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This literature review focuses on the drivers of Integrated Crop-Livestock-Forestry Systems (ICLFS) adoption by small farmers. It has enabled us to identify current trends and analyze the various drivers of adoption and knowledge gaps. According to the PRISMA literature review protocol, 1,352 scientific publications have been selected and analyzed after a Scopus database search. Data analysis was carried out in two steps. A systematic review was performed with the metadata of scientific publications using the Biblioshiny package of R 4.3.1 software. Then, the 42 most relevant publications were used for a brief narrative synthesis. The results showed that between 2003 and 2023, publications were made in 587 different sources. 73% of publications were scientific articles. 91% of publications were written by an average of 05 co-authors. The effectiveness of Integrated Crop-Livestock-Forestry Systems (ICLFS) practices, the production of organic matter and the effects on farmers’ livelihoods are the research topics considered. Five categories of factors were identified to facilitate the adoption of ICLFS by small farmers: (i) farmer profile, (ii) farm characteristics, (iii) economic factors, (iv) institutional factors and (v) biophysical factors. Policy orientations are the most decisive of all the factors identified, followed by the establishment of extension systems and social networks between farmers. This paper makes three main recommendations. Firstly, it recommends the implementation of collaborative research frameworks between West African researchers and those from East Africa, Asia and South America, who have more experience in this area. In addition, this study suggests that future research on the adoption of ICLFS should take into account herd mobility issues in the adoption process. Finally, it suggests that ICLFS should be taken into account in development policies and implemented through action research projects, mostly in West Africa.
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Introduction

Challenges around food security are growing ever more urgent for humanity. According to Global Report on Food Crises 2023, which draws upon data from 58 countries/territories, more than a quarter of people were affected by extreme food insecurity in 2022 (FSIN and GNAFC, 2023). Farming systems are under enormous constraints due to their inability to satisfy food needs of the world’s population. Technological advances, the use of genetic improvements, fertilizers and heavy mechanization have more destroyed the environment and human health than satisfy food needs (Ramankutty et al., 2018; Willett et al., 2019). An alarming observation made by Borrelli et al. (2017) is that this form of agricultural intensification has contributed to the depletion of land nutrients. Indeed, several environmental, social and economic factors explain this fear of the adaptability of crop, forestry and livestock systems to satisfy food needs (Pörtner et al., 2022). As well as the various factors listed in Table 1, production systems are also exposed to the impacts of COVID 19 and the world’s wars (Béné, 2020; Nasir et al., 2022).



TABLE 1 Ecological, social and economic factors affecting the production system.
[image: Table1]

In order to address this crisis, many scientists agree that we need to reinvent production systems by promoting agroecological systems (Kremsa, 2021; Côte et al., 2022). One of the promoted agroecological approaches is the Integrated Crop-Livestock-Forestry Systems (ICLFS). ICLFS is an integrated approach that provides options for the sustainable production of goods and services (Matos et al., 2022). This farming system, also referred to as the Mixed Farming and Agroforestry System (MIFAS), is described by Martin et al. (2016) as an integration of farming and agroforestry operations that promotes the creation of opportunities for synergistic resource transfers in time and space. Its main focus is the sustainability of production systems by integrating the scientific concepts of the disciplines of agriculture, ecology, sociology and economy (Moraine et al., 2016; Wezel et al., 2020).

Many authors have studied the socio-economic and environmental benefits of ICLFS. Research carried by Low et al. (2023) in the developed economies of Europe, North America, Australia and East Asia has shown that ICLFS can potentially reduce supply chains through the trading, processing and sale of ICLFS-derived (by)products and enable farmers increase profitability. Other research focused on improving soil quality with the implementation of ICLFS (Valani et al., 2021; Rodrigues et al., 2023). However, the various reviews give little consideration to the factors driving the adoption of ICLS on small farms. This review examines the state of the art in scaling up ICLFS to the smallholder farming. Three research questions are addressed in this paper: (i) What is known about research on smallholder adoption of the ICLFS? (ii) What are the knowledge gaps and the trends in research on the adoption of ICLFS by smallholders? (iii) What are the drivers for the adoption of ICLFS by smallholders?



Adoption of sustainable farming systems

Farming systems refer to the combination of productive activities and their production resources (Grantham et al., 1998). In 2001, the FAO and the World Bank define farming systems as a presentation of the way farmers think and decide. These definitions show that farming systems bring together all the production factors (land, labor, capital) used to make a crop and/or animal production specific to a farm.

