xXxX, XX (X), XX-XX

https://doi.org/10.22092/1jsst.2025.369865.1564

N
‘\\’ Seed *_,.‘_.%
\‘.\ Science SPcri
Society of Seed and Plant

1l \ \ Certification and Registration
‘\J Iran Institute

Iranian Journal of
Seed Science and Technology

ISSN: 2588-4638

Research Article

Effect of Titanium Dioxide Nanoparticles on Germination and
Physiological Characteristics of Cowpea (Vigna unguiculata subsp. unguiculata)

Seedling under Drought Stress

Ali Ebadi'™®, Fatemeh Ahmadnia®

1. Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,

Ardabil, Iran.

2. Ph.D Graduate, Crop Physiology, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, University of

Mohaghegh Ardabili, Ardabil, Iran.

Article Information

Abstract

Received: 24 Jun. 2025
Revised: 06 Oct. 2025
Accepted: 12 Oct. 2025

Keywords:

Enzyme,

Germination rate,

Radicle length,

Scanning electron microscope
images,

Seedling.

Corresponding Author:
ebadi@uma.ac.ir

One of the most critical limiting factors for cowpea seed germination (Vigna unguiculata
subsp. unguiculata) is drought stress. This study aimed to examine the effect of seed priming
with titanium dioxide (TiO) nanoparticles (NPs) under drought stress conditions, using a
factorial experiment in a completely randomized design with three replications. Treatments
included seed priming with TiO, NPs at concentrations of 0, 25, and 50 mg L™ and drought
stress levels at 0, -0.025, -0.050, -0.075, and -0.1 MPa induced by polyethylene glycol 6000.
Results showed broad absorption peaks in the ranges of 800—500 cm™ and 3600-3200 cm™,
corresponding to Ti-O-Ti and O-H stretching vibrations, respectively. The TiO, NPs
exhibited a spherical shape. Increasing drought stress significantly decreased germination
percentage and both length and weight indices of the seedlings. The lowest germination
percentage was recorded at -0.1 MPa osmotic potential, with a 83% reduction compared to
the control. Seed priming with TiO, NPs at 25 and 50 mg L' did not significantly affect
germination; however, the 50 mg L concentration had a negative impact on seed
germination traits. Seed priming at 25 mg L™ increased seedling plumule length by 15%.
Additionally, the seed vigor index increased at this concentration across all drought stress
levels. Catalase enzyme activity and proline content at (-0.1 MPa) osmotic potential
increased by 18% and 56%, respectively, compared to the control. These results demonstrate
a concentration-dependent effect of TiO, NPs in enhancing germination and the length and
weight indices of cowpea seedlings.
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EXTENDED ABSTRACT

Introduction

Cowpea (Vigna unguiculata L.) is a plant with high
nutritional value. It is widely cultivated in approximately
65 countries, particularly in the dry regions of tropical
and subtropical areas. Cowpea is a relatively drought-
resistant plant. However, the germination and initial
vegetative growth of this plant determine the number of
established plants per unit area and their yield. One
method of improving seed germination is to prime seeds
with nanoparticles, a process known as nano-priming.
Titanium dioxide (TiO») is a nanoparticle that enhances
abiotic stresses. Therefore, considering the irreversible
effects of drought stress, this experiment was conducted
to investigate the role of titanium dioxide nanoparticles
in alleviating the severity of drought stress caused by
polyethylene glycol.

Materials and Methods

The experiment was conducted in winter 2024 at the Seed
Science and Technology Laboratory of the Faculty of
Agriculture and Natural Resources, University of
Mohaghegh Ardabili. A factorial experiment was
conducted based on completely randomized design with
three replications. The experimental treatments included
priming cowpea (Vigna unguiculata subsp. unguiculata)
seeds with titanium dioxide nanoparticles at levels of 0,
25, and 50 mg L', along with drought stress at osmotic
potentials of 0, -0.025, -0.050, -0.075, and -0.1 MPa.
Drought stress was calculated and applied using
polyethylene glycol 6000 based on Michel & Kaufmann
(1973). Titanium dioxide nanoparticles were synthesized
by the sol-gel method. The identification of the types of
bonds and functional groups in the synthesized
nanoparticles was performed using Fourier transform
infrared spectroscopy (FTIR, Perkin Elmer Spectrum RX
I), and the structural morphology of the nanoparticles
was investigated using scanning electron microscopy
(SEM, LEO 1430VP). Cowpea seeds, were treated with
a 1% sodium hypochlorite solution for one minute and
immersed in nano-priming solutions for 3 hours. Then,
the seeds were dried for 72 hours at an ambient
temperature of 21+2°C. Twenty healthy seeds were
placed in each Petri dish without filter paper; after
applying drought stress, they were packaged in
transparent plastic bags to prevent moisture loss. The
Petri dishes were kept in a germinator at 25°C in the dark.
Germinated seeds were counted for seven days based on
the criterion of healthy root emergence from the seeds.
Plumule length, radicle length, seedling fresh weight, and

