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ABSTRACT

Objective: To evaluate the chemical attributes of a yellow Latosol from two agroforestry systems with organic
citrus cultivation.

Method: First agroforestry system (AFS 1), with organic Citrus x aurantium (L.) orange planted in consortium
with Brazilian mahogany Swietenia macrophylla (King) and spontaneous species in the undergrowth (herbaceous);
Second agroforestry system (AFS 2), with organic orange planted in consortium with inga inga edulis Mart and
embaubeira Cecropia peltata L. (spontaneous); orange monoculture under conventional management, used as a
control for comparisons with the agroforestry systems studied. A completely randomized design (DIC) was used,
with four collection points in each of the AFSs at 3 depths, with 4 repetitions.

Results and discussions: The data was submitted to analysis of variance, with means compared using the Tukey
test at 5%. There were significant differences between the treatments in isolation and in their interactions for all
the variables studied, with the exception of pH, which responded only in isolation, and the C\N ratio, which did
not show significant results for the depth factor. The treatments located in the crop rows within the agroforestry
system areas had better chemical attributes, maintaining more suitable conditions for supplying the nutritional
demand of citrus fruits.

Implications of the research: The results obtained strengthen the importance of using agroforestry systems
(AFSs) as a viable and sustainable solution for agricultural and forestry production, due to the use of practices that
cause fewer impacts and contribute to the restoration of impoverished or abandoned areas.
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Chemical Attributes of a Yellow Latosol Under Agroforestry Systems With Organic Oranges in the Municipality
of Capitdo Poco, Para

ATRIBUTOS QUIMICOS DE UM LATOSSOLO AMARELO SOB SISTEMAS AGROFLORESTAIS
COM LARANJAS ORGANICAS NO MUNICIPIO DE CAPITAO POCO, PARA

RESUMO

Obijetivo: Obtivou-se avaliar atributos quimicos de um Latossolo amarelo de dois sistemas agroflorestais com
cultivo organico de citrus.

Meétodo: Primeiro sistema agroflorestal (AFS 1) possui plantio de laranja Citrus x aurantium (L.) organica
consorciada com mogno brasileiro Swietenia macrophylla (King) e espécies espontaneas no extrato rasteiro
(herbéceas); Segundo sistema agroflorestal (AFS 2), com plantio de laranja organica, em consorcio com inga inga
edulis Mart e embaubeira Cecropia peltata L. (esponténeas); Monocultivo de laranja em manejo convencional,
utilizado como controle para comparacdes com os sistemas agroflorestais estudados. Utilizou-se o delineamento
inteiramente casualizado (DIC), em quatro pontos de coleta, em cada um dos AFS’s em 3 profundidades, com 4
repeticoes.

Resultados e discussdes: Os dados foram submetidos a analise de variancia, com médias comparadas pelo teste
de tukey a 5%. Ocorreram diferencas significativas entre os tratamentos, isoladamente e em suas interac8es para
todas as variaveis estudadas, a excecdo do pH, que respondeu apenas de forma isolada e a relacdo C\N que ndo
apresentou resultados significativos para o fator profundidade. Os tratamentos localizados nas linhas de cultivo
dentro das areas de sistemas agroflorestais apresentaram melhores atributos quimicos, mantendo condi¢cdes mais
adequadas para suprir a demanda nutricional de citrus.

ImplicacgBes da pesquisa: Os resultados obtidos fortalecem a importancia da utilizagéo dos sistemas agroflorestais
(AFS’s) como uma solugdo vidvel e sustentavel para a produgdo agropecudria e florestal, em razdo do uso de
praticas que causem menos impactos e que contribuam para a restauracéo de areas empobrecidas ou abandonadas.

Palavras-chave: Demanda Nutricional, Cultivo Organico, Aporte, Manejo, Citrus.

RGSA adota a Licenca de Atribuicio CC BY do Creative Commons (https://creativecommons.org/licenses/by/4.0/).

1 INTRODUCTION

One of the greatest concerns of agriculture in Brazil is environmental preservation. It is
therefore necessary to meet the demand for food in order to achieve a balance between
production and the sustainability of production systems, and agroecosystems can be used to
achieve this goal (ELLI et al., 2016).

As a result, the use of production methods that modify the natural conditions of the
environment is increasingly being used and studied. Agroforestry systems (AFSs) have been
presented as a viable and sustainable solution for agricultural and forestry production, due to
the use of practices that cause fewer impacts and contribute to the restoration of impoverished
or abandoned areas.

These systems provide diversification of production, using available resources in an
integrated way, maximizing the possibilities of use (GODFRAY, et al., 2010), in a systemic
way, and can generate various products, such as: timber and non-timber forest products,
agricultural production (perennial, semi-perennial, annual, among others), providing small,
medium and long-term benefits for the producer.

