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Abstract: Okra, a crop with high boron (B) demand, faces low germination due to hard seed coat, limiting yield potential. This study evaluated
the impact of B seed priming on the germination percentage and seed B content of okra under controlled conditions. Seeds were primed with
graded B concentrations (1.0%, 0.5%, 0.1%, 0.05%, and 0.01%) and hydroprimed (distilled water) for three durations (12, 24, and 36 hours). B
seed priming significantly enhanced germination and seed B content, except at higher B concentrations, where toxicity inhibited germination.
The highest germination percentage (96.7%) was achieved with 0.05% B for 24 hours, aligning with the calculated optimum concentration of
0.048% B. Longer durations (36 hours) resulted in higher B content (up to 787.9 mg kg™ with 0.1% B), germination percentage declined due to
toxicity. These findings highlight the potential of B seed priming at optimal concentrations to address B deficiencies and improve okra

germination, particularly in B-deficient soils.
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Okra {Abelmoschus esculentus (L.) Moench} crop thrives
well in tropical, subtropical, and warm temperate regions
(Singh et al., 2014). The crop recognized for its nutritional
value and culinary purpose has annual production of around
9.96 million tons (FAOSTAT 2020). However, its hard seed
coat leads to low germination, hindering the crop from
reaching its full yield potential. Seed priming is an cost-
effective method for even uniform germination, fast
emergence, and improved seedling vigour (Mondal and Bose
2019) leading to enhanced yields under stressed
environments (Singh et al., 2015). Nutrient priming is a
distinctive technique employed under nutrient-stressed
conditions to improve germination rates and provide an initial
boost to crops facing specific nutrient deficiencies.

Globally, major nutrients are commonly applied for crop
production in fertilizer form, while the use of other nutrients is
often overlooked, leading to widespread multi-nutrient
deficiencies. Among micronutrients, B is the most deficient
nutrient not only in India but throughout the world. B plays
indispensable role in plants for translocation of sugars,
synthesis of nucleic acid, carbohydrate and nutrient
metabolism, cell division and disease resistance (Shireen et
al.,, 2018). Furthermore, B stimulates seed germination and
seedling emergence (lgbal et al., 2017), suggesting that
nutrient priming with B in okra seeds could address the issue of
low germination. To evaluate this premise, an experiment was
conducted to assess the impact of graded doses and durations
of B seed priming on okra germination and nutrient content.

MATERIAL AND METHODS
Seed priming: Experiment was conducted on okra var.

Palam Komal in the laboratory of Soil Science Department of
CSKHPKYV, Palampur during 2021. Initially the moisture
content was determined by grinding the seeds, drying at
130°C for 4 hours and was 9.8% on a fresh weight basis. For
priming, the okra seeds were soaked in boric acid
concentrations (1.0, 0.5, 0.1, 0.05, and 0.01%), and hydro-
priming (distilled water) for 12, 24 and 36 hours duration,
respectively. The hydro-priming treatment, containing 0%
boric acid, served as the control. After completion of priming,
the treated seeds were washed with distilled water and air-
dried back to their original moisture content.

Germination and seed B content: Ten seeds were
arranged in each petri plate on moist seed germination paper
arranged according to completely randomized design with
three replications. Water was uniformly applied using a
pipette to avoid non uniformity among the treatments in terms
of moisture. The seeds were incubated at 25 + 2°C up to 8
days. Seed was considered germinated when the radical
pierced the coats up to 2 mm.

Okra seeds with and without priming were analyzed for
their B content taking 1g oven dried (at 60°C) and crushed
seeds using Azomethine-H method as outlined by Datta et al.
(1998).

Statistical analysis: The laboratory data were analyzed
statistically using analysis of variance (ANOVA) for a factorial
completely randomized design.

RESULTS AND DISCUSSION
Germination percentage: Seed priming with different B
concentrations significantly impacted the germination
percentage, that varied between 8.9 and 90%. Among the
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treatments, 0.05% B priming exhibited the highest
germination percentage, significantly outperforming all other
treatments. This was followed by 0.01% B, which also
showed a significant improvement over the hydropriming
treatments. Hydropriming resulted in moderate germination,
statistically comparable to 0.1% B, but significantly lower
than 0.05% B and 0.01% B. Conversely, higher
concentrations of B (0.5% and 1.0%) led to a significant
decline in germination, with 1.0% B showing the lowest. No
significant differences were observed among the overall
means, indicating that the duration of priming did not
significantly influence germination percentage when
averaged across all concentrations.

