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Abstract 

Pollination is essential for food production in the world, but in pollinator-dependent crops it relies on the 
attraction of pollinators to flowers. However, crop varieties vary in their attractiveness to flower visitors and 
volatile compounds emitted by flowers may play a significant role in attracting or repelling pollinators. Here, we 
investigated the volatile organic compounds (VOCs) present in both male and hermaphrodite flowers of five 
commercial types of melon Cucumis melo (Cantaloupe, Charentais, Galia, Piel de sapo and Yellow), and their 
role in attracting or repelling Apis mellifera foragers. We found significant variation in the identity and 
proportion of these chemical compounds produced by both melon types and flower genders and observed 
significant positive and negative correlations between the amount of D-Limonene and Benzaldehyde (bee 
attractants) and α-Pinene (bee repellent), respectively, to the number of bee visits to flowers particularly in the 
Cantaloupe type and hermaphrodite flowers, the most visited ones. Our results suggest that differences in the 
composition of melon floral VOCs and the proportion of the different compounds play significant role in the 
number of visits by A. mellifera with possible implications to pollination and fruit yield. It also implies to the 
perspective of breeding varieties more attractive to pollinators through the selection of flower lines richer in 
bee-attractant and/or poorer in bee-repellent volatiles. 

Keywords: crop pollination, Cucumis melo, floral volatiles, flower choice, α-Pinene 

1. Introduction 

Pollination is an essential ecosystem service to crop production worldwide, contributing to the yield (quantity 
and/or quality) of most crops (Klein et al., 2007; Ricketts et al., 2008; IPBES, 2016) and food security for 
providing essential micronutrients to human health (Lautenbach et al., 2012; Chaplin-Kramer et al., 2014). But 
low productivity in pollinator-dependent crops has been related to a reduction in the number and diversity of 
pollinators (Garibaldi et al., 2013; Freitas et al., 2014), leading to inadequate pollination both in quantitative and 
qualitative terms (Aizen & Harder, 2007; Garibaldi et al., 2011). Practices associated with agricultural 
intensification such as deforestation, large field sizes, clean cultivation and high use of pesticides have been 
linked to pollination deficits and decline in crop production (Freitas et al., 2009; Potts et al., 2010; Rundlöf et al., 
2015), while traits inherent to the crop itself such as the ability to attract pollinators have been overlooked.  

Pollinator-dependent plants have evolved a variety of ways to sign rewards to floral visitors, thus attracting their 
pollinators (Varassin & Amaral-Neto, 2014; Farré-Armengol, 2015). Floral traits such as size, shape, color, petal 
texture, movement and even electric fields have been studied and acknowledged to play roles in the recognition 
and attraction of pollinators to flowers (Dafni & Kevan, 1997; Whitney et al., 2009, 2013; Alcorn; Whitney & 
Glover, 2012; Clarke et al., 2013; Myczko et al., 2015). These strategies separately or together can influence the 
preference and foraging behavior of floral visitors (Wright & Schiestl, 2009). But the visual and olfactory 
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display seem to be the most relevant floral traits ruling pollinator attraction (Kunze & Gumbert, 2001; Chittka & 
Raine, 2006) and many floral visitors learn to distinguish the best rewarding flowers by their characteristic odor 
(Chittka, Thomson, & Waser, 1999). Even so, studies of flower-pollinator interaction have focused mostly in the 
visual floral traits and ecological approaches neglecting the role of flower volatiles for the attractiveness of crops 
to pollinators (Raguso, 2008; Klatt et al., 2013).  

The floral aroma is constituted by a great variety of volatile organic compounds (VOCs) (Song et al., 2014; Soto 
et al., 2015). VOCs are synthesized, produced from petroleum or derived from natural compounds, mainly plants. 
Organic fragrances and volatile compounds of plants have been used as food additives, medications and 
aromatherapy throughout the ages (Yamada et al., 2015), are also used in the production of perfumes and 
essences (Vankar, 2004). Some of these VOCs may be toxic to humans, for example toluene widely used in the 
manufacture of glues, paints and cleaning solvents (Filley, Halliday, Kleinschmidt-DeMasters, 2004; Pascual & 
Bustamante, 2011). They play important role in the interactions between plants and biotic and abiotic factors 
(Vivaldo et al., 2017), being involved in a range of ecological functions such as defense against pathogens and 
insects (Song & Ryu, 2013); pollinator attraction (Suchet et al., 2011; Farré-Armengol et al., 2015); 
communication between plants (Ueda, Kikuta, & Matsuda, 2012); tolerance to environmental stress (Holopainen 
& Gershenzon, 2010) and defense of predators (Arimura, Matsui, & Takabayashi, 2009; War et al., 2012).  

