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1. Introduction 

The agricultural industry is highly dependent on in-
sects for the production of food needed by humans. The 
beneficial aspects of insects include thousands of benefits, 
including the production of edible products, decorative 
products, medicinal products, honey production, silk pro-
duction, lacquer production, etc. The importance of insects 
in agriculture is more about pollination and control of some 
plant pests. Pollinating insects are worth 200 billion dollars 
a year due to their essential role in pollination. In fact, at 
least one-third of all agricultural crops rely on pollination 
by insects [1]. Honey bees do about 80% of all pollination 
worldwide. Seventy of the top 100 human food crops, which 
provide about 90 percent of the world's food are pollinated 
by bees. As agriculture developed and the need increased 
for pollinators, modern agricultural practices also reduced 
bee populations through pesticide use and land use [1-3]. In 
recent years, honey bees have become increasingly endan-
gered, especially in areas with high-scale agriculture. The 
situation has deteriorated with new bee diseases and pests. 
Their destructive effects are intensified by reducing the re-
sistance of bee colonies. The increasing demand in modern 
agriculture and the concomitant decline in honey bee health 
have led to a “pollination crisis” [4, 5]. 

In recent years, beekeepers have reported losses of 
their colonies, especially in Western European Union coun-
tries such as France, Belgium, Germany, England, Italy, 
Spain, and the Netherlands. Similar problems exist in many 
other parts of the world, including the United States, Russia, 
and Brazil, indicating a global problem. There is ample ev-

idence of pollinator decline worldwide, and the conse-
quences are visible in many agricultural regions. The re-
searchers evaluated these consequences by measuring 1) the 
contribution of insect pollination to the economic value of 
global agricultural products and 2) the vulnerability of 
world agriculture to the decline of pollination. They used a 
bioeconomic approach that integrated the ratio of produc-
tion dependence on pollinators for 100 crops worldwide and 
listed by FAO. The total economic value of pollination 
worldwide was estimated at 153 billion euros, which repre-
sented 9.5% of the value of world agricultural production 
for human food production [6].  

Vegetables and fruits in terms of dependence on polli-
nating insects and global production are shown in Figure 1 
[6]. 

 
Figure 1. Major crops related to insects and their global pro-

duction 
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Abstract: 

Food production and nutrition of human society are highly dependent on natural ecosys-

tems and production systems in agriculture. More than three thousand plant species are 

responsible for providing food for the world's population, of which only 300 species are 

cultivated for food supply, and 12 species provide about 90% of the world's food con-

sumption. The most important role of the bee is pollinating flowering plants, which un-

fortunately is not paid attention to because of little information and lack of culture. In 

addition to honey bees, other bees also play an essential role in plant pollination, which 

directly preserves the diversity of flowering plants and indirectly preserves the survival 

of a large part of animals. These insects play an essential role in preventing soil erosion 

and providing oxygen. In addition to honey bees, other bees also play an essential role in 

plant pollination, which directly preserves the diversity of flowering plants and indirectly 

preserves the survival of a large part of animals. Applying correct management to prevent 

losses and extinction of insects, guarantees food for living beings and preserves the eco-

system. 
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important pests and diseases of honey bees, especially Var-
roa destructor, some agricultural pesticides, continuous 
droughts, and reduction of vegetation. Air pollution, espe-
cially the phenomenon of fine dust in some areas, and fi-
nally the unprincipled management of colonies by beekeep-
ers are also other factors. Honey bee diseases and pests have 
become an important limiting factor for providing the num-
ber of strong bee colonies needed by farmers and impose a 
lot of costs on beekeepers [7]. 

There are more than 20,000 species of bees. Non-Apis 
bees are often surprisingly diverse in form and function and 
alone are worth conservation. For example, we can refer to 
Wallace's Giant bee, also known as Megachile Pluto or 
Dodo [8]. Wallace's big bee is the name of a species of leaf-
picking bees. This bee, with a wingspan of 5.63 mm, is the 
largest species of bee in the world and is found in Indonesia. 
Another one is the bumble bee, which is one of the most 
important pollinating insects. It existed millions of years be-
fore humans and pollinated various plants. The bumble bee 
or humble bee comprises more than 250 species in the genus 
Bombus, of the Apidae family. Bumble bees are one of the 
most numerous bee species in Europe and one of the main 
species used in greenhouse pollination [7]. These bees are 
the main factor of biodiversity. In general, bees are the most 
important pollinators for plants, which play an important 
role in the production of high-quality agricultural products. 
For a long time, honey bees have been used by farmers to 
pollinate gardens and fields. The bumble bee is considered 
the best option for use in greenhouses due to its greater 
adaptability to environmental conditions. The beginning of 
bumble bee domestication dates back to 1912, and after 
many efforts, it became a reality in the 1970s [9]. 

