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Abstract

Soybean seeds deteriorate rapidly, especially under
humid tropics. An effective method for boosting seed
germination is invigoration, which is applied as a pre-
planting seed treatment to stimulate the metabolic
activity in the seed. The research aimed to compare
the effectiveness of vermicompost priming with other
invigoration methods in improving the physiological
quality of soybean seeds. The experiment was
arranged in a split-plot, randomized design. The main
plots were seed lots based on low, medium, and high
germination of three soybean varieties (“Argomulyo”,
“Detap 17, and “Devon 1”). Subplot, invigoration
method: control, matriconditioning with rice husk
charcoal, a ratio of seed (g): rice husk charcoal (g):
water (ml) 9:6:7 for 12 hours; osmoconditioning with
15% PEG 6000 solution, a ratio of seed (g): solution
(mL) was 1:2 for 12 hours, and vermicompost priming
with a ratio of seed (g): vermicompost (g): water
(mL) 12:14:12 for 18 hours. Each experimental unit
used 120 g of seeds. The invigoration treatment was
conducted in a room with a temperature of 25 + 2 °C
and a relative humidity (RH) of 65-70%. The results
showed that invigoration treatment can be used on
soybean seeds with moderate viability (germination
rate of 70-79%). In “Argomulyo” and “Detap 17,
the seed physiological quality increased with
vermicompost priming, and in “Devon 17, it increased
with matriconditioning. The enhanced physiological
quality of soybean seeds may be attributed to the
complete nutrient and phytohormone content in
vermicompost.

Keywords: invigoration, matriconditioning, seed
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Introduction

Soybeans are widely used as an ingredient in the food
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and feed industries. Domestic demand for soybeans
continues to increase. The volume of soybean
imports in 2019 was 2.670.086 tons and is expected
to increase until 2024 (Kementan, 2020). High-quality
seeds, in terms of both morphology and physiology,
are crucial for enhancing plant productivity. One
of the limiting factors for soybean production in
tropical regions is the rapid deterioration of soybean
seeds during storage, which compromises the seed
quality. Another problem is limited land suitable
for soybean planting requirements. Planting under
suboptimal conditions exposes plants to both biotic
and abiotic environmental stress. Biotic stress is a
stress condition caused by attacks from diseases,
pests, or weeds. Abiotic stress is a stress condition
resulting from drought, high or low temperatures,
nutrient deficiencies, high salinity, or the presence of
metal content. The presence of abiotic stress during
planting can cause damage to plants and reduce
production (Zhu, 2016).

Seed invigoration is a method for enhancing seed
germination, performed as a pre-planting treatment to
activate the seed’s metabolic system, making it ready
to germinate but not until the radicle emerges (llyas,
2005). Invigoration can repair the physiology of seeds
that have deteriorated. Matriconditioning, also known
as matrix-priming, is a method of treating seeds by
moistening them with moist solid media as the carrier.
The solid carriers include compost, clay, peat, sand,
and vermiculite. In some conditions, matriconditioning
is more effective than osmoconditioning (llyas,
2012). Solid media stimulates planting in the field
and increases oxygen availability (Pedrini et al.,
2020). In Sucahyono et al. (2013) soybean seeds
were treated with matriconditioning + biological
fertilizer for 12 hours at room temperature. The
water used for matriconditioning was dissolved
in biological fertilizer containing Rhizobium N_-
fixing bacteria, P-solubilizing bacteria, fungicide-
producing bacteria, and growth hormone-producing
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endophytic bacteria. The germination increased to
91.43% compared to the control of 82.75%. Wahyuni
et al. (2021) invigorated soybean seeds with rice
husk charcoal matriconditioning + Trichoderma
asperellum or Pseudomonas aeruginosa for 3 hours
at room temperature had better vegetative growth,
specifically plant height, leaf number, and leaf width.
Nyoni et al. (2020) found that matriconditioning with
sand for six hours on maize, cowpea, sorghum,
and pearl millet seeds accelerated germination and
enhanced the growth of plants in the field. Wahyuni
et al. (2021), inorganic fertilizers can be reduced by
providing matriconditioning treatment and applying
organic fertilizer. Sari et al. (2022) reported that
osmoconditioning soybean seeds using a 15% PEG
6000 solution for three hours resulted in the highest
maximum growth potential (73.75%) compared to
other osmoconditioning treatments. Priyanto (2017),
the efficacy of matriconditioninginvigoration treatment,
comprising sawdust and vermiculite, in enhancing
the viability of deteriorated soybean seeds has been
demonstrated to exceed that of osmoconditioning
invigoration treatment. The underlying mechanism of
this phenomenon is attributed to the enhanced control
of the imbibition process within the seeds during
matriconditioning, attributable to the high water-
holding capacity of the matriconditioning material.
In contrast, osmoconditioning invigoration lacks this
capacity, resulting in the direct entry of water into
the membrane during the imbibition process. This
phenomenon can lead to membrane damage.

