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Traditional farming practices often rely on manual monitoring and crop
selection, leading to inefficient use of resources and limited crop
diversification. This study addresses these issues through the development of
an loT-based intelligent crop rotation and recommendation system that
automates crop monitoring, irrigation, and crop selection processes. The
system integrates DHT11 and NPK sensors to measure temperature,
humidity, soil moisture, and nutrient levels (N, P, K), with real-time data
displayed on a web-based application interface. An automated irrigation and
fertilizer subsystem with SMS notifications enhances user control and
remote accessibility. A crop recommendation module using the Euclidean
Distance algorithm analyzes soil-nutrient data to identify the most suitable
crops for the next planting cycle. System evaluation based on the ISO/IEC
25010 software quality model indicated high functionality, usability,
reliability, portability, and maintainability, with an overall weighted mean of
3.958 (Agree) and a cronbach’s alpha of 0.9585, signifying excellent
reliability. The system demonstrates the potential of internet of things (1oT)-
based technologies in promoting crop diversification, optimizing farm
productivity, and advancing sustainable agricultural practices.
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1. INTRODUCTION

The integration of internet of things (loT) technologies into agriculture has transformed
conventional farming into a data-driven, intelligent practice [1]. Reza et al. [2] showed that l0T-based soil
sensors enable real-time nutrient monitoring for precise fertilizer application, while Khanal et al. [3] and
Perdana et al. [4] demonstrated how continuous soil and weather tracking can enhance productivity. These
innovations reflect the growing role of smart farming and precision agriculture in optimizing inputs,
increasing yields, and improving environmental resilience [5], [6].

Despite such advances, many farmers still lack information on soil nutrient composition and crop-
specific needs, leading to inefficient fertilizer use and reduced yields [7], [8]. Smallholder farmers,
in particular, struggle to access scientific data and decision-support tools due to cost and technical barriers.
Although machine learning (ML) and deep learning (DL) methods can optimize yield prediction, they
demand extensive datasets and computational resources, limiting their practicality for small-scale operations
[9]-[11]. Consequently, sensor-based and rule-driven loT frameworks offer a cost-effective alternative,
providing accessible and real-time support for smallholders.
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Low-cost loT systems employing affordable sensors, microcontrollers, and lightweight web
platforms can collect and process environmental data, providing insights without complex ML infrastructures
[12]. Combined with rule-based logic, such systems enable real-time monitoring, irrigation, and fertilizer
management at minimal cost.

Crop diversification, rotating or intercropping crops to enhance soil health and resilience, remains
vital to sustainable agriculture [13], [14]. In the Philippines, challenges such as climate variability,
fragmented landholdings, and high input costs hinder diversification. Although vegetable—rice-based systems
in Pampanga and other parts of Central Luzon are slowly adopting diversification through government
programs [15], uptake remains limited by low awareness, market dependence, and restricted access to related
technologies [16]. Moreover, existing loT systems seldom integrate crop-rotation decision support,
highlighting a gap in practical crop recommendation frameworks.

Ensuring that loT-based systems also meet software quality standards is critical for long-term
reliability. The ISO/IEC 25010 model provides an internationally recognized framework for assessing
functionality, usability, reliability, portability, and maintainability [17]. Studies by Alkhabbas et al. [18] and
Kozlowski et al. [19] demonstrated that 1SO-based evaluation improves the reliability of IoT and
environmental-monitoring systems. These standards support this study’s goal of achieving both agronomic
efficiency and dependable technological performance.

This study presents a low-cost loT-based intelligent crop rotation and recommendation system,
designed to support farmers in identifying optimal crops based on real-time environmental and soil nutrient
conditions. The system integrates sensors for monitoring temperature, humidity, soil moisture, and nutrient
levels (nitrogen, phosphorus, and potassium) with a web-based interface through which users can visualize
parameters to receive data-driven crop recommendations. The study was conducted in Candaba, Pampanga, a
municipality known for its extensive rice and vegetable cultivation, providing a suitable context for
agricultural validation.