Environmental benefits such as the recovery of degraded areas, which is the reality of
many production areas in the Amazon region, increased organic matter in the soil, improved
chemical, physical and biological attributes of the soil (ELLI, 2016; XAVIER et al, 2014;
LACERDA et al., 2013; SILVA, et al., 2011).
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The intense use of soil through current agricultural and forestry production systems is
causing damage, promoting the loss of soil characteristics and affecting the productivity of
production areas. Thus, there is a need to maintain the rational use and exploitation of available
resources, and one of the resources that can be preserved is the soil, the basis of support and
nutrition. Knowledge of soil properties is therefore a fundamental tool for planning practical
activities that maintain the characteristics to ensure the maintenance of the production system..

Small-scale farming is the basis of production for thousands of families in the Amazon
region, where small farmers represent the vast majority of the region's rural population
(GODAR et al., 2014). Thus, agroforestry systems are a suitable practice for family farming
due to the high demand for labor. Diversifying production, along with taking care to maintain
organic management, is an important step towards food security and sovereignty in rural areas
(SILVA, 2006). For AFSs with perennial crops, the possibility of associations with native
species stands out, guaranteeing the permanence of forest species in order to seek harmony
between the components, aiming for agricultural production as well as timber and non-timber
forest products. Since the soil is the basis of agricultural and forestry production, whether
natural or planted, it is essential to plan management with practices that conserve and or restore
soil fertility, so as to maintain favorable conditions for cultivation.

Agroforestry systems (AFS) are land use systems in which agricultural plants are
combined with tree species on the same land management unit. This combination has been
credited with improving the physicochemical properties of degraded soils, as well as the activity
of microorganisms, considering the possibility of a large number of sources of organic matter
(MENDONCGCA,; LEITE; FERREIRA NETO, 2001). Despite all the benefits described in the
literature, few studies report the improvement in soil quality or the increase in productivity
promoted by agroforestry systems, compared to conventional production systems (SILVA,
2006).

To evaluate the chemical attributes of a yellow Latosol under agroforestry systems with
organic citrus cultivation and relate them to the crop’s nutritional demand.

2 THEORETICAL FRAME

Trees in AFSs play crucial roles, such as improving soil structure, increasing nutrient
cycling and promoting biodiversity (Kumar et al., 2020). In the context of the research in
question, the analysis of the chemical attributes of the Yellow Latosol is necessary to assess the
effects of these agroforestry systems on soil quality.

The municipality of Capitdo Pogo, located in the Amazon region, has unique
environmental characteristics and specific challenges for sustainable agriculture. Regional
studies, such as Ribeiro et al. (2020), highlight the importance of proper soil management and
the adoption of agroforestry systems in order to face the environmental and socioeconomic
challenges of the region.

In agroforestry systems, the complex interactions between trees, crops and other
elements of the system can influence these attributes. Previous studies, such as Gama et al.
(2019), have shown that AFSs can improve soil fertility by increasing organic matter, nutrient
content and microbial activity. Nair et al. (2008) demonstrated that the adoption of AFSs with
fruit species, such as organic oranges, can increase soil organic matter, improving its water and
nutrient retention capacity.

The production of organic oranges is an agricultural practice that seeks to minimize
the use of synthetic chemicals, promoting soil health and environmental sustainability. The
Yellow Latosol, when properly managed in organic systems, can provide a favorable
environment for growing healthy, high-quality oranges, as discussed by Silva and Santos
(2018).
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Another fundamental attribute to consider is the soil's pH, which affects the solubility
of nutrients and, consequently, their absorption by plants. Studies by Rocha et al. (2019) have
shown that AFSs can contribute to maintaining an adequate pH for growing organic oranges,
avoiding nutritional imbalances. Lima et al. (2021) suggest adopting agroforestry systems to
improve the availability of nitrogen, phosphorus and potassium in the soil, promoting an
increase in production.

3 MATERIAL AND METHODS

The experimental area is located in the municipality of Capitdo Poco, Para, 169 kmin a
straight line from Belém, in the physiographic zone of Guama, in the territory of the Northeast
of Para and the Guaméa micro-region, with a total area of 2,714 km2.

According to the Kdppen classification, the region's climate is of the Afi type, which is
characterized by annual rainfall of more than 2000 mm, with rainfall throughout practically the
whole year and monthly totals of 60 mm or more. The average maximum temperature is 31.4°C
and the average minimum temperature is 22.4°C. The total number of hours of sunshine per
year is around 2,338 and the average relative humidity is 84% (SUDAM, 1984; BASTOS;
PACHECO, 2001). The area characterized by organic management with agroforestry systems
and citrus cultivation is located on the "SOS AGROECOLOGICO" property.

An agroforestry system called AFS 1 was set up in the production area in 1997. Before
it was set up, the slash-and-burn system was used to produce swiddens. From 1997 until 2013,
bovine manure and biomass management were used in the area as a form of fertilizer to add
nutrients to the system; since then, only biomass management has been used to supply nutrients.
The areas are surrounded on all sides by secondary forest that is more than 30 years old.

