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Abstract. The results of the selection of new plant growth-promoting bacteria resistant to herbicides of different chemical structure are
presented. Two methods were used for screening: sowing on microbiological media from freshly sampled soil and obtaining enrichment
cultures from soil samples exposed to herbicides for a month at a temperature of 28 °C. Inoculation was carried out on selective nutrient
media containing herbicides Octapon extra (2,5 g/l), Florax (2,5 g/l), Dicamba (1 g/l), Nanomet (1 g/l), Spetsnaz (1 g/l) or Chistalan
(2,5 g/l). These herbicides are commonly used to control weeds in wheat crops. The isolated microorganisms belong to the genus
Pseudomonas, fix nitrogen, mobilize phosphates, synthesize phytohormones and antimicrobial compounds. They also can mitigate
pesticide stress of crops. An anti-stress biological product containing them has been developed and tentatively named
"AGROBIOLOG". For its production, the optimal composition of the nutrient medium and the conditions for industrial submerged
cultivation on reactors of various volumes were determined. In the laboratory fermenter FA-10 with a volume of 10 liters after 72 hours
of cultivation at a temperature of 28 °C, a stirrer speed of 200 rpm, aeration of 0.5 volumes of air per 1 min per 1 volume of medium,
the amount of viable cells was 28 billion CFU/mI of culture liquid. Cultivation on biological reactors with a volume of 1000 liters
under the same conditions allowed to achieve a titer of 6.0 billion CFU/ml of culture liguid.
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to herbicides and drought [3]. Still reports on the

Introduction mitigation of pesticide stress of plants by bacteria

The productivity of agricultural plantg IS di- are few [10-11]. In this case, the ability of bacteria
rectly related to the use of methods for their inte- to effectively combine with chemical herbicides
grated protection from stress effects: diseases, comes to the fore. It assumes their resistance to
pests, drought, and weeds. Pesticides are an important herbicides [12], and the ability to have a complex
element in intensive plant cultivation systems. positive effect on the plant, including protection
At least 60% of them are herb_|C|des [1]. Their use, from moisture deficiency [13] and pathogens [14]
in turn, not _only !e_ads to enylron_mental poIIutlc_)n, against the background of herbicides.
dgmages soil fertility and mlcroplota, put also sig- Therefore, the development of biological
nificantly effects crops [2-4]: It is possible to m|_t|- products based on pesticide stress mitigating
gatg these stressful effects with the use of bacterial bacteria (PSMB) for stimulating the growth
antistress agents. _ o of agricultural crops becomes relevant.

In crop production, there is a growing interest ]
in the bacterial-based products that have a positive Materials and Methods
influence on the growth and development of agri- The purpose of the work is to screen new
cultural plants. The plant growth stimulation is usu- bacteria that are resistant to herbicides of different
ally caused by a complex of beneficial properties chemical structures and promote plant growth,
of bacteria, such as the ability to nitrogen fixation, to create on its basis an anti-stress biological product
phosphate dissolution, synthesis of phytohormones with the operational name "AGROBIOLOG" and op-
and antimicrobial compounds, competition for timizing the conditions of its industrial production.
nutrients and roots surface with pathogens [5-7]. Two methods were used for screening: sow-
According to the scientific review, the treatment ing on microbiological media directly from freshly
of crops with growth-stimulating bacteria (plant growth harvested soil and obtaining enrichment cultures
promoting bacteria — PGPB) turns out to be the from soil samples with addition of herbicides,
most effective in overcoming abiotic stresses [8, 9]. of which, after a month of incubation at a temperature
Their use can improve the plants growth exposed of 28 °C, inoculation on selective nutrient media
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containing herbicides was carried out. The Raymond
mineral medium was used as the basis for the media
with the addition of, as selective agents, herbicides
based on 2,4-dichlorophenoxyacetic acid ususally
used on wheat crops (Octapon extra (2,5 g/l), Flo-
rax (2,5 g/l), Dicamba (1 g/l), Chistalan (2,5 g/l)) and
based on sulfonylureas (Nanomet (1 g/l), Spetsnaz
(1 g/1)). The concentrations of herbicides in the
medium were selected based on the concentration
of their working solution according to the manufac-
turers recommendations.

