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Figure 1. Results of Fourier transform infrared spectroscopy (FTIR) (a), X-ray diffraction (b),
and scanning electron microscope (SEM) (c) of TiO, nanoparticles
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Figure 2. Interaction effect of priming with TiO; nanoparticles and drought stress on faba bean
seed germination percentage
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Table 2. Results of variance analysis of the effect of nano priming and drought stress on
germination characteristics and length and weight indices of faba bean seedling

Sylez doys Jrailer ey azady; Jsb azddls Job  azalS 55 azelS Sis o3

Ol ot 2 ST a0
o M M Germination Germination  Radicle Plumule  Seedling fresh Seedling dry

Source of variation df . .
percentage rate length length weight weight
Nano priming (NP) Kl gil 3 2722.91™ 3.63™ 0.156™" 0.045" 0.266™ 0.003*"
Drought stress (DS) Sas s 3 14228.47™ 62.43™ 4.91™ 29.23™ 0.685™ 0.005™
NPXDS Sz i x Koyl gl 9 532.63™ 0.71™ 0.27™ 0.153™ 0.084™ 0.0004™
Error jiole;l slas 32 51.56 0.13 0.032 0.019 0.003 0.00007

CV (%) (hoyo) &l yeuis oy o - 13.0 14.9 14.3 11.5 7.3 11.9

BV Py d)bgs;-’“’ Solds 3929 pas g do 0 S J! zhw ;o t5)|°g5;"“ oS i NS g sk
** and ns denote significant difference at p < 0.01 and non-significant, respectively.

axalS Jig9 Jeb slaipslh g )d Jidile gl Shg » (Kb A 9 Sl gl 51 5eSlo dumglio i -V Jguar
ML
Table 3. Results of comparing the mean effect of nano priming and drought stress on germination
characteristics and length and weight indices of faba bean seedling

A S Gl Cepe azady, Job o azdile b azelS 5 gy azelS Sl

Sl gl ) Gl y) (gl (gl ¢ )
Nano priming Drought stress ~ Germination Radicle Plumule Seedling fresh Seedling dry
(Bar) rate (seed/day) length (cm) length (cm) weight (g) weight ()
0 5.7 1.7 3.2 1.06 0.09abc
(&wlj.: pos) ol -0.2 1.9¢d 1.2 0.9¢e 0.9¢ 0.08bcd
Control (NO priming) -0.5 1.3e 1. Leder O.4gh 0.7gh 0.07cq
-0.7 0.6gn 0.74 0.0 0.5i 0.044
0 5.7 1.9 3.3c 1.1, 0.09a0
25 mg Lt -0.2 3.1p 1.3¢ 1.14 0.9cde 0.09a0
-0.5 2.1cd 1. Ledef 0.7efg 0.9cd 0.8hc
-0.7 1.2¢¢ 0.81g 0.0i 0.8def 0.6ef
0 5.4a 2.4a 3.6b 1.1ab O.la
50 mg Lt -0.2 2.3c 1.2cde 0.7¢f 0.8cde 0.09ahc
-0.5 1.6de 1.0cdefg O.Gfgh 0.8cde 0.086c
-0.7 0.3gh 0.gefg 0.0i 0.8er 0.07cd
0 5.8a 2.5, 3.8a 1.0p 0.08b¢
i -0.2 0.619 1.Ocder 0.5gn 0.71g 0.06et
100 mg L* 05 0.3gn 0.9ef 0.4 0.6n 0.051g
-0.7 0.08n 0.00n 0.0i 0.0 0.0n
LSD s% - 0.6 0.3 0.2 0.09 0.01

IRGARCEP S NPEPPRGINFL IRWNF S PR  PCES AW D] D BOPOS] B g P JEE W w0
Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Table 4. Results of variance analysis of the effect of nano priming and drought stress of
faba bean seed on catalase enzyme activity, lipid peroxidation, and proline content

