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Abstract: The effects of the exogenous application of salicylic acid (SA) on the germinating response of
durum wheat seeds (Triticum durum, Desf.) were studied under salt stress conditions. In this study, an assay
was conducted on a group (SA) composed of seeds treated with 0.04 mM SA, a second group (NacCl)
treated with 120 mM NacCl and another group (SA / NaCl), pretreated by SA and submitted at a salt stress. In
the control group (C) we use only distilled water. The measured parameters are the Germinating Capacity
(GC), the Daily Average of Germination (ADG), the Kinetic of Germination (KG), the Germination Rate (t50),
the Mobilization of Reserves during germination, represented by the Residual Dry Matter (RDM), the Proline
and Glutathione (GSH) content. The results show that GC is not affected by the addition of (SA) and in the
group pretreated by SA and subjected to salt stress (SA / NaCl). At the same time, the application of NaCl
(120 mM) greatly reduces GC. NaCl decreases the germination rate and inhibits the process of mobilization
of reserves while decreasing ADG compared to SA and SA / NaCl group. A significant increase in the level
of proline is recorded (300%) in the group (NaCl) contrary to the rates obtained after pretreatment with SA
and which are similar to those obtained in the group C. Finally, the variations observed with GSH in the
presence of SA, highlight an important link between the role of this compound as an antioxidant and the

tolerance of seeds to salt stress (NaCl).
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INTRODUCTION

The increase in the world's population requires ever
greater production of agricultural products such as
wheat. Among the most important factors affecting
wheat production is salinity. Indeed, this phenomenon
is a limiting environmental factor for agricultural
production and is directly related to its intensity
(Wilson, and Zeng, 2005). At the same time, the water
needed for agriculture is scarce because of the ever-
increasing demand of the urban population (Zeng,
2004, Walia, Wilson and Close, 2005). Thus, salinity is
a limiting factor in crop production (Ghassemi et al.,
1995, Silveira et al., 2001, More et al., 2004, Khan and
Panda 2008), and these adverse effects on plant growth
constitute an important axis of major research, they
express themselves through a certain number of
parameters such as the osmotic potential, the
nutritional balance, or the stress generated by certain
ions (salt stress). In this case, the ions tend to
accumulate in the soil and then pass inside the cells
(Hasegawa et al., 2000), where depending on their
level of accumulation, they can reach toxic levels
responsible for metabolic disturbances (Munns, 2002).
At the same time, Salicylic Acid (SA) plays an
important role in plant protection during abiotic stress,
as is the case in wheat (Shakirova and Bezrukova 1997,
Sakhabutdinova et al., 2003) and various stresses
(Singh and Usha, 2003, Gunes et al., 2007, Dat et al.,
1998, Rao and Davis, 1999, Bouchelaghem et al.,
2011, Alayat et al., 2014). In tomato, the addition of
0.5 mM SA stimulates the germination percentage

(Rao and Davis, 1999). SA is a chemical messenger
whose role in defense mechanisms is well understood
(Klessing and Malamy, 1994). The present work
investigates the effect of pretreatment by low
concentrations of SA on the biochemical changes
observed in T. durum, such as GC, GS, ADG, KG, GR,
RDM, content of Proline and Glutathione under salt
stress.

MATERIALS AND METHODS

Seed cultivation and treatments: Wheat seeds are
provided from the OAIC (Algerian Inter-professional
Cereals Office), Annaba, Algeria. The wheat seeds
(Triticum durum Desf) are first washed with distilled
water and then disinfected by passing in sodium
hypochlorite solution (1%) for 10 min. The sterilized
seeds thus are germinated in Petri dishes (10 c¢m in
diameter, with 10 seeds per dish) and placed in a
controlled climate chamber set at a temperature of
25°C and a relative humidity of 85% for 48 hours. The
seeds are sprayed with 20 ml of solutions whose
composition is as follows: (C): Water-treated controls,
(NaCl): treated with 120 mM NaCl,  (SA): treated
with 0.04 mM Salicylic Acid, (SA/NaCl): treated with
the 0.04 mM Salicylic Acid (SA) + 120 mM NaCl.
Germination is considered positive when the radicle
reaches a length of 5 mm (Kaur et al., 1998).

