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ABSTRACT: In search of a sustainable coffee sector production, various management practices have been adopted, because
it causes changes in the physical and chemical soil attributes, consequently changes the coffee crop nutrition. The aim of this
study was to evaluate soil quality by quantifying the physical and chemical attributes of a Red Latosol and the nutritional status
of the coffee culture in two management systems: conventional and agroforestry in southern Minas Gerais, Brazil. The study
was conducted in the municipality of Machado - MG in 2008. Samples deformed and non-deformed soil were collected for
chemical and physical analyses. The chemical analyses evaluated were: contents of P, K*, Ca?", Mg*, H+AI**, AI**, CTC, V,
MOS and m. The physical attributes analyzed were Ds, VTP, Ma, Mi and Ma/Mi. Leaves were collected to analyze the contents
of N, P, K, Ca, Mg and S. The chemical attributes of the soil in the agroforestry system seemed to be more favorable to the
coffee culture, in comparison to the conventional system. The physical attributes did not changed between the management
systems. Coffee plants cultivated in agroforestry system promoted positive nutrient cycling, as well as, the macronutrients
contents increased in the leaf tissue reaching similar levels of the coffee plantation in conventional system.

Index terms: Soil Sustainability, soil fertility, nutrient cycling, soil structure.

ATRIBUTOS QUIMICOS E FiSICOS DE UM LATOSSOLO E NUTRICAO DO CAFEEIRO
EM SISTEMAS DE MANEJO AGROFLORESTAL E CONVENCIONAL

RESUMO: Em busca de uma produgdo sustentdvel no setor cafeeiro, varias praticas de manejo sao adotadas e essas podem
provocar modificagdes nos atributos fisicos e quimicos do solo e consequentemente alterar a nutrigdo do cafeeiro. Objetivou-
se, neste trabalho, avaliar a qualidade do solo, mediante a quantificacdo dos atributos fisicos e quimicos de um Latossolo
Vermelho e o estado nutricional do cafeeiro, em dois sistemas de manejo: agroflorestal e convencional, no Sul de Minas
Gerais, Brasil. O estudo foi realizado no municipio de Machado - MG, em 2008. Foram coletadas amostras deformadas
e indeformadas para as andlises quimicas e fisicas do solo e amostras de tecido foliar para a avaliagdo nutricional dos
cafeeiros. As andlises quimicas do solo constituiram-se de pH, teores de P, K+, Ca2+, Mg2+, H++A4I3+, A3+, CTC, V,
MOS e m. Os atributos fisicos analisados foram Ds, VIP, Ma, Mi e Ma/Mi. A andlise nutricional foi determinada pelos
macronutrientes: N, P, K, Ca, Mg e S. Os atributos quimicos do solo do sistema agrofiorestal apresentaram-se mais favoraveis
a cultura do café, em comparagdo ao sistema convencional. Os atributos fisicos do solo ndo foram alterados entre os sistemas
de manejo. A ciclagem dos nutrientes em cafeeiro agroflorestal foi positiva, propiciando teores de macronutrientes em tecido
foliar semelhantes aos do cafeeiro convencional.

Termos para indexacdo: Sustentabilidade do solo, fertilidade do solo, ciclagem de nutrientes, estrutura do solo.

1 INTRODUCTION the ecosystem, in which beneficial interactions
are exploited between plants of different cycles,

Coffee production (Coffea arabica L.) sizes and functions with efficiency improvements

under agroforestry systems (AFS) has been widely
used in Latin America primarily by farmers. It's an
alternative, and aims to ensure the sustainability of
agricultural production and the economy diversity.

The AFSs stand out for the shading provided
by multiples species of trees and cultivated land
in consortium with high biological diversity of

of water use and decreasing of losses of soil,
carbon and nutrients (AGUIAR et al.,, 2006;
CARVALHO; GOEDERT; ARMANDO, 2004;
LIMA et al., 2010). In this system the replacement
of petroleum products as fertilizers and pesticides
for biomass production and increased efficiency in
the process of nutrient recycling, the permanent
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protection of soil, providing more favorable
environment for biological processes that regulate
the decomposition process of organic matter, with
the improvement of soil quality and environmental
preservation, toward the development of a
sustainable coffee culture (AGUIAR et al.,
2010; HAGAAR et al., 2011; MAIA et al., 2007,
PIMENTEL et al., 2005; SOUZA; GRAAFF;
PULLEMAN, 2012).

