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Sustainable intensification (SI) of agriculture is required to satisfy the growing

populations’ nutritional needs, and therefore food security while limiting negative

environmental impacts. The study aims to investigate the global scientific output

of sustainable intensification research from 2010 to 20 August 2021. The data was

retrieved from the Web of Science (WoS) Core Collection and was analyzed using

a bibliometric method and VOS viewer to determine the most productive countries

and organizations by collaboration analysis, including the keywords to analyze the

research hotspots and trends, and the most cited publications in the field. From

the 1,610 studies published in the theme of sustainable agriculture by 6,346 authors

belonging to 1,981 organizations and 115 countries, the study found an increased

number of publications and citations in 2020, with 293 publications and 10,275

citations. The United States ranked highest in countries collaborating with the most

publications in the field. The occurrence of keywords like “food security”, “climate

change”, “agriculture”, “ecosystem services”, “conservation agriculture”, “Sub-Sahara

Africa”, “Africa”, “biodiversity”, and “maize” in both author and all keywords (author and

index) reveal the significance of sustainable intensification in Africa, as a solution to

food insecurity under climate change conditions. The availability of funding agencies

from big economies explains the growing interest by developing countries in the SI

of agriculture research due to the growing population, food insecurity, and access to

limited land for farming.
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1. Introduction

Soil has become one of the world’s most vulnerable resources due to climate change, land
degradation, and biodiversity loss. The expansion of arable land is associated with ecological
and social costs, and hence, avoiding the conversion of natural land to arable land is beneficial
for biodiversity (Phalan et al., 2011) and other important ecosystem services (Garnett et al.,
2013). For enhanced management of natural resources with attention to minimizing trade-offs
between profitability and productivity, sustainable intensification (SI) approaches have been
promoted (Garnett et al., 2013; Kaczan et al., 2013; Pretty and Bharucha, 2014). Based onGodfray
et al. (2010), Pretty et al. (2011), and Giller et al. (2015), important features of SI include the
production of more output per unit area, increasing the flow of environmental services, and the
accumulation of natural, social, and human capital. Based on Pretty (1997), and Garnett and
Godfray (2012) SI was initially used in the mid-1990s in smallholder African agriculture. It was
also highlighted by Kassie et al. (2015) and David et al. (2016), that global research on SI practices
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is mainly concentrated in Africa where farmers are the main
research object, including their behavior choices in the practice
of SI. In Africa, SI is important since it provides possibilities
for increased crop production per unit area while addressing
features of sustainability such as social, economic, political, and
environmental impacts (FAO, 2006). Sustainable intensification (SI)
is more extensively used (Tittonell, 2014; Petersen and Snapp,
2015) than ecological and agroecological intensification, and to
meet the current food security demand, SI has received much
prominence as a key approach (Smith et al., 2017). Evidence has
increasingly shown that sustainable agricultural practices have the
potential to meet sustainability and boost agricultural productivity
(Rockström et al., 2017). However, based on the same author,
production increases don’t necessarily mean that yields should
increase at any cost or everywhere as yield increase in some areas
is compatible with environmental improvements, while in others,
land reallocation and reductions in yield is required to ensure
sustainability and to deliver environmental benefits like carbon
storage, recreation, biodiversity conservation, and flood protection.
The global challenges of food security require global responses,
and the fundamental problems of food security are addressed
with several mechanisms such as SI of agriculture and the United
Nations Sustainable Development Goal goal to end hunger. The
goal to fight climate change and end food insecurity is clearly
specified under goal 2 of the SDGs, which is to “end hunger,
improve nutrition, achieve food security and promote sustainable
agriculture.” Nevertheless, without arable land, soil remediation,
or reclamation, it would be difficult to achieve this goal. Hence,
mapping of research trends and existing knowledge trajectories are
important in order to hypothesize and reach a conclusive solution
toward SI of agriculture. Due to the lack of food security in the
various parts of the globe, SI can play a significant role in bridging
the food insecurity confronting the agricultural sector, only if the
knowledge of current research trajectories is understood. One of the
means to underscore what has been done, and what gaps remain
and to understand present research focus, is conducting bibliometric
mapping. It is important to dissect and conduct knowledge mapping
through bibliometric analysis. One of the significances of this study
is to highlight the knowledge gaps and how SI could be utilized
as remediation process. For example, in 2015, Okem observed
that despite the achievements of the Comprehensive African
Agricultural Development Programme (CAADP), food security in
Africa continues to be a persistent problem (Okem, 2015). Even
recently, the food insecurity problem still persists (Ajibade, 2020;
Ngcamu and Chari, 2020; Ojo et al., 2022). Furthermore, a recent
study conducted in Canada highlighted that food insecurity is still
a prevailing challenge in Canadian household (Hutchinson and
Tarasuk, 2022). It is therefore, imperative to understand whether
debates about food insecurity, and SI understood the inseparability
of these two concepts.

To highlight the global research trends in the field of sustainable
intensification (SI) of agriculture, a bibliometric analysis was
used based on publications retrieved from the Web of Science
(WoS) Core Collection database between 2010 and 2021 while
Vosviewer software was used to visualize pertinent results.
Bibliometric analysis has been used in various fields, and as
an important quantitative analysis tool, as it can effectively
describe the overall trend of subject or field development
(Hirsch, 2005; De Bakker et al., 2016). Based on the main

research findings, key research areas concerning sustainable
agricultural intensification that need improvement in the future
are explored.

