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Abstract

conditions.

A crop seed which is viable can germinate soon it gets necessary conditions for germination, except when it's in a
state of dormancy. Apart from the physiological dormancy, the critical limiting factors for seed germination and better
seedling establishment are the abiotic stress. Moisture (water potential) stress is the leading one. Germination and
seedling establishment are vital stages in subjected to abiotic stress. Among many of the techniques implemented to
minimize germination and related problems are the different priming techniques. A seed can be primed with water,
organic extracts, different salt solutions and hormones. Phytohormones act and interact to affect many processes in
the plant life cycle among these are the germination process. These hormones can be synthesized artificially. They
are used as a treatment for seed priming and other process. GA, auxins and cytokinin are the major ones used in
hormonal seed priming techniques used to increase germination of seeds under dormant and abiotic stress
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Seed Germination and Dormancy

Seed germination is the growth and development of an embryo (the
living part) of a seed in to a new plant which may or may not be
similar with the parent plant. The first step of germination is water
imbibition [1]. The main criterion to know whether a seed is
germinated or not is, the emergence of the radicle from the seed coat.
Temperature, water and oxygen are the basic necessities for
germination to take place. On the other hand, a seed may not be
germinated even if it can get these basic requirements. The inability of
a seed to germinate even though environmental conditions for
germination are fulfilled is termed as dormancy i.e., the physiological
dormancy of the seed, to differentiate from other types of dormancies
[2,3]. It is also defined as the failure of a viable seed to complete its
germination process under suitable conditions which is a common
phase in the life cycle of most spermatophytes [4].

Though there are other dormancies of a seed like morphological
dormancy, morphophysiological dormancy, thermo dormancy,
conditional dormancy and other exogeneous dormancy, its the
primary dormancy especially the physiological dormancy that is
responsible for seeds to germinate or not [5]. Dormancy in seeds is not
always an undesirable characteristic, rather it has time and place to be
evaluated. When we are going to grow crops in a given area and the
seed is not able to germinate, we can say its undesirable. But if we are
not using our seed to germinate now but for the future, its required for
the seed to be in a state of rest or dormant, this can be desirable
characteristic (the details about this point will be given in another
article). Germination is a process that consists of a series of many
mixed biochemical and physiological changes involving the initiation
of growth in seeds and the movement of plant substitute nutrients for
embryo growth [6].

Nature has provided the seed to withstand extremes of drought and
temperature by adjusting the mature seed to be a in a state of inactive
or quiescent [7], thus the seed exists in the threshold of life which
helps to exist for many years without harm (the positive side of seed
dormancy, this is for orthodox seeds). Enzymes and other structural
components of the seed are also in a state of quiescent until they get
water to start metabolism. Once the seed starts imbibition, synthesis of
new organelles and protein also commences. However, unless there is
suitable environment for germination, the seed will not be able to
germinate under stress conditions even the endogenous
(physiological) dormancy can be broken. he seed thus exhibits a
different phenomenon for its germination under unfavorable
conditions.

Germination Under Stress Conditions

These days, with the rise of global warming and related problems,
crop production and productivity are threatened by increasing
environmental constraints [8]. The effect is more severe at earlier
stages of development, the seed germination and seedling
establishment stages. Because these are the vital stages in crop
development which determines the future production and productivity
of a crop [9]. Seed germination and emergence are affected by several
environmental factors such as moisture stress, salinity and extreme
temperatures [10]. The effect of salinity on seed germination is in two
ways. Through osmotic effect so that seeds cannot imbibe water easily
and through ion toxicity [11,12]. Many researchers also added that
field emergence of seeds is affected by temperature stress [13-15].

The conditions necessary for a seed to germinate are water, oxygen,
light, suitable temperature, food and growth regulators (substrates).
However, the seed should have passed its rest period (internal
dormancy, for those seeds which have known period of rest after
harvesting) and it should be a viable seed. Poor seed germination and
seedling establishment are major agricultural problems especially in
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moisture stress areas, and these stages are considered to be important
in later plant growth and development which in turn affects yield and
related components [16]. Its mentioned by researchers that
environmental factors such as temperature, light, pH, and soil moisture
are the most important factors for seed germination [17,18]. When the
seed is not able to be provide with these suitable conditions for
germination it will fall in to stress conditions and may not be initiated
to germinate. Yali et al. [19] said that, under unfavorable conditions,
the seeds of S. ferganica may not germinate or germinate in a small
amount. Most of the stress conditions a seed encountered during
germination are the abiotic stress [17].

