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ABSTRACT:

The objective of this research was to evaluate the reflection of a Syntropic
Agroforestry System (SAS) on the structure of soil macrofauna, since the edaphic
fauna becomes an excellent bioindicator and has a peculiar susceptibility to
interference in the environment. Macrofauna samples were collected (TSBF
method) in three areas: SAS, Forest Fragment (FF) and Secondary Forest (SF).
Soil invertebrates > 2 mm in diameter were identified at the level of taxonomic
order and stage of development. The ecological parameters were carried out
based on density (number of individuals per square meter), richness (Margalef
index), diversity (Shannon index) and evenness (Pielou index). The predominant
macrofauna groups were Hymenoptera (29%), Coleoptera (19%), Haplotaxida
(20%) and Isopoda (8%). Although the SAS had the highest density (164
individuals) and richness (I = 2.5) of individuals, the diversity and uniformity
indices were higher in the FF area (H = 2.04) and (e = 0.89). Although
Agroforestry Systems are a viable alternative for the development of macrofauna,
the resources of the SAS were not yet sufficient to sustain a wide variety of
organisms, since they were still in the initial stage of development.

KEYWORDS: Macrofauna, Agroforestry system, Diversity.

RESUMO:

O objetivo desta pesquisa foi avaliar o reflexo de um Sistema Agroflorestal Sintropico
(SAS) sobre a estrutura da macrofauna do solo, visto que a fauna eddfica torna- se um
excelente bioindicador e possui uma peculiar suscetibilidade a interferéncia no
ambiente. Foram coletadas amostras da macrofauna (método TSBF) em trés dreas:
SAS, Fragmento de mata (FM) e Mata secundaria (MS). Os invertebrados do solo de
tamanho >2 mm de diametro foram identificados em nivel de ordem taxonémica e
estadio de desenvolvimento. Os pardmetros ecologicos foram realizados com base na
densidade (numero de individuos por metro quadrado), na riqueza (indice de
Margalef), na diversidade (indice de Shannon) e na equitabilidade (indice de Pielou,).
Os grupos predominantes da macrofauna foram Hymenoptera (29%), Coleoptera
(19%), Haplotaxida (20%) e Isopoda (8%). Embora o SAS tenha apresentado a maior
densidade (164 individuos) e riqueza (I=2,5) de individuos, os indices de diversidade
e uniformidade foram maiores na drea de FM (H= 2,04) e (e= 0,89). Apesar dos
Sistemas Agroflorestais serem uma alternativa vidvel para o desenvolvimento da
macrofauna, os recursos do SAS ainda ndo eram suficientes para sustentar uma
grande variedade de organismos, uma vez que ainda se encontrava em estagio inicial
de desenvolvimento.

PALAVRAS CHAVE: Macrofauna, Sistema agroflorestal, Diversidade.

RESUMEN:

El objetivo de esta investigacion fue evaluar la reflexion de un Sistema Agroforestal
Sintropico (SAS) sobre la estructura de la macrofauna del suelo, ya que la fauna
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eddfica se convierte en un excelente bioindicador y tiene una peculiar susceptibilidad
a la interferencia en el ambiente. Se colectaron muestras de macrofauna (método
TSBF) en tres areas: SAS, Fragmento de Bosque (FB) y Bosque Secundario (BS). Se
identificaron invertebrados del suelo > 2 mm de diametro a nivel de orden taxonomico
v etapa de desarrollo. Los pardametros ecologicos se llevaron a cabo en base a la
densidad (numero de individuos por metro cuadrado), riqueza (indice de Margalef),
diversidad (indice de Shannon) y uniformidad (indice de Pielou). Los grupos de
macrofauna predominantes fueron Hymenoptera (29%), Coleoptera (19%),
Haplotaxida (20%) e Isopoda (8%). A pesar de que el SAS presento la mayor
densidad (164 individuos) y riqueza (I = 2,5) de individuos, los indices de diversidad y
uniformidad fueron mayores en el darea FB (H = 2,04) y (e = 0,89). Si bien los
Sistemas Agroforestales son una alternativa viable para el desarrollo de la
macrofauna, los recursos de las SAS aun no eran suficientes para sustentar una
amplia variedad de organismos, ya que aun se encontraban en la etapa inicial de
desarrollo.

Palabras clave: Macrofauna, Sistema agroforestal, Diversidad.

