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Abstract
Soil macroarthropods are organisms considered as key factors to sustain soil quality and sustainability due to their services to soil
ecosystem. The community structure and seasonal variation of soil macroarthropods in 5-year cultivation of green manure plant
species in the Brazilian semi-arid, Areia, Paraiba, Brazil were investigated between June and December 2018. Soil samples and
macroarthropod specimens were collected using soil cores and Provid-type traps, respectively, during rainy and dry seasons. We
characterized both soil chemical properties and macroarthropod community under ten green manure plant species: Brachiaria
decumbens Stapf. cv. Basilisk, Canavalia ensiformis (L.) DC, Crotalaria juncea L., Crotalaria ochroleuca G. Don, Crotalaria
spectabilis Roth, Lablab purpureus (L.) Sweet, Mucuna pruriens (L.) DC., Neonotonia wightii (Wight & Arn.) J.A. Lackey,
Pennisetum glaucum L., and Stilozobium aterrimum Piper & Tracy. The highest values of richness, diversity and dominance in
the macroarthropod community during the rainy season were found on the plots where C. spectabilis and M. pruriens were
cultivated, whereas during the dry season the highest values were found in the plots where C. ochroleuca, C. spectabilis, and
S. aterrimum were cultivated. In the plots where B. decumbens and P. glaucum where cultivated, we found lower values of
richness, diversity, and dominance in the macroarthropod community compared to the leguminous plant species during rainy and
dry seasons. Our findings suggest that: 1) green manure practice and seasonality changed soil macroarthropod community,
trophic structure, and ecological processes in semi-arid conditions; and 2) abundance of predators, ecosystem engineers, decom-
posers and herbivores was promoted by plant species from Fabaceae family. The results highlight the importance to consider
plant species from Fabaceae family as habitat and food resources for soil fauna community.
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Introduction

The Brazilian semi-arid is an ecoregion that covers
1,128,697 km2 of Brazil’s territory and comprises the states
of Alagoas, Bahia, Ceara, Minas Gerais, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte and Sergipe (Silva
et al. 2018). This ecoregion is characterized by frequent dry
periods, annual rainfall lower than 800 mm, aridity index low-
er than 0.40 and a unique soil macroarthropod community
(Souza et al. 2016). However, both the diversity and the dom-
inance of this soil organism community are often restricted by
seasonal variation and the quality of soil organic matter
(Souza et al. 2016; Coyle et al. 2017; Roy et al. 2018; Melo
et al. 2019).
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In this context, the cultivation of plant species (e.g., that
supports high biomass production) during the rainy season in
the Brazilian semi-arid might play a significant role in the
macroarthropod community composition and their services
to the ecosystem in a subsequent dry season, where there is
a significant reduction of resources and habitats (Solen et al.
2018). According to Amazonas et al. (2018) and Souza and
Freitas (2018), plant species of the Fabaceae family with fast
growth and high rate of biomass production influence
positively the species richness, Shannon’s diversity in-
dex and Simpson’s dominance index of the native
macroarthropod community in Brazilian semi-arid con-
ditions. Leguminous species, such as Crotalaria
spectabilis Roth and Mucuna pruriens (L.) DC., can
increase macroarthropod richness (e.g., on average
200% higher species richness and 140% higher
Shannon’s diversity index than in non-legume species)
(Melo et al. 2019). Understanding the effect of the ad-
dition of these legumes which may regulate the
macroarthropod diversity in a semi-arid ecoregion is
essential to explain why soil fauna groups (e.g., litter
transformers, herbivores and predators) become less fre-
quent during the dry season (Manwaring et al. 2018;
Roy et al. 2018; Nunes et al. 2019).