Moisture is the most important abiotic stress limiting the
germination of many plant species [20,21]. The effect of water stress
varies with crop species, constant and/or high moisture requirement
for bromeliad seeds to germinate [22]. The effect of moisture stress is
more serious in areas where salinity and sodicity are existing. This is
because when there are salts and other soluble sods, the water potential
of the solution surrounding the seed is getting lower, resulting in a
condition in which seeds can’t take water easily [23]. Salinity affects the
ability of seeds to imbibe water, necessary for metabolic changes within
the seed that leads to germination and growth of seedlings similar to
those caused by the water stress.

Seed Priming

Seed priming can be defined in such a way that it is a pre-sowing
seed treatment process that provides a moisture sufficient enough to
start pre-germination metabolic processes without radical protrusion
[24,25]. Its a technique used to minimize problems encountered
during germination and emergence either due to adverse
environmental conditions or due to seed quality and structure related
problems, thus providing uniform emergence and growth of strong
seedlings. It is a simple, cost effective and low risk technique used to
minimize the problem of soil moisture and salinity in crop lands. It is
also important for uniform seedling emergence [26] and better crop
stand establishment, especially in adverse environmental conditions
such as moisture [27] and salinity stress and temperature stress
[28-30]. Priming is also used to improve seed germination under both
optimal conditions. It improves water use efficiency and helps to
improve yield and related components [31]. Seed germination and
seedling growth are the two most critical stages for better crop stand
establishment [32]. As compared to unprimed seeds, primed seeds can
germinate at a broader temperature range and they are also less
sensitive to deficiency of oxygen. In a study to evaluate germination
and emergence of primed grass seeds under different temperature
ranges, seed priming enhanced both germination and emergence rate
with the greatest effect occurring during the earlier, cooler sowing
dates [33]. The effect of temperature, and the relationship between
decreasing germination rate and percentage germination with
increasing water stress, are generally well established in previous
studies for many crop species [34-36].

Seeds can be primed with different solutions including salt solution
to manage problems of salt stress during germination. For example,
tomato germination characteristics and seedling growth are affected by
high potential value of primed with CaCl, and KNOj solutions [37,38].
Seeds can also be primed with phytohormones.

Plant Hormones and Seed Germination

Plant hormones are chemical molecules that control growth and
development in the plant life cycle. They are also known as
phytohormones, to differentiate from animal hormones [39]. They
occur in low concentrations in plants. In some areas like UK they are
also known as plant growth substances or regulators. The presence of
these signal molecules that control growth and development in plants
was first discovered by Julius Von Sachs in 1980. Plant growth and
development is the integrated result of many environmental and
endogenous chemicals (hormones). The action of hormones is very
interesting. A single hormone can regulate many processes and at same
time many hormones interact to influence a single process [3] and this
is one of the differences between animal and plant hormones.

One of the developmental processes or phase changes in which plant
hormones interact is seed germination [40]. Hormones like abscisic
acid (ABA) is an inhibitor to germination [41] and it can reversibly
arrest embryo development at the start of radicle growth initiation by
inhibiting uptake of water [42]; but the effect can be removed by using
GA and auxin [43]. GA is responsible for the release of an enzyme
required for digestion of endospermic starch needed for nourishment
of the developing embryo during germination. GA works together with
auxins, cytokinin and with some other hormone, through a system of
synergism [44].

Seed treatment with hormones is an important remedy to minimize
problem of seed germination in stress conditions, due to their
consistent effects on germination and growth [45,46]. Phytohormones
play a vital role in regulating plant resistance to stress [47]. Now a day
where global warming is a critical problem for crop production, wide
areas of agricultural land are subjected to moisture stress, and in some
case, it makes the arable land liable to salinity stress. In mediating salt
tolerance in wheat crops GA treatment was found to be effective [48].
In a study by Yang et al. [49], polyamines affect seed germination and
seedling growth under drought stress. In another study, 6-BA or PEG
as a seed soak treatment showed synergistic effect on seed germination
and seedling growth under drought stress conditions [50]. Hydrogen
peroxide treatment of barely seeds also resulted in removal of any delay
during germination and minimize the effect of high temperature stress
during germination [51]. Hormonal priming of tomato seeds on
germination and seedling growth was also investigated by researchers
and showed an interesting result with cytokinin [52], auxins [53].