INTRODUCTION

Agriculture, the main activity responsible for the production of food for
humanity, has been gaining more and more new techniques and procedures. As this
activity evolves, the consequences caused by it increase even more, such as
environmental and social degradation, deforestation and loss of biodiversity
(GREGIO, 2020). Thus, many initiatives have sought to reconcile environmental
conservation and agriculture in order to reduce environmental impacts. One of these
alternatives is the Agroforestry Systems (AS), which are presented from the ecological
and sustainable perspective of the activities (GIOVANNINI, 2023).

There are different classifications for agroforestry systems, among which the
syntropic AFS (SAS) stand out, proposed by the Swiss farmer/researcher Ernst Gotsch
from 1980 onwards. Syntropic agriculture, also known as successional agroforestry,
unlike conventional agriculture or traditional agroforestry, focuses on life and
biogeochemical processes, in order to dispense with external inputs and imitate the
functioning of an environment subjected to the dynamics of ecological succession
(PASINI, 2017).

The creation of this method of agriculture arose from the need to harmonize
agricultural activities with natural processes, in order to produce with high diversity
and quantity, using techniques such as dense consortia with the incorporation of native
forest, weeding and selective pruning, without the use of pesticides, heavy machinery
and control of pests and diseases, the latter being seen as indicators of the balance or

imbalance of the system (GOTSCH, 1996).
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Different studies have shown important results in the implementation of
syntropic agroforestry systems, among which those related to the restoration of
microfauna and large food production (GREGIO, 2018), recovery of degraded areas
(MICHELON, 2019), and improvement of soil quality (FIGUEIREDO, 2020) stand
out. However, despite the importance it exerts, little focus has been given to this type
of agriculture (GREGIO, 2020).

The extreme simplification of landscapes and ecosystems, due to the intensive
use of soil, with inadequate production practices, explains the reduction of
biodiversity, leading to numerous changes in the composition and diversity of soil
organisms, in different degrees of intensity due to changes in habitat, food supply,
creation of microclimates and intra- and interspecific competition (HOFFMANN et
al., 2018). From this perspective, one of the strategies used to assess possible impacts
that occur on the soil as a result of the type of use and management techniques is the
edaphic fauna, because, as they are organisms sensitive to changes in the environment,
they are considered excellent bioindicators (VELASQUEZ et al., 2012; FRANCO et
al.,2016).

Among the various criteria for classifying edaphic fauna, the most used
involves the separation of the animal's bodies according to their diameter. The smallest
group comprises the microfauna, which includes organisms < 0.2 mm, with its main
representatives being nematodes and protozoa. The mesofauna measures 0.2-2.0 mm,
and includes organisms such as Acari, Collembola, Palpigradi, Protura, Pauropoda,
Diplura, Enchytraeidae and Symphyla; while the macrofauna is represented by
invertebrates visible to the naked eye (> 2 mm), including termites, ants, earthworms,
beetles, armadillos, spiders, centipedes, snake lice, snails, scorpions, bedbugs, cicadas,
fly larvae and moths (MELO et al., 2009).

The environmental functions and interactions performed by macrofauna are
crucial for soil maintenance and fertility, representing a very important part, both in
natural environments and in areas cultivated by man (KORASAKI et al., 2013).
Factors such as diversity and density of the most frequent groups of macrofauna can
undergo modifications according to the system of tillage and cultivation, and systems
with less soil disturbance and that maintain vegetation cover on their surface tend to
present a greater diversity of edaphic fauna.

Therefore, this study aimed to evaluate the reflection of a Syntropic

Agroforestry System through the diversity of groups of edaphic macrofauna.

METHODOLOGY
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The study was carried out in the agreste region of Alagoas, in the Cangandu
Village, located 12.9 km from the center of the municipality of Arapiraca, in transition
areas of the Atlantic Forest and Caatinga biomes, at the coordinates: latitude
-9.800147 and longitude - 36.570232, on the private property called Canguru Park,
which has cultivation areas in conventional and syntropic management, with table
cassava being one of the main cultivated products.

The area where the municipality of Arapiraca is located is characterized by
high temperatures, with an annual average of 25° C and annual rainfall totals between
750 and 1000 mm. In addition, the months of May, June and July are the wettest with
more than 50% of the annual total and the driest seasons are recorded in spring and
summer, lasting 4 to 5 months (NIMER, 1977). However, in 2022 an average above
normal was recorded for the municipality, totaling a rainfall index of 1478.3 mm
(SEMARH, 2022).

