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ABSTRACT

This pioneering study applied bibliometric techniques and indicators to investigate
more than a century of scientific production on common bean (Phaseolus vulgaris L.).
This food item has the greatest global representation for cultivation and consumption,
and it produces a significant impact on the nutritional quality of many populations.
We analyzed over 15,000 scientific publications indexed in the Scopus database. The
historical perspective based on indicators of diffusion, collaboration, and impact made
it possible to map the main countries and lines of research on common bean. Our results
indicate the predominance of studies on productivity, genetic improvement, nutritional
quality, disease resistance, and adaptation to different cultivation environments. These
research topics are associated with the evolutionary and domestication processes of
this legume. Moreover, countries like the United States (the leading country), Brazil,
United Kingdom, Canada, Spain, Mexico, Colombia, and India stand out. Institutional
arrangements, associated with scientific and technological projects of global scope,
management structure, and conservation of genetic resources put the United States and
other nations under the scientific spotlight for common bean research.

Index terms: impact assessment, Phaseolus vulgaris, scientific production.
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Um século de feijdo-comum: bibliometria e producao cientifica

RESUMO

Este ¢ um estudo pioneiro que utilizou técnicas e indicadores bibliométricos para investigar mais de um século de producao cientifica
sobre o feijoeiro-comum (Phaseolus vulgaris L.), alimento com maior representatividade em cultivo e consumo no mundo e de
significativo impacto na qualidade nutricional de muitas populagdes. Foram analisadas cerca de 15 mil publicagdes cientificas indexadas
na base de dados Scopus. A perspectiva historica, baseada em indicadores de difusdo, colaboragdo e impacto, permitiu mapear os
principais paises e linhas de pesquisa. Os resultados indicam a predominancia de estudos sobre produtividade, melhoramento genético,
qualidade nutricional, resisténcia a doengas e adaptagao a diferentes ambientes de cultivo. Esses topicos de pesquisa estdo associados
aos processos evolutivos e de domesticacdo dessa leguminosa. Além disso, destacam-se paises como Estados Unidos, Brasil, Reino
Unido, Canada, Espanha, México, Colombia e india. Desse conjunto, os Estados Unidos s@o os protagonistas. Arranjos institucionais,
associados a projetos cientificos e tecnoldgicos de ambito global, estrutura de gerenciamento e conservacio de recursos genéticos,
colocam os EUA e outras nac¢des no centro das atengdes cientificas quanto a pesquisa do feijdo-comum.

Termos para indexacao: Phaseolus vulgaris, avaliagdo de impacto, produgdo cientifica.

INTRODUCTION

Research impact assessment (RIA) has become even more prominent because of its importance
in providing knowledge and information for measuring research support investments, for its socio-
economic value, and for accountability (Penfield et al., 2014; Morton, 2015). In this respect, RIA
studies are relevant for sustaining the work of players in competitive, resource-limited environments,
as is the case of science, technology, and innovation (STI) systems (Georghiou & Roessner, 2000;
Weilhuhn et al., 2018; Williams & Grant, 2018).

Considering the diversity of agents that act in the STI environment, RIA can take on different
scopes of analyses, such as academic, organizational (programs, policies, and institutions), and secto-
rial performances, among others. The definition of RIA models is related to the aim of the assessment,
to the environment in which the object of study is found, and to the expected results (Moed & Halevi,
2015; Joly & Matt, 2017). In this respect, multidimensional RIAs are based on combinations of
appropriate indicators for the different scopes and dimensions of analyses. Bibliometrics, by its turn,
is a prominent methodological approach within this scientific impact assessment (Durieux & Geve-
nois, 2010; Moed & Halevi, 2015). Thus, bibliometric indicators are used to measure the quantity
and quality of scientific production, to evaluate areas of knowledge and specific themes. With this
in mind, we mapped the scientific production and knowledge dissemination related to common bean
(Phaseolus vulgaris L.), using bibliometric techniques.

Bean is a seed of a leguminous plant of the Phaseolus genus. The main species grown throu-
ghout the world are Phaseolus vulgaris L., P. lunatus L., P. coccineus L., P. acutifolius var. latifolius
G.F.Freeman, and P. polyanthus Greenm. (Singh et al., 1991). The most cultivated species of bean,
as well as the most consumed in the world is Phaseolus vulgaris L., also known as common bean
(Chiorato et al., 2018). This legume is largely grown as a grain crop (dry beans) or as a fresh vegetable
(green beans). It acts as the foundation to food security for various populations around the world, due
to its low cost of production, smaller impact on the family budget, and recognized nutritional quality
(Hayat et al., 2014; Hartmann & Siegrist, 2017). Furthermore, grain legumes are also important for
the sustainability of agrofood systems (Magrini et al., 2019). Hence, dry grains of common bean
(Phaseolus vulgaris L.) play a prominent role in this context.

The biggest producers of dry beans are Myanmar (which produced almost 6 million tonnes in
2019%), India (around 5 million tonnes), and Brazil (approximately 3 million tonnes), followed by
China, United Republic of Tanzania, Uganda, United States of America, Mexico and Kenya (FAO,
2019).

