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ABSTRACT

Systematic analysis of scientific, industrial, and commercial information and the application of data science (DS) 
are alternatives to learn about trends and advances in value chains such as avocado. The objective of this study was to 
review current trends in research, technological development, and perception about the avocado subsector under tropical 
conditions using DS tools. A bibliometric analysis (BA) of scientific articles, technological developments, and patents in 
different sources of web information was implemented. Additionally, search algorithms and DS were designed to perform 
an analysis of trends from social media platforms in the avocado value chain. The BA identified patters associated with the 
avocado chain in Colombia, highlighting the increase in scientific-technical information, the grouping by work networks, 
the bias associated with departments and commercial varieties such as the high volume of works in Antioquia and cv. 
Hass, and the few high-value alternatives for the chain such as patents, industrial secrets, etc. Trends in social networks 
were linked to international markets, added value, and environmental aspects. Likewise, a disconnection was found 
between the needs of the avocado value chain and the existing offers. This study contributes as a competitive strategy for 
the local avocado subsector and generates a country-adjusted research agenda.
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Avocado (Persea americana Mill.) has desirable 
characteristics for the food, cosmetic and pharmaceutical 
industry worldwide (Araújo et al., 2018). The international 
demand for this fruit has led to an increase in crop pro-
duction and planted area (ITC, 2021). In Latin America, 
Mexico (48.0%), Peru (16.2%), Chile (4.2%) and Colombia 
(3.0%) account for the highest participation in the export 
volume of avocado in the region (ITC, 2021). In Colombia, 
the crop-planted area expanded very fast in the lats decade 
(FAO, 2021)

Reports have shown that the avocado production 

chain in Colombia uses foreign technologies and requires 
technological advances at the local level (Arias Bustos 
& Moors, 2018; Quintero-Ramirez et al., 2019; Carranza  
et al., 2020). The improvement in the integrated agronomic 
management of this crop requires research that allows 
regional decision-making, considering specific climatic, 
edaphic and topographic factors (Ramírez-Gil & Mo-
rales-Osorio, 2021; Sonnino & Ruane, 2013). Ramírez-Gil 
(2018) affirms that local information enables an integrated 
management of the avocado wilt complex disease, the most 
limiting pathology of the crop.
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Knowledge and innovation in the agricultural sector 
allow us to face environmental, productive and fruit quality 
challenges in avocado production systems (Ramírez-Gil 
et al., 2019). The joint work of academia, institutions, 
and farmers based on technology transfer and adoption 
is fundamental (Vinholis et al., 2021). In agriculture, 
technology plays a key role in the competitiveness of the 
sector, in addition to aspects such as diversity, sustainable 
management of the production system, knowledge man-
agement and product quality assurance (Aweke et al., 2021, 
Cáceres-Zambrano et al., 2022). The technology must be 
transversal to the value chain and its analyses; this is why 
connecting digital technologies in agriculture allows the 
analysis to be expanded (Klerkx et al., 2010).

Bibliometric analysis is a popular, rigorous and robust 
quantitative method widely used in scientific research to 
assess the literature and analyzing large volumes of data 
(Donthu et al., 2021). The use of bibliometric techniques in 
the context of the avocado chain can systematically evalu-
ate a vast array of published works to identify key research 
themes, influential authors, and collaborative networks, 
among others (Donthu et al., 2021). Through this type of 
analysis, it has been possible to synthesize and find patterns 
in multiple topics. Within these are the food supply chains 
and other areas of interest of the agro-fruit sector such as 
avocado (Tirado-Kulieva et al., 2022; Kumar et al., 2022; 
Zakaria et al., 2022)

Through bibliometric analyses, we can shed light 
on the most prominent technological advancements and 
knowledge gaps in the domain, providing researchers, 
policymakers, and industry stakeholders with critical in-
sights to guide their efforts and investments. Additionally, 
there are currently multiple software that have facilitated 
bibliometric analyzes and have made them very popu-
lar in different fields of scientific research (Dervis, 2019; 
Moral-Muñoz et al., 2020).

However, while academic research is essential to shape 
the trajectory of the avocado industry, it is equally vital 
to understand the perceptions and attitudes of the broader 
public. Social media platforms, including Twitter, Google, 
and YouTube, serve as rich sources of user-generated 
content, reflecting real-time opinions, experiences, and 
discussions surrounding technological developments in the 
avocado sector (Wright et al., 2010; Fan & Gordon, 2014; 
He et al., 2015). Integrating social media perceptions with 
bibliometric analysis offers a holistic view of how tech-
nology is perceived, embraced, or challenged by various 

stakeholders, ranging from consumers and producers to 
researchers and enthusiasts in the avocado value chain. 

