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Introduction
Hamaiunova and others claim that winter 

wheat has always been and will continue to be 
the most important grain crop in Ukraine [1]. 
According to the State Statistics Service of 
Ukraine, the sown area of winter wheat in our 
country amounted to 6.5 million hectares in 
2022, which is 6.1% (0.4 million hectares) more 
than in 2021. As of August 26, 2022, it was 
possible to collect wheat from only 4.6 million 
hectares of land area, with a gross harvest of 
18.8 million tons of grain against 32 million 
tons collected in 2021, which is associated with 
hostilities in Ukraine, in particular, mining of 
territories, destruction of fields, late imple-
mentation elements of crop care and harves-
ting technology, etc. [2].
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According to the Ministry of Agrarian Poli-
cy and Food of Ukraine, it is predicted that the 
area planted with winter wheat for the harvest 
in 2023 will decrease by a third from last year, 
so the main reserve for increasing the gross 
harvest of this crop remains the increase in its 
yield. According to V. V. Hamaiunova and 
A. V. Panfilova, in order to obtain large yields 
of grain that would correspond to bread-making 
quality, it is necessary to apply scientifically 
based doses of nitrogen fertilizers, the prices of 
which are constantly increasing. Therefore, the 
authors recommend looking for new ways to in-
crease yield and preserve grain quality [3].

The studies of J. R. Lamichhane, V. V. Bez-
palko, O. Voloschuk and others determined 
that the use of biological preparations (mycor-
rhizal agents, biostimulants, biofungicides, 
etc.) for pre-sowing seed treatment is one of 
the reserves for increasing the yield of winter 
wheat grain [4–6]. Thus, according to O. O. Vi-
niukov and co-authors [7], the use of biological 
preparations promotes the development of win-
ter wheat plants during the growing season. 
The highest coefficients of tillering in the au-
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thors’ experiments were obtained in variants 
with seed treatment, namely: on the back-
ground of N

60
Ð

60
 and the use of Rost-concen-

trate, on the background of N
60
Ð

60
 and the use 

of microfertilizer Sizam, which contains trace 
elements (manganese, zinc, iron, copper, co-
balt); at the same time, seed treatment contri-
buted to the formation of high yields.

The studies of Kovalenko and others [8] es-
tablished that seed treatment with the biolo-
gical preparation Agat-25, which contains in its 
composition inactivated bacteria Pseudomonas 
aureofaciens strain H16 titer 3-6X10 10 cells/ml, 
biologically active substances with a total ami-
no acid content of 38% and Biocomplex-BTU 
on the basis of nitrogen-fixing, phosphorus- 
and potassium-mobilizing bacteria, microor-
ganisms with fungicidal properties, macro- 
and microelements, increased the field germi-
nation of seeds and contributed to the forma-
tion of a 10–15% higher coefficient of tillering 
of winter wheat plants of the ‘Podolianka’ 
variety.

Voloschuk and co-authors [9] confirmed the 
high stimulating effect of Vympel-K biological 
preparation (plant growth stimulator, which 
contains polyethylene oxides – 770 g/l and am-
ber-humate complex – 30 g/l) at the application 
rate of 500 g/t, compared to the control, which 
provided high seed germination energy and 
laboratory germination (92 and 96%).

 The authors of the publication [10] claim 
that the use of the biological preparation Help 
Rost for pre-sowing treatment of seeds con-
tributed to an increase in the coefficient of the 
total tillering of plants by 0.2 stems per plant, 
compared to the control, and in the version 
with the biological preparation Azotofit, this in-
dicator was correspondingly higher by 0.3 stems 
per plant.

According to S. O. Pryplavko and V. M. Hav-
ii [11], the field germination of seeds of the 
‘Yuvivata’ soft winter wheat variety in the 
control plots was on average 85%, and in the 
experimental variants (the use of Vympel, 
Azotofit, Succinic acid) ranged from 74.3 to 
83.3% and was the lowest under the condition 
of using succinic acid. According to the authors, 
growth regulators do not affect the indicator 
of field germination of plants.

