
Vol.:(0123456789)1 3

Chemoecology (2020) 30:205–214 
https://doi.org/10.1007/s00049-020-00310-8

ORIGINAL ARTICLE

Attraction of the sugarcane billbug, Sphenophorus levis, to vinasse 
and its volatile composition

Lizandra F. Martins1  · Mateus Tonelli2 · José Mauricio S. Bento2 · César J. Bueno1 · Luís Garrigós Leite1

Received: 17 July 2019 / Accepted: 9 May 2020 / Published online: 20 May 2020 
© Springer Nature Switzerland AG 2020

Abstract
The expansion of sugarcane plantations in Brazil and the discarding of vinasse into the sugarcane field have been speculated 
to contribute to the growing population of the billbug Sphenophorus levis. This beetle attacks the root system and forms 
galleries in rhizomes, causing damage or even the death of host plants. It has been suspected that vinasse, a residue from 
ethanol production, can release volatiles that are attractive to the insect; however, no study has addressed this hypothesis 
so far. The aim of this study was to investigate the attractiveness of vinasse to S. levis adults and identify the volatile com-
pounds released by this substance using gas chromatography–mass spectrometry (GC–MS). We found that vinasse was 
more attractive to S. levis than sugarcane stems, molasses and wastewater under laboratory conditions, but not than cane 
stems at field conditions. Our GC–MS analysis revealed the presence of primary alcohols, terpenes and organic carboxylic 
acids in vinasse. When a mixture of the commercial synthetic compounds identified in the chemical analysis was tested in 
the laboratory, a strong attraction of the insects to the mixture was observed. Our results help to explain how vinasse can 
contribute to the infestations of S. levis in sugarcane fields and shed new light on the development of strategies to control 
this pest using chemical attractants.
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Introduction

Brazil is the world’s largest producer of sugarcane, with an 
estimated annual production of 625.96 million tons and a 
harvested area of 8.61 million hectares (CONAB 2018). The 
sector has a very high level of technological investments 
in the production and processing of sugarcane due to the 
national and international demand for sugar and ethanol.

As a fuel alternative that has little impact on the environ-
ment, ethanol has been gaining popularity, and its produc-
tion has been increasing yearly. During sugarcane process-
ing, known as fractional distillation of the sugarcane juice, 
a liquid substance known as vinasse is produced; it is dark 

brown in appearance, has a strong and characteristic odour 
and is rich in nutrients and organic matter. Each litre of etha-
nol produced generates 13 L of vinasse (Paulino et al. 2011). 
Due to its richness in nutrients, vinasse is used in the fertiga-
tion of sugarcane, minimizing the consumption of water and 
synthetic fertilizers (Robles-González et al. 2012). The fer-
mentation of vinasse with soil organic matter has promoted 
improvements in the soil microbiome (Wei et al. 2014).

With the expansion of sugarcane crops to new areas, 
an increase in some insect populations has also been 
observed. An example is the sugarcane billbug Spheno-
phorus levis (Coleoptera: Curculionidae). During the 
larval stage, this beetle can compromise the entire devel-
opment of the plant by constructing channels in the rhi-
zome, causing losses of up to 25 t  ha−1 year−1 (Precetti and 
Arrigoni 1990). Among the main reasons for the spread 
and establishment of this species in sugarcane is the trans-
port and use of seedlings infested with the pest. It is also 
noted that in areas where vinasse is applied, there is an 
increase in the S. levis population (Precetti and Arrigoni 
1990). The reasons are not clear, but it is likely that the 
increase in soil moisture due to vinasse applications plays 
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an important role in the survival of the insect and its popu-
lations (Dinardo-Miranda 2018). Another hypothesis to 
explain this fact is that fermentation of vinasse can release 
volatile compounds that attract the insect, since a previous 
study identified the attractiveness of volatiles from vinasse 
to a different group of insect, the stable flies Stomoxys 
calcitrans (Diptera: Muscidae) (Jelvez Serra et al. 2017).

