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ABSTRACT: Coffee production presents great economic and social importance. To increases coffee production and decreases
the environmental impacts of its activity, it is necessary to know the soil attributes and their impacts on plant development.
Therefore, due to the importance of the soil physical and chemical attributes, as well as the significance of coffee to Brazil,
the objective of this study was to evaluate the physical and chemical attributes of an Oxisol planted with coffee conducted
under conventional tillage system. For the purposes of analysis and interpretation of the data, the experiment was performed
and interpreted in a completely randomized design, with the factorial 3 x 2, referring to three locations in the area of the coffee
plantation (planting line, canopy projection, between planting lines) and two soil layers (0 - 0.2 m and 0.2 - 0.4 m), with four
replications. It is concluded that no distinctions for soil porosity and total porosity was observed among soil locations, and
that ‘planting line’ position showed superior concentrations of total organic carbon and mean geometric diameter of the soil
aggregates.

Index terms: Coffee, soil aggregates, soil organic carbon, macroporosity, microporosity.

ATRIBUTOS DO SOLO COM PLANTIO CONVENCIONAL DE Coffea arabica L.:
UM ESTUDO DE CASO

RESUMO: A produgdo de café (Coffea arabica) apresenta grande importancia socioeconémica no Brasil. Para melhor
desenvolvimento da cultura e redugdo de impactos ambientais, faz-se necessario conhecer os atributos do solo. Dada a
importancia dos atributos fisicos e quimicos do solo, bem como a posi¢do de destaque do Estado de Minas Gerais como
maior produtor de café do Brasil, o objetivo do estudo foi avaliar os atributos fisicos e quimicos de um Latossolo Vermelho
textura argilosa em uso com café manejado em sistema de plantio convencional, na Regido do Triangulo Mineiro. Para efeito
de analise e interpretagdo da exploragdo dos dados, o experimento foi realizado e interpretado em esquema de delineamento
inteiramente casualizado - DIC, com o fatorial 3 x 2, referente a trés localizagdes na area do cafezal (tronco, saia e rua) e duas
camadas (0,0 - 0,2 ¢ 0,2 — 0,4 m), com quatro repeti¢cdes. Conclui-se que a posi¢do do tronco do cafeeiro apresentou maiores
concentragdes de carbono organico total e diametro médio geométrico, enquanto que para macroporosidade e porosidade total
nao houve distingdes entre os tratamentos.

Termos para indexac¢do: Café, agregados do solo, carbono organico do solo, macroporosidade, microporosidade.
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Also, the tillage farming contributes
to greenhouse effect through the increase of
the carbon dioxide emissions into atmosphere
(KALTSAS etal., 2007). The cultivation of Coffea
spp.., using this system, occurs in most coffee
areas of Brazil (PARTELLI et al., 2011),being
necessary continuous observation of the soil
physical and chemical attributes to reduce the
impacts generated by this system.

The physical and chemical soil directly
influence the development of crops (BURNS et
al., 2006), and the analysis of these attributes are
essential to the management strategies that confer
an increase in agricultural productivity, especially
in perennial crops, as in the case of coffee. Given
the importance of the soil physical and chemical
attributes to coffee and the damaging effects of
soil conventional farming, that the objective of this
study was to evaluate the physical and chemical
attributes of an Oxisol planted with productive
coffee in a soil tillage system.

2 MATERIAL AND METHODS
2.1 Experimental area characterization

The area chosen for this study is located at
the coordinates 18°52°00”S and 47°57°40”W, in
the municipality of Indiandpolis, Minas Gerais
state, Brazil. The region has an average altitude of
804 m and climate of the type Aw characterized as
tropical rainy season (JONES, 1986).

