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Abstract: Shallots (Allium ascalonicum L.) are a critical horticultural crop in
Indonesia; however, their production remains unstable owing to the
inconsistent availability of quality planting materials. This study aimed to
determine the optimal storage duration to break dormancy and enhance the
early growth of Super Philips shallot bulbs under ambient conditions. A
randomised complete block design was used to assess five storage durations (2,
4, 6, 8, and 10 weeks) by evaluating the sprouting percentage, rooting
percentage, time to emergence, and early vegetative traits, including root
volume, root length, plant height, and number of leaves. The results showed
that bulbs stored for eight weeks exhibited the highest sprouting (98%) and
rooting (99%) rates, along with the shortest mean emergence times and
superior vegetative growth. Statistical analyses confirmed strong correlations
and predictive regressions linking storage duration and physiological
performance. These findings indicate that an eight-week storage period
provides optimal physiological conditions for dormancy release, improves
seedling vigour, and supports synchronised root and shoot development. This
study offers actionable insights for seed management practices and validates
empirical storage traditions, with implications for more stable and productive
cultivation systems.

1. Introduction
Shallot (Allium ascalonicum L.) is one of Indonesia’s most vital

horticultural commodities and holds significant national economic value
due to its indispensable role in daily cuisine. Used ubiquitously across
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households and the food industry, its irreplaceable
culinary function underscores its strategic
agricultural status. Beyond its role as a kitchen
staple, shallots offer substantial nutritional and
medicinal properties. They contain essential
macronutrients and micronutrients, such as
carbohydrates, proteins, and minerals including
calcium (Ca), magnesium (Mg), potassium (K), sodium
(Na), iron (Fe), and zinc (Zn). Additionally, shallots are
rich in bioactive compounds like phenols, flavonoids,
and antioxidants, which possess powerful free
radical-scavenging activities (Adeyemo et al., 2023).
The growing population and the expanding food
processing sector in Indonesia further drive the
consistent increase in demand for shallots.

Despite the growing need, shallot production
remains volatile. A persistent imbalance between
supply and demand contributes to market instability
and price inflation. For example, in April 2024,
shallots contributed the highest food inflation rate of
30.75% month-to-month due to reduced availability
across regions (Liman, 2024). Per capita consumption
of shallots rose from 2.802 kg/year in 2019 to 2.861
kg/year in 2023 (Central Bureau of Statistics of
Indonesia, 2024). However, national shallot
production has shown fluctuations: 2,004,590 tons in
2021, decreasing to 1,982,360 tons in 2022, and
slightly increasing to 1,985,233 tons in 2023 (Central
Bureau of Statistics of Indonesia, 2024). This
instability is attributed to multiple agronomic and
logistical constraints, notably the inconsistent
availability of high-quality planting materials.

One major constraint in shallot cultivation is the
dependency on bulbs as the primary planting
material. These bulbs serve as the foundation for
initial plant growth and significantly affect crop
productivity. However, their use is complicated by
the natural dormancy phase post-harvest, which
hinders immediate replanting (Arif et al., 2022).
Consequently, bulbs require storage to allow
dormancy to break before planting. This storage
period, while necessary, introduces a new challenge:
quality deterioration. Improper storage conditions
can compromise bulb viability and vigor, resulting in
suboptimal germination and plant development
(Syam’un et al., 2017). Typically, shallot bulbs are
stored for 3 to 4 months post-harvest to overcome
dormancy (Nurfaida et al., 2024). Yet, extended or
poorly managed storage can lead to reduced
sprouting rates, delayed emergence, weight loss, and
lower dry matter accumulation (Ansar et al., 2022).
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The general solution employed by farmers
involves storing the bulbs under ambient conditions
until dormancy subsides. However, this common
practice lacks standardization and often depends on
empirical tradition rather than scientific guidance.
Variables such as bulb variety, pre- and post-harvest
conditions, and storage environment (temperature,
humidity, and airflow) heavily influence the
dormancy period and the outcome of sprouting and
rooting. Deviations in these parameters can result in
mechanical, physiological, or microbial damage.
Typical manifestations include moisture loss,
abnormal sprouting and rooting, softening, and
fungal decay (Maemunah et al., 2015; Ayu et al.,
2023). These issues pose serious risks to planting
efficiency and yield.

