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Abstract 

Nitrate is crucial for plant growth and development. The availability of soil nitrate should 

be balanced to avoid various agronomical, environmental and health problems. One way 

to solve those problems is by applying variable rate fertilizer application (VRA). 

Currently, there are vehicle mounted platforms that can perform on-the-go soil chemical 

measurements. However, those platforms were not suitable for farmers with small and 

scattered fields. Therefore, our research objective was to design a portable soil nitrate 

measurement apparatus. The apparatus uses multiple Ion-Selective Electrodes (ISEs) and 

follows the direct soil measurement (DSM) method. A four channel Tentacle-Arduino 

shield data acquisition system (DAQ) was used for acquiring ISE data. Furthermore, 

additional functionality, such as georeferencing, instrument nulling, data logging and 

power checking were added to the DAQ system. The DAQ did not have crosstalk error 

among the channels. However, noises were observed but not caused by the Tentacle itself 

rather it came from the PC power line and the ISE condition. For further development, 

the apparatus should be modified with a larger droplet and a low spray angle sprayer to 

provide better ISE cleaning. Procedure for DSM should also include a routine calibration 

and ISE submersion into deionized water to reduce sensor drift and hysteresis. 

 

Keywords: Direct Soil Measurement, Ion-Selective-Electrode, Nitrate, pH, Variable Rate 
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1. INTRODUCTION 

Nitrogen (N) is crucial for plant growth 

and development (Addiscott, 2005; 

Dechorgnat et al., 2011). Generally, plant 

roots prefer soil N in the form of ammonium 

(NH4
+
) and nitrate (NO3

-
). Lack of soil N will 

lead to stunted growth and yellowish plants, 

while too much N will cause ammonium 

toxicity marked by curling leaves (Mattson et 

al., 2009) and potentially could cause a severe 

health problem to humans (Katan, 2009; 

L'Hirondel, 1999). One of the solutions to 

counter those problems is by applying N-

fertilizer exactly as needed or it is popularly 

known as variable rate fertilizer application 

(VRA). 

Various efforts have been employed in 

determining fertilizer prescription maps for 

VRA, but the most important factor is the 

determination of soil properties such as soil 

nitrate, P, K, Zn, pH, organic matter (OM), 

electrical conductivity (EC), texture, and 

topographical data (Baxter et al., 2003; 

Fleming et al., 2000; Van Alphen & 

Stoorvogel, 2000).  Additionally, the quality 

of VRA maps can be improved with an on-

the-go soil measurement approach which 

allows high spatial and temporal resolution of 

soil property data with reasonable accuracy 

(Adamchuk et al., 1999; Adamchuk et al., 

2004b). The development of on-the-go soil 

measurements was started several decades ago 

with a tractor-mounted (Adsett et al., 1999; 

Sibley et al., 2008; Thottan et al., 1994) and 

towed platform design (Adamchuk et al., 

2005; Sethuramasamyraja et al., 2008). 

However, those designs need a vehicle to 

operate, which may be difficult to be 

implemented by farmers with small, scattered 

fields. 

One of the benefits of on-the-go soil 

measurement is its speed. This is important for 

soil nitrate estimation as it is prone to rapid 

microbial transformation. Ion selective 

electrode (ISE) was regarded as a quick and 

simple way for nitrate measurements (Brouder 

et al., 2003; Mulvaney, 1996) because it is 

small, portable, and only needs deionized 

water as an extractant and therefore, it is 

suitable for on-the-go soil measurements 

(Adamchuk et al., 2004a; Hak-Jin et al., 2007). 

Additionally, there was no significance 
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difference in nitrate determination between 

soil filtrates and soil/extractant suspensions 

(Thottan et al., 1994) which makes ISE 

appropriate for  direct in-situ measurement 

(DSM) using natural soil moisture (Adamchuk 

et al., 1999; Conkling & Blanchar, 1989). 

However, utilization of nitrate ISE to quantify 

the soil nitrate dynamic is not enough, as it 

depends on various factors such as bacteria 

activity, charge of soil mineral, CEC, and 

bacterial nutrient availability (Peterson, 1982; 

Truog, 1947). All of these can be estimated 

indirectly by soil pH status (Thomas, 1996). 