1.1. Literature search

Due to the rapidly growing global population, sustainable
intensification (SI) of agriculture has gained more attention,
especially in Sub-Saharan Africa where the population is rapidly
increasing (Bello-Schünemann et al., 2017), together with a high
increase in soil degradation (Tully et al., 2015), that is aggravated
by climate change (IPCC, 2007). Also, with ∼40% of the world’s
terrestrial surface being transformed to agriculture (Ramankutty
et al., 2008), in 2018, only 9% of the world’s agricultural land had
undergone SI (Pretty et al., 2018).

Agricultural technologies usually promoted as supporting
pathways to sustainable intensification (SI) include Climate Smart
Agriculture (CSA) and Conservation Agriculture (CA), and
Integrated Soil Fertility Management (ISFM) (Place et al., 2003;
Giller et al., 2015), including agroforestry, carbon benefits, integrated
pest management, and ecosystem services (Mbow et al., 2019). Based
on Mbow et al. (2019) and Xie et al. (2019), numerous SI practices
can be grouped into 10 approaches and categories depending on
their application as explained in the review study of Nciizah et al.
(2022). The approaches mentioned in their study, include irrigation
water management, soil management, increased agricultural system
diversity, and integrated pest management among others. These
approaches have the potential to improve food security. For instance,
in Savannah regions, the Comprehensive Assessment of Water
Management in Agriculture (2007), showed a large potential in
upgrading rainfed agriculture by improving rainwater harvesting.
For example, in semi-arid areas of Burkini Faso where smallholder
farmers are using planting pits to rehabilitate degraded land and
harvest rainwater for sorghum and millet cultivation, 300,000
hectares of land have been rehabilitated, with an annual increase
of 80,000 tons of food produced (Reij et al., 2009). Rusinamhodzi
et al. (2011) reported significant yield gains for smallholder farmers
who adopted conservation agriculture in several parts of Sub-
Saharan Africa. For example, in Mozambique yield increases of up
to 27% were reported by Thierfelder and Wall (2012), and these
production increases were associated with increased soil organic
carbon, which improved biological and physical soil processes.
It is worth noting that, the benefits of adopting SI practices have
been reported in other countries as well. For example, in Brazil, it
was reported by Altieri et al. (2012) that producers who adopted
conservation agriculture under severe drought conditions from
2008 to 2009, experienced smaller maize yield losses of around 20%
on average, compared to 50% experienced by conventional maize
producers.

However, through the lens of climate change, climate-smart
agriculture (CSA) aims at achieving the same objectives of food
security as sustainable agriculture. In Africa, CSA can increase
productivity and resilience while reducing the vulnerability of
millions of smallholder farmers (Sullivan et al., 2012). Climate-smart
agriculture (CSA) is based on CA, agroecology, and organic farming
[Department of Agriculture, Forestry and Fisheries (DAFF), 2014], in
countries like South Africa. CSA and agroecological agriculture share
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their objectives of food security and climate change. Agroecology
is presented by the Global Alliance for Climate-Smart Agriculture
(GACSA) (2014), as a component of CSA and SI, but CSA and
agroecology are different in other aspects. CSA desegregates three
dimensions of sustainable development (i.e. economic, social, and
environmental) by addressing climate change and food security.
There are, however, some disputes about the kind of practices and
technologies which should be considered in CSA. It was interesting
to find that researchers like Campbell et al. (2014) consider CSA as
complementary to SI of the agricultural production system. Their
views agree with Garnett and Godfray (2012), who noted that
using sustainable agricultural intensification increased crop yields
without harmful environmental impacts and cultivation of more
agricultural land. CSA is comprised of three pillars: sustainable
development, SI and green economy, and its connection with
conservation agriculture-based SI, organic farming, CSA, and food
security (Figure 1).

Recent study indicated that in many countries where food
insecurity is a challenge, governments have developed or are in
progress of developing integrated food and/or nutrition security
strategies (IFSSs; Figure 2) (Ajibade, 2020). These strategies are
explicit governmental attempts to fundamentally redesign or align
goals, instruments, and capacities to achieve the four basic
dimensions of food security (Rayner and Howlett, 2009) such
as food availability, access, utilization, and stability. For instance
in South Africa, the approval of the National Policy for Food
and Nutrition Security Strategy in 2013 indicated the recognition
by the government of the need for a coordinated approach to
addressing food security (Nkwana, 2015). The policy acknowledges
the complex nature of food security and aims to provide a
framework for synergy between the various programs and policies
in place.

