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Aim. To estimate the possibilities of applying nanocomposites on the basis of saponite to increase biomet-
ric indices of corn hybrid Kharkivsky 340 MV. Methods. laboratory (method of scanning electronic micros-
copy, method of fluorescence induction of chlorophylls, spectrophotometric method of determining the num-
ber of green pigments, methods of determining biometric indices of plants), statistical. Results. This article
presents the results of investigating the impact of nanocomposites on biometric indices of corn hybrid Kharkivsky
340 MV. It was established that presowing treatment of corn seeds with aqueous solutions of nanocomposites on the
basis of saponite in the concentration of 300 mg/1 stimulated growth indices of plants. Presowing soaking of seeds
in nanocomposite solutions increased the energy of germination, sprouting and length of hybrid corn seedlings. The
action of nanocomposite Nb-saponite (Et) in the concentration of 300 mg/l leads to the increase in the germination
energy by 10.6 %, the length of a stem part — 2-fold, root system — by 30.3 % and the laboratory germination of seeds
is 100 %. The height of a stem of corn plants in the phase of three leaves after presowing treatment of seeds with
nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l exceeded
the control by 31.7, 26.2 and 42.7 %, and the length of the root system increased twice. The action of Saponite (H)
and Nb-Saponite (Cl) led to the increase in the number and length of the main roots of corn, and Nb-Saponite (Et)
stimulated the development of additional roots and formation of root fibrilla. The presowing treatment of corn seeds
with the solutions of nanocomposites Saponite (H), Nb-Saponite (CI), Nb-Saponite (Et) in the concentration of
300 mg/l promoted the increase in the vegetative mass by 35, 27.9 and 56.4 % compared to the control. At the impact
of nanocomposites, the area of the leaf plate of plants increased by 20.4 % on average. There was an increase in the
sum of chlorophylls (a + b) in plants, whose seeds were previously treated with nanocomposites Nb-Saponite (Cl)
and Nb-Saponite (Et) in the concentration of 300 mg/l by 41.2 and 40.6 % compared to the control. Conclusions.
The application of nanocomposites on the basis of saponite in the concentration of 300 mg/1 for presowing treatment
of corn seeds of hybrid Kharkivskyi 340 MV promoted the activation of growth indices and improved the process of
photosynthesis.
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INTRODUCTION

At present Ukraine’s agrarian sector needs new en-
vironmentally safe and efficient preparations for treat-
ment of agricultural crops, which would enhance seed-
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ing qualities, stimulate growth indices and performance
and protect a plant from unfavorable factors, but would
not pollute the environment.

Traditionally salts of heavy metals and chelate com-
pounds are used as microfertilizers in Ukraine and in
the world, due to which there is accumulation of salts

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.2 2018



ESTIMATION OF THE EFFICIENCY OF APPLYING NANOCOMPOSITES

of heavy metals in the environment and aggravation of
its ecological condition [1]. Thus, the use of a new kind
of microfertilizers, based on nanoparticles, has found
wider application.

A promising direction of using nanoparticles is
deemed to be their application in very low concentra-
tions with the purpose of obtaining environmentally
pure products [2].

The main aspect of nanotechnology development
in plant cultivation is the production of new kinds of
microfertilizers based on nanomaterials. Among va-
rious nanomaterials, considerable popularity was noted
for nanocomposites which combine nanoparticles, lo-
cated in the structure-forming material — a matrix [3].
Nanocomposites on the basis of saponite are promising
meliorants of complex action, which promote greater
harvest and increase the accumulation of resources of
available nutrients of nitrogen, phosphorus, potassium,
and also calcium and magnesium in soil [4-5].

Nanoparticles of oxides of metals enhance the ef-
ficiency of processes in plants and participate in the
formation of microelement balance [1]. Ukrainian and
foreign scientists demonstrated in their works that the
use of nanopreparations, based on nanoparticles of ox-
ides of metals led to enhancing of photosynthetic pro-
cesses, growth indices, and performance of agricultural
crops [6—11].

Some concentrations of iron nanoparticles may in-
crease the performance of cereal crops in the range
from 10 to 40 %. It was established that presowing
treatment of rapeseed using iron nanopowders led to
the development of the root system, the increase in
photosynthetic surface and water-retaining capability
of leaves, their resistance to diseases and, as a result,
to improving the performance and quality of products
[12]. The improvement of photosynthetic processes in
legumes and the increase in germination and energy of
sprouting was observed while using nanocomposites.
Nanomaterials found their application in after-harvest
processing of sunflower, tobacco, potato, apples [5, 13].

The aim of our study was to estimate the possibilities
of applying nanocomposites on the basis of saponite to
increase biometric indices of corn hybrid Kharkivsky
340 MV.

MATERIALS AND METHODS

The study was conducted in the laboratory of biosen-
sorics of the National University of Life and Environ-
mental Sciences of Ukraine. In 2012-2017 there were
physical-chemical and biological studies on 3 samples
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of nanocomposites based on synthetically created
minerals — saponites, synthesized at the CNR-Insti-
tute of Molecular Technologies, Milan, Italy. The
nanomaterials were provided in the framework of
NATO project No. NUKR.SFP 984481.

Nanominerals under study:

1). nanocomposite Saponite (H);
2). nanocomposite Nb-Saponite (Et);
3). nanocomposite Nb-Saponite (Cl).

The microstructure of nanocomposites was stu-
died by the method of scanning electronic microsco-
py (SEM) using Leo 1550 Gemini SEM (Sweden), at
the voltage in the range of 10-20 kV and the standard
diaphragm value of 30 pm. The samples of Saponite
(H) had a somewhat triangular form which reflected
their tetragonal structure. In conditions of dissolving,
they agglomerated into larger spatial formations, but
remained porous, with the size of pores at the level of
100 nm, which demonstrated a considerable area of
their active surface. The samples of Nb-Saponite (Et)
of triangular form were 20-30 nm thick. Nanocompos-
ites Nb-Saponite (Cl) were over 30 nm, but similarly to
the latter, they agglomerated with the formation of sep-
arate flakes. Previous works demonstrated and proved
that nanocomposites on the basis of saponites are envi-
ronmentally safe substances [14—16].

The study on the impact of nanocomposites on the
condition of plants was conducted using hybrid corn
Kharkivskyi 340 MV. The scheme of studies envisaged
different variants of treating seeds. The treatment was
conducted by soaking corn seeds in nanocomposite so-
lutions for 5 h as per 3 I/t respectively: control — seeds
treated with water; variants 1, 2, 3, 4 — seeds treated
with nanocomposite Saponite (H) in the concentration
of 150, 300; 450; 600 mg/1 respectively; variants 5, 6,
7, 8 — Nb-Saponite (Cl) in the concentration of 150;
300; 450; 600 mg/I respectively; variants 9, 10, 11, 12 —
Nb-Saponite (Et) in the concentration of 150; 300; 450;
600 mg/1 respectively.

