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Topicality. Quantitative indicators of each structure element of productivity directly affect the for-
mation of high yields. The soil and climatic conditions of the region and certain elements of the cultivation
technology, in particular, the application of fertilizers, are the determining factors of soybean productivity
formation. Purpose. To establish the influence of inoculation and nutritional conditions on the formation of
structure elements of the soybean yield for ultra-early variety Mercur. Methods. Special and general scien-
tific methods were used in the research. For 2019-2020, field trials were conducted on typical low-humus
chernozems in the conditions of the Kyiv region. The experiment was two-factor: factor A - nutritional condi-
tions created by different rates of fertilizers and growth regulator Huliver Stymul against the background of
mineral fertilization in BBCH 13-15; BBCH 51-55; factor B — seed inoculation with Nitrofix P (dry inocu-
lant for soybeans). Results. According to the results of research, the influence effectiveness of nutritional
conditions, growth regulators, seed inoculation on the formation of soybean yield structure elements for the
Mercur variety are presented, and the interrelationship between these factors is identified. It was established
that the formation of soybean productivity elements depends on the studied factors and environmental fac-
tors. Conclusions. Increased fertilizer rates significantly increased the number of pods per plant and the
number of seeds per pod. Dynamics of increasing the 1,000 seed weight was also observed both in variants
with seed inoculation with Nitrofix P, and without seed inoculation. Correlation analysis between the soy-
bean yield structure elements and fertilizer variants revealed a strong positive correlation between them.
Correlation-regression analysis, both without seed inoculation and with seed inoculation, revealed a linear
dependence, which characterized by a strong correlation between soybean yield and fertilizer variants, with
an approximation confidence value of R* = 0.951.

Key words: Huliver Stymul, yield structure elements, correlation dependence, thousand seed weight,
Nitrofix P, soybeans, fertilizers, nutritional conditions, yield

Introduction. Consumption of soybeans
and soybean products is growing and will grow
in the future. The crop is popular due to its high
profitability and broad market demand. Despite
yields averaging 1.6-1.7 tonnes per hectare, the
profitability level ranges from 60 % to 100 %
and higher, on condition of high resource pro-
vision. Soybean cultivation improves soil struc-
ture, its physical and chemical properties, and
enriches it with nutrients, particularly nitrogen.
Photosynthesis and nitrogen fixation are the bio-
logical characteristics of soybeans [1-3].

Author information:

Soybean plants are also capable to fix up
to 450 kg of nitrogen per hectare due to symbio-
sis. Thanks to their symbiotic properties, soy-
bean plants provide 55-60 % of their nitrogen
needs [4-7].

The crop fertilisation system should be
aimed to create conditions that are close to op-
timal and capable to maximise the genetic po-
tential of a particular crop variety or hybrid
through nitrogen fixation and balanced nutrition
of crops with phosphorus, potassium and micro-
elements [8-11].
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The availability of nutrients in the soil, in
particular nitrogen, is important for the produc-
tivity of legumes. The process of nitrogen fixa-
tion by legumes is not sufficiently studied and
requires identifying opportunities to influence
its intensification. Studying this issue will allow
to more intensively increase soybean production
while saving energy resources.

Today, the Ukrainian market offers a wide
diversity of inoculants specifically for soybeans.
The substrate for dry inoculants is produced
from peat or vermiculite [12, 13].

Preliminary studies show that seed inocula-
tion provides a yield increase from 10 to 24 % [14].

The previous studies showed that growing
soybeans without inoculation resulted in a yield
of 1.81 t/ha, while seed inoculation with Opti-
mise increased the soybean seed yield of Apo-
lon by 12.6 % and that of Valiuta by 15 %. The
application of Ryzoactiv inoculation resulted in
an increase in yield of 0.34 t/ha. Inoculation in-
creases leaf surface area, number of branches,
pods, seeds, and, as a result, crop productivity
[15-17].

Seed treatment with Rizohumin + Kheto-
mik ensured a yield of 2.45 t/ha in the Annush-
ka variety (2.26 t/ha in the control variant) and
2.31 t/ha in the Ustia variety (1.94 t/ha in the
control variant) [8].

The application of HiCoat Super Soybean +
HiCoat Super Extender and HiStick Soybean
provided an increase in yield of 28.2 and 18.3 %,
respectively, compared to the control [18, 19].

