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ABSTRACT 

Focusing on the effects of electromagnetic radiations of mobile phone 

towers on honey bees (Apis mellifera) colonies present investigation was carried 

out at Faculty of Agriculture, Wadura to study the effect of electromagnetic waves 

(EMW) from cell phone tower on developmental and behavioural characteristics 

of Apis mellifera. The characteristics studied included bee strength, sealed brood 

area, unsealed brood area, pollen stores, sealed honey stores, unsealed honey 

stores initiation and cessation of foraging, number of incoming and outgoing 

foragers. The bee strength (5.3-9.3 bee frames) and honey stores-sealed (5.7 to 8.8 

kg), unsealed (4.6 to 6.6 kg) of Apis mellifera colonies significantly increased 

from 14 to 70 days after placement (DAP) at all the distances from cell phone 

tower. There were significant increase in brood area from 14 to 56 DAP then 

decreased at 70 DAP in both the sealed (1118.80cm
2
) and unsealed brood (643.9 

cm
2
). Significant increase in pollen stores (199-263.2 cm

2
) from 14 to 42 DAP 

and then decrease at 56 DAP (217. 9 cm
2
) followed again by increase at 70 DAP 

(329.1 cm
2
) was recorded. The bees started earlier and ceased foraging later 

during this period. Number of incoming foragers/5 minute increased significantly 

from 14 to 56 DAP and reduced at 70 DAP while as number of outgoing foragers 

per 5 minute increased significantly from 14 to 70 DAP. The investigations 
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showed no significant effect of EMW emitted from cell phone tower on bee 

strength, brood area, pollen stores, honey stores, initiation and cessation of 

foraging, number of incoming and outgoing foragers when only one mobile phone 

tower is present in a locality within 800m distance range, therefore, there is no 

threat of any negative impact on the apiaries which are close to the mobile phone 

tower.  
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Chapter-1 

INTRODUCTION 

 Apiculture has developed into an important industry in India as honey and 

bee wax have become common products. Besides honey bees do great 

environmental services by providing pollination services. Bee keeping proves 

worthwhile from a monetary point of view as honey and wax command rewarding 

profits (Pattazhy, 2011). Honey bees (members of the family Apidae; order 

Hymenoptera) are the best known and most useful insects, known not only for the 

production of honey and other valued hive products (wax, royal jelly, propolis, 

pollen, venom etc), but also for their more important ecological role as the most 

dependable and efficient pollinators of flowering plants/trees; which leads to 

enhanced crop productivity (quantitatively as well as qualitatively), besides 

contributing to maintenance of plant diversity(Kejriwal, 2012). 

 Pollinators are very important in global crop production point of view as 

85 per cent of the crops are pollinated by insects for setting of fruits and seeds 

(Klein et al., 2007). Among all pollinators bees are important for both natural 

vegetation and for crops (Castro, 2001). Pollination in nature is also very 

important, especially for biodiversity as 15 per cent of all wild plant species in 

Europe are visited by honey bees (Kwak et al., 1998). The economical role of 

honeybees in worldwide pollination has been valued to be around 153 billion 

euro's in the year 2005 (Gallai et al., 2009). The annual economic valve of insect 

pollinators to agricultural productivity for the major crops cultivated in the study 

areas in the HKH region was USD 2.7 billion: USD 53.8 million for the 

Chittagong hill track of Bangladesh,USD17.9 million for Bhutan USD676.8 

million for the Chinese Himalayan provinces, USD 365 million for Himachal 

Pradesh and USD 426.8 million for Kashmir in north-western Indian Himalayan, 

USD 166.8 million for Uttarakhand in the central Indian Himalayas, and USD 

954.6 million for the Himalayan region of Pakistan (Partap et al., 2012).  
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 About 50 million bee colonies mostly of Apis mellifera are maintained all 

over the world. According to United Nations Conference on Trade and 

Development (UNCTAD)/ General Agreement on Tariff and Trade (GATT) 1986 

report (ITC, 1986) world production of honey was estimated to be at about 1 

million metric tonnes. There are 15 countries in the world which account for 90 

per cent of the world honey production. China is the only Asian country, among 

these, producing nearly 305,000 metric tonnes in 2012. It ranked first in the 

world, followed by the United States of America 82,000 metric tonnes (Apeda, 

2013). There are about 16 lakh bee colonies in beehives, maintained by more than 

2.6 lakh beekeepers in the country with estimated annual production of around 

70,000 tonnes of honey and provide employment to around 1.75 lakh persons 

(Sarswat, 2012). 

 India has about 1 million Apis cerana and about 0.2 million Apis mellifera 

colonies. However, during past decade, hardly a few lakh bee colonies have been 

added to the basic stock. Therefore, our country's production of honey was low in 

2012 in comparison of last few years. India exported honey (26089 metric tonnes) 

to 48 countries in 2011-12, and earned Rs.321.24 crores (Apeda, 2013). The most 

important honey producing states in India are Bihar, Maharashtra, Punjab, Uttar 

Pradesh, Himachal Pradesh etc. The production of honey was maximum in Uttar 

Pradesh followed by Bihar in 2012-13.In Jammu and Kashmir, beekeeping is 

mainly forest based and the state of J&K offers great potential, having (6,58000) 

hectare of net forest area (Annonymous,1999).  

 A great loss of honey bees have been recorded for more than a century due 

to diseases and unknown reasons (Hart, 1893; Aikin, 1897; Beuhne, 1910; Wilson 

and Manepace, 1979). In recent years, many factors have been reported that affect 

the development of honey bees such as diseases, natural enemies, pesticides, 

adverse climate etc. (Favre, 2010). At present human being (Leszezynski et al., 

2002; Gandhi and Singh, 2005; Hardell and Sage, 2008), rabbit/rats (Lai and 

Singh, 1996; Moorhouse and Macdonald, 2005), bats (Nicholls and Racey, 2007; 
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Nicholis and Paul, 2007), birds (Everaert and Bauwens, 2007;Balmori, 2009; 

Grigoriev, 2003), frogs (Balmori, 2006;Balmori, 2010), nematode (Daniells et al., 

1998), Drosophila (Ghamdi, 2012), plants (Belyavskaya, 2001; Haggerty, 2010) 

and honey bees (Warnke, 1976; Greenberg et al.,1981; Martin, 1988; Harst et al., 

2006; Sharma and Kumar, 2010; Favre, 2011) are also reportedto be affected by 

electromagnetic field.  

 Monarch butterflies and locusts migrate great distances using their 

antennae to sense air currents and earths electromagnetic fields. Moths are drawn 

to light frequencies. Ants, with the help of their antennae are adept at electrical 

transmission and found to respond to frequencies as low as 9 MHz. Flying ants 

are very sensitive to electromagnetic fields (Warnke, 2007). Insects and other 

small animals would naturally be the first to obviously be affected by this increase 

in ambient radiation since naturally they have smaller bodies and hence less flesh 

to be penetrated by exposure to microwaves (Aday, 1975). 

 A study by the University of Athens on fruit flies exposed to 6 minutes of 

900 MHz pulsed radiation for 5 days showed reduction in reproductive capacity 

(Panagopoulos et al., 2004). Scientists suspect a multiple of factors responsible 

for the loss of bees, of which Varroa mite, pesticides, viruses, farming practices, 

monoculture, hygiene in the hive and climatic factors are the most widely cited 

possibilities and the influence of electromagnetic waves and cell phone use near 

the bees colonies (Anonymous, 2007).  

 EMFs are considered as a cause of sudden disappearance of honey bees 

which is a huge problem in the field of beekeeping (Van Engelsdorp et al., 2009). 

The losses of honey bees are problematic both from the ecological and human 

point of view with regard to production of bee products, crop pollination, 

biodiversity etc. (Blacquiere et al., 2009). Bees and other insects have survived 

and evolved complex immune system on this planet over a span of millions of 

years. It is not logical that they would now suddenly die out  due to diseases and 

natural parasites. This suggests another factor has been introduced to their 
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environment that disrupts their immune system and the scientists suspect use of 

mobile towers and mobile phones (Sahib, 2011).  

  Apis mellifera is considered to be a bioindicator of electromagnetic 

radiations because its brain anatomy and the learning region are well known for 

associative learning capabilities (Manzel and Muller, 1996; Zhang et al., 1999; 

Schwarzel and Muller, 2006).Since the brain structure of the honey bee is 

comparable to those of vertebrates (Bliss and Collinridge, 1993; Eichenbaum, 

2004; Giurfa, 2003) hence could help in determining the effect of electromagnetic 

radiations on them.  

 The electromagnetic radiations are extensively used in modern 

communication and technology era (Cleveland et al., 1999). In India, during the 

last sixteen years there has been exponential growth of mobile telephoning. At 

present nearly 800 million people have mobile phones, making it the second 

largest mobile subscribers in the world after China (Anonymous, 2010). India has 

adopted International Commission on Non-Ionizing Radiation (ICNIRP) 

guidelines as the standard for safety limits of exposure to radiofrequency energy 

produced by mobile handsets for general public. In the country as per the guide 

lines of ICNIRP, the safe frequency is between 400 and 2000 MHz, 22.5 W/m
2
 

power density for occupational exposure and 4.5 W/m
2
 for general public 

(ICNIRP,1998). According to Sivani and Sudarsanam (2013) the value of various 

radiations of radio frequency electromagnetic field (RF-EMF) emitted from cell 

phone technology is ranged from 800 MHz to 3 GHz and for cell tower antenna 

from 900 or 1800 MHz.  

