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Abstract

This study provides the first nationwide assessment of the apiculture sector in Lebanon.
It integrates socio-economic characteristics, technical practices, and disease and pest prev-
alence and management. A structured questionnaire was administered to 5775 beekeepers
representing 91.1% of the registered population across all Lebanese governorates. The sec-
tor is predominantly small-scale, male-dominated, with low cooperative participation,
limited product diversification and heterogeneous management practices. Honey is the
main product, while other hive products remain marginal. Queen replacement practices
are inconsistent, and most beekeepers reported limited awareness of pests and diseases.
The most recognized threat is Varroa; however, multiple stressors such as pesticides, poor
nutrition, and climate variability contribute to colony health constraints. Chi-square anal-
yses revealed statistically significant associations between disease occurrence and geo-
graphic and socio-economic variables (x2 = 129.99-2251.78, df 12-30, p < 0.001), with small
to moderate effect sizes (Cramer’s V = 0.08-0.37), reflecting the multifactorial nature of
colony health determinants. Overall, Lebanese apiculture demonstrates strong ecological
potential but limited technical and organizational optimization. Strengthening extension
services, improving disease diagnostics, and promoting diversification are critical to en-
hance sector sustainability.

Keywords: apiculture; Lebanon; queen replacement; pests and diseases prevalence; na-
tionwide survey; beekeeping management

1. Introduction

Beekeeping is a significant component of global agricultural systems, contributing
significantly to biodiversity conservation, ecosystem functioning, and rural livelihoods
[1]. Pollinators, particularly honeybees, provide an annual economic value ranging
widely from US$267 billion to ~US$657 billion [2]. Their role is critical, with about 87 out
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of 124 major food crops and nearly 84% of cultivated crop species in Europe directly de-
pending on insect pollination [3]. Among pollinators, Apis mellifera remains the most eco-
nomically valuable species, particularly in intensive agricultural systems where wild pol-
linators are scarce, offering a scalable and cost-effective solution for crop pollination.

Despite their importance, pollinator populations are under increasing threats, which
have been reviewed in detail [4,5]. These pressures include climate change, extensive use
of pesticides, pests and pathogens, pollution, habitat loss, and the expansion of monocul-
tures [4,5]. All these stressors have led to alarming declines in bee populations worldwide,
posing significant risks to food security, ecosystem stability, and dietary diversity.

Being located on the eastern coast of the Mediterranean, Lebanon covers 10,452 km?
and has a mosaic of ecosystems that support apiculture. Although agriculture represents
only 3% of national GDP, beekeeping continues to be indispensable to rural populations,
providing economic and ecological benefits [6]. Bees in Lebanon aid in the pollination of
natural plants as well as agricultural crops, which strengthens biodiversity and food se-
curity [7].

The Mediterranean basin is recognized as a biodiversity hotspot of pollinators, where
different subspecies of Apis mellifera and wild bees are found [8]. However, there is in-
creasing pressure on beekeeping in the Middle East and North Africa (MENA) region:
drought, shortage of flowers, epidemics of diseases (e.g., Varroa destructor, Nosema spp.,
and viruses), and limited access to veterinary and extension services [9,10]. Climate stress
and unsustainable land use also pose an additional threat to the survival of the colony [5].

At the national level, efforts to support the beekeeping sector have been initiated,
notably through the establishment of a specialized beekeeping unit at the Lebanese Agri-
cultural Research Institute (LARI) in 2017. Nevertheless, the first observations showed
signs of inconsistencies within the sector, including the number of hives, bees’ subspecies,
queen genetics, beehive management, and the form of cooperation. These issues contrib-
ute to low honey yields, disease outbreaks, and unsustainable colony management de-
spite Lebanon’s favorable ecological potential.

Despite several national reports on honey production and beekeeping practices in
Lebanon, there remains a critical knowledge gap regarding the integration of socio-eco-
nomic, epidemiological, and management data within a single national framework. There
is little information on the beekeeping sector in Lebanon and its volume, honey produc-
tion and type, beekeeping practices, spatial distribution of major pathogens such as Varroa
destructor, Nosema spp., and foulbrood diseases [11]. In this context, there is an urgent need
for a comprehensive assessment of the Lebanese beekeeping sector. Therefore, the present
study aims to provide a comprehensive nationwide analysis of Lebanese beekeeping,
combining socio-economic characteristics, management practices, and disease prevalence.
Its specific objectives aim to (i) characterize the socio-economic profiles and beekeeping
practices across all Lebanese governorates, (ii) evaluate the prevalence and management
of key honeybee diseases and pests, and (iii) generate policy-oriented insights to support
sustainable, disease-resilient apiculture in Lebanon. To address these objectives, we con-
ducted a nationwide structured survey of 5775 beekeepers representing 91.1% of regis-
tered beekeepers.
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2. Methodology
2.1. Study Area

Lebanon is a small country with a surface area of 10,452 km? located on the eastern
Mediterranean coast. It is divided into 8 governorates as shown in Figure 1: Akkar, North,
Baalbeck-Hermel, Beirut, Mount Lebanon, Bekaa, South, and Nabatiyeh. In this study, all
the governorates were included except Beirut due to the absence of beekeepers. It has a
moderate Mediterranean climate with a relatively large amount of rainfall, except in some
north-eastern areas. Lebanon’s particular geography, topography, and demography make
it an important biodiversity hotspot. The floristic richness of Lebanon is estimated at 2612
vascular plant taxa, of which 108 are endemic [12]. Approximately 33.33% of Lebanon’s
territory (=348,440 ha) is covered by wildland vegetation, predominantly composed of
forests and shrublands (87.8%), with grasslands representing a smaller proportion
(12.18%) [13].

I 1- Akkar
I 2- North
[ 3- Baalbeck-Hermel
4- Beirut

] 5- Mount Lebanon
I 6- Bekaa

] 7-South

[[] 8- Nabatiyeh

Figure 1. Lebanon map with governorates.

