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Abstract

:

Scientific studies on silvopastoral systems have led to permanent changes oriented toward better silvopasture practices, as well as to policy strategies to respond effectively to the global objectives of restoration and sustainable development. In this work, we performed a bibliometric analysis with the purpose of identifying changes associated with different silvopastoral systems. We applied Bibliometrix in R to analyze 5708 documents published between 1983 and 2022 by including the terms “silvopastoral” and “silvopasture”, among others. The results showed a longitudinal and exponential increase in silvopasture studies over the last 20 years. We adjusted the growth to an S-Curve function with an R2 of 96.06%. The interest of researchers regarding knowledge about silvopasture has evolved; initially, it focused on the characterization of silvopasture, whereas recently, it has focused on the search for strategies to improve the sustainable use of silvopasture, including ecosystem restoration and the implementation of better practices. The following countries stand out as those with the largest scientific production of studies on silvopasture: The United States, Brazil, Mexico, Colombia, and Argentina in the Americas; China and India in Asia; and Spain; and Germany, and the United Kingdom in Europe. In the case of Ecuador, cited leaders in silvopasture facilitated the construction of a group of experts who contribute to the development of public policies. The most cited publications appeared in journals published by the Springer group, Elsevier, and MDPI Journals, mostly in open-access systems. In the future, the disruptive contribution of open-access systems in the global dissemination of knowledge, breaking through the economic constraints of countries, universities, and researchers, should be evaluated.
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1. Introduction


Bibliometric analysis (BA) is a robust tool that can be used to systematically assess changes in the concept of silvopasture. In addition, it can be used to identify research leaders and the most relevant collaboration channels and networks, and it can even be used to evaluate the quality of institutions and peer reviewers themselves [1,2,3,4,5,6]. This type of study has received wide coverage in recent years [7,8]. Scientific researchers use BA to analyze current and historical trends in articles, journals, collaboration patterns, and research components to explore the intellectual structure of a specific domain in the existing scientific literature [7]. Bibliometrics can identify important literature, providing keywords, institutions, and links between countries and distribution characteristics in the form of knowledge maps [8]. Generally, as more references are incorporated into bibliometric methods, we become more able to understand the field of research [9]. Thus, many studies include bibliometrics for the analysis of various academic disciplines, such as land use and land cover in tropical forests [10], forest carbon sequestration [11], and ecosystem services provided by pastoral husbandry [4], among others.



The objective of this study was to perform an exploratory review of the evolution of research focused on silvopasture from 1983 to 2022, with a special emphasis on the case of Ecuador. We analyzed the evolution of the concept from a quantitative and qualitative point of view, focusing on modifications in the approach over time. Moreover, in this work, we classified countries depending on their interest in these systems. We also addressed key questions, such as the following: Which countries are leaders in this kind of research? Which journals play a strategic role in this field? How are research networks developed? Looking to the future, we analyzed the challenges and possible future lines of research that are socioeconomically linked to these production systems.




2. Materials and Methods


We developed this bibliometric analysis based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology, which can facilitate a quick, efficient, and transparent analysis of collected scientific documents [12]. In this sense, we divided this study into four phases for the optimal analysis of scientific production globally and in Ecuador in relation to silvopastoral systems, as follows (Figure 1): (1) database selection and search criteria; (2) exclusion criteria; (3) software and data selection; and (4) data interpretation.



	I. 

	
Database Selection and Search Criteria







A successful BA is based on the collection of scientific information from comprehensive and reliable academic research data [13]. In academia, WOS and Scopus are the most widely used and accessible scientific databases in recent decades [14]. Scopus was initiated in 2004 through the publishing organization Elsevier Science and is currently recognized as one of the most relevant scientific databases [15]. Such recognition is attributed to the fact that it provides broad coverage of topics in various disciplines with scientific information that can be further processed by bibliometric software [16,17]. Although WOS offers similar services, its coverage of educational disciplines is less than that of Scopus [18]. In addition, Scopus provides information corresponding to author affiliation, journals, keywords, and quality indexes of scientific production, such as the Scimago Journal Rank (SJR) [14,17]. Therefore, in this study, we used Scopus to generate a database that incorporated as many documents as possible to understand the historical evolution of scientific research focused on the analysis of silvopastoral systems.