Bibliometric analysis and the extraction, systematiza-
tion and recognition of patterns associated with informa-
tion from social media platforms require advanced analysis 
techniques such as data science (DS) (He et al., 2015). 
DS is an emerging field science with the aim of extracting 
knowledge from multiple types of data (van der Aalst, 
2016). DS uses multiple algorithms, processes, and system 
to make friendly use of advanced techniques from statis-
tics, mathematics, computer science, artificial intelligence, 
among others (van der Aalst, 2016). DS provides a broad 
perspective on trends in search engines and social networks 
(Jun et al., 2018; Khan et al., 2021). The latter, in turn, are 
pathways to meet offers and demands of a sector, because 
some are platforms for dissemination of opinions, events, 
and commercial information (Muhammad et al., 2021). 
The methodology has become relevant due to the increase 
in the use of social networks and information due to the 
Covid-19 contingency (Rakshit et al., 2021).

Based on the information above, the hypothesis of this 
study is that systematic search for information and appli-
cation of data analytics tools allow gaining knowledge of 
advances and trends in research and development of the 
avocado subsector, as well as perception towards the value 
chain. Thus, the objective of this study was to review the 
trends in research and technological development in the 
avocado subsector using data science tools, to broaden the 
perspective on the offers and demands of this agribusiness 
in the geographical area studied. To achieve this, we pro-
pose a novel methodology in which data science tools and 
bibliometric analysis are integrated to manage and identify 
technological offers and demands developed in the avocado 
production system for the tropical condition of Colombia.

MATERIALS AND METHODS

Methodological scheme

Our work presented a methodological scheme with 
three phases: (i) bibliometric analysis, (ii) trends in social 
media platforms, and (iii) gaps between technological 
offers and demands in avocado cultivation (Figure 1). (i) 
Bibliometric Analysis: In this phase, a comprehensive 
bibliometric analysis was performed to identify and 
review existing academic literature, research articles, 
and relevant publications related to avocado cultivation 
and its technological aspects utilizing various academic 
databases and citation indexes. (ii) Trends in Social Media 
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Platforms: In the second phase, a thorough examination of 
social media platforms was performed to identify emerging 
trends, discussions, and conversations related to avocado 
crop technology. Various social media platforms such as 
Twitter, Facebook groups, you tube and relevant online 
forums were analyzed to gauge the sentiment, interests, and 
opinions of stakeholders, including farmers, researchers, 
industry experts, and consumers. Phase (iii) Gaps between 
technological offers and demands in avocado culture: The 
third phase involves an assessment of the gaps between 
technological offers and demands in avocado crops under 
tropical conditions. Our approach was based on comparing 
existing technological solutions and advances in the aca-
demic literature with the needs and challenges expressed 
by stakeholders in social media, the political sector, and 
potential gaps were identified (Figure 1).

Bibliometric analysis

The technological offer was identified from research 
trends in the Colombian avocado subsector presented in 
scientific, academic, technical, and industrial publications, 
as tangible final product of research and innovation pro-
cesses (Flórez et al., 2012). A search was carried out in sci-
entific and academic databases, institutional repositories, 
and national and international online catalogues (Table 1). 
We used keywords and connectors in English and Span-
ish with simple or compound words: ‘Avocado’, ‘Persea 
americana’, ‘aguacate’ AND ‘Colombia’ and ‘Colombian’. 
The search was conducted from 01-01-2000 and 03-30-
2021 and only documents whose results were evaluated in 
Colombia were included.

The search included repositories of 128 Higher 
Education Institutions registered in the National Higher 
Education Information System - SNIES in September 2020 
(Ministerio de Educación Nacional, 2020). Forty-four 
institutions not related to the study area and 127 without an 
online catalogue were omitted. Chapters of books resulting 
from research related to avocado and undergraduate works 
filtered by title words were included, for those that had 
no keywords included. Thesis advisors and co-advisors 
were considered co-authors due to their importance in the 
academic and scientific community, in order to enrich the 
co-authorship analysis.

