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ABSTRACT

Bees are essential pollinators that use visual and olfactory stimuli 
to locate flowers in search of nutritional resources. Among 
flowering plants, aromatics are recognized for their medicinal 
properties, but little is known about the mechanisms involved 
in their interaction with floral visitors. This work aimed to 
determine how visual and olfactory stimuli of the basil flowers 
participate in attracting Tetragonisca angustula Illiger (1806), and 
how microorganisms associated with these flowers are involved. 
For this, the attraction of bees was evaluated according to the 
type of flower and the resource offered (nectar, pollen, or nectar 
+ microorganisms), and the bees’ attraction to the plant’s volatiles 
was analyzed, evaluating plants with and without flowers and the 
attraction to the isolated microorganisms in them. During the first 
phase (visual), T. angustula bees preferred white panicle-shaped 
flowers and the nectar resource. In the second phase (olfactory), 
they chose flowering plants over non-flowering ones. When plants 
were offered together with isolated microorganisms, bees preferred 
the smell of the microorganisms over the smell of the plants with 
flowers. The attraction of T. angustula to basil plants is influenced 
by the structure and color of the flowers, as well as by the volatiles, 
and especially by the presence of microorganisms in them, despite 
primarily seeking nectar as a resource during the visit.

Keywords: Epiphytic microorganisms; Insect behavior; Sensory 
cues; Semiochemicals; Stingless bees.

RESUMEN

Las abejas son importantes polinizadores que, mediante el uso de 
estímulos visuales y olfativos, localizan flores en busca de recursos 
nutricionales. Entre las plantas, las aromáticas se reconocen por sus 
propiedades medicinales, pero poco se conoce sobre los mecanismos que 
participan en la interacción con sus visitantes florales. Este trabajo tuvo 
como objetivo determinar cómo los estímulos visuales y olfativos de las 
flores de albahaca participan en la atracción de Tetragonisca angustula 
Illiger (1806) y cómo en esta interacción participan los microorganismos 
asociados a las flores. Para esto, se evaluó la atracción de las abejas de 
acuerdo con el tipo de flor y recurso ofrecido (néctar, polen o néctar 
+ microorganismos) y se analizó la atracción de la abeja a volátiles de 
la planta, evaluando plantas con y sin flores, y la atracción hacia los 
microorganismos aislados en las mismas. Durante la primera fase (visual) 
las abejas de T. angústula prefirieron las flores blancas en forma de 
panícula y los recursos de néctar.; En la segunda fase (olfativa) eligieron 
plantas con flores sobre aquellas que no tienen. Cuando se ofrecieron 
las plantas junto con microorganismos aislados, las abejas prefirieron el 
olor de los microorganismos sobre el olor de las plantas con flores. La 
atracción de T. angustula a plantas de albahaca se ve influenciada por 
la estructura y color de las flores, así como por los volátiles emitidos y, 
especialmente, por la presencia de microorganismos en ellas, a pesar de 
que mayoritariamente buscan néctar como recurso durante la visita.

Palabras clave: Abejas sin aguijón; Comportamiento de los insectos; 
Microorganismos epífitos; Semioquímicos; Señales sensoriales. 
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INTRODUCTION

Bees are crucial in maintaining ecosystem functionality and stability 
(Ollerton, 2017). Through their interactions with plants, they not 
only secure essential food resources but also facilitate the pollination 
of a diverse array of flora, encompassing various shapes, colors, and 
sizes. This pollination process is crucial to produce many foods 
consumed by humans, underscoring the importance of conserving 
plant biodiversity (Klein et al. 2007).

Pollinating insects exhibit a range of social structures, from 
solitary lifestyles to complex communal systems (Michener, 2007). 
Among social bee species, Apis mellifera is the most recognized 
pollinator worldwide. Its prominence stems from its generalist 
foraging behavior, ease of management, and capacity for large-scale 
transportation, making it indispensable in commercial agriculture 
(Hung et al. 2018). 

However, stingless bees, belonging to the tribe Meliponini, also 
play a vital role in pollination, especially in tropical regions. They 
are responsible for pollinating a substantial proportion of tropical 
plant species, both in native forests and agricultural settings (Slaa et 
al. 2006). Notably, Tetragonisca angustula (Illiger, 1806) is among 
the most utilized species in meliponiculture and serves as an effective 
pollinator for various plants, collecting essential nutrients such as 
proteins, minerals, fats, and oils through the gathering of water, 
nectar, and pollen (Ocaña-Cabrera et al. 2022).

