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ABSTRACT: The soil and vegetation characteristics of the southern Amazonas region include highly 

weathered soils, high aluminum content and some hydromorphic conditions, its vegetation is composed from 
grasslands to small isolated trees and forest galleries along the rivers streams. In this way, this work aims to 
characterize and classify the soil in areas of clean field, dirty field, and forest in Humaitá region AM. Soil 
trenches were opened in the clean field, dirty field, and forest environments, soil profiles were morphologically 
characterized, and samples were collected from their horizons. Physical analysis of texture, dispersed clay in 
water, flocculation, bulk density, particle density and porosity were performed. The chemical analyzes included 
pH and KCl in water; Ca, Mg, K, Al, and; available P; H+Al and organic C; SiO2, Al2O3 and Fe2O3 sulfuric 
attack. The soils were classified according to criteria established by the Brazilian System of Soil Classification 
and Soil Taxonomy. The forest, dirty field (high) and clean field (low) showed different soil types, Typic 
Dystrudept for the first two environments and Typic Fluvaquents for last. Multivariate techniques expressed the 
similarity relations presenting between the different environments studied, characterizing, which are of great 
importance in the relation landscape-soil studies. 
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INTRODUCTION 

 
The landscape is the combination of the 

earth surface features and the subsurface 
components (source material) (PENNOCK; 
VELDKAMP, 2006), while soil is a natural three-
dimensional and dynamic body that is inserted in the 
landscape (MINASNY; MCBRATNEY, 2006). In 
this way, the relation "soil-landscape" can be 
understood as the soil attributes spatial pattern 
distribution and its dependence relations with the 
landform arrangement (CAMPOS et al., 2007). 
However, climatic conditions, geological 
characteristics and hydrological aspects are 
fundamental to understand these relationships 
(CAMPOS et al., 2013a). 

The Amazonas region presents a great soil 
diversity and landscapes, which justifies studies of 
this nature, among these landscapes, the Humaitá 
city presents transition vegetation of the Field/Forest 
type, which includes the so-called “Humaitá Natural 
Fields”, that comprise the areas of the "Puciari-
Humaitá fields”. This landscape type includes 
several open country formations, alternating small 

isolated trees and forest galleries along the streams 
known as “igarapés” (BRAUN; RAMOS, 1959). 

These fields form some mosaics with the 
surrounding forests, the contact between these 
vegetations occurs in some places, abruptly, but in 
others the vegetation changes between the forest and 
the field is gradual (FREITAS et al., 2002). Braun & 
Ramos (1959) add that vegetative associations 
occur, forming the: "clean field" areas which are not 
very extensive and with grasses predominance; the 
"dirty field" areas are dominated and covered by 
grasses associated with shrubs and trees and finally 
in the areas near the fields edges occur woods, with 
trees spacing between 1 and 3 m, reaching 3 to 5 m 
height. 

The native Amazonian fields origin in a 
certain way presents several theories, but 
supposedly different from those presented to explain 
the Central Brazil “Cerrados” occurrence. 
According to the forest refuges theory, during the 
Pleistocene, that goes from 2 million to 12 thousand 
years ago, occurred several glaciations responsible 
for the planet cooling, in the Amazônia the average 
temperature fell at least 4.5 ºC and in the dry 
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periods, the area was dominated by savannas and 
“Cerrados”, the forest was reduced to tropical 
vegetation small "spots" called refuges (RANZI, 
1993, MARTINS et al., 2006). 

The relationships between soil, landform 
and vegetation are characterized to be 
interdependent, if drainage conditions and soil 
variation interfere with plant formations, on the 
other hand, landform conditions influence soil 
properties such as structure, porosity, bulk density 
and nutrient content (MEIRELES et al., 2012). 
Studies conducted by Campos et al. (2012) in 
field/forest transition environments, found that in 
these environments the soil variation in 
toposequence is directly related to the landform, 
which drives the drainage and water table level, 
favoring the glei or plintico horizons appearance in 
“Sistema Brasileiro de Classificação de Solos 
(SIBCS)”. 

So, the soil study presents a great 
importance for humanity, being used in several 
activities, including agricultural and environmental, 
given the above, the morphological characteristics, 
physical and chemical attributes study is of the 
utmost importance for inferences to be made about 

to the potential use, as well as in the soil-landscape 
relationship processes. On the other hand, the 
natural fields present a unique occurrence in the 
Amazonas southern region, which gives them 
exclusive characteristics, considering the fact that 
the region is inserted in the so-called "deforestation 
arc", with the possibility to lose these environments. 
In this way, the present study aimed to characterize 
and classify the soils in dirty field, clean field and 
forest environments in the Humaitá - AM region. 

 
MATERIAL AND METHODS 
 
Physical environmental characterization 

The study area is located in the Amazonas 
southern region in the Humaitá city, AM (Figure 1). 
The region climate, according to the Köppen 
classification, belongs to group A (Tropical Rainy 
Weather) and climatic type Am (monsoon type 
rainfall), presenting a dry period of short duration. 
Rainfall is limited by 2,250 and 2,750 mm isohyets 
with a rainy period beginning in October and going 
through June. Average annual temperatures range 
from 25 °C to 27 °C and air relative humidity is 
between 85 and 90%. 

