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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
awide 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
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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.

Keywords: 3-Tier Architecture, Citrus Germplasm
Resources, Germplasm Conservation, and Plant
Genetic Resources (PGR)

The plant genetic resources community has
put huge amounts of effort into systematically
generating, gathering and storing plant data in
germplasm collections. The motivation for these
efforts is to quantify and preserve genetic diversity in
plants and facilitate the selection of germplasm for
utilization in breeding projects. New approaches to
maintaining and analyzing genetic resources, alongside
the technological advances made within the genomics
revolution, have resulted in the generation of
substantial amount of data of varying types for many
plant species. However, most plant databases hold
limited subsets of data and do not offer many
opportunities to link between the different types of
data, limiting the investigations which can be carried
out on the germplasm. We propose 3-Tier
architecture for conservation and management of
germplasm information as it provides finer granularity.
Granularity is the ability of a system, in this case,
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germplasm application, to be broken down into smaller
components or granules. The finer the granularity, the
greater the flexibility of a system. The proposed three-
tier architecture enforces a general separation between
the following three parts viz, Client Tier or user
interface, Middle Tier or business logic and Data
Storage Tier. The client tier interacts with the user
through GUIs (Graphic User Interfaces) and with the
application and the application server. In the proposed
application, the client tier is a web browser. It
communicates with other tiers by outputting results to
the browser/client tier and all other tiers in the network.
This layer calls custom tags throughout the network
and to other networks. It also calls database stored
procedures and web services, all in the goal of
providing a more sophisticated response. It is located
in the application server.

An efficient management of data related to
Plant Genetic Resources (PGR) has become very
essential for researchers, agricultural scientists and
policy makers for research and reference purposes.
We at the ARIS cell of Central Citrus Research
Institute addressed this problem of managing data
related to citrus germplasm material. A3 tier relational
information system is designed and developed using
client-server approach. CGRIS is the Relational
Database support system for the collected information
on the germplasm of Citrus. We want to implement
CGRIS in Linux using Apache/Tomcat as Application
Server and MySql as the Database Server. The Server
side logic has been implemented by using Java Server
Pages (JSP™) and/or PHP Technologies.

Development of Citrus Germplasm Resource
Information System (CGRIS) is an attempt to address
the problem of managing data related to citrus
germplasm material. CGRIS increases the scope of
the distribution of citrus germplasm available at ICAR-
Central Citrus Research Institute, Nagpur to
researchers spread over India. The main goal of this
software is to give working solutions to researchers in
identifying the required germplasm for conducting
experiments.

MySql™ cs database server, Tomcat™ js
application server and Java Server Pages are used
for implementing the programming logic. The efforts
shall be focused on the graphical user interface, which
shall not be restricted to static pages, rather the user
can experience a dynamic environment, in which he
or she can navigate in a natural way. Its abilities are
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demonstrated on the concrete application of CGRIS.
The CGRIS has been designed using platform
independent methodology and implemented using
HTML, Java & JSP. An efficient Database
Management System like CGRIS proved very useful
in identifying promising accessions from the vast
working collection available at the I[CAR-Central
Citrus Research Institute, Nagpur.

The genetic resources community has put
huge amounts of effort into systematically generating,
gathering and storing plant data in germplasm
collections. The motivation for these efforts is to
quantify and preserve genetic diversity in plants and
facilitate the selection of germplasm for utilization in
breeding projects. In order to combat new
environmental stresses as they are encountered and
to ensure future food security, it is vital to use the
biodiversity that has been so carefully preserved in
these germplasm collections. The characterization and
analysis of plant genetic resources are integral to the
usefulness of germplasm collections. New approaches
in maintaining and analyzing genetic resources,
alongside the technological advances like genomics
revolution, have resulted in the generation of
substantial amount of data of varying types in many
plant species. However, most plant databases hold
limited subsets of data and do not offer many
opportunities to link between the different types of
data, limiting the investigations which can be carried
out on the germplasm.
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MATERIAL AND METHODS