The specific objectives of this study are to: (i) Design an environmental monitoring system with a
web-based interface for tracking temperature, humidity, soil moisture, and nutrient levels (N, P, K).
(ii) Implement an automated irrigation and fertilizer-dispensing subsystem with web controls and SMS
notifications for user alerts and scheduling. (iii) Develop a crop recommendation feature that analyzes soil
nutrients and identifies suitable crops based on their specific requirements. (iv) Evaluate the overall system’s
performance in terms of functionality, usability, reliability, portability, and maintainability following the
ISO/IEC 25010 product quality model.

By integrating affordable IoT hardware with standardized software-quality evaluation, this study
aims to deliver a sustainable, accessible, and data-driven decision-support tool. It directly addresses the
persistent challenge of insufficient crop and soil information, promotes intelligent crop diversification, and
contributes to improving agricultural productivity in resource-limited contexts.

2. RESEARCH METHODS
2.1. Research design

This study adopted a quantitative developmental research design anchored in the agile software
development methodology [20]. The developmental approach was appropriate since the research focused on
the iterative design, implementation, and evaluation of a technological system rather than experimental
variable manipulation. The agile framework supported incremental development, adaptive planning, and
continuous stakeholder feedback from faculty evaluators, IT professionals, and local agricultural
practitioners, enabling refinement of hardware calibration, interface usability, and crop-recommendation
logic. The methodology progressed through four main Agile phases: planning, development, testing, and
evaluation.

The system incorporates intelligent decision-support logic through its crop recommendation module,
which autonomously analyzes sensor-derived nutrient data and identifies the most suitable crops based on
computed similarity values. This algorithmic reasoning enables the system to make context-aware
recommendations without direct user intervention, qualifying it as an intelligent loT-based framework.

The research was conducted in Candaba, Pampanga, Philippines, a municipality recognized for its
extensive rice and vegetable cultivation and suitability for field-based testing. During the evaluation phase,
respondents were selected through purposive sampling, a non-probability technique [21], ensuring inclusion
of participants with expertise in agriculture and information systems. Data collection occurred during the
evaluation phase, where respondents interacted with the functional prototype and its web-based interface to
simulate real-world use. After testing, participants completed an evaluation instrument derived from the
ISO/IEC 25010 software quality model, assessing functionality, usability, reliability, portability, and
maintainability. Responses were analyzed quantitatively to determine the system’s overall performance.
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2.2. Crop recommendation algorithm

The crop recommendation module identifies the most suitable crop to cultivate based on current soil
and environmental conditions. It employs the euclidean distance metric to measure similarity between sensor-
acquired values and reference crop parameters. The equation is defined as:

D= \/(xl —y1)?2+ (x2 — y2)2+ ... + (xn — yn)? (D)

where: (a) x; represents the measured soil nutrient parameters (nitrogen, phosphorus, potassium), (b) y;
denotes the reference nutrient and environmental values of each crop; and (c) D is the Euclidean distance
indicating similarity.

The algorithm selects the crop with the lowest distance value as the optimal recommendation.
This method offers a transparent and computationally efficient alternative to complex ML algorithms,
making it well-suited for low-cost loT-based agricultural systems [12].

2.3. Overview of nutrient requirements for selected crops

The system’s recommendation logic required benchmark datasets describing the nutrient
requirements (N, P, K) for commonly cultivated crops in vegetable-based farming systems. Nutrient
concentrations are expressed in milligrams per kilogram (mg/kg), consistent with recognized soil-fertility
standards [22]-[27]. These reference values served as the benchmark dataset for the Euclidean-distance-
based crop-selection algorithm.

The reference data for broccoli, lettuce, celery, tomato, and carrot were adapted from the University
of California Davis Cooperative Extension guidelines, while nutrient thresholds for Spinach were obtained
from a published physiological study of Spinacia oleracea L. fertilization. Table 1 presents the summarized
NPK sufficiency levels used by the system. These values represent the sufficiency levels for optimal crop
growth under standard soil conditions and were used as comparative benchmarks for the system’s
recommendation module.