For the purposes of analysis and
interpretation of data exploration, the experiment
was performed and interpreted in a completely
randomized design, with the factorial 3 x 2,
referring to three locations in the area of coffee
plantation (planting line, canopy projection,
between planting lines) and two soil layers
(0-0.2 and 0.2-0.4 m), with four replicates.
Posteriorly, soil was classified as a dystrophic red
clay texture with predominance of clay fraction
ranging between 16 to 29% (EMBRAPA, 1997).
The chemical characterization (Soil water pH;
potassium-K*; magnesium-Mg*; calcium-Ca*;
aluminum-Al*~; and potential acidity-H+Al) was
determined according to Tedesco et al. (1995).
While, the phosphorus-P was determined using the
Mehlichl methodology following the Tedesco et
al. (1995), and textural characterization according the
methodologies recommended by Embrapa (1997).

2.2 Coffee management

The coffee (C. arabica cv. Mundo Novo)
planting was done in 2003 through conventional
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tillage with the use of plow and grid for the soil
preparation (0.2 m). In this same year it was applied
cattle manure at the planting time (1 kg plant™).
Coffee plants were spaced 4 x 0.7 m between
planting lines and coffee plants, respectively. The
irrigation system of the coffee area is based on
the localized dripping system, which aims to save
water, automation, efficiency and labor reducing.

The mineral fertilization was performed
in the period from October to March every year,
with the application of 350 kg ha' of NPK 18-
01-20 (spreader), fertilization through irrigation
and foliar fertilization for micronutrients
supplementation. In order to control weeds it was
performed manual weeding and the application
of 3 L ha' of glyphosate. Unproductive coffee
branches were also removed to give great
support structure of production, as described by
Thomaziello (2013).

The coffee harvest was mechanized and
done manually only for coffee plants where the
machine could not reap the coffee beans. Straws,
leaves and other crop residues were left over
the soil. In the year 2013, there was an average
productivity of 40 bags ha''.

2.3 Soil collection and analyzed variables

The soil samples were collected in 2014
at the layers 0-0.2 m and 0.2-0.4 m. To sample
the soil it was used a hoe and a ruler to measure
soil depth. Initially, it was removed the excess of
organic matter on soil surface and subsequently
the samples were dig out. The samples were sent to
the soil laboratory properly packaged and labeled
in plastic bags.

In the lab the soil samples were air dried and
sieved (<2 mm) to obtaining the FSAD (fine soil
air dried). The total nitrogen (TN) was determined
according to the Kjeldahl method (BLACK,
1965), while the total organic carbon (TOC)
was determined by the method of potassium
dichromate oxidation in acidic medium. The
carbon soluble in water (CSA) was extracted
with deionized water (YEOMANS; BREMNER,
1988).The availability of macronutrients (N, P, K,
Ca, Mg, S) and micronutrients (B, Cl, Cu, Fe, Mn,
Zn) were determined according to Tedesco et al.
(1995), as well as the potential acidity (H + Al),
aluminum (AI"”) and the water pH (pH-H,O).

The determination of water dispersible clay
(WDC) was done by the method of volumetric
pipette according to the methodology described
by Gee and Sao (1986) with the use of chemical
dispersant (EMBRAPA,1997).
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TABLEI1 - Physical and chemical characterization of two soil layers 0-0.2 and 0.2-0.4 m in area with coffee

cultivation. Indianépolis-MG.

Chemical and physicalsoil attributes

soil Sand Silt Clay pH P K* Mg Ca? APY H+Al

(m) - gKg! (x100)------ (H,0) -—-mgdm?--- e cmol dm------------
0-0.2 1.2 1.0 7.4 5.23 13.06 0.53 0.7 1.50 0.2 3.33
0.2-0.4 1.7 2.4 5.9 5.1 28.07 0.65 0.9 1.83 0.2 4.60

The collection of the undisturbed soil
samples was performed on the same day of the
collection of the deformed soil samples (for
chemical and texture analysis). For collection of
the undisturbed samples it was used an Uhland
sampler and metal rings of Kopeck with sharpen
edges. After the ring collection from ground and
clean the excess of soil adhered, the non-sharpen
ring size was covered with a silk paper and hold
tight with a rubber band.

