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Objective: This study aimed to evaluate Effect of chitosan on germination indicators and
activity of antioxidant enzymes in safflower seedling under salinity stress.

Method: The experiment was conducted as a factorial arrangement based on a completely
randomized design with four replications in a row (tube or sandwich culture) between filter
paper at the University of Mohaghegh Ardabili in 2024. Experimental treatments included
four salinity levels (0, 50, 100, and 150 mM) and four levels of chitosan (0, 0.2, 0.4, and
0.5% by weight volume), all of which had been dissolved in 1% acetic acid.

Results: The results showed that salinity stress reduced germination rate, radicle length,
plumule length, seedling length, seedling fresh weight, and seedling dry weight. But priming
with different levels of chitosan, especially the 0.5% level, improved these traits. The
highest daily germination speed was observed in priming with control (distilled water
priming) and 150 mM salinity. The catalase and peroxidase enzymes activity in the
treatment with control and 150 mM salinity compared to with chitosan 0.5% and without
salinity showed an increase of about 43 and 70%, respectively. The superoxide dismutase
enzyme activity in chitosan 0.5% treatment and 150 mM salinity showed an increase of
about 67%, compared to the control and without salinity. Also, the ascorbate peroxidase
enzyme activity in priming with chitosan 0.5% compared to the the control (distilled water
priming) showed an increase of 37%.

Conclusions: The results showed that seed treatment with different levels of chitosan can
reduce the harmful effects of salinity on some traits safflower seedlings and improve
seedling growth. The best result achieved when 0.5% of chitosan used under saline

conditions.
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Highlights
o Seed priming using different levels of chitosan, especially 0.5% chitosan improved
germination indices of seed safflower under salinity.

o Seed priming with different levels of chitosan, especially in the amount of 0.5%
chitosan increased the activity of superoxidedismutase and ascorbate peroxidase
enzymes.

o Priming with chitosan showed a better effect on germination indices and biochemical
characteristics.

Introduction

Safflower has a long history of cultivation in the world and is considered a plant resistant
to salt stress. Salinity is one of the most important environmental abiotic stresses that limit the
growth and production of plants and threaten global food security. Recently, however, the
utilization of chitosan in agriculture has increased as it enhances the resistance of crop plants
to different stresses factors such as salinity. Chitosan, a naturally occurring biopolymer
derived from chitins through partial deacetylation, has found application in agriculture as a
growth promoter (Shah et al., 2016). This can be attributed to several characteristics: non-
toxicity, biocompatibility, biodegradability and renewability from cost-effective resources.
Today, the method of seed priming with chitosan used to increase the tolerance of plant
varieties against abiotic stresses. The antioxidant defense system, particularly enzymes like
catalase (CAT), superoxide dismutase (SOD), peroxidase (POX), and ascorbate peroxidase
(APX), counteract ROS toxicity. Seed priming, particularly with chitosan, has been
recognized as a practical approach to mitigate the effects of seed salinity by enhancing
antioxidant defenses and repairing cellular structures (Saadat & Sedghi, 2024). Seed priming
is an alternative, inexpensive and feasible technique as compared with other agronomical
applications for mitigates salt stress. In this study, we investigated the effect of chitosan on
germination indicators and activity of antioxidant enzymes in safflower seedling under
salinity stress.

Materials and Methods

The experiment was conducted as a factorial arrangement based on a completely
randomized design with four replications in a row (tube or sandwich culture) between filter
paper at the University of Mohaghegh Ardabili in 2024. Experimental treatments included
four salinity levels (0, 50, 100, and 150 mM) and four levels of chitosan (0, 0.2, 0.4, and 0.5%
by weight volume), all of which had been dissolved in 1% acetic acid. For priming, the seeds
were immersed in chitosan solutions for 4 hours. Following priming, the seeds were washed
with distilledNwater and dried. Subsequently, sodium chloride was added to each Petri dish
for the germination test, which was executed in a total of three replications of 25 seeds each at
a temperature of 20 °C for a duration of 8 days. Thereafter, germination indices and
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antioxidant enzyme activity were measured. Statistical analysis was performed using SAS
software and Duncan (p=0.05) was used to compare the means.

