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CONCEPT DESCRIPTION OF THE RESEARCH

The relevance of research. Cultivation of cereal crops are associated with high risks of
bacterial and fungal disease. Infection with different plant pathogens, significantly decreases the
quality of cereal crops in agricultural systems. Plant pathogens accumulate in a latent form over
several generations, which causes serious crop losses. Since the new and modern strategy such as
nanotechnique will promote protecting crops against different plant diseases. Synthesis of metal-
based nanoparticles (NPs) mainly mediates by physical or chemical methods. Physical methods
need expensive equipment, high energy and large space area allocating for equipment. Chemical
methods need costly and toxic chemicals, which may remain in the synthesized NPs and limit their
application due to the toxicity of harmful residues. The use of chemicals is environmentally
unfriendly and also hazardous for the person who deals with. To mitigate the problem of expensive
equipment and toxic chemicals, green methods have been developed rapidly, presenting facile and
cost-effective biosynthesis approaches. Plant parts are the most preferred biosystem for this
purpose as they contain exclusive phytochemicals which can participate in the reduction process
during the biosynthesis of NPs. The rate of NP biosynthesis in plants is higher than in
microorganisms; the obtained NPs are more stable and diverse in shape and size. Based on this,
we used strawberry leaves as an economical material from agricultural waste to prepare an aqueous
extract and use it for green synthesis of various NPs. There are no data in the literature on the use
of strawberry leaves in green synthesis of NPs. After the biosynthesis of NPs, we studied their
physical and chemical properties. To determine the positive or negative effect of biosynthesized
NPs on plants, we chose two crops with a seed type of reproduction: wheat as the most demanded
food crop and flax as the main industrial crop. Also, the task of our research was to evaluate the
antimicrobial activity of biosynthesized NPs for subsequent use as non-chemical plant protection
products in the greening of agricultural production.

The degree of development of the topic. Plants are the most preferred source for biosynthesis
of NPs because plant parts containing exclusive phytochemicals involve in reduction process of
NPs biosynthesis. The rate of the biosynthesis in plant-mediated methods are more than
microorganism-oriented one and the produced NPs are more stable and more diverse in shape and
size. Plant extracts are widely applied in green synthesis of the metal-based NPs due to its the
simplicity, ecofriendly and cost effectiveness for mass production of NPs and taking very less

time. These features influence the potential scope and reproducibility of NP production.
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After the synthesis of NPs, the chemical composition and crystal structure of the synthesized

NPs need to be investigated. Numerous experimental techniques are available to evaluate a variety

of physical and chemical characteristics of biosynthesized nanoparticle samples such as size,

shape, morphology, crystal structure as well as elemental composition (Agarwal et al., 2013;
Murdikudis et al., 2018; Krutyakov et al., 2017; Krutyakov et al., 2022).

Research goal and tasks. The objective of the present work was the biosynthesis and

characterization of seven NPs based on zinc, magnesium, silver, copper and iron salts, and then

evaluating some biotechnological application for the synthesized nanoparticles and using them as

the modern approach for protecting plants against different plant pathogens. The objectives of the

research included:

1.

To research on the use of an agro-waste materials, strawberry leaf, and extract its
phytocomponents in water and use it instead of chemicals to develop a safe, cost effective
and ecofriendly synthesis method for production of new materials with prospective
application in agriculture such as using in plant protection or in fertilizers formulations
To develop a method with high production efficiency with no need to use high pressure,
energy, temperature and toxic chemicals which could easily scaled up for large scale
synthesis for future industrial applications

Determine the possibility of synthesizing metal-based NPs based on Zn, Mg, Fe, Cu
(micronutrients) and Ag during a green method

To characterize biosynthesized NPs using high-tech analytical instruments

To evaluate various applications of NPs in increasing growth and sustainability of crops

Evaluating antibacterial and antifungal activity of the biosinthesized NPs

Scientific novelty of the research. For the first time in my dissertation:

The effectiveness of metal nanoparticles for their use as antibacterial, antifungal and
growth-stimulating agents was studied.

Bifunctional NPs (as growth regulators and pesticides) are proposed to be used as
bactericidal additives to plant protection products.

Strawberry leaf extracts were used in green NP synthesis (a method for obtaining metal

nanoparticles from metal salts using plant extracts as reducing and stabilizing agents).



Theoretical and practical significance. Developed and tested a new green method for
biosynthesis of metallic nanoparticles which are more biocompatible than chemically synthesized
ones and more ecofriendly than physically synthesized nanoparticles. Also, these nanoparticles
were tested and investigated for their antimicrobial activities against different pathogens
(Pseudomonas aeruginosa; Botrytis cinerea; Pilidium concavum (Desm.) Hohn. and Pestalotia
sp.) and on seed germination and germination growth of wheat (triticum aestivum) and flax (Linum
usitatissimum).

The results of the research were introduced into the educational process of the agro-

biotechnological department of ATI PFUR and can be recommended in the industrial production.

Basic provisions for defense.
1. Synthesis of nanoparticles based on Zn, Mg, Fe, Cu (trace elements) and Ag in an
environmentally friendly way (green synthesis).
2. Characterization of synthesized NPs
3. Evaluation of the effect of synthesized nanoparticles on various plant pathogens Pseudomonas
aeruginosa, Botrytis cinerea, Pilidium concavum (Desm.) Hohn. and Pestalotia sp. to solve the
problem of resistance to chemical pesticides
4. Evaluation of the effectiveness of biosynthesized nanoparticles on seed germination and

seedling growth of wheat (triticum aestivum) and flax (Linum usitatissimum).

Thesis approbation.
The results were reported at:
* International conference of young scientists in PFUR ‘Innovative processes in Agrarian
Industry’ in 2018 year.

Publication of research results. Based on the results of the dissertation research, 10 papers
were published, including 5 articles in scientific journals indexed in the Web of Science and
Scopus databases, 3 articles in peer-reviewed scientific journals included in the list of VAC, and
2 abstracts of conferences.

Personal contribution of the author. The applicant participated in setting the goal and
objectives of the study, collected and analyzed the material obtained, processed and interpreted the

data, and also prepared publications in co-authorship.



Structure and volume of thesis. The PhD thesis consist of 160 pages in computer text, contains
22 tables, 83 figures. Thesis compounds are introduction, literature review, materials and methods,

results and discussion, conclusion, and recommendations. References consist of 124 authors.

THE CONTENT OF THE WORK
Introduction. The relevance and scientific novelty of the study are substantiated, the goal

and objectives are formulated, as well as the provisions submitted for defense.

Chapter 1. Literature Review

This chapter discusses the biosynthesis and characterization of seven NPs based on zinc,
magnesium, silver, copper and iron salts, evaluates the biotechnological application of the
synthesized nanoparticles and their use as a modern approach to plant protection against various
plant pathogens; as well as their effectiveness on seed germination and seedling growth of wheat
and flax.

Chapter 2. Materials and methods

Extract preparation. To prepare a plant extract, 20 g of leaf powder was mixed with 200 ml
of distilled water in a flask, boiled and stirred for 1 hour. The mixture was cooled at room
temperature, then filtered with a cloth filter and centrifuged for 20 minutes at 10,000 rpm. The
supernatant was filtered through a paper filter to remove all solids.

Biosynthesis of Nanoparticles. Nanoparticles are by mixing specific amount of extract and
0.01M salt solution. In some cases, the synthesis was in alkaline pH and followed by calcination.

Characterization of Biosynthesized NPs. After the successful biosynthesis of NPs, their
physical and chemical properties were studied using various characterization methods. First of all,
the formation of NPs is confirmed by UV-Vis spectroscopy. After that, the size, shape,
morphology, heterogeneity and agglomeration of the nanoparticles were studied by FESEM
(transmission emission scanning electron microscopy). FESEM was followed by EDS (Energy
Dispersive X-Ray Spectroscopy) to obtain information on the chemical composition of the
biosynthesized NPs, which gave us some data on the chemical composition of the NPs. Photon
cross-correlation spectroscopy (PCCS) has been used to measure the hydrodynamic size, size
distribution, and detection of nanoparticle agglomerates in an aqueous environment. The FT-IR
method (Fourier transform infrared spectroscopy) was used to recognize functional organic

groups, inorganic residues, and biomolecule residues along with the formation of NPs that can get
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through the reducing agent to the surface of synthesized NPs formed during the interaction of NPs
with coating agents. The synthesized NPs were subjected to X-ray diffraction (X-Ray) studies to
confirm the presence of NPs, to obtain crystallinity or amorphous nature and to detect possible
impurities, and to calculate the average size of NP crystallites (Table 1).
Table 1. Summary of the applied techniques for nanoparticle characterization featured in this
paper.

Technique Main information derived

XRD (group: X-ray based Crystal structure, composition, crystalline grain size

techniques)
FT-IR Surface composition, ligand binding

UV-Vis Optical properties, size, concentration, agglomeration state,

hints on NP shape

FESEM-EDS Morphology, dispersion of NPs in cells and other

matrices/supports, precision, elemental analysis

PCCS Hydrodynamic size, size distribution, detection of

agglomerates

In vitro evaluation of antibacterial activity of biosynthesized nanoparticles. The method
of broth dilution applied for evaluation of antibacterial activity of NPs against bacterium
Pseudomonas aeruginosa. The bacteria were cultured for 24 h in the LB medium and then used
for the tests. 10ul of this solution and different amounts of NPs added to the test tubes containing
2 mL of LB medium and incubated for 24 h at room temperature (three replicates). Bacterial
medium with no NPs was considered as control. The volume of 10ul from the test tube were put
in LB agar petri dishes, swabbed by L-shape rod and incubated for 24 h. Then followed by
culturing on petri dishes. The antibacterial activity and effective concentrations for each NP was

studied by counting the number of grown colonies.



In vitro evaluation of antifungal activity of biosynthesized nanoparticles. Botrytis
cinerea., Pilidium concavum (Desm.) H6hn. and Pestalotia sp. were used in this study. Two
methods were applied to study antifungal properties of NPs:

(1) Agar dilution method applied using oatmeal agar medium. The strains of B. cinerea, P.
concavum and Pestalotia sp. were used in this experiment. Diameter of each colony measured
every three days.

(11) To determine the ability of B. cinerea spore’s germination oatmeal agar medium was used
with the addition of different concentrations of silver nanoparticles.

The spores with the final concentration of 4.3 spore per ul placed on agar culture containing
different amounts of the Ag NPs of 0 (as control) 1, 10, and 100ppm. The plates were incubated
at laboratory conditions and the presence of growth was observed. The number of the colonies is
reported after observation of visible growth. To obtain reliable results, the experiment was carried
out in triplicate.

Effect of NPs on seed germination and seedling growth of crop plants
Preparation of priming solutions. Different concentrations (50, 100, 150 ppm) of NPs (C-ZnO,
NC-ZnO, Zn, MgO, Ag, Cu and Fe) and also their counterpart metal salts (Zn (CH2COO),
MgSOa, AgNOs, CuSO4 and FeCls) prepared in distilled water and the NPs dispersed by ultrasonic
vibrations for 20 minutes.

Preparation of seeds: Seeds of wheat (Triticum aestivum L.) variety Firuza 40 and flax
(Linum usitatissimum) variety Semi Lini were used in this experiment. Each treatment consisted
of 30 randomly selected seeds with three replications.

Then seeds soaked in a prepared NPs suspensions or metal salt solutions for approximately
12 hours. A set of seeds was soaked in distilled water without providing any treatment as a control.

In vitro germination of seeds: One piece of filter paper placed into a Petri plate (10 cm in
diameter) and 5 ml distilled water added. Then 30 seeds were transferred onto each the filter paper
and incubated at room temperature in Petri plates.

Measurement of physiological indexes: Germination percentages, shoot length, root length,
seedlings length, root-shoot ratio, seedling vigor index (SVI), shoot length stress tolerance index
(SLSI) and root length stress tolerance index (RLSI) were calculated at 2nd and 7th days for 10
randomly selected seeds. Means and standard deviations were derived from measurements on three

replicates for each treatment and the related controls.



Chapter 3. Results and discussion

Biosynthesis of NPs. In this investigation, for the first time, the biosynthesis of NPs was
carried out based on silver, copper, iron, zinc and magnesium salts employing an environmentally
benign synthetic strategy, using strawberry leaf extract. Strawberry leaf extract contains minerals
and biomolecules responsible for the biochemical reactions wherein biological molecules react
with the metallic precursors leading to formation of the NPs.

Characterization of Biosynthesized NPs UV-Visible Absorption Spectroscopy

Extract. The UV-Vis spectrum of aqueous extract of strawberry leaf shows peak maximum
at 250 nm due to the w/n* transitions strongly confirming the presence of aromatic compounds
inside the plant extract.

C-ZnO. The UV-Vis spectra of C-ZnO NPs indicated an absorption band at 355 nm.

NC-ZnO. The spectra exhibited a strong absorption band at 345 nm presented in which is due
to the surface plasmon resonance.

Zn. There are two peaks of UV-Vis spectrum in the range of 200-800 nm. The peak maximum
was observed at 270 nm, which is attributed to the Zn NPs.

MgO. Various peaks were observed under UV region, at about 200 to 300 nm.

Ag. The UV-Vis measurements showed that the Ag NPs exhibit one peak in the UV-Vis region
centered at 457 nm.

Cu. The UV-Vis absorption spectra of Cu NPs showed an absorption band of around 270 to
370 nm. The Cu NPs exhibit a dark brown color in aqueous solution due to the SPR excitation in
UV-Vis spectrum depending upon the particle size.

Fe. The UV-Vis spectra of Fe NPs showed prominent absorbance maximum at 270 nm and
another low intense peak at 318nm, thereby confirming the production of Fe nanoparticles. These

peaks were due to the excitation of SPR vibrations in the Fe NPs.

Field Emission Scanning Electron Microscopic (FESEM) Images Analysis

After confirming the biosynthesis of nanoparticles first by color change and then by UV-
Visible spectroscopy, FESEM examined the morphology of the nanoparticles, which provides
information on structural properties such as size, size distribution, shape, shape heterogeneity, and

NPs aggregation.



All biosynthesized NPs had sizes in the nanometer range, while some of them had an almost
uniform structure (C-ZnO, NC-ZnO, MgO, Ag NPs), while others had heterogeneous structures
(Zn, Cu, Fe NPs) (Table 2 and Fig. 1). Some NPs were well separated from each other, while most
of them were present in agglomerated form. Since a nanoparticle is defined as a particle with at
least one size in the nanometer range, the FESEM results confirmed the nanostructure of the

synthesized particles.

Table 1. Average size and shape of the synthesized nanoparticles.

NP C-ZnO NC-ZnO Zn MgO Ag Cu Fe
. . . . . Small

Shape Spherical spherical Small sheets Semi-spherical  spherical sheets sheets
Diameter

40 25 100 65 50 180 130
(nm)
Thickness - - 25 - - 30 20
Standard 5 24 36 4 51 29
deviation

Homogeneit
yes

y yes no yes yes no no
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Figure 2. FESEM images of biosynthesized (a) C-ZnO NPs, (b) NC-ZnO NPs, (c) Zn NPs, (d)
MgO NPs, (e) Ag NPs, (f) Cu NPs, (g) Fe NPs.