Siroshtan and others [12] found a positive 
effect of the Vimpel K growth stimulator on 
seed germination and increase in germination 
activity by 4–5%, compared to the control.

In the publication [13], the authors also note 
the positive effect of the Ekostim biostimulant 
on the germination energy and field germina-
tion of seed.

Studies with the ‘Vidrada’ variety conduc-
ted by T. O. Hrabovska and H. H. Melnyk [14] 
showed that the use of the preparations Fito-
Help, MikoHelp and Biokompleks BTU, Bio-
kompleks zernovi, Riverm affects the increase 
in the yield of winter wheat grain by 17.1–26.1%. 
At the same time, P. Juozas and S. Jolanta 
[15] did not find significant differences be-
tween the effect of different biological prepa-
rations on the germination energy of winter 
wheat seeds.

Moisture is the limiting factor for obtaining 
significant harvests in the southern Steppe of 
Ukraine, so improving moistening conditions 
is a task facing agricultural producers and sci-
entists [16–18]. It is also important to find 
ways to increase productivity, improve the ele-
ments of the crop structure of new varieties of 
winter wheat thanks to the use of biological 
preparations.

The purpose of the research is to establish 
the influence of seed treatment and moistening 
conditions on the growth processes of winter 
wheat varieties in the autumn-spring period 
and in general during the growing season and 
the formation of their productivity.

Materials and methods
The research was conducted during 2020–

2022 at the Educational-Scientific-Practical 
Center of Mykolaiv State Agrarian University, 
located in the village of Blagodarivka, Mykolaiv 
district, Mykolaiv region, belonging to the 
Southern Steppe zone of Ukraine.

In a three-factor field experiment, the fol-
lowing varieties (factor A) were studied: ‘Ovi-
dii’, ‘Duma Odeska’, ‘Ozerna’, ‘Anatoliia’; seed 
treatment (factor B) – treatment with water 
(control) and biological preparations Azotofit-r 
(0,3 l/t), Fitotsyd (1,5 l/t), Mycofriend-r (1,0 l/t), 
Orhanik-balans Monofosfor (0.5 l/t); moisture 
conditions (factor C) – without irrigation, with 
irrigation. The varieties most common in the 
steppe zone of Ukraine were used as material 
for research, the owners of which are the In-
stitute of Irrigated Agriculture of the Natio-
nal Academy of Sciences of Ukraine, the Plant 
Breeding and Genetic Institute – National 
Center of Seed and Cultivar Investigation of 
the National Academy of Sciences of Ukraine 
and PABRE “Bor”. All studied varieties are 
recommended for distribution in the steppe 
zone of Ukraine: ‘Ovidii’ and ‘Anatoliia’ – in-
tensive type, universal use; ‘Duma Odeska’ is 
characterized by high drought resistance and, 
according to the owner, a positive reaction to 
nitrogen fertilizers; ‘Ozerna’ is characterized 
by 9-point drought resistance.
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For the pre-sowing treatment of seeds, bio-
logical preparations of the Ukrainian manu-
facturer of microbial and enzyme preparations 
“BTU-center” were used. Namely: Azotofit-r is 
a biostimulant for increasing plant growth and 
nutrition, based on the nitrogen-fixing bacte-
rium Azotobacter chroococcum; biofungicide 
Fitotsyd – based on living cells and spores of 
the natural bacterium Bacillus subtilis; Myco-
friend-r is a mycorrhiza-forming bioprepara-
tion for plant nutrition and protection based on 
fungi of the genus Glomus, Trichoderma har-
zianum, as well as a complex of soil rhizo-
sphere bacteria; Orhanik-balans Monofosfor 
for growth stimulation, protection and phos-
phorus nutrition of plants based on phospho-
rus-mobilizing bacteria. The seeds were pro-
cessed on the day of sowing in the shade, 
avoiding direct sunlight.

The total experimental area is 50 m2, the 
accounting area is 26 m2, with four-fold repeti-
tion. The soils of the experimental site are 
southern chernozems, residual-slightly saline, 
heavy loamy soils on loess.

