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Abstract. Integration of Internet of Things (IoT) technology in sector horticulture has appear as solution transformative For challenges faced by modern agriculture. Research This investigate implementation IoT systems in horticulture with focus on the impact to efficiency source power, productivity, and sustainability. With apply real-time monitoring through connected sensors, farmers can track critical parameters like humidity soil, temperature, humidity air, and levels nutrition. Research This adopt Design Thinking methodology for develop user - centric IoT solutions. With involving farmers and stakeholders interest other through approach iterative, designed solutions​ covering sensor networks, data analysis platforms, and interfaces Supported users​ taking more decisions​ good. Implementation solution done through pilot projects in three location agriculture, shows improvement efficiency water usage up to 41.5% and increasing results harvest up to 19%. Research This highlight importance collaboration multidisciplinary, adoption affordable technology, and standardization system for support practice sustainable and innovative agriculture. Research​ this confirm potential IoT technology does not only for increase productivity agriculture but also for contribute in a way significant to sustainability environment with minimize use material chemistry and optimizing management source power. Implications from findings this show that IoT can play role important in overcome challenge urge related resilience food and conservation environment in the middle change climate.
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INTRODUCTION
Horticulture sector face various challenge complex in the modern era, such as impact change global climate, limitations source power, and increasing request world food. Internet of Things (IoT) technology is emerging as solution innovative offering​ approach transformative for face challenge the through automation and real-time data collection. The application of IoT in horticulture show potential big in increase efficiency production at a time support practice sustainable agriculture. System​ monitoring IoT based enables environmental parameter monitoring with level high precision and continuity. In addition that, integration technology this support taking more decisions​ appropriate based on empirical data [1].
The integration of IoT and AI opens up opportunity new in create system agriculture adaptive and responsive precision. Algorithm​ learning machine can analyze historical and real-time data to predict condition optimal growth, detecting potential problem like attack pests, as well as give recommendation specific in each stage growth plants. IoT implementation also supports sustainability environment through optimization use source power, reduction consumption pesticides, and efficiency energy. On the side economy, technology this offer promising potential return on investment, with savings source power, increase efficiency operational, and value sell results more harvest​ high. Share farmer small, IoT provides solution simple and affordable through a mobile platform that makes it easy data access and recommendations, as well as increase collaboration through community farmer based.
Formulation problem:
· How design sensor-based IoT systems, data analytics platforms, and interfaces user can support taking more decisions​ good in practice agriculture horticulture?
· How IoT technology can implemented for overcome challenge main in the sector horticulture, such as change climate, limitations source power, and enhancement request food?
Research and development IoT technology for horticulture keep going experience progress with focus on improvement accuracy, efficiency, and convenience usage. Development of new sensors with ability more detection​ advanced increase precision monitoring of growth parameters. More advanced AI algorithms advanced help make predictions and recommendations become more accurate. Besides the, designed analytics platform more simple make it easier farmer for understand and use data with more effective. Innovation in technology communication wireless make IoT systems more reliable and expanding range connection [2].
LITERATURE REVIEW
Development IoT technology in sector horticulture has experience progress rapid in a number of year lastly, with implementation that is increasingly wide in various scale operation agriculture. Modern IoT systems integrate various advanced sensors for monitor parameters such as temperature, humidity, soil pH, and water level nutrition information [3]. Wireless sensor network allow real-time data transmission to the analysis platform centralized [1]. Analysis platform use algorithm intelligence artificial for process data and provide recommendation optimal management. IoT infrastructure also supports system control automatic for irrigation, fertilization, and management climate micro [4].
Implementation of IoT in horticulture has show impact significant positive​ to productivity and efficiency use source power. Study latest show improvement results harvest up to 19% through implementation system monitoring and control IoT based. System irrigation clever IoT based has proven can save water usage up to 41.5% compared method conventional. Use of nutrient sensors land and system fertilization automatic has optimize use fertilizer. Implementation technology this has also been increase quality results harvest and reduce loss post harvest [5].
Challenge IoT implementation in horticulture covers aspect technical, economic and social needs​ overcome for more adoption​ area. Needs infrastructure reliable communication in the area agriculture become constraint main in implementation IoT system. Cost high start​ for devices and infrastructure can hinder adoption by farmers small [6]. Lack of skills technical and understanding technology among​ farmer requires an extensive training program. Data security and privacy become attention important in development IoT system for horticulture [7].
Development IoT ecosystem for horticulture need attention specifically on the aspect standardization and interoperability. Protocol communication standard allow integration various devices and sensors from various manufacturers, while the platform is open push innovation and development application new by community developer [8]. In addition that, standard data security is very important for protect information sensitive farmers and operations agriculture. Interoperability the system also becomes key for allow data exchange and learning cross-platform, as described by [9].
Application of IoT in horticulture not only support sustainability environment but also offers potential profit significant economic optimization​​ use source Power through IoT systems help reduce impact environment with allow usage more pesticides​ efficient and friendly environment, as well as save energy through system management clever. Collected data from IoT network supports study for development practice agriculture sustainable [10]. From the side economy, although investment beginning for IoT infrastructure is sufficient big, savings term long in use source power, increase productivity, and reduction need power manual labor provides a promising return on investment. Besides that, monitoring precision increase quality results harvest, enlarge mark sell products, and IoT data analysis enables optimization chain supply as well as subtraction loss post harvest [11].
METHODS
Study this use approach Design Thinking in develop IoT solutions for sector horticulture, which consists of of five stages Main : Empathize, Define, Ideate, Prototype, and Test. Methodology This chosen Because his ability in produce user - centered and problem - solving oriented solutions problem practical in the field. Approach This allow researcher to understand in a way deep need farmers and develop appropriate solution​ with context local. Implementation of Design Thinking in study This integrate various technique qualitative and quantitative data collection for ensure validity results. This process done in a way iterative with involving stakeholders from various background behind to get comprehensive perspective​ [4].
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FIGURE 1. Design Thingking Methods

