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Agricultural intensification; insecticide; In this study, we compared the richness of ground-dwelling ants among three different sugar-
Formicidae; sustainable management; soil cane management systems (with the application of the insecticide fipronil and the addition of
management vinasse; with fipronil and no vinasse; and with vinasse and no fipronil, i.e., an organic produc-
Author for correspondence: tion system) to evaluate whether the feeding/foraging types vary according to the management
Maria Santina de Castro Morini, system. We tested the hypothesis that organic management increases species diversity because
Email: mscmorini@gmail.com there is no use of chemical inputs. Estimated species richness was significantly higher in the

organic management system than in the systems that used fipronil with vinasse. Generalists
species were prevalent in all sugarcane fields, regardless of the production system, whereas
predatory and fungivorous species were infrequent. However, the organically managed field
had many predatory species. Our results suggest that fipronil with vinasse in sugarcane culti-
vation alters the ant community, possibly disrupting the functions performed by the edaphic
fauna, such as control of arthropod crop pests, due to reduced predator species richness.

Introduction

Sugarcane is cultivated in more than 70 countries and territories, and products such as sugar and
ethanol are an important component of the economy of many countries, including Brazil
(Nocelli et al. 2017). Several soil management techniques are used in sugarcane cultivation
to increase the productivity of the agricultural system (Bordonal et al. 2018). However, these
approaches may negatively affect the soil fauna (Siqueira et al. 2016).

Ants are important components of the edaphic fauna, and one of the few organisms iden-
tified as soil builders (Folgarait 1998, Sanders & Van Veen 2011). In general, ants act as eco-
system engineers and provide regulatory services, such as pest control. In addition, ants
influence the functioning of the soil they inhabit and may be used as indicators of soil quality
(Lavelle et al. 2006, Del Toro et al. 2012, Sanabria et al. 2014), because the richness and com-
position of their communities are influenced by changes in land use (Dalle Laste et al. 2018).

Plantations that do not use chemical inputs, such as insecticides (i.e., fipronil, a broad-spec-
trum insecticide against insects) and herbicides (i.e., atrazine), are considered more sustainable
(Azadi et al. 2011). This management approach promotes biodiversity, nutrient cycling, and
biochemical activities (Kshirsagar 2006) and supports natural enemies (Landis et al. 2000,
Santos et al. 2017), such as ants, which are an important group of insects for pest control
(Wielgoss et al. 2014, Offenberg 2015).

Despite its use of advanced technology, the production chain of the sugarcane-ethanol
industry generates large quantities of waste, including vinasse, a liquid byproduct of ethanol
fermentation. Each litre of alcohol produced generates approximately 15 litres of vinasse
(Carrilho et al. 2016). Vinasse has a high organic matter content (Christofoletti et al. 2016)
and is typically applied to the soil through fertirrigation of sugarcane crops. However, although
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In addition to vinasse, agricultural pesticides are frequently used in sugarcane crops (Morini
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mulch ants (Silva ef al. 2017), which may be related to the addition
of fipronil during planting or ratooning of this crop. Thus, we stud-
ied ground-dwelling ant assemblages in three different sugarcane
management systems: with both fipronil and vinasse; with fipronil
and no vinasse; and with vinasse and no fipronil (i.e., an organic
management system). Specifically, we investigated whether the
richness and composition of ground-dwelling ant fauna and the
feeding/foraging types in the assemblages were influenced by
the management system. Since no chemical inputs were used in
the organic management system, which is beneficial for ant
community diversity, we expected a different species composition
and higher species richness with this system, including a greater
proportion of predator species.

Methods
Study area

We studied three sugarcane management systems, grouped
according to the approach adopted to control the initial infestation
of soil pests and to the use of vinasse as a fertilizer supplement. We
sampled two sites managed according to each system, as follows:
(i) application of both fipronil and vinasse (FV: 22.303500'S,
47.436778'W; 22.219361'S, 47.399500'W); (ii) application of fipro-
nil without vinasse (F: 22.309278'S, 47.386722'W; 22.252889'S,
47.701194'W); and (iii) application of vinasse without fipronil;
hereafter, organic management system certified for IBD certifica-
tions (OM: 21.185800'S, 48.245000"W; 21.181000'S, 48.242300'W).

In each sugarcane field, sampling was performed 4-5 months
after ratooning. Ratooning is a key agricultural practice to maintain
cane and sugar yields as the number of ratoon crops increases
(CNA/SENAR 2007), also increasing annual production (Fabris
et al. 2013).

