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The results of studies on soybean yield black soilstypicalsteppe of Ukraine,
depending on the methodof application andconcentrationof the solutionof
complexmulti-componentmetal nanoparticles. It is establishedthat thetechnology is
effectivetreatmentof ~ soybeanseedsbefore  plantingnanometalsolution at a
concentration of240mg/L andadditiona spraying of crops inthe budding stage.
Usingnanometalfor pre-treatmentof soybean seedsin a concentration of240mg/L in
the normof 0,1l/haof seeds andadditiona spraying of cropswith a solutionat a
concentration of240mg/L inthe budding stage against the backdrop of mineral
fertilizers in normal NgoPgoKgo provides increased crop yield.

Soy,nhanoparticlesof metals, fertilizers, crop.

Modern trends in world agricultural production aimed to develop sustainable
technologies for plant production. Now days urgent needs to reorient agriculture of
our country to the standards of the European market which involve comprehensive
development and implementation in practice paradigm intensification of biological
processes in plant organism [2, 11, 12]. In recent years interest in the formation of
ecologically balanced agrocenosis and increase adaptive capacity of agriculture in the
existing systems of agricultural production has increased tremendously. In the global
theory of organic farming, agro-ecosystems should be created not only as high
performance but also to be environmentally sustainable; with ability to adapt
ontogenetic processes of plants according to the fluctuation of weather conditions and
anthropogenic factors with aim to get environmentally clean products [8].

The systematic study of adaptative reactions of plants in the modified
environmental conditions which occurs via changing climatic factors, transformation
with a prevalence of degradation processes in the soil and water systems,
contaminationby various pollutants are demonstrates the feasibility of using
nanoparticlesadaptative strategies to optimize agriculture and sustainability
productivity [1].

Literature data [8, 11] found that nanoscale state of matter characterized by

significant change and the emergence of new properties that are not inherent to the
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material in a compact state. Specificity of nanostructured materials is reflected in the
thermodynamic characteristics; when a decrease in size significantly increases the
difference between the model of the solid phase which adopted in classical
thermodynamics and real nanoparticles and distribution on the bulk and surface
component are arbitrary. Arsentyeva and Gluschenko has been observed increasing
the Gibbs free energy of nanoparticles under conditions of constant temperature and
pressure which due to a significant increase of surface area, or surface distribution of
phases in nanostructured materials [1,2].

In this case the large surface area of all nanomaterials have large surface energy
— increased by at least three orders of magnitude relative to compact of material, thus
being in an unstable or metastable state and tend to form agglomerates. The use of
nanoscale biogenic metals together with organic compounds which are soluble with
membrane-acting properties is definitely a great perspective and an opportunity to
combain biogenic nanoparticles of metals directly into living cells [4, 10].

Biogenic metal nanoparticles are used as aqueous solutions. Doses which
entered per 1 ton of seeds or 1 ha of crops is extremely small, so it is important that
nanoparticles should be uniformly dissolved in the working solution. Thestock
nonionic colloidal solution of metal nanoparticles diluted with water at a ratio of
1:100. Experimental results S.M.Kalenskoyi and colleagues has been
showedpossibility of mixed use of pesticides and metals nanoparticles solution,
because under these conditions, both pre-treatment and spraying of crop during the
growing season increases the effectiveness of the dressers, fungicides, insecticides
and herbicides [4, 5].

Experimental technological tests has been conducted that solution of metal
nanoparticles is compatible with all types of NPK — fertilizer and pesticides [3, 6, 9].
To use biogenic metal nanoparticles compensates the missing of trace elements in
plants, increases plant resistance, improves metabolic processes of plants under
conditions during the growing season; while improve the quality of the final product.
In addition, to use of metal nanoparticles improves efficiency of basic micronutrients
— nitrogen, phosphate and potash. To use preparats with nanoparticles can help to get

environmentally clean plant products.



Aim and objectives of research. The aim of research is to study of the effect of
biologically active products based on nanosized particles of metals on soybean plants
during growing period. Objective of studies is to propose optimization method of
application different concentrations of the metal nanoparticles on soybean crops with
purpose to study their effectiveness for plant productivity.

Materials and methods. In experiments has been used patented (Patent of
Ukraine for useful model Ne 38459) stock colloidal solution of the complex (Fe, Mn,
Mo, Co, Cu, Zn, Ag) metal nanoparticles [7]. Field experiments which study effects
of multicomponent colloidal solution of metal nanoparticles on soybean yield
formation has been performed at the Department of Crop fields of National
University of Life and Environmental Sciences of Ukraine "Agronomic Research
Station™. Agrotechnics in the experiment were typical for the NorthernForestregion.
Soybeans were sown in the soil temperature at a depth of seeding 10-12 ° C with
support of vegetable seeder COH-4,2. The total area of the experimental area — 84
m,, accounting — 52,8 m,. Experiment replication four times. Seeding soybeans — 700
thousand seeds per 1 ha. To protect against weed harrowing has been performed to
use a mixtures of herbicides aramo (1,0 L/ha) and bazahran (2,0 L/ha).

