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Objective: This study aimed to assess the efficiency of zinc oxid (ZnO) nanoparticles in
mitigating drought stress effects in comparison with bulk ZnO, and to examine the
influence of different priming durations on chickpea seed germination under drought
conditions.

Method: A three-factorial experiment based on a completely randomized design was
conducted with three replications on germination and seedling growth characteristics of
chickpea cultivar Kasra. The factors included: 1) seed priming at 4 levels (priming with
zinc oxide in the form of nanoparticles 1-100 and 40-60 nm, priming with bulk zinc oxide,
and hydropriming), 2) priming duration at 3 levels (6, 12 and 24 hours) and 3) drought
stress levels at 4 levels (no stress, -2, -4 and -8 bar using polyethylene glycol 6000).
Results: The results showed that drought stress had a significant effect on all measured
variables. Although priming with nanoparticles and bulk zinc oxide performed better than
hydropriming; in comparison with bulk zinc oxide priming and nanopriming, nanopriming
with a diameter of 1 to 100 nm showed better efficiency. Increasing the drought stress
intensity led to a significant rise in the number of abnormal seedlings. Priming especially
with zinc oxide (nano and bulk), modulated the drought stress effects in non-stressed
conditions and mild to moderate stresses (-2 to -4 bar). However, under severe stress (-8
bar), drought stress damage was not compensated by priming. The results also showed
that increasing the priming time had a significant effect on seedling length, germination
rate and longitudinal index of seedling vigor. However, increasing the duration from 12 to
24 did not have a significant effect on this increasing trend.

Conclusions: Rapid and optimal germination plays a crucial role in the formation of a
reliable crop with excellent yield. Zinc oxide nanoparticles significantly enhance
germination, biochemical activities, and seedling growth of chickpea, however,
determining the optimal dosage and application method is critical to maximize benefits

while avoiding potential toxicity associated with excessive nanoparticle use.
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Highlights

e Seed priming with zinc oxide nanoparticles (1-100 nm in diameter) was more
effective than using bulk zinc oxide or nanoparticles sized 40-60 nm.

o Under no-stress and mild to moderate drought stress conditions (-2 to -4 bar), priming
— particularly with zinc oxide (both nano and bulk forms) — alleviated drought-
induced damage.

o Drought stress up to -2 bar did not significantly affect the germination percentage of
chickpea seeds compared to the non-primed control.

Introduction

Chickpea is widely cultivated in semi-arid and temperate regions; therefore, it is often
subjected to drought stress damage (Fazeli-Nasab et al., 2025). If drought occurs during the
seedling stage, it can significantly delay germination and result in incomplete emergence
(Khan et al., 2025). Zinc plays an important role in plant growth and resistance to drought
stress. Seed priming with nanoparticles has emerged as a promising technique to stimulate
early growth, improve seedling vigor, and ultimately increase both the quantity and quality of
crop yield (Nile et al., 2022). The small size and high specific surface area of zinc oxide
nanoparticles may result in higher absorption by the seed and greater efficiency in enhancing
drought stress resistance compared to the bulk form (El-Shazoly et al., 2025). This study
aimed to assess the efficiency of ZnO nanoparticles in mitigating drought stress effects in
comparison with bulk ZnO, and to examine the influence of different priming durations on
chickpea seed germination under drought conditions.

Method

The study employed a completely randomized three-factorial design with three replications
to assess chickpea (cultivar Kasra) seed germination and seedling growth under varying
conditions. The first factor was the seed priming agent, which included five treatments: two
sizes of zinc oxide nanoparticles (1-100 nm and 40-60 nm), bulk zinc oxide, and
hydropriming. The second factor was the duration of priming, set at 6, 12, and 24 hours. The
third factor was the level of drought stress, applied using polyethylene glycol 6000 to create
osmotic potentials of 0 (no stress), —2, —4, and —8 bar.

Results

The results demonstrated that drought stress significantly impacted all measured
germination parameters. In general, seed priming positively influenced germination traits,
likely by enhancing cellular metabolic activity and facilitating the breakdown of seed storage
reserves into mobile carbohydrates such as sucrose and glucose. Notably, priming with zinc
oxide (both nanoparticles and bulk forms) proved more effective than hydropriming alone.

A comparative analysis revealed that priming with zinc oxide nanoparticles (1-100 nm in
diameter) was superior to priming with bulk zinc oxide. This enhanced efficacy may be
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explained by the efficient uptake and transport of nanoparticles within this size range. Their
small dimensions potentially allow for movement through plasmodesmata, whose diameters
typically range from 40 to 60 nm.

As the intensity of drought stress increased, a significant rise in the number of abnormal
seedlings was observed. Priming treatments, particularly those involving zinc oxide (nano and
bulk), effectively modulated the adverse effects of drought under non-stressed conditions and
mild to moderate stress levels (corresponding to -2 to -4 bar). However, under severe drought
stress (-8 bar), the damage was too profound to be mitigated by any of the priming treatments
applied.