VOCs emission by flowers is quantitatively and qualitatively variable, from species that emit weak and simple 
aromas to those that produce strong and complex VOCs (Parachnowitsch, Raguso, & Kessler, 2012; 
Farré-Armengol, 2015). Some VOCs may exert a defense function, repelling those animals that may cause 
damage to the plant or its flowers (Pichersky & Gershenzon, 2002; Schiestl, 2010), while other compounds act 
as attractants for pollinators (Dudareva & Pichersky, 2006; Raguso, 2008). Indeed, the role of VOCs in the 
attractiveness of flowers to pollinating bees has been reported (Wright & Schiest, 2009; Filella et al., 2013; Soto 
et al., 2015; Ceuppens et al., 2015). In general, attractant VOCs can assist the pollinator in both locating and 
recognizing the flower (Majetic, Raguso, & Ashman, 2009), as well as associating them with the quantity and 
quality of floral resources (Dudareva & Pichersky, 2006; Howell & Alarcón, 2007). 

In agriculture, most crops grown nowadays are the product of plant breeding programs carried out by man with 
the purpose of selecting desired traits such as higher productivity, larger fruits, higher oil content in seeds, pest 
and/or disease tolerance, etc., but usually with no concern about floral traits related to pollinator attraction (Klatt 
et al., 2013; Bomfim et al., 2015). As a consequence, a great number of varieties, types, cultivars and hybrids of 
most cultivated plant species have been developed around the world but with little knowledge of their ability to 
attract pollinators, and the attractiveness of a crop species is commonly assumed to be similar among its 
agronomic varieties. Actually, pollinators seem to be capable of distinguishing among crop varieties and reject 
the less attractive ones as shown for sunflower (Pham-Delegue et al., 1989), canola (Wright, Skinner, & Smith, 
2002), strawberries (Klatt et al., 2013; Ceuppens et al., 2015) blueberries (Rodriguez-Saona et al., 2011) and 
melon (Fernandes, 2017), and recent studies suggest that floral volatiles have a major role in this choice 
(Pham-Delegue et al., 1989; Wright; Skinner, & Smith, 2002; Rodriguez-Saona et al., 2011; Klatt et al., 2013). 
This behavior could be expected because the odor produced by a flower is a blend of the volatiles found in the 
pollen, nectar, petals, sepals and other floral structures which can vary even from male to hermaphrodite to 
female flowers of the same plant (Farré-Armengol et al., 2015). 

In the Cucurbitaceae family, the role of VOCs has been studied in some species, such as zucchini—Cucurbita 
pepo L. (Granero et al., 2004), wild squash—Cucurbita pepo subsp. texana (Ferrari et al., 2006) and 
pumpkin—Cucurbita moschata Duchesne (Andrews, Theis, & Adler, 2007). However, melon (Cucumis melo 
L.), the third most cultivated curcubit in the world and whose lack of adequate biotic pollination can lead to a 
reduction of 90% in fruit production (Klein et al., 2007; FAO, 2018) still lacks studies on its VOCs and the role 
they play in attracting pollinators. Despite evident differences in the fruit size and appearance between 
agronomic types (Pitrat, Hanelt, & Hammer, 2000; Crisóstomo & Aragão, 2013), the melon flowers look similar 
and studies on melon pollination have focused in identifying potential pollinators, number of visits to set a 
flower or number of honeybee colonies per area (Ribeiro et al., 2015; Tschoeke et al., 2015), while the 
attractiveness of flowers to pollinators remains unheeded.  

A variety of bee species have been reported as efficient pollinators of melon flowers, from solitary and parasocial 
species such as Xylocopa grisescens and bees of the Halictidae Family (Coelho et al., 2012) to social stingless 
bees such as Trigona carbonaria (Kouonon et al., 2009), Trigona spinipes (Kiill et al., 2011) and Scaptotrigona 
sp. (Bezerra, 2014), but honey bee (Apis mellifera) is the managed species used globally in the pollination of this 
crop (Mussen & Thorp, 2003; Hoz, 2007; Reyes-Carrillo et al., 2007; Sousa et al., 2009; Kiill et al., 2014; 
Bomfim et al., 2016). However, the recent study by Fernandes (2017) has showed that A. mellifera can 
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2.2 VOCs Extraction, Analyses, Identification and Relative Abundance  

For the extraction of the volatile organic compounds from the flowers, three male and two hermaphrodite 
flowers of each of the five types of melon were randomly collected in the cultivated area. The flowers were cut 
in the peduncle portion using gloves, scissors and tweezers, so that there was no direct manual contact with the 
flowers, avoiding any contamination. Then, the flowers were placed in headspace vial bottles, identified by their 
gender and the corresponding type of melon. The flowers were conditioned in Styrofoam boxes filled with 
chemical ice for approximately eight hours before taken for analysis in the Natural Products Laboratory, at 
Embrapa Agroindústria Tropical headquarters. 

Volatile organic compounds were extracted from the flowers by the analytical headspace method, using an 
automatic sampler and SPME fiber support (Supelco, Bellefonte, PA, USA). Carboxene/polydimethylsiloxane 
fiber (CAR/PDMS), 75 μm thick and 1 cm long, was used as the stationary phase, as suggested by Silva (2014), 
recently published as Silva et al. (2018). CAR/PDMS fiber was conditioned for the time suggested by the 
manufacturer (Supelco, Bellefonte, PA, USA) and at 10 °C lower than the temperature stated (CAR/PDMS: 
290 °C for 60 minutes). 

