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ABSTRACT: Seed priming is a promising technique gaining rapid traction in agriculture for improving seed
performance and ultimately crop yields, especially in high value crops such as onion, which often suffer from poor
germination, vigour and emergence stand. The current study was designed to evaluate the impact of various
redox-modulating salts – ascorbic acid and H2O2 and micro-nutrient based salts – Mg(NO3)2, ZnSO4, CuSO4 and
FeCl3 on the germination and physiological responses of onion seeds. Laboratory and field studies were carried
out in the year 2021 in a completely randomized design in Seed Physiology Laboratory, Punjab Agricultural
University, Ludhiana, Punjab, India. In-vitro germination studies documented improved early seedling growth and
vigour in the onion seeds primed with 0.5% and 1% ascorbic acid; 0.25% and 0.5% Mg (NO3)2 and 1% ZnSO4.
These improvements could be attributed the reduced electrolyte leakage and electrical conductivity recorded
which consequently translated in improved physiological integrity and seed quality in the primed seeds. Differential
results were recorded in the field investigations with many lab-tested invigorating priming treatments not performing
equivalently. Amongst all, onion seeds primed with 0.5% Mg (NO3)2 for 9 hours emerged as best performing
priming treatment documenting a significant six percent increment (50.67%) in germination as compared to untreated
onion seeds (44.67%). Higher concentrations of H2O2, CuSO4, ZnSO4 and FeCl3 were found to be detrimental,
reflecting their potential to undermine seed germination and vigour through oxidative stress, greater electrolyte
leakage, reduced membrane stability and poor seedling performance, thus emphasizing the necessity for careful
optimization of species-and environment-specific priming concentration and duration.

Keywords: Allium cepa, electrolyte leakage, germination, onion, seed priming, vigour

Abbreviations: Hydrogen peroxide – H2O2, Magnesium nitrate – Mg(NO3)2, Zinc sulphate-ZnSO4, Copper sulphate –
CuSO4, Ferric chloride – FeCl3

INTRODUCTION
Onion (Allium cepa L.) is the world’s second most
cultivated vegetable after tomato and holds immense
economic and nutritional significance owing to its role in
cuisines across the globe. It is an Indian subcontinent
native crop immensely valued for its rich nutritive and
therapeutic properties – including antioxidant, anti-
inflammatory, hypo-cholesterolemic and thrombolytic
effects [1]. Though the crop has an exceptionally high
demand and high value nature, its cultivation and handling
of its propagation material storage – both seeds and onion
bulbs, pose a great challenge to farmers and agricultural
researchers. Onion seeds have a brief shelf life of 9–12
months. The short seed longevity could be attributed to
the high lipid content in onion seeds, which makes them
accustomed to retain moisture tightly making them
susceptible to rapid deterioration, damaging seed quality
during storage [2]. Moreover, onion seeds exhibit poor

germination, reduced viability, weak seedling vigour under
sub-optimal storage conditions leading to low seedling
establishment and subsequently, adversely affecting crop
yield and the agricultural profits, presenting a grave
concern to the farmers choosing onion as a crop of
interest despite it being a high value crop [3].

Seed invigoration techniques such as “seed priming” offer
a viable solution to address such agronomic challenges.
It is a pre-sowing treatment, referring to controlled
hydration of seeds fastening the imbibition of water
(phase I), partially activating its metabolic processes,
leading them to physiologically active state (phase II)
without initiating actual seed germination/emergence
(phase III). Seed priming ensures efficient, uniform and
fast crop establishment under a variable range of
environments while reducing the mean germination time
and improving the germination percentage. Various seed
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priming techniques include hydropriming, osmopriming,
halopriming, hormopriming, thermopriming and solid
matrix priming for improving seed germination and
seedling vigour [4].

Among various methods, the use of redox-active
compounds and micronutrient salts stands out due to their
ability to facilitate metabolic reactivation and improved
cellular redox homeostasis, thus enabling a robust
seedling response under stress. Ascorbic acid directly
scavenges reactive oxygen species and hydrogen
peroxide at low concentrations acts as a signalling
molecule to activate cellular stress responses.
Magnesium is essential in energy production and
chlorophyll synthesis; zinc stabilises membrane
structures, assists in auxin synthesis and is a key
component of many integral enzymes; copper forms a
key cofactor for electron transport chains and many
integral enzymes; iron is indispensable for metabolic
activity, photosynthesis, nitrogen fixation and respiration,
and thus could be beneficial for overall improved seedling
establishment and vigour [5].