Conclusion

Germination of seed is dependent upon two important factors; the
state of the seed whether it’s in a state of dormancy or not and the
environmental conditions necessary for germination. If a seed is
dormant, its necessary to treat it and break dormancy so as to initiate
germination. Optimum conditions of moisture, oxygen, temperature
and light are necessary for a seed to germinate. Moisture and salinity
are the most important limiting factors which hinder seed germination
and crop stand establishment.

One important seed treatment practice which can help seeds to
break dormancy and to minimize problems of abiotic stress such as
moisture, salinity, extreme temperatures is priming. It’s a pre-sowing
seed treatment practice which provides moisture sufficient enough to
start pre-germination metabolic process used to minimize problems
encountered during germination and emergence. Hence, it is useful for
uniform emergence and growth. Priming can be done with water,
different solutions and phytohormones.
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Phytohormones are chemical molecules that control growth and
development of plant life cycle. One of the developmental process or
phase changes in which plant hormones are interacted is seed
germination. Due to their consistent effect on germination and
growth, phytohormones are important remedies to minimize
problems of seed germination under stress conditions. But not all
phytohormones promote germination. For example, ABA inhibits but
GA promotes seed germination.

References

Deno NC (1993) Seed germination, theory and practice.

2. Huang Z, Zhang X, Zheng G, Gutterman Y (2003) In luence of light,
temperature, salinity and storage on seed germination of Haloxylon
ammodendron. ] Arid Environ 55: 453-464.

3. Kucera B, Cohn MA, Leubner-Metzger G (2005) Plant hormone
interactions during seed dormancy release and germination. Seed Sci Res
15:281-307.

4.  Bethke PC, Libourel IG, Aoyama N, Chung YY, Still DW, et al. (2007)
The Arabidopsis aleurone layer responds to nitric oxide, gibberellin, and
abscisic acid and is sufficient and necessary for seed dormancy. Plant
Physiol 143: 1173-1188.

5. Baskin JM, Baskin CC (2004) A classification system for seed
dormancy. Seed Science Research 14: 1-16.

6. Li B, Foley ME (1997) Genetic and molecular control of
seed dormancy. Trends Plant Sci 2: 384-389.

7. Arc E, Galland M, Cueff G, Godin B, Lounifi I, et al. (2011) Reboot the
system thanks to protein posttranslational modifications and proteome
diversity: how quiescent seeds restart their metabolism to prepare
seedling establishment. Proteomics 11: 1606-1618.

8.  Bartels D, Sunkar R (2005) Drought and salt tolerance in plants. Crit
Rev Plant Sci 24: 23-58.

9. Zhang H, Irving LJ, McGill C, Matthew C, Zhou D, et al. (2010) The
effects of salinity and osmotic stress on barley germination rate: sodium
as an osmotic regulator. Ann Bot 106: 1027-1035.

10. Egli DB, TeKrony DM (1996) Seedbed conditions and prediction of ield

emergence of soybean seed. ] Production Agric 9: 365-370.

11. Rizzardi MA, Luiz AR, Roman ES, Vargas L (2009) Effect of cardinal
temperature and water potential on morning glory (Ipomoea triloba)
seed germination. Planta Daninha 27: 13-21.

12. Song JIE, Feng GU, Tian C, Zhang F (2005) Strategies for adaptation of
Suaeda physophora, Haloxylon ammodendron and Haloxylon persicum
to a saline environment during seed-germination stage. Ann Bot 96:
399-405.

13. Jones RA (1986) High salt tolerance potential in Lycopersicon species
during germination. Euphytica 35: 575-582.

14. Weaich K, Bristow KL, Cass A (1996) Simulating maize emergence using
soil and climate data. Agron J 88: 667-674.

15. Miransari M, Smith DL (2014) Plant hormones and seed
germination. Environ Experi Bot 99: 110-121.

16. Li J, Yin LY, Jongsma MA, Wang CY (2011) Effects of light,
hydropriming and abiotic stress on seed germination, and shoot and root
growth of pyrethrum (Tanacetum cinerariifolium). Ind Crops Prod 34:
1543-1549.

17. Canossa RS, Oliveira JR, Constantin ], Braccini AL, Biffe DE et al.
(2008) Effect of temperature and light on joyweed (Alternanthera tenella)
seed germination. Planta Daninha 26: 745-750.

18. Ghosh A, Pareek A, Singla-Pareek SL (2014) Stress Tolerance Assay at the
Seed Germination Stage for Tobacco. The Plant Journal.

