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Purpose: To evaluate the effects of NaCl priming to increase salt
tolerance in Dracocephalum moldavica L. an experiment was
conducted as factorial based on completely randomized design at
Shahrekord University. Research method: Seeds of medicinal plant
D. moldavica were primed with NaCl (1 M/ for 24 h/ at darkness/
under 25°C) and then 30-day-old plants were introduced to salinity
(0, 100 and 150 mM NaCl) for one month. The analyzed parameters
consisted of dry weight, leaf area, total water content, leaf relative
water content, electrolyte leakage, lipid peroxidation,
photosynthetic pigments concentrations, total phenolic content and
the activity of antioxidant enzymes. Main findings: NaCl-priming
alleviated the injurious effects of salinity in the salinized plants. The
biomass increased up to 64.5% and 3-fold at 100 and 150 mM NaCl,
compared to exclusively salinity. lon leakage and lipid peroxidation
decreased as well. Moreover, NaCl-priming led to increase leaf area,
improve water status, photosynthetic pigments content and
antioxidant enzymes activities in favor of improving the biomass of
salinized D. moldavica. Total phenolic content increased by salinity
alone, but NaCl-priming markedly decreased it at normal condition.
The pattern of polyphenols concentration and accumulation was
different under NaCl-priming + salinity treatment. Limitations: No
special limitations were founded. Originality/Value: Seed priming
with NaCl enhanced salt tolerance in D. moldavica through
improving water status and photosynthesis, protection of cellular
membrane integrity and changes in antioxidant enzyme activity.

. Alternation in polyphenols concentration might be a signature of

changes in the medicinal properties of different parts of this
medicinal plant.
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INTRODUCTION

Dracocephalum moldavica L. (belonging to Lamiaceae) is an endemic medicinal plant which
grows in west Asia (such as Iran). This plant is used in traditional medicine as a painkiller to
treat kidney complaints, toothache, colds, stomach-ache, rheumatism and bloat (Racz et al.,
1978). The essential oil of D. moldavica has antiseptic and antibacterial properties
(Omidbaigi, 2000). It is also helpful in regulating platelet aggregation of rate (Khapkin,
1994), stimulating ovulation in female rats and rabbits (Boikova & Akulova, 1995). In
addition, it is applied as antioxidant, stimulant (Kakasy et al., 2002), and antitumor
(Chachoyan & Oganesyan, 1996).

The experiments of Alaei et al. (2015) showed that D. moldavica was a moderately
sensitive plant to NaCl and high levels of salinity caused a significant decrease in the
percentage of germination and rate, seed vigor index and seedling length.

Salinity is one of the most common problems in arid and semiarid areas which negatively
affects growth and development of crop plants and results in reducing agricultural production.
During the last decades, along with climatic changes due to global warming, salinity problems
have also increased in agriculture. Additionally, secondary salinization which is a result of
direct human activities and inappropriate agricultural practices makes the problem worst.
Hence, developing crops with higher salt tolerance is demanded more than ever. As declared,
salt tolerance is established in plants by hardening which means exposing plants to saline
conditions before beginning of stress (Farhoudi & Sharifzadeh, 2006). Therefore, seed
priming with appropriate solutions could be an approach to increase salt tolerance in crop
plants.

Seed priming is introduced as a practical, uncomplicated and reliable technique which
enhances germination and early growth of seedling in comparison to plants raised from
unprimed seeds. In seed priming process partial hydration occurs but not germination, and
then the seeds were dried up to original moisture content. As follows, the germination is not
completed, but particular metabolic activities initiate to organize seeds for radicle protrusion.
Yet, different solutions and chemicals are used to prime seeds. Amongst and in the light of
literature, the beneficial effects of NaCl priming to increase salt tolerance have been well-
documented. Sedghi et al. (2010) believed the result of NaCl priming on seed performance is
more efficient compared to that at seedling or maturity stage.

The positive effects of NaCl priming are reported, for instance, in watermelon (Armin et
al., 2010), canola (Farhoudi & Harifzadeh, 2006), wheat (Fuller et al., 2012), mazie (Tian et
al., 2014), sunflower (Afkari Bajehbaj, 2010), calendula and sweet fennel (Sedghi et al.,
2010), muskmelon (Farhoudi et al., 2011), safflower (Elouaer & Hannachi, 2012), fenugreek
(Soughir et al., 2013; Elouaer et al., 2013). Nevertheless, NaCl priming studies have generally
carried out at seed germination and early growth of seedlings, but its advantages for later
growth and development stages of plants remains to be investigated (Bakht et al., 2011).

The present study inspects the effect of seed priming with NaCl on the growth,
physiological and biochemical characters of grown-up D. moldavica plants when
subsequently exposed to long-term salinity.

