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The role of salicylic acid (SA) and gibberellic acid (GA3) pre-soaking were examined on stevia (Stevia
rebaudiana) seed germination under NaCl or NaHCOj; stress. A set of seeds was pre-soaked in H;0O,
another set of seeds in 0, 0.1, 0.5, 1.0, 5.0 and 10.0 mM SA and another set in 200 ppm GAj;for 24 h.
Seeds were then placed in Petri-dishes with 5 ml of 0, 50, 100, 200 and 300 mM NaCl or NaHCO3. Under
the highest salinity condition no germination was observed. Seed germination was 65% in H,0, 0, 5 and
1 mM SA, 33% in 5 mM SA, 12, 5% in 10 mM SA, 90% in 200 ppm GA; 44% in 50 mM NacCl, 14% in 100
mM NacCl, 40% in 50 mM NaHCO3;, 11% in 100 mM NaHCOs. The germination velocity was 10.50 in H,O,
6.50 in 1 mM SA, 15.00 in 200 ppm GAj3, 7.00 in 50 mM NaCl, 1.50 in 100 mM NaCl, 5.00 in 50 mM
NaHCO;, 1.00 in 100 mM NaHCOs;. Seed germination and velocity in NaCl was higher than the
corresponding ones in NaHCO3; By pre-soaking in 0.5, 1.0 mM SA the seed germination was as much as
in H,O, while in 5.0, 10.0 mM SA they were less than in H,O. By pre-soaking in all SA concentrations, the
50 or 100 mM NaCl and also in NaHCOg;, this resulted in the reduction of germination in all
combinations, when compared to their respective one in only 50 or 100 mM NaCl. In all SA
concentrations the velocity was lower than the corresponding one in H,O. Highest velocity was
observed in 200 ppm GAs;.
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INTRODUCTION

Stevia (Stevia rebaudiana) is a perennial shrub from the
Asteraceae family, indigenous to the higher elevations of
Northern Paraguay near the Brazilian borders. It is a
sweet herb gaining significance in different parts of the
world. Due to the non-caloric sweeteners extracted from
its leaves, mainly stevioside, this plant has gained
importance as a crop for the pharmaceutical and food
industries. The seeds of stevia show a poor percentage
of viable seeds (Carneiro et al, 1997) and a very low
germination  percentage (Goettemoeller and Ching,
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1999). The propagation through seeds is not adequate,
leading to a very low seed germination percentage
(Taware et al., 2010). Germination rates of stevia seeds
vary greatly (Yadav et al., 2011). In the plant life cycle,
the seed and seedling stages are key developmental
stages conditioning the final yield of crops. Both are very
sensitive to environmental stresses (Bewley and Black,
1994; Koornneef et al., 2002). Germination under saline
conditions is stimulated by applying dormancy-relieving
compounds, which counteract the negative change in
growth regulator balance in seeds when they are
exposed to salt stress (Khan and Gul, 2006). Plant
species differ in their sensitivity or tolerance to salt stress
(Cony and Trione, 1998).

In three wild green vegetables (mediterranean hartwort,



(Tordylium apulum), sorrel, (Rumex acetosa) and
shepherds needle (Scandix pecten-veneris)) a reduction
of the germination percentage was observed with
concentrations of NaCl (Liopa-Tsakalidi, 2010). It has
been demonstrated in different plant species that pre-
treatment with low concentrations of salicylic acid (SA)
enhances tolerance toward most kinds of abiotic stresses
due to an enhanced antioxidant capacity (Horvath et al.,
2007). (SA; 2-hydroxybenzoic acid) is an endogenous
signal molecule, which may play a role in plant responses
to various kinds of stresses (Horvath et al., 2007).
Borsani et al. (2001) demonstrated that SA plays an
important role in determining the sensitivity of plants,
notably at the seedling stage. Among abiotic stresses, SA
has been reported to counter salinity stress (Khodary,
2004; El Tayeb, 2005). Szepesi et al. (2005) show that
SA substantially improved germination vigor under salt
stress conditions with tomato plants.

SA is a phenolic compound naturally occurring in plants
in very low amounts and a natural signaling molecule,
that could be raised to the status of the above
phytohormones because it has significant impact on the
various aspects of the plant life (Hayat and Ahmad, 2007;
Gharib and Hegazi, 2010). SA was also shown to
influence a number of physiological processes, including
seed germination (Raskin, 1992). Several application
methods (soaking seeds in SA prior to sowing, adding SA
to the hydroponic solution, irrigating or spraying with SA
solution) have been shown to protect various plant
species against abiotic stress factors such as salinity (El
Tayeb, 2005; Szepesi et al., 2009) by inducing a wide
range of processes involved in stress tolerance
mechanisms. Rajjou et al. (2006) showed that SA
markedly improved germination under salt stress.
However, there are some conflicting reports on the effect
of SA on seed germination suggesting that this molecule
can inhibit germination (for example, as in maize (Zea
mays) (Guan and Scandalios, 1995)).