Farming systems were soon confronted with the issue of sustainability, with the emergence of several types of system. Sustainable agriculture refers to “a range of strategies for addressing many problems that effect agriculture. Such problems include loss of soil productivity from excessive soil erosion and associated plant nutrient losses, surface and ground water pollution from pesticides, fertilizers and sediments, impending shortages of non- renewable resources, and low farm income from depressed commodity prices and high production costs. Furthermore, “Sustainable” implies a time dimension and the capacity of a farming system to endure indefinitely. “(Rao et al., 2010, p. 9). In other words, sustainable production systems involve integrating the environmental, social and economic dimensions of sustainable development, as defined at the 1992 Rio de Janeiro conference, into farming systems. In the implementation of sustainability strategies for agricultural systems, the promotion of agroecological practices such as ICLFS holds a key place (Gil et al., 2016).

Many authors provide insights into the adoption of agricultural innovation systems. While Rogers (1962) views adoption as a process of “acceptance” of a product, an idea, etc., by an entity within a given social system, Robertson (1971) expands on this concept, stressing that adoption is not a trial, but a commitment to the further use of a product. In 2015, Beaudry defines adoption as the behavior of an agent (an individual) who decides to adopt a technology or innovation at a specific point in time. The adoption of a new practice by farmers depends on several factors. Curry et al. (2021) identified some factors such as gender, experiences in agriculture and others factors.



Methodology

To meet the study’s objectives, a review of scientific publications addressing the drivers of ICLFS adoption by smallholders was conducted. The PRISMA protocol1 conceptualized by Moher et al. (2015) was used to select scientific publications that discuss ICLFS adoption. The methodology adopted can be summarized around three important points (Figure 1): Search, Selection and data analysis. Methodological steps are described below:
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FIGURE 1
 Schematic overview of the method used to the literature review, According to PRISMA guidelines.



Search

The literature search was carried out on the Scopus citation database, which is one of the most extensive databases of scientific citations and references (Singh et al., 2021). Publications were considered up until July 07, 2023. Using the various English keywords identified, search equations were drawn up. The search equation used is as follows:

Once this search had been completed, 1,582 scientific publications were recorded and submitted for screening. The database was not updated after this stage.



Screening of publications

The first step of the screening process consists in removing duplicates. Following this phase, a relevance analysis was carried out based on the titles and abstracts of the scientific publications identified, and then a check was carried out to ensure that all articles were retrievable. The scientific publications identified were subjected to previously established inclusion criteria. These inclusion criteria are that the publications (1) focus on an initiative to scale up an ICLFS, (2) must be published in English, (3) are published between 2003 and 2023 and (4) are articles, reviews, conference papers, conference reviews, books or book chapters. The choice to consider articles in English is justified by the fact that most of the resources on the topic are in English. After this rigorous screening process, 1,353 documents were selected for the data analysis phase. Metadata were exported in BibTeX and csv formats. The exported metadata includes:

- Citation information (authors, document title, year, source title, volume, issue, page, number of citations, source and document title, publication stage, DOI)

- Bibliographic information (affiliations, series identifiers, publishers, source short title)

- Abstract and keywords (abstract, author’s keywords, index keywords)

- Funding details (sponsor, funding text)

- Other information (Include references)



Data analysis

The extracted metadata were then analyzed in two separate steps. Bibliometric analysis was performed using R 4.3.1 software. The Bibliometrix package and the Biblioshiny web interface were used for the performed analyses (Aria and Cuccurullo, 2017). To review the state of the art on knowledge linked to the ICFLS adoption, several analyses were carried out. After a brief description of data collection, an analysis of the evolution of publications over time was carried out. The analysis took three key parameters into account: the number of scientific publications per year, the total number of citations per article and the total number of citations per year. The average number of citations per article is assessed by aggregating the cumulative count of occurrences where the articles of an author, or related to a specific theme, have been cited. This total is then divided by the total number of written articles, providing an indication of the average level of citations attributed to each publication. Concurrently, the average number of citations per year is determined by dividing the total number of citations by the number of years during which the authors have published in the field. This measure proves particularly valuable for assessing the annual impact of research on a theme, thus offering an enlightened perspective on the evolution of their influence over time. The number of articles provides information on the quantity of publications in the collection for each year (Moral-Muñoz et al., 2020).

