JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH
2026, VOL. 9(1), 175-190

% Journal of Horticulture and Postharvest Research I;%I
A Journal homepage: www.jhpr.birjand.ac.ir ‘j:‘;if::g

Greenhouse soil sowing of Catharanthus roseus: effects of
potassium nitrate and salicylic acid priming on salinity tolerance
in different sowing methods

Azadeh Mousavi Bazaz »*, Amirali Salavati Nik! and Hajar Nemati?

1, Department of Horticultural Science and Landscape Architecture, Faculty of Agriculture, Ferdowsi University of Mashhad,

Mashhad, Iran

ARTICLEINFO

ABSTRACT

Original Article

Article history:
Received 11 April 2025
Revised June 9 2025
Accepted July 12 2025

Keywords:
Madagascar periwinkle
Ornamental plants
Relative water content
Salt stress

DOI: 10.22077/jhpr.2025.9215.1496
P-ISSN: 2588-4883
E-ISSN: 2588-6169

*Corresponding author:

Department of Horticultural Science and
Landscape Architecture, Faculty of
Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran.

Email: mousaviba@um.ac.ir

© This article is open access and licensed under the
terms of the Creative Commons Attribution License
http://creativecommons.org/licenses/by/4.0/  which
permits  unrestricted, use, distribution and
reproduction in any medium, or format for any
purpose, even commercially provided the work is
properly cited.

Purpose: This study aimed to evaluate the effects of seed priming
on Madagascar periwinkle (Catharanthus roseus L.) seedlings under
saline conditions, focusing on salicylic acid and potassium nitrate
treatments. Research method: The research was conducted at
Ferdowsi University of Mashhad in 2024. F; Seeds of the 'Sunstorm
Red' were primed with salicylic acid (150, 250 and 350 mg/L) and
potassium nitrate (50 and 100 mg/L) for 24 hours. A factorial
experiment based on a completely randomized design with three
replications assessed four salinity levels (0, 4, 6, and 8 dS/m) and
two sowing methods: direct sowing in pots and indirect sowing via
germination in petri dishes followed by transplantation. Traits such
as relative water content, SPAD index, electrolyte leakage, were
measured 65 days after sowing. Findings: Seed priming significantly
reduced the negative effects of salinity. Potassium nitrate priming
outperformed salicylic acid in enhancing relative water content,
SPAD index, stem and root lengths, and biomass. Direct sowing
showed better resistance to salinity compared to indirect sowing,
particularly in improving stem length, root length, and SPAD index.
Primed seeds exhibited higher germination rates and stronger
seedlings with enhanced growth characteristics compared to
untreated seeds. Research limitations: The study was limited to
specific priming agents and salinity levels, suggesting further
research to optimize potassium nitrate concentrations for improved
seedling production. Originality/Value: This research recommends
potassium nitrate priming for robust C. roseus seedling production
in saline environments. The findings can guide growers in selecting
cost-effective priming strategies to enhance plant resilience and
productivity sustainably.
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INTRODUCTION

Water and soil salinity are major constraints on crop yields in dry and semi-dry areas. While
urban populations are expanding, it has resulted in a decline in the availability of high-quality
freshwater resources. Water shortages could make it necessary to use low-quality and salty
water for irrigating plants in urban parks and gardens (Mousavi Bazaz et al., 2023).
Furthermore, high salt levels in water can severely harm the growth of ornamental plants,
especially when they are young, causing damage to their cells and disrupting their ability to
carry out essential functions (Ellouzi et al., 2023). Exposure to saltwater can also reduce the
size of flowers and how long they last in a vase life (Othman & Al-ajlouni, 2024). Changes in
plant physiology resulting from increased salinity include decreased photosynthesis and
lowered stomatal conductance, leading to reduced plant growth and lower flower quality
(Othman & Al-ajlouni, 2024). Seedlings are much more susceptible to salt damage than plants
in later stages of growth. This sensitivity necessitates further research to develop management
techniques that can mitigate the adverse effects of salinity during this critical phase (Bezerra
et al., 2020).

Catharanthus roseus, commonly known as the Madagascar periwinkle, is a prominent
flowering plant within the Apocynaceae family. Its widespread cultivation primarily from its
aesthetically pleasing and remarkably persistent floral displays (Hira et al., 2024). It is also a
valuable medicinal plant used for high blood pressure and diabetes (Ababaf et al., 2021).

Comparative studies on ornamental species reveal diverse levels of salt tolerance, as seen
in the case of Zinnia elegans, which experiences linear growth decline even at a salinity level
of 1.5 dS m™, whereas Rudbeckia hirta retains its germination rates under moderate salinity
levels (Miladinov et al., 2020). Conversely, Catharanthus roseus is classified as sensitive to
salinity levels above 1.5 dS m™, whereas Tagetes patula and Celosia argentea are considered
moderately sensitive, underscoring the importance of understanding irrigation management in
saline environments (Bezerra et al., 2020).

A key agricultural approach, seed priming, has become essential for improving seed
germination rates under saltwater conditions by improving physiological and biochemical
functions (Khan et al., 2022; Nyandwi et al., 2024). Priming improves salt tolerance through
three interrelated processes: maintaining ion balances, activating antioxidants, and
reallocating resources (Hameed et al., 2025; Zulfigar et al., 2022). Methods like
hydropriming, osmopriming, and hormonal priming can reduce the negative effects of high
salt levels on growing seeds by enhancing their ability to balance fluids and maintain stable
ion levels (Khan et al., 2022). Seeds that have been primed demonstrate increased activity in
antioxidant enzymes such as superoxide dismutase (SOD), peroxidase (POD), and catalase
(CAT), which neutralize reactive oxygen species, thereby reducing lipid peroxidation by 40-
60% in comparison to non-primed seeds (Khan et al., 2022). Research has demonstrated that
potassium nitrate (KNO3) priming can counteract the negative effects of salinity by increasing
seedling vitality and encouraging stem growth in saline environments. A study on cumin
found that using KNO; for priming decreased ascorbate peroxidase activity by 35% and
lowered proline accumulation by 28% under 150 mM NaCl (Kalhor Monfared et al., 2022).