 

 
Figure 1. Location map of clean field, dirty field and forest areas in the Humaitá region, Amazonas. 

 
The studied area geology is formed by 

undifferentiated ancient alluvium referred to the 
Holocene, this formation sediments are derived 
from two sedimentation cycles: a) lower, sandy 
banks that represent pluvial-fluvial sedimentation 
and b) higher clayey sediments, indicating lacustrine 
sedimentation (BRAUN; RAMOS, 1959). The 

region presents approximately "plateau" type 
landform, with very small differences and slightly 
bulging edges. These ancient river terraces are water 
divisors between the region small streams. These 
tabular zones unevenness in relation to the streams 
are in the order of 15 to 29 m, however, occurs 
abruptly (BRAUN; RAMOS, 1959). 
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Generally, the two vegetation types in the 
region are forests and natural fields, the forests are 
the tropical rainforest-type open and dense, and the 
Puciari-Humaitá fields are where clean and dirty 
fields stand, with formations prevailing low grassy-
woody vegetation, which sometimes alternate small 
isolated trees and forest galleries along the rivers 
and the undergrowth consists mainly of grasses and 
is distributed as clusters spaced from 0.40 to 0.60 m 
from each other (BRAUN; RAMOS, 1959). 

 
Field and laboratory methodology  

Soil trenches were opened in clean field 
(P1), dirty field (P2) and forest (P3) environments, 
to characterize morphological features, and to 
collect soil samples for physical and chemical 
analysis. The soil profiles were described 
morphologically by horizons following Santos et al. 
(2013) recommendations. Soils were classified 
according to criteria established by the Brazilian 
Soil Classification System (Embrapa, 2013) and 
Soil Taxonomy (Soil Survey Staff, 2014). 

The granulometric analysis was performed 
by the pipette method, using 0.1 NaOH mol L-1 
solution as a chemical dispersant and mechanical 
stirring in low speed apparatus for 16 h using a soil 
dispersion mixer Wagner type. The clay fraction 
was separated by sedimentation, the coarse and fine 
sand by sieving and silt calculated by difference 
(Embrapa, 2011). The fractions larger than 2 mm 
(gravel 2-20 mm) present in the soil samples were 
quantified by weighing, and calculating the gravel 
mass by sample mass ratio. 

Undisturbed structure samples were 
collected in each of the profile horizons, using a soil 
core sampler and in the laboratory the samples were 
prepared by removing the soil excess from its ends, 
then saturated by water surface gradual elevation by 
about 2/3 of samples height in an aluminum 
container. The total porosity was obtained by the 
saturation method, in which the relationship 
between the saturation moisture and the respective 
soil volume represents the total porosity. Soil 
density was determined from samples with 
preserved structure, obtained by the ratio between 
oven dried soil at 105 °C mass and the soil volume 
as described in Embrapa (2011) and the particle 
density determined by the volumetric flask method, 
according to methodology described by Flint & 
Flint (2002). 

Potassium and phosphorus were extracted 
with Mehlich-1 solution; and the potential acidity 
(H+Al) extracted with calcium acetate buffered 
solution at pH 7.0, using a methodology proposed 
by Embrapa (2011). Based on chemical analyzes 

results, the sum of bases (SB), cation exchange 
capacity (CEC), base saturation (V%) and 
aluminum saturation (m) were calculated. The pH 
was determined potentiometrically using a 1:2.5 soil 
ratio: in water and 1 mol L-1 KCl solution (Embrapa, 
2011). The total organic carbon was determined by 
the humid oxidation method, with external heating 
(YEOMANS; BREMNER, 1988). 

In the air-dried soil samples were 
determined the sulfuric oxides attack (Al2O3 and 
Fe2O3) after digestion with H2SO4, 1:1 ratio, 
followed by alkaline dissolution of SiO2 following 
the method described by Embrapa (1979). 

The data were submitted to Principal 
Component Analysis (PCA), aiming to summarize 
the values obtained from the attributes studied. In 
this way, the 13 initial variables set was 
characterized by two new latent variables (PC1 and 
PC2), which allowed its location in two-dimensional 
figures (access order by PCA). The analysis 
accuracy is verified by the original variables total 
information, retained in the principal components 
that show eigenvalues higher than the unit, or lower 
eigenvalues without relevant information. All 
multivariate statistical analyzes were processed in 
STATISTICA software version 7.0 (Statsoft, 2004). 

 
RESULTS AND DISCUSSION 
 
Genesis and soil classification 

The soil profiles variation along the 
different physiographic environments is closely 
related to the landform that drives drainage and 
surface runoff, framing these environments in 
different soil classes. As for the profiles genesis and 
classification, all presented horizon diagnosis 
superficial Ocrich Epipedon. 

Regarding the soil taxonomy it was 
observed the formation of two classes according to 
the SiBCS: the first in the Entisols order (P1), the 
second and the third in the Inceptisols order (P2 and 
P3). The P1 was classified as Aquents, located in 
the flat area of the studied environment, and favored 
by hydromorphic conditions, leading to the massive 
structure formation and grayish colors in the Cg 
horizon, expressing the gleying process 
predominance. Due to the high aluminum saturation 
index, greater than 50% and base saturation, less 
than 50% throughout the profile, this was classified 
as Typic Fluvaquents. 

