0.004 -0.037 -0.084 0.001 0.000 0.000
560 -0.011 0.022 -0.066 -0.008 0.000 -0.004 760 0.010 -0.008 -0.076 0.000 0.000 0.004
564 0.044 0.042 0.055 0.001 0.000 -0.001 764 0.007 -0.001 -0.071 0.000 0.000 -0.001
568 0.073 -0.047 0.094 0.005 0.000 0.007 768 -0.023 -0.017 -0.101 -0.004 0.000 -0.003
572 0.044 -0.018 0.082 0.020 0.001 0.009 772 0.020 0.000 -0.076 -0.003 0.000 -0.002
576 0.004 -0.021 0.067 0.010 0.001 0.008 776 0.002 -0.014 -0.068 0.003 0.000 0.001
580 -0.007 -0.001 0.152 0.017 0.001 0.011 780 0.008 0.005 -0.048 -0.001 0.000 -0.003
584 0.034 -0.013 0.072 0.008 0.001 0.007 784 -0.030 -0.028 -0.077 -0.005 0.000 -0.003
588 0.052 0.007 0.046 0.018 0.001 0.009 788 -0.023 0.015 -0.082 -0.009 -0.001 -0.005
592 0.014 -0.043 -0.088 0.015 0.001 0.006 792 0.005 -0.001 -0.050 -0.007 -0.001 -0.002
596 0.058 0.017 0.105 0.032 0.002 0.019 796 -0.010 0.018 -0.038 -0.005 0.000 -0.002
600 0.010 -0.028 0.084 0.009 0.001 0.003 800 -0.002 -0.017 -0.062 -0.006 0.000 -0.003
604 0.027 0.074 0.129 0.015 0.001 0.005 804 -0.019 0.004 -0.089 -0.007 -0.001 -0.005
608 0.028 0.044 0.092 0.016 0.001 0.004 808 -0.002 -0.008 -0.088 -0.005 0.000 -0.003
612 0.089 0.075 0.154 0.033 0.002 0.017 812 -0.005 -0.012 -0.038 -0.007 -0.001 -0.002
616 0.071 0.005 0.221 0.028 0.002 0.020 816 -0.013 0.007 -0.047 -0.005 0.000 -0.004
620 0.031 0.002 0.137 0.016 0.001 0.010 820 -0.013 0.006 -0.075 -0.004 0.000 -0.005
624 0.011 -0.017 0.190 0.020 0.001 0.015 824 -0.001 0.007 -0.061 -0.004 0.000 -0.004
628 0.026 0.024 0.185 0.020 0.002 0.008 828 -0.019 -0.002 -0.055 -0.005 0.000 -0.003
632 0.069 0.030 0.232 0.024 0.002 0.013 832 0.002 0.002 0.000 -0.006 0.000 -0.002
636 0.025 0.029 0.218 0.009 0.001 0.003 836 -0.023 -0.001 -0.044 -0.006 0.000 -0.004
640 -0.021 -0.003 0.211 -0.006 0.000 -0.004 840 0.012 0.000 -0.022 -0.001 0.000 0.000
644 -0.008 -0.018 0.262 -0.003 0.000 -0.002 844 -0.011 -0.004 -0.036 -0.004 0.000 -0.003
648 -0.021 0.029 0.249 -0.009 0.000 -0.006 848 -0.001 0.003 0.009 0.000 0.000 0.001
652 0.007 0.042 0.368 -0.002 0.000 0.001 852 -0.012 -0.001 -0.013 -0.002 0.000 -0.002
656 -0.007 0.022 0.398 -0.009 -0.001 -0.002 856 -0.007 0.011 -0.022 -0.002 0.000 -0.002
660 0.069 0.061 0.502 0.002 0.000 0.001 860 -0.008 -0.004 -0.044 -0.001 0.000 -0.001
664 0.053 -0.004 0.425 -0.003 0.000 0.002 864 0.001 0.007 -0.022 -0.001 0.000 -0.002
668 0.019 0.046 0.326 -0.009 0.000 -0.005 868 -0.008 -0.007 -0.037 -0.004 0.000 -0.002
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3  LED  

 

Available 

Nitrogen Total Carbon Total Nitrogen C/N C/N ratio

CEC

Stevenson 1982

 1997; Matsunaga Moriizumi 2012 Matsumoto Ae 2004
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2014 LIF Laser Induced 

Fluorescence

0.83 0.89

0.86 C/N 0.70

 

375nm 392nm 2 LED UV-LED

375nm 392nm LED

C / N  

 

 

 

0-15cm 46

11 20

4 11
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LED LED Induced Fluorescence LED-IF

UV-LED

3-1 392nm LED Optosupply Limited.

375nm LED Nitride Semiconductors Co.,  Ltd. 2

2

392nm LED12 375nm LED36

10cm

 

SEC2000-UV/VIS BAS Edmund Optics 400nm

Edmund Optics

392nm LED 375nm LED 1

2

400nm 800nm 0.5nm 300ms

20  

 

 

5

450nm 700nm

10nm 1

375nm 26 392nm

26 52 PLS Wold 2001
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46 C/N 44  

PLS

PLS

Leave-One-Out 

Cross Validation LOOCV   

3  

(i)  375nmLED

 

(ii)  392nmLED

 

(iii)  375nm LED

392nm LED

 

 

(i) (ii) (iii)  

C / N

R2 Root Mean Squared Error RMSE

PLS Excel Ver.7  

 

 

2mm>

30 4

 1948;  1997;  1986;  Matsunaga
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Moriizumi 2012 C/N C-N Corder,  Yanagimoto Co. 

