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EFFECT OF BACILLUS SUBTILIS IMV B-7023 
ON WHEAT GROWTH, PHOTOPIGMENT CONTENT 
IN LEAVES, AND GIBBERELLINS 
IN ROOT EXUDATES
Root exudates of plants contain a signifi cant number of organic compounds of various types, which infl uence the 
composition of plant microbiota that, in turn, has a substantial eff ect on their growth, development, and productivity. 
Among these compounds, gibberellins play an important role. Th e eff ect of Bacillus subtilis IMV B-7023 on gibberellin 
content in the plant growth zone has not been studied. Th e aim of this work was to determine the characteristics of 
the interaction between Bacillus subtilis IMV B-7023— a component of the Azogran preparation—and wheat plants 
in terms of the production of gibberellin-like substances, their infl uence on plant growth, and the content of photopig-
ments. Methods. Experiments were carried out on wheat of the Shestopalivka variety, the seeds of which were inocu-
lated with suspensions of B. subtilis IMV B-7023. Th e plants were grown under sterile conditions in a phytotron using 
a hydroponic setup with Fahraeus medium for 14 days. Plant shoot length and root mass were measured. Th e content of 
photosynthetic pigments in the plant leaves was determined spectrophotometrically. Gibberellin-like substances in plant 
root exudates were identifi ed using a biotesting method based on the stimulation of hypocotyl growth in lettuce (variety 
Kucheravyi Odeskyi). Results. Inoculation of wheat seeds with B. subtilis IMV B-7023 signifi cantly improved plant 
growth and the accumulation of chlorophylls a and b, as well as carotenoids, in the leaves. When plants were grown 
from inoculated seeds in solution, the gibberellin content increased signifi cantly. Conclusions. Inoculating wheat seeds 
stimulates plant growth under hydroponic conditions and increases the content of photosynthetic pigments—chloro-
phylls a and b, and carotenoids—in the leaves. Under such conditions, gibberellin levels in the plant growth medium 
increased by 141—283% compared to the control.
Keywords: Bacillus subtilis IMV B-7023, Shestopalivka wheat variety, morphometric indicators, photopigments, gib-
berellins.
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Th e rapid growth of the human population on 
our planet necessitates a signifi cant increase in 
the yield of agricultural crops. To achieve this, 
chemicals, pesticides, fertilizers, and other agents 
that can enhance crop yields are widely used in 
crop production. However, such an approach 
leads to environmental pollution, a decline in 
the quality of the resulting product, and harm 
to ecosystems and human health. As a result, in 
recent decades, considerable attention has been 
paid to the biologicalization of crop production, 
an important component of which is the use of 
highly eff ective microbial preparations capable 
of improving plant productivity (Tingting Wang 
et al., 2024; Volkogon et al., 2024).

At the D.K. Zabolotny Institute of Micro bio lo gy 
and Virology of the National Academy of Scienc-
es of Ukraine, a highly eff ective complex bacteri-
al preparation, Azogran, has been developed. It 
signifi cantly improves the growth, development, 
and productivity of a number of plant species. 
It contains nitrogen-fi xing bacteria Azotobacter 
vinelandii IMV B-7076 and phosphate-mobilizing 
bacteria Bacillus subtilis IMV B-7023 (Kurdysh, 
2010), which are capable not only of enhancing 
nitrogen and phosphorus nutrition of plants but 
also of synthesizing a range of biologically active 
compounds: auxins, carbohydrates, organic acids, 
proteins, as well as compounds of phenolic and 
fl avonoid nature (Tserkovniak, 2009; Chobotarov 
et al., 2017; Kurdysh et al., 2024).

Th anks to such a spectrum of biologically 
active substances, these bacteria are capable of 
signifi cantly improving plant growth, devel-
opment, and productivity, as well as protecting 
plants from the eff ects of extreme environmental 
factors, phytopathogenic bacteria, viruses, mi-
cromycetes, and also phytophagous insects, in-
cluding the Colorado potato beetle (Roy et al., 
2012; Chuiko et al., 2020; Kurdish et al., 2021; 
Parchomenko et al., 2023).