Photon Cross Correlation Spectroscopy (PCCS) Analysis

12



The average size distribution of hydrated nanoparticles synthesized using the present new
green strategy are shown in Table 3. The observed results showed that the size obtained from the
PCCS did not correlate with electron microscopy observations, since these results are associated
with hydrated nanoparticle aggregates, and not with single. Biosynthesized nanoparticles existed
as an agglomeration of small individual nanosized particles, since there is a significant tendency
to form agglomerates that are inhomogeneous in size and shape.

The polydispersity index (PDI) indicates the heterogeneity of the sample in size and may arise
from size distribution in the sample or agglomeration of the sample. According to PCCS results,
C-ZnO had high polydispersity, NC-ZnO and Zn had good monodispersity, MgO had medium

monodispersity, Ag, Cu and Fe had good monodispersity.

Table 3. The average hydrated particle size of biosynthesized NPs and the particle size obtained
from FESEM, SD: standard deviation, Ave: average hydrodynamic particle diameter of the

agglomerates, PDI: polydispersity index, polymodal distribution of NPs.

NP C-Zn0O NC-ZnO Zn MgO Ag Cu Fe
Ave size (nm) 995 210 525 1551 133 795 559
Ave size (nm) 30x18
of EESEM 40 25 100 65 50 0 20x130
SD 1026 15.16 37.84 278.9 4.47 59.50 31.53
PDI 1.06 0.005 0.005 0.32 0.001 0.005 0.003
Size High Good Good Mid-range  Good Ggﬁgd Good
distribution  polydipersit monodispersmonodispersmonodispersi monodispersi . .. monodi
o . . Ispersit .
condition y ity ity ty ty spersity

Fourier-Transform Infrared Spectroscopy (FT-IR)

The obtained FT-IR spectra confirmed the interaction of biomolecules with synthesized
nanoparticles. Aliphatic and aromatic structures contain a wide range of functional groups, such
as cyano (—CN), mercapto (—SH), carboxylic acid (-COOH) and amino (-NH2). They have a high
affinity for the functionalization of noble metal nanoparticles and hence are useful as surface
protecting functional groups. Table 4 shows the absorption bands of all spectra obtained from the

extract and nanoparticles.
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Table 4. the absorption peaks of extract and synthesized NPs as obtained from FT-IR

spectrophotometer and their corresponding functional groups.

Absorption Peak Position (cm™)

Functional Group

C- NC-
Extract 210 ZnO Zn MgO Ag Cu Fe
3539 3553 3553 35533554 355235533523
O-H alcohol and phenol
- 3480 3475 34793482 347934793479
N-H primary amine
- 3415 3411 34163417 34163416 3416
3392 - - - - - - - N-H aliphatic primary amine
- 3238 3237 32393233 323932393239 C-H alkene
- - - - - - 2923 2922 aliphatic C-H/ secondary amine/ amine salt
- - - - 2362 - - - CO:
2028 2030 2028 20391996 2090 2039 2039 C-H aromatic
1624 1621 1620 16221621 1622 1622 1622 C=0/C=C aromatic ring
- 1513 - - 1549 - - - N-O nitro/C=C
- 1424 - - - - - - N-H aromatic amine
- - 1395 - - - - -
Sulphate S=0O
- - - - - - 1327 -
1084 1079 1069 11481078 115111511144 C-O/ C-N amine/C-OH bending
- - - - 871 - - - C-H Alkane/ alkene/aromatics/
770 - - - - - - - C-S thiol or thioether
621 623 623 621 626 621 621 622 C-H alkyne/O-H alcohol (out of plane bend)
474 481 482 480 486 479 479 480 Organometalics/
423 418 418 418 - 418 - 418 S-S sulphides (stretch)

X-Ray Diffraction (XRD) Analysis
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C-Zn0O. Number of Bragg reflections for biosynthesized calcinated ZnO NPs appears at 26 =
31.77° (100), 34.44° (002), 36.26° (101), 47.55° (102), 56.61° (110), 62.89° (103), 66.39° (200),
67.97° (112), 69.10° (201).72.61° (004), 76.99° (202), 81.43° (104) and 88.65° (203).

Using Scherrer’s equation, the average particle size of biosynthesized NPs calculated to be
25.3 nm for C-ZnO NPs, which matches the average diameter of particles determined by FESEM.
This finding suggests that the NPs are mainly single crystals rather than polycrystalline.

NC-ZnO. Peaks for biosynthesized non-calcinated ZnO NPs appears at 20 = 31.73° (100),
34.38° (002), 36.21° (101), 47.48° (102), 56.53° (110), 62.77° (103), 66.30° (200), 67.86° (112),
69.00° (201), 72.46° (004), 76.86° (202), 81.27° (104) and 89.49° (203) respectively. The planes
show the hexagonal structure, corresponded to pure zinc oxide NPs without any impurity patterns.

For the NC-ZnO NPs, the calculated average particle size using Scherrer’s equation was 27.46
nm. These findings are very close to the particles’ sizes attained from FESEM analysis.

Zn, Cu, Fe. The XRD pattern of the synthesized Zn, Cu and Fe NPs shows no distinctive
diffraction peaks, suggesting that these are largely amorphous in nature rather than crystalline, or
the size of the individual NPs are smaller than detection limit of the XRD. Also, it could be
suggested that the amount of the crystals was lower than the XRD detection level. As there is no
diffraction peak, the particle size cannot be calculated using Scherrer’s equation.

MgO. The wide angle XRD pattern indicates the presence of cubic structure of MgO NPs
determined with diffraction peaks at 20 values are 37.04° (111), 43.04° (200), 62.49° (220), 47.93°
(311) and 78.89° (222). No subsequent peaks of Mg (OH)., Mg or other impurities were detected
in the XRD pattern of MgO NPs, showing the high purity of the synthesized nanocrystals. The
average grain size 69.6 nm was calculated using Scherrer’s equation which is in close agreement
with the size of 65 nm obtained from FESEM.

Ag. The XRD of the Ag NPs between 26 values of 20° and 90° exhibits crystalline nature and
is in agreement with earlier published data showing peaks of silver NPs. Bragg’s diffraction peaks
for biosynthesized Ag NPs are observed at 26=38.11° (111), 44.30° (200), 64.45° (220), 77.40°
(311), and 81.55° (222). The sharp diffraction peaks confirm the crystalline nature of the sample.

The mean grain size of the Ag NPs calculated using Scherer’s formula was 40.9 nm, which is
close to the obtained size of 50 nm resulted from FESEM analysis.

In vitro evaluation of antimicrobial activity of biosynthesized Ag and Cu nanoparticles
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In vitro experiments conducted to evaluate the antimicrobial activity of biosynthesized NPs
against P. aeruginosa bacteria. showed that the inhibitory effect of Ag NPs increased with their
concentration. The effective concentration (ECsp) was 4 ppm, and the minimum bactericidal
concentration (MBC) was 10 ppm.

The copper NPs obtained by the green synthesis method also demonstrated antibacterial
activity against gram-negative bacteria P. aeruginosa. The inhibitory effect of Cu NPs increases
with their concentration. The effective concentration (ECsp) was 2.2 mg/ml, and the minimum
bactericidal concentration (MBC) was 5 mg/ml. However, the MBC of Cu NPs turned out to be
greater than the MBC of Ag nanoparticles, which indicates a higher antibacterial activity of Ag
NPs compared to Cu NPs.

Evaluation of antifungal activity of synthesized Ag nanoparticles in vitro

Studies carried out using the agar dilution method showed that the biosynthesized Ag NPs
exhibit antifungal activity against B. cinerea and P. concavum and are able to suppress the growth
of colonies by 28 and 65.36% compared to the control, respectively (Tables 5 and 6). According
to the results presented in tables 5 and 6, the percentage of inhibition decreased over time towards
the end of the experiment, and the inhibition percentage increased with increasing dose of NPs.
This is probably due to the high density of Ag NPs, at which the medium was able to saturate and
combine with fungal hyphae, which deactivated the phytopathogen. For B. cinerea, the lowest
percent inhibition was 5.7% for 1 ppm NPs on day 9 compared to 28% obtained at 100 ppm on the
same day. For P. concavum, the lowest percent inhibition was 6.5% at 1 ppm on day 9 compared
to 65.36% inhibition achieved at 100 ppm. According to the percentage inhibition values given in
Tables 5 and 6, it can be concluded that the presence of Ag NPs in cultures affected the growth of
P. concavum more than B. cinerea. For both fungi, a higher inhibitory effect was obtained at a
concentration of Ag nanoparticles of 100 ppm compared to other concentrations.

Inhibition of spore germination. Spore germination was completely inhibited at 100 ppm Ag
NPs (Fig. 3).
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Figure 3. Spore germination inhibition

1, 10, and 100 ppm dispersed in an agar medium.

of B. cinerea by Ag NPs at concentration f 0 (as control),

Table 5. Growth of B. cinerea (colony diameter mm) with different concentration of the

synthesized Ag NPs for 9 days.

Concentration 6™ day Colony

9th day Colony

Growth inhibition

(ppm) : : %
diameter (mm) diameter (mm)
(9" day)
Control 27.5 70 -
1 27.5 66 5.7%
10 11.9 60 14.25%
100 5.0 50.4 28%

Table 6. Growth of P. concavum (colony diameter mm) with different concentration of the

synthesized Ag NPs for 9 days.

Concentration 6" day Colony 9t day Colony Growth inhibition
(ppm) : _ %

diameter (mm) diameter (mm)

(9™ day)

Control 3.5 46.2 -
1 15 43.2 6.5%
10 15 41.6 10%
100 0.5 16 65.36%

In vitro evaluation of antifungal activity of synthesized Cu nanoparticles

B. cinerea fungi were used to study the antifungal activity of Cu NPs by dilution in an agar

medium. The results obtained showed that there was no significant growth inhibition of B. cinerea
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in the control, at 1 ppm and 10 ppm, but there was 25 + 0.3% growth inhibition for samples treated
with a concentration of 100 ppm. An increase in the concentration of biosynthesized Cu NPs to
100 ppm led to a decrease in the colony radius and the percentage of B. cinerea growth inhibition
(Table 7).

Table 7. Growth of B. cinerea (colony diameter mm) with different concentration of the

synthesized Cu NPs for 9 days and percentage growth inhibition.

Concentration (ppm) Colony diameter (mm) Growth inhibition %
(9" day) (9™ day)

Control 80 -

1 72 10%

10 64 20%

100 60 25%

A comparison between the effect of biogenic NPs and their counterpart salts on
physiological characteristics of wheat and flax seedlings:

The biosynthesized nanoparticles at different concentrations affected the growth and
development of wheat and flax seeds differently. Both the effects of “stimulation" and
"phytotoxicity" were observed, and in some cases, there was no significant effect of NPs and their
analogue salts on seed germination and seedling development (Fig. 4 and 5).

On the 71" day of the experiment, in a comparative analysis of the effect of biosynthesized NPs
in the applied concentrations, Zn NPs were the most effective in the development of shoots and
roots, while Ag NPs turned out to be less effective for wheat and Fe NPs for flax seeds.

Comparing NPs and their counterpart salts treatment of flax seeds:

Comparing averages of the results of different concentrations, C-ZnO, NC-ZnO and Zn NPs
showed 27%, 41% and 31% increase in root length respectively in comparison with 7% increase
in zinc acetate treated ones. Also, there is no significant effect on shoot length over the control.
MgO NPs resulted in 30% increase and MgSOg resulted in 9% decrease in root length. MgO NPs
had no significant effect on shoot length, but MgSO4 showed 6% decrease.

Ag NPs and AgNOs had negative effects on root length (20% and 41% decrease respectively),
also on shoot length (20% and 41% decrease respectively).
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Cu NPs had positive effect on root and shoot length (14% and 9% increase respectively), but
CuSO4 had negative effect on both root and shoot lengths (73% and 30% decrease respectively).

Fe NPs and FeCls showed a little positive effect on both root and shoot lengths (between 5 to
9% increase).

So, all of the NPs had better effects on wheat seeds rather than their counterpart salts.

Comparing NPs and their counterpart salts treatment of flax seeds:

Comparing averages of the results of different concentrations, C-ZnO, NC-ZnO and Zn NPs
showed an average 90%, 118% and 145% increase in root length respectively in comparison with
124% increase in zinc acetate treated ones. Also, C-ZnO, NC-ZnO and Zn NPs showed an average
13%, 20% and 24% increase in shoot length respectively in comparison with 22% increase in zinc
acetate treated ones. Then Zn NPs had better effect on root length rather than zinc acetate.

MgO NPs and MgSO4 showed increase of 52% and 117% in root length, respectively. Also,
MgO NPs and MgSOs resulted in an increase of 21% and 44% in shoot length, respectively.

Ag NPs showed positive effect on both root and shoot lengths (69% and 30% increase
respectively), but AgNOs negatively affected shoot lengths (44% decrease) and had not any
significant effect on root length.

Cu NPs showed positive effect on both root and shoot lengths (37% and 8% increase
respectively), but CuSOs negatively affected root lengths (40% decrease) and had not any
significant effect on shoot length.

Fe NPs had a 10% decrease on root length and no significant effect on shoot length. FeCls
showed 46% and 44% increase on root and shoot lengths.

Among the synthesized NPs, Zn, Ag and Cu NPs effects on flax seeds was better than their
counterpart salts.

The results of the experiments showed that the applied concentrations of Ag NPs are toxic for
wheat but stimulating for flax. Since all experimental conditions are the same for all samples, it
can be concluded that the differences are related to the type of seeds. Among the tested metal salts,
zinc acetate had the greatest stimulating effect, while CuSO4 was the most toxic for both flax and
wheat.

The positive effect was in correlation with the concentration of NPs, the duration of their
application, the growing environment of the culture and the type of plant. Among the measured

parameters, root length was found to be more sensitive than shoot length. Flax root length is more
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sensitive to NPs and salt treatment, while wheat shoot length is less sensitive. Although the factors
affecting the elongation of roots and shoots after exposure to NPs are not yet clear, it can be
assumed that the polymeric network of flax seed mucus traps NPs or metal ions, their digestibility
for flax seeds differed from that of wheat during the period of our studies.

Figure 4 presents a comparative analysis of changes in seed germination depending on the
concentrations of NPs and salts used. In most cases, wheat seeds had more G% than flax seeds. A
150 ppm AgNO3 solution was toxic to flax seeds and did not germinate with this treatment.
Similarly, metal-based NPs have been reported to have a dual effect on seed germination. The

positive effects of treatment with metal-based NPs have been demonstrated in various plants.

120 = Wheat = Flax

100

80
40
20

0

0 S0 100150 0 O S0 100150 0 O 50 100150 0 O 50 100150 0 © S0 100150 0 © 50 100 150
C-ZnO NC-ZnO Zn Zinc acetate MgO MgSO04

Germination (%)
2

120

100

80
60
40
20
0 | |

0 S0 100150 0 O S50 100150 0 O S0 100150 0 O SO 100150 0 O S0 100150 O O SO 100150

Germination(%o)

Ag AgNO3 Cu CuSO4 Fe FeClI3
Concentration(ppm)

Figure 4. Dose response effect of NPs and their correspondent metal salts on germination

percentage of wheat and flax seeds at 7" day of the experiment.
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Figure 5. Dose response effect of NPs and their correspondent metal salts on shoot and root stress

tolerance index (SLSI and RLSI, respectively) of wheat and flax seeds at 7" day of the experiment.