We carried out the search and collection of Scopus documents in December 2022, using information from titles, abstracts, and keywords. To perform this process, we used the following syntax with the advanced search settings in the Scopus scientific database: TITLE-ABS-KEY (silvopastoral OR silvopasture) AND (cattle OR livestock OR live-lihood OR SDG OR “sustainable development goals” OR carbon OR tree). The search returned 5961 documents.



	II. 

	
Exclusion criteria







Initially, we selected documents according to their type and retained only scientific documents classified as articles, book chapters, or reviews. These selected categories are among the most widely used documents in the scientific field because they provide greater depth on the analyzed subject and because they are more extensive and have been subjected to a rigorous process of blind peer review, providing greater reliability for the represented information [7,8]. In addition, for our analysis, we only considered documents that had already completed the peer review process and that were published before December 2022, i.e., documents that had the final publication status. Under these criteria, we excluded 238 documents, resulting in 5723 documents.



	III. 

	
Software and Data Selection







In this bibliographic review, we used four types of software for the analysis of the collected scientific information:



RStudio 4.1.2: This open-access software allows for the analysis and processing of big data.



Bibliometrix: We used the Bibliometrix 4.1.0 package, a new tool developed for the R environment to process and obtain bibliometric indexes [19]. This package offers different functionalities for the use of various bibliographic sets obtained from scientific databases, allowing for the development of multiple bibliometric analyses considering the information presented in a wide variety of scientific articles.



Microsoft Excel Office 16: This software allows for the analysis and interpretation of data. Regarding its use in bibliometric analysis, it facilitates the handling of large sets obtained from scientific databases.



Statgraphics Centurion 19: This software facilitates the analysis and interpretation of data by means of different statistical metrics. We used it to analyze annual scientific production and future trends.



ArcMap: This software is used in the design and interpretation of geographic information. We used version 10.5 for this study, enabling via maps the representation of contributions by country and consolidated global collaboration networks.



Once we collected the data from the Scopus database, we exported them in the CSV and BibTex formats. The BibTex format includes bibliographic information, citations, abstracts, keywords, and references. We used the CSV format in a Microsoft Excel Office 16 sheet. During the review, we cleaned the data by eliminating duplicate files and incomplete or erroneous records. Under these considerations, we eliminated 15 documents, obtaining 5708 documents.



Finally, to carry out the analysis for Ecuador, we classified the documents by country. The database for Ecuador compried 17 scientific articles.



	IV. 

	
Interpretation of Data







	
Performance analysis






Initially, we used the BibText file format with the Bibliometrix 4.1.0 package in Rstudio 4.1.2 [19]. Subsequently, we obtained the annual scientific production, including the number of documents and citations per year. We exported this information in the XLS format, processed it in Microsoft Excel Office 16, and subsequently entered it into Statgraphics Centurion 19. We compared quantitative variables using an analysis of variance (ANOVA) and established four fixed periods (Period I: from 1983 to 1993; Period II: from 1994 to 2003; Period III: from 2004 to 2013; Period IV: from 2014 to 2022). We used Duncan’s multiple range test to determine significant differences between groups (p < 0.001). Subsequently, we related the number of publications found (dependent variable) to the years of study (independent variable) according to ordinary least squares (OLS) multiple regression. We verified the normality of the distribution using the Kolmogorov–mirnov, Cramer–von Mises, and Anderson–Darling tests. In addition, we performed Bartlett’s test to verify the equality of the variance of the data (homoscedasticity). We used the coefficient of determination (R2) and the mean square error (MSE) to select the best model.



Furthermore, we examined scientific journals with the highest number of papers published in relation to silvopastoral systems. To enrich the analysis, we considered the name of the journal, country of origin, publisher, SJR 2021, and quartile. Subsequently, we identified the most relevant scientific papers in the last decades on the analyzed subject. Hence, we constructed a ranking, including the names of the authors, the title of the article, the name of the journal, and the number of citations obtained.



