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Abstract. The present factorial experiment was conducted based on completely randomized design (CRD)
with three replications in order to determine the optimum time and concentration for Catharanthus roseus
seed priming with salicylic acid. Treatments included five different levels of salicylic acid (0; 0.01; 0.1; 0.5
and 1 mM) as well as five different periods of time (0, 6, 12, 24, and 48 hours). Results indicated that the
effects of concentration and time of priming were significant on all the studied traits. In addition, the effect
of the interaction between concentration and priming time was significant on the mean time of germination,
seedling length vigor index, chlorophyll content, and the activity of antioxidant enzymes. Further, the
germination percentage increased by 24.1% and 22.3% in the treatment of 1 mM, and 48 hours,
respectively, compared to the control. The highest germination speed was in 1 mM and 48-hour treatment,
which had a 40% higher increase than the control. The interaction effect on the antioxidant activity indicated
seed priming with 1 mM concentration in 24 hours, leading to 84% and 62.6% increment in the catalase
(CAT) and peroxidase (POD) activities, respectively, compared to the control. Furthermore, 0.1 mM
concentration in 24 hours led to 61.2% and 66.2% increment in chlorophyll a and total chlorophyll,
respectively.
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Introduction

Catharanthus is regarded as a medicinal ornamental plant. Catharanthus roseus is a
perennial plant, semi-shrub or herbaceous and is related to the Apocynaceae family (Nejat
et al., 2015). This plant is indigenous to Madagascar but is now widely distributed, and
cultivated in China, India, Indonesia, Australia, North, and South America (Yang et al.,
2011) (Vermaet al., 2012). Catharanthus is known for its anti-cancer, anti-hypertensive,
anti-diabetes, and antimicrobial properties. This plant contains about 130 bioactive
Terpenoid Indole Alkaloids (TI1As), among which vinblastine and vincristine are regarded
as the most important (Nejat et al., 2015). Catharanthus has a fairly long vegetative period
due to its slow initial growth. It takes 180-200 days from cultivation to the maturity of
the seed. (Omidbegi, 2006). The long growth period of the plant is considered as one of
the limitations of its cultivation on a larger scale (Muthulakshmi and Pandiyarajan, 2013).

The process of germination of non-dormant seeds occurs in three phases including (I)
imbibition, (1) lag phase, (I11) the protrusion of the radicle through the testa (Bewley et
al., 2013; Rosental et al., 2014). The duration of the third phase has great importance
because the germination is completed and the embryo begins to develop concurrently
during this period. Rapid seed germination and stand establishment are critical factors
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affecting crop production. After expanding our understanding of the processes involved
in the germination methods used for changing the aforementioned factors, development
of agriculturally applicable seeds began. The most frequently used method is known as
“seed priming” (Bewley et al., 2013; Paparella et al., 2015). Seed priming is a controlled
hydration technique which initiates the pre-germination metabolisms without actual
germination (Hussain et al., 2015). In addition, it is considered as one of the most
effective, pragmatic and short-term approaches to improve seed vigor (Batool et al.,
2015), rate and percentage of seed germination (Santini and Martorell, 2013)
synchronization of germination, crop establishment (Pouramir-Dashtmian et al., 2014,
Paparella et al., 2015) and the seedling growth of many crops (Farooq et al., 2009)
Further, it is associated with a wide range of metabolic and physiological improvements
(Shehab et al., 2010) and cellular and molecular changes (Siri et al., 2013).

When the primed seeds are sown, the imbibition phase and lag phase of water
absorption are shortened (Khan et al., 2009) to reduce growth time, in order to increase
the productivity of agricultural land in such a way that the reported Indian farmers could
harvest three products in one year (Harris et al., 2001).

