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Abstract

Fertilization with dehydrated sewage sludge can speed up the recovery process of degraded areas due to nutrients
concentration, favoring the development of pioneer plants such as Acacia auriculiformis A. Cunn. ex Beth (Fabales:
Fabaceae) and the emergence of insects. This study aimed the evaluation of chewing, pollinating insects, predators,
their ecological indices and relationships on A. auriculiformis plants fertilized with dehydrated sewage sludge.
The experimental design was completely randomized with two treatments (with and without dehydrated sewage
sludge) and 24 repetitions. The prevalence of chewing insects Parasyphraea sp. (Coleoptera: Chrysomelidae),
Nasutitermes sp. (Blattodea: Termitidae), and Tropidacris collaris (Stoll, 1813) (Orthoptera: Romaleidae), defoliation,
and ecological indices of abundance of Coleoptera and Orthoptera were observed on fertilized A. auriculiformis.
Acacia auriculiformis plants, with a superior number of branches/tree, revealed greater abundance of Coleoptera
and Orthoptera, species richness of pollinating insects, defoliation, numbers of Parasyphraea sp. and T. collaris. The
ones with larger leaves/branches displayed greater abundance of species richness of Coleoptera and Diabrotica
speciosa (Germar, 1824) (Coleoptera: Chrysomelidae). Therefore, the use of A. auriculiformis plants, fertilized with
dehydrated sewage sludge, is promising in the recovery of degraded areas due to the ecological indices increase
of chewing and pollinators insects and spiders in the analyzed area.

Keywords: diversity, plant nutrients, degraded area recovery.

Resumo

Afertilizacdo com lodo de esgoto desidratado pode acelerar o processo de recuperagdo de areas degradadas devido
a concentragao de nutrientes, favorecendo o desenvolvimento de plantas pioneiras tais como Acacia auriculiformis
A. Cunn. ex Beth (Fabales: Fabaceae) e de seus insetos. O objetivo deste trabalho foi avaliar os insetos mastigadores,
polinizadores e predadores e seus indices e relacdes ecoldgicas em plantas de A. auriculiformis fertilizadas com lodo
de esgoto desidratado, em area degradada, durante 24 meses. O delineamento foi inteiramente casualizados com
dois tratamentos (com e sem adubacdo com lodo de esgoto desidratado) e 24 repeti¢des (uma repeticdo = uma
planta). O maior nimero de insetos mastigadores Parasyphraea sp. (Coleoptera: Chrysomelidae), Nasutitermes
sp. (Blattodea: Termitidae) e Tropidacris collaris (Stoll, 1813) (Orthoptera: Romaleidae), de desfolha, e do indice
ecolégico abundancia de Coleoptera e de Orthoptera foram maiores em plantas de A. auriculiformis fertilizadas
do que nas ndo fertilizadas com lodo de esgoto desidratado. Plantas de A. auriculiformis, com maior quantidade
de galhos/arvore, apresentaram maiores abundancias de Coleoptera e Orthoptera, riqueza de espécies de insetos
polinizadores, desfolha e niimeros de Parasyphraea sp. e T. collaris, e as com maior folhas/galho os de riqueza de
espécies de Coleoptera e Diabrotica speciosa (Germar, 1824) (Coleoptera: Chrysomelidae). Por tanto, a utilizacdo
de A. auriculiformis, adubada com lodo de esgoto desidratado, é promissora na recuperacao de areas degradadas
devido ao aumento dos indices ecoldgicos de insetos mastigadores, polinizadores e aranhas na area.

Palavras-chave: diversidade, nutrientes vegetais, recuperacao de areas degradadas.
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1. Introduction

Brazilian soils are highly weathered, with low
chemical quality and fragile macrostructure due to
the high temperatures and humidity from the tropical
climate (Osei-Tutu et al., 2018). These factors, added to
the rapid degradation of organic matter in agricultural
areas, promote faster changes in ecosystems than their
capacity for natural regeneration (Rojas et al., 2016;
Osei-Tutu et al., 2018). The deterioration of ecosystems
negatively affects the species richness, abundance, and
distribution of plants and animal species, with rare
exceptions (generalist species) (Solar et al., 2015). Thus,
in significant levels of soil degradation, the application of
restoration techniques is favored for the rehabilitation of
fauna and flora (Macedo et al., 2008). Thus, one valuable
technique available is the application of plants adapted
to local conditions (Silva et al., 2020).

