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Abstract: Changes in riparian forests can be minimized from environmental recovery. However, it is necessary to analyze the soil’s
chemical attributes before carrying out any recovery measures. Thus, this paper aimed to evaluate the degree of chemical alteration of
the land and its ability to supply nutrients to the vegetation for recovery in three areas located in the Permanent Preservation Area
(PPA) of the Paragominas River, near three bridges located in the urban area of the municipality of Paragominas,PA. The analytical
procedures approach was the deductive one. The research had a quantitative and qualitative technique, besides descriptive objectives.
Primary data were obtained in two periods: warm (November) and rainy (February) season, in three areas of 12,000 m2 each, located on
the banks of the Paragominas River. Regarding soil chemical attributes analysis, we subdivided the areas into 12 quadrants (4 in each
region) of 3,000m?2 each. It was then collected one composite sample (5009) of soil in each quadrant, totalizing 12 samples submitted to
laboratory analysis. The chemical attributes analyzed were: hydrogen potential (pH), organic carbon (O.C.), organic matter (O.M.),
available phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), potential acidity (H+Al), total cation exchange capacity
(CECtotal), the sum of exchangeable bases (E.B.) and base saturation (V%). To calculate the degree of soil chemical alteration, we used
Factor Analysis with factor extraction by the Principal Component method. The obtained data indicated that the quadrants presented a
low (in 33.33%) to a medium degree (66.67%) of chemical alteration.Nevertheless, according to the results obtained, they are
consideredsuitable for reforestation since the chemical attributes present sufficient concentrations, enabling plant recovering. We
suggest carrying out complementary physical and microbiological soil analysis and phytosociological studies in preserved areas to

ensure recovery effectiveness.
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1. Introduction

The soil composition is presented in three phases: solid,
liquid, and gaseous. The solid one is related to particle size
and structure and is either mineral or organic. The second
one is the pore-permeable solution in which most chemical
reactions occur because it contains available nutrients to
plants. The third one allows the root's respiration and the
oxidation of organic matter [1]

Several factors can alter this composition, such as water,
which is the leading cause of chemical weathering in the soil.
This phenomenon can be due to water availability (mainly in
the rainy season). It changes the soil chemical composition
from the removal and addition of elements [2]

Thus, soil quality monitoring can be carried out by analyzing
chemical attributes. They can indicate the equilibrium,
alteration, or degradation state one area is. Thereby, by the
soil's characterization, it is verified whether the site is
suitable for reforestation what allows propositions to be
made to solve problems, such as the absence of riparian
forest [3]-[4]

This type of forest encompasses the vegetation on
streamflow banks, whether urban, rural, or mixed. It changes
due to morphological differences, soil chemical conditions,
and climatic variations [5]

These forests are one of the ecosystems most altered by
urbanization. Urban sprawl, when significantly disordered,
causes their alteration by vegetation cover removal and
human activities. Hence, in urban areas, riparian forests
generally overlap soils with changes in their chemical,
physical, and biological properties [6]-[7]

Therefore, the riparian forest must be reforested when altered
or degraded [8]. Altered areas are the ones that, even after
being impacted, still have natural regeneration capacity,
which reduces the obstacles to environmental recovery [9].
Changes can be minimized or reversed from this recovery
with reforestation. It consists of restoring an ecosystem to a
stable condition, which may differ from the original [10]

In Brazil, riparian forests are part of Permanent Preservation
Areas (PPAs). According to the Forestry Code [11] (Federal
Law No. 12.651/12), these are protected areas, with or
without vegetation cover, whose function is to protect water
resources, biodiversity, besides to ensure the well-being of
populations, as well as to promote and facilitate the gene
flow of fauna and flora.

Other functions of riparian forests are soil protection from
rainfall impact, the purification of the water within the soil,
the runoff velocity reduction, the microclimate regulation,
and root systems' soil stability. This stability prevents
siltation and soil loss, hence conserving chemical elements
such as macro-and micronutrients, ensuring plant biomass
[12]-[13]-[14]
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Regarding the minimum threshold needed to guarantee
ecosystems services quality, the Forestry Code determines
variable vegetation ranges according to river width: 30
meters (rivers with less than 10 m); 50 meters (between 10
and 50 m); 100 meters (between 50 and 200 m); 200 meters
(between 200 and 600 m); 500 meters (more than 600 m).
However, human intervention occurs in conflict with these
delimitations and may compromise environmental quality
[11]-[15]

Before carrying out any recovering measures, it should be
assessed soil attributes, especially the chemical ones [16].
This study's purpose is associated with the influence
chemical attributes have on the vegetation composition and
structure. Therefore, this paper is justified due to the need to
verify the soil capacity to provide nutrients to the vegetation,
should reforestation be performed.

Thus, the objective of this work was to evaluate the degree of
soil chemical alteration in the PPA compared to the natural
characteristics of Paragominas plinthosols, and verifying,
from the quantitative and qualitative analysis of chemical
attributes, the soil's capacity to provide nutrients (chemical
support) to the vegetation, should future environmental
recovery be performed.

2. Material and Methods
2.1 Municipality physiography
The research took place in the municipality of Paragominas

(Figure 1), Pard state southeastern mesoregion, with an
estimated population of 113,145 individuals[17]
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Figure 1: Political-geographical location map of the
municipality of Paragominas — Para.

