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Here we present the results of the reforestation project in degraded areas of the Tarumá-Açu 

Watershed and the estimation of the CO fixation for the reduction of greenhouse gas 

emissions during the 20-year period. For each species analyzed after planting, during the 

period 2015-2019, the method used was participatory observation, where those involved 

analyzed the data in loco, recording, through photos, the development of seedlings in terms 

of growth, mortality and survival in order to replace the dead with others that could carry 

out the functions of environmental protection and minimize the degradation process of the 

area. It can be said that the management of the process was necessary due to the climatic 

changes that occur during the year, since the monitoring of the species occurred in March, 

the rainy season and August, the summer season, or different periods: complete and dry. 

The observation was part of the whole process, from the moment of requesting the seedlings 

to replace the dead ones, analyzing those that have a higher survival rate and those that need 

a closer monitoring, due to the mortality rate. The growth, mortality and survival rates of 

the species are highly variable. Each species has different characteristics, therefore, the data 

found present different percentages for species planted in the same area, either lowlands or 

igapó. In 5 years of topography of the species and data, it can be said that the plants gradually 

adapt to the adversities of the soil and climate. Planting seedlings in the field should 

preferably be carried out after 30 days of preparation of the pits. The planting procedure is 

the same as described above, needing to remove the package containing the seedling and 

only then insert it into the well. The pit is then closed with the soil pressing it, so that there 

is more contact between the seedling substrate and the soil. As a result of the first step of 

the experimental methodology, with the participation of the community, students and 

volunteers, a brochure on how to care for the environment was distributed free of charge, 

illustrated by the Amazonian fauna, existing in the area, in schools and the community, at 

the end of each conference on environmental education. 
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I. INTRODUCTION 

The Tarumã-Açu-BHT Hydrographic Basin is located on 

the west side of the municipality of Manaus. Since the 1950s, it has 

been occupied by farmers and later by extractivists, with a great 

urban expansion, generating real estate speculation in the area. The 

high demand for occupancy by the middle and upper classes led to 

the creation of marinas, condominiums and second homes, for use 

on weekends. Over time, the occupation by commercial 

establishments, the so-called floating ones, occupied the entire 

hydrographic basin. These occupations and the disorderly removal 

of boulders and sand from the site, have caused soil degradation 

and deforestation in the area, which has led us to develop 

environmental education and reforestation practices in the basin, in 

order to minimize the impacts. generated. 
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In order for us to achieve the proposed objectives, it was 

necessary to sensitize the surrounding community through 

Environmental Education, initially in schools with children, 

considering the rest of the community members so that everyone 

could know the importance of the Basin and the need to conserve 

it for the future generations. 

Environmental education is a continuous process in the 

development of research and species monitoring. There are talks, 

group activities, correct disposal of waste and finally, everyone 

plants a tree seedling. 

As a result of the dissemination of environmental education 

in the community, it is possible to create a children's magazine, 

with images of the local fauna and flora, in a simple and objective 

language, oriented towards the protection of the forest and rivers. 

The recovery and reforestation area is part of the Tarumã 

Açu - Tarumã Mirim Settlements, part of the Tarumã-açu 

Hydrographic Basin, located on the left bank of the Negro River, it 

has 56,793ha, it is located between parallels 2º 41 '44 ”and 3º 

03'37” South Latitude and meridians 60º 03'41” and 60º 18'27 

”West Longitude, in the municipality of Manaus - State of 

Amazonas. 

The Tarumã-Açu River Basin (BHT), located in the north 

and west of the Manaus municipality, is considered one of the main 

waterways of the Tarumã-Açu River. It is a tributary of the Río 

Negro on the left bank, it is located very close to the urban 

perimeter of the city of Manaus. Access to the Tarumã basin can 

be through secondary roads, branches and rivers. 

In the research development area, it has rainfed, shallow, 

campinarana and campina vegetation, as well as epiphytes such as 

bromeliads and orchids - Bryophytes, Orchids and Bromeliads. 

Through research in books and articles on the subject, we 

found several works developed in the basin, however mostly 

focused on the sustainability of water resources, without finding 

any specific on reforestation and recovery of the degraded area. 

However, we propose to develop the research, taking into account 

the need to recover and reforest an extensive degraded area, which 

effectively causes an environmental impact on the site. 

For this, we rely on the traditional indigenous and local 

population in the planning and development of the recovery plan 

for the degraded area. - PRAD, in addition to professional 

volunteers. Thus, we hope to contribute to the development of other 

research works, in order to preserve and conserve the Tarumã 

Basin. 

II. THEORETICAL FOUNDATION 

II.1 ENVIRONMENTAL MANAGEMENT 

For [1], the more general definition of environmental 

management suggests that it is a set of actions that involve public 

policies, the productive sector and society in order to encourage the 

rational and sustainable use of environmental resources. It is, 

therefore, a process that links conservation and development issues 

at all levels. 

An efficient environmental management system, according 

to [2], needs to articulate different areas of the organization, with 

emphasis on the marketing, production, human resources, legal and 

financial, research and development sectors. 

