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Smart agriculture with high quality and high efficiency is being actively researched. In
particular, the precision agriculture is used as a farming method to improve production efficiency.
Precision agriculture needs to measure and adjust the field environment. The soil environment in
the field is important for nutrient and water absorption of plants. Current soil environment
measurements measure representative values with a position accuracy of several centimeters to
prevent measurement spots. Therefore, there is a problem in applying it to a contact fertilization
method that easily causes growth disorders. Soil environment measurement methods with high
position accuracy cannot be measured on site. The soil environment measurement method with
high position accuracy has problems that cannot be measured on site and that the same position
cannot be continuously measured because the soil is collected. In this research, we proposed and
fabricated a millimeter scale sensor array that could measure oxidation-reduction potential (ORP)
and electrical conductivity (EC), which are typical indexes of paddy field and field soil
environment. The sensor array is a device that can continuously measure the soil environment
distribution with a position accuracy of millimeter scale on site.

The ORP of paddy soil is used for determining physiological disorders of paddy rice.
Continuous measurement of millimeter scale ORP with sensors is difficult due to the influence of
soil particles in paddy soil. In this study, we proposed the ORP sensor array for continuous
measurement of millimeter scale ORP distribution on site in paddy soil. The ORP sensor array
consists of twenty-five Pt working electrodes (0.7 mm), Ag-AgCl reference electrode, data
logger and program relays. The ORP sensor array were employed reversible cell. Ion balance
near the electrodes is changed by the soil particles and continuous measurements. Therefore,
reversible cell creation timing is controlled by the program relay for ion balance. The ORP
sensor array can continuously measure millimeter scale ORP for minimizing charge transfer. The
operation of the ORP sensor array was confirmed in the standard solution and paddy soil. As an
application, ORP sensor array measured the redox process near paddy roots and reducing agents,
which is a millimeter scale phenomenon. As a result, a peculiar decrease in ORP near the

reducing agent and a peculiar increase in ORP near the paddy root were confirmed. Therefore,




this ORP sensor array is very useful for grasping the redox state in the vicinity of roots. The EC
of field soil is used as an index of fertilizer concentration. The fertilizer movement in the around
root is diffusion when water is not supplied, and fertilizer is low solubility. The diffusion is
estimated from the continuous fertilizer distribution of millimeter scale. In this study, we
proposed the EC sensor array for continuous measurement of millimeter scale EC distribution on
site in field soil. The EC sensor array is constructed by processing and arranging multiple 5 mm
EC sensor chips. Soil EC measurements were employed 10 kHz sine wave input to the two Pt
electrodes. The EC sensor output is also affected by the EC outside. The calibration formula of
EC sensor array for measurement on site in the soil was derived from a general soil physical
model. The operation and calibration of the EC sensor array was confirmed in the field soil. As
an application, EC sensor array measured fertilizer diffusion associated with fertilizer dissolution
in soil, which is a millimeter scale phenomenon. As a result, EC distribution changes due to
dissolution and diffusion of fertilizer were confirmed by comparison with the collected soil EC.
In addition, the soil fertilizer diffusion coefficient was calculated from the EC distribution
change on the millimeter scale. The method of calculating the fertilizer diffusion coefficient is a
comparison between the model calculated from Fick's first law and the measured EC distribution
change. The EC sensor array was able to calculate different diffusion coefficients for the two
types of soils. Therefore, this EC sensor array is very useful for measuring fertilizer movement
on a millimeter scale, such as near fertilizer dissolution.

In the future research, measurement of millimeter scale soil environment distribution using a
small sensor array can be applied to a farming method using a highly efficient contact

fertilization method without physiological disorder.




