OPEN aACCESS

Indian Journal of Advanced Physics (IJAP)
ISSN: 2582-8983 (Online), Volume-2 Issue-2, October 2022

Mung Seeds Under Constant Low Potential
Difference During Post-Germination When Sprout

Length Grows
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Abstract: Low potential difference 0.0Volt 1.5V olt, 3.0V olt,
4.5Volt, and 6.0Volt are applied during the growth of sprout
length after germination and post-germination of mung seeds in
open-air conditions. The sprout length decreases with an increase
in potential difference and graphs show non-linear variations.
Thus, this potential difference produces a negative impact on the
sprout length elongation of seeds. The decrease in the sprout
length may be due to lesser diffusion through the cell wall or due
to the weakening of the activity of the other cell components
leading to a slower rate of cell division. This may have an impact
on the process of preservation of seeds.
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I. INTRODUCTION

In this biomaterial age, lots of data and information due to

the low potential difference (called hereafter pd) are pouring
in, and applications of low doses of pd are used in different
disciplines, like food processing, medical science, etc. The
effect of low pd on the growth of sprout length of seeds has
been tested earlier [ 1-4] because of its interesting nature at the
time of germination of seeds. The earliest reference on this
topic was given by Sidaway [5]. Germination commences
when the quiescent dry seed begins to take up water
(inhibition) and is completed when the embryonic axis
elongates. Germination takes 4-5 days and after it, the seed
splits with the growing of a whitish root. Here the variations
of growth of sprout length of mung seeds (vigna radiata) with
applied low pd will be dealt with. A uniform low pd is created
by a dry cell between two parallel metallic plates.

II. GERMINATION IF SEEDS

A seed [6-7][8][9][10][11][12] is a small embryonic plant
or an embryo with two points of growth (one of which forms
the stem, the other the root) enclosed in a covering called the
seed coat, usually with some stored food reserves, such as
starch, proteins, or oils. This food reserve provides
nourishment to the growing embryo. A typical seed includes
three basic parts: (i) an embryo that is an immature plant from
which a new plant will grow under proper conditions.
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(i) A seed coat (or testa) develops from the tissue, the
integument, originally surrounding the ovule. (iii) A supply
of nutrients within the seed for the embryo that will grow as
a seedling. Germination of seed is a process in which a plant
or fungus emerges from a seed or spore and begins growth or
it is a process by which a seed embryo develops into a
seedling. It involves the reactivation of the metabolic
pathways that lead to the growth and the emergence of the
radical or seed root and plumule or shoot. Under favorable
conditions, the seed begins to germinate and the embryonic
tissues resume growth, developing into a seedling. Three
fundamental conditions must exist before germination can
occur. (a) The embryo must be alive, called seed viability,
which is the ability of the embryo to germinate and is affected
by several different conditions. (b) Any dormancy
requirements that prevent germination must be overcome. (c)
The proper environmental conditions must exist for
germination. Seed vigor is a measure of the quality of the
seed, and involves the viability of the seed, the germination
percentage, the germination rate, and the strength of the
seedlings produced. The germination percentage is simply the
proportion of seeds that germinate from all seeds subject to
the right conditions for growth. The germination rate is the
length of time it takes for the seeds to germinate. Germination
percentages and rates are affected by seed viability,
dormancy, and environmental effects that impact the seed and
seedling. Three distinct phases of germination of seed occur
water imbibitions, lag phase, and radical emergence. For the
seed coat to split, the embryo must imbibe (soak up water),
which causes it to swell, splitting the seed coat. The uptake of
water by seeds is called imbibitions, which leads to swelling
and the breaking of the seed coat. The rate of imbibitions is
dependent on the permeability of the seed coat, the amount of
water in the environment, and the area of contact the seed has
with the source of water. Germination of seed depends on
both internal and external environmental conditions. The
most important external factors include temperature, water,
oxygen, and sometimes light or darkness.

Scarification mimics natural processes that weaken the
seed coat before germination. Scarification, which allows
water and gases to penetrate the seed, includes methods that
physically break the hard seed coats or soften them with
chemicals. Stratification also called moist-chilling is a
method to break down physiological dormancy and involves
the addition of moisture to the seeds so they imbibe water and
then the seeds are subject to a period of moist chilling to after-
ripen the embryo.
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III. PLANT GROWTH

Plant growth is unique because plants have the capacity
for unlimited growth throughout their life. It is the most
conspicuous characteristic, irreversible, permanent increase
in the size of an organ or its parts or even of an individual
cell. The ability to grow is due to the presence of meristems
at certain locations in their body [5-6]. The increased growth
rate per unit of time is termed growth rate (a). The initial
growth rate is slow and called the lag phase (LP). It increases
rapidly thereafter and is called the exponential growth phase
(EP). Here both the progeny cells following mitotic cell
division retain the ability to divide and continue to do so.
However, due to limited nutrient supply, the growth slows
down leading to a stationary phase (SP). Thus, there are three
phases LP, EP, and SP. We shall get a sigmoid or S curve and
if g and g, be the final and initial size respectively and t be
the time then mathematically

g = goe™ -(D
The essential elements for growth are water, oxygen, and
nutrients. In addition, the optimum temperature range is best
suited for its growth.

