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Abstract


The biosphere is undergoing critical transformations due to deforestation, agricultural expansion, and logging, which have led to biodiversity loss, degradation of ecosystem services, and climate change. In tropical forests such as the Ecuadorian Amazon, these pressures are especially severe because reductions in forest cover compromise key ecological processes. The purpose of this article is to analyze the relationship between shifting agriculture, food security, and conservation in the Ecuadorian Amazon, with emphasis on the agroforestry system known as the chakra practiced by Kichwa communities. This model integrates crops such as cacao, maize, and cassava with native trees, without chemical inputs, and constitutes a practice that is both culturally significant and environmentally sustainable. Whereas conventional shifting agriculture tends to reduce soil fertility and the forest’s regenerative capacity, chakras maintain important levels of floristic diversity, favor the conservation of endemic species, and provide ecosystem services such as carbon sequestration and nutrient regulation. In this sense, chakras represent a resilient yet context-dependent agroforestry alternative that connects food security and sovereignty, biological conservation, income, Indigenous identity, and climate-change mitigation, although their long-term sustainability remains influenced by market forces, land-use pressure, and policy support in tropical contexts.
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1. Introduction


The biosphere has undergone profound transformations in recent decades, driven by population growth, agricultural expansion, and land-use change. These pressures have triggered abrupt and often irreversible changes in species composition and the functional integrity of ecosystems [1,2]. Unsustainable tree extraction practices, such as logging and large-scale clear-cutting, have intensified forest degradation, leading to desertification and the loss of approximately 178 million hectares of forest worldwide since 1990 [3]. The resulting landscape modifications have amplified environmental crises, including biodiversity decline and climate change [4,5,6,7,8].



Ecosystem functionality is closely tied to biological diversity, which supports productivity and the provision of ecosystem services [9,10]. Mechanisms such as niche complementarity and resource partitioning regulate these interactions by enhancing the efficient use of energy and nutrients across species [11,12,13,14,15]. Maintaining high biodiversity is therefore essential to sustain ecosystem structure and resilience, particularly in tropical forests where accelerating deforestation threatens ecological stability and vital environmental processes [16,17,18,19].



The conversion of forests into agricultural land has contributed substantially to the loss of habitat and numerous tropical species [20,21]. As a result, research on the relationship between agriculture, biodiversity, and sustainability has become a global priority aimed at identifying strategies to reduce resource overexploitation and promote ecological resilience [3,22,23,24]. Simplified plant communities resulting from deforestation or intensive farming negatively affect ecosystem productivity and services [8,9]. In contrast, species-rich assemblages enhance ecological stability through the portfolio effect, sustaining biomass production, nutrient cycling, and taxonomic diversity [25]. According to resource partitioning theory, species coexistence and the efficient use of resources depend on spatial and temporal differentiation among plant species [26]. Although biodiversity effects can be confounded with sampling effects [27], functional diversity remains critical for maintaining ecosystem performance.



The loss of natural resources and the decline of plant taxa impact multiple ecological mechanisms, such as nutrient cycling, regeneration, and resilience that are fundamental to ecosystem benefits [22,23]. Services like pollination, soil fertility, and carbon sequestration provide both direct and indirect contributions to human well-being [28,29]. Consequently, species diversity plays a key role in sustaining forest function and regulating environmental change [25].



Tropical forests, which hold a large share of global biodiversity, are among the most threatened ecosystems on Earth. Deforestation continues to compromise their ecological balance and the benefits they deliver to society [20]. Understanding the connection between agricultural production and forest conservation has therefore become crucial, particularly in tropical landscapes undergoing rapid transformation [22,23,30,31,32]. Developing and promoting sustainable alternatives that preserve biodiversity and ecosystem integrity is essential for maintaining long-term ecological stability.



In this article, we provide a comprehensive analysis of the relevance of shifting agriculture and its relationship to food security and tropical forest conservation. Specifically, we analyze the traditional chakra system practiced by Kichwa communities as an adaptive and sustainable variant of shifting agriculture. Unlike conventional swidden systems, chakras are planned cycles of forest opening, cultivation, and recovery, integrating native trees with lower shrub and herbaceous layers. These cycles intentionally include fallow periods to restore soil fertility and biodiversity. This integration of agriculture and forest regeneration positions chakras as an evolved form of shifting agriculture that supports both ecological and cultural resilience in the Ecuadorian Amazon. However, the ecological and socio-economic sustainability of chakras also depends on factors such as land availability, policy support, and access to stable markets. Recognizing these constraints allows for a more realistic and balanced understanding of how chakras contribute to conservation, income, food sovereignty, and Indigenous identity within a changing tropical landscape.



