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ABSTRACT

The study investigated the effects of seed priming duration and wood vinegar concentration on the
germination, emergence, and early seedling growth of rice (Oryza sativa L.) to determine the
optimal combination for enhancing early plant development. A factorial experiment was conducted
using three priming durations (0, 12, and 24 hours) and five wood vinegar concentrations (control,
1:25, 1:50, 1:75, and 1:100). Results revealed that seed priming for 12 hours (A2) significantly
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enhanced final germination percentage (86.13%), T90-T10 (31.44), and reduced the time to 50%
germination (T50) to 44.57 hours.

All wood vinegar treatments performed better than the control, with the 1:50 dilution showing the
most consistent benefits. The treatment combination of 12-hour priming with 1:50 wood vinegar
(A2B3) resulted in the highest final germination (98%) and emergence (100 %) percentages, and
significantly improved seedling vigor traits including shoot and root length, stem diameter, leaf
number, and biomass. The highest chlorophyll content was observed in the 24-hour priming
treatment. In particular, under nursery and direct-seeding systems, these results imply that
combining seed priming with a modest concentration of wood vinegar improves rice seed
performance and early development, providing a sustainable and economical method of rice
production.

Keywords: Rice; seed priming; seedling vigor; sustainable agriculture; wood vinegar.

DEFINITIONS

Wood Vinegar: Wood vinegar/Liquefied smoke (mokusako) is a liquid produced through the pyrolysis
of wood, containing organic acids and phenolic compounds believed to promote plant growth.

Seed Priming: Seed priming is a treatment process in which seeds are soaked in a solution to
enhance germination speed and seedling vigor.

Germination Rate: Germination rate is the percentage of seeds that successfully sprout and develop
into seedlings within a specified period.

Seedling Growth: Seedling growth refers to the development of a seedling from a germinated seed,
measured by parameters like shoot length and root length.

Shoot Length: Shoot length is the distance from the base of the seedling to the tip of the longest
shoot.

Root Length: Root length is the measurement from the root tip to the root base, indicating the
seedling's ability to anchor and absorb nutrients.

Biomass: Biomass is the total mass of plant material, including both root and shoot parts, typically
measured in fresh and dry weight.

Chlorophyll Content: Chlorophyll content is the amount of chlorophyll in the plant leaves, indicating
the plant's photosynthetic capacity.

Control Group: The control group consists of untreated rice seeds used as a baseline to compare the
effects of wood vinegar seed priming.

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the most
important staple crops worldwide, feeding billions
of people. The demand for rice rises in tandem
with the world's population growth, placing
pressure on agricultural production systems to
raise crop yields. This process starts with seeds,
however 55% of Filipino farmers do not utilize
high-quality seeds, which might reduce
productivity (FAO 2010). A pre-sowing procedure
called "seed priming" exposes seeds to regulated
hydration and dehydration procedures, improving
their physiological preparedness for germination.
This technique has been shown to improve
seedling emergence, growth, and stress
tolerance in various crops, including rice (Ma, H.,
Jia, Y. et al. (2025); Steinbrecher, T., &
Leubner-Metzger, G. (2016). Currently most
farmers in the country do not practice priming of
any form. Factors such as poor soil quality,
limited water resources, and environmental

stressors often hinder the optimal growth and

development of rice. These challenges
necessitate the exploration of alternative
agricultural  techniques to improve seed

germination and early seedling vigor. Among
these methods, seed priming has gained
attention as an effective technique to improve
seed quality and early-stage growth under
suboptimal conditions.

Priming treatments can involve different
substances, such as water, nutrients, and
organic extracts, all aimed at optimizing seed
performance. One such substance, wood vinegar
(also known as pyroligneous acid), has gained
popularity in recent years due to its potential
benefits in plant growth promotion, disease
suppression, and stress tolerance (Leifeld J. et
al., 2025).

Wood vinegar is a natural by-product obtained
during the pyrolysis of wood. It contains a
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complex mixture of acetic acid, phenolic
compounds, alcohols, and other organic acids,
which have been reported to influence seed
germination and plant growth positively (Hussain,
H. A., Hussain, S et al 2018; Rico, C. M 2007).
Previous studies have suggested that wood
vinegar can enhance seedling growth, improve
disease resistance, and reduce the effects of
environmental stress such as drought and
salinity (Itayagoshi, S 2015; Nie, L., Liu, H.,,
Zhang, L., & Wang, W. (2020). Despite these
promising findings, the effect of wood vinegar
seed priming on rice germination and early
seedling development remains underexplored.
This knowledge gap is critical for optimizing seed
priming techniques and leveraging natural
products like wood vinegar for rice cultivation.

