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                     Abstract 
 Pollination and ecosystem sustainability are the two chief varieties of services provided by honey bees and they play a para-

mount role in the functioning of an ecosystem and human lives.  Apis cerana, Apis mellifera, Apis fl orea  and  Apis dorsata  
are the main species of honey bees found all over the world. Honey, beeswax, royal jelly and propolis are the core products 

produced by honey bees. This review aims to emphasize and bring together the facts and ground realities leading to the decline 

of the honey bee population. The declining population of bees is a serious threat to ecosystem services therefore researchers 

around the world are consequently interested in understanding the causes and concerns. The reasons responsible for the fall in 

the honey bee population were bacteria, viruses, parasites and other invaders, including certain chemicals, toxic substances, 

improper nutrition and dirty farming practices. Conservation and management strategies are much needed to counter the 

decline of these important insects in the interest of global ecosystem services and commercial benefi ts. 

   Keywords     Honey bee    ·  Population decline    ·  Pathogens    ·  Chemical toxicity    ·  Ecosystem services  

      Introduction 

 The most important Hymenopterans are Honey bees with a 

striking social organization known since ancient times and 

very often cited as a signifi cant example of social associa-

tion. Honey bees have an important function in agriculture 

as they are impeccable pollinators. Besides its main prod-

uct, honey, which is one of the best natural nutraceutical 

products, they also produce beeswax, bee pollen, royal 

jelly and propolis (Mathialagan et al.  2017 ). In India, there 

are four main species of honey bees, namely  Apis mellif-
era  (European honey bee),  Apis cerana  (the Asian honey 

bee),  Apis dorsata  (the giant honey bee) and  Apis fl orea  (the 

dwarf honey bee). While  Apis mellifera  and  Apis cerana  are 

domesticated and can live in man-made hives,  Apis dorsata  

and  Apis fl orea  live in the forest, forming massive hives on 

trees and rocks (Judova et al.  2016 ). 

 The present review paper deals with understanding the 

causes associated with the decline of honey bee popula-

tion. Honey bees are unavoidably susceptible to infection 

by a wide range of pathogens, resulting to a sharp decline 

in honey bee population and a negative impact on global 

agricultural production (Oldroyd and Wongsiri  2006 ; Chen 

 2011 ). Prevention of honey bee COlony LOSSes (COLOSS), 

an international, non-profi t association headquartered in 

Bern, Switzerland made a survey in 36 countries and esti-

mated the total loss of bee colonies by 16.4% in winter dur-

ing 2017 and 2018, but this trend varied widely between 

diff erent nations, ranging from 2.0 to 32.8% (Gray et al. 

 2019 ). It has been reported by many researchers that due to 

Colony Collapse Disorder (CCD) spread, Europe suff ered up 

to 30% honey bee losses in some areas (Hristov et al.  2020 ) 

and loss incurred was more than $75 billions together i.e., 

agriculture and apiculture worldwide (Ullah et al.  2021 ). 

According to the available reports India has also reported a 

decline in honey bees and honey production, one report says 

that in the state Bihar, honey production declined by 40% in 

2020 (Manoj  2020 ). According to Aruna et al. ( 2016 ), Thai 
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Sac Brood Virus, infects Indian honey bees ( A. cerana ) and 

causes 5–30% colony loss every year. 

 Due to the high impact of predators, pathogens and pests 

on bees’, it's essential to shed a spotlight on the primary 

pests and diseases wreaking havoc on bee colony health in 

order to identify the causes of the current decline in honey-

bees worldwide. Numerous pests and diseases can damage 

bee colonies, including viruses, bacterial, microsporidia, 

fungi and mites. Likewise, there are many studies on honey 

bee diseases, but this review will attract wide readership 

as nearly complete information, with particular reference 

to honey bee pathogenesis and toxicity, has been compiled 

in one article. 

   Services provided to the ecosystem by Honey bees 

 Honey bees provide the most important ecosystem services 

like pollination. Pollination is a mutualistic process between 

pollinators and pollinated plants. The honey bee is the most 

well-known insect pollinator and is considered the pollina-

tion workhorse (Aryal et al.  2020 ; Miglani et al.  2020 ). Not 

only domesticated honey bees, but also wild honey bees, 

play an important role in providing benefi ts to humans (Gari-

baldi et al.  2013 ; Matias et al.  2017 ). However, new research 

shows that native pollinators like bumblebees and solitary 

wild bees are vital for wild and farmed plant reproduction 

in practically every terrestrial habitat leading to high quality 

and quantity of yield and play a role in biodiversity manage-

ment too,  Brassica napus  was reported to get an increase of 

production by 46% in the presence of 03 honey bee hives 

per hectare when compared to fi eld’s conditions with no 

hives (Sabbahi et al.  2005 ). In broccoli, Chinese cabbage and 

knol-khol, a boost of seed yield by 12.0%, 21.7% and 29.2% 

were reported respectively under planned honey bee polli-

nation practices (Sushil et al.  2013 ).  Apis cerana,  an Indian 

bee, increases the seed yield of crops like caulifl ower, cab-

bage, mustard and radish (Partap and Verma  1994 ; Verma 

and Partap  1994 ). Honey bees in the farming system are 

also used as vectors for benefi cial microorganisms to deliver 

bio-control agents from hives to fl owers (Kevan et al.  2003 ). 

Similarly, honey bees play a critical role in preserving the 

ecosystem's fl oral diversity by pollinating a wide range of 

pollen species. Apart from pollination, the other ecosystem 

services include several regulating, provisioning and cul-

tural functions related to human well-being (Liss et al.  2013 ; 

Oteros-Rozas et al.  2014 ; Ghosh et al.  2020 ; Nuriyah et al. 

