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Abstract

In this study, the effect of different doses (0 (control), 50, 100, 200 ppm) gibberellic acid (GA3) treatment on the germination
properties of Arisoy (C1), Crawford (C2) and Samsoy (C3) soybean cultivars were investigated. The experiments were factorial
arranged in a completely randomized design with four replications. As a result of this study, final germination percentage (FGP),
mean germination time (MGT), germination index (Gl) value, germination energy (GE) value, seedling vigor index (SVI) value,
seedling fresh weight (SFW), seedling dry weight (SDW) and seedling length (SL) were determined between 82-93%, 3-4.43 days,
27.8-37.3, 72-93%, 533-988, 0.57-0.71 g, 0.13-0.21 g, 6.5-10.6 cm, respectively. In terms of FGP, MGT, Gl, GE, SVI, SL, SDW
properties, a significant difference (P<0.01) was determined between cultivars, GA3 doses and cultivar x GA3 doses. Among the
GA3 dose treatmens, FGP, GE, SVI, SL values with 100 ppm GA3 treatment and Gl values with 150 ppm GA3 treatment reached the
highest levels. MGT value was determined at the lowest 150 ppm GA3 treatment dose. Germination parameters were negatively
affected with 200 ppm GA3 treatment dose. Responses of cultivars to GA3 doses were variable. In conclusion, seed priming with

gibberellic acid (GA3) can be used to enhance germination properties of soybean cultivars.
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INTRODUCTION

Soybean [Glycine max (L.) Merr.] belongs to the legume family. Soybean, which has the highest
cultivation area and production amount between legumes in the world, is rich in protein and oil
proportion. Soybean is an industrial plant that can be used directly or as an additive in human and animal
nutrition. Soybean plays an important role in providing the food supply and security of the increasing
World population. Soybean has been produced in many countries such as the USA, Brazil, Argentina,

and India for years.

The key component of cultivating plants sustainably is high-quality seed. Nowadays, different
biotic and abiotic stress conditions negatively affect the germination and vigor of seeds. Therefore, crop
yields also decrease significantly (Rhaman et al., 2020). Seed germination and viability depend on
different conditions such as genetic structure (cultivar characteristic), sowing time, sowing depth, soil
structure and content, irrigation, fertilization, plant diseases and pests, climate characteristics, moisture
content of seeds at harvest time and storage. Priming (pre-treatment) is applied to reproduction materials
such as seeds, seedlings, saplings, tubers, rhizomes, to improve the growth of plants under biotic and
abiotic stress conditions. The history of this treatment dates back to the 4th century BC, and in the
Ancient Greek period, Theophrastus soaked the seeds of cucumber in milk and water and observed that
the seeds germinated earlier as a result of this practice (Evenari, 1984). It has been reported by various
researchers that priming treatment increases seed germination, emergence, product yield, fertilizer use
efficiency, water use efficiency and is an environmentally friendly treatment (Ghassemi-Golezani et al.,
2012; Dalil, 2014; Bagheri, 2014; Dutta, 2018). Treatment of plant growth regulators to plant
reproduction materials is one of the widely used priming methods. Gibberellins play an active role in
many phases from the germination of the seed to plant improvement and they are widely used for
priming in plant reproduction materials. It has been reported that gibberellic acid (GA3), one of the plant
growth regulators, is both a natural chemical and has the ability to increase the properties of plants such
as germination, vegetative growth and grain yield (Rahimi et al., 2011; Ma et al., 2018; Mangena, 2020).
Seed germination is a complex process controlled by both physical and internal regulatory factors.
Gibberellic acid plays a very important role in controlling and promoting of germination in plant species
(Gupta and Chakrabarty, 2013). Gibberellins provide to break down of cell wall by increasing the endo-
B-mannanase enzyme activity in the endosperm. Thus, germination ratio of seeds accelerates thanks to
gibberellins (Karakurt et al., 2010).

The aim of the study was to determine the effects of four different gibberellic acid (GA3) doses,
0 (control) 100 ppm 150 ppm and 200 ppm, on the germination properties of Arisoy (C1) Crawford (C2)

and Samsoy (C3) soybean cultivars.