The 20 mL headspace flasks containing the samples were sealed with a silicone septum/PTFE (Supelco, 
Bellefonte, PA, USA) and left in the furnace for SPME of the apparatus at 35 °C for 15 minutes to concentrate 
the volatiles followed by their capture by the exposure of the SPME CAR/PDMS fiber for a period of 30 minutes 
at 35°C without agitation. The adsorbed compounds were identified and semi-quantified by gas chromatography 
coupled to mass spectrometry (GC-MS), in duplicate. 

For the volatile analyzes, a 7890B GC System gas chromatograph (Agilent Technologies Spain, S.L., Madrid, 
Spain) was coupled to the mass spectrometer model 5977A MSD (Agilent Technologies Spain, S.L., Madrid, 
Spain). The male and hermaphrodite flower compounds of the five different types of melon were separated using 
a 60 m × 0.25 mm × 0.25 μm DB 5MS capillary column (Agilent J & WGC Columns, Santa Clara, CA, USA). 
The SPME CAR/PDMS fiber was maintained in the injector at 240 °C for three minutes for desorption of the 
compounds and then the fiber was conditioned for 10 minutes before the next collection. 

The volatiles were desorbed in splitless mode and gas helium was used as the drag gas with a flow of 1 mL min-1. 
The temperature program applied was isotherm for 4 minutes at 40 °C, raised to 80 °C at a rate of 2.5 °C 
minutes-1, and then increased to 110 °C at a rate of 5 °C minutes-1, and finally increased to 220 °C at a rate of 
10 °C minutes-1 and held for 13 minutes, totaling 50 minutes of running time. The transfer line temperature was 
280 °C and that of the detector was 150 °C. The mass spectra were obtained using a electron-ionization (EI) 
quadripolar analyzer system at 70 electron-volts (eV) and a mass acquisition interval of 50-600 Da. 

The compounds were identified by comparing their mass spectra with those contained in the NIST library 2.0, 
2012 (National Institute of Standards and Technology, Gaithersburg, Md, USA) and/or by calculating the Kovats 
index for a series of saturated alkanes (C7-C30) (Supelco, 49451-U, Bellefonte, PA, USA). Then, the results 
were compared with the IKs presented in the literature to confirm the identification of the compounds (Adams, 
2007) and the results of the analyzes were presented in relative abundance. 

Data obtained on the identity and relative abundance were presented in a table and submitted to correlation 
analyses with the number of Apis mellifera visits to flowers of the distinct melon flowers, according to the 
findings of Fernandes (2017).  

3. Results 

Analyses of the flower odors of the five different melon types allowed to determine the identification and 
relative percentages of VOC area of male and hermaphrodite flowers totaling 37 different volatile compounds 
(Table 1).  
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Table 1. Chemical composition of the volatile organic compounds of male (M) and hermaphrodite (H) flowers of 
five commercial types of melon (Cucumis melo L.) by HS-SPME/GC-MS 

Volatile Compounds 
Yellow Cantaloupe Charentais Galia  Piel de sapo

M H M H M H M H  M H 

1-Penten-3-ol 0.00 0.00 0.74 1.21 0.00 0.00 0.00 0.00  0.00 0.85 

Benzyl alcohol 0.00 0.00 2.73 9.19 0.00 0.00 0.00 0.00  0.00 0.00 

3-Hexen-1-ol 0.00 0.00 0.00 1.69 0.00 0.00 0.00 0.00  0.00 0.00 

1-Butanol, 2-methyl- 0.00 0.00 0.00 0.00 0.00 3.30 0.00 0.00  0.00 0.00 

- - - Alcohols - - - 0.00 0.00 3.47 12.09 0.00 3.30 0.00 0.00  0.00 0.85 

Benzaldehyde 0.00 6.61 19.83 27.43 0.00 0.00 1.14 2.02  0.00 0.00 

2-Butenal, 2-methyl- 0.00 0.00 0.00 0.00 0.00 8.68 0.00 7.59  0.00 5.29 

Heptanal, 2-methyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.64 

- - - Aldehydes - - - 0.00 6.61 19.83 27.43 0.00 8.68 1.14 9.61  0.00 5.93 

Octane, 2,3,6-trimethyl- 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 

Styrene 0.00 0.00 0.00 0.46 0.00 0.00 0.00 0.42  0.00 0.00 

- - - Hydrocarbons - - - 0.00 0.29 0.00 0.46 0.00 0.00 0.00 0.42  0.00 0.00 

Acetophenone 0.00 0.00 0.20 0.45 0.00 0.00 0.00 0.00  0.00 0.00 

- - - Ketones - - - 0.00 0.00 0.20 0.45 0.00 0.00 0.00 0.00  0.00 0.00 

Methyl α-methylbutanoate 0.00 2.41 0.00 0.00 0.00 0.00 0.00 1.84  0.00 0.00 

Methyl 2-methylbutanoate 0.00 0.00 0.00 0.00 0.00 2.33 0.00 0.00  0.00 0.00 

Methyl benzoate 0.00 0.00 5.50 5.40 0.00 0.00 0.00 0.52  0.00 0.00 

Methyl salicylate 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00  0.00 0.00 