For determination of the geometric mean
diameter (GMD) undisturbed soil samples were
sieved with a sieve (4 mm) with the quantification
of classes of aggregates through wet separation
using aYoder equipment (Kemper and Rosenau,
1986). The soil aggregates were separated in class
by sieves with 4, 2, 1, 0.5 and 0.25 mm meshes.

Also, it was determined with the soil
sample in the volumetric rings (internal volume
known): the soil density (SD), total porosity (TP),
macropores (Ma) and micropores (Mi). The total
porosity was calculated as described by Danielson
and Sutherland (1986). The microporosity was
determined by the content of water retained
in the soil at the potential of -0,006 MPa. The
macroporosity was obtained by the difference
between the total porosity and microporosity.
The density of the soil expressed the relationship
between the mass of dry soil and the volume of
the sample, and is calculated with the mass of soil dried
inan oven at 105°C for 24 h (BLAKE;HARTGE, 1986).

2.4 Data processing and statistical analysis

The variability of the studied properties
was previously evaluated by means of descriptive
statistics by calculating the mean values,
standard deviations, minimum and maximum
values observed. For the variables an analysis of
variance (ANOVA) was performed, when the HO
was rejected was compared the measurements
of treatments with test of Tukey test (p< 0.05).

Subsequently, the variables were submitted to
analysis multivariate exploratory of grouping
by hierarchical methods and main components.
Previously to the statistical analyzes, the basic
assumptions of ANOVA, normality of errors and
homogeneity of variances were tested for all
evaluated variables (data not shown).

For the principal components analysis
(PCA), the variables: total organic carbon (TOC);
pH-H,O; calcium (Ca); magnesium (Mg"™);
potassium (K™); sulfur (S-SO,’); aluminum (AI*);
zinc (Zn), manganese (Mn); iron (Fe); boron (B);
geometric mean diameter (GMD); microporosity
(Mi) and macroporosity (Ma). Next, the set
of variables were grouped according to their
characteristics for better visualization of the
relationship between the variables on the axes of
coordinates. The new axis and the auto-vectors
(new variables) called principal components
(CP), are generated by linear combinations of the
original variables constructed with the auto-values
of the covariance matrix (HAIR et al., 2005;
PIOVESAN, 2008). With the goal of obtaining
a model more simple and parsimonious, we used
the Kaiser criterion (1958), with auto-vectors
above the unit. The analysis were conducted in
STATISTICA 7.0 software (StatSoft. Inc., Tulsa,
OK, USA).

3 RESULTS AND DISCUSSION
3.1 Univariate analysis

The levels of total organic carbon (TOC)
presented a variation between 16.75 and 18.82 g kg,
while the soluble carbon fraction obtained lower
concentrations, ranging from0.04 to 0.06 g kg!' (Figure
1).The highest concentrations of TOC occurred in
the ‘planting line’ location, considered significantly
equal to that found at the ‘canopy projection’
position, and 16.53% higher than ‘between line’
position in the coffee plantation (Figure 1).
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FIGURE 1 - Total organic carbon (g kg') and microporosity (cm?* cm-?) located in the planting line (PL), canopy
projection (CP), between planting lines (BPL) position of a coffee plantation in layers of 0 - 0.2 and 0.2 - 0.4 m.

The ‘between planting line’ position showed
lower levels of TOC due to soil compaction by
traffic of machines during the cultural treatments,
such as fungicides and insecticides spraying,
as well as the application of nutrients and weed
control with the use of herbicides, which ends
up as a result eliminating other green fertilizers
that could cover ground, thus contributing to soil
compaction and erosion over time. According to
Araujo-Junior et al. (2011), this soil compaction is
probably due to soil tillage systems, mechanization
and the weed control that elevate the soil density,
especially at 0-3 cm and 10-13 cm soil layers.

