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Abstract

:

Agroforestry is an intensive land management system that integrates trees into land already used for crop and animal farming. This provides a diverse range of ecosystem services by bridging the gaps between agriculture, forestry, and animal husbandry. It is an important approach to improve the environmental, economic, and social benefits of complex social–ecological systems in the Asia-Pacific region. This paper aims to examine the research trends in agroforestry and the current state of knowledge, as well as the research gaps in the ecosystem services of agroforestry in this region. A systematic mapping methodology was applied, where analysis units were academic articles related to agroforestry practices in the Asia-Pacific region. The articles published between 1970 and 2018 were collected through the international specialized academic database, SCOPUS. They were coded according to the types of agroforestry practices and ecosystem services. The research result indicates silvorable systems, especially plantation crop combinations, tree management, habitats for species, biological controls, and maintenance of genetic diversity and gene-pools, are the most prominent in the agroforestry research from the Asia-Pacific region. Approximately 60% of all research articles include case studies from India, China, Indonesia, and Australia. Research on agroforestry has changed following the international discourse on climate change and biodiversity. Therefore, this systematic map improves our understanding of the nature, volume, and characteristics of the research on ecosystem services with regard to agroforestry in the Asia-Pacific region. It provides scholars with a springboard for further meta-analysis or research on agroforestry and ecosystem services.
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1. Introduction


Agroforestry is defined as agriculture that incorporates trees [1]. However, this definition is oversimplified. Agroforestry is in fact much more complex. Geographic information system (GIS) data show that 43% of all agricultural land, globally, is used for agroforestry, which is more than 1 billion hectares [2]. Agroforestry systems in the Asia Pacific region are abundant under various agro-ecological environments, especially in Indonesia, Malaysia, India, Sri Lanka, and Bangladesh, as the practices have played important roles there since ancient times [3]. As agroforestry practices in the region have evolved over a long period of time, they utilize many novel and historic strategies to fulfill the basic needs of the smallholder farmers for food, fodder, medical products, fuelwood, and as a cash income [4]. In particular, multifunctional home gardens managed in a traditional way in the Asia-Pacific region are important for enhancing food security [5], diversity, and cultural and ecological functions, by providing natural fertilizer from trees, keeping soil resources, and favoring habitats for improved agrobiodiversity environments, which can mitigate climate change [6,7]. The experiences from these traditional systems highlight the importance of agroforestry in the twenty-first century to tackle land management problems, such as food insecurity, deforestation and forest degradation, biodiversity loss, and climate change.



However, socio-economic and technological factors have led to changes in traditional land use systems over time, in line with the paradigm shifts from traditional cultivation and monocropping to sustainable land use [4,8]. The paradigm shifts resulting from market economies, and specifically, exotic commercial crops have brought about the decline of traditional land-use systems [7,9]. For instance, the historic predominant land-use systems, such as home gardens, have been converted for land-use intensification in Asia [9,10,11]. As the population pressure and food requirements have driven mono specific production systems [12], agricultural and forest policies also began to favor fast-growing and commercial species, which had adverse impacts on agroforestry in Asia. The industrial agriculture systems have resulted in new social and environmental challenges, by altering the biotic patterns and interactions [13,14].



For this reason, the traditional methods have recently been revisited for their ecosystem services, including contribution to economic, cultural, and social values [11]. Several countries have enacted agroforestry-related policies. The national agricultural policy of India supports farmers adopting agroforestry practices to increase their incomes by providing them with credit and technologies. The national forestry policy of Sri Lanka stresses the important role of agroforestry in offering timber and nontimber forest products (NTFPs), and bio-energy conserving environments at the same time [15]. However, in most countries, public policies have lacked incentives and support to drive uptake of agroforestry systems and do not consider ecosystem services derived from agroforestry as sustainable production methods worth promoting to conserve agrobiodiversity [9,16,17,18,19]. The forest policies of Pakistan, for example, mention farm forestry and its importance but offer almost no practical implementations [20]. In this context, stabilizing agroforestry in the Asia-Pacific region should be warranted, owing to the global challenges related to food security [5], biodiversity preservation, climate change, and the great number of stakeholders that rely on agroforestry for their subsistence [11].



International organizations and governments have been investing in agroforestry research and projects in lower-middle-income countries since the 1960s and 1970s [5,21,22], exploring the interactions between agroforestry and ecosystem oriented services in the world, as well as specifically in the Asia-Pacific region [18]. For instance, Chang et al. [19] analyzed bird biodiversity in a coffee agroforestry system in India, Yang et al. [23] described the impact of riparian buffers on biomass in China, and Tiwari et al. [24] calculated the ecosystem services of maize from hillside agroforestry systems in Nepal, but each of these studies focused on only one type of agroforestry. There have been more general studies, such as Bohra et al. [25] who reviewed the socio-economic impacts of agroforestry, Basu [26] who conducted interviews to figure out the impacts of agroforestry on climate change mitigation, and Goswami et al. [27] who explained the estimated biomass and carbon sequestration in diverse agroforestry systems. These studies however, are limited in scope and there is a lack of coherent evidence of their effectiveness. This is partly because it is a complex process to synthesize the regional research and it is difficult to interpret the interrelations of agroforestry and ecosystem services. There are number of reasons for this. First, ecosystem services are interrelated, and multifaceted trade-offs vary depending on the service and spatial scale [28]. Second, the results reporting the benefits [17,29] and disservices [30,31] are inconsistent. Third, agroforestry practices in different disciplines resulted in a lack of synthesis of the evidence.



One of the solutions for synthesizing the information, when there is disparate evidence, is a systematic map, providing a robust method to identify and present research evidence extracted from peer-reviewed papers and grey literature [22,32,33,34]. The rigorous methodology describes the characteristics and trends of research on a broad scale, and, in part, fills the knowledge gaps by bringing together repeatable and quantitative evidence [33,34].