The induced priming increase in the rate of seed germination was associated with the
initiation of germination related processes, repair processes and increased levels of
various free radical scavenging enzymes such as superoxide dismutase (SOD), CAT and
POD (Vazirimehr et al., 2014). Furthermore, the positive effects of priming on seed
germination in various species of plants are related to inducing biochemical mechanisms,
repairing, and rebuilding cells (Di Girolamo and Barbanti, 2012) by activating the
synthesis of many proteins and enzymes involved in cell metabolism (Varier et al., 2010).
Salicylic acid (SA) is a phenolic compound, known as ‘“phytohormone”, which
contributes to the regulation of the growth and development processes, especially seed
germination, photosynthesis, respiration, flowering, and senescence (Rivas-San Vicente
and Plasencia, 2011). Some studies indicated that priming strategies can enhance the
activities of free radical scavenging enzymes such as CAT, POD, and SOD (Sharma et
al., 2014). These enzymes reduce lipid peroxidation at the germination stage and increase
the percentage and rate of germination (Baalbaki et al., 1999).

Recently, it has been reported that there are some encoding antioxidant enzymes such
as CAT, SOD, and Ascorbate peroxidase (APX) preventing the overproduction of
reactive oxygen species (ROS) among genes stimulated by SA (El-Esawi et al., 2017),
Moreover, SA may act directly as an antioxidant, scavenging ROS (Popova et al., 2009).
The utility of SA in inducing the plant defense mechanisms depends on its concentration
and the method of its application (Huang et al., 2016). Hussein (2015) evaluated the effect
of seed priming with SA (100 mg/L) for four hours at 25 °C on the germination of okra
(Abelmoschus esculentus L.). The result indicated that seed priming with SA can induce
the highest germination percentage and seed vigor index. Based on the results of previous
studies, the effect of the interaction between time and different priming concentrations
with gibberellic acid and SA was significant on germination rate (Azarniya et al., 2016).

There are many factors related to the effects of seed priming, which depend on the
concentrations of priming solutions, the time and the temperature during priming (Khan,
1992). Thus, the optimization of the priming technique is important to achieve the best
results (Maiti and Pramanik, 2013). Regarding the long growth period of this plant, the
small size of the seed and poor establishment in the field with semi-heavy and heavy
textured soils, the present study aimed to evaluate the effect of seed priming with SA in
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different concentrations and periods of time on improving Catharanthus roseus seed
germination indexes.

Materials and methods
Preparation, Priming of seeds and germination process

The present study was conducted in order to assess the priming effects of time and
various concentrations of SA on germination parameters, Catharanthus seed (Photo 1),
with a factorial experiment based on completely randomized design (CRD) with three
replications at the Laboratory of Seed Science and Technology of Shahed University in
Tehran. Treatments included five different concentrations of SA (0, 0.01, 0.1, 0.5 and 1
mM) and five periods of time (0, 6, 12, 24 and 48 hours). The seeds were purchased from
the company named Green Farm, and were surface-sterilized using 70% ethanol for 30
seconds, washed with distilled water three times, transferred to a solution of 50% Clorox
(containing 5.25% NaOCI) for 15 min, and were finally rinsed three times with sterile
distilled water (Taha et al., 2009). The seeds were placed in SA solutions with different
concentrations, and for different times (6, 12, 24, and 48 hours) at 25 °C in darkness
(Pandey, 2017). After removing the priming solution with distilled water, seeds were re-
dried to the initial moisture content (Ratikanta, 2011) at 25 °C for 24 hours in the
laboratory. In every sterilized Petri dish (90 mm diameter), 50 seeds were sowed with
two-layer Whatman filter papers moistened with 5 ml appropriate solutions. Thus,
untreated seeds were used as control. In order to prevent water evaporation, the Petri
dishes were closed with parafilm and placed in a germinator at 25 + 1 °C (Prabhu and
Rajeswari, 2017) with a photoperiod of 12/12 h day/night light (Senbagalakshmi et al.,
2017). The germinated seeds with a root length longer than 2mm were counted (Liopa-
Tsakalidi et al., 2012).

