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Abstract. The research on grafting in horticultural plants has increased in recent years due
to the benefits of grafting on disease control, productivity, and fruit quality. This study
analyzes the scientific production on grafting in horticultural plants, using bibliometric
techniques with the objective of obtaining a vision of the characteristics of the work carried
out in the world on this subject. The worldwide evolution of research in this field was
analyzed from 1979 to 2018 using a bibliometric analysis of 1376 articles. The analysis
provided evidence of scientific production of authors, institutions, and countries. The
results showed a growing interest on grafting in horticultural plants, mainly in the past
decade when 73% of the total analyzed articles were published. The most productive
subject area was Agricultural and Biological. The most productive journal was Scientia
Horticulturae, and the one that obtained highest number of citations was Plant Physiology.
The most cited authors per article were Colla, Roupahel, and Cardarelli. The most prolific
institution was Agricultural Research Organization of Israel. China, United States, and
Spain were the countries that published the most articles. The countries with the highest
percentage of international collaboration were Germany and United Kingdom.

Since 1000 BCE, the Chinese have been
grafting woody plants. Aristotle (384–322
BCE) published works describing grafting
practices in detail. For the Roman Empire,
grafting was a regular technique, and the
Romans used different grafting methods. In
Renaissance Europe (1300–1500 BCE), there
was a renewed interest in the grafting prac-
tices. In 16th-century England, grafting was a
normal technique, and the matching of the
cambium layers was of great importance,
even though the function of this tissue was
unknown (Hartmann and Kester, 1991).

The use of grafting in vegetables began in
Japan in 1914, mainly to avoid fusariosis

attacks on watermelon plants. In 1917,
Tachisi, at the Agricultural University of
Nara, published the splice grafting technique,
and in 1923, Watanabe described the oblique
splice graft (Suzuki, 1972). Bravenboer’swork
in 1962 seem to be the origin of horticultural
grafting in solanaceous plants (Louvet, 1974).

From the special phytotechnic perspec-
tive, in horticulture, the grafting technique is
carried out to 1) increase vigor (Choi et al.,
1991; Louvet, 1974; Ogbuji, 1981; Rivero
et al., 2003; Vergniaud, 1990), 2) increase
yield (Alexandre et al., 1997; Gamayo
and Aguilar, 1998; Huitr�on, 2007a, 2007b;
Miguel, 1997; Trionfetti Nisini et al., 2002),
3) establish resistance and/or tolerance to soil
diseases (Bello et al., 2001; Cohen et al.,
2000; Lee, 1994; Lee and Oda, 2003; Louvet
and Peyriere, 1962; Messiaen et al., 1991;
Miguel-Gomez and Camacho-Ferre, 2014;
Trionfetti Nisini et al., 2002), 4) encourage
tolerance to abiotic stress (Rivero et al., 2003;
Vergniaud, 1990), 5) increase fruit size
(Díaz-P�erez et al., 2009; Huitr�on-Ramírez
et al., 2009; Ric�ardez-Salinas et al., 2010;

Traka-Mavrona et al., 2000), and 6) modify
fruit quality characteristics (Choi, 1991; Lee,
1989; Ric�ardez-Salinas et al., 2010).

The development of grafting techniques
in vegetables in Europe has been intense
since the mid-1980s, first in cucurbits and
then in solanaceous plants. At the beginning
of the 21st century in many American coun-
tries, grafting was developed as a viable
alternative to using methyl bromide as a soil
disinfectant. In the development of the tech-
nique, the search of the suitable plant mate-
rial to be used as a rootstock has required
great effort. Throughout this process, differ-
ent types of plant material were assessed. To
summarize the findings, the characteristics
that a plant material must have to be used as a
rootstock in the commercial production of
vegetables are the following: 1) It must
present affinity and compatibility with the
variety that is intended for growing. Not only
is it necessary to unify materials, rootstock,
and variety, grafted plants must also follow
their usual growth cycle until the harvest of
the fruits. 2) From a phytopathological per-
spective, the rootstock must have resistance
or tolerance (or both) to soil pathogens. This
can extend to diseases that affect the aerial
system of the crop. 3) From a physiological
perspective, rootstock must be resistant or
tolerant (or both) to abiotic stress (stress due
to low temperature, flooding, drought, salin-
ity, etc.). 4) Vigor and strength are charac-
teristics that guarantee the adaptation of
grafted plants, increasing the efficiency in
the use of production inputs such as fertil-
izers. 5) Easy handling must be also taken
into account due to the organization, plan-
ning, and handling processes that imply the
production of grafted plants in nurseries.
Uniformity and homogeneity are required
commercially, whether in response to field
conditions or during germination, emer-
gence, and cultivation under nursery condi-
tions. 6) Finally, the fruits produced should
not suffer from alterations that reduce qual-
ity, including both external and internal
properties, such as taste.

From a physiological perspective, when a
vegetal species is grafted, many aspects of
growth and development undergo significant
changes. The sequence of structural changes
in herbaceous species grafting was reviewed
by Andrews and Marquez (1993).