Previous works to synthesize the knowledge of agroforestry and ecosystem services have been conducted in some regions, including Europe [35], high-income countries [22], and low- and middle-income countries [36], but no study has systematically identified and described the nature, volume, and characteristics of the research in the field of agroforestry and ecosystem services in the Asia-Pacific region. To make up for the limits of the systematic maps, several previous papers have reported meta-analysis investigations [17,31,37]. This study provides comprehensive and systematic evidence about agroforestry and its impacts on ecosystem services by mapping the results of previously published investigations from around the Asia-Pacific agroforestry region. The systematic map aims to catalog the available knowledge and show the research characteristics and trends from the existing findings in the field, providing the first synthesis of ecosystem services of the Asia-Pacific agroforestry.



The following research questions were addressed:




	
What is the quantitative distribution of evidence-based research regarding agroforestry and ecosystem services in the Asia-Pacific region?



	
What types of agroforestry practices and ecosystems have been studied and how do they change over time?



	
How are research approaches between agroforestry systems and ecosystem services interlinked?









2. Theoretical Background


2.1. Agroforestry


Agroforestry is generally said to be a ‘new term for an old practice’, since the name was not recognized in the literature until the mid-1970s, but it has been in practice for a much longer period of time [3]. Agroforestry is a collection of land-use practices, systems, and technologies that integrates woody perennials into crop- and animal-based agricultural practices [38]. The main requirements for agroforestry are that at least two plants or animal species are included in the land-use system and one of these should be a woody perennial. Moreover, there are economic and ecological interactions between two or more production systems, such as tree–crop, tree–livestock, or tree–fish. Compared with intensified agriculture systems, the cycle of agroforestry systems may take one or more years and be more complex structurally, economically, ecologically, and functionally [39].



Agroforestry types consist of agrisilviculture, silvopasture, agrosilvipasture, forest farming, and urban agroforestry, amongst others, including tree integration with fisheries or beekeeping. Agrisilviculture is defined as integrating trees with cropping, also called silvorable, while silvopasture is an integrated system of trees and livestock, and agrosilvipasture is a tree-integrated system with livestock and crops together. Forest farming is an operation that raises livestock or produces crops and NTFPs within forests [38]. Agroforestry systems are classified using different criteria such as the different configuration and structure of the system’s components. They are also identified based on the temporal sequences to bring in different species to the systems and the function of trees in agroforestry practices, such as providing shade, breaking wind, or conserving soil. As some agroforestry types are more suitable for certain environmental conditions than other systems, ecological appropriateness and the level or scale of inputs for the systems management for commercial uses can also differ [39]. Table 1 describes and identifies common agroforestry practices. These practices are mutually exclusive.




2.2. Ecosystem Services


The term ‘ecosystem services ’was initially employed by Ehrlich and Mooney [42] to bring attention to the human activities causing land degradation and consequently the diminishing functions and services delivered by ecosystems [42]. With the rising awareness of the importance of ecosystem services and the inseparable relationship between ecosystem services and human activities, research on ecosystem services has been carried out from a multitude of analytical angles [32,43]. Multiple ways to classify ecosystem services exist to assess and reflect the ecosystem [44]. According to the theoretical structure of the Millennium Ecosystem Assessment (MEA) [45], which was created by many experts, ecosystem services contain direct services affecting human provisioning, regulating, and cultural services. Indirect services, such as the supporting services, underpin other services including photosynthesis, nutrient cycling, and primary production [45]. When properly managed, forests and trees provide diverse provisioning services, such as food, timber, raw material, and medical products [46,47]. Other investigations have assessed services forests provide at the local level, including pollination [48,49], biodiversity [9,16,17,18,19,50,51], pest control [52,53], moderation of nutrient run-off [54], and soil nutrient enhancement [55]. National and global scale studies explain how forest ecosystem services work and contribute to watershed protection, climate regulation, carbon storage [56], and the challenges in integrating the ecosystem services in decision making and implementation [57]. Ecosystem services are classified by using a spatial and functional scale (See Table 2) based on previously defined references [45,57,58,59]. This helps in defining local, national, and global ecosystem services that forests and agroforestry systems provide. The classification is considered relevant and important in the context of this systematic review.



Ecosystem services act as a transformative lens, revealing the agricultural systems and driving forces that should be considered when trying to understand the relationship between nature and human development [60,61,62]. Agroforestry has been recognized as an environmentally friendly and cost-effective land-use system for landscape restoration by reconciling production and environmental conservation/enhancement at the landscape level [17,29]. Given that the integrated agroforestry systems can be more efficient at capturing agricultural resources, including water and solar radiation, agroforestry systems in certain conditions can produce more than monoculture systems [18,63]. The combination of production and conservation/enhancement introduced a revitalization of agroforestry.



Each type of agroforestry practice contributes to ecosystem services in a different way. The detailed impacts of agroforestry practices on ecosystem services are listed below by the types of ecosystem services (Table 2). First, well managed agroforestry provides provisioning services; food [5,17,29,45,64], fiber [17], freshwater [18], raw materials [17], fuel wood [29], NTFPs [17,29], medicinal resources [17], genetic resources, and ornamental resources [17]. Second, agroforestry also delivers regulating ecosystem services; erosion control, climate change moderation [29], nutrient retention [17,29], carbon storage and sequestration [17], and pest control [18]. Moreover, agroforestry systems play a critical role in biodiversity enhancement [9,16,17,18,19,50,51] and climate regulation [18]. More specifically, soil can be more fertile in agroforestry systems where leguminous trees collect the nitrogen in their leaves and roots and provide it to the crops [18]. Trees planted and interspersed with crops can incorporate their leaves into the soil, which increases yields [18]. In silvopastural systems, animals that inhabit a forest can make the soil rich by providing manure [41]. In this way, the lands can be more productive and give farmers more stable yields, which improves food security [5,45]. Cultural services are a corresponding outcome from agroforestry and include: social relations [3], cultural heritage values [18], ecotourism recreation [16], spiritual values, experience and knowledge systems, and educational values [3]. For example, communities can share the byproducts of agroforestry, such as cultural and household goods and utilities [64]. However, it has also been reported that agroforestry has neutral and negative impacts on ecosystem services [30,31].





3. Materials and Methods


Evidence-based methods, including systematic reviews, were developed to support policy decision making by providing scientific information [65]. The methods are now employed in a diverse array of fields, such as conservation and environmental management [66,67]. The methods have advantages such as transparency, robustness, independence, and comprehensiveness and help to develop a comprehensive picture and new knowledge, by analyzing previous rigorous studies [34,68]. As one of the evidence-based methods, systematic review, which focuses on providing science-based knowledge through existing evidence, was applied to this study on agroforestry and ecosystem services in the Asia-Pacific region. The PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram was adapted from Moher et al. [69] by following four steps: identification, screening, eligibility, and inclusion. The details are explained in the following sections and Figure 1.