The volume of plant cover accumulated on
soil can influence the levels of soil organic matter,
favors the action of microorganisms and the
humification process of the crop residues produced
(MARTINS-NETO; MATSUMOTO, 2010).
Among the effects of soil organic matter, what
stands out is the stimulation of microorganisms
diversity in the soil, due to nutrient cycling and
energy for microorganisms activity (MOREIRA;
CARNEIRO, 2004; COSTA et al, 2013).
ROLDAN et al. (2003) found that in soils with
coverage < at 33%, the microbial biomass was
reduced (322 mg kg') in relation to soils with
66% (426 mg kg') and 100% (654 mg kgD surface
coverage.

TP and Ma showed no differences between
the locations in the coffee plantation, with
variations of 0.54 to 0.53 and 0.08 to 0.1 cm® cm~,
respectively (Table 2). The amount of Mi showed
distinction between the positions (planting line,
canopy projection, between planting lines),
varying between 0.43 and 0.46 cm® cm™ (Figure 1).

High concentration of Mi is generally due
to the compression caused by pressure exerted
on the ground (SEIXAS; OLIVEIRA JUNIOR,
2001), and therefore, a decrease in the amount of
Ma is also observed (NETO, 2001; STRECK et

al., 2004; SILVA et al., 2006; MENTGES et al.,
2010). This condition affects soil water infiltration,
root growth and the movement of solutes in the
soil pore spaces (STONE et al., 2002). However,
in our study we did not notice difference between
the positions (Table 2).

The ‘planting line’ position presented
high values of GMD, being 38.27% higher than
‘between planting line’ position (Figure 2). This
result is due to a higher concentration of TOC
in this position (Figure 1). In ‘between planting
line’ position, the total porosity and aggregation
are smaller and consequently the soil density
is greater, because these physical attributes are
inversely proportional. The passage of machinery
in ‘between planting line’ position favors
compression and contributes to reduce TOC.
Richart et al. (2005) also identify that the increased
use of machines induces soil compaction. The
reduction of macro and microporosity after intense
traffic of machines is also related to a significant
increase in soil density (BALL et al., 1997).

The stability of soil aggregates, as assessed
by the GMD, was greater in the soil less compacted
(‘planting line‘ position) in relation to ‘between
planting line‘ position, and was similar between
soil depths (BEUTLER et al., 2005).

3.2 Multivariate analysis

At PCA, there was the formation of a
two-dimensional plane generated with first three
main components: CP1 (44.95%), CP2 (22.79%)
and CP3 (9.12%) that account for 76.86% of the
original information (Figure 3 and 4). This result is
consistent with the criterion established by Sneath
and Sokal (1973), in which the number of CP used
in interpretation should be such that explain at
least 70% of the total variance of the data, which
is the case of this study.
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TABLE 2 - Descriptive statistical of the physical variables in an Oxisol cultivated with coffee positioned on
(planting line, canopy projection, between planting lines),0 - 0.4 m layer.

WDC Ma TP
Planting line 0.01(=0.01) 0.08(%0.04) 0.54(+0.03)
Canopy projection 0.00 (£0.00) 0.08 (+0.02) 0.53 (+£0.02)
Between planting lines 0.00 (+0.00) 0.10 (£0.05) 0.53 (+0.03)

