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Abstract: Concern over the impacts of climate change has significantly increased. While
these effects are evident across various contexts, this study focuses on how the scientific
literature has addressed the role of green innovations in agriculture. A bibliometric analysis
was conducted to understand the structure and evolution of this topic over time. The
results confirmed a recent increase in scientific publications and highlighted new research
directions, such as identifying the agricultural subsectors most positively impacted by
green innovations.
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1. Introduction

The effects of climate change are already being felt in all economic activities. In
agriculture, the increased incidence of extreme events and the excess and scarcity in water
availability have reduced crop expectations and heightened concerns about food security.
In addition to hunger affecting about 10% of the world’s population, growing urbanisation
further reinforces the need to promote changes in the agri-food system [1]. Providing the
right technologies to ensure economic, social, and environmental sustainability is crucial for
the new agri-food system. The development and dissemination of green innovations aimed
at agricultural activities need to contribute greatly to the transformations that the agri-food
system needs. These innovations are significant for activities in agriculture because they
can mitigate and even nullify the harmful effects of production or consumption on the
environment [2,3]. In this context, this study’s objective was to analyse how the scientific
literature has addressed the role of green innovations in agricultural activities. It is essential
to highlight that most studies on green innovations (environmental innovations or eco-
innovations) examine industries. For this purpose, a bibliometric analysis was conducted
based on articles published on green innovations and agriculture. In addition, we identified
the most eco-innovative agricultural activities. This article is organised as follows: Section 2
deals with the methodology applied in the analysis; Section 3 presents the results; and,
finally, Section 4 presents the conclusions of the study.

2. Material and Methods

In this study, we examined scientific articles, through a bibliometric analysis, that
addressed green innovations in the context of agricultural activities. We collected data from
the Scopus database (28 March 2024). The screening included the terms “green innovations”
and “agricultural” (including synonyms of these expressions) in the titles, abstracts and
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keywords. This resulted in the collection of 569 studies published between 1976 and 2024.
We used the Biblioshiny package and Bibliometrix (R software, version 4.4.1.) to measure
bibliometric parameters [4]. The research was carried out in two stages: 1st, we elaborated
on relational co-citation analyses to detect the theoretical-methodological connections
that guide a given research field; 2nd, we performed scientific mapping to observe the
conceptual structure behind producing these studies and their thematic evolution according
to the research area [5]. To achieve this, we constructed an adjacency matrix and considered
two network indices: centrality (which indicates the number of connections that a node
establishes in a network) and density (which reveals the proportion of connections). The
intersection of these measures resulted in a diagram segmented into four quadrants: the
upper-right quadrant represents motor themes (i.e., the most developed and important
themes for the research field, characterised by high centrality and density); the lower-right
quadrant represents fundamental and transversal themes (which are highly important
and linked to other themes in the area but still underdeveloped); the lower-left quadrant
represents emerging or declining themes (underdeveloped themes with few connections to
other themes, presenting low centrality and density); and the upper-left quadrant represents
highly developed but isolated themes [4].

3. Results

We identified 569 studies published between January 1976 and March 2024 that address
the theme of green innovations from the perspective of agricultural activities. Overall,
scientific research on this theme has grown significantly in the last four years.

Five articles represent the most referenced contributions. The first is a study by
Mirabella et al. [6], which analysed the problem of food manufacturing waste and defended
the potential of industrial symbiosis to recover waste resulting from food processing. The
second study, by Matos and Hall [7], analyses a case study on agricultural biotechnology
using the life cycle assessment approach. Padel [8] investigated studies that analysed
organic farms in several countries. Notarnicola et al. [9] examined the environmental
impacts of food consumption and identified that the agricultural phase is the stage that
has the highest impact on all types of food analysed. Finally, Geels et al. [10] discussed
the sociotechnical dynamics of low-carbon transitions and highlighted that agriculture
activities are part of a very dispersed regime.

