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The article presents the results of experimental studies of the effect of seed inoculation,
fertilizer and varietal features on the processes of growth and development, the duration of
vegetation and interphase periods and linear measurements of the height of soybean plants. The
duration of the growing season in soybean plant varieties depended on the variety features, seed
inoculation and fertilization. The longest duration of vegetation and interfacial periods was noted
in the variant, where the application of Wonder Bor was carried out against the background of the
application of mineral fertilizer with the norm N2oP20Sg and the treatment of seeds with Maxim XL
etching agent and Wonder Mikro microelements and foliar fertilization with Wonder Yelow and
amounted to 109 and 111 days in Betina soybean varieties, and 114 and 115 days in Vyshyvanka
variety, respectively, which is 9 and 8 days more compared to the control variant. Duration of
sowing seedlings — 14 and 13; 14 and 13 days, full shoots - the third ternary leaf — 21 and 20; 22
and 21 days, the third ternary leaf - the beginning of flowering — 21 and 20; 22 and 21 days, the
beginning of flowering — the end of flowering — 24 and 25; 25 and 26 days, the end of flowering —
full pouring of seeds — 30 and 32; 31 and 32 days, full pouring of seeds — full ripeness — 13 and 14;
14 and 15 days, respectively.

In this variant of the studies, the highest linear measurements of plant height were noted in
the variant of the studies, where the application of Wonder Bor was carried out against the
background of the application of mineral fertilizer with the norm N20P20Se and the treatment of
seeds with Maxim XL etching agent and Wonder Mikro trace elements and Wonder Yelow foliar
fertilizer and amounted to 82.0 and 85.4 cm in Betina soybean varieties, and 86.1 and 89.7 cm in
Vyshyvanka variety, which is 16.6 and 15.9 and 17.1 and 15.9 c¢cm, respectively.

The height of plants in the phase of the third ternary leaf is 39.3 and 43.4; 40.3 and 43.7 cm,
the beginning of flowering is 62.5 and 65.9; 66.6 and 68.4 cm, the end of flowering is 78.1 and
79.8; 81.4 and 84.3 cm, complete pouring of seeds is 68.7 and 72.6; 73.5 and 77.2 cm.

Keywords: variety, soybean, seed inoculation, fertilizer, seed treatment.

Table. 3. Ref. 15.

Statement of the problem. One of the important conditions for the formation
of high yields, including soybean, is the variety, it is possible to reveal the maximum
genetic potential inherent in it by inoculating the seeds, treating it with a suspension
of trace elements and performing foliar fertilizations with chelated micronutrient
fertilizers during critical periods of plant growth and development. Optimization of
such technological methods of growing crops will contribute to the formation of high
and sustainable yields of varieties. Also, the study of these factors will optimize the
processes of growth and development to form the maximum productivity of the
culture.
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Disclosure of the maximum genetic potential inherent in the varieties is
possible due to inoculation of seeds, treatment with a suspension of trace elements
and foliar fertilizers with chelated microfertilizers during critical periods of plant
growth and development.

In recent years, the area under soybean crops in Ukraine has grown rapidly
compared to the sown area over the past 10-20 years. This is due to the economic
attractiveness of this leguminous crop. Every year, the number of varieties of this
crop suitable for distribution in Ukraine grows in the State Register of Plant
Varieties.

Analysis of recent researches and publications. This, in turn, requires
research to study their adaptation to the appropriate soil and climatic conditions of
cultivation, optimization of technological methods of cultivation, which will
contribute to increasing yields and realizing the maximum genetic potential [1].

The duration of the growing season is an important feature when growing
soybeans under appropriate  edaphoclimatic conditions. To obtain the maximum
stable yield of soybeans, several varieties belonging to different ripeness groups
should be grown on the same farm [2].

The duration of the growing season of soybeans is influenced by various factors,
including varietal features, sowing time, fertilizers, pre-sowing bacterialization of
seeds, and others [3].

Thus, it is noted that the longest growing season was established under the
combined influence of pre-sowing bacterization of seeds with phosphonitragin and
application of nitrogen fertilizers by the norm Nsp, against the background of the
main fertilizer PgoKso and additional feeding in the budding phase N15 — 107 days in
the Vilshanka variety and 117 days in the Suzirya variety [4].

The conducted phenological observations of the growth and development of
plants of soybean varieties of different ripeness groups emphasize that the duration of
the growing season and interfacial periods depended on both the hydrothermal
conditions of the year and the technological methods of cultivation, namely the dose
of mineral fertilizers and the introduction of trace elements [5].

However, varietal features affect the duration of the growing season the most
[6].

