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FORMATION OF THE WINTER WHEAT YIELD DEPENDING ON THE ELEMENTS OF CULTIVATION
TECHNOLOGY IN THE CONDITIONS OF THE RIGHT BANK FOREST STEPPE OF UKRAINE

L. S .Kvasnitska, H. P. Voitova
Khmelnitsky State Agricultural Experimental Station of Institute of Feed Research and Agriculture Podillia
of NAAS, Samchyky village, Khmelnytsky district, Khmelnytskyi region, 31182, Ukraine

Topicality. In eco-friendly farming systems, the biologicals help to increase winter wheat productivity
and improve grain quality. These include both stubble biodestructors that accelerate the return of nutrients
from by-products to the soil and multifunctional biologicals with fertilising, growth-regulating and protec-
tive properties. Purpose. To determine the influence of the stubble biodestructors and multifunctional biolo-
gicals under different fertilization backgrounds on the formation of individual plant productivity, yield and
grain quality of winter wheat in the conditions of the Right-Bank Forest-Steppe. Methods. Field method was
used to study the interaction of the investigated factors on the plant growth and development, as well as and
the winter wheat yield; quantitative-weight method — to determine the structure of the yield; mathematical
and statistical method — to analyse the reliability of the obtained results. Results. It was established that the
application of stubble biodestructors and multifunctional biologicals had an impact on the formation of the
winter wheat yield and provided an increase in the number of productive stems by 4-9 %, grain weight per
spike by 3—7 %, and yield by 8-17 % against the background without fertilizers. The application of NgoPgoKso
resulted in an increase in the number of productive stems by 10%, the grain weight per spike by 14 %, and
the yield by 31 % compared to the background without fertiliser. The use of biological preparations against
this background provided an additional increase in productivity in the range of 9-15 %, which was accom-
panied by an increase in the number of productive stems and the weight of the ear of grain by 3-6 % and
5-8 %, respectively. On this background, the application of biologicals provided an additional increase in
yield within 9-15 %, as well as an increase in the number of productive stems and grain weight per spike by
3-6 % and 5-8 %, respectively. The highest yield of winter wheat was provided by the combination of the
stubble biodestructor Organic-Balance with the seed and crop treatment with a multifunctional biologicals
Organic-Balance on a non-fertilised background — 5.27 t/ha and on a mineral background — 6.79 t/ha due to
high productive stem density and the highest grain weight per spike. Conclusions. In the Right-Bank Forest-
Steppe on the non-fertilised background and mineral background with NgoPgoKso, the maximum grain yield of
winter wheat grown after sunflower was obtained due to the combination of technological elements, inclu-
ding the application of stubble biodestructors and multifunctional biologicals for seed and crop treatment.
These eco-friendly elements have the potential to improve the winter wheat cultivation technology.

Key words: winter wheat, fertilizer background, stubble biodestructor, multifunctional biologicals,
productivity, grain quality

Introduction. The key task of Ukrainian
agriculture is to increase the production of
winter wheat (Triticum aestivum L.), which is
the most valuable food crop in the country.
The growing demand for wheat grain on the
global market raises the question of the pro-
spects for increasing export supplies, which is
impossible without increasing the yield of this
crop [1-3]. Agrarian science has long been
conducting research to develop cultivation
technologies to reduce the negative impact of
abiotic and biotic factors on winter wheat.
The biotic factors significantly reduce yields
and deteriorate grain quality [4]. Among the
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priorities of the modern strategy is the use of
biologicals as an integral technological link in
the cultivation of grain crops in ecological
farming systems [5]. The main advantages of
microbiologicals are their low cost per unit of
incremental output, low consumption rate,
and environmental safety, which creates broad
prerequisites for their implementation in bio-
logical agriculture [6].

Among agricultural plant protection
products, the greatest preference is given to
biologicals with multifunctional action, i.e.
products with a complex effect (simultaneous-
ly exhibiting fertilising, growth-regulating and
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protective properties) [7, 8]. Microbial plant re-
sidue destructors play an important role among
biologicals in land preparation technologies for
sowing winter crops. They reduce the rate of
decomposition of humus substances, improve soil
structure, and reduce soil moisture evaporation,
soil density and water erosion. In addition, they
suppress many diseases and reduce the number
of certain pests that are localised on plant resi-
dues [9-11]. Chemicalisation causes a signify-
cant suppression of soil biological activity due
to a decrease in the diversity and quantity of mi-
croflora, including the decomposition of plant
residues [12-14]. These factors necessitate the
application of biodestructors.