MATERIALS AND METHODS
Plant material and preparation

Seeds of Dracocephalum moldavica were divided in two groups, those to be primed with
NaCl and untreated. The seeds were primed with 1M NaCl for 24 h at 25°C and darkness. The
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main experiment started with 30-day-old plantlets (when they had fully developed leaves) and
the treatments included 1: control (with no priming or salinity treatment), 2: seed priming
with 1 M NaCl (no salinity treatment), 3: irrigation of the plantlets with Hoagland’s solution
(pH 6.8) containing 100 MM NaCl (no priming), 4: irrigation of the plantlets with Hoagland’s
solution (pH 6.8) containing 150 mM NaCl (no priming), 5: seed priming with NaCl (as in 2)
along with irrigation of the plantlets with 100 mM NaCl, and 6: seed priming with NaCl (as in
2) along with irrigation of the plantlets with 150 mM NaCl. Treated and untreated seeds (15
seeds in each box, from which seedlings were reduced to 10 plantlets at the start of
salinization) were sown in polystyrene boxes (32 cm diameter), filled with a potting mixture
composed of 50% perlite and 50% fine sand. The plants were raised in the central green house
of Shahrekord University under controlled conditions (16/8 h light/dark period, 32/25°C
temperature, 60-70% humidity and 1000-1200 uM m st PAR).The experiments lasted for
one month, and at the end of the experiments, 60-day-old plants were sampled to find out the
changes in dry weight, total water content, relative water content of leaves, electrolyte
leakage, lipid peroxidation, photosynthetic pigments content, total phenolic content and
antioxidant enzymes in D. moldavica under salt stress. Dry weights were measured after
drying plant for 5 days at 70 °C until the materials reached a constant weight.

Measurement of total water content
The water content of whole plant (Gong et al., 2005) was calculated as follows (1):

Water content (%) = ((fresh weight - dry weight)/fresh weight) x100 (1)

Assessment of leaf relative water content (RWC)

The leaf discs (2 cm?) were weighed instantly to record fresh weight (FW), followed by
floating on distilled water for 4 h. The turgid leaf discs were then quickly blotted to remove
surface water and weighed to attain turgid weight (TW). The leaf discs were subsequently
oven-dried at about 80°C to obtain a constant weight as dry weight (DW). The RWC was
calculated as (Lugojan & Ciulca, 2011) (2):

RWC (%) = [FW-DW)/(TW-DW] %100 (2)
Photosynthetic pigments measurement

The content of total chlorophyll (a+b) and carotenoids were determined according to the
method of Lichtenthaler and Buschmann (2001) with 80% acetone as the solvent (3-6):

Chlorophyll a (g ml™) =12.25A663 — 2.79As46 (3)
Chlorophyll b (ug mI™) =21.5A646— 5.1A663 4
Total Chlorophyll (g mIt) = Chlorophyll (a+b) (5)
Car = [1000A470 — (1.82) (Chlorophyll a) — (85.02) (Chlorophyll b)/198 (6)

Where, Ase3, Asss, and As7o represent absorbance values read at 663, 645 and 470 nm
wavelengths, respectively.

Evaluation of electrolyte leakage

Leaves were sampled to measure membrane electrolyte leakage according to the method of
Campos et al. (2003). Results were expressed as percentage of total conductivity.
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Assessment of lipid peroxidation

Lipid peroxidation was evaluated by measuring of malondialdehyde (MDA) concentration in
the aerial parts of D. moldavica according to the method of Ksouri et al. (2007). MDA
concentration was determined using the extinction coefficient 155 mM*cm™.

Polyphenol extraction and estimation

Flowers, shoots and roots of D. moldavica plants were shade dried for one week and ground
to fine powder. Total phenolic content was estimated using the Folin-Ciocalteu reagent,
following Singleton’s method with some modifications (Ksouri et al., 2007). Polyphenols
concentration of plants (three replicates per treatment) was expressed as mg gallic acid
equivalents (GAE) g* dry weight through a calibration curve with gallic acid.

Enzyme extraction and assay

Enzyme extraction procedure was accomplished according to the method of Chen et al.
(2000) with some modification. All of the following operations were performed at 4 °C. The
extract was transferred to Eppendorf tubes and kept in the -20°C freezer. Catalase activity was
assessed by means of spectrophotometer via determining the consumption of H20. (¢ = 39.4
mM-*cm™) at 240 nm in 50 mM phosphate buffer, pH 7.5 and 200 mM H,0, (Nemat-Ala &
Hassan, 2006). Total ascorbate peroxidase activity was evaluated spectrophotometrically
according to the method of Kato and Shimizu (1985) at 280 nm in 0.2 mM potassium
phosphate buffer, pH 7.5, 15 mM ascorbic acid and 50 mM H20Ox, as ascorbate (¢ = 2.8 mM™*
cm?) was oxidized. Guaiacol peroxidase activity was measured in 44 mM H20,, and 45 mM
guaiacol. The absorption at 470 nm was recorded and the activity was calculated using the
extinction coefficient of 26.6 mM™cm (Buchanan & Balm, 2005).