Vermicompost is a form of organic matter generated
via the combined activities of earthworms and
microorganisms, which break down organic
waste material. It contains plant growth regulators
(gibberellin, cytokinin, and auxin), as well as
macro- and micronutrients. Benazzouk et al. (2019),
vermicompost leachate solution for seed priming
can increase the germination of canola seeds by
up to 50.67%. Vermicompost also contains humic
acids and antioxidants. The use of vermicompost
can also provide nutritional input to seeds. Muhie
et al. (2020) found that vermicompost priming
enhances the physiological quality of shallot seeds
under simulated conditions of drought stress, salinity
stress, and high temperature. Nevertheless, the
opposite result was observed in research by levinsh
(2011), where priming with vermicompost on carrot,
cabbage, Swedish turnip, and tomato seeds inhibited
seed germination, as indicated by a decrease in
germination rates. Vithirak and lwai (2019) found
that vermicompost priming treatments at 75% and
100% concentrations inhibited the germination of
lettuce seeds of the Roman and Batavia varieties.
Vermicompost, especially animal manure, has been
observed to have higher salt content (electrical
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conductivity) or excessive amounts of nutrients in
greater concentrations. Huy and Iwai (2018), a high
concentration of salinity reduced the seed’s ability to
absorb water and nutrients. The research aimed to
compare the effectiveness of vermicompost priming
with other invigoration methods in improving the
physiological quality of soybean seeds.

Material and Methods

The soybean seeds used are “Argomulyo”, “Detap
1”7, and “Devon 1” varieties. Soybean seeds were
obtained from the Indonesian Legumes and Tuber
Crops Research Institute. Susanto and Nugrahaeni
(2016), “Argomulyo”, and “Devon 1” are superior
varieties of soybean seeds, characterized by large
seed sizes. The weight of 100 “Argomulyo” seeds is
16 g and “Devon 1” weighs 15 g. “Devon 1” contains
high levels of isoflavones, is somewhat resistant to
lodging, and is resistant to pod splitting (Bantolo,
2021), whereas “Detap 1” has the characteristics of
being resistant to pod splitting. Initial germination of
all soybean seed varieties ranged from 80-95%.

Vermicompost was made from cow dung obtained
from the Faculty of Animal Science, IPB University.
Testing for the nutrient and phytohormone content,
as well as physical and chemical attributes, in
vermicompost was conducted at the Soil Research
Institute.

The experiment was arranged in a split-plot
completely randomized design with four replications.
The main plots were based on seed lots, categorized
by their viability level: low (60-65% viability, Lot 1),
medium (70-79% viability, Lot 2), and high (= 85%
viability, Lot 3). Subplots were seed invigoration
methods, matriconditioning with rice husk charcoal
(I1), osmoconditioning with PEG 6000 (12), and
vermicompost priming (I13). In this experiment, three
varieties were used as comparisons to determine the
effect of treatment on each variety.

The experiment began by dividing the soybean seeds
of “Argomulyo”, “Detap 1”, and “Devon 1” varieties
into three different lots. Determination of seed lots
was carried out using accelerated aging according
to ISTA (2018), with modifications as described
by Mustika et al. (2014). Accelerated aging was
conducted as the natural seed lots with different ages
for each variety were not available. A sieve with a
pore size of 1.7 mm? was inserted into a plastic box,
and then 420 mL of distilled water was poured into
the box. Soybean seeds 250 g were placed in a sieve
and put in a plastic box but did not reach the distilled
water. The plastic box was placed in an incubator at a
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temperature of 45-50 °C with a relative humidity (RH)
of 87-90%. Soybean seeds were exposed to artificial
aging for 2.5 hours for Lot 2 and 5 hours for Lot 1. The
seeds that had been treated were air-dried for 1 hour
at room temperature (25+2°C and RH 65-70%). Lot 3
were the seeds without aging.

