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SUMMARY

The Garanhuns Plateau in the Agreste region of the State of Pernambuco,
Brazil is characterized by humid climatic conditions due to orographic rains, unlike
the surrounding semiarid region. These soils are subjected to intense agricultural
use and are extremely important for the regional economy. This study was carried
out in the municipality of Brejao in the Agreste region with the aim of assessing
changes in humic Haplustox soils subjected to different land uses. Four plots with
different vegetation covers (native forest, secondary shrubby vegetation (capoeira),
traditional cropping system, and planted pasture) were selected, and samples were
taken from a soil profile and four small pits surrounding it at each site. Physical
and chemical properties were assessed, including aggregate stability, humic
organic fractions, and a microbiological evaluation through determination of basal
respiration, microbial biomass carbon, and metabolic quotient. The soils under
study showed physical and chemical properties typical of a Haplustox, such as low
nutrient content, low cation exchange capacity, and high levels of acidity and Al
saturation. The total organic carbon (TOC) contents were high regardless of the
type of land use. Aggregates < 2 mm were dominant in all the conditions under
study. The TOC content was higher in the soil under capoeira, 43.91 g kgl on the
surface, while 34.36 and 33.43 g kg'! of TOC were observed in the first layer of
forest and pasture soils, respectively. While the microbial biomass C (MBC) was
greater than 700 mg kg! in the forest and pasture areas (in the 0-5 cm layer), and
588 mg kgl in the soil under capoeira, these numbers were not statistically
different. In the cultivated soil area, there was a reduction of around 28 % in TOC
and MBC contents. Agricultural activity contributed to degradation of the humic
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horizon, as can be seen from a significant decrease in the TOC and changes in the
relative distribution of the humic fractions. In contrast, aggregate stability was
not altered as a function of the different land uses; the soil under planted pasture
and capoeira were similar to the soil under native forest. Humin was the most
important humified fraction for C reserves, contributing over 40 % of the TOC in
these soils.

Index terms: land use, highland soils, humic substances, aggregate stability, microbial
biomass C.

RESUMO: LATOSSOLOS AMARELOS HUMICOS SOB DIFERENTES TIPOS
DE UTILIZACAO EM UM AMBIENTE ALTIMONTANO NO
AGRESTE DE PERNAMBUCO

O Planalto de Garanhuns, no Agreste de Pernambuco, destaca-se por apresentar
caracteristicas climdticas privilegiadas, favorecidas pelas chuvas orogrdficas, distinguindo-
se da regido semidrida circundante. Essas dreas mais umidas sdo conhecidas como “brejos de
altitude” e intensamente utilizadas e importantes para a economia regional. Este trabalho foi
desenvolvido no municipio de Brejdo, Agreste de Pernambuco, com o objetivo de identificar
alteragées nos atributos de Latossolos Amarelos Hiimicos, submetidos as diferentes formas de
uso do solo. Foram selecionados quatro tipos de utiliza¢do do solo (cultivo, capoeira, pastagem
e vegetagdo nativa), sendo amostrados um perfil e quatro minitrincheiras em cada drea.
Foram avaliados atributos quimicos e fisicos, incluindo estabilidade dos agregados, composi¢do
da matéria organica humificada, além da avaliagdo microbiolégica do solo, por meio da
respirag¢do basal, do carbono da biomassa microbiana e do quociente metabélico. Os solos
estudados apresentaram caracteristicas quimicas e fisicas tipicas da classe dos Latossolos
Amarelos, como baixa reserva de nutrientes, baixa capacidade de troca de cdtions, acidez
elevada e alta saturag¢do por Al. Os teores de matéria organica do solo foram altos,
independentemente do tipo de utilizagdo. O teor de carbono organico total (COT) foi maior no
solo sob capoeira, 43,91 g kg, superficialmente, enquanto 34,36 e 33,43 g kg foram constatados
nos solos sob floresta e pastagem, respectivamente. O teor de carbono microbiano (CBM) foi
superior a 700 mg kgl nas dreas sob floresta e pastagem, na camada de 0-5 cm, e 588 mg kg™
no solo sob capoeira; no entanto, ndo diferiram estatisticamente. Na drea cultivada houve
redug¢do em torno de 28 % no teor de COT e CBM. Os agregados > 2 mm predominaram em
todas as dreas. A atividade agricola contribuiu para a degradag¢do do horizonte hiimico,
evidenciada pela significativa perda de COT e alteragdo da distribui¢do relativa das fragées
humificadas. Ja a estabilidade dos agregados ndo sofreu alterag¢oes em razdo dos diversos
tipos de uso do solo. Os solos sob pastagem e a capoeira foram semelhantes ao solo sob vegetagdo
nativa. A humina representou a fra¢do humificada mais importante para a reserva de C,
contribuindo com mais de 40 % do COT nesses solos.

Termos de indexag¢do: uso do solo, solos de altitude, substancias hiimicas, estabilidade de
agregados, C microbiano.

INTRODUCTION

The humic horizon is a mineral surface horizon
characterized by a dark color (value and chroma < 4),
reflecting the significant content of organic carbon
(OC) distributed at that depth (Embrapa, 2013). The
humic A horizon is overdeveloped and rich in organic
matter (OM) when it occurs in Oxisols (> 100 cm).

The genesis of humic horizons in Oxisols and their
great capacity for storage of soil C is not well
understood. According to Lepsch & Buol (1986), these
soils are paleosols that formed under conditions
favorable to the accumulation of OM at that depth in
the past, and this is preserved in some surviving stable
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surfaces and landscapes. The stability of OM in these
soils has been related mainly to cold climates, acidity,
and high Al saturation, as well as the association of
OM with the mineral fraction of the soil, especially
poorly crystalline forms of Al (Queiroz Neto & Castro,
1974; Lepsch & Buol, 1986; Ker, 1997; Marques et
al., 2011).

