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Abstract: The present work aimed to evaluate the influence of different eucalyptus
hybrids on the edaphic macrofauna community. It is hypothesized that the density
and diversity of edaphic fauna are influenced by the quantity and quality of the litter
deposited by the different hybrids on the soil surface. The study area is in the city of
Vitoria da Conquista (BA) and consists of seven eucalyptus hybrids, one from sexual
reproduction (seminal) and six from asexual (clonal) reproduction. Sampling of the soil
macrofauna was performed by the Tropical Soil Biology and Fertility method. All visible
invertebrates were collected and identified at the level of large taxonomic groups.
The relative density, group richness, and diversity index were calculated. Hybrids did
not influence the total density and richness of the soil macrofauna. However, it was
possible to observe changes in litter accumulation and composition, and as a result
in the diversity indexes and in the presence or absence of macrofauna groups. Among
the studied hybrids, those from Eucalyptus urophylla (seminal, 1335 and 1249) promote
greater macrofauna diversity and favor the occurrence of detritivores organisms,
suggesting the occurrence of better quality and more palatable litter for the edaphic

fauna.
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INTRODUCTION

The growing demand for forest products has
led to expanding the plantation area in Brazil,
which already corresponded to approximately
7.8 million hectares in 2018. Of this total, about
73% correspond to the Eucalyptus genus (IBA
2019). These plantations gain even more
importance in the Northeast of Brazil, where the
vegetable energy demand represents about 30%
of the region’s primary energy and has been
predominantly supplied by exploiting native
forest remnants (Fraga et al. 2014). In particular,
the Eucalyptus areas in the Southwest of Bahia
are in the process of expanding, with most of
the plantations aimed at producing energy
biomass (Oliveira et al. 2020) and coming from

hybrids resulting from the genetic improvement
of different species (Castro et al. 2016). Among
the main reasons why the genus is one of the
most widespread in Brazil is its ability to adapt
and be used for various purposes such as in the
production of oils and wood for coal, cellulose
and paper and sawmills, in addition to several
other products (IBA 2019).

The continuous deposition of senescent
material from the shoot and root system in
Eucalyptus plantations enables an accumulation
of a thick layer of litter on the soil surface. In
addition to representing a way of organic matter
to enter and accumulate in the soil (Barbosa
et al. 2017), the litter constitutes a habitat,
protection and an energy source for abundant
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edaphic fauna composed by macro and micro
invertebrates (Pinheiro et al. 2014).

Litter is a substantial part of the soil’s food
chain, and therefore any factor which changes its
quantity and quality (such as plantation species
composition and age) can directly influence the
species richness and density of the edaphic
macrofauna community (Riutta et al. 2012,
Ashford et al. 2013, Moraes et al. 2013). This is
because this community is made up of primary
decomposers which provide for the initial
fragmentation and continuity of disaggregation
by other organisms, being of fundamental
importance for nutrient cycling and maintaining
ecosystem productivity (Kibblewhite et al. 2007).
For this reason, the amount and quality of litter
accumulated in the soil has a direct influence
on the soil macrofauna (Riutta et al. 2012,
Moraes et al. 2013), modifying their ecological
interactions and conditioning their abundance,
diversity, functional typology and distribution
(Lindenmayer et al. 2008). Thus, eucalyptus
species or hybrids, may influence the abundance
and diversity of soil fauna in different ways
according to their genetic characteristics and
litter accumulation potential.

Soil macroinvertebrates have a body size
greater than 2 mm and are represented by more
than 20 taxonomic groups, including earthworms
(Oligochaeta), ants (Hymenoptera), diplopods
(Diplopoda), beetles (Coleoptera) and spiders
(Aranae) (Vasconcellos et al. 2013). In addition to
their role in decomposition, these organisms are
also responsible for several ecological functions
in edaphic environments such as constructing
macropores, transporting soil materials and
incorporating organic matter (Melo et al. 2009).