Bees are highly attuned to visual and olfactory stimuli, which 
are essential for recognizing floral traits and navigating their 
environment (Giurfa, 2013). Visual cues, such as flower color and 
pattern, play a crucial role in long-distance attraction, enabling 
bees to effectively detect and discriminate between floral resources 
(Hempel de Ibarra et al. 2022). Among the reported stimuli for 
bees, those that generate the most significant attraction response 
at long distances are visual, such as the shape and color of flowers 
(Parra, 2001). Plant volatiles, which are compounds that give the 
olfactory profile of plants, play a significant role at short distances 
(Moré et al. 2010). In general, both visual and chemical (volatile) 
stimuli are signals of nutritional rewards, such as pollen or nectar, 
offered by plants to attract pollinators (Asociación española de 
Entomología, Jardín Botánico Atlántico y Centro Iberoamericano 
de la Biodiversidad, 2002).

In plants of the Ocimum genus, the presence of chemical compounds 
such as eugenol, linalool, trans-cinnamate methyl, geraniol, and 
thymol have been confirmed (Murillo Perea & Viña Patiño, 1999; 
Murillo et al. 2004; González-Zúñiga et al. 2011). Some of these 
compounds exhibit allelopathic effects, pesticide properties, or 
acaricide effects (Hüe et al. 2015; Silva Lima et al. 2018).

Pollinators, in the stage of resource recognition in plants, also 
interact with microorganisms present in the aerial part of the plants 
they visit, which can positively or negatively modify their behavior 
(Menzel, 2001). In plants, the habit of microorganisms also depends 
on the site they inhabit, as some are hosted in vascular tissues 

(endophytes) where they obtain enough resources to establish a 
mutualistic symbiosis and protect the plant (Germaine et al. 2004; 
Tsavkelova et al. 2007), while others remain in the aerial part or 
phyllosphere of plants (epiphytes) and are constantly exposed 
to abiotic factors and relationships with pathogens (Granados-
Sánchez, 2003).

The mutualistic relationship between plants and pollinators is 
intricate due to plants’ morphological and physiological variability, 
including flower parts such as sepals, petals, stamens, and carpels. 
These elements attract pollinators like bees, either through the 
resources they offer, such as nectar, pollen, oils, and resins, or 
through their colors, smell, shapes, and sizes (Aizen et al. 2002). In 
this interaction, the participation of microorganisms, as mentioned 
earlier, also plays a crucial role, resulting in either mutualistic or 
antagonistic relationships depending on the interacting agent (De 
Bruyner & Baker, 2008).

Therefore, the aim of this study was to elucidate the factors involved 
in the bee-plant interaction, evaluating visual, olfactory, and 
nutritional stimuli, as well as possible associated microorganisms 
that participate in the selection of plants by Tetragonisca angustula.

MATERIALS AND METHODS

To evaluate the behavioral responses of Tetragonisca angustula to 
stimuli associated with white basil plants, fifty cuttings of the lemon 
variety (Ocimum basilicum L. 1753) were planted in rooting trays. 
These plants were kept in trays with peat as a substrate for 15 days. 
After this period, the cuttings were transplanted into polyethylene 
bags. A mixture of river sand, rice husk, and worm humus in a 1:1:1 
ratio was used as substrate for transplantation. The polyethylene bags 
were placed in a greenhouse (3.96 m long, 3.83 m wide, 2.93 m 
high) in the experimental farm of the Universidad del Magdalena in 
Santa Marta (N 11°13’ 24”, W 74°11’ 2.3”).

Plants were enclosed in white mesh boxes to prevent insect damage 
that could alter metabolites emitted by the selected plants for 
olfactory stimulus analysis. Additionally, a single fertilization with 
triple 15 (NUTRIMON) (dose: 5 grams per plant) was performed 
10 days after transplantation. Finally, the plants were ready for the 
bioassays. According to the Köppen-Geiger classification (1961), the 
area where this study was conducted corresponds to BSh local steppe 
climate.

Recognition and extraction of microorganisms associated with 
basil plants. To identify epiphytic and/or endophytic microorganisms 
associated with basil flowers (Ocimum basilicum), isolations were 
carried out in the plant pathology laboratory of the Universidad del 
Magdalena. In this study, 40 complete basil flowers were selected. 
Four isolation treatments were established using different floral 
structures to evaluate the presence of microorganisms: complete 
flowers with superficial washing with sterile water (Treatment 1), 
macerated washed complete flowers (Treatment 2), unwashed petals 
(Treatment 3), and unwashed stamens (Treatment 4). Two replicates 
of each treatment were performed using five flowers. All plant 
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material was previously washed with distilled water. The procedure 
for Treatment 2 was based on the methodology of Stone et al. (2004) 
and Photita et al. (2004).