341



Erol & Arslanoglu | Uluslararasi Tarim Arastirmalarinda Yenilik¢i Yaklagimlar Dergisi |
International Journal of Innovative Approaches in Agricultural Research, 2022, Vol. 6 (4), 340-350

MATERIALS and METHODS

The experiment materials were selected from cultivars prefered in the Black Sea Region Soybean
Breeding Research Project conducted at the Samsun Black Sea Agricultural Research Institute. Arisoy
(C1), Crawford (C2) and Samsoy (C3) soybean cultivars reach harvest maturity at a similar time. Thus,
the seeds of these cultivars were preferred as trial materials. The research was carried out in the
germination laboratory of Samsun Black Sea Agricultural Research Institute, in petri dishes with a

diameter of 9 cm and under sterile conditions in 2021.
Experimental Design and Treatments

The experiments were factorial arranged in a completely randomized design with four
replications. The first factor included four concentration of plant growth regulators i.e. GA3 i.e. (0, 100,

150, 200 ppm), the second factor included three soybean cultivars i.e. (Arisoy, Crawford, Samsoy).

For the sterilization of the seed samples in the study, the seeds were soaked in 10% sodium
hypochlorite (NaClO) solution for 10 minutes, then washed 2-3 times with sterile water. Seed samples
were subjected to pre-treatment (priming) by soaking them in gibberellic acid (GA3) solution at different
doses (0 (control), 100 ppm, 150 ppm, 200 ppm). Seed weight to solution volume proportion was kept
1:5 (w/v) (Farooq et al., 2006). Priming was applied in a dark environment at 23+2°C for 12 hours. After
the treatment, the seed samples were washed 2-3 times with sterile water and dried at room temperature
(24 °C) until they had moisture content before the treatment. The primed seeds were sown as 25 pieces
between filter papers (Whatman No. 2) in petri dishes with a diameter of 9 cm. After sowing, 10 ml of
distilled water was added to each petri dish, and the outer surface of the petri dishes was covered with
cling film to prevent evaporation. Prepared samples were germinated for 8 days at a temperature of 25+
1 °C in the dark. During the study, seeds with a radicle length of 2 mm and above and germinated were

counted daily and recorded (ISTA, 2007).
Germination Properties
Final germination percentage (FGP)

It was calculated according to Equation (1) described by The International Seed Testing
Association (ISTA) (2004).

Number of germinated seeds after 8 days

FGP =

x 100 )

Number of germinated seeds

Mean germination time (MGT)

It was calculated according to Equation (2) described by Ellis and Roberts (1981).

MGT =222 @)
n
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where (n) is the number of seeds which were germinated on day (D), and (D) is the number of
days counted from the beginning of germination.

Germination index (Gl)

It was determined according to a notice reported by the Association of Official Seed Analysis
(AOSA), (1983). It was calculated according to the Equation (3).

__ No.of germinated seed No.of germinated seed

Gl =

3)

Days of first count Days of final count

Germination energy (GE)

It was the percentage of germinating seeds after 4 days from sowing relative to the number of
tested seeds (Ruan et al. 2002).

Seedling vigor index (SVI)
It was calculated according to Equation (4) described by Abdul-Baki and Anderson. (1970).
SVI = Seedling length (cm) x Final germination percent (%) 4)

In addition, at the end of the 8th day, the values of seedling length (SL), seedling fresh weight
(SFW) and seedling dry weight (SDW) were determined in 10 seedlings randomly selected from each
replication. Dry weight values were determined after the samples were dried in an oven at 70 °C for 72

hours.
Statistical Analysis

The statistical analysis of the research data was analyzed according to the factorial arrangements
in the random plots in the SAS-JMP 16.0 package program, and results of variance analysis, the mean
values of the treatments were compared with the LSD multiple comparison test at the P < 0.05

significance level.
RESULTS and DISCUSSION

As a result of the study, it was determined that 0 (control), 100 ppm, 150 ppm, and 200 ppm GA3
doses influenced the FGP, MGT, GI, GE, SVI, SL, SFW, SDW properties of C1, C2 and C3 soybean
cultivars. Effects of GA3 doses on FGP and MGT properties and on Gl and GE properties are illustrated
in figure 1 and in figure 2 while effects of GA3 doses on SVI and SL properties and on SFW and SDW

properties are illustrated in figure 3 and in figure 4, respectively.

