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Extremely low frequency electromagnetic field (ELF-EMF) naturally occurs in the 

environment as the use of electricity become more intense, thus affecting the life of all 

organisms includes plants, both positive and negative way. The study of to determine the 

real effect of EFL-EMF was conducted using tissue culture plants in two different plants, 

banana (Musa acuminata cv. Barangan) and orchid (Paphiopedilum rothscildianum). 

Banana and orchid plantlets were exposed to 6 and 12 mT ELF-EMF for 0.5, 1, 2, and 4 

hours. Four weeks after exposure, the growth and biochemical parameters were 

investigated. The results showed that 6 mT ELF-EMF had significantly promoted the 

growth and development of both banana and orchid plantlets for 0.5 and 4 hours duration 

of exposures, respectively. The long period of exposure of banana plant to ELF-EMF 

reduced the growth and antioxidant enzyme activities. On the other hand, the orchid 

exposed to 12 mT ELF-EMF for 4 hours produced the highest shoot number. 

Keywords: 

antioxidant activity, catalase, ELF-EMF, 

glutathione reductase, in vitro plant, 

superoxide dismutase 

1. INTRODUCTION

The world surround electricity and electric equipments emit 

another natural force which is called as electromagnetic field. 

The range of electromagnetic is define by the frequency of 

electricity waves, the lowest range frequency is 3 – 3000 Hz 

electromagnetic field is known as extremely low frequency 

electromagnetic field (ELF-EMF) [1]. The household 

electricity and power lines are having 50 or 60 Hz frequency 

in the Europe and USA regions, respectively, thus constantly 

release the ELF-EMF. The modern life applies electricity in 

almost all aspects and consequently the exposure of ELF-EMF 

to living organisms is always present [2]. 

The effect of ELF-EMF on human health and animal 

becomes a hot topic for many researches for the past 20 years. 

It is revealed that ELF-EMF may have a positive and negative 

impact on human. ELF-EMF may both stimulatory and 

inhibitory effects on immune system response [3]. It is also 

reported that ELF-EMF lessen oxidative stress and enhanced 

patient physiological and functional status [4], while in 

Escherichia coli, the exposure to EFLM-EMF induce growth 

of the bacteria [5]. 

Similarly, some research in extremelylow frequency 

electromagnetic field (ELF-EMF) exposure to plant, may 

induce positive effects on plants [6].These results include 

increasing seed germination percentages of cucumber 

(Cucumis sativus) [7] and mung bean [8], and increasing a 

number of shoot germination of in vitro plum (Prunus 

maritime) [9], and herbs Urtica dioica [10], maize [11]. These 

results implying that the positive effects of ELF-EMF 

exposures on plants growth may cause by the increment of 

antioxidant enzymes activities, such as catalase (CAT), 

superoxide dismutase (SOD), and glutathione reductase (GR) 

[7]. Another possible mechanism of ELF-EMF exposure 

promoting seed germination is by generating alteration of 

membrane transport process in root tips, and thus increasing 

the root’s amino acid uptake [12]. Another study implied that 

exposure to ELF-EMF promotes the content of calcium and 

potassium ion in mung bean seedling [13]. The recent study 

concluded that the ELF-EMF exposure may be use as friendly 

method to improve crops growth and germination [14]. 

Most studies on the impacts of ELF-EMF on various crop 

plants have been conducted using seeds and native plants 

which are grown under natural condition. However, it is 

difficult to measure the true impacts of ELF-EMF on these 

plants since other abiotic factors, such as climate, soil, and 

light may contribute to the measurement. In order to eliminate 

these factors and determine the true impacts of ELF-EMF on 

the plants, in vitro culture system was selected for this research. 

Biochemical properties that were usually measured to 

determine the growth and development in in vitro plant study 

include total soluble protein [15-17]. and antioxidant enzyme 

activities (i.e. catalase, ascorbate peroxidase, superoxide 

dismutase, and glutathione) [15, 17, 18].  

Banana (Musa acuminta cv. Barangan) and slipper orchid 

(Paphiopedilum rothscildianum) are commercial 

monocotyledone which are values for the fruits and flowers, 

respectively. These crops usually propagate through in vitro 

culture since the technique may facilitate to produce mass 

seedling within the relatively short time compare to the 

conventional propagation. Thus, the plants are chosen to 

investigate the effect ELF-EMF on the in vitro growth. 