Acacia sp. (Fabales: Fabaceae) genus are usually chosen
for the recovery of degraded areas because of its rapid
growth, biological nitrogen fixation capacity (FBN), and
stabilization of organic matter (Hung et al., 2017; Silvaet al.,
2020). Among the species of the genus, A. auriculiformis
A. Cunn. ex Beth stands out for its tolerance to saline
environments, along with high pH, and heavy metal
levels (Cheung et al., 2000; Rahman et al., 2017). It keeps
moisture, hence improves the deposition of potassium and
organic carbon in the soil (litter) and can extract heavy
metals (with mycorrhizal associations) (Zhu et al., 2016;
Muthukumar and Udaiyan, 2018). Acacia auriculiformis is
also applied in industry as a wood and cellulose source
(Chowdhury et al., 2009).

Sewage sludge can be applied as a fertilizer, mainly in
plantations of tree species such as Acacia mangium Willd.
(Fabales: Fabaceae) and Pinus radiata D. Don (Pinales:
Pinaceae) (Ferreiro-Dominguez et al., 2014; Silva et al.,
2020). Its proper application in non-edible cultivation
systems that aim minimal environmental impact is
relevant due to high-levels of nutrients concentration,
pathogens, heavy metals and persistent organic pollutants
(Corréa Martins et al., 2016; Caldeira et al., 2018). Because
of its significant content of organic matter and nutrients
(Zhou et al., 2019), this fertilizer improves the development
of plant species, the physical-chemical and biological
properties of the soil and ecological processes (e.g.
insect-plant interactions) (Aishah et al., 2016; Wu et al.,
2019; Silva et al., 2020). Insects can be applied for
monitoring purposes in the recovery processes of degraded
areas for their great diversity of species and habitats,
and quick response to environmental changes (Pearce
and Venier, 2006; Zografou et al., 2017; Silva et al., 2020).

Hypotheses tested interactions among plant,
dehydrated sewage sludge, degraded area and ecological
indices (diversity and abundance) of arthropods: Plants
fertilized with dehydrated sewage sludge will be larger
and more complex support a higher insect abundance
and diversity owing to bigger and better food availability
(i) and, consequently, more arthropod natural enemies
(ii) (Silva et al., 2020).

The objective of this study was to evaluate a diversity
and abundance of chewing and pollinator insects and
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arthropod predators on A. auriculiformis plants, over
24 montbhs, fertilized with dehydrated sewage sludge in
a degraded area.

2. Material and Methods

2.1. Experimental site

The study was carried out in a degraded area (= 1 ha)
at the “Instituto de Ciéncias Agrarias da Universidade
Federal de Minas Gerais” (ICA/JUFMG), Montes Claros,
Minas Gerais State, Brazil (latitude 16°51'38 S, longitude
44°55’'00” W, altitude 943 m) from March 2017 to February
2019. The area was defined as degraded because of soil loss
and changes in soil chemistry or hydrology (Whisenant,
1999). The original cerrado vegetation was cut at the end
of the 60s of the last century and pasture was established
and, with time, there was a loss of support for cattle and
consequent loss of soil.

The climate of the area, according to the Képpen
climate classification, is tropical dry, with annual rainfall
between 1000 and 1300 mm, dry winter, and average
annual temperature > 18°C (Alvares et al., 2013). The soil
type is litolic neosoil with average texture, total sand =
42.0 dag Kg -, silt = 36.0 dag Kg ', clay = 22.0 dag Kg -,
pH - H,0 = 5.0, organic matter = 4.4 dag Kg -, P = 1.5 mg
dm -3, K= 92.0 mg dm -3, Ca = 1.9 cmolc dm -3, Mg =
0.8 cmolc dm -3, Al = 2.4 cmolc dm -3, H + Al = 6.7 cmolc
dm -3, cation-exchange capacity (CEC) = 5.3 cmolc dm -3,
and CEC at natural pH 7.0 = 9.6 cmolc dm -3 (Santana et al.,
2016) after soil chemical and physical analysis carried
out in 2014 in a laboratory using standard international
protocols (Pegoraro et al., 2018)

