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Abstract  
Faced with the ongoing degradation of forest landscapes in the Amazon due to human 
activities, studies on forest recovery practices are increasingly relevant. An example of this 
dynamic occurs in the municipality of Irituia, in northeastern Pará, Brazilian Amazon, where 
there has been an increase in the scale of forest recovery resulting from the practices of 
family farmers. This article analyzes the influence of family farmers on the evolution of this 
process of landscape restoration. The research combines multiscale and temporal analyses, 
based on questionnaires, retrospective interviews, and direct observation with family 
farmers. Results indicate that changes in Irituia’s family farming systems are shaped by a 
variety of factors operating at different scales, both internal, such as family demands, and 
external, such as incentives from the Municipal Department of Agriculture. The transition 
temporary cultivation areas to natural regeneration, along with the replacement of pastures 
by agroforestry systems, has significantly contributed to local forest recovery. In addition, 
conservation practices have contributed to the maintenance of biodiversity. By incorporating 
these experiences into the debate on regional development, the study demonstrates that 
family farming in Irituia not only resists production homogenization driven by the expansion 
of agricultural and livestock commodities but also generates sustainable alternatives for land 
use. The originality of this case underscores the relevance of local experiences as a reference 
for public policies aimed at promoting socio-environmental sustainability in the Amazon. 
Keywords: Landscape trajectory. Amazonian agricultural systems. Rainforest. Family 
farming. 
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1 Introduction 

 
Tropical forests stand out among the most complex ecosystems in the world, 

as they have high biological diversity, provide numerous ecosystem services, and are 
highly relevant to global hydrological cycles (Almeida et al., 2022; Xavier et al. 2022; 
Araújo and Mourão, 2023). In this context, Brazil stands out for hosting 
approximately 67% of all global tropical forests in the Amazon biome (Imazon, 2009), 
accounting for 35% of total global carbon sequestration, according to Feitosa et al. 
(2023). 

However, the increasing degradation of these forest areas, due to the 
intensification of anthropogenic activities, has contributed to a scenario of great 
environmental destruction (Ribeiro, Melo, and Valente, 2020). The conversion of 
tropical forests to other land uses, mainly as a result of deforestation, is a real threat 
to biodiversity and the maintenance of global ecosystem services (Xavier et al., 2022; 
Precinoto et al., 2022). 

This scenario of environmental degradation cannot be understood in 
isolation, but must be linked to the broader economic dynamics that shape the 
Amazon. Furthermore, it is important to emphasize that the transformations of the 
Amazonian landscapes are part of a broader context of territorial dynamics linked to 
the expansion of agricultural and livestock commodity production, which promote 
processes of productive homogenization and a redefinition of economic forces 
across the state of Pará. Studies such as those by Escada, Amaral, and Fernandes 
(2023) and Costa (2013) show that the Amazon, and Pará in particular, has been 
shaped by such dynamics, often in contrast to the productive diversity of family 
farming. In this sense, Becker (2005) points out that the region’s subordinate 
insertion into the national and international economy limits the construction of local 
development alternatives. 

This perspective raises intense debates about the transformations of the 
landscape in the Amazon, especially those associated with the expansion of 
commodity-oriented agricultural systems, often related to the deforestation of 
tropical forests and considered crucial in landscape changes (Viana, Steward, and 
Richers, 2016). 

There is also a line of researchers who have been highlighting the emergence 
of a more sustainable outlook for the Amazon, based on family farming. Studies such 
as those by Carneiro and Navegantes-Alves (2019) have shown that certain traditional 
practices have been promoting forest recovery by family farmers on the scale of 
agricultural establishments in northeastern Pará, a region where, according to 
Cordeiro, Arbage, and Schwartz (2017), much of the original vegetation was 
devastated during the colonization process. 

