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Abstract

The influence of a 3-years cultivation of legumes on macroarthropod community composition was investigated. Soil samples
were taken from a field experiment which was conducted for three years to characterize the agronomic characteristics of eight
cover crops: Crotalaria juncea L., Crotalaria spectabilis Roth, Crotalaria ochroleuca G. Don., Canavalia ensiformis (L.) DC.,
Mucuna pruriens (L.) DC., Dolichos lablab L., Neonotonia wightii (Wight & Am.) J.A. Lackey, and Brachiaria decumbens
Stapf. cv. Basilisk. The highest values of diversity in the macroarthropod community were found on the plot where M. pruriens
was cultivated. Brachiaria decumbens cultivation showed lower values of species richness, Shannon’s diversity index and
Simpson’s dominance index compared to the other studied plant species. Our findings suggest that the cultivation of legume
cover crops can change positively the macroarthropod community composition. The results highlight the importance of consid-
ering the effects of legumes on the diversity of this biological component and their effect on plant growth and soil organic carbon

contents. Thus, legumes may exploit positive feedback in semiarid conditions on a Regosol.

Keywords Macroarthropod community composition - Annual plant species - Perennial plant species - Soil biology

Introduction

Understanding the effect of the addition of legumes that may
regulate the macroarthropod diversity and richness from a 3-
years field experiment on a Regosol is essential to explain
why the long-term cultivation of non-legume plant species
becomes less beneficial to belowground soil organisms and
their interaction with plant biomass production, soil organic
carbon, and biodiversity than the cultivation of legume plant
species in the same conditions (Coyle et al. 2017; Manwaring
etal. 2018; Roy et al. 2018). Over time, the cultivation of non-
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legume plant species under conventional farming system may
result in a decline of soil organic carbon, plant biomass pro-
duction and macroarthropod richness (Amazonas et al. 2017,
Souza et al. 2018).

In this context, the macroarthropod abundance (e.g.,
assessing ecosystem services provided by this functional group)
is the key to determine positive plant-soil feedback. According
to Souza et al. (2015) and Zhang et al. (2018), the abundance of
soil macroarthropods depends on continuous input of soil or-
ganic matter combined with both adequate plant composition
and vegetation structure. Sustainable soil practices/manage-
ment, as the cultivation of legumes, increases macroarthropod
richness (average 50.0% higher species richness and 70.3%
higher abundance than in non-legumes) (Mauda et al. 2018).
Ecosystem engineers, litter transformers and predators respond
negatively to conventional farming system using non-legume
plant species, while root pathogens respond positively (Ng
et al. 2018). These soil fauna groups contribute to ecosystem
services, such as biomass production, nutrient cycling, water
supply and soil erosion control (Li et al. 2018). Thus, they play
an important role in the soil quality and plant biomass produc-
tion (Yang et al. 2018).

In a conventional farming system using legumes, the
ecological stability and biodiversity could be improved
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in many ways. In this work, we hypothesized that the
continuous cultivation of plant species from the
Fabaceae family promotes positive effects on
macroarthropod community diversity. Legume cover
crops are recognized by their abilities to fix nitrogen
(N) and support high biomass production (Souza et al.
2018). Based on the soil quality and nutrient content
hypothesis, we expected to find high species richness
and diversity of macroarthropod in plots where plant
species from Fabaceae family that presents high biomass
production were cultivated (Manwaring et al. 2018; Roy
et al. 2018). There are evidences that plant composition,
plant diversity and vegetation structure can affect both
trophic structure and macroarthropod community com-
position based on both enemies and resource concentra-
tion hypotheses (Ng et al. 2017, 2018).

It may be argued that the cultivation of legumes over
time could be a sustainable alternative to improve
macroarthropod diversity and its services to the ecosys-
tem in areas from smallholder farming system in the
Brazilian Northeast, increasing soil fertility and improv-
ing annual plant yield. In fact, the macroarthropod com-
munity (e.g., Arancae, Coleoptera, Hymenoptera,
Isoptera, Mantodea, and Scorpionidae) can contribute
to fundamental services for terrestrial ecosystems
(Coyle et al. 2017; Li et al. 2018; Ng et al. 2018;
Yang et al. 2018). However, there is limited information
on how legumes and non-legumes may affect
macroarthropod diversity under semiarid conditions on
a Regosol. Our aim was to determine whether the addi-
tion of legumes and non-legumes affects macroarthropod
community diversity. To accomplish this, we performed
field experiment and investigated whether the influence
of legumes on above- and belowground community
composition on a Regosol changed the macroarthropod
diversity by its continuous cultivation.

