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Duration-dependent Seed Priming: A Strategy to Trigger
Amylase and Protease-mediated Food Reserve Mobilization
during Seed Germination and Seedling Growth of Pea (Pisum
sativum L)
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ABSTRACT

Background: An in vitro study was carried out under controlled environmental conditions in the Laboratory of Plant Physiology,
Department of Agronomy, School of Agriculture, Lovely Professional University, to assess the impact of duration-dependent seed
priming on the mobilization of food reserve based on amylase and protease enzymes during seed germination and seedling growth
of pea (Pisum sativum L).

Methods: The present study was laid out in a complete randomized design (CRD) comprising three priming durations and four
seed priming agents. Wherein the duration of seed priming ranged from 5 to 15 hours, while the deionized water (T,), magnesium
nitrate 7.5 mM (T,), calcium nitrate 7.5 mM (T,), potassium nitrate 15 mM (T,) and biopriming with Rhizobium (T,) were used as a
priming agent.

Result: Results indicated that among the priming durations, 10 hours was the most effective in terms of seed germination, speed and
uniformity of germination, compared to 5 and 15 hours. Additionally, the activity of key enzymes viz., amylase and protease, was also
markedly enhanced at 10 hours, reflecting the optimum activity. Among the seed priming agents, hydro-priming with deionized water
was noticed to be the most effective for the evaluated parameters at 5 h priming duration, followed by magnesium nitrate (T,)>
potassium nitrate T, > biopriming with Rhizobium (T ) and calcium nitrate (T,). Conversely, potassium nitrate (15 mM) proved to be the
most effective priming agent at 10 hours of priming, followed by magnesium nitrate (T,) > calcium nitrate (T,)> Hydro-priming with
deionized (T,) and biopriming with Rhizobium (T,). However, similar trends with fewer magnitude were observed at 15 hours of
seed priming, A per cent increase or decrease analysis over control clearly indicated that 10 hours of priming with potassium nitrate
resulted in the maximum percent increase in seed germination (27.8%), germination index (Gl, 38.8%), vigour index (VI, 49.6%),
amylase activity (45.1%) and protease activity (44.8%) along with the reduction in time to 50% germination was (-16.7%). The findings
of the results suggest that the use of 10 hours of seed priming with potassium nitrate (15 mM) significantly triggers the activity of
hydrolytic enzymes, thereby promoting faster seed germination and vigorous seedling establishment in pea.
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INTRODUCTION

Germination of seed is a vital and complex physico-
chemical process regulated by a sequence of metabolic
events that begins with the uptake of water, followed by
radicle protrusion (Mildaziene et al., 2022). The healthy
establishment of seedlings over the field depends on the
speed, uniformity and vigor of seeds, which influence the
crop production under both normal and adverse
environmental stress conditions (Adetuniji et al., 2021). In terms
of food and feed, pulse crops play a significant role in India
and the world because of their rich protein and nutritional
quality. Moreover, it improves soil fertility through nitrogen
fixation mediated by the symbiotic association between
rhizobium bacteria and root nodules (Chen and Zhou,
2024). The foundation of healthy seed germination and
vigorous seedling establishment can be triggered by using
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radicle in the seeds, followed by drying up to the initial level

the simple and effective techniques of seed priming.
Basically, it is a controlled hydration up to a level that initiates
the pre-germinative metabolic events without protrusion of
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of moisture (Jatana et al., 2024 and Rhaman, 2025).
Multiple investigations have reported that seed priming with
several agents enhances the speed of seed germination,
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seedling vigor and healthy crop establishment, wherein the
hydro-priming, osmopriming, hormonal priming, nutripriming
and biopriming are the most popular (Waqas et al., 2019).
The duration of priming plays a vital role in initiating the
biochemical response and subsequent processes in the
seed through seed priming (Taer, 2024). A short period of
seed priming may fail to initiate the metabolic response,
while over hydration may cause membrane damage or
reduce the seed viability. Therefore, optimizing the duration
of seed priming in the respective crop is essential to
maximize the benefits (Xing et al., 2025). One of the key
metabolic enzymes influenced by seed priming is amylase
and protease plays a significant role in the mobilization of
sugar and protein from cotyledons, which serve as a source
of energy for rapid seed germination and seedling growth
(Anwar et al., 2021). Thereby, duration-dependent seed
priming can be considered a strategy to trigger amylase
and protease-mediated food reserve mobilization in early
seedling establishment in pea.