Table 1. Reference nutrient requirements for selected crops
Crop N (mg/kg) P (mg/kg) K (mg/kg) Source
Broccoli 20 mg/kg 60 mg/kg 150 mg/kg [22]
Spinach 25 mg/kg 60 mg/kg 120 mg/kg [23]
Lettuce 30 mg/kg 70 mg/kg 130 mg/kg [24]
Celery 35 mg/kg 75mg/kg 100 mg/kg [25]
Tomato 90mg/kg  40mg/kg 160 mg/kg [26]
Carrot 100 mg/kg 50 mg/kg 180 mg/kg [27]

2.4, Research instrument

A structured questionnaire based on the ISO/IEC 25010 standard served as the principal evaluation
tool. It assessed the developed system according to five software quality characteristics: functionality,
usability, reliability, portability, and maintainability. Respondents rated each statement using a five-point
Likert scale, where 1 = strongly disagree, 3 = neutral, and 5 = strongly agree. The results are shown in
Table 2.

Table 2. ISO/IEC 25010 quality characteristics and criteria for evaluation
Categories Questions
Functionality The system covers all specified tasks and objectives.
The system provides correct data and sends error reports with a degree of precision.
The system facilitates the accomplishment of tasks (monitoring and suggestion of crops).
The system can aid users with crop diversification.
The system can be used by users to achieve the goals of learning to use it with effectiveness and efficiency.
The system is easy to operate and appropriate to use.
The system is operational and accessible when required to use.
The system operates as intended despite the presence of hardware or software faults.
The system can read, recover, and store data accurately and effectively.
0. The system is portable and may be moved, installed and/or uninstalled from one location to another with
ease.
11. The system’s user interface is pleasing and satisfying for users to interact. And the system was designed to
perform in both desktop and/or mobile devices.
Maintainability ~ 12. Itis simple to diagnose the system for weaknesses or failure.
13. The system can be maintained and cleaned by the user with ease.

Usability

Reliability

Boeo~NooGR~wNE

Portability
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The instrument was reviewed by subject-matter experts in agriculture and information systems
to ensure clarity and content validity. Employing the ISO/IEC 25010 framework provided a globally
recognized standard for software-quality evaluation, enhancing the reliability of the assessment [16], [17].
The evaluation dimensions also align with 10T system-quality metrics proposed by Kozlowski et al. [19],
who emphasized standardized frameworks for environmental-monitoring technologies.

The questionnaire’s reliability was measured using cronbach’s alpha (o) to determine internal
consistency. Since no separate pilot testing was conducted, the analysis used the actual evaluation responses.
The computed o = 0.9585 indicates excellent reliability, exceeding the accepted threshold of 0.70. This
confirms that the questionnaire consistently measured the five ISO/IEC 25010 software-quality
characteristics, validating its dependability for system evaluation.

2.5. Statistical data analysis

Quantitative data from evaluations were analyzed using descriptive statistics, focusing on the
weighted mean as the primary measure of central tendency. The weighted mean was computed from the
frequency distribution of responses and corresponding Likert-scale values to determine the average
perception of each software-quality attribute. Interpretation of results followed the descriptive scale shown in
Table 3. Descriptive statistical analysis summarized and interpreted the respondents’ feedback, consistent
with the study’s non-experimental, developmental design. These results served as the empirical basis for
evaluating the system’s compliance with the ISO/IEC 25010 software-quality model.

Table 3. Descriptive evaluations chart per likert scale point
Descriptive reading  Weighted mean  Point scale

Strongly agree 4.01-5.00 5
Agree 3.01-4.00 4
Neutral 2.01-3.00 3
Disagree 1.01-2.00 2
Strongly disagree 0.01-1.00 1

3. RESULTS AND DISCUSSION

This chapter presents the results of the development, implementation, and evaluation of the loT-
based intelligent crop rotation and recommendation system. The presentation of results is arranged according
to the four specific objectives stated in Chapter 1:

3.1. Design an environmental monitoring system with a web-based interface for tracking temperature,
humidity, soil moisture, and nutrient levels (N, P, K)

The system integrates several 10T-based sensors connected to a central control unit that records key
environmental parameters influencing crop growth. As shown in Figure 1, the system block diagram can see
in Figure 1(a) and schematic diagram illustrate the configuration and signal flow of the sensing and
monitoring components in in Figure 1(b). The setup includes DHT11 sensors for temperature and humidity, a
soil-moisture sensor, and an NPK sensor for nutrient detection. These sensors interface with a
microcontroller that processes and transmits data to the web server through a connectivity module. The web
application provides two main modules: parameter display for real-time monitoring and irrigation control for
manual or automated operation.