In brief, our experiment showed positive effects of ELF-

EMF on the in vitro growth of banana and orchid. Both species 

required certain amount of ELF-EMF exposure to produced 

better performance compared to the control group. The results 

also suggest a potential of the ELF-EMF exposure in 

supporting of plant tissue culture technology. 
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2. MATERIALS AND METHODS 

 

2.1 Plant materials, ELM-EMF exposure to plant 

materials, and culture condition 

 

The corm banana (Musa acuminate cv. Berangan) explants 

(1 cm, obtained from 8 weeks old plantlets) were cut under 

sterile condition and cultured for 4 days on a modified MS [19] 

medium prior to exposure to ELF-EMF. For this study, the 

orchid mother plants were derived from established in vitro 

culture of P. rothscildianum. A single bud (with 3 leaves and 

0.5 g of weight) was used as explants for the treatment. The 

explants were cultured on a modified ½ MS medium for 7 days 

prior to exposure to ELF-EMF. 

The CoGEM 1000 [20] was used to produce uniform and 

stabile ELF-EMF. Four days old banana and seven days old 

orchid (after subculture) were placed in each vessel (a 

diameter of 7 cm and height of 12 cm). The in vitro cultures 

were then subjected to two different strengths of ELF-EMF (6 

and 12 mT) at four different durations of exposure (0.5, 1, 2, 

and 4 hours).  

After the exposure, the in vitro cultures were incubated in 

the growth chamber with a 16 h photoperiod at 25⁰C. Due to a 

different growth rate, different plant species were incubated at 

different durations, viz. 4 weeks for banana and 16 weeks for 

orchid. 

 

2.2 Growth parameters 

 

In the two monocot plants used in this study, the growth of 

banana plant was determined by the number of shoots and 

shoots height, but in the slipper orchid plant, its growth was 

determined by observing the number of shoots and the number 

of leaves formed.  

 

2.3 Biochemical parameters 

 

The total soluble protein content was analyzed using 

Bradford method [21]. The catalase (CAT), ascorbate 

peroxidase (APX), superoxide dismustase (SOD), and 

glutathione reductase (GR) enzyme activities were determined 

using the spectrophotometry method suggested previously 

[22-24].  

 

2.4 Experimental design and statistical analysis 

 

All in vitro experiments were arranged in Randomly 

Complete Block Design (RCBD) which included 8 treatments 

and one control. There were 10 samples on each treatment for 

banana and 20 samples on each treatment for slipper orchid. 

The whole experiments were replicated three times. The data 

were analyzed using multivariate analysis of variance 

(MANOVA) that was based on Willks’s Lambda to identify 

the significance between groups of treatment (P < 0.05). All 

statistical analyses were done using computer software of 

SPSS ver. 18.0 (SPSS). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Effects of ELF-EMF on the growth and biochemical 

characteristics of the tissue cultured banana plants 

 

The MANOVA analysis for the effects of ELF-EMF on the 

developmental parameters of banana plantlets indicated that 

different strength and duration exposures to ELF-EMF had 

significantly affected (P < 0.05) the shoot height parameter of 

the banana (Table 1).   

The statistical analysis revealed that interaction between 

ELF-EMF strength and duration of exposure significantly 

affected plant growth parameter both in banana and orchid. 

Furthermore, the MANOVA also illustrated that the ELF-

EMF exposure affected the biochemical properties of the 

observed plants. In details, the ELF-EMF exposure on banana 

induced different number of shoots, shoot height, total soluble 

protein, CAT, APX, SOD, and GR enzymes activities. In 

addition, for orchid the ELF-EMF produced different number 

of shoots and leaves, total soluble protein, CAT, APX, SOD, 

and GR enzymes activities of the treated plants compared to 

the control group. 

The exposure to the 6 mT ELF-EMF for 0.5 hours resulted 

in the number of shoots (1.4 ± 0.1), meaning that the shoot 

growth increased by 27.3%. The MANOVA also showed that 

the exposure to the 12 mT ELF-EMF for 2 hours had 

significantly increased the banana shoot height by 44.9% (7.3 

± 0.3 cm) (Figure 1).  

The multiple shoots (more than one) induced on banana 

plantlets exposed to 6 mT ELF-EMF for 0.5 hours occurred on 

16 out of 30 banana cultures exposed to this treatment and 

none from other group of treatments. Nonetheless the multiple 

shoots induced showed a lower height compared to the single 

shoot induced. It was also revealed that the increment of shoot 

height on cultures that had been exposed to the ELF-EMF was 

fluctuating. It might be suggested by the findings that ELF-

EMF strength and duration of exposure had an interaction 

effect on the plant. The ELF-EMF strength had to be interacted 

with the precise exposure duration of exposure to produce a 

positive response from the banana cultures. Similar results had 

been shown on Prunus maritima, in which higher ELF-EMF 

strength increased the shoot number of the in vitro plants. In 

this study, the exposure to 97 kA/m (equivalent to 60 mT) for 

short duration (10 minutes) of ELF- EMF increased the 

number of shoots by 200% [9]. 