	
Bibliometric Mapping






We obtained data on scientific productions at the country level, which, according to this Bibliometrix analysis, was determined by the country of affiliation of each author. We processed the obtained data using ArcMap 10.5 for the design of the cartography. Finally, for the global analysis, we examined collaborations between different authors from different countries to obtain the frequency of scientific collaborations. We represented this information by means of a frequency network map in the Bibliometrix graphical user interface.




3. Results and Discussion


3.1. Annual Scientific Production by Period


Scientific publications focused on silvopastoral systems at the global level comprise 5708 papers during the last 39 years (1983–2022) (Figure 1). Table 1 shows the means of publications and citations for each of the periods previously defined in the methodology.



The number of publications increased over time, although Periods I and II showed similar behavior compared with Periods III and IV, with three different homogeneous groups (p < 0.001). However, as the number of publications increased, the dispersion of the variable decreased, reaching a 38% coefficient of variation in Period IV. The number of citations is distributed in two homogeneous groups: Periods I and II vs. Periods III and IV (p < 0.001). Figure 2 shows the joint behavior of both curves by period.



Assessing the number of citations given by all the analyzed documents enabled us to determine the impact generated by the findings of the research and how this contributed to scientific advances and innovation in silvopastoral systems. The number of publications increased over time, whereas the number of citations increased in the first phases and then started to decrease.



Figure 3 shows the results of the fitted regression model. We compared 14 alternative models, and in more than 10 of them, the coefficients of determination were higher than 70%. For the following models, the R2 was higher than 90%: S-Curve, Multiplicative, Logarithmic-Y-Squared Root-X, Exponential, Log-Y-Squared-X, X-Squared-X-Squared Root, Double-Squared Root, Y-Squared Root Log-X, and Inverse Y-Squared Root of X. The equation of the best model adjusted for the period 1983–2022 was that of S-Curve: Y = exp (a + b/X), with an R2 of 96.06%, where Y is the number of publications; X is the year (from 1983 to 2022); parameter a is 342.662; and parameter b is 678.911.



Because the p-value is <0.05, a statistically significant relationship exists between the number of publications and the year, with a confidence level of 95.0%. The R-Squared statistic indicates that the fitted model explains 96.057% of the variability of the number of documents. The correlation coefficient is −0.9801, indicating a relatively strong relationship between the variables. The standard error of the estimate indicates that the standard deviation of the residuals is 0.3977. The mean absolute error (MAE), 0.2811, is the average value of the residuals.



	
Period I (1983–1993)—Silvopasture Characterization.






For this period, we found 43 scientific publications on silvopastoral systems, equivalent to 0.8% of the total number of analyzed articles. Within this decade, 1991 and 1992 were the years with the highest production, with nine scientific articles published each year. The study subjects focused on the contribution of silvopastoral systems in arid and semi-arid zones [20], as well as on the evaluation of the physical factors of soil affecting tree growth in pastures [21]. Another study stressed the importance of multiple land uses through the application of initiatives based on silvopastoral systems [22]. Likewise, studies focused on the economic and ecological viability of pine plantations in the Central Highlands of Ecuador were also reported [23]. In addition, a review study focused on analyzing the obtained experiences with the implementation of silvopastoral systems in New Zealand [24].



	
Period II (1994–2003)—Best Practices






During this period, the number of publications on silvopasture increased, with a total of 251 articles, representing 4.4% of the total production in the analyzed periods. In this period, researchers began to quantify carbon storage and analyze the nitrogen cycle [25]. The relationship between microclimate and nutrient dynamics was also analyzed [26], highlighting the importance of silvopastoral systems for soil bioimprovement [27]. Frequent studies investigated the economic benefits of implementing silvopastoral systems [28,29] and the adoption of silvopastoral practices [30]. Moreover, a novelty in this period was the incorporation of ancestral knowledge focused on the use of fodder trees in silvopastoral systems [31].