The physical prototype included a planting container equipped with soil and nutrient sensors,
a water reservoir for irrigation, and control elements such as relays and a microcontroller housed in a
protective enclosure. Designed using readily available materials, it ensures affordability and ease of
replication. The integrated sensors continuously collect environmental and nutrient data and transmit them to
the web server for real-time monitoring.

The web-based interface (Figure 2) serves as the central monitoring dashboard, in Figure 2(a)
displaying real-time readings of soil moisture, temperature, humidity, and nutrient levels (N, P, K), together
with graphical trends of aggregated daily data in Figure 2(b). This dual view enables users to observe
immediate conditions and evaluate long-term variations that may influence crop performance. The dashboard
also supports manual control of irrigation and fertilizer dispensing when thresholds require user action.

System testing confirmed accurate and consistent transmission of environmental data to the web
platform with minimal delay. The reliability of both hardware and software demonstrates the system’s
capacity for continuous real-time monitoring, forming a foundation for the subsequent automation and
recommendation modules. Similar loT-based agricultural monitoring studies have also reported stable,
real-time sensing using DHT11 and NPK sensors for soil-health assessment and crop management [2]-[4].
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Figure 1. The system block diagram (a) system block diagram and (b) schematic diagram of the
environmental monitoring system
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Figure 2. Web interface showing (a) current sensor readings and (b) aggregated daily data

3.2. Implement an automated irrigation and fertilizer-dispensing subsystem with web controls and
SMS natifications for user alerts and scheduling

The automated irrigation and fertilizer-dispensing subsystem regulates water and nutrient delivery
based on real-time soil and environmental data gathered by the monitoring module. It integrates solenoid
valves, relay modules, and pumps, all managed by the main microcontroller. The subsystem operates in two
modes: automatic, activated when sensor readings reach preset thresholds, and manual, controlled through
the web interface. Figure 3 shows the physical configuration of the subsystem. Figure 3(a) presents the
fertilizer dispenser, which uses an electronically actuated solenoid valve connected to a nutrient reservoir for
precise application, while Figure 3(b) shows the irrigation system with a PVC pipe network that distributes
water evenly across the planting bed. This design ensures efficient nutrient and moisture management to
support healthy crop growth.

In Figure 4, the web-based control interface (Figure 4(a)) allows users to manually activate
irrigation and fertilizer dispensing when needed. It includes dedicated control buttons for each function,
enabling remote operation via the web. Commands issued through the interface are transmitted to the
microcontroller, which triggers the corresponding relay to release water or fertilizer.

To enhance user awareness, SMS notifications are automatically sent to the registered user via
the SIM800OL V2 GSM module whenever an irrigation or fertilization action is executed, as shown in
Figure 4(b). The system sends real-time alerts such as “Watering Plants” or “Releasing Fertilizer and
Watering Plants,” allowing users to monitor subsystem activity even without direct access to the web
interface.

System testing confirmed that the subsystem functioned effectively in both automatic and manual
modes. The activation delay between user command and operation averaged less than one second, and SMS
notifications were consistently delivered immediately after activation. These results demonstrate reliable,
automated, and remotely controlled management of irrigation and fertilization, fulfilling the study’s second
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objective. Similar loT-based irrigation systems have reported comparable responsiveness and efficiency
when integrating solenoid-based control and GSM modules [12].

Figure 3. The physical configuration (a) fertilizer dispenser subsystem and (b) irrigation system setup
integrated into the planting bed
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Figure 4. The web-based control interface (a) web controls for manual dispensing and (b) SMS notification
via GSM module

3.3. Develop a crop recommendation feature that analyzes soil nutrients and identifies suitable crops
based on their specific requirements

The crop recommendation feature assists users in identifying suitable crops for planting based on
current soil nutrient composition. The system analyzes nitrogen (N), phosphorus (P), and potassium (K)
values obtained from sensors and compares them with reference nutrient levels stored in the database. Using
the Euclidean distance formula described in the methodology, the system calculates the similarity between
measured soil values and each crop’s ideal nutrient requirements. The crop with the lowest computed
distance is then recommended as the most compatible with the existing soil condition.

The recommendation process begins with the user selecting the type of crop to plant, followed by
continuous monitoring of soil and environmental parameters. Once the crop reaches harvestable maturity, the
system automatically analyzes the collected data and recommends the next suitable crop for planting based
on nutrient compatibility and soil condition.