Compatibility is defined as the ability of
two plants to satisfactorily join and develop as
a compound plant. The difference between a
compatible and incompatible grafting is not
well defined because it includes not only
species that have a close relation and join
easily but also totally incompatible species. In
general, compatibility is related with taxo-
nomic affinity but with significant exceptions.

Tolerance to low temperatures by the
rootstock is one of the most desirable char-
acteristics for growing vegetables in green-
houses, with the aim of early production.
There are significant differences in root growth
with low soil temperatures (<13 �C) when the
Cucurbita. maxima · C. moschata or Lagene-
ria siceraria interspecific hybrid is planted
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underneath watermelon compared with non-
grafted watermelon plants (Marukawa, 1979;
Okimura et al., 1986; Suzuki, 1972). Cucumber
grafted onto Cucurbita ficifolia absorbs water
and nutrients in winter and early spring more
efficiently than nongrafted plants. Such absorp-
tion is related to an increase in breathing
(Tachibana, 1982). Some authors agree that
grafted plants absorb water and nutrients better
than do nongrafted plants (Cohen et al., 2000;
Robinson and Decker-Walters, 1997). The
physiological response to stress due to flooding
has been investigated by Liao and Lin (1996) in
Momordica charantia plants grafted onto Luffa
cilindrica. As a result of this work, they
demonstrated that the photosynthesis activity,
the stomatal conductance and transpiration are
reduced to a lesser extent in grafted plants
compared with non-grafted plants.

There is evidence of compound translo-
cation from the rootstock to the variety. In
tomato fruits, the presence of alkaloids com-
ing from Datura stramonium can be detected
when it is grafted on this species or the
presence of nicotine when it is grafted on
tobacco (Hartmann and Kester, 1991). The
rootstock role as a source of supply of plant
hormones to the crop has to be taken into
account. Its influence has been demonstrated
in some studies of physiology in aubergine on
cytokinins (Kato and Lou, 1989). These
authors stated that plants with vigorous root
systems produced a higher amount of cyto-
kinins; they also directly related the increase
in yield caused by a vigorous root system
with the concentration of cytokinins present
in the xylem. The composition of cytokinins
in the xylem fluid is variable depending on
the species.

For all the reasons just described, grafted
plants require different cultural practices
than nongrafted plants, including the graft
position with respect to the soil, planting
density, pruning system, nutrition system,
and even when harvest must be carried out.
Inappropriate cultural practices in grafted
plants during their life cycle sometimes
cause the development of herbaceous graft-
ing to fail, even when the union stage and
the preparation of grafted plants to be
planted in the field have been done suc-
cessfully.

The fundamental objective of this work is
to obtain an overview of scientific production
in the area of grafting in horticultural plants.
For this purpose, bibliometric techniques
have been used to facilitate the analysis of
articles published in this area from the 1970s
to the present day.

Materials and Methods

A bibliometric analysis based on statisti-
cal, mathematic, and mapping tools was
carried out. This permits the identification,
organization, and analysis of the main com-
ponents within a specific research area, as
well as the representation of available met-
adata in the different databases and the de-
termination of trends within a specific
research field (Aznar-S�anchez et al., 2018;

Cobo et al., 2011; Donohue, 1972). Because
this methodology reflects the most relevant
authors, countries, journals, and keywords
across past years, it shows how interest in a
topic has increased. It can also identify
different connections within research—for
example, through the use of co-authorship
and co-quation analysis.

Following the instructions of Gavel and
Iselid (2008) and Hossain et al. (2018),
different databases of scientific works, which
are related to our field of study, were con-
sulted. Finally, the Scopus database was
chosen. Scopus is considered the biggest
repository of peer-reviewed literature and
includes the most relevant publications of
the subject field of study. Furthermore, it is
the database that provides the most informa-
tion on each author, institution, and country
(Mongeon and Paul-Hus, 2016).

The searches of articles on grafting were
performed in Feb. 2019. The terms ‘‘graft’’ or
‘‘grafting’’ were used as parameter for this
search in Scopus, and combined with the
main horticultural crops that have been
grafted, that is: ‘‘watermelon,’’ ‘‘melon,’’
‘‘pepper,’’ and ‘‘aubergine.’’ The search
was carried out on the title, abstract, and
keywords for a 40-year period of study, from
1979 to 2018, in a similar manner to other
bibliometric works (Aznar-S�anchez et al.,
2018; Perea-Moreno et al., 2017). Thus, the
search query was [TITLE-ABS-KEY (graft
AND grafting)].

The final sample consisted of 1376 arti-
cles, which formed a data panel from 1979 to
2018, with a wide range of analyzed vari-
ables, such as publication year, journal, sub-
ject area, author and coauthors of the work,
institutions and affiliation country of authors,
and the keywords that define the article.

The various indicators of scientific pro-
duction used were the evolution in the
number of articles published every year,
the productivity of authors, countries and
institutions, the count of works presented
for each field, the count of the number of
citations, the H index, and the Scimago
Journal Rank (SJR) impact factor of the
main works. Networking maps were made
to analyze the collaboration between au-
thors and countries and to search research
trends based on the use of keywords. VOS-
viewer software tool was used to construct
and analyze the networks (version 1.65;
Leiden University, the Netherlands). VOS-
viewer is suitable for studies based on
bibliometric analysis and is widely used
to process and group terms (Leydesdorff
et al., 2013; van Eck and Waltman, 2010).