 However, Blacquiere and Hoofwijk (2010) have observed that the 

influences of EMF on honey bees have not been studied thoroughly as enough 

scientific data is not available on the impact of mobile phone towers. According to 

different investigators the thermal impacts of EMR exposure on biological 

systems have neither succeeded to detect any statistically significant changes in 

the biological processes nor could have proved any acute change in health 
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conditions at the ground levels (Zach and Mayoh, 1984; Zach and Mayoh, 1986; 

Hanowski et al., 1996; Brent, 1999; Lonn et al., 2005; Hoskote et al., 2008). 

Similarly, Mixson et al., (2009) have reported that exposure of honey bee to 900to 

1800 MHz from Global System for Mobile Telecommunications (GSM) 

radiations does not influence the antennal response to sucrose feeding in 

harnessed foragers of Apis mellifera. They also found that these radiations do not 

affect the returning of foragers to the foraging site. Hence, did not affect 

communication in Apis mellifera within the hive.  

 Keeping in view the controversial reports on effect of electromagnetic 

waves emitted from the cell phone towers and on the important potential 

pollinator Apis mellifera, the studies were carried out with the following 

objectives: 

• To study the effect of electromagnetic waves of cell phone towers on 

colony development. 

• To study the effect of electromagnetic waves of cell phone towers on bee 

behavior. 
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Chapter-2 

REVIEW OF LITERATURE 

 A critical and comprehensive review of literature is inevitable for any 

scientific investigation. Apis mellifera, a common honey bee is responsible for the 

80% of the pollination among field crops and other flowering plants. Beekeeping 

is one of the oldest traditions in India, honey and bee products have great market 

demand. It makes the major income for most of our famers. The declining 

population of these species is a serious issue. Colony Collapse Disorder (CCD) is 

mainly due to electro-pollution by increasing mobile phone tower radiations 

(Paramanik and Paramanik, 2016) In India, sharp decline in population of honey 

bees thought to be due to unscientific proliferation of towers and mobile phones. 

This loss has been plunged up to 60 per cent in Kerela (Sahib, 2011).There are 

various reasons for the decline of the honey bee populations, the effects of 

electromagnetic radiations EMR can also be added into the list. Honey bees have 

crystals of magnetite in their fat body cells which produce magnetic reminisce 

under the influence of radiations (Gould et al., 1978; Keim et al., 2002).This 

indicates the presence of magnetoreception system in them (Hsu and Li,1994) is 

responsible for sensitivity to the electromagnetic radiations produced by the 

mobile towers, mobile phones (Hsu et al., 2007).The effects of electromagnetic 

radiations on immune system automatically affect their working, behavior and 

physiology (Pattazhy, 2011). Many researches were conducted to suggest that cell 

phone radiations are affecting honey bees very badly and have revealed that there 

is direct relationship between decline in honey bee populations and 

electromagnetic radiations (Dalio, 2015).In the last few years, the use of products 

that produce electromagnetic fields has been increasing rapidly and is still 

increasing (Aldrich and Easterly, 1987). Examples of these products are mobile 

phones, Wi-Fi and high tension electric lines. In this thesis, an attempt has been 

made to collect and compile the literature on the effect of EMF on honey bees.  

 Like other insects, honey bees are also reported to be affected by 
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electromagnetic radiations Warnke (1976) observed that under the influence of an 

electric field, a bee and all electrolytic pathways in it (haemolymph, epidermal 

secretions) are affected. Bees in strong electric field became aggressive, stinging 

each other to death. At still higher electric field bees tour out brood from the cells 

and no new brood was produced. The bees left their hive, if they could or 

otherwise the sealed themselves inside it with propolis closing not only cervices 

and holes but also the entrance.  

 According to Ho (2007), bee colonies exposed to Digital Enhanced 

Cordless Telecommunication (DECT) weighed 21 per cent less than non-exposed 

colonies. In these colonies, total area of the honeycomb was also 18 per cent less 

than controls ones. Harst et al. (2006) also studied the effect of DECT on the 

returning behaviour and honey comb weight. They found that honey comb weight 

was 66.98 per cent less as compared to non-exposed hive where the weight of 

honey combs was found to be increased to189.4 per cent from initial weight. The 

life span of worker honey bee was found to be prolonged by 60-74 per cent. Area 

under honey and nectar stores before exposure during exposure and after exposure 

was i.e. 1800 1000 and 200cm
2
 as compared to 1850, 1900 and 1970 cm

2 
in 

control colonies (Dalio, 2015).  

 The average total weights of the honeycombs, which were built by non-

exposed bees, came to 1326 g while the average honeycomb weight of the 

exposed bees amount 1045 g. The difference of 281g corresponds to 21.1%. 

(Harst et al., 2006). According to Girish (2010) when honey bee colonies were 

exposed with radiation, the honeycomb weight and area were reduced and 

returning time of honey bees increased compared to similar non-exposed colonies. 

Mall and Kumar (2014) observed that under the influence of cell phone radiations 

the average honey production was found to be highest 14.43 kg/hive in the 

colonies placed near the tower followed by cell phone equipped colonies 13.76 

kg/hive while control colonies produce 12.80 kg/hive honey in first harvesting.  

 It was shown that the total bee strength was significantly higher in the 
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control colonies being nine comb frames as compared to one in the test colony at 

the end of the experiment. The thriving hives suddenly left with only queens, eggs 

and hive bound immature worker bees. The queens in the test colonies produced 

fewer eggs/day (100) compared to the control (350) (Sahib, 2011). Similarly 

Sharma and Kumar (2010) have also studied the effect of cell phone (GSM 900 

MHz) frequency radiations (power density- 8.549 uW/cm
2
) on Apis mellifera 

colonies by exposing them for 15 minutes, twice a day at Panjab University 

(Chandigarh). They observed reduction in colony strength. It was observed that 

the total bee strength was significantly higher in the control colony being nine 

comb frames as compared to only five in the treated colony at the end of the 

experiment. The queen exposed to cell phone radiations produced fewer eggs/day 

(144.8) compared to the control (376.2) eggs/day. Brood area, egg laying rate of 

the queen, honey store was even very severely reduced. Pattazhy (2011) have 

concluded that once operating mobile phones of 900 MHz frequency were 

kept10for 10 minutes in the bee hives, the worker bees stopped coming to the 

hives after ten days. He has also noticed drastic decrease in the egg laying 

capacity of queen bees.  

 Dalio (2015) similarly studied the effects of electromagnetic radiations on 

Apis mellifera colonies revealed that such exposure cause significant decrease in 

colony strength, pollen reserves, brood area and egg laying capacity of queens in 

test colonies as compared to normal colonies (control) and test colonies before 

exposure Brandes and Frish (1986) have reported that under the influence of cell 

phone radiations honeybee queen produced only drones with abnormal wings, 

antenna and legs. The radiations lead to low egg laying capacity in queens. 

Pattazhy (2011) similarly observed that due to the effect of electromagnetic 

radiation the thriving hives suddenly left with only queens, eggs and hive bound 

immature worker bees. 

  Mall and Kumar (2014) conducted experiment with three treatments by 

placing colonies bellow the tower by equipping colonies with and without cell 
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phone were taken into consideration. To quantify the effect of electromagnetic 

radiations EMR, all treatments have different radiation levels were maintained. It 

was observed that the maximum brood area was found in control 

colonies560.36cm, followed by the colonies kept near the tower 537.85 and 

lowest brood area was observed in the colonies equipped with cell phone 

534.81cm was observed in the colonies equipped with cell phone. Similarly 

Sharma and Kumar (2010) reported that under the influence of electromagnetic 

radiations the area under brood declined to 760.19 cm
2
 which was significantly 

less than the control 1975.44 cm
2
.  

 Sangwan (2009) studied the overall increase in total carbohydrates in the 

haemolymph of EMR exposed drones. Similarly Kumar et al. (2011) have noticed 

the effects of cell phone radiations on various biomolecules in the adult workers 

of Apis mellifera. Initially, a rise in concentration of biomolecules including 

proteins, carbohydrates and lipids was observed due to stimulation of body 

mechanism to fight the stressful condition created by the radiations. But at later 

stages of exposure, a slight decline in the concentration of the biomolecules was 

recorded because the body had adapted to the stimulus. Studies were also made in 

drones of Apis mellifera exposed to cell phone radiations for 30 minutes, with 

respect to various biochemical and physiological aspects of semen. The results 

indicate the increased concentration of various biomolecules viz., carbohydrates, 

proteins and lipids and decreased activities of seminal enzymes was due to 

reduced utilization of the biomolecules and hence increase in their concentration 

(Kumar et al., 2012).  

