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ABSTRACT
Many cultures around the world manage a great diversity of agroecosystems through traditional practices like ‘slash-
and-burn agriculture’. Our review systematizes research on these systems, focusing on the rotation and fallow of lands 
managed over time and space by Indigenous Peoples and Local Communities in different parts of the world. We discuss 
the implications of these systems for the dynamics of biodiversity, agrobiodiversity, food security, soil characteristics, 
biomass, and carbon fluxes in the soil, vegetation, and atmosphere. We conclude that this agricultural practice has 
positive impacts on maintaining biological diversity and agrobiodiversity, also playing a significant role in reducing soil 
erosion and restoring soil natural fertility, raising pH, the dynamics of nutrient cycling, and carbon accumulation. The 
length of fallow is the main predictor of carbon stocks and their rate of accumulation in secondary forests, since repeated 
burning and more intensive cultivation can extend the time required for this accumulation and are not recommended. 
Understanding and strengthening this agriculture and improving it with agroecological approaches is more beneficial 
than simply criminalizing and diminishing its importance for the traditional groups that practice it, for the conservation 
of agrobiodiversity, and for the delivery of agroecosystem services to society at large.
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Introduction

For generations, social groups in different parts of the 
world have interacted with the environment to produce food 
and other raw materials such as wood, fibers, and vegetable 
oils. Over time/space, generations of human groups have 
developed agro-food strategies and diversified agricultural 
production logics adapted to their local soils, climates, and 
socio-cultural and economic contexts (Mazoyer & Roudart, 
2010). As a result, we now enjoy significant biodiversity, 
much knowledge associated with the many uses comprising 
the soil-biodiversity-water relationship, and a high capacity 
for agricultural production throughout the world (Gupta, 
2000; Raman, 2001; Ross, 2011). In today’s world, according 
to Ploeg (2009), agricultural systems can be roughly grouped 
into three ‘politic-economic models’, of which we highlight 
two: ‘entrepreneurial agriculture’ and ‘peasant agriculture’. 
The first of them refers to systems geared towards the 
productive industrialization of commodities, dependent 
on financial capital and industrial inputs, and in which 
higher yields demand large-scale territorial expansion 
(Ploeg, 2009). On the other hand, ‘peasant agriculture’, 
encompassing most of the world’s rural population, is 
characterized by struggles for territorial and productive 
autonomy, which entails dependence on ‘ecological capital’, 
defined as non-market processes of co-production and 
exchange with ecosystems (Ploeg, 2009). Ploeg (2009) 
uses the term ‘ecossystem’; however, as denoting the 
inseparability between ‘nature’ and ‘cultures’ (see Descola, 
2013). We prefer the term ‘agroecosystems’ to represent the 
flow of matter and energy in a given location, considering 
humans’ interaction with their environment to carry out 
agriculture.

Different environments and cultures around the world 
have thus given rise to a great diversity of agroecosystems 
with different forms of peasant/traditional agriculture, 
capable of presenting different local solutions for the best 
use of ecological capital in a coproduction between human 
groups and ecosystems (see Agnoletti, 2011; García & 
Santivañez, 2021), for example through ‘slash-and-burn 
agriculture’ (Conklin, 1961; Posey, 1984; Eden & Andrade, 
1987; Kleinman et al., 1995; Pedroso Júnior et al., 2008; 
Mazoyer & Roudart, 2010). This is an ancient cultivation 
system, dating back to the Neolithic period and is still 
practiced today (Mazoyer & Roudart, 2010; Colin, 2021).

There are several formulations in the literature 
around the term ‘slash-and-burn agriculture’ (Pedroso 
Júnior et al., 2008; Gliessman, 2009; Mertz et al., 2009; 
Mazoyer & Roudart, 2010; Garavito et al., 2021). Mertz 
et al. (2009) highlighted the widespread use of terms in 
scientific literature as possible synonyms, such as ‘swidden 
agriculture’, ‘shifting cultivation’, and ‘slash-and-burn 
agriculture’, which must, however, be differentiated. The 

first case refers to systems that use fire to clear an area 
to be cultivated in rotation over the landscape. Yet there 
are rotational systems that do not use fire and are better 
defined by the term shifting cultivation (Mertz et al., 2009). 

From another perspective, slash-and-burn agriculture is 
also referred to as ‘shifting agriculture’ and ‘topple-and-fire 
agriculture’, and can be defined as any agricultural system 
with continuity over time (ecological cycles) and space 
(visible throughout the landscape), in which clearings in 
forest phytophysiognomies are opened to be cultivated for 
short periods, followed by a longer fallow period, which is 
important to regenerate biodiversity and to reconstitute 
the edaphic characteristics required for a new cycle of 
agricultural production (Conklin, 1961; Posey, 1984; Eden 
& Andrade, 1987; Kleinman et al., 1995; Pedroso Júnior 
et al., 2008; Mazoyer & Roudart, 2010). Considering the 
rotational nature of this type of system,‘slash-and-burn 
agriculture’ creates a landscape composed of a mosaic of 
crop fields, fallow areas of different ages at different stages 
of regeneration, and areas of remnant vegetation (Finegan 
& Nasi, 2004; Arroyo-Kalin, 2012).

Given this diversity of concepts and contexts, we must 
specify the phenomenon, or the agriculture to which 
we are referring, in the reality we are analyzing. In our 
understanding, slash-and-burn agriculture is a socio-cultural 
and ecologically contextualized agricultural logic within a 
broader agricultural system, and not just the slash-and-
burn technique itself. It refers to a form of agri-culture 
that slashes and burns biomass in a given area, necessarily 
combined with rotation and fallowing of lands, in order to 
recycle bases and to increase the natural fertility of the soil, 
as well as to raise the pH of naturally acidic and dystrophic 
tropical soils. In addition, it is practiced by traditional 
peasant families (or local communities), Indigenous Peoples, 
and quilombolas (Maroon Afro-descendants), in community 
territorial settings that provide conditions for the rotation 
and fallowing of lands. For this reason, there is an intrinsic 
relationship between agricultural practices and culture, 
considering the political and economic context in which 
this agricultural logic operates (Monteiro et al., 2019). 

Our study presents a theoretical review of research 
on traditional agricultural systems featuring slash-
and-burn agriculture with rotation and fallow of lands, 
concerning management practices over time (ecological 
processes) and space (expressed in the landscape), made 
by Indigenous Peoples and Local Communities. We outline 
the global distribution of these systems, including the 
phytophysiognomies and biomes where they occur, and 
discuss their implications for the dynamics of biodiversity, 
agrobiodiversity and food security, soil characteristics, 
biomass, and carbon fluxes in the soil, vegetation, and 
atmosphere. These aspects were selected for their centrality 
to the contributions of slash-and-burn agriculture.
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Material and Methods
For this review, we searched for scientific articles in 

the Scopus, Web of Science, and Scielo databases using 
four different search keys, depending on the topic being 
researched:

i.	 (i): TS=((traditional OR local OR indigen*) AND 
(carbon OR biomass OR soil OR fertility) AND 
(shifting NEAR/4 (agriculture OR cultivation) OR 
(slash and burn) OR (swidden)));

ii.	 (ii): TS=((traditional OR local OR Indigen*) AND 
(biodiversity OR fallow OR diversity OR forest OR 
species) AND (shifting NEAR/4 (agriculture OR 
cultivation) OR (slash and burn) OR (swidden)));

iii.	 (iii) TS=((traditional OR local OR Indigen*) AND 
(agrobiodiversity OR crop OR species) AND (shifting 
NEAR/4 (agriculture OR cultivation) OR (slash and 
burn) OR (swidden))).

For searches in the Scopus database, instead of the 
NEAR/4 command, we used W/4.

The choice of search keys was based on categories of 
analysis/themes pertinent to slash-and-burn agricultural 
systems with rotation and fallow of lands. This methodology 
allows us to gather available results/studies, highlighting 
consensual results as well as gaps to be filled on this topic. 