P2 and P3 presented incipient subsurface B 
horizons diagnostic, without evidence of 
predominant pedogenetic process, also presenting 
allytic character for both soils, being classified as 
Typic Dystrudept. 
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Allytic character found in the studied 
environments is due to high exchangeable aluminum 
contents (≥4 cmolc kg-1, associated to clay activity 
≥20 cmolc kg-1). This feature is related to the 
alluvial parent material, from Madeira River 
affluent (CAMPOS et al., 2012). 

 
Morphological attributes 

The morphological attributes are presented 
in (Table 1). P1 presents colors varying from very 
dark brown (10 YR 2/2) to dark brown (10YR 3/3) 
in its surface horizons A and AB, respectively, thus 
establishing distinct differentiation for the Cgf 
horizons that present colors varying from brown to 
gray-pink (Figure 2). The darker colors present in 
the superficial horizons are due to the profile higher 
organic carbon content, corroborating with Santos et 
al. (2012), where the authors working with soil 
characterization in a toposequence under alluvial 
terraces in the middle Madeira River (AM) region 
attributed the superficial horizons low values and 
chroma to the highest levels of organic matter. 

Almost all the P1 horizons (Figure 2), 
exception for A, presented mottles, which varied 
from little to abundant, medium to large and diffuse 
to prominent. Their colors ranged from dark brown 
(7.5 YR 3/4) to dark red (2.5 YR 4/8). This profile is 
characterized by being seasonally in hydromorphic 
conditions, being partially flooded at some times of 
the year. This soil is in the gleying process, 
according to the observed reduction color patterns 
evidenced by the mottles formation. 

The P2 (Figure 3) presented colors ranging 
from dark yellowish brown (10 YR 3/4) to strong 
brown, and in most diagnostic horizons the 
predominant color was red. Mottles occurrence 
starts from the Bif2 horizon, alternating colors 
between yellow (10 YR 7/6) and dark red (2.5 YR 
4/6). The mottles formation is due to soil flooding at 
some times of the year, thus intensifying iron 
reduction process and transport along the profile 
(GUIMARÃES et al., 2013). 

The P3 (Figure 4) presented yellowish 
colors in most diagnostic horizons, unlike P2 and 
P1, with a color ranging from strong brown (7.5 YR 
4/6) to pinkish gray (7.5 YR 7/2). The mottles 
occurrence starts from the Bif2 horizon, varying in 
amount, size, color contrast in relation to the 
bottom, from little to abundant, small to large, 
diffuse to prominent and dark red in all mottles. 

All profiles studied presented a strong 
degree of development in their structure in all 
horizons, except for P2 Bif3 and P3 Bif3 horizons, 
which showed a moderate degree of development, 

with sizes ranging from small, medium and large. 
The P2 and P3 presented differences in textural 
classes along the profiles, both surface horizons 
were characterized as Silty Clay-loam texture, 
varying for Clay-loam in the subsurface horizons. 
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Table 1. Soil morphological attributes in clean field, dirty field and forest areas in the Humaitá region, AM. 

Hor. Depth. Collor (Moist) 1Mottles  Texture  2Structure 
3Consistency  

(dry, moist and wet)  
4Transition  

 (m)      
Profile 1 – Clean Field- Gleissolo Háplico Alítico típico (Typic Fluvaquents) 

A 0-22 10 YR 2/2 - Clay-loam  
st. med. ang. bl and 

sub. bl 
sof., fri., sli.pl. sl.sti. dif. and fla. 

AB 22-40 10 YR 3/3 
7.5 YR 3/4 li. 

med. dif. 
Clay-loam 

st. med. to la. ang. bl 
and sub. bl 

sl.har., fri., pl. sti. dif. and fla. 

BA 40-63 10 YR 3/3 
5 YR 3/4  li. med. 

dis 
Clay-loam 

st. med. to la. ang. bl 
and sub. bl 

sl.har., fir., pl. sti. dif. and fla. 

B/C 63-88 10 YR 4/4 
5 YR 4/6  ab. 

med. pro. 
Clay-loam 

st. med. to la. ang. bl 
and sub. bl 

vha., fir., vpl. vsti. cle. and fla. 

Cgf1 88-116 7.5 YR 4/4 
2.5 YR 4/8 ab. la. 

pro. 
Clay-loam 

st. med. to la. ang. bl 
and sub.bl 

ext.ha., fri.,vpl. vsti. 
cle. and 

fla. 

Cgf2 116-150 7.5 YR 6/4 
2.5 YR 4/8 ab. 

med. pro. 
Very clayey 

st. med. to la. ang. bl 
and sub. bl 

ext.ha., fir., vpl. vsti. dif. and fla. 

Cgf3 150-165+ 2.5 Y 7/2 
2.5 YR 4/8 ab. 

med. pro. 
Clay 

st. med. to la. ang. bl 
and sub. bl 

ext.ha., fri., vpl. vsti. - 

Profile 2 – Dirty field - Cambissolo Háplico Alítico típico (Typic Dystrudept) 

A 0-11 10 YR 3/4  - Silty Clay-loam 
st. med. to la.  

ang. bl 
sof., fri., sli.pl. sl.sti. 

gra. and 
fla. 

