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Review Article

ABSTRACT

To reach in good plant stand, the life cycle of plants is faced with different critical stages such as
uneven seed germination, poor and early seedling growth which ultimately results in low crop yield.
It is well known that seed priming enhances germination, reduces seedling emergence time, and
improves yield and yield contributing characters of plants. Seed priming is a physiological technique
of seed hydration and drying to improve the metabolic process prior to germination to fasten the
germination, seedling growth, and crop yield under normal, as well as different biotic and abiotic
stress conditions. Many researchers have done a lot of research on seed priming in field crops to
enhance the final yield. However, different priming methods and their application in field crops are
poorly described. Therefore, this review paper discusses seed priming and its different methods
and their application in field crops as well as future perspectives of seed priming.
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1. INTRODUCTION

Optimum seed germination is a prime condition
in good stand establishment as seed is a
fundamental factor in crop  production.
Nowadays, due to different environmental and
abiotic stress, the percentage of seed
germination, emergence, and vigour of seedling
has been adversely affected, which ultimately
results in poor crop yield. To enhance the seed
germination process various physiological and
non-physiological techniques are available for
enhancing seed performance as well as to
combat environmental constraints.

Seed priming is a low-cost effective hydration
techniques to stimulate seed germination. During
priming, seeds go through a physiological
process, i.e. controlled hydration and drying
which results in enhanced and improved pre-
germinative  metabolic process for rapid
germination [1]. Seed priming can synchronize
seed germination, and increase emergence [2,3].
Seed priming techniques have multiple benefits
such as reduce the use of fertilizers, enhance
crop yield by synchronized seed germination,
and induce systemic resistance in plants which is
both cost-effective and eco-friendly.

To obtain uniform seed development in field
crops, seed priming is used, which is an
economical and feasible technology. It has
beneficial effects such as nutrient uptake, water
use efficiency, release photo- and thermo-
dormancy, maturity, and crop yield [4-6]. Seed
priming has found to be beneficial for many field
crops like wheat, sweet corn, mungbean, barley,

Tania et al.; AJRCS, 5(2): 8-19, 2020; Article no.AJRCS.56911

lentil, and cucumber [7]. However, many factors
affect the performance of seed priming such as
plant species, priming duration, temperature,
priming media, and their concentration and
storage conditions [8].

Although numerous data has been published by
reporters on seed priming methods, however, the
application of seed priming methods and their
influential effects on the field crops remain poorly
prescribed. This review article focuses on the

different seed priming methods and their
application in the field crops.

2. METHODS OF SEED PRIMING

To invigorate the seeds, accelerate the
germination  process, and alleviate the
environmental stress, different seed priming

methods have been developed (Fig. 1) including
(i) Hydro-priming, (ii) Halo-priming, (iii) Osmo-
priming, (iv) Hormone-priming, (v) Solid matrix
priming and (vi) Bio-priming.

Though the choice of a priming method is
important but most importantly is its efficiency
which is affected by many factors and depends
on the plant species. Factors like priming
duration [9], priming agent [10] and oxygen
supply to seed [11] have a notable effect on
seeds of various crops. Following the above
factors, some physical and chemical parameters
such as osmotic potential, temperature, presence
or absence of light, aeration, and seed condition
can also effect priming and determine the
germination rate and time, seedling vigour, and
further plant development [12,13].
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Fig. 1. Methods of seed priming
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2.1 Hydro-priming

Hydro-priming is one of the most known and
cost-effective pre-sowing seed priming method in
which seeds are treated with water. This
technique relies on seed soaking in water
followed by re-drying to original moisture. Pill and
Necker [14] reported that hydro-priming is a pre-
sowing seed treatment which involves soaking
the seeds in water before sowing. This methods
allow the seeds to imbibe water and help to
obtain the phases of germination in which pre-
germination metabolic activities are started, while
the latter two phases of germination are inhibited
[14].