The system was developed using specific
hardware and software tools to ensure optimal
performance and efficiency. On the hardware side,
the server utilized an Intel Processor 4X2.4 GHz with
an original Intel Server Board, 16 GB RAM, and a
40 GB SCSI HDD. For client devices, the system
required a normal desktop with any browser software
for user interaction. The software setup included
CentOS Linux as the server’s operating system. The
client-side interface was accessed through standard
web browsers such as Internet Explorer or Chrome.
The back-end database was managed using MySQL
for Linux, which provided the required relational
database management functionality. The web server,
acting as the middle tier, was implemented using the
Apache HTTP Server integrated with the Tomcat
Engine to handle application logic and facilitate
seamless interaction between the client interface and
the database server. A relational database information
system is designed and developed based on client-
server approach. CGRIS has been designed as a
relational database for the collected information on
the germplasm of Citrus. CGRIS has been
implemented in Linux machine using Apache/Tomcat
as Application Server and MySql as Database Server.
The Server side logic has been implemented by using
Java Server Pages (JSP) Technologies. The database
is designed to hold a range of data types, and shall
permit users to query between these different types
of data.

Web
browser

Apache Server

E-Book Data
Stored in
Cloud FS

MySQL Database Server

Figure 1. Architecture of CGRIS
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NRCC, Nagpur

Central Citrus Research Station at Nagpur was initially
inaugurated on July 28, 1985 under Indian Institute of
Horticultural Research, Bangalore. It started functioning from
November 29, 1985, which was later upgraded to the status of
National Research Centre for Citrus on April 1, 1986 to conduct
mission-oriented research with the well defined mandate.

Mandate

To undertake basic and applied research to develop technologies
for improvement and increased productivity in citrus.

To act as repository for genetic resources and scientific
information related to citrus.

To undertake research to develop technologies for better shelf
life and utilization of citrus fruits considering domestic and
export needs.

To act as a Centre of training in advanced research
methodologies and technology up gradation in citrus.

w.cloud-labs.in:2080/eb
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Figure 2. Login page of CGRIS
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Rangpur lime (Chethali) C. limonia Osbeck

IC 322155 , used as a rootstock

Tree

Tree shape - Obloid, Tree growth habit- Spreading

Tree vigour- Medium, Density of branches- Medium
Branch angle - Medium, Shoot tip colour- Green

Spine density on adult tree- Low, Spine length — 21.2mm
Leaf

Leaf Vegetative life cycle- Evergreen, Leaf division - Simple
Intensity of green colour of leaf blade- Medium (green)
Leaf lamina attachment- Brevipetiolate

Leaf lamina length - 80.1mm, Leaf lamina width -35.4mm
Ratio leaf lamina length/width-2.28

Leaf lamina shape- Obovate, Leaf lamina margin- Crenate
Leaf apex- Acute, Petiole length- 7.5mm

Petiole wings- Absent

Flower

Flower Bud length — 10.29mm, width-3.45mm

Bud colour-Light purple, Flower Pedicel length -3.14mm
Length of anthers relative to stigma- Shorter

Flower type- Hermaphrodite, Colour of open flower- White
Colour of anthers- Pale Yellow, Number of petals per flower-5
Petal length- 13.86mm, Petal width - 3.94mm

Number of stamens-22, Flowering month- January

Fruit

Fruiting season- Midseason, Fruiting season dates- Oct-Nov
Number of friit /nlant-1830 Fruit weight- 199 220

]

CITRUS SPECIES/T

Introduction

Indian Wild Orange (C. indiic
Khasi Papeda (Citrus latipe:;
Sohbitara (C. sinensis Osbe
Sour Pummelo (Citrus meg:
Chawanni (Citrus rugulosal
Satkara or Hatkara (C. macr
IAda Jamir, Citrus assamens
Bhattacharya)

Probable Hybrid- 1

Citron - 2 (C. medica L.)
Citron (C. medicaL.)
Calamondin (.s. madurensis
Probable Hybrid- 2
Probable Hybrid- 3

\Vikram, C. aurantifolia (Chri
Sai Sharbati, C. aurantifolia
Pramalini, C. aurantifolia (C

