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Abstract 

The use of IoT in precision agriculture is very important in the process of increasing crop production. 

The local supply of onions in Merauke Regency have not fulfilled the demand, thus the high price in 
the market. Most of the demand for onion are still fulfilled from outside the region, as the production 

of local farmers has not been optimal. The weather has been identified as one of the factors that affect 

the quality of onion production. This study aims to create an automatic monitoring system based on an 
Arduino microcontroller to measure soil moisture and temperature in onion patches. The method used 

is to design an automatic monitoring device to determine soil moisture and temperature so that it can 

provide information about the growth and maintenance of onion patches. The Arduino microcontroller 
is connected to a reading sensor that is integrated with component devices to maintain a stable 

temperature and soil moisture. All devices and components are designed to operate in a custom-made 

environment in the form of a greenhouse prototype. The results of this study indicate that the tool and 
system are capable of capturing the soil moisture and temperature, as well as maintaining the soil 

moisture and temperature within certain parameters, in cloudy, wet and hot weather conditions. 
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1- Introduction 

Merauke Regency is located between 137'-141' East and 5'-9' South, geographically located at the southern part of 

the easternmost part of Indonesia, with an area of 46,791.63 km2 [1]. Merauke Regency is known as the largest regency 

in Papua Province, and is also a leader in the production of three important food crops, with a total production of around 

91.47% [2, 3]. The area's low-lying topography and land elevation are highly suitable for the development of agriculture 

and plantations. The huge agricultural potential gave rise to the idea of making Merauke Regency one of the world's 

food barns, known as the Merauke Integrated Food and Energy Estate (MIFEE) concept [4-6]. The total area of available 

agricultural land reaches 1.2 million ha, with 800,000 ha that has the potential for food crop development, and currently, 

only about 13% is managed using modern methods. The annual production of food crop commodities that have been 

successfully developed includes 327,877 tons of rice; 8,556 tons of corn; 4,627 tons of cassava; 592 tons of peanuts and 

90 tons of green beans. However, one type of food crop commodity has not been fully developed, namely onions [7], 

where the amount of production is very low. The demand for onions in Merauke Regency is still fulfilled by other 

regions, the largest onion suppliers for the Papua region being the provinces of East Java, West Sumatra, and West Nusa 

Tenggara. The lengthy supply chains are at risk of delays in delivery and constraints in terms of transportation and other 

obstacles, such as weather and natural conditions that do not allow delivery, causing a lack of availability of onions. The 

high demand for onions, limited availability, and high prices require a breakthrough and innovation in the development 

of onion crops through optimal cultivation techniques. 
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In 2018 Kelyum et al. [8] has conducted research on the development of onion cultivation in Merauke Regency, 

finding that several factors that cause very low production yields are planting media, weather, and maintenance. 

Meanwhile, the results of direct interviews that we conducted in July-August 2020, with several onion farmers in 

Merauke Regency also showed that there were five problems faced by onion farmers including: 1. lack of knowledge 

about cultivation techniques; 2. poor soil conditions for planting onions; 3. changes in the weather in the field; 4. 

appropriate volume of water for onion plants; 5. maintaining stable temperature and humidity in the onion cultivation 

areas.  

The onion is a horticultural plant with the Latin name of Allium ascalonicum L., usually used as a main condiment, 

and can also be used as a basic ingredient for medicines that are highly beneficial for the body [9, 10]. The development 

and growth of onion plants are strongly influenced by the availability and sufficiency of water, application of fertilizer, 

and the right weather [11-14]. To provide solutions to overcome these challenges, the Internet of Things (IoT) systems 

are becoming more relevant, where many researchers in the world [15-17] have utilized IoT to optimize plant growth 

and production. Various sensors can be used and connected to build a soil moisture and temperature monitoring system 

in the rainy and hot seasons so that plants continue to get nutrients to grow and develop [18, 19]. In 2019 Rahmat et al. 

