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Aim. Complex study on the physiological effect of citrate chelate nanoparticles of silver and copper on spring wheat
plants under presowing soaking of seeds and foliar treatment of plants. Methods. Physiological, biochemical, bio-
physical, microbiological, statistical. Results. The data on the physiological effect of the presowing soaking of seeds
in the solutions of citrate chelate nanoparticles of silver and copper on growth processes and photochemical activity of
leaves in laboratory conditions have been studied, analyzed, and summarized along with the effect of foliar treatment
of spring wheat plants using the solutions of nanoparticles, and simulated phytoplasma (Acholeplasma laidlawii var.
granulum st. 118) on the elements of the performance of spring wheat plants in field conditions. It was demonstrated
that there was a considerable stimulating effect of presowing soaking of wheat seeds in 0.5 % and 1 % solutions of
nanocomposites on the growth of leaves and mass accumulation of 6—7-day old sprouts. A considerable increase in the
photochemical activity of the leaves of 7-day-old sprouts was found after presowing soaking in 0.5 % and 1 % solu-
tions of nanocomposites which is in good agreement with the activation of growth processes. The negative effect of
phytopathogens on the elements of grain productivity, fullness of grain in particular, was reduced in filed conditions
when wheat plants were infected and then treated with nanocomposites, though there was a weak phytotoxic effect
of foliar treatment of intact plants with 1 % solution. Conclusions. A considerable stimulating physiological effect
on the growth of leaves and mass accumulation of 6—7-day-old sprouts was established after the presowing soaking
of spring wheat plants in 1 % and 0.5 % solutions of citrate chelate nanoparticles of silver and copper. The increase
in photochemical activity was noted in the leaves of 7-day-old wheat plants in these conditions, namely, the increase
in photochemistry efficiency PSII, considerable decrease in stationary fluorescence and considerable — almost trip-
le — increase in the value of induction coefficient Ki (correlating with the activity of ribulose biphosphate carboxylase
(RuBPco)) which testifies to the increase in the intensity of photosynthetic processes in the leaf apparatus of juvenile
wheat plants. The field experiment established that infecting wheat plants with phytoplasma (4. laidlawii) resulted in
the reduction of the grain productivity indices: the weight of 1,000 grains and grain productivity in g/plant — by 14.6
and 35.5 % respectively, whereas treating with 1 % solution of silver and copper nanocomposites inhibited this process
to some extent, promoting the increase in these parameters almost to the control level. The treatment of infected plants
with nanoparticles led to a notable increase in the percentage of full grains. There was a weak phytotoxic effect after
foliar treatment of intact wheat plants using nanocomposite solution.

Keywords: Triticum aestivum L., Acholeplasma laidlawii var. granulum st 118, silver and copper nanoparticles,
presowing soaking of seeds, foliar treatment of plants, photosynthetic apparatus, chlorophyll fluorescence induction,
grain productivity.
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INTRODUCTION stituents are presented by the studies on ecologically

Important trends of solving the problems of modern safe and economically profitable ways of simulating
agrobusiness, in particular, increasing the resistance the resistance of cultivated crops, for instance, such
and productivity of agricultural crops with simultane-  a strategically relevant crop as wheat, to phytopatho-
ous preservation of the balance of agroecosystem con-  genic microorganisms. During 2007-2013, the share
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of wheat export in the world market of cereals was
5 % on average [1]. It should be noted that wheat is a
leading culture both in Ukraine and the whole world,
where our country is ranked the sixth among grain ex-
porters [2].

However, considering a great number of niches for
ecological survival of phytopathogens and their con-
siderable mutational variability [3], the protection of
fields from diseases requires a number of measures and
their constant improvement [4].

A promising modern method to be implemented in
different spheres, including agriculture, is the elabo-
ration and application of novel technologies, using
nanoparticles and their derivatives (based on salts of
citric and other food acids) [5-7]. In recent years the
researchers have applied nanoparticles of silver and its
derivatives widely in industrial technologies, medicine,
and even in everyday life (for instance, for disinfec-
tion). Unique properties of citrate chelate nanoparticles
allowed applying them as preparations with high an-
tiseptic qualities as well as efficient microfertilizers.
Some of them are widely used as universal transmit-
ters and agents, capable of neutralizing reactive oxy-
gen species, in particular, superoxide anion radical,
hydroxyl-radical, hydrogen peroxide. Citrate chelate
nanoparticles also serve as cofactors of enzymes, tak-
ing part in oxidation-reduction reactions [6]. Due to
this fact, the aspects of their ecological safety (espe-
cially regarding metal nanoparticles) and the effect on
animals and plants are urgent indeed. In addition, a rel-
evant issue in conducting monitoring studies is the in-
vestigation of toxicological properties of nanoparticles
and their derivatives in the form of ionic and molecular
compounds, obtained due to the interaction with pure
reagents and biosphere components [6, 7].