Seed pre-soaking in different concentrations of SA
induced significant reduction in germination percentage
(Aldesuquy, 1999). Macchia et al. (2007) also found that
the germination rate of stevia varied over an extensive
range (germination percentage from 9 to 83%), mainly
due to the divergent specific characteristics of the
material examined and the different treatments studied.

GA; is found to play an important part in the
germination process (Ritchie and Gilroy, 1998) through a
multiple regulatory mechanism. The exogenous appli-
cation of GAz; on germination and seedling growth under
salt stress conditions provides an attractive approach to
encounter the effects of salinity. Gibberellins have been
shown to promote many facets of plant growth and
development including germination, and seed develop-
ment (Sun and Gubler, 2004). The aim of the present
work was to study the effect of SA; and GA; on the
germination of stevia to ameliorate the inhibitory effect of
different levels of salinity.
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MATERIALS AND METHODS
Experimental details

Seeds of stevia (S. rebaudiana) plants were used in this study.
Germination experiments were tested using three replications of 25
seeds per each treatment. The dishes were moistened with 5 ml of
distilled water (control) or with an equal quantity of the respective
test solution. The following treatments were designed: (i) H.O
(control), (ii) 50, 100, 200 and 300 ppm GAgssolution (GAs, Sigma),
(i) 0.1, 0.5, 1.0, 5.0, 10.0 mM SA (Serva), (iv) 50, 100, 200 and
300 mM NacCl solution, (v) 50, 100, 200 and 300 mM NaHCOj3
solution. Seeds of stevia were pre-soaked in distilled water, in 200
ppm GAz or in 0.1, 0.5, 1.0, 50 and 10.0 mM SA (Serva),
respectively, for 24 h. After soaking, seeds were placed on 9 cm
sterilized Petri dishes containing double layered Wathman No.1
filter papers moistened with 5 ml of (vi) O (distilled water), 50, 100
200 and 300 mM NaCl and (vii) O (distilled water), 50, 100, 200 and
300 mM NaHCOs and were transferred to a controlled plant growth
chamber under a 16 h photoperiod and 23 + 2°C temperature
regime and 75 * 5% relative humidity (RH). Distilled water, or test
solutions were added to each Petri dish during the experiment as
required. The number of the germinated seeds was recorded every
two days, starting from day 2 after the seeds were initially placed on
Petri dishes. The experiment consisted of three replications.

Data analysis

The germination percentage is an estimate of the viability of seeds.
The equation to calculate the final germination percentage (GP) is:

_ number of germinated seeds

GP x100

number of totalseeds

The germination rate was estimated by using a modified
Timsonsindex of germination velocity = Z(% ;

where G, is the percentage of seeds which germinated after 2 day
intervals and t is the total germination period (Khan and Ungar,
1984). The analysis of the seed germination data of stevia in
different levels of NaCl and NaHCO3; was performed according to
the completely randomized design with three replicates. The means
of the examined traits were ranked according to Duncan’s multiple
range tests and the Post Hoc comparison was used alternatively
with Dunnett and Turkey methods.

RESULTS
NaCl, NaHCOs3, SA and GA; effects on germination

The seed germination observation of stevia lasted 14
days at a temperature of 23°C in a controlled plant
growth chamber (Figure 1). The radicle emergence from
the stevia seeds occurred in day 2 after the seeds were
placed in Petri dishes. Data presented in Figures la and
2a show that salt stress induced by 50, 100, 200 and 300
mM NaCl led to a progressive gradual decrease of the
percentage of germination with increasing the salt
concentration as compared to the control. In this work no
significant effects of 300 mM NaCl and 200 and 300 mM
NaHCO; treatment were observed on stevia seed
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Figure 1. Seed germination time-course of stevia in various NaCl; (A), NaHCOs; (B) SA; (C), and GA; (D),

concentrations.

germination. Treatment of stevia seeds with 200 mM
NaCl concentrations did not produce changes in
germination. However, treatment with 50 and 100 mM
NaCl reduced the seed germination, as being seen in
Figures 1 (A, B) and 2 (A, B). The seed germination of
stevia in the control was 65%.