After planting each structure on nutrient agar, two purifications were 
carried out for each treatment using four types of agars: nutrient agar 
(Purification 1), potato nutrient agar (Purification 2 and 3), and soy 
nutrient agar (Purification 4). Purifications were carried out using the 
streak plate method for bacteria and direct seeding for fungi (Clarke 
et al. 2018). 

Microbiological sample analysis. An initial seeding was carried 
out, and from there, purifications were performed until obtaining 
the pure strain in each Petri dish. The samples were identified 
through microscope mounts, using Gram staining for bacteria and 
lactophenol blue staining for fungi. The physical data of each sample, 
such as color, shape, elevation, and margin, were recorded. This was 
done to identify the present fruiting bodies, following an illustrated 
guide to fungi and plant pathology (Koneman & Dowell, 1989; 
Cañedo & Ames, 2004; Agrios, 2005).

Behavioral Bioassays. Stage 1. Evaluation of learning. The bees used 
to evaluate their behavioral response to each stimulus were taken 
from the meliponary of the experimental farm of the Universidad del 
Magdalena. They were kept isolated in their hive within a greenhouse 
(3.96 m long, 3.83 m wide, 2.93 m high), mounted on a wooden 
structure (80 cm wide, 160 cm long), preventing them from having 
previous olfactory and/or visual experiences associated with basil 
plants that were being cultivated nearby for this specific experiment. 
Before evaluating the bees’ attraction to basil plant stimuli, they 
underwent training in an observation arena to establish the foraging 
area, where the resources to be evaluated would be offered. For this 
stage, the hive was placed at one right end corner of the wooden 
structure inside the greenhouse. Two Petri dishes with a 1:1 water 
solution with sugar (changed daily) were placed in the other right 
corner and in one left corner. Observations were made, measuring 
the number of visits for four hours (9:00 am -11:00 am and 3:00 
pm -5:00 pm) for five days to assess the bees’ learning level towards 
that stimulus and understand their response to the food source. After 
the learning phase, activities were carried out to evaluate stimuli 
provided by the basil plant.

Stage 2. Evaluation of visual stimuli. Nine treatments were evaluated 
in the observation arena, using three flower shapes (emulating form 
to panicle, solitary flower, simple leaf ) and three colors (white, green, 
and purple), made with Eppendorf tubes filled with gauze with a 
sugar-water solution (1:1) and surrounded by foam to emulate the 
basil flower, with a size of 4 cm in height, 7 cm in diameter. Treatments 
to determine visual stimuli (color and shape) were distributed as 
follows; for treatments 1, 2, 3 (control), purple flowers were used 
in the three previously described forms, for treatments 4, 5, 6, green 
flowers were used, and for treatments 7, 8, 9, white flowers were 
used. Each treatment had ten repetitions in the observation arena, 
and five experiment replicates (each replicate representing one day 
of setup). In each replicate, the treatments were position changed to 
eliminate the possible influence of abiotic factors and the learning 

factor associated with the location on the insect’s behavioral response. 
Observations were made during three periods of the day (7:00 am – 
9:00 am, 11 am - 1:00 pm, 3:00 pm – 5:00 pm). The bee’s arrival at 
the flower, followed by the extension of the glossa for feeding, was 
considered a positive response to the stimulus.

Stage 3. Association of nutritional rewards with visual stimuli 
of basil plants. Starting from the visual stimulus with the highest 
number of visits obtained in stage 2 and following the methodology 
from the previous stage, nine treatments with ten repetitions in 
the observation arena and five replicates (days of assembly) were 
established. The aim was to observe the relationship between the 
bees’ visit and the nutritional reward offered by the plant (pollen or 
essential oil), including two microorganisms frequently isolated from 
the floral structures of basil in the treatments. This aimed to evaluate 
their effect on attraction to the plant. Nine treatments were designed 
with three attractant bases: (1) T1-T3 used water + sugar (1:1), with 
T1 as control, T2 adding Aspergillus sp.1, and T3 adding Aspergillus 
sp.2; (2) T4-T6 replaced the base with basil essential oil extracted 
from basil leaves (T4:control, T5: +sp. 1, T6: +sp.2); (3) used pollen 
solution (T7:control, T8: +sp. 1, T9: +sp.2) maintaining the same 
microorganism sequence across group.

