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INTEGRATED APPLICATION OF BIOLOGICALS FOR INCREASING THE PRODUCTIVITY
OF WINTER WHEAT IN THE RIGHT-BANK FOREST-STEPPE OF UKRAINE

L. S.Kvasnitska, H. P. Voitova, O. S.Vlasiuk
Khmelnytskyi State Agricultural Research Station of the Institute of Feed Research and Agriculture of Podillia
NAAS, 1 Samchyky St., Samchyky village, Khmelnytskyi district, Khmelnytskyi region, 31182, Ukraine

Topicality. Modern innovative approaches of winter wheat cultivation technology involve the use of
biological products. Purpose. The aim of the research was to determine the impact of the integrated use of
the plant residue biodestructor Organic-Balance (1 I/ha) and the multifunctional biological product Organic-
Balance with the bioadhesive Liposam (1.0 I/t + 0.3 I/t) for seed treatment and crop spraying (0.5 I/ha and
0.3 I/ha) against different fertilizer backgrounds on the productivity of winter wheat crops in the conditions
of the Right-Bank Forest-Steppe of Ukraine. Materials and methods. The research was conducted at the
Khmelnytskyi State Agricultural Research Station of the Institute of Feed Research and Agriculture of Podil-
lia NAAS in a temporary field experiment on crops of winter wheat variety Bohdana during 2021-2023. Re-
search methods: field, laboratory, mathematical and statistical. Results. The effect of the combination of
biologicals on increasing the density of productive stems from 4,878,000 to 5,240,000 stems/ha on the back-
ground without fertilisers and from 5,320,000 to 5,627,000 stems/ha with mineral fertilisation (NgoPeoKeo)
was established. There was also an increase in the number of grains per spike — from 24.2 to 25.1 grains on
the background without fertiliser and from 26.4 to 27.3 grains with mineral fertilisation, and the grain
weight per spike — from 1.01 to 1.08 g and from 1.19 to 1.29 g, respectively. The integrated use of the plant
residue biodestructor Organic-Balance (1 I/ha) and the multifunctional biological product Organic-Balance
with the bioadhesive Liposam (1.0 I/t + 0.3 I/t) for seed treatment and spraying of crops (0.5 I/ha + 0.3 I/ha
both on a non-fertilised and mineral background increased yields by 0.72 and 0.91 t/ha, gluten content by 2.4 and
2.8 %, and grain hardness by 6 and 7 %, respectively. Conclusions. The combination of biologicals had an
effect on the formation of winter wheat yield with a significant increase in the number of productive stems by
7 % against non-fertilised background and 6% against mineral background, and in the grain weight per
spike by 7 % and 8 %, respectively, which resulted in a yield increase of up to 16 %.

Key words: fertilisation background, biodestructor of plant residues, biologicals with multifunctional
action, yield, grain quality

Introduction. Enhancing the winter content, etc. [6].

wheat (Triticum aestivum L.) grain production is
a key objective of the Ukrainian agro-industrial
complex. Growing demand for wheat grain on
the global market necessitates increasing the
yield of this crop [1-3].

Today, there are well-established compo-
nents of cultivation technology for each soil and
climatic zone of Ukraine. Their strict adherence
to the technology allows us to obtain high yields
of all crops, including grain crops [4, 5]. At the
same time, most agrotechnological practices are
highly intensive and costly because they reduce
soil fertility; deplete it of humus and nutrients

Author information:

The problem of stable production of high
yields of quality grain requires comprehensive
efforts of breeders and producers, as the realisa-
tion of genotypically determined valuable eco-
nomic traits is possible only if the requirements
of modern cultivation technology are met. The
fact that the material support for grain produc-
tion varies significantly between farms of dif-
ferent ownership forms should also be taken
into account [7].