Oxisols with a humic A horizon (Lh) are commonly
found in good condition in stable and old geomorphic
surfaces and are associated with mild climate
highland environments in southeastern and southern
Brazil (Ker, 1997). In northeastern Brazil, these soils
occur in small areas under ecological tension (enclaves
or ecotones) between dense ombrophilous forests and
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the seasonal semi-deciduous forest and caatinga (xeric
shrubland), and are commonly located at the top of a
watershed/hillside (Brazil, 1972).

In areas in the northeastern region of Brazil with
altitudes ranging from 150 to 1,200 m, such as the
Garanhuns Plateau, orographic rainfall ensures levels
of rainfall greater than 1,000 mm yr! (Aratjo Filho
et al., 2000; Velloso et al., 2002) and causes the
emergence of rainforests. These caatinga moist forest
enclaves are a disjunction of the Atlantic Forest and
are considered “small islands of forests on isolated
massifs” and locally named, “Brejos de Altitude”
(highland swamps).

The Garanhuns Plateau in the Agreste region of
Pernambuco is known for its vast size (Andrade-Lima,
1966), and it is important to the local economy because
of milder conditions amid the drylands of the semiarid
Northeast (Tabarelli et al., 2004). Furthermore, a large
portion of the cultivated areas are sustained by humic
Oxisols, which are characterized by great friability,
permeability, and OM content (Ker, 1997).

The general pattern of land use in the Garanhuns
Plateau is predominately pasture, bean, and cassava
cropping on small farms, and coffee cropping in some
medium-sized areas (Araujo Filho et al., 2000; Galvéo,
2007; Carvalho & Souza, 2008).

The influence of land use systems on the contents
and quality of organic matter of the Lh and,
consequently, on the properties and the ability of the
soil to promote C stabilization (sequestration) is a
research subject of great interest. Moreover, studies
on the effects of different land uses on the properties
of the Lh are scarce in the literature and mostly refer
to the South and Southeast areas of Brazil (Silva,
1997, Silva & Vidal Torrado, 1999; Marques et al.,
2011; Assis et al., 2012).

The aim of this study was to identify possible
changes in the physical and chemical properties, as
well as the OM, of the Lh subjected to the main
systems of land use in caatinga moist forest enclaves
in the State of Pernambuco, Brazil.

MATERIALS AND METHODS

Overview of study areas

The area under study is located within the
municipality of Brejdo in the Agreste region of
Pernambuco (09° 01' 49" S and 36° 34' 07" W) on the
Garanhuns Plateau. According to the Képpen
classification, the climate is Csa, a mesothermal
climate with dry and hot continental summers. The
rainy season begins in January/February and ends
in September or possibly October. The average annual
rainfall and temperature are 1,404 mm and 22.3 °C,
respectively, and the average temperature in the
coldest month is 16.8 °C (Lamepe/Itep, 2010). The
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vegetation in the sampling areas is subperennial forest
characterized as secondary vegetation (Melo & Rodal,
2003). The soils of the sampled areas were classified
according to the SiBCS (Embrapa, 2013) as a
“Latossolo Amarelo distrocoeso hiimico” with clayey
texture, formed from tertiary sediments over
crystalline rocks (Embrapa, 2000). The particle size
properties of all the soils studied are shown in table 1.

Selection of areas and sampling

Four areas were selected for this study: a
conservation area with native subperennial forest,
considered a benchmark for assessing the original
conditions of the soil; an area cultivated with
subsistence crops (maize, beans, and cassava) for 35
years that was in the fallow period during the soil
sampling; a secondary shrubby vegetation area
(capoeira) that had been subject to sporadic slash-and-
burn techniques for 10 years; and a Brachiaria (signal
grass) pasture area of 30 years with sparse cashew
trees. The sampled areas are situated on the top of
the plateau with flat and softly sloping terrain at an
altitude of 850 m. All sampled areas have similar
topography, altitude, and soil conditions.

A soil profile and four 60-cm-deep pits located
10 m away from the profile were made, from which
samples were taken in each area. Disturbed soil
samples were collected from the soil profiles and small
pits in the first three horizons (A1, A2, and A3) for
physical and chemical analysis, and undisturbed soil
samples were taken with a soil sample ring for
determining bulk density.

Undisturbed soil samples were also collected at the
0-15 and 15-35 cm depths to evaluate aggregate

Table 1. Particle size properties of soils under
different uses

Depth Sand Silt Clay
cm g kg!
Forest

0-15 693 26 281

15-35 690 18 291

35-67 635 33 332

Traditional cropping system

0-15 727 34 239

15-35 660 33 307

35-67 542 40 418

Capoeira

0-15 659 49 292

15-35 569 47 384

35-65 550 48 402

Planted pasture

0-15 688 20 292

15-36 600 30 370

35-65 467 40 493
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stability. Soils were sampled at the 0-5 and 5-10 cm
depths for microbiological analyses, and these samples
were maintained under refrigeration. Subsequently,
the disturbed samples were air dried and passed
through a 2-mm mesh sieve to obtain air-dried fine
earth (ADFE).