Organic matter is a chemical indicator of
soil quality, due to its role in regulating a variety of
processes occurring in the soil. It provides energy
forbiological activity thatacts in the decomposition
process of organic waste and nutrient release to
the plants (TIAN; KANG; BRUSSAARD, 1992)
and improves the soil structure by increasing
aggregation, porosity and water retention and
decreases its density (FRANZLUEBBERS, 2002).
Based on this context, to be successful in AFSs,
it's primordial good supply of nutrients through
the decomposition process, resulting from paring
and biomass produced at the site, so that recycled
nutrients meet production needs (MENDONCA;
STOTT, 2003).

Conventional systems are characterized by
simplified agroecosystems with theimplementation
of monocultures. High productivity is achieved,
used by large landowners, although losses of
biodiversity can happen. There are several
downsides to this system, such as: soil degradation,
organic matter decline, erosion and compaction
because machine traffic with high dependence on
external inputs has high costs, overuse of pesticides
and fertilizers causing environmental pollution
(DONALD, 2004; LEITE et al., 2010; SA et
al., 2009). This management system fosters the
rupture of balance between soil and environment,
and may bring negative consequences to the soil
changing the physical, chemical and biological
attributes of the soil, decreasing the production
and increasing the dependence of agricultural
fertilizers over time.

Several studies have been conducted in
AFSs involving biomass production, carbon
storage, nitrogen fixation, growth parameters,
morphology, microclimate, water availability,
soil parameters, biomass characteristics and
decomposition as well as shading (DOSSA et
al., 2008; MENDONCA; STOTT, 2003; OIJEN
et al., 2010); however, because of the low yields
observed in this system it's necessary to evaluate
the chemical and physical properties of soil,
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along cultivated with coffee compared to the
conventional system, once the information of
these attributes in coffee under AFSs are limited.

The chemical and physical attributes of
the soil are essential for good coffee nutrition
and consequently to obtain good yields over
time. Several studies have shown comparisons of
productivity, economic gains and social benefits
of coffee plantations in agroforestry systems
(SOUZA; GRAAFF; PULLEMAN, 2012);
however, there are few comparisons of physical
and chemical attributes of a same type of soil
seamlessly with coffee nutrition.

The aim of this study was to evaluate the
physical and chemical attributes of a Red Latosol
and the nutritional status of the coffee culture
in two management systems: conventional and
agroforestry in southern Minas Gerais, Brazil.

2 MATERIAL AND METHODS

Characterization of the study site

The study was conducted in 2008 in the

neighborhood of Caiana in two contiguous places
of the municipality of Machado, South of Minas
Gerais, close to the geographic coordinates 21°
39°59” S and 45° 55’ 16” W. The altitude is 900
m and the climate is Cwa, according to K&ppen’s
classification, presenting mild temperatures, with
hot and rainy summer.
The average annual temperature is 21.2 °C, mean
monthly maximum of 27 °C and minimum of
14.2 °C, and the average annual rainfall is 1824
mm (MARQUES, 2003). The soil is classified
as Red Latosol (EMPRESA BRASILEIRA DE
PESQUISA AGROPECUARIA - EMBRAPA,
2006), medium texture (273 g kg' of clay, 459
g kg! of sand and 268 g kg of silt) for coffee
plantations under the agroforestry management
systems (CAF) and conventional management
systems (CC).

Management systems studied

The coffee culture in a conventional system
(CC) was established in 1989, spaced 4.0 x 1.0 m,
with the cultivar Mundo Novo (Coffea arabica
L.). For the culture, pits were made to avoid soil
disturbance. The soil was always kept covered
with invasive plants handled with the application
of post-emergence herbicide, twice a year and
mechanically, approximately five times a year,
with costal motorized grubber.
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All cultural practices were performed manually and
mineral fertilizers as well as liming were performed
as technical recommendations (GUIMARAES et
al., 1999), using NPK formulations (05-20-20),
divided in three applications during December to
March, according to the chemical analysis of soil
and foliar micronutrient fertilization according to
leaf analysis.

Coffee culture in agroforestry system
(CAF) was established in 1985, with the cultivar
Mundo Novo (Coffea arabica L.), spaced 3.5
x 1.0 m. In 1998, it was adopted the organic
natural production model in agroforestry system
in consortium with fruits, eucalyptus and native
trees. The bananas and eucalyptus trees grown
around the coffee fields serving as windbreaks.

