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Abstract: This paper presents the results of efforts to design and develop a
comprehensive repository of knowledge for Pili (Canarium ovatum Engl.), an endemic
crop in the Bicol Region known for its various uses. This study, in general, responds to
the challenges entailed in the national government’s having identified “PILI” as the
flagship commodity of the Bicol region. In particular, it seeks to address the dearth of
accessible knowledge on the Pili industry. Enabling users around the world to become
acquainted with this endemic crop. The database’s initial goal is to provide key facts on
population dynamics of Pili crop (Canarium ovatum Engl.) varieties and is designed and
structured towards knowledge management (KM) buildup.

Many similar information systems applied in agriculture were consulted and visited
by the researchers in the literature such as the International Rice Research Institute
(IRRI’s) comprehensive crop information system [1], and the more recent Mango
Resource Information System [2] which was developed for the management of the
phenotypic, genetic, molecular to chemical and other information on mango cultivars.
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Design and Development of a Comprehensive, Robust and KM-Scalable Database (Backend) for a PILI (Canarium ovatum Engl.)
Information System

The breadth and depth of information in the database are designed to cater to the
different needs of diverse groups of stakeholders (farmers, vendors, processors,
scientists, researchers, policy-makers, teachers, and students). Its various applications
range from basic Pili bio-ecological data management to e-commerce and analytics. This
Pili database covers the more than 14 NSIC (National Seed Industry Council) accredited
pili varieties, 200 accessions compiled from more than 150 references in partnership
with more than 10 collaborators, and more than 500 pictures taken from different
cultivars in the Bicol region.

At present, the database has 180 tables, enriched by the collection of various Pili
related information ranging from its nomenclature, accession, NSIC registration,
distribution, morphological characteristics, genetic resources, geo-mapping and
characterization, propagation techniques, emerging diseases, growth and yield response,
postharvest processing, to products, e-commerce, data analytics and other related data
present in different cultivars. The database is normalized to handle complex queries
needed to generate knowledge not only for Philippine Council for Agriculture, Aquatic
and Natural Resources Research and Development (PCAARRD) and its member-
agencies but for Pili farmers/producers, vendors, enthusiasts, retail outlets, and the
market as a whole. It is designed with flexibility in mind to interface and
interconnect/link with other PCAARRD systems for a dynamic web of knowledge. Itis
believed that making information and data on Pili publicly available will enliven and
invigorate the stakeholders in this industry and help boost yield/production, encourage
more research and development efforts, promote innovation, step up marketability of
various pili-related products, and consequently improve the living conditions of
marginalized farmers and vendors.

Keywords: Structured Relational Database Model, MySQL, Canarium ovatum Engl.,
Knowledge Management

1. Introduction

1.1 Pili Industry

The agriculture sector is a unigque sector due to its strategic importance around the world. It is crucial
for both citizens (consumers) and the economy (regional and global) which, ideally, should make the
whole sector a network of interacting organizations [3]. The Philippines, a tropical country, is very rich
in edible fruit and nut-bearing trees, of which about 167 are indigenous [4]. Several fruit trees that bear
edible nuts are claimed to have their center of diversity in the Philippines. The most important of these
is pili, Canarium ovatum Engl. (Figure 1), of which geographic distribution in the country remains
limited to areas located relatively closer to its center of origin [5]. Pili is considered to be the most
important nut-producing species indigenous to the country and is identified as the “flagship commodity”
of the Bicol region. It has a nationwide acceptance and has great potential to develop into a major
industry [6] As a nut, the development of this crop is promising as demand for the processed kernel is
rising. The pili nut kernel (Figure 2) is the most important part of the tree and has many uses [5]. Pili
nuts are mainly used to manufacture candies and confectioneries, while pili nut oil is highly in demand
locally and in foreign countries like Guam, Australia, Canada, and the United States [6].
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Figure 2. Pili Nut Kernel

1.2 Pili Problem Domain

Despite numerous programs being orchestrated by the Philippine government and other participating
agencies, this cannot hide the fact that information about pili potentials is still little known to others.