3.1. Data Collection (Identification)


The literature search was conducted in English, in February 2019, in a bibliographic database, SCOPUS, which is one of the largest citation databases comprising peer-reviewed articles in life, social, physical, and health science fields, but it does not include grey literature. Search fields included article title, abstract, and keywords. The search strings were a combination of three major topics: agroforestry practices, ecosystem services, and the Asia-Pacific countries and regions (Table A1 of Appendix A). We included single ecosystem services (e.g., irrigation water, hydroelectricity, and nutrient cycling) in the search words to get a wide-range of results using methods mentioned above [57,58,59,64]. Despite efforts to cover a broad range of terms representing the Asia-Pacific agroforestry practices and their ecosystem services, it is possible that some articles were not captured. All of the extracted articles were stored and shared in a Mendeley database and duplicates were removed.




3.2. Article Screening, Study Eligibility Criteria and Inclusion


A total of 2206 articles resulted from the literature search were manually screened in April 2019 through two stages, according to the procedure of the systematic review [65]. The criteria were adjusted for intercoder reliability, and the screening criteria were different at each stage. At the first screening stage, three researchers examined the titles, keywords, and abstracts of the literature to check correspondence with the criteria; covering at least one agroforestry practice and assessing the impacts of agroforestry on the ecosystem services. The intercoder agreement was tested using Fleiss’ Kappa statistical measure. The eligible articles were included in the study and the others were recorded and excluded. Uncertain articles regarding eligibility were kept for a full text assessment. At the second stage, all included articles were reviewed by five coders who were trained, and the intercoder agreement was measured by the percent agreement method using approximately 10% of included articles. Through the second stage of full text review, data was coded, and noneligible articles were excluded.




3.3. Data Coding Strategy


To categorize the context of the agroforestry practices and ecosystem services in the selected articles, each study was classified according to the study country and types of agroforestry practices and ecosystem services. To categorize the agroforestry practices, a coding category system was developed from previous categorizations (Table 3). The categories of the agroforestry practices included traditional and modern systems modified by the authors. For the ecosystem services, each individual study was coded according to the type of ecosystem service, including provisional, regulating and supporting, and cultural services, according to the Millennium Ecosystem Assessment and previous literature [45,57] (Table 3).



There was no quality appraisal of the individual articles in the review, because of the large scope and size encompassed by the literature involved. Analysis on the distribution of the evidence base with linkages between the agroforestry practices and ecosystem services was carried out.



Lastly, a systematic map was created indicating evidence distribution and linkages between agroforestry practices and ecosystem services. Rows represent individual agroforestry practices, and columns are divided into categories of ecosystem services. If the article covered more than one practice or service, then multiple practices or services from one article were mapped.





4. Results


4.1. Number of Articles


This research follows the systematic mapping process, the PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram adapted from Moher et al. [69] (Figure 1). It illustrated articles from the initial search to screening for synthesis (identification, screening, eligibility, and inclusion). The articles identified through database searching were recorded at the ‘identification’ stage. Then, the articles captured were screened based on our included agroforestry practices, ecosystem services, and Asia-Pacific region (through title, keywords, abstract, and full text article) during ‘screening and eligibility’ stages. After full text articles were assessed, the articles with the eligibility criteria were included for the study. The 2206 articles from the SCOPUS database were extracted with the search strings for the agroforestry practices, ecosystem services, and Asia-Pacific countries (Table A1 of Appendix A) [69]. However, a large portion of the selected article were excluded due to irrelevance after checking the titles, keywords, and abstracts (Figure 1). Five reviewers screened the full-text of 687 articles and reduced the number of articles to 431 by excluding the inappropriate studies, such as articles in which the abstracts were written in English, but the main text was in another language. Ultimately, our final map comprised 431 articles. There was a 92.2% intercoder agreement for the sampled articles selected in the full-screening testing.



There were a few agroforestry-related articles that were published before 1990 and the publication numbers began to rise after this point (Figure 2). Among the selected articles, the articles on the silvorable type of agroforestry practices and the regulating and supporting service type of ecosystem services were dominant.



Figure 3 displays the geographical distribution of the included literature in the systematic review. There were many studies focused on South Asia, Oceania, and North-east Asia, and fewer studies on Western Asia, when compared. At the country level, there were four countries that were dominant, accounting for approximately 60% of all research articles included in the map: India (n = 122), China (n = 70), Indonesia (n = 54), and Australia (n = 35).




4.2. Characteristics of Agroforestry Practices and Ecosystem Services


We classified the practices and services of the articles into multiple subcategories, as agroforestry practices and ecosystem services can be complex. The results show that most of the investigations focused on agroforestry practices categorized as silvorable systems/ agrosilviculture, as constituted about 73% of all the articles. Articles about riparian buffers and the silvopasture practices were the second largest portion of all the studies, making up 12%, and agrosilvopastoral practices were 1.5 % of the investigations. The most studied practices among the individual agroforestry practices were as follows: plantation crop combinations and tree management (PC, n = 246), riparian buffer strips (RB, n = 146), home garden (HG, n = 116), shelterbelts and windbreak/hedgerows/live hedges (SW, n = 104), and alley-cropping (AC, n = 82) (Figure 4).



Overall, most of the articles examined the impacts of agroforestry on regulating and supporting services (64.5%), with the majority focusing on soil formation/soil composition/maintenance of soil fertility/nutrient cycling (SF, n = 349), and habitats for species/biological control/maintenance of genetic diversity/gene-pool (HS, n = 226). Less than 3% of the articles disaggregated the cultural services (n = 36).




4.3. Research Trends for Agroforestry and Ecosystem Services by Decade


The results showed the research trends for agroforestry and ecosystem services by decade (Figure 5). In the 1980s, the studies on home gardens (HG, 21 %) and taungya (TA, 16 %) for silvorable practices were prominent. Shelterbelts and windbreak/hedgerows/live hedges (SW), alley-cropping (AC), and home garden (HG) as silvorable practices were mostly studied in the 1990s. After the 2000s, the publications on riparian buffers (RB) increased, and the plantation crop combinations and tree management (PC) were dominant.



