
117© Springer Nature Singapore Pte Ltd. 2019 
M. Hasanuzzaman, V. Fotopoulos (eds.), Priming and Pretreatment of Seeds 
and Seedlings, https://doi.org/10.1007/978-981-13-8625-1_5

Seedling Pretreatment: Methods 
and Protocols

Abdul Rehman, Komal Mazhar, Muhammad Ijaz, Qasim Ali, 
and Shakeel Ahmad

Contents

1  �Introduction�   118
2  �Magneto-Priming: An Appropriate Invigoration Protocol�   120
3  �Ionizing Radiation Treatments�   122

3.1  �Gamma Radiation, Most Promising Technique�   122
3.2  �How Are Seedling Development and Seed Germination Affected by X-Rays�   124
3.3  �Seeds Treatment with Ultraviolet Radiation�   125
3.4  �Microwaves Potentialities in Seed Technology�   126

4  �Effects of Physical Seed Invigoration Studies by Physical Methods�   127
5  �Conclusion�   129
�References�   129

Abstract  In the perspective of seed technology, physical methods that were gener-
ally used to increase the plant production provide advantages as compared to con-
ventional methods that use chemical substances. The impacts of physical treatments 
for invigoration in seeds tended to be addressed at different levels that include 
changes in the gene expression, the structural and morphological aspects, and 
metabolite or protein accumulation. The physical methods used for the pre-sowing 
treatments are irradiation with microwaves (MWs), magneto-priming, and ionizing 
radiations (IRs). “Magneto-priming” depends upon the use of magnetic fields and 
portrayed as a cheap, noninvasive, and eco-friendly technique with demonstrated 
gainful impacts on vigor, crop yield, and seed germination. Radiation such as 
gamma rays and X-rays has been generally viewed as a powerful contrivance in 
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food technology and agricultural sciences. Positive impacts on seedling vigor, 
health, and germination were aroused by ultraviolet radiations (UV) that include 
UV-C and UV-A. Among all the identified physical treatments, a connected and 
basic research is yet expected to characterize the genotype, optimal dose required, 
and irradiation conditions that all depend on environment. Electron spin resonance 
has a huge prospective in regard to seed technology not correctly scrutinized to a 
point in time to end the treatment. Physical methods for the seed invigoration were 
described in the current chapter as well as emphasized to address the needs of seed 
technologists, trade makers, and producers by using the physical methods.

Keywords  Seedling hardening · Chemical priming · Hydropriming · 
Phytohormones · Cross-tolerance

1  �Introduction

The greatest difficulties that humanity is confronting are enhancing the supportabil-
ity of agriculture while decreasing its ecological effect, to meet the food demand of 
the developing worldwide population (Edmondson et al. 2014). The impression of 
agricultural manageability depends on creative innovations and new methods with 
no antagonistic consequences on nonmarket goods.

Seeds with high vigor are intermediary of sustainable productivity and establish-
ment of crop. The estimated seed market of the European Union in 2012 stretched 
up to 7 billion Euros as compared to 20% of world market, positioning third after 
China and the USA. Chemical compounds were generally used in modern agricul-
ture, while the utilization of physical methods may speak in this monetarily focused 
on setting, inventive biotech/molecular tools, products, and treatments which are 
critical to accelerate the consolidation procedure of the seed industry.

Despite the extensive role of chemical methods in modern agriculture, the physical 
methods can also be able to play an alternative role to boost up the production in 
agriculture and can also be used for the storage and plant protection (Aladjadjiyan 
2012). More benefits were obtained by adopting physical methods for seed invigora-
tion as compared to the extensively used chemical treatments that involve the use of 
chemical substances. One of the advantages of physical methods is that they decrease 
the use of fertilizers, thereby lessening the contamination of the raw materials pro-
duced on the farm. Another benefit provided by the physical method is the disinfec-
tion of the seed during storage and before sowing (Aladjadjiyan 2012). Conceivable 
methodologies include ionizing radiation (IR), electromagnetic waves (EW), ultra-
sound waves (UW), and magnetic fields (MF). Extensively studied topic of the twen-
tieth century is the treatment of the food using irradiation to ensure the greater shelflife 
and microbiological security; as a result, there is more concern towards the use of 
irradiation for the security of the food supply (Farkas and Mohácsi-Farkas 2011). The 
space research has shown great interest in studying the potential effect of irradiation 
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on living organisms. Experiments revealed that Gamma rays and X-rays impede the 
growth of crop plant (Wolff et al. 2014; Arena et al. 2014). Because of such restric-
tion, the cultivation of higher plants in space was impossible without new agriculture-
related technologies that help to understand the possible effect of space factors on the 
environment but also on the development of greenhouse (De Micco et  al. 2014). 
There is also a need to address the problems related to the development and the 
growth of plants in such extraterrestrial environment (Wolff et al. 2014).