In light of this scenario, it is worth highlighting the municipality of Irituia, 
located in the aforementioned mesoregion, which, according to Braga, Navegantes-
Alves, and Coudel (2020) and Santos (2024a), has gained prominence due to the 
increase in the scale of forest recovery in family farms, where the expansion of 
agroforestry systems has surpassed the traditional land use system (Monteiro; 
Oliveira, 2022). 
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Therefore, it is necessary to understand the changes that have taken place in 
these landscapes, seeking to understand the spatial and temporal patterns, their 
causes and consequences resulting from the complex interaction between human 
and natural systems (Amaral et al., 2022), as well as the potential influence of 
individual and localized practices on a broader spatial scale. From a broader 
perspective, Batistela and Moran (2005) emphasize that this understanding of the 
evolution and dynamics of landscapes is not only based on an understanding of past 
changes in land use, but also on multiple social and economic pathways, which, 
according to Rodriguez et al. (2004), are generally overlapping. 

Given the above, the following research question arises: How does the 
influence of family farms affect the dynamics of forest landscape recovery in Irituia, 
Pará? Therefore, this article aims to analyze how family farmers contribute to the 
evolution of forest landscape recovery in Irituia, Pará, considering the complex 
interaction between social, economic, and environmental factors that shape this 
process. 

 
2 Methodology 
 

2.1 Study area 
The study area comprises the municipality of Irituia (Figure 1), located in the 

state of Pará, Brazil, at approximately 01°46'16” S and 47°26’17” W. It belongs to the 
Guamá Microregion and the Northeastern Pará Mesoregion, covering an area of 
1,385.21 km². According to Semagri (2021), Irituia has 1,697 agricultural 
establishments, 91.69% of which are classified as smallholdings by Embrapa (2021), as 
they occupy an area of up to one fiscal module. 

In Irituia, the population density is 23.6 people per square kilometer, and there 
are 32,550 people in its territory (IBGE, 2021). According to the Population Census 
(2010), about 79% of the population lives in rural areas, which reinforces the 
agricultural identity of Irituia's residents (Sablayrolles; Assis, 2020). 

Figure 1 - Location Map of the Study Area 
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Source: Authors, 2024. 

This research focuses on family farms in Irituia to analyze the influence of 
these establishments on the trajectory of forest landscapes in the municipality of 
Irituia, using a systemic approach that allows for the analysis of phenomena at 
different levels and, consequently, promotes a better understanding of reality. 

2.2 Materials and methods 

To analyze deforestation and forest recovery trajectories at the family farm 
level, we employed a mixed-methods approach combining a semi-structured 
questionnaire (Melo & Bianchi, 2015; Pessôa, Ruckert & Ramires, 2017), the 
retrospective interview method (Navegantes-Alves et al., 2012), direct observation 
(Gerhardt & Silveira, 2009), and spatial analysis using remote sensing data (Hessel et 
al., 2012). 

Seventy-nine questionnaires were administered to family farmers throughout 
the municipality of Irituia between September and October 2021, as shown in Figure 
1, with the aim of investigating the individual factors at the establishment level that 
contributed to forest recovery on the properties and identifying the main changes in 
family farming establishments in the municipality of Irituia that contributed to the 
evolution of forest recovery trajectories. 

For a more accurate diagnosis, a retrospective analysis method was used to 
gather oral historical knowledge about the main events that led to changes in the 
landscape, observing the internal and external factors affecting family farms that 
influenced the trajectory of deforestation and forest recovery. This method was 
employed because it refers to the reconstruction of memories, facts, and historical 
events that occurred on farms and influenced certain activities (Navegantes-Alves et 
al., 2012). 

Based on the main types of forest landscape trajectories identified through 
the questionnaire applied to family farms (slash-and-burn cassava field to natural 
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regeneration (Type 01); pasture for agroforestry systems (Type 02), conservation 
(Type 03), six farmers were selected for the retrospective interview, two farmers for 
each type, thus tracing the trajectory of these farmers' production systems. 

In addition, the direct observation method was used to analyze changes in the 
forest landscape of agricultural establishments resulting from the evolution of 
production systems, with an emphasis on the trajectory of forest recovery. It should 
be noted that direct observation uses the senses to assimilate aspects of the reality 
under investigation (Gerhardt and Silveira, 2009). In this method, it is assumed that 
the “phenomena of interest are not purely historical in nature and are available for 
observation” (Yin, 2001, p.94). 