The purpose of this review is to synthesize past and current literature to identify and discuss the main advantages and challenges of the chakra agroforestry system in the Ecuadorian Amazon. By examining ecological, social, and economic dimensions, this review highlights how chakras operate as adaptive systems that integrate biodiversity conservation, food security, and sustainable land use in tropical forest landscapes. This review also aims to consolidate and interpret current knowledge to provide a coherent understanding of chakra agroforestry. Throughout the manuscript, consistent terms such as advantages, benefits, and challenges are used to describe the ecological, social, and cultural aspects of chakras.



The analysis of this review was based on a structured search and selection of relevant literature addressing chakra agroforestry, shifting agriculture, and forest management in tropical regions, with emphasis on the Ecuadorian Amazon. While this review does not seek to formally define the advantages of chakras, it synthesizes existing research to highlight key ecological, social, and cultural benefits identified in the literature. Peer-reviewed and gray literature were examined using databases such as Scopus, Web of Science, and Google Scholar. Search terms included combinations of “chakra agroforestry,” “shifting cultivation,” “Ecuadorian Amazon,” “biodiversity,” “forest regeneration,” and “food security.” Publications were selected according to their relevance to Indigenous land-use practices, ecological processes, and socio-economic outcomes in tropical forest landscapes. Articles that were purely technical (e.g., focused only on crop physiology or non-forest products), lacked methodological transparency, or did not provide empirical or conceptual information relevant to ecosystem processes were excluded. The search yielded a total of 203 publications, of which 118 were discarded because they fell outside the inclusion criteria or contained redundant information. A total of 85 articles were found appropriate and were reviewed to synthesize the ecological, social, and economic dimensions of chakra agroforestry systems. Priority was given to peer-reviewed studies and reports that explicitly examined the relationships between chakra agroforestry, biodiversity conservation, food security, and sustainable land management. Additionally, studies published after 2000 were prioritized, while earlier foundational works were incorporated to provide historical and conceptual context.




2. Shifting Agriculture and Its Relationship to Tropical Forests


The domestication of crops and the development of shifting, or migratory, agriculture have been practiced for millennia across diverse regions of the world. Although largely replaced by modern farming in industrialized nations, this traditional system remains prevalent in many tropical rural areas. Shifting cultivation generally follows a three-phase cycle: tree cutting and clearing, a short cropping period, and a fallow phase that allows ecological succession toward secondary forest recovery [33]. Currently practiced in roughly 90 tropical and subtropical countries, covering nearly 400 million hectares, this system has faced criticism for its uneven use of fire as a clearing method and potential negative effects on biodiversity and soil fertility [34].



One of the key challenges of shifting cultivation is its reliance on long fallow periods, which often exceed the duration of cropping cycles. This dynamic can create pressure for larger areas of forested land to maintain sustainability [34]. Shortening fallow periods, often due to population growth and land scarcity, can alter species composition and ecosystem regeneration, reducing the soil’s natural fertility and threatening food security [35,36,37]. These changes also contribute to carbon emissions, although the magnitude of their impact remains insufficiently quantified.



Shifting cultivation has been criticized for its environmental impacts and effects on food security. Declining fallow durations and increased deforestation have intensified environmental degradation, leading to lower crop yields, reduced soil productivity, and heightened risks to global food security [38,39,40]. Consequently, transforming traditional farming systems into more sustainable models has become a major focus for both conservation and development. A promising alternative is the use of agroforestry systems (AFS), which combine native trees with crops on rural farms. This practice preserves tropical biodiversity, reduces pressure on primary forest, and enhances ecosystem services [41,42]. By combining ecological restoration with food production, AFS provides a practical alternative to conventional shifting cultivation, particularly in tropical regions where rural livelihoods depend on forest resources.



Among the diverse agroforestry approaches emerging across the tropics, the chakra system of the Ecuadorian Amazon stands out as a distinctive example that integrates ecological restoration with traditional land management. The chakra system represents a localized form of shifting cultivation rooted in Indigenous knowledge. While it follows the basic swidden sequence of clearing, cropping, and fallow, chakras differ by using no chemical inputs and maintaining native tree cover that facilitates forest regeneration. These characteristics align chakras with agroforestry principles, illustrating how traditional shifting agriculture can evolve into a sustainable land-use model that conserves biodiversity and supports food security.




3. Divergence Between Biodiversity Conservation and Food Security in the Ecuadorian Amazon


The interaction between forest clearing and agricultural intensification is an old anthropogenic phenomenon widely studied around the world [3]. In Latin America, this dynamic is worsened by socioeconomic conditions, with high levels of multidimensional poverty and alarming deforestation [43]. The region holds a significant share of protected forests, yet pressure on natural resources is high, endangering numerous endemic species [3]. Efforts to address these challenges have led to various studies in the tropical regions of Central and South America, focusing on reducing environmental degradation and climate change [41,44,45,46]. Special attention has been paid to smallholder agricultural systems in remote and vulnerable areas, such as the northern Ecuadorian Amazon, where such systems have been culturally important for decades, yet little is known about their economic and environmental productivity [3].