The native trees, fruit trees and annual
plants present scattered irregularly between the
rows of coffee trees. This crop received total
recepa in 2001 and has not received application of
agricultural inputs since 1997. As of this date, only
the management of invasive plants is held with
grubber and hoe. Coffee crop nutrition is made by
applying coffee straw and leaf litter accumulated
through the debris of leaves, spontaneous weeds
and twigs from the agroforestry system.

Chemical attributes of the soil

Soil samples were collected with auger for
chemical analyses, at the same points samples were
collected for physical analyses at the depth of 0-20
cm. Afterthought it was determined the pH (H,0),
phosphorus (P), potassium (K*), calcium (Ca?"),
magnesium (Mg?") and exchangeable aluminium
(AI*"); potential acidity (H*+A1*"), cation exchange
capacity (CEC) at pH 7, base saturation (V),
organic matter (MOS) and aluminium saturation
(m) according to the methodology described by
EMBRAPA (2009). The results of the chemical
analyses were interpreted according to Guimaraes
et al. (1999). This sampling was conducted in
two plots with different management systems
totalizing up 8 samples: (1 depth x 2 management
x 4 repetitions). The chemical determinations
were performed in a laboratory of soil analysis
of the Instituto Federal de Educacdo, Ciéncia
e Tecnologia do Sul de Minas Gerais - Campus
Inconfidentes.

Physical attributes of the soil

Non-deformed samples were collected
following the randomized block design, in March
2008, towards the diagonal direction of the coffee
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plots, in the projection of the top of the tree.
The examination of a trench was performed to
determine the maximum mechanical resistance
layer (CMRM) with a pocket penetrometer, at a
depth of 15-18 cm. The non-deformed samples
were conducted in two plots with different
management systems totalizing up 16 samples:
(2 depth x 2 management x 4 repetitions). These
samples were collected with an Uhland sampler
and aluminum rings of 6.35 cm diameter by 2.54
cm height, at depths of 0-3 cm and 15-18 cm. It
was quantified the following attributes: soil density
(Ds), total pore volume (VTP), macroporosity
(Ma), microporosity (Mi) and the macro and
microporosity ratio (Ma/Mi).

Soil density was determined using the
Uhland cylinder method (BLAKE; HARTGE,
1986) and particle size analysis using the
Bouyoucos method. After saturation, the non-
deformed samples were taken to the suction unit at
60 cm water column to obtain matrix potential of
-6 kPa on stress table. Then the soil samples were
placed in an oven at 105-110 °C for 48 hours to
obtain dry soil mass and subsequent determination
of the gravimetric water content (EMBRAPA,
1997).

Total porosity was obtained using the
following expression: PT = [1 - (Ds/Dp)]
according to Vomocil (1965). Microporosity was
obtained using the determination of volumetric
water content of each sample corresponding to
matrix potential of -6 kPa (EMBRAPA, 1997)
and macroporosity was obtained by the difference
between total porosity and microporosity.
The physical analyses were performed at the
Department of Soil Science, Federal University of
Lavras, in the state of Minas Gerais.

Nutritional Assessments

Leaves of coffee plants cultivated in
the place of soil collection were collected to
nutritional analyses, totalizing 8 samples. These
eaves were from the third and fourth node from
the apex to the basis of the plagiotropic branches,
in the middle third of the plants in all quadrants
totalizing 96 leaves in each repetition. The leaves
were washed with deionized water and dried in an
oven with forced air circulation at 70 °C until it
reached constant weight. The following nutrients
were determined: nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg),
sulfur (S), according to the methodology described
by EMBRAPA (2009). The leaf analyses were
made in the Analysis Laboratory of Soil and
Leaf Center for Higher Education and Research
Machado, in Minas Gerais state.
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Statistical Analysis

Data analysis was performed using software
R (R DEVELOPMENT CORE TEAM, 2010) and
consisted of the t test to compare the averages of
soil attributes in both management systems. The
t-test was applied considering two cases, in which
the variances were homogeneous and another in
which the variances were heterogeneous, verified
through Hartley’s test.

