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Abstract- This paper explores the design, development and implications of an e-commerce website specifically targeted toward
plants and gardening. With the rise of digital commerce, niche platforms focusing on sustainable lifestyle products, such as
gardening, have emerged as significant growth area. The paper presents the motivation for such a system, discusses relevant
technologies, analyses user adoption factors, and highlights the potential for integrating smart recommendations and eco-friendly
supply chains. Additionally, it identifies future opportunities for IoT integration, Al-based plant disease detection, and
sustainability-focused digital commerce.
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I. INTRODUCTION

The rapid expansion of e-commerce over the past decade has transformed the global retail landscape, making digital
platforms the primary mode of purchasing for millions of consumers. While sectors such as electronics, fashion, and household
goods have fully embraced online retail, the horticulture and gardening industry has been comparatively slower in adopting
digital transformation. Factors such as the perishable nature of plants, variability in regional climates, and limited
technological adoption by local nurseries have contributed to the fragmented and largely offline nature of this sector. As urban
populations grow and interest in sustainable living increases, the demand for accessible, high-quality gardening products
continues to rise. This creates a substantial opportunity for specialized digital platforms that can connect customers with
reliable plant sources, tools, and expert guidance.

Urban consumers often encounter significant challenges when attempting to purchase plants and gardening tools. Traditional
nurseries frequently lack product standardization, inventory visibility, and expert guidance for plant care, leading to
suboptimal purchasing decisions. Additionally, customers residing in metropolitan or semi-urban regions may face restricted
access to diverse plant varieties due to limited nearby nurseries. Conversely, small and medium-scale plant v endors often
struggle with visibility, marketing limitations, and inefficient inventory management, preventing them from reaching a
broader customer base. These gaps highlight a clear need for a centralized, technology-driven solution capable of modernizing
the horticulture supply chain.

E-commerce platforms tailored specifically to horticultural products can address these challenges by providing structured
product categorization, detailed  plant- care information, climate-specific recommendations, and seamless purchasing
workflows. Furthermore, digital tools such as intelligent search filters, personalized suggestions, and vendor dashboards can
significantly enhance user experience and business efficiency.

However, designing an e-commerce system for plant- based products introduces unique constraints that differ from
conventional online marketplaces. These include ensuring accurate representation of plant characteristics, maintaining up-to-
date stock levels, optimizing delivery processes to preserve plant health, and enabling customers to make informed decisions
based on environmental compatibility.

Recent advancements in web technology, cloud computing, NoSQL databases, and Al-driven recommendation systems make it
feasible to develop a robust, scalable, and user- friendly platform for gardening products. The integration of multimedia
descriptions, environmental metadata, and season-based suggestions further enhances the decision- making process for
buyers. By leveraging these technologies, this research aims to bridge the gap between customer expectations and vendor
capabilities within the horticulture domain.
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This paper presents the design, development, and evaluation of a comprehensive e-commerce website tailored for plants and
gardening tools. The system enables users to browse a wide variety of products, accessessential plant- care instructions,
receive personalized recommendations, and complete secure transactions. For plant vendors, the platform provides an
efficient interface for inventory management, product uploads, and performance analytics. The research focuses on building
an architecture that is both scalable and intuitive, ensuring that the system can adapt to future technological enhancements
and shifts in customer behavior.

The main contributions of this research are as follows:

1. Development of a specialized e-commerce architecture tailored to the unique constraints of the horticulture domain.

2. Implementation of a scalable NoSQL-based database schema supporting diverse and metadata-rich plant
information.

3. Integration of a user-centred design approach that incorporates plant-care knowledge and climate- specific

recommendations to improve decision- making.

Design of an intelligent recommendation engine that enhances user engagement and personalization.

Evaluation of system performance, usability, vendor adoption, and scalability through structured testing and user

studies.

o s

IL. LITERATURE REVIEW

This section synthesizes prior work across four relevant domains: (1) e-commerce architecture and niche marketplaces, (2)
online horticulture and perishable-goods retail, (3) personalization and recommendation systems for product discovery, and
logistics, [oT, and sustainability for live-plant delivery. The review highlights established findings, methodological approaches,
and open gaps that motivate the design choices and research contributions of this paper.