Statistical analysis

The experiments were laid as factorial based on completely randomized design. The data was
analyzed using the software SAS (V. 9.0) and the least significant difference (LSD) among
treatments for each trait was calculated. All the measurements were carried out in triplicate. P
values less than 0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION

Salinity decreased the biomass of D. moldavica plants significantly, (P < 0.05) (Fig. 1A). At
100 and 150 mM NaCl, the biomass reduced by 36.7% and 46.9% compared to the control.
By application of seed priming with NaCl (1 M), the biomass of D. moldavica plants
increased under both normal and saline conditions (Fig. 1A). At the absence of NaCl in the
medium, the biomass of D. moldavica plants raised from primed seeds augmented by 82.4%
compared to the control. Under salinity, the biomass of primed plants increased by 64.5% and
3-fold -in turn- at 100 and 150 mM NaCl compared to the exclusively salt stressed-plants (P <
0.05).

Results showed that the leaf area of D. moldavica plants significantly reduced by salt
stress (P < 0.05) (Fig. 1B). Salinity at 100 and 150 mM lessened this parameter by 4.6% and
7.3%, respectively, compared to the control. The leaf area rose up to 28.6% in the plants
grown from NaCl-primed seeds at normal solution (P < 0.05). Under salt stress, the leaf area
of NaCl-pretreated plants increased by 61.9% at 100 mM and 82.4% at 150 mM NaCl (Fig. 1
B).
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Fig. 1. 60-day-old Dracocephalum moldavica plants raised from non-primed or primed seed with NaCl (1 M) and grown
under normal or saline conditions (100 and 150 mM NacCl). (A) Dry weight; (B) leaf area; (C) total water content; (D) leaf
relative water content (RWC). Means (three replicates) with the same letter are not significantly different at P < 0.05 in LSD
test. Bars indicate + standard error.

Results confirmed that total water content in D. moldavica decreased with increasing
NaCl degrees (P < 0.05) (Fig. 1C). At 100 and 150 mM NacCl, total water content reduced up
to -in turn- 9.3% and 27.1% in comparison to salinity alone. Seed priming with NaCl (1 M)
supported grown D. moldavica plants to preserve total water content from 26.6% (at 100 mM
NaCl) to 67.1% (at 150 mM NaCl) compared to salinity alone. Also, at normal condition,
seed priming with NaCl caused to increase total water content of the plants by 2.4% in
comparison to the control (Fig. 1C).

Salinity decreased leaf relative water content (RWC) in D. moldavica with increasing
NaCl concentration in the medium (Fig. 1D). This parameter reduced by 9.3% at 100 mM
NaCl and 27.1% at 150 mM NaCl. However, seed priming with NaCl (1 M) caused to
increase/maintain water content of leaves in grown D. moldavica plants at both normal and
saline conditions. At normal condition, this priming drove D. moldavica plants to have a 6.4%
increment in water content of leaves compared to the control. In addition, this priming
directed mature D. moldavica plants to conserve their relative water content of leaves up to
13.6% at 100 mM NaCl and to 20% at 150 mM NacCl.

The level of total chlorophyll extremely affected by increasing salt tolerance (Fig. 2A).
As, it decreased by 80.3% at 100 mM NaCl and 96.7% at 150 mM NaCl compared to the
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control (P < 0.05). Nevertheless, seed priming with NaCl (1 M) caused to preserve total
chlorophyll content in grown D. moldavica plant upon salinity. This parameter augmented up
to 5-fold and 60% -in turn- at 100 and 150 mM NacCl in the pretreated plants under salt stress.
At the absence of salinity, this priming increased total chlorophyll content by 73.7%
compared to the control (Fig. 2A).

Data analysis showed that the concentration of carotenoids negatively influenced by salt
stress (P < 0.05) (Fig. 2B). At 100 mM and 150 mM NacCl, it lessened by 32.2% and 79.2%,
respectively, compared to the control. However, seed priming with NaCl (1 M) caused to
sustain the level of carotenoids by 3.2-folds at 100 mM NaCl and by 93.3% at 150 mM NacCl
compared to exclusively salinity. Besides, the concentration of carotenoids increased by 2-
fold in the primed plants at non-saline condition (Fig. 2B).

Conductivity measurement showed the electrolyte leakage significantly increased (+
4.2% at 100 mM NaCl and + 10.7% at 150 mM NacCl) in the leaves of salinized D. moldavica
(P < 0.05) (Fig. 2C). NaCl-priming caused to reduce the electrolyte leakage in the leaves of
D. moldavica up to 9% (in the non-stressed plants), 2.7% (at 100 mM NaCl) and 2.3% (at 150
mM NacCl).
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Fig. 2. 60-day-old Dracocephalum moldavica plants raised from non-primed or primed seed with NaCl (1 M) and grown
under normal or saline conditions (100 and 150 mM NaCl). (A) Total chlorophyll; (B) carotenoids; (C) electrolyte leakage;
(D) MDA concentration. Means (three replicates) with the same letter are not significantly different at P < 0.05 in LSD test.
Bars indicate + standard error.
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Also, salinity significantly increased lipid peroxidation in the leaves of D. moldavica (P <
0.05) (Fig. 2D). At 100 and 150 mM NaCl, it increased —in turn- by 26.8% and 97.6%,
compared to the control. NaCl priming significantly caused to decrease MDA concentration
in the salt-stressed plants by 19.5% (at normal condition), 7.7% (at 200 mM NaCl) and 17.3%
(at 150 mM NaCl) (Fig. 2D).

