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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 & 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 & 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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FEE s S ;M)}@Jw‘cb)l Ssgm s

(38l o y3 1GP (S3ail s Olej Lo e IMGT camealS Jsb 1SL camalE Jsbass e i IV (S sSU ylin IEC (Jglons glauts (CaAN cJshms glaiss  :PF

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

allTgs 0 I MDA Y6 (CAT b sams 3487 5, 500 1SOD lunsT , b, 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

e Sas i S8l Ao s S8l Ol b g2 ol J b R
Treatm'ents Drough Stress Germination Mean Germination Time Seedling Length Vi— 6r Index
(MPa) Percentage (day) (cm) g
0 70.71, 4.20 8.64, 6.11,
eV /0 Sl -0.2 4331, 8521 367, 1.59 4
Salicylic acid
e -0.4 36.80 . 9.26 ¢ 3394 1.24 4
-0.6 34.25 9.67 ¢ 2.86 cge 0.97 gn
0 70.37 5 4.36 8.55, 6.01 »
NV Sl ol -0.2 41.97, 8.65 358, 1,50 4
Sa"gyr::fwac'd 0.4 35.66 o 9.37 3.14 o 112 o
-0.6 33.91 ¢ 9.85 ge 2.85 cge 0.96 tgn
0 70.29 , 4.61 8.06 , 5.66
Tl st -0.2 32.66 4 9.97 4 331y 1.07
Hydro-priming -0.4 27.72 ¢ 10.55 b 2.95 coe 0.81 g
-0.6 23.43 11.10 ape 2.14 0.49 5
0 4533, 752 5.02 2.28 ¢
dals -0.2 27.00 ¢ 10.21 cge 2.95 e 0.80 g
nonprime -0.4 24.00 1 11.28 4 2.41 g 0.58 hij
-0.6 19.00 , 12.00 » 1.88¢ 0.36;

L, LSD 048 5T L oy gy Jleznl peban 53 (513 one Sl O 550 o 3 e U g 1o (sla SOl
In each column means followed by the same letter are not significantly different at the P < 0.05 level

Sl o 2 S b Sl dal ) (oo 35 40 s g
o g s 5 J s 3955 pleT L Lo, 50 L 5 ol
BoAS Lyl ot ol8 ) O Sl oms 5 Sl 31 sk
L3 gad Hlghl aims opl.(Behnam et al., 2019) Ll o 5 5o
T Ol b el 0 Sl 56 L Sl
2 AL el ool e L o 68T gl 055
Ol e sk 53 565 53 o 3T Sl (235 558 L o ke
o) 4 Ay o 1115 25 Lol 8 s 55855 5 S I8
2l 0ds Jisb ( J b oy o SUOLS S

0 olE )y Sl s s ke

LS 4 Job el
Lol DI 51 03 51 ls fne ¢ lsls 4 2 S Jol
(A Ol h 55 (Y Jade) als O Lo 3 &S e o
V0 ZBle 4 laie o 2l 535 A5 1 Al o 4y et LS
i %TJLQ_;JEL:SQ,Z\;L;@'M el ol Y 50 oo
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ls Job
Jlie 515 8 ot tio wonalS ob glaosls ) L
Jb\cu_”mjww\;u\,@@w“wﬂ
i 55 0a Jal i 53 () Jada) il e o ys &S
Sl ey pde 4 S 1y aalS b e Sl iy S 03 8
(YU i) A odalin LOT o (6l gima Ol Lal sls 2ol 531
Al 55 s e S (St A5 3l 53 5 il a5
Jomeily 53 o8 i a il il amalS ok (5, (13 s
%) S el b (sl iy (SS9
(Y Jodz) 55 slowl edid Hlas i sla,do U (65l sae
s 5 53 6 o b Sl el )5 g0 5Bl s
33 8 ol (i) SunT b 3 50 o g0 Ly glaotiS”
Sharafizad et al. (2013) .(Ashraful Alam et al., 2022)
o g S el L pkE gl s L e i il 5o
s 8 St A5 s 4SS L d) s il
sl amalS Jsb s Lilpl idss 5 Al-Sahil (2016)
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I 1 S S Eulds 55 5 dlss e 3 oSl
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3lie o 1S (F Jute) 5 ISl - /8 o uilsy s
Ve ooV 510 Ll j5 Ll 5w 5 SOS S lis
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Dl ool oas 22l e iy e 5 OT Lol d e iy
il olS SIS (ST s a5 5 S 3L Wl e
el s i Sl s aallls 43 AZoOZ et al. (2011)
Ml slads 555 1 DY pe oo /Y ke L oSTL L
Ols g 0305 513 ) p 3550 15 A5 Ll & C (Vicia faba)
33687555 0556 I8 ISy GBS (gl 5T dlab ez il
Wl a8l 3l 0d e i (slasdy 53 ST by ST
A OseloenS 5 5 lasdy S 3lse S Ol 5n o 0 5y Jlm 5 0
Aol blim 25 0T o b 2l odd e A glayd 3
s OS5 Cmilen 5 5Lt plowd Lai )5 Sl
3 S0l ge 650 DI 2 s ol g o S O e |y
b Sldle dwl dizsls Slelsl Ahmad et al. (2020) poomes
05051 dleb (slasi 8 Slako ST (5T g6 ot 55|
Lo 1) gl slid plon il 5 das o 2851y oLt
1 el S 5 Mir-Mahmoudi et al. (2014) .. .
3 ST IS (55 Sl Al b e iy o
25U L Sl Al &7 5 505 0L Sharafizadeh (2017)
Ayl s el Sl g S8 (ST o 5T Il

