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Pollinators play vital roles to the environment, biodiversity conservation, food security and several 

dimensions of global sustainable development. Honey bee is an important pollinator globally but 

has been exposed to increasing threats from diseases, pesticides and biotic stresses. This review 

paper highlights the role of honey bees as pollinators, addresses threats which influence decline of 

honey bees and assess pesticidal risk toxicity on non-target organisms. Decline of honey bee 

population is caused by several factors including habitat fragmentation, pesticidal toxicity, colony 

collapse disorder and climate change. Pesticidal residue and toxicity has an adverse effect which 

results in honey bee population decline, disturb foraging and contamination of bee products. 

Residues of agricultural pesticides like pyrethroid and neonicotinoid pose a serious threat on honey 

bee health further reducing agricultural production and diversity. Pesticidal risk assessments are 

carried out to study effects of pesticides on pollinators with an aim to provide measures to safeguard 

their abundance, diversity and health. Sustainable agriculture, effective policy and proper 

management can decrease pollinators' risk by helping to diversify the agriculture for pollen and 

nectars with reduced usage of pesticides and proper management. 
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Introduction 

Pollination is an essential ecosystem service for food 

production and maintenance of biological diversity (Gallai 

et al., 2008). Pollinators have succeeded many years, 

preserving biodiversity and environment ensuring food 

security and nutrition. They affect 75% of the leading food 

crop worldwide and 35% of the agricultural crop 

production (IPBES, 2016). There are 369,000 flowering 

plant species and 85% of plant species worldwide which 

are dependent on pollination (Kopec and Burd, 2017). 

Pollination is estimated to be worth 235 USD to 577 USD 

billion annually to global crop production (FAO, 2016). 

Honey bee (Apis mellifera L.) is considered the most 

essential pollinator of agricultural crops and for bee 

products across the globe (Klein et al., 2007; CBD, 2018). 

One in every three bites of food people consume is made 

possible by bees (Cameron, 2018). Honey bee products 

have high economic importance with the increasing 

commercial value of honey with 1.6 million tons of honey 

and 65,000 ton of beeswax produced every year 

(FAOSTAT, 2013). They have become a source of income, 

food security means and livelihood approach for many 

farmers and small-scale producers from developing nations 

(Silva, 2018). 

Although demand for honey bees is increasing locally 

and regionally, we could be facing limitations of 

pollinators in the near future as growth in cultivation of 

high value, pollination-dependent crops are outpacing 

growth in the global stock of managed honey bees (Tirado 

et al., 2013). Colony losses have occurred in very high rates 

in Europe and North America particularly in past decades 

(Laurent et al., 2015; IPBES, 2016). Managed bee 

population decreased by 40.7% by one year in the United 

States from April 2018 to April 2019 (Neilson, 2019). The 

diminished honey bee colonies can lead to disastrous 

effects and have increased impacts on environmental 

diversity, food production, and economy (Potts et al., 

2010). Several factors influence honey bee health 

including pests, diseases and pesticides. 

http://creativecommons.org/licenses/by-nc/4.0/
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Pollinators have confronted a threat with the growing 

use of pesticides in agriculture with chemicals like, 

herbicides, fungicides and insecticides (Gallai et al., 2008). 

Pesticides create environmental and health risks with a 

common neonicotinoid pesticide, thiamethoxam posing 

threat to honey bees (Blacquiere et al., 2012). The base of 

pesticide risk assessment is to evaluate environmental and 

health impacts of the pesticidal compounds (US-EPA, 

2014). The regulation for honey bee health states that 

components should have insignificant effects or no any 

acute or chronic impacts on survival, development and 

behavior of honey bees (EFSA, 2014). 

It is essential to identify threats specific to bees with an 

essential baseline for risk assessments and conservation 

methods for a sustainable future. Enhancing pollinators 

density and diversity increases crop production. Cross-

cutting innovations with research and management on 

honey bees with knowledge in chemistry, molecular 

biology, pathology, genetics and extension is required with 

the understanding of the fundamentals of honey bee health 

(Moritz et al., 2010). 