Although the potential of wood vinegar as a
growth enhancer has been recognized in some
crops, there is limited research exploring its
effect on rice germination and seedling
development. Specifically, its role in seed priming
for rice has not been fully elucidated. This study
aimed to evaluate the effects of wood vinegar
seed priming on germination, emergence and
growthin in rice. The objectives of this research
are to determine whether wood vinegar can
enhance seed germination, seedling emergence
and early growth of rice plants under controlled
conditions.

2. METHODOLOGY
2.1 Materials

The materials to be used in the study were the
following wood vinegar (wv), weighing scale,
bottles, measuring device, beaker, knife, plastic
bottles, strainer, extractor, garden tools, sprayer,
polyethylene bag and NSIC 22 rice seeds.

2.2 Experimental Design

A two-factorial experiment was conducted using
a completely randomized design with three
replications to assess the effects of wood vinegar
concentration and priming duration on rice seed
germination and early seedling development.
The two factors studied were:

Factor A. Priming Duration (soaking period
hours)

0-hour,12 hours, and 24 hours

Factor B. Wood vinegar (WV) Concentrations

B1 = pure water 100 ml (control) (pH 7.07)
B2 = 1:25 (WV: ddH20) (pH 6.07) 4 %

B3 = 1:50 (WV: ddH20) (pH 6.40) 2%

B4 =1:75 (WV: ddH20) (pH 6.75) 1.33%
Bs = 1:100 (WV: ddH20) (pH 6.93) 1%

2.3 Experiment |
Germination

Laboratory Seed

2.3.1 Wood vinegar dilution and treatment
application

Different concentrations of the wood vinegar
were prepared and placed separately in properly
labeled pet bottles. The rice seeds were soaked
in different concentrations of wood vinegar for 12
hours and 24 hours.

2.3.2 Preparation of pet tray

The pet tray was thoroughly washed and labeled
properly. The pet tray was used to contain the
different concentrations of wood vinegar soaking
solution.

2.3.3 Preparation of seed and germination
boxes

Seed of rice variety NSIC 22 was used in this
study. fifty seeds each was counted Prior to
priming, seeds underwent surface sterilization by
immersing them in a 1% sodium hypochlorite
solution for 5 minutes to eliminate potential
pathogens. Subsequently, seeds were rinsed
thoroughly with distilled water to remove any
residual sterilizing agent. The seed priming
treatment was performed as described in
Hussain et al.. Then, the soaking seeds were
sowed in the sterile germination box with three
layers of filter paper saturated with 10 mL of
sterilized water. Seeds were dampened with 5
mL of water every day for one week. Seeds were
considered to be germinated until the radical
length reached up to 2 mm. After soaking, the
seeds were again washed with distilled water
before sowing in germination boxes previously
lined with two layers of moistened filter paper
and allowed to germinate.

2.3.4 Care and maintenance of the seed
germination boxes

The seed germination boxes were placed in the
laboratory room for observation and recording of
germinants. The seed was considered
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germinated if there was radicle protrusion.
Germination was recorded daily at 24-hours
interval. Germinant were counted cumulatively.

2.4 Experiment Il. Seedling Emergence
and Seedling Growth

2.4.1 Greenhouse construction

A small greenhouse made of bamboo poles with
transparent plastic roofing was constructed
where the seedling emergence experiment was
set-up. The sides were covered with plastic net
screen to prevent the entry of insects.

2.4.2 Preparation of substrate and filling of
individual plastic container

A field soil will be use in the experiment,
approximately 450cc in each cup, the soil is
obtained in Bagabag, Nueva Vizcaya. The plug
seedlings were placed in the 16 ounces
purchased cups. The cups were wash three
times. At the side, close to the base of the cups,
four tiny (3 mm) holes were drilled so that extra
water might flow out during watering.

2.4.3 Seed sowing and seedling production

Primed NSIC 22 was sown at a depth of one
inch and covered with soil. Watering was done
just after sowing to keep the seed in close
contact to the soil using a hand-held atomizer or
spray nozzle.

2.4.4 Wood vinegar dilution and treatment
application

Different concentrations of the WV were
prepared and placed separately in plastic bottles
as in Experiment I. The rice seeds were soaked
in different concentrations wood vinegar for 24
hours.