2.1.1 Application of hydro-priming in field
crops

Poor seed germination and seedling emergence
are general problems in most of the agricultural
areas of Bangladesh, which ultimately results in
the poor establishment of seedling and low crop
yield. Hydro-priming can play a potential role to
minimize this problem. Hydro priming can
positively affect growth, both at the initial and
later developmental stages. Yield can be affected
by the growth promotion of plants. Hydro-priming
improved seed germination, vyield and yield
contributing characteristics of okra [15]. Bastia et
al. [16] reported that hydro-priming of safflower
(Carthamus tinctorius) seed for 12 h resulted in a
higher number of plants/mz, capitula per plant,
grains per capitulum, 1000 seed weight, grain
yield, and oil content compared to untreated
seed. Similar findings were found in maize, rice,
chickpea [17], and pearl millet [18] grown under
dry-land conditions. Nagar et al. [19] found that
hydro-priming has a pronounced effect on field
emergence and seedling growth of maize crop.

Primed maize seeds (without drying) showed
increased plant height and shoot dry weight [20].
Matthews and Hosseini [21] also found similar
results in maize and found that hydro-primed
maize seeds produced consistently and longer
shoots after 5 days, than the untreated control.
Thus, priming with water plays an important role
in seed germination and seedling emergence in
different crops. Moreover, the hydro-priming
promoted germination rate and seedling
emergence under salinity conditions. Roy and
Srivastava [22] reported that soaking wheat
kernels in water improved their germination rate
under all conditions. Salt tolerance enhancement
of maize [23] (Zea mays L.), pigeon pea [24]
(Cajanus cajan), and acacia seeds [25] were also
noticed, following hydro-priming. In some cases,
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uneven hydration and non-uniform germination
may take place in hydro-priming which is a
disadvantage of this method. It may also not be
suitable for some plant species, such as plants
having a thin seed coat because of essential
nutrients leakage from the seed due to rapid
hydration, resulting in seed damage.

Considering these problems, different methods
such as seed humidification, aerated hydration
(AH), and hot water treatment have been applied
for hydration of seed. Hot water treatment is
effective and useful for some crops, especially
for vegetable seeds. In hot water priming, certain
critical temperatures are practiced for certain
crops. After all, hydro-priming has been
proposed as a low-cost approach, designated as
on-farm seed priming by Harris [17] and involves
soaking of seed in water before sowing. Hydro-
priming is a simple and cost-effective technique
has a very high impact in terms of improved yield
[26].

Although having some disadvantages, water
soaking of seed and drying before sowing can be
considered as one of the easiest ways to achieve
increased production.

2.2 Halo-priming

Halo priming is the treatment of seed with
inorganic solutions such as sodium chloride
(NaCl), potassium nitrate (KNO3), calcium
chloride (CaCl,), and calcium sulfate (CaSQO,) to
improve germination. It is well-known that halo-
priming plays an important role in germination,
seedling emergence, and plant growth at all
developmental stages of the plants.
2.2.1 Application of halo-priming in field
crops

A number of studies have shown that there is an
improvement in seed germination rate, seedling
emergence, and yield contributing components of
different crops in salt-affected soils in response
to halo-priming. Halo-priming not only promotes
seed germination, but also stimulates
subsequent growth, thereby improving crop yield
[27,28]. Halo-priming improved seed
germination, yield and vyield contributing
characteristics of okra [15]. Rice seeds treated
with a mixed salt solution germinated more
rapidly than unprimed seeds under salt-stress
conditions [28]. Bajehbaj et al. [30] reported that
sunflower (Helianthus annuus L.) seed priming
with NaCl and KNO,; showed better germination
percentage, compared to non-primed seeds
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under salinity stress. Khan et al. [31] reported
that the response of hot pepper (Capsicum
frutescens) seeds primed with NaCl solution (1
mM) at different salinity levels 0, 3, 6 and 9 dSm™
'in relation to early growth stage. The response
was positive as regard as seedlings vigour and
seedlings establishment under salt-stressed
conditions, as against the non-primed seeds
variant. Priming with NaCl and potassium
chloride (KCI) removed the deleterious effects of
salts [32]. Almost in all of the salinity levels,
primed seeds had a higher germination rates and
plumule length than control plants.