Photo 1. Catharanthus seed germination in a germinator at the laboratory

Each day germinated seeds that had a root length over 2 mm were counted (Kaya et
al., 2006). At the end of the experiment (10 days) (Barkat et al., 2017) five samples were
randomly selected from each petri dish (Huang and Redmann, 1995) and seedling length,
plumule length, radicle length, seedling dry weight (Panwar and Bhardwaj, 2005) (Liopa-
Tsakalidi et al., 2012), mean germination time (Ranal and Santana, 2006), mean daily
germination (Hunter et al., 1984), seedling length vigor index and seedling weight vigor
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index (Hu et al., 2005) were calculated according to the following equations (Eq.1-5)
(Hunter et al., 1984):

Germination percentage(GP) = (N x100)/ M (Eq.1)
Mean germination time(MGT )=4&(Ni Di)/aN (Eq.2)
Mean daily germination(MDG)=GP /T (Eq.3)

Seedling length vigor index = Germination percentage x Seedling length (Eq.4)

Seedlingweightvigor index = Germination percentage x Seedling dry weight (Eq.5)

N: the sum of germinated seeds at the end of the experiment, M: the total number of
planted seeds, Di: The time from the start of the experiment to the i observation, Ni: the
number of germinated seeds at time Di, 2N: Total germinated seeds at the end of
experiment, T: Period of germination.

Antioxidant enzymes assay

An enzyme extract was prepared by the method of Mukherjee and Choudhuri (1983).
A 0.5 gr leaf sample was homogenized in 10 ml of 100 mM phosphate buffer
(KH2PO4/K2HPO4) pH 7.0, containing 1% (w/v) insoluble polyvinylpyrrolidone (PVP).
The homogenate was centrifuged at x 15,000 g for 10 min at 4 °C, and the resulting
supernatant was collected and stored at 4 °C for CAT, POD assays.

Peroxidase assay

The POD activity was assayed following the method of Gueta-Dahan et al., (1997).
The reaction mixture contained, 50 mM potassium phosphate buffer (pH 7.0), 1%
guaiacol, 1% H»0, and 0.3 ml enzyme extract. The change of absorption due to guaiacol
oxidation were recorded at 470 nm for 3 min per 15 s with spectrophotometer. In the next
procedure, the enzyme activity was calculated using the extinction coefficient of tetra-
guaiacol (26.60 mM* cm™* extinction coefficient).

Catalase assay

Catalase activity was determined using the method of Chaoui et al., (1997). The
reaction mixture consisted of 125 mM potassium phosphate buffer (pH 7.0) and 100 mM
H20:, and 25 pL of the enzyme extract in a total volume of 3 mL. The absorbance at 240
nm for 1 min at 25 °C was recorded spectrophotometrically. The enzyme activity was
expressed in AOD gt FW min™,

Chlorophylls and carotenoid content

0.5 g of fresh leaf tissues were ground in 5 ml of 80% (v/v) acetone using mortar and
pestle. The suspension was centrifuged at 6,000 g for 10 min at 4°C. Absorbance of the
solution was then measured at 645 and 663 for chlorophylls and at 470 for carotenoids.
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The chlorophyll and carotenoid contents were determined using the formula given by
Arnon (1967), and the following formulas (Eq.6-9):

Chlorophyll a (mg / gr fresh weight) = [19. 3 (Ay;)—0.86 (Ays)IV/100w (Eq.6)
Chlorophyll b (mg / gr fresh weight) = [19. 3 (Ays)—3. 6 (Ag,)IV/100w (Eq.7)
Total chlorophyll (mg/gr fresh weight) = [20.8 (Ay) + 8.02 (Ag)] v/100w (Eq.8)

Carotenoids = [(100 (A,) — 3.27 (mgchl a) — 104 (mgchl b)]/227 (Eq.9)

A= absorption of light at wavelengths of 663, 645 and 470 nm
V= the volume upper solution of centrifuges
W = weight of the sample in grams

Statistical analysis

After normalization test (Kolmogorov-Smirnov and ShapiroWilk test), the data were
analyzed with SAS 9.1 (SAS Institute, Cary, NC, USA). Means were compared with
Duncan's multiple range tests in SAS at 5% statistical probability levels. The graphs were
drawn with MS-Excel.