 2021 ). Provisioning services include honey, pollen, propolis, 

royal jelly and other api-products including bee wax, all of 

which are used as human food suppliments and therapeutic 

components (Oteros-Rozas et al.  2014 ). Religious signifi -

cance of bee products, expanding one's understanding of 

honey bee science and some inspirational science (Nakrani 

and Tovey  2007 ), whereas cultural service embrace Apicul-

ture tourism (Ahmad and Partap  2004 ; Arih and Korošec 

 2015 ) (Fig.  1 ).         

    Regulating services 

 Pollination is a vital component of world biodiversity, ensur-

ing the maintenance of ecological processes vital to native 

plant reproduction (Nuriyah et al.  2021 ). Pollinators are 

required for 75% of the 115 major crops grown globally and 

up to 35% of global annual agricultural production by weight 

is pollinator dependent (Klein et al.  2007 ). Recent studies 

revealed that global honey bee colony numbers connect pos-

itively with greater pollinator reliant crops and adversely 

aff ect pollinator dependent crops (Ghosh and Jung  2016 ; 

Aryal et al.  2020 ). Bee pollination has been found as a direct 

contributor to food security and biodiversity, as well as other 

environmental benefi ts (Dangles and Casas  2019 ). 

  Fig. 1       Services provided by 

honey bees  
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    Provisioning services 

 Honey has been widely accepted nutraceutical with tremen-

dous demand worldwide. Indeed, propolis, which is a natu-

ral resinous compound formed by honey bees from plant 

components, buds and exudates, are used to treat diabetic 

patients and has antibacterial and wound healing eff ects. 

Bee venom treats arthritis and other infl ammatory disorders 

(Alvarez-Suare et al.  2010 ; Wagh  2013 ; Basa et al.  2016 ; 

Sforcin  2016 ). Honey bees get their protein, fatty acids, ster-

ols, minerals and vitamins from pollen. Analysis of nutri-

tional content and digestibility shows bee pollens can be 

useful in human nutrition, especially as a dietary supplement 

and has anti-oxidant and anti-coagulant property (Morgano 

et al.  2012 ; Ghosh and Jung  2017 ; Kocot et al.  2018 ; Ghosh 

et al.  2020 ). The young nurse honey bee secretes Royal 

jelly which is a yellowish-white protein rich secretion of 

hypopharyngeal glands (HGs), mandibular glands (MGs), 

post cerebral and thoracic glands (Huo et al.  2016 ; Ahmad 

et al.  2020 ; Khan et al.  2021 ). Royal Jelly is a rare natural 

substance rich in aesthetic and health-promoting character-

istics. The Royal Jelly may be used to treat cancer (Miyata 

and Sakai  2018 ), ageing (Kunugi and Mohammed  2019 ), 

diabetes (Maleki et al.  2019 ), post-menopausal symptoms 

(Bălan et al.  2020 ), cognitive decline and Alzheimer's dis-

ease (Ali and Kunugi  2020 ). 

    Cultural services 

 Bee symbolism include dedication, teamwork and prosper-

ity. Bees are found on every continent except Antarctica 

and are mythologized globally. The bee spirit animal also 

occurs in many ancient and modern nations in their spiritual 

belief systems (Stanton,  2021 ). The promotion of apiculture 

through recreational activities has been developed in vari-

ous countries, including educational tourism and integrated 

agro-tourism concepts. The traditional approach of hunting 

wild bees for honey could be one tourist attraction in Nepal's 

high cliff  mountains, India and other countries (Thapa  2001 ; 

Na-Songkhla and Somboonsuke  2012 ; Madras-Majewska 

et al.  2015 ; Thapa et al.  2018 ). 

    Honeybee population decline 

 Honey bees are signifi cant for sustainable development and 

pollination, their decline is a menace to crop yields and bio-

diversity sustainability. The cause of their decline has not 

been properly identifi ed, despite several studies carried out 

on  Apis mellifera  (Gregorc  2020 ). In the recent past, several 

provinces in the world have experienced a notable decrease 

in honey bee colonies (Hristov et al.  2021 ). Numerous fac-

tors are behind the declining population of honey bees, such 

as climate change, habitat fragmentation and loss, presence 

of pathogens, parasites, poor nutrition, exhaustive agricul-

tural methods and infestation of alien and predatory species 

(Vanengelsdorp and Meixner  2010 ; Crotti et al.  2013 ; Goul-

son et al.  2015 ; DeGrandi-Hoff man et al.  2017 ). The decline 

in the honey bee population has been worked out extensively 

in the USA and Europe but the information is scanty from 

South Asian countries including India (Pannure  2016 ). 

 According to a study from Maryland University (USA), 

a population loss of 37.7% happened during a winter that 

was 8.9% greater than the survey's average (University of 

Maryland  2019 ). In North America, European honeybee 

populations have plummeted (up to 50 percent of estab-

lished colonies) (Kraus and Page  1995 ). The drop in bee 

populations in western countries has been dramatic in recent 

years, with intensive agriculture being one of the main 

causes (Bjorklund et al.  1999 ; Kremen et al.  2002 ), use of 

pesticides (Kevan  1999 ), habitat fragmentation (Cane et al. 

