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Introduction

Abstract

The efficiency of honey production in apiaries depends largely on the work capacity
and health of the bees in charge of this activity. Sanitary management in apiaries
and hives is not entirely effective, revealing that the chemicals used can affect the
behavior of workers, reduce their immunological capacity, and compromise the
quality of the honey. The lack of alternative treatments and the lack of available
information on natural products makes it important to search for less harmful
solutions that are accessible to honeybee producers. The objective of this study was
to determine the existing problems in apiaries in Soconusco, Chiapas. After
conducting interviews and inspecting the apiaries, samples were taken from
infected and uninfected apiaries and analyzed with ADP medium in the laboratory
to identify the fungi causing the problem in the production boxes. These fungi were
analyzed using a lactophenol blue staining technique under a microscope. In
addition to Apis mellifera, the attending producers from some regions of
Soconusco, Chiapas, presented other species of honey-producing bees. Among the
issues considered, producers do not apply natural alternative products for pest and
disease control due to low efficiency and a lack of information and training in their
development and use. The damage caused is primarily by mites and fungi, with the
diseased hives showing the fungus Aspergillus, a prevalent genus in the inspected
hives.

Apis mellifera, commonly known as the European
honeybee or domestic honeybee, is a species of the
order Hymenoptera and the Apidae (Ramos-Cuellar et
al., 2024). Currently, beekeeping is a fundamental
economic activity in the country, on which
approximately 48 000 producers depend, who
collectively manage more than two million beehives
(Alvarez-Ramirez et al., 2017). Furthermore, beekeeping
plays an essential role in ecosystem regulation,
particularly through its contribution to pollination,

making it a key component for biodiversity conservation
and sustainable agricultural production (Becerril Garcia et
al., 2020). During the last three decades, the systematic
management of A. mellifera colonies has positioned
Mexico among the top ten honey-producing countries
worldwide (SADER, 2021; FAOSTAT, 2020). In the state of
Chiapas, 75% of the municipalities participate in this
activity, with regions such as Ocosingo, San Cristébal de
las Casas, Altamirano, and Tapachula standing out.
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Recently, a significant decrease in the number of
beehives and honey production has been observed,
attributed to multiple factors affecting the health and
productivity of bee colonies (Soto-Mucifio et al., 2017;
Martinez et al.,, 2022). Since 2007, an annual bee
mortality rate of nearly 30% has been reported (Zenteno
Vazquez, 2022), a situation that threatens the viability
of this activity. Various studies indicate that A. mellifera
faces multiple problems associated with inadequate
beekeeping practices, habitat loss, invasive species, lack
of sanitary control, anthropogenic impacts, and the
spread of pathogens (Tofilski et al., 2021). More than
twenty fungal diseases affecting honeybees have been
identified, of which at least ten are of high health
relevance. Among the most common are chalkbrood,
stonebrood, sacbrood, nosemosis, black queen cell
disease, and aspergillosis (Medina-Flores et al., 2022).
Chalkbrood (Ascospherosis) is a fungal disease caused by
the fungus Ascosphaera apis, which primarily affects
larvae, although it can also affect pupae (Alvarez-
Ramirez et al., 2017). On the other hand, chalk brood, or
aspergillosis, is an infectious fungal disease,
morphologically similar to lime-affected brood, caused
by various species of the Aspergillus genus, with A.
flavus and, occasionally, A. fumigatus being the most
commonly implicated (SAGARPA 2024). Treatment of
fungal diseases in bees has received little attention,
partly because they have not historically been
considered a priority. Furthermore, available antifungal
agents are expensive, potentially toxic, and not
approved for use in beekeeping in several countries.
Given this problem, recent research has begun to
explore the use of plant substances and their derivatives
as alternative methods for disease and pest control
(Asaduz & Alan, 2023). Empirical knowledge about the
use of plant extracts dates back to ancient times and has
remained relevant as a traditional practice in pest
management (Luna-Cruz et al., 2018). Although there is
a wide diversity of plant species, such as Origanum
vulgare, Ocimum basilicum, Thymus vulgaris, and Ruta
graveolens, which contain essential oils and bioactive
compounds such as alkaloids, terpenes, and flavonoids
(Calderdn Casanova, 2020), an integrated or alternative
management approach for disease and pest control has
not yet been developed. To date, preliminary work has
been carried out to identify the most prevalent
biological problems in bee colonies in the Soconusco
coastal region of Chiapas.