	
Period III (2004–2013)—Ecosystem Services






In this period, we found 1396 articles, representing 24.5% of the total number of documents analyzed, with an average annual production of 139.6 articles and a maximum of 237 articles reported in 2013. During this decade, likely driven by the Millennium Declaration through the Millennium Development Goals (MDGs) [32] and the Millennium Ecosystem Assessment [33], researchers focused on environmental valuation and payments for environmental services associated with silvopastoral systems [34,35,36,37,38]. Some researchers focused on enhancing carbon storage provided by silvopastoral systems [39,40,41,42]. Moreover, at the soil level, reductions in nutrient loss [43,44], the improvement of the environmental quality of agricultural lands [45], and the influence of trees as nutrient reserves [46] were addressed. Most of these studies proposed actions to mitigate the effects of climate change [47] and the recovery of ecological processes [48].



	
Period IV (2014–2022)—Landscape Restoration






Finally, the last period was the most relevant in relation to the increase in scientific productions focused on silvopastoral systems. In this period, 4255 scientific papers were published, representing 74.5% of the total number of articles considered in this analysis. For this decade, we observed annual growth, with a peak number of publications in the year 2022 with 708 articles, suggesting that silvopastoral systems are a topic of great interest at a global level. The conversion of extensive pastures to silvopasture with timber trees as a measure to improve soil health [49] and the restoration of degraded lands [50] were addressed. Other studies focused on the combination of silvopastoral systems and remaining forests under livestock strategies [51], the benefits of thermal cooling in tropical silvopastoral systems [52], and how these can enhance the mitigation of climate change effects related to greenhouse gas emissions generated by cattle ranching activities [53]. The focus of this research was also related to the launch of the Millennium Development Goals (MDGs) by the United Nations [54]. Finally, during this period, drones and remote sensors were used for the characterization of woody trees dispersed within silvopastoral systems [55].




3.2. Country Classification by Publications


For our analysis, regarding the affiliation of the authors of the articles at the country level, we considered the total contributions by nation in relation to the subject of study [56,57]. For this purpose, we produced a map using ArcMap 10.5 software to geographically visualize the contributions detected in 138 countries. Figure 4 shows a map of the world’s scientific contributions in the last 39 years on topics related to silvopastoral systems. The range of colors used in the map differentiates the number of scientific papers for each country, in which countries in white reported zero publications. The top 10 countries include five countries in the Americas (United States, Brazil, Mexico, Colombia, and Argentina), two Asian countries (China and India), and three European countries (Spain, Germany, and UK). The country with the highest number of publications was the United States with 1090 documents, and Brazil and Spain were in second and third place with 954 and 601 documents, respectively. Finally, most of the reported research was carried out in developed countries and in countries that have presented significant increases in activities focused on silvopasture [51,52,58,59].



Regarding the Americas, in the United States, open grassland conservation benefits silvopastoralism by improving soil health [49]. Likewise, researchers reported that silvopastoral systems can contribute to −0.32 °C to −2.4 °C of cooling for every 10 metric tons of woody carbon per hectare [52]. We also found studies focused on analyzing silvopastoral systems as an alternative for the improvement of animal welfare and production performance [60]. Innovation was found with the use of high spatial resolution satellite images to estimate leaf indices and area biomass in spatial pastures [61], and silvopastoral systems were compared between countries [62]. Regarding economics, we observed studies focused on analyzing the profitability of silvopastoral systems [28]. In the United States, we also observed the use of timber species such as Pinus taeda, Ceanothus integerrimus, and Acacia koa [63,64,65].



The second leader was Brazil, with publications focused on relating silvopastoral systems to animal welfare by estimating thermal comfort indices [66,67], the influence of grazing, agriculture, and crop–livestock systems on C stocks [68], and the integration of legumes in silvopastoral systems to boost soil C and N stocks [69]. Publications were also focused on changes in soil organic carbon over 22 years of grazing in integrated crop–livestock systems [70]. However, we also found that one of the species of greatest consideration for silvopastoral and climate change mitigation strategies in Brazil belonged to the genus Eucalyptus, specifically Eucalyptus grandis, Eucalyptus urophylla, Eucalyptus astringens, Eucalyptus leucoxylon, Eucalyptus sideroxylon, Eucalyptus lehmannii, and Eucalyptus camaldulensis [71,72,73,74].