2. Materials and methods

2.1. Data collection

The data were retrieved on the 20th of August 2021. The
relevant literature used in the present study was collected from
the Science Citation Index Expanded (SCI-E), Social Science
Citation Index (SSCI), Conference Proceedings Citation Index-
Science (CPCI-S), Book Citation Index-Science (BKCI-S), and
Emerging Sources Citation Index (ESCI) in the Web of Science
(WoS) Core Collection. In bibliometric studies, the SCI-E is the
frequently used database in the WoS Core Collection (Yu and
Liao, 2016; Shi et al., 2019) and is also the most reputational
academic journal system where published papers are ensured with
a rigorous peer-review process (Wang and Wang, 2019; Li et al.,
2020). WoS covers a wide range of research papers from different
fields, and this includes over 50,000,000 classified research papers,
15,000 journals in 150 research areas and 251 categories (Merigó
and Yang, 2017). WoS has the highest quality (Mora et al.,
2017) and covers many research papers from different fields. The
search terms were “sustainable intensification” OR “Sustainable
Agricultural Intensification” OR “Sustainable Intensification of
Agriculture” OR “Agricultural Sustainable Intensification,” and
these terms appeared in the title, abstract, author keywords, and

keywords plus to ensure relevant literature. The time range was
set from 2010 to 20 August 2021, and 1,610 research papers
were obtained.

2.2. Methodology and analysis tools

The review of the literature in the study was done through
a bibliometric analysis. Bibliometric analysis is widely used in
hotspot research (Yeung et al., 2017) and the development of
the whole subject field (Merigó and Yang, 2017). Based on Zou
et al. (2018), the method uses quantitative analysis and statistics
to investigate the development of the research field and knowledge
structure. Also, by bibliometric analysis it is possible to construct
a network based on the co-authorship or relationship between
countries, organizations, journals, and authors (Sweileh et al.,
2016), including keywords about the field (Chen et al., 2016). The
keyword co-occurrence network [author and all keywords (author
and index)], co-authorship, overlay and density visualization were
obtained using the VOSviewer technique based on Van Eck and
Waltman (2010) VOS algorithm. Based on Nobanee et al. (2021),
the technique efficiently combines literature and from the retrieved
publications establishes similarities and important themes among
the publications.

It is worth noting that the basic color view of a topic in VOSviewer
depends on the ordinary density rule. Therefore, in the visualization
map, color of a point is determined by the item density of the point.
The average distance between two items is denoted by d as shown in
equation 1:

d=
2

n (n− 1)

∑

i≤j

∥

∥xi−xj
∥

∥ (1)

Then, the item density D (x) of a point x= (x1, x2) is defined by
equation 2.

D (x)=
∑n

i=1
wik

(
∥

∥x− i
x

∥

∥

hd

)

(2)

where k: [0, ∞) → [0, ∞) denotes a kernel function; wi weight
of item i, which is the total number of occurrences of item i, while
h > 0 denotes the kernel width, with the kernel function k as a non-
increasing parameter. VOSviewer uses the Gaussian function shown
in Equation 3 below.

K (t)= exp
(

−t2
)

(3)

The function in Equation 3 follows from Equation 2 that the item
density (D(x)) of a point in the visualization map depends on the
number of neighboring items and weights of the items. Therefore,
the higher the number of neighboring items and the smaller the
distances between these items and the point of interest, the higher the
D(x) will be. In addition, the higher the weights of the neighboring
items are, the higher the item density will be (Xia and Zhong,
2021).
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FIGURE 1

Integrated food and/or nutrition security strategies in selected countries of Sub-Saharan Africa.

3. Results

3.1. Document types

The number of publications was associated with Sustainable
intensification (SI) in various document types like articles, reviews,
editorial material, early access, etc. (Figure 3). The results indicate
that themost frequently used category of research papers is articles, as
they account for 80.44% (1295) of the total publications. The second
most used communication channel category in SI is review articles,
comprising 13.29% (214) of the publications. For other documents
like book chapters, proceedings papers, editorial materials, early
access, correction, etc., each had less than 100 publications. The least
used communication approach is books, letters, and news items,
contributing 0.06% of publications.

3.2. Publication output and citation

The number of publications and the frequency of citations are
used to determine the academic influence of the authors (Liang
et al., 2018). Based on Sevinc (2004), citation analysis is one of the
parameters used to assess the quality of research papers published
in scientific, social sciences, and technology journals. The annual
trend of research papers associated with SI from 2010 to 20 August
2021 is shown in Figure 4. From 2010 to 2021, 1,610 documents on
the SI field were retrieved from the Web of Science Core Collection
database. The first research papers related to SI were published in
1997 by Pretty, Bebbington, and Reardon et al. (Bebbington, 1997;
Pretty, 1997; Reardon et al., 1997). The number of publications
showed an exponential growth with less than 10 publications

recorded in 2010. From 2010 to 2020, the number of publications
increased by 97.61%, with the highest number of publications in 2020
(293 publications). The same trend regarding the number of citations
per year was observed, as shown by an exponential growth trend in
the annual citations and an increased number of citations from 2 in
2010 to 7903 by 20 August 2021, with the highest increase of 10,275
citations in 2020.

3.3. Annual publications per country

The annual publications from the top 10 most productive
countries in the SI field are shown in Figure 5. The United States
was the most productive country, with steady growth in research and
a contribution of 22.42% during the study period (from 2010 to 20
August 2021). England ranked second with an annual increase in
publications since 2014 and had the highest number of publications
in 2011 and 2013, higher than the USA. Kenya was in the 5th position
with a contribution of 139 publications (8.63%) and was the only
African country in the top 10 countries between 2010 and 2021.
It is worth noting that European countries like the Netherlands,
Germany, and France together had the highest total contribution of
28.01% (451 publications).