A signifi cant impact on plant growth, devel-
opment, and productivity is exerted by phyto-
hormones, among which gibberellins play a key 

role. Th ey represent the most numerous classes 
of plant hormones, comprising more than 130 
isoforms. However, physiological activity is char-
acteristic only of certain gibberellic acids (GA1, 
GA3, GA4, GA5, GA6, and GA7), while others are 
considered their precursors or inactive forms 
(Sponsel & Hedden, 2010).

Th e main functions of gibberellins include 
the regulation of seed germination processes, 
coordination of cell division and elongation, 
sex determination, development of pollen and 
fl owers, induction of fl owering, as well as seed 
and fruit formation (Gantait et al., 2015; Gupta, 
Chakrabarty, 2013).

Representatives of the Bacillus genus are ca-
pable of synthesizing gibberellins in varying 
amounts. For instance, it has been reported that 
B. amyloliquefaciens synthesized 10 gibberellins 
in concentrations ranging from 0.013 ng/mL to 
17.88 ng/mL (Shahzad et al., 2016). In B. subtilis 
strains (LDA-1, LDA-2, and LDA-3), GA3 was 
detected in the range of 1.64—1.97 μg/mL (Ab-
delmoteleb et al., 2023), while B. subtilis strain 
JW1 produced GA1, GA4, and GA7 (Kang et al., 
2019). Bacterial phytohormones infl uence the 
metabolism of endogenous growth regulators in 
plants (Sorty et al., 2016).

It is known that bacterial endophytes can en-
hance gibberellin synthesis in plants. For exam-
ple, the inoculation of wheat seeds with B. subti-
lis QM3 induced the biosynthesis of endogenous 
gibberellins by signifi cantly increasing the ex-
pression of the key gene TaGA3ox-B2 (Hu et al., 
2024). In soybean plants inoculated with B. ary-
abhattai SRB02, the production of GA12, GA4, 
and GA7 was enhanced (Park et al., 2017). It was 
also shown that in rice plants inoculated with B. 
amyloliquefaciens RWL-1, there was a signifi cant 
increase in the levels of endogenous GA1, GA4, 
GA7, and GA9 (Shahzad et al., 2016).

To date, the eff ect of Bacillus subtilis IMV 
B-7023 on the accumulation of gibberellins in 
wheat root exudates has not been studied. In 
view of this, the aim of the present study was to 
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determine the characteristics of the interaction 
between Bacillus subtilis IMV B-7023 — a com-
ponent of the preparation Azogran — and wheat 
plants in terms of the production of gibberel-
lin-like substances, their eff ect on plant growth, 
and the content of photosynthetic pigments.

Materials and Methods. Bacillus subtilis IMV 
B-7023 bacteria were cultivated for 48 hours in 
700 mL Erlenmeyer fl asks, each containing 100 
mL of Minkin’s medium (Menkina,1950), at a 
temperature of 28 °C on a rotary shaker at 120 
revolutions per minute.

Wheat plants of the Shestopalivka variety 
were used in the experiments. Th e seeds were 
sterilized for 5 min in a 1:1 solution of 96% etha-
nol and 50% hydrogen peroxide. Th ey were then 
rinsed fi ve times with sterile distilled water and 
germinated on the surface of potato agar until 
roots 1—2 cm in length developed.