The starter dose of nitrogen is recom-
mended only on poor soils and after unfertilised
predecessors. Phosphorus supply plays an im-
portant role in the nutrition of soybean plants.
Phosphorus in soybean plants is contained in
mineral and organic substances, nucleoproteins,
and nucleic acids, which are important for pro-
tein synthesis, growth and reproduction, and the
transmission of inherited traits. The application
of nitrogen and phosphorus fertilisers (NgoPso)
increases yields by up to 0.61 tonnes per hec-
tare. Soybean plants require a large amount of
potassium for active growth and development. It
is a component of protein molecules and other
organic compounds [20].

The application of phosphorus in the rate
of 45 Kkg/ha increased soybean grain yield by
0.55-0.58 t/ha. The application of potassium
fertilisers alone had no effect on the quantitative
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value of the yield. However, the application of
potassium with nitrogen and phosphorus in-
creased grain yield by 0.19-0.80 t/ha [21].

The purpose of the study was to determine
the effect of inoculation and nutritional condi-
tions on the yield structural elements of Mercur
variety (ultra-early variety of soybean).

Materials and Methods. The field trials
were conducted on typical low-humus cherno-
zems with medium phosphorus and potassium
availability and low nitrogen. The humus con-
tent was 4.17 %. It was a two-factor experiment:
factor A — fertiliser variants, factor B — seed in-
oculation. The experiment was replicated four
times. In the trial, winter wheat was the prede-
cessor of soybeans. The nutrients were applied
according to the experimental design in the form
of diammophoska (N10P26K26) under the prima-
ry tillage. The compound growth regulator Huli-
ver Stimul was applied foliarly at microstages
BBCH 13-15; BBCH 51-55 in the dose of
1 I/ha. Inoculation was carried out with dry ino-
culant Nitrofix P — 1 kg/t of seeds.

Nitrofix-P is the bacteria Bradyrhizobium
japonicum and Bradyrhizobium elkanii (Brady-
rhizobium japonicum strain 5079, Bradyrhizobi-
um elkanii strain 587 with a titer of viable bacteri-
al cells — 2.5 billion in 1 g of the preparation).

Huliver Stimul is a compound preparation
containing growth stimulants (potassium hu-
mate — at least 40 g/l, succinic acid — 3 g/l), mi-
croelements, biologically active compounds —
gibberellins, cytokinins, auxins.

The analysis of the crop structural ele-
ments was carried out in accordance with the
State Variety Testing Methodology for Crops by
the following traits: number of pods per plant,
number of seeds per pod, number of seeds per
plant, seed weight per plant, thousand seed
weight. For accounting purposes, the yield at the
stage of full seed ripeness was harvested from
each plot by the method of direct harvesting and
weighing. The actual yield was recalculated to
the basic moisture content (8 %) and taking into
account the impurities [8, 22, 23].

Results and Discussion. Soybean and
other crop yields are determined by the elements
of crop productivity. Crop productivity elements
determine its yields. The main elements of soy
bean productivity are the number of plants per
unit area, the number of pods per plant, the
number of seeds per pod and the thousand seed
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weight. The formation of soybean productivity
elements is shaped by environmental factors,
biological characteristics of the crop and tech-
nological methods of its cultivation. Previous
studies have shown that the number of pods per
plant, seeds per pod and thousand seed weight
are directly related to the intensity of photosyn-
thesis and carbohydrate supply during the peri-
od of pod formation.

According to the scientific literature,
moisture deficit, high air temperature, and lack
of light inhibit photosynthesis and carbohydrate
intake in the reproductive organs, which slow
down their growth processes. If soybean plants
lack carbohydrates during the flowering period,
up to 80 % of the flowers die. Factors that acti-

vate the photosynthetic process during flower-
ing and pod formation, increase the number of
pods and seeds on plants also include the nutri-
tional conditions of soybean plants. The number
of assimilants determines the seed filling and
ensures an increase or decrease in seed size, and
therefore determines the yield.

To grow high productivity crops, it is ne-
cessary to know the optimal values of the struc-
ture elements of each variety and the conditions
under which they are formed.

Studies have shown that the formation of
soybean productivity elements was determined
by both the studied factors and environmental
factors (Table 1).

