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ABSTRACT

The deterioration in the viability of rice seeds (Oryza sativa L.) during storage, frequently
attributed to damage to the cell membrane and accumulation of reactive oxygen species (ROS),
presents significant challenges for rice cultivation. ELF magnetic fields offer an eco-friendly solution
by enhancing cellular responses and repairing membranes. This study investigated the impact of
exposure to a 0.2 mT ELF magnetic field on the viability of 8-month-old aged rice seeds (Inpari 32
HDB variety) using a Completely Randomized Design (CRD) with four exposure durations: control
(MO0), 3 minutes 54 seconds (M1), 7 minutes 48 seconds (M2), and 11 minutes 42 seconds (M3),
replicated four times. Results indicated significant improvements in viability, with M2 and M3 vyielding
optimal germination rates (98.00%, 97.50%), reduced mean germination time (2.47 days), and
enhanced germination index (268.75). Radicle and plumule lengths also increased (6.95 cm and 4.82
cm, respectively). Although germination speed coefficient, germination time, and uniformity values
(51.50-60.50%) showed only minor improvements, the results underscore the potential of ELF
magnetic fields as a sustainable method to enhance aged rice seed viability, contributing to improved
agricultural practices.
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INTRODUCTION

Seeds are one of the essential components in rice (Oryza sativa L.) cultivation. The success
of rice production heavily depends on the quality of seeds used, particularly their viability. Viability
indicates the seed's ability to germinate and produce normal seedlings (Sutradhar et al., 2021).
However, seed viability can decline due to storage age (Muis & Firmansyah, 2021). Bista et al. (2022)
reported that rice seeds with 8 months of storage showed decreased germination rates compared to
seeds stored for 7 months. This indicates that seed quality will continue to decline with longer storage
duration (Delouche, 2021).

The deterioration in seed viability during storage is caused by several factors, including
reduced food reserves, cell membrane damage, decreased enzyme activity, and accumulation of
toxic compounds (Chhabra & Singh, 2019). Kurek et al. (2019) further explained that the decline in
seed viability is also influenced by oxidative damage to cell membranes. This phenomenon arises due
to the increased creation of reactive oxygen species (ROS) throughout the seed aging process.
Additionally, aging cells in seeds can experience metabolite leakage that affects their viability (Avivi,
2021).

Various efforts have been developed to address the problem of viability decline in aged
seeds, such as soaking (Afdharani et al., 2019), priming (Megasari, 2022), hormone treatment (Liana
et al.,, 2022), and magnetic field exposure (Radhakrishnan, 2019). Among these methods, using
magnetic fields is interesting for further research due to its safe and affordable nature in promoting
plant growth (Nyakane, 2019).
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A magnetic field (MF) consists of poles that repel and attract each other (Ida, 2021). MF
induction can enhance seed germination and stimulate vegetative growth by modifying electron
activity at the cellular level, accelerating metabolic activities (Saletnik et al., 2022).

The mechanism of MF in improving seed viability involves several cellular processes. MF can
activate cellular voltage responses, synthesize DNA and RNA, protect gene stress expression, and
promote cellular proliferation (Djoyowasito et al., 2019). Song et al. (2024) elucidated that applying
ELF MF to seeds has the potential to optimize seed viability and vigor. This phenomenon is attributed
to mechanisms involving the restoration of cellular membrane integrity and the augmentation of
antioxidant enzyme activity. Moreover, the application of MF can potentially modify both the
physicochemical characteristics of water when utilized as a germination medium, thereby facilitating
an accelerated progression in the developmental pace of seed growth (Kusumawardani et al., 2021).

ELF MF is a specific category of electromagnetic wave characterized by a modest magnetic
field intensity ranging from 0.1 to 1.0 millitesla (mT), capable of eliciting non-thermal biological or
physiological responses (Putri et al., 2022). ELF MF is environmentally friendly as it does not produce
waste and harmful radiation (Tekam et al., 2024), making it suitable for supporting sustainable
modern agriculture.