Results revealed the activities of the tested antioxidant enzymes were diverse at normal
condition, salinity alone and NaCl-priming + salinity (Fig. 3). While the activities of
ascorbate peroxidase and guaiacol peroxidase increased with increasing salinity (from 100
mM to 150 mM NacCl), but the activity of catalase reduced (P < 0.05). Instead, the activity of
catalase increased in the NaCl-primed plants with increasing salinity. In contrast, ascorbate
peroxidase and guaiacol peroxidase showed less activity at the same condition (P < 0.05). At
normal condition, NaCl priming caused to diminish the activity of catalase and ascorbate
peroxidase in the grown-up plants, but the activity of guaiacol peroxidase increased (Fig. 3).
Data analysis detected that the highest level of polyphenols were found in the shoots of D.
moldavica at normal condition. Though, dissimilar pattern of polyphenols distribution was
evident at different conditions (Fig. 4). At salinity alone, the level of polyphenols increased
with increasing salinity in all tested organs of D. moldavica (flowers, shoots and roots) (P <
0.05). At priming condition alone, the concentration of polyphenols significantly declined in
all tested parts of D. moldavica (flowers, shoots and roots) (P < 0.05). At NaCl priming+100
mM NacCl, the level of polyphenols increased in the flowers but decreased in the shoots and
roots compared to salinity alone. At NaCl priming + 150 mM NacCl, total phenolic content of
the flowers significantly reduced while it increased in the shoots and roots (P < 0.05).

Principally, priming is considered as a method to enhance seed physiology and recover
seed performance under stressful conditions. Seed priming leads to establish diverse defense
mechanisms (such as osmotic adjustment and antioxidant defense system) in seeds to combat
environmental stresses. These mechanisms construct a '‘priming memory" in seeds which can
be employed upon a later salinity stress-exposure and trigger greater stress tolerance in the
plants grown-up from primed seeds (Chen & Arora, 2013).

In the current work the effect of seed priming with NaCl was studied on the growth and some
physiological and biochemical characters in grown-up D. moldavica at normal and saline
conditions.

The present study showed saline conditions inhibited plant growth to variable extent
either by reducing plant osmotic potential or because of specific ion toxicity. Also, increasing
salt tolerance from 100 to 150 mM NaCl exhibited stronger aspects of injurious effects of salt
stress in D. moldavica plants. This result was in agreement with the reports (such as Alaie et
al., 2015; Azimian & Roshandel, 2015; 2016). Seed priming with NaCl significantly caused
to alleviate detrimental effects of salt stress in D. moldavica plants, confirming the previous
results in other plants (e.g., Afkari Bajehbaj, 2010; Sedghi et al., 2010; Farhoudi et al., 2011;
Fuller et al., 2012; Elouaer et al., 2013; Tian et al., 2014).

Photosynthetic pigments (total chlorophyll and carotenoids) of D. maldavica plants were
markedly decreased by applied salinity levels. But, NaCl-priming mitigated the adverse
effects of salinity and preserves the concentrations of these pigments. At salinity, Na* buildup
in photosynthetic tissues causes to degrade photosynthetic pigments as well as reduction in
their biosynthesis. Moreover, chloroplasts are membrane bound organelles and their stability
is reliant to the membrane integrity which under high saline condition rarely remains intact.
Subsequently, chloroplasts damages and the result would be a reduction in the content of
photosynthetic pigments (Ali et al., 2004).
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Fig. 3. 60-day-old Dracocephalum moldavica plants raised from non-primed or primed seed with NaCl (1 M) and grown
under normal or saline conditions (100 and 150 mM NaCl). (A) Catalase activity; (B) ascorbate peroxidase activity; (C)
guaiacole peroxidase activity. Means (three replicates) with the same letter are not significantly different at P < 0.05 in LSD
test. Bars indicate * standard error.

Principally, priming is considered as a method to enhance seed physiology and recover
seed performance under stressful conditions. Seed priming leads to establish diverse defense
mechanisms (such as osmotic adjustment and antioxidant defense system) in seeds to combat
environmental stresses. These mechanisms construct a '‘priming memory' in seeds which can
be employed upon a later salinity stress-exposure and trigger greater stress tolerance in the
plants grown-up from primed seeds (Chen & Arora, 2013).

In the current work the effect of seed priming with NaCl was studied on the growth and some
physiological and biochemical characters in grown-up D. moldavica at normal and saline
conditions.