The vermicompost priming treatment was performed
using a layering technique (Figure 1). Vermicompost
was ground until it passed a 0.5 mm sieve. The ratio
of seed: vermicompost: water was 12:14:12 (w/w/v).
The seeds were left at room temperature (25+2°C
and RH 65-70%) for 18 hours. Matriconditioning
with rice husk charcoal was carried out, according
to Sucahyono et al. (2013). Rice husk charcoal was
placed in the oven for 24 hours at 105°C and then
ground until it passed through a 0.5 mm sieve (llyas
and Sopian, 2013). The ratio of seeds, rice husk
charcoal, and water was 9:6:7 (w/w/v). The seeds
were left at room temperature (25+2 °C and RH 65-
70%) for 12 hours. Osmoconditioning was carried out
according to Yuanasari et al. (2015). Soybean seeds
were soaked in 15% PEG 6000 solution for 12 hours.
The ratio of seed and solution was 1:2 (w/v). Each
experimental unit used 120 g of seeds. The seeds
that had been treated were air-dried for 3 x 24 hours
atroom temperature (25 + 2 °C and RH 65-70%). After
treatment, the soybean seeds were tested for vigor
index (VI), germination percentage (G), germination
speed (GS), radicle emergence (RE), and electrical
conductivity (EC).

Figure 1. The vermicompost priming of soybean
seeds employed a layering technique,
where (a) the seeds are placed on a layer of
the moist vermicompost, and (b) the entire
mixture is covered with additional moist
vermicompost.

The data analysis was conducted using ANOVA
with a significance level set at 5%. Subsequently,
the Duncan multiple range test was used to further
examine the test results. The data was analyzed
using Microsoft Excel 2016 and SAS on Demand for
Academics.
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Results and Discussion
Vermicompost Nutritional Content

Table 1 shows that the vermicompost contains
complete macro- and micronutrients, as well as
phytohormones such as auxin (IAA), gibberellins,
cytokinins (zeatin and kinetin), and abscisic acid. The
most dominant macronutrient element is nitrogen
(N), which accounts for 1.57%. The most dominant
micronutrients are aluminum 23 ppm and boron 20
ppm. The presence of nitrogen-fixing bacteria plays
a crucial role in facilitating biological nitrogen fixation.
Organic nitrogen is not directly available for plants
and must be converted to ammonium or nitrate with
the help of nitrogen-fixing bacteria. The nitrogen-
fixing bacteria mechanism can be carried out
through symbiotic and non-symbiotic mechanisms.
The availability of nitrogen-fixing bacteria can help
increase plant productivity by enhancing biological
nitrogen fixation and increasing the availability and
absorption of nutrients (Sapalina et al., 2022).

Phosphate, or phosphorus, is an essential nutrient
element for plants, ranking second only to nitrogen.
Vermicompost ~ contains  phosphate-solubilizing
bacteria and fungi, also known as phosphate-
solubilizing microbes. The existence of phosphate-
solubilizing microbes is beneficial for plants because
they can hydrolyze organic phosphate compounds
and inorganic phosphate from insoluble compounds
by reducing soil pH, chelation, and mineralization
(Santosa and Pratiwi, 2022).

The presence of Trichoderma sp. in vermicompost
enhances the beneficial microorganisms for plants.
Trichoderma sp. is a soil saprophytic fungus that can
attack several pathogenic fungi. Trichoderma can
produce growth regulators such as indole acetic acid
(IAA) and gibberellins (Syofian and Anhar, 2022).
Those hormones can stimulate plant growth by
increasing the rate of root growth, thereby enhancing
their ability to absorb water and nutrients from the soil.
Additionally, Trichoderma sp. can dissolve phosphate
more effectively (Syofian and Anhar, 2022).