Results
Germination percentage

According to the analysis of variance (Table 1), the effect of duration and
concentration of seed priming on germination percentage was significant at P<0.01.
However, the interaction between duration and concentration of seed priming failed to
have a significant impact on germination percentage (Table 1). The comparison of the
mean of results indicated that by increasing the duration of priming, germination
percentage also becomes higher (Table 3). In addition, the highest germination percentage
(83.2%) was shown in the 24 hour treatment, while the lowest germination percentage
(64.6%) in control (Table 3). Further, the highest germination percentage was detected in
1 mM SA indicating a 24.1% increase, compared to the control, which allocated the
lowest amount (control= nonprimed) (Table 3).

Mean germination time and mean of daily germination

Based on the results of ANOVA (Table 1), priming duration and concentration had a
significant impact on mean germination time and mean of daily germination.
Furthermore, the interaction effect between treatments has a significant influence on
mean germination time at p<0.05 (Table 1). The results of mean comparison showed that
the highest mean germination time (4.5 days) was in the case of the control while
treatment 0.01 mM SA+ 48 h hours with mean germination 2.7 days had the fastest
germination (Fig. 1). The mean seed germination time is considered a very important trait
in planting establishment and exploiting environmental conditions.
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Table 1. Analysis of variance effect of timing and concentration priming with salicylic acid on Catharanthus roseus seed germination indexes

Mean square

Mean Seedling Seedling
Germination germination Mean of daily | Seedling Plumule Radicle weight vigor length
S.0.vV df percentage time germination length length length index vigor index
Concentration 4 1045.07** 2.64** 12.89** 1.26" 0.07"s 0.84ns 3422.03** 26028.51**
Time 4 904.13** 2.97** 11.15%* 1.59™ 0.16* 1.38* 1135.96** | 13174.6**
C"“Ci‘iﬁ?‘on “1 16 105.03"¢ 0.33" 1.30s 0.37"s 0.03"s 0.39"s 269.28"s 3863.39%
EXp‘;'rrgf”ta' 50 11050 0.14 1.36 0.35 0.04 0.49 22558 1987.32
Coefficientof | 13.88 9.72 13.87 14.00 11.63 28.48 21.49 14.01
variation (%)
ns, * and **: non-significant, significant at 5 and 1%, respectively
Table 2. Analysis of variance effect of timing and concentration priming with salicylic acid on Catharanthus roseus
Mean square
S.0.v df CAT POD Chla Chlb Total Chl Carotenoide
Concentration 4 35.69** 43.55** 4.7%* 0.30** 4.67** 0.25**
Time 4 77.62** 23.52** 2.43** 0.24** 3.26** 0.19**
Concentration X time 16 8.76** 6.2** 0.44** 0.02** 0.41** 0.02**
Experimental error 50 1.64 1.15 0.013 0.001 0.002 0.0007
Coefficient of variation (%) - 29.63 14.80 2.99 7.12 4.7

ns, * and **: non-significant, significant at 5 and 1%, respectively
Chl: Chlorophyll; CAT: catalase activity; POD: peroxidase activity
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Table 3. Mean comparison of the effects of concentration and priming time on germination

characteristics

Germination Mea_n of Seedling | Plumule | Radicle Seec_;lllng
. daily weight
Characteristics percentage S o length length length ;
(%) germination (cm) (cm) (cm) vigor
(day) index
Concentration SA (mM)
Control 0 64.66¢ 7.18c 4.55a 1.77ab 2.78a 56.18b
0.01 71.6bc 7.95bc 3.94b 1.73b 2.20a 55.71b
0.1 74.53b 8.28b 4.048b 1.75ab 2.31a 66.07b
0.5 82.66a 9.18a 4.57a 1.91a 2.65a 83.2a
1 85.2a 9.46a 4.18ab 1.78ab 2.44a 88.06a
Time (hour)
0 64.66¢ 7.18c 4.55a 1.77b 2.78a 56.45h
6 71.33bc 7.92bc 4.55a 1.93a 2.64a 66.67ab
12 77.33ab 8.59%ab 3.80c 1.84ab 2.00b 71.96a
24 83.2a 9.24a 4.32ab 1.72b 2.6a 78.44a
48 82.13a 9.12a 4.05bc 1.67b 2.38ab 75.77a

