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ABSTRACT

The article presents the results of studying the influence of Bacillus megaterium on the growth and development of
Gossypium hirsutum cotton plant in the field conditions of the Astrakhan Region. In the wild plants have to cope with
several adverse environmental conditions, such as water scarcity, high salt concentrations in the soil, extreme
temperatures, nutrient deficiencies and pathogen attacks. However, plants can interact with several soil microorganisms,
including plant growth-promoting rhizobacteria and arbuscular mycorrhizal fungi, which make the plant more resistant
to such stresses. Bacillus-based products represent the most important class of microbial products for phytosanitary use
available on the market.

Field studies and microbiological analysis of the soil were carried out on the basis of the All-Russian Research Institute
of Irrigated Horticulture and Melon Growing (VNIIOB) and Astrakhan State University. To compare the results, in the
experiment the chemical mineral fertilizer Amofoska was used in the concentration of the working solution. Distilled
water was used as a control substance. The weight of the crop was calculated at the end of the vegetation season. The
research revealed that Bacillus megaterium has growth-promoting effect on cotton culture. Germination of seeds treated
with bacillus was 96%. Plant biometrics indicate that plants treated with bacillus show the highest values in terms of
leaf weight, leaf area and root length relative to the control. Thus, the number of buds and flowers increased by 5.1 and
3.1 pieces in comparison to the control sample and the one treated with mineral fertilizer, respectively. The length of
the root also increased by 9.8 and 2.4 cm. The weight of cotton treated with bacillus exceeds the control variant by 46
g. and mineral fertilizer by 48.4 g, respectively. When abundantly poured for the second time, this indicator exceeded
the weight of the control sample by 8 g and after treatment with mineral fertilizer - by 32 g.

Keywords: Bacillus megaterium, cotton plant, raw cotton weight, growth-promoting effect, Astrakhan
Region.

INTRODUCTION consumer goods manufacturing, medical, food, aviation,
automotive, space [1-3].

In Russia, the cotton industry is one of the leading
sub-sectors of the textile industry. Its share, among all
fabrics and yarns produced, is 60%. Cotton is used not
only in textile, but also in many other industries:

In order to wean Russia of dependence on cotton fiber
imports, it is necessary to revive the cultivation of cotton
in the South of Russia, in particular in the Astrakhan
Region, as the most favorable one for its cultivation.
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The need to increase agricultural cotton production
and environmental protection necessitated studying of
new sustainable technologies.

Beneficial bacteria associated with soil and plants can
promote plant growth and resistance to stress, therefore,
are a sustainable alternative to overuse of chemicals in
agriculture. Representatives of the genus Bacillus are
among such beneficial bacteria used as microbial
pesticides, fungicides or fertilizers. Bacillus-based
products are the most important class of microbial
products for phytosanitary use available on the market [6-
9.

Gram-positive bacteria Bacillus megaterium are
found in soils and are members of the microbiome of
several host plants around the world, acting mainly as
biological control agents [10-14]. These strains
effectively colonize soils and plant tissues and produce a
wide range of biologically active compounds that are
involved in promoting plant growth [15-21] and
antiphytopathogenic activity [22]. Bacillus species are
also a source of a wide range of metabolites and enzymes
of biotechnological and industrial interest [23].
Nevertheless, one of the most important characteristics of
bacillus strains is their ability to form spores, thereby
increasing their ability to withstand a wide range of
stressful conditions and allowing their usage as
inoculants of "plant growth promoters" (plant growth-
promoting bacteria - PGPR) for agriculture and
bioremediation processes. Thus, obtaining spore-forming
and stress-resistant strains Bacillus megaterium with a
high level of ability to promote plant growth is important
for the development of new products that will be used in
agricultural/bioremediation plants, especially those that
are subjected to stressful conditions, which is very
important in the arid climate of the Astrakhan Region

The purpose of this work is to study the influence of
Bacillus megaterium on the development of agricultural
crops of the Malvaceae family on the example of cotton
(Gossypium hirsutum).

