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March 2014 
 
Chairman : Norihan Mohd. Saleh, PhD 
Faculty : Biotechnology and Biomolecular sciences 
 

The extremely low frequency electromagnetic field (ELF-EMF) occurs 
naturally from the Earth and artificially from human inventions. The electric 
power lines which lie across many plantations in Malaysia is one of the 
examples of the source of ELF-EMF. Earlier research demonstrated that 
some plants exposed to ELF-EMF respond positively in terms of growth 
and biochemical properties. Therefore, it was hypothesized that ELF-EMF 
is able to stimulate plant’s growth. The objectives of this study were to 

develop a suitable ELF-EMF generator, to determine the effects of ELF-
EMF on plant development, and to analyze the biochemical changes 
occurs in plants exposed to ELF-EMF. Initially, an ELF-EMF generator, the 
coGEM 1000 was constructed using four coils of copper wires that were  
connected to a transformer, a multimeter, and a rheostat. The coGEM 
1000 suitable for tissue culture plants is able to produce stable and 
uniform 6 and 12 mT 50 Hz ELF-EMF in the four coils of the ELF-EMF 
generator. Four different species of tissue culture plants, namely tobacco 
plant, banana, orchid, and ficus were exposed to ELF-EMF. All these in 

vitro plantlets were incubated in a controlled environment prior to exposure 
to 6 and 12 mT of 50 Hz ELF-EMF for a period of 0.5, 1, 2, and 4 hours. 
The parameters observed were the number of shoots, shoot height, and 
number of leaves (growth characteristics) and biochemical properties, 
such as chlorophyll a and b content, total chlorophyll content, ratio 
chlorophyll a/b, carotene content, and activities of the enzymes namely 
catalase (CAT), ascorbate peroxidase (APX), superoxide dismutase 
(SOD), and glutathione reductase (GR). For tobacco plant, the exposure 
to 6 mT ELF-EMF for an hour had increased the shoot height (3 cm), 
chlorophyll a (32.8 mg/g) and SOD activity (1.9 U/mg protein); whereas, 
the exposure to 6 mT ELF-EMF for 0.5 hour had increased the number of 
shoots (1.4) and total soluble proteins (23.3 mg/g) of the banana plant. 
However for orchid plants, higher ELF-EMF the exposure to (12 mT) for 
longer duration (4 hours) had induced a high number of shoots (3.5), 
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number of leaves (10.2) and CAT enzyme activity (1.0 U/mg protein). In 
contrast to the former, ficus plant exposed to extended periode of ELF-
EMF did not induce any changes in the growth characteristics. However; 
the exposure of ficus plant to 12 mT ELF-EMF for 4 hours showed an 
increased in the activity of CAT (9.8 U/mg protein) and APX (13.2 U/mg 
protein). It is concluded that different plant species requires different 
strength and duration of exposure to ELF-EMF to promote growth and 
development. In addition, the exposures of the selected plant species to 
the ELF-EMF were able to promote the plant abilities to resist the 
presence of reactive oxygen species (ROS) generated in tissue culture. 
These have been illustrated by the increase of the various antioxidative 
enzymes activities (SOD, CAT and APX) presence in the selected plants 
species (viz. tobacco, orchid, and ficus plant, respectively). These results 
suggest that the application of ELF-EMF may help to promote in vitro plant 
growth through creating  a plant that can resist the ROS. This findings 
provide a foundation for further apllication of the ELF-EMF in promoting 
plant growth.  
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KESAN MEDAN ELEKTROMAGNET FREKUENSI SANGAT RENDAH 

KE ATAS CIRI FIZIKAL DAN BIOKIMIA PADA KULTUR TISU 
TUMBUHAN TERPILIH  

 
By 

RIRY PRIHATINI 
Mac 2014 

 
Pengurusi : Norihan Mohd. Saleh, PhD 
Fakulti  : Bioteknologi dan Sains Biomolekul  
 