Khan et al. [31] stated that seed priming with
gibberellic acid (GA;) and NaCl can result in a
metabolic reaction in seeds and can improve
seed germination performance and seedling
establishment under salinity stress. Different
biochemical changes also occurred due to halo-
priming. Priming of seeds with inorganic salts
may alter activity of enzymes in germinating
seeds. For example, seed of muskmelon
(Cucumis melo) soaked in KNOj solution showed
enhanced activity of dehydrogenase and a-
amylase under low temperature. Wheat seeds
primed with CaCl, reduced salinity stress by
enhancing amylase activity [22]. Similarly,
priming of Pennisetum americanum and
Sorghum bicolor seeds with CaCl, or KNOj,
solution increased activity of total amylase, a —
amylase, and proteases under salt stress [33].
Chang-Zheng et al. [29] reported that rice seed
primed with mixed-salt solution resulted in an
increase in activity of a-amylase, p-amylase, and
root dehydrogenase, and moderate increase in
the activity of shoot catalase under salt stress.
Jyotsna and Srivastava [24] showed that pigeon
pea seeds treated with KNO3; or CaC1, generally
exhibited enhanced proteins, free amino acids,
and soluble sugars during germinating under salt
stress. Thus, halo-priming may contribute to
germination, and in better crop production.

2.3 Osmo-priming

Osmo-priming is when seeds are soaked in
osmotic solutions at different concentrations.
Based on plant species, different osmotic
solutions such as sugar, polyethylene glycol
(PEG), glycerol, sorbitol, and mannitol are used
followed by air drying prior to sowing. Osmotic
solutions contain lower water potential than pure
or distilled water; these solutions permit seed
imbibition and thereby activation of early phases
of germination. The low water potential of the
treatment solution allows partial seed hydration
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so that pre-germination metabolic processes
initiated [14,34,35].

2.3.1 Application of osmo-priming in field
crops

Osmo-priming with polyethylene glycol using an
aquarium pump in wheat seeds showed
improved germination and seedling vigour [36].
Like hydro-priming, osmo-priming enhances crop
performance as well as seed germination under
non saline or saline conditions. Italian ryegrass
(Lolium multiflorum) and sorghum (Sorghum
bicolor) seeds osmo-primed with 20% PEG-8000
for 2 days at 10°C, improved the germination
rate in water-stressed, water-logged, cold-stress,
or saline conditions [37]. In muskmelon (Cucumis
melo L.) seeds osmo-primed with PEG-6000
showed improved dehydrogenase and amylase
as well as improved germination under non-
saline conditions.

Biochemical changes that play a vital role in
germination and crop growth have also been
reported in osmo-primed seeds of different plant
species from different studies. Embryo expansion
and compression of the endosperm, along with
the tissue deformation were affected by osmo-
priming [38]. It has been proposed that osmo-
priming causes invigoration of seeds [39].
Priming with 30% PEG of wild rye (Leymus
chinensis L.) seed for 24 h, resulted in increased
activity of superoxide dismutase (SOD) and
peroxidase (POX) and a rapid increase in the
respiratory intensity, which were associated with
an increase in germination and vigour [40]. It was
reported that osmo-priming of tomato seeds
increased the endo-B-mannanase activity in the
endosperm cap and decreased its mechanical
restraint on the germinating embryo [41].
Different studies showed that osmo-priming
affects the activity of growth regulatory enzymes
like amylases, proteases, and in some cases,
lipases. An increase or decrease of any of these
enzymes may affect embryo growth and
development. Osmo-priming with PEG also
increases the activity of ATPase in the
germinating seeds of peanuts. Thus, osmo-
priming may contribute to germination, and in
better stand establishment.

2.4 Hormonal-priming

Priming of seeds using hormone solutions is
referred to as hormonal-priming. Plant growth
regulators used for seed imbibition during hormo-
priming have direct effect on seed metabolism.
Regulators such as abscisic acid, salicylic acid,



ascorbic acid, cytokinins, auxins, gibberellins,
kinetin, ethylene, polyamines are commonly used
for hormo-priming.

2.4.1 Application of hormo-priming in field
crops

The effect of hormonal priming on crops have
been reported by many researchers. The
exogenous application of ascorbic acid [42] and
salicylic acid [43] enhanced the ability of wheat to
grow under salinity stress. Wheat seed priming
with kinetin has also proved to improve salt
tolerance regarding growth and grain yield of
wheat [32]. Igbal and Ashraf [44] found that GA;
treated spring wheat seeds increased grain yield
and salt tolerance. GA; primed maize seed
showed increased germination and vigour [45].
Yarnia et al. [46] reported that onion seeds
invigorated with auxin, kinetin and gibberellin
showed increased germination attributes. Seeds
of bell pepper treated with GA; recorded higher
germination, vigour and dry weight of seedlings
[47]. On heavy metal polluted soil, priming of
white clover seeds using GA; and PEG improved
photosynthetic properties, antioxidant system,
seedling emergence, and growth [48]. The effect
of hormonal priming with GA; in chickpea
revealed high numbers of seeds per pod and
grain yield [49].