 2006 ), climate change (Hegland et al.  2009 ), also to some 

extent, lack of fl oral diversity, urbanization (Kearns and Oli-

veras  2009 ), disturbance by humans, confl ict with non-native 

species, illness, predators, and parasites, and, of course, pes-

ticides and radiation are all factors to consider (Sharma and 

Kumar  2010 ). 

    Population decline due to chemical toxicity 

 Pesticides cause heavy mortality and acute toxicity to pol-

linators, which can be evaluated by reading dose concentra-

tion and median lethal doses. When exposed to pesticides, 

their lethal and sub-lethal eff ects on pollinators have been 

observed in the form of changes in activities, behavior, 

growth and development (Sánchez-Bayo  2011 ; Stanley and 

Preetha  2016 ; Miglani et al.  2020 ). At dissimilar degrees 

of toxicity, the bees come into direct exposure to chemical 

toxicants, mainly pesticides followed by inorganic fertiliz-

ers. The exposure of bees to pesticides is usually through the 

intake of plant residues such as pollen and nectar aff ected 

by synthetic chemicals (Sánchez-Bayo and Goka  2014 ). The 

diversity of fl owering plants on which bees rely for their 

food is at the stage of decline due to extensive use of her-

bicides, inescapably aff ecting bee colonies (Fig.  2 ) (Hald 

 1999 ; Hyvonen and Salonen  2002 ; Goulson et al.  2015 ).         

 The indiscriminate use of these agrochemicals also 

tends to cause impaired microbes associated with the honey 

bees, which decreases their ability of colonization and their 

response towards the environment (Muñoz-Colmenero et al. 

 2020 ). In bee wax, pollens and bee-bread, several traces of 

pesticides have been reported, honey bees had the maxi-

mum average hazardous score (HQ > 5000) in beeswax. Pol-

len samples were observed as the site of maximum relevant 

hazard and pesticide residues (HQ > 50) to bees. Pesticides 

like dimethoate, Chlorpyrifos and Acrinathrin showed 

maximum contribution to hazard quotient in wax and pollen 



14 Proceedings of the Indian National Science Academy (2022) 88:11–32

1 3

samples (Calatayud-Vernich et al.  2018 ). Among diff erent 

categories of pesticides, insecticides are being used most 

followed by fungicides and herbicides (Ostiguy et al.  2019 ). 

    Exposure routes of pesticides to bees 

 The three diff erent methods applied for use of pesticides in 

fi eld conditions are direct spray, soil application and seed 

application. The procedure of application plays a decisive 

role in environmental contamination, including contact with 

non-target organisms like insect pollinators, annelids and 

other micro and macro-organisms. Focusing on the insect 

pollinators, the honey bee contributes to more than 90% of 

global pollination and agrochemicals are mainly responsible 

for the global decline of honey bees. Diff erent life stages 

execute diff erent duties like foraging, cell building, clean-

ing, guarding, nursing, etc. and are open to the elements of 

diff erent concentrations and at diff erent time exposure. The 

exposure pathway and the impact of pesticides on honey 

bees are of important concern (Henry et al.  2012 ). The dif-

ferent routes of exposure, like direct contact through spray-

ing, contact through the sprayed surface, via nectar or pol-

len of treated crops and wild plants, through contaminated 

nectar, pollen and wax in beehives, inhalation of pesticides 

which are volatile in nature and by many more unconven-

tional routes of exposure like soil, air, water, guttation etc., 

causes a decline in the population of honey bees (Alix and 

Miles  2011 ; Stanley and Preetha  2016 ). 

    Risk assessment methods of pesticide toxicity 
to pollinators 

 The level of exposure is estimated by the median Lethal 

Dose  (LD 50 ) and Lethal Concentration  (LC 50 ) which track 

the pesticide susceptibility of pollinators (Poquet et  al. 

 2014 ). The lowest observed eff ect level (LOEL) and no 

observed eff ect level (NOEL) are also used for estimating 

the pesticide toxicity to pollinators but are accessible only 

for a few pesticides (Sánchez-Bayo and Goka  2014 ) and are 

extraneous and inaccurate for risk assessment studies (Lan-

dis and Chapman  2011 ; Fox et al.  2012 ). The calculations 

of the risk estimate, i.e., toxicity exposure ratio (TER) or 

risk quotient (RQ), is the primary results for the characteri-

zation of the danger of toxic compounds. Through nectar 

and pollen, the initial risk can be determined by empirically 

derived relationships (HQ for sprays) and also on TERs for 

systemic exposure (Alix and Miles  2011 ). When the dose 

level exceeds the toxicological value, the HQ or TER values 

are more or less than one (Poquet et al. 2014 ). 

 Based on classifi cation, the acute toxicity values to honey 

bees are classifi ed into 4 groups, Group I as highly toxic 

with  LD 50 , < 2 μg per bee, group II as moderately toxic with 

 LD 50 , 2–10.99 μg per bee, group III as slightly toxic with 

 LD 50 , 11–100 μg per bee and group IV as essentially non-

toxic with  LD 50 , > 100 μg per bee to adult bees (Atkins et al. 

 1981 ; WSDA  2010 ; Oruc et al.  2012 ; Stoner et al.  2019 ). 

Risk estimate hazard quotient (HQ) is defi ned as the ratio 

between toxicity and environmental exposure. A hazard 

quotient of < 50 is used to defi ne a pesticide as harmless to 

honeybees, 50–2500 as slight to moderately toxic and > 2500 

as dangerous to bees (EPPO  1993 ).

       

 For Pollen Hazard Quotients (PHQ) estimates the impact 

of pesticides remains in pollen causing severe toxicity to 

honey bees (Stoner and Eitzer  2013 ).