Results and Discussion

Worldwide distribution of slash-and-burn agriculture
Landscapes dominated by slash-and-burn agriculture 

occupy approximately 280 million hectares worldwide and 
are mainly located in tropical regions, with the majority in 
Africa, followed by the Americas and Asia (Heinimann et al., 
2017). An estimated 200-500 million people, about 7% of the 
world’s population, practice this form of agriculture (Colin, 
2021). In the Amazon alone, slash-and-burn agriculture with 
rotation and fallow land feeds around 600,000 families in 
local communities (Homma et al., 1998).

Table 1 shows that, in most cases, fire management 
for slash-and-burn agriculture occurs in forest 
phytophysiognomies to establish more favorable 
environments for agricultural production. When operating 
in savanna domains, this agricultural practice occurs 
in forest enclaves, combining the creation of favorable 
environments with the use of more humid and productive 
microenvironments. In most rural situations, fire is used 
to clear fields, to facilitate human passage, or to renew 
pastures or natural resources. Please note that some authors 
– shown in Table 1 as ‘not mentioned’ – did not describe 
the characteristic vegetation of their study regions.

Different traditional agricultural systems in various 
parts of the world where slash-and-burn practices have 

been found are given very different names in the places 
where they are practiced: tavy (Madagascar), ladang 
(Indonesia and Malaysia), ray (Indochinese Peninsula), 
swidden (England), rai (Sweden), roça de toco, coivara, 
conuco, milpa, roza, chacra, chaco, chagra, roçado (Latin 
America), shamba, chitemene, lougan (Africa), jhum (India), 
kaingin (Philippines), shwe pyaung taungya (Myanmar) 
(Pedroso Júnior et al., 2008; Gliessman, 2009; Mertz et al., 
2009; Mazoyer & Roudart, 2010; Thet & Tokuchi, 2020; 
Garavito et al., 2021). Table 1 summarizes the geographic 
and ecological scope of the reviewed research, including 
the continents, countries, and phytophysiognomies 
(morphological characteristics of plant communities; 
Grabherr & Kojima, 1993) or biomes (Coutinho, 2006) 
where the studies included in this review were conducted. 

Despite this wide distribution and the significant 
contribution of slash-and-burn agriculture to the 
conservation of agrobiodiversity and maintenance of 
ecosystem services, as will be shown below, studies show 
that this practice has declined in several locations around 
the world (Gupta, 2000; Van Vliet et al., 2012). Projections 
indicate that the area now cultivated under such an 
agricultural approach is expected to decline considerably 
in the coming decades, probably due to the expansion of 
corporate agriculture (see Ploeg, 2009; Heinimann et al., 
2017).

Impacts on biodiversity
Human activities in forest succession processes, caused 

by slash-and-burn agriculture with rotation and fallow of 
lands, have been a source of variability, helping to maintain 
or even promote regional biodiversity (Gupta, 2000; Raman, 
2001; Ross, 2011). Scientists have found that secondary 
forests - plant communities in states of regeneration, 
following successional processes caused by anthropic or 
natural disturbances (Brown & Lugo, 1990; Finegan, 1992) - 
have been created, cultivated, and maintained through such 
agriculture (Raman, 2001) and that high biological diversity 
has been the outcome of such practices (Diegues et al., 
1999; Gupta, 2000; Furlan, 2005). Evidence supporting this 
argument shows that dominant species in mature Central 
and South American forests are useful species protected by 
past human societies (Gómez-Pompa et al., 1972; Clement, 
1999; Steege et al., 2013; Levis et al., 2018).

Traditional slash-and-burn farming practices are similar 
to disturbances that occasionally occur in forests from 
natural causes (Brown & Lugo, 1990; Raman et al., 1998). 
Through the creation of vegetation mosaics made possible 
by the rotation and fallowing of lands, this agricultural 
approach maintains a higher amount of early successional 
vegetation and edge areas than mature forests. This creates 
a social-ecological system in which human activity is crucial 
for the maintenance of local and regional biodiversity 
(Gupta, 2000; Raman, 2001).
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Continent Country Phytophysiognomies or biomes References

Asia

Bhutan Subtropical forest and alpine meadows Namgyel et al., 2008

India

Dry tropical forest; tropical rain forest; 
tropical evergreen forest; deciduous 
forest; semideciduous tropical forest; 
subtropical high altitude broadleaf 
forest; subtropical pine forest; temperate 
mountainous rain forests

Gupta & Kumar, 1994; Raman et 
al., 1998; Gupta, 2000; Gupta et al., 
2001; Pandey et al., 2019; Gogoi 
et al., 2020; Gouda et al., 2020; 
Manjunatha & Singh 2020; Thong 
et al., 2020; Laskar et al., 2021; 
Pandey et al., 2022 

Thailand Not mentioned Rerkasem et al., 2002

China
Seasonal tropical forest; tropical rain 
forest

Fu et al., 2003; Lu et al., 2016

Malaysia
Lowland tropical forest; tropical rain 
forest; mixed hill dipterocarp rain forest

Bruun et al., 2006

Myanmar Mixed deciduous forest Thet & Tokuchi, 2020

Oceania
Papua New Guinea Rain forest Bowman et al., 1990

Vanuatu Not mentioned Blanco et al., 2016

Central 
America Mexico

Tropical montane forest; tropical dry 
forest, tropical evergreen forest, rain 
forest

Medellin & Equihua 1998; Dalle et 
al., 2011; Aryal et al., 2014; Pérez-
García & Castillo, 2016; Salinas-
Melgoza et al., 2017

South 
America

Brazil
Rain forest (Amazon); Atlantic rain 
forest (tropical forest and restinga); 
Savanna (Cerrado)

Posey, 1984; Sommer et al., 2000; 
Peroni & Hanazaki, 2002; Metzger, 
2003; Siminski & Fantini, 2007; 
Arroyo-Kalin, 2012; Borges et al., 
2016; NAC/UFVJM, 2017; Fávero, 
2018

Paraguay
Subtropical forest, deciduous forest, and 
mesophytic forest

Kammesheidt, 1998

Peru Rain forest (Amazon) Smith et al., 1999

Colombia Rain forest (Amazon)
Garavito et al., 2021; Marentes et 
al., 2021

Africa Mozambique
‘Miombo’ forest (tropical and subtropical 
forests and savannas)

Magalhães & Mamugy, 2020

Ethiopia “Natural forests”. Terefe & Kim, 2020

Europe Estonia Savannas, gallery forests Tomson et al., 2015

Table 1. Continents, countries, and phytophysiognomies or biomes covered in the literature review.
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The vegetation characteristic of early successional stages 
(annual plants and young perennial shoots) may in turn 
provide more forage for herbivorous animals, thus increasing 
the number of carnivores that feed on these prey (Namgyel 
et al., 2008). This also occurs in other managed tropical forest 
areas in the world, such as in the Amazon region (Denevan, 
2001; Woods & Glaser, 2004; Mann, 2005), Mexico (Gómez-
Pompa & Kaus, 1999), Central Africa (Weber et al., 2001), 
Thailand (Kealhofer, 2003), Papua New Guinea (Denham 
et al., 2003; Haberle, 2007), and the Solomon Islands, in 
Oceania (Bayliss-Smith et al., 2003).

In Bhutan, Asia, the prohibition of the age-old practice 
of slash-and-burn agriculture with rotation and fallow 
lands, which was aimed at preserving forest areas, could 
put at risk the biodiversity of local flora and fauna that 
were already adapted to a cycle of disturbances (Namgyel 
et al., 2008). In this regard, Gupta (2000) described the 
differences between conventional (industrial input-based) 
and traditional slash-and-burn agriculture in India and 
found that the transition to conventional cropping systems 
has reduced biodiversity. Many of the features that make 
up slash-and-burn agriculture with rotation and fallowing 
of lands, as traditionally practiced by local communities in 
India (soil conservation, controlled use of fire, maintenance 
of forest areas and large trees around the crop), have been 
eliminated in conventional cropping systems, with impacts 
on the region’s floristic and faunal diversity (Gupta, 2000).