In this work, we hypothesized that leguminous plant spe-
cies can promote soil macroarthropod abundance during both
rainy and dry seasons. In the first one, leguminous plant spe-
cies promote the soil organisms group due to increases in the
fauna’s habitat structure, while in the second one (e.g., when
plant biomass was incorporated into the soil profile), we
promote soil macroarthropod abundance and diversity
due to increases in both food and habitat of soil fauna
community. Based on the enemies and resource concen-
tration hypotheses, we expected to find higher
macroarthropod abundance during the dry period in
plots where Fabaceae plant species were cultivated,
due to their high biomass production which acts follow-
ing soil incorporation as both habitat and food for a
diverse soil macroarthropod community (Silva et al.
2013; Souza et al. 2016; Melo et al. 2019). Our aim
was to determine whether the long-term green manure
practice and seasonality alters soil macroarthropod com-
munity structure in an agroecosystem of the Brazilian
semi-arid. Based on the studies developed by Vasconcellos
et al. (2010), Shakir and Ahmed (2015), and Bento et al.
(2016), evaluating seasonal variation of soil macroarthropods
in semi-arid conditions, we expected to find variation in
abundance and diversity of macroarthropod group in our
study conditions. To accomplish this, we performed a
field experiment and sampled soil macroarthropods in
the rainy and dry seasons of an agroecosystem with
long-term cultivation of plant species used as green manure
in the Brazilian semiarid.

Materials and methods

Study system, climatic conditions, and soil type

Sampling was carried out in a long-term field experiment
using green manure plants at the “Chã-de-Jardim”
Experimental Station, Agrarian Sciences Centre, Federal
University of Paraiba (CCA-UFPB), located in Areia,
Paraiba, Brazil (06°58′12” S, 35°42′15” W, altitude 619 m
above sea level). The climate in the experimental area is trop-
ical with dry-summer characteristics (e.g., As-type following
Köppen climate classification), with average annual precipita-
tion and air temperature of 1500 mm and +21 °C, respectively
(Alvares et al. 2013). Climate data, monthly rainfall and mean
air temperature for Areia, Paraiba, Brazil (June to December
2018) (Fig. 1) were obtained online: http://www.inmet.gov.br.
Green manure farming system started in 2014 using the same
treatments in each studied year (for more details about the
studied treatments see Souza et al. 2018 and Melo et al.
2019). The plants used as green manure were representatives
of two families: Fabaceae and Poaceae. The soil type of the
experimental area was classified as Regosol (WRB 2006).

Experimental design

The results of this study were obtained in 2018. We analysed
the effects of different plant species cultivated in a green ma-
nure farming system for five consecutive years. The field ex-
periment was allocated in a randomized block design
consisting of ten treatments of one plant species (Table 1).
For more details about soil prepare, fertilizers, liming, fertili-
zation doses and its application mode see Souza et al. (2018).
Each treatment plot (6 × 4 m) was replicated five times
(blocks). All plant species were sown at a seeding rate of
400 seeds m−2 at a 2-cm depth and the plots were spaced
0.5 m apart.

Soil macroarthropod sampling

To sample soil macroarthropod individuals, we used the
Tropical Soil Biology and Fertility method (Anderson and
Ingram 1993). We did not find any nest (i.e., ants and termites
nests) in the plots or nearby our field experiment. During the
whole rainy and dry seasons, we placed one Provid-type trap
(each trap had four windows with 4 × 4 cm opening) in the
center of each plot and at a soil depth of 20 cm following a 2-
days schedule without any disruption to collect soil
macroarthropod specimens (e.g., We placed the traps 31 times
during the rainy season, whereas during the dry season we
placed the traps 41 times), but we present the mean of each
season in our results. Into each Provid-type trap, we added
200 ml of a distilled water and neutral detergent solution at a
concentration of 25% plus 30ml of 70% alcohol. Only the soil
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macroarthropod specimens longer than 0.2 cmwere preserved
in 70% alcohol and considered for our analyses. All individ-
uals were then sorted, counted and classified into the follow-
ing taxonomic units (Order – Family): Araneae – Filistatidae,
Blattodea – Blattidae, Blattodea – Termitidae, Coleoptera –
Carabidae, Dermaptera – Forficulidae, Diptera – Muscoidea,
Hemiptera – Cercopidae, Homoptera – Membracidae,
Hymenoptera – Formicidae, larvae of Coleoptera -
Passalidae, larvae of Lepidoptera – Pyralidae, Neuroptera –
Ithonidae, Orthoptera – Grylloidea, Scorpiones –
Scorpionidae and Thysanoptera – Thripidae. The community
structure of soil macroarthropod in each studied treatment was
characterized by the following parameters: mean abundance
(ind. m−2) of soil macroarthropod taxonomic groups (where
we divided the mean number of individuals obtained into each
trap by 24 – the area in m2 of each plot), richness - S, Shannon
diversity index – H′ (Shannon and Weaver 1949) and
Simpson dominance index – C (Simpson 1949). In addition,
we classified the functional group of each taxonomic unit
following criteria described by Souza and Freitas (2018).