19. Ma Y, Zhang J, Li X, Zhang S, Lan H (2016) Effects of environmental
stress on seed germination and seedling growth of Salsola ferganica
(Chenopodiaceae). Acta Ecologica Sinica 36: 456-463.

20. Guo R, Hao WP, Gong DZ, Zhong XL, Gu FX (2013) Effects of water
stress on germination and growth of wheat, photosynthetic efficiency and

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

accumulation of metabolites. In Soil Processes and Current Trends in
Quality Assessment.

Razeek N, Sittampalam T, Kapilan R (2016) Effect of water content on
the germination characteristics of Trichosanthes cucumerina,
Momocardia charantia and Abelmoschus esculentus seeds. ] Appl Biol
Biotech 4: 7-13.

Mantovani A, Iglesias RR (2010) The effect of water stress on seed
germination of three terrestrial bromeliads from restinga. Braz J Bot 33:
201-205.

Farghaly FA, Radi AA, Abdel-Wahab DA, Hamada AM (2016) Effect of
salinity and sodicity stresses on physiological response and productivity
in Helianthus annuus. Acta Biol Hung 67: 184-194.

Bradford KJ (1986) Manipulation of seed water relations via osmotic
priming to improve germination under stress conditions. HortScience
(USA).

Elkoca E (2007) Priming: seed applications before sowing. Atatiirk
University Faculty of Agriculture Journal 38: 113-120.

Yan M (2015) Seed priming stimulate germination and early
seedling growth of Chinese cabbage under drought stress. S Afr J

Bot 99: 88-92.

Iloh AC, Omatta G, Ogbadu GH, Onyenekwe PC (2014) Effects of
elevated temperature on seed germination and seedling growth on three
cereal crops in Nigeria. Sci Res Essays 9: 806-813.

Khan RA (1977) Effect of high-temperature stress on the growth and seed
characteristics of barley and cotton. In Genetic Diversity in Plants, pp:
319-324.

Kaya G, Demir I, Tekin A, Yasar F, Demir K (2010) The effect of
priming application on germination, fatty acids, sugar content and
enzyme activity at the temperature of stress of pepper seeds. ] Agric Sci
16: 9-16.

Wen B (2015) Effects of high temperature and water stress on seed
germination of the invasive species Mexican sunflower. PloS One 10:
e0141567.

Ali H, Igbal N, Shahzad AN, Sarwar N, Ahmad S, et al. (2013) Seed
priming improves irrigation water use efficiency, yield, and yield
components of late-sown wheat under limited water conditions. Turk J
Agric Forestry 37: 534-544.

Hubbard M, Germida J, Vujanovic V (2012) Fungal endophytes improve
wheat seed germination under heat and drought stress. Botany 90:
137-149.

Hardegree SP, Van Vactor SS (2000) Germination and emergence of
primed grass seeds under ield and simulated- ield temperature regimes.
Ann Bot 85: 379-390.

Hagon MW, Chan CW (1977) The effects of moisture stress on the
germination of some Australian native grass seeds. Aust ] Exp Agric 17:
86-89.

Koller D, Hadas A (1982) Water relations in the germination of
seeds. Physiol Plant Ecol I, pp: 401-431.

Meidan E (1990) The effects of soil water potential on seed germination
of four winter annuals in the Negev Desert highlands, Israel. J Arid
Environ 19: 77-83.

Ebrahimi R, Ahmadizadeh M, Rahbarian P (2014) Enhancing stand
establishment of tomato cultivars under salt stress condition. South
Western ] Hortic, Bio Environ 5: 19-42.

Theerakulpisut P, Lontom W, Kulya J, Bunnag S, Techawongstien S (2010)
Effect of seed priming on physiological changes in tomato grown under
salt stress. In III International Symposium on Tomato Diseases
914: 295-300.

Thimann KV (1963) Plant growth substances; past, present

and future. Ann Rev Plant Physiol 14: 1-19.

Li W, Liu X, Khan MA, Kamiya Y, Yamaguchi S (2005) Hormonal and
environmental regulation of seed germination in flixweed (Descurainia
sophia). Plant Growth Regulation 45: 199-207.

Strader LC (2004) Hormonal control of seed dormancy and
germination. Doctoral Dissertation, Washington State University.

