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

Method: The study was conducted as a factorial experiment in a completely randomized
design with three replications on chickpea (Kasra cultivar). The first factor was the
priming agent (1-100 nm ZnO nanoparticles, 40-60 nm ZnO nanoparticles, bulk ZnO, and
hydro-priming). The second factor was the priming duration (6, 12, and 24 h), and the
third factor was the level of salinity stress (0, 20, 40, and 80 mM NaCl). Key indicators
related to germination quality and seedling growth were subsequently assessed.

Results: Salinity stress significantly affected the germination percentage, germination rate,
mean germination time, mean daily germination, and seedling vigor weight index. The
respective values at 0 and 80 mM NaCl were 98.7% vs. 68.4%, 15.6 vs. 10.4 germinated
seeds per day, 2.11 vs. 2.39 days, 12.3 vs. 8.56 seeds per day, and 5466 vs. 1853. Salinity
stress also significantly increased the root-to-shoot length ratio. Seed priming with 1-100
nm ZnO nanoparticles significantly increased seedling dry weight, shoot dry weight, root
dry weight, and consequently, the seedling vigor index compared to other zinc forms and
hydro-priming. Furthermore, this treatment reduced the percentage of abnormal seedlings
to 20.7% under 80 mM NaCl. Priming durations of 12 and 24 h were superior to 6 h,
resulting in a significant increase in seedling and shoot length, seedling and shoot weight,
and the seedling vigor length index.

Conclusions: Salinity stress had significant adverse effects on germination and seedling
growth characteristics and increased the proportion of abnormal seedlings. However, seed
priming exerted a more pronounced positive effect on improving seedling growth and
reducing the number of abnormal seedlings. Among the priming treatments, ZnO
nanoparticles (1-100 nm) with a priming duration of 12 h were the most effective in
enhancing seedling growth and the seedling vigor index, providing clear guidance for

future research and applications.
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Highlights
e Seed priming at a salinity level of 20 mM significantly alleviated the adverse effects
of salinity on seedling growth parameters.

e Seed priming of chickpea with zinc nanoparticles (1 to 100 nm) was more effective
than other seed priming methods in promoting seedling growth.

o A priming duration of 12 h was identified as the optimal treatment for maximizing
seedling growth and vigor index.

Introduction

Salinity stress is an increasing global challenge that reduces crop productivity by adversely
affecting seed germination and early seedling growth (Khan et al., 2022). Chickpea is one of
the most important rainfed crops in western Iran (Nezami et al., 2022). Seed priming with
micronutrients has been proposed as a promising approach to enhance seedling tolerance to
environmental stresses (Shelar et al., 2024). Accordingly, the present study aimed to evaluate
the effects of seed priming type and duration, including zinc oxide in bulk and nanoparticle
forms as well as hydropriming, under salinity stress on germination indices and early seedling
growth of chickpea.

Method

This study was conducted as a factorial experiment arranged in a completely randomized
design with three replications using chickpea (Cicer arietinum L., cv. Kasra). The
experimental factors included priming type, priming duration, and salinity stress level. The
first factor was priming type, comprising zinc oxide nanoparticles (1-100 and 40—-60 nm),
bulk zinc oxide, and hydropriming. The second factor was priming duration, with three levels
of 6, 12, and 24 h. The third factor consisted of salinity stress levels of 0, 20, 40, and 80 mM
sodium chloride (NaCl).

For seed priming, chickpea seeds were soaked in the respective priming solutions for the
designated durations and subsequently air-dried to their initial moisture content prior to the
germination test. Germination experiments were conducted under controlled laboratory
conditions. Germination indices, including germination percentage, germination rate, and
mean germination time, were recorded. In addition, early seedling growth parameters such as
root length, shoot length, seedling dry weight, and vigor index were measured.

Results

Salinity stress significantly affected germination percentage and rate, mean germination
time, mean daily germination, and seedling vigor weight index. The values of these traits
under non-saline conditions and 80 mM salinity stress were 98.7 and 68.4%, 15.6 and 10.4
seeds day™, 2.11 and 2.39 days, 12.3 and 8.56 seeds day™’, and 5466 and 1853, respectively.
Salinity stress also caused a significant increase in the root-to-shoot length ratio.
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Seed priming with zinc oxide nanoparticles (1-100 nm) significantly enhanced seedling
dry weight, shoot and root dry weights, and consequently the seedling vigor weight index
compared with bulk zinc oxide, zinc oxide nanoparticles (40-60 nm), and hydropriming
treatments. Under 80 mM salinity stress, the percentage of abnormal seedlings increased
significantly to 28.3%; however, priming with zinc oxide nanoparticles (1-100 nm) reduced
this value to 20.7%.