Plant dry biomass production and soil chemical
properties

Plant dry biomass, soil reaction (i.e., soil pH) and total organic
carbon were measured at each studied plot. We selected ten
plants per plot, that were harvested at 8–10 cm above the
ground level. We used the plant dry biomass of these ten
plants to estimated plant biomass production in t ha−1. We
used two equations to accomplish it. First, we estimated the
number of plants per hectare: NP = density of plants per plot ×
10,000 m2 /24 m2, where the density of plants per plot was
provided in Table 1, 10,000 m2 is the area of one hectare, and
24m2 is the area of each plot. Next, we estimated the plant dry
biomass using the formula: PDB (t ha−1) = NP × BP10 × 100,
where the NP is the number of plants per ha, BP10 is the dry
biomass of the 10 sampled plants per plot, and 100 is a factor
to convert the results from kg ha−1 to t ha−1.

To characterize soil reaction and total organic carbon, the
soil samples were collected at the beginning of each studied
month. Samples were collected at a depth of 0–20 cm, air-

Table 1 Studied plant species used as green manures and their characteristics during the field experiment

Plant species Family Life cycle (days) Flowering (days)* Plant density
(plants plot−1)

Brachiaria decumbens Stapf cv. Basilisk Poaceae 180 – 480

Canavalia ensiformis (L.) DC. Fabaceae 89 60 480

Crotalaria juncea L. Fabaceae 102 45 240

Crotalaria ochroleuca G. Don Fabaceae 76 50 240

Crotalaria spectabilis Roth Fabaceae 90 65 240

Lablab purpureus (L.) Sweet Fabaceae 120 84 480

Mucuna pruriens (L.) DC. Fabaceae 142 56 240

Neonotonia wightii (Wight & Arn.) J.A. Lackey Fabaceae 121 94 480

Pennisetum glaucum (L.) R. Br. Poaceae 75 60 480

Stilozobium aterrimum Piper & Tracy Fabaceae 82 59 480

*Average for 50% flowering stage of the plants in the treatment plot

Fig. 1 Monthly rainfall
(grey bars) and air temperature
(black line) data from the
experimental area in Areia,
Paraiba, Brazil (June to December
2018); data were obtained online:
http://www.inmet.gov.br
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dried and passed through a 2-mm sieve. We determined soil
reaction in a suspension of distilled water and soil (Black
1965). Total organic carbon was determined by rapid dichro-
mate oxidation method following the protocol described in
Okalebo et al. (1993).

Index of soil quality

An index of soil quality was calculated using the PCA-
LSF-SQIw approach, described by Mishra et al. (2017),
which combines soil physical and chemical characteris-
tics, plant biomass production, and soil macroarthropod
community measured at all studied plots. Based on this
approach we developed a model (Eq. 1) to determine
the index of soil quality (ISQ). High values of ISQ
indicated a high-class soil that provides habitat and food
to a diverse and abundant soil biota community and
plant biomass production without negative effects to soil
ecosystem (Online Resource 1).