The present study showed saline conditions inhibited plant growth to variable extent
either by reducing plant osmotic potential or because of specific ion toxicity. Also, increasing
salt tolerance from 100 to 150 mM NaCl exhibited stronger aspects of injurious effects of salt
stress in D. moldavica plants. This result was in agreement with the reports (such as Alaie et
al., 2015; Azimian & Roshandel, 2015; 2016). Seed priming with NaCl significantly caused
to alleviate detrimental effects of salt stress in D. moldavica plants, confirming the previous
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results in other plants (e.g., Afkari Bajehbaj, 2010; Sedghi et al., 2010; Farhoudi et al., 2011;
Fuller et al., 2012; Soughir et al., 2013; Tian et al., 2014).

Photosynthetic pigments (total chlorophyll and carotenoids) of D. maldavica plants were
markedly decreased by applied salinity levels. But, NaCl-priming mitigated the adverse
effects of salinity and preserves the concentrations of these pigments. At salinity, Na* buildup
in photosynthetic tissues causes to degrade photosynthetic pigments as well as reduction in
their biosynthesis. Moreover, chloroplasts are membrane bound organelles and their stability
is reliant to the membrane integrity which under high saline condition rarely remains intact.
Subsequently, chloroplasts damages and the result would be a reduction in the content of
photosynthetic pigments (Ali et al., 2004).

Current data showed salinity caused to increase electrolyte leakage and lipid peroxidation
in D. moldavica plants, but NaCl-priming led to protect cellular membrane stability and
integrity in the derived plants. Protection of membrane integrity by NaCl-priming could be
the main reason to preserve chloroplasts ultrastructure, also leading to an increase in total
chlorophylls and carotenoids content in the salinized plants. The consequence result would be
an improved CO: fixation and increased biomass under saline condition. Apart from
chloroplasts, other membranous organelles in the cell would acquire the advantages of
maintenance of cellular membrane integrity. Wahid et al. (2007) believed that improved
membrane integrity was a consequence of low level of H20, due to seed pretreatment.
Antioxidant enzymes have a fundamental role to scavenge reactive oxygen species (such as
H202) generated by salinity. Reactive oxygen species are toxic molecules degrading vital
macromolecules like nucleic acids, proteins and lipids leading to cell damage and death.
Peroxidases have an essential role in scavenging H202 which is produced through dismutation
of superoxide anions catalyzed by superoxide dismutase. Catalase, as a main enzyme,
removes or reduces H>O; in the mitochondrion and microbodies. Data analysis revealed that
the activity of all evaluated antioxidant enzymes (CAT, APX and GPX), augmented in
response to salinity. However, the effect of NaCl-priming on the activity of tested enzymes
appeared in different patterns. In merely salinized D. maldavia, the activity of ascorbate
peroxidase and guaiacol peroxidase increased with increasing salinity degree, whilst the
activity of catalase decreased. In the salt-stressed plants raised from primed seeds the incident
was in contrast. It means, in this case, peroxidases and catalase worked consecutively. It is
stated that seed priming can alter the activity of antioxidant enzymes somehow to gain
improved plant vigor (Wahid et al., 2007; Kumar et al., 2010; Azimian & Roshandel, 2015;
Azimian & Roshandel, 2016; Hossain et al., 2015). The results were in agreement with this
implication.

The present results indicated NaCl-priming caused to increase total water content and RWC in the
salinized plants rose from primed seeds. This finding was in the line of the previous reports, but at
germination stage (Sedghi et al., 2010; Elouaer & Hannachi, 2012; Shehzad et al., 2012; Abraha &
Yohannes, 2013). RWC commonly demonstrates the balance between water supply to the leaf tissue
and transpiration rate and is considered as an important indicator of water status in plants (Lugojan &
Ciulca, 2011). In other word, RWC has been applied to evaluate water deficit in the leaf which occurs
upon salinity. Increase in RWC under salinity affects on the capability of the plant to recover from
stress and therefore improves yield and yield stability. Additionally, total water content reflects the
level of water use efficiency which drives plant to an improved growth and development under salt
stress. Increase in total water content and maintenance of turgor under salinity can represent a suitable
and efficient osmosis regulation of seed-primed derived plants compared to unprimed ones. Thus, the
positive effect of NaCl-priming on water status of D. moldavica plants leads to increased salinity
tolerance in this species in terms of agronomic and physiological traits (Jamal et al., 2011).

The content and composition of secondary metabolites (such as polyphenols) in medicinal
and aromatic plants are affected by environmental stresses. Phenolic acids and flavonoids are
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known as typical phenolics that possess antioxidant activity. Phenolic compounds act as
antioxidants because their chemical structures allow them to donor electrons or hydrogen
atoms to free radicals (Rice-Evans et al., 1996). Many researchers have verified a great
positive relationship between total phenols and antioxidant activity in many plant species
(Rainha et al., 2011). As reported, abiotic stresses (such as salinity) cause to increase total
phenolic content in a number of species (Ksouri et al., 2007; Gill & Tuteja, 2010). Our
results confirmed the earlier reports, as, polyphenols concentration increased in flower, shoot
and root of D. moldavica under increasing salinity. However, NaCl-priming caused to reduce
the level of polyphenols in D. moldavica at normal condition compared to the control. On the
other hand, the effect of NaCl-priming on the pattern of polyphenols accumulation was
different in the tested organs of D. moldavica compared to the control or salinity alone. The
response of plants to salt stress (e.g., alternation in the total phenolic content) is very
complex. Probably, the degree of salinity, the level of plant salt tolerance and plant species
determine the capacity of plant tissues to accumulate polyphenols (Ksouri et al., 2007).