 

Role of Honey Bee as Pollinator 

 

Bees are found in different types of climates from 

forests in Europe and Asia, deserts in Africa to Arctic 

Circle (Moisset and Buchmann, 2011). Common 

pollinating species include honey bees with moths, flies, 

wasps, beetles and butterflies. 25,000 to 30,000 species of 

bees are recorded with most of them being effective 

pollinators (FDA, 2018). Honey bee can visit between 50-

1000 flowers in a single trip (Bradbear, 2009). Animals and 

humans are highly reliant on bees for their food security 

and ecosystem services as 3 out of 4 crops producing fruits 

or seeds are dependent on pollinators which are consumed 

by humans as food (UN, 2016). Honey bees are an 

indispensable part of the world’s agricultural system and 

play critical roles in pollination, food and nutrition and 

share more than 90% of the pollination worldwide. In the 

last 50 years, agricultural production reliance on 

pollinators has enlarged by 300% (CBD, 2018). 

 

Threats to Pollinators 

 

Climate Change: Change in weather patterns with 

climate events like flood, droughts and increased global 

temperature can desynchronize the relation between honey 

bee and plants resulting disturbance in pollination activities 

and food for honey bee (Valk and Koomen, 2011). Slathia 

and Tripathi (2016) expected a sharp rise in rate of 

extinction with climate change. Bees are declining due to 

high heat in southern region whereas are becoming 

stationary in northern region as global temperatures rises. 

Bees are highly vulnerable to gut parasites and these 

parasites are increasing with warming weather conditions 

(Turner, 2019). 

Colony Loss: Honey bee colony is called as “Super 

Organism” due to high interdependency of members and 

colony of bee survives only as a collective entity 

(Delaplane, 2016).  Colony loss takes place due to several 

factors including diseases, pests, deprivation of nutrition 

and pesticidal residue (Hellerstein et al., 2017). Prevention 

of honey bee colony losses (COLOSS) reported 16.4% of 

honey bee colonies loss in 2017/18 winter with loss 

varying from 2.0 to 32.8% between countries (Gray et al., 

2019). 

Disease: Bees get sick when different factors suppress 

their immune systems and decrease their resistance. Bee 

pathogens might be fungal, viral and bacterial (Genersch, 

2010). Nosema disease impairs bee’s digestive system. 

Some of the most common diseases that can impact a 

colony are American Foulbrood, European Foulbrood, 

Chalkbrood, Sacbrood and Nosema (Genersch, 2010). 

Food: Honey bee starvation can be a challenging 

problem with decrease in pollen and nectar. Numerous 

factors such as weather changes and extremes, availability 

of food reserves and presence of brood influences the rate 

at which food stored deplete. Over-harvesting of honey can 

also cause scarcity of food for bees (Leonard, 2011). Larval 

starvation declines and weakens bee colonies as bees 

become too weak to fly or unable to reproduce due to lack 

of food (Brodschneider, 2010). 

Habitat Loss and Fragmentation: Beekeepers, mainly 

from United States and Europe, have reported annual hive 

losses of 30% or higher (Elizabeth, 2013). Habitats 

essential for honey bee are fragmented and degraded with 

change in land-use patterns, widening agricultural 

intensification and monoculture (Aizen et al., 2009).  

Invasive Species: Invasive plant species capture the 

land, and other resources and outcompete natives for food 

and habitat. As native wildflowers that the bees feed on 

start to disappear due to invasive plant species it becomes 

harder for bees to find food. Wool-carder bees can act as 

an invasive species to bee colony (Grahman, 2015). 