To add to the understanding of the forest recovery trajectory of agricultural 
establishments, spatial/temporal analyses were carried out of specific areas where 
family farmers claimed to have changed land use as a result of changes in the 
production system. For this analysis, one farmer was selected from each type of 
trajectory (01, 02, and 03) of forest landscapes. These were chosen because they had 
a Rural Environmental Registry (CAR) to facilitate the definition of the area where 
forest recovery occurs. In addition, the coordinates of the area were collected to 
provide a more accurate location during the analysis. 

For spatial analysis, we used the European Commission's Joint Research 
Center (JRC) dataset on forest cover change in Tropical Moist Forests (TMF), which 
“depicts the extent of TMF, disturbances related to deforestation and degradation, 
and post-deforestation recovery (or forest regeneration) through Landsat time 
series" (JRC, 2023), respecting the period highlighted by family farmers in 
retrospective interviews regarding changes in the production system. 

This method made it possible to highlight the perception of family farmers 
regarding the spatial evolution of their agricultural establishments and also how the 
spatialization of forest recovery in these establishments has been occurring over 
time. It is therefore worth highlighting the importance of remote sensing in 
environmental analyses, which is widely used to optimize fieldwork by monitoring 
changes in land use and land cover (Umeda et al., 2015; Rosa et al., 2020). 
 
3 Results and Discussions 
 

Based on the questionnaire, it was observed that 99% of the family farmers 
interviewed in the municipality of Irituia have some type of forest recovery on their 
properties, predominantly in two forms: natural regeneration, occurring on 49% of 
the properties of the family farmers interviewed, and agroforestry systems, present 
on 68% of these establishments. In addition, forest conservation practices were 
found to exist on 46% of these properties. 

The results reveal a remarkable adherence by family farmers in the 
municipality of Irituia to the implementation of practices aimed at forest recovery on 
their establishments. The presence of two predominant types (natural regeneration 
and agroforestry systems) highlights the diversity of approaches adopted by these 
farmers. 

These types of forest recovery identified in Irituia are common in the region, 
as explained by Carneiro and Navegantes-Alves (2019) and Oliveira Neto (2020), as 
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they are among the main forms of forest recovery carried out by family farmers in 
northeastern Pará. 

The natural regeneration observed in these establishments stands out as an 
element of utmost importance for forest recovery in the municipality of Irituia, since, 
according to Chazdon (2016), natural regeneration is capable of recovering the 
function and nutrient stock lost by the original forest ecosystem. It is worth noting 
that 49% of the family farmers interviewed expressed their intention to maintain 
these areas in the long term, beyond the fallow period—a practice used to restore 
vegetation over a period of approximately three to five years so that the soil can 
regain its productive capacity (Rego and Kato, 2018). 

The significant adoption of agroforestry systems (68%) by these farmers 
emerges as a fundamental component for forest recovery in the municipality. In fact, 
SAFs are an important tool for family farming, as they reconcile income generation 
with forest recovery, as explained by Rego and Kato (2018).  

However, according to Vasconcellos and Beltran (2018, p.204), for SAFs to be 
equivalent to natural forests, “proper planning is necessary regarding the species to 
be used, which must be appropriate to the local climate and have high plant density 
and diversity.” 

It is noteworthy that almost half of the properties (46%) incorporate 
conservation practices. It was also observed that practices related to conservation, 
natural regeneration, and SAFs are, in most cases, associated and occur 
simultaneously on the properties, contributing to forest growth in the landscape. In 
a municipality located in a region of early colonization, where there are few areas of 
primary forest due to the high rate of deforestation, as is the case in Irituia, the 
association between conservation practices and forest recovery is essential for 
forested areas to be maintained over time. 

Figure 2 shows the land uses that preceded forest recovery on the family 
farms analyzed: forest, slash-and-burn cassava field, agriculture and livestock 
(pasture), capoeira (secondary forest), and açaí monoculture. With regard to the 
forest, 17% claim to have removed the vegetation) to introduce agroforestry systems. 
As for the Capoeira (secondary forest), the farmers were unable to say what activity 
had been carried out on the site, as it predated their settlement in the area, with only 
secondary vegetation, referred to by them as Capoeirão, remaining in the area. As for 
the monoculture of açaí, this activity ended due to the death of the plants as a result 
of a prolonged drought that culminated in widespread burning in the municipality 
around 1985, as reported by the interviewees. 
Figure 2 - Sankey diagram representing forest recovery trajectories on family farms 

in Irituia. 
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Source: Authors, 2024. 

