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Abstract

The present study analyzed the volatile compounds emitted by Glycine max (cv. FT-Cristalina-RCH) soybean plants:
healthy plants and plants damaged mechanically or by the Mexican soybean weevil Rhyssomatus nigerrimus. The SPME
method was used to compare the volatile profile of soybean plants in four different conditions. The volatile profile of
G. max plants infested by R. nigerrimus was qualitatively and quantitatively different from that of healthy and mechanically
damaged plants. Emission of 59 compounds was detected in the four treatments. Of these compounds, 19 were identified
by comparison of the Kovats index, mass spectrum and retention times with those of synthetic standards. An increase
in concentration of the volatiles (Z)-3-hexenyl acetate and the compound 1-octen-3-ol was observed when the soybean
plants were mechanically damaged. The compounds mostly produced by the soybean plant during infestation by male
and female R. nigerrimus were 1-octen-3-ol, 6-methyl-5-hepten-2-one, (£)-B-ocimene, salicylaldehyde, unknown 10,
linalool, methyl salicylate, (Z)-8-dodecenyl acetate (ester 5), ketone 2 and geranyl acetone. Behavioral effects of the
identified compounds during the insect-plant interaction and their conspecifics are discussed.

Keywords: SPME, limonene, methyl salicylate, linalool, (£)-f-ocimene.

Volateis induzidos na interacao entre soja (Glycine max) e gorgulho da soja
mexicana (Rhyssomatus nigerrimus)

Resumo

O presente estudo analisou os compostos volateis emitidos pelas plantas de soja Glycine max (cv. FT-Cristalina-RCH):
plantas e plantas sadias danificadas mecanicamente ou pelo gorgulho da soja mexicana Rhyssomatus nigerrimus.
O método SPME foi utilizado para comparar o perfil volatil de plantas de soja em quatro diferentes condi¢des. O perfil
volatil das plantas de G. max infestadas por R. nigerrimus foi qualitativa e quantitativamente diferente do das plantas
saudaveis e danificadas mecanicamente. Foi detectada, nos quatro tratamentos, emissao de 59 compostos, dos quais
19 foram identificados por comparagio do indice de Kovats, espectro de massa e tempos de retengdo com aqueles de
padrdes sintéticos. Um aumento na concentragdo dos volateis acetato de (Z)-3-hexil e do composto 1-octeno-3-ol foi
observado quando as plantas de soja foram mecanicamente danificadas. Os compostos produzidos principalmente pela
planta de soja durante a infestagdo por R. nigerrimus macho e fémea foram 1-octeno-3-ol, 6-metil-5-hepteno-2-ona,
(E)-B-ocimeno, salicilaldeido, desconhecido 10, linalol, salicilato de metila, acetato de (Z)-8-dodecenila (éster 5), cetona
2 e geranil acetona. Foram discutidos os efeitos comportamentais dos compostos identificados durante a interagao
inseto-planta e seus coespecificos.

Palavras-chave: SPME, limoneno, salicilato de metila, linalol, (E)-B-ocimeno.

1. Introduction

Plants produce and emit volatile compounds (VC) that  the plant itself. They can also be exported and modify
are released by flowers, fruits and vegetative tissues (Marin ~ the surroundings of the plant species that produce them,
and Céspedes, 2007). Generally, these substances are made of ~  its neighbors and its enemies (Rostas and Eggert, 2008).
terpenes derived from fatty acids and aromatic compounds. ~ The main functions of VC in plants are to attract pollinators,
Plant volatiles act as signals for other organisms and for ~ seed dispersers, and natural enemies of herbivores; to be
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intraspecific and interspecific messengers; and to defend
the plants by repelling insects or detaining colonization of
pathogenic bacteria and fungi (Byers et al., 2014). VC can
also be used by herbivores as cues to direct their flight to
host plants (Visser, 1986).