Ethyl Acetate 0.00 0.00 0.00 0.00 0.00 57.07 0.00 13.13  0.00 14.59

Ethyl propanoate 0.00 0.00 0.00 0.00 0.00 21.69 0.00 6.67  0.00 14.07

Ethyl 3-methylbutanoate 0.00 0.00 0.00 0.00 0.00 1.02 0.00 0.92  0.00 1.97 

Ethyl 2-methylbutanoate 0.00 0.00 0.00 0.00 0.00 1.17 0.00 0.00  0.00 0.00 

Ethyl tiglate 0.00 0.00 0.00 0.00 0.00 0.35 0.00 1.57  0.00 0.00 

Ethyl butanoate 0.00 0.00 0.00 0.00 0.00 0.97 0.00 0.00  0.00 0.00 

Ethyl benzoate 0.00 0.00 0.13 0.35 0.00 0.11 0.00 1.93  0.00 0.00 

- - - Esters - - - 0.00 2.41 5.63 6.32 0.00 84.71 0.00 26.60  0.00 30.63

α-Pinene 87.20 70.11 32.19 25.59 90.31 3.18 86.54 50.62  82.05 52.26

Camphene 1.17 1.00 0.38 0.38 0.00 0.00 1.01 0.57  1.09 0.58 

o-Cymene 0.75 1.05 2.15 1.51 0.00 0.00 0.48 0.45  0.99 0.60 

Sabinene 1.21 1.67 1.41 1.36 0.00 0.13 0.95 1.17  1.47 0.91 

D-Limonene 4.40 10.10 28.94 16.24 7.31 0.00 4.43 5.05  7.84 4.38 

α-Thujene 0.00 0.88 0.74 0.93 0.00 0.00 0.46 0.00  0.92 0.33 

β-Myrcene 0.00 0.64 1.61 1.12 0.00 0.00 0.00 0.53  0.64 0.00 

β-Thujene 0.00 5.24 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 

α-Terpineol 0.00 0.00 0.45 2.28 0.00 0.00 0.00 0.69  0.00 0.00 

Terpinolene 0.00 0.00 0.77 0.53 0.00 0.00 0.00 0.00  0.00 0.00 

β-Pinene 5.28 0.00 2.24 2.27 2.38 0.00 5.00 3.69  5.01 3.52 

α-Terpinene 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00  0.00 0.00 

endo-Borneol ou Camphol 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00  0.00 0.00 

l-Verbenone 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00  0.00 0.00 

Eucalyptol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.59  0.00 0.00 

2(3H)-Benzofuranone,  
hexahydro-3a,7a-dimethyl-, cis- 

0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00  0.00 0.00 

- - - Terpenes - - - 100.00 90.69 70.87 53.24 100.00 3.30 98.86 63.37  100.00 62.59

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00

 

The volatile chemical compounds identified were grouped into six categories based on the chemical structure: 
alcohols (4), aldehydes (3), hydrocarbons (2), ketones (1), esters (11) and terpenes (16) (Table 1). However, the 
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greatest number of volatile compounds found in the male flowers of the five melon types belong to the terpene 
group, especially in the male flowers of the types Yellow, Charentais and Piel de sapo, which presented 100% of 
VOCs belonging to this chemical group. The exceptions were the Galia type that besides the terpenes also 
emitted a compound of the aldehyde group and, above all, the Cantaloupe type that presented the greatest variety 
of compounds, emitting terpernes and compounds of several other chemical groups such as alcohol, aldehyde, 
ketone and ester (Table 1). 

There was also a predominance of VOCs of the terpene group in the hermaphrodite flowers, especially in the 
hermaphrodite flower of the Yellow type, which presented the highest percentage of terpenes in its composition 
with 90.69%. The exception was the Charentais type that presented hermaphrodite flowers with 84.71% of 
compounds belonging to the ester group. We can also highlight the variation in the number of volatile 
compounds among the floral genders. In all five melon types the hermaphrodite flowers were richer in VOCs 
than the male flowers, and the hermaphrodite flowers of the Cantaloupe type also presented the greatest variety 
of VOCs among flowers of all melon types (Table 1). 

The dominance of terpenes in VOCs of melon flowers was due to α-Pinene, the only volatile compound common 
to all types of melon and flower genders, being also the most predominant compound in the different types of 
melon (25.59 to 90.31%), except for the hermaphrodite flowers of the Cantaloupe, in which Benzaldehyde 
prevailed, and the Charentais type, where Ethyl Acetate was the most abundant compound (Table 1). The 
α-Pinene was followed by Ethyl Acetate and D-Limonene, second and third in relative abundance, though Ethyl 
Acetate was present only in hermaphrodite flowers of the Charentais, Galia and Piel de sapo types (Table 1).  