Scientific studies have attempted to identify
optimal storage conditions and durations to manage
bulb dormancy. Tarigan et al. (2019) reported that
two months of storage influenced the prevalence of
diseases caused by pathogens such as Peronospora
destructor, Alternaria porri, and Fusarium spp.
Kusmali et al. (2020) found that shallot bulbs stored
for 16 weeks exhibited significant quality decline,
with 32% rot and a weight loss of 38.7%. Meanwhile,
Sarjani et al. (2018) observed that dormancy in
shallots ends after approximately 12 weeks at 5°C,
with sprouting viability and vigor exceeding 90% and
a relatively low damage rate (9.8%). Such findings
highlight that both the duration and condition of
storage are crucial to maintaining bulb quality and
performance.

Despite these insights, many farmers in regions
like Enrekang Regency in South Sulawesi continue to
rely on traditional practices, commonly storing
shallot bulbs for approximately two months by
hanging them at room temperature. Although this
method is widely used, it lacks scientific validation
and fails to account for environmental variability and
physiological responses of different varieties.
Therefore, refining the storage duration to match the
physiological needs of the crop under local
conditions could improve dormancy management,
seed quality, and ultimately productivity.

Recent investigations into physiological changes
during dormancy offer deeper insights into dormancy
break mechanisms. Sarjani et al. (2018) emphasized
that hormonal shifts-specifically increases in
gibberellins, auxins, and cytokinins are instrumental
in initiating sprouting, counteracting inhibitory
effects of abscisic acid. Similarly, Sohany et al. (2016)



demonstrated that storing bulbs for 60 days at 13°C
resulted in 68% sprouting. Pasigai et al. (2016) stated
that two months of storage at room temperature is
generally adequate to break dormancy in many
shallot varieties. These studies underscore the
interplay between environmental stimuli and internal
biochemical changes in bulbs during storage,
suggesting the possibility of identifying a critical
storage period that maximizes seedling vigor while
minimizing losses.

While existing research provides foundational
knowledge on dormancy and sprouting behavior in
shallots, comprehensive studies tailored to specific
varieties and regional contexts remain limited. In
particular, there is a lack of detailed assessments of
the Super Philips variety a cultivar commonly used by
farmers in Enrekang. The current literature has yet to
fully quantify how different storage durations under
practical room conditions affect physiological
responses such as sprouting rate, rooting success,
and early vegetative growth in this variety.
Addressing this gap is essential for evidence-based
agronomic recommendations that align with local
practices and ecological conditions.

Therefore, this study aims to determine the
optimal storage duration of Super Philips shallot
bulbs to effectively break dormancy and enhance
early seedling performance under ambient storage
conditions. By evaluating key parameters such as
sprouting percentage, rooting time, root and shoot
development, and correlating them with storage
periods, this research offers a practical solution
grounded in physiological evidence. The novelty of
this work lies in its focus on a locally important
cultivar, its use of ambient storage mirroring field
conditions, and its systematic assessment of multiple
physiological parameters. The study provides
actionable recommendations that can improve seed
management, reduce crop failure, and contribute to
more stable shallot production.

2. Materials and Methods

Study location and duration

This study was conducted at the Greenhouse of
the Agrotechnology Department, Faculty of Science
and Technology, Muhammadiyah University of
Enrekang, located in South Sulawesi, Indonesia. The
experiment took place between December 2024 and
March 2025, encompassing the entire period from
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post-harvest bulb storage to the early growth stages
of the shallot seedlings. The environmental
conditions during the study closely reflected typical
ambient storage and cultivation conditions in the
region, thus ensuring the relevance and applicability
of the results to local agricultural practices.