In terms of priming duration, seed priming for 12 and 24 h was superior to 6 h, resulting in
significant increases in seedling and shoot length, fresh weight, shoot dry weight, and
seedling vigor length index.

Conclusions

The present study demonstrates that salinity stress markedly impairs germination and early
seedling development, leading to a higher incidence of abnormal seedlings. Seed priming
proved to be an effective strategy to counteract these negative effects, significantly enhancing
seedling growth and reducing the proportion of abnormal seedlings. Among the priming
treatments tested, zinc oxide nanoparticles (1-100 nm) applied for 12 hours were the most
beneficial in promoting seedling vigor and biomass accumulation. These results highlight the
potential of nanoparticle-based seed priming as a practical approach to improve chickpea
establishment under saline conditions and provide a foundation for future investigations on
optimizing seed treatments for stress tolerance.
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Table 1. Measured attributes along with their measurement method

S3%lex SR Jges &
Germination traits Formula Source
o ¥ 22 Gp _ (Nx100) /M (F-15) L
Germination percentage
yalee & R -
I GR =ENi/ Ti 0287 ' ls%e

Germination rate
S3lsz olej Silee
Mean germination time
ey Sitler oSl
Mean daily germination
azalS 4y Jsb pasld
Seedling vigor length index
amlS Sy Al
Seedling vigor weight index

Syl oo
Allometric coefficient
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Table 2. Variance analysis (mean square) of priming, priming time and drought stress on Chickpea seed
germination and growth

i i -y el el olej laegie o sl s ls et gty asls e Al
o~
e sl P sl whjuilge w jailger wiljay o juiles agalf w apals S pragll aada )
Sourees of variations ar Germination Germination Mean Mean daily Seedling vigor  Seedling vigor Allametric  Rogqshont
percentage rale germination lime ger mination length weight coellicient
Priming (P} Loy 3 18.5" 0.762™ 0.099" 0.289"™ 20316 35518757 0.060™ 0.021%
Priming Time (T)  <fonl, ol 2 74.3" 2.42™ 0.025™ 116" 299356™ 1465885 0141 0.004™
PxT 6 484 0687 0.037% 0.756" S060™ 9H0564™ 0107 0.079"
Salt stress (5) gt A5 3 65637 190™ 038" 107" 37456597 92735203 0417" 522"
PxS 9 n= 0.716™ 0.025™ 0.172" 9424" 637073 0.009™ 0.047%
TxS 6 79 0.475™ 0.037 0437 3195" 162848™ 0017 0.16™
PxTx§ 18 15.9% 03" 0.012% 0.248% 1524% 150746™ 0.036™ 0.083%
Error L 96 17.9 0.906 0.047 0.280 4359 721268 0.038 0.202
CV (%) ity 48 T4 9.64 48 922 2148 1757 38.16
ek e s anslf b Fais 1] Job Fod Rl g Jabe F o sl amalt
syl amals azals Al iy, dmals, araile asaila S nals pad
Sewrces af variatians At Seedling Seedling Seedling dry Root Root fresh Root dry Shoot Shoot fresh Shoot dry Abuormnal
- : length firesh weight weight bength weight weight length weight weight seedling
Priming (F) 3 2317 59227 3807 0242 219™ 1457 3037 1095™ 60.97 388
Priming Time (T} 281, olj 2 165" 36597 969 0.133% 580 255 247" 676 4794 17.4%
PxT 6 0.36™ 1856 B8 0.180% 61.2° 349 0.579" 343 b 5.50™
Salt stress (S) o A 3 262" 125934 S6867 43" 444 10617 296™ 23284 18527 4205™
Px§ 9 0,928 1309% 50.7% 0.2% 10.22% 18.66% 1.42% 242 1137 296"
TS 6 0.523 526™ 21.3% 0.062= B850 10.64% 0.719= 97.4= 5.55% 277
PxTxS 18 0112 B0 18.2% 0.122" 1.5 911 0.230% 157 420" 13.4%
Ermmor s 96 0416 927 72.1 0231% 246 28.54™ 0.768 171 1535 125
CV (%) U g 826 13.73 19.58 41.45 20.75 2587 18.39 13.73 1725 37.08

s & NS
ER

o33 885 5 g el sl 53 Sl fne 5 3 gme b 5 %

", *and ": non- significant, significant at the five and one percent of probability, respectively

