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Abstract

The effect of nanoparticles of Ti,Fe and Zn oxides on the germination energy,
germination capability, growth and development, the content of photosynthetic
pigments, the activity of photosystems was studied. . The objects of the research
were bread wheat (Triticum aestivum L) seedlings. The seeds of the experimental
plants were treated with powders of nanoparticles of Fe>Oz, ZnO,, and TiOy, then
sown in Petri dishes and in the pots with soil. TiO2, ZnO, and Fe203
nanoparticles had a positive effect on seed germination, wheat seedling growth,
photosynthetic pigment biosynthesis, and photosystem 2(PSII) activity.

Keywords: wheat, nanoparticles, germination, growth of seedlings,
photosynthesis pigments, photosystem 2 (PS I1)

Introduction

Currently, nanoparticles are widely used in many branches of agriculture. It is
well-known that when microelements are introduced in the form of their water-
soluble salts, most of them are absorbed by the soil colloids and their absorption
by plant roots is obstructed.
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Thanks to the microscopic size, nanoparticles can easily pass through biological
membranes, accumulate in the internal environment, and accelerate the rate of
metabolic processes in cells.

Nanoparticles are classified as a material in which at least one dimension is <100
nm in diameter [Auffan et al.,, 2009]. Nanoparticles are not new to the
environment and occur naturally in the form of minerals, clays and bacterial
waste products. It has been used since ancient times as dye for metals, but the
systematic design and development of nanoparticles for various purposes only
started in the last few decades [Maurer-Jones et al., 2013]. Engineering
nanoparticles designed in such a way as to have properties that bulk samples of
the same materials do not have. [Auffan et al., 2009]. Engineering nanoparticles
are composed of various materials and are found different sizes and shapes with a
set of synthetic surface molecules, making them different from naturally occurring
materials [Radad et al., 2012; Maurer-Jones et al., 2013]. TiO2, Al203, Fe304
nanoparticles were shown to have different effects depending on their
concentrations [Salama, 2012]. In these experiments, iron nanopowders at low
concentrations increased the yield and grain quality of cereals. It is supposed that
in the process of growth and development, plants can use the surface energy of
nanoparticles coming from outside, which can affect the functions of the
molecular structures of the cell.

Metal and nanoparticles of metal oxides exhibit different physicochemical
properties and differ from their native bulk compounds in several respects
including its surface, optical, thermal and electrical properties. Several factors are
responsible for the reactivity of nanoparticles with biomolecules, including:
nanoparticle size, core composition, shape, surface properties, purity, stability and
method production [Teske and Detweiler, 2015; Wang P. et al., 2016].
Nanoparticles can retain the main characteristics of their volume material, so it is
necessary to take into account the influence bulk material when studying the
interaction of nanoparticles in environment, e.g. heavy metals are toxic to plants
while silicon as a metalloid has been seen to be useful for plants [Yadav, 2010;
Tubana et al., 2016; Helaly et al., 2017]. In recent years, nanoparticles of metals
and metal oxides have been used in various industries, including agriculture.

The purpose of this work was to study the effect of nanoparticles of copper,
titanium, iron and aluminum on germination energy, germination capability,
growth and development, the content of photosynthetic pigments,and the activity
of photosystems.

The object of the study was seedlings and plants of the soft wheat variety
(Triticum aestivum L) Mirbashir-128. The seeds of experimental plants were
treated with powders of Fe203, ZnO, and TiO2 nanoparticles, then sown in Petri
dishes and pots with soil. Plants were also grown in the experimental plot under
field experimental conditions. The drought was created by stopping watering in
the booting phase. The germination energy and seed germination, morphometric
parameters, the content of chlorophylls a and b, carotenoids, and plant
productivity were determined. The alcoholic extract of the leaves was used to
determine the content of pigments. The pigment content was measured on an SP-
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2000 spectrophotometer at 665, 649, and 440 nm. The amount of pigments was
calculated according to the method [Wintermans J.E.G., De Mots A. 1965] .PS2
activity was determined using a PAM device (photosynthesis analyzer,
Germany).The efficiency of photosystem 2 was determined based on the
determination of fluorescence parameters in the slits of plants growing in normal
and saline environments, according to the Fv / Fm- ratio. Fv = Fm - FO ; FO -
fluorescence of leaves kept in the dark, Fm - fluorescence of leaves saturated with
light.

Statistical analysis

The experiments were carried out in triplicate biological replication and each
was eproduced independently 3 times. Statistical processing of the results was
carried out using the licensed software package IBM SPSS Statistics. The
assessment of the reliability of differences in arithmetic means was carried out on
the basis of the Student's coefficient. Differences between groups were considered
significant at a two-sided significance level p < 0.05.

Results and discussion

Table 1. Effect of nanoparticles on seed germination and morphophysiological
parameters of wheat plants

Options | Energy of seedling height, (sm) PSII
seed Germination % Fv/Fm
germination 14 days 19 days
%

Control 70 90 3.5+£0,2 11+0,9 | 0.8

TiO: 85 90 6.5+0,5 14+0,9 | 0.85

ZnO 90 100 6.5+0,6 14+ 0.8 | 0.85

Fe, O3 85 90 7.0+0,8 15+£0,9 | 0.85

*Differences between the control and experimental series are significant at p<
0.05 significance levels

As can be seen from the table, TiO2, ZnO, and Fe203 nanoparticles stimulated
seed germination and plant growth.
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Table 2. Effect of nanoparticles on photosynthetic pigments in wheat seedlings
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(mg/g wet weight)

Chl. Chl.
Options Chl. a Chl.b a+b a/b | Carotenoids
Control 15+0,03 {0,6+0,02{2,1+£0,02| 2,5 | 0,3+0,02
TiO2 1,8+0,02 {0,7+0,02|25+0,02| 2,6 | 0,5+0,01
ZnO 1,9+0,02 {0,8+0,01 2,7+0,03] 2,4 | 0,6+0,01
Fe203 1,7+0,01 {05+0,02(2,2+£0,01| 3,4 | 0,7+0,03

*Differences between the control and experimental series are significant at p<
0.05 significance levels.

