2024, 13 (2), 35-49

https://doi.org/10.22092/ijsst.2023.362518.1491

N
\\|7 Seed ,._.._.%
)\ Science L1X=153)

Society of Seed and Plant

/ \
l \ \ Certification and Registration
\\J Iran Institute

Iranian Journal of
Seed Science and Technology

ISSN: 2588-4638

Research Article

Investigating the effect of pretreatment of salicylic acid on
the germination of aged pumpkin (Cucurbita pepo L.) seeds and
antioxidant enzymes of plant under drought stress

Nesa Gharehbaghlit*

1. Assistant professor, Horticulture Crops Recearch Department, Hamedan Agriculture and Natural Resources Reacerch and
Education Center (AREEO), Hamedan, Iran.

Article Information

Abstract

Received: 10 Jun. 2023
Revised: 13 Sept. 2023
Accepted: 07 Oct. 2023

Keywords:
Germination percentage,
Oxidative stress,
Salicylic acid,

Soluble proteins

Corresponding Author:
n.gharebaghli@areeo.ac.ir

With the aim of evaluating the effect of salicylic acid in improving the efficiency of the aged
pumpkin seeds under drought stress conditions, a factorial experiment was carried out in the
form of a completely randomized design with three replications. Pretreatment of different
concentrations of salicylic acid including zero (pretreated with water), 1 and 1.5 mM at
different drought levels of zero, -0.2, -0.4 and -0.6 MPa were investigated. Indicators of
mean germination time, germination percentage, seedling length, seed vigor, membrane
electrolyte leakage, soluble carbohydrates, soluble proteins, malondialdehyde, ascorbate
peroxidase activity, superoxide dismutase and catalase enzymes were evaluated. The results
showed that the pretreatment of seeds with different concentrations of salicylic acid
prevented the significant decrease in the germination indices of the deteriorated pumpkin
seeds under drought stress. So that at the potential of -0.6 MPa, the treatment of seeds with
1.5 mM salicylic acid increased the percentage of germination, seed germination index,
soluble carbohydrates and soluble proteins respectively 80.2, 169.4, 51.6, 93.4% and for the
activity of ascorbate peroxidase, superoxide dismutase and catalase enzymes, 41.2%, 12%
and 11.8%, respectively, compared to the control. Based on the research findings, seed
priming with 1.5 mM concentrations of salicylic acid is recommended in order to reduce the
oxidative stress caused by drought for pumpkin seeds.
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EXTENDED ABSTRACT

Introduction

Drought stress is one of the most important factors
limiting the growth and production of agricultural plants,
and by affecting the germination and greening of plants
in the field, it leads to a decrease of more than 50% in the
average production of most crops around the world. Due
to the fact that pumpkin seed (Cucurbita pepo L.) is an
oily seed, the oxidation of unsaturated fatty acids reduces
the storage capacity of the seed and leads to the
acceleration of the process of deterioration of the seed.
Seedlings in decayed seeds double the damage to the
crop. To reduce the adverse effects of drought in
deteriorated seeds, the use of salicylic acid compound,
which is a growth regulator of phenolic nature, is
recommended, which plays an important role in
protecting the plant under biotic and abiotic stresses. In
this regard, with the aim of finding a solution to improve
the germination and physiological quality of the
deteriorated paper skin pumpkin seeds and reduce the
adverse effect caused by dryness, this research was
carried out using pretreatment of salicylic acid.

Materials and Methods

This research was conducted using paper skinned
pumpkin seeds obtained from Pakan Seed Company of
Isfahan in the Seed Technology Laboratory of Bo Ali
Sina University, Faculty of Agriculture. In order to cause
exhaustion (premature aging), the seed masses were
placed inside the oven with a temperature of 40 degrees
Celsius and 100% humidity for 10 days to reach an
exhaustion degree of 75%. The experiment was carried
out in a factorial form in a completely randomized design
with three replications. Pre-treatment of different
concentrations of salicylic acid including zero (pretreated
with water), 1 and 1.5 mM was applied at different
drought levels of zero, -0.2, -0.4 and -0.6 MPa. Average
indicators of germination time, germination percentage,
seedling length, membrane electrolyte leakage, soluble
sugars, soluble protein, malonaldehyde, peroxidative
ascorbate activity, superoxide dismutase, -catalase
enzyme were evaluated.

