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Abstract: Cereals belong to family Poaceae and are considered to be the most important agricultural crops,
being most of the staple crops for hundreds of thousands people across the globe. Proper seedling
establishment is a prerequisite to achieve full potential yield of cereals. Poor seed germination caused by a
variety of seed, soil and environmental factors lead to suboptimal seedling stand and ultimately yield suffers
a serious setback. For increasing germination and seedling growth and development, a number of seed
invigoration techniques or priming techniques have been worked out and found to be effective. Some of these
germination enhancement techniques include on-farm priming (seed soaking in  tap  water),  hydro  priming
(seed soaking in distilled water), halo priming or priming with salts, osmopriming (seed soaking in low osmotic
solutions containing usually polyethylene glycol-8000) and seed priming with plant growth regulators, vitamins,
salicylic acid and other substances. Different researches have brought into light the positive effects of different
priming techniques in increasing the germination percentage as well as obtaining a robust seedling stands in
a comparatively less span of time than non-primed seeds. The significantly higher cereal yields were obtained
with simple cost-effective and environment friendly priming techniques. However, there is a dire need to
conduct research on priming techniques in relation to soil and environmental factors particularly temperature
and moisture level of soil.
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INTRODUCTION germination is the first and foremost vital step in crop

Seeds constitute a major proportion of the human’s germination is characterized by events which commence
diet worldwide. Cereals are grasses and members of with water imbibation (water uptake by dry seeds) and
monocot grass family namely Poaceae. Cereals like wheat, terminate with the emergence and growth of the radicle
maize, barley, sorghum, millet etc. are cultivated for their and plumule [2-5]. The penetration of structures like
grain. Botanically cereals grain is called caryopsis and radicle and plumule from seeds is the visible sign that
consists of three major constituents including germ, ensures that germination process has been completed and
endosperm and bran. The germ also called as embryo of is usually referred to as visible germination [6]. Storage
the seed is the reproductive portion which germinates to reserves mobilization which is associated with seedling
form a full fledge plant. The comparatively harder outer growth and development is the subsequent event after
combined layers of aleurone and pericarp form the bran of visible germination. Proper seed germination holds key to
seed. Cereal grains provide the major chunk of food ensure optimum plant population and ultimately to obtain
energy globally and contribute more than half of the per the full potential yield of cereals. But a variety of factors
capita energy intake all over the world [1]. Proper seed reduce seed germination and finally poor crop