(A (B)
200 1 mwoM Nacl 200 1 =0 M NaCl
180 - 1 M NacCl a 180 - 1 M NacCl a
I ab b 1
o~ 160 - 160 - c
= S 140 - q I S 140
20 0
=7 120 1 7 120 - e
=D s (=] I
é&' 100 - o S ;(’ 100 -
O g0 - 20 gg 1
< o o D
SE i >E
£ 60 S — 60 -
£ 4| f *
I 40 T f
20 A 20 - I
0 - - - 0 - ; ;
0 100 150 0 100 150
NaCl (mM) NaCl (mM)
©)
100 -
=0 M NaCl
90 4 1 M NaCl
%) 80 -
2 a
o
S § 70 - I
C o
o o 60 - b
27 50
20 C
S o 40 - cd
SE 30- d
o I e
20 - T
10 -
0 - r r )
0 100 150
NaCl (mM)

Fig. 4. 60-day-old Dracocephalum moldavica plants raised from non-primed or primed seed with NaCl (1 M) and grown
under normal or saline conditions (100 and 150 mM NacCl). (A) Polyphenols in flower; (B) Polyphenols in shoots; (C)
Polyphenols in roots. Means (three replicates) with the same letter are not significantly different at P < 0.05 in LSD test. Bars
indicate + standard error.
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CONCLUSION

Overall, the present results suggest seed priming with NaCl could lessen the detrimental
effects of salt stress in D. moldavica by employing antioxidant enzymes to scavenge ROS and
protect cellular membrane stability. Furthermore, increase in the level of total water content
and RWC, photosynthetic pigments and leaf area would enhance the growth of D. moldavica
under salinity.

Acknowledgment
This work is a part of research project of Ms. Fatemeh Sheikh Abol-hasani to gain Master of
Science which is granted by post-graduate section of Shahrekord University.

Conflict of interest
The authors have no conflict of interest to report.

REFERENCES

Abraha, B., & Yohannes, G. (2013). The role of seed priming in improving seedling growth of maize
(Zea mays L.) under salt stress at field conditions. Agricultural Sciences, 4(12), 666-672.
https://doi.org/10.4236/as.2013.412089

Alaei, S., Moradi Khibary, Z., & Ahmadi Rad, A. (2015). Effect of different concentration of salt and
PEG solution on Dracocephalum moldavica seed germination and seedling early growth.
Biological Forum — An International Journal, 7(1), 1755-1759.

Ali, Y., Aslam, Z., Ashraf, M. Y., & Tahir, G. R. (2004). Effect of salinity on chlorophyll
concentration, leaf area, yield and yield components of rice genotypes grown under saline
environment. International Journal of Environmental Science and Technology, 1(3), 221-225.
https://doi.org/10.1007/bf03325836

Afkari Bajehbaj, A. (2010). Effects of NaCl priming on salt tolerance in sunflower germination and
seedling grown under salinity conditions. African Journal of Biotechnology, 9(12), 1764-1770.

Armin, A., Asgharipour M. R., & Razavi-Omrani, M. (2010). The effect of seed priming on
germination and seedling growth of watermelon (Citrullus Lanatus). Advances in Environmental
Biology, 4(3), 501-505.

Azimian, F., & Roshandel, P. (2015). Magnetic field effects on total phenolic content and antioxidant
activity in Artemisia sieberi under salinity. Indian Journal of Plant Physiology, 20(3), 264-270.
https://doi.org/10.1007/s40502-015-0174-3

Azimian, F., & Roshandel, P. (2016). Increasing salt tolerance and antioxidant activity in Artemisia
aucheri by H,O2-priming. Journal of Plant Physiology and Breeding, 6(2), 31-47.

Bakht, J., Shafi, M., Jamal, Y., & Sher, H. (2011). Response of maize (Zea mays L.) to seed priming
with NaCl and salinity stress. Spanish Journal of Agricultural Research, 9(1), 252-261.
https://doi.org/10.5424/sjar/20110901-113-10

Boikova, V. V., & Akulova, Z. V. (1995). Effect of infusion of some medicinal plants on ovulation in
experimental animals. Rastitel'nye-Resursy, 31(2), 27-60.

