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ABSTRACT

The Atlantic Forest has a history of agricultural occupation and expansion that changed the original ecosystem,
increase loss of native vegetation and degraded areas. By adopting low-carbon technologies, producers can
promote food security and contribute to mitigate climate change. This type of technology is practicable through
projects such as Sustainable Rural. The success of this type of project is related to the appropriate choice of
species for different environmental conditions. Thus, the objective of this work was to identify, from trained
specialists and rural producers, the main species for implantation of different low-carbon technologies in the
Atlantic Forest, being: Agroforestry Systems (AFS), Recovery of Degraded Area with Pasture (RDAP),
Recovery of Degraded Area with Forest (RDAF), Forest Planting (FP) and Management of Native Forest
(MNF). 2,020 properties were supported with the technologies, and 376 species of interest were identified.
The RDAF and MNF had the greatest diversity of species group. AFS and RDAP concentrated on one main
species, Theobroma cacao and Avena spp. respectively. Thus, it is found a listing of species with potential for
projects with different low-carbon technologies in the Atlantic Forest, which are adapted to the local market
and with economic and environmental benefits.
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INTRODUCTION

The Atlantic Forest is an important biome for Brazil, both for being a biodiversity hotspot and for the
economic and social function of the region. It is the most populous biome in the country, with 145
million inhabitants (72% of the population), occupying more than 1.3 million km? in 17 states (SOS
Mata Atlantica, 2019). Despite this, due to its history of agricultural occupation and expansion, there
are still continuous trends of alteration of the original ecosystem, marked by deforestation and the
degradation of areas (ALVES-PINTO et al., 2017).

After centuries of exploration, only 12.4% of the native vegetation of this biome remains intact, in
the form of small forest fragments isolated in the highly anthropized landscapes (SOS MATA
ATLANTICA, 2019). Therefore, sustainable land use is essential to overcome many sustainability
challenges, rural poverty, food security, water use, ecosystem degradation, loss of biodiversity and
climate change (ALVES-PINTO et al., 2017; FAO, 2014).
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Rural producers can contribute to food security and mitigate climate change, through forest
restoration and the adoption of low-carbon technologies with the sustainable intensification of their
production (SAGASTUY and KRAUSE, 2019).

There is a need to disseminate the benefits of low-carbon technologies, such as the provision of
ecosystem services, so that investors and decision makers can support projects aimed at implementing
those systems on rural properties (SILVA et al.,, 2018). An example of those projects is the
Sustainable Rural, carried out in the Amazon and the Atlantic Forest, with the aim of promoting the
adoption of low-carbon technologies, through technical assistance, financial incentives and training
for rural producers, selection of species and appropriate technologies (ASSAD et al., 2019).

Although there are several studies on the economic and environmental benefits of low-carbon
technologies (CARRER et al., 2020), few report the species implanted in these systems, as a way of
directing technical assistants and rural producers at the time of choice.

Thus, the creation of a species database can accelerate the success of these projects, especially when
the choice is made by specialists, whose training allows the choice of species under different
environmental conditions, increasing the success of programs when selecting most suitable species.

In this sense, species were identified for implantation in different low-carbon technologies in the
Atlantic Forest, from trained specialists and rural producers.

MATERIAL AND METHODS

The study area is based on the Phase | Sustainable Rural Project (PRS I) carried out with rural
producers in the Brazilian Atlantic Forest biome, in 40 municipalities in four states: Minas Gerais,
Bahia, Parana and Rio Grande do Sul. Details of the project can be checked on the website http://mata-
atlantica-amazonia.ruralsustentavel.org/ and in the book by Assad et al. (2019).

One of the actions of the project was to identify, support and financially encourage the
implementation of low-carbon technology in properties of small (modules less than or equal to 4) and
medium (modules between 4 and 15) rural producers. Fiscal module is a unit of measure, in hectares
(ha), which the value is fixed for each municipality, taking into account several factors, such as the
type and income of predominant activity and others. The supported technologies were: Agroforestry
Systems (AFS); Recovery of Degraded Areas with Pasture (RDAP); Recovery of Degraded Areas
with Forest (RDAF); Plantation of Commercial Forests (FP) and; Sustainable Management of Native
Forests (MNF). Each producer could choose the technology that would be best for their reality, being
able to choose the implementation of more than one.

It contemplated 2,020 properties, and the main species of interest for implementation for each
technology (AFS, RDAP, RDAF, FP and MNF) were identified according to the purpose of the
producer. This choice was made through a participatory methodology, based on the scientific
knowledge of Technical Assistance Agents (TAA) trained in low-carbon technology by the PRS team
and the perception of the producer involved. Taking into account their knowledge, local market,
resources available on the property for proper management and economic and environmental benefits.

It was made a list of species or group of species with the highest frequency for each technology, then,
a chi-square analysis was performed to check the significance through the p-value using the R-
software.

RESULTS AND DISCUSSIONS

With the project's actions, 2,488 interventions were carried out with the implementation of the AFS,
RDAP, RDAF, FP and MNF technologies. But the total of properties were 2,020, thus, the same
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producer could implement more than one low-carbon technology in his property, in a total area of
10,010 hectares.

The total number of species chosen in all the five technologies was 376, and the main species or group
of species most frequently presented in Table 1, which did not present a significant difference (p-

value> 0.05) between them.

Table 1. Main species and purposes for the different technologies of the Atlantic Forest biome.