According to Fernandes (2017), significant difference (p < 0.05) was found for the number of honey bees 
observed foraging among the male or the hermaphrodite flowers of the five types of melon. Independently of the 
flower gender, the greatest number of visits was recorded in the Cantaloupe type (p < 0.05), followed by the 
Yellow and Piel de sapo types, which did not differ between them, but differing (p < 0.05) from other types of 
melon, Charentais and Galia, which also showed no significant difference between them. Correlation analyses 
between these flower visits and the chemical groups showed significant positive correlation of aldehydes and 
significant negative correlation of terpenes with bee visits to male flowers (Tables 2 and 3) and only significant 
positive correlations of aldehydes and alcohols with A. mellifera visits to hermaphrodite flowers (Tables 4 and 5). 
Also, out of the 37 VOCs found in melon flowers, six compounds present significant positive or negative 
correlations, probably being responsible for the attraction or repellency to the pollinator (Tables 6-9).  

 

Table 2. Correlation matrix between the number of Apis mellifera visits and the chemical groups identified in 
male flowers (VMF) in five commercial types of melon 

Correlation Matrix 

VMF Aldeihydes Terpenes 

VMF 1.00 0.905 -0.909 

Aldehydes 0.905 1.00 -1.00 

Terpenes -0.909 -1.00 1.00 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

Table 3. P-values matrix of the correlation between the number of Apis mellifera visits and the chemical groups 
identified in male flowers (VMF) in five commercial types of melon 

P-Values Matrix 

VMF Aldehydes Terpenes 

VMF 1.00 0.035 0.032 

Aldehydes 0.035 1.00 0.00 

Terpenes 0.032 0.00 1.00 

Note. Values in white cells denote significant correlations at p < 0.05. 
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Table 4. Correlation matrix between the number of Apis mellifera visits and the chemical groups identified in 
hermaphrodite flowers (VHF) in five commercial types of melon 

Correlation Matrix 

VHF Alcohols Aldehydes Hydrocarbons Esters Terpenes 

VHF 1.000 0.900 0.880 0.379 -0.114 -0.272 

Alcohols 0.900 1.000 0.960 0.377 -0.159 -0.275 

Aldehydes 0.880 0.960 1.000 0.612 -0.335 -0.100 

Hydrocarbons 0.379 0.377 0.612 1.000 -0.699 0.478 

Esters -0.114 -0.159 -0.335 -0.699 1.000 -0.904 

Terpenes -0.272 -0.275 -0.100 0.478 -0.904 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

Table 5. P-values matrix of the correlation between the number of Apis mellifera visits and the chemical groups 
identified in hermaphrodite flowers (VHF) in five commercial types of melon 

P-Values Matrix 

VHF Alcohols Aldehydes Hydrocarbons Esters Terpenes 

VHF 1.000 0.037 0.047 0.529 0.855 0.658 

Alcohols 0.037 1.000 0.009 0.532 0.798 0.655 

Aldehydes 0.047 0.009 1.000 0.272 0.582 0.873 

Hydrocarbons 0.529 0.532 0.272 1.000 0.189 0.415 

Esters 0.855 0.798 0.582 0.189 1.000 0.035 

Terpenes 0.658 0.655 0.873 0.415 0.035 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

Table 6. Correlation matrix between the number of Apis mellifera visits and the volatiles organic compounds 
identified in male flowers (VMF) in five commercial types of melon 

Correlation Matrix 

VMF Benzaldehyde D_Limonene ß_Pinene a_Thujene 1R_a_Pinene ß_Myrcene o_Cymene Camphene Sabinene

VMF 1.000 0.905 0.916 -0.375 0.571 -0.949 0.742 0.986 -0.085 0.667 

Benzaldehyde 0.905 1.000 0.982 -0.623 0.428 -0.991 0.911 0.885 -0.368 0.382 

D_Limonene 0.916 0.982 1.000 -0.689 0.471 -0.985 0.938 0.875 -0.443 0.348 

ß_Pinene -0.375 -0.623 -0.689 1.000 0.050 0.566 -0.886 -0.258 0.955 0.429 

a_Thujene 0.571 0.428 0.471 0.050 1.000 -0.516 0.201 0.644 0.233 0.692 

1R_a_Pinene -0.949 -0.991 -0.985 0.566 -0.516 1.000 -0.879 -0.932 0.297 -0.476 

ß_Myrcene 0.742 0.911 0.938 -0.886 0.201 -0.879 1.000 0.662 -0.709 0.009 

o_Cymene 0.986 0.885 0.875 -0.258 0.644 -0.932 0.662 1.000 0.041 0.755 

Camphene -0.085 -0.368 -0.443 0.955 0.233 0.297 -0.709 0.041 1.000 0.673 

Sabinene 0.667 0.382 0.348 0.429 0.692 -0.476 0.009 0.755 0.673 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 
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Table 7. P-values matrix of the correlation between the number of Apis mellifera visits and the volatiles organic 
compounds identified in male flowers (VMF) in five commercial types of melon 

