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Abstract

The soil microbiome of agricultural crops is a fundamental element of agroecosystems,
determining the growth, development and stability of plants in the agrocenosis. Interactions between
plants and microorganisms are the result of long-term coevolution, which contributed to the
formation of stable, mutually beneficial associations. One of the key strategies for stable colonization
of plants is the formation of biofilms by microorganisms on the surface of roots.

Biofilms are organized communities of microorganisms immersed in a self-synthesized
extracellular matrix. This structure provides microbiomes with protection from negative
environmental influences and reactions of the plant's immune system. An in-depth understanding of
the processes of biofilm formation allows us to develop new strategies for plant-microorganism
interactions to increase plant resistance to abiotic stresses, including drought, salinity, heavy metal
pollution, and also contributes to the formation of stable and highly productive agroecosystems.

During the experiment, it was found that the level of formation and maturity of biofilms on the
roots of seedlings of different test crops depended to a large extent on their species, while the
influence of the studied strains was less pronounced. After 48 hours of exposure, biofilm formation
was observed on the roots of all studied plants, although the level of their maturity varied
significantly. In particular, the minimum density of biofilms was characteristic of representatives of
the Fabaceae family, while the maximum was characteristic of crops of the Poaceae family.
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All plant-microorganism interactions are not random and are the result of long-term coevolution,
often leading to associations in which the host (plant) and its microbiota cooperate in a mutually
beneficial manner [1]. Recently, data have been published in the scientific literature indicating cases
of extreme dependence of host plants on the microbiome [2, 3] to the complete absence of any
interaction with a particular microbiota [4].

However, the first step in establishing an interaction between microorganisms and plants is the
adhesion of microorganisms to plant roots. This process involves weak hydrophobic and electrostatic
interactions, which can progress to more stable attachment induced by specific environmental signals
and the host plant [5]. The next step in this interaction is the expression of genes responsible for the
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synthesis of exopolysaccharides with subsequent biofilm formation. The formed biofilms have the
appearance of mucous complex-organized membranes around the roots, which provide a long-term
and favorable environment not only for the attachment of microorganisms to plants, but also for their
existence [6].

Given all of the above, the purpose of our study was to identify the ability to form biofilms on the
roots of various agricultural crops by strains of microorganisms that have high biotechnological
characteristics and are promising for production.

The study was conducted in the Laboratory of Microorganism Ecology, Department of
Agroecology and Biosafety, Institute of Agroecology and Environmental Management of the
National Academy of Sciences of Ukraine (Kyiv, Ukraine). In the laboratory experiment, the adhesive
properties of 5 strains of microorganisms (Bacillus subtilis K4, B. subtilis F6, B. subtilis D24, B.
subtilis M7, B. subtilis A9) isolated from the rhizosphere of spring wheat in 2024 were determined.
The following test plants were used for the experiment: spring wheat Tokata, barley Sebastian, corn
Khorol, cucumber Rodnychok F1, sweet pepper Ivanhoe, tomato Sanka, zucchini Eleonora F1, beans
Shahinya, chickpeas Triumph, vegetable peas Dragon, seed peas Maecenas, pumpkin West.

The ability to form biofilms on plant surfaces was studied by the express method 48 hours after
contact between the seedling and the microorganism. The level of biofilm formation was assessed
using the plus system, where 0 - no adhesion of bacterial cells was recorded, (++++) - biofilm of
medium or greater thickness, information is specified in Table 1 [7, 8]. 10 seedlings from each study
variant were studied; biofilm formation was assessed in 10 fields of view. Data processing was carried
out using MS Excel, Statistica 12.0 software.

In laboratory studies, the level of biofilm formation on the roots of test crop seedlings was
determined by the action of test microorganisms presented in Table 1.

Table 1. Biofilm formation by strains of microorganisms on seedlings of agricultural crops

. Bacillus subtilis
Ne | Option of research 0 i v 572 =5
1 Spring wheat +4+++ ++++ ++++ ++++ ++++
2 Barley ++++ + ++++ +++ +++
3 Corn ++++ + ++++ ++++ ++++
4 Beans + ++ + + ++
5 Chickpeas + ++ + ++ ++
6 Vegetable peas + ++ + ++ ++
7 Seed peas + + + ++ ++
8 Tomato ++++ ++++ ++ ++++ ++++
9 Sweet pepper +++ +++ + ++++ +++
10 | Cucumber ++ +++ + ++++ ++++
11 | Zucchini +++ + ++ +++ ++
12 | Pumpkin ++ + + ++ ++

During the research, it was found that the level of formation largely depended on both the species
of the test culture and the strain under study. After 48 hours of study, biofilm formation was observed
on the roots of all the tested test cultures, but with different levels of formation. The lowest level of
biofilm formation was characteristic of test cultures belonging to the legume and cucurbit families.
However, the formation of biofilms of medium and greater thickness was observed when the studied
strains were used on cereal and solanaceous crops.