Ltd. C/N

PLS

3-1  
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3-1. 1 2014-240825 . 

 

  

 

PC 
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(SEC2000-UV/VIS) 

 

 

  
 

(400nm ) 
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46 11.17 1.90 5.76 2.35 mg/100 g
44 7.49 1.69 4.54 1.71 %
46 0.71 0.15 0.38 0.14 %

C/N 44 16.61 10.10 12.12 1.56 -

3-1. .
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3-1 C/N

 

375nm LED

3-2 375nm 10nm

3-3

570nm 470nm 700nm

392nm LED 3-4

10nm

3-5 375nm

 

PLS

R2 RMSE 2

3-2  

10nm

3-2  

C/N PLS

3-6 3-9 :R2 = 0.73

RMSE = 1.21 :R2  = 0.94 RMSE = 0.43 :R2   0.62 RMSE = 0.08

C/N :R2  = 0.77 RMSE = 0.73 PLS

3-10,3-11  
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1 375nmLED  

2 392nmLED  

3 375nm LED 392nm LED

 

  

R2 RMSE

I 1 26 4 0.57 1.52

ii 2 26 1 0.27 1.99

iii 3 52 5 0.73 1.21

I 1 26 2 0.66 0.98

ii 2 26 1 0.63 1.02

iii 3 52 6 0.94 0.43

I 1 26 2 0.55 0.09

ii 2 26 1 0.58 0.09

iii 3 52 2 0.62 0.08

I 1 26 3 0.73 0.79

ii 2 26 3 0.69 0.85

iii 3 52 4 0.77 0.73

3-2. .

C/N
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3-6. 375nm 392nm LED  

. 
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3-9. C/N . 
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3-10. 375nm  

 

 

  

(nm) C/N
450 0.017 -0.025 0.0003 -0.017
460 -0.051 -0.014 0.0001 0.006
470 0.030 0.002 0.0000 -0.004
480 -0.014 -0.024 -0.0002 0.005
490 0.028 -0.007 -0.0001 -0.017
500 0.028 0.000 -0.0001 -0.010
510 -0.006 -0.020 0.0000 -0.003
520 -0.029 0.011 0.0002 -0.012
530 0.058 0.031 0.0002 -0.007
540 -0.054 0.027 0.0004 0.021
550 -0.050 0.021 0.0003 -0.006
560 0.074 0.022 0.0003 0.037
570 -0.034 -0.013 0.0001 0.028
580 -0.035 0.009 0.0001 0.008
590 0.082 0.019 0.0000 -0.011
600 -0.017 0.011 0.0000 -0.006
610 0.024 0.011 0.0000 -0.004
620 -0.072 -0.012 -0.0002 0.010
630 0.036 -0.004 0.0000 -0.018
640 0.003 0.006 -0.0001 -0.013
650 0.000 -0.015 -0.0001 -0.015
660 0.019 0.006 0.0000 -0.009
670 -0.009 0.001 -0.0001 -0.011
680 -0.008 0.007 0.0000 -0.004
690 0.000 0.008 0.0000 0.006
700 0.018 -0.025 0.0000 -0.028
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3-11. 392nm  

 

  

(nm) C/N
450 -0.004 -0.014 -0.0014 -0.001
460 0.020 0.017 -0.0004 -0.001
470 -0.021 -0.023 -0.0002 0.004
480 -0.011 -0.002 -0.0001 0.015
490 0.014 -0.017 -0.0002 0.003
500 0.003 0.021 0.0000 -0.003
510 0.023 -0.002 0.0001 -0.019
520 -0.004 0.008 0.0000 0.015
530 -0.025 -0.006 0.0000 0.000
540 0.035 -0.001 0.0000 0.006
550 -0.016 0.011 0.0000 0.006
560 -0.002 -0.008 0.0000 -0.008
570 -0.005 0.006 0.0000 0.002
580 0.012 -0.008 0.0000 -0.002
590 0.019 0.018 0.0000 -0.010
600 -0.030 -0.021 -0.0001 -0.001
610 -0.001 0.026 0.0000 0.016
620 0.017 -0.027 0.0000 -0.010
630 -0.025 0.022 0.0000 0.007
640 0.036 -0.015 0.0000 -0.004
650 -0.025 -0.003 0.0000 0.002
660 -0.017 0.026 0.0000 0.003
670 0.043 -0.015 0.0000 -0.008
680 0.000 -0.002 0.0000 -0.004
690 -0.008 0.003 0.0000 -0.003
700 0.010 0.030 0.0000 0.004

8.202 8.639 1.089 12.690
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LED-IF
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 1997; Milori  2005

375nm LED
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375nm LED 4-2

4-4 375nm 10nm
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570nm 470nm 700nm

395nm LED 4-5 4-7
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PLS 106

7 R2 0.61 RMSE 1.68

4-14 R2 = 0.91

RMSE = 0.68 R2 = 0.66 RMSE = 0.89

R2  = 0.96 RMSE = 0.53 4-15 4-17

4-18,4-19  

 

  



53 
 

 

 

4-2. 375nm LED  

. 