production to achieve the full potential yield. Seed
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establishment causes a significant reduction in crops skyrocketing prices of farm inputs, emerging agricultural
yield. Researchers have focused their energies to increase water shortages as well as the future scenario and
the final germination percentage of cereals in the field challenges offered by climate change.
particularly in the wake of skyrocketing prices of farm
inputs and unavoidable effects of climate change on crop On-farm Seed Priming Technique: The practice in which
production. A number of priming techniques to invigorate soaking of seeds is done in tap water for a duration
the seeds have been tested and found to be effective in ranging from few hours to 48 hours at maximum and
increasing crops stand in the field and hence termed as subsequently shade drying is done to regain the pre-
germination enhancement techniques [6, 7, 8, 9]. soaking moisture level of seeds is referred to as on-farm
Improvement in seed germination by prming techniques seed priming [20]. Pre-soaking moisture level of seeds can
is affected to some extent by some factors such as plant also be achieved by putting seeds in between gunny bags
species and their different varieties,  water  potential of placed under shade. On-farm seed priming technique has
the priming medium, duration of priming, temperature of been found and established as the most economical
soil and climate along with storage conditions of seeds because only tap water is required, easy to practice by
[10, 11]. Seed priming is a process and technique in which farmers as no technical know-how is the pre-requisite,
seeds are subjected to controlled hydration and this simple and last but not least it carries minimum rick factor
controlled hydration ensures a significant increase in in contrary to other priming techniques. It is worth
metabolic activity by providing freely available water to mentioning that this simple priming technique was
seeds and that too before the radicle emergence [12-14]. originally developed for temperate region’s horticultural
So seed priming techniques entail a pre-sowing seed crops [21-23]. A huge number of laboratory and field
treatment in order to hydrate the seeds to such an extent experiments have demonstrated that on-farm seed priming
that germination process is initiated but there is no visible to a safe limit of soaking was instrumental in enhancing
germination. At the cellular level, a score of vital the final germination percentage, comparatively earlier
processes have been found to be active during priming emergence and vigorous seedling growth and that too by
including cell cycle activation [15] and  storage  proteins following a simple to practice technique [24]. The safe
mobilization [16]. The increase germination percentage by limit of soaking seeds refers to the upper limit of time for
seed priming techniques is known to have been caused which seeds can be soaked in water with limited risk
by germination related processes such as water imbibition factor. The research to find out the safer limit of soaking
before seed sowing [17], a variety of repair processes in for different cereals continues to be the most crucial step
damaged seeds [18] and an increase in superoxide in priming strategy because severe damage to seedling
dismutase and peroxidase production which are and pre-mature germination are some of the
scavenging enzymes [16]. A variety of seed germination disadvantages associated with longer duration of seed
enhancement techniques such as hydro priming, on-farm soaking. Most of the cereals like wheat and maize can be
priming, osmopriming, seed hardening, osmohardening, subjected to 12 hours on-farm priming and after drying
matripriming, humidification, priming with plant growth under shade to regain the optimum seed moisture content
regulators such as cytokinins, ascorbic acid, polyamines, can be sown in the field. The matter of fact is that primed
ethanol, salicylic acid, osmolytes, different seed coating seeds will require soil with optimum moisture to germinate
technologies and more recently developed pre-sowing dry and sub-optimal soil moisture conditions interferes with
heat priming treatments have given better results in terms germination. Improper soil moisture is bound to give poor
of significantly higher and comparatively earlier final germination percentage as well as weak crop
germination along with better seedling growth and cereals establishment. Harris et al. [25] described that 24 hours
grain yield [19]. priming duration for maize was quite safe because up to

This study brings into light a critical overview of this duration because no adverse effects on germination
different germination enhancement techniques in order to and seedling establishment were observed, however they
assess and analyze the comparative efficacy of different suggested that more research should be carried out on
priming techniques in increasing the final germination even lower soaking durations and similar results were
percentage in field for robust crop stand and to achieve reported by Chivasa et al. [26], who reported that on-farm
the full genetic potential of cereals and to formulate the priming of cereals like wheat, rice, sorghum and oat for 12
future research lines regarding cereals germination hours was effective in increasing germination in field
enhancement with priming techniques keeping in view the conditions. The grain yield of late sown wheat was
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increased to an extent of 12% when wheat was subjected the association between temperature and priming
to on-farm priming. Harris et al. [27, 28] reported that technique, priming can result in a positive or negative and
when seeds of rice were primed with tap water then there in some cases neutral effects on maize final germination
was an early seed germination and seedling emergence in percentage in field conditions. Another fact was brought
comparison with the non-primed seeds as it was also to light by them that any negative effect on cereals
reported that on-farm seed priming of rice not only germination was might be due to lack of proper seed
increased the final germination rate but also significantly soaking time which resulted in hypoxia (deficiency of
effected other yield components such as plant height, oxygen) in combination with suboptimal moist soil along
panicle length and number of panicles plant . Clark et al. with high soil and environmental temperatures. In an-1

[29] reported that growth rate of different crops was investigation on seed injury caused by flooding in
increased to an extent of 8-24% as a result of on-farm moisture sensitive lines of maize, soaking of seeds in
priming. Murungu et al. [30-32] reported that final water for as little as 24 hours decreased germination [44].
germination percentage of cereals was improved It is therefore concluded that germination rate of any seed
significantly as a result of on-farm  seed  priming lot of cereals will be affected by soaking time shorter than
technique and similar results were also demonstrated by 24 hours. The negative effects of soaking beyond safe
Rashid et al. [33], Harris et al. [34, 35] and Arin and Kiyak limit differed between seed lots and different lines of
[36]. In another field research, Harris et al. [37] found that cereals and adverse effects were increased at
on-farm seed priming with tap water containing small comparatively higher and lower temperatures. As longer
amounts of zinc sulphate (ZnSo ) gave higher grain yield than optimum soaking time exacerbated the severity of4