Figure 1 presents the evolution of this conceptual field through keyword co-occurrence,
subdivided into five periods. Between 1976 and 2010, articles addressing green innovations
in agriculture highlighted terms like “innovation”, “green innovation”, and “sustainable
agriculture”. From 2011 onwards, new words emerged, such as “sustainable development”,
“transition”, “biofuel”, and “food security”. Specifically, in the 2015-2018 period, terms
like “climate change”, “sustainability transition”, “circular economy”, and “biotechnology”
appeared. In the last two segments, it is essential to note the appearance of terms associated
with significant actions to mitigate climate change, such as the Sustainable Development
Goals and sustainability-oriented innovation.

The synthesis of the thematic map indicates, through the arrangement of keywords,
which themes are motor, basic, emerging/declining, and niche themes. As emphasised in
Section 2, the intersection of relevance parameters (centrality) and development (density)
allows us to identify whether a keyword is related to a more developed field of research
(motor themes), is a more transversal term linked to fundamental themes (basic themes), is
a term with little development but connected to other research areas (emerging/declining
themes), or is a niche theme, i.e., is highly developed but is at a stage of little connection
with other themes. Themes guiding studies on green innovations and agricultural activ-
ities address aspects related to precision agriculture and the supply chain (Figure 2). In
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turn, “green innovation”, “sustainable development”, “climate change”, “sustainable”, and
“sustainable agriculture” were transversal topics linked to fundamental themes. In the
quadrant of niche themes, we observed five terms being analysed more in isolation, such
as “competitiveness”, “absorptive capacity”, “corporate social responsibility”, and “bio-
fuel”. Finally, “absorption” appeared to be underexplored, while “agricultural innovation”

seemed to be an expanding term closely related to niche themes.
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Figure 1. Evolution of the conceptual field of and scientific articles on green innovations
and agriculture.
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Figure 2. Thematic map according to of scientific articles on green innovations and agriculture.

Beyond scientific mapping, we aimed to identify, through keywords, the activities
explored in studies on green innovations and agriculture. In this examination, we iden-
tified five categories. The main one encompasses techniques and specific cultivation and
exploration segments, such as organic agriculture, organic food, aquaponics, agroecology,
bioeconomy, bioenergy, bioplastics, biotechnology, and urban agriculture. The second main
category is food production. This category includes aquaculture (salmon, fish farming,
and seafood), land cultivation (bananas, cereals, chilli, cocoa, coconut, coffee, legumes in
general, lettuce, rice, sugar, sunflower, tea, yeast, soybean, and sorghum), animal farming
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(honey, goat, and sheep), and industrial processing (meat, wine, and oil palm). The third cat-
egory relates to renewable energy production, such as biofuels (biogas, biomass, biodiesel,
and agrofuel). The fourth group is associated with raw material extraction (bamboo, cotton,
and wood) and industrial activities (except food and beverages) such as pulp and furniture.
Finally, the fifth group relates to agritourism activities (hotel and rural tourism).

4. Conclusions

This study aimed to analyse how the scientific literature has addressed the role of
green innovations in agriculture. The results indicated that, although most articles on
the topic are not recent, there has been a rapid growth in the number of publications
since 2021. This increased interest in the topic is mainly related to the intensification of
climate disturbances and corresponding actions and policies to mitigate their impacts.
It was interesting to observe the evolution of the topics analysed in the scientific litera-
ture on green innovations and agriculture and to verify their diversity and relevance.
Between 1976 and 2010, the topics guiding the studies were mainly focused on just
three themes—sustainable agriculture, innovation, and green innovation—but from 2011
onwards, new concerns and perspectives began to guide research, such as a focus on food
security, circular economy, and biotechnology. Similarly, the thematic map indicated that
research on green innovations and agriculture has focused on topics such as precision agri-
culture and the supply chain (motor themes), climate change and sustainable agriculture
(basic themes), corporate social responsibility and biofuel (niche themes), and agricultural
innovation (emerging themes). Another relevant result of this study was the mapping of
the activities analysed in the studies, such as specific cultivation and exploration techniques
and segments, food production, and renewable energy generation. These subsectors, which
are directly or indirectly related to agriculture, are the most prone to and/or demanding of
green innovations. In future research, we aim to deepen our analysis by selecting articles
that have analysed case studies of green innovations in agriculture.
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