Source: authors (2019).

The city climate is hot and humid, with annual temperatures
of approximately 35°C (maximum) and 22°C (minimum) and
relative humidity of 81%. From July to November, the water
availability is low, and from December to June, it is high.
The hydrography is composed of Gurupi and Capim river
basins, but only the Uraim and Paragominas rivers, part of
the Uraim river basin, cross the urban perimeter [18]-[20].

In a pioneering study [21] on the soils of Paragominas, it was
identified: Oxisols and Yellow Argisols, Gleysols, Neossols,
and Plinthosols. The study areas are located on Plinthosols,
mineral soils exposed to excessive moisture's temporary
effect in the rainy season[22].

These soils are poorly drained and characterized by
expressive plintization, which can occur at a shallow depth
(40 cm from the surface) or deeper (from 2m). The
plintization consists of accumulations of iron (Fe) and
aluminum (Al) or iron oxides (FeOx) in the form of mottled
reddish colors.

2.2 Method

The approach method of the logical procedures was the
deductive one because, according to the synthesis made by
[23], it was based on a general fact (importance of the
chemical support provided by the soil to the vegetation
recovery) to deduce a particular case (Paragominas river
PPA soil capacity to give this chemical support). The
research has quantitative and qualitative approaches and
descriptive objectives [24]. This method was supplemented
by the scientific literature survey in open-access databases
such as Google Scholar and Higher Education Personnel
Improvement Coordination (CAPES, in Portuguese). For the
final selection of this literature, three primary descriptors
were used: (1) soil chemical attributes, (2) alteration of urban
PPAs, and (3) vegetation recovery of PPAs.

2.3 Studied areas

The research was carried out in three areas located at the
Paragominas riverbanks, which flows from the southeast to
the north and is 16.4 km long. The sites are 12.000 m? each
(60 m x 200 m) and encompass both the river's right and left
banks. They have located nearby three bridges within the
urban city perimeter, in the Carlos Gomes (1), Caravelas (2),
and Bujaru (3) streets, in the Promissdo district, on the
threshold of Parque da Promissdo | and Il allotments. On
these streets, there is a constant vehicle and pedestrian traffic
in both ways.
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The three areas were delimited based on the following
priorities for recovery [25]: primer order rivers [26] PPAs,
which is the Paragominas River case, for it has not any
tributary rivers; PPAs that have suffered or still suffer from
the anthropic activities, which was observed at the chosen
areas.
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It was also deemed the environmental characteristics (soil,
vegetation, and land use) observed on-site. There is altered
vegetation (herbaceous, shrub, and arboreal) and, sometimes,
bare soil, besides dwellings at some points. Each area is
formed by four vertices (Py), settled in the anticlockwise,
starting at the left bank, upstream, which totals 12 vertices
(Table 1).

Table 1: The number and geographic coordinates of the
vertices of the area. Paragominas, Para.

Area | Vertex Latitude Longitude
Py 2°59'10.64" S | 47°21'8.49"W
Area 1 P, 2°59'11.03"S | 47°21'6.60" W
Ps 2°59'4.99"S | 47°21'4.81"W
Py 2°59'4.60"S 47°21'6.72"W
Py 2°58'55.06"S 47°21'9.79"W
P, 2°58'54.52"S 47°21'7.96"W
Area 2 P, 2°58'48.84"S 47°21'8.80"W
P, 2°58'49.34"S | 47°21'10.65"W
Py 2°58'43.46"S | 47°21'11.22"W
Area 3 P, 2°58'42.19"S 47°21'9.06"W
Ps 2°58'36.67"S | 47°21'10.30"W
P, 2°58'37.77"S | 47°21'11.90"W

The horizontal segments (P1-P2 e P3-P4) represent river
PPA width, with 60 m length each one (30 m PPA in each
bank); the vertical ones (P1-P4 e P2-P3) represent each area
length, with 200 m (100 m upstream and 100 m
downstream). To the better results exposition and deem the
different characteristics (soil, vegetation, and land use)
observed in each area, they were subdivided into four
quadrants each (Figure 3).
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Figure 3: Quadrant location within the three studied areas.
Paragominas (P.A.)

The three quadrants' dimensions are 30m x 100m, equivalent
to 3000 m2 each. They were numbered from 1 to 4 according
to the area they are part of, for instance: A01QO01 (Area 01
and Quadrant 01).

The areas' soils are classified as Plinthosols, with very clayey
texture. These soils have a concretionary horizon, where the
plintization can be evidenced between 0.8 and 1.0-meter
depth from the surface [27]. This soil order is usually
weathered, which may be a consequence of many factors, as
high rainfall rates in Amazon [25]-[28].

2.4 Soil sampling and analysis

The chemical analysis followed the Manual of Methods for
Soil Analysis [4]. The sampling was executed in two periods:
(1) warm season, in November, when the mean rainfall is
46.1 mm, and (2) rainy season, in February, when the mean
rainfall is 285.8 mm [29].