Keywords and author names were collected and refined 
with the Mendeley (2020) software (TM). Through Men-
deley software, the first data purification was achieved, 
eliminating duplicate references in the library. We re-
corded the systematic search process for audit purposes  
(Page et al., 2021). The names are the second filter for the 
removal of duplicate documents. A thesaurus with 1,525 
authors was generated, homonymy was investigated, and 
surname spelling was examined. Those authors with more 
than 3 documents in the database were considered. The 
keyword co-occurrence analysis used a thesaurus of 2198 
words to check spelling, words in the same area, synonyms, 
and foreign words. A minimum of 10 repetitions per word 
in the documents were selected. The words avocado, 
agriculture, and Colombia were excluded due to their 
generality. We use full counting, in which each author or 
keyword has the same weight, regardless of the number of 
authors or keywords in the publication.

The bibliometric network analysis of co-authorship and 

Figure 1: Scheme of our methodological approach associated with the goals, methods and results.
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keywords was carried out with the free software VosViewer 
(https://www.vosviewer.com). The distances in the gen-
erated technological maps were based on the similarity 
visualization technique (van Eck & Waltman, 2014). From 
the technological maps, we calculated the density metrics, 
which connect the number of existing relationships with 
possible associations, and centrality. Centrality measures 
the intensity of existing links between clusters in UCINET 
software (Borgatti et al., 2002; Callon et al., 1991). The iter-
ative review of the information made it possible to eliminate 
duplicate research and to be sure that the documents linked 
to the analysis fit the search object.

To find the search strings by geographical location, we 
used the free Python programming language, in the interac-
tive environment Google Colab (Kluyver et al., 2016), from 
which functions were implemented to perform text mining 
using Numpy libraries (Harris et al., 2020), Spacy (Honni-
bal & Montani, 2017), and Pandas (McKinney, 2010).

Using this programming language increased the effi-

ciency of the research process since it was not necessary to 
review each document. At the end of the code run process, 
a localization verification was carried out, however, the 
time spent was less than what would have been needed 
without the use of Python.

Web search trends

Social networks are a source of exchange of experi-
ences and information. For this, to identify the trends in 
the network, we entered the term “Aguacate” in Google 
Trends, a web tool that provides information using the 
Google search engine (Google, 2021a). This system of 
algorithms captures data associated with multiple fields 
of knowledge, filtering information by keywords, and 
determining the relative importance of a term in each 
time interval and a specific geographical area, linking 
topics according to trends in the web and the type of search  
(Jun et al., 2018). The search for trends focused on Colom-
bia, with records between 01-01-2010 and 06-30-2021. The 

Table 1: Database searched uses to bibliometric analysis

Platform

Scientific Electronic Library Online - SCIELO Literatura Latinoamericana y del Caribe en Ciencias de la Salud - Lilacs

Fundación Dialnet FAO Document Repository

World Wide Science Instituto Humbolt

Academic Search Complete Centro Internacional de Agricultura Tropical

System for Agricultural Science and Technology - AGRIS Biblioteca Agropecuaria de Colombia

SpringerLink SIEMBRA

Scopus Red Colombiana de Información Científica

Science Direct Academia Colombiana de Ciencias Exactas Físicas Y Naturales

Web of Science Banco de La República de Colombia

Open Access Theses And Dissertations Instituto Interamericano de Cooperación para la Agricultura IICA

Directory of Open Access Journals - DOAJ Red Investigadores de Economía

Wiley Online Library Revista de La Academia Colombiana de Ciencias Exactas, Físicas Y 
Naturales

Science.gov Legado Renata (SNAAC)

Bielefeld Academic Search Engine - BASE Buscador MinCiencias - Prototipos Industriales

Google académico Publindex

Red de Revistas Científicas de América Latina y el Caribe - Redalyc Repositorio Ministerio de Ciencias y Tecnología (Kujane)

Alianza de Servicios de Información Agropecuaria - SIDALC Colombia Productiva

LA Referencia Portal de Revistas de la Universidad Nacional de Colombia

Red de Repositorios Latinoamericanos  

Search date: April 2021.

https://www.vosviewer.com
http://Science.gov
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total Google Trends information was obtained by “Web 
Search” and the information was disaggregated by search 
type, Google images, Google news, Google Shopping and 
YouTube (Google, 2021b).