The species of bees are different in terms of choosing 
food for themselves and each of them picks flowers based 
on their special shape, color and smell. This indicates the 
symbiosis between plants and pollinators, and means that 
each flowering plant with its own characteristics is compat-
ible with certain species of bees and depends on them for 
pollination. For example, plants whose nectar is located 
deep depend on bees with long tongues to access the nectar 
for pollination. Therefore, with the loss of the diversity of 
wild bee species, many cultivated and wild plants lose their 
effective and useful pollinators. Although wild bees have 
received less attention, they contribute a lot to pollination, 
and the interaction of other species of bees and honey bees 
can have many benefits for the pollination of crops, pas-
tures, etc., which leads to an increase in the production of 
agricultural products [10].  

Increasing awareness about the importance and role of 
bees as well as bee products plays an important role in ef-
forts to protect bees and the beekeeping industry. Climatic 
changes, air pollution and other things have caused the 
death and destruction of honey bee colonies, and urgent ac-
tion should be taken to protect this insect for the survival of 
plant species. Improving the conservation performance and 
increasing the health of honey bees and thousands of other 
bee species is a major global challenge that this article has 
addressed to some extent. 

2. Stress and mortality factors  
Currently, there is no scientific data on the complete 

picture of the problem; but there is evidence of a significant 
reduction of pollinators due to human activities. Bees and 

butterflies are the species for which the best data is availa-
ble, showing that one in ten species of bees and butterflies 
in Europe is at risk of extinction. Honey bee colony losses 
vary greatly from year to year, but are generally getting 
worse. Annual surveys of honey bee colony loss demon-
strate meaningful changes in time and place, as well as fac-
tors contributing to this decline. Varroa mites and viruses 
that spread in colonies are now the biggest cause of these 
losses. Although the problems of queen production, lack of 
natural resources and new pests also play an important role 
in this relationship [11, 12]. 

Insect extinctions since the industrial era are probably 
around 5–10%, involving 250,000–500,000 species. At 
least one million species will face extinction in the coming 
decades, half of which are insects. Modern agriculture and 
human factors have vastly affected honey bees and many 
species of solitary and social bees around the world. A net-
work of stressors can indirectly or synergistically affect 
honey bee health [13]. 

Stress factors are different in various parts of the world 
and change over time. Studies have revealed, these factors 
have harmed both bee longevity and average honey produc-
tion per colony [14]. Understanding these stress factors is 
very important to reduce colony losses and improve bee 
health. Reports of "colony collapse syndrome" and "decline 
of pollinating insects" are accompanied by the conclusion 
that the world is experiencing a decrease in the diversity and 
number of insects, and this is mainly due to many human 
factors [5, 15]. These factors include intensification of land 
use, habitat loss, and urban development, the spread of in-
vasive species and diseases, and pesticides [16]. 

Until recently, the types of agricultural chemicals con-
sidered dangerous to bees were mostly limited to insecti-
cides. Fungicides were considered safe for use in the culti-
vation of flowering plants in the presence of bees, but un-
fortunately, their negative effects on bee health were con-
firmed. The increase in relative humidity has greatly in-
creased the risk of agricultural pests such as aphids and yel-
low color in agricultural and garden lands and has caused 
farmers to spray their fields at least 2-3 times more than in 
previous years. Among the agricultural sectors that are di-
rectly affected by this chemical fight and its products suffer 
a qualitative and quantitative decline, is beekeeping. These 
effects have been shown both through increased mortality 
of microorganisms and direct effects on bee metabolism, in-
cluding inhibition of mitochondrial respiration [17, 18]. 