Chakradhar, C. aurantifolia |

Figure 3. Browsing options in citrus germplasm

C-35
EC-310214 Collected from USA used as a rootstock

Tree

Tree shape -Ellipsoid, Tree growth habit- Erect

Tree vigour- Medium, Density of branches- Dense

Branch angle - Narrow, Shoot tip colour- Green

Spine density on adult tree - High, Spine length - 22.2mm
Leaf

Leaf Vegetative life cycle- Deciduous

Leaf division - Trifoliate

Intensity of green colour of leaf blade- Medium (green)
Leaf lamina attachment- Brevipetiolate

Leaf lamina length - 67.6mm, Leaf lamina width - 25.6mm
Ratio leaf lamina length/width- 2.41

Leaf lamina shape- Obovate, Leaf lamina margin- Dentate
Leaf apex- Obtuse, Petiole length- 16.8mm

Petiole wings- Present, Petiole wing width - 6.63mm
Petiole wing shape - Obdeltate

Flower

Flower Bud length - 12.82mm, Width- 6.7mm

Bud colour- White, Flower Pedicel length - 4.24mm
Length of anthers relative to stigma-Shorter

Flower type- Hermaphrodite, Colour of open flower- White
Colour of anthers- Yellow, Number of petals per flower- 5
Petal length - 16.78mm, Petal width - 6.04mm

Number of stamens- 26, Flowering month- Feb

Fruit

Fruiting season- Midseason, Fruiting season dates- Sep-Oct

Sa};ummeloic rus meg:
IChawanni (Citrus rugulosa |

‘ Satkara or Hatkara (C. macr
IAda Jamir, Citrus assamens

Bhattacharya

Probable Hybrid- 1

(Citron - 2 (C. medical.) |
(Citron (C. medica L)

ICi in (C. ma £

Probable Hybrid- 2
Probable Hybrid- 3
Vikram. C. aurantifolia (Chri
Sai Sharbati, C. aurantifolia

Pramalini. C. aurantifolia (C
(Chakradhar, C. aurantifolia |

Niboo (Nainital), C. aurantifi

Oblong Niboo, C. aurantifol,

Grapefruit Saharanpur spec

Kachai Lemon (C. jambhiri |

Darjeeling mandarin (C. reti

Figure 4. Browsing options in citrus germplasm
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Tree vigour- low, Density of branches- Sparse
Branch angle - Medium, Shoot tip colour- Green
Spine density on adult tree- High, Spine length - 28.4mm
Leaf

Leaf Vegetative life cycle- Evergreen

Leaf division - Simple

Intensity of green colour of leaf blade- Light

Leaf lamina attachment- Brevipetiolate

Leaf lamina length -109.47mm, Leaf lamina width - 50.17mm
Fatio leaf lamina length/width- 2.18

Leaf lamina shape- Ovate, Leaf lamina margin- Crenate

Leaf apex- Cbtuse, Peticle length- 11.6mm

Petiole wings- Present, Petiole wing width - 7.33mm

Petiole wing shape - Obcerdate

Flower

Flower Bud length -16.37mm, Width- 2.18mm

Bud colour- Cream, Flower Pedicel length -7.83mm

Length of anthers relative to stizma- Shorter

Flower type- Hermaphrodite, Colour of open flower- White
Colour of anthers- Yellow, Mumber of petals per flower-5
Petal lenath -20.37mm, Petal width - 5.76mm

Number of stamens- 30, Flowering month- Jan

Fruit

Fruiting season- Midseazon, Fruiting season dates- Oct-Now
Number of fruit/plant- 160, Fruit weizht- 4732

Fruit diameter- g1.15mm, Fruit length - 9g.8mm

Fruit shape- Spheroid, Shape of fruit baze- Convex

Shape of fruit apex- Rounded

Fruit skin (epicarp) colour - Yellow

Citrus germplasm information system using 3 Tier Architecture
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Atthe core of the system is data on the citrus
germplasm acquired from various countries. A range
of data types have been created based on integer and
real numeric data, short- and long-text data and binary
data. An additional cross-reference data-table relates
any information to any other information in the
database. In general, the reference table links the data
to the accession with which the data is associated but
the table is flexible enough to be used for other
purposes. The data tables are structured in a way
that allows the storage of information ranging from
simple data, associated with a single accession or
plant, to complex datasets and detailed text
information.