The FGP values of soybean cultivars varied between 82% and 93%. The lowest FGP values were
determined both at the 200 ppm GAS3 dose treatment to the C1 cultivar and the 0 (control) dose applied
to the C2 cultivar with 82% whereas the highest FGP values were detected both at 150 ppm GA3 dose
applied to the C3 cultivar and 200 ppm GA3 dose applied to C2 cultivar with 93%. When the GA3 dose
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applied to C1 cultivar was increased from 150 ppm to 200 ppm, the FGP value decreased to 5.8%. The
increase in GA3 dose applied to C2 cultivar triggered a boost the value of FGP. In the C3 cultivar, an
increase till 150 ppm GAS3 dose raised FGP value whereas 200 ppm GA3 dose caused a decrease in FGP

a) el eczaes b) BC1 OC2 BC3
100 ,cd , cd beda-dab g a-d a a abc Slab o pc bc b @ , ab @
__ 80 > 4 e e
X S 3
i__, 60 -
8 40 2 2
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0 (Control) 100 ppm 150 ppm 200 ppm 0 (Control) 100ppm 150 ppm 200 ppm

GA3 doses GA3 doses

Fig. 1 Effects of different gibberellic acid (GA3) doses on a final emergence percentage (FGP) and
b mean germination time (MGT). Bars represent the mean and + standard error of the means of four
replicates. Bars expressed with the same letters aren’t significantly at P<0.05. Where C1 Arisoy
cultivar, C2 Crawford cultivar, C3 Samsoy cultivar.

value (Fig. 1a). It was determined that most appropriate doses of GA3 determined to shorten MGT were
100 ppm (4.16 days), 200 ppm (3 days), 150 ppm (3.99 days) doses in C1, C2, C3 cultivars, respectively.
Applied 200 ppm GA3 dose caused an increase in MGT value of the C3 cultivar. The MGT value of the
C2 cultivar was more decreased when compared to the MGT value of C1 and C3 cultivars at all applied
GAZ3 doses (Fig. 1b). According to the results obtained, in soybean cultivars, seed priming with 100 ppm
dose of gibberellic acid (GA3) increased FGP value while seed priming with 150 ppm and doses of
gibberellic acid (GA3) shortened MGT value. Thus, the germination properties of C1, C2 and C3
soybean cultivars were improved compared to the control. Bir6-Janka et al. (2019) reported that seed
priming with gibberellic acid had a positive effect on the germination of basil varieties. In another study
carried out, seed priming with 0.2 g/L GA3 in Zea mays, Lathyrus sativus and Pisum sativum rised the
FGP value while shorten the MGT value compared to the control (unprimed) treatment (Tsegay and
Andargie, 2018). In a similar way with our study, positive effects of seed priming with different
gibberellic acid (GA3) doses were determined in sorghum (Azadi et al., 2013), sugar beet (Kandil et al.,
2014), peanuts (Rouhi and Sepehri, 2020) and rapeseed (Zhu et al., 2021).

The Gl value of the C1 cultivar is unaffected by the various GA3 treatment dosages. Depending
on the increase in the applied GA3 dose, the GI value of the C2 cultivar increased. The GA3 dose

increasing applied until 150 ppm in the C3 cultivar boosted the Gl value but increasing of the applied
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GAZ3 dose from 150 ppm to 200 ppm caused a decrease of 15.3% in the Gl value. The highest Gl value
was determined in C3 cultivar at 0 (control), 100 ppm and 150 ppm doses of GA3 while that was
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Fig. 2 Effects of different gibberellic acid (GA3) doses on a germination index (GI) and b
germination energy (GE) using four replications. Bars represent the mean and + standard error of
the means of four replicates. Bars expressed with the same letters aren’t significantly at P<0.05.
Where C1 Arisoy cultivar, C2 Crawford cultivar, C3 Samsoy cultivar.