Some of the most promising and interesting com-
pounds, containing nanoparticles, are citrates of de-
rivatives and biogenic metals, obtained due to modern
nanotechnologies in aqueous solutions, which is the
reason they are called nanoaquacitrates or citrate che-
late nanoparticles [5, 6]. At the first stage, the method
of electro-impulse ablation is used to obtain aquacom-
plexes of dispersing metals, and at the second — the di-
rect interaction of these highly active substances with
citric acid or another organic acid yields their citrates
(carboxylates). This method of synthesizing citrates of
metals is much cheaper than the chemical one, which
allows obtaining the products of required purity in the
form of aqueous solutions. Their concentrations fluc-
tuate in a wide range depending on the parameters of
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the technological process. It should be noted that the
application of nanotechnologies at the primary stage of
obtaining citrate chelate nanoparticles allows ensuring
their high purity without any secondary admixtures, as
traditional chemical reactions are not used. The final
product contains no nanoparticles either, as immediate-
ly after their obtaining they start a reaction with pure
food acids, in particular, citric acid. The use of deion-
ized water and especially pure metals is the warranty of
their ecological and biological safety [8].

Complex studies proved their antiviral, fungicidal ac-
tivity, etc., and the effect of their application in forest
sericulture was demonstrated [5]. The additional ad-
vantage of the possibility of using them in agriculture
is their ecological safety and economic profitability.

It is known that both silver nanoparticles and their
ions are efficient against pathogenic microorganisms,
but contrary to antibiotics they are of selective effect,
not harming the cells of a host plant. The principle of
action of these nanoparticles is based on blocking oxi-
dation-reduction ability. In addition, the application of
silver nanoparticles does not promote mutagenic vari-
ability of pathogens, thus, their application may be a
part of technologies, protecting cultivated crops from
pathogenic microorganisms. Copper is also widely
used in the cultivation of plants to fight pathogenic mi-
croorganisms [9].

The study on the effect of the composite of citrate
chelate nanoparticles Cu and Ag both during presow-
ing soaking of seeds and foliar treatment may allow
creating the prerequisites for the elaboration of meth-
odological approaches for the creation of elements of
new technologies of protecting plants, which would
allow minimizing the yield loss in the conditions of
development and spreading of phytopathogenic micro-
organisms, including phytoplasmas.

MATERIALS AND METHODS

In laboratory conditions, the seeds of spring wheat
plants (7riticum aestivum L.), Pecherianka variety,
were soaked in Petri dishes in three repeats. Presowing
soaking of seeds in the solution of nanoparticle com-
posite was conducted using the following scheme: 1 —
water; 2 — presowing soaking in 0.5 % solution of the
composite of silver and copper nanoparticles; 3 — pre-
sowing soaking in 1 % solution of the composite of
silver and copper nanoparticles. The initial solution,
called “Sumerian Silver”: silver citrate with the con-
centration of active silver 250+25 mg/l, copper citra-
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te —250+25 mg/l, Nanomaterials and nanotechnologies
LLC, Ukraine.

The physiological effect (£,,) of nanoparticles was
calculated by the change in mass accumulation (the
length of leaves) of 6—7-day-old sprouts using the for-
mula:

where M, — average mass of the control plant, and
M, — average mass of a plant, cultivated at the action
of a certain agent. The physiological effect was con-
sidered to be of stimulating nature, if £, <0 and of
inhibiting nature, if £, >0. The effect was considered
reliable iprhy >20%.

A separate laboratory experiment was conducted on
the effect of the solution of nanoparticle composite on
the growth of phytoplasma colonies, using the standard
method of serial dilutions.

In field conditions wheat was cultivated on experi-
mental plots of the D. K. Zabolotny Institute of Micro-
biology and Virology, with the total area of 70 sq.m.,
turf-podzolic soil. The studies were conducted on the
background without any fertilizers. According to the
data of the Ukrainian Hydrometeorological Center of
Kyiv, during the vegetative period in 2015 weather
conditions were within the norm limits compared to
the average perennial conditions, rising insignificant-
ly by 1.0-0.8 °C in May-April, whereas in June and
July the average air temperatures exceeded the norm
by 2.2-2.6 °C respectively. The most important and
limiting index in the formation of the productivity of
spring wheat fields is precipitation, the distribution of
which in 2015 was rather uneven. In April, the minimal
amount of precipitation was lower than the norm by 44
mm respectively. It should be noted that the period of
the most intense vegetation of plants turned out to be
rather dry, in particular, June and July were character-
ized by humidity, lower than the norm in this index, —
by 60 and 36 mm respectively.