 

Table 1. The Multivariate analysis of variance (MANOVA) of the effect of different strength and duration exposre to the ELF-

EMF (Extremely Low Frequency Electromagnetic Field) on the developmental and biochemical parameters of the tissue cultured 

banana and slipper orchid plantlets 

 
Manova result Banana Slipper orchid 

Growth parameter Biochemical parameters Growth parameters Biochemical parameters 

F Wilk’s Lambda 13.080 7.556 2.864 7.894 

P Value 0.000 0.000 0.000 0.000 

Parameters that are significantly 

affected by ELF-EMF treatment 

(P< 0.05) 

Number of shoots, 

shoot height 

Total soluble protein, 

CAT, APX, SOD, and 

GR 

Number of shoots 

and leaves 

Total soluble protein, 

CAT, APX, SOD, and 

GR 
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(i) shoots number and (ii) shoot height cultures (mean ± standard error 

followed by the same letter are not significantly different from each other 

according to Duncan’s multiple range test at P = 0.05) 

 

Figure 1. Effect of different strength and duration exposure 

to ELF-EMF (extremely low frequency electromagnetic 

field) on the developmental characteristics of the tissue 

cultured banana plantlets 8 weeks after treatment 

 

The MANOVA test for the effect of ELF-EMF exposures 

on the biochemical properties of tissue cultured banana 

plantlets showed that the different strength and duration of 

ELF-EMF had a significant effect on all biochemical 

parameters that were tested. An exposure to the 6 mT ELF-

EMF for 0.5 hours had also resulted in the highest production 

in the plant total soluble protein content (23.8 ± 1.69 mg/g) or 

97.5% higher than the control group (Figure 2).   

In addition, the control group had the highest SOD enzyme 

activity (1.54 ± 0.09 units/mg) the highest APX enzyme 

activity (26.15 ± 2.21 units/mg). The exposure to the 6 mT 

ELF-EMF for 0.5 hour had decreased the APX enzyme 

activity by 69%. Doubling the duration exposure to the same 

ELF-EMF strength had the lowest SOD enzyme activity which 

was 66.7% lower than control. However, there were no 

significant changes in activity of GR in the presence of ELF-

EMF (Figure 2).   

The APX and SOD are responsible for major ROS-

scavenging mechanisms of the plant. The balance activity 

between SOD and CAT or APX is crucial to prevent the 

formation of highly toxic molecules. The plants that have 

suppression of APX production induced more CAT and SOD 

to balance the decrease of the APX in plant [18]. Moreover, in 

banana plants, peroxidase plays an important role on defence 

system against a biotic stress. Musa sp. cultivar Calcutta, a 

black leaf streak disease resistant banana, proved to have high 

peroxidase enzyme activities compared to the Musa sp. 

cultivar Grand Naine and Pisang Madu. Both cultivars were 

susceptible and partially resistant, respectively, to the disease 

[25].   

 

 

 

 

 
(i) total soluble protein, (ii) catalase, (iii) ascorbate peroxidase, (iv) 

glutathione reductase, and (v) superoxide dismutase enzymes activities 

(mean ± standard error followed by the same letter are not significantly 
different from each other according to Duncan’s multiple range test at P = 

0.05) 

 

Figure 2. Effect of different strength of duration exposure to 

ELF-EMF (extremely low frequency electromagnetic field) 

on the biochemical properties of the tissue cultured banana 

plantlets 8 weeks after treatment 
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Similarly infection by fungi, Fusarium also increases 

antioxidant activities in banana [26]. The increase in 

antioxidant activity also occurs when the plats were exposed 

to salinity and other abiotic stress [27]. On the molecular 

aspect, the abiotic stress may be regulated by the cystolic 

ascorbate peroxidase gene as shown ectopically in transgenic 

Grand Naine banana [28].  

The decrease of SOD enzyme activity had been reported in 

the tobacco cell suspension culture when it was exposed to 

higher magnetic field (10 and 30 mT) for longer duration of 

exposure (5 hours per day, for 5 days). It was also suggested 

that the inability of the plant to produce more SOD and GR 

enzymes when exposed to the higher ELF-EMF strength and 

longer duration of ELF-EMF exposure had caused the plant 

failed to detoxify toxic reactive oxygen species [29].  