In each column, means sharing at least one letter, are not significantly different according to Duncan's
multiple range test (p<0.05)
*SA: Salicylic acid

Timeo6 @12 024 048

G
o o o
1 1 )
o -

Q

N
o
1

Mean germination time (day)
[BY
o

o
o
I

0.01 0.1 0.5 1
Salicylic acid concentration (mM)

control

Figure 1. Mean comparison of the effect of time and concentration on mean germination time

The effect of different periods of time indicated that the highest and lowest required
time for mean daily germination observed in the control and 24 hour long priming, were
9.2 and 7.1 days, respectively (Table 3). Furthermore, the speed of daily germination in
the case of 24 hour treatment was 22.8% higher, compared to that of the control, although
it was observed in the same statistical group with 12 and 48 hour treatments (Table 3).
Results comparing the mean of the effect of different concentrations of SA showed, that
increasing the concentration lead to a raise in mean daily germination and maximum mean
daily germination achieved in 1 mM concentration SA which it did not has a meaningful
difference with 0.5 mM concentration SA (Table 3).
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Seedling length

The results indicated that the main effects of priming time and concentration of SA
played a significant effect on seedling length (Table 1). The highest and shortest seedling
lengths were observed in 6 hour and 12 hour treatments, respectively (Table 3). The
results showed that the maximum seedling length (4.57 cm) occurred in the 0.5 mM SA
treatment and the lowest seedling length (3.9 cm) was found in the 0.01 mM SA treatment
(Table 3).

Plumule length and radicle length

The results of ANOVA revealed that priming at different times could significantly
influence the plumule and radicle length at P <0.05, but the concentrations of SA had no
significant effect on these characteristics (Table 1). In addition, 6 hour seed priming had
the highest plumule length and a significant increase occurred in the control treatment
(Table 3). The shortest radicle length (2cm) occurred in thel2 hour treatment priming,
and had a significant difference compared to other treatments (Table 3).

Seedling weight and length vigor index

The effect of concentration and time on seedling weight and length vigor index was
significant at the significance level of p<0.01 (Table 1). In addition, the interaction
between concentration x time on the seedling length vigor index was also significant
(Table 1). The highest seedling length vigor index was observed during 1 mM SA + 24
hour priming (Fig. 2). Among the main effects of concentration and time priming, 24
hour treatment and 1 mM SA concentration revealed the highest seedling weight vigor
index (Table 3).

35500 E Time m6m12024 048 3 a

8 hall

£ b

= 400 - bc b.d bd | |b.d
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) e
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=100 -

©

b

U) 0 = T T 1
control 0.01 0.1 0.5 1

Salicylic acid concentration (mM)

Figure 2. Mean comparison of the effect of time and concentration on seedling length vigor
index

Chlorophyll content and carotenoids

According to the results, the effects of priming time and concentration, as well as
interaction of concentration x time on chlorophyll a, b, total chlorophyll, and carotenoids
were significant (p<0.01) (Table 2). The highest chlorophyll a, b and total chlorophyli
contents were related to the concentration of 0.1 mM SA, (Fig. 3, 4, 5) and higher
carotenoid content was related to the treatment of 1 mM SA (Fig. 6). The results of this
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experiment showed that among the different levels of priming, 24 hours of treatment and
control had the highest and lowest levels of chlorophyll a, total and carotenoids,
respectively (Figs. 3, 5, 6).

Chlorophyll a (mg/g FW)

Figure 3.

Chlorophyll b (mg/g FW)

Figure 4.

Total chlorophyll (mg/g FW)
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Figure 5. Mean comparison of the effect of time and concentration on Total chlorophyll
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Figure 6. Mean comparison of the effect of time and concentration on carotenoid

Furthermore, the highest and lowest levels of chlorophyll b were observed in the of 24
hour and control treatments (Fig. 4). In addition, interaction between concentration x time
of priming indicated the highest concentration of chlorophyll a and total was at 0.1 mM
SA + 24 hour seed priming (Figs. 3, 5) and the highest content of chlorophyll b and
carotenoids was at 0.1 mM SA + 12 hour and 1 mM SA+ 48 hours of priming,
respectively (Figs. 4, 6).