VC are classified into two types according to the
way in which they are released: constitutive and induced.
Constitutive VC are those inherent to the plant, while induced
VC are emitted by plants in response to a stimulus caused
by mechanical damage or damage by herbivore insects to
plant tissues (Sanchez and Délano, 2003). When the latter
type of damage occurs, the emitted compounds are called
herbivore-induced plant volatiles (HIPV) (Vivanco et al.,
2005; Rostas and Eggert, 2008).

The volatiles induced by herbivores are emitted at the
damaged site as well as in undamaged tissues (War et al.
2011). The plant uses these metabolites as chemical
defense; outstanding of these metabolites are toxins,
repellents, anti-feeding compounds and digestibility
reducers (Moraes et al., 2000). Recent studies indicate that
compounds released by a plant vary with species, plant
variety and herbivore species (Michereff et al., 2011).

This study focuses on volatiles induced by herbivores
that attack soybean Glycine max L. (Fabales: Fabaceae),
which is cultivated worldwide and is economically important
for production of oil and biodiesel (FAO, 2017). In the state
of Chiapas, Mexico, soybean cultivation has extended over
an area of 130 ha with a production of 273 t of soybeans
and yield of 2.11 t/ha (SIAP, 2017).

Volatile compounds reported in soybean have been in
seeds which are 3-hexanone, (£)-2-hexanal, 1-hexanol,
3-octanone, hexanal, (E£)-2-heptenal, (E)-2-octenal,
ethanol, 1-hexanol and 1-octen-3-ol (Bou¢ et al., 2003).
When attacked by Spodoptera frugiperda (J. E. Smith)
(Lepidoptera: Noctuidae), Euschistus heros (Fabricius)
(Hemiptera: Pentatomidae) and Aphis glycines Matsumura
(Hemiptera: Aphididae), the plants release induced systemic
volatile compounds (Moraes et al., 2005; Zhu and Park,
2005; Rostas and Eggert, 2008; Cortés, 2016).

In the Mexican state of Tamaulipas, San Luis Potosi,
Veracruz and Chiapas, the major economically important pest
of soybeans is the Mexican soybean weevil Rhyssomatus
nigerrimus Fahraeus 1837 (Coleoptera: Curculionidae)
(Teran-Vargas and Lopez-Guillén, 2014). Cortés (2016)
reported that this insect is attracted by volatiles emitted by
the soybean plant. However, differences in the VC profile
have been observed between healthy plants and plants
attacked by the weevil (Cruz-Lopez, unpublished data).

Although the volatile profile of soybean plants damaged
by other pests is known, there are no reports regarding the
curculionid R. nigerrimus. Therefore, the objective of this
study was to identify the volatile compounds produced in
leaves and pods of the soybean plant when it is attacked by
R. nigerrimus, an insect considered a key pest of soybean
crops in the Soconusco region, Chiapas. The knowledge
generated in this study will provide useful information for
future biological tests on attraction between plant and insect,
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which will eventually favor development of attractants for
control and monitoring of the soybean weevil.

2. Material and Methods

2.1. Biological material

R. nigerrimus adults were collected manually from
soybean crops in the Ejido el Manzano in the municipality
of Tapachula, Chiapas, every week for four months. These
specimens were stored in plastic recipients covered with
organdy fabric for later transfer to the chemical ecology
insectary of El Colegio de la Frontera Sur (ECOSUR).
In the laboratory, the collected insects were separated
by sex using a stereoscopic microscope following the
method proposed by Lopez-Guillén et al. (2016). Female
and male R. nigerrimus were kept separately in plastic
containers and fed sweet potato slices (lpomoea batatas
L.). The insects were kept in the ECOSUR insectary at
a temperature of 2542 °C and relative humidity (RH) of
70+5% with a 12:12 h light:dark photoperiod.

The soybean plants (cv. FT-Cristalina-RCH) used in the
experiments were planted in pots containing Miracle-Gro®
substrate and watered daily. The experiment was conducted
in a room with controlled climate (25+2 °C, 60+£10% RH).
The pods used in the experiments were obtained from the
soybean plants grown to the R6 state.