Effect of physical treatments for invigoration in seeds tended to be addressed 
at different levels that include changes in the gene expression. Plant system 
serves as exceptional representations of the biological response to various fac-
tors related to environment that include the mutation in the cell due to certain 
chemical and physical substances (Macovei et  al. 2014; Zaka et  al. 2002; 
Confalonieri et al. 2014; Balestrazzi et al. 2011).

Effect of physical treatment on plants depends upon various factors such as MF 
or radiation (complete dose, its rate and type) and plant characteristics, i.e., cultivar, 
species, age, ploidy, and complexity of the target tissue or organ (De Micco et al. 
2014). Recently, many interesting reports were published in toxological sciences 
about the usage of very minute concentation of toxins for the purpose of stimulation 
which is called hormesis (Belz and Piepho 2012; Calabrese and Baldwin 2000). It 
has been stated that germination, production of the photosynthetic pigment, and 
plant growth were stimulated by doing seed irradiation (Macovei et al. 2014; Kovács 
and Keresztes 2002; De Micco et  al. 2014). However, the reports also stated the 
disastrous impacts of these irradiations were also seen in case of long exposure.

Priming is a well-recognized treatment that enhances the quality of the seed by 
temporarily stimulating the pre-germinative metabolism that in turn activates the 
processes related to DNA repair and antioxidant functions (Paparella et al. 2015). 
Priming of seed has arisen as an effective method to increase seed germination and 
seed vigor; seed priming also proved to be an effective method during field establish-
ment and for seed growth during adversative environmental condition (Hussain et al. 
2015; Ventura et al. 2012). By using treatments like osmopriming and hydropriming, 
the low vigor seed can be cured. In the perspective of seed technology, physical 
methods were proved to be more efficient when compared to the methods that were 
conventionally used (Bilalis et al. 2012). Extensively used physical method in the 
field of agriculture for pre-sowing treatment of seed was the usage of magnetic field 
(Aguilar et al. 2009). Magnetic field technique was generally noninvasive, cheap, 
and eco-friendly (Efthimiadou et al. 2014; Bilalis et al. 2012). This review will also 
address other physical treatments like UV radiation, microwave radiation, gamma 
rays, and X-rays.

The current manuscript addresses some of the extensively used physical 
methods of seed treatment and highlighted the possible advantages and disad-
vantages of these physical methods. Also, the future perception related to the use 
of the technique will also be discussed to meet the needs of the trade makers, 
consumers, and seed producers.
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2  �Magneto-Priming: An Appropriate Invigoration Protocol

The effects produced by the magnetic field in living organism are extensively studied. 
Magnetic field of the Earth is (50 μT) as stated by Belyavskaya (2004). The unit of 
magnetic flux density 1 tesla (T) is equal to 1 kg s−2 A−1; here, A stands for Ampere 
that is defined as electric current flowing with a charge of 1 coulomb per second. For 
the first time, the impacts of magnetic field on plants were described by Krylov and 
Tarakanova (1960); the phenomenon of magnetotropism was described as the auxin-
like impact produced on the germinating seed by magnetic field. The techniques used 
in agriculture for the purpose of seed priming are electromagnetic field (EMF) and 
static magnetic field (SMF) that produced positive effects on crop yield, seed vigor, 
and seed germination (Baby et al. 2011). Static magnetic field (SMF) is considerably 
different from electromagnetic field (EMF). Static magnetic field can only be pro-
duced by a permanent magnet as produced by earth magnetic field or by the help of 
industrial processes; electromagnetic field is produced by electrically charged enti-
ties being extended indeterminately in space (Mitchell and Cambrosio 1997).