2.4.5 Care of plug seedlings

Chemical introduced as need

arose.

sprays were

3. RESULTS
3.1 Germination Characteristics
3.1.1 Final germination percentage

Final germination percentage showed high
sensitivity to both priming duration and wood
vinegar concentration. A priming duration of 12

hours (A2) yielded the highest germination rate
at 86.13%, which was significantly higher than
the 0-hour control (A1) at 75.33%. All treatments
using wood vinegar (B2-B5) significantly
surpassed the pure water control (B1), which had
a germination rate of only 56.44%. A notable
interaction effect was observed where the 12-
hour priming combined with a 1:50 WV dilution
(A2B3) achieved the highest final germination of
98%. In contrast, the control treatment with no
soaking (AlBl1l) resulted in the Ilowest
germination rate at 65%. These outcomes are
consistent with previous studies which found that
diluted wood vinegar enhances rice germination.
The active components in wood vinegar, such as
organic acids and phenolics, are known to
improve cell permeability and reduce microbial
contamination, contributing to better germination.

3.1.2 Mean germination time (T50)

Mean germination time (T50), a measure of
germination speed, was significantly accelerated
by the 12-hour priming duration (A2), which
recorded a T50 of 44.57 hours compared to
62.67 hours for the unprimed control (Al). All
wood vinegar-treated seeds emerged faster than
the control. The most effective interaction was
A2B2 (12-hour priming with 1:25 WV dilution),
which had the fastest T50 of 41.83 hours. The
slowest germination was observed in the 0-hour
soaking group (Al) across all concentrations.
These findings align with research showing that
seed priming initiates enzyme activation and
gene expression, such as a-amylase activity,
which speeds up germination. Wood vinegar may
also enhance respiration and mitochondrial
activity, leading to faster germination.

3.1.3 Uniformity of germination (T90-T10, h)

Uniformity of germination (T90-T10, h), an
indicator of early seed vigor, improved across
treatments. The highest T90-T10 was observed
in the 12-hour priming group (A2) at 31.44. Wood
vinegar-treated seeds (B2-B4) also showed
significantly higher T90-T10 compared to the
control. Interestingly, the interaction of priming
duration alone, especially A2B1 (44.33), had a
powerful impact on T90-T10, suggesting a strong
effect of priming on internal seed metabolism.
Improved T90-T10 is associated with better
seedling establishment and field performance.
This enhancement may be due to improved
mitochondrial function and upregulation of
metabolic enzymes stimulated by the wood
vinegar treatment.
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Table 1. Summary data on seed priming duration and germination characteristics of rice as
affected by different concentrations of wood vinegar

Treatment Final Germination (%) T50 (h) T90-T10 (h)
MAIN PLOT (A)
Al- 0 hour 75.33b 62.67a 29.01 ab
A2-12 hours 86.13 a 4457 b 3144 a
A3- 24 hours 84.60 ab 47.49 ab 28.73b
CV (%) 2.51** 15.96* 18.84*
SUBPLOT(B)
B1-control 66.44 b 57.41a 18.63 b
B2-1:25 83.77 a 50.13 b 33.96 a
B3-1:50 84.44 a 49.73 b 32.79 a
B4-1:75 85.22 a 52.00 ab 3344 a
B5-1:100 85.77 a 51.86 ab 29.82 ab
CV (%) 1.89 ** 4.47* 4.13**
A x B interaction
A1B1 65.00 b 62.80 38.01la
Al1B2 65.66 62.56 37.54a
A1B3 65.33 b 62.50 38.18 a
Al1B4 69.00 a 62.90 38.12 a
A1B5 69.66 a 62.56 37.83a
A2B1 82.66 ¢ 47.83 44.33 a
A2B2 91.00b 41.83 14.68 b
A2B3 98.00 a 42.26 14.68b
A2B4 92 .00b 45.26 14.71b
A2B5 91.00 b 45.66 14.77 b
A3B1 83.66 b 51.83 39.44 a
A3B2 88.00 a 46.00 36.66 ab
A3B3 89.33 a 44.43 37.38a
A3B4 88.00 a 47.83 36.49 ab
A3B5 88.33 a 47.33 36.80 ab
CV (%) 2.07** 2.45 2.43**

3.2 Seedling Growth Characteristics
3.2.1 Number of leaves

The number of leaves, an indicator of early
vegetative vigor, was significantly influenced by
seed priming, with 12-hour (A2) and 24-hour (A3)
durations producing more leaves (21.73 and
21.06, respectively) than the unprimed control
(15.66). The interaction between priming and
wood vinegar was most notable in treatments
A2B3 and A3B3, which produced up to 24-27
leaves. This supports findings by Sarma, B.,et al.
(2023), who reported enhanced shoot
morphogenesis due to phenolic and acidic
compounds in wood vinegar that mimic plant
growth regulators like auxins and
cytokinin.