  

0

5000

10000

15000

20000

25000

30000

35000

500 550 600 650 700

 

 (nm) 



54 
 

 

 

4-3. 375nm LED  
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4-4. 375nm LED  
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4-5. 395nm LED  
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4-7. 375nm LED  
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4-8. 375nm LED  
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4-10. 375nm LED  
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4-11. 395nm LED  
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4-12. 395nm LED  
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4-13. 395nm LED  
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4-14. 106  

.  
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4-15.  

.  
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4-16.  

.  

n = 14 
Number of PLS factors : 5 
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4-17.  

.  

  

n = 46 
Number of PLS factors : 6 

y = x + 2E-14 
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4-18. 392nm  

 

 

(nm) (nm)
501.065 0.006 0.002 0.010 -0.016 607.098 -0.004 -0.002 -0.009 0.002
503.492 -0.009 0.002 -0.007 -0.003 609.268 0.004 -0.002 -0.038 0.020
505.914 0.013 0.003 0.000 0.016 611.432 0.013 -0.001 -0.007 -0.003
508.332 0.004 0.000 0.001 0.008 613.59 0.001 0.001 -0.010 0.000
510.743 0.013 -0.001 0.003 0.005 615.742 0.004 0.000 0.006 0.000
513.15 -0.014 -0.002 -0.006 -0.022 617.887 -0.010 0.000 -0.021 0.007
515.552 -0.018 0.000 -0.017 -0.019 620.027 0.007 -0.002 -0.030 0.004
517.948 -0.021 0.000 -0.008 -0.026 622.161 -0.023 -0.001 -0.036 -0.019
520.339 0.010 0.000 -0.016 0.008 624.289 -0.026 -0.001 -0.017 -0.025
522.725 0.000 -0.002 0.001 -0.001 626.41 -0.010 -0.002 -0.019 -0.011
525.106 0.007 -0.002 -0.020 0.011 628.526 0.019 0.000 0.011 0.001
527.481 -0.004 -0.001 -0.001 -0.017 630.635 0.021 -0.002 -0.012 0.013
529.851 -0.015 0.000 -0.031 -0.011 632.738 -0.007 0.001 0.003 -0.004
532.216 -0.012 -0.002 -0.007 -0.016 634.835 -0.010 -0.002 -0.037 -0.001
534.575 0.003 0.000 -0.019 0.003 636.926 -0.002 -0.001 -0.016 -0.001
536.929 0.012 0.001 -0.010 0.013 639.011 0.000 -0.001 -0.010 -0.008
539.277 -0.008 0.003 -0.017 -0.007 641.089 -0.001 -0.001 0.002 -0.006
541.62 -0.024 -0.001 -0.004 -0.026 643.162 0.000 0.000 -0.003 -0.004
543.957 0.005 -0.001 0.016 -0.007 645.228 -0.004 -0.002 0.006 -0.011
546.289 0.021 -0.002 0.005 0.013 647.288 -0.012 0.000 0.003 -0.017
548.616 0.001 0.000 -0.002 0.009 649.341 -0.010 -0.002 -0.013 -0.007
550.936 -0.003 -0.003 0.004 -0.011 651.389 -0.003 0.000 -0.020 0.004
553.252 0.010 0.000 0.012 0.019 653.43 0.008 0.000 -0.008 0.003
555.561 0.001 0.001 0.009 0.001 655.465 -0.001 0.000 0.009 -0.003
557.865 0.002 0.004 0.005 0.021 657.494 -0.008 -0.001 0.003 -0.012
560.164 -0.003 0.001 -0.003 -0.007 659.516 -0.005 -0.001 0.006 -0.006
562.457 0.016 0.004 0.000 0.019 661.532 -0.004 -0.001 -0.001 -0.017
564.744 0.004 0.003 -0.003 0.009 663.542 -0.004 0.001 0.006 -0.015
567.025 -0.011 0.003 -0.006 0.010 665.546 -0.011 0.001 -0.004 -0.012
569.301 -0.003 0.001 0.002 0.009 667.543 -0.002 0.000 -0.002 0.008
571.571 -0.015 -0.001 -0.010 -0.009 669.535 0.000 0.000 0.003 0.009
573.835 -0.005 -0.001 -0.006 -0.017 671.519 0.003 0.001 0.010 0.005
576.093 -0.009 -0.003 -0.003 -0.006 673.498 0.008 0.003 0.003 -0.001
578.346 0.008 -0.001 -0.010 -0.006 675.47 0.012 0.003 0.002 0.008
580.593 0.003 -0.001 0.002 0.008 677.436 0.011 0.004 0.002 0.004
582.834 0.007 0.000 0.001 -0.001 679.396 -0.003 0.003 0.004 -0.001
585.069 -0.028 -0.002 -0.003 -0.019 681.349 -0.003 0.003 0.009 -0.003
587.299 -0.028 0.001 -0.012 -0.030 683.296 -0.007 0.002 0.001 -0.006
589.522 0.001 0.000 -0.011 0.002 685.236 0.008 0.002 0.007 0.008
591.74 0.023 0.005 0.009 0.002 687.171 0.012 0.003 0.009 0.006
593.952 0.033 0.000 0.021 0.022 689.099 -0.002 0.002 0.005 -0.002
596.158 -0.005 0.000 0.000 -0.009 691.02 0.002 0.003 0.010 -0.001
598.358 0.005 -0.003 0.006 0.011 692.935 -0.005 0.002 0.004 -0.008
600.551 -0.008 0.000 -0.014 -0.008 694.844 0.012 0.003 0.012 0.014
602.739 -0.007 -0.001 0.015 -0.012 696.747 0.005 0.002 0.008 -0.003
604.922 -0.014 -0.001 -0.013 -0.005 698.643 0.009 0.002 0.009 0.005

700.533 0.004 0.002 0.014 0.003
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4-19. 392nm  

. 

