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Abstract. In this paper, we are interested in the management of knowledge on the
dynamics of pests and the phenology of cotton plant. This issue is a serious con-
cern for the cotton sector in Cdte d’Ivoire. Indeed, enormous parasitic pressures
cause crop losses that vary between 30% and 100% of the production potential.
A phytosanitary surveillance strategy for cotton has therefore been put in place.
It is in this context that an ontologically based decision support system has been
proposed. This system includes a mobile application for data collection and an
ontology-based semantic wiki for knowledge management. The mobile applica-
tion is deployed, and an ontology dedicated to the phytosanitary surveillance of
cotton plant has been proposed. This ontology should be used as a knowledge
base for the semantic wiki. We present in this paper the implementation of this
semantic wiki that we call SYSPARCOT-CI WikiS. This platform is the first of
its kind in cotton cultivation, mainly in phytosanitary surveillance. It is based on
Semantic MediaWiki. The data from this semantic wiki as well as the data from
the mobile application will be used to populate the ontology and to enrich it. The
construction approach of our semantic wiki platform is based on ontologies for
wikis. Using the ontology we built, we constructed a semantic web platform. Then,
using a Python script, this ontology was imported into the semantic wiki.

Keywords: Knowledge management - Semantic MediaWiki - Ontology - Web
platform - SPARQL - RDF

1 Introduction

Cotton is largely cultivated in the countries of the West African sub-region [1]. In Cote
d’Ivoire, it is mainly cultivated in the central and northern regions. It allows the pro-
ducers who cultivate it to prosper financially [2]. Unfortunately, cotton cultivation is
confronted with enormous parasitic pressures. These pressures cause crop losses that
vary between 30% and 100% of production potential [3, 4]. To reduce pest damage and
limit crop losses, it is necessary to update knowledge on cotton plant pests and phenol-
ogy. Indeed, this knowledge is influenced by climatic and environmental changes [5].
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To update knowledge, a systematic surveillance was set up in the ivorian production
zones. The implementation of this surveillance for more than forty years is not without
difficulty. To overcome these problems, we proposed in [6] a solution to facilitate the
collection and transfer of phytosanitary data in real time from cotton plant parcels. This
surveillance is the main activity that allows us to update our knowledge of cotton plant
pest population dynamics and phenology every year. To build a collaborative platform
for the management of knowledge from cotton plant surveillance, we proposed in [7] a
domain ontology, ontoSYSPARCOTCI. Based on this ontology, we propose in this paper
a collaborative platform for homogeneous communication between cotton sector actors
and management of knowledge on pests and phenology of cotton plant. Indeed, by this
platform, actors will be able to share, reuse and capitalize on knowledge and experiences
in the domain of cotton plant phytosanitary surveillance [19]. The implementation of this
platform is done with MediaWiki which is a powerful and flexible web wiki platform
for collaborative content creation and management. The integration of semantics Medi-
aWiki, an extension of MediaWiki, allows for easier semantic search and exploration
of the dataset contained in the platform, which we name SYSPARCOT-CI WikiS. The
construction approach of our semantic wiki platform is based on ontologies for wikis.

Except introduction and conclusion, this paper is structured in three parts. The first
part deals with the related works. The second part is devoted to the implementation of
SYSPARCOT-CI WikiS. Finally, the third part presents the results and discussion of part
two.

2 Related Works
2.1 Brief State of the Art on Semantic Wikis

The notion of a Wiki was first introduced by Ward Cunnigham in 1995 [8]. The term Wiki
means “quickly” [9]. It is of Hawaiian origin and can be defined as a class of groupware
that allows to co-construct a knowledge base in an agile way. It is presented in the form of
a website that can be accessed, modified, or enriched according to the privileges defined
for each user. There are several wikis platform, the most famous of which is Wikipedia'.
In practice, Wikis are generally composed of a set of editable pages, organized in cat-
egories, and linked together by hypertext links. The content, structuring, layout, and
organization of Wiki pages are the result of the collaboration of a community of users.
The limitations of wikis have led to integration of semantics web [10]. Thus, Semantic
Wikis were born. Contrary to traditional Wikis, Semantic Wiki considers the meaning of
the terms. Indeed, Semantic Wikis characterize resources and the links between them by
formalizing them in the form of triplets to make them exploitable by machines through
artificial reasoning processes. The power of Semantic Wikis comes from the fact that
they combine Wikis and Semantic Web technologies [11]. To build a semantic Wiki, two
types of approaches exist namely ontologies for wiki (OFW) and wiki for ontologies
(WFO) [10]. The first approach consists in building a Semantic Wiki from an ontology.
The second approach consists in building a vocabulary and a knowledge base from a
wiki, i.e., an ontology. There are several Wikis, the most popular of which is MediaWiki.
This last is an open-source wiki engine, which is used by all projects of the WikiMe-
dia Foundation [8]. It is constantly updated and is maintained by a strong community.