       

 For estimating Hazard Quotient based residues (Pollen 

and Honey) the total dietary intake is calculated. The TFR 

(Total food consumption rate) is calculated to fi nd the TDI 

(Total Daily Intake) of pesticides through food (Naggar 

et al. 2015 ).

       

 Risk Quotient is determined when bees are exposed to 

spray application depending upon the maximum application 

rate of pesticides (EPHC  2009 ).

       

Hazard Quotient (HQ) =
Application Rate(g a.i.∕ha)

Acute LD50(𝜇g a.i.∕bee)

Pollan Hazard Quotient (PHQ) =
Concentration in ppb

Acute LD50(𝜇g a.i.∕bee)

Hazards Quotient based on Residues

=
TDI(honey) + TDI(Pollen)

Acute Oral LD50

Risk Quotient =
Application Rate (g a.i.∕cm2)

Acute LD50(𝜇g a.i.∕bee)

  Fig. 2       Commercial and biodiversity loss due to decline in Honey bee 

population  
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 A percentage of  LD 50  is determined for those compounds 

having lower limits (e.g., for  LD 50  > 100 μg/bee, the value 

100 was used). For %  LD 50  the values are evaluated into 

three categories: > 100, 50–100 and < 50% (Stoner et al. 

 2019 ).

       

 The diff erent risk assessment methods are based on the 

type of work done on Honey bees, there are many methods 

evolved to provide relevance and to determine the actual risk 

to the pollinators, especially  Apis mellifera . Diff erent meth-

ods used for toxicity assessment depend upon the exposure 

level and vary with species sensitivity. 

    Eff ect of pesticides on bees 

 Agrochemicals used in agricultural crops are lethal to bees 

in diff erent ways, such as drifting from agricultural land to 

nearby apiaries, through direct killing of foraging workers 

(Maini et al.  2010 ). The toxicity and lethality of pesticides 

cause mortality and sub-lethal eff ects at diff erent degrees; 

the acute toxicity is categorized into oral and contact toxicity 

studied at median lethal dose  LD 50 . 

 Nadaf et al. ( 2013 ) reported that the insecticides ace-

phate, emamectin benzoate, fi pronil, indoxacarb, spinosad, 

thiodicarb, fenvalerate, imidacloprid, acetamiprid, cartap 

hydrochloride, thiacloprid and clothianidin when applied at 

fi eld recommended doses caused 100% mortality to  Apis 
mellifera  by dry fi lm bioassay. Acetamiprid and endosulfan 

also caused mortality of up to 36.7% in  Apis cerana  and  Apis 
mellifera  (Stanley et al.  2015 ). Insecticides like pyrethroids 

 (LC 50  0.07–1.3 μg/bee), neonicotinoids  (LD 50  0.3–3.6 μg/

bee) and avermectins (0.04 μg/bee) are highly toxic to hon-

eybees. However, Insect Growth Regulators compounds are 

moderately toxic with  LD 50  in the range i.e., 30–150 μg/bee 

(Sánchez-Bayo  2011 ). 

     Pathogenesis in honey bees 

   Colony collapse disorder (CCD) and viral 
pathogenesis 

 Ferrier et al. ( 2018 ) conducted an extensive study to under-

stand the health status of the honey bees and observed a 

strange series of diagnostic symptoms in the marked bee 

colonies. Later it was diagnosed by the entomologist and 

termed this threat as a colony collapse disorder (CCD). 

During this investigation, winter colony loss was rated at 

%LD50 =
Maximum residue concentration(ng∕g) × Bee Pollen or nectar consumption per day(mg∕bee)

Oral or Contact LD50(𝜇g∕bee)

approximately 28.8%, which is almost twice as the rate con-

sidered to be “normal” i.e., 15.0%. 

 CCD and its potential causes were described worldwide; 

several U.S. beekeepers met hives lacking honey bees with 

discarded food and brood. CCD has generated a plethora 

of theories, ranging from cell phones and genetically engi-

neered foods, but they were discarded by the researchers and 

pests, pathogens, ecological and chemicals, which further 

gained critical consideration and encouraged more studies 

(Ratnieks and Carreck  2010 ). 

 Many researchers worked on this issue and established 

that this problem is mainly associated with viruses, these 

viruses are transmitted through various predators and para-

sites of honey bees like mites ( Varroa destructor ) (Tantillo 

et al.  2015 ). Viruses are among the main threatening agents 

to the health and comfort of bee colonies and cause solemn 

fear among investigators and beekeepers. Viruses of honey 

bees gained a lot of international attention due to the serious 

epidemic status that viruses have induced in bee colonies 

(Chen  2011 ). A metagenomic study of microbes in honey 

bee CCD conducted by a consortium of scientists showed 

that one virus named Israeli Acute Paralysis Virus (IAPV) 

is connected with CCD (Cox-Foster et al.  2007 ; Chen  2011 ). 

 Deformed wing virus (DWV) moved from a previ-

ously unknown, minor honeybee pathogen to the world's 

most well-known, common and heavily researched insect 

pathogen. This drastic increase in prevalence and public-

ity of DWV is attributed solely to its connection with  Var-
roa destructor  (mite), ectoparasite and even, terrifyingly, 

an important virus vector between honeybees (Martin and 

Brettell  2019 ). Recent experiments also revealed that the 

wing virus has been infected with mites (Francis et al. 2010 ). 