Given their significance, there is a notable lack of detailed
studies evaluating the effects of micro-nutrient based and/
or redox modulating inorganic salts on onion seed
germination, vigour and early seedling growth.
Additionally, the physiological mechanisms underlying
these improvements in germination metrics were
investigated and field emergence was subsequently
assessed to determine whether the treatments that
performed well under laboratory investigations also
translated into improved performance in the field. The
present study was thus, designed to evaluate and develop
effective seed priming strategies to achieve improved
crop establishment and productivity under field conditions
in low-vigour onion seeds of variety Punjab Naroya.

MATERIALS AND METHODS
Plant material and priming treatments: Fresh onion
seeds of the red onion variety Punjab Naroya were
procured in 2021 from Office of Director (Seeds), PAU,
Ludhiana, Punjab, India following seed harvesting and
cleaning. Initial seed testing was performed to assess
the germination potential of the seed lot and the tested
low-vigour seed lot was selected for further testing via
priming treatments. Hydropriming duration of 9 hours was
standardized as optimal and was used across all priming
treatments. Subsequently, seeds were primed using
varying concentrations of different salt solutions viz.,

ascorbic acid, hydrogen peroxide (H2O2), magnesium
nitrate [Mg(NO3)2], zinc sulphate (ZnSO4), copper
sulphate (CuSO4) and ferric chloride (FeCl3). Following
laboratory experiments were conducted at the Seed
Physiology Laboratory, Office of Director (Seeds), Punjab
Agricultural University, Ludhiana, Punjab, India (30°54′
N, 75°48′ E, altitude 247 m above mean sea level).

Seed moisture content: The seed moisture content of
all onion seed treatments was estimated using 2g of
seeds in a moisture analyzer (AND MX-50) set at 103°C
as per the ISTA guidelines for seeds with high oil content
[6]. The seed moisture content was obtained in
percentage and the average mean of the triplicated data
was presented.

In–vitro germination studies: In–vitro germination
studies of the stored onion seeds were carried out in an
incubator (Model CI-10S) at 25±2°C. Germination
percentage was estimated using “between the paper”
method with 100 seeds arranged uniformly on a
moistened germination sheet covered by another
germination sheet and wrapped in wax paper for moisture
retention and placed upright in an incubator for 12 days.
On the 12th day, the total normal germinated seedlings
were recorded as germination percentage [6]. Ten
representative seedlings were selected and their seedling
length was recorded using a centimeter scale. Fresh
weight of the same representative ten seedlings was
measured using an electronic balance (Model Precisa
310M). Vigour indices were calculated by multiplying the
germination (%) to the respective average seedling length
for seedling vigour index-I [7] and to the respective fresh
weight of the ten seedlings for seedling vigour index-II
[8].

Germination speed index (GSI) and mean germination
time (MGT) were calculated as per the equations
described by AOSA [9] and Ellis and Roberts [10],
respectively, with 25 seeds placed on top of the moistened
filter paper in Petriplates in an incubator (Model CI-10S)
set at 25±2°C in triplicates and expressed in seeds day-

1 and days respectively. The data on the number of seeds
germinated to at least 2mm radicle length was recorded
daily and the germinated seeds were removed from the
Petriplates.
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MGT = [Σ (No. of seeds germinated on that respective
day × No. of days after germination)] / Total number of
seeds germinated

Electrical conductivity: The electrical conductivity of all
onion seed treatments was recorded in reference to
distilled water as blank following an imbibition of 24 hours
in beakers containing 20ml of distilled water in an
incubator set up at 25±2°C using a conductivity meter
(Systronics Conductivity Meter 304). The electrical
conductivity was calculated using the equation presented
[6] and represented in the units of mScm-1g-1.

Statistical analysis: The experimental design of the
study was kept as completely randomized design. The
mean average value and standard error of the mean (SE)
was calculated using Microsoft Excel (2016) and the
results were presented in the form of mean ± SE. The
best performing treatments were identified based on
analysis of variance (ANOVA) at P ≤ 0.05 using data from
twice-repeated germination and physiological assays,
each performed in triplicate during 2021.

RESULTS AND DISCUSSION
The present study investigated the influence of various
priming treatments on the germination and physiological
parameters of primed onion seeds in comparison to
control untreated seeds. Seed moisture content plays a
crucial role in seed deterioration, particularly in onion
seeds, due to their hygroscopic nature and high lipid
content [2]. Statistical analysis of seed moisture content
across various priming treatments revealed no significant
(P ≥ 0.05) variation compared to the control seeds (Figure
1). This outcome serves as an important physiological

validation of an effective seed priming and drying technique,
wherein the treated seeds successfully re-attain their
original weight and moisture level to enter a viable but
quiescent state [11]. Additionally, drying of the primed
seeds leads to the synthesis of heat shock proteins and
late embryogenesis abundant proteins, which are
protective in nature and contribute to improved seed
longevity while preserving the benefits of priming [12].