In Europe, Spain leads scientific production in this field, contributing publications focused on the promotion of silvopastoral policies in European Mediterranean areas [75]. The potential of trees and the climate to regulate soil carbon balance was also evaluated [76]. The proper management of high-quality wood plantations in silvopastoral systems [77] and the establishment of silvopastoral systems in abandoned agricultural lands in northwest Spain [78] were also among the themes of interest. In relation to economics, we observed a study focused on analyzing the environmental and economic profitability of livestock grazing on farms under a silvopastoral system [79]. Finally, the most relevant species were Quercus ilex, Quercus rubra, Pinus radiata, Fraxinus excelsior, Prunus avium, Pinus pinea, Eucalyptus nitens, and Betula pubescens [79,80,81,82,83,84,85].




3.3. Journals with the Largest Number of Documents


Table 2 shows the performance and quality indexes of the ten leading journals with the highest number of papers that collaborated to generate knowledge related to silvopastoral systems. These journals contain 1275 of the 5708 publications analyzed, which representing 22.3% of the scientific production. The table shows the performance indicators of journals such as SJR and their quartile for 2021.



Agroforestry Systems is the leading journal in these particular scientific contributions with 533 articles, representing 9.3% of the total number of published papers. This journal has an SJR index of 0.59 and is in Q1 according to the latest evaluation for 2021. The most relevant paper in this journal was published by Cubbage et al. [62] and has been cited 78 times in the scientific literature. They focused on comparing silvopastoral systems in eight regions of the world, considering their research methods and experience in those regions. Second place is occupied by Forest Ecology and Management with 161 papers and an SJR index of 1.11, and it is currently in the first quartile (Q1). Its most cited paper (72 citations) was published by Mohan et al. [86], which focused on evaluating the biomass production potential of nine fast-growing multipurpose tropical taxa, four of which were grown under two land management systems (forest and silvopasture). Finally, the journal with the third highest scientific production in this field was Agriculture Ecosystems and Environment, which has published 99 articles. It has an SJR index of 1.66 and is in the first quartile (Q1). One of the most relevant scientific contributions in this journal analyzed the role of positive incentives and information exchange on stimulating the adoption of silvopastoral conservation practices [36].




3.4. The 10 Most Frequently Cited Documents


We identified the most cited publications to highlight the topics of greatest interest. In this context, scientific production focused on silvopastoral systems at the global level (5708 documents) comprises 95,355 citations. Table 3 presents the top 10 most cited papers with 1023 citations, representing 1.07% of the total.



Within this group, publications focused on South American countries (Nicaragua, Colombia, Argentina, Chile, Brazil, Paraguay, and Uruguay), North America (United States, particularly Florida), Asia (India), Europe (Greece), and Oceania (New Zealand). Among the analyzed documents, the oldest documents were published by Kumar et al. [86] in 1998 and Wedderburn et al. [87] in 1999. The paper published by Kumar et al. [86] evaluated biomass and nutrient accumulation rates in multipurpose trees in woodlot and silvopasture experiments. Wedderburn et al. [87] quantified the fall, chemical characteristics, and litter decomposition rate of functional trees for use in silvopastoral systems. We noted that the most recent paper was published in 2012, in which Cubbage et al. [62] focused on describing and comparing the actual agricultural practices and research trials of silvopastoral systems in eight regions within seven countries of the world.
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Table 3. Top 10 most cited papers on silvopastoral systems from 1983 to 2022 with 1023 citations, representing 1.07% of the total citations.






Table 3. Top 10 most cited papers on silvopastoral systems from 1983 to 2022 with 1023 citations, representing 1.07% of the total citations.





	Ranking
	Authors
	Article
	Journal
	Citations





	1
	Shrestha et al. [88]
	Exploring the potential for silvopasture adoption in south-central Florida: An application of SWOT-AHP method
	Agricultural Systems
	197



	2
	Pagiola et al. [34]
	Paying for the environmental services of silvopastoral practices in Nicaragua
	Ecological Economics
	171



	3
	Haile et al. [39]
	Carbon storage of different soil-size fractions in Florida silvopastoral systems
	Journal of Environmental Quality
	118



	4
	Pagiola et al. [35]
	Can the poor participate in payments for environmental services? Lessons from the Silvopastoral Project in Nicaragua
	Environment and Development Economics
	89