 Almost all the viruses associated with honey bee infection 

have single-stranded RNA genomes. The two exceptions are 

the  Apis mellifera  fi lamentous virus (AmFV) and the  Apis  
iridescent virus (AIV), which both have DNA as the genetic 

material. The most widely studied RNA viruses are KBV, 

the Kashmir Bee Virus, BQCV, the Black Queen Cell Virus, 

ABPV, the Acute Bee Paralysis Virus, CBPV the Chronic 

Bee Paralysis Virus, Israeli IAPV, the Acute Paralysis Virus, 

DWV the Deformed Wing Virus and SV, Sacbrood Virus 

(Matusiewicz et al.  2016 ). Cox-Foster et al. ( 2007 ) and Rob-

erts et al. ( 2018 ), have reported several viruses in honey 

bees such as Empeyrat virus, Thika virus, Cricket paralysis 

virus, Himetobi virus,  Rhopalosiphum padi  virus, Aphid 

lethal paralysis virus, Kelp fl y virus, La Jolla virus, Black 

queen cell virus, Sacbrood virus, Israeli acute paralysis virus 

and Lake Sinai viruses. Till date more than 22 viruses have 
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been documented infecting honeybees globally, the repre-

sentatives of positive-stranded RNA viruses of the family 

Dicistroviridae and Ifl aviridae (Tantillo et al.  2015 ). 

    Bacterial pathogens and pathogenesis 

 Bacterial pathogenesis is something that takes hold of 

researchers because of its devastating results, the Food and 

Agricultural Organisation specifi es two “Key bacterial dis-

eases” i.e., AFB (American Foulbrood) and EFB (European 

Foulbrood), out of these two diseases American foul-brood 

is the most destructive to honey bees. This is induced by 

the spore-forming, rod-shaped Gram-positive bacterium 

 Paenibacillus larvae  and EFB by  Melissococcus plutonius  
(Graaf et al.  2015 ). They are called 'Foulbrood' because both 

pathogens damage the brood (the word used for bee larvae 

and pupae) and lead the hive to have an especially foul odour 

(Milbrath  2018 ). Infective spores join the digestive tract of 

young larvae where they germinate and the rods (typical 

bacillus shape) penetrate the body cavity and propagate in 

the haemolymph of bees (Ratnieks  1992 ). 

 Spores of  Paenibacillus larvae  are capable of enduring 

even 100 °C temperature for quite some time (e.g., in the 

abdomen of the larvae). A single spore is capable of produc-

ing 250 million new bacilli in 24 h. When larvae become 

infected, the bacterium sporulates again and a vast number 

of environmentally inactive spores are capable of retaining 

and regain their pathogenicity for a number of decades (Bai-

ley and Ball  1991 ). The spores have the capacity to remain 

viable for more than 30 years in a contaminated hive, being 

able to infect new colonies and during this tenure, they 

remain even without any symptoms and outbreak of disease, 

there is still a risk of  Paenibacillus larvae  infection in a hale 

and hearty looking hive. The route of AFB infection can be 

understood with the help of Fig.  3 .         

 European Foulbrood Disease (EFB) is also extremely 

fatal for honey bees. It is frequently found to be linked with 

other bacterial agents, like:  Bacillus alvei ,  Streptococcus 
faecalis ,  Achromobacter eurydice ,  Paenibacillus alvei  and 

 Bacillus laterosporus . The foul stink, in this case, relies on 

the category of bacteria related to the bacterium  M. plu-
ton , the EFB can take place with diff erent symptoms (FAO 

 2020 ). In 2011, the study was carried out in Solan, Himachal 

Pradesh, India, to look into the EFB and the disease inci-

dence was recorded with a range of 2.52 to 18.52% brood 

infections in the colonies. On average, 13.25% of colonies 

were contaminated in the apiaries (Rao et al.  2011 ). The 

transmission chain of EFB is illustrated in Fig.  4 .         

    Other pathogens 

 Two species of microsporidia are said to infect  A. mellifera,  
namely  Nosema apis  and  Nosema ceranae . Spores of  N. 
apis  were found to be larger than the spores of  N. ceranae  
(Matović et al.  2020 ).  N. apis  is responsible for nosemo-

sis and has been thoroughly worked out,  N. ceranae  was 

reported to cause nosemosis for the fi rst time in Europe in 

2005, followed by a few more investigations (Higes et al. 

 2005 ;  2006 ; Borges et al.  2020 ) and later it was substantiated 

by Huang et al.  2007 ; Klee et al.  2007 ; Martín-Hernández 

et al.  2007 ; Antúnez et al.  2009 . Many studies have revealed 

that reduced lifespan and augmented winter mortality of 

bees are the main consequences of  Nosema  infection, lead-

ing to a sizeable reduction in productivity and colony power 

(Botías et al.  2013 ). 

 Honey bees are severely aff ected by a protozoan namely 

 Malpighamoeba mellifi cae , that causes Amoebic disorders 

in the Malpighian tubules of adult bees, forming cysts, the 

  Fig. 3       Schematic diagram 

showing the transmission of 

American foulbrood disease  
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only way to diagnose it is to remove the tubules and look for 

amoebic cysts under a microscope (Shimanuki and Knox 

 2000 ). Ectoparasites of bees assault the larvae and eventu-

ally kill the adult. The brood cells have holes and perfora-

tions. In the western Himalayan region, an ectoparasitic mite 

was found to be one of the biggest threats to their apiaries as 

reported by Parveen et al. ( 2021 ). 

 The micro and macro-organisms of honey bees are of 

greatest concern and equally important for a balanced eco-

system. Table  1  and Table  2  highlight the pathogenic and 

non-pathogenic status of micro and macro-organisms and 

pathogenesis associated with honey bees, respectively.   