The extraction and preparation of the solutions of the two 
microorganisms involved taking two strains, each with a different 
morphology but belonging to the same genus (Aspergillus sp.). 
To each strain, 10 ml of sterile water was added to remove all the 
fruiting bodies to the culture medium using a microbiological 
loop. The material was gently scraped, deposited in two 80 ml 
beakers, covered with aluminum foil, and then the conidia count 
was performed using the hemocytometer test with the Neubauer 
chamber (Vélez et al.1997). This determined the concentration of 
conidia in a suspension, obtaining the same quantity of conidia/ml 
for each microorganism. The treatments with microorganisms were 
standardized based on a concentration of 1,000,000 conidia/ml, 
achieved by adding 0.06 ml and 0.08 ml of the mother solution of 
microorganisms 1 and 2, respectively.

For the treatment with pollen-supplemented flowers, daily 
collections of 120 inflorescences provided pollen for treatments T7-
T9. After anther excision: T7 received 1 mL sterile water (control), 
T8 was supplemented with 1 mL Aspergillus sp.1 suspension (1×10⁶ 
conidia/mL), and T9 with 1 mL Aspergillus sp.2 suspension (equal 
concentration), all deposited in individual Eppendorf tubes with 
standardized pollen quantities. Finally, for treatments involving 
the incorporation of essential oils, 1 ml of ml extract was obtained 
from basil cuttings using 96% ethanol, excluding the floral area. It is 
important to note that this extract may not consist solely of essential 
oils, but rather a mixture of compounds, including both volatile and 
non-volatile substances extracted by ethanol. 

Evaluation of olfactory stimuli. To assess the responses of the angelita 
bee (T. angustula) to olfactory stimuli from basil plants (Ocimum 
basilicum), an air flow olfactometer was designed following the 
methodology described by López-Ávila & Rincón (2006). The 
system circulated air provided by a compressor, which passed 
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through an activated charcoal filter to ensure the cleanliness of the 
air entering the system. After the adaptation and establishment of 
the olfactometer located in a greenhouse, the behavior of the bee 
was evaluated concerning different olfactory stimuli from basil. The 
Bees used in the experiments were taken from a hive belonging to the 
Meliponario of the Universidad del Magdalena. These bees had no 
prior training and were taken directly from the hive entrance.

The olfactometer was adapted for choice experiments to use only 
two chambers (Figure 1), each containing different odor sources 
according to each treatment. The air flow laminar velocity in each 
arm was calibrated using anemometers (AMPROBE TMA-20HW). 
The arms were covered with black fabric to prevent bees from having 
an additional stimulus other than olfactory. 

Initially, the attractiveness of basil plants in vegetative development or 
flowering phase was analyzed using the following treatments (phase 1): 
T0 = Plant without flowers (Arm 1) vs. pure air (Arm 2), T1 = Basil plant 
with flowers (Arm 1) vs. pure air (Arm 2), and T2 = Basil plant with 
flowers (Arm 1) vs. basil plant without flowers (Arm 2).

Considering the results of the previous stage, we proceeded to analyze 
whether the bee’s attraction to the plant is generated by the mixture 
of volatiles emitted by the plant and its associated microorganisms, or 
only by the volatiles emitted by one of the microorganisms found in 
greater proportion in the floral structures of the plant (phase 2). The 
treatments always contrasted the attraction of the selected plant vs. the 
microorganisms as follows: T0: Culture medium with microorganism 1, 
T1: Culture medium with microorganism 2, and T2: Culture medium 
with microorganisms 1 and 2.

For each treatment, 20 bees were used as replicates, evaluated between 
9:00 am and 12:00 pm, considering this as the time with the highest 
activity of T. angustula according to the learning evaluation results 
(stage 1). Bees were introduced one at a time, disconnecting the pump 
and placing the individual in the center of the olfactometer. After 
reconnecting the pump, the female received the stimulus, and it was 
observed until it chose one of the two arms or for a maximum of five 
minutes, after which it was removed. After removing each bee, the tube 
was cleaned with 70% alcohol to eliminate any possible traces left by the 
previous individual. Subsequently, it was allowed to dry before testing 
the next bee. The odor sources (treatments) were changed to the opposite 
arm after testing five individuals to correct any unforeseen asymmetry 

in the experimental setup. At the end of each treatment, the system was 
cleaned with hexane, allowing it to pass through the cylinders and arms 
for 20 minutes, avoiding any interference from residual odors from 
previous treatments.