In the perspective of seed technology, the possible effects exerted by magnetic 
field were studied in order to derive the full potential of the magnetic field for the new 
seed treatments. The beneficial impacts produced by the magnetic field in order to 
improve the accumulation of the biomass and germination parameters were dis-
cussed for a wide range of plants by Teixeira da Silva and Dobránszki (2015). The 
current studies tested range of the magnetic field from 0 to 300 mT. Seeds that were 
primed with magnets show improved vigor, germination rates, root development, and 
seedling biomass. Tolerance to abiotic and biotic stress was increased by using mag-
netic field treatment (De Souza et al. 2006; Anand et al. 2012). Bhardwaj et al. (2012) 
described the enhanced antioxidant activities of catalase (CAT), glutathione reduc-
tase (GR), and superoxide dismutase (SOD) in magneto-primed cucumber (Cucumis 
sativus L.) seeds. Soybean (Glycine max (L.) Merr. var. Js-335) seeds that were mag-
neto-primed produce lower amount of superoxide radicals (O2

•– ) (Baby et al. 2011). 
Therefore, magnetic field treatments have the added potentiality to be used for 
diminishing the disease-induced or drought effects on the productivity of crop.

On the basis of underlying assumptions, a tremendous interest was generated to 
study the biochemical, physiological, and molecular mechanisms involved to gradu-
ally improve the performance of the plants with magneto-primed seed. (Baby et al. 
2011; Vashisth and Nagarajan 2010; Anand et al. 2012; Javed et al. 2011; Table 1) 
like sunflower (Helianthus annuus L.) seeds. Magnetic field acts as a priming agent 
in such a way to enhance the performance of the seeds. Seeds that were treated with 
magnetic field show enhanced protease, dehydrogenase, and alpha-amylase activi-
ties as compared to nontreated seeds. However, higher activity level of hydrolyzing 
enzymes was seen in seeds treated with static magnetic field (SMF) that related to 
the seedling vigor, germination, and rooting traits.

A very little information is available about the mechanism of plant’s responce 
against magnetic field and their signal transduction pathway. Blue light photorecep-
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tors–cryptochromes were responsible for the signaling of magnetic field in plants 
(Ahmad et al., 2007). However, there is still a need to fully understand the mecha-
nisms involved in magnetobiology and the possible genotoxic impacts involved in 
the usage of magnetic fields (Ghodbane et al. 2013). In order to increase the seed 
vigor, seed germination, and photosynthetic capacity of plants primed with mag-
netic fields, there is still the need to fully understand the mechanisms lying behind 
the process.

In horticultural crop, environmental factors like humidity, light, and temperature 
are associated with good performance of seed, but the impact produced upon the 
application of environmental factors with magnetic field still remains unclear. By 
using the resulting knowledge, new seed treatments that were also locally adapted 
can be developed. Poinapen et al. (2013) exhibited that how the collective effect of 
magnetic field and environmental factors affect seed performance and viability in 
tomato (Solanum lycopersicum L.) in laboratory. It was shown that, during early 
stages of seed germination, relative humidity played a crucial role in modulating the 
performance of magneto-primed seeds.

Table 1  Magnetic fields (MFs) effects on seed and seedling performance

Species
Magnetic fields 
(MFs) intensity Effects described References

Quercus suber 0.015 mT Seedling biomass and sprouting 
improved

Celestino et al. 
(2000)

Vicia faba 0.1 mT Seedling growth improved Rajendra et al. 
(2005)

Solanum 
lycopersicum

100 and 
170 mT

Increased biotic stress tolerance with 
improved growth and biomass

De Souza et al. 
(2006)

Helianthus 
annuus

50 and 200 mT Rate of germination increased
Enhanced biomass accumulation and 
seedling length

Vashisth and 
Nagarajan (2010)

Glycine max 200 and 
150 mT

Improved efficiency for biomass 
accumulation and light harvesting

Baby et al. (2011) 
and Shine et al. 
(2011)

Tagetes patula 100 mT Enhanced germination, seedling 
emergence, and metabolism of starch

Afzal et al. (2012)

Zea mays 100 and 
200 mT

Enhanced photosynthesis, water status 
of leaf and seedling growth drought 
stress

Anand et al. (2012)

Cucumis 
sativus

200 mT Enhanced seedling emergence, 
germination, starch and anti-oxidative 
metabolism

Bhardwaj et al. 
(2012)

Vigna radiate 5 mT Enhanced seedling vigor, germination, 
anti-oxidative, and starch metabolism

Reddy et al. (2012)

Triticum 
aestivum

30 mT Neither seed germination improved for 
seedling growth. Under soil flooding, 
enhanced antioxidant potential

Balakhnina et al. 
(2015)
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3  �Ionizing Radiation Treatments