The fluctuate results of all biochemical parameters that were 

tested in banana exposed to the ELF-EMF might be due to 

variation in the genotype which caused by somaclonal 

variation. Although the banana explants used in this study had 

the same age (5 weeks old), since the plantlets were obtained 

from commercial tissue culture laboratory, it was hard to 

determine if the plantlets came from the same source of 

explants. Furthermore, it was also intricate to find out if the 

plantlets came from the same batch of multiplication; since 

number of subcultures was also a source of somaclonal 

variation [30]. Somaclonal variation is a common 

phenomenon that occurs in the banana tissue culture especially 

one with the polyploidy cultivar, such as Barangan (AAA) 

[31]. The somaclonal variation induced in in vitro culture 

influenced mitotic instability especially in regenerate 

abnormal metaphase [32]. The variation occurs in banana 

tissue culture includes changes in biochemical parameters, 

such as chlorophyll content and enzyme activities [33]. 

Genetic variation caused by in vitro culture activity may be a 

decent source in banana improvement program.  

 

3.2 Effects of the ELF-EMF on the growth and biochemical 

characteristics of the tissue cultured slipper orchid 

  

The MANOVA result for the effects of the ELF-EMF on the 

developmental parameters of the tissue cultures slipper orchid 

plantlets revealed that the different strength and duration of 

ELF-EMF exposure had significantly affect number of shoots 

and number of leaves. The exposure to 12 mT ELF-EMF for 4 

hours had resulted in the formation of the highest number of 

shoots (3.6 ± 0.2) and leaves (10.1 ± 0.4) (Figure 3). The 

exposure to ELF-EMF to the slipper orchid increased the 

number of shoots and leaves by 56% and 41.9%, respectively.  

Although the multiple shoots induce in almost all groups, 

but the cultures group exposed to 12 mT ELF-EMF for 4 hours 

showed multiple shoot growth in 60 out of 60 exposed 

plantlets. The range of multiple shoots induced on this group 

was 2 to 6 shoots per explants; whereas in other group the 

shoots induced were range from 1-3 shoots per explants.  

Nonetheless, the extended duration of the same ELF-EMF 

strength (an exposure to the 12 mT ELF-EMF for 8 hours) 

significantly reduced number of shoots induced, yet the values 

were still higher than the values of the control plant (the data 

are not shown). The significance increase of shoot growth of 

the ELF-EMF exposed slipper orchid was a result of higher 

rate of cell division, cell extension, and cell differentiation. It 

was suggested that ELF-EMF exposures stimulated the cell 

growth; thus, resulted in promoted plants growth [9]. Another 

possible mechanism of increase plant growth after exposing to 

ELF-EMF was because the ELF-EMF changed the cell ionic 

concentration and osmotic pressure; thus, provide suitable 

environment for the optimum ionic transport and water across 

the cell membrane [8, 13]. 

 

 

 
(i) number of shoots and (ii) number of leaves (mean ± standard error 

followed by the same letter are not significantly different from each other 
according to Duncan’s multiple range test at P = 0.05) 

 

Figure 3. Effect of different strength and duration exposure 

to ELF-EMF (extremely low frequency electromagnetic 

field) on the developmental characteristics of the tissue 

cultured slipper orchid plantlets 16 weeks after treatment 

 

The longer duration of ELF-EMF exposure (more than 4 

hours) had a limited positive effect compared to 12 mT 4 hours 

treatment on the slipper orchid growth. Similar results have 

been observed in the tissue cultured banana. The increase in 

the number of shoots in orchid (Oncidium taka PLBs; 

protocorm-like bodies) had also been reported in the presence 

of 40 kV/m electric fields strength [34] where it increased the 

growth of the orchid. However, the study of the effects of 

electric field on the orchid did not measure the strength of 

ELF-EMF that might be occurring in their research. 

Paphiopedilum rothschildianum commonly propagate 

through tissue culture since the plant is categorized as 

endangered species by the Convention Trade in Endangered 

Species of Wild Fauna and Flora (CITES) in order to 

reintroduce the plant [35]. In this study, the ELF-EMF 

exposure produces 3.6 of shoots per explants. This number is 

higher than the maximum number shoots per explants that had 

been reported before which was 2.9 shoots per explants [36]. 