Plant material and bulb harvesting

The plant material used in this research was the
Super Philips variety of shallot (Allium ascalonicum
L.), a cultivar widely cultivated by farmers in the
Enrekang region due to its favorable agronomic traits
and market demand. The bulbs were harvested on 10
December 2024 from a shallot field located in Bulo
Village, Bungin Subdistrict, Enrekang Regency. Bulbs
selected for the study were uniform in size, free from
visible defects, and representative of healthy post-
harvest quality to reduce variability due to initial
physiological differences.

Storage conditions and duration treatments

Immediately following harvest, shallot bulbs were
subjected to five different storage durations under
ambient room temperature conditions, which ranged
between 20 and 30°C, with an average relative
humidity of approximately 60%. The bulbs were
stored in mesh containers to allow for sufficient air
circulation and to prevent moisture accumulation,
which could otherwise promote microbial growth.
During the storage period, regular inspections were
conducted to identify and discard any bulbs showing
signs of rotting, fungal infection, or physical damage.
The storage duration treatments were set at 2, 4, 6,
8, and 10 weeks, labeled respectively as P1, P2, P3,
P4, and P5. These durations were chosen to reflect
commonly observed storage periods in traditional
farming practices while enabling an analytical
comparison of physiological outcomes.

Experimental design

The experiment was arranged in a one-factor
Randomized Complete Block Design (RCBD) to
control for potential variability in greenhouse
microclimate and ensure the statistical robustness of
treatment comparisons. The single experimental
factor was storage duration, with five treatment
levels as described above. Each treatment was
replicated four times, resulting in 20 experimental
units. Within each unit, bulbs were planted and
monitored under standardized agronomic practices
to isolate the effect of storage duration.
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Cultivation practices

After completing their respective storage
durations, the shallot bulbs were transplanted into
greenhouse beds. The planting dates corresponded
to each storage treatment: bulbs in P1 were planted
on 24 December 2024, P2 on 7 January 2025, P3 on
21 January 2025, P4 on 4 February 2025, and P5 on
18 February 2025. Soil preparation included ftilling,
weed removal, and application of organic fertilizers.
Additionally, poultry manure was incorporated as an
organic amendment to enhance soil fertility and
structure. Standard cultivation procedures such as
irrigation, manual weeding, pest and disease
monitoring, and thinning were performed uniformly
to maintain plant health and minimize the influence
of external variables on seedling performance.

Observed parameters

To assess the impact of storage duration on
dormancy break and early seedling growth, various
physiological and morphological parameters were
observed. These included sprouting metrics such as
the percentage of bulb sprouting (%), the time taken
to reach 10% sprouting (d), and the mean sprouting
time (d). Rooting performance was evaluated by
measuring the percentage of bulbs that developed
roots (%), the time to reach 10% rooting (d), and the
mean rooting time (d). Furthermore, vegetative
growth parameters including root volume (mm?3),
root length (cm), plant height (cm), and number of
leaves per plant were recorded. Data collection
commenced immediately after planting and
continued through the early stages of vegetative
development to capture reliable indicators of bulb
vigor and physiological response to storage duration.

Statistical analysis

The data obtained were processed and analyzed
using R Studio statistical software. A one-way analysis
of variance (ANOVA) was employed to test the
effects of different storage durations on each
observed parameter. The level of significance was set
at a = 0.05. Where significant differences were
detected, post-hoc analysis was conducted using
Duncan’s Multiple Range Test (DMRT) to compare
treatment means. Regression analysis was also
conducted to evaluate the linear relationships
between storage duration and each physiological
response. Coefficients of determination (R2?) were
reported to indicate the strength of association, and
the regression equations were used to model
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predictive responses. In addition, correlation analysis
was performed to determine the relationships
among all measured parameters, particularly
focusing on the interactions between sprouting,
rooting, and vegetative traits. The analysis was
carried out in the latest version of R Studio using the
cor() function with the Pearson method, and the
absolute correlation coefficients (|r|) were obtained
by applying the abs() function to the resulting
correlation matrix to evaluate the strength of
association irrespective of direction. The strength of
correlations was interpreted based on |r| values,
where <0.3 indicated a weak, 0.3-0.7 a moderate,
and >0.7 a strong relationship. To visualize the
overall interrelationships among parameters, a
correlation web was constructed using the qgraph
and corrplot packages in R Studio, with edge
thickness representing the magnitude of |r| and
color gradients (blue to pink) indicating the direction
of the correlations.