Within the diversity of trajectories, two groups stand out in terms of the main 
changes in the production systems of the establishments: i) farmers who cultivated 
cassava fields and decided to regenerate the area, which accounts for 72% of family 
farmers who practice natural regeneration, and ii) farmers who owned pastureland 
and introduced agroforestry systems, accounting for 33% of family farmers who own 
SAFs (Figure 2). 

3.1 Type of trajectory - 01: slash-and-burn farming to natural regeneration (49% of 
farmers). 

In forest recovery trajectory 01, farmers stop planting cassava fields 
(cultivated using the slash-and-burn system), enabling natural regeneration in a 
specific area of the establishment. These trajectories show two different situations: 
one where farmers are from the municipality of Irituia and another involving 
immigrant farmers, mainly from northeastern Brazil, which led farmers to settle on 
the property at different times, as shown in Figure 3. 

In these trajectories, both farmers native to Irituia and immigrants begin by 
clearing native forest or secondary forest (locally known as capoeira). The difference 
lies in the timing of these trajectories. In the oldest trajectories analyzed, around 
1960, the forest cover was cleared and replaced with fields of cassava, rice, corn, 
mallow, tobacco, among others, products that were also in high demand in the 
market at the time.  

During this period, commercially valuable timber was also harvested for sale 
as a means of supplementing family income. In more recent times, the area's 
vegetation cover has not consisted of primary forests, but rather secondary 
vegetation, which was generally removed to make way for slash-and-burn cassava 
and corn fields. It should be noted that despite the temporary nature of these 
activities, deforestation occurs for the same purpose: to generate economic 
resources for families. 

The conversion from farming to natural regeneration on the properties was, 
in many cases, directly related to crop failure in these areas, mainly linked to cassava 
rot disease—a highly destructive disease caused by different microorganisms, whose 
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occurrence is related to planting in poorly drained soils (Alves, 2020). Due to this 
problem, farmers chose to abandon the area, contributing to natural regeneration.  

Other factors that contributed to natural regeneration were family demand 
for timber resources for consumption. In addition, over time, the imposition of legal 
reserve areas and permanent preservation areas on properties, as established by Law 
12.651/2012, also known as the Forest Code, encouraged farmers to preserve these 
spaces. 

Figure 3 - Trajectory of the production system of family farmers who have natural 
regeneration on their properties. 

 
Source: Authors, 2024. 

In this process, the perception of the cause-and-effect relationship of 
deforestation, such as the decrease in water availability due to river droughts, played 
a fundamental role in changing farmers' perspectives and behavior, in addition to 
initiatives promoted by municipal agencies, such as the Municipal Secretariat of 
Agriculture (SEMAGRI), such as lectures and the promotion of exchanges in other 
municipalities, which contributed to broader awareness of the environment. 

It is worth noting that despite the existence of several initiatives to recover 
tropical forests, Poorter et al. (2021) state that these have the potential to regenerate 
naturally and quickly, without human interference, even on abandoned agricultural 
land, and have the capacity to contribute to restoration goals at local and global 
levels. 

Although it is important to emphasize that even if natural regeneration of 
landscapes occurs without direct or artificial intervention, its potential can be 
affected depending on the disturbance suffered by ecosystems, as extensive and 
intense actions on the soil contribute to the loss of its resilience (Arroyo-Rodríguez 
et al., 2017). 
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However, it is important to note that in both subtypes of trajectories 
presented, after initial deforestation, there was a single form of land use, “slash-and-
burn agriculture,” as illustrated in Figure 3. Even in the slash-and-burn system, 
changes in the area cannot be equated with the impacts of transformations resulting 
from intensive use, which presents a promising scenario for forest recovery. 