Understand Stage

The first step of this article aims to provide readers with knowledge about how IoT technology can help the horticulture sector. This technology offers modern solutions to problems such as climate change, increasing production yields, and

Observe Stage

Observation phase involves data collection through in-depth interviews with horticultural farmers from various business scales. Field observations are conducted at different farming locations to understand existing farming practices and identify specific challenges.

Define Pov Stage

From this stage is used to define the core problems faced by farmers in horticultural practices. The data synthesis process uses affinity mapping techniques to organize findings into meaningful categories. Point-of-View statements are developed for each identified key problem [11].

Ideate Stage

A series of ideation workshops were conducted involving a multidisciplinary team consisting of agricultural, technology, and design experts. Structural brainstorming techniques were used to generate innovative ideas in developing IoT solutions. The idea evaluation method used SMART (Specific, Measurable, Achievable, Relevant, Time-bound) criteria to select the most potential solutions. Solution concepts were developed by considering technical, economic, and social aspects. Initial validation was conducted through focus group discussions with potential users.

Prototype Stage


Prototype development was carried out iteratively using an agile approach. The IoT system developed consists of a sensor network for monitoring environmental parameters, a data analysis platform, and a user interface. The prototype implementation uses open-source technology to ensure accessibility and ease of development.

Test Phase
The solution was tested through a pilot project at three different farm locations over a period of six months. Quantitative data was collected through an automated monitoring system that measures various plant growth parameters. Qualitative evaluation was conducted through user interviews and observations of system usage. The effectiveness of the system was analyzed using pre-defined metrics. User feedback was used to improve the system.
RESULT AND DISCUSSION
Understanding Analysis

User Persona
User Persona is profile that can describe related user from a product. Persona generated from existence research to user with objective For can understand the user with good from aspect fulfillment need or his/her wishes. User Persona who has chosen For Utilization of IoT in the Horticulture Sector: Innovative Solutions For Support Agriculture Sustainable:

Agus Joko Susilo is a farmer horticulture specializing in the field avocado 50 years old who lives in Kediri, East Java and has background behind education high school level. Agus realized importance use easy and practical technology​ for monitor condition plant in real-time. Every day, he start activity with inspect land in a way directly and record humidity data land, condition weather, and use fertilizer, although during This Still depends on the method traditional. Agus has need for control humidity and water supply​ appropriate as well as manage use fertilizer so as not to excessive, so that he can predict weather and planning time harvest with more accurate use increase results harvest in a way efficient. Difficulties faced​ in monitor condition land in a way accurate. With implementation IoT technology, Agus hopes can using water and fertilizer in a way more efficient, encompassing sensor installation for measure humidity and temperature land in a way automatic, giving notification via smartphone when happen change significant.