Effect of Seed Lot and Invigoration on Soybean Seed
Quality

Regarding the technical guidelines for soybean seed
quality certification issued by Kementan (2022), the
minimum germination for the breeder seed class is
70%. The determination of the seed lot is based on
the seed quality certification standard, and seeds with
germination below and above the minimum standard
are taken. A decline in seed germination is often due
to seeds that have been stored for an excessive
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period or to inadequate storage conditions. The
duration of seed storability is influenced by the vigor
of seed storage under suboptimal conditions and can
be assessed using physical and chemical methods
of rapid seed aging (Sadjad, 1994). Consequently,
the present study employed an accelerated aging
method to facilitate the deterioration of soybean seed
quality.

In the “Argomulyo” variety, electrical conductivity (EC)
was influenced by a single factor: seed lot treatment
(Table 2). The value of EC Lot 3 was significantly
higher than that of Lot 1 and Lot 2, with a difference

Table 1. Vermicompost components
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of 9-12 uS.cm'.g™". Electrical conductivity measures
the integrity of the seed membrane. Seeds with
high vigor will be stronger in maintaining membrane
integrity, resulting in more minor membrane leakage
and EC. The “Argomulyo” seeds produced EC, which
contradicts the existing theory. Lot 3, which had the
highest viability, had the highest EC. According to
Saenong (1986), the limitation of EC testing is that the
resulting value is the average of the seed population.
In the “Detap 1” variety, the seed lot had a significant
effect on GS (Table 2). Seed with high initial viability
(Lot 3, 83.5%), had the highest GS of 22.25 %/etmal
but was not significantly different from Lot 1. Seed

No. Vermicompost components Value Unit Analysis method
1 C-organic 39.02 % Gravimetry
2 CIN 25.00 - -
3 Macronutrients
N 1.57 % H,O/F-AAS
PO, 0.42 % H,O/F-AAS
K,O 0.26 % H,O/F-AAS
Na 0.12 % H,O/F-AAS
CaO 0.05 % H,O/F-AAS
MgO 0.09 % H,O/F-AAS
4 Micronutrients
Fe 11.00 ppm H,O/F-AAS
Mn 1.90 ppm H,O/F-AAS
Cu 1.40 ppm H,O/F-AAS
Zn 2.60 ppm H,O/F-AAS
Al 23.00 ppm H,O/F-AAS
B 20.00 ppm H,O/F-AAS
8 Cation exchange capacity 59.03 cmol /kg  NH,OAC pH 7-Spectrophotometry
9  Humic compounds 6.69 % Spectrophotometry
10 Nitrogen-fixing bacteria 2.87 x 10° CFU.g" Total plate count
11 Phosphate solubilizing bacteria 1.30 x 10° CFU.g" Total plate count
12 Phosphate solubilizing fungi 452 x 10* CFU.g" Total plate count
13 Trichoderma sp. 2.87 x 10° CFU.g" Total plate count
14 N-fixing Activity Positive - Drop plate
15 P-solubilizing activity Positive - Drop plate
16 Phytohormones
IAA 10.044 mg.kg’ HPLC
Gibberellins 17.076 mg.kg’ HPLC
Zeatin 6.917 mg.kg’ HPLC
Kinetin 5.070 mg.kg’ HPLC
Abscisic acid 6.677 mg.kg’ HPLC
Notes: CFU is colony forming unit; F-AAS is flame atomic absorption spectrometer; HPLC is high-performance liquid
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with medium initial viability (Lot 2) had the lowest GS
of 20.25% etmal. In “Devon 17, VI was significantly
influenced by seed lot. Lot 3 had the highest VI
(84.5%).

Invigoration treatment influenced all the variables
except EC in “Argomulyo” and VI on “Devon 1"
(Table 3). In “Argomulyo”, 12 (osmoconditioning with
PEG 6000) reduced VI, GP, and GS. The vigor index
increased by 7.33% when treated with vermicompost
priming, but the difference was not statistically
significant compared to the control. Treatments
I1 (matriconditioning with rice husk charcoal) and
I3 (vermicompost priming) significantly increased
germination by 5-10% and radicle emergence by
20-30% compared to the control. The germination in
treatment 13 was the highest (92.67%) compared to
other invigoration treatments. The highest vigor index
(84%) was also obtained in treatment 13 but was not
significantly different from the control.