Statistical analysis. To analyze bees’ behavioral response to visual and 
nutritional stimuli and evaluate their learning response, a generalized 
linear model (GLM) with a Poisson distribution (Link = log) was used, 
adjusting the error distribution with quasi-Poisson distribution when 
necessary. The explanatory variables were the time of day and nutritional 
treatments. A contrast analysis within a GLM was conducted for each 
level of these variables to assess differences between the means of the 
explanatory variables.

A generalized linear model (GLM) with a binomial distribution (link = 
logit) was employed for the attraction response of bees to volatiles from 
both plants and microorganisms. The explanatory variables were the 
phenology plant stages and the microorganisms from the isolation phase, 
and the evaluated variable was the attraction response of T. angustula. The 
significance of the variables in all analyses was obtained as follows: first, 
we compared complex models with simpler ones obtained by combining 
levels of the variables; if simplification did not result in significant changes, 
the simpler model was accepted, maintaining the principle of parsimony 
(Crawley, 2012). After evaluating all models, they underwent a residual 
analysis to verify that the model was appropriate and that the error 
distribution was normal. For all analyses, an α = 0.05 was considered to
assess the statistical significance of variables. All analyses were conducted 
using R software (R Development Core Team, 2020).

Figure 1. Olfactometer adapted with two chambers to study the interaction between Tetragonisca angustula, Ocimum basilicum, and the 
microorganisms associated with O. basilicum.
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The preference of bees for a resource and the frequency of their visits 
depend on the nutritional requirements of these insects, as well as the 
availability, quality, and quantity of resources that a plant offers them 
(García-García et al. 2001, Woodcock et al. 2014). T. angustula is a 
generalist bee that visits numerous plant species in search of resources, 
including botanical families such as Euphorbiaceae, Anacardiaceae, and 
Rutaceae (Carvalho & Bego, 1995). This bee shows a preference for 

flowers that offer a greater quantity of the resource it needs. For example, 
it has an affinity for basil, selecting flowers in a panicle arrangement, 
which aligns with the findings of Lopes de Carvalho et al. (1999). In 
addition to basil, other frequent sources of pollen and nectar for T. 
angustula can be Bulbine frutescens, Eucalyptus spp., and Leucaena 
leucocephala, which share structural and resource similarities with basil 
(Lopes de Carvalho et al. 1999).

RESULTS AND DISCUSSION

Recognition and extraction of microorganisms associated with 
basil plants. After seeding and purifying floral structures in culture 
media, fungi were the predominant microorganisms, and some bacteria 
were also found. The fungi isolated belonged to the Aspergillus genus. 
Therefore, only two morphotypes of the Aspergillus genus were purified, 
occupying up to 90% of the Petri dishes in the microbiological cultures 
used. During isolation, only the presence of epiphytic microorganisms 
in basil flowers was identified. However, the presence of endophytic 
microorganisms is not ruled out, given the findings of treatments derived 
from macerated flowers.

The microorganisms in ecosystems establish various relationships, ranging 
from synergies to antagonisms, as well as physical and biochemical 
competitions. These interactions are regulated by a series of factors, both 
biotic and abiotic (Cano, 2011). Microorganisms have a wide range of 
hosts and are isolated from seeds, flowers, leaves, and stems. Among 
the most common are endophytes (such as Pseudomonas and Bacillus), 
categorized as activators of defense mechanisms in the plant, as well as 
epiphytes (such as Alternaria and Aspergillus), which can be pathogenic 
(Hallmann et al. 1997; Rosenblueth & Martínez-Romero, 2006; Acosta 
et al. 2005). This diversity of microorganisms supports the finding 
of the fungus Aspergillus sp.1 and A. sp. 2, epiphytic microorganisms 
obtained from basil flowers. Additionally, the presence of endophytic 
microorganisms is evident in other aromatic plants; for instance, Bacillus 

subtilis has been isolated from Mentha spicata tissues, demonstrating its 
role in promoting plant growth and enhancing resistance to pathogens 
(Castro-Restrepo et al. 2022).