CONCLUSIONS

Based on a conducted study in which the characteristics of biosynthesized nanoparticles were
studied using UV-Visible Spectroscopy, Transmission Emission Scanning Electron Microscopy
(FESEM) in combination with Energy Dispersive X-ray Spectroscopy (EDS), Photon Cross-
correlation Spectroscopy (PCCS), Fourier Transform Infrared Spectroscopy (FT-IR) and X-ray
diffraction spectroscopy (XRD), the following conclusions can be drawn:

1. An aqueous extract of strawberry leaves can be used in the green synthesis method as a

reducing agent and stabilizing agent in an environmentally friendly production of metal
NPs (C-ZnO, NC-ZnO, Zn, MgO, Ag, Cu, Fe)
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2. Based on the results of FESEM, particles with a size of 40 nm for C-ZnO, 25 nm for NC-
Zn0O, 100x25 nm for Zn, 65 nm for MgO, 50 nm for Ag, 180x30 nm for Cu, 130%20 nm
were obtained for Fe nanoparticles. EDS confirms the chemical composition of
nanoparticles. According to the results of PCCS, C-ZnO nanoparticles had high
polydispersity, NC-ZnO and Zn had good monodispersity, MgO had medium
monodispersity, Ag, Cu and Fe had good monodispersity. The obtained FT-IR spectra
confirmed the interaction of biomolecules with the synthesized nanoparticles. XRD
showed that C-ZnO, NC-ZnO, MgO and Ag were crystalline, while Zn, Cu and Fe were
amorphous.

3. Both positive and toxic effects of synthesized NPs in comparison with their counterpart
metal salts (Zn (CH3COO)2, MgSOs4, AgNOs3, CuSO4, FeCl3) on wheat and flax seed
germination and seedling growth have been established. According to the obtained results,
the plants response to the metal-based nanoparticles and metal salts mainly depends on the
type of metal, plant species, concentration of NP suspension or saline solution, exposure
conditions, and growth stage.

On wheat seedlings, C-ZnO, NC-ZnO and Zn nanoparticles showed an increase in root
length by 27%, 41% and 31%, respectively, MgO nanoparticle treatments led to a 30%
increase in root length, Cu nanoparticles had a positive effect on root length and shoots (an
increase of 14% and 9%, respectively), while Ag nanoparticles had a toxic effect on both
the formation of roots and seedlings of wheat.

On flax seedlings, C-ZnO, NC-ZnO and Zn NPs had a positive effect on the increase in
root length by an average of 90%, 118% and 145%, respectively, compared with the
control, and also demonstrated an increase in shoot length by an average of 13%, 20 % and
24% respectively. Ag NPs had a positive effect on both root length and shoot length (an
increase of 69% and 30%, respectively), Cu NPs had a positive effect on both root length
and shoot length (an increase of 37% and 8%, respectively), while Fe NPs had a toxic effect
on root formation by flax plants.

4. Antibacterial activity and significant suppression of the growth of colonies of the
phytopathogen Pseudomonas by synthesized NPs, including C-ZnO, NC-ZnO, Ag and Cu,
were established. For Ag NPs, the calculated effective concentration (ECso) was 4 ppm,

and the minimum bactericidal concentration (MBC) was 10 ppm. For Cu NPs, the
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calculated ECsp was 2.2 mg/mL, and MBC was 5 mg/mL. For C-ZnO NPs, the calculated
EC50 was 42 mg/mL, and the MBC was 200 mg/mL. For NC-ZnO NPs, ECso was 26
mg/mL, and MBC was 150 mg/mL.

5. The antifungal activity of the synthesized NPs for pathogenic fungi Botrytis cinerea,
Pilidium concavum was noted, while against Petalotia sp. no significant effect was
observed. Ag. NPs had the most significant effect on the suppression of B. cinerea and P.
concavum colonies. 65.36%. Germination of B. cinerea spores was completely inhibited at
100 ppm Ag NPs.
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SUMMARY

BIOSYNTHESIS AND CHARACHTERIZATION OF NANOPARTICLES AND
EVALUATING THEIR PROSPECTIVE BIOTECHNOLOGICAL APPLICATIONS

Nanoparticles based on Zn, Mg, Fe, Cu (trace elements) and Ag were synthesized in an
environmentally friendly way (green synthesis), their physical and chemical properties were
studied using various characterization methods. The characteristics of biosynthesized
nanoparticles were studied using UV-Visible Spectroscopy, Transmission Emission Scanning
Electron Microscopy (FESEM) in combination with Energy Dispersive X-ray Spectroscopy
(EDS), Photon Cross-correlation Spectroscopy (PCCS), Fourier Transform Infrared Spectroscopy
(FT-IR) and X-ray diffraction spectroscopy (XRD). The obtained in this research results show
that aqueous extract of strawberry leaves can be used in the green synthesis method as a reducing
agent and stabilizing agent in an environmentally friendly production of metal NPs (C-ZnO, NC-
ZnO, Zn, MgO, Ag, Cu, Fe)

These nanoparticles were tested and investigated for their antimicrobial activities against different
pathogens (Pseudomonas aeruginosa; Botrytis cinerea; Pilidium concavum (Desm.) Hohn. and
Pestalotia sp.) and on seed germination and germination growth of wheat (triticum aestivum) and
flax (Linum usitatissimum). Antibacterial activity and significant suppression of the growth of
colonies of the phytopathogen Pseudomonas by synthesized NPs, including C-ZnO, NC-ZnO, Ag
and Cu, were established.

AHHOTALNUA
BUOCHUHTE3 U XAPAKTEPUCTUKA HAHOYACTHII 1 ONEHKA UX
HEPCHEKTUBHOI'O BUOTEXHOJIOI'MYECKOI'O TIPUMEHEHUSA

Hanouactunsl Ha ocHoBe Zn, Mg, Fe, Cu (MuKpod31eMeHTb) U Ag CHHTE3UpPOBAaHbI

9KOJIOTUYECKH O€30MacHbIM CHOCOOOM (3€JEeHbIM CHHTE3), M3y4eHbl HX (U3NYECKHe WU
XMMAYECKHE CBOWCTBA C  WCIOJB30BAHMEM  PA3IMYHBIX  METOMOB  XapaKTepU3aIHH.
XapakTepUCTUKN OMOCHMHTE3MPOBAHHBIX HAHOYACTHIl M3y4dald C MOMOIIbI0 Y D-BUAMMOI
CHEKTPOCKOIINY, TPAHCMUCCUOHHOW SMHUCCHOHHON CKaHHMPYIOUIEH 3JIEKTPOHHONM MHUKPOCKOIIMHU
(FESEM) B coueraHuM ¢ SHEProJUCIEPCUOHHON peHTreHoBckoi crnekTpockomnueit (EDS),
(hoToHHOI Kpocc-KoppesinonHoi ciektpockonueit (PCCS), nndpaxpacHoii CIeKTPOCKOIHUEH ¢
npeodpazoBanuemM Pypoe (FT- UK) u pentrenoBckoit nudpaxkuuonHoit cnektpockonuu (PCA).
[Tonmy4yeHHbIE B JAHHOM HCCIIEIOBAHUH PE3yJbTaThl TIOKA3bIBAIOT, YTO BOJIHBINA IKCTPAKT JINCTHEB
3eMJISTHUKH MOKET OBITh MCIIOJIb30BaH B METO/IE 3€JIEHOT0 CHHTE3a B KAUeCTBE BOCCTAHOBUTENS U
cTabunm3aTopa B DKOJIOTHYECKH drcToM mpou3BojactBe HU meramtor (C-ZnO, NC-ZnO, Zn,
MgO, Ag , menb, xKenes3o)
OTH HAHOYACTHIIBI OBUIM TPOTECTHPOBAHBI M HWCCIEIOBAaHBI HA IMPEIMET MX aHTUMHKPOOHOW
aKTUBHOCTH B OTHOLICHHWHU pa3inyHbIX nartoreHoB (Pseudomonas aeruginosa, Botrytis cinerea,
Pilidium concavum (Desm.) Hohn. u Pestalotia sp.), a Tak’e B OTHOIIIEHMH TPOPACTaHUs CEMSIH U
pocTa BCXOJOB MIIEHUIBI (triticum aestivum) u npHa (Linum). usitatissimum). YcTtaHoBieHa
aHTHOaKTepuallbHAsl AKTHBHOCTh W 3HAYMTENBHOE IOJABJICHHE POCTa KOJIOHWA (hUTOMaToreHa
Pseudomonas cunrezupoBanusiMu HY, B ToMm unciie C-ZnO, NC-ZnO, Ag u Cu.
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OBLIAS XAPAKTEPUCTHUKA PABOTDI

AKTYyaJIbHOCTh HCCJeJ0BaHMs. BbIpaluBaHue CceIbCKOXO3AHCTBEHHBIX KYJIBTYD
COIIPSDKEHO C BBICOKMM PpHUCKOM OaKTepUabHBIX M TpUOHBIX 3a0ojeBaHMi. 3apaxxeHue
pa3NUYHBIMU (PUTONATOT€HAMH 3HAYUTEIIBHO CHIIKAET KauyeCTBO  KYJIbTYp B arpoCHCTEMax.
ITaToreHsl pacTeHni HAKAIUIMBAIOTCS B JATEHTHOM (hOpMe B TE€UEHUE HECKOIBKHUX ITOKOJIECHUH, 4TO
BBI3BIBACT CEPbE3HbIC IOTEPHU yporkast. [I[puMeneHne 60IbIIoro KOJINIeCTBa XMMUYECKUX CPEICTB
3aIUTBI PACTEHUH BEJIET HE TOJIBKO K 3arPA3HEHUIO OKPYXKAIOLIEH Cpebl, HO U K BOSHUKHOBEHUIO
pe3uCTeHTHBIX (QopM QuronaroreHoB. HoBast crpareruss NpOM3BOJACTBA CPEICTB 3aIHUTHI
HCIOJIb3YET BO3MOKHOCTH HAHOTEXHOJIOTUH ISl CHHTE3a COBPEMEHHBIX IIPENIAPaTOB.

CuHTe3 HAHOYACTHI[ METAJVIOB B OCHOBHOM IIPOUCXOJUT IIyTEM HCIIOJIb30BAHUS
(GU3NYEeCKUX WIN XUMHUYECKMX MeTOoA0B. DU3NUecKue METOoAbl TpeOyHT JOPOrOoCTOSIIEro
000pyI0BaHus, OOJBIINX YHEPTro3aTPAT U BbIIEICHUS OOJIBIION MJI0IIa U 1101 000pyI0BaHHUE.

JUii XMMHMYECKHMX METOJOB TpEOYIOTCS IOpOroCTOSIIIME U TOKCHYHBIE XMMHUYECKHE
BELIECTBA, KOTOPbIE MOT'YT OCTaBaThCsl B CUHTE3UPOBaHHbIX HaHouacTHlax (HY) u orpanuunBars
UX TPUMEHEHHE U3-32 TOKCHUYHOCTH BpEIHBIX OCTaTKoB. Jlns pemeHus mpoOieMsl
JOPOTOCTOSIIET0 00OPYAOBAaHUS W TOKCHYHBIX XMMHKATOB, OBUIM pa3pabOTaHbl 3KOJIOTHMYECKH
YHCThIE, IPOCThIE U peHTa0enbHbIe MeTO bl OMocuHTe3a HY, Tak Ha3bIBaeMblii 3€J1€HBIN CUHTE3.

Yactu pacTeHui, cojiepiKallfe HKCKIIO3WBHBIE (PUTOXUMHUYECKHE BEUIECTBA, MOTYT
y4acTBOBaTh B IIpoliecce BOCCTaHOBIEHUs npu 6nocuHTese HY u pactenus spnstoTcs Haubosee
MIPEANOYTUTENBHOM I UCHOIb30BaHus ouocucremoi. Ckopocts 6uocunTe3a HY B pacteHusix
BBIIIE, YEM Y MUKPOOPraHU3MOB, noxydaemble HY Oonee ctabuibHbI U pa3HOOOpa3Hbl 0 popme
u pasmepy. Mcxonsd u3 3Toro, Mel UCIOJIB30BAIM JIUCThS 3€MJITHUKH, B Ka4€CTBE IKOHOMUYHOTO
MaTepuajia U3 arpooTX0/0B, YTOOb! MOATOTOBUTH BOAHBIM IKCTPAKT M HUCHOIB30BATh €ro JUIs
3€JIEHOTO0 CHHTE3a pPa3IMYHBIX HAaHOUYACTHL. B JUTEepaTypHbIX MCTOYHHMKAX HET JAHHBIX 00
HCIOJIb30BAHUY JIMCTHEB 3€MJITHUKU B IIPOIEcce 3eJIEHOr0 CUHTE3 U nocie ouocunte3a HY Ml
HCCIeNoBaANIN UX (QU3NYECKUE U XUMUYECKUE cBOMcTBa. [lyist onpeieneHust moaoKUTeIbHOTO WIN
OTPUILIATEIILHOTO BIUSHUS OMOCUHTE3MPOBAHHBIX HAHOYACTHUI] HA PACTEHHSI, HAMU OBUIH BHIOpaHbI
JIB€ KYJIbTYPbl C CEMEHHBIM THIIOM Pa3MHOXKEHMs: MIIEHHIa — KaK Hanbojiee BOCTpeOOBaHHAs
IIPOJIOBOJILCTBEHHAS KYJIbTYpa U JIEH — OCHOBHAs TEXHUYECKAsl KylbTypa. Takxke B 3aja4y HaIIUX
HCCIIEIOBaHHUM BXOIMJIA OLIEHKAa aHTUMUKPOOHOM aKTUBHOCTH OMOCHHTE3MPOBAHHBIX HAHOYACTHUIL
JUIS TIOCJIEAYIOLIETO MCIIOJIB30BaHUs B KAUECTBE HEXMMHUUYECKHUX CPEJICTB 3aIMTHI PACTEHUN NpU
9KOJIOTU3AIUH CEJIbCKOXO03SIICTBEHHOTO TPOU3BOICTBA.

Crenenb pa3pa0oTaHHOCTH TeMbl. PacTUTENBHBIE SKCTPAKTHI IIUPOKO NPUMEHSIOTCS B
3€eJIEHOM CHHTE3€ METAUIMUECKHUX HAHOYaCTHIl OJaroaaps UX 3KOHOMUYECKOW 3(dexkTuBHOCTU
JUIS  MacCOBOTO  IIPOM3BOJCTBA, OJKOJOTMYHOCTH, a TaKXKE  YCKOPEHHOMY  LUKIy
npou3BoJicTBa. [lyTeM HM3MEHEHHs! YCIIOBUM NPOM3BOACTBA U TMOJIYYEHHUS] MBI MOXEM MEHSTh
XapakTepucTUKH cuHTe3upyemblx HY (uBer, pasmep, ¢opma M CBsA3bIBAaHHE OPTraHUYECKUX
JUTaHJOB C T[OBEPXHOCThbIO cuHTe3upoBaHHbIX HY). Ot ocoOeHHOCTH BIMAIOT Ha
MOTEHIHATIbHYIO 00J1aCTh MPUMEHEHHUS U BOCIpor3BoIuMocTh pousBoacTBa HY. Ilocne cunTesa
HY HeoOxommMo  wWccimeqoBaTh WX ~ XUMHUYECKHM  COCTaB M KPUCTALIUYECKYIO
CTPYKTYypy. VI3BECTHBI MHOTOUNCIIEHHBIE IKCIEPUMEHTAIbHBIE METOBI ISl OLEHKH Pa3IMYHbIX
(bU3NYECKUX U XUMHUYECKUX XapaKTepUCTUK OMOCHHTE3MPOBAHHBIX 00Pa31[0B HAHOYACTHI], TAKHX
Kak pazmep, Gpopma, MOphosIoTusi, KpUCTALIMYECKAsT CTPYKTYpPa, @ TaKkKe HJIEMEHTHBIA COCTaB
(Arapsain u ap., 2013; Mypnukyauc u ap., 2018; Kpyrsakos u ap., 2017; Kpyrsakos u nap., 2022).