Although research related to MF induction has been conducted on several plant species such
as tomatoes (Hasanah et al., 2019), corn (Alattar et al., 2021), red chili (Laksmiari, 2021), turmeric
(Kamble et al., 2022), and soybeans (Tirono, 2022), research on aged rice seeds is still rarely
conducted. Therefore, this research aims to analyze the impact of extremely low-frequency (ELF)
magnetic field (MF) exposure at a strength of 0.2 millitesla (mT) on the viability of aged rice (Oryza
sativa L.) seeds.

MATERIALS AND METHODS

This research was executed in June 2024 at the Botany Laboratory within the Faculty of
Mathematics and Natural Sciences at the University of Lampung. The research method used a
Completely Randomized Design (CRD) with four treatments and four replications performed in
duplicate. The treatments consisted of four exposure time variations: 0 minutes as control (M0), 3
minutes 54 seconds (M1), 7 minutes 48 seconds (M2), and 11 minutes 42 seconds (M3). The
research sample used 8-month-old Inpari 32 HDB rice variety seeds, with 800 seeds distributed in 16
experimental units. Each experimental unit consisted of 50 seeds. Data analysis used One-Way
ANOVA and DMRT (Duncan Multiple Range Test) as a post-hoc test with a significance level of
0=5%.

Seed Sorting

The seeds used in this research were Inpari 32 HDB variety with 8 months storage age.
Seeds that were undamaged and had a hard texture were selected for use. The seeds were
subsequently soaked in filtered water for five minutes to evaluate their viability, where floating seeds
were discarded as they indicated low seed quality. Then, seed sterilization was performed using 1%
NaClO solution for 10 minutes (Shofiyani et al., 2020). After this procedure, the seeds were
meticulously rinsed with purified water to expunge any lingering traces of the solution.

Magnetic Field Induction

The seeds were drenched in water for 24 hours. After soaking, the seeds were placed in
containers lined with straw paper. The seeds were subsequently subjected to a MF induction of 0.2
millitesla (mT) with differing exposure durations of O minutes/control (M0), 3 minutes 54 seconds (M1),
7 minutes 48 seconds (M2), and 11 minutes 42 seconds (M3). Each treatment was replicated 4 times
(Jannah & Hariyono, 2022).

Germination

Following the MF induction treatment, the seeds were germinated under controlled conditions.
The germination process was continued until the emergence of radicles measuring 2 mm in length
was observed. The seedlings were placed in a shaded location, avoiding direct sunlight, for 7 days.

Parameters
Percentage of Normal Seedlings (PNS)

Normal seedlings are seen from seedlings with perfectly grown plumules and radicles. It can
be calculated using the following formula (ISTA, 2010):
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PNS = =% x 100% 1)

Remarks: nN = number of regular germinated seeds, N = total germinated seeds

Percentage of Abnormal Seedlings (PAS)

Abnormal seedlings are characterized by unusual growth characteristics, such as weak
primary and secondary roots, rotting in certain parts, coleoptiles without pigments, and the absence of
the first leaf (Prabhandaru & Saputro, 2017). It can be calculated using the following formula (ISTA,
2010):

PAS = == x 100% )
Remarks: nA = count of seeds exhibiting abnormal germination, N = total count of germinated seeds

Mean Germination Time (MGT)

Mean germination time refers to the average duration needed for seeds in each experimental
unit to germinate, which indicates the germination rate in each unit (Fernandez-Pascual et al., 2021).
The calculation can be enacted by applying the formula provided by Al-Mudaris (1998):

_Ifx

MGT =22 ©)

Remarks: f = seeds germinated on day X, x = day of observation

Germination Speed Coefficient (GSC)
The germination speed coefficient is measured to determine the germination speed index by
applying the specified formula (Al-Mudaris, 1998):

N1+N2+--+Nx (4)
100 (N1T1+N2T2+---+NxTx)

GSC =

Remarks: N = the number of seeds that successfully germinate each day, T = the time, measured in
days, necessary for seed germination to occur