According to the Broad Uniform Classifier of the genus Glycine max. (L.) Merr.
[7], according to the duration of the growing season, soybean varieties were divided
into four ripeness groups: ultra-rapid (less than 90-100 days), early-ripening (101-
120 days), medium-ripening (121-140 days) and late-ripening (141-160 days).

The reaction of the variety to the technological methods of cultivation depends
on the variety features, that is, the ratio of the variety to moisture supply, pre-sowing
bacterization of seeds, application of mineral fertilizers, drought and heat resistance
of the variety and other technological methods of growing crops [8]. With the help of
technological methods of cultivation, it is necessary to influence the modification
variability of plants, which will by determined by the corresponding adaptive
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reactions of the variety to the stages of its organogenesis [9].

Such a trait as the height of soybean plants is associated with grain productivity,
therefore, depending on the variability of this trait over the growing season, one can
note the appropriate conditions for the growth and development of plants that
provided an increase in this indicator in ontogenesis. This, in turn, makes it possible
to establish favorable conditions for the formation of high-yield soybean crops [10].

In the ontogenesis of soybeans, the height of plants significantly depends on the
influence of abiotic and biotic factors, therefore the results of a linear increase in this
indicator allow us to indicate the influence of the studied factors, including the grain
productivity of crops. The technology of the variety, along with the resistance of
plants to lodging and the height of attachment of lower beans, which depend on the
height of plants, so the study of this feature is relevant, since it takes into account the
parameters of a possible harvest [11, 13-15].

The purpose of the research was to establish the effect of seed inoculation,
fertilizer and varietal features on the duration of vegetation and interfacial periods
and linear height measurements of soybean plants.

Table 1
Scheme of the experiment
Soypean Inoculation .
variety (Factor B) Fertilizers (factor C)
(factor A)
1. No fertilizer (control)
1 without 2. N20P20Se + §eed treatment Maxim XL -
1. Betina inoculation (background); .
2' Vishivanka | 2. Inoculation 3. Background+ Wonder M|!<ro;
' (HighCot Super) 4. Background + Wonder Mlkr_o+ Wonder Yelow;
5. Background + Wonder Mikro+ Wonder Yelow +
Wonder Bor.

Source: based on own research

Research methodology. The research was conducted in the conditions of the
agricultural company with limited liability “Druzhba” in Vinnytsia district, Vinnytsia
region.

The total area of the site is 40 m?. The accounting area is 25 m?. Repeatability
of the experiment four times [12].

According to the research methodology, a three-factor field study was
established: Factor A - varieties: 1.Betina; 2. Embroidery; Factor B - inoculation: 1.
without inoculation; 2. HighCot Super. Factor C - Fertilizer: 1. Without fertilizers
(control); 2. N2oP20Sg + seed treatment Maxim XL — (background); 3. Background +
Wonder Mikro; 4. Background + Wonder Mikro+ Wonder Yelow; 5. Background +
Wonder
Mikro+ Wonder Yelow +Wonder Bor.

Research results. The effect of seed inoculation and fertilizer on the duration of
vegetation and interfacial periods of soybean plant varieties is shown in Table 2. It
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should be noted that the shortest interfacial periods and the duration of the growing
season were noted in the control variant of the experiment, this applies to both
Table 2
Influence of seed inoculation and fertilizer on the duration of vegetation and
interfacial periods of soybean plant varieties, days

Growing seasons
= 3 Y— = = A )
2 2 | §2 |82/ 25 222 | 88 | BE
Q £ = EE Z\E: c 1= “_—S-O '58_ ‘T O
S =S B c cﬁg“g’ Eg"’;’ M 3= B2
n S = CSor=| moe | T= =5 S =
L © Ss< " =" | &3 = (M=
) [ ) Lt = w
($7] = !
pre-sowing inoculation*
bi|bi|bi| i |bi| i |bi|] i |bi| i |bi| i ]|bi] i
1. Without
fertilizers 14 | 1312212111918 |21 | 22|26 |28 |12 | 13 /100|102
Control
2. N2ogP20Se + seed
oatment MM/ 44 | 13| 22| 21| 20 | 19 | 22 | 23 | 27 | 29 | 13 | 14 | 104|106
< | (background)
‘2 |3. Background +
[¢D)
0 |\Wonder Mikro 13112 12112012019 |23 24|28 |30 |13 | 14 |105]|107
4. Background +
Wonder Mikro+| 13 |12 |21 |20 (21|20 |24 | 25|29 |31 |13 | 14 /108|110
Wonder Yelow
5. Background +
Wonder Mikro+ | 5| 9o | 51 | 50 | 21 | 20 | 24 | 25 [ 30 | 32 | 13 | 14 | 109|111
Wonder Yelow +
Wonder Bor
1'WIFhOUt 15114 123122 |120|19 |22 23|27 |29 |13 | 14 |105|107
fertilizers (control)
2. N2R20S¢9 +
seed treatment| ,o | 1/ | 53 | 55 [ 21 (20 |23 | 24 | 28 | 30 | 14 | 15 | 109|111
Maxim XL -
_g (background);
S |3 Background +| )| 45| 55 | 91 | 21| 20| 24 | 25| 29 | 31 | 14 | 15 | 110|112
< |Wonder Mikro
S |4. Background +
Wonder Mikro+| 14 | 13 |22 |21 | 22 | 21| 25|26 (30| 31|14 |15 |113|114
Wonder Yelow
5. Background +
Wonder Mikro+ 1y 145 | 55 | 59 | 92 | 21 | 25 | 26 | 31| 32 | 14 | 15 | 114|115
Wonder Yelow +
Wonder Bor