Despite covering only 1.5% of South America’s total area, Ecuador harbors exceptional biological richness, particularly within the Amazon region [47]. This area ranks among the planet’s leading biodiversity hotspots, with extraordinarily high tree-species density compared to other tropical forests [48,49]. For instance, Yasuní National Park contains approximately 655 tree species per hectare [50], far exceeding the 154 species ha−1 recorded in Colombia’s La Planada Nature Reserve [51] and 96 species ha−1 in Thailand’s Huai Kha Khaeng Wildlife Sanctuary [52]. Remarkably, less than 1% of Ecuador’s territory accounts for nearly 34% of basin-wide biodiversity (Table 1) and supports an estimated 6.7% of the world’s endemic plant species [53]. However, rapid population growth and oil-related activities have triggered dramatic increases in deforestation in the Ecuadorian Amazon, especially in the northern provinces [54,55,56], jeopardizing ecosystem functionality and integrity as well as the survival of numerous species [56].



The Ecuadorian Amazon (EA) can be broadly divided into northern and southern subregions that differ in their patterns of land use and conservation. The northern EA contains several national parks and biological reserves, including Yasuní National Park, Sumaco Biosphere Reserve, Cayambe-Coca, and Llanganates (Figure 1), which together represent some of the most biologically diverse areas in the country. However, this region also experiences the highest rates of agricultural expansion and deforestation, particularly related to oil extraction and settlement. In contrast, the southern EA, notably the provinces of Pastaza, Morona Santiago, and Zamora Chinchipe, retains large tracts of continuous primary forest and includes smaller but significant protected areas such as Podocarpus National Park. These forests exhibit lower anthropogenic pressure and more limited agricultural activity.



Forests cover most of the Ecuadorian Amazon’s 13 million hectares [57]. Primary and mature forests, concentrated in biological reserves, are vital for biodiversity conservation and represent a major share of regional land use [58]. Agricultural activity is largely concentrated in transition and buffer zones, where perennial crops, particularly cacao and coffee, are prevalent in the northern Ecuadorian Amazon [3]. Primary forests occur mainly within protected areas such as the Sumaco Biosphere Reserve, Cayambe-Coca, Antisana, and Llanganates (Figure 1), which together comprise roughly 46% of land use in the EA but represent nearly 60% of the region’s protected lands [58]. Meanwhile, agricultural landscapes dominate the buffer zones, where perennial crops cover over 95% of cultivated areas in the north, while pastures represent about 60% of land use in the southern provinces (Table 2).



The predominance of cacao-based chakra systems in the northern EA provides an ideal context for examining interactions among traditional agroforestry practices, biodiversity conservation, and forest dynamics. The region’s mosaic of forests and agricultural plots makes it a valuable model for studying how human-managed landscapes influence ecological structure and diversity. This context also allows for applied research on vegetation composition, species distribution, and the socioecological interactions between Indigenous and non-Indigenous communities that rely on these systems for food security and income.



Among Indigenous groups, the Kichwa have developed the chakra system, an agroforestry practice that integrates production and conservation objectives (Table 3). According to Arévalo [60], chakras involve cultivating small forest openings for 2 to 25 years to meet household food and income needs, after which the plots are left fallow to allow forest and soil recovery (Figure 2a). A defining feature of these systems is the use of multi-layered shade gradients created by retaining native trees that support diverse plant assemblages and enhance microclimatic conditions [4]. These characteristics enable chakras to preserve native floristic diversity, though their specific contributions to the conservation of endemic and threatened species remain underexplored.



The chakra system represents transitional disturbance systems that balance agricultural production with forest regeneration, making them a viable approach for sustainable resource management and climate-change mitigation. However, proximity to roads and markets has increased commercialization and connectivity, encouraging land-use intensification and shorter fallow cycles (Figure 2b). These trends raise two key questions: (1) to what extent can agroforestry practices maintain forest structure and ecosystem integrity under shortened fallow regimes? (2) Does reducing fallow duration increase fragmentation and biodiversity loss? Addressing these questions is crucial to developing sustainable land-use strategies in the Ecuadorian Amazon. Determining minimum forest-cover thresholds and biodiversity levels compatible with human activity will be vital for balancing ecological resilience with local livelihoods and improving forest management at regional and global scales.




4. The Chakra System: Structure, Dynamics, and Ecological Advantages


Building upon the discussion of shifting agriculture in the Ecuadorian Amazon, the chakra system can be identified as a dynamic agroforestry model that bridges agricultural production and forest conservation. Through its multi-strata composition and cyclical land-use patterns, the chakra system supports biodiversity, maintains ecosystem functions, and reflects a long-standing Indigenous approach to managing forest landscapes.