In “Detap 1”7, the invigoration treatment had a
significant effect on all variables (Table 3). Invigoration
treatments 1 and I3 significantly increased the
vigor index by 15-20% and germination by 10-15%
compared to the control. The invigoration I1, 12, and
I3 reduced EC compared to the control. The lowest
EC was found in treatment 12 (37.12 pyS.cm™.g™").
This shows that invigoration does not damage the
integrity of the seed cell membrane. The 12 treatment
reduced the GS by 2.56% from 10, while the |1 and
I3 treatments were not significantly different from the
control. Radicle emergence in treatment 1 (60.67%)
significantly increased compared to the control.

All variables except VI were significantly influenced
by invigoration treatment in “Devon 1” (Table 3).
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Invigoration treatments significantly increased the
germination percentage by 8-11% compared to the
control, and the germination percentage values
did not differ significantly between the invigoration
treatments. The germination in treatment I3 was the
highest (89.33%) compared to other invigoration
treatments. Treatment I3 produced the lowest GS
compared to other invigoration treatments and
the control. The 11 and 12 invigoration treatments
significantly increased RE by 15-30% compared to
the control. Radicle emergence in the vermicompost
priming treatment increased, but the increase
was not statistically significant compared to the
control. Invigoration treatments resulted in lower EC
compared to the control. The lowest EC was found in
treatment 12 (39.92 uS.cm.g").

Adecrease in GS and RE values was not significantly
different from the control in the vermicompost priming
treatment of the “Devon 1” variety (Table 3). This can
be attributed to the longer duration of 18 hours for
matriconditioning and osmoconditioning, compared to
12 hours. The study by Mariani and Wahditiya (2021)
shows that matriconditioning treatment of soybean
seeds for 6 and 12 hours is more effective than for
18 hours. It is noteworthy that the moist condition
of the matriconditioning media has the potential for
the presence of pathogenic bacteria. Germination is
divided into three phases based on the level of seed
water content and duration: imbibition (first phase),
activation (second phase), and growth (third phase),
which is marked by the emergence of the radicle.
The unprimed seed will immediately enter the third
phase. In seed priming, the duration of the second
phase is extended, and then the water content of
the seeds is reduced until it is safe for the seeds
to be stored (Pedrini et al., 2020). A longer priming

Table 2. Effect of seed lot on the physiological quality of soybean seeds of “Argomulyo”, “Detap 17, and “Devon

1” varieties
Seed physiological quality
Varieties Seed lot VI GS RE EC
(%) (%) (% / etmal) (%) (uS.cm.g")

Lot 1 76.25a 82.50a 22.02a 55.25a 56.77b
“Argomulyo” Lot 2 77.75a 88.00a 22.43a 64.00a 54.43b
Lot 3 79.75a 86.25a 22.29a 63.75a 66.40a
Lot 1 65.75a 79.75a 21.57a 53.75a 43.93a
“Detap 1” Lot 2 64.00a 76.50a 20.25b 47.00a 44 .98a
Lot 3 70.25a 83.50a 22.25a 53.50a 42.32a
Lot 1 74.50b 82.75a 19.51a 68.00a 48.35a
“Devon 1” Lot 2 77.50b 85.75a 19.96a 70.25a 46.83a
Lot 3 84.50a 89.25a 19.84a 71.25a 47.99a

Notes: Seed lot with low germination of 60-69% (Lot 1), medium 70-79% (Lot 2), high >80% (Lot 3). Values followed by
the same letter for each variable indicate that the results are not significantly different in the DMRT test at a = 0.05.

278 Dewi Rahmawati Intan Permatasari, Satriyas llyas, Abdul Qadir


https://doi.org/10.29244/jtcs.12.02.274-283

Journal of Tropical Crop Science Vol. 12 No. 2, June 2025
www.j-tropical-crops.com

duration causes the seeds to enter the third phase
of imbibition, allowing the radicle to emerge, albeit
minimally. In this phase, the seeds are sensitive to
desiccation. According to Ruliyansyah (2011), priming
legume seeds for an extended period potentially
reduces oxygen availability during seed respiration.
A faster priming duration can be chosen to minimize
seed damage and maintain optimum seed quality.