of open pollinated maize. They concluded that maize grain negative effects on crops germination, it is also possible
yield was doubled by zinc sulphate priming but also that sowing of primed seeds into soils with varied
indicated that this increased grain yield was might be the moisture contents, heavy rainfall immediately after sowing
outcome of severe zinc deficiency in soil where this field might increase negative effects associated with on-farm
trial was carried out. Arif et al. [38] and Miraj [39] reported priming of 12 hours. An exhaustive research on On-farm
that when different cereals and horticultural crops seeds seed priming needs to be executed keeping in view all
were subjected to on-farm seed priming technique, higher relevant aspects associated with seeds germination
seed germination as well as seedling stand establishment physiology as well as site specific soil and climatic factors
was obtained as compared to seeds that were not particularly temperature and rainfall. Studies to determine
subjected to any priming technique. Seed priming with tap the optimum soaking time in relation to prevailing soil
water not only improved the final germination percentage temperature and moisture conditions is the need of hour
but also higher grain yield was obtained that was to get full benefit of this simple seed invigoration
significantly higher than control and it was concluded by technique in increasing the cereal grain yield to feed the
them that germination as well as maturity of crops was teeming millions all over the world.
hastened with on-farm priming technique as concluded by
Ramamurthy et al. [40]. Rashid et al. [41] recorded that Hydro Priming: Hydro priming is a technique in which
grain yield of barley was increased to the extent of 55% by distilled water is used for seed soaking for varying
on-farm priming in comparison with control when intervals ranging from 6 to 48 hours and shade dried
experiments were executed on a variety of salt-affected before sowing is done to restore the original moisture
soils such as saline soil, sodic soil and saline-sodic soil level of seeds [20]. Seed soaking can be done with
and similar results were also observed by Abro et al. [42] aeration or even without aeration. Instead of shade drying
and Harris et al. [34, 37], who found on-farm seed priming which is a time consuming process, dry air can be pumped
effective in increasing the final germination percentage. into the seed lot after seed soaking to obtain the moisture
Finch-Savage et al. [43] executed a field trial and reached level to a suitable percentage of 8-10% for most of the
to the conclusion that there was a strong and complex cereals. The matter of fact is that hydro priming involves
relation between priming and prevailing temperature as no addition of chemical substances to water which makes
there was a linear increment in maize germination and this priming technique an economical and cost-effective,
grain yield at a temperature range of 28-35 °C and beyond simple to perform and an environmental and ecological
this temperature range, a significant reduction in friendly germination enhancement  technique  [45].
germination percentage and grain yield of maize was Uneven seed germination and ultimately uneven crop
recorded. It was suggested by them that keeping in view stand in the field caused by uneven hydration of seeds is