The analysis of opinion trends in the avocado value 
chain on Twitter was carried out in Python with specific 
functions for this purpose using the Pandas libraries 
(McKinney, 2010), Snscrape, and Itertools (JustAnoth-
erArchivist, 2020; Tomlins, 2020). The search equation 
was “(aguacate OR avocado) AND (cultivo OR crop OR 
agricultura OR agriculture)”, the search window ranged 
from 2011-01-01 to 2021-06-30. The search coordinates 
were set at 4°4’58.8’’N and 72°57’0.0’’W for a radius of 
1300 km and, later, it was filtered for Colombia. Access-
ing information from social networks allows the analysis 
framework to be expanded and access to information from 
a larger population than would be achieved through tradi-
tional instruments.

RESULTS

Bibliometric analysis

Auditing and debugging of the information allowed one 
to go from 5155 to 605 records, thus providing a correct 
filtering of the information (Figure 2).

An increase in publications related to avocados was 
observed in 2010 under tropical conditions, the case of Co-
lombia, with an average annual increase of 20%, reaching 
96 titles in 2020. In this sense, the Undergraduate Works 
aimed at the transformation of fruit and exporting to inter-
national markets stand out. Some work has similar research 
goals, in which information is replicated.

Of the total number of publications identified, 39.7% 
correspond to undergradute works on technical and pro-
fessional training and specialization. Scientific papers cor-
responded to 31%, with documents in Spanish (53%) and 
English (47%). The Master and PhD theses corresponded 

Source: Author´s creation adapted from Page et al., 2021.

Figure 2: Flow diagram for the systematic review and debugging of the records.
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to 11.2% of the total titles, with a higher proportion of Mas-
ter’s theses. Technology transfer documents corresponded 
to 4.1%, which included bulletins, brochures, consulting 
documents, leaflets, reports, manuals, standards, protocols, 
and videos. The search identified to some lesser extent 
presentations at scientific events (congresses, symposiums, 
seminars) (4.6%), book chapters (3.8%), books (3.6%), 
industrial prototypes (1.5%) and patents (0.5%) (Figure 3).

The analysis identified three patents on avocado products 
related to cosmetic use, tree girdling, and controlled atmo-
spheres and hormones. Additionally, 9 industrial prototypes 
were found for the harvest and post-harvest stages, four 
of these being requested by the “Grupo de investigación, 
Diseño y Desarrollo Aplicado” (GRINDDA) of the “Servi-
cio Nacional de Aprendizaje” (SENA). The institutions with 
the greatest participation in the bibliographic results were 
the Universidad Nacional de Colombia (120), Corporación 
Colombiana de Investigación Agropecuaria - AGROSAVIA 
(90), Universidad Nacional Abierta y a Distancia (42), Uni-
versidad EAFIT (16), Universidad Tecnológica de Pereira 
(13), Universidad de Antioquia (12), Universidad de los 
Andes (12), Universidad Piloto de Colombia (12) and the 
Institución Universitaria ESUMER (10).

The department with the highest number of records 
was Antioquia, followed by Tolima and Valle del Cauca  
(Table 2). In total, 373 documents report the genetic ma-
terial with which the research was carried out, some with 
evaluations in more than one variety. The Hass variety 
predominated with 54.2% of the total documents, followed 

by Lorena (6.0%), Choquette (3.6%), Fuerte (2.1%), Reed 
(1.8%), Booth (1.6%), Criollo (1.5%), Papelillo (1.5%), 
Santana (1.5%), Trinidad (0.8%), Trapp (0.8%) and Col-
linred (0 ,3%). The varieties Duque, Carmero, Gwen and 
Waldin presented only one report.

According to the co-authorship analysis, it is observed 
that there is collaborative work between researchers in the 
avocado subsector, since 7 clusters connected to each other 
were generated (Figure 4). The cluster with the largest 
number of connections (4) was made up of researchers 
Joaquín Guillermo Ramírez-Gil (Universidad Nacional de 
Colombia, Bogotá), Juan Gonzalo Morales-Osorio (Uni-
versidad Nacional de Colombia, Medellín), Juan Cámilo 
Henao-Rojas (AGROSAVIA) and Nelson Walter Osorio 
(Universidad Nacional de Colombia, Medellín). These 
authors mainly address issues of production, climate, 
biomodeling, fruit quality, new technologies (agriculture 
4.0) and integrated management of pests and diseases. 
The centrality and density metrics show that coauthoring 
networks are weak.