A promising approach to increasing plant resilience to salt-related stress involves using
salicylic acid (SA) priming to modify antioxidant defenses, maintain cell membrane integrity,
and regulate stress signaling pathways, as indicated in research (Ellouzi et al., 2023).
Additionally, studies have found that SA priming at a concentration of 0.5 millimolar notably
enhanced germination outcomes in Cannabis sativa under saline conditions, which suggests
its potential for enhancing salt tolerance in agricultural crops (Gul et al., 2024). Research in
other ornamental species, including Limonium bicolor, has demonstrated that SA application
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can enhance seedling establishment under salt stress by improving germination (Liu et al.,
2019).

A laboratory study on madagascar periwinkle seed germination was conducted, which
found that seeds primed with potassium nitrate had a higher germination rate than control
seeds and those treated with ascorbic acid (Mousavi Bazaz & Nemati, 2023). This greenhouse
study aims to grow primed seeds in soil to achieve the following objectives:

1. Investigate early seedling development in Catharanthus roseus, focusing on priming
and salt tolerance.

2. Examine the impact of KNO3 and salicylic acid on periwinkle seedling growth.

3. Compare direct and indirect sowing methods to determine their effects on seedling
growth and quality under saline conditions.

MATERIALS AND METHODS

Plant materials and seed preparation

The research was carried out in 2024 to assess the impact of priming on the development of
Catharanthus roseus seedlings in a greenhouse setting, under conditions of salinity stress, at
the Ferdowsi University of Mashhad's Agricultural Research Greenhouse. Seeds from the F1
generation of Catharanthus roseus 'Sunstorm Red' were obtained from Syngenta.

The experiment was structured as a factorial based on a completely randomized design,
consisting of three replications. The variables examined consisted of four different levels of
salinity (0, 4, 6, and 8 dS/m) and five seed priming concentrations: 150, 250, and 350 ppm of
salicylic acid, as well as 50 and 100 ppm of KNO3. The control treatment consisted of directly
sowing unprimed seeds. The seeds, initially treated with a 2.5% hypochlorite solution for a
period of 10 minutes, followed by three deionized water rinses, were then exposed to various
priming treatments for a duration of 24 hours (Ahmad et al., 2017). Following this, the seeds
were then removed and assessed in two different sowing techniques. The first approach
consisted of direct sowing, which entailed planting seeds in pots with a 12 cm diameter,
topping them with coco peat, and then irrigating them with saline water over a period that
allowed the water to reach the desired final salinity level. In the second approach, indirect
seeding was employed, where seeds were immersed in petri dishes filled with deionized water
to allow germination (the emergence of a 2 mm radicle) prior to being moved to the same pots
utilized for direct seeding. The potting mix comprised 25% peat moss, 50% sand, and 25%
agricultural soil (sandy loam), the soil electrical conductivity (EC) and pH were 4.5 dS/m and
7.24 respectively.

Procedure for imposing salt stress

Salinity levels were applied gradually from the start of planting and reached the final salinity
level. Sodium chloride (NaCl) from Scharlau Company was used as the salt source. Irrigation
(100 ml for each pot) with the desired salinity levels was performed every other day,
considering the soil's field capacity and greenhouse temperature. Leaching (irrigation without
salinity) was done every 12 days to prevent excessive salt accumulation. The average
greenhouse temperature was (27/20°C at day/night). The pots were maintained under these
conditions for 65 days until the seedlings reached an appropriate stage for transplanting.

Evaluated traits

After 65 days, the desired traits were measured. These traits included the number of healthy
seedlings reaching the transplant stage, chlorophyll index, electrolyte leakage, relative water
content, root and stem length, fresh and dry weight of stem and root, and leaf number.
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To measure dry weight, the fresh samples were dried in an oven at 72°C for 48 hours and
then weighed.

SPAD index
A chlorophyll meter was used to measure the SPAD index (SPAD-502 Konica, Minolta,
Tokyo).

Electrolyte leakage

To measure electrolyte leakage, leaf samples were washed and excess water was removed.
Samples of similar size were placed in deionized water for 24 hours. Initial electrical
conductivity was measured using an EC Meter. The samples were then autoclaved at 120°C
for 20 minutes, and secondary electrical conductivity was measured. The formula for
calculating electrolyte leakage is as follows (1) (Akrimi et al., 2023):

EL (%) = (EC1/EC2) x100 1)

Where EL is the percentage of electrolyte leakage, EC1 is the initial electrical
conductivity, and EC2 is the secondary electrical conductivity.

Relative water content

Relative water content (RWC) was measured using the following method: Leaf samples were
harvested from the greenhouse and weighed accurately (fresh weight). They were then
immersed in distilled water for 18 hours and weighed again (saturated weight). Finally, they
were dried in an oven at 72°C for 48 hours, and their dry weight was measured. The formula
for calculating RWC is as follows (2) (Bayat et al., 2023):

RWC (%) = [(FW-DW)/ (TW-DW)] x100 )

Where FW is the fresh weight, DW is the dry weight, and TW is the saturated weight.

Statistical analysis

Statistical analysis of the data was performed using Minitab software version 17, and mean
comparisons were made using the LSD test at a 5% probability level. Excel software was used
to create graphs.