Laboratory experiments on the impact of nanocom-
posites on corn were conducted on the basis of the
laboratory of biosafety, the chair of molecular biology,
microbiology and biosafety of the National University
of Life and Environmental Sciences of Ukraine. A cur-
rent method according to DSTU 4138-2002 was used
to determine the germination of corn seeds. The energy
of seed germination — the capability of its fast and thick
germination — was determined together with laboratory
germination [17, 18].
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The vegetation experiments were conducted in phy-
toclimatic chambers «Silver box evolution» (Ukraine)
of the laboratory of biosensorics of the chair of molecu-
lar biology, microbiology and biosafety (2016-2017).
Previously treated corn seeds of hybrid Kharkivskyi
340 MV were sown in a phytotron with plastic vials of
2-5 1, containing clay pellets as the backing mixture.
Each vial had 10-12 plants, grown in 3—4 repeats. The
plants were grown at 18-25 °C, illuminated with SHP-

suspension was filtered into a dry measuring tube, the
filter was washed with the solvent until complete re-
moval of pigments. The obtained extract was poured
into a tube of 50 ml with the addition of ethyl alco-
hol up to the mark, mixed well and passed through the
spectrophotometer Unico 1205 (USA) at correspond-
ing wavelengths. The concentration of pigments was
calculated by the equations:

. . C, .,=1370D,,~576D,,; 2)

TS Gro Lux lamp, the dark interval lasted 9 h, the light o .
interval — 15 h. The temperature was maintained at the Conip =25-80 Dgyy = 7.60 Do )
level of 20-25/18-20 °C (day/night). Cotasany = 610D, +20.04 D,,,, 4
The length of sprouts and roots was estimated with  where C,  , C, ., C . . — the concentrations

a ruler for each plant, which had a sprout and a root.
The mass of the aboveground and underground parts
was determined using digital analytical scales Ohaus
Pioneer (USA). The area of the leaf apparatus was de-
termined by its length, width, and transferring coeffi-
cient which was 0.67 for crops with the oblong form
of leaves. The area was calculated by the following
formula:

A=L-W-C, (1)

where A — area of the leaf, sq.cm; C — transferring co-
efficient (0.67); L — length of the leaf, cm; W — width
of the leaf [19].

To determine chlorophylls @ and b, fresh leaves of
corn were cut with scissors in small pieces and the sam-
ple of 500 mg was taken. The sample was placed into
a porcelain mortar and ground with 5 ml of the solvent
(96 % of ethyl alcohol) and silica sand. The obtained

of chlorophylls a, b, and their sum, respectively,
mg/1[20].

The content of pigments (A) in the plant material,
mg/g of raw mass, was calculated by the equation:

A =(C-V)(W-1000), (5)
where C — concentration of pigments, V — volume of

the extract, ml (25 ml), W — weighed quantity of plant
material, g (0.2 g) [21].

The kinetics of changes in fluorescence induction of
chlorophyll (FIC) was determined by a portable device,
chronoflourometer «Floratest» (Ukraine), in the labora-
tory of biosensorics of the chair of molecular biology,
microbiology and biosafety at the National University
of Life and Environmental Sciences of Ukraine. The
adaptation of corn leaves to darkness was conducted
for 5 min. The FIC parameters of plants were measured
in the phase of three leaves in the central part of the

Table 1. The impact of nanocomposites on sowing qualities of corn seeds of hybrid Kharkivskyi 340 MV

Variants Concentra'tion in aqueous Energy ' Laboratory germination
medium, mg/1 of seed germination, % of seeds, %
Control - 82.67+1.73 96.00 £ 1.13
Nanocomposite Saponite (H) 150 87.33+1.73 96.67 £ 0.65
300 91.33 £0.65 97.33 £0.65
450 90.00 £ 1.13 96.67 £ 0.65
600 91.33 £0.65 96.67 £ 0.65
Nanocomposite Nb-Saponite (CI) 150 90.67 = 0.65 97.33+1.73
300 91.78 £0.22 99.33 £ 0.65
450 91.80 +£0.97 98.67 £ 0.65
600 92.67 + 0.65 98.45 £ 0.65
Nanocomposite Nb-Saponite (Et) 150 92.67 £ 0.65 97.33 £0.65
300 93.33 +1.31 100.00 £ 0.00
450 92.67 £ 0.65 98.67 £ 0.65
600 93.33 +£0.65 98.67 £ 0.65
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formed leaf plate. The intensity of chlorophyll fluores-
cence was measured in three repeats for each variety,
in 90 points with the time interval from 3 ps to 300 s
[22, 23] and then transferred into relative units. Micro-
soft Excel was used to build induction curves using the
points and to analyze amplitude and temporal param-
eters of their separate phases [24].

RESULTS AND DISCUSSION

Impact of newly synthesized nanocomposites on sow-
ing qualities of corn seeds. High quality sowing ma-
terial was used to obtain good harvest of agricultural
crops. It is believed that harvest may be increased by
20-25 % if more quality seeds are used [18]. Germina-
tion is referred to the main indices, which characterize
sowing qualities of seeds. It was proven that only while
sowing seeds with high germination properties, estab-
lished by the standard, one may obtain fast and thick
sprouts and more productive plants. In other words,
germination is a measure of viability of the sowing
material. It is determined both in laboratory (optimal)
and field conditions. As a rule, laboratory germination
exceeds the one in the field. Scientists and specialists
traditionally believe that the lower the laboratory ger-
mination of seeds is, the lower harvest is, obtained by
sowing such seeds. The energy of seed germination is
determined along with the laboratory germination and
is believed to be its capability of fast and thick ger-
mination. It is natural that seeds, which are the first
to germinate, have higher vital power and form more

productive descendants than the ones, which germinate
later, thus, the biological value of germination energy
is very important [25-27].

The presowing treatment of seeds with aqueous
solutions of nanocomposites on the basis of sapo-
nite in laboratory experiments promoted the increase
in germination energy and sprouting for corn seeds
(Table 1).

The presowing treatment of corn seeds of hybrid
Kharkivskyi 340 MV with nanocomposites demon-
strated positive results in all the investigated con-
centrations. With nanopreparations, the germination
energy exceeded the control by 8.93 % on average.
The maximal increase in the germination energy by
10.66 % compared to the control was observed at the
concentration of nanocomposite Nb-Saponite (Et)
300 mg/l. At the action of nanocomposites Sapo-
nite (H) and Nb-Saponite (Cl) in the concentration of
300 mg/1, the germination energy increased by 8.7 and
9.3 % respectively compared to the control.