BA 11-22 7.5 YR 5/6  - Clay-loam 
st. la. to vla. ang. 

bl e bl. sub. 
sof., fri., pl. sti. dif. and fla. 

Bi 22-40 7.5 YR 6/6  - Clay-loam 
st. sm. to med.  

ang.bl and sub. bl  
sl.har., fri., vpl. vsti. dif. and fla.. 

Bif1 40-72 2.5 YR 5/8  - 
Clay-loam st. med. to la.  

ang.bl and sub. bl 
sl.har., fri., vpl. vsti. cle. and fla. 

Bif2 72-104 2.5 YR 5/8  10 YR 7/6 Clay-loam 
st. sm. to med.  

ang. bl and sub. bl 
ha., fri., vpl. vsti. cle. and fla. 

Bif3 104-125 2.5 YR 5/8  7.5 YR 6/6 Silty Clay-loam 
mod. sm. to la. 

ang. bl and sub. bl  
vha., fri., vpl. vsti. dif. and fla. 

Bif4 125-160 7.5 YR 5/8 2.5 YR 4/8 Very clayey 
st. med. to la. ang. 

bl 
vha., fri., vpl. vsti. dif. and fla. 

BCf 160-200 7.5 YR 4/6 2.5 YR 4/6 Very clayey st. la. to vla.  ang. vha., fri., vpl. vsti. - 
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bl 
Profile 3 – Forest - Cambissolo Háplico Alítico típico (Typic Dystrudept) 

Af 0-21 7.5 YR 4/6 - Silty Clay-loam 
st. med. to la.  

ang. bl and sub. bl 
fri., sli.pl. sl.sti dif. and fla. 

ABf 21-42 2.5 YR 4/6  - Silty Clay-loam 
st. med. to la. ang. 

bl and sub. bl 
fir., pl. sti. dif. and fla. 

Bif1 42-55 2.5 YR 4/8  - Clay-loam 
st. med.to la. ang. 

bl and sub. bl 
fri., pl. sti. cle. and fla. 

Bif2 55-80 5 YR 6/6  
2.5 YR 3/6 li. sm. 

dif. 
Silty Clay-loam st. sm. to med 

ang. bl and sub. bl 
vfri. vpl. vsti. dif. and fla. 

Bif3 80-106 5 YR 6/8  
2.5 YR 4/8 ab. la. 

pro. 
Clay-loam 

mod. med. ang. bl 
and sub. bl 

fri. vpl. vsti. dif. and fla. 

Bif4 106-135 7.5 YR 6/6  
2.5 YR 4/6 ab. la. 

pro. 
Silty Clay-loam 

st. med. ang. bl 
and sub. bl 

vfir. vpl. vsti. dif. and fla. 

Bif5 135-155 7.5 YR 6/4 
2.5 YR 3/6 ab. la. 

pro. 
Clay-loam  

Silty Clay-loam 
st. med. ang. bl. 

and sub. bl 
fir. vpl. vsti. dif. and fla. 

BCf 155-184+ 7.5 YR 7/2 
2.5 YR 4/8 ab. la. 

pro. 
Silty Clay-loam 

st. med. ang.bl. 
and sub. bl 

fir. vpl. vsti. dif. and fla. 

Hor.: Horizon.; Prof.: 1 li.: little; co.: common; ab.: abundant; dif.: diffuse, dis.: distinct; pro.: prominent. 2 we.: weak, mod.: moderate; st.: strong; sm.: smal, med.: medium: la.: large; vla.: very large; 
gran.: granular; ang.bl.: angular blocks; sub. bl.: subangular blocks, prism.:prismátic. 3 lo.: loose; sof.: soft; sl.har.: slightly hard; ha.: hard; vha.: very hard; ext.ha.: extremaly hard; vfri.: very friable; fri.: 
frible; fir.: firm; vfir.: very firm; ext.fir.: extremaly firm; nopl.: no plastic; sli.pl.: slightly plastic; pl.: plastic; vpl.: very plastic; no.sti.: not sticky; sl.sti.: slightly sticky; sti.: sticky; vsti.: very sticky. 4 cle.: 
clear; fla.: flat; gra.: gradual; wa.: wavy; dif.: diffuse; abr.: abrupt. 
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Figure 2. Typic Fluvaquents profile (P1) in clean field area in the Humaitá region, AM. (A) = soil profile and 

(B) = study environment. 
 
 
 

 
 
 
Figure 3. Typic Dystrudept profile (P2) in dirty field area in the Humaitá region, AM. (A) = soil profile and 

(B) = study environment. 
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Figure 4. Typic Dystrudept profile (P3) in a forest area in the Humaitá region, AM. (A) = soil profile and (B) 

= study environment. 
 
Physical Attributes  

The soils presented little coarse fractions 
larger than 2 mm, not reaching 15% in any of the 
soils (Table 2). The clay fraction was dominant for 
P1, presenting small increase in the last horizons. 
Rosolen & Herpin (2008), affirm that topographic 
depressions in the landscape, favor the deposition of 
finer sediments.  