RESULTS

Number of healthy seedlings

The results showed that increasing salinity reduced the number of thriving seedlings (Fig. 1,
A and B). In the absence of salinity, priming had no significant effect on seedling growth in
direct soil planting, while indirect planting showed a difference only at 250 ppm salicylic acid
(Fig. 1). Priming significantly enhanced number of healthy seedlings at 4, 6, and 8 dS/m
salinity levels, outperforming unprimed seeds in both sowing methods (Fig. 1). The highest
number of healthy seedlings was observed at 4 and 6 dS/m with 100 ppm KNO3, regardless of
sowing method. At 8 dS/m, 100 ppm KNO3 yielded the highest trait values in direct sowing,
while 50 ppm was optimal in indirect sowing (Fig. 1).

Stem length
In both experiments, the employment of primed seeds led to greater stem lengths at different
salinity levels than unprimed seeds. In soils with salinity levels of 4 and 6 dS/m, the
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maximum stem length resulting from direct soil sowing was linked to the use of 100 ppm
KNO3;, whereas indirect sowing yielded the best results with 50 ppm KNO; (Fig. 2). At 8
dS/m salinity level, the longest stem lengths achieved in direct soil sowing and indirect
sowing were associated with 50 ppm KNOz; and 350 ppm salicylic acid, respectively .The
stem length in direct sowing at salinity levels of 0, 4, 6, and 8 dS/m averaged 32.31, 26.65,
23.34, and 22.56 cm, respectively, whereas in indirect sowing, it averaged 22.18, 25.52,
23.32, and 22.32 cm, respectively, showing greater stem lengths in direct sowing conditions.
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Fig. 1. Number of healthy seedlings at different salinity levels and priming treatments (A: Direct Sowing of
Seeds, B: Indirect Sowing). Means followed by the same letter are not significantly different according to the LSD test at
the 5% probability level.
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Fig. 2. Stem length at different salinity levels and priming treatments (A: Direct Sowing of Seeds, B: Indirect

Sowing). Means followed by the same letter are not significantly different according to the LSD test at the 5% probability
level.
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Root length

Maximum root length in direct and indirect sowing was found with the application of KNO;
at specific salinity levels. In direct soil sowing, this occurred at a salinity of 4-6 dS/m when
using 100 ppm KNO3 (Fig. 3), whereas in indirect sowing, it was achieved at the same
salinity when applying 50 ppm KNO3. At 8 dS/m salinity level, the longest root lengths
observed in both sowing methods were with the presence of 50 ppm KNO3. A statistically
significant difference was found at each of the three salinity levels, between the priming
treatment and the control, as depicted in Figure 3. In direct sowing, the mean root length at 0,
4, 6, and 8 dS/m salinity levels was 14.11, 14.09, 14.52, and 14.06 cm, respectively, whereas
in indirect sowing, it was 14.28, 14.64, 14.43, and 13.53 cm, respectively.

Relative water content of leaves

Leaves from direct sowing experiments showed little to no impact from rising salinity levels,
with corresponding mean RWC values of 77.1%, 82.16%, 78.32%, and 75.69% recorded at
salinity levels of 0, 4, 6, and 8 dS/m, respectively (Fig. 4). In indirect sowing, the percentages
achieved were 84.08%, 74.21%, 74.17%, and 72.84%, and direct sowing recorded higher
mean values at three distinct levels of salinity. Upon reviewing both experiments, the greatest
value for this characteristic in direct sowing was found at a salinity level of 4 dS/m with the
application of 100 ppm KNO3 (Fig. 4).
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Fig. 3. Root length at different salinity levels and priming treatments (A: Direct Sowing of Seeds, B: Indirect
Sowing). Means followed by the same letter are not significantly different according to the LSD test at the 5% probability
level.
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Fig. 4. Relative water content of leaves at different salinity levels and priming treatments (A: Direct Sowing of
Seeds, B: Indirect Sowing. Means followed by the same letter are not significantly different according to the LSD test at
the 5% probability level.

Electrolyte leakage

The data revealed that at salinity levels of 4 and 8 dS/m, in both direct and indirect sowing
methods, the application of KNO3 priming at concentrations of 50 and 100 ppm led to a
decrease in electrolyte leakage in seedlings compared to those from unprimed seeds (Fig. 5).
In indirect sowing at a salinity level of 8 dS/m, various levels of salicylic acid proved to be
effective in decreasing electrolyte leakage compared to seedlings from unprimed seeds,
whereas this effect was not seen in direct sowing (Fig. 5). In direct sowing, no notable
difference was observed in electrolyte leakage at salinity levels of 4 dS/m, whereas at other
salinity levels, the difference was significant. Specifically, mean electrolyte leakage was
found to be 35.36% at 0 dS/m, 40.53% at 4 dS/m, 34.69% at 6 dS/m, and 37.37% at 8 dS/m.
Electrolyte leakage in indirect sowing increased with salinity levels, displaying an upward
trend; the mean values at salinity levels of 0, 4, 6, and 8 dS/m were 24.10%, 34.86%, 36.80%,
and 37.84%, respectively.

SPAD index
According to the data, the average chlorophyll content was 34.40 at 0 dS/m, 33.97 at 4 dS/m,
34.17 at 6 dS/m, and 35.27 at 8 dS/m for direct sowing, whereas for indirect sowing it was
35.98 at 0 dS/m, 35.36 at 4 dS/m, 34.93 at 6 dS/m, and 32.56 at 8 dS/m. In direct sowing,
primed seeds exhibited significant differences at salinity levels of 6 and 8 dS/m compared to
unprimed seeds, and priming enhanced the SPAD index more than unprimed seeds (Fig. 6-A).
At salinity levels of 0 and 4 dS/m, the maximum trait values were obtained with 100 ppm
KNO;. Conversely, at salinity levels of 6 and 8 dS/m, the highest trait values were observed
at 150 ppm salicylic acid, as depicted in Figure 6-A.