Some issues for ISE implementation include 

cost, sensor lifetime and ion interference. 

Fortunately, nowadays, there are ISEs which 

use solid metal (Mandel, 2016), hard rubber 

poly-SBS (Le Goff et al., 2002) or strong PVC 

membranes (Allen et al., 2007; Myers et al., 

2013; Rundle, 2016a) which will increase the 

sensor lifetime (Chaisriratanakul et al., In 

Press) and therefore, they are economically 

feasible for the long run. 

York, USA) was used alongside the 

Arduino Uno microcontroller (Arduino, 2016) 

to control the circuit and log the data. The 

apparatus also has a GPS sensor for 

georeferencing the sampling location. In total, 

without the ISE, the apparatus will cost around 

CAD 500. Consequently, small scale farmers 

can apply this technology and solve the cost 

limitations of precision farming 

implementation (Adamchuk et al., 2004b). 

2. MATERIALS AND METHODS 

2.1 Soil Sampler Development 

The soil sampler (JMC, Clements 

Associates Inc., Newton, Indiana, USA) was 

developed from widely used soil samplers 

(Figure 1). We designed the ISE holder using 

SOLIDWORKS (Dassault Systemes S.A., 

Waltham, Massachusetts, USA) and 3d 

printed. The ISE holder should be able to hold 

four ISE (ø12 mm) and allow easy ISE 

removal. After several prototype iterations, we 

decided to use a spring loaded clamp model. 

This model was selected because it allows fast 

ISE in/uninstallation, ease in adjusting ISE 

depth penetration, and able to avoid breakage 

on the ISE body as we had countered on the 

previous model which used a screw and rubber 

O-ring to hold the ISE. The sprayer nozzle 

holder was angled 8
o
 towards the ISE and the 

distance can be adjusted to provide better 

spraying quality. Four Teejet XR11002VK 

nozzles (TeeJet Technologies, Glendale 

Heights, Illinois, USA) were used and placed 

two on each side of the sprayer holder. A 

series of one-way valves were used to prevent 

air entry through the nozzles. A simple hand 

operated piston pump was used to supply the 

nozzles with water from plastic bottles. The 

pump and ISE holder were placed 

perpendicular and secured with a bolt to the 

middle of the soil sampler to create a hinged 

joint (Figure 2). 

 

Figure 1. JMC 36 inch 

Low Cost Sampler with 

Step 

 

Figure 2. Conceptual design of the apparatus 

Manual Depth Controller 

Soil Sampler 

ISE and Nozzle 

Sprayer Holder 

Electronic box 

(Data Acquisition System) 

Water Bottle 
Piston Type Hand Pump 

Hinge 



 
Proceedings of AESAP 2016   13-14 December 2016, Bogor, Indonesia 
 

 155 

2.2. Electronics and Data Acquisition 

System (DAQ) 

The Tentacle shield and Arduino Uno 

board were used as data acquisition system 

(DAQ). The Tentacle shield has four BNC 

(Bayonet Neill-Concelman) female connectors 

and can be tailored to measure various 

measurands. Our previous experience with 

multichannel DAQ was difficult to have good 

electric isolation. Tentacle shield claims that it 

has full isolation and provides no crosstalk 

among the channels. In our research, we use 

ORP (oxidation-reduction potential) circuits 

on each channel. The ORP was measured in 

the form of voltage differences between the 

reference and the indicator electrodes. The 

voltage measurements were digitized and 

stored in the internal circuit memory before 

being sent to Arduino for further processing. 

2.2.1. Tentacle Shield testing 

a. Sampling speed 

Tentacle shield either uses UART 

(Universal Asynchronous Receiver 

Transmitter) or I2C (Inter-Integrated Circuit) 

serial communication protocols. The I2C 

protocol was chosen because it is faster and 

more reliable over UART. In the UART 

protocol, after starting the measurements, it 

needs about 10 to 25s for clock 

synchronization in order to get a valid reading 

from the circuit. On the other hand, I2C 

protocol relies on two communication lines, 

one for data and the other for the clock, so it 

does not need to wait for clock 

synchronization between the circuit (called 

‘slave’) and the Arduino (known as ‘master’). 

