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Introduction 

School Greenhouse: The Global Mini-Watermelon Experiment is an 

international STEM project in which students aged 7–18 from 

participating schools around the world will grow the same variety of 

mini watermelon and follow a common observation and data-collection 

framework. 

Each school will grow its mini watermelons under its own local 

environmental conditions. Students will regularly observe and measure plant development, recording indicators 

such as germination, plant height, number of leaves, flowering, vine length, fruit set, and final harvest. 

Environmental data such as temperature, humidity and other available parameters may also be collected. 

The objective is not simply to determine which school grows the largest or most productive plants, but to create 

a shared international experiment. By comparing results from different schools and countries, students will 

investigate how environmental conditions and growing practices may influence the development of the same 

plant. 

Activities will be adapted to the students' age and level. Younger students may concentrate on planting, 

observation, simple measurements and visual records, while older students may undertake more advanced 

work involving sensors, data analysis, statistics, programming and the interpretation of relationships between 

environmental conditions and plant growth. 

Throughout the project, schools will exchange data, photographs, observations and experiences through a 

common collaborative platform. At the end of the project, student teams will compare their findings and present 

their conclusions to the participating schools and supporting organizations. 

The project is student-driven, with teachers acting primarily as supervisors and facilitators. Through practical 

experimentation and international collaboration, students will develop scientific inquiry, problem-solving, 

digital literacy, environmental awareness, communication and teamwork skills. 

Learning Objectives 
 

• Understand the basic stages of germination, growth, flowering and fruit production. 

• Investigate how environmental conditions such as temperature, humidity, light and water may influence 

plant growth. 

• Collect and record comparable data using a common framework shared by participating schools. 

• Develop mathematical skills through measurement, tables, graphs, averages and comparisons 

appropriate to the students' age and level. 

• Introduce students to sensors, data collection, and Internet of Things (IoT) technologies. 

• Encourage older students to analyze relationships and possible correlations between environmental 

conditions and plant development. 

• Develop teamwork, communication and problem-solving skills through collaboration within school teams 

and with students from other countries. 

• Promote intercultural communication by comparing results, experiences and environmental conditions 

among participating schools. 
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• Foster environmental awareness and an understanding of sustainable food production and responsible 

use of natural resources. 

 

Organizational Workflow  

Supporting 
Organizations 

 School Participants   
School Project 

Leaders 
 

School Project 
Advisors** 

Student 
Teams 

        

 
 
 
 
 

University of 
Rondonopolis* 

 
Academic Advisors 

 
 
 
 

ISA 

  
Coordinator: 
Pablo Flores 

 
 
 
 
 

 

 

School 1  

Teacher of  
Biology 

 
Teacher of 

Informatics/Robotics 

 
Teacher of 
Chemistry 

 

Teacher of  
Ecology/Sciences 

 

Teacher of 
Economics 

 

      

 

Student 
Team 

 

 School 2  

Teacher of  
Biology 

 
Teacher of 

Informatics/Robotics 

 

Teacher of 
Chemistry 

 

Teacher of  
Physics 

 

Teacher of 
Economics 

 

      

 

Student 
Team 

 

 School 3  

Teacher of  
Biology 

 
Teacher of 

Informatics/Robotics 

 
Teacher of 
Chemistry 

 

Teacher of  
Physics 

 

Teacher of 
Economics 

 

      

 

Student 
Team 

 

 School n  

Teacher of  
Biology 

 
Teacher of 

Informatics/Robotics 

 
Teacher of 
Chemistry 

 

Teacher of  
Physics 

 

Teacher of 
Economics 

 

  

Student 
Team 

 
* Department of International Relations. 

** School Advisors can develop their own subprojects. For instance, the teacher of Economics may develop a subproject 

regarding the market analysis of greenhouses, or the teacher of Physics may create a subproject to study the sources of 

heat and energy in and around the greenhouse. 
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Schools may organize students into different age groups or sub-teams. Activities and responsibilities should be 

adapted to the students' age, while all groups contribute to the common plant-growing experiment and shared 

project data. 

