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SUMMARY

In field experiments, increase the quantum efficiency of PSII (Fv/Fp), the
Rfd-values (the chlorophyll fluorescence vitality indices) and the content of
photosynthetic pigments in wheat leaves at pretreatment of wheat seeds with
solutions of citrate nanoparticles has been shown. The green weight of plants at
bacterial and phytoplasmas infecting at pretreatment with solutions of citrate
nanoparticles, was increase, than without pre-treatment, in order: GeNPs>I-
Se>SeNPs>VNPs as it has been shown. The Fv/Fp-values in leaves infected with
phytoplasmas of plants at pretreatment of VNPs or I-Se solutions were more, than
without pretreatment. The Fv/Fp-value in leafs with bacterial infecting at
pretreatment of GeNPs with compared to infected plants without pretreatment
was increased has been shown. The Rfd-value in leaves at pre-sowing treatment
of GeNPs or I-Se and bacterial infecting compared to infected plants without the
pr-treatment was more has been shown. This value at infected plants with
phytoplasmas at pretreatment of GeNPs or VNPs, compared to infected plants
without pretreatment, was increased. In greenhouse experiments, Fv/Fp-values of
plants leaves infected of phytoplasmas, bacteria and wheat streak mosaic virus
(WSMV) at pre-treatment of solutions of citrate nanoparticles compared to
infected plants without pretreatment has been increased. The pretreatment with
nanoparticles GeNPs caused grain production by 15.6% increased has been
shown. The weight grains/10 in plants on variant with pretreatment with Ge
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nanoparticles (with consortium of soil microorganism) and bacterial infecting
were more, than without pretreatment has been shown. The weight grains/10 in
plants on variant at pre-treatment of plants of nanoparticles solution and infected
with phytoplasmas compared to infected plants without the pre-treatment
increased in order: GeNPs>1-Se>VNPs>SeNPs.

Keywords: Wheat, bacteriosis, phytoplasmas, WSMV, nanoparticles.

INTRODUCTION

Nanoparticles, their compounding and nanomaterial’s, that created with
help nanotechnologies have been actively studied in recent decades with the aim
of their application in various fields of science, including crop production
(Sanzari, 2019; Mittal D et al, 2020). Due to the instability of metal nanoparticles
in solutions, they are stabilized, particularly, with citrates, which provides both an
increase in the stability of their solutions and their high reactivity. Specialty of
the reactivity of citrates of nanoparticles is that molecules with thiols or amines
easily displace citrate from the surface and firmly bind to metal surfaces.
Negatively charged metal nanoparticles can easily penetrate into plant cells,
affecting metabolism (Ranoszek-Soliwoda et al., 2017). Shinohara S. et al (2018)
fined, that nanoparticles stabilized by citric acid remain stable at high ionic
strengths and therefore exist in solution as individual particles.

Various nanoparticles can be used as fertilizers, growth stimulants,
antimicrobial and anti-stress agents. The protection effect of nanoparticles for
plant diseases is due to both direct antimicrobial action and the activation of plant
defense mechanisms (Elmer et al., 2018; Mittal D et al, 2020).

The effect of pre-seed treatment with nanoparticles and their compounds
has been demonstrate by many researchers (Siddiqui, S.A., et al, 2021; Acharya P
et al, 2020; Honchar L. et al, 2021; Prazak R. et al, 2020; Davydova, N.V. et al,
2020; Pereira E.S. et al, 2021; Khalaki A.M. et al, 2021).

The results investigation Siddiqui, S.A. et al (2021) showed demonstrated,
that selenium in the form of nanoparticles has an order of magnitude that is less
toxic than in the form of selenous acid. In studies of Acharya P et al (2020)
demonstrated that seed priming with AgNPs can enhance seed germination,
growth, and yield while maintaining fruit quality of watermelons. It was shown,
that pre-sowing treatment of chufa tubers with nano-particles solutions of
manganese, zinc, copper and iron with a concentration of 60 ppm and re-
application of these solutions after seedling emergence significantly increased the
weight of the plant (excluding the weight of seeds), and the most effective were
treatments with copper and iron (Honchar L. et al, 2021). It was shown, that
application of AgNPs influenced not only seed germination in the laboratory but
also the dynamics of emergence of bean seedlings and their growth and
development in field conditions were shown. The biological significance of the
effects induced by AgNPs varied depending on the concentration of nanoparticles
and on growth conditions (Prazak R. et al, 2020).
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It was found, that pre-sowing seed of spring wheat treatment by a
composition of FeNPs at a concentration of 10-5% and Zn NPs at a concentration
of 10-4% contributed to a 27% increase in the seed germination energy index and
root weight compared to the control (Davydova, N.V. et al, 2020).