Parasites: Parasitic tracheal mites are a big problem for 

bees invading a bee’s respiratory system. The Varroa mite 

is a serious pest and biotic stressor of honey bees which can 

cause Colony Collapse Disorder (CCD) as parasite and 

host for viruses (Boecking and Genersch, 2008). It 

transmits Acute bee paralysis virus (ABPV), Kashmir bee 

virus (KBV), Israeli acute paralysis virus (IAPV) and the 

Deformed Wing Virus (Ellis, 2016) acting as vector. 

Pesticides: Pesticides are a major potential cause of honey 

bee decline. Pesticide residues include acaricides, organic 

acids, insecticides, fungicides, herbicides and bactericides 

(Zhu et al., 2014). Many of the pesticides are lipophilic 

compounds like pyrethroids, organophosphates, fungicides 

and herbicides (Faucon et al., 2002). The agrochemicals like 

neonicotinoid and neurotoxic insecticides can degrade bee 

health with their occurrence in pollen and nectar collected by 

honey bee (Simon-Delso et al., 2016). 

 

Pesticidal Use 

 

Agriculture Pesticide  

Cropping and pesticide application practices, pesticides 

properties, and attractiveness to honey bees influence the 

probability and degree of exposure to pesticides. The 

overlap of pesticide applications with crop flowering or 

with the activity in the crop area acts as the major factor 

influencing risk. In foliar applications during agricultural 

practices, the pesticide is sprayed on the plant surface to 

kill targeted insect pests (Ferrier et al., 2018).  

Chlorpyrifos is a globally used organophosphate in 

agriculture management with its residues often found in 

honey, propolis and dead bees (Donovan, 2006). 
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Neonicotinoids are environmentally persistent pesticides 

heavily used in agriculture to save crops (Tomizawa and 

Casida, 2005) and they are spotted in guttation droplets, 

nectar and pollen accumulated by honey bee (Bonmatin et 

al., 2015). The exposure to even low concentrations of 

neonicotinoids shows sublethal behavioral effects and 

impacts bee health via systemic interactions (Godfray et 

al., 2015).  

 

Apiculture Pesticide 

High demand for honey bee services, increasing pest 

and disease problems have kept beekeepers reliant on 

pesticides used in apiculture. Miticides such as 

organophosphate and pyrethroid along with several 

treatments for control of infestations in hive are commonly 

used chemicals on honey bees with major potential 

influences on bee farming (Kakumanu et al., 2016). Mullin 

et al. (2010) recorded 121 pesticides and metabolites in bee 

hive with an average of 7 pesticides per pollen sample 

which consisted of miticides, insecticides, fungicides, 

herbicides, and insect growth regulators.  

Heavy metals, bacteria, radio-active materials and 

pesticides leads to pollution of bee products including 

honey, wax and other products. The direct exposure of 

pesticides in bee hives results to significant contamination 

of honey along with other hive products.   

Pyrethroid tau-fluvalinate and the organophosphate 

coumaphos are broadly used to control Varroa mite which 

have high persistence in bee wax with 5 year half-life (Zhu 

et al., 2014).  

 

Routes of Pesticidal Toxicity 

Exposure of bees can be classified based on application 

procedures and the persistence of pesticides in nature. 

Cresswell (2016) describes the channel of pesticides 

exposure to honey bees and other pollinators as: 

 Contact with pesticidal residues on sprayed objects 

 Direct exposure of pesticides to beehive 

 Exposure with pesticides and ingestion of residues 

while foraging  

 Pesticidal runoff from Guttation fluid and puddles 

 Pollen pesticidal residue through seed treatment 

 

Pesticidal Toxicity 

 

Pesticidal Risk Assessments 

Pesticidal risk assessments are carried out to study 

effects of pesticides on non-target organisms and the 

method includes evaluation of toxicity and exposure levels 

of pesticides (Thompson, 2010). Pollinator health risk and 

pesticide exposure differ across different conditions. 