An Arduino code was developed to allow 

continuous reading with 100 ms query time for 

each channel. We set the measurement for 90s 

as suggested by  Sethuramasamyraja et al. 

(2004). The fastest sampling rate tested for 

one circuit was 87 ms. However, for the sake 

of measurement stability, we used 100 ms 

query time to acquire the ISE reading from the 

internal ORP circuit memory. 

b. Noise and cross talk 

We have tested the Tentacle using the 

USB cable connection to a laptop PC. The 

result was electrical noise comes from laptop 

battery charger as seen on Figure 3. The 

suspected noise was from an AC line because 

a lot of high wattage appliances were in 

operation in our lab and affected the USB port 

where the Arduino was plugged in. As a 

result, for further data acquisition, we decided 

to use a Bluetooth (Bluetooth SIG, Inc., 

Kirkland, Washington, USA) connection 

instead (Vasilescu, 2006). Bluetooth also 

enabled us to read the Tentacle output using 

an Android phone through free Bluetooth-

Serial application. Further developments for 

mobile interactive data visualization and 

mapping are widely available. As seen in 

Figure 3, the data acquisition using an 

unplugged laptop still has ±2 mV deviations 

from the mean. This might be due to the effect 

of old electrodes and coaxial cable. From the 

calibration equation, a change of 4 mV sensor 

reading was translated into 0.072 pH 

difference. This was considered acceptable for 

our measurements. In the experiment outside 

the lab, this results in a standard deviation of 

±0.2 mV either from the Bluetooth 

connection, unplugged or plugged laptop. This 

indicates that care should be taken when 

acquiring Tentacle data near high wattage 

equipment or when using the same power line. 

 

 

Figure 3. Noise from electrical lines (wall 

power line) when laptop charger plugged in 

Cross talk is a measurement error caused 

by interference from adjacent channels 

(Wheeler & Ganji, 2004). Cross talk errors 

were tested by alternately dipping each, or 

combinations of different ISE channels into its 

calibration solution. First, all ISEs were 

reconditioned by dipping into their calibration 

solutions for 1 hour. Typically, for field 

measurements, the ISE should be dipped into 

the soil sample matrix overnight to increase 

ISE stability and response (De Marco et al., 

2007). Then, the cross talk test can be started. 

Starting from the first channel, ISE was 

dipped into the calibration solution for 90s. 

- ISE in pH 4 calibration solution 
- Laptop using battery 

- ISE in the calibration solution 
- Laptop charger plug in 
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Subsequently, other ISE channels were 

alternately dipped into their calibration 

solution. The resulting time series data from 

the whole four measurement channels were 

plotted together to assess the effect of channel 

cross talk. 

2.2.1. Additional Functionality 

a. Instrument Nulling (tare) 

Often, the instrument does not provide 

the initial zero value when it does not read 

anything. This zero offset is called zero error 

and will give systematic error to all readings 

(Wheeler & Ganji, 2004). This error happened 

with our DAQ system. When we covered all 

of the BNC ports in the Tentacle shield, there 

was still some very small stray voltage 

measured. Therefore, we need to include 

nulling (tare) functionality in our DAQ 

system. The function was embedded in the 

Arduino code. Before field measurements, all 

channels should be closed using BNC covers 

and measure the voltage on each channel for 

15 cycles (400 ms each). Then the total 

voltage from each channel were averaged and 

stored in Arduino memory. During 

measurements, each of the ISE outputs was 

subtracted with this value to get a free zero 

error value. To access the tare functionality, 

the user should press and hold the “start” 

button for 3s. A quick single press will read 

the GPS and ISE measurements. We only used 

one button interface for ease of the operations. 

b. Error check 

A quick and simple checksum error 

check was implemented in the Arduino code. 

Although it is not the best error checking 

method, we considered it adequate for our 

DAQ system. Each measurement cycle was 

stored in the Arduino memory. Then, we 

calculated modulo 256 and added the 

calculation result to the data package ready to 

be sent out from Arduino to PC. 

c. Temperature Sensor 

Soil temperature affects ionic activity and 

ISE performance (Linan et al., 2012). 