Seed nano-priming can change seed metabolism and signaling pathways,
affecting not only germination and seedling establishment but also the entire plant
lifecycle, that the promotion of stress and diseases resistance out coming in the
reduction of pesticides and fertilizers. Thus, use of nano-based technology for
seed treatment has big potential move to a more sustainable agriculture (Pereira
E.S. et al, 2021). It was shown, that nano-priming increased seed germination,
seedling growth and development, vigor, rate of seedling emergence and
subsequent performance in most of the medicinal and forage plants. While, also
negative effects of nano-priming on seed germination, seedling and plant growth
traits were observed (Khalaki A.M. et al, 2021).

The effect of seed treatment with nanoparticles of Au, Ag, Cu, Zi, Fe, Mn,
Mg, Ce, Ti, Si and their oxides on plants in more was studied (Ruttkay-Nedecky
et al.,2017; Mittal D et al, 2020). At the same time, the effect of selenium and esp
germanium, vanadium and nanoparticles on the physiological and biochemical
properties of plants has been little studied. Although these elements are not
essential for plants, they have different beneficial properties.

For example, Ge NPs have the advantages of low toxicity and excellent
biocompatibility. it was found that, was discovered that Ge NPs have the intrinsic
peroxidase-like catalytic activity. Compared with natural enzyme (horseradish
peroxidase, HRP), Ge NPs maintain higher catalytic stability after treatment at
different pH, temperature and ionic strength (Hu J. et al, 2019).

In plants, low levels of V have beneficial effects on plant growth and
development. Nevertheless, excessive V provokes numerous deleterious effects
(Chen L. et al, 2021).

Physiological function of selenium in plants is not fully-known and the
physiological reactions of various plants to selenium vary very much. At the same
time, fortification of crops with selenium can be one of the ways enabling to
increase the content of selenium in human and animal food chain (Jezek P.,
2012). lodine, silicon, and selenium are considered elements not essential for the
metabolism of plants, but these elements (as traces) are vital for humans. It has
been found that by using I, Se, and Si in crop plants, applied in seeds, plants, or
fruits, favorable responses are obtained such as increased growth and tolerance to
stress (due to with a higher concentration of antioxidants). In this connection, the
use of these elements is a useful technique for the nutritional improvement of
crop plants, both in antioxidant level and biofortification (Medrano-Macias J.,
2018). lodine (I) and selenium (Se) are beneficial elements, as both play
important roles in humans, that is why often using plant biofortification by
agrotechnical or biotechnological approaches in order to improve, among other
things, the accumulation this nutrients in food and fodder (Smolen S. et al, 2016).
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Therefore, the aim of our work was investigation of influence of citrate-
stabilized of nanoparticles of germanium, vanadium and selenium on
photochemical activity, chlorophyll content, resistance to pathogens and
productivity of plants wheat.

MATERIAL AND METHODS

For experiments in field conditions and in the greenhouse were used:
0.75% solutions of citrate nanoparticles Ge — GeNPs (Ge content: 500 mg/l) and
citric acid; 0.75% V NPs (V content 300 mg/l) and citric acid; 1% Se NPs (Se
content: 100 mg/l) and citric acid; («Nanomaterials and nanotechnology» Ltd,
Ukraine); 0.5% BP I-Se (a preparation of biologically active iodine in a complex
with solution Se) (preparation "Jodis-concentrate plus Se™) consists of purified
water enriched with polyatomic ions I, 80 mg/dm®, Se citrate, intended as a
biologically active food additive (SPC «lodisy», Ukraine).

In the field’s conditions, wheat plants (Triticum aestivum L.) variety's
Pecheryanka were grown on experimental plot of the D.K. Zabolotny Institute of
Microbiology and Virology of NASU in 2019-2020. The area of the
experimental plot is 50 m? the soil is sod-podzolic. Repetition in the experiment
four times.

In the soil before sowing was added consortium of soil-forming
microorganisms (the biological product (BP) "Extrakon" (Ukraine)). BP Extrakon
consists of a consortium of soil cellulosolytic and heterotrophic microorganisms
inoculated into a peat-like substrate, which are in a functionally active state and
are closely connected by trophic bonds: (Sporocytophaga mixococcoides,
Sorangium cellulosum, Cellvibrio mixtus, Trichoderma viridae, Pseudomonas
fluorescens, P. putida, Bacillus subtilis, B. sphaericus, B. megaterium, B.
pumilus).