Although research has already been
conducted to evaluate the soil fauna community
in eucalyptus plantations in Brazil (Mogo et al.
2005, Camara et al. 2012, Maestri et al. 2013, Garlet
et al. 2015, Tacca et al. 2017, Neto et al. 2018),
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there are still few studies which consider the
relationship of edaphic fauna with the presence
of different Eucalyptus species or hybrids
(Garlet et al. 2013), especially in regions where
rainfall distribution and quantity are factors
limiting productivity. In this context, this work
aimed to evaluate the influence of different
Eucalyptus hybrids on the edaphic macrofauna
community. It is hypothesized that the density
and diversity of edaphic fauna are influenced by
the quantity and quality of the litter deposited
by the different hybrids on the soil surface.

MATERIALS AND METHODS

Characterization of the study area

The study was conducted at Baixao farm
(geographical coordinates: 14° 49" S and 40°
59" W), located in Pradoso district, belonging to
the municipality of Vitoria da Conquista, Bahia,
Brazil. The region has a flat to gently undulating
topography and tropical altitude climate (Cwb)
according to the Koppen classification, with an
annual average temperature of 21 °C, annual
rainfall of approximately 700 mm and an altitude
ranging from 857 to 1,000 m. The soil belongs
to the Dystrophic Yellow Latosol class, having a
clayey texture and low natural fertility (Table I).

Treatments and experimental design

The study area is approximately two hectares
and is composed of seven eucalyptus hybrids,
one from sexual reproduction (seminal) and six
from asexual reproduction (clonal): seminal -
Eucalyptus urophylla, clone 1N44 - Eucalyptus
urophylla, clone 1355 - E. urophylla x E. grandis,
clone 1404 - Eucalyptus urophylla, clone 1296 -
E. urophylla x E. grandis, clone 1249 - E. urophylla
x E. grandis, and clone VM058 - E. grandis x E.
camaldulensis, all four years old and having
dendrometric characteristics according to Table
Il. The planting was established from seedlings,
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Table I. Chemical and granulometric characterization of soil at depth 0-20 cm.

pH P K Ca | Mg Al H+AlL
mg dm?
44 2.0 013 0.6 0.5 12 6.0

Na SB t T Vv m
..... -—% --

000 | 12 | 24 72 | 17 | 49 630 20 350

Sand @ Silt  Clay
gkg’

Analyses performed according to EMBRAPA (2017): pH (water); Mehlich™ extractable P and K; Ca, Mg and Al exchangeable for
1 mol L' KCL. Where: H + Al: potential acidity; SB = sum of bases; t = effective cation exchange capacity; T = cation exchange
capacity at ph 7; V = base saturation; m = aluminum saturation. We used samples composed of 10 simple samples collected in the

experimental area.

adopting 3 x 4 m spacing and randomized block
design (RBC), with seven treatments and three
replications, totaling 21 plots. Each experimental
plot consisted of 3 plant lines containing 17
individuals each, with the 3 central plants of
the intermediate line being considered as the
useful plot.

The soil moisture and accumulated litter
associated with eucalyptus hybrids at the soil
collection moments were according to Table Ill.
The area consisted of degraded pasture prior
to the experiment installation. The tillage was
done by plowing, subsoiling the planting lines
(50 cm deep) and fertilization located in the
pit (300 grams of Basifos Forest 2 commercial
fertilizer, which contained: N, P,0,, K0, Ca, S, Mg,
Zn, Mn, Cu and B).

Evaluation of edaphic fauna

The soil collections for fauna capture were
carried out in December 2017. Each useful plot
tree constituted a collection point, totaling
3 sampling points per plot, with the obtained
data being used to obtain an average of each
plot. In total, 9 points per treatment and 63
points in every experiment were sampled.
The macrofauna was sampled by the method
recommended by Tropical Soil Biology and
Fertility (TSBF) (Anderson & Ingram 1993) with
depth adaptation. Thus, soil monoliths 25 x 25
cm wide and 10 cm deep were collected, one
meter away from the trunk of each sample
tree. After removal of the monolith, manual
sorting was carried out with the aid of a tray
and tweezers. The organisms were visible to

the naked eye, collected and packed in plastic
bottles containing 70% alcohol solution.
Invertebrates were subsequently counted and
identified at the level of large taxonomic groups
according to Ruggiero et al. (2015).