Buchanan, B. B., & Balmer, Y. (2005). Redox regulation: a broadening horizon. Annual Review of
Plant Biology, 56, 187-220.https://doi.org/10.1146/annurev.arplant.56.032604.144246

Campos, P. S., Quartin, V., Ramalho, J. C., & Nunes, M. A. (2003). Electrolyte leakage and lipid
degradation account for cold sensitivity in leaves of Coffea sp. Plants. Journal of Plant
Physiology, 160, 283-292. https://doi.org/10.1078/0176-1617-00833

Chachoyan, A. A., & Oganesyan, G. B. (1996). Antitumor of some species of family Lamiaceae.
Rastitel, 32(4), 59-64.

Chen, K., & Arora, R. (2013). Priming memory invokes seed stress-tolerance. Environmental and
Experimental Botany, 94, 33-45. https://doi.org/10.1016/j.envexpbot.2012.03.005

39


https://doi.org/10.4236/as.2013.412089
https://doi.org/10.1007/bf03325836
https://www.researchgate.net/journal/1684-5315_AFRICAN_JOURNAL_OF_BIOTECHNOLOGY
https://www.researchgate.net/scientific-contributions/2092566478_M_Razavi-Omrani
https://www.researchgate.net/journal/1998-1066_Advances_in_Environmental_Biology
https://www.researchgate.net/journal/1998-1066_Advances_in_Environmental_Biology
https://doi.org/10.1007/s40502-015-0174-3
https://doi.org/10.5424/sjar/20110901-113-10
https://doi.org/10.1146/annurev.arplant.56.032604.144246
https://doi.org/10.1078/0176-1617-00833
https://doi.org/10.1016/j.envexpbot.2012.03.005

Abol-hasani and Roshandel/J. HORTIC. POSTHARVEST RES., 3(SPECIAL ISSUE) JUNE 2020

Chen, D. H., Ye, H. C., & Li, G. F. (2000). Expression of a chimeric farnesyldiphosphate synthase
gene in Artemisia annua L. transgenic plants via Agrobacterium tumefaciens-mediated
transformation. Plant Science, 155, 179-185. https://doi.org/10.1078/0176-1617-00833

Lugojan, C., & Ciulca, S. (2011). Evaluation of relative water content in winter wheat. Journal of
Horticulture, Forestry and Biotechnology, 15(2), 173-177.

Elouaer, M. A., & Hannachi, C. (2012). Seed priming to improve germination and seedling growth of
safflower (Carthamus tinctorius) under salt stress. EurAsian Journal of BioSciences, 6, 76-84.
https://doi.org/10.5053/ejobios.2012.6.0.9

Soughir, M., Elouaer, M. A., & _Hannachi, C. (2013). The effect of NaCl priming on emergence,
growth and yield of fenugreek under saline conditions. Agronomic Research in Moldavia, XLVI
(2), 73-83.

Farhoudi, R., & Sharifzadeh, F. (2006). The effects of NaCl priming on salt tolerance in canola
(Brassica napus L.) seedlings grown under saline conditions. Indian Journal of Crop Science,
1(1/2), 74-78. https://doi.org/10.15258/sst.2007.35.3.23

Farhoudi, R., Saeedipour, S., & Delfie, M. (2011). The effect of NaCl seed priming on salt tolerance,
antioxidant enzyme activity, proline and carbohydrate accumulation of Muskmelon (Cucumis melo
L.) under saline. African Journal of Agricultural Research, 6(6), 1363-1370.

Fuller, M. P., Hamza, J. H., Rihan, H. Z., & Al-Issawi, M. (2012). Germination of primed seed under
NaCl stress in wheat. ISRN Botany, 2012, 1-5. https://doi.org/10.5402/2012/167804

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology and Biochemistry, 48, 909-930.
https://doi.org/10.1016/j.plaphy.2010.08.016

Gong, H., Zhu, X., Chen, K., Wang, S., & Zhang, C. (2005). Silicon alleviates oxidative damage of
wheat plants in pots under drought. Plant Science, 169, 313-321.
https://doi.org/10.1016/j.plantsci.2005.02.023

Hossain, M. A., Bhattacharjee, S., Armin, S. M., Qian, P., Xin, W., Li, H., Burritt, D. J., Fujita, M., &
Tran, L. P. (2015). Hydrogen peroxide priming modulates abiotic oxidative stress tolerance:
insights from ROS detoxification and scavenging. Frontiers in Plant Science, 6, 1-19.
https://doi.org/10.3389/fpls.2015.00420

Jamal, Y., Shafi, M., & Bakht, J. (2011). Effect of seed priming on growth and biochemical traits of
wheat under saline conditions. African Journal of Biotechnology, 10(75), 17127-17133.
https://doi.org/10.5897/ajb11.2539

Kakasy, A. Z., Lemberkovics, E., Kursinszki, L., Janicask, G., & Szoke, E. (2002). Data to the
phytochemical evaluation of moldavian dragonhead phytochemical evaluation of moldavian
dragonhead (Dracocephalum moldavica L., Lamiaceae). Herba Polonica, 48(3), 112-119.
https://doi.org/10.1002/ffj.1569

Kato, M., & Shimizu, S. (1985). Chlorophyll metabolism in higher plants. Plant Cell Physiology, 26,
1291-1301.