Am-Euras. J. Agric. & Environ. Sci., 15 (9): 1790-1802, 2015

1793

the only disadvantage associated with this simple to establishment as well as to increase the yield of rice under
perform technique [46]. It was reported that hydro priming adverse soil conditions such as saline and water logged
was more effective to achieve the desired level of conditions. Ashrafi and Razmjoo [63] concluded that
germination percentage in field, to obtain optimum plant hydro priming significantly improved the germination,
population and ultimately to get full potential yield of germination uniformity and shoot-root ratio of safflower
crops as compared to halo priming done with a wide range (Carthamus tinctorius L.) and decreased the time to 50%
of salts. Moreover, hydro priming was significantly more germination in comparison with the seeds that were not
economical than halo priming and other priming subjected to any priming technique. The maximum root
techniques such as on-farm priming and also gave higher and shoot lengths were recorded in hydro primed seeds.
yields of cereals and other vegetables as compared to Farooq et al. [64-66] reported that hydro priming was
seeds that were subjected to halo priming technique [47]. successful in increasing the germination percentage,
It was also reported that hydro priming was instrumental uniform crop establishment and yield of aromatic fine rice
in reducing time to 50% germination and it was also and similar results were also recorded by Huang et al.,
concluded that final germination percentage was [67], Singh et al., [68], Eniseh and Khourshid [69], Basra
significantly higher along with better robust crop et al. [70] and Xiaoying et al. [71], who found hydro
establishment and grain yield [48] and similar results were priming effective in increasing germination and seedling
obtained by Golezani et al. [49], who found that hydro establishment of a variety of cereals such as wheat, rice,
priming was effective because germination percentage sorghum, maize, oat and barley. Experiments on hydro
was improved along with better crop stand in the field. priming duration in relation with soil and climatic
Lee and Kim [50] reported that hydro priming resulted in temperatures need to be executed to achieve the full
higher germination and grain yield of different cereals. potential yield of local varieties of cereals because less
Amooaghaie [51] found that hydro priming resulted in than optimum and over duration of hydro priming can
higher germination of different cereals such as maize, negatively affect the germination, crop establishment as
sorghum, oat and barley in contrast to non-primed seeds. well as the economic yield of different cereals.
Kaur et al. [52] and Yu-Jie et al. [53] concluded that this
simple priming technique has the potential to give higher Osmopriming (Osmoconditioning),Osmohardening and
yield because they concluded after their laboratory and Thermal Hardening: Osmopriming simply refers to
field trials that it gave 30-40% higher yields of different soaking of seeds in osmotic solutions for duration of 12-
crops  as  compared  to control treatment and Srivastava 48 hours. It is most widely and commonly used seed
et al. [54] also gave similar findings  and  conclusion. priming technique in which seeds soaking is done in
Kant et al. [55, 56] observed a positive effect on bread aerated solutions with different chemical substances like
wheat germination as well as grain yield by seed soaking polyethylene glycol (PEG). Polyethylene glycol (PEG) due
treatment in distilled water for 12 to 24 hours. Basra et al. to having more molecular weight is unable to pass
[57-59] reported that that fine rice hydro priming resulted thorough the cell wall of seeds and so it can be used as an
in better germination in contrast to control treatment. agent to maintain and adjust water potential in different
Kahlon et al. [60] concluded that there was a significant germination trials [72]. Chojnowski et al. [73] reported that
increase in the grain yield of bread wheat when seeds longer duration of osmopriming resulted in higher rate of
were subjected to hydro priming for 24 hours as compared germination but a severe disadvantage associated with
to untreated bread wheat seeds. Nagar et al. [61] longer duration of osmopriming was accelerated aging
conducted a research trial and found that maize process of seeds. Priming enhanced the respiratory
germination and grain yield was increased to a great activity of seeds as observed by many researchers after
extent only because maize  seeds  were  subjected to conducting germination trials. Singh et al. [68] concluded
hydro priming for 12 hours. Shahbaz et al. [62] and after conducting a field trial that osmopriming resulted in
Hussain et al. [10] concluded that germination and and increased the crops germination, as well as all yield
robust crop stand of sunflower hybrids was achieved components and finally more yield was recorded as
when hydro priming was employed for 12 hours. Lee et al. compared to non-primed seeds. Rahman et al. [74]
[50] reported that final seed germination percentage was concluded that osmpriming of wheat with 20% PEG for 24
increased and time taken to 50% germination of primed hours was effective in increasing bread wheat germination
seeds was reduced. They suggested that hydro priming as well as grain yield was increased to a great extent as
of rice seeds was a useful way for better seedling compared to wheat seeds that were not subjected to
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osmopriming. Garcia et al. [75] described that an osmotic establishment was much better and uniform than non-
potential of–1.7 MPa decreased seed germination of maize priming seeds and similar results were also demonstrated
and seed germination was inhibited to a great extent while by Koehler et al. [82], who concluded that osmopriming
osmopriming for 21 days showed an improved increased the germination and seedling stand. It was
germination but this increased germination was witnessed recorded that seeds that were subjected to osmopriming
when potential regulating agent was removed from the with polyethylene glycol (PEG-8000) contain higher oil
priming solution. Ghiyasi et al. [76] reported that contents as well as amylase enzyme along with more
osmopriming was a potential seed invigoration treatment sugar contents in comparison with other priming
because they concluded that osmopriming resulted in techniques. Seed hardening is also a germination
10% higher grain yield of cultivated wheat as compared to enhancement technique and holds potential to increase
seeds that were not subjected to any osmopriming the crop establishment and grain yield of cereals
treatment. In another experiment, Ghiyasi et al. [77] especially of transplanted rice as well as directed seeded
recorded more germination and seedling growth of maize fine and coarse rice. Seed hardening also referred to as
by subjecting maize seeds to osopriming with wetting and drying or hydration dehydration technique is
polyethelene glycol (PEG-8000). Bailly et al. [78] found performed by repeated soaking and drying of seeds in
that priming solution with PEG-8000 increased sunflower water for different duration depending upon the crop [83,
germination and final germination percentage given by 84, 85]. In an earlier study executed by Farooq et al., [86]
osmopriming treatment was much higher as compared to on japonica and indica rice in which seeds were exposed
non-primed seeds. Ghazi and Karaki [79] evaluated water to dry heat treatment at 40°C for 72 hours and at 60 °C for
uptake and germination performance of durum wheat and 24 hours and chilling treatment for 72 hours at –19 °C. In
barley when these were subjected to water potential levels indica rice, dry heat treatment at 40 °C for 72 hours
of 0, –0.4, –0.8 and –1.2 MPa. The water potential was resulted in increased germination as well as seed vigor,
created and regulated by using polyethylene glycol (PEG- whereas japonica rice was non-responsive to all priming
8000). Seeds were subjected to osmopriming in aerated techniques as there were no effects on seed germination.
solutions for 12 hours and then rinsed and shade dried. It Basra and Farooq [87] were successful in introducing a
was observed that rate of water uptake by seeds was new technique by combining seed hardening and
higher that were osmoprimed than un-primed seeds of osmoconditioning for rice seed invigoration and this
both wheat and barley crops, while all the levels of integration of both priming technique resulted in greater
osmatic potential had significant effect on water efficacy of priming treatment. They conducted an
absorption by wheat and barley seeds. It was observed experiment in which seeds of both types of rice (indica as
that osmopriming increased germination percentage and well as japunica) were hardened in various salt solutions
decreased time to 50% germination at higher water of different concentrations instead of tap or distilled
potentials which means that low stress increased the water. It was concluded that osmohardening in CaCl

