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ABSTRACT

Seed priming has emerged as a vital tool in modern
agriculture, addressing challenges such as low
germination rates, poor crop establishment, and
vulnerability to environmental stresses. This paper
provides a comprehensive review of the primary seed
priming techniques, including hydropriming,
osmopriming, biopriming, and hormonal priming, each of
which enhances seed performance by preconditioning
seeds prior to sowing. Through priming, seeds undergo
controlled hydration and partial metabolic activation,
allowing for faster germination, improved stress
tolerance, and healthier seedling development upon
sowing. This review explores the specific benefits and
mechanisms of various priming methods, along with their
applications across a range of crop species. The findings
highlight seed priming's potential to improve agricultural
productivity, reduce dependency on chemical treatments,
and contribute to sustainable farming practices by
enhancing crop resilience against abiotic and biotic
stresses. Seed priming is therefore presented as an
accessible and cost-effective technique that can

significantly improve germination quality, optimize seed vigor, and support global food security

efforts.

1. Introduction

As global agriculture faces mounting challenges from climate change, soil degradation, and an

increasing demand for food, optimizing crop establishment and early growth has become more

critical than ever. Poor germination rates and early seedling growth due to environmental

stresses, such as drought, salinity, and temperature fluctuations, contribute to reduced crop yields

and overall productivity, posing a serious threat to food security [1]. Given these challenges,

innovative techniques that improve seed performance, germination, and stress tolerance are
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essential. Seed priming is one such technique that has gained attention for its ability to enhance

germination rates, seedling vigor, and stress resilience in a wide range of crops [2].

Seed priming refers to pre-sowing treatments that partially hydrate seeds to activate metabolic
processes, enabling them to germinate more effectively when sown. By exposing seeds to
controlled hydration and drying cycles, priming initiates pre-germination activities within the
seed while preventing radicle emergence, thereby creating a physiological advantage that
promotes better growth [3]. Primed seeds are better equipped to withstand environmental stresses
and establish faster, healthier seedlings. This advantage is particularly valuable for crops
cultivated in regions where adverse conditions, such as high salinity or drought, limit seedling

establishment and crop productivity [4].

This paper examines the major types of seed priming, including hydropriming, osmopriming,
biopriming, and hormonal priming. Each technique utilizes a unique approach to seed
preconditioning and has been shown to provide specific benefits depending on crop type and
environmental conditions. By reviewing recent studies on seed priming, this paper highlights the
potential of these methods to enhance agricultural productivity, support sustainable farming

practices, and address food security by improving crop resilience to environmental challenges.

2. Literature Review
2.1 Hydropriming

Hydropriming, the simplest and most cost-effective priming technique, involves soaking seeds
in water for a defined period, after which they are dried back to safe moisture levels for storage
or sowing. Hydropriming initiates the early stages of germination by allowing seeds to absorb
water, activating metabolic processes, and preparing them for faster emergence when planted.
This technique is especially useful for crops with low or inconsistent germination rates, such as

rice and wheat, which are often impacted by environmental stress during planting seasons [5].

Studies have shown that hydropriming can significantly improve germination speed, uniformity,
and vigor in various crops, including maize, wheat, and rice. For instance, in rice, hydroprimed
seeds were observed to germinate more quickly and with greater uniformity under field

conditions, leading to improved crop establishment and higher yields [6]. Moreover,
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hydropriming is highly accessible and can be implemented on a large scale, making it an

attractive option for resource-limited farmers aiming to enhance crop productivity.
2.2 Osmopriming

Osmopriming involves soaking seeds in solutions containing osmotic agents, such as
polyethylene glycol (PEG), mannitol, or potassium nitrate (KNO3). These agents control the
water potential around the seed, allowing it to hydrate gradually without fully germinating. This
controlled hydration process enables the seeds to absorb water slowly, thereby initiating
metabolic activity without causing radicle protrusion [7]. Osmopriming is particularly effective
for enhancing germination under stress conditions, such as drought and salinity, as it
preconditions seeds to withstand osmotic stress and improves their ability to germinate and grow

in challenging environments.