Material and Methods

The areas with the greatest impact on honey
production were stratified, focusing on beekeepers in
the coastal region of Chiapas who maintain Apis
mellifera bee colonies and who have reported a
decrease in honey production due to fungal diseases in
bees (Table 1).

Table 1. Properties where the apiaries are located

Rating Property Municipality Number
name of box

1 Maracaibo Tapachula 8.0
Ranch

2 The Toros Tapachula 12.0
Ranch

3 San Juan Tapachula 10.0

Orchard
4 20de Tapachula 9.0
noviembre
5 Santa Rosa Tapachula 7.0

Interviews were conducted with beekeepers,
information was collected, and several apiaries were
visited directly to confirm and photograph the prevalent
problem (Figure 1). The beekeepers who attended the
event were surveyed to learn about the problems they
are experiencing in their apiaries, the control methods
they currently use, the application schedule, and their
willingness to adopt new control alternatives.

The questions asked of the beekeepers were as
follows:

a. Do all the beehives you use for honey production
contain Apis mellifera bees?

b. Do you have any beehives with other bee species?
Which ones?

c. Do the climatic conditions in this region affect your
bees?

d. What are the most common biological problems that
have occurred in your apiary?

e. If you have had problems with mites and termites, how
do you control this pest?

f. If you have had fungal infections, how do you control
these microorganisms?

g. Among the control methods, have you used any
biological products? Which ones?

h. When you feed your bees, have you ever mixed any
biological product to prevent contamination of the feed?
i. Have you noticed that the additive you mix in the feed
reduces or prevents your bees from getting sick?

j.- After learning about this proposed solution for
controlling bee diseases, would you be willing to
participate in the project?

k. What is your opinion of the extracts to be used in the
proposed method?

Data on infections were analyzed by counting and
isolating the number of bees found per hive (colony) of
Apis bees per farm. ADP culture medium at pH 6.5 was
used, with different parts of the bee's body (head, thorax,
and abdomen) placed on separate culture plates.
Subsequently, a smear stained with lactophenol blue was
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Figure 1. Inspection of beehives (A: inspecting the hive boxes of bee colonies, B: explaining the inspection method,
C: hive box affected by fungal infection, D: frame contaminated with fungus)

prepared to visualize the reproductive structures
(Lopez-Jacome et al., 2014). Identification was based on
the fungal characteristics described by Abarca, (2000)
and the manual by Kieffer and Morelet, (2000).

All information collected from each beekeeper was
entered into an Excel spreadsheet. Frequency graphs
were then generated. Based on the collected data,
frequency graphs and tables were created, and
statistical analysis was performed only where sufficient
guantitative data were available.

Results

The beekeepers who participated in the project
presentation meetings indicated that they have bee
colonies belonging to the Apis genus, and only two have
another species (Figure 2). The other species belong to
the Meliponinae group.
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Figure 2. Responses to questions “a” and “b”

All beekeepers who attended agreed that climtic
conditions are a significant factor in the behavior and
maintenance of their apiaries. Mite problems are more
frequent during hot weather. Termite infestations occur
at the beginning of the rainy season and during periods
of heavy rainfall. They indicated that the colony
disappears when it is completely infested by termites,

which reduces honey production and results in the total
loss of the hive. The potential danger is that the termites
can then infest other hives.

Figure 3 shows the frequency of mites, termites,
and fungi causing diseases in bees in the apiaries visited,
corresponding to the beekeepers who attended the
project presentation. Mites are the most prevalent pest
in all sites, affecting up to 50% and a minimum of 28% of
the hives. Termites were found in only 3 apiaries,
affecting less than 20% of the hives.