Water dispersible clay (WDC, gKg'); macropores-Ma(cm?cm?);total porosity(TP,cm?cm?). The variables, Ma,
WDC and TP were not significant by Tukey test at (P<0.05).
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FIGURE 2 - Geometric mean diameter - DMG (mm) located in the planting line (PL), canopy projection (CP),
between planting lines (BPL) position of a coffee plantation in layers of 0 - 0.2 and 0.2 - 0.4 m. At the figure,
capital letters distinguish DMG for each position by Tukey test (p<0.05). CV: 29.81%.
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FIGURE 3 - Principal component analysis (PCA) of the CP1 and CP2 with the variables: total organic carbon
(TOC); pH-H,O; calcium (Ca™); magnesium (Mg™); potassium (K*); sulfur (S-SO,); aluminum (A1"); zinc (Zn),
manganese (Mn); iron (Fe); boron (B); geometric mean diameter (GMD); microporosity (Mi), and macroporosity (Ma).
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FIGURE 4 - Principal component analysis (PCA) of the CP1 and CP3 with the variables: total organic carbon
(TOC); pH-H,0; calcium (Ca*); magnesium (Mg™); potassium (K*); sulfur (S-SO,); aluminum (AI"); zinc (Zn),
manganese (Mn); iron (Fe); boron (B); geometric mean diameter (GMD); microporosity (Mi), and macroporosity (Ma).

In CP1 were grouped the chemical attributes
related to the availability of nutrients in order of
importance from positive: Ca*™(0.99), Mg (0.99),
Zn (0.91), Mn (0.88), P (0.87), pH-H,O (0.82), B
(0.56),to negative:Al" (-0.92) and S-SO, (-0.63).
In CP2 were grouped the physical and chemicals
soil attributes in order of importance from positive:
TOC (0.80), DMG (0.61), Mi (0.62), to negative
K'(-0.74); B (-0.71); Fe (-0.68); S-SO, (-0.52). In
CP3 were also grouped physical attributes in order
of importance Ma (-0.75) and Mi (0.70) (Table 3).

The soil concentration of Ca™ and Mg"
demonstrated in CP2, ranged 1.90 to 2.05 and
0.45 to 1.0 cmolc dm?, respectively, and with
high positive correlation demonstrated in CP1
with overlapping vectors and associated with
the ‘planting line’ position in coffee plantation
(Figure 3). This characteristic is due to the fact
that these elements are related to their chemical
properties that are very similar, such as the ion
charge and mobility in soil solution, favoring
a competition between these elements by sites
of adsorption in soil and the uptake by the root
system (SALVADOR et al., 2011).

As a result, the presence in excess of one
nutrient (Ca™ or Mg™) can negatively affect the
processes of adsorption and absorption of other
(ORLANDO FILHO et al., 1996). El Salvador et
al. (2011), observed that the relationship between
levels of exchangeable Ca™ and Mg in the soil
and quantities of Ca™ and Mg™in leaf responds
positively when the leaf content of these elements
is 10 gkg', and exchangeable Ca™? and Mg*in soil
is of 1 cmolc kg'. The same was also observed by
Hernandez and Silveira (1998).

The inverse relationship of Al? with the
remaining nutrients with positive charges and the
pH-H,O is related with the availability of charges
in the soil, which showed a variation between
0.45 to 0.05 cmolc dm™.The Cerrado soils have as
characteristics high levels of A%, In addition, these
soils are naturally low in exchangeable bases to
plants (LUZ et al., 2002; OLIVEIRA et al., 2005).
However, lime and fertilizer applications reduce
the amount of Al* retained in soil and replace it
by cations (Ca2, Mg*, K*). Thus, when the soils
from the Cerrado are included in the production
process, is carried out the practice of liming as a
form of correction (OLIVEIRA et al., 2005).

The soil pH presented a variation between
4.75 and 5.4 and with high correlation with the
P availability in soil, which ranged from 5.9 to
34.75 mg dm>with the highest contents observed
at the ‘planting line’ position. This is probable due
to the low solubility of natural phosphates applied
close to the “planting line’ position. The natural
phosphates are an effective source of Pespecially
in soils with pH lower than 5.5 (OLIVEIRA et al.,
2005).

