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extreme temperatures, nutrient deficiencies, and
soil-borne diseases often reduce seed germination
and delay seedling emergence. crop
establishment ultimately affects plant population,
resource utilization, and final productivity.

Poor

Traditional approaches to improving crop
production have primarily focused on fertilizers,
irrigation, pesticides, improved crop

varieties. recent advances in seed

and
However,
science have demonstrated that enhancing seed
physiological quality before sowing can
substantially  improve crop  performance
throughout the growing season. Among various
pre-sowing seed enhancement techniques, seed
priming has gained
because of its simplicity, cost-effectiveness, and
wide applicability across numerous agricultural
and horticultural crops.

considerable attention

Seed priming enables seeds to complete the initial
metabolic processes associated with germination
before sowing while preventing actual root
emergence. Consequently,  primed
germinate more rapidly and uniformly after
planting, enabling crops to establish quickly even
under suboptimal field conditions. Today, seed
priming is recognized as one of the most
important
technology.

seeds

innovations in modern seed

Concept of Seed Priming

Seed priming is a controlled hydration process
that allows seeds to absorb sufficient water to
processes required for
germination without permitting
protrusion. After hydration, the
carefully dried back to their original moisture
level, allowing improved
physiological readiness while remaining suitable
for handling, storage, transportation,
mechanical sowing.

activate metabolic
radicle
seeds are

them to retain

and

: The primary objective of seed priming is to
Esynchronize germination, enhance seed vigor,
improve stress tolerance, and establish healthy
crop stands. During priming, several physiological
and biochemical processes are initiated, including
enzyme activation, DNA repair, protein synthesis,
membrane stabilization, antioxidant production,
and mobilization of stored food reserves. Because
these processes have already begun before
sowing, primed seeds germinate faster than
i untreated seeds when exposed to favorable soil
! moisture.

Physiological Basis of Seed Priming

Germination is generally divided into three
i phases of water uptake. During the first phase,
seeds rapidly absorb water through imbibition. In
the second phase, metabolic activities resume,
including
mitochondrial repair, synthesis of nucleic acids,
: and mobilization of

respiration, enzyme activation,

stored carbohydrates,

: proteins, and lipids. During the third phase,
! radicle

emergence occurs, marking the

! completion of germination.

Seed priming intentionally terminates hydration
i during the
Eemergence. As a result, numerous metabolic
processes are completed in advance. Once primed
seeds are

second phase before radicle

planted, they rapidly resume

germination and complete seedling emergence
i much earlier than untreated seeds.

This physiological advancement enables crops to
escape early-season stresses, establish vigorous
root systems, compete effectively with weeds, and
utilize available moisture more efficiently.

Types of Seed Priming

ESeveral seed priming techniques have been
: developed depending on the hydration medium
Eused. Hydropriming is the simplest method,

@ https://krishiarticles.com/




Krishi Articles

Ashutosh, 2026 Article ID: KA-2026-06

involving soaking seeds in water for a

predetermined duration followed by drying. This
farmers because it requires no
equipment while
improving germination.

chemicals or

potassium nitrate, or mannitol. These solutions
and improved
Osmopriming is
drought and salinity stress conditions.

physiological

Halopriming utilizes inorganic salt solutions
including potassium chloride, calcium chloride,
sodium chloride, or calcium sulfate. These salts
improve osmotic adjustment, nutrient availability,
and stress tolerance in emerging seedlings.

Biopriming combines
Pseudomonas, Bacillus, Azospirillum, Azotobacter,
phosphate-solubilizing bacteria, and mycorrhizal
fungi. These microbial inoculants colonize the
seed surface and rhizosphere after sowing,
providing protection against pathogens while
promoting nutrient uptake and plant growth.

Hormonal priming employs plant

or cytokinins to stimulate physiological processes
that improve seedling establishment and stress
tolerance.

prevents micronutrient deficiencies

seedling establishment.

: Another emerging technology
priming with natural biostimulants such as
seaweed extracts, humic substances, fulvic acids,

L . . _ : protein hydrolysates, amino acids, and botanical
Nutripriming involves soaking seeds in solutions : tract
: extracts.

containing essential nutrients such as zinc, boron, : ) i L )
i N . i compounds stimulate metabolic activity while

molybdenum, iron, phosphorus, or silicon. This i . i .
) . : improving stress resilience and root development.

method enhances early nutrient availability and :

during : Researchers are also exploring precision seed

: priming using artificial intelligence and sensor-
: based monitoring

: More recently, nanopriming has emerged as an
: advanced seed technology utilizing nanoparticles
inexpensive technique is widely adopted by i

specialized
significantly
activity,
i absorption

Osmopriming involves soaking seeds in osmotic : .
p & 8 ! environmental stresses.

solutions such as polyethylene glycol (PEG), :

: Recent Innovations in Seed Priming
regulate water uptake, allowing gradual hydration :

conditioning. Recent research has significantly expanded the
particularly effective under ; SCOpe of seed priming through the integration of
: biotechnology, nanotechnology, and precision
! agriculture.
: demonstrated remarkable improvements in seed
germination, seedling vigor, photosynthesis, and
abiotic stress tolerance. Carefully engineered
! nanoparticles
improve nutrient delivery, and strengthen plant
seed priming with defense systems against drought, salinity, and

