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Abstract

Background: The rapid growth of e-commerce has significantly influenced various industries,
including gardening. Despite this growth, gardening e-commerce platforms often fail to address
industry-specific challenges such as seasonal variability, product perishability, and the need for
specialized knowledge.

Methodology: This paper explores the development and optimization of an e-commerce platform
tailored for gardening products through a mixed-methods approach combining system development,
user experience research, and performance evaluation using both qualitative and quantitative metrics.
Technology: We discuss the key features essential for an effective online store, such as intuitive
UI/UX, secure payment gateways, and personalized recommendations, along with the implementation
of emerging technologies including Al-powered recommendations, AR for virtual plant placement, and
blockchain for transparent supply chain management.

Results: Our implementation demonstrates significant improvements in user experience with Al-driven
recommendations achieving a 90% satisfaction rate, AR integration increasing customer confidence by
35%, and overall business metrics showing substantial growth compared to industry benchmarks.
Conclusion: This research provides valuable insights into building a user-centric and scalable
gardening e-commerce plat- form and contributes to the broader understanding of digital transformation
in specialty retail markets.

Keywords: Index terms-e-commerce, gardening products, digital marketing, artificial intelligence,
augmented reality, blockchain, user experience, sustainable e-commerce, recommendation systems

1. Introduction

E-commerce has revolutionized the way consumers purchase products, including gardening
supplies such as seeds, plants, tools, and fertilizers. The gardening industry, traditionally
reliant on physical retail stores, is now embracing online platforms to reach a broader
audience. The demand for an efficient e-commerce website for gardening products has
increased due to convenience, wider product selection, and ease of access to expert
information.

The global gardening market was valued at $104.9 billion in 2022 and is expected to reach
$138.4 billion by 2028, with a CAGR of 4.7%. This growth is partly attributed to the
increasing adoption of e-commerce platforms in this sector. However, despite this growth,
gardening e-commerce faces unique challenges including seasonal demand fluctuations,
product perishability, and the need for specialized knowledge to assist customers.

The COVID-19 pandemic accelerated the adoption of online shopping, with approximately
16 million new gardeners entering the market during this period. This demographic shift,
combined with evolving consumer expectations for digital experiences, has created an urgent
need for innovative e-commerce solutions in the gardening sector. Furthermore,
environmental consciousness has become a significant factor influencing consumer
purchasing decisions, with 78% of gardening enthusiasts preferring eco-friendly practices.
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A. Problem Statement

Despite the growing popularity of e-commerce platforms,

the gardening industry faces several critical challenges:

e Lack of personalization: Generic e-commerce
platforms fail to address the specific needs of gardeners
based on their local climate, expertise level, and garden
characteristics.

e Limited sustainability practices: Traditional e-
commerce models often prioritize convenience over
sustainability, leading to excessive packaging and
environmentally harmful practices.

e Inadequate customer support: Gardening requires
specialized knowledge that standard customer support
systems cannot provide.

e Poor product visualization: The inability to physically
inspect plants before purchase leads to customer
dissatisfaction and high return rates.

e Fragmented information ecosystems: Gardeners must
navigate multiple sources for product information, care
instructions, and community support.

This study aims to address these challenges through the
development of a robust and user-centric e-commerce
platform for gardening products that integrates advanced
technologies with domain expertise.

B. Research Objectives

Our research aims to achieve the following objectives:

e Develop an intuitive and responsive e-commerce
platform for gardening products

https://www.agriculturaljournals.com

e Implement personalized recommendations using Al
algorithms that consider location-specific factors and
gardening expertise.

e Integrate Augmented Reality (AR) for virtual plant
placement to enhance the online shopping experience

e Ensure secure transactions with blockchain technology
while promoting supply chain transparency

e Promote sustainability by encouraging eco-friendly
gardening practices through educational content and
product duration.

e Enhance user engagement through forums, community
support, and interactive content

e Quantify the impact of technological innovations on
key business metrics in specialty e-commerce

e Develop a scalable architecture that accommodates
seasonal traffic fluctuations

C. Research Contribution

This research makes several significant contributions to

the field

e A comprehensive framework for integrating emerging
technologies in specialty e-commerce.

e An empirical evaluation of Al-driven recommendations
in knowledge-intensive product categories.

e A methodology for quantifying the impact of AR on
customer confidence and purchase decisions.

e A sustainable e-commerce model that balances business
objectives with environmental responsibility.

e A systematic approach to transforming traditional retail
experiences into digital interactions.

