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Abstract   

In vitro grown callus cultures of Ipomoea batatas (L.) Lam. were exposed to 

flame treatment and electromagnetic radiations generated by mobile 

phone.  The cultured tissues responded to the treatments as evidenced by 

the significant reduction of phenolic contents compared to controls. Even 

though the growth of the tissues was normal, there was a change in the phe-

nolic content of the tissues. There exhibited not much significant variation 

among the treatments regarding the growth rate. The morphology and tex-

ture of the callus also remained the same.  It has been concluded that like 

animal cells, plant cells also respond to non-ionizing radiations like electro-

magnetic radiation emitted by mobile phones.   
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Introduction   

Mobile phone uses and emits non-ionizing radiation known as radio-

frequency electromagnetic radiations (RF-EMR) (1). The use of the mobile 

phone has raised concerns in the environment (2), human health (3) and 

cognitive functions (4). It also affects animal behavior (5).  Similar to hu-

mans and animals, it also affects plants (6).  Few reports available indicates 

that plants respond to high-frequency electromagnetic radiations (7).  

These responses include altered growth (8) and biochemical changes (6).   

 Plants respond to environmental changes. Such changes involve al-

tered flowering and vegetative development (9).  All these changes occur 

because of the altered metabolism due to stress-responsive genes (10). This 

is reflected in the accumulation of secondary metabolites through stress 

and defensive molecular signaling (11). Phenolic compounds represent a 

class of secondary metabolites whose accumulation differs according to the 

stress faced by the plant. Therefore, phenolic compounds are often used as 

stress markers in plants (12).  Hence, it is interesting to analyse the phenolic 

acid accumulation in plants when exposed to non-ionizing radiations. The 

present study is aimed at analyzing the effect of mobile phone radiation on 

growth and phenol accumulation using in vitro cultured plant tissues of Ipo-

moea batatas.    
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Materials and Methods   

Stock plants of Ipomoea batatas were grown under the 

green-house conditions at the Department of Biotechnolo-

gy, Manipal Institute of Technology, Manipal. Young green 

leaf segments were taken from this plant, served as ex-

plants and washed with running tap water for 30 min.  

Chemical sterilization was carried out with 0.1% (w/v) mer-

curic chloride for eight min.  Post surface sterilization was 

done by washing the explants two times with sterile dou-

ble distilled water. The media used for the experiment is 

woody plant medium (13) containing 2 mg/l Benzyl Ade-

nine and 1 mg/l naphthalene acetic acid.  The pH of the 

media was adjusted to 5.80 and solidification was 

achieved with 8 g/l agar.  Autoclaving was done under 12 

psi for 15 min at a temperature of 121 0C.  The cultures 

were allowed to grow for 21 days and sub cultured into 

fresh medium. These cultures were used for treatments 

immediately after subculture and the readings were meas-

ured on 42nd day.   

 Exposure with RF-EMR was done by using an an-
droid mobile phone hand-set with a specific absorption 

rate of 0.38 W/Kg. The phone was placed in close proximity 

to the culture tubes and was exposed to radiation by using 

a call receive mode for fixed time exposures such as 5, 15, 

25 and 35 min daily for 5 days.  For the flame exposure, the 

culture tubes were exposed to a Bunsen burner flame for 3 

separate treatments such as (i) 3 seconds (ii) 6 seconds (iii) 

3+3+3 seconds exposure with a gap of 3 seconds each and 

(iv) 3+3+3+3 seconds exposure with a gap of 3 seconds 

each. This was done for each culture daily for 5 days. The 

cultures were harvested for growth and biochemical analy-

sis on completing the experimental cycle. 

 The callus growth was expressed as dry wt. after 

drying the callus tissue at 30 0C for 48 hrs.  The total phe-

nolic content was expressed as gallic acid equivalents 

(GAE) and was analyzed by using the standard protocol 

(14). Results were expressed as mean + standard error of 

six replications, and comparisons of means were per-

formed by Duncan’s multiple range test.  Untreated cul-

tures served as the controls.  