The measured parameters are:

- Germination Capacity (GC): expressed as the ratio
of the number of germinated seeds to the total number
of seeds per Petri dish.
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- Average Daily of Germination (ADG): Expressed
by the ratio of the Percentage of Final Germination on
the corresponding number of days (Osborne et al.,
1993).

- Kinetics of Germination (KG): Expressed by
monitoring germination at times. The number of
germinated seeds is noted at 12; 24; 36; 48; 60; 72; 84
and 96 hours after the start of the experiment.

- The germination rate t50, (GR): This expressed
the germination energy responsible for the depletion of
seed reserves. The germination speed is estimated by
the mean time (t50) which represents the germination
of 50% of the total number of seeds (Lang, 1965).

- Mobilization of Reserves during Germination
(RDM): it corresponds to the nutritional contribution
during the growth of the pellet during the early stages
of its development. It is estimated by the content of the
Residual Dry Matter (RDM) of the seed after a
germination of 4 days.

- Proline: The determination of proline is carried
out by homogenizing 0.5 g of fresh tissue in 5 ml of
3% solution of sulfosalicylic acid. The homogenate is
centrifuged for 10 min x 5000 rpm. The proline content
is determined by the change in absorbance at 520 nm
(Khalid et al., 2001). The standard curve is made with
pure proline.

<

- Glutathione (GSH): The assay is carried out
following extraction of the non-protein thiols by
homogenizing 0.3 g of tissues in 1.5 ml of 0.1 N HCI
solution. The mixture is then centrifuged for 30 min x
1500 rpm. The supernatant is used for the
determination of glutathione by spectrophotometry at
412 nm. (Mwale et al., 2003).

RESULTS

Effects of SA on the Germinative Capacity and
Average Daily Germination of wheat seeds subjected
to salt stress:

It is found (Figure 1) that the germination of seeds
treated with NaCl (120 mM) is strongly affected, in
fact, there is a reduction of the GC of nearly 70%
compared to control seeds. The SA treatment increases
the GC of the seeds which slightly exceeds the rate
observed in the control seeds. In seeds under stress
conditions (120 mM NaCl), pretreatment with SA
prevents the inhibition of GC observed following salt
stress. At the same time, the figure shows that the ADG
of seeds under salt stress is the lowest (9%) (compared
to controls). SA treatment causes stimulation of ADG
whose values match those obtained in control seeds.
Pretreatment by SA of seeds under salt stress stopped
the effect previously observed in the presence of NaCl.
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Fig. 1. Effect of salicylic acid pre-treatment on the Capacity and Average Daily Germination (GC and ADG) during

seedlings development of T. durum.

Control: without treatment, NaCl: Treated with 120mM NacCl, SA: Treated with 0.04 mM SA and SA/NaCl: Treated with

0.04 mM SA and then in 120 mM NacCl.

2. Effects of SA on kinetic of germination of wheat
seeds subjected to salt stress: In Figure 2, we have

shown the effects of SA on the Kinetic of Germination
of wheat seeds subjected to salt stress.
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Fig. 2. Effect of salicylic acid pre-treatment on the Kinetic of Seed Germination (KG) of T. durum.
Control: without treatment, NaCl: Treated with 120mM NacCl, SA: Treated with 0.04 mM SA and SA/NaCl: Treated with

0.04 mM SA and then in 120 mM NacCl.

Germination Rate Evolution of wheat seeds over
time and according to the different conditions makes it
possible to distinguish first a slow primary step during
which the first wheat seeds will appear. This stage is
prolonged (up to 96 h) with a very low germination
rate for seeds under salt stress (NaCl). However, this
phase is short in the control seeds (approximately 24 h,
witnesses). A second linear step is then observed for
the control seeds, those treated with SA and the seeds
pretreated with SA and subjected to salt stress (SA /
NaCl).