(nm) (nm)
501.065 0.013 0.000 -0.003 0.006 609.268 -0.009 0.001 -0.009 0.007
503.492 0.009 0.000 -0.008 0.001 611.432 -0.003 0.001 0.006 -0.003
505.914 -0.009 0.000 -0.010 -0.008 613.59 -0.005 0.002 0.005 -0.006
508.332 -0.004 0.002 -0.017 -0.007 615.742 -0.010 0.002 0.010 -0.008
510.743 -0.001 -0.001 -0.012 -0.002 617.887 -0.019 0.001 -0.003 -0.004
513.15 0.021 -0.001 0.000 0.015 620.027 -0.014 0.002 0.004 0.002
515.552 0.008 -0.002 0.003 0.002 622.161 -0.011 0.001 0.000 -0.004
517.948 0.000 -0.003 0.003 -0.001 624.289 -0.003 0.001 0.007 0.000
520.339 -0.004 -0.003 -0.005 -0.008 626.41 0.001 0.001 0.007 -0.003
522.725 -0.003 -0.005 -0.002 0.000 628.526 0.002 0.002 0.018 0.004
525.106 -0.002 -0.006 -0.001 -0.002 630.635 0.002 0.001 0.009 0.007
527.481 0.004 -0.006 0.005 0.008 632.738 -0.001 -0.001 0.012 0.002
529.851 0.009 -0.004 0.003 0.008 634.835 0.001 -0.001 0.003 -0.001
532.216 0.005 -0.004 0.001 0.001 636.926 0.001 -0.001 0.004 -0.001
534.575 0.005 -0.003 0.010 -0.006 639.011 0.010 0.000 0.003 0.007
536.929 0.008 -0.004 0.004 0.000 641.089 0.006 0.000 0.005 0.005
539.277 0.007 -0.001 0.018 -0.006 643.162 0.001 -0.002 0.009 -0.005
541.62 0.007 -0.002 0.003 0.008 645.228 -0.004 -0.003 0.014 -0.004
543.957 0.001 -0.002 0.005 0.002 647.288 -0.005 -0.004 0.015 -0.010
546.289 -0.005 -0.002 -0.011 0.007 649.341 0.001 -0.003 0.008 -0.001
548.616 -0.009 -0.002 -0.005 -0.005 651.389 -0.010 -0.004 0.007 -0.011
550.936 -0.011 -0.001 -0.004 -0.007 653.43 -0.004 -0.005 0.005 -0.001
553.252 0.004 -0.001 -0.007 0.006 655.465 -0.003 -0.006 0.018 0.005
555.561 0.006 0.001 0.000 0.004 657.494 0.000 -0.006 0.013 0.005
557.865 -0.001 0.000 0.000 0.003 659.516 -0.015 -0.007 0.019 -0.014
560.164 -0.005 -0.001 -0.008 0.005 661.532 -0.015 -0.005 0.013 -0.018
562.457 -0.010 -0.001 -0.010 -0.001 663.542 -0.010 -0.004 0.016 -0.009
564.744 0.002 0.000 -0.014 0.002 665.546 0.000 -0.001 0.014 -0.004
567.025 -0.001 0.000 0.008 -0.005 667.543 -0.001 0.000 0.015 0.001
569.301 0.013 0.000 0.005 0.014 669.535 0.002 0.002 0.022 -0.006
571.571 -0.006 0.000 -0.001 -0.003 671.519 0.009 0.004 0.022 0.010
573.835 0.000 -0.001 -0.008 0.004 673.498 0.010 0.007 0.025 0.001
576.093 -0.013 -0.002 -0.016 -0.005 675.47 0.004 0.007 0.020 0.002
578.346 0.001 -0.001 -0.010 0.007 677.436 0.002 0.008 0.025 -0.006
580.593 -0.003 -0.001 -0.008 0.000 679.396 0.006 0.007 0.024 -0.002
582.834 -0.003 0.000 -0.001 0.001 681.349 0.015 0.008 0.023 0.006
585.069 0.004 0.000 0.003 0.007 683.296 0.010 0.007 0.009 0.008
587.299 0.006 0.002 -0.005 0.011 685.236 0.006 0.006 0.010 0.007
589.522 0.007 0.001 0.002 0.010 687.171 0.002 0.006 0.013 0.002
591.74 0.002 0.002 0.000 0.007 689.099 0.003 0.004 0.014 0.003
593.952 -0.005 0.001 0.004 0.000 691.02 0.010 0.004 0.012 0.003
596.158 -0.003 0.002 -0.006 -0.004 692.935 0.005 0.003 0.006 0.006
598.358 -0.006 0.000 0.001 0.003 694.844 0.007 0.004 0.012 0.007
600.551 -0.001 0.001 0.006 0.003 696.747 0.007 0.005 0.009 0.013
602.739 0.004 0.002 0.012 0.010 698.643 0.008 0.004 0.004 0.005
604.922 0.000 0.003 0.006 0.004 700.533 0.005 0.004 0.004 -0.001
607.098 -0.006 0.002 -0.003 0.007