When nanocomposites on the basis of saponite were
used, the laboratory germination of corn seeds ex-
ceeded the control by 1.9 % on average. During the
application of nanocomposite Nb-Saponite (Et) in the
concentration of 300 mg/l, the value of this index was
100 % which demonstrates a high stimulating effect of
this nanocomposite. Seed germination after presowing
soaking in aqueous solutions of nanocomposites Sapo-
nite (H) and Nb-Saponite (Cl) in the concentration of

Table 2. The morphophysiological indices of corn seeds of hybrid Kharkivskyi 340 MV after treatment with nanocomposites

based on saponite

. Concentration in aqueous Length of root part Length of stem part
Variants medium, mg/1 of seedlings, mm of seedlings, mm
Control - 79.33 £4.57 18.00+1.13
Nanocomposite Saponite (H) 150 80.67 + 5.81 17.67 £2.36
300 82.33 +8.49 19.67 +0.65
450 81.00 + 8.98 19.67 £ 1.73
600 81.33 +3.64 19.33 £0.65
Nanocomposite Nb-Saponite (CI) 150 7933+ 1.73 21.00+1.73
300 84.00 £ 1.73 24.00 £ 1.13
450 83.67+1.73 23.67 £ 0.65
600 83.33 +1.31 24.67 +0.65
Nanocomposite Nb-Saponite (Et) 150 89.33 £4.57 32.00+1.13
300 103.33 £2.85 38.00 £2.26
450 102.00 £2.26 37.67 £0.65
600 103.33 £2.36 38.00 + 1.96
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Fig. 1. The development of plants on the seventh day of
germination: a) control, b) treated with nanocomposite Nb-
Saponite (Et) in the concentration of 300 mg/1

300 mg/l was 97.3 and 99.3 % respectively whereas it
was 96 % for the control.

The results of studies on the impact of nanocompos-
ites on morphophysiological properties of corn seeds
demonstrated that newly synthesized nanomaterials
improved growth indices of stem and root parts of
sprouts (Table 2). Niobium-containing nanocompos-
ites on the basis of saponite demonstrated a stronger
stimulating effect regarding the length of the stem and
root parts of corn seed sprouts compared to nanocom-
posite Saponite (H.) At the action of nanocomposite
Saponite (H) the length of the root and stem parts of
a corn seedling increased by 2.5 and 6.0 % on average
respectively compared to the control. As for nanocom-
posite Nb-Saponite (Cl), the value of the stem part in-
creased by 29.6 % on average compared to the control,
and at the action of nanocomposite Nb-Saponite (Et)
the average value of the stem part increased twice com-

68

pared to the control. At the action of nanocomposites
Nb-Saponite (Cl) and Nb-Saponite (Et), the root part
of corn seedlings increased by 4.1 % and 25.38 % on
average respectively compared to the control.

The data, presented in Table 2, demonstrate that the
best growth indices of the stem part of corn seedlings
were observed for the use of nanocomposite Nb-Sap-
onite (Et) in the concentration of 300 mg/l, when the
length of the stem part of corn seedlings increased twice
on average compared to the control. At the action of
nanocomposite Nb-Saponite (Et) in the concentration
of 300 mg/1 the root part of corn seedlings increased by
30.25 % compared to the control (Fig. 1).

The study on the impact of nanocomposites on mor-
phological indices of corn. Further studies required
planting corn seedlings into a phytoclimatic chamber.
The plants were grown at 18-25 °C, the dark interval
lasted 9 h, the light interval — 15 h. The temperature
was maintained at the level of 20-25/18-20 °C (day/
night). The investigation of masses and morphological
indices of plants was conducted in the phase of three
leaves.

The phase of 3—5 leaves is remarkable for corn plants
during the vegetation period, as this is when plants
are most sensitive to being overrun with weeds and to
unfavorable weather conditions. The data in Table 3
demonstrates that the use of nanocomposites based on
saponite improved growth indices of plants.

The indices of stem height and length of root system
for corn plants in the control variant were 18.73 cm
and 12.27 cm on average respectively. With the use of
nanocomposites Saponite (H), Nb-Saponite (Cl) and
Nb-Saponite (Et) in the concentration of 300 mg/1, the
index of stem height increased by 31.7 %, 26.2 % and
42.7 % respectively compared to the control (Fig. 2).

With the use of nanocomposites Saponite (H), Nb-
Saponite (Cl) and Nb-Saponite (Et) in the concentra-
tion of 300 mg/1 the length of the root system increased
twice on average compared to the control (Table 3).

While studying the impact of nanocomposites of the
root system of plants it was observed that the action
of nanocomposites Saponite (H) and Nb-Saponite (CI)
led to the increase in the number and length of the main
roots of corn, and nanocomposite Nb-Saponite (Et)
stimulated the development of additional roots and for-
mation of root fibrilla (Fig. 3).

This impact demonstrates the improvement in the in-
take of minerals, water and nutrients to plants, as the
function of absorbing water and mineral substances,
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dissolved therein, is the most important function of
roots and root fibrilla, transporting nutrients to the root,
and further on to the plant organism.

The analysis of the mass of control and experimen-
tal plants demonstrated (Fig. 4) that all the investigated
nanocomposites promoted the accumulation of vegeta-
tive mass. The use of nanocomposites Saponite (H),
Nb-Saponite (Cl), Nb-Saponite (Et) increased the mass
of plants at the concentration of 300 mg/ml by 35, 28
and 56.43 % respectively compared to the control.

Table 4 demonstrates that at the action of nanocom-
posites Saponite (H), Nb-Saponite (Cl) and Nb-Sapo-
nite (Et) the mass of the aboveground part of corn in-
creased by 25, 10 and 36.25 % on average respectively
compared to the control.

At the action of nanocomposites Saponite (H), Nb-
Saponite (Cl), and Nb-Saponite (Et) the mass of the
root system of corn plants exceeded control values by
16.3, 20.5 and 39.7 % on average respectively.

Nanocomposite Nb-Saponite (Et) showed the best
results in promoting mass accumulation of the aboveg-
round and underground parts of corn plants. While us-
ing the nanocomposite material in the concentration
of 300 mg/l, the mass of the aboveground part of corn
plants increased by 57.5 % compared to the control,
and the mass of the root system increased by 55 %.