    Management of honey bee pathogens 
and predators 

 Management of honey bee pathogens, predators and pests is 

broadly practiced in both ways i.e., traditional practices and 

modern technologies according to the need and specifi city. 

    Traditional practices to control pest and predator 
in honeybees 

 A variety of traditional methods are used by the beekeepers 

to manage pests, predators and pathogens in beekeeping. In 

traditional methods beekeepers clean the hive, changes 

and assemble the new hive stand by adding fresh layer of 

ash, plaster and cement (Gebremeskel et al.  2015 ). Certain 

plants, especially those have been established as insect repel-

lents are also used by beekeepers to smoke out predators and 

fumigate the hives (Tesfaye et al.  2017 ) mechanical kill-

ing, a whistling horn and removal of old combs also used to 

manage bee pathogens and predators (Yirga et al.  2012 ). To 

minimize the harboring pests, cutting, pruning, suckling and 

cleaning of spider webs are few main approaches described 

by Wakgari and Yigezu ( 2021 ). By many apiculturists, 

smooth iron sheets are fi xed on the trunks of trees where 

hives are hung to prevent honey badgers from climbing up, 

to prevent attack of ants the ant nests can be destroyed (Tes-

faye et al.  2017 ). Tiwari et al. ( 2014 ) reported that using 

cow urine is eff ective against European foulbrood disease 

infection, simultaneously it was also reported by the same 

group that ajwain ( Trachyspermum ammi ) seed powder is 

also eff ective to prevent bee pathogenesis. 

    Recent methods 

 All living species, including honeybees of the genus  Apis , 
are susceptible to infection or attack by their enemies (Sar-

war  2016a ). Lice, ants, wax moth, beetles and termites are 

some examples of invertebrate pests that belong to insect 

orders and many others are also present in the nature 

adversely aff ecting bees. It is very important to control 

these pests, predators and pathogens in order to conserve 

the bees. Several research have supported that wax moths 

can be repelled by using para-dichlorobenzene crystals to 

fumigate open sheds (Sarwar  2016a ,  b ). 

 In honey bee ( Apis mellifera ) colonies, the microsporidia 

 Nosema apis  (Zander) and  Nosema ceranae  (Fries) are prev-

alent intestinal parasites of honey bees (Holt and Grozinger 

  Fig. 4       Schematic diagram 

showing the transmission of 

European foulbrood disease  
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  Table 1       Pathogenic and non-pathogenic status of micro and macro organisms associated with honey bees  

  Name of a microorganism    References  

  VIRUSES: pathogenic  

   La Jolla virus    Roberts et al. ( 2018 ) and Gebremedhn et al. ( 2019 )  

  Thika virus  

   Cricket paralysis virus    Roberts et al. ( 2018 ) and Wang et al. ( 2019 )  

   Himetobi virus    Roberts et al. ( 2018 ) and McMahon et al. ( 2018 )  

   Empeyrat virus    Roberts et al. ( 2018 ) and Beaurepaire et al. ( 2020 )  

    Rhopalosiphumpadi  virus  

   Aphid lethal paralysis virus  

   Kelp fl y virus    Roberts et al. ( 2018 ) and Scotti et al. ( 1976 )  

   Black queen cell virus    Roberts et al. ( 2018 ), Cox-Foster et al. ( 2007 ) and Wang et al. ( 2019 )  

   Sacbrood virus    Roberts et al. ( 2018 ) and Wang et al. ( 2019 )  

   Israeli acute paralysis virus    Roberts et al. ( 2018 ), Cox-Foster et al. ( 2007 ), and De Miranda et al. ( 2010 )  

   Lake Sinai viruses    Roberts et al. ( 2018 ) and Granberg et al. ( 2013 )  

    Apismellifera  fi lamentous virus (AmFV)    Regan et al. ( 2018 ), Schoonvaere et al. ( 2016 ), and Beaurepaire et al. ( 2020 )  

   Sacbrood virus (SBV)    Cox-Foster et al. ( 2007 ), Schoonvaere et al. ( 2016 ), and Beaurepaire et al. ( 2020 )  

   Deformed wing virus (DWV)‡  

   Kashmir bee virus (KBV)‡    Cox-Foster et al. ( 2007 ) and De Miranda et al. ( 2010 )  

   Acute bee paralysis virus (ABPV)    Cox-Foster et al. ( 2007 ) and Beaurepaire et al. ( 2020 )  

    Scaldis  River bee virus  (SRBV)     Schoonvaere et al. ( 2016 )  

   Ganda bee virus  (GABV)     Schoonvaere et al. ( 2016 ) and Levin et al. ( 2017 )  

   Lake Sinai virus  (LSV)     Schoonvaere et al. ( 2016 ) and Beaurepaire et al. ( 2020 )  

    Varroa destructor macula-like virus (VdMLV)     Schoonvaere et al. ( 2016 ) and Kubaa et al. ( 2018 )  

  BACTERIA: pathogenic  

    Melisococcus  
   Plutonious   

  Regan et al. ( 2018 ) and Budge et al. ( 2014 )  

    Paenibacillus larvae     Regan et al. ( 2018 ) and Ebeling et al. ( 2016 )  

    Serratia marcescens     Burritt et al. ( 2016 )  

    Bifi dobacterium asteroids     Ramos et al. ( 2019 )  

    Bifi dobacterium coryneform   
    L. passim     Glenny et al. ( 2017 )  

    Spiroplasma apis     Forsgren ( 2010 ) and Evans and Schwarz ( 2011 )  

