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ABSTRACT: Olive cultivation (Olea europaea L.) covers approximately 11 million hectares worldwide and has been expanding
in Brazil as an alternative for agricultural diversification. The intensification of production systems has increased productivity
but has also intensified the extraction of nutrients from the soil. In this context, soil organic matter (SOM) stands out as an
essential component for maintaining soil quality. Its most labile fractions are particularly sensitive to changes in management
practices and serve as important indicators of soil quality. Despite this, information on the dynamics of organic carbon in olive
cultivation systems remains limited, especially in Brazil. Thus, this study aims to evaluate changes in soil organic matter and
chemical properties under olive cultivation (CA) and forest cover (FA) in the Serra da Mantiqueira region. Four deformed
composite soil samples were collected from 0-5, 5-10, 10-20, and 20-40 cm layers. Soil fertility, including macronutrients and
micronutrients, and soil organic carbon (SOC) were evaluated. For macronutrients (K, Ca, Mg), the application of mineral
fertilizers resulted in the highest values in the CA profile compared to the FA. However, for the micronutrients (Cu and Fe), the
highest values were concentrated in the superficial soil layer in FA. SOM values ranged from 1.38 to 3.49 g kg™, with the
lowest value observed in area CA 5-10 and the highest in area FA 0-5. SOC ranged from 8.97 (CA 20-40) to 26.16 g kg™' (FA 0-5).
The conversion of forest land to olive orchards induces changes in soil chemical properties, often enhancing nutrient
availability. Nevertheless, declines in soil organic carbon (SOC) can negatively affect soil quality, highlighting the need for
conservation practices (e.g., mulching) to support the restoration of soil carbon stocks.

Keywords: conventional tillage; no-tillage; soil management; tropical climate.

Avaliacao dos atributos quimicos do solo como indicadores de qualidade de em areas
de oliveiras

RESUMO: O cultivo da oliveira (Olea europaea L.) ocupa aproximadamente 11 milhdes de hectares em todo o mundo e tem se
expandido no Brasil como uma alternativa para a diversificagdo agricola. A intensificagdo dos sistemas de producdo tem
aumentado a produtividade, mas também intensificado a extra¢cdo de nutrientes do solo. Nesse contexto, a matéria organica
do solo (MOS) destaca-se como um componente essencial para a manutencdo da qualidade do solo. Suas fragGes mais labeis
sdo particularmente sensiveis as mudancas nas praticas de manejo e atuam como importantes indicadores da qualidade do
solo. Apesar disso, as informacgGes sobre a dindmica do carbono organico em sistemas de cultivo de oliveira ainda sdo
limitadas, especialmente no Brasil. Assim, este estudo teve como objetivo avaliar as alteragées na matéria organica do solo e
nos atributos quimicos sob cultivo de oliveira (CA) e cobertura florestal (FA) na regido da Serra da Mantiqueira. Foram
coletadas quatro amostras compostas deformadas de solo nas camadas de 0-5, 5-10, 10-20 e 20—40 cm. Avaliaram-se a
fertilidade do solo, incluindo macro e micronutrientes, e o carbono organico do solo (COS). Para os macronutrientes (K, Ca,
Mg), a aplicacdo de fertilizantes minerais resultou em maiores valores no perfil de CA em comparacdo a FA. Por outro lado,
para os micronutrientes (Cu e Fe), os maiores teores concentraram-se na camada superficial do solo em FA. Os valores de MOS
variaram de 1,38 a 3,49 g kg™, sendo o menor valor observado na drea CA (5-10 cm) e o maior na area FA (0-5 cm). O COS
variou de 8,97 (CA 20-40 cm) a 26,16 g kg™ (FA 0-5 cm). A conversdo de areas florestais em olivais promove altera¢es nos
atributos quimicos do solo, frequentemente aumentando a disponibilidade de nutrientes. No entanto, a redugdo do carbono
organico do solo pode comprometer a qualidade do solo, evidenciando a necessidade da adogao de praticas conservacionistas

(por exemplo, cobertura morta) para auxiliar na recuperac¢do dos estoques de carbono.

