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Optical Soil Nutrient Sensor Using LED Light Sources

Masayuki YOKOTA, Koji IMAI and Ichirou YAMAGUCHI

Department of Electronic Engineering, Faculty of Engineering, Gunma University, 1-5-1 Tenjin-
cho, Kiryu 376-8515

A compact sensor for measurement of soil nutrients is developed. The sensor consists of three
LED light sources and a simple data I/O circuit. The wavelength of LED is chosen to fit for the
absorption peak of chemical reagents whose color develops by reaction with soil nutrients. The
sensor is applied for detection of five soil nutrients from color change caused by addition of
chemical reagent in a plastic cell. The results are compared with those measured by spectro-
photometer and good agreement has been observed. The resolution of 1.0-20 mg+100 g~* has been
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performed for standard samples of soil nutrients in a plastic cell of 5.5 mm in path length.
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Table 1 Standard sample and color/turbidity chart of soil
nutrients.

Soil Content (mg+100 g) Color and turbidity

nutrient chart (mg+100 g™ %)
NH,-N 5, 10, 15, 20, 25 1, 5, 10, 15, 20, 25
NO,;-N 5, 10, 20, 35, 50 1, 5, 10, 20, 35, 50

P,Os 5, 10, 25, 50, 75, 100, 150 5, 10, 25, 50, 75, 100, 150
CaO 50, 100, 200, 400, 600, 1000 50, 100, 200, 400, 600, 1000
K,O 10, 20, 35, 70, 100, 150 1, 10, 20, 35, 70, 100, 150
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Fig.1 Absorption spectra of solution of soil nutrients reacted with color-developing reagents.
(a) NH,-N, (b) NOs-N, (¢) P,Os;, (d) CaO, (e) K.O.
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Fig. 2 Output spectrum of light emitting diodes of the sensor.
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Fig.3 Configuration of LED sensor. R: Red LED, G: Green
LED, IR: Infrared LED, PD: photodiode, PC: personal
computer, POF: plastic optical fiber, PIC: peripheral inter-
face controller.
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Fig. 4 Dependence of transmitted intensity of LED light on content of soil nutrients. (a)

NH,-N, (b) NOs-N, (¢) P,Os, (d) CaO, (e) K,O.
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Fig.5 Intensity of individual spectral component of LED
light for calculating the transmitted intensity of the sample.
1. (1) is an intensity of LED light at wavelength of A,.
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Fig. 6 Calculated transmittance of LED light for soil nutri-
ents with wavelength shift of 10 nm.
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Table 2 Results for various soil samples (mg+100 g=%).

NH,-N NO;-N P,0; CaO
Visual Visual Visual Visual
No. Sensor Sensor Sensor Sensor
A B A B A B A B
1 <1 <1 1.49 <1 1 1.98 35 35 40.6 500 400 1021
2 <1 <1 1.13 3 1 2.90 5 5 11.4 150 100 307
3 <1 <1 0.87 1 1 2.44 150 < 150 159 400 400 703
4 <1 <1 1.13 1 1 3.37 100 150 112 400 200 559
5 <1 <1 1.49 1 1 2.67 10 7 11.1 100 100 224
6 <1 <1 1.38 1 1 2.58 10 10 11.8 100 100 193
7 1 <1 1.57 1 1 2.40 5 5 8.91 200 100 274
8 <1 <1 1.19 1 1 1.18 50 150 77.4 400 400 910
9 <1 <1 1.40 40 50 27.8 30 50 33.2 300 200 460
10 <1 1 1.60 50 50< 33.9 25 25 23.8 150 400 460
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