Fungal infections were present in all apiaries, with
a maximum of 28% and a minimum of 10% of the hives
affected.

The most common biological problem is mite
infestation, representing 53.57% of the problems
reported, followed by fungal infections in the apiaries at
32.14%, and finally, termite infestations at 14.28%. See
Figure 3.
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Figure 3. Responses to questions “d” and “e”

Out of the five beekeepers who agreed to
participate in the meeting, only one uses plant extracts
to control fungal infections in the beehives. Three out of
the five use chemical treatments to control fungal
infections in their Apis mellifera bee colonies, and all
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respondents agreed that they also employ cultural
practices for fungal control.

Only one beekeeper uses plant extracts as an
additive in the feeders for their bees, and, according to
the interview, they found it to be effective. The number
of diseased Apis bees collected after feeding was
significantly reduced.

After hearing the project proposal, which suggests
using plant extracts added to bee feeders as an
alternative method to control fungal diseases and
improve bee health, three beekeepers agreed to
participate and contribute their apiaries to develop this
alternative solution. They expressed interest in a
method that would not harm their bees, would not
affect the honey production process, would not reduce
the worker bee population, and would improve the
bees' health, given that it is a natural product.

The two beekeepers who declined to participate in
the project indicated that they prefer products with
rapid action, that plant extracts are unreliable because
they do not have an adequate concentration of their
antifungal components, and that they prefer chemical
products because they are reliable and have been
effective since they started beekeeping.

The bees exhibiting unusual behavior in the hive,
and the suspicions of possible infection, were
confirmed. The bees were sick, and a minimum of 3 and
8 diseased bees were collected from the visited apiaries.
All were infected with fungi, which were isolated from
the thorax, head, and abdomen. One of the isolated
strains belonged to the genus Aspergillus (Figure 4c),
and the other had not yet developed reproductive
structures (Figure 4a).

Discussion

The exclusive use of Apis mellifera as the honeybee
for honey production has been of great social, cultural,
and economic importance, representing an important
source of income for thousands of families practicing
beekeeping (Baena-Diaz et al., 2022). Currently, it is no
longer the only species that producers are using, and as
this study shows (Figure 2), they also keep other bee
species, such as stingless bees, also known as meliponids
(Real-Luna et al., 2022).

In Figure 3, it can be seen that the presence of
mites is the main problem for 4 producers (80%), with
the presence of fungi or fungal diseases being the
second most important problem (in only 3 producers).
The presence of termites was the least common
problem among these same producers. Only in one
apiary, belonging to one producer, the main problem
was the presence of fungi and fungal diseases, with the
presence of mites being the second problem. Only in
two apiaries, belonging to two different producers, no
termites were found. We agree with Olate-Olave et al.
(2021), who state that management practices in each
apiary are influenced by multiple factors, which
significantly impact production. Climatic conditions, the
health of the bees, the advantages of strategically
located apiaries, and maintenance activities all influence
the mite infestation rate or the overall health of the
hive, whether due to bacteria or fungi, the latter being
the main enemy of apiaries in high humidity conditions.
Furthermore, the lack of natural predators of apiary
pests in the ecosystems where these apiaries are
located also favors the presence of termites. Calderon
and Sanchez, quoted by Miranda Cubero (2023)
indicated that the high prevalence of fungal diseases in
beehives is related to the time of year and the lack of
preventive measures in the apiaries. Based on the
above, we believe that the brood chamber, the honey
storage fra mes (with extension boxes), and the quality
of the honey will be affected if management practices
are not modified or if alternative practices are not
adopted, including natural methods for pest and disease
control, without affecting the bees' behavior.