In the northern Ecuadorian Amazon, chakra agroforestry systems are characterized by the absence of fertilizers, pesticides, and heavy machinery. Their principal advantage lies in preserving mature native trees that fulfill multiple ecological and cultural functions. Typically, small forest clearings are cultivated for a few years to meet food and household needs before being intentionally left fallow to promote forest recovery [60]. The presence of diverse native tree species across vertical strata, many of which hold social and spiritual meaning, reflects a multifunctional land-use system capable of sustaining high floristic diversity [4,61].



Chakras embody an adaptive strategy directly associated with socioeconomic conditions focused on food security, land management, and balanced use of forest resources through environmentally respectful approaches. The first aspect is ensuring adequate food supply and income. For example, maize and cassava are two of the most important staple crops in the tropics [62]; meanwhile, cacao cultivation provides important economic returns across South and Central America, Africa, and Asia [4,63,64,65]. Second, chakra plots in the northern Ecuadorian Amazon typically range between 0.05 and 6.0 ha [66], comparable to similar integrated systems in East Africa (0.4–3.0 ha [65]). Such small plot sizes are strategically designed to match family labor capacity while maintaining sustainable productivity. Third, the establishment of chakras often involves the selective transformation of mature forest or secondary forests rather than random clearing. Although farmers’ tree selection aims primarily to increase crop productivity, the presence of culturally significant species, such as Ilex guayusa Loes. and Aphandra natalia (Balsev and A.J. Hend.) Barfod, and other native herbaceous species such as Urtica urens L. [66], suggest the integration of ecological function and Indigenous identity within these systems [60,61]. Through their spatial and structural complexity, chakras sustain diversity at multiple levels. Notably, tree diversity in adjacent mature forests tends to be lower due to ongoing selective management of canopy layers (Figure 3).



The dynamic structure between mature forests and chakras maintains significant levels of diversity. Notably the diversity in mature forest is limited by continuous modifications of tree strata (Figure 3). The photograph (Figure 3) illustrates a chakra established from a secondary forest in recovery, depicting an intermediate stage of land-use transition where forest regeneration and agroforestry coexist. This reflects the cyclical dynamics described in Figure 2, where forest recovery and chakra cultivation alternate as part of the shifting agricultural mosaic. It is worth noting that the proximity of chakras to protected reserves or extensive tracts of mature forest may also influence their floristic composition, with sites nearer to undisturbed areas generally exhibiting greater canopy diversity and faster regeneration. In contrast, landscapes dominated by commercial agriculture, timber extraction, or conventional shifting cultivation might have reduced canopy diversity and slower forest recovery. These practices, conducted by both Indigenous and non-Indigenous communities, though to different degrees, contributed to the lowering of species diversity across the region.



The number of tree families in mature and secondary forests adjacent to chakras is lower than that recorded in undisturbed reserves, where species richness ranges from 217 to 307 tree species per hectare in sites such as Jatun Sacha, Yasuní National Park, and Cuyabeno Wildlife Reserve [50,67,68]. In contrast, mature forests adjacent to chakras support around 81 tree species per hectare (Table 4), reflecting the influence of selective clearing and localized management. This difference indicates that chakra landscapes experience a low degree of intervention, where tree removal is restricted primarily to small areas needed for crop establishment, while most native vegetation is retained. Such practices promote partial forest recovery and species coexistence over successive cultivation cycles. Although the floristic richness of chakras is lower than that of pristine forests, it remains considerably higher than in other tropical agroforestry or monoculture systems, underscoring their ecological importance in sustaining biodiversity within managed Amazonian landscapes.



Although chakra plots exhibit lower floristic richness than pristine forests, their diversity surpasses that of most tropical agroforestry or monoculture systems, underscoring their ecological importance. After forest conversion, diversity typically declines but remains comparatively high, e.g., 32 effective tree species ≥10 cm dbh per hectare in maize plots, 20 in cassava, and 62 in cacao systems (Table 4). These numbers contrast clearly with cacao agroforestry in Ghana (15 species) and Mexico (13 species) [69,70]. The combined contribution of forests and chakras increases total diversity by about 25%, adding roughly 28 species to overall floristic richness (Table 4). Together, these land-use types yield 109 tree species in total, demonstrating their complementary role in maintaining biodiversity within the northern Ecuadorian Amazon.



Beyond their structural and compositional attributes, chakras provide important opportunities for conserving endemic, vulnerable, and threatened species. According to Vera et al. [66], two endemic taxa, Alseis lugonis L. Anderson and Stryphnodendron porcatum D.A. Neill & Occhioni f., persist largely due to Indigenous management practices that sustain forest resilience. Additionally, the buffer zones host several endangered species, including Cedrela odorata L., Swietenia macrophylla King, and Cedrelinga cateniformis (Ducke) Ducke, valued for their timber [4]; Croton lechleri Müll. Arg., used medicinally [71]; and Pseudolmedia rigida (Klotzsch & H. Karst.) Cuatrec., an important wildlife food source, particularly for spider monkeys [72]. The ecological dynamics of chakras influence key ecosystem processes such as soil conservation, nutrient retention, and carbon storage. While replacing mature-forest species with faster-growing chakra species can alter the carbon balance, these pioneer trees, especially Cordia alliodora (Ruiz & Pav.) Oken and Ochroma pyramidale (Cav. ex Lam.) Urb., act as significant carbon sinks during early successional stages [73]. The magnitude of this effect depends on disturbance intensity and resource availability [74]. Thus, chakra agroforestry represents a viable agricultural alternative that mitigates carbon emissions while supporting local livelihoods.