Heas u 3agaum padorsl. lLlenpio Hacrosmeit paboThl sBiIsETCS OHOCHUHTE3 U
xapakrepucTtrka cemu HY Ha ocHoOBe coseil nuHka, MarHusi, cepedpa, MeAH U Kenes3a, OleHKa
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BO3MOYXHOCTH OMOTEXHOJOTUYECKOTO0 MPUMEHEHHUS CHHTE3MPOBAHHBIX HAHOYACTHUI[ B KAYECTBE
OCHOBBI ISl HOBBIX DPETYyJSTOPOB POCTa U CPEIACTB 3alUThl PACTEHUN OT (PUTOMATOTCHHBIX
MUKpPOOPTraHU3MOB.

B 3amaun nccneqoBaHui BXOIUIIO:

1. HccnenoBaTh SKCTPaKThl JHCTHEB 3EMJISTHUKH ISl M3BJICUCHHS (PUTOKOMIIOHEHTOB H
pa3paboTKu PKOHOMUYECKU dPPEKTUBHOTO M IKOJIOTMYECKH 0€30IacHOr0 KOMIIOHEHTa
HOBBIX CPE/CTB 3allUThl PACTECHUM.

2. Paspabortate meton cuHTe3a HY ¢ BbicOKOH 3((PEKTHBHOCTBHIO MPOM3BOJCTBA 0O€3
WCIIOJIb30BaHUSI BHICOKOTO JIaBJICHUSI, JHEPTUHU, TEMIIEPATYPbl U TOKCUYHBIX XUMHUYECKUX
BELIECTB IS 1ajbHEHIIero BHEAPEHUS B IPOMBIILJICHHBIA CUHTES.

3. Ompenenuth BO3MOXHOCTh cuHTe3a HY Ha ocHoBe MeramioB Zn, Mg, Fe, Cu
(MHKpPORJIEMEHTOB) U Ag ¢ MPUMEHEHHUEM 3€JICHOIO METO/1a.

4. OxapakTepus3oBarb OMOCHHTE3UPOBAaHHBIE HY c HCIIOJIb30BAHUEM
BBICOKOTEXHOJIOTUYHBIX aHATUTUYECKUX MTPHUOOPOB.

5. Ouenntb 3()(HeKTUBHOCTH OMOTEXHOJIOTHUECKOTO MPUMEHEHUS CHHTE3upoBaHHBIX HY st
yIYULIEHUS POCTA U YCTOMYUBOCTH CENbCKOXO3SIMICTBEHHBIX KYIBTYD.

6. OueHuTh aHTHOAKTEPUAFHYIO U AHTUTPUOHYIO aKTUBHOCTh CUHTE3UpOBaHHBIX HY.

Hayuynas HoBu3Ha. B pamkax auccepTaiiioHHON paOOThI BIEPBHIE:

- m3y4yeHa H(PQPEKTUBHOCTh HAHOYACTHI[ METAJUIOB MJIsi NPUMEHEHHS WX B KadyecTBe
aHTHOAKTepUANIbHBIX, AHTUTPUOHBIX U POCT-CTUMYJIMPYIOIUX ar€HTOB.

-npeioxkenbl OndyHkuuonansapie HY (B kadecTBe peryisiTopoB pocTa M MECTHIIMIOB)
UCIOJIb30BATh B KaUeCTBE OaKTEPUIMIHBIX 100ABOK K CPEICTBAM 3alUThl pACTEHUH.

-IIPUMEHEHBI IKCTPAKTHI JINCTHEB 3€MJITHUKU B 3e1eHoM cuHTe3e HU (meTone momydyeHus
METANIMYECKMX HAHOYACTUL[ M3 COJIEH METauIoB C MHCIOJNb30BAaHMEM B  KadecTBe
BOCCTaHABJIMBAIOIINX U CTAOMIM3UPYIONINX ar€HTOB YKCTPAKTHI PACTCHUN ).

Teopernueckasi M NpaKTHYecKasi 3HAYUMOCTb. Pa3paboTaH M UCHBITAH HOBBIH
9KOJIOTMUECKH YHCTHIM METOJ] OMOCHHTE3a METAJUIMYECKUX HaHOYacTHl], KOTophle Ooiee
OMOCOBMECTUMBI, YEM XHMHYECKH CHHTE3MPOBAHHBbIE, U 00J€e IKOJIOTUYHBI, YeM (U3UYECKU
CHUHTE3UpPOBaHHbIE HaHOYacTUIbl. HaHodacTHIBI ~ NPOTECTUPOBAHBI M HCCIIEIOBaHbBl Ha HX
AHTHMHUKPOOHYIO aKTHBHOCTB ITPOTUB pa3NuHbIX maroreHos (Pseudomonas aeruginosa, Botrytis
cinerea, Pilidium concavum (Desm.) Hohn, u Pestalotia sp.), a Takxke Ha nmpopacTaHue ceMsiH U
pocT Bcxo 0B mieHuIis (triticum aestivum) u ieaa (Linum usitatissimum).

Pe3ynbrarst HCCIIEIOBAaHU I ObLTH BHEJPEHBI B y4eOHBIN Mpo1LEeCC
arpobunotexHonoruueckoro nenapramenta ATU PYJIH u Moryr ObITh peKOMEHJOBaHBI B
MIPOMBIIIIJIEHHOM IIPOU3BOICTBE.

OcHoBHBIE N10/107KeHHS, BBIHOCHMbIE HA 3a1UTY.

1. Cunre3 Hanowactull Ha ocHoBe Zn, Mg, Fe, Cu (MukposneMeHTsl) U AQ SKOJOTHYECKH

0e30macHBIM CIOCOOOM (3€JICHBIN CHHTE3).

XapakTepucTUKa CUHTe3upoBaHHbIX HY

3. OreHka BIUSHHS CHUHTE3MPOBAHHBIX HAHOYACTHUI] HA pa3MYHBIC MMAaTOTCHBI PACcTEHHM
Pseudomonas aeruginosa, Botrytis cinerea, Pilidium concavum (Desm.) Hohn. u
Pestalotia sp. mist pemerust mpoOIeMbl YCTOWYMBOCTH K XUMHUYCCKUM MTECTHIIAAAM

4. Omnenka 3(pQeKTUBHOCTH CHUHTE3MPOBAHBIX HAHOYACTHI[ HA MPOPACTAHHE CEMSIH U POCT
BCXO0J10B MireHuIIb! (triticum aestivum) u sieHa (Linum usitatissimum).

N
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Anpobdauusi pa6oTbl. Pe3ynbTarhl, nmoyueHHbIE B paMKax paOOThl HaJl JUccepTaluei,
ObUIM TpeACTaBleHbl M OOCYXJeHbl Ha MeXIyHapoJqHOW HaydyHOH KOHGepeHLIUu
«VIHHOBaLMOHHBIE MPOIIECCHI B cenbckoM Xxo3siicTBe» B PYJIH (Mocksa, maii 2019 1.).

Iy0inkanus pe3yabTaToB HccjaegoBanus. [lo pesynpraTaM auccepTallOHHOTO
uccnenoBanus omyoiankoBano 10 paboT, U3 HUX 5 CTaThU B HAYYHBIX )KYpHAIaX, HHACKCUPYEMBIX
B 0a3zax nmanueix Web of Science u Scopus, 3 cTaTbu B pelieH3UPYEMbIX HAayUHBIX >KypHaiax,
Bxos1MX B niepeueHb BAK, u 2 Te3ucoB koHpepeHIni.

JInunbii BKJIaA aBTOpa. CoMCKaTeab y4aCTBOBAJ B IOCTAHOBKE LI U 3a]a4
UCCIIeIOBaHMSL, TPOBEN COOpP M aHAJIM3 MOJIYYEHHOTO MaTepuaia, 00padOTKy U HHTEPIPETALIHIO
JAHHBIX, a TAKXKE MOATOTOBUJI B COABTOPCTBE MYyOIMKAIIH.

Crpykrypa u o0bem auccepraumm. Jlucceprauus uznoxxkeHa Ha 170 crpanumax
KOMITHIOTEPHOTO TEKCTa, COACPKUT 22 Tabmuibl, 83 pucyHkoB. PaboTa coctouTt u3 BBeACHHS,
0030pa JHUTEpaTyphl, SKCIEPUMEHTAIHHON YacTH, BBIBOJAOB W MPEJIOKECHUN MPOU3BOJCTBY.
Cnucok nurepaTypsl BKItouaeT 124 aBropa.

COJAEPXAHUE PABOTbI
BBegenne. OOocHOBaHa  aKTyaJbHOCTh M HayyHas HOBHU3HA  HCCIIEJOBaHMS,
copMyIHpOBaHBI 1IEJTb U 3a/1a4H, a TAKXKE MOJI0KEHHSI, BBIHOCUMBIC Ha 3aIIHTY.

I'maBa 1. OO030p Jautepatrypbl. B »3Toii T7aBe paccMmarpuBaroTCs OHOCHHTE3 U
xapaktepuctuka cemu HY Ha ocHOBe coneil IMHKA, MarHus, cepebpa, MeOu U Keiesa,
OIICHUBAETCS OMOTEXHOJOTMYECKOE NPHUMCHCHHE CUHTC3UPOBAHHBIX HAHOYACTHUI] M WX
HCIOJIb30BaHUE B KAYECTBE COBPEMEHHOIO MOX0/1a K 3aIlIUTEe PACTEHUH OT pa3INYHbIX TATOI€HOB
paCTeHHfI; a TaK¥K€ UX 3(1)(1)GKTI/IBHOCTI) Ha npopacTaHue CEMAH U POCT BCXOJ0B IMIICHUIBI M JIbHA.

I'naBa 2. MaTepuaJjbl 1 METObI.

Ilo020moexa 3xcmpakma. J{1s1 pUroTOBIEHUS PaCTUTENIBHOTO SKCTpakTa, 20 T mopolIKa
mucTbeB cMemanu ¢ 200 MII AMCTHIIIIMPOBAHHOM BOABI B KOJIO€, KUISATHIM U MEpEMEIINBAIN B
teyenue 1 u. Cmech oxJiaxaanach Npu KOMHATHOM TeMIieparype, 3aTeM Obu1a MpodUIbTpOBaHa C
MIOMOIIbI0 TKaHEeBOro ¢uibTpa U neHtpudyruporana B teuenue 20 mua npu 10000 o6/mMuH.
Hagocagounas xuakocts Obula MpoQHIBTPOBaHA Uyepe3 OyMaXKHbIH QUIBTp Ui yAaJleHUsl BCeX
TBEPbIX YACTHII.

buocunmes nanoyacmuy. Hano4yacTuis! Noiaydany IMyTeM CMEIIMBAHUS OINPENEIEHHOTO
koinuecTBa 3kcTpakTa u 0,01 M pactBopa conu. B HEKOTOPBIX Cilydasix CHHTE3 LIEJ B IIEJIOYHOU
Cpele C MOCIEAYIOINM TPOKAIMBAHNUEM.

Xapaxmepucmuka duocunmesupogannplx Hanouacmuy. [locie ycrnemHoro OnocuHTesa
HY ux ¢pusnyeckre 1 XuMUYECKHE CBOMCTBA U3yYaJIUCh C UCTIOIb30BAHUEM Pa3IMYHBIX METOJIOB
olpesieNieHUs] XapakTepucTuKk. B mepByro ouepenb oOpa3zoBaHHE HAHOYACTHI] MOATBEPIKIAETCS
UV-Vis cnekrpockonueii. I[Tocne 3toro pasmep, dopma, MOpQOIOrHs, HEOAHOPOIHOCTh MU
arJjoMepariisi HaHOYacTHI u3ydanuch merogoM FESEM  (mpocBeuwBaromasi SMHUCCHOHHAsS
CKaHUPYIOLIast 3JIEKTPOHHAS MHUKPOCKOIIHS). 3a FESEM IoCJIe0BAaja EDS
(3HEpProAMCIepCUOHHAs PEHTTEHOBCKAs CHEKTPOCKOMUS) [UIsl TOJydeHHs HHQOpMaIluu o
XMMHUYECKOM COCTaBe OMOCHHTE3WPOBAHHBIX HAHOYACTHII, KOTOPas Jaja HaM HEKOTOpPbIE JJaHHbIE
o xumuueckoM coctaBe HY. ®oronnas kpocc-koppessiuuonHas crekrpockomnus (PCCS)
MIPUMEHSIIACh ISl U3MEPEHUS] TUAPOJANHAMUYECKOTO pa3Mepa, pacHpelesIeHus 10 pa3MepaM U
oOHapyXeHMsI arjioMepaTroB HaHodacTull B BojHoW cpene. Meron FT-IR (undpaxpachas
cnektpockonusi ¢ Dyppe-npeoOpazoBaHHEM),  MCIOIB30BAICA  JUIA  paclo3HaBaHMS
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(YHKIMOHATBHBIX OPTaHWYECKUX TPYII, HEOPraHUYECKUX OCTATKOB M OCTATKOB OMOMOJIEKYI
Hapsay ¢ oOpa3oBaHHMEM HAHOYACTHI[, KOTOpbIE MOTYT MOIaJaTh 4Yepe3 BOCCTAHOBUTENb Ha
MIOBEPXHOCTh  cUHTe3upoBaHHbIX HY, oOpasyromuxcs npu B3aumojeidctsuu HY ¢
MTOKPBIBAIOIIUMHU areHTamu. CuHTE3UpOBaHHBIE HaHOYaCTHIbI MOABEPrajJucCh
pertreHocTpykTypHbsiM (XRD) uccrnenoBanusiM, 9To0bI OATBepAUTh Hanmmuue HY, momydwTth
KPUCTANIMYHOCTh WM aMOpPGHYIO IPUPOIY U OOHAPYKUTH BO3MOXHbBIE NMPUMECH, PACCUUTATH
cpenuuii pasmep kpucraumroB HY (Tabmuma 1).

Tadauua 1. Kpatkoe onucanue npuMeHs€MbIX METOJOB ONPEICIICHHS XapaKTePUCTUK
HAHOYACTHI]

Texnosorust OcHoBHasi mos1yuyeHHast uHGopmauus

XRD (rpymma: wmetoabl, Kpucramimueckas CTPYKTYpa, COCTaB, pasmep

OCHOBAHHbIE HA PEHTreHe)  KPUCTAUIMYECKUX 3epeH

FT-IR CocraB MOBEpXHOCTH, CBSI3bIBAHUE JIUTAH/IA

UV-Vis OnTuyeckre CBOMCTBA, pa3Mep, KOHLEHTpPaLuUs, COCTOSHUE
arJoMepanuy, HaMeKu Ha (opMy HAHOYACTHII

FESEM-EDS Mopddonorus, nucrepcus HAaHOYACTHUIl B KIETKaX U APYTUX
MaTpHUIaX/HOCUTEIISX, TOYHOCTb, JIIEMEHTHBIH aHAITN3

PCCS I'mapoauHamMuyeckuil pa3Mep, pacpeesIeHHue 10 pa3Mepam,

0oOHapyXEeHHE arJioMepaToB

Ouenka anmubaKmepuaibHol aKmugHOCIU OuoceHHbIX Hanouwacmuy N Vitro. Jlns
OLIEHKN AaHTHOAKTepUaJbHOW aKTUBHOCTH HAHOYACTUI[ TNPUMEHSJICS METOJl CEepUItHOro
passenenuss B OyaboHe. Jlimst aroro wmcmonb3oBanu Oaktepuio Pseudomonas aeruginosa,
BBIJICJIEHHYIO U3 KIIyOHEH kapTodeins u3 MocKoBCKON 00J1acTH.