The results of analysis of the ecosystem services in the 1980s showed that it was the provisioning services that were mainly addressed in the agroforestry research, followed by the regulating and supporting services. Soil formation/soil composition/maintenance of soil fertility/nutrient cycling (SF, 28 %), food (FO, 25%), and raw materials/ fuel wood/ biofuels/ bioenergy/ energy/ hydroelectricity/ biomass/ charcoal/ firewood/ NTFPs (RM, 25%) were mainly addressed. In the 1990s and 2000s, the focus was on soil formation/ soil composition/ maintenance of soil fertility/ nutrient cycling (SF) and the moderation of extreme events/ storm protection/ erosion control/ climate regulation (EE). During 2010–2018, the majority of the studies focused on habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS) and soil formation/ soil composition/ maintenance of soil fertility /nutrient cycling (SF), and a few studies focused on cultural services, such as spiritual and religious values/ inspiration/ spiritual experience (SR), and ecotourism/ tourism/ recreation/ aesthetic values (ET).




4.4. The intersection of Agroforestry Practices and Ecosystem Services


The linkage between the agroforestry and ecosystem services in the selected articles (Figure 6) was analyzed. The number of articles that included specific types of agroforestry practices and simultaneously specific types of ecosystem services, was calculated. Plantation crop combinations and tree management (PC) and their links to soil formation/soil composition/maintenance of soil fertility/nutrient cycling (SF) and habitats for species/biological control/maintenance of genetic diversity/gene-pool (HS) were most commonly studied in these investigations. Most of the links are between silvorable practices and their relationship to regulating and supporting services. Other pathways were less studied, especially in relation to cultural services. For example, there is no article in the linkage between agrosilvopasture practices and social services. One of the most studied agroforestry practices, home garden (HG), was highly linked to food (FO) and raw materials/ fuelwood/ biofuels/ bioenergy/ energy/ hydroelectricity/ biomass/ charcoal/ firewood/ NTFPs (RM), which are providing services. Unlike home garden (HG), riparian buffer (RB) has a strong connection to regulating and supporting services, including soil formation/ soil composition/ maintenance of soil fertility/ nutrient cycling (SF) and habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS).





5. Discussion


This systematic map was designed to synthesize the knowledge on agroforestry and ecosystem services in the Asia-Pacific region. The results highlight the gaps and limitations of previous agroforestry research works, concentrating on specific practices and ecosystem services and geographic areas. In particular, there were several gaps where there were only a few or no evidence that existed between all types of the agroforestry practices and their impacts on social services. In the following sections, we will explore these gaps and limitations.



5.1. Geographical Gaps


The previous research was skewed towards several countries. India was the country with the most research, and this probably reflects a research boom in line with the agroforestry project, including the All India Coordinated Research Project on Agroforestry (ACRPA) in 1983 and policy implementations promoting agroforestry practices [4,15]. As India has a long history of agroforestry since the Mesolithic period (8000–2000 BC), agroforestry systems, especially home gardens (HG), have been predominant there over time. Likewise, in this study, home garden (HG) related papers were centered on India, with a high focus on food (FO), raw materials/ fuel wood/ biofuels/ bioenergy/ energy/ hydroelectricity/ biomass/ charcoal/ firewood/ NTFPs (RM), habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS), and soil formation/ soil composition/ maintenance of soil fertility/ nutrient cycling (SF). Case studies in China were intensively conducted, with the focus on the riparian buffer (RB), including design of RB and site-specific nutrient management (SSNM) [70]. Western Asian countries however, were rarely studied, and only 0–3 articles were found per country. This asymmetry creates an evidence gap across this geographical area. The gap indicates the limitations of the contextual diversity, as well as the limitations of the applications of research insights to decisions or practices [71]. In this regard, it is highly recommended that the scope of agroforestry research be broadened, to build the geographical evidence base.




5.2. Practice and Services Gap


The research efforts were vastly weighted towards measuring the impacts of silvorable practices on regulating and supporting services, with an emphasis on soil formation/ soil composition/ maintenance of soil fertility/ nutrient cycling (SF) and habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS), obtained from plantation crop combinations and tree management (PC) (Figure 4). In addition, the hit maps (Figure 6, Figure 7, Figure 8 and Figure 9) reveal an extreme emphasis on several practices and services. We can easily find areas with less evidence from studies about agrosilvopastoral practices and cultural services (Figure 6). We set forth two possible reasons for the concentrations in the works. First, that plantation crop combinations and tree management (PC)-related crops, such as rubber and coffee, have been widely cultivated in the Asia-Pacific regions. This is because the top six producers of natural rubber in the world are all in Asia and most Southeast Asian countries cultivate coffee, which likely leads to active studies on the topic. In Europe, silvopastoral systems are well-explored rather than silvorable practices, which are dominant in the Asia-Pacific region, as these systems have traditionally been formed in European landscapes [35]. Second, there were fewer articles measuring social services than articles measuring the regulating and supporting services. The articles about agroforestry practices and cultural services were published later than the articles about other ecosystem services. It was assumed that the term ecosystem services was rarely interpreted in the field of social science. Social services like aesthetic and cultural values should be measured based on a deep understanding of social and cultural contexts. For comprehensive designs of future agroforestry practices, the lack of evidence regarding social services should be addressed and supplemented.