Khapkin, 1. S. (1994). Prospects of using preparations from plants for regulating phatelet aggregation.
Bastilel mye-Resursy, 30(1-2), 86-90.

Ksouri, R., Megdiche, W., Debez, A., Falleh, H., Grignon, C., & Abdelly, C. (2007). Salinity effects
on polyphenol content and antioxidant activities in leaves of halophyte Cakile maritime. Plant
Physiology and Biochemistry, 45, 244-249. https://doi.org/10.1016/j.plaphy.2007.02.001

Kumar, M., Sirhindi, G., Bhardwaj, R., Kumar, S., & Jain, G. (2010). Effect of exogenous H,O; on
antioxidant enzymes of Brassica juncea L. seedlings in relation to 24-epibrassinolide under
chilling stress. Indian Journal of Biochemistry and Biophysics, 47(6), 378-382.

Lichtenthaler, H. K., & Buschmann, C. (2001). Chlorophylls and carotenoids: Measurement and
characterization by UV-VIS spectroscopy. In: Current protocols in food analytical chemistry,
F4.3.1-F4.3.8. John Wiley and Sons, Inc. New York.
https://doi.org/10.1002/0471142913.faf0403s01

Nemat-Ala, M. M., & Hassan, N. M. (2006). Changes of antioxidants levels in two maize lines
following atrazine treatments. Plant Physiology and Biochemistry, 44, 202-210.
https://doi.org/10.1016/j.plaphy.2006.05.004

40


https://doi.org/10.1078/0176-1617-00833
https://doi.org/10.5053/ejobios.2012.6.0.9
https://www.researchgate.net/scientific-contributions/2074220744_Maher_soughir
https://www.researchgate.net/profile/Mohamed_Elouaer
https://www.researchgate.net/scientific-contributions/2001971149_Cherif_Hannachi
https://www.researchgate.net/journal/2067-1865_CERCETARI_AGRONOMICE_IN_MOLDOVA_AGRONOMIC_RESEARCH_IN_MOLDAVIA
https://doi.org/10.15258/sst.2007.35.3.23
https://www.researchgate.net/journal/1991-637X_African_journal_of_agricultural_research
https://doi.org/10.5402/2012/167804
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1016/j.plantsci.2005.02.023
https://doi.org/10.3389/fpls.2015.00420
https://doi.org/10.5897/ajb11.2539
https://doi.org/10.1002/ffj.1569
https://doi.org/10.1016/j.plaphy.2007.02.001
https://doi.org/10.1002/0471142913.faf0403s01
https://doi.org/10.1016/j.plaphy.2006.05.004

Abol-hasani and Roshandel/J. HORTIC. POSTHARVEST RES., 3(SPECIAL ISSUE) JUNE 2020

Omidbaigi, R. (2000). Production and Processing of Medicinal Plants. VVol. 1, pp. 286.

Racz, G., Tibori, G., & Csedo, C. (1978). Composition of volatile oil from Dracocephalum moldavica
L. Farmacia, 26(2), 93-96.

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1996). Structure—antioxidant activity relationships of
flavonoids and phenolicacids. Free Radical Biology and Medicine, 20, 933-956.
https://doi.org/10.1016/0891-5849(95)02227-9

Rainha, N., Lima, E., Baptista, J., & Rodrigues, C. (2011). Antioxidant properties, total phenolic, total
carotenoids and chlorophyll content of anatomical parts of Hypericum foliosum. Journal of
Medicinal Plants Research, 5(10), 1930-1940.

Sedghi, M., Ali, N., & Esmaielpour, B. (2010). Effect of seed priming on germination and seedling
growth of two medicinal plants under salinity. Journal of Emirate in Food Agriculture, 22, 130-
139. https://doi.org/10.9755/ejfa.v22i2.4900

Shehzad, M., Ayub, M., Ahmad, A. U. H., & Yaseen, M. (2012). Influence of priming techniques on
emergence and seedling growth of forage sorghum (Sorghum bicolor L.). The Journal of Animal
and Plant Sciences, 22(1), 154-158.

Tian, Y., Guan, B., Zhou, D., Yu, J,, Li, G, Lou, Y. (2014). Responses of seed germination, seedling
growth, and seed yield traits to seed pretreatment in maize (Zea mays L.). The Scientific World
Journal, 2014, 1-8. https://doi.org/10.1155/2014/834630

Wahid, A., Perveen, M., Gelani, S., & Basra, S. M. (2007). Pretreatment of seed with H,O, improves
salt tolerance of wheat seedlings by alleviation of oxidative damage and expression of stress
proteins. Journal of Plant Physiology, 164(3), 283-294.
https://doi.org/10.1016/j.jplph.2006.01.005

41


https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.9755/ejfa.v22i2.4900
https://doi.org/10.1155/2014/834630
https://doi.org/10.1016/j.jplph.2006.01.005

Abol-hasani and Roshandel/J. HORTIC. POSTHARVEST RES., 3(SPECIAL ISSUE) JUNE 2020

42