To date, no study has identified volatiles produced by 
vinasse and assessed the volatiles with respect to their 
ability to attract S. levis. Some studies have sought to 
develop sexual pheromones (Zarbin et al. 2004, 2009; 
Wadt 2016) for trap baiting, but there are still no con-
clusive results regarding the potential for use. The only 
olfactory cue known as an attractant to adults of S. levis is 
issued in baits prepared with sugarcane stems cut longitu-
dinally in half and placed with the cut faces on the ground 
between rows. These bait traps are recommended to be 
30 cm in length for monitoring of this insect (Almeida 
et al. 2008). However, no studies have been carried out 
to determine which length of the stem has the best cost/
efficiency for insect attraction and which vinasse volume 
could be equivalent to that selected stem length.

In the present study, we investigated, under laboratory 
and field conditions, the olfactory response of S. levis 
adults to vinasse, cane stem, molasses and wastewater, 
as well as baits prepared with cane stems at different 
lengths. We also identified the volatile compounds emit-
ted by vinasse by means of gas chromatography coupled to 
mass spectrometry (GC–MS) and tested the attraction of 
S. levis to synthetic analytical standards of the identified 
compounds. Our results may help to explain the higher 
populations of the sugarcane billbug in sugarcane areas 
that receive vinasse application. In addition, since the 
control of this species has been carried out with chemi-
cal insecticides, but with unsatisfactory results, the data 
presented here offer new insight for the development of 
strategies for monitoring and controlling insects based on 
chemical attractants.

Materials and methods

Insects

Adults of S. levis were collected weekly in sugarcane fields 
in São João da Boa Vista—SP-Brazil (21°55′33.84″ S, 
46°55′26.49″ O). Bait traps of cane stems 30 cm in length, 
cut longitudinally, were distributed in the sugarcane field to 
collect the insects. Each bait trap consisted of two halves 
of the stem, placed at the base of the row with the cut side 
facing the ground, and covered with straw. The insects were 
collected every 3–7 days and taken to the Biological Con-
trol Laboratory at the “Advanced Research Center for Plant 
Protection and Animal Health—CAPPPSA”, Biological 
Institute, Campinas—SP, where they were kept in trays at 
25 °C and fed cane stems that were changed every 7 days. 
The insects were separated by gender according to the taxo-
nomic characteristics of males and females (Vaurie 1978; 
Zorzenon et al. 2000).

Olfactometric assays with vinasse

To investigate the olfactory response of S. levis adults to 
vinasse, two studies were carried out: olfactory response 
analysis with vinasse, sugarcane stem, molasses or waste-
water, and olfactory response analysis with vinasse at dif-
ferent volumes and different lengths of sugarcane stems. A 
two-way olfactometer made of polyvinyl chloride (95 cm 
long × 3 cm diameter) was used for this purpose (Filguei-
ras et al. 2016) (Fig. 1). At each end of the olfactometer, a 
pipe elbow was inserted to receive the treatments. To pre-
vent the insects from reaching the treatments, a voile fabric 
was extended and fixed between the olfactometer set and 
each elbow. The first study aimed to assess the attraction 
of S. levis adults to sugarcane vinasse in the laboratory by 
comparing vinasse with cane stem, cane molasses, sugar 
industry wastewater, and distilled water (control). The fol-
lowing combinations of treatments were tested: (1) vinasse 
vs sugarcane stem; (2) vinasse vs molasses; (3) vinasse vs 

Fig. 1  Two-way olfactometers 
for olfactory response analysis 
with vinasse (2 mL), sugar-
cane stem (5 cm), molasses 
(40 g) and wastewater (2 mL) 
(a) and with different volumes 
of vinasse (6, 12, 25, 50 and 
100 mL) and different lengths 
of sugarcane stems (10, 15, 20, 
25 and 30 cm) (b)
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distilled water; (4) vinasse vs wastewater; and (5) distilled 
water vs distilled water.

For the comparisons, the treatments were placed at the 
ends of the olfactometers by the openings of the “elbow” 
that were kept open. For the vinasse, wastewater and dis-
tilled water treatments, 2 mL of each product was applied 
with the aid of a pipette on a dental cotton wad 4 cm in 
length. For the molasses treatment, 40 g of the product was 
applied to the cotton. A stem was removed from the base of a 
sugarcane plant (variety CV6654) and cut longitudinally into 
two equal parts, and a 5 cm slice was used for each replicate. 
The 5 cm slice could generate a higher volume of vinasse 
compared to the 2 mL used on the cotton, but was chosen 
based on a previous test showing its lower ability to attract 
the insects compared to the 2 mL vinasse.