2.2. Sampling of volatiles in the laboratory

Soybean plant emitted compounds were collected
by solid phase microextraction (SPME). Four treatments
were set up. The first treatment consisted of introducing
30 adult R. nigerrimus females or males into a 125 mL
Erlenmeyer flask with a soybean plant. In the second
treatment 30 adult R. nigerrimus males were introduced
into the flask without soybean plant. The third treatment a
flask held a soybean plant with mechanical damage in the
trifolio with a 1 mm diameter, 250 mm long entomological
needle. The fourth treatment a control flask held a healthy
soybean plant. Soybean pods emitted compounds were
collected by SPME. Four treatments were set up. In the
first treatment 30 adult females or males of R. nigerrimus
were added into a 10 mL vial containing 12 grams of
soybean pods, in the second treatment 30 adult males of
R. nigerrimus were placed in the vial without pods, the
third treatment consisted of a vial containing 12 grams
of pods mechanically damaged with an entomological
needle of 1 mm in diameter and a length of 250 mm, and
the fourth treatment was a vial containing 12 grams of
healthy soybean pods used as a control. Six repetitions
were performed for each treatment.

The entrance of the flask or vial was covered with
aluminum foil and the SPME device containing the 65 pm
polydimethylsiloxane-divinylbenzene (PDMS/DVB)
(Supelco®, Toluca, Mexico) fiber was introduced. The fiber
had been previously heated to 250 °C for 5 min in the gas
chromatograph (GC) to prevent possible contamination by
volatiles from the previous sample absorbed in the fiber.
The PDMS/DVB fiber was left for 24 h to absorb the
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volatiles, after which time it was removed. The volatile
capture room was at 25+2 °C and 50 to 60% RH. [llumination
was provided by four 39 W fluorescent lamps located 3 m
above the volatile collection devices.

2.3. Chemical analysis

Desorption of the captured volatile compounds were
desorbed inside the injection port of the gas chromatograph
for 1 min at 250 °C. The volatile compounds captured by
SPME were identified chemically in a gas chromatograph
(Varian CP/3800) coupled to a mass spectrometer (Varian
Saturn 2200), using a cast non-polar SPB-1 capillary column
30 m long, 0.25 mm interior diameter (Supelco®, Toluca,
Mexico). Analysis was performed with a temperature ramp
beginning with an initial temperature of 50 °C (for 2 min),
increasing 15 °C every min until reaching 280 °C held for
10 min. Helium was the carrier gas and injector temperature
was 250 °C. Ionization was carried out by electron impact
at 70 eV. The compounds were identified by comparing
the retention index, mass spectra and retention times
with those of synthetic standards. Other compounds were
tentatively identified based on comparison with spectra

from the National Institute of Standards and Technology
(NIST) library, version 2.0.

2.4. Statistical analysis

Data were analyzed using the classification type
random forest multivariate technique (Liaw & Wiener,
2002) with R software (R Development Core Team) to
determine associations among the compositions of induced
volatiles and to compare the treatments applied to soybean
plants and pods.

3. Results

SPME analysis of the samples by gas chromatography-mass
spectrometry shows that the volatile compounds emitted by
soybean plant and pods include aromatics, esters, terpenes,
ketones, alcohols and aldehydes (Tables 1 and 2).

A total of 59 compounds produced in the four
treatments were detected. Of these compounds, we were
able to identify 19 volatile compounds by comparison of
the Kovats index, mass spectra and retention times with
those of synthetic standards. Figure 1 shows the structures
of the identified compounds.

Table 1. Volatile compounds identified in the treatments applied to soybean plants, cv. FT-Cristalina-RCH

(proportions+standard error).

