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Abstract

A pot experiment was conducted at St. Xavier's College (Autonomous), Ahmedabad, Gujarat, India,
over a 41-day winter observation window (December-January), to evaluate the effect of low-voltage
direct-current (9 V DC) electrical stimulation on seed germination and seedling growth in two winter
crop species: fenugreek (7rigonella foenum-graecum) and black mustard (Brassica nigra). Two copper
rods connected to a 9 V battery were inserted into treated pots; control pots received no stimulation.
Germination percentage, shoot length, root length, and Seed Vigour Index I (SVI-I) were recorded at
regular intervals. Germination percentage was higher in treated pots for both crops, with the largest
gain recorded in fenugreek (2.38-fold). Final shoot length was higher under treatment in black mustard,
while fenugreek did not show a treated shoot advantage by Day 41. Final root length was higher under
treatment in fenugreek; in black mustard the control was slightly ahead at the final observation. SVI-I
was higher under treatment in both crops. The results indicate that the electroculture response appeared
to differ between the two species under the experimental conditions used, and provide germination and
growth data for fenugreek under DC electrical stimulation for the first time.

Keywords: Electroculture, low-voltage direct current, seed germination, seedling growth, seed vigour
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1. Introduction

The application of electric current to soil or growing media to stimulate seed germination
and plant growth has been studied for more than two centuries. Interest in this approach has
increased in recent years because it offers a way to improve crop establishment without the
use of chemical inputs. However, the published evidence is inconsistent. Some studies report
clear improvements in germination percentage and seedling vigour !> 37- 8], while others find
no meaningful effect ¥, The outcome appears to depend on the type of treatment used.
Continuous low-voltage current, brief high-voltage pulses, plasma discharge, and
electromagnetic fields are physically distinct interventions and do not always produce
comparable results [> &7,

Work specifically on low-voltage Direct Current (DC) is more limited. Studies show that the
applied field strength matters considerably. In at least one species, a mild field improved
height, root length, and biomass, whereas a stronger field applied under identical conditions
suppressed the same parameters, indicating that higher voltage is not necessarily beneficial
M. In contrast, passive copper-rod electrodes relying only on naturally occurring soil
potentials, without any external power source, have failed to produce consistent yield
benefits in home-garden vegetable species !, Several studies using active low-voltage DC
treatment, including on wheat, radish, and other vegetables, have reported improved
germination percentage, shoot and root elongation, and overall seedling vigour relative to
untreated controls 23781,

Two gaps in the existing literature were identified. First, no controlled electroculture data
appear to be available for fenugreek (Trigonella foenum-graecum), an important legume crop
in India. Second, most electroculture experiments are conducted over a single short growing
period, so within-trial consistency of the treatment effect across the full course of
establishment and early growth is not well established.

The present study was therefore designed to evaluate the effect of a 9 V DC treatment on
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germination percentage, shoot length, root length, and Seed
Vigour Index I (SVI-I) over a 41-day winter growing period
in two crops fenugreek and black mustard (Brassica nigra)
chosen to represent a legume and an oilseed crop grown
under comparable conditions.

2. Materials and Methods

2.1 Study site and experimental timeline

The experiment was carried out at St. Xavier's College
(Autonomous), Ahmedabad, Gujarat, India. The trial ran
from mid-December to the end of January, covering
approximately 41 days, and included black mustard and
fenugreek.

2.2 Experimental design

For each species, pots were divided into two groups: a
treated group receiving DC electrical stimulation and a
control group receiving no stimulation. Within each species,
all growing conditions including watering, light exposure,
growing medium, and pot placement were kept identical
between the treated and control groups. Growing media
differed between species: black mustard was grown in
cocopeat and fenugreek in a vermicompost and garden-soil
mixture. Comparisons between species should therefore be
interpreted with this difference in mind. This within-species
arrangement was used to isolate the effect of the applied
electric current.

2.3 Seed material and pre-sowing preparation

Seeds of each species were inspected for visible damage and
then soaked in distilled water for 12 hours before sowing.
Seeds floating after soaking were discarded as a low-cost
screen against non-viable seeds. Approximately 500 seeds
of black mustard and approximately 250 seeds of fenugreek
were sown per treatment group. All seeds were sown at a
depth of 1-2 cm.

2.4 Growing media and pot set-up

Rectangular plastic pots (14 cm high x 33 cm long x 18 cm
wide), each filled with approximately 1 kg of growing
medium, were used. The growing medium varied by
species: black mustard was grown in cocopeat, and
fenugreek in a vermicompost and garden-soil mixture. Pots
were kept outdoors under natural light and watered daily
with tap water. Pots grown in cocopeat received a weekly
supplement of diluted hydroponic nutrient solution because
cocopeat holds few nutrients on its own; pots in other media
did not.