In traditional slash-and-burn agriculture, the fallow 
period length is a key factor in sustaining biological diversity, 
influencing how landscapes retain biodiversity components 
(Raman et al., 1998; Smith et al., 1999; Gupta, 2000; Finegan 
& Nasi, 2004; Thong et al., 2020). Research in India shows 
that fallow areas recover the plant species richness in direct 
proportion to the duration of the fallow, with fallows at 
lower altitudes exhibiting higher species richness than 
those at higher ones (Thong et al., 2020). A similar result 
was observed by Gogoi et al. (2020) in a survey also done 
in India, which showed that tree diversity rebounded with 
a longer fallow period, with the Shannon diversity index in 
the shortest fallow (up to 5 years) 1.69, 2.69 in the longest 
fallow (20-25 years) and 4.2 in the mature forest (Gogoi 
et al., 2020).

In southwestern China, Fu et al. (2003) identified the 
presence of 76 plant species collected from fallow areas 
of various ages, belonging to 38 botanical families and 64 
genera. Most plants were used for household consumption, 
but when available in abundance they were transported to 
local markets for sale. Of the useful plants, most species 
were medicinal, followed by species used for wood, food, and 
animal feed. The study found that 28% of the plants raised 
in home gardens also grew in fallow areas, and 17% were 
transferred to these areas by the farmers themselves. The 
authors consider that in this transfer process, wild plants 
become cultivated or semi-domesticated species and that 
this practice can be an important way not only to ensure 

food security and health care for the families but also to 
conserve the region’s economically important species, many 
of which are rare or threatened with extinction locally (Fu 
et al., 2003).

As for animal biodiversity, in India, the stage of forest 
regeneration of set-aside areas in successive years after 
fallowing correlated with the richness of plants used for 
food by different primate species (Gupta & Kumar, 1994; 
Gupta, 2000). Generalist primate species may alter their 
diets by ingesting dominant plants in the fallow phases. 
A total of 66% to 100% of tree species present in the 
fallow lands of cultivated areas were food species for the 
primates Trachypithecus phayre (Blyth, 1847) and Macaca 
mulata (Zimmermann, 1780). Slash-and-burn agriculture is 
practiced traditionally, with rotation and long fallow cycles, 
thus allowing adequate regeneration of secondary forests 
featuring food plants desired by those species.

On the other hand, five primate species with specialist 
diets (e.g. Trachypithecus pileatus (Blyth, 1843), Macaca 
nemestrina (Linnaeus, 1766), Macaca arctoides (I. Geoffroy 
Saint-Hilaire, 1831), Hoolock hoolock (Harlan, 1834) and 
Nycticebus coucang (Boddaert, 1785) may fail to survive 
changes to their habitats when their ecology and behavior 
do not allow them to adapt to rapid changes in plant cover 
occurring during fallow periods (Gupta & Kumar, 1994; 
Gupta, 2000). It is important, therefore, to reconsider the 
approach of analyzing the totality of a managed area and 
its mosaic of successional stages amidst the forested areas 
observed in landscapes inside community lands under such 
management. Although certain groups of animals do not 
forage in fallow areas, they find their ecological niches in 
the complexity of the regional mosaic produced by human 
management (Gupta & Kumar, 1994; Gupta, 2000).

Along those same lines, in Mexico, Medellin & Equihua 
(1998) compared the overall richness and abundance of six 
mammal species between four approximately 6-year fallow 
areas (former croplands) and four continuous tropical forest 
sites in Chiapas. Species richness was no different between 
the continuous forest and fallow areas, indicating that 
forest-dependent mammals visit fallow areas due to their 
forest cover and resource availability. Even species that 
strongly selected forest habitats (Heteromys desmarestianus 
(Gray, 1868) and Didelphis marsupialis (Linnaeus, 1758) 
were also present in fallow areas, and only one species (D. 
marsupialis) showed a significant decline in the number of 
captures as a function of distance from the forest edge. The 
authors concluded that slash-and-burn agriculture practices 
involving rotation and fallow lands carried out by the region’s 
Indigenous Peoples increase spatial heterogeneity and 
promote mammal diversity. They defend the maintenance 
of these practices in the region’s biodiversity conservation 
policy and management (Medellin & Equihua, 1998).

As for woody plants and birds, Raman et al. (1998) 
found that areas with longer fallow periods after slash-
and-burn agriculture practice showed higher species 
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richness, abundance, and vertical stratification for woody 
plant species in India. Similarly, bird species richness, 
diversity, and abundance also increased with the length 
of the fallow period. The authors concluded that areas with 
fallow periods shorter than 25 years and shorter than 50 
years caused substantial changes (decreased richness, 
diversity, and abundance) in the bird and woody plant 
communities, respectively (Raman et al., 1998). These 
results help strengthen the argument that areas with long 
fallow periods can mimic, on a small scale, high-intensity 
disturbances that occur from natural causes, and thus 
secondary forests can contribute to the conservation of 
bird and plant communities (Brown & Lugo, 1990; Raman 
et al., 1998).

Habitat diversification promoted by traditional 
agricultural systems practicing slash-and-burn agriculture 
(Jhum) has also been critical to mammal movement in 
northeastern India (Gouda et al., 2020). Fallow areas of 
two to five years evidenced visits by large herbivores, 
such as sambar deer (Rusa unicolor (Kerr, 1792), barking 
deer (Muntiacus muntjak (Zimmermann, 1780), and wild 
boars (Sus scrofa (Linnaeus, 1758), while the frequency 
of feces decreased in fallows older than 5 years. Roads, 
trails, and stretches of mature forest near the fallow areas 
were actively visited by leopards (Neofelis nebulosa (Griffith, 
1821). The abundance of old and active rodent burrows 
was higher in areas recently left to fallow. The authors 
suggest that proximity between fallow areas and crop fields 
favors the distribution of mammals and that greater spatial 
heterogeneity did not compromise faunal movement in the 
area studied (Gouda et al., 2020).

Similar research done in Papua New Guinea by Bowman 
et al. (1990) analyzed the diversity of birds, butterflies, 
and reptiles in slash-and-burn agriculture sites with 
different stages of ecological succession on fallow lands. 
Their results show that the diversity of the species studied 
increased along the successional gradient. Secondary 
forests showed similar numbers of bird, butterfly, and 
reptile species as mature forests, and many of these 
species were common between the two habitats. The 
niche range of reptile species declined however, at later 
successional stages, while at early regrowth sites the fauna 
assemblages showed little similarity to the mature forest 
(Bowman et al., 1990).

That study also found that in areas of slash-and-burn 
agriculture with rotation and fallow of lands, the landscape 
becomes a mosaic of forests of different ages in a continuum 
of forest succession (Bowman et al., 1990; Aweto, 2013). 
In this sense, the faunal similarity between disturbed and 
undisturbed forests should be treated with some caution, 
since the result may be due to a mosaic with the diverse 
habitats used by those animals (Bowman et al., 1990).

In a study done in Paraguay, Kammesheidt (1998) found 
that tree shoots play an important role in forest restoration 
during early successional stages in fallow areas, with shoot 

abundance decreasing at later stages. The rate ranged from 
59.5% (for stems with DBH between 1-4.9 cm) and 21.0% 
(for stems with DBH of 5 cm) at early successional stage 
sites (2-5 years) to 32.9% and 19.6%, respectively, at later 
successional stage sites (10-15 years).

The rate of forest recovery in terms of stem density, 
basal area, and tree height class distribution was high, while 
the restoration of species composition progressed more 
slowly. At early successional stage sites, shoots accounted 
for approximately 60% of the total number of stems, while 
at advanced successional sites, about one-third of all stems 
grew from shoots (Kammesheidt, 1998). Therefore, the 
presence of mature trees within the fallow lands and in 
the surrounding mature forest patches may contribute 
significantly to the regeneration process, which also depends 
on the impact of other human disturbances in the fallow 
areas during this process (Gupta, 2000).