Physical and chemical analyses

The following physical and chemical properties of
soils were determined according to Embrapa (1997):
bulk density (BD), evaluated by the volumetric ring
method (100 cm3); pH in water and 1 mol L1 KCI
(soil:liquid ratio of 1:2.5); exchangeable Ca2*, Mg?2*,
and Al3* extracted by 1 mol L' KCI; and available K+,
Na*, and P extracted by Mehlich-1 and H+Al by
1 mol L' calcium acetate at pH 7.0. The sum of bases
(SB), cation-exchange capacity (CEC), base
saturation (V), and Al saturation (m) were calculated.
The TOC was determined according to the method
of Yeomans & Bremner (1988), and the total nitrogen
(TN) was determined according to Mendong¢a & Matos
(2005).

Distribution of aggregates

The air-dried aggregates which passed through an
8 mm mesh sieve and were retained on a 4-mm-mesh
sieve were analyzed. Dry aggregate size distribution
was assessed through dry sieving, according to Kemper
& Rosenau (1986) using 50 g samples of soil in a
Produtest oscillating sieve shaker (graduation 5, for
10 min) on a nest of sieves with 3.35, 1.7, 0.85, 0.6,
0.425, 0.3, 0.212, 0.15, 0.106, 0.075 and 0.053 mm
meshes. The aggregate classes were quantified
through weighing.

The wet sieving method of Kemper & Chepil (1965)
was used to assess aggregate stability. Samples of 100
g of soil were pre-wetted slowly. Subsequently, the
samples were immersed in water in a Yoder vertical
oscillation device with a nest of sieves with 2, 1, 0.5,
and 0.25 mm meshes at a frequency of 30 oscillations
per minute for 15 min. Then, the fractions retained
on each sieve were dried at 105 °C for 24 h prior to
weighing. The mean weight diameter (MWD) and
the geometric mean diameter (GMD) were calculated
as in Kemper & Chepil (1965) by the following
formula:

MWD= Z x,w;,andGMD =10+
i=1

where x; = class center diameter (mm) and w; = the
weight of aggregates within each class and the
aggregates total mass ratio.

A sensitivity index (SI) was calculated according
to Bolinder et al. (1999):

SI=MWD/MWD,

where MWD, = MWD of the soil tested, and MWD, =
MWD of the soil under the original vegetation cover.
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Chemical fractionation of organic matter

Quantitative chemical fractionation of humic
substances was performed based on solubility in acid
and alkali media using 1.0 g ADFE and 0.1 mol L'!
NaOH in the soil/extractant at a ratio of 1:20 w/v,
separating the following fractions (Mendonca &
Matos, 2005): fulvic acids (FA), humic acids (HA),
and humins (H), with subsequent determination of
TOC in every fraction according to the method of
Yeomans & Bremner (1988). Humified C was
obtained from the sum of the C content from the
three humic fractions.

Soil basal respiration (BR), microbial biomass
C (MBC) and metabolic quotient (qCO,)

To determine the BR, 50 g of soil was hermetically
incubated in the presence of 0.5 mol L't NaOH for
72 h according to Mendonca & Matos (2005). Control
flasks containing no soil sample were maintained. The
MBC was determined by the irradiation-extraction
method using 0.5 mol L1 K,SO, as the extractant.
Irradiation of 20 g of soil was carried out using a
domestic microwave oven (658 W) and an equal amount
of soil was not subjected to irradiation (Mendonc¢a &
Matos, 2005). The C content was determined in the
extracts from the irradiated and non-irradiated
samples using the colorimetric method (Bartlett &
Ross, 1988). The ¢CO, was obtained from the BR per
MBC unit ratio (Silva et al., 2007).

Statistical analyses

The changes in soil properties were studied using
a 4 X 3 X 5 randomized factorial design, corresponding
to a reference area and three land uses, three depths,
and five replications, according to Silva & Silva (1982).
In cases where significant values were detected in the
F-test, the comparison of means was performed by
Tukey’s test (both p<0.05) using the SAS Institute
(9.1) software (SAS, 2006).

RESULTS AND DISCUSSION

Alterations in chemical properties (Table 2) as a
function of land use were more evident in the first
15 cm due to the use of low technology management
systems, resulting in the disturbance of only a small
layer of soil.

A strong acidic reaction was observed in all areas,
with pH values in water higher than those observed
in KCl, indicating a predominance of negative charges
on the exchange complex. The pH values were below
5 in the forest, cultivated, and capoeira soils. The
acidity of these soils was expected considering the pre-
weathered parent materials, poor base content, and
the amphoteric nature of aluminum in these soils.
Furthermore, OM decomposition also contributed to
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Table 2. Physical and chemical properties of soils under different uses
Depth pH BD®  Ca?*  Mg* K Nat AP H' SB® CEC® V@ p,® P
H,0  KC
cm kg em™® cmol kg % mgkg!
Forest

0-15 49Ba  39Ba 1.23Bb 0.82Aba 1.14Aba 0.06Ba 0.03Ba 1.12Aa 8.25Ba 2.05Aa 11.42Ba 18Ba 41Aa 0.14Aba
15-35 49Aba 4.0Aa 1.34Ab 0.27Ab 0.88Aa 0.03Aa 0.02Aa 1.42Aa 6.70 Aba 1.21Aab 9.34Aba 13Aba 54Aba 0.0 7Ab
35-67 5.0Aa 4.1Aa 1.48Aa 0.22Ab 090Aa 0.02Aba 0.03Ba 1.37Aa 5.37Bb 1.16Ab 7.91Bb 16Ba 54Aa 0.04Ab

Traditional cropping system

0-15 49Ba 39Ba 1.43Aa 0.39Ba 0.65Ba 0.04Ba 0.06Aa 0.69Aa 5.62Ca 1.14Ba 7.45Ca 16Ca 38Ab 0.10Ba
15-35 46Ba 39Aa 1.42Aa 0.23Aa 050Aa 0.02Aa 0.07Aa 1.32Aa 555Ba 0.83Aa 7.71Ba 11Ba 61Aa 0.06Aab
35-67 4.7Aa  4.0Aa 1.50Aa 0.24Aa 0.42Aba 0.01Ba 0.04Ba 1.33Aa 6.16 Aba 0.72Aba 8.20Ba 10Ba 61Aa 0.03Ab