- . . ) : heat stress.
beneficial microorganisms such as Trichoderma, :

i Microbial

increasingly
: development of microbial consortia containing
: multiple beneficial organisms capable of nitrogen
: fixation, phosphorus solubilization, potassium
: mobilization,
! biological disease control. These multifunctional
growth : | ) . .
i ) i L .. i inoculants provide both nutritional and protective
regulators such as gibberellic acid, salicylic acid, :

: benefits during early crop establishment.
jasmonic acid, indole acetic acid, brassinosteroids, : 8 yerop

of zinc oxide, silicon dioxide, iron oxide, titanium
dioxide, or carbon-based nanomaterials. These
nanoparticles improve water uptake, enzyme

defense,
enhancing

antioxidant and nutrient

while tolerance to

Nano-enabled seed priming has

enhance antioxidant activity,

also  become
through the

biopriming  has
sophisticated

phytohormone production, and

involves seed

These  environmentally friendly

systems that optimize

@ https://krishiarticles.com/




Krishi Articles

Ashutosh, 2026 Article ID: KA-2026-06

hydration duration, drying conditions, and
treatment formulations according to crop species,

seed moisture, and storage requirements.
Applications in Agriculture

Seed priming has been successfully applied to
cereals, oilseeds, vegetables,
medicinal plants, forage crops, and horticultural
crops. In rice and wheat cultivation, primed seeds
establish rapidly, resulting in uniform crop stands
and improved grain yield. Maize and sorghum
benefit from enhanced drought tolerance during
early growth, while pulse crops often exhibit
improved nodulation and nitrogen fixation
following biopriming.

pulses, spices,

Vegetable crops such as tomato, chilli, onion,
cabbage, carrot,
respond particularly well to seed priming because
rapid and uniform emergence is essential for
achieving high marketable yields. In horticultural
nurseries, priming improves transplant quality,
reduces seedling mortality, and shortens nursery
duration.

cauliflower, and cucurbits

Under rainfed agriculture, where soil moisture is
frequently limited during sowing, primed seeds
often outperform untreated seeds by emerging
more quickly and establishing deeper root
systems capable of accessing available soil
moisture.

Advantages of Seed Priming

Seed priming offers
physiological, and economic benefits. The most
significant advantage is faster and more uniform
germination, resulting in synchronized crop
establishment and better plant populations.
Vigorous seedlings develop stronger root systems,
allowing efficient uptake of water and nutrients

while competing effectively with weeds.

numerous agronomic,

{ mechanisms are

moisture,
hydration may lead to premature germination and
;irreversible seed damage, whereas insufficient
hydration may produce limited physiological
! benefits.

: Primed seeds generally exhibit greater tolerance
to drought, salinity, temperature extremes, and
! oxidative stress because antioxidant defense

activated before sowing.

Improved early vigor often translates into higher
: biomass

production, enhanced flowering,

improved grain filling, and increased crop yield.

Bioprimed seeds reduce dependence on chemical
pesticides by protecting seedlings from soil-borne
pathogens

: colonization.

through beneficial microbial

Nutripriming enhances

: micronutrient efficiency, while hormonal priming
i improves physiological resilience under adverse
i environmental conditions.

From an economic perspective, seed priming is
! relatively
increase crop productivity without requiring
! major changes in farming practices. This makes it
! highly
commercial farming systems.

inexpensive and can substantially

suitable for both smallholder and

Limitations

Despite its many advantages, seed priming also
presents
generally have a shorter storage life than
! untreated seeds because metabolic activities have
already been initiated. Improper drying or storage
i conditions may reduce seed viability and vigor
over time.

certain challenges. Primed seeds

i The effectiveness of priming depends on precise
control of hydration duration, temperature, seed

and drying procedures. Excessive

Different crop species and even different varieties
: within the same species often require specific
! priming protocols. Consequently, standardized
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recommendations must be developed for
individual crops and local environmental
conditions.

Future Prospects

advances in molecular biology, artificial :
intelligence, precision agriculture, and
nanotechnology. Researchers are identifying :

highly customized seed enhancement protocols.

Artificial intelligence is expected to optimize
seed
: crop production systems.

priming  conditions by
characteristics, environmental conditions,
storage Smart seed
technologies combining priming,
inoculation, controlled nutrient release,
biodegradable also

analyzing
and
requirements.

polymers are

a single seed treatment.

Climate-resilient agriculture will

salinity, flooding, and

gene editing, microbial biotechnology,

precision farming is expected to create next-

generation seed enhancement systems capable of
: enhancements. Seed Science Research, 8(2), 245-
: 256,

supporting sustainable agricultural production
under changing climatic conditions.

Conclusion

effective and environmentally friendly

{ microorganisms,

The future of seed priming is closely linked with precision seed treatments have further expanded

: the potential
: challenges related to storage and treatment
: standardization remain,

. : : advancements are improving the reliability and
molecular biomarkers that can predict seed : v proving ty

. o : i commercial
responsiveness to priming treatments, enabling :

: agriculture strives to increase productivity while
: adapting to

coating
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