 Kumar et al. (2013) conducted an experiment in which drone was exposed 

for 30 minutes to radiations using live cell phones kept in working mode with tape 

recorder at the speaker end and positive response at the receiver's end. The results 

of the treatment were analyzed and compared with the control. The concentration 

of various biomolecules increased from 1.65 to 2.75 mg/ml for carbohydrates, 

3.74 to 4.85 mg/ml for proteins and from 0.325 to 1.33 mg/ml for lipids under the 
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influence of EMR. There was definite influence of cell phone radiations on the 

biomolecules as well as on the enzyme activities present in the haemolymph of 

drone. They also reported that these EMR radiations grossly interfered with the 

normal metabolic and physiological processes of Apis mellifera.  

 Radiation affects the pollinators, honeybees, whose numbers have recently 

been declining due to CCD by 60% at US West Coast apiaries and 70% along the 

East Coast (Cane and Tepedino, 2001). The electromagnetic radiation (EMR) 

exposure provides a better explanation for Colony Collapse Disorder (CCD) than 

other theories. The path of CCD in India has followed the rapid development of 

cell phone towers, which cause atmospheric EMR (Pattazhy, 2011). The declining 

population of these species is a serious issue. Colony Collapse Disorder (CCD) is 

mainly due to electro-pollution by increasing mobile phone tower radiations. The 

mobile phones have great benefits in spite of all the harmful effect and hence 

complete ban on their usage is not acceptable. But its usage has to be minimized 

in order to conserve the honey bees (Pramanik and Pramanik, 2016). 

 Cammaerts (2017) conducted two experimental protocols for bringing to 

the fore the potential adverse effect of electromagnetism on bees and to act 

consequently. The first one is the observation of bees avoidance of a wireless 

apparatus; the second one is the assessment of colonies strength and of the 

intensity of the electromagnetism field (EMF) surrounding them. He reported bees 

avoid a wireless apparatus, if hives in bad health are located in EMF of a rather 

high intensity, it can be presumed that bees are affected by manmade 

electromagnetism. If the impact of electromagnetism on bees' health is 

demonstrated then, beekeepers could take this impact into account and look for 

protective measures for their hives. For example, the hives could be located in 

places where the electromagnetism has a very low intensity, and/or the hives 

could be set inside a kind of Faraday cage or enclosure.   

 Greenberg et al. (1981) have conducted studies by keeping the honey bee 

colonies under 765 kV, 60-Hz. They recorded increased motor activity with 
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transient increase in the bee hive temperature, abnormal propolization, impaired 

hive weight gain, queen loss and abnormal production of queen cells, decreased 

sealed brood and poor winter survival. Studies have also indicated that honey bee 

hives exposed to extremely low frequency electric fields but higher than those 

projected for the CapX2020 transmission lines, exhibited bee behavioural changes 

such as increased motor activity, redistribution of honey comb material (propolis), 

lower foraging rates, and decreased winter survival (Valberg, 2010) 

 In India, Sivani and Sudarsanam (2012) have reported negative effect of 

radio-frequency electromagnetic field (RF-EMF) in honey bees and other 

organisms. According to them, it changes the neurotransmitter functions, blood-

brain barrier, morphology, electrophysiology, cellular metabolism, calcium efflux, 

gene and protein expression in certain types of cells. Similarly, other researchers 

have also recorded negative effects of EMR on bees with regard to immunity, 

health, reproductive success, behavior, communication etc.(Fernie and Bird, 2001; 

Preece et al., 2007; Hardell et al., 2007; Hardell et al., 2008;Levitt and Lai, 2010) 

 Electromagnetic field producing electromagnetic radiations (EMR) emitted 

from mobile towers and mobile phones alter the behavioral pattern of bees when 

they are in close proximity, leading to disappearance of bees (Van Engelsdrop et 

al., 2009). Radiations of 900 MHz is highly bioactive, causing significant 

alternation in the physiological function of living organisms (Aday, 1975). If the 

number of towers and mobile phones increases, the honey bees might be wiped 

out in ten years (Pattazhy, 2011). If scientifically documented, honeybees could 

be used as indicator of EMF pollution. Therefore, possible effect on honey bees' 

navigation could be expected as these make use of magnetite and chemical 

reception system based on a radical pair mechanism for Magneto reception 

(Wiltschko and Wiltschko, 2005).  

 Harst et al. (2006) found that fewer bees returned when a Digital 

Enhanced Cordless Telecommunication (DECT) station was placed inside the 

hive and that generally took a longer time to return. Similarly, Kimmel et al. 
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(2007) found that only 49.2 per cent of the exposed bees were returned to the 

hives as compared to 63.0 per cent of the non-exposed foragers. Stever et al. 

(2007) also reported that honeybees were perturbed in their returning behavior to 

the hive after foraging by placing digitally enhanced cordless telephones located 

in the bottom of beehives, In a recent studies significant differences have been 

detected in returning of honey bees to their hives: 40 per cent of the non-irradiated 

bees came back as compared to 7.3 per cent of the irradiated ones (Stefan et al., 

2013). Similarly Sharma and Kumar (2010) have found that cell phone (GSM 900 

MHz) frequency radiations have adverse effect on navigation system of Apis 

mellifera. There is a severe reduction in the number of returning foragers when 

the bees were exposed to these radiations. The result indicate a strong effect of the 

mobile phone radiations with about 30% decrease in number of worker bees 

leaving and returning to the hive during exposure compared to before exposure. 

EMFs from telecommunication infrastructure interfere with bees biological clocks 

that enable them to compensate properly for the sun's movements, as a result of 

which, may fly in the wrong direction when attempting to return to the hive 

(Rubin et al., 2006). Sahib (2011) observed showed that after ten days the worker 

bees never returned hives in the test colonies and number of worker bees leaving 

the hive entrance/ minute) was also found negligible as compared to control. 

 The massive amount of radiation produced by towers and mobile phones is 

actually frying the navigational skills of the honey bees and preventing them from 

returning back to their hives and concluded that once a operating mobile phones 

of 900 MHz frequency were kept for 10 minutes in the bee hives, the worker bees 

stopped coming to the hives after ten days. (Pattazy, 2011). There was no 

remarkable change in nectar and pollen gathering behaviour of foragers in all the 

three treatments by placing colonies bellow the tower by equipping colonies with 

and without cell phone (Mall and Kumar, 2014). 

 The mobile phone radiations disturb the bees navigational system, leaving 

them unable to find their way back to the colony; this phenomenon will lead to 
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problems in their reproduction system and to their death eventually (Halabi et al., 

2013).The effects of electromagnetic radiations cell phone towers on Apis 

mellifera colonies revealed that such exposure caused disturbance, more 

aggressiveness disturb navigational skills of foragers, bees get irritate and degree 

of stinging behaviour was very high as compared to normal colonies (control) and 

test colonies before exposure Worker bees showed behaviour as they used to do 

just before swarming. Change in behavioural pattern of honeybees when they 

were very close to mobile phones or towers have also been observed. Number of 

returning foragers to their respective hives was much lesser as compared to 

outgoing bees. Number of outgoing bees was also lesser as compared to that of 

normal (control) colonies. At the end of experiment negligible number of bees 

were coming back to their hives (Dalio, 2015).   

 Schneider and Lewis (2004) studied that the induction of honeybee worker 

piping by the electromagnetic fields of mobile phones might have dramatic 

consequences in terms of colony losses due to unexpected swarming. The present 

study also reported that active mobile phone handsets in beehives noticeably 

induce the rate of worker piping. However, no evidence for piping of the laying 

queen was observed. Similarly Sharma and Kumar (2010) reported that the 

behaviour of exposed foragers was negatively influenced by the effect of 

electromagnetic radiations of cell phone towers. Dalio (2015) tested 

electromagnetic waves originating from mobile phone for potential effects on 

honey bee behavior. The audiograms and spectrograms revealed that active 

mobile phone handsets have a dramatic impact on the behavior of the bees, 

namely by inducing the worker piping signal which was regularly observed about 

25 to 40 min after the onset of the mobile phone communication. In natural 

conditions, worker piping either announces the swarming process of the bee 

colony or is a signal of a disturbed bee colony (Favre, 2010).  

 The behaviour of honey bees (Apis mellifera carnica) was observed by 

exposing them to the radiation of DECT-phones. In this study four respectively 
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eight bee-colonies were used as experimental group and were irradiated, whereas 

the same numbers of comparable bee-colonies were field-free.The returning 

behaviour was found to be affected as the quantity of returning bees was bigger in 

case of non-exposed as compared to exposed as well as the returning time of the 

few returning exposed honey bees was distinctly longer (Harst et al., 2006). 

 After keeping a mobile for a period of one month next to the hive, and by 

making a fifteen-minute call each day, it was realized that the number of bees 

inside the hive decreased and bee keeper estimated that 80% of the bees were lost. 

The eggs were also not transformed into larva. These results verify that mobile 

phones' radiations affect the honeybees life's system. The experiments performed 

also showed that honeybees in their normal case produced sounds at lower 

frequencies around 450 Hz, and with lower intensity 0.3 normalized amplitude. 