The main advantage of microbiologicals
in comparison to other products is their low cost
per unit of additional output, low consumption
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rate, and environmental safety [8]. The use of
biologicals to restore soil fertility and produce
environmentally safe and high-quality crop pro-
duction is one of the strategic directions of
modern agriculture. Microbial agents for biolo-
gical nitrogen fixation, phosphate mobilisation,
growth stimulation in the plant rhizosphere and
bio-protective action to protect crops from patho-
gens and phytophages are of great importance in
implementing this approach. [9]. Plant protection
products include biologicals with multifunctional
action, which contain living microorganisms: rep-
resentatives of natural plant and soil microflora, as
well as their physiologically active substances.
These biologicals are developed according to spe-
cial formulations to meet the biological require-
ments of each agricultural crop [10]. Microbial
destructors of plant residues also play an im-
portant role among biologicals in technologies
for preparing soil for winter crops [11-13]. The
composition of biodestructors includes microor-
ganisms, enzymes-destructors, biologically ac-
tive substances, the synergy of which accele-
rates the decomposition of plant residues [14].
In the face of rising climate aridity, biologically
based farming systems are an element of sus-
tainable crop production [15, 16]. Therefore,
one of the priorities of the modern strategy is
the application of biologicals as an integral
technological component in the cultivation of
grain crops in ecological farming systems [17].
Given that biologicals help to increase the
productivity of winter wheat crops, the issue of
their impact on yield and grain quality prompted
us to conduct research in this area.

The research was aimed at determining
the effect of integrated use of a biological agent
with multifunctional action and a biodestructor
of plant residues on different fertilisation back-
grounds on the grain yield and quality of winter
wheat in the conditions of the Right-Bank Fo-
rest-Steppe of Ukraine.

Materials and Methods. The studies were
conducted in a temporary field experiment of
the Khmelnytskyi State Agricultural Research
Station of the Institute of Feed Research and
Agriculture of Podillia NAAS during 2021-
2023. The research object was the processes of
formation of winter wheat crop productivity
under the application of biologicals.

The research methods were as follows:
field, which involved the study of the effect of
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the interaction of the studied factors on the grain
yield of winter wheat; quantitative and weighing
method — for accounting of weeds in crops; ma-
thematical and statistical method — for analysing
and establishing the reliability of the results.

The soil of the experimental plot was
slightly podzolised medium loamy, medium-
powerful, low-humus chernozem on brownish-
pale loam. Plot area was 32 m%; repetition was
four times; plots were placed systematically.
Humus content (according to Tyurin) — 2.8—
3.0%, pH — 5.8-6.2; hydrolytic acidity 1.9—
2.3 mg/equiv. per 100 g; total nitrogen reserves
0.153-0.163 %, phosphorus — 0.136-0.149 %;
alkaline hydrolysable nitrogen 17-19.3 mg, mo-
bile forms of phosphorus and potassium (ac-
cording to Chirikov) 20.8-22.6 and 8-12 mg per
100 g, respectively.

In the experiment, the cultivation technol-
ogy components were studied: the application of
plant residues biodestructor Organic-Balance
(1.0 I/ha) and biological agent of multifunction-
al action Organic-Balance with Liposam bioad-
hesive (1.0 I/t + 0.3 I/t) for seed treatment and
spraying of crops (0.5 I/ha + 0.3 I/ha) on a back-
ground without fertilisers and mineral back-
ground NgoPeoKgo. Before ploughing the crop
residues of the predecessor (sunflower), a com-
pensatory rate of mineral nitrogen N1 per tonne
of by-product was introduced. The see-ding rate
of winter wheat of Bohdana variety was 4.5 mil-
lion seeds/ha. Observations and records were car-
ried out in accordance with generally accepted
methods of research in agriculture [18-20].

In our research, we used the Organic-
Balance biodestructor on the residues of sun-
flower (predecessor). This biological agent con-
tains potassium and phosphorus-mobilising bac-
teria, natural saprophytic fungi, organic stabilis-
ing agents, biologically active substances, vita-
mins, enzymes for decomposition of plant resi-
dues, and a concentrate of viable microorgan-
isms: cells of bacteria Bacillus subtilis, Azoto-
bacter chr., Paenibacillus polymyxa, titer
1x108-1x109 CFU/cm?®. We also used Organic-
Balance, a multifunctional biological product con-
taining nitrogen-fixing, phosphorus- and potas-
sium-mobilising bacteria, bacteria with fungici-
dal and bactericidal properties, and biologically
active substances: phytohormones, amino acids
and vitamins, inactivated microorganism cells
and their fragments, titre — 1x109 CFU/cm®,
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combined with the Liposam bioadhesive, the
active ingredient of which is a water-soluble
composition of naturally occurring biopolymers
with adhesive properties.