2.5 Electrical stimulation treatment

In each treated pot, two copper rods (30 cm long) were
inserted vertically into the growing medium at opposite ends
of the pot to a depth of 1-2 cm. One rod was connected to
the positive terminal and the other to the negative terminal
of a9 V battery, completing a simple DC circuit through the
growing medium. Because the current through the medium
depends on substrate resistance, which varies with moisture
content, voltage rather than current was the fixed parameter.
Batteries were replaced approximately once per week.
Control pots had no electrodes and received no stimulation;
all other growing conditions were identical to the treated
group. The electrode configuration before sowing is shown
in Fig. 1A, and the resulting seedling establishment is
illustrated in Fig. 1B.
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Fig 1A: Experimental setup before sowing showing the low-
voltage DC electroculture system. Two copper electrodes
connected to a 9 V battery were inserted into opposite ends of the
pot to provide continuous electrical stimulation

Fig 1B: Experimental setup during the seedling growth stage
showing successful crop establishment under the low-voltage DC
electrical stimulation system

2.6 Observations and data collection

Germination percentage and seedling growth measurements
were recorded at regular intervals throughout the trial. At
each observation, three representative seedlings were
selected from each pot for shoot and root length
measurement. Germination percentage was scored across
the whole pot. The present study used cross-sectional
sampling, meaning three different seedlings were measured
at each observation point rather than the same three plants
being followed over time. Day-to-day variation in mean
values should therefore be interpreted as sampling variation
arising from this cross-sectional approach.

Germination percentage (%) was calculated as the number
of germinated seeds divided by total seeds sown, multiplied
by 100. Shoot length (cm) was measured from the base of
the stem to the tip of the longest leaf. Root length (cm) was
measured from the root-shoot junction to the tip of the
longest primary root. Both were recorded as the mean of
three seedlings per pot at each interval. Seed Vigour Index I
(SVI-I) was calculated as germination percentage multiplied
by the sum of mean shoot length and mean root length at the
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final observation, following the standard formula used in
seed-quality testing. All comparisons reported are
descriptive differences between treated and control means (n
= 3 seedlings per measurement); no formal inferential
statistics were computed.

3. Results

Results are presented separately for each crop. Day numbers
refer to the 41-day winter observation window used for both
crops.

https://www.hortijournal.com

3.1 Fenugreek (Trigonella foenum-graecum)

Germination and growth were negligible until
approximately Day 6. At Day 41, control shoot length was
7.40 cm; the treated group reached 6.30 cm, remaining 1.10
cm below the control. Despite a positive treatment response
in germination and root length throughout the trial, treated
shoot length had not surpassed the control by the end of the
41-day window.
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Fig 2: Mean shoot length (cm) of fenugreek under control and treated conditions, winter experiment (Days 1-41)

Root length showed a clearer treatment-related difference.
At Day 41, control root length was 1.20 cm while the treated

group reached 2.50 cm, a difference of 1.30 cm in favour of
treatment, despite the shoot-length shortfall noted above.
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Fig 3: Mean root length (cm) of fenugreek under control and treated conditions, winter experiment (Days 1-41)

Germination was consistently higher in the treated group at
every observation point from Day 4 to Day 37. By Day 37,
the treated group had reached 62.0% compared to 26.0% in
the control, a difference of 36 percentage points and 2.38

times the control value. The control group germination
essentially stopped increasing after Day 32, whereas the
treated group continued to accumulate germinated seeds
until the final count.
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Fig 4: Mean germination percentage (%) of fenugreek under control and treated conditions, winter experiment (Days 1-41)

3.2 Black mustard (Brassica nigra)
Black mustard showed the largest treatment-control
separation in this study. At Day 41, treated shoot length was

cm. Treatment-related differences were evident throughout
the observation period and increased progressively over
time

11.40 cm versus 6.90 cm in controls, a difference of 4.50
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Fig 5: Mean shoot length (cm) of black mustard under control and treated conditions, winter experiment (Days 1-41)

Root length at Day 41 stood at 2.10 cm in the control and
1.90 cm in the treated group. The two groups were closely
matched at the final observation, with the control holding a
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marginal 0.20 cm advantage consistent with sampling
variability rather than a biologically meaningful divergence.

Fig 6: Mean root length (cm) of black mustard under control and treated conditions, winter experiment (Days 1-41)
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Germination in black mustard was earlier and more
pronounced than in fenugreek. By Day 4, 40.0% of treated
seeds had germinated compared to 17.2% of controls. By
Day 9 the gap had widened to 50 percentage points. The
treated group reached an estimated peak germination by
Day 29, with approximately 90% of seeds established as

https://www.hortijournal.com

seedlings from Day 31 onward. The final germination value
used for calculations was 90%. The control group stabilised
at around 60% over the same period. Counts from Day 9
onward are approximate field estimates, as precise counting
was not practical at the seed densities used.
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Fig 7: Mean germination percentage (%) of black mustard under control and treated conditions, winter experiment (Days 1-41)

3.3 Summary of final values across all crops
Table 1 presents the final germination percentage, shoot

length, root length, and SVI-I for both crops. Figs. 8-11
present these data graphically.

