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Abstract. The results of using synthesized and characterized
heterometallic chelates using a combination of modern physicochemical
methods for studying them are presented for the first time of
bis(citrato)germanates(1V): [M(H20)s][Ge(HCit)2]-nH20, where M=Mn, n=4
(1); Fe, n=4 (2); Cu, n=1 (3); Zn, n=3 (4) (HCit*" is anion of citric acid) for pre-
sowing treatment of winter wheat seeds in field conditions are presented for the
first time. It was found that their addition to the mixture with the fungicide
increases plants' germination and growth rates at the initial stage of autumn
development when wheat especially needs the microelements necessary for
biofortification and further crop formation. An increase in yield was recorded
compared to the control, which is evidence of the creation of favourable
conditions under which the studied bis(citrato)germanates (1-4) are well
absorbed as chelate microfertilizers. They contribute to the disclosure of the
genetic potential of winter wheat, effectively affect its growth and development,
and increase the yield and quality of grain. At certain stages of winter wheat
growth, the degree of manifestation of the growth-stimulating activity of
compounds (1-4) varies depending on the composition of the complex cation. In
the variant of application of [Fe(H20)e][Ge(HCit)2]-4H20 (2), field seed
germination increased by 10.7%, an increase in the above-ground mass of plants
up to 18 cm and the development of the primary root system up to 8.0 cm were
recorded. The increase in yield also significantly depended on the variant of seed
treatment. The best indicator was characterized by [Cu(H20)s][Ge(HCit)2]-H20
(3), which subsequently significantly influenced the formation of winter wheat
grain and increased yield by 19.32%. It has been shown that the chemical design
of such heterometallic compounds, built from bioactive, non-toxic complex
cations and anions, which do not compete with each other for binding to the plant
biosystem and jointly contribute to the overall growth-stimulating effect, opens
up prospects for the creation of effective new generation drugs that are capable
of providing a significant increase in the yield of grain crops.

Keywords: heterometallic bis(citrato)germanates, chelated micronutrient
fertilizers, pre-sowing seed treatment, growth-stimulating activity, winter wheat
yield, national food security.

Introduction. Formulation of the problem

of environmentally friendly products with a high

content of nutritional components. The issue of

Modern research conducted in Ukraine and
globally has demonstrated that a deficiency of
micronutrients — key participants in plant metabolic
processes — leads to reduced crop yields, increased
susceptibility to diseases, and even plant death. As a
result, there is a decline in both the quantity and quality
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supplying plants with essential micronutrients has
become a general biological concern, particularly
relevant to agricultural production and the food industry
[1,2].

Analysis of recent research and publications
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In recent years, the methodology of plant
micronutrient ~ supplementation  has  undergone
significant changes. Chelated micronutrient fertilizers
have become the most in-demand, as they supply plants
with essential elements, promote active growth, and
enhance immunity. Numerous studies have shown that
the chelating agents that ultimately determine the
effectiveness of the fertilizer and the extent to which
plants absorb micronutrients from them [3,4].

Today, the Ukrainian market offers a range of such
products, including Novalon Seed Treatment, Nano-
Mineralis, and Quantum Zinc, among others. However,
selecting the most effective product for a particular crop
remains challenging, as each crop requires a set of
nutrients depending on its growing conditions. This
issue is especially pressing for cereal crops, particularly
wheat, which is highly sensitive to micronutrient
deficiency during the early stages of development.

Winter wheat accounts for the largest share of
cereal crops in Ukraine and worldwide. Unlike other
agricultural crops, it holds immense agrotechnical,
economic, and strategic importance for the agro-
industrial sector [5-9]. Its yield and total production
volumes not only ensure the stable development of
agricultural production but also play a critical role in
ensuring food security for many countries [10-12].

Modern technology for cultivating winter wheat
involves using a broad range of agrotechnical measures,
with pre-sowing seed treatment being a key component
[13]. This practice significantly mitigates the adverse
effects on field germination, plant growth, and
development at early stages, which is why it is how
considered an essential part of contemporary cultivation
strategies. This underscores the urgency of developing a
new generation of formulations characterized by higher
efficiency and environmental safety.