For [3], both the command and control mechanisms by the 

State and those of environmental competition between companies 

play a decisive role in advancing environmental management 

strategies in operations, especially in economies such as Brazil, in 

the that is required to advance. In terms of universalization of 

socio-environmental rights. 

 

II.2 DEGRADED AREA 

According to Federal Decree 97.632/89, the concept of 

degraded area or degraded landscapes can be understood as places 

where there are (or have been) processes that cause damage to the 

environment, by which some of its properties are lost or 

diminished, such as quality productive of natural resources. 

For [4], considers that the structural problems associated 

with harmful forms of urbanization have had a strong influence on 

environmental deterioration, in its broadest sense, ranging from the 

degradation of natural resources to deeper social problems, such as 

own homelessness. and its location in areas far from the urban 

fabric, in contrast to the existence of empty plots in urbanized 

regions, having as one of its causes the little effectiveness of social 

policies for access to land and housing. 

For [5], environmental degradation is a consequence of 

activities that directly or indirectly damage the health, safety and 

well-being of the population; create adverse conditions for social 

and economic activities; adversely affect biotic factors; Affect the 

aesthetic or sanitary conditions of the Environment and release 

materials or energy that do not comply with the established 

environmental standards. 

 

II.3 REFORESTATION AND RECOVERY OF THE 

DEGRADED AREA 

Degradation of an area occurs when native vegetation and 

fauna are destroyed, removed, or driven out; the fertile soil layer is 

lost, removed or buried; and the quality and flow regime of the 

water system are modified. If there is a loss of adaptation to 

physical, chemical and biological characteristics and 

socioeconomic development, it is not feasible [6]. 

Many heterogeneous reforestation projects with native 

species have failed due to scarce technical knowledge, mainly 

about the biology of the species used, or their behavior in artificial 

reforestation. The lack of scientific criteria to understand the 

behavior of the dynamics of natural forests (the process by which 

species regenerate and develop after the natural fall of trees, with 

clearing formations that are then occupied by new individuals of 

different species), or technologies to collect seeds, process and 

produce seedlings, are other factors that influenced the process of 

forest restoration [7]. 

Says that the reforestation of degraded areas with native 

species is an important alternative for environmental recovery. In 

reforesting degraded environments, it is important to select species 

that are better able to settle and grow in poor soil conditions [8]. 

Clarifies that native legumes occupy a prominent place in 

each and every one of the ecologically prepared reforestation 

processes, since they are plants that fix atmospheric nitrogen in the 

soil, enriching it and making it suitable for agricultural cultivation 

[9]. 

 

II.4 WESTERN ANACARDIUM 

The cashew is considered a native plant of Brazil. When 

the colonizers arrived here, they found it very widespread on the 

northeast coast, composing the vegetation of beaches, dunes and 

sandy areas [10]. 

The cashew is a perennial plant, with a low branch 

(branches close to the ground), which presents a varied size [11]. 

According to the size of the plants, the cashew is classified into two 

types, the common (giant) and the early dwarf [12]. 

Due to its dispersion, carried out by the colonizers since 

the 16th century (between 1563 and 1578), the cashew is currently 

found in various parts of the world, vegetating and producing even 
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in ecological conditions considered unsatisfactory, which 

characterizes it as a plant with great adaptive capacity [13]. 

The aerial part (crown) of the common cashew can reach 

up to 20 m in height, which is why it is also called a giant. However, 

it is more common for cashew nuts between 8 and 15 m tall, with 

a diameter (wingspan) proportional to or greater than the height 

[14]. 

According to [15], there is consensus that the 

inflorescence, the type of flowers (perfect, staminate and 

anomalous), the number of flowers, the flowering pattern and the 

sex ratio of the flowers are correlated, to a greater or lesser extent. 

less measure. to a lesser degree, with the productivity of the 

cashew. In general, the percentage of fruits formed in relation to 

the number of perfect flowers produced is considered very low. 

From a nutritional point of view, cashews are considered 

a source of vitamin C, B vitamins and iron, and can be considered 

a relevant source of antioxidant compounds, which are necessary 

for human health. Thus, peduncles, when eaten fresh, confer direct 

benefits to human health [16]. 

Affirms that the flowering of the cashew occurs 

preferably during the dry season, in which little cloudiness and high 

insolation predominate. The author also states that, as the 

producing regions move away from Ecuador, the flowering 

gradually becomes later, a fact linked to insolation [17]. 

The cashew is part of these trees; if the environment is poor, 

they will grow slowly and bear little fruit, but they will survive. If 

you plant them with other species that will fertilize the soil and 

moisten the environment, after a while they will take advantage of 

new resources (nutrients and moisture in the soil) and will begin to 

produce a lot of fruit [18]. 

 

II.5 INGÁ EDULIS 

Ingá is a pioneer species, belonging to the Mimosácea 

family, widely used in the afforestation of streets and squares and 

very suitable for the recovery of riverside forests in rivers, lakes 

and reservoirs [19]. 

