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ABSTRACT
The quality production of vegetable crops heavily reliant on faster and consistent germination of seeds.
Due to harder seed coat, the seed germination and uniform seedling establishment in the field is always a
problem in okra. Hydro-priming is one of the ideal, cheapest and environmentally friendly strategies to enhance
the germination process of okra. The field trial was therefore designed in Department of Horticulture, Sindh
Agriculture University Tandojam, Pakistan during 2022 to test the influence of seed hydro-priming durations on
seed germination and vegetative growth of okra. The single factor randomized complete block design with three
replications was followed to perform the trial. The seeds of Sabz pari, one of the most popular and widely grown
varieties of the country were primed by applying six hydro-priming durations (viz; P1; Control, P2: 12 hours, Ps:
18 hours, P4: 24 hours, Ps: 36 hours, and Ps: 48 hours). Signification variation was found in most of the traits
with the application of hydro-priming durations. The hydro-priming duration (48 hours) showed maximum
water uptake and seed germination whereas, unprimed seed (control) recorded lower water uptake and
germination. Likewise, tallest plants with maximum vigour with respect to seedling vigour index was recorded
in 48 hours hydro-priming duration followed by 36 hours hydro-priming duration whereas smallest plant with
less vigour was observed in control. The 48 hours priming duration also showed positive effect on leaf and root
growth and development. Thus it is suggested that 48 hours seed hydro-priming duration may be practiced to

enhance the germination and better vegetative growth of okra
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INTRODUCTION

The okra, Abelmoschus esculentus (Malvaceae) is
one of the popular summer vegetable crops that is
generally grown from February-July in Pakistan. Due
to its highly nutritious value it very popular among
farming community and generally grown in all agro-
ecological zones of the country. The okra likes warm
weather and performs well on sandy loam soil with
pH range between5-6 (Shahid et al., 2013). The
optimal germination takes place at temperature
between 24-30 °C (Hassanpouraghdam et al., 2009).
Okra is mainly cultivated for its highly delicious
tender pods (Arif et al., 2014). It offers diverse
nutritional and health benefits. The okra seed is rich in
anti-oxidants which helps to prevent from multiple
forms of cancer (Hsu et al., 2003; Wang et al.,
2003).). Likewise, okra pods are also rich sources of
flavonoid antioxidants such as lutein, xanthine and
beta carotene etc. Its pods are rich in minerals, protein
and vitamins A, B and C. Moreover, stem of the plant
is also of high economical value and used in paper

industry’” (Kumar et al., 2010; Farinde et al., 2007;
Maurya et al., 2013). The faster and uniform
germination of seed is pre-requisite for higher yield
and quality production of okra (Lima & Marcos,
2010). Due to its thick and hard seed coat, the
acquisition of water in the seed occurs gradually,
emergence of okra in the field is therefore always a
great problem (Moyin-Jesu, 2007). In order to
enhance the seed germination, different approaches
including priming is applied in okra (Mereddy et al.,
2015). Seed priming is cost effective and good
approach for improving the performance of crop
(Sedghi et al., 2010). It is a physiological approach
that is involved hydration of seed in water or any
priming agent to enhance physiological processes
necessary for seed germination without radicle
emergence (Premsekhar & Rajashree, 2009). Several
line of evidence have shown that diverse horticultural
crop species respnononded positively to priming with
regards to seed germination, stand establishment and
higher crop yield (Di Girolamo & Barbanti, 2012).
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The benefits of priming including breaking of seed
dormancy, rapid germination, seedling establishment
and nutrient and water use efficiency all have been
well documented (Anwar et al., 2010). Priming has
long been described as key strategy to improve the
germination and seedling vigour and eventually affect
the performance of crops in terms of higher yield
(Muhammad et al., 2007). Primed seeds take less time
for seed germination in comparison with unprimed
seed and also show uniformity in seed emergence that
lead to better seedling establishment and crop
productivity (Moyin-Jesu, 2007). Moreover, available
reports reveals that primed seed are less vulnerable to
stress conditions (Gopalan et al., 1989; Shah and
Shafi. 2011; Mohammadi 2009; Sedghi et al., 2010;
Binang el al., 2012).Hydro-priming is one of the
fundamental and environmentally friendly practice
that is generally done by soaking the seed in the water
for specific period followed by re-drying prior to
sowing of seed in the field(Tania et al., 2019).This
results effective imbibition of water in the seed that
makes seed coat soft enough and trounce the seed
dormancy for early, rapid and uniform germination of
the seed (Pandita et al., 2007).A large number of crop
species showed positive response to hydro- priming in
terms of uniform seed germination, early emergence,
vigorous seedlings and better crop establishment
(Harris et al., 2002, Hsu et al., 2003; Wang et al.,
2003). The seed coat of okra is hard and often takes
more time to make softer the seed coat for early seed
emergence that led to delayed germination
(Lamichhane et al., 2021). Moreover, sluggish and
irregular emergence is the major problem in the okra
seed which results uneven seed emergence low water
and fertilizer efficiency and eventually lower vyield
(Kaur et al., 2015; Lutts et al., 2016). Hydro-priming
is one of the key strategies to overcome the delayed
and sluggish germination of okra (Tania et al., 2020).
Several lines of evidence have revealed that okra
responded positively to hydro-priming durations for
seed growth and yield associated attributes (Saleem,
2013; Raturi, 2013; Demir & Ermis 2003; Afzal et al.,
2005; Varierf et al., 2010). Each crop species has
certain priming period for better seed germination
which is generally lower than safe limit (Harris et al.,
2002). In order to achieve the better impact, the
knowledge of exact priming duration is mandatory. In
case of okra, the knowledge about the proper hydro-
priming duration is lacking in the country, especially
in the Sindh province of Pakistan. The present study
was therefore conducted to assess the germination and
growth performance of okra under various hydro-
priming duration and to determine the optimum seed
hydro-priming duration for okra under agro-climatic
conditions of Tandojam, Sindh Province, Pakistan.