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 6 « Issue 6 « 1000403


http://agris.fao.org/agris-search/search.do?recordID=US19950097406
https://www.sciencedirect.com/science/article/pii/S014019630200294X
https://www.sciencedirect.com/science/article/pii/S014019630200294X
https://www.sciencedirect.com/science/article/pii/S014019630200294X
https://www.cambridge.org/core/journals/seed-science-research/article/plant-hormone-interactions-during-seed-dormancy-release-and-germination/49880492C795ACB6909D6AB6C7FA80E7
https://www.cambridge.org/core/journals/seed-science-research/article/plant-hormone-interactions-during-seed-dormancy-release-and-germination/49880492C795ACB6909D6AB6C7FA80E7
https://www.cambridge.org/core/journals/seed-science-research/article/plant-hormone-interactions-during-seed-dormancy-release-and-germination/49880492C795ACB6909D6AB6C7FA80E7
http://www.plantphysiol.org/content/143/3/1173.short
http://www.plantphysiol.org/content/143/3/1173.short
http://www.plantphysiol.org/content/143/3/1173.short
http://www.plantphysiol.org/content/143/3/1173.short
https://www.cambridge.org/core/journals/seed-science-research/article/classification-system-for-seed-dormancy/024181C2EEE1FC55B9D7578660A5CB66
https://www.cambridge.org/core/journals/seed-science-research/article/classification-system-for-seed-dormancy/024181C2EEE1FC55B9D7578660A5CB66
https://www.sciencedirect.com/science/article/pii/S1360138597900534
https://www.sciencedirect.com/science/article/pii/S1360138597900534
https://onlinelibrary.wiley.com/doi/abs/10.1002/pmic.201000641
https://onlinelibrary.wiley.com/doi/abs/10.1002/pmic.201000641
https://onlinelibrary.wiley.com/doi/abs/10.1002/pmic.201000641
https://onlinelibrary.wiley.com/doi/abs/10.1002/pmic.201000641
https://www.tandfonline.com/doi/abs/10.1080/07352680590910410
https://www.tandfonline.com/doi/abs/10.1080/07352680590910410
https://academic.oup.com/aob/article-abstract/106/6/1027/141082
https://academic.oup.com/aob/article-abstract/106/6/1027/141082
https://academic.oup.com/aob/article-abstract/106/6/1027/141082
https://dl.sciencesocieties.org/publications/jpa/abstracts/9/3/365
https://dl.sciencesocieties.org/publications/jpa/abstracts/9/3/365
http://www.scielo.br/scielo.php?pid=S0100-83582009000100003&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0100-83582009000100003&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0100-83582009000100003&script=sci_arttext
https://academic.oup.com/aob/article-abstract/96/3/399/209876
https://academic.oup.com/aob/article-abstract/96/3/399/209876
https://academic.oup.com/aob/article-abstract/96/3/399/209876
https://academic.oup.com/aob/article-abstract/96/3/399/209876
https://link.springer.com/article/10.1007/BF00021866
https://link.springer.com/article/10.1007/BF00021866
https://dl.sciencesocieties.org/publications/aj/abstracts/88/4/AJ0880040667
https://dl.sciencesocieties.org/publications/aj/abstracts/88/4/AJ0880040667
https://www.sciencedirect.com/science/article/pii/S0098847213001895
https://www.sciencedirect.com/science/article/pii/S0098847213001895
https://www.sciencedirect.com/science/article/pii/S0926669011001786
https://www.sciencedirect.com/science/article/pii/S0926669011001786
https://www.sciencedirect.com/science/article/pii/S0926669011001786
https://www.sciencedirect.com/science/article/pii/S0926669011001786
http://www.scielo.br/scielo.php?pid=S0100-83582008000400005&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0100-83582008000400005&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0100-83582008000400005&script=sci_arttext&tlng=es
https://bio-protocol.org/e1441
https://bio-protocol.org/e1441
https://www.sciencedirect.com/science/article/pii/S1872203216300919
https://www.sciencedirect.com/science/article/pii/S1872203216300919
https://www.sciencedirect.com/science/article/pii/S1872203216300919
https://www.intechopen.com/books/soil-processes-and-current-trends-in-quality-assessment/effects-of-water-stress-on-germination-and-growth-of-wheat-photosynthetic-efficiency-and-accumulatio
https://www.intechopen.com/books/soil-processes-and-current-trends-in-quality-assessment/effects-of-water-stress-on-germination-and-growth-of-wheat-photosynthetic-efficiency-and-accumulatio
https://www.intechopen.com/books/soil-processes-and-current-trends-in-quality-assessment/effects-of-water-stress-on-germination-and-growth-of-wheat-photosynthetic-efficiency-and-accumulatio
https://www.intechopen.com/books/soil-processes-and-current-trends-in-quality-assessment/effects-of-water-stress-on-germination-and-growth-of-wheat-photosynthetic-efficiency-and-accumulatio
http://jabonline.in/admin/php/uploads/154_pdf.pdf
http://jabonline.in/admin/php/uploads/154_pdf.pdf
http://jabonline.in/admin/php/uploads/154_pdf.pdf
http://jabonline.in/admin/php/uploads/154_pdf.pdf
http://www.scielo.br/scielo.php?pid=S0100-84042010000100017&script=sci_arttext&tlng=pt