The study on the impact of nanocomposites on photo-
synthetic apparatus of corn plants. The process of pho-
tosynthesis in plants is one of the most relevant indi-

Fig. 2. Corn plants in the phase of three leaves: a — control;
b — nanocomposite Saponite (H) — 300 mg/l; ¢ — nanocom-
posite Nb-Saponite (Cl) — 300 mg/l; d — nanocomposite Nb-
Saponite (Et) — 300 mg/1

ces of plant physiology. Experimental studies of many
scientists proved that the photosynthetic performance
of plants depends on the area of assimilation surface,

Table 3. The morphological indices of corn plants of hybrid Kharkivskyi 340 MV in the phase of three leaves at the effect

of nanocomposites
. Concentration in aqueous Height of stem, Length of root system,

Variants medium, mg/ci ¢ cm : cm ’

Control — 18.73 £0.28 12.27 £0.43
Nanocomposite Saponite (H) 150 18.90 = 0.39 14.63+1.2
300 24.67+1.42 23.43+0.73

450 24.07+2.33 22.30 £0.85

600 24.30+2.10 22.73 +£1.41

Nanocomposite Nb-Saponite (Cl) 150 20.50 £ 0.79 19.83 £0.77
300 23.63 £0.36 23.50 +£0.41

450 23.03 £0.57 23.07 £0.52

600 23.13+0.28 23.30 £ 0.52

Nanocomposite Nb-Saponite (Et) 150 21.83 +0.47 23.20+0.23
300 26.73 £0.56 25.90 £ 0.52

450 26.57 £0.92 25.17 £ 0.86

600 26.20 £ 1.29 25.83 £0.57

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.2 2018
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Fig. 3. The impact of nanocomposites on the development
of the root system of plants in the phase of three leaves:
a — nanocomposite Nb-Saponite (Et) — 300 mg/l; b — control

the intensity of photosynthesis, daily gain in vegeta-
tive mass, efc. [28]. The area of a leaf plate is consid-
ered to be one of the main indices which characterizes
the condition of plantings from the standpoint of their
photosynthetic activity [29]. It was established that the
larger area of leaf surface is, the faster the accumula-
tion of organic matter by agricultural crops is, which
conditions the increase in performance per one unit of
planted area [12, 30].

It was established that the presowing treatment of
seeds with aqueous solutions of nanocomposites,
based on saponite, increased the area of a leaf plate by
20.4 % on average compared to the control. The high-
est increase in the area of a corn leaf plate was noted at

2.5

20
1.5 Ed

1.0 |

150 300 450 600
Saponite (H)

Mass of plants, g
o
(9]
Control H—i

150 300 450 600
Nb-Saponite (Cl)

Concentration of nanocomposites, mg/l

the impact of nanocomposite Nb-Saponite (Et) in the
concentration of 300 mg/l — this index increased by
44.5 %. At the impact of nanocomposites Saponite (H)
and Nb-Saponite (Cl) this index exceeded the control
by 2 and 25 % on average respectively (Fig. 5).

The performance of photosynthesis processes is clo-
sely related to chlorophyll of leaves which plays the
role of a sensibilizator, i.e. a substance, absorbing light
[31]. Chlorophylls a and b are relevant photosynthesiz-
ing pigments of higher plants, which are Mg-containing
porphyrins, most of them are included into the compo-
sition of light-collecting complexes, ensure absorption
and transfer of light energy to reaction centers where
photosynthetic reactions take place [32]. With the par-
ticipation of pigments, the energy of light quantum is
transformed into macrocompounds, which are further
used for the synthesis of organic compounds in a plant.

The spectrophotometric analysis revealed that dur-
ing the phase of three leaves the chlorophyll content in
corn plants of hybrid Kharkivskyi 340 MV, which was
previously treated with nanocomposites, increased by
21.8 % compared to the control. The same regularity
was also revealed for chlorophyll b, and the number
of chlorophylls in plant leaves increased by 4.3 % on
average compared to the control.

After the previous treatment of corn seeds with nano-
composites Saponite (H) Nb-Saponite (Cl) and Nb-
Saponite (Et), the content of chlorophylls @ and b in-
creased by 15.5 and 2 %, 28.9 and 13 %, and 26.7 and
4.3 % on average compared to the control.

The highest content of chlorophyll a was noted in
hybrid corn leaves, whose seeds were treated with
solvents of nanocomposites Nb-Saponite (Et) and Nb
Saponite (Cl) in the concentration of 300 mg/l, and it

150 300 450 600
Nb-Saponite (Et)

Fig. 4. The impact of nanocomposites on mass indices of corn plants
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Fig. 5. The impact of nanocomposites on the area of a corn leaf plate

was 2.03 and 2.11 mg/g of the mass of raw substance,
whereas in the control variant this index was 1.42 mg/g.

A high content of chlorophyll » was observed at the
impact of nanocomposites based on Nb-Saponite (Et)
in the concentration of 300 mg/l and Nb-Saponite (CI)
in the concentration of 600 mg/l, it was 0.29 mg/g and
0.29 mg/g, whereas in the control it was 0.23 mg/g
(Table 5).

There was a noted increase in the sum of chloro-
phylls (a+b) in variants of plants, whose seeds were
previously treated with nanocomposites Nb-Sapo-

nite (Cl) and Nb-Saponite (Et) in the concentration of
300 mg/l by 41.2 and 40.6 % respectively compared
to the control.

A photosynthetic apparatus is very sensitive to stress
factors, the determination of the impact of different
factors on the condition of plants requires application
of express and informative methods which would allow
conducting analyses both in laboratory and field con-
ditions with minimal disruption of the integrity of the
investigated objects. These methods include the met-
hod of fluorescence induction of chlorophyll, which is

Table 4. The mass indices of aboveground and underground parts of corn plants of hybrid Kharkivskyi 340 MV in the phase

of three leaves at the action of nanocomposites

. Concentration in aqueous | Mass of the aboveground | Mass of the underground
Variants medium, mg/l part, g part, g
Control - 0.8 +0.06 0.60 +0.14
Nanocomposite Saponite (H) 150 0.83 £0.06 0.62 +0.05
300 1.16 £0.17 0.73+£0.12
450 1.08 £0.15 0.76 £0.11
600 0.94+0.10 0.68 +0.26
Nanocomposite Nb-Saponite (Cl) 150 0.87+0.18 0.67 +0.08
300 1.03+£0.12 0.76 £0.10
450 0.81+0.12 0.74 £0.18
600 0.82+0.26 0.72 £0.05
Nanocomposite Nb-Saponite (Et) 150 0.86 £0.16 0.71+0.14
300 1.26+£0.13 0.93 £0.05
450 1.08 £0.09 0.87+0.12
600 1.16 £0.21 0.84 +0.05
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Fig. 6. The induction curves of fluorescence on corn chlorophyll at the action of nanocomposites

widely used in modern studies of photosynthetic pro-
cesses [33-35].