The University of Rondonopolis (Brazil) will support the project by providing specialized lectures at no cost, 

offering knowledge and guidance to help school teams address challenges during development. 

Project leaders should also promote interaction between students from different schools, enabling them to 

exchange data, ideas, and experiences through a collaborative platform such as Discord. This will foster 

intercultural communication, while teachers of the same discipline are likewise encouraged to share expertise 

and resources. 

Technical Characteristics  

The Greenhouse 

Every school should use a greenhouse or another suitable controlled growing area for the experiment. There 

are no specific technical characteristics or limitations, which means that each school can build it according to its 

own criteria and possibilities.  

The Seeds 

All participating schools will grow the same mini watermelon variety. The variety and common starting date will 

be agreed upon by the participating schools before the experiment begins. Using the same variety will make 

comparisons among schools and countries more meaningful. 

Schools should record the origin of the seeds, sowing date, number of seeds planted and basic growing 

conditions. Any significant differences in cultivation methods should also be documented so that they can be 

considered when comparing results. 

Documentation of the Activities 
 

 

 

Example of diary of activities 
 

Keeping a diary of activities in a school project serves several important purposes. For instance, it provides a 

detailed record of what has been done throughout the project. Additionally, it documents the progress, 

milestones, and accomplishments achieved by the project team. This documentation can be valuable as a space 

for reflection on the project's progress. Team members can analyze what has been accomplished, what 

challenges have been faced, and how those challenges were overcome. This reflection is crucial for evaluating 

the project's effectiveness and identifying areas for improvement. Finally, the diary serves as a means of 

communication within the project team. Team members can refer to the diary to stay informed about the 

Team “……...” School 
Activity Diary 

Teacher Supervisor________________________ 
Team coordinator_________________________ 
Team members___________________________  
                            ___________________________ 
                            ___________________________ 

Lesson # Activity Working reflections Difficulties found Suggestions 
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project's status, upcoming tasks, and any changes or adjustments that have been made. This helps to maintain 

transparency and keeps everyone on the same page. 

 

Common Plant Growth Record 
Every school should collect at least: 

Indicator What to record 

Germination Date / number of seeds germinated 

Vine length cm 

Number of leaves Number 

First flower Date 

First fruit set Date 

Number of fruits Number 

Harvest Total weight in grams 

Temperature °C 

Humidity % 

Watering Frequency/amount where possible 

 

For older students, additional parameters can include light intensity, soil moisture, pH, CO₂, nutrient data or 

other sensor measurements depending on the school's equipment. 

 

Operational Characteristics & Estimated Schedule 

Time Frame Work Recommended Steps 

September-
October 2026 

Project design 
and 

preparation 

• Schools inform the ISA Coordinator (Pablo Flores) of their willingness to participate 
by appointing one or two teacher leaders. • The ISA Coordinator will create a 
WhatsApp group for teacher leaders to coordinate the project. • The ISA Coordinator 
will also create a Discord channel to serve as the collaborative platform. • School 
leaders will establish student teams and oversee preparations, including preparing 
the greenhouse or suitable growing area and obtaining the necessary materials. • First 
Online Meeting of Teacher Leaders. Teachers will introduce themselves and agree on 
the common mini watermelon variety, the sowing date or common sowing period, 
the common data-collection procedure and any additional project activities. 

November 
2026 

Project start 

• Participating schools will sow the agreed mini watermelon variety according 
to the common schedule. • Each school will record the origin of the seeds, 
sowing date, number of seeds planted and initial growing conditions. • 
Photos and videos of the teams, sowing day and students at work will be 
shared through the collaborative platform. • Students will begin their Activity 
Diary and Common Plant Growth Record. 