In general, the most intensive formation of biofilm structures was observed on seedlings of wheat
(Triticum aestivum), corn (Zea mays), barley (Hordeum vwvulgare) and tomatoes (Solanum
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lycopersicum), sweet pepper (Capsicum annuum L.), which indicates a high level of microbial
colonization under optimal microbiological conditions and is most likely associated with the activity
of primary roots (high secretory capacity) of cereal crops. It was also found that microorganisms
exhibit a high ability to attach to the surface of the rhizodermis due to the production of extracellular
polysaccharides, which contribute to the formation of biofilms and increase the resistance of the
microbial population to adverse conditions. Of particular note are the results on the formation of
biofilms on the roots of legumes - peas, field peas, chickpeas and beans. It was found that these test
cultures demonstrated a lower density of biofilms, which is most likely due to the fact that the
bacterial test strains are not symbiotic nitrogen fixers, but belong to free-living microorganisms.

According to the results of studies of the strains of microorganisms, it was found that all bacterial
strains were able to form colonies and biofilms of varying degrees of thickness on the roots of
seedlings, which indicates their ability to be introduced into the root zone of plants during the
formation of the microbiome.
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AHoTanisa

IpyHTOBHMI MIKpOGIOM CilILCHKOrOCIIOAAPCHKUX KYJIBTYP € (yHIAMEHTAIBHUM €JIEMEHTOM
arpoeKOCHCTEM, [0 BU3HAYAE PICT, PO3BUTOK Ta CTa0LIBLHICTh POCIIMH B arporieHo3i. Bzaemomii Mix
POCIMHAMU Ta MIKpPOOPTaHi3MaMU € pe3yIbTaTOM TPHUBAJIOi KOSBOJIOLIIT, AKa crpusia popMyBaHHIO
CTaOUTBbHUX, B3a€EMOBHUTIAHUX acoriamiii. OMHIEI0 3 KIIOYOBUX CTpaTeriii cTabUIbHOI KOJIOHI3aIii
pociuH € popMyBaHHs G10TUTIBOK MIKpOOpraHi3MaMy Ha MOBEPXHI KOPEHIB.

biomiBkn — 1€ opraHi3oBaHI CHUTBHOTH MIKPOOPTraHi3MiB, 3aHYpPEeHI B CaMOCHHTE30BaHHM
NO3aKJIITUHHUN MaTpuKc. Taka CTpyKTypa 3abe3neuye MikpoOioMaM 3aXKCT BiJl HETATUBHUX BIUIMBIB
HaBKOJIUIITHBOT'O CEPEIOBHINA Ta PEAKITIA IMyHHOT CUCTEMHU POCIUHU. [ THOOKE pO3yMiHHS TPOIIECIB
(dopmyBaHHS OIOTUTIBKH J03BOJISIE PO3POOIISTH HOBI CTpaTerii B3aeMO/ii pOCIUH 1 MIKpOOpPTaHi3MiB
JUISL TIJIBUIIEHHS CTIMKOCTI POCIMH 110 a0lOTHYHHUX CTPECIB, BKIIOYAIOYHM IOCYXY, 3aCOJICHHS,
3a0pyIHEHHS BaXKUMHM MeTaJlaMd, a TakoX crpuse (QopMyBaHHIO CTaOUIBHHUX — Ta
BUCOKOIIPOAYKTHBHUX arpOeKOCUCTEM.

ITig vac excrepuMeHTy OyJiO0 BHSIBIEHO, IO piBeHb (POPMYBaHHS Ta 3piIOCTi OIOMIIIBOK Ha
KOPEHSX PO3CaJy PI3HUX TECTOBUX KYJIbTYpP 3HAYHOIO MIPOIO 3aJIe’KaB Bij iX BUIY, TOAl SIK BIUIWB
JOCIIIJKYBaHUX IITaMiB OyB MeHII BupaxeHuM. [licist 48 roaun excno3uuii opmyBaHHs 010TUTIBOK
CIIOCTEPIrajgocss Ha KOPEHSX YCiX MOCTIDKYBaHMX POCIWH, XO4a PIBEHb IXHBOI 3pLIOCTI CyTTEBO
BapitoBaBcs. 30KpeMa, MiHIMalbHa LIUIBHICTH OlOMIiBOK Oyiia XapakTepHa AJsi MpPEeACTaBHUKIB
poaunu Fabaceae, Toni sik MakcuMaibHa — I KyJIbTYp poauHu Poaceae.

Kuo4oBi cjioBa: 6iorutiBKH, aaresisi, KOpeHi, IPyHT, MiKpoOiOM, YTpYIIOBaHHS MiKPOOPTaHI3MiB,
KOHCOPIIIi.
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