Antagonism to phytopathogens was determined
by the simultaneous cultivation of bacteria and fungi
in Petri dishes. Testing was performed on the fol-
lowing mycelial fungi: Bipolaris sorokiniana (Sacc.)
Shoemaker, Fusarium culmorum (W.G. Smith)
Sacc. BKM F-844, F. gibbosum Appel et Wollenw
BKM F-848, F. graminearum Schwabe BKM F-1668,
F. solani (Mart) Sacc. BKM F-142, F. oxysporum
Schitdl BKM F-137, F. nivale (Fr.) Ces. Ex Sacc.
BKM F-3106, F. semitectum BKM F-1938, F. aven-
aceum BKM F-132, Alternaria alternate (Fr.) Keissl.
BKM F-3047, Rhizoctonia solani J.G. Kuehn
BKM F-895. To measure the nitrogenase activity,
an acetylene assay was used, according to the meth-
odology [15]. The ability of the strain to synthesize
IAA was determined using the method of enzyme
immunoassay [16]. The solubilization of phosphates
was evaluated by the formation of a clear halo around
the bacterial colony after five incubation days
at 28 °C in the Pikovskaya agar as described [17].

When optimizing the cultivation conditions,
we relied on the experience of obtaining biological
products for agricultural purposes based on
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pseudomonads [4]. Biological reactors of various
volumes were used for scaling (LLC firm “Prointech”,
Pushchino, Russia).

Results
A scheme for the selection of anti-stress bac-
terial agents is proposed (fig. 1), the main condition
is the resistance of microorganisms to herbicides.

Stage 1. Herbicide resistance

Stage 2. Availability of PGPB properties: production of
phytohormones, production of antibiotics, nitrogen
fixation, phosphorus mineralization.

Stage 3. The presence of positive properties of PGPB in
the presence of herbicides
Figure 1. Scheme of selection of potential anti-stress
agents for the protection of agricultural plants

Pucynox 1. Cxema mombopa NOTEHIHMATBHBIX aHTH-
CTPECCOBBIX ~ CPEACTB UL  3allUThl  CENIbCKOXO-
3SICTBEHHBIX PACTEHUN

Microbes resistant to herbicides were iso-
lated from 178 soil samples taken on the territory
of agricultural lands and industrial zones of the Re-
public of Bashkortostan, industrial area in the
Komi Republic (Russia). After studying their prop-
erties, 11 isolates were selected from them (Table
1). The selection criteria were the presence of agro-
nomically valuable characteristics, resistance to herb-
icides and the ability to grow using different herbi-
cides as a source of nutrients. When testing new
strains for resistance in tank mixtures, it was found
that the most toxic of the tested for bacteria was the
herbicide Chistalan (Table 1). Apparently, the tox-
icity of Chistalan is also due to the lower probabil-
ity of detecting its destructors.

Table 1.

The ability of new isolates to grow in a medium with herbicides as the sole source of carbon and energy

Tab6mumna 1.

CriocoOHOCTh HOBBIX M30JISITOB K POCTY B cpelie ¢ TepOuIMIaMH B Ka4eCTBe €IMHCTBEHHOTO HCTOYHHKA
yIaeposia U SHEpruu

Isolate _ Herbicide _
Dicamba Octapon Nanomet Florax Chistalan Spetsnaz
CH.3.1 - ++ — + — +
12N1 ++ ++ ++ ++ — +
CH5% 1 + ++ + ++ + +
CH5% 2 ++ ++ ++ + + +
6CH1 ++ ++ — ++ + +
6CH2 ++ + ++ + ++ +
5N1 ++ ++ ++ ++ — +
JJ14 + + + — + +
DA1.2 ++ ++ ++ ++ ++ +
NG ++ ++ ++ ++ ++ +
NEKR ++ ++ + ++ — ++
Note: ++ active growth, + weak growth, — no growth

The isolates DA1.2, 6CH2, CH5% 2, which
were identified as Pseudomonas protegens,
P. avallanae and P. plecoglossicida, respectively,
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were the most promising in the scope of the studied
problem according to the set of abilities. Their ag-
ronomically valuable characteristics of PGPB are
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presented in Table 2, according to which and in-
creased up to 200% level of antifungal activity (the
diameters of the growth inhibition zone of the stud-
ied fungi are in the range of 30—40 mm) the strain
DA1.2 is the best for creating the biological prod-
uct "AGROBIOLOG".