1 https://www.wikipedia.org/ accessed in April 2023.
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One of the additional reasons for choosing MediaWiki are its features. Indeed, Medi-
aWiki facilitates a good co-elaboration of knowledge, thematic search, contributions,
traceability of contributions, constitution of a knowledge base [8, 9]. The extension that
transforms MediaWiki into a semantic web platform is Semantic MediaWiki. Thanks
to the latter, the MediaWiki technology is able to facilitate the construction of a vir-
tual community related to a domain for knowledge management with query and export
capabilities. Semantic MediaWiki can implement both approaches. Given the existence
of an ontology for cotton plant surveillance [7], we opted for the ontologies for Wiki
approach in the construction of our Semantic Wiki. There are semantic Wikis based on
the ontologies for wiki approach such as IKE WIKI?, Kiwi®. Kiwi being the improved
version of IKE WIKI. Unfortunately, they aren’t maintained anymore.

2.2 Semantic Wikis as Platforms for Sharing and Co-constructing Knowledge

There are several projects in the literature relating to semantic web platforms. Based
on knowledge graphs, these platforms enable multi-scale data to be integrated, as was
the case in [12], whose objective was to build networks of molecular interactions from
scattered data in order to identify key genes for plant improvement, specifically rice.
Semantic web technologies enable content to be created, reused, linked and shared
across the web [13]. In [14], Eric Leclerq et al. proposed an information system using
the semantic wiki approach for knowledge production by developing WikiBridge. Wik-
iBridge was developed by [14] from the MediaWiki wiki. It is of ontologies for wikis
type. Papa F. Diallo in [9] has set up a virtual community made up of three layers,
namely GUI, persistence, and semantics. This platform uses Semantic MediaWiki and
Exhibit for the GUI layer, Jena, SPARQL engines and rules for the semantic layer and
Virtuoso for persistence. To share endogenous knowledge for adaptation of cropping
techniques in a context of climate change, Trawina [11] set up a virtual semantic web
platform combining semantic Media Wiki, SweetWiki, Virtuoso and Jena EE, which
enabled it to implement a Java API for management of its ontology. There is a plethora
of methods in literature for building a semantic web platform. However, each author
justifies his or her choices because there is no set construction methodology. Our field of
study is the phytosanitary surveillance of cotton in Cote d’Ivoire. KOFIS (Knowledge
for Organic Farming and Innovative System) is an ontology-based knowledge manage-
ment system for agriculture [15]. It provides practical solutions to sharing and shortages
of information in organic farming. Unfortunately, it does not deal specifically with plant
health monitoring in cotonculture. Lack of farmer input into data collection and decision-
making raises issues of trust between farmers and smart farming technologies, which
led [16] to set up a platform for integrating textual data in agriculture to detect natural
hazards. [17] has proposed a platform for integrating heterogeneous data into knowledge
bases to support and inform farmers and researchers in their activities in real time using
semantic technologies and linked data. To our knowledge, no work has been done on
the construction of a semantic web platform in the domain of phytosanitary surveillance
of cotton, particularly in Cote d’Ivoire. Having an ontology at our disposal, we plan to
build a semantic web platform that will communicate with a FUSEKI server. Despite
Virtuoso’s storage capacity [9], our choice to use FUSEKI is explained by the fact that

2 https://wiki.c2.com/?TkeWiki accessed in April 2023.
3 https://wiki.c2.com/?KiWi accessed in April 2023.
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initially, we have a PostgreSQL database of phytosanitary surveillance of cotton in Cote
d’Ivoire, which is populated by a mobile application that we designed and developed.
FUSEKI server also offers improved execution time for SPARQL queries [18]. FUSEKI
server is dedicated to storing RDF triples, SPARQL query management and is able to
function as a high-performance operating system service [11].

3 Implementation of SYSPARCOT-CI WikiS

The construction of our collaborative virtual community is based on the ontology
proposed in [7], realized using Protégé (Fig. 1).

