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Revised: Marc 12, 2026 lose its vigor and yield. Therefore, proper measures are required to
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and preventing deterioration of soybean seeds. A factorial completely
randomized design that was duplicated three times was employed in the
study. The first factor was concentration of shallots skin extract of 0, 10,
20, and 30%, and the second factor was soaking time of 1, 3, and 6 hours.
Electric conductivity, seed viability, vigor index, germination rate, and
dry weight of sprouts were the observed data that were subjected to
Analysis of Variance and Duncan's multiple range test at o 5%. The
results indicated that soaking the seeds in 10% shallot skin extract for
six hours showed the lowest level of electric conductivity. Compared to
the control, the simple effect of increasing the concentration of shallot
skin extract by 10, 20, and 30% enhanced the dry weight of sprouts,
germination rate, vigor index, and seed vigor. In conclusion, soaking
soybean seeds in shallot skin extract may preserve seed viability and
prevent degradation, although the soaking time had no significanct
effect on seed viability. The shallot skin extract can be used as seed
priming agent to improve viability of soybean seeds affordable to the
farmers.
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INTRODUCTION

Generally, soybean farmers have not yet fully implemented intensification method, one of which
is the use of poor quality of seeds which results in low soybeans productivity (Ministry of Agriculture -
Republic of Indonesia, 2024). High quality seeds are important for high productivity, which is
characterized among others with high germination rate and vigor, that allows them to grow well even in
suboptimal conditions. Soybean seeds belong to the orthodox seed group (Ebone et al., 2019), with quite
high fat content (21.54%) (Nguyen et al., 2022) and which deteriorates relatively fast, especially in poor
storage conditions.

The deterioration process is associated with physiological changes including lipids peroxidation,
failure of protein synthesis, DNA damage and membrane damage (Chhabra et al., 2019; Basu & Groot,
2023). The deterioration process will induce an increase in respiration rate and cause an increase in the
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production of excessive reactive oxygen species (ROS) (Ranganathan & Groot, 2023) which can cause
the seeds to lose viability and vigor and even cause seed death (Selvi & Saraswathy, 2017; Ebone et al.,
2019; Pinheiro et al., 2023). In addition, ROS causes fat peroxidation to increase, protein degradation and
proteolytic enzyme activity also increase, while antioxidant activity decreases (Pinheiro et al., 2023). ROS
including free radicals are unstable and reactive, can damage various cell components, nucleic acids,
enzymes, chromosome abnormalities and DNA damage, and eventually result in cell death (Tiwari, 2018;
Soundararajan et al., 2019; Liu & Yang, 2020; Zhang et al., 2021).

In general, there are two approaches to seed deterioration (seed aging), namely by natural storage
but take a long time (months), or by providing high temperature and high humidity treatment in a short
time (Pournik et al., 2019). One accelerated aging method is by providing 100% humidity treatment and
a temperature of 40°C for 24 hours, this method is identical to natural storage for 3 months (Hilleri et al.,
2019). ROS are considered as the main cause of deterioration in seeds (Chhabra et al., 2019), but the
destructive power of ROS can be counteracted with antioxidants (Tiwari, 2018; Choudhary et al., 2018).
Plant cells use an antioxidant defense system to protect against oxidative damage by ROS (Tiwari, 2018).
On the other hand, seed priming can increase germination, vigor index, plant growth and yield under
stress conditions (Hussain et al., 2019). Seed priming can improve the antioxidant defense system in cells,
improve germination and vigor and minimize the negative impact of stress (Haider et al., 2019).

Shallots skin extract can be used as seed priming materials. In 2023, shallot production in
Indonesia reached 2 million tons (Directorate of Food Crops, 2025). Processing activities from harvesting
until the shallots marketed produce waste, including the skin, which amounts to around 3-5% of the total
weight (El Mashad et al., 2019). This means that in 2023 in Indonesia, the accumulation of shallots skin
waste could reach around 100,000 tons. As waste, shallots skins harm human health and the environment,
even though they contain various beneficial phytochemicals and bioactive compounds (Crnivec et al.,
2021; Kumar et al., 2022). The concentration of phenolics and flavonoids contained in shallot skin is
higher than in the tuber (Sagar et al., 2020; Kumar et al., 2022), and the extract shows strong antioxidant
activity (Piechowiak & Balawejder, 2019) so it has the potential to provide protection from damage
caused by ROS (Mobin et al., 2021).