The agent of pale-green dwarf of wheat 4. laidlawii
var. granulum st. 118 (UCM BM-34) was obtained
from the Ukrainian Collection of Microorganisms at
the D. K. Zabolotny Institute of Microbiology and Vi-
rology, NAS of Ukraine. The artificial inoculation with
the agent was conducted by Klement’s method (sub-
epidermal injection) using spring wheat plants in the
tillering phase. Nine days after the injection in the field
conditions, the experimental variants were treated with
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1 % solution of Ag+Cu nanoparticle composite using
the following experiment scheme: 1 — control (non-
infected wheat plants); 2 — non-infected wheat plants
+ treatment with 1 % Ag+Cu; 3 — plants, artificially in-
fected with mycoplasma A. laidlawii var. granulum st.
118 (without any treatment); 4 — plants, artificially in-
fected with mycoplasma A. laidlawii var. granulum st.
118 + treatment with 1 % solution of Ag+Cu nanopar-
ticle composite.

The photochemical activity of leaves was investigat-
ed by the biophysical method of chlorophyll a fluores-
cence induction (FI) using the portable device Floratest,
designed at the V. M. Hlushkov Institute of Cybernet-
ics, NAS of Ukraine [10]. The assessment of FI in the
field conditions was conducted using the flag leaves in
the blossoming phase. Dark adaptation prior to the as-
sessment was 20 min. The experiment had five repeats.
The microphotographs of healthy and infected seeds of
wheat were made in the phase of complete ripeness and
registered using the digital camera, Brasser MikrOku-
lar VGA 640x480 (Germany), installed into the micro-
scope eyepiece MBS-1 with 16x magnification.

The digital database, obtained after the series of as-
sessments, was transmitted to the PC; Excel program
was used to calculate the arithmetic mean for five
measurements in each variant. The data obtained was
used to build a curve of temporal dependence of the
chlorophyll fluorescence intensity (CFI) which has
a remarkable form of the curve with one or several
maxima and has the name of CFI curve (or Kautsky
curve) [11-14]. The form of this curve (Fig. 1) is rath-
er sensitive to the changes in the photosynthetic ap-
paratus of plants during the adaptation to different en-
vironmental conditions which served as a foundation
for wide application of Kautsky effect in the study of
photosynthesis [15-20].

It is known that some segments of the curve of chlo-
rophyll fluorescence induction are indicators of respec-
tive physiological processes in the photosynthesis chain
[11, 13, 14, 18-20]. It should be noted that the segment
of the curve from the zero point to P reflects the effi-
ciency of the course of ““a rapid fluorescence phase”, and
from P to T — “dark™ or slow one [13, 14]. The obtained
digital database was calculated and presented in the
graphic form. The following critical parameters of CFI
curve were calculated: background fluorescence (F,);
F, — fluorescence maximum at closed centers; F, — sta-
tionary level of fluorescence; K, — amount of O, — non-
restorable complexes, not participating in the linear
transportation of electrons (K, = (¥, — F)I(F, — F,);
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Fig. 1. Typical curve of chlorophyll fluorescence induction, Kautsky curve [13]

induction coefficient (K, = (F, — F)/F), correlating
with the activity of ribulose biphosphate carboxylase
(RuBPco, the main enzyme of Calvin cycle) [13].

The calculations of these experiments were done us-
ing Excel electronic tables. The statistical analysis was
made using Statistica 8.0.

RESULTS OF INVESTIGATIONS

The investigations of the effect of presowing soaking
of wheat seeds in the solutions of nanoaquacitrates of
silver and copper revealed the increase in the sprouting
energy by 16 % when soaking in the 0.5 % solution.
At the same time, a considerable stimulating physio-
logical effect of presowing soaking of seeds in 0.5 and
1 % solution of citrate chelate composite of silver and
copper nanoparticles on the growth of leaves of 6 and
7-day-old sprouts was established (Table). The physi-

ological effect of presowing soaking of seeds on mass
accumulation of 7-day-old sprouts was higher while us-
ing 1 % concentration of citrate chelate nanoparticles —
23 %, whereas the application of 0.5 % solution pro-
moted weak stimulating effect — 12 % (Table).