Uncontaminated seedlings were treated with 
suspensions of B. subtilis IMV B-7023 for 1 hour, 
with bacterial concentrations of 106, 107, and 108 
CFU/mL. Aft er treatment, both the bacterized 
and untreated (control) seeds were placed in 
groups of 10 on sterile stainless steel mesh in ster-
ile 1.5 L glass vessels, each containing 80 mL of 
liquid Fahraeus nutrient medium (Willson, 1995). 
Th is medium contained the following compo-
nents (g/L): CaCl2 — 0.1; MgSO4 · 7H2O — 0.12; 
KH2PO4 — 0.1; Na2HPO4 · 12H2O — 0.15. Addi-
tionally, (NH4)2SO4 was added at 0.5 g/L, along 
with trace amounts of micronutrients: Fe cit-
rate — 0.005; FeSO4·7H2O; CuSO4; ZnSO4 · 7H2O; 
MnSO4 · 5H2O; H3BO3; and (NH4)2MoO4 · 2H2O. 
Th e pH of the medium was adjusted to 6.5. Th e 
plants were grown in a phytotron under 12.000 
lux illumination for 16 hours per day at a temper-
ature of 21°C for 14 days.

At the end of the plant cultivation period, 
the medium containing root exudates was asep-
tically collected and centrifuged at 6600 rpm 
for 15  min. Th e resulting supernatant was ly-
ophilized (freeze-dried) and stored for further 
biochemical analysis. In the plants, stem length, 

root mass, and the content of photosynthetic 
pigments were determined.

To determine the gibberellin content in wheat 
root exudates, 3 mg of the dry exudate was ho-
mogenized in a small volume of 80% ethanol. 
Th e extraction of free gibberellin-like substances 
(GLS) was carried out three times with 80% eth-
anol over 24 hours. Aft er fi ltration, the extracts 
were evaporated to an aqueous phase using a 
rotary evaporator at 40 °C. Th e aqueous resi-
dues were then frozen and kept at  —18 °C for 
24 hours. Th e test solutions were subsequently 
thawed, acidifi ed with 2N HCl to pH 2.8, and 
centrifuged at 10,000 × g for 15 min. Th e su-
pernatant was extracted three times with ethyl 
acetate. Th e combined fractions were evaporat-
ed to dryness on a rotary evaporator. Th e dry 
residue was then dissolved in 500 μL of ethanol 
and applied to Silufol UV 254 silica gel plates 
for thin-layer chromatography (TLC) using a 
solvent system of isopropanol:ammonia:water 
(10:1:1). Aft er drying the plates, they were divid-
ed into 10 sections under UV light.

To determine the physiological activity of the 
components, the sorbent layer was eluted with 
80% methanol and evaporated to dryness on a 
rotary evaporator. Th e residues were then used 
for testing. GLS activity was assessed using a 
bioassay based on the stimulation of hypoco-
tyl growth in lettuce (Lactuca sativa, cultivar 
Kucheravyts Odesky) (Agnistikova, 1977). Total 
GLS activity was expressed in GA3 equivalents. 
Th e amount of GLS was calculated using a cali-
bration curve constructed with GA3.

Results. It was established that growing wheat 
plants under hydroponic conditions in the pres-
ence of Bacillus subtilis IMV B-7023 had a no-
ticeable eff ect on plant growth, the content of 
photosynthetic pigments in the leaves, and the 
accumulation of gibberellin-type phytohor-
mones in the nutrient solution.

When wheat was grown from seeds treated with 
a bacterial suspension containing 106 CFU/mL, 
stem length was 23.5% greater than in the control. 
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When the seeds were treated with a suspension 
containing 108 CFU/mL, stem length exceeded 
control values by almost 33%.

Th e root mass in the control group was 0.07 g, 
whereas in the plants grown from seeds treat-
ed with a suspension of Bacillus subtilis IMV 
B-7023, this value increased. Specifi cally, with a 
suspension containing 107 CFU/mL, root mass 
was 42.9% higher than in the control (Table 1).

Cultivating wheat plants from seeds treated 
with Bacillus subtilis IMV B-7023 contributed to 
an increase in the content of photopigments in 
the plant leaves (Table 2).