3areM HCHONB30BAIM KYyJIbTHBHpPOBaHWE Ha damkax Ilerpu. AHTHOAKTEpUATBHYIO
aKTUBHOCTh U 3P PEeKTUBHbIE KOHIEHTpaUuu Uit Kaxaoro HY m3yuanu myrem nojcdera yucia
BBIPOCIINX KOJIOHHM.

Ouenka anmuzpudOHOl AKMUEHOCIU DUO2EHHBIX HAHOYacmuYy. B TaHHOM HCCIe10BaHuN
UCIIOJIL30BAJIMCH TTaTOTeHHBIE rpulbI Botrytis cinerea Pers., Pilidium concavum (Desm.) Hohn. u
Pestalotia sp. B. cinerea (iutamm 19MFrR1) Obi1 BbizieieH U3 KOpHEH KIyOHHKH, BHIPALIICHHOH B
MockoBckoil o0nacTd, M UACHTUDUUUPOBAH MO KYJIbTYypalbHBIM M MOP(HOIOrHYECKUM
npusHakam 1 meromoM ITIIP ¢ mocneayromum cekBenuposanreM. Pilidium concavum (Desm.)
Hohn. (wramm 19FrPill) u Pestalotia sp. (mramm 19FrPestl)- mnpenoctaBnensr FOnueit
UsetkoBoit (PI'BY "Beepoccuiickuii nentp kapantuna pactenuit”, ®I'bY "BHUUKP").

Jlnig n3ydyenust anTurpuOHbIx cBoricTB NPS ncronp30Bany 1Ba MeTo1a:

() Merox arapoBoro pasBeneHHsi C HEOONBIIOW MoAU(MUKALUCH NPUMEHSIICS C
HCIIOJIb30BaHUEM cpelibl OBCsiHOro arapa. CooTBeTcTByromuMe KoiuuecTBa cycrnensuit HU c
pa3NUYHON KOHIEHTpauued 1o0aBiIsiIM K PacIUIaBICHHOMY arapy HoJ JaMHHApHBIM KOJIIAKOM,
NepeMelnBaiy, pa3iuBaid B 4amku [leTpu m naBamu OCTHITH M 3aTBEPAETH; AKCIEPUMEHT
IIPOBOAMIICS B TPEX MOBTOPHOCTSIX.

Itammbr B. cinerea, P. concavum u Pestalotia sp. ObutM pa3MHOKEHBI W BBIPAIICHBI B
MIUTATENIBHOM Cpezie Mepes UCIOJIb30BAHUEM B JKCIIEPUMEHTE. ArapoBbl€ JUCKU C MHIIEINEM
nuamMeTpoMm 1 cM, BbIpe3aHHbIE U3 KYJIbTYp I'pUOOB CEMUIHEBHOTO BO3pacTa, MOMEalIH B IEHTP
kaxaoi vamku Iletpy u MHKYOMpoBamM NMpH KOMHATHOW Temmeparype. [uamerp kaxmoit
KOJIOHHUU U3MEPSUIN KaXK/Ible TPU JHSI.

31



(II) dnst onpenesnieHus: ClIocCOOHOCTH MpopacTanus crop B. cinerea ucronb30Baiy OBCSIHYIO
arapoBylo cpeny ¢ 100aBlIeHUEM pa3IMYHbIX KOHIEHTpAlUi HAHOYACTHIL cepedpa.
BinsiHne HaHOYACTHII HA POPACTAHME CEMSAH U POCT paccaabl KyJbTYPHbIX pacTeHH I

Ilpuzomosnenue nepsuunvix pacmeopos: Paznuunvie konuentpanuu (50, 100, 150 ppm)
NPs (C-ZnO, NC-ZnO, Zn, MgO, Ag, Cu u Fe), a taxxe coseii meramuioB (Zn(CH2COO0),,
MgSOs4, AgNO3, CuSO4 u FeCl3z) roroBri B AUCTHILTMPOBAHHOM BOJIE M TucTieprupoBaiu NPs ¢
MOMOIIIBIO YIBTPA3BYKOBBIX KosieOaHui B TeueHne 20 MUHYT.

Iloo2omoexka _ceman: B 1aHHOM OHKCIEPUMEHTE HCIOJIb30BAIMCH CEMEHA MIICHUIIBI
(Triticum aestivum L.) copta Firuza 40 u npna (Linum usitatissimum) copra Semi Lini. Kaxmas
oOpaboTka coctosima u3 30 cimyuailHO OTOOpaHHBIX CEMsSH B Tpex MNOBTOpHOCTsAX. CemeHa
3aMa4YMBAIM B IPUTOTOBIECHHOM cycneH3uu NPs miam pacTBopax cojed METauloB B TE€UEHUE
npumepHo 12 Jacos.

Ilpopawusanue ceman in vitro. OquH mucT GUIBTPOBATIHLHON OyMaru MOMENIAIHN B YALIKY
[lerpu u ana cMaunBanus Oymaru A00aBISUIA 5 MIT AUCTUJUIMPOBAHHOM BOJIBL. 3aTeM Ha KaXIYIO
mucT nepeHocuiu 1no 30 HaHopa3smepHbIX ceMsiH. Yamku [lerpu nHKyOMOBaIMCh TPU KOMHATHOM
TeMIepaType B TeYEHUE 7 JHEH.

Uz mepenue uzuonocuueckux nokazamenei: TPOLEHT MPOpPACTaHUs, JJUHA NOOEroB.,
JUITMHA KOPHEH, UIMHA TPOPOCTKOB, COOTHOIICHHE KOPHS U MOOETr0B, MHAEKC KU3HECTIOCOOHOCTH
Bcx0J10BB (SVI), nHAeKC yCTONYMBOCTHU K cTpeccy AnuHbl nodera (SLSI) u nnaekc ycroiunBoctu
K crpeccy nnuHbl kopHs (RLSI) 6butn paccuntansl Ha 2-M U 7-M nHAX. CpeiHue 3HAUYCHUS U
CTaH/IapTHbIE OTKJIOHEHHSI ObUIM MOJIY4YEHbI U3 U3MEPEHUI B TPEX NOBTOPHOCTAX J1si 00paboTKU
Y KOHTPOJIA.

I'naBa 3. Pe3yabTaThl 1 00CyXKI1eHUe

buocunme3 nanouacmuy. ViccneqoBanuu mpoBOJUIINCH C SKCTPAKTOM JHCTheB Fragaria
ananassa  (3eMJIIHMKH), HCIOJUIB30BAaHHOTO B KAueCTBE  HCTOYHHKA  IMPHPOTHOTO
BOCCTaHABJIMBAIOIIETO UM CTAOMIM3UPYIOIIEro areHTa JUlst pa3paboTKH 3KOJIOTHYECKHU YHCTOTO,
SKOHOMHYECKU 3()PEKTUBHOrO M OE30MACHOT0 Mpolecca OMOCMHTE3a HAaHOYACTUI[ Ha OCHOBE
METAJJIOB, BKJIIOYAsi KaIbI[MHUPOBAHHBIA U HEKABIIMHUPOBAHHBIN OKCH]I IIMHKA, OKCUJ] MarHus,
HaHOYACTHIIBI cepedpa, MEIN U XKele3a.

Hccaenopanus Mero1omM Y @- cieKTPOCKONUH OMOCHHTE3HPOBAHHBIX HAHOYACTHI

MOKAa3aJ1 cJIeAVIOlHe Pe3yabTaThl:

Ixcmpakm. Y D-BUIUMBIN CHEKTP BOJHOTO JKCTPAaKTa JHUCTHEB 3EMIISTHUKU MOKa3bIBAET
MakcuMyM mnuka mpu 250 HM wu3-3a 7/m* mepexoloB, MOATBEPKIAIOIIUX MPHUCYTCTBUE
apoOMaTHYECKUX COCTUHEHHUI BHYTPU PACTUTEIHHOTO IKCTpaKTa [5].

C-Zn0. UV-Vis cnektpsl HaHo4acTHIl C-ZnO moKa3anu moJjocy MorIonieHus npu 355 uwm,
KOTOpas HaXOAUTCS B XapaKTePHOM JHaa30He JUIMH BOJH HAHOYACTHI] OKCHIA IIMHKA.

NC-Zn0O. CnexTpbl AEMOHCTPUPOBAIH CHIIBHYIO IOJIOCY TOTJIOMEHHUS npu 345 HM, 49TO
00yCJIOBJIEHO MOBEPXHOCTHBIM IJIa3MEHHBIM PE30HAHCOM.

Zn. B nuanazone 200-800 um Habmogaercs n8a muka UV-Vis criektpa. MakcHManbHbIN THK
Habmoaancs npu 270 HM, YTO CBS3aHO C HAHOYACTHIL Zn.

MgO. PaznudHbIe MUKW HAOJIOJAIHUCE B YIbTpaduoIeToBoM 00acTu, mpumepHo ot 200 10
300 HM.

Aqg. Uzmepenuns UV-Vis mokasaiu, 4To0 HAHOYACTHI] Ag IEMOHCTPUPYIOT OJIHH MUK B 00JIACTH
UV-Vis ¢ uentpom B 457 HM.

Cu. Cnekrpol mormomieanss Cu wHanouactuir B UV-VIiS nuana3oHe MOKasald IOJIOCY
noraomenus ot 270 no 370 HMm.
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Ee. UV-Vis cnekrpsl HaHOYacTHIl Fe moka3anu 3aMeTHbI MAKCUMYM TIOTJIOIIeHHs ipy 270
HM M elle OJAMH HU3KOMHTEHCHUBHBIM MUK 1pu 318 HM, TeM caMbIM IOATBEpKJasi 0Opa3oBaHUE
HaHoyactul Fe.
Bce nony4denHble 1aHHbIE TOATBEP)KIAIOT HATMUUE UCCIIEAYEMbIX HAHOYACTHLI.

IpocBeynBAOIIAS IMHUCCHOHHAS CKAHMPYIOIIAS YieKTpoHHas Mukpockonus (FESEM).
AHAJU3 H300PaAKEHUIA.

[Tocne moaTBepKaeHUS OMOCHHTE3a HAHOYACTHUI] CHaYalla MU3MEHEHHUEM IIBeTa, a 3aTteM Y -
BUIUMOM criekTpockonueir, FESEM wuccnenoBanmu mopdonoruio HaHOYACTHI], KOTOpasi JaeT
nH(OPMALIUIO O CTPYKTYPHBIX CBOMCTBaX, TaKMX Kak pa3Mep, paclpeiesieHHue MO pa3Mepam,
¢dopma, HeOJHOPOAHOCTH (hopMBI U arperanus HY.

Bce 6uocuntesupoannbie HU nMenu pasmepsl B HAHOMETPOBOM JMAara3oHe, MPU 3TOM
HEKOTOpbIE U3 HUX MMEJIH MOYTH OJHOPOAHYIO cTpYKTYypy (C-ZnO, NC-ZnO, MgO, Ag HY), a
Jpyrue UMeNu reTeporeHHsie cTpykTypsl (Zn, Cu, Fe HY) (tabnuma 2 u puc. 1). Hekotopsie
HAHOYACTHUIIBl OBUIM XOPOIIO OTJEJEHBI IPYT OT JAPYra, B TO BpeMs Kak OOJBIIMHCTBO M3 HUX
MPUCYTCTBOBAIM B aryiomepupoBaHHoi (opme. [lockonpky HaHOYacTHIIA ONpENENSIeTCS Kak
YaCcTHIIA, TI0 KPaHEe Mepe ¢ OJHUM pa3MepoM B JHMAIa30HE HAHOMETPOB, pe3ynbrarel FESEM
MOATBEPANIN HAHOCTPYKTYPY CUHTE3UPOBAHHBIX YACTHII.

Ta6auna 2. Cpegawnii pazmep u GopMa CHHTE3WPOBAHHBIX HAHOYACTHII.

E;Hoqacm C-zn0  NC-ZnO Zn MgO Ag Cu Fe
Cdepuuec Chepuuec Cnabo [Monycdepuuecku Chepudec Jlnctos Crado

dopma P P yeoep P JIMCTOBBI

KHe Kue JIUCTOBBIE e KHe bIC .

Javierp 40 25 100 65 50 180 130

(1m)

Tonuna - - 25 - - 30 20

CranpaptH

oe 9 5 24 36 4 51 29

OTKJIOHCHHE

OnHOpOHO + + _ + + - -

CTh
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MIRA3 TESCANY SEM MAG: 100 kx ‘ ~ SEMHV:15.0kV I l MIRA3 TESCAN

WD: 3.14 mm Det: InBeam

RAZI FOUNDATION Date(m/dly): 08/26/20 | View field: 1.44 ym RAZI FOUNDATION

e

SEM MAG: 50.0 kx SEM HV: 15.0 kV I | MIRA3 TESCAN MIRA3 TESCAN
3mm Det: iInBeam
: 08/26/20 | View field: 2.89 pm RAZI FOUNDATION RAZI FOUNDATION
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SEM MAG: 100 kx | SEM HV: 15.0 kV I | MIRA3 TESCAN SEM MAG: 50.0 kx | SEM HV: 15.0 kV | MIRA3 TESCAN
WD: 2.97 mm Det: InBeam 200 nm WD: 3.41 mm Det: InBeam 500 nm
Date(m/dly): 08/26/20 | View field: 1.44 pm RAZI FOUNDATION Date(m/dly): 08/26/20 | View field: 2.89 ym RAZI FOUNDATION
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SEM MAG: 50.0 kx | SEM HV: 15.0 kV I I MIRA3 TESCAN

WD: 2.98 mm Det: InBeam 500 nm
Date(m/dly): 08/26/20 | View field: 2.89 pm RAZI FOUNDATION

Pucynoxk 1. M3o6paxenus FESEM 6uocuntesuposannbix (&) C-ZnO NPs, (b) NC-ZnO
NPs, (c) Zn NPs, (d) MgO NPs, (e) Ag NPs, (f) Cu NPs, (g) Fe NPs.

Ananuz gpomonnoii Kpocc-koppenayuounou cnekmpockonuu (PCCS).

Cpennee pacrpeneneHue TUAPATUPOBAHHBIX YACTUI[ 1O pa3MepaM HAHOYACTHIL,
CHHTE3UPOBAHHBIX C MCIOJB30BAHUEM HACTOAIIECH HOBOW 3€J€HON CTpAaTerHH TMPUBEIAEHO B
tabnmune 3. HaOmiomaemble pe3ynbTaThl MOKaszaiu, 4To pasMep, noinydeHHbli u3 PCCS, ne
KOPPEIUPOBAT C HAOJIOJCHUSIMHU JJICKTPOHHOH MHUKPOCKOIMH, TOCKOJIBKY 3TH PE3yJbTaThl
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CBA3aHbl C THAPATUPOBAHHBIMU CKOIUICHUSMHU HAHOYACTUI, a HE C OJWHOYHBIMHU.
buocunTe3upoBaHHble HAHOYACTHIIBI CYIIECTBOBAJIM B BUJE arjioMepalliyd MEJKHX OTAENIbHBIX
HAHOPa3MEPHBIX YaCTHUI, MOCKOJBbKY CYIIECTBYET 3HAUUTEIbHAs TEHACHIMS K 0Opa30BaHUIO
HEOJIHOPOAHBIX 0 pa3Mepy u popMe araioMepaTos.