2.2. Study Population

The study targeted the entire population of registered beekeepers in Lebanon, esti-
mated at 6340 individuals according to official records from the Ministry of Agriculture
for the year 2019. A nationwide survey was conducted across all governorates (Mount
Lebanon, North, Akkar, Bekaa, Baalbeck—-Hermel, South, and Nabatieh). Data were col-
lected exclusively on beekeeping practices and colony health observations from profes-
sional beekeepers. A geographically distributed convenience sampling approach was
adopted to ensure adequate representation across the different Lebanese regions. Bee-
keepers were selected using a convenience sampling method, based on accessibility and
willingness to participate. A total of 5775 beekeepers responded to the questionnaire, rep-
resenting approximately 91.1% of the national beekeeper population. This exceptionally
high participation rate provides a robust and representative dataset for national-level
analysis. Records with missing data for any variable of interest were excluded using list-
wise deletion (complete-case analysis). Specifically, data were excluded when incomplete
for governorate (n = 284), age (n = 404), marital status (n = 55), academic level (n = 99), or
when the reported number of beehives was less than 1 (1 = 17). No data imputation pro-
cedures were applied. A total of 4916 beekeepers were included in the final analysis.
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2.3. Survey Data

A draft survey questionnaire was designed in 2019 in collaboration with several re-
searchers and beekeepers from Lebanon. The survey was made available in two lan-
guages: Arabic and English. Due to the COVID-19 pandemic, the survey data collection
experienced delays and was ultimately completed in 2023. Because this exploratory, ob-
servational, and minimal-risk study focused strictly on apiculture practices and bee col-
ony health in Lebanon without disclosing any personal identifying information, formal
ethical committee approval was not required. Voluntary informed consent was obtained
from participants prior to their participation. The initial questionnaire was pilot tested
with 20 beekeepers in various regions in order to evaluate clarity, cultural appropriate-
ness, and language accessibility. Minor adjustments were made based on feedback to im-
prove question wording and response options. The final version of the questionnaire was
administered through direct interviews and field surveys. To collect the data, a team of 19
personnel from LARI was assembled, including two survey coordinators, one information
technology specialist, and 16 field surveyors distributed across all of Lebanon. The entire
staff was thoroughly trained, depending on their job descriptions. Surveyors were also
taught some beekeeping practices and the use of questionnaires in a training-of-trainers
(TOT) program. All surveyors were provided with a standardized kit consisting of a 10-
inch tablet on which they would enter data, a GPS log, and document photos.

The questionnaire contains three principal theme domains. The first domain focused
on socio-economic characteristics, including demographic information such as age, gen-
der, marital status, educational attainment, primary occupation, and cooperative affilia-
tion. These criteria were included because socio-economic elements significantly influence
the adoption of contemporary beekeeping techniques, educational access, and the ability
to engage in formal marketing channels. The demographic characteristics of beekeepers
in Lebanon are essential for identifying populations who may require targeted support,
capacity enhancement, or governmental intervention. The second domain addressed the
practical procedures of apiculture. The questions targeted the quantity and types of hives,
the frequency of queen replacement, the volume of honey production, diversification into
other apicultural products (royal jelly, pollen, propolis, and honeycomb), and market
channels. These variables were included to assess the level of technical adoption, manage-
ment capacity, and economic orientation of beekeeping activities. The third domain ad-
dressed the pest and disease prevalence and management. Beekeepers were asked about
the presence of pests and diseases such as Varroa, American foolbrood (AFB), European
foulbrood (EFB), Nosema, and the types of treatments adopted. The purpose of these ques-
tions was to assess the perceived epidemiological status of apiculture in Lebanon and to
understand beekeepers’ responses to health hazards. It provides an indirect assessment
of diagnostic awareness and the effectiveness of disease management strategies at the na-
tional level. Data on disease prevalence reflect beekeepers’ reported perceptions rather
than laboratory-confirmed diagnoses, which may introduce reporting bias. All questions
were primarily closed-ended (multiple choice and categorical variables) to facilitate sta-
tistical analysis, particularly contingency analysis and association testing.

2.4. Statistical Analysis

Statistical analyses were performed using JASP Team (2025), version 0.95.4 [Intel].
Graphical illustrations were created using Numiqo (https://numiqo.com). Demographic
and management variables were described using absolute frequencies and relative pro-
portions.

Associations between categorical variables, specifically, the occurrence of five hon-
eybee diseases and pests (Varroa destructor, American foulbrood, European foulbrood,
Nosema spp., and sacbrood) and two demographic characteristics (region and educational
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level), were assessed using the Pearson Chi-square ()x?) test of independence. Prior to anal-
ysis, expected cell frequencies were verified to meet the minimum threshold of five across
all cells, confirming the appropriateness of the test. The threshold for statistical signifi-
cance was set at p <0.05. Effect size was quantified using Cramér’s V as the primary meas-
ure (small, V = 0.1; moderate, V = 0.3; strong, V = 0.5). The contingency coefficient C is
additionally reported for completeness.

To control for type I error inflation arising from 10 simultaneous comparisons (5 core
diseases x 2 sociodemographic variables), a Bonferroni correction was applied, yielding
an adjusted significance threshold of a-corrected = 0.005. In the context of our exploratory
descriptive survey, its application further attests to the strength and robustness of the ob-
served patterns, as all five primary disease associations reported in this study remained
statistically significant after correction.

3. Results and Discussion
3.1. Sociodemographic Structure and Cooperative Integration of Beekeepers

Figure 2a illustrates the sociodemographic structure of beekeepers across Lebanon (n
=4916). The spatial distribution reveals a heterogeneous regional concentration, with Nab-
atiyeh accounting for the largest share (29%), followed by the South (18%), Akkar (18%),
and Mount Lebanon (15%), while Baalbeck-Hermel (13%), Bekaa (5%), and the North (1%)
contribute less substantially. This uneven distribution reflects the strong ecological de-
pendency of apiculture, particularly on floral diversity, climate, and land-use patterns.
Demographic data show a strong 97% dominance of men among beekeepers, confirming
that the sector is predominantly male-dominated. This imbalance aligns with observations
in similar agro-rural systems, where labor-intensive activities and land ownership pat-
terns limit female participation [14,15]. However, the near absence of women highlights a
significant opportunity for inclusive development, particularly in downstream value-
chain activities. The age structure indicates a mature workforce, especially within the 41—
60-year range (60%), followed by those over 60 years (18%). In contrast, only 20% of bee-
keepers are aged 26—40, and a mere 3% are under 25 years old, showing a significant un-
derrepresentation of younger age groups in the sector. This pattern suggests that beekeep-
ing is primarily an experience-based and inherited activity, raising concerns about gener-
ational renewal and the long-term sustainability of the sector. Marital status data show
that 89% of beekeepers are married. When linked to the second job results of Figure 2b,
the observation reinforces the interpretation of beekeeping as a household-integrated ac-
tivity, contributing to diversified family income rather than functioning as a standalone
profession. The majority of beekeepers are high school graduates (44%), followed by ele-
mentary (22%) and secondary (19%) schooling, while university graduates represent only
14%. This mix reflects a moderate level of human capital with limited penetration of
higher education, highlighting the difficulties of the beekeeping community to embrace
cutting-edge technologies and drive innovative practices. Nevertheless, it also highlights
an opportunity for targeting technical training programs and skills-building interventions
that could enhance the beekeepers’ ability to adopt new technologies and improve their
practices. A key finding from Figure 2a related to cooperative adhesion shows that only
9% of beekeepers are affiliated with cooperatives, while 91% operating independently.
This situation underscores a fragmented sector that lacks collective organization. Such
fragmentation is known to hinder access to shared resources, diminish market efficiency,
and limit participation in higher-value markets, including export channels.