Within the framework of bioinorganic chemistry
research focused on the essential element germanium,
conducted at the Faculty of Chemistry and Pharmacy of
I.I. Mechnikov Odesa National University, the authors
were the first to implement the idea of synthesizing a
wide series of heterometallic bis(citrato)germanates(IV)
of the type [M(H:20)s][Ge(HCit):]-nH2O with divalent
metals. A method for their eco-friendly synthesis in
aqueous solution was developed. A complete
physicochemical characterization of the complexes was
performed using modern analytical techniques [14]. The
crystal structures of the metal complexes have been
deposited in the Cambridge Crystallographic Data
Centre (CCDC) under numbers 768370 (2) and 910286
(3). It has been proven that the synthesized coordination
compounds are of the cation-anion type, exhibit low
toxicity, possess a broad spectrum of pharmacological
activity [15-17], and can act as enzyme effectors [18].

In preliminary laboratory studies on the pre-
sowing treatment of winter wheat seeds, the complex
[Fe(H20)6][Ge(HCit)2]-4H.O demonstrated significant
growth-promoting activity (Patent No. 131091: Plant
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Growth Stimulator—ferrum(ll) bis(citrato)germanate(IV). This
finding has served as a foundation for continuing
research in this area.

The purpose and objectives of the research.

Thus, the purpose of this research was defined as a
field investigation of the  bio-coordination
heterometallic bis(citrato)germanates(1V):
[Mn(H20)s][Ge(HCit)2]-4H-0 (1),
[Fe(H20)s][Ge(HCit)2]-4H20 (2),
[Cu(H20)6][Ge(HCit):2]-H20 (3), and
[Zn(H20)6][Ge(HCit)2]-:3H.O (4), as plant growth
regulators for pre-sowing seed treatment of winter
wheat. The research aimed to determine the patterns of
influence of compounds' nature, composition, and
structure (1-4) on the degree of their growth-stimulating
activity.

To achieve the stated purpose, the following
objectives were undertaken:

1. To synthesize experimental samples of
chelated bis(citrato)germanates(IV) (compounds 1-4)
and to perform their identification using a combination
of modern physicochemical analytical methods.

2. To carry out pre-sowing treatment of winter
wheat seeds with the synthesized compounds (1-4) in
combination with a seed dressing agent and to study
their effects on field germination, plant growth and
development at early stages, as well as on grain yield
and quality.

3. To evaluate the effectiveness of compounds
(1-4) as chelated micronutrient fertilizers for the pre-
sowing treatment of winter wheat seeds.

Research materials and methods

For the synthesis of novel heterometallic
bis(citrato)germanates(1VV)  (1-4), the following
reagents from ©Sigma Aldrich were used as starting
materials: germanium(IV) oxide (GeOz, 99.99%), citric
acid monohydrate (HaCit-H20, >99%), manganese(1])
acetate tetrahydrate (Mn(CHsCOO).-4H-0, >99%)),
iron(l) sulfate heptahydrate (FeSO.-7H20, >99%),
copper(Il) acetate monohydrate (Cu(CHsCOO).-H-O,
>99%), and zinc acetate dihydrate
(Zn(CHsCOO0)2-2H:0, 99%)).

At the first stage, a saturated bis(citrato)germanic
acid solution was prepared. Precisely weighed amounts
of 1.046 g (0.01 mol) of GeO: and 4.2 g (0.02 mol) of
citric acid monohydrate were added to 400 ml of hot
water. The mixture was heated to 80-90°C with
constant stirring until the reagents were dissolved
entirely. The resulting clear solution (pH 1.5-2) was
evaporated in a water bath to a final volume of 100 ml
(approximately 2 hours) and then cooled.