3.4. Subject categories, research area,
funding agencies, and organization analysis

The top 10 subject categories, research areas, funding agencies,
and organizations in the SI field between 2010 and 20 August 2021 are
shown in Table 1 below. All the 1,610 publications on studies related
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FIGURE 2

The connection between sustainable intensification, innovative agricultural practices, and food security and nutrition.

FIGURE 3

Document types of sustainable intensification research articles from 2010 to 20 August 2021.
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FIGURE 4

Publication output and citations from 2010 to 20 August 2021.

FIGURE 5

Trends in the number of publications per country from 2010 to 20 August 2021.

to the SI field are grouped according to 88 subject categories. Most of
the publications analyzed in the present study are in “Environmental
Science,” with 429 research papers, which account for 26.65%
of the total publications. The second-ranking subject category is
“Agronomy” with a contribution of 18.32% (295 publications),
followed by “Agriculture Multidisciplinary” (281, 17.45%), “Green
Sustainable Technology” (262, 16.27%), “Environmental Studies” (220,
13.67%), “Ecology” (143, 8.88%), etc. Other fields like “Agricultural
economics policy,” and “Soil” each have<100 documents. Research on
SI is mostly published in the field of “Agriculture” (771 publications),
followed by “Environmental Science Ecology” (555 publications),
“Science Technology” (319 publications), “Food Science Technology”
(120 publications), “Plant Science” (100 publications). The top
funding agency and organization is the Consultative Group for
International Agricultural Research (CGIAR), a global partnership
involved in research dedicated to alleviating rural poverty, ensuring

more sustainable management of natural resources, increasing food
security, and improving human health and nutrition.

4. Global sustainable intensification of
agriculture research

The importance of sustainable intensification (SI) research can
be reflected by the distribution of publications in different countries,
as shown in Figure 6. For instance, 115 countries were involved in
SI research between 2010 and 20 August 2021. Of the top 10 most
influential countries, there are four European countries (England,
the Netherlands, Germany, and France), two American countries
(the USA and Brazil), two Asian countries (China and India), and
only one African country (Kenya). Moreover, Africa ranked second
based on North and South America’s overall contribution. In North
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TABLE 1 Top 10 subject categories, research areas, funding agencies, and organizations in SI research from 2010 to 20 August 2021.

RO Subject categories RC Research area RC

1 Environmental sciences 429 Agriculture 771

2 Agronomy 295 Environmental sciences ecology 555

3 Agriculture multidisciplinary 281 Science technology 319

4 Green sustainable science technology 262 Food science technology 120

5 Environmental studies 220 Plant sciences 100

6 Ecology 143 Business economics 73

7 Food science technology 120 Biodiversity conservation 60

8 Plant sciences 100 Engineering 47

9 Agricultural economics policy 80 Geography 38

10 Soil Science 76 Meteorology atmospheric sciences 38

RO Funding agencies RC Organizations RC

1 Consultative Group for International Agricultural Research/CGIAR 127 Consultative Group for International Agricultural Research/CGIAR 282

2 European Commission 114 Wageningen University Research 168

3 UK Research Innovation/UKRI 97 International Maize Wheat Improvement Center CIMMYT 86

4 United States Agency for International Development/USAID 95 Alliance 66

5 National Natural Science Foundation of China/NSFC 67 Commonwealth Scientific Industrial Research Organization CSIRO 64

6 Biotechnology And Biological Sciences Research Council/BBSRC 50 International Livestock Research Institute/ILRIIlri 57

7 Natural Environment Research Council/NERC 43 Michigan State University 54

8 Bill & Melinda Gates Foundation 40 National Research Institute for Agriculture, Food and the Environment/INRAE 48

9 Federal Ministry of Education Research/BMBF 37 International Center for Tropical Agriculture/CIAT 46

10 European Commission Joint Research Center/EU JRC 33 University of California (UC) System 46

RO, ranking order; RC, record count.

and South America, there were four countries with more than 50
publications, while in Africa, there were three countries that had
more than 50 publications.

5. Collaboration analysis

5.1. Authors and collaborations

Out of 6,346 authors involved in the SI field, there are
119 authors with at least five co-authored publications grouped
in 23 clusters differentiated by colors, with 288 links (i.e., the
relationship between authors) and a total link strength (TLS) of
781 which denotes the cumulative strength of the links of a
publication with other publications, as displayed by the network
visualization map and density visualization in Figure 7. The co-
authorship network shows the existence of co-authorship and
the relation between authors of scientific research papers (Van
Eck and Waltman, 2011). The nodes’ size represents the author’s
research output, and the circles in the same color show the
cluster the authors are associated with. The results showed that
the maximum number of co-authored publications by each of
the authors was 29. The top 5 and top 10 authors in Table 2
have contributed to 5.60 and 9.63% of the total publications.
The first-ranked author Giller, K. E., from the Netherlands, co-
authored 29 (1.80%) publications, followed by Jat, M. L., from
India, and Pretty, J. from England, with a contribution of 17

(1.06%) and 15 (0.93%) publications. The most cited author was
Pretty, J. with 1614 citations, followed by Giller, K.E. with 749
citations.