7.049 3.800 10.987 2.978
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395nm 680nm 4-4

4-6 680nm

500nm 680nm 740nm Cerovic 

1999

680nm 395nm

375nm
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LED 4

LED LED

4

4 4

R2  = 0.73 RMSE = 1.21

R2 = 0.91 RMSE = 0.68

 

LED

30%

K- Macqueen 1967, Steinhaus 1957
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5  

 

CEC

pH

Hazleton Murphy 2007

Schollenberger Simon 1945

Genot 2011

NIRS CEC Bayat 2014

CEC

CEC

2

PLS CEC

 

ECa

Allred  2008 Rhoades Corwin 1981

Masoud  2012

ECa Ca Mg Mcbride  1990

CEC Triantafilis  2009 Van Mrirvenne  2013

 

ACE
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10~200kHz 5kHz

CEC C N

Av-P Av-N Si/Al

Fe Al

Si Ca K Na Mg

P

 

 

30 6

9 11 4

2mm

 

Schollenberger Simon 1945

CEC N C Av-P

Av-N Truog

X EDX  

 

10g 40mm

ACE 5-1
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G ω  

  

 

 

  

  

10 200kHz 5kHz

G ω  

G ω  

 

G ω = Re {G ω } + jIm {G ω } = Vo /Vi  

 

Re Im ω j Vo Vi

 

1 39 39 78

PLS

Mg Av-N

38 38 76  
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PLS

w  

w=c k  

c kHz k

10kHz 200kHz  

c=5 k=2 3 40  

PLS  

 

   Y =Σ{a ω G ω } + b  

 

Y a ω b

 

PLS

Leave-One-Out 

Cross Validation LOOCV Wold 1975; Wold  2001   

R2

RMSE Itano  2012

RMSE RMSE/s.d.

 

  

k=2

40
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5-1. ACE . 
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5-2 5-3

 

Fe Al Si Ca K Na Mg P CEC C N

Av-P Av-N Si/Al

5-1

5-2 Na Mg Av-P

Fe Al 5-4,5- 

5  

CEC C N Fe Al Si K Ca Na P Av-P Si/Al

5-6 5-12

RMSE RMSE/s.d. 5-3

CEC R2  = 0.98 RMSE = 0.80 Fe R2  = 0.96 RMSE 

= 0.23 Al R2  = 0.81 RMSE = 0.62 Si R2  = 0.80 RMSE = 1.00 Na R2  = 0.68

RMSE = 0.12 Ca R2  = 0.74 RMES = 0.46 K R2  = 0.90 RMSE = 0.06 C R2  = 0.99

RMSE = 0.08 N R2 = 0.99 RMSE = 0.02 P R2 = 1 RMSE = 0.01 Av-P R2 = 1

RMSE = 0.21 Si/Al R2 = 0.85 RMSE = 0.15 Mg Av-N

Mg R2  = 0.20 RMSE = 0.10

Av-N R2  = 0.27 RMSE = 1.85

RMSE/s.d.  

Av-N Mg

PLS Av-N
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5-13 Av-N R2  = 0.80 RMSE 

= 0.96 Mg 

R2  = 0.27 RMSE = 0.09
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Fe 30 7.11 3.22 5.67 1.24 %
Al 30 14.50 9.99 12.49 1.44 %
Si 30 28.00 18.50 22.41 2.27 %
Na 30 0.88 <0.01 0.32 0.22 %
Mg 30 0.84 0.37 0.57 0.11 %
Ca 30 3.86 0.82 1.82 0.92 %
K 30 1.27 0.57 0.83 0.20 %
C 30 7.49 1.69 4.53 1.94 %
N 30 0.62 0.15 0.37 0.13 %
P 30 0.76 0.18 0.47 0.13 %

Av-P 30 207.80 9.00 77.63 52.85 mg/100g
Av-N 30 11.17 2.21 6.40 2.20 mg/100g
CEC 30 34.59 14.00 24.83 5.16 meq/100g
Si/Al 30 2.75 1.39 1.83 0.39 -

 5-1. 
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 kHz

.  

 

**  p < 0.01 

*   p < 0.05 

n.s.   p  0.05 

  

r R2 kHz
Fe 30 0.83 0.68 ** Real 185kHz
Al 30 0.73 0.53 ** Real 40kHz
Si 30 0.60 0.36 ** Real 20kHz

Na 30 0.34 0.11 n.s. Real 175kHz
Mg 30 0.39 0.15 * Imaginary 55kHz
Ca 30 0.52 0.27 ** Real 170kHz
K 30 0.47 0.22 ** Imaginary 50kHz
C 30 0.55 0.30 ** Imaginary 65kHz
N 30 0.58 0.34 ** Imaginary 65kHz
P 30 0.48 0.23 ** Real 15kHz

Av-P 30 0.29 0.08 n.s. Real 170kHz
Av-N 30 0.53 0.28 ** Real 10kHz
CEC 30 0.36 0.13 * Imaginary 65kHz
Si/Al 30 0.72 0.52 ** Real 35kHz

 5-2. .
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*  

 

 

 

R2 RMSE RMSE/

Fe 30 0.96 0.23 4 0.186
Al 30 0.81 0.62 3 0.429
Si 30 0.80 1.00 3 0.440
Na 30 0.68 0.12 3 0.543
Mg 30 0.20 0.10 2 0.927