The attributes of chakras, as agroforestry systems, intersect local food production, conservation of adequate levels of biodiversity and native species, and culturally representative ethnic traditions. These are tangible characteristics that enable a more harmonious, less labor-intensive agricultural system used by Indigenous communities to obtain key supplies for their well-being while preserving forests, natural habitats, and plant diversity. In short, land use involving intercropped systems, i.e., chakras, in the Amazon region and other tropical countries has great potential to enhance food security and improve climate-change outcomes at local and regional scales by preserving the structure, integrity, and functional dynamics of natural forested landscapes. Similar positive effects of this agrosystem, together with the fundamentals of forest resilience, could benefit other tropical regions worldwide.




5. Cacao Chakras: Socioeconomic and Environmental Advantages and Challenges


Within the broader chakra framework, cacao-based systems represent a particularly resilient and economically significant form of agroforestry in the Ecuadorian Amazon. Cacao chakras balance long-term productivity, ecological restoration, and cultural continuity amid increasing land-use pressure and agricultural intensification.



In the northern Ecuadorian Amazon, most chakra agroforestry systems originate from secondary forests in recovery, rather than from mature primary forests. Establishment generally involves selective clearing that retains native tree cover and promotes natural regeneration after several years of cultivation [60]. However, in areas facing higher population density and limited available land, portions of mature forest communities have increasingly been converted into chakras or other crop systems. While cacao-based agroforestry occurs in both Indigenous and non-Indigenous contexts, only a proportion of these systems are chakras. Among Kichwa communities, the chakra remains the dominant traditional model of cacao cultivation, integrating ecological sustainability, food security, and cultural continuity.



Intensification of cropping systems in vulnerable forest landscapes presents one of the greatest challenges for ecosystem conservation and the maintenance of environmental services. Despite these pressures, the tree structure and floristic diversity of cacao chakras are highly significant in the Ecuadorian Amazon and can buffer the ecological effects of intensifying shifting agriculture (Figure 1b), though with certain limitations. As land-use intensification increases, plant density and tree basal area tend to decline within cacao agroforestry systems [66,75,76]. Despite undergoing human modification, cacao chakras retain many of the structural characteristics typical of mature-forest communities. For instance, species such as Cedrela odorata and Inga edulis Mart. occupy multiple canopy strata, enabling levels of natural regeneration comparable to those observed in primary forests [77]. According to Vera-Velez et al. [78], species richness within cacao agroecosystems increases as agricultural intensification decreases. The composition of these systems supports the persistence of native, endemic, and even endangered trees, contributing to a synergistic process of biodiversity conservation. Conversely, highly intensified forms of shifting cultivation are associated with lower overall diversity and substantial losses of forest structure and ecosystem services [79,80].



The dynamic integration of agroecosystems and shifting agriculture embodied by chakras can therefore be viewed as a mechanism of ecological resilience, a model potentially adaptable to other crop–tree systems worldwide [79,80]. This approach has strong potential to reduce forest degradation and enhance carbon sequestration capacity across tropical and subtropical regions.



A major challenge of shifting agriculture is the decline in soil fertility and productivity resulting from shortened recovery periods between cultivation cycles. Vegetation plays a critical buffering role in this process, as organic matter contributes to soil structure, nutrient retention, and fertility, all of which are essential for maintaining productivity and food security [81]. Many tropical farmers continue to rely on shifting cultivation practices that incorporate fallow phases and natural soil regeneration to sustain affordable and productive food systems [4,82]. Although tree composition in tropical forests often varies according to environmental gradients [83], patterns of species turnover in the Ecuadorian Amazon remain relatively stable within a 100 km range [84]. Consequently, the most significant differences in vegetation composition are largely attributable to human activities, which modify soil chemistry and nutrient dynamics. Variations in fallow duration influence the alternation of tree species and their interactions with soil micro- and macronutrients, particularly when recovery intervals are shortened [78]. These relationships highlight the key role of plant communities in sustaining ecological processes, partly through their influence on soil microbial diversity and activity [85]. As noted by Powers et al. [86], the effects of individual plants on soil characteristics are diminished under dense, multi-species canopies. However, the influence of specific trees on soil properties often depends on their dominance or abundance, a typical feature of tropical forests and agroforestry systems. Consequently, shifts in the frequency or dominance of certain plant families may underlie observed fluctuations in soil physical and chemical attributes.



