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1. IMPORTANCE OF SOIL MOISTURE ANALYSIS IN PERMACULTURE 

Soil moisture analysis has become increasingly important in permaculture because it has the 

potential to reduce water and electricity costs, as well as prevent diseases in plantations. By 

having information on the amount of water present in a certain area of a farm, a farmer can 

apply it only whenever it is necessary. In addition, farmers will be aware of what areas within 

the farm have more ease or more difficulty in retaining water. Having this type of information 

is pertinent because sufficient soil moisture levels are an important condition for proper plant 

formation and high crop yields.  

For effective permaculture, it is important to known that water serves not only as a moisture 

restoring agent, but also as a temperature regulator. None of the physical processes in the 

atmosphere and the environment can take place without water here on planet Earth. Soil 

moisture depends on the amount of precipitation, the intensity of water consumption by 

plants and the air temperature, among other factors. Water has other purposes, such as the 

influencing soil temperature and heat capacity, being a solvent and carrier of food nutrients 

for the plant to grow, the prevention of soil erosion and even to establish the preparation of 

the fields in which plantations will be made. 

During the process of thermoregulation, the plant evaporates up to 99% of all the water 

obtained, using only 0.2% to 0.5% for the formation of the vegetative mass. Hence knowing 

the moisture level is of high importance for yields so that plants will not grow and develop in 

an inadequate condition. 

Based on the soil moisture data, farmers are better prepared and get to know better how 

much humidity can expect at each time of the year, thereby allowing them to better plan 

planting activities, maintenance, spraying of agrochemicals or fertilisers and harvesting. It is 

common to have the amount of soil moisture detected through preliminary selection of soil 

samples, followed by their analysis directly in the field or in the laboratory. For instance, such 

data can be easily obtained with the installation of our own soil moisture system, which 

facilitates the measurements and the follow-up soil conditions in the monitored area. 

This is where the use of the creation of an Arduino Microcontroller Soil Moisture system 

relevant.  
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2. DEVELOPING A SOIL MOISTURE ANALYSIS SYSTEM USING ARDUINO  
 

This testing project consists of monitoring of the soil humidity by relying on the information 

obtained by three LEDs: 

• One LED ON indicates the soil is dry and needs to be moistened; 

• Two LEDs ON indicate the soil has good moisture levels for most plants; 

• Three LEDs ON indicate the soil is moist and that it can be harmful to some plants. 

Simultaneously, it will send a text message to the Arduino in the serial monitor informing the 

humidity level according to the numbers of LEDs that are lit.  

 

2.1 NECESSARY MATERIAL 

Since the soil moisture analysis system has the purpose of monitoring the amount of water 

present in a certain amount of soil, it needs to be programmed that way.  

For instance, it can be programmed in a way that different colored LEDs will light depending 

on if there is little or too much water; or it can send a text message to the Arduino warning 

how dry the soil is. With the right programming, one can receive such information directly on 

the phone, at any time, or have an automatic irrigation system start whenever the soil is, for 

instance, to dry. 

Depending on the programming required, different equipment might be needed.  

For this homemade, unexpansive Soil Moisture System, the following material is required: 

• PC/Laptop with internet connection 

• Arduino Uno R3 

• Soil Moisture Sensor 

• Breadboard 

• Jumper wires 

• 3 resistors 150Ω (optional)  

• 3 LEDs (same or different colours) 

• Soil (can be in a vase or a glass) and water 
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The Arduino will be responsible to read the values through the soil moisture sensor. After 

that, it will analyse the data and perform the programmed action. 

 

As for the Soil Moisture Sensor, it will be used to detect the moisture of the soil, as the name 

suggests. It measures the volumetric content of water inside the soil and gives us the moisture 

level as output. The module has both digital and analog outputs and a potentiometer to adjust 

the threshold level. 

The moisture sensor consists of two probes 

that are used to detect the moisture of the 

soil, which are coated with immersion gold 

that protects Nickel from oxidation. These 

two probes are used to pass the current 

through the soil and then the sensor reads 

the resistance to get the moisture values. 

So, when there is more water, the soil 

conducts more electricity, which means 

that the resistance will be less and the moisture level will be higher. On the other hand, dry 

soil reduces conductivity (less water) which means its more resistant, so, the moisture level 

will be lower. 

Finally, the jumper wires will make the connections between the Arduino and within the 

Breadboard. 

 

 

Figure 1: Arduino Uno 

 

 

 

 

 

Figure 2: Arduino Nano 

 

 

 

 

 

Figure 3: Soil moisture sensor 
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2.2 TESTING THE SOIL MOISTURE SENSOR 

When analysing the soil moisture sensor, we can check the following information:  

Pin 

Name  

Description 

 

VCC VCC pins powers the module, typically 

with +5v DC 

GND Power Supply Ground 

DO Digital Out Pin for Digital Output 

AO Analog Out Pin for Analog Output 

Note that this information is always supplied by the manufacturer. Usually, the main suppliers 

have always the same working pinout and method, but verifying the datasheet is always 

advised. 

Usually, the moisture sensor features two probes that measure the water volume in the soil. 

The probes originate an electric current that makes it possible to measure the resistance. The 

soil moisture value will be calculated from the resistance value, which varies from 0 to 1.023 

(a scale used in the microcontroller). The greater the resistance detected, the less the 

electricity and the less water in the soil. 

Using this type of moisture sensor with the connection to an intelligent microcontroller 

system will allow to obtain good results within the context of water control and, 

consequently, agricultural production control and energy saving.  