Source: based on own research
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soybean varieties Betina and Vyshyvanka, where inoculation and fertilization were
not carried out, the duration of the growing season in this variant of the experiment
was 100 and 105 days, respectively. Duration of sowing and germination — 14 and 15
days, full germination - the third ternary leaf — 22 and 23 days, the third ternary leaf -
the beginning of flowering — 19 and 20 days, the beginning of flowering — the end of
flowering — 21 and 22 days, the end of flowering — complete pouring of seeds — 26
and 27 days, complete pouring of seeds — complete ripeness — 12 and 13 days.

Seed inoculation provided an extension of the growing season in soybean
varieties to 2 days, and it was 102 and 107 days, respectively. There was also an
extension of the duration of the interfacial period, the beginning of flowering-end of
flowering — 22 and 23 days, the end of flowering-complete pouring of seeds — 28 and
29 days, respectively.

The application of mineral fertilizer at the rate of N2PSs, as well as the
treatment of seeds with Maxim XL, provided an extension of the growing season to
104 and 106 days in the Betina variety and to 109 and 111 days in the Vyshyvanka
variety, which is 4 days longer compared to the control variant.

Treatment of seeds with Wonder Mikro trace elements against the background
of mineral fertilization and seed treatment provided an increase in the duration of the
growing season to 105 and 107 and 110 and 112 days, respectively.

Conducting foliar fertilizations of Wonder Yelow against the background of
applying mineral fertilizer with a rate of N2oP20Se and treating seeds with Maxim XL
fertilizer and Wonder Mikro trace elements helped to extend the duration of the
growing season in Betina and Vyshivanka soybean varieties to 108 and 110 and 113
and 114 days, which is 8 and 7 days longer compared to the control variant.

The longest duration of vegetation and interfacial periods is noted in the variant
where the application of Wonder Bor was carried out against the background of the
application of mineral fertilizer with the norm N2oP2Ss and the treatment of seeds with
Maxim XL seed dressing agent and Wonder Mikro trace elements and foliar top
dressing Wonder Yelow was 109 and 111 days in Betina soybean varieties, and 114
and 115 days in Vyshyvanka variety, respectively. Duration of sowing seedlings — 14
and 13; 14 and 13 days, full shoots - the third ternary leaf — 21 and 20; 22 and 21
days, the third ternary leaf - the beginning of flowering — 21 and 20; 22 and 21 days,
the beginning of flowering — the end of flowering — 24 and 25; 25 and 26 days, the
end of flowering — full pouring of seeds — 30 and 32; 31 and 32 days, full pouring of
seeds — full ripeness — 13 and 14; 14 and 15 days, respectively.

The effect of seed inoculation and fertilizer on the height of soybean plant
varieties is shown in Table 3. The smallest linear measurements of plant height were
noted on the control variant (without inoculation and fertilizer) in both Betina
soybean varieties — 65.4 cm and Vyshyvanka — 69.0 cm, reaching its maximum in
full ripeness. The height of plants in the phase of the third ternary leaf is 24.4 and
28.6 cm, the beginning of flowering is 45.6 and 50.1 cm, the end of flowering is 57.4
and 62.7 cm, the complete pouring of seeds is 63.7 and 67.2 cm.
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Table 3

Influence of inoculation and fertilization on the height of plants of soybean
varieties, cm