The general scheme field's and greenhouse’s experiments with using pre-
sowing treatment of citrate nanoparticles: 1 — control (intact plants); 2 — 1
mg/ISeNPs+ addition in soil of BP Extrakon; 3 — 0,8 mg/I I-Se solution+ addition
in soil of BP Extrakon; 4 — 2,25 mg/l VNPs solution addition in soil of BP
Extrakon; 5 — 3,75 mg/l GeNPs solution addition in soil of BP Extrakon.

Bacterial culture Pseudomonas syringae pv. atrofaciens D13 was isolated
from clay-brown spot-strokes on a leaf-sheath of wheat, that was collected in the
Dnipropetrovsk region. Isolation of bacteria from plant samples, inoculation and
cultivation of them on solid medium and preparation of a bacterial suspension
were performed according to generally accepted techniques (Patyka et al., 2017).

In the greenhouse's and field's experiments, artificial inoculation of
Pecheryanka's variety spring wheat plants in the boot stage was carried out with
bacterial suspension of the strain of P. syringae pv. atrofaciens D13 (the causal
agent of basal glume rot of cereals). Density of the suspension was 1x10°
CFU/ml. Artificial inoculation of plants was done by injecting a bacterial
suspension into a stem in 10-fold repeatability on each of the variant.

In the greenhouse’s and field's experiments phytopathogenic phytoplasma
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of Acoleplasma laidlawii var. granulum 118 UKM BM-34 was cultured on a
liquid nutrient medium CM IMB-72 (pH = 7.8) in a thermostat at 32 °C for 72
hours. Artificial inoculation with phytoplasma of A. laidlawii var. granulum 118
UKM VM-34 in the boot stage was performed with the method of subepidermal
injection in the steam.

In the greenhouse, inoculation of wheat plants with freshly prepared virus-
containing material was carried out in the phase of the two true leaves, by the
method of mechanical inoculation of leaves with preliminary dusting with the
carborundum. Isolation of viral material was performed by homogenization of
freshly cut leaves of diseased plants with clear symptoms of the wheat streak
mosaic virus (WSMV) with the addition of 0.1 M phosphate buffer pH 7.0. The
plant homogenate was filtered through a nylon sieve and used for mechanically
infect of plants. Infection of plants was carried out of a glass spatula or fingers in
disposable gloves soaked in inoculum. Excess inoculum was washed off with
water (Diagnose von Krankheiten und Beschddigungen an Kulturpflanzen.
Diagnosemethoden, 1984).

The photochemical activity of leaves was determined with the biophysical
method of chlorophyll a fluorescence induction with using a portable device
"Florotest" (Ukraine).

The device is equipped with a liquid crystal display (128 x 64 pixels) and a
remote optoelectronic sensor with a wavelength of 470 + 15 nm, the area of the
irradiation spot not less than 15 mm? and illumination within it not less than 2.4
W/m?. The spectral range of fluorescence intensity measurements is in the range
from 670 to 800 nm. The data measured by the device was transferred to a PC via
the USB port of the computer using the software "Floratest", which comes with
the device and allows you to display this data in tabular or graphical form.
Measurement of fluorescence induction was carried out on flag leaves of wheat in
the heading-flowering phase. Dark adaptation of leaves before measurements was
in range: 6-20 minutes. Replications measurements on each variant — threefold.
The evaluation of the influence of experimental factors was performed by
changes in the value of the quantum efficiency parameter PSII: Fv/Fp(m) (Fv =
Fm(p) — Fo), where Fq — the minimum fluorescence; F m (p) — maximum (peak)
fluorescence, Fv — variable fluorescence; Fs — is the steady-state Chl
fluorescence; Rfd-values — the chlorophyll fluorescence decrease ratio
(chlorophyll fluorescence vitality indices): Rfd = (Fm(p)-Fs)/Fs (Sharma et al.,
2015; Lichtenthaler et al., 2007; Huliaieva, et al. 2018).

The pigments contents in flag leaf of wheat in field's experiments were
measured with the extraction method in DMSO with followed by spectrometry
(Hisox, Israelstam., 1979).