Figure 2b suggests that beekeeping is predominantly a supplementary activity rather
than a primary profession, which is consistent with findings reported in other studies
[16,17]. Indeed, the largest proportion of beekeepers reported having a household and
social-related function (40%), agricultural work (28%), and service/manual labor (17%).
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Business/entrepreneurship (5%), public administration (3%), professional services (3%),
and engineering/technical fields (3%) represented smaller representations of secondary
labor markets among beekeepers. This distribution underscores the multi-activity nature
of rural livelihoods, where beekeeping is integrated into broader income diversification
strategies. The strong linkage with agriculture confirms that apiculture remains embed-
ded within agroecosystems, benefiting from synergies such as pollination services and
shared resource use. However, the relatively low representation of professional and en-
trepreneurial categories suggests limited sectoral professionalization and innovation ca-
pacity. The minimal proportion of individuals solely dedicated to beekeeping further in-
dicates that the sector operates below its economic potential, likely due to income insta-
bility, market constraints, and structural inefficiencies. The high proportion of “house-
hold/social status” responses may also reflect elements of informality within the rural
economy, pointing to challenges in formal employment classification and economic struc-
turing.

| Nabatiyeh 29% (1440)

Nabatiyeh 29% (1440)

‘ Ia—aﬁa Hermel 13% (659)

: High School 44% (21] [ RN Household and Social Status 40% (1961)!
Imng-/. (876) Between 41-60 60% )

Married 89% (4396) .
Man 97% (4780 ¢
South 18% (890 sl No 91% (4450) “\\ L Agriculture 28% (1389)
(890) Elementary 22% (10; South 18% (890) N x\\ ¥
¢
.
v \"A&

: T Pubic m;\js.lr‘mion‘ Govemﬁeﬂ. and Sélew 3%.(137)
/ ¥ N e
Mount Lebanon 15% (136} Between'26-40 20% REEABIIL) o oSS7A A
i Secondary 19% (913 Service, M'aﬂual l,abov.‘:ar"d_ ,(‘tonerel Employmonl 17% (823)

N

<

_—

. N / =2 N Ny —
Baalbeck E| Hermel ‘a% B59) \ / Mount Lebanon 15% (735) Professional Services Eu?»ial-gn, and Legal 3% (162) )
|Above 6018% (062). " l +_Engineering; Construction; and Technical Trades 3% (164) H

hiy nical Tra

5 Single 10% (468) Universi ree 14%.(685) - o . ] —
[llcecco 5% zroy T oman 3% (136) \ / :y D:: (4se)r — ~———
- ‘o5 -
oS parated 1% (25) - | 1% (46) Business, Entrepreneurship, and Management 5% 1259)-
s Notth 1% (46) [T 0less than 25 3% (133)m\Wiow 1% (27) R Unschooled 2% (98) Py Sociod Job- hoken
Governate Gender Age Marital status Academic level COOP adhesion

Figure 2. Socio-demographic characteristics of beekeepers in Lebanon (1 = 4916). Sankey diagrams
illustrating the distribution and frequency of beekeepers across governate, gender, age, marital sta-
tus, and academic level of beekeepers, and their cooperative (COOP) adhesion (a); and the distribu-
tion and frequency of beekeepers across governates and second job-clusters (b). The width of the
bars for each column category (governate, gender, age, marital status, academic level, and COOP
adhesion) represents the proportion (%) and count (n) of beekeepers. The grey connecting lines il-

lustrate how individuals within one variable category transition to another one.

3.2. Structural Organization of Beekeeping Systems: Hive Number Distribution

Figure 3 shows a heterogeneous distribution of beekeeping operation size, known as
the number of beehives per beekeeper, across Lebanese governorates. This indicates a sec-
tor dominated by small-scale producers with a limited number of large-scale operations.
Across all regions, most beekeepers manage relatively small numbers of hives, confirming
that apiculture in Lebanon is primarily a smallholder-based activity, often integrated
within diversified rural livelihoods. This observation is consistent with previous findings
indicating that beekeeping is largely practiced as a secondary income-generating activity
rather than a fully commercial enterprise [18]. However, the presence of extreme values,
particularly in Nabatiyeh (up to ~1000 hives), Mount Lebanon (~850 hives), and the North
(~700 hives), highlights the existence of a subset of semi-commercial or commercial-scale

https://doi.org/10.3390/su18147152



Sustainability 2026, 18, 7152

7 of 23

beekeepers. The mentioned beekeepers likely benefit from better access to resources, tech-
nical expertise, and market opportunities, positioning them as potential drivers of sectoral
modernization.

The substantial intra-regional variability observed across all governorates suggests
that production systems are highly heterogeneous, even within similar ecological con-
texts. This variability reflects differences in management practices, investment capacity,
and technical knowledge, rather than purely environmental factors. Regions such as Baal-
beck-Hermel and Akkar, characterized by lower upper ranges and reduced dispersion,
appear to be dominated by traditional, small-scale systems, whereas Nabatiyeh and
Mount Lebanon demonstrate more diversified and potentially intensive production struc-
tures.

From a structural perspective of the beekeeping sector in Lebanon, this dual system,
comprising a large base of smallholders and a limited number of large-scale producers,
indicates that the sector is fragmented and unevenly developed. Such fragmentation may
limit the diffusion of best practices and constrain the development of efficient apiculture
value chains.

1000
800
600
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Beehives number unit

200

4, M 07 8, 8, A S,
/”fer o, 0[(@ b, 5 g, /ésc 94.% ory, o‘,,/)
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Figure 3. Regional distribution and variability of beekeeping operation size (number of beehives

per beekeeper) across Lebanese governorates.

3.3. Queen Replacement Practices and Colony Management

The analysis of queen replacement practices (Figure 4) reveals a moderate but subop-
timal adoption of this critical management strategy. Only 45% of beekeepers (1 = 2202)
reported practicing queen replacement, while a majority of 55% (1 = 2714) do not replace
queens at all. Neglecting the regular rejuvenation of queen populations can have signifi-
cant consequences, including reduced colony productivity, weakened colony strength
and disease resistance, increased swarming, overwintering failures, and higher colony
losses, ultimately leading to greater labor demands and reduced management efficiency.
Therefore, the timely replacement of aging, less fertile queens with high-quality individ-
uals should be considered a fundamental practice in modern beekeeping management
[19,20]. The high proportion of non-adopters suggests that a large segment of the sector
relies on natural queen supersedence, which may result in reduced colony performance,
increased variability, and, in the short term, lower resilience to environmental and patho-
logical stressors. However, Lin et al. [21] discussed that routine queen replacement results
in reducing genetic diversity within and between colonies, leading to higher relatedness
and lower heterozygosity. While this genetic uniformity offers short-term benefits, it can
weaken the colony’s ability to respond to environmental stressors, diseases, and emerging
threats. Consequently, although artificial queen replacement enhances immediate perfor-
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mance, it may compromise the long-term resilience and adaptability of honeybee popula-
tions.