5.2. Countries and collaborations

The analysis of research output between countries is useful
in identifying the most productive countries in SI research. The
difference between the number of documents and citations by
country is shown in Table 2. A total of 115 countries contributed
to the research output of the SI field. Of the 115 countries, only 72
met a minimum number of five documents and were grouped in
seven clusters that are differentiated by colorscolors with 1,065 links
(i.e., the relationship between countries) and a total link strength
(TLS) of 4,013, as displayed by the overlay visualization in Figure 8.
The link strength was used as a quantitative index to show relations
between two nodes (Pinto et al., 2014). The overlay visualization was
used to show the earliest and most recent contributing countries in
the SI field in terms of the average publication years. For instance,
based on the overlay visualization, countries like Uruguay, Argentina,
South Korea, Egypt, Chile, Hungary etc., have the most recent
publications in the SI field. While countries like England, Malawi,
Nigeria, Austria, Wales, Portugal etc., have the earliest publications.
The USA was the most productive contributor to the SI research with
398 publications, and a TLS of 609. The second most productive
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FIGURE 6

Global literature on the topic of sustainable intensification from 2010 to 20 August 2021.

FIGURE 7

The overlay collaboration network of author from 2010 to 20 August 2021.

country was England, with 262 publications and was the earliest
contributor to the SI research, as seen in Figure 8. The same trend
was observed with the number of citations, with the USA being
the top country, with 16,773 citations followed by England with
8,997 citations. Of the 10 productive countries, 60% are developing
countries, and 40% are developing countries like Kenya, China,
Brazil, and India. Compared to the rest of the top 10 most productive
countries, China, Brazil, and India had interacted with<50 countries.

Nodes represent the countries, and the size proportion is a function
of publications. The lines that join the nodes show the existing
interconnection between countries, i.e., it shows the collaboration’s
strength. The distance between two nodes or countries in the network
visualization signifies topic relative strength and similarities, with
stronger relations with the shorter distance. The Netherlands, France,
and Kenya had close co-operations, showing some similarities in
SI research.
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TABLE 2 Top 10 most productive authors co-authorship in SI research from 2010 to 20 August, 2021.

RO Author TLS RC Citations Country TLS RC Citations

1 Giller, K. E. (Netherlands) 33 29 749 USA 609 398 16,773

2 Jat, M. L. (India) 43 17 281 England 444 262 8,997

3 Pretty, J. (England) 12 15 1,614 Netherlands 520 207 5,650

4 Zhang, F. (China) 6 15 546 Germany 371 204 5,039

5 Vanlauwe, B. (France) 13 14 303 Kenya 419 157 4,523

6 Lal, R. (USA) 2 14 323 Australia 396 156 5,911

7 Carvalho, PCF (Brazil) 46 13 239 China 202 146 3,464

8 Baudron, F. (Zimbabwe) 20 13 253 Brazil 184 116 2,684

9 Thierfelder, C. (Zimbabwe) 15 13 366 India 208 109 1,813

10 Groot, Joroen C.J. (Netherlands) 20 12 58 France 278 95 2,570

RO, ranking order; TLS, total link strength; RC, record count.

FIGURE 8

The overlay visualization of the country/region collaboration from 2010 to 20 August 2021.

6. Co-occurrence analysis

The co-occurrence analysis of keywords has proven to be an
effective tool for monitoring and developing science and programs
(Gao et al., 2017). Also, the analysis was used in the present study
to evaluate the hot topics, including the research trends (Chen
et al., 2016) and future potential topics (Ding and Yang, 2020)
in the SI field and to reveal some neglected areas in the field
(Koo, 2017). The density visualization was selected to understand
the general structure and show the most imperative areas on the
map (Chawla and Davis, 2013) (Figures 8, 9A). The top 20 co-
occurrence keywords shown in Table 3 occurred in the abstract

and title fields. In all the 3,876 authors’ keywords and 6,526 all
keywords retrieved from the database, only 216 and 611 keywords
met a threshold of a minimum of five co-occurrence keywords.
Figure 9A visualizes 10 different clusters, 2,303 links, and a total
strength of 3,711 author keywords, while Figure 9B visualizes nine
different clusters, 23,795 links, and 46,966 of all keywords. The
size of the nodes shows the occurrence of the author and all
keywords, and the larger the node in the network visualization is,
the more a keyword has been co-selected in the SI field. The line
joining the two nodes shows that the keywords appeared together,
and the thicker the line, the co-occurrence they have (Gu et al.,
2017).
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FIGURE 9

Author keywords (216) (A) and all keywords (611) network visualization (B) from 2010 to 20 August 2021.