It is also worth noting that 95% of farmers with areas of natural regeneration 
consume some product derived from these spaces, and 74% of them sell them. 
Among the products harvested are tucumã (Astrocaryum aculeatum), native açaí 
(Euterpe oleracea), bacaba (Oenocarpus bacaba), piquiá (Caryocar brasiliense), 
honey, including medicinal products, among others. These data emphasize the 
significant importance of these areas both for food provision and for generating 
income for family farmers. 

3.2 Type of trajectory - 02: pasture for agroforestry systems (68% of farmers) 

Trajectory 02 of forest recovery starts with the transition from pasture to 
agroforestry systems. In this trajectory, the interviewees are immigrants with 
different lengths of time settled in the establishment: 

Farmers in trajectory 02 (Figure 4), like most residents of Irituia, began using 
the land by clearing either secondary vegetation or primary forests to grow corn (Zea 
mays), rice (Oryza sativa), cassava (Manihot esculenta), tobacco (Nicoatiana tabacum), 
and cotton (Gossypium hirsutum L) to obtain income and food for their families. They 
report that the commercially valuable wood in these areas was sold to sawmills. 

Around the 2000s, farmers introduced livestock farming on their properties 
with the support of the National Program for Strengthening Family Agriculture 
(PRONAF), either to improve their livelihoods or because they were unsuccessful in 
growing cassava. However, the expansion of livestock farming became a major driver 
of deforestation on farms. This activity did not remain on family farms for long, 
however, as about a decade after the start of livestock farming, most farmers began 
to reduce their pasture areas. The decision to reduce or abandon cattle raising 
stemmed from a combination of factors, such as: lack of financial conditions to 
maintain the activity; the task became very tiring due to the distance of the pasture 
areas from the residence; the loss of labor due to the emigration of children to the 
cities, which destabilizes the family production system and constitutes such an 
important and sudden change that it requires a restructuring of activities. 

Starting in 2009, the Municipal Secretariat of Agriculture of Irituia (Semagri) 
promoted incentives for the implementation of agroforestry systems through 
seedling donations, collective efforts, and exchanges in the municipality of Tomé-
Açu, which is recognized as a benchmark in agroforestry systems (Homma, 1998). 
These initiatives contributed to farmers' adherence to the implementation of SAFs in 
Irituia, as shown in Figure 4. However, there was also a historical context favorable 
to the implementation of more market-oriented SAFs, as there was a strong tradition 
of diversified production in Irituia through agroforestry backyards, which were more 
focused on family consumption and well-being. 

Figure 4 - Trajectory of the production system of Irituia family farmers type 02 - 
Pasture for Agroforestry Systems. 
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Source: Authors, 2024. 

In trajectory 02, it can be observed that, as in trajectory 01, the family is the 
determining factor for any activity implemented in the establishments and for 
decisions regarding changes made over time. Thus, the activities carried out on the 
properties are directly focused on the internal needs of the family group. 

However, it is clear that, unlike natural regeneration, the implementation of 
agroforestry systems is strongly supported by incentives, whether from social 
organizations, through associations and cooperatives, or from government 
institutions, such as Semagri, through exchanges and seedling donations.  

This view is also confirmed by Braga, Navegantes-Alves, and Coudel (2020, p. 
01), whose research on the transformations in agroforestry systems in the 
municipality of Irituia found that “local public incentives were the main precursors to 
the consolidation of SAFs within family production systems.” 

As reported by several authors (Oliveira, 2006), (Braga, Navegantes-Alves, 
and Coudel, 2020), (Santos, 2021), (Quadros et al., 2023), the municipality of Irituia 
has historically had a traditional relationship with backyard farming systems, an 
activity connected to SAFs, considering backyards as the gateway to these systems. 
However, what we observe is the occurrence of an “impulse” for these systems to 
expand agroforestry backyards into a production system covering other areas of the 
property and aimed at both consumption and the sale of surplus. 

Thus, the agroforestry systems implemented by these farmers show great 
potential for forest recovery, with several successful experiences observed 
throughout Brazil, as reported by Felipe et al. (2023). In family farming, forest 
recovery through agroforestry is even more promising because, in addition to 
enabling the recovery of degraded areas and providing countless ecosystem services, 
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it contributes to generating income and food sovereignty for families. Additionally, it 
is worth noting that agroforestry systems are recognized by the Forest Code (Law 
No. 12,651/2012) as a method for restoring degraded areas and recomposing Legal 
Reserves, which reinforces their legitimacy as a sustainable and legally accepted 
alternative in the Brazilian context. 