It blooms during the months of October to January and the 

fruits ripen from May onwards. Its wood is moderately heavy, soft, 

hardly durable, and moderately mechanically resistant. The wood 

is used for drawer work, charcoal and firewood. Its fruits are 

consumed and commercialized by the populations of the Amazon 

region [20]. 

According to [21], its wood is recommended for the 

manufacture of fine furniture, making artifacts for civil 

construction, poles, posts, sleepers and others. Tannin is obtained 

from the bark, which is widely used in leather tanning. It is also a 

honey plant 16 and with potential for use in urban forestry and 

landscaping, mainly squares and public parks. 

According to [22], species of the genus Ingá should not be 

lacking in riparian forest restoration programs, since they are 

typical species of the soils of the lowlands of the Atlantic Forest 

and support places with floods. 

Characterizes the mechanical fixation of the vegetation 

under the Amazonian soil in which he emphasizes that it is only in 

the soil where growth occurs and does not come from the soil, 

nourishing itself through a closed circulation, in contrast to land 

soils. Lowlands are extremely fertile, especially for crops such as 

corn and beans, due to the extensions of the pre-Andean region, 

constituted and maintained by the intermittent transport of eroded 

soils, which is why they are classified as infertile soils [23]. 

 

 

II.6 FLEXUOSA MAURITIA 

Buriti is a species of palm of Amazonian origin, also known 

by the names of buriti-do-brejo, carandá-guaáu, carandaí-guaáu, 

coco-buriti, itá, palm-dos-brejos, buritizeiro, meriti, miriti, muriti, 

muritim, muruti. [24]. 

This species of palm is found in various plant formations, 

being common in flooded, sandy soils, such as igapó, ribera and 

igarapés, tolerating remaining with part of the trunk submerged in 

water for long periods [25]. 

 

II.7 EUTERPE OLERACEA 

According to [26], the plantation of açaí in rainfed areas 

represents an excellent alternative for the recovery of deforested 

areas, as well as to reduce the pressure on the alluvial plain 

ecosystem, much more fragile, avoiding its transformation into 

homogeneous forests of this palm tree. 

The açaizeiro grows well in these ecosystems, however, the 

different patterns of structural adaptability allow for full 

reproductive development in highland areas [27]. 

In floodplain areas, native-managed açaizais are 

concentrated in the estuary of the Tocantins, Pará and Amazon 

rivers. In the municipality of Igarapé-Miri, Pará, this practice began 

in the early second half of the 1990s, in areas subject to tidal 

flooding [28]. 

The flood consists of a gradual increase in the water level, 

which takes a period of 6 hours and 12 minutes to reach its 

maximum level, called "high tide". At this point, it stays for about 

7 minutes until reflux begins. The ebb is, therefore, the lowering of 

the water level, also for an approximate time of 6 hours and 12 

minutes, until it reaches its minimum level, the “low tide”. At this 

time, in the same way, the level stabilizes for another 7 minutes 

until the flow begins again [29]. 

The availability of water in the soil influences the growth, 

distribution and survival of plants. Under natural conditions, plants 

that live in humid places, such as açaí, are naturally subject to a 

moderate water deficit on certain occasions. The ability to tolerate 

moderate stress is very important for the propagation of the species 

in environments other than its natural habitat [30]. 

Palm trees are adapted to different environments such as 

lowlands, igapó and firm ground, due to their ability to allocate 

resources to leaves and roots. The efficiency of the leaves to 

capture light energy, the ability to convert that energy into 

carbohydrates, as well as its transport and metabolism in the 

different parts of the plants are factors that influence the growth 

and survival of palm trees when they grow in adverse places [31]. 

The objective of recovering degraded areas is the restoration 

of an ecosystem, by planting native species adapted to the 

conditions of the natural environment [32]. 

A fundamental aspect in this process is the choice of the 

species, where the adaptability of the species to local 

environmental conditions, the attraction of fauna, the rapid growth 

and the large deposition of garbage must be considered [33]. 

The buriti is a perennial plant that is found in swampy or 

permanently humid areas, it serves as a source of food, shelter and 

breeding ground for various elements of the fauna [34]. These 

characteristics indicate great potential for wetland recovery. 

Studied the survival and initial growth of seedlings of 

Euterpe edulis Mart. transplanted to clearings and understory in a 

seasonal semi-deciduous forest found higher survival in clearings 

(53%) and lower in shaded understory (20%) [35]. 

States that shallow areas are usually relatively flat surfaces 

within which the igarapé is located. The soil is sandy because, over 
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a long period of time, the water in the local watershed slowly 

removes the clay it contains. The water table is near the surface and 

blooms in the stream, however the soil is not completely soaked all 

the time, especially in the areas closest to the slope [36]. 

 

II.8 GREENHOUSE GASES 

According to [37], greenhouse gases form a kind of layer 

that surrounds the Earth with gaseous constituents, through which 

solar radiation enters and part of the heat generated is eliminated 

into space in the form of infrared radiation. But today much of this 

infrared radiation is not capable of passing through the GHG layer, 

which raises great concern, since some of these gases remain in the 

atmosphere for years, retaining the radiation that should be emitted 

into space, becoming responsible for climate change [38]. 