The osmoconditioning treatment caused the seeds to
imbibe more quickly than the matriconditioning and
vermicompost priming treatments. Matriconditioning
and vermicompost priming enable seeds to undergo
a more extended imbibition phase compared
to  osmoconditioning. Matriconditioning and
vermicompost priming media have good water-
holding capacity. Meanwhile, osmoconditioning
media is a solution that lacks water-holding capacity.
Water directly enters the cell membrane, allowing the
imbibition process to occur quickly (Priyanto, 2017).
Osmoconditioning is unsuitable for soybean seeds
because they are sensitive to imbibitional injury. The
water absorption rate in osmoconditioning is faster
and less controlled than in matrix conditioning and
vermicompost priming. Therefore, G and GS in the
“Argomulyo” and “Detap 1” varieties decreased after
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osmoconditioning treatment (Table 3).

Table 4 shows that all invigoration treatments
significantly increased the germination in Lot 1 of
“Devon 1” from 70% (control) to 84-91%. In Lot 2, only
matriconditioning increased germination from 80%
to 93%. In Lot 3, with an initial germination rate of
87%, none of the invigoration treatments significantly
improved germination.

In “Devon 17, osmoconditioning showed the lowest
EC compared to other invigoration treatments in Lot
1 and Lot 3. In Lot 2, the lowest EC value was found
in vermicompost-primed samples, although it was
not significantly different from the osmoconditioned
samples. The EC from the matriconditioned seed
was not significantly different from the vermicompost
primed seed in Lot 1 and Lot 3 but was lower than
the control. The EC values among seed lots were not
significantly different in all invigoration treatments,
except for 13, where the EC of Lot 2 was lower than
Lot 1 and Lot 3.

Matriconditioning and vermicompost priming are
more effective in improving the physiological quality
of soybean seeds (Tables 3 and 4). Numba et

Table 3. Effect of invigoration method on the physiological quality of soybean seeds of “Argomulyo”, “Detap 17,

and “Devon 1” varieties

Seed physiological quality

Varieties Invigoration Methods Yigor Germination Germination Radicle Electric_;a_l
index (%) speed emergence conductivity
(%) ° (% / etmal) (%) (uS.cm™.g™)
Control (10) 76.67ab 83.33b 23.22a 49.00b 63.02a
Matriconditioning with rice 78.67ab 89.00a 23.01a 75.33a 61.73a
husk charcoal (I1)
“Argomulyo” e .
Osmoconditioning with 72.33b 77.33c 19.60b 48.67b 55.99a
15% PEG (12)
Vermicompost priming (I3) 84.00a 92.67a 22.99a 71.00a 56.05a
Control 57.00b 74.67b 21.61a 43.33b 50.64a
Matriconditioning with rice  75.67a 87.00a 22.63a 60.67a 43.96b
husk charcoal (11)
“Detap 1” . )
Osmoconditioning with 54.33b 69.67b 19.05b 50.33ab 37.12c
15% PEG (12)
Vermicompost priming (I3) 79.67a 88.33a 22 .14a 50.33ab 43.24b
Control 76.00a 79.00b 19.82a 58.00c 57.73a
Matriconditioning with rice  78.67a 87.67a 20.53a 83.33a 46.45b
husk charcoal (11)
“Devon 17 . .
Osmoconditioning with 76.00a 87.67a 19.95a 73.00ab 39.92c
15% PEG (12)
Vermicompost priming (13) 84.67a 89.33a 18.78b 65.00bc 46.79b

Notes: Values followed by the same letter for each variable indicate that the results are not significantly different in the

DMRT test at a = 0.05.
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al. (2024) stated that rice husk charcoal contains
elements N, K, and C because it has gone through a
combustion process, thus the carbon content is high
and easily decomposed. Matriconditioning seeds with
husk charcoal can prolong the imbibition phase. This
prolonged imbibition process allows for the controlled
entry of water, thereby increasing the germination
percentage of soybean seeds that have experienced
a decline in seed quality. Matriconditioned black
soybean (Glycine soja) seeds with rice husk charcoal
plus biofertilizer (consisting of nitrogen-fixing
bacteria, phosphate-solubilizing bacteria, fungicide-
producing bacteria, and growth-regulator-producing
endophytic bacteria) significantly increased the
percentage and rate of germination and vegetative
growth (Sucahyono et al., 2013). Matriconditioning
plus Bradyrhizobium japonicum dan Azospirillum
lipoferum applied on soybean (Glycine max) seeds
improved the seed quality, plant growth (number
of nodules, weight of roots), and reduced use of N
fertilizer (llyas et al., 2003).