Results

The results showed that salinity stress reduced germination rate, radicle length, plumule
length, seedling length, seedling fresh weight, and seedling dry weight. But priming with
different levels of chitosan, especially the 0.5% level, improved these traits. The highest daily
germination speed was observed in priming with control (distilled water priming) and 150
mM salinity. The decrease in the water potential gradient between the seeds and thei
surrounding environment due to disruption in the synthesis of essential enzymes for
germination may explain the reduced germination under saline stress. Priming enhances the
activity of enzymes that hydrolyze storage materials, enabling seedlings to readily absorb
nutrients during germination. Consequently, primed seeds are able to complete the
germination process in a shorter time frame. Ascorbate The catalase and peroxidase enzymes
activity in the treatment with control and 150 mM salinity compared to with chitosan 0.5%
and without salinity showed an increase of about 43 and 70%, respectively. The superoxide
dismutase enzyme activity in chitosan 0.5% treatment and 150 mM salinity showed an
increase of about 67%, compared to the control and without salinity. Also, the ascorbate
peroxidase enzyme activity in priming with chitosan 0.5% compared to the control (distilled
water priming) showed an increase of 37%. Antioxidant enzymes were elevated under salinity
stress, attributed to the increased production of reactive oxygen species, which in turn
stimulates the synthesis of these enzymes. Priming with chitosan significantly enhanced the
activity of CAT, SOD, POD, and APX, especially under 150 mM salinity. These
enhancements imply a stronger enzymatic detoxification of ROS, improving the seedling's
resilience under oxidative stress.

Conclusions

The results showed that seed treatment with different levels of chitosan can reduce the
harmful effects of salinity on some traits safflower seedlings and improve seedling growth.
The best result achieved when 0.5% of chitosan used under saline conditions. Priming
safflower seeds with chitosan significantly enhances antioxidant enzyme activities, mitigates
oxidative damage. This leads to improved seedling vigor even under severe salinity stress.
Seed priming, therefore, represents a promising pre-sowing strategy to extend enhance field
emergence under stress conditions.
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Germination Daily . . : Seedling fresh
t s T, Allometry  Radicle Pedicel Seedling ioht
rate Germination . weig
rate coefficient length length length
Chitosan 3 45.5 0.00039814 0.08539 25.1 6.54 57.0 3.508
©
6}’-‘2 ok ok ok ok ok ok
Salinity 3 58.3 0.00090038 0.00984 ™ 10.7 3.37 25.9 4.362
()
La;ﬂ "' ok * 3 ok ok ok ok
JeC S)’ 9 1.1 0.00002285 0.010692 ™ 0.8 0.28 1.9 0.668
X
s
32 0.3 0.00001034 0.02094 0.2 0.09 0.4 0.019
Error
Ol g &
(22,0) 103 3.4 22.4 14.7 15.7 12.4 16.181
CV (%)
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ns, * and ** indicating not significant, the significant differences at 5 and 1 percent probability levels.
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Continued Tabel 1.
Slay yo (Sl
Mean of squares
QreCip Y o) &40 _
Sl el s o) 51 g S S oS!
S.0.V. caad o [«31] )’YU‘IS ).| . 'ﬂ B e Kl SN el j' l,:
p-F Seedling dry Catalase Peroxidase Superoxide .
weight dismutase Ascorbate
peroxidase
obw Y ok ok ok P
3 0.20612939 2081.7 0.026316 53.2 2932.7
Chitosan (C)
Sa 3 0.14325073™ 1108.17  0.006934™ 102.9™ 5240.1"
Salinity (S)
Jlizo 1 9 0.03014801"" 902" 0.000733" 27" 37.3™
CxS
s
32 0.00069450 419 0.000232 0.9 185.4
Error
(2039) ©lpeddl o 05 125 7.1 103 9.2 13.4
CV (%)
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* and ** indicating the significant differences at 5 and 1 percent probability levels.
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Tabel 2. Mean Comparison for the interaction effect of chitosan and salinity studied traits in safflower.