3.2.2 Final seedling emergence

Final seedling emergence, a critical trait for field
establishment, was significantly improved by
both 12-hour and 24-hour priming durations
compared to the control. A striking interaction
effect was seen with the A2B3 treatment (12-
hour priming with 1:50 WYV), which achieved
100% emergence. This is consistent with Farooq
et al. (2006), who demonstrated that priming
activates metabolic processes like a-amylase
activity, leading to rapid and uniform germination.
Steinbrecher, T., (2016. further emphasized that
priming reduces imbibitional injury and improves
membrane integrity, while wood vinegar provides
antifungal protection and micronutrients that
enhance seed performance under suboptimal
conditions.
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Table 2. Summary data on seedling growth characteritics of rice as affected by priming duration and different concentration of wood vinegar

Treatment % No. of Shoot Root Stem Shoot Shoot Root Fresh Root Dry Wt Leaf
emergence Leaves Length length Diameter Fresh Wt  Dry Wt Wt (9) (@) Chlorophyll
(cm) (cm) (mm) (9) ()] content
Mainplot
Al- 0 hour 84.14 15.66 a 38.64 c 25.82b 5.26 a 0.99¢c 0.34c 0.68 ¢ 0.21c 511c
A2- 12 hours 98.00 21.73 a 45.67a 35.00 a 6.72 a 1.86 a 0.68 a 137 a 0.43 a 6.52 b
A3- 24 hours 100.00 21.06 a 43.83 b 32.06 ab 6.15 a 1.65b 0.58 b 1.18b 0.37b 7.38a
CV (%) 1.40 4.55 ** 2.75**  3.50** 9.52** 7.86* 7.93* 7.93* 7.76 ** 2.62 **
Subplot
B1-control 69.18 b 13.66 c 42.47bc 21.87c 4.38b 156a 0.35 0.70c 0.22 4.26e
B2-1:25 75.30 a 20.11 b 42.91b 32.47b 6.32 a 152a 0.35 1l.11a 0.35 6.29a
B3-1:50 98.41 a 20.66 ab 44.03 a 33.43 ab 6.53 a 1.36b 0.51 1.01lab 0.32 6.26 ab
B4-1:75 92.16 a 21.33 ab 42.29bc 33.60 ab 6.71 a 149 a 0.51 1.03ab 0.33 6.25¢c
B51:100 93.88 a 21.66 a 41.86 c 34.30a 6.27 a 156a 0.51 1.03ab 0.33 6.08d
C.V (%) 1.14 ** 4.88** 1.96** 2.64** 8.05** 7.25** 7.25* 7.13* 7.22** 2.67 **
AXB interaction
Al1B1 69.40 c 17.00b 28.54 b 26.83 b 6.50 b .99 0.32 0.63e 0.20 5.06 e
A1B2 92.00 c 16.00b 42.54 a 29.20c 5.35b 1.56 0.33 0.66d 0.21 5.23 de
A1B3 98.00 c 17.00c 42.65 a 34.53b 5,57 ¢ 1.56 0.34 0.68cd 0.22 5.20de
Al1B4 94.60 c 17.00c 42.70 a 27.66 c 5.69 a 1.56 0.34 0.69ab 0.22 5.20de
A1B5 95.20 a 17.00c 43.17 a 27.50c 6.05 a 1.46 0.35 0.71a 0.23 4.86f
A2B1 89.70 a 21.00 a 42.66 a 35.06 a 7.44 a 151 0.69 1.38ab 0.44 6.64cd
A2B2 95.20 a 22.33a 42.86 a 35.73 a 6.81 a 1.60 0.69 1.39ab 0.44 6.37bc
A2B3 100.00 a 24.00 b 44.03 a 39.40 a 8.05 a 1.36 0.65 1.30c 0.41 6.46bc
A2B4 96.80 a 20.00b 44.03 a 35.40 a 6.18 a 1.36 0.70 1.40a 0.45 6.53bc
A2B5 92.60 a 24.00b 44.03 a 35.40 a 6.18 a 1.36 0.69 1.39ab 0.44 6.60bc
A3B1 87b 20.00 a 41.13 a 34..00 a 6.65 ab 1.47 0.57 1.15d 0.36 7.57a
A3B2 88.96 b 22.67 a 41.46 a 33.80b 6.65 a 1.59 0.57 1.15bc 0.37 7.43ab
A3B3 91.00b 27.00 a 42.30 a 38.20a 6.9b 1.59 0.55 1.10b 0.35 6.88bc
A3B4 89.43 b 24.33a 42.76 a 33.46 b 6.20 a 1.48 0.59 1.18b 0.37 7.42ab
A3B5 84.90 b 26.00a 42.96 a 32.66 b 6.89 a 1.58 0.64 1.29a 0.41 7.56 a
CV (%) 1.40** 4.55 ** 2.75**  3.50** 9.52** 7.86 7.93 7.93* 7.76 2.62 **
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3.2.3 Shoot length

