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ABSTRACT:  The study focuses on creating a portable soil testing device that displays measured level of soil nutrients using colorimetry 

through Arduino using TCS3200 color sensors. The device acquires the data needed through the utilization of soil test kits. A GPS module is 

used to take the coordinates where the soil sample is taken. Results from the soil testing kit will be saved in the Raspberry Pi and will be 

displayed in a TFT screen after the color sensors from the Arduino is done measuring. The saved   data will be sent to the database using MySQL 

for the online mapping of the samples. The device was tested using five samples for every macronutrient and pH with ten trials each. The 

benchmark value of 0.05 and 95% level of confidence is used. The computed Chi-Square method values is equal to 1.4 which is lower than the 

critical value of 3.84. Since the computed values of Chi-Square are less than the critical value, we can conclude that the device result fits the 

frequency distribution of the trials of the laboratory test. 

1. INTRODUCTION

An important factor in agricultural fertilization is the soil nutrient content, knowing what nutrient is good for your crop will

majorly impact its yield and quantities. The three major soil nutrients Nitrogen (N), Phosphorus(P), and Potassium(K) elements 

play an important role which can affect the growth of plant when not presented in a proper concentration and can lead to 

degradation of the quality of soil. Each nutrient has its own way of promoting plant growth; Nitrogen makes a plant foliage grow 

strong, Phosphorus promotes root growth, and Potassium is important for overall plants health for it’s responsible for nutrient and 

water regulation (Agarwal, 2018), (Masrie, 2017), (Yumang, 2016). 

Recent improvements were made to make measuring soil nutrients more accessible and inexpensive since most process of soil 

testing is conducted in a laboratory which will take a couple of days to know the results. Colorimetric testing kits are such 

examples wherein the NPK values of a specific soil sample can be determined through a color chart (Adhikary, 2015). Aside from 

knowing the nutrient concentrations, pH level of the soil is also a factor. The pH level determines the nutrient uptake of the soil 

to determine the feasibility of using the plot of land for agricultural purposes (Agarwal, 2018), (Sreedevi,2016). 

The efforts for improving agriculture does not end on improving the quality of the crops but rather making information about 

agriculture more accessible. Knowing the current state of nutrients in a plot of land will make it easier what to plant or what 

fertilizer to add in that specific area (Vernekar, 2015), (Caya, 2018). The lack of an available online platform for storing 

information required for soil surveying in the Philippines is a problem that this study aims to find a solution. 

The study aims to contribute to the field of agriculture by creating a portable device which can read and map the soil nutrient 

level while utilizing soil test kit whose results is similar to that of laboratory-produced results. The proposed system can be used 

as further reference for profiling other macronutrients in an area. The use of colorimetry is applied in different applications    in 

measuring different substances present in a soil like Nitrogen, Phosphorous, and Potassium (Regalado, 2016). The researchers 

created a system that uses colorimetric measurement of soil nutrient levels while utilizing a soil testing kit using TCS3200 color 

sensors, and a GPS module. 

The general objective is to develop a system for soil testing that can determine the concentration of Nitrogen, Potassium, and 

Phosphorus macronutrients and pH level present in a soil using color processing while utilizing the soil test kit. The research 

specifically aims to: (1) develop a device that can determine pH level of a soil sample and the macronutrients present in the soil 

by interpreting RGB values through a microcomputer (2) the device must also be able to store its data through connecting to a 

central database to pass its acquired results for archiving (3) to implement the system in four different planting sites and save its 

location through GPS and to verify the performance of the system in comparison to the results from the soil testing kit. 
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2. METHODOLOGY 

2.1 Overview of the system  

Figure 1 shows the conceptual framework of the system. The color capture section consists of Arduino, color sensors and 

LEDs which acquires the RGB data from the soil solution sample. The soil solution sample is prepared using a soil testing kit. 

Through the Raspberry Pi and Arduino microcontroller serial communication capabilities (Regalado, 2016), the measured RGB 

values is sent to the Raspberry pi from the Arduino which determines the pH and macronutrient present. The TFT touchscreen 

display shows the graphical user interface (GUI) to operate the system, it also displays the results obtained from the color analysis 

section. The obtained data can now be transferred to the database whenever a network connection is available which 

simultaneously updates the online platform. 