December 
2026 - March 2027  

Project 
Development 

• Student teams will regularly observe the mini watermelons and record the 
common indicators appropriate to each stage: germination, plant height, 
number of leaves, first flower, First fruit set, number of fruits and 
environmental conditions. • Temperature, humidity and watering should be 
recorded where possible. Older students may collect additional sensor data. • 
Teacher leaders will remain in contact through the dedicated WhatsApp 
group to coordinate activities and address project issues. • The University of 
Rondonopolis will provide online lectures to support the project. Themes and 
dates will be agreed with the teacher leaders. • Student teams should share 
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photographs, short videos, observations and selected data at least twice per 
month and interact with students from other participating schools. • Online 
meetings between schools may be organized to compare progress, discuss 
differences and strengthen intercultural communication. 

April  
2027 

End of the 
project  

• Student teams will prepare their conclusions and presentations based on the 
results of the Global Mini-Watermelon Experiment. • A final online event will 
bring participating schools together to compare results and experiences. • 
Student teams will present their work before representatives and experts from 
ISA and the University of Rondonopolis. • Closing ceremony and recognition of 
participating schools and students. 

 
 
 

Safety 
 

Safety is an essential part of the Global Mini-Watermelon Experiment. Each participating school is responsible 

for ensuring that all activities are appropriate to the age of the students and are carried out under suitable 

teacher supervision. 

 

Students should receive clear instructions before working in the greenhouse or growing area and should use 

appropriate protective equipment, such as gloves, whenever required. Particular attention should be given to 

the safe use of gardening tools and equipment. Younger students should only carry out activities suitable for 

their age and level of experience. 

 

If chemical substances are used, they must be stored, handled and applied according to the manufacturer's 

instructions and the school's safety procedures. Students should not handle potentially hazardous substances 

without appropriate supervision. 

 

Schools using sensors, pumps, lighting, automated irrigation systems or other electrical equipment must ensure 

that all components are safely installed and maintained. Particular care should be taken when electrical 

equipment is used close to water or irrigation systems. 

 

Schools should also consider possible allergies or sensitivities to plants, pollen, soil or other materials used 

during the project. Appropriate precautions should be taken according to the needs of participating students. 

 

General greenhouse and school safety procedures, including adequate ventilation, hygiene, safe access and fire 

prevention, should be followed throughout the project. 

 

 

========================================================================================== 
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I. How a Greenhouse works (Source Appvales, https://appvales.com/blog/automated-greenhouse-monitoring-systems) 

 

 
The key technologies used in the smart greenhouse market are HVAC, LED grow lights, communications 

technology, irrigation systems, materials handling, valves and pumps, and control systems. The LED grow light 

segment dominated the market in 2016, used as an artificial light source to stimulate plant growth. 
 

Controllers 

The controllers are the heart behind the greenhouse system, where actuators and sensors are connected to 

the automation software. They include soil, temperature, and humidity sensors as well as shade screens and 

LED lights actuators. What controllers do is integrate the climate systems with plant sensors, irrigation, and 

dosing systems. 
 

Sensors 

Sensors check and monitor overall internal and external greenhouse conditions like temperature, humidity, light 

levels, and carbon dioxide. In addition, there is another remote sensor for monitoring plant pH, moisture levels, 

and nutrient concentration. 

The data collected is then processed by the climate control computer. Optimum climatic conditions already 

programmed into the greenhouse automation software will then regulate the growing conditions. If the 

https://appvales.com/blog/automated-greenhouse-monitoring-systems
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recorded conditions are out of range, the remote monitoring systems will trigger any necessary action needed 

to balance out the greenhouse again. 
 

HVAC system 

Heating, Ventilating, and Cooling (HVAC) systems are designed to maintain optimal greenhouse growing 

conditions, which vary according to the crop grown, time of year, and local climate. 

HVAC systems play a vital role in greenhouses by maintaining an ideal temperature for plant growth, nullifying 

the adverse impact of changes in the external temperature, and enabling cultivation throughout the year. 

The use of HVAC systems for each greenhouse depends on the level of climate control desired by the greenhouse 

grower.  