Spraying crops with the multifunctional
biological product Organic-Balance  with
Liposam bioadhesive (1.0 I/t + 0.3 I/t) was car-
ried out at the third organogenesis stage of win-
ter wheat.

Results and Discussion. Crop yield for-
mation is the result of complex interaction bet-
ween productivity elements, such as the number
of productive stems, grain weight per spike,
grain content per spike, and 1,000-grain weight.
Yield is determined by its attributes, which are
quantitative characteristics. Each yield attributes
is the result of the interaction of many factors

and agroecological conditions. The optimal
structure of the crop agrocenosis creates high
yields of winter wheat. The grain quality of this
crop is also determined by specific weather
conditions.

The results of the studies showed an in-
crease in the competitiveness of winter wheat
when using a combination of biologicals. It was
established that on both backgrounds without
fertilisers and on mineral one (NgoPsoKeo), the
number of weeds decreased by 17 % at the time
of growth resumption, and the biomass of weeds
decreased by 32 % and 39 % at the end of the
growing season, as well as the spread of pow-
dery mildew decreased by 22 % and 19 %, res-
pectively (Table 1).

This study showed that integrated use of

Table 1. Phytosanitary condition of winter wheat crops, 2021-2023

Plant residue
biodestructor + seed
Nutrition Indicator Period No treatment with | and crop treatment
background biologicals with a multifunc-
tional biological
product
Weed infestation, pcs/m? growth 52 43
resumption
No Weed biomass, g /m” harvest 38.6 26.1
fertilisers | Infection of powdery mildew, % stemn 48 26
Development of powdery mildew, % elongation 12.1 6.5
Development of Septoria disease, % 26 24
Weed infestation, pcs/m? growth 47 39
resumption
Mineral Weed biomass, g /m° harvest 35.5 21.7
(NgoPgoKeo) | Infection of powdery mildew, % 88 69
Development of powdery mildew, % elosr:;g][ion 23.1 17.2
Development of Septoria disease, % 34 31

biologicals had a positive effect on the for-
mation of productive stems of winter wheat
plants on the studied backgrounds (Table 2).
The application of a plant residue biodestructor
and the treatment of seeds and crops with a mul-
tifunctional biological product against a back-
ground without fertilisers contributed to an in-
crease in the density of productive stems from
4,878,000 to 5,240,000 pcs/ha, the productive
tillering coefficient — from 1.57 to 1.62, and a
decrease in the percentage of unproductive
stems — from 9 to 5 %; on a mineral background
(NooPeoKso) — an increase in the density of pro-
ductive stems from 5,320,000 to 5,627,000
pcs/ha, the productive tillering coefficient —
from 1.71 to 1.74, and a decrease in the percen-
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tage of unproductive stems from 6 % to 4 %.

Analysis of the yield attributes showed
that the integrated use of biologicals (the plant
residue biodestructor with a multifunctional
biological product for seeds and crop treatment)
against a background without fertilisers contri-
buted to an increase in plant height from 88 to
98 cm, the spike length — from 6.4 to 7.6 cm, the
number of grains per spike — from 24.2 to 25.1,
and the grain weight per spike — from 1.01 to
1.08 g; on a mineral background (NgoPeoKso) —
plant height increased from 96 to 102 cm, spike
length — from 7.7 to 8.4 cm, number of grains
per spike — from 26.4 to 27.3, grain weight per
spike — from 1.19 to 1.29 g (Table 3).