Thenumberofindividualsforeachgroup and
the total number of individuals per eucalyptus
hybrid was estimated by extrapolating the
mean value for number of individuals per m*
The relative distribution (%) was calculated by
the total ratio of individuals in each group/
total of individuals. Total richness (number of
identified groups), mean richness, and Shannon
(H'= - spi log pi) and Pielou’s evenness (J'= H’
log R") indices were also obtained, where pi is
the relative frequency of individuals from each
taxonomic group and R is the richness defined
as the number of different taxonomic units
collected in each evaluated treatment (Odum &
Barrett 2011).

Statistical analysis

Data were tested for homogeneity (Cochran
and Barttlet test, 5%) and normality (Lilliefors
test, 5%). The Friedman test at 5% probability
was adopted to verify differences between
treatments after verifying the non-normality and
homogeneity of the data. Principal component
analysis (PCA) of the soil macrofauna community
and abiotic factors (leaves, bark, branches, DBH,
height and soil moisture) were complementarily
performed with the aid of Canoco®v.4.5 software
(Lep$ & Smilauer 2003). In addition, Pearson
correlation analyses were performed between
biotic and abiotic factors.
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Table Il. Dendrometric characteristics of seven 4-year-old Eucalyptus hybrids in Vitoria da Conquista - BA.

Dendrometric variable

Seminal 144
DBH (cm) 13.3 14.0
H(m) 15.0 16.3

Hybrids
1355 1404 1296 1249 VMO058
159 13.2 16.0 14.0 154
16.5 15.8 18.8 15.3 17.8

In which: DBH (cm) = diameter at breast height in centimeters; H = height in meters; Seminal = Eucalyptus urophylla; 1144 = E.
urophylla; 1355 = E. urophylla x E. grandis; 1404 = E. urophylla; 1296 = E. urophylla x E. grandis; 1249 = E. urophylla x E. grandis;

VMO58 = E. grandis x E. camaldulensis.

Table Ill. Accumulated litter and soil moisture associated with different four-year-old Eucalyptus hybrids in Vitoria

da Conquista - BA.

Litter (Mg ha™)
Hybrid Soil moisture (%)
Leaves Bark Branches Total

Seminal 6.51 0.24 2.37 912 11.03

| 144 6.02 0.09 1.86 798 11.06

1355 6.02 0.03 148 7.52 1116

1404 599 0.35 4.32 10.66 12.84

1296 7.7 018 1.29 8.64 11.58

1249 5.60 0.6 1.55 7.31 13.21
VMO058 10.59 0.08 3.55 14.23 13.21

In which: Litter = dry mass of accumulated soil phytomass, obtained from collection in an area of 1.0 m2 (1.0 m x 1.0 m) around
the trunk of each sample tree. Soil moisture = Current soil moisture at depth 0-10 cm, determined from soil samples (0-10 cm
depth) at the same collection points of the edaphic macrofauna. Seminal = Eucalyptus urophylla; 1144 = E. urophylla; 1355 = E.
urophylla x E. grandis; 1404 = E. urophylla; 1296 = E. urophylla x E. grandis; 1249 = E. urophylla x E. grandis; VM058 = E. grandis x E.

camaldulensis.

RESULTS AND DISCUSSION

Considering the set of hybrids studied, 1,237
individuals were found, distributed in 14
taxonomic levels (Table IV). The total density
of individuals varied between 49.8 individuals
m? (clone 1249) and 337.8 individuals m? (clone
1296), but there were no significant differences
between hybrids. The high density observed
for clone 1296 (337.8 ind m™) was influenced
by the expressive density of the Isoptera
group, which represented 92% of the total
groups found. These results are corroborated
by those of Moco et al. (2005) in studying soil
macrofauna under eucalyptus and adopting the
same methodology. These authors observed
average density values of 262 individuals m~

(in summer) and 496 individuals m® (in winter),
with an expressive participation of the Isoptera
group, which represented 32% of the abundance.
Several factors control the density of edaphic
macrofauna (highlighting the type of vegetation
cover among the most representative) which
determines the chemical composition of litter,
as well as environmental conditions such
as temperature, humidity/moisture and soil
characteristics of the site (Decaéns 2010).