For P2 and P3, the silt fraction was 
dominant in almost all horizons, except for the P2 
Bif2, Bif4 and BCf horizons, which showed clay 
dominance, a fact justified by the presence of "clay 
pockets" in these horizons identified in the 
description and profile collection. The silt 
dominance in these profiles can be explained by the 
soil source material and the alluvial nature of the 
sediments that constitute the source material (Brazil, 
1978). The silt fraction is considered to be 
indicative of the soil weathering degree or its 
potential to contain easily weathered primary 
minerals, that is, of its nutrient reserve (RESENDE 
et al., 1999). 

 The S/A ratio presented high values 
for the superficial horizons, between 2.23 and 1.28 
for P2 and P3, respectively, while for the subsurface 
horizons the values decrease in depth reaching up to 
0.31. For the P1, the S/A ratio, presented for the 
superficial horizons values between 1.00 and 0.79, 
having an increment in depth, but again decreasing 
at the end of the profile. Campos et al. (2012), 

studying soils toposequence in the natural-forest 
transition in the Humaitá region, found results very 
similar to the behavior of the S/A ratio for the same 
pedoenvironments. In relation to the bulk density, in 
all the studied profiles the lowest values are for the 
topsoil horizons, close to 1 Mg m-3, and for the 
subsurface horizons ranged from 1.11 and 1.60 Mg 
m-3, presenting an increase in depth. For Martins et 
al. (2006), the lowest bulk density values in the 
topsoil horizons in relation to the subsurface, are 
due to the higher organic matter content. In relation 
to the higher bulk density values observed in the 
subsurface layers for the three profiles, these are not 
compaction indications, since they are natural 
environments, but possible soil densification factors, 
since, clay contents tend to increase in depth, thus 
leading to clay eluviation process corroborating with 
Martins et al. (2006); Campos et al. (2012) and 
Campos et al. (2013b) in natural environments in 
the Southern Amazonas. 

The total porosity presented values above 
50% for the surface horizons for all profiles, thus 
showing an inverse relationship with bulk density, 
that is, as the pores reduction with a 50 μm lower 
limit and greater than 300 μm occurs, due to pores 
clogging by clay fractions, the tendency is that there 
is a significant decrease in porosity, this being due 
to the very high clay levels and silt in the subsurface 
(Andrade et al., 2009). 

. 
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Table 2. Soil physical attributes for clean field, dirty field and forest areas in the Humaitá region, AM. 

Horizon 
Depth 

Total sample fraction Fine-grained granulometry 
WDC FG S/A BD PD TP 

Fravel Fine-grained Coarse sand Fine Sand Silt Clay 
cm 

 
g kg-1 

 
% 

 
Mg m-3 % 

Profile 1 – Clean field - Gleissolo Háplico Alítico típico (Typic Fluvaquents) 
A 0-22 - - 19 38 471 472 220.2 53.3 1.00 1.1 2.6 59.1 

AB 22-40 - - 12 31 424 533 272.0 53.6 0.79 1.3 2.6 49.6 
BA 40-63 - - 16 42 452 489 256.1 52.8 0.92 1.4 2.6 45.0 
B/C 63-88 - - 23 69 503 405 24.2 94.7 1.24 1.5 2.6 42.4 
Cgf1 88-116 - - 12 59 474 455 49.2 90.3 1.04 1.5 2.6 42.7 
Cgf2 116-150 - - 7 54 339 600 89.6 86.3 0.56 1.5 2.6 42.1 
Cgf3 150-165+ 12 988 28 62 319 592 73.3 88.6 0.54 nd nd nd 

Profile 2 – Dirty Field Cambissolo Háplico Alítico típico (Typic Dystrudept) 
A 0-11 - - 16 194 545 245 145.0 51.3 2.23 1.4 2.6 52.9 

BA 11-22 - - 11 177 504 307 138.1 61.7 1.64 1.5 2.6 47.9 
Bi 22-40 - - 12 168 463 356 58.5 85.7 1.30 1.6 2.6 44.4 

Bif1 40-72 15 985 11 155 461 373 3.9 99.1 1.24 1.5 2.6 60.8 
Bif2 72-104 31 969 14 134 335 518 2.0 99.7 0.65 1.4 2.6 50.3 
Bif3 104-125 48 952 18 116 531 335 1.1 99.7 1.59 1.5 2.6 57.6 
Bif4 125-160 41 959 25 88 266 621 28.0 95.9 0.43 1.6 2.6 55.5 
BCf 160-200 19 981 19 50 219 713 32.5 95.8 0.31 1.5 2.6 49.1 

Profile 3 - Forest - Cambissolo Háplico Alítico típico (Typic Dystrudept) 
Af 0-21 102 898 22 107 587 284 57.3 83.0 2.07 1.1 2.6 56.0 

ABf 21-42 46 954 23 70 509 398 18.5 95.9 1.28 1.4 2.6 46.4 
Bif1 42-55 59 941 20 51 490 440 19.5 96.0 1.11 1.4 2.6 44.3 
Bif2 55-80 61 939 14 66 532 388 3.1 99.3 1.37 1.5 2.6 40.5 
Bif3 80-106 96 904 16 53 467 463 3.6 99.3 1.01 1.5 2.6 41.6 
Bif4 106-135 68 932 24 40 596 340 6.1 98.5 1.75 1.6 2.6 40.0 
Bif5 135-155 80 920 23 40 574 362 4.1 99.0 1.59 1.5 2.6 40.8 
BCf 155-184+ 114 886 37 37 585 341 9.9 97.5 1.72 nd nd nd 
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Chemical attributes 
The soils natural fertility under forest and 

native field is considered very low (Table 3), 
Schubart et al. (1984) explain that soils under 
tropical forest present low nutrient due to the 
cycling conditioned by the fast-organic matter 
decomposition, causing the nutrients to concentrate 
in the biomass and not in the soil, constituting a 
nutrient conservation mechanism, maintaining the 
exuberance of the Amazon rainforest. In soils under 
field, their natural fertility low rates have been 
exhaustively recorded in the literature (BRAZIL, 
1978, CARVALHO, 1986, CAMPOS et al., 2009, 
CAMPOS et al., 2011). 