solution having an osmotic potential of –1.5 MPa was
water potentials (more stress) was not affected by proved to be the best for germination and vigor
osmopriming treatments. It was also suggested by them enhancement as compared to priming with other salts
that the wheat was more responsive to osmopriming in solutions and simple hardening. It was then suggested
terms of better rate of water uptake, improved final that alternate low and high temperature treatments may
germination rate and reduced time taken to 50% prove to be effective for vigor enhancement in both types
germination in comparison with barley seeds. Ashraf et al. of rice as this treatment of alternate low and high
[80] concluded that pearl millet germination and seedling temperature exposure is referred to as thermal hardening.
growth were improved with osmopriming. It was also Another laboratory experiment was conducted to
observed that pearl millets that were osmoprimed gave investigate the response of coarse and fine rice varieties
significantly higher yield as compared to control to seed hardening treatments using different salt
treatment. Chiu et al., [81] observed improved germination solutions on the germination and seedling vigor along
of sweet corn when osmoprimed using polyethylene with seedling growth and development. Seeds of fine
glycol, while the grain yield of sweet corn was also aromatic and coarse rice varieties were hardened by using
increased  significantly  than  non-primed  seeds. Zheng tap water that is referred to as hardening and with salts
et al. [71] reported that osmopriming reduced the time such as CaCl , KNO , KCl and NaCl solutions which is
taken to 50% germination in canola  and  successive  crop termed as osmohardening, in such way that osmotic