3.1  �Gamma Radiation, Most Promising Technique

Recent studies are usually based on ionizing radiation in agriculture for food secu-
rity. Gamma (γ) radiation are irradiation of high energy type, so it penetrates into 
plant and foods easily (Jayawardena and Peiris 1988). Application of γ-rays is done 
usually using cobalt-60 (Moussa 2006) in the form of Gray (Gy), i.e., 1 Gy is equal 
to the amount of absorbed irradiation per kilogram. But when biological material 
was used for treatment then amount of irradiation count in sievert units. Dose rate 
can also be used as starting treatments. For high sterilization conditions, γ-rays are 
used such as microbial experiments or insect-pest pathogenic treatments. They are 
also used as pest prevention agent. In food security, γ-rays help to cease sprouting 
of vegetables and delay ripening of fruits by stopping the important enzymes and, 
thus, increase shelf life (Moussa 2006; Mokobia and Anomohanran 2005). 
Furthermore, γ-rays also cause mutation and are helpful tools in plant breeding for 
the purpose of new traits and varieties’ improvement (Irfaq and Nawab 2001).

Among the diverse radiobiology features, the topic that is gaining remarkable atten-
tion is the depiction of the gamma rays’ effects on seeds. Commencing study mainly 
focused on the impact of low-dose rate on seeds and their germination percentage. 
Gamma rays directly affect the proteins, nucleic acid, and cell membranes at any stage 
(Kovács and Keresztes 2002). However, an unintended action is described by the pro-
duction of reactive oxygen species (ROS) as of water radiolysis (Esnault et al. 2010; 
Borzouei et al. 2010). Reactive oxygen species have the ability to damage and diffuse 
the cellular organelles and macromolecules. Nonetheless, strength of γ-rays depends 
upon dose rate, duration, and intensity. Gamma rays when delivered enhance the 
establishment of seedling and germination percentage and thus act as a priming agent.

In seed technology field, gamma irradiations are used for seed invigoration and 
as dynamic force for inspecting the molecular mechanism which involves the acti-
vation of seed response to the available physical treatment. After that, the effect of 
gamma rays was studied on seeds of Arabidopsis thaliana for evaluating the bio-
logical responses (Qi et al. 2015). Germination index was stimulated when seed is 
irradiated with total doses that were lower than 100 Gy. Similarly, the growth rate of 
seedling, root length, and weight were found to be significantly increased as com-
pared to control. Among the tested doses of irradiation, A. thaliana seeds with 
50 Gy dose showed the high positive impacts in all growth parameters. With γ-rays, 
it was also proved that it enhances all the seedling parameters along with germina-
tion performance in crops as well as woody plants. Maity et al. (2005) examined 
γ-ray-induced impacts on Phaseolus mungo L. and Oryza sativa L. cv-2233 seeds. 
Range of the radiation applied is 50–350 Gy dose. Irradiation with less doses helps 
to enhance the morphological traits, i.e., shoot number, number of seed per panicle, 
plant height, and panicle length. However, high-dose exposure is reported to bring 
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negative effects on the seedling growth parameters. For example, in rice, the greater 
stimulatory dose matched to 50  Gy, while P. mungo showed improvement with 
200 Gy radiations. Their effects on maize were also considered (Marcu et al. 2013).

A test was conducted to compare radiation sensitivity of plant germination rate 
and photosynthetic pigment contents among different seeds conditions. The trigger-
ing effects of gamma rays were also observed at 2–30 Gy as low doses and 70 Gy 
as high doses presented to be detrimental to plant response. Through all research, it 
was clear that low dose of irradiation has a constructive output on yield traits in 
crops, as well on the seedling establishment and germination. Two pre-sowing treat-
ments, i.e., gamma radiation (300, 400, and 500 Gy) and simple hydropriming, were 
applied on okra and activated the metabolic reaction. Both treatments were applied 
for the improvement of seedling conditions and germination rate. Application of 
γ-rays with 400 Gy showed superior results in germination, quality of seeds, and 
yield along with photosynthetic capacity (Hegazi and Hamideldin 2010). Hence, 
results showed that the efficacy of dose and radiation on germination and yield traits 
relents on seed species.