At the second stage, 20 ml (0.002 mol) of the
prepared solution was combined with weighed portions
of the respective metal salts: Mn(CHsCOO).-4H:0 (1),
FeSO4+7H.0 (2), Cu(CHs:COO):'H-O0 (3), and
Zn(CHsCOO)2-2H-0 (4), maintaining a molar ratio of
Ge:M (Mn, Fe, Cu, Zn) = 1:1. The mixtures were
stirred at room temperature for 5 minutes without
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heating. The resulting solutions (pH 4-5) were left to
crystallize at 20°C. After 1-2 days, crystalline
precipitates of the target compounds formed, which
were separated using a Schott filter, washed with cold
water and dried at ambient temperature. The yields of
the products were 80-85%.

Elemental analysis of the synthesized
heterometallic bis(citrato)germanates(1V) (1-4) was
performed using a semi-automatic C, N, H analyzer. The
germanium and corresponding metal contents in the
presence of other elements were determined by
inductively coupled plasma atomic emission
spectroscopy (ICP-AES) using an Optima 2000 DV
spectrometer (Perkin Elmer). X-ray phase analysis
(XRD) was conducted wusing a DRON-0.5
diffractometer with a copper anode and nickel filter. The
hydration state of the compounds was established based
on calculations derived from thermogravimetric (TG)
curves. Thermal analysis (DTA, DTG, TG) was
performed using a Q-1500 D derivatograph (Paulik—
Paulik—Erdey system). Thermal stability was assessed
under air atmosphere over the 20-1000 °C temperature
range with a heating rate of 10 °C/min. IR spectroscopy
was carried out using a “Frontier” spectrophotometer of
the company “Perkin Elmer”.

The material used for field experiments was a
certified seed of soft winter wheat of “Garantia Odeska”
variety. The field trials were conducted under steppe
zone conditions in Ukraine at the experimental station
“Pokrovske” of the Plant Breeding and Genetics
Institute — National Center for Seed Science and Variety
Studies. Experimental plots were 10 m? in size, with
three replications. The previous crop was soybean. The
seeding rate was 5.2 million seeds per hectare, row
spacing was 15 cm, and sowing depth was 4-6 cm. The
basic fertilization background was N24P4sK24S12.

Biometric parameters were assessed using
morphophysiological evaluation of the seedlings.
Harvesting was performed plot-wise using a Sampo-500
combine harvester. Grain yield was measured through
individual plot threshing, followed by grain cleaning
and recalculation to 100% purity and 14% moisture
content, by the Methodology of State Variety Testing of
Agricultural Crops [19]. Experimental data was
processed using variance analysis methods using the
software package Statistica 10.0 [20].

Results of the research and their discussion

Based on the results of elemental analysis (Table
1), it was established that in all cases the experimental
samples (1-4) form compounds with the stoichiometric
composition M (Mn, Fe, Cu, Zn) : Ge : ligand=1:1:2.

The individuality of the synthesized compounds
(1-4) was confirmed by X-ray phase analysis (XRD).
Their powder diffraction patterns are characterized by a
unique set of interplanar spacings, which rule out the
presence of impurities from starting materials.
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The hydration composition was determined using
thermogravimetric  analysis (TGA): within the
temperature range of approximately 60-270 °C, a mass
loss occurs, corresponding to the release of all
crystallization water molecules as well as the
coordinated water in the hexaaqua cation [M(H20)s]*".
The synthesized compounds (1-4) are thermally stable
and do not undergo hydrolysis in air. The uniform nature
of their thermal decomposition suggests that compounds
(1-4) possess analogous structural frameworks.

Special attention was paid to identifying
similarities among the compounds in the comparative
analysis of their IR spectra (Table 2). It was found that
the set of characteristic absorption band frequencies in
the IR spectra of compounds (1-4) is virtually identical.
Notable are the bands corresponding to the stretching
vibrations v(C=0), vas(COO"), vs(COO"), v(C-0) of
alkoxide-type, and v(Ge-0O), indicating the involvement
of oxygen atoms from deprotonated hydroxyl and
carboxyl groups in coordination with the complex-
forming center. As a result, chelation occurs with the
formation of two five-membered metallacycles. The IR
spectra also exhibit water bending and libration modes,
3(H20) = 16361641 cm™' and p(H20) = 729-735 cm™",
characteristic of hexaaqua metal complexes.