Priming treatments significantly influenced the germination
and early seedling growth characteristics of onion seeds.
However, no significant improvements were observed in
tested treatments except for Mg(NO3)2. Onion seeds
treated with 0.5% Mg(NO3)2 recorded a significant
increase in germination percentage. The highest
germination (84.33%) was recorded in seeds primed with
0.5% Mg(NO3)2, while the greatest seedling length was
observed in those primed with 0.25% Mg(NO3)2 which
was statistically at par with 1% Mg(NO3)2 (Table 1). These
results align with previous reports demonstrating
improved physiological performance, field emergence,
germination speed and seedling vigour following onion
seed priming with 0.5% magnesium salt [13]. Similar
benefits of Mg(NO3)2 priming in mustard with increased
seed germination, vegetative growth, nitrogen
assimilation and yield have been highlighted [14]. This
improvement may be due to the combined effects of Mg2+

and NO3
– ions. Although cation absorption occurs

predominantly during phase I of imbibition, the long 9-
hour priming duration allows sufficient time for NO3

–

transport and utilization, thereby supporting healthy
seedling establishment and growth.

No significant enhancement in final germination
percentage was observed in onion seeds primed with
micronutrient salts such as ZnSO4, FeCl3 and H2O2
(Tables 1–3). Nevertheless, a marginal improvement in
seedling length, fresh weight and vigour indices was

Figure 1. Effect of seed priming on the seed moisture content (%) of onion seeds (var. Punjab Naroya). All the treatments were statistically
analysed to be non-significant (P ≥ 0.05)
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recorded at lower concentrations, particularly with 0.5–
1% ascorbic acid, 0.5–2% H2O2, 0.5–3% ZnSO4 and 0.5–
1% FeCl3. These responses indicate that while these
treatments may exert limited stimulatory effects on post-
germinative growth, they failed to positively influence the
critical parameter of germination percentage.

Contrary to the present findings, Ahmed et al. [15]
reported enhanced germination speed, seedling growth
and establishment in maize seeds primed with 40 mL L-¹
H2O2, which was attributed to improved antioxidative
enzyme activity under low-temperature stress. Similarly,
CuSO4 priming at 0.1% has been reported to significantly
improve germination and seed emergence in maize [16].
Such discrepancies highlight strong species-specific and
concentration-dependent responses to priming agents.
In the present study, the inability of these treatments to
enhance germination suggests that their beneficial effects
were either insufficient or overridden by stress-induced
inhibition in onion seeds.

These differential responses may be partially explained
by the phenomenon often described as “hormesis,”
wherein low-intensity stress elicits a stimulatory response
while higher stress levels are inhibitory [17]. However,
the present results do not fully align with classical
hormesis, as a slight enhancement in seedling length
was accompanied by a reduction in germination. This
suggests a phase-specific sensitivity, where early
germination processes are more vulnerable to stress than
subsequent seedling elongation. Such responses cannot
be considered agronomically advantageous, particularly
in onion, where rapid loss of viability and germination
within 9–12 months after harvest is a well-documented
constraint [2].

At higher concentrations, all salt-based priming
treatments caused a pronounced decline in germination,
seedling fresh weight and vigour indices I and II (Tables
1–3). These inhibitory effects can be attributed to
excessive ionic and osmotic stress, leading to membrane
destabilization, enzyme inhibition, impaired mitochondrial
function and overproduction of reactive oxygen species
(ROS). Such disruptions compromise cellular
homeostasis and repair mechanisms, ultimately resulting
in poor seed performance [18].

Priming treatments also exerted differential effects on
germination kinetics. Control seeds exhibited the highest
germination speed index (GSI) and the lowest mean
germination time (MGT), indicating rapid and

synchronized germination. None of the priming
treatments surpassed the control in germination speed,
although seeds primed with ascorbic acid at 0.5–3% were
statistically at par with the control (Table 1). Similar
observations have been reported in maize, where
ascorbic acid priming improved seedling growth without
significantly accelerating germination speed under non-
stress conditions [15].