AFS 2 was set up in 2007. Prior to its implementation, the area was used to grow orange
monocultures. Until 2013, it also used biomass management and cattle manure as fertilizers.
From 2013 onwards, only biomass management was used as a nutritional supplement.

The monoculture area under conventional Citrus sinensis management has been worked
for over 10 years in the traditional way, using fertilizers and pesticides to maintain production.
The spacing used is 7m between rows and 5m between plants. NPK 10-28-20 is used as
maintenance fertilizer, in two annual applications, one in January and one in June. The fertilizer
is applied 1m away from the trunk in a half-moon shape, following the projection of the canopy,
and 340 kg of fertilizer is used per ha. Dolomitic limestone is also used in annual applications
at the start of the rainy season, in the amount of 2 t ha-1.

Table 1. Chemical characterization of the soils under two agroforestry systems and a citrus monoculture area, at
a depth of 0 to 20 cm.
MO P K H+Al Al Ca Mg pH C/N SB T V%
System  gkg- ..(mgdm?d).. ... cmolc dmd........... H20 - cmolcdm3 %
1

AFS 1 14,5 536 25,83 4,3 0.622 093 035 461 125 134 564 22,88

AFS 2 1599 3,78 3155 451 0,476 1,07 0,38 4,9 14,18 154 6,04 24,78

Conv 12,39 593 17,82 3,74 0,655 0,7 0,24 463 1549 0,98 4,73 20,36
Source: The authors

To characterize the soils collected, 10 simple samples were taken to make up a
composite sample, at depths of 0-5, 5-10 and 10-20 cm, using a Dutch auger. Four replicates
were used for each treatment. The soil samples were placed in polyethylene bags and sent to
the soil drying room at the Federal Rural University of Amazonia to be air-dried for 72 hours,
after which they were crushed and sieved through a 2 mm diameter mesh.

They were then taken to the soil laboratory of the Brazilian Agricultural Research
Corporation, where pH (H20), organic matter, organic C, nitrogen, exchangeable bases (K, Ca,
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Mg), potential acidity (H+Al), exchangeable Al and available soil P were determined. All the
determinations were carried out in accordance with the methodology recommended by
Embrapa (2009).

The areas where the study was carried out were two agroforestry systems and a citrus
monoculture. The first agroforestry system (AFS 1) was planted with organic Citrus X
aurantium (L.) oranges combined with Brazilian mahogany Swietenia macrophylla (King) and
spontaneous species in the undergrowth (herbaceous), which was established in 1997. The
second agroforestry system (AFS 2), planted in 2007, also planted organic oranges, in
consortium with ingé Inga edulis Mart and embaubeira Cecropia peltata L. (spontaneous).

In addition, an orange monoculture area based on conventional management was used
as a control area for comparisons with the agroforestry systems studied.

The treatments were as follows:

e Sl: 20-year-old agroforestry system made up of mahogany trees (Swietenia
macrophylla K.), citrus trees (Citrus x aurantium L.) and spontaneous embaube trees
(Cecropia pachystachya Trécul).

e S2: agroforestry system 10 years in the making and made up of Inga trees (inga edulis

Mart ), citrus (Citrus x aurantium L.) and spontaneous embaube trees.

S3: conventional citrus monoculture system.

L1 between plants in the row of forest species that make up the system;

L2 between rows of the forest essence row and the citrus cultivation row;

L3 between plants in the citrus cultivation row;

L4 between rows of the double citrus cultivation row.

Soil concentrations of macronutrients (N, P, K, Ca and Mg) were assessed, as well as
hydrogen, aluminum, pH, organic matter, CTC, sum and saturation of bases and aluminum
saturation.

A completely randomized design (DIC) was used, with four collection points (between
forest species plants, between orange plants and between forest species X orange rows and
between orange rows), in each of the AFSs at 3 depths (0 to 5, 5to 10 and 10 to 20 cm), with 4
repetitions, making a total of 120 experimental units. The data on the variables analyzed were
subjected to analysis of variance and their means were compared using the Tukey test at 5%,
using the SISVAR statistical program (FERREIRA, 2007).

4 RESULTS AND DISCUSSION

There were significant differences between the treatments in isolation and in their
interactions for all the variables studied, with the exception of pH, which responded only in
isolation, and the C\N ratio, which did not show significant results for the depth factor (Table
2).