For the analysis of the keywords, they
were grouped according to an identical mean-
ing but with a different orthography. On the
other hands, keywords such as ‘‘article’’ or
‘‘review’’ that did not contribute to the anal-
ysis of the data were discarded.

Results and Discussion

Evolution of scientific production. The
evolution of the main characteristics of arti-

cles on grafting published from 1979 to 2018
is shown in Table 1. As can be seen in all the
analyzed variables, the interest in research on
grafting grew throughout the period, espe-
cially over the past 20 years. Thus, within the
period from 1979 to 1983, only 14 articles
were published on grafting; by contrast, in the
past 5 years (2014–18), 572 articles were
published, an increase of 40 times. The
growth in the number of publications was
especially noticeable in the past decade
(2009–18), when 1004 were published,
which amounts to 73% of the total number
of articles published in the past 40 years. The
highest number of publications, 131, took
place in 2015, decreasing in 2018 to 104.

The evolution in the number of articles
and the percentage of variation for every 5-
year period throughout the study period is
shown in Fig. 1. In addition to the significant
increase in the number of articles published
in the past 10 years, it is interesting to
highlight the percentual growth produced
during the 1994–98 and 2009–13 periods. In
the first case, in 1996 and 1998, the publica-
tion of articles on grafting widely exceeded
the annual average, and 1996 was the first
year in which more than 10 articles on
grafting were published. On the other hand,
the increase in the number of publications,
which is seen in percentage variation in
2009–13, is because 2013 was the first year
in which 100 articles per year was exceeded;
however, 5 years earlier, the annual average
was at 12.4. The increase in publications may
be due to the expansion of grafting technique
in many developing countries because it is a
viable choice for the elimination of biocides,
such as methyl bromide, which has led to an
increase in the consumption of grafted horti-
cultural plants.

Parallel to the number of articles, the total
number of authors also increased consider-
ably in the past 10 years. In the 1979–2018
period, 5357 authors were registered, repre-
senting 73.9% of them. In the period 1979–
83, 31 authors were registered; by the 2014–18
period, there were 2284 authors. This in-
crease is higher than the increase in the
number of articles published because the
average number of authors per article also
increased. Thus, in 1979–83, the average
number of authors per article was at 2.2; in

Table 1. Major characteristics of the articles of
horticultural grafting from 1979 to 2018.

Yr A AU C TC TC/A J

1979–83 14 31 10 64 4.6 10
1984–88 17 49 9 99 5.8 13
1989–93 21 72 15 127 6.0 18
1994–98 50 165 21 343 6.9 37
1999–2003 84 310 26 1,143 13.6 60
2004–08 186 772 38 3,037 16.3 116
2009–13 432 1,674 61 10,086 23.3 160
2014–18 572 2,284 68 15,425 27.0 160

A = annual number of articles; AU = number of
authors; C = number of countries; TC = annual
number of citations in total articles; J = number of
journals.
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the last period (2014–18), this reached four
authors per article.

Likewise, the number of citations showed
an exponential growth during the entire
period, mainly in the last decade. Therefore,
whereas in the first period, 1979–83, the total
number of citations was 223, in the last
period, 2014–18, this amounted to 15,155.
The average number of citations per article
grew from 15.9 to 26.4.

Moreover, the number of citations has
grown exponentially from 64 in the first
period (1979–83) to 15,425 in the last 5 years
analyzed (2014–18). The annual average
number of citations per article increased from
4.6, in the first 5-year subperiod to 26.9 in the
last subperiod.

Finally, the number of journals that pub-
lished articles on grafting increased from 10
in the period 1979–84 to 160 in the period
2014–18. Likewise, the number of countries
involved in the publication of articles on this
topic increased from 10 in the first subperiod
to 68 of the last 5 years analyzed. During the

entire analyzed period, 1979–2018, the total
number of countries that participated in the
publication of articles on grafting amounted
to 92; however, they do not all have the same
significance, as we will analyze subse-
quently.

Distribution of scientific production by
subject categories and journals.A priori, one
can think that the term ‘‘graft’’ is only
associated with the subject area of Agricul-
tural and Biological Sciences. However, dur-
ing the period analyzed, 1979–2018, there are
several areas in which articles related with
‘‘graft’’ were found. Therefore, under Scopus
classification, there are a total of 26 subject
areas under which the 1376 articles analyzed
are classified. It should be clear that an article
can be simultaneously included in more than
one category, depending on the author’s in-
terest and the editorial.

The evolution of the principal subject
categories of the articles on grafting in the
past 40 years is shown in Fig. 2. Agricultural
and Biological Sciences is the dominant

category throughout almost the entire period
analyzed and has increased its advantage
over the rest of categories since 2000. Con-
sidering the period 1979–2018, 51% of the
articles on grafting have been published un-
der this category. This is followed by Bio-
chemistry, Genetics and Molecular Biology,
Medicine, Environmental Science, and
Chemistry, classified in order of importance.
In total, the five most important categories
(Fig. 2) represent 83% of the works published
on grafting from 1979 to 2018.