2

water uptake by seeds, whereas the germination at low

2 3
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potential of all the solutions was maintained at – 1.25 a positive effect on radicle and plumule length. Afzal et al.
MPa. Both coarse and fine rice treated with [92, 93] conducted experiments on wheat and maize and
osmohardening with CaCl  performed the best as concluded that halo priming was instrumental in2

compared to all other treatments. Afzal et al. [88] increasing germination as well as growth and seedling
conducted an experiment and stated that osmopriming establishment of both crops. Bakht et al. [94] reported
and matriconditioning with jute mat proved to be the best that maize priming with KNO was beneficial as it
in reducing the time to 50% germination and mean increased grain yield as well as biological yield as
germination time of canola varieties among all priming compared to non-primed seeds. Nawaz et al. [95] reported
treatments and suggested osmopriming and that when tomato seed were subjected to different
matriconditioning with jute mat more beneficial as concentrations of KNO  halo priming, it was observed
compared to other priming techniques because during that tomato seeds were quite responsive to priming
emergence test, both osmopriming and matriconditioning treatment because final germination percentage was
with jute mat for 24 hours significantly reduced the time to increased and time taken to 50% germination was
50% emergence and mean emergence time. significantly reduced and similar findings were also

Halo Priming: Halo priming entails seeds treatment in had the potential to improve crops germination rate and
salts solutions of different concentrations. Shahzad et al. reducing time taken to emergence. Rehman et al. [97]
[89] conducted an experiment and concluded that halo concluded that when rice seeds were treated with calcium
priming with 1% KNO and 1% CaCl solutions chloride (CaCl ), there was more yield as compared to3 2

significantly affected seed emergence and seedling non-primed seeds. They found that significantly higher
growth, vigor index, time to start emergence, time to 50% yield of rice was due to greater number of normal and
emergence, energy of emergence, the fresh weight of both productive kernels while priming reduced the number of
root and shoot, root and shoot length and number of abortive and sterile kernels. Mohseni et al. [98] observed
roots  of  three  sorghum genotypes (Hegari, JS-263 and maize germination and seedling establishment was
JS-2002), but halo priming with KNO salt was negatively  and  adversely  affected  by halo priming.3

comparatively better than other salts. Jamal et al. [90] They reported that maize root and shoot length were
stated that When 6 bread wheat varieties were primed significantly retarded by potassium nitrate and potassium
with 30 mM NaCl, the germination of all wheat varieties chloride in comparison with control treatment. As halo
was improved as compared to control treatment and there priming involves seed treatment with salt solutions of
was more root and shoot length and more root and shoot different concentrations, so there is a dire need to
weight of wheat were recorded in seed primed with NaCl investigate different salts as priming agents and
solution. Yari et al. [91] conducted an experiment to experiments should be conducted to adjust the
evaluate the effect of temperature, seed priming concentration of different salts for different crops as well
techniques and priming duration on germination and early as different varieties of the same crop because higher than
growth of three rice cultivars. seeds were primed by optimum concentrations of salts have the potential to
soaking in CaCl  solutions of 0.5% and 1% concentrations disrupt not only germination process but economic yield2

and distilled water for 12, 24 and 36 hours at three as well adversely and negatively. So it can be safely
temperatures 20, 25 and 30°C. The maximum seed suggested that in contradiction  to  hydro  priming  and
germination percentage was recorded for the seeds that on-farm priming in which only the priming duration holds
were primed in 1% CaCl solution. It was observed that all the central position in whole priming technique, halo2

seed priming treatments resulted in lower mean priming needs adjustment of not only the priming duration
germination time and higher final germination percentage but concentrations of different salts that are used as a
than that of control. It was suggested that seed priming priming agent are more important and critical and slight
duration of 24 hours was suitable for all cultivars in over than optimum concentration of any salt can reverse
increasing final germination percentage as compared to 48 the germination promoting effects of halo priming. 
hours of seed soaking. The most suitable temperature was
also determined and it was concluded that priming at 25°C Other Seed Invigoration Techniques: Seeds are also
temperature was the best as compared to other primed with different concentrations of plant growth
temperatures. Furthermore, the essence of distilled water regulators particularly of cytokinin class or plant water or
in increasing germination rate was also reported as it had leaf extracts having plant growth regulators that trigger

