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Effects of Titanium Dioxide Nanoparticles on the Anatomical and
Biochemical Characteristics of Aptenia cordifolia at Different
Developmental Stages

Faladlo 030 e suboms T 63 o e (Telomd Jowome aile g g 40 g
Masoumeh Bohli-Bohl!, Hanieh Mohajjel Shoja**, Samira Behboudi®, Saeideh
Alizadeh-Salteh*

esle oS iils (AL Ll G oy S )l i )8 (g gzl =V QLA =Y (6 S (g gmdils =)
am‘b AL;_[}_;.J QL&L:§ v":":14'§ ‘JL;L‘ J.A_X...@A B f)l& n)j§ )l:..i.}l} —f U'J:’.. ‘},’.J.J Alf\»i_"‘} ;ﬁ_.]a
J‘J:l_. ‘J‘lf" ;j.:j.ﬁ am‘b 46)_}}\..:5
1. Ph.D. student, 2. Assistant Professor, 3. M.Sc. student, Department of Plant
Biology, Faculty of Natural Sciences, University of Tabriz, Iran.

4. Associate Professor, Department of Plant Physiology, Department of Crop
Physiology, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.

)13 e gl
*Corresponding Author, Email : SG s 31 g « W1 J ghns ok 53 5
mohajelh@yahoo.com
(P F/2/¥4 1 Llas) 'CL)U—WW‘;/D/W SR ’Cl)l:— ALER ZAVAR QMG IEEY @)U)
Received: 2025/05/06 | Accepted: 2025/08/08 | Published: 2025/09/20
Abstract

Titanium dioxide nanoparticles (TiO:) have gained attention for their
photocatalytic properties and broad applications in life sciences and
agriculture. However, their impact on plant growth and development
remains a topic of ongoing debate. This study, utilizing a completely
randomized design, investigated the effects of foliar-applied TiO. at
concentrations of 0, 0.03%, and 0.05% on the growth, morphology, and
biochemical traits of Aptenia cordifolia during its vegetative and
reproductive stages. The results indicated that TiO: treatments reduced
growth parameters, such as stem length, root length, and leaf area, during
both vegetative and reproductive stages compared to controls. However,
plants treated with 0.03% TiO: exhibited significantly higher fresh and dry
weights of roots and shoots, as well as greater stomatal density, compared to
those treated with 0.05%, suggesting a potential inhibitory effect of the
higher concentration. In the vegetative stage, the 0.03% treatment increased
photosynthetic pigments (chlorophyll a, b, total chlorophyll, and
carotenoids) and peroxidase activity, while in the reproductive stage, these
increases were observed with the 0.05% treatment. Additionally, the 0.05%
TiO: treatment led to an increase in protein content in both stages. These
findings demonstrate that the effects of TiO: are concentration- and growth
stage-dependent, with lower concentrations enhancing biochemical
properties, while higher concentrations adversely affected plant growth and
metabolism. Therefore, careful consideration of nanoparticle concentration
and application methods is essential for optimizing their effectiveness in
agricultural applications.

Key words: Antioxidant enzymes, growth parameters, photosynthetic pigments,
reproductive stage, vegetative stage
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Figl. Effect of different levels of titanium dioxide nanoparticles treatment on growth parameters A: shoot length, B: root
length, C: leaf area, D: shoot fresh weight, E: shoot dry weight, F: root fresh weight, G: root dry weight in the vegetative and
reproductive stages of the Aptenia cordifolia. Non-similar letters indicate a significant difference at the 0.05 probability level

