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Abstract

The agricultural sector in the Philippines confronts the challenges of enhancing productivity and
optimising the use of scarce resources. This study examines the implementation of Agriculture 4.0
technologies, particularly IoT-driven systems, in greenhouse farming, with a focus on cultivating
Olmetie Lettuce within a community context. The project focuses on automating a fertiliser sprinkler
system designed explicitly for Olmetie Lettuce, utilising IoT technology to monitor and control
environmental conditions in real-time. A network of sensors and actuators is employed to collect
essential data on greenhouse temperature, humidity, soil moisture and temperature, light intensity,
and soil NPK (nitrogen, phosphorus, potassium) levels. The system enables farmers to make
informed decisions tailored to specific crops, thereby optimizing fertilization and resource utilization.
The system optimises environmental and nutrient conditions according to the plant’s requirements,
thereby minimising waste, enhancing crop quality, and increasing farming efficiency. The system is
implemented in Kopia-Sipag Farmers’ Village, Barangay Kulapi, Lucban, and incorporates a mobile
application for environmental regulation alongside an Arduino Mega 2560 R3 microcontroller to
automate fertiliser dispensing. This setup supports precision agriculture, aiming to minimize the
environmental impact of greenhouse farming while enhancing productivity and sustainability.
Community participants expressed a significant readiness and awareness to adopt these
technologies, evidenced by an overall weighted mean of 3.40. The highest support was observed in
the domain of greenhouse technology perception, reflected by a score of 4.40, suggesting significant
potential for successful adoption and enduring impact.

Keywords: greenhouse monitoring; loT-based system; precision agricultur smart greenhouse
farming

1. Introduction

The Philippines has a diverse range of agricultural activities, including the production of
poultry, fish, livestock, and crops. The Philippine Statistics Authority (PSA) reported an increase in
farm products, including crops and fisheries, while noting a decrease in livestock. The estimated
value of production in agriculture and fishing at constant 2018 prices was PhP 437.74 billion during
the first quarter of 2025. This represented a 1.9 percent increase relative to the corresponding quarter
of the prior year [1]. In the first quarter of 2025, crop production in the Philippines was valued at PHP
249.61 billion at constant 2018 prices, reflecting a 1.0% increase. It contributed 57.0 percent to the
overall value of production in agriculture and fisheries. The value of the palay output increased by
0.3 percent. During this period, the value of corn production declined by 5.1 percent [2].

In 2023, lettuce production in the Philippines reached 4.58 thousand metric tons. In 2024,
production is projected to reach 4,660 metric tons, representing a 1.75% increase from the previous
year. The following years are expected to exhibit a consistent growth trend, with projected increases
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of 1.72% for 2025, 1.69% for 2026, 1.66% for 2027, and 1.63% for 2028. The projected Compound
Annual Growth Rate (CAGR) for the period from 2024 to 2028 is approximately 1.69% annually.
Future trends to monitor include the potential effects of climate change on crop yields and
developments in agricultural technology and practices [3]. Agriculture Secretary Francisco P. Tiu
Laurel Jr. emphasized the necessity for the Philippines to implement sustainable farming practices
due to the increasing challenges presented by climate change, population growth, and diminishing
agricultural land. In a nation often impacted by typhoons, the adoption of greenhouse technologies
by Filipino farmers could enhance their ability to protect and cultivate crops throughout the year
[4,5].

The United Nations established the 2030 Agenda for Sustainable Development in 2019. It
includes goals for ensuring food security and improving food production methods to make them
more environmentally friendly. The 2030 Agenda aims to abolish all poverty, including extreme
poverty. This is essential for global sustainability. [6]. Advancements in efforts to eliminate hunger,
enhance nutrition, and foster sustainable agriculture have been inconsistent, primarily influenced by
persistent conflicts, global food crises, and challenges related to climate change. The Inter-agency and
Expert Group has adopted a new set of seven sub-indicators on SDG Indicators to assess global
progress in sustainable agriculture, covering economic, social, and environmental aspects. Data from
2021 revealed that the international status of productive and sustainable agriculture was moderately
advanced, as evidenced by a score of 3.4 out of 5, indicating a slight improvement since 2015.[7,8].
Additionally, the vegetable industry in the production sector faces significant challenges, including
limited climate-smart production technologies and a shortage of greenhouse facilities for crop
production [9].

Greenhouse farming is regarded as a precise and sustainable method within the realm of smart
agriculture. While greenhouse gases can facilitate off-season crop growth in indoor environments, it
is essential to monitor, control, and manage crop parameters at greenhouse farms with greater
precision and security, particularly in harsh climate regions [10]. Greenhouses are essential in
contemporary agriculture, facilitating sustainable food production and promoting environmental
conservation [11]. Conventional greenhouses offer a protected environment for plants; however, they
may lack precision and adaptability. The implementation of IoT-enabled greenhouses facilitates
intelligent control of environmental conditions through the integration of networked data exchange
protocols, actuators, and sensors [12].