Table 2. Summary of the analysis of variance for the chemical attributes of a yellow Latosol, for management and
depth.

o)
Fv GL MO N P K Al E/Ia; pH C/IN SB T V %
% gkg! ..mgdm3 ... cmolc.dm?..... H.O - - cmolcdm? -

MAN
(M) 9 ** *% *% **% *% ** ** *%* **% ** **%
Depth (D) 2 ** *% *% **% *% ** ** ns **% ** **%
TXP 18 ** *% *% **% *% ** ns *%* **% ** **%
CV (%) - 1259 9,77 1152 9,07 14,1 2125 2,75 13,12 17,19 6,21 13,77

Source: The authors
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The organic matter in the soil showed significant differences between the treatments
studied. In general, the depth range from 0 to 5 cm showed the highest concentrations of organic
matter. In relation to the treatments studied, the lowest concentrations of organic matter were
observed in treatments S3L1 and S3L2, in the depth ranges of 5 to 10 and 10 to 20 cm (Table
3).

Table 3: Soil organic matter as a function of treatment at depths of 0 to 5 cm, 5 to 10 cm and 10 to 20 cm in a
dystrophic yellow latosol.

Depth S1L1 S1L2 S1L3 SiL4 S2L1 S2L2 S2L3 S2L4 S3L1 S3L2
0-5 19,93Aa 17,98Ab 14,15Ac 13,99Ac 18,2Aa 17,78Ab 17,67Ab 16,74Ab 17,89Ab 13,68Ac
5-10 20,29Aa 15,88Bb 15,9 Ab 11,84Bc 14,9Bb 15,09Bb 16,99Bb 15,88Bb 12,85Bc 11,4 Bc
130_ 11,09Bc 11,13Cc 11,01Bc 10,8Bc 14,06Bb 13,7Bb 18,49Aa 12,29Cb 9,46Bc 9,05 Bc
Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.

In the shallowest 0 to 5 cm of soil, the highest concentrations of organic matter were
observed in treatments S1L1 and S2L1, located in the Swietenya macrophyla cultivation line
in AFS 1 and Ingé edulis in AFS2. It is common for organic matter to be found in greater
quantities in the more superficial layers of the soil, as the entry of C into the soil is mainly
linked to the deposition of plant and animal waste above the ground (SILVA E MENDONCA,
2007).

For the 5 to 10 cm depth, it can be seen that the S1L1 treatment was the one with the
highest MOS concentrations. The treatments located in the monoculture area, S3L1 and S3L2,
had the lowest concentrations of organic matter, which may have been due to the soil's exposure
to external factors and the lack of plant and animal waste in the conventional production
method.

For the greatest depth range observed (10 to 20 cm), the highest concentration of MOS
occurred in the S2L3 treatment, which may have been due to the increase in organic matter
from crop residues, as well as the high production of dry matter from the spontaneous plants
present.

The concentration of N in the soil was influenced differently depending on the
treatments observed (Table 4). At a depth of 0 - 5 cm, there were higher concentrations of the
nutrient, with the exception of treatment S1L2, which includes the row between the forest and
the C. aurantium row in AFS 1. For the 5 to 10 cm depth, the N concentrations were the same
as the first band of soil studied (0 to 5 cm), with the exception of treatments S1L3, S1L4 and
S2L1, which had lower N concentrations. For the 10 to 20 cm range, only treatments S2L2,
S2L4 and S3L1 obtained statistically equal values for the 0 to 5 and 5 to 10 cm depths.

Table 4. Total nitrogen concentration (%) in the soil as a function of the treatments, at depths of 0 to 5 cm, 5 to
10 cmand 10 to 20 cm in a dystrophic yellow latosol.

S1L1 S1L.2 S1L3 S1L4 S2L1 | S2L.2 S2L.3 S2L4 S3L1 S3L.2
0,84Aa | 0,62Bc | 0,86Aa | 0,7Ab | 0,78Aa | 0,67Ab | 0,72Ab | 0,64Ab | 0,60Ac | 0,53Ac
0,79Aa | 0,73Aa | 0,76Ba | 0,57Bc | 0,67Bb | 0,61Ac | 0,70Ab | 0,63Ab | 0,41Ad | 0,49Ad
0,56Ba | 0,53Ca | 0,57Ca | 0,53Ba | 0,60Ba | 0,60Aa | 0,61Ba | 0,60Aa | 0,36Ab | 0,38Bb
N (%)

Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.
The reduction in the concentration of nutrients in the soil is normal at greater depths, as
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the 0 to 5 cm fraction is the one most influenced by external factors such as biomass deposition,
litter decomposition and the action of microorganisms which are more concentrated in the "O"
layer of the soil, so this depth range is usually rich in elements favorable to plant growth and
development.

For the depth range of 0 to 5 cm, the highest values for N concentration were found in
S1L1, S1L3 and S2L1, points which correspond to the line of forest essence cultivation within
the systems and the line of citrus cultivation in AFS 1. These higher N concentrations were
possibly due to the lower presence of spontaneous vegetation at these points.