Table 2.

Properties of potential bacterial antistressants
Tabmnuua 2.

CBoOJiCTBa MMOTEHITHATHHOTO OAKTEPHATHHOTO

AHTHUCTPECCOBOI'O CPCACTBA

Nitrogenase | Synthesis
Strain activity, nmol | of auxins, S;Tﬁﬂgzﬁjn
CoHghiml?t ng/ml
Pseudomonas
plecoglossicida 20,7+0,2 323+ 16 +
CH5% 2
P. avallanae
6CH?2 19,8+0,2 169+38 +
P. protegens
DAL 2 20,8+0,3 870+ 44 +

The composition of the nutrient
medium (g/l) was selected for the production of the
biological product "AGROBIOLOG" : peptone-2,
yeast extract-2, glycerin-5, NaCl-3, K;HPOs-2,
MgSO.-7H,0-1, as the most optimal in terms of the
ratio of the cost of components and the final titer of
the culture fluid. When cultured in a laboratory fer-
menter FA-10 with a volume of 10 liters at a tem-
perature of 28 °C, stirrer speed-200 rpm, aeration-0,5
air volume per 1 min per 1 volume of medium for 72
hours, the concentration of viable cells was 2,8-10%°
CFU/ml. Cultivation in a reactor with a volume of
1000 liters under the same conditions allows
achieving a titer of 6,0-10° CFU/m.

Discussion

Almost all isolates were able to produce aux-
ins. It is known that auxins accumulation in roots
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helps to increase the volume of the root system
of plants and allows to accelerate the pathogen-sensi-
tive stages of its development [18]. It also supports
the plant having water deficiency [19].

The joint cultivation of the new bacterial
strains with fungal mycelium showed their ability
to antagonize phytopathogens. Their fungistatic ac-
tivity was expressed as strongly as in previously
isolated cultures of Pseudomonas [20]. However,
unlike them, they are stable and able to grow
in environments polluted by herbicides based on
low-volatile esters of 2,4-D and sulfonylurea.

The optimization of the nutrient medium and
cultivation conditions makes it possible to obtain
the culture of P. protegens DA1.2 containing at least
5 billion CFU/mI of culture fluid without losing its
characteristic properties. This meets the requirements
of industrial cultivation of microorganisms and
makes the biological product "AGROBIOLOG"
promising for industrial production

Conclusion

An anti-stress biological product
"AGROBIOLOG" based on PSMB has been devel-
oped. It can be used as a biofungicide, biofertilizer
or safener in classic tank mixtures with herbicides.
The useful properties (fixation of molecular nitrogen,
immobilization of phosphorus, disease control),
in addition to its effect on the mechanisms of stress in
plants, increases its practical and commercial value.

Acknowledgments

The study was supported by funding the theme
Ne  075-03-2021-607 ot 29.12.2020 mno Teme
Ne122031000309-7 by Ministry of Science and Higher
Education of the Russian Federation. This study was
carried out using the equipment of the Regional Center
for Shared Use «Agidel».