* Marcos Gervasio Pereira. E-mail: mgervasiopereira01@gmail.com. (Corresponding author) This is an open-access article distributed under the Creative
Associate Editor: Editor: Mario de Andrade Lira Junior. Commons Attribution 4.0 International License.
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INTRODUCTION

The cultivation of olive trees (Olea europaea L.) occupies

approximately 11 million hectares worldwide, being
predominantly concentrated in the Mediterranean region,
where it stands out as one of the most widespread perennial

crops (Sobreiro et al., 2023). Olive cultivation has been

expanding in Brazil, although its production remains small
compared to other crops. It is considered an alternative for
agricultural diversification, especially in regions with wet
winters, dry summers, average temperatures between 25
and 35 °C, with some periods of low temperatures, typically
between 0 and 7 °C, and low-fertility soils (Fernandez-
Rodriguez et al., 2022).

The olive oil market has expanded, driven by the growing

demand for healthy and sustainable products. Consequently,
in recent decades, there has been a transition from
traditional and extensive systems to intensive systems,
characterized by higher planting density and greater
nutritional demand, resulting in increased productivity (Zipori
et al., 2020). In this context, mineral nutrition plays a central
role in orchard management, since most nutrients are
absorbed from the soil solution and continuously removed
through fruit harvest and pruning, which may lead to fertility
depletion, especially in intensive systems (Erel et al., 2018).
However, inadequate fertilization management can
compromise soil quality, productivity, and the sustainability
of the agroecosystem, making the adoption of conservation

practices necessary (Torrus-Castillo et al., 2022).

Strategies that promote increases in soil organic matter
(SOM) levels are noteworthy, as they contribute to improving
soil structure and health, enhancing water retention,
increasing biodiversity, and reducing erosion processes in

olive-growing areas (Torrus-Castillo et al., 2023). The study of

soil organic matter (SOM) has emerged as a sensitive tool for
assessing the effects of management on soil quality,
especially when considering its physical fractions, such as
labile carbon, which respond rapidly to changes in land use
and management. Understanding the dynamics of organic
carbon in maintaining soil quality and mitigating degradation
processes, such as erosion and fertility decline, supports the
development of effective strategies for soil conservation and

sustainable management (Guimarées et al., 2021).

Despite advances in understanding the role of SOM in
maintaining soil quality, information on the dynamics of
organic carbon in olive cultivation systems remains limited,
particularly under conditions different from those
traditionally studied in the Mediterranean region. In Bratzil,
few studies have evaluated how conservation systems, such

as no-tillage, influence SOM fractions. Understanding these
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changes provides a basis for developing management
strategies that reconcile productivity, soil conservation, and
the sustainability of agricultural systems.

Considering the growth of olive cultivation associated
with the scarcity of scientific data on the interaction between
this crop and soil quality - especially in the Serra da
Mantiqueira region - this study aims to evaluate changes in
labile soil organic matter and other chemical attributes, with
an emphasis on soil quality under forest-based and

conventional cultivation systems.

MATERIALS AND METHODS

Study area and soil sampling

The experimental areas were located at the "Empresa de
Pesquisa Agropecudria”, in the Minas Gerais State,
municipality of Maria da Fé, at 229218'29” S and 45222'31" W,
altitude of 1278 m (Figure 1). The regional climate is Cwb,
according to Koppen's classification (Alvares et al., 2013),

with mean rainfall ranging from 1.650 mm to 1.750 mm
(during summer), and drier periods during the winter, with a
mean annual temperature of 172C.

The soil of this study was classified as a Rhodic Ferralsol
according to the World Reference Base for Soil Resources
(IUSS, 2015). Two locations were selected for the study: a)
Antropized Forest area (FA), at 22218'56" S and 459222'42" W,
with an altitude of 1309 m; and b) Area under conventional
cultivation of Olea europaea L. (CA) during 11 years, using a
conventional management system (229218'52” S and
45922'41” W, with an altitude of 1296 m. Four deformed
composite soil samples were collected in 2017 from depths
of 0-5 cm, 5-10 cm, 10—-20 cm and 20-40 cm layers per site
in each soil profile and then were air-dried, pounded to break
up clods, and sieved (< 2 mm) to obtain the air-dried fine
earth fraction, which was used for chemical analyses carried
up at the laboratory.

Soil chemical analyses

For the chemical characterization, the

parameters were determined: pH in water 1:2.5 soil: solution

following

ratio (v/v), exchangeable bases (Ca™, Mg™, K', and Na"),
exchangeable Al potential acidity (H+ Al), micronutrients
(Cu, Mn, and Fe), and available P (Teixeira et al., 2017). Soil
organic carbon (SOC) content was determined by wet

oxidation using potassium dichromate solution (K,Cr,05),
H,SO,, and with external heating (Yeomans & Bremner,
1988), and the labile portion of the soil organic matter (SOM)
was carried out using 0-5 and 5-10 cm layer samples

according to the method of Anderson & Ingram (1989).
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Figure 1 - Localization of the study area in Maria da Fé, Minas Gerais State, Brazil.