Table 1: Summary of final germination percentage, shoot length, root length, and SVI-I for control and treated groups across both winter

crops
Crop Germ. % Ctrl/ Trt Final Shoot (cm) Ctrl/ Trt Final Root (cm) Ctrl/ Trt SVI-I Ctrl | SVI-I Trt
Fenugreek 26.0/62.0 7.40/6.30 1.20/2.50 223.6 545.6
Black Mustard 60.0/90.0 6.90/11.40 2.10/1.90 540.0 1197.0

Fenugreek

M Control M Treated

Black Mustard

Fig 8: Final germination percentage (%) for control and treated groups across the two winter crops
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Fig 9: SVI-I for control and treated groups across the two winter crops
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Fig 10: Final shoot length (cm) for control and treated groups across the two winter crops
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Fig 11: Final root length (cm) for control and treated groups across the two winter crops

4. Discussion

Germination percentage was consistently higher in the
treated group for both crops. The size of the effect varied
considerably, however, from a 30 percentage-point
advantage in black mustard to a more than two-fold
advantage in fenugreek. This pattern is consistent with the
broader electroculture literature, which reports that electrical
treatment tends to increase germination across dicot species,
but that the magnitude of the response differs between
species and can vary even when conditions are otherwise
identical (- 3 71, No prior electroculture data for fenugreek
could be located, so the results for this species represent
new observations rather than confirmation of published
species-matched findings.

Shoot length showed a pattern that appeared to differ
between the two species under the experimental conditions
used. Black mustard responded strongly and consistently,
with treated plants finishing 4.50 cm ahead of controls by
Day 41. This finding is consistent with published work
applying electrical or plasma treatment to this species [,
Electrical stimulation did not improve shoot length in
fenugreek during the 41-day observation period; at the final
observation the treated group reached 6.30 cm compared to
7.40 cm in the control. At the same time, germination
(62.0% versus 26.0%) and root length (2.50 cm versus 1.20
cm) were both higher in the treated group, indicating a
positive treatment response in those dimensions. Whether
shoot length would have caught up or exceeded the control
beyond Day 41 cannot be determined from the present data.
Root length responded positively to treatment in one of the
two crops (fenugreek). In black mustard, the two groups

were closely matched at Day 41 (control 2.10 cm, treated
1.90 cm), a marginal difference consistent with sampling
variability rather than a biologically meaningful divergence.
Several studies have proposed that electric-field treatment
improves root development through electro-migration of
ions in the growing medium, which is thought to increase
nutrient availability at the root-soil interface ™. This
mechanism could explain the positive root response
observed in fenugreek, since root tissue is in direct contact
with the treated substrate. However, no soil-chemistry
measurements were taken in the present study, so this
explanation remains a hypothesis.

SVI-I was higher in the treated group for both crops: 545.6
versus 223.6 in fenugreek (driven primarily by the 2.38-fold
germination advantage) and 1197.0 versus 540.0 in black
mustard. The most consistent treated advantage across
germination, shoot length, and SVI-I was observed in black
mustard; however, because the two species were grown in
different growing media, this difference cannot be attributed
to species identity alone.

Several limitations should be acknowledged. Only three
seedlings were measured at each observation point, limiting
the precision of growth estimates. Cross-sectional sampling
(different seedlings measured at each time point) means that
day-to-day variation in mean values reflects sampling
variability as well as biological change. All comparisons are
descriptive; no inferential statistics were performed.
Because the two species were grown in different media
cocopeat for black mustard and a vermicompost-garden-soil
mixture for fenugreek growth differences between species
may reflect substrate effects rather than species identity
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alone. Black mustard germination counts from Day 9
onward are approximate field estimates, as precise counting
was not feasible at the seed densities used. The treatment
effect is best evaluated from within-species comparisons;
replication across additional growing periods and media
would strengthen conclusions about consistency and
generalisability.

5. Conclusion

A simple 9 V DC electroculture set-up increased
germination percentage in both winter crops tested. Final
shoot length was higher under treatment in black mustard
(Brassica nigra), where the treated advantage reached 4.50
cm by Day 41. In fenugreek, the treated shoot (6.30 cm)
remained below the control (7.40 cm) at Day 41, while the
treated root length (2.50 cm) substantially exceeded the
control (1.20 cm), indicating a positive root response despite
the shoot shortfall. SVI-I was higher under treatment in both
crops, with values of 545.6 versus 223.6 in fenugreek and
1197.0 versus 540.0 in black mustard. These findings
provide germination and growth data for fenugreek under
DC electrical stimulation for the first time. The response
appeared to differ between the two species under the
experimental conditions used; however, because the two
species were grown in different growing media, this
difference cannot be attributed to species identity alone.
Future work should include larger and longitudinally
tracked sample sizes, formal statistical testing, direct
measurements of soil chemistry to clarify the role of electro-
migration in the observed root and germination responses,
and replication across additional growing periods to test the
consistency of the treatment effect over time.
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