7. Author and all keywords analysis

Apart from the first top keyword, which was the searching
keyword (“Sustainable Intensification”) in the present study, the
second-ranking keyword in both author and all keywords is “Food
Security”, with 140 and 276 occurrences. Under author keywords,
“Food Security” was followed by, “Agriculture” with 75, “Climate
Change” with 75, “Sustainability” with 68, “Ecosystem Services” with
67, “Conservation Agriculture” with 54, “Agroecology” with 44, and
“Sustainable Agriculture” with 43 occurrences, respectively. After
“Sustainable Intensification” and “Food Security” in all keywords,
“Management” (272), “Agriculture” (255), “Systems” (208),
“Ecosystem services” (164), “Climate change” (158), “Conservation
Agriculture” (145), “Productivity” (133), and “Yield” (133) was in
the top 10 with more than 130 occurrences. It is worth noting that
keywords like “Food Security”, “Climate Change”, “Agriculture”,
“Ecosystem Services”, “Sustainability”, “Conservation Agriculture”,
“Sub-Saharan Africa”, “Maize”, and “Intensification” appeared in
both the top 20 author keywords and all keywords as shown in
Table 3.

8. Co-authorship and organizations

Analysis of organizations involved in the SI field can assist in
realizing the collaboration potential and capacity of organizations
around the world, including the most productive organizations.
The density visualization was selected to understand the most
dominant organizations on the map (Figure 10B). Based on Chawla
and Davis (2013), density visualization is used to understand
the map’s general structure and important areas. For instance,

the map’s red and yellow color shows the most dominant
organizations. Wageningen University was the most productive
organization, with 155 publications. Even with TLS of 419 (Table 4),
Wageningen University was in the same cluster as CSIC, CSIR, the
International Institute of Tropical Agriculture, and the University
of Free State (Figure 10A), suggesting the dimension of similarity
between the organizations. The second-ranking organization was the
International Maize and Wheat Improvement Center (137), which
was followed by the International Institute of Tropical Agriculture
(69), Michigan State University (53), China Agricultural University
(42), and the University of Minnesota with 34 publications. Even
though the University of Minnesota was not among the top 6
most productive organizations in terms of publication output,
the university had the highest number of citations (6,936) after
Wageningen University. It is worth noting that out of 1,981
organizations involved in the SI field from 2010 to 2021, only
216 met a minimum of five publications and were grouped in
13 clusters.

9. Frequently cited documents

The literature highlighted that when the field of study is
being evaluated, the citation obtained by the document should
be considered, as it is necessary (Carrión-Mero et al., 2020).
The papers involved in this research were cited 40 409 times,
with an average citation of 25.1 per paper and an h-index of
85. Based on the h-index, which is used to measure the citation
impact and the productivity of the publications, the h index of
85 indicates that 85 publications have more than 85 citations.
The top 15 most cited publications in SI are shown in Table 5.
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TABLE 3 Top 20 authors and all keywords’ occurrences in SI research from 2010 to 20 August 2021.

RO Author keyword Occurrences (%) All keywords Occurrences (%)

1 Sustainable intensification 437 Sustainable intensification 838

2 Food security 148 Food security 290

3 Agriculture 75 Management 272

4 Climate change 75 Agriculture 255

5 Sustainability 68 Systems 208

6 Ecosystem services 67 Ecosystem services 164

7 Conservation agriculture 54 Climate-change 158

8 Agroecology 44 Conservation agriculture 145

9 Sustainable agriculture 43 Productivity 133

10 Maize 31 Yield 133

11 Biodiversity 30 Intensification 118

12 Intensification 30 Biodiversity 115

13 Intercropping 30 Adoption 110

14 Africa 29 Impacts 105

15 Sub-Saharan Africa 29 Nitrogen 101

16 Agricultural intensification 28 Soil 100

17 Resilience 26 Sub-Saharan Africa 97

18 Yield gap 25 Maize 91

19 Agroforestry 24 Sustainability 89

20 Smallholder farmers 24 Land-use 88

RO, ranking order.

The most cited publication with 2,952 citations, entitled “Global
food demand and the SI of agriculture,” was published by Tilman
et al. (2011) from the United States of America. In their study,
the researchers promoted the adoption of Sustainable Agricultural
Intensification. In the same study, the authors noted that the
intensification of agriculture through transfer, improvement of
soil fertility and technology adoption in poorer countries would
greatly reduce yield gaps, provide a more equitable supply of
food, greatly decrease greenhouse emissions and the extinction
of species from land clearing. The second most cited paper
published by Ray et al. (2013) is entitled “Yield Trends Are
Insufficient to Double Global Crop Production by 2050,” with
1,235 citations. The authors identified areas where investment is
needed to increase crop production and yield improvement and
is on track to double crop production. The authors found that
SI in Africa and elsewhere is necessary and possible to boost
global crop production (Pretty et al., 2011; Mueller et al., 2012).
The third most cited publication with 1,232 citations is “Closing
yield gaps through nutrient and water management.” The co-
authored paper was published in 2012 by Mueller et al. The authors
investigated efforts required to increase yields on underperforming
agricultural landscapes. The authors pointed out that one strategy for
meeting food security and sustainability while decreasing agriculture’s
environmental global footprint is to increase resource use efficiency.
The rest of the publications in the top 15 have <1,000 citations
(Table 5).