Table 1: Comparison of e-commerce technologies and their impact

Technology Key Benefit

Measured Impact

Al Recommendations

Personalized shopping experience

28% increase in cross-selling ]

35% reduction in returns !
27% increase in customer trust [°!
42% reduction in support tickets [11]
67% increase in mobile conversions 121

Product visualization
Supply chain transparency
24/7 customer support
Anywhere shopping

Augmented Reality
Blockchain
Chatbots
Mobile Optimization

2. Literature Review

A. Current State of Gardening E-commerce

Several existing platforms, such as Gardener’s Supply
Company, The Sill, and Home Depot, have successfully
implemented online gardening stores. These platforms
provide an extensive range of products, informative blogs,
and interactive customer support to enhance user
experience.

Li and Thompson evaluated 15 gardening e-commerce
platforms and identified that successful platforms typically
offer educational content, seasonal promotions, and plant
care guidance alongside their products. Wang et al. found
that gardening websites with community features had 43%
higher customer retention rates compared to those without
such features.

A comprehensive analysis by Rodriguez and Garcia
identified five critical factors for successful gardening e-
commerce

e Educational content integration.

e  Personalized product recommendations.

e  Seasonal marketing strategies.

e Community engagement features.

e Sustainable packaging and shipping practices

These findings align with broader e-commerce trends, but
highlight the importance of domain-specific adaptations for
gardening retail.

B. Technological Innovations in E-commerce

Recent technological advancements have significantly
improved e-commerce platforms. Kumar and Singh
demonstrated how Al-based recommendation systems
increased cross-selling by 28% in specialty retail websites.
Zhang highlighted the positive impact of AR
implementations in home improvement e-commerce,
showing a 35% reduction in product return rates.

The integration of Al in e-commerce has evolved
significantly, with recent implementations focusing on
contextual understanding rather than simple collaborative
filtering. Johnson and Lee demonstrated that hybrid
recommendation systems that combine user behavior with
product attributes and contextual factors can increase
conversion rates by up to 45% compared to traditional
recommendation engines.

Augmented reality has gained particular relevance in
product categories where visual assessment is crucial to
purchase decisions. Martinez et al. found that AR
implementations reduced uncertainty in purchase decisions

~119~


https://www.agriculturaljournals.com/

International Journal of Agriculture and Food Science

for home and garden products by 47%, significantly higher
than in other retail categories.

C. Sustainability in Online Gardening Retail

Growing environmental consciousness has led to increased
demand for sustainable practices in gardening e-commerce.
Patel surveyed 1,500 gardening enthusiasts and found that
78% preferred eco-friendly packaging and 65% valued
transparent information about plant sourcing and cultivation
methods.

Recent studies by Environmental Retail Coalition indicate
that sustainable e-commerce practices not only appeal to
environmentally conscious consumers but also reduce
operational costs by approximately 15-20% through more
efficient packaging, reduced returns, and optimized
logistics.

Chen’s work on blockchain implementation demonstrates
how distributed ledger technologies can enhance supply
chain transparency while simultaneously improving
inventory management and reducing waste. This dual
benefit is particularly relevant to gardening retail, where
product provenance and sustainability claims significantly
influence consumer behavior.

3. Methodology
This study employs
combining qualitative

a mixed-methods
and quantitative

approach
research

https://www.agriculturaljournals.com

techniques

A. System Design and Development

The proposed platform follows a three-tier architecture

comprising:

e Frontend: React.js with Material Ul for responsive de-
sign, optimized for both desktop and mobile interfaces

e Backend: Nodejs with Express framework
implementing Restful APIs and GraphQL endpoints
Database: MongoDB for product catalog and Post-
greSQL for transactional data, with Redis caching for
performance optimization

The development process followed an agile methodology
with two-week sprints and Continuous Integration/
Continuous Deployment (CI/CD) pipelines to ensure rapid
iteration and quality control. The system architecture was
designed to accommodate seasonal traffic fluctuations
through auto-scaling capabilities and load balancing.

B. User Experience Research

To ensure a user-centered design approach, we

conducted:

e Usability testing: 50 participants of varying gardening
expertise (15 novices, 20 intermediate, 15 expert)
completed a series of tasks on the platform while
researchers observed and recorded their interactions.

Market Analysis

Product Selection

Platform Design

[ Catalog Management ]

v

¥

User Experience
Optimization

Backend
Implementation

[

|

tion

v

SEO and Content Stra-
tegy

!