The Syntropic Agroforestry System occupies a total of 8 ha and was
implemented in 2021, with approximately 1 year of management in the period in
which the study was carried out. In its surroundings, there is 1 ha of protected area
(remnant of forest fragment), in addition to areas with natural regeneration, allowing
the maintenance and preservation of endemic fauna and flora (BARTPAPO [...],
2020). The main species used for planting crops (tree row) were: Banana (Musa sp) x
Mastic (Schinus terebinthifolia Raddi, 1820); Banana (Musa sp) x Moringa (Moringa
oleifera Lam., 1891); Coconut from Bahia (Cocos nucifera L., 1753) x Pineapple
(Ananas comosus (L.) Merril, 1917) and Coconut from Bahia (Cocos nucifera L.,
1753) x Tommy Mango (Mangifera indica L., 1753). In the strips between rows, table
cassava was cultivated (Manihot esculenta Crabtz, 1766) and corn (Zea mays L.,
1753).

All plants were fertilized with inputs external to the property, applied directly
to the soil, every 30 days with manure, which was available (pig, cattle, sheep),
phosphate rock dust and mulch from tree pruning at the time of the system transition.
During the experiment period, the cultivation strips were fallow, where spontaneous
plants predominated.

To carry out the study, macrofauna samples were collected in the SAS area
and in two preserved areas, one of Forest Fragment (FF) resulting from the process of
fragmentation of native vegetation; and another from Secondary Forest (MS) which is
in the process of natural regeneration, for comparison. Soil blocks and litter were

collected using a wooden template of dimensions 25 cm x 25 cm x 10 cm (Tropical



V.12, n.4, julho/2025. ISSN n° 2359-3652

Soil Biology and Fertility - TSBF method) proposed by Anderson and Ingram (1993),
modified to a depth of 0-10 cm. 12 samples were collected in each area, one per
month, 27 m apart from each other, from August 2022 to July 2023. In the SAS area,
the collections occurred in two X shaped transects (A and B), with 324.4 and 400.48
m respectively, while in the MS, due to the narrow size of the area (about 500 m long
and 70 m wide) and its location (near a dam that separates two rural properties) the
collections occurred at random points, as well as in FM, due to the difficult access to
this area.

The soil and litter samples were stored in plastic bags, duly identified and later
taken to the research laboratory of the State University of Alagoas (Universidade
Estadual de Alagoas - UNEAL), where soil invertebrates with a body diameter greater
than 2 mm were manually sorted and preserved in 70% alcohol. With the aid of a
stereoscope, the organisms found were counted and identified according to Rafael et
al. (2012) at the taxonomic level of order and stage of development (adult and larva).

The ecological parameters were carried out based on density (number of
individuals per square meter), richness (Margalef index), diversity (Shannon index)
and evenness (Pielou index). The data obtained for the density of organisms found in
the rainy and dry seasons were submitted to analysis of variance (ANOVA) and then to
the Tukey test at 5% probability.

Soil samples from the arable layer (0-20 cm) were collected from the three
study areas and sent to the private laboratory Central Analitica, located in the
municipality of Macei6-AL, where the physical and chemical parameters of the soil
were determined. The three study areas have the same physical characteristics,
classified as Sandy Clay Loam, type 2 soil, which presents a balance between sand,
silt and clay contents (Table 1). The FF soil showed higher levels of potassium,
sodium, magnesium and calcium, as well as higher Cation Exchange Capacity (CEC)
and percentage of organic matter. The SAS area had the highest phosphorus content,
possibly due to the initial management of the implementation of the system, in which
phosphate rock dust was applied during the first months. The three areas showed a
high base saturation (v), around 71 to 90%, which demonstrates a low acidity in the
soils analyzed, with pH in the range of 6, ideal for the availability of nutrients for the

plants.

Table 1 - Soil chemical characteristics of the Syntropic Agroforestry System (SAS),
Forest Fragment (FF) and Successional Forest (SF) at the depth of 0-20 cm, in
Arapiraca-AL.
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Area pH P K Na Mg Ca H+Al CEC V M.O.

H,0  ppm meq/100 ml %

SAS 6.5 87 36 16 1 21 09 3.26 784  2.46
FF 6.6 2 124 54 28 52 19 8.55 81.6  5.39
SF 6.2 3 96 35 22 37 2 4.18 75.9  5.13

Source: Survey data, 2023.