Low-tech greenhouses may use shading and ventilation as the primary sources of climate control. In contrast, 

the medium-and high-tech greenhouses tend to use evaporative cooling and supplemental heating in addition 

to shading and ventilation. High-tech greenhouses may also opt for refrigerant-based heating and cooling 

systems, especially for recirculating air systems.  

Vertical farms, indoor gardens, and other closed plant production facilities typically use refrigerant-based HVAC 

systems. 
 

Light-Emitting Diode (LED) Grow Lights 

These growing lights are specially designed to substitute natural sunlight, stimulating photosynthesis and 

providing the right color spectrum for plants to grow and flourish. In addition, grow lights are used to provide 

the proper environment for photosynthesis. 

Plants use light to synchronize their internal clocks, and growers can use LED light to artificially extend daylight 

hours, ensuring that their plants bloom earlier in the year.  

Growers can also adjust the color of the light to stimulate growth. Plants only absorb blue, orange, and red light. 

As such, LED lights that use the optimal blue to red light ratio can fuel a plant’s growth and increase yield. 
 

Equipment status and control 

It checks in on system performance and controls ventilation, fertigation, humidity, extraction fans/foggers, 

dosing & irrigation systems. 
 

The process 

The specific sensors to the level of carbon dioxide, oxygen, the volatile organic compound (VOC), air 

temperature and humidity, atmospheric pressure, soil moisture, nutrition, and solar radiation all connect to 

remote monitoring systems to provide real-time updates. 

Data from the sensors is sent to a gateway through a wireless network. Then, it is passed to the cloud. From 

there, it can be used in Web or Mobile interface to send notifications, show real-time charts, etc. Agriculturalists 

can also use it to trigger automatic actions on HVAC, lighting, sprinkler, and spraying networks. 
 

Hydroponic and non-hydroponic greenhouses 

There are two types of greenhouses; hydroponic and non-hydroponic. 

In its most basic definition, hydroponics is a production method where the plants are grown in a nutrient 

solution rather than in soil. Over the past few years, several variations to the basic system have been developed. 

Non-hydroponic, on the other hand, is the traditional method where farmers plant crops in soil. 

The greenhouse and its environmental control system are the same whether plants are grown conventionally 

or with hydroponics. The difference comes from the support system and the method of supplying water and 

nutrients. 
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Daytime and nighttime temperature inside and outside of greenhouses 

Both day and night temperatures should be carefully monitored. High temperatures may cause damages such 

as inhibition of growth, fruit abortion, and even death. Temperatures lower than the optimum will alter plant 

metabolic systems to slow growth and, again, hinder fruit set.  
 

Humidity, moisture, and CO2 levels 

Excessive moisture causes high humidity levels inside the greenhouse. The most visible effect of high humidity 

is the condensation that forms on the plastic or structural surfaces inside the greenhouse. Leaf surfaces of the 

plant will also feel damp to the touch, which can lead to increased disease problems.  

Moisture buildup can be controlled by improving ventilation. The drier and warmer the greenhouse, the less 

likely that disease problems will exist. 
 

Light efficiency and sun radiation effect 

Solar radiation provides heat, light, and energy necessary for all living organisms. Optimum lighting is critical for 

photosynthesis and respiration to take place. The use of LED lights in an automated greenhouse enables shaded 

plants to photosynthesize more and speed up the growing process than in a natural environment. 
 

pH Level 

Automated greenhouses can periodically test the acidity and alkalinity of the soil and irrigation water used. The 

greenhouse water and nutrients applied may change the media pH over time. Correct choices in fertilizers and 

management of the irrigation water can be implemented. 

Soil, watering, and draining measurements 

The system automatically regulates when there is a need for watering and controls excessive moisture that can 

cause harm to plants. 
 

Plant health and maturity 

Automated greenhouses enable a balanced flow of plant essential nutrients. If plants lack any of the nutrients 

required, the system automatically ensures that nutrients are supplemented through the fertigation process. 