The co-authorship network analysis found that 44.6% 
of the documents collected correspond to the generation of 
new knowledge, 25.3% to revisions, 18.0% to validation of 
methodologies with varieties not yet studied or in regions 
not previously evaluated. Keyword analysis identified five 
clusters that contain the main topics being investigated in 
Colombia.

The research topics found in this study support the 
creation of a broad research agenda. The words with the 

Source: Authors.

Figure 3: Bibliographic records about avocado in Colombia by document type and publication year from 2000 to 2021.
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highest degree of centrality were Hass (23), mercadeo 
(22) and transformación (22). Cluster 1 presented the least 
current information; however, it had the largest number of 
documents, whose central theme was the transformation of 
the fruit. The information in group 2 was the most current 
and the marketing theme prevailed. However, the most 
relevant word was Hass (Table 3). The other three clusters 
presented a low number of linked terms; however, they 
are predominant for the subsector. The transformation of 
the fruit was the third topic with the highest centrality and 
also the one with the highest number of links in the clusters 
analyzed.

Web search trends

Google Trends showed an upward trend in avocado 
(Figure 5.A). The term “aguacate” has been more con-
sistent in the search for images with several peaks in the 
search window (Figure 5.B). The words with the highest 
relevance in the trend search in Google Trends were ‘ensal-
ada’, ‘pelo’, ‘Hass’ and ‘aceite’. When the information was 
disaggregated by content type, we found that the behavior 
varies with related words and department (Table 4).

The highest value in audiovisual content on YouTube 
was recorded in November 2020: At this time, a trend 
was presented due to a video linking avocado with a high 
potassium content (Figure 5.C). The search for avocado in 

Google Shopping reached its first popularity peak on 13 
July 2019, when the first negotiations for avocado export to 
Asia were held (Figure 5.D).

The search in the news showed that the term was highly 
popular in specific periods, varying due to commercial sit-
uations or the opening of markets (Figure 5.E). The results 
showed three dates of high popularity, February 2012, due 
to phytosanitary problems in avocado crops caused by the 
winter wave associated with the ENSO-La Niña and the 
controversy over the importation of avocado and other 
fruits. May 2019, the export of fresh and processed fruit 
was the main topic, with CorpoHass exports to Kuwait, 
the opening of the Santa Marta port for Hass avocado 
exports to the United States, and the issue of environmental 
sustainability in avocado crops in the Quindío department. 
Finally, in March 2021, with 90% popularity, due to the 
opening of the market to South Korea.

Finally, Twitter opinion trends responded to the market 
opening mainly for exports, or the growth of the subsec-
tor. In 2021, tweets with environmental concerns were 
identified due to references in Chile and Mexico about the 
improper management of water resources that created an 
environmental problem. In Colombia, the environmental 
issue also links Hass’s variety with protected areas, an 
aspect that is being regulated by regional autonomous 
corporations (Figure 5.F).

Figure 4: Bibliometric network of co-authorship linked to avocado in Colombia (14.2% density and 12.7% degree of centrality). 
Search date: April 2021.
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The distribution of the search for the term “aguacate” 
in the country was more popular in the Caldas depart-
ment, where the topics related to the search for avocado 
are agricultural and cosmetic topics. The departments of 
Guainía, Amazonas, Vichada and Vaupés did not show 
results. Although Antioquia Department did not present 
the highest search volume in Google trend, it presented the 
most constant activity, seeing that since 2010 it has had an 
average popularity value.

DISCUSSION
The configuration of research networks and platforms 

for indexing results enables correction of duplication in 
research (Olsen et al., 2017). A limitation found was the 
absence of repositories and databases. This reflects the 
need to start from a broad and updated state of the art to 
prevent the researcher from developing already existing 
knowledge (Flórez et al., 2012). Horta & Santos (2020) 
found that in the field of natural and agricultural sciences, 
collaborative work is key in the construction of research 
agendas. Therefore, we suggest working in collaborative 
research networks to optimise resources in the generation of 
knowledge in the avocado sub-sector. Knowledge derived 

from collaborative networks contributes to the promotion 
of competitiveness, social and cultural aspects, and the po-
litical development of rural organizations (Muñoz, 2013). 
This coincides with Cáceres-Zambrano et al. (2022), who 
suggest the generation of networks between science, aca-
demia, and guilds.

