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 ` Background. Endophytic microorganisms inhabit internal tissues of most plants. However, little is known 
about endophytic community of the garden pea (Pisum sativum L.), an agriculturally important crop. 
Materials and methods. Culturable endophytic bacteria were isolated from sterilized stems and leaves of three pea 
genotypes: K-8274 (cv. Vendevil), K-3358 (unnamed cultivar), and cv. Triumph. The taxonomic position of isolates 
was determined by 16S rRNA gene sequencing. The plant growth-promoting capabilityof identified bacteria was tested 
on the roots of watercress (Lepidium sativum L.). results. In total, out of 118 morphotypes of culturable endophytic 
bacteria identified, for 80 the taxonomic position was determined. Proteobacteria and Firmicutes were dominant phyla, 
and Actinobacteria were present in minority. Eight bacterial isolates demonstrated the plant growth-promoting capa-
bility, and one of them – KV17 (Rahnella sp.) maintained this capability after several passages and prolonged storage. 
Conclusion. The plant growth-promoting bacteria isolated from pea stems and leaves can become a component of 
microbiological preparations.

 ` Keywords: Endophytic bacteria; culturable bacteria; legumes; garden pea; Pisum sativum.

культиВируемые эндоФитные бактерии стеблей и листьеВ Гороха 
посеВноГо (Pisum sativum l.)

 © Е.Н. Васильева 1, Г.А. Ахтемова 1, А.м. Афонин 1, А.Ю. Борисов 1, И.А. тихонович 1, 2, В.А. Жуков 1

1 Федеральное государственное бюджетное научное учреждение «Всероссийский научно-исследовательский 
институт сельскохозяйственной микробиологии», Санкт-Петербург; 
2 Федеральное государственное бюджетное образовательное учреждение высшего образования 
«Санкт-Петербургский государственный университет», Санкт-Петербург
Для цитирования: Васильева Е.Н., Ахтемова Г.А., Афонин А.М., и др. Культивируемые эндофитные бактерии стеблей и листьев гороха посевно-
го (Pisum sativum L.) // Экологическая генетика. – 2020. – Т. 18. – № 2. – С. 169–184. https://doi.org/10.17816/ecogen17915.

Поступила: 28.11.2019 Одобрена: 06.04.2020  Принята: 23.06.2020

 ` Эндофитные микроорганизмы населяют внутренние ткани практически каждого растения. В данной работе 
изучено разнообразие культивируемых эндофитных бактерий гороха Pisum sativum, изолированных из предва-
рительно стерилизованных надземных частей растения — стеблей и листьев. Исследование проводилось на трех 
генотипах гороха: К-8274, К-3358 и коммерческом селекционном сорте Триумф. В общей сложности удалось 
получить 118 морфотипов культивируемых эндофитных бактерий, для 80 из которых было определено их так-
сономическое положение путем секвенирования диагностического фрагмента гена 16S рРНК. Доминирующими 
оказались представители порядков Proteobacteria и Firmicutes. Кроме того, были обнаружены минорные пред-
ставители порядка Actinobacteria. Идентифицированные представители микрофлоры гороха были проверены на 
способность проявлять ростостимулирующую активность, которая оценивалась по тесту на корнях кресс-салата 
(Lepidium sativum L.). По результатам теста, 8 изолятов эндофитных бактерий проявили способность стимули-
ровать рост корневой системы кресс-салата, для одного из них — KV17, относящегося к роду Rahnella, — эта 
способность сохранилась при длительном хранении и пассировании.

 ` ключевые слова: эндофитные бактерии; культивируемые бактерии; бобовые растения; горох посевной; Pisum 
sativum.

IntrODuCtIOn
At present, prokaryotic microorganisms are 

widespread almost everywhere, interacting in dif-

ferent ways with other inhabitants of the biosphere. 
Researchers show a great interest in these inter-
actions, because they help study the fundamental 
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bases of symbiosis and enable the discovery of new 
ways of the practical application of such relation-
ships. The management of plant–microbial inter-
actions is especially promising in the field of agri-
culture due to the ability of several microorganisms 
to positively affect the growth and development of 
plants [1]. Thus, nodule bacteria (rhizobia), by en-
tering into symbiosis with plants of the Fabaceae 
family, acquire the ability to fix atmospheric nitro-
gen, thus improving the nitrogen nutrition of plants 
and, subsequently, increase the plants’ productivity 
and better the soil characteristics. Arbuscular my-
corrhizal fungi improve the supply of plants with 
sparingly soluble phosphates and water [2], and 
the plant growth-promoting rhizobacteria (PGPR) 
have a growth-stimulating effect and protect plants 
from the biotic and abiotic stress factors [3, 4]. En-
dophytic microorganisms are representatives of mi-
crobiota that inhabit the internal tissues of plants.

The concept of “endophyte” was proposed in 
1866 for the first time by Anton de Bari, a German 
microbiologist and plant biologist; this term refers 
exclusively to the localization of organisms, that is, 
any microorganism inhabiting the internal tissues of 
a plant can be considered an endophyte [5]. Over 
time, this term was elaborated, and new interpre-
tations appeared [6]. Currently, no single concept 
provides a sufficiently accurate and capacious defi-
nition of the concept of “endophyte”; therefore, in 
this work, the microorganisms, which were isolated 
from superficially sterilized plant tissues and, which 
do not cause pathological effects and any notice-
able negative influence on plant development, are 
considered endophytes [1, 7].