Based on the related studies consulted, researchers observed that most agricultural studies focused
mainly on staples and stretch little attention to a minor or underutilized crop [5]. Similar scenario to
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Food Supplying agencies or entities down to Municipal Agriculture Office they have been more attentive
on a few staple crops being produced like rice, corn, coconut, and sugarcane industry. Underutilized
crops though minors yet can be developed and turns into major industry when proper intervention and
support is implemented. Nonetheless, crops considered to be neglected at the global level are staples at
a regional level or even the national level.

Just like other agricultural crops, Pili (Canarium ovatum Engl.) crop is considered to be one of the
minorities. Research studies about Pili becomes challenging due to inadequate resources. Another
reason is that knowledge on this crop is scattered, information like germplasm is not readily accessible
and is commonly found in grey literature or written in the little-known language. Knowledge of its
genetic composition and potential is also limited. These results in an inefficient approach to its genetic
conservation and utilization. With these limitations, there is also grey literature wished that in the near
future, Pili will be graded equal with the cashew and macadamia in the world market.

Due to the fact that the availability of information on Pili are lacking, limited, and scattered, the
progress and growth of the knowledge and its utilization have been greatly hindered. This reason calls
the attention of the researchers to design and develop methods and ways of pooling information on Pili
into one readily accessible source. This allows unequivocally linking of all information present in the
Pili database. The Pili products, though to some extent has been a success, is yet to be backed by readily
accessible data and knowledge. Though Pili products are everywhere these days, there is no
comprehensive and easily retrievable repository of knowledge on this particular industry.

The researchers believed that the success of this database will promote awareness to all the
stakeholders including farmers and vendors, on the marketability and possibility of investing in the Pili
industry and rebound to a vibrant area of this agricultural sector. Moreover, scientists, researchers and
students will be given access to a comprehensive source of information about Pili ranging from its
classification, production sites, uses/applications, products, production data, plantations, technologies,
the profile of the farmer, profile of the vendors and growers, prevailing market condition and any other
information.

The Philippine government has also established initiatives in promoting and cultivating the survival
of the Pili gene pool. Regular seminars are held on Pili production to interest farmers; provide seedlings
to farmers in a reasonable price and high-quality propagation materials; agricultural agencies also
conducted regular visits on farmer’s orchard by expert personnel and provide technical assistance to
them; and, a promise of Government assistance to Pili farmers in marketing their produce. The success
of both will surely be of great help to promote this pili industry, prospects, and potentials.

2. Methodology

2.1 Database Requirement Analysis and Scoping

To support the aim to provide a comprehensive collection and global information with all you ever
wanted to know about pili. This stage of the database lifecycle (DBLC) as shown in Figure 3 is
considered by the researchers as the most important stage in the creation of the Pili database. This
includes characterizing what information is needed by the target clientele, how is the information be
gathered and stored, where to pull the information, how to validate the integrity of the information or is
the information scientific, what security mechanism to be imposed, and including all the conditions
under which information regarding pili needs to be accessed by different types of users.
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Figure 3. Database Development Lifecycle

2.2 Data Gathering

Secondary data gathering was conducted to compile knowledge on the Pili database ranging from
production data, the volume of sales, profile of farmers and vendors, biological characteristics of Pili
and diversities, etc. Research data and outputs on Pili, as well as records, were also considered.

In the evaluation phase, a survey instrument was developed, respondents of which represent all
stakeholders in the Pili industry such as vendors, farmers, manufacturer, researchers, consumers, etc.
with this scenario, a simple descriptive treatment of data and qualitative approach will suffice.

In other situations, key-informant interviews and focused group discussions were conducted such as
in formulating guidelines, policies, and procedures for the Information System operation, or in
validating secondary data.

2.3 Database Structure, Design and Implementation

Databases are considered as a knowledge medium, a representation of a combination of knowledge
types, formats, and purpose of represented knowledge [7][8]. Rosen and Rimor [9] states that “building
a database involves procedural knowledge including strategies for building the database and meta-
cognitive knowledge including insights on the knowledge base of the data, and on the structure of the
database itself”. This section presents and discusses the database structure, design, and implementation.