References
1 Dayan F.E. Current status and future prospects in herbicide discovery. Plants. 2019. vol. 8.no. 9. pp. 341.

doi: 10.3390/plants8090341

2 Pereira S.P., Santos S.M., Fernandes M.A., Deus C.M. et al. Improving pollutants environmental risk assessment
using a multi model toxicity determination with in vitro, bacterial, animal and plant model systems: The case of the herbicide
alachlor. Environmental Pollution. 2021. vol. 286. pp. 117239. d0i:10.1016/j.envpol.2021.117239

3 Bakaeva M., Chetverikov S., Timergalin M., Feoktistova A. et al. PGP-Bacterium Pseudomonas protegens improves
bread wheat growth and mitigates herbicide and drought stress. Plants. 2022. vol. 11. no. 23. pp. 3289.

doi: 10.3390/plants11233289

4 Zhang Y., Hu Y., An N, Jiang D. et al. Short-term response of soil enzyme activities and bacterial communities in
black soil to a herbicide mixture: Atrazine and Acetochlor. Applied Soil Ecology. 2023. vol. 181. no 1. pp. 104652.

doi: 10.1016/j.aps0il.2022.104652

5 Etesami H., Adl S. M. Plant growth-promoting rhizobacteria (PGPR) and their action mechanisms in availability of
nutrients to plants. Phyto-Microbiome in stress regulation. 2020. pp. 147-203. doi:10.1007/978-981-15-2576-6_9

6 Basu A., Prasad P., Das S.N., Kalam S. et al. Plant growth promoting rhizobacteria (PGPR) as green bioinoculants:
recent developments, constraints, and prospects. Sustainability. 2021. vol. 13. no 3. pp. 1140. doi: 10.3390/su13031140

7 Santoyo G., Urtis-Flores C.A., Loeza-Lara P.D., Orozco-Mosqueda M.D.C. et al. Rhizosphere colonization determinants by
plant growth-promoting rhizobacteria (PGPR). Biology. 2021. vol. 10. no 6. pp. 475. doi: 10.3390/biology10060475



Yemsepuxps C.IL. u dp. Becmuux BTYHIIL, 2023, IIL. 85, No. 4, C. 86-90 post@vestniR-vsuet.ru

8 Ha-Tran D.M., Nguyen T.T.M., Hung S.H., Huang E. et al. Roles of plant growth-promoting rhizobacteria (PGPR)
in stimulating salinity stress defense in plants: A review. International Journal of Molecular Sciences. 2021. vol. 22. no 6. pp. 3154.
doi:10.3390/ijms22063154

9 Munir N., Hanif M., Abideen Z., Sohail M. et al. Mechanisms and strategies of plant microbiome interactions to
mitigate abiotic stresses. Agronomy. 2022. vol. 12. no 9. pp. 2069. doi: 10.3390/agronomy12092069

10 Jiang Z., Jiang D., Zhou Q., Zheng Z. et al. Enhancing the atrazine tolerance of Pennisetum americanum (L.) K.
Schum by inoculating with indole-3-acetic acid producing strain Pseudomonas chlororaphis PAS18. Ecotoxicology and
Environmental Safety. 2020. vol. 202. pp. 110854. doi:10.1016/j.ecoenv.2020.110854

11 Motamedi M., Zahedi M., Karimmojeni H., Baldwin T.C. et al. Rhizosphere-associated bacteria as biofertilizers in
herbicide-treated alfalfa (Medicago sativa). Journal of Soil Science and Plant Nutrition. 2023. vol. 23. pp. 2585-2598.
d0i:10.1007/s42729-023-01214-6

12 Sarvani B., Reddy R.S., Prasad J.S. Characterization of plant growth promoting rhizobacteria for compatibility with
commonly used Agrochemicals. Ecology, Environment and Conservation. 2021. vol. 27. pp. 264-269.

13 Ma Y.N., Theerakulpisut P., Riddech N. Pesticide tolerant rhizobacteria isolated from rice (Oryza sativa) overcomes
the effects of salt and drought stress in pesticide contaminated condition. Plant and Soil. 2023. vol. 490. no 1. pp. 521-539.
doi: 10.1007/s11104-023-06098-0

14 Roy T., Das N., Majumdar S. Pesticide tolerant rhizobacteria: paradigm of disease management and plant growth
promotion. Plant microbe symbiosis. 2020. pp. 221-239. d0i:10.1007/978-3-030-36248-5_12

15 Montes Luz B., Conrado A.C., Ellingsen J.K., Monteiro R.A. et al. Acetylene Reduction Assay: A Measure of Nitrogenase
Activity in Plants and Bacteria. Current Protocols. 2023. vol. 3. no 5. Available at: https://currentprotocols.onlinelibrary.
wiley.com/doi/abs/10.1002/cpz1.766

16 Arkhipova T.N., Galimsyanova N.F., Kuzmina L.Y., Vysotskaya L.B. Effect of seed bacterization with plant growth-
promoting bacteria on wheat productivity andphosphorus mobility in the rhizosphere. Plant, Soil and Environment. 2019.
vol. 65. no. 6. pp. 313-319.