3. Results

Effect of storage duration on bulb sprouting

The results of this study demonstrate that storage
duration significantly influenced the sprouting
capacity of Super Philips shallot bulbs (Fig. 1). Bulbs
stored for eight weeks exhibited the highest
sprouting percentage at 98%, which was statistically
different (p<0.05) from all other treatments. In

) a
{a)

a
b
b
b c ¢ <
| H : 3 D - .
s
2 4 6 8 10
5 4 Bulb Storage Period (wk)
d © a
=== b
c
E ¢ 4
5
0 D D |i|
2 4 6 8 10 4 6 8 10

\.
Time to 10% Bulb Sprouting (d)
o

Percentage of Bulb Sprouting (%)
g

o
Mean Sprouting Time (d)

0o L—1
2

Bulb Storage Period (wk) Bulb Storage Period (wk)

Fig. 1- Sprouting traits. Note: Week (wk). Bars represent mean
values (* standard error, n = 3). Different lowercase let-
ters above bars indicate significant differences among
storage durations according to Duncan's Multiple Range
Test (p<0.05).



contrast, the lowest sprouting percentage was
recorded in the two-week storage treatment (40%),
followed by four weeks (48%), six weeks (79%), and
ten weeks (76%). These findings indicate that an
eight-week storage period is optimal for promoting
dormancy break and achieving maximum sprouting
efficiency.

The time required to reach 10% sprouting (T10S)
also varied significantly across treatments. Bulbs
stored for eight weeks reached this threshold in just
2.91 days, which was statistically different (p < 0.05)
from all other treatments. Although storage
durations of six and ten weeks (3.1 and 3.3 days,
respectively) were not statistically different from the
eight-week treatment, the shortest duration was
consistently achieved with eight-week storage. This
result supports the hypothesis that dormancy break
is most effectively initiated around this period.
Furthermore, the mean bulb sprouting time (MBS)
reinforced this trend. Bulbs stored for eight weeks
recorded the shortest MBS at 6.7 days, which was
significantly shorter than the values for two weeks
(10.8 days), four weeks (9.4 days), six weeks (7.7
days), and ten weeks (7.8 days). This pattern
confirms that eight weeks of storage not only
maximized the percentage of sprouting but also
accelerated the initiation and uniformity of sprout
emergence.

Effect of storage duration on bulb rooting

Storage duration also had a significant impact on
the rooting response of shallot bulbs (Fig. 2). The
highest percentage of bulb rooting (99%) was
observed in the eight-week storage treatment,
significantly outperforming all other treatments.
Rooting percentages for the remaining durations
were as follows: two weeks (48%), four weeks (77%),
six weeks (92%), and ten weeks (92%). Like the
sprouting results, these data suggest that an eight-
week storage duration supports optimal physiological
readiness for root initiation.

In terms of the time to reach 10% rooting (T10R),
bulbs stored for eight weeks demonstrated the
fastest performance at 1.54 days. This was
significantly different from the two-week (5.20 days),
four-week (2.99 days), and ten-week (2.78 days)
treatments. Although the six-week treatment (1.98
days) did not differ significantly from the eight-week
treatment, the consistent superiority of the eight-
week period in both sprouting and rooting metrics
confirms its central role in dormancy termination.
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Test (p<0.05).

