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ABSTRACT 
  The systematic conservation and management of Plant Genetic Resources (PGR) play a 

pivotal role in combating environmental stresses and ensuring global food security. The increasing 

challenges of preserving and utilizing genetic diversity in plants, coupled with the need for advanced tools 

to manage germplasm data, have necessitated the development of efficient, scalable systems. This study 

presents the design and implementation of a Citrus Germplasm Relational Information System (CGRIS), 

a 3-tier architecture-based solution developed for efficient data management of citrus germplasm. CGRIS 

addresses the challenges associated with managing complex datasets, offering an advanced system 

architecture that integrates client, middle, and database tiers. The client tier, represented by a web 

browser, provides an intuitive graphical user interface (GUI) for users to interact with the system. The 

middle tier, powered by Apache HTTP Server and Tomcat engine, handles the application logic, 

mediating between the user interface and the database. The database tier, implemented on a MySQL 

server, stores a wide array of data types, including numeric, text, and binary data, enabling users to 

perform diverse queries and analyses. The system architecture ensures robust transaction management, 

concurrency control, and efficient data retrieval processes. CGRIS was developed on a Linux platform 

using CentOS Linux as the operating system, with hardware including Intel Pentium processors and 

server-side logic was implemented using Java Server Pages (JSP) and PHP technologies. The relational 

database was structured to facilitate the association of disparate datasets through a central accession ID. 

This unique identifier enables the integration of multiple data types, enhancing the system’s analytical 

capabilities and providing comprehensive insights into the citrus germplasm collection. To evaluate the 

system’s performance, data from citrus germplasm collected from various countries were loaded into the 

database. Testing focused on the efficiency and robustness of data loading, updating, and querying 

processes. Results demonstrated the system’s ability to handle complex datasets, ensuring fast retrieval 

and seamless interaction. Additionally, the user-friendly interface and analytical tools were developed to 

maximize accessibility and usability for researchers, agricultural scientists, and policymakers. The 

adoption of CGRIS offers significant advantages over conventional, paper-based record-keeping methods. 

Traditional methods pose challenges in terms of data preservation, retrieval, and accessibility. CGRIS 

overcomes these limitations by providing a reliable, scalable solution for managing voluminous data 

related to citrus germplasm. Its advanced features include flexibility, granularity, and the ability to link 

related datasets, making it an indispensable tool for the effective conservation and utilization of plant 

genetic resources. In conclusion, CGRIS serves as a model system for managing PGR data efficiently. 

The relational database management system developed for citrus germplasm at the ICAR-Central Citrus 

Research Institute, Nagpur, has proven effective in identifying promising accessions from the vast 

collection. The system’s design enables future expansions, including the adoption of database standards 

and broader applications in PGR conservation. The integration of technological advancements and 

relational database principles positions CGRIS as a critical tool for addressing the challenges of genetic 

resource management and ensuring sustainable agricultural practices. 
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