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Abstract

BACKGROUND: Measurement equipment was developed
for inorganic nutrient concentration inside the hydroponic
culture medium with several macro- and micro compositions,
and applied for measuring the compositions of conventional
medium.

METHODS AND RESULTS: Before the equipment
development, sonicator and heater were utilized to control
temperature around of the module mixing with color reagents
and target samples among the inorganic compositions. The
measurement module and multi-sampler were also
manufactured based on the COMS (Complementary Metal—
Oxide Semiconductor) and installed inside the measurement
equipment. Concentration of standard solution, value
measured by the equipment, standard deviation or measured
average value were used for estimating the accuracy and
average recall of the equipment. Yamazaki solutions with EC
of 0.5, 1.5, and 2.5 dS/m were offered to confirm the
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equipment accuracy and standard error.

CONCLUSION: It was suggested that the developed
equipment could be automatically applied for measurement
with accuracy of over 96% and standard errors of less than
5% on 12 macro- and micro compositions such as a NOs-N,
PO,* or Fe.

Key words: Absorbance, Hydroponics, Inorganic Nutrients,
Measurement Module
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Fig. 2. Process diagram for the inorganic nutrient
concentration measurement.
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Fig. 3. Schematic diagram and view of the module developed for concentration measurement of the inorganic nutrients.
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Table 1. Accuracy and reproducibility (%) of PO, concentration measurement by using the measurement module

without ultrasonic generator and heater

Standard solution Average measurement value Standard Accuracy Reproducibility
(mg/L) (mg/L) Deviation (%) (%)
Lower conc. (5 levels)
0.01 0.013 0.005 76.9 37.2
0.1 0.014 0.01 96.2 9.3
0.5 0.507 0.015 98.6 2.9
1 1.016 0.025 98.4 2.4
2 2.03 0.026 98.5 1.3
Average value 0.016 93.7 10.6
Higher conc. (5 levels)
2 2.1 0.085 97.6 4.1
5 5.1 0.135 97.3 2.6
10 10.2 0.132 97.8 1.3
25 25.3 0.317 99.0 1.3
50 50.4 0.373 99.2 0.7
Average value 0.208 98.2 2.0

Table 2. Accuracy and reproducibility (%) of NOs-N concentration measurement by using the measurement module with

ultrasonic generator and heater

Standard solution Average measurement value Standard Accuracy Reproducibility
(mg/L) (mg/L) Deviation (%) (%)
Lower conc. (5 levels)
0.01 0.012 0.004 83.3 35.1
0.1 0.103 0.009 97.1 9.2
0.5 0.506 0.013 98.8 2.7
1.012 0.018 98.8 1.8
2 2.023 0.019 98.9 0.9
Average value 0.013 95.4 9.9
Higher conc. (5 levels)
2 2.0 0.070 98.0 3.4
5 5.1 0.095 98.6 19
10 10.1 0.129 99.1 1.3
25 25.1 0.231 99.5 0.9
50 50.2 0.292 99.6 0.6
Average value 0.163 99.0 1.6
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Table 3. Accuracy and reproducibility (%) of NH,-N concentration measurement by using the developed equipment

Standard solution Average measurement value Standard Accuracy Reproducibility
(mg/L) (mg/L) Deviation %) (%)
Lower conc. (5 levels)
0.01 0.013 0.005 76.9 372
0.1 0.104 0.007 96.2 6.7
0.5 0.508 0.011 98.4 22
1.013 0.021 98.7 21
2 2.026 0.027 98.7 1.3
Average value 0.014 94.0 9.9
Higher conc. (5 levels)
2 2.0 0.070 98.0 34
5 5.1 0.082 98.6 1.6
10 10.1 0.115 99.0 1.1
25 252 0.250 99.3 1.0
50 50.3 0.272 99.5 0.5
Average value 0.158 98.9 1.5

Table 4. Accuracy and reproducibility (%) of K concentration measurement by using the developed equipment

Standard solution Average measurement value Standard Accuracy Reproducibility
(mg/L) (mg/L) Deviation (%) (%)
Lower conc. (5 levels)
0.01 0.012 0.004 83.3 35.1
0.1 0.102 0.004 98.0 41
0.5 0.505 0.005 99.0 1.0
1.010 0.008 99.0 0.8
2 2.019 0.011 99.1 0.5
Average value 0.007 95.7 8.3
Higher conc. (5 levels)
2 2.0 0.067 98.5 33
5 5.1 0.070 98.8 1.4
10 10.1 0.088 99.1 0.9
25 25.1 0.117 99.4 0.5
50 50.2 0.189 99.7 0.4
Average value 0.106 99.1 13
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