Although the category with the highest
number of publications is included in the
Agronomic Sciences, the categories related
with Chemistry and Medicine account for
more than 30% of the works. This fact can
be related with the improvement of cultivars,
the great expansion of grafting, the incorpo-
ration of grafted plant in different crop sys-
tems, and the increase in productivity of
grafted plant, all of which make this technique
a fundamental pillar to ensure success under
suboptimal production conditions.

The characteristics of the most prolific
journals for the number of articles on grafting
are shown in Table 2. A high percentage of
these 20 journals (45%) are found in the first
quartile of the SJR of 2017. Furthermore,
over the years, grafting has been an interest-
ing topic for more journals and authors, as
demonstrated by the growth of the number of
articles and the wide range of journals.
Therefore, within the first analyzed decade,
1979–88, 31 articles on grafting were pub-
lished in 20 journals, whereas in the last
decade, 2009–18, 766 articles on this topic
were distributed among 160 impact journals.

By nationality, the 20 most relevant jour-
nals for the number of articles published on
grafting are from Europe or the United States,
in addition to having a better position in the
SJR ranking in 2017.

The journal that published most of the
articles on grafting is Scientia Horticulturae,
with 81, which represents 6% of the total
number of articles published between 1979
and 2018. This journal has also occupied first
position in the ranking for more years, from
1999, and it generates a great interest within
the scientific community, as demonstrated by
the high volume of citations of its articles,
1445. Scientia Horticulturae also has the
highest H index for articles published on
grafting, 23, which is far behind the general
H index of the journal for all the subject
areas, which is placed at 84.

Nevertheless, if we consider the number
of citations, the American Journal of Plant
Physiology had the best results in terms of the
number of total citations and the average
number of citations per article published,
with 1613 citations and an average of 80.65
citations per article and the highest SJR
impact factor: 3.690 (Q1). It is followed at
a distance by Environmental and Experimen-
tal Botany, with 12 articles, 790 citations, and
an average of 65.83 citations per article, with
an H index of 12 for its articles on grafting
and a high SJR impact factor SJR: 1.376
(Q1).

Fig. 1. Evolution in the number of articles and percentage variation between 5-year periods.

Fig. 2. Comparisons of the growth trends of subject areas in horticultural grafting research from 1979 to
2018.
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Grafting issues have been dealt with in
different ways by the main scientific journals
worldwide. Some journals have published
articles on grafting over the 40 years of the
period of study, but others have successfully
published on this topic only in the past 20
years. This is the case of the Belgian journal,

Acta Horticulturae, for which the first article
on grafting dated from 2005 and from that
date it published 63 articles on this subject
area, which placed it in second position in the
number of articles ranking. However, despite
the publishing activity of this type of work,
the H index of the articles on grafting that this

journal, at 6, is far behind the best registra-
tions of the table.

Productivity of authors, institutions, and
countries. The most prolific authors with the
largest number of grafting articles published
during the period 1979–2018 are shown in
Table 3. The authors with the largest number
of publications are Giuseppe Colla and Yous-
sef Rouphael, both Italian, with 20 articles
each. The author with the highest number of
citations on grafting is Giuseppe Colla, with a
total of 1026, who has the joint highest H
index of 17, together with his compatriot,
Youssef Rouphael. It must be highlighted
that the three Italian authors, Colla, Rou-
phael, and Cardarelli, are the authors with the
highest average number of citations per
article and the highest H index within this
author ranking.

At the other end of the most important
author ranking on grafting, we find two
Chinese authors, Zhilong Bie and Yuan
Huang, who have the lowest number of
citations of their articles, which means a
lower H index, 6 and 5 respectively. The

Table 2. The most prolific journals in number of articles on horticultural grafting from 1979 to 2018.

Journal R (A) TC TC/A
H index
articles

H index
journal SJR C

R (A)

1979–88 1989–98 1999–2008 2009–18

Scientia Horticulturae 81 1,445 17.84 23 84 0.799 (Q1) Netherlands 0 13 (2) 1 (12) 1 (67)
Acta Horticulturae 63 129 2.05 6 49 0.198 (Q3) Belgium 0 0 25 (2) 2 (61)
HortScience 48 1,485 30.94 18 72 0.469 (Q2) United States 0 2 (3) 2 (10) 3 (35)
Horttechnology 24 102 4.25 6 45 0.375 (Q2) United States 0 29 (1) 0 4 (23)
Plant Disease 22 464 21.09 9 91 0.575 (Q2) United States 0 11 (2) 47 (2) 5 (18)
Nongye Gongcheng Xuebao

Transactions of the Chinese Society
of Agricultural Engineering

21 166 7.90 8 38 0.386 (Q2) China 0 0 6 (6) 9 (15)