Therefore, a DS18B20 digital thermometer 

(Adafruit Industries, Manhattan, New York, 

USA) was used to get soil temperature data. 

The query time for this sensor is 750 ms, 

which is slower than a one ISE measurement 

cycle. Generally, laboratory analysis for soil 

pH and nitrate are conducted at room 

temperature (25
o
C) (Mulvaney, 1996; Thomas, 

1996). Then any field soil temperature 

variation can be analyzed for its effect on the 

pH and nitrate measurements (Magalhaes & 

Machado, 1997). 

d. Power Check 

A simple power check function was 

implemented in the Arduino code to check the 

voltage input to the Arduino board. Arduino 

Uno REV3 uses ATmega328/P chip (Atmel 

Corporation, San Jose, CA, USA) which need 

1.8 to 5.5 V power supply for a clock speed of 

4 to 20 MHz respectively.  The saturation 

voltage for maximum clock speed is between 

4.5 and 5.5 V. Therefore, we put a threshold 

value of 4.5 V, so that if input voltage was less 

than 4.5 V then the system will not work. This 

functionality prevents a surveyor from getting 

unreliable readings because of not being aware 

of low battery voltage. However, after an 

endurance test, we found that the DAQ 

stopped working at 7.2 V battery voltage 

(ANSI-1604A). We found that Bluetooth, GPS 

sensor and data logger shields were not the 

cause of the stopped DAQ, rather it was the 

characteristics of the Tentacle itself. 

Therefore, a green LED was implemented as a 

power status indicator. A bright green light 

means adequate power input (> 7.2 V) and 

ready for measurement, whereas dull green 

indicates the opposite. Since the testing with a 

common 9V battery yields an unreliable 

lifetime, for future development, we propose 

the use of a rechargeable lithium-polymer 

battery as a power source. 

e. Global Positioning System (GPS) 

A GPS receiver shield (Adafruit 

Industries, Manhattan, New York, USA) was 

added to the DAQ system. The GPS will read 

the NMEA (National Marine Electronics 

Association) RMC (recommended minimum 

data for GPS) data for 2s with reading 

frequency of 5 Hz and log it into the microSD 

card. We parsed the GPS data to get 

information about the signal status. An active 

signal will be translated into a blue LED light 

in the DAQ whereas void GPS signals will not 

trigger the LED. Therefore, a surveyor can 

know whether he/she is getting a valid GPS 

signal while conducting soil measurements. 
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f. Data Logging 

The GPS receiver shield has a microSD 

slot to store the GPS data. The microSD card 

was formatted in FAT32 with the minimum 

size of 8GB. To increase the reliability of the 

DAQ, we modified the logger to not only log 

the GPS data but also the ISE data stream. The 

final data will have time (in milliseconds), all 

four channel ISE measurements, checksum, 

and temperature reading separated by 

semicolon. This data will be saved in *.txt 

with 8.3 short naming format for ease of 

reading. The data logging functionality was 

designed to be able to log 1000 files. 

2.3. Operation of the Apparatus 

Operation of the apparatus was started by 

turning on the DAQ system and waiting for 

the 1 minute system check. Then, the tare 

procedure is started by covering all Tentacle 

channels with a BNC cover and pressing the 

“start” button for 3s. After instrument zeroing 

finished, ISEs were plugged into the 

corresponding channel. The flow of the DAQ 

system can be seen in Figure 4. Soil sampling 

can be started by pressing the soil sampler into 

the soil (Figure 5). The sampled soil can be 

measured by moving the pump all the way 

perpendicular to the soil sampler body to 

allow the ISE to have good contact with the 

soil sample (Figure 6). After measurement, the 

ISEs were cleaned using a pump-sprayer 

(Figure 7) and the sampled soil can be 

removed using a scrapper back to the field or 

gathered for laboratory analysis. 

 

 

Figure 4. DAQ flow chart 

 

Figure 5. Sampling action 

 

Figure 6. Soil measurement  

 

Figure 7. Spraying the ISE 
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2.4. Testing 

2.4.1. ISE Calibration 

Calibration was done before conducting 

soil measurement and re-calibration should be 

performed after 10 to 30 samples were 

measured to compensate for temperature 

changes and the internal sensing membrane 

(Mulvaney, 1996; Thottan et al., 1994). 