Fig. 1. Extract from ontology in Protégé (concepts (1) 4+ knowledge graph (2)) and metrics (3)

Relative to competence questions, some evaluation results of this ontology are pre-
sented in Fig. 2, Fig. 3 and Fig. 4. Formulated in French and noted CQ1, CQ2 and
CQ3, these questions have their English translation in titles of Fig. 2, Fig. 3 and Fig. 4
respectively.

CQ 1 : Quels sont les maladies du cotonnier en Céte d’Ivoire ?

Algorithme 1 : Requéte SPARQL

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#=>

PREFIX ontosys:<http://www.semanticweb.org/user/ontologies/2022/10/ontoSYPARCOTCI_core#>

SELECT ?maladie_cotonnier
WHERE { ?maladie_cotonnier rdf:type ?nuisible.
?maladie_cotonnier ontosys:est_nuisible_de ontosys:Cotonnier.
FILTER(?nuisible=ontosys:Maladie)
}

Résultat de CQ1

maladie_cotonnier
Virescence florale
Fusariose

Fig. 2. SPARQL query and answer to the competency question “What are diseases of cotton plant
in Cote d’Ivoire?”
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CQ 2 : Quels sont les ravageurs du cotonnier en Céte d’Ivoire ?

Algorithme 2 : Requéte SPARQL
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#=>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX ontosys:<http://www.semanticweb.org/user/ontologies/2022/10/ontoSYPARCOTCI_core#>
SELECT ?ravageur_cotonnier
WHERE {?ravageur_cotonnier rdf:type ?arthropode.
?ravageur_cotonnier ontosys:est_nuisible_de ontosys:Cotonnier.
FILTER(?arthropode=ontosys:Arthropode_Nuisible)

{
Résultat de CQ2

ravageur_cotonnier
Pectinophora gossypiella
Haritalodes derogata
Anomis flava

Spodoptera litoralis
Dysdercus voelkeri
Diparopsis watersi

Eanias insulana
Helicoverpa armigera
Thaumatotibia leucotreta
Polyphagotarsonemus latus
Jacobiella fascialis

Fig. 3. SPARQL query and answer to the skill question “What are arthropod pest of cotton plant
in Céte d’Ivoire?”

CQ 3 : Quelles sont les variétés locales de coton cultivées en Cote d’Ivoire ?

Algorithme 3 : Requéte SPARQL
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX ontosys:<http://www.semanticweb.org/user/ontologies/2022/10/ontoSYPARCOTCI_core#>
SELECT (?subject as ?plante) (?object as ?variété)
WHERE {?subject rdf:type ontosys:Plante.
?subject ontosys:a_pour_variete_locale ?object.
FILTER(?subject = ontosys:Cotonnier)

Résultat de CQ3
plante variété

Cotonnier Y331 BLTR2

Cotonnier ¥331_BLTR1

Colomir SCARRIRY

Cotornir SCHRRIRY

Cotoreir SCARVRIRZ

Cotoreir GOUASSOU_FUSIR

Cotoreir GOUASSOU_FUSIRZ

Cotoreir GOUASSOU_FUSIR1

Fig. 4. SPARQL query and answer to the skill question “What are local cotton plant varieties
cultivated in Cote d’Ivoire?”

The evaluation allowed to verify that the ontology meets the specifications of the
requirements defined from the exchanges with the domain experts. This evaluation con-
sisted in formulating and executing SPARQL queries on the ontology in the Protégé
software.
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3.1 General System Architecture

In [6], we proposed an original global architecture of our system composed of three
technological machines and tools. This general architecture of cotton plant phytosanitary
surveillance system is here recalled (Fig. 5). The first part of our architecture allows
domain experts to dispose of real-time plant health surveillance data during the cotton
campaign. The second part gives back raw data from the data collection in time to domain
experts. These two parts constitute a major innovation in the domain of phytosanitary
surveillance of cotton in Cote d’Ivoire. Indeed, the acquisition of data in real time was an
obstacle to regular monitoring of the phytosanitary situation of cotton plant in production
zones. This work concerns the third and last part of this architecture (Fig. 5) which is
represented by technology machine 3 (circled black).