RESULTS AND DISCUSSION

A total of 398 macrofauna individuals were found, of which 164 were in the
SAS, 106 in the SF and 128 in the FF. In decreasing order of density of organisms, the
groups with the highest representativeness were: Hymenoptera, Haplotaxida,
Coleoptera and Isopoda (Table 2).

The density of macrofauna differed between the collection times, being higher
observed in the dry season (P< 0,001). This dynamic can be attributed to the
sensitivity that most macrofauna individuals have about climatic conditions. In a
research conducted by Almeida et al. (2015), on the influence of seasonality in
relation to macrofauna in a preserved area of the Caatinga, in Paraiba, where the
annual rainfall index is approximately 400 mm, they found that the higher density of
individuals was conditioned to dry seasons. These findings suggest that the abnormal
scenario of high rainfall in the state of Alagoas, in 2022, may have contributed to the
reduction in the number of individuals found. On the other hand, Lima et al. (2010),
when evaluating the relationship between macrofauna and climatic conditions in
different management systems in Piaui, a region with an average annual rainfall of
1,400 mm, found that the higher density of organisms was more associated with the
rainy season. This discrepancy highlights the importance of considering the specific

climate context, as well as other factors that may influence macrofauna responses.

Table 2 - Density (individuals m?) of taxonomic groups of soil macrofauna at 10 cm
depth in an area of Syntropic Agroforestry System (SAS) of Secondary Forest (SF) and
Forest Fragment (FF) in dry and rainy periods.

Group SAS SF FF

Drought  Rainy Drought Rainy Drought Rainy

Araneae 2 2 4 0 3 2
Scorpione 1 0 0 0 0 0
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Coleoptera 38adul 8adule 6adule2 2adule2 2adule 6 adul
e Slar 1 lar lar lar 3 lar e?2 lar
Orthoptera 0 1 0 0 0 0
Isoptera 8 0 0 0 0 0
Dermaptera 4 4 0 0 0 1
Hymenoptera 51 6 27 26 5 2
Thysanoptera 0 0 0 0 9 3
Diptera 1 lar 0 1 lar 0 0 0
Blattaria 4 0 0 0 2 1
lepidoptera 0 0 0 0 1 0
(pupa)
Isopoda 1 0 3 17 12
Diplopoda 1 6 4 1 7 4
Geophilomorpha 0 0 0 1 0 0
Haplotaxida 1 19 15 10 22 14
Pulmonata 0 0 0 0 0 10
Density” 117a 47b 62a 44b 71la 57b

*adul: Adults individuals; *lar: Individuals in larvae form.* Measures followed by equal letters
do not differ from each other by Tukey's test, at 5% probability.

Source: Survey data, 2023.

Representatives of the orders Hymenoptera (ant), Coleoptera (beetle) and
Haplotaxida (earthworm) are considered “ecosystem engineers”, a concept introduced
by Jones et al. (1994) and which concerns organisms that cause soil modifications.
These modifications consist of biogenic structures (tunnels, channels, aggregated
pores, coprolites, mounds and nests) through the movement of soil particles by these
organisms, causing changes in both physical and chemical attributes (SWIFT et al.,
2010).

The order Hymenoptera comprises species that, although some cause
agricultural and economic losses, play a fundamental role in soil maintenance and
quality (KORASAKI et al., 2013). The high incidence of this group both in the SAS
area (34.8%) and in the SF area (50%) can be considered common, since most of these
organisms live in colonies and on the ground, with different shapes, nests and habitats,
and can be found even in terrestrial environments with few resources for survival
(SANTOS et al., 2006; MELO et al., 2009). In addition, some genera of Hymenoptera
seem to prefer simpler and more open environments, where solar radiation falls
directly on the soil (ALMEIDA et al., 2007). This characteristic contributes to the
predominance of these organisms in younger areas, with less dense vegetation, as

occurs in the SAS. Similar results were also observed by Brown et al. (2009), who
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found a higher percentage of these organisms in an agroforestry system with shorter
implementation time.

The order Haplotaxida plays a crucial role in soil fertility, impacting both its
physical and chemical and microbiological characteristics. Earthworms feed on dead
organic matter, especially of plant origin, which favors the decomposition of this
material and the distribution of nutrients in the soil (KORASAKI et al., 2013). Thus,
the greater presence of these individuals in the areas of SF (23.6%) and FF (28.1%),
compared to the area of SAS (12.2%), may be related to the high contribution of
organic matter, resulting from the diversity of plant species in these environments.