The highest salinity tolerance values for indirect sowing were achieved with salt
concentrations of 4, 6, and 8 dS/m when using 50 ppm KNO3, 250 ppm salicylic acid, and 50
ppm KNOjs, respectively, as shown in Figure 6-B.
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Leaf number

In direct sowing, the highest leaf number was observed at a salinity of 6 dS/m with 100 ppm
KNOj3, whereas in indirect sowing, this level was attained at a salinity of 4 dS/m with 50 ppm
KNO; (Tables 1 and 2).
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Fig. 5. Electrical leakage of leaves at different salinity levels and priming treatments (A: Direct Sowing of
Seeds, B: Indirect Sowing). Means followed by the same letter are not significantly different according to the LSD test at
the 5% probability level.
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Fig. 6. SPAD index of leaves at different salinity levels and priming treatments (A: Direct Sowing of Seeds, B:
Indirect Sowing). Means followed by the same letter are not significantly different according to the LSD test at the 5%
probability level.
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Fresh weight of stem and root

The results indicated that the highest fresh weight of stem in direct sowing at salinity levels of
4, 6, and 8 dS/m was achieved with 50, 100, and 50 ppm KNOs, respectively, and in indirect
sowing, with 50, 50, and 100 ppm KNOs, respectively (Tables 1 and 2). The application of
salicylic acid at different salinity levels, except at 8 dS/m in indirect sowing, did not have a

significant effect compared with seedlings from unprimed seeds (Tables 1 and 2).

The highest fresh weight of the root in direct sowing was achieved at a salinity level of 6
dS/m with 100 ppm KNO; (Table 1), and in indirect sowing, at a salinity level of 6 dS/m with

50 ppm KNOj; (Table 2).

Table 1. Interaction effect of seed priming and salinity stress on seedling growth of Catharanthus roseus (direct

sowing).

Factors Parameters

Salinity Priming Shoot fresh  Root fresh Shoot dry Root dry Number
(dS/m) (ppm) weight (g)  weight (j) ~ weight(@)  weight()  of leaves
0 No-prime 0.126 hi 0.0163 g 0.013 ef 0.0018 fg 10b

0 SA-150 0.106 hi 0.0200 fg 0.011f 0.0021 efg 10b
0 SA-250 0.126 hi 0.0200 fg 0.016 def 0.0018 fg 10b
0 SA-350 0.089 i 0.0130 ¢ 0.068 a 0.0014 g 10b

0 KNO3-50 0.159 gh 0.0163 g 0.029 bed 0.0015 fg 10b
0 KNO3-100 0.566 ab 0.0248 ef 0.018 def 0.0088 a 9.4 bc
4 No-prime 0.348 cde 0.0163 g 0.020 def 0.0035 cde 10.0b
4 SA-150 0.483 abc 0.0497 b 0.049 abc 0.0071 ab 10.0b
4 SA-250 0.119 hi 0.0130 ¢ 0.013 ef 0.0077 a 8.0c
4 SA-350 0.383 bed 0.0465 bc 0.030 bed 0.0077 a 10.0b
4 KNO3-50 0.270 def 0.0332 de 0.018 def 0.0085 a 10.0b
4 KNO3-100 0.614a 0.0666 a 0.056 ab 0.0086 a 12.0a
6 No-prime 0.271 def 0.0130 ¢ 0.029 bed 0.0033 de 10.0b
6 SA-150 0.270 def 0.0332 de 0.023 def 0.0033 de 10.0b
6 SA-250 0.203 fg 0.0163 ¢ 0.016 def 0.0082 a 8.0c
6 SA-350 0.299 def 0.0349 cd 0.018 def 0.0041 cd 10.0b
6 KNO3-50 0.286 def 0.0400 bcd 0.030 bed 0.0012 g 10.0b
6 KNO3-100 0.512 abc 0.0792 a 0.031 bed 0.0043 cd 114a
8 No-prime 0.213fg 0.0200 fg 0.013 ef 0.0051 bc 10.0b
8 SA-150 0.241 efg 0.0200 fg 0.025 cde 0.0038 cd 9.1bc
8 SA-250 0.233 efg 0.0200 fg 0.020 def 0.0065 ab 9.4 bc
8 SA-350 0.250 efg 0.0416 bcd 0.018 def 0.0041 cd 10.0b
8 KNO3-50 0.637 a 0.0497 b 0.068 a 0.0027 def 114 a
8 KNO3-100 0.248 ef 0.0200 fg 0.020 def 0.0033 cde 10.0b

In each column, averages that have at least one common letter are in statistically similar groups LSD range tests at the 5%

possibility.

No-prime: seedling without seed priming, SA-150, SA-250, and SA-350: Seedlings whose seeds were primed with salicylic
acid at concentrations of 150, 250, and 350 ppm, respectively. KNOs-50 and KNO3-100: Seedlings whose seeds were primed
with KNOz at concentrations of 50 and 100 ppm, respectively.
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Dry weight of stem and root

The highest dry weight of the stem in direct sowing at salinity levels of 4, 6, and 8 dS/m was
achieved with 100, 100, and 50 ppm KNOg, respectively, and in indirect sowing, with 50, 50,
and 100 ppm KNOs, respectively (Tables 1 and 2). For the dry weight of the root, in direct
sowing, the highest values were achieved with 100 ppm KNO3 at a salinity level of 4 dS/m
and with 250 ppm salicylic acid at salinity levels of 6 and 8 dS/m (Table 1). In indirect
sowing, the application of 50 ppm KNO; at a salinity level of 4 dS/m, 150 ppm salicylic acid
at 6 dS/m, and 250 ppm salicylic acid at 8 dS/m was more effective than the other levels
(Table 2).

Table 2. Interaction effect of seed priming and salinity stress on seedling growth of Catharanthus roseus
(indirect sowing).