2.2. Experimental design

Acacia auriculiformis seeds were accessed from trees
grown at ICA/UFMG. Seedlings were produced in a nursery,
placed in plastic bags (8 x 12 cm), with a mixture of a
substrate formed by 30% organic compost, 30% clay soil, 30%
sand, and 10% reactive natural phosphate (160 g/seedling)
in March 2016. The organic compost comprises three
parts, by volume: two from the remains of milled garden
pruning (< 5 cm) and one part of tanned manure. The soil
pH, in the holes, was corrected with dolomitic limestone
(relative total neutralization power of 90%) (187 g/hole),
increasing the base saturation to 50% (Kopittke and Menzies,
2007). Natural phosphate (80g), fritted trace elements
(FTE) (10g), and marble powder (1 Kg) were added per
hole, according to the soil analysis. These seedlings were
transplanted when 30 cm tall in holes (40 x 40 x 40 cm),
spaced out two meters apart, in six parallel lines on flat
ground, spaced out two meters away from each other.
24 plants were fertilized with 20 L of dehydrated sewage
sludge/hole, and 24 were not in September 2016.

The seedlings were irrigated twice a week until the
beginning of the rainy season, when no additional water
was provided. These plants were pruned when their
branches reached five cm using one sterilized razor per
plant, with the elimination of additional branches and
branches up to 1/3 of the crown height, leaving only the
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best stem out. All pruned parts of the plants were left
between their respective planting lines. The design was
completely randomized with two treatments (with and
without dehydrated sewage sludge) and 24 repetitions
(one plant in each repetition). The 20 L of dehydrated
sewage sludge/hole was put in a single dose.
Dehydrated sewage sludge (5% humidity) was collected
at the “Estacdo de Tratamento de Esgoto” (ETE), Juramento,
Minas Gerais State, Brazil, about 40 km from the planting
site of A. auriculiformis. ETE is operated by “Companhia de
Saneamento de Minas Gerais S.A.” (COPASA) and can treat
217 m® of sewage sludge/day. The efficiency of the system
to remove organic matter is over 90%. Sewage sludge went
through the solarization process in sand tanks for three
months at the ETE, which reduces fecal coliforms to the
ideal levels according to the “Conselho Nacional do Meio
Ambiente” (CONAMA) (Resolution No. 375) from the
“Ministério do Meio Ambiente” of Brazil (http: //www.
mma.gov.br/port/conama/res/res06/res37506.pdf) for
agriculture which is <10° most likely number/g of total
solids. The main chemical and biological characteristics
of the dehydrated sewage sludge of this company were
pH-H,0 = 440, N = 10.4 mg Kg !, P = 2.9 mg Kg -, K=
58mgKg-',Cd=0.1pgg",Pb=56.91gg"',Cr=46.7 ug
g -'and fecal coliforms = 4.35 most likely number g -! after
analysis carried out in a laboratory (Nogueira et al., 2007).

2.3. Arthropods

Arthropods were counted visually, twice a month,
between 7 and 11 AM, in the abaxial and adaxial faces of
12 leaves/plant/evaluation, chosen at random, in the apical,
middle and basal parts of the canopy, and in the northern,
southern, eastern and western orientations. Evaluation
was made on each of the 48 A. auriculiformis trees, from
six months of age on, for 24 months, totaling a sampling
effort of 27,648 leaves. Defoliation caused by insects was
evaluated visually by the loss of leaf area on a scale of
0 - 100%, with increments of 5% of the leaf area removed
in the 48 trees/evaluation (Silva et al., 2020). Insects
were not removed from the plants during assessments.
Evaluation of the entire plant (vertical and horizontal
axes) enabled the sampling of all species of arthropods,
especially the rarest ones. The evaluator approached,
carefully, firstly assessing the adaxial leaf surface and,
if it was not possible to visualize the abaxial one, with a
delicate and slow movement, lifting the leaf to visualize
it. The position of leaves of A. mangium saplings is, in
general, tilted upwards, facilitating the visual assessment
of arthropods on their leaf surfaces. Insects with greater
mobility (e.g. Orthoptera), that flew, on approach, were
counted as long as they were recognized (e.g. Order).
The arthropods (insects and spiders) were not removed
from the saplings during the evaluation.