MATERIALS AND METHODS

Experimental Site and Weather conditions:
The experiment was performed at the experimental
field of Department of Horticulture, Sindh Agriculture
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University Tandojam, Pakistan. The experimental site
lies at 28°35°N to 81°37’E. The soil used in the study
was non-saline silty loam, where spinach was
cultivated before the study. It is divided by four
different seasons: rainy monsoon (June-October), cold
winter (November-February), and warm spring
(March-May).  Trial was  performed  from
February2022 to March 19, 2022,

Experimental design: The experimental design was a
single factor Randomized Complete Block Design
(RCBD) with three replications The okra seed of
variety (Sabz pari) was studied under six hydro-
priming treatments including P1; Control (No
priming), P2: 12 hours, P3: 18 hours, P4: 24 hours,
P5: 36 hours, and P6: 48 hours). In control treatment
seeds were not soaked in water. The seed used in the
study had a high genetic and physiological purity with
at least 80% germination.

Data Recording: Water uptake %: The weight of
seeds was initially measured on digital weight
balance. After that seeds were fully soaked separately
in 200 millimeters (ml) of tap water in a plastic cup at
room temperature (25 °C). The seeds weight was re-
measured after removing external water to calculate
water uptake (Imbibition) % as

Water uptake %: Weight of seeds after priming-
weight of seeds before priming

x100

Weight of seeds before priming

Seeds were then dried in the shed for three hours and
sown in the experimental field. The study area
comprised of 150 meters and divided into 18 plots.
The seeds were sown keeping the space of 15x10 cm
between rows and plants.

Germination 9%: The germinated seeds were
observed on daily basis up to 15 days. The
germination% was measured by the procedure
described by using following formula (Larsen and
Andreasen, 2004).

GP= >n/Nx100

Where n is number of germinated seeds at each
counting and N is total seeds in each treatment
Seedlings vigour index: Seedling vigour index was
measured by applying the following formula.
Germination % x Seedling length (cm).

Plant height: Plant height (cm) was measured at the
interval of two days up to 15 DAS from seven sample
plants, each from every row of treatment plots.
Number of leaves per plant: Number of leaves per
plant was counted from five random samples of each
treatment and their averages were calculated.

Root depth (cm): Root depth was measured with a
measuring tap by taking three random samples from
each treatment.

Data analysis: The obtained data were set manually

for treatment wise and then analyzed using one-way
analysis of variance (ANOVA) with Statistix (2008)
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software source. Least significant difference Test
(LSD) at 0.05 probability level was followed to
compare the difference between means of treatments.