In this regard, it should be noted that 93% of products from agroforestry 
systems (SAFs) are intended for household consumption, while 33% obtain income 
through the sale of products such as cocoa (Theobroma cacao), açaí (Euterpe 
oleracea), cupuaçu (Theobroma grandiflorum), banana (Musa spp.), pupunha 
(Bactris gasipaes), among others. The low commercialization rate is associated with 
the age range of the systems (1 to 3 years old) at the time of the field research, when 
most species were still in vegetative growth, and production, when obtained, was 
mainly directed towards household consumption. 

3.3 Type of trajectory - 03: conservation (46% of farmers) 

 Farmers who fall under trajectory type 03, i.e., those who have forest 
conservation areas, are natives of Irituia and have always lived on the property. These 
areas, in their entirety, have no record of previous degradation and are presented in 
this study as native forests. 

The forest conservation trajectories observed in this study originate mainly 
from a practice consolidated in family heritage, since, since their parents' time, there 
has always been a concern to conserve areas of the establishment, especially for the 
protection of rivers. Throughout the history of these establishments, there have been 
some disturbances in the areas, mainly due to two events: a) the opening of local 
roads around the 1980s, when a lot of wood was removed for the construction of 
these roads, and b) the construction of bridges to access the new local roads, in 
which farmers donated a tree to the city government, but the city government 
removed others without their consent. It should be noted that, during this period, 
the government did not show concern for conservation; on the contrary, it exhibited 
an attitude geared toward deforestation. 

Additionally, appreciation for nature was indicated as a strong motivator for 
forest conservation, with the same meaning observed by Carneiro and Navegantes-
Alves (2019, p. 46) regarding the motivations for restoring forests on family farms in 
northeastern Pará, where forests are valued “as a source of exuberant natural beauty 
and ideal for contemplation.” For Fearnside (2021), this intrinsic value of Amazonian 
biodiversity is key to the conservation of Amazonian ecosystems. 

It should be noted that many farmers choose to conserve certain areas on 
their properties in order to also have access to wood when necessary, especially for 
the construction and maintenance of their homes. Therefore, by preserving these 
areas, farmers ensure access to natural resources that are essential for their daily 
activities. 

Off-property income options and property size were decisive factors in the 
conservation of these areas. Work outside the property contributed to the longevity 
of these forests, as there was no financial need or even labor to work these areas. 
The size of the property contributed to the choice of where to work, with areas of 
dry land being most sought after, mainly for cassava cultivation, reducing 
deforestation in lower areas with a higher concentration of native forests. 
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In trajectory 03, farmers report that disturbances such as the removal of 
timber plants occurred in conservation areas, but not for income, but for the benefit 
of the community, with no mention of the sale of wood for any purpose. Studies 
conducted by Noda and Noda (2003) in the Amazon suggest that traditional 
agriculture has contributed to the conservation of forest resources, helping to 
preserve genetic resources. 

Santos (2024a) highlights that, in the municipality of Irituia, between 1990 and 
2020, there was a significant 38% reduction in untouched (native) forest cover, which 
initially accounted for 53%, leaving only about 15% remaining in 2020. Of this 15%, 
approximately 10% is located within family farming areas (Santos, 2024b). 

The conservation practices carried out by farmers in Irituia are important 
because, according to Mackey et al. (2020), primary tropical forests store, on 
average, 35% more carbon than production forests (a term used for forests planted 
for timber extraction), and their older plants provide longer and more stable carbon 
residence times. 

It is also noteworthy that among the total number of farmers interviewed, 46% 
have conserved areas on their properties. Of these, 65% maintain a relationship with 
nature conservation that allows them to live harmoniously with the forest. They 
consume forest products, including Brazil nuts (Bertholletia excelsa), native açaí 
(Euterpe oleracea), wood, andiroba (Carapa guianensis), patauá (Oenocarpus bataua), 
taperebá (Spondias mombin), medicinal products, among others. Approximately 35% 
of these farmers also sell these products. Thus, in addition to playing a fundamental 
role in the protection and preservation of natural ecosystems and the promotion of 
biodiversity, forests help meet food demand and increase the income of these 
farmers. 