The mean bulb rooting time (MBR) further
emphasized these differences. The shortest MBR was
found in the eight-week treatment at 6.9 days,
followed by six weeks (8.24 days), ten weeks (8.69
days), four weeks (9.07 days), and two weeks (11.30
days). These results highlight the advantage of
storing bulbs for eight weeks to achieve faster and
more synchronized rooting responses, thereby
improving early seedling vigor.

Relationship between sprouting and rooting
dynamics

Interestingly, the study revealed that rooting does
not necessarily precede or guarantee sprouting.
Across all treatments, the percentage of rooted bulbs
consistently exceeded the percentage of sprouted
bulbs (Fig. 3). However, the smallest discrepancy
between these two indicators was recorded in the
eight-week storage treatment, suggesting improved
synchronization of root and shoot development at
this stage of storage.

This asynchronous behavior implies that root
emergence may serve as an earlier physiological
marker of dormancy break, with sprouting following
shortly thereafter. These findings align with the
observations of Nurfaida et al. (2024), who noted
that while rooting may begin before visible sprouting,
the concurrent occurrence of both phenomena
marks the end of the dormancy phase.

297



Adv. Hort. Sci., 2025 39(4): 293-303

3
-

RRRRR
Soreuted

Number of Bulbs

Number of Bulbs
B
4
N

4 3 4 o
Storage Duration (wk) Storage Duration (wk)

Mean Number of Bulbs

Storage Duralion {wk)
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Vegetative growth performance

Storage duration significantly affected all
observed vegetative growth parameters, including
plant height, number of leaves, root volume, and
root length (Fig. 4). The most robust vegetative
growth was observed in the eight-week treatment.
Plants derived from bulbs stored for eight weeks
attained an average height of 19.12 cm, significantly
greater than those from two weeks (8.18 cm), four
weeks (12.18 cm), six weeks (14.80 cm), and ten
weeks (16.10 cm) treatments.
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Fig. 4 - Morphology traits. Note: Week (wk). Bars represent
mean values (t standard error, n = 3). Different
lowercase letters above bars indicate significant
differences among storage durations according to
Duncan's Multiple Range Test (p<0.05).
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Similarly, the number of leaves was highest in the
eight-week treatment (10.45 leaves per plant),
statistically surpassing the other treatments, which
recorded the following averages: two weeks (3.5),
four weeks (6.05), six weeks (8.35), and ten weeks
(8.35). These results underscore the direct influence
of optimal storage duration on above-ground
vegetative development.

Below-ground traits exhibited the same trend.
The highest root volume was recorded in the eight-
week treatment at 1.54 mm?3, while the lowest was
seen in the two-week treatment (0.84 mm?3).
Intermediate values were recorded for four weeks
(1.14 mm3), six weeks (1.24 mm?3), and ten weeks
(1.33 mm3). Likewise, the longest root length (10.53
cm) was observed in the eight-week treatment,
compared to 4.70 cm (two weeks), 7.13 cm (four
weeks), 7.80 cm (six weeks), and 8.55 cm (ten
weeks). These findings indicate that an eight-week
storage period enhances the early vigor and
morphological development of shallot seedlings,
confirming its importance in postharvest
management practices.

Correlation analysis of growth parameters

Pearson correlation analysis revealed strong and
statistically significant relationships among most of
the measured parameters (Fig. 5). The percentage of
bulb sprouting (PBS) showed a strong negative
correlation with mean sprouting time (MST, r = -
0.96), time to 10% sprouting (T10S, r = -0.86), and
mean rooting time (MRT, r = -0.83). This suggests
that bulbs with a higher sprouting percentage tended
to sprout and root earlier and more uniformly. PBS
also had strong positive correlations with vegetative
growth parameters, including root volume (RV, r =
0.89), root length (RL, r = 0.90), number of leaves
(NOL, r = 0.97), and plant height (PH, r = 0.94),
indicating a clear linkage between sprouting success
and early vigor.