Agus Joko, a farmer horticulture, starting feel frustration because results the harvest no stable consequence unpredictable weather​ uncertain and difficult monitor land in a way accurate. This internal drive strengthened by influence external like story from colleague farming and content educative about IoT technology. Agus also started look for know more continue, contact provider technology, and try IoT sensor tools for monitor condition land and weather in real-time. It allocate proceeds​ harvest for buy devices, installing them on the ground, and recording them. results harvest after implementation technology. As a result, Agus feels more believe self Because IoT system helps him save water, improve results harvest, and reduce manual work.

The farmers horticulture like Agus now start have the mindset that technology can make agriculture more smart and efficient. They active in the community farmer, open to innovation, and appreciation solution practical that can operated in a way independent. With internet access and devices increasingly smart​ wide, they ready adopt IoT technology for watering automatic, fertilization, and prediction weather. habits follow recommendation extension workers, digital training, and reviews fellow farmers also encourage reception proven technology​ beneficial.

Observe
Empathy map this describe profile a farmer horticulture traditional open to innovation​ technology, in particular utilization of IoT for increase results and efficiency his farm. Agus wants to farming with more effective without must always depend on intuition or old vulnerable method fail because change extreme weather. He​ interested with simple, easy technology​ used, and can direct felt benefits on his land. However, Agus still worry if technology it is expensive, difficult operated, or precisely make the farming process become complicated. However, I hope technology can increase results harvest, efficiency use of water and fertilizer, as well as save time, during still simple and appropriate condition local.
Define Point of View

The define stage in Design Thinking method, which focuses on formulating Point of View (PoV), using tool 9-Window Tool analysis for understand development and progress beginning from use IoT technology in agriculture horticulture. The table below this describe evolution utilization IoT system by farmers horticulture traditional like Agus in three period time (past, present, and future) as well in three context system (subsystem, system, and suprasystem). In the past, farmers only depend on experience and intuition in watering and fertilizing. When this, some farmer start using sensors and applications simple for help the process. In the future, IoT technology is expected to capable help farmer optimize results agriculture through system automatic and recommendations data-based .

TABLE 1. Define point of view 
	Time
	Past
	Present
	Future

	System
	Farmer use intuition /manual for watering and fertilizing plant
	Use applications and sensors for monitor condition land in real time
	Automated and predictive IoT systems help farmer manage land in a way efficient and sustainable

	Sub-system
	Information got from extension worker or experience hereditary
	Humidity , temperature and light sensors installed on the land For data retrieval
	Integration of AI and big data for give optimal recommendations related fertilization and watering

	Supersystem
	Agriculture traditional based on practice conventional
	Increasing awareness will agriculture based on technology (smart farming)	
	Transformation sector agriculture going to agriculture precision and sustainability in a way national


Ideate Analysis

Brainstorming
At the stage ideate, done brainstorming session for produce as much as maybe a solution idea creative based on IoT technology that can help farmer horticulture, in particular in use fertilizer and water efficient in plants avocado. Brainstorming this directed for answer need users (farmers) like Agus, who wants to solution simple, efficient, affordable, yet still functional and data-driven.

TABLE 2 Brainstroming 
	Categories
	Ideas

	Sensors and Technology
	Multi-level moisture sensors, pH and EC sensors for real-time soil fertility monitoring, as well as a LoRa module for long-distance data communication without the internet.

	Application Features Addition
	Mobile application with recommendation fertilization and watering automatic, notification temperature extreme, and integration calendar plant and reminder maintenance.

	Personalization and Data Visualization
	Growth data visualization past charts and dashboards, daily logs automatic activity land, as well as map interactive for monitor condition each sensor point.

	Sustainability and the Environment
	Using mini solar panels, management energy smart, and devices friendly environment for support sustainable IoT systems on land without electricity.

	Health Monitoring
	Simple NDVI sensor for monitor health leaf, detection early disease with machine learning, and alerts automatic moment condition land no in accordance need plant avocado.


Prototype
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FIGURE 2. Prototype Based on Application
To support the optimal growth of Horticultural plants, an application-based IoT system can be specifically designed to suit the characteristics and needs of these plants. Avocados require stable but not excessive soil moisture, are sensitive to extreme temperatures and air humidity, and require full sunlight with monitoring of weather stress. Due to its long-term growth, long-term monitoring is also very important.