Mg * 30 0.27 0.09 1 0.834
Ca 30 0.74 0.46 3 0.501
K 30 0.90 0.06 4 0.297
C 30 0.99 0.08 8 0.041
N 30 0.99 0.02 6 0.150
P 30 1.00 0.01 14 0.076

Av-P 30 1.00 0.21 12 0.004
Av-N 30 0.27 1.85 2 0.843

Av-N * 30 0.80 0.96 3 0.437
CEC 30 0.98 0.80 5 0.155
Si/Al 30 0.85 0.15 3 0.388

 5-3. PLS
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5-2.  10kHz 200kHz  
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5-3. 10kHz 200kHz  
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5-4.  
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5-5.  
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5-6. CEC PLS  

 

 

n = 30 
Number of PLS fuctors : 5 
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5-7. Fe PLS  
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5-8.  Al PLS  

  

n = 30 
Number of PLS factors : 3 
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5-9. Si PLS  

 

n = 30 
Number of PLS factors : 3 

y = x + 2E-12 
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5-10. C PLS . 
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5-11. N PLS . 

  

n = 30 
Number of PLS factors : 6 
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5-12. SI/Al PLS . 
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5-13.   

Av-N PLS . 
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*  

 

5-14.  

. 

 

  

(kHz) CEC Fe Al Si Ca K Na Mg * T-C T-N AvP P Av-N *
10 -0.121 0.083 0.025 0.069 -0.070 0.016 -0.016 0.001 -0.112 -0.005 4.571 0.005 0.098
15 -0.189 0.005 -0.002 0.088 -0.002 0.014 0.010 0.001 -0.083 -0.003 -1.638 -0.002 0.087
20 -0.776 -0.059 -0.014 0.053 0.040 -0.017 0.011 0.001 -0.014 -0.005 -3.328 -0.012 0.039
25 0.244 0.047 0.019 -0.131 -0.013 0.007 -0.003 0.001 -0.026 -0.003 -6.623 -0.020 0.002
30 -0.089 0.017 0.000 0.010 -0.030 0.024 -0.004 0.001 -0.054 0.000 7.154 0.018 0.005
35 0.016 -0.025 -0.024 0.043 0.026 -0.024 0.003 0.001 -0.027 -0.001 -6.482 -0.008 0.114
40 0.539 -0.099 -0.081 0.117 0.070 -0.056 0.008 0.000 0.100 0.006 -1.167 0.000 0.108
45 0.388 0.004 -0.052 0.054 -0.007 -0.010 0.002 0.000 0.372 0.018 0.738 0.000 0.001
50 -0.207 0.021 0.053 0.013 -0.079 0.031 -0.007 0.000 -0.128 -0.011 11.186 0.006 0.229
55 -0.891 0.096 -0.016 0.141 -0.006 -0.017 0.007 0.000 -0.304 -0.023 -23.013 -0.051 -0.185
60 0.480 0.086 0.060 -0.138 -0.079 0.011 -0.022 0.000 0.107 0.006 0.036 -0.004 0.058
65 0.381 -0.028 -0.034 -0.010 0.069 -0.020 0.006 0.000 -0.026 -0.002 -2.641 0.003 0.025
70 0.347 0.032 -0.005 0.008 0.003 -0.015 -0.002 0.000 0.007 -0.002 -3.602 -0.005 0.040
75 -0.013 -0.083 -0.087 0.042 0.103 -0.009 0.021 0.000 0.296 0.014 4.130 0.005 -0.087
80 -0.823 0.001 -0.013 0.131 0.021 0.000 0.014 0.000 -0.247 -0.021 14.126 0.002 0.006
85 -0.170 0.067 0.006 0.090 -0.022 -0.003 0.003 0.000 -0.264 -0.016 0.973 -0.012 -0.040
90 0.250 0.005 -0.016 0.044 0.002 0.007 -0.001 0.000 -0.109 -0.003 4.951 0.012 -0.036
95 0.426 -0.051 0.072 -0.305 0.046 0.022 -0.014 0.000 0.118 0.012 5.132 0.026 0.164