° The reference period is the harvest year.
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Common bean (CB) accounts for a high proportion of daily protein intake in many regions, par-
ticularly in Latin America, Africa, and parts of Asia. Beans are also an economically significant food
legume and vegetable crop in Canada, United States of America, and Europe (Assefa et al., 2019). Its
consumption is particularly high in African countries — for instance, per capita consumption ranges
from 50 kg to 60 kg per year in Rwanda, Kenya, and Uganda (Broughton et al., 2003; Buruchara et
al., 2011). Common bean is also very rich in nutrients, with both protein and complex carbohydrates,
vitamins (such as A, C, folate), dietary fiber, and biologically important minerals, such as Ca, Mg, K,
Cu, Fe, Mg, and Zn (Broughton et al., 2003; Blair et al., 2013).

The originality of this research stems from the lack of studies regarding global scientific pro-
duction on common bean. There are few studies on beans when compared to other relevant species,
and a bibliometric approach could contribute to systematize data on the field (Kafer et al., 2021).
Thus, this is the first longitudinal study using bibliometric techniques to investigate more than a
century of scientific production about the bean crop (from 1903 to 2019). What the literature does
provide are few, overarching bibliometric studies in agriculture, with specific themes related to plant
species. They mostly emphasize soy (Magrini et al., 2019) and other products, such as rice (Morooka
et al., 2014), coffee (Cruz-O’Byrne et al., 2020), maize (Yuan & Sun, 2020), and citrus (Souza et al.,
2013). Furthermore, these studies rely on localized databases and can also be divided among different
scopes of analysis, such as shorter timeframes, geographic regions, and impact indicators (citations,
collaboration and scientific networks, and scientific journal pro files) (Canas-Guerrero et al., 2013;
Oliveira et al., 2017; Irizaga & Vanz, 2021).

The studies nearest our own are those which applied bibliometric techniques within the bean
research field. Miyamoto et al. (2017) characterized the scientific production regarding bean golden
mosaic, one of the main viral diseases which attack common bean fields in Brazil. Rajendran (2021)
used the CAB Direct database, in order to conduct an overview of research on the theme from 2011
to 2013. Kafer et al. (2021) applied scientometric approaches regarding the application of molecular
markers in genetic studies on CB. Spatti et al. (2021) employed bibliometric techniques to measure
the internationalization of Brazilian research within CB research topic. Our research complements
these works by broadening the spectrum of scientific evaluation surrounding CB research globally
because it offers a historical perspective and recovery data from Scopus, which is one of the most
recognized international scientific database.

The results discussed in this article are part of an RIA on CB led by a public research organi-
zation in Brazil.

METHODOLOGY

We applied bibliometric techniques and indicators to the analysis of scientific publications to
identify the evolution, dissemination, and impact of research outputs related to CB. Bibliometrics, as
a statistical-mathematical instrument for the measurement of indices of scientific production (Araujo,
2006), allows of the evaluation of scientific and technological performances at researcher, institution,
and geographical levels, with the support of metrics such as the number of citations, coauthorship
networks, institutions, keywords, etc. (Okubo, 1997). Bibliometrics is a tool that assists the researcher
in the systematization of scientific and technological information, as well as in the mapping and
generation of different information management indicators (Guedes & Borschiver, 2005).

To characterize scientific publications related to CB, we considered the terms “Phaseolus vul-
garis”, “common bean”, and “dry bean” within the following Boolean search query (Table 1). The
term “dry bean” was inserted in the query with the aim to align the search results with the scope of

the research program that is the object of our RIA.
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Table 1. Boolean search query regarding common bean.

TITLE-ABS-KEY(“Phaseolus vulgaris”” OR “common bean*” OR “dry bean*”)

We chose Scopus (Elsevier) as the bibliographical information database. This choice is based
on the scope and volume of Scopus (Brazilian and international) and by its multidisciplinary cha-
racter (Archambault et al., 2009). Furthermore, it is a database of abstracts and citations of scientific
literature and of academic level information sources that indexes more than 22,000 scientific journals
from 5,000 international publishers, as well as other types of documents (Elsevier, 2015).

In order to capture the scientific trajectory of the theme, the first year of bibliographic produc-
tion analysis was defined by the date of the first document found by the Boolean query, in this case,
1903. To define the final year of the timeframe, we ignored the most recent years of the series, as
recommended by Costa et al. (2019), due to the probability that these publications had not yet been
completely indexed to Scopus and, for that reason, would be subject to underestimation. Thus, the
timeframe used in this research was from 1903 to 2019.

The Boolean search query was applied to Scopus on January 26, 2021, and it showed the pre-
dominance of the “Agricultural and Biological Sciences” and “Biochemistry, Genetics, and Mole-
cular Biology” knowledge areas, which represent around 75% of all scientific production regarding
CB for the selected timeframe. The other areas are the following: Medicine (5%); Environmental
Science (5%); Immunology and Microbiology (4%); Chemistry (3%); Neuroscience (3%); Nursing
(2%), Pharmacology, Toxicology, and Pharmaceutics (1%); and Engineering (1%); and the rest was
distributed among Multidisciplinary areas, Chemical Engineering, Veterinary, Earth and Planetary
Sciences, Social Sciences, Materials Science, Energy, Physics and Astronomy, Computer Science,
and Health Professions.