Plant with

Num. Compound IR Plant with  Plant with mechanical Healthy
males females plant
damage

1 a-Pinene* 919.84 0.45+0.13 ND 1.41+0.27  0.20+0.05
2 Pseudocumene (1, 2, 4-TMB)* 943.53 0.37+0.26 ND 0.30+£0.06  0.07+0.03
3 Derivate of benzene 1 951.95 0.67£0.27  0.36+0.09  1.40+0.15  0.43+0.08
4 Derivate of benzene 2 955.45 0.31£0.12  0.15+0.07  1.40£0.35  0.11+0.04
5 1-Octen-3-ol* 971.63 9.80+2.68  8.25+1.66 15.34+1.84  3.14+1.41
6 6-Methyl-5-hepten-2-one* 976.54 4.90+0.84  2.51+0.60  4.24+0.37  2.69+0.91
7 2-Octanone™ 981.71 1.56+0.37  0.86+0.39 ND ND

8 Mesitylene* 988.91 2.06+0.40  1.59+0.32  4.25+0.42  1.41+0.18
9 (2)-3-Hexenyl acetate™ 996.28 2.28+0.53  0.81+0.53 14.22+3.78  1.64+0.18
10 Terpene 1 1,003.74 0.20+£0.07  0.07+0.04  0.62+0.12  0.07+0.03
11 Cymene isomer | 1,015.23 0.37+0.18 0.23+0.08 0.51+0.08 0.36+0.04
12 Hemellitol (1, 2, 3- TMB)* 1,019.79 0.22+0.06  0.20+0.07  0.71£0.10  0.29+0.06
13 Ethyl hexanol* 1,024.21 0.45+£0.10  0.64+0.17  0.87+0.15  0.55+0.30
14  (2)-B-Ocimene* 1,026.69 1.89+1.33  2.90+2.54  1.14+0.20  1.07+0.57
15 Limonene* 1,030.02 0.58+0.19  0.93+0.35 ND 0.40+0.19
16  Unknown 1 1,036.49 ND ND 0.42+0.13  0.07+0.02
17 (E)-B-Ocimene* 1,042.08 3.26+1.86 10.19+4.52  0.29+0.11 6.27+5.0
18  Salicylaldehyde** 1,049.96 5.6142.78  1.64+0.50 ND ND

19  Cymene isomer 2 1,056.54 0.99+0.27  0.49+0.10  0.64+£0.20  0.78+0.15
20  Unknown 2 1,066.95 ND ND 3.23+0.61  0.42+0.11
21  Cymene isomer 3 1,076.57 0.4240.13  0.62+0.33  0.59+£0.05  0.70+0.36
22 Cymene isomer 4 1,080.01 0.43+£0.13  0.38+0.14  0.56+0.04  0.28+0.09
23 Alkene 1 1,087.51 2.83+1.11  4.48+1.96 ND ND
24  Hydrocarbon | 1,095.01 0.974+0.39  0.83+0.48  0.83+£0.08  0.80+0.16
25  Linalool* 1,098.89 1.00+£0.29  5.267+2.17  1.68+0.39 ND

26  2-Nonen-1-ol 1,104.24 4.53+1.72  3.26+0.82  6.14+0.29  7.65+1.53

IR=Retention index; ND=Not Detected; *=Confirmed with synthetics; **=Compared with the NIST library; TMB=Trimethylbenzene.
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Table 1. Continued...