MATERIAL AND METHODS
OF RESEARCH

Based on the sequencing of the 16 S rRNA gene at
the Kurchatov Institute - GosNIIgenetics Research
Institute, the bacteria used in this study were identified as
Bacillus megaterium Q57-31. This strain of bacteria was
isolated from the nodules of a legume plant - Vigna
(Vigna cylindrica), grown on the soils of the Astrakhan
Region, using the plate method on solid media.

The experiment was conducted in open ground
conditions on the territory of the All-Russian Research
Institute of Irrigated Horticulture and Melon Growing
(VNIIOB) with cotton seeds (Gossypium hirsutum) of
AC 1 variety.

The AC-1 cotton variety was obtained from a hybrid
population with the original forms: chimbai 4031 x AC-
6. The variety is early-ripening (the vegetation season is
110-114 days), the bush is semi-spreading; the fiber type
is 5, the fiber yield is 35-37%, the productivity is up to
3.2 t/ha of cotton. The new AC-1 cotton variety makes it
possible to obtain in the conditions of the south of Russia
a yield of raw cotton exceeding the standard (AC-5) by
15-20% with a high yield of type 4-5 fiber. With
defoliation, the variety is fully suitable for combine
mechanized harvesting [24].

During the experiment, seed germination, plant
height, root length were evaluated [25]. The height of the
plants was measured from the soil surface to the crown
using a ruler. The number of leaves per plant was
determined by counting them on all plants, followed by
calculating the arithmetic mean. The area of the leaf
surface was calculated by mathematical method [26]. The
weight of the leaves was measured on laboratory
electronic scales. During the budding period, the number
of buds (red and green) was calculated, during the
blooming period - the number of flowers. The weight of
the crop was calculated at the end of the vegetation
season. From ten plants of each variant, 5 bolls were
collected.

Before bedding-out, the seeds were soaked for 2
hours in bacterial suspensions and solutions of
phytostimulating ~ compounds  under  laboratory
conditions. Before bedding-out, the territory was divided
into seed-plots of 20 cm wide and 5 meters long. The
experiment was carried out in 2 variants, which differed
in the number of treatments. So, in the 1st variant, the
treatment was carried out forl time at the stage of 4-6
leaves, in the second variant - 2 times - at the stage of 4-
6 leaves, budding and flowering. Each variant was
performed in three repetitions. In the experiment, the
seeds and sprouts were treated with five different
phytostimulation objects: culture of cyanobacteria, in the
concentration of 0.5 g/ 10 ml; bacteria of Bacillus genus,
at the concentration 107c/ml; EPIN (epibrassinolid), at
the concentration of 10-7; chemical fertilizer Amofoska,
at the concentration of working solution; the control,
soaking and treatment with distilled water were applied.

The treatment was carried out by pouring liquids
directly next to the root of the plant.

https://doi.org/10.56199/dpcsebm.momz3523
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For the selection of soil samples, the envelope method
was used, at depths of 0-20 cm and 20-40 cm [27].
Microbiological analysis of the soil was carried out in
ASU laboratory of biotechnology, by quantifying
ecological and trophic groups of microorganisms by the
method of limiting dilutions in solified media [28, 29].

The obtained results were processed by generally
accepted methods of mathematical statistics using Excel
and Biostat programs [25, 26].

THE OBTAINED RESULTS
AND THEIR DISCUSSION

The soils of the Astrakhan Region lack moisture,
contain high concentrations of salts, which creates
extreme conditions for the existence of living organisms.
This leads to the formation of specific microbial
communities [30, 31].

Within this study, adding organic and bioorganic
fertilizers had the main goal of increasing the amount of
nutrients and improving germination and growth of
cotton in alluvial meadow, heavy loam, dark-coloured,
slightly saline soil. The authors studied seed germinating
ability, biometrics of cotton during budding and plant
yield at the end of the vegetation season, as well as the
microbiological composition of the incubated soil and its
humidity.

The number of microorganisms was determined on
the 4th day of cultivation. The total number of colonies
was calculated (Table 1). In Petri dishes, colonies in 100
visual fields were first calculated, then the arithmetic
mean of two sequences was determined. To estimate
microorganisms in 1g of absolutely dry soil, the number
of cells in 1g of wet soil is divided by the amount of
absolutely dry soil contained in 1g of wet soil.