Factors Parameters

Salinity Priming Shoot fresh  Root fresh  Shoot dry Root dry Number of
(dS/m) (ppm) weight (g)  weight (g)  weight (g) weight (g) leaves
0 No-prime 0.365 ab 0.0218d-g  0.0126 ef 0.0058 a-d 10.0b
0 SA-150 0.316 b-e 0.0300 b-e  0.0300 ab 0.0087 a 10.0b
0 SA-250 0.130 kl 0.0214 efg  0.0229 bcd 0.0087 a 10.0b
0 SA-350 0.163i-1 0.0123h 0.0229 bed 0.0070 abc 10.0b
0 KNO3-50 0.191g-k  0.0227c-g 0.0262 abc 0.0083 ab 95b
0 KNO3-100 0.256 c-h 0.0346 abc  0.0159 c-f 0.0044 c-f 10.0b
4 No-prime 0.289 b-f 0.0283 c-f  0.0159 c-f 0.0010j 10.0b
4 SA-150 0.243 d-i 0.0346 abc  0.0200 b-e 0.0029 e-i 10.0b
4 SA-250 0.360abc  0.0300 b-e  0.0282 ab 0.0080 ab 10.0b
4 SA-350 0.333 a-d 0.0300 b-e  0.0200 b-e 0.0030 e-i 10.0b
4 KNO3-50 0.445a 0.0487ab  0.0400 a 0.0083 ab 10.0b
4 KNO3-100 0.283 b-f 0.0260 c-f  0.0252 abc 0.0042 c-g 10.0b
6 No-prime 0.160 i-I 0.0172 ¢ 0.0100 f 0.0033 d-i 10.0b
6 SA-150 0.222 e-j 0.0100 h 0.0144 def 0.0072 abc 95b
6 SA-250 0.277b-g  0.0316b-e  0.0182 b-e 0.0051 b-e 10.0b
6 SA-350 0.145 jki 0.0100 h 0.0100 f 0.0025 f-j 10.0b
6 KNO3-50 0.435a 0.0565 a 0.0391 a 0.0020 g-j 11.1a
6 KNO3-100 0.229e-i 0.0329 bcd  0.0144 def 0.0038 d-h 95b
8 No-prime 0.1001 0.0100 h 0.0100 f 0.0016 i 10.0b
8 SA-150 0.173h-k  0.0100 h 0.0100 f 0.0053 a-e 9.2 bc
8 SA-250 0.220 e-j 0.0100 h 0.0100 f 0.0070 abc 95b
8 SA-350 0.230 e-i 0.0100 h 0.0100 f 0.0030 e-i 95b
8 KNO3-50  0.206 f-k 0.0200 fg 0.0144 def 0.0019 hij 9.1bc
8 KNO3-100 0.231e-i 0.0200 fg 0.0159 c-f 0.0019 hij 8.0c

In each column, averages that have at least one common letter are in statistically similar groups LSD range tests at the 5%
possibility.

No-prime: seedling without seed priming, SA-150, SA-250, and SA-350: Seedlings whose seeds were primed with salicylic
acid at concentrations of 150, 250, and 350 ppm, respectively. KNOs-50, and KNO3-100: Seedlings whose seeds were
primed with KNOs at concentrations of 50 and 100 ppm, respectively.
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DISCUSSION

Present study has shown that using KNO3 and salicylic acid at specific concentrations can
have a beneficial effect on certain plant characteristics and, in comparison to unprimed
seedlings, exhibit improved resilience to salt stress.

Researches have shown that treating seeds with KNO; can substantially boost seed
germination rates and consistency across different environmental settings. For instance, a
study on Cucumis metuliferus showed that KNO; priming at a concentration of 2.5%
improved final germination percentage under salinity stress (Mutetwa et al., 2023). In
Lycopersicum esculentum, varieties Mersa and Tekeze-1 responded differently to KNO;
priming, with Mersa showing a 22% improvement in germination at 1.5% KNO;
concentration, whereas Tekeze-1 performed better at 0.5%, indicating genotype-specific
responses (Mebratu, 2022). The positive effect of KNO3z in germination was consistence with
our study. This improvement is attributed to the regulation of hormonal balance, particularly
the ratio of gibberellic acid (GA) to abscisic acid (ABA), and the activation of enzymes
involved in seed metabolism (Mutetwa et al., 2023). Moreover, studies confirm that KNO3
maintains osmotic homeostasis under saline conditions by regulating the selective uptake of
K* ions and reducing the accumulation of Na* ions, allowing plants to better manage water
uptake under saline conditions This mechanism is critical for improving salt tolerance in
plants, as it prevents ionic imbalance and osmotic stress (Li & Yang, 2023; Rehman et al.,
2024; Sayed et al., 2019).

In this study, the use of salicylic acid and KNO; at specific salinity levels resulted in a
positive effect on increasing root and stem length, as well as root and shoot fresh and dry
weight, in Catharanthus roseus. Research findings suggest that KNOz priming results in
enhanced leaf area, increased plant height, and greater dry weight that are essential for
achieving desirable ornamental quality (Miladinov et al., 2020).

Studies have demonstrated that treating seeds with salicylic acid can substantially induced
stem elongation in ornamental plants exposed to salt stress, for example, increasing shoot
growth in Limonium bicolor as reported by Liu et al. (2019). Preliminary SA treatment
resulted in increased shoot dry matter and overall plant growth in Saccharum officinarum
(Apon et al., 2023). In addition, seedlings treated with SA showed enhanced mineral nutrition,
specifically higher concentrations of calcium and magnesium, which are necessary for
maintaining cell wall stability and facilitating elongation processes during periods of salt
stress (Ben Youssef et al., 2024). Improving potassium uptake and decreasing sodium
accumulation may stabilize osmotic balance and enhance turgor pressure required for stem
growth, while also modulating hormonal balance by increasing gibberellic acid (GA) levels
and decreasing abscisic acid (ABA) levels, thus facilitating cell elongation and stem
development under saline conditions (Apon et al., 2023; Liu et al., 2019).