Plant with

Num. Compound IR Plant with  Plant with mechanical Healthy
males females plant
damage
27  Unknown 3 1,128.99 ND 0.16+0.06 ND ND
28  Carveol 1,158.33 0.45+£0.08  0.85+0.20  0.97+0.42  0.72+0.13
29  Aldehyde 1 1,172.22 1.75£0.62  1.93+0.34  3.06+0.21  3.83+0.57
30 Ketone 1 1,192.98 0.44+0.24  0.70+0.39 ND ND
31  Hydrocarbon 2 1,197.27 0.82+0.45  0.84+0.35 1.05£0.17  0.64+0.07
32 Unknown 4 1,201.71 ND ND 0.35£0.23  0.73+0.17
33  Methyl salicylate* 1,204.43 1.96£1.00  3.35+1.40 ND ND
34  Aldehyde 2 1,207.75 9.43+4.05  7.32+1.53 14.23+£1.53 28.90+6.01
35  Derivate of cyclohexanone 1,269.72 0.44+0.10  0.98+0.17 1.20+0.25 ND
36  Geranial* 1,276.18 0.34+0.13 1.29+065 0.74+0.08  0.65+0.33
37 Esterl 1,280.89 0.58+0.29 ND ND ND
38  Unknown 5 1,282.83 ND 0.39+0.13  0.76+0.17  1.48+0.28
39  2-Undecanone* 1,296.23 0.24+0.08  0.49+0.17 ND ND
40  Hydrocarbon 3 1,299.09 2.02+1.09 ND ND ND
41  Unknown 6 1,299.98 ND 0.84+0.16  0.98+0.11 0.88+0.16
42 Hydrocarbon 4 1,308.28 0.09+0.04  0.21+0.13  0.33£0.16  0.08+0.04
43  Aldehyde 3 1,312.33 0.67£0.33  0.21+0.10  0.99+£0.11  2.22+0.32
44  Unknown 7 1,315.23 ND 0.97+0.77 ND ND
45  Ester2 1,325.45 0.34+0.18  0.73+0.32 ND ND
46  Ester3 1,361.66 2.10£0.20  2.34+0.97  1.37+0.17  4.24+0.76
47  Unknown 8 1,377.85 ND ND 0.88+0.26  1.16+0.39
48  Ester4 1,383.2 2.2440.14  0.96+0.45  2.06+0.29  4.17+0.89
49  (Z)-8-Dodecenyl acetate (Ester 5) 1,386.47  10.77£3.96 11.42+6.10 ND ND
50  o-Copaene* 1,392.73 2.49+0.42  3.61£0.67 2.16+0.21  3.66+0.97
51 Ketone 2 1,397.87 1.84+0.71  4.41£1.59 ND ND
52 Hydrocarbon 5 1,400.56 1.43+0.75 ND 0.92+0.15  0.68+0.17
53 Sesquiterpene 1 1,403.41 1.03£0.34  0.69+0.20  0.44+0.09 1.14+0.39
54  Alcohol 1,415.15 1.25£0.56  1.40+0.54  1.27+0.19  2.62+0.38
55  Diphenyl oxide 1,422.94 0.24+0.05  0.27+0.11 0.34+0.05  0.70+0.34
56  Sesquiterpene 2 1,426.15 0.26£0.06  0.59+0.23  0.49+0.07  0.85+0.29
57  Sesquiterpene 3 1,436.26 0.28+0.09  0.62+0.22  0.70£0.06  0.69+0.16
58  Sesquiterpene 4 1,442.48 0.57+£0.22  0.46+0.17  0.82+0.11 0.88+0.54
59  Geranyl acetone* 1,454.76 9.74£5.58  5.314£7.54  3.11+0.48  9.73£1.19

IR=Retention index; ND=Not Detected; *=Confirmed with synthetics; **=Compared with the NIST library; TMB=Trimethylbenzene.

Table 2. Volatile compounds identified in the treatments applied to soybean pods, cv. FT-Cristalina-RCH (proportions+standard
error).

Pods with

No. Compounds IR Pods with  Pods with mechanical Healthy
males females pods
damage
1  a-Pinene* 919.69 0.65+0.32 ND 0.47+0.13 0.50+0.24
2 Pseudocumene (1, 2, 4-TMB)* 943.04 0.2940.12 ND 0.08+0.03 0.50+0.17
3 Derivate of benzene 1 951.6 0.54+0.19 0.58+0.18 0.42+0.6 1.19+0.20
4  Derivate of benzene 2 955.49 0.31+0.10 0.31+0.14 0.54+0.42 0.72+0.08
5  1-Octen-3-ol* 970.79 3.70+1.08 3.42+1.970 18.89+6.9 ND
6  6-Methyl-5-hepten-2-one* 975.46 6.46+2.65 6.5242.04  4.29+2.50 ND
7  2-Octanone* 981.56 4.91+0.58 3.52+1.15 ND ND
8  Mesitylene* 988.17 2.52+0.54  2.16+0.41 ND 3.22+0.35
9  (2)-3-Hexenyl acetate* 995.76 1.10+0.18 0.94+0.11  18.58+6.49 1.08+0.17
10  Terpene 1 1,003.71 0.98+0.09 0.31+0.11 1.85+0.75 0.61+0.09

IR=Retention index; ND=Not detected; *=Confirmed with synthetics; **=Compared with the NIST library; TMB=Trimethylbenzene.
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Table 2. Continued...