The sampling was carried out through trenches; likewise, it
was done [29] in Roraima Plinthosols. It was open five
trenches in each quadrant in the warm season and five in the
rainy one, with 40 cm sides dimension and 0-20 cm depth.
The five deformed samples (100g), collected in each
quadrant, were homogenized to yield a composite model,
with 5009 [22]. Summing up, a total of 12 composite
samples (one for each quadrant) was analyzed in the
laboratory each season (Figure 4).
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Figure 4: Croqui of soil sampling in each quadrant.
Paragominas (PA)

The samples of air-dried fine earth were analyzed in the
Amazon Federal Rural University Soil Laboratory (warm
season) and in the Emilio Goeldi Paraense Museum
Chemical Analysis Laboratory (rainy season), both located in
Belém (P.A). It was analyzed, each period, the same
chemical attributes [29] (Table 2).

Table 2: Soil chemical parameters are analyzed in the

laboratory
Parameters Symbols Units of measurement
pH in water PHu20 --
pH in Potassium chloride pHkc --
Organic Carbon oC a/kg
Organic Matter oM g/kg
Phosphorus P mg/dm3
Potassium K* cmol/dm3
Calcium Ca” cmol /dm3
Magnesium Mg® cmol/dm3
Potential acidity H+ Al cmol/dm3
[Total Cation Exchange Capacity*| CECyya cmol/dm3
Sum of Bases* SB cmol/dm3
Bases saturation* V% %

2.5 Soil Chemical Alteration Index (SCAI)

The SCAI was calculated to analyze soil chemical alteration
degree. It was based on one pioneering method [30] and its
adaptation by other authors (Table 3).
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Authors Factor Analysis SCAI equation
[30] X --
[31] X --
[32] X X
[33] X X
[34] X -
[8] X --
[35] X X
[36] X X

The software used to perform the calculation were: BioEstat
5.0 [31], Microsoft Excel [32], and Statistical Package for
the Social Sciences (SPSS), version 22.0 [33]. The authors
calculated a degradation index based on the data acquired at
the agricultural and livestock census executed by IBGE.
However, this dataset was not used in this paper due to the
areas' location and dimensions.

It was limited only to the methods applied by those authors.
Therefore, to calculate SCAI has reckoned the same
attributes as [6]. The authors used them to perform the factor
analysis of their influence on the soil chemical quality in
small urban areas. Thus, it was possible to use them in this
research to analyze the index's first step, followed by its
application.

From the 12 chemical parameters analyzed in this research,
nine were incorporated into the index. It would be
statistically impossible to use CECy,, SB, and V% since
they are dependent variables and not independent like the
other ones (Table 4).

Table 4: Soil chemical parameters are used to calculate

SCAI
Parameters Symbologies | Measurement units
pH in water pHu20 --
pH in Potassium chloride pHkci --
Organic Carbon oC g/kg
Organic Matter oM g/kg
Phosphorus P mg/dm3
Potassium K* cmol/dm3
Calcium Ca™* cmol /dm?
Magnesium Mg*> cmol/dm3
Potential acidity H+ Al cmol/dm?

These variables were considered because [6] claim that
anthropic  interference could alter soil  chemical
characteristics. Therefore, the metabolism and vegetal
function might be injured [34]. The SCAI calculation was
carried out in two main steps: 1) factor analysis, the
extraction of the factor by the Principal Components method,
highlighted in white; 2) SCAI equation application,
highlighted in gray (Figure 5).
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Stzeking up the datz i 2 metrix with @ columns
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Calculation of the correlation matrix betwesn
varizblez to remove mfluences of sczle md
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(PINTO; COROMEL, 2014).

¥

Caleulation of the sigenvalues (zlso referrad
2z the laten roots). It was considerad thoss
ones & = 1, with accumulated variznes higher
than 70% (HAIE. JUNIOR ef af., 2014).

v

Calenlation of the factor losdings and the
communality of the varizhles.

v

Orthogonal rotation of factor leedmgs and
communzlities using the varimax method. It
was zpplied to mazke them closer to 0 or 1
After rotation, the factor loadmgs showve 0.7
mdicate which factor the varizble should be
grouped with. Vanzbles with communality
higher than 04 remam m the analysis

(LATTIN; CARROLL; GREEN, 2011).

¥

The stendardization of the originzl varisbles

to remove differences i scale and magnitude

was calenlated usimg Equanion 1 (OLIVEIRA;

CARVALHO FILHO; FIRETTL, 2014):
X;-x

| g ()
Zi 13 the standardized varizble; 17 13 the
originzl one; § is the average of all variables
and &; is 1ts standard deviation.

Caleulztion of the factorial scorss coefficients
(W) of the extracted factors.

¥

Extract=d fazctors scores (F)) caleulation. They
zre equivalent to the estimated factors wvalue,
since  these  zre  unchservsble  wvarishles
(SILVA, ML; SILVA, I BORGES, 2013):

F = WiZy+ WaZs + Wl + WiZi (3
Fj i3 the score for factor j and Wi 15 the
coefficient for the factor j to the Zi.

v

Standardization of the scores for them not to
presentz values betwesn 0 and 1, and high
znd negative valuss not to mterfers with the
magnimde of the SCAT(LEMOS, 2001):
For _.F._i"li.li’!
IR J _
P:i_ﬂ.cx +P_-i_r1.m 3

im which: F, is the score for the factor j to the

Fi =

Ik

quadrant P}-“""“ and F™** are the minimum
and maximum scores, respectively, observed
to the factor j.