Accounting for grain productivity in the experimental plots was done at the
end of the growing season at full grain maturity. Statistical processing of the
obtained results was performed using computer programs MS Excel.
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RESULTS AND DISCUSSION

It is known that the method of induction of chlorophyll fluorescence is
quite sensitive and allow quickly and non-invasively assess photochemical
changes under the influence of various factors (Maxwell, Johnson, 2000). It is
known that the action of stressors leads to changes of Fv/Fm(p) (quantum
efficiency of PSII), which reflects the damage and inactivation of PSII (often
called photoinhibition). Changes in this indicator are often used to assess the
impact of stress factors (Murchie, Lawson, 2013; Sharma, et al., 2015). The
results investigation of Pefia-Olmos et al. (2013) showed that toxicity caused by
an excess of iron induced an increased level of stress in the broccoli plants,
causing decreased of the value of photosystem II's (PSIlI) maximum quantum
yield (Fv/Fm). The maximum quantum efficiency of photosystem Il was
inhibited in citrus plants under saline stress (Sousa J.R.M., et al, 2016). In
investigations Jia M. et al (2019) were shown, that the Fv/Fm of wheat
leaves was tended to increase with increasing N application. In our field's
experiments, at the portable field chlorophyll fluorometer using, was shown
increase quantum efficiency of the PSII (Fv/Fm) at pre-treatment of citrates of
nanoparticles solution in order: Ge (17.5%)>I-Se (8.8%)>Se (7.0%) have been
shown (Fig.1 a). This is indicates rise amount of photochemically reactive centers
and an improvement in the absorption of light quanta by PS Il of the
photosynthetic apparatus of wheat plants.

The Rfd-value for effect of application investigating of nanoparticles give
important information, as is indicator of photosynthetic activity of leaves
(Lichtenthalera, Babania, 2000). The Rfd-value also has been called vitality index
of green leaves (Haitz, Lichtenthaler, 1988). Many researchers often use the Rfd
parameter to assess the effect of stress factors on the photosynthetic apparatus. In
investigations of Perera-Castro et al (2018) the Rfd-value has been demonstrated
as a more sensitive parameter for thermic damage assessment. According to Rfd-
values, the photosynthetic apparatus, independent of symbiotic status, becomes
increasingly damaged under progression of drought, which was accompanied
with a sharp drop in stomatal gas exchange parameters (Polcyn W. et al, 2019). In
our results was shown, that the Rfd-values increased at pre-treatment of citrates
of nanoparticles solution of GeNPs by 11.4%. This is value have been equal to
control at pre-treatment of wheat of I-Se and reduced at pre-treatment of VNPs
(23.9%) (Fig 1 b).

In results investigations Wang Z. B. et al (2018) was suggested that low
concentrations of GeO, could alleviate photoinhibition and 5.0 mg (GeO,) L™
was the most effective, due to its function of scavenging free radicals and
lowering accumulation of reactive oxygen species, which was proven with higher
antioxidant enzyme activities. The application of 5 pM V increased plant growth,
induced floral bud development, and accelerated flowering of pepper plants was
shown (Garcia-Jiménez A., 2018). A chlorophyll assay which was conducted of
the chlorophyll a+b in leaves increased on variants pre-treatment in order: I-
Se>GeNPs>VNPs>SeNPs has been shown (Table 1).
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Table 1. Photosynthetic pigments content in flag leaves of wheat plants at the
pre-sowing treatment of solutions of citrates nanoparticles and application of the
BP Extrakon

Variants Chl. a+b Car.
Control (without treatment) 1,06+0,05 0,17+0,009
Pre-treatment of 1mg/l SeNPs+EXxtr. 1,68+0,08 0,52+0,015
Pre-treatment of 0,8 mg/l 1-Se+Extr. 2,49+0,16 0,30+0,010
Pre-treatment of 2,25 mg/I
VNPs+Extr. 2,30+0,14 0,58+0,03
Pre-treatment of 3,75 mg/GeNPs+EXtr. 2,42+0,12 0,45+0,02
0,8
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Figure 1. The quantum efficiency of PSIl (Fv/Fm) (a) and Rfd-values
(chlorophyll fluorescence vitality indices) in wheat leaves at the pre-treatment of
wheat seeds with solutions of citrate nanoparticles and application BP Extrakon
(Extr.) (heading stage): 1 — Control; 2 — SeNPs+Extr.; 3 — |-Se+Extr.; 4 —
VNPs+Extr.; 5 — GeNPs+EXxtr.
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Figure 2. Influence pre-treatment of NPs on the green weight of wheat plants (10
pcs., booting stage): 1 — Control; 2 — D13; 3 — 118; 4 — VNPs, Extr.+D13; 5 —
VNPs, Extr.+118; 6 — GeNPs, Extr.+D13; 7 — GeNPs, Extr.+118; 8 — SeNPs,
Extr.+D13; 9 — SeNPs, Extr.+118; 10 — I-Se, Extr.+D13; 11 — I-Se, Extr.+118; 12
—1-Se, Extr.+(D13+118).