Germination Rate (GR)
The germination rate is computed to determine the germination level of seeds tolerant to dry
conditions, employing the specified formula (Al-Mudaris, 1998):

GR=%+%+...+9 (5)

X

Remarks: G1 = germination percentage x100 (first day after sowing), G2 = germination percentage X
100 (second day after sowing)

Germination Index (Gl)

The germination index is the relationship between the percentage and speed of germination
(Afzal et al., 2021). The calculation can be performed by applying the formula as described by Al-
Mudaris (1998):

Gl=(7xnl)+(6xn2)+..(1xn7) (6)

Remarks: n1, n2,.. n7 = the cumulative count of seeds germinated up to the seventh day, 7, 6, ... 1 =
numbers indicating the number of days in the observation

Germination Time Span (GTS)

GTS is the time span between each experimental unit's first and last days of seed
germination (Al-Mudaris, 1998).
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Vigor Index (VI)

The vigor index assesses the capacity of seeds to rapidly and consistently germinate and
develop across diverse environmental conditions. It can be calculated using the formula (Abdul-Baki &
Anderson, 1970):

VI=SLxGP )
Remarks: SL = seedling length, GP = germination percentage

Seed Uniformity of Growth (SUG)
The uniformity of seed growth is evaluated by ascertaining the proportion of robust, standard
seedlings on the fourth day, quantified through the application of the ensuing equation (Sadjad, 1993):

suG =X x 100% (8)
TB

Remarks: NU = number of uniform seedlings, TB = total seeds tested

Radicle and Plumule Length

The length of the plumule in viable seedlings is ascertained by evaluating the measurement
spanning from the basal region of the hypocotyl to the terminal point of the primary leaf situated at the
apical extremity of the seedling. Radicle length is measured by calculating the longitudinal distance
along the longitudinal axis from the root's base to its apex, specifically on the basal section of a
normal seedling. Sampling for measuring plumule and radicle length involved 10 seedlings from each
experimental replication, randomly taken from a population of 50 seeds in one lot, with measurements
taken on the last day of observation (Rosyad & Qadir, 2022).

RESULTS AND DISCUSSION
The results of the statistical analysis on all observation parameters, including the percentage
of normal and abnormal seedlings, mean germination time, germination speed coefficient,
germination rate, germination index, germination time, vigor index, seed uniformity of growth, and
radicle and plumule length, are presented in Table 1.

Table 1. Research results on all parameters

Average
Parameters 0 minutes 3 minutes 54 478 r:g::létﬁjs 11 minutes 42
(MO0) seconds (M1) (M2) seconds (M3)

Percentage of Normal Seedlings (%) 393.00+2.58 *94.00+3.65 °98.00+1.63 °97.50+1.91
Percentage of Abnormal Seedlings (%)  °7.00£2.58  *°6.00+3.65 °2.00+1.63 #2.50+1.91

Mean Germination Time (days) P2.79+0.09  *2.63+0.07 2.47+0.21 22.47+0.07
Germination Speed Coefficient 227.80+15.94  238.07+1.02 240.74+3.25 %40.69+1.61
Germination Rate (%/day) 817.78+0.53 %19.31+0.23 °20.98+1.54  °20.56+1.58
Germination Index 243.25+4.6 *°257.00+3.16 °368.75+9.98 "263.25+14.16
Germination Time Span (days) #3.75+1.50 %3.25+0.96  “3.00+0.82 %4.00+0.82
Vigor Index °83.38+12.52 °142.54+11.10 "108.19+9.96 “163.65+17.08
Seed Uniformity of Growth (%) %51.50+3.41  54.00+4.32 %56.50+6.19 %60.50+13.00
Radicle Length (cm) %6.12+0.22 6.95+0.33  "6.77+0.22 °6.92+0.46
Plumule Length (cm) °4.07+0.46 °4.67+0.45 °4.80+0.14 °4.82+0.26

Remark: Numbers accompanied by identical letters within the same row denote the absence of a
statistically significant difference according to the DMRT test at a significance level of a = 5%.