A calomel electrode is not recommended 

for soil pH measurements as it can alter the 

electrical charge of the soil due to mobilization 

of K
+
 and Cl

-
 from the electrode filling 

solution. If using glass electrodes, the selective 

membrane should be kept in a solution to 

prevent carbonates or other compound coatings 

which are impermeable to H
+
 ion (Thomas, 

1996). We used one full-cell glass membrane 

and one full-cell antimony (Sb) pH ISE. The 

calibration solutions for pH measurements are 

pH 4, 7 and 10. Nitrate ISE was calibrated 

using 1000, 100 and 10 ppm NaNO3 which 

resulted in a calibration equation depicting 

Nitrate ion activity as a function of the 

potential difference between the indicator and 

reference electrodes. For each treatment, we 

recorded the measurement value after the 

electrode potential was stable.  

2.4.2. Soil Measurement 

There were three treatments in the soil 

measurement: dried soil with additional 1000, 

100 and 10 ppm of NaNO3 until it reached 

20% gravimetric soil water content. Soil 

texture was sandy loam that previously had 

been treated with a glucose injection for soil 

microbe activity measurement. The 

measurement was conducted with three 

replicates. The test was simply to know 

whether the DAQ provided a reliably 

distinctive result with varying soil nitrate 

concentrations. 

3. RESULTS AND DISCUSSION 

3.1. ISE Calibration 

In the first test, full-cell (combination) 

and one half-cell nitrate ISE (shared reference 

with full-cell nitrate ISE) were used. The 

calibration slope result for the first decade 

(1000 to 100 ppm) were found to be -66.3 and 

-84.6 mV per decade for full-cell and half-cell 

nitrate ISE respectively, whereas for the 

second decade (100 to 10 ppm) were -31.2 and 

-50.8 mV per decade respectively. The typical 

calibration slope for nitrate ISE is -54 ± 5 mV 

per decade (Fisher, 2016; PASCO, 2016; 

Rundle, 2016b). This indicates that the full-cell 

nitrate ISE was not suitable for measuring low 

nitrate concentrations. 

Half-cell nitrate ISE with a shared 

reference from full-cell nitrate ISE showed 

good slope agreement in low nitrate 

measurements but not in high ones. We further 

examined this result by changing the half-cell 

nitrate ISE reference with the one from the 

full-cell glass pH ISE. The nitrate ISE 

calibration curve can be seen in Figure 8. The 

ISE slope was changed to an acceptable value 

of -54.4 mV per decade for 100 to 1000 ppm 

range and -56.2 mV per decade for 10 to 100 

ppm range, which indicated that the full-cell 

nitrate ISE reference electrode might be 

defective and could not be used as shared 

reference for the half-cell nitrate ISE. 

Therefore, for measuring the soil nitrates, a 

half-cell nitrate ISE with shared reference from 

full-cell glass pH ISE was used and had the 

following calibration equation: 

𝑁 = 10
(8.564 −

𝑁𝑒𝑝
55.3

⁄ )
  (1) 

where N is soil nitrate concentration in ppm 

and Nep is nitrate ISE potential in mV. 

Calibration glass pH ISE had the best 

response in all pH calibration range with a 

slope of -55.85 mV/unit pH. The calibration 

curve for full-cell glass ISE and full-cell Sb 

ISE is given in Figure 9. The typical slope for 

pH ISE was -59.16 mV/unit pH (Bier, 2010; 

Thomas, 1996) which means that our glass pH 

ISE has 94.4% slope from the typical pH ISE 

slope and it was considered within the 

acceptable range (90 to 105%) for conducting 

pH measurements (Sigma-Aldrich, 2007; 

Toledo, 2007). However, on further 

experiments, the glass pH electrode reading 

fluctuated with distance from the operator. 