Technology Species Frequency Purpose
AFS
Theobroma cacao 859 Almond Seed
p-value < 2.2e-16
RDAP
Avena spp. 203 Dairy Cattle Pasture
p-value < 2.2e-16
Cedrela spp. 59 Timber Protection and PPA recovery
Inga Mill. 56 Enwronme_ntal Reforestation
conservation
Swietenia macrophylla 56 Timber Protection and PPA recovery
Theobroma grandiflorum 55 Fruit Reforestation
Eucalyptus spp. 54 Timber -
RDAF Tabebuia spp. 43 Timber Environmental conservation
p-value = 0.08699 Anadenanthera spp. 40 Timber Reforestation
Paubrasilia echinata Lam. 39 Protection and PPA Timber
recovery
Persea spp. 39 Fruit Protection and PPA recovery
Hymenaea courbaril 38 Enwronme_ntal Timber
conservation
Spondias mombin L. 38 Fruit Protection and PPA recovery
FP Eucalyptus spp. 28 Timber -
p-value = 0.1011 Syzygium aromaticum 17 Seed Grains
Anadenanthera spp. 38 Beekeeping Timber
Eugenia spp. 38 Fruit Seed
MNF
Campomanesia spp. 36 Fruit Beekeeping
p-value = 0.2019
Araucaria angustifolia 27 Seed Fruit
llex paraguariensis 23 Fruit Timber

In the AFSs, it was verified that cacao (Theobroma cacao) was the most representative species, being
chosen from 859 properties, for the personal use or trade of the fruit and seed (Table 1). The
cultivation of oats (Avena spp.) was widely indicated as forage for RDAP, being represented by 203
producers to pastures formation, mainly for dairy cattle.
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The cacao tree is generally used in agroforestry systems shaded with other perennial and annual crops,
and the fruit, seed or wood can be commercialized (SOMARRIBA and BEER, 2011). This species
can store high amounts of carbon in its biomass, and carbon credits can be sold (SOMARRIBA et al.,
2013), if the carbon market policy becomes strengthened.

The Avena spp. is a species widely used for animal feed, especially in the dry season (winter), as it is
an alternative to improve the cattle productivity, mainly in southern Brazil (PEREIRA et al., 2020).
Supplementation with oat silage is also an alternative when the pasture dry mass productivity is
limited and to conserve pasture conditions in the dry season (BURBANO-MUNOZ et al., 2018).

The two species most used in FP were eucalypts for timber purposes and the clove tree of India
(Syzygium aromaticum) for the commercialization of its seeds. In RDAF, the group of significant
species was more heterogeneous when compared to other technologies, presenting a greater variety.
The purposes were diverse too, including wood and fruit, but the main objective was environmental
conservation, recovery and protection of Permanent Preservation Areas (PPA).

As in FP, eucalypts (Eucalyptus spp.) were one of the most chosen species in RDAF (Table 1). With
the RDAF technology it is possible to restore areas, with the establishment of new forest plantations
in an already open, unproductive, and degraded areas (BRANCALION et al., 2014). The mixed
planting of native forest species is efficient for the recovery of degraded areas, mainly with regard to
the accumulation of biomass and carbon stock (SOUZA et al., 2020).

Cedar and Ipe were also species used by producers to recover degraded areas with FP. In a study in
the Atlantic Forest, it was observed that these species Cedrela fissilis and Tabebuia impetiginosa
obtained positive responses to fertilization and pest management, promoting positive impacts on the
recovery of degraded areas (CAMPOE et al., 2014). It is important to use forest species for the
protection and recovery of headsprings and PPA areas for the environmental regularization of
properties, and species such as Inga and Angico (Anadenanthera spp.), can be used to this purpose,
mainly because of their rusticity (BAGGIO et al., 2013).

On the other hand, eucalypts can serve as a “savings account” due to the commercialization of wood,
because this forest species is capable of producing woody biomass quickly and on a large scale
(MCMAHON et al., 2019). Eucalyptus productivity in Brazil increased as a result of intensified
management, improved cultivation practices and the development of fast-growing genotypes
(BINKLEY etal., 2017).

In the MNF, the species that stood out, had the purpose of beekeeping, fruits, seeds and wood. Species
such as Angico (Anadenanthera spp.) and Guabiroba (Campomanesia spp.) were used for
beekeeping, and araucaria (Araucaria angustifolia) for the extraction of their seeds. Others were
fructiferous trees, making economic exploitation by the producer possible through the sustainable
management of the native forest (Table 1).

The MNF aims to produce material and immaterial goods constantly and continuously over time, with
economic benefits for producers and society, allowing to conserve forests and achieve sustainable
exploitation (ANDRAE et al., 2018). Araucaria angustifolia was one of the native species most used
by the project's producers, which is widely exploited in the states of the southern region of Brazil,
due to its excellent technological and ecological value, with the commercialization of its seeds
(FIGUEIREDO FILHO et al., 2011).

In addition, in the MNF there is the possibility of the sustainable exploitation of fruit trees, as in the
case of Eugenia brasiliensis, which allows the commercialization of its fruit (LAZARINI et al.,
2018). The availability of food and the sustainable use of natural resources are two inseparable themes
in the focus of traditional and contemporary societies. That is why rural producers in some regions of
the Atlantic Forest consume and commercialize their native fruits, such as pitanga (Eugenia spp.) and
guabiroba (Campomanesia spp.) (SOUZA et al., 2018).
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CONCLUSIONS

It was found 376 species in the 2,488 implanted technologies in more than 10 thousand hectares in
the Atlantic Forest biome. It was possible to obtain a list of species with high potential for projects
with low-carbon technologies in the Brazilian Atlantic Forest. Those species are adapted to the local
market and available for the small and medium producers. When using proper management, those
species can bring economical and environmental benefits.
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