The recently researches on onion skin restricted on its content of beneficial phytochemicals and
bioactive compounds and its effect as antimicrobial and antioxidants. The novelty of this study is focused
on the use of shallots skin extract as seed priming agent. Therefore, this study aims to investigate the
potential of shallot skin extract as seed priming in enchancing soybean seeds viabilty and preventing its
deterioration.

The research used a completely randomized design with a factorial pattern. There were 2 factors
namely shallot skin extract (0%, 10%, 20%, and 30%), and soaking time (1 hour, 3 hours, and 6 hours),
repeated 3 times. This research was carried out at the Seed Technology Laboratory of the Faculty of
Agriculture, Siliwangi University, West Java Indonesia. The materials used was Deja 2 variety soybean
seeds, were originated from Research Center for Legumes and Tuber Crops, distilled water (aquades) and
70% ethanol was obtained from chemical store (Brataco), and shallot skins were obtained from shallot-
frying home industry.

Extraction of shallot skin follows the Crnivec et al. (2021) with modification. The maceration
technique is used to produce shallot skin extract using 70% ethanol as the solvent. The shallot skin is
washed and air-dried. Then, puree it with a blender, then the shallots skin is put in a macerator and ethanol
is added and stirred until the shallot skin powder dissolves. Filtering is carried out to obtain the filtrate.
The filtrate is put into a rotary evaporator to obtain a thick extract of shallot skin. The shallots skin extract
is diluted into concentrations of 10, 20, and 30%. Then, seed priming is carried out by means of soaking
the soybean seeds in shallot skin extracts for 1, 3, and 6 hours. The seeds are rinsed in running water and
stored at room temperature for 24 hours, then the seeds are ready for accelerated aging.
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After the seeds are invigorated (soaked in the shallot skin extract), then obsolescence is carried
out (accelerated aging) by placing the seeds in a bag and then storing them in a plastic box in 100% humid
condition. The box was closed tightly and then placed in the oven at 40°C for a day. Accelerated aging
method in this way is identical to a storage period of 3 months (Hilleri et al., 2019). Next, the seeds are
sown using paper media and put them into the germinator.

The data collected includes: (1) Electrical conductivity of seeds: Five seeds from each treatment
were weighed and then soaked in a sealed plastic cup containing 50 ml of distilled water for 24 hours.
The soaking water was then tested for its electrical conductivity using a digital EC meter. (2) Seed
germination: The seed viability is calculated based on the number of seeds that germinated at the last day
of observation divided by the number of seeds that germinated (100 seeds) multiplied by 100%. (3) Vigor
index: The vigor index is calculated based on the number of normal sprouts that grow during the first
observation (first count=5 days after germinated) divided by the number of seeds germinated (100 seeds)
multiplied by 100%. (4) Growth rate: Germination rate is calculated from the increase in the number of
sprouts everyday (24 hours = etmal) multiplied by 100%, starting from the first day after planting until
the last day of observation (8 days). (5) Dry weight of sprouts: The sprouts are cleaned of dirt, then placed
in paper bags, and then dried in an oven at 60°C for 2 x 24 hours. They are then removed from the oven
and cooled, and then weighed using a digital scale. The observed data were then analyzed statistically
using the analysis of variance (ANOVA) and followed with the Duncan’s multiple range test (DMRT) at
a=0.05 by using of SPSS.23.1 software.