The studies analyzed show that the reason why the 
fallow phase contributes to the maintenance of biodiversity 
in traditional agricultural systems is related to ecological 
succession processes in those environments. The key factor 
for biodiversity conservation in such agricultural systems 
is the period that fallow lands need to regenerate (Gupta, 
2000). In general, this process is related to the seed bank 
in the soil after the vegetation is cut down, as well as to 
the preservation of tree resprouts, which enable vegetative 
regeneration (Kammesheidt, 1998).

Agrobiodiversity, food, and nutritional security
Agrobiodiversity can be defined as the result of 

dynamic and complex relationships between human 
and non-human societies (a variety of animals, plants, 
and microorganisms used directly or indirectly for food 
and agriculture, including crops, livestock, forestry, 
and fisheries environments in which they interact and 
coexist) (FAO, 1999). This has an impact on policies to 
conserve cultivated ecosystems and to promote food and 
nutritional security for human populations, social inclusion, 
and sustainable rural development (Santilli, 2012a). 
Agrobiodiversity is thus the variety of biological 
components arising from the choices and practices of 
farmers and local communities who follow their logics 
in a given socioeconomic, environmental, and cultural 
context (Vandermeer & Lawrence, 2002; Blanco et al., 
2016). The fruit of ancestral and modern-day management 
of agricultural systems has thus been the dynamic (on-
farm) conservation and continuous genetic improvement 
of agrobiodiversity, the food basis of all human societies 
(FAO, 1999).

An example can be seen in the milpa, a traditional 
agricultural system that exists in tropical Mesoamerica, more 
precisely in Mexico. This system incorporates crops of maize 
(Zea mays L.), beans (Phaseolus spp.), and squash (Cucurbita 
spp.), which have been domesticated and diversified in the 
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region (Watters, 1971). In addition to different types of 
crops, milpas also incorporate non-agricultural species, non-
timber forest products, and understory vegetation (Finegan 
& Nasi, 2004). The species forming the undergrowth are 
used by local communities and their seeds are kept for the 
next planting season (Chacón & Gliessman, 1982). This is 
how the milpa helps maintain agrobiodiversity (Pérez-García 
& Castillo, 2016).

Several studies have sought to identify the 
agrobiodiversity in traditional agricultural systems using 
slash-and-burn with rotation and fallow of lands (Peroni 
& Hanazaki, 2002; Rerkasem et al., 2002; Rerkasem et 
al., 2009; Blanco et al., 2016; Borges et al., 2016; Pérez-
García & Castillo, 2016; Pandey et al., 2019; Pandey et 
al., 2022; Garavito et al., 2021; Marentes et al., 2021). In 
Vanuatu, Oceania, Blanco et al. (2016) identified a total 
of 127 plant species in 273 home gardens, with 59% of 
these species made up of trees and shrubs, followed by 
fruits and vegetables (15%), and roots and tubers (13%). 
The average species richness per garden was 10.1, with an 
average of 11.6 varieties, in areas with an average size of 
423 m². Richness and variety, as expected, decreased during 
cultivation periods, compared to the other phases of the 
cycle (Blanco et al., 2016).

When investigating the traditional knowledge of local 
chagra communities in the Colombian Amazon, Garavito 
et al. (2021) recorded 38 cultivated species belonging to 
28 botanical families, most of which were used for food 
purposes. The seven most abundant species amounted to 
approximately 1000 individuals per hectare. Through a 
literature review, Rerkasem et al. (2009) identified a high 
abundance of spontaneous plants and agrobiodiversity 
associated with slash-and-burn agriculture with rotation 
and fallow of lands in Thailand and Indonesia, Southeast 
Asia. Declines in diversity have been observed, however, in 
areas where rotation has been replaced by permanent land 
use. Similarly, in northern Thailand, a study that identified 
15 rice varieties, of which each farmer grows from two to 
five varieties, illustrates the contribution of traditional 
slash-and-burn farming systems to the conservation of 
traditional local varieties (Rerkasem et al., 2002).

Another study done in six states of India observed a high 
diversity of species and varieties in 12 different farming 
systems where slash-and-burn agriculture is practiced by 
local communities (Pandey et al., 2019). Thirty-five species of 
grains, fruits, vegetables, pulses, and spices were identified, 
with 25 vegetable varieties and 22 fruit varieties. The most 
abundant species in the crop fields were rice (Oryza sativa 
L.), maize (Zea mays L.,) and finger millet (Eleusine coracana 
(L.) Gaertn). Vegetables included pumpkins (Cucurbita pepo 
L.), potatoes (Solanum tuberosum L.), and water pumpkins 
(Benincasa hispida (Thunb.) Cogn), among others. Fruits 
included banana (Musa spp.), pineapple (Ananas sativus 
Schult. & Schult.f.,) and citrus fruits, while spices found 
were ginger (Zingiber officinale Roscoe), pepper (Capsicum 
spp.), turmeric (Curcuma longa L.), and others (Pandey et 
al., 2019).

Also in India, a survey of 481 families using slash-and-
burn agriculture with rotation and fallow lands recorded 
a total of 55 plant species, as well as 47 varieties of rice 
(Oryza sativa L.), 19 varieties of maize (Zea mays L.) and 
six species of domestic animals, the most abundant being 
chickens (Gallus gallus domesticus (Linnaeus, 1758) and pigs 
(Sus scrofa domesticus (Erxleben, 1777) (Pandey et al., 2022). 
According to the authors, the northeastern region of India 
accounts for 83% of the total area where such agriculture 
is conducted in the country and plays a central role in 
providing agroecosystem goods and services that sustain 
the well-being of the region’s residents. However, the fallow 
periods in many of these systems have become increasingly 
shorter, threatening local varieties and integrated landscape 
planning (Pandey et al., 2022).

In the Monochoa Indigenous Land, located in the 
Colombian Amazon, 132 cultivated species varieties have 
been recorded among the Indigenous Uitoto people, and 
131 among the Muiname people (Marentes et al., 2021). 
Cassava (Manihot esculenta Crantz), coca (Erythroxylum coca 
Lam.,) and tobacco (Nicotiana tabacum L.) were the main 
crops grown by both ethnic groups. For cassava, 18 different 
varieties were found, of which four were classified as local 
ecotypes that are produced only at this location worldwide. 
There is also a local ecotype of coca called ‘q+ícue jibieña’ in 
Huitoto or ‘gaño meku’ in Muiname (Marentes et al., 2021). 
The great variety of crops found in the Monochoa Indigenous 
Land indicates that Indigenous farming systems based 
on slash-and-burn agriculture with rotation and fallow of 
plots are an opportunity to conserve agrobiodiversity and 
maintain these peoples’ food security, while also making a 
globally important contribution to on-farm conservation.

After changes in the agricultural system in southern 
Mexico, researchers found that the transition from slash-
and-burn to semi-permanent cropping systems caused 
transformations in agrobiodiversity, favoring some varieties 
over others (Pérez-García & Castillo, 2016). The density of 
annual herbs increased (9.0±1.5 to 22.0 ±1.5), as did their 
richness (9.2± 1.5 to 21.8 ± 1.5), in contrast to perennial 
herbs, which experienced a decrease in density (5.5 ± 0.6 to 
2.9± 0.6), with no significant change in richness (3.1±0.4 
to 2.1± 0.4). The study showed that the traditional milpa 
system is the best reservoir of agrobiodiversity, less prone 
to invasion by weeds than semi-permanent systems, which 
can increase the probability of invasion by such weeds, 
dependence on agrochemicals, and reduced capacity for 
soil regeneration during fallow periods (Pérez-García & 
Castillo, 2016).