This result contrasts with that recorded by Lima et al. (2010), who found a
higher density of earthworms in Agroforestry Systems (AS) compared to areas of
native forest. However, it is important to consider that the two AS investigated in the
aforementioned study had between 6 and 10 years of implantation, which suggests that
these systems provided abundant vegetation cover, due to regular management
through pruning and mowing. This, in turn, created favorable conditions for the
survival and proliferation of earthworms.

Individuals of the order Coleoptera, both in their adult and larval stages, were
found in the three areas studied, however, a higher occurrence was observed in the
SAS area (31.7%) compared to those of SF (11.3%) and FF (10.2%). According to
Martins et al. (2021), areas with crops, such as beans, corn, and cassava, may favor the
presence of coleoptera, since some representatives of this group have a food
preference for cultivated plants. Thus, the presence of this type of crop in the SAS
may have favored the increase in the population of these insects, being a favorable
environment for their occurrence.

The order Isopoda encompasses organisms that inhabit both aquatic and
terrestrial environments. Terrestrial isopods play an important role in litter
decomposition, mediating microbial activity, and nutrient cycling. The main effects on
this group are the rapid growth of plants with increased litter production and favorable
temperature and humidity conditions, in addition to responding well to environments
with a high concentration of organic matter (LOUREIRO et al., 2006; CORREIA et
al., 2008). The fact that these individuals had a higher occurrence in FF may be
associated with the fact that collections were carried out near a small stream present in
this area, which comes from a spring found in the neighboring vicinity. Thus, the high

soil moisture in this FF portion may have contributed to the development of these
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organisms, as well as the higher organic matter content (5.39%) compared to SAS area
(2,46%).

Although some groups observed were less representative, they perform
important functions for soil quality and proper functioning (SILVA et al., 2015).

When observing the ecological parameters, it was verified that the area with
the highest richness index was the SAS (I = 2.15), followed by the FF area (I1=2.06)
and the SF (I =1.5) (Table 3). Regarding the Shannon diversity and Pielou equitability
indexes, FF stood out, presenting H = 2.04 and e = 0.85, respectively, which indicates
a better distribution of macroinvertebrates in the taxonomic groups collected,
suggesting that, although species richness is high in the SAS, FF has a more balanced
community structure, that is, with greater ecological diversity in terms of
invertebrates. This result differs from that found by Lima et al. (2010) who observed a
higher Shannon index and Pielou equitability in cultivated systems than in native

forest.

Table 3 - Margalef Richness Index (I), Shannon Diversity (H) and Pielou
Equitability Index (e) in an area of Syntropic Agroforestry System (SAS),
Secondary Forest (SF) and Forest Fragment (FF).

Margalef Wealth Shannon Diversity Pielou Equitability

Area Index (I) Index (H) Index (e)
SAS 2.15 1.75 0.7
SF 1.5 1.46 0.7
FF 2.06 2.04 0.85

Source: Survey data, 2023.

The highest richness index observed in the SAS results from the exclusive
presence of three groups in this area, Scorpione (0.6%), Orthoptera (0.6%) and
Isoptera (4.9%), which may suggest the presence of specific and contributing factors
to the appearance of these individuals in this area. The orders Orthoptera and Isoptera
mainly encompass phytophagous individuals, that is, those that feed on living parts of
vegetables, and some species have a food preference for cultivated plants, which can

cause damage to the roots, stem and leaves. In addition, inadequate soil conditions can
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favor the appearance of termites (SPERBER et al., 2012; CONSTANTINO, 2012). On
the other hand, these individuals perform fundamental functions in the soil, especially
in the recycling of mineral nutrients and soil formation. The order Scorpione, on the
other hand, has specific requirements in relation to its habitat and micro-habitat,
however, some species have high distribution flexibility, and can even be found in
anthropic environments (LOURENCO and EICKSTEDT, 2009).

The greater diversity observed in FF is a reflection of a greater stability of the
environment. According to Ronquim (2010), factors such as a higher percentage of
CEC associated with a higher content of organic matter, as presented in FM (Table 1),
can characterize the soil as good, which favors plant fertility and contributes to the
area presenting a greater diversity of food and micro-habitat for soil organisms.