In this study, benefits of KNOs were recoded for shoot and root length. KNO3s priming not
only enhances root length but also improves root architecture, including root number and root
dry weight. In rice, priming with KNO3 improved root growth, leading to better water and
nutrient uptake, which is essential for crop productivity (Dhillon et al., 2021). In sesame,
priming with 15 mM KNOs3 improved root length, fresh weight, and dry weight of seedlings.
This treatment also enhanced catalase, peroxidase, and proline content, indicating improved
stress tolerance (Kumar et al., 2014). KNOs priming also influences the activity of nitrate
reductase (NR), an enzyme involved in nitrate metabolism. Increased NR activity in primed
seeds enhances nitric oxide production, which acts as a signaling molecule promoting
germination and root growth (Lara et al., 2014).
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The current research findings revealed a higher impact of priming on the SPAD index in
direct sowing compared to indirect sowing, and KNO; priming was found to be more
effective than SA treatment. However, applying SA also showed a better effect on this trait
compared to untreated seeds. KNOs is known to promote chlorophyll production, directly
influencing the SPAD index and enhancing the visual quality of ornamental plants (Saraf et
al., 2018). Increased potassium levels from KNO3 enhance chlorophyll production, directly
improving the SPAD index, which measures leaf greenness and health (Ahmadvand et al.,
2012). Also, KNO3 priming enhances antioxidant enzyme activity, reducing oxidative stress
caused by salinity leads to increased leaf area (Miladinov et al., 2020; Nazir et al.,
2014). KNOj3 provides nitrate (NO3~) as a nitrogen source for chlorophyll biosynthesis, while
potassium (K*) enhances photosynthetic efficiency by activating RuBisCO and stabilizing
stomatal conductance (Khan et al., 2022; Zulfigar et al., 2022).

Research on various ornamental plants, including Dianthus superbus and
Chrysanthemum, has found a 20%-30% rise in the SPAD index under salinity stress due to
increased ROS scavenging, better ion homeostasis, and enhanced chlorophyll biosynthesis
resulting from the application of SA (Ellouzi et al., 2023; Oliveira et al., 2023; Zulfigar et al.,
2022). Chlorophyll synthesis and photosynthetic activity in SA, resulting in enhanced growth
and more efficient water use under stress conditions (Shahmoradi & Naderi, 2018).
Furthermore, SA helps safeguard cell membranes by minimising lipid peroxidation, thereby
maintaining effective water retention (Arruda et al., 2023).

Disruption of membrane integrity caused by high salt levels results in water loss (Zulfigar
et al., 2022). KNO; stimulates root development and hydraulic conductivity, thus allowing for
improved water absorption from saline soils. Research on decorative plants exposed to long-
term salt stress revealed that plants treated with KNOs; showed enhanced root water uptake,
leading to greater relative water content compared to untreated test subjects (Bandurska et al.,
2023). The nitrate part of KNO; acts as a source of nitrogen for the synthesis of amino acids,
which is essential for osmotic regulation and protein stability when the plant is under stress
(Beyk-Khormizi et al., 2023).

CONCLUSION

The findings from this experiment indicated that priming can reduce the negative impact of
saltwater on the Catharanthus roseus. Generally, KNO; treatments performed better than
salicylic acid in lowering the detrimental effects of salinity for the majority of the evaluated
characteristics. Direct sowing of pre-treated seeds proved to be a more efficient method than
indirect sowing for reducing the detrimental effects of salinity on seedling growth, including
stem length, root length, and the SPAD index. Values for other characteristics showed
remarkable consistency across different levels of salinity. We observed that treating seeds,
particularly with KNO3, resulted in a higher survival rate of plants across various salt
concentrations compared to untreated seeds, and it also promoted subsequent growth stages in
young seedlings. Improved growth of stems, root development, biomass accumulation, and
SPAD index assessments were carried out throughout the seedling phase, until the seedlings
reached a suitable stage for transfer to the main field. The enhanced vegetative traits can
primarily be attributed to increased germination rates in primed seeds compared to those
without treatment, ultimately yielding more vigorous seedlings. For enhanced seedling
production in Catharanthus roseus, seeds primed with KNO; are recommended for
application. Additional research in the form of supplementary experiments is suggested to
accurately determine the optimal KNO; concentrations.

186



Mousavi Bazaz et al./J. HORTIC. POSTHARVEST RES., 9(1), MARCH 2026

Conflict of interest
The authors declare that there is no conflict of interest.

Acknowledgments
We would like to express my appreciation for the financial support provided by Ferdowsi
University of Mashhad for conducting this research.

REFERENCES

Ababaf, M., Omidi, H., & Bakhshandeh, A. (2021). Changes in antioxidant enzymes activities and
alkaloid amount of Catharanthus roseus in response to plant growth regulators under drought
condition. Industrial Crops and Products, 167, 113505.
https://doi.org/10.1016/j.indcrop.2021.113505

Ahmad, I., Saleem, A. M., Mustafa, G., Ziaf, K., Afzal, I., & Qasim, M. (2017). Seed halopriming
enhances germination performance and seedling vigor of gerbera jamesonii and zinnia elegans.
Sarhad Journal of Agriculture, 33(2), 199-205.
http://dx.doi.org/10.17582/journal.sja/2017/33.2.199.205

Ahmadvand, G., Soleymani, F., Saadatian, B., & Pouya, M. (2012). Effects of seed priming on seed
germination and seedling emergence of cotton under salinity stress. World Applied Sciences
Journal, 20(11), 1453-1458. http://dx.doi.org/10.5829/idosi.wasj.2012.20.11.1712

Akrimi, R., Hajlaoui, H., & Mhamdi, M. (2023). Effects of electromagnetic treated saline water on
potatoes (Solanum tuberosum L.) physiological and nutritional characteristics. Journal of
Horticulture and Postharvest Research, 6(3), 247-260.
https://doi.org/10.22077/jhpr.2023.6041.1307