The content carotenoids, which protect of chlorophyll molecules from
photooxidation, increased in order: VNPs>SeNPs>GeNPs>1-Se (see table 1). In
investigations Mohamed T (2021) was shown, that the BioSeNPs increased of
content of photosynthetic pigments (chlorophyll and carotenoids), parameters of
gas exchange, i.e., transpiration (Tr), net photosynthesis (Pn) and has been strong
antifungal activity. At application of V the chlorophyll concentration in pepper
plants has been varied according to the type of plant part analyzed was shown
(Garcia-Jiménez A., 2018). In results investigations Abedini, M., Mohammadian,
F. (2018) was indicated that V at all applied concentrations (0, 3.25, 7.5 and 15
mg L% significantly decreased the plant's growth, and total protein and
carotenoid contents, but increased the total chlorophyll and
soluble sugars contents. Also, the obvious induction in the phenylpropanoid
pathway was seen in response to V application. In comparison to the control, only
at the simultaneous application of | + Se significantly increased of root biomass
of lettuce was shown (Smolen S et al, 2016).

On the other hand, in our previous studies, the antimicrobial effect of V,
Ge, I-Se nanoparticles was shown (Huliaieva H.B. et al, 2020). In this regard,
further studies were aimed investigation the photochemical activity and growth of
wheat plants at pre-treatmant by these nanoparticles with infecting with
pathogenic phytoplasmas and bacteria. At infected of wheat plants with infectious
agent of bacteriosis (Pseudomonas syringae pv. atrofaciens) and phytoplasmas
(Acholepasma laidlawii var. granulum) were reduced of green weight of plants
(20 pcs.) by 10.8 and 26.9% (Fig. 2).

On variants with at pre-sowing treatment of plants of citrates nanoparticles
solution and bacterial and phytoplasmas infected plants versus control increased
of green weight of plants in order: GeNPs>I-Se>SeNPs>VNPs have been shown.
The most significant growth of wheat biomass was in variants of the pre-
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treatment: GeNPs (with Extrakon) at infected plants with bacteria and
phytoplasmas, 1-Se (Extrakon) both at infected with A.laidlawii 118 and at mix
infection (D13+118) has been observed (See fig. 2). The pre-treatment VNPs and
SeNPs (and Extrakon) was more effectiveness at infected plants of phytoplasmas
has been shown (See fig. 2). This effect from using of Ge, Se, V nanoparticles at
bacterial and phytoplasmas infected plants can be explained by the induction of
systemic resistance, which developed to varying degrees. It is possible due to:
fruition the intrinsic peroxidase-like catalytic activity of the Ge (Hu J. et al,
2019), induction of the phenylpropanoid pathway was inducted in response to V
application (Abedini, M.; Mohammadian F. 2018 ) and increased of concentration
of antioxidants in plants at application | and Se (Medrano-Macias J., 2018).
Introduction of I, Se and SA into the nutrient solution significantly affected
proline accumulation in lettuce leaves and roots was shown (Smolen S et al,
2016).

In field and greenhouse experiments, two weeks after inoculation, we
observed the appearance of characteristic symptoms: yellow mosaic with
intermittent strokes on the leaves (on variants of virus-infected plant) (Fig. 3),
dark brown spots on caulis (at bacterial infecting) (See fig. 3). The early
yellowing and drying of leaves as well as ear of wheat with splay out on plants
infected with phytoplasmas to milk-ripe stage have been observed (Fig. 3).

Flgure 3 The characterlstlc symptoms of mfestmg (A, A-2) — the plant wheat
with bacterial infecting (P.syringae pv. atrofaciens); (B, B-2) — the wheat plant
infected with phytoplasmas (A.laidlawii) (milk-ripe stage); C — yellow mosaic
with intermittent strokes on the leaves (on variants of virus-infected plant
(WSMV)).