The relationship of the soil physical
attributes grouped in CP2 shows the positive
relationship of the TOC and Fe in the formation
of soil aggregates (DMG) (Table 3). As with the
K, a monovalent cation (+), this correlation has
been reversed. The TOC is directly related with
DMG, because when occurs the rupture of soil
aggregates it causes a destabilisation of organic
matter making it susceptible to decomposition
by microorganisms (SOLLINS et al, 1996;
CORAZZA et al., 1999).
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TABLE 3 - Correlation coefficient of main components for the variables: water dispersible clay (WDC); total
organic carbon (TOC); geometric mean diameter (GMD); macroporosity (Ma); microporosity (Mi); pH-H,O;
phosphorus (P), potassium (K*); calcium (Ca*?); magnesium (Mg™); boron (B); iron (Fe); manganese (Mn); zinc

(Zn); sulfur (S-SO,), and aluminum (AI*).

CP1 (44.95%) CP2 (22.79%) CP3 (9.12%)
WDC -0.02 0.47 -0.16
TOC -0.15 0.80 -0.32
DMG 0.00 0.61 -0.46
Ma 0.19 0.37 -0.75
Mi -0.02 0.62 0.70
pH-H,0 0.82 0.29 0.20
p 0.87 0.18 -0.04
K* 0.44 -0.74 0.12
Ca® 0.99 -0.02 0.10
Mg™ 0.99 -0.02 -0.05
B 0.56 -0.71 0.12
Fe 0.12 -0.68 0.12
Mn 0.88 -0.06 -0.30
Zn 0.91 -0.18 -0.08
S-S0, -0.63 -0.52 0.12
NG -0.92 -0.31 -0.03

*Value refers to the percentage of the variability of the original set of data retained by the respective main
components. Correlations in bold (P>0.5 in absolute value) were considered in the interpretation of the main

component highly significant (COELHO, 2003).

Thus, the decrease in soil organic matter,
especially in soils with low activity clays, cause
further declines in the aggregate stability, which
demonstrates that both parameters are related
(CARTER et al., 1994; FELLER; TOME, 1997;
FIELDS et al., 1997).

The soil aggregates are formed by physical
forces that act in the process of wetting and drying,
freezing and thawing, by compression caused by
the root system and by the interactions of minerals
and organic compounds from soil. However, for
these processes occur is crucial the presence of
flocculants and cementing agents, such as iron
and aluminum oxides, plant roots and organic
matter (BAYER; MIELNICZUK, 2008). Soil
organic matter is essential for the stabilization of
soil structure because it provides a large amount
of radicals that can interact with the surface of
the soil minerals and start the formation of soil
aggregates (BAYER; MIELNICZUK, 2008).

It was observed that the action of the soil
oxides in the process of aggregation is dependent
upon both of their concentration and type, as well
as the levels of organic carbon present in the soil

(FERREIRA et al., 2007). For the same authors
occurred only correlation between the levels of
organic carbon in the soil and the distribution
of aggregates, and between the levels of organic
carbon in the soil and the contents of organic
carbon in aggregates.

In relation to K, the correlation was
reversed, because this chemical element promotes
the dispersion of soil particles, causing the
rupture of aggregates. This dispersion happens
when flocculating cations (AI**, Ca?*, Mg?") that
often saturates clays, are replace by monovalent
cations of higher hydrate ionic radius (MAURI
et al., 2011). The inverse relationship of porosity
(Ma and Mi) has been put together in CP3. The
reductions in Ma in a compacted soil are usually
followed by additions in Mi (GENROJUNIOR,
2002; SECCO et al., 2004).

4 CONCLUSIONS

The highest concentrations of total organic
carbon occur in the ‘planting line’ of the coffee
plantation. The ‘planting line’ location presents
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higher mean geometric diameter, with additions of
38.27%, compared with ‘between planting lines’
location.

The porosity and total porosity show no
distinctions among the three locations evaluated
(planting line, canopy projection, between
planting lines) in the coffee plantation. The
microporosity is low at the ‘between planting
line’ position probably due to machinery traffic to
coffee cropping activities.

Inaccordance with the principal components
analysis there is the formation of three groups
that account for 76.86% of the variability of the
original information found here.
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