The kinetics of changes in the curves of fluorescence
induction of chlorophyll was determined by a portable
device, a fluorimeter «Floratest», developed by the
State scientific-engineering center of microelectronics
at the Institute of Cybernetics named after V.M. Hlush-
kov (Ukraine).

The fluorescence induction of chlorophyll was mea-
sured in corn plants in the phase of three leaves on

identical levels (Fig. 6), the plants, whose seeds were
previously treated with water, were used as the control,
the experimental samples were found in plants, whose
seeds were treated with nanocomposites in the concen-
trations of 300 mg/l, as this concentration increased
sowing qualities of seeds and growth indices of plants.

The index of background fluorescence (F) character-
izes the amount of inactive chlorophyll, which does not
have any functional relation with the reaction centers
i.e. it serves as the initial level of FIC. It depends on the

Table S. The impact of nanocomposites on the content of chlorophylls in the leaves of hybrid corn Kharkivskyi 340 MV

. Concentration in aqueous Content of chlorophylls, mg/g of mass of raw material
Variants medium, mg/1
’ C-a C-b
Control - 1.42 +0.07 0.23+0.01
Nanocomposite Saponite (H) 150 1.91 £0.08 0.27 +£0.01
300 1.63 +£0.06 0.23£0.02
450 1.64 +£0.07 0.24 +0.01
600 1.38+£0.06 0.20+0.01
Nanocomposite Nb-Saponite (Cl) 150 1.52+£0.07 0.23+£0.03
300 2.11+0.07 0.22+0.01
450 1.72+0.11 0.28 £0.02
600 1.96 +0.07 0.29+£0.02
Nanocomposite Nb-Saponite (Et) 150 1.52+£0.06 0.21+0.01
300 2.03 +0.08 0.29+£0.03
450 1.79+0.10 0.25+0.01
600 1.86 + 0.05 0.22+£0.01

Note. C-a — concentration of chlorophyll @ (mg/g of the mass of raw material); C-b — concentration of chlorophyll » (mg/g of

mass of raw material).
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Table 6. The impact of nanocomposites on the indices of fluorescence induction of chlorophyll in corn plants of hybrid

Kharkivskyi 340 MV
Variants
Index . . .
Conirol Nanocomposite Nanocomposite Nb- Nanocomposite Nb-

Saponite (H) Saponite (CI) Saponite (Et)

F, 347+£17.21 496 +£22.34 512 +23.09 464 +21.23

F, 731 +32.55 960 £41.12 1008 +49.14 944 +46.78

dF | 384 +18.24 464 +19.67 496 +21.80 480 +25.36
F . 1531 £74.55 1968 + 87.12 2176 +98.88 1936 = 96.05

F, 4427+ 19.14 688 +32.43 592 £27.98 512+£21.98
F, 1184 +53.45 1472 + 68.32 1664 +79.34 1472 £71.65
F/F .. 0.77 £0.03 0.75+0.02 0.76 £0.03 0.76 £0.04
(F . FIF, 246+0.12 1.86 +0.07 2.68+0.10 2.78 £0.14

Note. F —index of background chlorophyll fluorescence, F - level of fluorescence plateau, F_— maximal value of fluores-
cence, F — variable value of fluorescence, F - stationary level of fluorescence.

losses of excitation energy during the migration with
pigment matrix. The index F of corn plants, treated
with nanocomposites, was in the range from 464 c.u.
to 512 c.u. and it was higher than the index in control
plants, which was 347 c.u. (Table 6). It demonstrated a
higher number of antenna chlorophylls in the investi-
gated samples compared to the control, such data may
be explained by a structural change in pigment com-
plex of corn plants at the action of nanocomposites.

At the action of nanocomposites Saponite (H), Nb-
Saponite (Cl) and Nb-Saponite (Et) the index d Fpl in-
creased by 20.8,29.2 and 25 % on average respectively
compared to the control. These data demonstrate the
increase in the value of fluorescence from F to F in
plants at the action of nanomaterials.

The stationary level of fluorescence is characterized
by a dynamic equilibrium between the processes, condi-
tioning the increase in fluorescence, and the proces-ses,
causing its decrease. At the action of nanocompo-sites
in plants, the index F was 35 % higher on avera-
ge compared to the control.

Index F_ indicates the highest level of fluorescence,
registered on the induction curve as its maximum. The
highest value F _ was registered for plants, treated with
nanocomposite Nb-Saponite (Cl), and it was 2176 c.u.

The variability of fluorescence (F ) is calculated as
the difference between indices F__and F_ and is a
physiological index, reflecting the action of environ-
mental and experimental factors of a plant. At the ac-
tion of nanocomposites Saponite (H), Nb-Saponite
(Cl) and Nb-Saponite (Et), this index in plants was

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.2 2018

max

1472, 1664 and 1472 c.u., whereas in the control it was
1184 c.u. These data confirm the impact of nanomateri-
als on physiological processes in plants.

Indices F /F__ depend on the efficiency of photo-
chemical reactions of a photosystem (PS) 2 [22]. In
dark-adapted plants this coefficient reflects the poten-
tial quantum efficiency of PS 2, which is used as an
indicator of photosynthesis performance, the optimal
value for which for most species of plants in condi-
tions of saturated intensity of exciting light does not
exceed the value of 0.83. According to the data of stu-
dies, the index F /F__ in the control and experimental
plants was in the range of 0.75-0.77 c.u., which pro-
ves a normal course of photosynthesis both in control
and experimental plants.

The efficiency of photochemical energy transfor-
mation in PS 2 was calculated by the formula
(F _,—F)F, which characterizes the rate of linear
transportation of electrons. It is an integral index of
photosynthesis, which changed in the investigated

plants from 1.86 to 2.78 c.u.
CONCLUSIONS

The study on the impact of nanocomposites, based
on saponite, on biometric and physiological indices of
hybrid corn Kharkivskyi 340 MV allows a conclusion
on the stimulating action of newly synthesized nano-
composites regarding growth processes in corn plants.

Presowing treatment of hybrid corn seeds with nano-
composite solutions increased the energy of germina-
tion, sprouting and length of plants seedlings. At the
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impact of nanocomposite Nb-Saponite (Et) in the con-
centration of 300 mg/l the energy of germination in-
creased by 10.6 %, seed germination was 100 %, the
lengths of a stem part of seedlings increased twice, and
the root part increased by 30 %.