Special attention was paid to identifying
similarities among the compounds in the comparative
analysis of their IR spectra (Table 2). It was found that
the set of characteristic absorption band frequencies in
the IR spectra of compounds (1-4) is virtually identical.
Notable are the bands corresponding to the stretching
vibrations v(C=0), va(COO"), vs(COO"), v(C-0) of
alkoxide-type, and v(Ge-0), indicating the involvement
of oxygen atoms from deprotonated hydroxyl and
carboxyl groups in coordination with the complex-
forming center. As a result, chelation occurs with the
formation of two five-membered metallacycles. The IR
spectra also exhibit water bending and libration modes,
3(H20) = 16361641 cm™' and p(H20) = 729-735 cm™",
characteristic of hexaaqua metal complexes. The data
presented above correlate well with the molecular
structure results of compounds (2-3) obtained by single-
crystal X-ray diffraction analysis [Fe No. 768370, Cu
No. 9102886].

Based on the entirety of the obtained data, the
synthesized compounds (1-4) correspond to the
following structural scheme (Fig. 1):

Pre-sowing treatment of winter wheat seeds was
performed using the fungicidal-type seed dressing agent
Galeon (0.6 1/t) (“Manufacturer: Agrosfera”), the
synthesized  chelated  bis(citrato)germanates(1V)
(compounds 1-4) (0.2 I/t), and the reference seed
treatment agent Novalon Seed Treatment (0.6 kg/t)
(“Manufacturer: TerraTarsa”), which is widely used for
seed pre-treatment in various countries, including
Ukraine. Water was used in the control variant.
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Table 1 — Composition of heterometallic bis(citrato)germanates(1V) (1-4) according to elemental
analysis results

No Molecular formula Found, % Calculated, %
of the compounds Ge M C H Ge M C H
1 | CioH3oMnGeOzs 10.59 8.00 20.99 4.37 10.53 7.93 20.91 441
2 | CioH3oFeGeOyy 10.50 8.10 20.89 4.35 10.57 8.16 20.97 4.37
3 | C12H24CuGeOy; 11.31 9.90 22.43 3.69 11.33 9.99 22.48 3.75
4 | C1oH28ZnGe0ys 10.65 9.51 21.20 4.09 10.71 9.59 21.25 4.13
Table 2 — Characteristic absorption band frequencies in the IR spectra of heterometallic
bis(citrato)germanates(1V) (1-4)
Assignment of v, cm™ Experimental compounds
Mn (1) Fe (2) Cu(3) Zn (4)
v(OH) (H20) 3510 3523 3528 3529
v(OH) (COOH) 3262 3264 3280 3270
v(C=0) 1701 1705 1704 1710
(free carboxylic groups, COOH)
vas(COO-) 1670 1677 1679 1676
1601 1601 1597 1600
vs(COO-) 1410 1421 1416 1418
1362 1359 1361 1357
v(C=0) (COOH) 1258 1255 1249 1253
v(C-0) (OH) 1092 1072 1069 1073
3(H20) 1639 1641 1638 1636
p(H20) rocking 729 731 735 731
o(H20) wagging 460 471 531 541
v(Ge-0) 702 695 697 697
663 665 668 669
636 633 631 628
_ _ It is generally acknowledged that pre-sowing seed
P treatment with a fungicidal dressing agent slightly
A Py reduces field germination; however, this effect is
HC® 0 0—C .
0 ! / //o subsequent_ly compensate_d by enhanced protection of
[M(H,0)] >\C—HZ(‘—(‘/ \GC\O/(‘—CHz—(\ 1H,0 plants agalnst_fungal diseases. As a result pf fche
HO OH conducted studies, it was observed that the application
L0 0\ A of the reference preparation Novalon Seed Treatment
0 O//C and the synthesized chelated heterometallic