The quantum efficiency of PSIlI (Fv/Fm) in leaves of plants at infected with
phytoplasmas reduced by 6.3% in field’s experiments. The Fv/Fm-value
increased by 13.6% at phytoplasmas infected plants with pre-treatment of VNPs
and with application of I-Se it value was tended to increase in compared to
infected plants without treatment. In leaves of plants at pre-treatment of GeNPs
and bacterial-infected the Fv/Fm-value increased compared to control on 14%
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have been detected (Fig. 4 a). Thus, using nanoparticles of V, Ge and I-Se at
inoculation plants with phytoplasmas promoted an increase in the quantum
efficiency of PS Il in comparison with infected plants without treatment.

The Rfd-value — vitality indices of green leaves — increased in leaves of wheat at
bacterial infected and decreased at phytoplasmas infected (Fig. 4 b).
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Figure 4. Influence of infected of wheat plants with infectious agent of
bacteriosis (Pseudomonas syringae pv. atrofaciens) and phytoplasmas
(Acholepasma laidlawii var. granulum) after pre-treatment of NPs with
application of Extrakon on Fv/Fm and Rfd-values (fields experiments, heading
stage): 1 — Control; 2 — Pseudomonas syringae pv. atrofaciens D13; 3 —
Acholepasma laidlawii var. granulum 118; 4 — VNPs, Extrakon (Extr.) + D13; 5
— VNPs, Extr. +118; 6 — SeNPs, Extr. + D13; 7 — SeNPs, Extr. + 118; 8 — I-Se,
Extr. +D13; 9 — I-SeNPs, Extr.+ 118; 10 — GeNPs, Extr.+ 118; 11 — GeNPs,
Extr.+D13.

In investigation Berger S. et al (2007) decline of the F,/Fm and the Rfd
parameter was detected from 24 h after the inoculation with bacteria P. syringae.

Previous studies (Gulyaeva A.B. et al, 2016) was founded that when
infected wheat plants with four pathogenic strains of P. syringae pv. atrofaciens
(different in aggressiveness), from 13 to 16 days gradually decreased the
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maximum quantum efficiency of photochemistry PS Il (Fv /Fm). Whereas 19
days after the inoculation, the value of this parameter was almost no different
from the control. In the same time an increase in the Rfd-value in plants leaves
bacterial-infected, together with a decrease in plant biomassmay be is associated
with redistribution of assimilates and the inclusion of protective mechanisms
against the development of infection. In particular, it may be associated with an
increase in the process of photorespiration (antagonistic to photosynthesis), which
is involved in protection photosynthetic apparatus from stress (Wingler et al.,
2000; Timm, 2016).
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Figure 5. Influence of infected of wheat plants with infectious agent of bacteriosis
(Pseudomonas syringae pv. atrofaciens), phytoplasmas (Acholepasma laidlawii var.
granulum) and WSMV after pre-treatment of NPs with application of Extrakon on
Fv/Fm-values (greenhouse experiments, heading stage): (a) 1 — Control; 2 — D13; 3 —
GeNPs, Extr.+D13; 4 — SeNPs, Extr.+D13; 5 — VNPs, Extr.+D13; 6 — |-Se,
Extr.+D13. (b) 1 — Control; 2 — Phytoplasma (phytopl.); 3 — GeNPs, Extr.+Phytopl.; 4
— 1-Se, Extr.+Phytopl.; 5 — VNPs, Extr.+Pytopl.; 6 — SeNPs, Extr.+Phytopl. (c) 1 -
Control; 2 —- WSMV; 3 — Extrakon+SeNPs+WSMV; 4 — Extrakon+I-Se+WSMV; 5 —
VNPs, Extr.+WSMV; 6 — GeNPs, Extr.+WSMV.

The Rfd-values in the leaves of infected plants with phytoplasmas an
increased at pre-sowing treatment with VNPs (55.6%), GeNPs (45.5%) and 1-Se
(25.6%) were observed. This value increased in leaves at bacterial-infected plants
at pre-sowing treatment of GeNPs (12.8%) (See fig. 4 b).



26 Huliaieva et al.

In greenhouse experiments increase of the Fv/Fm-value on variants of pre-
treatment with: 1-Se (14.7%), VNPs (5.9%) (at phytoplasmas infected plants),
GeNPs (42.4%)>1-Se (36.4%)>V, Se (21.2%) (at bacterial infected plants) and
GeNPs (19.6% )>VNPs (13.0% )>SeNPs (4.3%) (at WSMV infected plants) has
been shown (Fig. 5 a-c). This indicates an increase in stress resistance at pre-
sowing treatment with these nanoparticles.