Plant Physiology 20 1,613 80.65 17 263 3.690 (Q1) United States 0 0 5 (8) 12 (12)
Horticultura Brasileira 18 50 2.78 5 16 0.605 (Q1) Brazil 0 0 88 (1) 6 (17)
Journal of Experimental Botany 17 1,084 63.76 16 198 2.822 (Q1) United Kingdom 14 (1) 33 (1) 37 (2) 11 (13)
Journal of Food Agriculture

and Environment
16 212 13.25 9 25 0.197 (Q3) Finland 0 0 38 (2) 10 (14)

PLOS One 16 507 31.69 10 241 1.164 (Q1) United States 0 0 0 7 (16)
Horticulture Environment

and Biotechnology
15 297 19.80 5 13 0.441 (Q2) South Korea 0 0 0 8 (15)

Annals of Applied Biology 14 434 31.00 8 65 0.886 (Q1) United Kingdom 8 (1) 1 (6) 26 (2) 28 (5)
Journal of Horticultural Science and

Biotechnology
13 636 48.92 9 50 0.332 (Q2) United Kingdom 0 0 3 (9) 45 (4)

Journal of the Japanese Society for
Horticultural Science

13 327 25.15 7 – 0.528 (Q2) Japan 0 9 (2) 4 (9) 121 (2)

Chinese Journal of Applied Ecology 12 290 24.17 6 36 0.235 (Q3) China 0 0 7 (5) 18 (7)
Environmental and Experimental Botany 12 790 65.83 12 101 1.376 (Q1) Netherlands 0 24 (1) 11 (3) 15 (8)
Journal of Applied Polymer Science 12 756 63.00 6 142 0.543 (Q2) United States 4 (2) 8 (2) 14 (3) 32 (5)
Plant Pathology 11 149 13.55 6 70 1.063 (Q1) United Kingdom 6 (2) 5 (3) 49 (2) 47 (4)
Frontiers in Plant Science 10 93 9.30 6 65 1.731 (Q1) Switzerland 0 0 0 13 (10)

A = number of articles; R = rank position by number of articles; TC = number of citations for all articles; TC/A = number of citations by article; SJR = Scimago
Journal Rank (quartile); C = country.

Table 3. The most prolific authors in number of articles on horticultural grafting from 1979 to 2018.

Authors A TC TC/A Institution C First A Last A H index

Colla, Giuseppe 20 1,026 51.30 Universit�a degli Studi della Tuscia Viterbo Italy 2002 2017 17
Rouphael, Youssef 20 953 47.65 Universit�a degli Studi della Campania Luigi Vanvitelli Italy 2006 2017 17
Zhao, Xin 17 192 11.29 University of Florida United States 2009 2018 9
Cardarelli, Mariateresa 15 827 55.13 CREA–Centro di Ricerca per l’orticoltura, Pontecagnano Italy 2006 2016 14
Bie, Zhilong 13 99 7.62 Huazhong Agricultural University China 2011 2018 6
Huang, Yuan 13 84 6.46 Huazhong Agricultural University China 2013 2018 5
Schwarz, Dietmar 13 261 20.08 Institut f€ur Gem€use- und Zierpflanzenbau Großbeeren Germany 2009 2017 10
Edelstein, Menahem 12 290 24.17 Agricultural Research Organization of Israel Israel 1999 2017 9
Ruiz, Juan Manuel 12 447 37.25 Universidad de Granada, Facultad de Ciencias Spain 1997 2017 11
Albacete, Alfonso 11 324 29.45 CEBAS–CSIC, Centro de Edafología y Biología Aplicada del Segura Spain 2009 2017 8

A = number of articles; TC = number of citations for all articles; TC/A = number of citations by article; C = country.

Fig. 3. Network of cooperation based on coauthorship between authors from 1979 to 2018.
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low number of citations of Bie and Huang
articles may be because they are recent
contributors to the literature: Bie began to
publish in 2011 and Huang in 2013; there-
fore, it is possible that they have not yet
accumulated an important number of cita-
tions.

The Spanish author Juan Manuel García
Ruiz, affiliated with the University of Gran-
ada, is the author with the oldest article,
published in 1997, and he is also the fourth
author, behind the three Italian authors, with
the highest number of citations per article,
37.25.

A network of cooperation based on coau-
thorship between the main authors is shown
in Fig. 3. The different colors correspond to
the clusters formed by the work groups in the
production of articles, and the size of the
circle varies with the number of articles
published by each author. The green cluster
is led by Giuseppe Colla, whose group in-

cludes Rouphael and Cardarelli, among
others. We find authors such as Hassell,
Kousik, and Li, among others, within the
group of the American author Zhao (blue
cluster). It is interesting to highlight that
Italian, German, and Israeli authors collabo-
rate closely (see cluster at the right of the
figure), whereas Chinese and American au-
thors, on the left side of the figure, collaborate
closely with each other than with other
nationalities. Finally, the two Spanish au-
thors do not appear in Fig. 3, even though
they are in the top 10 ranking of authors with
most publications on grafting. This is due to
the scarcity of international collaboration in
their publications.