    Spiroplasmamelliferum   
    Paenibacillus larvae   
    Melissococcus  
   Plutonius   
    Achromobacter Euridice   
    Brevibacillus laterosporus   
    Enterococcus faecalis   
    Paenibacillus alvei   
    Shigella sonnei     Anjum et al. ( 2021 )  

    Salmonella enteric   
    Staphylococcus aureus   
    Pseudomonas aeruginosa   
    Listeria monocytogenes   
    Serratia marcescen   
   Klebsiella  aerogenes     Galatiuk et al. ( 2020 )  

    Hafnia alvei     Erban et al. ( 2017 )  

    Enterococcus faecium     Rong et al. ( 2006 )  
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Table 1    (continued)

  Name of a microorganism    References  

  BACTERIA: non-pathogenic  

    Lactobacillus sp.     Cox-Foster et al. ( 2007 ), Babendreier et al. ( 2007 ), Subotic et al. ( 2019 ) and Ramos et al. 

( 2019 )  

    Bifi do bacterium sp.     Jeyaprakash et al  2003 ), Cox-Foster et al. ( 2007 ) and Subotic et al. ( 2019 )  

    Bartonella sp.     Jeyaprakash et al. ( 2003 ), Babendreier et al. ( 2007 ) and Cox-Foster et al. ( 2007 )  

    Simonsiella sp.   
    Gluconacetobacter sp.     Jeyaprakash et al. ( 2003 ) and Babendreier et al. ( 2007 )  

    Gilliamella apicola     Subotic et al. ( 2019 ), Moran ( 2015 ) and Zheng et al. ( 2016 )  

    Snodgrassella alvi     Subotic et al. ( 2019 ) and Moran ( 2015 )  

    Fructo bacillus     Subotic et al. ( 2019 )  

    Bifi dobacterium catenulatum     Ramos et al. ( 2019 )  

    Bifi dobacterium indicum   
    Bifi dobacterium longum   
    Lactobacillus kunkei     Kačániová et al. ( 2020 )  

    Lactobacillus acidophilus   
    Lactobacillus crispatus   
    Parasaccharibacter apium     Moran ( 2015 ) and Corby-Harris et al. ( 2016 )  

    Lactobacillus kunkeei     Endo and Salminen ( 2013 )  

    Enterobacter aerogenes     Khan et al. ( 2017 ) 

 Gilliam ( 1997 ) 

 Khan et al. ( 2020 )  

    Bacillus thuringiensis     Khan et al. ( 2017 ) 

 Khan et al. ( 2020 )      Bacillus cereus   
    Fructobacillus fructosus     Khan et al. ( 2017 )  

    Bacillus licheniformis     Khan et al. ( 2017 ) 

 Gilliam ( 1997 )      Bacillus subtilis   
    Klebsiella pneumonia   
    Bacillus circulans   
    Bacillus senegalensis     Khan et al. ( 2020 )  

    Bacillus pumilus   
    Bacillus fl exus   
    Bacillus macroides   

  MISCELLANEOUS: pathogenic/predators  

   Name of an organism (Type of an organism)    

     Nosema apis  
 (Microsporidian/ Fungi)  

  Regan et al. ( 2018 ), Cox-Foster et al. ( 2007 ), Schoonvaere et al. ( 2016 ) and Hunag and Evans 

(2020)  

     Nosema ceranae  
 (Microsporidian/Fungi)  

  Regan et al. ( 2018 ), Cox-Foster et al. ( 2007 ) and Schoonvaere et al. ( 2016 )  

     Ascosphaera apis  
 (Fungus)  

  Regan et al. ( 2018 ), Crane ( 2009 ), Aronstein and Holloway, ( 2013 ) and Khan et al. ( 2020 )  

     Mucor hiemalis  
 (Fungus)  

  Cox-Foster et al. ( 2007 )  

     Apicystis bombi  
 (Protists)  

  Schoonvaere et al. ( 2016 )  

     Crithidia bombi  
 (Trypanosomatid)  



20 Proceedings of the Indian National Science Academy (2022) 88:11–32

1 3

 2016 ) and causes Noseomosis. Fumigillin, as well as bac-

teria-derived, surfactins and organic acids or plant-derived, 

essential oils and other natural sources with fungicidal sub-

stances, are some useful chemical agents for the treatment of 

Noseomosis (Holt and Grozinger  2016 ). Another enemy of 

honey bees is  Varroa,  a parasitic mite. Several fi ndings sup-

ports that the use of citrus essential oils to kill  V. destructor.  
Bergamot, grapefruit and lemon essential oils consistently 

reduced the viability of  V. destructor , indicating that it might 

be used to manage the parasite in honey bee husbandry 

(Bava et al.  2021 ). Queen caging, drone brood removal and 

entire brood removal are also examples of techniques used to 

combat  Varroa  mites. There are several new odorants associ-

ated with hygienic activity of bee hives, which are helpful 

to prevent pathogenesis are oleic acid, tritriacontene, hepta-

cosene and components of brood ester pheromone. However, 

they are all relatively non-volatile, contrary to popular belief 

(Traynor et al.  2020 ). 

 American Foulbrood Disease (AFD) and European 

Foulbrood Disease (EFB) are caused by bacteria. Prophy-

lactic usage of oxytetracycline can prevent AFB and EFB 

(Calderone et al.  1994 ), but extensive and irrational use of 

this antibiotic can be hazardous for daily honey consumers 

specially to infants (Al-Waili et al.  2012 ). Preventive meas-

ures like early detection of subclinical spore prevalence and 

quarantine management reduces the frequency of Foulbrood 

Disease outbreaks and the overall risk of transmission on a 

large scale, without the use of harmful chemicals or other 

toxic substances (Locke et al.  2019 ). 