The plant material used is related to previous stages of observation and 
recognition of the structures that T. angustula visited most frequently. Bee 
training showed that the ability to recognize a food source is positive and 
significant based on the number of visits they made. It is worth noting 
that foraging times for obtaining rewards vary depending on the resource 
offered, with the peak search for pollen, oils, and resins occurring in mid-
morning (8:00 am – 10:45 am), while at the beginning and end of the 
afternoon (11:00 am – 5:00 pm), bees prefer nectar, as suggested by 
Álvarez et al. (2014) with Bombus sp. and Thygater analis, and Torretta 
et al. (2010) with Melissoptila sp., Melissodes sp., and native bees. Their 
period of greatest activity is from 8:30 am to 11:45 am (Torretta et al. 
2010; Carmona-Diaz et al. 2017).

Evaluation of Learning. The significant increase in feeder visits across 
training days (stage 0) (F (1,8) = 120.91, P = 1.14×10⁻⁵) demonstrated 
bees’ capacity for associative learning, as bees progressively improved 
at recognizing the food stimulus location. The absence of time-of-day 
effects (F(1,7) = 3.52, P = 0.10) further confirmed that this learned 
response was specifically tied to spatial cues rather than temporal 
patterns. Together, these results (Figure 2) establish that bees successfully 
formed and retained a location-based association with the food reward 
through repeated exposure.

Figure 2. Number of visits of Tetragonisca angustula to the training feeders during the five days of observation according to the time of 
day (F (1,8) = 120.91, P= 1.144e-05).
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Figure 4. Number of Tetragonisca angustula visiting feeders according to treatment and time of day.
T1: Purple panicle, T2: Purple solitary flower, T3: Purple single leaf, T4: Green panicle, T5: Green solitary flower, T6: Green single leaf, T7: White panicle, T8: White 
solitary flower, T9: White single leaf. 
Period of day: P1= 7:00-9:00 am, P2= 11:00-1:00 pm, P3= 3:00-5:00 pm.

Association of nutritional rewards with visual stimuli from basil 
plants. Throughout the evaluation process, a total of 6604 visits 
were recorded, with the flower shape influencing bee visits (F (8,126) 
= 49.73; P<2.2e-16) (Figure 3). In this case, the number of visits 
did not vary by the time of day either (F (2,124) = 0.55; P=0.57). 
Bee responses were influenced by the color of the flower (F (8,126) 
= 49.66; P<0.0001); thus, treatment 7, with a feeder resembling 

a panicle and white in color, showed the highest number of visits, 
followed by treatments 1 and 4, both also resembling a panicle and 
being purple and green, respectively. These two treatments had the 
same attraction effect (F (6,124) = 0.18, P= 0.67). Treatments T2, T6, 
T8, T9 exhibited the same attraction response (F (3,130) =0.96, P= 
0.33), and treatments T3 and T5 showed the same effect (F(6,127) 
=0.102, P=0.75) and the lowest number of visits (Figure 4).

Figure 3. The average number of Tetragonisca angustula visiting feeders according to their shape and color. 
T1: purple panicle, T2: purple solitary flower, T3: purple single leaf, T4: green panicle, T5: green solitary flower, T6: green single leaf, T7: white panicle, T8: white solitary 
flower, T9: white single leaf . 
Bars with different lowercase letters have significant differences according to the contrast analysis of means within the Generalized Linear Models (GLM) with α <0.05.
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According to these results, artificial flowers preferred by bees were 
multiplied, corresponding to the white color with a panicle shape. In 
this phase, a total of 3106 visits were recorded, showing a significant 
preference for the control treatment (supplemented with water + sugar) 
with a higher number of visits during the periods of 11:00 am – 1:00 pm 
(P2; figure 5b) and 3:00 – 5:00 pm (P3; figure 5c). In the first period 
of the day (P1: 7:00 - 9:00 am; figure 5a), more visits were observed in 

flowers with essential oil and with sugar solution and microorganism 
1 (T3 + T4). According to the observations of the visits, there are 
significant differences in the early morning hours (P1) and the periods 
at the beginning and end of the afternoon (P2 and P3) (F (3,131) = 73.36, 
P=2.80e-16), but there is no difference in the number of visits between the 
latter (F(3,126) =1.91, P=0.13). The response of the insects varies according 
to the offered food resource (F (8,126) = 18.49, P < 2.2e-16).