Incorporation of vermicompost in seed priming can
significantly enhance the quality of seeds by their
rich nutrient content. Vermicompost has a water-
holding capacity that positively affects the swelling
of the seed coat (Abzhami et al., 2024). In addition,
vermicompost contains growth regulators such as
IAA, gibberellin, kinetin, zeatin, and abscisic acid
(Table 1). Humic compounds and growth-regulating
substances in the vermicompost composition start
the cell cycle and a series of sequential divisions of
meristem cells (Abzhami et al., 2024). It is recognized
that humic compounds activate enzymes involved in
the cell cycle and DNA replication (cyclin-dependent
kinases) (Wolny et al., 2018), induce root growth,
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enhance the functional activity of H-ATPase, stimulate
plant growth by improving the availability of iron and
zinc ions, polyamines (Pizzeghello et al., 2020 and
Younas et al., 2021). Cytokinins and gibberellic acid
regulate the formation and development of soybean
shoots.

Osmoconditioning reduced the seed EC values
(Tables 3 and 4). According to Sa’adati et al. (2023),
the particles contained in polyethylene glycol (PEG)
can protect seeds because these particles form a
thin layer on the outer cell membrane, controlling
the entry of water and oxygen into the seeds. This
condition is supported by the statement of Fata
et al. (2020) that PEG solution will reduce the
environmental water potential through increased
osmotic potential; therefore, it will slow down the
rate of water absorption in the seed and reduce
cell electrolyte loss. These conditions result in the
osmoconditioned seeds having higher germination
and radicle emergence than the control in “Devon 17
however, the osmoconditioning treatment reduced G
and GS in “Argomulyo” and “Detap 1”. PEG solution
limits the amount of water absorbed by the seeds,
allowing the rate of water absorption at the beginning
of imbibition (phase ) to be slowed down and extend
the duration of phase Il. A long duration in phase Il
is needed to repair their metabolism before entering
phase lll for radicle formation. Low leakage indicates
that the seeds can maintain a supply of energy
sources for breaking down lipids and carbohydrates
needed for germination (Aisyah et al., 2018).

Table 4. Effect of the Interaction between seed lot and invigoration method on germination and electrical

conductivity of “Devon 1” soybean seeds

Invigoration methods

Varieties Seed Lot Control (10) M\?/ti?rfcr)ir;:ﬂ%g; 9 Osmoconditioning ~ Vermicompost
charcoal (I1) with 15% PEG (12) priming (I3)
Germination (%)

“Devon 1” Lot 1 70 Bb 86 Aa 84 Ba 91 Aa
Lot 2 80 Ab 93 Aa 85 ABab 85 Aab
Lot 3 87 Aa 84 Aa 94 Aa 92 Aa

Electrical Conductivity (uS.cm™.g™)

“Devon 17 Lot 1 60.93 Aa 45.66 Ab 37.04 Ac 49.76 Ab
Lot 2 55.88 Aa 47.76 Ab 41.69 Ac 41.20 Bc
Lot 3 56.38 Aa 45.93 Abc 41.03 Ac 48.63 Ab

Notes: Seed lot with low germination of 60-69% (Lot 1), medium 70-79% (Lot 2), high >80% (Lot 3). Values followed by the
same letter indicate that the results are not significantly different in the DMRT test at the a = 0.05. Uppercase letters
compare among rows in the same column. Lowercase letters compare among columns on the same row.
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Conclusions

Vermicompost priming enhanced the physiological
quality of “Argomulyo” and “Detap 1” soybeans, as
indicated by improved vigor index, higher germination
percentage, faster germination speed, and earlier
radicle emergence. The seed physiological quality
of “Devon 1” increased with matriconditioning using
rice husk charcoal. Vermicompost priming improved
the physiological quality of soybean seeds but was
not significantly different from matriconditioning.
Invigoration significantly improved the seed quality
of “Devon 1” soybeans, with a medium germination
rate of 70%, but was less effective on seeds that still
exhibited high germination rates (287%).
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