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Seed priming has been introduced as an effective and practical mechanism for increasing
seed germination resistance and creating more vigorous seedlings against abiotic stresses
such as drought and salinity. Therefore, this research was carried out as a factorial
experiment to investigate the effect of priming chickpea seeds with iron oxide nanoparticle
and bulk forms on the germination characteristics of chickpea cultivar Adel under salinity
stress. The test factors include 1) seed priming with iron oxide bulk and nanoparticles 1-
100 nm and 40-60 nm in three concentrations of 2, 4, 8 mg L™, hydro-prime and non-prime,
and 2) salinity stress (30, 60, 90 mM of sodium chloride). he results showed that the salinity
of 90 mM completely stopped the germination. Levels of 30- and 60-mM salinity caused a
23 and 63% decrease in germination and 72 and 89 % decrease in germination rate,
respectively. Prime treatments significantly increased germination percentage and rate,
mean daily germination, seed vigor, and allometric coefficient, and significantly decreased
abnormal seedlings, especially at 60 mM of salinity. Salinity stress was observed to affect
the germination rate more than the germination percentage. The most effective seed priming
treatments were iron oxide bulk and nanoparticles 40-60 nm, 8 mg L. Interestingly, the
iron oxide nanoparticles showed no significant advantage over the bulk iron oxide. These
findings suggest that priming treatments can enhance the salt resistance of chickpeas during
the germination stage.
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EXTENDED ABSTRACT

Introduction

Chickpea (Cicer arietinum L.), with a protein content
exceeding 20 %, is the most important members of the
legume family. The cultivation of this crop is very common
in the western regions of Iran. The relatively low grain yield
production of Chickpea in Iran compared to the global
average and the scientific potential for increasing its
production, highlight the necessity of studies aimed to
identify and classify the factors that limit grain yield in order
to overcome them. Salinity of soil and water is among the
major obstacles to achieving high yields in crops. Seed
germination, seedling establishment, and crop productivity
in arid and semi-arid regions are often restricted by salt
stress, which is a primary form of osmotic stress. Seed
priming is a low-cost and effective physiological and
biochemical technique that stimulates seed germination and
early plant establishment, improves morphological
parameters, enhances plant growth and development,
promotes earlier maturation, and increases both the
guantitative and qualitative traits of the yield. The adverse
effects of salinity can be mitigated through several
approaches, one of which is seed priming. Iron, as a
micronutrient, plays a key role in nucleic acid and protein
metabolism. It participates in the biosynthesis and
regulation of numerous plant enzymes and may improve
Chickpea germination characteristics under seed priming
condition, particularly under stress, by enhancing
antioxidant enzyme activity and reducing oxidative stress
damage compared to non-primed (control) seeds and
ultimately leading to improved grain yield in this crop.
Therefore, this research to investigate the effect of seed
priming with iron oxide nanoparticle and bulk forms on the
germination traits of Chickpea in salinity stress.

Materials and Methods

This study was conducted in 2023 at Razi University on
chickpea seeds of the Adel cultivar. The research was
carried out in two separate stages. In the first stage, the seed
priming treatment was performed. For priming, bulk Fe
(Fe203), Fe nanoparticles (NPs) 1-100 nm, Fe-NPs 50-60
nm were used at different concentrations (0, 2, 4, and 8§ mg
L1). Both the bulk and NPs forms of Fe had a purity greater
than 99.9 %. Hydropriming and non-primed seeds were also
used as control treatments. To conduct the priming process,
an experiment was designed in which Chickpea seeds were
soaked for 8, 12, and 16 h under priming conditions at an
ambient temperature of 25 °C. Water absorption by seeds
and the stimulation of germination processes up to the point
just before radicle emergence were used as the basis for
determining the optimal priming duration. Accordingly,
12 h was identified as the best priming time and used in this
experiment. In the second stage, the experiment was
conducted as a factorial design in a completely randomized
block design with three replications. Four salinity levels
were tested, 0, 30, 60, and 90 mM using sodium chloride
(NacCl) as the first factor, and primed seeds along with non-
primed seeds as the second factor. Due to the absence of
germination at the 90 mM salinity stress level, this treatment
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was excluded from statistical analysis; consequently, three
salinity levels were ultimately evaluated. Germination tests
for Chickpea were carried out at a temperature of 20 °C
using the between-paper method with Whatman filter paper
for eight days. At the end of the experiment, various
germination traits were measured, and the number of seeds
that produced abnormal seedlings was also recorded. Data
analysis was performed using SAS software (Version9.2,
SAS Institute, USA), and mean comparisons were made
using Duncan’s multiple range test (o = 0.05).

Results

The salinity stress significantly affected all germination and
seedling growth traits, except for the root-to-shoot ratio and
seed priming effects on shoot length and root-to-shoot ratio
(p < 0.01). The salinity % seed priming treatment also
significantly affected the germination percentage,
germination speed, and medium daily germination (p <
0.01), as well as the mean time to seed germination and
seedling vigor weight (p < 0.05). The 90 mM salinity stress
level completely inhibited germination. Salinity levels of 30
and 60 mM caused 23 % and 63 % reduction in germination,
respectively, and 72 % and 89 % reductions in germination
rate, respectively. Seed priming significantly reduced the
adverse effect of salinity on germination percentage and
rate, mean time to germination, medium daily germination,
seed vigor, and the allometric coefficient. Overall, the
sensitivity of germination rate to salinity stress (89 %) was
higher than that of germination percentage (37 %). Bulk Fe
and Fe-NPs 50-60 nm at 8 mg L were the best seed priming
treatments. In this regard, the most positive effect on
seedling length and radicle length was observed in the
treatment with bulk Fe at 8 mg L, with increases of 27.9
cm and 6.93 cm respectively, compared to control treatment
(7.79 cm and 6.04 cm, respectively). Salinity stress
treatment increased the percentage of abnormal seedlings.
The highest increase in abnormal seedlings occurred at 60
mM salinity stress. Seed priming treatments reduced
abnormal seedlings. The greatest reduction in abnormal
seedlings under this condition was related to seed priming
with Fe-NPs 50-60 nm at 8 mg L.

Conclusion

The complete inhibition of Chickpea seed germination
under 90 mM salinity stress treatment indicates the high
sensitivity of this crop to salinity stress. Seed priming
treatments with bulk Fe and Fe-NPs and hydropriming were
able to modulate the negative effects of salinity stress on
germination and its associated characteristics in Chickpea
seeds in most cases. The sensitivity of germination rate to
salinity stress was greater than that of germination
percentage. Bulk Fe and Fe-NPs 50-60 nm at 8 mM were the
best seed priming treatments. In general, it appears that
under salinity stress condition, there is no significant
difference between the Fe-NPs and bulk Fe in terms of their
impact on Chickpea seed germination and seedling growth
characteristics. Considering the higher price of NPs, the use
of the bulk form of this fertilizer is recommended.
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According to Duncan's test, the columns with the same letters are not significantly different at the five percent

probability level.
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Figure 2- Mean comparison of the effect of different seed priming treatment methods on the length and weight of
Chickpea seedlings, roots, and stems under the influence of different levels of salinity stress.

According to Duncan's test, the columns with the same letters are not significantly different at the five percent
probability level.
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Figure 3- Mean comparison of the effect of different seed priming treatment methods on the length and weight of
Chickpea roots, and stems under the influence of different levels of salinity stress.

According to Duncan's test, the columns with the same letters are not significantly different at the five percent
probability level.
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