 

 Fig. 1 System Overview 

 

2.2 Soil Surveying Procedures 

 

Fig. 2 Soil Survey Procedures 

    

 Figure 2 shows the preparations needed to conduct a soil survey. The soil samples taken from the soil survey will be used to 

create the needed solution for the study using a soil testing kit. Pre-field activities include determining the boundaries of the areas 

to be covered. Once the areas are determined, we can now proceed to the field activities which involves collecting the soil sample 

in the chosen area. Free surveying is a type of soil sampling technique which takes as many as necessary samples within the 

boundaries. The samples should be taken at least 2-4 inches deep as specified by the soil testing kit. After surveying, the data 

collected will be used to map the area of its NPK and pH level contents.  
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The color analysis section consists of four TCS3200 color sensor one for each macronutrient and one for pH. It contains an 

8x8 photodiode array which contains sixteen clear sensors for having no filter, sixteen each for red, green, and blue light 

reflectance. The color sensor outputs a frequency which varies directly with the brightness of color detected in square waveform 

(Cabaccan, 2018), (Jawahar, 2017). The color sensor performs best at a certain distance of approximately 1 cm and the detection 

area is enclosed to avoid outside light sources that can affect the accuracy of the reading (Supannarach, 2008). 

2.3 Soil Sample Laboratory Test and Soil Test Kit 

 
Fig. 3 Laboratory Result 

 

 

 

 

 
Fig. 4 Color Chart from Soil Test Kit 

 

Figure 3 shows the laboratory result of the soil samples which will be tested by the device. The resulting levels from the 

laboratory test will be the basis for checking whether the device’s nutrient level classification is correct. The device will make use 
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of the solutions from the soil test kit which is accredited by the Bureau of Soils and Water Management under the Department of 

Agriculture. The device’s basis for the RGB values will come from the included color chart in the soil test kit shown in Figure 4. 

A color picker will be used in extracting the RGB values from the color chart which will then be used as the reference values for 

the device when reading the color of the sample solutions. 

  
Fig. 5 Soil Test Kit 

Figure 5 shows the soil test kit used in making the mixture of the macronutrient and the soil sample. Four test tubes were 

included in the soil test kit. The N, P, K macronutrients each has a corresponding bottle of solution to be mixed with the soil 

sample. For the pH level, there are three solutions available. The CPR solution is used to determine whether the pH value is 5.8 

or greater, or less then 5.0. If the value is 5.8 or greater, the soil sample will be mixed again using the BTB solution, and if the 

value is less then 5, the soil sample will be mixed with the BCG solution. An instruction is included in the soil test kit for the 

preparations of the different macronutrients. Each macronutrient is handled differently from one another such as the duration of 

letting the solution settle and the duration of mixing the solution. 

2.4 Soil Sample Mapping and Level Classification 

Figure 6 shows the main flow on how the soil samples will be mapped out. Starting off by the collection of soil samples, the 

coordinates of each soil samples will be determined to take note of location of the samples.  Once soil samples from desired 

sample locations are acquired, the utilization of test kit will take place. Random IDs is generated which consists of combination 

of alphanumeric characters to make each sample distinct from each other. To ensure that IDs are not duplicated, a random ID 

duplicate checker procedure is added. Once the random ID is verified, the longitude and latitude coordinates will be saved with 

the generated ID in a CSV file which is saved in the raspberry pi microcontroller. 

 

 

Fig. 6 Soil Sample Mapping Process 
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Fig. 7 Sample Entry Nutrient Level Classification  

The saved sample entry will be loaded to enter the RGB values captured by the color analysis section and will serve as an input 

to the soil nutrient classification shown in Figure 7. The RGB values will undergo color space conversion to obtain the Euclidian 

Delta-E value to classify the concentration level of the sample. The input RGB values is converted to XYZ color space and the 

XYZ values will then be converted to L*a*b color space to add the luminance effect of the surrounding to achieve accurate 

representation of the enclosed environment. 

 

A CSV file will serve as a temporary information storage before sending a sample to the database. The Raspberry Pi’s network 

connection connectivity enables sending of data from the Raspberry Pi to the MySQL database server using python programming 

language (Yumang, 2016). The sent data to the database will automatically update the entries available in the online map. 

2.5 Color Space Conversion 

Color space conversion techniques are used to properly represent the color readings with the corresponding illuminance to use 

the Euclidian Method. RGB to XYZ color space is required since there’s no direct conversion of RGB to LAB and LAB values 

is needed to obtain Euclidian delta values and not exceed the limitations (Bolivar, 2015). To convert XYZ to LAB, reference 

white F7 illuminance is used. 

Euclidian Method 

 

D =  √(LR − L)2 + (AR − A)2 + (BR − B)2 (1) 

 

Euclidian method is the method used for determining which nutrient level will the RGB values is close to. LR, AR, BR will serve 

as the reference color while L, A, B will be the sample color that will attempt to match the reference color (Gravesen, 2015).  This 

formula will show how much the difference between the two colors. The delta values show how similar, how opposite, or how it 

is the same color the generated color from the RGB values is (Charoensawan, 2018). 
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2.6 Development of Online Platform 

 

Fig. 8 Development of Online Platform 

     Figure 8 shows how the online platform was developed. The Laravel framework also can communicate and create SQL 

commands to the database that is bundled with XAMPP. The database must also be configured to allow the device to communicate 

with it. It is done through the permission. The SQL query of the soil test device must include a username and password that the 

database must recognize for it to successfully communicate with it. The online platform must have a Tile set, which is essentially 

a map which also contains certain geographic features and information. The data is loaded from the database to the online platform. 