MATERIALS AND METHODS
Experimental details

An experiment was carried out under controlled environmental
conditions in the Laboratory of Plant Physiology, Department
of Agronomy, School of Agriculture, Lovely Professional
University in 2023-2024 to optimize the duration and
suitability of the seed priming agent. Seeds of pea (Pisum
sativum L.) variety PB-89 were procured from the Punjab
Agricultural University, Ludhiana. The experiment was
arranged in a complete randomized design (CRD) with
three replications, along with six treatments, including an
absolute control (T ). To maintain controlled conditions in
the laboratory, a seed germinator (Model No-NU-151) was
used, set at 18°C and 60% relative humidity. To optimize
the duration of seed priming and its suitability for
maximizing the seed germination and healthy seedling
establishment over the field, the durations (5, 10 and 15
hours) and priming agents (Hydro priming with deionized
water (T,), magnesium nitrate 7.5 mM (T,), calcium nitrate
7.5 mM (T,), potassium nitrate 15 mM (T,) and biopriming
with Rhizobium (T,) were used.

Seed priming treatments

The process of seed priming treatment begins with the
sterilization of seeds with HgCl, (0.2%), followed by the
washing of seeds with distilled water. Three different lots of
seeds were initially grouped for the 5, 10 and 15-hour
durations and from there, a sufficient amount of seeds were
placed in respective solutions of magnesium nitrate, calcium
nitrate and potassium nitrate. However, a lot of seeds were
treated with rhizobium culture thereafter; seeds were dried
back up to their original seed weight under the fan.

Observations related to seed germination

As per the treatments, twenty-five primed seeds were
scattered in a petri dish and placed in a pre-set seed
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germinator. The number of seeds that germinated was
counted at 24 h intervals up to 6 days. The calculation of
Seed germination %, germination Index (Gl), CVG%, time
of 50% germination (T50%), synchronization index, vigor
index, mean germination time (MGT), mean germination
rate (MGR) and uncertainty of seed germination were
carried out using the following formulas given (Kader, 2005;
Goodchild and Walker, 1971; Labouriau, 1983; Coolbear
etal., 1984; Primack, 1985; Abdul-Baki and Anderson, 1973;
Czabator, 1962; Ranal and de Santana, 2006 and
Labouriau and Valadares, 1976).

Total soluble sugar

The total soluble sugar content from pea seeds was
analyzed as per the phenol-sulfuric acid-based method of
Dubois et al. (1956). A hundred mg of seeds was ground
and extracted with 80% ethanol at 80°C for 30 minutes.
Samples were centrifuged and the supernatant was used
for the analysis. 0.5 ml of an aliquot, 0.5 ml of (5%) phenol
and 2.5 ml of H,SO, (98%) were added, mixed thoroughly
and incubated at 25°C for 25 minutes to stabilize the colour
development. The absorbance was recorded at 490 nm
and the total soluble sugar content was calculated using
the standard graph of glucose.

Protein content

The total soluble protein was estimated from the seeds of
pea using the method of Lowry et al. (1951). The sample
was homogenized with phosphate buffer (pH 7).
The supernatant was separated after centrifugation at
10,000 rpm for 10 minutes. An aliquot of 0.5 ml from the
extracted sample was poured into test tubes and the
volume was raised to 1 ml, followed by 5 ml of alkaline
copper reagent and 0.5 ml of Folin-Ciocalteu reagent to
each tube. Mixed it well using vortex mixture and recorded
their absorbance at 660 nm after incubating at room
temperature for half an hour.