Volume 9 Issue 10, October 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR201013200931

DOI: 10.21275/SR201013200931

1083




International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

NFSCRIPTION |
v

The SCAI calculation for quadrant k was
v performed by means of the equation below:

IE_ ScAl = i <L 17‘) (4

YA

| STFP H

j=1

Figure 5: Flow chart of the method for calculating the Soil
Chemical Alteration Index

The interpretation was performed based on the legend
composed by [42]. This research combined two intervals
from all three considered by the authors, which resulted in
code with three numeric gaps to read the index (Table 5).

Table 5: Legend used to read the SCAI.

Table 7: Qualification of the chemical attribute's
concentration intervals

. . Qualification
Attributes|  Units Tow IMedium High Authors
PH20 --nits <50 | 50a6.0 >6 1
Mg® |cmol/dm3| <04 | 04a10 | >1.0 1
K* cmol/dm3|<0.15|0.15a0.38| >0.38 | [45]
V% % <50 50a70 >70 1
. [43]-[44].

These values were deemed satisfactory when medium and
high. Regarding pH, the "high" interval was considered
acceptable only if inferior to 7.5 since soils with pH between
7.5 and 8.5 are calcareous ones [47]. The phosphorus
fissionability results were interpreted based on the six classes
(Table 8).

[32] Authors (2019) Table 8:Vegetation types that better develop themselves due
Interval/Legend Q1 Interval/Legend | Q2 to the phosphorus responsible
0.00 a 0.30 Low 0.00 a2 0.30 Low P Interval
0.3020.50 | Medium-Low | 0.30a0.70 | Medium Qualification (mg/dm?)
0.50a0.70 Medium-high 0.70 2 1.00 High Many cultivars grown in soil with this much
0.70 a 1.00 High phosphorus are more likely to present low <5
Legends: Q1 — Qualification; Q2 — Qualification. productivity due to the soft element responsible.
In this case, just a few perennial cultivars could
SCAI data were statistically treated by applying electronic maintain its mean productivity, like, for instance, | Five a 10
spreadsheets at BioEstat, version 5.0. It was identified: __ forestry species. ____
maximum and minimum values, arithmetic mean, standard It satisfies most of the perennial cultivars' demand, | . >,
deviation, and variation coefficient [31]:[43]. but it limits many annual cultlva_rs a_lnd vegetablgs.
The adequate interval for the majority of perennial 20 240
. . . cultivars and limiting for vegetables.
2.6 Interpretation of the soil nutritional status Good disponible for annual and perennial cultivars
limits some high productivity vegetable development | 40 an 80
The laboratory results interpretation was executed aided by such as tomato e potato.
fertility manuals and soil analysis interpretation guides. Adequate concentration for most cultivars. >80

These are the pioneer and current studies that qualify the
chemical attributes concentrations in tropical soils. The
pioneer one [44] divides the intervals into five classes (Table
6).
Table 6: Qualifications of the chemical attribute
concentration intervals.

Qualification
| 1l V.L. L MD G V.G.
ocC a/kg <4 | 4.1al11.6 |11.7a23.2|23.3240.9 >40.6
oM g/kg <7.00| 7.1a20 | 20.1a40 | 40.1a70| >70
ca® cmol/dm3| <0.40| 0.41a1.20| 1.21a2.40| 2.41a4.0| >4.00

H+Al|cmol/dm3| <1.00| 1.01a2.50| 2.51a5.00|5.01a9.0% >9.00*
SB |cmol/dm3| <0.60| 0.61a1.80| 1.81a3.60| 3.61a6.0

CEC
total
Legends: | — Attributes; Il — Units; V.L. — Very Low; L — Low;

M.D. — Medium; G — Good; V.G. — Very Good.*The H+Al
interpretation must be read as high and very highinstead of right and
very good.

>6.00

cmol/dm3| <1.60| 1.61a4.30| 4.31a8.60| 8.61a15.| >15.00

The area deemed satisfactory the intervals qualified as a
medium, right, and very good, except for H+Al. This one
was considered acceptable when very low and low, injuring
vegetal functions when it is exceeding. Regarding the current
studies [45]-[46], they qualify the intervals of pHy.0, Mg?,
K™ and V% into three classes (Table 7).

Composed based on[45].

3. Results and Discussions
3.1 Soil chemical alteration index

By calculating SCAI, it was verified that none of the three
analyzed areas suffered high soil chemical alteration. Their
alteration was low at four quadrants (33.33%) and medium at
eight (66.67%). Amid these, it is the most altered one:
0.6323 (Table 9).

Table 9: Ranking between all of the studied quadrants
regarding the soil chemical alteration
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Ranking AIQ SCAI Q
10 A01 Q04 0.6323 | M
20 A01 Q01 0.5669 | M
3° A02 Q03 0.5285 |M
4° A02 Q02 0.4806 | M
50 A03 Q03 0.4709 |M
6° A02 Q01 0.4619 |M
7° A01 Q03 0.4286 | M
8° A01 Q02 0.4049 |M
90 A03 Q02 0.2453 | L
10° A03 Q01 0.2167 | L
11° A03 Q04 0.1834 | L
12° A02 Q04 0.1342 | L

Maximum 0.6323

Minimum 0.1342

Arithmetic mean 0.3962
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Standard deviation 0.1622
Variation coefficient 40.94%
Legends: A/Q — Area/Quadrant; Q — Qualification.