A few arthropod specimens (up to 3 individuals) per
species were collected using an aspirator (two hours
per week), at the beginning of the study (between
transplantation and first evaluation, six months after),
stored in flasks with 70% alcohol, separated into
morphospecies, and sent to specialists for identification
(see acknowledgments). Any visible arthropod, not yet
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computed in previous evaluations, was collected, coded
and sent to a taxonomist of its group.

2.4. Statistical analysis

Ecological indices (abundance, diversity, and species
richness) were calculated for arthropod groups (chewing
insects, pollinating insects, and predators) in the treatments
(with or without dehydrated sewage sludge)/tree using
the program BioDiversity Professional software, Version
2. Abundance and species richness represent the total
numbers of individuals and species, respectively, for the
sample unit (Begon et al., 2007). Diversity was calculated
with the equation Hill formula (1st order): N1 = exp (H
‘), where H’ is the Shannon-Weaver diversity indices,
calculating diversity with the current number of species
(Hill, 1973).

The numbers of chewing insects and the percentages
of defoliation, pollinating insects and predators and their
ecological indices were submitted to the non-parametric
statistical hypothesis test, Wilcoxon signed-rank test (P
<0.05) (Wilcoxon, 1946) using the program System for
Statistical and Genetic Analysis (SAEG), version 9.1. As the
data collected did not present a normal distribution, we
chose the non-parametric Wilcoxon test as it is the most
powerful test locally among all the classification methods
(see Salov, 2014). Data were also subjected to second degree
or principal component regressions (PCR), when linear (P
<0.05) to verify the possible interactions (e.g. predation)
between groups of arthropods (e.g. phytophagous insects
and spiders).

Simple equations were selected based on the criteria: i)
distribution of the data in the figures (linear or quadratic
response), ii) the parameters used in these regressions
were the most significant ones (P <0.05), iii) P <0.05 and F
of the Analysis of Variance of these regressions, and iv) the
determination coefficient of these equations (R?). PCR model
uses principal component analysis, based on a covariance
matrix, for the obtention of the regression. This allows the
reduction of the dimension of the regression, excluding
the dimensions that contribute to collinearity, which are
the linear relations between the independent variables
(Bair et al., 2006). The parameters, used in these equations,
were all significant (P <0.05) according to the selection of
the variables by the “Stepwise” method. The data of leaves/
branch and branches/tree of A. auriculiformis, fertilized
or not with dehydrated sewage sludge, were described
(Dourado et al., 2020).

3. Results

The greater number of chewing insects Parasyphraea
sp. (Coleoptera: Chrysomelidae), Nasutitermes sp.
(Blattodea: Termitidae), and Tropidacris collaris (Stoll, 1813)
(Orthoptera: Romaleidae), defoliation and ecological indices
of abundance of Coleoptera and Orthoptera were greater in
fertilized A. auriculiformis plants than in not fertilized ones.
The amount of Aphirape uncifera (Tullgren, 1905) (Araneae:
Salticidae) was lower in fertilized plants. Pollinating
insects, ecological indices of predators and pollinators
did not differ between fertilized and not fertilized plants.
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Acacia auriculiformis plants, with more branches/tree,
increased the abundance of Coleoptera and Orthoptera,
species richness of pollinating insects, defoliation,
numbers of Parasyphraea sp. and T. collaris. Those with
largest leaves/branches, increased the species richness of
Coleoptera and numbers of Diabrotica speciosa (Germar,
1824) (Coleoptera: Chrysomelidae). Species richness of
Orthoptera correlated, positively, with that of spiders,
but that of spiders, negatively, with that of Orthoptera.
The highest number of arthropods on A. auriculiformis
plants comprised phytophagous Stereoma anchoralis
(Lacordaire, 1848) (Coleoptera: Chrysomelidae), T. collaris

(on the leaves) and Nasutitermes sp. (trunk); pollinator
Tetragonisca angustula (latreille, 1811) (Hymenoptera:
Apidae); and predator Araneidae (Araneae) (Tables 1-3).