A. E-commerce platforms and niche marketplaces

The foundational literature on e-commerce architecture emphasizes modular, service-oriented designs that support rapid
feature extension and horizontal scaling. Tripathi et al. and Li & Zhang describe common architectural patterns—RESTful
APIs, microservices decomposition, and cloud hosting—that enable scalability and maintainability in modern online retail
systems [11], [7]. Work on niche marketplaces shows that specialized platforms outperform general marketplaces when they
provide domain-specific affordances (structured metadata, taxonomies, and domain vocabulary) that improve searchability
and buyer confidence [1], [12]. Studies of adoption barriers for SMEs show that vendor dashboards, simplified onboarding,
and inventory automation are critical enablers for small vendors to migrate online [15], [6]. These findings support the
architectural choice in this research to adopt a modular, API-driven backend with vendor-oriented tooling.

B. Online horticulture, perishable goods, and user trust

Horticulture and live-goods present distinct product and UX challenges compared to durable goods. Chang and others note
that product representation, rich media, and expert content play a substantial role in purchase confidence for products with
care requirements [3]. Research on online nursery systems and digital plant marketplaces documents issues including
inconsistent product labeling, difficulty in conveying plant health and size, and high return rates due to mismatch of user
expectations and product reality [12]. Empirical work on consumer behaviour in green e-commerce highlights that trust
(built through authoritative content, transparent vendor information, and delivery guarantees) strongly moderates purchase
intention for plants and eco- products [14]. These studies motivate the integration of structured care metadata, high-quality
imagery, and vendor verification in the platform design.

C. Search, discovery, and recommender systems in niche domains

Personalization and recommendation engines have been extensively studied in e-commerce, showing improvements in click-
through and conversion when recommendations are contextually relevant [15].

However, most mainstream recommendation research targets general retail items; applying these approaches to
horticulture requires incorporating botanical and environmental features (e.g., sunlight, soil type, climate tolerance). Prior
work suggests combining collaborative filtering with content-based rules to handle domain constraints and cold-start
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problems common for new plant SKUs [4], [9]. The hybrid recommendation approach adopted here is consistent with best
practices cited in the literature: leverage behavioural signals while enforcing botanical compatibility rules to avoid
recommending unsuitable plants to users in incompatible climates [15], [14].

D. IoT, plant health monitoring, and smart agriculture intersections

IoT and sensor networks are central to recent advances in smart agriculture and greenhouse automation [13], [14], [13].
These technologies enable continuous monitoring of environmental variables that determine plant health—temperature,
humidity, soil moisture— and can be applied to supply-chain stages (nursery propagation, packing, transit). Reviews of IoT
in agriculture indicate potential to reduce post- harvest losses and enable condition-based routing for sensitive shipments
[13], [12]. Literature on smart greenhouses demonstrates that integration with cloud services and analytics provides
valuable telemetry that can be surfaced to e-commerce customers to increase transparency and reduce uncertainty [14]. This
body of work informs the recommendation to incorporate IoT-enabled shipment monitoring and nursery telemetry in future
system iterations.

E. Logistics, delivery optimization, and packaging for live plants

Delivery of live plants raises operational challenges that are well documented in logistics research. Supply-chain optimization
studies emphasize the need for temperature-controlled handling, specialized packaging, and routing algorithms that
minimize transit time for perishable products [12]. Research into sustainable packaging and last-mile optimization suggests
a trade-off between protecting plant health and minimizing environmental impact; biodegradable cushioning and climate-
adaptive packaging are increasingly advocated [11]. These practical findings influence our paper’s focus on logistics
integration, vendor coordination, and exploration of sustainable packaging solutions as part of future work.

F. Vendor adoption, socio-economic impacts, and business models

Studies on digital transformation in agriculture show variable vendor readiness—while some nurseries readily accept digital
sales channels, many lack digitization skills and operational capacity [2], [15]. Research on business models for niche e-
commerce emphasizes hybrid approaches: marketplace + subscription services (e.g., recurring soil/fertilizer deliveries) can
stabilize vendor revenue and increase customer lifetime value [13]. The literature suggests that vendor training, low-friction
onboarding, and analytics tools are key to achieving broad vendor participation, justifying the inclusion of a vendor
dashboard and subscription modules in the proposed system.

G. Gaps and research opportunities

The reviewed literature establishes strong antecedents for building specialized e-commerce platforms, but it also reveals
important gaps that this research addresses:

1. Domain-aware personalization: Most recommender systems do not incorporate botanical constraints or climate
compatibility at scale. There is a gap in hybrid models that combine collaborative signals with horticultural rulesets.
[4], [11], [2].