[Testing and Optimizatio]

[ Testing and Optimiza-

Fig 1: System architecture of the gardening e-commerce platform

e Heuristic evaluation: 5 UX experts specializing in e-
commerce conducted systematic evaluations using
Nielsen’s  heuristics adapted for e-commerce
applications

e Contextual inquiry: 12 in-depth sessions with gardening
enthusiasts to understand their shopping behaviors and
information needs

e Analytics implementation: Heat maps, click patterns,
and user journey analytics were deployed to optimize
navigation paths and identify pain points

e Accessibility testing: Compliance with WCAG 2.1 AA
standards was verified through automated and manual
testing procedures

The research followed an iterative process, with findings
from each stage informing subsequent design refinements.
Particular attention was paid to novice gardeners’ needs, as
they represented the fastest-growing segment of the target
audience.

C. Performance Evaluation

To evaluate the effectiveness of the implemented

technologies and features:

e A/B testing: Different recommendation algorithms
were tested with 500 simulated user profiles and 200
real users to measure engagement, conversion, and
satisfaction metrics
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e Conversion analysis: AR feature effectiveness was
evaluated through conversion rate analysis comparing
products with and without AR visualization

e Load testing: Simulated traffic patterns based on
historical seasonal demand were used to ensure
platform stability during peak periods

https://www.agriculturaljournals.com

e Longitudinal study: 100 users were followed over a
three-month period to assess long-term engagement pat-
terns and repeat purchase behavior.

e Benchmark comparison: Key performance indicators
were compared against industry standards and
competitor platforms.

Algorithm 1: Personalized Recommendation Algorithm

Step Operation Description
Input U,P,H, L User profile, Product catalog, Purchase history, Location data
Output R Ranked list of product recommendations
1 C < Extract User Contextual Factors (U, L) Derive relevant context from user and location
2 Z < Determine Gardening Zone (L) Identify user’s gardening zone from location
3 E « Estimate Expertise Level (U, H) Estimate user’s gardening skill level
4 Pf « Filter Products For Zone (P, Z) Narrow products to those suitable for user's zone
5 Up < Extract User Preferences (U, H) Learn preferences based on user and past purchases
6 Sc < Get Seasonal Context (L, Current Date) Get current seasonal information based on location
7 Ref « Collaborative Filtering (U, H, Pf) Recommend based on other users’ behavior (filtered products)
8 Rcb < Content Based Filtering (Up, Pf) Recommend based on content similarity and preferences
9 Rct « Contextual Recommendations (C, Sc, Pf) Add recommendations based on user context and season
10 W « Determine Optimal Weights (E) Adjust weighting of recommendation models based on expertise level
11 R «— Wi x Ref+ W2 x Reb + Wi x Ret Combine recommendations using weighted sum
12 R — Apply Diversity Filter (R) Promote variety in the recommended results
13 R — Apply Seasonality Boost (R, Sc) Boost relevance based on seasonal appropriateness
14 return R Return the final ranked list

4. System Architecture and Implementation

A) Platform Architecture

The e-commerce platform is built on a micro services

architecture to ensure scalability and maintainability. This

approach allows for independent scaling of components

based on demand, critical for accommodating seasonal

traffic patterns in gardening retail. Key components include:

1. Product Catalog Service: Manages product
information, categorization, and inventory with
specialized attributes for gardening products

2. User Management Service: Handles authentication,
pro- files, and preferences, including garden
characteristics and growing zones

3. Order Processing Service: Manages cart functionality,
checkout process, and order fulfillment with special
handling for perishable items

4. Recommendation Engine: Utilizes collaborative
filtering and content-based algorithms enhanced with
contextual gardening data

5. AR Visualization Module: Enables virtual placement of
plants in user environments with growth simulation
capabilities

6. Content Management System: Facilitates blog posts,
guides, and educational content specific to gardening
practices.

7. Community Service: Manages forums, user-generated
content, and expert interactions.

8. Analytics Engine: Collects and processes user behavior

data to inform both business decisions and
personalization features.
Inter-service communication is facilitated through a

combination of REST APIs and message queues, with an
APl gateway providing a unified interface for client
applications.

B. Key Features Implementation
1. Personalized Recommendation System: The
recommendation system employs a hybrid approach

combining multiple algorithms to provide highly relevant

suggestions to users (see Algorithm 1). Key components

include:

e Collaborative filtering: Based on user
patterns and purchase history

e Content-based filtering: Using product attributes and
gardening zones to match items with user profiles

e Contextual recommendations: Considering seasonal
factors, local climate data, and gardening calendar
events

e Knowledge-based recommendations: Incorporating
ex- pert gardening rules and plant compatibility
information

behavior

The system adapts its recommendation strategy based on the
user’s gardening expertise, providing more educational
content for beginners and more specialized products for
experienced gardeners.