The predecessor in all the years of research 
was peas. Before sowing, winter wheat seeds 
were treated with the fungicide Insure Per-
form at the rate of 0.5 l/t. In order to increase 
the effectiveness of seed treatment with bio-
logical preparations, Liposam bioadhesive was 
used at the rate of 0.3 l/t for all experimental 
options. Soft winter wheat was sown in the 
first decade of October with a seed sowing rate 
of 4.5 million seed/ha to the seeding depth of 
5–6 cm with simultaneous application of the 
complex mineral fertilizer nitroamophoska 
(N

16
Ð

16
Ê

16
) in norm of 175 kg/ha. The experimen-

tal plots were fertilized three times: first – on 

the frozen soil with ammonium nitrate in the 
amount of 145 kg/ha (N

50
); then – in stem ex-

tension phase with urea in the amount of                
130 kg/ha (N

60
); then – in the earing phase 

with urea in the amount of 22 kg/ha (N
10
). The 

crops were cared for by spraying against weeds 
with Quelex 200 herbicide at the rate of 50 g/ha 
in the stem extension phase, against diseases 
and pests with the insecticide Decis 100 ES KE 
(0.1–0.15 kg/ha) in combination with Impact C 
fungicide at a rate of 0.5 l/ha. In the irrigation 
options, moisture loading watering was car-
ried out before sowing 800–1000 m3/ha and             
2 vegetation irrigations of 400–500 m3/ha.

Weather conditions differed between years 
of research: 2020 was dry in terms of moisture 
and temperature conditions, 2021 was wet, and 
2022 was moderately wet.

Results and discussion
It was determined that the growth and de-

velopment of Triticum aestivum L. plants de-
pended on many factors, in particular pre-so-
wing treatment of seeds with biological prepa-
rations and moistening conditions, which af-
fected their vital activity from the seedling to 
the ripening stage.

The emergence of timely and even stands 
largely depended on the conditions of moisture 
supply and pre-sowing treatment of seeds with 
biopreparations Azotofit-r, Fitotsyd, Myco-
friend-r and Orhanik-balans Monofosfor.

Field germination of seeds for all studied 
varieties was higher in the variant with ir-
rigation and in the control variant (treatment 
with water) – 84.5–87.2%, which is 7.1–9.1% 
more than in the variants without irrigation 
(Table 1).

Table 1
Field seed germination (%) of winter wheat varieties under the conditions of 

treatment with biological preparations and moistening conditions 
(average for 2020–2022)

Variety 
(factor A)

Seed treatment (factor B)
control (treatment 

with water)
Azotofit-r 
(0,3 l/t)

Fitotsyd 
(1,5 l/t)

Mycofriend-r 
(1,0 l/t)

Orhanik-balans 
Monofosfor (0,5 l/t)

without irrigation (factor C)
‘Ovidii’ 76.9 75.8 72.8 75.8 77.4
‘Duma Odeska’ 78.1 76.3 75.4 76.3 77.6
‘Ozerna’ 78.6 77.5 77.7 77.6 77.6
‘Anatoliia’ 77.6 77.0 76.5 76.6 76.5

with irrigation (factor C)
‘Ovidii’ 84.5 82.8 83.0 85.6 84.8
‘Duma Odeska’ 87.2 86.0 85.7 83.9 86.9
‘Ozerna’ 85.7 84.6 84.2 85.3 85.1
‘Anatoliia’ 85.5 84.7 84.8 84.7 84.9

LCD
0,05  

by factor A (%) – 1.9–2.6
LCD

0,05  
by factor B (%) – 2.7–4.2

LCD
0,05  

by factor C (%) – 1.9–2.2
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Pre-sowing treatment of seeds with biological 
preparations, both in the variants without irri-
gation and under irrigation conditions, affected 
the decrease in the field germination of winter 
wheat seeds of the investigated varieties, except 
for the variety ‘Ovidii’. Thus, on average during 
2020–2022, under the conditions of seed treat-
ment with biopreparations Azotofit-r, Fitotsyd, 
Mycofriend-r and Orhanik-balans Monofosfor, 
the field seed germination of all studied varieties 
decreased by 0.5–4.1% (option without irriga-
tion) and by 0.3–1.7% (option with irrigation).