Apon, T. A., Ahmed, S. F., Bony, Z. F., Chowdhury, M. R., Asha, J. F., & Biswas, A. (2023). Sett
priming with salicylic acid improves salinity tolerance of sugarcane (Saccharum officinarum L.)
during early stages of crop development. Heliyon, 9(5).
http://dx.doi.org/10.1016/j.heliyon.2023.e16030

Arruda, T. F. d. L., Lima, G. S. d., Silva, A. A. R. d., Azevedo, C. A. V. d., Souza, A. R. d., Soares, L.
A. d. A, Gheyi, H. R., Lima, V. L. A. d., Fernandes, P. D., & Silva, F. d. A. d. (2023). Salicylic
acid as a salt stress mitigator on chlorophyll fluorescence, photosynthetic pigments, and growth of
precocious-dwarf cashew in the post-grafting phase. Plants, 12(15), 2783.
https://doi.org/10.3390/plants12152783

Bandurska, H., Bres, W., Zielezinska, M., & Mieloszyk, E. (2023). Does potassium modify the
response of zinnia (Zinnia elegans Jacg.) to long-term salinity? Plants, 12(7), 1439.
https://doi.org/10.3390/plants12071439

Bayat, H., Shahraki, B., Aminifard, M. H., & Azarmi-Atajan, F. (2023). Alleviating adverse effects of
salt stress in pot marigold (Calendula officinalis L.) by foliar spray of silicon and nano-silicon
under greenhouse and field conditions. Journal of Horticulture and Postharvest Research, 6(3),
287-298. https://doi.org/10.22077/jhpr.2023.6307.1315

Ben Youssef, R., Jelali, N., Martinez-Andijar, C., Abdelly, C., & Hernandez, J. A. (2024). Salicylic
acid and calcium chloride seed priming: a prominent frontier in inducing mineral nutrition balance
and antioxidant system capacity to enhance the tolerance of barley plants to salinity. Plants, 13(9),
1268. https://doi.org/10.3390/plants13091268

Beyk-Khormizi, A., Sarafraz-Ardakani, M. R., Hosseini Sarghein, S., Moshtaghioun, S. M., Mousavi-
Kouhi, S. M., & Taghavizadeh Yazdi, M. E. (2023). Effect of organic fertilizer on the growth and
physiological parameters of a traditional medicinal plant under salinity stress conditions.
Horticulturae, 9(6), 701. https://doi.org/10.3390/horticulturae9060701

Bezerra, F. M. S., Lacerda, C. F. d., Ruppenthal, V., Cavalcante, E. S., & Oliveira, A. C. d. (2020).
Salt tolerance during the seedling production stage of Catharanthus roseus, Tagetes patula and
Celosia argentea. Revista ciéncia agrondmica, 51(3), €20196590. http://dx.doi.org/10.5935/1806-
6690.20200059

187



Mousavi Bazaz et al./). HORTIC. POSTHARVEST RES., 9(1), MARCH 2026

Dhillon, B. S., Kumar, V., Sagwal, P., Kaur, N., Singh Mangat, G., & Singh, S. (2021). Seed priming
with potassium nitrate and gibberellic acid enhances the performance of dry direct seeded rice
(Oryza sativa L.) in north-western India. Agronomy, 11(5), 849.
https://doi.org/10.3390/agronomy11050849

Ellouzi, H., Zorrig, W., Amraoui, S., Oueslati, S., Abdelly, C., Rabhi, M., Siddique, K. H., & Hessini,
K. (2023). Seed priming with salicylic acid alleviates salt stress toxicity in barley by suppressing
ROS accumulation and improving antioxidant defense systems, compared to halo-and gibberellin
priming. Antioxidants, 12(9), 1779. https://doi.org/10.3390/antiox12091779

Gul, V., Sefaoglu, F., Cetinkaya, H., & Dinler, B. S. (2024). The Effect of different doses of salt stress
on germination and emergence in cannabis (Cannabis sativa L.) seed treated with pre-salicylic
acid. Brazilian Archives of Biology and Technology, 67, €24240047.
https://doi.org/10.1590/1678-4324-2024240047

Hameed, A., Hussain, S., Nisar, F., Rasheed, A., & Shah, S. Z. (2025). Seed priming as an effective
technique for enhancing salinity tolerance in plants: mechanistic insights and prospects for saline
agriculture with a special emphasis on halophytes. Seeds, 4(1), 14.
https://doi.org/10.3390/seeds4010014

Hira, F. A., Islam, A., Mitra, K., Bithi, U. H., Ahmed, K. S., Islam, S., Abdullah, S. M., & Uddin, M.
N. (2024). Comparative analysis of phytochemicals and antioxidant characterization among
different parts of Catharanthus roseus: in vitro and in silico investigation. Biochemistry Research
International, 2024(1), 1904029. http://dx.doi.org/10.1155/2024/1904029

Kalhor Monfared, R., Paknejad, F., & llkaee, M. N. (2022). The organic priming role in the alleviation
of salinity damage on seed germination of cumin (Cuminum cyminum L.). Journal of Organic
Farming of Medicinal Plants, 1(2), 44-50.

Khan, M. O., Irfan, M., Muhammad, A., Ullah, 1., Nawaz, S., Khalil, M. K., & Ahmad, M. (2022). A
practical and economical strategy to mitigate salinity stress through seed priming. Frontiers in
Environmental Science, 10, 991977. https://doi.org/10.3389/fenvs.2022.991977

Kumar, S., Bose, B., & Pradhan, N. (2014). Potassium nitrate priming affects the activity of nitrate
reductase and chlorophyll content in late sown sesame (Sesamum indicum L.). Trend. Biosci, 7,
4466-4470.