determined in C2 cultivar at 200 ppm dose of GA3 (Fig. 2a). It was determined that The GE value of
soybean cultivars vary between 72-93%. In C1 cultivar, GE value increased at 100 ppm GA3 treatment
dose whereas GE value decreased at 150 ppm and 200 ppm GA3 treatment doses. As proportion of GA3
treatment dose increase, it was observed that GE value of C2 cultivar raised. GE value of C3 cultivar
increased till 150 ppm GAS3 treatment dose however that decreased at 200 ppm GAS3 treatment dose.
Treatment above 100 ppm GA3 dose level in C1 cultivar and 150 ppm GA3 dose level in C3 cultivar
led to a decrease in GE value in both cultivars (Fig. 2b). Kumari et al. (2017) reported that 100 ppm
GAZ3 treatment dose triggered to increase in Gl and GE values of maize plant. In a study conducted in
sunflower plant, it was detected that 150 mg/L GA3 treatment dose increased the GE value (Wahid et
al., 2008). Researchers reported that 100 ppm GA3 dose in wheat (Mohaddes Ardebili et al., 2019), 300
mg/L GA3 dose in rapeseed (Zhu et al., 2021) and 50-100 ppm GA3 doses in soybean (Thongsri et al.,
2021) increased GI values in three plant species. As a result of our examination, the most appropriate
GAZ3 treatment dose was found 100 ppm for GE value, whereas the most appropriate GA3 treatment

dose was found 150 ppm for Gl value.

The highest SVI value between applied GA3 doses was determined at 150 ppm GA3 dose of C3
cultivar while the lowest SVI value was determined in 0 (control) treatment of C2 cultivar. In terms of
SVI value of soybean, applied 150 ppm and 200 ppm GA3 treatment doses led to a decrease in C1
cultivar. In addition, applied 200 ppm GA3 treatment dose led to a decrease in C3 cultivar. According

to SVI value of cultivars, it was determined that 100 ppm GA3 dose is the most ideal for C1 cultivar,
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200 ppm GAS3 dose is the most ideal dose for C2 cultivar and 150 ppm GA3 dose is the most ideal dose
for C3 cultivar (Fig. 3a). Previous studies were demonstrated that 300 ppm GA3 doses in chickpeas
(Mazed et al., 2015), 5 ppm GA3 dose in french beans (Barthwal and Prabha, 2018), and 100 mg/L GA3
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0 (Control) 100 ppm 150 ppm 200 ppm

GA3 doses
Fig. 3 Effects of different gibberellic acid (GA3) doses on a seedling vigor index (SVI) and b
seedling length (SL) using four replications. Bars represent the mean and + standard error of the
means of four replicates. Bars expressed with the same letters aren’t significantly at P<0.05. Where
C1 Arisoy cultivar, C2 Crawford cultivar, C3 Samsoy cultivar
dose in sorghum (Nimir et al., 2020) increased the SVI values of these plant species. When 100 ppm
GAZ3 dose was applied, SL value reached the highest value with 9.6 cm in C1 cultivar but applied the
GA3 dose more than 100 ppm caused a decrease in SL value of C1 cultivar. SL value increased
significantly with 150 ppm GAS3 treatment dose in C2 cultivar. In terms of SL value, there is a similarity
in the effect of 200 ppm GAS3 treatment dose and the effect of 150 ppm GA3 treatment dose in C2
cultivar. The highest SL value in the applied GA3 doses was determined in the C3 cultivar between
examined cultivars. In C3 cultivar, the highest SL value was determined at 150 ppm GA3 dose with
10.6 cm, whereas the lowest SL value was determined in O (control) treatment with 8.8 cm (Fig. 3b).
Seed priming with 100 ppm GA3 dose raised seedling length of cowpea plant (Arun et al., 2017).
Seedling length of crop seeds primed was clearly greater than unprimed seeds (Nawaz et al., 2013). In
C1, C2 and C3 soybean cultivars used in our study, priming with GA3 till a certain dose level increased

the seedling length.