The results of total and average macrofauna
richness did not show differences between
the studied hybrids. However, it was possible
to notice less expressive Shannon diversity (H’)
and Pielou (J') evenness indices in clones 144
and 1296 (Table IV), which may be related to
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Table IV. Relative density (%) of the large taxonomic groups, standard deviation (in parentheses), density,
standard error, total and average richness, and Shannon and Pielou indices of the soil macrofauna under

Eucalyptus hybrids in Vitoria da Conquista, Bahia.

Groups . Hybrid
Seminal 144 1335 1404 1296 1249 VMO058
Araneae 0.0 0.6 (0.6) 0.0 09(13) 11(17) 0.0 2.7 (3.0)
Blattodea 0.0 0.6 (0.6) 15 (2.3) 0.0 11(11) 0.0 0.0
Coleoptera 0.0 0.0 0.0 0.0 11(0.7) 71(10.4) 2.7 (3.0)
Diptera 1.8 (5.4) 0.0 0.0 09(13) 0.0 0.0 0.0
Formicidae 143 (17.2) 10.0 (5.3) 19.7 (13.7) 214 (261) 21(1.2) 28.6 (36.4) 6.8 (4.9)
Heteroptera 0.0 0.0 0.0 09(1.3) 0.0 0.0 14 (2.3)
Hymenoptera 0.0 0.0 0.0 0.0 0.0 0.0 14 (2.3)
Isopoda 1.8 (5.4) 0.0 7.6 (6.0) 0.0 11(0.7) 0.0 0.0
Isoptera 23.2(70.6) | 87.6(96.5)  60.6(884)  68.8(97.8) @ 921(991) 0.0 811 (101.3)
Coleoptera Larvae 54 (81) 0.0 3.0 (3.0) 09 (1.3) 0.5(0.6) 0.0 0.0
Diptera Larvae 0.0 0.0 0.0 0.0 0.0 71 (15.8) 0.0
Formicidae Larvae 0.0 0.0 0.0 6.3(9.3) 0.0 0.0 0.0
Oligochaeta 536 (724) | 06(06) | 7.6(6.0) 0.0 11(11) | 53.6(946) = 41(48)
Psocoptera 0.0 0.6 (0.6) 0.0 0.0 0.0 3.6(7.9) 0.0
Mean density (ind m?) 99.6 302.2 173 1991 337.8 49.8 131.6
Total standard error 2.05 1716 4.89 8.37 19.62 141 4.93
Total richness 6 6 6 7 8 5 7
Mean richness 1.67 1m 1.67 1.33 1.33 1.00 1.56
H’ 1.81 0.67 1.71 1.34 0.61 1.71 114
J 0.70 0.26 0.66 0.48 0.20 0.74 0.41

In which: Seminal = Eucalyptus urophylla; 1144 = E. urophylla; 1355 = E. urophylla x E. grandis; 1404 = E. urophylla; 1296 = E.
urophylla x E. grandis; 1249 = E. urophylla x E. grandis; VM058 = E. grandis x E. camaldulensis; Total standard error - calculated
based on the set of taxonomic groups for each hybrid, with n = 42 (number of groups x number of repetitions); H’ = Shannon

index; )’ = Pielou evenness index.

the high predominance of Isoptera taxon to the
detriment of other groups. This indicates that a
larger number of individuals did not necessarily
imply increased diversity associated with these
hybrids. According to Walker (1989), the higher
the density of fauna in a given vegetation cover,
the greater the chance of some group being
predominant and thus reducing the evenness.
In turn, more expressive H and J' values
were found in the soil under seminal Eucalyptus
urophylla and under clones 1335 and 1249 (Table
IV), which shows that these hybrids favored
better distribution of macrofauna individuals

An Acad Bras Cienc (2022) 94(2)

within groups without predominance of one
group over another. According to Menezes et al.
(2009), the Pielou index represents the uniform
distribution of the number of individuals in the
different groups.