Fig. 1. Structural scheme of heterometallic
bis(citrato)germanates(1V),

where M=Mn,n=4(1); Fe,n=4(2); Cu,n =

1(3); Zn,n=3(4)

Following treatment, the seeds were air-dried in
the absence of direct sunlight. Sowing was carried out
during the first ten days of October 2018-2020. During
the experimental period, meteorological conditions
were variable but overall favorable for cultivating
winter wheat. In the spring, nitrogen fertilizer was
applied at N2s, Nsg, and N7s rates on frozen-thawed soil
at the beginning of vegetation renewal.

Field germination was calculated as the ratio of the
number of emerged seedlings to the total number of
sown viable seeds.
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bis(citrato)germanates(1V) (1-4) for pre-sowing seed
treatment neutralizes the adverse effects of the
fungicidal agent and contributes to a more regulated
process of plant growth and development, starting from
the initial phase of vegetation.

It was established (Figs. 2, 3) that, in comparison
with the control variant, the fungicidal seed treatment
Galeon and the reference preparation Novalon Seed
Treatment, compounds (1-4) increase the field
germination rate of soft winter wheat of “Garantia
Odeska” variety by 4.2-10.7%.

Biometric parameters of winter wheat were
determined on the 20th day after seedling emergence. It
was found that pre-sowing treatment of seeds in variants
(1-5) positively influenced the growth of the aerial part
of the plants and the development of the primary root
system during the initial stage of autumn growth, in
comparison with the control variants (6-7) (Table 3).
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During the analysis of the parameters (Table 3) at
the initial stage of plant growth and development, the
most significant positive effect was observed upon
application of [Fe(H20)s][Ge(HCit):]-4H20 (compound
2) in combination with the fungicidal seed treatment
agent. This treatment resulted in the highest field
germination rate of 82%, enhanced development of the
aerial plant parts (18 cm), and intensive formation of the
primary root system (8.0 cm).

Grain yield assessment was based on aggregated
data, including the number of grains per ear and the

, ; weight of 1000 grains. The experimental results (Table
. R i oy e : 4) indicate that the maximum yield increase depends on
: N : v Ras the composition of the mineral nutrient treatment
Fig. 2. Field germination of soft winter wheat of applied.
“Garantia Odeska” variety

90
80

LLLLLL

0
Compou Compou Compou Compou Novalon Galeon Control
nd1 nd 2 nd 3 nd 4 Seed (fungici = (water-
Treatme dal seed treated

nt treatme  seeds)
(standar nt)
d)
= field germination 76,7 82 75,5 78 75,3 70,9 71,3
mincrease the field germination 54 10,7 4.2 6,7 4 0 0

Fig. 3. Field germination of soft winter wheat of “Garantia Odeska” variety depending on the pre-
sowing seed treatment agent used (mean values for 2018-2020)

Table 3 — Biometric parameters of soft winter wheat of “Garantia Odeska” variety depending
on the pre-sowing seed treatment agent used (mean values for 2018-2020)

. Plant Depth of tillering Number of seminal Root length,

No Variant stem height, cm node, cm roots, pcs cm
1 | [Mn(H20)6][Ge(HCit)2]-4H20 16,8 35 55 74
2 | [Fe(H20)6][Ge(HCit)2]-4H20 18,0 36 5,2 8,0
3 | [Cu(H20)s][Ge(HCit)]-H20 15,8 4,2 44 7,2
4 | [Zn(H20)6][Ge(HCit)2]-3H20 16,0 35 55 7,3
5 | Novalon  Seed  Treatment

(standard) 155 35 43 6,8
6 | Galeon (fungicidal seed

treatment) 15,0 32 34 5,6
7 | Control (water-treated seeds) 15,1 3,1 3,7 6,0
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Table 4 — Grain yield of soft winter wheat of “Garantia Odeska” variety depending

on the pre-sowing seed treatment agent used (mean values for 2018-2020)