The method of chlorophyll a fluorescence induc-
tion was used to determine critical fluorescent pa-
rameters of induction curves which reflected the
changes in the course of both light and dark phases
of photosynthesis.

We established considerable inhibition of the back-
ground fluorescence when treated with 1 % solution of
nanoparticle composite — by 22.7 % and the tendency
towards its decrease at the effect of 0.5 % solution (Fig.
2 a). It is noteworthy that the background fluorescence
or primary fluorescence is at the initial stage of the light
phase of photosynthesis, when all the antenna centers

The physiological effect of aquachelates of silver and copper nanoparticles on spring wheat plants

. . . E,;, by the length . E,;, by the mass of .
Variant of presowing soaking of leaves, % Test-reaction plants, % Test-reaction

6-day-old sprouts

Control (water) - - - -

1 % solution of Ag+Cu 27 stimulation* - -

0.5 % solution of Ag+Cu 25 stimulation* - -
7-day-old sprouts

Control (water) - - - -

1 % solution of Ag+Cu 28 stimulation*® 23 stimulation*®

0.5 % solution of Ag+Cu 26 stimulation* 12 weak stimulation

Note: * — considerable phytotoxic effect.
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Fig. 2. Fluorescent parameters of the light phase of photosynthesis a — F;; b — K ;c— FJF,; d—F, of 7-day-old sprouts of
spring wheat at the effect of citrate chelate nanoparticles of silver and copper (variants: / — control; 2 — soaking seeds in
0.5 % solution of Ag+Cu; 3 — soaking seeds in 1 % solution of Ag+Cu)

are open and maximum of light energy gets to the pho-
tosynthetic apparatus. In normal conditions, its value is
about 3 %, and its changes reflect the functional state
of chlorophyll molecules, their inclusion into pigment-
protein complexes [14-16, 20].

The decrease in background fluorescence at the ef-
fect of nanoparticle composite, revealed by us, may
testify to the increase in the content of functional
chlorophyll.

The efficiency of transmitting the energy of in-
volved light quanta along the electron transfer chain
(ETC) is manifested in the increase in coefficient K,
which is also a stress marker and reflects the number
of so called Q,-non-restorable complexes, which do
not participate in the linear transfer of electrons along
ETC [11, 13]. There is some increase in K, at the ac-
tion of nanoparticles, in particular, while treating with
0.5 % solution of the composite (Fig. 2, ). Quantum
efficiency of PSII photochemistry is reflected in the
F/JF, index, the value of which is used to estimate the
saturation of the photosynthetic apparatus with photo-
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chemically active centers [11, 14]. There is a notable
increase in this value at the effect of 1 % composite
—by 12.7 and 6.2% (0.5 % solution).

The value of F,, or fluorescence maximum (specific
for closed centers) at the effect of 1 % solution had a
tendency towards decreasing, and that of 0.5 % solu-
tion — towards increasing (Fig. 2, d).

The determination of parameters of slow or dark
phase of fluorescence K; and F, reflected the positive
impact of nanoparticle composite in both concentra-
tions. For instance, parameter K;, correlating with the
activity of the main enzyme of Calvin cycle (RuBPco)
increased almost thrice (Fig. 3, ). The value of station-
ary fluorescence decreased considerably in the vari-
ants of soaking in the composites of silver and copper
nanoparticles (Fig. 3, b).

Such changes in the abovementioned parameters
characterize the increase in the efficiency of dark pro-
cesses of carbon fixation which are in good agreement
with the abovementioned data, obtained by us, regard-
ing the stimulating physiological effect of presowing
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Fig. 3. Fluorescent parameters of the slow phase: a — K;; b — F, of 7-day-old spring wheat sprouts at the effect of the com-
posites of silver and copper nanoparticles (variants: / — control; 2 — soaking seeds in 0.5 % solution of Ag+Cu; 3 — soaking

seeds in 1 % solution of Ag+Cu)

soaking on the growth of leaves and mass accumula-
tion in 6-7-day-old spring wheat sprouts.