The multi-species structure of cacao chakras helps buffer the negative effects of intensive land use on soil productivity and health. Tree cover regulates microclimatic conditions, enhances nutrient cycling, and supports long-term soil health, ultimately promoting stable yields and ecosystem resilience under both natural and anthropogenic pressures. Nonetheless, the composition and dominance of tree species play a decisive role in maintaining ecological balance, particularly under shortened or intensified fallow cycles. Sustaining this structural diversity is therefore essential to preserve soil fertility, carbon storage, and the functional integrity of chakra agroecosystems in a rapidly changing climate.



The ecological balance maintained through tree diversity within cacao chakras also determines the temporal stability of these systems. The longevity of dominant perennial crops, particularly cacao, directly influences how long a chakra remains productive before returning to a forested state. It is important to distinguish between short-cycle chakras cultivated for subsistence crops and those based on perennial species such as cacao. While many traditional chakras are cultivated for 2–3 years before being left fallow to allow forest recovery [60], cacao trees have a productive lifespan of 20–30 years, during which the plot remains under continuous management. This extended period transforms the chakra into a semi-permanent agroforestry system where forest regeneration occurs gradually beneath the canopy rather than through full fallow cycles. Consequently, cacao-based chakras represent a more stable and long-term form of shifting agriculture that integrates sustained productivity with ecological restoration.




6. General Considerations: Advantages, Disadvantages, and Broader Implications of Chakras Agroforestry


Deforestation-related challenges in tropical regions, particularly those driving biodiversity loss and climate instability, have become a central concern at global, political, and social levels. These issues are closely linked to forest degradation and the widespread conversion of complex ecosystems into simplified, low-biomass landscapes such as pastures and monocultures [4]. The resulting environmental changes contribute to rising temperatures, prolonged droughts, and altered hydrological cycles that threaten human well-being and local livelihoods [87,88,89]. Such impacts are often exacerbated by unsustainable, large-scale agricultural practices, including intensive forms of shifting cultivation [90,91,92,93,94,95].



Agroforestry systems offer several advantages, integrating food production with biodiversity conservation and the maintenance of ecological functions. These systems sustain native species, enhance ecosystem resilience, and preserve traditional land-use knowledge within local cultures. In the Ecuadorian Amazon, the Indigenous chakra agroecosystem exemplifies these advantages. Rooted in centuries of traditional practice, chakras represent a productive, adaptive, and ecologically grounded model that balances human needs with forest conservation. The application of chakra-based agroforestry across the Amazon and other tropical regions demonstrates considerable potential to strengthen food security and mitigate climate impacts. By conserving forest structure, integrity, and ecological function, chakras help maintain essential ecosystem services and support sustainable rural development. Recent studies indicate that chakra systems not only sustain high levels of floristic diversity but also store significant amounts of above-ground biomass carbon, often comparable to secondary forests, underscoring their role as nature-based climate solutions [30,31].



Among the key advantages, chakras contribute to food sovereignty and dietary diversity, mitigating food insecurity among Kichwa families [96]. At the same time, cacao-based agroforestry within chakras provides a source of income, but with cautionary notes: while cacao enhances livelihoods, its contribution may be uneven and should be balanced with maintaining ecological integrity [97]. Tree and palm management practices in swidden fallows also illustrate how Kichwa land-use decisions influence regeneration dynamics and ensure long-term sustainability of agroecosystems [98]. The ecological and functional differences between chakra agroforestry systems and conventional shifting agriculture are summarized in Table 5. This comparison highlights the capacity of chakras to maintain biodiversity, soil fertility, and carbon storage, while also identifying disadvantages related to land tenure, labor intensity, and market dependence. By contrasting these systems, Table 5 underscores the integrative role of chakras in balancing agricultural productivity with forest conservation and cultural resilience in the Ecuadorian Amazon.



Comparable agroforestry systems that integrate food production with biodiversity conservation have been established in other tropical forest regions. In Southeast Asia, community-managed forest gardens in Thailand and Indonesia demonstrate how agroforestry can sustain high levels of plant diversity while reducing deforestation and maintaining wildlife corridors within fragmented landscapes [99,100,101]. Similarly, in Central America, shade-grown cacao and coffee systems serve as multifunctional land uses that help conserve native tree species and improve soil and carbon dynamics [102]. These systems share functional similarities with chakra agroforestry in the Ecuadorian Amazon, combining ecological restoration with sustainable livelihoods. Together, they illustrate how culturally grounded agroforestry models can address biodiversity loss and contribute to broader forest conservation strategies across tropical regions.



