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This study selected nine plant species that presented resilient behavior to environments classified
as difficult areas for vegetal recovery in constructed soils after bauxite mining, due to low
nutrients availability, which are necessary for the plant development. The selected species are
native from the amazon biome and are produced in Hydro Paragominas’ nursery. Hydro
Paragominas is part of the Norsky Hydro group, located at the municipality of Paragominas, state
of Para, North Brazil. In this bauxite mine, forest recovery over mined areas is performed since
2009. The work aims to implement natural mimetics by starting ecological succession in the
environment where natural regeneration will be induced, or selected species will be planted. In
2020, by applying literature criteria based on the species ecological group, for the classification
of pioneer species through interactive data visualization software product developed by
Microsoft, it was possible to select species produced in Hydro Paragominas’ nursery. On field
observation was held to verify areas rehabilitated from 2009 to 2014, where those species were
planted or had grown spontaneously through natural regeneration. Amongst 63 species listed on
Power BI, nine pioneer species from the Amazon region, were selected: Parkia platycephala
Benth, Inga edulis Mart, Inga laurina (Sw.) Willd, Inga alba (Sw.) Willd., Hymenaea courbaril
L., Clitoria fairchildiana R.A. Howard, Byrsonima verbascifolia (L.) DC., Byrsonima crispa
A.Juss., Cecropia pachystachya Trécul. This study suggests the larger seedlings production of the
nine species selected for the plantation on areas yet to recover, which will help preventing
leaching and erosion processes in rehabilitated areas.

Keywords: Mined areas rehabilitation, Pioneer species, Nutrient deficient areas, Bauxite mining,
Rehabilitation of degraded areas.

1. Introduction

As humanity evolves with the help of scientific research and technology, geological knowledge
advances with discoveries of new mineral deposits. These discoveries have a positive influence
on Brazil's economy promoting industrial advance [1]. About 80 minerals are mined in Brazil,
attending both domestic and foreign markets [2].

Currently, 11 substances are responsible for 99.7% of the sector production value, as in: aluminum
(bauxite), copper, chromium, tin, iron, manganese, niobium, nickel, gold, vanadium, and zinc [1].
The combined production reached the value of 193.5 billion reais in 2020. The Brazilian
Aluminum Association - ABAL [3] carried out a survey on the world’s consumption of domestic
aluminum, founding out a significant increase of 1,583.9 thousand tons; this amount represents a
raise in 10.9% compared to 2020 and is now recorded as the largest volume in market research
history, since in 1972. Brazil occupies the 4™ position among the world's largest producers of
bauxite, 3 position in largest mineral reserve and 3" place among the largest alumina producers
[4]. Besides, Brazil hosts high-quality bauxite deposits [5].
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The State of Para stands out for locating 90% of the bauxite deposits in Brazil (Pinheiro et al.
2016). Paragominas and Juruti are the municipalities that have the largest bauxite deposits in Para

[1].

As much as the mining sector contributes positively to Brazil's economic balance, mining
companies are not exempt from legal obligations. Legislation has been improving; for example,
mining projects are obliged to submit its Mine Closure Plan during the licensing process,
including a rehabilitation plan for degraded area [6].

According to Law No. 6,938 of 1981 that established the National Environmental Policy [7], the
interested party is responsible to provide adequate indemnification (when suitable) and to
rehabilitate the altered area. Decree No. 97.632/1989 also determines that “Rehabilitation shall
aim the return of the degraded site to a functional form, in accordance with a pre-established
plan for land use, to achieve environmental stability” [8].

Environmental recovery is a multidisciplinary process that aims to achieve excellence and
aggregate knowledge in Ecology, Forestry, Soil Science, Economics and Social Sciences, among
others [9]. As practices for mined areas rehabilitation, the most used techniques are No-till with
fast growing native tree species and Natural Regeneration [10]. The possibility of selecting
species, by the no-tillage method of seedlings, is a fundamental factor for ecological restoration
practices, which is an enabler for including species from different ecological groups and
conservation status [11].

Located in the State of Para, Brazil, Hydro Paragominas started to execute its Degraded Areas
Recovery Plan (PRAD) in 2009, following the guidelines defined on the company’s
Environmental Impact Assessment (EIA) [12]. Reforestation techniques were resumed in
traditional planting and natural regeneration induction, and in 2013 the company started to
perform a third technique named as nucleation.

To improve rehabilitation practices, in 2020, a study was conducted aiming to select the most
successful species that were found in the rehabilitated areas, focusing on the patches with poor
vegetation cover. Species selection is a fundamental factor capable to determine multiples
outcomes; in this way, it is important to consider the possibilities of different ecological groups
and conservation status [11]. The results are meant to determine in which species the investments
in seedling production should be directed, since those species would have high potential to favor
the advance of the forest succession process in environments with low availability of nutrients,
such as constructed soils after bauxite mining.

2. Experimental

The work was carried out in Paragominas, northeast region of Para [13], at Hydro Paragominas’
site (3° 15' 38"S and 47° 43' 28" W). The soil is characterized by a predominance of Dystrophic
Yellow Latosol, medium to very clayey texture, according to the soil classification [13]. The
Dystrophic Yellow Latosol are soils of low fertility (naturally), low cation exchange capacity -
CTC and low levels of base saturation [15]. In addition, the soil presents high weathering, they
are deep, drained soils, with very low natural fertility. It has a subsurface described as a thick
horizon B latosol, with low content of easily alterable primary minerals [16].

In 2020, Hydro Paragominas carried out a quality assessment on 1,363.28 ha of rehabilitation
areas, whose reforestation techniques were applied between 2009 and 2014. Of this total, using
the Normalized Difference Vegetation Index - NDVI1 in satellite image, were identified 170.79 ha
with poor vegetation cover and/or presence of exposed soil [17] (Figures 1 and 2).
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