The increased fertiliser rates provide an

Table 1. Formation of yield structural elements by soybean plants, average for 2019-2020

Vari - Number of pods Number of seeds Number of seeds Thousa_md
ariant of fertilizers seed weight,
per plants, pcs per pod, pcs per plants, pcs g
without inoculation

N1oP2sK26 (background 1) 15.2 1.92 29.2 141.4
N15P39K 39 (background 2) 15.5 1.97 30.5 143.2
N,oPs,Ks, (background 3) 15.7 1.98 31.1 144.1
Background 1 + Huliver
Stymul (3-5 leaves; bud- 154 1.95 30.0 141.8
ding)
Background 2 Huliver
Stymul (3-5 leaves; 15.8 1.99 31.4 143.9
budding)
Background 3 + Huliver
Stymul (3-5 leaves; bud- 16.2 2.00 32.4 145.1
ding)

V, % 2.24 1.49 3.65 0.99

seed inoculation with Nitrofix P

N1oP26K o6 (background 1) 15.3 1.94 29.7 142.3
N15P39K 39 (background 2) 15.6 1.99 31.0 144.1
NP5, Ks, (background 3) 15.8 2.00 31.6 145.4
Background 1 Huliver
Stymul (3-5 leaves; 155 1.97 30.5 142.7
budding)
Background 2 + Huliver
Stymul (3-5 leaves; bud- 15.9 2.01 32.0 144.8
ding)
Background 3 + Huliver
Stymul (3-5 leaves; 16.3 2.02 32.9 146.9
budding)

V, % 2.23 1.47 3.62 1.19

increase in the number of pods per plant and the
number of seeds per pod. We observed the dy-
namics in the increasing of thousand seed weight,
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both in the variants with seed inoculation with
Nitrofix P and without inoculation.
Thus, on average in 2019-2020, thousand
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seed weight varied from 141.4 to 145.1 g in var-
lants without inoculation, and from 142.3 to
146.9 g in variants treated with Nitrofix P. The
maximum thousand seed weight was in the vari-
ant when applying N2oPs;Ks, and inoculation
with Nitrofix P — 146.9 g and without it— 145.1 g.
As a result of the correlation analysis bet-

ween the elements of the soybean yield structur-
al elements and fertiliser variants, the depend-
encies between the studied indicators were es-
tablished (Table 2). According to the results of
statistical data processing, we can conclude that
there is a strong positive correlation between all
elements of the structure and fertiliser variants.

Table 2. Correlation coefficient between yield structural elements and variants of soybean fertilization

. Number of Number of
Indicators Va_rl_ant_of Number of pods seeds per pod, seeds per Thous:and seed
fertilization | per plant, pcs weight, g
pcs plant, pcs
Variant of 3 B _ _ _
fertilization
Number of pods per 0.855 7 _ _ _
plant, pcs
Number of seeds 0.785 0923 B _ _
per pod, pcs
Number of seeds | g3 0.966 0.991 - -
per plant, pcs
Thousand seed 0.688 0.971 0.948 0.954 -
weight, g

Our regression analysis between yield in-
dicators (y) and fertiliser variants (x) allowed us
to establish the dependencies described by the
following linear equations: in the variants with-
out inoculation, y = 0.111x + 1.996 with the
approximation reliability value R?> = 0.951;
when using Nitrofix P inoculation, y = 0.129x +
2.114 with R? = 0.976, which indicates a strong
correlation.