In investigation (Liu Y et al, 2016) was shown, that addition of exogenous
Ge to the salt solution, as well as soaking the seeds in Ge, attenuated the salt
stress effects in a manner dependent on the dose of Ge, as indicated by the
increased percentage of seeds that germinated and improved seedling growth. In
investigations Rojek J et al (2019) was founded, that higher rate of plant survival
in the presence of VOSO, and the relatively high photosynthetic parameters and
anthocyanin contents in the cells vanadium (IV) compound can have positive
effects on plants that are grown under stress conditions. The stressed plant’s
growth rate was the highest in Se nanoparticle concentrations of 5 and 10 pg kg.
The plant leaf plate surface area after Se nanoparticle application was almost 2
times larger compared to stressed plants grown without Se nanoparticle addition
to the soil (Gudkov S.V. et al, 2020).

The grain weight /10 plants increased on variants at bacterial-infected
plants and pre-treatment of GeNPs (with Extrakon) (36.2%) (Fig. 6).
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Figure 6. The grain mass / 10 plants during pre-sowing treatment of
nanoparticles citrate solutions (with the Extracon) and bacterial and phytoplasmas
infected plants: 1-bacteriosis/phytplasmosis; 2 — SeNPs+infected plants; 3 — I-
Se+infected plants; 4 — VNPs+infected plants; 5 — GeNPs+infected plants.

In field condition, at bacterial and phytoplasmas infected plants, heads wheat was
small and unformed, with flat grain has been shown (Fig. 7 A (2-5)).

The grain production was increased by 15.6% in variants with pre-treatment with
GeNPs have been shown. Whereas in other variants it decreased (Fig. 7 a). The
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weight of 1000 grains increased by 16,4% at pre-treatment of GeNPs. At pre-
treatment of SNPs and VNps this value was equal to control, but pre-treatment of
I-Se it decreased by 10,9% (Fig. 7 b). Thus, during the pre-sowing treatment with
2,25mg/l VNPs, 1mg/l SeNPs and 0,8 mg/I I-Se nanoparticles a phytotoxic effect
was observed, which manifested itself in a decrease in wheat productivity was
shown.

The condition of ears and grains at bacterial and phytoplasmas infected plants
wheat at pre-sowing treatment of with citrate nanoparticles of SeNPs, 1-Se, VNPs
and GeNPs improved has been observed (Fig. 8 B-E).

The grain weight /10 plants on variants increased at pre-treatment of
citrates nanoparticles solution and infected with phytoplasmas in compared to
infected plants without pre-treatment, in order: GeNPs (by two)>1-Se (by
two)>VNPs (29.4%) >SeNPs (23.5%) were shown.
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Figure 7. Influence of pre-treatment of wheat with citrate nanoparticles on (a)
grain yield (t/ha) and thousand-kernel weight (b): 1 — Control; 2 — SeNPs; 3 — |-
Se; 4 — VNPs; 5 — GeNPs.
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Figure 8. Ears and grains at pre-sowing treatment with citrates of
nanoparticles SeNPs, I-Se, VNPs; GeNPs at bacterial and phytoplasmas infected
plants: (A) 1 — Control; 2,3 — bacteriosis; 4,5 — phytoplasmosis; (B) 1,2 —
SeNPs+bacteriosis; 3,4 — SeNPs+phytoplasmosis; (C) 1,2 — I-Se+bacteriosis; 3,4
—  I-Se+phytoplasmosis; (D) 1,2 -  VNPs+bacteriosis; 3,4 -
VNPs+phytoplasmosis; (E) 1,2 — GeNPs+bacteriosis; 3,4 — GeNPs +
phytoplasmosis.

Therefore, pre-sowing treatment of wheat seeds of citrate nanoparticles
(2,25 mg/IVNPs, 1mg/ISeNPs, 0,8mg/11-Se, 3,75mg/IGeNPs) with application BP
Extrakon stimulated increasing the chlorophyll content and photochemical
activity of leaves. An increase in the quantum efficiency of PSII was observed: at
pre-sowing treatment VNPs, GeNPs, I-SeNPs at phytoplasmas infected plants,
GeNPs, 1-Se, VNPs at bacterial-infected plants and GeNPs,VNPs, SeNPs at
WSMP-infected.
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The pre-sowing treatment nanoparticles of VNPs (2,25mg/l), SeNPs
(Img/l) and I-Se (0,8 mg/l) a phytotoxic effect was observed, which manifested
itself in a decrease in wheat grain productivity was shown. At the same time,
pretreatment with 3.75 mg / L GNPs, 2.25 mg /L VNPs, 1 mg/ L SeNPs, and 0.8
mg / L I-Se increased plant resistance at bacterial and phytoplasmas infected
plants, which was manifested in increasing the mass of grains and improving their
quality.