The 10 most prolific institutions on pub-
lished articles related to grafting are shown in
Table 4. The first institution is Agricultural
Research Organization of Israel, with 34
articles and 987 citations. This institution
has an H index of 17, the second most

relevant position within the table and, in
addition, more than a third of the articles,
35.3%, were published with the collaboration
of authors from other countries.

Spain, with three institutions, is the
country with the highest presence within
this ranking. Among them, the Universitat
Polit�ecnica of Val�encia is the institution
with second highest number of articles on
grafting, 33, which includes coauthorship by
30.3% of international authors. The other
two Spanish institutions, CEBAS-CSIC and
IVIA–Valencian Institute for Agricultural
Research, showed a higher percentage of
international coauthorship, with 35.7% and
40.0%, respectively.

The institutions of Brazil and the Univer-
sity of Florida are those with the lowest
percentage of articles with international
coauthorship (lower than 20%). The North
American U.S. Department of Agriculture is
the institution with the highest number of

Table 4. The most prolific institutions in number of articles on horticultural grafting from 1979 to 2018.

Institution C A TC TC/A H index IC (%) TCIC TCNIC

Agricultural Research Organization of Israel Israel 34 987 29.03 17 32.4% 21.36 32.70
Universitat Polit�ecnica de Val�encia Spain 33 722 21.88 16 30.3% 13.00 25.74
Ministry of Education China China 31 338 10.90 12 25.8% 19.25 8.00
CEBAS–CSIC, Centro de Edafología y Biología Aplicada del Segura Spain 28 1,307 46.68 16 35.7% 57.50 40.67
UNESP–Universida de Estadual Paulista Brazil 28 139 4.96 6 10.7% 3.33 5.16
University of Florida United States 28 680 24.29 13 17.9% 31.40 22.74
USDA Agricultural Research Service, Washington, DC United States 27 1,008 37.33 12 25.9% 72.43 25.05
Chinese Academy of Sciences China 27 797 29.52 13 29.6% 38.13 25.89
Universit�a degli Studidella Tuscia Viterbo Italy 26 1,081 41.58 19 57.7% 30.67 56.45
Instituto Valenciano de Investigaciones Agrarias Spain 25 574 22.96 13 40.0% 22.00 23.60

C = country; A = number of articles; TC = number of citations for all articles; TC/A = number of citations by article; IC = percentage of articles made with
international collaboration; TCIC = number of citations by article made with international collaboration; TCNIC = number of citations by article made without
international collaboration; USDA = U.S. Department of Agriculture.

Table 5. The most prolific countries in number of articles on horticultural grafting from 1979 to 2018.

Country A TC TC/A H index

R (A)

1979–88 1989–98 1999–2008 2009–18

China 255 2,723 10.68 27 0 11 (2) 4 (25) 1 (228)
United States 231 7,520 32.55 45 2 (4) 1 (21) 1 (36) 2 (170)
Spain 117 3,478 29.73 33 0 12 (2) 3 (29) 3 (86)
Italy 94 1,980 21.06 26 0 5 (4) 5 (20) 4 (70)
Japan 93 2,089 22.46 26 7 (2) 2 (15) 2 (30) 8 (46)
India 79 774 9.80 15 4 (3) 0 8 (14) 6 (62)
Brazil 77 555 7.21 12 0 10 (2) 12 (10) 5 (65)
Turkey 61 947 15.52 19 0 0 10 (12) 7 (49)
United Kingdom 60 2,146 35.77 24 1 (7) 3 (7) 7 (15) 11 (31)
Germany 47 1,843 39.21 19 11 (1) 8 (3) 16 (5) 9 (38)

A = number of articles; R = rank position by number of articles; TC = number of citations for all articles; TC/A = number of citations by article.

Table 6. The most prolific countries and international collaboration from 1979 to 2018.

Country NC Main collaborators IC (%)

TC/A

IC NIC

China 21 United States, Japan, Pakistan, United Kingdom, Australia 17.6% 21.29 8.40
United States 37 China, South Korea, Israel, Spain, Japan 33.8% 44.42 26.50
Spain 24 United Kingdom, United States, Mexico, Belgium, Brazil 34.2% 37.93 25.47
Italy 24 Lebanon, Germany, United States, Belgium, Cyprus 38.3% 20.92 21.16
Japan 12 China, United States, Bangladesh, Israel, Australia 23.7% 44.86 15.52
India 9 Italy, United States, Malaysia, Vietnam, Australia 12.7% 39.30 5.52
Brazil 8 Spain, Argentina, Belize, Chile, Germany 14.3% 12.55 6.32
Turkey 7 Italy, Germany, United States, Cyprus, Greece 14.8% 17.22 15.23
United Kingdom 22 Spain, Belgium, Australia, China, Poland 53.3% 33.72 38.11
Germany 25 Greece, Switzerland, Italy, Austria, China 74.5% 49.37 9.58

NC = number of collaborators; IC = percentage of articles made with international collaboration; TC/A = number of citations by article; IC = international
collaboration; NIC = no international collaboration.
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citations per article in the papers it published
with international authors, 72.43. However, the
most significant case with respect to the num-
ber of citations per article, whether national
or international, is the Brazilian institution
Universidade Estadual Paulista (UNESP),
whose average number of citations exceeds
five per article in the case of works without
international coauthorship. It is possible that
the low number of citations of the articles made

by only Brazilian authors is because they were
published in the Portuguese language and
therefore have less international impact.