The industrial revolution was a great benefit for the 

population, but pollution grew along with the emission of polluting 

gases that contribute to global warming, the main ones being 

carbon dioxide and monoxide [39]. The increase in carbon dioxide, 

consequently the cause of global warming, is mainly produced by 

anthropogenic activities, such as deforestation of forests and 

burning of fossil fuels, power generation, among others [40]. 

Deforestation emits carbon dioxide (CO₂) and other 

greenhouse gases. Some of the CO rea is then reabsorbed through 

the regrowth of secondary forests in deforested areas, but the other 

greenhouse gases, such as methane (CH4) and nitrous oxide (N₂O), 

are not. The amount of carbon absorbed as CO₂ by regrowth of 

secondary forests is small compared to the initial emission, because 

the biomass per hectare of secondary forest is much lower than that 

of primary forest [41]. 

 

II.9 GREENHOUSE EFFECT 

The greenhouse effect is mainly caused by the emission of 

CO2, CH4, N2O, chlorofluorocarbons (CFCs) and water vapor. 

Among them, CO2 is the gas that contributes the most to the 

greenhouse effect, due to the large amount that is emitted, around 

55% of the total. In turn, the amount of CH4 emitted into the 

atmosphere is much lower, but its warming potential is 23 times 

greater than that of CO2. Although the concentrations of N2O and 

CFC in the atmosphere are even lower, the global warming power 

of these gases is much greater, being, respectively, about 298 and 

6,200 to 7,100 times that of CO2 [42]. 

The fires that accompany deforestation determine the 

amounts of gases emitted not only from the part of the biomass that 

is burned, but also from the part that is not burned. When there is a 

fire, in addition to the release of carbon dioxide (CO2), trace gases 

such as methane (CH4), carbon monoxide (CO) and nitrous oxygen 

(N2O) are also released. The part of the biomass that is not burned 

in the initial combustion, which is hot, with flames, will also be 

oxidized [43]. 

The concentration of CO2 and other greenhouse gases has 

increased dramatically since the industrial revolution. Since 1750, 

approximately 35% of anthropogenic CO2 emissions are directly 

related to changes in land use [44]. 

According to the [45], forests are the largest reservoirs in 

the carbon cycle that contain around 80% of this atom. The 

vegetables, using their photosynthetic capacity, fix the atmospheric 

CO₂, biosynthesizing in the form of carbohydrates, and finally, 

depositing themselves on the cell wall, thus carrying out the 

“sequestration” of carbon. 

The greenhouse effect can directly cause the death of the 

Amazon rainforest, in addition to its probable effect through El 

Niño. Higher temperature averages require each tree to use more 

water to perform the same amount of photosynthesis. The 

greenhouse effect does not occur uniformly on the planet and the 

Amazon is expected to be one of the places with the highest 

temperature increases [46]. 

Estimates indicate that the deforestation rate in the Brazilian 

Amazon is 1.1 to 2.9 Mha yr-1 [47]. Despite this high rate of 

deforestation, the Amazon, in Brazil, still has approximately 40% 

of the remaining area of tropical forest in the world [48]. 

 

II.10 CARBON ABSORPTION 

States that a tree fixes an average of 249.6 kg of CO₂ in 20 

years and that in the worst case it can fix up to 140 kg. Transformed 

into exact numbers, it can be said that a tree can fix between 7 kg 

and 12.48 kg of CO₂ per year, according to the author's data [49]. 

The incentive to reduce CO2 in the atmosphere generates 

expectations for the dissemination of the Brazilian forestry 

potential, even so, there is a lack of publications that can 

demonstrate the potential that SAFs have for agricultural 

production and the recovery of degraded areas [50]. 

Carbon sequestration has become a viable alternative in 

CO2 capture to control the emission of greenhouse gases and 

reduce the effects of global warming [51]. 

For [52], a tree in the Atlantic Forest absorbs, on average, 

163.14 kg of CO₂ in the first 20 years or 8.15 kg per year, which 

shows that after twenty years the same tree can fix more or less 

carbon. 

States that a tree can capture about 15.6 kg of CO₂ per year, 

during the first 20 years and 4.4 kg after that period. Data that can 

be studied later, to have information on carbon fixation after 20 

years of life of the tree [53]. 

For [54] studied the survival and initial growth of seedlings 

of Euterpe edulis Mart. transplanted to clearings and understory in 

a semi-deciduous seasonal forest, they found greater survival in 

clearings (53%) and lower in shaded understory (20%). On the 

other hand, the evaluation of other families of plants in the recovery 

of degraded areas is more frequent. 

When analyzing a 10-year sowing with species from the 

Myrtaceae, Fabaceae and Clusiaceae families, in Restinga areas 

degraded by the intense process of removal of vegetation and soil 

layers for the extraction of sand until 1997, obtained an annual 

average growth in height of 14.2 cm, considered low by the 

authors, attributed to soils poor in nutrients, high incidence of light 

and strong wind action [55]. 