Amylase activity

The activity of amylase in pea seeds during germination
was measured according to Bernfield (1955). The enzyme
extract was incubated with 1% starch solution at room
temperature for 10 minutes. The reaction was stopped by
adding the Dinitrosalicylic acid (DNS) reagent and the
samples were boiled for five minutes to develop the colour.
Absorbance of samples was recorded at 540 nm, while
the maltose standard curve was used to calculate the
amylase activity.

Protease activity

Protease activity in the seeds was assayed according to
Garcia-Carmona (1990) by homogenizing in Phosphate
buffer (pH 7) and centrifuging at 10000 rpm for 10 minutes
to obtain an aliquot of the enzyme. The reaction mixture,
representing a 0.5 ml aliquot and casein (1%), was
incubated at 37°C for 10 minutes. The reaction was stopped
by adding TCA solution (1%). The absorbance of the
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supernatant was measured at 280 nm, while tyrosine was
used to make a standard curve for the calculation of
protease activity.

Statistical analysis

Data recorded from the research work were subjected to
statistical analysis to determine the significance of the
research work. The analysis of variance was done as per
Gomez and Gomez (1984), whereas the level of significance
was estimated at p=0.05.

RESULTS AND DISCUSSION

Seed germination and its derived parameters

Duration-dependent seed priming, along with priming
agents, was evaluated for the seed germination and
vigorous establishment of pea seedlings (Table 1). It was
depicted that the duration of seed priming with 10 h was
recorded as the most suitable duration of seed priming,
whereas seed germination %, germination index, coefficient
of velocity of germination (CVG%), T50%, synchronization
index, vigour index-l and vigour index-Il were recorded
comparatively better than the 5 and 15 h. However, within
the priming duration, 10 h with potassium nitrate was
recorded as one of the most promising combinations.

Whereas the significantly highest value of germination %
(100), G1(12.1), CVG% (33.3), synchronization index (0.224),
VI-I (470) and VI-Il (17530), while the minimum days for
T50% was recorded (2.3), which was followed by
Magnesium Nitrate (T,)> Calcium Nitrate (T,)> Hydro-
priming with deionised water (T,) and bio-priming with
Rhizobium (T,). Data depicted from Table 1 also revealed
that the priming duration of 15 h recorded similar results
with potassium nitrate, but the impact was less than 10 h
of priming duration. In contrast, 5 h of priming duration,
hydro priming with deionized water was recorded as the
most promising treatment and recorded the significantly
highest value of germination % (85.6), Gl (9.3), CVG%
(32.5), synchronization index (0.305), VI-I (345) and VI-II
(13984) while T50% was recorded minimum (2.3). These
results were supported by Jassal and Singh (2018) who
reported that the rapid and vigorous seedling growth,
including seed germination and CVG%, is possible at the
optimum duration of seed priming, which differs from crop
to crop (Mahmoodi et al, 2011; Jassal and Singh, 2018;
Verma et al., 2023). The seed priming with optimal duration,
along with potassium nitrate, triggers the hydrolytic
enzymes related to seed germination, enabling the
maximum germination %, germination index, vigour index

Table 1: Influence of the treatments on the seed germination and their derived parameters of pea (Pisum sativum L).

Duration of seed Seed Synchroni Vigor Vigor
Gl CVG% T50%

priming/treatments germination % zation index  index-I index-11
Five hours of seed priming

T, 70.0¢ 6.9° 27.6%® 2,92 0.197b° 225¢ 7663°
T, 85.6° 9.32 32.52 2.32 0.3052 3452 139842
T, 82.22 8.42 29.32 272 0.2252° 2962 116492
T, 72.2% 6.9° 26.4° 3.0° 0.191¢ 263° 10616°
T, 81.1% 8.22 28.72 272 0.224a0 2882 118462
T, 76.7% 7.6° 29.12 2.82 0.2342 254> 9973
Ten hours of seed priming

T, 72.2¢ 7.49 28.44 2.82 0.183¢ 2374 7790¢
T, 87.8° 10.1° 31.48be 2.5% 0.2008b° 395 14673
T, 98.9° 11.62 32.0%® 2.6%° 0.2108° 4522 173702
T, 91.1° 10.1° 29.6% 2.82 0.175° 3730 14146°
T, 100.02 12.12 33.32 2.4 0.2242 4702 175302
T, 80.0° 8.6° 30.2bcd 2.7%® 0.195¢b° 318¢ 11450°
Fifteen hours of seed priming