Table 1. Microbiological composition of soil

R X Total microbial number
ﬁ“ﬁrllf“t mf_‘:}“m (TMN) (CFU/g)
repetition 0-20cm | 20-40 cm
Med. Czapek 0.3-107 0.9-107
Med. Gauze 2.9-107 1.05-107
Med. RPA (fishpeptone 96107 92107
agar)
Med. PA:10 (nutrient 6.8-107 09107
agar)

Analysis of the total number of physiological groups
of microorganisms in the RPA medium showed at both
depths predominance of saprophytic microorganisms
(9.6-107 CFU/g and 9.2-107 CFU/g), participating in the
destruction of organic substances in the soil. The smallest

total number of microorganisms was observed in Czapek
medium, i.e. saccharolytic microorganisms.

Microscopic examination of the obtained colonies
showed the presence of various cell morphotypes: cocci,
rods, filamentous forms. Fungi are present in some
media. Thus, under a microscope endogenous sporulation
was observed in Czapek medium. Sporangium - a sac
with conidia (spores). Presumably this is a fungus of the
Mucor genus (Mucor).

Microbiological examination of soil samples revealed
awide variety of physiological groups of microorganisms
involved in the nitrogen, phosphorus and carbon cycle.

In the conducted experiments, special attention was
also paid to the qualitative acceleration of the rate of
cotton development. The results of the studies indicate a
positive effect of bacilli, cyanobacteria and epin on the
growth and development of cotton in comparison with
the control variant. The results of germination of cotton
seeds (on the 14th day) showed that these biofertilizers
produce a result of more than 90%. The lowest
germination rates were marked during treatment with
mineral fertilizer.

A characteristic reaction of the organism of cotton
plants developing under normal conditions is the
increased growth of the main stem, formation of
sympodial, i.e., fruiting branches, and consequently, the
number of fruits. In the vegetation experiment,
phenological observations were carried out describing
the plant growth, as well as its development by phases.

At the budding stage, the number of leaves, buds and
flowers was measured, the weight of leaves and leaf area
were calculated, and the length of the plant root was also
taken into account (Table 2).

The results of single treatment of plants with bacillus
(at the stage of 4-6 leaves) showed improved indicators
in all parameters in comparison to the control. Thus, the
number of buds and flowers increased by 5.1 and 3.1
items in comparison to the control sample and the one
treated with mineral fertilizer, respectively. The length of
the root also increased by 9.8 and 2.4 cm. High figures of
the number of leaves and their biomass give us reason to
note the activity of the photosynthesis process, as well as
the intensive accumulation of substances necessary for
plants, which directly affect the yield and productivity of
agricultural crops. At the same time, double processing,
on the contrary, reduces the indicators against all the
other studied samples.

The results of cotton productivity were evaluated by
the number of green and red bolls (Figure 1).

https://doi.org/10.56199/dpcsebm.momz3523
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Figure 1. Cotton productivity (number of bolls).

Among the green bolls with a single pouring, the productivity of cotton treated with bacillus showed the highest
indicator, among the red bolls - productivity increased on average by 2.0 and 1.9 pcs. in comparison to the control and
mineral fertilizer, respectively.

Table 2 Biometrics of cotton

. Buds and Number of Weight of Leaf area, Root length,
Variant flowers,
pes leaves, pcs leaves, g cm?2 cm
. 12.00+1.85 | 23.10+1.64 35.70+1.40 53.50+1.87 20.80+1.50
Cyanobacteria
2 20.00+1.19 | 33.70+0.53 48.80+1.61 39.00+1.89 26.70+0.87
Bacteria of 1 19.10+1.64 | 32.60+1.24 37.95+1.57 45.25+1.52 24.6+1.54
Bacillus
megaterium 2 15.00+1.15 | 23.40+0.87 30.40+1.28 38.11£1.11 25.3+0.95
genus
Eoi 1 19.60+1.43 35.80+1.13 37.71£1.34 51.74+0.85 26.5+1.26
in
P 2 18.10+1.33 | 25.45+1.46 29.42+1.87 45.45+1.03 25.70+1.56
. . 1 16.00£1.52 | 25.20+1.32 54.50+1.92 34.00£1.15 22.20+1.15
Mineral fertilizer
2 15.20£2.08 | 22.30+1.54 24.10+1.94 36.30+0.40 24.90+1.41
Control 1 14.00+1.41 22.20+1.88 25.40+1.74 20.90+1.35 14.80+1.17
ontro
2 16.30+0.57 | 29.00+1.62 28.10+1.82 35.20£1.15 25.60+1.01
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Figure 2. Cotton yield.
When poured twice the highest index of red buds is

observed in cotton treated with cyanobacteria, its
productivity increased by 1.2 against the control and by
1.1 against the mineral fertilizer.