Nunexe nomuaucnepcuoctu (PDI) yka3piBaeT Ha HEOAHOPOAHOCTH 00paslia 1Mo pasMepy u

MOKET BO3HHUKATh M3-3a pacHpeesieHHus pasMepoB B oOpaslie wiM ariiomepanuu obpasua. Ilo
pesynbratam PCCS C-ZnO nmen Bricokyto noauaucnepcHocts, NC-ZnO u Zn uMenu XOpouryro
MOHOJUCIIEPCHOCTh, MgO HUMeNnn cpeiHIo MOHOauCIepcHOCTh, Ag, Cu u Fe umenu xopouryro
MOHOJUCIIEPCHOCTb.
Tabauua 3. CpenHuii pa3Mep TUAPATHPOBAHHBIX YaCTUIl OMOCHHTE3MPOBAHHBIX HAHOYACTHUIL U
pa3Mep 4acTull, HOJyUYEHHBIX U3 3JIEKTPOHHON MUKPOCKOIINH, CTAHIaPTHOE OTKJIIOHEHUE, CPEAHUIM
TUAPOJMHAMUYECKHM  JAMaMeTp  YacTUIl  arjioMepaTroB, HHIEKC  IOJHIUCIEPCHOCTH,
II0JINMOJIAJILHOE paclpeieIeHuE HAHOYACTHUIL.

Hanouactuupl C-ZnO NC-ZnO  Zn MgO Ag Cu Fe
Paswep 995 210 525 1551 133 795 559
qyacTul (HM)
Pa3zmep
HacTii a0 25 100 65 50 30x180  20¥18
MHKPOCKOIIe 0
(M)
Crannaprioe ;n,5 15 16 37.84 278.9 4.47 59.50 31.53
OTKJIOHEHHUE
Nnnpexc
noauaucnepcu 1.06  0.005 0.005 0.32 0.001 0.005 0.003
oCTH
Bricok Xopo
IMoaumonajabu Monoaucrnep
oe as Xopomras ~ Xopomias CHOCTE Xopormas Xopormrass — mag
pacmpexeenu TTOJIUT MOHOI[I/ICHepMOHOIII/ICHepCpeHHero MOHOJIUCTIEP MOHOIHCIIEPMOHO]T
HCIIePC CHOCTh CHOCTD CHOCTD CHOCTD ucrep
e Marna3oHa
HOCTb CHOCTB

Hugpakpacnas cnekmpockonus ¢ Dypve npeoopazosanuem (FTIR).

[Tonyyennbie cnektpsl FTIR  moarBepnmnm — B3aumozeilicTBue  OMOMOJEKYdT €
CHHTE3MPOBAaHHBIMU HaHOYACTUIIAMH. AnHdaTHdecKue ¥ apoMaTHYECKHE CTPYKTYPBI COJepKatT
HMIMPOKHUA CHEKTp (YHKIMOHANbHBIX rpymm, Hampumep, maHo (—CN), mepkanro (—SH),
kapoonoByo kuciory (—COOH) u amuuo (—NH2). OHu 005a1at0T BBICOKHM CpOJICTBOM K
(GYHKIMOHATM3AMM HAHOYACTHUI] OJaropoJHbBIX METAIJIOB M, CIIEAOBAaTEeNbHO, IOJE3HBI B
KadecTBe (DYHKIIMOHAIBHBIX TPYII, 3aIIMIIAIONIMX IMOBEPXHOCTh. B Tabmuie 4 mnpuBeneHb!
TMIOJIOCHI MTOTJIOIIEHUS BCEX CIIEKTPOB, MOJYUYEHHBIX U3 HKCTPAKTa U HAHOYACTHII.

Tabauua 4. [Ivku nornomeHus 3kcTpakTa u cuHTe3npoBanHbix HY, nonydyennsie Ha UK-Oypee
CHEeKTPO(HOTOMETPE, U UX COOTBETCTBYIOIINE () YHKIINOHAIbHBIE TPYTIIIHIL.

Absorption Peak Position (cm™)

Extr C- Functional Group
act ZnoNC-ZnO Zn MgO Ag Cu Fe

36



3539 3553 3553 3553 3554 3552 3553 3523 O-H alcohol and phenol

- 34803475 34793482 347934793479 N-H primary amine

- 34153411 3416 3417 3416 3416 3416

3392 - - - - - - - N-H aliphatic primary amine
- 32383237 32393233 3239 3239 3239 C-H alkene

- 2923 2922 aliphatic C-H/ secondary amine/ amine salt

- 2362

CO,

2028 2030 2028

2039 1996

2090 2039 2039 C-H aromatic

1624 16211620 16221621 1622 1622 1622 C=0/C=C aromatic ring

- 1513 - - 1549 - - - N-O nitro/C=C

- 1424 - - - - - - N-H aromatic amine
s Sulphate S=O

1084 1079 1069 11481078 11511151 1144 C-O/ C-N amine/C-OH bending

- - - - 871 - - - C-H Alkane/ alkene/aromatics/

770 - - - - - - - C-S thiol or thioether

621 623 623 621 626 621 621 622 C-H alkyne/O-H alcohol (out of plane bend)
474 481 482 480 486 479 479 480 Organometalics/

423 418 418 418 - 418 - 418 S-S sulphides (stretch)

PeHTreHoCcTpYKTYPHBIH aHaau3 (XRD)

C-Zn0. Yncno Op rroBCKUX OTPaXKEHHIA JIIst OMOCHHTE3MPOBAHHBIX KaTbIIMHUPOBAaHHBIX HY
ZnO nossnsercs npu 20 = 31,77 © (100), 34,44 © (002), 36,26 ° (101), 47,55 © (102), 56,61 ° (110),
62,89 ° (103), 66,39 ° (200), 67,97 ° (112), 69,10 ° (201). 72,61 ° (004), 76,99 ° (202), 81,43 °
(104) u 88,65 ° (203).

Ucnonb3ys  ypaBHenue  Illeppepa, paccuuTaHHbId  CpeoHUI  pa3sMep  YacTHI]
ouocunTesupoBanHbix HU cocrasuser 25,3 um ansg HY C-ZnO, 4T0 COOTBETCTBYET CpeAHEMY
auameTpy yactui, onpeneneHHomy FESEM.

NC-ZnO. INuku mis GMOCHHTE3UPOBAHHBIX HEKanbIUHUpOBaHHBIX HY ZnO mosBnstorcs
npu 20 = 31,73 ° (100), 34,38 ° (002), 36,21 ° (101), 47,48 ° (102), 56,53 ° (110), 62,77 °. (103),
66,30 ° (200), 67,86 ° (112), 69,00 ° (201), 72,46 ° (004), 76,86 ° (202), 81,27 © (104) u 89,49 °
(203) COOTBETCTBEHHO.

Jiia HY NC-ZnO paccunTaHHBIA CPEIHUNA pa3Mep YacTHUI] C UCIOJb30BAaHUEM ypaBHEHUS
[eppepa coctasisut 27,46 HM. DTH pe3yabTaThl 04EHB OJU3KHU K pa3Mepam 4acTHll, TOJTyIeHHBIM
¢ noMo1upko a"anusa FESEM.

Zn. Ha quarpamMe He BUJIHO XapaKTePHBIX TU(PAKINOHHBIX TUKOB, YTO CBUAETEIBCTBYET O
TOM, YTO CUHTE3MPOBAaHHbIE HAHOYACTHIIBI [IMHKA UMEIOT B OCHOBHOM aMOP(HYIO IPUPOY, a He
KPUCTAIJINYECKYIO, WIM pa3Mep OTIENbHBIX HAHOYACTHUI[ MEHBIIIE, YeM Mpeaesn oOHapy>KeHUus
XRD. Takxe MOXHO OBUIO HPENOI0KHUTh, YTO KOJWYECTBO KPHUCTAUIOB OBLJIO HIKE, YeM
ypoBeHb oOHapyxeHust XRD.

MQO. IlupokoyronpHas IUdpaKkTOrpaMMa YyKa3blBaeT Ha NPUCYTCTBHE KyOHWUYeCcKOMH
ctpyktypsl H4 MgO, onpenensiemoii no nudpakiinoHHBIM NMHUKaM Opu 3HaueHusax 20: 37,04 ©
(111), 43,04 ° (200), 62,49 ° (220), 47,93 ° (311) u 78,89 ° (222).). Ha penrrenorpamme
HaHouyacTHll MgO He ObuIO0 OOHapy)XeHO HMKakux nociuenyroomux nukoB Mg (OH)2, Mg unu
IPYTUX TpPUMECEH, YTO CBUACTEILCTBYET O BBICOKOM YHCTOTE CHHTE3MPOBAHHBIX
HaHOKpucTauioB. CpenHuit pa3mep 3epHa 69,6 HM ObLT pacCUMTaH C UCTIOIB30BAaHUEM YPaBHEHUS
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[eppepa, koTOpoe O6IU3KO coraacyeTcs ¢ pasmepom 65 M, monydeHnbiM u3 FESEM. [lupokue
MUKH YKa3bIBAIOT HA YMEHBIIIEHUE KPUCTANTMYHOCTH, YTO BHYTPEHHE yKa3bIBaeT Ha 00pa3oBaHUe
YacTULl MEHBIIETO pa3Mepa.

Ad. XRD nanowactur cepebpa mexnay 3HaueHusmu 26 ot 20° mo 90° memoHCTpHpyeT
KPUCTAJUIMYECKYIO TPUPOJY M COTJlacyeTcss ¢ paHee OnyOJMKOBaHHBIMH JaHHBIMH,
MMOKa3bIBAIONIMMUA THUKK HaHouacTull cepebpa [48]. Ilukm nudpaknum bparra  mis
ouocuaTe3npoBanHbIx HY Ag Habmonarotcs npu 20 = 38,11 ° (111), 44,30 © (200), 64,45 ° (220),
77,40 ° (311) m 81,55 ° (222). Octpsbie nudpaKIIMOHHBIC TTUKH IMOATBEPKAAIOT KPUCTALTHYECKYIO
npupoay oopasua. [luku qudpakinuu Apyrux npuMeceit He HaOI0IaINCh, YTO CBUACTEIBLCTBYET
0 TOM, 4TO 3TH IIUKHU NpuHauIexkanu yncteiM HY Ag.

Cpennnii pazmep 3epeH HU Ag, paccuurannsiii mo popmyne Lllepepa, cocraBnsin 40,9 HM, 4TO
0JIN3KO K MOTydeHHOMY pa3Mmepy S0 HM, OJydeHHOMY B pe3ynbTare ananu3a FESEM.

Cu. Pentrenorpamma nHanovactuil Cu, Ha KOTOPOW HE MOKAa3aHbI IMHKH, OTHOCSIIUECS K

KpucTalmuieckon crpyktype. CornacHo pesynabratam, buocuntesuposannsie HY Cu amopdHub! 1
/ AT pa3Mep YacTHUIl CIIMIIKOM Maj. boriee Toro, MoxHO OBLIO CIeNaTh BBIBOM, YTO KOJIUYECTBO
HAaHOKPHCTAJUIOB OBLIO HIDKE, YeM ypoBeHb oOHapyxenust XRD.
MOXHO BHUETH, 4TO AU(PPAKTOrpaMMBI COCTOST M3 MUKa HEOONBIIONH (OPMBI MEXKIY YyIIIaMU
mudpakqun 20° u 30°, 4TO MOXKET YyKas3blBaTh Ha HEKOTOPYH KpUCTALTMYecKyro (asy,
CMEUIAaHHYI0 C TEepBUYHBIMH amopdubiMH cTpykTypamu. Kaprtuna XRD cormacyercs ¢
MPEIbIAYIIUMU COOOIIEHUSIMHU, HO ¢ HEOOIBIIUMU OTIHYUSIMHU.

Fe. Ha jgumarpamme HeT 3aMeTHOTO JU(PPAKIIMOHHOTO THKA, COOTBETCTBYIOIIETO
kpuctainuueckod mnpupoge HY Fe. Pesynbrarel oTHOCATCS K amMOpdHBIM 4YacTUIAM H HE
MMOKAa3bIBAIOT 00pa30BaHMs KPUCTAUIMYECKUX (Pa3. DTO TakkKe MOKET ObITh CBSI3aHO C TEM, YTO
MIPOLIEHT aMOP(HBIX YaCTUIl TPeodIaaeT HaJ KOJIMYECTBOM KPUCTAIIMYECKHUX dacTull. [pyras

BEPOSITHOCTH COCTOHMT B TOM, uTO pazmep HY HeBenuk u He MOKET OBITH OOHAPYKEH METOJIOM
XRD.

Ouenka anmudaxmepuaibHou aKMUGHOCMU duo2eHnblX Hanoyacmuy Ag u Cu in vitro.
OKCIIepUMEHTBl  in  Vitro, TpOBEJIEHHbIE JUIs OLIEHKM aHTHUMUKPOOHOM aKTMBHOCTHU
OunocunTesupoBanHbix HY B oTHOmeHwnm Oaktepuit P. aeruginosa. mokaszaid, YTO
uHrnoupyronwmit a3gdexr HU Ag Bospacran ¢ yBelMYEeHHEM UX KOHLEHTparuu. DPpQekTuBHas
koHueHTpauus (ECso) cocraBnsina 4 ppm, a MUHUMalIbHas OakTepunuanas koHeHrpanus (MBC)
cocrasisuia 10 ppm.

[Tomy4yeHHbIE METOZIOM 3€JIEHOTO CHHTE3a HAHOYACTUIIBI ME/IA TAKKE MPOAEMOHCTPUPOBAIIH
AHTHOAKTEPUAILHYIO aKTHBHOCTh B OTHOIIIEHHH IPaMOTPHIIATEIbHBIX OakTepuii P. aeruginosa.
Wurubupyromee neiicrsue HY Cu ycunupaercs ¢ yBeTHYEHUEM X KOHIIEHTpaluu. D¢ deKTUBHA
konnentpanus (ECsp) cocraBmsna 2,2 mMr/mi, a MUHUMaJIbHasi OaKTepUIIMIHAS KOHIICHTPAIIUS
(MBK) cocraBnsna 5 mr/min. Ognako MBK wanoudactuir Cu okazamack Oonbine, yueM MBK
HaHOUYacTHI] Ag, 4YTO YyKa3blBaeT Ha 0oJjiee BBICOKYI0 aHTHOAKTEpUaIbHYIO AaKTHUBHOCTH
HaHOYacTHUI[ Ag, 0 CpaBHEHUIO ¢ HaHOYacTuamu Cu.