The dominant groups were Oligochaeta,
which represented 54% of the total number of
individuals in the seminal eucalyptus and in the
1249 hybrid; and Isoptera, which represented
more than 60% in the 1144, 1335, 1404, 1296 and
VMO058 hybrids. These groups showed a strong
negative correlation with each other (r = -0.85;
p<0.05), meaning that the treatments which
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showed higher density in one group showed
lower density in the other (Table IV). This suggests
an environment effect on the occurrence of
groups, especially since these Oligochaeta and
Isoptera organisms are saprophages, and are
therefore characterized by feeding directly on
plant residues, fragmenting them (Mogo et al.
2005).

The dominance of Oligochaeta is usually
related to a better humidity condition, however
no significant variations in soil moisture content
were observed at the time of macrofauna
assessment (Table I11). According to Kernecker
et al. (2015), the presence and survival of
Oligochaeta is related to the vegetation
characteristics and the amount of plant
residues deposited, which regulate the humidity
and the accumulation of organic matter in the
soil (Cabrera 2012, Martins et al. 2017). Thus, it is
possible that the dominance of earthworms in
seminal and eucalyptus hybrid 1249 is related
to differences in the deposited litter quality,
which cause changes in the soil organic matter
dynamics. Such differences can also explain the
greater abundance of Isopteras in most of the
studied hybrids, since these organisms typically
feed on plant residues (wood, leaves and bark)
accumulated on the soil surface (Jouquet
et al. 2011), and can be influenced chemical
composition.

According to Silva et al. (2014), the quality of
litter is determined by its organic and inorganic
composition (soluble fractions, nutrients,
lignin, cellulose, phenolic compounds, carbon,
stimulating or allelopathic substances), which
has a great influence on the regulation and
nature of saprophytic fauna interactions (Beare
et al. 1992). For example, high levels of lignin
and aromatic compounds give the material high
resistance, making it difficult for soil organisms
to penetrate.

SOIL MACROFAUNA ASSOCIATED WITH EUCALYPT HYBRIDS

The most abundant group among the
studied treatments after Oligochaeta and
Isoptera was Formicidae. Together, these three
groups represented about 91% of all sampled
edaphic macrofauna. The dominance of the
Formicidae and Isoptera groups in eucalyptus
monocultures was also reported by Silva et al.
(2013), and is probably related to the fact that
homogeneous forest systems provide a single
food substrate. This favors the occurrence
of faunistic groups with greater colonization
capacity (Garlet et al. 2013) and a variety of
eating habits (Santos et al. 2015) such as social
insects. In this sense, Oligochaeta also has the
capacity to adapt to local conditions, as it tends
to take refuge in deeper layers of the soil and in
more humid and shaded places during periods
of water restriction.

The presence or absence of some fauna
groups in the different hybrids suggests that the
abundance and/or quality of the accumulated
litter conditioned by the habitat characteristics,
providing specific soil conditions. This would
be regulating the occurrence of fauna groups,
highlighting the Isoptera and Oligochaeta
groups, which were absent in clones 1249 and
1404, respectively, and the Diptera, Heteroptera,
Hymenoptera and Pscoptera groups, which
occurred only in one or two of the seven studied
hybrids (Diptera: seminal Eucalyptus and clone
1404; Heteroptera: clones 1404 and VMO058;
Hymenoptera: clone VMO058; and Psocoptera:
clones 1144 and 1249). According to Baretta et al.
(2008), habitat characteristics such as climate,
accumulated litter and organic matter content
determine which fauna groups will be presentin
the soil and their amounts.

The principal component analysis (PCA),
which considered the joint variation of the soil
macrofauna community and abiotic factors
(Figure 1), resulted in eigenvalues of 28.2% for
the first axis and 24.2% for the second axis, which
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Figure 1. Ordering diagram for the
analysis of main components of
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soil macrofauna, dendrometric
variables (DBH and height), soil
moisture and litter accumulation
(leaves, branches and bark)
associated with different
Eucalyptus hybrids. In which:
Seminal = Eucalyptus urophylla;
1144 = E. urophylla; 1355 = E.
urophylla x E. grandis; 1404 = E.
urophylla; 1296 = E. urophylla x E.
grandis; 1249 = E. urophylla x E.
grandis; VM058 = E. grandis X E.
camaldulensis. Yellow ellipse =
group 1; green ellipse = group 2;
blue ellipse = group 3.
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corresponds to 52.4% of the total cumulative
variance in the first two axes. The graphic
dispersion of the treatments in relation to the
axes showed the formation of three groups:
the first composed by the VMO058, 1144 and 1296
hybrids, which were positioned to the left of
the graph; the second was only composed by
the 1404 hybrid which was isolated in the upper
right quadrant; and the third was composed by
the 1249, 1335 and seminal hybrids, positioned
in the lower right part of the graph.