Percentage of Normal Seedlings

The test results (Table 1) show that the length of exposure to ELF MF significantly influenced
the percentage of normal seedlings. Treatments M2 and M3 yielded the highest mean percentages of
normal seedlings, achieving 98.00% and 97.50%, respectively, which were significantly elevated
compared to those in the control group.
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Figure 1. Percentage of normal and abnormal seedlings induced by 0.2 mT MF

In contrast, treatment M1 did not exhibit a statistically significant effect on the control group.
Nevertheless, there was an observable rise in the mean percentage of normal seedlings compared to
the control (Figure 1). The observed rise in the proportion of normal seedlings aligns with the findings
of Lette et al. (2019), who stated that exposure to an MF of 4.33 mT affected the percentage of
normal seedlings in rice seeds.

The rise in the proportion of normal seedlings indicates that the MF can repair damaged
tissue structures in aged seeds that have experienced a lack of starch and protein (Cali¢ et al., 2023).
Furthermore, subjecting seeds to an MF has been shown to enhance the accumulation of food
reserves to produce energy (Kamila & Sudarti, 2022). This increase in food reserves occurs due to
enhanced activity of enzymes associated with the germination process, such as a-amylase and
protease, which provide substrates for the cell respiration process to take place (Asra et al., 2020).

Percentage of Abnormal Seedlings

The study's findings indicate that exposure to ELF MF significantly influenced the proportion
of seedlings exhibiting abnormalities (Table 1). Treatments M2 and M3 resulted in the lowest
percentage of abnormal seedlings, 2.00%, and 2.50%, respectively. Meanwhile, treatment M1 did not
show a significant effect on the control but showed a lower average compared to the control (Figure
1).

This research aligns with the research conducted by Hayati and Setiono (2021), who stated
that the aging process or physiological decline of vigor is marked by a reduction in germination
potential, a rise in the occurrence of abnormal seedlings, and a decline in seedling emergence in the
field, which can ultimately reduce plant production.

The reduced percentage of abnormal seedlings indicates that MF treatment can repair
damaged tissues in aged seeds, which is the impact of a lack of starch and protein in plants. In
addition, the MF treatment has been proven to elevate the accumulation of food reserves in plants.
This increase is attributed to the elevated activity of key roles in the germination process, especially a-
amylase and protease, which provide cellular respiration substrates (Habibah, 2022).

According to Gea et al. (2022), abnormal seedlings are defined as seedlings that cannot
develop into normal seedlings. There are four types of abnormal seedlings: seedlings with organ
damage, seedlings with disproportionate or weak growth, seedlings affected by severe disease, and
seedlings with delayed growth that do not reach standard size at the end of the testing period.

Ashar et al. (2024) also classify seeds that cannot germinate until the end of the testing
period into four categories: hard seeds, healthy seeds with standard growth potential that fail to
germinate, dead seeds in a non-hard and non-fresh condition, and empty seeds with little tissue
inside.

Mean Germination Time

The findings from the DMRT analysis, as displayed in Table 1, demonstrate that the exposure
period to ELF MF had a notable impact on the time required for germination. Exposures for 7 min 48
sec and 11 min 42 sec resulted in the fastest mean germination time of 2.47 days. Meanwhile,
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exposure for 3 minutes and 54 seconds did not show a significant effect, with a mean germination
time of 2.63 days.

29
2.79+0.09b

2.7 2.630.07ab

2.47+0.21a 2.47+0.07a

MO M1 M2 M3
Treatments

Figure 2. Mean germination time at various exposure times of 0.2 mT MF

This outcome is in agreement with the work of Li et al. (2022), who revealed that subjecting
seeds to an electric field can shorten their dormancy phase. This effect is attributed to the electric
field's capacity to alter interactions within plant cell membranes.