OneHka aHTUITPUOHON AKTMBHOCTH CHHTE3UPOBAHHBIX HAHOYACTHIL Ag in vitro

HccnenoBanusi, MpOBEIEHHbIE TI0O METOJAWKE pa30aBleHUs arapa IOKa3alid, 4TO
ounocunTesnpoBanHbie HU AQ MposBiIsiOT aHTUTPUOHYIO aKTUBHOCTh B OTHOIIICHUH B. cinerea u
P. concavum u criocoOHBI TTOAABIISITE POCT KOJOHHH Ha 28 1 65,36% 10 CpaBHEHUIO C KOHTPOJIEM,
COOTBETCTBEHHO (Tabn. 5 m 6). CoracHo pe3yibTaram, MPeACTaBIEHHBIM B Tabiuiax 5 u 6,
MPOLIEHT MHTUOMPOBAHUS CHIDKAJICS CO BPEMEHEM K KOHIIY KCIEpUMEHTA, a TakyKe MPOIECHT
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WHTHOWPOBAaHUS YBEITMYMBAJICS ¢ Bo3pactaHueMm 1036l HU. BeposiTHO, 3TO CBS3aHO C BBICOKOW
mwiotHocthio HY AgQ, mpu kotopoit cpema Obula criocoOHa HACHINATHCA M COENUHATHCSA C
rpubHbIME TH(hAMH, YTO Je3aKTUBHpOBajo (uromaroreHa. s B. cinerea camblii HHU3KUit
MPOIICHT WHTUOMpOBaHUs cocTaBsul 5,7% mis xonuentparuu HY 1 ppm wa 9-ii nenp mo
cpaBHeHUIO ¢ 28%, monyyenusiMu ipu 100 ppm B TOT xe AeHb. s P. concavum camplii HU3KHM
MPOIICHT MHTMOUPOBaHUs cocTaBui 6,5%, s koHneHTpanuu 1 ppm Ha 9-i 1eHb 0 CPaBHEHHIO
¢ 65,36% unrnObmpoBaHusi, TOCTUTHYThIMU Tipu KoHIeHTpanuu 100 ppm. CoriacHo 3HaUYeHUSIM
MIPOLIEHTHOTO MHTHOMPOBaHUS, MPUBEACHHBIM B TabIuLax 5 u 6, MOXKHO clienaTh BBIBOJ, YTO
npucyrcteue HU Ag B KynbTypax Biausuio Ha poct P. concavum Gosbine, yem B. cinerea. Jlns
00oux rpuOOB MoydeH 00Jiee BBICOKHI HHTHOMPYIOMNN 3P HEeKT IpU KOHIIEHTPAITMH HAHOYACTHI]
Ag 100 ppm 1o cpaBHEHHIO C APYTUMH KOHIICHTPALIUSMH.

IMonasyienue mpopactanusi cnop. [Ipopacranue crop MoaHOCThIO MHTHOUpoOBaioch mpu 100
ppm HY Ag (puc. 3).

\_/ S & - il ,/"’j::"'
Pucynox 3. urubuposanue npopacranus crop B. cinerea HU Ag c¢ konuentparmsvu 0 (B
KayecTBe KOHTpoJs), 1, 10 mu 100 ppm, aucnepriupoBaHHbIX B arapu30BaHHOM cperie.

Tagiuma 5. Pocr B. cinerea (amameTp KOJOHHMH, MM), OOpPaOOTAaHHBIA Pa3THMYHBIMH
KoHIleHTpanusMu OnoreHHbpix HU Ag, B Teuenue 9 nHeil. /laHHBIC IPEICTABICHBI KaK CpPEIHEe
3Ha4YeHHUe + CTaH/IapTHOE OTKJIOHEHHUE JUIs TPEX TOBTOPOB.

Konnenrpanus  6-i JIEHb Huamerp 9-ii JIEHb Huamerp IlomaBnenue

(ppm) KOJIOHUH KOJIOHHH pocta%

(Mm) (Mm) (9 nenp)
Kontposnb 27,5+0,25 70,5+ 1,0 -
1 27,3 +0,25 66,3 +2,2 5,7+1,8%
10 11,9+ 1,6 60,5+3,2 14,25 £2,9%
100 5,0£0,1 50,3 +4,9 28 +4,1%

Ta6auma 6. Poct P. concavum (amamerp KOJOHUH, MM), OOpaOOTaHHBIN pPa3IUYHBIMU
KoHIeHTpauusmu ouoreHHbIXx HYU Ag, B Teuenue 9 nneil. JlaHHbIe TIpEeICTaBIICHBI KaK CPEIHEE
3HaUEHHUE + CTaHJAPTHOE OTKJIOHEHHUE JIJISl TPEX MOBTOPOB.

Konnenrpauus 6-i JI€Hb Huamerp 9-i JI€Hb Huamerp IlomaBnenue

(ppm) KOJIOHHH KOJIOHHH pocta%

(Mm) (Mm) (9 nenn)
Kontpoinb 3,5+0,25 46,2 + 6,5 -
1 1,5+0,5 432 +4.2 6,5+ 1,7%
10 1,5+0,1 41,632 10+2,4%
100 0,5+0,1 16 +1,0 65,36 +2,1%
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Ouenka in vitro anmuzpudnoi_akmusnocmu ouozennvix nanouacmuy Cu. ['pubs B.

cinerea wuCHONB30BANM Ui HUCCIeAOBaHUs aHTUrpuOHOI aktuBHocth HY Cu mertonom
pa3BelICeHUs B arapoBOM Cpee.
[Tosmy4yeHHble pe3ynbTaThl IOKA3aJIM, YTO HE HAOII0AAETCs 3HAYUTEIbHOIO MHTMOMPOBaHUE POCTa
B. cinerea B xontpouie, pu 1 ppm u 10 ppm, wo 6bu10 25 £ 0,3% MHrHOMpPOBaHHS POCTa JUIS
oOpasnoB, o00OpaboTaHHBIX KOHIEHTpauuer 100 ppm. VYBenuueHHWe  KOHIICHTPALMH
o6uocunrezupoBanHbix HY Cu no 100 ppm mpuBOAMIO K YMEHBIICHHIO PAJANyca KOJIOHUH U
nporeHTa HHruoupoBanus pocra B. Cinerea (Tabmuma 7).

Tabmuua 7. Poct B. cinerea (muamerp KOJOHHHM, MM), OOpaOOTaHHBIM pPa3IUYHBIMU
koHIeHTpanusmu ouoreHHsix HU Cu, B Teuenue 9 nneit. [lanHble IpeICTaBICHBI KaK CpEIHEE
3HaYEHHUE + CTaHJAPTHOE OTKJIOHEHUE JIJISl TPEX MOBTOPOB.

Konuenrpanus 9-it nenp [namerp [Tongasnenue pocta%
(ppm) KOIIOHHHU (9 neHs)
(Mm)
KonTpons 80 -
1 72 10%
10 64 20%
100 60 25%

Cpasnumenvuviil _ananu3 eauanus ouozennvix HY uw ux coneii-ananozo06 na
dusuonozuueckue xapakmepucmuKy nPOPOCHIKO8 NUICHUUbL U JIbHA.
buocuHTe3upOBaHHbIE HAMU HAHOYACTHULBI B PA3JIMYHBIX KOHLIEHTPALMIX HEOJUHAKOBO BIHUSUIIN
Ha POCT ¥ Pa3BUTHE pacTEeHUH MieHHIIbI U JbHA. Habmroanuch kak 3 HeKThl «CTUMYIISIIIUNY, TaK
1 «(QUTOTOKCUYHOCTHY», @ B HEKOTOPBIX CIy4yasX HE OTMedajaoch 3HauuTenbHoro BausHus HY u
UX COJIeli-aHAJIOTOB Ha MpOpacTaHWe CEMSH U pa3BUTHE MPOpocTKoB. (Puc.4 u 5).
Ha 7™ nenp skcrepuMeHTa IIpH CPaBHUTENLHOM aHANM3e BIMAHUSA OMOCHHTe3upoBaHHBIX HU B
MPUMEHSEMbIX KOHLIEHTpasIX Hanbosnee 3h(HeKTUBHBIMU B Pa3BUTUU MOOETOB M KOpHEH ObLIH
HY Zn, a menee r¢dextuBHBIMU 115 NeHU1b! okasanuck HY Ag u niist cemsin nbHa — HY Fe.

Pe3yabTaThl 00padoTKH CeMSIH MIEHUIbI HAHOYACTULIAMY U X AHAJIOTAMH COJISIMM:

B cpennem no pesynbTaTraM ONBITOB Ha NMPOPOCTKaX MIIeHUIsl HaHoyacTuisl C- ZnO, NC-
ZnO u Zn nokasajiy yBeJaudeHue JJIMHbI KopHs Ha 27%, 41% u 31% cooTBETCTBEHHO, B TO BpeMs
KaK y pacTeHui, 0OpabOTaHHBIX alleTaTOM IMHKA, UIMHA KOPHs YBEJIWYMIAch JUIIb Ha 7% 1O
CPaBHEHHIO C KOHTPOJIEM.

IIpu 3TOM BBIIIENIEPEUNCICHHBIE HAHOYACTHIIBI HE OKA3aJd CYIIECTBEHHOIO BIMSHMS Ha JJIUHY
mo6era MPOPOCTKOB TIIIEHHUIIHI.

O6pabotku HaHOouacTuaMu MgO npuBeNM K yBeTUYEHUIO ATHHBI KOpHs Ha 30%, a MgSO4 —
K YMEHBIIEHHIO JUIMHBI KOpHS Ha 9% mo cpaBHeHuto ¢ koHTposieM. HY MgO He okaszanu
CYIIECTBEHHOT'O BJIMSHUS Ha JUIMHY MOOEroB, B TO BpeMs Kak npumeHeHune MgSOs mokaszaio
CHIDKEHUE JJIMHBI KOpHS Ha 6%.

Hanowactunsl Ag u conb AgNOs3 oTpUIIaTENbHO BIMSUIM KaK Ha JUIMHY KOPHEH MIIEHUIIBI
(ymenbiienue Ha 20% u 41% COOTBETCTBEHHO 0 CPAaBHEHHIO C KOHTPOJIEM), TaK U HA JIJIUHY
noGeroB (ymenbuieHne Ha 20% u 41% coOTBETCTBEHHO).
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Hanowactunpt Cu oOKa3anu MOJOKUTENbHOE BIUSHHE Ha JIUHY KOpPHEH M T00eros
(yBenuuenue Ha 14% u 9% coorBeTcTBEeHHO), a 00padoTku CuSO4 OTpUIIATENHFHO MOBIUSIN Ha
JUIMHY KOpHel 1 nooeroB (ymeHbleHne Ha 73% u 30% COOTBETCTBEHHO).

Hanouactunsl Fe u conp FeCls okazanu He3HaYMTENbHOE IMOJIOKHUTEIHLHOE BIUSHUE KaK Ha
JUIMHY KOpHEH, TaKk U Ha AJUHY 1100eroB (yBesnuueHue ot 5 10 9%).

Takum oOpas3om, ciieyeT OTMETUTh, YTO BCE HCCIEA0BAHHBIE HAHOYACTHUIIbI, 32 UCKITIOYCHHEM

HY Ag, nyuiie Bo3aeiicCTBOBAJIM HA CEMEHA MIIEHUIIBI, YEM UX COJIM-aHAJIOTH.

Pe3yabTarnl 00padoTKH CeMSIH JIbHA HAHOYACTHLIAMH H MX AHAJIOTAMHU COJISIMU:

- CpaBHHBas pe3yJIbTaThl HCIIOJIB30BAHMS PA3IUYHBIX KOHIeHTpanui Hanodactul C-ZnO, NC-
ZnO u Zn crieayer OTMETUTh, YTO BCE OHU MOBJIMSIIN HA YBEJIIMYEHHE JUIMHBI KOPHS B CPEHEM Ha
90%, 118% u 145% COOTBETCTBEHHO IO CPaBHEHMIO C KOHTPOJEM, B TO BpeMs Kak  Ipu
00paboTKe areTaToM IIMHKA JJIMHA KOPHS B CpeAHEM yBennuuiaach Ha 124%.

Kpome toro, manouactuubsl C-ZnO, NC-ZnO u Zn npoIeMOHCTPUPOBAIN YBEIUYCHHUE JTHHBI
noberos B cpeaneM Ha 13%, 20% u 24% cOOTBETCTBEHHO 10 CPABHEHUIO C KOHTpoJeM. [Ipu aTom,
y pacTeHuil, 00pabOTaHHBIX alleTaTOM LIMHKA, JUIMHA KOPHsI yBenuuuiach Ha 22%.

- Hanouactuner MgO u cons MgSO4 nokazanu yBenuueHue AauHbl KOpHS Ha 52% u 117%
cooTBeTcTBEHHO. Kpome Toro, o6pabotku HaHoyactuuamu MgO u conpro MgSO4 npusenu k
yBEJIMYEHUIO JUTHHBI 11oberoB Ha 21% u 44% COOTBETCTBEHHO, YTO CBUACTEILCTBYET O Ooliee
cmabom crumynmpyomeM 3ddexre HaHowacTmim MgO 1o cpaBHeHHIO C 00paboTkamu
aHAJIOTUYHOM COJIBIO.

- Hanouactunpl Ag mojioKUTeNbHO BAMSUIM KaKk Ha JUIMHY KOpHS, TaKk W Ha JUIMHY Iobera
(yBenmuenue Ha 69% u 30% cooTBeTCTBEHHO), HO 00paboTkKH cojibio AgNO3 oTpHILIaTEeIHHO
MOBJIUSIM Ha JUTMHY 1oOera (ymeHbieHue Ha 44% 1o CpaBHEHHMIO C KOHTPOJIEM) U HE OKa3aiu
CYLIECTBEHHOT'O BIUSHUS HA UIMHY KOPHSI.

- Hanouactunsl Cu oka3aiu MOJIOKUTEIbHOE BIMSHUE KaK Ha JJIMHY KOPHS, TaK U Ha JUIMHY
nobera (yBenuuenue Ha 37% u 8% COOTBETCTBEHHO), HO 00paboTku conbio CuSO4 oTpUIIATENHEHO
MOBJIMSUTA Ha JAJMUMHY KOpHS (yMeHblieHue Ha 40% 1o CpaBHEHHIO C KOHTPOJIEM) M HE OKa3alu
CYIIECTBEHHOI'O BIMSHUS HA JJIMHY ToOera.

- Hanouacrtune! Fe orpuniarensHo BIusiIM Ha AUHY KOpHs (yMeHblieHue Ha 10% no cpaBHEHHIO
C KOHTPOJIEM) M HE OKa3blBAIM CYLIECTBEHHOI'O BIMSIHMSA Ha JJIMHY 1oOera, B TO BpeMs Kak
o0pabotku compto FeCls mokaszanu yBenwueHue JJIMHBI KOpHEH U moOeroB Ha 46% u 44%
COOTBETCTBEHHO.

B nenom, cienyer oTMeTuTh, YTO Ha ceMeHa JibHAa HaHodacTuubl Zn, Ag u Cu okazaiu
CYLIECTBEHHO JIy4lllee BIUSHHUE, YEM UX aHAJIOTU COJIH.

Pe3ynbTaThl onbITOB OKa3aIH, UTO IpUMeEHsaeMble KoHIeHTpauuu HY Ag aBnsroTCsl TOKCUUHBIMU
JUIS IIIEHUIIBI, HO CTUMYJIMPYIOIMMU /171 JIbHA. [0CKOIBKY BCE yCIIOBUS OIbITa OAWMHAKOBBI JIJIS
BCceX 00pa3loB, MOXXHO CJ€JaTh BBIBOJ, YTO pa3iuuus CBs3aHbl ¢ TUNOM ceMmsiH. Cpenu
UCTBITAaHHBIX COJIEH METaNIOB Haubobllee CTUMYJIMpPYIOIIee e CTBUE OKa3bIBall alleTaT LIMHKA,
a CuO4 — Haubosee TOKCUYHOE KaK Ui JbHA, TaK U JJIs MIICHULBI.