Number of | Weight of . Yield .
No Variant grains per 1000 _Graln increase, . Yield
: yield, t/ha increase, %
ear, pcs grains, g t/ha
1 | [Mn(H20)s][Ge(HCit),]-4H.O 40,8 41,36 5,13 +0,42 8,92
2 | [Fe(H20)s][Ge(HCit).]-4H.0O 41,2 41,84 5,17 +0,46 9,77
3 | [Cu(H20)s][Ge(HCit),]-H.O 41,8 44,21 5,62 +0,91 19,32
4 | [Zn(H20)s][Ge(HCit)2]-3H0 41,6 42,49 5,24 +0,53 11,25
5 Novalon Seed  Treatment 398 41,25 5,10 +0,39 8,28
(standard)
6 Galeon  (fungicidal  seed 386 40,65 4,85 +0,14 2.97
treatment)
7 | Control (water-treated seeds) 384 40,24 4,71 - -

As shown in Table 4, pre-sowing seed treatment in
all experimental variants increased grain Yyield
compared to the control. The highest yield increase —
0.91 tha - was observed with the use of
[Cu(H20)6][Ge(HCit)2]-H20 (3), which significantly
influenced both the number and weight of grains in the
ear of soft winter wheat (cv. Garantia Odeska),
ultimately enhancing overall yield by 19.32%.

It was noted that the application of compounds (1-
4) for the pre-sowing treatment of winter wheat
exhibited plant growth-stimulating activity comparable
to that of the reference preparation Novalon Seed

Treatment, with [Cu(H20)s][Ge(HCit)]-H.O (3)
demonstrating significantly superior efficacy.
The observed biostimulatory activity of

compounds (1-4) is primarily attributed to the presence
of a common bis(citrato)germanate(IVV) anion
[Ge(HCit):]* in their molecular structure. This anion is
formed due to the chelation of the bioessential element
germanium with food-grade citric acid, which, due to its
chemical structure, is identical to the natural
constituents of living cells.

Germanium is a trace bioelement and antioxidant
that strengthens the plant immune system enhances
resistance to various diseases, bacteria, fungi, and
adverse environmental conditions, and participates in
the regulation of physiological processes essential for
crop formation [21, 22].

The presence of a chelated
bis(citrato)germanate(l\V) anion in complexes (1-4)
facilitates more efficient uptake of germanium by
plants, enabling it to act both as a nutrient element and
an additional source of energy.

A correlation was observed between the growth-
stimulating activity of compounds (1-4) and the nature
of the hexaaquacationic metal (Mn?*, Fe?*, Cu*', Zn*")
since all complexes share the same chelating
bis(citrato)germanate(IV) anion, [Ge(HCit):2]*. These
differences indicate the biological contribution of all
active components within the investigated compounds.
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Based on a detailed analysis of the individual
parameters of the effectiveness of compounds (1-4),
activity ranking sequences were constructed (Table 5).

It has been established that the activity series of
compounds (1-4) vary depending on the metal forming
the complex hexaaquacation. This is explained by trace
elements' different effects on specific growth and
development stages in winter wheat.

For instance, [Fe(H:20)s][Ge(HCit)2]-4H20 (2)
most significantly increases the field germination of the
seeds. It promotes more significant growth of both the
above-ground biomass and the root system of winter
wheat. This is related to the fact that Fe?* plays a key
role in chlorophyll synthesis, enhances immunity,
improves photosynthesis and respiratory processes,
normalizes metabolism, and stimulates growth and
development.

The compound [Zn(H20)s][Ge(HCit)2]-3H20 (3)
showed the best results during the formation of seminal
roots in winter wheat due to the ability of Zn?* to
accelerate metabolism, improve the internal structure of
cells, and enhance the growth of the root system.