[20] have conducted research to monitor the growth of onions using the hydroponic method, but the resulting system 

can only display data on agricultural land area and is not connected to the Android application on mobile phones. 

Kaburuan et al. [21] has also conducted research by building a greenhouse design to monitor the growth of crops. The 

results of his research also show data such as soil, water, and air conditions that can be seen in detail. However, in this 

study, the system that has been built cannot be controlled remotely. The latest research in 2021, conducted by Khan et 

al. [22], made a new prototype, namely the Smart Farming Monitoring System (SFMS) to reduce bolting on onion crops 

in the Khyber Pakhtunkhwa district of Pakistan, however in this study only one climatic and weather conditions were 

presented due to demographic factors. Demographic factors greatly affect the effectiveness of the system that is built 

and developed. Meanwhile, Indonesia has a tropical climate, and in Merauke Regency, there are 3 seasons, namely 

cloudy, rainy, and hot. 

Therefore, innovative actions are needed that can solve the problems of farmers in an effort to cultivate onion plants 

by utilizing IoT that can be controlled remotely. This study aims to create an automatic monitoring system based on an 

Arduino microcontroller to measure soil moisture and temperature in onion plants. The method used is the design of an 

automatic monitoring device to determine soil moisture and temperature so that it can provide information about the 

growth and maintenance of onion plants. The Arduino microcontroller is connected to a reading sensor which is 

integrated with the Android operating system to be implemented in a greenhouse. This method adopts an artificial 

intelligence design by utilizing the advantages of the Nodemcu ESP 8266 microcontroller, as the input and output media 

of the research process to be achieved and Android as a medium for information on changes in conditions in the onion 

planting media in real-time. Then test the monitoring system and sensor readings on 3 weather conditions, namely when 

it is cloudy, rainy, and hot, system testing is carried out to measure the effectiveness of the system that has been made. 

This research is expected to contribute greatly to science, namely by providing information about the use of IoT 

technology in precision agriculture, especially the growth of onion plants. The results of this study have a great impact 

on local farmers, namely being able to understand the composition of the best climate for the growth of onions and 

educating farmers to be able to use technology in agriculture. The structure of this article begins with an introduction, 

research motivation, and problems found in section 1. Then section 2 contains an explanation of the materials and 

methods. This subsection will explain the maintenance and monitoring of onion growth, the manufacture of greenhouses, 

then the components needed to build a monitoring system for soil moisture and temperature. This system design was 

developed using the waterfall method, Use case Diagrams, Sequence Diagrams, and block diagrams are integrated based 

on Android. Furthermore, in section 3 the results of the discussion present the design view of the monitoring system that 

has been made, then graphs and tables show the effectiveness of the system. The last section concludes the results found 

and the future development of the application. 

2- Materials and Method 

2-1- Onion Plant Maintenance and Monitoring 

In monitoring, data are collected, collated, processed and analyzed to obtain information about the implementation 

of a program or prototype, to easily find out whether the program is running well or not. Maintenance is an important 

element in the cycle of plant cultivation. Well-planned and well-maintained treatment will give optimal results [23]. In 

essence, maintenance is an effort to help plants grow and protect them from pests and diseases. Onion maintenance 

include the following main activities: 

 Watering: onion plants need just enough water for growth. Lack of water in the vegetative growth phase causes 

the onion plants to grow stunted, on the other hand, excess water during tuber formation can cause tubers to rot, 

or crop failure due to the plant becoming damaged and rotten. Therefore, the provision of water must be sufficient 

for vegetative growth (young plants), soil conditions must be kept moist, so that watering is carried out 
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continuously. For example, the plant must be watered twice a day, especially in the dry season. The critical time 

for the onion plant is rapid vegetative growth and the formation of leaves and bulbs. Research results showed that 

the amount of water needed for watering is 200 ml every 2 days during the vegetative growth period. Onion plants 

need an air temperature of 31-32℃, relative humidity of 50-60%, and a minimum of 70% sunlight. 