The pH in water values presented variations 
between 4.1 and 5.42 and the pH in KCl between 
3.5 and 5.42. For all horizons the pH in KCl values 
were lower than pH in water values, establishing a 
negative ΔpH, evidencing the net negative charges 
predominance, showing that in these soils the cation 
exchange capacity (CEC) exceeds the anionic 
exchange ability under natural pH conditions 
(OLIVEIRA et al., 2003, FERNANDES et al., 
2008). The highest ΔpH negative values are for the 
Forest, then the dirty field and the clean field, unlike 
Campos et al. (2012), where the highest ΔpH 
negative values were for the low vegetation field 
areas. 

The organic carbon (OC) contents were 
higher in the topsoil horizons when compared to the 
subsurface horizons in all the profiles, this can be 
justified by the organic matter incorporation by 
vegetation and topography and hydromorphic 
influence (SANTOS et al., 2012). The P1 horizon 
was the one that obtained the highest OC value 
(31.2 g kg-1), this occurs as P1 is the area with 
steeper slope in relation to the three profiles studied, 
so there is organic material accumulation, carried by 
water, observed by Campos et al. (2012), studying a 
toposequence for Field/Forest transition in the 
“Puciari fields region”. 

It is observed that the highest CEC value, 
for P1 A horizon, is where the highest OC value is 
also found, together with a high clay percentage 
(47.2%). The CEC decreases in depth, with a small 
increase again as the increase in clay content occurs. 
As the clay and soil organic matter increase, either 
in surface or subsurface, the CEC tends to increase, 
much due to these fractions colloids importance that 
work in the soil negative charges maintenance 
(KWEON et al., 2013). These results obtained for 

CEC in all the environments, evidence and confirm 
that Amazonian soils the CEC is organic matter 
dependent (ROCHA; CERRI, 1994). 

For base saturation (V), it was verified that 
all the profiles studied, the V was below 10%, 
evidencing the soils source material low fertility, 
these values confer the dystrophic character 
frequently found in literature studying soils in 
Amazônia region. (MARTINS et al., 2006, 
CAMPOS et al., 2012, SANTOS et al., 2012). 

The Al3+, H+Al and aluminum saturation 
values were higher for P1, corroborating with 
Santos et al. (2012) and disagreeing with Martins et 
al. (2006), that studying the native Humaitá fields, 
found the highest Al3+, H+Al and aluminum 
saturation values in the forest environment, 
however, the lowest values found for the dirty field 
(high) corroborate with the authors mentioned 
above. Vidal-Torrado et al. (1999) and Campos et 
al. (2011) associate to the flat landform (greater 
water infiltration), favoring the exchangeable bases 
leaching increase in the soil profile, conditioning the 
lowland soils with respective increases in the 
variables that indicate the soils acidity. For the 
forest environment, such results can be equated with 
the oligotrophic theory reported by Alvim (1954) 
and Goodland (1971), who consider the aluminum 
toxic presence as an ecological factor of great effect 
on the vegetation occurrence in “Cerrados” fields 
and forests. 

The available phosphorus levels presented 
similar behavior in all the studied environments, 
with an average value of 0.31 mg kg-1, decreasing in 
depth. Phosphorus remains stable in depth, due to 
the low mobility of its compounds (SILVA et al., 
2006). 

The total silicon, iron and aluminum oxides 
contents (SiO2, Al2O3 and Fe2O3) are presented in 
Table 4, which showed a decrease in depth for all 
profiles studied. The lower SiO2 contents were 
found in the forest environment, evidencing a more 
weathered environment in relation to the others. For 
the aluminum oxide (Al2O3) contents, it was verified 
that the clean field environment presented higher 
values in relation to the dirty field and forest 
environments. In environments that are constantly 
saturated with water, there is the mobilization, 
redistribution and export of iron, silica, aluminum 
and other chemical elements (ROSOLEN; HERPIN, 
2008). 
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Table 3. Soil chemical attributes in clean field, dirty field and forest areas in the Humaitá region, AM. 

