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Development of a Water Stress Tester Using the Spectra of Three LEDs
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Abstract

Water stress control is a cultivation technique that can
be used to increase the sugar content of fruit. However, too
much or too little water stress damages the fruit. Previously,
estimating the proper degree of water stress was based on
experience and intuition. But if water stress could be prop-
erly controlled by unskilled workers through the use of a
water stress tester, high quality fruit could be harvested more
effectively and more stably.

This paper describes a prototype water stress tester
that utilizes a known correlation between water stress and
changes in the spectral distribution of green leaves: in the
reflectance spectrum, the red edge shifts sharply to the blue
region when water stress increases. The tester’s PD (photo di-
ode) detects reflected light from green leaves exposed to the
tester’s three LEDs, each of which has a different wavelength.
An evaluation of the prototype water stress tester shows
good performance, providing advantages in cost, size, and
measuring time.
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Fig. 1 Spectral reflectance of green leaves with and without water stress.
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Fig. 2 Schematic of prototype water stress tester.
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Fig. 3 Prototype detector head with 3 LEDs and 2 PDs.
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Fig. 4 Method of measuring light-scattering property of green leaf sur-

faces.
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Fig. 5 Light scattering properties of green leaf surfaces.
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Fig. 6 Sectional side view of detector head.
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Fig. 7 Effect of light through a green leaf on detection value of PD.
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Fig. 8 Schematic of PD current detecting circuit and LED driving circuit.
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Fig. 9 Flowchart of calibration and measurement.
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Fig. 10 Comparison of measurement results between spectrometer and
prototype water stress tester with PD1 only.
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Fig. 11 Comparison of measurement results between spectrometer and
prototype water stress tester with PD1 and PD2.

Table 1 Measurement error of spectral reflectance.

Wavelength  Spectrometer Detector Error (%)
(nm) PD1 PD1+PD2 PD1 PD1+PD2
714 0.625 0.744 0.738 19.0 18.1
747 0.934 0.932 0.903 0.2 3.3
781 0.958 1.024  0.985 6.9 2.8

Error (%) = [(detector-spectrometer)/spectrometer] x100
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Table 2 Repeat accuracy.
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