Finally, we observe a terminal stage with a maximum
phase expressing the final germination rate (the
highest). Thus, it is found that the germination of
control seeds, those treated by SA and those pretreated
by SA and subjected to salt stress (NaCl) is the fastest
and that corresponding to the seeds subjected only to
salt stress is the most important slow.

3. Effects of SA on the germination rate of wheat
seeds subjected to salt stress: In Table 1, we have
shown the effects of SA on the Rate of Germination of
wheat seeds subjected to salt stress.

Table 1.
Effect of salicylic acid pre-treatment on the Rate of Seeds Germination (t50 in days) of T. durum
Conditions Day 3 Day 5 Day 7 Day 9
Control 1,8 4.5 7,3 8,8
SA 2,4 6,8 9,9 14,2
NaCl 0,4 1,1 3,2 4,2
SA/NaCl 2 54 8,2 9,1

Control: without treatment, NaCl: Treated with 120mM NaCl, SA: Treated with 0.04 mM SA and SA/NaCl: Treated with

0.04 mM SA and then in 120 mM NacCl.

This parameter is expressed by the t50 which means
the mean time corresponding to the germination of
50% of the total seeds. In this table, it can be seen that
the recorded values of t50 are identical for control
seeds and those treated with SA. A slight decrease is
obtained in SA / NaCl seeds on day 3. The same
evolution is observed for days 5, 7 and 9 with,

however, larger deviations as a function of time. So if
the salt stress slows the t50, contrary the pretreatment
by SA tends to stimulate it.

4. Effects of SA on the mobilization of reserves of
wheat seeds subjected to salt stress: The effects of SA
on the evolution of the mobilization of salt-stressed
wheat seeds reserves are reported in Table 2.

Table 2.
Effect of salicylic acid pre-treatment on the Residual Dry Matter of Seeds (mg) of T. durum
Conditions Day 3 Day 5 Day 7 Day 9
Control 17,3 19 22,6 25
SA 15,3 16,1 17,9 18,6
NaCl 101 115 125 131
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| SAINaCI | 56 | 61 | 64 | 72 |
Control: Without treatment, NaCl: Treated with 120mM NaCl, SA: Treated with 0.04 mM SA and SA/NaCl: Treated with
0.04 mM SA and then in 120 mM NacCl.

This stage constitutes a primordial phase in the
germinating process. Table 2 shows the effects of SA
on wheat seeds subjected to salt stress and expressed as
variations in Residual Dry Matter mass (RDM). It is 5. Effects of SA on the average proline and
found that the RDM is low and stable in control seeds glutathione levels in wheat seeds subjected to salt
and those treated by SA as a function of time. RDM stress:
increases considerably in the presence of NaCl, which Figure 3 shows the changes in the effects of SA on
reflects a reducing effect on the mobilization of the average levels of proline and glutathione in wheat
reserves. This is observed for all the experiment times. seeds subjected to salt stress.

The pretreatment with SA gives average RDM values
between 56 and 72mg and thus contributes to lifting the
depressive effect observed in the presence of salt stress.
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Fig. 3. Effect of salicylic acid pre-treatment on the proline content and the glutathione content (ug/g FW) during seedlings
development of T. durum (Day 9).
Control: Without treatment, NaCl: Treated with 120mM NaCl, SA: Treated with 0.04 mM SA and SA/NaCl: Treated with

0.04 mM SA and then in 120 mM NacCl.

The seeds under salt stress (NaCl) have a proline
level approximately 3 times higher than that of the
control seeds. Treatment with SA slightly affects the
level of proline which remains similar to that recorded
in the control seeds. In pretreated SA seeds subjected
to salt stress, there is an average (50%) increase in
proline from 6.2 to 9ug / g FW. The reduced
glutathione content is lower in seeds under salt stress
(NaCl) than in control seeds (40%). SA treatment
increases the glutathione content by up to 45%
compared to stressed seeds (NaCl) and slightly
compared to control seeds. However, in SA pre-treated
seeds subjected to salt stress, the glutathione values
obtained showed a significant increase compared to
control seeds treated with SA (300%). The set of
variations recorded with this parameter (GSH)
demonstrates the implication of this product in the
behavior of the wheat seed with respect to salt stress.