With aim to determine effectiveness of the solution of metal nanoparticles have
been placed two experiments. In experiment 1 has been learned how to use colloidal
solution of metal nanoparticles for the technology of soybean cultivation. During pre-
sowing cultivation made fertilizers in the combination N3oP3K3zo. The nextforest
soybean varieties were used for the experiment: ultra early cultivar Annushka
(Scientific breeding and seed company "Soy age", Kirovograd) and early maturing
Ustya (Institute of Agrarian Sciences farming, Chabany). Scheme of the experiment
has been consisted from following options:

1. control 1 (seed treatment with distil water)

2. pre-sowing seed treatment with complex of metal nanoparticles single concentration
(Single Conc)

3. pre-sowing seed treatment complex double metal nanoparticles concentration
(Double Conc)

4. control 2 (seed treatment + water spraying crops in the phase of budding water)



5. pre-sowing seed treatment + complex nanoparticles spraying crops in the bud stage
single metal complex nanoparticles concentration

6. pre-sowing seed treatment + complex nanoparticles spraying crops in the budding
phase complex metal double nanoparticles concentration.

Complex metal nanoparticles for pre-treatment of seeds used with the normal
flow 0,1 L/t (100 ml per 10 liters of water and for 10 tons of seeds). The working
solutions of multi-preparats of nanoparticles of metals for foliar treatment in the
phase of budding and flowering of soybean plants has been prepared in norm of 1
liter product soar to 100-300 liters of water (working solution) and for 1 ha.

Experiment 2 has been studied the effectiveness of two concentrations of the
metal nanoparticles on soybean crops what include seed treatment and spraying of
crops soybean by complex solution of single metal nanoparticles (120 mg per L) and
double (240 mg per L) concentrations. The basic soil fertilizers were granular
superphosphate (P,0s — 19%) and potassium salt (K;O — 40%) in the rate of 60 kgper
ha. In spring time has been used ammonium nitrate (N — 30%) in the norms
N30PsoKso, NeoPsoKsoand NgoPgoKeo.

Results. The criterion for evaluating the effectiveness of photosynthesis,
biological nitrogen fixation and formation of plant productivity are indicators of
individual plant productivity and value productivity of soybean. The experimental
results with study using multi solution of nanoparticles together with fertilizing of
soybeans (Fig. 1) has been revealed the most effective one. Thus, treatment of
soybean seeds before sowing with nanoparticles multi-component solution at a
concentration of 240 mg per L and additional spraying of crops in the budding phase
complex metal double nanoparticles concentration on the fertilizers background
N3oP30K3o provides increasing harvest crops compared with control on 1,5-3,0 kgper
ha.
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Figure 1. Yield of soybeans experimental cultivars which growth under
different type of treatment with solution of metalsnanoparicles,
(data for 2010-2013, experiment 1), LCDgs=0.12 t per ha

Variant 6 of experiment 1 with using solution of nanoparticles in the double
concentration (Double Conc) for pre-treatment of soybean seeds and foliar treatment
in the flowering phase has been shownhigher yield of crops (the background of
mineral nutrition N3gP30Ks) for Ustya cultivar 2,44 t per ha and 2,49 t per ha for
cultivarAnnushka.

Comparing the efficiency of metal nanoparticles with the effect of fertilizers
fertilizing crops has been established a positive relationship between yield of
soybean and increasing the concentration of the preparat of metal nanoparticles.
Higher productivity results has been obtained for the pre-treatment of soybean seeds
with solutions of nanoparticles of metals — 2.34 t per ha (Single Conc) for cultivar
Anushka, 2,28 t per ha (Double Conc) for cultivar Ustya (Fig. 2). The highest results
of crop productivity were revealed in the option processing seed crop spraying with
Double Conc of metal nanoparticles plus foliar treatment in the flowering phase with
Double Conc of metal nanoparticles — 2,46 t per ha for soybean cultivar Annushka

and 2,39 t per ha for cultivar Ustya.
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Var V



The results of our study has been shown that more effective ways to use
multicomponent colloidal solution of metals in soybean cultivation technology is the
use nanoparticles for pre- treatment of seeds at a concentration of 240 mg per L with
normal hover 0,1 Lper t seed and additional spraying of crops in concentration of 240
mg perL in the budding stage under background fertilization NgoPsoKeo. The proposed
agrotechnology depending on the concentration of mineral fertilizers in the soil can
provide increasing of crops yield on 1,5-2,5 %.