Despite their ecological and cultural importance, cacao-based chakras exhibit considerable variability in household income. Economic returns depend on bean quality, market accessibility, cooperative participation, and fluctuations in international cacao prices. In some Kichwa communities, income from cacao represents a primary but often unstable cash source, typically supplemented by subsistence crops, fruits, and forest products. In recent years, however, the development of local and fair-trade market chains, particularly through Kichwa-led organizations such as the Kallari Association [103], has improved income stability by connecting Indigenous producers to national and international markets under equitable trade conditions. These initiatives reinforce the multifunctional nature of the chakra system, linking traditional agroforestry practices with emerging economic opportunities and community resilience.



Multi-layered shade cacao cultivation plays an essential role due to the balanced combination of different trees that are vital to Indigenous culture and traditions, in addition to preserving forests, natural habitats, plant diversity, and ecosystem functions. As argued by Torres et al. [76], chakras embody a culturally rooted climate adaptation strategy that integrates biodiversity conservation with human well-being, making them a viable model for broader replication. Thus, the agroforestry–shifting agriculture combination represents a balanced agricultural system designed to promote food security and safeguard local cultural practices, forest communities, and the diversity of habitats and plants, all of which enable trophic dynamics and biological corridors for flora and fauna.



 





Table 5. Summary of comparative advantages and disadvantages of chakras agroforestry systems (AFS) and conventional shifting agriculture (SA) systems. A = advantage; D = disadvantage.
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	Ecosystem Process/Aspect
	Chakra AFS
	Conventional SA





	Biodiversity
	A: High floristic and structural diversity. Integrates native trees, shrubs, and crops; provides habitat continuity and promotes pollinator networks [4,61,66,71].

D: More management effort and ecological knowledge to maintain species diversity over time [60,66].
	A: Natural regeneration during fallow can restore species richness if cycles are long [33,35,36].

D: Periodic land clearing causes habitat loss; shortened fallow reduces recovery capacity [34,35,37].



	Soil Fertility
	A: Enhance nutrient cycling and soil organic matter through; prevent erosion and nutrient leaching [55,78,81,85].

D: Decline in fertility possible under poor management or short rotations [78,86].
	A: Initial ash from burning provides temporary nutrient enrichment [34].

D: Rapid nutrient loss, erosion, and reduced fertility with repeated cultivation and shortened fallow [36,37,40].



	Carbon Sequestration
	A: Store substantial above- and below-ground carbon, comparable to secondary forests [30,31,73].

D: Lower carbon storage when large trees are removed during establishment [74].
	A: Temporary carbon storage during regrowth phases [33,73].

D: Carbon released during burning; reduced recovery under shorter cycles [91,93].



	Water Regulation
	A: Maintain soil moisture, reduce runoff, and enhance infiltration via multi-layer canopy and root diversity [55,98].

D: Water use may increase under high-density planting of shade trees [55,99].
	A: Partial hydrological recovery possible during extended fallow [33].

D: Deforestation increases runoff, sedimentation, and watershed degradation [4,87].



	Climate Regulation
	A: Moderate local temperature and humidity through shading and evapotranspiration; reduce greenhouse gas emissions by maintaining tree cover [30,31,76].
	D: Short-term emissions during biomass decomposition and burning; contribute to microclimatic warming and variability [87,89].



	Food Security & Livelihood
	A: Provide diverse food and income sources (cacao, cassava, maize, fruits); improve resilience to market or climatic fluctuations [62,63,96,97].

D: Depend on stable markets and labor availability; profitability can vary with prices [97,103].
	A: Support subsistence food production during cultivation period [33,40].

D: Limited long-term income; vulnerable to yield decline and climatic variability [38].



	Cultural & Social Value
	A: Preserve Indigenous ecological knowledge, cultural identity, and traditional land stewardship (e.g., Kichwa chakras) [60,61,66,99].

D: Transmission of knowledge depends on generational continuity and community cohesion [60,102].
	A: May maintain some traditional practices if managed communally [33].

D: Often driven by short-term needs; loss of Indigenous management systems [104,105].



	Land Use Pressure
	A: Reduce expansion into primary forests by maintaining long-term productive plots; optimize use of cleared land [66,75].

D: Require secure land tenure and long-term planning [104,105]
	A: Can support small populations sustainably when cycles are long [34,35].

D: Major driver of deforestation when population or market pressure shortens cycles [54,55,56].



	Resilience to Disturbance
	A: High ecological resilience due to multi-strata vegetation and soil protection [4,66,78].
	D: Low resilience under intensive use; repeated clearing degrades ecosystem recovery [34,37,79].



	Overall Limitations
	Depend on secure land tenure, local labor, and stable markets (e.g., fair-trade initiatives such as Kallari) for long-term viability [76,103].
	Rapid soil degradation, deforestation, and declining yields under intensified cycles [78,79,80].