P-Values Matrix 

VMF Benzaldehyde D_Limonene ß_Pinene a_Thujene 1R_a_Pinene ß_Myrcene o_Cymene Camphene Sabinene

VMF 1.000 0.035 0.029 0.534 0.315 0.014 0.151 0.002 0.892 0.219 

Benzaldehyde 0.035 1.000 0.003 0.262 0.472 0.001 0.031 0.046 0.542 0.525 

D_Limonene 0.029 0.003 1.000 0.198 0.424 0.002 0.018 0.052 0.454 0.566 

ß_Pinene 0.534 0.262 0.198 1.000 0.937 0.320 0.046 0.675 0.012 0.471 

a_Thujene 0.315 0.472 0.424 0.937 1.000 0.373 0.746 0.241 0.706 0.195 

1R_a_Pinene 0.014 0.001 0.002 0.320 0.373 1.000 0.050 0.021 0.627 0.418 

ß_Myrcene 0.151 0.031 0.018 0.046 0.746 0.050 1.000 0.223 0.180 0.988 

o_Cymene 0.002 0.046 0.052 0.675 0.241 0.021 0.223 1.000 0.948 0.140 

Camphene 0.892 0.542 0.454 0.012 0.706 0.627 0.180 0.948 1.000 0.213 

Sabinene 0.219 0.525 0.566 0.471 0.195 0.418 0.988 0.140 0.213 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

Table 8. Correlation matrix between the number of Apis mellifera visits and the volatiles organic compounds 
identified in hermaphrodite flowers (VHF) in five commercial types of melon 

Correlation Matrix 

VHF Benzaldehyde D_Limonene ß_Pinene o_Cymene ß_Myrcene Sabinene 1_Penten_3_ol 2_Butenal__2_methyl a_Thujene Ethyl_propanoate

VHF 1.000 0.850 0.863 0.216 0.895 0.656 0.517 0.907 -0.788 0.892 -0.592 

Benzaldehyde 0.850 1.000 0.915 0.016 0.865 0.889 0.476 0.682 -0.731 0.747 -0.670 

D_Limonene 0.863 0.915 1.000 0.068 0.987 0.930 0.783 0.601 -0.905 0.892 -0.892 

ß_Pinene 0.216 0.016 0.068 1.000 0.085 0.048 0.159 0.435 0.193 -0.237 -0.092 

o_Cymene 0.895 0.865 0.987 0.085 1.000 0.865 0.810 0.637 -0.941 0.929 -0.882 

ß_Myrcene 0.656 0.889 0.930 0.048 0.865 1.000 0.733 0.380 -0.748 0.720 -0.892 

Sabinene 0.517 0.476 0.783 0.159 0.810 0.733 1.000 0.191 -0.807 0.743 -0.960 

1_Penten_3_ol 0.907 0.682 0.601 0.435 0.637 0.380 0.191 1.000 -0.460 0.497 -0.254 

2_Butenal_2_methyl -0.788 -0.731 -0.905 0.193 -0.941 -0.748 -0.807 -0.460 1.000 -0.995 0.842 

a_Thujene 0.809 0.747 0.892 -0.237 0.929 0.720 0.743 0.497 -0.995 1.000 -0.788 

Ethyl_propanoate -0.592 -0.670 -0.892 -0.092 -0.882 -0.892 -0.960 -0.254 0.842 -0.788 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

Table 9. P-values matrix of the correlation between the number of Apis mellifera visits and the volatiles organic 
compounds identified in hermaphrodite flowers (VHF) in five commercial types of melon 

P-Values Matrix 

VHF Benzaldehyde D_Limonene ß_Pinene o_Cymene ß_Myrcene Sabinene 1_Penten_3_ol 2_Butenal__2_methyl a_Thujene Ethyl_propanoate

VHF 1.000 0.043 0.035 0.702 0.015 0.204 0.347 0.009 0.089 0.017 0.268 

Benzaldehyde 0.043 1.000 0.004 0.955 0.034 0.019 0.393 0.179 0.135 0.121 0.191 

D_Limonene 0.035 0.004 1.000 0.889 -0.023 -0.003 0.092 0.259 0.010 0.017 0.017 

ß_Pinene 0.702 0.955 0.889 1.000 0.867 0.914 0.773 0.439 0.731 0.676 0.858 

o_Cymene 0.015 0.034 -0.023 0.867 1.000 0.033 0.071 0.223 -0.008 -0.002 0.023 

ß_Myrcene 0.204 0.019 -0.003 0.914 0.033 1.000 0.134 0.503 0.121 0.145 0.017 

Sabinene 0.347 0.393 0.092 0.773 0.071 0.134 1.000 0.733 0.074 0.125 -0.016 

1_Penten_3_ol 0.009 0.179 0.259 0.439 0.223 0.503 0.733 1.000 0.410 0.370 0.655 

2_Butenal_2_methyl 0.089 0.135 0.010 0.731 -0.008 0.121 0.074 0.410 1.000 -0.025 0.049 

a_Thujene 0.072 0.121 0.017 0.676 -0.002 0.145 0.125 0.370 -0.025 1.000 0.088 

Ethyl_propanoate 0.268 0.191 0.017 0.858 0.023 0.017 -0.016 0.655 0.049 0.088 1.000 

Note. Values in white cells denote significant correlations at p < 0.05. 