Among beekeepers who practice queen replacement, the dominant frequency is
every two years (27%), followed by 1.5 years (8%) and annual replacement (6%), while
longer intervals (three years: 3%) and shorter cycles are marginal. Although the preva-
lence of a two-year replacement cycle partially aligns with recommended practices, the
relatively low proportion of annual replacement indicates suboptimal management inten-
sity.

Nabatiyeh 29% (1440) A
Yes 457,220 a half years 8% (404) I

One year 6% (292) I
three years 3% (142)=—=

D South 18% (890)
Two years 27% (1337) l

-Mount Lebanon 15% (735)"*

// i
W Bekaa 5% (270) s months 0% (20)
~——North-1% (46)—~ No 55% (2714)
- Baalbeck EI Hermel 13% (659)
55% (2721)
.Akkar 18% (876)
Governate Queens replacement Frequency queen replacement

Figure 4. Sankey diagram of queen replacement practices and frequency across Lebanese gover-
norates (n =4916).

3.4. Hive Product Diversification and Value Chain Development

The analysis of hive product diversification (Figure 5a) indicates a significantly un-
balanced production structure, dominated by honey. In fact, 95% of beekeepers (1 = 4670)
are engaged in honey production, showing that the apiculture sector in Lebanon is mostly
focused on a single-product system. In contrast, the production of other hive-derived
products is still very limited. Only 28% of Lebanese beekeepers produced honeycomb,
indicating a modest level of diversification into value-added products. However, the pro-
duction of higher-value products such as pollen (=1%), royal jelly (=2%), and propolis
(=0%) is almost negligible. This pattern shows that beekeeping systems are not being used
to their full biological and economic potential. While honey production remains relatively
easy and does not require specialized technical skills, the production of other hive prod-
ucts typically requires advanced knowledge, specialized tools, and access to a niche mar-
ket. The fact that these products are almost nonexistent suggests that the industry is still
technologically limited and not well-connected to high-value markets. This lack of diver-
sification has significant effects from a value chain perspective. Over-reliance on honey
reduces the opportunities for beekeepers for income diversification and economic resili-
ence. It also makes beekeepers more vulnerable to price fluctuations, climate changes, and
colony losses. On the other hand, products like royal jelly, pollen, and propolis are linked
to high market value, useful properties, and strong demand in the pharmaceutical and
nutraceutical industries. The absence of regional differentiation in diversification patterns
serves as further evidence that this limitation is systemic rather than geographically
driven, indicating national-level constraints in technical capacity, extension services, and
market structuring. These results are in line with the industry’s more general description
as under-optimized and semi-traditional, with production methods that focus more on
volume than on adding value.
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Simultaneously, the analysis of honey yield distribution (Figure 5b) shows that pro-
duction performance is uneven across governorates. The most variable and upper pro-
duction ranges are found in areas like Akkar and Mount Lebanon, where some hives
achieve extraordinarily high yields (>50 kg/beehive). In contrast, Bekaa, Baalbeck-Hermel,
and North exhibit relatively low to medium productivity levels. The Baalbek-Hermel
Governorate, located approximately 86 km inland from the coastline, covers 3444 km?—
accounting for nearly 33% of Lebanon’s total territory —and is characterized by an average
elevation of around 1000 m above sea level, with altitudes ranging from 800 to 3060 m
[22]. Despite this extensive geographic area, honey productivity remains relatively low.
This apparent paradox is primarily explained by the region’s semi-arid climatic condi-
tions, where rising temperatures, recurrent drought episodes, and harsh winter cold col-
lectively constrain floral diversity and shorten flowering periods [22]. As a result, nectar
availability is limited both spatially and temporally, preventing optimal exploitation of
the large land area and ultimately leading to lower median honey yields per colony. Me-
dian annual honey production ranged between 4 and 5 kg/beehive across governorates.
Interquartile ranges (IQRs) varied between approximately 2 and 3 kg/beehive, indicating
moderate regional variability in production.

The relatively large variability in honey production across governorates indicates
that intra-regional variations are just as important as inter-regional ones, highlighting the
importance of beekeeper-level factors in addition to geographical influences. This is in
line with a previous study showing that management practices, colony health, and bee-
keeper expertise are the most important factors influencing productivity, frequently out-
weighing environmental conditions [23]. The presence of both high-performing and low-
performing systems in the same areas indicates a significant productivity gap and un-
tapped opportunities for enhancement.

| b

0
=
S

2 100
£
=)
<

= 80
)
c
2

No 72% (35| = 60
No 76% (37 No 98% (48] g

(NoX100% (4892) E a4
a
c

L 2
B 5]
E =1

i |- <
] 9 a © \/
Yes 28% (1:;%‘“"s 1%4(60 g
~mm— Yes 2% (11 <
K & 8 # &
yes 0% (24) === < K /%‘/fli %%, a%sc hds e R
Honeycomb Pollen grain  Royal jelly Propolis * Y
o,
2

Figure 5. (a) Distribution of hive product diversification across Lebanese governorates; (b) Regional

variability in annual honey yield per hive (kg/beehive) among beekeepers (1 = 4916).

The analysis of hive product output in relation to sociodemographic characteristics
(Figure 6) reveals that productivity in Lebanese apiculture is strongly influenced by hu-
man and territorial factors, while diversification remains uniformly constrained across all
groups. There are clear differences in production between regions (Figure 6a). Mount Leb-
anon and Akkar have the highest honey and honeycomb production. This is probably
because of better management practices and favorable climatic conditions. On the other
hand, the North and South governorates have lower productivity, which could be due to
limitations in technical skills, resources, or environmental conditions. Even with these dif-
ferences, the production of high-value hive products like pollen, royal jelly, and propolis
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is still very low in all areas. This shows that the problems with diversification are not
limited to one area.

One important factor influencing productivity is the educational level (Figure 6b).
Beekeepers with higher education produce much more honey, with university graduates
achieving the highest production levels. This result underscores the importance of crucial
human capital, which leads to an increase in productivity, probably due to better decision-
making, better disease management, and increased adoption of best practices. On the
other hand, lower productivity among beekeepers with less education reflects their lim-
ited access to information and technical expertise.

Additionally, productivity patterns are significantly influenced by age (Figure 6c¢).
The age group between 26 and 40 exhibits the highest output, indicating that a balance
between experience, physical capability, and openness to innovation leads to optimal per-
formance. Younger beekeepers (<25 years) show lower productivity, probably due to lim-
ited experience. Older beekeepers, on the other hand, have moderate productivity levels,
which could be due to their accumulated knowledge but also because they may not be
working as hard.

The impact of secondary occupation (Figure 6d) underscores the significance of so-
cio-economic context. Beekeepers, who are engaged in agricultural activity, show more
productivity, probably because they use ecological integration and complementary prac-
tices like managing pollination. Beekeepers with technical or professional backgrounds
tend to show relatively high productivity, which suggests that knowledge from other
fields can help beekeeping. Beekeepers who work in the home or do manual labor, on the
other hand, tend to be less productive due to less time, money, or technical skills.