 

III. METHODOLOGY 

The experimental methodology was implemented following 

4 steps: 

First step: dissemination of environmental education in 

schools and traditional and indigenous communities around the 

basin, through conferences, discussion and group work, joint 

efforts, debate, reflection, imitation and exploration of the local 

environment. The actions also included theater activities, videos, 

posters made by children, puppets, sweepers of joy, ending with 

the creation of an environmental brochure, prepared with the active 

participation of the community. 

The dissemination of environmental education with 

community members and permit holders in the watershed allows 

them to be committed to the environment. The talks and activities 

carried out demonstrated the real importance of planting and 

reforesting degraded areas, as well as contributing to a more 

pleasant environment, helping to minimize the contamination of 

the ozone layer. 
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Second step The search for a bibliographic review, 

consultations of dissertations, theses, scientific articles and books 

began, with the aim of identifying the level of depth of the 

information generated on the study area. The acquisition and 

collection of pre-existing data available in analog and digital media 

was carried out, such as: satellite images, topographic maps, pre-

existing maps, among others. 

Third step The collection of data and images was carried out 

in the period from 2015 to 2019, always in the rainy and dry 

seasons of the region, more precisely in the months of March to 

August. It was established as parameters for the mortality rate 20%, 

a percentage considered satisfactory for the continuity of the 

project, considering the adversities of the region and the planting 

site. 

Finally, to evaluate the percentage of mortality of the 

species, 500 seedlings of Euterpe Oleracea, 500 of Anacardium 

Ocidentale, 500 of Ingá Edulis and 500 of Mauritia Flexuosa, 

approximately 50 to 60 cm tall and at six months of age, were 

selected. 

For the data on the probability of carbon fixation of species 

in 20 years, previous studies with information on the amount of 

carbon absorbed by a tree per year and its projection to 20 years 

were taken into account, obtaining variable indices in the literature 

that vary from 7.1 kg to 15.6 kg per year. 

The data used took into account the results of the analyzes 

from the period 2015 to 2019, establishing a grand total for the 

calculations of the percentage of mortality, survival, highlighting 

the statistical probability of the contribution in the fixation of CO₂, 

in 20 years. 

The worksheets used to calculate the data were from Excel 

with the action stat tool, establishing parameters and projections 

with the data obtained in the consulted references, where the lowest 

fixation index considered was 7.1 kg of CO2 per year and 15.6 kg 

as the fixation index being the highest. 

For the records, the following were used: Kodak HD Stills 

camera, Digital IS and then MOTOROLA ONE cell phone, dual 

camera; a GPS, to mark the location of the area; computer and 

printer, for storage and printing of research. 

The work was carried out with data collected in the field 

between 2015 and 2019, in the months of March and August, 

periods of rain and drought respectively in the region. 2000 

seedlings of 4 species of fruit trees were selected for planting in the 

degraded area. As previously described, the selected species are 

Anacardium Ocidentale (cashew), Ingá Edulis, Ingá açu o zapatilla 

(ingá), Mauritia Flexuosa (Miriti or Buriti) and Euterpe Oleracea 

(Açaí), with 500 seedlings of each species. 

Table 1 shows the mortality data of the species during the 

monitoring and study of the data in the period 2015-2019. 
 

Table 1: Seasonal results of species mortality in the flood. 

Species 
2015 

(uno) 

2016 

(uno) 

2017 

(uno) 

2018 

(uno) 
2019 (uno) 

Cashew 0 0 0 0 0 

Ingá 5 6 6 5 5 

Buriti 8 6 5 7 6 

Açai 8 6 5 5 5 

Source: Author, (2020). 
 

Table 1 shows that the Buriti and AAI are those with a 

mortality rate higher in relation to the ingá and cashews. The 

survey took place in March of each year, a period of still heavy rain 

in the region. 
 

Table 2: Results of mortality in the dry season. 

Species 
2015 

(uno) 
2016 (uno) 

2017 

(uno) 

2018 

(uno) 
2019 (uno) 

Cashew 0 0 0 0 0 

Ingá 10 9 7 7 5 

Buriti 10 10 10 7 7 

Açai 8 8 9 5 5 

Source: Author, (2020). 
 

Table 2 shows the mortality data of the species in the dry 

season of the region. The survey took place in August of each year, 

the month considered the warmest in the region. It is observed that 

the mortality rate is higher in relation to the rainy season. 

Table 3 shows the overall number of dead seedlings of each 

species from 2015 to 2019, as well as the amount of survival, where 

from this demonstration, all carbon fixation calculations were made 

in kg of CO. 
 

Table 3: Survival and overall mortality results from 2015 to 2019. 

Species 
Quantity 

Muds(un) 
Surviving (un) 

Dead 

Muds(un) 

Cashew 500 500 0 

Ingá 500 435 65 

Buriti 500 424 76 

Açai 500 436 64 

Source: Author (2020). 
 