The influence of complex application of
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Table 2. Plant density of winter wheat on different nutrient backgrounds, 2021-2023

Plant residue biodestructor +
Nutrition . No treatment seed and crop treatment with a
Indicator with . ) - .
background biologicals multifunctional biological
g product
Density of productive stems, thousand 4878 5240
No pcs/ha
fertilisers Productive tillering coefficient 1.57 1.62
Unproductive stems, % 9 5
Density of productive stems, thousand
Mineral pcs/ha 5320 5627
(NooPsoKso) Productive tillering coefficient 1.71 1.74
Unproductive stems, % 6 4

Table 3. Individual productivity of winter wheat on different nutrient backgrounds, 2021-2023

Plant residue biodestructor
Nutrition back- Indi N? treatment + seed and crop treatment
ndicator with biologi- . . . .
ground cals with a mgltlfunctlonal bio-
logical product

Plant height, cm 88 98
No Spike length, cm 6.4 7.6
fertilisers Number of grains per spike, pcs 24.2 25.1
Grain weight per spike, g 1.01 1.08
Plant height, cm 96 102
Mineral Spike length, cm 7.7 8.4
(NooPsoKso) Number of grains per spike, pcs 26.4 27.3
Grain weight per spike, g 1.19 1.29

biologicals on the yield and grain quality of
winter wheat was also studied against the back-

grounds without fertilisers and with mineral
fertilisation (NgoPeoKeo) (Table 4).

Table 4. Yield and grain quality of winter wheat under different nutrient conditions, 2021-2023.

Plant residue biodestructor +
Nutrition back- . No treatment seed and crop treatment with
Indicator AN - . " . .
ground with biologicals | a multifunctional biological
product
1,000 grain weight, g 41.6 42.9
No Yield, t/ha 4.39 5.11
fertilisers Gluten content in grain, % 14,8 17,2
Grain hardness, % 47 53
1,000 grain weight, g 45,5 47,3
Mineral (NePo Yield, t/ha 5,83 6,74
ineral (NeoPsoKeo) &1 ten content in grain, % 18.8 21,6
Grain hardness, % 64 71

It was established that the winter wheat
yields varied depending on the applied biologi-
cals. The variant with the introduction into the
soil of plant residue biodestructor + treatment of
seeds and crops with the multifunctional biolog-
ical product Organic-Balance against the back-
ground without fertilisers provided an increase
in yield by 0.72 t/ha (16 %), gluten content — by
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2.4 %, grain hardness — by 6 %; on a mineral
background (NgoPsoKso) — an increase in yield —
by 0.91 t/ha (16 %), gluten content — by 2.8 %,
grain hardness — by 7 %.

Conclusions. Therefore, the application of
the plant residue biodestructor in combination
with a multifunctional biological product for the
treatment of seeds and crops on a background
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without fertilisers and under mineral fertilisation
(NooPeoKeo) resulted in an increase in winter wheat
yield by 0.72 and 0.91 t/ha, gluten content — by
2.4 and 2.8 %, grain hardness — by 6 and 7 %,
respectively.

We recommend for agricultural enter-
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Keacniuvka JI. C., Boimoea I. II., Bnacwk 0. C. Komnnexcne 3acmocysanns oionpenapamie
0na nidguuieHHA npooyKkmusnocmi nuienuuyi o3umoi 6 ymoesax Ilpasoodepescnozo Jlicocmeny Ykpainu.
3epnosi kynemypu. 2024. 8 (2). 283-288.

XmenvHuyvka 0epicasha cilbCbKO20Cnodapcoka 00Caiona cmanyis Incmumymy Kopmie ma cilbCbKo2o 20Cnooapcmesd
Hooinna HAAH, syn. Camuuku, 1, c. Camyuru, Xmenvhuyvkui pation, XumenvHuyovka ooracme, 31182, Vrpaina