At the initial phase of ratooning, fipronil was applied once in
furrows, which were parallel to planting rows, to control pests
in the soil. The insecticide was sprayed in the furrow using a disc
furrow opener with spraying nozzles. Herbicides for weed control
and synthetic fertilizers were also applied as part of routine agri-
cultural practice. In the sugarcane management systems with
fipronil (FV, F), herbicide or synthetic fertilizer was used at the ini-
tial phase of ratooning.

All study sites had the same environmental conditions: (i) dry
winter (June to September) and rainy summer (December to
March); (ii) same age of cultivation (approximately 30 years to
FV and F; and 10 years to OM - IBD - Certification
Biodynamic Institute); (iii) straw mulch covering the soil with sug-
arcane harvested without burning for about 10 years; and (iv) same
source of vinasse. Since vinasse composition varies depending on
how the sugarcane is processed (Cabello et al. 2009), we standard-
ized the systems based on the origin of the vinasse.

Ant sampling and feeding/foraging types

At the centre of each site, 15 pitfall traps, which consisted of plastic
cups (diameter = 20 cm) with 100 mL of solution (98 mL of water
mixed with 2 mL of detergent), were placed along a 150-metre lin-
ear transect. Transects were parallel to cultivation rows, and traps
were 10 m apart. In total, 90 pitfalls (6 sites X 15 traps) were
installed. In each site, the traps were deployed for 48 h and col-
lected during the most active period for the ant fauna (in the
summer).
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Ants were first divided into subfamilies and genera following
Baccaro et al. (2015) and then sorted into species and morphospe-
cies according to Suguituru et al. (2015). Species were classified
according to their resource exploitation habits (diet).
We classified each species as a predator, omnivore, or fungivore
(Holldobler & Wilson 1990, Tobin 1994, Brown 2000). The clas-
sification of feeding/foraging types followed Brandio et al.
(2012). Vouchers were deposited at University of Mogi das
Cruzes, in Mogi das Cruzes, Sao Paulo, and at Sdo Paulo State
University, in Jaboticabal, Sao Paulo.

Data analysis

Species richness

All analyses took into consideration species incidence frequencies,
and not the number of individuals captured (Gotelli & Colwell
2001). Thus, the maximum incidence frequency a species could
reach was 90 occurrences (if the species was collected in all sites
and all traps), 15 by site. We compared species richness among
sugarcane crops based on the expected number of species in each
system using rarefaction sampling based on sample sizes. We used
the R package iNEXT (Hsieh et al. 2016, R Core Team 2020) to
compute species richness estimates with 84% confidence intervals
(CIs - upper and lower bounds) (MacGregor-Fors & Payton 2013).
We used the confidence intervals to determine whether ant
assemblages differed among the three systems with regard to spe-
cies richness; two groups were considered different if their 84% Cls
did not overlap.

Species composition

To summarize the structure of the ant assemblage, we ordered the
samples using Nonmetric Multidimensional Scaling (NMDS)
(metaMDS function in R package vegan), based on the Bray-
Curtis dissimilarity index (with incidence of each species). We also
tested for differences in ant species composition among systems
(factor with three levels) using Permutational Multivariate
Analysis of Variance (PERMANOVA). We ran 999 random per-
mutations using the ‘adonis’ function of the R vegan package.
Multiple pairwise comparison using adonis from the vegan pack-
age was performed using the ‘pairwise.adonis’ function (Martinez
Arbizu 2020, R Core Team 2020). Since this test is sensitive to data
dispersion, we also performed a multivariate homogeneity analysis
using the ‘betadisper’ function of the vegan package to assess
whether the systems differed in dispersion; significance was deter-
mined by 999 permutations.

Results
Species richness and feeding/foraging types

In total, five subfamilies, 21 genera, and 43 species or morphospecies
of ants were recorded (Table 1). The most frequent species across all
systems were Dorymyrmex brunneus Forel, 1908 (18.6%),
Brachymyrmex admotus Mayr, 1887 (10.4%), and Pheidole oxyops
Forel, 1908 (10.1%) (Table 1). The organic management system
was richer in unique species (15 species), while the fipronil plus
vinasse system was the poorest (2 species) (Table 1). The organic
management system had significantly higher species richness than
the systems with fipronil and vinasse, but did not differ from the sys-
tem that used fipronil without vinasse (Figure 1).