It is demonstrated that the exposure to the ELF-EMF had a 

promising application to increase the shoot number induction 

of P. rothschildianum.  

Further analyses of the MANOVA on the effect of ELF-

EMF exposure on the biochemical properties of the slipper 

orchid illustrated that the exposure to ELF-EMF significantly 

(P < 0.05) (Table 1) had an effect on all biochemical 

parameters, including total soluble protein content, CAT, APX, 

SOD, and GR enzymes activities. 
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(i) total soluble protein (mg/g), (ii) catalase enzyme activity (U/mg), (iii) ascorbate peroxidase enzyme activity (U/mg), (iv) glutathione reductase enzyme activity 

(U/mg), and (v) superoxide dismutase enzymes activity (U/mg) (mean ± standard error followed by the same letter are not significantly different from each other 

according to Duncan’s multiple range test at P = 0.05) 

 

Figure 4. Effect of different strength and duration exposure to ELF-EMF (extremely low frequency electromagnetic field) on the 

biochemical properties of the tissue cultured slipper orchid plantlets 16 weeks after treatment 

 

The exposure of orchid plants to 12 mT ELF-EMF for 4 

hours had resulted in the highest activities of the CAT (1.0 

U/mg protein), APX (1.12 ± 0.06 U/mg protein), SOD (2.12 ± 

0.12 U/mg protein), and GR (8.61 ± 0.84 U/mg protein) 

(Figure 4). This exposure had significantly increased the CAT, 

APX, SOD, and GR activities for 233.3%, 314.8%, 216.4%, 

and 152.5%; respectively (Figure 4.). It was also demonstrated 

that the CAT activity significantly increased with the increase 

of ELF-EMF strength and duration of exposure.  

Overall, the data obtained revealed that the exposure to the 

12 mT ELF-EMF for 4 hours had resulted in the highest 

number of shoots, leaves, and also the antioxidant enzymes 

activities. High activity of antioxidant enzyme showed a high 

elimination rate of the toxic hydrogen peroxide into oxygen. 

Therefore, it is suggested that the slipper orchid required high 

activity of CAT, APX, SOD, and GR in order to be able to 

produce the optimum growth after exposed to ELF-EMF. The 

high of antioxidant activity is required to combat the toxic 

reactive oxygen species that emerge in the environment [37]. 

A similar phenomenon on the increased of antioxidant activity 

occur on orchid which is exposed to other abiotic stress as a 

result of molecular intervention [38]. 

In the presence of abiotic stress and high concentration of 

reactive oxygen species (ROS), the cellular activity of the 

plant will be stimulated to enhance the activities of some 

antioxidative enzymes in order to scavenge the ROS. This 

phenomenon had been observed in this study on selected plant 

species. The catalase enzyme (CAT) which play a role in 

catalyzing the decomposition of H2O2 into water and oxygen, 

was significantly increased in all tested plants (banana and 

orchid) when 6 and 12 mT ELF-EMF were applied to the 

plants. Only orchid showed an increased in the SOD enzyme 

activities which catalyzed the destructive superoxide radicals.  

Significant increase in GR was also observed in banana 

which is facilitated plants to reduce toxicity level due to the 

presence of H2O2. In addition, the APX enzyme activity was 
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increased in orchid. Hence, it can be summarized that the 

tolerance level of plants to ELF-EMF was genotype dependent; 

where banana seems to be more sensitive than the orchid 

plants tested. 

As ELF-EMF occurred in the environment, it becomes 

natural forces to all organisms, includes plant, animal, and also 

human. For some cases, the ELF-EMF exposure may induce 

positive effects as illustrated in this present research. The 

potential used of ELF-EMF exposure in micropropagation 

may be applied to replace the use of high concentration of 

plant growth regulators (PGR). In conventional plant tissue 

culture, the use of PGR may cause somaclonal variation. 

Hence, the application of ELF-EMF to replace the use of PGR 

should also be evaluated in term of somaclonal variation 

frequencies of the plantlets.  

 

 

4. CONCLUSION 

 

In general, ELF-EMF exposure to in vitro banana and 

orchid produced positive effects on plants growth such as 

induced more shoots number than the unexposed plants. The 

increase of antioxidants activities in ELF-EMF exposed plants 

suggested the ability of plants to combat ROS which is may be 

occurred on the in vitro environment as a result of ELF-EMF 

exposure. These results implied a potential application of ELF-

EMF exposure to stimulate growth of in vitro plants culture 

technologies especially for micropropagation purpose.   
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