Horizon 
Depth pH 

H2O 
pH  
KCl 

∆pH 
Ca2+ Mg2+ K+ SB Al3+ H+Al CEC V m P CO 

Cm cmolc dm-3 % % mg kg-1 g kg-1 
Profile 1 – Clean field - Gleissolo Háplico Alítico típico (Typic Fluvaquents) 

A 0-22 4.1 3.5 -0.6 0.55 0.19 0.012 0.75 6.9 20.4 21.15 3.5 90 0.32 31.2 
AB 22-40 4.3 3.6 -0.7 0.58 0.15 0.005 0.74 6.9 15.2 15.94 4.6 90 0.32 13.7 
BA 40-63 4.3 3.6 -0.7 0.51 0.13 0.004 0.64 6.1 11.5 12.14 5.3 91 0.32 8.2 
B/C 63-88 4.3 3.7 -0.6 0.36 0.22 0.003 0.58 4.9 8.3 8.88 6.5 89 0.32 4.8 
Cgf1 88-116 4.3 3.7 -0.7 0.37 0.10 0.003 0.47 6.0 8.1 8.57 5.5 93 0.31 3.0 
Cgf2 116-150 4.5 3.7 -0.8 0.53 0.13 0.004 0.66 7.1 10.7 11.36 5.8 91 0.31 2.8 
Cgf3 150-165+ 4.5 3.7 -0.8 0.35 0.11 0.006 0.47 8.9 12.4 12.87 3.7 95 0.31 3.2 

Profile 2 – Dirty field - Cambissolo Háplico Alítico típico (Typic Dystrudept) 

A 0-11 4.30 3.57 -0.7 0.41 0.13 0.006 0.55 3.4 8.9 9.45 5.8 86 0.32 13.2 
BA 11-22 4.28 3.69 -0.6 0.47 0.11 0.003 0.58 3.0 6.4 6.98 8.3 84 0.30 9.1 
Bi 22-40 4.41 3.73 -0.7 0.58 0.12 0.003 0.70 3.1 6.4 7.10 9.9 82 0.30 5.8 

Bif1 40-72 4.46 3.66 -0.8 0.54 0.16 0.002 0.70 4.2 6.7 7.40 9.5 86 0.31 3.6 
Bif2 72-104 4.47 3.59 -0.9 0.52 0.15 0.002 0.67 5.6 8.7 9.37 7.2 89 0.30 2.7 
Bif3 104-125 4.53 3.54 -1.0 0.41 0.14 0.003 0.55 6.5 8.7 9.25 5.9 92 0.30 3.4 
Bif4 125-160 4.35 3.50 -0.8 0.39 0.14 0.004 0.53 7.2 10.1 10.63 5.0 93 0.31 4.3 
BCf 160-200 4.49 3.46 -1.0 0.45 0.16 0.005 0.62 9.0 12.0 12.62 4.9 94 0.32 2.0 

Profile 3 – Forest - Cambissolo Háplico Alítico típico (Typic Dystrudept) 
Af 0-21 4.80 3.64 -1.2 0.38 0.43 0.010 0.82 4.2 10.0 10.82 7.6 84 0.32 14.5 

ABf 21-42 5.09 3.77 -1.3 0.53 0.25 0.007 0.79 3.6 9.8 10.59 7.5 82 0.32 5.6 
Bif1 42-55 5.42 3.83 -1.6 0.30 0.19 0.006 0.50 5.0 8.3 8.80 5.7 91 0.29 3.9 
Bif2 55-80 5.16 3.78 -1.4 0.33 0.19 0.005 0.53 5.8 9.0 9.53 5.6 92 0.31 3.7 
Bif3 80-106 5.40 3.78 -1.6 0.41 0.21 0.007 0.63 6.2 9.2 9.83 6.4 91 0.31 3.0 
Bif4 106-135 5.20 3.77 -1.4 0.23 0.23 0.007 0.47 7.2 9.6 10.07 4.7 94 0.30 2.4 
Bif5 135-155 4.84 3.71 -1.1 0.13 0.34 0.006 0.48 7.5 10.7 11.18 4.3 94 0.29 1.1 
BCf 155-184+ 5.19 3.70 -1.5 0.19 0.81 0.006 1.01 6.0 10.5 11.51 8.8 86 0.32 1.6 
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In relation to the Fe2O3 contents, different 
values were observed to the studied profiles, with 
less expressive results in the forest environment 
compared to the other environments. The greater 
hydromorphic conditions can cause reduction of the 
iron and clay oxides contents by ferrolysis. In 
addition, according to Schaefer & Dalrymple (1996) 
the high organic matter levels and the source 
material low fertility can contribute to these results. 
Total Fe2O3 contents were lower than Al2O3 contents 
(Table 4), following the oxides extracted by sulfur 
digestion tendency. A comparison between the 
extraction methods (total and sulfuric digestion) 
reveals higher contents when the digestion was total, 
although in some horizons the contents are very 

close, indicating that these oxides are found in great 
part in soils clay fraction, corroborating with Pereira 
et al. (2010) studying Oxisols and Cambisols 
genesis. 

The Ki and Kr molecular relationships were 
low, demonstrating the advanced soils weathering 
stage, despite that, it was verified values very 
heterogeneous between the profiles studied. 
According to Campos et al. (2012), these results are 
mainly due to the landform variation, which drives 
drainage and groundwater level, allowing the 
oxidation/reduction of Fe, Si and Al components 
and subsequent redistribution along the soil profile. 