[TonoxutenbHblt  3pdexT  Haxoawics B KOppelmsuuu ¢ KoHueHTpamuweid — HUY,
MIPOJOJKUTENBHOCTBIO UX MPUMEHEHHUS, CPe/loi Mpou3pacTaHusi KylIbTypbl U BUJOM PACTEHMSL.
Cpenu n3MepsieMbIX MapaMeTpoB JUIMHA KOPHS OKasajach Oojiee YyBCTBUTEIBHOW, YeM JJIMHA
noGera. J[nuHa xopHs JbHA Oosee yyBCTBUTENbHA K oOpadoTke HY u conblo, a niuuHa nmoGera
MIIEHUIBl MEHEEe YYBCTBUTENIbHA. XOTs (DaKTOpHI, BIUSIONINE HA YAJIMHEHUE KOPHEH U MoOeros
nociie Bozaeiicteus HY, ere He sICHBI, MOKHO IIPEANONIOKUTD, YTO MTOJIMMEPHAst CETh CIIM3H CEMSIH
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npHa ynasinuBaeT HY mim MOHBI METaNIOB, YCBAaUBAEMOCTh MX JJIA CEMSIH JIbHA OTJIMYaiach OT
MIIEHUIIBI B TIEPHO/] HAIIMX UCCIICAOBAHM.

Ha pucynke 4 npencraBiieH CpaBHUTEIbHBIN aHAIW3 M3MEHEHHUS BCXOXKECTH CEMSH B
3aBHCHMOCTH OT KOHIIGHTpaIuii, ucrnoiab3dyeMbix HY u coneit. B 6ob1nHCTBE c1yyaeB B ceMEHaxX
nmeHnnbl Obimo Gombme G%, yeM B cemeHax JibHa. 150 ppm pactBopa AgNO3 oxasaio
TOKCHUYECKOE JeWCTBHE HAa CEMEHa JIbHA, MPU 3TOM 00paboTKe OTCYTCTBOBAIO MpOpACTaHHE.
AHanoru4yHeIM 00paszoMm, coobmanochk, uro HY Ha OCHOBE METAZIOB OKA3BIBAIOT JIBOHHOE
BO3JICCTBHE Ha TpopactaHue cemsH. [lonmoxxurenvHble 3pdekrel o6padoTkm HY Ha ocHOBe
MCTAJIJIOB 6BIJ'II/I IMPOACMOHCTPHUPOBAHLI HA PA3JIMYHBIX PACTCHUSAX.
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Pucynok 4: Biusinue 1031 HY ¥ cOOTBETCTBYIOIIMX UM COJIEH METAJJIOB HA IIPOIIEHT BCXOXKECTH
CEMSIH IMILEHUIB] U JIbHA Ha 7™ IeHb DKCIIEPUMEHTA.
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Pucynok S: BnusHue no3el HY U COOTBETCTBYHOIIMX MM COJEH METAJUIOB HAa HWHIEKC
cTpeccoycToiunBocTy oderos u kopHeil (LI 1 RLI cooTBeTCTBEHHO) CeMsIH MILIEHUIBI U JIbHA Ha
7™ neHb HKCIIepUMEHTA.

1)

2)

3akiao4eHue

Ha ocHOBaHUM NMPOBEJCHHOTO UCCIIEAOBAHUS T/I€ XapaKTEPUCTHKH OMOCHHTE3MPOBAHHBIX
HAaHOYACTUI] OBUIM M3Y4YE€Hbl C HCHOJb30BaHHEM YD-BUIUMON CHEKTPOCKOIHUH,
MIPOCBEUMBAIONICH YMICCHOHHOW CKaHUPYIOMIEH dIeKTpoHHON MuKpockornuu (FESEM) B
COYETaHUH C SHEProJIMCIePCHOHHON peHTreHoBckol crekTpockonueit (EDS), doronnoit
Kpocc-koppersaiuonHoit criekrpockonmein (PCCS), mHPpakpacHOW CIEKTPOCKONMHEH ¢
npeobpasoBanueM @ypoe (FT-IR) u peHTTeHOBCKOM AU(PaKIIMOHHON CHEKTPOCKOMUEH
(XRD) M0XHO cienarh CleIyroIHe BHIBOIBI:

BoaHBIi 9KCTPAKT JUCTHEB 3eMIISIHUKM MOKHO MCIIOJIb30BaTh B 3€JIEHOM METO/E CHHTE3a
B KaueCTBE BOCCTAHOBHUTENS M CTAOMIM3UPYIOMIETO areHTa B JKOJOTHYECKH YHCTOM
npousBojctBe Metasutrueckux HY (C-ZnO, NC-ZnO, Zn, MgO, Ag, Cu, Fe)

ITo pesynbraram FESEM momydensr gactumpsl pazmepom 40 am s C-ZnO, 25 uM mis
NC-ZnO, 10025 am mis Zn, 65 um st MgO, 50 am st Ag, 180%30 am ms Cu, 130%20
HM Ui HaHouacTtui] Fe. EDS moarBepmaer XMMUYECKHi cocTaB HaHoYacTwil. [lo
pesyabratam Hanodactuibl PCCS C-ZnO umenu BRICOKYIO onuaucnepcHocTs, NC-ZnO
U ZN uMeNn XOpOIIyl0 MOHOJIUCIEPCHOCTh, MJO nMenu CpeaHior0 MOHOAUCIIEPCHOCTD,
Ag, Cu u Fe mmemm xopormryro MoHoaucnepcHocTh. [Tomydennsie MK-Dypbe criekTpbl
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MOATBEPAMIIN B3aMO/ICHCTBIE OMOMOJIEKYII C CHHTE3MPOBAaHHBIMU HaHOUacTuIlamu. XRD
nokazain, uro C-ZnO, NC-ZnO, MgO u Ag 6b1mu KpucTauinueckumu, a Zn, Cu u Fe b1
aMOP(HBIMH.

3) VcraHOBIIEHO Kak MOJIOKHUTEIBHOE, TAK U TOKCHYHOE BIMsSHUE CHHTe3upoBaHHbIX HY ¢
coimsimu MetaiuioB (Zn (CH3COQO),, MgSQOs4, AgNO3, CuSOs, FeCls) na mpopoctku
nueHunbl U JbHa. COrjlacHO TMOJIyYEHHBIM pe3yjbTaTaM, peakiusi pacTeHUil Ha
METAJUIOCOACPIKALINE HAHOYACTHIIBI U COJIM METAJJIOB B OCHOBHOM 3aBHCHT OT THUIIA
MeTaJlia, BUa pacTeHH, KOHLIeHTpauu cycnen3uu HY umm coneBoro pactBopa, ycnoBuil
BO3JEUCTBUSA U CTAJIUH POCTA.

Ha npopoctkax mmennnsl HanodacTuilel C-ZnO, NC-ZnO u Zn noka3anu yBeIHYCHHE
JUTHBI KopHS Ha 27%, 41% u 31% cootBercTBeHHO, OOpaboTkn HaHouacTuamu MgO
NpUBEJIM K yBEeIWYeHHIO JuiiHbl KopHa Ha 30%, Hanowactuust Cu okazanu
MOJIOKUTETIbHOE BIUSHHE Ha JJIUHY KOpHEeW M moOeroB (yBenmueHue Ha 14% u 9%
COOTBETCTBEHHO), MPU 3TOM HAHOYACTUIBI AJ OKa3alud TOKCHYHOE BIMSHHUE KaK Ha
(dbopmMHpoBaHUE KOPHEH, TAK U TPOPOCTKOB TIIICHHIIBI.

Ha npopoctkax apHa Hanowactuiel C-ZnO, NC-ZnO u Zn oka3anu IMOJI0KUTEILHOE
BJIMSIHUE HA YBEIMUYEHUE JUIMHBI KOpHS B cpeHeM Ha 90%, 118% u 145% cooTBeTCTBEHHO
10 CPABHEHHIO C KOHTPOJIEM, a TAKXKE MPOJIEMOHCTPUPOBATIN YBEIMUEHUE JITTMHBI TOOETOB
B cpenHeM Ha 13%, 20% u 24% coorBerctBeHHO. Hanouactuusl Ag MOJI0KUTEIHHO
BIMSUIM KaK Ha JUIMHY KOpHs, Tak M Ha JuluHy noOera (yBenuueHue Ha 69% u 30%
coorBeTcTBeHHO), Hanowactumpsl CU okazainu IMOJIOKUTENILHOE BIMSHUE KaK Ha JUIMHY
KOpHsI, TaK U Ha JuIMHY nobera (yBenuueHue Ha 37% u 8% COOTBETCTBEHHO), MPU 3TOM
HAaHOYACTHUIBI FE€ OKa3amm TOKCHMYHOE BIHUSHHE Ha (OPMHUPOBAHUE KOPHS PACTEHUSMH
JbHA.

4) VYcraHOoBieHa aHTHOAKTEpUAlbHAs AKTUBHOCTh M 3HAYUTEIBHOE IIOJIaBJICHUE pPOCTa
KoJloHmii ¢uromaroreHa Peudomonas cuntesupoBanubiMu HY, Brimouaromue C-ZnO,
NC-ZnO, Ag u Cu. [Inst HU Ag pacuetnas 3¢ dexruBnas konnentpanus (ECso) cocraBmma
4 ppm, a muanManeHas OakrepunuaHas konueHTtpanus (MBK) — 10 ppm. s HY Cu
pacuetHas ECso cocraBmia 2,2 mr/mut, a MBK — 5 mr/mn. liis HY C-ZnO pacuernas ECso
coctaBmia 42 mr/mi, a MBK — 200 mr/mit. Jns HY NC-ZnO ECso coctaBuiia 26 mr/mi, a
MBK — 150 mr/mi.

5) OrtmedeHa aHTUTpUOHAs aKTUBHOCTb CHHTE3MpOBaHHBIX HY 111 maToreHHbIX TprOOB
Botrytis cinerea, Pilidium concavum, B otHomeHuun >xe Petalotia sp. cymiecTBeHHOTO
s¢dexra He HaOMronanock. Haumboinee cymecTBeHHbIN 3¢ (PeKT Ha MogaBIeHnEe KOJIOHUM
B. cinerea u P. concavum okazanu HY Ag., monaBinsomue Ha 9-if IeHb B KOHIICHTPAIMN
0,1 mr/mi konmonuu B. cinerea B cpennem Ha 28%, kosonuu P. concavum — B cpeiHeM Ha
65,36%. Ilpopacranue criop B. cinerea nmosiHocThi0 HHTHOMpOBaock mpu 100 ppm HY
Ag.
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AHHOTAIIUA
BUOCHUHTE3 U XAPAKTEPUCTUKA HAHOYACTHI 1 OINEHKA UX
HEPCHHEKTUBHOI'O BUOTEXHOJIOI'MYECKOI'O TIPUMEHEHUA

Hanowactuiel Ha ocHoBe Zn, Mg, Fe, Cu (MuUKpOd7IeMEHThI) U Ag CHHTE3UPOBAHBI

HKOJIOTUYECKH O€30MacHbIM CHOCOOOM (3€JIeHBIM CHHTE3), HM3y4YeHbl HUX (U3HUYECKHEe W
XUMHUYECKHE CBOWCTBA C  HCHOJb30BAaHUEM  PA3IMYHBIX METOAOB  XapaKTepU3alUH.
XapakTepuCTUKH OMOCUHTE3UPOBAHHBIX HAHOYACTHUI[ HM3y4aJld C TOMOIIbI0 Y D-BHIUMOMA
CHEKTPOCKOMUHU, TPAHCMUCCUOHHOW SMUCCHOHHON CKaHUPYIOIIEH AJIEKTPOHHOW MHUKPOCKOIUU
(FESEM) B coderanuu ¢ 3SHEProJuCIEpCHOHHON pPEHTreHOBCKOM crekTpockonuei (EDS),
(hoTOHHOM Kpocc-KoppesanoHHoi ciekTpockonuert (PCCS), nadpakpacHOi CIIEKTPOCKOIHEH ¢
npeodpazoBanuem Pypoe (FT- UK) u pentrenoBckoii nudpaknuonHoit cnektpockonuu (PCA).
[TosnydeHHbIe B TaHHOM HCCIIEIOBAaHUU PE3yIbTaThl TOKA3bIBAIOT, YTO BOJHBIN SKCTPAKT JIUCTHEB
3eMJISTHUKUA MOKET OBITh UCIIOJIb30BaH B METO/IE 3€JIEHOTO CHHTE3a B KAU€CTBE BOCCTAHOBUTEIIS U
cTabwim3aTopa B 3KoJIOTHUeCKH 4rcToM mnpou3BojcTtBe HU merammos (C-ZnO, NC-ZnO, Zn,
MgO, Ag , menp, xenes3o)
OTU HAHOYACTHUIBI OBUIM MPOTECTHPOBAHBI M HUCCIEIOBAHBI HAa MPEIMET UX AHTUMHKPOOHOMU
AKTUBHOCTH B OTHOILIECHUM pa3nu4HbIX matoreHoB (Pseudomonas aeruginosa, Botrytis cinerea,
Pilidium concavum (Desm.) Hohn. u Pestalotia sp.), a Tak»e B OTHOIIICHUH IMPOPACTAHKS CEMSIH U
pocTa BCXOJIOB MIIEHUIHI (triticum aestivum) u apHa (Linum). usitatissimum). YcTaHoBieHa
aHTHOaKTepuaibHas aKTUBHOCTh U 3HAYUTENLHOE IOJABJICEHHWE POCTa KOJIOHUH (uTOmaTroreHa
Pseudomonas cunte3upoBanabivu HU, B Tom guciie C-ZnO, NC-ZnO, Ag u Cu.

SUMMARY

BIOSYNTHESIS AND CHARACHTERIZATION OF NANOPARTICLES AND
EVALUATING THEIR PROSPECTIVE BIOTECHNOLOGICAL APPLICATIONS

Nanoparticles based on Zn, Mg, Fe, Cu (trace elements) and Ag were synthesized in an
environmentally friendly way (green synthesis), their physical and chemical properties were
studied using various characterization methods. The characteristics of biosynthesized
nanoparticles were studied using UV-Visible Spectroscopy, Transmission Emission Scanning
Electron Microscopy (FESEM) in combination with Energy Dispersive X-ray Spectroscopy
(EDS), Photon Cross-correlation Spectroscopy (PCCS), Fourier Transform Infrared Spectroscopy
(FT-IR) and X-ray diffraction spectroscopy (XRD). The obtained in this research results show
that aqueous extract of strawberry leaves can be used in the green synthesis method as a reducing
agent and stabilizing agent in an environmentally friendly production of metal NPs (C-ZnO, NC-
Zn0O, Zn, MgO, Ag, Cu, Fe)

These nanoparticles were tested and investigated for their antimicrobial activities against different
pathogens (Pseudomonas aeruginosa; Botrytis cinerea; Pilidium concavum (Desm.) Hohn. and
Pestalotia sp.) and on seed germination and germination growth of wheat (triticum aestivum) and
flax (Linum usitatissimum). Antibacterial activity and significant suppression of the growth of
colonies of the phytopathogen Pseudomonas by synthesized NPs, including C-ZnO, NC-ZnO, Ag
and Cu, were established.
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