Figure 5. The average number of Tetragonisca angustula visiting feeders according to the food resource offered and time of day; a) P1= 
7:00-9:00 am; b) P2= 11:00-1:00 pm; c) P3= 3:00-5:00 pm.
T1: flowers with water + sugar solution (1:1), T2: flowers with water + sugar + Microorganism 1 (Aspergillus sp.1), T3: flowers with water + sugar (1:1) + Microorganism 2 
(Aspergillus sp.2), T4: flowers with essential oil, T5: flowers with essential oil + Microorganism 1 (Aspergillus sp.1), T6: flowers with essential oil + Microorganism 2 (Aspergillus 
sp.2), T7: flowers with pollen solution, T8: flowers with pollen solution + Microorganism 1 (Aspergillus sp.1), T9: flowers with pollen solution + Microorganism 2 (Aspergillus sp.2). 
A significant preference (p<0.05) was observed for times B and C of visits to the supplemented treatment of sugar water, followed by T3, T4 treatments in the three times evaluated.
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Bees, in their search for rewards offered by plants, acquire information 
through their stimuli based on experience related to them, where their 
visual learning ability represents what is known as adaptive behavioral 
response (Avarguès-Weber et al. 2020). Srinivasan et al. (1994) 
demonstrated that previous visual experience can speed up image 
processing, allowing bees to categorize visual patterns and distinguish 
shapes and colors. In addition, they can recognize different sensory 
stimuli simultaneously with the visual ones. These findings support 
the positive learning response observed in bees in this study, as well as, 
their ability to recognize the food source (Srinivasan et al.1998; Giurfa 
et al. 1996).

This genus of fungi plays an essential role in biotechnology and 
decomposition of organic matter; furthermore, it is recognized as 
one of the most abundant in nature that can be found in various 
environments (García-Conde et al. 2024). It is also recognized by 
including important species that maintain beneficial and pathogenic 
relationships (Dagenais & Keller, 2009; Foley et al. 2014). Foley et 
al. (2014) examined beehives to determine the pathogenicity and 
virulence of common isolates of Aspergillus; the results showed that A. 
flavus, A. nonius, and A. phoenicis were pathogenic to larvae of Apis 
mellifera carnica (Pollman), and adults showed a high susceptibility to 
infection.

Taking this into account, the attraction of T. angustula was evaluated 
through tests with flowering plants and artificial flowers, along with 
isolated microorganisms. Diluted solutions of these microorganisms 
were also tested with other resources (water + sugar, essential oil, 
pollen, microorganisms alone). The results revealed that during 
training with artificial flowers (considering both visual stimuli and 
rewards), bees preferred solutions of sugar water (nectar) + Aspergillus 
1 and essential oil + Aspergillus 2. However, when evaluating only the 
olfactory response, bees showed no preference for compounds emitted 
by Aspergillus sp. 1. A non-significant response was also observed when 
the smell of Aspergillus sp. 2 was offered as an alternative. However, one 
arm containing combined volatiles of both microorganisms (Aspergillus 
sp.1 and sp.2) against the opposite arm with flowering basil volatiles, 
T. angustula displayed significantly higher attraction to the microbial
volatile mixture than to floral volatiles alone.

Olfactory stimuli evaluation. When evaluating the olfactory response 
of bees in relation to the plant’s phenology, it was evident that: when 
individuals were given the choice between stimuli from plants without 
flowers and pure air, 30% of the evaluated individuals responded to the 
stimulus from plants in the vegetative state (without flowers). When 
individuals were given the choice between stimuli from flowering 
plants and pure air, 45% of the evaluated individuals responded to 
the stimulus from plants in the flowering state. When individuals were 
given the choice between stimuli from plants in vegetative state and 
plants with flowers, it was observed that 70% of the evaluated bees 
preferred the olfactometer arm containing the flowering basil plant 
(Figure 6a).

Upon evaluating the preference response of T. angustula towards 
basil plants with flowers (plants with higher attraction in phase 
1) and the isolated microorganisms, it was observed that when
individuals were exposed to the stimulus from Aspergillus sp. 1 and

the stimulus from basil plants with flowers, 90% of the evaluated 
individuals preferred the arm containing the flowering plant. When 
the stimulus came from flowering plants and Aspergillus sp. 2, 
65% of the evaluated individuals responded to the stimulus from 
flowering plants. However, when the stimuli came from flowering 
plants and the two microorganisms (Aspergillus sp. 1; Aspergillus 
sp. 2), 75% of the individuals preferred the stimulus from the two 
microorganisms (Figure 6b).