This indicates an increase in stress resistance. However, an increase in
grain yield was observed only in the variant of pre-sowing treatment with 3,75
mg/l GeNPs.

CONCLUSIONS

The pre-sowing treatment of wheat seeds with citrate nanoparticles of
VNPs, SeNPs, GeNPs and I-Se with application BP Extrakon have been favor
increase the chlorophyll content in leaves has been shown.

In the field experiments, at the portable field chlorophyll fluorometer using
was shown increased the quantum efficiency of PSII (Fv/Fm) at the pre-treatment
of citrates of nanoparticles solution in order: GeNPs (17.5%)>1-Se (8.8%)>SeNPs
(7.0%). The Rfd-values increased at the pre-treatment of citrates of nanoparticles
solution of GeNPs by 11.4%.

At infected of wheat plants with Pseudomonas syringae pv. atrofaciens
and Acholepasma laidlawii var. granulum was reduced of green weight of plants
(10 pcs.) by 10,8 and 26,9%. At the same time, plants infected at treatment with
citrates GeNPs, 1-Se, SeNPs, VNPs of nanoparticles had a higher biomass in
comparison with the control. The most significant growth of wheat biomass on
variants of the pre-treatment: GeNPs (with Extrakon) in plants with bacterial and
phytoplasmas infected plants, I-Se (Extrakon) both at infected with 118 and at the
mix infection (D13+118) has been observed. The pre-treatment both VNPs and
SeNPs (and Extrakon) was more effectiveness at infected plants of phytoplasmas
has been shown.

The Fv/Fm was more at infected plants with phytoplasmas and the pre-
treatment of VNPs by 13.6%. In leaves of plants at application of GeNPs and
bacterial infected, the Fv/Fp-value was the more compared to control on have
been shown. The Rfd-values in the leaves of plants at inoculation with
phytoplasmas increased at the pre-sowing treatment of VNPs (55.6%), GeNPs
(45.5%) and 1-Se (25.6%) were observed. This value increased in leaves at
bacterial infected plants and the pre-sowing treatment GeNPs (12.8%).

In greenhouse experiments was shown increased of the Fv/Fm-value on
variants with the pre-treatment with: 1-Se (14.7%), VNPs (5.9%) (at
phytoplasmas infected plants), GeNPs (42.4%)>1-Se (36.4%)>V, Se (21.2%) (at
bacterial infected plants) and GeNPs (19.6% )>VNPs (13.0%)>SeNPs (4.3%) (at
WSMYV infected plants).
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The weight grains/10 in plants on the variant at the pre-treatment with Ge
nanoparticles (with consortium of soil microorganism) with bacterial infected
plants were more, than without pre-treatment has been shown.

Wheat plants on variants with pre-treatment citrates nanoparticles solution
with phytoplasmas infecting was shown increased of the grain weight /10 plants,
in compared to infected plants without pre-treatment, in order: GeNPs (twice)>1-
Se (twice)>VNPs (29.4%) >SeNPs (23.5%).

The pre-treatment with nanoparticles GeNPs caused grain production by
15.6% increased has been shown. The weight of 1000 grains increased by 16.4%.

The pre-sowing treatment nanoparticles of with 2,25mg/l VNPs, 1mg/l
SeNPs and 0,8 mg/l I-Se the phytotoxic effect was observed, which manifested
itself in a decrease in wheat grain productivity was shown. However, we
observed an improvement in grain with pre-sowing treatment with these
nanoparticles and infection with pathogenic.

Thus, increase in the quantum efficiency of PSII: at pre-sowing treatment
VNPs, GeNPs, I-Se (at phytoplasmas infected plants), GeNPs, I-Se, VNPs (at
bacterial infected plants) and GeNPs,VVNPs, SeNPs (at WSMV infected plants)
has been observed. This indicates an increase in stress resistance at pre-sowing
treatment with these nanoparticles. However, an increase in grain yield was
observed only in the variant of the pre-sowing treatment with 3,75 mg/l GeNPs.
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