Materials and methods
Study system and climatic conditions

The field experiment was carried out at the “Cha-de-Jardim”
Experimental Station, Agrarian Science 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 area is As’ (Koppen), with average
annual precipitation and temperature of 1500 mm and + 21 °C,
respectively. Climate data, monthly rainfall and mean tempera-
tures from Areia, Paraiba, Brazil (2016-2017) (see Fig. 1) were
obtained from the website: http://www.inmet.gov.br.

Soil sampling and characterization

The soil type of the experimental site was classified as
Regosol (WRB 2006). Soil samples were collected at the be-
ginning of August 2016 during the dry period and when the
plants were in flowering stage. Samples (N = 40) were collect-
ed from a depth of 0-20 cm, air-dried and passed through a 2-
mm sieve. We determined soil pH in a suspension of soil and
distilled water (Black 1965). Total soil nitrogen and soil or-
ganic carbon were estimated according to the methodology
described by Okalebo et al. (1993). Available phosphorus
was determined using the Olsen’s P protocol (Olsen et al.
1954). The soil-chemical data at the site before starting the
experiment are given in Table 1.

Experimental design and plant dry biomass data

We performed a 3-years field study with different plant spe-
cies which were allocated in a randomized block design that
consisted of eight plant species, namely Crotalaria juncea L.,
Crotalaria spectabilis Roth, Crotalaria ochroleuca G. Don.,
Canavalia ensiformis (L.) DC., Mucuna pruriens (L.) DC.,
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Table 1 Soil chemical properties
(0-20 cm) before the start of the
experiment (N = 40), used cover

crops and their characteristics
during the studied period 5.73

Soil pH (1: 2.5 soil: H,0) Corg Total N (g kgfl) Available P (mg dm™)
gke
10.85 1.67 36.01

Plant species Family Characteristics Flowering (days)

Crotalaria juncea L. Fabaceae Annual plant 45

Crotalaria spectabilis Roth Fabaceae Annual plant 68

Crotalaria ochroleuca G. Don. Fabaceae Annual plant 49

Canavalia ensiformis (L.) DC. Fabaceae Annual plant 68

Mucuna pruriens (L.) DC. Fabaceae Annual plant 30

Dolichos lablab L. Fabaceae Perennial plant 87

Neonotonia wightii (Wight & Am.) J.A. Lackey =~ Fabaceae Perennial plant 116

Brachiaria decumbens Stapf. cv. Basilisk. Poaceae Perennial plant 180

Dolichos lablab L., Neonotonia wightii (Wight & Am.) J.A.
Lackey, and Brachiaria decumbens Stapf. Cv. Basilisk (for
more details on plant species characteristics see Table 1; and
fertilizers, doses, and application mode, see Souza et al. 2018).
Each treatment plot (6 x 4 m) was replicated in five blocks,
and to our analysis we used the central portion (5 x 3 m) of
each plot. The studied plants were sown at a seedling rate of
300 seeds m 2 at a 3-cm depth and the plots were spaced 0.5 m
between them. We selected 40 plants per plot during the
flowering stage to quantify their dry biomass. Plants were
harvested from each plot at 810 cm above the ground level.
The biomass production was determined following Souza
et al. (2018). We determined dry weight in ton per hectare.

Macroarthropod community data

To sample the soil macroarthropod community, we used the
Tropical Soil Biology and Fertility (TSBF) protocol described
by Anderson and Ingram (1989). At the end of the experiment,
we installed two Provid-type traps per each plot to collect soil
macroarthropod specimens. Into the traps, we added 200 ml of a
detergent solution at a concentration of 10% and 10 ml of 70%
alcohol. The traps remained in the field for a period of 48 h.
Samplings were performed at each plot of the experiment area,
totalling 80 sampling points (N = 80). Only the macroarthropod
individuals longer than 10 mm were considered in our analyses.
They were removed manually and stored in containers with
70% alcohol. These were later counted and identified under a
stereoscopic microscope, at the level of major taxonomic group.
The term group was used in the soil macroarthropod study,
meaning either a family, a class, or an order, with the objective
of comprising a set of individuals with a similar life form. The
communities were characterized based on the following param-
eters: (a) Richness, number of groups per studied plot; (b)
Shannon Diversity Index (H) (Shannon and Weaver 1949);
and (c) Simpson dominance index (C) (Simpson 1949). In ad-
dition, we assessed the order occurrence frequency of every
macroarthropod order by each studied treatment.