It was established that the pre-sowing treat-
ment of winter wheat seeds of the ‘Ovidii’ va-
riety with the biopreparation Orhanik-balans 
Monofosfor insignificantly increased the field 
germination of seeds by 0.3–0.5%, compared 
to the control option.

Using the method of dispersion analysis, it 
was determined that factor C (moistening con-

Table 2
Plant density of winter wheat varieties in the seedling phase depending on seed 

treatment with biological preparations and moistening conditions, psc./m2 

(average for 2020–2022)

Variety 
(factor A)

Seed treatment (factor B)
control (treatment 

with water)
Azotofit-r 
(0,3 l/t)

Fitotsyd 
(1,5 l/t)

Mycofriend-r 
(1,0 l/t)

Orhanik-balans 
Monofosfor (0,5 l/t)

without irrigation (factor C)
‘Ovidii’ 346 341 328 341 348
‘Duma Odeska’ 351 347 340 345 349
‘Ozerna’ 354 349 350 349 349
‘Anatoliia’ 349 346 344 345 344

with irrigation (factor C)
‘Ovidii’ 380 373 364 387 382
‘Duma Odeska’ 392 387 386 390 391
‘Ozerna’ 386 381 379 384 383
‘Anatoliia’ 385 381 381 381 382

LCD
0,05  

by factor A (pcs./m2) – 4.0–9.2
LCD

0,05  
by factor B (pcs./m2) – 6.4–9.2

LCD
0,05  

by factor C (pcs./m2) – 3.9–5.2

ditions) had the greatest influence on the field 
germination of seeds (65–85%).

As a result of this study, it was found that 
the number of seedlings per 1 m2 depended 
both on varietal characteristics and on the fac-
tors used (Table 2). Thus, on average for 2020–
2022, this indicator was the highest for the 
variety ‘Duma Odeska’ under irrigation condi-
tions on the control option (treatment with wa-
ter) – 392 pcs./m2, and was close to the options 
using Mycofriend-r and Orhanik-balans Mono-
fosfor and was 390 and 391 pcs./m2, respec-
tively.

The smallest number of plants – 386 pcs./m2, 
was formed when using the biopreparation Fi-
totsyd (by 6 pcs./m2 less than the control 
indicator). Such a regularity was also ob-
served under the condition of using the bio-
preparation Azotofit-r – 387 pcs./m2, which is 
7 pcs./m2 less than the control.

Moistening conditions had a significant ef-
fect on plant stand formation. Thus, in the ver-
sion without irrigation for the control variety 
‘Duma Odeska’, the number of plants was 
351 pcs./m2, which was 41 pcs./m2 or 10.6% 
less than in the version with irrigation. A 
smaller number of plants – 328 pcs./m2, was 
produced by plants of the ‘Ovidii’ variety in rai-
ny conditions with the use of Fitotsyd biopre-
paration for seed treatment, which is 18 pcs./m2, 
or 5.2% less than the control. In the version 
without irrigation, a larger number of plants we-
re produced by plants of the ‘Ozerna’ variety – 
354 pcs./m2, which is 8 pcs./m2 more than in 
the plants of the ‘Ovidii’ variety, by 
6 pcs./m2 – than in the ‘Anatoliia’ variety and by 
3 pcs./m2 – than in the ‘Duma Odeska’ variety.

The formation of the number of plants per 
unit area during harvesting is influenced by 
the survival rate, which shows the number of 
saved plants during the harvesting period, ex-
pressed as a percentage of the number of sown 
germinating seeds. The research results con-
firmed the influence of moistening conditions 
and treatment of seeds with biological prepara-
tions on the survival of the varieties ‘Ovidii’, 
‘Duma Odeska’, ‘Ozerna’ and ‘Anatoliia’.

During 2020–2022, the highest survival – 
an average of 89.4%, which is 2.1% more than 
the ‘Ovidii’ variety, was in the variant with 
irrigation in the ‘Ozerna’ variety (Fig. 1).