Lethal Dose (LD50) or Lethal Concentration (LC50) are 

used for the assessment of the pesticidal risks. It measures 

the toxicity and effects of the pesticides with exposure 

thresholds. Pesticide risk assessments require path of 

pesticide subjection, pesticidal concentrations and toxicity 

(acute, chronic, and sublethal) followed by assessing the 

correlation of exposure and lethality (Muth et al., 2003; 

Burgett et al., 2010). Cresswell (2016) found that pesticidal 

risks are extremely reliant on the amount and dosage of 

pesticides studying the risk posed by pyrethroids and 

neonicotinoids on exposure to honey bee (Table 1). 

Table 1. Pesticides toxicity to bees by contact or oral 

exposure and their persistence in soil (half-life) 

Chemical name 
Contact1 

LD50 
(μg/bee) 

Oral1 

LD50 
(μg/bee) 

Half-
life2 

(days) 
Acaricides 

Acrinathrin 0.17 0.12 22 
Amitraz 50 - 1 
Coumaphos 20 4.6 - 
Fenpyroximate 11 - 49 
Tau-fluvalinate 8.7 45 4 
Tetradifon 1250 - 112 

Fungicides 
Azoxystrobin 200 25 78 
Boscalid 200 166 118 
Captan 215 91 4 
Carbendazim 50 - 22 
Chlorothalonil 135 63 44 
Myclobutanil 40 34 35 
Propiconazole 50 77 214 
Quintozene 71 - 210 
Tebuconazole 200 83 47 

Herbicides 
Metolachlor - 110 90 
Norflurazon 1485 - 225 
Simazine 879 - 90 

Insecticides 
Beta-cyfluthrin 0.031 0.050 13 
Bifenthrin 0.015 0.20 87 
Carbofuran 0.16 - 14 
Chlorpyrifos 0.072 0.24 50 
Clothianidin 0.039 0.004 121 
Cypermethrin 0.034 0.064 69 
DDT 8.8 5.1 6200 
Diazinon 0.38 0.21 18 
Endosulfan 6.4 21 86 
Fenthion 0.22 - 22 
Fipronil 0.007 0.001 142 
Imidacloprid 0.061 0.013 174 
Malathion 0.47 9.2 1 
Mevinphos 0.094 - 1 
Pyrethrum 0.18 0.057 - 

LD50 = Lethal Dose 50%, μg = Microgram, 1Source: ECOTOX and 

AGRITOX databases, compiled in (Sanchez-Bayo and Goka, 2014), 
2Source: Footprint database, IUPAC (http://sitem.herts.ac.uk/aeru/iupac/) 

 

Pesticidal Threats 

Decreased division of labour: 31.6% of exposed honey 

bees fails to go back to their hive every day (Henry et al., 

2012) while other can bring the contamination to the hive. 

Contaminated pollen brought by worker bees will not only 

affect the worker bees but also the queen. The regular 

laying rate of queen will decline when contaminated pollen 

or pesticides are brought back to the hive. 

Honey bee health: The proficiency of honey bees is due 

to their colony formation, physique and their foraging 

consistency (Kumar et al., 2020). Acute toxicity to 

sublethal and chronic effects can be seen on honey bee 

health. The collection of nectar and pollen with pesticide 

residues affects honey bee health to a greater extent. It is 

found that acute or chronic contact to a neonicotinoid (Erik, 

2012) alone can significantly alter flight in honey bees and 

damages normal activities of honey bee like foraging 

(Henry et al., 2012; Tosi et al., 2017).  
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Substantial alteration in structure and functional 

potential of gut bacteria in honey bee was resulted due to 

the impact of chlorothalonil (Kakumanu et al., 2016). 

Sublethal doses of pesticides impact many activities in bee 

like learning, orientation, foraging, feeding and 

immunocompetence (Cresswell, 2016).  Several neural 

consequences are seen along with agonists of insect 

nicotinic acetylcholine receptor (nAChR) due to 

Neonicotinoids and its degradation products (Belzunces et 

al., 2012).  

Honey and other bee products: Honey bee produces 

essential products like honey, wax, propolis and royal jelly. 