B
OPO : observation post's observer

ontoSySParCotCl OMP : peasant environment's observer

7N\

==

DB SERVICES

Successive fine

@\\{\ formalization

Tech Machine Tech Machine Tech Machine
1: data 2 : Cotton 3 : Semantic Conceptual
collection data view WIKI abstraction

- RCI's cotton
L Cotton’s |
omp ] co-,::ﬁ. - Institution of Primary
opo || CNRA" | Tabstraction
= - mic comm
~ONRA's station I-““ ers nity (teachers, ~ {4\ -
femins”| e — ) Gations
Observer s experts| || - Large public 5"?— )
Main actors Secondary actors Y iy /
Aciors “ \
— I } I\
Republic of Céte
@hvoire

Fig. 5. General architecture of the cotton plant phytosanitary surveillance system

Realization of the last part of our architecture consists in Semantic Wiki implemen-
tation for cotton plant pest and phenology management in Cote d’Ivoire.

3.2 SYSPARCOT-CI WikiS Use Cases

The main use cases of SYSPARCOT-CI WikiS are presented in Fig. 6. This Wiki is
used to update knowledge on the spatiotemporal dynamics of pests and the phenology
of cotton plant in Cdte d’Ivoire. It is also used to know the spatiotemporal dynamics
of pests and the phenology of cotton plant for those who are interested in them. No
account creation is required for a visitor of SYSPARCOT-CI WikiS to get information.
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However, any modification must be done in a secure access account that is managed by
the agricultural research team in collaboration with ontologist. SYSPARCOT-CI WikiS
is not closed, so it is possible to extend it by adding other use cases.

Contributions to wikis are mainly made by creating pages. In our case study, this
creation has restrictions. Any visitor can create one or more pages. However, validation
of these pages is reserved for experts (researchers and technicians) in the field. The
creation of pages in our case study is guided by the ontology ontoSYSPARCOTCI
[7]. This ontology is maintained by an ontology specialist assisted by domain experts.
Administrators (domain experts and ontologists) maintain the platform and manage
users. A visitor is any person in addition to administrators who visits our semantic web

platform. A visitor can consult information on the wiki by browsing its various pages

and create new pages.

Semantic MediaWiki
Create page
i Consult i
Visitor Run update scripts
shared knowledge from ontology AN
1
/ S ]
J~ !
Enrich N \ !
| !
R knowledge base \«includes»
Maintaining Y \
semantic wiki \ \
N \ \

!
[}
1
[}

Administrator \.
Tincludes» \«include%» /!
Update knowledge S N N 1 '
= = ~dncludes» ‘% /I

" " - 1
Create "consensus” on ~ - _ «includes» - | «extends»
knowledge / concepts === Il

!

alidate page<4 BT -
Domain experts

Fig. 6. Some use cases of SYSPARCOT-CI WikiS

Ontologist

3.3 Implementation Description

Figure 7 represents the third step in the implementation of our general architecture
(Fig. 5). This third step concerns the implementation of a semantic web platform (red
color). Figure 7 details connections and interactions that underlie Semantic MediaWiki
implementation.
SYSPARCOT-CI WikiS is based on three main layers (Fig. 7), namely the user layer,

the semantic layer, and the persistence layer. In this work, user layer is represented by

Semantic MediaWiki (SMW). Semantic layer consists of the SPARQL query and Jena

inference engines. Persistence layer is constituted by relational databases, an ontology,

and RDF depot.
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Web application Mobile application for data
MediaWIki Restitution of raw data for collection and transfer in real time

semantics

agronomic research SYSPARCOT-CI

User layer

L

Rules Engine —
e SPARQL query o

engine

Semantic layer

10—

W RDF depot ontoSYSPARCOT-Cl.owl BD SYSPARCOT-CI
Persistence layer e

Fig. 7. Detailed internal architecture of SYSPARCOT-CI as presented in [6] according to 3 layers
with focus on Semantic MediaWiki. (Color figure online)

To understand our approach, we proceed by steps. These steps show the composition

of our persistence layer and how we build it. They also describe how we set up our
semantic wiki.

Step 1: It concerns the import of ontoSYSPARCOTCI into Semantic MediaWiki. The
ontology was exported from Protégé in RDF format. Then, thanks to ontology2smw
[10], from this RDF format, we imported it into the Semantic MediaWiki platform.
Step 2: Semantic Platform textual data is saved directly in a database. This last created
during installation and configuration of Semantic MediaWiki while the annotated data
is saved in an RDF repository created in the FUSEKI server; this is Step 3.

Step 4: From MediaWiki Semantics, SPARQL queries are performed on the FUSEKI
server implementing Jena Apache. The latter exploits the RDF repositories available
in the FUSEKI server (this is Step 5). SPARQL queries from SMW are possible using
LinkedWiki, an extension of MW. To import ontoSYSPARCOTCTI into the FUSEKI
server, we exported it from Protégé in RDF format. An interface in the FUSEKI server
allowed us to create an RDF repository and then import the exported ontology.