The lower diversity indices in the SAS (H = 1.75) and SF (H = 1.46) areas are
associated, among other factors, with the high population of the Hymenoptera group,
since the predominance of a certain group to the detriment of others leads to low levels
of diversity and uniformity (BIANCHI et al., 2017).

It is important to emphasize that although agroforestry systems offer an
environment conducive to the development of macrofauna, the SAS under study was
still in an early stage of development (implemented in 2021), with young plants
predominating the environment. Thus, the lack of structural complexity and plant
diversity, characteristics of more mature systems, which are essential to provide
different niches and resources necessary to sustain a more diverse community of

macrofauna, contributed to the low diversity index in this area.

FINAL CONSIDERATIONS

The three study areas showed little variation among the taxonomic groups
found, with the Hymenoptera, Haplotaxida, Coleoptera and Isopoda groups
predominating.

A higher density and richness of organisms was recorded in the syntropic
agroforestry system, compared to forest areas. Characteristics such as the age of SAS
and the presence of cultivated plants contributed to the predominance of the orders
Hymenoptera and Coleoptera and to the exclusivity of Scorpione, Orthoptera and
Isoptera.

The Forest Fragment stood out in diversity and uniformity of individuals,
demonstrating better stability of the environment for the development and distribution

of macrofauna individuals.



V.12, n.4, julho/2025. ISSN n° 2359-3652

Although Agroforestry Systems are a viable alternative for macrofauna, the
resources of the SAS were not yet sufficient to sustain a wide variety of organisms,
since it was still in the initial stage of development, and it is therefore important that
new studies are carried out in order to have more current results about the system,

which can serve as a comparison.

Acknowledgments

To the student team and our dear advisor. To the financial support received by the
Foundation for Research Support of the State of Alagoas — FAPEAL, through
scientific initiation scholarships. To our parents and friends.

Bibliographic References

ALMEIDA, F. S.; QUEIROZ, J. M.; MAYHE- NUNES, A. J. Distribui¢do e
abundancia de ninhos de Solenopsis invicta Buren (Hymenoptera: Formicidae) em um
agroecossistema diversificado sob manejo orgéanico. Floresta e Ambiente, v.14, n.1,
p- 33 - 43, 2007.

ALMEIDA, M. A. X.; SOUTO, J. S.; ANDRADE, A. P. de. Sazonalidade da
macrofauna edafica do Curimatau da Paraiba, Brasil. Ambiéncia, v.11 n.2 p. 393 —
407, 2015.

ANDERSON, J. M.; INGRAM, J. S. I. Soil fauna. /n: __.Tropical soil biological and
fertility: a handbook of methods. 2. ed. Wallingford: C.A.B. International, p. 44-46;
1993.

BARTPAPO especial almogando com a noticia 15.12.2020 Canguru Park 2. Gravado
por Geraldo Camara. Arapiraca, 15 de dez. 2020. 1 video (59 min). Publicado pelo
canal Bartpapo com Geraldo Camara. Disponivel em: <Bartpapo especial Almogando
com a Noticia 15.02.2020 Canguru Park 2>. Acesso em: 10 out 2024.

BROWN, G. G.; MASCHIO, W.; FROUFE, L. C. M. Macrofauna do solo em
Sistemas agroflorestais e Mata Atlintica em regenera¢do nos municipios de
Barra do Turvo, SP, e Adrianépolis, PR. Colombo: Embrapa florestas, 2009.

BIANCHI, M. de O.; SCORIZA, R. N.; RESENDE, A. S. de; CAMPELLO, E. F. C.;
CORREIA, M, E, F.; SILVA, E. M. R. da. Macrofauna Edafica como Indicadora em
Revegetacdo com Leguminosas Arboreas. Floresta e Ambiente, v. 24, 2017.

CONSTANTINO, R. Isoptera. Insetos do Brasil: diversidade e taxonomia. In:
RAFAEL, J. A;; MELO, G. A. R,; CARVALHO, C. J. B. de; CASARI, S. A
CONSTANTINO, R. Ribeirdo Preto: Holos, editora, 2012. p. 311-322.

CORREIA, M. E. F.; AQUINO, A. M. de; AGUIAR-MENEZES, E. de L.. Aspectos
ecologicos dos isépodas terrestres. Seropédica: Embrapa Agrobiologia, 2008.