A large number of plant elements in a given region can lead to greater extraction of
nutrients from the soil in that area, reducing the concentration of the element in the soil.
Treatments S1L4, S2L2, S2L.3 had lower values than those mentioned above. It can be seen
that these treatments, with the exception of S2L3, were located between the rows of crops,
points which are more susceptible to infestation by spontaneous plants, which favors greater
absorption of nutrients from the soil. Treatments S2L4, S1L.2, S3L1 and S3L2 had the lowest
averages, with lower N concentrations than all the others. Treatments S3L1 and S3L2, both in
the conventional cultivation system, possibly had lower averages due to the lack of material
incorporated into the soil, as well as the system being prone to nutrient losses through leaching
and percolation, especially in the more superficial layers of the soil, due to its lack of protection.

The concentration of phosphorus in the soil showed significant differences depending
on the treatments studied. In the 0 to 5 cm range, treatment S1L1 had higher N concentrations,
in the 5 to 10 cm range, treatments S1L1 and S1L3 had the highest averages and in the 10 to
20 cm range, treatments S1L1 and S3L1 had the highest N concentrations. In general, the 0 to
5 cm depth layer had the highest concentrations of this nutrient. The 10 to 20 cm range had
the lowest concentrations, with the exception of treatment S3L1, which had no significant
difference depending on the depth of the samples (Table 5).

Table 5. Phosphorus (P) concentration in the soil as a function of the treatments, at depths of 0 to 5 cm, 5 to 10
cm and 10 to 20 cm in a dystrophic yellow latosol.
P (mg dm?)
Depth S1L1  SiL S1L3  SiL4  S2L1 s2L2 s2L3 s2L4 S3L1 S3L2
2
0-5 856 Aa5,64Ab 6,45Ab 542 Ab 573 Ab 3,64 Ac 502Ab 528Ab 6,15Ab 6,71 Ab
5- 7,19Ba491Ac 653Aa 357Bd 3,36Bd 2,89Ad 41Bc 4,42Bc 5,78 Ab 555Ab
10
10— 5,21Ca3,44Bc 4,69Bb 2,71Cd 2,71Bd 2,05Bd 2,96 Cc 3,22Cc 5,69 Aa 4,69Bb
20
Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.

Similarly to what happened with nitrogen, the concentration of phosphorus decreased
as the depth of the soil increased. For the 0 to 5 cm depth range, the highest concentrations of
P were found in treatment S1L1, the mahogany crop line within agroforestry system 1. The
other treatments, with the exception of S2L4, had similar P concentrations.

The S2L4 treatment had the lowest average P concentration, possibly due to the fact that
it is the area within the agroforestry systems that is least influenced by the benefits of the
production model, together with the fact that no products were added to add nutrients to the
soil, which may have hindered the deposition of this nutrient in the soil.

According to Brasil and Cravo (2009), the phosphorus concentrations observed are
considered to be low for citrus crops, in quantities considered to be low or very low. In the AFS
areas, this is possibly because no external products are added to supply this nutrient to the soil.
In the monoculture area, where phosphorus is added (in the form of granulated chemical
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fertilizer) in installments throughout the year, the low values observed may reflect the low
retention capacity of these nutrients in the soil, mainly due to nutrient loss processes, such as
leaching and the export of nutrients necessary for plant production.

This is due to two main factors: the soils of the Amazon region are old, deep, with a
high degree of weathering and poor in nutrients (Gama et al. 2007), so a large part of the
nutrients that are made available for plant production come from increments (organic or
inorganic) added above ground, in the case of this study the biomass and litter from the plants
that make up the system, as well as the organic fertilizer used in the past to provide nutrients.

The concentration of potassium in the soil showed significant differences for the
treatments studied. The 0 to 5 cm depth layer showed the highest concentrations of K, with the
exception of treatment S1L4, where the concentration was highest in the 5 to 10 cm range. For
all the treatments, the 10 to 20 cm soil layer showed the lowest concentrations of this nutrient,
with the exception of the treatment located in the monoculture area (S3L1 and S3L2), which
showed no significant difference between the 5 to 10 and 10 to 20 cm soil depths (Table 6).

Table 6. Potassium (K) concentration in the soil as a function of treatment, at depths of 0 to 5 cm, 5to 10 cm and
10 to 20 cm in a dystrophic yellow latosol.
K (mg dm3)

Depth
S1L1 S1L2 S1L3 S1L4 S2L1 S2L.2 S2L3 S2L4 S3L1 S3L2

0-5
34,11 Ac 28,46 Ad 43,51 Ac 23,28 Be 60,37 Aa 32,99 Ac 49,44 Ab 20,68 Af 24,16 Ae 25,65 Ae
5-10 27,60 Bc 25,33 Ac 26,54 Bc 31,55 Ab 40,43 Ba 29,05 Bb 41,97 Ba 15,89 Bd 14,80 Bd 16,28 Bd
10-2016,15Cd 12,71 Bd 21,12 Cc 19,63 Cc 30,94 Ca 20,83 Cc 24,32 Ch 11,66 Cd 11,98 Bd 14,07 Bd
Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.