It is necessary to strengthen publication in the scientific 
sphere as well as to strengthen and disseminate information 
(Hernández Socha, 2020). Research in this subsector was 
found to be broad and diverse and requires a higher level 
of impact in the scientific community. Numerous metrics 
exist to assess the impact of publications (González-Pereira 
et al., 2010; Guo et al., 2021; Moed, 2010). The H-index 
is a frequent and generalised metric that contrasts the num-
ber of publications with the number of citations. (Hirsch, 
2005). In this research, 68.2% of the articles identified 
are below the H-index of 100 and 24.6% are above this 
value. This is reflected in the improvement of knowledge 
quality and training processes in this field. In addition, 
higher-qualified professionals are made available for the 
subsector (Basso & di Tollo, 2022). It makes possible the 
innovation and optimization of processes and the use of 
resources (Djoumessi, 2021).

Table 3: Bibliometric clusters related to avocado in Colombia by keywords (46.6% density and 38.2% degree of centrality)

Cluster Keywords

1 Avocado oil, vegetable oil, oils and fats, dyes, extraction, production, avocado pulp, seed and transformation 

2 Agribusiness, marketing, foreign trade, exports, business plan

3 Food, quality, ripening, postharvest, sustainability

4 Education, entrepreneurship, internationalization, regional, Information and Communication Technologies (ICT’s)

5 Biological control, Hass, disease management, pests

Search date: April 2021.

Table 4: Results from Google Trends and Twitter. Search window 2010 – 2021

 Words Department

General Salad, mask, hair care Guaviare, Caldas, Arauca, Quindío, Huila

Images Salad, drawings, tree, crop, fruit Caquetá, Arauca, Casanare, Caldas, Risaralda

YouTube Songs, hair, salad, potassium Nariño, Putumayo, Risaralda, Huila, Cauca

Shopping Fruit La Guajira, Cauca, Risaralda, Cundinamarca, Antioquia

News Fruit, plant, Hass Casanare, La Guajira, Sucre, Tolima, Quindío

Tweets Crop, water, Hass, export, Chile Antioquia, Bogotá, Caldas, Santander, Bolívar, Valle del Cauca

Source: Authors
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Several authors highlight the importance of strength-
ening research in other areas with potential for the sub-
sector, either for the Hass variety, or for criollos, green or 
papelillos such as the Montes de María subregion or other 
departments like Cesar, Santander and Norte de Santander 
(González et al., 2018; Vásquez-Barajas & Bastos-Osorio, 
2018). The data collected show the highest concentration of 
bibliographic information in the department of Antioquia, 
which is related to the growth in the avocado planted area 
(Ramírez-Gil, 2018). A relationship was found between the 
departmental distribution of the documents and the suitabil-
ity map for the Hass avocado crop in Colombia (Fonseca 
et al., 2018). However, the search carried out looked at the 
avocado fruit in general, so the geographical distribution of 
the results has a broader coverage, including areas with low 
altitudes where other varieties of avocados are grown, such 
as green, papelillos, and criollos.  In the world, avocado re-
search is concentrated in countries with the highest import 
volume (Cáceres-Zambrano et al., 2022).

Locally, the lack of information in some eastern de-
partments is possibly attributed to connectivity difficulties 
in connectivity (DANE, 2018; Ramírez & Blanco, 2020). 
Furthermore, it is a region with a significant proportion of 
protected areas and for this reason there may be a lack of 
interest in the crop (Jiménez et al., 2019). The difficulties of 
accessing information and communication technologies in 
the country generate bias with respect to the interest raised 
in trend analysis. The need to collect regional information 
is highlighted, given that the requirements and opportuni-
ties vary depending on local characteristics.

However, we found that both the bibliometric analysis 
and the search trends are linked to the cosmetic industry, 
hair care, and dermatology. This has been verified em-
pirically and experimentally (Cervantes‐Paz & Yahia, 
2021; Del Castillo-Llamosas et al., 2021). Research with 
by-products helps reduce crop losses, process optimization 
and waste reduction (Dávila et al., 2017; Hennessey-Ra-
mos et al., 2019).