 

D-Limonene, Benzaldehyde and O-Cymene correlated positively and α-Pinene correlated negatively to the 
number of honey bee visits to male flowers, while for hermaphrodite flowers the three compounds listed above 
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plus α-Thujene and 1_Penten_3_ol correlated positively (Tables 10 and 11). No compound showed negative 
correlation with bee visits to hermaphrodite flowers. 

 

Table 10. Correlation between the number of Apis mellifera visits and the main volatile compounds identified in 
male flowers (VMF) in five commercial types of melon 

 β-Pinene α-Thujene D-Limonene Benzaldehyde Sabinene o-Cymene Camphene α-Pinene

VMF -0.38 0.57 **0.92 **0.91 0.67 0.99** -0.09 **-0.95 

Note. * and ** denote significant correlations at p < 0.05 and at p < 0.01, respectively.  

 

Table 11. Correlation between the number of Apis mellifera visits and the main volatile compounds identified in 
hermaphrodite flowers (VHF) in five commercial types of melon 

 β-Pinene β-Myrcene α-Thujene D-Limonene Sabinene o-Cymene Ethyl propanoate 1_Penten_3_ol 2-Butenal, 2-methyl- Benzaldehyde

VHF 0.22 0.62 *0.89 *0.86 0.52 *0.89 -0.59 **0.91 -0.79 *0.85 

Note. * and ** denote significant correlations at p < 0.05 and at p < 0.01, respectively.  

 

The profile of these VOCs showed significant differences between melon types and may explain the preference 
honey bees presented for visiting flowers of some melon types (Figure 2). Cantaloupe was the only melon type 
with low amounts of α-Pinene in male flowers, the only significantly bee repellent for this flower gender, 
producing 2.5 times less than flowers of all other melon types. Cantaloupe male flowers also produced the 
greatest amount of D-Limonene, Benzaldehyde and O-Cymene, the three compounds in male flowers that were 
significantly attractant to honey bees (Figure 2a). The other melon types showed similar profiles among their 
male flowers with high amounts of α-Pinene, and D-Limonene as the most abundant attractant VOC, though in 
small amounts, but much greater in the Piel de sapo and Charentais than Yellow and Galia. They also presented 
variable low amounts or absence O-Cymene and no Benzaldehyde, except for the Galia which had a tiny amount 
(Figures 2b-2e).  

In respect to hermaphrodite flowers, again those produced by the Cantaloupe type stood well apart from flowers 
of the other types. They showed the highest amounts of D-Limonene, Benzaldehyde, o-Cymene, α-Thujene and 
1_Penten_3_ol, the compounds positively correlated to bee visits, in comparison to the other melon types (Figure 
2a). Also, the only repellent compound present in these flowers was α-Pinene, but unlike male flowers, this 
compound was not significantly correlated to bee visits in hermaphrodite flowers. Hermaphrodite flowers of the 
Yellow melon type produced a VOC profile similar to that of Piel de sapo and Galia, but richer in the attractants 
D-Limonene and Benzaldehyde and no significant repellent compound (Figures 2b-2d). Piel de sapo and Galia 
hermaphrodite flowers besides producing less D-Limonene and Benzaldehyde, also emitted 2-Butenal 2-methyl-, 
a bee-repellent compound but not significantly correlated to bee visits to hermaphrodite flower. The 
hermaphrodite flowers of Charentais presented a unique VOC profile. Unlike flowers of all the other melon 
types, these flowers produced little α-Pinene, some D-Limonene (bee attractant) and 2-Butenal 2-methyl- (bee 
repellent). However, the predominant VOC by far was Ethyl acetate (Figure 2e). Although this compound did not 
show correlation to bee visitation to melon hermaphrodite flowers, Ethyl acetate is an effective insect repellent 
due to its asphyxiant properties and it may act as a pest and pollinator repellent in this particular melon type. 
Ethyl acetate was also found among the VOCs of the hermaphrodite flowers of Piel de sapo and Galia types, but 
in much smaller amounts (Figures 2c and 2d).  
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insecticide properties (Mercier, Prost, & Prost, 2009), Ethyl acetate, an effective asphyxiant used in killing jars 
for insect collecting (Arnett, 2000) and, intriguingly, 2-Butenal 2-methyl-, a mammary pheromone used by 
lactating female rabbits (Schaal et al., 2003).  