Olfactory responses were assessed separately for male 
and female adult insects, establishing 20 replicates for each 
gender. The insects were individually released in the center 
of the olfactometer. Pieces of aluminium foil were placed 
over the openings to prevent light ingress and, thus, avoid 
external interferences during bioassays.

After releasing an insect at the center of the olfactom-
eter, it was considered a choice when the insect moved a 
distance that exceeded half of that of one side of the device 
(arm) within 25 min. Each insect and each source of odour 
was used only once and then discarded. In addition, after 
each replication, the olfactometer and the voile fabric were 
sanitized with running water plus neutral detergent, cleaned 
with alcohol and left to dry in natural conditions. The posi-
tion of the olfactometer was inverted after each replicate 
to prevent external interference with the system. The tests 
were conducted under controlled conditions (25 °C ± 1 °C, 
in the dark).

A second study aimed to compare vinasse at different 
volumes with sugarcane stems at different lengths to deter-
mine which length of the stem and which volume of vinasse 
would have similar attraction to the insect in the laboratory 
condition. The following combinations were tested: (1) 2 mL 
vinasse vs a 10 cm stem; (2) 2 mL vinasse vs a 15 cm stem; 
(3) 2 mL vinasse vs a 20 cm stem; (4) 2 mL vinasse vs a 
25 cm stem; (5) 2 mL vinasse vs a 30 cm stem; (6) 6 mL 
vinasse vs a 30 cm stem; (7) 12 mL vinasse vs a 30 cm stem; 
(8) 25 mL vinasse vs a 30 cm stem; (9) 50 mL vinasse vs 
a 30 cm stem; (10) 100 mL vinasse vs a 30 cm stem; (11) 
100 mL distilled water vs a 30 cm stem; and (12) 100 mL 
vinasse vs 100 mL distilled water. The olfactory responses 
were, again, assessed separately for male and female adult 
insects, with 20 replicates each gender.

The same two-way olfactometers mentioned before were 
used also for the experiment cited above, but with some 
modifications to suit the treatments (Fig. 1). At each end, 
instead of an elbow, one “tube” of 40 cm long was attached 
to the “pipe fitting” to receive the treatments. To prevent 

the insects from reaching the treatments, a voile fabric was 
extended and fixed between the olfactometer set and each 
40 cm tube. With the aid of pipettes, the 2 mL volume of 
vinasse was applied on a dental cotton wad 4 cm in length, 
the volume of 6 mL on a wad of 6 cm, the volume of 12 mL 
on a wad of 12 cm, and the volumes of 50 mL and 100 mL 
on a wad of 30 cm, the last of which was at the same length 
as the cane stem recommended for use in the field. Cane 
stems were tested at lengths of 10, 15, 20, 25 and 30 cm, 
for which the stems were removed from the base of a cane 
plant, cut at different lengths and divided longitudinally in 
the middle, with only one slice used in each bioassay.

The treatments were placed on the ends of the olfac-
tometers inside the extra tubes, keeping the ends opened. 
The subsequent methodology was the same as previously 
described in the experiment “Bioassays of olfactory response 
to vinasse, sugarcane stem, molasses and wastewater”.

Field experiments

A field study was carried out to evaluate cane stem, vinasse 
and combinations of cane stems and vinasse in their ability 
to attract adults of S. levis. An experiment was carried out 
in an field of sugarcane (variety CTC09) with plants that 
were approximately 3 m high and infested with sugarcane 
billbugs. This field was the only one avialable with a large 
infestation of S. levis adults, the reason why we used here 
a different variety of sugarcen from that tested in the lab 
experiments.

Four treatments were evaluated: (1) stem; (2) 
stem + vinasse; (3) distilled water; and (4) vinasse. The 
experiment was designed by randomized blocks, with four 
different treatments withing a block, and with a total of 24 
blocks (replications). Treatments (baits) were spaced 6 m 
apart from each other in the blocks, and blocks were spaced 
6 m or six cane rows apart from each other.