     Constraints in the conservation of honey 
bees 

 The high demand of quality honey again got the acceleration 

in beekeeping along with many constraints. Therefore, it is 

required to identify the existing constraints and their solu-

tions. All complications cannot be solved at once because of 

time, capital and lack of skilled workers. So, prioritization 

has been given to identify the most important constraints 

that obstruct the development of beekeeping. The current 

production constraints in the country's beekeeping develop-

ment are complicated and vary greatly among agro-ecolog-

ical zones and production systems (EARO  2000 ). Variations 

in production restrictions include socioeconomic situations, 

cultural practices, temperature (seasons of every year) and 

bee behavioral patterns (Adjare  1990 ). 

   Shortage of bee forage 

 A rapid increase in the human population leads to the short-

age of bee forage, lack of policy for land use and the increas-

ing demand for farmlands, putting extraordinary pressure on 

natural resources available (land, water, ecosystem services, 

etc.) used for crop cultivation and production, including live-

stock grazing. These factors usually lead to soil erosion, irre-

versible ecological degradation and deforestation. Moreover, 

the burning of undergrowth and destruction of forestland for 

the expansion of farmland brought many changes to honey 

producing fl ora and foraging areas. The decrease in good 

nectar and pollen-producing tree species in many areas 

makes it diffi  cult to maintain bee colonies without feeding 

(Ejjgu  2005 ). 

 Sodhi et al. ( 2004 ) observed the reduction in economic 

activity due to Southeast Asian deforestation has the highest 

rate of tropical deforestation in the globe and researchers 

have predicted that it will lose its 42% biodiversity in the 

next 100 years. Liow et al. ( 2001 ) employed honey baits to 

capture bees across transects in both disturbed and undis-

turbed areas of Singapore and Johor, Malaysia. The propor-

tion of Apidae (honey bees, including stingless bees) was 

very low in oil palm plantations and very high in undis-

turbed sites. This puts forward that oil-palm plantations do 

not encourage honey bees. It is assumed that the palms do 

not produce nectar, which is simply available from ground 

fl ora or land layers and nesting sites were very few within 

the bowery. 

Table 1    (continued)

  Name of a microorganism    References  

     Aethina tumida  
 (Coleoptera)  

  Bovo et al. ( 2020 )  

     Galleria mellonella  
 (Lepidoptera)  

     Varroa desctructor  
 (Arachnida)  

     Crithidia mellifi cae  
 (Trypanosomatid)  
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    Exposure of pesticide on honey bees 

 Pesticides have a preeminent role in colony loss. Suscepti-

bility to most pesticides kills particular foragers and even-

tually kills the whole colony (Desneux et al.  2007 ). A few, 

well-liked fruit crops, particularly longan ( Dimocarpus lon-
gan ), litchi (Litchi chinensis) and citrus, are the main honey 

generators that engage and contribute nectar to honey bees 

(Crane  1984 ). Other fruit trees such as rambutan ( Nephphe-
lium lappaceum ) and mangosteen ( Garcinia mangostana ) 
are the favorable nesting points for wild bees (Oldroyd and 

Wongsiri  2006 ). Systemic insecticides are disseminated 

throughout all plant tissues, ultimately poisoning bees' nec-

tar and pollen storage. Pesticide vulnerability can result in 

sub-lethal eff ects such as illnesses in mobility, behavioral 

and spatial modifi cation of foragers, impacting honey bee 

community dynamics. 

 Many agrochemical signs are visible in honey bee motor 

function, such as uncoordinated motions and communica-

tive failure. The insecticides like Imidacloprid and thiameth-

oxam have an adverse impact on honey bees. After being 

exposed to Imidacloprid, the fi rst symptoms of poisoning 

developed in bees, exhibiting immobile behavior such as 

staggering, tumbling, hyperactivity, and tremors (Medrzycki 

et al.  2003 ; Decourtye et al.  2011 ). Expression of the honey 

bee to thiamethoxam causes behavioral disorientation, which 

minimizes the probability of homing fl ight to the colony. 

    Anthropogenic activities and tourism 

 Anthropogenic activities reduce honeybee biodiversity 

through managing the gene pool; for instance, the ‘mainland 

Asia' mtDNA type of  A. cerana  is found throughout Asia 

(Smith and Hagen  1996 ; Smith et al.  2000 ). This indicates 

that human lives have shifted favorite  A. cerana  strains to 

some of the islands in the South China Sea. This does not 

only potentially diminish the diversity of honey bees; it also 

spreads pests, pathogens and diseases (Wynberg  2002 ), it is 

more often negative (Noss et al.  1996 ; Pickering and Hill 

 2007 ), especially when it involves hunting (Anon  1991 ). 

Honey Hunting Tour includes numerous hunting fi rms, such 

as in Nepal (over 50 hunting websites), Thailand, Bangla-

desh, Tibet and Bhutan, and Malaysia that provide guided 

tours to site hunting destinations. These activities are very 

likely to increase the number of colonies killed and encour-

age hunting at the wrong time of year when colonies are 

under stress and are unlikely to recover (Oldroyd and Nanork 

 2009 ). 

    Lack of trained manpower and training institutions 

 One biggest constraint is improper training and apiculture 

practices made by unskilled manpower, as Apiculture is one Ta
bl
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