
Research Journal of Agriculture and Environmental Management. Vol. 3(9), pp. 472-476, September, 2014 
Available online at http://www.apexjournal.org 

ISSN 2315 - 8719© 2014 Apex Journal International 
 
 
 
 

Full Length Research 
 

Effect of electric field on the growth of sprout length of 
ground nut seeds 

 

A. Ghorai1*, Sk. Abdul Mohid2 and Sarif Khan1 
 

1
Department of Physics, Maulana Azad College, 8 Rafi Ahmed Kidwai Road, Kolkata – 700013, India. 

2
Department of Microbiology, Maulana Azad College, 8 Rafi Ahmed Kidwai Road, Kolkata – 700013, India. 

 
Accepted 21 August, 2014 

 

The sprout length, after germination and during post-germination of ground nut seeds in open-air 
condition decreases with increase in electric field and voltage and graphs show non-linear variations. 
Thus electric field has negative effect on the process of post-germination of seeds. The decrease in the 
growth of sprout length may be due to lesser diffusion through the cell wall or weakening of the activity 
of the other cell components leading to slower rate of cell division. 
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INTRODUCTION 
 
The words ‘radiation hazard’ and ‘pollution’ are the most 
uncomfortably complicated issues in our high tech 
modern world. Dictionary meaning of hazard is risk or 
danger or obstacle. Hazard means sudden and 
unexpected natural or man-made phenomenon or event 
leading to loss of life and property. Radiation hazard 
describes the hazards of electromagnetic radiation to 
fuels, electronic hardware, ordnance, and personnel. All 
electromagnetic radiation from far ultraviolet upward in 
frequency is exclusively and unambiguously bad for the 
individual. This is because they cause ionization of atoms 
and molecules inside cells, leaving behind a variety of 
free radicals which are types of molecules that quickly 
react chemically with other nearby molecules. When 
these free radicals react with the DNA molecules in which 
are encoded all the instructions to our cells for how to act 
and how to reproduce, some of these instructions can get 
scrambled. 

Pollution means the presence of harmful substances in 
air, water and land that can cause harm or discomfort to 
the biotic component of biosphere. Biosphere is the 
intersection of lithosphere, hydrosphere and atmosphere 
and it is the natural world where we live and its behavior 
is the environment. The components of this biosphere are 
biotic component, abiotic component and environment  
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The harmful and undesirable constituents in environment 
are pollutants and there are several types of pollutions, 
viz. soil pollution, water pollution, air pollution, noise 
pollution and industrial pollution. Pollution produces 
hazards to the biotic components of the biosphere. From 
the primitive age to the complicated high tech modern 
world there are several examples of pollution on 
environment due to natural disasters (viz. flood, cyclone, 
hurricane, typhoon, tornado/twister, earthquake, tsunami, 
land slide, drought, forest fire, volcanic eruption, etc.) and 
due to artificial or man-made disasters (viz. bus, train, 
plane accident, nuclear and industrial accident, war, 
global warming, nuclear experiments under sea, oil spill 
over sea, biological disaster, terrorist attack, etc.) and 
these change the pattern of human life or more 
specifically civilization. A simple example of hazards is 
the lightning and thunder-stroke on a tall palm or coconut 
tree or the movement of money plant on the electric pole. 
Electric field produce charged particles in air and the 
movement of these charged particles cause radiation 
hazard. However the present civilization is almost 
helpless without electricity and pollution hazards on 
plants and animals due to electric field is a common 
phenomenon. 
 