In southeastern Brazil, 33 local caiçara communities 
cultivate 261 varieties belonging to 53 species, of which 
the most cited crop was cassava (Manihot esculenta Crantz), 
followed by yams (Dioscorea spp.), sweet potatoes (Ipomoea 
batatas Poir.), pumpkins (Cucurbita pepo L.), sugar cane 
(Saccharum officinarum L.), and beans (Phaseolus vulgaris 
L.) (Peroni & Hanazaki, 2002). The study showed that the 
exchange of varieties among local communities builds a 
network that decreases the loss of diversity managed on 
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the regional scale and that characteristics such as cycles 
of itinerancy (cultivation and fallowing) and traditional 
agroecological knowledge contribute to the increase of this 
agricultural diversity. The selection of traditional varieties 
and the exchange of seeds between communities have always 
occurred throughout history (Van de Wouw et al., 2010) and 
are key elements for the conservation of this agricultural 
diversity and the traditional knowledge associated with it 
(Perreault, 2005; Emperaire & Peroni, 2007; Santilli, 2012b). 
However, restrictive environmental laws, rural exodus, and 
the rampant increase in local tourism have been factors 
contributing to the decline of agrobiodiversity (Peroni & 
Hanazaki, 2002).

It is important to note that the agrobiodiversity found 
in slash-and-burn agriculture under traditional agricultural 
systems is directly related to the different phases of this 
system’s cycles. In Tocantins, northern Brazil, Borges et 
al. (2016) identified differences with respect to the species 
cultivated in each phase of different types of traditional 
agricultural systems that practice slash-and-burn agriculture, 
called ‘roça de toco’ (cultivated in a dry environment) and 
‘roça de esgoto’ (cultivated in a wetland environment). Both 
go through the processes of felling, burning, and the fallow 
phase with rotation of lands, typical of slash-and-burn 
agriculture, but display differences in the species they raise 
and the duration of each phase, since the ‘roça de toco’ has a 
faster cultivation phase and a longer fallow phase, because 
it is practiced in areas with less moisture.

Studies identified 45 cultivated varieties in these 
systems, of which 28 were found exclusively in the ‘roça 
de esgoto’ (Borges et al., 2016), whose capoeiras (areas in 
the process of regeneration during fallow) have greater 
agrobiodiversity than recently active fields, which mostly 
grow cassava (Manihot esculenta Crantz). This data confirms, 
therefore, that slash-and-burn agriculture with rotation 
and fallow can provide important tools to restore native 
tropical forests and conserve agricultural species that are 
also important for food and nutritional security because 
the different forms of management within these systems 
enhance biodiversity and landscape management. Replacing 
traditional agricultural systems with slash-and-burn 
approaches that are less diverse, with more permanent 
crops, has been found to reduce those opportunities (Huijun 
et al., 2002).

Spatial heterogeneity and ecological processes in 
managed landscapes

Given the role played by slash-and-burn agriculture in 
traditional agricultural systems in landscape dynamics, 
some studies have looked into how these changes can affect 
various ecological processes taking place in landscapes 
over time and space. Spatial heterogeneity is the result of 
millenary agricultural practices, and the different spaces 
created by those traditional management activities are 

called cultural landscapes by some researchers (Jääts et al., 
2011; Fernandes et al., 2013; Tomson et al., 2015; Ekblom & 
Gillson, 2017). However, there are cases where this design 
has been altered by more intense cultivation and shorter 
fallow periods (Metzger, 2003; Siminski & Fantini, 2007; 
Dalle et al., 2011), with potential impacts on biodiversity 
and carbon dynamics in soils and vegetation.

With that in mind, Metzger (2003) tested the effects 
of shorter fallow periods on landscape structures in the 
Brazilian Amazon and found that this decrease made it 
more homogeneous, and largely dominated by secondary 
vegetation. Patches of mature forest and secondary 
vegetation were reduced in the landscape and these 
structural changes appeared to be more common. The 
main mechanism behind homogenization was the more 
intensive use of secondary vegetation to establish crops, 
at four times the rate in short as opposed to longer fallow 
areas. This suggests that such structural changes can lead 
to slower regeneration processes, compromising related 
ecological processes.

Research in Mexico found that local communities 
perceived a shift in a landscape that once possessed a 
heterogeneous matrix composed of different successional 
stages, including mature forests, to a landscape dominated 
by young fallow areas (Dalle et al., 2011). This transformation 
was associated with the intensification of slash-and-burn 
agriculture with rotation and fallowing of plots at these 
sites, with milpas established on young fallow areas. The 
resulting landscape, as a dynamic agroecosystem composed 
of different interconnected and interdependent parts, was 
found to provide fewer resources to sustain livelihoods, 
demanding participatory land use planning (Dalle et al., 
2011).

From another perspective, in Santa Catarina, southern 
Brazil, restrictions imposed by the state’s strict environ-
mental regulations on the use of Atlantic Forest woodland 
resources have led to changes in the landscape’s composi-
tion, with a clear decrease in the area used for traditional 
slash-and-burn agriculture by local communities, in favor 
of a larger area of secondary forests. Cultivated areas have 
decreased by 65% in the last 10 years, leading to shorter 
fallow periods and more frequent rotations on each plot 
(Siminski & Fantini, 2007). However, a simulation of plot 
rotations revealed that from a land availability standpoint, 
the continuation of traditional slash-and-burn agriculture 
will still be possible in the long term for local communi-
ties, but only if such environmental standards are revi-
sed since it is critical for their food and nutrition security 
(Siminski & Fantini, 2007).

One of the factors contributing to landscape changes 
where slash-and-burn agriculture is practiced is the 
controlled use of fire. Studies indicate that traditional 
controlled fire practices play a central role in maintaining 
spatial heterogeneity and major ecological processes, as 
demonstrated in savannas in Africa (Brockett et al., 2001; 

﻿

https://creativecommons.org/licenses/by/4.0/deed.en


Implications of traditional slash-and-burn agriculture.

Template: Editora Letra1 | www.editoraletra1.com.br

Acta Botanica Brasilica, 2025, 39: e20240204  |  9

Laris, 2002), Australia (Bird et al., 2008), and Brazil (Klink 
& Machado, 2005; Pinheiro & Monteiro, 2010; Dodonov et 
al., 2014; Borges et al., 2016).

Besides being a natural disturbance, prescribed burning 
is the main management practice used by local communities 
in savannas within their traditional agricultural systems. 
It is employed to stimulate grass regrowth for cattle grazing, 
to support hunting activities, to facilitate access to resource-
gathering areas (Mistry, 1998; Bond et al., 2005; Klink & 
Machado, 2005; Furley et al., 2008; McGregor et al., 2010; 
Yibarbuk et al., 2001), and to enable the gathering and 
management of non-timber forest products (Mistry, 1998; 
Bede, 2006; Varghese & Ticktin, 2008; Schmidt et al., 2011).

In Amazonia, archaeological evidence from the 
Holocene provides important indicators suggesting that 
spatial heterogeneity arising from the adoption of specific 
cultivation techniques, including a history of controlled 
fire use could, explain some of the regional variability in 
its vegetation (Arroyo-Kalin, 2012). In Europe, an analysis 
of maps since 1870 shows how the controlled use of fire 
as part of traditional slash-and-burn agricultural practices 
transformed landscapes in Estonia, where approximately 
79% of agricultural areas have returned to a forested 
state (Tomson et al., 2015). Notably, time-series studies 
demonstrate the importance of understanding landscape 
dynamics over time (Metzger, 2003). However, studies to 
understand the effects of landscape transformations on 
biodiversity and on ecosystem services should be done 
separately, to complement each other.

In order to understand the effect of this management 
practice in the Brazilian Cerrado (savanna), the benefits of 
fire were first observed by Coutinho (1976; 1982; 1990) 
and Pivello & Coutinho (1996), especially in grassland 
formations. Over the years, research has identified that 
plant and animal species living in fire-prone ecosystems have 
evolved under the selective pressure of frequent burning, 
recurrently eliminating non-adapted genotypes (Bond & 
Keeley, 2005; Pausas & Parr, 2018). Natural selection has 
resulted in fire-related plant adaptations (Coutinho, 1976; 
Coutinho, 1977; Keeley et al., 2011; Simon & Pennington, 
2012), as well as animal strategies to escape or survive fire 
(Pausas & Parr, 2018).