Statistical analysis shows that shallot skin extract has a significant interaction effect with soaking
time on the electrical conductivity (EC) of seeds (Table 1). Soybean seeds treated with 0 to 30% shallot
skin extract with have a lower EC if soaked for a longer time. Soaking soybean seeds in shallots skin
extract for 6 hours at a concentration of 10% shallots skin extract reduced the EC to 32.02 uS cmg? or
43.5% lower compared to soaking for 1 hour that reaches 59.67 uS cmg?. Likewise, soaking for 6 hours
at a concentration of 20% was significantly reduced seed EC by 37.6% to 39.34 uScm-*g* compared to
soaking for 1 hour. Meanwhile, at a concentration of 30%, the decrease in EC was not significant. The
EC test is one of the seed vigor tests, which indicates the condition of cell membrane integrity (Nugraheni
et al., 2023). Seed EC reflects the amount of electrolytes that move out from within towards the seed coat
which can be detected by a conductivity meter (Suryaman et al., 2021). Oxidation of membrane lipids
increases the risk of membrane leakage, hence aged seeds often show higher levels of EC (Basu & Groot,
2023). The higher the EC number, the higher the level of cell membrane damage (Nugraheni et al., 2023).

The damage of the cell membranes is usually accompanied by the movement of various nutrients
towards the outside which can result in insufficient energy requirements for the germination and growth
process, that results in the decrease in seed germination and vigor. On the other hand, the decrease in the
electrical conductivity of seeds indicates that potential damage to cell components due to the destructive
power of free radicals can be avoided or prevented. This condition relates with the role of phytochemical
compounds such as phenolic compounds, flavonoids, anthocyanins, and quercetin contained in the shallot
skins (Kumar et al., 2022), which seep into the seeds and act as strong antioxidants (Piechowiak &
Balawejder, 2019). As a strong antioxidant, these compounds can reduce or even prevent damage of cell
membranes by detoxifying free radicals which are often produced from the metabolic process of
deteriorating seeds (Ebone et al., 2019), as a result the free radicals turn into non-reactive and harmless
state (Mehla et al., 2017), as well as its destructive power decreases which results in the decrease in EC
of the seeds. Whereas, Ranganathan & Groot (2023) stating that the repair of protein damage (membrane
cell) is due to the reduction of methionine sulfoxide by methionine sulfoxide reductase.
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Tabel 1. Effect of shallots skin extract and soaking time on the electrical conductivity of
soybeans seeds (US cmg?)

. Soaking time

Shallots skin extract 1 hour 3 hours 6 hours
0% 74.35 a 53.93 a 47.42 ab

A B B
10% 59.67 b 41.15b 32.02¢

A B B
20% 63.01b 56.17 a 39.34 Db

A A B
30% 56.94 b 56.58 a 52.05a

A A A

Description: Numbers followed by the same capital letter horizontally and the same lowercase
letters horizontally vertical is not significantly different according to the Duncan's Multiple Range Test
at a=0.05.

Seed Germination And Vigor

Table 2 shows that the seed viability and vigor index were not significantly influenced by the
interaction effect of shallot skin extract and soaking time, but the shallot skin extract independently
showed significant effect. Shallot skin extract at various concentrations (10%, 20%, and 30%)
significantly increased germination viability and vigor index compared to the control (0%). The increase
in germination ranged from 44.2% to 59.3%, while the increase in vigor index ranged from 88.4% to
120.9% compared to the control. Soaking seeds in shallot skin extract is an invigoration or osmotic
priming technique. The result is in relation with Haider et al. (2019) stating that the invigoration technique
controls the seed hydration process and accelerates and increases seed germination; Selvi & Saraswathy
(2017) stating that invigoration technique inhibits the deterioration process; and Piechowiak &
Balawejder (2019) stating that since the extract contains various compounds which are categorized as
strong antioxidants that can prevent cells from oxidative damage due to free radical attacks. Thus, soaking
in shallot skin extract can stimulate and increase germination and seed vigor. Meanwhile, the soaking
times did not cause a significant different in increasing germination and seed vigor. Soaking in shallot
skin extract for 1 hour was able to control the seed hydration process which had an impact on improving
and increasing the germination process.