The metabolic processes involved in early phases of
germination are stimulated by seed priming, resulting in
faster and more uniform germination in B-primed seeds
(Igbal et al., 2017). The role of seed priming in enhancing
germination percentages has been well-documented in
various crops. Studies by Keshavarz et al. (2011), Noor-un-
Nisa et al. (2013), and Geetha et al. (2018) provide evidence
of the effectiveness of seed priming in improving germination
and early seedling vigour, supporting the findings of the
present study. Furthermore, low germination percentages at
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higher levels of B seed priming may be attributed to its
toxicity, arising from the narrow range between optimal and
toxic levels of B.

Seed B content: The significant variation in the seed B
content at varying levels was observed, ranging between
38.5 and 643.4 mg kg’ (Table 2) with different priming
concentrations and durations. Hydropriming (0% B) resulted
in the lowest seed B content across all durations. Among the
B treatments, 0.1% B consistently produced the highest seed
B content, significantly outperforming all other
concentrations. This was particularly evident at the 36-hour
duration, which showed the highest B content overall. At
0.05% B, seed B content was significantly higher than 0.01%
B and hydropriming, with 36-hour duration, yielding better
results compared to shorter durations. However, at higher
concentrations (0.5% and 1.0% B), B content decreased due
to potential toxicity, although it remained significantly higher
than hydropriming. When comparing durations, the 36-hour
priming consistently led to the highest seed B content across
most treatments, followed by 24 and 12 hours. The increase
in seed B content resulted in increased germination of
soybean (Cirak et al., 2006). However, the positive
relationship between seed B content and germination existed

Table 1. Effect of priming concentrations and durations on the germination percentage

Treatments Priming duration (hour) Mean
12 24 36

0 % B (Hydropriming) 70.0' 76.7° 83.3" 76.7°
0.01% B 76.7 86.7" 90.0™* 84.4°
0.05% B 80.0* 96.7° 93.3* 90.0*
0.1%8B 70.0' 80.0* 76.7° 75.6°
05%8B 30.0° 20.0" 0.0 16.7°
1.0%B 20.0" 6.7 0.0 8.9°
Mean 57.8™ 61.1" 57.2™

Note: Values followed by different lowercase letters across durations indicate significant differences, while different uppercase letters represent significant
differences in the respective means. "ns" denotes non-significant differences within the means

Table 2. Effect of priming concentrations and durations on seed B content (mg kg™)

Treatments Priming duration (hour) Mean
12 24 36

0 % B (Hydropriming) 39.3 40.0 40.5 39.9°
0.01%B 120.5" 142.5¢ 227.0 163.3°
0.05% B 349.5 493.9° 652.7° 498.7°
0.1%B 530.9° 611.4° 787.9° 643.4"
0.5%B 514.0° 466.8' 407.9" 462.9°
1.0%B 494.5° 436.6° 353.8 428.3°
Mean 341.4° 365.2° 411.6*

Note: Values followed by different lowercase letters across durations indicate significant differences, while different uppercase letters represent significant

differences in the respective means
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Fig. 1. Optimum priming concentration under controlled
conditions

up to a certain B level, emphasising an optimal B content for
priming the seeds. Contrarily, the evident decline in seed
germination at high B priming concentration may be due to
higher accumulation in the seed leading to toxicity. Khan et al.
(2006) suggested that very little quantity of B is needed to
regulate the meristematic growth, therefore, excessive B
becomes toxic which impedes the normal growth (Bonilla et
al., 2004). High B concentration was reported to decrease the
germination percentage and germination rate of wheat
(Ashagre et al.,2014). Thus, underlining the necessity of an
optimum seed priming concentration for B due to a narrow
range of deficiency and toxicity.

Optimum B priming concentration under laboratory
conditions: The quadratic curve was obtained with R value
of 0.963 which was higher compared to the linear model. The
equation generated was subjected to the first derivative and
then equated to zero (Fig. 1). The optimum concentration of B
required for attaining the maximum germination of okra was
B @ 0.048% under controlled conditions

CONCLUSIONS

B priming at optimal concentrations significantly
enhanced seed germination and B content, with the highest
germination percentage observed at 0.05% B for 24 hours.
However, higher concentrations led to toxicity,
underscoring the narrow margin between deficiency and
toxicity. The optimal concentration for maximum
germination was determined to be 0.048% B. Additionally,
longer priming durations (36 hours) resulted in higher seed
B content, highlighting the efficacy of B priming in
addressing B deficiencies in okra. Future field studies are
essential to validate these findings and explore their
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practical
conditions.

applicability in diverse agro-ecological
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