VFoF oylawsli g 5l /) °)M/M°)LW°)9°/&“%}W,|SMS¢»W



S S 5es el ST 53 D3 G e OLen 5 Jar Lle

00 e 53 sldie o 2S5 (e YY) dald QLS 53 Of sduSs ot sladhar sluas o 2o ) T 53 ey ae e o Ll
Sad g slaas o miy (2 Chm el bples ple by pme Ol oy /oY Gl s (o YY) Ao s
L O (Gl s Dl dals s doys /00 s o S Il sl edalis (sae VY) doss /0T L 3 Of ediSe )
Loasly onlols OLES s 50 JS S 5 2ty 5 o) plaw 3 Waaiisy slawd (I3l ae 8l b3 (F S 5 CD-Y S2)
(Khai ef al., 2022) 3)ls Ciillas g5 o 155 Saiiss anms 5 SIS 3 g g pasthe D30 Wsls 0L &S Lrash mlS
(Aslani ef al., 555 aaij sy sl s a0 58 Jols 3 s 5 S, sles il sl Ll oo (6 50 33 Cla.ﬂ S30 D3l pend
S 5y Sy JEsl Sl 4 el cpl 4 558 wds Bl WL OE S5 4 e ol 5Sen D360 g (ieen2014)
AU ks Sl Slapltil s 5 638 08 > GuS 4 D30 g ol 55 & el sad 318 (Nair ef al., 2012) A4S oSS
El-Shetehy ) Jib s i Bl Wl Col S 5 55 Db 50 ) pa> 5505 Szl -5l sls .(Nair and Chung, 2014) W15 (s xi
Sl3ls Chle il aS Klesls ol Sldlas & 5 (S350 glasles 53 O ediSe 03 slad she 5 sad b el 53 et al., 2021

4 L}J;ﬁ J:J}A-w% gﬂ.l CA.MJ‘ §M g)'i‘ft‘" .(Prasad, 1995) JJ"LJA JJJMMJ —r e GJ;JW b Lijj.l.wg_)j)} UT JJ\:(S w{.;“

5L TiOs Cvn?

, T . o 120 7 b a
‘{:% 60 - a {:‘i? w0 { a

| a
a 50 b a b a 80
g 407 5 60 4
=3 30 2
o oo J
ST 2 2w
< E 10 | £ E 20
5 g I 5 O
3 0 0.0.3 005 g 0 0.03 0.05
§ TiO,-NPs concentration (%) § TiO,-NPs concentration (%)
A Bvegetative stage  Breproductive stage B Elvegetative stage  Breproductive stage
o 23 A o 14 a
S b b s 121
%k ; 5 E 10 - a a
= £ 15 a a = E g
3y 3y 3
v S 10 “@\ % v o 6 7 \\\
?t "\ ?'1.: 4 \\
67 5 \\_‘ \\ o g \\__
% 5 B i £5 . B
b g 5 i g — L R b g o o o
%5 0 0.03 0. 52 0 0.03 0.05
= TiO.-NPs concentration (%) = TiO,-NPs concentration (%)
C Elvegetative stage B reproductive stage D Bvegetative stage @ reproductive stage

—o 3 sk sl (0 S a5 beaiss sland B gss e 53 bz sl A e sslis ST o3 D350 e il ke 1Y S
Sl alie s Gy 5 ab e 5 sy Al e s S S0 S el s S ak mlae s O ediSe 3 glad sl slins D (s, e ol oS

el v /00 Szl cla.m BE )\JL;'.M s S99
Fig2. Effect of different levels of titanium dioxide nanoparticles treatment on A: Number of stomata on the upper surface, B:
Number of stomata on the dorsal surface of the leaf, C: Number of water-storing cells on the upper surface, D: Number of

water-storing cells on the dorsal surface of the leaf in the Aptenia cordifolia in the vegetative and reproductive stages.
Different letters indicate a significant difference at the 0.05 probability level.
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Fig3. Comparison of changes in stomata and water-storing cells on the upper and lower surfaces of the leaves of the Aptenia
cordifolia as a result of foliar spraying with TiO, nanoparticles: 1- Epidermis of the leaf of the control plant, 2- Epidermis of
the leaf of the treated plant with 0.03% nanoparticles, 3- Epidermis of the leaf of the treated plant with 0.05% nanoparticles.
Ad stands for Adaxial (upper surface) and Ab stands for Abaxial (lower surface). Vs stands for vegetative stage, Rs stands for
reproductive stage. The blue arrow indicates the stomata and the orange arrow indicates the water storage cell.
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Fig5. Effect of different levels of titanium dioxide nanoparticles treatment on A: ascorbate peroxidase, B: peroxidase, C:
protein in the vegetative and reproductive stages of the Aptenia cordifolia. Different letters indicate a significant difference at

the 0.05 probability level.
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