At the end of the vegetation season, the yield was
assessed by the weight of the cotton obtained in all
variants. The weight of cotton treated with bacillus
exceeds all variants when poured once but loses to epin
and cyanobacteria with a double pouring (Figure 2).

In the experiment with one pouring, the weight of
cotton treated with bacillus exceeds the control variant
by 46 g. and with mineral fertilizer by 48.4 g,
respectively. With repeated pouring, these indicators
exceed the weight of the control sample by 8 g. and the
yield after treatment with mineral fertilizer by 32 g.

Thus, to obtain a large mass of cotton yield when
treated with bacillus, single pouring is most suitable.
The volumes of cotton grown after such treatment are
competitive with plants that were poured twice with
cyanobacteria and with the same scheme of epin.

CONCLUSION

Thus, as a result of the conducted research, it was
found that the studied soil is slightly acidic, nonsaline,
with a predominance of saprophytic microorganisms,
with the presence of microscopic fungi. The positive
effect of bacillus on the growth and development of
cotton culture in the Astrakhan Region has been
proved. High rates were obtained with a single pouring.

= = -

Mineral fertalizer Control

[

AUTHORS’ CONTRIBUTIONS

The article "The influence of bacillus megaterium
on the stimulation of cotton growth" was written by a
team of authors, all authors took an equal part in the
theoretical analysis of the problem and in conducting
the study.

Bataeva Yu.V. is responsible for all aspects of the
project, the integrity of all parts of the article and its
final version. Magzanova D.K. analyzed and
summarized the literature data on the research problem,
was responsible for the experimental project.
Baymukhambetova A.S. was responsible for
conducting a comparative analysis of the effect of
various fertilizers on biometric indicators and cotton
yields and drafting a manuscript. Grigoryan L.N.
performed a microbiological analysis of the soil
composition and made valuable comments when
revising the article. Vilkova D.D. conducted the
analysis and systematization of experimental data

REFERENCES

[1] L.P. Podolnaya, S.V. Grigoriev, K.V. Illarionova,
M.Sh. Asfandiyarova, R.K. Tuz, N.A.
Khodzhaeva, E.V. Miroshnichenko, Cotton in
Russia. Current state and prospects, in:
Achievements of science and technology of the
Agro-industrial complex, 2015, no. 7, pp. 56-58.

[2] LYu. Podkovyrov, D.Yu. Ermak, Methods of
forming the quality of cotton seeds when growing



Dela Press Conference Series: Economics, Business and Management Vol. 002, 006 (2022)

https://doi.org/10.56199/dpcsebm.momz3523

“The Caspian in the Digital Age” within the Framework of the International Scientific Forum “Caspian 2021: Ways of Sustainable Development”.

on light chestnut soils of the Volgograd Region,
in:  Proceedings of the Nizhnevolzhsky
agrouniversitetskiy complex: science and higher
professional education, 2021, no. 1 (61), pp. 174-
182.

[3] Yu.V.Bataeva, D.K. Magzanova, O.V. Astafyeva,
M.D. Fomina, Evaluation of some phenological
indicators of the genus Gossypium hirsutum
(malvaceae) under the influence of biostimulants
of different nature, in: Bulletin of the Altai State
Agrarian University, 2015, no. 1 (123),
pp. 70-76.