Although all melon types studied here belong to the same species, Cucumis melo, flowers of the distinct 
agronomic types presented a variable VOC profile, and their participation in the melon floral aroma varied 
considerably among flowers of the different types of melon, from 23 substances in an intricate blend in 
hermaphrodite flowers of the Cantaloupe type down to only three compounds representing 100% VOC emitted 
by Charentais male flowers. This may have influenced bee foraging because the presence or absence of some 
volatile compounds may change the level of attractiveness of the flowers (Ceuppens et al., 2015). In addition, 
differences in the relative proportion of VOCs emitted by flowers may affect the behavior of pollinators (Wright 
& Schiestl, 2009). Ceuppens et al. (2015), for example, comparing the attractiveness of two varieties of 
strawberry to Bombus terrestris, reported that acetophenone was present in greater quantity in the variety that 
was less attractive to bees. In our study, however, acetophenone was found only in the Cantaloupe melon, in 
lower values. This concentration was probably not sufficient to affect the attractiveness of the flowers to A. 
mellifera, since the Cantaloupe was the melon type which received most visits. However, we found similar result 
to that described by Ceuppens et al. (2015) in respect to α-Pinene (repellent) in melon male flowers. Melon types 
with less α-Pinene were more visited. Despite the fact that male flowers do not produce fruits, their ability to 
attract pollinators is important for yield because they are the source of most pollen in a melon crop and also 
make the field more rewarding to foragers than it would be if they visit only hermaphrodite flowers, thus 
attracting more bees and promoting better pollination (Free, 1993; Freitas, 1995). Also, the number of flowers 
produced per day by each type of melon could affect its attractiveness to bees, so that those types that produce 
more flowers could be more visited. However, it does not seem to be the case here, because the hybrids studied 
do not differ in the number of flowers they produce per day nor in the total number of flowers per cycle 
(Fernandes, 2017).  

It is possible that the Cantaloupe flowers were the most visited by the bees not only because they have little 
acetophenone but also because of less α-Pinene than the others melon types and also because it was the one which 
produced greater amount of D-Limonene (attractant) and the greatest variety of VOCs, strengthening suggestions 
from studies with other crops that the resulting blend of VOCs may be determinant to the bee´s choice 
(Pham-Delegue et al., 1989; Wright et al., 2002; Sachse & Galizia, 2003; Klatt et al., 2013). Therefore, a mixture 
of more bee-attractant compounds and less bee-repellent VOCs seem to determine the role of floral odor in bee 
visits to melon flowers. However, in general α-Pinene was the most abundant compound in the melon floral odor 
and it may be related to reports by growers and beekeepers that the melon crop is little attractive to honeybees. 
Melon breeders should consider flower VOC profile in breeding new varieties to make them more attractive or 
less repellent to pollinators. 

Identification of the most important VOCs in the attractiveness of pollinators may be applicable to solve 
problems of modern agriculture, such as the pollinator deficit in agricultural areas and the lack of attractiveness 
of some crops to pollinators (Free, 1993; Vaissière, Freitas, & Gemmill-Herren, 2011). Studies on sensory 
mechanisms, recognition, distinction of odors and preferences of pollinators in conjunction with floral resources, 
can also provide information on plant-pollinator interaction. However, it is necessary to analyze the specific 
differences between the plant species, identifying the most important VOCs within the complex mixture that is 
the floral odor, and to perform electrophysiological and behavioral tests to obtain an individual response of each 
VOC (Riffell et al., 2013; Byers et al., 2014).  

Finally, the floral odor should be investigated as a floral attribute that together with other characteristics such as 
morphometry, color, texture, reflectance, electric field and rewards (Dafni & Kevan, 1997; Alcorn et al., 2012; 
Clarke et al., 2013; Varassin & Amaral-Neto, 2014) act on the attraction of pollinators to flowers, but whose 
small variations between plant species, and even varieties or types within of the same species, can produce 
distinct results making the flower of one more or less attractive than the other, or even losing the ability to attract 
pollinators. The complex plant-pollinator interaction through floral attractants is a promising field for the 
ecology and breeding of agricultural crops. 

Our study allows to conclude that the floral VOC profile of the distinct agronomic melon types varies greatly 
both in the identity and proportion of the compounds and these differences can be, at least partially, responsible 
for the preferences shown by Apis mellifera to visit flowers of some melon types in relation to others. Melon 
flowers emitting more bee-attractant and less bee-repellent compounds are favoured by the bees, which in 
pollinator-dependent crop such as melon can have major implications to pollination and fruit yield. Finally, these 
findings point out the need of differentiated management of bee colonies according to the type of melon 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 3; 2019 

104 

cultivated (more or less attractive to the bees), but also to the perspective of breeding varieties more attractive to 
pollinators through the selection of flower lines richer in bee-attractant and/or poorer in bee-repellent volatiles. 
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