The system consists of several main physical components, namely a soil moisture sensor to detect the water content in the soil so that it is not too dry or muddy, a temperature and humidity sensor to maintain an ideal environment, and a light intensity sensor to ensure that the tree gets enough sunlight. In addition, a soil pH sensor (optional) can also be added because Horticultural plants grow best at a pH of 6–6.5.

Real-time monitoring feature displays temperature data, soil and air humidity, and light intensity directly. If environmental conditions are not ideal, the system will provide automatic notifications, such as warnings that "soil is too dry" or "temperature is too hot". The auto watering feature will activate automatic watering when needed, but manual control is also provided so that users can adjust watering remotely via the application.

In addition, this application can display growth graphs that record and present environmental data in weekly, monthly, and yearly periods, so that users can monitor plant development historically. The care log feature allows recording of activities such as fertilization and pruning, while additional artificial intelligence (AI)-based features can provide automatic suggestions, such as when is the best time to water, fertilize, or prune.

Test

TABLE 3. test
	Quarantine
	Feedback

	Like
	1. Appearance application simple and easy used .
Temperature , humidity and light data displayed in real-time and accurately .
3. Watering feature automatic is very helpful moment user currently No be on site.
4. Plant condition notifications are very informative.

	Wishes
	1. Want feature reminder fertilization and pruning automatic .
2. Hope that the device Can stand to weather outside room (waterproof and durable) hot ).
3. Applications expected can keep Longer data history ( up to 6 months ).
4. I want There is version integrated application​ with smart home devices

	Ideas
	1. Add feature detection disease leaf based on temperature and humidity extreme .
2. Integration with a small camera to see the visual condition of the plants in real time.
3. System based on voice For access data hands -free.
4. Fertilizer recommendations are given based on pH and

	Question
	1. How Power sensor resistant if used constantly outside​ room ? 
2. What is the all sensors can used in various type land ? 
3. If the internet connection is lost , will the data remain? saved ? 
4. How much accurate sensor in condition environment extreme ( rain) torrential or hot tall )?


Reflect
A number of aspect from project This walk very well. Use of humidity sensor soil, temperature, humidity air, and intensity light succeed provide accurate and real-time environmental data, in accordance with need specific plant avocado. Watering features automatic work in a way effective, helpful guard humidity land still stable without cause wetness excess. View interface simple and informative application also gets​ response positive from user beginning. Collaboration cross team, including technician device hard, developer device soft, and farmers local, create practical and applicable solutions in the field.
Challenge main issues faced is on power stand device in condition extreme fields, such as heavy rain, hot height, and difficult terrain. Some sensors experience decline performance after used outside​ room in long time. Besides that, data integration to application had time experience disturbance when internet connectivity is lost, which hinders real-time monitoring. The use of AI as feature optional in providing care advice is also still need more data training many to be able to give accurate and contextual recommendations.​
For future improvements, there are a number of steps that can be taken done. First, improve resilience device with waterproof casing and protection more thermal​ good for sensors. Second, strengthen system local data storage to keep data can noted although internet connection lost meanwhile. Third, perfecting AI algorithm through addition of historical data and further model training complex for care advice plant become more precise and adaptive to condition microclimate. Fourth, expand collaboration with farmers and experts agriculture for enrich bait come back from field.
Project This give Lots lesson valuable. First, the importance of understand characteristics biological plant in a way deep for to design solution the right technology use. Second, cooperation interdisciplinary between team technical and user the end is very crucial so that the solution is made truly applicable. Third, the factor environment the field greatly influences IoT performance, so that resilience physique device become priority in development. Moving forward, reflection This will become base in to perfect IoT design and implementation process based on more applications​ tough, smart, and user-friendly.

CONCLUSION

Development IoT based system application for monitoring plant Horticulture show that technology can integrated in a way effective in practice modern agriculture. With utilizing humidity sensors soil, temperature and humidity air, intensity light, and control watering automatic, system This capable guard condition environment optimal growth for plant Horticulture, which is known sensitive to fluctuation climate. The application is designed No only give monitoring in real-time, but also provides notifications and features control distance far which makes it easier farmer in taking decision.
Although a number of challenge technical like field sensor robustness and stability internet connection still found, results testing show that system This can increase efficiency maintenance plant in term length. Integration of AI features into front of it expected capable add mark predictive and data-driven suggestions for maintenance more avocado​ appropriate use. With Thus, the system This potential big in support agriculture precision, especially For plant worth tall.
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