17 Sanchez-Gonzalez M.E., Mora-Herrera M.E., Wong-Villarreal A., De La Portilla-Lopez N. et al. Effect of pH and
Carbon Source on Phosphate Solubilization by Bacterial Strains in Pikovskaya Medium. Microorganisms. 2022. vol. 11. no. 1.
pp. 49. doi:10.3390/microorganisms11010049

18 Kurepa J., Smalle J.A. Auxin/cytokinin antagonistic control of the shoot/root growth ratio and its relevance for
adaptation to drought and nutrient deficiency stresses. International journal of molecular sciences. 2022. vol. 23. no 4. pp. 1933.
doi: 10.3390/ijms23041933

19He Y., LiuY., Li M., Lamin-Samu A.T. et al. The Arabidopsis SMALL AUXIN UP RNA32 protein regulates ABA-
mediated responses to drought stress. Frontiers in plant science. 2021. vol. 12. pp. 625493. doi: 10.3389/fpls.2021.625493

20 Korshunova T.Y., Bakaeva M.D., Kuzina E.V., Rafikova G.F. et al. Role of Bacteria of the Genus Pseudomonas in
the Sustainable Development of Agricultural Systems and Environmental Protection. Applied Biochemistry and Microbiology.
2021. vol. 57. no 3. pp. 281-296. doi: 10.1134/S000368382103008X

Information about authors Contribution

Sergey P. Chetverikov Dr. Sci. (Biol.), leading researcher, laboratory of agrobiology,
Ufa Institute of Biology, Ufa Federal Research Centre of the Russian Academy of Sciences, wrote the manuscript, correct it before filing
October Av., 69, Ufa 450054, Russia, che-kov@mail.ru in editing and is responsible for plagiarism
https://orcid.org/0000-0002-7961-1503
Darya V. Chetverikova Cand. Sci. (Engin.), senior researcher, laboratory of agrobiology,
Ufa Institute of Biology, Ufa Federal Research Centre of the Russian Academy of Sciences,
October Av., 69, Ufa 450054, Russia, belka-strelka8031@ya.ru
https://orcid.org/0000-0002-4917-0831
Gaisar G. Hkudaygulov Cand. Sci. (Biol.), senior researcher, laboratory of agrobiology,
Ufa Institute of Biology, Ufa Federal Research Centre of the Russian Academy of Sciences,
October Av., 69, Ufa 450054, Russia, bio.logos@ya.com
https://orcid.org/0000-0001-9652-6565
Margarita D. Bakaeva Cand. Sci. (Biol.), senior researcher, laboratory of agrobiology, Ufa
Institute of Biology, Ufa Federal Research Centre of the Russian Academy of Sciences,
October Av., 69, Ufa 450054, Russia, margo22@yandex.ru
https://orcid.org/0000-0001-8738-4534
Aliya A. Kenjieva junior research fellow, laboratory of agrobiology, Ufa Institute of
biology, Ufa Federal Research Centre of the Russian Academy of Sciences, October Av., 69,
Ufa 450054, Russia, aliya_kendzieva@mail.ru
https://orcid.org/0000-0003-2547-4440

review of the literature on an investigated
problem, conducted an experiment,
performed computations

review of the literature on an investigated
problem, conducted an experiment,
performed computations

review of the literature on an investigated
problem, conducted an experiment,
performed computations

review of the literature on an investigated
problem, conducted an experiment,
performed computations

Conflict of interest
The authors declare no conflict of interest.