 Weeding: Weeds that grow next to onion plants will compete for space, light, and nutrients, and can even become 

OPT hosts, especially caterpillars. When weeds are cleaned up, onion caterpillar eggs are removed as well, and 

this activity is often done on the 2nd weeding. Generally weeding is done 1-2 times before the second application 

of fertilizer, at around 1 month. The critical period of onion plants due to competition with weeds occurs at the age 

of 30-60 days after planting. Weeding can be done manually, conventionally, and chemically, or a combination of 

the three. 

 Fertilization: onion plants need to be fertilized in order to meet the needs of sufficient and appropriate nutrients 

for their growth to produce onion bulbs optimally. Nutrients are optimally available in the soil and can be utilized 

by onion plants through the use of fertilizers. Inorganic fertilizers are used, for example urea, TSP, KCL, or NPK, 

aiming to provide optimal nutrients in the soil needed by onion plants. The following example shows the fertilizing 

pattern in a monoculture system without plastic mulch as follows: 

o The type and dose of artificial fertilizer given consists of urea 100 kg – 150 kg + ZA 30 kg – 400 kg + 

TSP 100 kg – 150 kg + KCL 150 kg – 200 kg per hectare. 

o The timing and proportion of fertilizer application is set in stages as follows: 

a) The first fertilization is given before planting onion seeds. The type of fertilizer used is NPK pellets 

(16:16:16) 500 kg, SP36 as much as 50-100 kg, and KCI 30-60 kg for a hectare.  

b) Urea, ZA, and KCl fertilizers were applied as supplementary fertilizers at 3, 6, and 9 weeks after 

planting the onions, each one-third the dose. This is intended for the growth of the bulbs because at 

the age of 15-30 days after planting, the nutrient reserves of the bulbs run out quickly, so S and N are 

needed for the manufacture of leaves and bulbs. 

c) The second supplementary fertilizer is given to plants aged 30-35 DAP with 180 kg/ha urea fertilizer. 

At that age, the plant begins to enter the phase of bulb formation, so it requires carbohydrates from 

photosynthesis as a bulb forming material. 

d) Fertilization of onion plants does not need to be equal in each area, depending on the fertility of the 

soil. For this reason, information is needed that can help farmers to determine a balanced composition 

of fertilizers in the onion farming process. 

2-2- Greenhouse 

Onions grow in the lowlands to an altitude of about 100 meters above sea level. Optimal production results are 

achieved in the lowlands with a temperature of 25-32℃, 75% irradiation, and air humidity in the range of 50-70% with 

the provision of loose, fertile soil and lots of organic matter content. Such a condition can be maintained in a greenhouse. 

A greenhouse’s size depends on how many plants are in it [24, 25]. In principle, the greenhouse functions to reduce the 

rapid flow of heat out of the building by blocking the heat that has been absorbed through convection. The construction 

material for these greenhouses is usually plastic/glass so that sunlight can pass through. It is important to allow sunlight 

to keep the greenhouse warm, because sunlight can heat the soil inside the greenhouse, which in turn warms the air in 

the greenhouse and then the plants in the greenhouse. This means that in a greenhouse, sunlight easily enters the building, 

but heat is retained inside the building. 

   

Figure 1. (a) Installation of Design Monitoring System; (b) Greenhouse display before sending to android. 

(a) (b) 
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Figure 10(a) shows the results of the prototype design for the onion monitoring system and Figure 10(b) shows the 

appearance of soil moisture and temperature monitor during the rainy and hot seasons. 

2-3- Android 

The Android is a Linux-based mobile phone operating system, used on a tablet, computer or smartphone. Android is 

also an open source program so developers can create apps usable on multiple smart devices. The Android application 

on the plant monitoring system is considered very effective and efficient [26, 27] to assist users in maintaining 

ornamental plants remotely. The user can perform monitoring functions such as displaying information to the user about 

the growing conditions of the plant. 