3.4 Trajectory of forest landscapes on family farms 

In this analysis, we investigated whether the changes in production systems 
reported in the retrospective interviews are reflected on a landscape scale. Thus, 
based on spatial analyses of classified JRC images, figure 5 aims to show the 
trajectory of the forest landscape of three properties: the first referring to group 1: 
trajectory of cultivation/natural regeneration; the second referring to group 2: 
trajectory of pasture/agroforestry system; and the third relating to group 3: forest 
conservation. 

Figure 05 - Trajectories of forest landscapes in areas undergoing forest 
recovery and conservation on family farms in Irituia. 
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Source: Authors, 2024. 

In the first trajectory (slash-and-burn farming /natural regeneration), the area 
had already been deforested previously, as shown in Figure 5 (a). It should be noted 
that this practice was common in the region, characteristic of a history of 
colonization. After the family settled on the property, the remaining vegetation was 
removed. Only after 2010 was natural regeneration deliberate in the area, with a 
significant change in the forest landscape in the establishment area in 2020, when 
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forest restoration was highlighted through the forest recovery process in the area 
resulting from natural regeneration. 

In the second trajectory, Figure 5(b), it can be seen that, as reported by the 
farmer, there was still forest vegetation in part of the analyzed area until the 1990s. 
It should be noted that even though the farmer referred to the existing vegetation 
as “capoeirão”, as secondary forests in an advanced stage of succession, over 20 
years old, resulting from a natural regeneration process (Salomão et al., 2012) are 
locally called, it still had a structure that resembled a primary forest.  

Subsequently, this area was cleared for the introduction of cassava 
cultivation, followed by the establishment of pasture for cattle breeding. Around 
2012, the implementation of the agroforestry system began, with a notable change 
in the deforestation class due to the recovery of the area, resulting from forest 
regrowth following the implementation of agroforestry systems. 

In the third trajectory, Figure 5(c), referring to forest conservation, it can be 
seen that there was disturbance in the area of untouched forest, with a visible 
increase over the years, rather than something that occurred at a specific point in 
time. However, despite the change from untouched forest to degraded forest in 
some specific locations, the vegetation remained well structured during the 30 years 
analyzed. 

The removal of some trees for the construction of non-profit branch bridges 
was reported between 1990 and 2000, when these plants were donated to the city 
government in view of the need for traffic in the region. In addition, after this period, 
some trees were used in the construction of residences. It is worth emphasizing the 
importance of the efforts of farmers who still have primary forests on their property, 
going against the dominant forces that drive deforestation. These farmers play an 
active role in protecting the forests on their properties, including against accidental 
or deliberate burning.  

It is noteworthy that changes in the production practices of the farmers 
analyzed have played a significant role in the forest recovery of their properties, a 
trajectory shared by several other farmers in the municipality who, through different 
paths, have led Irituia to a privileged position in terms of forest recovery. However, 
in most cases, these farmers are not fully aware of how their local practices impact 
the environment not only at the municipal level but also at the regional level, as 
reported by Santos (2024b), and they are not recognized or valued for these 
practices. 

It is crucial to emphasize that these forest recovery practices rarely occur in 
isolation on family farms. In most cases, they are intertwined and complement each 
other, so that one practice often paves the way for the adoption of another. 
According to Carneiro and Navegantes-Alves (2019), the types of forest recovery 
coexist on family farms in this region and may migrate from one type to another at 
any given time. 

This reality becomes even more relevant when placed within the context of 
the debate on regional development. While the expansion of commodities in the 
Amazon has been associated with productive homogenization, land concentration, 
and pressure for deforestation, the trajectories analyzed in Irituia reveal an 
alternative path based on species diversity, with an emphasis on species native to the 
Amazon, and on the leading role of local family farmers. By promoting natural 
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regeneration practices, agroforestry systems, and conservation, these farmers 
demonstrate how local strategies can contribute not only to forest recovery but also 
to more sustainable, diverse, and inclusive regional development. 