DISCUSSION
Many studies carried out at the germination stage
highlight the important role played by the SA during
various biotic stresses (Borsani et al., 2001, Dat et al.,
1998, Rao et al., 1999). During germination, the
osmolarity of the medium controls the exit of the
radicle while the mobilization of the reserves controls
the growth of the seedling (Gomes et al., 1983). In this
way, all the results reported in the literature indicated

the harmful effect of NaCl on the germination of many
seed varieties (Wheat, Barley, Castor, Watermelon,
Acacia, (Allagui et al.,, 1994, Ben Naceur, 2001,
Raghavaiah et al., 2006, Askri et al. , 2007, Hajlaoui et
al., 2007, Ndour and Danthu, 1998, Jaouadi et al.,
2010). Our work was carried out in order to follow the
behavior of wheat seeds pretreated with low
concentrations of SA during salt stress caused by
treatment with NaCl. The effect of sodium chloride
concentration (120 mM) on seed germination shows
that germination capacity and germination rate is
strongly affected by salt (from 83.2% for controls to
21.1% for seeds treated with 120mM NacCl). The
studies of (Khalid et al., 2001, Mwale et al., 2003,
Okcu et al., 2005) shows that the observed reduction in
germination percentage is due to the effect of external
osmotic pressure, which constitutes, on the one hand,
an obstacle limiting the absorption of water and, on the
other hand, an accumulation of Na+ and Cl- in the
embryo. This situation generates an inhibitory toxicity
of the germinating process which causes the death of
the embryo. Oner and Kirli, (2018) showed that Dry
coleoptile and radicle weights and lengths decreased
with increasing salt concentrations in Triticum
aestivum. Results obtained by ALMANSOURI et al.,
(1999) and Ouhaddach et al., 2019, noted that stress
imposition induced a decrease in relative growth rates,
K concentrations, and leaf osmotic potential values, as
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well as an increase in Na, proline and soluble sugar
contents.

Pretreatment with SA increases GC, KG and t50.
The decrease observed in the germination process
accompanied by the variation of the ADG is directly
related to the different regulatory processes activated
by the seeds to regulate the excessive osmolarity of the
medium; this result confirms the one reported in the
work of Bliss et al., (1986). The values obtained in
RDM can be explained in two ways: either an
inhibition by the action of the salt on the enzymatic
amylase activity (Gal et al., 2004, Gones et al., 1983),
or by a direct action on the transport of energetic
materials (starch) to the embryo. Pretreatment by SA in
the presence of salt stress tends to increase the averages
of the observed value of RDM. Szepesi et al. (2005)
show that the addition of SA increases the water
content and water potential in tomato. Sakhabutdinova
et al., (2003) shows that SA reduces the accumulation
of ABA which causes a stimulation of the germinating
process. The proline contents (osmopolyte) obtained in
the study can be explained by the fact that the
pretreatment with SA does not seem to affect the seeds
because of their similar status to that of the control
seeds (absence of lesions and damages which generates
the proline stimulation), (Hare et al., 1998). The
variation of the glutathione content, particularly in SA-
pretreated seeds subjected to salt stress, highlights the
role played by this potent antioxidant during salt stress
by its implication in triggering a detoxification
mechanism that improves adaptation of seeds to stress
through the increase of their antioxidant capacities and
their resistance (detoxification) to the ROS generated
during salt stress (Bellaire et al., 2000). Thus
pretreatment with SA tends to stimulate an important
synthesis of GSH which substantially reduces the
importance of degradation caused by salt stress.
Pirasteh-Anosheh et al., (2014) and recent work of
Mohammadi et al., (2019) confirms that Salicylic-acid—
induced recovery ability in salt-stressed wheat plants.
Our results have shown, on the one hand, the osmotic
and / or toxic action of NaCl and, on the other hand,
the repairing action of SA. In this way, several other
potentials aspects of SA, such as the structure,
absorption, mode of action and mechanism, need to be
explored.