But, when they were disturbed by the presence of a mobile phone, they produced 

sounds with higher frequencies that reached 1.5 KHz, and with higher intensity 

that reached 0.7 normalized amplitude (Halabi et al., 2013).  

 In an experiment of exposure of the bees to an electric field of 250Hz for 

128 days resulted in spontaneous and continuous change of dance angles (Korall 

and Martin, 1988). Soares (1981) observed eye mutation in honey bee under the 

influence of electromagnetic radiations.  

  According to Vacchia et al. (2009) studies have not shown any consistent 

evidence of negative effects of non-thermal radio frequency exposure conditions 

on biological system of honey bees in vitro so far. Darney et al. (2015) conducted 

an experiment in which honeybees were individualized with radio frequency 

identification (RFID) tags glued onto their dorsal surface and detected at the hive 

entrance by readers emitting high-frequency (HF) radio waves. In this work they 

searched for a possible adverse effect of HF on honeybee's survival. Eight-day-old 

honeybees were exposed to HF (13.56MHz) or ultra-high-frequency (UHF, 868 

MHz) radio waves for 2 h split into ON and OFF periods. Out of the five 

experimental conditions, they observed an increase in mortality in two conditions, 
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once after HF and once after UHF exposure, with OFF duration of 5 min or more. 

They then recommend limiting exposure of honeybees to radio waves to less than 

2 h per day, and conclude that the RFID parameters, like those we used in the 

field for monitoring hive activity, present no adverse effects for honeybees. 

 Effects of radiations emitted from Global System for Mobile 

Telecommunications (GSM) cellular phones on the behaviour of forager honey 

bees (Apis mellifera carnica, Apis mellifera caucasiaca and Apis mellifera 

syricaca) were studied through a series of experiments by Mixson et al. (2009) at 

University of Texas, Brownsville. They reported that exposure to such radiations 

did not influence proboscis extension or feeding. In a second series of 

experiments, free-flying foragers were trained to visit a target. It was reported that 

a 45 minutes radiations exposure did not influence return to the target. While in 

the final series of experiments, no effect of the radiations on honey bees' 

aggression was recorded.   

 Blacquiere and Hoofwijk (2010) do not expect EMF to be a direct nor a 

major cause of colony losses. If EMF plays a role in colony losses, it will most 

likely to be contribution between EMF and other factors. They have observed that 

the influences of EMF on honey bees have not been studied thoroughly as enough 

proper scientific data is not available on the impact of mobile phone towers. 

  According to different investigators, the thermal impacts of EMR exposure 

on biological systems have neither succeeded to detect any statistically significant 

changes in the biological processes nor could have proved any acute change in 

health conditions at the ground levels (Zach andMayoh, 1984; Zach and Mayoh, 

1986; Hanowski et al., 1996; Brent, 1999; Lonnet al., 2005; Hoskote et al., 2008).  
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Chapter-3 

MATERIALS AND METHODS 

 The present study entitled “Effect of electromagnetic waves of mobile 

phone tower on colony development and performance of Apis mellifera L.” were 

carried out at Faculty of Agriculture SKUAST-K Wadura Sopore. The details of 

the experiments conducted are given as under: 

3. 1  Period of study 

 The experiment was conducted from 2015-2017 at fortnight intervals at 

SKUAST-Kashmir, Wadura. 

3.2  Experimental setup 

 Before starting the experiment, Fifteen Apis mellifera colonies were 

equalized in terms of strength, brood area pollen stores and honey stores. Empty 

hives were pre-stocked with equal amounts of brood, empty combs, feeders. 

These colonies were headed by newly mated queens. The selected colonies were 

used in conducting present studies. The worker bees were transferred to the hives 

and the bee frames were distributed equally among the hives and bee strength was 

measured as total number of bee frames per colony. Status of Apis mellifera 

colonies at the time of equalization is presented in Table 1. 

 

Table 1: Status of Apis mellifera colonies at the time of equalization 

Colony 

type* 

(BF) 

Bee 

strength 

(BF) 

Pollen 

stores 

(cm
2
) 

Sealed 

brood 

(cm
2)

 

Unsealed 

brood 

(cm
2
) 

Sealed 

honey 

store 

(kg) 

Unsealed 

honey 

store 

(kg) 

10 5.0 219-228 1005 -1015 475-480 4-4.7 3.5-4 

 



 

1 

 
Plate 1: Colony equalization 



 

 
Plate 2: Radio frequency meter                  Plate 3: Mobile phone tower 
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3.3  Selection of site 

 In the University campus of FoA, mobile phone tower is affixed near the 

administrative block. This site was selected for conducting present studies on the 

effect of electromagnetic radiations (EMR) emitted from the tower on Apis 

mellifera. Location where the maximum radiations were recorded was considered 

as zero meter distance. Whereas, other distances i.e. 200 m, 400m, 600 m and 800 

m (control) were selected away from zero m distance in such a manner that they 

lie in same area and have similar floral and environmental conditions. Three 

selected colonies of Apis mellifera were kept at each distance during last week of 

April, 2016. 

3.4 Measurement of radiations 

 The strength of EMR emitted from cell phone tower and was measured in 

terms of mV/m (Electrical field strength), µA/m (Magnetic field strength), and 

mW/m
2
 power density with the help of RF meter (Model 480836). The strength of 

radiations recorded was (294.23 mV/m, 420.12 µA/m, 291.910 mW/m
2
), (12.663 

mV/m, 26.083 µA/m, 0.274 mW/m
2
), (19.826mV/m100.54µA/m, 3.215 mW/m

2
), 

(6.198 mV/m, 21.338 µA/m, 0.0971mW/m
2
), (5.088 mV/m, 21.12 µA/m, 

0.152mW/m
2
) at 0,200,400,600 and800 m distance from mobile phone tower. 

3.5 Measurement of different parameters 

 Data on different colony development parameters such as bee strength, 

sealed and unsealed brood area, pollen stores, sealed and unsealed honey stores, 

initiation of foraging, cessation of foraging, number of incoming foragers, number 

of outgoing foragers, were collected at fortnight intervals. The detail of each 

parameter/experiment is as follows. 

3.5.1 Bee strength (No. of bee frames) 

 Bee strength was measured by the transparent grid pre-marked in (cm
2
). 

For measurement of bee strength, help of an assistant was taken. The colony was 

opened and comb of bees sequentially removed and the percentage of the comb 



 

 
Plate 4: Use of transparent grid 
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covered by bees was recorded. The frames of every colony were labelled at the 

start of the experiment as 1,2,3,4,5........10 and the sides of frames as 

A1,A2,B1,B2 and so on. The percentage comb surface was converted into colony 

bee population. The mean of the estimate as percentage comb surface for 

individual frames was converted into area cm
2
.The area in cm

2
of bees was 

converted into number of bees with appropriate bee density using the below 

mentioned formula. Finally the colony bee population was obtained by summing 

up bee of each frame and side. 

Number of bees =Area covered (cm
2
) × bee density 

[Bee density =1.23/cm
2
] 

3.5.2 Sealed and unsealed brood area (cm
2
) 

 The quantity of sealed and unsealed worker brood was measured by 

overlaying on each side of every brood comb through a transparent grid pre 

marked in cm
2
and the area brood underlying the grid was visually summed up. 

The total brood area was obtained by summing up the brood area on individual 

frames. 

 3.5.3 Pollen stores 

 The pollen store was measured with the help of a transparent grid pre 

marked in cm
2
. The grid was placed on comb frame containing the pollen. The 

area of the pollen underlying the grid was summed up visually and the data was 

recorded. The total area of pollen was obtained by summing up the pollen area 

present on individual frames. 

3.5.4 Sealed and unsealed honey store  

 The honey store was measured by removing the frames sequentially, 

brushing the bees back into the hive and separating 10 cm
2 

area. Each of empty 

wax comb and honey filled wax comb and weighing them on electronic balance.  

Weight of honey filled comb in 10 cm
2
. 
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Weight of the honey in 10 cm2 area (g) = area - Weight of empty comb in 10 cm2 area 

 The total honey in one frame on its both sides was calculated by summing 

up the individual weights 10 cm
2
 at all the spots containing honey. The total 

honey store of the colony was obtained by summing up the individual weight of 

all the frames of the colony. 

3.5.5 Bee behaviour  

  The bee activity at the hive entrance was recorded at two different times of 

day at fortnight intervals. 

3.5.5.1 Initiating of foraging and cessation of foraging 

 The observations were recorded by recording the time of initiation and 

cessation of outgoing and incoming bees at hive entrance at early morning and 

evening time.  

3.5.5.2 Incoming foragers and outgoing foragers 

 The observations were recorded by counting number of bees coming in 

and going-out of the hive by two observers simultaneously with the help of a 

recording device and a stop-watch. The mean of the counts of two observers at a 

particular time was taken as the actual number of bees going in or coming out at a 

particular time for a colony. 

 The experimental colonies were observed regularly and data was recorded 

at fortnight intervals on colony development. Colonies were judged on the basis 

of following parameters.  