Publication sources were examined using statistics on the 30 most influential sources in the collection and the 10 most influential sources cited locally. Local citation measures the number of citations a document receives from other articles within the collection, contrasting with global citation that counts citations an article in the collection receives from all publications indexed in the source (Batista-Canino et al., 2023). To assess the contribution of authors to the evolution of research topics, further analyses were carried out. Trends on the top 10 most important authors and top 10 most locally cited authors were generated. This analysis was complemented by an overview of publication trends for the top 10 authors over the last 20 years (Waltman, 2016). Keyword analysis was carried out through word cloud and Trends topics evolution. The literature confirms that analyzing the evolution of topics enables us to understand changes in topics over time and to identify topical and most relevant search themes (Glänzel and Thijs, 2012). A word cloud was created from the 100 keywords most frequently used by authors in the collection. The occurrence of keywords is assessed by their thickness. The most frequently used words are thicker, while the least frequent are thinner. In addition, keywords such as article, which have no impact on the topic, have been eliminated. Synonyms were also merged (e.g.: smallholder farmers, smallholder, smallholders). The thematic evolution was plotted in a graph that shows the evolution of keywords and the frequency of their use through time. The above analyses were complemented by a Bibliographic Coupling Analysis (BCA) to provide a more in-depth analysis of current research areas in the adoption of ICLFS. The BCA was developed by Kessler (1963) for the purpose of comparative analysis of references cited in a collection of scientific publications. It is based on the assumption that if two documents cite the same literature, they cover the same research topics, perspectives and positioning (Maucuer and Renaud, 2019).

The second stage of data analysis was the narrative synthesis, which identified the levers for scaling up ICLFS among smallholders. This analysis took into account the 25 Most Global Cited Documents and the 25 Most Local Cited Documents (Abiola et al., 2023). After removing duplicates (08), 42 publications were submitted to the narrative analysis to determine the drivers of ICLFS adoption by smallholders. The 42 publications were scanned to highlight ICLFS adoption factors. Descriptive statistics were used to determine the occurrence of the different factors in the chosen publications.




Results and discussions


Descriptive overview of the literature review

The Table 2 shows an overview of the research carried out on the ICLFS adoption by smallholders. Over a 20-year period from 2003 to 2023, 1,352 scientific works have been published in 587 different sources. The number of documents cited by the scientific publications identified is equal to 68,720 references. Publications are cited an average of about 23.58 times. These statistics show that the information contained in these documents is of great interest for the scientific research. During the 20 years covered by this review, 5,075 authors have published on the thematic. Nine out of 10 papers (91.20%) were co-authored by an average of 05 authors (4.55) per document. Collaboration between authors at international level is estimated at 39%. Regarding document type, around three-quarters of published scientific documents (73%) are articles, 9.32% are book chapters and 7.40% are journal articles. The summary keyword analysis shows a high degree of consistency between the keywords used by the authors and those generated automatically based on references. Four hundred and fifty-nine additional keywords were detected in the references compared with the keywords generated from the data collections. The keywords used by the authors reflect and are more informative about trends in ICLFS research.



TABLE 2 Main information about the collection.
[image: Table2]



Scientific publication trends

An analysis of the evolution of publications over time has been carried out and is presented in Figure 2. It shows the evolution of parameters such as the number of articles published per year, the average number of total citations per article and the average number of total citations per year. Overall, the trend in publications on the ICFLS adoption has two important periods. There is an ascending phase from 2003 to 2021, with 1,152 publications, and a descending phase from 2021 to 2023. During the latter phase, 200 articles were published. The upward phase of publications took place during the period of the United Nations Decade for Biodiversity from 2011 to 2020 when the Integrated Resource Management Strategy was adopted for the implementation of the Convention on Biological Diversity (UNEP, 2012). The drop in research spending over last 2 years (2021–2023) can be attributed to a stabilization in thematic research. In 2021, the number of publications peaked at an estimated 187. This coincides with the 2nd World Congress on Integrated Crop-Livestock-Forestry Systems. Variations in the average number of citations per year and per article show a decrease in the number of citations per article and per year from 2014 onwards. However, in 2006, the increase in the number of citations per year (8.16) matched the number of citations per article (146.83), with a total of 29 scientific publications.

[image: Figure 2]

FIGURE 2
 Trends of publications on ICLFS adoption.




Sources of research publications

Table 3 shows the top 30 most influential sources of publications concerned with scaling up ICLFS in rural households. The parameters presented in the table are the H-index, the G-index, the M-index, the total number of citations and the number of publications. The scientific publications were made in 468 different sources. This table shows that 20% of publication sources began publishing in 2003. Throughout the entire period, 2003 saw the greatest number of scientific publications. These results provide further evidence that 2003 was a key year in the development of ICLFS research. FAO put in place political strategies and institutional measures in 2003, which were incorporated into national plans, to ensure that farming systems were adaptable to food needs through the promotion of integrated farming systems (FAO, 2004). The analyses also showed the 10 most cited sources locally (Figure 3). “Agricultural Systems and Agriculture” and “Ecosystems & Environment” are the most cited sources, with, respectively, 737 and 596 local citations.