Plant adaptations in this biome include, for example, 
C4 grasses (Keeley & Rundel, 2005), trees with insulating 
cork and bark (Lawes et al., 2011; Simon & Pennington, 
2012), small plants with robust roots, high resilience to 
regrow many times after fire (Coutinho, 1982; Pausas & 
Keeley, 2009), and fire-stimulated reproduction (Coutinho, 
1977; Pilon et al., 2018; Fidelis et al., 2019). Fidelis et al. 
(2019) observed that flowering of the species Bulbostylis 
paradoxa (Spreng.) Lindman (Cyperaceae) in rupestrian 
field environments in the Cerrado occurs 24 hours after 
a burning event, with individuals showing more than 30 
inflorescences in this period, which open fully 15 days after 
a fire. The researchers found that the species depended 

on fire to flower, since no individuals with inflorescences 
were seen in sites that had not been burned, nor in sites 
that were visited a few months after having been burned 
(Fidelis et al., 2019).

Another study in Portugal found that bird assemblages 
benefit from changes in landscape due to controlled fire 
use, which increases its richness and diversity along a 
vegetational gradient, ranging from shrub vegetation to 
deciduous forests and agricultural areas, which showed the 
highest biodiversity indices (Moreira et al., 2001). In this 
case, the authors identified the use of fire in traditional 
agriculture, although they did not mention the practice 
of slash-and-burn in the region. Nevertheless, the results 
show that fire regimes have contributed to maintaining bird 
diversity in landscapes and recommend that management 
actions focus on maintaining deciduous forests and 
agricultural land, where it was possible to observe several 
specialist bird species (Moreira et al., 2001).

Effects on chemical and physical characteristics of the 
soil

Research has confirmed that slash-and-burn practices 
in traditional agricultural systems do not compromise 
soil fertility (Kleinman et al., 1995; Johnson et al., 2001; 
Mendoza-Vega et al., 2003; Pedroso Júnior et al., 2008). 
Prescribed fire is used in the mineralization phase of part of 
the felled organic material, to prepare the soil for planting, 
leaving it less acidic, with greater nutrient availability 
(Kleinman et al., 1995), and accelerating the decomposition 
of organic matter due to the elevation of temperature at 
the soil surface after burning (Devendra & Thomas, 2002). 
Thus, a considerable portion of the nutrients stored in the 
vegetation that was burned (biomass) will be made available 
to be used by the plants in the cultivation phase (Ribeiro-
Filho et al., 2013). After a few years of cultivation, the area 
enters the fallow phase. With the progress of the ecological 
succession that occurs during the fallow, nutrients are cycled 
and organic matter contributes to the restoration of soil 
fertility (Ribeiro-Filho et al., 2013).

The increased availability of nutrients in the soil after 
the burning of vegetation is due to the addition of nutrient-
rich ash and the effects of the burning itself. The amount 
of mineral nutrients found in the ash depends mainly on 
the total nutrient content of the biomass, the temperature 
limits for each nutrient to pass to the gaseous state, and 
the quality of burning, which is related to the moisture 
content of the vegetation and the distribution of fine and 
coarse fuels (Bruun et al., 2006).

In an area of the traditional farming system of the 
everlasting flower gathering communities (Brazilian Globally 
Important Agricultural Heritage Systems - GIAHS), where 
slash-and-burn agriculture is practiced with rotation and 
fallow lands, soil analyses were performed in different 
environmental units (NAC/UFVJM, 2017). It was observed 
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that in a recently opened area (after clearing and burning) 
the levels of total organic matter, pH, and the amounts of 
available nutrients in the soil were higher than in the area 
that has been in fallow for five years, the permanent pasture 
area, and the area where ‘roça de toco’ was not practiced 
(Cerrado Estrito), the latter being an area dedicated to 
agroextractivism. It is significant that the area with five 
years of fallow, despite having lower levels of total organic 
matter, pH, and nutrients than the newly opened area due 
to extraction of crops, still has values close to or higher 
than the permanent pasture area and the Cerrado Estrito.

Evaluating the correlation between nutrient availability 
and fallow duration in traditional rice farming systems in 
Malaysia, researchers found that plant-available nitrogen 
stocks were positively correlated with fallow duration 
(increasing by 166.7%, p<0.05), unlike available phosphorus, 
which increased little (8.1%) and showed no significant 
correlation (Bruun et al., 2006). As for productivity, a 
significant and positive correlation (R=0.751, p=0.02) was 
found between fallow duration and rice yields (ranging from 
169 kg/ha-¹ to 3,466 kg/ ha-¹) when the most recent fallow 
plot (0 years) was included in the analyses.

A similar study in India, which analyzed soil samples 
at different depths in fallow areas from 12 to 15 years old, 
showed a finer fraction (silt and clay) compared to 3-year 
fallow areas (Manjunatha & Singh, 2020). The amount of 
available nitrogen increased significantly in 9-year fallow 
areas, with a maximum concentration in 12-year fallow 
areas, while the availability of phosphorus and potassium 
was minimal in 3-year fallow areas and increased from 6 
years onwards. The availability of exchangeable calcium, 
on the other hand, increased in 9-year fallow areas. The 
study concluded that the minimum fallow period under 
those conditions should be 6 to 7 years for soil nutrient 
concentrations to be maintained at levels suitable for plants 
(Manjunatha & Singh, 2020).

In Papua New Guinea, meanwhile, the burning of a felled 
secondary forest (conversion phase) increased levels of soil 
phosphorus, available calcium, cation exchange capacity, 
electrical conductivity, and nitrogen compared to these 
concentrations in mature forest soils (Bowman et al., 1990). 
In that study, the vegetation groups were divided as follows: 
Group A was a recently established Garden and had the 
highest grass cover (24%) recorded and a correspondingly 
low basal area and canopy cover. Group B was composed of 
three gardens with a very open canopy (5%) less than 2 m 
in height, with mostly non-woody stems. Group C consisted 
of four plots with a mean age of 4 years since cultivation. 
Group D was composed of seven plots with a mean age of 
8 years since cultivation. Group E were secondary forests 
with a mean age of 26 years since clearing and Group F was 
three uncleared forest plots.

In traditional slash-and-burn agricultural systems, 
it has also been observed that soil erosion is less 
severe compared to conventional agricultural systems 

(Pérez-García & Castillo, 2016). Soil aggregates have 
been widely used as quality indicators in studies on soil 
degradation and restoration (Six et al., 2000; Varela et al., 
2010; Rojas et al., 2016). As major structural components 
of soil, aggregates influence water movement and retention, 
pore size and number, gas exchange, nutrient balances, root 
growth, and crop yield (Kasper et al., 2009).

From this analytical perspective, in India, Laskar et al. 
(2021) evaluated variations in soil aggregates at different 
depths and parts of landscapes, including a mature forest 
area, fallow areas of different ages, and a cultivated area 
whose main crops were rice (Oryza sativa L.), maize 
(Zea mays L.), ginger (Zingiber officinale Roscoe), and turmeric 
(Curcuma longa L.). At all soil depths, the forest area obtained 
the highest proportion of macroaggregates (75.6%), 
while the cultivated area obtained the lowest proportion 
(51.1%). The research provided evidence of significant 
changes in soil compaction and aggregate stability with 
the transition from mature forest to cultivated and fallow 
areas, suggesting that a minimum 20-year fallow period is 
required under those conditions to achieve a proportion of 
macroaggregates similar to what occurs in mature forest soils 
(Laskar et al., 2021).