Statistical analyses

The Shapiro-Wilk test was applied to assess the normality of the
data distribution. One-way ANOVA was used for analyzing dif-
ferences between the studied cover crops in macroarthropod
richness, Shannon diversity index, and Simpson dominance in-
dex. Data sets were arcsin square root transformed for percentage
variables and log;o(x) for the remaining (Zar 1984).
Notwithstanding, the results are presented in their original scale
of measurement. When necessary, Bonferroni’s test was con-
ducted. A data matrix was used to compare the relationships
between soil properties, the plant dry biomass, and
macroarthropod community composition of the cover crop spe-
cies by Jaccard similarity coefficient. Similarities derived from
this coefficient were also transformed to distance measures (e.g.
Euclidean coefficient). Dendrogram for Jaccard similarity coef-
ficient was constructed using the unweighted paired-groups
method of averaging (Jackson et al. 1989). In order to evaluate
the relationships between soil properties, plant dry biomass, and
macroarthropod community composition of the cover crop spe-
cies, a principal component analysis (PCA) was performed. All
statistical analyses were conducted using R (R Core Team 2018).

Results
Plant dry biomass production

The one-way ANOVA results showed significant differences
between the studied plant species for plant dry biomass
(F732=22.75, p <0.001). The highest plant dry biomass
was found on the plots where D. lablab and C. ochroleuca
plants were cultivated (14.53£2.05 T ha'; and 10.53 +
2.01 T ha', respectively), whereas the lowest value of this
variable was found on the plots where B. decumbens was
cultivated (2.48 £0.27 T ha ). We did not find any significant
differences between C. juncea and C. ensiformis for plant dry
biomass production (Fig. 2).
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Fig. 2 Plant dry biomass of cover 18
crops during the 3-years field ex-
periment (mean = SD, N =1600)

(=

Plant dry biomass (T/ha)
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C. juncea

Macroarthropod community composition

Thirteen different macroarthropod orders were identified be-
longing to four functional groups/types: Ecosystems engi-
neers (2), litter transformers (1), predators (4) and herbivores
(6). The most abundant taxa in all studied plant species were
Hymenoptera. Macroarthropods from Araneae, Coleoptera
and Orthoptera were also mostly found in all studied plant
species. Hemiptera were observed only on plots where
B. decumbens was cultivated (Table 2). Additional data about
macroarthropod community composition are given in
Online Resource 1.

Ecological indexes

The one-way ANOVA results showed significant differences
among the studied plant species on macroarthropod richness
(F772 =19.21, p <0.001), Shannon diversity index (F77, =
32.93, p <0.001), and Simpson dominance index (£77, =
31.23, p <0.001). The highest values of macroarthropod rich-
ness, Shannon diversity index and Simpson dominance index
were found on plots where M. pruriens was cultivated (9.0 +
0.2; 1.16£0.01; and 0.58 £0.01, respectively), whereas

C. ochroleuca C. spectabilis C. ensiformis

D. lablab
Cover crops

M pruriens  N. wightii  B. decumbens

B. decumbens presented the lowest values of these variables
(Fig. 3a, b).

Multivariate analyses

Dendrogram was constructed based on the Jaccard’s similarity
coefficient (Fig. 4). In this dendrogram three clusters were
formed at the similarity coefficient of 0.30 which consisted
of the macroarthropod community composition (MCC) of all
studied plant species. Two lines, namely C. juncea and
C. spectabilis, remained ungrouped. This shows that the
MCC presented in C. juncea and C. spectabilis plots are quite
distinct from the other plant species. Cluster-1 consisted of
MCC from B. decumbens and C. ensiformis plots. Cluster-2
comprised of MCC from N. wightii and D. lablab. Cluster-3
consisted of MCC from M. pruriens and C. ochroleuca.
Among all the studied plant species, Cluster-1 was found most
diverse as it separated from all other plant species ata very low
similarity coefficient of 0.30.