γ-rays treatments could not only be used for crops species but also for the con-
servation of native species. For this purpose, seeds of Moluccella laevis L. were 
tested on seedling stage (Minisi et al. 2013). Corresponding to previous explana-
tions, γ-rays treated at 5 Gy as minute dose increase the percentage of germination 
than untreated samples or those treated with up to 20 Gy. Low-dose γ-rays also have 
the ability to stimulate seed vigor, germination, and growth of seedling in deadly 
nightshade (Abdel-Hady et  al. 2008), wild oat (Avena fatua L.) (Maherchandani 
1975; Majeed et al. 2010), garden cress (Lepidium sativum L.) (Dubey et al. 2007), 
and okra (Abelmoschus esculentus L. Monch.) (Moussa 2006). Collective evidences 
were similar in all these works that the less number of doses of γ-rays resulted in 
advantageous action in seeds that are physically treated, which hysterics the defini-
tion of hormesis (Luckey 1980, 2006). The threshold of low dose is typically placed 
just above the background of natural radiation levels (2.4 millisievert per year) and 
demarcated by the border between bionegative and biopositive effects. Hormesis 
signifies an adaptive retort of organisms and cells to intermittent and moderate 
stresses, thus provoking the initiation of repair mechanism and cellular defense 
against the stress-causing agent, or else missing in the lack of stress (Calabrese and 
Baldwin 2000; Mattson 2008).

Molecular and biological processes which can be benifited by radiation hormesis 
are still under argued. Various researchers pointed out reactive oxygen species pro-
duction in seed in response to γ-rays, subsequently they acted as signaling molecules 
and antioxidant responses in stress. Resultantly, radiation-treated plant can tolerate 
the common stresses, i.e., water loss, temperature variation, and light intensity dur-
ing growth (Gicquel et  al. 2012). Abdel-Hady et  al. (2008) and Sjodin (1962) 
appealed that low-dose gamma irradiation enhanced enzyme activity as well as pro-
teins and nucleic acid synthesis in seeds.
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Constructed on this, it is clearly described that significant increase is achieved in 
seed metabolism which further breaks dormancy and improves germination of 
seeds. Study was also conducted for the evaluation of chronic and severe gamma 
irradiation effects on genetic stability and expression in seeds (Kovalchuk et  al. 
2007). In retort to acute radiation, the plant metabolism is moved to activation of 
mechanisms for pro-survival, immediate repair of the damage, and perhaps the inhi-
bition of cell differentiation/cell division. In distinction, chronic irradiation acti-
vated an alternative response, based on gene expression that involved in general 
stress and metabolism of nucleic is motivated. Furthermore, the output of the fol-
lowing study also expresses the variation in methylation pattern and chromatin 
modification, which are interlinked by chronic radiation.

Through all these researches, it was obvious that efficient results were attained 
by low-dose treatment of γ radiations in seed technology with low-dose treatment 
which gives efficient results. Nonetheless, additional studies are desirable to com-
prehend the molecular base evaluation, essential in the enhanced growth/response 
detected in exposed seeds. In spite of the advantageous features cited, γ-irradiation 
treatments in a seed equipment perception are subject to the proper formation of γ 
radiation conveniences able to graft at an industrial scale. Solicitation of this seed 
invigoration method still involves a widespread research imperative to describe the 
optimum conditions (dose rate, total dose) which should be contingent to genotype, 
crop species, and environmental background.

3.2  �How Are Seedling Development and Seed Germination 
Affected by X-Rays

Impact of X-rays on living organisms has not yet been completely assumed. The 
wavelength of X-rays from 0.01–10nm in range of electromagnetic spectrum and 
carry energies between 120 eV-120 KeV. In agriculture, Lenient X-rays from 0.12 
to 12 keV are considered best for agriculture products (Kotwaliwale et al. 2014). In 
contrast, in humans, X-rays have broad-spectrum use in medical as well as in 
research on plants (Beard et al. 1958).

According to De Micco et  al. (2014) and Einset and Collins (2015) after the 
1960s, various researches have been published on the seed treated with X-ray radia-
tions. Cumulative X-ray irradiation doses have been found to have a negative impact 
on root growth and germination of date palm seeds (Al-Enezi et al. 2012). On the 
contrary, researchers also found out stimulatory impact on growth of leaf of x-ray 
irradiation with 0.56  Gy radiation level. However, in tomato, with treatments of 
X-rays on seeds, significant increases in anatomical and ecophysiological character-
istics are reported (De Micco et al. 2014). The complete results presented that devel-
opment and germination of functional leaves were not dependent on doses.