Statistical Analysis

In this study, we determined the main effects of the two
soil management types (M) in the four soil profile depths (D),
and also the effects of the M x D interaction. We used a
factorial analysis of variance (ANOVA two-way), with M and D
as fixed factors. We checked the dataset for normality using a
Shapiro-Wilk test, having initially assessed the homogeneity
of variance. Mean values were compared using Tukey's test
(p <0.05).
regression analysis was applied, using Agroestat statistical
software (Barbosa & Maldonado Junior, 2015).

For soil organic carbon data, a polynomial

RESULTS AND DISCUSSION

ANOVA analysis revealed significant M x D interaction
effects, and soil pH was lower in FA compared to CA at all
depths (Figure 2a). This result is attributed to the parent
material, which is predominantly acidic in Brazilian territory,
and to intense weathering and nutrient leaching processes,
particularly of basic cations, leading to low pH values and
increased soil acidity (Van Breemen et al., 1983; Hue, 2022).

Due to soil acidity correction (liming) at the beginning of
establishment, the pH values observed in CA (ranging from
5.5 to 6.0) are considered suitable for optimal olive tree
development (Lépez-Escudero & Mercado-Blanco, 2011;

Bizos et al., 2020), as they promote greater nutrient

availability in the soil and facilitate plant uptake.
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Soil pH values close to 6 reduce the solubility of AI** and
do not cause toxic effects on the roots. Conventional
management of the olive grove (CA) can be attributed to the
liming of the soil at the time of planting.

The highest levels of Ca?* (3.65 cmolc dm™3) and Mg**
(2.30 cmolc dm™3) were observed in the CA (Figure 2b and
2c). An effect similar to that of pH was observed in the Ca?*
and Mg?* content, which decreased with depth in the CA. The
same was observed for soil CTC, with the highest value (9.41)
observed in the CA 0-5 cm layer, decreasing with depth to
7.02 in the 20-40 cm layer, while for FA, values ranged from
8.23 (0-5) to 6.48 (20-40). There were no differences in FA at
any depth.

In contrast, when analyzing the aluminum (AI3*) content
from the surface to a depth of 40 cm, it was observed that in
FA soils, this content was significantly higher compared to CA
soils (Figure 2d). It is worth noting that in FA soils, the AI3*
content decreased with depth, while the opposite trend was
observed in CA soils.

It is also important to highlight that lower levels of Ca?*
and Mg?* were found in FA, which is likely associated with
liming practices that not only precipitate exchangeable Al at
soil pH values close to 6, but also increase nutrient
availability, particularly Ca and Mg. Maintaining soil pH above
5.5 is essential to minimize aluminum toxicity, which can
restrict plant growth and nutrient uptake (Maclean et al.,
1972; Deressa et al., 2020).
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Figure 2 - Effect of soil management and depth on (a) pH, (b) Ca+2, (c) Mg+2, and (d) Al+3. Different uppercase letters indicate significant
differences within the same soil depth at the different soil managements, while different italic lowercase letters indicate significant
differences between different soil depth at the same soil management, according to the F test. *p < 0.05; **p < 0.01; NS, not significant; M x
D, soil management—depth interaction. Vertical bars represent the mean + standard error (n = 4).

The K" values were low in all soil layers, with the highest
values observed in the superficial horizons under CA, with a
decrease in subsurface (Figure 3a). Meanwhile, Na* content
was not affected by individual factors or the interaction M x
D, with a tendency to decrease in subsurface (Figure 3b).

P content showed significant differences for each factor,
but no M x D interaction was observed. As indicated in Figure
3¢, P levels were higher under the CA treatment at all depths
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compared to FA; however, a statistically significant increase
was only observed in the surface layer (0-5 cm). The increase
in the levels of basic cations, such as Ca?*, Mg?*, and K*
(Figures 2b, 2c, and 3a), as well as P (Figure 3c), in the surface
horizons under CA compared to the forest soil is likely
associated with liming and fertilization practices adopted to
meet the nutritional requirements of olive orchards.
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Figure 3 - Effect of soil management and depth on (a) K+, (b) Na+, (c) P. Different uppercase letters indicate significant differences within the
same soil depth at the different soil managements, while different italic lowercase letters indicate significant differences between different
soil depth at the same soil management, according to the F test. *p < 0.05; **p < 0.01; NS, not significant; M x D, soil management—depth

interaction. Vertical bars represent the mean + standard error (n = 4).