1. Brood rearing based on area of sealed and unsealed broad. 

2. Food stores based on area of pollen. 

3. Sealed and unsealed honey stored. 

4. Data was recorded on initiation and cessation of foraging activity by honey 

bee foragers. 



 

20 

5. Data was also recorded on foraging rate in which bees coming in and 

going out of bee hive will be counted for 5 minutes. 

6. Bee strength based on number of bee frames was also recorded. 

7. Data analysis: Data was statistically analysed by using standard protocol 

for factorial RBD. 
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Chapter-4  

EXPERIMENTAL FINDINGS 

 Various research workers across the globe have reported the negative 

effect of electromagnetic radiations (EMR) emitted from cell phone towers and on 

honey bees with regard to strength, navigation, behaviour, honey store, pollen 

store and brood area, etc. (Greenberg et al., 1981; Kimmel et al., 2007; Korall and 

Martin, 1988; Harst et al., 2006; Stefan et al., 2013; Sharma and Kumar, 2010). 

However, other groups of investigators have not noticed the effect of EMR on 

honey bees (Mixson et al., 2009; Blacquiere and Hoofwijk, 2010; Chhuneja et al., 

2013; Patel et al., 2016). Keeping in view such controversy in mind, present 

investigations on “Effect of electromagnetic waves on the performance of Apis 

mellifera.” were carried out at fortnight intervals from 1
st
 of May to 14

th
 of July 

2016 at SKUST-K, Wadura, Sopore which is the first kind of such research work 

carried out on honeybees in Kashmir conditions. The results obtained from the 

experiments conducted have been presented below. 

4.1 Effect of electromagnetic radiations on Apis mellifera colonies at 

different distances from cell phone tower  

 All honeybee colonies were observed regularly and data was recorded on 

fortnight intervals on various characteristics such as bee strength, Sealed and 

unsealed brood area, pollen store, Sealed and unsealed honey store, initiation of 

foraging, cessation of foraging, incoming foragers and outgoing foragers in Apis 

mellifera, at different distances from cell phone tower at Wadura are as follows: 

4.1.1 Effect on bee strength  

 Experiments conducted on the effect of electromagnetic radiations emitted 

from cell phone tower on the strength of Apis mellifera colonies revealed that 

there was a continuous significant increase at fortnight intervals from 1
st
 of May 

to 14
th

 of July 2016 Table 2. The average valves of bee strength i.e. 5.3, 6.5, 8.3, 

8.7 and 9.3 was found at fortnight intervals. Statistically the average strengths i.e. 

7.9, 7.5, 7.7, 7.1 and 7.8 combs per colony at all the distances from the tower were 
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non-significant Table 2. Studies further indicate that the variations in strength in 

each respective month at all distances was significant, indicating no effect of 

electromagnetic waves on number of combs/colony.  

4.1.2 Effect on sealed brood area  

 The perusal of the data presented in Table 3 on the status of brood per 

colony during experiment period revealed that there was increases in brood 

rearing from 14 days after placement to 56 days after placement at fortnight 

intervals from 1
st
 of May to June ending and then decrease at 70 days after 

placement up to 14
th

 of July at every distance from the cell phone tower. The 

mean sealed brood area varied between1103.00-1217.30 cm
2
 in colonies placed at 

fortnight intervals from 1
st
 of May to 14

th
 of July 2016, respectively. Statistically, 

the mean sealed brood values varied between 1139.50-1169.00 cm
2
 at 0, 200, 400, 

600 and 800 m distances, respectively were non-significant. The data further 

showed that the variations in brood rearing at all the distances in each respective 

month were significant. Thus studies indicated no effect of the EMR on the area 

of sealed brood in the colonies kept at all distances from the tower. 

4.1.3 Effect on unsealed brood area 

 Present data revealed that there was increases in unsealed brood area from 

14 days after placement to 56 days after placement fortnight intervals from 1
st
 of 

May to June ending and then decrease at 70 days after placement up to 14
th

 of July 

2016 at every distance from the cell phone tower Table 4. The average values of 

unsealed brood area were: 519.7, 548, 670.9, 722.7 and 643.9 cm
2
 respectively at 

fortnight intervals. Statistically, the mean unsealed brood varied between of 

604.9-632.5 cm
2
 brood at 0,200, 400,600 and 800 m distances, were non-

significant. The data further showed that the variations in brood rearing at all the 

distances in each respective month were significant. Thus studies indicated no 

effect of the EMR on the area of unsealed brood in the colonies kept at all 

distances from the tower. 
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Table 2: Effect of electromagnetic radiations on strength of Apis 

mellifera at different distances from cell phone tower 

Distance 

from mobile 

phone tower 

(m) 

Bee strength (No. of bee frames) at fortnight 

intervals 
Mean 

14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 5.2 7 8.9 8.6 9.8 7.9 

200 5.5 6.3 7.9 8.5 9.5 7.5 

400 5.2 6.7 8.6 9.1 9.1 7.7 

600 5.1 6.2 7.9 7.6 8.8 7.1 

800 5.5 6.4 8.3 9.5 9.4 7.8 

Mean 5.3 6.5 8.3 8.7 9.3  

CD (p≤0.05) 

Distance  : NS   

Days    : 0.82 

Distance ´ Days : NS 

*DAP=Days after placement 

 

Table 3: Effect of electromagnetic waves on sealed brood of Apis 

mellifera colonies at different distances from mobile phone 

tower 

Distance 

from mobile 

phone tower 

(m) 

Sealed brood (cm)
2
 at fortnight intervals 

Mean 
14 DAP* 28  DAP 42  DAP 56  DAP 70  DAP 

0 1,099.60 1,133.20 1,201.90 1,253.10 1,157.20 1,169.00 

200 1,099.40 1,139.20 1,164.70 1,215.70 1,095.30 1,142.90 

400 1,089.60 1,125.80 1,170.70 1,264.20 1,112.60 1,152.60 

600 1,146.60 1,185.90 1,181.80 1,152.80 1,098.40 1,153.10 

800 1,099.40 1,118.60 1,168.30 1,200.60 1,130.50 1,139.50 

Mean 1,103.00 1,140.50 1,177.50 1,217.30 1,118.80  

CD (p≤0.05) 

Distance  : NS   

Days    : 21.04 

Distance ´ Days : NS 

*DAP=Days after placement 
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4.1.4 Effect on pollen stores 

 Data recorded on effect on pollen stores were tabulated in Table 5. It was 

found that under the effect of electromagnetic waves on the pollen stores in Apis 

mellifera colonies revealed a significant increase at 14 days after placement to 42 

days after placement at fortnight intervals starting from 1
st
 of May to 14

th
 of July 

and then significant decrease at 56 days after placement then again increases at70 

days after placement at all the distances from cell phone tower Table 5. The 

average values of pollen store were: 199, 230.5, 263.2, 217.9, and 329.1 cm
2
 

fortnight intervals starting from 1
st
 of May to 14

th
 of July 2016, respectively. 

Statistically, the variations in pollen stores at all distances in each respective 

month were significant. The mean pollen stores varied between 227.2-271.4 cm
2 

at 0,200, 400, 600, 800m from mobile phone tower. Further, data also showed that 

the average variations in pollen stores at all the distances were non-significant 

during the period of experimentation. Thus pollen stores were not affected by the 

electromagnetic radiations. 

4.1.5 Effect on sealed honey store 

 The studies conducted on the effect of electromagnetic radiations on the 

honey stores of experimental Apis mellifera showed that there was continuous 

significant increase in honey stores from 14 days after placement to 70 days after 

placement at fortnight intervals from 1
st
 of May to 14

th
 of July at all distances 

from the tower Table 6. The average values of honey store were: 5.7, 6.6, 7.7, 8.5 

and 8.8 kg during, fortnight intervals. Statistically, the average values of honey 

store among all the distances were non-significant i.e. 7.6, 7.5, 7.4, 7.4 and 7.4 kg. 

Present studies further indicate that the variations in honey stores in all the 

respective months at all the distances were significant (Table.6) showed no effect 

of the radiations on the store.  
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Table 4: Effect of electromagnetic waves on unsealed brood area of Apis 

mellifera colonies at different distances from the mobile phone 

tower 

Distance 

from mobile 

phone tower 

(m) 

Unsealed brood (cm
2
) during fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 525.5 536 672.8 715.9 645.9 619.2 

200 511.3 513.4 674.6 770.8 648.2 623.6 

400 512.1 597.7 676.0 728.8 647.8 632.5 

600 528.3 547.2 678.5 719.2 651.4 624.9 

800 521.5 545.7 652.4 678.5 626.3 604.9 

Mean 519.7 548 670.9 722.7 643.9  

CD (p≤0.05) 

Distance  : NS   

Days    : 43.17 

Distance ´ Days : NS 

*DAP=Days after placement 

 

Table 5: Effect of electromagnetic waves on Pollen stores of Apis 

mellifera at different distances from the mobile phone tower 

Distance 

from mobile 

phone tower 

(m) 

Pollen store (cm
2
) at fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 247.6 289.3 236.5 243.1 340.4 271.4 

200 168.5 245.7 246.5 198.8 421.4 256.2 

400 201.7 232.5 269.2 231.7 293.2 245.7 

600 194.7 194.8 282 193.1 331.6 239.2 

800 182.4 190.2 281.8 222.6 258.9 227.2 

Mean 199 230.5 263.2 217.9 329.1  

CD (p≤0.05) 

Distance  : NS   

Days    : 53.19 

Distance ´ Days : NS 

*DAP=Days after placement 
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4.1.6 Effect on unsealed honey stores 

  Studies conducted on the effect of electromagnetic radiations on the 

unsealed honey stores of experimental Apis mellifera showed that there was a 

significant increase in honey stores from 14 days after placement to 70 days after 

placement at fortnight intervals from 1
st
 of May to 14

th
 of July at all distances 

from the tower Table 7. The average values of honey store were i.e. 4.6, 5.5, 6.3, 

6.5 and 6.6 kg during, fortnight intervals. Mean unsealed honey varied between 

5.8-5.9 kg at different distances from mobile tower. Statistically, the average 

values of honey store among all the distances were non-significant. Present 

studies further indicate that the variations in honey stores in all the respective 

months at all the distances were significant Table 7, showed no effect of the 

radiations on the store.  