2. Augmented Reality Integration: The AR module was

developed using ARCore and ARKit to create a cross-

platform experience that works on both Android and iOS
devices. Key features include:

e Virtual placement: Users can place virtual plants in
their gardens or indoor spaces to visualize appearance
and fit.

e Growth visualization: Time-lapse simulations show
how plants will develop over time based on scientific
growth models

e Space planning: Interactive tools allow users to design
garden layouts by placing multiple plants and
considering spacing requirements

e Lighting analysis: AR sensors estimate sunlight
conditions and suggest appropriate plants for specific
locations

e Compatibility checking: The system flags potential is-
sues when placing incompatible plants in proximity
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The implementation utilizes device cameras to capture the
environment, computer vision algorithms to identify
horizontal surfaces, and 3D rendering to display realistic
plant models with appropriate scaling and lighting.

3. Blockchain for Supply Chain Transparency: We
implemented Hyper ledger Fabric to create a transparent and
immutable record of the supply chain for plant products.
This implementation enables:

e Origin tracking: Recording plant sources and
cultivation methods with verification from certified
providers.

e Transportation monitoring: Logging temperature,
humidity, and handling conditions during shipping of
live plants.

e Certification verification: Validating organic, sustain-
able, and other ecological certifications through trusted
authorities

e Carbon footprint calculation: Estimating
environmental impact based on production and
transportation data

e Fair trade verification: Ensuring ethical labor
practices throughout the supply chain.

Each product page includes a blockchain-verified”
Sustainability Passport” that summarizes this information in
an accessible format for consumers, with the option to
explore deeper levels of detail.

5. Marketing and Customer Engagement Strategies

A. Search Engine Optimization

We implemented comprehensive SEO

specifically tailored for gardening e-commerce:

e Long-tail keyword optimization: Focusing on specific
plant varieties, gardening problems, and regional
growing techniques

e Seasonal content calendar: Aligning content
publication with gardening cycles to address timely
search queries

e Structured data markup: Implementing schema.org
markup for products, how-to guides, and FAQ content
to enhance search results

e Local SEO: Optimizing for region-specific gardening
terms and growing conditions

e \oice search optimization: Adapting content to
address natural language queries common in gardening
(e.g.,” How do I care for orchids?”).

strategies

This approach resulted in a 157% increase in organic traffic
compared to the baseline period, with particularly strong
performance for informational queries related to plant care
and selection.

B. Content Marketing: A comprehensive content

strategy was developed to position the platform as both a

shopping destination and an educational resource:

e How-to guides: Step-by-step instructions for plant care,
garden design, and problem-solving.
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e Seasonal calendars: Customized planting and
maintenance guides based on user location

e Expert interviews: Video and written content featuring
professional horticulturists and garden designers

e Plant profiles: Detailed information on specific
varieties, including care requirements and companion
planting.

e Sustainability guides: Resources for eco-friendly
gardening  practices, composting, and  water
conservation

Content performance analysis revealed that users who en-
gaged with educational content spent 37% more time on the
platform and had a 42% higher lifetime value compared to
non-engaged users.

C. Community Building

To foster engagement and loyalty, we created multiple

community features:

e Moderated forums: Topic-specific discussion boards
for problem-solving and idea sharing

e User-generated content:  Galleries
customer gardens and success stories

e Virtual workshops: Live and recorded sessions with
gardening experts on various topics

e Q&A sessions: Regular opportunities for community
members to receive personalized advice

e Garden planning challenges: Seasonal competitions to
encourage creative garden designs

showcasing

Analysis showed that community members had a 68%
higher retention rate and 43% higher average order value
compared to non-community users, confirming Wangetal’s
findings about the impact of community features on
retention.