The main variables of the articles pub-
lished on grafting from the most prolific
countries from 1979 to 2018 are shown in
Table 5. China is in first place, with a total of
255 articles and 2723 citations, which is an
average of 10.68 citations for each article on
grafting. After Brazil and India, this is the

third lowest average of citations per article
from the table. It is possible that the reason
the average number of citations is low is that
in these three cases, more than 80% of
articles were published in the last decade,
2009–18. In the case of China, this percent-
age reaches 89.4%. The United States is
placed second in the number of articles, with
a total of 231, and it presents the highest total
number of citations, 7520, which is more than

Table 7. Main keywords in horticultural grafting research during 1979–2018.

Keyword

1979–2018 1979–88 1989–98 1999–2008 2009–18

A % R (A) % R (A) % R (A) % R (A) %

Grafting 399 29.0% 69 (1) 3.2% 62 (2) 2.8% 3 (63) 23.4% 1 (333) 33.1%
Lycopersicon esculentum 317 23.0% 2 (4) 12.9% 1 (19) 26.8% 1 (83) 30.9% 3 (211) 21.0%
Rootstock 224 16.3% 0 0 83 (2) 2.8% 10 (27) 10.0% 4 (195) 19.4%
Tomato 168 12.2% 1 (5) 16.1% 3 (13) 18.3% 5 (37) 13.8% 7 (113) 11.2%
Metabolism 162 11.8% 0 0 69 (2) 2.8% 6 (30) 11.2% 6 (130) 12.9%
Fruit 160 11.6% 61 (1) 3.2% 0 0 8 (27) 10.0% 5 (132) 13.1%
Genetics 138 10.0% 66 (1) 3.2% 58 (2) 2.8% 11 (26) 9.7% 8 (109) 10.8%
Grafting (chemical) 118 8.6% 0 0 0 0 13 (23) 8.6% 9 (95) 9.5%
Nonhuman 115 8.4% 0 0 4 (11) 15.5% 20 (19) 7.1% 11 (85) 8.5%
Physiology 114 8.3% 0 0 35 (3) 4.2% 31 (16) 5.9% 10 (95) 9.5%
Controlled Study 110 8.0% 0 0 13 (4) 5.6% 12 (23) 8.6% 13 (83) 8.3%
Plant Proteins 108 7.8% 0 0 76 (2) 2.8% 9 (27) 10.0% 15 (79) 7.9%
Human 98 7.1% 5 (3) 9.7% 8 (6) 8.5% 14 (23) 8.6% 19 (66) 6.6%
Plant Root 98 7.1% 0 0.0% 0 0 40 (14) 5.2% 12 (84) 8.4%
Plant Roots 98 7.1% 0 0.0% 0 0 26 (17) 6.3% 14 (81) 8.1%
Vegetable Protein 97 7.0% 0 0.0% 98 (2) 2.8% 7 (29) 10.8% 20 (66) 6.6%
Citrullus lanatus var. lanatus 88 6.4% 0 0.0% 0 0 18 (21) 7.8% 16 (67) 6.7%
Priority Journal 86 6.3% 0 0.0% 5 (11) 15.5% 16 (22) 8.2% 29 (53) 5.3%
Cultivar 82 6.0% 0 0.0% 23 (3) 4.2% 38 (14) 5.2% 21 (65) 6.5%
Gene Expression Regulation, Plant 82 6.0% 0 0.0% 0 0.0% 25 (17) 6.3% 22 (65) 6.5%

A = number of articles; R = rank position; % = percentage of articles in which it appears.

Fig. 4. Network of cooperation based on coauthorship between countries from 1979 to 2018.
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twice the number of citations of the second
country, Spain, with 3478 citations. The
country with the highest number of citations
per article is Germany, with 39.21. The
United States has the highest H index, with
45, followed by Spain, with 33, which pro-
vides evidence of the interest of American
and Spanish publications on grafting. Never-
theless, although United States led the most
prolific countries ranking on grafting articles
during periods 1989–98 and 1999–2008, in
the past decade it has been surpassed by the
research power of China. Behind these three
countries, Italy and Japan are placed with 94
and 93 articles respectively, although only
Italy has improved its position in the past 10
years, from the fifth position in the 1999–
2008 decade to fourth position in the last
period, 2009–18. These five countries, China,
United States, Spain, Italy, and Japan, are the
main research drivers in grafting research,
having published 57% of the total number of
articles worldwide.

The other five countries—India, Brazil,
Turkey, United Kingdom, and Germany—
have a lower number of articles. Within this
group, the United Kingdom led the ranking
during the period 1979–88, with seven articles,
and during the period 2009–18, it occupied the

11th position. Despite the loss of research
drive, United Kingdom is the country with
the highest number of citations, 2146, and the
highest H index, 24,within these five countries.