Under irrigation conditions, seed treatment 
with Azotofit-r biopreparation had the greatest 
effect on this indicator. Thus, for the variety 
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‘Ozerna’, plant survival was 90.4%, which is 
3.2% more than the control (treatment with 
water). Under conditions without irrigation, 
the treatment of seeds of all varieties with the 
mycorrhizal preparation Mycofriend was more 
effective. Thus, their survival rate for 2020–
2022 was 87.1% on average.

The coefficient of productive tillering and 
the number of plants at the time of harvesting 
are important elements of the crop structure 
and at the same time indicators of the struc-

Fig. 1. Survival of winter wheat variety plants depending on seed treatment 
and moistening conditions for 2020–2022

Note. Seed treatment: 1. Treatment with water (control); 2. Azotofit-r (0.3 l/t); 3. Fitocide (1.5 l/t); 
4. Mycofriend-r (1.0 l/t); 5. Orhanik-balans Monofosfor (0.5 l/t)
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tural formula for calculating the biological 
yield of grain crops.

On average, over the years of research, the 
main number of plants remained in the vari-
ants with irrigation for plants of the ‘Duma 
Odeska’ variety using the biopreparation 
Orhanik-balans Monofosfor – 350 pcs./m2 with 
a survival rate of 89.5%, which is more than 
the control (treatment with water) by 7 pcs./m2 
and 2.1%, respectively. The same pattern was 
observed in other studied varieties (Table 3).

Table 3
The number of plants at the time of winter wheat harvesting depending on seed 

treatment and moistening conditions, pcs./m2 (average for 2020–2022)

Variety
(factor A)

Seed treatment (factor B)
Control (treatment 

with water)
Azotofit-r 
(0,3 l/t)

Fitotsyd
(1,5 l/t)

Mycofriend-r
(1,0 l/t)

Orhanik-balans 
Monofosfor (0,5 l/t)

without irrigation (factor C)
‘Ovidii’ 287 291 276 299 305
‘Duma Odeska’ 295 299 292 303 304
‘Ozerna’ 294 298 299 301 299
‘Anatoliia’ 295 298 299 297 297

with irrigation (factor C)
‘Ovidii’ 324 330 319 340 332
‘Duma Odeska’ 343 348 346 349 350
‘Ozerna’ 336 346 342 344 344
‘Anatoliia’ 336 347 342 340 343

LCD
0,05  

by factor A (pcs./m2) – 6.2–7.1
LCD

0,05  
by factor B (pcs./m2) – 6.7–13.5

LCD
0,05  

by factor C (pcs./m2) – 5.5–8.8

This indicator was the lowest for the variety 
‘Ovidii’ under the condition of using the bio-
preparation Fitotsyd – 319 pcs./m2, which is less 
than the control by 5 pcs./m2. In non-irrigated 

options, the number of plants per 1 m2 at harvest 
was on average 37 plants/m2 or 9.7% lower com-
pared to irrigated options. It was established 
that the coefficient of productive tillering in 
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plants of the variety ‘Duma Odeska’ was the 
largest among all studied varieties (Fig. 2).

 Moistening conditions also had a significant 
impact on this indicator, namely: the higher co-
efficient of productive tillering – 2.6, was in the 
variety ‘Duma Odeska’ with irrigation under the 

condition of seed treatment with the bioprepara-
tion Fitotsyd, which was 0.4 more than in the 
variants without irrigation. A slightly smaller 
regularity was observed in other varieties: in the 
variety ‘Ovidii’ – by 0.3; in the variety ‘Ozer-
na’ – by 0.2; in the variety ‘Anatoliia’ – by 0.1.

Fig. 2. The coefficient of productive tillering of winter wheat varieties depending on seed treatment 
and moistening conditions (2020–2022) 

Note. Seed treatment: 1. Treatment with water (control); 2. Azotofit-r (0.3 l/t); 3. Fitotsyd (1.5 l/t); 
4. Mycofriend-r (1.0 l/t); 5. Orhanik-balans Monofosfor (0.5 l/t)
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Treatment of seeds with biological prepara-
tions before sowing had the following effect 
on productive tillering: for all varieties in 
conditions without irrigation, treatment with 
Azotofit-r and Mycofriend-r preparations was 
the most effective [coefficient of tillering – 
2.2, which is 0.2 more than the control (treat-
ment with water)]; under the condition of 

treatment with Fitotsyd and Orhanik-balans 
Monofosfor – 2.1, which is 0.1 more than the 
control.