RESULTS

Water imbibition (%0): The hydro-priming showed
significant variation in water imbibition % (figure. 1).
The maximum imbibition (water uptake) % in the
seed was observed with application of increasing
hydro-priming duration. The maximum imbibition
percent (41.33) and (39.30) was recorded in the seeds

Wahocho et al.,

that were primed for 48 hours and 36 hours durations,
respectively. The lower hydro-priming durations 6,
12, 18 and 24 hours showed significantly less water
imbibition %. The minimum imbibition (water
uptake) 27.37% in the seed was noted in case of
control (unprimed seed). It was further noted that
water acquisition in the seed increased up to 36 hours
duration. The results of 36 hours duration slightly
varied with the results of 48 hours duration Moreover,
it is noteworthy that the water imbibition % is directly
proportion to hydro-priming durations.
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Figurel. Effect of Seed priming durations on Imbibition % of Okra

Seed Germination: The substantial increase in seed
germination was observed with increasing hydro-
priming durations (Table. 1). The 48 hours seed
hydro-priming duration showed maximum
germination (70.83%) and control un-primed seeds
recorded lowest germination (50.03%) at 10 days. It
was further observed that seed germination was
relatively higher when hydro-primed for 48 hours
duration in comparison with lesser hydro-priming
durations. However, seed germination hydro-primed
for 48 hours (70.83%) 36 hours (67.67%) and 24
hours (67.33%) were statistically at par at 10 days

interval. Likewise, after 15 days of sowing the
maximum germination was noted in hydro-primed
seeds in comparison with control. The highest
germination (82.33%) was observed in seeds primed
for 48 hours duration and the un-primed seeds
(control) had the minimum germination (67.50%).
Most of the hydro-priming durations showed
significant effect on seed germination. However seed
germination at 36 hours (80.33%) were statistically
near to 48 hours hydro-primed seeds. Moreover, no
substantial differences were observed within the
treatments horizontally.

Table 1 Seed germination (%) of okra response to various hydro-priming duration at different days

Treatment Germination (%) of seeds at different days
Day 4 Day6 Day8 Day10 Day15

Control (No- Hydro priming) 12.20°f 23.239 40.16¢ 50.03° 67.509

6 hours of hydropriming 13.70 ¢ 25.50f 42.16f 52.43¢ 67.509

12 hours of hydrpriming 16.00 ¢ 26.76° 44.16° 53.16% 70.16 ©

18 hours of hydroproming 17.16 ¢© 27.504 45.66¢ 54.10¢ 71.83¢

24 hours of hydropriming 18.16 ° 28.50° 47.833° 67.33°¢ 78.83°¢

36 hours of hydropriming 19.83 ° 32.33° 51.50° 69.66 ? 80.33°

48 hours of hydropriming 21.16° 33.332 52.50? 70.832 82.33 a
LSD (=0.005) 1.0489 0.4941 0.8535 1.3255 1.2403
SE+ 0.4814 0.2268 0.3917 0.6084 0.5693
Plant height: The different priming durations considerably greater than other priming durations but

exhibited considerable effect on plant height as
revealed in (Table-1). The plant height increased
simultaneously with increasing priming durations.
The tallest plants were observed on 48 hours pre-
sowing  hydro-priming  duration, which  was

were similar with 36 hours priming duration. At 15
days of sowing recorded seedling height was noted to
be relatively greater (18.92cm) for the seeds primed
for 48 hours in comparison with other priming
treatments. The lowest seedling height was noted in

295



Pak. J. Biotechnol. Vol. 20(2), 293-300, 2023, Wahocho et al.,
www.pjbt.org

unprimed seeds (4.42 cm). The hydro-priming (11.87 cm), respectively. However, no statistical
durations for 6, 12, 18, 24 and 36 hours showed plant  variation was observed horizontally within the
height (5.78 cm), (5.97 cm), (6.83cm), (8.71 cm) and  treatment with respect to days.

