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ABSTRACT

Smart agriculture requires sensing systems which are fundamental for precision agriculture. Adequate and appropriate
water and nutrient supply not only improves crop productivity but also benefit to environment. However, there is no
available soil sensor to continuously monitor nutrient status in soil. Electrical conductivity (EC) of soil is affected by ion
contents in soil and can be used to evaluate nutrient contents in soil. Comparison of various commercial EC sensors
showed similar water content and EC values at water content less than 20%. Soil EC values measured by sensors
decreased with decreasing soil water content and linearly correlated with soil water content. EC values measured by soil
sensor were highly correlated with water soluble nutrient contents such as Ca, K, Mg and N in soil indicating that the soil
EC sensor can be used for monitoring changes in plant available nutrients in soil.
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Table 1. Information on soil sensors used in this study

Sensor name Manufacturer Measuring type

Parameters measured Shape

. Frequency domain
Teros 12 Meter Environment d Y

reflectometry

5TE Decagon Frequency domain
reflectometry
Hydra Probe Stevens Water Time domain
reflectometry

WT1000N Mirae Sensor Frequency domain

reflectometry

Temperature,
volumetric water content,
electrical conductivity

Temperature,
volumetric water content,
electrical conductivity

Ll
Temperature, ’5“1:‘
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Fig. 1. Atmospheric temperature and vapor pressure deficit in greenhouse during experiment.
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Fig. 2. Soil temperature monitored using various soil sensors.
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Fig. 3. Monitoring of water content while drying of the soil using various soil sensors.
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Fig. 4. Monitoring of soil EC while drying the soil using various soil sensors.

Table 2. Physicochemical properties of tested soil

Soil texture pH EC (mS/cm)

Organic matter (%) CEC (cmol/kg)

Sandy loam 5.46 0.147

2.86 6.4
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Table 3. Correlation matrix for sensor EC value, measured pH and EC (1:5 water extract), and water extractable nutrient concentrations

Variables  Sensor EC  pH EC (1:5) Ca K Mg Na P S NOs;-N  NH,;-N
pH -0.308 1
EC(1:5) 0.925 -0.386 1
Ca 0.889 -0.519 0.975 1
K 0.820 -0.172 0.805 0.776 1
Mg 0.861 -0.487 0.975 0.973 0.757 1
Na 0.947 -0.349 0.942 0.898 0.776 0.881 1
P -0.654 0.489 -0.531 -0.604  -0.500 -0.573  -0.520 1
S 0.698 -0.329 0.904 0.877 0.653 0.929 0.788 -0.254 1
NO;-N 0.922 -0.459 0.988 0.986 0.765 0.972 0.921 -0.614 0.868 1
NH,-N 0.643 -0.369 0.776 0.801 0.514 0.802 0.581 -0.293 0.794 0.788 1
Tonic strength  0.873 -0.449 0.988 0.984 0.783 0.992 0.904 -0.515 0.941 0.980 0.810
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