5.3. Changing Trends


Figure 5 confirms the changes in the research trends over time. Although the plantation crop combinations and tree management (PC) have been constantly dealt with as a key topic, the focus has changed with the decades. For more inclusive considerations, we applied a conceptual framework, international forest discourses, to help understand research trend changes [72] (Table 4). First, according to Arts et al. (2010), in the 1970s, the Asian countries prioritized economic growth over poverty, and in the 1980s, they valued forests for timber to reduce poverty and create revenues, which are related to the provisioning services, including raw materials/ fuel wood/ biofuels/ bioenergy/ energy/ charcoal/ firewood. In the same way, the systematic map shows that in the 1980s, home gardens (HG) and services including food (FO) and raw materials/ fuel wood/ biofuels/ bioenergy/ energy/ hydro-electricity/ biomass/ charcoal/ firewood/ NTFPs (RM) were the primary topics to study (Figure 7). This indicates that researchers were mainly interested in provisioning the services of agroforestry in the Asia-Pacific region. In the 1990s, there was a shift in valuing ecosystem services. At a global level, policy discourses on climate change emerged in the 1990s and have been prevalent since signing the United Nations Framework Convention on Climate Change (UNFCCC) in 1992. These results also demonstrate the same trend of science discourse on agroforestry in the Asia-Pacific Region. The articles on the moderation of extreme events/ storm protection/ erosion control/ climate regulation (EE), which is interrelated with the discourse on climate change, increased since the 1990s (Figure 8). The discourse on biodiversity became animated later than climate change in the world and in Asia. In more detail, anthropologists started mentioning biodiversity and its benefits and traditional forestry systems like agroforestry came into the spotlight [72]. Globally, since the United Nations Conference on Environment and Development (UNCED) in 1992, forest biodiversity became of higher value and was considered social justice [73]. A multilateral treaty, Convention on Biological Diversity (CBD), has been signed by many countries, including numerous Asian countries. The policy discourse on biodiversity influenced the research on agroforestry in the Asia-Pacific region. Investigations into agroforestry and biodiversity, including habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS), have been numerous since 2000, but prior to this, there were only a few studies that focused on this. Based on these results, it was concluded that science discourses on agroforestry in Asia have been changed following the international discourses on forest policy. Policy and science discourses are inter-related in the field of agroforestry.




5.4. Limitations of the Map


Though the systematic map was designed to be as robust as possible, by attempting to capture the relevant articles, it was not perfectly inclusive, because of the limited resources and time. We acknowledge the possibility of missed or biased evidence for several reasons, despite our effort to utilize diverse search and screening strategies. First, documents only written in English were covered in the systematic map owing to finite language barriers; however, it is likely to exist in a large volume of articles in other languages, for instance in Chinese, Indian, Malaysian, and so forth. Second, publication searches were conducted in only one database, SCOPUS, and we did not carry out a citation screening because of the time limitation and for better efficiency. Third, our search string may not include all relevant literature, because the preceding systematic reviews [22,35,37,71] that we referred to were typically about European agroforestry and other regions, and Asian agroforestry may have unique characters. Keywords (Table 1 and Table 2) are also generated from major precedent studies [38,40,41,45,57,58,59], also significantly reflecting the characteristics of European agroforestry systems and ecosystem services.





6. Conclusions


The number of agroforestry-related articles in the Asia-Pacific region has been fast-growing but is still small compared to all the literature in the world. India and China are hotspots of the research field with supporting policies and institutes [4,15,70] (Figure 3), whereas Western Asian countries have received little attention. Therefore, more targeted and comprehensive research is required to reduce the geographical gaps. Among the agroforestry practices, silvorable systems, especially plantation crop combinations and tree management (PC) and habitats for species/ biological control/ maintenance of genetic diversity/ gene-pool (HS) were the most popular. However, agrosilvopastoral and silvopastoral systems in the Asia-Pacific region have not received as much attention (Figure 4), in contrast with Europe where silvopastoral practices are predominant [35]. The linkage map expresses the occurrence of the evidence base but that does not mean that high frequency equals high or positive impacts, nor quality.



This map will contribute to designing policies, research, practical implementations, and save resources and time for decision making, by providing systematic evidence and frameworks. In particular, the heatmap offers insights to integrate ecosystem services around agroforestry systems into decision making, which is challenging [74,75]. We propose a wider range of additional studies for decision making on agroforestry works. Specifically, multiscale and upscale methods and approaches are essential to assess ecosystem services beyond biophysical approaches, in order to cover a broader range of ecosystem services including social services.



In conclusion, the systematic map identifies and describes the nature, volume, and characteristics of the research in the field of agroforestry and ecosystem services in the Asia-Pacific region. It pictures an existing evidence base on agroforestry and ecosystem service in the Asia-Pacific region. This comprehensive map could also be useful as a resource to enhance the knowledge of agroforestry–ecosystem service linkages. Furthermore, this map points out the gaps where further studies and investments should be focused.
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Table A1. List of search terms in English language.






Table A1. List of search terms in English language.





	
Search String






	
Agroforestry

Practices

	
(“agro forest*” OR “agro-forest*” OR “agrisilvicultur*” OR “agrosilvicultur*” OR “silvorable” OR “forest farm*” OR “farm forest*” OR “forest grazing” OR “riparian buffer*” OR “riparian-buffer*” OR “improved fallow*” OR “rotational tree fallow” OR “multipurpose tree*” OR “silvopastur*” OR “agrosilvipastur*” OR “agrosilvopast*” OR “agrosilvopast* system*” OR “hedgerow*” OR hedge-row* OR shelter belt* OR shelter-belt* OR (tree* AND (farmland* OR plot*)) OR “hedgerow intercrop*” OR “hedge-row intercrop*” OR “wood* hedge row*” OR “wood* hedge-row*” OR windbreak* OR wind-break* OR “live hedge*” OR “alley-crop*” OR “alley crop*” OR “meadow orchard*” OR orchard* OR “home garden*” “homegarden*” OR (“home garden*” NEAR/3 animal*) OR (“homegarden*” NEAR/3 animal*) OR (multi-stor* farm* NEAR/5 (tree* AND crop*)) OR (multistor* farm* NEAR/5 (tree* AND crop*)) OR entomo-forest* OR entomoforest* OR aquasilvofisher* OR aqua-silvo-fisher* OR aqua-silvofisher* OR taungya OR “taungya farming” OR “shifting cultivat*” OR “taungya cultivation” OR (woody* AND agriculture* crop*) OR multilayer tree garden* OR plantation crop combination* OR shade tree* OR intercrop* OR (integrated NEAR/2 (farm* OR system*)) OR (tree* AND pasture*) OR (tree* AND rangeland*) OR (fodder* AND (farm* OR rangeland*)) OR (apiculture AND tree*) OR “aquaforest*” OR “aqua-forest*” OR interplant* OR (interplant* NEAR/5 firewood*) OR (“soil conservation” AND tree*) OR (tree* AND (bund* OR terrace* OR raiser*)))