Conclusions

The establishment of a high-yielding crop relies on rapid and optimal germination. For
chickpea, zinc oxide nanoparticles can significantly promote this process along with
biochemical activities and seedling growth. Nevertheless, careful optimization of dosage and
application is imperative to harness these advantages and circumvent the potential
phytotoxicity of nanoparticle over-application.
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Fig. 1. Scanning electron microscope image (SEM) of zinc oxide nanoparticles with different particle sizes
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Table 2. Mean comparison of the effect of different drought stress levels on some traits related to Chickpea
seed germination quality

Al -5
] il S ] Al arasyy Sl e gl gl ot T oetlen s el
S A il do 0 i
azal T a s, i > Gay 2 53) () 5ler = R
Drought stress ) i i Giermination R = Mean daily .
Seedling dry  Plumule dry  Radicle dry Radicle/ are Germination Mean time to L Seedling
(bar) = s percentage - germination ; O
weight (mg)  weight (mg)  weight (mg)  Plumule rate (seed/d) seed germination fime vigor Index
] 60.2* 29.3° 30.9* 1.12% 9807 157 2008 124 5953°
-2 s25° 24.0° 28 5° 117" o7.8 15.0° 222" 1> 5129°
-4 420 18.4° 236" 114" 91.2" 13.5° 241° 14 3816°
-8 30.2¢ 108 19.4° 1.45° 69.0¢ 10.24 241° 8.6 2074°

Al s o iy Jisl mhaw o LSD OB‘)T bl gl sime B aylie By S Plas b b Sl 5w ,o 50
In each column the mean with atleast one similar letter do not differ significantly at the 5% probability level based on the
LSD test.
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Table 3. Effect of priming duration on seedling length, germination rate, and seedling vigor length index

ale> ce
Sl ooy & Ls IO S LS o L
ST o = s Germination o oy 651919 il arady; Job
Priming duration Seedling length Seedling vigor length .
(hour) (cm) rate hdex Radicle length (cm)
(Seed/d)
6 6.27° 13.4° 577° 3.34°
12 6.51° 13.6® 602° 3.55"
24 6.53° 13.8* 608° 3.51°

LSD test.

3,05 sy iy Jleil mhaws 0 LSD (yge3T (ulal s (510 sire D3 ailie 8> S5 JBlos b bayuSilos gt y2 50
In each column the mean with atleast one similar letter do not differ significantly at the 5% probability level based on the
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Table 4. Effect of priming type on seedling and radicle dry weight, seedling vigor weight index, and
allometric coefficient, Germination rate and Mean daily germination

Sioilp 58 S 039 ) S 09 o iif Sty cey (Sl (Sle
L azalS azadle Azady, R Germination &l
Priming . . Seedling o
Type Seedlingdry ~ Plumuledry ~ Radicledry . or weight rate Mean daily
weight (mg)  weight (mg)  weight (mg) & index & (Seed/d) germination
No prime * 344 16.8 17.6 3155 13.0 11.1
Hydroprime 42.5° 16.8° 25.7° 3907° 13.6® 11.2°
Zn bulk 45.7° 23.1° 22.9° 4198° 13.8° 11.3°
Zn N6POS 40- 54.0° 22.8° 30.9° 4973° 13.9° 11.3°
anfgg I- 54.5° 23.8° 30.7° 4982° 13.7° 11.2°

“Data from the non-prime treatment were not analyzed and are provided for comparison purposes only.

ol oy &l MLMUPB)‘GSOMAJ)?U Mlﬁf\.\s)Lﬁ,JA.,Jo%)ﬁéLmalo‘
3,5 sy iy Jleil mhaws 0 LSD (yge3T (bl s (510 sire D3 ailie 8> S5 JBlos b bauSilos gt y2 50

In each column the mean with atleast one similar letter do not differ significantly at the 5% probability level based on the

LSD test.
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Table 5. Interaction of priming type and drought stress on some chickpea measured traits

S s _ . azalS an ok el
Syt Drousht ol b el b b .
Prin;ir; ?t . srt(l)r:alsgs Seedling Plumule Radicle e T
g yp length(cm) length (cm)  length (cm) Abnormal Seedhng vigor
(bar) seedling length index
0 7.03 3.28 3.75 0.880 696
No prime® 2 6.60 2.92 3.68 3.55 644
-4 5.53 2.47 2.98 19.1 501
-8 3.39 1.44 1.95 413 240
0 8.10% 3.91% 4.19% 1.33° 7994
. 2 7.51°¢f 3.59% 3.92% 1.77° 737¢
Hyd _
yeroprime 4 6.112 2.84' 327" 12.4° 566"
-8 3.60" 1.478 2.121 29.3° 2508
0 8.60% 4.07° 4.50%¢ 0.880° 851°
2 7.98% 3.79% 4.19% 0.440° 795¢
Zn bulk " of fgh d f
-4 6.46 3.03 3.42% 11.6 593
-8 3.59" 1.438 2.15 27.1% 2378
0 8.83% 4.11% 4.71%® 0.880° 875
2 g.23% 3.87% 437% 4.00° 790¢
Zn NPs 40-60 . .
nam 4 6.19 2.94° 3.25" 116" 572"
-8 3.65" 1.498 2.15 25.8° 2508
0 9.28° 4.42° 4.87° 0.88°F 916°
71 NPs 1-100 2 8.28" 3.73¢ 455" 1.77¢ 806
-4 6.398 3.06° 3.32% 11.14 563"
-8 337" 1.448 1.921 25.3° 2318

“Data from the non-prime treatment were not analyzed and are provided for comparison purposes only.

el oo a5l aglie S Byo 50t a0 il pis jlad 4 bgsye slaools®
Al s o iy Jlil mhaw o LSD OB‘)I bl gl sime B aylie By S Plas b b Sl 5w ,o 50

In each column the mean with atleast one similar letter do not differ significantly at the 5% probability level based on the

LSD test.
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Fig. 2. Priming type x Priming duration on germination percentage and allometric coefficient of Chickpea

seed
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The mean with atleast one similar letter do not differ significantly at the 5% probability level based on the LSD test.
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