Results and Discussion

The results showed that pre-treatment with different
concentrations of salicylic acid prevented a significant
decrease in the germination indices of the deteriorated
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paper skin pumpkin seeds under drought stress. So that at
the potential of -0.6 MPa, pre-treatment of seeds with 1.5
mM salicylic acid, germination percentage, seed
germination index, soluble sugars and proteins were 80.2,
169.4, 51.6 and 93.4%, respectively, compared to the
control. A large number of studies confirm that
pretreatment with salicylic acid under drought stress
conditions not only increases free amino acids, protein
and soluble sugars, but also improves alpha-amylase
enzyme activity and increases the efficiency of nutrient
transfer from storage tissue to the developing embryo. It
can be seen that this has led to an increase in germination
percentage and seed germination index. Soluble sugars
are among the effective compounds in establishing
osmotic balance, and the use of salicylic acid provides
the possibility of increasing its content. The results of
other researches have reported that salicylic acid helps
the plant to adapt to stressful conditions by improving the
biosynthesis of organic compounds such as soluble
sugars, total fat, hemicellulose, glycolipids and sterols of
aerial parts, and the results of this research are consistent
with the results of these studies. Also, at the potential of
-0.6 MPa, the activity of ascorbate peroxidase,
superoxide dismutase, and catalase increased by 41.2%,
12%, and 11.8%, respectively, compared to the control.
The results indicated that salicylic acid has a strong
tendency to bind to ascorbate peroxidase and catalase
enzymes, and thus plays an important role in maintaining
cell homeostasis against damage caused by reactive
oxygen species, which ultimately induces defense
responses in plants.

Conclusion

In the present study, the negative effects of drought stress
and seed deterioration as a result of the application of
salicylic acid pretreatment with improvement in the
activity of ascorbate peroxidase, superoxide dismutase
and catalase enzymes led to improvement of germination
traits, average germination time and seed germ.
Therefore, the application of 1.5 mM of salicylic acid had
a more positive effect than the concentration of 1 mM in
terms of improving the examined traits of the deteriorated
paper skin pumpkin seeds. Therefore, the concentration
of 1.5 mM is recommended for the seeds of this plant in
order to reduce the negative effects caused by the
deterioration of the seeds in the conditions of drought
stress.
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Table 1- The ANOVA of germination characteristics of aged pumpkin seeds
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(S50l do 3 IGP (5l Ole baw o IMGT ezl J b S el J sbacs o la IV S S0l s (EC (gl glanis 1CAN (Jglons sl i IPT

** * Respectively significant of 1 and 5 percent of probability

adlTes 0 Jb MDA VB (CAT b som 50815 50 :SOD GlannST,, by ST IAPX

S.0.V: Source of Variation, df: degree of freedom, CV: Coefficient of Variation, GP: Germination Percentage, MGT: Mean Germination Time, SL:
Seedling Length, VI: Vigor Index, EC: Electrical conductivity, Car: Carbohydrates, Pr: Protein content, MDA: Malondialdehyde content, CAT:

Catalase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase
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Table 2- Mean comparison of seed priming effect on morphological characteristics of aged pumpkin seed under drought
stress conditions

s S 3l e 30l Ol o e walS b o el
Treatments Drough Stress Germination Mean Germination Time Seedling Length Vigor Index
(MPa) Percentage (day) (cm)

0 70.71, 4204, 8.64, 6.11,

Hre\fo ‘*‘JL‘ el -0.2 4331, 8521 367 159 4
Sa'l'fg’ 'r'ﬁl\jc'd -0.4 36.80 9.26 ¢ 3394 1.24 4
-0.6 34.25 o 9.67 2.86 e 0.97 g