The compound [Cu(H20)s][Ge(HCit),]-H20 (4) is
particularly notable for its most potent effect on the
depth of the tillering node placement and the formation
of wheat yield, as copper is highly sensitive in the
formation of generative organs. Cu?* is part of many
enzymes, enhances resistance to temperature stresses,
infectious diseases, and fungal infections, promotes
more efficient nitrogen uptake by the plant, improves
seed formation, and helps prevent lodging in cereal
crops. Thus, through a stereochemical approach to
studying the growth-stimulating effects of similar
heterometallic bis(citrato)germanates(1V) (1-4) in the
sequence: composition, structure, properties, and
function, factors influencing their effectiveness as
chelated micronutrient fertilizers have been identified.

Using an original methodology, heterometallic
chelates of bis(citrato)germanates(IV) (1-4) were
synthesized and identified by modern physicochemical
methods to study their growth-stimulating activity under
field conditions in winter wheat.
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Table 5 — Analysis of the effectiveness of chelated bis(citrato)germanates(1V) (1-4)

No Indicators Activity Series of Compounds (1-4)
1 Field germination, % Fe(2) > Zn(4) > Mn(1) > Cu(3)
2 Plant stem height, cm Fe(2) > Mn(1) > Zn(4) > Cu(3)
3 Depth of tillering node, cm Cu(3) > Fe(2) > Zn(4) = Mn(1)
4 Number of seminal roots, pcs Zn(4) = Mn(1) > Fe(2) > Cu(3)
5 Root length, cm Fe(2) > Mn(1) > Zn(4) > Cu(3)
6 Number of grains per ear, pcs Cu(3) > Zn(4) > Fe(2) > Mn(1)
7 Thousand grain weight, g Cu(3) > Zn(4) > Fe(2) > Mn(1)
8 Grain yield, t/ha Cu(3) > Zn(4) > Fe(2) > Mn(1)

Conclusion

Activity series for compounds (1-4) were
constructed based on various biological indicators of
plant growth and development, which revealed the
influence of different compositions of hexaaquacations
[M(H20)6]?*, where M = Mn?*, Fe?*, Cu?*, Zn?*, on the
degree of manifestation of their growth-stimulating
effect.

It has been proven that the application of
compounds (1-4) for seed treatment in combination with
a fungicide significantly increases the field germination
of seeds, promotes the development of uniform and
well-developed seedlings, and activates growth
processes, which subsequently ensures the winter
hardiness of crops and a significant increase in the yield
of winter soft wheat variety “Garantia Odeska”.
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'Kadempa HeopraniuHoi Ximii Ta XiMigHOT OCBiTH