The time to 10% sprouting (T10S) was negatively
correlated with most vegetative parameters,
including RV (r = -0.85), RL (r = -0.85), NOL (r = -0.93),
and PH (r = -0.91). Similar trends were observed for
MST and MRT, both showing strong negative
associations with early growth metrics such as NOL (r
=-0.97 and -0.91, respectively) and PH (r = -0.96 and
-0.91, respectively), indicating that slower sprouting
and rooting were consistently associated with
reduced growth performance. The percentage of
bulbs rooted (PBR) also exhibited positive



MRT

T10S

Fig.5- Correlation web. Note: percentage of bulb sprouting
(PBS), time to 10% sprouting (T10S), mean sprouting
time (MST), percentage of bulb rooting (PBR), time to
10% rooting (T10R), mean rooting time (MRT), root
volume (RV), root length (RL), plant height (PH), and
number of leaves (NOL).

correlations with RV (r = 0.90), RL (r = 0.90), NOL (r =
0.96), and PH (r = 0.94), reinforcing the importance
of rapid and uniform root development in promoting
aboveground growth. Notably, NOL and PH were
highly correlated (r = 0.98).

Regression analysis

Regression models further illustrated the
relationship between storage duration and key
physiological parameters (Fig. 6). The regression
equation for the percentage of bulb sprouting was y
=11.2 + 6.1x, with a coefficient of determination (R?)
of 0.64, indicating that 64% of the variation in
sprouting percentage could be explained by storage
duration. For the time to reach 10% sprouting, the
regression equation was y = 7.11 - 0.486x (R? = 0.59),
and for mean sprouting time, y = 11.2 - 0.443 x (R? =
0.62). These negative slopes suggest that longer
storage durations generally result in faster sprouting
responses.

Similarly, for the percentage of bulb rooting, the
regression equation was y = 28.6 + 5.5x with R? =
0.70, while for time to 10% rooting, y = 3.86 — 0.227x
(R? = 0.38), and mean rooting time, y = 9.07 - 0.32x
(R? = 0.37). These values reinforce the previous
findings, showing a strong linear influence of storage
duration on both rooting and sprouting dynamics.
The regression for root volume was y = 0.805 +
0.0683x (R? = 0.62), while root length followed y =
4.41 + 0.555x (R? = 0.61). Number of leaves was best
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represent observed values. The blue line indicates the
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interval of the fitted line, illustrating the uncertainty
around the model-estimated mean response.

described by the equation y = 3.11 + 0.705x (R? =
0.69), and plant height followed y = 7.24 + 1.14x (R? =
0.73), indicating a strong predictive relationship with
storage duration. These models confirm that an
eight-week storage duration corresponds to the
inflection point for optimal growth. In summary, the
results of this study consistently show that storing
shallot bulbs for eight weeks prior to planting
produces the best outcomes across all major
physiological indicators. This storage period not only
accelerates and synchronizes the processes of
sprouting and rooting but also enhances early
vegetative growth. The convergence of results from
statistical tests, correlation matrices, and regression
models provides robust evidence supporting eight
weeks as the ideal duration for pre-planting bulb
storage in Super Philips shallots.

4. Discussion and Conclusions

The results of this study demonstrate that storage
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duration significantly affects the dormancy status,
sprouting behaviour, and early vegetative growth of
Super Philips shallot bulbs. Among the tested
durations, an eight-week storage period consistently
produced the best outcomes in terms of sprouting
and rooting percentages, as well as subsequent shoot
and root development. These findings align with
earlier research that identifies storage time as a
critical factor influencing physiological readiness and
viability of shallot bulbs (Pasigai et al., 2016; Sarjani
et al., 2018). The enhanced sprouting and rooting
performance observed at eight weeks can be
attributed to the natural progression of dormancy
release. Dormancy in shallot bulbs is governed by a
complex interplay of hormonal and environmental
factors. As the storage period progresses, inhibitory
compounds such as abscisic acid (ABA) gradually
decline, while promotive hormones like gibberellins
(GA), cytokinins, and auxins increase. This pattern is
supported by evidence in onion bulbs showing that
ABA concentration consistently declines during
storage across cultivars and storage conditions
(Chope et al., 2007 a; Chope and Terry, 2008), with
the greatest reduction reported during the first 80
days of storage (Chope et al., 2006). A pronounced
decrease has also been observed between harvest
and early storage, likely due to curing effects (Chope
et al., 2007 b). Sarjani et al. (2018) reported that
these hormonal shifts are critical for triggering
metabolic activities required for sprouting. In the
present study, the peak physiological response at
eight weeks suggests that this duration coincides
with a hormonal balance conducive to rapid shoot
and root emergence. In addition to hormonal
regulation, dormancy termination and sprouting
onset are also marked by shifts in carbohydrate
metabolism, including decreases in sucrose levels
accompanied by increased respiration rate and
enzyme activity (Benkeblia et al., 2005; Abrameto et
al., 2010).