Antioxidant enzymes activities

The effects of time, concentration levels of priming, and the interaction between time
x concentration on the activity of CAT and POD enzymes were significant at least at the
significance level of 1% (Table 2). The highest activity of CAT enzyme was related to 1
mM SA treatment, which indicated a 84% higher activity than that of the control. Further,
no significant difference was observed between the SA concentration of 0.1 and 1 mM
(Fig. 7). Among the different priming times, 24-hour treatment and control had the
highest and lowest activity of antioxidant enzymes, respectively. Furthermore, the
interaction effects of 1 mM SA + 24 hours had the most significant effect on the activity
of CAT enzyme (Fig. 7).
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Figure 7. Mean comparison of the effect of time and concentration on catalase activity
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Based on ANOVA results, the highest POD enzyme activity was related to 1 mM SA
concentration and 12 hours of treatment (Fig. 8). In addition, the means of the comparison
of the interaction between SA concentrations x time indicated higher POD enzyme
activity when the seeds primed with 1 mM SA + 24 hours (Fig. 8).
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[
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o
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604 h =18h

4,0 4

peroxidase activity (min-1 mg-1 F

control 0.01 0.1 0.5 1

Salicylic acid concentration (mM)

Figure 8. Mean comparison of the effect of time and concentration on peroxidase activity

Discussion

Several reports have been published demonstrating the role of SA in various
physiological processes. Some of these reports demonstrated the protective or damaging
effect of exogenous SA (Szalai et al., 2011). Priming pepper seeds in acetyl-SA improved
the final germination percentage, and led to higher shoot and root dry weights (Korkmaz,
2005). However, it should also be noted that a dramatic inhibition of the germination
process was reported above the concentration of 1 mM in maize (Guan and Scandalios,
1995).

Results indicated that by increasing the SA concentration germination percentage also
becomes higher (Table. 3). Gorzi et al. (2017) reported that the seed priming with SA
improved the germination parameters and seedling growth of stevia. Furthermore, SA
may stimulate the seed germination via biosynthesis of gibberellic acid and induce
thermogenesis (Shah, 2003). Previous studies reported that isocitrate lyase and malate
synthase were found to be more abundant in seeds germinated in the presence of SA than
in its absence. Isocitrate lyase and malate synthase are two key enzymes of the glyoxylate
cycle, which play a crucial role in synthesizing carbohydrates from storage lipids during
seed germination and seedling establishment (Eastmond and Graham, 2001).

Khoramdel et al. (2012) reported that an increase in SA concentration from 0.1 to 1
mM leads to an increase in germination percentage, and a reduction of the germination
percentage occurred after increasing the concentration. It seems that different effects may
be observed in different concentrations since SA is considered as a plant growth
regulator. The time of contact with these substances is very important, along with the use
of plant hormones. Thus, the amount or concentration of hormones should be lower in
long time periods and it is better to consider the higher concentration of growth regulator
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substances in shorter periods of time. By increasing the duration of priming, hormones
can better penetrate into seeds, leading to an increase in the activity of germination
stimulating enzymes, as well as the percentage and speed of seed germination (Azarniya
et al., 2016). Shahverdi et al. (2017) reported the highest germination percentage among
the priming duration and different concentrations of boric acid were observed under 24
hours of priming. Application of 0.01 mM SA during a 48 hour priming showed the
lowest mean seed germination time (Fig 1).