 

II. Recommended readings for teachers 
 

Development of IoT Smart Greenhouse System for Hydroponic Gardens 
https://arxiv.org/ftp/arxiv/papers/2305/2305.01189.pdf 

Greenhouse Automation System 
https://ijecscse.org/papers/SpecialIssue/EnTC/19.pdf 

An Automated Greenhouse Monitoring and Controlling System using Sensors and Solar Power 
https://www.researchgate.net/publication/341031255_An_Automated_Greenhouse_Monitoring_and_Controlling_Syst

em_using_Sensors_and_Solar_Power 
  

III. Integrating science principles and STEM concepts 

 
• Botany and Plant Science: A greenhouse project can focus on the growth and care of plants, including 

their anatomy, physiology, and life cycle. Students can learn about photosynthesis, plant nutrition, and 
the effects of environmental factors such as light, temperature, and humidity on plant growth. 

 

• Ecology and Environmental Science: Greenhouse projects can also explore concepts related to ecology 
and environmental science, including photosynthesis, the carbon cycle, water cycle, and nutrient cycling. 

https://arxiv.org/ftp/arxiv/papers/2305/2305.01189.pdf
https://ijecscse.org/papers/SpecialIssue/EnTC/19.pdf
https://www.researchgate.net/publication/341031255_An_Automated_Greenhouse_Monitoring_and_Controlling_System_using_Sensors_and_Solar_Power
https://www.researchgate.net/publication/341031255_An_Automated_Greenhouse_Monitoring_and_Controlling_System_using_Sensors_and_Solar_Power
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Students can learn about the impact of human activities such as deforestation and pollution on the 
environment, and explore ways to reduce their impact. 

 

• Chemistry: The chemistry of soil and fertilizers can also be explored in a greenhouse project. Students 
can learn about the chemical properties of soil, the role of nutrients in plant growth, and the effects of 
pH on plant growth. 

 

• Physics: The physics of light and heat can be explored in a greenhouse project. Students can learn about 
the properties of light, including wavelength and intensity, and how these factors affect plant growth. 
They can also investigate the effects of temperature on plant growth and explore ways to control 
temperature in a greenhouse. 

 

• Engineering and Control Systems: A greenhouse project can involve the design and construction of the 
greenhouse itself. Students can learn about the principles of structural engineering, including load 
bearing and stability, and explore different materials and construction techniques. The automation of 
the greenhouse involves designing and building automated systems to control temperature, humidity, 
lighting and watering, among other parameters, through sensors, actuators, controllers, feedback loops, 
and programming. Students have the opportunity to understand principles of engineering design such 
as identifying criteria, generating design alternatives, selecting the best design solutions and testing and 
refining the design. 

 

• Computer Science: The automation of a greenhouse project involves programming and controlling 
automated systems. This requires an understanding of computer science principles such as programming 
languages, algorithms, and data structures. 

 

• Electrical Engineering: The automation of a greenhouse project involves designing and building electrical 
circuits to control various systems. This requires an understanding of electrical engineering principles 
such as circuits, voltage, current, and resistance. 

 

• Data Analytics: The automation of a greenhouse project involves collecting data on various 
environmental and plant growth parameters. This requires an understanding of data analytics principles 
such as data collection, data analysis, and data visualization. 

 

• Mathematics: Mathematics can be used to analyze data collected from the greenhouse project, including 
plant growth rates, temperature and humidity measurements, and nutrient levels in the soil. Students 
can learn about statistical analysis and data visualization to better understand their results. 

 

• Economics: The global smart greenhouse market, which was valued at US$680.3 million in 2016, may 
reach US$1.31 Billion by 2022, growing at a Compound Annual Growth Rate (CAGR) of around 14.12% 
between 2017 and 2022. This development results from the rapid increase in the adoption of the 
Internet of Things, artificial intelligence by farmers and agriculturalists, particularly in Europe. 

 
Overall, a greenhouse project can provide a rich learning experience that integrates concepts from multiple 
STEM fields. 
 