Moreover, the acceleration of sprouting and
rooting processes observed in the eight-week
treatment can also be linked to favourable
environmental storage conditions. The storage
environment, characterized by room temperatures
ranging from 20 to 30°C and relative humidity of
approximately 60%, likely supported biochemical
transitions necessary for dormancy break. Sohany et
al. (2016) observed that shallot bulbs stored for 60
days at 13°C exhibited a 68% sprouting rate,
supporting the hypothesis that controlled storage
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environments can enhance physiological
performance. The higher percentages of both
sprouting and rooting observed in the eight-week
treatment confirm that this duration effectively
breaks dormancy and enhances bulb viability. Root
growth generally occurs before shoot emergence in
dormant bulbs, as root initiation requires different
hormonal activation than shoot development
(Dubrovsky et al., 2008). This sequence may reflect
the transition of the bulb from a sink organ to a
source organ, which is necessary to sustain cell
division at the meristematic tissue of the basal plate
where rooting is initiated (Chope et al., 2012 a;
Chope et al., 2012 b). However, for optimal field
performance, synchronized development of roots
and shoots is crucial. The smaller discrepancy
between rooting and sprouting percentages at eight
weeks indicates improved physiological
synchronization, which enhances transplant success
and early growth (Nurfaida et al., 2024).

In contrast, the reduced performance in the two-
and four-week storage treatments likely results from
incomplete dormancy release. At these stages,
inhibitory hormones may still be present in
significant concentrations, delaying the onset of
sprouting and reducing rooting activity. Ansar et al.
(2022) emphasized that insufficient storage durations
negatively affect vigour and lead to non-uniform
seedling emergence. Similarly, the relatively
moderate improvements seen at six and ten weeks
suggest that eight weeks represents an optimal
physiological threshold, beyond which bulb quality
begins to decline. The decrease in physiological
performance observed in the ten-week treatment
may be attributed to the onset of senescence and
cumulative exposure to storage-related stressors.
Over time, stored bulbs are prone to water loss,
nutrient depletion, and susceptibility to mechanical
damage or microbial attack (Maemunah et al., 2015;
Ayu et al., 2023). Kusmali et al. (2020) found that
bulbs stored for 16 weeks exhibited a 32% damage
rate and 38.7% weight loss, indicating a decline in
quality due to prolonged storage. The diminishing
returns in sprouting, rooting, and vegetative traits
observed in the ten-week treatment in this study
support this conclusion.

In terms of vegetative performance, plants from
eight-week stored bulbs exhibited superior shoot
height, leaf number, root length, and root volume.
These indicators are commonly associated with
higher seedling vigour and better adaptation to field



conditions. Lestari et al. (2018) noted that high-
vigour bulbs tend to produce uniform and robust
seedlings, while low-vigour bulbs generate weaker
and less consistent growth. The clear advantage of
the eight-week treatment across all vegetative
parameters highlights the importance of aligning
storage practices with physiological readiness to
maximize seedling quality. Regression and correlation
analyses further validated these findings. The strong
linear relationship between storage duration and
sprouting/rooting percentages, as well as plant
height and leaf number, indicates that physiological
responses are predictably linked to storage time. For
example, the coefficient of determination (R?) for
plant height was 0.73, suggesting that 73% of the
variation in shoot growth could be explained by
storage duration. This statistical robustness provides
practical implications for farmers and seed producers
aiming to optimize bulb performance.