Since “Agricultural and Biological Sciences” and “Biochemistry, Genetics, and Molecular Bio-
logy” are the most representative areas, we have chosen to analyze only research outputs regarding
CB published within these areas of knowledge. Our total set contained 15,349 documents including
articles published in scientific journals, conference papers, books, and book chapters. For the analyses
of data, and the systematization of the information and exploratory analyses, we used the MS Excel
and QGis softwares. VOSViewer was also utilized for the mapping of the bibliometric information
networks.

RESULTS AND DISCUSSION

This study used bibliometric metrics to investigate more than a century of scientific production
on CB. Our results showed that over 95% of the 15,349 scientific publications regarding CB are rese-
arch papers, for which “Agricultural and Biological Sciences” accounted for 52% of the documents,
and “Biochemistry, Genetics, and Molecular Biology”, for 28%.

The historical trajectory of CB (Figure 1) shows that the first article was published in 1903 and
presented experimental results regarding nutrient uptake by the CB crop (Von Portheim, 1903). The
largest number of scientific production outputs (627 publications) was in 2017. Positive growth of
around six publications per year worldwide is a notable trend.
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Figure 1. Distribution of scientific production regarding common bean, 1903-2019. The publications include articles published in
scientific journals, conference papers, books, and book chapters.

As to country participation (Figure 2), the United States plays a central role (24% of all research
output). They are followed by Brazil (17%), the United Kingdom (7%), Canada (6%), Mexico (5%),
and India (5%), which also figure as key disseminators of knowledge. Some of the largest producers
and consumers of beans also stand out as major scientific producers (this is the case of Brazil, India,
Mexico, and USA). However, this is not a rule, since the economic importance of CB for Canada,
USA, and Europe contributes to this scenario (Assefa et al., 2019). According to Kafer et al. (2021),
the remarkable participation of the USA may be related to its financial and scientific structure, which
ends up attracting researchers and funding. Magrini et al. (2019) also showed the prominence of the
USA and countries on the European continent in the scientific production of soybean and pulses, and
these authors highlight that the legume bean is among the five main species studied, contributing 10%
of scientific production.

L 10%
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Figure 2. Map of country participation in scientific production regarding common bean (%), 1903-2019.
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These results are complemented by information on the international coauthorship networks
established in the country of the institution to which the authors are affiliated (Figure 3). According
to Miyamoto et al. (2017), a scientific coauthorship network is a social network, in which two authors
(vertices) are considered “connected” if they have written an article together. In the map, the size of
the sphere is proportional to the number of publications of the country. Thus, the larger the sphere,
the greater the scientific output of that country. The connections, in turn, represent coauthorship
relationships. The more intense this connection, measured by the thickness of the line, the larger the
number of combined studies among researchers of those countries.
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Figure 3. Scientific production regarding common bean: collaboration network among countries, 1903-2019. Note: The network
was constructed based on the countries of institutional affiliation of coauthors in publications regarding common bean in the Scopus
database. Different colors represent different clusters of collaboration. The size of the sphere that represents the country is based on the
number of publications. The connecting lines indicate the 100 strongest co-occurrence connections among the countries with at least
5 publications.

This network confirms the representativeness of the USA, Brazil, France, Spain, Germany,
Mexico, and Colombia for the overall number of publications. Furthermore, it shows the strong
relationship between Brazil and the USA, and the centrality of the USA within the coauthorship
network. The USA prominence in collaboration networks between countries was also observed in
a bibliometric study on the scientific outputs of soybean and other legumes (pulses) in the period
1980-2018 (Magrini et al., 2019), in a study on CB scientific internationalization (Spatti et al., 2021),
and in an article on the impact of molecular markers in CB (Kafer et al., 2021).

The consolidation of four coauthorship clusters, illustrated by the colors green, red, blue, and
yellow are also presented (Figure 3). The green cluster (Brazil, United States, Spain, Mexico, Chile,
Colombia, and Peru, among others) indicates prominence both in number of publications and the
intensity of the established coauthorship relationships (which also involves various Latin American
countries). The red cluster (France, Italy, Germany, the United Kingdom, Portugal, Egypt, Iran, etc.)
has weaker relationships than the green cluster, but still includes a considerable number of publica-
tions. The blue cluster (China, India, Australia, Turkey, Japan, etc.), by its turn, shows comparatively
fewer publications on CB, and the coauthorship relationships predominantly occur around the United
States. Finally, the yellow cluster (Kenya, South Africa, Tanzania, Ethiopia, etc.) consists of moderate
indicators of coauthorship and overall research output.
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The results shown (Figures 2 and 3) may be related to the maintenance of genetic resource
collections in referenced research centers of different countries. As it can be seen, countries with im-
portant collections of genetic accesses stand out both in citation and country collaboration networks,
such as USA, Colombia, Germany, Brazil, Spain, etc. This fact indicates that the maintenance of
collections of genetic resources and the sharing of genetic accesses result in collaborative scientific
outputs and strengthened networks.

