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Objective: This study aimed to investigate the reduction of adverse effects of salinity
stress on germination and related traits of wheat (Triticum aestivum cv. Sain) through
seed priming with chitosan nanoparticles.

Method: The experiment was conducted as a factorial arrangement based on a
completely randomized design with three replications at the University of Mohaghegh
Ardabili in 2025. Treatments included four salinity levels (0, 50, 100, and 150 mM NaCl)
and four levels of chitosan nanoparticles (0, 0.1, 0.2, and 0.5% weight/volume dissolved
in 1% acetic acid).

Results: Germination percentage (GP) and plumule fresh weight (PFW) decreased at 150
mM salinity compared to the control (without salinity), but seed priming with 0.5%
chitosan nanoparticles improved GP and PFW at the same salinity level by about 20%
and 50%, respectively, compared to no chitosan application. Radicle fresh weight (RFW),
radicle dry weight (RDW), plumule dry weight (PDW), seedling length vigor index
(SLVI), and seedling weight vigor index (SWVI) in the 0.5% chitosan nanoparticle
treatment without salinity increased by 77, 72, 83, 76, and 89%, respectively, compared
to hydropriming under 150 mM salinity. With increasing salinity, proline content
increased, but the application of 0.5% chitosan nanoparticles increased this trait by 32%
compared to hydropriming. Protein content under no salinity and priming with 0.5%
chitosan nanoparticles increased by about 76% compared to hydropriming under 150 mM
salinity. Also, soluble sugar content in the treatment with 0.5% chitosan nanoparticles
under 150 mM salinity increased by about 84% compared to hydropriming without
salinity.

Conclusions: The results showed that the use of 0.5% chitosan nanoparticles improved

germination indices and biochemical traits of wheat seeds under salinity stress.
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Highlights
o Seed priming with 0.5% chitosan nanoparticles improved some germination indices of
wheat (cv. Sain) seeds under salinity stress.

« Seed priming with 0.5% chitosan nanoparticles increased proline, protein, and soluble
sugar contents in wheat (cv. Sain) seedlings.

Introduction

Wheat (Triticum aestivum L.) is an important cereal crop widely consumed globally as a
valuable food (Igrejas & Branlard, 2020). Given the dramatically increasing human
population worldwide and to meet food demands, wheat production should increase by more
than 60% to feed the projected 9.6 billion world population by 2050 (Evlice & Zencirci,
2025). The major constraints in wheat productivity are abiotic stresses such as salinity.
Although wheat is reported as a moderately salt-tolerant crop, its germination can be reduced
under salinity stress. Nanotechnology is used for the management of nanoparticles for
numerous purposes, playing a critical role in the food and agricultural sectors, enhancing food
quality and safety, and improving human health through creative and innovative techniques.
Biopolymer nanoparticles are widely regarded for their biodegradability, biocompatibility,
and non-toxicity (Soni et al., 2023). Chitosan ((1 — 4)-2-amino-2-deoxy-p-d-glucose) is an
abundant marine-based biopolymer (Kheiri et al., 2016). Chitosan nanoparticles are often
generated via ionotropic gelation with sodium tripolyphosphate, a method regarded as safe,
resulting in nanoparticles with varying sizes, stability, and biological properties, which affect
their extensive applicability in agriculture. Chitosan is generally regarded as a low-toxicity
material, though its toxicity may vary depending on its physicochemical properties and the
experimental model used. It is a biodegradable and biocompatible polysaccharide that can
create films that bind various substances. Nano-priming can be applied to improve seed
germination and seedling establishment and enhance plant growth (Nile et al., 2022).
Improving resistance to salinity is crucial because salinity is one of the major abiotic stresses
that affect crop production in arid and semiarid areas (Hussain et al., 2019). In this study, we
investigated the effect of chitosan nanoparticles on germination indicators and related traits in
wheat seedlings under salinity stress.