TABLE 3 Impact of the 30 most influential publication sources.
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FIGURE 3
 Top 10 of most locally cited sources on integrated crop-livestock-forest systems adoption.




Most impactful authors

Figure 4 shows the top 10 authors with the most publications. It provides an index of the authors’ productivity. Analysis of this figure shows that Kumar S. and Herrero M. have each published 13 scientific articles. Three authors have the same number of scientific publications (08). These authors are Zhang W., Rufino MC. and Moraine M. The top 10 authors with the most local citations are shown in Figure 5. Kumar S. has 32 local citations, followed by Singh JM. and Horo A. with 31 local citations each. Closing the ranking is Paramesh V. with 20 local citations. Figure 6 provides some details on the scientific production per year. By author, it gives the number of articles and citations per year. The size of the bulbs provides information on the number of publications, while the intensity of the bulb color provides information on the number of citations per year. The results show that Kumar S. has published the most publications and is also the most cited author on the subject. It should be noted that these indicators only measure the activity of different researchers on the topic and provide limited information about their actual impact.

[image: Figure 4]

FIGURE 4
 Most relevant authors on ICLFS adoption.
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FIGURE 5
 Most local cited authors on ICLFS adoption.
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FIGURE 6
 Top 10 authors’ production over time on ICFLS adoption.




Keywords’ analysis and trends topics

Figure 7 shows the cloud of the 100 keywords most used by the authors. According to the frequencies of occurrence of key words in the word cloud, ICLFS studies are gradually being integrated into smallholder farmers’ climate change adaptation strategies. Food security and the sustainability of farming systems are also among the topics addressed. However, ICLFS adoption in African countries has received little attention. Also, women’s contribution to the scaling-up of ICLFS is little explored. The trends in ICLFS research presented in Figure 8 show the emergence of new research topics. Over the past 2 years, research has focused on ICFLS efficiency, manure production, fruit production, livelihoods and the socio-economic effects of ICFLS. This trend in research is sufficient proof of the importance of scaling up ICLFS with farmers. These studies will provide theoretical evidence to facilitate the adoption process.

[image: Figure 7]

FIGURE 7
 Word cloud of the top 100 most frequents author’s keywords on ICLFS adoption.


[image: Figure 8]

FIGURE 8
 Trends topics on ICLF adoption.




Bibliometric coupling of documents

A scientific map was drawn up to determine the impact of scientific publications and the linkages between documents. The documents represent the unit of analysis. The analysis was based on the 250 most influential publications in the collection, representing 18.49% of all publications. Minimum frequency of grouped links was measured at around 10%. Taking impact and centrality into account, five clusters were identified. These clusters are presented below (the color within brackets indicate the color of the cluster in Figure 9):

1. Mixed farming practices in farmers’ adaptation to climate change (pink): located between the upper left and lower left quarters, this cluster is characterized by a centrality of 0.33 with an impact of 1.95. It includes 84 documents. The topic addressed in the cluster is related to the use of mixed farming practices in farmers’ adaptation to climate change. Behera and France’s (2016) paper makes a strong contribution to the topic with 5.23 normalized local citations. This paper was followed by Asante et al. (2018) with 2.99 local normalized citations and Takahashi et al. (2020) with 2.7 local normalized citations.

2. Relationship between integrated systems and livestock farming (Blue): This cluster is characterized by a centrality of 0.535, an impact of 4.64 and 54 documents. It is located in the upper right-hand quadrant and mainly addresses the relationship between integrated systems and livestock farming. Bell and Moore’s (2012) article is the most influential document in this cluster with a score of 13.44 normalized local citations. It is followed by the articles written by Russelle et al. (2007) and Martin et al. (2016), which have a score of 13.33 and 11.5 local normalized citations, respectively.

3. Crop yields in relation to integrated practice (Green): the third cluster is positioned at the center of the graph and focuses on crop yields in relation to integrated practice. With 50 documents, this cluster has a centrality of 0.41 and an estimated impact of 2.45. The three papers that contribute strongly to this cluster are those by Gil et al. (2015, 2016) and Chen et al. (2011). These papers have a normalized local citation score of 6.61, 5.75 and 5.29, respectively.