With the progression of secondary succession in 
fallow areas in China, the soil’s organic matter and 
phosphorus content showed an overall downward 
trend, while the soil’s water content generally moved 
upward (Lu et al., 2016). Soil pH, potassium content, 
and nitrogen content reached maximum values at 
intermediate successional stages (30 and 60 years of fallow). 
Nutrients showed the lowest values in early succession 
stages and mature forests, evidence that intermediate 
succession stages are more favorable to soil fertility 
(Lu et al., 2016).

These results can be explained based on the intermediate 
disturbance hypothesis, proposed by Connell (1978), who 
demonstrated that in sites where disturbances are either 
too rare or too frequent, it is possible that species diversity 
may never reach the apex. In the case of very frequent 
disturbances, species succession will always stabilize in 
the initial phase, and only the pioneer species will colonize 
the site. In the case of very rare disturbances, only those 
species that are very competitive will stand out and achieve 
greater success and stability, eliminating other species of 
lesser competitive power. However, as the interval between 
disturbances increases (so-called intermediate disturbances), 
new species will develop and reach maturity. It is likely 
that higher soil fertility indices in sites with intermediate 
successional stages may be related to the occurrence of 
intermediate disturbance frequencies, favoring the growth 
and development of species in those sites.

Along those lines, a study in Mozambique, Africa, 
compared soil attributes between forested areas and 
areas under slash-and-burn agriculture practiced by 
local communities (Magalhães & Mamugy, 2020). 
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The results confirm that the conversion of forested areas 
to cropland did not impact soil organic matter and total 
nitrogen stocks, since there was no significant difference 
between the values measured in the different areas. 
The authors relate their findings to the traditional form of 
slash-and-burn agriculture practiced in the region, which 
involves plot rotation and fallowing, the controlled use 
of fire, the return of unused plant parts to the soil after 
harvest, and the maintenance of a significant number of 
tree species in cultivated areas (107 species, compared to 
53 species found in the miombo woodlands) (Magalhães 
& Mamugy, 2020).

In Ethiopia, Terefe & Kim (2020) compared the pH, 
texture, soil density, and total nitrogen contents in mature 
forest areas, fallow areas of different ages (3, 5, and 7 years), 
and a field permanently cultivated for 10 years, which was 
a former slash-and-burn agriculture area that had been 
converted to grain crops such as tef (Eragrostis tef (Zucc.) 
Trotter), maize (Zea mays L.), or sorghum (Sorghum biocolor 
(L.) Moench), depending on the time of year. This area, 
called a monocrop in the paper, was 10 hectares in size 
and was treated with a mixture of inorganic fertilizers 
(urea and diammonium phosphate). Their results found no 
significant differences in soil pH between the forest area and 
all areas of slash-and-burn agriculture with rotation and 
fallow lands. The permanent crop field, however, showed 
significantly lower soil pH (3.9 ± 0.1) compared to the 3-year 
(5.5 ± 0.4) and 5-year (6.3 ± 0.4) fallow areas (p<0.05). Soil 
texture and density, on the other hand, varied little among 
the sites studied. Thus, the conversion of slash-and-burn 
agriculture areas to monoculture decreased soil nitrogen 
stocks, at an average loss rate of 0.6 ± 0.1 Mg N ha-¹ year 
(Terefe & Kim, 2020).

Carbon dynamics in the soil, vegetation, and 
atmosphere

Debates on increasing greenhouse gas emissions in the 
atmosphere and their consequences for climate change 
have intensified in recent years. Recognized for its role 
in mitigating these changes, the accumulation of carbon 
performed by tropical ecosystems has been highlighted as 
an important factor (Stephens et al., 2007; Asner, 2011; 
Lal et al., 2015). In ecosystems, carbon and other nutrients 
such as nitrogen, phosphorus, etc., are available to plants 
as simple organic molecules, as ions in the atmosphere 
(e.g., carbon dioxide), or as ions dissolved in water (nitrate, 
phosphate, potassium, etc.) (Townsend et al., 2010). Each 
of these nutrients can be incorporated into complex carbon 
compounds in the biomass, decomposed, and returned to 
the system through biogeochemical cycles (Townsend et 
al., 2010). Understanding these flows, or fluxes, allows for 
a better understanding of the role of each nutrient in the 
agroecological dynamics of traditional agricultural systems.

Soil organic carbon is considered one of the most 
important indicators of productivity in agricultural systems 
(Nye & Greenland, 1960; Bruun et al., 2006). In slash-
and-burn systems with rotation and fallow lands, carbon 
accumulates mainly during fallow phases, as vegetation 
regenerates through ecological succession events (Ribeiro-
Filho et al., 2013). The burning of that secondary vegetation 
for conversion into cropland releases CO₂ and other waste 
gases into the atmosphere.

Authors argue that if traditional slash-and-burn 
agriculture is in equilibrium, the CO₂ released by fire in the 
conversion phase will be reincorporated into the biomass 
of secondary vegetation in the system’s fallow phases, and 
thus will not contribute in the long term to variations in 
the atmospheric concentration of this gas (Fearnside, 2000; 
Lehsten et al., 2009). For this to be achieved, it is essential 
that fire be applied in a controlled manner and that the 
fallow period be properly maintained. Reincorporation of 
carbon occurs both above ground (in plant biomass) and 
below ground (Silver et al., 2000).

Several studies address the challenges and opportunities 
of agricultural systems using slash-and-burn agriculture 
with rotation and fallow lands in the context of reducing 
carbon emissions and increasing carbon accumulation 
(Mertz, 2009; Hett et al., 2012; Ribeiro-Filho et al., 2013; 
Aryal et al., 2014). Depending on the length of cropping and 
fallow cycles and the growth rate of plant species during 
fallow periods, slash-and-burn agriculture does not lead to 
a decline in carbon stocks, but rather to a lower level when 
compared to mature forest (Salinas-Melgoza et al., 2017).

However, data collected in dry tropical forest areas 
in Mexico show that biomass density in slash-and-burn 
agriculture reached levels similar to those of mature forests, 
with old fallow areas (over 20 years old) showing higher 
carbon stocks than mature forests (which have never been 
used for slash-and-burn cultivation) (Salinas-Melgoza et al., 
2017). This is because there is no permanent removal of tree 
cover (Salinas-Melgoza et al., 2017), thus keeping stocks at 
adequate levels and highlighting the strong potential of these 
traditional agricultural systems for carbon accumulation.

Measurements of carbon storage in traditional slash-
and-burn agriculture soils in the Brazilian Amazon show 
that the amount of carbon (185 t ha-¹) measured up to 6 
meters deep did not differ significantly from the amount 
measured in mature forest areas (196 t ha-¹) but decreased 
significantly in semi-permanent crop areas (146-167 t ha-¹) 
(Sommer et al., 2000). Maintaining secondary vegetation 
as part of the agricultural land-use system in traditional 
slash-and-burn systems is crucial, as the trees’ root systems 
are conserved and thus carbon also accumulates farther 
underground.

A study in Mexico analyzed changes in carbon stocks and 
accumulation rates associated with tree growth, recruitment, 
and mortality in fallows of different forest succession ages 
and different cropping intensities (Aryal et al., 2014). 
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The rate of carbon accumulation in the biomass of live trees 
was higher in early successional stages (2.9-3.0 Mg C ha-¹ 1 
year-¹) (almost 100% annual addition of carbon to the live 
biomass), compared to older secondary forests (1.1-1.6 Mg 
C ha-¹ year-¹). This was explained by high relative tree growth 
and high recruitment rates in early successional stages. 
However, mature forests (35 years old) showed higher 
carbon stocks compared to 4-year-old secondary forests 
(99.56 Mg C ha-¹ and 11.72 Mg C ha-¹, respectively). The 
main predictor of carbon stocks and accumulation rates in 
secondary forests was the age of the fallow since repeated 
burning and more intensive cultivation can prolong the 
time required for this accumulation to take place (Aryal 
et al., 2014).