Capoeira

0-15 49Ba 39Ba 1.25Bb 0.69Aba 0.75Aba 0.07Ba 0.04Ba 0.93Aa 11.42Aa 1.55Ba 13.09Aa 11Aa 36Ab 0.17Aa
15-35 4.7Ba 4.0Aa 1.45Aa 0.62Aa 0.45Aa 0.03Aa 0.02Aa 1.21Aa 9.02Aab 1.12Ab 11.36Ab 10Aa 51Aba 0.06 Ab
35-65 48Aa 4.1Aa 1.35Bab 0.10Ab 0.38Ba 0.01Ba 0.01Ba 1.27Aa 7.39Ab 050Bb 9.17Ab 6Aba 71Aa 0.03Ab

Planted pasture

0-15 55Aa 4.3Aa 1.35Aba 0.97Aa 1.22Aa 0.16Aa 0.12Aa 0.53Ab 8.13Ba 246Aa 11.13Ba 22Ba 19Ab 0.17Aa
15-36 53Aa 4.2Aa 1.40Aa 0.64Aa 0.80Aa 0.07Ab 0.07Aa 0.87Aab 7.43Aba 1.58Ab 9.88Aba 16Aba 36Bab 0.08 Ab
36-65 51Aa 42Aa 1.36Ba 0.62Aa 0.76Aba 0.08Ab 0.12Aa 1.51Aa 8.25Aa 157Ab 11.33Aa 15Aa 50Aa 0.03Ab

@ BD: bulk density; ® SB: sum of bases;

® CEC: Cation-exchange capacity; ¥ V: base saturation; ¢

5 m: aluminum saturation.

Uppercase letters compare types of management at the same depth. Lowercase letters compare depths within the same type of
management. Mean values followed by the same letter do not differ by Tukey’s test at 5 %.

soil acidification by the release of H* (Guppy et al.,
2005), which was observed in the surface layers.

The pH increased significantly in the pasture soil,
ranging from 5.5 to 5.3 on the surface, which led to a
decrease in Al** availability and lower Al saturation
in this area. This increase in pH in water in the
pasture soil may be associated with the increase in
the content of low molecular weight organic compounds
in the soil (acetic acid, malic acid, citric acid, etc.), as
suggested by the lower humification of organic matter
in this area, which stimulates H* adsorption,
therefore raising the pH in water (Hue & Licudine,
1999). Similar results were reported by Rukshana et
al. (2011), who demonstrated that the addition of
organic compounds caused soil pH to increase due to
H* consumption. However, this study also found that
the pH may decrease or remain unaffected, depending
on the chemical functional group, rate of addition,
decomposition, and the initial soil pH. The increase
in pH in the pasture soil was also previously attributed
to animal excreta (Haynes &Williams, 1992; Shand
& Coutts, 2006; Brunetto et al., 2012).

Aluminum saturation (m) shows values above
50 % in most layers studied in all of the areas. This
saturation was significantly lower at the surface,
coinciding with the high levels of OM. Previous
research has shown that the effects of the organic
compounds of low molecular weight from plant
residues and manures in reducing aluminum
concentrations in soil solution are attributable to both
an increase in pH and the complexing ability of OM

for Al Miyazawa et al., 1993; Naramabuye & Haynes,
2006; Nolla & Anghinoni, 2006).

The concentration of exchangeable Ca?t, Mg2*, and
K* were extremely low in all the areas studied due to
parent materials. The Ca and Mg concentrations were
reduced significantly in the cultivated soil compared
with the other areas due to the combined action of
removal of nutrients by crops and the adoption of
management practices that do not favor the input of
soil C. The sharp nutrient decrease, along with C levels,
in the cultivated soil and with depth in all the soils
indicates the important role of surface OM in nutrient
cycling and sustainability of these environments (Table
2). The concentration of these elements in pasture and
capoeira soils was not different from the control. This
may be explained by the high levels of OM observed in
these areas. In the pasture soil, an increase of
macronutrients is expected because approximately 60
to 95 % of ingested nutrients can return, due to grazing
excretions (Haynes & Williams, 1993; Ceretta et al.,
2003). The increase in macronutrients may also be due
to the migration of ions (those linked to water-soluble
organic substances), such as those originating from root
senescence (Miyazawa et al., 1993). The exchangeable
K content was highest in soil pasture, in part, due to
the low levels found in other areas.

The highest CEC values were found in the soil
under capoeira in the surface layer (13.09 cmol, kg),
and the cultivated soil had the lowest CEC value
(7.45 cmol, kg'1), while pasture and forest soils did
not differ. The H" ions occupied 87 % of the exchange
sites in the soil under capoeira, while, in other soils,
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such occupancy was approximately 70 %. The higher
CEC, and H + Al in organic-matter-rich surface
horizons indicate that most negative charges are due
to organic compounds.

Base saturation (V) distinguished environments
in the first 15 cm; the pasture soil tended to be more
saturated, the forest soil showed the highest values
(> 18 %), differing from the cultivated soil (16 %), and
the lowest value was observed in the capoeira soil
(11 %).

Available P was related to OM, both with respect
to its function as a source and its performance in
reducing fixation, because of the release of organic
acids in the soil that compete with adsorption sites
and decrease phosphate fixation (Andrade et al., 2003).
In the cultivated soil, the available P content in the
first layer was lower than in the other areas under

study, which is in accordance with decreasing levels
of OM.