http://www.scielo.br/scielo.php?pid=S0100-84042010000100017&script=sci_arttext&tlng=pt
http://www.scielo.br/scielo.php?pid=S0100-84042010000100017&script=sci_arttext&tlng=pt
https://akademiai.com/doi/abs/10.1556/018.67.2016.2.6
https://akademiai.com/doi/abs/10.1556/018.67.2016.2.6
https://akademiai.com/doi/abs/10.1556/018.67.2016.2.6
http://agris.fao.org/agris-search/search.do?recordID=US8708087
http://agris.fao.org/agris-search/search.do?recordID=US8708087
http://agris.fao.org/agris-search/search.do?recordID=US8708087
http://dergipark.gov.tr/ataunizfd/issue/2933/40590
http://dergipark.gov.tr/ataunizfd/issue/2933/40590
https://www.sciencedirect.com/science/article/pii/S0254629915002574
https://www.sciencedirect.com/science/article/pii/S0254629915002574
https://www.sciencedirect.com/science/article/pii/S0254629915002574
http://www.academicjournals.org/journal/SRE/article-abstract/7FA2C3D47843
http://www.academicjournals.org/journal/SRE/article-abstract/7FA2C3D47843
http://www.academicjournals.org/journal/SRE/article-abstract/7FA2C3D47843
https://link.springer.com/chapter/10.1007/978-1-4684-2886-5_29
https://link.springer.com/chapter/10.1007/978-1-4684-2886-5_29
https://link.springer.com/chapter/10.1007/978-1-4684-2886-5_29
https://www.researchgate.net/profile/Fikret_Yasar/publication/282821071_Effect_of_priming_treatment_on_germination_at_stressful_temperatures_fatty_acid_sugar_content_and_enzymatic_activity_of_pepper_seeds/links/56d043d808ae4d8d64a34768.pdf
https://www.researchgate.net/profile/Fikret_Yasar/publication/282821071_Effect_of_priming_treatment_on_germination_at_stressful_temperatures_fatty_acid_sugar_content_and_enzymatic_activity_of_pepper_seeds/links/56d043d808ae4d8d64a34768.pdf
https://www.researchgate.net/profile/Fikret_Yasar/publication/282821071_Effect_of_priming_treatment_on_germination_at_stressful_temperatures_fatty_acid_sugar_content_and_enzymatic_activity_of_pepper_seeds/links/56d043d808ae4d8d64a34768.pdf
https://www.researchgate.net/profile/Fikret_Yasar/publication/282821071_Effect_of_priming_treatment_on_germination_at_stressful_temperatures_fatty_acid_sugar_content_and_enzymatic_activity_of_pepper_seeds/links/56d043d808ae4d8d64a34768.pdf
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141567
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141567
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141567
http://journals.tubitak.gov.tr/agriculture/abstract.htm?id=14023
http://journals.tubitak.gov.tr/agriculture/abstract.htm?id=14023
http://journals.tubitak.gov.tr/agriculture/abstract.htm?id=14023
http://journals.tubitak.gov.tr/agriculture/abstract.htm?id=14023
http://www.nrcresearchpress.com/doi/abs/10.1139/b11-091
http://www.nrcresearchpress.com/doi/abs/10.1139/b11-091
http://www.nrcresearchpress.com/doi/abs/10.1139/b11-091
https://academic.oup.com/aob/article-abstract/85/3/379/2588164
https://academic.oup.com/aob/article-abstract/85/3/379/2588164
https://academic.oup.com/aob/article-abstract/85/3/379/2588164
http://www.publish.csiro.au/an/EA9770086
http://www.publish.csiro.au/an/EA9770086
http://www.publish.csiro.au/an/EA9770086
https://link.springer.com/chapter/10.1007/978-3-642-68150-9_13
https://link.springer.com/chapter/10.1007/978-3-642-68150-9_13
https://www.sciencedirect.com/science/article/pii/S0140196318308310
https://www.sciencedirect.com/science/article/pii/S0140196318308310
https://www.sciencedirect.com/science/article/pii/S0140196318308310
https://www.researchgate.net/profile/Mostafa_Ahmadizadeh/publication/264044699_ENHANCING_STAND_ESTABLISHMENT_OF_TOMATO_CULTIVARS_UNDER_SALT_STRESS_CONDITION/links/0f31753caebefe0fd2000000/ENHANCING-STAND-ESTABLISHMENT-OF-TOMATO-CULTIVARS-UNDER-SALT-STRESS-CONDITION.pdf
https://www.researchgate.net/profile/Mostafa_Ahmadizadeh/publication/264044699_ENHANCING_STAND_ESTABLISHMENT_OF_TOMATO_CULTIVARS_UNDER_SALT_STRESS_CONDITION/links/0f31753caebefe0fd2000000/ENHANCING-STAND-ESTABLISHMENT-OF-TOMATO-CULTIVARS-UNDER-SALT-STRESS-CONDITION.pdf
https://www.researchgate.net/profile/Mostafa_Ahmadizadeh/publication/264044699_ENHANCING_STAND_ESTABLISHMENT_OF_TOMATO_CULTIVARS_UNDER_SALT_STRESS_CONDITION/links/0f31753caebefe0fd2000000/ENHANCING-STAND-ESTABLISHMENT-OF-TOMATO-CULTIVARS-UNDER-SALT-STRESS-CONDITION.pdf
https://www.actahort.org/books/914/914_53.htm
https://www.actahort.org/books/914/914_53.htm
https://www.actahort.org/books/914/914_53.htm
https://www.actahort.org/books/914/914_53.htm
https://www.annualreviews.org/doi/pdf/10.1146/annurev.pp.14.060163.000245
https://www.annualreviews.org/doi/pdf/10.1146/annurev.pp.14.060163.000245
https://link.springer.com/article/10.1007/s10725-005-4116-3
https://link.springer.com/article/10.1007/s10725-005-4116-3
https://link.springer.com/article/10.1007/s10725-005-4116-3
http://steberlab.org/pubs/2004d.pdf
http://steberlab.org/pubs/2004d.pdf