The data analysis and the seven on-site visits showed that the
four quadrants (A01Q04, A01Q01, A02Q03, and A02Q02)
more altered were the ones with sparse and scarcevegetal
cover (arboreal, shrub, and herbaceous) or dwellings nearby
the river, between 3 and 10 meters (Figure 6).

Figure

h the four hiher SCAI: a) A01Q04

'6. bu
(0.6323); b) A01QO01 (0.5669); c) A02Q03 (0.5285); and d)
A02Q02 (0.4806)

This alteration is due to anthropic activities (like dams) onto
the urban soils and resulted in low and medium indexes
(0.1342 to 0.6323), with a 0.3942 arithmetic mean (medium
degree). According to a study [6] carried out over clayey
urban soils in Santa Maria, RS, this intervention can cause
alkalinity and nutrition imbalance in the ground, injuring the
vegetal development.

Other research is also performed in urban soils; in Pato
Branco, PR, [48] claimed that this injuring occurs because
soil conditions interfere directly with the tree's vitality. As
for the current research, it was possible to pinpoint the
alteration in the three studied areas by comparing each
attribute's values found with the natural characteristics of the
Paragominas Plinthosols (Table 10).

Table 10: Minimum e maximum values are common to
Paragominas' Plintossolos and the studied areas

Paragominas Plinthosols*

Units | Minimum | Maximum
PHuH20 -- 3,9 4,2
pPHkci -- 3,7 3,9
0oC o/kg 28,0 67,9
oM 48,3 117,0
P mg/dm3 1,0 7,0
Ca®* , 2,1 3,0
|v|g+2+ T 1,1 2,0
K 3 1,1 35
H+Al © 120,0 228,0
SB § 6,9 51,2
CECtotal ' 126,1 2715
V % 5,0 18,0

AREA 1
| Units | Minimum | Maximum

PHiz0 - 6,00 7,60
PHke -- 6,30 7,30
oC K 4,20 22,10
oM 9’kg 7,20 38,00
P mg/dm? 17,10 145,00
ca® , 4,10 8,50
Mg** T 0,50 1,60
K* =] 0,04 0,63
H+Al E 0,00 1,64
SB S 5,11 10,63

CECtotal ' 6,75 10,63
vV % 76,0 100,00

AREA 2

Units Minimum | Maximum
PHiz0 -- 6,50 7,30
pHkei -- 4,70 6,80
oC " 1,70 25,20
oM 9’kg 3,00 43,40
P mg/dm3 25,2 294,70
Ca”” . 25 8,50
Mg* = 0,7 1,60
K* =) 0,03 0,78
H+AI g 0 6,44
SB S 4,55 10,88

CECtotal 5,38 14,77

Y] % 34,00 100,00
AREA 3

Units Minimum | Maximum
PHiz0 - 5,80 6,90
PHkei -- 4,70 6,80
oC K 8,00 23,20
oM 9’kg 13,80 40,00
P , 37,50 162,53
Cca” o 3,40 9,15
Mg £ 0,60 1,10
K* S 0,15 1,00
H+Al 2 0,84 5,78
SB [ 4,19 10,4

CECtotal ' 8,02 14,54
Vv % 42,00 90,00

*Data obtained by IBGE (2017) at a depth of 0-20cm.
Legend: pHy,o: pH in water; pHyc): pH in potassium chloride;
0.C.: Organic Carbon; O.M.: Organic Matter; P: Phosphorus; Cca®*:
Calcium; Mg?*: Magnesium; K*: Potassium; H+Al: Potential
acidity; S.B.: Sum of Bases; CEC,y,: Total Cation Exchange
Capacity; V%: Bases Saturation.

We found that the soils' chemical alterationcompared with
the city plinthosols was beneficial because the earth currently
presents eutrophic characteristics. Regarding the trophism, it
is an indication of a eutrophic and fertile soil the
predominance (in the sorptive complex - CECy) of Ca*,
Mg®* and K* over H" and AI**[49].

This study confirmed this scenario by the lower H+Al values
associated with, the higher Ca** costs (sorptive complex
main component) than the plinthosols natural concentrations.
This adequacy is paramount. In research in tropical soil in
Manaus (AM), it wasobserved that the soil chemical
characteristics could directly interfere with the floristic
composition and the vegetation structure [34].

Moreover, according to a study conducted [50] in Boa Vista,
R.R., plinthosols, these characteristics work out from the
seedling establishment to the forestry maintenance. Overall,
the indexes are satisfactory, but it must be avoided other
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interventions into the PPA so that the indexes might not be
impaired and make the reforestation impossible since the
PPA is a sensitive area and easily damageable.

3.2 Soil nutritional status analysis

The laboratory analysis verified the PPA's soil chemical
alteration degree and its modification compared with the city
plinthosols. After that, we observed the chemical attributes
concentration in the soil nutritional system (Table 11).