Shoot length, an indicator of seedling vigor, was
greatest in seedlings from the 12-hour priming
treatment (A2), which produced shoots averaging
45.67 cm. The 1:50 WV concentration (B3) also
resulted in the greatest shoot length at 44.03 cm.
The best-performing interactions were A2B3 and
A3B5, both vyielding shoots over 44 cm,
highlighting the role of priming and moderate
vinegar  concentration in early  shoot
development. Wood vinegar likely contributes to
this through bioavailable nutrients and growth-
enhancing organic acids. According to Islam et
al. (2005), wood vinegar contains acetic acid and
trace minerals that promote cell expansion and
shoot elongation.

3.2.4 Root length

Root length was similarly affected, with the 12-
hour priming duration (A2) producing the longest
roots (35.53 cm). The interaction of A2B3 and
A3B3 resulted in the longest roots, measuring
39.4 cm and 38.2 cm, respectively. This effect is
supported by studies showing that wood vinegar
can stimulate auxin pathways to enhance root
proliferation.

3.2.5 Stem diameter

Stem diameter, associated with mechanical
strength, was thickest in the 12-hour priming
group (A2) at 6.72 mm. The A2B3 treatment was
a standout, producing a stem diameter of 8.05
mm, indicating a strong synergistic effect. This
aligns with research demonstrating that
hormone-like compounds in wood vinegar
promote the development of vascular tissue.

3.2.6 Shoot fresh weight and dry weight

Shoot fresh weight and dry weight were highest
in the 12-hour priming group (A2), which
recorded 1.86 g and 0.68 g, respectively. The
A2B2 interaction (12 hours x 1:25 WYV) yielded
the highest shoot fresh weight (2.01g) and shoot
dry weight (0.68g). This supports the concept
that priming enhances early metabolic activity,
while wood vinegar acts as a biostimulant,
improving biomass by promoting carbon
assimilation. According to Farooq et al. (2006),
seed priming enhances early metabolic activity,
while Sarfraz et al. (2021) highlighted that wood
vinegar acts as a biostimulant, boosting shoot
mass by stimulating hormone-like growth
regulators in young tissues.

3.2.7 Root fresh and dry weight

Root fresh and dry weight followed a similar
trend, with the 12-hour priming duration (A2)
showing the highest values at 1.37 g and 0.43 g,
respectively. The best interaction for root fresh
weight was A2B2, while A2B4 yielded the highest
root dry weight (0.45 g). Supporting this, Wang et
al. (2019) noted that organic acids and phenolics
in wood vinegar stimulate lateral root
development and enhance root mass,
contributing to increased early-stage nutrient
efficiency

3.2.8 Leaf chlorophyll content

Leaf chlorophyll content, a proxy for
photosynthetic potential, was highest in the 24-
hour priming treatment (A3). The top-performing
interactions were A3B1 (7.57) and A3B5 (7.56),
suggesting that extended priming enhances
photosynthetic activity. It has been suggested
that compounds in wood vinegar may stabilize
chloroplasts and delay senescence by boosting
antioxidant systems. Wang et al. (2018)
explained that compounds in wood vinegar may
stabilize chloroplasts and delay senescence by
boosting antioxidant enzyme systems.
Additionally, Anwar et al. (2018) observed that
chlorophyll content is positively correlated with
early vigor and nitrogen availability, both of which
can be enhanced through effective priming and
organic amendments.

4. DISCUSSION

This study demonstrates that seed priming with
wood vinegar significantly enhances germination
and early seedling development in rice (Oryza
sativa L.), with priming duration and
concentration acting as critical determinants of
efficacy. The optimal treatment, 12-hour priming
with a 1:50 wood vinegar dilution (A2B3),
consistently outperformed other combinations
across multiple parameters, underscoring its
potential for agricultural application.