10. Discussion

The first three papers were published in 1997 by Pretty,
Bebbington, and Reardon et al., under the topic “Social capital and
rural intensification: local organizations and islands of sustainability
in the rural Andes, “Promoting sustainable intensification and
productivity growth in Sahel agriculture after macroeconomic policy
reform,” and “The sustainable intensification of agriculture.” All three
papers are connected to the promotion of SI, where there are existing
opportunities for its adoption. However, an increase in the number of
publications in 2011 shows that the inclusion of SI in agricultural and
environmental policies was a success, and its adoption was gaining
more recognition. For example, the first three most cited papers
in the present study (Tilman et al., 2011; Mueller et al., 2012; Ray
et al., 2013), each with more than 1,000 citations, agree that the SI
of agriculture is required to meet the global food demands of 2050,
rather than agricultural land clearing, and this includes studies by
Garnett et al. (2013) and Vanlauwe et al. (2014). Also, a more recent
study under the list of most cited articles (Table 5) by Rockström
et al. (2017) suggests that sustainable transformation of agricultural
systems is urgently and directly required tomeet the Earth andWorld
demands. The same authors are of the view that one strategy to
be used “is the investment in spatially concentrated major grand
experiments” where the knowledge from different domains, ranging
from irrigated to rain fed agriculture, equity to business development,
ecology and agronomy, work together to pilot SI at scale (e.g., in
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FIGURE 10

The network visualization (A), and density visualization (B) of co-authorship by the organization from 2010 to 20 August 2021.

TABLE 4 Top 10 most productive organizations in the SI research field from

2010 to 2021.

RO Organization TLS RC Citations

1 Wageningen University 419 155 3,967

2 Int Maize &Wheat Improvement Ctr 203 137 2,754

3 International Institute of Tropical
Agriculture

194 69 1,578

4 Michigan State University 71 53 1,474

5 China Agricultural University 47 42 1,090

6 University of Minnesota 90 34 6,936

7 Cornell University 35 29 501

8 Chinese Academy of Science 62 26 506

9 University of Queensland 128 26 389

10 University of California, Davis 106 25 1,402

RO, ranking order; TLS, total link strength; RC, record count.

a region or basin), to pool experience, explore synergies and trade-
offs, testing the hypothesis that SI can deliver livelihoods, food, and
resilience while also contributing to development within Earth’s safe
operating space.”

The USA has contributed most to the SI research based
on publications, followed by England. The highest number of
publications in the US and European countries shows that
publications on the topic are concentrated in developed countries,
indicating that these developed countries play a crucial role in

the SI of agriculture. The position of Kenya as the only African
country in the top 10 can be explained by the availability of
funding fromCGIAR (45 publications), followed by the United States
Agency for International Development/USAID (18 publications),
European Commission (16 publications), Bill & Melinda Gates
Foundation (10 publications) and Australian Centre for International
Agricultural Research (six publications), and its association with
the following organizations; GCIAR (102 publications; 64.96%);
International Livestock Research Institute (42; 26.75%), Wageningen
University Research (21.02%), World Agroforestry ICRAF (19.11%),
and Alliance (29; 18.48%), respectively. Additionally, the earlier
promotion of the SI field in Kenya after England, as shown
in Figure 8, and the close interactions between Kenya and
European countries like the Netherlands and France, can explain
its position.

The use of overlay visualization to show the earliest and
most recent publications has shown that the country with recent
publications has the lowest number of publications, with fewer
collaborations. A typical example is Uruguay, with 13 publications
and 11 links. The lowest contribution can be attributed to the
late adoption of SI in the country, where SI was included as one
of the five strategic public policy approaches for 2015 to 2020 to
achieve a sustainably intensified and Agro-Smart agricultural sector
(World Bank; CIAT, 2015). The results show that SI is one of the
important monasteries in European Agriculture. For instance, the
highest contribution of the EU countries to SI research is likely
due to the decision made by the EU to push for SI in European
agriculture without degrading the environment (Fischler and Pirzio-
Biroli, 2014).
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TABLE 5 Top 15 most cited documents about SI.

RO References Research paper Citations

1 Tilman et al. (2011) Global food demand and the sustainable intensification of agriculture 2,952

2 Ray et al. (2013) Yield trends are insufficient to double global crop production by 2050 1,235

3 Mueller et al. (2012) Closing yield gaps through nutrient and water management 1,232

4 Garnett et al. (2013) Sustainable intensification in agriculture: premises and policies 778

5 Van Ittersum et al. (2013) Yield gap analysis with local to global relevance-A review 713

6 Pittelkow et al. (2015) Productivity limits and potentials of the principles of conservation agriculture 552

7 Pretty et al. (2011) Sustainable intensification in African agriculture 513

8 Godfray and Garnett (2014) Food security and sustainable intensification 412

9 Brooker et al. (2015) Improving intercropping: a synthesis of research in agronomy, plant physiology and ecology 363

10 BajŽelj et al. (2014) Importance of food-demand management for climate mitigation 330

11 Linquist et al. (2012) An agronomic assessment of greenhouse gas emissions from major cereal crops 325

12 Rockström et al. (2017) Sustainable intensification of agriculture for human prosperity and global sustainability 300

13 Smith et al. (2016) Global change pressures on soil from land use and management 288

14 Pretty and Bharucha (2014) Sustainable intensification in agricultural systems 284

15 Fischer et al. (2014) Land sparing versus land sharing: moving forward 277

RO, ranking order.