Laskar et al. (2021) found that soil organic carbon 
contents in macroaggregates increased with fallow age and 
decreased with soil depth in northern India. The highest 
content (1.95%) was found in the topsoil layer (10 cm) in 
the 20-year fallow area, while the lowest content (0.39%) 
was found at the depth of 21-30 cm in the 5-year fallow 
area. The researchers found that a minimum 20-year fallow 
period, under the soil and climate conditions they analyzed, 
is required to achieve carbon contents comparable to mature 
forest lands (Laskar et al., 2021).

Terefe & Kim’s (2020) study in Ethiopia also found that 
traditional slash-and-burn agriculture did not affect soil 
carbon stocks compared to mature forest areas. Conversion 
of slash-and-burn areas to permanent monocrops, however, 
decreased soil organic carbon (by 45-50% over 10 years, a 
loss of 11.6 ± 0.2 Mg C ha-¹ year). Their study shows that 
conversion from traditional slash-and-burn agriculture to 
monocropping, besides reducing soil fertility, can contribute 
to global climate change since less soil carbon and nitrogen 
can mean more greenhouse gas emissions, of both carbon 
dioxide (CO₂) and nitrous oxide (N₂O) (Snyder et al., 2009; 
Kim & Kirschbaum, 2015).

A study of several agricultural systems in the semiarid 
region of Minas Gerais, Brazil – an area where slash-and-
burn agriculture is practiced with rotation and fallow 
lands in a traditional agricultural system of everlasting 
(starflower) gathering communities on a Brazilian GIAHS 
site – reported an accumulation of total organic carbon in 
the soil, from 0 to 40 cm depth, in amounts that were from 
28% to 114% higher than a monocrop eucalyptus plantation 
(Favero, 2018). The situation with the highest soil carbon 
accumulation had been freshly opened (after clearing and 
burning) for cultivation (Fávero, 2018).

Gupta et al. (2001) calculated methane gas (CH₄) 
emissions from biomass burned in deciduous tropical forests 
cleared for traditional slash-and-burn agriculture by local 
communities at two sites in India. The results identified 
CH₄ emission rates of 1.29% and 1.59% at each of the 
two sites evaluated, which are close to accepted estimates 
for tropical forests elsewhere in the world (1.2±0.5%). 
The results showed that about 0.99 Tg of methane is emitted 

annually by slash-and-burn agriculture in India (Gupta et al., 
2001), a low value compared to the global annual estimate 
of 11-53 Tg/yr calculated by Andreae (1991).

Another study conducted in India shows that the age 
of fallow in traditional slash-and-burn agriculture plays 
a key role in recovering aboveground carbon biomass in 
living woody species (Thong et al., 2020). The total carbon 
of living woody biomass ranged from 0.98 Mg ha-¹ in 5 
years of fallow to 142.58 Mg ha-¹ in 20 years of fallow. The 
recovery of aboveground carbon biomass in the oldest 
fallow area was 39% to 40% that of a mature forest, and the 
estimated time for the fallow to reach the level of a mature 
forest under the analyzed soil and climate conditions was 
approximately 40 years (Thong et al., 2020).

In Southeast Asia, Palm et al. (2005) observed that 
average aboveground carbon stocks decreased by about 90% 
when long fallow periods were reduced to 4 years. The soil’s 
organic carbon stock in permanent palm plantation sites 
was 0 to 40% lower than stocks in areas of traditional slash-
and-burn agriculture, with the greatest losses occurring in 
mechanically established palm plantations. Thus, conversion 
from slash-and-burn agriculture with rotation and fallow 
lands to continuous cropping systems causes substantial 
losses of aboveground carbon stocks and generally leads to 
a decline in their quality (Palm et al., 2005).

A research literature review by Ribeiro-Filho et al. (2013) 
conclusively showed that longer fallow periods allow not 
only the recovery of soil fertility but also the recovery under 
natural conditions of the soil’s organic carbon emitted into 
the atmosphere during the conversion phase. It should be 
noted that the necessary fallow period is directly related to 
the soil and climate conditions of each situation.

Final Considerations
The breadth of available research highlight the 

importance of many aspects of slash-and-burn agriculture 
with rotation and fallow lands as practiced in Indigenous 
Peoples and Local Communities’ traditional agricultural 
systems. Their agricultural logic has positive impacts on 
maintaining biological diversity and agrobiodiversity. 
It plays a significant role in restoring natural fertility, 
raising pH, the dynamics of nutrient cycling, and carbon 
accumulation. It also has an effect on soil erosion, shown 
to be less severe under such management when compared 
to conventional farming systems. Furthermore, this 
form of agriculture has proven its importance for these 
groups’ food and nutritional security, contributing to the 
formation of social relationships and cultural practices that 
are inseparable from the traditional agricultural systems 
where it is practiced.

The relationship between traditional slash-and-burn 
agriculture and biodiversity conservation is mainly due to 
the process of diversification of ecological niches associated 
with ecological succession, which regenerates the secondary 
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forest, along with species of flora and, consequently, fauna. 
It is significant that although certain groups of animals 
do not forage in fallow areas, they find their ecological 
niches in the complexity of the regional mosaic produced 
by human management. 

However, there are gaps in our knowledge of the role 
of important ecological processes in these environments, 
such as pollination and dispersal, which are critical for the 
establishment of plant species in these locations. We also 
underscore the importance of research on the effects of this 
agriculture on fauna, since such studies are rare. 

Slash-and-burn agriculture with rotation and fallow 
lands can play an important role in conserving agricultural 
species essential to the food and nutritional security of 
Indigenous Peoples and Local Communities in different 
parts of the world. Significantly, many of the traditional 
agriculture situations analyzed here have been replaced by 
monocultures and permanent crops, causing changes in the 
ways of life of communities and a reduction in the variety of 
species they raise. In other words, such shifts have negative 
impacts on agricultural and sociocultural diversity. On the 
other hand, public policies to conserve agrobiodiversity and 
its associated traditional knowledge have important roles 
to play in maintaining this agricultural approach.

The controlled use of fire is a central factor for managing 
these crops and is used during the mineralization phase 
of part of the chopped organic material, as an essential 
step to make arable the acidic and dystrophic soils so 
common in tropical areas of the planet. This is an ancient 
technique that still enables food production for Indigenous 
Peoples and Local Communities around the world. 
The marketing of such produce also contributes to food 
security in the regions where it is grown. Yet this practice 
has been banned by restrictive environmental regulations, 
leading to homogenized landscapes and reducing the supply 
of many different products from these agroecosystems. 

Research to date does indicate that longer fallow periods 
not only recover soil fertility but also allow for the recovery 
of the soil’s organic carbon, re-accumulated under natural 
conditions after having been emitted into the atmosphere 
during the conversion phase. The length of fallow is, 
therefore, the main predictor of carbon stocks and their 
rate of accumulation in secondary forests, since repeated 
burning and more intensive cultivation can extend the time 
required for this accumulation. On the other hand, crops can 
have negative effects on the climate when their cultivation 
is intensified and they start releasing more carbon gases.

Thus, in order to mitigate potential negative effects, 
crop management should provide enough fallow time to 
ensure a favorable carbon balance, as a strategy for carbon 
storage and for the necessary regeneration of forests. This 
also contributes directly to keeping the productive capacity 
of this agriculture synchronized with its natural cycles and 
elements (soil, biodiversity, and water). 

In turn, ensuring the proper fallow period for each soil 
and climate situation depends directly on the size of the area 
that a community needs to maintain the dynamic balance 
of its slash-and-burn agriculture with rotation and fallow 
lands on its ancestral lands. In other words, it is essential to 
maintain enough community land to be able to synchronize 
territorial management with the community’s underlying 
socio-ecological dynamics. Political and economic dynamics 
are therefore directly related to the sustainability of this 
traditional agriculture in each sociocultural and ecological 
context where it is practiced. This means that understanding 
and strengthening this agriculture and improving it with 
agroecological approaches, is more beneficial than simply 
criminalizing and/or diminishing its importance for these 
groups, for the conservation of agro-biodiversity and the 
delivery of agro-ecosystem services to society at large.
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