Newly synthesized nanocomposites stimulated the
growth of hybrid corn plants in the phase of three
leaves. After presowing treatment of seeds with nano-
composites the height of a plant stem exceeded the con-
trol by 26 % on average, the length of the root system
increased twice on average, the mass and area of a leaf
plate of plants increased. It was noted that the impact
of nanocomposites led to the increase in the number
and length of roots, stimulated the development of ad-
ditional roots, and the formation of root fibrilla.

The spectrophotometric analysis demonstrated an in-
crease in the sum of chlorophylls (a + b) in the leaves
of plants, whose seeds had previously been treated with
nanocomposites. A detailed analysis of Kautsky curve
indices in the control and experimental plants demon-
strated that newly-synthesized nanocomposites did not
cause any disruptions in the processes of fluorescence
induction of chlorophyll.

Oninka eeKTHBHOCTI 32CTOCYBAHHSI HAHOKOMIIO3UTIB
SIK €KO0JIOTiYHO-0e31eYHUX HAHOA00pHUB
AJISl CTUMYJIIOBAHHS 0ioMeTPpHYHHMX MOKA3HUKIB
CiIbCBKOTrOCNOAAPCHKUX POCIHH
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Merta. OLiHUTH MOXKJIMBOCT] BUKOPHCTAHHS HAHOKOMITO3UTIB
HA OCHOBI CamoOHITY Ui IIIBUIICHHS Oi0METPHYHIX
MMOKAa3HUKIB TiOpmaa Kykypym3u XapkiBcekuit 340 MB.
Metoau. JlaboparopHi (MeTOJ CKaHYBaJIbHOI €IEKTPOHHOI
MIKpOCKOITii, MeTox IHIYKIil (uIyopucIeHmii Xiopodiry,
CIIEKTPO(OTOMETPUYHHUI METOJ BH3HAYCHHS KIIBKOCTI
3€TICHUX TMITMEHTIB, METOAM BH3HAYCHHA Oi0METPHYHIX
MTOKAa3HUKIB POCINH), cTarucTu4Hi. Pe3yabraTtH. Y maHiit
CTaTTi MPENCTABICHO pE3YyAbTaTH JMOCTIPKCHHS BIUIMBY
HAHOKOMIIO3WTIB Ha OIiOMETpWYHI TOKAa3HWKH Tridpuna
KyKypym3u XapkiBcekumit 340 MB. Bcranosieno, mio
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mepeArnociBHa 00poOKa HAaCiHHSA KyKypYI3W BOTHUMH PO3-
YMHAMH HAHOKOMITO3HUTIB Ha OCHOBI CAIlOHITY y KOHIICHT-
pamii 300 Mr/nm cTEMYyIIOBajia POCTOBI MOKA3HUKH POCIHH.
[lepenmociBHe 3aMOYyBaHHS HACIHHSA B PO3YMHAX HAHOKOM-
MO3WTIB TIBUIIYBAJIIO €HEPTil0 MPOPOCTAHHS, CXOXKICTH 1
JIOBXHHY TPOPOCTKIB TiOpuaa KyKypym3u. 3a [ii HaHO-
komno3uty Nb-Saponite (Et) B kxonmentpamii 300 mr/n
BinOyBaeThCA 301IbIIEHHS eHeprii mpopocTanHsa Ha 10,6 %,
JIOBKMHU CTEOJIOBOT YaCTHHHM — Yy 2 pa3u, KOPEHEBOI CHC-
temu — Ha 30,3 % Ta maGopaTopHa CXOXICTb HACiHHSA
cranoBuTh 100 %. Bucora crebma pociawH KyKypya3dl y
(asi TPHOX JIMCTKIB 3a MEPEANOCIBHOI 0OpOOKM HACiHHS
HaHokommo3sutamu Saponite (H), Nb-Saponite (Cl) i Nb-
Saponite (Et) y xonuentpanii 300 mr/m mnepesuiyBaia
koHTponb Ha 31,7, 26,2 ta 42,7 %, BoAHOYAC JOBKHHA
KOPEHEBOI CUCTEMH 3pocTaia y 2 pasu. 3a nii Saponite (H)
i Nb-Saponite (Cl) 36inblryBanach KiJgbKICTh 1 JOBKHHA
TOJIOBHUX KOpEHIB Kykypya3u, a Nb-Saponite (Et) cru-
MYIIIOBaB PO3BHUTOK JOJATKOBMX KOPEHIB Ta (hOpMyBaHHS
KOpeHeBHX BosockiB. [lepearnociBHa 00poOka HACiHHS Ky-
Kypy[3u po3uMHamMu HaHokomnosuTiB Saponite (H), Nb-
Saponite (CI), Nb-Saponite (Et) B xonuentparii 300 mr/a
cripusiia 30UTBIICHHIO BereTaTMBHOI macu Ha 35, 27,9 Ta
56,4 %, HiK y KoHTpomi. Ilnoma JHUCTKOBOI IJIaCTHHKHU
POCIIMH 3a BIUIMBY HAaHOKOMIIO3MTIB 301jiblLIyBajiach B ce-
pennbomy Ha 20,4 %. Byno BUSIBIEHO 3pOCTaHHS CyMHU
xyiopodiniB (a + b) y pocianH, HACIHHS SIKMX MONEPETHHO
o0pobnene HaHokomrio3utamu Nb-Saponite (Cl) Ta Nb-
Saponite (Et) B konuentpauii 300 mr/n Ha 41,2 ta 40,6 %
BIZIMOBITHO 70 KOHTposto. BucHoBKHM. 3acTocyBaHHS Ha-
HOKOMITO3UTIB Ha OCHOBI caroHiTy B KoHueHTpauii 300 mr/in
JUTS TIEPEAIOCiBHOI 0OpOOKM HACIHHS KyKYpyI3u TiOpuiy
XapkiBcpkuii 340 MB, crippunHsie akTHBALIIO POCTOBHX I10-
Ka3HHKIB Ta ITOKPAIIYeE ITPOIEC MPOXOKEHHS (POTOCHHTESY.