 
BRIEF REVIEW 
 
In this biomaterial age lots of data and information due to  



 

 

 

 
 
 
 
hazards of electric field are pouring in. Recently Ahuja 
and Bhargava (2001) informed about the health hazards 
due to electropollution. They pointed out that dependence 
on electricity had increased day by day and they asked 
the question ‘Is excessive exposure to emfs harmful to 
our health?’ Pozhelene et al. (1989) tried with a seed 
cleaning machine and transported rapeseed seeds on a 
conveyor belt through electric field of 1.5, 1.8, 2.1, 2.4 
and 3.0 kV/cm. Electrophysical methods of seed pro-
cessing by utilization of corona discharge field treatment 
to improve germination, mechanical and electrical 
properties of seeds in a seed separation conveyor 
(Lynikiene and Pozeliene. 1998) for cruciferous crops 
(cabbage, turnip, radish and rape) (Pozhelene, 2000) and 
high alternating electric field treatment on barley seed 
increases seed germination (Pozeliene and Lynikiene, 
2005). Han Zhang et al. (1997, 2000) used both dc and 
ac electric field of 60 Hz with strength ranging from 18 to 
105 kV/m which shortened the mean days to complete 
germination in lettuce, sunny, Chinese cabbage, 
tsumamina and radish cultivars, tokinashi and kaiware 
seeds. Qing Feng Li et al. (1997) treated poa pratensis, 
nasu and filkin seeds with electric field of 60 mA/cm
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while Yang Chen et al. (1999) treated poa pratensis 
seeds with electrostatic field of 1, 2, 3, 4 and 5 kV/cm for 
10, 20 and 30 min. at 25°C. The effect of electric field 
treatment (500 kV/m for 60 min) on physical states of cell 
associated water in germinating morning glory seeds was 
studied by Isobe et al. (1999). Pietruszewski et al. 
(2002ab) biostimulated weak tomato seeds by electric 
field (5 and 10 kV/cm). Also they investigated the effects 
of presowing alternating electric and magnetic field (50 
Hz) on the germination of buckwheat seed use both 
analytical mathematical model and simulation model 
(Pietruszewski et al., 2003; Achremowicz et al., 2002). 
Radiofrequency (39 MHz) heating of alfalfa seed with 
different electric field intensities show not much reduction 
of seed germination (Nelson, et al., 2002). The effect of 
low electric field of strength 0, 3, 8, 10, 12, 15, 20 and 25 
V/m on seed germination and seedling growth of okra, 
radish and jute showed stimulation and species depen-
dence (Chakravartty and Sadhu, 2004). Treatment with 
high electrostatic field shows higher germination 
percentage growth energy (Shmigel, 2004; Sheng Yang 
et al., 2004). Avdeev et al. discussed the effect of 
dielectric permeability of seeds on the electric field 
(Avdeev et al., 2005). The effects of high voltage 
electrostatic fields on the germination energy of Chinese 
cabbage and cucumber seeds improved the seed vigour 
(Yong Jun et al., 2005). The sprout length of gram  (Cicer  
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arietinum) and pea (Pisum sativum) seeds in open-air 
condition decreases with increase in electric field and 
graphs show non-linear variations within temperature 
variation 13°C to 26°C (Alok et al., 2008; Ghorai, 2012). 
Thus electric field has negative effect on the process of 
post-germination of seeds. Earlier investigations along 
this direction were reviewed by Sidaway (1966). 
Application of low dose electric fields are used in different 
disciplines and it is successfully applied in food 
processing and medical sciences. 
 
 
EXPERIMENTAL DESIGN AND ARRANGEMENT 
 

Two plane circular metallic plates of 0.1 m in diameter 
are kept vertical and parallel to form a parallel plate 
capacitor. A uniform electric field in the horizontal 
direction is created in the air medium in between these 
two parallel plates by applying a potential difference or 
voltage. The outer surfaces of the plates are connected 
to a dry cell or a battery to establish this potential 

difference or voltage V  in between. The distance 

between the plates )(r  is kept constant to make the 

electric field )(E  within the plates constant and uniform 

as shown in Figure 1 and the magnitude of the electric 
field E is given by 
 

rVE /=      - (1) 
 

Electric field varies with the variation of V  or r . We keep 

r  fixed to an average value mr 1205.0= . The potential 
difference V is established by applying different series 
combination of dry cells with values 0.0, 1.5, 3.0, 4.5, 6.0, 
7.5 and 9.0 (all in volt). 