2-4- Arduino Software (IDE) 

Programs written using Arduino Software (IDE) are called sketches. The sketch is written in a text editor and saved 

in a file with the extension .ino. The text editor on the Arduino Software has features such as cutting/pasting and 

searching/replace, making it easier to write program code [28]. In the Arduino IDE Software, there is a kind of black 

message box that serves to display status, such as error messages, compile, and upload programs. The bottom right of 

the Arduino IDE Software shows the board configured along with the COM Port in use. 

2-5- Unified Modeling Language (UML) 

UML is the first modeling language used to analyze, define and design software systems as an object-oriented 

programming language that is beginning to be used in the software industry, as the name implies. Unified modeling 

language (UML) describe the activities that occur in the system, from start to finish. Unified Modeling Language (UML) 

can show the steps in the work process of the system that we will build. 

2-6- Sensor Monitoring 

 Capacitive soil moisture sensor v2.0: Capacitive soil moisture sensor v2.0 is a sensor that can read the intensity of 

the water content in the soil (moisture). This sensor uses two conductors to pass current through the ground, then 

reads the resistance value to obtain a reading of the humidity level. Using this wireless sensor, farmers can remotely 

measure soil moisture because the data from the soil moisture sensor V2 SEN0114 will be sent wirelessly by the 

nRF24L01+ transceiver module to the LCD at the base station location. The sensor’s specifications are as follows: 

1. Working current 35 mA; 2. Input voltage 3.3 or 5V and output voltage is 0~4.2V; 3. Value range 0-300 (dry 

soil), 300-700 (moist soil), and 700-950 (wet soil). 

 DHT 11 Sensor: The DHT 11 sensor is a single chip humidity and temperature sensor whose output is digitally 

calibrated. The inside of this sensor contains a polymer element to measure relative humidity and a stretch band 

used to measure temperature. The outputs of the two sensors are combined with a 14 bit ADC. 

 NodeMCU ESP8266: NodeMCU is an open source IoT platform. NodeMCU firmware runs on the ESP8266 WiFi 

SoC designed by Espressif Systems which is based on the ESP 12 Module. The term NodeMCU by default refers 

to the DevKit firmware. The firmware uses the Lua scripting language and can be used in several projects such as 

luacjson, and spiff. 

2-7- Waterfall Methods 

The method used for the development of the system is the waterfall method because the stages that are passed must 

wait for the completion of the previous stages and run sequentially [29]. Presman, R. S. divides this model into 6 stages, 

namely: 

 Information Systems and Engineering: At this stage, the authors look for the needs of the entire system that will 

be applied to the software. These needs are obtained from the process of observation, interviews, and through the 

process of literature study. 

 Software Requirements Analysis: After carrying out the first stage and then analyzing it, the next stage will be 

intensified and focused on software development and then interface designing. 

 Design: At this stage, the needs that have been analyzed are converted into representations in the form of a blueprint 

for the system to be built with the design stages starting from Activity Diagrams, Use Cases, Flowcharts, and 

Sequence Diagrams. 

 Coding: This is the stage of writing programming language code to produce a script that is run on a computer 

machine. The coding here is built with two different programming language stages, namely Android Studio to 

build a system interface, and Arduino IDE as a means to enter code into the Arduino Uno prototype board to run 

a series of devices that have been built. 
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 Testing/Verification: Performing functional testing and logical correctness of the system built with the aim of 

finding out whether there are errors or not, knowing whether the system made is in accordance with the initial 

design or not, and knowing the shortcomings of the system that has been designed/made. 

 Maintenance: This stage is carried out by maintaining software and hardware that has changed because the software 

created and sent to users does not rule out changes. This change may occur due to an error that appeared and was 

not detected during testing. 

2-8- Use Case Diagram 

Use Case is a model to perform the information system (behavior) to be created. Use Case describes an interaction 

between one or more information systems to be created [30, 31]. Use Cases are used to find out what functions exist in 

an information system and who has the right to use these functions. 