3 RESULTS AND DISCUSSION

According to the t test, the different
management systems changed several chemical
attributes of the soil while the physical attributes
did not change (Tables 1 and 2). Comparing the
physical attributes, between the depths, only the
conventional management system presented a
significant difference (Table 3).

Chemical attributes of the soil

The Ca?, Mg*, V and MOS, had
significantly greater contents; and contents of P,
H™+APP*, A’ e m, had significantly lower levels
in the coffee under agroforestry system, when
compared to coffee conventional system, while
values of K* e CTC did not show any difference
(Table 1). The chemical attributes of the soil
presented more desirable levels in agroforestry
system, in comparison to the conventional system
for coffee plantations. The pH values were similar
in the different management systems and did not
differ significantly.

This result is due through the application
of lime based on soil analysis in conventional
management, while in agroforestry management,
pH maintenance was a result of the complexation
of free H" and AI** by Ca*, Mg*", K" and anionic
organic compounds from vegetable waste
produced on site (AMARAL; ANGHINONI;
DESCHAMPS, 2004; PAVINATO; ROSOLEM,
2008).

The low content of P (6.43 mg dm) presented
for the coffee plantation under agroforestry system is
not enough for coffee crop in Brazil (GUIMARAES
et al., 1999), and may be a limiting factor for
productivity of this culture system when compared
to the conventional system. In agroforestry system,
they provide a greater concentration of P in soil
due to the intake and maintenance of soil organic
matter and favor this element cycling through
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the reservoir organic phosphorus in the soil
(NOGUEIRA et al., 2008); however, this study
showed lower levels of P in the soil of agroforestry
management, which highlights a probable
competition among plants and little is available in
these soils.

This result suggests the necessity of a
different management, with associations of
plants and microorganisms in order to favor the
biological processes that increase the available P
and improve productivity in agroforestry systems,
especially in Latosols, in which, there is high
adsorption of this element (LILIENFEIN et al.,
2000). The higher content of P presented for coffee
under the conventional system can be attributed
to the continuous fertilization with phosphate
fertilizers, combined with its low mobility in the
soil.

The MOS serves to measure imbalances
or preservation of agroecosystems; it is used as a
criterion to evaluate its sustainability (KAISER;
MARTENS; HEINEMEYER, 1995; ROUSSEAU
et al., 2012). The AFSs, compared to the
conventional monocultures provide the increase
of levels of MOS due to the addition of organic
materials derived from trees (HAIRIAH et al.,
2006; MAIA et al., 2006; SMILEY; KRUSCHEL,
2008). The lowest level of MOS in conventional
coffee culture may be related to the smallest
amount of locally produced vegetable waste,
which makes the decomposition rate greater than
the amount of organic waste produced.

The lowest values of H+AI** and nulls
of AI*" in the ground of agroforestry coffee
cultures, may be due to the complexation of
AI** with organic anions released by plant waste
(AMARAL; ANGHINONI; DESCHAMPS,
2004; PAVINATO; ROSOLEM, 2008), with
improvements of the conditions for plant growth.

The content of AI**in conventional coffee
crop seemed low, and m=14,58 % is pretty below
of that tolerated for coffee (25%), according
to Guimardes et al. (1999); but higher values
found in the agroforestry system proved to be
null. The V in conventional coffee (34.23%) is
not enough for the coffee culture, with V=60%
considered adequate. Coffee agroforestry had a
good V=58.63%, indicating that soil fertility is
sustainable in this system, probably by recycling
nutrients and large accumulation of MOS, don't
requiring corrections.
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TABLE 1 - Chemical attributes of a soil cultivated with coffee in conventional management systems (CC) and

agroforestry management systems (CAF).

Attribute Management  Average Difference gl t p-value
CcC 4.99
pH -0.69 6 -1.47 0.2324
CAF 5.68
CcC 13.20
P (mg dm?) 6.78 6 6.65* 0.0006
CAF 6.43
CcC 105.75
K* (mg dm™) -11.50 6 -1.56 0.1707
CAF 117.25
CcC 1.73
Ca* (cmol_dm?) -2.35 6 -6.08* 0.0009
¢ CAF 4.08
CcC 0.75
Mg? (cmol  dm™) -0.40 6 -5.66* 0.0013
¢ CAF 1.15
CcC 6.00
H*+AP* (cmol  dm™) 2.19 6 5.28% 0.0116
¢ CAF 3.81
CcC 0.50
AP (cmol  dm?) CAF 0.00 0.50 6 8.66* 0.0032
CAF 5.53
CcC 8.75
CTC (cmol dm™) -0.57 6 -1.59 0.1639
¢ CAF 9.33
CcC 34.23
V (%) -24.40 6 -7.53% 0.0003
CAF 58.63
CcC 1.89
MOS (g kg™) -1.54 6 -3.35% 0.0155
CAF 3.42
CcC 14.58
m (%) 14.58 6 15.53* 0.0006
CAF 0.00