ISQ ¼ 0:30 x NH−Fð Þ þ 0:22 x NLc−Pð Þ
þ 0:15 x NPDBð Þ þ 0:12 x NB−Tð Þ
þ 0:05 x NC−Cð Þ þ 0:04 x Nsoil pH

� �þ 0:12 ð1Þ

where: NH-F = Normalized values of Hymenoptera-
Formicidae abundance (ind. m−2), NLc-P = Normalized
values of larvae of Coleoptera - Passalidae abundance
(ind. m−2), NPDB = Normalized values of plant dry bio-
mass (t ha−1), NB-T = Normalized values of Blattodea -
Termitidae abundance (ind m−2), NC-C = Normalized
values of Coleoptera-Carabidae abundance (ind m−2),
and Nsoil pH = Normalized values of soil pH in water.
All normalized values were obtained dividing the mean
of each component by their scores obtained in a PCA
analysis.

Statistical analyses

Soil macroarthropods presence was converted into abun-
dance, expressed as number of individuals per square meter
(ind. m−2) for each studied plot. Since the Shapiro-Wilk test
indicated normality of the data, we used the F-test in two-way
ANOVA to compare soil macroarthropods abundance, rich-
ness, diversity, dominance and soil quality index among all
studied treatments (i.e., plant species vs. seasons). We used
the Bonferroni test to compare soil macroarthropod commu-
nity structure at plots with plant species used as green manure
during dry and rainy seasons. We performed PCA to outline
the relationship between the soil macroarthropod community
structure and soil chemical properties. All statistical analyses
were performed using the packages ade4 and vegan within R
software (R Core Team 2018).

Results

Seasonal variation of soil macroarthropod
abundance, diversity, and dominance among green
manure species

The mean abundances of soil macroarthropods varied signif-
icantly among plant species and studied seasons (p < 0.001).
The most abundant taxonomic group was Hymenoptera –
Formicidae. This taxonomic group had abundances varying
from 14.3 ± 0.8 (S. aterrimum plots) to 34.0 ± 1.4 (M. pruriens
plots) during the rainy season, while in the dry season its
abundance varied from 28.0 ± 2.4 (C. spectabilis plots) to
197.3 ± 15.0 (B. decumbens plots) (Table 2).

Effect of green manure farming system on soil
macroarthropod community

The two-way ANOVA results showed significant differences
among plant species and studied seasons on species richness
(F9,77 = 10.70, p < 0.01), Shannon’s diversity index (F9,77 =
108.02, p < 0.001), and Simpson’s dominance index
(F9,77 = 61.163, p < 0.001). The highest values of species
richness, Shannon’s diversity index, and Simpson’s domi-
nance index in the rainy season were found on plots where
C. spectabilis was cultivated (6.00 ± 0.17; 1.32 ± 0.02; and
0.65 ± 0.09, respectively). During the dry season, we found
the highest values of species richness, Shannon’s diversity
index and Simpson’s dominance index on plots where
C. ochroleuca, S. aterrimum and C. spectabilis were cultivat-
ed, respectively (Table 3).

Plant dry biomass production and soil chemical
properties

The two-way ANOVA results showed significant differences
among plant species and studied seasons on plant dry biomass
(F9,77 = 23.67, p < 0.01). The highest plant dry biomass was
found on the plots where L. purpureus (14.0 ± 0.1 T ha−1) was
cultivated during dry season. We also found that there was an
increase in plant dry biomass production from rainy to dry
season on plots where C. ensiformis, C. spectabilis, C.
ochroleuca, L. purpureus and N. wightii were cultivated,
whereas there was a decrease on plots where B. decumbens,
C. juncea, M. pruriens, P. glaucum and S. aterrimum were
cultivated (Fig. 2).