IV. Examples of activities that could be carried out throughout the project 

Biology 

These activities can engage students in hands-on exploration, observation, and analysis, allowing them to 

develop a deeper understanding of biological concepts and processes. 
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• Plant Anatomy and Morphology. Students can study the 

anatomy and morphology of plants by observing the different 

parts of the plants grown in the smart garden system. They can 

examine the roots, stems, leaves, flowers, and fruits to 

understand their structures and functions. This activity can help 

students develop a foundational understanding of plant biology. 
 

• Plant Growth and Development. Students can monitor and 

record the growth and development of the plants over time. They can measure parameters such as 

height, leaf size, and flower development, and analyze the data to observe patterns and trends. This 

activity can provide insights into the life cycle of plants and the factors influencing their growth. 
 

• Seed Germination. Students can investigate the process of seed germination within the smart garden 

system. They can set up experiments with different variables, such as light conditions, temperature, or 

moisture levels, to understand their impact on seed germination rates and timing. This activity can 

introduce students to the concept of plant reproduction and the conditions necessary for successful 

germination. 
 

• Pollination and Reproduction. Students can study the process of pollination by observing the interactions 

between plants, insects, or other pollinators within the greenhouse. They can analyze the role of flowers, 

pollen, and nectar in attracting pollinators and facilitating reproduction. This activity can provide insights 

into the importance of pollination in plant reproduction and ecosystem dynamics. 
 

• Plant Nutrition and Photosynthesis. Students can explore the relationship between plants, nutrients, and 

photosynthesis. They can investigate the effects of different nutrient levels or deficiencies on plant 

health and growth. Additionally, students can conduct experiments to measure the rate of 

photosynthesis under varying light conditions or carbon dioxide concentrations. This activity can deepen 

their understanding of plant nutrition and the role of photosynthesis in energy production. 
 

• Environmental Interactions. Students can study the interactions between plants and their environment 

within the smart garden system. They can investigate concepts such as plant adaptation to 

environmental factors, responses to stimuli like light or gravity, or the influence of external factors on 

plant growth. This activity can highlight the dynamic relationship between plants and their surroundings. 
 

• Biodiversity and Ecosystems. Students can explore the concept of biodiversity by examining the variety 

of plant species grown in the smart garden system. They can identify and classify different plant species 

and investigate their roles within the ecosystem. This activity can foster an appreciation for the diversity 

of life and the importance of maintaining healthy ecosystems. 

 

Informatics/Robotics 
 

By engaging in these activities, students in the informatics/robotics class can contribute to the automation and 

optimization of the smart garden system, allowing them to apply their programming and technical skills in a 

real-world context. They will gain practical experience in working with sensors, actuators, data analysis, and 

software development, fostering their understanding of the integration between technology and agriculture. 

✓ Sensor Integration. Students can work on integrating various sensors into the smart garden system. They 

can explore different types of sensors such as temperature sensors, humidity sensors, soil moisture 
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sensors, or light sensors. They will learn how to connect these sensors to a microcontroller or a computer 

system to gather data about the environmental conditions in the greenhouse.   
 

✓ Data Logging and Analysis. Students can develop software or programming scripts to log and analyze 

the data collected from the sensors in the smart garden system. They can create algorithms to process 

the data, detect patterns, and generate reports or visualizations that provide insights into the growth 

and health of the plants. This activity will allow students to develop skills in data analysis and 

visualization. 
 

✓ Automated Irrigation System. Students can design and build an automated irrigation system for the 

smart garden. They can develop a system that utilizes sensors to monitor soil moisture levels and triggers 

the irrigation process when necessary. This activity will involve programming microcontrollers or using 

IoT platforms to control valves or pumps for water distribution. 
 

✓ Environmental Control. Students can work on automating the control of environmental 

factors within the greenhouse, such as temperature and humidity. They can design and 

implement a system that regulates these parameters based on predefined thresholds 

or desired setpoints. This activity may involve programming actuators, such as fans or 

heaters, and integrating them with sensors and control algorithms. 
 