The treatment with the stem (1) consisted of the cane 
stem (variety RB867515) recommended for insect monitor-
ing at a length of 30 cm, cut longitudinally in the middle and 
placed next to the cane row with the two cut sides facing the 
ground, covered with straw (Dinardo-Miranda 2014). Up to 
date, no variety is known as resistant and less attractive to 
S. levis, which explains again the use of one more different 
variety compared to the one used for the lab experiments.

Treatment (2) stem + vinasse consisted of the stem 
described in the previous treatment, on a 1000 mL plastic 
pot (15 × 9  cm2) buried with its opening at the ground level, 
containing 100 mL of vinasse and covered with a screen 
(2 × 2  mm2 mesh). The volume of 100 mL of vinasse was 
chosen because it is approximately the volume of vinasse 
generated by a stem of 30 cm, considering that the volume 
of vinasse generated by 1 ton of cane is 980 L. The stem was 
placed with the two cut sides down over the screen-covered 
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pot buried next to a row of sugarcane and later covered with 
straw. Treatment (3), with just vinasse, consisted of the pot 
buried next to the plant row, containing only vinasse at a 
volume of 100 mL, covered with straw to avoid drying the 
liquid. Treatment (4), of distilled water only, consisted of 
a pot buried next to the plant row containing 100 mL of 
distilled water and covered with straw to prevent the drying 
of the liquid.

The experiment was evaluated 3 days after its establish-
ment. Adult insects found in the bait traps were collected and 
taken to the laboratory for quantification.

Headspace collection, analysis and olfactometric 
assays with the volatile compounds

This study aimed to determine the volatiles of vinasse and 
to evaluate the olfactory responses of S. levis adults to these 
compounds. For volatile collection, 2 mL of vinasse was 
applied to a cotton roll that was inserted into a cylindrical 
glass chamber (25 cm long × 6 cm i.d.) and exposed to an 
air flow of 0.6 L/min for 2 h. Volatiles in the headspace 
were trapped on 30 mg of Super  Q® (Supelco, Bellefonte, 
PA, USA) in a glass pipette (8.5 cm long × 0.5 cm i.d.) with 
the adsorbent held in place with glass wool plugs, and, after 
aeration, the polymer was eluted with 500 µL of dichlo-
romethane (Supelco, Bellefonte, PA, USA). The final solu-
tion was concentrated to 200 µL. Four replicates, consisting 
each by one cylindrical glass chamber, were performed for 
volatiles collection (N = 4).

Qualitative analysis of the vinasse compounds was ini-
tially performed by gas chromatography-flame ionization 
detection (GC-FID, Shimadzu GC-2010, Kyoto, Japan) 
using an HP-1 capillary column (Agilent Scientific, Santa 
Clara, CA,USA; 30 m × 0.25 mm × 0.25 μm) and helium 
as the carrier gas. Aliquots of 1 μL were injected, with an 
injector temperature of 240 °C. The column temperature 
was maintained at 60 °C for 1 min, increased at a rate of 
15 °C per minute until reaching 320 °C and maintained at 
that temperature for 10 min. Compound identification was 
done with gas chromatography-mass spectrometry (GC–MS, 
Varian 4000, Palo Alto, CA, USA), equipped with an HP5-
MS capillary column ( Agilent Scientific, Santa Clara, CA, 
USA; 30 m × 0.25 mm i.d. × 0.25 μm). Helium was used as 
the carrier gas and the column temperature programme was 
the same as that described for the GC-FID procedure above. 
Identification of the compounds present in vinasse was per-
formed by comparing the retention times and the acquired 
mass spectra with those available in the NIST 98 library 
(Mass Spectral Library).