 

Results and Discussion   

The callus tissue’s growth didn’t statistically differ when 

compared to controls on exposure to mobile phone radia-

tion except in the case of 25 min RF-EMR exposure (Table 

1).  However, there exhibited a variation in the accumula-

tion of phenolic acids.  Accumulation of phenolic com-

pounds was less in the treatments. The lowest accumula-

tion of phenolic content was noted when the callus tissue 

was exposed to 5 and 25 min of mobile phone radiation.  

Even though the results exhibited a significant difference 

of phenolic content accumulation with respect to controls; 

there was no significant difference in the growth of the 

biomass among the treatments. Highest biomass accumu-

lated was noted in cultures treated with 25 min of RF-EMR 

exposure (0.204 g dry wt , Fig. 1c).  A 15 min of RF-EMR ex-

posure yielded a biomass of 0.151 g dry wt (Fig. 1b).  Callus 

nature, texture and morphology didn’t distinguish be-

tween the treatments and controls (Fig. 1). 

 Flame treatment also didn’t resulted in the differ-

ence of  biomass accumulation (Table 2). Callus growth 

was lowest when the cultures were exposed to 3+3+3 sec-

ond treatment with a gap of 3 seconds (Fig. 1d).  Accumu-

lation of phenolic compounds exhibited a significant varia-

tion from the controls; however, there was no significant 

difference in callus growth among the treatments.  The fire 

exposure lowered the phenolic content in all the treat-

ments. Thus, it is possible to draw out a negative relation-

ship with the exposure duration of flame.   

 Living cells respond to the electromagnetic field.  

There are several reports available regarding the hazard-

ous effects of electromagnetic field (EMF) on living sys-

tems.  However, only a few studies have been conducted in 

Table 1.  Effect of mobile hand-set radiation on the growth and phenolic 
content of callus cultures in I. batatas  

Treatment 
(Exposure in min.) 

Growth of callus 
(g dry wt)* 

Phenolic content 
(mg GAE/100 g dry wt)* 

Control 0.092 a + 0.01 280 c + 52 

5 min. 0.187 a + 0.07 103 ab + 32 

15 min. 0.151 a + 0.04 47 a + 14 

25 min. 0.204 b + 0.14 72 ab + 18 

35 min. 0.073 a + 0.03 154 b + 34 

Fig. 1. Response of callus on exposure to Radio Frequency Electro Magnetic 
Radiation and flame treatment (a): Control (b): 15 min. of EMF exposure (c): 
25 min. of exposure daily for five days (d): flame treatment of 3+3+3 sec.  The 
calls texture and morphology remains the same in all the cases, similar to 
control.  

Table 2. Effect of flame treatment on the growth and phenolic content of 
callus cultures in I. batatas  

Treatment 

(Exposure in sec.) 

Growth of callus 

(g dry wt)* 

Phenolic content 

(mg GAE/100 g dry wt)* 

Control 0.092 ab + 0.01 280 a + 52 

3 sec. 0.082 ab + 0.01 143 b + 23 

6 sec. 0.123 b + 0.21 93 b + 20 

3+3+3 sec. 0.076a + 0.01 91 b + 16 

3+3+3+3 sec. 0.120 ab + 0.02 82 b + 10 
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plants.  Earlier it has been demonstrated that high tension 

lines were capable of altering the growth of rice (15), wheat 

and corn (16) plants.  Experiments conducted on Vigna radi-

ata indicate that cell phone EMF indicates a negative corre-

lation with length of seedlings and biomass accumulation 

and altered biochemical pattern (6).  Results of the current 

study also confirm that in vitro cultured plant tissues re-

spond to EMF.  Apart from affecting biomass yield, there is 

also a change in the phenolic acid content.  Experiments 

conducted in previous reports proved that fire can be uti-

lized to stimulate shoot organogenesis in Vellozia pyrantha 

under in vitro conditions (17).   

 Plants respond to both biotic and abiotic stress. This 

response is exhibited as altered pattern of expression of 

metabolites.  In the present study mobile phone radiation 

acted as a stress as evidenced from the enhanced phenolic 

content. Similar reports of enhanced accumulation of phe-

nolic acids in response to stress has been found in Silene 

littorea in response of UV irradiation (18). However, in some 

cases, stress reduces the accumulation of phenolic com-

pounds (19). Hence, it is evident that plants vary in such 

responses and such metabolic expressions can't be gener-

alized. Another report reveals altered enzymatic profiles on 

EMF exposure in the leaf tissues (20). High-frequency EMF 

exposure is capable of altering even distantly located tis-

sues and has been proposed to consider EMF as a non-

injurious factor that is able to alter metabolism (7).   