The response of the ‘Ovidii’, ‘Duma Odeska’, 
‘Ozerna’, ‘Anatoliia’ varieties to the growing 
conditions and the studied factors is one of the 
main elements in the formation of their pro-
ductivity.

Table 4
Yield of winter wheat varieties under the conditions of seed treatment with 

biological preparations and moistening conditions, t/ha (average for 2020–2022)

Variety 
(factor A)

 Seed treatment (factor B)
Ñontrol (treatment 

with water)
Azotofit-r 
(0,3 l/t)

Fitotsyd 
(1,5 l/t)

Mycofriend 
(1,0 l/t)

Orhanik-balans 
Monofosfor (0,5 l/t)

without irrigation (factor C)
‘Ovidii’ 5.10 5.71 5.29 5.71 5.84
‘Duma Odeska’ 5.46 6.08 5.76 5.95 5.90
‘Ozerna’ 5.37 6.07 5.81 5.94 6.16
‘Anatoliia’ 5.29 6.04 5.98 5.90 5.80

with irrigation (factor C)
‘Ovidii’ 6.73 8.15 7.31 7.85 7.44
‘Duma Odeska’ 7.60 8.38 8.28 8.11 7.94
‘Ozerna’ 7.04 8.20 7.60 7.85 7.72
‘Anatoliia’ 6.77 7.48 7.21 7.21 7.29

LCD
0,05 

by factor A (t/ha) – 0.15–0.26
LCD

0,05 
by factor B (t/ha) – 0.19–0.38

LCD
0,05 

by factor C (t/ha) – 0.20–0.21
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On average, for 2020–2022, the highest grain 
yield (8.38 t/ha) was provided by the ‘Duma 
Odeska’ variety under the conditions of irriga-
tion and seed treatment with Azotofit-r (Table 4).

A similar pattern was observed in other va-
rieties. For plants of the ‘Ovidii’ variety, the 
yield was 8.15 t/ha, for the ‘Ozerna’ – 8.20, and 
for the ‘Anatoliia’ – 7.48 t/ha. Irrigation had a 
significant impact on productivity, the increase 
in yield from the use of which averaged 24.3%.

Depending on the seed treatment, the yield 
of the studied varieties changed as follows: on 
average, during 2020–2022, under irrigation 
conditions for all varieties in control (treat-
ment with water), the yield was 7.04 t/ha, with 
the use of the biopreparation Azotofit-r, it was 
higher by 12.3%, when treated with the bio-
logical fungicide Fitotsyd – by 7.7%, when 
treated with the mycorrhiza-forming prepara-
tion Mycofriend-r – by 9.3%, and when treated 
with the Orhanik-balans Monofosfor biological 
preparation – by 7.4%.

In the variants without irrigation, the for-
mation of the crop proceeded as follows: for all 
the studied varieties in the control (treatment 
with water), the yield was 5.31 t/ha; it was 
more by 10.9% when using the growth regula-
tor Azotofit-r, subject to treatment with the 
biological fungicide Fitotsyd – by 7.0%, when 
treated with mycorrhiza-forming prepara tion 
Mycofriend-r – by 9.7%, and when using the 
biopreparation Orhanik-balans Monofosfor – 
by 10.5%.