In field conditions, the analysis of the impact of ar-
tificial infecting with phytoplasma on the productiv-
ity of plants demonstrated the inhibition of the stem
height and the number of spikelets in the main spike,
whereas treating with the solution of the nanoparticle
composite eliminated the inhibiting effect of the agent
on the growth processes of spring wheat, Pecherian-
ka variety. However, treatment with the solution of
nanoparticles in 1 % concentration had a weak phyto-
toxic effect on intact plants, as the impact of nanopar-
ticles led to the decrease in the number of grains in
the main spike by 14.3 %. At the same time, infecting
with phytoplasma inhibited this index more consid-
erably — by 28.6 %. The infection with phytoplasma
was also remarkable for the decrease in such a rel-
evant productivity parameter of wheat plants as the
mass of 1,000 grains, the weight of which decreased
by 14.6 %, whereas the treatment with 1 % solution
of the composite of Ag and Cu nanoparticles elimi-
nated the negative effect of infection, increasing the
mass of 1,000 grains almost up to the control level.
No considerable impact on the mass of 1,000 grains
was noted when treating intact plants with the solu-
tion of nanoparticle composite. The analysis of grain
productivity as per g of grain/plant demonstrated a
similar tendency: the decrease in the mass of grains
of infected plants by 35.5 % and the increase in this
index compared to infected plants by 24.1 % (which
is 20 % below the control) at the effect of the solution
of nanoparticle composite.
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Thus, the effect of foliar treatment with the so-
lution of nanoparticles in the given concentration
(1 % of the working solution) had a weak phytotoxic
impact on intact plants, whereas when the infected
plants were treated with nanoparticles, the produc-
tivity indices were below the control, but above the
indices for the leaves of the infected plants without
any treatment. Such ambiguous effect of foliar treat-
ment with the relevant concentration of nanopar-
ticles on the growth processes is explained, on the
one hand, by weak phytotoxic effect of 1 % solu-
tion of nanoaquacitrates Ag and Cu on plants, and
on the other — by eliminating the negative action of
phytopathogens via inhibiting the growth of their
colonies and terminating their destructive action on
plants. These data were quite confirmed by labora-
tory investigations, where the development of phy-
toplasma — Acholeplasma laidlawii var. granulum
strain 118 — was inhibited considerably at the effect
of nanoparticles in this concentration of the solution
of nanoaquacitrates Ag and Cu (1 %).

The increase in the percentage of full grains, when
infected plants were treated with nanoparticle com-
posite, was also one of the agents, reflecting the in-
crease in productivity. The external view of the seeds
of infected plants and the ones, both infected and
treated with nanocomposite, is presented in Fig. 4. It
should be noted that weak phytotoxic impact at foliar
treatment of wheat plants using aquacitrates of silver
and copper nanoparticles in 1 % concentration on pro-
ductivity may be eliminated by the decrease in the so-
lution concentration.
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b
Fig. 4. Microphotographs of the seeds of spring wheat,
Pecherianka variety, (the phase of complete ripeness), in-
fected with 4. laidlawii var. granulum st. 118 (a) and treated
with the solution of the composite of nanoparticles Ag and
Cu (b) after artificial infection

At the same time, the presowing soaking of the
seeds of spring wheat in 1 % solution of citrate chelate
nanoparticles of silver and copper demonstrated higher
stimulating physiological effect than in 0.5 % both in
the indices of the growth of leaves and mass accumula-
tion of 6-7-day-old sprouts. This physiological action
was in agreement with the increase in photochemical
activity of leaves.

CONCLUSIONS

Thus, a considerable stimulating physiological ef-
fect on the growth of leaves and mass accumulation of
6—7-day-old sprouts was established after the presowing
soaking of spring wheat plants in 1 % and 0.5 % solu-
tions of citrate chelate nanoparticles of silver and copper.

The presowing treatment of the seeds with solutions
of citrate chelate nanoparticles in the leaves of 7-day-
old wheat sprouts resulted in the increase in photo-
chemistry efficiency PSII, considerable decrease in sta-
tionary fluorescence and considerable — almost triple —
increase in the value of induction coefficient Ki (cor-
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relating with the activity of RuBPco) which testifies to
the increase in the intensity of photosynthetic processes
in the leaf apparatus of juvenile wheat plants.