Figure 5: Web trends for the word “aguacate”, 2010 - 2021. A. General web search. B. Image search. C. Search on YouTube. D. Google 
shopping. E. Search on the News. F. Related Tweets. Source: Google Trends and Twitter.
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Aguilar-Gallegos et al. (2022) found strong and weak 
links in the process of disseminating information and 
knowledge through social networks, which has traditional-
ly been addressed in person. In addition, recognizing what 
the opinion trends in social networks allow to direct efforts 
towards topics of general interest. The perception in social 
networks of the value chain of avocados is related to the 
high-water consumption of the avocado crop, which is con-
sistent with Caro et al. (2021). Environmental issues and 
water resources should be the cornerstones of the sector’s 
development and ensure the sustainability of the system 
and the reduction of negative impacts in plantation areas. 
It should be coupled with the recognition of agricultural 
borders to avoid conflicts with conservation areas (Fonseca 
et al., 2018).

The main challenge of technology and innovation in the 
avocado subsector is to link environmental aspects, food 
safety, sustainability, and trade. Participatory innovation 
processes are considered to be an opportunity to link 
various actors (Šūmane et al., 2018). Innovation processes 
must allow the generation, access, exchange, and applica-
tion of knowledge where different actors learn, innovate, 
order risks, and share benefits (Sonnino & Ruane, 2013).

Nowadays, access to information is increasingly sim-
ple, in addition, current dynamics show trends toward the 
digitization of knowledge, for the conservation, promoting 
access, opportunities for dissemination and improvement 
in information management (Soltis et al., 2011; Wambari, 
2017). Using the Web as a source of information is a re-
search and market strategy in various sectors, even greater 
after the confinement situation due to the Covid-19 pan-
demic (Muhammad et al., 2021; Rakshit et al., 2021). Trend 
analysis is a methodology used to verify market needs and 
design attractive and commercial products (Wisetsri et al., 
2021). In this study, it was possible to identify the source 
of information that the network means for the academy and 
for science. The connection between offers and demands is 
often limited in the reception of needs and the transfer of 
knowledge. Using the Internet as a tool to overcome these 
gaps implies a challenge in connectivity and an opportunity 
to improve.

These types of methodology create the opportunity to 
broaden the research vision by using alternative networks 
for trend analysis and access to large amounts of data 
(Klerkx et al., 2019). In this study, it was possible to find 
the usefulness of these methodologies for the agricultural 
sector in general. This analysis serves as a decision-making 

tool and as a competitive strategy for the subsector.
This research found that the technological and research 

offer of the avocado subsector partially responds to the per-
ception toward the value chain found in the trend analysis. 
Therefore, various investigations were found around mar-
keting, exports, and environment, with little investigation of 
the last ones falling behind in this area. Likewise, our work 
shows that the use of data science tools allows access to a 
large amount of available information and that the correct 
filtering and analysis of data can provide more elements 
for decision making based on evidence. Furthermore, these 
tools constitute a key factor to understand the perception of 
citizens in a specific value chain, as well as to use them to 
improve this perception, and to gain knowledge of trends 
for the proper design of policies, products, and innovation.

Furthermore, our research is expected to contribute 
to evidence-based decision-making for key players in the 
avocado industry. Policymakers can leverage the findings 
to design targeted initiatives that promote technological 
advances and stimulate sustainable growth. Industry stake-
holders can refine their strategies by aligning them with the 
prevailing public perceptions, ensuring that innovations 
resonate with consumer needs and expectations. Further-
more, academic researchers can identify novel research 
avenues that directly address the practical challenges 
faced by the avocado industry, thus accelerating its tech-
nological development. Our study embarks on a pioneering 
investigation of technological trends and perceptions in the 
avocado industry through the integration of bibliometric 
analysis and social media exploration. 

CONCLUSIONS
The search carried out and the data analytics tools used 

in this study identified trends in research and development 
of the avocado subsector, as well as perception towards 
this production system. The search trends showed relevant 
topics for the subsector, including entering new markets, 
opportunities for product diversification, business devel-
opment, and optimization of research processes through 
collaborative networks. It was found that the offers and 
demands are related; however, some demands are still 
unfulfilled. On the one hand, search trends (demands) are 
related to aspects of transformation, international trade, and 
the environment. The research (offers) partially responds to 
this, since the environmental area has been little explored. 
Then again, the type of document found has a still rudi-
mentary level of development and dissemination, requiring 
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strengthening in the scientific sphere and technology trans-
fer. Collaboration networks among authors were found to 
have the potential to be scaled to other actors in the chain, 
linking actors in charge of offers and demand. Using data 
science tools, the agricultural sector can learn about search 
dynamics and needs as a source of information in sectoral 
and business planning. As a final point, the actors in the 
value chain must contribute to the permanent updating of 
offers and demands, including different regions and themes.
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