Bee visits to a plant are influenced by various stimuli, including 
olfactory cues. It is known that smells emitted by plants are 
determined by the production of volatile compounds (Calín-
Sánchez et al. 2012), which vary according to the plant’s structure 
(stems, leaves, or flowers) (Chalchat & Özcan, 2008; Jiang et 
al. 2016). In the case of basil, it produces essential oils whose 
chemical composition varies depending on the source structure. 
Jiang et al. (2016) found quantitative and qualitative differences 
in the compounds emitted by the leaves (β-pinene, Limonene, and
Cedrene) and the flowers (β-pinene, α-bergamotene). Additionally,
they determined that O. basilicum flowers emit compounds at a 
higher rate than the leaves, including monoterpenoids such as 
β-pinene and sesquiterpenoids such as α-bergamotene.

The results show that the flowering phase of O. basilicum is the 
most attractive stage to T. angustula, considering the choice of 
plants with flowers over plants without flowers. This suggests 
that the volatiles emitted by basil plants could help direct T. 
angustula in its preference for reward sources available in different 
phenological stages. The choice of these bees towards flowering 
plants is determined by the diversity of semiochemical substances 
emitted in the floral phase and their concentrations (Matu et al. 
2021). However, when presented with other olfactory sources, such 
as pure air, T. angustula did not prefer basil plants, as observed in 
the olfactometer control treatments. 

Despite field observations indicating that T. angustula visits O. 
basilicum plants, a clear preference for this plant is not evident, 
as reflected in the results; the effective visits of these bees to basil 
seem to be conditioned by the interaction of visual and olfactory 
factors. The latter could be influenced by the presence of other 
microorganisms in the plant (Vannette, 2020). This is supported 
by the findings of microbial isolation, revealing the predominant 
presence of two epiphytic morphotypes of the genus Aspergillus, 
found in both petals and complete flowers of O. basilicum.

It’s worth mentioning that microorganisms emit various volatile 
substances (Steiner et al. 2007; Davis et al. 2012; Dickschat et 
al. 2018). For example, Aspergillus versicolor Vuillemin emits 
sesquiterpenes (Sunesson et al. 1995; Steiner et al. 2007; Dickschat 
et al. 2018). These emissions play a crucial role in the behavior of 
some insects. Davis et al. (2012) studied the volatile emissions of 
epiphytic fungi on apples as semiochemical attractants for eusocial 
wasps, demonstrating that volatiles emitted by the epiphytic fungus 
Aureobasidium pullulans can influence the attraction of these 
wasps, specifically Vespula pensylvanica and V. germanica, which are 
oriented towards these crops.



Rev. U.D.C.A Act. & Div. Cient. 28(1):e2654, January-June 2025 9

Figure 6. a) Percentages of net attraction (± SE) of T. angustula to basil plants.  A) plants without flowers/pure air ꭕ2(1,38) =48.869; P=0.0103; B) 
flowering plants/pure air ꭕ2(1,38) =55.051; P=0.5267; C) flowering plants/non-flowering plants ꭕ2(1,38) =48.869; P=0.0103. b) Percentages of net 
attraction (± SE) of T. angustula to volatiles emitted by isolated microorganisms. A) flowering plants/Aspergillus sp.1, ꭕ2(1,38) =26.007; P= 5.752e-08; 
B) flowering plants/Aspergillus sp.2, ꭕ2(1,38) =51,796; P=0.05587; C) flowering plants/ Aspergillus (sp.1 and sp.2) ꭕ2(1,38) =44.987; P=0.001217.
*Indicates significant differences (P<0.05) in comparisons.

Therefore, it is suggested that T. angustula bees may be guided by 
obtaining a resource along with volatiles emitted by these Aspergillus 
microorganisms, and that the variation in the volatile profile of 
each morphotype may be crucial for responses, whether attraction 
or non-preference. This considers that microorganisms produce 
multiple volatile organic compounds, and insects are oriented 
towards a mixture of compounds representative of fungal volatiles, 
which vary in their chemical composition, with some being more 
attractive than others (Steiner et al. 2007; Davis et al. 2012).

The results demonstrate that the smell of flowers and microorganisms 
associated with O. basilicum is essential for the interaction with T. 
angustula. Epiphytic microbiota emits compounds that characterize 
the smell of leaves, flowers, and fruits (Peñuelas et al. 2014; 
Sangiorgio et al. 2022), and the quantity of flowers combined 
with the offered resource and microbial volatiles in attracting 
pollinators is an essential factor to consider. Many of the smells 
that guide these insects are produced by epiphytic microorganisms; 
therefore, it is necessary to analyze these interaction dynamics that 
are useful in the management of cultivated plants, considering that 
modifications in the profile of emitted compounds can interfere 
with the behavior of these insects.
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