The PCA analyses showed that plant dry biomass, total or-
ganic carbon, frequency of occurrence of Hymenoptera,
Scorpiones, Dermaptera, Coleoptera and Orthoptera were the
main factors contributing to the variance of the samples

Table 2 Macroarthropod frequency of occurrence (F, %) by each cover crop treatment (mean, N = 80)

Plant species Ara Col Der Dip Hem Hym Llep Man Odo Ort Scol Scor Thy
C. juncea 17.05 6.82 225 - - 67.11 1.12 1.12 - 4.53 - - -
C. ochroleuca 13.80 5.73 - 9.18 - 67.86 - - - 227 - 1.16 -
C. spectabilis 8.50 421 2.16 19.18 - 44.75 421 - 2.10 14.89 - - -
C. ensiformis 8.84 6.18 - - - 77.90 - - - 5.31 1.77 - -
D. lablab 8.70 10.13 2.88 435 - 66.71 - - - 5.79 1.44 - -
M. pruriens 9.84 5.73 1.62 0.81 - 73.00 - - 0.81 6.54 - 0.81 0.84
N. wightii 3.48 4.20 0.70 0.69 - 88.84 - - - 2.09 - - -
B. decumbens 4.32 4.78 - - 0.47 88.52 - - - 1.91 - - -

Ara, Araneae; Col, Coleoptera; Der, Dermaptera; Dip, Diptera; Hem, Hemiptera; Hym, Hymenoptera; Llep, Larvae of Lepidoptera; Man, Mantodea;
Odo, Odonata; Ort, Orthoptera; Scol, Scolopendromorpha; Scor, Scorpiones; Thy, Thysanoptera
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Fig. 3 Effect of different cover 10
crops on macroarthropod richness

(a), Shannon diversity index, and

Simpson dominance index (b)

(mean + SD, N = 80). Means with 8

different by Bonferroni’s test at
the 5% significance level

Richness
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C. juncea

(Fig. 5). The analysis also showed: (1) a strong negative relation-
ship between the frequency of occurrence of Hymenoptera,
Coleoptera and Orthoptera with plant dry biomass; (2) a negative
relationship between soil pH and the frequency of occurrence of
Scolopendromorpha; and (3) a positive relationship between to-
tal organic carbon and total nitrogen (Fig. 5).

Discussion

Our results emphasize the influence of different plant species on
the presence of soil macroarthropod community composition
(i.e., ecosystems engineer, herbivore, litter transformer and pred-
ator functional groups). Essentially, we wanted to understand

Fig. 4 Jaccard’s similarity
dendrogram of macroarthropod
community composition showing

C. ochroleuca C. spectabilis C. ensiformis
Plant species

D. lablab M pruriens N. wightii Control

how the continuous use of legumes changes the macroarthropod
communities. The results of this study revealed that there were
differences between each studied plant species on
macroarthropod richness, Shannon diversity index, and
Simpson dominance index. According to Moura et al. (2015),
plant species with the following characteristics: (i) fast-growing,
(ii) nitrogen fixation, (iii) high soil reaction in their rhizosphere
by the extrusion of H*, and (iv) high biomass production may
enhance soil rootability and improve the fauna’s habitat.
However, Roy et al. (2018) highlight the importance to consider
the negative effects of monoculture (i.e., low plant diversity) that
may lead to farming system that produce less residue with lower
C: N and lignin: N ratios than natural ecosystems. Our hypoth-
esis that plant species from Fabaceae family promotes positive

_{ M. pruriens
C. ochroleuca

relationship between the studied
cover crops based on similarity
matrix

[ N.wightii

b D lablab

C. spectabilis

C. juncea
I B . (‘I,ZL
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Fig. 5 PCA score plot of soil properties, plant biomass production, and
macroarthropod community composition for the eight studied cover
crops. PDB =Plant dry biomass; N = total nitrogen; Corg = soil organic
carbon; SCOP = Scolopendromorpha; DIP =Diptera; LLEP =
Lepidoptera larvae; ARA = Araneae; MAN = Mantodea; ODO =

effects on the macroarthropod community composition was sup-
ported for all studied plant species from Fabaceae family, except
for C. ensiformis, which presented the same values of richness of
the B. decumbens. The macroarthropod community and plant
status in C. ensiformis plots were characterized by a lower abun-
dance of predators, litter transformers, ecosystem engineers, and
leaf transpiratory rate (data not shown) that created a negative
feedback into the trophic structure. On the other hand, we iden-
tified a high presence of herbivores (i.e., Hymenoptera and
Orthoptera) and low presence of predators (i.e., Araneae) on
the plots where C. ensiformis was cultivated. It agrees with the
work done by Delgado-Baquerizo et al. (2018) and Solen et al.
(2018) that reported soil macroarthropod community response in
relation to quality of the plant residue. Although our experiment
was not designed to directly test whether precipitation and air
temperature affect macroarthropod diversity, we must consider
that the highest monthly precipitation was registered one month
before macroarthropod sampling.