In addition, during seed treatment with high dose of X-ray radiation, there are 
minor changes in leaves structure that structurally resulted in poor photosynthetic 
efficiency. The documentation of candidate species that were radiation-resistant can 
be a significant achievement in agricultural research (Arena et al. 2014).
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Previously, very little information have been presented about the effects of X-rays 
on crops due to focusing only on plant physiology. New evidences related to physio-
logical and molecular mechanisms essential for the resistance of plant tissues to X-rays 
could be revealed by using profiling techniques that were globally used (e.g., Omics).

3.3  �Seeds Treatment with Ultraviolet Radiation

With the diminution of stratosphere ozone layer, assessment of solar ultraviolet (UV) 
radiation to the earth is more. Numerous studies showed the effect of UV radiation 
on plant and ecosystem (Kovács and Keresztes 2002; Heisler et al. 2003). A few stud-
ies reported the impact of UV radiation on seed germination and its biology (Table 2).

Since radiation is exceptionally destructive to organisms, it is not recommended 
for an organism under natural conditions (Hollósy 2002). Furthermore, this UV-C 
radiation is able to penetrate rapidly into plant tissues and is nonionizing, which 
maintains its prospective as a germicidal agent. Cabbage is treated with low dose of 
UV-C and resisted to black rot (Brown et al. 2001). Again, UV-C also has great 
impact on growth parameters and quality in green house. Pre-sowing treatment of 
lettuce with UV-C resulted in high salt stress. So, the consequences exhibited that 
seedlings treated with UV-C were competent to alleviate the effect of extreme salin-
ity; it might be possible due to the enhanced free radical foraging activity in leaf 
tissues (Ouhibi et al. 2014).

In spite of UV-B radiation containing only 1.5% of the total spectrum, physiol-
ogy of crops is also affected by radiation, including damaging of DNA, protein, 
and membranes resulting in restriction of growth of plant and thus reduction in 
photosynthesis (Choudhary and Agrawal 2014; Hideg et al. 2013). Their impacts 
are studied in mash bean for seedling growth, germination, and development 

Table 2  Ultraviolet radiations (UVs) effects on seed and seedling performance

Species UV type Effects References

Carthamus 
tinctorius

UV-B Hampered seedling growth with improved 
rate of germination

Farokh et al. (2010)

Arachis 
hypogaea

UV-C Improved seedling vigor and germination 
rate. Tolerance in seedlings against root 
infecting fungi

Siddiqui et al. (2011)

Vigna radiata UV-C; 
UV-A

Improved seedling vigor and germination 
rate. Tolerance in seedlings against root-
infecting fungi

Hamid and Jawaid 
(2011) and Siddiqui 
et al. (2011)

Vigna mungo UV-B Reduced germination in hydrated seeds, 
suppressed photosynthetic pigments, also 
decrease in root and shoot development

Shaukat et al. (2013)

Phaseolus 
vulgaris

UV-C Improved rate of germination as well as 
bioactive molecules in seed

Guajardo-Flores 
et al. (2014)

Lactuca 
sativa

UV-C Improved stress tolerance against NaCl Ouhibi et al. (2014)
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(Shaukat et al. 2013). In contrast, authors described improved results in germina-
tion rate with UV-B light but not for germination percentage which remained same 
as earlier. Besides, many harmful results are clear using UV-B light, i.e., decreased 
length of root and shoot. Biochemically, it increases the amount of total soluble 
phenols and activity of tyrosine ammonia lyase.

UV-A radiation signifies about 6.3% of the received solar radiation and is consid-
ered as less dangerous (Hollósy 2002). Hamid and Jawaid (2011) examined the 
impacts of UV-A radiation on the seeds of mung bean and the results were auspicious 
and exhibited the improved results in germination rate and seedling performance 
with root–shoots length and leaf area. This is the only study which is accessible to 
the researcher for further research. However, a deeper insight is still requested to 
elucidate about the molecular mechanisms underlying the improvements occurring 
in the UV-treated seeds.

3.4  �Microwaves Potentialities in Seed Technology

The main component of electromagnetic spectrum is microwave having fre-
quency ranging from 300 MHz-300 GHz. So the electromagnetic radiation has 
both thermal and nonthermal effects in biological systems (Banik et al. 2003). 
Furthermore, different biological effects are caused by microwave such as wave 
forms, frequencies, duration of exposures, and modulation (Vian et  al. 2006). 
Meanwhile, various studies show that a very limited literature is available on the 
effects of microwaves on humans and animals (Jayasanka and Asaeda 2014). 
When living tissue absorbed MW radiation, it brings dipole rotation in electron 
orbit and, hence, leads to the fast and selective heating. Interestingly, present 
studies focus on 2.45 Ghz radiations, which is occupied by molecule of water in 
living cells (Iuliana et al. 2013).

