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Abstract  
The growth of the world population forces a more outstanding and more efficient food production, forc-
ing agribusiness into the race for greater productivity. Thus, agrochemicals as a tool for increasing and 
defending production have become more critical with each harvest. This work presents an ontology that 
describes the knowledge involved in the need for Agrochemical Pervasive Traceability Model (APTM). 
This proposed ontology is called ontology for pervasive traceability of agrochemicals (OntoPTA). We 
present classes and their relationships in a hierarchical way and a visualization from the OWL ontology 
language. This ontology fills the gap in the understanding and modeling of this type of agribusiness pro-
cess. This modeling helps farm administrators and software developers to perform better analysis for the 
development, use and maintenance of systems in agribusiness.  
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Introduction 
The population growth has been increasing year after year, and currently, it is close to 8 billion 

people (the last estimate in 2019 had exceeded 7.5 billion) [1, 2].To meet this population growth, 
agriculture is of paramount importance. Agriculture becomes relevant for the production of food for 
people and animals (in the form of animal feed) and also as an engine of the trade balance [3, 4]. 

When dealing with food production in agriculture, it is inevitable to address the use of agro-
chemicals in the production chain [5]. Agrochemicals are unique products due to their intrinsic 
characteristics such as ways of operation, commercialization, storage, and disposal [6, 7], including 
specific legislation both in Brazil and internationally [8]. The increased need for greater land 
productivity with monoculture operations (such as soy, corn and cotton) demands greater use of ag-
rochemicals [9]. 

The use of agrochemicals is carried out in a supply chain with a reverse route; that is, the pack-
aging of the product used must return to this chain for its proper disposal; there is a need to monitor 
the events of this supply chain [10, 11]. Technology becomes an ally of the rural producer; Disrup-
tive technologies such as blockchain, Internet of Things (IoT), and machine learning can help in-
crease agricultural production; helping the producer in the management of the agrochemical supply 
chain and operation [12-14]. 

The area of pervasive traceability of agrochemicals is wide. It presents several challenges such 
as the integration of systems, the need for standardization of sensors and microcontrollers to detect 
packaging movements, regulation on the use of technologies for this type of product, use of private 
blockchains and government blockchains green certificates for rural producers who record correct 
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operations in blockchains generates the possibility of gaining tax incentives from documentation of 
transactions recorded in blockchains. 

We detected as a gap the lack of reliable traceability of the movement of agrochemicals both in 
the supply chain and within internal operations on the farm [15]. The need for transparency of oper-
ations for those involved in the same production chain could improve commercial relations [16]. 
The need to monitor high-cost products during the production process is also necessary. The han-
dling of products that are toxic to people and the environment is of interest to various actors, includ-
ing government agencies [17, 18]. In addition to scientific journals via media such as the traditional 
press addressing environmental, fiscal, and worker health problems [19-21], indicating the escala-
tion of the issue. 

This paper presents an ontology suggestion focused on pervasive traceability in the agrochemi-
cal reverse chain. We are introducing concepts related to monitoring them through disruptive tech-
nologies (blockchain, IoT, machine learning). It can also be considered a complementary and evolu-
tionary work of the model of pervasive traceability of agrochemicals [22]. 

This article is organized as follows: a brief introduction to the topic, a section presenting con-
cepts discussed on the pervasive traceability of agrochemicals and ontology; a section presenting 
related works; a section addressing the application of the proposed ontology and finally a analysis 
and conclusion, including limitations and future work. 

1 Theoretical background  
Several concepts are presented to explain the domain to which the ontology is proposed such 

as: ontology, reverse supply chain, IoT, machine learning, and blockchain. 