The one-way ANOVA results showed significant differ-
ences among the studied plant species used as green manure
on total organic carbon (F9,3483 = 26.63, p < 0.001) and soil
pH (F9,3483 = 11.19, p < 0.001). The S. aterrimum plants were
useful to promote total organic carbon, whereas Poaceae as a
group (i.e., B. decumbens and P. glaucum) promoted both soil
chemical properties (Table 4).
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Multivariate analyses

Principal component analyses (PCA) showed that
Hymenoptera, larvae of Coleoptera, plant dry biomass,
Blattodea, Coleoptera and soil pH were the principal
components contributing to the variance of the data.
The PCA also showed: i) high difference between wet
and dry season (along PC1) with lower variability in
dry season (along PC2); ii) positive relation between
plant dry biomass, larvae of Coleoptera and Araneae; iii) pos-
itive relation between soil pH and Hymenoptera; iv) negative
relation between total organic carbon and Hymenoptera; v)
positive relation between Homoptera, Blattodea-Termitidae
and Coleoptera; and vi) negative relation between soil pH
and Hemiptera (Fig. 3).

Soil macroarthropod diversity and soil biological
quality index

Soil biological quality index was reduced when
P. glaucum plants were cultivated in our experiment.
We found the highest values of soil biological quality
index in both rainy and dry seasons on the plots where
M. pruriens was cultivated (13.72 ± 0.98 and 48.55 ±
2.33, respectively). Overall, the soil biological quality
index was affected by the studied plant species and
seasonality (Table 5).

Discussion

Our results emphasize the influence of leguminous species
and seasonality on soil macroarthropod community composi-
tion (e.g., abundance, richness, diversity, and dominance) and
soil biological quality index in a semi-arid environment.
Essentially, we wanted to understand how both the biomass
production (e.g., during rainy season) and biomass incorpora-
tion into soil profile (e.g., during dry season) of plant species
used as green manure changes the macroarthropod communi-
ties during the rainy (e.g., when the plant biomass acts as
fauna’s habitat) and dry seasons (e.g., when the plant biomass
was incorporated into soil profile and acts as both fauna’s
habitat and food resource). The results of this study revealed
that there were significant differences among the studied plant
species and seasons on macroarthropod abundance and occur-
rence. According to Melo et al. (2019), plant species from
Fabaceae family, such as C. spectabilis and M. pruriens,
showed high macroarthropod richness, Shannon’s diversity
index and Simpson’s dominance index on a Regosol in field
conditions. These authors also report that these two plant spe-
cies present the following characteristics: i) high quality of
their residues; ii) high root activity; iii) fast growth; and iv)
high water use efficiency.

These results agree with previous works (Moura et al.
2015; Roy et al. 2018) that reported high soil rootability in
the rhizosphere of plant species used as green manure. By

Table 3 Species richness (S), Shannon’s diversity index (H′), and Simpson’s dominance index (C) of soil macroarthropod taxonomic groups among
studied plant species and seasons