The soil data is bundled through layers. For example, the nitrogen layer will show the nitrogen levels of all the soil samples inside 

the area that a sample represents.  

3. DISCUSSION OF RESULTS 

TABLE I 

DATA GATHERING TABLE 

Sample Name pH  

&  

Nutrient 

Laboratory Results 

(Expected) 

Device 

(Observed) 

 

 

Soil A 

pH 7.6 7.6 

N Medium Medium 

P High High 

K Sufficient Sufficient 

Soil B pH 7.2 7.2 

N Low Low 

P High High 

K Sufficient Sufficient 

Soil C pH 7.6 7.6 

N Low Low 

P High High 

Start

Initialize Application Framework

Database Design, and Connection 
to Application

Set Map Features and Tilesets

Data Representation in the Web 
Application

End
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K Sufficient Sufficient 

Soil D pH 7.2 7.2 

N Low Low 

P Low Low 

K Sufficient Sufficient 

 

 

 
Soil E 

pH 7.2 7.2 

N Medium Medium 

P Low Low 

K Sufficient Sufficient 

 

Table I shows the data gathering table for the five soil samples. The laboratory results and device column are the two 

methods of testing the soil sample for the level of its macronutrients. Each soil sample has four macronutrients to be tested. Each 

row for the soil sample shows the level read for the laboratory test and device test for the corresponding macronutrient. The 

reading for the four macronutrients of each soil sample will be repeated for ten trials which will reflect on the contingency table 

on Table II. 

TABLE II 

CONTINGENCY TABLE OF PH AND MACRONUTRIENTS 

Sample 

Name 

pH  

&  

Nutrient 

Laboratory 

Results 

(Expected) 

Device 

(Observed) 

Total 

 

 

Soil A 

Ph 10 10 20 

N 10 10 20 

P 10 10 20 

K 10 10 20 

Soil B pH 10 8 18 

N 10 10 20 

P 10 10 20 

K 10 10 20 

Soil C pH 10 10 20 

N 10 10 20 

P 10 10 20 

K 10 10 20 

Soil D pH 10 7 18 

N 10 10 20 

P 10 10 20 

K 10 10 20 

 

 
 

Soil E 

pH 10 9 19 

N 10 10 20 

P 10 10 20 

K 10 10 20 

Total 200 194 394 
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    Table II is the contingency table for pH and macronutrient. The laboratory result and device columns are the type of testing 

method done on the soil samples. Five soil samples were tested.  N, P, K, and pH will be the macronutrients that will be tested in 

each soil sample. The rows show the frequency of successful trials of each macronutrient for the laboratory testing and device 

testing 

3.1 Results of Statistical Treatment 

    Since the study will be dealing with a single sample population with two type of measurement methods (through laboratory 

tests and through the device) and we want to know whether the results will be similar or different to the observed device’s result 

and with the laboratory results given a number of samples, the statistical treatment to be used for this research is Chi-Square 

Goodness-of-fit. 

x2 = ∑
[Oi − Ei]

2

Ei

n

i

  (2) 

 

Ho (p≤0.05): The device result fits the frequency distribution of the trials of the laboratory test. 

Ha (p>0.05): reject the null hypothesis 

 

To determine the critical value x2, equation 2 will be used wherein Oi is the observed frequency count and Ei is the expected 

frequency count. Using the table for critical values, the expected critical values should not exceed 3.84 given that the benchmark 

value is 0.05 with level of confidence of 95%. From the data collected from Table I in testing the device performance against the 

laboratory result the computed Chi-Square method values is equal to 1.4 which is lower than the critical value of 3.84. Since the 

computed values of Chi-Square is less than the critical value we can conclude that the device result fits the frequency distribution 

of the trials of the laboratory test. 

4. CONCLUSION AND FUTURE WORK 

The objective of the work soil nutrient level determination system is satisfied through the methods and techniques to finding 

color of a given sample while having the advantage of easy hardware construction and portability. The experimental results show 

that the constructed system is accurate in determining the level of the soil nutrient through color detection given the solution from 

the used test kit.  

 

The measurement of our current system requires the preparation of a solution from a certain testing kit and is limited to the 

three macronutrients of the soil and its pH level. For future works, the researchers suggest the inclusion of the secondary 

macronutrients for plants namely; magnesium, sulfur and calcium. 
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