According to the applied GA3 treatment doses, the SFW values of C1, C2 and C3 cultivars varied
between 0.57-0.71 g. The highest SFW value was determined at 200 ppm GA3 dose with 0.71 g in C3
cultivar, while the lowest SFW value was determined at 100 ppm GAS3 dose with 0.57 g in C1 cultivar
(Fig. 4a). The lowest SDW value was determined at 100 ppm GA3 treatment dose with 0.13 g whereas
the highest SDW value was determined at 200 ppm GAS3 treatment dose with 0.19 g in C1 cultivar. The

increase of the ratio of applied GA3 doses led to a decrease in the SDW value of C2 cultivar. SDW value
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of C3 cultivar decreased when 100 ppm dose and 150 ppm GA3 doses apply compared to 0 (control)
treatment. SDW value of C3 cultivar increased to 18.75% at 200 ppm GA3 treatment dose compared to
150 ppm GAS treatment dose (Fig. 4b). Chauhan et al. (2019) reported that seed priming with GA3
increased the seedling fresh and dry weight values in three different oat cultivars, and the highest weight
values were determined from 150 ppm GA3 treatment dose. Kumari et al. (2017) examined that the

effects of halo-priming and hormonal-priming on seedling vigor and seed germination in maize.
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Fig. 4 Effects of different gibberellic acid (GA3) doses on a seedling fresh weight (SFW) and b
seedling dry weight (SDW) using four replications Bars represent the mean and + standard error of
the means of four replicates. Bars expressed with the same letters aren’t significantly at P<0.05.
Where C1 Arisoy cultivar, C2 Crawford cultivar, C3 Samsoy cultivar.

According to result of study, the highest SFW and SDW values were found at 100 ppm GAS3 treatment
dose. Seed priming with 0.2 g/L GA3 dose in maize, peas, and lathyrus (Tsegay and Andargie, 2018)
and seed priming with 150 mg/L GA3 dose in rice (Banerjee and Roychoudhury, 2020) increased the
SFW and SDW values of four plants species compared to the control (unprimed) treatments. The effect
of seed priming with GA3 on the SFW of the C1, C2 and C3 cultivar was not observed in our study.

This situation can be because the soybean plant is genetically different from other plant species.

As a result of the study, seed priming with 100 ppm GA3 increased the FGP, GE, SVI, SL values
of C1, C2 and C3 soybean cultivars. According to statistical results, there were no statistically significant
between the effect of GA3 treatment doses and the SFW value. According to mean value of cultivars,
SDW value decreased at 100 and 150 ppm GA3 doses compared to O (control) dose. Moreover, the
SDW value of 0 control dose and 200 ppm GA3 dose showed a similarity. Therefore, it was determined
that there is no necessary to GA3 treatment for SFW and SDW properties in C1, C2 and C3 soybean
cultivars. In terms of germination characteristics, the effect of GA3 doses showed different results

between cultivars.
CONCLUSION

Seed germination is an important process that affects soybean production. The effects of hormonal
priming can improve seedling development characteristic and field performance of soybean that is an

important legume food. According to obtained results, it was clear that priming improves seed
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germination and seedling growth of soybean. Treatment of 100 ppm dose of gibberellic acid (GA3) in
soybean can positively affect the germination of the seed. Treatment of 150 ppm dose of gibberellic acid
(GA3) can shorten the mean germination time of seeds. However, this study is a laboratory study and

more precise results should be obtained with greenhouse and field experiments.
Acknowledgment

We would like to thank Dr. Erol AYDIN (Black Sea Agricultural Research Institute) and Celal
BAYRAM (Black Sea Agricultural Research Institute) for their contributions to the study.

Additional Statement
Author contrubution rates: The authors contributed equally to the study.

The text confirming adherence to the ethical standards for research and publication: 1JIAAR's

research and publication ethics principles were followed throughout the article's process.

Conflict of interest declaration: There is no potential conflict of interest in this study.

REFERENCES

Abdul-Baki, A. A., & Anderson, J. D. (1970). Viability and Leaching of Sugars from Germinating Barley
1. Crop science, 10(1), 31-34.

Association of Official Seed Analysis (AOSA). (1983). Seed Vigor Testing Handbook. Contribution No. 32
to the handbook on Seed Testing.

Arun, M. N., Bhanuprakash, K., Hebbar, S. S., & Senthivel, T. (2017). Effects of seed priming on biochemical
parameters and seed germination in cowpea [Vigna unguiculata (L.) Walp]. Legume research, 40(3),
562-570.