The highest soil Cu concentrations were 2.32 mg kg™ for
the CA agricultural system (0-5 cm) and 2.33 mg kg™ for the
FA area (5-10 cm) (Figure 4a). At the same time, an
interaction effect (p <0.001) was obtained as a function of soil
depths, with a decreasing slope as depth increased, with the
most representative effect in the CA area. Soil Mn content
ranged from 7.12 to 12.93 mg kg™ in CA, which were detected
at soil depths of 20-40 and 0-5 cm, respectively (Figure 4b). In
FA, no significant differences were found in relation to the
different depths, but there were significant differences in
relation to the type of soil management, especially in the

Rev. Bras. Cienc. Agrar., Recife, v.21, n.2, a4087, 2026

superficial horizons (first 10 cm), and there were no
interaction effects between the M x D factors. In contrast, Fe
content was higher in FA (Figure 4c) when compared to CA for
all depths and soil management types, presenting an
interaction effect (p < 0.001). In this study the micronutrients
(Cu, Mn, and Fe) presented the highest contents in the
surface layers (0-5 cm, and 05-10cm), likely caused by the
application of fertilizers and pesticides conducted in the olive
tree area, CA; and the cycling of micronutrients, in forest area

(Lopes & Guimardes Guilherme, 2016; Andrade et al., 2021).

5/9



Y. V. F. G. Diniz et al.

18
MiF=313.12"%)

(b)
D (F=4.05%)

15 4 M x D {F=1.75 NS)
\a

B Forest soil O Conventional soil

12 4 Aab

Ab

Mn (mg kg')

0-5 5-10 10 - 20
Soil depth (cm)

20-40

(a) @ Forest soil OConventional soil M F=16.27*%)
D (F=11.13**)
Aa Aa M x D {F=382%)
Aa [
- Aab
W
B2
Ab
i
= BS Bb
- Ab
o A
I
0
0-5 5.10 10-20 20 - 40
Soil depth (cm)
180
(c) g ® Forest soil
150 4
Ab
120 4
Ba Ba

o0 4

Fe (mg kg™')

60 4

30 4

O Conventional soil

M F
DiF=13.454%*)
M x DiF

5-10

10-20 20 - 40

Soil depth (em)

Figure 4 - Effect of soil management and depth on (a) Cu, (b) Mn, (c) Fe. Different uppercase letters indicate significant differences within the
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soil depth at the same soil management, according to the F test. *p < 0.05; **p < 0.01; NS, not significant; M x D, soil management—depth

interaction. Vertical bars represent the mean + standard error (n = 4).

The labile fraction of soil organic matter (SOM) showed
no significant M x D interaction effects; however, under both
soil management systems, its content was higher in the
surface layer, i.e., within the top 5 cm (Figure 5a). Similarly,
soil organic carbon (SOC) decreased with depth, with this
effect being more pronounced under CA, as indicated by the
regression analysis (Figure 5b). The delta analysis between
SOC under FA and CA management confirmed the same
trend observed in the individual regression analyses, namely,
a decrease with depth.

The
management

the
greater

FA
socC
accumulation across all soil layers, particularly in the upper
(05 cm), This

adoption of no-tillage practices in

system contributed to

layer compared to CA management.
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phenomenon is related to the greater contribution of
biomass at the soil surface, along with the fact that SOM
is offset by the
continuous accumulation of plant litter on the soil surface.

mineralization in natural ecosystems
This organic material undergoes decomposition facilitated by
microbial agents, which simultaneously synthesize organic
compounds that are subsequently incorporated into the soil
matrix through precipitation processes. This mechanism
promotes the replenishment of the carbon pool, contributing
to the concept of a “dynamic soil carbon balance,” whereas
agricultural practices have the potential to disrupt this
equilibrium, compromising both the quality and quantity of
SOM (Assuncdo et al., 2019; Guimardes et al., 2021).
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CONCLUSION

The conversion of forest land to olive orchards induces
changes in soil chemical properties, often enhancing nutrient
availability. Nevertheless, declines in soil organic carbon
(SOC) can negatively affect soil quality, highlighting the need
for conservation practices (e.g., mulching) to support the
restoration of soil carbon stocks.
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