Citation:

Sci Tech 6: 403. doi:10.4172/2329-8863.1000403

Muhie SH (2018) Seed Priming with Phytohormones to Improve Germination Under Dormant and Abiotic Stress Conditions. Adv Crop

Page 4 of 4

42.

43.

44,

45.

46.

47.

48.

Schopfer P, Bajracharya D, Plachy C (1979) Control of seed germination
by abscisic acid: I. Time course of action in Sinapis alba L. Plant Physiol
64: 822-827.

Chauhan JS, Tomar YK, Singh IN, Ali S, Debarati A (2009) Effect of
growth hormones on seed germination and seedling growth of black
gram and horse gram. ] Amer Sci 5: 79-84.

Edwin FG, Michael AH, Geert-Jan de K (2008) Plant propagation by
tissue culture. Springer, The Netherlands.

Atia A, Debez A, Barhoumi Z, Smaoui A, Abdelly C (2009) ABA, GA3,
and nitrate may control seed germination of Crithmum maritimum
(Apiaceae) under saline conditions. Comptes Rendus Biologies 332:
704-710.

Gurmani AR, Bano A, Din J, Khan SU, Hussain I (2009) Effect of
phytohormones on growth and ion accumulation of wheat under salinity
stress. Afr ] Biotechnol.

Bari R, Jones JD (2009) Role of plant hormones in plant defence
responses. Plant Mol Biol 69: 473-488.

Igbal M, Ashraf M (2013) Gibberellic acid mediated induction of salt
tolerance in wheat plants: growth, ionic partitioning, photosynthesis,

49.

50.

51.

52.

53.

yield and hormonal homeostasis. Environ Exp Bot 86: 76-85.

Yang L, Hong XU, Xiao-Xia WEN, Yun-cheng L (2016) Effect of
polyamine on seed germination of wheat under drought stress is
related to changes in hormones and carbohydrates. ] Integr Agri 15:
2759-2774.

Yuan Z, Wang C, Li S, Li X, Tai F (2014) Effects of different plant
hormones or PEG seed soaking on maize resistance to drought stress.
Canadian J Plant Sci 94: 1491-1499.