	5
	Cubbage et al. [62]
	Comparing silvopastoral systems and prospects in eight regions of the world
	Agroforestry Systems
	78



	6
	Giraldo et al. [48]
	The adoption of silvopastoral systems promotes the recovery of ecological processes regulated by dung beetles in the Colombian Andes
	Insect Conservation and Diversity
	77



	7
	Haile et al. [40]
	Contribution of trees to carbon storage in soils of silvopastoral systems in Florida, United States
	Global Change Biology
	77



	8
	Plieninger et al. [89]
	Land-use legacies in the forest structure of silvopastoral oak woodlands in the Eastern Mediterranean
	Regional Environmental Change
	76



	9
	Wedderburn et al. [87]
	Litter decomposition by four functional tree types for use in silvopastoral systems
	Soil Biology and Biochemistry
	72



	10
	Kumar et al. [86]
	Comparison of biomass production, tree allometry and nutrient use efficiency of multipurpose trees grown in woodlot and silvopastoral experiments in Kerala, India
	Forest Ecology and Management
	72








Shrestha et al. [88] listed 197 citations. The authors evaluated the sustainability of silvopastoral adoption decisions by implementing a strengths, weaknesses, opportunities, and threats (SWOT) approach and an analytical hierarchy process (AHP). Among the main findings of this research, we found land stewardship, income diversification, environmental benefits, and government support programs to be the main prospects for silvopastoral adoption [88]. Second place was occupied by Pagiola et al. [34], who described the results achieved by the Regional Integrated Project for the Management of Silvopastoral Ecosystems (PRIMES), which aimed to fund payment for environmental services to farmers for their contribution to biodiversity conservation and carbon sequestration provided by the implementation of silvopastoral strategies. This article indicated that the implementation of PRIMES allowed for the adoption of silvopastoral systems that, in turn, generated the expected ecosystem services. However, much uncertainty exists regarding the financial sustainability of payment for environmental services [33]. Finally, the third most cited paper on silvopastoral systems was published by Haile et al. [38], who focused on determining the total soil carbon contents at six soil depths (0–5, 5–15, 15–30, 30–50, 50–75, and 75–125 cm) in silvopastoral systems to evaluate the carbon storage potential. Among the main results, the authors concluded that the integration of trees in open pastures generates even more soil organic carbon, particularly at shallower depths [39].




3.5. Collaboration Networks


Scientific collaboration allows for the transfer of knowledge and enhances technological innovation through the multidisciplinary contribution of papers published by the authors from different countries on a global scale. In research focused on silvopastoral systems, 119 countries have collaborated in the development of scientific papers. Of this total, at least 77 countries have three articles in collaboration with authors from other countries. Figure 5 shows a map of the global network of scientific collaborations between countries in different regions of the world.



In general, the country with the highest number of contributions among nations is the United States with 80 collaborations, followed by Germany and the UK with 64 individual collaborations. In relation to the United States, its collaborations have focused on the evaluation of sustainability [88], the analysis of payment for environmental services [34,35,36,37,38], soil carbon storage potential [39,40,41,42,90,91], nitrogen transfer [92], and reductions in nutrient loss on farms [43]. In addition, these collaborations have also focused on evaluating micro-climate and nutrient dynamics [26], as well as ecological considerations in the design and sustainable management of silvopasture [93]. Germany has collaborated on papers focused on assessing deforestation reduction and the mitigation potential of greenhouse gas effects [94], the effect of herbivory on trees in a reforestation system [95], land use and land cover change [96], phosphorus dynamics [97], meat production, and food webs [98,99]. Finally, the UK has collaborated in research focused on determining the growth, production, and carbon sequestration of native timber species [100], the evaluation of milk production in dual-purpose cattle farms [101], the analysis of the environmental rent of cattle grazing [79], the determination of the carbon sequestration potential of tree biomass and soil [102], the quantification of land use change and soil carbon deposition [103], and the understanding of sustainable practices [104].