Pods with

No. Compounds IR Pods with  Pods with mechanical Healthy
males females pods
damage

11  Cymene isomer 1 1,014.7 0.51+0.15 0.98+0.16 0.30+0.05 1.38+0.17
12 Hemellitol (1, 2, 3- TMB)* 1,018.95 2.16£0.16  0.48+£0.17  0.22+0.06 1.18+0.24
13 Ethyl hexanol* 1,023.19 1.70+0.24  4.38+1.43 1.08+0.22  4.67+1.59
14 (2)-B-Ocimene* 1,026.17 0.08+£0.06  0.97+0.49  0.78+0.45  2.27+0.50
15 Limonene* 1,029.14 0.24+0.11 ND 0.15£0.07  0.72+0.36
16  Unknown | 1,036.36 0.25+0.14  0.024£0.02  0.08+0.04  0.12+0.08
17 (E)-p-Ocimene* 1,039.76 0.27+0.15 ND 2.34+0.61 ND

18 Salicylaldehyde** 1,049.32 0.33+£0.12  0.23+0.11 0.23£0.09  0.54+0.09
19 Cymene isomer 2 1,055.69 0.59+0.37 0.11+0.11 0.06+0.06 0.32+0.17
20  Unknown 2 1,066.95 ND ND ND ND

21 Cymene isomer 3 1,076.51 0.60+0.14  0.14+0.09  0.25+0.05 0.85+0.16
22 Cymene isomer 4 1,079.48 5.86+0.60 0.11+0.07 0.41+0.08 0.64+0.12
23 Alkene 1 1,086.49 0.44+0.17 ND ND ND
24  Hydrocarbon 1 1,094.7 1.97+0.11 ND 0.99+0.17  0.67+0.24
25 Linalool* 1,097.54 1.33£0.27 ND 0.71+0.08 ND

26 2-Nonen-1-ol 1,102.84 0.52+0.12 6.53+1.77 5.25+1.31 3.71+£0.45
27  Unknown 3 1,128.99 ND ND ND ND

28 Carveol 1,158.12 ND 0.34£0.16  0.41£0.05 0.61+0.13
29  Aldehyde 1 1,171.19 6.34+1.46  0.96+0.44  5.01£3.36 1.05+0.24
30 Ketone | 1,192.29 1.29+0.57 1.47+0.37 ND ND
31 Hydrocarbon 2 1,196.88 2.11+£1.38  0.71+£0.19  0.70+0.08 1.11+0.19
32 Unknown 4 1,201.11 0.92+0.26  0.12+0.12 ND ND

33  Methyl salicylate* 1,204.43 ND ND ND ND

34  Aldehyde 2 1,207.65 0.56+0.12  11.42+2.74  9.09+0.89 11.88+1.44
35 Derivate of cyclohexanone 1,269.18 1.04+0.38 0.96+0.32 0.22+0.08 ND

36 Geranial* 1,276.06 0.76+£0.16  0.53+£0.20  0.54+0.11 0.93+0.36
37 Ester 1 1,280.89 ND ND ND ND
38 Unknown 5 1,281.84 0.33+0.13 0.65+0.23 0.50+0.08  0.82+0.0.18
39 2-Undecanone* 1,295.17 4.42+0.93 0.57+£0.19 ND ND

40 Hydrocarbon 3 1,299.09 ND ND ND ND

41 Unknown 6 1,298.94 0.37+0.24  0.97+0.16  0.42+0.07 1.55+0.40
42  Hydrocarbon 4 1,307.14 2.29+0.96 1.42+0.24  0.23+0.11 2.07+0.35
43  Aldehyde 3 1,311.93  14.05+4.11 0.61£0.14  0.57+£0.12  0.76+0.13
44  Unknown 7 1,315.23 ND ND ND ND