If in the control plants (grown without bacte-
ria), the content of chlorophyll a was 0.96 mg per 
1 g of fresh leaf mass, then with seed bacteriza-
tion at a concentration of 106 CFU/mL, this in-
dicator reached 1.06 mg/g, and at concentrations 
of 107 CFU/mL and 108 CFU/mL, it increased to 
1.12 mg/g (Table 2).

Bacteria had a noticeable eff ect on the content 
of chlorophyll b and carotenoids in the leaves of 
wheat. When plants were grown without bac-
teria, the content of chlorophyll b as well as ca-
rotenoids was 0.24 mg/g of leaves. At the same 
time, seed bacterization with bacilli signifi cantly 
increased the pigment content. Th e most nota-
ble increase in the photopigment content was 
observed when seeds were bacterized in suspen-
sions containing 107 and 108 CFU/ml of Bacillus 
subtilis IMV B-7023 (Table 2).

It was established that in wheat plants grown 
from non-inoculated seeds, only small amounts 
of gibberellin-like substances (GLS) with Rf 
values of 0.1—0.4 were detected in the root ex-
udates. It was shown that in the upper part of 
the chromatogram, the activity of GLS with Rf 
values of 0.7, 0.9, and 1.0 was 235%, 290%, and 
184% respectively, relative to GA3 (Fig. 1). Th e 
total content of GLS in the root exudate of con-
trol plants was 9.5 μg/mL (Table 3).

It was established that with an increase in the 
seed inoculation dose, the total content of GLS in 
the wheat growth medium also increased. When 
wheat was grown from seeds bacterized with a 
suspension containing 107 and 108 CFU/mL of 
Bacillus subtilis IMV B-7023, the GLS content 
increased by 283% and 141%, respectively, com-
pared to the control (Table 3).

No signifi cant diff erences in the qualitative 
composition were observed between the control 
plants and those grown from bacterized seeds. 
When wheat was grown from seeds inoculat-

Table 1. Eff ect of Bacillus subtilis IMV B-7023 
on the morphometric parameters of wheat 
under hydroponic cultivation

Variants
Length of stem Root weight

cm % g %

Control 17.3 ± 0.5 100.0 0.07 ± 0.01 100.0
106 CFU/mL 21.4 ± 2.8 123.7 0.08 ± 0.01 114.3
107 CFU/mL 20.4 ± 1.9 117.9 0.09 ± 0.01 128.6
108 CFU/mL 23.0 ± 2.4 132.9 0.10 ± 0.02 142.9

Table 2. Photopigment content in wheat leaves 
following seed treatment with various doses 
of Bacillus subtilis IMV B-7023

Variants
Content of photopigments, mg/g

chlorophyll а chlorophyll b carotenoids

Control 0.96 ± 0.1 0.24 ± 0.06 0.24 ± 0.04
106 CFU/mL 1.06 ± 0.07 0.25 ± 0.04 0.28 ± 0.04
107 CFU/mL 1.12 ± 0.1 0.32 ± 0.04 0.40 ± 0.07
108 CFU/mL 1.12 ± 0.06 0.33 ± 0.01 0.38 ± 0.06

Table 3. Total content of gibberellin-like substances 
in the wheat growth medium under diff erent seed 
inoculation doses of Bacillus subtilis

Variants Content of GLS, μg/mL

Control 9.50±0.25
100.00%

107 CFU/mL 36.39±1.82
383.00%

108 CFU/mL 22.93±1.15
241.40%
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ed with suspensions containing 106, 107, and 
108 CFU/mL of Bacillus subtilis IMV B-7023, an 
increase in the quantity of GLS was detected in 
the zone with an Rf value of 0.2. Th is increase 
amounted to 140%, 155%, and 169% respective-
ly, relative to GA3 (Fig. 1 A, B, C).

Th is suggests a possible infl uence of the bac-
teria on the accumulation of GLS in the growth 
medium, stimulating phytohormone produc-
tion either by the plant itself or by the bacteria. 
In control plants, high activity of GLS with an 
Rf value of 0.9 was detected; however, this com-
pound content decreased signifi cantly when 
seeds were bacterized with Bacillus subtilis IMV 
B-7023 at concentrations of 106 and 108 CFU/
mL, and partially at 107 CFU/mL. It is possible 
that the bacteria may utilize this GLS for their 
own growth or suppress its production.