Hormonal priming has also been effective in
combating drought tolerance of rice. Spermidine
pretreatment [50] and polyamines-priming [10]
are effective for the induction of drought
tolerance in rice. Hormo-priming results in
increased germination and growth in normal as
well as stress condition.

2.5 Solid matrix Priming

Solid matrix priming (SMP or Matri-conditioning)
is a pre-seed treatment process in which seeds
are mixed with known proportions of a solid
material and water [51]. The seed and matrix
used in SMP compete for available water. Seeds
absorbing water reach an equilibrium point,
which is precisely the right point for priming to
occur. Afterward, seeds are separated from the
matrix followed by thorough washing and drying.
As a result, an optimally hydrated, metabolically
active state, which is an important germination
steps, can be accomplished within the seed.
These include repair of membranes and/or
genetic material, development of immature
embryos, alteration of tissues covering the
embryo, and destruction or removal of dormancy
blocks. The solid medium used in the mixture
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hydrate seeds slowly and simulates the natural
imbibition process in the soil [35,52].

This method aims at controlling water uptake by
seeds as this mixture allows the seeds to imbibe
and attain a threshold moisture content, but
prevents radicle emergence [51]. Materials
utilized as matrices in the SMP process possess
some physical and chemical features such as
low matrix potential, high water holding capacity
and surface area, minimal water solubility, no
toxicity to seeds and ability to adhere to seed
surface [53]. In SMP techniques different solid
carriers are used such as vermiculite, peat moss,
charcoal, compost, sand, clay, press-mud, gunny
bag, synthetic calcium silicate and also some
commercial offered substrate such as Celie or
Microcell [52,54]. Besides, this carriers and
substrates proper time duration and optimum
moisture content are maintained to achieve the
best priming performance [55].

2.5.1 Application of solid matrix-priming in
field crops

Many researchers have studied the effects of
SMP on crop seeds. Crops like soybean, maize,
okra and onion showed a positive effect when
treated with SMP. SMP was effective in
invigoration of okra and soybean by improving
their germination percentage [55,56]. The effect
of SMP on onion seeds showed improved seed
germination rate, seedling emergence and
growth under optimal and low temperature
conditions [57]. In case of waxy maize seedlings,
SMP priming using sand was beneficial as it
increased the activities of antioxidant enzymes
such as catalase (CAT), peroxidase (POX), and
soluble sugar content which ultimately increased
the rate of germination and seedling growth
under high-salt stress conditions [58].

SMP has another advantage which is integration
with biological and chemical factors that can
enhance seed performance [35]. Improved stand
establishment and productivity of some
vegetable crops under tropical conditions were
noted when gibberellins/fungicide/Bacillus subtilis
to were included in SMP [59]. There were
also reported data on improved seedling
emergence and vyield of okra under Ilow
temperatures when seeds were treated with
mixture of a solid matrix priming and
Trichoderma viride [60]. The SMP by using solid
carrier and incorporation of solid carrier along
with physical and chemical factors is becoming
an integral component of agricultural practices
nowadays.
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2.6 Bio-priming

Bio-priming is an ecological approach which
combines biological aspects such as seed
inoculation with beneficial organism to protect the
seed to control diseases and physiological
aspects as hydrating seed. This new trend of
seed treatment includes controlled hydration with
beneficial microorganisms and enhancing the
preparatory processes prior to germination
[61].

The procedure of bio priming was first introduced
by Callan et al. [62]. The procedural way of bio-
priming is pre-soaking of seed and mixing of
formulated products of bio-agent with pre-soaked
seeds. Seeds were then covered with a moist
jute bag (sack) to maintain high humidity
followed, by incubation of seeds for 48 hrs at 25-
35°C. A protective layer formed as bio-agent
adheres onto the surface of the seed. This
treatment technique of seed priming combines
seed imbibition together with bacterial inoculation
[62,63] protecting the seed from soil and seed
borne pathogens [64]. Along with protecting
seeds from diseases bio-priming also improves
seed quality, seedling vigour [65], productivity
and resistance to biotic and abiotic stress
[61,66]. Seed priming is a process that involves
hydration of seeds. If seeds are infected,
hydration can result in a stronger microbial
growth, ultimately adverse effect on plant health.
Bio-priming with antagonistic microorganisms is
the best way to overcome this problem [64]. Bio-
priming is more effective than techniques such
as pelleting and film coating regarding disease
management [67].