Method

The experiment was conducted as a factorial arrangement based on a completely
randomized design with three replications at the laboratory of the Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili in 2025. Experimental treatments
included four salinity levels (0, 50, 100, and 150 mM NaCl) and four levels of chitosan
nanoparticles (0, 0.1, 0.2, and 0.5% weight/volume), all of which were dissolved in 1% acetic
acid. For priming, the seeds were immersed in chitosan nanoparticle solutions for 8 hours.
Following priming, the seeds were washed with distilled water and dried. Subsequently,
sodium chloride solution was added to each Petri dish for the germination test, which was
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performed with three replications of 25 seeds each at a temperature of 25°C for a duration of
8 days. Thereafter, germination indices and biochemical traits were measured. Statistical
analysis was performed using SAS software, and Duncan's test (p < 0.05) was used to
compare the means.

Results

The results showed that salinity stress reduced germination rate, plumule fresh and dry
weight, radicle fresh and dry weight, and seedling length and weight vigor index. Priming
with different levels of chitosan nanoparticles, especially the 0.5% level, improved these
traits. The highest allometry coefficient was observed with priming using 0.5% chitosan
nanoparticles. The total protein content in the treatment with 0.5% chitosan nanoparticles
without salinity showed an increase of about 76% compared to the control (distilled water)
under 150 mM salinity. With increasing salinity, the amount of proline and soluble sugars
increased, and the use of chitosan nanoparticles, especially at the 0.5% concentration,
increased these traits.

Conclusions

The results showed that seed treatment with different levels of chitosan nanoparticles can
reduce the harmful effects of salinity on some traits in wheat seedlings and improve seedling
growth. The best result was achieved when 0.5% chitosan nanoparticles were used under
saline conditions. Priming wheat seeds with chitosan nanoparticles significantly increased
proline, protein, and soluble sugar content. Therefore, seed priming could be a promising pre-
sowing strategy to enhance field emergence under stress conditions.
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Table 1. Analysis of variance for the effect of salinity and chitosan nanoparticles on studied traits in wheat

Seedling
Mean of square ole po (ko
o a3 “oyd i ¥ (.i}s 5 ois J&-&”o}s S5 o3
= ofiT L Srogl o pd azadle axdlyy azadle .
S.0.V. S 34l Allometr; i gy
D.F.  Germination ne y Plumule Radicle Plumule Radicle
ercentage coefficient fresh fresh dry dry weight
P g weight weight weight ywelg
©lydgil oljgias
Chitosan nanoparticles 3 780.31%* 0.077* 13.392%*  5718**%  0.1662**  0.052470**
(ChNP)
3l 3 738.92%* 0.018™ 8.741** 5.043**  0.0824**  (0.006103**
Salinity (S)
o~ > 9 10.55™ 0.007™ 0.223™ 0.254* 0.0057* 0.000537*
ChNPxS
(1275
£ © 32 13.98 0.017 0.336 0.114 0.0027 0.000230
rror
(Qu053) &l puonti oy b 4.599 23.209 15372 14.672 18.125 12.416
CV (%)

Lo N gl 0 Jleisl maw o lo sixe g e fxe f ol S 4y s g % DS

ns, * and ** indicating not significant, the significant differences at 5 and 1 percent probability levels.
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Table 1. Continued
Mean of square ol po (puSileo
S b a4z o
T D.F. axals axals oo Jolxo glonid RSC 7YY
Seedling length Seedling Proline Soluble sugars  Protein
vigor index weight
©lydeil oljgis
Chitosan nanoparticles 3 306.86** 39.038** 277.511% 8.231%* 19.034%+
(ChNP)
< l‘_sff“(s) 3 185.40%* 17.473%* 29.114%* 0.999%* 5.663%*
alinity
S 9 10.76%* 1.419%% 0.177 0.291 %+ 0.616%*
ChNPxS
b= 32 1.844 0.268 1.564 0.069 0.194
Error (E)
(%059) Sy 3 9.298 14.872 4536 20.461 14.181
CV (%)

# AS

LN g el 0 Jleiml s 1o o pire g o Sre S A

ns, * and ** indicating not significant, the significant differences at 5 and 1 percent probability levels.
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Tabel 2. Mean comparison for the effect of salinity and chitosan nanoparticles on studied traits in wheat