An increase in the quantity of GLS with Rf 
values of 0.7 and 0.8 was observed under bacter-
ization, while their content was negligible in the 
control. Th is may indicate hormone accumula-
tion due to enhanced production by the bacteria.

Discussion. Th e results of our research 
demonstrate a signifi cant infl uence of the phos-
phate-mobilizing strain Bacillus subtilis IMV 
B-7023 on the photosynthetic activity of wheat, 
leading to a marked increase in its growth activ-
ity and the accumulation of biologically active 
GLS in the root exudates.

Root exudates contain certain compounds 
that act as signaling molecules mediating motili-
ty, chemotaxis, biofi lm formation, and symbiotic 
interactions, playing a key role in facilitating col-
onization of the plant root system by soil rhizo-
bacteria (Sasse et al., 2018; Upadhyay et al., 2022; 
Liu et al., 2024). Th e composition and quantity 
of root exudates depend on the plant genotype, 
its developmental stage, as well as ecological, bi-
otic, and abiotic factors (Chen & Liu, 2024). 

Root exudates are capable of infl uencing the 
rhizospheric interactions and creating an envi-
ronment with a certain degree of specifi city for 
bacteria by releazing carbohydrates, fatty acids, 
essential amino acids, organic acids, hydrolytic 
enzymes, growth-regulating hormones, vita-
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Fig. 1. Gibberellin-like substances in wheat root exudates under diff erent seed inoculation doses with B. subtilis: 
control — plants without bacterisation; A — seed bacterization with a suspension containing B. subtilis at 106 CFU/mL, 
B — 107 CFU/mL, C — 108 CFU/mL 
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mins, nucleotides, fl avonoids, polyphenols, and 
sterols. Th ese interactions may induce changes 
in the plant metabolome as well as in the activity 
of its microbiota (Hartmann et al., 2009; Hu et 
al., 2018; Iannucci et al., 2021).

Th e functioning of Bacillus subtilis in the plant 
root zone can enhance plant growth through the 
direct synthesis of plant hormones (Barea et al., 
2005). Th e increase in stem, root, and lateral root 
length of wheat following rhizobacterial inocula-
tion may be associated with cell division and elon-
gation regulated by gibberellins and indole-3-ace-
tic acid (Saleemi et al., 2017; Wang et al., 2020).

Our fi ndings show that when wheat plants 
are grown under sterile hydroponic conditions 
in Fahraeus medium, low levels of gibberellins 
are detected in the root exudates. However, the 
content of these compounds increased signifi -
cantly when seeds were bacterized with B. sub-
tilis IMV B-7023. High levels of gibberellin-like 
substances in the root exudate were recorded in 
the treatments where B. subtilis IMV B-7023 was 
applied at concentrations of 107 and 108 CFU/mL 
(Table 3). Th is may be due to stimulation of gib-
berellin synthesis by the plant in response to the 
bacterial presence, as well as direct synthesis of 
these compounds by the bacteria.

Moreover, at these levels of seed bacterization, 
an increase in the content of photosynthetic pig-
ments and an improvement in morphometric 
parameters of wheat stems were also observed 
(Tables 1 and 2).

Rhiz obacteria promote plant growth by stim-
ulating the proliferation of root hairs, enhancing 
their branching, improving seed germination, 
increasing leaf area and biomass, raising levels of 
plant hormones, and improving nutrient uptake 
(Vicciante et al., 2022). Bacillus subtilis bacteria 
can enhance plant growth through various mech-
anisms, including nitrogen fi xation, the synthesis 
of organic acids, amino acids, phenols, and fl avo-
noids, siderophore production, improved phos-
phorus compound availability, and the production 
of phytohormones such as auxins, cytokinins, 
and gibberellins (Margues et al., 2010; Radhakris-
han et al., 2017; Tahir et al., 2017; Yi et al., 2018; 
Ahmed et al., 2021; Di et al., 2022; Hu et al., 2024; 
Ocheretyanko et al., 2015; Skorochod et al., 2020).