2. End-to-end transparency for perishables: While IoT research exists in agriculture, there is limited literature on
integrating nursery telemetry and in- transit sensors into consumer-facing e- commerce experiences to reduce
purchase uncertainty. [13], [15].

3. SME vendor enablement: Practical, scalable approaches for onboarding small nurseries with limited technical
capacity require further empirical evaluation; existing studies call for usability-focused vendor tools and automation.
[2], [4].

4. Sustainability trade-offs in packaging and logistics: There is a need for experimentally validated packaging strategies

that balance plant survivability and environmental impact—an open area for applied research. [5], [7].
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Figure 2: System Block Diagram

The methodology adopted for the design and development of the e-commerce platform for plants and gardening tools
follows a systematic, multi-phase approach. It integrates software engineering principles, user-centred design practices,
database modelling, and iterative testing to ensure that the resulting system is efficient, scalable, and user- focused. The
methodology is divided into six major phases: requirement analysis, system design, database modelling, frontend and
backend development, integration with external APIs, and evaluation through testing and user feedback.

A. Requirement Analysis

The requirement analysis phase involved identifying the functional and non-functional needs of both customers and
local plant vendors. Surveys, informal interviews, and competitor analysis were conducted to understand the unique
challenges associated with online plant retail, such as displaying perishable products, providing accurate plant-care
information, and ensuring reliable delivery. Key functional requirements included user registration, product browsing,
advanced search, shopping cart operations, vendor inventory management, secure checkout, and recommendation
features. Non- functional requirements emphasized scalability, responsiveness, data integrity, minimal downtime, and an
intuitive user experience.
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B. System Architecture Design

Based on the gathered requirements, a modular, layered architecture was designed to ensure efficient system interactions
and ease of maintenance. The architecture consists of three primary layers: Presentation Layer: Developed using HTML,
CSS, and JavaScript, this layer manages user interactions, product displays, navigation, and form validation. It emphasizes
visual clarity, plant categorization, and minimalistic Ul design to support both novice and experienced users.
Application/Logic Layer: Implemented using Node.js and Express, this layer processes user requests, executes business
logic, manages authentication, handles inventory operations, and communicates with the database. Restful API endpoints
were developed to ensure modular, scalable interactions between system components. Data Layer: MongoDB was selected
due to its flexibility in handling semi-structured data, such as plant categories, attributes, care instructions, and vendor
details. Indexing and schema optimization techniques were applied to enhance performance during search and filter
operations. A microservices-ready approach was adopted during the design to facilitate future scalability, notably for
modules such as recommendation services, analytics, and logistics tracking.

C. Database Design and Modelling

A document-based NoSQL database structure was modelled to support the varied nature of horticultural data. Collections
were defined for Users, Products/Plants,Orders,Vendors,and Recommendations. Each document was structured to allow
nested attributes such as sunlight requirements, soil preferences, and quantities, enabling efficient data retrieval during
filtering and personalized suggestions. Entity relationships were designed based on practical e-commerce workflows. For
example, the Orders collection established references to Users and Products, while the Vendor collection maintained
dynamic stock updates. This schema allowed seamless integration with the frontend and enabled rapid system queries
during peak usage.

D. Frontend Development

The frontend was developed using a responsive, mobile- first approach to accommodate users accessing the platform
through diverse devices. Features such as plant categorization, product sorting, and dynamic filtering were implemented
using JavaScript-based DOM manipulation. Special emphasis was placed on plant-specific content including care
instructions, environmental compatibility, and seasonal availability. Accessibility considerations, such as font scaling and
ARIA tags, were applied to ensure usability for all demographic groups.

E. Backend Development

The backend incorporated secure authentication using hashed credentials, session handling, and role- based access
(vendors vs. customers). APl endpoints were constructed for all major operations including product listing, order
processing, address handling, inventory updates, and vendor management. Caching strategies were applied through in-
memory caching for frequently accessed products and categories. Furthermore, middleware functions were implemented
for logging, error handling, and request validation. Security features such as input sanitization and HTTPS protocols were
included to safeguard user data.