The increase in germination speed induced by the ELF MF can be explained by changing the
permeability of ion channels within cell membranes. This change affects the transport of ions into the
cell, which in turn causes biological changes in the organism. Ullrich and Apell (2021) support this
argument by stating that exposure to an MF can alter the functionality of ion pumps in cells, primarily
related to the transport of calcium ions (Ca**) when the cell membrane is exposed to an MF, energy
transfers from the field to the ions. This results in an increase in the speed and rate of ion flow across
the cell membrane. The heightened level of cellular activity suggests that the cell transitions into the
initial stages of the mitotic cycle, a pivotal period essential for plant germination and early
developmental phases.

Germination Speed Coefficient

The findings in Table 1 demonstrate that the duration of exposure to the ELF MF has no
substantial impact on the parameter of the germination speed coefficient. However, the M2 treatment
yielded the highest coefficient value, 40.74. Previous findings on local Bangka rice seeds, specifically
the Mayang accession, indicated that seeds aged 7 months exhibited the highest germination speed.
(Kartika & Sari, 2015). This suggests that exposure to an MF can potentially enhance the efficiency of
metabolic processes in seeds.

45 40.74+3.25a  40.69+1.61a
40 38.07+1.02a
35
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Figure 3. Coefficient of germination velocity at various exposure times of 0.2 mT MF
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The increase in metabolic performance induced by the MF relates to the activity of growth
regulators (plant hormones). Putri et al. (2022) explain that growth regulators only require a specific
concentration to function effectively. Exposing seeds to an appropriate intensity of MF can enhance
their metabolic activities, leading to optimized physiological processes. Aisyah et al. (2020) explored
that the metabolic boost observed in germinating seeds due to MF exposure contributes to the
sufficiency of the energy required to produce normal seedlings.

Growth rate is an important indicator of seed vigor and growth strength. Nugraheni et al.
(2019) emphasized that seeds with high growth rates can withstand sub-optimal field conditions
better. Drawing from the outcomes of this investigation, it can be inferred that seeds treated with ELF
MF have strong growth rates, indicating an increase in seed vigor.

Germination Rate

The DMRT test analysis showed a statistically significant impact of ELF MF exposure on the
germination rate parameter. Treatment M2 showed the highest effectiveness, with an index value
reaching 20.98%/day.
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Figure 4. Germination rate at various exposure times of 0.2 mT MF

The outcomes of this research align with the conclusions drawn by Yulianto et al. (2022), who
posited that exposure to an MF can enhance the germination rate. Priatama et al. (2022) explained
that this increase in germination rate is related to the influence of physical factors, including
electromagnetic radiation, ionization, and nitric oxide, which can induce a triggering effect on plant
seeds, thereby increasing not only the germination rate but also growth and fruit production.

The increase in germination rate occurs due to changes in cell membrane permeability
induced by the MF treatment. Rostami et al. (2014) argued that the energy in seeds responds
positively to MF treatment, where seeds subjected to an MF experience changes in potential energy,
resulting in the acceleration of electron movement in the cell. Wang et al. (2019) added that MF
treatment also increases the absorption of Ca”" ions into the cell, which contributes to the increase in
osmotic pressure in the seeds.

This increase in osmotic pressure has a cascading effect on the physiological processes of
the seed, namely an increase in water absorption by the seed (Mustika et al., 2022). This process
causes the hydrogen bonds in water molecules to break, facilitating more efficient distribution by the
seed cells. As a result, an increase in water potential induces seed hydration. This series of
physiological changes collectively contributes to the increase in seed germination rate (Sativa et al.,
2022).

Germination Index

Based on the analysis results presented in Table 1, MF exposure significantly influenced the
germination index of aged rice seeds, namely in treatments M2 and M3, with average values of
268.75 and 263.25, respectively. These outcomes corroborate the findings of Nurbaity et al. (2019),
who stated that MF exposure significantly influences the germination index in sorghum seeds.

The phenomenon of metabolic growth recovery in aged seeds exposed to an MF occurs due
to two main mechanisms: enhanced activity of enzymes associated with the germination process and
the plant's improved capacity to absorb nutrients (Agustrina et al., 2022). Perveen et al. (2021)
explained that the germination process is accelerated by increased activity of enzymes related to
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germination. These enzymes help break down the nutrient reserves in the seeds into simpler forms.
The decomposed nutrients can then be efficiently utilized in glycolysis and various metabolic
reactions to generate the energy required during germination.