According to Veloso (2007), the concentration of K in the soil was considered medium
in treatments S1L3, S2L1 and S2L3 for citrus crops, while the other treatments had K
concentrations considered low. The lower density of spontaneous plants present in the
treatments proved to be favorable to the concentration of potassium in the soil of the systems
studied. The lowest potassium concentrations were observed in the treatments present in the
monoculture area (S3L1 and S3L2), where the density of spontaneous plants is much higher
when compared to the treatments observed under agroforestry systems.

In the top layer of soil, 0 to 5 cm, the lowest concentration of K was observed in
treatment S2L4, followed by treatments S3L1 and S3L2. The S2L4 treatment is less influenced
by the presence of forest essences in the system and this may have influenced the lower
concentrations of this nutrient in the treatment in question.

The S3L1 and S3L2 treatments, because they are in a monoculture area, do not benefit
from the existing characteristics of agroforestry systems that favor the natural addition and
retention of K in the soil, even if the management in these treatments is based on the use of
chemical additives. It can thus be seen that the addition of chemical products, even in sufficient
quantity, failed to provide K concentrations similar to those observed in agroforestry systems
based on organic production management.

The natural supply of nutrients in the agroforestry systems studied managed to maintain
and make available a higher concentration of nutrients compared to the concentration of this
nutrient in the treatments located in the conventional monoculture system. According to studies
carried out by Silveira et al (2007); Pinto, (2016); Rangel-Vasconcelos et al. (2016); Silva et al,
(2016) on the dynamics of nutrient concentrations in the soil, it is notable that potassium
concentrations show significant increases when compared to monoculture production areas.
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According to Mafra et al. (1998), the annual production of phytomass in the agroforestry
system was 11,036 kg ha-1 of dry mass, with a mineral input by the plants of 70.0 kg.ha-1 of
K, which corroborates the results obtained in this study, where the concentration of K was
significantly higher when compared to the treatments in a monoculture area with conventional
management techniques where there is no above-ground plant residue.

The concentration of Calcium + Magnesium in the soil showed significant differences
for the treatments studied. In general, the 0 to 5 cm depth layer showed the highest
concentrations of Ca+Mg. There were no significant differences in calcium concentration
between treatments S1L.2, S2L.1 for the 0 to 5 and 5 to 10 cm depths and treatments S2L.2 and
S2L4 for all depths studied. At the first depth studied, the S1L1 and S2L3 treatments obtained
the highest averages, at the intermediate depth range the S2L.3 treatment was superior, and at
the greatest depth studied (10 to 20cm) the S2L1 and S2L3 treatments obtained the highest
Ca+Mg concentration averages (table 7).

Table 7. Concentration of Calcium + Magnesium (Ca+Mg) in the soil as a function of the treatments, at depths
of 0to 5 cm, 5to 10 cm and 10 to 20 cm in a dystrophic yellow Latosol.
Ca + Mg (cmol..dm3)

Depth S1L1 S1L2 S1L3 SiL4 S2L1 S2L2 S2L3 S2L4 S3L1 S3L2

0-5 2,76 Aa 0,99 Ac 202Ab 139Ad 202Ab 112Ac 2,74Aa 1,12 Ad 1,64 Ab 1,02 Ac

5-10 1,76 Bb 0,97 Ac 150Bb 0,93Bc 1,71Ab 0,95Ad 252Ba 0,74 Ad 1,08 Bc 0,67 Bd
10-20 0,89Ch 0,37Bc 0,79Cb 062Bc 142Ba 0,72Ab 1,77 Ca 0,59 Ac 0,86 Bb 0,44 Bc

Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.

According to the recommendation made by Brasil and Cravo (2007), the concentration
of Ca in the soil was considered medium in treatments S1L1, S2L 3 to, while the other treatments
had a concentration of Ca+Mg considered low. The nutritional demand for calcium and
magnesium by C. sinensis is considered high, as few plant species demand more calcium than
nitrogen (MATTOS JUNIOR et al., 2003).

It is noticeable that these nutrients are more concentrated in the more superficial layers
of the soil, as they are more influenced by external factors, especially the deposition of organic
material, gradually making elements available in the soil (PINTO, 2016); (RANGEL-
VASCONCELOS et al, 2016); (MENDONCA and SILVA, 2007).

The highest concentrations of these nutrients were observed in treatments S1L1 and
S2L3 at depths of 0 to 5 cm and in treatment S2L.3 at depths of 5 to 10 and 10 to 20 cm. The
lower Ca+Mg concentrations in the treatments where there is less influence from the presence
of tree species in the system may be related to the higher density of spontaneous individuals,
thus increasing nutrient extraction from the soil.

In general, the areas with an agroforestry production system had a higher concentration
of calcium in the soil, a fact that may be linked to the spontaneous contribution of nutrients that
occurs in these production systems, returning to the soil nutritional elements that may or may
not be essential for plant production and development. According to studies carried out by Pinto
(2016) and Silva et al, (2016) it is noticeable that concentrations of exchangeable bases, such
as calcium and magnesium, show significant increases when compared to monoculture
production areas.