The variables most strongly associated
with hybrids of the first group (VMO058, 144
and 1296) were moisture, leaf litter, tree height,
DBH and the Araneae, Blattodea, Coleoptera,
Hymenoptera and Isoptera groups (Figure 1),
which in general preferentially live in litter
and in humid environments. This indicates
that the influence of these hybrids on edaphic
macrofauna is a consequence of factors such as
tree size and their plant residue accumulation
dynamics which conditions variations in soil

moisture and temperature. Corroborating this
information, the 1296 treatment showed more
expressive height and DBH values (Table 1),
while the 1404 and VMO058 treatments presented
higher leaf litter and total litter accumulation
(Table 1l). In addition, significant correlations of
the Blattodea group with DBH (r = 0.78; p <0.05)
and tree height (r = 0.66; p <0.05), of the Araneae
group with height (r = 0.76; p <0.05) and leaf litter
(r=0.66; p <0.05), and the Coleoptera group with
soil moisture (r = 0.72; p <0.05). These results
characterizethecloserelationship between plant,
litter, soil and macrofauna, and are corroborated
by the results of D.L. Machado (unpublished
data) in different forest restoration systems,
which found significant positive relationships
between fauna groups (such as Coleoptera and
Formicidae) and litter and vegetation attributes
(basal area and density); by Pompeo et al. (2016)
in planting pine and native forest, who observed
a positive association between the Coleoptera
group and soil moisture; and by Farias et al.
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(2015) in different land use systems, who found
a positive relationship of Coleoptera species
with moisture and other soil characteristics.

In turn, the most important variables for
differentiating the 1404 hybrid were the bark
and the branches of the litter, the Heteroptera,
Formicidae, Diptera groups and the Formicidae
larvae. Thus, the dissimilarity of this hybrid
can be attributed to its larger accumulations of
bark and branches in the litter (Table Il1), which
favored the occurrence of groups, which use
the litter as shelter, breeding sites or to take
refuge. In line with this explanation, significant
correlations were found between the litter
bark component and the Diptera group (r =
0.79; p < 0.05), and between the branches and
the Heteroptera group (r = 0.79; p < 0.05). Bark
serves as shelter for the Diptera order (Souza et
al. 2007), while branch litter influence ant nests
(Carvalho & Vasconcelos 2002), as well as shelter
for small ants (Freitas et al. 2003).

The third group, composed by the 1249,
1335 and seminal hybrids, was more related
to the Psocoptera, Isopoda, and Oligochaeta
orders and Diptera and Coleoptera larvae. The
association of these faunal groups, which are
generally detritivores, can be explained by the
fact that the three hybrids of the group come
from the same species (Eucalyptus urophylla),
which would be conditioning the deposition of
vegetation residue with similar chemical and
organic composition. This result suggests the
occurrence of a better quality litter in these
treatments, which would be providing the
availability of more attractive food resources to
detritivores.

CONCLUSIONS

Although without influence on the total density
and richness of soil macrofauna, eucalyptus

SOIL MACROFAUNA ASSOCIATED WITH EUCALYPT HYBRIDS

hybrids cause changes in litter accumulation
and composition, and as a result in the diversity
indexes and in the presence/absence of
macrofauna groups. Among the studied hybrids,
those from Eucalyptus urophylla (seminal, 1335
and 1249) promote greater macrofauna diversity
and favor the occurrence of detritivores
organisms, suggesting the occurrence of a better
quality and more palatable litter for the edaphic
fauna.
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