Received 04/10/2023 Accepted in revised 25/10/2023 Accepted 23/11/2023

89



Chetverikov S.®. et al. Proceedings of VSUET, 2023, vol. 85, no. 4, pp. 86-90 post@uestniR-vsuet.ru

Pa3paborka ouonpenapara "AI'POBUOJIOI" nis1 cHU:KeHUs
NEeCTULMIHOIO CTPECCa CEeJIbCKOX03AMCTBEHHBIX PACTCHUH U
CTUMYJIMPOBAHMS MX POCTA

AnHoTanus. [IpeacraBneHbl pe3ynbTaThl CENEKIUH HOBBIX OAaKTEpHil, CTUMYIHPYIOMIUX POCT CEIbCKOXO3IHCTBEHHBIX PACTCHUH U
YCTOHYMBBIX K TepOMIUAaM pa3IndHON XHMHYECKOH CTPYKTyphl. IS CKpHMHHHTA HCIIONB30BAINCH IBAa METOAA: IIOCEB Ha
MHKpPOOHOJIOTHYECKHE CPEebl M3 CBEXKECOOPAHHOW ITOYBHI M MOTyYCHHE OOOTAIICHHBIX KyJIBTYp MHKPOOPTaHH3MOB W3 00pasIoB
TOYBEI, IOJABEPTHYTHIX BO3AEHCTBHIO TepOMIMIOB B TedeHHMEe Mecsma npu Temneparype 28°C. Bakrepum H30mmpoBany Ha
CEJICKTHBHBIX IMHUTATENFHBIX Cpefax, cojepkammx repoumuasl OkramoH skcTpa (2,5 r/m), @nopake (2,5 r/m), Jukamba (1 1/m),
Hanomer (1 r/m), Crernas (1 r/m) wiu Yucranan (2,5 1/1). DT repOUIMIpl 0OOBIYHO HCIONB3YIOTCS IS OOpPbOBI C COPHAKAMH B
MoceBax IIICHULBL. BblieneHHble MHUKpPOOPraHM3MBl IpPHHAUISKAT K poxy Pseudomonas, ¢ukcupyroT atmocdepHbId a3or,
MOOUIU3YIOT HepacTBOpuUMbIe (ocdaTsl, CHHTE3UPYIOT (PUTOrOPMOHBI 1 AaHTUMHUKPOOHBIEe coenuHeHusi. OHM TaKKe MOTYT CMSTYaTh
MPOSIBIICHUS MIECTULIMIHOTO CTPecca y CENbCKOXO3IUCTBEHHBIX pacTeHHi. bpln paspaboTan conepKauiuii HOBbIE IITaAMMBI OaKTepuit
AHTHUCTPECCOBEIN OHOTMpernapart, MoJdyIHUBIINi npeaBapuTeasHoe HazBanue "AT'POBMOJIO™. [Ins ero mpou3BoacTBa ObLT TOA00paH
OINITHMAJIBHBIN COCTAB MUTATENBHO CPeIbl M YCIOBHSI IPOMBIIUICHHOTO TTTyOMHHOTO KyJIbTUBHPOBAHUS B OHMOJIIOTHIECKUX PEAKTOPax
paznuaHoTrO 00BeMa. B maGoparoprom depmentepe FA 10 o6semom 10 nuTpoB nocie 72 4acoB KyJIbTUBHPOBAHUS IIPH TEMIIEpAType
28°C, ckopoctu niepemermBanus 200 06/mMuH, aspanyn 0,5 o0beMa Bo3yxa B 1 MUH Ha 1 00beM Cpeibl KOTHYECTBO KU3HECTTOCOOHBIX
kieTok coctaBuiio 28 mipa. KOE/Mu sxunkolt KynbTypsl. KynsTuBrpoBanue B 6nosnormdeckux peakropax oobemom 1000 tuTpoB npu
TeX JK€ YCJIOBHUSIX MO3BOJIIIIO IOCTHYB TUTPa 6,0 Mitps KOE/MIT )KUIKOH KYJIBTYPHI.

KaroueBble cjioBa: HeHTpanm3aTop crpecca pacTeHuii, ouonpemnapat, PGPB, PSMB, nponyKkTHBHOCTE pacTCHUIA.
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