✓ Remote Monitoring and Control. Students can develop a web or mobile application to remotely monitor 

and control the smart garden system. This application can provide real-time data visualization, allow 

users to adjust environmental parameters, or receive notifications/alerts about critical conditions. This 

activity will give students hands-on experience in developing user interfaces and working with 

networked systems. 
 

✓ Robotics and Automation. Students can explore the use of robotics in the smart garden system. They can 

develop robotic mechanisms for tasks such as plant watering, seed planting, or pest control. This activity 

will involve designing and programming robots, integrating them with the overall automation system, 

and optimizing their performance. 
 

✓ Machine Learning and AI. Students can delve into machine learning and artificial intelligence techniques 

to enhance the smart garden system. They can develop algorithms to predict plant growth, detect 

diseases or pests, or optimize resource allocation based on historical data and environmental factors. 

This activity will provide an introduction to advanced technologies and their applications in agriculture. 

 

Economics 

❖ An important lesson can involve tracking expenditures associated with 

greenhouse operations.  
 

❖ In the classroom, there could be treasurers for periods so that students 

have the opportunity to be involved in the finances of running and 

maintaining the greenhouse. 
 

❖ It is important to keep track of expenditures in order to effectively 

document/quantify the success of the harvest and sales, and to evaluate the benefits and costs of the 

greenhouse program. 
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❖ Documenting expenditures also allows classes to work toward making the greenhouse programming 

self-sustaining and potentially profitable in order to fund future projects. 
 

Chemistry 

These activities can not only deepen students' understanding of chemistry concepts but also foster their 

curiosity, critical thinking, and scientific inquiry skills.   

➢ Soil Analysis. Students can collect soil samples from different areas of the greenhouse and perform 

chemical tests to determine the pH level, nutrient content, and composition of the soil. This activity can 

help them understand the importance of soil quality for plant growth and the role of different chemical 

elements in the soil. 
 

➢ Nutrient Analysis. Students can analyze the nutrient levels in the soil and monitor how they change over 

time. They can measure the concentration of essential nutrients like nitrogen, phosphorus, and 

potassium using appropriate chemical tests. This activity can provide insights into the nutrient 

requirements of plants and the impact of fertilizers on plant growth. 
 

➢ Water Quality Assessment. Students can investigate the quality of water used for irrigation in the smart 

garden system. They can perform chemical tests to analyze parameters such as pH, dissolved oxygen, 

and the presence of contaminants like heavy metals or pesticides. This activity can raise awareness about 

the importance of water quality for plant health and environmental sustainability. 
 

➢ Photosynthesis Experiments. Students can design experiments to investigate the process of 

photosynthesis in plants. They can vary factors such as light intensity, temperature, or carbon dioxide 

levels and observe their impact on the rate of photosynthesis. This activity can help students understand 

the chemical reactions involved in plant metabolism and the factors influencing plant growth. 
 

➢ Plant Pigment Extraction. Students can extract plant pigments, such as chlorophyll, from leaves or 

flowers grown in the smart garden system. They can use chemical solvents and techniques like 

chromatography to separate and analyze different pigments. This activity can provide insights into the 

role of pigments in photosynthesis and the diversity of plant colors. 
 

➢ Composting and Decomposition. Students can set up composting systems within the greenhouse to 

observe the process of organic matter decomposition. They can analyze chemical changes in the 

compost pile, measure temperature, monitor pH levels, and assess the breakdown of organic 

compounds. This activity can highlight the chemical transformations that occur during decomposition 

and the importance of recycling organic waste. 

 

Physics 

These activities can not only deepen students' understanding of physics principles but also foster their problem-

solving skills, data analysis, and critical thinking abilities in real-world applications. 