6. Security and Compliance Implementation

A. Data Protection Measures

Given the personal nature of user data, comprehensive

protection measures were implemented

e End-to-end encryption: All personal data and
transaction information is encrypted both in transit and
at rest

e GDPR compliance: Data collection processes were de-
signed with privacy by design principles, including con-
sent management and right to be forgotten

e  Security assessments: Regular penetration testing and
vulnerability scanning by third-party security firms

e Access controls: Implementation of least privilege
principles and role-based access control

e Data anonymization: User data used for analytics and
improvements is anonymized to protect privacy

B. Payment Security

To ensure secure transactions and build user trust:

e PCI DSS compliance: Integration with payment gate-
ways that meet the highest security standards.
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e Multi-factor authentication: Additional security layer
for high-value transactions or account changes.

e Fraud detection: Machine learning algorithms to
identify suspicious patterns and potential fraud
attempts.

https://www.agriculturaljournals.com

e Secure checkout: Implementation of best practices for
checkout flow to minimize abandonment while
maintaining security.

e Tokenization: Card details are tokenized to prevent
storage of sensitive payment information.

Table 2: Security implementation and compliance standards

Security Domain Implementation Details
User Authentication OAuth 2.0, Multi-factor authentication
Data Encryption AES-256 for data at rest, TLS 1.3 for data in transit
Compliance GDPR, CCPA, PCI DSS Level 1
Infrastructure Cloud-based with WAF and DDoS protection
Monitoring 24/7 automated security monitoring and alerting

7. Results and Discussion

A. User Experience Outcomes

Implementation of the platform yielded significant

improvements in user engagement metrics compared to both

pre-implementation baselines and industry benchmarks:

o 42% increase in time spent on site compared to industry
averages.

e 28% lower bounce rate than comparable gardening e-
commerce sites.

e  65% of users accessed educational content during their
shopping journey.

o 87% of surveyed users rated the navigation experience
as “excellent” or “very good”.

e  Mobile sessions increased by 51% with a 37% higher
conversion rate than the desktop experience.

Usability testing revealed that the intuitive categorization
system and integrated search functionality were particularly
appreciated by users, with 92 51% with a 37% higher
conversion rate than the desktop experience.

Usability testing revealed that the intuitive categorization
system and integrated search functionality were particularly
appreciated by users, with 92% of participants successfully
completing product discovery tasks on their first attempt.

The AR visualization feature demonstrated particularly

strong performance metrics

e Users who engaged with AR spent 72% more time
viewing products.

e Products with AR visualization had a 35% higher con-
version rate.

e Return rates for AR-visualized plants were 41% lower
than non-AR products.

o 89% of surveyed users reported increased purchase con-
faience when using AR features.

B. Technical Performance Metrics

The platform was subjected to rigorous performance

testing to ensure stability during peak seasonal demand

e Average page load time of 1.8 seconds (40% faster than
industry average).

e 99.98% uptime during simulated peak traffic conditions

e  Successful handling of 5,000 concurrent users with less
than 5% degradation in response time.

e 95th percentile server response time under 300ms for
API endpoints.

e Cache hit ratio maintained above 85% during high
traffic periods.

The micro services architecture demonstrated effective load
distribution, with automatic scaling triggered during
simulated seasonal peaks without performance degradation.
Database query optimization reduced average query time by
62% com- pared to initial implementations.

C. Business Impact Assessment

Implementation of the platform yielded significant

business improvements

e Conversion rate increased by 32% compared to industry
benchmarks.

e Average order value increased by 27% through
effective cross-selling and upselling.

e Customer acquisition cost decreased by 18% through
improved organic traffic.

e Customer retention increased to 73% (compared to
industry average of 43%).

e 90-day customer lifetime value increased by 42% com-
pared to baseline.

D. Al-Powered Recommendation Effectiveness
The hybrid recommendation system demonstrated

superior performance compared to traditional
approaches:
e 35% higher click-through rate on personalized

recommendations.

e 28% increase in basket size attributed to relevant
recommendations.

e 90% wuser satisfaction rate with recommendation
relevance.

e 45% higher discovery of complementary products com-
pared to control group.

e Adaptation to seasonal trends with 87% accuracy in
predicting relevant products.

The contextual component of the recommendation algorithm
proved particularly valuable, with location-based and
seasonal adjustments delivering a 42% improvement in
recommendation  relevance compared to standard
collaborative filtering approaches

Table 3: Summary of key performance metrics

Metric Industry Avg. | Platform
Conversion Rate 2.8% 3.7%
Cart Abandonment 69.2% 48.5%
Page Load Time 3.0s 1.8
Customer Retention 43% 73%
Organic Traffic Growth 12% 157%
Mobile Conversion 1.9% 2.6%
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E. Environmental Impact

The platform’s sustainability

measurable environmental benefits

e 38% reduction in packaging materials through
optimized shipping strategies.

e 27% decrease in carbon emissions per order through
consolidated shipping.

e 65% increase in sales of native plant species supporting
local ecosystems.

o 72% of surveyed customers reported adopting more
sustainable gardening practices.

e Electronic receipts and documentation reduced paper
usage by approximately 1.2 tons annually.

initiatives  yielded

The blockchain-verified sustainability information was
accessed by 47% of customers, with 64% reporting that this
information positively influenced their purchasing decisions.