The global collections of genetic resources and germplasms can be characterized in various
ways: by genotype (that is, marker- or sequence-based characterization), by phenotype (such as gro-
wth habit, seed characteristics, disease responses, photoperiod response, etc.), by pedigree, genepool,
race, or by geographic origin. The world’s largest germplasm collections of CB are maintained in
the following institutions and countries: at the Food and Agriculture Organization (FAO), under the
International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA), at the Inter-
national Center for Tropical Agriculture (CIAT) in Cali, Colombia (around 36,000 accessions), with
a backup at the Svalbard Global Seed Vault in Norway, where more than 50,000 accessions are now
held; at the U.S. Department of Agriculture (USDA), in Pullman, Washington, USA (about 15,000
accessions); at the Institute fiir Pflanzengenetik und Kulturpflanzenforschung (IPK), Germany (about
9,000 accessions); in Brasilia, Brazil (Brazilian Agricultural Research Corporation, Embrapa Genetic
Resources & Biotechnology, with about 6,000 accessions); in Beijing, China (CAAS, Institute of
Genetic Resources with more than 5,000 accessions); and at the National Center for Plant Genetic
Resources in Alcalad de Henares, Spain (with more than 5,000 bean accessions) (Assefa et al., 2019).

In addition to the germplasm collections, databases are important initiatives to promote the
production and dissemination of knowledge. Therefore, substantial phenotype data is maintained in
the USA, in the Germplasm Resources Information Network (GRIN) web server, which provides
germplasm information from the USDA’s National Genetic Resources Program (NGRP). Other im-
portant initiatives of research are the USA Bean Coordinated Agricultural Project (BeanCAP) and
Pan-Africa Bean Research Alliance (PABRA) supported by a consortium formed by CIAT and donors
(Buruchara et al., 2011; Moghaddam et al., 2014).

A different representation highlights the citation network among countries (Figure 4). Colors
are based on the mean normalized citation scale (number of citations of each publication divided by
the total number of citations of the universe). The size of the sphere represents the number of norma-
lized citations received (number of citations of the country divided by the mean number of citations
of all documents published in the same year). Normalization corrects the fact that older documents
have taken longer time to receive citations than more recent documents.

The citation network shows that not only the United States has the largest number of documents
on the theme, as above mentioned, but also it is the country whose publications have the largest num-
ber of normalized citations (sphere size), and the largest mean number of citations (see normalized
scale) (Figure 4). Thus, we can infer that the USA has the largest impact in citations on common bean
research — 1.4 impact, which means 40% more citations than the mean. A similar situation is observed
for countries represented in yellow (Colombia, Australia, Germany, the United Kingdom, Belgium,
and China), with a mean of normalized citations from 1.2 to 1.4. Mexico, Canada, and Portugal are
highlighted in green, with a moderate mean number of citations (1.0, precisely the mean number of
citations, to 1.2), and, in blue, are countries with a low mean number of citations (Brazil, India, Iran),
ranging from 0.6 (40% fewer citations than the mean) to 0.8.

The combined analysis of the participation of countries in scientific production (Figure 2), and
of the collaboration networks and citations among countries (Figures 3 and 4) indicates the predomi-
nant role of the USA as a key player in the scientific production and dissemination regarding common
bean. The strong representation of the USA favors the countries it collaborates with as for the number
of citations. Our results corroborate those by Spatti et al. (2021) for the analysis of the field-weighted
citation impact of the CB scientific outputs, which shows that publications in international collabora-
tion are most cited than the global average.
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The map of keywords indicated by authors in publications regarding common bean is shown in
Figure 5.
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Figure 5. Scientific production regarding common bean: map of keywords indicated by the authors, 1903-2019. The construction
of the network was based on publications regarding common bean in the Scopus database. Different colors represent clusters of
keywords. The size of the sphere illustrates the number of times the term is indicated by authors in the publications. The connecting
lines indicate the 100 strongest connections among the terms with at least 5 co-occurrences. The terms present in the Boolean search

CLINTS

formula (“Phaseolus vulgaris”, “common bean”, and “dry bean”) were excluded.
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From a global perspective, the keywords related to CB research indicate the predominance of
studies focused on yield, plant breeding, nutritional and technological quality, disease resistance, and
adaptation to different growing environments. In addition, the five clusters show what are the main
research interests around CB (Figure 5).

Over 80% of bean production in developing countries is from subsistence farming of semi-arid
regions and sub-humid to humid growing environments. In these areas, most producers are small-
scale farmers who use unimproved bean cultivars (Assefa et al., 2019). Common bean tends to face
a high incidence of biotic and abiotic stresses, including diseases, insects, drought, and low soil
fertility (Singh, 1992). These characteristics can be observed in the pattern of scientific production in
the countries that showed prominence by our results. Several lines of evidence indicate that CB was
domesticated at least twice — from Northern Andean and from Mesoamerican populations (Bitocchi et
al.,2013; Cortés & Blair, 2018). Ecological niches for both wild populations are relatively specialized
and narrow; the Mesoamerican population adapted to a bimodal rainfall regime and a mid-season dry
period, typically on relatively fertile volcanic soils, in disturbed areas, or transitional forest clearings,
in a near-equatorial geographical range, and the Andean wild population, growing on the Andean
slopes, became more cold-adapted (Bitocchi et al., 2013).