Step 6: allows the team of the laboratory of agricultural entomology and cotton
companies to extract the raw data from the relational database SYSPARCOTCI-BD.
This database is fed during each cotton season by agents of cotton companies who
carry out observations and measurements on the parcels via digital tablets [6] (this is
Step 7).



Cotton Plant Pests and Phenology Knowledge Management 213

— Step 8: Thanks to the D2RQ* platform, the main tool for generating RDF files from
a relational database, the relational database of SYSPARCOT-CI (SYSPARCOTCI-
BD) is transformed into an RDF file and then loaded as an RDF repository in the
FUSEKI server by a script in an automatic way. The communication between the
RDF repository from SYSPARCOTCI-BD and the ontology ontoSYSPARCOTCI is
possible thanks to a mapping file that establishes the correspondences.

The import of the ontology into Semantics MediaWiki (see Step 1 of Fig. 7) allows
to dispose of a vocabulary specific to the study domain to guide the administrators of
the platform in the knowledge management. A series of transforms are observed during
the ontology import as shown in Table 1.

Table 1. Matching the ontology syntax to the Semantic MediaWiki syntax

Ontology OWL syntax SMW SMW syntax

Concept owl: Class Category [[Category:Pest]]

Subconcept | rdfs:subClassOf Subcategory | Subcategory of [[:Category: Observed
Plant]] [[Category: Observed Plant]]

Instance owl:NamedIndividual | Page Individual Name + its category,
relations, and attributes

Attribute owl:DatatypeProperty | Attribute [[Attribute:sowing date::
2022-05-25’]]

Relation owl:ObjectProperty Hyperlink [[Attribute:is disease

of::Cotton_Plant]]

Attribute is relationship between a page and a predefined type. Hyperlink is

relationship between two pages.

4 Results and Discussion

Concepts or classes of the ontology have been transformed into categories (Fig. 8). One
of these categories, namely Pest, is shown in Fig. 9.

4 http://d2rq.org/ accessed in April 2023.
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Fig. 8. Extract of the category list in SYSPARCOT-CI WikiS
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Fig. 9. Category Pests and its subcategories in SYSPARCOT-CI WikiS provided by ontoSYS-
PARCOTCI (see Step 1 Fig. 7)
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Detailed architecture presented and proposed approach to implement our MediaWiki
semantics is one proposal among many others. We think it could be improved. However,
there is no imposed methodology or tool to implement a Semantic Wiki. Respecting the
ontology approach for wikis, our tests proved to be conclusive. Transforming relational
DB into RDF and loading it into the FUSEKI server can be time consuming as the RDB
becomes voluminous. Studies will be conducted in this direction to reduce the execution
time.

Using a triple store in this case, FUSEKI server is justified by the fact that a relational
database is not an ideal storage type for semantic data. However, Semantic MediaWiki
uses a relational database. Also, a triple store that supports the SPARQL standard allows
other applications to query it without going through the Semantic MediaWiki web fron-
tend. This allows for independence from the semantic database for reuse. FUSEKI server
allowed us also to create an endpoint to facilitate data exploitation.

Compared to traditional web, semantic web adds semantic information to web con-
tent and gives machines the ability to distinguish their meaning. In semantic web, data
is linked together, and inferences are made automatically by the machine.

Currently, ontology and semantic wiki are accessible locally. Tests have been done
locally as well.

5 Conclusion

A semantic wiki dedicated to knowledge resulting from cotton plant phytosanitary
surveillance in Cote d’Ivoire exists. It allows to manage cotton plant pests and phe-
nology knowledge in C6te d’Ivoire. To our knowledge, we believe that it is the first of its
kind. It implements several technologies and tools that are not easy to use. These include
the FUSEKI server, RDF repository, Ontology, MediaWiki and its extensions, especially
Semantic MediaWiki. Finally, we were able to do it. This semantic web platform will
allow to enrich the ontology that was the basis of its implementation and provided a
domain vocabulary. The next part of our work will focus on three major points: wiki
validation, considering user requests written in natural language and wiki improvement.
Validating the wiki will involve conducting a survey to measure user satisfaction using a
Likert scale. Likert is a psychometric tool used to measure attitudes in individuals. Given
the inability of experts to perform SPARQL queries and master data graph schemas, we
will develop an extension to take into account queries written in natural language.
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