Pili database was implemented using MySQL, a relational database management system, fast, multi-
threaded, multi-user, and robust. This database stores comprehensive collection and global information
with all you ever wanted to know about Canarium ovatum Engl. The database schema has been
normalized into third normal form to avoid storage of data with logical inconsistencies. The database
contains different things for different people. For example, pili processors will dive into the largest
existing compilation of nearby pili farms to become the supplier of raw products; marginalized farmers
will find numerous information illustrating the facts, prospects, and potentials of the Pili industry;
researchers and scientists will make use of journals, articles, utility models, inventions, research papers
for their references. This database will be a repository of Pili information ranging from its nomenclature,
accession, NSIC registration, distribution, morphological characteristics, genetic resources, geo-
mapping and characterization, propagation techniques, emerging diseases, growth and yield response,
postharvest processing, to products and other related data present in different cultivars. This information
can lead to the generation of new knowledge and can be extracted into meaningful information, figures
needed in the visualization of business processes from macro to the micro-level of view. The database
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model is built around a variety of data types, including ids, texts, time and date, multimedia as well as
links that inherent the attributes of classes of the database.

The interface is programmed in PHP using the Laravel framework. It meets the W3C XHTML 1.0
strict specification drafted by the World Wide Web Consortium. As a result, the web page is accessible
and will display correctly in any browser that conforms to the standard. The web interface also makes
use of Bootstrap, a free and open-source CSS framework directed at responsive, mobile-first front-end
web development. It contains CSS- and JavaScript-based design templates for typography, forms,
buttons, navigation, and other interface components. This allows easy knowledge entry and organized
knowledge display. The interface includes a normal user interface for viewing only and an administrator
functions overlay for logged-in users with adequate privileges.

2.4 Data Model & Vocabularies

A conceptual diagram of the many types of data that can be generated from one Pili is shown in
Figure 4.
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Figure 4. A Mind Map of the Potential Information Associated with a Pili Sample

A sample is described with the taxonomical classification, morphological characteristics, ecological
attributes, geological distribution, product/uses, pest/disease/stress, agronomy, Research and
Development, genetics, human resource, and plant images.

1. Pest, Disease, Stress. Entities under this section stored information about what particular type of
threat/stress is present in a crop(s), “abiotic/biotic”. Information about effects, timing, severity to
strategies/treatment are also stored here.

2. Product/Use. This section stored the different types of Pili products, edible or non-edible.

3. Agronomy. This section stored information about growth and development, lifecycle,
reproduction, and other details linked to different Pili varieties.

4. Research and Development. This portion of the database stored information about publications,
utility models, inventions, articles, and other details that deal with Pili.
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5. Genetics. Pili genetic information.

6. Human resources. This stores the different types of users and their role to user’s privileges

Journal of Innovative Technology Convergence

7. Taxonomy. This section deals with information on Nomenclature, ranks, authorships, and other

details.

8. Ecological attributes. This stores the ecological requirements of the Pili crop.

9. Morphological Characteristics. This stores the knowledge on Pili from roots to tip including its

properties.

10. Geological Distribution. This stores information about the location to GPS coordinates of

individual Pili crop or farm.

5 Database Design

To facilitate the organization of Pili knowledge, the database is designed in a Structured Relational
Model that can handle massive access and retrieval of data. The database is normalized to handle
complex gqueries needed to generate the requested information. The tables in the database are categorized
into four (4), namely:

1. Base information. The base information is comprised of the Taxonomy, Morphology, Botanical
Description, Properties, Molecular Biology, Habitat and Ecology, and Cultivation and Uses. This
will include all information needed to build and understand Pili knowledge when it comes to its

physical properties and uses.
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Figure 5.

The Database Schema for Pili Morphological Characteristics
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2. Promotions. This will include information needed to commercialize and promote Pili products
and by-products.

