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Abstract: Measuring the electrical conductivity (EC) of plant substrates is an effective way to assess
their nutrient content. This study aims to compare the performance of EC sensors with varying
electrode sizes and spacings when embedded in a plant substrate. The range of electrode sizes
and spacings varied from 0.1 mm to 10 mm. The EC electrodes were embedded in a porous plant
substrate and subjected to wet–dry cycles. The results showed that the electrodes with larger electrode
dimensions and spacing produce valid EC values.
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1. Introduction

Continuous monitoring and controlling of nutrients in plant substrates, such as peats
and rockwool slabs, is critical for achieving higher productivity, improved profitability,
and greater sustainability. Maintaining the required concentration of nutrients is essential
for optimal plant growth and efficiency [1]. Electrical conductivity (EC) is a measure
of the ionic strength of a solution and can provide valuable information about the bulk
concentration of nutrients in the plant substrate [1]. However, there are challenges in
measuring EC in a plant substrate due to the complex mixture of solid, liquid, and gas
phases, compared to measuring EC in an aqueous phase [2]. If EC measurement is localized,
the inhomogeneity of the mixture measures air pockets resulting in accurate measurement.
This study evaluates the performance of EC measurement in plant substrates by examining
the performance of EC sensors with different electrode sizes and spacing on a single sensor
format. The electrode design is based on a Printed Circuit Board (PCB) substrate which
opens opportunities for significant cost reduction and, hence, a network of EC sensors.

2. Materials and Methods

The EC sensor with multiple electrode pairs (denoted E1 and E2) along with their
dimensions and cell constant is shown in Figure 1. The sensor has two sharp arms that
make it easy to embed in the plant substrate. These electrodes are composed of hard-plated
gold on a PCB substrate. The electrodes measure electrical impedance then convert it to
conductivity using their cell constant. To determine the cell constants, the electrodes are
first measured in an aqueous electrolyte of known conductivity. Afterward, a fiber-based
plant substrate from Grodan BV, the Netherlands, is used for evaluation. The substrate is
soaked in a 3 mS/cm KCl solution before the measurement. The sensor is then embedded
in the substrate (see Figure 1c) and EC values are measured. The substrate is dried under
lab conditions for one week before pouring 3 mS/cm of KCl solution over it to simulate
the watering process. This step is repeated for two weeks, with one watering cycle/week.
For comparison, the electrodes were also measured in an aqueous solution of 3 mS/cm for
more than 2 weeks.
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Figure 1. (a) The sensor with different EC electrode combinations E1 and E2; (b) cell constant of each 
pair; (c) experimental setup for EC measurement in a plant substrate for watering–drying cycle. 

3. Discussion 
Figure 2 shows the EC data of the embedded sensor after two cycles of watering/dry-

ing. The ECs measured in the aqueous solution (Figure 2c) show stable values of 3 ± 1.1% 
and 2.7 ± 1.3% mS/cm for E1 and E2, respectively, which is within 10% accuracy of the 
actual EC. In the substrate, the starting EC of 3 ± 6.3% mS/cm is observed with the larger 
electrode E1 (Figure 2a), which is expected. As the substrate dries in ambient conditions, 
the EC value decreases to 1.1 mS/cm. Following the substrate’s watering after a week, the 
EC value increases to 2.6 mS/cm. In the last watering cycle, the EC rises to 3.38 mS/cm, 
which exceeds the initial EC (3 mS/cm). This can be attributed to the accumulation of salt 
ions in the substrate. These results demonstrate that the EC electrode design E1 detects 
the watering and drying cycle of the plant substrate and provides the reasonable EC 
ranges [2], whereas the EC values obtained from the smaller electrode design E2 do not fol-
low the watering–drying cycle significantly. Moreover, the EC values are much lower, in 
the order of 10−4 to 10−5 mS/cm as compared to the initial solution EC. This is due to the 
possibility of localized air pockets at the surface of smaller electrodes (E2) hindering the 
flow of ions toward the electrode, leading to lower ECs. In contrast, the larger electrodes 
of design E1 ensure that the excitation current passes through the substrate, capturing the 
effect of watering and solution conductivity in the substrate. Therefore, for an accurate 
measurement of the EC in a plant substrate, the electrode design type E1 is better. 

 
Figure 2. EC measurements of the electrode designs: (a) E1; (b) E2; (c) E1 and E2 in aqueous solu-
tion. 
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Figure 1. (a) The sensor with different EC electrode combinations E1 and E2; (b) cell constant of each
pair; (c) experimental setup for EC measurement in a plant substrate for watering–drying cycle.

3. Discussion

Figure 2 shows the EC data of the embedded sensor after two cycles of water-
ing/drying. The ECs measured in the aqueous solution (Figure 2c) show stable values of
3 ± 1.1% and 2.7 ± 1.3% mS/cm for E1 and E2, respectively, which is within 10% accuracy
of the actual EC. In the substrate, the starting EC of 3 ± 6.3% mS/cm is observed with
the larger electrode E1 (Figure 2a), which is expected. As the substrate dries in ambient
conditions, the EC value decreases to 1.1 mS/cm. Following the substrate’s watering after
a week, the EC value increases to 2.6 mS/cm. In the last watering cycle, the EC rises to
3.38 mS/cm, which exceeds the initial EC (3 mS/cm). This can be attributed to the accumu-
lation of salt ions in the substrate. These results demonstrate that the EC electrode design
E1 detects the watering and drying cycle of the plant substrate and provides the reasonable
EC ranges [2], whereas the EC values obtained from the smaller electrode design E2 do not
follow the watering–drying cycle significantly. Moreover, the EC values are much lower, in
the order of 10−4 to 10−5 mS/cm as compared to the initial solution EC. This is due to the
possibility of localized air pockets at the surface of smaller electrodes (E2) hindering the
flow of ions toward the electrode, leading to lower ECs. In contrast, the larger electrodes
of design E1 ensure that the excitation current passes through the substrate, capturing the
effect of watering and solution conductivity in the substrate. Therefore, for an accurate
measurement of the EC in a plant substrate, the electrode design type E1 is better.
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Figure 2. EC measurements of the electrode designs: (a) E1; (b) E2; (c) E1 and E2 in aqueous solution.
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