The highest TOC content was observed in soil
under secondary forest (43.91 g kg1 in the first layer),
differing from the other areas studied, while the
cultivated soil had a lower content of TOC (24.60 g kg™
on the surface). The soils under forest and pasture
were not different from each other (34.36 and
33.43 g kg'!, respectively) in the surface layer. These
results indicate high OM accumulation and a C sink,
even in the subsoil and despite the decrease in TOC
content with depth in all the soils (Table 3).

Table 3. Total organic carbon (TOC), total nitrogen
(TN) and C/N ratio of soils under different uses

Depth TOC TN C/N

cm g kg!

Forest

0-15 34.36 Ba 2.49 Aa 14 Aa
15-35 24.19 Ab 1.62 Ab 15 Aa
35-67 17.98 Ab 0.93 Ac 20 Ba

Traditional cropping system

0-15 24.60 Ca 1.54 Ba 16 Ab
15-35 22.16 Aa 1.26 Aa 18 Ab
35-67 17.60 Aa 0.59 Ab 28 Aa

Capoeira

0-15 43.91 Aa 2.55 Aa 17 Aa
15-35 25.91 Ab 1.27 Ab 21 Aa
35-65 20.80 Ab 1.00 Ab 22 Ba

Planted pasture

0-15 33.43 Ba 2.37 Aa 15 Aa
15-36 25.69 Aab 1.64 Ab 16 Aa
35-65 20.66 Ab 0.99 Ac 21 Ba

Uppercase letters compare types of management at the same
depth. Lowercase letters compare depths within the same type
of management. Mean values followed by the same letter do
not differ by Tukey’s test at 5 %.
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The higher TOC content in the soil under capoeira
is due to the high input of organic matter. This is
compatible with the dynamics of soil nutrients
according to Odum (1985), where the transfer and
partial decomposition of litter initially promotes the
accumulation of OM on the soil surface because the
inputs are higher than the decomposition. At a second
stage, the decomposition rates are similar to deposition
rates, promoting a state of balance between
accumulation and deposition of litter, similar to the
situation that occurs in the control area (forest). In
the pasture soil, the root systems of high-yield and
short-cycle grasses, combined with the contribution
of animals in returning nutrients and OM through
droppings, may explain the accumulation of OC in
this area. According to Marin-Spiotta et al. (2008), C
losses in pastures may be minimal or there may even
be a small OM gain compared with natural
ecosystems.

The average reduction in TOC content in the
cultivated soil was 28 % relative to the reference
sample, reflecting the soil preparation practices that
favor OM decomposition, in addition to the small
contribution of crops residues during cultivation.
According to Mielniczuk et al. (2003), in areas where
conservation practices are not adopted, losses of up to
50 % of the original C content in less than 10 years of
cultivation have been verified. It is quite common to
observe the effective decrease of OC content induced
by conventional farming systems (Gol, 2009; Don et
al., 2011, Vaccari et al., 2012).

The TN content of the soil indicates a close
relationship with the TOC because most N is found
in organic compounds (Camargo et al., 1999a). The
C/N ratio reflected the predominance of humified OM
in all areas and at all depths.

The BD values were high in all areas (Table 2) at
the 35 cm depth because of the cohesive characteristics
of the soil. The cultivated and pasture soils showed
increased density in the surface layer (0-15 cm),
indicating that the land use system contributed to
compaction of the surface horizon.

Distribution of aggregates

The low disintegration of aggregates, especially
during wet sieving, reflects high stability. This was
indicated by the predominance of aggregates > 2.0
mm in all soils, demonstrating the good physical
condition of the soil. Water-stable aggregates
contribute to improved porosity, increased water
infiltration and erosion resistance.

In general, there were no significant changes in
the distribution of aggregate classes depending on soil
use or depth (Tables 4 and 5). This result may be
related to the relatively high organic C concentration
in all the soils studied, regardless of land use type.
Pinheiro et al. (2004) also observed that there was no
significant difference among soil aggregates 2.0 mm
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Table 4. Distribution of aggregate size classes and aggregation indices determined by wet sieving in different

depths of soils under different uses

Aggregate size class (mm)

Aggregation indice

Depth
>2 2-1 1-0.5 0.5-0.25  0.25-0.1 MWD® GMD® SI®
cm % mm
Forest

0-15 91.18 Aa 1.87 Aa 3.61 Aa 1.17 Aa 0.84 Aa 1.910 Aa 1.0027 Aa

15-35 91.71 Aa 1.67 Aa 3.28 Aa 1.24 Aa 1.08 Aa 1.910 Aa 1.0027 Aa
Traditional cropping system

0-15 94.82 Aa 1.06 Aa 1.99 Aa 0.58 Aa 0.53 Aa 1.918 Aa 1.0027 Aa 1.004 Aa

15-35 89.31 Aa 2.75 Aa 2.82 Aa 1.85 Aa 0.98 Aa 1.901 Aa 1.0027 Aa 0.995 Aa
Capoeira

0-15 92.35 Aa 2.78 Aa 3.07 Aa 0.73 Aa 0.78 Aa 1.922 Aa 1.0027 Aa 1.006 Aa

15-35 90.65 Aa 1.43 Aa 1.81 Aa 0.75 Aa 0.46 Aa 1.947 Aa 1.0030 Aa 1.020 Aa
Planted pasture