0 70.37, 4364, 855, 6.01

Nk} Sl el 0.2 4197, 8.65 ¢ 358 150 g
Sal 'Eyn'r:lcvlac'd 0.4 35.66 o 9.37 « 3.14 1124
-0.6 33.91 & 9.85 2.85 o 0.96 g1

0 70.29, 461, 8.06, 5.66 5

CTL s i 0.2 32.66 ¢ 9.97 & 3.31 1.07 ¢
Hydro-priming -0.4 27.72 10.55 peq 2.95 cge 0.81 gni

-0.6 2343, 11.10 ae 2.14 049

0 4533, 752, 502, 2.28,

Ll 0.2 27.00 o 10.21 oge 2.95 e 0.80 gn
nonprime -0.4 24.00 1 11.28 & 2.41 ger 0.58 hij

-0.6 19.00 4 12.00, 1.88; 0.36

L LSD 05037l o5 gy Jlozonl e 53 (513 one sl D5 a3 e U 5115 (sl SOl
In each column means followed by the same letter are not significantly different at the P < 0.05 level
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LS 4 Jab el
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Table 3- Mean comparison of seed priming effect on physiological characteristics of aged pumpkin seed under drought
stress conditions

g
2 3 3 22
2 & . % & i S ~ =~ JE~ B
8 18D 3 £ 2B B o= uw oo y Exo = R
Joslgr i slasles L &= J 3o s 2% 58% 3 28 2 885 X ES %25
. = @ YW =5 S 5 25 o S E G 98 3388
Priming J 5% 4 &5 152 be2 2§25 E& Y gE 35S
Treatments 3 T 24 L2 is8g2 2 S g JOE 2 BE 5 8 E
o = E] < E = £ 3 T & =) 'E3 “wW 52
a B S -3 3 e 2 {52 ‘3 52
w % P 4 2
) =
2 w
0 18.57 30654 9.26, 24.12; 0.263 . 29.664 0.421 a
N /6 S 0.2 25334 9.86 2.834 56.02 n 0.182 0 19.07 4 0.314 ¢
Salicylic acid
1.5mM 04 28.08 19 7154 233, 60.13 1 0.176 cqe 18.13 e 0319
-0.6 28.67 o 5.11 efg 2.05 ¢ 64.71 e 0.170 aer 16.92 14 0.288 4
0 18.63; 30681, 9.11, 2448 0.265 28.06 5 0.426 4
e ) Sl s -0.2 25414 9.83; 2.8397 ¢ 57.22 g 0.188 18.12 de 0.308
Salicylic acid
ImMm -0.4 28.231 7.034 2.30. 61.03 e 0.180 o 17.44 o 0.306 ¢
-0.6 28.92 o 4.91 erg 1.69 1 66.13 ca 0.162 o4 15.90 gn 0.271
0 2021 29.18 8.61% 24.97; 0.254 2781 0.408 4
Ty i 0.2 26.89 4 7.824 2754 62.77 cer 0.155 1 17.98 0.261 1
Hydro-priming 0.4 29.89 ¢e 6.51 g 216« 65.78 c 0.1321 1719« 0.245
-0.6 31.15 1 3.85¢ 1.69 1 70.73 0.117 1 15.69 1 0.229
0 26.86 18114 563 47.29; 0.2125 2021 0.277 e
e -0.2 3251 b 7134 1114 65.114 0.180 4 17.67 « 0.247 ¢,
nonprime 0.4 33.47 5.15 ¢f 1.10h 69.13 be 0.167 dq 16.10 g 0.229 i
-0.6 34.24, 3.374 1.06 1 7710, 0.152 1511 0.204;

LIL desys &K leéa)bé)l;&nb;woy,a):qmd}f5|)l>6hd_§;\.f

In each column means followed by the same letter are not significantly different at the P < 0.01 level
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