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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
o Seed priming with zinc oxide nanoparticles (I-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 (I-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


http://dx.doi.org/10.66224/yujs.12.1.117
http://yujs.yu.ac.ir/jisr/article-1-644-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-09-07 ]

[ DOI: 10.66224/yujs.12.1.117 ]

Zinc Oxide Nanoparticles Priming Enhances Germination Characteristics ... 119

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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Germination percentage Syl oo, GP = (Nx100) / M (Y-18) Ly
Germination rate S4ls> ce s GR =XNi/Ti 0957) 'yl

5l oy Sl
dle> by (Xl MGT:E(N]XDl)/EN

Mean germination time

s Siler e e Gp/T

Mean daily germination

el 4 Jsb 2L oy 6P xSL

Seedling vigor length index
azalS 4y Sy Lo
Seedling vigor weight index

Allometric coefficient

SVW =GP x SDW

Soyegll upe AC = SDW/RDW
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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 St 39 L g gty sl cepm gl Y Gl oeiles il O es iy el
i Sl sy . . LE
el o el ar - Gay 5y Gad Syler o el s
Drought stress . ; Germination ) T ; Mean daily ,
Seedling dry  Plumule dry  Radicle dry Radicle/ ore Germination Mean time to L Seedling
(bbar) brd percentage R germination . -
€ 2 4 [ 5 k1= . )
weight (mg)  weight (mg) weight (mg)  Plumule rate (seed/d) seed germination = time vigor Index
0 60.2° 293 30.9* L12° 98 157 209" 124 5953°
2 s25* 240° 28.5° L7 97.8° 15.0° 222* 2.2 5129
-4 2.0 18.4° 23.6° 114" 91.2" 13.5¢ 241° 14 s16°
8 30.2¢ 10.8 19.4° 1.45° 69.0° 10.2¢ 2.41° 8.62° 2074

35l s ) iy Jlei| e 0 LSD yg03T ulisl s (5 l0 sime 3D alin Gy G JBlo b b yoSilee (g j0 40
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

5ailg> Cae
Siasly ooy & LS SIS = LS ac s
R o) e - s Germination -, T f;# = azaiy, Job
Priming duration Seedling length Seedling vigor length .
(hour) (cm) rate “ndox 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°

5,05 o0 i Jle>| s ;5 LSD dejl bl sl gre B alie By S Blas L o Sheo (gt jo 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.

alis; Sialez GuSilee 5 (allsz Cas e el Ay G5y AFLE dzady) 5 azalle wamelS S 1)y Siemln g9 5P Jgu
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

Soly g9 S 559 ) SES (s = "”C’: Sl e (Sl (Sl

Primjiilg azals axale Azdly, S dlt Germination 4ljg,

Type Seedling dry  Plumule dry  Radicle dry vi Sre wleright rate Mean daily

weight (mg)  weight (mg) weight (mg) & index & (Seed/d) germination
No prime * 34.4 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 Ng(’)s 40- 54.0° 22.8° 30.9° 4973 13.9° 1.3
Z“Ifgg 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.

el oy il meb,@5am 355wl poe e 4 by ye 6Lmo.>|.>*
35,05 o0 i Jle>| s ;o LSD dejl bl gl gre B alie By S Blas L o b (gt jo 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

Sy o %‘;’u gl“; A T i iif’
Primingltype stress Seedling Plumule Radicle Abr;;)rrrnlal Seedlfn : vigor
(bar) length(cm) length (cm) length (cm) seedling lengthgindegx
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°f 799¢
. 2 7.51°F 3.59%¢ 3.92% 1.77°F 737¢
Hydroprime 4 6118 2.84 327" 12.44 566
-8 3.60" 1.478 2.12 29.3% 2508
0 8.60% 4.07° 4.52%° 0.880°" 851%
Zn bulk -2 7.98% 3.79% 4.19% 0.440' 795¢
-4 6.468 3.03°f 3.4 11.6¢ 593f
-8 3.59" 1.438 2.15 27.1% 2378
0 8.83% 4.11% 4.71% 0.880°" 875%®
TR B - R 1 S
-8 3.65" 1.498 2.15 25.8° 2508
0 9.28° 4.42° 487 0.88°" 916"
be c abc ef cd
TN R
-8 337" 1.448 1.92 25.3° 2318
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35l s )0 iy Jleis| e 0 LSD yg03T ulisl s (50 sine DB alin Gy G JBlo b by Silee (g j0 40
“Data from the non-prime treatment were not analyzed and are provided for comparison purposes only.

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

LSD test.

05 UsS slo,gile G,k 5l Hd Sl ploxl
aeeST 3 g anle L3 gl S8 e Sl Lk
Sleogas 5 0 an «Splbn Gliee Sone b s,
B ObLE a5 il ceaS n Sials
2 008 (VoYY e 5 TSI lie) 535 e
gad 5l il pudalio [0 s b oo )d ol oy
by Sy sl Gasbo 51 Dol W e a8l
LS"\M d‘}a u..\? ) 0 o).».’>»> awlis ,,u,,S,.;
Jo,95 1 slotng Cual 51 sl cplisls s 3y lawgs
LSas 5 aalS ol L sy S5 ales
i 5l W Sis g ms luld )0 ohisdr eges
dwaafT ».».Jl;d (Y’ YYI sd.')e.g)Lf 9 L.:.)) »))‘Afu;n

4 Abbasi Khalaki

)5en 5 ' 53050) WS oSS gilonnST slacan]
(Y-YY

S9) w1 13 g6 tolej] ol (sloasdl aislen
Sl g azalS ab; g il gl el
5 $ylez oy wmelS Job wazads; 0l wo)
3 vaﬁﬁé) ab sald b anlie ;o )0 4 glaasls
Sl LYo Y0 ) Sen 5 o Sicho (Y Y ) oo
Sl 9y ST O3 g VL glacdile Jl>
Sl Aty ab) p pesSae Sl (Ogebee 0 Ceand N -
(YY) San g (roys)

' Mouradi
2 Burman
3 Safshekan


http://dx.doi.org/10.66224/yujs.12.1.117
http://yujs.yu.ac.ir/jisr/article-1-644-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-09-07 ]

[ DOI: 10.66224/yujs.12.1.117 ]

VYA ohySed 9 (590w | ... sl Kiearlpy b (Cicer arietinum) 0555 )y Jjailsz slo 59 Songy

100
90 ~

Sidlez oy
Germination percentage

M 6 hours 12 hours ™24 hours

a a g a g @ a 4
b
80
70 A
60 -
50 - .

Hydroprime Znbulk

ZnNPs 40-60 ZnNPs 1-100

Priming type |y g4

1.6

SQ pogdl o

Allometric Coefficien

Hydroprime Znbulk

B 6 hours ™12 hours ™24 hours

bc

ZnNPs 40-60 ZnNPs 1-100

Priming type sy &4

0535 S ytegll G o 5 (Siailsz aoys p Sivaaly Gloj S s Sipaly 58 S ¥ JSS
Fig. 2. Priming type X Priming duration on germination percentage and allometric coefficient of Chickpea

seed
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