1.1. Ontology  
Ontology is a reference to the specification of a conception, allowing the development of a 

model for an area of knowledge, becoming a repository of meanings [23]. The ontologies can be 
different according to the assertions of different individuals [24]; thus, ontology becomes meaning-
ful for those who are familiar with its domain area. ”Ontology is the basic description of things in 
the world” [25]; more elaborately, it can be considered a documentation item or artifact in the area 
of software engineering or information science. The ontology concept will be applied later in the 
following sections to represent knowledge in the traceability of agrochemicals. 

OWL (Ontology Web Language)1 is used as a language to descript ontologies. The Protegé2 
tool is used for ontologies containing the following elements: a) classes: they are sets of what you 
want to represent; b) attributes: characteristics of objects (or individuals); c) individuals: they are 
objects or instances of classes. It can be seen as the instance of objects or a singular representation 
of an object; d) properties or relationships: they are the means of interconnection between individu-
als. Properties can be of the type: I) object property or II) properties that connect individuals to val-
ues. 

1.2. Reverse supply chain  
The logistics of products that are concerned with the return of the used product or its packaging 

in a reverse flow, that is, leaving the consumer towards the factory, is called reverse logistics [26]. 
End-of-life (EOL) products are collected and returned by their users and re-entered the supply 
chain, starting the reverse path, which will end with repair, disassembly, remanufacturing, recy-
                                                           
1 https://www.w3.org/TR/owl-guide/ 
2 https://protege.stanford.edu/ 
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cling, and disposal [27]. Agrochemicals are also products whose packaging must be returned in the 
reverse chain [28, 29]. 

The reverse chain is one of the 
ways in which the products and later 
the packaging of agrochemicals trav-
el; Internally, on the farms, traffic 
moves randomly according to the 
physical layout of each property. An 
example of the reverse supply chain 
can be seen with its actors and the 
logical sense of its flow. Several ac-
tors are present in this logistics chain 
(participants who manufacture, move 
and operate products and packaging). 
The actors in this scenario can be 
seen in Figure 1; it is also possible to 
observe the flow of accessory docu-
ments that are necessary in the moni-
toring of used products and packag-
ing, indicating the need for transit of legal and tax information for its operation. 

1.3. Internet of Things  
Communication between various electronic devices and sensors via the Internet in order to 

make life easier for its users is considered the IoT; the use of devices and sensors provides data and 
interaction in various environments [30]. An IoT network can be seen as a broad communication 
infrastructure with multiple devices ubiquitously, enabling multiple services to also be delivered in 
multiple locations as well as the collection of information in locations of greater network capillarity 
via a rich array of sensors [31]. IoT is of interest for monitoring agrochemical packaging in two sit-
uations: a) in the supply chain, 
sending data such as barcodes 
and QR codes shared between 
the actors in the chain, and b) 
inside the farm triggering sev-
eral sensors and indicating 
their positioning by collecting 
data for its respective monitor-
ing. Figure 2, show IoT basic 
blocks. 

1.4. Machine learning 
Machine learning refers to the ability to learn from past experiences in the form of historical da-

ta to improve future actions. The development of a system that uses machine learning in some char-
acteristic activity [32], is one of the many categories within artificial intelligence [33] that propose 
to teach computers to complete specific tasks without the explicit need for programming and using 
previously collected data [34]. Machine learning is also a branch of artificial intelligence closely 
related to computational statistics, which is very focused on [35] prediction. Machine learning 
comes into play by generating analytical information after processing data collected by sensors and 

 
Figure 1 - Actors and agrochemicals reverse the supply chain flow [22] 

 
Figure 2 - IoT  basic blocks 
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microcontrollers; these devices monitor operations with agrochemicals within the farm. A brief rep-
resentation of the machine learning process can be used with the input of data, the extraction of fea-
tures, and the division into a supervised and unsupervised path where the algorithms operate and 
later the output of this process. 