S5 Ui Gl zalaw 36 Cov ag3u 4 CudS b b e Sleogas (S 2Kl anglice Y Jgu

Table 3. Mean comparison of some traits related to chickpea seed quality under different levels of salinity

stress
Gogh o azadle J gy axdile SS Gy (Gl ialgr Ce p $i4lgz ploj buwgio
Salinity stress Shoot F.W. Shoot D.W. Germination  Germination rate Mean time of germination
mM mg mg % Seed d' d
0 122.7% 29.5% 98.7° 15.6° 2.11°
20 108.3° 26.6 96.7° 14.8° 223°
40 85.5¢ 21.7° 88.9¢ 13.3¢ 2.33%®
80 64.9¢ 13.1¢ 68.4¢ 10.4¢ 2.39°
LSD (0.05) 6.13 1.83 1.98 0.445 0.101
Gogh S dilyg) (Fiailer buwgie  azalS asy 39 rSLle S yogll o po azaile & azada, Job
Salinity stress gl\é[:lfllilnj?il(l));l Seedling. vigor weight Allome.tric Root L./Shoot L.
oM seed index Coefficient
0 12.33% 5466" 1.182% 0.365°
20 12.08° 4902° 1.120° 0.504¢
40 11.11° 3594° 1.194* 0.892°
80 8.56 1853¢ 0.960° 2.953"
LSD (0.05) 0.248 397 0.091 0.210
Sog azalS 5 ()9 azpals LS 1)y azadyy Job azddy,; KIS ) azddlu Job
Salinity stress Seedling F.W. Seedling D.W. Root length Root D.W. Shoot length
mM mg mg mm mg mm
0 2857 55.37 2.60° 25.8° 7.64°
20 252° 50.7° 3.06° 24.2° 6.36
40 199° 40.4° 3.45° 18.7° 3.95¢
80 151¢ 27.0° 3.06° 13.9° 1.12¢
LSD (0.05) 14.2 3.97 0.225 2.50 1.12

5510 s e glis duo s gty Jloi| el 50 3lo Sglitie gy b censl 5 iy LSD sae i lal coglis a5 Sla Sl gm0 50

In each column, the means whose difference is greater than the LSD value, or have different letters, are significantly different at the 5%

probability level.
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Fig. 2. Mean comparison of interaction of different seed priming methods and times on some characteristics
related to chickpea seed germination quality. Columns with the same letters do not differ significantly at the 5%
probability level based on LSD test.
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Table 4. Mean comparison of some traits related to chickpea seed quality under different priming methods

sl X o SiS 3y SES s Jsb X oie SS 039 A (P9 el
e o RN g g S0 el
mg mm mg
Control* 171 38.8 16.6 3.24 73.6 22.1 3576
Hydroprime 207° 41.5° 19.6 431° 89.1° 21.9° 3779°
Zn-bulk 217 41.1° 19.0° 4.78° 93.3% 22.1° 3769°
Zn-NPs 40-60 225 2.7 20.4° 487 96.9® 22.3° 3845
Zn-NPs 1-100 238° 48.2° 23.5 5.10° 102.1° 24.6° 4422°
LSD (0.05) 143 3.97 2.50 0.310 6.13 1.83 397

el 00 ) dglin gz Byo g 00t 355 maly poe o 4 bgyye sloools®

#Data from the non-prime treatment were not analyzed and are provided for comparison purposes only.
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In each column, the means whose difference is greater than the LSD value, or have different letters, are significantly

different at the 5% probability level.
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Table 5. Mean comparison of some traits related to chickpea seed quality under different levels of priming

duration
. Job F o9 S 59 5o Job ok sl
3 Sl lo _ _ . . . _
azals azals 4z dBl 4z Bl azadle azals 4y
Seed priming time Seedling Seedling Shoqt dry Shoo? fresh Shoot Seedling vigor
length F.W. weight weight length 2
length index
h cm mg cm
Control 6.64 171 22.1 73.6 3.24 613
6 7.60° 212° 21.7° 91.0° 4,51° 688°
12 7.91° 226 22.8% 97.3* 4.85% 728°
24 7.92° 27 23.7° 97.8° 4.94° 733
LSD (0.05) 0261 123 1.59 531 0.356 26.8

el ool &l ans e u.@‘)ls)_asa_\...‘ 4355wl poe e 4 by ye 6L«noala$

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

s s e glaT suo o gy Jlei lans o wils glate gy b e 5t LSD sae i ol cglas a5 slenSilee (gt 12 50

In each column, the means whose difference is greater than the LSD value, or have different letters, are significantly

different at the 5% probability level.
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Fig. 3. Mean comparison of interaction of different levels salinity and seed priming treatments on some

characteristics related to the germination quality of chickpea seeds. Columns with the same letters do not differ
significantly at the 5% probability level based on LSD test.
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