Copt

Fertilizer

Growth and development phase

3rd
Ternary Leaf

Beginnin

g of
flowering

End of
flowering

Full
pouring of

seeds

Full
ripeness

pre-sowin

—

bi

inocul

ation*
bi

—

Betina

1. Without
fertilizers
Control

24,4

27,8

45,6

50,3

o574

62,5

63,7

67,7

65,4

69,5

2. N2oP20So +
seed treatment
Maxim XL -
(background)

25,9

29,3

50,1

56,1

62,5

68,4

68,7

73,5

71,9

75,3

3. Background
+ Wonder Mikro

27,8

355

57,3

61,5

69,2

73,4

74,8

78,6

76,2

80,8

4. Background
+ Wonder
Mikro+ Wonder
Yelow

39,3

43,4

62,1

65,4

74,3

77

79,1

82,6

81,6

84,9

5. Background +

Wonder Mikro+

Wonder Yelow +
Wonder Bor

40,1

45,3

62,5

65,9

74,9

78,1

79,8

83,3

82,0

85,4

Vishivanka

1. Without
fertilizers
(control)

28,6

31,5

50,1

54,5

62,7

66,2

67,2

71,4

69,0

73,8

2. N20R20Se +
seed treatment
Maxim XL -
(background);

33,6

35,8

55,2

60,1

67,3

72,4

72,6

77,2

74,5

78,9

3. Background
+ Wonder Mikro

35,9

37,9

60,1

64,3

72,4

76,4

77,5

81,9

79,8

83,5

4. Background
+ Wonder
Mikro+ Wonder
Yelow

39,8

42,3

65,4

67,5

77,5

79,6

81,6

85,8

83,4

87,6

5. Background +

Wonder Mikro+

Wonder Yelow +
Wonder Bor

40,3

43,7

66,6

68,4

78,7

81,4

84,3

88,3

86,1

89,7

Source: based on own research
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Seed inoculation provided an increase in plant height in soybean varieties to
69.5 and 73.8 cm, which is 4.1 and 4.8 cm more. The height of plants in the phase of
the third ternary leaf is 27.8 and 31.5 cm, the beginning of flowering is 50.3 and 54.5
cm, the end of flowering is 62.5 and 66.2 cm, complete pouring of seeds is 67.7 and
71.4 cm.

The application of mineral fertilizer at the rate of NPSs, as well as the
treatment of seeds with Maxim XL, provided an increase in the height of plants to
71.9 and 75.3 cm in the Betina variety and to 69.0 and 73.8 cm in the Vyshyvanka
variety, which is 6.5 and 5.8; 5.5 and 5.1 more compared to the control variant.

The height of plants in the phase of the third ternary leaf is 25.9 and 33.6; 29.3 and
35.8 cm, the beginning of flowering is 50.1 and 55.2; 56.1 and 60.1 cm, the end

of flowering is 62.5 and 67.3; 68.4 and 72.4 cm, complete pouring of seeds is 68.7
and 72.6; 73.5 and 77.2 cm, respectively.

Treatment of seeds with Wonder Mikro trace elements against the background
of mineral fertilization and seed treatment provided an increase in plant height to
76.2 and 80.8 and 79.8 and 83.5 cm, which is 10.8 and 11.3; 10.8 and 9.7 cm more
compared to the control variant.

Conducting foliar fertilizers Wonder Yelow against the background of applying
mineral fertilizer norm N2oP2Se and treating seeds with Maxim XL etching agent and
Wonder Mikro trace elements contributed to an increase in plant height in Betina and
Vyshyvanka soybean varieties to 81.6 and 84.9 and 83.4 and 87.6 cm, which is 16.2
and 15.4; 14.4 and 13.8 cm more compared to the control variant.

The highest linear measurements of plant height were noted in the variant of
studies, where the application of Wonder Bor was carried out against the background
of the application of mineral fertilizer with the norm NxoP2Se and the treatment of
seeds with Maxim XL etching agent and Wonder Mikro trace elements and Wonder
Yelow foliar fertilizer and amounted to 82.0 and 85.4 cm in Betina soybean varieties,
and 86.1 and 89.7 cm in Vyshyvanka variety, which is 16.6 and 15.9 and 17.1 and
15.9 cm, respectively.

The height of plants in the phase of the third ternary leaf is 39.3 and 43.4; 40.3
and 43.7 cm, the beginning of flowering is 62.5 and 65.9; 66.6 and 68.4 cm, the end
of flowering is 78.1 and 79.8; 81.4 and 84.3 cm, complete pouring of seeds is 68.7
and 72.6; 73.5 and 77.2 cm.