Opnecpkuii HallioHanbHK yHiBepcuTeT iMeHi I.I. MeunnkoBa

ByJL. JIBopsiHCBKa, 2, M. Oneca, Ykpaina, 65082

2Kactenpa caniBHUIITBA, BUHOIPAAapCTBa, 6iosorii Ta XiMii

2Kadempa cycrinpHO-TyMaHITapHUX HAYK

OnecbKuil IepKaBHUM arpapHUil yHIBEpPCHTET

By Kanarna, 99, M. Opneca, Ykpaiuna, 65039

SBunpo6ysanbuuii nentp TOB «IHCIIEKTOPAT YKPATHA»,

VnineHuii npos., 1, M. Oxeca, Ykpaina, 65044

AHoTanisi Bmepiue HaBeleHO pe3yJbTaTH BUKOPHCTaHHS CHHTE30BAaHMX Ta OXapaKTePU30BAHMX CYKYIHICTIO
cydacHHX  (i3MKO-XIMIYHMX  METOAIB  JIOCHI/UKCHHS  TeTepoOMETanbHUX  XemariB  Oic(umtparo)repmanartis (IV):
[M(H20)s][Ge(HCit)2]-nH20, ne M=Mn, n=4 (1); Fe, n=4 (2); Cu, n=1 (3); Zn, n=3 (4) (ne HCit*>" — aHioH TUMOHHOT KHCJIOTH)
JUISL TIepeANociBHOI 0OpOOKM HACiHHS MIIEHMII O3MMOi B IOJBOBHX yMoBaX. BcraHoBieHo, ImIo iX JoxaBaHHA y CyMiml 3
MIPOTPYWHHUKOM MiABUIYE TOKa3HUKH CXOJMIB i POCTY POCIHMH Ha ITOYaTKOBOMY €Talli OCIHHBOTO PO3BHUTKY, KOJH IIICHHUIS
0co0JIMBO TOTPeOye MIKpOEIEeMEHTH, HeoOXimHi T 11t GiOyKpIIUIEHHS Ta MOJANbIIOro (GOpMyBaHHS BPOJXKaio. 301IbLICHHS
ypokaifHOCTI 3a)iKCOBAHO B TIOPIiBHSHHI 3 KOHTPOJIEM, IO € JOKAa30M CTBOPEHHS CIIPHUATIMBUX YMOB, IIPH SKUX JOCIIHKEH]
Gic(untparo)repmanar (1-4) mobGpe 3aCBOIOIOThCS K XeJTaTHI MIKpoaoOpuBa. BOHH CHPHSIOTH PO3KPUTTIO T€HETHYHOTO
MOTEHIIaTy MIICHUI 03UMOI, e()eKTHBHO BIUIMBAIOTH HA II PICT i PO3BUTOK, MiJBHIIYIOTh YPOXKaiHICTH Ta SKICTH 3€pHA.
BusiBneHo, 110 Ha OKpeMHUX eTarax 3pOCTaHHS MIISHMII 03UMOI CTYIiHBb MPOSIBY PiCTCTUMYITIOBAIBHOI aKTUBHOCTI croiyk (1-
4) 3MIHIOETBCS B 3aJIEKHOCTI Bijl CKJIa[y KOMIUIEKCHOTO KarioHy. Y Bapianti 3acrocysanus [Fe(H20)s][Ge(HCit)2]-4H20 (2)
MOJTbOBA CXOXICTh HaciHHA 3pocnma Ha 10,7 %, 3adikcoBaHO HApPOCTaHHS HA3eMHOI MacH POCIMH 70 18 cM Ta pPO3BHTOK
NepBUHHOT KopeHeBoi cuctemu 10 8,0 cM. [IpubaBka Bpo)karo TakoXK ICTOTHO 3alie)kajiia Bifl BapiaHTy OOpOOKH HAacCiHHIL.
Haiikpamum nokasuukom xapakrepusysascs [Cu(H20)s][Ge(HCit)2]-H20 (3), 1o B nogaabuioMy 3Ha4HOK MipOIO BIUTHHYB Ha
(opMyBaHHS 3epHa IMIIEHWI O3UMOI Ta MiABHINEHHS ypoxaiHocTi Ha 19,32%. IlokazaHo, M0 XiMiYHE KOHCTPYIOBAaHHS
NMOAIOHNX TeTepOMEeTaJIbHHUX CIONYK, MOOy/[0oBaHMX 3 0I0AKTUBHMX HETOKCHYHHMX KOMIUIEKCHHX KaTiOHy i aHIOHy, IO He
KOHKYPYIOTh MK CO0O0I0 3a 3B’s13yBaHHs 3 0I0CHCTEMOIO POCIIMHH Ta CyMICHO BHOCSTH BKJIaJl y 3arajlbHy PiCTCTHMYIIOBAJIbHY
JTit0, BiJIKPUBAE MEPCIIEKTHBU CTBOPEHHS epeKTHBHUX MpenapariB HOBOTO MOKOTIHHS, SKi 371aTHI 3a0€3MeYNTH 3HAYHUH TPUPICT
YPOXXKaHOCTi 36pHOBHX KYJIBTYP.

Kaiouosi cioBa: rerepoMeranbHi Oic(IUTpaTo )repMaHaTH, XeIaTHI MiKpogoOpHBa, IepearnociBHa 00poOKka HaCiHHS,
PpiCTCTUMYITIOBAIbHA AKTHBHICTD, YPOKaHICTh IMIISHHUIII 03UMO1, IPOIOBOIIbYA Oe3MeKa AepiKaBH.
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