Table 2. Effect of shallots skin extract and soaking time on germination
power and vigor index of soybean seed

Treatments Seed germination power (%) Vigor index
Shallots skin extract

0% 47.78 a 23.89a

10% 68.89 b 45.00 b

20% 76.11b 52.78 b

30% 69.44 b 47.22 b
Soaking time

1 hour 66.25 a 43.75a

3 hours 65.83 a 41.67 a

6 hours 64.58 a 41.25a

Description: Numbers followed by the same lowercase letters horizontally vertical is not
significantly different according to the Duncan's Multiple. Range Test at a= 0.05.

Growth Rate And Dry Weight Of Sprouts

Based on statistical analysis, the growth rate and dry weight of the sprouts were not significantly
influenced by the interaction between shallot skin extract and soaking time. On the other hand, shallot
skin extract independently significantly affected the growth rate and dry weight (Table 3). Shallot skin
extract 10% to 30% significantly increased the growth rate and dry weight of sprouts compared to the
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control (0%). The increase in growth rate was 45.4% to 62.5% compared to the control which only
achieved a growth rate of 4.56% etmal™. The dry weight of the sprouts increased by 72.9% to 94.6%
compared to the dry weight in control which only reached a weight of 0.37 g. The increase in growth rate
and dry weight of the sprouts illustrates that the cell biosynthesis in the germination phase runs well and
obstacles or disturbances that could potentially hinder the cell biosynthesis process can be avoided
(Suryaman et al., 2021).

Such conditions are predicted to be closely related to the nature or role of the phytochemicals
contained in shallot skin which are antioxidant (Kumar et al., 2022) and antimicrobial (Crnivec et al.,
2021). The increase of free radicals (ROS) in deteriorating seeds has negative impact on the growth and
cell biosynthesis (Ebone et al., 2019), but by administering shallot skin extract, oxidative damage can be
prevented, such as reduced fat peroxidation, damage or disturbances to enzyme function can be prevented
so that cell metabolic processes run normally (Piechowiak & Balawejder, 2019). The results is in relation
with Corbineau (2024) stating that seed priming improves growth rates on seed of wheat and tomato.
Apart from that, potential interference from biotic factors in the form of microorganisms can also be
overcome (Crnivec et al., 2021). Shallot skin also contains minerals, such as potassium, calcium,
magnesium, iron, zinc, and manganese (El Mashad et al., 2019), so that shallot skin extract can increase
the availability of nutrients needed for continued growth and cell biosynthesis which has an impact on
increasing the dry weight of sprouts. Meanwhile, the increase in growth rates and dry weight was not
significantly influenced by the soaking time. It seems that even 1 hour soaking is appropriate for soybean
seeds to absorb various phytochemical compounds which play a positive role in the germination process
and cell biosynthesis, thereby influencing the growth rate and dry weight of the sprouts.

Table 3. Effect of shallots skin extract and soaking time on growth rate and dry weight
of soybean sprouts

Treatments  Growth rate (% etmal™) Dry weight (g)
Shallots skin extract

0% 4,56 a 0.37a

10% 6.68 b 0.65b

20% 7.41b 0.72b

30% 6.63 b 0.64b
Soaking time

1 hour 6.39 a 0.60 a

3 hours 6.35a 0.58 a

6 hours 6.21a 0.60 a

Description: Numbers followed by the same lowercase letters horizontally vertical is not
significantly different according to the Duncan's Multiple. Range Test at a= 0.05.

The application of shallot skin extract and soaking time significantly affected the electrical
conductivity of soybean seeds. Soaking in 10 percent shallot skin extract for 6 hours resulted in the lowest
electrical conductivity. The use of shallot skin extract has the potential to slower the rate of deterioration
while simultaneously maintaining the viability and vigor of soybean seeds. Meanwhile, the soaking time
did not significantly affect the rate of seeds deterioration. Therefore, shallot skin extract can be used as
seed priming to maintain seed quality in storage.
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