Intensive cultivation technologies have
reached critical limits in terms of environment-
tal, energy and productivity [15]. Therefore, the
realisation of the maximum productivity poten-
tial of winter wheat requires a rational fertili-
sation system that would fully meet the require-
ments of plants to growing conditions [16].

The purpose of the research is to deter-
mine the effect of the application of stubble bio-
destructor Organic-Balance and multifunctional
biological product Organic-Balance against dif-
ferent fertilizer backgrounds on the formation of
individual plant productivity, yield and quality
of winter wheat grain in the conditions of the
Right-Bank Forest-Steppe.

Materials and Methods. The object of
research was the processes in the formation of
yield and quality of winter wheat grain depend-
ing on the studied technological elements in the
period 2021-2022. The research was conducted
in a temporary field trial by the Khmelnytskyi
State Agricultural Experimental Station of Insti-
tute of Feed Research and Agriculture Podillia
of NAAS.

The soil of the experimental plot is a
slightly podzolized medium loamy moderately
deep low-humus chernozem on loess loam of
brownish-pale colour. Accounting plot area is
32 m?; replication is four times; plots are placed
systematically. Humus content (according to
Tyurin) is 2.8-3.0 %, pH is 5.8-6.2; hydrolytic
acidity is 1.9-2.3 mg/equiv. per 100 g of soil;
gross nitrogen reserves are 0.153-0.163 %,
phosphorus reserves are 0.136-0.149 %; alka-
line hydrolysed nitrogen is 17-19.3 mg, mobile
forms of phosphorus and potassium (according
to Chirikov) are 20.8-22.6 and 8-12 mg per 100 g
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of soil, respectively. The experiment studied the
elements of cultivation technology, such as the
application of two biologicals with the same
name Organic-Balance produced by BTU-
Center: stubble biodestructor (1.0 I/ha) and mul-
tifunctional biological product for treatment of
seeds (1.0 I/t) and crops (0.5 I/ha) on a ferti-
liser-free background and mineral background
with NgoPeoKeo. Before ploughing the plant resi-
dues of the predecessor (sunflower), N1/t of by-
products was introduced. The seeding rate was
4.5 million/ha. Accounting and observations were
carried out according to generally accepted me-
thods in agriculture [17-19]. It was sown Boh-
dana variety of winter wheat; sowing dates were
on October 05, 2021 and on September 30, 2022.

The main research method was field,
which included the study of the interaction of
the studied factors on the plant growth and de-
velopment and yield of winter wheat; quanti-
tative and weight method — to determine the
yield structure; mathematical and statistical me-
thod — to analyse and establish the reliability of
the results.

Results and Discussion. The formation of
a crop yield is the result of the complex interac-
tion of productivity elements, the main of which
are the number of productive stems in the crop,
the grain weight per spike, the grain content of
the spike and the 1000 grain weight.

For the years of research, the main factors
that formed the productive stem stand of winter
wheat were biologicals applied independently
and in combination on two fertilisation back-
grounds. Higher plant density was observed un-
der mineral fertilisation, with a productive tiller-
ing coefficient of 1.87 compared to 1.70 (no fer-
tilisation), and a lower percentage of unproduc-
tive stems in the crop — 7 compared to 9 %. Bio-
logicals application resulted in an increase in the
values on the background without fertilizers and
with the application of mineral fertilizers in the
average range of 1.72-1.77 and 1.89-1.92 stems
per plant and 5-7 and 5-6 %, respectively
(Table 1).

The parameters of formation of plant
productivity elements depending on fertilisation
backgrounds were determined on winter wheat
crops, and their differences were established.
Among the variants with biological treatments
in the full grain maturity, higher plant height
was reached by application of the multifunc-
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Table 1. Average plant density of winter wheat under the application of biologicals
on different fertilisation backgrounds, (average for 2021-2022)
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tional biologicals (Table 2).