Cavusoglu K, Kabar K (2010) Effects of hydrogen peroxide on the
germination and early seedling growth of barley under NaCl and high
temperature stresses. EurAsian J BioSci.

Nawaz J, Hussain M, Jabbar A, Nadeem GA, Sajid M, et al. (2013) Seed
priming a technique. Int J Agri Crop Sci 6: 1373.

Sneideris LC, Gavassi MA, Campos ML, D'Amico-Damiao V, Carvalho
RF (2015) Effects of hormonal priming on seed germination of pigeon
pea under cadmium stress. Anais da Academia Brasileira de Ciéncias 87:
1847-1852.

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 6 « Issue 6 « 1000403


http://www.plantphysiol.org/content/64/5/822.short
http://www.plantphysiol.org/content/64/5/822.short
http://www.plantphysiol.org/content/64/5/822.short
https://www.sciencedirect.com/science/article/pii/S1631069109000924
https://www.sciencedirect.com/science/article/pii/S1631069109000924
https://www.sciencedirect.com/science/article/pii/S1631069109000924
https://www.sciencedirect.com/science/article/pii/S1631069109000924
https://www.ajol.info/index.php/ajb/article/view/60417
https://www.ajol.info/index.php/ajb/article/view/60417
https://www.ajol.info/index.php/ajb/article/view/60417
https://link.springer.com/article/10.1007/s11103-008-9435-0
https://link.springer.com/article/10.1007/s11103-008-9435-0
https://www.sciencedirect.com/science/article/pii/S0098847210001425
https://www.sciencedirect.com/science/article/pii/S0098847210001425
https://www.sciencedirect.com/science/article/pii/S0098847210001425
https://www.sciencedirect.com/science/article/pii/S0098847210001425
http://www.chinaagrisci.com/Jwk_zgnykxen/CN/article/downloadArticleFile.do?attachType=PDF&id=10525
http://www.chinaagrisci.com/Jwk_zgnykxen/CN/article/downloadArticleFile.do?attachType=PDF&id=10525
http://www.chinaagrisci.com/Jwk_zgnykxen/CN/article/downloadArticleFile.do?attachType=PDF&id=10525
http://www.chinaagrisci.com/Jwk_zgnykxen/CN/article/downloadArticleFile.do?attachType=PDF&id=10525
http://www.nrcresearchpress.com/doi/abs/10.4141/cjps-2014-110
http://www.nrcresearchpress.com/doi/abs/10.4141/cjps-2014-110
http://www.nrcresearchpress.com/doi/abs/10.4141/cjps-2014-110
http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13079867&AN=76581259&h=9Mt6I32cWis%2BXmRddQmxomWRkJJ%2FMZokOBHvlHindCSAYO8sMQaw1x1cpgv89FKPyj0HBcYYwRSSpNingPMvPQ%3D%3D&crl=c
http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13079867&AN=76581259&h=9Mt6I32cWis%2BXmRddQmxomWRkJJ%2FMZokOBHvlHindCSAYO8sMQaw1x1cpgv89FKPyj0HBcYYwRSSpNingPMvPQ%3D%3D&crl=c
http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13079867&AN=76581259&h=9Mt6I32cWis%2BXmRddQmxomWRkJJ%2FMZokOBHvlHindCSAYO8sMQaw1x1cpgv89FKPyj0HBcYYwRSSpNingPMvPQ%3D%3D&crl=c
https://www.researchgate.net/profile/Imran_Shabbir3/publication/305755218_Seed_Priming_A_Technique/links/579f46d208ae6a2882f6016e.pdf
https://www.researchgate.net/profile/Imran_Shabbir3/publication/305755218_Seed_Priming_A_Technique/links/579f46d208ae6a2882f6016e.pdf
https://www.researchgate.net/profile/Imran_Shabbir3/publication/305755218_Seed_Priming_A_Technique/links/579f46d208ae6a2882f6016e.pdf
http://www.scielo.br/scielo.php?pid=S0001-37652015000401847&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0001-37652015000401847&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0001-37652015000401847&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0001-37652015000401847&script=sci_arttext

	Contents
	Seed Priming with Phytohormones to Improve Germination Under Dormant and Abiotic Stress Conditions
	Abstract
	Keywords:
	Seed Germination and Dormancy
	Germination Under Stress Conditions
	Seed Priming
	Plant Hormones and Seed Germination
	Conclusion
	References