 

 
Table 4. Sulfuric attack oxides levels (SiO2, Fe2O3, Al2O3) and relations between them in clean field, dirty field 

and forest areas at Humaitá region AM 
Horizons SiO2 Fe2O3 Al2O3 Ki Kr 

 dag kg-1   
Profile 1 – Clean field - Gleissolo Háplico Alítico típico (Typic Fluvaquents)  

A 0,83 1,06 1,26 1,12 0,73 
BA 0,71 1,17 1,46 0,83 0,55 

Cgf1 1,18 1,19 1,60 1,25 0,85 
Profile 2 – Dirty field - Cambissolo Háplico Alítico típico (Typic Dystrudept) 

A 0,57 1,07 1,06 0,91 0,56 
BA 0,76 1,50 1,44 0,90 0,54 
Bif3 1,08 2,29 1,59 1,15 0,60 

Profile 3 – Forest - Cambissolo Háplico Alítico típico (Typic Dystrudept) 
Af 0,53 0,84 0,76 1,19 0,70 
BA 0,68 1,01 1,21 0,96 0,62 
Bif4 0,83 1,65 1,64 0,86 0,52 

Ki: %SiO2 × 1,7/%Al2O3; Kr: %SiO2 × 1,7 / (%Al2O3 + %Fe2O3 × 0,64) 
 
 
Principal Component Analysis (PCA) 

In order to evaluate the physical, chemical 
and mineralogical attributes interaction between 
profiles, Principal Component Analysis (PCA) was 
applied (Figure 5). The PCA confirmed the results 
presented for the profile characterization (Tables 2, 
3 and 4). It was observed in the surface and 
subsurface horizons that the profiles were divided in 
three groups, that is, there was no similarity 
association among the studied environments, thus 
indicating the total independence and differentiation 
between the physical, chemical and mineralogical 
attributes studied. 

The first group was formed by P1 in the 
surface horizons, indicating the strong relationship 
with variables that are related to soil acidity, such as 

Al3+ content, aluminum saturation (m), potential 
acidity (H+Al), indicating soils under native fields 
present low natural fertility due to the environment 
formation conditions, and corroborating with 
Campos et al. (2011) who also found this pattern in 
natural environments in the " Puciari Fields" region. 
The second group characterized by P2 shows the 
direct relationship with bulk density, Fe2O3, V, pH 
(KCl) and sand. The higher bulk density ratio in this 
profile does not indicate compaction pattern, but 
rather, that this profile is more subject to the clay 
eluviation processes, leading to pore clogging and 
thickened layers formation, Martins et al. (2006) 
found denser layers in low field areas, much due to 
sediment transport to these sites. 
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Figure 5. Principal component analysis for the profiles surface (a) and subsurface (b) horizons. 

 
The third group formation characterized by 

P3, indicates the soil fertility variables 
predominance such as Mg2+, K+, SB and P, exposing 
the chemical environments condition under native 
forest areas. This natural condition expresses the 
organic matter input that is deposited in this 
environment. Gomes et al. (2004) and Fernandes et 
al. (2016) found this same distribution pattern in an 
area under forest and “Cerrados” environments, 
indicating the great nutrient cycling capacity and 
favoring natural fertility maintenance in superficial 
horizons. 

For subsurface horizons, the variable 
distribution behavior was similar to the surface 
horizons, with the exception of pH (KCl) grouping 
with P3 in the subsurface horizons.  

 
CONCLUSIONS 

 
The forest, dirty field and clean field 

environments presented different soil classes, 
Inceptisols for the first two and Gleissolo for the 

third, justified by the topography conditions and soil 
moisture in which the soils are conditioned, 
intensifying the formation processes. 

The clean field lower profile position, 
classified as Entisols favored the gleying horizon 
formation, due to the water table proximity, 
showing a great variation in its level. 

The main components analysis has a great 
importance to understand soil properties and to 
group soils with similar characteristics, making it 
possible to identify the variation pattern for 
Amazonas region soil classes. 
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RESUMO: As características do solo e da vegetação da região sul do Amazonas incluem solos 

altamente intemperizados, alto teor de alumínio e algumas condições hidromórficas, sendo sua vegetação 
composta por pastos, pequenas árvores isoladas e galerias florestais ao longo dos cursos d'água. Desta forma, 
este trabalho tem como objetivo caracterizar e classificar o solo em áreas de campo limpo, campo sujo e 
floresta na região de Humaitá AM. As valas foram abertas no campo limpo, no campo sujo e nos ambientes 
florestais, os perfis dos solos foram caracterizados morfologicamente e as amostras foram coletadas de seus 
horizontes. Análises físicas de textura, argila dispersa em água, floculação, densidade do solo, densidade de 
partículas e porosidade foram realizadas. As análises químicas incluíram pH e KCl em água; Ca, Mg, K, Al e; P 
disponível; H + Al e C orgânico; Ataque sulfúrico de SiO2, Al2O3 e Fe2O3. Os solos foram classificados de 
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acordo com critérios estabelecidos pelo Sistema Brasileiro de Classificação de Solos e Taxonomia de Solos. A 
mata, o campo sujo (alto) e o campo limpo (baixo) apresentaram diferentes tipos de solo, distritos típicos para 
os dois primeiros ambientes e fluídicos típicos para o último. Técnicas multivariadas expressaram as relações 
de similaridade que se apresentam entre os diferentes ambientes estudados, caracterizando, que são de grande 
importância na relação paisagem-solo. 

 
PALAVRAS-CHAVE: Solo amazônico. Gênese do solo. Atributos do solo. Classificação do solo. 
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