The field experiment was used to establish that in-
fecting wheat plants with phytoplasma Acholeplasma
laidlawii var. granulum strain 118 resulted in the in-
hibition of the stem height, the number of spikelets in
the main spike, the mass of 1,000 grains and grain pro-
ductivity in g/plant — by 14.6 and 35.5 % respectively,
whereas treating with 1 % solution of the composite
of silver and copper nanoparticles eliminated this pro-
cess to some degree, promoting the increase in these
parameters almost up to the control level. At the same
time, the treatment of infected plants with aquacitrates
of nanoparticles led to a notable increase in the percent-
age of full grains. However, there was a weak phyto-
toxic effect after foliar treatment of wheat plants using
nanoparticle composite solution.
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Merta. KommutekcHe mpocmimpkeHHs ¢iziomorianoi aii mutpa-
TOXEJIaTiB HAHOYAaCTWHOK cpibma i Mini Ha POCIHMHU TIIIe-
HUI SpOi 3a TEepeArnoCiBHOTO 3aMOYyBaHHS HACIHHS Ta
mo3akopeHeBoi 00poOkm pocimH. Metoau. disiomoro-
OioxiMivyHi, O6io¢i3n4Hi, MIKpPOOIOIOTiYHI, CTATHCTUYHI.
PesyabraTu. JlocnimkeHo, MpoaHali3oBaHO 1 y3araibHEHO
JaHi CTOCOBHO (i3ioj0origHOTO e(eKTy il MepeamociBHOTO
3aMOYyBaHHS HACIHHS TWIIEHWI APOi PO3YMHAMH IIHTPa-
TOXEJIaTiB HAaHOYACTHHOK cpibma i Mifi Ha POCTOBI MPOIIECH
1 OTOXIMIYHY aKTHBHICTH JHCTKIB y JaOOpaTOPHUX yMO-
Bax, T03aKOPEHEBOI 0OPOOKH PO3YMHOM HAHOYACTHHOK Ta
B yMOBax INTYYHOTO YypaxkeHHS (itormiazmoro (Acholep-
lasma laidlawii var. granulum mr. 118) Ha eneMeHTH Tpo-
JQyKTUBHOCTI POCJIMH MIIEHULI SPOi Y IOJBOBHX YMOBAX.
[ToxazaHO CyTTEBHI CTHEMYNIOIOUNI €(EeKT MEePEaIOCiBHOTO
3amouyBaHHs HaciHHA mmerHumi y 0,5 % i 1 % pozunHax
HAaHOKOMITO3UTIB Ha pICT JIUCTKIB Ta HAKONUYEHHA MAacH
6—7-Mu 10OOBHX TPOPOCTKIB. BHSBIEHO CyTTEBE MiABH-
mIeHHS (OTOXIMIYHOT aKTHBHOCTI JIMCTKIB 7-MH JTOOOBHX
IIPOPOCTKIB 3a MepeanociBHOro 3amouyBanusa y 0,5 % i 1%
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pO3UMHAX HAHOKOMIIO3WTIB, IO IIJIKOM Y3TODKYETBCA i3
aKTHBAII€I0 POCTOBUX MporeciB. B mompoBHX ymoBax, 3a
iH(IKyBaHHS POCIHH TIICHHI Ta 0OPOOKH HAHOKOMIIO3H-
TOM 3MCHIITyBajacs HEeTaTWBHA [is (piTomaToreHiB Ha ene-
MEHTH 3€pHOBOI MPOMYKTHBHOCTI, 30KpeMa BHUIIOBHEHICTH
3epeH, X0Ja CriocTepiraBcs cinadkuit GpiToTokcnyHnit eext
103aKopeHeBo1 00poOKH 1 % pO3UNHOM IHTAKTHUX POCIIHHU.
BucHoBku. BcTaHOBIIEHO CyTTEBHI CTUMYIOIOUHN (i3io-
JOTiYHUH e(eKT Ha pICT JHUCTKIB W HAKOMWYCHHS MAacH
6—7-1000BUX TIPOPOCTKIB 3a MEPEAIOCIBHOTO 3aMOYyBaHHS
HaciHH mmeHuni spoi y 1 % 1 0,5 % pozunmHax
OUTpPaTOXeNaTiB HAaHOYACTHHOK cpibma i mimi. 3a 1mx
YMOB y JHCTKaxX 7-MH JTOOOBHX MPOPOCTKIB IMIICHHUII Bif-
Mi9eHO 3pOocTaHHA (POTOXIMIUHOI AKTHBHOCTI: 3POCTAaHHS
epextuBHOCTI QoToximii DCII, cyTTeBe 3HIKCHHS CTa-
mioHapHOI (IyopecleHIii i cCyTTeBe — Maibke BTpUY —
MIBUINCHHS BEIWYMHA IHAYKIiHOTO KoedimieHTa K,
(kopemroe 13 akTHUBHICTIO puOyn03006icdocharkapOorcH-
na3u (PB®K), mo cBiguuTh Mpo 3pOCTaHHS iHTEHCHBHOCTI
(hOTOCHHTETHYHHX TPOIECIB B JFCTKOBOMY arapari foBe-
HITBPHAX POCIHH TIIEHHII. B yMOBaX MOJIBOBOTO IOCIHITY
BHUSABJIICHO, IO iH(IKYBaHHA POCIHH IIICHUI (iTOTIIA3-
Moto (A. laidlawii) TpU3BOMMIIO 1O 3HIKCHHS ITOKa3HUKIB
3epHOBOI TpoxyKTHBHOCTI: Macu 1000 3epeH i 3epHOBOI
MIPOAYKTHBHICTH B T/pociuHy — Ha 14,6 1 35,5 % Bignosin-
HO, Toai sIK 00OpoOka | %-HHUM pO3YMHOM KOMIIO3UTY
HAHOYACTHHOK Cpibiia 1 Mimi Aemo HiBemoBaja Ied mpo-
1lec, CIPUSIIOYN TIBUIICHHIO ITUX MapaMeTpiB Maibke 10
KOHTPOJBHOTO piBHSA. 3a 0OpOOKM HaHOYaCTWHKAMH iH(]I-
KOBaHUX POCIUH BiIMiU€HO IiIBUIICHHS BiJICOTKY BUIIOB-
HEHHX 3epeH. 3a T03aKOpPEHEeBOI 0OpPOOKM iHTAKTHHX pOC-
JIUH TIIEHUII PO3YNHOM KOMITO3UTY HAHOYACTHHOK BigMi-
YaBcsl CTA0KUH (PITOTOKCHIHHIN BILTHB.