2.6.1 Application of bio-priming in field crops

Bio-priming with rhizosphere bacteria has been
reported for crops such as carrot [68], sweet corn
[62,69] and tomato [70,71]. Raj et al. [72]
reported that bio-priming of pearl millet with
Pseudomonas fluorescens enhanced plant
growth and resistance against downy mildew
disease. Seeds of faba bean primed with
antagonistic agents were found to be effective
against root rot incidence at both pre and post-
emergence stages of plant growth [73].
Germination parameters of radish seeds were
improved under saline conditions as a result of
bio-priming with rhizobacteria [74]. In the case of
bread wheat, the productivity and bio-fortification
improved because of Pseudomonas aided zinc
(Zn) application or Zn seed priming with
endophytic bacteria [75,76].
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Bio-priming has been effective against damping
off of cucumber (Cucumis melo L.) [77], pea
(Pisum sativum L.) and soybean (Glycine max L.)
[51]. Sivakalai and Krishnaveni [78] reported that
bio-priming of pumpkin seeds with treatment
combination of Azospirillum, phosphobacteria
and Pseudomonas fluorescens improved the
plant growth, seed yield and quality. Priming with
plant growth promoting bacteria (PGPB) is a
promising approach in agriculture [79,80]
because of its ecological benefit, disease
management capacity and fulfilling the ultimate
goal of production-increasing yield. Seed priming
with PGPR enhanced germination and seedling
establishment [81].

3. FUTURE PROSPECTS OF
PRIMING AND ITS LIMITATS

SEED

Seed priming is a technique that can be applied
to different field crops to reduce environmental
stress. Being a cost-effective method, it is a
practical and suitable approach to reduce the
gap between potential and actual yields, even
under stressful conditions. Under stress
condition, seed priming is one of the best ways to
reduce germination related problems, especially
when crops are grown under unfavourable
conditions. New and advanced priming
techniques such as nano-particles, gamma-ray,
magnetic ray, and UV irradiation and are being
developed and applied in many field crops (Table

1).

Although seed priming has emerged as an
effective seed treating tool for many crops but
treating conditions and methods differ from crop
to crop. However, the existing seed priming
methods have some disadvantages. For
instance, prolonged seed treatment during
priming may cause loss of seed tolerance to
desiccation [82] and some priming treatment can
determine contamination with fungi and bacteria
[83]. Another noticeable problem is that the
longevity of primed seeds is reduced, compared
to non-primed seeds [84]. Besides, seed priming
with advanced methods such as priming with
nanoparticles may have deleterious effects on
plant, human health as well as on the
environment, it is crucial to select specific
priming protocols and techniques which are
beneficial to plants and environment. Though,
seed priming has some disadvantage it remains
an environmentally safe and effective technology
which can be easily adopted by not only
resource-poor farmers but also different plant
researcher to mitigate abiotic stress.
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Table 1. Advanced seed priming methods and their application in field crops

Priming methods Dose Growth Crops and Results
conditions
Nano-particles In field Enhance seed germination and seedling
development [85].
Gamma ray 50 Gy  Normal conditions  Yield and yield contributing characters of rice
in field were increased [86].
Magnetic priming 30 mT  Water-lodging Increased antioxidant activities in wheat [87].
UV irradiation UVA Laboratory Enhanced germination and less susceptible to
type root-infecting fungi in mungbean [88].

4. CONCLUSION

Seed priming is an eco-friendly safe and effective
technology, which enhances germination, leads
to early flowering, and maturity, and makes crops
more resistant to abiotic stresses. From the
above discussion, it is clear that use of different
priming methods has been studied on varied
crops and found to be beneficial in terms of crop
yield and it is suggested that seed priming is
better solution against problems related to
germination when seeds are grown under
unfavourable conditions. However, methods of
seed priming still have several limitations. All
priming methods may not lead to significant
germination and growth. In this regards, specific
priming method selection is essential to ensure
to get better germination as well as final yield.
Hence, further extensive researches are required
in selecting specific priming methods for different
crops to ensure better yield.
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