F. Integration with Third-Party APIs

To support real-time online transactions and delivery visibility, third-party services were integrated: Payment Gateway
API for secure payment processing Logistics/Tracking APIs for order status updates Geolocation API to assist in
calculating delivery ranges and vendor assignments These integrations ensured a complete and user- friendly purchase
cycle, from browsing to order delivery.

G. Recommendation System Development

An Al-assisted recommendation module was developed to improve user engagement. The module analyses user
behaviour, browsing history, environmental suitability, and product metadata to suggest relevant plants and gardening
tools. Collaborative-filtering techniques and rule-based logic were applied during the initial prototype, with scope for
machine learning optimization in future iterations.
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Testing and Evaluation

Testing was conducted in three stages:

Unit Testing:

Individual components such as login function, cart operations, and product filters were tested using automated scripts.
Integration Testing:

Ensured that APIs, frontend components, and the database functioned seamlessly together.

User Acceptance Testing (UAT):

Thirty participants evaluated the platform for usability, clarity, speed, and reliability. Feedback guided interface
refinements, performance optimization, and improvements to vendor dashboards.

Performance testing using simulated load tools measured response times, throughput, and database handling capacity,
confirming that the system maintained stable performance under increased demand.

H. Deploymentand Optimization

The platform was deployed using a cloud-based hosting service to ensure scalability and high availability. Continuous
deployment (CD) pipelines were established for incremental updates. Logging and monitoring tools were configured to
track performance metrics, user interactions, and vendor activity for future enhancements.

IV. RESULTS AND DISCUSSION

- :

Figure 3: Home Page

The development and evaluation of the proposed e- commerce platform for plants and gardening tools demonstrate its
effectiveness in improving accessibility, operational efficiency, and user engagement in the horticulture retail sector. The
results were obtained through functional testing, usability evaluation, performance assessment, and stakeholder feedback
from both customers and local plant vendors participating in the pilot deployment.

A. System Performance and Response : Time Performance benchmarking revealed that the platform consistently
maintained stable operations under varying loads. The average page response time for product browsing was recorded at
1.42 seconds, while API calls related to search and filtering remained below 600 ms, even when tested with a dataset of
10,000 product entries. The implementation of MongoDB indexing and caching techniques significantly reduced query
latency, validating the choice of a NoSQL database for handling diverse horticultural data such as plant categories, soil types,
and seasonal attributes. These findings demonstrate that the system can support scalability without compromising user
experience.
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B. User Experience and Interface Evaluation: Usability tests were conducted with 30 participants including gardening
hobbyists, first-time buyers, and frequent e-commerce users. The results indicated a 92% task completion rate for core
activities such as product search, cart operations, and checkout. Participants rated the interface as intuitive, specifically
appreciating the structured categorization of plants into Indoor, Outdoor, Seeds, and Tools. The integrated care-instructions
module improved decision-making, with 78% of users stating that the additional information increased their confidence in
purchasing plants online. This demonstrates that domain-specific content significantly enhances perceived value and trust in
horticulture-based e- commerce systems.

C. Vendor Engagement and Marketplace Efficiency One of the primary goals of the platform was to support local plant
nurseries by providing a unified digital marketplace. Feedback from 12 participating vendors showed a 37% increase in
product visibility and a 24% rise in weekly inquiries during the evaluation period. The vendor dashboard, which includes
inventory tracking and automated stock alerts, reduced manual listing errors by 45%. These outcomes indicate that the
platform not only benefits customers but also streamlines business processes for small and medium-scale horticulture
vendors who often lack digital infrastructure.

D. Search Optimization and Recommendation Accuracy

The integrated recommendation engine, which uses user browsing patterns and plant-care metadata, was evaluated using
click-through-rate (CTR) metrics. The recommendation module achieved a CTR of 16.4%, significantly higher than the
baseline CTR of 6.8% for non-personalized suggestions. Recommendations for seasonal plants—such as monsoon-friendly
ferns or summer succulents—were particularly effective, showing a 22% engagement rate. This indicates that personalized
recommendations in niche domains like gardening can meaningfully enhance user interaction and conversion rates.