Iranian Journal of Seed Science and Technology

seedling dry weight were measured at the end of the
seventh day using a ruler and scale with an accuracy of
0.0001 gram. Proline content, catalase enzyme activity,
and lipid peroxidation were also measured.

Results and discussion

The results of the chemical structure and functional group
analysis (FTIR) of the synthesized titanium dioxide
nanoparticles showed that the broad absorption peaks in
the region of 500-800 cm™ and 3200-3600 cm™ were
related to the stretching vibrations of the Ti-O-Ti and O-
H groups. Also, scanning electron microscope images
(SEM) indicated that the titanium dioxide nanoparticles
have a spherical structure. Increasing drought stress
significantly decreased germination percentage and both
length and weight indices of the seedlings. The lowest
germination percentage was recorded at -0.1 MPa
osmotic potential, with an 83% reduction compared to
the control. Seed priming with TiO> NPs at 25 and 50 mg
L' did not significantly affect germination; however, the
50 mg L' concentration had a negative impact on seed
germination traits. Seed priming at 25 mg L increased
seedling plumule length by 15%. Additionally, the seed
vigor index increased at this concentration across all
drought stress levels. Catalase enzyme activity and
proline content at -0.1 MPa osmotic potential increased
by 18% and 56%, respectively, compared to the control.
Increasing the concentration of titanium dioxide
nanoparticles caused a 14, 15, 50, and 25% decrease in
germination, germination rate, radicle and plumule
length, respectively, and a 5% increase in catalase
enzyme activity compared to control.

Conclusion

Drought stress caused by polyethylene glycol
significantly reduced the germination, length, and growth
indices of cowpea seedlings. Concentrations of 25 mg L~
! of titanium dioxide nanoparticles alleviated the severity
of stress, and cowpea seedlings displayed better growth
indices compared to those without seed priming.
Increasing the concentration of titanium dioxide
nanoparticles to 50 mg L' resulted in synergistic effects
under stress conditions and enhanced the activity of both
enzymatic and non-enzymatic antioxidants. The effect of
titanium dioxide nanoparticles in mitigating the severity
of drought stress on cowpea seed germination was
strongly dependent on the concentration of titanium
dioxide nanoparticles.
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Figure 1. Results of Fourier transform infrared spectroscopy (FTIR) of TiO, nanoparticles (a), and scanning electron

microscope (SEM) of TiO, nanoparticles (b-c)
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Table 1- Results of variance analysis of the effect of priming with titanium dioxide nanoparticles and drought stress on
cowpea seed germination characteristics
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** * and ns denote significant at p <0.01 and 0.05 % and no significantly difference respectively.

54 Hdy S8l Ao s o 2eS g p ii S (6 sba

S ol Sla ity 53 (Ao )3 \O/00 £ V/Y9 5 88/55 £V/+V
2 (Y ) s 0 JE K - /) 5 (aals) oo
i b o (G3al p Ss ES a5 BB ST e 0l
b Jomsily 5o b ot Ll s (G54l ey a5 (A

Iranian Journal of Seed Science and Technology

&Ile Wy
o2 Sl ime LT sl ke gl s bl
sdalin sy S50 g o ys SIS 1A sled iy s
3 b Gl il o3l el cpl b (Y i) i
W Hd Gl Aoy ials e #ree JSONE sl

Ol oy 655L8 5 pshe o /5

Vol.: xx, No.: X, XXXXXX

XXXXXX X o lod XX Lo



Lol 5 s3Le

4139y Fi4lex (mSlw
. & 1 of « v e /.