There was an improvement in individual
productivity and yield quality of the crop due to
the treatment of seeds and crops with this prod-
uct: on the background without fertilisation, the
spike length varied within 6.9-7.8 cm, on the
mineral background — 7.7-8.3 cm, respectively,
the number of grains in the spike — from 24.6 to
25.6 and from 26.2 to 26.9 pcs, grain weight per
spike — from 1.04 to 1.09 and from 1.19 to
1.28 g, 1000 grain weight — from 42.4 to 42.6
and from 46.0 to 47.4 g, gluten content — from
15.0 to 17.9 and from 18.9 to 22.2 %, grain
hardness — from 49 to 53 and from 66 to 71 %
and grain volume weight — from 765 to 807 and
from 785 to 818 g/l. The maximum increase in
the values of indicators was noted in the vari-
ants with a combination of stubble biodestructor
and a multifunctional biological product, which
were: 1000 grain weight — 42.9 g on the back-
ground without fertilisation and 47.5 g — on the
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mineral background, in accordance with these
backgrounds, gluten content — 18 and 22.3 %,
grain hardness — 54 and 72 %.

Our studies also showed that the grain
yield of winter wheat varied depending on the
fertilisation backgrounds and biological products
applied (Table 3).

Its lowest value (4.54 t/ha) was obtained
on the background without fertilizers, where the
application of stubble biodestructor provided a
grain increase of 0.37 t/ha (or 8 %), treatment of
seeds and crops with a multifunctional biologi-
cals — 0.65 t/ha (15 %), and their combined appli-
cation — 0.73 t/ha (17 %). The variant without
fertilisers was characterised by the lowest num-
ber of productive stems (4,877 thousand stems/ha)
and grain weight per spike (1.04 g), as well as the
highest percentage of unproductive stems in the
crop (9 %).

Improvement of these indicators was
achieved with the application of the studied bio-
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Table 2. Average indicators of yield structure and grain quality of winter wheat under the application

of biologicals on different fertilisation backgrounds, (average for 2021-2022)
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Table 3. Winter wheat yield under the application of biologicals on different
fertilisation backgrounds, t/ha, (average for 2021-2022)
Increase in yield, +
. . . to back- interaction
Background Variants of experiment Yield to control ground of factors
t/ha % t/ha % t/ha %
no treatment — control 4.54 0 0 0 0 0 0
stubble biodestructor 4.91 0.37 8 0.37 8 0 0
treatment of seeds and crops
No fertilisa- | with a multifunctional biologi- 5.18 0.65 15 0.65 15 0 0
tion cals
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logicals: increase in the number of productive
stems in the crop by 5-9 % and grain weight per
spike by 3—7 %, decrease in the number of un-
productive stems by 2-4 %.

On the mineral background with NgoPgoKeo,
a significantly higher yield (5.90 t/ha) was ob-
tained with a grain increase of 1.37 t/ha (31 %)
and an increased number of productive stems by
10 % in the crop and grain weight per spike by
14 % compared to the variant without fertilisa-
tion. Against the background of mineral fertili-
sation with the application of biologicals, an
additional increase in grain yield was obtained:
0.49 t/ha (9 %) due to the application of stubble
biodestructor, 0.73 t/ha (13 %) due to the treat-
ment of seeds and crops with a multifunctional
biologicals, and 0.89 t/ha (15 %) due to their
combined application, which was accompanied
by an increase in the number of productive
stems in the crop by 3-6 % and grain weight per
spike by 5-8 %. The highest values of these in-
dicators were obtained in variants with the ap-
plication of multifunctional biologicals.