T, 72.2° 6.3° 25.0° 3.52 0.171° 2110 6936¢
T, 78.9% 8.02 29.82 2.7° 0.2142 2642 127852
T, 81.12 7.92 28.5% 2.8° 0.2132 2732 130992
T, 74 .4 6.7° 25.6° 3.22 0.2312 2482 8855°
T, 88.9° 9.82 30.32 2.8° 0.201a° 3062 146782
T, 74 .4 6.7° 26.6 3.32 0.2082 2452 10305
CD of five hours duration (p<0.05) 5.22 0.38 2.10 NS 0.03 18.42 956.2
CD of ten hours duration (p<0.05) 6.98 0.76 2.29 0.28 0.03 37.61 864.7
CD of fifteen hours duration (p<0.05) 7.25 0.69 1.84 0.31 0.03 29.87 1149.3

Note: Gl= Germination Index, CVG% = Coefficient of velocity of germination %, T50% = Time to 50% germination, T, = Control,

T, = Deionized water, T, = Magnesium nitrate, T,= Calcium nitrate, T,=
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Potassium nitrate, T, = Rhizobium.
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and reducing the time of 50% germination. These results
are well correlated with the findings (Abdel-Baki et al., 2018;
Choudhury and Bordolui, 2022; Tiwari et al., 2023), who
reported that the optimum duration of seed priming with
potassium nitrate not only influences the seed germination
but also improves the vigour index (Table 1). Additionally,
the negative relationship of germination % with MGT and
uncertainty of germination (Fig 1 and 2), while a positive
relationship of seed germination with MGR was noticed in
the same treatments (Fig 3). Results are consistent with
(Kaya, 2021; Zhang et al., 2025) highlighted the significance
of priming duration and seed priming agents.

Total soluble sugar and amylase activity

Data depicted in Fig 4 reveal that seed priming durations
statistically (p=0.05) influenced total soluble sugar content
and amylase activity in germinating pea seeds. The highest
amount of total soluble sugar (39.2 mg g') and amylase
activity (174.6 ug g h™' fresh weight) was noticed at 10 h of
potassium nitrate-based seed priming, followed by a
moderate impact at 15 h of seed priming duration for total
soluble sugar (37.4 mg g') and amylase activity (162.7 ug
g’ h' fresh weight). Conversely, hydro-priming with
deionized water for 5 h also showed a significant (p=0.05)
improvement, resulting in total soluble sugar (29.4 mg g™')
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and amylase activity (149.3 pg g™ h™' fresh weight). In terms
of percent increase over control is concerned, hydro priming
with 5 h of priming resulted 36.2% increase in amylase
activity (Fig 6), whereas potassium nitrate priming at 10h
showed the highest increase (45.1%) of amylase activity
(Fig 7). A similar trend, though with less magnitude, was
also evident at 15 h of priming (Fig 8). The improvement in
total soluble sugar and amylase activity, as noticed in the
present study, indicates that seed priming treatments
trigger the mobilization of food reserves available in the
endosperm during seed germination. A statistically

significant (p=0.05) increase in both parameters at 10 h of
priming with potassium nitrate suggests that the duration
of priming is optimum to accelerate the metabolic process
in the seed during seed germination (Abdel-Baki et al.,
2018). The improved amount of soluble sugar and amylase
activity during seed germination with potassium nitrate
aligns with the previous work in pea and other crops (Tiwari
and Tripathi, 2025; Abdel-Baki et al., 2018; Basra et al.,
2006). The hydro-priming of 5 h duration also indicates a
remarkable improvement in total soluble sugar and
amylase activity, indicating the significance of triggering
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Fig 4: Influence of the treatments on total soluble sugar (mg g') and amylase activity (ug g’ h*' fresh weight) in pea
during seed germination.
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protease activity (mg tyrosine released min' g') in pea

during seed germination.
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the enzyme activity and sugar metabolism, which is aligned
with the earlier findings (Farooq et al., 2020; Vilakazi et al.,
2023) who emphasized that hydro priming with short
duration enhances enzyme and sugar content during seed
germination.