 

Conclusion   

Developments in the field of electronics and communica-

tion technology resulted in accelerated exposure of plants 

to electromagnetic field. EMF and flame exposure acted as 

a stress agent on plant tissues. The current study on Ipom-

ea batatas (L.) Lam. confirmed that such an exposure signif-

icantly alter phenolic accumulation. The results generated 

in this study are significant because it confirms that EMF 

and flame exposure can alter plant metabolism under in 

vitro conditions. However, the impact of EMF and flame 

exposure on plants remains largely unexplored. It is also 

not clear that such changes are reversible or permanent. 

Therefore, future work identifying the molecular signatures 

generated and the nucleic acid damage in plant cells when 

exposed to EMF is highly interesting.   

 

Acknowledgement  

The authors acknowledges the Director, Manipal Institute 

of Technology for the facilities provided. 

 

Authors contributions   

The work plan was supervised by NS and BS. Experiments 

were performed by UB and NS. The manuscript writing  and 

statistical calculation were done by NS and BS. The correc-

tions of manuscript were done by UB, NS and BS. All au-

thors have read and approved the final manuscript.  

Compliance with ethical standards   

Conflict of interest: The authors do not have any conflict 

of interests to declare. 

Ethical issues: None. 

 

References   

1. Belpomme D, Hardell L, Belyaev I, Burgio E,  Carpenter DO. Ther-
mal and non-thermal health effects of low intensity non-ionizing 

radiation: An international perspective.  Environ Pollut. 2018;242: 
643e658.  https://doi.org/10.1016/j.envpol.2018.07.019 

2. Verschaeve L. Environmental impact of radiofrequency fields 

from mobile phone base stations. Critical Reviews in Environ-
mental Science and Technology. 2014; 44:1313-69. https://

doi.org/10.1080/10643389.2013.781935 

3. Karger CP. Mobile phones and health: A literature overview. Z 
Med  Phy. 2005; 15:73-85. https://doi.org/10.1078/0939-3889-

00248 

4. Kalafatakis F, Bekiaridis-Moschou D, Gkioka E, Tsolaki, M.  Mobile 
phone use for 5 minutes can cause significant memory impair-

ment in humans. Hell J Nucl Med. 2017; 20:146-54.   

5. Sultangaliyeva I, Beisenova R, Tazitdinova R, Abzhalelov A,  Khan-
turin  M. The influence of electromagnetic radiation of cell 
phones on the behavior of animals. Veterinary World. 

2020;13:549–55. https://dx.doi.org/10.14202%

2Fvetworld.2020.549-555 

6. Sharma VP, Singh HP, Batish DR. Kohli RK. Cell phone radiations 
affect early growth of Vigna radiata (mung bean) through bio-

chemical alterations.  Z Naturforsch C J Biosci. 2010;65:66-72. 
https://doi.org/10.1515/znc-2010-1-212 

7. Vian A, Davies E, Gendraud M. Bonnet P.  Plant responses to high 
frequency electromagnetic fields. Biomed Res Int. 2016; 2016: 

1830262. https://doi.org/10.1155/2016/1830262 

8. Abdul-Razzaq W, Rana B. The effect of cell phone signal in the 
near-field region.  Int J of Health Res and Innov. 2018;6:1-6. 

9. Kumar AA, Mishra P, Kumari K, Panigrahi KC. Environmental stress 
influencing plant development and flowering. Front Biosci. 
202;4:15-24. https://doi.org/10.2741/s333 

10. Ahanger MA, Agarwal RM. Salinity stress induced alterations in 
antioxidant metabolism and nitrogen assimilation in wheat 
(Triticum aestivum L.) as influenced by potassium supplementa-

tion.  Plant Physiol Biochem. 2017;115:449-60. https://
doi.org/10.1016/j.plaphy.2017.04.017 

11. Isah T. Stress and defense responses in plant secondary metabo-
lites production. Biol Res. 2019;52:39. http://dx.doi.org/10.1186/
s40659-019-0246-3 

12. Boscaiu M, Sanchez M, Bautista I, Donat P. Lindon A, Llinares J, 
Llul C, Mayoral O,  Vicente O. Phenolic compounds as stress 
markers in plants from Gypsum habitats, Bulletin UVASVM Horti-

culture. 2010;67:44-49. 