It was found that the application of a stub-
ble biodestructor in combination with the treat-
ment of seeds and crops with a multifunctional
biological product provided the highest yield of
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AKTyajibHiCTB. B  ckoJori3oBaHMX CcHUCTeMax 3eMjepoOCTBa TIJABHUINECHHIO ypOKaWHOCTI Ta
TMOJIITIIIEHHIO TIOKAa3HUKIB SKOCTI 3€pHA MIISHMIII 03UMO]i CTIpHsie 3acToCyBaHHA OiompemnapariB. Cepen HUX —
JECTPYKTOPH POCIMHHUX PEIITOK, SIKi MPHUIIBHIIIYIOTH MOBEPHEHHS MOKUBHUX PEYOBUH 3 MOOIYHOI Tpo-
IyKLii y TpyHT Ta OioJoriuHi mpenapaTty noiipyHKIIOHANBHOT JIii 3 TPOSBOM YAOOPIOBAILHUX, PICTPETYIIO-
I0YMX 1 3aXMCHUX BiacTUBOCTeH. MeTa. Bu3HaueHHs BIUIMBY 3aCTOCYBaHHS 0i0JeCTPYKTOpa POCIHMHHHX
pemrTok Ta Oionpenapary noiyHKIIOHATBHOI il 32 pi3HUX (OHIB yI0OpeHHS Ha POpPMyBaHHS MOKA3HUKIB
1H/IMBIyaJIbHOI POAYKTUBHOCTI POCIIMH, YPOKAHHOCTI Ta SKOCTi 3epHa MIIEHHII 03uMoi B ymoBax [IpaBo-
oepexxroro Jlicoctenmy. Meroau. [lonboBuit MeTO — /711 BUBUEHHS B3a€MOIIl OCIIPKYBAaHUX (PaKTOpiB Ha
PICT 1 PO3BUTOK POCIHH Ta yPOKaWHICTh MINEHUI 03UMOI; KiJTbKICHO-BAarOBUH METOJ — BU3HAYEHHS CTPYK-
Typu BpOXKar0; MareMaTHYHO-CTATUCTUYHUN — aHaJIi3 1 BCTAHOBJICHHS JOCTOBIPHOCTI OTPHUMAaHHUX PE3yJ/ib-
TatiB. Pe3yabTarn. BeTaHOoBIIEHO, 10 3aCTOCYBaHHS 0101€CTPYKTOpA POCIMHHUX PEIITOK 1 Oiompernapary
o yHKITIOHAIBHOI i Mayo BIUTMB Ha (OPMYBaHHS BPOXKAlO IIIEHUIN O03MMOI Ta 3a0e3nednsio Ha (oHi
0e3 100puB 301IbIICHHS KUTBKOCTI IPOIYyKTUBHUX cTeOen Ha 4—9 %, Macu 3epHa 3 koyioca — Ha 3—7 %, ypo-
xaitHocTi — Ha 8—17 %. 3a paxyHok BHeceHHsI NgoPgoKeo Ha MiHepanbHOMY (OHI BiIOyI0CS 3pOCTaHHS KiJlb-
KOCTI IpoxyKTHBHUX cTeben — Ha 10 %, macu 3epHa konoca — Ha 14 %, ypoxaiiHocTi — Ha 31 % mopiBHSIHO 3
(hoHOM 0Oe3 3acTocyBaHHs N0OpuB. Bukopucranus OionpenapariB Ha JaHoMy (OHI 3a0e31eunio JoJaTKOBHN
npupictT ypoxaiHocTi B Mexax 9-15 %, mo cympoBOKYBaioCch 301TBIIEHHSIM KiJIBKOCTI MPOJYKTUBHHX
cTeOen Ta Macu 3epHa 3 kojioca Ha 3—6 % 1 5-8 % BignosigHo. HaliBuiy BpokaiiHICTh MIIEHHUIN 03MMO]T 3a-
0e3neunsio noegHaHHs 610AeCTPYKTOpa POCIMHHMX pemTok Opranik-06ananc 3 00poOKO0 HAaciHHS 1 MMOCIBiB
Oiompemnaparom nojidyHkiioHanbHo1 aii Opranik-6ananc Ha GoHi 6e3 1o0puB — 5,27 T/ra Ta MiHEPAILHOMY
¢doHi — 6,79 T/ra — sIK HACHIIOK IIUTBHOTO MPOJYKTHBHOTO CTEOJIOCTOI POCIUH 1 HaHOUIbIOI MacH 3epHa
kosocy. BucnoBku. B ymoBax IIpaBobepeskHoro Jlicocreny Ha ¢oHi 6e3 1oOpuB Ta MiHepaasHOMY (OHI 3
NgoPeoKeo MakcumanbHy yposkaiiHiCTh 3€pHa MIIEHULI 03UMO1, 32 BUPOILyBaHHS MiCIsl COHSIIHUKY, OTpUMa-
HO BIJ] TOE€HAHHS TEXHOJIOTIYHUX €JIEMEHTIB, 1110 BKIIIOYAIM 3aCTOCYBaHHS 010€CTPYKTOpa POCIMHHUX Pe-
WTOK Ta Oiompenapary NoOmiQyHKIIOHATBHOI il 11t 00poOKM HAciHHS 1 MOCiBiB. 3a3Ha4YeHi EKOJOTr1YyHO-
Oe3neyHi eJIeMEHTH MOXYTh OyTH BHKOPHUCTaHI Uil BJOCKOHAJICHHS TEXHOJIOTii BHPOIIYBaHHS MIIEHHII
03UMOI.

Knrouoei crosa: nwenuys osuma, ¢on yoobpenns, 0iodecmpykmop poCIuHHUX peumox, dionpena-
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pam noaighyHKyionanvHoi 0ii, ypodrcatinicms, AKicme 3epHa
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