Azadi, M. S., Tabatabaei, S. A., Younesi, E., Rostami, M. R., & Mombeni, M. (2013). Hormone priming
improves germination characteristics and enzyme activity of sorghum seeds (Sorghum bicolor L.)
under accelerated aging. Cercetari agronomice in Moldova, 46, 49-55.

Bagheri, M. Z. (2014). The effect of maize priming on germination characteristics, catalase and peroxidase
enzyme activity, and total protein content under salt stress. Int J Biosci, 4(2), 104-112.

Banerjee, A., & Roychoudhury, A. (2020). Gibberellic acid-priming promotes fluoride tolerance in a
susceptible indica rice cultivar by regulating the antioxidant and phytohormone homeostasis. Journal
of Plant Growth Regulation, 39(4), 1476-1487.

Barthwal, P., & Prabha, D. (2018). Effect of ageing and hormonal priming on different physiological
attributes on French beans (Phaseolus vulgaris). Advances in Agriculture and Natural Sciences for
Sustainable Agriculture, 5, 76-79.

Biré-Janka, B., Nyaradi, L. 1., Duda, M. M., Demeter, B., & Nagygyorgy, A. (2019). Changes in germination
parameters of seven sweet basil (L.) varieties due to treating with gibberellic and ascorbic acids. Acta
Universitatis Sapientiae, Agriculture and Environment, 11(1), 83-94.

348



Erol & Arslanoglu | Uluslararasi Tarim Arastirmalarinda Yenilik¢i Yaklagimlar Dergisi |
International Journal of Innovative Approaches in Agricultural Research, 2022, Vol. 6 (4), 340-350

Chauhan, A., AbuAmarah, B. A., Kumar, A., Verma, J. S., Ghramh, H. A., Khan, K. A., & Ansari, M. J.
(2019). Influence of gibberellic acid and different salt concentrations on germination percentage and
physiological parameters of oat cultivars. Saudi journal of biological sciences, 26(6), 1298-1304.

Dalil, B. (2014). Response of medicinal plants to seed priming: a review. International Journal of Plant,
Animal and Environmental Sciences, 4(2), 741-745.

Dutta, P. (2018). Seed priming: new vistas and contemporary perspectives. In Advances in seed priming (pp.
3-22). Springer, Singapore.

Ellis, R. H., & Roberts, E. H. (1981). The quantification of ageing and survival in orthodox seeds. Seed Sci.
Technol. 9: 373-4009.

Evenari, M. (1984). Seed physiology: its history from antiquity to the beginning of the 20th century. The
Botanical Review, 50(2), 119-142.

Farooq, M. S. M. A,, Basra, S. M. A., & Hafeez, K. (2006). Seed invigoration by osmohardening in coarse
and fine rice. Seed Science and Technology, 34(1), 181-187.

Ghassemi-Golezani, K., Hosseinzadeh-Mahootchy, A., Zehtab-Salmasi, S., & Tourchi, M. (2012). Improving
field performance of aged chickpea seeds by hydro-priming under water stress. Int. J. Plant Animal
Environ. Sci, 2, 168-176.

Gupta, R., & Chakrabarty, S. K. (2013). Gibberellic acid in plant: still a mystery unresolved. Plant signaling
& behavior, 8(9), e25504.

ISTA. (2004). International Seed Testing Association International rules for seed testing. ISTA, Ziirich, 206.

ISTA. (2007). International Rules for Seed Testing. Edition 2007. International Seed Testing Association.
Bassersdorf, Switzerland.

Kandil, A. A., Sharief, A. E., Abido, W. A. E., & Awed, A. M. (2014). Effect of gibberellic acid on
germination behaviour of sugar beet cultivars under salt stress conditions of Egypt. Sugar Tech, 16(2),
211-221.

Karakurt, H., Aslantas, R., & Esitken, A. (2010). Tohum ¢imlenmesi ve bitki biiylimesi {izerinde etkili olan
cevresel faktorler ve baz1 6n uygulamalar Uludag Universitesi Ziraat Fakiiltesi Dergisi, 24(2), 115-
128.

Kumari, N., Rai, P. K., Bara, B. M., Singh, I., & Rai, K. (2017). Effect of halo priming and hormonal priming
on seed germination and seedling vigour in maize (Zea mays L.) seeds. J. Pharmacogn. Phytochem, 6,
27-30.