The optimal cultivation temperatures for lettuce range from 15.5 degrees Celsius to 28 degrees
Celsius, with humidity levels between 80% and 90%, and specific soil composition requirements
[13,14]. Intensive crop cultivation and inadequate soil management practices have resulted in
agricultural soils globally possessing insufficient levels of essential nutrients for plant growth and
experiencing considerable degradation. Lettuce generally exhibits a positive response to fertilizers,
with balanced applications of nitrogen, phosphorus, and potassium yielding the highest production
and optimal post-harvest quality [15]. Monitoring essential soil parameters, including nitrogen,
phosphorus, and potassium, alongside environmental factors such as temperature and moisture,
optimizing lettuce growth processes in a greenhouse environment.

This study presents an IoT-based monitoring and automated fertilizer system designed to
enhance the growth of Olmetie lettuce in greenhouse settings. The system offers advantages to
farmers by enhancing lettuce growth quality while reducing the required workforce and effort
through the implementation of optimal practices in innovative farming technologies and precision
agriculture.

2. Materials and Methods

The development of an IoT-based monitoring system starts with defining the system
requirements. Table 1 outlines the phases of this research, which began with a literature review,
followed by a field study and expert assistance, to determine key factors influencing lettuce
cultivation in a greenhouse environment, including temperatures, humidity, light intensity, and soil
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NPK levels, like the developed system by the Department of Science and Technology (DOST)-funded
‘Project ATLANTIS’, which utilized an aquaponic greenhouse farming system incorporating the
Internet of Things (IoT) to streamline the monitoring and regulation of plant nutrients and other

factors affecting lettuce growth [16].

Table 1. Data Requirements of The Study.

PHASES DATA SOURCES
Gathering of data Types of lettuce commonly cultivated (e.g., Research journals,
needed for the Olmetie); ideal environmental conditions agricultural reports, and
Study (temperature, humidity, moisture levels, light  interviews with local

intensity, NPK macronutrients); traditional lettuce farmers
farming limitations
Design and Required system components (DHT11, NPK Engineering

development of the

automated system

Prototype
construction and

integration

Testing of the
System

sensor, TSL2591 sensor, Arduino Mega 2560
LCD, stepper motor, pump); logic for

environmental control

Component wiring and assembly setup;
microcontroller programming for sensor-
actuator interaction; real-time data
transmission and cloud integration
Functional testing (sensors, MCU, dashboard),
System Integration testing (value of sensors

display in the IoT dashboard)

consultation, electronics
datasheets, inputs, and
smart farming research
studies

Technical prototyping,
electronics manuals, and
interviews with system
integration specialists
Protocols and standards
for system testing,
analytics, and logs for
IoT dashboards,
Documentation, and
validation standards for

the system

2.1. Data Gathering

The data collection phase involved a review of relevant literature and existing systems, as well

as the execution of interviews and surveys within lettuce farms in a pilot agricultural community
located in Lucban, Quezon. The activities yielded essential insights into the awareness and perception
of farmers regarding agricultural technologies, local cultivation practices, and technical
requirements, as shown in Tables 2 and 3.

Table 2. Lettuce Farmers” Knowledge and Awareness of Agricultural Technologies.

Criteria Weighted Mean Remarks
A. Knowledge and Awareness
1. Fundamentals of greenhouse agriculture 4 High Awareness
2. The application of sensors in agricultural
3 Moderately Awareness

practices
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3. Techniques for nutrient management and 3 Moderately Awareness
fertilizer application
4. Concept of Internet of Things (IoT) 3 Moderately Awareness
5. Automated agricultural systems 4 High Awareness
AVERAGE 3.40 High Awareness
Table 3. Perceptions of Technology in Agriculture.
Criteria Weighted Mean Remarks

B. Perceptions of Technology in Agriculture
1. Technology has the potential to enhance the
efficiency of agricultural practices. ° Strongly Agree
2. I am eager to explore innovative technologies to A Agree
improve crop productivity.
3. I am comfortable using mobile apps for farm 4 Agree
monitoring.
4. Farmers can save time and enhance accuracy using 5 Strongly Agree
automation.
5. IoT-based farming systems appear to be 4 Agree
straightforward and user-friendly.

AVERAGE 4.40 Strongly Agree

2.2. Design and Development

The greenhouse monitoring system is a real-time solution designed to support sustainable crop
production. It integrates multiple sensors to measure soil conditions and environmental parameters,
including NPK nutrients, soil moisture and temperature, light intensity, and both greenhouse
environment humidity and temperature. These data are measured by the sensors and transmitted to
the microcontroller, where they are displayed live in the Arduino Cloud dashboard. Another key
feature of the automated fertilizer dispenser is that when the system detects NPK values below the
threshold, it activates the dispenser and applies the fertilizer evenly to the crops.