In addition to signifi cantly aff ecting the gib-
berellin content in the wheat cultivation medi-
um, B. subtilis IMV B-7023 also markedly en-
hances plant protection against phytopathogens 
and phytophages (Chuiko et al., 2020; Kurdish et 
al., 2021; Parchomenko & Kurdish, 2023).

Th us, the results of the study indicate that in-
oculating wheat seeds with Bacillus subtilis IMV 
B-7023, followed by cultivation under hydro-
ponic conditions, signifi cantly improves plant 
growth and development, increases the content 
of photosynthetic pigments in the leaves, and 
substantially elevates the gibberellin content in 
the cultivation medium.

Confl icts of Interest. Th e authors declare no 
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Eff ect of Bacillus subtilis IMV B-7023 on Wheat Growth, Photopigment Content in Leaves

В.  А. Васюк, В.В. Чоботарьова, 
Н.Й. Пархоменко, А.Ю. Чоботарьов, І.К. Курдиш 
Інститут мікробіології і вірусології ім. Д.К. Заболотного НАН України,
вул. Академіка Заболотного, 154, Київ, 03143, Україна

ВПЛИВ BACILLUS SUBTILIS ІМВ В-7023 НА РІСТ ПШЕНИЦІ, ВМІСТ ФОТОПІГМЕНТІВ У ЇЇ ЛИСТКАХ 
ТА ГЕБЕРЕЛІНІВ У КОРЕНЕВИХ ЕКСУДАТАХ

Кореневі ексудати рослин містять значну кількість органічних сполук різної природи, які впливають на 
склад мікробіоти рослин, що спричиняє суттєвий вплив на їх ріст, розвиток і продуктивність. Серед таких 
сполук важливу роль відіграють гібереліни. Вплив Bacillus subtilis ІМВ В-7023 на вміст гіберелінів у зоні 
росту рослин не досліджено. Метою даної роботи було визначити особливості взаємодії Bacillus subtilis 
ІМВ В-7023 — компонента препарату Азогран, з рослинами пшениці щодо продукування гіберелоподіб-
них речовин, їх впливу на ріст рослин та вміст фотопігментів. Методи. Досліди проводились на пшениці 
сорту Шестопалівка, насіння якої бактеризували суспензіями B. subtilis ІМВ В-7023. Рослини вирощували 
стерильно у фітотроні в гідропонних умовах в середовищі Фареуса впродовж 14 діб. У рослинах вимірювали 
довжину пагонів і масу коріння. Вміст фотосинтетичних пігментів в листках рослин визначали спектро-
фотометричним методом. Гіберелоподібні речовини в кореневих ексудатах рослин визначали методом біо-
тестування, заснованим на стимуляції росту гіпокотилів салату (сорт Кучерявиць Одеський). Результати. 
Інокуляція насіння пшениці бактеріями B. subtilis ІМВ В-7023 значно покращувала ріст рослин та накопи-
чення в їхніх листках хлорофілів а та b і каротиноїдів. За вирощування рослин із бактеризованого насіння 
в розчині суттєво підвищувався вміст гіберелінів. Висновки. Бактеризація насіння пшениці стимулює ріст 
рослин за вирощування їх у гідропонних умовах та вміст у листках фотосинтетичних пігментів хлорофілу а 
та b і каротиноїдів. За таких умов вміст гіберелінів у середовищі вирощування рослин зростав у порівнянні 
з контролем на 141—283 %.
Ключові слова: Bacillus subtilis ІМВ В-7023, пшениця сорту Шестопалівка, морфометричні показники, 
фотопігменти, гібереліни.
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