The findings show that there can be a thematic specialization by country (Figures 3 and 5), due to
different environmental and market conditions. These can also be linked with the keyword associations
in the red cluster, where terms such as “growth”, “drought stress”, “irrigation”, “photosynthesis”, and
“salinity” are gathered around the key term “yield”, indicating the prevalence of studies related to
yield gains and adaptation to different growing environments. These results may be associated with
the search for increased yields in both established productive regions, for instance, Brazil (Bezerra
et al., 2021), and in regions seeking to exploit the cultivation of pulses, as can be seen in European

countries (Sellami et al., 2019).

The red cluster is connected to the purple cluster by the term “nitrogen”, which refers to plant
nutrition, using terms such as “rhizobium”, “phosphorus”, “symbiosis”, and “nitrogen fixation”,
important themes for improving yield indicators. The growing of CB is recognized for improving
soil and environmental health through symbiotic nitrogen fixation (Assefa et al., 2019; Sellami et al.,
2019). The purple cluster is also related to the green cluster by the word “legumes”, involving lines of

2% ¢

research on nutritional and technological quality (“biofortification”, “protein”, “antioxidant activity”,

99 <¢

“storage”, “‘cooking time”).

The blue cluster, by its turn, concentrates terms related to “plant breeding” (“genetic diversity”,

99 6 2 6

“germplasm”, “landraces”, “selection”, “molecular markers”, “disease resistance”) and to CB diseases
(“anthracnose”, “angular leaf spot”, “fusarium wilt”, “common bacterial blight”). These findings can
be associated with the domestication bottleneck process, which could have reduced the plant capacity
response to some stresses, such as drought conditions and particular pathogens (Bitocchi et al., 2013;
Schmutz et al., 2014). These evolutionary and domestication processes make CB vulnerable to a wide
range of biotic and abiotic stresses, particularly as the crop has moved into new agroecological niches

worldwide.

Finally, the yellow cluster highlights the results for types of CB (“French bean”, “kidney bean”,
“cowpea’) and other leguminous plants (“chickpea”, “soybean”, “pea”). This cluster is characterized
by a connection with all other clusters (yield, plant nutrition, nutritional and technological quality,

and plant breeding), which explains its central position in the map.

CONCLUSIONS

Our methodological choice of assessing more than a century of research on common bean (CB)
(from 1903 to 2019), associated with the searching in an internationally and recognized database
(Scopus), allowed of an overview of the scientific production on this subject. From the historical
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perspective of dissemination, collaboration, and impact indicators, we mapped the main countries
and lines of research and expanded the spectrum of scientific evaluation around CB research globally.

We emphasize the potential of the bibliometric approach by combining indicators of different
dimensions of analysis, to subsidize studies on research impact assessment (RIA). Therefore, our
study establishes a basis for policy refinement to support research and strategic planning in science,
technology and innovation.

Our results show that the first publication in the Scopus document database goes back to 1903.
Its historic trajectory to 2019 is marked by the predominance of studies on yield, plant breeding,
nutritional and technological quality, disease resistance, and adaptation to different growing
environments. These research topics are associated with the evolutionary and domestication processes
of this legume. Over time, CB became vulnerable to a wide range of biotic and abiotic stresses, mainly
because the culture shifted to new agroecological niches throughout the world. These findings point
to a thematic specialization by producing regions (countries) that may also be aligned with specific
market conditions.

The strong protagonism of the United States in the scientific production and dissemination
on this topic is evidenced by the net research output, the citation impact of its publications, and
the connections formed within collaboration networks, in which it is the central player, intensely
interacting with countries such as Brazil, France, Spain, Germany, Mexico, and Colombia. The US
prominence, and that of other countries can be related to the existence of world reference centers for
the management and conservation of genetic resources. These institutional arrangements, associated
with scientific and technological projects of global scope, genetic databases, and other initiatives can
promote the collaboration between countries and intensify the dissemination and impact of scientific
production, therefore putting these nations in the CB scientific spotlight.

Future research can enrich the discussion conducted in this paper, by analyzing other
bibliometric indicators internationalization, performance at the researcher and organization levels,
and impact factor, among others) and alternative metrics that allow of the assessment of the effect and
repercussion of scientific production on the social web (altmetrics).

ACKNOWLEDGMENTS

ToConselhoNacionaldeDesenvolvimentoCientificoe Tecnolégico(CNPq,Grant422680/2018-4)
and Fundacao de Apoio a Pesquisa (Fapesp, Grant 2020/01721-7). This paper represents a result of
the research project “Results and Impacts Evaluation of the Bean Genetic Improvement Program of
the Agronomic Institute”.

REFERENCES

ARAUJO, C.A. Bibliometria: evolugio histéria e questdes atuais. Em Questao, v.12, p.11-32, 2006. Available at: <https://www.seer.
ufrgs.br/emquestao/article/view/16>. Accessed on: Feb. 8 2021.

ARCHAMBAULT, E.; CAMPBELL, D.; GINGRAS, Y.; LARIVIERE, V. Comparing bibliometric statistics obtained from the Web
of Science and Scopus. Journal of the American Society for Information Science and Technology, v.60, p.1320-1326, 2009. DOI:
https://doi.org/10.1002/asi.21062.