Spike and stabilization in voltage readings up 

to 8 mV was observed when the operator 

moved closer to the ISE and DAQ system 

whereas a steep decrease and stabilization 

down to -9 mV happened when the operator 

moved away from the system. This 

phenomenon might be the result of a grounded 

electromagnetic force (emf) by the human 

body. The emf might be generated from open 

or poorly shielded ISE coaxial wire and high 
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wattage environment. As a BNC cable outer 

sheath was used to transfer the electrical signal 

from the reference electrode, the result was the 

ISE changed its reference value as the operator 

moved.  

In contrary to glass pH ISE, the full-cell 

Sb pH ISE was not giving an acceptable 

electrode potential value on all pH calibration 

range. On the pH 4 to 7, the average electrode 

potential slope was –37.1 mV/unit pH or 

62.7% slope) whereas in the pH 7 to 10 it 

resulted in -69.4 mV/unit pH (117.3% slope). 

So, for further measurement, Sb pH ISE will 

not be used because the slope was not within 

the acceptable range of 90 to 105% (Sigma-

Aldrich, 2007). Interestingly, there was no 

effect from operator movement on the ISE 

signal. Although the calibration equation for 

Sb ISE yield provided a good coefficient of 

determination (r
2
 = 0.944), but as mentioned 

earlier, the slope was inconsistent for different 

pH solutions, which indicates a defective ISE. 

For soil pH measurement, we used full-cell 

glass pH ISE with the following calibration 

equation: 

𝑝𝐻 = 6.67 −
𝑝𝐻𝑒𝑝

54.6
⁄  (2) 

where pH is the soil acidity in pH unit and 

PHep is the pH ISE potential in mV. 

3.2. Crosstalk 

Cross talk tests indicate that there was no 

interference from other channels. The 

fluctuation in ISE readings comes from 

touching the BNC channel to plug in/off the 

ISE. As seen in Figure 10, the spike value in 

ch0 reading indicates that the signal moves 

towards zero potential which is normal in 

electrical circuits as our body will alter the 

ground loop of the system. Soon after touching, 

the signal stabilizes into its normal reading. 

This characteristic was also observed from 

cross talk tests from other channels. Double 

references were tested by connecting between 

outer BNC conductor and by immersing the 

half-cell nitrate ISE together with full-cell 

nitrate ISE or glass pH ISE. The result 

indicates that there was no change in sensor 

reading which confirm that the DAQ was fully 

insulated. 

 

Figure 8. Nitrate ISE calibration curve with 

half-cell nitrate ISE (N_half_cell) using shared 

reference from full-cell glass pH ISE 

 

Figure 9. pH ISE calibration curve (pH_G_F : 

glass pH ISE, pH_Sb_F : antimony pH ISE) 
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Figure 10. Channel 0 cross talk tests at 1000 ppm nitrate and pH 4

An interesting phenomenon happens 

when the half-cell nitrate ISE was used at the 

same time with the full-cell nitrate ISE. In this 

case, the half-cell was using the shared 

reference with the full-cell nitrate ISE. The 

voltage of the full-cell nitrate ISE was altered 

up 30 mV from the original -11 mV. This 

might be the result of using shared reference 

with half-cell nitrate ISE. As indicated earlier, 

the full-cell nitrate ISE reference was defective 

and might have contributed to this 

phenomenon. However, in other experiment 

using a slower model of ORP circuit, there was 

no voltage alteration. Therefore, further 

examination should be conducted to determine 

whether the circuit or the ISE that contributed 

to this phenomenon. 

3.3. Soil Measurement 

Soil nitrate and pH were measured using 

full-cell glass pH and half-cell nitrate ISE. For 

soil with additional 1000, 100 and 10 ppm 

nitrate, the measured electrode potential was 

found to be 257, 313, and 385 mV, 

respectively (Figure 11), which was translated 

using calibration equation (1) to 8253.2, 801.6, 

and 39.9 ppm nitrate, respectively. The total 

soil nitrate content was higher than the 

additional nitrate treatment because of inherent 

nitrate content and bacteria activity. The soil 

was previously treated with additional glucose 

to boost the bacteria activity for soil respiration 

chamber experiments. So, higher total soil 

nitrate was not a surprise. Furthermore, the 

increase in soil nitrate content was not linear 

among the treatments. Rather, it follows 

exponential relationship. This might happen 

because of additional effect from soil sample 

variability, contamination on the ISE 

membrane from previous samples and the 

characteristics of the ISE itself. Soil sample 

variability was difficult to control. Unclean 

spraying which resulted in ISE contamination 

might be a serious problem. Currently our 

nozzle was the flat type with 80
o
 spray angle. 