4. Climate change perceptions and adaptation strategies (Orange): This focuses on perceptions and adaptation strategies around climate change issues. 19 publications were identified in this cluster, with a centrality of 0.33 and an impact of 1.16. The most influential article in this cluster is by Kgosikoma et al. (2018) with a local normalized citation of 1.5. Gebre et al. (2023) and Jena et al. (2023) each have one normalized local citation. It is located in the top left-hand quadrant.

5. Agricultural production with mixed farming practices (Purple): This cluster is located in the lower left-hand quadrant and comprises 41 documents. It has a centrality of 0.37 and an impact of 3.26. The publication of Valbuena et al. (2015) is the most influenced in the network with 8.16 normalized local citations. It is followed by the publication of Rufino et al. (2011) with a normalized local citation score of 5.29 and that by Giller et al. (2011) which has 4.88 normalized local citations. This cluster focuses on agricultural production by small farmers based on mixed farming practices.

[image: Figure 9]

FIGURE 9
 Clusters by documents coupling on ICLFS adoption.




ICLS adoption drivers based on literature review

The analysis of ICLFS adoption drivers was based on the 42 scientific publications identified after the selection process. Several factors affect the adoption of ICLFS by farmers. On the basis of the literature, a number of factors have been identified (Figure 10). Five categories of factors were distinguished. These are factors linked to the farmer’s profile, farm characteristics, economic factors, institutional factors and biophysical factors. An analysis of the results shows the key role of institutional factors in the ICLFS adoption process. The implementation of environmental policies that encourage the development and scaling-up of ICLFS appears to be the most important factor. Indeed, Garrett et al. (2017) and Asai et al. (2018) argue that environmental policy orientations must accompany the ICLFS adoption process. This factor is followed by others such as access to extension services and the establishment of stakeholder networks for the dissemination of ICLFS practices (Behera and France, 2016; Tesema, 2021). Access to credit or subsidies is a significant contributing factor in promoting also the adoption of policies that favor the ICLFS (Devendra, 2007; Mariano et al., 2012; Moraine et al., 2017). Other market-related economic factors have been highlighted by Lal et al. (2007), Udo et al. (2011), and Tesema (2021), and many other authors. Biophysical factors such as experience with farming practices (Bolliger et al., 2006), the presence of pathogens (Oerke, 2006), soil type (Lisson et al., 2010), access to climatic information (Mzoughi, 2011), topography (Gil et al., 2016) and variability of crop yields (De Moraes et al., 2014) also determine the ICLFS adoption. Other factors linked to the farmer and his/her farm also explain the ICLFS adoption. Indeed, the size of the farm and livestock held, level of education, gender, income level, availability of labor, age… are factors that influence the ICLFS adoption. For example, Widadie and Agustono’s (2015) research showed that education level, income as well as family size positively influence farmers’ adoption of agriculture-livestock integration technologies. Tesema (2021) proved that age, gender, farm size and herd size affect the ICLFS adoption.

[image: Figure 10]

FIGURE 10
 Drivers of ICLFS adoption.




Knowledge gaps and orientations for future research

This study has provided an understanding of research trends related to the adoption of ICLFS by smallholders. Among the key findings was the paucity of data on ICLFS scaling-up initiatives in Sub-Saharan Africa. Given the urgent need to adapt to climate change, adaptation options such as ICLFS need to be scaled up and reported in this area to ensure the sustainability of food production. Although livestock holding parameters are major indicators for the adoption of ICLFS, it is vital that future thinking integrates livestock rearing methods into the scaling-up of these practices. For example, we need to consider how to scale up ICFLS in a context characterized by high herd mobility. Finally, politicians need to take ownership of ICLFS in order to provide technical and financial support for their implementation. It would be very interesting for countries promoting reduced livestock mobility to think about developing more policies along these lines, not only to encourage communities to live together, but also to develop safe alternatives for sustainable land management and food production. Given research experience in East Africa, Asia and South America, research and experience-sharing partnerships with West African regions would be highly beneficial for promoting ICLFS and advancing toward SDGs 1, 2, 5, 13, and 15.




Conclusion

ICLFS is a sustainable way of producing food that will help reduce the harm caused by climate change and meet the needs of people. This research emphasizes that the crucial element in achieving sustainable food production is the establishment of clear, effective environmental policies that promote the integration of different systems. These green policies must be supported by practical and financial actions for expansion, connecting farmers and funding farming activities. Nations such as Benin, which promote stationary livestock farming through its law, should try out this method. Last but not least, this study promotes research cooperation on this issue, especially to help West African countries. Future studies should focus on how to design agro-forestry-pastoral innovations together with development actors and producers, so that they can be more easily adopted by rural communities.
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