 

2.3 ASSEMBLY  

Assemble the circuit according to the following instructions: 

• GND Arduino –> GND moisture sensor –> GND of the 3 LEDs 

• 5V Arduino –> VCC moisture sensor 

• A0 Arduino –> A0 moisture sensor (analog input) 

• D3 Arduino –> anode of the LED 1  

• D4 Arduino –> anode of the LED 2  

• D5 Arduino –> anode of the LED 3  
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In the end, the circuit should look like this: 

 

 

 

 

Figure 4: Soil moisture system circuit 

 

2.4 TESTING AND IMPLEMENTING THE SOIL MOISTURE ANALYSIS SYSTEM 
 

Insert the following code in the Arduino: 

#define sensor A0 

// definition of the name of the variable "sensor" in the analog pin A0 of Arduino 

#define LED_1 3 

// definition of the name of the variable "LED_1" in the digital pin 3 of Arduino 

#define LED_2 4 

// definition of the name of the variable "LED_2" in the digital pin 4 of Arduino 

#define LED_3 5 

// definition of the name of the variable "LED_3" in the digital pin 5 do Arduino 

  

int signal; 

// definition of the name of the internal variable "signal" of the type whole  

  

void setup() 

// Calls the setup() function, which is one of the main functions of Arduino 

{ 

// Opening of the setup() function 

  Serial.begin(9600); 

// Initializes the serial monitor and defines the data transmission rate 

  pinMode(sensor, INPUT); 

// Definition of the pin of the variable sensor as input 

  pinMode(LED_1, OUTPUT); 
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// Definition of the pin of the variable LED_1 as output 

  pinMode(LED_2, OUTPUT); 

// Definition of the pin of the variable LED_2 as output 

  pinMode(LED_3, OUTPUT); 

// Definition of the pin of the variable LED_3 as output  

} 

// Closing of the setup() function 

  

void loop() 

// Calls the loop() function, which is one of the main functions of Arduino (repetition l

oop) 

{ 

// Opening of the loop() function 

  signal = analogRead(sensor); 

// Variable signal receives the value of the analog reading of the analog variable sensor

 connected to pin A0 

  Serial.print("Signal: "); 

// Requests that the text “Sinal:” is printed in the serial monitor   

  Serial.print(signal); 

// Requests that the stored value in variable “sinal” is printed in the serial monitor 

  Serial.print("; "); 

 

// Soil condition with dry --> only on LED must stay ON and the others OFF  

  if (signal >= 0 && signal < 300) 

// Calls conditional function if and checks if the variable signal is more than 0 and les

s than 350 

  { 

// Opening of the actions that must be carried out if the conditional function is true 

    Serial.println(" Status: Dry Soil "); 

// Requests that the text ”Status: Dry Soil” (humidity is low) is printed in the serial m

onitor   

    drysoil();  

// Calls the drysoil function to show the moisture level  

  } 

// Closing of the conditional function if after the actions are carried out 

  

// Soil condition with moderate humidity -> 2 LED turns ON and the 3rd stay turn off 

  else if (signal >= 300 && signal < 500) 

// Calls conditional function if and checks if the variable signal is equal or more than 

300 and less than 500 

  { 

// Opening of the actions that must be carried out if the conditional function if is true 

    Serial.println(" Status: Moisture OK! "); 

// Requests that the text “Status: Moisture OK” (humidity ok) is printed in the serial mo

nitor  

    soilok(); 

// Calls the soilok function to show the moisture level  

  } 

// Closing of the conditional function if after the actions are carried out 
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// Humid soil condition --> all the 3 LEDs must turn ON 

  else if (signal >= 500 && signal < 1024) 

// Calls the conditional function if and checks if the variable signal is equal or more t

han 500 and less than 1024 

  { 

// Opening of the actions that must be carried out if the conditional function if is true 

    Serial.println(" Status: Wet Soil "); 

// Requests that the text “Status: Wet Soil” (humidity is high) is printed in the serial 

monitor 

    wetsoil(); 

// Calls the wetsoil function to show the moisture level   

  } 

// Closing of the conditional function if after the actions are carried out 

   

  delay(1000); 

// Implements a delay of 1000ms so the reading does not stay continuous unnecessarily  

} 

// Closing of the loop function 

  

void drysoil() 

// Calls the drysoil function 

  { 

// Opening of the actions that must be carried out when the function is performed 

  digitalWrite(LED_1, HIGH); 

// Puts the digital variable LED_1 in HIGH logic level, meaning, turn on 1st LED 

  digitalWrite(LED_2, LOW); 

// Puts the digital variable LED_2 in low logic level, meaning, turn off 2nd LED 

  digitalWrite(LED_3, LOW); 

// Puts the digital variable LED_3 in low logic level, meaning, turn off 3rd LED 

  } 

// Closing of the drysoil function 

 

  void soilok() 

// Calls the soilok function 

  { 

// Opening of the actions that must be carried out when the function is performed 

  digitalWrite(LED_1, HIGH); 

// Puts the digital variable LED_1 in HIGH logic level, meaning, turn on 1st LED 

  digitalWrite(LED_2, HIGH); 

// Puts the digital variable LED_2 in HIGH logic level, meaning, turn on 2nd LED 

  digitalWrite(LED_3, LOW); 

// Puts the digital variable LED_3 in low logic level, meaning, turn off 3rd LED 

  } 

// Closing of the soilok function 

 

  void wetsoil() 

// Calls the drysoil function 

  { 

// Opening of the actions that must be carried out when the function is performed 
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  digitalWrite(LED_1, HIGH); 

// Puts the digital variable LED_1 in HIGH logic level, meaning, turn on 1st LED 

  digitalWrite(LED_2, HIGH); 

// Puts the digital variable LED_2 in HIGH logic level, meaning, turn on 2nd LED 

  digitalWrite(LED_3, HIGH); 

// Puts the digital variable LED_3 in HIGH logic level, meaning, turn on 3rd LED 

  } 

// Closing of the wetsoil function 
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