It is essential to emphasize the importance of forest recovery in transforming 
landscapes degraded by activities that contribute to deforestation. Although there 
are numerous public and private initiatives that support these practices, it is 
important to note that there are fewer incentives and less support for forest 
conservation. In this scenario, the proposal for “zero deforestation” takes on 
significant relevance, as emphasized by Vieira, Silva, and Toledo (2005), in which the 
adoption of the zero deforestation principle in the Amazon plays a crucial role in 
mitigating the loss of natural resources and promoting sustainable development in 
the region. 

In the context of agricultural establishments, new carbon market 
opportunities stand out as an initiative to enhance and collaborate with these forest 
restoration practices. In this sense, according to Souza (2023), the state of Pará has 
enormous potential for generating carbon credits. Considering that a large part of 
the extractive products from forest regeneration and conserved areas is currently 
destined for consumption, initiatives related to the carbon market have the potential 
to substantially increase the income of family farmers and, consequently, expand 
areas of forest recovery, whether through natural regeneration, agroforestry 
systems, or conservation practices. 

 
4 Conclusion 

 

The study showed how the trajectories of certain areas of family farms have 
impacted the current forest landscape of Irituia through the restoration and 
conservation of forest areas on the properties, leading to an increase in forested 
areas at the municipal level. 

Changes in the production systems of these family farmers in Irituia play a key 
role in the dynamics of forest landscape recovery on farms. This is due to the 
interaction of a variety of internal and external factors operating on multiple scales, 
ranging from the family level to the regional context. 

These factors, manifested over time, have contributed to the recovery of the 
forest landscape in the municipality through natural regeneration and the adoption 
of agroforestry systems, with conservation practices also acting as an ally in the 
preservation of biodiversity. 

The results of this study highlight that natural regeneration is more prevalent 
in previously abandoned areas, meaning that forest resilience is a crucial factor in this 
process. The intervention of family farmers focused mainly on the decision to allow 
the area to recover naturally, without disturbance, reflecting not only a decision but 
also a conscious strategy to protect water resources and ensure timber resources for 
future use. 

With regard to agroforests as a form of forest recovery, they demonstrate the 
need for external incentives for families, although agroforestry backyards serve as a 
starting point for these systems to expand. We found that initiatives endogenous to 
local communities and municipal incentives (donation of seedlings, collective efforts, 
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and exchanges) played a decisive role in the consolidation of agroforestry systems by 
family farmers in Irituia. 

On the other hand, in the context of conservation practices, we observed that 
the motivation to maintain forest areas on family properties is mainly internal, based 
on the family's own interest and appreciation for nature. In contrast, disturbances to 
the forest in these areas were mainly driven by public investments (bridge 
construction/trafficability). 

In analyzing landscape trajectories through changes in forest cover, using 
classified images, there is a significant occurrence of forest restoration in the 
establishments, attributed to changes in production systems. It is also important to 
highlight the need to provide additional incentives to stimulate and expand these 
recovery practices, as well as to support conservation, which plays an extremely 
important role, especially in the pursuit of zero deforestation and the enhancement 
of environmental services, since these practices rarely occur in isolation on 
Amazonian family farms. These results point to the importance of understanding 
forest restoration not only on a local scale, but also in the broader context of the 
debate on regional development, in which commodity-based land use models are 
contrasted with sustainable alternatives associated with family farming. 

Finally, it should be noted that landscape recovery in the trajectories of the 
family farms studied does not occur immediately, as it took 10 to 20 years to begin 
restoring the landscapes analyzed. In addition, these actions occur in small, scattered 
areas on each property, making it difficult to identify them accurately using low-
resolution satellite images. This suggests the use of more detailed sensors for future 
analyses, since on-site visits more clearly show the positive impacts on the landscape 
generated by the individual and collective actions of family farmers in Irituia. Thus, 
the Irituia experience demonstrates that forest recovery, by articulating 
environmental conservation and the social reproduction of family farming, can 
contribute to more sustainable, diverse, and inclusive regional development. 
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