Total soluble protein and protease activity

Data depicted in Fig 5 reveal that seed priming durations
statistically (p=0.05) also influenced total soluble protein
content and protease activity in germinating pea seeds.
The highest amount of total soluble protein (279.7 mg g™')
and protease activity (81.7 mg tyrosine released min-'g")
was noticed at 10 h of potassium nitrate-based seed
priming, followed by a moderate response at 15 h of seed
priming duration for total soluble protein (202.1 mg g')
and protease activity (77.1 mg tyrosine released min™' g™).
Conversely, hydro-priming with deionized water for 5 h also
showed a significant (p=0.05) improvement, resulting in
total soluble protein (189.7 mg g') and protease activity
(54.8 mg tyrosine released min™ g). In terms of percent
increase over control is concerned, hydro priming with 5 h
of priming resulted 19.2% increase in protease activity (Fig 6),
whereas potassium nitrate priming at 10h showed the
highest (44.8%) increaseof protease activity (Fig 7). A similar
trend, though with less magnitude, was also evident at
15 h of priming (Fig 8). Results of the present finding
corroborate earlier findings that seed priming with
potassium nitrate enhances total soluble protein and
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mobilizes it by triggering the enzyme protease (Al et al.,
2021). The elevated protease indicates catalytic action on
storage proteins, which are useful for the synthesis of new
enzymes and structural proteins during the germination
period (Varier et al.,, 2010; Mirza et al., 2022). Moreover, it
also contributes to accelerating the speed of imbibition
and activity of enzymes (Cheng et al., 2017). Hence, results
confirm that 10 h of priming with potassium nitrate provides
an optimum duration for rapid metabolic activation and
efficient mobilization of food reserve towards the growing
embryonic region.

CONCLUSION

The present study concludes that duration-dependent seed
priming with potassium nitrate efficiently mobilizes the food
reserve through improved amylase and protease activity in
germinating pea seeds. Out of the tested priming durations,
10 h was the most effective, resulting in higher germination
%, vigour and enzyme activity while reducing the time of 50%
germination (T50%) as compared to 5 and 15 h of seed
priming. However, hydro priming with deionized water was
the most effective at 5 h of seed priming. Findings suggest
that 10 h of potassium nitrate is the optimum duration to
enable the pea seed to activate the metabolic process for the
rapid mobilization of food reserves. Thereby, improving the
performance of the seed and healthy seedling establishment.
The overall study highlights that potassium nitrate priming

Legume Research- An International Journal
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emerged as an effective and sustainable strategy to enhance
seed vigor and early growth potential in pea.

ACKNOWLEDGEMENT

The authors gratefully acknowledge Lovely Professional
University, Phagwara, Punjab, India, for providing the
necessary facilities in the laboratory to conduct the
research work. The authors also acknowledge the support
provided by the lab’s staff.

Disclaimers

The views and conclusions expressed in this article are
solely those of the authors and do not necessarily represent
the views of their affiliated institutions. The authors are
responsible for the accuracy and completeness of the
information provided, but do not accept any liability for any
direct or indirect losses resulting from the use of this content.

Conflict of interest

The authors declare that there are no conflicts of interest
regarding the publication of this article. No funding or
sponsorship influenced the design of the study, data collection,
analysis, decision to publish, or preparation of the manuscript.

REFERENCES

Abdel-Baki, GK., Shaddad, M.A.K., Mostafa, D. and Rafat, A.S. (2018).
The effect of seed presoaking with KNO, on seed germination,
proline, protein pattern, R-amylase and mineral composition
of two faba bean cultivars treated with NaCl. Egyptian
Journal of Botany. 58: 445-461.

Abdul-Baki, A.A. and Anderson, J.D. (1973). Vigor determination
in soybean seed by multiple criteria 1. Crop Science. 13:
630-633.