Conclusions. Our research show that nu-
tritional conditions and the application of seed
inoculation had an impact on the plant growth
and development, formation of yield structural
elements and yield of soybean plants of the
Mercur variety. The application of the growth
regulator Huliver Stimul and the inoculant Ni-
trofix P against the background of mineral ferti-
lisation contributed to the increasing of indica-
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AkTtyanbHicte. DOpMyBaHHS BHCOKHX BpOXKaiB HAciHHS COi Oe3MocepeHbO 3aleKUTh Bij
KUTBKICHOTO BHPaXXCHHS KOXXKHOTO 3 €JIEMEHTIB CTPYKTypH BpOXaw. BU3HAaYalbHUMH YUHHHUKAMU Yy
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(hopMyBaHHI MPOIYKTHUBHOCTI POCIMH COi € BIUIUB IPYHTOBO-KIIIMAaTHYHHUX YMOB PETIOHY Ta OKpeMmi
CJIEMEHTH TEXHOJIOTi] BHPOIIYBaHHS, 30KpeMa, yJoOpeHHA. MeTa NOCHIPKEHHS MoJsrana y BHUSIBICHHI
BIUTMBY IHOKYJISIIII Ta YMOB >KHBIIEHHS Ha (DOPMYyBaHHS €IEMEHTIB CTPYKTYPH BpOXKaio coi copTty Mepkyp
(ynerpapanHiit copt). Metoau. Y nmociii BHKOPHCTOBYBAJHM CIEIlialbHI Ta 3arallbHOHAYKOBI METOIN
nocmigpkenb. [lonpoBi nmocmimkenHs mpoBogwnu BrapogoBxk 2019-2020 pp. Ha UopHO3EMax THIIOBHX
MajoryMmycHuX B ymoBax KwuiBchkoi obmacti. Hocmin mBodakTopHUil, 9MHHUK A — YMOBH JKHBIICHHS, IIO0
CTBOPIOBAJIMICSI 3aCTOCYBAaHHSAM DPI3HUX HOPM IOOpHB Ta picT perymotounx pedoBuH (I'ymiep Ctumyn) Ha
¢oHl MiHEpaJILHOTO yA0OpeHHs Ha craaisx po3utky pocivH BBCH 13-15; BBCH 51-55; yunnuk B —
iHOKysiLis HaciHHs mpenapatoM Hitpodike II (cyxuit iHOKynsHT anst coi). PesyabTraTtn. HaBeneno
pe3ynbTaTH AOCTIKeHb e()EeKTUBHOCTI BIUIMBY YMOB YXHBJICHHS, PICT PETyIIOI0UNX TpenapariB, iHOKYISIIT
HaciHHA Ha (OPMYBaHHS €JIEMEHTIB CTPYKTYPH BpOXAal POCIHH coi copTy Mepkyp Ta BHUSBICHHS
B3a€MO3B 13Ky MK HUMH. YCTaHOBJIEHO, IO (OpMyBaHHs €JIEMEHTIB MPOAYKTHBHOCTI COi BH3HAYaJIOCs
YUHHUKAMH, SKi MU BUBYQIH, Ta (GaKTOPaMH HABKOJUITHLOTO CepenoBHUINa. BHcHOBKHU. 30UTbIIICHHS HOPM
noOpuB 3a0esmedyBaio 30UTbIIEHHS KUTbKOCTi ©000iB Ha poCiWHI, KITBKOCTI HaciHHA y 0o0ax.
Cnocrepiranach nuHaMika i y HanpsMKy 30inbieHnst Mmacu 1 000 HaciHHH, SK Ha BapiaHTax 3 iHOKYJISIIEO
HacigHsa mpenapatoM Hitpodike Il, tak 1 6e3 iHokymsamii. IIpoBemeHHS KOpENAMIHHOTO aHANI3y MiX
eJIeMEHTaMH CTPYKTYPH BPO’XKalo0 COi Ta BapiaHTaMu yIOOpEHHs MOKa3ali0 HasBHICTh MK HAMH CHIIBHOTO
MO3UTUBHOTO KOpENALIHHOTrO 3B’513Ky. Ha OCHOBI KOpemsLiiiHO-perpeciifHoro aHamizy, sik 6e3 MpoBeACHHS
THOKYJIAILIT, TaK 1 3 1HOKYJSAII€I0, YCTaHOBICHO JIHIMHY 3aJIe)KHICTh. BOHa XapaKTepU3yeThCs CHIBHUM
KOPEIAIIHHIM 3B SI3KOM MDX ypOXKaWHICTIO COi Ta BapiaHTaMu ymOOpEHHsI 3 BEIMYHWHOIO JOCTOBIPHOCTI
anpokcumMariii R =0,951.

Kniouogi cnosa: ['ynieep Cmumyn, enemenmu CmpyKmypu 8poxicaio, Kopeiayiiuna 3a1exiCHiCmb, maca
1 000 nacinun, Himpodghixc 11, cos, y0obpeHHs, YMOBU JHCUBTIEHHS, YPOAHCATIHICMb

110 Grain Crops. Vol. 6. No. 2. 2023. P. 105-110 https://doi.org/10.31867/2523-4544/0240


http://agrostore.biz.ua/product-category/udobrenie/mineralne/