ASSEFA, T.; ASSIBIMAHAMA, A.; BROWN, A.V.; CANNON, E.K.S.; RUBYOGO, J.C.; RAO, L.M.; BLAIR, M.W.; CANNON, S.B.
A review of breeding objectives, genomic resources, and marker-assisted methods in common bean (Phaseolus vulgaris L.). Molecular
Breeding, v.39, art.20, 2019. DOI: https://doi.org/10.1007/s11032-018-0920-0.

BEZERRA, L.M.C.; FREDO, C.E.; CHIORATO, A.F.; CARBONELL, S.A.M. The research, development, and innovation trajectory
of the IAC Common Bean Breeding Program. Crop Breeding and Applied Biotechnology, v.21, 36872124, 2021. DOI: https://doi.
org/10.1590/1984-70332021v21n2a33.

Cadernos de Ciéncia & Tecnologia, Brasilia, v. 39, n. 1, €26949, 2022

10 DOI: 10.35977/0104-1096.cct2022.v39.26949



A century of common bean: bibliometrics

BITOCCHL, E.; BELLUCCL, E.; GIARDINI, A.; RAU, D.; RODRIGUEZ, M.; BIAGETTL E.; SANTILOCCHI, R.; SPAGNOLETTI
ZEULIL P; GIOIA, T.; LOGOZZO, G.; ATTENE, G.; NANNI, L.; PAPA, R. Molecular analysis of the parallel domestication of the
common bean (Phaseolus vulgaris) in Mesoamerican and the Andes. New Phytologist, v.197, p.300-313, 2013. DOI: https://doi.
org/10.1111/j.1469-8137.2012.04377..x.

BLAIR, M.W.; CORTES, A.J.; PENMETSA, R.V.; FARMER, A.; CARRASQUILLA-GARCIA, N.; COOK, D. A high-throughput
SNP marker system for parental polymorphism screening and diversity analysis in common bean (Phaseolus vulgaris L.). Theoretical
and Applied Genetics, v.126, p.535-548, 2013. DOI: https://doi.org/10.1007/s00122-012-1999-z.

BROUGHTON, W.J.; HERNANDEZ, G.; BLAIR, M.; BEEBE, S.; GEPTS, P.; VANDERLEYDEN, J. Bean (Phaseolus spp.) —
model food legumes. Plant and Soil, v.252, p.55-128, 2003. DOI: https://doi.org/10.1023/A:1024146710611.

BURUCHARA, R.; CHIRWA, R.; SPERLING, L.; MUKANKUSI, C.; RUBYOGO, J.C.; MUTHONI, R.; ABANG, M.M. Development
and delivery of bean varieties in Africa: the Pan-Africa Bean Research Alliance (PABRA) model. African Crop Science Journal, v.19,
p.227-245,2011.

CANAS-GUERRERO, 1.; MAZARRON, F.R.; POU-MERINA, A.; CALLEJA-PERUCHO, C.; DIAZ-RUBIO, G. Bibliometric
analysis of research activity in the “Agronomy” category from the Web of Science, 1997-2011. European Journal of Agronomy,
v.50, p.19-28, 2013. DOLI: https://doi.org/10.1016/j.¢ja.2013.05.002.

CHIORATO, A.F.; REIS, L.L.B.; BEZERRA, L.M.C.; CARBONELL, S.A.M. Global vision on common bean breeding cultivars.
In: CAMPOS-VEGA, R.; BASSINELLO, P.Z.; OOMAH, B.D. (Ed.). Phaseolus vulgaris: cultivars, production and uses. New York:
NOVA, 2018. p.27-68. (Food Science and Technology).

CORTES, A.J.; BLAIR, M.W. Lessons from common bean on how wild relatives and landraces can make tropical crops more resistant
to climate change. In: GRILLO, O. (Ed.). Rediscovery of landraces as a resource for the future. [S.1.]: InTechOpen, 2018. DOI:
https://doi.org/10.5772/intechopen.71669.

COSTA, C.; SCHURR, U.; LORETO, F.; MENESATTI, P.; CARPENTIER, S. Plant phenotyping research trends, a science mapping
approach. Frontiers in Plant Science, v.9, art.1933, 2019. DOI: https://doi.org/10.3389/fpls.2018.01933.

CRUZ-O’BYRNE, R.; PIRANEQUE-GAMBASICA, N.; AGUIRRE-FORERO, S.; RAMIREZ-VERGARA, J. Microorganisms in
coffee fermentation: a bibliometric and systematic literature network analysis related to agriculture and beverage quality (1965-2019).
Coffee Science, v.15, 151773, 2020. DOI: https://doi.org/10.25186/.v151.1773.

DURIEUX, V.; GEVENOIS, P.A. Bibliometric indicators: quality measurements of scientific publication. Radiology, v.255, p.342-
351,2010. DOTI: https://doi.org/10.1148/radiol.09090626.

ELSEVIER. Scopus: guia de referéncia rapida. 2015. Available at: <https://www.periodicos.capes.gov.br/images/documents/Scopus_
Guia%20de%20refer%C3%AAncia%20r%C3%Al1pida_10.08.2016.pdf>. Accessed on: Feb. 8 2021.