Ma, H. Y., Zhao, D. D., Ning, Q. R., Wei, J. P, Li, Y., Wang, M. M, ... & Liang, Z. W. (2018). A multi-year
beneficial effect of seed priming with gibberellic acid-3 (GA3) on plant growth and production in a
perennial grass, Leymus chinensis. Scientific reports, 8(1), 1-9.

Mangena, P. (2020). Effect of hormonal seed priming on germination, growth, yield and biomass allocation
in soybean grown under induced drought stress. Indian Journal of Agricultural Research, 54(5), 592-
598.

Mohaddes Ardebili, Z., Abbaspour, H., Tavakkol Afshari, R., & Nabavi Kalat, S. M. (2019). Evaluation of
Germination and Antioxidant Activity in GA3-Primed Deteriorated Wheat Seed. Russian journal of
plant physiology, 66(6), 958-965.

349



Erol & Arslanoglu | Uluslararasi Tarim Arastirmalarinda Yenilik¢i Yaklagimlar Dergisi |
International Journal of Innovative Approaches in Agricultural Research, 2022, Vol. 6 (4), 340-350

Mazed, H. K., Haque, M. N., Irin, I. J., Ashraful, M., Pulok, I., & Abdullah, A. H. M. (2015). Effect of seed
priming on growth, yield and seed quality of chickpea (BARI chhola-6). International Journal of
Multidisciplinary Research and Development, 2(7), 142-47.

Nawaz, J., Hussain, M., Jabbar, A., Nadeem, G. A., Sajid, M., Subtain, M. U., & Shabbir, 1. (2013). Seed
priming a technique. International Journal of Agriculture and Crop Sciences, 6(20), 1373.

Nimir, N. E. A., Zhou, G., Zhu, G., & lbrahim, M. E. (2020). Response of some sorghum varieties to GA3
concentrations under different salt compositions. Chilean journal of agricultural research, 80(4), 478-
486.

Rahimi, M. M., Zarei, M. A., & Arminian, A. (2011). Selection Criteria of Flax (Linum usitatissimum L.)
for Seed Yield and Yield Components and Biochemical Composition under Various Planting Dates
and Nitrogen. African Journal of Agriculture Research. 6, 3167-3175.

Rhaman, M. S., Rauf, F., Tania, S. S., & Khatun, M. (2020). Seed priming methods: Application in field
crops and future perspectives. Asian J. Res. Crop Sci, 5(2), 8-19.

Rouhi, H. R., & Sepehri, A. (2020). Hormonal priming to overcome drought stress and aging damage in
groundnut seed (Arachis hypogaea L.). Iranian Journal of Plant Physiology, 10(2), 3167-3174.

Ruan, S., Xue, Q., & Tylkowska, K. (2002). The influence of priming on germination of rice Oryza sativa L.
seeds and seedling emergence and performance in flooded soil. Seed Science & Technology. 30 : 61-
67.

Thongsri, K., Teingtham, K., Duangpatra, J., & Romkaew, J. (2021). Effects of brassinosteroids and
gibberellin on water uptake and performance of soya bean seeds under different temperatures. Seed
Science and Technology, 49(2), 141-157.

Tsegay, B. A., & Andargie, M. (2018). Seed priming with gibberellic acid (GA3) alleviates salinity induced
inhibition of germination and seedling growth of Zea mays L., Pisum sativum var. abyssinicum A.
Braun and Lathyrus sativus L. Journal of Crop Science and Biotechnology, 21(3), 261-267.

Wahid, A., Noreen, A., Basra, S. M., Gelani, S., & Faroog, M. (2008). Priming-induced metabolic changes
in sunflower (Helianthus annuus) achenes improve germination and seedling growth. Botanical
Studies, 49(2), 343-350.

Zhu, Z. H., Sami, A., Xu, Q. Q., Wu, L. L., Zheng, W. Y., Chen, Z. P., & Zhou, K. J. (2021).Effects of seed
priming treatments on the germination and development of two rapeseed (Brassica napus L.) varieties
under the co-influence of low temperature and drought. Plos one, 16(9), e0257236.

350