Sl ey 93 (b i gl s g, (el SNl
ol (’}‘:’L‘:: LSles O3 el Calides lacbale L,
e 8l ST 35 s 0 S e YO il
Shyd gl 2 s pfdgﬁm CLle 5 gl o 3 VY/EY il Bl
S5l 5S0le (5053 VRO 2alS o giks 4S5
'/b')dljjjgjd\ﬁszﬁpdﬁj&ﬁﬁcw
S el sla Joily S g (Ggy oo 5 VVE /DY 5 9/40 £

(Y o) T sy JEL K = /) 5 (Uali) i

(S 99eb s g
e o Caltes L BlE 5 Hds meaed ) ek o
5l (Y i) Gl gyl gme 65T sl
313 0L s s (et )b S RS o (St
YV S S e B e e85 i oS
Sl G il 4 b o 10 (Gay 53 5l +/YYE /)0 5 £YAN

Y Jsus) Sy d\i.waliaﬂ/\ 3 0

drdlsy Job
Q,w%_;_,djbsgtmt_uﬁp_ﬁuﬁ@u

5 Ol ke Shy pie) dal i jles 55 (g)ls e o, LeT
s ST S35 ) 53 0 8 e YO Bl b ses
oS5 o 00 pyles ASlgs Dly5 56 ke I Ll
araivy Jsb o5 OY/Fr 5 F4/A8 2alS 4 o (1) 5o
3 sl 53 8 e YO ZBle 5 dals L awlie o
‘f-"’@b wlsl y5 ioman (Y J}.x?).\_;rxsu::.x___“ﬂs;
by § ety I (2al8 4 i (St (25 13
S/ /B /YD (gl (6la il 3 ama s
o (S 55 pde) Aals b alin 53 JELL K -+ /)

(Y Jade) Sl 2alS Ao ys VE/AY 5 $4/40 (S5/FF 00/ Y5

sz bl Job
YO e bl iy s (b ot i 4zl J b
b 3l Bl pasld STl S350 2 s 0 8 e

Iranian Journal of Seed Science and Technology

s o 3 JEKLL e = /Y 5=+ /0VD =+ /+B0 +/+ YD (5 ol
Sl s s AT/ 5 FETE CFEIAY Y2/ 5 5y el L

LY Jod) sl

SI4lex> Ol S5 0>
S5l Ol S 487 515 0Lt (o Sole dy e s
A3 08 e YO SBle L sl i 1l et L L
b lie 55 S ol el st p5lis LSl g3 S5 50
VIV 1, 5 S5l Ol S (G Hlad iy pule) dals
bl (il s ol b (Y Jads) sls Silpl oo
gqutﬁ.olk;f\bu:ﬁalprgl:g.\fﬁf\@;,bs}u
,g_wfié;gpl)s;u,g,;rféfva cble 5 Gl i
Ol e S Mo 28l Ao 5 YWY 5 N0/ i s ppiles
S Jmpl s romen (Y Jgdar) b O s G4l
O RS 31 OLES 35 (6 s sl Jeailly 5 S0n o
S s el Ol ST 2alS 4 pete Sis
AL N VAR (-5 SN [y VN V] LR O W P S W P S| 30
YN 5 e dals b lio 53 JEL e = /) 5—+/V0

(Y Jad) Cob ials Ao js Av/VE 5 2V/X Y CFY/VD

3N (Fi4lez ok g
Sl smn T Dslis oS 5ls DLt S0le A lie gl
STl D3 gLl yda Hlad iy Calides slacbale o s
Chle 5 (Gl o J ol b A edalia gl
O sl S pe) ol balie )3 2 530 8 L YO
00 Cbale cutman (Y Jsda) CBL LB Aoy \Y/AY
Sl e ol e SThes D53 50 2 s 05 s
O slod g pie) dald by lie 5o 1 (A o2 L) 5
35 OLi s ol o sde (Y ) 5l el ey VF/AD
s ok (el S Al o (el (L Jily S
Ll b g el gla fuily sl @Lﬁ s e
AVIAY 5 SO/M FAVS (YA/YY 5 ja alS el
o Ol peds (W Jgd) 50 5 Gial e Co o (sm s

b,ﬁ")'\’o")‘\"‘?w):@bbw)'de“‘}’