5 290 268.75+9.98h 263.25:14.61
S 270 257.00+3.16a b
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c 260
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Figure 5. Germination index at various exposure times of 0.2 mT MF

Germination Time Span

The application of ELF MF to aged rice seeds did not result in statistically significant
variations in the duration of the germination period (Table 1). Nonetheless, a trend toward reducing
the average germination period was observed in the M1 and M2 treatments, with values of 3.25 days
and 3.00 days, respectively (Figure 6).

4.5 4.00+0.82a
3.75+£1.50a

3.25+0.96a
3.5 3.00£0.82a

MO M1 M2 M3
Treatments

Figure 6. Germination time at various exposure times of 0.2 mT MF

ELF MF exposure induces changes in the position of positive and negative ions in the seed
membrane due to electron transport (Lette et al., 2019). Tnunay (2021) further explained that electron
transport is the process of transporting electrons through membranes in the plasma membrane and
membrane-bound organelles such as chloroplasts and mitochondria. This process involves specific
carrier proteins, including ubiquinone, essential for forming cell energy.

Agustina et al. (2021) revealed that modifications in cell membrane permeability due to
electron transport can stimulate plant growth processes through cell division or acceleration. In the
context of aged rice seeds, this effect has the potential to stimulate the initiation of germination.
Mar’atushaliha (2023) added that electric fields can also affect ion transport during germination,
especially in the water absorption phase. These changes in membrane permeability subsequently
impact the metabolism and movement patterns of ions in plant cells.

Vigor Index

Data analysis in Table 1 shows that the duration of ELF MF exposure significantly influenced
the vigor index in all treatments, with the highest average value of 163.65 in treatment M3. This
evidence parallels the research of Melta et al. (2022), who highlighted a significant impact of 0.2 mT
MF exposure on the vigor index in chili plants.
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Figure 7. Vigor index at various exposure times of 0.2 mT MF

The vigor index is an important indicator that represents seed quality. A high vigor index
indicates superior germination speed and better resistance to suboptimal environmental conditions.
Conversely, a low vigor index indicates seed deterioration may adversely affect the potential for plant
growth and overall productivity (Winda et al., 2023).

Tefa (2018) identified several characteristics that characterize high seed vigor, including (1)
resistance to long-term storage, (2) resistance to pests and diseases, (3) rapid and uniform growth,
and (4) the ability to produce regular and productive adult plants under suboptimal environmental
conditions. Powell (2022) explained that there is a positive relationship between vigor and various
aspects of seed growth. These aspects include high germination capacity, a robust root and shoot
system (even in less-than-ideal environmental conditions), and resistance to disease-causing
microorganisms.

Seed Uniformity of Growth
According to the findings illustrated in Figure 8, the seed uniformity of growth tested ranged
from 51.50 to 60.50%. These results indicate that the seeds had a high level of growth uniformity.
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Figure 8. Seed growth simultaneity at various exposure times of 0.2 mT magnetic field

According to the criteria set by Sadjad (1993), the seed uniformity of growth can be
categorized into several groups. Seeds with a uniformity level of 40-70% are categorized as standard,
while those exceeding 70% indicate excellent vigor. On the other hand, seeds with a uniformity of
growth of less than 40% are considered to have poor vigor. Sambayu and Muharam (2021)
emphasized that the level of uniformity of growth is closely related to the overall vigor index of the
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plant, as seeds that grow simultaneously and strongly usually show superior growth strength,
reflecting a high absolute vigor.

Radicle Length
The statistical analysis in Table 1 and Figure 9 shows that the length of exposure to ELF MF
significantly influenced the radicle length of aged rice seeds.
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Figure 9. Radicle and plumule length at various exposure times of 0.2 mT MF

Treatment M1 showed the most significant result, with an average radicle length of 6.95 cm.
This is in line with previous research on mung bean plants, where the application of an MF at an
intensity of 0.1 mT resulted in an increase in the radicle length of seedlings through the modulation of
a-amylase enzyme activity (Afzal et al., 2021).