The pH showed significant differences for the treatments studied. The S1L1, S2L1 and
S2L.3 treatments had the highest averages, in the intermediate depth range the S2L1 and L3
treatments were superior, and at the greatest depth studied (10 to 20cm) the S2L1 treatment had
the lowest acidity (Table 8).
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Table 8. Soil pH as a function of treatment at depths of 0 to 5 cm, 5 to 10 cm and 10 to 20 cm in a dystrophic
yellow Latosol.

pH
Depth S1L1 S1L2 S1L3 S1iL4 S2L1 S2 S2L3 S2L4 S3L1 S3L2
L2

0-5 5,2Aa  456Ac 4,55Ac  4,37Bc  50Aa 49Ab 51Aa 445Ac 4,85Ab 4,47Ac
5- 492B 445Ad 452Ad 4,72Ac 51Aa 4,8Ab 5,07Aa 4,55Ad 4,77Ab 45Ad
10 b

10 - 45Cc 4,35Ad 4,40Ad 4,65Ac 5,23Aa 4,8Ab 490Bb 4,72Ab  4,79Ab 4,45Ad
20

Source: The authors

Averages followed by the same letter, upper case vertically and lower case horizontally,
do not differ by the scott-knott test at 5% probability.

In general, the pH did not reach the ideal range for plant production, 5.5 to 6.5, with
only treatment S1L1, S2L.1 and S2L.3 coming close to the ideal range. In the treatments located
under agroforestry systems, this factor is possibly related to the lack of liming in the areas under
agroforestry systems, and that the addition of these nutrients through nutrient cycling was not
enough to raise the soil pH to more desirable conditions, This corroborates the low
concentrations of Ca+Mg observed in these systems, making it necessary to apply corrective
material to raise the pH to ranges considered satisfactory for citrus production, in line with the
effect of adding material with Ca and Mg to correct acidity observed by Malavolta (1984). In
the area under citrus monoculture, there are also values below the desirable pH range, even
under annual liming, which may be related to sub-doses of lime that would be insufficient to
meet the need for acidity correction.

The S1L1, S2L1 and L3 treatments had higher pH values than the other treatments in
the top layer studied (0 to 5¢cm), which may be related to the lower density of spontaneous
plants, as seen in the previous chapter, extracting a lower amount of exchangeable bases from
the soil, managing to keep positively charged ions in the soil, causing higher pH values in
relation to the treatments where there is a higher density of spontaneous plants (MENDONCA
and SILVA, 2007).

The C/N ratio of the soil under the systems evaluated showed significant differences for
the treatments studied. The S1L1, S1L3, S2L1, S2L.3 and S3L1 treatments had higher base
saturation, at intermediate depths the S2L3 treatment was superior, and at the greatest depth
studied (10 to 20cm) the S2L1 treatment had lower acidity (table 9).

Table 9. Carbon-nitrogen ratio (C/N) in the soil as a function of the treatments, at depths of 0 to 5 cm, 5 to 10
cm and 10 to 20 cm in a dystrophic yellow Latosol.
Carbon/Nitrogen
Depth S1L1 S1L2 S1L3 S1L4 S2L1 S2L.2 S2L3 S2L4 S3L1 S3L2
0-5 13,96 Aal4,78 Aa 9,56 Ab 11,56 Ab 13,49 Aa 15,30 Aa 14,28 Ba 15,07 Aa 17,23 Aa 14,99 Aa
5-10 14,89 Ab 14,31 Ab 12,06 Ab 12,09 Ab 12,87 Ab 14,45 Ab 13,90 Bb 14,34 Ab 18,24 Aa 13,68 Ab
10- 11,61 Bc 12,21 Ac 11,10 Ac 11,85 Ac 13,62 Ac 13,19 Ac 17,80 Aa 11,85Bc 14,97 Bb 13,85 Ac
20
Source: The authors

Averages followed by the same letter, upper case vertically and lower case
horizontally, do not differ by the scott-knott test at 5% probability.

The C\N ratio was higher in the top layer of soil (0 to 5 cm), but was similar between
treatments, with the exception of S1L4 and S1L3, which had lower C/N ratios. This
characteristic occurs in AFSs mainly because of the greater accumulation and permanence of
organic material under the soil, due to the stability of the systems (IWATA et al, 2012).
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The absence of soil disturbance in AFSs and native forest provides better conditions
for the organisms responsible for fragmenting plant material and cycling nutrients (CUNHA et
al., 2012). Several studies have shown the potential of AFSs, especially those that use alley
cropping, for nutrient cycling (Franzel et al., 2001), which increases the levels of MOS and its
components, such as C, P, N, SB, V% and potential CTC.