In seed technology before sowing and storing of seed, nonlethal MWs treat-
ments have been widely used (Knox et al. 2013). Remarkably, growth of weeds 
can be prevented by MWs treatments (Sahin 2014). So, MW treatment is an 
alternative way of chemical control of weeds because it has no hazardous effect 
on environment; therefore, it is valid on greenhouse of horticulture and some 
ornamentals nurseries.

Nowadays, big problem in the field of agriculture is poor seed germination, 
but the seed invigoration treatment is the best method for enhancement rate of 
germination (Table  3). Effects of wireless routers, MWs, and mobile devices, 
were also studied in three aromatic species, i.e., Parsley, celery, and dill (Soran 
et al. 2014). So the seeds of these three species were bare and used to assess the 
effects on leaf anatomy, volatile emissions, and essential oil content. Results 
revealed effect of MWs on three species-induced chemical and structural 
modifications.
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4  �Effects of Physical Seed Invigoration Studies by Physical 
Methods

Through electron paramagnetic resonance (EPR), which analysis of short lived spe-
cies, i.e., reactive oxygen species for their quantitative and qualitative, can be mea-
sured? This potent tool, presently known as one of the most sensitive and specific, 
upswings from the novel studies in quantum mechanics supported by Zeeman 
(1897). That becomes necessary to the research based on biological system with 
transition metals and organic radicals (Sahu et al. 2013).

Electron paramagnetic resonance active system comprises a molecular orbit con-
taining single unpaired electron. In the absenteeism of MF, same energy is pos-
sessed by the two quantum states. When a magnetic field is activated, increase in the 
energy state with decrease in the energy of −1/2 state depends upon the magnetic 
field strength. Single unpaired electrons were able to change their orbit state, and 
thus, actions related to the energy absorption are supervised and then converted into 
a spectrum (Weil and Bolton 2006). By using trace molecules, i.e., spin probes, EPR 
resolution can be further improved, which are artificially presented in the biological 
systems that are targeted. With the ability of stable diamagnetic tracer, molecules 
are capable to fix the momentary reactive oxygen species and instigate long-lived 
paramagnetic spin adducts, i.e., radical species. The second gather in cells during 
hours or minutes enables detection through EPR (Sahu et al. 2013). Electron para-
magnetic resonance spectroscopy is presently used in planta to dichotomize and 
comprehend the varieties of functions played by reactive oxygen species in stress 
response and plant growth regulation mechanism (Steffen-Heins and Steffens 2015).

The prospective of this instrument for the purpose of high-resolution summariz-
ing of radicals in seeds is still abundantly exploited. EPR is ominously added to 
comprehend the role of free radicals in seed weakening. In soybean seeds, an 

Table 3  Microwaves (MWs) effects on seed and seedling performance

Species
MWs 
intensity Effects References

Triticum 
aestivum

2.45 GHz Reduced seedborne infestation of Fusarium 
graminearum (wheat head blight fungus) and 
also reduction in seed vigor

Reddy et al. (1998)

Raphanus 
sativus

10.5 and 
12.5 GHz

Rate of germination is reduced and also 
decrease in rate of hypocotyl growth

Scialabba and 
Tamburello (2002)

Lens 
culinaris

2.45 GHz No effect on rate of germination. Length of 
seedling is stimulated 30 s exposure

Aladjadjiyan 
(2010)

Solanum 
tuberosum

2.45–
54 GHz

Highest improved biomass accumulation in 
seed potato germs

Jakubowski (2010)

Hordeum 
vulgare

2.45 GHz Improved vigor and seedling germination Iuliana et al. 
(2013)

Oryza sativa 2.45 GHz Improved germination rate, similarly, an 
increase in the length of primary root and 
shoot length