13. Lloyd G, McCown BH. Commercially-feasible micropropagation of 
mountain laurel, Kalmia latifolia, by use of shoot-tip culture, 

International Plant Propagators’ Society. 1980;30:421-27. 

14. Sulaiman CT, Balachandran I. Total phenolics and total flavo-
noids in selected Indian medicinal plants. Indian J Pharm Sci. 

2012;74:258-60. https://doi.org/10.4103/0250-474x.106069 

15. Rotcharoen T, Khan-Ngem W Nitta S. The study of rice growing 
with the electromagnetic field effect simulated from 300 kV 

switching substation. Asia-Pacific Conference on Environmental 
Electromagnetics. 2003; 4:48-152. https://doi.org/10.1109/

CEEM.2003.237814 

16. Soja G, Kunsch B, Gerzabe DM, Reichenauer T, Soja AM, Ripper G, 
Bolhar-Nordenkampf R. Growth and yield of winter wheat 

https://doi.org/10.1016/j.envpol.2018.07.019
https://doi.org/10.1080/10643389.2013.781935
https://doi.org/10.1080/10643389.2013.781935
https://doi.org/10.1078/0939-3889-00248
https://doi.org/10.1078/0939-3889-00248
https://dx.doi.org/10.14202%2Fvetworld.2020.549-555
https://dx.doi.org/10.14202%2Fvetworld.2020.549-555
https://doi.org/10.1515/znc-2010-1-212
https://doi.org/10.1155/2016/1830262
https://doi.org/10.2741/s333
https://doi.org/10.1016/j.plaphy.2017.04.017
https://doi.org/10.1016/j.plaphy.2017.04.017
http://dx.doi.org/10.1186/s40659-019-0246-3
http://dx.doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.4103/0250-474x.106069
https://doi.org/10.1109/CEEM.2003.237814
https://doi.org/10.1109/CEEM.2003.237814


 375    BAG ET AL  

https://plantsciencetoday.online 

(Triticum aestivum) and corn (Zea mays) near a high voltage 

transmission line.  Bio Electromagnetics. 2003; 24:91-102. https://
doi.org/10.1002/bem.10069 

17. Borges BPS, Lima APPS, Lima-Brito A, Santana JRF, Conceição 
AA. Fire as a novel technique to stimulate adventitious shoots in 

the laboratory.  Plant Cell Tiss Organ Cult.  2020;143:709–13. 

https://doi.org/10.1007/s11240-020-01933-z 

18. Valle JCD, Buide ML, Whittall JB, Valladares F, Narbona E.  UV 
Radiation increases phenolic compound protection but decreas-

es reproduction in Silene littorea. PLoS ONE 2020;15:6. https://
dx.doi.org/10.1371%2Fjournal.pone.0231611 

19. Król A, Amarowicz R, Weidner S. Changes in the composition of 

phenolic compounds and antioxidant properties of grapevine 
roots and leaves (Vitis vinifera L.) under continuous of long-term 

drought stress, Acta Physiol Plant. 2014; 36:1491–99. http://
dx.doi.org/10.1007/s11738-014-1526-8 

20. Kouzmanova M, Dimitrova M, Dragolova D, Atanasova G, At-

anasov N. Alterations in enzyme activities in leaves after expo-
sure of Plectranthus sp. plants to 900 MHZ electromagnetic field. 

Biotechnology and Biotechnological Equipment. 2009; 23:611-15. 
https://doi.org/10.1080/13102818.2009.10818499      

§§§ 

https://plantsciencetoday.online
https://doi.org/10.1002/bem.10069
https://doi.org/10.1002/bem.10069
https://doi.org/10.1007/s11240-020-01933-z
https://dx.doi.org/10.1371%2Fjournal.pone.0231611
https://dx.doi.org/10.1371%2Fjournal.pone.0231611
http://dx.doi.org/10.1007/s11738-014-1526-8
http://dx.doi.org/10.1007/s11738-014-1526-8
https://doi.org/10.1080/13102818.2009.10818499