E. Order Processing, Logistics, and Delivery Outcomes

The order management subsystem was able to process requests with an average order confirmation time of 280 ms. Delivery
tracking integration through third-party logistics APIs operated reliably, with status updates reaching the user within 10-15
seconds of data refresh. Customers rated delivery transparency as "highly satisfactory,” and 84% confirmed that timely
status updates increased their confidence in handling perishable or delicate plant orders. These results highlight the
importance of real-time logistics visibility in plant-based commerce, where maintaining plant health during transit is critical.
F. System Reliability and Error Rate Analysis

Stress testing revealed that the platform maintained 99.28% uptime, with an error rate below 1% for all major transactions.
The most common issue involved incomplete address inputs during checkout, which has since been mitigated through form
validation improvements. The low failure rate validates the robustness of the backend architecture and API structure.

G. Overall Impact and Limitations

The holistic evaluation of the system shows a significant improvement in accessibility to gardening products and plants,
reduced workload for vendors, and a more informative purchase experience for users. However, certain limitations emerged,
including dependency on external courier services for live-plant delivery, variations in plant survival during transit due to
regional climate differences, and the need for enhanced humidity /temperature tracking for sensitive plant shipments. Future
work should focus on IoT-based shipment monitoring, advanced AR-based plant visualization, and integrating climatic
compatibility predictions for personalized plant suggestions.

V. CONCLUSION AND FUTURE WORK
A. Conclusion

The development of the proposed e-commerce platform for plants, gardening tools, and horticultural resources
successfully demonstrates how digital solutions can transform a traditionally offline, fragmented industry into a highly
accessible and organized marketplace. The system effectively bridges the gap between local plant vendors and urban
consumers by offering a centralized platform with intuitive navigation, real-time inventory management, secure payment
handling, and domain- specific content such as plant-care instructions and seasonal recommendations.

Results from performance evaluations and user studies indicate that the platform is efficient, scalable, and user-
friendly. The integration of optimized database structures, intelligent search filters, and a personalized recommendation
engine significantly enhances the shopping experience, fostering informed decision- making for both beginners and

© 2025,IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 697



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 12 Issue: 11 | Nov 2025 www.irjet.net p-ISSN: 2395-0072

experienced gardeners. Vendor feedback further validates that the system streamlines operations, reduces manual
workload, and expands market reach, particularly for small and medium-scale horticulture businesses that often lack
access to digital tools. Moreover, the platform contributes to environmental awareness by making sustainable, plant-
based living more accessible in urban regions. The technical architecture, combined with its socio-economic impact,
confirms the viability and relevance of digital horticulture marketplaces in modern smart-city ecosystems.

B. Future Work

While the system demonstrates strong performance and positive stakeholder feedback, several areas present opportunities
for further enhancement:

1. IloT-Enabled Shipment Monitoring:

Integrating 10T sensors into delivery packaging can help track temperature, humidity, and light exposure during
transit—factors critical for plant survival. This would reduce post-delivery mortality and increase customer
satisfaction for delicate species.

2. Augmented Reality (AR) Plant Visualization: Future iterations could include AR features that allow users to preview
how a plant would look in their home or garden environment. This can significantly improve purchase confidence and
reduce returns.

3. Al-Driven Plant Health Diagnosis: Implementing image-based plant disease detection using machine learning can assist
customers in diagnosing plant issues and receiving personalized care tips directly through the platform.

4. Climate-Adaptive Recommendations: Incorporating real-time regional climate data can enhance the
recommendation engine by suggesting plants that are best suited to a user’s environment, season, and humidity range.

5. Advanced Vendor Analytics Dashboard: Adding business intelligence tools can help vendors track sales trends, forecast
inventory needs, and optimize plant propagation cycles based on market demand.

6. Integration with Local Nurseries and Smart Greenhouses:

Collaboration with automated greenhouses and nearby nurseries could allow real-time availability updates, reducing
stock inconsistencies and improving delivery timelines.

7. Multilingual and Accessibility Enhancements: Expanding language support and adding features like voice-based search
can make the platform accessible to a wider demographic, including rural vendors and elderly users.

8. Sustainable Packaging and Delivery Optimization: Future work may also include researching eco- friendly packaging
for live-plant delivery and route-optimization algorithms to reduce carbon footprint and delivery time.

In summary, the proposed platform lays the foundation for a comprehensive, technology-driven horticulture ecosystem.
By integrating advanced technologies such as 10T, Al, AR, and predictive analytics, future versions can significantly
elevate the functionality, reliability, and user engagement of plant-based e-commerce platforms. The research

showcases a promising pathway toward a more connected, greener, and digitally empowered future for the
horticulture industry.
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