AkTtyajbHicTh. CyJacHi iHHOBAIHI MIXOAM B TEXHOJOTIi BUPOIIYBaHHS MIICHUII O3UMOI Iepe-
0ayaroTh 3acTocyBaHHA OiompemnapaTiB. MeTow aociaigxKeHb OyJ0 BCTaHOBUTH BIUIMB KOMIUIEKCHOTO
3acTocyBaHHS OiomecTpykropa pociamHHUX pemtok Opranik-6amanc (1 n/ra) Ta Oiompenapary
nomdyskmionansaoi mii Opranik-6amanc 3 Oionpumunadem Jlunocam (1,0 i/t + 0,3 /1) ams 06poOku
HaciHHSA 1 oO-mpuckyBaHHs mociBiB (0,5 wra ta 0,3 m/ra) 3a pisHuX (OHIB YIOOpEeHHS Ha piBEHb
MPOAYKTHBHOCTI MOCIBIB MIIEeHUII 03uMoi B ymoBax IIpaBoGepexxnoro Jlicoctemy. Martepianau Ta meToau.
JocmimKeHHs [IPOBOAMINCH BIIPOJIOBIK 2021-2023 pp. Ha XMeabHUIBKIN JIepKaBHIN
CLTBCBKOTOCIIONIAPCHKIii JocmimHii ctaHmii [HCTHTYTY KOpMIB Ta citbehkoro rocnogapersa Ilomimmst HAAH
y THMYacOBOMY IOJILOBOMY JOCHiJi Ha MOCiBax MIIEHHLI 03uMOi copTy bormana. Metoam mociimkeHHS:
MOJILOBHUH, JTA0OpATOPHMIA, MaTeMaTHYHO-CTATHUCTUYHHUN. Pe3yjbTaTH. BCTaHOBIECHO BIUIMB TO€IHAHHS
OiompemapariB Ha 30UTBIIEHAS TYCTOTH CTOSHHS MPOAYKTUBHUX cTeben 3 4878 no 5240 tuc./ra Ha doni O6e3
nobpus Ta 3 5320 10 5627 Tuc./ra — 3a minepanpHOoro ynoopeHHs (NgoPsoKeo). Takoxk BinOynocs 3pocTaHHS
KUTBKOCTI 3epeH y koioci — 3 24,2 o 25,1 wt. Ha ¢oHi 6e3 1o0puB Ta 3 26,4 no 27,3 wT. — 32 MiHEpaTBLHOTO
ymoOpeHHs1, MacH 3epHa 3 oxHoro kKomoca — 3 1,01 mo 1,08 v i3 1,19 no 1,29 r BiamoBigHo. KoMmrutekcue 3a-
CTOCyBaHHA OiomecTpykTopa pocimHHUX pemTok Opranik 6amadc (1 i/ra) Ta GiompemnapaTy moii)yHKITiO-
HanbHOT Aii Opranik-0ananc 3 Gionpununadem Jlunocam (1,0 i/t + 0,3 1/T) st 06poOKK HACIHHS 1 00TIPH-
ckyBaHHs nocigis (0,5 n/ra + 0,3 n/ra) Ha doHi 6e3 7OOPUB Ta MiHEpATLHOMY 3a0€3EeYHIIO 301IBIIICHHAS T10-
Ka3HUKIB yposkaitHocti Ha 0,72 1 0,91 1/ra, BMicTy KielikoBUHA — Ha 2,4 1 2,8 %, ckionoaiOHoCTi 3epHa — Ha 6
1 7 % BianoBigHO. BUCHOBKH. Y JOCHIPKYBaHUX arpolieHO3aX MOEJIHAHHS OlompernapaTiB Majo BIUIUB Ha
(hopMyBaHHS BpOXKArO MIIEHUII 03UMO] 13 CyTTEBHM 3POCTaHHSAM KUTBKOCTI POIYKTUBHUX cTebOen Ha 7 % —
¢on 6e3 nobpus i 6 % — 3a MiHEpaIbHOTrO yIOOpEHHs, MacH 3epHa Koyoca — Ha 7 1 8 % BiAmoBinHO, 110 3a-
0e3neuniio mpupict ypoxaiHocti 10 16 %.

Knrouosi crosa: ¢pon yoodopenus, 6iodecmpykmop pOCIuHHUX pewmok, bionpenapam noaigyyHKyio-

HaIbHOI 01, ypooicalinicmy, SAKICMb 3epHa

288 3eprosi kyromypu. Tom 8. Ne 2. 2024. C. 283-288 https://doi.org/10.31867/2523-4544/0344