Table 11: Datesof the laboratory analysis of the soil
chemical attributes from the studied areas

WARM-SEASON
AREA 1
Analyzed Units A01 A0l A0l A0l
Variables| Qo1 Q02 Q03 Q04
PHii20 - 7.3 7.4 7.2 7,6
oC glkg 11,8 11,8 42 7,0
oM 20,4 20,4 7.2 12,0
P mg/dm? 27,0 1450 | 29,3 17,1
Ca™* 7,40 5,50 8,00 1,00
Mg 1,60 1,50 1,00 1,50
K* 0,44 0,28 0,28 0,63
AeAl | Cmol/dmt 0 T 000 | 0.00 | 0,00
SB 9,44 7,28 9,28 10,63
CECtotal 9,44 7,28 9,28 10,63
Vv % 100 100 100 100
AREA 2
Analyzed Units A01 A0l AO1 A0l
Variables Qo1 Q02 Q03 Q04
PHu0 - 6,8 7.3 7,0 6,5
oC K 22,3 1,7 8,7 14,6
oM. 9’kg 384 3,0 150 | 252
P mg/dm? 2947 | 1109 | 1290 | 252
Ca”* 8,5 5,9 35 25
Mg 1,6 1,0 15 0,7
K emol/dms | 0:78 0,18 0,38 0,14
H+Al ¢ 3,89 0,0 0,0 6,44
SB 10,88 7,08 5,38 3,34
CECtotal 14,77 7,08 5,38 9,78
Y % 74 100 100 14
AREA 3
Analyzed Units A01 A01 A01 A01
Variables| Qo1 Q02 Q03 Q04
PHu20 - 5,8 6,1 6,8 6,4
oC o/kg 13,6 8,0 10,1 16,7
oM 23,4 13,8 174 | 288
P mg/dm? 97,8 90,2 391 | 375
ca” 4,0 55 4,0 3,4
Mg 1,0 0,7 0,8 0,6
K* emol/dme |—0:19 0,29 022 | 0,19
H+Al ¢ 5,22 3,11 3,0 5,78
SB 5,19 6,49 502 | 4,19
CECtotal 10,41 9,6 802 | 997
v % 50 68 63 42
RAINY SEASON
AREA 1
Analyzed Units A01 A01 A0l A0l
Variables| Q01 Q02 Q03 Q04
PHu20 - 7,01 6,7 6,78 | 7,08
0oC olkg 20,11 18,16 | 13,08 | 22,07
O.M. 34,67 31,31 | 22,56 | 38,04
P mg/dm? 39,57 54,06 | 3519 | 56,18
ca’ cmol/dms —8:9 4,1 485 | 679
Mg ¢ 0,65 0,9 0,6 0,45

K* 0,04 0,11 0,19 0,19
H+AI 0 1,64 1,34 0
SB 7,59 5,11 564 | 743
CECtotal 7,59 6,75 6,98 7,43
vV % 100 76 81 100
AREA 2
Analyzed Units A0l A01 A0l A01
Variables| Q01 Q02 Q03 Q04
PHii0 -- 6,55 6,34 7.3 6,68
oC o/kg 25,19 23,63 | 1699 | 123
O.M. 43,43 40,73 | 29,29 | 2121
P mg/dm?3 151,93 | 272,07 | 91,87 | 74,2
Ca** 53 6,2 55 3,7
Mg 1,3 1,0 1,0 0,75
K* cmol/drm 0,11 0,03 0,2 0,1
H+Al “ 3,14 1,14 0,0 3,44
SB 6,71 7,23 6,7 4,55
CECtotal 9,85 8,37 6,7 7,99
Y] % 68 86 100 57
AREA 3
Analyzed Units A0 A01 A01 A01
Variables| Qo1 Q02 Q03 Q04
PHio0 - 5,99 6,32 6,88 6,64
oC o/kg 18,16 15,82 9,57 | 23724
O.M. 3131 27,27 16,5 | 40,06
P mg/dm? 81,27 159,0 424 | 162,53
ca** 9,15 5,45 5,55 54
Mg 1,1 65 1,04 1,05
K* cmol /dm 0,15 0,17 1,0 0,15
H+Al ¢ 4,14 244 0,84 1,64
SB 10,4 6,27 7,6 6,6
CECtotal 14,54 8,71 844 | 8724
vV % 72,0 72,0 90,0 80,0

Note: The bold-highlighted values are satisfactory to the vegetation
growth and development.

Legend: pHy,0: pH in water; O.C.: Organic Carbon; O.M.: Organic
Matter: P: Phosphorus; Ca®*: Calcium; Mg?": Magnesium; K':
Potassium; H+Al: Potential Acidity; S.B.: Sum of Bases; CECyga:
Total Cation Exchange Capacity; VV%: Bases Saturation.

From the data analysis regarding the pHp,o, it was verified
that these attribute values are satisfactory. In other words,
they are adequate to the vegetation development within 11
quadrants (91.66%) in the warm season, and within 12
quadrants (100%), in the rainy season. The only pHyyovalue
was not satisfactory was obtained from the A01Q04, which
was 7.6 in the warm season.

According to a study about nutritional problems at the plant
cultivation in calcareous soils [47], this pH value might
reduce the availability of nutrients such as Fe®', thus
negatively affecting the plant growth. Nonetheless, this value
is not a barrier to reforestation since it was obtained just in
one of the two samplings. It is approximately 7.5 (calcareous
soil characteristics pH: 7.5 to 8.5), which does not reflect
high alkalinity or salinity.