3.6. Analysis of Ecuador


3.6.1. Scientific Production and Distribution by Province


Scientific production focused on silvopastoral systems in Ecuador comprises 17 articles published during the last three decades (1992–2022). The first article concerning Ecuador was published in 1992 by Garrison et al. [23]. In this paper, the authors evaluated ten pine plantations in the provinces of Tungurahua and Chimborazo for their potential as silvopastoral systems, and they discussed the possibilities of integrating local farmers in their management and appropriate use. Between 1993 and 2014, no scientific publications were reported for Ecuador in relation to the topic addressed. We obtained the highest number of contributions in 2021. However, in relation to the current year (2022), we observed a total of three articles. Among these articles, the most recent paper was published by Torres et al. [105]; in this study, the researchers evaluated carbon stocks in silvopastoral systems in the Ecuadorian Amazon. Among the main findings reported in this study, the authors indicated the high potential of traditional grazing systems with dispersed trees for carbon sequestration in the Ecuadorian Amazon. For this reason, silvopastoral systems allow for the implementation of strategies focused on mitigating and adapting to climate change in tropical countries. Finally, the authors recommended that these systems should be managed by applying the best livestock management practices (BMPs) to mitigate the expansion of the agricultural frontier in the Ecuadorian Amazon. In addition, these silvopastoral systems can be associated with REDD+-focused initiatives in Ecuador, thus contributing to the Nationally Determined Contributions (NDCs), which were set as a goal of the Paris Agreement to stabilize the global average temperature at less than 2 °C.




3.6.2. Most Relevant Documents


Table 4 shows the 10 most cited papers that have been reported for Ecuador concerning silvopastoral systems. Among the analyzed papers, the study by Lerner et al. [106] is the most cited paper with 28 citations. In this research, the authors focused on determining the socio-ecological factors associated with the apparently spontaneous emergence of silvopastoral landscapes and possible explanations for the variation in tree density found in pastures. Second place is occupied by Raes et al. [107], who investigated farmers’ preferences toward participating in payment contracts to adopt silvopastoral systems in Ecuador. Finally, the third most cited paper was published by McGroddy et al. [108]; in this study, the authors’ main objective was to quantify the biomass carbon stored in spontaneous silvopastoral systems in the province of Morona Santiago in the Ecuadorian Amazon.






4. Conclusions


The evolution of the number of scientific publications in the field of silvopastoral systems has shown sustained growth over the last 39 years with exponential growth in the last 20 years, which we adjusted to an S-Curve function. However, with respect to the number of citations, we significantly differentiated two periods: the intervals of 1983–2003 and 2004–2022. Researchers’ interest in the knowledge of silvopastoral systems has also evolved. They initially focused on the characterization of silvopastures and soil physical factors, whereas in the last decade, research has been directed toward the search for strategies to improve the sustainable use of these systems, such as ecosystem restoration and the implementation of better practices. Most of the scientific production has originated from a few countries, mainly those using mixed silvopastoral systems. The following countries stand out regarding scientific production on such systems: United States, Brazil, Mexico, Colombia, and Argentina in the Americas; China and India in Asia; and Spain, Germany, and UK in Europe. These publications are distributed among different journals, but in terms of the number of documents published, the publishers that accounted for the most publications were Springer, Elsevier, and MDPI.



In the case of Ecuador, we showed the 10 most cited documents referring to this country’s silvopasture, facilitating the visibility of a group of prestigious experts according to bibliometric indexes so that they can collaborate in the design of public policies and help develop the country’s guidelines for ecosystem conservation. In this group, four of the most cited publications were in MDPI journals (Sustainability, Forest, Agronomy, and Agriculture) in the open-access system.



Future studies should consider the moderating role of the “h-index” in the results and the disruptive contribution of open-access systems in the global dissemination of knowledge, breaking through the economic constraints of countries, universities, and researchers.
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Figure 1. Diagram based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology, depicting the four phases of bibliometric research methodology. 






Figure 1. Diagram based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology, depicting the four phases of bibliometric research methodology.