In the 50 mM NaCl concentration

there was a

significant reduction in the germination (44%) of stevia
when compared to the control, in the 100 mM NacCl
concentration the germination was 14%, while in the
NaHCO; concentrations the germination reduced (41% at
50 mM NaHCOs;, 11% at 100 mM NaHCOg;) (Figure 2A
and B). The response of stevia seeds to the application of
SA at 0.1, 0.5, 1.0, 5.0 and 10.0 mM was determined in
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Figure 2. Seed germination of stevia in various NaCl; (A), NaHCOs. (B), SA; C and GA3 (D) concentrations.

Petri dish experiments. The stevia germination in the
substrate at 0.5, 1.0 mM SA was the same as in the
control, while in the substrates with higher SA
concentrations (5.0 and 10.0 mM) it was significantly
lower than the corresponding one in H,O (Figures 1C and
2C). The seed germination of stevia in all GAs
concentrations (50 to 300 ppm GAj3) was significantly
higher than the corresponding seed germination one in
H,O. The maximum seed germination was observed with
the 24 h GA; soaked period treatment compared to the
other treatments (Figures 1D and 2D). In the low NaCl

(50 mM NaCl) concentration, the Timson Index of
germination velocity was statistically higher (7.00) and in
the high NaCl (100 mM NaCl) concentration and it was
lower (1.50) than the corresponding rate in the control
(20.5). In all substrates with SA, the germination velocity
of stevia was significantly lower than the corresponding
velocity in H,O. The highest Timson Index of the
germination velocity was observed in the 200 ppm GA;
concentrations. The germination velocity in the substrate
with NaCl was higher than the corresponding one in
NaHCO; (Table 1).
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Table 1. Timson Index of germination velocity mean (+ s.e.) of stevia (Stevia rebaudiana) with different NaCl, NaHCO3
concentrations pre-soaked in H,O, SA and GA3; concentrations.

Treatment 50 mM NaCl 100 mM NaCl 50 mM NaHCO3; 100 mM NaHCO3
H>O 10.50+0.07 7.00+£0.07 1.50+0.07 5.00+0.07 1.00+0.07
0.1 mMSA + 4.00+0.07 1.50+£0.07 2.00+0.07 3.50+0.07 0.50+0.07
0.5mM SA + 5.00+0.07 2.50+£0.07 1.50+0.07 1.50+0.07 0.00+0.07
1mMSA + 6.50+£0.07 3.00+0.07 0.50+0.07 1.00£0.07 0.50+0.07
5mM SA + 0.50+0.07 0.50+0.07 1.00+0.07 0.00+0.07 0.50+0.07
10 mM SA + 0.50+0.07 0.00+0.07 0.00+0.07 0.50+0.07 0.00+0.07
200 ppm GAs + 15.00+0.07 4.50%0.07 2.50+£0.07 11.00+0.07 2.00+0.07

NaCl and NaHCO; effects on seed germination in SA
and GA; pre-soaking

Pre-soaking of stevia seeds in SA for 24 h in the 50 and
100 mM NacCl substrates and also in the 50 and 100 mM
NaHCOg, respectively, resulted in the reduction of seed
germination in all combinations, when compared to their
respective one in only 50 and 100 mM NacCl after pre-
soaking in water for 24 h (Figure 3). The only exceptions
with higher seed germination percentages were in the 0.1
mM SA + 100 mM NaCl, 0.1 mM SA + 100 mM NaHCO;
and 5 mM SA + 100 mM NaHCOj; substrates (Figure 3B
and D). The germination velocity in the 50 and 100 mM
NaCl substrates with seeds pre-soaked in water was
higher than the corresponding ones in the 50 and 100
mM NaHCO; substrates, respectively (Table 1). The
NaCl or NaHCO; substrates with pre-soaking in SA
resulted in the reduction of stevia germination velocity in
all combinations when compared to their respective
germination velocity in H,O or only NaCl, or only NaHCO;
(Table 1). The seeds soaked in 200 ppm GAs; overcame
the effect of salt stress and improved the germination
percentage only in the low concentration of NaCl (50 mM
NaCl + 200 ppm GAs3) (Figure 4A). In the low
concentration of 50 mM NaHCO; the pre-soaked stevia
seeds with 200 ppm GA; and 200 mM NacCl
concentrations did not produce important changes in
germination, compared to H,O (Figure 4B).