Conclusions
A significant influence of moistening condi-

tions and seed treatment with biological prepa-
rations on field germination, survival rate and 
elements of the plant yield structure of the 
studied soft winter wheat varieties was estab-
lished. It was determined that the seed field 
germination and plant density in the germina-
tion phase of the studied winter wheat varieties 
increased depending on the variety and biologi-
cal preparations in the options with irrigation 
by 6.5–10.3% and 8.3–13.5%, respectively, com-
pared with the experimental plots without ir-
rigation. Greater survival of winter wheat 
plants was observed when seeds were treated 
with biological preparations Azotofit-r (on irri-
gation) and Mycofriend (without irrigation). 
Plants of the ‘Duma Odeska’ variety had the 
highest yield during irrigation and seed treat-
ment with Azotofit-r (0.3 l/t) – an average of 
8.38 t/ha for 2020–2022, and it was the lowest 
(5.10 t/ha ) in the ‘Ovidii’ variety in the control 
variant without irrigation and without seed 
treatment with biological preparations.
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Ìåòà. Âèçíà÷èòè âïëèâ óìîâ çâîëîæåííÿ òà îáðîáêè 
íàñ³ííÿ á³îëîã³÷íèìè ïðåïàðàòàìè Àçîòîô³ò-ð, Ô³òîöèä, 
Ì³êîôðåíä-ð, Îðãàí³ê-áàëàíñ Ìîíîôîñôîð íà ðîñòîâ³ 
ïðîöåñè íà ïî÷àòêîâèõ åòàïàõ æèòòÿ ðîñëèí, ôîðìóâàííÿ 
ãóñòîòè ñòîÿííÿ òà óðîæàéí³ñòü çåðíà ñîðò³â ïøåíèö³ îçè-
ìî¿. Ìåòîäè. Äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè çàãàëüíî-
íàóêîâ³, ñïåö³àëüí³, ïîëüîâ³, ìàòåìàòè÷íî-ñòà òèñòè÷í³ òà 
ðîçðàõóíêîâî-ïîð³âíÿëüí³ ìåòîäè. Ðåçóëüòàòè. Çàïî-
ðóêîþ âèñîêî¿ âðîæàéíîñò³ ïøåíèö³ îçèìî¿ º îäåðæàííÿ 
äðóæíèõ ñõîä³â, ôîðìóâàííÿ îïòèìàëüíî¿ ãóñòîòè ñòîÿííÿ 
ðîñëèí íà ÷àñ çáèðàííÿ ç óðàõóâàííÿì ïîêàçíèê³â ¿õ âèæè-
âàíîñò³, êîåô³ö³ºíòó ïðîäóêòèâíî¿ êóùèñòîñò³ òà âèâ÷åííÿ 
íîâèõ ñîðò³â, àäàïòîâàíèõ äî çì³í êë³ìàòó. Çà ðåçóëüòàòàìè 
äîñë³äæåíü âèçíà÷åíî, ùî â ñåðåäíüîìó çà 2020–2022 ðð.
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á³ëüøó óðîæàéí³ñòü çåðíà ñåðåä äîñë³äæóâàíèõ ñîðò³â 
ïøåíèö³ îçèìî¿ ñôîðìîâàíî ó ðîñëèí ñîðòó ‘Äóìà îäåñü-
êà’ (8,38 ò/ãà) íà çðîøåíí³ ó âàð³àíò³ ç ïåðåäïîñ³âíîþ îá-
ðîáêîþ íàñ³ííÿ á³îïðåïàðàòîì Àçîòîô³ò-ð, ùî íà 0,78 ò/ãà
á³ëüøå, ïîð³âíþþ÷è ç êîíòðîëåì (îáðîáêà âîäîþ). Ó âà-
ð³àíò³ áåç çðîøåííÿ óðîæàéí³ñòü ñòàíîâèëà 6,08 ò/ãà, ùî 
ìåíøå çà êîíòðîëü íà 2,3 ò/ãà àáî 27,4%. Âèñíîâêè. Ðîç-
ðîáëåí³ åëåìåíòè òåõíîëîã³¿ âèðîùóâàííÿ ñîðò³â ïøåíèö³ 
îçèìî¿ äàþòü ìîæëèâ³ñòü ñôîðìóâàòè îïòèìàëüíó ãóñòîòó 
ñòîÿííÿ ðîñëèí òà çíà÷íî ï³äâèùèòè óðîæàéí³ñòü çåðíà â 
óìîâàõ Ï³âäåííîãî Ñòåïó Óêðà¿íè. 
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