CONCLUSION

The results obtained in our study indicate that SA
strongly contributed to the protection of wheat seeds
following salt stress. This is supported by perturbations
observed in physiological and biochemical parameters
(GC, ADG, KG, ADM, Proline, and GSH). Moreover,
our results suggest that SA pretreatment could induce
some mechanisms involved in the resistance and / or
adaptive responses of seeds.

AUTHORS CONTRIBUTIONS

Part 1 — Stress tolerance, including conceptualization,
methodology, data validation, data processing,
preparation of the initial project, data collection,
writing, and revision: Berrebbah H., Djebar M. R.

Part 2 — Exogenous acetyl salicylic acid, including
conceptualization, methodology, data validation, data
processing, preparation of the initial project, data
collection, writing, and revision; Djebar A.

FUNDING
The authors state that this research has received no
external funding.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
personal or professional interest.

REFERENCES

Alayat A., Souiki L., Grara N., Boumedris Z .,
Benosmane S., Amamra R., Djebar M. R., and
Berrebbah H., Effects of Cadmium on Water
Content, Soluble Protein, Proline Changes and
Some Antioxidant Enzymes in Wheat (Triticum
durum desf) Leaves. Annual Research &
Review in Biology, 4(24), 3835-3847, 2014.

Allagui M.B., Andreotti V.C. and Cuartero J.,
Détermination de critéres de sélection pour la
tolérance de la tomate a la salinitt. A la
germination et au stade plantule. Ann. INRAT,
67, 45-65, 1994,

Almansouri M., KINET J. M., and Lutts S., Compared
Effects of Sudden and Progressive Impositions
of Salt Stress in Three Durum Wheat (Triticum
durum Desf.) Cultivars. J. Plant Physiol, 154,
743-752, 1999.

Askri H., Rejeb S., Jebari H., Nahdi H., Rejeb M.N.,
Effet du chlorure de sodium sur la germination
des graines de trois variétés de pastéque
(Citrullus lanatus L.). Sécheresse, 18, (1), 51-
55, 2007.

Bellaire, B. A., J. Carmody, J. Braud, D. R. Gosset,
S.W. Banks and M. Cran Lucas, Involvement of
abscisic  acid-dependent and independent
pathways in the up-regulation of antioxidant
enzyme activity during NaCl stress in cotton
callus tissue. Free Rad. Res., 33, 531-545, 2000.

Bliss R. D., Platt-Aloria K. A. and Thomson W.W.,
Osmotic sensitivity in relation to sensitivity in
germination barley seeds. Plant Cell and Env. 9,
721-725, 1986.

Ben Naceur M., Rahmoune C., Sdiri H., Meddahi
M..L, Selmi M., Effet du stress salin sur la
germination, la croissance et la production en
grains de quelques variétés maghrébines de blé.
Sécheresse, 12, (3), 167-74, 2001.

Borsani, O., V. Valpuesta and M. A. Botella, Evidence
for a role of salicylic acid in the oxidative
damage generated by NaCl and osmatic stress in
Arabidopsis seedlings. Plant Physiol., 126,
1024-1030, 2001.

Dat, J. F., Lopez-Delgado H., Foyer C.H. and I. M.
Scott, Parallel changes in H202 and catalase
during thermo-tolerance induced by salicylic
acid or heat acclimation in mustard seedlings.
Plant Physiol., 116, 1351-1357., 1998.

Gal T., Shahal A., Uzi K. and Ewald S., Influence of
nitrate and sodium chloride on concentration

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 30, issue 1, 2020, pp. 6 - 12

© 2020 Vasile Goldis University Press (www.studiauniversitatis.ro)

10



Djebar A., Berrebbah H., Djebar M. R.

and internal distribution of mineral elements in
broad bean (Vicia faba L.) and chickpea (Cicer
arietinum L.). Landbauforschung Volkenrode,
4,54, 189-197, 2004.