7. Conclusions


While chakra systems demonstrate strong potential to improve food security and climate outcomes by conserving forest structure and ecological functions, their broader application faces significant challenges. In many tropical regions, land-tenure insecurity restricts long-term investment in agroforestry, as seen in smallholder cacao and coffee landscapes of the Peruvian and Colombian Amazon [104,105]. Population pressure and agricultural expansion can shorten fallow cycles and reduce the regenerative capacity of forest-based systems [78]. In more market-driven contexts, fluctuating cacao prices and dependence on export markets have been shown to undermine household stability in agroforestry communities in Central America and West Africa [10]. Additionally, invasive species and soil degradation pose persistent ecological risks to agroforestry plots in Southeast Asia [106]. These examples highlight that while chakras offer a promising model for integrating conservation and livelihoods, their successful replication depends on secure land rights, supportive policy environments, and local community engagement tailored to regional socio-ecological conditions.



Adopting similar systems in tropical and subtropical regions could help reduce forest degradation and strengthen forests’ capacity as CO2 sinks. Such strategies can also preserve ecosystem health and support the functional balance between people and natural landscapes. However, scholars stress that broader uptake requires not only technical validation but also the creation of supportive policy frameworks and local empowerment mechanisms [30,76,107]. Implementing environmentally respectful agricultural policies is necessary to curb the loss of tropical biological diversity [108,109]. Positive outcomes will only be possible through collaboration among multidisciplinary research teams, including Indigenous and non-Indigenous farmers, community leaders, and governments [110].
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Figure 1. Location of the Northern Ecuadorian Amazon (NEA). (a) Map of South America showing Ecuador in gray; (b) Ecuador with the Northern Amazon region highlighted; (c) Detail of the NEA indicating protected areas in dark gray. Chakras and other crops occur in the light gray area in (c). 
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Figure 2. Conceptual diagram depicting the succession of shifting agriculture in the Northern Ecuadorian Amazon. (a) Cycle with long fallow periods; (b) Cycle with reduced fallow intervals. 
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Figure 3. Traditional Kichwa chakra in the Northern Ecuadorian Amazon, established from a secondary (recovering) forest through the selective transformation of vegetation into a diverse agroforestry system integrating native trees, crops, and fruit species. Photo credit: Roy Vera-Velez. 
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Table 1. Species richness in the northern Ecuadorian Amazon (NEA). Yasuní National Park as a comparative example for the Amazon Basin. Adapted from Bass et al. [49].
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	Organisms
	# of Species
	Amazon Basin (%)





	Area of the NEA *
	9820 km2 *
	0.15% *



	Amphibians
	150
	28%



	Reptiles
	121
	33%



	Birds
	596
	34%



	Mammals
	169–204
	27–33%



	Fish
	382–499
	12–16%



	Vascular plants
	2704–4000
	7–10%







* Information provided for reference.













 





Table 2. Land Cover and Land Use area (ha) in the Ecuadorian Amazon (EA). Comparative percentage of land use in the northern vs. southern Amazon. Adapted from INEC [59].
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	Land Use
	Total Area (ha)
	Northern EA (%)
	Southern EA (%)





	Cocoa
	58,965
	95.4
	4.6



	Coffee
	22,164
	95.3
	4.7



	Plantain
	25,380
	59.5
	40.5



	Corn
	21,534
	90.8
	9.2



	Cassava
	9386
	30.0
	70.0



	Grasslands
	361,730
	39.9
	60.1



	Forest
	2,911,341
	46.7
	53.3



	Fallow
	7370
	84.8
	15.2



	Moors
	55,938
	57.1
	42.9



	Other
	154,048
	57.1
	42.9



	Total
	3,627,856
	46
	54










 





Table 3. Characteristics of the chakra system (Adapted from Arévalo [60]).
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	Components
	Description





	Main crops cultivated
	Cacao, cassava, maize, rice, and other subsistence crops



	Tree management
	Multi-species canopy structure with varying shade levels



	Technology used
	Traditional practices; reliance on small tools



	Labor force
	Family-based, individual and household members



	Fertilization
	None



	Pesticide use
	None or minimal



	Weed management
	Manual



	Producer profile
	Small-scale Kichwa family



	Production objective
	Personal food and income resource



	Production management
	Communities










 





Table 4. Number of plant families, genera, and species in the northern Ecuadorian Amazon across primary crop units and adjacent secondary and mature forest zones. Values are in numbers per hectare of trees >10 cm dbh (diameter at the breast height). Adapted from Vera et al. [66].
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	System
	# Plant Families
	# Genera
	# Species





	Manihot esculenta (cassava)
	18
	20
	20 ± 1.54



	Zea mays (corn)
	21
	30
	32 ± 2.12



	Theobroma cacao (cocoa)
	33
	57
	62 ± 2.37



	Secondary forest
	31
	52
	54 ± 1.79



	Mature forest
	38
	74
	81 ± 1.48



	Total *
	43
	96
	109 ± 9.90







* Total counts have been adjusted to exclude overlaps among plant families, genera, and species.
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