 

get notification exhaus fan is on

get notification exhaus fan is off

login App

get notification pump is on

get notification pump is off
checking for greenhouse room temper

checking for soil humidity

exit App

<<extend>>

<<extend>>

<<extend>>

<<extend>>

<<extend>>

<<extend>>

<<extend>>

<<extend>>

 

Figure 2. Use Case Diagram. 

As shown in Figure 2, the Use Case Diagram is described: 1. The use of the system consists of Farmers (Users); 2. 

Users use the tool as a medium for monitoring watering and controlling the room temperature of the greenhouse on 

onion plants; 3. Farmers connect Android with NodeMCU ESP8266, to find out the latest soil and air humidity on onion 

growing media. 

2-9- Watering Sequence Diagrams 

Sequence diagrams describe the behavior of objects contained in the use case by translating the lifetime of objects 

and messages sent and received between objects. 

Figure 3 is a Watering Sequence Diagram that describes the process that occurs when farmers monitor humidity 

through an Android smartphone sensor to detect soil conditions, farmers get soil moisture information. Then the sensor 

will detect soil moisture if the humidity is less than the specified number, the water pump will turn on and wet the soil 

surface on the onion plant to the specified humidity limit, the pump will turn off and the farmer will get a notification 

that the soil moisture is sufficient. 
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soil moisture 

sensors
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soil moisture
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Level of soil moisture

soil moisture is sufficient

include

Onion watering

 

Figure 3. Watering Sequence Diagram. 

Figure 4 shows the Sequence Diagram of air temperature control that describes the process that occurs when farmers 

monitor humidity through Android smartphone sensors detecting temperature conditions, farmers get air humidity 

information. The sensor will detect the room temperature, if the room temperature is higher than the specified limit then 

the climate control mechanism is activated to keep the temperature at a predetermined limit. Furthermore, the climate 

control will be turned off after the temperature is at a predetermined limit, and farmers will get a notification that the 

room temperature has stabilized. 

Farmer
checking for greenhouse

room temper

greenhouse

room temper sensors

greenhouse room temper

stabilisation process

checking for greenhouse

room temper

include
include

Level of greenhouse
room temper

greenhouse
room temper is sufficient

include

stabilize the greenhouse

room temper

 

Figure 4. Sequence Diagram of onion temperature control. 

The proposed system in the research that will be built to be a solution to the problems for onion farmers in the 

planting and watering process is the onion plant growth monitoring system using the NodeMCU ESP8266 

microcontroller. The proposed flow can be seen in the flowchart, among others: 
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Figure 5. Flowchart of the proposed system. 

Based on Figure 5, the proposed system is described as follows: The initial process of the Android smartphone 

initializes the sensor, then the Android connects to the NodeMCU ESP8266. If it fails then the process is repeated until 

it is connected, the soil moisture sensor is active and sends moisture information to Android. If the soil moisture is less 

than 50% then the Android application will automatically send commands to the NodeMCU ESP8266 to activate the 

water pump until the soil moisture meets the plant's needs or equal to 60% then the NodeMCU ESP8266 automatically 

deactivates the pump and sends a notification to Android that the soil moisture is sufficient. A similar process occurs on 

the air temperature menu. When the air temperature sensor on the NodeMCU ESP8266 system is active, it automatically 

detects the value of the air temperature in the greenhouse and sends the information to Android. If the air temperature is 

more than 32℃ then Android sends a command to the NodeMCU ESP8266 to turn on the fan, then after the temperature 

drops to 31℃  NodeMCU ESP8266 turns off the fan and sends a notification to Android that the temperature has 

stabilized. 

Diagrams are made to map the working process of the tool being built. It aims to recognize the required hardware 

and also be able to understand the prototype workflow. Figure 6 is the Prototype Block Diagram consisting of several 

components that will be used to build the onion monitoring system including Android, soil moisture sensor, air 

temperature sensor, NodeMCU ESP8266, database, power source, Arduino LCD, dual relay on Arduino, 12-volt water 

pump and 12-volt greenhouse cooling fan. 