A narrower angle (i.e. 20
o
) with larger droplets 

might be beneficial to reduce contamination. 

Characteristics of the ISE determine the 

response and measurement stability. As seen in 

Figure 11, the half-cell nitrate ISE was drifting 

in all treatments. The drifting might be caused 

by repeatedly measuring soil at different nitrate 

content or so-called hysteresis (memory) 

effect. The first measurement was conducted at 

1000 ppm and continued with 10 and 100 ppm 

treatment. It was clearly shown in Figure 11 

that in measuring soil with additional 10 ppm 

nitrate, the electrode potential tends to drift 

lower towards the 1000 ppm electrode 

potential value. This behavior was also 



 
Proceedings of AESAP 2016   13-14 December 2016, Bogor, Indonesia 
 

 161 

observed when measuring soil with additional 

100 ppm nitrate treatment. The electrode 

potential had a tendency to drift higher towards 

the 10 ppm electrode potential value. In 1000 

ppm measurements, the drift was not obvious 

(0.3 mV) when compared with 7 mV and 0.8 

mV for 10 and 100 ppm, respectively. This 

result might be attributed to the pre-soil 

measurement condition where the half-cell 

nitrate ISE was immersed in 1000 ppm nitrate 

solution while preparing the soil sample. 

Therefore, it has more acclimatization towards 

measuring high soil nitrate content which 

resulted in lower drift. This presumption was 

confirmed in another experiment where we 

found that it needs 260s for the half-cell nitrate 

ISE to start to stabilize in the calibration 

solution (data not shown). Extended measuring 

time is beneficial to characterize the ISE 

response and suggest when to do the re-

calibration in order to reduce sensor drift. 

However, the response time was too long for 

the field operation and also further indication 

of a defected sensing membrane. 

Soil pH measurement results can be seen 

in Figure 12. For 1000 ppm treatment, the pH 

ISE potential was -36 mV which translated 

using equation (2) to 7.32 pH unit whereas for 

100 and 10 ppm treatments resulted in 32 and 

20.5 mV which equal to 6.08 and 6.29 pH unit, 

respectively. The glass ISE response in soil 

was approximately 15s which indicates a good 

electrode response. However, there was drift in 

the soil pH measurements. The drift tends 

towards zero potential and happened only to 

1000 and 10 ppm treatments. This drift was in 

accordance with the hysteresis effect of the 

previous pre-measurement conditions where 

the pH ISE was immersed in pH 4 calibration 

solution while preparing the soil sample. In the 

pH ISE calibration curve (Figure 8), pH 4 has a 

positive electrode potential. Therefore, in soil 

with 1000 ppm nitrate treatment, the drift was 

up toward the positive electrode potential. On 

the other hand, in soil with 10 ppm nitrate 

treatment, the electrode potential was drifting 

downward toward negative electrode potential 

which was the effect of a previous 

measurement. However, for soil with 100 ppm 

nitrate treatment, there was no obvious drift 

observed. This might be attributed to 

additional ISE cleaning prior measurement. 

 

 

Figure 11. Soil nitrate measurement on additional 

20% gravimetric different nitrate concentration 

 

Figure 12. Soil pH measurement on additional 

20% gravimetric different nitrate concentration 
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CONCLUSSIONS 

The DAQ system proved to work reliably 

without crosstalk error. Additionally, the use of 

half-cell ISE was also encouraged. However, 

attention should be given to noise from AC 

power lines when using PC to display the DAQ 

data. In the DSM test, the drift, outlier and 

stability of ISE readings were affected by the 

condition of the ISE, cleanliness of the 

membrane and the ISE pre-treatment. For field 

application, routine calibration and ISE 

submersion into deionized water (i.e. every 30 

samples) are necessary to reduce the drift and 

hysteresis error. Also, the apparatus should be 

equipped with larger droplets and narrower 

spray angles nozzles to provide a better ISE 

rinsing. 
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