Medan elektomagnet frekuensi yang sangat rendah (ELF-EMF ) berlaku 
secara semula jadi dari bumi dan buatan dari ciptaan manusia. Talian 
kuasa elektrik, yang terletak di banyak ladang-ladang di Malaysia adalah 
salah satu contoh sumber ELF-EMF. Kajian yang terdahulu menunjukkan 
bahawa sesetengah tumbuhan terdedah kepada ELF-EMF bertindak 
balas secara positif dari segi pertumbuhan dan sifat biokimia. Oleh itu, ia 
telah membuat hipotesis bahawa ELF-EMF mampu untuk merangsang 
pertumbuhan pokok. Objektif kajian ini ialah untuk membangunkan sesuai 
penjana ELF-EMF, untuk menentukan kesan ELF-EMF kepada 
pertumbuhan  tumbuhan, dan untuk menganalisis perubahan biokimia 
berlaku dalam tumbuhan yang terdedah kepada ELF-EMF. Pada mulanya, 
penjana ELF-EMF, coGEM 1000 telah dibina menggunakan empat 
gegelung wayar tembaga yang dihubungkan dengan  transformer, 
multimeter, dan reostat. coGEM 1000 yang sesuai untuk tisu kultur 
tumbuhan mampu menghasilkan 6 dan 12 mT 50Hz ELF-EMF dalam 
empat gegelung penjana ELF-EMF yang stabil dan seragam. Empat 
spesies yang berbeza kultur tisu tumbuhan, iaitu tumbuhan tembakau, 
pisang, orkid, dan ficus tlah didedah kepada ELF-EMF. Semua anak 
pokok in vitro telah dieram dalam persekitaran yang terkawal sebelum 
pendedahan kepada 6 dan 12 mT 50 Hz ELF-EMF untuk tempoh 0.5, 1, 2, 
dan 4 jam. Parameter diperhatikan adalah bilangan pucuk, ketinggian 
pucuk, dan bilangan daun (ciri-ciri pertumbuhan) dan sifat-sifat biokimia, 
seperti kandungan klorofil a dan b, jumlah kandungan klorofil, nisbah 
klorofil a/b, kandungan karotena, dan aktiviti enzim catalase (CAT), 
askorbat peroksidase (APX), superoksida dismutase (SOD), dan glutation 
reductase (GR). Untuk tanaman tembakau, pendedahan kepada 6 mT 
ELF-EMF selama satu jam telah meningkatkan ketinggian tunas (3 cm), 
klorofil a (32.8 mg/g) dan aktiviti SOD (1.9 U/mg protein); manakala, 
pendedahan kepada 6 mT ELF-EMF selama 0.5 jam telah meningkatkan 
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bilangan tunas (1.4) dan jumlah protein larut (23.3 mg/g) tanaman pisang. 
Walau bagaimanapun, bagi tanaman orkid, pendedahan ELF-EMF yang 
lebih tinggi kepada (12 mT) untuk tempoh yang lebih lama (4 jam) telah 
mendorong peningkatan bilangan pucuk (3.5), bilangan daun (10.2) dan 
CAT aktiviti enzim (1.0 U/mg protein). Berbeza dengan tanaman 
sebelumnya, tanaman mas cotek terdedah kepada periode panjang ELF-
EMF tidak mencetuskan apa-apa perubahan dalam ciri-ciri pertumbuhan. 
Walau bagaimanapun; pendedahan tumbuhan mas cotek kepada 12 mT 
ELF-EMF selama 4 jam menunjukkan peningkatan dalam aktiviti CAT (9.8 
U/mg protein) dan APX (13.2 U/mg protein). Ia membuat kesimpulan 
bahawa spesies tumbuhan yang berbeza memerlukan kekuatan ELF-EMF 
dan jangka masa pendedahan yang berbeza untuk menggalakkan 
pertumbuhan. Di samping itu, pendedahan spesies tumbuhan terpilih 
kepada ELF-EMF dapat menggalakkan kebolehan tumbuhan untuk 
menentang kehadiran spesies oksigen reaktif (ROS) yang dihasilkan 
dalam kultur tisu. Ini telah digambarkan oleh peningkatan pelbagai aktiviti 
enzim antioksidan (SOD, CAT dan APX) dalam spesis tumbuhan terpilih 
(iatu tembakau, orkid, dan mas cotek). Keputusan ini menunjukkan 
bahawa penggunaan ELF-EMF boleh membantu untuk menggalakkan 
dalam pertumbuhan tumbuhan in vitro dengan mewujudkan tumbuhan 
yang dapat menahan ROS. Penemuan ini menyediakan asas bagi 
penggunaan ELF-EMF selanjutnya dalam menggalakkan pertumbuhan 
tumbuhan. 
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CHAPTER 1 
 

INTRODUCTION 
 
Earth, as a habitat of many living organisms, is controlled by natural 
physical forces in order to support life continuously. One of the Earth’s 
fundamental interactions is electromagnetism, which is an interaction 
between electrically charged particles. On a resting state, these particles 
interact through electrostatic force, but when the particles are relatively on 
a moving state to each other, they interact with both electric and magnetic 
forces. The electric and magnetic forces are different with each other, but 
they are associated with one another to form an electromagnetic field 
(EMF).  
 