3- Results and Discussion 

The tool was tested in 3 different weather conditions, namely 1. Cloudy weather, 2. Rainy weather, and 3. Hot 

weather. The three weather conditions represent the tropical climate, with three seasons applicable to Merauke Regency. 

The monitoring is carried out in several occurrences in the morning until the afternoon, namely at 07.00, 09.00, 11.00, 

15.00, and 17.00, during which time onion plants need more nutrients (water) than in the evening. With regard to soil 

moisture, the tool will water the soil if the soil moisture content falls below 50%, and the tool will stop watering the soil 

when the soil moisture content reaches the level of 60% or more. With regard to room temperature, the tool will activate 

the air conditioning fan if the room temperature exceeds 32℃, and the tool will turn off the air conditioning fan if the 

temperature is at 31℃ or below. 
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Figure 6. Block Diagram Prototype. 

3-1- Monitoring Form 

Figure 7(a) shows the results of the monitoring form display on the Android application. When the user opens the 

application, the user is served this page, and receive information on the status of the water pump ON or OFF and the 

status of the greenhouse fan ON or OFF. In this monitoring application users will also get sensor data that provide 

information about the state of soil moisture, and room temperature. Figure 7(b) shows the results of displaying data and 

graphics on the Android application, users receiving the latest information about the state of soil moisture and air 

temperature on the onion growing media. If the soil moisture sensor detects soil moisture to be less than 50%, the pump 

is turned ON (watering) and if the value is equal to 60% then the pump is turned OFF. Similarly, if the DHT 11 detects 

the room temperature to equal 31℃ then the fan will be OFF (controlling temperature) and if it is more than 32℃ then 

the fan is turned ON. These processes automatically send notifications to the app user. 

3-2- Overall Test Results of Tools and Systems 

Overall tool testing includes hardware and software testing. The test is carried out by sending the soil moisture value, 

measured using the soil moisture sensor and sending the room temperature humidity value with the humidity sensor to 

the NodeMCU ESP8266, which then compares the data to the database using the SIM8266 module and sending the 

results to an Android smartphone in the form of notifications and data on soil moisture and greenhouse room 

temperature. Tables 1, 3, and 5 show the results of testing of maintaining the soil moisture, while Tables 2, 4, and 6 

show the results of testing of maintaining the room temperature. 

3-3- Watering and Temperature Control Testing During Cloudy Weather 

 The test results on monitoring soil moisture in cloudy weather conditions are shown in graph (a) showing the 

ability of the tool to respond to changes in soil moisture content, seen at 09.00 when the soil moisture level decreased 

below the limit, the system responded by activating the soil moisture procedure by adding supply of water into the soil 

so that the percentage of soil moisture increases. As seen in the graph, the percentage of soil moisture has increased 

again and is maintained until 17.00. The soil moisture is kept high, partially by the cloudy weather. The test results on 

monitoring the greenhouse room temperature in cloudy weather conditions are shown in graph (b), appearing that the 

system does not activate the room temperature cooling process because the room temperature continues to remain below 

the minimum limit until 17.00. This condition is also influenced by the cloudy weather condition at the time of testing. 

From the test results shown in Tables 1 and 2, it can be concluded that when the weather is cloudy the tool and system 

captures soil moisture above 60% and the DHT 11 sensor captures humidity in the room temperature range of 28℃. 
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(a) (b) 

Figure 7. (a) Monitoring page in Android; (b) Graphic data page in Android. 

  

(a) (b) 

Figure 8. (a) Graph of Moisture Level; (b) Graph of Room temperature level. 

Table 1. Testing of soil moisture control during cloudy weather. 