Those variables in relation to interna-
tional collaboration between countries are
shown in Table 6. The countries with the
highest percentage of articles with interna-
tional cooperation are Germany with 74.50%
(35 of the 47 articles are attributed to Ger-
many), followed by the United Kingdom,
with 53.3%; Italy, with 38.3%; and Spain,
with 34.2%. They are followed by the United
States with 33.8%. India is the country with
the least percentage of international collabo-
ration, with 12.7%. Note that, except for Italy
and the United Kingdom, in all the countries
included in the ranking, the number of
citations of articles that have been done with
international collaboration is higher than the
articles done without collaborations.

A network map illustrating the collabora-
tive relationships between the main countries
based on coauthorship is shown in Fig. 4. The
different colors represent the various clusters
formed by the groups of countries, and the
size of the circle varies with the number of
articles published by each country. There-
fore, the bigger the circle of each country, the

higher the number of articles published by
authors representing those countries.

The map shows six clusters. The first
(yellow) includes the United States, India,
Israel, South Korea, and Australia, among
others. This is the main group with respect to
the number of articles because it includes 517
articles, or 37.6% of the total number of
articles on grafting over the past 40 years.
The second cluster (red) is led by China with
366 articles, which represents 26.6% of the
total and includes countries such as Japan,
Indonesia, and Pakistan. The third group,
green, is led by Spain, with 261 articles, or
19% of the total number of articles, and it
shares works with Argentina, Brazil, France,
and the Netherlands. The fourth cluster, blue,
is led by Italy, and as the third cluster
includes 261 articles. The fourth cluster in-
cludes Italy, in addition to Cyprus, Germany,
Greece, Lebanon, and Turkey. The fifth
cluster, gray, is led by the United Kingdom,
with 106 articles, 7.7% of the total and
includes Belgium, the Czech Republic, Hun-
gary, Poland, and Slovenia. Finally, the sixth
cluster (pink), includes Austria, Canada,
Romania, Sweden, and Switzerland, with a
total of 65 articles, or 4.7% of the total
number of articles.

Fig. 5. Keywords network based on co-occurrence from 1979 to 2018.
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Keywords analysis. The 20 most fre-
quently used keywords in the 1376 articles
on grafting published during the period 1979–
2018 are shown in Table 7. The entire period is
shown as well as the 10-year subperiods.

Ifwe consider as agronomic termsGrafting
+ Grafting (Chemical) + Plant Root + Plant
Roots, these represented 68.1% in the 1979–
80 decade (first studied decade) and, when the
percentages of Tomato + Citrullus lanatus
were added, it amounted to 86.7%. In the
2009–18 decade, that percentage amounted to
78.5% and 96.4%, respectively.

A network map of the keywords of the
research articles on grafting for the period
1979–2018 is shown in Fig. 5. Three main
research lines can be distinguished and they
are grouped under the terms ‘‘Lycopersicon
esculentum,’’ ‘‘controlled study,’’ and ‘‘root-
stock.’’ Such lines basically belong to the
agronomic development of horticultural
grafting. The consolidation of grafted tomato
plants is appreciated because of the world-
wide significance of this vegetable.

Conclusions

This work has presented the advantages of
grafting for horticultural development world-
wide. It focuses on the development of re-
search during the past 40 years and the
distribution of the subject area in the main
indexed journals in Scopus database. A bib-
liometric analysis of 1376 articles was car-
ried out, and we identified the subject areas,
journals, authors, institutions, and the most
prolific countries in publications on horticul-
tural grafting.

The number of scientific articles on
‘‘grafting on vegetables’’ per year increased
during the period 1979–2018, mainly in the
last decade, when 1004 articles, representing
73% of the published articles, were pub-
lished. The subject area of Agricultural and
Biological Sciences is the most important
with respect to article grouping (51%), with a
distant second position held by Biochemistry,
Genetics and Molecular Biology (17%).

The most productive journal on grafting
was Scientia Horticulturae with 6% of the
total number of articles published (81) during
the period of study; it had 1445 citations. This
journal has the highest H index for articles
published on horticultural grafting (23),
which is much lower than the H index for
all the subject areas (84). The journal Plant
Physiology has better results in this area with
1613 citations.

The most prolific authors on horticultural
grafting are the Italians Giuseppe Colla and
Youssef Rouphael, with 20 articles each. The
author with the highest number of citations
on this subject area is Giuseppe Colla with
1026 and the highest H index (17). The
Italians Colla, Roupahel, and Cardarelli are
the authors with the highest number of
citations per article, as well as the highest H
index. Within the most prolific group of
authors, the Chinese authors Zhilong Bie
and Yuang Huang have the lowest number
of citations.

The most prolific institutions in this sub-
ject area are the Agricultural Research Orga-
nization of Israel with 34 articles and 987
citations. Within the top 10 ranking of in-
stitutions, Spain has a higher presence with
three institutions. By countries and number of
articles published for the subject area, we find
China with 255 articles, the United States
with 231, and Spain with 117. The countries
with a higher percentage of works with
international collaboration were Germany
and the United Kingdom.
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