These findings collectively illustrate that productivity is significantly influenced by
sociodemographic factors; however, the absence of diversification into high-value prod-
ucts remains consistent across all groups, suggesting structural barriers that extend be-
yond individual characteristics. This underscores the necessity for comprehensive inter-
ventions across the sector aimed at enhancing technical training, adopting innovative
ideas, and advancing value chain development.
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Figure 6. Influence of sociodemographic factors on hive product output in Lebanese apiculture: (a)

Governorate, (b) Academic level, (c) Age, and (d) Secondary occupation clusters (1 = 4916).

3.5. Disease Awareness, Prevalence, and Health Management Constraints

Given the scale of the survey, this study provides one of the most comprehensive
assessments of beekeeper-reported colony health and management constraints in Leba-
non. The evaluation of common bee diseases (Figure 7) reveals a significant deficiency in
disease knowledge and diagnostic capacity among Lebanese beekeepers. Across all inves-
tigated diseases, including American foulbrood (AFB), European foulbrood (EFB), sac-
brood, mycoses, nosemosis, bee paralysis, and dysentery, most respondents selected
“Don’t know”, with frequencies exceeding 85% in most cases. This finding indicates a
systemic deficiency in disease recognition and monitoring. This suggests that beekeepers
lack adequate knowledge, training, or access to diagnostic tools. Consequently, the
claimed prevalence of diseases must be interpreted with caution, as it likely represents
perceived rather than real disease occurrence. Sociocultural and economic factors may
also affect disease reporting, where beekeepers are reluctant to admit infections in their
hives. In many smallholder systems, the presence of diseases is perceived as poor man-
agement, which can hurt the reputation of beekeepers in their community or with cus-
tomers. Consequently, beekeepers have a tendency to under-report diseases, further con-
tributing to discrepancies between announced and actual disease prevalence [24,25]. This
limitation is accentuated by the lack of sufficiently equipped governmental diagnostic la-
boratories and integrated surveillance systems in Lebanon. In many developing countries,
limited institutional capacity hinders prompt disease identification, confirmation, and re-
porting, consequently undermining overall biosecurity frameworks and underestimating
the disease's prevalence.

Among respondents who reported disease status, the majority indicated no infection,
particularly for sacbrood, nosemosis, and bee paralysis (>90%). However, AFB had the
highest reported prevalence, followed by mycoses and dysentery. This could mean that
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these disorders are either more common or easier for beekeepers to recognize. AFB stands
out as the most impactful disease, with a notable proportion of respondents reporting
occurrences ranging from “a little” to “a lot”. This finding shows how important it is to
monitor and treat this disease because it spreads easily and has a big effect on colony
survival.

Bacterial brood diseases remain a significant concern for disease awareness and bi-
osecurity. AFB caused by Paenibacillus larvae is highly infectious because spores remain
viable for decades. Infection occurs when bee larvae ingest P. larvae spores, resulting in
brownish, semi-fluid, glue-like larvae that subsequently dry into hard scales attached to
the lower cell wall. EFB caused by Melissococcus plutonius is frequently associated with
colony stress. It primarily affects honeybee larvae, and it is characterized by dead, twisted
brood within their cells [26]. In Australia, recent DNA screening of honey found a 21%
prevalence of AFB and 18% prevalence of EFB [27]. Epidemiological data from the USA
indicate that EFB may be more prevalent than AFB in some regions, with national aver-
ages reaching 19.2% compared to 8.6% for AFB, and infection rates varying widely (0-
63.6% for EFB and 0-54.8% for AFB) depending on geographic and environmental condi-
tions [28]. This highlights that these diseases are common even in well-monitored systems.
These infections have a direct impact on brood viability, leading to weakened colony
structure, reduced worker populations, and ultimately decreased productivity. Despite
their importance, the absence of clear reporting in the present dataset suggests that AFB
and EFB are probably missing due to limited diagnostic awareness, particularly since
early-stage symptoms can be subtle and easily confused with other brood disorders.
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Figure 7. Prevalence and perceived severity of major bee diseases among Lebanese beekeepers. Fre-
quency distribution and self-reported impact across pathologies (1 = 4916) (a) American foulbrood;
(b) European foulbrood; (c) Sacbrood; (d) Mycoses; (e) Nosemosis; (f) Bee paralysis; (g) Dysentery.
The inset pie charts illustrate the proportional distribution of responses as burden level (“Always”,
“Alot”,” Alittle”, “Rarely “, “Not suffering”).

The evaluation of additional parasitic and colony-level disorders (Figure 8) further
reinforces the limited diagnostic capacity and heterogeneous perception of colony health
among Lebanese beekeepers. Acariose is largely unrecognized, with most respondents
(>*90%) reporting no symptoms among those who provided an answer, while a substantial
proportion again selected “Don’t know”. This pattern confirms that parasitic diseases are
not obvious and remain largely undetected, likely due to their subclinical or less easily
identifiable symptoms.

Colony collapse disorder (CCD), on the other hand, exhibits a different pattern, with
a more balanced distribution across response categories. While a considerable number of
beekeepers still report uncertainty, a significant share indicates experiencing CCD at dif-
ferent levels, including “a little” (17%), “a lot” (~15.6%), and “always” (~16%). This implies
that CCD is more perceptible at the colony level, probably because of its severe and evi-
dent effects (sudden colony loss), even without a clear diagnostic comprehension. Colony
Collapse Disorder (CCD) represents one of the most critical threats to global apiculture. It
is characterized by the sudden disappearance of adult worker bees from other viable col-
onies, leaving behind the queen, brood, and food reserves with minimal evidence of dead
individuals [29]. The relatively high reporting of CCD may thus indicate symptom-based
recognition rather than mechanistic understanding, potentially involving various under-
lying stressors such as pathogens, pesticides, nutritional deficiencies, and environmental
pressures [29,30]. Since its formal recognition in 2006 in the United States, CCD has be-
come a global phenomenon, with reports of colony losses exceeding 30% in several re-
gions, including Europe and North America [29]. A comprehensive epidemiological in-
vestigation in South Korea revealed a significant reduction in colony numbers after 2021,
which was associated with extensive pathogen exposure and environmental stressors [30].
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Varroa infestation emerges as the most reported and harmful condition. A large num-
ber of beekeepers reported high levels of infestation (“a lot”: ~33.5%; “always”: ~6.8%),
while only a small fraction reported being unaffected. Even though a significant number
of respondents still selected “Don’t know”, the distribution clearly indicates that Varroa
is both widely present and relatively well recognized compared to other diseases. This is
consistent with the global literature that identifies Varroa destructor as a principal factor
contributing to colony losses and productivity decline in apiculture systems worldwide.
Multiple large-scale surveys confirm that honeybee colonies are rarely free from patho-
gens. For example, Varroa destructor infestation affects 75.7% of colonies in Uruguay.
About 33% of those colonies are at risk of viral infections like deformed wing virus (DWV)
because they are more than 4% infected [31]. Similarly, in Mexico, Varroa was also found
in 83.5% of apiaries, with infestation levels exceeding 4.5% in high-risk regions [32].
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Figure 8. Beekeeper-reported prevalence and severity of key parasitic and colony-level disorders:
Acariose (a), Colony Collapse Disorder (b), and Varroa Infestation (c) in Lebanese Apiculture (n =
4916).