Across all management systems, generalists were dominant
(61.3%), followed by predators (20.4%), fungus growers (9%),
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Table 1. Frequency of occurrence (%) and guilds (according to Brand&o et al. 2012) of ants in sugarcane crops under different production systems

Crop production system

Subfamily Species Fipronil with vinasse  Fipronil without vinasse ~ Organic management  Guild
Dolichoderinae  Dorymyrmex brunneus Forel, 1908 23.81 28.57 11.24 Generalist
Linepithema neotropicum Wild, 2007 5.95 - 4.49 Generalist
Ectatomminae Ectatomma edentatum Roger, 1863 - - 1.69 Predator
Gnamptogenys sulcata (Smith, 1858) - - 5.06 Predator
Formicinae Brachymyrmex admotus Mayr, 1887 11.90 16.48 6.74 Generalist
Brachymyrmex heeri Forel, 1874 - - 1.69 Generalist
Camponotus crassus Mayr, 1862 - - 2.25 Generalist
Camponotus novogranadensis Mayr, 1870 - - 5.06 Generalist
Camponotus nr. senex - - 112 Generalist
Camponotus rufipes (Fabricius, 1775) - - 6.74 Generalist
Camponotus sp.11 - - 7.30 Generalist
Nylanderia sp.1 17.86 - 3.93 Generalist
Atta sexdens (Linnaeus, 1758) 1.19 1.10 - Fungus Grower
Myrmicinae Crematogaster nr. sp.7 - - 0.56 Omnivore
Crematogaster sp.7 = = 7.30 Omnivore
Crematogaster sp.1 - 1.10 - Omnivore
Cyphomyrmex transversus Emery, 1894 3.57 3.30 - Fungus Grower
Monomorium pharaonis (Linnaeus 1758) - - 0.56 Generalist
Mycocepurus goeldii (Forel, 1893) 2.38 - 6.18 Fungus Grower
Paratrachymyrmex sp.2 - - 0.56 Fungus Grower
Pheidole oxyops Forel, 1908 8.33 15.38 8.43 Generalist
Pheidole radoszkowskii Mayr, 1884 - 9.89 6.74 Generalist
Pheidole sospes Forel, 1908 - 1.10 0.56 Generalist
Pheidole subarmata Mayr, 1884 = 1.10 = Generalist
Pheidole sp.21 - 1.10 4.49 Generalist
Pheidole sp.24 - 1.10 - Generalist
Pheidole sp.26 - 1.10 - Generalist
Pheidole sp.36 2.38 - - Generalist
Pheidole sp.39 - 3.30 0.56 Generalist
Pheidole sp.40 - 1.10 - Generalist
Pheidole sp.42 16.67 4.40 - Generalist
Pheidole sp.43 2.38 - - Generalist
Pheidole sp.44 - - 0.56 Generalist
Solenopsis saevissima (Smith 1855) - 1.10 - Generalist
Solenopsis sp.2 - 5.49 - Generalist
Strumigenys eggersi Emery, 1890 - 1.10 - Predator
Wasmannia auropunctata (Roger 1863) - 1.10 - Generalist
Ponerinae Anochetus neglectus Emery, 1894 1.19 - 2.25 Predator
Hypoponera sp.4 1.19 1.10 = Predator
Odontomachus bauri Emery, 1892 - - 1.12 Predator
Odontomachus meinerti Forel, 1905 - - 0.56 Predator
Pachycondyla harpax (Fabricius, 1804) - - 2.25 Predator
Pachycondyla striata Smith, 1858 1.19 - - Predator
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Table 2. Summary of PERMANOVA analysis of differences in ant assemblage
structure among different sugarcane systems. The PERMANOVA was based on
a Bray-Curtis similarity matrix of presence-absence data and 999 permutations

Sum of Mean Pseudo-
df squares square F R? P-value
Sugarcane 2 4.2601 2.130 11.806 0.257 0.001
system
Residuals 68 12.268 0.181 0.742
Total 70 16.528 1.000

Table 3. Results of post-hoc pairwise comparisons of ant assemblage structure
(PERMANOVA) for each pair of distances between each of the three sugarcane
systems. FV: application of both fipronil and vinasse; F: application of fipronil
without vinasse; OM: organically managed field

Adjusted
Comparison df Sum of squares Model F R? P-value
OM - FV 1 2.354 12.318 0.240 0.003
OM - F 1 2.910 18.704 0.298 0.003
FV-F 1 1311 6.785 0.113 0.003
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Figure 1. Interpolated species richness in sugarcane crops under different produc-
tion systems, based on 30 pitfall traps in each system (15 traps/transect), and 84%
confidence intervals. (FV: application of both fipronil and vinasse; F: application of
fipronil without vinasse; OM: organically managed field).

and omnivore (6.8%) species. The richness of generalist species of
ants was higher in the sugarcane system with organic production
and in the system managed with fipronil and without vinasse.
Predatory species richness was higher in the organic management
system (Table 1). We recorded the generalist predators Anochetus
neglectus Emery, 1894; Gnamptogenys sulcata (Smith, 1858);
Odontomachus bauri Emery, 1892; O. meinerti Forel, 1905; and
Pachycondyla harpax (Fabricius, 1804) exclusively in the organic
management system. Pachycondyla striata (Smith 1858) was the
only species unique to the system with fipronil and vinasse
(Table 1).
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Figure 2. Nonmetric multidimensional scaling (NMDS) plot of ant assemblages in
sugarcane crops under different production systems based on pairwise Bray-Curtis
distances between pitfall samples. NMDS Stress = 0.13.