Bee products are polluted from the environmental 

contaminations and management during beekeeping. 

About three quarters of all honey worldwide is 

contaminated with pesticides (Potenza, 2017). Beeswax is 

polluted with the long-term use of the miticides fluvalinate, 

coumaphos, amitraz (Mullin et al., 2010). Antibiotic 

residues have a comparatively long half-life and therefore 

the widespread use of antibiotics results in accretion of 

antibiotic residues in honey and eventually resulting to 

diminished quality of bee products (Tillotson et al., 2006). 

Increased mortality: Continuous exposure of honey bee 

to fungicides, pesticidal contamination and toxins effects 

honey bee populations in colonies (Zhu et al., 2014). 

Introduction of pesticides also increases vulnerability of 

diseases which rises the mortality rate in honey bee. Insects 

might face the decline of 40% of invertebrate pollinator 

species with loss in butterflies and bees in particular. With 

decline of 87% of population in rusty-patched bumble bee, 

it was registered as endangered species in 2017 (Ertiz, 

2017).  

Negative effects on brood development: Survival and 

development of honey bee will be affected with the 

continuous exposure to pesticides with inadequate 

nutrition and direct poisoning in honey bees. Brood 

production is heavily influenced by scarcity and deficiency 

of nutrients as larvae are dependent on protein especially 

with effects on fecundity, survival, growth and 

development (Dai et al., 2010).  

Reduced fitness of treated colony:  Honey bee activates 

its navigation memory during orientation flights and 

foraging. It is found that thiamethoxam decreases the 

return rate in honey bee affecting the foraging capacity in 

honey bee (Henry et al., 2012). Neonicotinoids like 

clothianidin, imidacloprid and thiacloprid can harm 

navigation even at sublethal doses. They either block the 

recall of remote navigation memory or modify it (Fischer 

et al., 2014). Reduced hive cleaning and self-grooming 

have been associated with insecticide – induced alteration 

of immune system pathways in honey bee (Pettis et al., 

2012).  

 

Protection Measures 

 

Protection of pollinators can enhance global food 

security to maintain zero hunger to feed the growing world 

population and reduce poverty ensuring increase in 

agricultural production. Safeguarding bees also safeguards 

biodiversity. Crop production can be increased by 25% 

with proper management of pollination and pollinators 

(Silva, 2018). Honey bee require adequate nutrition in a 

balanced way for their survival and development (Huang, 

2010) and larvae number may be lowered to nourish the 

remaining colonies with enough nutrition (Brodschneider, 

2010). Varroa mites control is essential to control the 

spread of viruses in bee colonies but Varroacides must be 

minimally harmful to the bees, while maintaining toxicity 

to mites. 

Ellis (2016) suggests curative and preventive health 

measures to protect bee colonies form the biotic stressors. 

Farmers can protect honey bee health, pollinator 

abundance and diversity by integrating their experience, 

skills and indigenous knowledge with scientific learnings 

to create innovative methods. They should be encouraged 

to practice pollinators friendly agricultural management. 

Government agencies, non-government organizations, 

extension agencies, academic bodies should work in 

cooperation with farmers to conduct researches, monitor 

and evaluate pollinator status and maintain their population 

and health (Barriere et al., 2019).   

 

Conclusion 

 

Helping honey bees is essential to our continued 

survival, health, and well-being. Abundance, diversity and 

health of bees should be ensured to safeguard pollinators 

from threats. Public land managers and private landowners, 

including farmers should be encouraged to adopt pollinator 

friendly practices. Proper risk assessment to honey bee 

information is needed on toxicity of the pesticide, 

probability of the bee exposure to the pesticide and the 

natural history and population of population dynamics. It 

is necessary to increase awareness in all aspects of 

pollination and pollinators and in the major threats and 

pesticidal toxicity. Policies that favor pollinators, promote 

biological pest control as well as limit the use of pesticides 

should be implemented with strengthening the 

participation of local communities in decision-making.  
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