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The utilization of nanoparticles for seed priming may enhance the germination and
seedling growth compared to bulk forms. Therefore, this research aims to
investigate the effect of seed priming (with bulk iron oxide, nanoparticles of 1-100
nm and 40-60 nm in concentrations of zero, 2, 4, and 8 g I'%, water, and no priming)
at different levels of drought stress (including no stress, -2, -4 and -8 bar) using
polyethylene glycol 6000 on the characteristics of germination and growth of Adel
chickpea cultivar. This research was performed as a factorial experiment based on
a completely randomized design in three replications at Razi University. The
results showed that germination ceased completely under drought stress of -8 bar.
Drought stress at -4 bar after -8 bar resulted in a significant decrease in the
percentage, speed, and vigor of germination by 96, 93, and 40%, respectively, and
130% increase in root length/shoot length ratio compared to the non-drought stress
treatment. Seed priming treatments had the most positive and significant effect on
the speed and vigor of germination in non-drought stress treatment and on the
germination percentage in drought stress treatment. The seed priming with iron 8
g I and 40-60 nm produced the highest length and weight vigor of germination. It
appears that the priming treatments have resulted in better vigor and rate of
germination in non-drought stress condition while germination percentage in
drought stress. The seed priming treatment using iron 40-60 nm is the most
effective compared to other priming treatments.
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EXTENDED ABSTRACT

Introduction

Chickpea (Cicer arietinum L.), with a protein content
exceeding 20%, is one of the most important legume
crops. Its cultivation is widespread in the western regions
of the country. However, this crop's yield per unit area
(463 kg ha?) is significantly lower than the global
average (1085 kg hal), highlighting the need for research
to identify and address limiting factors in production.
Priming is an effective strategy to enhance seed
germination quality, seedling emergence, and grain yield.
Given the increasing use of nanoparticles in agriculture,
including in fertilizers and growth promoters, nano
priming of seeds is a promising approach. Therefore, this
research was conducted to study the effect of seed
priming with common forms (bulk) and iron
nanoparticles with different particle sizes on the quality
of chickpea germination under drought-stress condition.

Materials and Methods

This study investigated the effect of priming chickpea
seeds with conventional (bulk) and iron nanoparticles of
varying particle sizes on germination quality under
drought-stress conditions. The research was conducted at
the Razi University Plant Physiology Laboratory using
the Adel cultivar of chickpea in two stages: (1) priming
seeds with iron-based fertilizers of different particle sizes
and (2) examining the effects of priming treatments on
germination quality under varying levels of drought
stress. In the first stage, chickpea seeds were subjected to
osmopriming with iron oxide at concentrations of 2, 4,
and 8 g I, hydropriming, and no priming. The iron
fertilizers included bulk and nanoparticles (1 to 100 and
40 and 60 nm). Based on the preliminary test results,
seeds were placed in the mentioned solutions for 12 h at
laboratory temperature to perform priming treatments. In
the second stage, germination traits related to seed
quality were evaluated under the influence of two factors:
priming treatments and four levels of drought stress (0, -
2, -4, and -8 bar) in a factorial experiment with three
replications.
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Results and Discussion

The results showed that drought stress at -8 bar
completely halted germination. Drought stress at -4 bar,
following -8 bar, significantly reduced germination
percentage, speed, and vigor by 96%, 93%, and 40%,
respectively, and increased the root-to-shoot ratio by
130% compared to the control treatment. Under non-
stress conditions, the germination speed of unprimed
seeds was approximately 12 seeds per day. As drought
stress increased from -2 to -4 bar, germination speed
decreased to 3.6 and 0.55 seeds per day. Priming
treatments  significantly and positively  affected
germination speed and vigor under non-stress conditions
and germination percentage under drought stress. The
lowest seedling vigor indices were observed in the -4 bar
drought stress treatment compared to non-stress
conditions, with 93% and 87% reductions for weight and
length indices, respectively. The highest seedling vigor
was achieved with priming using iron nanoparticles of
40-60 nm at a concentration of 8 g I'X. Increasing drought
stress significantly reduced the allometric coefficient,
with reductions of 16% and 59% observed in the -2 and -
4 bar treatments, respectively, relative to the non-stressed
control. Analysis of seed priming treatments under non-
stressed conditions revealed that both the 40-60 nm and
1-100 nm iron nanoparticle groups significantly
enhanced the seed germination rate compared to the other
treatments. Furthermore, bulk iron and hydropriming
resulted in superior germination rates compared to the
unprimed control. Under both -2 and -4 bar drought
stress, all seed priming treatments significantly improved
the germination rate compared to the control; however,
no significant differences were detected among the
various priming treatments.

Conclusion

The findings indicate that chickpea germination of the
Adel cultivar will cease under drought stress at -8 bar.
Priming with iron nanoparticles outperformed bulk iron
and hydropriming in improving seed germination
quality under stress and non-stress conditions. Priming
with 40-60 nm iron nanoparticles was more effective
than those of 1-100 nm in enhancing germination-
related traits.
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Chickpea. 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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Duncan's test, the columns with the same letters are not significantly different at the five percent probability level.
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five percent probability level.
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Table 3- Mean comparison of different seed priming groups in terms of the effect on the seedling dry weight of chickpea

by ol (sl Fe=ge) oaT (o gl A=Ye o) ool &S o2 T 2l 5o mln pee
Water regimes Fe (1-100 nm) Fe (1-100 nm) Fe Bulk Hydro prime Nonprime
S 4282 33.2bc 34.2b 29.10bcd 26.4cde
Well-watered
L-Y
. 18.9efg 18.9efg 21.9def 19.76efg 19.5efg
-2 bar
L-¥
7 14.1fg 12.8g 14.1fg 14.34fg 13.3g
-4 bar

Il e gl b b o3 ety Jlez pelaw s LSS Cog o b a0y g2 ¢ SS15 090 3T bl
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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Table 4- Mean comparison of different seed priming groups in terms of the effect on the shoot fresh weight of chickpea
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L-Y
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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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Table 5- Mean comparison of different seed priming groups in terms of the effect on the germination percentage
of chickpea seeds
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Water regimes Fe (1-100 nm) Fe (1-100 nm) Fe Bulk Hydro prime Non
S S Ok 100a 100a 100a 100a 100a
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L-Y
. 94.6ab 95.6ab 96.0ab 86.6b 69.3c
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L-¥
. 50.2d 43.1de 37.78ef 30.6f 12.0g
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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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Table 6- Mean comparison of different seed priming groups in terms of the effect on the germination rate of chickpea seeds
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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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