Reducing the mean germination time due to seed priming is related to an increase in
the rate of cell division in primed seeds because the synthesis of RNA, DNA, and protein
were completed in many physiological stages and the seed was placed at the threshold
germination during seed priming (Foti et al., 2008; Brancalion et al., 2008). The results
of the present study indicated that the 6 hour seed priming treatment had the highest
seedling length and plumule (Table. 3). Compared to non-primed seeds, an important
feature of primed seeds is that they quickly germinate and produce radicle and plumule
in optimal conditions. Thus, the seedling length of primed seeds is considerably higher
than that of non-primed seeds (Murungu et al., 2003). The maximum seedling length was
assessed during the 0.5 mM SA treatment. The results of this study are in line with
previous studies that indicated applying SA was more effective by soaking the seeds, and
the best results were obtained using 0.5 mM SA solution (Baninasab, 2010). In addition,
SA regulates elongation and cell division in collaboration with materials such as auxin.
Furthermore, the exogenous application of SA causes cell division in the terminal
meristem of the primary roots, which results in increasing longitudinal growth (Serraj and
Sinclair, 2002).

Seedling length vigor index is derived from both multiplication germination
percentage and seedling length. Therefore, every treatment increasing these two
components leads to an increase in seed vigor. Thus, an increase in seed vigor using
priming treatments can be related to increasing the activity of the enzymes involved in
germination. Consequently, an increase in the consumption of seed reserves and length
of seedling can be attributed to increased energy in primed seeds (Omid and Farzad,
2012). The results of our study indicated that 24 hours treatment and 1 mM, SA
concentration resulted in the best seedling weight vigor index and seedling length vigor
index (Table. 3).

Azarniya et al. (2016) reported that the effect of time and concentration of priming
was significant on seed vigor and the most effective duration of priming was 12-hour
priming. They also concluded that primed seeds have a more favorable germination vigor
than non-primed seeds. Seed priming is considered as one of the strategies to improve the
amount of chlorophyll a and b (Rehman and Ali, 2015). Furthermore, seed priming with
SA has positively affected biochemical traits such as total chlorophyll (Singh et al., 2018).

Seed priming with the concentration of 0.1 mM SA indicated the highest chlorophyll
a, b and total chlorophyll content (Fig. 3.4.5) and higher carotenoid content was related
to higher a concentration of SA (1 mM) (Fig. 6). The results are consistent with the results
of (Yanik et al., 2018), who reported that the total chlorophyll content increased under 10
uM SA. Higher concentration of SA resulted in decreasing total chlorophyll and
increasing carotenoid contents. Moharekar et al. (2003) indicated that different
concentrations of SA can activate the synthesis of carotenoids and xanthophylls while a
total chlorophyll content reduction occurs in wheat. It seems that decreasing chlorophyll
content due to the SA-induced excess leads to the accumulation of ROS and the inhibition
of plant growth and development. (Ma et al., 2013). However, the results of other studies
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indicated that the SA pretreatment leads to a significant increase in the chlorophyll and
carotenoid content (Saidi et al., 2013), which is beneficial for improving photosynthesis
(Zhang et al., 2015). Catalase is one of the most important antioxidant enzymes, which
can be increased in plants using a seed priming technique (Fallah et al., 2018). The results
of the present study indicated that treating seeds with 1 mM SA for 24 hours had the most
significant effect on the activity of CAT and POD enzymes. Yang et al (2016)
investigated that treating seeds with SA could enhance the defense mechanisms of
Helianthus annuus, leading to an increase in germination indices by increasing the
activity of antioxidant enzymes (Omid and Farzad, 2012).

Conclusion

The results indicated that the priming technique can improve the seed germination
components of Catharanthus roseus. Furthermore, a significant difference was reported
between different priming times. Additionally, seed priming time is regarded as one of
the important factors in seed treatment and determining the appropriate priming time may
prevent the negative effect of pretreatment on germination characteristics and seedling
growth of primed seeds. In order to have a positive effect, the best time for pretreatment
on improved germination and seedling growth indices should be determined for every
plant. In the present study, the results indicated that an increase in the pre-treatment time
results in improving most of the components related to germination. In this experiment,
the most beneficial length of time was 24 hours for pre-treatment of Catharanthus roseus
seeds. In addition, the best results were related to 0.5 and 1 mM SA concentrations.
Therefore, determining the best concentration and time for seed priming is considered as
a key factor to implement seed priming effects in the most beneficial way.
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