FIGUEIREDO, L. P. S. Agricultura de montanha: qualidade dos solos em sistemas
agroflorestais sintropicos. 2020. 85 f. Dissertacdo (mestrado). Universidade Federal
de Vigosa, Vicosa- MG, 2020.

DESAFIOS

REVISTA


https://www.youtube.com/watch?v=nxFIrgfJ43o&t=25s
https://www.youtube.com/watch?v=nxFIrgfJ43o&t=25s
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=BROWN%2C+G.+G.
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=BROWN%2C+G.+G.
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=MASCHIO%2C+W.
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=FROUFE%2C+L.+C.+M.
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=CORREIA%2C+M.+E.+F.
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=AQUINO%2C+A.+M.+de
https://www.infoteca.cnptia.embrapa.br/infoteca/browse?type=author&value=AGUIAR-MENEZES%2C+E.+de+L.

V.12, n.4, julho/2025. ISSN n° 2359-3652

FRANCO, A. L. C.; BARTZ, M. L. C.; CHERUBIN, M. R.; BARETTA, D.; CERRI,
C. E. P; FEIGL, B. J.; WALL, D. H.; DAVIES, C. A.; CERRI, C. C. Loss of soil
(macro)fauna due to the expansion of Brazilian sugarcane acreage. Science of the
Total Environment, v. 563-564, p. 160-168, 2016.

GIOVANNINI, L. F. Sistema agroflorestal: alternativa para aliar respostas ecologicas e
econdmicas. Monografia (Graduacfo). Universidade Federal da Paraiba, Bananeiras-
PB, 2023.

GOTSCH, E. O Renascer da Agricultura. 2 ed. Rio de Janeiro: AS-PTA, 1996.

GREGIO, J. V. Agricultura Sintropica: produzindo alimentos na floresta, das
raizes do aipim ao dossel das castanheiras. 2018. 139 f. Dissertagdo (mestrado).
Universidade Estadual do Oeste do Parana, Francisco Beltrao- PR, 2018.

GREGIO, J. V. Da degradagio a floresta: A Agricultura Sintrépica de Ernest Gotsch e
sua aplicacdo nas fazendas Olhos D’agua e Santa Teresinha, pirai do Norte/BA.
Ambientes, v. 2, n. 2, p. 106-143, 2020.

HOFFMANN, R. B.; MOREIRA, E. E. A.; HOFFMAMN, G. S. da S.; ARAUJO, N.
S. F. Efeito do manejo do solo no carbono da biomassa microbiana. Brazilian Journal
of Animal and Environmental Research, v. 1, n. 1, p. 168-178, 2018.

JONES, C. G.; LAWTON, J. H.; SHACHAK, M. Organisms as ecosystem engineers.
Oikos, v. 69, p. 373-386, abr. 1994,

KORASAKI, V.; M. J. de; BRAGA, R. F. Macrofauna. In: MOREIRA, F. M. S,;
CARES, J. E.; ZANETTI, R.; STURMER, S. L. O ecossistema solo. Lavras, MG:
Editora UFLA, p. 120- 137; 2013.

LIMA, S. S. de; AQUINO, A. M. de; LEITE, L. F. C.; VELASQUEZ, E.; LAVELLE,
P. Relagdo entre macrofauna edéafica e atributos quimicos do solo em diferentes
agroecossistemas. Pesquisa agropecuaria brasileira, v.45, n.3, p.322-331, 2010.

LOUREIRO, S.; SAMPAIO, A.; BRANDAO, A.; NOGUEIRA, A. J. A.; SOARES,
A. M. V. M. Feeding behaviour of the terrestrial isopod Porcellionides pruinosus
Brandt, 1833 (Crustacea, Isopoda) in response to changes in food quality and
contamination. Science Of Total Environment, v. 369, p. 119-128, 2006.

LOURENCO, W. R.; EICKSTEDT, V. R. Escorpides de Importancia Médica. In:
CARDOSO, J. L. C. et al. Animais peconhentos no Brasil: biologia, clinica e
terapéutica dos Acidentes. Sdo Paulo: Sarvier; Fapesp, p. 198-213, 2009.

MARTINS, A. E. de S.; RODRIGUES, J. C.; SILVA, M. R. de A. C.; SOUZA, M. T.
A.; LIMA, F. O.; GONCALVES, M. V. P; BARROS, R. de K. dos S.; FORMIGA, L.
D. A. da S. Levantamento da macrofaua edafica em areas de prote¢do ambiental no
maranhdo. Revista de Geociéncias do Nordeste, v. 7, n. 1, p. 30-37, 2021.