gl-rate of liberty; t-test estimate t; p-is the p-value, when this value is less than 0.04, it means that the two averages that are

being compared are statistically different. *significant at 5%.

Physical Attributes of the Soil

The physical attributes of the soil did not
differ significantly between conventional and
agroforestry management systems (Table 2). This
result may be justified by the adoption of soil
conservation practices through the management
of invasive plants as well as non-revolving of the
soil, since the beginning of the implementation of
conventional coffee culture, which was expected
to present signs of degradation.

The predominant invasive plants on the field
were the grasses, maybe it provided beneficial
effects to the soil structure (SILVA; SILVA;
FERREIRA, 2005).

A study performed by Fialho, Borges and
Barros (1991), showed that physical properties
of soils were not affected by the use (forest,
grassland and eucalyptus) in depth up to 20 cm .
Similar results were found by Costa et al. (2003),
in a study comparing the physical properties of
soil in a management system under direct and
conventional preparation with native vegetation.
Different results were obtained by Carvalho,
Goedert and Armando (2004), in which they
found in an agroforestry system with low soil
density, higher porosity, when compared to the
conventional system. Possibly, this difference is
due to the conventional system was cultivated
with corn, which often requires soil preparation.
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TABLE 2 - Physical attributes of the soil, in conventional management systems (CC) and agroforestry (CAF), in

tree top of the coffee tree, at two depths.

. 0-3 cm 15-18 cm
Attribute  Management - ;

Average Difference gl p-value Average Difference gl t p-value
CcC 1.19 1.29

Ds (Mg m?) -0.07 6 -1.51 0.2248 -0.04 6 -1.09 0.3135
CAF 1.26 1.33
cC 0.54 0.49

VTP (m* m?) 0.04 6 1.57 0.2124 -0.01 6 -1.19 0.852
CAF 0.49 0.50
cC 0.24 0.18

Ma (m® m) 0.06 6 2.19 0.0709 0.01 6 0.28 0.7873
CAF 0.19 0.17
. CcC 0.29 0.31

Mi (m* m?) -0.02 6 -1.31 0.2383 -0.01 6 -0.93 0.3903
CAF 0.31 0.32
. cC 0.84 0.58

Ma/Mi 0.22 6 146 0.1938 0.01 6 0.06 0.9566
CAF 0.62 0.57

Ds: soil density; VTP: total pore volume; Ma: macroporosity; Mi: microporosity; Ma/Mi: ratio of macro/microporosity. gl-
rate of liberty; t-test estimate t; p-is the t value, when this value is below than 0.05, it means that the two compared averages

are statistically different.

TABLE 3 - Physical attributes of the soil between two depths, in the projection of the coffee tree top, in conventional

management systems (CC) and agroforestry (CAF).

Attribute - -
verage Difference g p-value verage Difference g p-value
(cm) A Difft 1 t \ A Difft 1t 1
0-3 1.19 1.26
Ds (Mg m) -0.11 6 -5.92*% 0.001 -0.07 6 -1.41 0.2082
15-18  1.29 1.33
0-3 0.54 0.49
VTP (m* m?) 0.05 6 5.89*% 0.0011 -0.01 6 056 0.5945
15-18  0.49 0.50
0-3 0.24 0.19
Ma (m?® m) 0.06 6 5.46* 0.0016 0.02 6 034 0.742
15-18 0.18 0.17
) 0-3 0.29 0.31
Mi (m?® m) -0.02 6 -2.19 0.0709 -0.01 6 056 0.5945
15-18  0.31 0.32
) 0-3 0.84 0.62
Ma/Mi 0.2644 6 5.05% 0.0023 0.05 6 028 0.7917
15-18 0.58 0.57

Ds: soil density; VTP: total pore volume; Ma: macroporosity; Mi: microporosity; Ma/Mi: ratio of macro/microporosity.
gl-rate of liberty; t-test estimate t; p-is the p-value, when this value is less than 0.05, it means that the two averages that are

being compared are statistically different. *significant to 5%.