Adetunji, A.E., Adetunji, T.L., Varghese, B., Sershen, Pammenter,
N.W. (2021). Oxidative stress, ageing and methods of
seed invigoration: An overview and perspectives. Agronomy.
11: 2369.

Ali, L.G,, Nulit, R., Ibrahim, M.H., Yien, C.Y.S. (2021). Efficacy of
KNO,, SiO, and SA priming for improving emergence,
seedling growth and antioxidant enzymes of rice (Oryza
sativa), under drought. Scientific Reports. 11: 3864.

Anwar, S., Shafig, F., Nisa, Z.U., Usman, U., Ashraf, M.Y., Ali, N.
(2021). Effect of cadmium stress on seed germination,
plant growth and hydrolyzing enzyme activities in mungbean
seedlings. Journal of Seed Science. 43: €202143042.

Basra, S.M.A., Farooq, M., Tabassum, R. and Ahmed, N. (2006).
Evaluation of seed vigour enhancement techniques on
physiological and biochemical basis in coarse rice (Oryza
sativa L.). Seed Science and Technology. 34: 719-728.

Bernfield, P. (1955). Amylase a and 3. Methods in Enzymology. 1:
149-158.

Chen, Y. and Zhou, X. (2024). Symbiotic nitrogen fixation: The role
of rhizobia in enhancing legume growth and soil fertility.
Molecular Microbiology Research. 14: 3820.

Cheng, J., Wang, L., Zeng, P., He, Y., Zhou, R., Zhang, H. and Wang,
Z. (2017). ldentification of genes involved in rice seed
priming in the early imbibition stage. Plant Biology. 19:
61-69.

Volume 49 Issue 6 (June 2026)

Choudhury, A. and Bordolui, S.K. (2022). Inducement of seed priming
with potassium nitrate on the quality performance of
chickpea (Cicer arietinum L.). In Biological Forum-An
International Journal. 14: 779-783.

Coolbear, P., Francis, A. and Grierson, D. (1984). The effect of low
temperature pre-sowing treatment on the germination
performance and membrane integrity of artificially aged
tomato seeds. Journal of Experimental Botany. 35: 1609-
1617.

Czabator, Felix J. (1962). Germination value: An index combining
speed and completeness of pine seed germination. Forest
Science. 8: 386-396.

Duboais, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F. (1956).
Colorimetric method for the determination of sugars and
related substances. Analytical Chemistry. 28: 350-356.

Farooq, M., Romdhane, L., Al Sulti, M.K., Rehman, A., Al Busaidi,
W.M. and Lee, D.J. (2020). Morphological, physiological and
biochemical aspects of osmopriming induced drought
tolerance in lentil. Journal of Agronomy and Crop Science.
206: 176-186.

Garcia-Carmona, F. (1990). Polyphenol Oxidases: Structure and
Function. In: Plant Enzymology and Regulation of Physiological
Processes. CRC Press. pp. 1-20.

Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures for
Agricultural Research (2™ Edn.). John Wiley and Sons,
New York. pp. 680.

Goodchild, N.A. and Walker, M.G. (1971). A method of measuring
seed germination in physiological studies. Annals of Botany.
35: 615-621.

Jassal, R.K. and Singh, H. (2018). Effect of seed priming and its
duration on seed germination and vigour of soybean.
Agricultural Research Journal. 55: 745-748.

Jatana, B.S., Grover, S., Ram, H. and Baath, G.S. (2024). Seed priming:
Molecular and physiological mechanisms underlying biotic
and abiotic stress tolerance. Agronomy. 14: 2901.

Kader, M.A. (2005). A comparison of seed germination calculation
formulae and the associated interpretation of resulting
data. Journal and Proceedings of the Royal Society of
New South Wales. 138: 65-75.

Kaya, G.A.M.Z.E. (2021). The relationship between seed vigor
and germination performance under various chloride salts
in pea. Legume Research-An International Journal. 44:
793-797. doi: 10.18805/LR-559.

Labouriau, L.G. (1983). A germinacdo das sementes. Série de Biologia.
Monografia, 24.