In crops like wheat, tomato, and corn, osmoprimed seeds have demonstrated improved root
development, biomass accumulation, and stress resilience under saline and drought conditions.
For example, in wheat, osmoprimed seeds showed significantly better root growth and seedling
establishment in saline soils compared to non-primed seeds [8]. This technique is therefore
beneficial for crops grown in areas with high soil salinity, as it enhances the seed's physiological

response to osmotic stress and improves early growth under adverse conditions.
2.3 Biopriming

Biopriming combines seed hydration with beneficial microorganisms, including plant growth-
promoting rhizobacteria (PGPR), fungi, or bio-fertilizers, which colonize the seed surface and
provide a variety of benefits. The microbial inoculants used in biopriming improve seed
germination and vigor while also enhancing plant growth through nutrient uptake, disease
suppression, and stress resilience [9]. Biopriming is particularly effective in improving crop
establishment, as it provides a natural defense against soilborne pathogens and supports

sustainable agricultural practices by reducing reliance on chemical fertilizers and pesticides [10].

Research on crops like maize, chickpea, and rice has shown that bioprimed seeds exhibit
improved resistance to pathogens and enhanced nutrient uptake, resulting in better growth and
productivity. For example, chickpea seeds bioprimed with Rhizobium bacteria demonstrated
increased root nodulation and nitrogen fixation, which are essential for leguminous crops grown

in nitrogen-deficient soils [11]. Biopriming thus offers a sustainable approach to enhance plant
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resilience while reducing the need for external inputs, making it ideal for organic farming and

resource-limited environments.
2.4 Hormonal Priming

Hormonal priming involves treating seeds with plant hormones or growth regulators, such as
gibberellic acid (GA), salicylic acid, or abscisic acid, to activate specific physiological pathways
within the seed. Hormones like GA promote faster and more uniform germination by stimulating
cell elongation and enzyme activity essential for early seedling growth [12]. Hormonal priming
with salicylic acid has also been shown to enhance stress tolerance, particularly under drought
and salinity conditions, as it activates antioxidant pathways that protect the seed from oxidative

damage [13].

Studies have demonstrated the effectiveness of hormonal priming in various crops, including
wheat, barley, and maize. In wheat, GA priming resulted in faster germination and stronger
seedling vigor, which are crucial for rapid establishment under field conditions. Similarly,
salicylic acid-treated maize seeds exhibited greater drought tolerance, as salicylic acid activates
stress-responsive genes that enable the plant to cope with water scarcity [14]. Hormonal priming
thus holds promise for enhancing germination and stress resilience in crops, particularly in

regions prone to environmental stresses.
2.5 Benefits of Seed Priming

Seed priming offers a range of benefits that can contribute to increased crop productivity,
sustainability, and resilience. By promoting faster and more uniform germination, seed priming
enables better crop establishment and reduces competition among seedlings. Additionally,
priming enhances stress tolerance by activating protective mechanisms within the seed,
preparing it for adverse environmental conditions. The low cost and scalability of seed priming
make it accessible to farmers worldwide, especially those in resource-limited settings. Given its
ability to improve crop performance across diverse environments, seed priming has the potential

to play a crucial role in supporting food security and sustainable agricultural practices [15].

3. Methodology

3.1 Seed Selection and Priming Conditions

To evaluate the effectiveness of each priming technique, seeds from various crop species were

selected based on their sensitivity to environmental stresses and importance in agricultural
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production. Crops included rice, wheat, maize, chickpea, and tomato, which are widely
cultivated and face significant germination and growth challenges under stress conditions. Seed
batches were divided into control and treatment groups, with different priming treatments applied
according to standardized protocols for each technique. For hydropriming, seeds were soaked in
distilled water for 12-24 hours, then dried to safe moisture levels. In osmopriming, PEG or
KNO3 solutions were used, and seeds were soaked for 24-48 hours to induce gradual hydration.
Biopriming involved inoculating seeds with beneficial microbial strains, such as Rhizobium and

Trichoderma spp., while hormonal priming used solutions of GA or salicylic acid [16].