Table 3 shows the data on the real number of mortality and 

survival of the species, where the cashew nut presented zero 

mortality, remaining with the 500 planted seedlings. Ingá had 435 

live seedlings and 65 dead ones. The buriti had 424 live seedlings 

and 76 dead and the açaí had 436 live seedlings and 64 dead ones. 

Table 4 shows the calculation of the mortality and survival 

percentages of the species, Excel software was used to obtain the 

percentages, taking into account 500 planted seedlings. 
 

Table 4: Calculation of the percentage of mortality and survival. 

Species 
Initial 

Quantity(un) 

Mortality 

% 

Survival 

% 

Amount. 

Finaly (uno) 

Cashew 500 0,00% 100% 500 

Ingá 500 13,00% 87,00% 435 

Buriti 500 15,20% 84,80% 424 

Açai 500 12,80% 87,20% 436 

Source: Author, (2020). 

 

The result presented took into account the data obtained in 

May and August of each year, with a final sum of the number of 

seedlings that died and those that survived. It was observed that the 

highest mortality rate occurred in the hottest periods and few rains, 

where there is a reduction in rainfall. 

Survival and mortality rates are different when analyzed in 

the rainy periods (high rainfall) and in the dry season (low rainfall), 

where plants are the ones that suffer the most due to little rainfall. 

The mortality rate in the rainy season is not higher than 5% 

of the planted seedlings, so the replacements of the dead occur in 

this period of high rainfall, which facilitates the survival and 

development of the species. 

Even in the dry season, cashew scans can survive with high 

rates, its power to adapt to adversity makes it the most widely used 

species in reforestation in the area. In addition to contributing to 

the fixation of carbon, it also contributes to the feeding of its fruit 

for fauna and man. 

IV. RESULTS 
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Figure 1 shows the percentages of mortality and survival of 

the species. 

 

 
Figure 1: percentage of mortality and survival. 

Source: Author, (2020). 

 

IV.1 PROBABILITY OF CARBON FIXATION OF THE 

SPECIES IN 20 YEARS 

The calculations were made in the Excel spreadsheet, 

through the Stock Statistics tool, in a simple and objective way. 

The calculation of the CO fixation at 7.1 kg is considered the lowest 

fixation index per year and later at 15.6 kg, considered the highest 

fixation index found in the theoretical framework. 

With the use of the data obtained in the literature, a 

probability of carbon fixation of the species was made, which 

varies according to the quantity and the adopted index. Therefore, 

the amount of carbon fixation is presented by species, by year and 

in 20 years. 

The tables and graphic figures were prepared taking into 

account the carbon fixation values found in the literature. 

Calculations can be performed using formulas and results of 

laboratory research that identify how much each one changes and 

fixes the carbon species, however, one of the objectives of the 

research is to analyze and quantify the mortality and survival rate 

of four species planted in the Tarum-AU Watershed -BHT and 

carbon fixation in 20 years, for which we chose to use the 

bibliographic data, considering 7.1 kg as the lowest index and 15.6 

kg as the highest. 

A variation in the carbon fixation index by the age of the 

plants was not found in the literature, which is found are authors 

who report the experiences of the plants after 20 years, where the 

data found showed lower absorption results to those reached in the 

first 20 years. Table 5 presents data related to the estimation of 

carbon fixation of the analyzed species, taking into account the 

lowest fixation index per year, using 7.1 kg of CO. 

 

Table 5: Estimated carbon fixation for 20 years with an index of 

7.1 kg of CO₂. 

Species 
Planted 

(un) 

Survivors 

(un) 

CO2 / kg 

(years) 

CO2  /kg 

(20 years) 

Cashew 500 500 3550,0 71000 

Ingá 500 435 3088,5 61770 

Buriti 500 424 3010,4 60208 

Acai 500 436 3095,6 61912 

Source: Author, (2020). 

 

Table 5 shows the amount of CO that the number of 

surviving trees in the period 2015-2019 can absorb per year and in 

20 years of life. 

To calculate carbon fixation, the number of surviving plants 

of the species was multiplied by the index of 7.1 kg of CO2, the 

annual estimate of each one is obtained, then multiplied by 20 

years, taking into account that the variation is constant in period. 

Equation 1 was used to calculate cashew carbon fixation per 

year. 

 

FIX =S x B                                      (1) 

500 𝑥 7,1 

𝐹𝐼𝑋 /𝑎𝑛𝑜 = 3.550𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 

The 500 cashew plants fix a total of 3,550 kg of CO per 

year, if we take into account the constant variation in mortality 

during the absorption period. The 500 cashew plants were 

considered because there was no mortality of the species during the 

period of the research work. 

To calculate the fixation of the species in 20 years still with 

the lowest absorption rate of 7.1 kg per year, equation 2 is used. 

 

FIX/20 – FIX  x Time                         (2) 

 

Calculation of the CO2 fixation estimate for cashew nut 

species, using equation 2. 