45 Ester2 1,325.45 ND ND ND ND

46 Ester3 1,361.18 8.25+2.42  4.71+0.93 5.71+£2.25 3.42+1.35
47  Unknown 8 1,377.42 2224222  0.14£0.14  0.28+0.12 ND

48 Ester4 1,382.48 7.01£4.22  3.174£1.05  4.23+1.64  6.84+1.17
49  (Z)-8-Dodecenyl acetate (Ester 5) 1,385.94 1.44+0.35 17.00+£6.36 ND ND

50 oa-Copaenc* 1,392.07 ND 10.73+2.99 8.20+£1.96 12.40+2.99
51 Ketone 2 1,397.87 ND ND ND ND

52 Hydrocarbon 5 1,399.52 1.23£0.52  0.02+0.02 1.01£0.29  0.91+0.38
53  Sesquiterpene 1 1,403.15 2.75+0.69 1.45+0.22 ND 11.97+8.67
54  Alcohol 1,414.41 2.64+0.66 1.68+0.33 1.35+0.31 3.15+0.98
55 Diphenyl oxide 1,422.3 0.38+0.22 ND 0.29+0.10 ND

56  Sesquiterpene 2 1,426.24 1.26+0.53 1.60£0.29  0.18+£0.06  2.16+0.57
57  Sesquiterpene 3 1,435.25 ND 2.34+0.60 0.70+0.11 3.26+0.75
58  Sesquiterpene 4 1,441.16 ND 4.71£0.67  0.37+0.11 5.66+0.74
59  Geranyl acetone* 1,453.83 ND 0.66+0.66  2.04+0.26  4.58+3.61

IR=Retention index; ND=Not detected; *=Confirmed with synthetics; **=Compared with the NIST library; TMB=Trimethylbenzene.
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Figure 1. Structures of identified compounds from soybean plants. TMB = trimethylbenzene.

The compounds mostly produced by soybean plant infested
by R. nigerrimus males and females were 1-octen-3-ol,
6-metil-5-hepten-2-one, (E)-B-ocimene, salicylaldehyde,
alkene 1, linalool, methyl salicylate, (Z£)-8-dodecenyl
acetate (ester 5), ketone 2 and geranyl acetone (Figure 2).
The main compounds were 1-octen-3-ol and (Z)-8-dodecenyl
acetate (ester 5), produced during infestation by males,
and (£)-B-ocimene and (Z)-8-dodecenyl acetate (ester 5),
produced during infestation by females (Table 1). Figure 3
shows that there are significant differences (OOB-rate
of estimated error = 0%) in the areas of peaks between
healthy, mechanically damaged and infested plants. Table 3
indicates plant grouping by identified compounds.

The compounds mostly produced by soybean pods infested
by male and female R. nigerrimus were (Z)-8-dodecenyl
acetate, aldehyde 2 y 3, a-copaene, ester 3 y 4, 6-methyl-5-
hepten-2-one, 2-nonen-1-ol, cymene isomer 4 and aldehyde 1
(Figure 4). The main compounds were aldehyde 3 and
ester 3 and 4 produced during infestation by males, and
(£)-8-dodecenyl acetate (ester 5), aldehyde 2 and a-copaene,

616

produced during infestation by females (Table 2). Figure 5
shows that there are significant differences (OOB-estimated
error rate = 8.33%) in the areas of peaks between healthy,
mechanically damaged and infested plants. Table 4 indicates
plant groupings by identified compounds.

4. Discussion

This study revealed that the volatile profile of healthy
soybean plants differs from the volatile profiles of plants
damaged mechanically and by R. nigerrimus, both qualitatively
and quantitatively. Of the 19 identified compounds, 12 had
not been reported in previous studies on volatiles emitted
by soybean (Liu et al., 1989; Bou¢ et al., 2003; Zhu and
Park, 2005; Cai et al., 2015; Cortés, 2016).