4.1.7 Effect on initiation of activity 

 Data collected on foraging behaviour with regard to initiation of foraging 

revealed a trend of early initiation of Apis mellifera activity from 14 days after 

placement to 70 days after placement at fortnight intervals from 1
st
 of May to 14

th
 

of July at all the distances from the tower Table 8. The average values of initiation 

activity are; 6.08, 5.56, 5.51, 5.52, and 5.53 am during fortnight intervals. 

Observations recorded on the initiation of bee activity during these months 

showed that it was started at 6.08, 5.54, 5.52, 5.54 and 5.53 am at zero meter; 

6.09, 5.58, 5.52,5.55 and 5.51 am at 200 m, and 6.07, 5.57,5,51,5.51, and 5.54 am 

at 400 m distances from the tower, respectively. Similarly, the bees started their 

flight activity at 6.09, 5.58, 5.5, 5.51, and 5.54 am, and 6.08, 6 5.56, 5.51, 5.52 

and 5.53 am at 600 and 800 m distances, respectively during the period of 

observations. Significant differences were found in the initiation of activity during 

the morning hours among all the distances from the cell phone tower during 

respective months Table 8 indicating no effect of EMR on the activity. 
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Table 6: Effect of electromagnetic waves on sealed honey stores of Apis 

mellifera colonies at different distances from the mobile phone 

tower 

Distance 

from mobile 

phone tower 

(m) 

Sealed honey (kg) at fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 5.5 6.8 8.2 8.3 9.0 7.6 

200 5.7 6.4 7.7 8.9 8.8 7.5 

400 5.9 6.8 7.4 8.4 8.7 7.4 

600 5.8 6.4 7.7 8.3 8.9 7.4 

800 5.5 6.6 7.7 8.5 8.7 7.4 

Mean 5.7 6.6 7.7 8.5 8.8  

CD (p≤0.05) 

Distance  : NS   

Days    : 0.176 

Distance ´ Days : NS 

*DAP=Days after placement 

 

Table 7: Effect of electromagnetic waves on unsealed honey stores of 

Apis mellifera colonies at different distances from the mobile 

phone tower 

Distance 

from mobile 

phone tower 

(m) 

Unsealed honey (kg) at fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 4.8 5.4 6.3 6.4 6.7 5.9 

200 4.7 5.5 6.4 6.5 6.4 5.9 

400 4.4 5.5 6.5 6.3 6.7 5.9 

600 4.5 5.5 6.4 6.7 6.3 5.9 

800 4.5 5.4 6.1 6.5 6.7 5.8 

Mean 4.6 5.5 6.3 6.5 6.6  

 

CD (p≤0.05) 

Distance  : NS   

Days    : 0.194 

Distance ´ Days : NS 

*DAP=Days after placement 
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4.1.8 Effect on cessation of activity 

  Studies conducted on foraging activity of the experimental colonies 

indicate a trend of significant increase in cessation time of Apis mellifera activity 

at hive entrance from 14 days after placement to 70 days after placement at 

fortnight intervals from 1
st
 of May to 14

th
 of July at all the distances from the 

tower Table 9. Data showed that during these respective months, on an average 

bee activity stopped at 6.53, 7.02, 7.13, 7.19 and7.19 pm, respectively. Further, a 

non-significant difference was noticed in the cessation of activity during the 

evening hours at all distances i.e. 7.01, 7.02, 7.01, 7.01 and 7.00 pm at zero, 200, 

400, 600 and 800 m, respectively, reflecting no effect of the radiations.  

4.1.9 Effect on the number of incoming foragers 

 Experiments conducted on the number of incoming Apis mellifera bees/5 

minute indicate that it significantly increased at fortnight intervals from 14 days 

after placement to 70 days after placement at fortnight intervals from 1
st
 of May to 

14
th

 of July at all the distances from the tower Table 10. The data showed that the 

mean number of outgoing foragers/5 min during at fortnight intervals varied 

between 103-127 bees and was also found significant. Statistically, the average 

number of incoming bees varied between 111-116 bees at zero, 200, 400, 600 and 

800 m distances, respectively from the tower, was non-significant. Further, data 

also showed non-significant differences in the number of incoming bees at all the 

distances in each respective month. Table 10 indicating no effect of 

electromagnetic radiations on foraging activity 

4.1.10 Effect on the number of outgoing bees 

  Data collected on the effect of EMR on the number of outgoing bees/5 

minute indicated that it increased significantly from 14 days after placement to 70 

days after placement at fortnight intervals from 1
st
 of May to 14

th
 of July at all the 

distances from the tower Table 11. Statistically, variation in the average number 

of outgoing bees varied between 139-143 bees at 0, 200, 400, 600 and 800 m 
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distances, respectively from the tower, and data was non-significant. Further, the 

data showed that the average number of outgoing foragers/5 minute at fortnight 

intervals from 1
st
 of May to 14

th
 of July at all the distances from mobile phone 

tower varied between 88-165 bees. Data revealed that number of outgoing 

foragers at fortnight intervals was found significant. Thus the activity of outgoing 

bees was also not affected by the cell phone tower. 
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Table 8: Effect of electromagnetic waves on initiation activity of Apis 

mellifera colonies at different distances from the mobile phone 

tower 

Distance 

from mobile 

phone tower 

(m) 

Initiation of foraging (am) during fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 6.08 5.54 5.52 5.54 5.53 5.64 

200 6.09 5.58 5.52 5.55 5.51 5.65 

400 6.07 5.57 5.51 5.51 5.54 5.67 

600 6.09 5.58 5.5 5.51 5.54 5.64 

800 6.09 5.56 5.5 5.51 5.55 5.64 

Mean 6.08 5.56 5.51 5.52 5.53  

CD (p≤0.05) 

Distance  : NS   

Days    : 0.057 

Distance ´ Days : NS 

*DAP=Days after placement 

 

Table 9: Effect of electromagnetic waves on cessation activity of Apis 

mellifera colonies at different distances from the mobile phone 

tower 

Distance 

from mobile 

phone tower 

(m) 

Cessation of foraging (pm) during fortnight 

intervals 
Mean 

14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 6.54 7.00 7.12 7.21 7.18 7.01 

200 6.54 7.02 7.15 7.21 7.18 7.02 

400 6.56 7.01 7.1 7.21 7.19 7.01 

600 6.52 7.05 7.12 7.18 7.21 7.01 

800 6.50 7.01 7.13 7.16 7.20 7.00 

Mean 6.53 7.02 7.13 7.19 7.19  

\CD (p≤0.05) 

Distance  : NS   

Days    : 0.017 

Distance ´ Days : NS 

*DAP=Days after placement 



 

 
Fig. 1: Initiation activity of bees going out of the hive at different distances from mobile phone tower 



 

 
Fig. 2: Cessation activity of bees going out of the hive at different distances from mobile phone tower
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Table 10: Effect of electromagnetic waves on incoming of Apis mellifera 

foragers at different distances from the mobile phone tower 

Distance 

from mobile 

phone tower 

(m) 

Incoming foragers during fortnight intervals Mean 

14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP  

0 99 105 129 133 113 116 

200 103 106 122 128 110 114 

400 101 104 121 125 109 112 

600 108 104 121 124 107 113 

800 103 102 118 126 105 111 

Mean 103 104 122 127 109  

 

CD (p≤0.05) 

Distance  : NS   

Days    : 3.50 

Distance ´ Days : NS 

*DAP=Days after placement 

 

Table 11: Effect of electromagnetic waves on outgoing of Apis mellifera 

foragers at different distances from the mobile phone tower 

Distance 

from mobile 

phone tower 

(m) 

Outgoing foragers during fortnight intervals 

Mean 
14 DAP* 28 DAP 42 DAP 56 DAP 70 DAP 

0 89 130 160 164 174 143 

200 90 129 152 164 161 139 

400 89 129 152 159 169 139 

600 86 132 160 165 160 141 

800 89 134 150 166 163 141 

Mean 88 131 155 164 165  

 