1.5. Blockchain 
In January 2009, Bitcoin was created, attributed to the pseudonym Satoshi Nakamoto; his ideas 
were disseminated via article [36]; describing ideas that underpin the blockchain. Blockchain can be 
conceptualized as a data structure that only receives data (not allowing deletion or alteration) with 
the addition of a timestamp, storing this data in a chained and sequential way in a distributed point-
to-point network [37]. This read-only guarding technology for chained data allows trust, verifica-
tion, credibility, and transparency [38]; in addition to the ubiquity characteristic that distributed 
networks provide. These blocks are structured to contain a time mark (timestamp) and a hash code 
that assists in pointing to the other previous blocks. Then reinforcing the immutability of the block-
chain [39]. Blockchain are often used in logistics projects [40, 41]; contributing to the recording of 
the movement of assets among the actors. A brief representation of a block structure with pointers 
to the previous blocks 
can be seen in Figure 3. 

2 Related work  
On ontology some 

studies address (articles 
were searched with an 
example of ontology application): A) eHealth is an ontology that increases interoperability between 
different heterogeneous systems networks and provides situational awareness in the area of health 
[42]; B) Studies on the use of ontology to document and treat logistics from the user as the central 
point of the distribution of the chain [43]; C) Interoperability is addressed in a basic supply chain 
aimed at increasing communication and interoperability between participants [44]; D) Present a ref-
erence in the form of ontology for manufacturing industries (in particular yarn production) that can 
be reproduced and expanded in their production process [45]; E) The authors [46], held a discussion 
on the use of an ontology for the industry area and how it could be integrated into the development 
process in a modular and reusable way, including two domain areas: logistics and production plan-
ning; F) An ontology in the selection of suppliers for a green logistic supply chain [47]; G) a open-
up with ontology was used to enable an agro-food supply chain [48]. 

On traceability we have some studies that point out: a) Some authors have addressed standardi-
zation, legislation and political aspects related to the tracking of dangerous products; indicating cas-
es in Brazil and comparing the acceptance by farmers and others of the recycling of pesticide pack-
aging [5]; b) other studies indicate Brazil as a model case to be followed and studied with regard to 
regulation and policies of return of packaging and recycling [49]; the opposite occur in developing 
countries such as Ghana which must evolve in the regulatory and legislation aspect, mainly involv-
ing agrochemical [50]; c) other authors have proposed blockchains addressing drug chains with the 
combined use of smart contracts [51]; d) the combined use of tracking technologies such as RFID 
(Radio Frequency IDentification) and facial recognition is also explored in the case of loads with 
high value and dangerousness [52]; in [53] also proposed the combined use of technologies for 
identification such as barcodes with RFID and even holograms among others; e) alternatives for the 
traceability of products with an appropriate labeling system and their management by the actors of 
the reverse supply chain are pointed out by [54]; f) another study points to the combined use of 

 
Figure 3 - Simplified Blockchain Schema  
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RFID and blockchain in situations where supply chain members could change include through min-
ing focused on food logistics [55]. 

3 Methodology 
The development methodology used in this section presents how the documentation of a busi-

ness area (agrochemical reverse logistics) can be performed using ontology, via modeling an ontol-
ogy application with Protégé. 

3.1. Proposed model 
The application in focus aims to monitor agrochemicals in a reverse logistics chain. Monitoring 

uses data at two levels: a) in the reverse logistics chain and its actors, and b) inside the farm with 
operations with products perceived by IoT sensors and devices. A more detailed view of this supply 
chain can be seen in Figure 4. This ontology proposal is a complement to the proposed model for 
pervasive monitoring of agrochemicals [22]. In this scenario, the farm plays a central role that is 
detailed below: the logistics chain begins at the agrochemical plant developing the product; the 
product is subsequently sold and transported to the distributor; the distributor temporarily stores the 
product until it is sold and sent to a store; the store receives the product and stores temporarily until 
the sale to the farmer is made. 