4. Discussion

Greater numbers (e.g. Parasyphraea sp.) and ecological
indices (e.g. abundance) of chewing insects on leaves
with greater defoliation, and on trunks (e.g. Nasutitermes
sp.), species richness of pollinating insects, and positive
correlation between predators and prey (e.g. Araneae and

Table 1. Number of insects from the Blattodea (Bla.), Coleoptera (Col.), Diptera (Dip.), Lepidoptera (Lep.), Orthoptera (Ort.), and
Phasmatidae (Pha.) orders, defoliation (%), and ecological indices per Acacia auriculiformis trees (mean * SE), with and without the

application of dehydrated sewage sludge.

Sewage sludge TW*
Phytophagous insects
With Without VIE P

Bla.: Termitidae: Nasutitermes sp.} 6.67+3.69 0.00+0.00 1.8 0.04
Col.: Cerambycidae: not identified 0.04+0.04 0.00+0.00 1.0 0.16
Chysomelidae: Alagoasa sp. 0.08+0.05 0.00£0.00 14 0.08
Cerotoma sp. 0.25x0.12 0.08+0.05 0.9 0.18
Charidotis sp. 0.00+0.00 0.04+0.04 1.0 0.16
Diabrotica speciosa (Germar, 1824) 0.29+0.11 0.08+0.05 1.6 0.06
Disonycha brasiliensis (Costa Lima, 1954) 0.00£0.00 0.08+0.05 14 0.08
Eumolpus sp. 0.00+0.00 0.08+0.05 14 0.08
Parasyphraea sp. 0.75+0.26 0.08+0.05 2.5 0.01
Stereoma anchoralis (Lacordaire, 1848) 1.25+0.36 0.79+0.18 0.2 0.41
Walterianella sp. 0.04+0.04 0.04+0.04 0.0 0.50
Curculionidae: not identified 0.04+0.04 0.04+0.04 0.0 0.50
Cratosomus sp. 0.08+0.05 0.00+0.00 14 0.08
Lordops sp. 0.04+0.04 0.08+0.05 0.6 0.28
Naupactus sp. 0.04+0.04 0.08+0.05 0.6 0.28
Tenebrionidae: not identified 0.04+0.04 0.00+0.00 1.0 0.16
Dip.: Otitidae: Euxesta sp. 0.08+0.05 0.13+0.06 1.0 0.17
Lep.: not identified 0.17£0.07 0.13+0.06 04 0.34
Ort.: Proscopiidae: Cephalocoema sp. 0.08+0.05 0.17+0.09 0.5 0.31
Romaleidae: Tropidacris collaris (Stoll, 1813) 1.29+0.22 0.46+0.13 2.8 0.00
Tettigoniidae: not identified 0.79+0.19 0.58+0.11 0.5 0.32
Pha.: Phasmatidae: Phibalosoma phyllinum (Gray, 1835) 0.00+0.00 0.04+0.04 1.0 0.16
Defoliation and ecological indices

Defoliation (%) 4.54+0.17 3.56x0.18 34 0.00
Abundance of Coleoptera 2.96+0.54 1.50+0.25 1.7 0.04
Diversity of Coleoptera 4.18+0.84 3.50£0.50 0.4 0.35
Species richness of Coleoptera 1.67+0.27 1.25+0.19 11 0.15
Abundance of Orthoptera 2.17+0.30 1.21+0.20 2.3 0.01
Diversity of Orthoptera 2.90+0.40 2.64+0.33 0.2 0.43
Species richness of Orthoptera 1.34+0.16 1.04+0.16 1.2 0.12

*TW = test of Wilcoxon. VT* = value of test. n = 24 per treatment. ¢ = observed on trunck.
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Table 2. Number of spiders, pollinating and predator insects from the Araneae (Ara.), Hemiptera (Hem.), Hymenoptera (Hym.), and
Mantodea (Man.) orders, and their ecological indices per Acacia auriculiformis plants (mean + SE), with and without the application

of dehydrated sewage sludge.

