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Abstract. The effect of colonization by beneficial associative
microorganisms Pseudomonas putida KT 2442 and Rhodococcus
erythropolis X5 on the growth of Sarepta mustard (Brassica juncea L.) under
a covering light-converting material containing organic photoluminophore,
in vitro and in vivo, was investigated. The combined use of microbial
colonization and photoluminophore coating led to stimulation of plant
growth much stronger (2.4 times more) than separately only
photoluminophoric coating (1.3 times) or colonization (2.1 times). These
data indicate that when covering materials with photoluminophores are used
in agrobiotechnologies, luminescent red light (610-730 nm) induces an
increase in biochemical processes not only in plants, but also in
microorganisms that supply plants with growth regulators and other useful
metabolites. The data obtained are relevant for further study of the
photobiological mechanisms of interactions between the plantmicroorganism system in agrobiotechnologies.

1. Introduction
The use of light-correcting coatings is a promising method of increasing crop yields [1, 2].
The influence of coatings on the development of plants is associated with a change in the
spectral composition of the electromagnetic radiation of the sun passing through them – the
absorption of the ultraviolet component and its transformation into the red region of the
spectrum [3]. At the same time, there is a change in the structure of membranes, their
permeability increases, contributing to an increase in the effectiveness of cytokinins and
gibberellins, leading to increased cell division. In natural conditions, plants exist in close
association with a complex of soil microorganisms that have a stimulating effect on the
growth and development of plants. This process is associated with the ability of
microorganisms to nitrogen fixation, mobilize nutrients from the soil, produce
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physiologically active substances, suppress the growth of phytopathogens and detoxify alien
chemicals [4-6]. Previously, it was shown that sunlight that passed through the lightcorrecting film and transformed by photoluminophores stimulates growth processes,
population dynamics and oxygenase activity of indigenous soil microflora during oil
degradation on the example of Pseudomonas strains [7, 8]. It is possible that during the
growth of agricultural plants under light-correcting films, not only the plants themselves, but
also microorganisms associated with them – methylobacteria, pseudomonas, rhodococci and
many others are exposed to the influence of transformed light. The role of microbiota in
stimulating plant growth with light-converting coatings has not yet been investigated in
details.
The purpose of our work was to perform a comprehensive investigation of the effect of
light-correcting films with photoluminophoric coating with a maximum emission of 660 nm
on the growth of plants associated with certain strains of microorganisms.

2 Materials and methods
2.1 Plant material
The objects of research were the plants of Sarepta mustard (Brassica juncea L.) of the
Russian variety. The seeds were sterilized for 1 min in 70% ethanol, then 2 min in a 20%
solution of sodium hypochlorite and washed 3 times (10 min each) in sterile distilled water.
The seeds were germinated on a hormone-free Murashiga-Skoog (MS) medium containing 7
g/L of agar, 30 g/L of sucrose (pH 5.8) and a standard set of salts [9]. The plants were
cultivated at a temperature of 22−24°C, a 16-hour day and illumination of 2000 lx. The source
of illumination is fluorescent lamps LB-40 (Russia). In a series of experiments in the open
ground (September-October, 2021), light-converting agrotextiles were used: polypropylene
non-woven spunbond 30±3 g/m2, coated with polylactide varnish with a content of 0.25% of
the new organic photoluminophore (PL) with a concentration of 0.25% and absorption
mainly in the band 460-560 nm, and re-emitting with a spectral maximum of 660 nm with a
half-width spectrum of 610-730 nm. As PL, luminescent molecules of donor-acceptor type
based on triphenylamine with effective radiation in the red range were used [10, 11].
Spunbond without PL was used as a control.
2.2 Colonization of plants by associative microorganisms
For colonization, bacterial strains Pseudomonas putida KT 2442 (pNF142::TnMod) [13] and
Rhodococcus erythropolis X5 [14], obtained from the Laboratory of Plasmid Biology of the
G.K. Scriabin Institute of Biochemistry and Physiology of Microorganisms of the Russian
Academy of Sciences, were used. The bacteria were grown on LB medium [15]. Sterile
monthly leaves of Brassica juncea plants were sprayed with cell suspension (103-105
CFU/mL) of the bacteria P. putida KT 2442 and R. erythropolis X5. The plants were placed
in glass tubes (each variant of 40 pieces) with an agarized MS medium and cultured at 22°C
- 24°C, illumination of 2000 lx in a 16-hour daytime photoperiod. Microbiological testing of
various plant explants (leaves, root) was carried out after 7, 14 and 25 days after colonization
by the Kandel method [16]. For this purpose, a plant extract obtained by homogenizing 100
mg of plant tissue was applied to the surface of a solid LB medium with selective antibiotics
in Petri dishes and incubated at 22° - 24°C. After 2 days, the number of colony-forming units
(CFU) per 1 g of wet weight was calculated.