Table-2 Plant height (cm) of Okra response to various hydro-priming duration at different days

Treatment Plant Height (cm) of okra at different days

Day 4 Day6 Day8 Day10 Day15
Control (No- Hydro priming) 3.1009 3.170¢ 3.733¢ 4.140f 44239
6 hours of hydropriming 4.927F 5.237f 3.767°fF 4.143f 4780°fF
12 hours of hydrpriming 5.040 ¢ 5.340 ¢ 5.483 ¢ 5.650° 5.827 ¢
18 hours of hydroproming 5.170 ¢ 5.543 ¢ 5.750 ¢ 7.423¢ 7.573¢
24 hours of hydropriming 7.620 ¢ 7.133°¢ 7.327°¢ 8.417°¢ 8.713°¢
36 hours of hydropriming 10.530P 10.793° 7.327°¢ 10.880° 11.807°
48 hours of hydropriming 13.340@ 16.1702 17.0572 18.3232 18.923@
LSD (=0.005) 0.0634 0.0238 0.0107 0.0299 0.0179
SE+ 0.0291 0.0109 4.9303 0.0137 8.2300
CV% 0.50 0.18 0.08 0.20 0.12
Grand Mean 7.1038 7.6267 7.7495 8.4252 8.7210

) ) ) ) ) pre-soaking seed duration (2764.6). The lower hydro-
Seedling vigour index (SVI): The seedling vigour  priming durations 6 hours, 12 hours, 18 hours and 24
index significantly increased with seed hydro-priming  hours showed seedling vigour index (1131.1),

durations (Figure. 2). Plants produced from seed that  (1409.2), (1867.2) and (2441.4), respectively. The
were primed for 48 hours duration had a maximum  minimum seedling vigour index (840.97) was

seedling vigour index (3018.6) followed by 36 hours observed in un-primed seeds (control).
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Figure 2. Effect of Seed priming durations on Seedling Vigour index (SVI) of Okra
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Table. 2. Effect of Seed priming durations on Seedling Vigour index (SVI) of Okra

296



Pak. J. Biotechnol. Vol. 20(2), 293-300, 2023,
www.pjbt.org

Wahocho et al.,

=R e
N o

10

Number of leaves plant!
o

.

a
b o
—=—
c
— =
d
]
B
f

1} ‘ \

Control 6hrs 12hrs 18hrs 24hrs 36hrs 48hrs

Durations

Figure 3. Effect of Seed priming durations on Number of leaves per plant of Okra

Number of leaves plant?: Statistical analysis
demonstrated substantial differences among hydro-
priming durations. The results exhibited a significant
impact of priming durations on plant growth and
subsequently leaves of okra (figure. 3). The seeds
primed for 48 hours showed maximum leaves (14.44).
Correspondingly, 36 hours duration also marked a
significant increase in leaves in an individual plant.
However, less difference for number of leaves was
noted between 36 hours and 48 hours hydro-priming
durations at 0.05 probability level. Thepriming
durations 6 hours, 12 hours, 18 hours and 24 hours are
also found highly effective in enhancing the growth of

recorded in plants emerged from seeds that were not
primed with water.

Root Depth (cm): The root depth revealed a
considerable variation in response to different hydro-
priming durations (figure. 4). The maximum root
depth(12.7cm) was found when seeds were primed for
a period of 48 hours. Likewise, seeds primed for 36
hours ranked second and resulted in (10.43 c¢cm) root
depth. The smaller roots (4.4 cm) were produced in a
plant whose seeds were left untreated. The priming
durations 6 hours, 12 hours, 18 hours and 24 hours
also had a significant effect on root length and
revealed (5.67 cm), (7.76 cm), (7.76 cm) and (10.43

plants and recorded more leaves in plants in  cm) root length. It is noteworthy that slight difference
comparison with control. The less leaves (4.4) were  was observed between 48 hours and 36hours hydro-
priming durations
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Figure 4. Effect of Seed priming durations on Root depth (cm) of Okra
DISCUSSION Maity. 2009; Lutts et al., 2016). Similarly, in our

The seed priming with different sources and
durations enhanced the germination because before
priming, seeds are inactive due to low moisture
content (Adhikari et al.,2021) so when the seeds were
primed with any source, the water imbibition occurs
in the seed and seed dormancy breaks up that lead to
better and uniform germination of seeds (Tripathy and