(Y ga.sk) 559 H3ls o2 s regll 0 azadle § o33 oo
Salinity (mM) Germination Allometry Plumule fresh weight (g) Proline
percentage Coefficient (nm g" FW)
0 89.25° 0.409° 4.797° 25.619°
50 85.25° 0.422° 4.048° 27.176°
100 79.50° 0.451° 3.4548° 28.208°
150 71.17¢ 0.497° 2.793¢ 29.275°
Oligas olydgil
(o= (539 W0 30)
Chitosan nanoparticles
(W/V%)
0 71.42° 0.469® 2.507¢ 22.8279
0.1 78.08° 0.344° 3.416° 24.810°
0.2 86.92° 0.429% 4.197° 28.961°
0.5 88.75° 0.537a 4.972° 33.680°

el Sl Q}A)'T bl as o mn Jliol mhaw jo )l pixe Dglas caias lis giw o 0 Dglaie By,
The different letters in each column indicate a significant difference at 5% probability level based on Duncan's test.
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Tabel 3. Mean comparison for the interaction of chitosan and salinity on studied traits in wheat.

Azl . azasle c azals asy
Radicl IS Pluml 252l Seedli Soluble
adicle  padicle dry dry“v‘v“ei‘;‘}’l . Scedling length Weiegeh " ‘v“igor sugars
i ioor 1 mgg 'FW
weight (g) (@ vigor index index (mgg )

S o i

S(al::;\l/}t)y Priming fresh
res

weight (g)

Sanesl 9502
Hydropriming
TolY oljeiS 9ib
Nano Chitosan 2.953° 0.0988" 0.343%¢ 14.829% 3.808% 0.740°
0.2%
0 TolY 3955 9l
Nano Chitosan 3.033% 0.166% 0.478% 21.797° 6.079° 0.906%¢
0.4%
To10 o355 $U
Nano Chitosan 3.980° 0.255° 0.552° 27.520° 7.933° 1.907°
0.5%

1.847%f 0.076" 0.159" 11.772¢ 1.841% 0.563%

el gysen 1.676' 0.060 0.137Y 10.667" 1.4671" 0.647°"

Hydropriming

AR\ ST R

Nano Chitosan 2.320% 0.089¢" 0.3059¢f 12.777¢ 3.277¢ 0.7974%f
0.2%

JAIA GRTC R I

Nano Chitosan 2.853% 0.152% 0.384% 18.298¢ 4.827° 0.950%f
0.4%

To10 o395 $b

Nano Chitosan 3.773% 0.221° 0.429% 23.725° 6.083° 2.030°
0.5%

50

H&ﬁ;ﬁ?:::g 1.317¢ 0.048* 0.119! 8.326%" 1.135" 0.760%"
y imi
(AT
Nano Chitosan 2.007% 0.082" 0.246" 10.636% 2.499f8 0.887%f
0.2%
100 JAIA GRTC R I
Nano Chitosan 2.107% 0.132¢f 0.3019¢fe 15.570¢ 3.7037¢ 1.117%
0.4%
Teld ol 3955 g6
Nano Chitosan 2.943° 0.189¢ 0.339¢def 18.068° 4.630% 2.527°
0.5%

Sy ) )
Hudre Haih 0.896¢ 0.041* 0.094! 6.698" 0.867' 0.853°
ydropriming

1Y ol3giS 936 ) ) _

Nano Chitosan 1.523" 0.074" 0.177" h8.119" 1.697¢ 1.013%f
0.2%

BARRUTENE _

Nano Chitosan 1.797%f 0.110' 0.218" 12.212f 2.564'% 1.266¢
0.4%

RUTE R

Nano Chitosan 1.723%f 0.162¢ 0.271°¢ 12.633¢ 3.304° 3.560°
0.5%

150

el 5SSl Q}aﬂ ooblpas s mn Jliol gl jo b pxe Dglas saias lis eiw o 0 Dglate By,
The different letters in each column indicate a significant difference at 5% probability level based on Duncan's test.
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