0-15 93.28 Aa 1.64 Aa 2.76 Aa 0.50 Aa 0.61 Aa 1.938 Aa 1.0028 Aa 1.015 Aa
15-35 92.22 Aa 1.80 Aa 3.26 Aa 0.57 Aa 0.62 Aa 1.929 Aa 1.0028 Aa 1.010 Aa
CV (%)@ 17.60 62.22 62.49 84.35 44.28 2.10 0.02 2.47

@O MWD: mean weight diameter; ® GMD: geometric mean diameter; @ SI: sensitivity index; ¥ CV: coefficient of variation.
Uppercase letters compare types of management at the same depth. Lowercase letters compare depths within the same type of
management. Mean values followed by the same letter do not differ by Tukey’s test at 5 %.

from conventional tillage, contour tillage with animal
traction, and bare soil in Oxisols in the mountainous
region of Rio de Janeiro, except for the 0-5 cm layer,
indicating the influence of OM. Part of the aggregate
size variation and, therefore, the aggregation indices
in tropical soils can be attributed to variations in OM
(Castro Filho, 1988).

Additionally, the aggregates > 3.35 mm determined
by dry sieving were significantly less common in the
15-35 cm layer in all areas. The exception to this result
was the capoeira soil, in which the aggregates > 3.35
mm were more abundant in the 15-35 cm layer,
consistent with the significant reduction in aggregates
with a size from 1.7 to 0.85 mm in the same layer.
These results indicate that the fraction of aggregates
with a size from 1.7 to 0.85 mm may be more sensitive
to changes in soil management.

The aggregation indices MWD and GMD were not
altered as a function of land use. The MWD is an
estimate of the relative amount of soil in each class of
aggregates and increases with a higher percentage of
large aggregates. The GMD is an estimate of the
aggregate size class of highest incidence (Castro Filho
et al., 2002).

The MWD of water-stable aggregates was 1.92
mm on average, while the aggregates determined by
the dry route showed an average MWD of 2.43 mm.
The increase in MWD resulted mainly from the
increase of approximately 400 % in the 2-1 mm
aggregate class when subjected to dry sieving,
showing that this class has higher resistance to
mechanical action rather than to hydric action. This

result also reflects the cohesive characteristics of the
soil, which provides resistant aggregates when dry
and provides friable aggregates when moist. In
contrast, the dominant aggregate class did not
change as a function of the analytical method, with
an average MWD of 1.0 mm.

The sensitivity index (SI) assesses the influence
of different types of vegetation and management on
aggregate stability. The higher the SI value, the more
similar the soil is to its natural condition (Bolinder
et al., 1999). The SI values of all the soils studied
were similar, confirming their high aggregate
stability.

It 1s known that in acidic tropical soils (1:1 clays),
Fe and Al oxyhydroxides are the main aggregate
stabilizers (Six et al., 2002). Therefore, OM has a
secondary role in aggregate formation and
stabilization. However, the results of this study in
the humic horizons indicate that OM may play a key
role in aggregate stability. Despite reduction in OC
content with increasing land use, it remained high in
all the systems, contributing to soil aggregation.
According to Azevedo & Bonumaé (2004), linkages
formed by organo-mineral complexes seem to be
stronger than the electrostatic attractions that occur
between the oxides and clays.

Chemical fractionation of organic matter

The amount of C stored in the form of humus
(humified-C) corresponded to values above 70 % in
the forest soil in all layers evaluated (Table 6) and are
consistent with the values suggested as typical by
Stevenson (1994).

R. Bras. Ci. Solo, 38:1337-1349, 2014
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Table 5. Distribution of aggregate size classes determined by dry sieving in different depths of soils under

different uses

Aggregate size class (mm)

Depth
>3.35 3.35-1.7 1.7-0.85 0.85-0.6 0.6-0.425 0.425-0.3 0.3-212 0.212-0.15
cm %
Forest
0-15 59.29 Aa 24.11 Aa 8.61A a 4.67 Aa 3.34 Aa 2.67 Aa 2.42 Aa 1.88 Aa
15-35 48.75 ABa 28.85 Aa 12.75 Aa 5.67 Aa 4.87 Aa 3.79 Aa 2.83 Aa 2.25 Aa
Traditional cropping system
0-15 51.35 Aa 28.86 Aa 8.98 Aa 6.08 Aa 5.38 Aa 4.00 Aa 2.98 Aa 2.16 Aa
15-35 46.78 Ba 36.85 Aa 9.43 ABa 3.95 Aa 3.09 Aa 3.05 Aa 2.20 Aa 1.99 Aa
Capoeira
0-15 56.29 Aa 32.89 Aa 7.04 Aa 3.97 Aa 3.44 Aa 2.78 Aa 2.17 Aa 1.80 Aa
15-35 69.19 Aa 26.49 Aa 4.75 Ba 2.20 Aa 2.40 Aa 1.70 Aa 1.82 Aa 1.65 Aa
Planted pasture
0-15 58.57 Aa 25.99 Aa 8.52 Aa 2.90 Aa 4.29 Aa 2.74 Aa 2.69 Aa 1.76 Aa
15-35 48.29 Ba 32.93 Aa 11.09 Aa 5.32 Aa 4.17 Aa 3.31 Aa 2.74 Aa 2.13 Aa
CV (%)@ 18.60 17.08 31.26 45.71 32.37 34.74 32.05 21.89
0.15-0.106 0.106-0.075  0.075-0.053 <0.053 MWD® GMD® SI®
% mm
Forest
0-15 1.29 Aa 1.50 Aa 1.21 Aa 1.38 Aa 2.560 Aa 1.0060 Aa
15-35 1.75 Aa 1.42 Aa 1.25 Aa 1.46 Aa 2.271 Aa 1.0038 Aa
Traditional cropping system
0-15 1.88 Aa 1.47 Aa 1.10 Aa 1.22 Aa 2.351 Aa 1.0039 Aa 0.937 Aa
15-35 1.26 Aa 1.18 Aa 1.02 Aa 1.42 Aa 2.395 Aa 1.0047 Aa 1.064 Aa
Capoeira
0-15 1.39 Aa 1.07 Aa 0.98 Aa 1.23 Aa 2.506Aa 1.0050Aa 0.997Aa
15-35 1.12 Aa 1.36 Aa 1.12 Aa 1.40 Aa 2.628Aa 1.0055Aa 1.165Aa
Planted pasture
0-15 1.64 Aa 1.39 Aa 1.19 Aa 1.15 Aa 2.478Aa 1.0048Aa 0.986Aa
15-35 1.76 Aa 1.51 Aa 1.23 Aa 1.47 Aa 2.309Aa 1.0040Aa 1.029Aa
CV (%) 29.27 21.24 29.00 27.25 8.96 0.14 14.14