The configuration page of the web application is shown in Figure 5. In Figure 5(a), the user selects
the crop type and number of plants to be monitored. Figure 5(b) displays the configuration interface showing
details such as crop name, quantity, start date, and estimated harvest date, together with the nutrient
requirements for the selected crop. When the user ends the monitoring session, as shown in Figure 5(c),
the system analyzes recorded soil data and recommends potential crops for the next planting cycle,
supporting crop rotation and diversification planning.

System testing confirmed that the crop recommendation module produced accurate and consistent
results aligned with the stored nutrient profiles. It successfully integrated with environmental monitoring data
and the web interface, providing users with actionable insights for sustainable crop management. These
findings are consistent with prior loT-based studies that applied nutrient-driven algorithms to support
precision agriculture [5], [6].
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Figure 5. Configuration page of crop planted: (a) crop selection and quantity, (b) configuration details and
nutrient information, and (c) system-generated crop recommendations

3.4. Evaluate the overall system’s performance in terms of functionality, usability, reliability,
portability, and maintainability following the ISO/IEC 25010 product quality model

The system was evaluated using the ISO/IEC 25010 product quality model, focusing on five key
characteristics: functionality, usability, reliability, portability, and maintainability. The evaluation aimed to
determine whether the developed system met performance and user satisfaction standards. Data were
gathered from respondents through a structured questionnaire based on the ISO/IEC 25010 framework, rated
on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). The responses were analyzed using
the weighted mean for each criterion. Results are summarized in Table 4, presenting computed averages and
descriptive interpretations.

Table 4. Summary of the system’s overall evaluation using ISO/IEC 25010 product quality model

Evaluation criteria Average weighted mean  Descriptive interpretation
Functionality 417 Strongly agree
Usability 4.00 Agree
Reliability 3.77 Agree
Portability 4.05 Strongly agree
Maintainability 3.80 Agree
Overall weighted mean 3.958 Agree

The findings indicate that respondents found the system acceptable, user-friendly, and functionally
effective. Functionality (4.17) received the highest rating, showing that the system met operational goals such
as monitoring, automation, and crop recommendation, while portability (4.05) also received a strongly agree,
confirming its adaptability across setups. Usability (4.00), reliability (3.77), and maintainability (3.80)
were rated Agree, reflecting satisfactory performance and ease of upkeep. These collectively affirm the
system’s effectiveness under ISO/IEC 25010 parameters. Moreover, the evaluation instrument’s reliability,
verified using cronbach’s alpha (o = 0.9585), indicates excellent internal consistency, as coefficients
above 0.9 are generally regarded as highly reliable, confirming accurate measurement of all quality
characteristics.

Overall, the mean score of 3.958 signifies strong agreement that the loT-based intelligent crop
rotation and recommendation system is reliable, functional, and aligned with its objectives. The evaluation
validates that the system meets international software-quality standards and can be effectively applied in
agricultural monitoring and management. Similar ISO/IEC 25010-based assessments in loT systems by
Alkhabbas et al. [17] and Kozlowski et al. [19] likewise confirmed the robustness of this evaluation
approach.

4.  CONCLUSION AND FUTURE WORK

The study successfully developed the loT-based intelligent crop rotation and recommendation
system, which integrates 10T sensors for real-time monitoring of temperature, humidity, soil moisture, and
nutrient levels (N, P, K). The system includes an automated irrigation and fertilizer-dispensing subsystem
with web controls and SMS notifications, enabling efficient and remote crop management. Using the
Euclidean distance algorithm, it accurately recommended suitable crops based on soil-nutrient data.

Evaluation under the ISO/IEC 25010 product quality model confirmed high functionality, usability,
reliability, portability, and maintainability, achieving an overall weighted mean of 3.958 (Agree) and a
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cronbach’s alpha of 0.9585, indicating excellent reliability. These results align with prior loT-based
agricultural studies that reported comparable system performance in monitoring and crop recommendation.
For future work, the study recommends: (i) integrating image processing for harvest notifications,
(if) expanding the irrigation system with larger water storage and improved fertilizer management, and
(iii) incorporating solar power for enhanced reliability during outages. These improvements can further
strengthen system efficiency, promote crop diversification, and support sustainable agricultural practices.
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