In contrast, H2O2-primed seeds showed a marked decline
in GSI and a concomitant increase in MGT with increasing
concentration (Table 1). This response reflects the dual
role of H2O2 as both a signalling molecule and a potent
oxidant. While low levels may trigger stress-responsive
pathways, higher concentrations can induce oxidative
damage, programmed cell death in aleurone tissues and
impaired endosperm weakening, collectively restricting
germination [18]. Comparable reductions in germination
kinetics were also observed at higher concentrations of
micronutrient salts, likely due to ion toxicity and osmotic
imbalance.

Field emergence data further substantiated the laboratory
findings. Seeds primed with 0.5% Mg(NO3)2 recorded
the highest field emergence (50.67%), representing a
significant six percent increase over control seeds
(44.67%) (Figure 2). This treatment was statistically at
par with other Mg(NO3)2 concentrations and corroborates
earlier reports of improved physiological performance and
stand establishment in magnesium-primed onion seeds
[13]. In contrast, all other priming treatments resulted in
significantly lower field emergence than the control,
underscoring the limited translational value of laboratory
gains observed with those treatments. Similar
inconsistencies between laboratory vigour enhancement
and field emergence have been reported earlier in maize
and onion [15,19].

Electrolyte leakage analysis revealed that most priming
treatments significantly reduced electrical conductivity
relative to the control indicating improved membrane
integrity. Among redox-based treatments, 1% ascorbic
acid priming resulted in the lowest electrical conductivity
and was associated with improved germination-related
traits. This effect can be attributed to the antioxidative
role of ascorbic acid in limiting lipid peroxidation and
preserving embryo cell ultrastructure, thereby enhancing
seed vigour and storability [20].

Micronutrient-based priming, particularly with Mg(NO3)2
at 0.25% and 0.5%, also significantly reduced electrolyte
leakage, providing a physiological basis for the improved
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Figure 2. Effect of seed priming on the field emergence (%) of onion seeds (var. Punjab Naroya). Statistical analysis revealed the field
emergence of the primed seeds were recorded to be significant (P ≤ 0.05) accounting L.S.D. value of 4.30, 2.44, 5.37, 3.84, 3.06 and 4.21 for
onion seeds primed with ascorbic acid, hydrogen peroxide (H2O2), magnesium nitrate (Mg(NO3)2), zinc sulphate (ZnSO4), copper sulphate
(CuSO4) and ferric chloride (FeCl3), respectively

germination, seedling growth and field emergence
observed under these treatments. Magnesium plays a
central role in energy metabolism, enzyme activation and
membrane stabilization, while nitrate contributes to early
metabolic reactivation during imbibition, collectively
supporting superior seed performance [13].

Although CuSO4, ZnSO4 and FeCl3 priming reduced
electrolyte leakage at lower concentrations, these
improvements did not translate into enhanced
germination or vigour indices (Tables 2 and 3). In contrast,
higher concentrations, particularly 3–5% FeCl3, caused
excessive electrolyte leakage exceeding that of control
seeds, reflecting severe membrane damage and metal
toxicity. Similar dose-dependent responses have been
documented in fenugreek, where low FeCl3
concentrations enhanced growth, while higher levels
induced toxicity symptoms [21]. These findings
emphasize the narrow threshold between beneficial and
detrimental effects of micronutrient priming.

CONCLUSION
The present study evaluated the effectiveness of redox-
modulating and micronutrient-based seed priming
strategies in improving germination, vigour and
physiological integrity of a low-vigour onion seed lot. The
results demonstrated that priming responses were
strongly dependent on the type and concentration of the
priming agent. While several treatments marginally
enhanced post-germinative seedling growth and
membrane stability, most failed to improve germination
percentage and germination speed, particularly under
field conditions.

Among all treatments evaluated, magnesium nitrate
emerged as the most effective priming agent. Seed

priming with 0.5% Mg(NO3)2 for 9 hours consistently
improved germination attributes, reduced electrolyte
leakage, enhanced membrane stability and resulted in
significantly higher field emergence compared to
untreated seeds. The superiority of Mg(NO3)2 priming
can be attributed to its role in supporting early metabolic
activation, membrane stabilization and nutrient availability
during germination and seedling establishment.

In contrast, higher concentrations of redox-active and
micronutrient salts such as H2O2, ZnSO4, CuSO4 and
FeCl3 were inhibitory, leading to reduced germination,
delayed germination kinetics and increased membrane
damage, emphasizing the narrow threshold between
beneficial and toxic effects. These findings underscore
the importance of optimizing species-specific priming
agents, concentrations and durations. Overall, Mg(NO3)2-
based priming offers a simple, cost-effective and
physiologically sound strategy to improve seed quality
and field establishment in onion, particularly in low-vigour
seed lots.
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