study hydro-priming durations also improved the seed
germination and seedling growth of okra. It is
observed in our study that long priming duration (48
hours) showed better germination in comparison with
control and other priming duration. The okra seed is
hard and considerable time is required to make softer
the seed coat that leads to delay germination. So,
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when seeds are soaked in water for longer periods that
may cause better and uniform germination of the
seed(Rahman et al. 2016; Lamichhane et al.,
2021).Similar findings are also reported on other crop
species (Baig et al., 2020;Farooque et al., 2005; Alam
et al., 2013).1t is well reported that each crop species
requires certain quantity of water to enter into the lag
phase of germination where pre-germination
metabolic processes occurs (Sharma et al. 2014) so
when seeds treats with water or any salt for long
period it will allow to acquire water easily and may
lead to better activation of enzymes that may enhance
germination and seedling growth
(Mohammadikenarmereki, 2014). Moreover, it is also
well documented that priming with hot water may
also remove pathogen infestations within the seed
(Lutts et al., 2016; Bajehbaj, 2010). In the present
study, the water imbibition cure showed two phases of
germination of okra. In the first phase water
consumption of the seed is high and it lasts up to
36hours. In the second phase less acquisition of water
in the seed happened because stable position occurred
as substantial amount of water is consumed by
atmosphere and significant quantity of water is lost by
evaporation. After the completion of both phases the
expansion of embryo occurs and germination process
is usually completed. The early and uniform
germination of the seeds results in faster growth of the
plants making plants taller (Afzal et al., 2002). In our
study, plants emerged from the treated seed grow
taller than those produced from untreated seed.
Correspondingly similar results were also documented
by Adhikari et al. (2021) who found positive effect of
priming on plant height of bitter gourd. The positive
influence of priming on plant height may be
associated with the initiation of different biological
activities in the seed that may lead to better growth of
plants with maximum height. The better height of the
plants is also attributed to the better growth and
development of roots subsequently better nutrient
acquisition occurred that might lead to taller plants
(Shakuntala et al., 2020). In our study, an increased
seedling vigour index was observed in response to
priming durations (Figure-2). The increased seedling
vigour index in primed seeds is attributed to better
enzymatic activities that caused dehydrogenase and
increase amylase  production that enhanced
biochemical activities in the seed resultantly plants
with maximum seedling vigour index were produced
(Arif et al.,, 2008). Similar beneficial effects of
priming were also observed by other researchers on
diverse crop species including (Kumar et al., 2010;
Siemonsma and Kouama, 2004). Priming lead to the
foundation of improved root system of plant which is
directly associated with better uptake of nutrients and
rapid growth that resulted vigorous seedlings.

Hydro-priming showed positive effect on leaves of
plants (Figure-3). This reflect that hydro-priming
triggers early emergence of seed which is considered
to be change from seed germination to vegetative
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growth of plants (Damalas et al., 2019). As leaves are
the main photosynthetic organs of most green plants
and generally known as food factory of plant. The
whole plant food is manufactured in the leaves and
conservation of food for future consumption also
occurs in the leaf (Ratikanta, 2011). The healthy
leaves with better length and width is pre-requisite for
satisfactory growth of plants (Mehta et al., 2014). In
this study, early emergence and faster growth of
plants produced from primed seeds led to better
vegetative growth, seedling height, subsequently
vigorous plants with maximum leaves were produced.
Lee & Kim, (2000) also found positive effect of
priming on seedling growth and leaf area. Several
other workers have also reported that plant vegetative
growth including leaves in individual plants is highly
influenced by seed priming. Root depth is one of the
main traits that considerably affect the growth and
development of any plant species (Grover and Yadev,
2004). Pre-soaking hydro-priming duration
significantly augmented the root length of plants in
this study. The noticeable increased root depth under
hydro-priming is due to occurrence of certain
physiological changes in the seed that enhanced the
biochemical activities of embryo and activated the
food reserves that caused increased root length. The
other researchers including (Sevik & Guney, 2013;
Jyoti et al., 2016) also recorded similar findings.

CONCLUSION

Priming of the seed is one of the sustainable
approaches to overcome sluggish and uneven
germination of okra. The findings of our study further
witnessed the significance of priming for okra. The
pre-sowing hydro-priming periods had positive effect
on seed germination and other associated seedling and
root growth parameters of okra. The priming
durations 36 hours and 48 hours significantly
augmented the water uptake in the seed thus showed
increased and uniform germination with better shoot
and root growth, but the results of both these hydro-
priming durations are statistically at par. Hence, 36
hours hydro-priming duration may be recommended
to secure better germination and higher seedling and
root growth and development of okra. However,
further study under open large field conditions is
needed to validate the similar beneficial effect of
hydro-priming duration.
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