For macroarthropod richness, Shannon diversity index, and
Simpson dominance index, C. spectabilis and M. pruriens,
showed a higher value of these three variables than the other
studied plant species. Thus, these results support our hypothesis
that plant species from Fabaceae family that presents higher bio-
mass production (C. spectabilis) or higher N content in plant
tissue (M. pruriens) than plant species from Poaceae family
may positively affect macroarthropod community composition.
The higher richness and diversity presented by C. spectabilis and
M. pruriens compared to C. ensiformis and B. decumbens may be
related with their high growth rate and cover rate. We cannot
exclude the hypotheses described by Moura et al. (2015) that in
agricultural soils the macroarthropod abundance is driven by the
quantity of plant biomass (i.e., habitat quality hypothesis), while
macroarthropod diversity is driven by litter quality (i.e., nutrient
content hypothesis), which can be supported by the results on the
plots of C. spectabilis and M. pruriens on richness and Shannon’s

@ Springer

Odonata; HEM = Hemiptera; THY = Thysanoptera; COL = Coleoptera;
ORT = Orthoptera; HYM = Hymenoptera; SCOR = Scorpiones; DER =
Dermaptera. Points represent samples from each plot by studied cover
crop

diversity index. These results agree with previous studies done by
Zhang et al. (2018), Souza et al. (2018), Forbes et al. (2018), and
Siqueira et al. (2014), which reported that soil ecosystems with
constant organic amendments increase soil organic carbon which
directly influence soil organisms (i.e. Coleoptera,
Scolopendromorpha and Araneae). According to Phophi et al.
(2017), plant species with spreading (M. pruriens) or dense
(C. spectabilis) cover-like form lead to both high richness and
abundance of soil macroarthropods.

Plant biomass production and litter quality are important to
soil macroarthropods and these variables act as food resource
and refuge site, respectively (Silva et al. 2018; Souza et al.
2016; Vukicevich et al. 2016). Macroarthropods groups, es-
pecially orders with high abundance, were determinants in our
study to separate cover crop groups. Cluster-1 (B. decumbens
and C. ensiformis) characterized by low biomass production
and low plant N content, respectively, presented four similar
orders (i.e., Araneae, Coleoptera, Hymenoptera and
Orthoptera) and we did not find any differences for the fre-
quency of occurrence of these orders among the cover crops
from Cluster-1. However, C. spectabilis remained ungrouped,
because of their good production of plant residues (10.8 +
14T haﬁl) associated with high values of plant N, P, and K
content (data not shown), and presented eight different
macroarthropod orders with different ecosystem services.
Among the orders that we observed in our study, the most
frequent order was Hymenoptera (Formicidae family) for all
studied treatments. These results agree with Forbes et al.
(2018) who reported Hymenoptera as the largest order of soil
macroarthropods and suggest a model with data from real hot
systems where Hymenoptera may have 2.5-3.2 times more
species than Coleoptera. Wink et al. (2005) also found
Formicidae as a dominant group studying different
ecosystems and habitats, and Luz et al. (2013) reported higher
abundance of ants in habitats with high litter deposition than



Biologia (2019) 74:1653-1660

1659

in disturbed habitats. Although our experiment was not de-
signed to directly test whether macroarthropod diversity affect
plant biomass production through changes in ecosystem ser-
vices that in turns affect soil chemical and physical properties,
the results of the PCA analyses shown that the plant dry
biomass could be affected by the abundance of
Hymenoptera, Coleoptera and Orthoptera. Our results agree
with the works done by Souza et al. (2015) and Luz et al.
(2013) that reported Hymenoptera (Formicidae) and
Coleoptera (Scarabaeidae) associated with both high produc-
tion of biomass and soil organic carbon in preserved areas .

Conclusions

Over the long-term experiment, the use of plant species from
Fabaceae family (e.g., C. spectabilis, and M. pruriens) as green
manuring showed high macroarthropod richness, Shannon’s di-
versity index, and Simpson’s dominance index on a Regosol in
field conditions. Our findings suggest that plant species with
high biomass production, high quality of their residues, high root
activity and fast growth had positive effects on macroarthropod
community composition. The results of our study highlight the
importance of considering the long-term effect of cover crops
utilization as green manuring, based on a sustainable way to
improve soil quality and soil biodiversity. Thus, the long-term
utilization of plant species from Fabaceae family may exploit a
positive feedback among plant, soil and soil biota.
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