8. Challenges and Limitations

Despite the overall success of the implementation,

several challenges were encountered

A. Technical Challenges

¢ AR implementation complexity: Creating accurate 3D
models for the extensive plant catalog required
significant resources.

e Data integration: Synchronizing inventory data with
blockchain verification presented occasional latency is-
sues.

e Mobile performance: AR features required
optimization for lower-end devices to ensure broad
accessibility.

e Seasonal traffic spikes: Even with auto-scaling,
extreme demand surges required careful capacity
planning.

e Cold-start problem: New users with limited history
received less personalized recommendations initially.

o8]

. Business Challenges

e Supplier integration: Onboarding smaller, local
nurseries to the platform required significant education
and support.

e Logistics complexity: Managing the shipping of live
plants required specialized handling and timing
considerations.

e Return handling: Developing policies for plant returns
that balanced customer satisfaction with practical
constraints.

e Seasonal inventory management: Predicting demand
for seasonal products required sophisticated forecasting
models.

e Educational content development: Creating quality

content across diverse gardening topics required

significant expertise.

C. Future Work

Several areas for future development have been

identified

e Integration of 10T devices for automated plant
monitoring and care recommendations.

e Expansion of AR capabilities to include dynamic
growth visualization based on local climate data.

e Development of Al-powered plant identification from
user-submitted photos.
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e Implementation of virtual gardening consultations with
experts.

e Integration with smart home systems for synchronized
care reminders.

e Expansion of the blockchain verification system to
include carbon offset certification.

e Development of community-based plant exchange and
seed-sharing functionality.

9. Conclusion

This study demonstrates that a domain-specific e-commerce
platform for gardening products can significantly
outperform generic e-commerce solutions when properly
optimized for the unique characteristics of the gardening
market. The integration of emerging technologies including
Al-powered  recommendations,  augmented  reality
visualization, and  blockchain-verified  sustainability
information addresses key pain points in online gardening
retail and provides measurable improvements in both user
experience and business performance.

The results validate the hypothesis that knowledge-intensive
product categories benefit particularly from enhanced
visualization tools and educational content integration. The
significant improvements in user engagement metrics,
conversion rates, and customer retention demonstrate the
value of a holistic approach that combines technical
innovation with domain expertise.

Furthermore, the sustainability initiatives implemented
through the platform show that environmental responsibility
can align with business objectives, with consumers
increasingly valuing transparency and ethical practices in
their purchasing decisions.

This research provides a framework for digital
transformation in specialty retail that can be adapted to other
niche markets with similar characteristics, including
specialized knowledge requirements, visual assessment
needs, and sustainability considerations.
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1. Appendices

A. Appendix A: Platform Usability Survey Questions

e How would you rate the ease of finding products on the
platform? (1-10)

o How useful did you find the AR visualization feature?
(1-10)

o How relevant were the product recommendations to your
gardening needs? (1-10)

e How satisfied were you with the educational content
provided? (1-10)

o How likely are you to recommend this platform to other
gardeners? (1-10)

e What additional features would improve your shopping
experience?

¢ How did the blockchain-verified sustainability informa-
tion impact your purchasing decisions?

e What challenges did you encounter while using the
platform?

e How does this platform compare to other gardening
websites you’ve used?

e What types of educational content would you like to see
more of?

B. Appendix B: Technical Implementation Details

1. Frontend Technologies

React.js 18.2.0 with TypeScript 4.9.5

Material Ul 5.11.12 for component design

Redux Toolkit 1.9.3 for state management

React Query 4.28.0 for data fetching and caching

React Router 6.9.0 for navigation

AR.js and Three.js for augmented reality features

Jest and React Testing Library for unit and integration
testing

2. Backend Technologies

Node.js 18.15.0 with Express 4.18.2

GraphQL with Apollo Server 4.6.0

MongoDB 6.0.6 for product catalog and content

PostgreSQL 15.2 for transactional data

Redis 7.0.10 for caching and session management

Elasticsearch 8.7.0 for advanced search functionality

Hyperledger Fabric 2.5.0 for blockchain

implementation

o Docker and Kubernetes for containerization and orches-
tration
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