 

FIX/20 -FIX /year x 20 years 

FIX/20 x 3.550 x 20 

FIX/20 - 71.000 kg de CO2 

The cashew can absorb 71,000 kg of CO in 20 years. It can 

be concluded that the 500 cashew seedlings establish between 

3,550 kg of CO per year and 71,000 kg of CO in 20 years. It should 

be noted that despite the fact that a considerable number of kg of 

C0 is absorbed, it is necessary that more seedlings are planted, that 

people are aware that the standing tree is important for the 

conservation of the climate. 

To calculate the carbon fixation of the other species, the two 

equations 1 and 2, respectively, were used, obtaining the following 

result for Ingá in the year: 

 

FIX= 435 𝑥 7,1 

𝐹𝐼𝑋 = 3.089 𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 𝑝/𝑦𝑒𝑎𝑟. 

For 20 years you get: 

FIX/20=3.089 𝑥 20 

FIX/20 =61.770 𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 

The 435 surviving plants of Ingá were considered in the 

period from 2015 to 2019, resulting in 3,089 kg of CO per year and 

61,770 kg in 20 years, so it can be said that the variation in carbon 

fixation of Ingá ranges between 3,089 kg and 61,770 kg of CO2. 

Buriti's calculation per year obtains: 

 

𝐹𝐼𝑋 = 424 𝑥 7,1 

3.010 𝑘𝑔 𝐶𝑂₂ 𝑝 /𝑦𝑒𝑎𝑟 

For 20 years of Buriti 

𝐹𝐼𝑋/20 = 3.010   𝑥 20 

                 60.208 𝑘𝑔 𝐶𝑂₂ 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 
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For Buriti's calculations, the 424 surviving plants were 

considered, which can absorb 3,010 kg of CO2 per year and are 

estimated to absorb 60,208 kg of CO in 20 years. 

For the calculation of CO fixation of acai berries, the 436 

surviving plants were considered from 2015 to 2019. 

By replacing the data in equations 1 and 2, you get for one 

year: 

𝐹𝐼𝑋 = 436 𝑥 7,1 

3.095 𝑘𝑔 𝑝/𝑦𝑒𝑎𝑟 

Calculation of 20 years, you get 

𝐹𝐼𝑋/20 = 3.095 𝑘𝑔 𝑥 20 

61.912 𝑘𝑔 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 

Taking into account the 436 açaí plants, it can be said that 

they can absorb 3,095 kg of CO per year and can absorb 61,912 kg 

of CO in 20 years. 

Taking into account that the research worked with 500 

seedlings of each species, 2000 plants were analyzed in general, 

however, only 1795 survived in the period from 2015 to 2019. The 

calculations were made for the number of survivors in equations 

3.is, with the lowest fixation index by plant (7.1 kg) of CO2, per 

year and in 20 years, the results obtained: 

Carbon fixation of the 1795 plants with an index of 7.1 kg 

of CO2 per year. 

 

                𝐹𝐼𝑋 = 1795 𝑥 7,1 

12.744 𝑘𝑔 𝐶𝑂₂ years 

                  Calculation of fixation in 20 years 

                𝐹𝐼𝑋/20 = 12.744 𝑋 20 

                254.890 𝑘𝑔 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 

 

The results showed that the 1,795 surviving trees can absorb 

12,744 kg of CO per year with a probability of fixing up to 254,890 

kg in 20 years, taking into account the lowest fixing index. 

Figure 2 shows the result of fixation per year for each 

species, taking into account the 7.1 kg CO index and the probability 

of fixation in 20 years. Through the graph it is possible to analyze 

the results and conclude that the species contributes to the 

minimization of environmental impacts through the absorption of 

CO.  

 
Figure 2: Carbon fixation with 7.1 kg. 

Source: Author, (2020). 

 

Table 6 presents the data on the CO fixation of the species, 

estimated for 20 years, using the highest index found in the 

consulted bibliographies. In this case, each tree absorbs 15.6 kg of 

CO per year. 

 

Table 6: Carbon fixation with an index of 15.6 per year. 

Species Planted Survivors CO2/years 
CO2/(20 

years) 

Cashew 500 500 7800 156000 

Ingá 500 435 6786 135720 

Buriti 500 424 6614,4 132288 

Açai 500 436 6801,6 136032 

Source: Author, (2020). 

 

To obtain the results, we consider the number of surviving 

plants from 2015 to 2019, replacing in equations 1 and 2, changing 

the literature index to 15.6 kg of CO per year. 

To obtain the cashew results, equations 1 and 2 were used. 