@ CV: coefficient of variation; ® MWD: mean weight diameter; ® GMD: geometric mean diameter; @ SI: sensitivity index.
Uppercase letters compare types of management at the same depth. Lowercase letters compare depths within the same type of
management. Mean values followed by the same letter do not differ by Tukey’s test at 5%.

The quantitative composition of the OM humified
fractions was useful in discriminating the land use
systems. Although the capoeira area had the highest
TOC content and although the pasture area did not
differ from the forest area for TOC content, chemical
fractionation showed a tendency of OM on the surface
to be less humified in the capoeira and pasture areas
compared with the forest soil. The variation in OM
humified fractions among the areas studied can be
ascribed to differences in the input of fresh OMs. Assis
et al. (2011) also assessed changes in land use by
analyzing the OM lipid composition of an Lh under
pasture, coffee, and native forests in Minas Gerais,
southeastern Brazil. The authors found more

R. Bras. Ci. Solo, 38:1337-1349, 2014

important compounds for humification and
stabilization of OM in soils under natural vegetation
than in cultivated soils, and, in areas under forest
and pasture, there was greater preservation of
composts with depth, allowing inferences regarding
the quality of organic matter between these land-use
systems.

Humin was the most significant fraction for C
storage in the soil. This fraction accounted for 41-44 %
of OM in the forest soil up to 65 cm deep. These results
are similar to those reported by Marques (2009), who
showed that between 12 and 54 % of CT was in the
humin fraction in the Lh in the South and Southeast
of Brazil. Cunha et al. (2003) found values between
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Table 6. Carbon content of the fulvic acids (C-FA), humic acids (C-HA), and humin (C-H) fractions and
humified carbon (humified-C) related to the TOC content in soils under different uses

Depth C-FA C-HA C-H C-HA/C-FA Humified-C
cm g kg! %
Forest
0-15 3.84 ABa 6.56 Aa 15.02 Aa 1.72 Aa 77T A
15-35 3.06 ABab 3.41 Ab 10.41 Aab 1.12 Aa 74 A
35-67 2.20 Ab 2.82 Ab 7.34 Ab 1.28 Aa 71 A
Traditional cropping system
0-15 1.62 Ca 3.15 Ba 9.00 Ba 2.31 Aa 56 A
15-35 2.44 Ba 1.53 Aa 7.55 Aa 0.61 Ab 51 A
35-67 1.90 Aa 3.15 Aa 6.71 Aa 1.77 Aab 67 A
Capoeira
0-15 4.32 Aa 6.50 Aa 15.59 Aa 1.51 Aa 60 A
15-35 3.91 Aa 3.18 Ab 11.43 Aab 0.82 Aa 72 A
35-65 2.75 Ab 4.13 Aab 7.10 Ab 1.51 Aa 70 A
Planted pasture
0-15 3.09 Ba 6.11 Aa 11.72 ABa 2.00 Aa 54 A
15-35 3.16 ABa 2.81 Ab 11.90 Aa 0.89 Aa 70 A
35-65 2.68 Aa 3.67 Aab 9.27 Aa 1.38 Aa 76 A
CV® (%) 17 34 25 44 20

M CV: coefficient of variation. Uppercase letters compare types of management at the same depth. Lowercase letters compare
depths within the same type of management. Mean values followed by the same letter do not differ by Tukey’s test at 5 %.

47-65 % for this ratio in a cohesive Lh in the
“Tabuleiros Costeiros”. The predominance of humin
1s attributed to the physical and chemical stabilization
of organic compounds with the mineral fraction
(Stevenson, 1994) and is considered to be the most
important fraction in terms of C sequestration.

Among the humified-C fractions, humic acid had
the greatest relative changes in the cultivated soil,
with a decrease of 52 and 55 % in the 0-15 and 15-35 cm
layers, respectively, compared with the reference area.
This corroborates the report of Canellas et al. (2004),
who concluded that humic acids, as a fraction of humic
substances, changes most with structural changes
under cultivation.

The fulvic acid fraction exhibited the lowest
quantities among the humified fractions. The C-FA
content in the cultivated soil decreased 58 % in relation
to the forest soil in the surface layer.

In all the areas evaluated, values greater than 1.0
for the C-HA/C-FA ratio were observed, indicating a
higher fraction of humic acids over fulvic acids, i.e., a
higher condensation of humic compounds (Leite et al.,
2003). According to Canellas et al. (2001), a C-HA/C-FA
ratio close to 1.0 indicates a greater balance between
the reactive humified fractions. The OM characterization
of Oxisols in Vigosa in the Vale do Jequitinhonha regions
of the state of Minas Gerais (mild climate) revealed
the predominance of humic acids over fulvic acids in
the surface layer (Longo, 1982).