RESULTS AND DISCUSSION

The system architecture of CGRIS is shown
in the figure 1. The salient features of this software.
(a) Database Server: At the lowest layer CGRIS
employs the Database Server. The Server receives
requests from clients for various operations. The server
is responsible for concurrency control, recovery,
transaction and storage management. The Database
Server is responsible for query processing and all the
operations on CGRIS database. After initialization,
the database server waits for a query from its client.
The results of the query that are obtained by processing
itare sent back to the client.

(b) The Web Server: This is the middle tier between
the browser and the Database Server. The user
interacts with the Form based GUI through browser
and the request that is sent to the Database Server is
served by the Web Server. The Web Server waits
for the result of the request from the Database Server
and sends it back to the browser in suitable form when
itis received.

(c) Browser: The browser is the client side interface
for interacting with the database server.

The system is developed using MySql as
RDBMS. The system was developed in such a way
that it becomes user friendly. CGRIS’s use of a top
level accession NRCC ID allows association between
disparate sets of data. This allows for access of any
information associated with a group of accessions and
relation between different types of information through
their association with an accession. The database is
currently being implemented in the private domain
using MySql RDBMS (http://www.mysql.com/).
MySql forms an ideal platform to enable us to develop
arange of standard interfaces and analytical tools to
interact with the underlying database. As an initial step,
various data from citrus was loaded into the CGRIS
database and then efficiency and robustness of
loading, updating and querying of data was tested.
Further a flexible, user-friendly interface to the
database and a broad set of analysis and visualization
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tools to maximize the accessibility and usefulness of
the stored data was developed. In addition, it is hoped
that the future development of CGRIS will see
database standards come to realization, and be
accepted and expanded upon by those involved with
development and utilization of CGRIS. Maintaining
and accessing above information in record books
(conventional, non-electronic media) poses problems
associated with preservation of records on paper
besides the difficulties in retrieval of desired
information. Hence, one requires a system to manage
the voluminous citrus data in an efficient way and to
provide quick retrieval, is an imperative.

CONCLUSION

The development of the Cirtus Germplasm
Resource Information System (CGRIS) represents a
significant advancement in the efficient management
and utilization of plant genetic resources, specifically
for citrus germplasm. By leveraging a three-tier
architecture, CGRIS successfully integrates a robust
database server, an interactive web server, and a user-
friendly browser interface. This architecture not only
ensures efficient data storage, retrieval, and
management but also enhances the system’s flexibility
and scalability. CGRIS’s design and implementation
using MySQL, Apache/Tomcat, and Java Server
Pages have demonstrated its capability to handle a
wide range of data types and queries effectively. The
system’s innovative use of cross-reference data tables
enables seamless association between disparate
datasets, thereby allowing researchers to explore
relationships and access comprehensive information
linked to specific accessions.

Initial testing has confirmed the system’s
efficiency and robustness in data loading, updating,
and querying. Furthermore, the dynamic and graphical
user interface facilitates intuitive navigation, making
the system accessible and user-friendly for
researchers, agricultural scientists, and policymakers.
The ability to link, analyze, and visualize diverse data
types significantly improves the utility of CGRIS in
identifying promising germplasm accessions for
research and breeding purposes.

This database-driven approach addresses
the limitations of traditional paper-based record-
keeping, which often suffers from inefficiencies in data
retrieval and preservation. CGRIS ensures that the
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vast volume of germplasm information can be
efficiently managed, preserved, and accessed, thereby
supporting the larger goal of biodiversity conservation
and sustainable agricultural practices. Looking ahead,
the continuous development and standardization of
CGRIS are anticipated to further enhance its
applicability and acceptance within the scientific
community. This will enable broader dissemination of
citrus germplasm data, facilitating collaboration and
innovation in crop improvement programs across India
and beyond. The successful implementation of CGRIS
underscores its potential as a model for developing
similar systems for other crops, ultimately contributing
to global efforts in food security and agricultural
sustainability.
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