A factor that may have caused a higher C\N ratio in the treatments located in the
monoculture area is the lower concentration of total N in this soil compared to the
concentrations found in the treatments located in the AFS areas, which leads to an increase in
the C\N ratio.

There were significant differences in the chemical attributes of the soils depending on
the treatments studied. For the sum of bases, it can be seen that the highest averages at all the
depths studied were in the treatments located in the row of trees, treatments S1L1, S2L3 and
S2L3 for depths 1, 2 and 3, respectively. Potential acidity and base saturation showed higher
averages in treatments S1L1 and S2L3 for all depth ranges studied. For base saturation, the
S2L3 treatment had a higher average for all the depths studied (Table 10).

Table 10. Soil base saturation (SB) as a function of treatment at depths of 0 to 5 cm, 5 to 10 cm and 10 to 20 cm
in a dystrophic yellow latosol.
Sum of bases (cmolc dm?)

Depth S1L1 S1L2 S1L3 S1L4 S2L1 S2L.2 S2L3  S2L4 S3L1  S3L2

0-5 285Aa 107Ad 213Ab 146Ac 2,18Ab 120Ad 2,87 Aa 117Ad 1,71Ac 1,09 Ad
5-10 1,83Bb 103Ac 156Bb 1,02Bc 1,82Bb 1,02Ac 263 Aa 0,79Bd 112Bc 0,61Bd
10-20 094Cc 0,64Bc 085Cc 067Cc 150Bb 0,78Ac 183Ba 0,65Bc 0,89Bc 0,48 Bc

CTCpH 7 (T)
(cmol; dm?3)

0-5 7,18Aa 565Ac 557Ac 584Ac 660Ab 638Ab 683Aa 572Ac 547 Ac 534 Ac
5-10 6,76 Aa 553 Ac 547Ac 574Ac 576Bc 610Ab 6,91 Aa 556Ac 4,53Bd 4,74Bd
10-20 551Ba 4,82Bb 465Bb 4,74Bb 575Ba 563Ba 600Ba 530Aa 4,29Bc 4,00Cc

Base Saturation
(V%)

0-5 39,61 Aal8,90 Ad 36,85 Aa 24,90 Ac 32,95 Aa 18,92 Ad 41,93 Aa 20,56 Ad31,36 Aa 20,29 Ad
5-10 27,04 Bc18,62 Ad 28,60 Bb 17,55 Bd 31,54 Ab 16,69 Ad 38,07 Aa 14,20 Be 24,78 Bc 12,99 Be
10-20 16,83 Cb13,25 Bc 18,33 Cb 14,14 Bc 26,12 Ba 13,91 Ac 30,60 Ba 11,87 Bc 20,71 Bb 12,04 Bc

Source: The authors

Averages followed by the same letter, upper case vertically and lower case
horizontally, do not differ by the scott-knott test at 5% probability for each variable in isolation.

Higher SB, T and V% values are noticeable in the treatments located in the crop row,
both for forest species and C. sinencis, a factor that may be related to the lower exposure of the
soil at these points, reducing the loss of desirable factors. In addition, the deposition of plant
residues is greater in these locations, which favors the addition of organic matter and the
deposition of nutrients in the soil, which will favor attributes such as: saturation and sum of
bases (SILVA E MENDOCA, 2007; RONQUIN, 2010).

The processes by which trees are inserted into production systems include: increasing
inputs (organic matter, nitrogen fixation) reducing water and nutrient losses, improving the
physical and chemical properties of the soil (YOUNG, 1989).

Another factor that may have caused this result is the fact that larger trees (forest
essences and C. sinensis) extract less nutrients from the more superficial layers of the soil,
therefore, as the density of herbaceous species in these areas is lower, consequently there is less
extraction of nutrients, directly reflecting on their concentration in the soil (MENDONCA and
SILVA, 2007).

According to Montagnini (1992), the expected effect of forest species is undoubtedly
soil conservation. The canopies reduce the effects of climatic factors that cause erosion and
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compaction. In addition, the root system is generally dense and deep, which not only prevents
the dragging of soil particles, but also has the potential to absorb nutrients in the deeper layers
of the soil.

The base saturations of the soil under the systems evaluated showed significant
differences for the treatments studied. In the outermost layer of the soil (0 to 5 cm) treatments
S1L1, S1L3, S2L1, S2L3 and S3L1 had higher average base saturations, in the intermediate
depth range treatment S2L.3 was superior, and at the greatest depth studied (10 to 20 cm)
treatment S2L1 had lower acidity.

In all treatments, base saturation was less than 40%, which is characteristic of the
region's soils. The highest base saturation results were observed in the treatments present in the
soil under agroforestry systems. Only the S3L1 treatment at a depth of 0 to 5 cm had a base
saturation similar to the areas under agroforestry systems.

5 CONCLUSION

The treatments located in the crop rows within the agroforestry system areas had
better chemical attributes, maintaining more suitable conditions to meet the nutritional demands
of citrus fruits.
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