Ki11040Bi c10Ba: HAHOKOMITO3UTH, KyKYpy/3a, HACIHHS, pOC-
TOBI mporecH, (i3i0N0rivyHI mapaMeTpH, cTedno, KopeHesa
cucTeMa.
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Heab. OueHNTH BO3MOKHOCTH HCIIOIb30BAHUE HAHOKOM-
MIO3UTOB HAa OCHOBE CAIlOHWTA JUIA IIOBBIMICHHUS OHMOMET-
pUYECKHX TOKa3areseil THOpuaa KyKypy3bl XapbKOBCKHA
340 MB. Metoasl. JlabopaTtopHbie (METOI CKaHUPYIOIIEH
NEKTPOHHON MMKPOCKOIMH, METOA HMHAYKIHHU (III0OpHC-
LHeHIMK XJopoduiia, CIeKTPOPOTOMETPHIESCKUNA METON
OIIPE/EICHNs] KOIMYECTBA 3€JCHBIX MUTMEHTOB, METOJIBI
oTpefiesieHNs] OMOMETPHUYECKUX TOKa3aTesiell pacTeHUi),
cratuctuyeckue. Pesyabrarbl. B 1aHHOW crartbe mpen-
CTaBJIEHBl PE3Yy/IbTAThl MCCICAOBAHUS BIHMSIHUS HAHOKOM-
MO3UTOB Ha OWOMETPUYECKHE IIoKaszaTeld TUOpujga Ky-
Kypy3bl XapbkoBckuit 340 MB. YcraHoBieHo, 4TO Mpen-
MoceBHass 00pabOTKa CeMSH KYKYypy3bl BOJHBIMH PacTBO-
paMyd HAHOKOMIIO3UTOB Ha OCHOBE CallOHUTa B KOHIICH-
tpauu 300 M/ CTUMyIMpOBalla POCTOBbIC MOKA3aTelH
pactrenuii. [lpeanoceBHoe 3amaynMBaHHUE CEMSIH B pact-
BOpax HaHOKOMITO3UTOB MOBBINIANIO YHEPTUIO TPOPACTAHUS,
BCXOXKECTh M JUIMHY MPOPOCTKOB THOpHIa KyKypy3bl. 3a
nevictBus HaHokoMmo3uta Nb-Saponite (Et) B koHIeHTpa-
uud 300 MI/71 TOPOMCXOMUT YBEIMUYCHHE SHEPTHH IIPO-
pactranus Ha 10,6 %, mIuHBI CTEOICBOM YacTH — B 2 pasa,
KopHeBol cuctembl — Ha 30,3 % u 1aboparopHasi BCXOXKECTb
cemsan cocraBmger 100 %. Beicota crebnst pacteHuit
KyKypy3bsl B (aze Tpex JHCThEB IIOCIE MPEIIOCEBHOM
00paboTkn ceMsiH HaHoKommo3utamu  Saponite  (H),
Nb-Saponite (Cl) u Nb-Saponite (Et) B koHueHTpanuu
300 mr/n mpeBblmana KoHTpoib Ha 31,7, 26,2 u 42, 7 %, B
TO K€ BpeMs JJIMHAa KOPHEBOM CHCTEMbI Bo3pacraia B
2 paza. 3a gedictBus Saponite (H) m Nb-Saponite (Cl)
YBEJIMYHMBAIOCH KOJIMYECTBO W JUIMHA TIABHBIX KOpHEH
KyKypy3bl, a Nb-Saponite (Et) crumynupoBan pasBurtue
JIONIOJIHUTENBHBIX KOpHEH M (hOpMHUPOBAaHUSI KOPHEBBIX BO-
nockoB. IlpennoceBnass 00paboTka CeMsiH KyKypy3bl pact-
BopaMmu HaHokommo3uToB Saponite (H), Nb-Saponite (Cl),
Nb-Saponite (Et) B xonuentpamuu 300 Mr/a crnocoOcTBo-
Bajla YBEJIMYEHHIO BereTaruBHOM Mmaccbl Ha 35, 279 u
56,4 %, ueM B koHTposie. Ilmomans TUCTOBOM MIACTUHKHU
pacTeHMH TpH BO3ACHCTBUM HAHOKOMIIO3MTOB YBEIHYH-
Banack B cpegHeM Ha 20,4 %. OTMeueH pocT CyMMBI XJIO-
podunmoB (a + b) y pacTeHmii, CeMEHa KOTOPBIX M-
BapHUTEIIFHO 00paboTaHHBIE HaHOKoMMo3uTamMhd Nb-Saponite
(Cl) m Nb-Saponite (Et) B xonmentparmum 300 Mmr/m Ha
41,2 u 40,6 % COOTBETCTBEHHO K KOHTpPOIIO. BBIBOIBI.
[IpuMeHeHne HAHOKOMIIO3MTOB HAa OCHOBE CAallOHWTA B
xoHneHTparmu 300 Mr/m mIs TpenrnoceBHON 00pabOTKH
CeMSH KyKypy3bl TuOpuma Xappkosckuii 340 MB, BEI3BI-
BAeT aKTHBAIMIO POCTOBBIX ITOKA3aTeNleH M YIydIIaeT Ipo-
L[ecc MPOXOXKICHNS (POTOCHHTE3A.

KuioueBble c10Ba: HAHOKOMITO3HTBI, KyKypy3a, CeMeHa, poc-
TOBBIE MPOLECCHI, (PU3NOIOTHUECKUE MTapaMeTpbl, CTe0eb,
KOpHEBasl CHCTEeMa.

REFERENCES

1. Taran NYu, Batsmanova LM, Lopatko KG, Kalenska SM.
The technology of environmentally safe use of na-

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.2 2018

noparticles in adaptive crop production. Fizyka zhyvoho.
2011;19(2):4-58. (in Ukrainian)

2. Taran NYu, Batsmanova LM, Lopatko KG, Meleshko A.O.,
Konotop YeO. Influence of non-ionic colloid solution
of nanoparticles of biogenic metals on metal content
in plants tissues. Fizyka zhyvoho. 2011;19(2):9—11 (in
Ukrainian).

3. Gorokhovsky AV, Arkhipov NV, Simakov VV. Composite
nanomaterials: [manual for students of all specialties].
Saratov.SSTU. 2010;1:68 (in Russian).

4. Ezhkov VO, Bikkinina LM-Kh, Polivanov MA. Influ-ence
of nanostructured water-zeolite suspension on buckwheat
productivity. Bulletin of Kazan technological University.
2013;16(19):241-5 (in Russian).

5. Racuciu M, Creanga D. Cytogenetic changes induced
by beta-cyclodextrin coated Tanoparticles in plant seeds.
Romanian J. Phys. 2009;54:125-31.

6. Woatchina OF, Zhdanova GO. Evaluation of the reduction
in toxicity of heavy metals by humates using Saccharo-
myces cerevisiae. Sofia.Bel Grad-BG. 2011;1:64-8 (in
Russian).

7. Gonchar LM. Action of colloidal solution of copper and
zinc on seed germination of oats. Visnyk Poltavskoyi
Derzhavnoyi agrarnoyi akademiyi. 2016;(4):45-8 (in
Ukrainian).

8. Kalenska S, Lopatko K, Novictska N. Efficiency of
biogenic metals and bio-active drugs in soybean. Nau-
kovi dopovidi NUBiP. 2011;5(27). http://nd.nubip.edu.
ua/2011_5/11ksm.pdf (in Ukrainian).