Conclusions. In cultivation technology of early soybean cultivarsAnnushka and
Ustya on typical chernozem humus-poor forest-steppe Ukrainearea is recommended
to apply multicomponent colloidal solutions of metal nanoparticles as for pre-
treatment of seeds and for plant treatment at phase of budding and flowering. The
patented stock complex colloidal solution (Fe, Mn, Mo, Co, Cu, Zn, Ag) of metal
nanoparticles (Patent of Ukraine for useful model Ne 38459) has been recommended
to use in the concentration of 120 mg per L and 240 mg per L with normal flow 0,1
Lper t seed (100 ml per 10 liters of water and 10 tons of seeds). For foliar treatment
of soybean plants should be prepare stock solutions of multi metal nanoparticles
preparats of soar with the norm 1 liter product for 100-300 liters of water (stock

solution) and for area 1 ha.

Bibliografiya

1. Certificationanduseofmetalnanoparticlesasabiologicallyactivedrugs /
[Arsentieval.,,  ZotovE., FolmanisG.,  GlushchenkoN.,  BaytukalovT.,
Olkhovskayal., BaldohinY., DzidziguriE., SidorovE.] // Nanotechnics. Spec.
issueof "Nanotechnology - Medicine", 2007. - Ne 2 (10). — S. 72-77.

2. GlushchenkoN. N.
Physicalandchemicallawsofthebiologicalactionoffinemetalpowders / Gluschenko
N. N., TheologicalO. I., Olkhovskaya O. // Chemical Physics. — 2002. — V.21, Ne
4. —P.79-85.

3. Kalenskaya S. The influence on the content of nanometal pigments in soybean

plants / S. Kalenskaya, N. Novictska // Proceedings of the International



10.

Conference "Actual problems of life sciences and natural resources”, 26-29
October 2011 , NUBIP Ukraine. — P. 8-9.

Kalenskaya S. The use of biologically active compounds based on nanoscale
metal particles in the technology of soybean / [S. Kalenskaya, N.Novictska, D.
Andriets, R. Holodchenko] // Bulletin of Kharkov National Agrarian University.
Series Biology. — Part 2, 2010 - P. 24-32.

The scientific rationale for the use of nanoscale biogenic metals in the fertilizer
field crops. Scientific and practical advice / [S.Kalenska, N.Novictska,
L.Gonchar and others]. - K.: NAU Ukraine. - 2012 . — 65 .

Nowicka N. The use of colloidal solution of metal nanoparticles in the
technology of soybean / N. Novictska, D. Andriets // International scientific -
practical conference of young scientists, post-graduate and doctoral students'
scientific search for the youth of the third millennium”, May 12-13, 2010,
Belotserkovskii ~ State  Agrarian  University. —  Electronic  resource:
www.btsau.kiev.ua/ua/text.php?id=115

Pat. 38459 Ukraine for useful model The mother colloidal metal / K. Lopatko, E.
Aftandilyants, A. Tonkha, S. Kalenskaya. —The applicant and the National
University of Life and Environmental Sciences of Ukraine: Reported . in the
State. Register of Patents of Ukraine 12.01.2009 .

Rosenfeld LG Nanotechnology in medicine, pharmacy and pharmacology [L.
Rosenfeld, J. Chekman, A. Tertyshna, M. Country] // Pharmacology and Drug
Toxicology, 2008. - Ne 1-3. - C.65 -71.

Sitar O. Morphological and physiological characteristics and yield of soybean
plants for the actions of non-ionic colloidal solutions of metals / [O. Sitar, N.
Novictska, N. Taran, S. Kalenskaya] // Bulletin of the Kiev National University
T. Shevchenko. — Biology. - Ne 58. - 2011. - P.44 -47.

TaranN.
Effectofnitrogennutritionandmetalnanoparticlesonthepigmentcontentinsoybeanpl
ants / [ N. Taran, O. Sitar, S. Kalenskaya, N. Novictska, L. Garbar] //
ScientificBulletinTauride: Scientistmagazine. Vyp.71. — Part 2. — Kherson:
Ailanthus, 2010. — S. 286-294 .


http://www.btsau.kiev.ua/ua/text.php?id=115

11.

12.

Functional Nanomaterials for agriculture / [V. Kopilevich, V. Maxine, V.
Kaplunenko, M. Kosinov] // Journal of NAU. — 2008. - Ne 130. — S. 349-354.
Yakymenko Y. Ukraine's place in the world of nanotechnology / Yakymenko, T.
Naritnyuk, V. Tsendrovsky // Mirror of the week. — 2008. - Ne 29. — C. 9 -15.