Another study aimed to evaluate, under laboratory condi-
tions, the olfactory response of S. levis adults to commer-
cially obtained standards of the identified volatile chemi-
cal compounds of vinasse: propanoic acid  (Sigma®, purity 

99.5%), butyric acid  (Sigma®, purity 99%), 1-pentanol 
 (Sigma®, purity 99.5%), limonene  (Sigma®, purity 97%), 
caproic acid  (Sigma®, purity 99%), valeric acid  (Sigma®, 
purity 99%), isobutyl acetate (Sigma®, purity 98%) and 
cyclohexanemethanol  (Sigma®, purity 99%). A mixture was 
tested at three concentrations, and mineral oil was used as 
the solvent and alone as the control. The following combina-
tions were tested: (1) 1000 ppm mixture of the overall com-
pounds vs mineral oil; (2) 100 ppm mixture of the overall 
compounds vs mineral oil; (3) 10 ppm mixture of the overall 
compounds vs mineral oil; and (4) mineral oil vs mineral oil.

To obtain the three above-cited concentrations, the stand-
ards of the compounds identified in our analysis were diluted 
to 1000 ppm (1 μL of the pure product and 1 mL of solvent 
mineral oil), called the stock solution, to 100 ppm (100 μL 
stock solution and 900 μL solvent) and to 10 ppm (10 μL 
stock solution and 990 μL solvent).

Olfactory responses were evaluated separately for male 
and female adult insects, establishing 20 replications each. 
Two-way olfactometers (95 cm in length and 3 cm in diam-
eter) were used as described in the study "Bioassays of olfac-
tory response to vinasse, cane stem, molasses and wastewa-
ter". For each replication, 2 mL of each solution was applied 
to a cotton wad. The rest of the methodology was the same 
as for previous bioassays.

Statistical analysis

Data from the laboratory-conducted olfactometer bioassays 
were evaluated by a binomial test in R software, version 
3.0.2 (Vienna 2018). The data of the field experiments were 
submitted to analysis of variance (ANOVA), in which the 
raw data were transformed into Log x + 1 and compared by 
the Tukey test at the 5% level of significance. The data were 
processed in SPSS (Statistical Package for Social Sciences) 
software version 15.0.

Results

Attraction of S. levis to vinasse under laboratory 
conditions

In the comparisons of vinasse with the stem, molasses, 
wastewater and distilled water (negative control), the adults 
of S. levis were significantly more attracted to vinasse than 
to the other treatments. Comparing vinasse with the stem, 
90% of the males and 75% of the females responded to 
vinasse. Vinasse was also more attractive than molasses and 
wastewater, attracting 90% and 85% for both sexes, respec-
tively (Fig. 2).

Comparing vinasse at different volumes, stems at differ-
ent lengths and the control (water), male and female adults 



209Attraction of the sugarcane billbug, Sphenophorus levis, to vinasse and its volatile…

1 3

were significantly more attracted to vinasse at a volume 
of 100 mL and to stems at a length of 30 cm than to water 
(control). For males, adults were significantly also more 
attracted to vinasse at a volume of 2 mL than to stems at 
lengths of 10 and 15 cm (Fig. 3). For females, adults were 
also significantly more attracted to vinasse at a volume of 
2 mL than to stems at lengths of 10, 15 and 20 cm (Fig. 3).

For vinasse at a volume of 2 mL compared to stems 
at different lengths, there was a gradual increase in the 
attraction to the stem as its length increased, with stems 
measuring 20–30 cm long for male and 25 and 30 cm for 
female showing similar attractiveness compared to that of 
vinasse. Vinasse at volumes of 6, 12, 25, 50 and 100 mL 
showed similar attractiveness to stem at a length of 30 cm 
(Fig. 3).

Field experiment

Vinasse was more attractive than the control (water), but it 
was less attractive than the combination of stem + vinasse 
and the stem alone (F3,47 = 104.251; P < 0.001) (Fig. 4).