9. Panyuta O, Belava V, Fomaidi S, Kalinichenko O,
Taran N. Influence of processing of wheat seeds by metal
nanoparticles on defense reactions in wheat seedlings un-
der eyespot causal agent. Visnyk Kyyivskogo nacionalno-
go universytetu im. Tarasa Shevchenka. 2014;1(17):48—
51 (in Ukrainian).

10. Sytar O, Novicka N, Taran N, Kalenska S, Ganchurin V.
Nanotechnology in modern agriculture. Fizyka zhyvoho.
2010;18(3):113-6 (in Ukrainian).

11. Fetisov GV. Synchronous radiation. Methods for study-
ing the structure of substances. Moscow. Fizmatlit. 2007,
1:672 (in Russian).

12. Vinogradov D. Herbicides and their mixtures on crops
of spring rapeseed. Hlavnyi ahronom. 2010;10:21-3 (in
Russian).

13. Sozer N, Kokini JL. Nanotechnology and its applications
in the food sector. Trends Biotechnol. 2009;27:82-9.

14. Savchuk MYV, Starodub MEF. Determination of the cy-
totoxicity of new nanocomposites based on saponite.
Scientific Bulletin of UNFU. 2017;27(4):137-9. doi:
10.15421/40270430 (in Ukrainian).

15. Savchuk MV, Assessment of phytotoxicity of Nb-contain-
ing nano-composites on the basis of saponites with the
use of cress-salad (Lepidium sativum L.). Visnyk ahrar-
noi nauky. 2017;6:74—6 (in Ukrainian).

16. Guidotti M, Psaro R, Ravasio N, Sgobba M, Carniato F,

75



HOSPODARENKO et al.

Bisio C, Gatti G, Marchese L. An efficient ring opening
reaction of methyl epoxystearate promoted by synthetic
acid saponite clays. Green Chem. 2009;11(8):1173-8.

17. Kyrpa MYa, Scotar, SO, Bazileva YuS, Lupitko OI. Sow-
ing characteristics of cereal seeds and methodology of
their determination. Plant breeding and seed production
2016;(110):171-9. Doi: https://doi.org/10.30835/2413-
7510.2016.87625 (in Ukrainian).

18. Kyrpa MYa, Paschenko NO. Methods of determining
the similarity of high quality corn seeds. Biuleten Insty-
tutu zernovoho hospodarstva UAAN. 2003;20:60-62 (in
Ukrainian).

19. Moiseychenko F, Trifonova M, Zaveryukha A, Eshchen-
ko V. Fundamentals of scientific research in agronomy.
Moscow: Kolos. 1996;336 (in Russian).

20. Gritsaenko Z, Grytsaenko A, Karpenko V. Methods of
biological and agrochemical researches of plants and
soils. K.: JSC «Nichlavay. 2003;20 (in Ukrainian).

21. Musienko M, Parshikova T, Slavniy P. Spectrophotomet-
ric methods in the practice of physiology, biochemistry
and ecology of plants. Kyiv: Fitosotsiotsentr. 2001;200
(in Ukrainian).

22. Brayon A, Korneev D, Snegur A, Kitaev O. Instrumental
study photosynthetic apparatus using chlorophyll fluores-
cence induction [method. instructions for students. Biol.
Ft.]. Kyiv: Kyivskyi universytet, 2000;15 (in Ukrainian).

23. Korsunsky V, Snegur A. Instruction to the device «Flora-
tete FT-1». Rost. 1997;11 (in Ukrainian).

24. Kovalyshyn I, Pinchuk A, Taran M, Shvets R. Chlorophyll
fluorescence induction of the genus Clematis L. represen-
tatives leaves in Kyiv conditions. Naukovyi visnyk NU-
BiP Ukrainy. Seriia: Lisivnytstvo ta dekoratyvne sadiv-
nytstvo. 2016;238:176—84 (in Ukrainian).

25. Omeniuk NY, Savchuk MV, Kriuchkova LO, Antonen-
ko OF, Starodub MF. Nb-contained nanocomposites im-
pact on seeds mycoflora and growth parameters of maize
seedlings. Naukovyi visnyk NUBIP Ukrainy. Seriia: Ah-
ronomiia. 2017;269:251-9 (in Ukrainian).

76

26. Kyrpa MYa, Paschenko NO, Sturko MO. Method of de-
termining the suitability of corn seeds for sowing. Ahrar-
na nauka vyrobnytstvu: nauk.-inform. biul. zavershenykh
nauk. rozrobok. Kyiv. 2013;4:20 (in Ukrainian).

27. Kyrpa MYa, Sturko MO. The homogeneity of corn seeds
and methods of its determination. Plant breeding and
seed production. 2012;102:135-43 (in Ukrainian).

28. Chikov VI. Photosynthesis and plant productivity. So-
rosovskyi obrazovatelnyi zhurnal. 1997;(12):23-7 (in
Russian).

29. Kalenska SM, Scherbakova EN, Gonchar LM. Assimila-
tive activities crops of chickpea depending on the varietal
features and preseeding seed treatment. Visnyk Sums-
koho natsionalnoho ahrarnoho universytetu. Seriia «Ah-
ronomiia i biolohiia». 2014;9(28):110-3 (in Ukrainian).

30. Nichiporovich AA. Photosynthetic activity of plants and
ways of increasing their productivity. Theoretical bases
of photosynthetic productivity. M: Nauka. 1972:511-27
(in Russian).

31. Rudnyk-Ivashchenko OI. Content of chloroplasts in
leaves of plants millet in photosynthesis process // Nau-
kovi dopovidi NUBiP Ukrainy.2010;(3):19 ¢ (in Ukrai-
nian).

32. Scheer H. Chlorophylls and carotenoids. Encyclopedia of
Biological Chemistry 2004; 430-37.

33. Karapetyan NV, Bukhov NG. Variable fluorescence of chlo-
rophyll as an indicator of the physiological state of plants.
Plant physiology.1986;33(5):1013-26 (in Ukrainian).

34. Korneev DYu, Kochubei SM. Investigation of QV-reduc-
ing complexes of photosystem 2 by induction of fluores-
cence of chlorophyll. Physiology and biochemistry of
cultivated plants. 2000;32(1):20—4 (in Ukrainian).

35. Tarnovskyi MG, Yankovskyi YaYu. Optical methods of
analysis of the physiological state of plants for the tasks
of agriculture and ecological monitoring. Optyko-elek-
tronni informatsiino-enerhetychni tekhnolohii: mizhnar.
nauk.-tekhn. zhurnal. 2012;23(1):127-30 (in Ukrainian).

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.2 2018