The honey bee has endured well in the face of climate 
and environmental changes and has adapted to different 
conditions. Apart from the cold and icy regions, this insect 
is scattered in all parts of the world, and in addition to living 
naturally in its habitats, a large amount of them are culti-
vated in traditional or modern ways. Honeybees and other 
insects are cold-blooded creatures and have a strong de-
pendence on environmental conditions, so any climatic and 
environmental change will have a significant impact on 
their life. Factors that reduce flowering plants will affect the 
life of bees. Environmental temperature changes, rainfall, 
and environmental pollutants are among the factors that 
strongly affect insects. Many beekeepers do not consider 
even micro-pollens to be ineffective in reducing the popu-
lation of bee colonies, and they consider climate changes at 
the beginning of the breeding season to be an important fac-
tor in causing losses. Climate change is therefore affecting 
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honey bee populations worldwide [19]. Widespread declines 
of bumble bees have been reported on different continents 
due to such changes [20]. Climate change can also lead to the 
expansion of invasive species such as the small hive beetle 
(Aethina tumida) that affect bees [21]. 

Significant geographical differences in the creation of 
stressors have been reported. Honey bee populations in fur-
ther parts of the world experience various mortality rates 
based on different factors [22]. African bees are not affected 
by the varroa mite and usually do not need to be controlled 
[23]. In some regions of the globe, pesticides have been cited 
as the main cause of death of honey bees and other bees [24]. 
Therefore, bee conservation approaches vary by geographic 
region. In the Middle East and Asia, Tropilaelaps, a para-
sitic mite of the Laelapidae family, and in some countries, 
such as China, the sac-borne virus is a key problem [25]. In 
England and Wales, the chronic bee paralysis virus is also 
emerging as a serious threat [26]. Invasive species, including 
hive mites and beetles, as well as different genotypes of 
honey bee viruses and their international spread, can be-
come important challenges for honey bees. 

One of the most important components for assessing 
the health of an ecosystem is to examine biodiversity; So 
that the calculation of ecological indicators in an ecosystem 
provides a clear picture of the environmental situation and 
the stability of that ecosystem. Using the monoculture 
model in some areas can have an inappropriate effect on the 
biodiversity of pollinating insects [27]. 

The consequence of these stressful factors is the de-
cline of plant pollination. The investigators concluded that 
pollinator falls can lead to the loss of optimal pollination 
operations and have unfavorable ecological and economic 
effects that can significantly affect the conservation of wild 
plant diversity, broader ecosystem stability, agricultural 
production, Food security, and human well-being should be 
affected [28]. 

Other social or solitary bees suffer from similar and 
sometimes different challenges to honey bees. Researchers 
believe this decrease in the population of bees is a big prob-
lem for the ecosystem and biodiversity, and their absence 
creates additional problems by affecting agricultural pro-
duction. A bee colony can guarantee pollination or biologi-
cal insurance [5, 29].  

Numerous of the aspects that cause honey bee colony 
losses also affect bumble bees [5]. Interestingly, there is of-
ten a strong positive relationship between honey bee and 
bumble bee diseases [30, 31]. Habitat loss, pathogens, invasive 
species, climate change, pollen, and pesticides that affect 
honey bees can negatively influence the health of bumble 
bees and many other species [32, 33]. Fungicides used in agri-
culture can affect the microorganisms that these native pol-
linators need to survive. Since honey bees are easier to mon-
itor, they can be considered as an indicator to detect mortal-
ity factors in other native bees [34]. 

Common insecticides such as sulfoxaflor and the ne-
onicotinoid imidacloprid severely disrupt the behavior of 
honey bees. These results are cause for concern because the 
ability of bees to respond appropriately to visual infor-
mation is very important for their flight, orientation, and 
consequently their survival. Of course, sometimes the 
health issues of other bee species are different from honey 
bees. Investigations have revealed that pesticides some-
times affect solitary or non-Apis bees more than honey bees. 

Inappropriate and untimely spraying during the flowering 
of fruit trees, which causes the poisoning of bees, may elim-
inate the population of one or several colonies [35-37]. 

Attempts to increase the population of honey bees may 
result in a negative impact on native bees [38]. Honey bees 
or bees that are introduced for commercial purposes can 
transmit the disease to native bees. In some areas, experts 
may have problems in choosing the method of combating 
pests and diseases by giving priority to honey bees or bum-
ble bees. High numbers of honey bees can be detrimental to 
wild bee populations, as the two groups directly compete for 
nectar and pollen. When flowers are abundant, this issue 
and competition are not a problem, but in environments with 
limited resources, wild bees win the competition. One of the 
main factors of honey bee population decline is the lack of 
flowers [39]. 