4.1 Germination Enhancement

Final germination percentage reached 98%
under A2B3, significantly exceeding the control
(56.44%) and untreated seeds (65%). This aligns
with Zhu, K. 2021), who attributed improved
germination to wood vinegar's organic acids,
phenolics, and alcohols. These compounds
enhance cell permeability, activate antioxidant
pathways, and suppress microbial contamination,

264



ERANA and VALDEZ; Int. J. Plant Soil Sci., vol. 37, no. 9, pp. 258-268, 2025; Article no.lJPSS.142019

facilitating rapid water uptake and metabolic
activation. Mean germination time (Tso) was
shortest in A2B2 (41.83 hours), reflecting
accelerated metabolic processes. Farooq et al.
(2006) noted that priming initiates a-amylase and
protease activity, while Kaya, M. D et al. 2006)
emphasized wood vinegar's role in boosting
mitochondrial respiration. Germination
synchronization (Teo-T1o) was highest in A2
treatments (e.g., A2B1: 7.50 hours), indicating
uniform germination onset. Yamauchi, M. (2012)
linked this to membrane repair and gibberellic
acid signaling, which wood vinegar may
potentiate.

4.2 Seedling Growth and Vigor

Seedling emergence peaked at 100% under
A2B3, consistent with Farooq et al. (2006), who
found priming reduces imbibitional injury and
enhances membrane integrity. Shoot and root
development were maximized at 12-hour
priming: Shoot length (A2B3: 45.80 cm), root
length (A2B3: 39.4 cm), and stem diameter
(A2B3: 8.05 mm) all showed significant
gains. Islam et al. (2005) and Khan et al.
(2015) attributed this to wood vinegar's acetic
acid and trace minerals, which stimulate cell
expansion and division. Similarly, Sarfraz
et al. (2021) reported that phenolics in wood
vinegar mimic auxins/ cytokinins, accelerating
morphogenesis. Biomass accumulation
mirrored these trends: Shoot fresh weight
(A2B2: 2.01 g) and root dry weight (A2B4:
0.45 g) were highest in 12-hour primed
seedlings. Farooq et al. (2006) and Sarfraz
et al. (2021) emphasized the role of priming in
early metabolic activation and carbon
assimilation.

4.3 Physiological Enhancements

Leaf chlorophyll content peaked under 24-hour
priming (A3B1l: 7.57), suggesting extended
priming durations optimize  photosynthetic
machinery. Wang et al. (2018) proposed that
wood vinegar stabilizes chloroplasts via
antioxidant upregulation, while Anwar et al.
(2018) correlated chlorophyll with nitrogen
availability. Germination energy (GE), indicative
of early vigor, was highest in A2B1 (44.33),
though wood vinegar treatments (B2-B4) also
elevated T90-T10. Basra et al. (2005) linked GE
to field establishment potential, with Li et al.
(2019) noting wood vinegar’s suppression of lipid
peroxidation.

4.4 Mechanisms and Interactions

The superiority of 12-hour priming (A2) reflects a
balance between biochemical activation and
avoidance of oxidative stress. At 24 hours (A3),
prolonged exposure may impair vigor despite
benefits to chlorophyll. The 1:50 dilution (B3)
likely optimizes bioactive compound delivery:
Higher concentrations (e.g., B2: 1:25) risk
phytotoxicity, while lower (B5: 1:100) may be
insufficient. Synergistic effects between priming
duration and wood vinegar concentration align
with Habibi, N.et al 2023), who highlighted the
role of priming in reducing oxidative stress,
further augmented by organic biostimulants.

5. CONCLUSION

The results of this study demonstrate that seed
priming for 12 hours combined with wood vinegar
at a 1:50 dilution significantly enhances rice seed
germination, emergence, and early seedling
vigor. This treatment accelerated germination
timing, increased seedling biomass, and
improved vegetative traits such as shoot and root
length, stem thickness, and chlorophyll content.
The findings suggest that bio stimulant properties
of wood vinegar, likely due to its content of
organic acids, phenolic compounds, and
micronutrients. These improvements reflect
better physiological readiness and metabolic
activity in seeds, which contribute to successful
early growth. Further research is also
encouraged to assess the long-term storage
viability of these treated seeds for commercial
purposes and to explore various sources and
concentrations of wood vinegar to find the most
effective formulations. The overall goal is to
integrate natural bio stimulants like wood vinegar
into sustainable farming practices, thereby
reducing chemical dependency and promoting
ecological balance.
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