As can be seen from table 2,TiO2, ZnO and Fe203 nanoparticles had a positive
effect on the content of photosynthetic pigments in wheat seedlings.

Table 3. Influence of nanoparticles on yield indicators of wheat under drought

conditions.
Options Stem lengh, Spike Number of
SM. lengh, grain in one

SM. spike, pcs.

Control 30+1 30+2
6+1

TiO2 36+2 5143
9+1

Zn0O 44+2 63+4
10+1

Fe O3 41+1 5242
8+1

Possible mechanisms of the influence of metal nanoparticles on plant PSA
are the subject of active discussion. Research in this area is relatively recent and
the available evidence is often conflicting. However, we tried to analyze the main
points of view, according to which nanoparticles can change the activity and
structure of PSA. The stimulating effect of nanoparticles on the photochemical
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reactions of the light phase of photosynthesis is most often associated with their
ability to enhance the absorption of light by chlorophyll molecules [ Das et al.,
2017, p. 247] and quench excess excitation, taking on energy excited electrons.
This kind of plasmon resonance effect was shown for gold and titanium oxide
nanoparticles, which most often had a stimulating effect on plant PSA. Thus,
nanoparticles of these metals are able to prevent the accumulation of ROS, acting
as a kind of protectors of oxidative stress. This hypothesis is consistent with the
information published earlier. For example, it has been shown in spinach plants
that titanium oxide nanoparticles stabilize photosynthetic membranes, protecting
chloroplasts from intense aging under conditions of oxidative stress in the light,
and also reduce the accumulation of superoxide radicals under the influence of
ultraviolet radiation [ Lei et al., 2008, pp. 69-79].

Conclusions

Nanoparticles of TiO2, ZnO and Fe;Oz had a positive effect on the germination
capability , accelerated the growth of wheat seedlings,and biosynthesis of
photosynthesis pigments.These nanoparticles also positively influenced on the
activity of PS 2 in normal and drought conditons .

References

[1] Auffan, M., Rose, J., Bottero, J. Y., Lowry, G. V., Jolivet, J. P., and Wiesner,
M. R., Towards a definition of inorganic nanoparticles from an environmental,
health and safety perspective, Nat. Nanotechnol., 4 (2009), 634-641.
https://doi.org/10.1038/nnano.2009.242

[2] Helaly, M. N., EI-Hoseiny, H., EI-Sheery, N. I., Rastogi, A., and Kalaji, H. M.,
Regulation and physiological role of silicon in alleviating drought stress of
mango, Plant Physiol. Biochem., 118 (2017), 31-44.
https://doi.org/10.1016/j.plaphy.2017.05.021

[3] Das S., Debnath N., Pradhan S., Goswami A., Enhancement of photon
absorption in the light-harvesting complex of isolated chloroplast in the presence
of plasmonic gold nanosol — a nanobionic approach towards photosynthesis and
plant primary growth augmentation, Gold Bull., 50 (2017), 247-257.

[4] Lei, Z., Mingyu, S., Xiao, W., Chao, L., Chunxiang, Q., Liang, C., Hao, H.,
Xiao-ging, L. and Fashui, H., Antioxidant stress is promoted by nano-anatase in
spinach chloroplasts under UV-B radiation, Biol. Trace Elem. Res., 121 (2008),
69-79.



162 G. H. Ismayilova and I. V. Azizov

[5] Maurer-Jones, M. A., Gunsolus, I. L., Murphy, C. J., and Haynes, C. L.,
Toxicity of engineered nanoparticles in the environment, Anal. Chem., 85 (2013),
3036-3049. https://doi.org/10.1021/ac303636s

[6] Salama, H., Effects of silver nanoparticles in some crop plants, Common bean
(Phaseolus vulgaris L.) and corn (Zea mays L.), J. Biotechnology, 3 (10) (2012),
190-197.

[7] Teske, S. S., and Detweiler, C. S., The biomechanisms of metal and
metaloxide nanoparticles’ interactions with cells, Int. J. Environ. Res. Public
Health, 12 (2015), 1112-1134. https://doi.org/10.3390/ijerph120201112

[8] Tubana, B. S., Babu, T., and Datno, L. E., A review of silicon in soils and
plants and its role in US agriculture: history and future perspectives, Soil Sci., 181
(2016), 393-411.

[9] Wang, P., Lombi, E., Zhao, F. J., and Kopittke, P. M., Nanotechnology:a new
opportunity in plant sciences, Trends Plant Sci.,, 21 (2016), 699-712.
https://doi.org/10.1016/j.tplants.2016.04.005

[10] Wintermans J.E.G., De Mots A., Spectrophotometric characteristics of
chlorophyll a and b and their phaeophytins in ethanol, Biochimica et Biophysica
Acta, 109 (1965), 448-453.

[11] Yadav, S. K., Heavy metals toxicity in plants: an overview on the role of

glutathione and phytochelatins in heavy metal stress tolerance of plants, S. Afr. J.
Bot., 76 (2010), 167-179. https://doi.org/10.1016/j.sajb.2009

Received: August 25, 2023; Published: September 8, 2023