3. Challenges facing the beekeeping industry 

One of the most important issues of beekeeping is their 
diseases. These diseases cause death or spoilage of some of 
the outcomes produced by bees. To meet the growing de-
mand of providing strong hives for pollination, beekeepers 
had to pay more to treat diseases and pests of their bees [40]. 
In many parts of the world, it is considered impossible to 
keep bee colonies alive without disease control and treat-
ment. With the tightening of health protocols, varroa popu-
lations have increasingly shown resistance to acaricides, 
which has led to an increase in bee losses, and the need for 
suitable alternatives such as the use of medicinal plants for 
pest control [41]. The latest methods that are being consid-
ered include gene silencing or RNAi methods and genetic 
modification of bee gut bacteria [42, 43]. These bacteria are 
natural microorganisms found in the bee's digestive system, 
which by fermenting sugars (sucrose, glucose, fructose, etc.) 
in the bee's digestive system, produce lactic acid and reduce 
the pH of the digestive system. In the honey bee breeding 
industry, several stresses such as climate changes, migration, 
changes in food sources, etc. cause the weakening of the 
immune system and the imbalance of the natural digestive 
microflora. Such factors make honey bees susceptible to 
various diseases, and as a result, we will see losses and a 
quantitative and qualitative drop in production. The use of 
probiotics in bee breeding can balance and optimize diges-
tive microflora, improve growth, improve food digestion 
and absorption, improve immune system function, and re-
sist various stresses and pathogens [44]. These changes pre-
vent the growth and adhesion of harmful bacteria to the wall 
of the digestive system and the population of pathogenic 
agents is reduced. On the other hand, by strengthening the 
immune system, beneficial bacteria increase the bee's im-
munity against diseases and reduce the use of antibiotics. 

In recent years, to meet market demand, beekeepers 
have significantly increased their investment in the produc-
tion of protein food supplements, including food additives 
that supposedly help maintain bee health [45]. Beekeepers 
prefer that apiaries do not need to use chemicals and other 
control measures to survive. In addition to facilitating man-
agement and avoiding costs for controlling pests and dis-
eases, bee products free from diseases and chemicals have 
a suitable and acceptable market. However, in many parts 
of the world, efforts are focused on breeding bees more re-
sistant to major bee diseases and pests, such as the varroa 
mite, but have not yet introduced a reliable alternative [46]. 
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Studying the genotype of African bees that are resistant to 
the varroa mite can help increase bee resistance through ge-
netic modification. 

Plant essential oils and their effective chemical com-
pounds are considered suitable alternatives to chemical ac-
aricides. The obvious feature of all these compounds is hav-
ing fewer adverse effects on human health, non-target or-
ganisms, and the environment. Monoterpenoids, constitut-
ing about 90% of the total compounds in essential oils, are 
the most important compounds in essential oils. The tick-
killing activity of essential oils of more than 150 plant spe-
cies and their effective compounds have been tested on Var-
roa ticks, and only a few of them have obtained favorable 
results in hive conditions. Thymol and acaricides that con-
tain thymol as an effective compound have brought valua-
ble results. However, full reliance on the use of herbal bases 
to keep the varroa mite population below the level of eco-
nomic loss is still not recommended, and the practical com-
bination of herbal essentials with other low-risk methods is 
a more suitable approach [47]. 

4. To prevent the decline of bees and other pollinators 

To tackle this problem and complement the efforts, the 
European Commission presented the EU Pollination Plan in 
2018. It was the first comprehensive initiative at the EU 
level, focusing on wild pollinators. Its purpose was to pro-
mote knowledge about the reasons for the decline of polli-
nators, to deal with the causes, and to increase awareness in 
this field. They also agreed to reduce the use of dangerous 
agricultural pesticides and chemicals to the level of 50% [48]. 

Raising knowledge about insects and threats, using se-
lective (microbial) insecticides, maintaining vegetation, us-
ing pollen and nectar sources or artificial foods, preventing 
deforestation, reducing greenhouse gases, and managing 
apiary transfer are required. 

5. Conclusion 

There are many challenges to improve the health of 
honey bees and the joint efforts of beekeepers, scientists, 
and research institutions are needed to protect bees. The 
goal of the researchers is that the "Honey Bee Health and 
Protection" section will be an effective means of helping the 
survival of honey bee species and other pollinators so that 
they can continue their vital role in ecosystems and agricul-
ture around the world. 
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