 

                𝐹𝐼𝑋 = 500 𝑥 15,6 

𝐹𝐼𝑋 = 7.800 𝑘𝑔 year 

                          Substitution in equation 2 

                 𝐹𝐼𝑋/20 = 7.800 𝑥 20 

           FIX/20o 156.000 kg 

 

To calculate ingá fixation, the following were used and 

obtained as results: 

 

𝐹𝐼𝑋 = 435 𝑥 15,6 

6.786  𝑘𝑔 𝐶𝑂2 𝑝𝑜𝑟 𝑦𝑒𝑎𝑟 

For the calculation of 20 years 

𝐹𝐼𝑋/20 = 6.786   𝑥 20 

135.720 𝑘𝑔 𝐶𝑂₂  in 20 years 

For the Buriti calculation, you get: 

𝐹𝐼𝑋 = 424 𝑥 15,6 

6.614 𝑘𝑔 𝑑𝑒 𝐶𝑂₂  / 𝑦𝑒𝑎𝑟𝑠 

Probability for 20 years 

𝐹𝐼𝑋/20 = 6.614 𝑘𝑔 𝑥 20 

32.288 𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 

Finally, calculation of carbon fixation of the acai berry, 

where the results are obtained: 

 

                 𝐹𝐼𝑋 = 436 𝑥 15,6 

                6. 801 𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 𝑝/𝑦𝑒𝑎𝑟 

      Probability of carbon fixation in 20 years 

 

                𝐹𝐼𝑋/20 = 6. 801 𝑘𝑔 𝑥 20 

                136.032 𝑘𝑔 𝑑𝑒 𝐶𝑂₂ 𝑒𝑚 20 𝑦𝑒𝑎𝑟𝑠 
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Carbon fixation of surviving plants from 1795 using the 

literature index of 15.6 kg CO2 per year. 

 

FIX 1795 X 15,6 

28.002 kg CO year 

Fixing calculation at 20 years 

FIX20 X 28.002 X 20 

560.040 kg de CO 20 years 

The result presented in the calculation of carbon fixation in 

20 years, taking into account the highest index in the Literature of 

15.6, showed that surviving trees from 1795 can absorb 28,002 kg 

of CO per year with a probability of absorbing 560,040 kg of CO 

in 20 years. A significant number in the fight against environmental 

degradation 

Figure 3 shows the result of the projection of carbon fixation 

of the species, taking into account the CO2 index of 15.6 kg that 

each one absorbs per year, using in the calculations the number of 

survivors in the period 2015-2019. 

 

 
Figure 3: Carbon fixation with 15.6 kg CO per year. 

Source: Author, (2020). 

 

To analyze the estimate, we consider the study of mortality 

and survival of the species, obtained between 2015 and 2019. 

Survey carried out in March and August of each year, considering 

the initial planting of 500 seedlings of each species. 

The carbon fixation of each one was considered with 7.1 kg 

and 15.6 kg per year and the probability of fixation in 20 years, 

both individually and collectively. You can tell how much a fixed 

plant can repair a fixed plant and how many 100, 200 or even the 

total number of survivors can fix carbon, removing greenhouse 

gases from the atmosphere. 

In addition to the species used for reforestation and recovery 

of the degraded area, they still contribute to the cleaner 

environment. They conserve the igarapés that are part of the BHT, 

providing a quality environment for people and for existing fauna. 

The planted species have the capacity for natural 

dissemination, due to seeds that proliferate more rapidly in the 

rainy season, not failing to proliferate also in a dry season, even if 

this proliferation is slower. 

Figure 4 shows the carbon fixation data of the species in one 

and 20 years, considering the lowest and highest index in the 

literature of 7.1 and 15.6 kg of CO2. 

 
Figure 4: fixation comparison, CO₂ 7.1 kg and 15.6 kg. 

Source: Author, (2020). 

 

V. CONCLUSIONS 

To conclude the investigated data and with the objectives 

proposed in the research work, a synthesis of the results obtained 

in the comparison of the carbon fixation index with 7.1 kg of CO 

and 15.6 kg per species is carried out. In the research, we used data 

from 4 species selected for the recovery and reforestation of the 

degraded area in the BHT, and 500 trees from each were analyzed 

for mortality and survival. 

It is perceived that in the course of research work and with 

data obtained in situ and through the literature, these species can 

successfully absorb and fix carbon, reducing and minimizing 

greenhouse gases. Regarding the general objective, it can be 

concluded that the investigation of the mortality and survival rate 

of the species was answered clearly and objectively, taking into 

account the data obtained in 2019, in addition to presenting the 

estimates of carbon fixation in 20 years. 

Regarding the specific objectives, the survival and mortality 

analysis showed the cashew with the highest survival rate and the 

contribution to carbon fixation in 20 years. He mapped the data and 

disseminated environmental education in communities and schools 

adjacent to the deforested area. 

Although the bibliographic research knew the an assistants 

of the research work, the lack of methods and studies on carbon 

fixation by species was identified. It was also verified that among 

the studies and bibliographies investigated, less than 5% bring on 

the subject, specifically, and more studies are needed focused on 

the topic, and therefore we can have more content smoother for 

what the research. It can be concluded that the reforestation and 

recovery of the degraded area of the BHT, using fruit species, 

objects of research, contribute to improving the quality of life of 

people and minimize the impacts of greenhouse gases. 

Due to the broad scope of the topic addressed in this study, 

here are some suggestions for the continuation of this research 

work. 

i) New research on species fixation after 20 years; 

ii) → the survival rate from the first year; 

iii) → Carbon Neutralization; 

iv) → Diffusion of seeds through fauna; 

v) → Carbon Credit; 
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vi) → The Fauna and Flora of BHT and their contribution 

to the preservation process of degraded areas. 
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