	

	
AND




	
Ecosystem Services

	
(“ecosystem” OR “service*” OR “ecosystem service*” OR “provision*” OR “provision* service*” OR “food*” OR “fiber*” OR “fresh water” OR “water” OR “drink* water*” OR “irrigate* water*” OR “hydro-electricity*” OR “hydroelectricity*” OR “raw material*” OR “fuel*” OR “wood*” OR “fuelwood*” OR “fuel-wood*” OR “charcoal” OR “firewood*” OR “non-timber forest product*” OR “NTFP*” OR “non-wood forest product*” OR “NWFP*” OR “biofuel*” OR “bio-fuel*” OR “bioenerg*” OR “bio-energ*” OR “biomass” OR “bio-mass” OR “energy” OR “biochemical*” OR “bio-chemical*” OR “pharmaceutical*” OR “medicin* resource*” OR “gene* resource*” OR “ornament* resource” OR “regulat*” OR “regulat* service*” OR “air quality” OR “air quality maintain*” OR “climate regulat*” OR “carbon” OR “carbon sequest*” OR “carbon stor*” OR “water regulat*” OR “water flow*” OR “erosion control” OR “maintain* NEAR/2 soil ferti*” OR “water purify*” OR “waste treat*” OR “waste-water treat*” OR “regulat* NEAR/2 human disease*” OR “biology* control*” OR “pollinat*” OR “moderat* NEAR/2 extreme event*” OR “storm protect*” OR “support*” OR “support* service*” OR “habitat*” OR “soil form*” OR “nutrient* cycl*” OR “primary product*” OR “habitat* NEAR/2 specie*” OR “maintain* NEAR/2 genetic diversity” OR “gene-pool*” OR “gene pool*” OR “cultur*” OR “cultur* service*” OR “cultur* diversity” OR “spirit* value*” OR “religi* value*” OR “knowledge* system*” OR “education* value*” OR “inspiration* experience*” OR “spirit* experience*” OR “aesthetic value*” OR “social relation*” OR “sense of place” OR “culture* heritage value*” OR “recreat*” OR “ecotouris*” OR “touris*”)




	

	
AND




	
Geographical terms

	
(Oceania OR Australia OR “Commonwealth of Australia” OR Fiji OR “Republic of Fiji” OR “Kiribati” OR “Republic of Kiribati” OR “Marshall Islands” OR “Republic of the Marshall Islands” OR Micronesia OR “Federated States of Micronesia” OR Nauru OR “Republic of Nauru” OR “Pleasant Island” OR “New Zealand” OR Palau OR “Republic of Palau” OR “Papua New Guinea” OR “Independent State of Papua New Guinea” OR PNG OR Samoa OR “Independent State of Samoa” OR “Western Samoa” OR “Solomon Islands” OR Tonga OR “Kingdom of Tonga” OR “Friendly Islands” OR Tuvalu OR “Ellice Islands” OR Vanuatu OR “Republic of Vanuatu” OR “Pacific island territories of Cook Islands” OR “Cook Islands” OR “New Caledonia” OR “American Samoa” OR Tokelau OR “Union Islands” OR “French Polynesia” OR Niue OR Guam OR “Territory of Guam” OR “Commonwealth of the Northern Mariana Islands” OR CNMI OR “Northern Mariana Islands” OR “Pitcairn Islands” OR “Pitcairn, Henderson, Ducie and Oeno Islands” OR “Wallis and Futuna” OR “Territory of the Wallis and Futuna Islands” OR “Oceanic and sub-Antarctic islands in the Pacific region” OR “Pacific and Indian Ocean regions” OR “South-East Asia” OR “South East Asia” OR “Southeast Asia” OR “Brunei Darussalam” OR “Nation of Brunei, the Abode of Peace” OR Brunei OR Cambodia OR “Kingdom of Cambodia” OR Kampuchea OR Indonesia OR “Republic of Indonesia” OR “Lao People’s Democratic Republic” OR Laos OR “Muang Lao” OR Malaysia OR Myanmar OR “Republic of the Union of Myanmar” OR Burma OR Philippines OR “Republic of the Philippines” OR Singapore OR “Republic of Singapore” OR Thailand OR “Kingdom of Thailand” OR Siam OR “Timor-Leste” OR “Timor Leste” OR “Democratic Republic of Timor-Leste” OR “Democratic Republic of Timor Leste” OR “East Timor” OR Vietnam OR “Socialist Republic of Vietnam” OR SRV OR “North-East Asia” OR “North East Asia” OR “Northeast Asia” OR China OR “People’s Republic of China” OR PRC OR “Democratic People’s Republic of Korea” OR “North Korea” OR DPRK OR Korea OR Japan OR Mongolia OR “Republic of Korea” OR “South Korea” OR ROK OR “South Asia” OR “South-Asia” OR Afghanistan OR “Islamic Republic of Afghanistan” OR Bangladesh OR “People’s Republic of Bangladesh” OR Bhutan OR “Kingdom of Bhutan” OR India OR “Republic of India” OR Iran OR “Islamic Republic of Iran” OR Persia OR Maldives OR “Republic of Maldives” OR Nepal OR “Federal Democratic Republic of Nepal” OR Pakistan OR “Islamic Republic of Pakistan” OR “Sri Lanka” OR “Democratic Socialist Republic of Sri Lanka” OR “Western Asia” OR “Western-Asia” OR Bahrain OR “Kingdom of Bahrain” OR Kuwait OR “State of Kuwait” OR Oman OR “Sultanate of Oman” OR Qatar OR “State of Qatar” OR Saudi Arabia OR “Kingdom of Saudi Arabia” OR KSA OR “United Arab Emirates” OR Emirates OR UAE OR Yemen OR “Arabian peninsula” OR “Republic of Yemen” OR Iraq OR “Republic of Iraq” OR Jordan OR “The Hashemite Kingdom of Jordan” OR Lebanon OR “Lebanese Republic” OR “State of Palestine” OR Palestine OR Mashreq OR Mashrek OR Syria OR “Syrian Arab Republic”)
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Figure 1. Systematic mapping process of the study, illustrating articles from the initial search to screening for synthesis (identification, screening, eligibility, and inclusion). Articles were found through database search at the identification stage. Then the articles captured were screened based on the categories of agroforestry practices, ecosystem services, and the Asia-Pacific region (through titles, keywords, abstracts, and full text articles) at the screening and eligibility stages. Finally, the articles satisfied with the eligibility criteria were included for the study. 
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Figure 2. Distribution of the published articles on agroforestry practices and ecosystem services. (A) shows the number of publications related to agroforestry practices by year and (B) shows the number of articles related to ecosystem services by year. 