2

BIO Web of Conferences 42, 01024 (2022)
SDGE 2021

https://doi.org/10.1051/bioconf/20224201024

2.3 Statistical analysis
Statistica v.6.0 and MS Excel 2007 were used for statistical data processing. Measurements
were made in three biological and three analytical repetitions. Graphs and diagrams show the
average values and their standard deviations. The reliability of the differences was assessed
by the non-parametric Mann-Witney criterion.

3 Results and discussion
In the laboratory, sterile monthly mustard plants grown from seeds were colonized with
bacterial strains of P. putida KT 2442 and Rh. erythropolis X5 under in vitro conditions. For
this plant, a single spray with a suspension of one of the bacteria with a titer of cells of 103 105 was applied. After that, the test tubes with plants were covered with red (containing PL
coating) and or white (without PL coating) spunbond. 20 tubes of colonized plants and 20
tubes of uncolonized ones were put under each of the spunbond. After 7, 14 and 21 days,
testing was carried out to establish an associative relationship of the bacteria with plants in
vitro. To do this, extracts obtained from colonized plants grown under different covering
material – with PL and without PL, were applied to the surface of the nutrient medium with
selective antibiotics in Petri dishes and incubated for 2 days at a temperature of 22-24°C. In
3 weeks after colonization of the mustard by P. putida bacteria, their population on the roots
increased under the coating with PL from 5.0 x 102 (in the 1st week) to 4.2 x 103 CFU/g of
raw mass, and under the coating without PL from 4.0 x 102 to 3.0 x 103. The
photoluminophore coating on the spunbond stimulated the growth of bacteria by 1.5 times
(Fig. 1A).
At the end of the experiment in the roots of plants, the population of bacteria became an
order of magnitude greater than in the leaves of Fig. 1 A, B. When colonizing plants with the
Rh. erythropolis strain, the bacteria were distributed almost equally in the leaves and in the
roots, but with PL coating, the number of bacteria in the leaves (2.7 x 10 3) and roots (2.4 x
103) increased by more than 1.5 times compared to the coating without PL (1.6 x 103 and 1.8
x 103), which indicates the stimulating effect of red light 660 nm on the growth of bacteria
during colonization of the plants.
Investigation of the rate of bacterial growth under the PL coating separately from the
colonization (Fig. 2) revealed that irradiation of P. putida with light transformed by a lightcorrecting film increases their population by 1.5 times as compared to control variants (under
coating without PL and growth without coating). The data obtained indicate on
photostimulation of the growth of these microorganisms. These data also confirm the
investigation results reported earlier on the example of strains of Pseudomonas putida and
Pseudomonas stutzeri [8]. The use of Rh. erythropolis X5 strain for the colonization of plants
we report here for the first time. Despite the fact that plant growth doubled with colonization
by this strain together with the action of red light of the photoluminophore coating, its growth
rate under the PL coating was lower than in the control experiment. This result could be
related to its genetic modification, since this strain contains a plasmid with the green
fluorescent protein (GFP) gene, the amplification of which is an energy-consuming process.
Plants colonized with strains of P. putida and Rh. erythropolis showed an increased
growth rate as compared to control non-colonized plants, as can be seen in Figures 3 and 4.
Moreover, the plants colonized with P. putida and growing under PL coating were more than
2 times taller than the non-colonized, cultivated without PL (4.3 ± 0.4 and 2.0 ± 0.2 cm,
respectively). It was found an order of magnitude more bacteria in the roots than in the leaves.
During the colonization of plants with the Rh. erythropolis strain, the bacteria were
distributed almost equally in the leaves and in the roots. However, with the photoluminescent
coating, the number of bacteria in the leaves and the roots increased almost 2 times as
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compared to those under the coating without PL, which indicates a stimulating effect of red
light of 660 nm on the growth of bacteria during colonization of plants. Both strains studied
stimulated the growth of plants under the PL coating and, accordingly, plants growing
without PL coating lagged behind in growth. Red light is known to stimulate bacterial growth
– enhancing nucleic acid synthesis and cell respiration intensity, which can cause certain
changes in the metabolic regulation program [16]. We can assume that with the
intensification of metabolic processes in bacteria irradiated with transformed PL light,
greater accumulation of physiologically active substances occurs as well as mobilization of
nutrients from the environment or soil is enhanced, which favorably affects the growth of
plants. Thus, the average height of 1.5 monthly colonized P. putida (4.3 ± 0.4) and Rh.
erythropolis (3.9 ± 0.2) plants under PL was 2.2 times greater than that of the noncolonized
(2.0 ± 0.2 and 1.8 ± 0.2) (Fig. 3, 4).
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Fig. 1. The number of P. putida bacteria on mustard roots and leaves after colonization in vitro per 1 g
of wet weight. A - the number of bacteria in the roots; B - the number of bacteria in the leaves. The
numbers 1, 2 - respectively, indicate the options with PL containing and without PL containing
spunbonds.
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Fig. 2. Change in the optical density of P. putida (A) and Rh. erythropolis (B) during the growth of
bacteria under different coatings. 1 - under the spunbond with PL; 2 - without a spunbond; 3- under the
spunbond without PL.