[4] A. Pérez-Garcia A., D. Romero, A. De Vicente,
Plant protection and growth stimulation by
microorganisms: biotechnological applications of
Bacilli in agriculture, in: Current opinion in
biotechnology, 2011, vol. 22, no. 2, pp. 187-193.
DOI:
https://doi.org/10.1016/j.copbio.2010.12.003

[5] G. Berg, Plant-microbe interactions promoting
plant growth and health: perspectives for
controlled use of microorganisms in agriculture,
in: Appl Microbiol Biot., 2009, no. 84, pp. 11-18.
DOI: https://doi.org/10.1007/s00253-009-2092-7

[6] L. Bohme, F. Béhme, Soil microbiological and
biochemical properties affected by plant growth
and different long-term fertilization, in: Eur J Soil
Biol., 2006, 42, pp. 1-12. DOI: https://doi.org/
10.1016/j.€js0bi.2005.08.001

[7] A.S.Baymukhambetova, D.K. Magzanova, Yu.V.
Bataeva, Investigation of fungicidal activity of
Bacillus bacteria isolate on some types of
phytopathogenic fungi, in: Bulletin of the Altai
State Agrarian University, 2017, no. 5 (151),
pp- 82-86

[8] N.K. Hemanth Kumar et al., Application of
Microbial Nanotechnology in Agriculture, in:
Microbial Nanotechnology: Green Synthesis and
Applications, Springer, Singapore, 2021, pp. 275-
285. DOI: https://doi.org/10.1007/978-981-16-
1923-6 13

[9] R. Ortiz-Castro, E. Valencia-Cantero, J. Lopez-
Bucio, Plant growth promotion by Bacillus
megaterium involves cytokinin signaling, in: Plant
signaling & behavior, 2008, vol. 3. no. 4, pp. 263-
265. DOI: https://doi.org/10.4161/
psb.3.4.5204

[10] P. Trivedi, A. Pandey, Plant growth promotion
abilities and formulation of Bacillus megaterium
strain B 388 (MTCC6521) isolated from a
temperate Himalayan location, in: Indian Journal

of Microbiology, 2008, vol. 48, no. 3, pp. 342-347.
DOI: https://doi.org/10.1007/s12088-008-0042-1

[11] C. Zou, Z. Li, D. Yu, Bacillus megaterium strain
XTBG34 promotes plant growth by producing 2-
pentylfuran, in: The Journal of Microbiology,
2010, wvol. 48, no. 4, pp. 460-466. DOI:
https://doi.org/10.1007/s12275-010-0068-z

[12] R. Porcel et al., Involvement of plant endogenous
ABA in Bacillus megaterium PGPR activity in
tomato plants, in: BMC plant biology, 2014, vol.
14, no. I, pp- 1-12. DOLI:
https://doi.org/10.1186/1471-2229-14-36

[13] U. Chakraborty, B. Chakraborty, M. Basnet, Plant
growth promotion and induction of resistance in
Camellia sinensis by Bacillus megaterium, in:
Journal of basic microbiology, 2006, vol. 46, no.
3, pp- 186-195. DOI:
https://doi.org/10.1002/jobm.200510050

[14] S. Wang et al., Bacillus megaterium strain
WW1211 promotes plant growth and lateral root
initiation via regulation of auxin biosynthesis and
redistribution, in: Plant and Soil. 2021, pp. 1-14.
DOI: https://doi.org/10.1007/s11104-021-05055-
z

[15] EJ. Gray, D.L. Smith, Intracellular and
extracellular ~ PGPR: commonalities  and
distinctions in the plant-bacterium signalling
processes, in: Soil Biol Biochem., 2005, no. 37,
pp. 395-412. DOI: https://doi.org/10.1016/
j-s0ilbi0.2004.08.030

[16] Y. Zhao et al, The application of Bacillus
Megaterium alters soil microbial community
composition, bioavailability of soil phosphorus
and potassium, and cucumber growth in the plastic
shed system of North China, : Agriculture,
Ecosystems & Environment, 2021, vol. 307,
pp- 107236. DOI: https://doi.org/10.1016/j.agee.
2020.107236

[17] M. Tariq et al., Enhanced performance of Bacillus
megaterium  OSR-3 in combination with
putrescine ammeliorated hydrocarbon stress in
Nicotiana tabacum, in: International Journal of
Phytoremediation, 2021, vol. 23, no. 2, pp. 119-
129. DOI: https://doi.org/10.1080/15226514.
2020.1801572

[18] W.M.N.H. Kumari et al., Characterization of a
Bacillus  megaterium  strain ~ with  metal
bioremediation potential and in silico discovery of
novel cadmium binding motifs in the regulator,
CadC, in: Applied Microbiology and
Biotechnology, vol. 105, no. 6, pp. 2573-2586.