Additionally, the urge to move toward SI might be because most
of the existing intensively farmed land in Europe is not managed
sustainably, as noted by Buckwell et al. (2014). From the study by
Schiefer et al. (2016) entitled “potential and limits of land and soil
for SI of European agriculture,” the suitability and the potential of
land and soil for SI were explained after the area of arable land was
analyzed by FAO Stat-Agricultural area in 2015. In their study, some
European union member countries with very low contributions in
the SI field, like Slovakia, Slovenia, and Hungary, were included.
From their findings and recommendations, after Luxembourg and
Belgium, the soil in Slovakia has high resilience and is suitable and
recommended for SI. For instance, of the 96% area of arable land
(13,376 km2) analyzed, 76.9% is highly resilient and recommended
for SI. In the case of Hungary and Slovenia, of the 94% (40,657 km2)
and 25% (433 km2) area of arable land analyzed, 62.3 and 34.2% were
highly soil resilient and recommended for SI. Therefore, researchers
should take advantage of these soils by adopting more sustainable
ways of farming, especially in countries like Hungary, where there
is potential for corn production and where corn production is
vulnerable in the long run (Marton et al., 2020). Also, both fertilizers
and pesticides in highly resilient soils can be transformed into
performance, while their application in low resilient soils usually
leads to environmental pollution (e.g., groundwater). Based on Blum
(1994), soil resilience is the capacity of a system to return to a new
equilibrium after disturbance, and it defines the arable land’s potential
sustainable agricultural production and, consequently, the limits for
SI (Buckwell et al., 2014).

The occurrence of agro-ecology in author keywords can be
linked to the fact that agro-ecology is presented as a component
of SI and CSA [Global Alliance for Climate-Smart Agriculture
(GACSA), 2014], even though it is in other countries’ aspects different
from CSA. In a research paper published by Sahu et al. (2020)
under the topic “Climate-Smart Agriculture: A new approach for
sustainable intensification,” the authors stated that CSA and SI are

complementary and play a significant role in fighting global warming,
nutrition, and food security. Therefore, the global adoption of CSA
and SI practices is crucial for meeting global food demand that is
projected to increase in the face of climate change and environmental
land degradation. Out of thousands of crops available globally,
“maize” as a grain crop occurred in both author and all keywords
(Table 3) as the widely grown crop, especially by smallholder African
countries as a staple crop. From the top 10 list of most productive
co-authors, three authors are working for the International Maize
and Wheat Improvement Center (CIMMYT), including Jat, M. L,
Baudron Frederic Thierfelder Christian. For instance, Jat ML from
India leads CIMMYT’s climate-smart agriculture research portfolio
in South Asia as part of CGIAR, regularly coordinating and providing
strategic support to CIMMTY’s sustainable intensification efforts
to mobilize resources for scaling SI and CSA in wheat and maize
systems. These authors are based in developing countries like India,
Zimbabwe, which shows that SI is key to agricultural development in
Asia and Africa.

On the other hand, the occurrence of other keywords
like “food security,” “climate change,” “agriculture,” “ecosystem
services,” “conservation agriculture,” “Sub-Sahara Africa,” “Africa,”
and “Biodiversity” in both author and all keywords reveals the
significance of sustainable intensification (SI) in African Agriculture,
in the face of climate change and food insecurity, and the promotion
of biodiversity after its adoption by the farmers. The number of
publications produced should also analyze the importance of SI in
African countries, and currently, only a few African countries have
contributed to the field, even though the term SI was initially used
in the context of African smallholder agriculture in the mid-1990s
(Pretty, 1997; Garnett and Godfray, 2012), with farmers as research
objects and their behavior choices in the practice of SI (Kassie et al.,
2015; David et al., 2016). Sub-Saharan countries like South Africa,
Ethiopia, Tanzania, Ghana, and Zimbabwe were among the top 30
countries in the SI research, contributing 18.82% (303 publications).
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In Sub-Sahara Africa, about 24% of the land area is affected by land
degradation, with an estimated economic loss of about 68 billion
dollars per annum and about 180 million people. While 12% of South
Africa’s landmass is suitable for arable production, only 3% of the land
is genuinely fertile.

Nevertheless, despite the great potential of SI practices in Africa,
further work to support improved extension messages and consider
the wide range of practices needed for sustainable, integrated crop
management is required. Also, for African smallholders, agricultural
intensification, whether ecological, sustainable, or conventional,
is simply a necessity (Tittonell and Giller, 2013). However, the
implementation of SI is complicated by temporal delays in yield
increase and positive returns, including limited supportive policy
frameworks for sustainable agriculture, as reported by Pretty (2008)
and Petersen and Snapp (2015).

11. Conclusions

Most contribution mainly focuses on sustainable agricultural
practices which are designed to promote food security in Sub-Saharan
African countries. Even though the focus was on African countries,
the contribution from African scholars was significantly lower. With
Kenya being the most contributing country in Africa, funding
and research opportunities throughout Africa can help promote
food security in the region. Opportunities for more sustainable
agricultural practices are not restricted to Sub-Saharan and African
nations, where food security and nutrition are threatened by the
vulnerability of farmers to the effects of climate change, but also
exist in European nations such as Slovakia and Hungary, where
sustainable intensification (SI) has been recommended due to the
high soil resilience of arable land.
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