Conclusions and prospects for further research. The duration of the growing
season in soybean plant varieties depended on the variety features, seed inoculation
and fertilization. The longest duration of vegetation and interfacial periods was noted
in the variant, where the application of Wonder Bor was carried out against the
background of the application of mineral fertilizer with the norm N2oP2Se and the
treatment of seeds with Maxim XL etching agent and Wonder Mikro microelements
and foliar fertilization with Wonder Yelow and amounted to 109 and 111 days in
Betina soybean varieties, and 114 and 115 days in Vyshyvanka variety, respectively,
which is 9 and 8 days more compared to the control variant.
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In this variant of the studies, the highest linear measurements of plant height
were noted in the variant of the studies, where the application of Wonder Bor was
carried out against the background of the application of mineral fertilizer with the
norm NzoP20Sge and the treatment of seeds with Maxim XL etching agent and Wonder
Mikro trace elements and Wonder Yelow foliar fertilizer and amounted to 82.0 and
85.4 cm in Betina soybean varieties, and 86.1 and 89.7 cm in Vyshyvanka variety,
which is 16.6 and 15.9 and 17.1 and 15.9 cm, respectively.
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AHOTAITIA
TPUBAJIICTh BETETAI[IHHOTO IMEPIOAY I BHCOTH POCTHH COf
SAJIEZKHO B IEPEJITOCIBHOI OBPOBKH HACIHHA TA
YIOBPEHHA

Y ecmammi npeocmasneno pesynrbmamu ekcnepumeHmanrbHux 00CIi0NCeHb 6NAUBY THOKYIAYIT
HACIHHA, YOOOpEeHHs ma COpmosuUx 0coOIUBOCmell Ha Npoyecu pocmy Ut po3GUMKY, MpUailicms
gecemayitino2o ma Mixcaznux nepiodis i JiHiUHUX npomipie eucomu pociun coi. Tpueanicme
gecemayitino2o nepiody y copmie pociun coi 3anexcand, 8i0 copmosux ocoonusocmeti, IHOKYIAYIQ
HAcCiHHA ma 8HeceHHs 000pus. Haildoswa mpusanicmes 8ecemayitino2o ma Mixcghasnux nepioodis y
giomiuena Ha eapianmi, 0e 6y10 nposedeno euecenns Wonder Bor na goni enecenns minepanornozo
0obpusa Hopmoio N20P20Sg ma obpodxu nacinus npompyroeauem Maxcum XL i mixpoenemenmamu
Wonder Mikro ma nozaxopernegozo nioxcusnenns Wonder Yelow i cknaoana y copmie coi bemina —
109 i 111 0i6, a y copmy Buwueanka — 114 i 115 0i6, 6ionosiono, a ye na 9 i 8 0i6 6invuie
NOPIBHAHO 13 KOHMPOAbHUM 6apianmom. Tpusanicme cigba-cxoou — 14 i 13; 14 i 13 0i6, nosni
cxoou-mpemiti mpiuvacmuti aucmoxk — 21 i 20; 22 i 21 006y, mpemiii mpitiuacmuii 1UCmMoK-
nowamox yeiminna — 21 i 20; 22 i 21 000y, nouamox ysiminHsa-Kineyv ysiminua — 24 ma 25; 25 ma
26 0i6, xineyvb ysiminHsa-nosne Hanusanus nacinus — 30 i 32; 31 ma 32 006u, noéne HANUBAHHS
HaciHHA-noeHa cmuenicmo — 131 14; 141 15 0i6, 6ionogiono.

Ha yvomy eapianmi oocniodcensv 6i0mMiveHO Hausuwi JNIHIUHI NPOMIPU GUCOMU DOCTUH
8IOMIYeHO Ha éapianmi 0ocaiodiceHb, 0e 0yl0 nposedero enecents Wonder Bor na ¢honi enecenms
MiHepanbHo2o 000pusa Hopmor N2oP20Se ma ob6pobku nacinus npompyrosauem Makxcum XL i
mikpoenemenmamu Wonder Mikro ma nosaxopenegozo nioxcusnenns Wonder Yelow i cknaoana y
copmie coi bemina — 82,01 85,4 cm, a y copmy Buwueanka — 86,11 89,7 cm, a ye na 16,61 15,9 ma
17,11 15,9 cm, 6ionosiono. Bucoma pociun y ¢azy mpemiti mpitiuacmuii aucmox — 39,3 i 43,4;
40,3 ma 43,7 cm, nowamok ysiminus — 62,5 i 65,9; 66,6 i 68,4 cm, kineyv ysiminnsa — 78,1 i 79,8;
81,4 ma 84,3 cm, nosne nanueannsa nacinna — 68,7 ma 72,6, 73,51 77,2 cm.

Knrouoei cnoea: copm, cos, inokynayia HacinHs, YyO0OpeHHs, NpOmpYIO8aHHs HACIHHAL.

Taon. 3. Jlim. 15.
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