 
Figure 4 - Reverse logistics chain and layers inside the farm 

The activities carried out within a farm can be summarized as: the farmer buys the product (ag-
rochemicals) and takes it to the farm on which he will perform the application on the cropland. Af-
ter using the product, empty packages are sent to an official disposal center. The disposal center re-
ceives empty packaging, temporarily stores it, and then forwards it to a factory for the correct dis-
posal. The transit of empty products and packaging between the actors of the chain is always done 
with documents such as the electronic invoice; the exception is the act of purchase by the farmer 
who adds an agronomic recipe. In this scenario, public agencies also participate in receiving product 
transit data via electronic invoice. Each actor in this scenario is running a node of an blockchain and 
has its own ERP (Enterprise Resource Planning). 

An internal scenario of the use of agrochemicals, also represented in Figure 4 is the treatment of 
products and packaging within the farm [22]. The products are received, labeled with RFID tags, 
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and stored in a secure cabinet (closed); this secure cabinet and various points of manipulation of 
agrochemicals must rely on sensors and microsensors to record the movement of these. Within the 
farm, this proposal presents four layers for data processing: a) Tier 1: this is where the agrochemical 
packages are with RFID tags, sensors, and microcontrollers that collect data and send it to the layer 
are located; several sensors are used here: ultrasonic, vibration, weight, camera, luminosity, among 
others; b) Tier 2: receives data and applies machine learning algorithms; the data received by the 
sensors is sent to storage in a SQL bank that is in layer 3; layer 2 has only scripts to perform ma-
chine learning functions; c) Tier 3: it performs SQL data persistence and runs a blockchain node 
persisting data also in this blockchain; d) Tier 4: this is where user applications are: for farm em-
ployees to perform data entry and for the farm to observe operations statistics. 

3.2. Main classes 
This proposed ontology is called ontology for pervasive traceability of agrochemicals (OntoP-

TA). The main classes that are presented in this ontology can be seen in Figure 5. The same hierar-
chical representation can be seen as a graph by using the plugin in OWLViz3 in Figure 6. From the 
Thing class we have: actors, path_direction, users, chemical_product, regulation, technologies. 

                                                           
3https://protegewiki.stanford.edu/wiki/OWLViz 

 
Figure 5 - OntoPTA classes and hierarchy 
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3.3. Class visualization 
The OWLViz library allows a presentation of a graph indicating classes, sub-classes, and their 

relationships, showing a network of interconnections between the main elements of ontology, Fig-
ure 6. 

 
Figure 6 - View of some OntoPTA classes in the OWLViz view made with Protégé 
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3.4. Main relationships 
Relationships are called in Protégé as object property and are all the child of an object called 

topObjectProperty. Relationships join classes such as ”administrator” and ”farm” forming ”admin-
istrator manage farm” or ”administrator owns wallet”. The relationships are presented in Figure 7.  

 
Figure 7 - OntoPTA, list of relationships 

3.5. Questions applied to the model 
Queries were also performed via Protégé. In addition to classes, attributes and properties, some 

data were inserted so that the model could be tested via SPARQL4 queries. For example, to verify 
who are the actors involved in the supply chain, the following query was executed and its respective 
result in Figure 8 and Figure 9. 

 
SELECT * WHERE { 
 {SELECT ? a t o r e s WHERE { ? a t o r e s r d f : t y p e ex : l o j a } } 
 UNION 
 {SELECT ? a t o r e s WHERE { ? a t o r e s r d f : t y p e ex : c l i e n t e } } 
 UNION 
 {SELECT ? a t o r e s WHERE { ? a t o r e s r d f : t y p e ex : f a b r i c a } } 
 } 
 

 
 
 
 
 
 
 

Figure 8 - Query example 1, showing who the actors are. 
 