MELO, F. V. de; BROWN, G. G.; CONSTANTINO, R.; LOUZADA, J. N. C,;
LUIZAO, F. J.; MORAIS, J. W. de; ZANETTL, R.. A importincia da meso e
macrofauna do solo na fertilidade e como bioindicadora- Boletim informativo da
Sociedade Brasileira de Ciéncias do Solo, v. 34, n.1, p. 39-43, 2009.


https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=MELO%2C+F.+V.+de
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=BROWN%2C+G.+G.
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=CONSTANTINO%2C+R.
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=LOUZADA%2C+J.+N.+C.
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=LUIZ%C3%83O%2C+F.+J.
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=MORAIS%2C+J.+W.+de
https://www.alice.cnptia.embrapa.br/alice/browse?type=author&value=ZANETTI%2C+R.

V.12, n.4, julho/2025. ISSN n° 2359-3652

MICHELON, J. D. Sistemas Agrolorestais, agricultura sintrépica e recuperacio
de areas degradadas: um novo olhar para a agricultura. 2019. 46 f. Trabalho de
Conclusdo de Curso (Graduagdo)- Instituto Federal de Educagdo, Ciéncia e Tecnologia
de Santa Catarina, Garopaba- SC, 2019.

NIMER, E. Clima. /n: Geografia do Brasil: Regido Nordeste. Rio de Janeiro: IBGE, p.
47-84, 1977.

PASINI, F. S. A agricultura sintropica de Ernst Gotsch: historia, fundamentos e seu
nicho no universo da Agricultura Sustentavel. Dissertagio de Mestrado.
Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2017.

RAFAEL, J. A.; MELO, G. A. R.; CARVALHO, C. J. B. de; CASARI, S. A,
CONSTANTINO, R. Insetos do Brasil: diversidade e taxonomia. Ribeirdo Preto:
Holos, editora, 2012.

RONQUIM, C.C. Conceitos de fertilidade do solo e manejo adequado para as
regioes tropicais. 2 ed. Campinas: Embrapa territorial, 2010.

SANTOS, M. S.; LOUZADA, J. N. C.; DIAS, N.; ZANETTIL R.; DELABIE, J. H. C;
NASCIMENTO, 1. C. Riqueza de formigas (Hymenoptera, Formicidae) da
serapilheira em fragmentos de floresta semidecidua da Mata Atlantica na regido do
Alto do Rio Grande, MG, Brasil. Theringia, v. 96, n.1, p. 95-101, 2006.

SILVA, B. A.; FREITAS, C. C. de; MELO, J. L. M.; LIMA, S. M. da S.; AGUIAR, M.
I. Macrofauna edafica em areas de policultivo e mata nativa na Fazenda Experimental
da UNILAB. In: CONGRESSO BRASILEIRO DE CIENCIA DO SOLO, CENTRO
DE CONVENCOES, 35, Natal-RN, Anais. SBCS, p. 1-4, 2015.

SEMARH/AL. 2022. Monitor de secas Nordeste. Arapiraca, Jul/Ago, 120 p.

SPERBER, C. F.; MEWS, C. M.; LHANO, M. G.; CHAMORRO, J.; MESA, A.
Orthoptera. In: RAFAEL, J. A.; MELO, G. A. R.; CARVALHO, C. J. B. de; CASARI,
S. A.; CONSTANTINO, R. Insetos do Brasil: diversidade e taxonomia. In: Ribeirdo
Preto: Holos, editora, 2012. P. 271-288.

SWIFT, M. J.; BIGNELL, D.; MOREIRA, F. M. S.; HUISING, J. O inventario da
biodiversidade bioldgica do solo: conceitos e orientacdes gerais. In: MOREIRA, F. M.
S.; HUISING, E. J.; BIGNELL, D. E. Manual de biologia dos solos tropicais:
amostragem e caracterizaciao da biodiversidade. Lavras: Editora UFLA; 2010.

VELASQUEZ, E.; FONTE, S.; BAROT, S.; GRIMALDI, M.; DESJARDINS, T.;
LAVELLE, P. Soil macrofauna-mediated impacts of plant species composition on soil
functioning in Amazonian pastures. Applied Soil Ecology, v. 56, s/n. p. 43-50, 2012.

DESAFIOS

REVISTA



	 