CD (p≤0.05) 

Distance  : NS   

Days    : 6.52 

Distance ´ Days : NS 

*DAP=Days after placement 



 

 
Fig. 3: Bees going out at different distances from mobile phone tower 



 

 
Fig. 4: Bees coming into the hive at different distances from mobile phone tower 
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Chapter-5 

DISCUSSION 

 Studies conducted on the effect of electromagnetic radiations emitted from 

cell phone tower and on honey bees have indicated negative effect on colony 

strength (Sharma and Kumar, 2010), brood rearing (Sharma and Kumar, 2010), 

pollen stores (Sharma and Kumar, 2010), honey stores (Harst et al., 2006; Sharma 

and Kumar, 2010; Ho, 2007), initiation of foraging, cessation of foraging, number 

of incoming foragers (Harst et al., 2006; Kimmel et al., 2007; Stefan et al., 2013; 

Sharma and Kumar, 2010; Pattazhy, 2011), number of outgoing foragers 

(Valberg, 2010; Sharma and Kumar, 2010). On the contrary, few research workers 

who have conducted the investigation on the effect of such radiations have not 

found the negative effect on honey bees (Mixson et al., 2009; Blacquiere and 

Hoofwijk, 2010, Chhuneja et al., 2013, Patel et al., 2016). According to Bindokas 

et al. (1988a, 1988b and 1989) when the honey bee colonies are kept at more than 

29.2 m distance were not affected by the radiations. Keeping in view such 

confusions in mind present investigations were carried on “Effect of 

electromagnetic waves on colony development and performance of Apis 

mellifera”. The outcome of the result studies have been discussed below. 

5.1 Effect on bee strength 

 The number of bee frames starts increasing at fortnight intervals from 1
st
 

of May to 14
th

 of July 2016 at all the distances from the cell phone tower Table 2. 

The respective average values being 5.3, 6.5, 8.3, 8.7 and 9.3 bee combs/colony. 

This trend is obvious because during this period there was a plenty of nectar and 

pollen yielding bee flora. Further, the data indicated that there was a non-

significant variation in the increase in strength at zero, 200, 400, 600 and 800 m 

during this period i.e. 7.9, 7.5, 7.7, 7.1 and 7.8 bee combs per colony. Thus 

indicating no effect of radiations when the strength of the radiation was ranged 

between 294.23 (mV/m). Similar non-significant results were obtained by Patel et 
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al. (2016) with mean bee strength varied between 12444.25-32906.25 bees at 

0,200,400,600 and 800 m. Chhuneja et al. (2013) also reported that radiations 

emitted by mobile phone tower did not pose any effect on bee strength. The mean 

bee strength varied between 6.7-8.8 frames at 0, 200, 400, 600 and 800 meters and 

was also found non- significant On the contrary, Sharma and Kumar (2010) have 

reported 28.57 per cent decline in the colony strength of Apis mellifera at 

Chandigarh where the electric field strength of the cell phones used in the 

experiment was 56.8 V/m (exposure for 60 minutes/week in four intervals from 

February to April at peak activity). This effect may possibly due to extremely 

higher radiation at Chandigarh than recorded in the present investigations at zero 

m distance 294.23 (mV/m). 

5.2 Effect on sealed brood area 

 Data revealed that there was a significant increase in sealed brood area 

from 14 days after placement to 56 days after placement starting from 1
st
 of May 

to June (1,103.00 to 1,217.30 cm
2
) and then slightly decrease after 70 days of 

placement (1,118.80 cm
2
) in July, 2016 Table 3. Possibly it was due to increase in 

pollen collection from the bee flora during May and June then decrease in July. 

Earlier, Rana and Goyal (1994) have also recorded similar observations in hive 

bee colonies. Present studies also indicated no variation in brood rearing at zero m 

(1169.00 cm
2
), 200 m (1142.90 cm

2
), 400 m (1152.60 cm

2
), 600 m (1153,10 cm

2
) 

and 800 m (139.50 cm
2
). Chhuneja et al. (2013) has also reported that radiations 

emitted by mobile phone tower did not pose any effect on sealed brood area. The 

mean sealed brood area varied between 1822.1-2193.0 cm
2
 at 0, 200, 400, 600 and 

800 meters and was also found non-significant However, Sharma and Kumar 

(2010) recorded about 70 per cent decline in brood rearing when Apis mellifera 

colonies were exposed to EMR at Chandigarh. It may be due to the exposure of 

the colonies to very high electromagnetic field i.e. 56.8 V/m as compare to present 

exposure (294.23 mV/m).  
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5.3 Effect on unsealed brood area 

 Data revealed that there was a significant increase in sealed brood rearing 

from14 days after placement to 56 days after placement starting from 1
st
 of May 

to June (519.7 to 722.7 cm
2
) and then slightly decrease after 70 days of placement 

(643.9 cm
2
) in July 2016, Table 4. Possibly it was due to increase in pollen 

collection from the bee flora during May June and then decrease in July. Earlier, 

Rana and Goyal (1994) have also recorded similar observations in hive bee 

colonies. Present studies also indicated no variation in brood rearing at zero m 

(619.2 cm
2
), 200 m (623.6 cm

2
), 400 m (632.5 cm

2
), 600 m (624.9cm

2
) and 800 m 

(604.9 cm
2
). Chhuneja et al. (2013) has also reported that radiations emitted by 

mobile phone tower did not pose any effect on unsealed brood area. The mean 

unsealed brood area varied between 509- 667.6cm
2
 at 0,200,400,600 and 800 

meters and was also found non- significant. Similarly, Sharma and Kumar (2010) 

recorded about 70% per cent decline in brood rearing when Apis mellifera 

colonies were exposed to EMR at Chandigarh. It may be due to the exposure of 

the colonies to very high electromagnetic field i.e. 56.8 V/m as compare to present 

exposure (294.23 mV/m).  

5.4 Effect on pollen stores 

 Present observations showed a significant increase in pollen stores from 1
4 

days after placement 199,230.5, 263.2 then decrease at 56 days after placement 

217.9 cm
2
 and then again increase at 70 days after placement 329.1 in June 2016 

when the Apis mellifera colonies were kept at 0 to 800 m distances from the cell 

phone tower Table 5. The period of pollen flow depends on the ecological and 

geographical conditions of areas. Investigations also revealed that there were no 

significant differences in pollen stores among 0, 200, 400, 600 and 800 m 

distances from the tower during the course of studies. The average respective 

values being: 271.4, 256.2, 245.7, 239.2 and 227.2 cm
2
 Table 5. Chhuneja et al. 

(2013) also reported that radiations emitted by mobile phone tower did not pose 

any effect on pollen store. The mean pollen store varied between 193.5-325.7 cm
2
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at 0,200,400,600 and 800 meters and was also found non- significant Similarly, 

Sharma and Kumar (2010) stated that the pollen stores of the treated colonies 

were reduced by about 30%. This effect may possibly be due to extremely higher 

radiations at Chandigarh than recorded in the present investigations at zero m 

distance (294.23 mV/m). 

5.5 Effect on sealed honey store 

 Data collected on honey store of Apis mellifera kept at different distances 

from the tower revealed a trend of its increase from 5.7 to 8.8 Kg per colony at 

fortnight intervals from 1
st
 of May to 14

th
 of July 2016 (Table 6). Present studies 

also showed that there were no variations in honey stores of the experimental 

colonies kept at different distances during the period of studies i.e. 7.6, 7.5, 7.4, 

7.4 and 7.4 kg at zero, 200, 400,600 and 800 m, respectively (Table 6) where the 

EMR ranged from 294.23.00 mV/m. Chhuneja et al. (2013) also reported that 

radiations emitted by mobile phone tower did not pose any effect on sealed honey 

store. The mean sealed honey 915.9-2902.5 cm
2
 stores varied between 915-2902.5 

cm
2
 at 0, 200, 400, 600 and 800 meters and data was also found non- significant. 

Earlier investigators had recorded negative effect of radiations on the honey stores 

when Apis mellifera colonies were exposed to 56.8V/m (Sharma and Kumar, 

2010). It may be due to the exposure of the colonies to very high electromagnetic 

field as compare to present exposure. Various research workers in different parts 

of the world had also reported the reduction in honey stores in exposed colonies 

i.e. 18% (Ho, 2007) to 66.98 per cent (Harst et al., 2006).  

5.6 Effect on unsealed honey store 

 Data collected on unsealed honey store of Apis mellifera kept at different 

distances from the tower revealed a trend of its increase from 4.6 to 6.6 kg per 

colony at fortnight intervals from 1
st
 of May to 14

th
 of July 2016 (Table 7). 