3. Human Resources. Information on entities such as Pili growers, vendors, traders, processors,
partnerships, oranizations alongside their location and contact information and their products.
Information on agencies is also being sought in this category.

4. Research and Development. This will be comprised of information on Pili related studies and
researches. This includes the authors, publications, patents, and research products along with
other related data.

The schema depicted in Figure 5 will hold the information about the morphological characteristics
of individual Pili NSIC registered variety. The following tables are: Tree characteristics (age, height,
growth habit, fruiting season and others); Fruit characteristics (weight, length, width and shape); Pulp
characteristics (color, weight, thickness, % based on whole fruit weight); Nut characteristics (weight,
length, % based on whole fruit weight); Shell characteristics (weight, thickness, % based on whole nut
weight); Kernel characteristics (weight, % based on whole nut weight, color); Leaf characteristics (type,
length, width, arrangement, venation, margin, tip, base, shape, surface); Flower characteristics (type,
color).
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Figure 6. The Database Schema for Pili Taxonomic Hierarchy

The schema depicted in Figure 6 will hold the information about the Taxonomic Hierarchy of Pili
(Canarium ovatum Engl.).
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Figure 7. The Database Schema for Pili Variety Information

The schema depicted in Figure 7 will hold the information about the variety and other pertinent
information of individual Pili NSIC registered variety.
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Figure 8. The Database Schema for Users, their Roles and Permission
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The schema depicted in Figure 8 holds the information about the users, its roles and permissions.
This includes LoginAttempt which stores all user’s login attempts; User, user information and other
relevant information; Contact, user’s contact information; Role, list of user’s roles for authorization;
Permission, list of user’s permission; UserRole, Links the user’s to the UserRole table.

3. Results and Discussion

The Pili database serves as the central repository of data from the collaborative build-up of
information. The data model is constructed in a structured method containing a variety of data types
including texts, numbers (integers and floating-point number), dates, images, and hyperlinks. In Section
2, showed the schema for Morphological Characteristics, Taxonomic Hierarchy, Variety, User (their
role and permissions). The database was expounded the Basic Information into three (3) subcategories
of database tables, and come up with Botanical Information, Geographic Location, and Cultivation and
Uses as shown in Figure 9. The tables are linked (represented by straight lines) showing the relationship
of respective category to one another.

Nonetheless this is only a preliminary structural physical design of the database, the researchers have
constructed, using the Third Normal form of Normalization, 180 tables, all interconnected by
cardinalities. We are expecting that the database will expand and be optimized as inputs from our
development team and the stakeholders arrive depending on the need.

Botanical_Info

Scientific_Name,
Specie, Variety,

Chemical_composition, |

Habitat, Ecology, Pest,
Diseases, Taxonomy,

Selection_Standard, etc.

Geo_location
Longtitude, latitude,
level,
environmental_condito
ns, etc.

Cultivation_an

d_Uses

Cultivation,

{ Cultivation_type,

Cultivation_Process
Uses, Use_Type,
Product, ByProducts,
etc.

Promotions
Product, Product_type,
Location, Vendor,
Prod_description, etc.

| Research_and

_Development
Author, Title,

| Classification,

Publication, Outputs,
Extension_activities,

Patents, etc.

Human_Resou

rces
Human_resource, Type,

[ Location,

Contact_Information,
Product, By_product,
etc.

Figure 9. Representation of the Relational Database System of Pili Database

4. Conclusion

Presented in this paper is the design and development of the Pili database system towards KM-
buildup through the use of the Structured Relational Database Model. It aims to provide a comprehensive
centralized digital repository of Pili data that is not easily accessible to the general public using the
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Internet as a medium for disseminating pili information to the public. Moreover, this study also
facilitates users in inferring and gaining new data insights.

It is our hope that researchers, students, policy-makers, and other stakeholders around the world will
find this repository useful for collaborative studies. The Pili processors, in particular, will dive into the
largest existing compilation of nearby pili farms to become the supplier of raw products; marginalized
farmers will find numerous information illustrating the facts, prospects, and potentials of the Pili
industry.
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