In order to determine the effect of associative bacteria on the growth and development of
mustard plants under the influence of photoluminescent coatings and their adaptation under
conditions of closed and open ground, colonized plants from sterile conditions were planted
in the closed ground of the Artificial Climate Station "Biotron" of the FIBH RAS and in the
open ground on experimental plots in Pushchino, Moscow Region, Russia. When plants were
transferred from in vitro conditions to Biotron and open ground, the colonized ones adapted
better and the growth trend continued (Fig. 5 A, B). These data indicate a joint positive effect
of associative bacteria and light-converting coatings on the growth and morphogenesis of the
plants.
Thus, it was shown that the light that passed through the light-correcting film and
transformed by the photoluminophores emitting with a maximum at 660 nm and a half-width
of the spectrum at 610-730 nm stimulates the growth processes of plants and microorganisms,
while combined application of microbial colonization of plants and PL-coating leads to
stimulation of plant growth much stronger (2.4 times more) than separately only PL-coating
(1.3 times) or colonization (2.1 times) according to the data shown in Fig. 4.
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Fig. 3. Plants Brassica juncea in vitro (2 weeks), сolonized by Rh. erythropolis X5 strain. A - 1-3 under
spunbond with PL, 4-6 under spunbond without PL; B – not colonized. 1-3 – with PL; 4-6 without PL.
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Fig. 4. Growth rate of Sarepta mustard plants (2 weeks) depending on colonization and
photoluminophore coating (spunbond with PL or without PL). 1-4 PL.; 5-8 – without PL; 1,2 and 5,6 –
P. putida; 3, 4 and 7, 8 – Rh. erythropolis X5; 1, 3, 5, 7 colonization; 2, 4, 6, 8 without colonization.
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Fig. 5. Mustard plants in vivo. A – in the greenhouse of the Biotron artificial climate station; 1-3 –
with PL, without colonization; 4-6 – with PL and colonization; B - the appearance of plants extracted
from the soil: 1- with PL, without colonization; 2 – with PL and colonization; C – plants in the
experimental site; D – weight of 2-month-old mustard plants. 1- with PL, without colonization; 2 –
with PL and colonization.

Laboratory studies of the colonization and PL-coatings in vitro conditions are a
convenient model for studying the mechanisms of photoregulatory systems. Previously,
photoregulatory systems in plants and microorganisms under the action of PL were studied
separately [8]. In this work we have shown for the first time the possibility of their joint
action (synergy) – the stimulation of plant growth with the PL is improved in combination
with individual microorganisms. The combined effect of colonization and light-correcting
films exceeds the actions of each of these factors alone. Moreover, in the final study in the
open ground (Fig. 5C), for the plants grown in the laboratory in vitro and transferred to the
open ground to an experimental site with PL- coating, the weight was significantly (1.5 times)
higher (3.5 ± 0.8 g) than in noncolonized plants (2.2 ± 0.6 g), respectively which confirms
the stimulating effect of PL coatings in combination with colonization by beneficial
microflora.

7

BIO Web of Conferences 42, 01024 (2022)
SDGE 2021

https://doi.org/10.1051/bioconf/20224201024

4 Conclusions
To sum up, from the results obtained and reported above the following conclusions can be
drawn: 1) Red photoluminophore coating stimulates the growth of Pseudomonas putida
bacteria. 2) Inoculation of Mustard plants by the bacteria P. putida and Rh. erythropolis X5
led to their stable association. 3) Colonized plants accelerate growth. 4) Red
photoluminophore coating stimulates the growth of plants and especially colonized, both in
vitro conditions and in open and closed ground conditions. 5) The development of studies of
molecular and physiological processes of interaction of plants with associative
microorganisms under the influence of red light is promising both for fundamental biological
science and for agrotechnical practice.
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