▪ Light and Photosynthesis. Students can explore the relationship between light and photosynthesis by 

investigating the effects of different light wavelengths or intensities on plant growth. They can set up 

experiments using light filters or varying distances between plants and light sources to observe the 

impact on plant development. This activity can help students understand the role of light energy in the 

process of photosynthesis and the concept of light absorption.   
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▪ Temperature and Plant Growth. Students can monitor and analyze the impact of temperature on plant 

growth within the smart garden system. They can measure and record the temperature in different areas 

of the greenhouse and observe how it affects the rate of plant growth, germination, or flowering. This 

activity can provide insights into the concept of thermal energy transfer and its influence on biological 

processes. 
 

▪ Environmental Monitoring. Students can use sensors and data loggers to monitor various environmental 

parameters within the greenhouse, such as temperature, humidity, and carbon dioxide levels. They can 

collect and analyze the data over time to observe patterns and correlations. This activity can introduce 

students to the concept of data collection, analysis, and interpretation in the context of environmental 

physics. 
 

▪ Watering Systems and Hydraulics. Students can design and construct watering systems for the smart 

garden, considering factors such as water pressure, flow rate, and irrigation efficiency. They can 

experiment with different nozzle designs or valve settings to optimize water distribution and minimize 

wastage. This activity can provide hands-on experience with principles of fluid dynamics and the 

application of hydraulics in irrigation systems. 
 

▪ Energy Efficiency. Students can assess and compare the energy consumption of different components 

within the smart garden system, such as lighting systems, pumps, or ventilation systems. They can 

explore ways to optimize energy usage, such as using energy-efficient bulbs or implementing smart 

control systems. This activity can raise awareness about energy conservation and sustainable practices 

in the context of technology and agriculture. 
 

▪ Structural Stability and Support. Students can analyze the structural integrity of the greenhouse and 

design support structures for the plants. They can explore concepts such as load distribution, stability, 

and the effects of external forces like wind or weight. This activity can introduce students to principles 

of statics and mechanics while emphasizing the importance of robust structural design. 

V. Example of kit containing hardware for the automation of the greenhouse 

The micro:bit Smart Agriculture Kit, which is a collection of micro:bit extensions that can be used in monitoring 

agriculture or similar applications with education purposes. This kit is offered by STEM Education (why.gr). 

 

 

 

 

 

 

 

 

 

 

 

 

 

This kit contain:  
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Soil moisture sensor. It will detect the moisture of the soil and water it automatically if the value is 

less than the threshold. The water level sensor detects the water level in the container and display its  

status on micro:bit. 
 

Temperature sensor - to measure the temperature in the greenhouse. 
 

Humidity sensor - to measure the humidity levels in the greenhouse. 
 

Light intensity sensor - to detect the ambient light intensity with the micro:bit, if the light intensity is 

 too weak, turn on the light automatically; or it turns off.  
 

Crops Sunshade Device - If the light intensity is too strong, the sunshade device will be lifted  

automatically to protect the crops. Photosynthesis is essential for plant growth, but excessive light can 

also harm plants physiologically, causing leaf burn or sunburn. To protect crops from these effects, a 

crop sunshade device can be used to filter out intense sunlight. 
 

Other elements in the educational market for school greenhouses: 
 

Oxygen Sensor.   Oxygen sensor I2C can measure the O2 concentration of the environment with high 

accuracy. It can be applied in places where air quality control is necessary.   
 

CO2 Gas Sensor. Octopus (MG811) CO2 Gas Sensor is a CO2 electronic brick. The higher the CO2 

concentration is, the lower the output voltage would be. 
 

UV Sensor. It can measure the total UV intensity of the sunlight; linear signal voltage output; and it can 

be used as UV dosimeters, flame detection, etc. 
 

Open-source Internet of Things (IoT) platform.  ThingSpeak is a free platform that allows to collect, 

store, and analyze data from sensors in real-time. It provides a user-friendly interface for users to 

manage and visualize their sensor data, making it easy to track changes in environmental conditions 

and make informed decisions. The data can be accessed from any device with a password. 
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