100 0.025 0.122 0.101 -0.096 -0.175 0.024 -0.029 0.000 0.137 0.008 8.120 0.004 -0.085
105 0.541 -0.110 0.041 -0.151 -0.065 0.007 -0.021 0.000 0.351 0.028 -3.980 0.024 0.029
110 -0.040 0.025 0.009 -0.003 -0.030 0.020 -0.001 0.000 0.019 0.006 0.776 0.007 0.193
115 -1.579 0.018 -0.055 0.394 0.021 0.028 0.023 0.000 -0.657 -0.045 20.566 -0.003 -0.222
120 0.616 0.003 0.013 -0.034 0.015 -0.006 -0.001 0.000 0.054 0.007 -3.940 0.003 0.001
125 0.586 -0.004 0.028 -0.161 -0.003 0.013 -0.011 0.000 0.225 0.022 2.160 0.025 -0.004
130 0.556 0.104 0.062 -0.170 -0.080 0.017 -0.023 0.000 0.100 0.009 5.004 0.016 0.298
135 -0.168 -0.062 0.035 -0.075 0.047 0.007 0.002 0.000 -0.135 -0.008 5.153 0.009 0.115
140 -0.560 0.115 0.043 -0.057 -0.067 0.001 -0.008 0.000 -0.080 -0.001 -24.173 -0.035 -0.238
145 0.163 -0.091 -0.037 0.017 0.059 -0.021 0.007 0.000 0.057 0.004 9.275 0.021 0.235
150 -0.088 -0.007 -0.009 0.029 0.004 -0.005 0.002 0.000 0.161 0.011 -10.527 -0.010 0.003
155 -0.040 0.106 0.024 -0.105 -0.014 -0.012 0.000 0.000 0.127 0.007 -5.292 -0.005 0.007
160 -0.248 0.002 0.045 -0.001 -0.039 0.006 -0.010 0.000 -0.338 -0.018 1.241 0.007 -0.004
165 -0.486 -0.018 -0.035 0.115 0.070 -0.026 0.017 0.000 -0.111 -0.006 3.174 0.006 -0.016
170 0.148 -0.062 -0.076 0.101 0.073 -0.003 0.015 0.000 0.161 0.007 8.875 0.012 -0.010
175 1.117 0.130 0.179 -0.466 -0.154 0.010 -0.059 0.000 0.193 0.013 4.036 0.023 -0.003
180 -0.135 -0.038 0.002 0.065 -0.011 0.000 -0.001 0.000 -0.090 -0.005 1.149 0.001 0.074
185 -0.429 0.245 0.043 0.019 -0.089 0.009 -0.008 0.000 -0.178 -0.010 -8.277 -0.024 0.052
190 0.479 -0.054 -0.012 -0.026 0.025 -0.008 -0.002 0.000 0.231 0.016 3.147 0.010 0.234
195 -0.283 -0.001 0.004 0.029 -0.011 0.015 0.010 0.000 0.050 0.001 -5.866 -0.014 -0.122
200 0.004 -0.038 -0.052 -0.036 0.058 -0.020 0.010 - 0.181 0.010 -4.940 -0.009 -
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*  

 

5-15.  

. 

 

 

  

(kHz) CEC Fe Al Si Ca K Na Mg * T-C T-N AvP P Av-N *
10 -0.646 0.195 0.039 0.074 -0.048 0.007 -0.004 0.000 -0.313 -0.017 -1.755 -0.012 -0.183
15 -0.005 0.062 0.036 -0.069 -0.028 0.019 -0.008 0.000 0.010 0.003 -7.186 -0.006 -0.094
20 -0.399 0.011 0.014 0.063 -0.007 -0.012 -0.002 0.000 -0.223 -0.012 0.211 -0.002 -0.223
25 0.202 -0.044 -0.051 -0.032 0.054 0.006 0.010 0.001 0.040 0.004 4.759 0.011 -0.101
30 1.112 0.010 -0.021 -0.055 -0.005 0.009 -0.004 0.001 0.368 0.023 6.871 0.019 -0.063
35 -0.004 0.045 0.073 -0.183 -0.027 0.010 -0.009 0.001 0.066 -0.001 7.150 0.005 -0.187
40 0.569 -0.038 0.050 -0.091 -0.042 0.014 -0.017 0.001 0.182 0.019 14.056 0.032 0.150
45 -0.010 -0.043 -0.050 0.019 0.082 -0.024 0.010 0.001 -0.146 -0.007 -9.062 -0.006 0.051
50 -0.569 0.052 -0.089 0.180 0.068 -0.027 0.015 0.001 -0.225 -0.016 -13.346 -0.030 -0.136
55 -0.127 0.078 -0.048 0.053 0.020 -0.013 0.009 0.000 0.036 0.002 6.596 0.006 0.096
60 -0.066 0.125 0.058 -0.011 -0.080 0.012 -0.013 0.000 -0.203 -0.012 -6.846 -0.019 0.199
65 -0.999 0.088 -0.009 0.129 0.012 -0.005 0.005 0.000 -0.108 -0.013 5.904 -0.006 -0.122
70 0.355 -0.128 -0.094 0.060 0.123 -0.016 0.023 0.000 0.144 0.014 -5.316 0.008 -0.020
75 0.046 0.101 0.039 -0.048 -0.023 -0.007 -0.007 0.000 0.052 0.001 -8.868 -0.018 0.073
80 -0.399 0.017 -0.054 0.118 0.025 -0.012 0.010 0.000 -0.010 -0.002 -0.439 -0.012 -0.043
85 -0.164 -0.013 -0.011 0.012 0.010 0.005 0.004 0.000 -0.071 -0.002 1.155 0.002 -0.015
90 -0.149 -0.034 -0.015 0.053 0.035 -0.015 0.008 0.000 -0.203 -0.014 -2.664 -0.005 -0.195
95 0.474 -0.062 -0.082 -0.074 0.046 -0.013 -0.003 0.000 0.401 0.017 3.014 0.012 -0.064