Plant species S H′ C

Rainy Dry Rainy vs. drya Rainy Dry Rainy vs. drya Rainy Dry Rainy vs.
drya

B. decumbens 4.33 (0.23) d 2.66 (0.12) e 11.33** 0.90 (0.02) c 0.08 (0.01) e 8.81* 0.48 (0.01) b 0.03 (0.01) e 6.39*

C. ensiformis 4.33 (0.15) d 4.00 (0.10) b 1.92ns 0.80 (0.02) c 0.34 (0.05) b 2.01ns 0.41 (0.01) c 0.13 (0.01) d 4.11*

C. spectabilis 6.00 (0.17) a 2.33 (0.32) e 19.14** 1.32 (0.02) a 0.22 (0.03) d 10.91** 0.65 (0.09) a 0.43 (0.05) a 4.03*

C. juncea 4.00 (0.17) d 1.50 (0.09) f 15.68** 0.76 (0.09) c 0.23 (0.02) d 5.02* 0.41 (0.07) c 0.10 (0.01) d 5.33*

C. ochroleuca 4.66 (0.06) d 5.33 (0.21) a 5.91* 0.96 (0.03) b 0.47 (0.04) a 3.99ns 0.48 (0.06) b 0.20 (0.02) b 4.17*

L. purpureus 5.67 (0.15) b 3.67 (0.06) c 12.11** 1.04 (0.01) b 0.30 (0.06) c 7.13* 0.50 (0.08) b 0.12 (0.01) d 5.98*

M. pruriens 4.67 (0.06) d 3.67 (0.15) c 10.02** 0.95 (0.02) b 0.33 (0.06) b 5.41* 0.36 (0.01) c 0.08 (0.01) e 4.18*

N. wightii 5.67 (0.25) b 3.00 (0.10) d 16.71** 0.99 (0.03) b 0.36 (0.02) b 5.87* 0.46 (0.02) b 0.17 (0.01) c 4.56*

P. glaucum 4.00 (0.10) d 3.33 (0.12) c 5.91* 0.68 (0.02) d 0.27 (0.20) c 1.99ns 0.34 (0.01) c 0.11 (0.01) d 4.35*

S. aterrimum 5.00 (0.10) c 4.00 (0.10) b 10.01** 1.22 (0.06) a 0.48 (0.18) a 5.40* 0.63 (0.03) a 0.21 (0.01) b 6.28*

The standard error in parentheses

Within plant species, same letters represent no significant differences by Bonferroni’s test (p < 0.05)

ns not significant

*p < 0.05; **p < 0.01
a Independent sample t test comparing rainy and dry season groups
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altering soil rootability in their rhizosphere, plant species may
alter soil reaction by the extrusion of H+ and some organic
compounds (e.g., citric acid) and thus may be responsible for
the abundance and occurrence of macroarthropod community
composition in plots where plant species of Fabaceae family
were cultivated (Delgado-Baquerizo et al. 2018; Silva et al.
2018; Vukicevich et al. 2016). Our hypothesis that legumi-
nous plant species promote soil macroarthropod abundance
independently of the studied season was supported, except
for C. juncea, which presented similar values of richness,
diversity, and dominance for both B. decumbens and
P. glaucum. Overall, the macroarthropod community and
plant status in C. juncea, B. decumbens and P. glaucum plots
were characterized by a low abundance or even absence of
some predators (e.g.,. Araneae - Filistatidae, Coleoptera -
Carabidae, Dermaptera - Forficulidae, Scorpiones -

Scorpionidae), absence of herbivores (e.g., Thysanoptera -
Thripidae, Hemiptera - Cercopidae, Orthoptera - Grylloidea,
Homoptera - Membracidae), and high abundance of decom-
posers (e.g., Diptera - Muscoidea) and ecosystem engineers
(e.g., Hymenoptera - Formicidae) which created a negative
effect in the trophic structure by disrupting some important
ecological process such as biological control, mutualism, par-
asitism and nutrient cycling (Souza and Freitas 2017, 2018;
Zhang et al. 2018; Mishra et al. 2017).

For plant dry biomass production, soil organic carbon and
pH, L. purpureus, S. aterrimum and P. glaucum showed
higher values of these variables among the other studied plant
species. However, these results do not support our hypothesis
that high biomass production may improve the diversity of
soil macroarthropod community. In fact, high biomass pro-
duction only acts improving soil macroarthropod abundance

Fig. 2 Estimated plant dry biomass (t ha−1) of each studied plant species used as greenmanure during rainy and dry season (mean ± SD,N = 1000). Same
letters represent no significant differences by Bonferroni’s test (p < 0.05)

Table 4 Soil chemical properties
(0–20 cm) of the evaluated area
after the implementation of the
experiment

Studied plant species Total organic carbon (g kg−1) Soil pHH2O (1:2.5, v:v)