Ol ) 65l 5 psle 4,2

Vol.: xx, No.: X, XXXXXX

XXXXXX X o ylods XX Mo



e S i b el S5 5 Sl S s 5 ikl sl S Iiss S350 S v

L;LAMLch“jo)WM&WQQQQLMJJE
Jsb JE e =0 /) 5= /2V0 =+ /20 =+/+YD (& jo ]

55 Ao y3AV/F g AT/YY BO/OO FAND s jas |y azailu

(Y Jsda) Lsls 2als dali b aws lae

pA) dalis b alie 55 ChIE oy 55 4l Jgb o 51 0L
Srmmen (Y ) Sl i1 o3 \0/0) iy Hles iy
Fo S ol (Sa Jreily 53 4z dBlw Jsb (2S5 0 it
SFN e 2UAY) Sl - /) 5 (S 25 pde —dal)

S S a5 a5l s g (e Sl o/ EVEY

G ot Ll o0y S5 G S hs 5 (i A5 5 53l A Ts3 D356 Ll i 1 S0ke dlie s Y Jpa
Table 2- Mean comparing cowpea seed germination characteristics as affected by priming with titanium dioxide
nanoparticles and drought stress on cowpea seed germination characteristics
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Treatments Germination 3¢l 9= Germination "N '.1 Cumulative Radicle Plumule Seedling f i
percentage Peak value rate Mean daily emergence length length fresh Seedling
(Seed/Day)  EeTmimAtion (cm) m)  weight 4 ikt
(SeedDay) (seed/Day) () ©
G 93 0.5 k) 8 4S5 S350 L Lo iy
Priming with titanium dioxide (mg L")
0 55.33+32.48, 16.33+10.00, 2.18+1.34, 3.95+2.32a  0.79+0.46,,  2.73+2.73, 1.96+1.96, 0.74+0.22, 0.24+0.09,
25 63.33+30.86,  18.83+10.07,  2.50+1.28,,  4.52+2.20,, 0.90+0.44, 2.93+2.93, 2.32+2.32, 0.78%0.17, 0.27+0.07,
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(K i jis
Drought stress (MPa)
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5 (3 e 35 o33 O Szt o 53 LSD 55T 3 o 2 O 0 L (sl ile
Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Figure 2- Interaction effect of priming with titanium dioxide nanoparticles and drought stress on cowpea seed vigor index
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Table 3- Results of variance analysis of physiological characteristics of cowpea seedlings as affected by priming with
titanium dioxide nanoparticles and drought stress
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PIRd B L“.: &
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CV (%)

- 3.99 3.26 10.65
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** * and ns denote significant difference at p < 0.01 and 0.05% and no significant respectively.
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Table 6- Mean comparison of physiological characteristics of cowpea seedling as affected by priming with titanium
dioxide nanoparticles under drought stress

e SV o 5T e ORI S s
) (433 5 o555 055,50 53 Dl S k) (585308 2 Sk
Treatments
Catalase enzyme activity (OD ug protein/min™ Proline content (mg/g FW)
G 53 08 (o) s STl D356 L slad iy
Priming with titanium dioxide (mg L")
0 33.11£2.92, 0.094+0.03,
25 31.2242.50, 0.083+0.025
50 35.00+2.98, 0.0944+0.02,
LSD s, 0.007
UK S i
Drought stress (MPa)

0 29.33+2.784 0.057+0.008,
-0.025 32.14+1.66, 0.071+0.1164
-0.050 33.63+1.69, 0.087+0.009,
-0.075 34.56+2.21 0.104+0.0104

-0.1 35.89+1.49, 0.132+0.012,
LSD s, 1.27 0.009
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Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Figure 3- Interaction effect of priming with titanium dioxide nanoparticles and drought stress on lipid peroxidation
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   Ψ S = −  ( 1 . 18 ×  10  − 2 ) C −  ( 1 . 18 ×  10  − 4 )


  


  GP =  S T × 100


  GR =   N u m b e r   o f   n o r m a l   s e e d l i n g s  D a y s   t o   f i r s t   c o u n t + …     N u m b e r   o f   n o r m a l   s e e d l i n g s  D a y s   t o   f i n a l   c o u n t


  PV =    MDG max   N d


   G - =  GP   T n


   T n


  CER =    F 1    D 1 + …    F i   D  i


  S V I = G P × ( r l + p l )