IV. EXPERIMENTAL

This experiment is similar to previous experiments with
gram seeds (Cicer arietinum) [1-2], peas seeds (Pisum
sativum) [3], and ground nut seeds (Arachis hypogaea) [4].
An inference was drawn that the electric field had an impact
on the elongation of sprout length during the germination of
different seeds. In the experimental set up a low pd is built up
between two parallel metallic circular plates (about 0.1meter
diameter) by connecting the outer surfaces of the plates to a
dry cell of AA size as shown in a schematic diagram of figure

1(a). Thus a uniform electric field E = g is created for the pd

V between two parallel metallic plates with the distance
between the plates r. The distance r is kept fixed at 60mm to
keep the electric field uniform or constant. Five plastic
teapots readily available in the market are taken and ten mung
seeds are placed in each teapot over wet sand and soil mixture
as shown in the photograph of Figure 1(b). Out of five such
prepared teapots, one is kept at normal conditions. Four other
teapots are placed within a pair of circular parallel plates kept
at different low pd viz. 1.5Volt, 3.0Volt, 4.5Volt, and
6.0Volt the distance between the plates is kept fixed to
60mm. Different pd are generated by different series
combinations of dry cells. During the experiment, the highest
and lowest room temperatures are recorded every day by a
sensitive thermometer and the average of it is noted to be
33°C and 22°C. The pd in all four sets is measured every day
by a voltmeter to ensure its constancy of it during the

experiment.
.
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Figure 1: Schematic Diagram of the Experimental Set up
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In this constant pd treatment germination will start in due
course of time and sprout will grow. After one day of
exposure, the seeds are taken away from pots one by one each
day from constant pd condition for a short while for the
measurement of sprout length accurately with the help of
pointers and then kept inside the pot as it was before. The
process is repeated for three to four more days till the budding
of green leaves and the mean sprout length for each case is
taken.

V. EXPERIMENTAL RESULTS

There are five variables and they are (i) pd V, (ii) distance
between the parallel plates r, (iii) electric field E = g, (iv)

sprout length [, and (v) time duration of growth of sprout
length t. Generally, the mean or average of ten sprout lengths
at a particular time of growth of sprout length for mung seeds
(1) is plotted along a vertical axis and the time duration of
growth of sprout length (t) along the horizontal axis for
different applied low pd (V) with values 0.0Volt 1.5Volt,
3.0Volt, 4.5Volt, and 6.0Volt and the fixed plate separation
60mm. The nature of the | —t graph for different V and
constant r is shown in Figure 2. With the increase in pd, the
graphs are almost straight lines and more parallel or less bend
towards the horizontal axis. So we can say that the sprout
length decays with the increase in pd V. The natural decay
laws are in general exponential (viz. radioactive decay law)
and the graph almost resembles the same nature.

Figure 2: Photograph of Experimental Setup

VI. DISCUSSIONS AND CONCLUSIONS

From these non-linear plots, it is clear that the sprout
length variation of seeds depends on the magnitude of applied
low pd (V) and the plate separation (7). The electric fields (E)
corresponding to these low pd are 0.0Volt/mm, 0.025Volt/
mm, 0.05Volt/m, 0.075Volt/m, and 0.01Volt/m. The
exact nature of the mathematical dependence of pd or electric
field and the growth of the sprout length is still unknown.
Therefore, it is difficult to propose any fitted equation for
these non-linear plots. In addition, there exists a variety of
fitting. In any case, the physical reasoning for it perhaps is
due to the slower rate of cell division for increasing pd or
electric field. The biological reason for this might be due to
lesser diffusion through the cell wall or weakening of the
activity of the other cell
components.
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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.

Figure 3: Measurement of the Sprout Length

The decrease in sprout length with an increase in low pd
indicates a cut of pd value at which the growth of sprout
length stops. Unless an exact [ — t relation for different IV and
constant r is obtained it is difficult to get the exact cut of
value.
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Figure 4: Variation of Sprout Length (1) with Time (t)
for Different Pd (Potential Difference) V at Fixed Plate
Separation r = 60mm for Mung Seeds
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