Brachiaria decumbens 8.82 (0.02) b 4.88 (0.06) c

Canavalia ensiformis 8.46 (0.11) b 5.02 (0.11) b

Crotalaria juncea 7.56 (0.09) c 4.91 (0.10) c

Crotalaria ochroleuca 7.98 (0.12) c 4.89 (0.04) c

Crotalaria spectabilis 7.14 (0.08) c 5.07 (0.01) b

Lablab purpureus 7.56 (0.03) c 5.12 (0.02) b

Mucuna pruriens 7.86 (0.02) c 5.27 (0.03) b

Neonotonia wightii 8.38 (0.01) b 4.98 (0.04) c

Pennisetum glaucum 7.86 (0.09) c 5.80 (0.12) a

Stilozobium aterrimum 9.16 (0.21) a 5.31 (0.11) b

Standard error in parentheses

Within plant species, same letters represent no significant differences by Bonferroni’s test (p < 0.05)
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as described byMoura et al. (2015). It can be supported by our
results for soil macroarthropod abundance during rainy sea-
son. Although our experiment was not designed to directly test
whether root activity affects macroarthropod diversity, we
must consider that the highest diversity and soil biological
quality index was found on plots where C. spectabilis and
C. ochroleuca were cultivated. According to Melo et al.
(2019), the high diversity of soil macroarthropod community
presented on the plots cultivated with plant species of
Crotalaria genus may be related to their high N content in
plant tissue, fast growth, and soil cover rates. We cannot
exclude the habitat quality and nutrient hypotheses described
by Moura et al. (2015) and Melo et al. (2019), in which
macroarthropod diversity in agroecosystems is driven by litter
quality (e.g., nutrient content hypothesis), which can be sup-
ported by results on the plots where C. spectabilis and
C. ochroleuca based on Shannon’s diversity index. These

results agree with previous studies done by Marichal et al.
(2014); Kamau et al. (2019); and Guo and Wang (2019),
which reported that the constant amendment with high quality
soil residues on soil ecosystems directly influence functional
groups of soil macroarthropod community [e.g., litter trans-
formers (Diplopoda – Spirobolida and Coleoptera -
Scarabaeidae), ecosystem engineers (Blattodea –
Termitidae), predators (Araneae – Filistatidae, and
Dermaptera - Forficulidae), Decomposers (Diptera –
Muscoidea) and herbivores (Orthoptera – Gryllotalpidae)].

Plant biomass production during rainy season and the qual-
ity of the plant biomass incorporated into the soil profile dur-
ing dry season are two important drivers to soil
macroarthropod community structure and functional groups
(Law et al. 2019). Functional groups, especially the
detritivores (larvae of Coleoptera – Passalidae) were found
more abundantly during the dry season, due to their necessity

Table 5 Soil biological quality
index of a sandy soil cultivated
with different plant species during
rainy and dry season from the
Brazilian semi-arid

Plant species Rainy season Dry season Rainy vs. drya

B. decumbens 5.60 (0.98) d 7.95 (0.69) d 2.73ns

C. ensiformis 11.10 (1.03) b 20.02 (0.98) b 10.99**

C. juncea 5.77 (0.67) d 17.22 (0.89) c 12.96**

C. ochroleuca 7.49 (0.96) c 24.56 (1.98) b 15.33**

C. spectabilis 8.50 (1.03) c 9.67 (1.12) d 1.97ns

L. purpureus 7.16 (1.02) c 26.36 (1.54) b 17.66**

M. pruriens 13.72 (0.98) a 48.55 (2.33) a 21.69**

N. wightii 11.44 (0.89) b 14.24 (1.23) c 4.71ns

P. glaucum 10.70 (0.90) b 2.92 (0.12) e 10.54**

S. aterrimum 4.73 (1.01) d 17.24 (1.87) c 12.33**

The standard error in parentheses

Within plant species, same letters represent no significant differences by Bonferroni’s test (p < 0.05)