Time Moisture Pump Status SIM8266 Ambient Temperature 

07:00:00 63% OFF Send 27℃ 

09:00:00 49% ON Send 27℃ 

11:00:00 69% OFF Send 29℃ 

13:00:00 75% OFF Send 29℃ 

15:00:00 68% OFF Send 28℃ 

17:00:00 68% OFF Send 27℃ 

Average 86%    
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Table 2. Testing of room temperature control in cloudy weather. 

Time Temperature room Fan Status SIM8266 Ambient Temperature 

07:00:00 28℃ OFF Send 27℃ 

09:00:00 28℃ OFF Send 27℃ 

11:00:00 28℃ OFF Send 29℃ 

13:00:00 30℃ OFF Send 29℃ 

15:00:00 30℃ OFF Send 28℃ 

17:00:00 29℃ OFF Send 27℃ 

Average 28℃    

3-4- Watering and Temperature Control Testing During Rainy Weather 

Tables 3 and 4 below show the results of tests that were carried in October 2020, during the rainy season. It can be 

seen that the initial value of the percentage of soil moisture during rainy weather was 80% and the value of room 

temperature was 26℃.  

Table 3. Testing of soil moisture control in rainy weather. 

Time Moisture Pump Status SIM8266 Ambient Temperature 

07:00:00 80% OFF Send 25℃ 

09:00:00 80% OFF Send 25℃ 

11:00:00 85% OFF Send 26℃ 

13:00:00 90% OFF Send 25℃ 

15:00:00 80% OFF Send 25℃ 

17:00:00 85% OFF Send 25℃ 

Average 83%    

Table 4. Testing of room temperature control in rainy weather. 

Time Temperature room Fan Status SIM8266 Ambient Temperature 

07:00:00 26℃ OFF Send 25℃ 

09:00:00 26℃ OFF Send 25℃ 

11:00:00 27℃ OFF Send 26℃ 

13:00:00 26℃ OFF Send 25℃ 

15:00:00 27℃ OFF Send 25℃ 

17:00:00 27℃ OFF Send 25℃ 

Average 26℃    

 

   

(a) (b) 

Figure 9. (a) Graph of Moisture Level; (b) Graph of Room temperature level. 
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 The test results on monitoring soil moisture in rainy weather conditions are shown in Figure 9. (a). It shows the 

system does not activate irrigation procedures to increase soil moisture because the system detects soil moisture which 

is still above the maximum limit of ideal soil moisture. The same results were also obtained from the greenhouse room 

temperature monitoring test as shown in Figure 9.(b) where the system also did not activate the temperature reduction 

procedure because the temperature system monitored was still below the minimum ideal temperature for onion plants. 

From the results of the tests that have been carried out, it can be concluded that during rainy weather the tools and 

systems capture soil moisture above 80% the DHT 11 sensor captures an average value of 26 ℃. 

3-5- Watering and Temperature Control Testing During Hot Weather 

Tables 5 and 6 below show the results of tests carried out in April 2021. It can be seen that the initial value of the 

percentage of soil moisture during hot weather is 30% and the value of room temperature during hot weather is 33℃. 

The test results on monitoring soil moisture in hot weather conditions are shown in Figure 10. (a), showing a fairly low 

soil moisture value of 30% so that the soil moisture mechanism is activated to obtain soil moisture conditions in 

accordance with the ideal limits as have been determined. While Figure 10. (b) shows similar results in the temperature 

monitoring test where the room temperature shows a fairly high-temperature value, which is above 32℃ so that the air 

conditioning mechanism is activated to reduce the temperature in order to reach the ideal temperature value, which is 

between 31-32℃. 

  

(a) (b) 

Figure 10. (a) Graph of Moisture Level; (b) Graph of Room temperature level. 

Table 5. Testing of soil moisture control in hot weather. 

Time Moisture Pump Status SIM8266 
Ambient 

Temperature 

07:00:00 30% ON Send 28℃ 

09:00:00 43% ON Send 36℃ 

11:00:00 68% OFF Send 40℃ 

13:00:00 57% OFF Send 45℃ 

15:00:00 35% ON Send 38℃ 

17:00:00 66% OFF Send 25℃ 

Average 50%    

Table 6. Testing of room temperature control in hot weather. 