3.2 Laboratory and Field Experiments

Both laboratory and field experiments were conducted to assess the impact of priming on
germination rates, germination speed, seedling vigor, and stress tolerance. Laboratory tests
measured germination parameters, such as the time to 50% germination (T50), germination
percentage, and seedling growth rate. Seeds were incubated under controlled conditions, with
monitoring of temperature, humidity, and light exposure. Field trials were carried out to evaluate
seed performance under actual agricultural conditions. Field data included measurements of
seedling establishment, root length, shoot length, and yield, with additional observations on

stress tolerance and disease resistance [17].
3.3 Statistical Analysis

Data obtained from laboratory and field experiments were analyzed statistically to determine
significant differences between control and primed seed groups. Analysis of variance (ANOVA)
was conducted to compare the means across different treatment groups, while t-tests were used
for pairwise comparisons of specific treatments. Results were considered statistically significant

at p < 0.05, providing reliable conclusions on the efficacy of each priming technique [18].

4. Results and Discussion

Table 1: Summary of Seed Priming Techniques and Their Benefits

Priming Crops Priming Agent | Observed Benefits Reference
Technique Studied
Hydropriming | Rice, Maize, | Water Faster germination, | [6], [19]
Wheat improved seedling
uniformity
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Osmopriming | Wheat, PEG, KNO3 Enhanced drought and salt | [8], [20]
Tomato, Corn tolerance, Dbetter root
growth
Biopriming Chickpea, PGPR, Increased resistance to | [10], [11]
Maize, Rice | Trichoderma pathogens, improved
spp. nutrient uptake
Hormonal Wheat, GA, Salicylic | Enhanced germination | [12], [13]
Priming Barley, Acid speed, improved drought
Maize resilience

4.1 Improved Germination and Seedling Establishment

Hydropriming and hormonal priming demonstrated significant improvements in germination
speed and seedling establishment. Primed seeds reached higher germination rates faster than
non-primed seeds, with hydroprimed seeds in rice and maize reaching 90% germination within
days, compared to only 70% in control seeds [19]. Faster germination and more uniform seedling
growth contribute to better crop establishment, reducing the time needed for plants to reach

critical growth stages in the field.
4.2 Enhanced Stress Tolerance

The osmopriming and hormonal priming techniques showed notable improvements in stress
tolerance. In wheat and tomato, osmoprimed seeds exhibited greater root biomass and growth
under drought and saline conditions, enhancing their resilience in challenging environments [20].
Similarly, maize seeds treated with salicylic acid exhibited increased drought tolerance, as
indicated by enhanced antioxidant activity and reduced oxidative stress. This finding underscores
the potential of hormonal priming for crops in arid or saline regions, where water availability is

limited.
4.3 Disease Resistance and Pathogen Control

Biopriming was particularly effective in improving disease resistance and reducing pathogen
attacks in crops. Seeds treated with beneficial microorganisms, such as Rhizobium and
Trichoderma spp., showed a lower incidence of fungal infections in maize and chickpea,
reducing reliance on chemical fungicides and promoting a healthier soil microbiome. This
advantage makes biopriming an ideal technique for organic farming and environmentally

sustainable agriculture, where minimizing synthetic inputs is a priority [11].

5. Conclusion
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Seed priming techniques offer versatile solutions to enhance seed performance and resilience in
modern agriculture. Hydropriming, osmopriming, biopriming, and hormonal priming each
contribute to faster germination, better seedling establishment, and improved stress tolerance.
This review highlights the specific benefits of each method, demonstrating their effectiveness in
various crops and under different environmental conditions. Seed priming not only enhances
crop productivity but also aligns with sustainable agricultural practices by reducing dependency
on chemical treatments and supporting resilience against environmental challenges. By
improving germination quality and supporting early growth, seed priming can play a crucial role
in advancing global food security and promoting sustainable farming systems in the face of
climate change. Further research should continue exploring optimal priming conditions and

combinations to maximize benefits across diverse crop species and agroecological zones.
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