Figure 1 shows the system architecture of the greenhouse monitoring system and the automatic
fertilizer dispensing system. The power is supplied by a 24V, 4.2A power supply, which is regulated
using DC-DC buck converters to achieve the appropriate voltage levels. The Arduino Mega 2560
serves as the central microcontroller where the system would uses a range of sensors to monitor the
essential parameter, an NPK sensor for the nutrients (Nitrogen, Phosphorus, and Potassium), a soil
moisture to assess the water content of the soil, a thermistor probe to measure the soil temperature,
a DHT sensor for environmental temperature and humidity measurement, and the light intensity
sensor to track the amount of sunlight there is in the greenhouse.
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Figure 1. System Architecture.

Figure 2 illustrates the circuit diagram that shows the integration of key hardware elements used
in creating the Greenhouse Monitoring and Control System prototype. The Arduino Mega 2560,
which serves as the core control unit, is powered by the power supply, which forms the foundation
of the device. Five (5) sensors: soil temperature, soil moisture, DHT11 (Temperature and Humidity),
ts12561 light sensors, and the NPK sensors are used in greenhouse monitoring to improve control and
management of nutrients.

Figure 2. Circuit Diagram.

Figure 3 shows the system flowchart of the greenhouse management system, which begins with
the microcontroller initializing the sensors and modules. These sensors collect soil data, which is read
by the microcontroller and displayed on both the LCD and Blynk dashboard. If it functions properly,
the system continuously monitors soil conditions. Two NPK sensors placed in different greenhouse
areas trigger the automatic fertilizer dispenser when nutrient levels fall below set thresholds. This
creates a continuous feedback loop, ensuring optimal conditions for Olmetie Lettuce with minimal
human intervention.
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Figure 3. System Flowchart.

Figure 4 illustrates the schematic diagram of the greenhouse management system and the
automatic fertilizer management system. The core of the system is the Arduino Mega 2560
microcontroller, which interfaces with various sensors and other modules. The soil moisture is
directly connected to the microcontroller, while the NPK sensor is linked through an RS5-485 module.
The thermistor probe is also connected directly to the microcontroller. The environmental condition
sensors, such as the DHT11 and the light intensity sensor, directly track and send data to the
microcontroller. To present the real-time data, an I2C LCD is used. A stepper motor driver (DM860A)
and the diaphragm pump control the mechanical dispensing of the fertilizer. The DC power supply
powers the system, with voltage regulation managed through the converters to provide stable 5V
and 12V outputs for various components.
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Figure 4. Schematic Diagram.
3. Results and Discussion

Table 4 presents the optimal values for lettuce growth in a greenhouse environment. The
different parameters include the NPK nutrients, soil temperature and moisture, and the temperature
and humidity of the greenhouse. Those parameters were considered during the construction of the
greenhouse and fabrication of the prototype.

Table 4. Optimal Values for Greenhouse Lettuce Farming.

Parameter Optimal Value Source
Nitrogen 90-120 ppm [19]
Phosphorus 30-90 ppm [19]
Potassium 100-200 ppm [19]
Soil Temperature 15-20 °C [18]
Soil Moisture 24% - 30% VWC [17]
Environmental Temperature 12-30°C [171120]
Environment Humidity ~50-85% [17]

3.1. Prototype Assembly and Testing

Each component was separately built and tested to confirm its functionality and guarantee
operational efficiency. Figure 5 illustrates the integration of the greenhouse monitoring and
fertilizer dispensing system, which entailed connecting essential hardware components, including
the Arduino Mega 2560, power supply, DHT11 sensor, soil moisture and temperature sensors, NPK
sensor, and light intensity sensor. Adherence to proper cabling methods and electrical safety
protocols was rigorously maintained during the installation. A prototype greenhouse frame was
created to enable remote system testing following successful integration. This entailed meticulous
cutting and construction of wood according to designated measurements to construct a singular
greenhouse plot.

@ s

Figure 5. Final Output Prototype.

The prototype’s initial testing was performed in the established greenhouse setting, as depicted
in Figure 6. The illustration also depicts real-time surveillance of environmental factors through the
I2C LCD panel. Concurrently, these characteristics were relayed and shown on the Blynk
dashboard, as illustrated in Figure 7. The fertilizer distribution system successfully elevated the
NPK levels to their ideal range throughout testing, showcasing its responsiveness and performance.
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Figure 6. Testing of Integrated Prototype in Greenhouse Environment.
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Figure 7. Real-time parameter monitoring system through the Blynk Dashboard.

4. Conclusion

The implementation of the loT-Based Monitoring and Automatic Fertilizer System for
Optimizing Olmetie Lettuce Growth in Greenhouse Environments has proven to be highly effective
and practical, as evidenced by the local farmers of Kopia-Sipag Farmers’ Village. Farmers reported
increased confidence in managing crop conditions, improved understanding of real-time soil status,
and greater satisfaction with the timely use of fertilizers. The use of Arduino Cloud and the Blynk
dashboard provided clear and accessible monitoring tools that can be utilized without requiring
extensive technical knowledge. Overall, the prototype shows a strong potential to enhance precision

agriculture practices. The prototype may also be used in a wide variety of crops that can be produced
in a greenhouse environment.
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