Figure 2. Distribution of the published articles on agroforestry practices and ecosystem services. (A) shows the number of publications related to agroforestry practices by year and (B) shows the number of articles related to ecosystem services by year.



[image: Forests 11 00368 g002]







[image: Forests 11 00368 g003 550] 





Figure 3. Geographic distribution of the selected articles on agroforestry practices and ecosystem services. Note: The darker the color of the green, the higher the number of the articles focusing on agroforestry practices and ecosystem services in the Asia-Pacific region. 
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Figure 4. The number of articles by agroforestry practices and ecosystem services. 
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Figure 5. Ratio of the articles on agroforestry practices and ecosystem services by decade. 
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Figure 6. The linkage between agroforestry practices and ecosystem services. Note: The darker the color of the cells, the higher the frequency of articles. 
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Figure 7. The linkage between agroforestry practices and ecosystem services in the 1980s. Note: The darker the color of the cells, the higher the frequency of articles. 
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Figure 8. The linkage between agroforestry practices and ecosystem services in the 1990s. Note: The darker the color of the cells, the higher the frequency of articles. 






Figure 8. The linkage between agroforestry practices and ecosystem services in the 1990s. Note: The darker the color of the cells, the higher the frequency of articles.



[image: Forests 11 00368 g008]







[image: Forests 11 00368 g009 550] 





Figure 9. The linkage between agroforestry practices and ecosystem services after 2000. Note: The darker the color of the cells, the higher the frequency of articles. 
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Table 1. Major agroforestry practices [38,40,41].
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Agroforestry Practices

	
Category

	
Definition

	
Components






	
Silvorable system/

agrosilviculture/

agrisilviculture

	
Improved or rotational fallow

	
Woody species planted and left to grow during the ‘fallow phase’

	
Fast-growing preferably leguminous with agricultural crops




	
Taungya

	
A combined stand of woody and agricultural species during the early stages of plantation establishment

	
Usually tree species for plantation with agricultural crops




	
Forest farming

	
Operations grow food, herbal, botanical, or decorative crops under the protection of a managed forest canopy; also called multistory cropping

	
Trees and nontimber products




	
Alley-cropping

	
Woody species in hedges; agricultural species in alleys in between hedges; microtonal or strip arrangement

	
Fast-growing and leguminous, which coppice vigorously with agricultural crops




	
Multistory agroforestry

	
Multispecies, multilayer dense plant associations with no organized planting arrangements

	
Different woody components of varying forms and growth habits, shade-tolerant ones sometimes present




	
Multipurpose trees

	
Trees scattered haphazardly or according to some systematic patterns on bunds terraces or plot/field boundaries

	
Multipurpose trees and other fruit trees with agricultural crops




	
Plantation crop combinations and tree management

	
(1) Integrated a multistory (mixed and dense) mixture of plantation crops; (2) mixtures of plantation crops in alternate or another regular arrangement; (3) shade trees for plantation crops, shade trees scattered; (4) intercropping with agricultural crops

	
Plantation crops like coffee, cacao, coconut, fruit trees; fuelwood/fodder species, shade-tolerant species




	
Home garden

	
Intimate, multistory combinations of various trees and crops around homesteads

	
Fruit trees, predominate; also, other woody species, vines, shade-tolerant crops




	
Shelterbelts and windbreak/

hedgerows/

live hedges

	
Trees around farmland/plot

	
Combination of tall-growing spreading types with agricultural crops of the locality




	
Fuelwood production

	
Interplanting firewood species on or around agricultural lands

	
Firewood species




	
Silvopasture/

silvopastoral systems/

forest grazing

	
Trees on rangeland or pastures

	
Trees scattered irregularly or arranged according to some systematic pattern

	
Multipurpose usually of fodder value




	
Protein banks

	
Production of protein-rich tree fodder on-farm/rangelands for cut-and-carry fodder production

	
Leguminous fodder trees




	
Plantation crops with pasture and animals

	
Livestock under woody perennials

	
Plantation crops, for example, cattle under coconuts




	
Agrosilvopastoral systems/

agrosilvipasture

	
Apiculture

with trees/

entomoforestry

	
Tree fruits, leaves, flowers being used for insects

	
Trees and shrubs preferred by insects such as bees




	
Aquaforestry/

silvofishery

	
Trees lining fishponds, tree leaves being used as ‘forage’ for fish

	
Trees and shrubs preferred by fish




	
Multipurpose woody hedgerows

	
Woody hedges for browse, mulch, green manure, soil conservation, etc.

	
Fast-growing and coppicing fodder shrubs




	
Home gardens involving animals

	
Intimate, multistory combination of various trees and crops, and animals, around homesteads

	
Fruit trees predominate; also, other woody species




	
Riparian buffer strips

	
Areas along rivers and streams planted with trees, shrubs, and grasses. Serving as sponges to filter farm runoff, and the roots stabilize stream banks to prevent erosion

	
Adjacent to perennial, intermittent, and ephemeral streams, lakes, and estuarine marine shorelines
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Table 2. Ecosystem service types and components [45,57,58,59].






Table 2. Ecosystem service types and components [45,57,58,59].