DISCUSSION

Stevia has quite a low germination rate and salinity is an
important factor of environmental stress which prevents
seed germination. There is lack of knowledge about the
reaction of stevia to salinity. This paper has shown that
the germination percentage of the seeds reduced in the
presence of NaCl and NaHCO; at the temperature of
23°C, as the increase in NaCl or NaHCO; concentrations
gradually decreased the seed germination in stevia. Seed
germination decreased significantly with the increasing
salinity and stevia can therefore be considered as a salt-

sensitive plant. Knowing its reaction to salinity, which is
an increasingly severe agricultural problem, will contribute
to the agricultural practice. The pre-soaking with SA of
stevia seeds with 0.5 and 1 mM SA concentrations did
not produce important changes to germination. However,
treatment with 5 and 10 mM SA reduced germination.
The present study indicated that the SA pre-soaking in
the 50 and 100 mM NaCl or NaHCO; substrates resulted
in the reduction of stevia germination. These results are
in keeping with those of Guan and Scandalios (1995),
showing that SA inhibits germination in maize. But the
results of this study are not in agreement with the results
of Shakirova et al. (2003), McCue et al. (2000) and
Rajjou et al. (2006), who reported that SA markedly
improved germination under salt stress.

The relations between the SA addition and stevia seed
germination are obviously complex and hard to assess.
The aim of this work was to determine whether the pre-
soaking with SA concentrations and after imposition of
NaCl or NaHCO; concentrations, improved the response
of stevia to this stress. Seed germination is known to be
regulated by exogenous hormones. This investigation
with growth regulators will help determining which
concentration of GAg is suitable for the seed germination
of stevia. In this study, the maximum germination
percentage with pre-soaking was recorded with 200 ppm
GAs, which is in agreement with those obtained by Darra
and Saxena (1971), Jagadish et al. (1994), Aoyma et al.
(1996), and Asrar (2011), who stated higher germination
in pre-soaking with 200 ppm GAs;. Observations in the
present study showed that salt stress affected seed
germination of stevia. Seed germination was significantly
reduced against NaCl and NaHCOs; concentrations.
Consequently, these results strengthened the role of
NaCl and NaHCO; as stress factors, and also the
susceptibility of stevia to salinity. Seed pre-soaking in SA
negatively affected the response of stevia seed
germination to NaCl or NaHCO; concentrations. In all
concentration combinations of NaCl or NaHCO; the pre-
soaking in 200 ppm GA; resulted in the reduction of
germination. Overall, pre-soaking with GAz could not be
an approach to improve the response of stevia
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germination to salinity.

ACKNOWLEDGEMENTS

This research was supported by the Technological
Educational Institute of Messolonghi, Mesolonghi,
Greece. We are indebted to Mr. llia Ntzanis from
Tobacco Research Station of Agrinio, National
Agricultural Research Foundation (N.AG.RE.F.), Greece,
for the stevia seeds gifted.

REFERENCES

Aldesuquy HS (1999). Regulating effect of salicylic acid on germination
of Lupinus termis seedlings. Acta Bot. Hung., 42: 15-27.

Aoyma EM, Ono EO, Furlan MR (1996). Germination study of lavender
seeds (Lavandula angustifolia Mill.). Sci. Agric., 539: 267-272.

Asrar AA (2011). Seed Germination Induction of Hommaidh (Rumex
vesicarius L.) by Gibberellic Acid and Temperature Applications. Am-
Eurasian J. Agric. Environ. Sci., 10: 310-317.

Bewley JD, Black M (1994). Seeds. Physiology of development and
germination. second ed. Plenum Press, New York, London.

Borsani O, Valpuesta V, Botella MA (2001). Evidence for a role of
salicylic acid in the oxidative damage generated by NaCl and osmotic
stress in Arabidopsis seedlings. Plant Phys., 126: 1024-1030.

Carneiro JWP, Muniz AS, Guedes TA (1997). Greenhouse bedding
plant production of Stevia rebaudiana (Bert) Bertoni. Can. J. Plant
Sci., 77: 473-474.

Cony MA, Trione SO (1998). Inter- and intraspecific variability in
Prosopis flexuosa and P. chilensis: seed germination under salt and
moisture stress. J. Arid. Environ., 40: 307-317.

Darra BL, Saxena SN (1971). Effect of gibberellic acid pre-soaking seed
treatment at different salinity regimes on germination, growth and
yield attributes of hybrid maize (Ganga-3). Indian J. Agron., 16: 46-
49.

El Tayeb MA (2005). Response of barley grains to the interactive effect
of salinity and salicylic acid. Plant Growth Reg., 45: 215-224.

Gharib FA, Hegazi AZ (2010). Salicylic Acid Ameliorates Germination,
Seedling Growth, Phytohormone and Enzymes Activity in Bean
(Phaseolus vulgaris L.) under Cold Stress. J. Am. Sci., 6: 1-6.