Amid the values, it was deemed ideal within the interval
suggested by [49] by the International Plant Nutrition
Institute [51]. Both claim that most cultivars show good
productivity when soil pH is between 6.0 and 6.5. These
ideal values were observed for the pHy,o within three
quadrants (25%) in the warm season and two quadrants
(16,66%) in the rainy season. Therefore, it was verified that,
regarding the acidity, the soil is suitable for reforestation.
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Concerning the O.C. and the O.M., both presented sufficient
concentrations within six quadrants (50%) in the warm
season, and within 11 quadrants (91.66%), in the rainy
season. A study carried out [52] in Amazon allocates that
both the attributes are linked to the high temperatures and
humidity in tropical climates. This type of weather leads to
O.M. decomposition, which releases nutrients into the soil,
besides it contributes to the cation retention and its
subsequent absorption by the plants.

As for these attributes' concentration, the A03Q03 (Figure
7a) quadrant was the only one that presented inadequate
values in both sampling periods, despite the presence of
arboreal vegetation. It may arise from the cleansings
periodically performed by dwellers from nearby areas,
reducing the organic matter accumulation on the soil (Figure
7b).

quadrant

About this reduction,in Manaus, AM, it was verified that it is
essential not to remove soil litter. It is deposited in the warm
season in tropical regions and decomposed in the rainy one
[34]. This process helps the cycling maintenance of nutrients
such as K and P., Thereby, and the periodic cleansing must
be halted.

Furthermore, in a study about Amazon forestry species, the
researchers found thatlitter deposition happens typically in
the warm seasons because it is a strategy to minimize the low
water availability effects [53]. Thus, with a low rate of
leaves, the plant reduces its water losses during transpiration.
Regarding the P, it was satisfactory in all (100%) quadrants
in both sampling periods. In the rainy season, the phosphorus
concentrations in Seropedica, RJ, appear in a higher
availability in tropical areas in tropical areas soil litter [54].
It is a result of the lesser uptake by the plant in this season.
In the warm season, the vegetation's hydric stress is exposed
to requires a higher uptake of phosphorus to its translocation
throughout the plant.

Among those values deemed satisfactory, some quadrants
showed concentrations far above 80 mg/dms3, such as
A02Q01 (294,7 mg/dm3, in the warm season) and A02Q02
(272,07 mg/dm3, in the rainy season). It should be warned
that some nutrients excess in the environment, like P, could
cause a lack of other ones, like Ca®* and Mg?*, since it favors
these' uptakes and movement [55]. Furthermore, the P excess
might lead to phytopathology as ferric chlorosis.

Such values might arise from untreated domestic wastewater
effluent discharges into the soil, as in it there are high
concentrations of P. In research about the anthropic activities
impacts over the P dynamics, it was described that the
phosphorus is in the sewer in the form of both organic
(proteins) and mineral compounds (Synthetic detergents)
[56].

In a studyabout the trophic status of the Paciéncia River in
Minas Gerais [57], the authors found that the P
concentrations increase in the river due to the domestic
wastewater effluent discharge. Thus, to reduce such attention
in the soil and avoid the river contamination, the bursts
observed on-site must be halted.

Concerning the Ca?* and P, its concentrations were
satisfactory (good and very good) in all 12 (100%) quadrants
in both sampling periods. Amid the excellent values, some
very high ones were verified, as in A03Q01 (9.15
cmol/dm3). The concentrations are similar to those found in
the Paraiba state [58].

This high value (9.15 cmolc/dm3) can be associated with the
acai lumps observed in this quadrant, which were deposited
irregularly in previous cultivars executed by a nearby
dweller. According to a [59] study performed in Rio Branco,
AC, these lumps (an agai processing waste) contribute to the
rise of soil nutrientsavailability from the increment of
calcium elements.

Another factor that might raise Ca®* concentrations in the
presence of construction and demolition wastes (CDW), just
as cement powder and roof tiles. About that, in Pato Branco,
PR,the high levels of Ca®* (a mean of 7.6 cmol/dm?) in the
soil were justified by the insertion of calcareous materials
from constructions [48].

It was verified within the A01Q01, A01Q03, A01Q04, and
A02Q01 quadrants, in the warm season A01QOl1 and
A01Q04 quadrants, in the rainy season, due to the taken
place embankment onto them, which contained CDW.
Moreover, such values could arise from the dwelling
constructions' wastes, which was observed on-site, less than
30 meters from the river (Figure 8).

S R o
ENUSRET, - b ¥ .
Figure 8: a) A01QO01 and b) A01Q04. Dwellings in
construction and CDW were disposed of onto the soil

When the calcium is present in high concentrations, it might
injure the adsorption and absorption processes of Mg?.
About this relation between both cations, a survey performed
in Arapoti, PR, found that the two have chemical properties
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very similar to each other (degree of valence and mobility)
[60]. Therefore, there is a competition for the soil adsorption
sites and the roots to absorb them. This way, the excessive
presence of one may injure those processes.

However, it was observed that it did not occur in the areas
since the Mg®* values, despite the variability, showed
themselves satisfactory (medium and high) in all 12 (100%)
quadrants in both samplings' periods. In a study performed in
Jacui, MG, it was observed the adequacy of this element
contributes to photosynthesis because it is part of the
chlorophyll molecule, which absorbs the luminous energy
used in the photosynthesis [61].