Species composition

The PERMANOVA analysis indicated that system type explained
26% of the variation in ant assemblage composition (Pseudo-
F, 65 =11.60, P =0.001) (Table 2). We did not find different levels
of dispersion based on sugarcane management system (betadisper,
F, 68 =2.501, P =0.075). Analyses using post-hoc pairwise tests
revealed significant differences in all pairwise comparisons
(Table 3). Our results in relation to the NMDS ordination suggest
that the composition of species in the sugarcane production sys-
tems without vinasse (F) is not the same when compared with
the other systems (Figure 2).

Discussion

Our study analyzed the richness and composition of ground-dwell-
ing ant fauna in different sugarcane production systems (with the
insecticide fipronil with or without vinasse or organic production).
Comparisons among sugarcane systems suggest that organically
managed fields have a different species composition and signifi-
cantly higher ant species richness than the system with vinasse
and fipronil. The two systems managed with fipronil shared
50% of ant species, with assemblages consisting mostly of omnivo-
rous, surface-feeding species. In addition to the absence of chemi-
cal inputs, organically managed systems also have more organic
matter, which has beneficial chemical and physical effects on soil
structure (Magdoff & Weil 2004) and soil communities (Bavec &
Bavec 2015). In our study, the application of fipronil and vinasse in
sugarcane fields was not beneficial for ground-dwelling ants, as
previously observed by Saad et al. (2017) and Silva et al. (2017),
although our low replication prevents generalizations. Our results
suggest that, in addition to harming predatory ants (i.e., Ectatomma
edentatum Roger, 1863; G. sulcata, O. bauri, O. meinerti, and
P. harpax), fipronil also affected Camponotus assemblages, since
no species of this genus was recorded in the systems where the
insecticide was applied. Camponotus spp. provide significant
ecosystem services, such as predation (Morais et al. 2006) and
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pollination (Del-Claro et al. 2019). On the other side, our results
also suggest that fipronil application did favour other generalist
species, such as B. admotus and D. brunneus.

Dorymyrmex brunneus has been recorded in sugarcane cultures
before (Rossi & Fowler 2004, Souza et al. 2010a, 2010b), including
organically managed fields (Santos et al. 2017). Since this ant spe-
cies feeds on eggs and larvae of the sugarcane borer, Diatraea sac-
charalis (Fabricius, 1794) (Lepidoptera: Crambidae) (Oliveira et al.
2012), its presence is important for natural pest control. Although
fipronil favours D. brunneus populations and has broad-spectrum
activity against numerous insect pests (Fent 2014), this insecticide
also reduces the diversity of non-target invertebrates (Pisa et al.
2015), which may be a food source for predatory ants. Thus, we
suggest that, although insecticides are not completely selective
against ant assemblages in general, their application to the soil
can affect species that are important for biological control
(i.e., predatory ants) and should be used with caution in pest man-
agement programs.

Vinasse application can increase crop yield and improve soil
structure compared to production systems without vinasse
(Schultz et al. 2010), but this may have a negative effect on P. oxy-
ops, a predatory ant (Gomes et al. 2019). Therefore, studies
addressing best practices for sustainable management of sugarcane
systems are necessary to preserve ant species.

Conclusion

Our results suggest that, when the goal is to maintain ant diversity
in the agricultural system, sugarcane crops managed with vinasse
without fipronil are the best approach. The results of previous
studies (i.e., Saad et al. 2017, Silva et al. 2017) that showed negative
effects of vinasse on ant diversity in sugarcane plantations might be
better explained by the use of fipronil. In addition, since decreasing
the use of agrochemicals is one of the main challenges in agricul-
ture, this practice can help maintain the sustainability of the crop.
Our data suggest that the search for a more sustainable manage-
ment of sugarcane crops needs to be a priority for Brazilian envi-
ronmental public policy programs aimed at the preservation of
edaphic fauna (i.e., ants); especially because in Brazil, there is only
a small planted area (40 thousand hectares) with organically man-
aged sugarcane when compared with the area of non-organic pro-
duction (8.5 million hectares). Thus, despite the low replication of
our study, our main results contribute to determining the relation-
ship between production systems and invertebrate soil fauna in
sugarcane fields.
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