The EMF is naturally produced by the Earth, but it can also be released by 
human inventions, in the form of electrical and electronic devices, and 
through transmission and distribution of power lines. The electric 
distribution usually operates at frequencies of 50 and 60 Hz. The EMF 
produced from 30-300 Hz electric current is generally referred to as 
Extremely Low Frequency-EMF (ELF-EMF).  
 
The ELF-EMF’s potential effects on organisms have become a subject to 
many extensive researches. Although the data from these researches 
have shown different results, the World Health Organization (WHO) 
recommends that environmental ELF-EMFs are harmless to human 
health. However, high density of ELF-EMF (more than 12 mT) may 
potentially induce cancer, leukemia, depression, cardiovascular disorder, 
and other physiological dysfunctions as shown from studies on laboratory 
animals (Ravazzani 2008). 
 
The outcomes of the studies on the impact of ELF-EMF on plants have 
shown that ELF-EMF may have positive, neutral, or negative effects on 
plant growth and development depending on the plant’s genotype (Table 
1.1). The positive effect of ELF-EMF on plants implies that this 
environmental factor may increase seed germination percentage, plant 
growth, and resistance to virus. For some plants species, ELF-EMF may 
not affect plant growth (neutral). On the contrary, other studies have also  
reported that ELF-EMF may have negative impact on plants, such as 
inducing abiotic stress, which may reduce the growth rate and seed 
germination of the plants.  
 
Most studies on the impacts of ELF-EMF on various crop plants have 
been conducted using 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 may be presence and 
contributed to the measurement. In order to eliminate these other factors 
and to measure the true impacts of ELF-EMF on the plants, in vitro culture 
system was selected for this research.  
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To proceed with the investigation on the effects of ELF-EMF on in vitro 
plants, it is important that a stable ELF-EMF generator is available. The 
commercial ELF-EMF generators mostly present as a Helmholtz coil. This 
expensive device is often used to measure magnets, rather than to create 
the electromagnetic field. Using the same principle, we have developed an 
ELF-EMF generator that can be used to investigate the impact of ELF-
EMF on in vitro plants. This generator was built using copper wire coils 
that were connected to electrical devices. Various aspects were 
considered during the development of the ELF-EMF generator, including 
accuracy, uniformity, stability, and safety issues.      
 
In order to examine the effects of ELF-EMF on in vitro plants, growth and 
biochemical parameters that represent the developmental characteristics 
of plants need to be analyzed. The growth parameters include number of 
shoots, number of leaves, and shoot height; whereas biochemical 
parameters includes the assessment of chlorophyll content and several 
antioxidant enzymes activities (catalase, ascorbate peroxidase, 
superoxide dismutase, and glutathione reductase).  
 
Many plantation and agriculture areas in Malaysia lies beneath high power 
transmission lines. Generally, the crops planted beneath the transmission 
power lines grow rapidly, greener, and bigger compared to those planted 
in other places. Thus, to confirm this assumption and to determine the 
actual impacts of ELF-EMF on plants, this study was initiated on a range 
of tissue culture plants. It is hypothesized that the ELF-EMF treatments 
(i.e. interaction between ELF-EMF strength and duration of exposure) 
promote plant growth. Since the effect of ELF-EMF varied with different 
plant genotype, this study was conducted on four different species of 
plants.   
 
Thus, the objectives of this study were: 

1. To develop a suitable ELF-EMF generator to study the effects of 
ELF-EMF on selected plants under controlled environment. 

2. To determine the effects of different strength and time exposure of 
ELF-EMF on the development of four different plant species. 

3. To analyze the biochemical changes that occurin four different plant 
species exposed to ELF-EMF. 
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