Here in this paper the physical understanding of the 
variation of growth of sprout length of ground nut (Arachis 
hypogaea) seed with applied electric field will be dealt 
with after germination and during post-germination event. 
Germination commences when the quiescent dry seed 
begins to take up water (inbibition) and is completed 
when the embryonic axis elongates. The visible sign of 
completion of germination is the penetration by the 
radicle of structures surrounding the embryo (inbibition 
pressure causes the testa to rapture). Mobilization of 
storage reserves to support seedling growth is a post 
germination event (Taiz and Zeiger, 2006; Buchanan et 
al., 2000). 

For each set of experiment with ground nut seeds small 
plastic teapots readily available in the  market  are  taken.  
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Figure 1. Schematic diagram of and photograph of one of the experimental set up. 

 
 
 

 
 
Figure 2. Photograph for the measurement of sprout 
length of ground nut seed. 

 
 
 
In each of the teapots ten ground nut seeds are placed 
over wet mixture of soil and sand. These teapots are now 
placed within the central portion of the parallel plate 
capacitors with different electric fields generated by 
different series combination of dry cells. 
 
 
EXPERIMENTAL RESULTS 
 
Germination will start in due course of time and due to it, 
sprout will grow. After one day’s exposure to electric field, 
the teapots are taken outside the electric fields for a short 

while to measure accurately the sprout lengths of ten 
seeds with the help of a millimeter scale and a 
geometrical divider compass (Figure 2) and its mean or 
average is calculated. Now it is kept inside as it was 
before. The process is repeated for twelve more days till 
the budding of green leaves. Highest and lowest room 
temperatures are noted every day by a sensitive 
thermometer and average of it lies within 25°C – 14°C 
during the course of this experiment. Voltage is 
measured everyday by a voltmeter to ensure the potential 
difference between the plates of the capacitor constant. 
We must point   out   that   no   electric   current   passes  

   
Schematic diagram of and photograph of one of the experimental set up
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Figure 3. Experimental graph for ground nut seed. 

 
 
 
because of insulated condition and so conductivity 
measurement of wet sand and soil mixture is useless. 

There are five variables, viz. electric potential or 

voltage )(V , distance between the plates of the parallel 

plate capacitor )(r , electric field )/( rVE = , sprout 

length )(l  and time duration of growth of sprout length 

)(t . Since r  is kept fixed to an average value 

mr 1205.0= , so only the variation of mean or average 

of ten sprout lengths at a particular time of growth of 

sprout length from seeds along vertical axis )(l  with time 

duration of growth of sprout length along horizontal axis 

)(t  for different applied electric field )(E  given by 

equation (1) are plotted. The natures of these graphs are 
shown in Figure 3 for ground nut seeds. 
 
 
DISCUSSIONS 
 
The natures of graphs in Figure 3 show distinctly that 
growth in sprout length and its growth rate changes with 

the variation of electric field E  for both the events of 
germination and post-germination. The proposed lines in 
the figures show the continuity in the process of 
germination and post-germination while scatter plots will 
show discontinuity. This justifies the drawing of lines 
joining scatter points. The natures of these graphs show 

distinctly that growth in sprout length and its growth rate 

diminish with increase in electric field E . With the 
increase in electric field they are almost straight lines and 
more parallel or less bend towards horizontal axis of time 
duration of growth of sprout length. For the cold 
temperature range the growth is slow and average 
increase in sprout length is practically zero for first four 
days. 

From the aforementioned discussions it is clear that 
sprout length variation of seeds depends on the 
magnitude of applied electric field and its application can 
control the process of germination and post-germination 
process. We do not have any idea about the exact nature 
of relationship between electric field and the growth of the 
sprout length. So it is difficult to propose any fitted 
equation of these non-linear plots. Also, there exists a 
variety of fitting. In any case, we can conclude that the 
decrease in the growth of sprout length results in due to 
slower rate of cell division. The biological reason for this 
may be due to lesser diffusion through the cell wall or 
weakening of the activity of the other cell components. 
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