FAO. Food and Agriculture Organization of the United Nations. Faostat. 2019. Available at: <http://faostat3.fao.org/browse/Q/QC/E>.
Accessed on: Nov. 30 2021.

GEORGHIOU, L.; ROESSNER, D. Evaluating technology programs: tools and methods. Research Policy, v.29, p.657-678, 2000.
DOI: https://doi.org/10.1016/S0048-7333(99)00094-3.

GUEDES, V.L.S.; BORSCHIVER, S. Bibliometria: uma ferramenta estatistica para a gestdo da informagdo e do conhecimento, em
sistemas de informagio, de comunicagio e de avaliagio cientifica e tecnologica. In: ENCONTRO NACIONAL DE CIENCIA DA
INFORMACAO, 6., Salvador, 2005. Informaciio, conhecimento e sociedade digital: anais. 2005. p.1-18. Available at: <http://www.
cinform-anteriores.ufba.br/vi_anais/docs/VaniaLSGuedes.pdf>. Accessed on: Feb. 8 2021.

HARTMANN, C.; SIEGRIST, M. Consumer perception and behaviour regarding sustainable protein consumption: a systematic review.
Trends in Food Science & Technology, v.61, p.11-25, 2017. DOI: https://doi.org/10.1016/j.tifs.2016.12.006.

HAYAT, I.; AHMAD, A.; MASUD, T.; AHMED, A.; BASHIR, S. Nutritional and health perspectives of beans (Phaseolus vulgaris
L.): an overview. Critical Reviews in Food Science and Nutrition, v.54, p.580-592, 2014. DOI: https://doi.org/10.1080/10408398.2
011.596639.

IRIZAGA, K.R. de F.; VANZ, S.A. de S. A producdo cientifica por unidade federativa brasileira em ciéncias agrarias na Scopus: uma
analise bibliométrica. AtoZ: novas praticas em informacéo e conhecimento, v.10, p.1-14, 2021. DOI: https://doi.org/10.5380/atoz.
v10i1.76894.

JOLY, P.-B.; MATT, M. Towards a new generation of research impact assessment approaches. The Journal of Technology Transfer,
p.1-11,2017. DOLI: https://doi.org/10.1007/s10961-017-9601-0.

KAFER, J.M.; GOBATTO, D.R.; WOYANN, L.G.; CARNEIRO, E.; SILVA, G.R. da; FINATTO, T. The impact of molecular markers
in common bean through a scientometric approach. Euphytica, v.217, art.147, 2021. DOI: https://doi.org/10.1007/s10681-021-02879-
9.

MAGRINIL, M.-B.; CABANAC, G.; LASCIALFARI, M.; PLUMECOCQ, G.; AMIOT, M.-J.; ANTON, M.; ARVISENET, G.;
BARANGER, A.; BEDOUSSAC, L.; CHARDIGNY, J.-M.; DUC, G.; JEUFFROY, M.-H.; JOURNET, E.-P;; JUIN, H.; LARRE, C.;
LEISER, H.; MICARD, V.; MILLOT, D.; PILET-NAYEL, M.-L.; NGUYEN-THE, C.; SALORD, T.; VOISIN, A.-S.; WALRAND, S.;

Cadernos de Ciéncia & Tecnologia, Brasilia, v. 39, n. 1, €26949, 2022

DOI: 10.35977/0104-1096.cct2022.v39.26949 11



L.M.C. Bezerra et al.

WERY, J. Peer-reviewed literature on grain legume species in the WoS (1980-2018): a comparative analysis of soybean and pulses.
Sustainability, v.11, art.6833, 2019. DOI: https://doi.org/10.3390/sul1236833.

MIYAMOTO, B.C.B.; SOUZA, R.F.; SILVEIRA, J.M.F.J. da; SILVA JUNIOR, J.J. da. Analise da produgao cientifica sobre o mosaico-
dourado do feijoeiro. Revista de Politica Agricola, ano26, p.79-95, 2017. Available at: <https://seer.sede.embrapa.br/index.php/RPA/
article/view/1299>. Accessed on: Feb. 8 2021.

MOED, H.F.; HALEVI, G. The multidimensional assessment of scholarly research impact. Journal of the Association for Information
Science and Technology, v.66, p.1988-2002, 2015. DOI: https://doi.org/10.1002/asi.23314.

MOGHADDAM, S.M.; SONG, Q.; MAMIDI, S.; SCHMUTZ, J.; LEE, R.; CREGAN, P.; OSORNO, J.M.; MCCLEAN, PE.
Developing market class specific InDel markers from next generation sequence data in Phaseolus vulgaris L. Frontiers in Plant
Science, v.5, art.185, 2014. DOI: https://doi.org/10.3389/fpls.2014.00185.

MOROOKA, K.; RAMOS, M.M.; NATHANIEL, F.N. A bibliometric approach to interdisciplinarity in Japanese rice research and
technology development. Scientometrics, v.98, p.73-98, 2014. DOI: https://doi.org/10.1007/s11192-013-1119-0.

MORTON, S. Progressing research impact assessment: a ‘contributions’ approach. Research Evaluation, v.24, p.405-419, 2015. DOI:
https://doi.org/10.1093/reseval/rvv016.