                                                           
4SPARQL Protocol and RDF Query Language 
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topObjectProperty. Relationships join classes such as ”administrator” and ”farm” forming ”admin-
istrator manage farm” or ”administrator owns wallet”. The relationships are presented in Figure 7.  
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4SPARQL Protocol and RDF Query Language 

 

SELECT * WHERE { 
{ 
SELECT ?cliente ?cliente_produtoP1 ?cliente_produtoP2 
 WHERE { ?cliente ex:cliente_produtoP1 ?cliente_produtoP1 . 
                   ?cliente ex:cliente_produtoP2 ?cliente_produtoP2 . 
FILTER (?cliente_produtoP1 > 0 || ?cliente_produtoP2 > 0)} 
}  
UNION 
{SELECT ?loja ?loja_produtoP1 ?loja_produtoP2 
 WHERE { ?loja ex:loja_produtoP1 ?loja_produtoP1 . 
                   ?loja ex:loja_produtoP2 ?loja_produtoP2 . 
FILTER (?loja_produtoP1 > 0 || ?loja_produtoP2 > 0)} 
} 
UNION 
{SELECT ?fabrica ?fabrica_produtoP1 ?fabrica_produtoP2 
 WHERE { ?fabrica ex:fabrica_produtoP1 ?fabrica_produtoP1 . 
                   ?fabrica ex:fabrica_produtoP2 ?fabrica_produtoP2 . 
FILTER (?fabrica_produtoP1 > 0 || ?fabrica_produtoP2 > 0)} 
} 
} 

 
 
 
 
 

Figure 9 - Query example 2, showing which actors have products. 

4 Results and discussion 
The ontology concepts presented are in accordance with [23-25]. The notation used to represent 

the business area that involves the reverse supply chain of agrochemicals was the OWL is used as a 
language to descript ontologies. The work of representing knowledge, discovering new relation-
ships, testing data, visualizing data, and queries were carried out following the reasoners engines 
Hermit (Figure 10) of the Protégé tool. The area of studies of the reverse chain of agrochemicals has 
already been treated in the computational model previously published by [22] and now has com-
pleted documentation via ontology. The ontology modeling allowed the identification of business 
classes and their documentation with descriptions that include attributes and relationships. Queries 
via SPARQL queries allowed for evaluating relationships and obtaining data allowing the model to 
be implemented in other platforms that use 
similar notation, such as the UML (Unified 
Modeling Language). Through queries and the 
use of the reasoner, this model will be able to 
provide new approaches in the study of reverse 
traceability. This ontology version of the agro-
chemicals reverse traceability model resulted 
in a knowledge base to be explored and a 
guide for new software applications in the re-
verse traceability of products with a high degree of danger and legal monitoring requirements. 

 
Figure 10 - Running the reasoner 
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Conclusion 
The reasoner Hermit processed in about 40 ms. The results were organized by computing infer-

ences for: class hierarchy, object property hierarchy, data property hierarchy, class assertions, object 
property assertions and individuals. The numbers presented were: 304 axioms, 167 logical axiom 
count, 116 declaration axioms count, 71 class count, 41 object property count, 65 sub class, 10 dis-
joint classes, 45 object property domain and 46 object property range. 

We describe via ontology the knowledge within the scope of transit and monitoring of agro-
chemicals from the logistic chain to the internal use in a farm, allowing to present the concepts 
graphically and via classes and their relationships. This ontology will be available for future access 
for those who wish to expand to other dangerous products such as radioactive ones. This work al-
lows the understanding of the agrochemical movement cycle. Today the MRPA is already published 
and is an alternative to the monitoring of agrochemicals and this ontology adds knowledge to the 
business rules about the pervasiveness of the movement of this type of product. 

As limitations, this work did not use a real connection to a database or import data from a table 
in order to infer new relationships between the data collected by sensors. Recorded blockchain 
movement data can only be analyzed if previously recorded in the bank and compared with those of 
other logistic supply chains. 

As future works, we perceive the need to integrate ontology concepts with software engineering 
practices and their proper marriage to UML diagrams. The presentation of concepts via notation as 
ontologies with classes and their relationships allows a greater understanding of the theme, their 
operationalization and implementation by various sectors of the actors involved. 
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