Dela Press Conference Series: Economics, Business and Management Vol. 002, 006 (2022)

“The Caspian in the Digital Age” within the Framework of the International Scientific Forum “Caspian 2021: Ways of Sustainable Development”.

DOI: https://doi.org/10.1007/s00253-021-11193-
2

[19] B. Yagmur. A. Gunes, Evaluation of the Effects
of Plant Growth Promoting Rhizobacteria (PGPR)
on Yield and Quality Parameters of Tomato Plants
in Organic Agriculture by Principal Component
Analysis (PCA), Gesunde Pflanzen, 2021, vol. 73,
no. 2, pp. 219-228. DOI:
https://doi.org/10.1007/s10343-021-00543-9

[20] G. Toader et al., Research regarding the use of
biological fertilizers for the growth of agricultural
products, in the conditions of current climate
change, in: Life Science and Sustainable
Development, 2021, vol. 2, no. 1, pp. 110-116.

[21] B.D. Batista, B.K. Singh, Realities and hopes in
the application of microbial tools in agriculture,
in: Microbial Biotechnology, 2021, vol. 14, no. 4,
pp- 1258-1268. DOI: https://doi.org/10.1111/
1751-7915.13866

[22] F.X. Nascimento et al., Plant growth-promoting
activities and genomic analysis of the stress-
resistant Bacillus megaterium STBI, a bacterium
of agricultural and biotechnological interest, in:
Biotechnology Reports, 2020, vol. 25, P. e00406.
DOI: https://doi.org/10.1016/j.btre.2019.e00406

[23] M. Eppinger, B. Bunk, M.A. Johns, J.N.
Edirisinghe,
K.K. Kutumbaka, S.S.K. Koenig, H.H. Creasy,
M.J. Rosovitz, D.R. Riley, S. Daugherty,
M. Martin, L.D.H.  Elbourne, 1. Paulsen,
R. Biedendieck, C. Braun, S. Grayburn,
S. Dhingra, V. Lukyanchuk, B. Ball, R.U.Qamar,
J. Seibe, E. Bremer, D. Jahn, J. Ravel, P.S. Vary,

Genome sequences of the biotechnologically
important Bacillus megaterium strains QM B1551
and DSM319, in: J. Bacteriol., 2011, no. 193,
pp- 4199-4213.

[24] A.V. Gulin, G.I. Nesterenko, S.A. Volodina,
Cotton - an innovative crop for agribusiness in the
Caspian region, in: Caspian Region in the Digital
Age, 2021, pp. 254-257.

[25] GOST 21820.1-76, Cotton seeds. The method of
determining germinative ability, Standartinform,
Moscow, 2010, 8 p.

[26] G.F. Lakin, Biometrics, Moscow, 1990, 351 p.

[27] B.A. Dospekhov, Methodology of field
experience (with the basics of statistical
processing of research results), supplemented and
revised, Moscow, 1985, 5th ed., 351p.

[28] E.Z. Tepper, V.K. Shilnikova, G.I. Pereverzeva,
Microbiology Workshop: study guide for
universities, Ed. by V.K. Shilnikova, Drofa,
Moscow, 2004, 256 p.

[29] A.I.  Netrusov, Microbiology = Workshop:
Textbook for students of higher. educ.
Establishments, Ed. by A.I. Netrusov, Moscow,
2005, 608 p.

[30] ANN. Gundareva, E.I. Melyakina, Biogenic
migration of trace elements in various types of
soils of the Astrakhan Region, in: Bulletin of
ASTU, 2005, no. 3 (26), pp. 194-200.

[31] Yu.V. Bataeva, LS. Dzerzhinskaya, L.V.
Yakovleva, The composition of the phototrophs
complex in various types of soils of the Astrakhan
Region, in: Soil Science, 2017, no. §, pp. 973-982.

https://doi.org/10.56199/dpcsebm.momz3523