OKUBO, Y. Bibliometric indicators and analysis of research systems: methods and examples. Paris: OECD, 1997. (OECD Science,
Technology and Industry Working Papers, 1997/01).

OLIVEIRA, A.B. de; RODRIGUES, R.S.; MATIAS, M. Periddicos cientificos das ciéncias agrarias: analise dos titulos brasileiros
indexados na Web of Science e Scopus. Perspectivas em Ciéncia da Informacgao, v.22,p.3-28,2017. DOI: https://doi.org/10.1590/1981-
5344/2582.

PENFIELD, T.; BAKER, M.J.; SCOBLE, R.; WYKES, M.C. Assessment, evaluations, and definitions of research impact: a review.
Research Evaluation, v.23, p.21-32, 2014. DOI: https://doi.org/10.1093/reseval/rvt021.

RAJENDRAN, L. Cab Direct is the focus of a scientometric analysis from 2011 to 2013: beans scientific research articles. International
Journal of Research - GRANTHAALAYAH, v.9, p.35-41, 2021. DOLI: https://doi.org/10.29121/granthaalayah.v9.i8.2021.4135.

SCHMUTZ, J.; MCCLEAN, P.E.; MAMID], S.; WU, G.A.; CANNON, S.B.; GRIMWOOD, J.; JENKINS, J.; SHU, S.; SONG, Q.;
CHAVARRO, C.; TORRES-TORRES, M.; GEFFROY, V.; MOGHADDAM, S.M.; GAO, D.; ABERNATHY, B.; BARRY, K.; BLAIR,
M.; BRICK, M.A.; CHOVATIA, M.; GEPTS, P.; GOODSTEIN, D.M.; GONZALES, M.; HELLSTEN, U.; HYTEN, D.L.; JIA, G;
KELLY, J.D.; KUDRNA, D.; LEE, R.; RICHARD, M.M.S.; MIKLAS, PN.; OSORNO, J.M.; RODRIGUES, J.; THAREAU, V,;
URREA, C.A.; WANG, M.; YU, Y.,; ZHANG, M.; WING, R.A.; CREGAN, P.B.; ROKHSAR, D.S.; JACKSON, S.A. A reference
genome for common bean and genome-wide analysis of dual domestications. Nature Genetics, v.46, p.707-713, 2014. DOI: https://
doi.org/10.1038/ng.3008.

SELLAMI, M.H.; PULVENTO, C.; ARIA, M.; STELLACCI, A.M.; LAVINI, A. A systematic review of field trials to synthesize
existing knowledge and agronomic practices on protein crops in Europe. Agronomy, v.9, art.292, 2019. DOI: https://doi.org/10.3390/
agronomy9060292.

SINGH, S.P. Common bean improvement in the tropics. Plant Breeding Reviews, v.10, p.199-269, 1992. DOI: https://doi.
org/10.1002/9780470650011.ch7.

SINGH, S.P.; GEPTS, P.; DEBOUCK, D.G. Races of common bean (Phaseolus vulgaris, Fabaceae). Economic Botany, v.45, p.379-
396, 1991. DOT: https://doi.org/10.1007/BF02887079.

SOUZA, C.D. de; DE FILIPPO, D.; FARIA, L.I.L. de; SANZ-CASADO, E. Estudo bibliométrico da produgdo cientifica do setor
citricola no Brasil. Liinc em Revista, v.9, p.28-46, 2013. Available at: <http://revista.ibict.br/liinc/article/view/3390>. Accessed on:
Feb. 8 2021.

SPATTI, A.C.; BEZERRA, L.M.C.; BIN, A.; FREDO, C.E.; CARBONELL, S.A.M. Bibliometric indicators to measure
the internationalization of Brazilian research: a case study on common beans. In: INTERNATIONAL CONFERENCE ON
SCIENTOMETRICS AND INFORMETRICS, 18., Leuven, 2021. Proceedings. Leuven: ISSI, 2021. p.1045-1050. Editors: Wolfgang
Glénzel, Sarah Heeffer, Pei-Shan Chi and Ronald Rousseau.

VON PORTHEIM, L.R. Beobachtungen iiber Wurzelbildung an Kotyledonen von Phaseolus vulgaris. Osterreichische Botanische
Zeitschrift, v.53, p.473-475, 1903. DOLI: https://doi.org/10.1007/BF01672443.

WEIBHUHN, P.; HELMING, K.; FERRETTI, J. Research impact assessment in agriculture - a review of approaches and impact areas.
Research Evaluation, v.27, p.36-42, 2018. DOI: https://doi.org/10.1093/reseval/rvx034.

WILLIAMS, K.; GRANT, J. A comparative review of how the policy and procedures to assess research impact evolved in Australia
and the UK. Research Evaluation, v.27, p.93-105, 2018. DOI: https://doi.org/10.1093/reseval/rvx042.

YUAN, B.-Z.; SUN, J. Bibliometric analysis of research on the maize based on top papers during 2009-2019. COLLNET Journal of
Scientometrics and Information Management, v.14, p.75-92, 2020. DOI: https://doi.org/10.1080/09737766.2020.1787110.

Cadernos de Ciéncia & Tecnologia, Brasilia, v. 39, n. 1, €26949, 2022

12 DOI: 10.35977/0104-1096.cct2022.v39.26949