Comparing the depths, soil density presented
values significantly higher; the total porosity, the
macroporosity and the macro/microporosity ratio
had significantly lower values at a depth of 15-18
cm, in comparison to the depth of 0-3 cm, for the
coffee culture under conventional system, while in
the coffee culture under agroforestry system, there
was no difference (Table 3).

This result is due to the less amount of

organic material on the surface and subsurface that
the conventional system is able to incorporate to
the soil, leading to the organic matter decreasing
in its profile, when compared to the agroforestry
system and consequently interfering on the
physical attributes of the soil.

The management of agroforestry systems
generates benefits to the soil, such as protection
against erosion. It acts assoil protector from
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the impact of raindrops, provides plant waste
disposal, preserves the organic matter and
water and contributes positively to the physical
attributes of soils (AGUIAR et al., 2006, 2010).
Despite the differences in physical attributes
found in this study between depths, the values
presented by the soil under agroforestry and
conventional systems kept within the normal
range for the proper development of plants at
both depths (HAKANSSON; LIPIEC, 2000;
REICHERT et al., 2009).

Nutritional Evaluation

The leaf tissue analysis indicates that the
nutrient cycling in agroforestry coffee culture
was positive, providing macronutrient contents
in leaf tissue similar to those of conventional
coffee plantations, with nitrogen content (N)
significantly higher and sulfur (S) significantly
lower in conventional coffee culture (Table 4).

These results may be directly subjected by
the trimming waste agroforestry coffee plantation,
in addition to vegetal phytomass produced locally;
thus, there are fall and deposition of vegetable
waste on the soil and nutrients releasing during the
decomposition process (CAMPANHA; SANTOS,
2007; CUNHA et al., 2012).

Carmo, D. L. et al.

The trees can extract nutrients from depths
of soil not explored by roots of coffee and deposit
on the soil surface through the leaf fall, becoming
available for coffee (GAMA-RODRIGUES,
2004). Litter formed on the soil surface, improves
water infiltration and retention, protects the soil
against erosion, provides nutrients and organic
matter, that are importants to maintain the
productivity (ARATO; MARTINS; FERRARI,
2003; PIRES et al., 2006).

The contents of macronutrients N, K, Ca,
Mg were low in both tillage systems, except
P that was adequated and S appeared low for
conventional coffee (MALAVOLTA, 1992),
as per monthly variation in contents for coffee
culture.

The low contents presented may possibly
be due to the time of collection of leaf tissue,
coinciding with the period of fruit growth,
which is a strong drain of nutrients, in addition
to vegetative growth. Work done by Valarini,
Bataglia and Fazuoli (2005), reported that during
the period of fruit growth between December and
May, there was a decreasing in the content of
macronutrients in the leaves, with the exception
of Ca which had its content increased.

TABLE 4 - Macronutrient contents in leaf tissue of coffee in conventional (CC) and agroforestry (CAF) systems.

Nutrients (%) Management Average Difference Gl t p-value
CC 2.23

N 0.32 6 4.98* 0.0025
CAF 1.92
cC 0.18

P -0.02 6 -1.96 0.0972
CAF 0.21
CC 1.55

K -0.15 6 -1.57 0.1682
CAF 1.70
CC 0.97

Ca 0.05 6 0.92 0.3942
CAF 0.92
cC 0.25

Mg 0.00 6 0.08 0.9350
CAF 0.25
CC 0.15

S -0.08 6 -3.61% 0.0113
CAF 0.23

gl-rate of liberty; t-test estimate t; p-is the p-value, when this value is lower than 0.05, it means that the two averages that are

being compared are statistically different. *significant to 5%.
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4 CONCLUSIONS

The agroforestry system exhibited chemical
soil attributes more favorable to the coffee culture,
compared to the conventional system, with higher
concentrations of calcium, magnesium, base
saturation and organic matter, except the low
available phosphorus. The soil physical properties
have not changed between agroforestry and
conventional systems but changed between depths
only in the conventional system.

The macronutrient content in the leaf tissue
of coffee culture under conventional management
and agroforestry systems were similar, with the
exception of nitrogen and sulfur.
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