Ghassemi F., Jakeman A. J., Nix H.A., Salinization of
land and water resources. CAB International,
Wallingford, 1995.

Gomes F.E., Prisco J.T., Campos F.A.P. and Filho E.J.,
Effects of NaCl salinity in vivo and in vitro
ribonuclease activity of Vigna unguiculata
cotyledons during germination. Plant Physiol.
59, 183-188, 1983.

Groome M.C., Axler S. and Gfford D.J., 1991:
Hydrolysis of lipid and protein reserves in
lobolly pine seeds in relation to protein
electrophoretic patterns following imbibition.
Physiol. Plant, 83, 99-106, 1991.

Gunes A., Inal A., Alpaslan M., Eraslan F., Bagci E.G.,
Cicek N., Salicylic acid induced changes on
some physiological parameters symptomatic for
oxidative stress and mineral nutrition in maize
(Zea mays L.) grown under salinity. J. Plant
Physiol., 164, 728-736, 2007.

Hajlaoui H., Denden M., Bouslama M., Etude de la
variabilité intraspécifique de tolérance au stress
salin du pois chiche (Cicer arietinum L.) au
stade germination. Tropicultura, 25,(3), 168-
17342, 2007.

Hare, P.D., W.A. Cress and J. Van Staden, Dissecting
the role of osmolyte accumulation during stress.
Plant Cell Environ., 21, 535-553, 1998.

Hasegawa P.M., Bressan R.A., Jhu J.K., Bohnert H.J.,
Plant cellular and molecular responses to high
salinity. Annu. Rev. Plant Physiol. Plant. Mol.
Biol., 51, 463-499, 2000.

Jaouadi W., Hamrouni L., Souayeh N., Larbi M.K,,
Etude de la germination des graines d’Acacia
tortilis sous différentes contraintes abiotiques.
Biotechnol. Agron. Soc. Environ., 14(4): 643-
652, 2010.

Kaur S., Gupta A.K., Kaur N., Gibberellic acid and
kinetin partially reverse the effect of water
stress on germination and seedling growth in
chickpea. Plant Growth Regulation, 25: 2933,
1998.

Khalid M.N., Igbal H.F., Tahir A. and Ahmad A.N,,
Germination potential of chickpeas (Cicer
arietinum L.) under saline conditions. Pakistan
Journal of Biological Sciences, 4, 395-396,
2001.

Khan M.H., Panda S.K., Alterations in root lipid
peroxidation and antioxidative responses in two
rice cultivars under NaCl-salinity stress. Acta
Physiol. Plant., 30, 81-89, 2008.

Klessing D.F., Malamy J., The salicylic acid signal in
plants. Plant Mol. Biol., 26, 1439-1458, 1994.

Lang A., Effects of some internal and external
conditions on seed germination. Handb. der
Pflanzenphysiol.15, 2, 848-893, 1965.

Mohammadi M., Chaichi M. R. and Safikhani S.,
Salicylic acid application alleviates the salt
stress effects in Wheat. International Journal of

<
Development Research, 09 (1), 24976-24981,
20109.

More S.D., Hangarge D.S., Raghavaiah C.V., Joshi
B.M., Performance of different safflower,
Carthamus tinctorious L. genotypes with varied
soil salinity levels. J Oilseeds Res 21:196-197,
2004.

Munns R., Comparative physiology of salt and water
stress. Plant Cell. Environ. 25, 239-250, 2000.

Mwale S.S., Hamusimbi C. and Mwansa K., 2003:
Germination, emergence and growth of
sunflower (Helianthus annuus L.) in response to
osmotic seed priming. Seed Sci. and Technol.
31, 199-206.

Ndour P., Danthu P., Effets des Contraintes Hydrique
et Saline sur la Germination de Quelques
Acacias Africains. L’Acacia au Sénégal.
ORSTOM Editions: Paris; 105-122, 1998.

Oke¢u G., Kaya M.D. and Atak M., Effects of salt and
drought stresses on germination and seedling
growth of pea (Pisum sativum L.). Turk J. Agric
For. 29, 237-242, 2005.