Kuarouosi cioBa: Triticum aestivum L., Acholeplasma laid-
lawii var. granulum mr. 118, HaHOYacTHHKHM cpibna 1 Mi-1i,
HepeoCiBHE 3aMOYyBaHHsS HACiHHS, I03aKOpeHeBa 00-
pobka pociuH, (HOTOCHHTETHYHUI amapar, THIyKiis ¢Giyo-
pecreHiii xaopodinay, 3epHOBa MPOIYKTUBHICTD.
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Heas. KowmmexcHoe ucClenoBaHuEe (QHU3HOIOTHIESCKOTO
JIEHCTBUS IUTPATOXENIATOB HAHOYACTHI] cepedpa W Menu
Ha pacTeHHs IIICHUIBI SIPOW TIPH TIPEIIOCEBHOM 3aMa-
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YHMBAaHWM CEMSH W BHEKOPHEBOH 00pabOTKEe pacTeHH.
Metonpl. Dusnonoro-ormoxumuueckue, Ouodusmyeckue,
MHUKPOOHOJIOTHYECKHE, cTaTHCcTHYeckne. Pe3yabTarsl. Hc-
CJIC/IOBaHbI, MPOAHAIN3NUPOBAHBI U 0000IIEHBI JaHHbIC (Du-
3MOJIOIMYECKOro AP QeKra MpeIIoCceBHOT0 3aMaunBaHUs Ce-
MSH TIICHHUIB! SPOBOM PAacTBOpAaMM IUTPATOXEIATOB Ha-
HOYacTHI[ cepeOpa WM MeIW Ha POCTOBBIE IPOIECCH M
(hOTOXMMHYECKOE AaKTUBHOCTH JIMCTHEB B JIA0OPATOPHBIX
YCIOBUSIX M BHEKOPHEBOW 0O0OpabOTKM pPacTBOPOM HAaHO-
YaCcTUuIll U B YCJIIOBHUAX HWCKYCCTBCHHOT'O 3apaKCHUA (l)I/ITO-
wia3moit (Acholeplasma laidlawii var. granulum mrt. 118)
Ha DJIEMCHTbI NPOAYKTHUBHOCTH paCTeHI/Iﬁ MIIICHUIbI ApO-
BOM B NOJEBBIX ycJOBUsX. [loKa3aH CyIIECTBEHHBIH CTH-
MYJIUpPYIOUHMHA 3(GQEKT NPearnoCceBHOr0 3aMadMBaHMs Ce-
MsH mmeHunsl B 0,5 % u 1% pacTBopax HaHOKOMITIO3H-
TOB Ha POCT JINCTHEB W HAKOIUICHHE MACCHl 6—7 CyTOUYHBIX
HPOPOCTKOB. BBISBICHO CyIIECTBEHHOE TOBBIIEHHE (HOTO-
XMMHYECKOM AaKTUBHOCTH JIMCTHEB 7-MH JIHEBHBIX IIPO-
POCTKOB TIpH TIpeArnoceBHOM 3amaunBanuu B 0,5 % wu
1 % pacTBOpax HaHOKOMIIO3WUTOB, YTO COIIIACYeTCS C akK-
THUBALMEH POCTOBBIX IPOLECCOB. B IOJEBBIX YCIOBUSX,
Npy UHOUIMPOBAHNUK PACTEHUH MIICHUIBI (HUTOILIA3MON U
BHEKOPHEBOH 00pabOTKOH HAHOKOMIIO3UTOB YMEHBIIAJIOCh
HEraTuBHOC BO3I[CI>10TBI/I€ (bI/ITOHaTOFeHOB Ha 3JJICMCHTbBI
3€pHOBOI MPOAYKTHBHOCTH, B TOM HYHCJIC HAIOJIHEHHOCTh