Sewage sludge TW*
Predadors and pollinators
With Without VIE P

Ara.: Anyphaenidae: Teudis sp. 0.08+0.05 0.17+0.07 13 0.09
Araneidae: not identified 0.54+0.13 0.38+0.14 1.2 0.1
Oxyopidae: not identified 0.17+0.09 0.17+0.09 0.0 0.50
Oxyopes salticus (Hentz, 1845) 0.04+0.04 0.04+0.04 0.0 0.50
Salticidae: not identified 0.38+0.13 0.13+0.06 1.5 0.07
Uspachus sp. 0.13+0.09 0.08+0.05 0.0 0.48
Aphirape uncifera (Tullgren, 1905) 0.00£0.00 0.13+0.06 1.8 0.04
Sparassidae: Quemedice sp. 0.08+0.05 0.04+0.04 0.6 0.28
Tetragnathidae: Leucauge sp. 0.00+0.00 0.04+0.04 1.0 0.16
Thomisidae: Tmarus sp. 0.13+0.06 0.040.04 1.0 0.15
Hem.: Pentatomidae: Podisus sp. 0.08+0.05 0.04+0.04 0.0 0.49
Hym.: Apidae: Apis mellifera (Linnaeus, 1758) 0.3840.17 0.13+0.06 0.9 0.20
Tetragonisca angustula (latreille, 1811) 1.00+0.37 0.58+0.13 0.4 0.36
Trigona spinipes (Fabricius, 1793) 0.08+0.05 0.00£0.00 14 0.08
Vespidae: Polybia sp. 0.60+0.19 0.33+0.09 1.0 0.17
Mant.: Mantidae: Mantis religiosa (Linnaeus, 1758) 0.08+0.05 0.00+0.00 14 0.08
Ecological indices

Abundance of spiders 1.54+0.19 1.21£0.22 13 0.09
Diversity of spiders 2.80+0.32 2.890.45 0.1 0.46
Species richness of spiders 1.25+0.13 1.05+0.17 1.0 0.15
Abundance of pollinators 1.46+0.45 0.71+0.15 0.3 0.39
Diversity of pollinators 1.93+0.36 1.95+0.37 0.2 0.42
Species richness of pollinators 0.63+0.14 0.63+0.13 0.1 0.46

*TW = test of Wilcoxon. VTf= value of test. n = 24 per treatment.

Orthoptera) on A. auriculiformis plants, fertilized with
dehydrated sewage sludge, were observed, probably, due to
the best development of these plants. Acacia auriculiformis
plants, fertilized with dehydrated sewage sludge, have a
higher number of leaves per tree (Dourado et al., 2020),
similar to what was presented for A. mangium with this
same fertilizer (Silva et al., 2020), perhaps for sewage sludge
being rich in nitrogen (Nogueira et al., 2007).

Bigger numbers (e.g. T. collaris) and ecological indices
(e.g. abundance) of chewing insects on the leaves, termites
on trunks, and species richness of pollinating insects, with
predators chasing their prey (e.g. species richness of spider
versus that of Orthoptera), on A. auriculiformis plants,
fertilized with dehydrated sewage sludge, was possibly
recognized, due to the greatest number of leaves and
branches of these plants (Dourado et al., 2020). The plants
offered extra food and shelter for herbivorous insects, as
reported for A. mangium (Silva et al., 2020), besides the
greater amount of litterfall (Dourado et al., 2020), favoring
the Termitidae, as observed in larger Caryocar brasiliense

Brazilian Journal of Biology, 2023, vol. 83, 248305

Camb. (Malpighiales: Caryocaracea) trees (Leite et al.,
2011). The facts above confirm the hypothesis that
ecological indices of chewing insects (e.g. abundance) and
pollinators (e.g. species richness) and their predators are
higher in trees with superior leaf mass. Similar evidences
were reported for Constrictotermes cyphergaster (Silvestri,
1901) (Blattodea: Termitidae), leaf galling insect Eurytoma
sp. (Hymenoptera: Eurytomidae) on C. brasiliense trees
(Leite et al., 2011, 2017), chewing and pollinator insects
and predators on A. mangium plants (Silva et al., 2020),
with smaller risk of extinction of rare insect species
(Zvereva et al., 2014; Burns, 2016; Leite et al., 2017).

The positive correlation between predators and
phytophagous insects on A. auriculiformis plants, was
observed, probably, because of the greater complexity of
crowns (habitat), especially the fertilized ones, providing
indirect benefits to natural enemies, as they hold a
higher abundance of phytophagous and increase the
chance of rare species incidence (Riihimadki et al., 2006;
Burns, 2016). Thus, more developed trees allow a bigger
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Table 3. Relations between abundances (Ab.) of Coleoptera (Col.), Orthoptera (Orth.), species richness (S.R.) of Col. and pollinators (Pol.),
percentage of defoliation (Defol.), number of Diabrotica speciosa (D.S.), Parasyphraea sp. (Par.), and Tropidacris collaris (T.col.) with the
number of leaves/branch (N.leaves) and/or branches/plant (N.branches), Ab.Orth. with that of spiders (Ab.Spid.), and S.R. Spid. with

Ab.Orth and S.R.Orth. on Acacia auriculiformis plants.