The evaluation of predator and pest pressures (Figure 9) underscores the insufficient
awareness and heterogeneous perception of biotic stressors affecting Lebanese apiculture
systems. Similar to disease-related findings, the majority of respondents chose “Don’t
know” for all pest categories, highlighting a significant gap in pest identification and mon-
itoring capabilities. Among the pests investigated, wasps and hornets are the most serious
and dangerous pests that were studied. A large number of beekeepers reported moderate
to high levels of infestation (“a little” to “a lot”). This contrasts with other pests, such as
beetles and wax moths, for which most respondents claimed no impact on them. How-
ever, given the high level of uncertainty, these results are likely to reflect differences in
perceptibility rather than actual prevalence. Beekeepers can easily spot wasps because

https://doi.org/10.3390/su18147152



Sustainability 2026, 18, 7152 15 of 23

they are very visible and directly attack bee colonies. Their impact on colony strength and
honey production is obvious, explaining the higher reporting rates. On the other hand,
pests like wax moths and beetles, which may be less obvious or live in hive structures, are
probably not diagnosed as often, especially in systems with little technical monitoring.
The case of birds and animals presents an intermediate pattern, with moderate levels of
reported impact. This suggests that interactions depend on the environment and location.

These findings support the broader observation that biotic stressors are not always
recognized. Beekeepers mostly respond to threats that are clear and immediate, while
pests that are less obvious but could be important are often ignored. This selective per-
ception may lead to imbalanced management strategies, where certain threats are exag-
gerated, and others are neglected. From a systems point of view, pest pressures, especially
from wasps, represent an additional layer of stress that interacts with previously identi-
fied challenges, such as disease burden, limited queen management, and productivity var-
iability. The combined effects of these factors may contribute to colony weakening and
reduced economic performance.
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Figure 9. Beekeeper-reported prevalence and impact of predators and pests in Lebanese apiculture:
Beetles (a), Wasps and Polistines (b), Birds and Animals (c), and Wax Moths (d) (n = 4916).

Table 1 represents the regional variability in honeybee pest and disease distribution
across Lebanese governorates. After applying the conservative Bonferroni correction (otcor-
rected = 0.005), only five conditions maintained statistically significant associations with the
governates, providing strong quantitative support for the epidemiological trends ob-
served in the disease section. In particular, the moderate-to-strong effect sizes recorded
for AFB (x? (24) = 2060.92, p < 0.001, Cramer’s V = 0.32), EFB (x> (30) = 1958.71, p = 0.002,
Cramer’s V =0.28), and nosemosis (x? (24) = 1953.91, p = 0.004, Cramer’s V = 0.32) confirm
that these diseases are not evenly distributed across Lebanon but rather display distinct
spatial structuring, likely influenced by environmental and management-related factors.
This aligns with the biological characteristics of AFB and EFB, where transmission is in-
fluenced by colony density, hygiene practices, and climatic conditions affecting the path-
ogen survival [33]. The strong association between sacbrood (Cramer’s V = 0.37) and lo-
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calized stressors like nutritional deficiencies and seasonal brood dynamics shows that it
has a role as an indicator of colony stress rather than a primary pathogen-driven collapse
[34]. Varroa infestation (Cramer’s V = 0.30) showed statistically significant spatial varia-
bility, indicating its central role in disease dynamics, as highlighted in the disease section.
Given that Varroa destructor acts as both a parasite and a vector for viral pathogens (e.g.,
DWYV) (Warner et al., 2024) [35], its uneven distribution across governorates is probably a
factor in the study’s findings of different rates of viral and secondary infections. This cor-
relation between Varroa pressure and disease expression supports the hypothesis of syn-
ergistic pathogen interactions, a key mechanism underlying colony weakening and col-
lapse [35]. The notable correlation between colony collapse disorder (CCD) and gover-
norates (Cramer’s V = 0.30) offers evidence connecting the disease burden to more exten-
sive colony failure results. This backs up the idea that disease pressure, especially brood
diseases and infections linked to Varroa, is a major cause of colony instability, which in
turn leads to lower productivity and a higher risk of collapse [36]. The geographic clus-
tering of CCD indicates that collapse events are the result of localized combinations of
stressors rather than a singular predominant cause.

Table 1. Association between Lebanese governorates and the prevalence of honeybee pests and dis-

eases.

Chi? df p Cramer’s V C
American Foul Brood 2060.92 24 <0.001 0.32 0.61
European Foul Brood 1958.71 30 0.002 0.28 0.58
Varroa 2251.78 30 0.003 0.3 0.61
Nosemosis 1953.91 24 0.004 0.32 0.6
Sac Brood 1995.5 18 0.005 0.37 0.62
Mycoses 1934.25 30 0.006 0.28 0.58
Bees Paralysis 1962.59 24 0.007 0.32 0.6
Bees Dysentery 1986.01 24 0.008 0.32 0.6
Worm Wax 1984.9 30 0.009 0.28 0.59
Acariose 1961.56 30 0.01 0.28 0.59
Birds and animals 1964.52 30 0.011 0.28 0.59
Beetle 1878.59 30 0.012 0.28 0.58
Wasps and hornets 1824.48 30 0.013 0.27 0.57
Colony collapse disorder 2186.61 30 0.014 0.3 0.61

C: Pearson’s contingency coefficient.

The chi-square analysis (Table 2) aims to assess the association between beekeepers’
education level and the occurrence of honeybee pests and diseases in Lebanon. It demon-
strated statistically significant correlations between beekeepers’ education level and all
investigated honeybee pests and diseases (p < 0.001). This observation suggests that edu-
cational background plays a measurable role in colony health outcomes. However, the
effect sizes (Cramer’s V = 0.08-0.10) consistently fall within the weak association range,
suggesting that while education is a relevant factor, it is not the primary determinant of
disease occurrence. Among the variables, Varroa infestation (x?> = 197.54, Cramer’s V =
0.10) and sacbrood (x? = 138.84, Cramer’s V = 0.10) had the highest effect sizes but re-
mained weak. This means that these conditions are slightly more sensitive to differences
in beekeepers’ knowledge, management practices, and technical capacity [37]. This is not
surprising, particularly for Varroa, as its control requires regular monitoring, appropriate
timing of treatment, and integrated pest management (IPM) strategies [38], which are typ-
ically associated with higher levels of technical awareness and training. In contrast, brood
diseases such as AFB and EFB also showed significant associations (p < 0.001), but weak
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effect sizes (Cramer’s V = 0.08). This indicates that although education contributes to dis-
ease awareness and detection, the spread of these highly infectious diseases is more
strongly influenced by external factors, such as colony density, equipment contamination,
and biosecurity practices at the community level (Forsgren et al., 2018) [33], rather than
individual beekeeper characteristics alone. Colony collapse disorder (CCD) showed a
weak but significant association with education level (x? (20) =161.24, p < 0.001, Cramer’s
V =0.09). This supports the idea that CCD is a multifactorial phenomenon including bee-
keeper knowledge, environmental stressors, pathogen pressure, and management prac-
tices, but no single factor can be identified as the principal cause [29,30]. From an epide-
miological perspective, the relatively low Cramer’s V values (0.10) and moderate contin-
gency coefficients (C = 0.18-0.22) indicate that education level accounts for only a small
fraction of the variability in disease incidence. This differs from the earlier findings that
showed stronger geographic effects, suggesting that environmental and regional factors
have a bigger impact on disease distribution than the characteristics of individual bee-
keepers.