Talei et al. (2013)
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unknown organic radical was identified through electron paramagnetic resonance 
and then further confirmed and dated in dried seeds of maize (Leprince et al. 1995). 
Primarily at the seed level, effect of temperature and oxygen on reactive oxygen spe-
cies (ROS)-induced wound was also exposed by EPR spectra. A fascinating feature 
of seed practicability discovered by electron paramagnetic resonance is connected to 
variations in thickness and movement of molecules stirring when the cytoplasm 
arrives in a shiny state. Meanwhile, when seeds are stored under low temperature, 
the distinctiveness takes place and it has been supervised by the help of spin probes. 
The molecular mobility of spin probes can be slow or fast reliant on their dissemina-
tion among different seed constituents. Nitroxide spin probes, undeniably, were 
effectively used to inaugurate an association between occurrence of intracellular 
glasses, molecular mobility, and stability of seed storage (Hoekstra and Leprince 
1998; Buitink et al. 1998, 1999). Temperature-dependent and moisture changes stir-
ring in pea and Impatiens seeds are connected through rate of aging and that is veri-
fied in cytosol because of the revolving motion of a spin probe (Buitink et al. 2000).

Mostly, scientists used a nitroxide spin probe in wheat embryos to check if solid 
EPR was efficaciously used for efficient examination of seeds for plasma mem-
branes reliability (Smirnov et al. 1992). So, result revealed greater than 13% mois-
ture in the semipermeable cell wall of seed. Furthermore, study on seeds of wheat 
also validated the impacts of aging of the embryo (Golovina et al. 1997). Also, it 
reveals that permeability of plasma membrane improved more quickly during seed 
aging. The strategic role of permeability of membrane precision during imbibition 
of seeds of neem (Azadirachta indica L.) was also examined by spin probe tech-
nique using nitroxyl (Sacandè et al. 2001).

Species profiles of paramagnetic are developing as favorable to screen against 
stress tolerance in grains. Large values of semiquinone with carbohydrate radicals 
were associated with seeds that are water stress sensitive and also linked with greater 
starch contents by biochemical tests. Researches also revealed that stress tolerance 
can be identified by EPR radical profiles. Likewise, Kurdziel et al. (2015) used EPR 
to examine wheat grains of four genotypes through free radical profiles in embryo, 
endosperm, and seed coat and found various levels of water stress tolerance. 
Drought-sensitive genotypes having more carbohydrates are identified as selectable 
marker under water stress tolerance. EPR was also used to examine the effect of 
ozone application on barley, oat, and wheat grains against oxidative stress tolerance 
(Labanowska et al. 2016). Electron paramagnetic resonance exposed that the number 
of paramagnetic species like Cu (II), Fe (III), and Mn (II), altered upon exposure of 
ozone, is also dependent on the tolerance behavior of particular genotype. 
Furthermore, the patterns of organic radicals that are stable (carbohydrate semiqui-
none and phenoxyl) suggestively changed ozone treatment as given, presenting 
improvement of paramagnetic species of the cultivars that are tolerant. The informa-
tion assimilated over EPR constructed studies in seeds or food processing as revealed 
previously, sustenance the method to inspect the impacts of physical invigoration 
methods for seed treatments. Marcu et al. (2013) used EPR to study the biochemical 
changes induced in maize seeds when irradiated with cumulative doses of γ-radiation.
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5  �Conclusion

Seeds with extraordinary potency are substitution of crop formation and regular 
output. By using physical methods, seed vigor and germination are enhanced 
because physical method is eco-friendly and provides benefit on large scale. The 
presence of suitable services to achieve the physical treatment on the preemergence 
metabolism is obstructing its efficiency on priming treatment applications. It is also 
exhibited during evaluation that radiation treatment has a very little effect on bio-
chemical changes or gene expression. Hence, the deficiency of biomarkers related 
to appropriate time or radiation dose restricts the application of seed procedures at 
large scale. Nonetheless, scientists from industry and academia are presently atten-
tive on incapacitating these problems. Recent improvements on high-output meth-
ods (e.g., Omics) as compared with latest discharge of genomic properties on crops 
are predictable to lead. Additional studies are looked for to identify the molecular 
players generated during the riposte of seed invigoration treatments, specifically in 
radio-tolerant cultivars or species. In comparison, by intensifying the total cultivars 
analyzed with each changed method, it will be conceivable to recognize best appro-
priate goals for a physical treatment that is specific in stopping harmful conditions. 
The environmental situations in moderating the reaction of seed to the given radio-
activity behaviors could not be deserted, establishing itself as an auspicious research 
opportunity. This information is vital to improve new plans to enterprise new treat-
ments to modify and progress seed invigoration and germination. A combined 
method is required to speed up translational and basic research related to seed 
expertise, thus, at the end, fabricating strategies for the seed operatives.
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