ANOVA
Principal component regressions
R? F P

Ab.Col. =-0.32 + 0.07 x N.branches 0.18 10.08 0.00
Ab.Orth. = 0.61 + 0.03 x N.branches 0.09 4.25 0.04
S.R.Col. =- 0.65 + 0.07 x N.leaves 0.11 5.69 0.02
S.R.Spid. = 0.74 + 0.34 x S.R.Orth. 0.13 6.90 0.01
Defol. = 2.59 + 0.04 x N.branches 0.28 17.52 0.00
D.S.=-0.60 +0.03 x N.leaves 0.11 538 0.03
Par. = - 0.68 + 0.03 x N.branches 0.17 9.14 0.00
T.col =-0.16 + 0.03 x N.branches 0.15 8.01 0.01
Second-degree regressions

Ab.Orth.= 0.82 + 1.26 x Ab.Spid. - 0.30 x Ab.Spid.? 0.13 3.33 0.04
S.R.Pol. = 4.3 - 0.22 x N.branches + 29.78 x N.branches? 0.18 5.26 0.01

n= 48, degrees of freedom: treatment= 1, repetitions= 22, and residue= 23.

number of predators, in response to the way of life and
the abundance of their prey (Gagnon and Brodeur, 2014;
Burns, 2016). Also, predators have smaller population
sizes than their prey, therefore, they must face a stronger
probability of extinction, particularly in plants with less
development (Zalewski et al., 2018). Interactions between
insects and plants of the genus Acacia show the potential
of this plant to increase diversity and cover degraded soils
around the world (Fleming et al., 2007; McLeish et al.,
2007; Silva et al,, 2020), including soil macrofauna as
Carabidae and Scarabaeidae (Coleoptera) (Larsen et al.,
1996; Kitamura et al., 2008).

The chewing insects S. anchoralis, T. collaris, and
Nasutitermes sp. were the ones with larger numbers
on A. auriculiformis plants, as also documented, for the
three insect species, on A. mangium plants (Silva et al.,
2020). The species S. anchoralis damages A. mangium,
and T. collaris, besides attacking Casuarina glauca Sieber
(Fagales: Casuarinaceae) and Leucaena leucocephala (Lam.)
de Wit (Fabales: Fabaceae) plants (Poderoso et al., 2013;
Damascena et al., 2017). Greater numbers of Nasutitermes
sp. on the trunks of A. auriculiformis trees, fertilized with
dehydrated sewage sludge were observed probably,
due to the richness of organic matter in this fertilizer
(Nogueira et al., 2007) and the higher litter fall production
by the plant (Dourado et al., 2020), also, apparent damage
or death of these plants was noted, as on A. mangium plants
(Silva et al., 2020).

Nasutitermes sp. can damage live or dead trees and
processed wood, including root systems, although it
creates galleries in the trunks without causing the death
of plants (Albuquerque et al., 2012). Tetragonisca angustula,
the biggest pollinator numbers on A. auriculiformis plants,
is important in the pollination of angiosperms, standing
out among other bees, since it has greater eusociality
(Giannini et al., 2012; Griiter et al., 2011). Finally, spiders
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(e.g. Araneidae), on A. auriculiformis plants, stand out since
they prey on chewing insects (e.g. T. collaris). Spiders were
also prominent, due to their numbers and predations of
defoliating insects on A. mangium and C. brasiliense trees,
in the Brazilian cerrado (Leite et al., 2012; Silva et al.,
2020), and on pastures and forests in Greece, being directly
correlated with Orthoptera (Zografou et al., 2017).

5. Conclusion

Acacia auriculiformis, fertilized with dehydrated sewage
sludge, is promising in the recovery of degraded areas,
since the fertilized plants are larger and more complex.
These plants accept a greater number of chewing insects,
pollinators, and predators, because there are more niches
and better food quality improving the ecological indices
in the area.
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