	
Ecosystem Services

	
Category

	
Definition

	
Components






	
Provisioning services

(products obtained from ecosystems)

	
Food

	
Presence of edible plants and animals

	
Seafood, gamete, crops, wild foods, and species




	
Fiber

	
Presence of species or abiotic components with potential use for timber or textile

	
Timber, cotton, hemp, silk




	
Freshwater/ water/ drinking water/

irrigation water

	
Presence of water reservoirs

	
Water




	
Raw materials/

fuel wood/ biofuels/

bioenergy/energy/ hydroelectricity/ biomass/charcoal/ firewood/NTFPs

	
Presence of species or abiotic components with potential use as a fuel or raw material

	
Lumber, skins, fuel wood, organic matter, fodder, and fertilizer




	
Biochemicals/

pharmaceuticals/

medicinal resources

	
Presence of species or abiotic components with potentially useful chemicals and/or medicinal uses

	
Pharmaceuticals, chemical models, and test and assay organisms




	
Genetic resources

	
Presence of species with (potentially) useful genetic material

	
Crop improvement genes, and health care




	
Ornamental resources

	
Presence of species or abiotic

	
Fashion, handicrafts, jewelry, pets, worship, decoration, and souvenirs




	
Regulating and supporting (benefits obtained from the regulation of ecosystem processes and underpinning services that enable other services to function)

	
Air quality maintenance

	
The capacity of ecosystems to extract aerosols and chemicals from the atmosphere

	
The ability of the atmosphere to cleanse itself




	
Carbon sequestration and storage

	
Regulation of the global climate by storing and sequestering greenhouse gases. Removing carbon dioxide from the atmosphere and locking it away in their tissues

	
Net source of carbon sequestration




	
Water regulation/

water flows/

water purification and waste treatment/ waste-water treatment

	
Role in water infiltration and gradual release of water, and in biotic and abiotic processes of removal or breakdown of organic matter, xenic nutrients, and compounds

	
Chemical condition of freshwaters and saltwater




	
Regulation of human diseases

	
Control of pest populations through trophic relations

	
Disease control




	
Pollination

	
Contribute to abundance and effectiveness of pollinators

	
Pollination and seed dispersal




	
Moderation of extreme events/ storm protection/

erosion control/

climate regulation

	
Influence on local and global climate through land-cover and biologically mediated processes, and the role of forests in dampening extreme events

	
Storm and flood protection, micro and regional climate regulation




	
Soil formation/

soil composition/

maintenance of soil fertility/

nutrient cycling

	
Role of natural processes in soil formation, regeneration, and composition

	
Buffering and attenuation of mass flows




	
Primary production

	
The assimilation or accumulation of energy and nutrients by organisms

	
Products supporting microorganisms, algae, plants, and animals




	
Habitats for species/

biological control/

maintenance of genetic diversity/

gene-pool

	
Provision of breeding, feeding, or resting habitat for transient species/maintenance of a given ecological balance and evolutionary processes

	
Maintenance of nursery populations and habitats




	
Cultural services (nonmaterial benefits obtained from ecosystems that enrich lives)

	
Spiritual and religious values/

inspiration/spiritual experience

	
Landscape features or species with spiritual and religious value/landscape features or species with inspirational value to human

	
Use of nature for religious, heritage, or natural values




	
Knowledge systems/

educational values

	
Features with special educational and scientific value/interest

	
Use of natural systems for school excursions, and scientific discovery




	
Social relations

	
Influence on the types of social relations that are established in particular cultures. e.g., difference between fishing, nomadic herding, or agricultural societies, in many respects of their social relations

	




	
Cultural heritage values/

cultural diversity

	
Culturally important landscape features or species

	
Use of nature as a motif in books, film, painting, folklore, national symbols, architecture, advertising, etc.




	
Ecotourism/

tourism/

recreation/

aesthetic values

	
Aesthetic quality of the landscape, based on e.g., structural diversity, “greenness”, tranquility

	
Ecotourism, outdoor sports, and recreation
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Table 3. Coding category system [38,40,41,45,57,58,59].
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Category

	
Sub-Category






	
Published date

	
Year/Month/Day




	
The study target country

	
Name of country




	
Agroforestry

	
Silvorable

	
Improved or rotational fallow (IR), taungya (TA), forest farming (FF), alley-cropping (AC), multistory agroforestry (MA), multipurpose trees (MT), plantation crop combinations and tree management (PC), home garden (HG), shelterbelts and windbreak/hedgerows/live hedges (SW), and fuelwood production (FP)




	
Silvopasture

	
Trees on rangeland or pastures (TR), protein banks (PB), and plantation crops with pasture and animals (PP)




	
Agrosilvopasture

	
Apiculture with trees (entomoforestry) (AF), aquaforestry/silvofishery (AS), home gardens involving animals (HA), multipurpose woody hedgerows (HW), and riparian buffer strips (RB)




	
Ecosystem services

	
Provisioning

	
Food (FO), fiber (FI), fresh water/ water/ drinking water/ irrigation water (FW), raw materials/ fuel wood/ biofuels/ bioenergy/ energy/ hydroelectricity/ biomass/ charcoal/ firewood/ NTFPs (RM), biochemicals/ pharmaceuticals/ medicinal resources (BC), genetic resources (GR), ornamental resources (OR), and other (PO)




	
Regulating/

supporting

	
Air quality maintenance (AQ), carbon sequestration and storage (CS), water regulation/ water flows/ water purification and waste treatment/ waste-water treatment (CR), regulation of human diseases (RH), pollination (PL), moderation of extreme events/ storm protection/ erosion control/ climate regulation (EE), soil formation/ soil composition/ maintenance of soil fertility/ nutrient cycling (SF), primary production (PR), habitats for species/biological control/maintenance of genetic diversity/ gene-pool (HS), and other (RS)




	
Cultural

	
Spiritual and religious values/ inspiration/ spiritual experience (SR), knowledge systems/ educational values (KS), social relations (SO), cultural heritage values/ cultural diversity (CH), ecotourism/ tourism/ recreation/ aesthetic values (ET), and other (CO)
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Table 4. The change of forest policy discourse and science discourse on agroforestry practices and ecosystem services in the Asia-Pacific region [72].






Table 4. The change of forest policy discourse and science discourse on agroforestry practices and ecosystem services in the Asia-Pacific region [72].





	
Decade

	
Policy Discourse

	
Science Discourse




	
Agroforestry Practice

	
Ecosystem Services






	
1980s

	
Poverty and

economic growth

	
Home garden (HG)

	
Food (FO),

Raw materials (RM)




	
1990s

	
Climate change

	
Alley-cropping (AC),

Shelterbelts and windbreak (SW)

	
Erosion control/

Climate regulation (EE)




	
2000s

	
Biodiversity

	
Riparian buffer strips (RB)

	
Habitats for species (HS)
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