3epeH, XOTsl HaOiroAascs ciadblii GUTOTOKCHYHBINA dPdeKrT
OT BHEKOpHEBOW 00paboTku 1% pacTBOPOM HHTAKTHBIX
pactenuii. BbIBoABI. YCTaHOBIIEH CYIIECTBEHHBIH CTUMY-
mipyromunit pusnonoruueckuii 3pdexkT Ha pocT JIUCThEB
U HAaKOIUIEHHME MacChl 6—7-CyTOYHBIX IPOPOCTKOB MPH
MIPEANIOCEBHOM 3aMavyMBaHUU CEMsIH TIICHUIBI SPOBOM
1 % n 0,5 % pacTBOpOM NIHUTPATOXETATOB HAHOYACTHIL
cepeOpa 1 Meiu. B 9THX YCIIOBHSIX B JIUCTHSIX 7-MH THEBHBIX
MPOPOCTKOB MIICHUI[BI OTMEYEH pOCT (POTOXUMHUUECKON
akTHBHOCTH: pocT 3pexrnBHOCTH (PoToxumuu DCII, cy-
IIECTBEHHOE CHIKEHHE CTAllMOHAPHON (IIyopecleHIuH
1 CyIIECTBEHHOE — MOYTH BTPOE — TOBBIIICHHE BEJINYNHBI
WHAYKIUOHHOTO Kod(duuuenta K; (Koppeiupyer ¢ ak-
tuBHOCTEI0O PB®K), 4TO CBHAETENHCTBYET O pocTe WH-
TEHCUBHOCTH (DOTOCHHTETHYECKHX IIPOIECCOB B CIIOCHOM
arrmapare OBCHUJIBHBIX paCTeHI/Iﬁ IIIICHUIbI. B YCIOBUAX
MIOJIEBOTO ONBITA YCTAaHOBICHO, YTO MH(UIMPOBAHUE pac-
TEHUI MIICHUIBI PpuToruiazmoi (4. laidlawii) TpUBOTUIIO K
CHID)KEHHUIO IOKa3aTesiel 36pHOBOM IPOIYKTUBHOCTH: Mac-
cel 1000 3epeH © 3€pHOBOM NPOU3BOAUTENBHOCTU B
r/pactenne — Ha 14,6 u 35,5 % COOTBETCTBEHHO, TOTJIAa KaK
obpaborka 1%-HBIM pPacTBOPOM KOMIIO3UTA HAHOYACTHIL
cepeOpa M MeM HECKOJIBbKO HHMBEIMPOBAjia 3TOT IPOILECC,
CIOCOOCTBYSI TIOBBIIICHHUIO 3THX IapaMEeTPOB MOYTH JI0
KOHTPOJIBHOTO ypoBHS. Bmecre ¢ Tem npu o0paborke
HaHOYACTHUIAMHM WHQHUINPOBAHHBIX PACTEHUH OTMEUCHO
TIOBBINIICHUE TIPOICHTA 3allOJHEHHBIX 3epeH. OaHako npu
BHEKOPHEBOW 00pa0OTKE MHTAKTHBIX PACTCHUN MIIICHHUIIBI
pacTBOPOM KOMIO3UTa HAHOYACTHI OTMEYaIoCh ci1adboe
(UTOTOKCHUYECKOE BIUSTHHE.

35



PATYKA et al.

KaroueBbie caoBa: Triticum aestivum L., Acholeplasma
laidlawii var. granulum mmr. 118, HaHO9acTUIEI cepebpa u
MeIH, IpPEIIOCEBHOE 3aMavyMBaHHE CEMsH, BHEKOpHEBas
00paboTKa pacTeHmid, (OTOCHHTETHUECKUH anmapar, HHIyK-
s QuryopeceHIMd XJI0poduilia, 3epHOBas MPOLYKTHUB-
HOCTb.
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