The lower concentrations of Mg?* verified in both the
samplings within the A02Q04 (0.70 and 0.75), and the
A03Q02 (0.70 and 0.65) might result from the soil drainage.
During both warm and rainy seasons, the soil was swamped.
The flash flood (2018) in the municipality could have
contributed to this element's leaching and the consequent
reduction of its concentration in the soil.

Concerning the K*, in the warm season, this cation presented
sufficient concentrations in all 12 quadrants, except for
A02Q04, in which it was observed a low value (0.14
cmol/dm3). In the rainy season, seven quadrants (58,33%)
presented gooddeals, with 6 (50%) of them in medium
availability and 1 (8,33%) in high availability.

Regarding K+'s low concentrations (non-satisfactory) in 5
quadrants (41,66%), they might be related to the rainfall in
the rainy season. In the Amazon Rainforest, the K" is the
most mobile nutrient in the soil [62]. Therefore, in tropical
regions, the high rainfall rate raises the likelihood of its
leaching due to its low "adsorption force" to the soil colloids,
as verified about Mg?*.

Another factor that interferes with the K* availability is the
presence of dead vegetation cover on the soil. According to
that,this element is easily leaked out from the soil litter in a
potassium availability study [63]. This cation availability
depends more on the plants' demand for the nutrient than on
the soil properties, as texture and mineralogy.

About the H+Al, the data analysis revealed sufficient
concentrations, in the warm season, in 9 quadrants (75%)
and, in the rainy one, in all 12 quadrants (100%). Just the
A01Q01, A01Q04, and A02Q03 presented null values in
both warm and rainy seasons. In the warm season, A02Q04,
A03Q01, and A03Q04 showed high H+AI.

A previous study [64] indicates the H+Al (composed of H*
and AI*") in the tropical soils might reduce its productive
potential. That data is supported by [65],who analyzed the
toxic effects of aluminum on the plant growth and warned
that the low pH (<5.0) leads to a high concentration of Al*",
hence, to the potential acidity rising. In research carried out
in Mato Grosso, it was found that it might injure the plant
development [66].

However, the potential acidity reduction in these quadrants
(A02Q04, A03Q01, and A03Q04) was reported under a high
rainfall rate. Therefore, it contributes to avoiding the root

growth inhibition and the absorption of the nutrient reduction
[49], which could hinder vegetation development, especially
thatof aluminum-sensitive ones.

As for S.B., the concentrations were satisfactory in all 12
quadrants (100%) in warm and rainy seasons. It happened
since the essential cations (Ca®*, Mg*" and K*) that are part
of the sum of bases represent vital nutrients to the vegetation
growth, as explained in contributions to the Agronomic
Institute Campinas, S.P. [67]. This way, the proper values
indicate the nutrients’ availability in the soil as satisfactory.
Concerning the CECyy, We verified that the exchangeable
soil capacity is adequate. This attribute's cations stay
withheld in the soil surface by the fraction of negatively
charged clay. The manual about soil analysis describes that
the nutrients are available to the plants in exchangeable
conditions (exchangeable capacity) [4]. Thus, the results
indicate the studied soils are good to plant nutrition.

Regarding the cation retention by the O.M. particles, it may
be pointed out the relation between the CEC and the O.C
because the O.C. favors the number of negatives charges in
the soil. In research about carbon and the fertility attributes
in Ponta Grossa,M.G.,the researchers observed that the CEC
rise due to the rising of available O.C. in a tropical soil. The
high temperature and humidity favor the O.M.
decomposition [68].

About V%, the last one attribute analyzed in this research,
andwe verified that ten quadrants (83,33%), in the warm
season, and all 12 ones (100%), in the rainy season, have
eutrophic soils. These soils are suitable for vegetation
development since they are VV > 50% and, consequently, are
fertile, whilegrounds with V < 50% are dystrophic and have
low fertility [47].

Amid the eutrophic soils, many cultivars present good
productivity in those with V% between 50 and 80% [47]. It
was found in 4 quadrants (33,33%) in the warm season, and
six quadrants (50%), in the rainy one. The base saturation
expresses the soil's overall fertility status, for it is calculated
from the division between S.B. and CEC [47]. In other
words, the V% illustrates which is percentual of bases in
CEC.

The individual analysis of chemical attributes showed,
therefore, that the alterations were mostly favorable. From
the 132 values (11 characteristics in 12 quadrants) analyzed
in each period, 113 (85,60%) were satisfactory in the warm
season and 125 (95,69%) in the rainy season, as highlighted
in bold in Table 10.

4. Conclusion

This research confirmed that it did happen chemical
alteration at a low and a medium degree in the soils of the
studied areas compared with the natural characteristics of
city plinthosols. Nevertheless, it does not mean that the earth
has lost its nutritional value because it was found to increase
the soil quality of the areas in terms of nutrients availability.

Therefore, the alteration in the studied areas has not injured
the chemical attributes concentration in the soil. They
showed themselves as satisfactory, and they enable the
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reforestation of the sites.
complementary physical

We suggest carrying out
and microbiological analysis,

besides the phytosociological study in pristine forest areas, to
ensure reforestation's effectiveness.
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