5l g0 o2l 3 1) Lo O el
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OT o3l Lal ol (6l me o gli5 ok e Lo (sl
(Y ) 555 s gime eSboand b il Y g on ) k2 L
23yl e le o i (IS /Y S s
STl e 5 Sl el Y50 Lo ) 5 1/0 glac ol
om Ml 4S5 g S 5 opl (Y Jgder) T s 4 i
O ot 335 13 g SIS b Sl Ll glac bl
ledi Sy gy 5 Jhie OT Hles iy Sl ol 4y s L
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Logd 5o oSl dal U les iy 4 5 Lo

18" «((Ahmad et al., 2012) & ,5 «(Gharib & Hegazi, 2010)
(Apon etal., 2023) s 5 (Mir-Mahmoudi et al., 2014)
RGO PSS-S R gt plee 5 A5 Ll b oo
Sl U Ll o8l 3505 ,Lgll Sharafizadeh (2017)
Wl 58l Slap 3T Sl Sl 5 b 31 Sl
35 Sl me Dy smo an |y pdo a5 Siadl o SmiS
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23 Bl 51 A3 65 mhaw 53 (Lol Sl S5 e jate te
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ek 5 ke gl slod o (ISl e /7 ity s (¥
Aol (P Jgde) il el i (g )ls gme sl 5l i
ploadl ¢ Jsbr ploT Lo (g jom ot lael b &Sl
e 35T Iy st S Cniles 5 olowd lis
33,8 o oS Gl s 4 oL S s il
Ahmad etal., 2012; Apon et al., 2023; Azooz et al., 2011; )
OLS 5 ades> I Jgdoes glaas (Hayat et al., 2010
NUSEW O . PR U S SNV g Y I S-SR T U

55T gm0 15 LalT (gl gimmse i1 LSl Sl

Jgbomo slaws
5 (S AiSen 5 ol SIS OAE I re 4 a2 5 L
A5 O el iy a8 sl 0L 2B () Jsder) Sl iy
5 odi e S sl 5o Jshos Sladd Hluie oy 5o
(F Jgdar) ol s 4y 0 e iy slaydy 55 OT (o 2t
Sl Hled iy Cales gla sy 45 5y Js o oo
bk U LaoT Codlestl Lal i slas S usS U (gyls gme
JEECCRGEN W ¥ 5 U | S PN T SOV FYRE P WA S DU o
Sles S 5 0 Hled iy (sla sl 5 Jglees (sladld Ol e
SLds Ol o YL (Y ) CoL tals Gud 4ol
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St Loyl A5 o (GBS gy (530S oy (sla s G5 58 Dl st ik sl 1 (ke glie Y U
Table 3- Mean comparison of seed priming effect on physiological characteristics of aged pumpkin seed under drought
stress conditions

z
g 3 3 3 2
e c .8 .8
132 .82 182 d:2 2 Tiz Jig
Y : 5 = . [ S = 9, B o = v = , §35 -
ot S bis 2 fP 45F  s2E 18 A8 225  dgs
Priming QS%E 425 152 2 22 283 2R3 185 DR
Treatments 2 el 3€pg i1s5g D88 T OE 2 XE x 8=
a g = 8= S 5= 3 E< =} {83 9 52
] @ 3' =} 5 = 3 §
S 2 3
2 wn
0 18.57 30.65 a 9.26 24.12; 0.263, 29.66, 0.421 2
g ) 6 St 0.2 25.33 9.86 ¢ 2.834 56.02 1 0.182 ¢y 19.07 4 0.314
Salicylic acid
1.5 mM 0.4 28.08 1g 7154 2.33, 60.13 19 0.176 cie 18.13 ¢e 0.319
06 28.67 f 5.11 e 2.05 ¢f 64.71 ge 0.170 ger 16.92 1 0.288 ¢
0 18.63; 30.681a 9.11, 24.48 0.265 » 28.06 0.426
Nga oV Sl 0.2 25.41 1 9.83 ¢ 2.8397 ¢ 57.22 gn 0.188 ¢ 18.12 ge 0.308 ¢
Salicylic acid
1 mM 0.4 28.23 1 7.034 2.30, 61.03 erg 0.180 o 17.44 o 0.306 ¢
-0.6 28.92 f 4.91 ey 1694 66.13 o 0.162 o 15.90 gn 0.271 ¢
0 20.21; 29.18 8.615 24.97; 0.254 , 27.81% 0.408 b
oo 0.2 26.89 7.824 2.75 4 62.77 der 0.155 1 17.98 ¢ 0.261 1
SR Ol
Hydro-priming 0.4 29.89 ¢e 6.51 g 2.16 of 65.78 u 0.1321 1719« 0.245
-0.6 31.15 o 3.85 1 1.69h 70.73 0.117 4 15.69 0.229
0 26.86 ¢ 18.11 4 563 47.29; 0.212 2021 0.277 e
s 0.2 32.51 pe 7134 111 65.11 0.180 ¢ 17.67 o 0.247 gn
nonprime 0.4 33.47 a 5.15 ¢ 1.10n 69.13 be 0.167 ¢ 16.10 gn 0.229
-0.6 34.24, 3.37, 1.06 1 7710, 0.152 4 15.11 0.204;

L o ys S5 JL«::-'c]a‘«)b5)'1@&}&()}:‘4}&):@&;}}?51})6@&;&\.’:

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