[image: Agronomy 13 00479 g001]







[image: Agronomy 13 00479 g002 550] 





Figure 2. Evolution of number of publications and citations by period. 
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Figure 3. Evolution of the number of publications in silvopastoral system per year (1983–2022). The model fit and the adjusted coefficient of determination used in each stage are shown. R2, Coefficient of determination. 
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Figure 4. Number of publications on silvopastoral systems by country. 
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Figure 5. Collaborative networks in silvopastoral systems studies around the world from 1983 to 2022. 
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Table 1. Comparation of publications and citations per year among periods.
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Period (y)

	
Publications (y)

	
Citations (y)




	
Mean

	
SD 1

	
CV 2

	
Mean 1

	
SD 1

	
CV 2






	
I 1983–1993

	
4.3 a

	
3.4

	
79

	
103.7 a

	
72.0

	
69




	
II 1994–2003

	
25.1 a

	
15.0

	
60

	
718.2 a

	
543.6

	
76




	
III 2004–2013

	
139.6 b

	
61.4

	
44

	
4503.5 b

	
1496.1

	
33




	
IV 2014–2022

	
446.4 c

	
168.9

	
38

	
4751.2 b

	
1965.1

	
41








a–c Means with different letters show significant differences among groups within the same column (p < 0.001). 1 Standard deviation, 2 Coefficient of variation, %.
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Table 2. Ranking of journals by number of publications in silvopastoral systems.
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	Journal
	Country
	Editorial
	Number of Documents
	SJR 2021
	Quartile





	Agroforestry Systems
	The Netherlands
	Springer
	533
	0.59
	Q1



	Forest Ecology and Management
	The Netherlands
	Elsevier
	161
	1.11
	Q1



	Agriculture Ecosystems and Environment
	The Netherlands
	Elsevier
	99
	1.66
	Q1



	Sustainability
	Switzerland
	MDPI
	92
	0.66
	Q1



	Livestock Research for Rural Development
	Colombia
	CIPAV
	84
	0.25
	Q3



	Forests
	Switzerland
	MDPI
	71
	0.62
	Q1



	Plant and Soil
	The Netherlands
	Springer
	62
	1.12
	Q1



	Science of the Total Environment
	The Netherlands
	Elsevier
	61
	1.81
	Q1



	Tropical and Subtropical Agroecosystems
	Mexico
	UADY
	58
	0.2
	Q3



	Land Use Policy
	UK
	Elsevier
	54
	1.64
	Q1
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Table 4. Most cited documents on silvopastoral systems in Ecuador.
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	Ranking
	Authors
	Article
	Journal
	Citations





	1
	Lerner et al. [106]
	The spontaneous emergence of silvo-pastoral landscapes in the Ecuadorian Amazon: Patterns and processes
	Regional Environmental Change
	28



	2
	Raes et al. [107]
	Farmers’ Preferences for PES Contracts to Adopt Silvopastoral Systems in Southern Ecuador, Revealed Through a Choice Experiment
	Environmental Management
	19



	3
	McGroddy et al. [108]
	Carbon Stocks in Silvopastoral Systems: A Study from Four Communities in Southeastern Ecuador
	Biotropica
	19



	4
	Torres et al. [109]
	Determinants of agricultural diversification in a hotspot area: Evidence from colonist and indigenous communities in the Sumaco Biosphere Reserve, Ecuadorian Amazon
	Sustainability
	18



	5
	Hayes et al. [110]
	Can Conservation Contracts Co-exist with Change? Payment for Ecosystem Services in the Context of Adaptive Decision-Making and Sustainability
	Environmental Management
	15



	6
	Cañadas-L et al. [111]
	Growth and yield models for teak planted as living fences in coastal Ecuador
	Forests
	14



	7
	González Marcillo et al. [112]
	Assessment of guinea grass panicum maximum under silvopastoral systems in combination with two management systems in Orellana province, Ecuador
	Agriculture
	5



	8
	Vargas-Tierras et al. [113]
	Characterization and role of Amazonian fruit crops in family farms in the provinces of Sucumbíos and Orellana (Ecuador)
	Ciencia y Tecnología Agropecuaria
	4



	9
	Diana Rade et al. [114]
	Silvopastoral System Economical and Financial Feasibility with Jatropha Curcas L. in Manabí, Ecuador
	Revista MVZ Córdoba
	4



	10
	Torres et al. [2]
	Identification and assessment of livestock best management practices (BMPs) using the REDD+ approach in the Ecuadorian amazon
	Agronomy
	3
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