The synchronization between root and shoot
development observed at eight weeks is particularly
noteworthy. Root development is essential for water
and nutrient uptake, while shoot emergence
facilitates photosynthesis and energy production.
Enhanced coordination of these two processes
ensures better establishment after transplanting and
contributes to overall crop productivity (Leskovar and
Othman, 2021). Synchronized sprouting ensures
more uniform plant development, minimizing
competition for light, water, and nutrients among
individuals, which can ultimately contribute to
improved plant health and higher yields (Kimmelshue
et al., 2022; McDonald et al., 2024). The concurrent
increase in root length and volume with plant height
and leaf number suggests that dormancy break not
only initiates sprouting but also prepares the entire
plant system for active growth. Another critical
insight from this study is the differential timing of
physiological events. While rooting may occur earlier
than sprouting in many treatments, true dormancy
break is marked by the emergence of both roots and
shoots. This observation aligns with the findings of
Nurfaida et al. (2024), who emphasized that
dormancy termination should be assessed through a
combination of rooting and sprouting metrics. The
practical implication is that seed quality assessments
should include both parameters rather than rely
solely on sprouting percentages.

The findings also validate the traditional practice
in Enrekang Regency, where farmers typically store
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shallot bulbs for approximately two months before
planting. Although largely empirical, this practice
closely corresponds with the optimal storage
duration identified in the present study. By
guantifying the physiological advantages associated
with eight-week storage, this research provides an
evidence-based framework to support and refine
local knowledge, thereby strengthening the link
between scientific evidence and farmer-based
management practices. Supporting this concept,
evidence from other bulbous ornamentals such as
lilies and tulips indicates that dormancy release and
subsequent growth are also promoted by an
optimum storage period (e.g., 6-8 weeks under cold
storage), emphasizing that dormancy termination in
bulb crops often occurs within a defined physiological
window rather than increasing indefinitely with
longer storage (Yang et al., 2015 a; Yang et al., 2015
b). However, despite the strong evidence supporting
the benefits of eight-week storage, the influence of
cultivar specificity and environmental variability
should be carefully considered. Different shallot
cultivars may exhibit distinct dormancy behaviours
and physiological thresholds. Moreover, fluctuations
in storage temperature, relative humidity, and light
exposure may modify hormonal regulation and
influence dormancy progression. Therefore, site-
specific validation and cultivar-based comparisons
are required to confirm the broader applicability of
these findings across diverse production
environments.

Finally, although this study focused on early
physiological responses, future research should
explore the long-term effects of storage duration on
crop yield, bulb size, and postharvest quality.
Integrating physiological assessments with yield-
based outcomes will provide a comprehensive
understanding of how pre-planting storage
influences the entire growth cycle and commercial
viability of shallot crops.

This study demonstrates that storage duration
plays a critical role in the dormancy release and early
vegetative performance of Super Philips shallot bulbs.
Among the five evaluated durations, eight weeks of
ambient storage consistently resulted in the highest
sprouting and rooting percentages, fastest emergence
times, and the most vigorous seedling development in
terms of root volume, root length, plant height, and
number of leaves. These findings suggest that an
eight-week period aligns with optimal physiological
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readiness, supported by hormonal transitions
favorable for growth. The observed synchronization
between sprouting and rooting, as well as the strong
correlations with vegetative traits, indicate a
compounded benefit for crop establishment. This
study contributes empirical validation to traditional
practices, reinforces the importance of pre-planting
storage management, and enhances the broader
understanding of dormancy physiology in shallots.
Future research should explore the long-term impacts
of storage duration on yield and postharvest quality,
as well as varietal responses across diverse
agroecological zones.
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