ns not significant

**p < 0.01
a Independent sample t test comparing rainy and dry season groups

Fig. 3 PCA score plot of soil
chemical properties, plant dry
biomass production and soil
macroarthropod groups for two
Family groups (Poaceae and
Fabaceae) during two studied
seasons (rainy and dry). Circles
and squares represent samples
from each plot for Fabaceae and
Poaceae groups, respectively. The
two axes explained 80.55%
(PC1 = 59.36% and PC2 =
21.19%) of the total variance
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of soil habitat quality (e.g., improved by plant biomass incor-
poration into the soil profile) that acts as refuge against pred-
ators, such as Dermaptera -Forficulidae or even Coleoptera -
Carabidae group (Costa et al. 2009; Souza and Freitas 2018;
Silva et al. 2013; Souza et al. 2016; Melo et al. 2019).
Considering some relationships among the functional groups
that we observed in our study, we found positive effects on
trophic structure during dry season on plots where plant spe-
cies of Fabaceae family were cultivated. In these plots, we
found a significant abundance of both predators (e.g.,
Araneae - Filistatidae, Dermaptera – Forficulidae, and
Scorpiones - Scorpionidae) and herbivores (e.g.,
Thysanoptera - Thripidae, Hemiptera - Cercopidae,
Orthoptera - Grylloidea, Homoptera - Membracidae), which
may be related to active biological control processes. These
results agree with Yang et al. (2018) and Balkenhol et al.
(2018), who reported high abundance of predators (e.g., both
spider and beetle communities) in soil ecosystems with above-
ground plant species characterized by fast growth and high
biomass production. In both studied conditions, these authors
reported that the biomass production acts promoting herbivory
community and activity by improving food resource. Once
herbivores abundance is improved, plant biomass production
directly and indirectly promotes predator community abun-
dance by acting as habitat and improving their food resource
(e.g. herbivore specimens), respectively (Ng et al. 2018).
Ecosystem engineers (e.g., Hymenoptera -Formicidae) were
the most abundant functional group during both rainy and dry
season. This result agrees with Yang et al. (2018) who report-
ed ecosystem engineers as the largest functional groups in
different land uses in eastern coast of China. Antoniazzi
et al. (2019); Melo et al. (2019) and Wink et al. (2005) also
described ecosystem engineers as bioindicators of soil
disturbance (e.g., by changing their abundance and di-
versity), soil physical quality (e.g., by creating biogenic
structures), or even high soil organic matter content (e.g., by
their activity incorporating litter and other organic materials
into the soil profile) (Lima et al. 2011; Marques et al. 2014;
Brito et al. 2016).

Although our experiment was not designed to directly test
whether soil pH and soil organic carbon content affect soil
macroarthropod community through changes in rhizosphere
microbiome that in turns affects trophic structure and ecolog-
ical processes, the results of the PCA analyses showed that
herbivores (e.g., Hemiptera - Cercopidae) and ecosystem
engineers (e.g., Hymenoptera - Formicidae) could be
affected by changes in soil pH and soil organic carbon
content. Our results agree with the findings of Amazonas
et al. (2018); Machado et al. (2015) and Jinxia et al.
(2010), who reported high tolerance of Hymenoptera -
Formicidae of chemical inputs and changes into soil
profile and positive correlation between Hemiptera and
soil organic matter.

Conclusions

The green manure practice and seasonality determined
soil macroarthropod community, trophic structure, and
ecological processes in a sandy soil of the Brazilian
semi-arid. The use of plant species of Fabaceae family (e.g.,
C. spectabilis and M. pruriens) showed high macroarthropod
richness, Shannon’s diversity index and Simpson’s domi-
nance index on a Regosol under field conditions. Our findings
suggest that these plant species have positive effects on soil
macroarthropod functional groups (e.g., predators, ecosystem
engineers, decomposers, herbivores), their trophic structure
and ecological processes (e.g., nutrient cycling, predation,
herbivory, parasitism, and biological control). The results of
our study highlight the importance of considering plant spe-
cies as habitat and food resource for soil macroarthropod com-
munity, based on a sustainable way to improve soil biodiver-
sity, ecological processes, soil quality, soil productivity and
human health. Thus, long-term experiments considering green
manure practice and seasonality may exploit a positive or
negative feedback among plant species, soil biodiversity and
soil chemical properties.
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