3

3

reported by Tzortzakis [96], who suggested that KNO3

2
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the seed germination process. Iqbal et al. [99, 100, 101, metals toxicities in barley crop were greatly reduced by
102] conducted experiments in which seeds were treated priming with salicylic acid similar findings were reported
with moringa leaf extract (MLE) and result showed that all by Krantev et al. [113], who concluded that salicylic acid
yield components of crops were positively affected by priming reduced cadmium toxicity in maize because
priming with moringa leaf extract and foliar application of Salicylate (SA) is an endogenous growth regulator,
moringa leaf extract. Similarly, in another laboratory phenolic in nature and participates in the regulation of
experiment, Iqbal et al. [103] subjected the seeds of various physiological processes of plants. Afzal et al.
Chinese sorghum to different priming techniques such as [114] conducted a field experiment in which hybrid maize
halo priming (KNO  and CaCl for 12 hours), hydro priming was subjected to seed priming with different sources of3 2

for 12 hours and with moringa leaf extract of 5, 10 and 15% zinc and results revealed that priming with zinc was
concentrations. The results revealed that all priming effective in increasing the growth as well as grain yield of
techniques increased the germination of Chinese sweet hybrid maize. Khan et al. [115] and Kang et al. [116] also
sorghum, but 5% moringa leaf extract was outstanding in reported a positive correlation between priming with
increasing the final germination percentage. Imran et al. salicylic acid and yield of maize, while Carvalho et al. [117]
[104] reported that maize seeds were responsive to concluded that different priming techniques had no effect
different concentrations of moringa leaf extract as it in invigorating the seeds of different crops and also
enhanced final germination percentage, reduced time reported that priming treatment failed to neutralize the
taken to 50% germination, while there was a positive induced oxidative stress in maize in complete contrast
influence on seedling establishment. Basra et al. [57] with results demonstrated by Iqbal [118-120]. There is dire
conducted an experiment and found that ascorbic acid need to conduct extensive research in order to optimize
was effective in increasing rice germination as compared the concentration as well as duration of priming with
to control treatment. Seeds were also treated with different different priming agents such as growth regulators, plant
vitamins to increase germination and growth of plants as water extracts, vitamins and other nutrients such as zinc
Asghari et al. [105] conducted an experiment on wheat to effectively utilize priming technique for seed
that was primed with pyridoxine (Vitamin B) solution and invigoration and ultimately to increase the economic yield
results revealed that pyridoxine was effective in of all cereals to feed the skyrocketing population.
increasing germination and growth of wheat as compared
to control treatment. They reported that germination CONCLUSION
percentage, coleoptiles and radical length, seedling dry
matter accumulation, mean germination time, germination Different priming techniques such as hydro priming,
index, vigor index and time to 50% germination (T50) of osmopriming, on-farm priming, halo priming and priming
wheat was significantly improved by pyridoxine. Habibi with different growth regulators have the potential to
and Abdoli [106] reported that salicylic acid was effective invigorate the seeds of different crops. It was also
in increasing germination and growth of cereal crops. concluded that priming techniques are effective in
Farooq et al. [107] concluded that a variety of polyamines increasing the crops growth and yield by ensuring early
such as spermidine, putrescine and spermine had the germination and optimum crop stand. Other advantages
potential to increase shoot and root length, fresh and dry associated with priming techniques include simple to
weight of seedling. Iqbal and Ashraf [108] and Hartz and apply by farming community, economical and
Caprile [109] found that maize final germination rate and environment friendly having no adverse effects. However
grain yield was improved when maize seeds were there is a dire need to conduct research on priming
subjected to solid matrix priming. Wahid et al. [110] techniques in relation to soil and environmental factors
reported salt tolerance of bread wheat genotypes was particularly temperature and moisture level of soil to
improved when those were treated with H O  and achieve the full potential yield of cereals particularly in the2 2

reasonable higher grain yield of wheat was obtained in wake of rising prices of farm inputs and skyrocketing
salt affected soils such as saline, sodic and saline-sodic population.
soils. Wahid and Shabbir [111] found that barley seeds
priming with glycinebetaine had the potential to increase REFERENCES
the heat resistance in plants which was necessary to cope
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