Ol oS o @3llax o RPN RON B Spd Oyl Oedor g
Source of variation df Catalase enzyme activity Lipid peroxidation Proline content
S '~'ff~53“ 3 195.46™ 21.21* 0.060™
Nano priming (NP)
o 3 374.35" 115.92* 0.747"
Drought stress (DS)
(S S sl 9 20.89" 3.36° 0.005™
NPxDS
Srales! sl 32 8.71 1.57 0.0004
Error
(22)) Sy 5 - 21 28 16
CV (%)

A3l oo 6yl sxe Dolat gz g pas g do 0 m 5 SO izl maw (o (ghls pxe oS S NS g ¢
** * and ns denote significant difference at p < 0.01, 0.05, and non-significant respectively.
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Table 5. Results of comparing the mean effect of nano priming and drought stress of faba bean
seed on catalase enzyme activity, lipid peroxidation, and proline content

B VB o 51 cdlad G OgplanST Olan sy
el oL (ad33 p g p 59,500 )3 3z Sldh) (5 05 5 dsesSen) (5 03s e 2 eSSk
Nano priming  prought stress Catalase enzyme activity Lipid peroxidation Proline content
(Bar) (OD pg protein/mint) (umol/g FW) (mg/g FW)

(Stonl p pae) salis 0 128.2y 40.44 0.9
el -0.2 138.8cde 42 6ef 1.2
Control -05 14315 4404 1.4p
(No priming) 0.7 146.8: 50.1a 1.5,
0 130.5¢n 40.5 0.8i
. -0.2 133.21 41 55 1.1
25mg L™ 05 134.6erg 43 Les 1.2
-0.7 142.6bcd 45.3cd 1.34
0 135.7¢f 40.14 0.8i
. -0.2 136.3¢f 42 6ef 115
S0mg Lt 05 138.16e 439 134
-0.7 145.8ab 46.6bc 1.3c
0 137 .8der 41,75 0.9n
-0.2 143.1bc 43.9ed 1.2¢
100 mg L* 05 149.0, 47.3p 1.4y
-0.7 0.0i 0.0n 0.0
LSD 5% - 4.8 1.9 0.03

55l gl e Digles wo 0 iy Jleisl mhaws 0 LSD fyge;T jo S ytie By S L sl Sils
Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Abstract

Drought stress is one of the most significant limiting factors in agricultural production. To investigate
the effect of priming with titanium dioxide nanoparticles (TiO» NPs) on faba bean seeds (Vicia faba L.)
under drought stress, a factorial experiment based on a completely randomized design with three
replications was conducted at the Faculty of Agriculture Science and Natural Resources, Mohaghegh
Ardabili University in the winter of 2024. Experimental treatments included seed priming with TiO,
NPs (0, 25, 50, and 100 mg L) and drought stress (0, -0.2, -0.5, and -0.7 Bar). TiO, NPs were
synthesized by solgel method. FTIR, XRD, and SEM chemical analysis were used to identify the bonds
and structure of the NPs. Seed germination percentage and related traits such as seedling length and
weight indices, catalase enzyme activity, lipid peroxidation, and proline content were measured.The
osmotic potential -0.7 Bar caused a 76% reduction in faba bean seed germination compared to the
control. Concentrations of 25 and 50 mg L' of TiO, NPs enhanced the germination percentage,
germination rate, radicle and plumule length, seedling fresh and dry weight, proline content, lipid
peroxidation, and catalase enzyme activity at all stress levels. Increasing the concentration of TiO> NPs
to 100 mg L' led to a synergistic effect under stress conditions, resulting in a twofold increase in the
activity of enzymatic and non-enzymatic antioxidants, alongside a decrease in the germination
percentage and its related traits compared to no seed priming. The positive and negative effects of TiO»
NPs in alleviating the severity of drought stress and their impact on faba bean seed germination and
seedling growth depended on the concentrations used.
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