The C-HA/C-FA ratio also remained high for the
cultivated soil, showing that despite the significant

reduction in the levels of humified-C, there were more
evolved compounds. It is likely that cultivation favors
the oxidation of fulvic acids (less evolved humic
fractions) and the accumulation of more stable
fractions and/or promotes the limitation of
condensation reactions. Canellas et al. (2000) found
that cultivation may promote an increase in humic
acids, suggesting that the polycondensation of
aromatic nuclei form fulvic acids that by condensing,
give rise to humic acids.

BR, MBC, and qCO,

In general, all systems evaluated had low BR
values (Table 7). The cultivated soil tended to show
lower respiratory activity (0.55 mg C-COy kgt soil h'l)
in the 0-5 cm layer, but did not differ significantly
from the pasture and capoeira areas (which were also
not different among themselves or in relation to the
reference soil). These results agree with Assis (2008),
who observed that the biological activity in pasture
and capoeira soils was similar to forest soil and
attributed this result to the large contribution of OM
in the Lh studied. The low respiratory activity in
the cultivated soil is most likely a result of the

reduced microbial population, as indicated by the low
MBC levels.

Interpretation of the results of biological activity,
however, must be performed with caution because the
decrease in C lost as CO4 through respiration may
be indicative of a more efficient microbial biomass
(Insam & Domsch, 1988). However, an increased

R. Bras. Ci. Solo, 38:1337-1349, 2014



1346

Jane Kelly Silva Araujo et al.

Table 7. Levels of C-CO, related to soil basal respiration (BR), microbial biomass C (MBC), and metabolic

quotient (gCO,) of soils under different uses

Depth BR MBC qCO,
cm mg C-CO, kgl sht mg kg! mg C-CO,, g! C-MBC h'!
Forest
0-5 0.96 Aa 766.23 Aa 1.29 Ba
5-10 0.67 Ab 631.86 ABa 1.05 Aa
Traditional cropping system
0-5 0.55 Ba 181.92 Ba 5.81 Aa
5-10 0.51 Aa 383.29 Ba 1.41 Ab
Capoeira
0-5 0.68 Aba 536.25 Aa 2.03 ABa
5-10 0.64 Aa 758.68 Aa 0.85 Aa
Planted pasture
0-5 0.78 Aba 701.81 Aa 1.17 Ba
5-10 0.50 Aa 591.69 ABa 0.88 Aa
CV®D (%) 21 28 114

@ CV: coefficient of variation. Uppercase letters compare types of management at the same depth. Lowercase letters compare
depths within the same type of management. Mean values followed by the same letter do not differ by Tukey’s test at 5 %.

respiration rate, as observed in the forest soil (0.96
mg C-CO4 kgl soil h'l) in the 0-5 cm layer, can be
interpreted as a desirable feature when it is considered
that preserved soils have greater biological diversity,
greater decomposition of organic waste, and greater
availability of nutrients to plants. Assis (2008) reported
that the production of accumulated COs increased with
the addition of waste in the form of labile C in the Lh
from the State of Minas Gerais. Assis Junior et al.
(2003) found higher BR values for native forest and
pasture areas, and lower values for cultivated and
deforested areas.

The MBC content in the forest soil was 766.23 and
631.86 mg kgl at 0-5 and 5-10 cm, respectively, which
did not differ from the capoeira or pasture areas (Table
6). This can be attributed to the high OM levels found
in these soils. Several studies have demonstrated a
significant MBC loss in pasture and capoeira soils in
relation to native vegetation soils (Milne & Haynes,
2004; Xiao-gang et al., 2007; Lyyemperumal et al.,
2007), thus reinforcing the relevance of OM for
maintaining the quality of these soils.

Because the growth of microorganisms is limited
by the availability of organic substrates, there was a
reduction in the MBC levels in the cultivated area of
76 and 40 % for the 0-5 and 5-10 cm layers, respectively,
compared with the forest area. Nsabimana et al. (2004)
also found considerable inhibition of microbial biomass
as a result of the succession from a primary forest to
a cultivated area.

The MBC levels in the cultivated area decreased
an average of 2.5 times more than the TOC and
humified-C levels in the same area. These results
demonstrate the sensitivity of MBC to changes in soil
according to the land use system. Gama-Rodrigues

R. Bras. Ci. Solo, 38:1337-1349, 2014

(1997) and Gama-Rodrigues et al. (2008) showed that
microbial attributes are more effective than chemical
attributes when measuring the dissimilarities between
different types of vegetation covers.

Anderson & Domsch (1993) proposed the utilization
of the ¢CO5 to estimate the efficiency of substrate use
by soil organisms. The gCO, was lowest in forest and
pasture soils, in agreement with Luna et al. (2008),
who reported that the gCO, decreases in more stable
agroecosystems. These values were different compared
with cultivated and capoeira soils; the qCO4 increased
350 % in the cultivated area compared with the forest
area. High ¢CO, values reflect a high energy demand
to maintain the microbial community and reflect the
susceptibility of this system to C loss. These results
corroborate other studies on highland soils in southern
Brazil, which reported the highest ¢CO, values in
systems with greater human interference and the
lowest values in the natural forest (Baretta et al.,
2005).

CONCLUSIONS

1. Soil samples showed high TOC levels regardless
of the type of land use.

2. Agricultural activity brought about changes in
soil properties, especially chemical changes, with a
significant reduction in organic constituents. The
capoeira and pasture soils showed high organic carbon
content but with a tendency of being less humified.

3. Humified-C was quantitatively found in the
following order: H> HA> FA.
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