Exposure to an MF can enhance the efficiency of ion pumps in transporting intracellular Ca**,

which supports root elongation and facilitates enzyme binding to the root membrane. Furthermore,
MF exposure also intensifies the motion of the amylase enzyme, which is implicated in the cell
division process in active mitotic zones, including the root tip, hypocotyl, plumule, and epicotyl
(Kandar & Pal, 2024).
Luo et al. (2022) found that subjecting mustard plants to an MF can escalate the motion of the a-
amylase enzyme, thereby promoting root development. Biochemically, the a-amylase enzyme
functions to hydrolyze starch by cleaving glycosidic bonds, resulting in dextrins and oligosaccharides
as products (Farooq et al., 2021). The unique characteristic of this enzyme is its capacity to cleave
the a-1.4 glycosidic linkages present in the amylose or amylopectin chains, resulting in the fabrication
of products with an a-configuration (Martinez et al., 2015). a-amylase is an enzyme found in various
organisms, from plants, animals, fungi, and bacteria (Okunwaye et al., 2021).

Plumule Length

Applying statistical methods, specifically the ANOVA test supplemented by the DMRT test,
demonstrated that exposure to ELF MF statistically impacted the plumule length of aged rice seeds.
The observations showed that the M3 treatment produced the longest average plumule length of 4.82
cm (Figure 9). This result aligns with previous research demonstrating the beneficial influence of MF
on shoot growth in various plants, as documented by El-Gizawy et al. (2016) on potatoes and
Pramana et al. (2015) on chrysanthemum plants.

Exposure to ELF MF can increase plumule length by affecting dipole-dipole interactions in the
soil, enhancing microbial activity, and accelerating ion exchange in the growth medium (Ramadhani et
al., 2022). Exposure to ELF MF has been demonstrated to enhance key enzymes in the germination
process, especially cellulase and a-amylase (Prihatin et al., 2020).

The increase in plumule length indicates an enhancement in a-amylase enzyme activity in the
cotyledons of rice seeds in response to MF exposure. This is substantiated by Poghosyan et al.
(2023) investigation, which demonstrated that MF treatment has a beneficial impact on enhancing a-
amylase enzyme activity and promoting the elongation of cotyledons in red bean sprouts. Good
plumule growth is characterized by the stimulation of growth hormones by the magnetic field,
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especially gibberellin. This hormone plays a role in stimulating cell division and expansion, stem
elongation, increasing leaf surface area, regulating fruit and seed development, and influencing stem
growth (Murrinie et al., 2021).

CONCLUSIONS

The findings demonstrate that prolonged exposure to ELF MF substantially influences the
germination potential and overall viability of aged rice seeds. The MF has been proven to repair
damaged tissue structures in old seeds and increase food reserves through increased activity of a-
amylase and protease enzymes. The M2 and M3 treatments showed optimal results on several tested
parameters, including the percentage of normal seedlings (98.00% and 97.50%), the percentage of
abnormal seedlings (2.00% and 2.50%), and the average germination time (2.47 days). Exposure to
ELF MF significantly influenced radicle length, with the most optimal outcome observed in the M1
treatment, reaching a measurement of 6.95 cm. While for the plumule length parameter, the best
results were in the M3 treatment, which was 4.82 cm. ELF MF significantly increased the germination
index and germination rate, with the best results in the M2 treatment, which were 268.75 and
20.98%/day, respectively. Meanwhile, ELF MF significantly affected the vigor index, with the highest
value in the M3 treatment, which was 163.65. The exposure to an ELF magnetic field did not show
any statistically significant impact on the germination speed coefficient parameters, the germination
time range, or the uniformity of seedling growth in the seeds. However, the uniformity of seedling
growth showed an increase with a range of 51.50 - 60.50%.
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