Table 2. Association between beekeepers’ education level and the prevalence of honeybee pests and

diseases in Lebanon.

Chi? df p Cramer'sV  C
American Foulbrood 139.13 16 <0.001 0.08 0.19
European Foulbrood 129.99 20 <0.001 0.08 0.18
Varroa 197.54 20 <0.001 0.1 0.22
Nosemosis 152.9 16 <0.001 0.09 0.19
Sac Brood 138.84 12 <0.001 0.1 0.19
Mycoses 170.19 20 <0.001 0.09 0.2
Bees Paralysis 139.86 16 <0.001 0.08 0.19
Bees Dysentery 143.37 16 <0.001 0.09 0.19
Worm Wax 149.39 20 <0.001 0.09 0.19
Acariose 139 20 <0.001 0.08 0.19
Birds and animals 164.52 20 <0.001 0.09 0.2
Beetle 141.67 20 <0.001 0.08 0.19
Wasps and hornets 164.45 20 <0.001 0.08 0.2
Colony collapse disorder 161.24 20 <0.001 0.09 0.2

3.6. Disease Management Practices and Treatment Strategies in Lebanese Apiculture

The treatment strategies reported by beekeepers for major honeybee pests and dis-
eases in Lebanon are summarized in Table 3. This provides an insight into current man-
agement practices and their alignment with recommended apicultural standards. Overall,
the results indicate a predominant reliance on chemical treatments, especially for parasitic
and microbial diseases, combined with limited adoption of alternative and management-
based practices. For Varroa destructor, diversified control strategies are adopted, including
amitraz-based products (Apivar®, Apistan®), organic acids (formic acid), and essential
oils. This indicates that beekeepers recognize Varroa as a significant threat and are proac-
tively employing control strategies; however, the simultaneous application of multiple
acaricides raises concerns regarding potential emergence of resistance and improper treat-
ment rotation, which are widely documented challenges in apiculture [39]. For AFB, the
use of antibiotics like tetracycline and oxytetracycline, along with practices like destruc-
tion and isolation, indicates partial adherence to recommended control strategies. There
is a gap between best practices (burning infected colonies) and field-level implementation,
likely influenced by economic constraints. However, the excessive or inappropriate use of
antibiotics should be avoided, as it can promote the development of antimicrobial re-
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sistance and negatively affect colony health. Moreover, the detection of antibiotic residues
in honey raises significant concerns regarding food safety and potential risks to human
health [28]. For EFB and sacbrood virus, the reported practices (e.g., queen replacement,
sanitation, nutritional support) emphasize management-based and preventive ap-
proaches, which are consistent with current recommendations [34,40]. This suggests that
beekeepers recognize the role of colony strength and nutrition in mitigating non-obligate
or stress-induced diseases. The treatment of Nosema spp. relies primarily on fumagillin-
based products (Fumidil-B®) and sterilization, indicating dependence on chemical inter-
ventions. Numerous recent articles reviewed the use of fumagillin; however, uncertainty
persists regarding its efficacy in controlling Nosema spp. infections, its overall benefit to
honeybee colony health, and whether its effectiveness has declined over time [41,42].
However, the use of fumagillin is restricted globally because of fumagillin’s potential toxic
effect on humans and the risk of residues in honey and wax [43]. This suggests the lack of
awareness or access to alternative strategies, such as improved hive hygiene and nutri-
tional management. For secondary disorders like bee paralysis, dysentery, and mycoses,
the reported interventions are largely environmental and managerial (e.g., ventilation,
sanitation, humidity control, hive replacement), reflecting their multifactorial and oppor-
tunistic nature. Pest management practices, including those targeting wax moths, wasps,
beetles, and birds, are predominantly based on mechanical and preventive measures (e.g.,
traps, hive protection, environmental control), which are aligned with integrated pest
management (IPM) principles. However, these approaches appear reactive rather than
systematic, suggesting limited implementation of structured monitoring strategies.

These findings show that the disease management system in Lebanese beekeeping is
not uniform and is only partially optimized. The coexistence of chemical, biological, and
management-based interventions highlights the necessity for standardized national
guidelines, enhanced training programs, and integrated surveillance systems. Strength-
ening these areas would make it easier to move toward sustainable, evidence-based bee-
keeping, which would lower the number of diseases while also lowering the risks of anti-
microbial resistance, chemical residues, and colony stress.

Table 3. Reported treatment practices for major honeybee pests and diseases among beekeepers in

Lebanon.

Disease Common Treatments Reported

Amitraz® Apivar® Apistan® Apiguard®, ApilifeVar®,
Perizin, formic acid, fluvalinates, essential oils
Tetracycline, Oxytetracycline, Sulfatiazol, isolation, des-
truction

Varroa destructor

AFB

Queen replacement, isolation, sterilization, cleaning, pol-
len feeding
Nosema spp. Fumagillin, Fumidil-B®, sterilization
Queen replacement, nutritional support, protein feeding,
hive sanitation

EFB

Sacbrood virus

Queen change, forage change, hive ventilation, apiary
condition improvement
Fumagillin, Oak honey removal, clean water feeding,

Bee Paralysis

Dysenter . . -
Y Y vitamin supplements, humidity control

Frame removal, wax recycling, hive replacement, re-

Mycoses . yeuns P
sistant races
Acariose Apivar®, Byvarol®, Maverick, essential oils, Amitraz®
Certan, Mellonex®, wax replacement, sulfur traps, aera-
Wax Moth (Worm Wax) p P

tion, polished wood hives
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Trap setting, nest destruction, hive protection, hive door

Wasps .
P reinforcement
Sandy area avoidance, honey frame elevation, Faster
Beetles . .
honey extraction, humidity control
Harmful Birds Scaring, physical removal

3.7. SWOT Analysis of the Beekeeping Sector in Lebanon

The SWOT analysis (Figure 10) provides a systemic assessment of the Lebanese api-
culture sector, integrating structural, technical, economic, and environmental dimensions.
The results highlight a sector characterized by strong intrinsic potential yet constrained
by significant operational and institutional limitations.