Goettemoeller J, Ching A (1999). Seed germination in Stevia
rebaudiana, in: Janick J, (Eds.), Perspectives on new crops and new
uses. ASHS Press, Alexandria, VA, pp. 510-511.

Guan L, Scandalios JG (1995). Developmentally related responses of
maize catalase genes to salicylic acid. Proc. Natl Acad. Sci. U.S.A.,
92: 5930-5934.

Hayat S, Ahmad A (2007). Salicilic acid: A plant hormone.
SSpringer(Ed). P. 401.

Horvath E, Szalai G, Janda T (2007). Induction of abiotic stress
tolerance by salicylic acid signaling. J. Plant Growth Reg., 26: 290-
300.

Jagadish GV, Prasanna KPR, Ranganathaiah KG (1994). Influence of
storage conditions and containers on seed storability in onion (Allium
cepa L.). Seed Technol. News, 24: 15.

Khan MA, Gul B (2006). Halophyte seed germination. In: Eco-
physiology of High Salinity Tolerant Plant. (Eds.): M.A. Khan & D.J.
Weber. pp. 11-30. Netherlands, Springer Publication.

Khan MA, Ungar IA (1984). The effect of salinity and temperature on the
germination of polymorphic seeds and growth of Atriplex triangularis
Wild. Am. J. Bot., 71: 481-489.

Khodary SFA (2004). Effect of salicylic acid on the growth,



photosynthesis and carbohydrate metabolism in salt-stressed maize
plants. Int. J. Agric. Biol., 6: 5-8.

Koornneef M, Bentsink L, Hilhorst H (2002). Seed dormancy and
germination. Curr. Opin. Plant Biol., 5: 33-36.

Liopa-Tsakalidi A (2010). Germination and seedling growth of wild
green vegetables under salinity and temperature conditions. J. Food
Agric. Environ., 8: 1102-1107.

Macchia M, Andolfi L, Ceccarini L, Angelini LG (2007). Effects of
Temperature, Light and Pre-Chilling on Seed Germination of Stevia
rebaudiana (Bertoni) Bertoni Accessions. Ital. J. Agron., 2: 55-62.

McCue P, Zheng Z, Pinkham JL, Shetty K (2000) A model for enhanced
pea seedling vigor following low pH and salicylic acid treatments.
Proc. Biochem., 35: 603-613.

Rajjou L, Belghazu M, Huget R, Robin C, Moreau A, Job C, Job D
(2006). Proteomic investigation of the effect of salicylic acid on
Arabidopsis seed germination and establishment of early defense
mechanisms. Plant Physiol., 141: 910-923.

Raskin | (1992). The role of salicylic acid in plants. Ann. Rev. Plant
Physiol. Plant Mol. Biol., 43: 439-463.

Ritchie S, Gilroy S (1998). Gibberellins, regulating genes and
germination. New Phytol., 140: 363-383.

Shakirova FM, Sakhabutdinova AR, Bezrukova MV, Fatkhutdinova RA,
Fatkhutdinova DR (2003) Changes in the hormonal status of wheat
seedlings induced by salicylic acid and salinity. Plant Sci., 164: 317-
322.

Sun TP, Gubler F (2004). Molecular mechanism of gibberellin signaling
in plants. Ann. Rev. Plant Biol., 55: 197-223.

Liopa-Tsakalidi et al. 423

Szepesi A, Csiszar J, Bajkan S, Gémes K, Horvath F (2005). Role of
Salicylic acid pre-treatment on the acclimation of tomato plants to
salt- and osmotic stress. Acta Biol. Szeged, 49: 123-125.

Szepesi A, Csiszar J, Gemes K, Horvath E, Horvath F, Simon ML, Tari |
(2009). Salicylic acid improves acclimation to salt stress by
stimulating abscisic aldehyde oxidase activity and abscisic acid
accumulation, and increases Na+ content in leaves without toxicity
symptoms in Solanum lycopersicum L. J. Plant Physiol., 166: 917-
928.

Taware AS, Harke SN, Mukadam DS, Chavan AM, Taware SD (2010).
Effect of different extracts of callus and plantlets of Stevia rebaudiana
(Bertoni) on seed germination of some agricultural crops. Afr. J.
Biotechnol., 9: 6675-6683.

Yadav AK, Singh S, Dayani D, Ahuja PS (2011). A review on the
improvement of stevia Stevia rebaudiana (Bertoni). Can. J. Plant Sci.,
91: 1-27.