i54ilger oo 5 .
a9 e S38lg P A T L S
Salinity Prﬂniﬂw Germination rate . % Radicle Pedicel Seedling
(mM) g (seed/day) Daily gerimnatlon length (cm)  length (cm)  length (cm)
rate

0 53¢ 0.093 cdef 1.9 1.2 3.1h
50 IOV JUPRRWN 37 0.097 ¢ 16" Le 2.7 "
100 Hydropriming 310 0.104° 13¢ 0.89 " 221
150 1.1 0.114° 1.1¢ 0.81" 1.91

0 694 0.087 & 35°¢ 224 5.7 cde
50 Tol¥ o395 49 0.091 " 2.7% 1.9% 4.6 fg
100 Chitosan 0.2% 3.9¢ 0.095 < 22¢ 1.5 3.7
150 251 0.105° 1.71% 1.3 fen 3.0

0 82° 0.084 ¢ 53° 2.8° 89°
50 Tol® ol 3955 7.0¢ 0.087%" 4.1° 2.5% 6.6
100 Chitosan 0.4% 5.6° 0.094°4¢ 3.6° 1.9¢% 5.59¢f
150 271 0.085 & 22¢ 1.2 e 3.8"

0 10.7° 0.082 " 65a 3.7° 10.2°
50 Tol8 ol3eiS 9.3° 0.085 € 52° 29° 8.2°
100 Chitosan 0.5% 729 0.089 4.1°¢ 27% 6.7°¢
150 43" 0.095 <4 33 1.7 9f 5.0°
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The different letters in each column indicate a significant difference at 5% probability level based on Duncan's test.
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Continued Tabel 2.
Sogd Mo i azalS 5 o9 azals s 59 il 3oy 35 o S0k 33 g
Salinity Priming Seedl.ing fresh Seed.ling dry Cajalase (.U Per(_)lxidase.(U Superoxi(_ile dism.utase
(mM) weight (g) weight (g) mg_ protein) mg_ protein) (U mg™ protein)
0 0.153 & 0.119f 93 4 bed 0.169 58k
50 Sinsl 519 yud 0.137" 0.111°"% 96.7 > 0.181"% 7.4 1%
100 Hydropriming 0.115" 0.098 118.7° 0.199° 8.9 fehi
150 0.091" 0.064 & 123.1° 0.266* 10.4 4
0 1.550 ¢ 0.218°¢ 84.2 % 0.131 ¢ 6. 7%
50 121V oligis 1.193 % 0.121° 9.7 bed 0.148 % 7.9 i
100 o osan 0.516° 0.112 % 972" 0.174 b 10.1 ¢
150 o 0.242 &0 0.087 99.6° 0.191 % 12.1¢
0 1.963° 0353 ¢ 74.3 0.105 7. 7"hi
50 T+1¥ oligias 1.368 < 0.272¢ 77.7 0.126 9.5
100 Cgif“;ja“ 0.394 0.137° 82.2 % 0.138° 11.5%
150 o 0.226 & 0.102 101.5° 0.147 % 15.7°
0 2.943° 0.692* 704 F 0.081 ¢ 9.2 feh
50 1218 olygas 1.160 % 0.475" 75.6 0.092 ¢ 10.5 %f
100 Cgits‘f,ja“ 1.003 © 0.277¢ 79.5 < 0.096 ¢ 139°¢
150 o 0.592° 0.126 85.3¢de 0.106 @ 17.8°
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The different letters in each column indicate a significant difference at 5% probability level based on Duncan's test.
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Fig. 1. Mean Comparison for the effect of chitosan (a) and salinity (b) on allometry coefficient and ascorbate
peroxidase in safflower. The different letters indicate significant differences at 5% probability level based on
duncan's test.
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