Regarding quantitative differences, the results of this
study demonstrated that four of the compounds produced by
plants infested by females ((£) -ocimene, linalool, methyl
salicylate and a-copaene) were produced in greater proportion
than by plants in the other treatments and the control. Recent
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mechanically damaged (DM), by females (PH) and by
males (PM) in contrast with healthy plant (PS).
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studies report that the reason that volatiles such as linalool
and methyl salicylate in plants increase is because they
are HIPVs produced in response to herbivory (War et al.,
2011; Garcia, 2017). Emission of these compounds has
also been detected in Capsicum spp. and Camellia sinensis,
host plants of chili and tea weevils, respectively. Studies
on these insect-plant interactions have demonstrated that
induced volatiles, such as benzylic alcohol, (2)-3-hexenal,
myrcene, benzaldehyde and y-terpinene, attract conspecific
weevils of both sexes, while linalool and (Z)-3-hexenyl
acetate attracts only females, and (£)-B-ocimene attracts
only males (Muiiz-Merino et al., 2014; Sun et al., 2010).
This suggests that the soybean weevil can respond similarly
to these volatiles. It has been reported that (E)-p-ocimene
is a volatile commonly released by leaves and flowers of
diverse plant species, inducing plant defense response and
establishing tritrophic interactions as well as promoting
mating and oviposition of insect pests (Dicke and Baldwin,
2010; Farré-Armengol et al., 2017; Tang et al., 2016).
Under the condition of infestation by females and
males of the black soybean weevil, salicylaldehyde and

Braz. J. Biol., 2021, vol. 81, no. 3 pp.611-620
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2-octanone were detected. These compounds had not been
previously reported in soybean plants (Liu et al., 1989).
Possibly, salicylaldehyde was detected because it is a
precursor of methyl salicylate (Asghari & Mosaeybi, 2009),
which was also detected in the insect-plant treatments. Also,
2-octanone is a volatile compound that is not produced
by plants; it is possibly produced by the weevils while
they feed as a signal for other insect species and/or their
conspecifics (Meiners et al., 2003). The presence of methyl
salicylate and (Z)-3-hexenyl acetate has been reported in
the soybean varieties London and Davis (Boué et al., 2003;
Moraes et al., 2008). Dong et al. (2011) report that Camellia
sinensis plants emit numerous volatile compounds, such
as (Z2)-3-hexen-1-ol, linalool, a-farnesene, benzylic nitryl,
indol, nerolidol, and ocimene, in high concentrations as a
defense response to herbivore attack. They also underline
that, for identification of induced volatile compounds, not
only is it necessary to consider qualitative differences but
also quantitative differences compared with the control
without damage since, depending on the concentration
in which these metabolites are found, they will cause an
effect on the behavior of conspecifics and of parasitoids.

The study conducted by Moraes et al. (2008) indicates
that (Z)-3-hexenyl acetate is produced when vegetative
tissue is damaged by herbivory. Some compounds produced
by soybeans are considered components of plant defense
against herbivores are (Z)-3-hexenyl acetate, farnesene,
caryophyllene and humulene (Cai et al., 2015). In our study,
we observed that the soybean plant (cv FT-Cristalina-RCH)
emitted higher concentrations of (Z)-3-hexenyl acetate
when damaged mechanically than when damaged by
insects (Figure 2). This difference in emission of volatiles
depends on both the physiological state of the soybean
plant and the variety of soybean when it is attacked by
an insect pest (Liu et al., 1989; Rostas and Eggert, 2008).

However, this study should be complemented with
additional experiments to determine the total compounds
present in this variety of soybean as well as their effect on
the insect pest and on natural enemies.

5. Conclusion

Our study demonstrates that the soybean plant
(cv FT-Cristalina-RCH) produces induced volatiles in
response to damage, both mechanical and that produced
by R. nigerrimus. Of the compounds found, 19 represented
differences between healthy plants and those infested by
females or males or those mechanically damaged. These
compounds include 1-octen-3-ol, 6-methyl-5-hepten-2-one,
2-octanone, (Z)-p-ocimene, limonene, (£)-f-ocimene,
salicylaldehyde, linalool and methyl salicylate.
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