100 -0.039 0.079 -0.025 0.031 0.019 0.036 0.010 0.000 -0.125 -0.010 13.537 0.008 0.311
105 -0.993 0.027 0.028 0.033 -0.020 0.005 0.004 0.000 -0.201 -0.010 6.775 0.011 -0.166
110 -0.250 -0.028 -0.030 0.016 0.030 -0.002 0.011 0.000 0.014 0.001 -1.023 -0.005 0.067
115 -0.814 0.000 0.003 0.017 0.008 -0.006 0.008 0.000 -0.066 -0.009 1.122 -0.016 -0.204
120 -0.792 0.028 -0.031 0.139 0.037 -0.021 0.014 0.000 -0.442 -0.021 -1.980 -0.005 0.127
125 0.722 -0.076 0.015 -0.088 -0.020 -0.025 -0.017 0.000 0.230 0.009 -7.159 -0.016 -0.185
130 -0.387 -0.002 -0.048 0.130 0.032 -0.001 0.015 0.000 -0.021 -0.003 -0.725 -0.005 0.080
135 0.513 0.074 0.034 -0.212 -0.051 0.034 -0.011 0.000 0.260 0.021 -14.95 -0.016 -0.071
140 0.284 0.003 -0.002 -0.058 0.013 -0.008 -0.006 0.000 0.024 0.006 -4.724 0.009 0.008
145 0.217 -0.012 0.023 -0.107 -0.019 0.000 -0.011 0.000 0.206 0.015 3.445 0.020 0.038
150 0.605 0.026 -0.023 -0.071 0.020 -0.019 0.000 0.000 0.283 0.016 -1.335 0.006 0.025
155 0.090 -0.014 -0.036 -0.025 0.025 0.000 0.003 0.000 0.244 0.014 3.016 0.003 -0.070
160 0.316 0.096 0.026 -0.063 -0.040 0.005 -0.010 0.000 0.045 0.006 -2.040 0.000 0.162
165 -0.484 -0.002 0.023 0.133 -0.043 0.012 -0.002 0.000 -0.334 -0.022 2.024 -0.011 -0.128
170 -0.013 0.079 0.019 -0.074 -0.007 -0.001 -0.005 0.000 -0.049 0.007 -12.22 0.001 -0.044
175 0.729 -0.107 -0.291 0.309 0.208 -0.037 0.040 0.000 0.282 0.015 10.531 0.011 0.313
180 -0.660 0.002 0.042 0.091 -0.023 -0.001 -0.003 0.000 -0.408 -0.030 -13.46 -0.032 -0.181
185 -0.637 -0.036 0.035 -0.017 -0.035 0.011 -0.009 0.000 0.081 0.009 -2.686 0.011 -0.133
190 0.452 0.021 0.022 -0.123 -0.010 0.018 -0.003 0.000 -0.052 -0.001 7.010 0.008 0.329
195 0.026 0.066 0.089 -0.087 -0.124 0.029 -0.022 0.000 -0.226 -0.010 -8.813 -0.015 -0.216
200 0.172 -0.075 -0.044 0.041 0.058 -0.015 0.014 - 0.095 -0.002 6.134 -0.001 -

-287.9 27.824 14.728 93.619 -11.14 1.738 3.084 0.581 -38.06 -5.357 2611.9 -5.693 -24.42
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PLS CEC C N Fe

Al Si K Ca Na P Av-P Si/Al

5-3

CEC R2 0.98 RMSE 0.80

Korsaeth 2008

Triantafilis 2009 EM38 GEONICS LIMITED  

CEC Korsaeth 2008 EM38

CEC R2  = 

0.70 Triantfilis 2009 EM38

CEC R2  = 

0.71 CEC

10~200kHz

C N P Av-P

Av-N

5-12  

Fe 185kHz Al 40kHz

5-2

50 150kHz 175 200kHz 80kHz

Fe 50 150kHz 175 200kHz
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Summary 

This thesis describes to develop new non-destructive analysis method for major 

soil characteristics, and consists of seven chapters.  

Available nitrogen, total carbon, total nitrogen, and C/N ratios in upland soil were 

estimated using analyses of spectra from a new fluorescence spectrometry system 

with an ultraviolet light-emitting diode (UV-LED). Forty six samples of andosol were 

collected from upland agricultural fields, and available nitrogen, total carbon, total 

nitrogen, and C/N ratios were estimated. Predictive abilities of partial least square 

models were assessed in a leave-one-out cross-validation procedure based on the 

entire dataset. The accuracy of calibration models was evaluated using the 

coefficient of determination and the root -mean-square error. Estimates of available 

nitrogen, total carbon, total nitrogen, and C/N rati os were highly accurate. Moreover,  

fluorescence spectroscopy analyses using UV-LED as a light source rapidly provided 

estimates of these chemical properties, suggesting utility in assessments of plant 

nutritional conditions and soil fertility.  

The upland soil cation exchange capacity (CEC); the amounts of Fe, Al, and Si; the 

ratio of Al/Si; the amounts of Ca, K, Na, Mg, P; available phosphoric acid (Av -P); 

total carbon (C), total nitrogen (N); and available nitrogen (Av -N) in upland soil 

were estimated by analyzing the spectra emitted by the applied low-frequency 

electromagnetic wave with an alternating current electromagnetic (ACE) sensor. 

Thirty samples of Andosol in Nagano prefecture were used in our chemo -physical 

experiments. Real and imaginary data of low-frequency electromagnetic waves were 

obtained at intervals of 5 kHz in the frequency range from 10 kHz to 200 kHz using 

the ACE sensor. A leave-one-out cross-validation procedure based on the whole data 
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set were used to evaluate the predictive ability of the Partial Least Squares 

regression models. The accuracy of the calibration models were evaluated using the 

coefficient of determination and root mean square error values. The accuracy of 

estimation for the CEC, Fe, Al, Si, Ca, K, Na, C, N, P, Av -P Av-N and SI/Al ratio was 

high. Low-frequency spectroscopic analysis using the ACE sensor proved capable of 

quickly estimating these chemical traits, and suggested to be useful in providing 

information regarding the nutritional condition of plants and improvin g the soil  

fertility diagnosis.  

 