Labouriau, L.G. and Valadares, M.B. (1976). On the physiology of
the seed of Calotropis procera. Anais Da Academia
Brasileira de Cincia. Rio de Janeiro. 42: 235-264.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951).
Protein measurement with the folin phenol reagent. Journal
of Biological Chemistry. 193: 265-275.

Mahmoodi, T.M., Ghassemi-Golezani, K.A.Z.E.M., Habibi, D.A.V.0.0.D.,
Paknezhad, F.A.R.Z.A.D., Ardekani, M.R. (2011). Effect
of hydro-priming duration on seedling vigour and field
establishment of maize (Zea mays L.). Research on
Crops. 12: 341-345.

Mildaziene, V., lvankov, A., Sera, B., Baniulis, D. (2022). Biochemical
and physiological plant processes affected by seed
treatment with non-thermal plasma. Plants. 11: 856.

989



Duration-dependent Seed Priming: A Strategy to Trigger Amylase and Protease-mediated Food Reserve Mobilization during Seed...

Mirza, H., Pervaiz, Z.H. and Asghar, H.N. (2022). Seed priming enhances
enzymatic antioxidant defense and metabolic activity
during early growth of legumes. Physiology and Molecular
Biology of Plants. 28: 785-797.

Primack, R.B. (1985). Longevity of individual flowers. Annual Review
of Ecology and Systematics. 16: 15-37.

Ranal, M.A. and de Santana, D.G. (2006). How and why to measure
the germination process. Brazilian Journal of Botany. 29:
1-11.

Rhaman, M.S. (2025). Seed priming before the sprout: Revisiting
an established technique for stress-resilient germination.
Seeds. 4: 29.

Taer, E.C. (2024). Hormopriming and duration of priming interaction
on germination, emergence and subsequent growth
productivity performance in pechay. Ceylon Journal of
Science. 53: 503-511.

Tiwari, A.K., Verma, P.P., Kumar, D., Singh, S., Kumar, R., Padalia,
R.C. and Upadhyay, R.K. (2023). Germination behavior of
Rauvolfia serpentine (L.) seeds with the use of different
seed treatments. Indian Journal of Agricultural Research.
57: 671-675. doi: 10.18805/IJARe.A-5624.

Tiwari, T.N. and Tripathi, S. (2025). Seed priming: An innovative
approach to enhance seed quality in legume crops. Journal
of Food Legumes. 38: 199-208.

Varier, A., Kuriakose, A.V. and Dadlani, M. (2010). The subcellular basis
of seed priming. Current Science. 99: 450-456.

990

Vilakazi, B., Ogola, J.B.O., Odindo, A.O. and Ncama, K. (2023). Water
stress affected seed accumulation of non-reducing
soluble sugars and germination performance of three
chickpea cultivars. Legume Research-An International
Journal. 46: 849-854. doi: 10.18805/LRF-708.

Verma, V., Nair, R., Rai, H.K., Thakur, R.S. and Budholiya, A. (2025).
Optimizing seed priming duration and copper levels for
coriander (Coriandrum sativum L.) germination and vigour.
Indian Journal of Agricultural Research. 59: 1075-1080.
doi: 10.18805/IJARe.A-6192.

Wagqas, M., Korres, N.E., Khan, M.D., Nizami, A.S., Deeba, F., Ali, I.
and Hussain, H. (2019). Advances in the Concept and
Methods of Seed Priming. In Priming and Pretreatment
of Seeds and Seedlings: Implications in Plant Stress
Tolerance and Enhancing Productivity in Crop Plants.
Singapore: Springer Singapore. (pp. 11-41).

Xing, W., Li, Y., Zhou, L., Hong, H., Liu, Y., Luo, S. and Tan, B. (2025).
Deciphering seed deterioration: Molecular insights and
priming strategies for revitalizing aged seeds. Plants. 14:
1730.

Zhang, F., Kim, H., Suonan, Z., Kim, S.H., Jeong, H.S. and Lee, K.S.
(2025). Variation in seed germination and early seedling
development of Zostera marina across source populations
and environmental conditions. Global Ecology and Conservation.
62: e03762.

Legume Research- An International Journal