Volatile collection and analysis

Using a headspace volatile collection system and GC–MS, 
we identified organic carboxylic acids, primary alcohols, 
an ester and a terpene as the volatiles released by vinasse. 
The organic carboxylic acids detected were propanoic acid, 
butyric acid, valeric acid and caproic acid. The primary alco-
hols detected were 1-pentanol and cyclohexanemethanol, as 

Fig. 2  Response of adult male 
(a) and female (b) Spheno-
phorus levis in a two-way 
olfactometric analysis to odours 
produced in the following 
comparisons: 2 mL vinasse vs 
2 mL distilled water (control); 
2 mL vinasse vs 40 g molasses; 
2 mL vinasse vs 5 cm stem; 
2 mL vinasse vs 2 mL waste-
water; and 2 mL distilled water 
(control) vs 2 mL distilled water 
(control). The bars represent the 
initial response of the insects 
(when the insect reached one of 
the arms/edges of the olfac-
tometer in 25 min). Asterisks 
indicate significant differences 
between treatments according to 
the binomial test (*p < 0.05 and 
**p < 0.01) N = 20
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Fig. 3  Response of adult male 
(a) and female (b) Sphenopho-
rus levis in a two-way olfactom-
eter to odours produced in the 
following comparisons: 100 mL 
vinasse vs 100 mL water 
(control); 100 mL distilled 
water (control) vs s 30 cm stem; 
different volumes of vinasse 
compared to 30 cm stem; and 
2 mL vinasse compared to dif-
ferent lengths of stems. The bars 
represent the initial response 
of the insects (when the insect 
reached one of the arms/edge 
of the olfactometer in 25 min). 
Asterisks indicate significant 
differences between treatments 
according to the binomial test 
(*P < 0.05 and **P < 0.01) 
N = 20

Fig. 4  Attraction of Spheno-
phorus levis adults to vinasse 
(100 mL), sugarcane stem 
(30 cm), stem (30 cm) + vinasse 
(100 mL) and distilled water 
(100 mL) (control) in field 
trials. Bars represent the 
mean ± SD. Different letters on 
the bars indicate differences 
between treatments (Tukey, 
P < 0.05) N = 24 blocks
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well as the ester isobutyl acetate and the terpene limonene 
(Fig. 5).

Bioassay using the chemical compounds

The compound mixture significantly attracted male insects 
when tested at concentrations of 1000 and 100 ppm, attract-
ing 80% and 75% of the insects released, respectively 
(Fig. 6). For females, the mixture significantly attracted 
insects only at the highest concentration of 1000 ppm, 
attracting 85% of the insects (Fig. 6).

Discussion

The two-way olfactometer was efficient for assessing the 
response of S. levis to the tested olfactory stimuli. The 
insect easily moved in the system and showed no tendency 
to choose a particular side based on some exogenous source 
of attractiveness, such as light or temperature. The responses 
were similar when we tested only the controls on both sides 
of the olfactometer (distilled water).

Vinasse was the most attractive substance for S. levis 
compared to water, wastewater and molasses according to 
the laboratory tests. This may help to explain why the larg-
est infestations of this insect were in sugarcane areas treated 
with this substance, as previously observed and proposed 
(Dinardo-Miranda 2018). Recent studies have shown that 
vinasse is also an attractant for other insects, such as the 
stable fly Stomoxys calcitrans (Jelvez Serra et al. 2017) and 
other important pests of sugarcane.

According to Tinzaara et al. (2002), the olfactory attrac-
tion of insects to plant substrates (hosts) depends on the 
insect species, but some similarity in the responses may 

occur for different species depending on the presence of 
odours, degree of fermentation and eating habits of the 
insects. In a field experiment, adults of Metamasius hemip-
terus showed a higher preference for substrates of fermented 
pineapple and sugarcane than for their unfermented counter-
parts. In the present study, the greater attraction of S. levis 
adults to vinasse may be due to the higher degree of fer-
mentation and, consequently, the greater concentration of 
volatile compounds in vinasse.

Vinasse was a better attractant for S. levis than wastewa-
ter, possibly because the sugarcane wastewater was used to 
wash sugarcane before milling, presenting less fermenta-
tion than vinasse. Likewise, vinasse was a better attractant 
than molasses, a byproduct of sugar production that has 
been recommended for use in association with cane stems 
to increase the attraction of insects to the bait in the field. In 
studies under laboratory conditions, cane stems combined 
with molasses and fermented for 24 and 48 h attracted 90% 
and 85% of S. levis adults, respectively, whereas cane stems 
combined with water and fermented for 24, 48 and 72 h 
attracted less than 50% of the insects (Girón-Pérez et al. 
2009).