Oner F. and Kirli A., Effects of salt stress on
germination and seedling growth of different
bread wheat (Triticum aestivum L.) cultivars.
Akademik Ziraat Dergisi, 7(2), 191-196, 2018.

Osborne J.M., Fox J.E.D. and Mercer S., Germination
response under elevated salinities of six semi-
arid blue bush species (Western Australia). In:
Lieth H. and Al Masoom A.(Eds), Towards the
Rational Use of High Salinity Plants, Vol. 1,
323-338.  Dordrecht:  Kluwer  Academic
Publishers. 521 p., 1993.

Ouhaddach M., Ech-cheddadi S., Ouallal I., Gaboun F.,
El Yacoubi H.and Rochdi A., Ranking wheat
(Triticum durum Desf) varieties for salt
tolerance by multivariate cluster analysis of
some agrophysiological parameters at different
growth stages. International Journal of
Innovation and Applied Studies, 26 (3), 693-
710, 2019.

Pirasteh-Anosheh H., Ranjbar G., Emam Y. and Ashraf
M., Salicylic-acid—induced recovery ability in
salt-stressed Hordeum vulgare plants. Turk J.
Bot., 38: 112-121, 2014.

Raghavaiah C.V., Lavanya C., Shakti K., Jeevanroyal
TJ., Screening castor (Ricinus communis)
genotypes for salinity tolerance in terms of
germination, growth and plant ion composition.
Indian J. Agr. Sci., 76(3): 196-199, 2006.

Rao, M.V. and R.D. Davis, Ozone-induced cell death
occurs via two distinct mechanisms in
Arabidopsis: the role of salicylic acid. Plant J.,
17, 603-614, 1999.

Sakhabutdinova A.R., Fatkhutdinova D.R., Bezrukova
M.V., Shakirova F.M., Salicylic acid prevents
damaging action of stress factors on wheat
plants. Bulg. J. Plant Physiol., (special issue)
314-319, 2003.

Shakirova F.M., Bezrukova M.V., Induction of wheat
resistance against environmental salinization by
salicylic acid. Biol. Bull., 24, 109-112, 1997.

11

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 30, issue 1, 2020, pp. 6 - 12

© 2020 Vasile Goldis University Press (www.studiauniversitatis.ro)



f", Exogenous Acetyl Salicylic Acid (aspirin) effects on stress tolerance during seed germination of Triticum durum Desf.

Silveira J.A.G., Melo A.R.B., Viegas R.A., Oliveira
J.T.A., Salinity induced effects on nitrogen
assimilation related to growth in cowpea plants.
Environ. Exp. Bot., 46, 171-179, 2001.

Singh B. and Usha K., Salicylic acid induced
physiological and biochemical changes in wheat
seedlings under water stress. Plant Growth
Regul., 39, 137-141, 2003.

Szepesi, A. J. Csiszér, S. Bajkan, K. Gémes and F.
Horvath, Role of salicylic acid pre-treatment on
the acclimation of tomato plants to salt- and
osmotic stress. Acta Biologica Szegediensis, 49,
123-125, 2005.

Walia, H., C. Wilson and T.J. Close, Comparative
transcriptional profiling of barley cultivar may
Thorpe and its derived mutant golden promise
under salinity stress. Plant & Animal Genome
X1 International Conference, San Diego, CA.
Abstracts, 234 p., 2005.

Wilson, C., X. Liu and L. Zeng, Elevated CO2
influences salt tolerance of rice. n: Proceedings
of the International Salinity Forum, Managing
Saline Soils and Water: Science, Technology
and Soil Issues. Riverside, CA., 481-484, 2005.

Zeng, L., Response and correlated response to salt
tolerance selection in rice by yield parameters.
Cereal Research Communications, 32, 477-484,
2004.

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 30, issue 1, 2020, pp. 6 - 12 12
© 2020 Vasile Goldis University Press (www.studiauniversitatis.ro)