From a strengths perspective, Lebanese beekeeping benefits from a high-value prod-
uct positioning, particularly for niche honey types such as mountain, oak, and citrus
honey. This is reinforced by the relatively low capital investment and rapid return on in-
vestment, making beekeeping accessible to small-scale producers. Furthermore, the coun-
try’s agroecological diversity supports a wide range of floral sources, enabling product
differentiation. The sector also demonstrates strong rural engagement, indicating its im-
portance as a livelihood strategy in several regions.

However, these advantages are counterbalanced by critical weaknesses. The data
presented in previous sections clearly demonstrate low and highly variable productivity
across regions and sociodemographic groups, reflecting inconsistencies in management
practices and technical capacity. A major structural limitation is the extremely low level
of disease awareness, with more than 70% of beekeepers reporting a lack of knowledge
regarding key pathogens and pests. This finding aligns with the observed underutiliza-
tion of high-value bee products such as pollen, propolis, and royal jelly, where non-pro-
duction rates exceed 70-98%, indicating limited diversification and technical expertise.
Additionally, weak cooperative structures, limited aggregation capacity, and lack of qual-
ity standardization constrain market expansion, particularly for export-oriented value
chains. Furthermore, beekeepers reported inconsistencies in marketing strategies and
market access during the survey, which may limit their ability to commercialize products
effectively and reduce overall sector competitiveness.

Despite these constraints, several opportunities emerge for sector development. The
increasing global demand for premium and traceable honey products presents a signifi-
cant opportunity for Lebanese producers to penetrate international markets. The devel-
opment of value-added products offers an important pathway for income diversification
and resilience. Moreover, targeted capacity-building programs and technical training
could directly address productivity gaps identified in this study. The integration of mar-
ginalized populations, including rural and refugee communities, further enhances the so-
cio-economic relevance of the sector. The adoption of modern apicultural practices, such
as integrated pest management (IPM) and digital monitoring systems, alongside im-
proved institutional support, could substantially enhance both productivity and sustain-
ability.

Conversely, the sector faces several external threats that may compromise its long-
term viability. The high burden of bee diseases, including Varroa destructor, Nosema spp.,
AFB, and EFB, represents a major risk, particularly in the context of low diagnostic aware-
ness among beekeepers. In addition, the potential introduction and unnoticed spread of
invasive or emerging pathogens and pests may constitute an additional biological stressor
for the Lebanese apiculture sector, especially given the limited capacity of many beekeep-
ers to accurately recognize and differentiate established bee health disorders. These bio-
logical stressors, combined with environmental pressures such as a reduction in forage
resources and climate variability, increase the likelihood of colony losses and reduced
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productivity. In addition, honey adulteration and fraud, as well as competition from un-
regulated imports, threaten market integrity and consumer trust. The absence of robust
surveillance systems and regulatory enforcement further exacerbates these risks.

Opverall, the SWOT analysis confirms that the Lebanese apiculture sector operates
within a high-potential yet vulnerable system, where productivity and sustainability are
tightly linked to improvements in colony health management, technical capacity, and in-
stitutional governance.

@ I

¢ High product valorization (mountain, forest, citrus honey) ¢ Low productivity and high variability in honey yield

¢ Rapid return on investment (<1 year ROI) ¢ Limited technical knowledge and training gaps

e Diversification potential into pollen, propolis, royal jelly o Extremely low disease awareness (>70% “don’t know”)

o Favorable agroecological diversity ¢ High underutilization of high-value products (>70-98%)

e Strong rural engagement o Weak cooperative structures, limited aggregation
capacity

o Market access limitations, lack of quality standardization

T A

» Expansion of premium honey markets » High disease burden (Varroa, Nosema, AFB, FFB)

o Development of value-added bee products

Integration of marginalized/refugee populations
Modern apicultural practices (IPM, monitoring)
Policy and institutional support

Colony collapse risks, multifactorial stressors

Capacity building and training programs ¢ Reduction of forage resources

Honey adulteration and fraud

Weak surveillance and regulatory enforcement
Climate variability

Figure 10. SWOT analysis of the beekeeping sector in Lebanon.

4. Conclusions and Recommendations

This study provides the first comprehensive, data-driven assessment of the Lebanese
beekeeping sector, integrating sociodemographic structure, production systems, disease
dynamics, and management practices. It highlights the interconnections between colony
health, productivity, and long-term sustainability. The findings demonstrate that apicul-
ture in Lebanon is predominantly a smallholder, semi-traditional system, characterized
by low cooperative integration, limited professionalization, and strong dependence on
diversified rural livelihoods. Production systems are largely mono-product oriented, with
honey dominating overwhelmingly, while high-value products such as pollen, propolis,
and royal jelly remain underdeveloped. Colony health emerges as a central limiting factor.
The study identifies a critical deficiency in disease awareness and diagnostic capacity,
with most beekeepers unable to recognize key pathologies. Management practices are het-
erogeneous and only partially aligned with recommended standards, with a strong reli-
ance on chemical treatments and limited implementation of preventive and integrated
approaches.

To support the transition toward a sustainable and resilient apiculture sector in Leb-
anon, a comprehensive and integrated approach is required. Priority should be given to
establishing a national bee health surveillance system that combines field diagnostics with
laboratory confirmation, enabling early detection and region-specific management of ma-
jor threats. As an initial implementation step, a pilot surveillance program could be
launched within the next 12-24 months in selected governorates representing different
ecological and production systems. The establishment of mobile diagnostic hubs could
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enhance accessibility to technical support, particularly in remote and underserved areas,
through periodic field visits conducted by trained veterinary and apicultural teams
equipped with rapid diagnostic tools, sampling materials, and treatment guidance proto-
cols. These mobile units could support on-site colony inspections, early screening for dis-
eases and pests, sample collection for laboratory confirmation, beekeeper training on dis-
ease recognition and biosecurity practices, and dissemination of standardized manage-
ment guidelines. Concurrently, strengthening capacity building through structured train-
ing programs and extension services is essential to improve disease recognition, biosecu-
rity, and the adoption of integrated pest management strategies. Efforts should also focus
on promoting sustainable management practices by reducing the misuse of antibiotics and
chemical treatments, while encouraging environmentally friendly alternatives and im-
proved hive hygiene. From an economic perspective, enhancing value chain diversifica-
tion through the development of high-value hive products, alongside the implementation
of quality standards and traceability systems, would significantly improve market com-
petitiveness and resilience. In parallel, reinforcing cooperative structures and fostering
collaboration among beekeepers can enhance resource sharing, innovation diffusion, and
access to markets. From an economic perspective, enhancing value chain diversification
through the development of high-value hive products, alongside the implementation of
quality standards and traceability systems, would significantly improve market competi-
tiveness and resilience. In parallel, reinforcing cooperative structures and fostering col-
laboration among beekeepers can enhance resource sharing, innovation diffusion, and ac-
cess to markets.
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