Lara, T. S., Lira, J. M. S., Rodrigues, A. C., Rakocevi, M., & Alvarenga, A. A. (2014). Potassium
nitrate priming affects the activity of nitrate reductase and antioxidant enzymes in tomato
germination. Journal of Agricultural Science, 6(2), 72. http://dx.doi.org/10.5539/jas.v6n2p72

Li, J., & Yang, Y. (2023). How do plants maintain pH and ion homeostasis under saline-alkali stress?
Frontiers in plant science, 14, 1217193. https://doi.org/10.3389/fpls.2023.1217193

Liu, J., Li, L., Yuan, F., & Chen, M. (2019). Exogenous salicylic acid improves the germination of
Limonium bicolor seeds under salt stress. Plant Signaling & Behavior, 14(10), e1644595.
https://doi.org/10.1080/15592324.2019.1644595

Mebratu, A. (2022). Potassium Nitrate Priming Effect on the Germination of Tomato (Lycopersicum
esculentum. Mill) cvs.“Mersa” and “Tekeze-1”. International Journal of Agronomy, 2022(1),
4970107. https://doi.org/10.1155/2022/4970107

Miladinov, Z., Maksimovié, 1., BaleSevi¢-Tubié, S., Puki¢, V., Canak, P., Miladinovi¢, J., &
Pordevi¢, V. (2020). Priming seed mitigates the effects of saline stress in soybean seedlings.
Legume Research, 43(2), 263-267. http://dx.doi.org/10.18805/LR-469

Mousavi Bazaz, A., & Nemati, H. (2023). Effect of priming on seed germination and growth of
Madagascar periwnkle under salinity stress. Iranian Journal of Seed Sciences and Research, 10(3),
33-47. http://dx.doi.org/10.22124/jms.2023.7673

Mousavi Bazaz, A., Tehranifar, A., Kafi, M., Gazanchian, A., & Shoor, M. (2023). Biochemical
responses of salt-sensitive and salt-tolerant tall fescue. Desert, 28(1), 15-25.
https://doi.org/10.22059/jdesert.2023.93501

Mutetwa, M., Mafukidze, B. P., Makaure, B. T., Mubaiwa, T. C., Dendera, O., Tovigepi, E., Mtaita,
T., Ngezimana, W., & Chaibva, P. (2023). Priming seeds with potassium nitrate is associated with
modulation of seed germination and seedling growth ecology of cucumis metuliferus. EUREKA:
Life Sciences(4), 23-35. https://doi.org/10.21303/2504-5695.2023.003030

188



Mousavi Bazaz et al./). HORTIC. POSTHARVEST RES., 9(1), MARCH 2026

Nazir, M. S., Saad, A., Anjum, Y., & Ahmad, W. (2014). Possibility of seed priming for good
germination of cotton seed under salinity stress. Journal of Biology, Agriculture and Healthcare,
4(8), 66-68.

Nyandwi, J., Ghimire, A., Khan, W., Islam, M. S., Lay, L., Methela, N. J., Yun, B. W., & Kim, Y.
(2024). Effect of potassium nitrate priming in the germination and early seedling growth of
soybean. Journal of Agricultural, Life and Environmental Sciences, 36(4), 332-347.
https://doi.org/10.22698/jales.20240025

Oliveira, V. K. N., Silva, A. A. R. d., Lima, G. S. d., Soares, L. A. d. A,, Gheyi, H. R., de Lacerda, C.
F., Vieira de Azevedo, C. A., Nobre, R. G., Gar6falo Chaves, L. H., & Dantas Fernandes, P.
(2023). Foliar application of salicylic acid mitigates saline stress on physiology, production, and
post-harvest quality of hydroponic japanese cucumber. Agriculture, 13(2), 395.
https://doi.org/10.3390/agriculture13020395

Othman, Y. A., & AL-ajlouni, M. G. (2024). Comparative analysis of lily responses to elevated
salinity in irrigation water: Effects on physiology, anatomy, and postharvest flower quality.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 52(4), 14102-14102.
https://doi.org/10.15835/nbha52414102

Rehman, M. M. U, Liu, J., Nijabat, A., Alsudays, I. M., Saleh, M. A., Alamer, K. H., Attia, H., Ziaf,
K., Zaman, Q. U., & Amjad, M. (2024). Correction: Seed priming with potassium nitrate alleviates
the high temperature stress by modulating growth and antioxidant potential in carrot seeds and
seedlings. BMC plant biology, 24(1), 679. https://doi.org/10.1186/s12870-024-05414-9

Saraf, R., Saingar, S., Chaudhary, S., & Chakraborty, D. (2018). Response of plants to salinity stress
and the role of salicylic acid in modulating tolerance mechanisms: physiological and proteomic
Approach. Biotic and abiotic stress tolerance in plants, 103-136. http://dx.doi.org/10.1007/978-
981-10-9029-5 5

Sayed, S., Hellal, F., EI-Rab, N., & Zewainy, R. (2019). Ameliorative effects of potassium on the
salinity stress in plants: A review. Asian Journal of Soil Science and Plant Nutrition, 23, 1-15.
https://doi.org/10.9734/ajsspn/2019/v4i230040

Shahmoradi, H., & Naderi, D. (2018). Improving effects of salicylic acid on morphological,
physiological and biochemical responses of salt-imposed winter jasmine. International Journal of
Horticultural Science and Technology, 5(2), 219-230.
https://doi.org/10.22059/ijhst.2018.259507.246

Zulfigar, F., Nafees, M., Chen, J., Darras, A., Ferrante, A., Hancock, J. T., Ashraf, M., Zaid, A., Latif,
N., & Corpas, F. J. (2022). Chemical priming enhances plant tolerance to salt stress. Frontiers in
Plant Science, 13, 946922. https://doi.org/10.3389/fpls.2022.946922

189



Mousavi Bazaz et al./J. HORTIC. POSTHARVEST RES., 9(1), MARCH 2026

190