In general, the male and female adult insects showed the 
same trends in responses to the different natural compounds 
in all laboratory-conducted bioassays, suggesting little dif-
ference in their attraction to the compounds based on insect 
gender. In the tests with vinasse at a volume of 100 mL and 
stems at a length of 30 cm, compared with water, both insect 
genders were more attracted to vinasse and to the stem. Like-
wise, comparing the mixture of the chemical compounds 
with the mineral oil, both genders were significantly more 
attracted to a concentration of 1000 ppm, but only the males 
were more attracted to a concentration of 100 ppm than to 
water. This suggested a higher preference of males for the 

Fig. 5  Vinasse volatile com-
pounds detected by GC–MS 
analysis. Peaks indicate the 
intensity, in microvolts, of each 
identified compound
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mixture of the chemical compounds, but further studies 
should be carried out to confirm this assumption. Accord-
ing to Girón-Pérez et al. (2009), male and female adults of S. 
levis showed similar attraction to sugarcane stems associated 
or not with molasses and to pineapple obtained after differ-
ent fermentation periods. Jaffé et al. (1993) also found simi-
lar attractions of male and female adults of the palm weevil 
Rhynchophorus palmarum (Coleoptera: Curculionidae) to 
pineapple, banana and coconut palm.

The cane stem was less attractant than 2 mL of vinasse 
only at lengths shorter than 25 cm for females and 20 cm 
for males, suggesting a recommendation for using lengths 
greater than 25 cm for the collection, monitoring or control 
of these insects in the field. At a length of 30 cm, as rec-
ommended by Almeida et al. (2008), the stem was a better 
attractant for adults of S. levis than water. Increasing vinasse 
volumes up to 100 mL did not increase the attraction of S. 
levis compared to that of the stem 30 cm in length, probably 
due to saturation of the volatiles released by vinasse (mainly 
in larger volumes) distanced 40 cm from the insect release 
point, confusing the treatment choice of the insect.

In the field, unlike in the lab experiments, the cane stem 
proved to be more efficient for insect attraction compared to 
vinasse, probably due to the different methodologies used 
for the studies conducted under the lab and field conditions. 
In the lab, vinasse showed higher or similar attraction abil-
ity compared to that of the stems because both were still 
fresh in the olfactometer. In the field, vinasse smelled much 
weeker after 1 or 2 days of exposure to the natural envi-
ronment, while the stem remained whole for at least 1 or 
2 weeks. According to Lima et al. (2017), vinasse contain 
mainly alcohol (30.12%), which can be quickly volatized and 
drag other compounds. As for the 30 cm stem, Precetti and 
Terán (1983) proved it remains attractive to S. levis adults 
for more than 21 days after its set in the field, with peak of 
attractiveness in the 6th day. Moreover, adults that fell in the 
vinasse pots died, while those attracted to the stem remained 
alive, feeding on the stem, attracting even more adults by 
the release of pheromones (Zarbin et al. 2003, 2004, 2009).

Vinasse alone was a better attractant than water, confirm-
ing the results of the laboratory tests. Vinasse at a volume of 
100 mL showed a much lower attraction ability compared to 

Fig. 6  Response of adult male 
(a) and female (b) Spheno-
phorus levis in a two-way 
olfactometric analysis to odours 
produced in the following com-
parisons: 1000 ppm mix vs min-
eral oil; 100 ppm mix vs min-
eral oil; 10 ppm mix vs mineral 
oil; and mineral oil (control) vs 
mineral oil (control). The bars 
represent the initial response 
of the insects (when the insect 
reached one of the arms/edge 
of the olfactometer in 25 min). 
Asterisks indicate significant 
differences between treatments 
according to the binomial test 
(*P < 0.05 and **P < 0.01) 
N = 20. Mix = mixture of all the 
compounds identified in vinasse
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that of the stem at a length of 30 cm but may attract much 
more insects when applied in the field as “fertigation” at 
volumes higher than 30  m3 per hectare or 3 L per metre of 
cane row.