The lack of trust or interest among the interviewed
beekeepers led us to observe that, out of 5 beekeepers,
only one used natural, alternative methods for pest and
disease management in their apiaries (Table 2), and that
despite knowing the benefits, 40% of these beekeepers
preferred to continue using chemical products (Table 3).
Of the beekeepers who attended and agreed to have
their apiaries and beehives inspected, 60% agreed to use
natural, alternative methods, such as plant extracts. This
suggests that the lack of information and specialized
studies on the biological problems affecting apiaries, for
managing and stimulating honey production without

Table 2. Use of products for fungal control in Apis mellifera bee colonies.

Producer Extracts Chemical fungicides Others
1 No No Yes
2 Yes Yes Yes
3 No No Yes
4 No Yes Yes
5 No Yes Yes
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Figure 4. Strains isolated from sick bees (A: Strain 1, B: Smear and strain 2, C:Photo of reproductive structure of strain 2).

affecting the behavior of the bees, has caused
beekeepers not to include natural methods in their
management practices. This is consistent with what
Farrera-Vazquez et al. (2024) published, who indicate
that the set of principles, procedures, and practices used
for apiary management depends on the -cultural,
knowledge, social, and political factors prevalent in the
beekeeping region. The established structure or design
in each honey-producing region and the ideology of the
people involved will affect the level of acceptance of
new management methods or strategies, which are
often not readily available, and there are no workshops
or training programs on phytosanitary management of
beehives. Therefore, we propose that it is necessary to
design multi-criteria procedures or tools that
demonstrate that the proposed innovation, which is
almost always natural, will play an important role in this
agri-food sector, not only in supporting crop pollination,
but also in the development of various bee-derived
products, which contributes to food security and the
growth of beekeepers.

After inspecting some beehives, sick bees were
found, and after examining the plates with specialized
media, the fungus found on all parts of the studied bees
was persistent and belonged to the genus Aspergillus.
Miranda Cubero (2023) and Becchimanzi and Nicoletti
(2022) mention that the genus Aspergillus is one of the

most common fungi found in beehives and within the
bodies of bees. The authors Becchimanzi and Nicoletti
(2022) indicate that 30 different species of Aspergillus
have been reported to colonize beehives and bees, and
that depending on the level of stress the bees
experience, this fungus can either cause disease or
simply establish a mutualistic/antagonistic relationship,
where this coexistence has allowed for a state of
homeostasis. Bees infected with this fungus change
their behavior, and in this state, they are detected by
guard bees, who prevent them from entering the hive or
expel them.

The association of bees with both non-pathogenic
and pathogenic fungi can influence their behavior and
health, and its presence varies depending on the habitat
(Miranda Cubero, 2023; Rutkowski et al., 2023). The
presence of synthetic chemical metabo lites can affect
the fungal communities associated with bees at
different life stages, and the authors Rutkowski et al.
(2023) indicate that this practice strongly affects
foraging behavior and bee development. Therefore, the
authors of this article suggest that it is essential to use
natural alternatives for controlling fungal diseases in
beehives and to study the effects of these treatments on
bee behavior. This should also include measures to
enhance the bees' natural defenses to mitigate harmful

Table 3. Feedback from producers who attended the meeting to discuss the alternative proposal for bee disease

control
Producer Decision Reason
1 No He didn't trust plant-based products.
2 Yes | am interested in alternative methods that protect my bees.
3 Yes Because | have tried basil extract at low concentrations, and | prefer natural
treatments that don't harm bees.
4 Yes | am interested in treatments that do not harm bees.
5 No | prefer products that have proven to be effective.
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symbiotic interactions and reduce bee mortality due to
fungal diseases.

Conclusion

Beekeepers, reluctant to use natural products in
their management programs, indicate that the main
justification is a preference for highly effective, fast-
acting products to remedy these problems. This directly
impacts the lack of interest in supporting projects that
propose natural solutions, which could be incorporated
into integrated pest and disease management
programs.

The most common problems affecting beekeeping
operations in the region are infestations of mites,
termites, and fungal diseases. The latter cause a
reduction in honey production and a decrease in the
number of healthy brood in the Soconusco region of
Chiapas.
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