Time 
Temperature 

room 
Fan Status SIM8266 

Ambient 

Temperature 

07:00:00 33℃ ON Send 28℃ 

09:00:00 33℃ ON Send 36℃ 

11:00:00 34℃ ON Send 40℃ 

13:00:00 35℃ ON Send 45℃ 

15:00:00 32℃ OFF Send 38℃ 

17:00:00 32℃ OFF Send 25℃ 

Average 33℃    
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Tests that have been carried out show that the process of reading the soil moisture on the planting soil by the sensor 

works well in any weather condition, and the process of sending data from Arduino to the database successfully functions 

and works according to the system and process of reading the DHT 11 sensor at a temperature the planting room, whether 

cloudy, rainy or hot, can run well. Similarly, the process of sending data from the Arduino to the database successfully 

functions and works according to the system. In soil moisture testing, it is known that there is a significant influence of 

weather conditions on the soil moisture conditions even as tested in the greenhouse, whereas the soil moisture in the 

greenhouse tends to follow the surrounding weather. If the test is carried out when the weather is hot, the soil moisture 

conditions in the greenhouse will be lower, conversely, tests during cloudy or rainy weather conditions show a high 

level of soil moisture. Similar conditions also occur in the measurements in the greenhouse room temperature monitoring 

tests [20, 21]. Tests carried out during the hot weather show higher temperature values, whereas during rainy and cloudy 

weathers, the greenhouse's room temperature conditions are lower than the lowest limit of the ideal temperature for 

planting onions. 

The findings related to the influence of weather applicable to our test indicate that the prototype greenhouse has a 

low level of isolation from the outside environment, so that the weather conditions in the surrounding environment still 

greatly affect the soil moisture and the greenhouse room temperature conditions. Thus the monitoring system that has 

been built has not been able to measure every detail of the impact of changes that occur in plants, due to the influence 

of weather factors external to the greenhouse. Based on these findings, it is necessary to study the design of the prototype 

greenhouse in order to increase the ability of the greenhouse to isolate its interior from weather influences from the 

surrounding environment. In addition, it is necessary to apply additional procedures in the form of a mechanism for 

reducing soil moisture or increasing the temperature of the greenhouse to overcome the condition of the greenhouse 

temperature being too low or the moisture being too high, especially during the rainy season. However, the system 

created has been able to work in accordance with the needs analysis in monitoring the growth of onion plants. 

4- Conclusion 

Based on the research and testing objectives that have been produced, it can be concluded that the prototype for 

monitoring the growth of onion plants using the NodeMCU ESP8266 is able to work well in controlling and responding 

to changes in soil moisture and air temperature in the prototype greenhouse that has been made based on the analysis of 

the growing needs of onion plants. The data results indicate that during cloudy weather, the tool and system record a soil 

moisture level above 60% and an average temperature of 28℃, during rainy weather, a soil moisture level above 80% 

and an average temperature is of 26℃, while in hot weather, a soil moisture level below 50% and an average temperature 

of 33 ℃ . This research needs to be developed in a much larger application of different growing media for onion 

cultivation. Testing the prototype carried out in three different environmental conditions, namely cloudy, rainy and hot, 

to represent the tropical climates, resulted in the finding that the test environment has a significant influence on the 

environmental engineering of the greenhouse. This indicates the need for a design analysis on the prototype greenhouse, 

which should minimize the intervention of the external environment on the development of the onion growth 

environment. The use of drying/heating engineering also needs to be considered to be applied to the future prototype 

greenhouse design to anticipate conditions of low temperatures and excessively high soil moisture that might negatively 

affect onion cultivation. The results of this study have a great impact on local farmers, namely being able to understand 

the composition of the best climate for the growth of onions and educating farmers to be able to use technology in 

agriculture. 
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