Cane stems have been recommended for the monitoring 
of S. levis and M. hemipterus in sugarcane fields, demon-
strating the efficiency of attracting and capturing insects 
since the insects remain attached to the stem. They have 
also been recommended for the monitoring and control of 
R. palmarum in palm fields associated with the pheromone 
(Tiglia et al. 1998).

Previous reports tested four types of baits in a field exper-
iment, consisting of cane stem, cane stem + cane syrup, cane 
stem + port wine and cane stem + cane molasses (El-Sayed 
et al. 2005). All were good attractants for Graphania mutans 
and Tmetolophota spp. The cane stem and cane stem + cane 
syrup groups were better attractants than cane stem + cane 
molasses and cane stem + port wine. Based on this study by 
El-Sayed et al. (2005) and on the present study, the use of 
cane stem associated with a by-product does not increase its 
bait efficiency compared to that of the stem alone.

In the present study, organic carboxylic acids, primary 
alcohols, an ester and a terpene were detected in vinasse, 
attracting adults of S. levis when the compounds were mixed 
and the overall mixture was tried at concentrations of 100 
and 1000 ppm for male, and at a concentration of 1000 ppm 
for female. However, some of the compounds identified (e.g., 
cyclohexanmethanol) might be contaminants since negative 
control samples (empty cotton roll in glass chamber) were 
not collected. Thus, the bioassays with the mixture might 
be biased since contaminansts might had being included 
and had influenced the behavior of insects (attractants or 
repellents). In another study (Jelvez Serra et al. 2017), in 
addition to organic carboxylic acids and primary alcohols, 
phenols, ketones, aldehydes, and other compounds were also 
detected in vinasse by GC–MS analysis. Moreover, fatty 
acids, alcohols and esters were also identified as the volatile 
compounds present in vinasse using GC–MS analysis (Lima 
et al. 2017). The lower number of compounds found in the 
present study, using the same methodology (GC–MS analy-
sis), was probably related to natural variations in vinasse 
samples obtained from one industry to another, as the results 
obtained by Jelvez Serra et al. (2017) were also different 
from those of Lima et al. (2017) with respect to the number 
and type of compounds detected.

The high content of short-chain organic acids gives vinasse 
a characteristic odour that can be perceived from a distance 
(Jelvez Serra et al. 2017) and may explain the strong odour 
from the mixture of compounds in the present study that 
resembled that of vinasse. These volatile acids include propa-
noic acid, butyric acid, valeric acid and caproic acid according 
to a previous study that reported the last three compounds (in 
vinasse) and according to the present study, which reported all 

listed compounds. All of these compounds were also detected 
in horse and cow manure according to previous studies (Jean-
bourquin and Guerin 2007), showing an attraction ability to S. 
calcitrans (stable fly) in olfactory response tests as well as in 
studies of the physiological response of the antenna.

In general, vinasse consists of 93% water and 7% organic 
and inorganic compounds (Rolim et al. 2013). The variety of 
chemical compounds present in vinasse depends on the dis-
tillation processes to which it has been subjected. Different 
volatiles detected in two different vinasse samples attracted S. 
calcitrans, suggesting that vinasse is composed of a variety of 
chemical stimulants that can function as attractants irrespec-
tive of their distillation processes (Jelvez Serra et al. 2017).

The present study is the first to confirm the attraction ability 
of vinasse for S. levis under laboratory and field conditions. 
This highlights the industrial byproduct vinasse as a factor that 
is likely responsible for the increased infestations of the insect 
in areas of sugarcane treated with vinasse, as previously pro-
posed (Precetti and Arrigoni 1990; Dinardo-Miranda 2018). 
Further laboratory and field studies are suggested to iden-
tify the volatiles produced by cane stems, which are highly 
attractive to S. levis in the field. In addition, combinations of 
pheromones, sugarcane stem and volatile compounds could 
be assessed, seeking the development of new technologies for 
monitoring, capturing and controlling S. levis. Other compo-
nents, such as hydrolysed protein, could also be assessed for 
their ability to attract S. levis. Greater attraction of C. sordidus 
and Metamasius sp. adults to banana pseudocoel baits was 
observed when the baits were associated with the hydrolysed 
protein of the trademark Bio Fruit (Pavarini et al. 2018).
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