Present studies also showed that there were no variations in honey stores of the 

experimental colonies kept at different distances during the period of studies i.e. 
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5.9, 5.9, 5.9, 5.9 and 5.8 kg at zero, 200, 400, 600 and 800 m, respectively (Table 

7) were the EMR ranged from 294.23 mV/m. Chhuneja et al. (2013) has also 

reported that radiations emitted by mobile phone tower did not pose any effect on 

unsealed honey store. The mean unsealed honey store varied between 1967.2-

3612.0 cm
2
 at 0, 200, 400, 600 and 800 meters and data was also found non- 

significant. Earlier investigators had recorded negative effect of radiations on the 

unsealed honey stores when Apis mellifera colonies were exposed to 56.8 V/m 

(Sharma and Kumar, 2010). It may be due to the exposure of the colonies to very 

high electromagnetic field as compare to present exposure i.e. 294.23 (mV/m). 

Various research workers in different parts of the world had also reported the 

reduction in honey stores in exposed colonies i.e. 18 per cent (Ho, 2007) to 66.98 

per cent (Harst et al., 2006). 

5.7 Effect on initiation and cessation activities  

 The observations on the initiation and cessation of activities showed that 

Apis mellifera bees started their foraging early in the morning and stopped late in 

the evening at fortnight intervals from 1
st
 of May to 14

th
 of July 2016 (Tables 8 

and 9). It is obvious due to increase in day length and ambient temperature along 

with favourable floral conditions during these months. According to Free (1993), 

time and duration of initiation and cessation activities also depend on floral, 

seasonal and geographical conditions. The data further revealed that there were no 

variations with regard to initiation and cessation of bee activities among zero, 200, 

400, 600 and 800 m distances from the tower in the respective months of studies 

(Table 8 and 9).Thus no effect of EMR was recorded on such activities. No such 

report has been found in the literature. 

5.8 Effect on the number of incoming foragers 

 The studies on the number of incoming foragers revealed that the number 

of incoming bees increased from 14 days after placement to 56 days after 

placement from1
st
 of May to June and 103-127 bees/5 min. then decreased during 
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July (109 bees/5 minute) at all the distances from the cell phone tower Table 10. It 

is obvious that more pollen and nectar yielding bee flora was available fortnight 

intervals from1 of May to 14 July 2016. Earlier, Rana and Goyal (1994) also 

reported increasing trend of food stores in the colonies from May to June during 

1991.There were no variations in the number of incoming Apis mellifera foragers 

at different distances from cell phone tower during the period of studies showing 

no effect of EMR (Table 10) as indicated by the data i.e. 116, 114, 112, 113 and 

111 bees/5 min. at zero (294.23 V/m), 200, 400, 600 and 800 m, respectively. 

Chhuneja et al. (2013) also reported that radiations emitted by mobile phone 

tower did not pose any effect on the number of incoming bees. The mean number 

of incoming Apis mellifera foragers varied between 157.8-274.0 bees/5 minute at 

1000 179.4-212.1.8 bees/5 minute at 1400h and 92.6-132.6 bee/5min at 1600 h at 

0, 200, 400, 600 and 800 meters and data was also found non- significant. On the 

contrary, Sharma and Kumar (2010) observed about 30% decrease in the number 

of exposed (56.8 V/m) worker bees returning to the hive at Chandigarh. Similarly, 

different research workers had also reported negative effect of the EMR on the 

number of incoming bees (Harst et al., 2006; Kimmel et al., 2007; Stefan et al., 

2013; Pattazhy, 2011). The variation in the results may possibly be due to the 

exposure of honey bee foragers to very high strength of radiations as compare to 

present exposure. 

5.9 Effect on the number of outgoing foragers 

 The data collected on the number of outgoing foragers indicated that the 

number of outgoing bees increased from 88to 165 bees/5 minute at fortnight 

intervals from 1
st
 of May to 14

th
 of July 2016 Table 11. It is obvious that more 

food yielding bee flora was available during April to May as compare to June 

2013. Earlier, Rana and Goyal (1994) also reported increasing trend of food stores 

in the colonies May to June. Data also showed no effect of EMR (294.23 V/m) on 

outgoing bees from the colonies kept at different distances from cell phone tower 

during the period of studies at as is evident from (Table 11). The values being: 
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143,139,139,141 and 141 bees/5 min. at zero, 200, 400, 600 and 800 m, 

respectively. Chhuneja et al. (2013) has also reported that radiations emitted by 

mobile phone tower did not pose any effect on outgoing foragers. The mean 

outgoing foragers varied between 152.9-190.9 bees/5 minute at 1000h, 182.75-

216.3 at 1400h and 147.88-179.8 bees/5 minute at1600h at 0, 200, 400, 600 and 

800 meters and data was also found non- significant. However, Sharma and 

Kumar (2010) had reported strong effect of cell phone radiations (56.8 V/m) i.e. 

30% decrease in number of exposed worker bees leaving the hive. Valberg (2010) 

had also noticed low foraging rates of bees when exposed to radiations. It may be 

due to the exposure of the colonies to very high electromagnetic field as compare 

to present exposure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

39 

Chapter-6 

SUMMARY AND CONCLUSION 

 The present investigations entitled “Effect of electromagnetic waves on the 

performance of Apis mellifera.” were undertaken near cell phone tower at FoA, 

SKUAST-K, Wadura. The effect of the radiations on Apis mellifera colonies 

development and behavioural parameters such as bee strength, sealed and 

unsealed brood area, pollen stores, sealed and unsealed honey stores, initiation 

and cessation of foraging and number of incoming and outgoing foragers. The 

salient findings of the results are summarised as under: 

• A continuous significant increase in strength of Apis mellifera colonies at 

fortnight intervals from 1
st
 of May (5.3 bee combs) to 14

th
 of July (9.3 bee 

combs) 2016 at all the distances from cell phone tower was recorded. 

Variations in the strength from (7.9 to 7.8 bee combs) were recorded in 

each respective month at all the distances, indicating no effect of EMR on 

number of combs/colony. 

• Sealed brood area significantly increased at fortnight intervals from 14 

days after placement (1140.50 cm
2
) to (1217.30 cm

2
) and then decreased 

after 70 days after placement (1118.80 cm
2
) from 1

st
 of May to 14

th
 of July 

at every distance from the tower. However, it did not varied significantly 

(1169.00 to 1139.50 cm
2
) among the distances in each respective month.  

• Unsealed brood area significantly increased at fortnight intervals from 14 

days after placement (519.7cm
2
) to 56 days after placement (722.7 cm

2
) 

and then decreased after 70 days after placement (643.9 cm
2
) from 1

st
 of 

May to 14
th

 of July at every distance from the tower. However, it did not 

varied significantly (619.2 to 604.9 cm
2
) among the distances in each 

respective month. 

• Pollen stores significantly increase at fortnight intervals from 14 days after 
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placement (199 cm
2
) to 42 days after placement (263 cm

2
) and then 

decrease at56 days after placement (217.9 cm
2
) and then again increase at 

70 days after placement (329.1 cm
2
) 1

st
 of May to 14

th
 of July at all the 

distances from cell phone tower. Statistically, no variation in pollen stores 

(217.4 to 227.2 cm
2
) among the distances was recorded. 

• A significant increase in sealed honey stores was observed at fortnight 

intervals from 1st of May from (5.7 kg) to 14
th

 of July (8.8 kg) 2016 at all 

the distances in the experimental colonies. Non-significant differences in 

honey stores (7.6 to 7.4 kg) at all the distances were observed. A 

significant increase in unsealed honey stores was observed at fortnight 

intervals from 1
st
 of May (4.6 kg) to 14

th
 of July (6.6 kg) 2016 at all the 

distances in the experimental colonies. Non-significant differences in 

honey stores (5.9 to 5.8 kg) at all the distances were observed. 

• No variations were found in the initiation and cessation activities of Apis 

mellifera foragers during the respective morning and evening hours at all 

the distances from the cell phone tower. However, the bee activities 

continuously initiated earlier and ceased later at fortnight intervals from 1
st
 

of May to 14
th

 of July. 

• Non-significant differences in the number of incoming foragers (bees/5 

minute) at all the distances in each respective months were recorded. It 

increased from 14 days after placement (103 bees/5 minute) to 56 days 

after placement and decreased during July (109 bees/5 minute). 

• Number of outgoing foragers (bees/5 minute) increased significantly from 

1
st
 of May and 14

th
 of June at all the distances. The activity of outgoing 

bees was not affected by the cell phone tower at Wadura as non-significant 

variation in the bee number was noticed among all the distances. 

  As per the present investigation, all the colonies receiving mobile tower 

waves performed well in terms of bee strength, sealed and unsealed brood, sealed 
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and unsealed honey, pollen, initiation and cessation of foraging, number of 

incoming and outgoing foragers at all distances ranging from 0-800 m and none of 

the colonies perished during this period. Under Kashmir conditions, there is no 

effect of present level of electromagnetic waves on colony development, when 

only one mobile phone tower is present in a locality within 800m distance range, 

therefore, there is no threat of any negative impact on the Apiaries which are 

under/close to the mobile phone tower. Thus present investigation showed no 

effect of the radiations emitted from cell phone tower and on studied 

developmental and behavioural characteristics of Apis mellifera colonies. 

However, the variation recorded in the characteristics sat fortnight intervals from 

1
st
 of May to 14

th
 of July 2016 was as per the availability of nectar and pollen 

sources.  
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