Endophytic bacteria can improve the growth, 
development, and general condition of host plants 
due to their ability to modulate the level of plant 
hormones, synthesize vitamins, and better plant 
nutrient supply [8]. On the basis of these micro-
organisms, highly effective biological preparations 
are created, which are used in agricultural practice 
[9, 10].

The interest in such symbiosis is constantly 
growing, and at the same time, more attention is 
paid to the study of bacterial endophytes of vari-
ous agricultural plants, for example, the garden pea 
(Pisum sativum L.). Currently, researches mostly 
focus on the study of endophytes of pea roots and 

nodules, whereas studies on the biodiversity of leaf 
and stem tissues are less common [11]. Thus, as-
sociations of endophytic bacteria from pea and 
bean nodules were studied, and bacteria that ex-
hibit growth-stimulating activity were found [12]. 
In subsequent studies, new bacterial strains from 
Serratia and Pseudomonas were isolated from pea 
roots and characterized [13], and the work was also 
performed to isolate endophytic bacteria from pea 
nodules and determine their biological activity [14]. 
In particular, data were published on a promising 
growth-stimulating strain of nodule endophytes 
(Ent16) belonging to Serratia, for which, in addi-
tion to its general characteristics, the path of pen-
etration into the pea endosphere has been demon-
strated [15]. A number of studies have described 
the diversity of non-rhizobial bacteria inhabiting pea 
nodules [16, 17]. Studies on the biodiversity of tis-
sues of stems and leaves of pea are less common. 
Recently, by determining the profile of fatty acids, 
the presence of bacteria of Bacillus, Pseudomonas, 
and Pantoea in the leaves and stems of pea plants 
has been demonstrated [18].

Given that the garden pea is a valuable agri-
cultural crop, its symbiotic potential, that is, re-
sponsiveness to inoculation with symbiotic micro-
organisms, must be investigated and, if possible, 
improved [2, 19]. Previous studies under condi-
tions of combined inoculation with nodule bacteria 
and arbuscular-mycorrhizal fungi showed that dif-
ferent pea genotypes vary in terms of responsive-
ness to inoculation [20, 21]. However, the ability of 
the garden pea to form symbiosis with endophytic 
microorganisms and the question of the effective-
ness of such symbiosis (in terms of benefits for the 
plant) have been studied insufficiently [22]. Thus, in 
this work, the biodiversity of cultivated representa-
tives of the pea endosphere has been studied, and 
tests have been performed to identify strains that 
are possible growth-stimulating endophytes, which 
can be used to create microbiological preparations 
in the future.

materIals anD methODs
Plant material and greenhouse study
The experiment was performed at the All-Rus-

sia Research Institute for Agricultural Microbiol-
ogy (Pushkin, St. Petersburg, Russia) in summer 
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vegetation houses, in which the temperature and 
illumination conditions were determined by the 
weather. The following genotypes of garden pea 
(P. sativum) were used: 1) K-8274 (cv. Vendevil, 
France), which is highly responsive to interaction 
with beneficial soil microflora (BSM) (a mixture of 
nodule bacteria and arbuscular-mycorrhizal fungi), 
from the collection of N.I. Vavilov All-Russian In-
stitute of Plant Genetic Resources (St. Petersburg, 
Russia); 2) K-3358 (a cultivar from the Saratov re-
gion), which is non-responsive, from the collection 
of N.I. Vavilov All-Russian Institute of Plant Gene-
tic Resources [23]; 3) a cultivar Triumph, obtained 
by severalbackcrosses of the K-8274 line and the 
cultivar Classic (Denmark) that inherited the trait 
of responsiveness to BSM inoculation from K-8274 
and the leafless stem type from the cv. Classic, from 
the collection of Federal Scientific Center For Grain 
Legumes and Cereal Crops (Orel, Russia) [2, 24]. 
Responsiveness was defined as the ability of the pea 
genotype to increase biomass and seed productivity 
upon inoculation with BSM. According to the data 
of three-year field experiments, the K-3358 geno-
type is characterized by a higher seed productivity 
and biomass than K-8274 and cv. Triumph [21].

The plants were grown in 5 L vessels; soddy–
podzolic light loamy soil (Leningrad Scientific Re-
search Institute of Agriculture of the Russian Ag-
ricultural Academy “Belogorka,” Leningrad region) 
was used as a substrate. Five plants of the same 
genotype were planted in each vessel. The experi-
ment was repeated six times; three vessels were 
used for the isolation of each of endophytic bacteria. 
The crop yield of pea genotypes was assessed in the 
remaining three vessels at the end of the growing 
season. Watering was performed by weight up to 
60% of the total moisture capacity of soil (similar to 
the experiment described in the work of Zhukov et 
al. in 2017 [23]). The plant material was collected 
at the flowering phase of plants, i.e., at the period 
of the highest activity of rhizosphere microbiota and 
the formation of active nodules on roots (4 weeks 
after planting). Then, endophytic bacteria were iso-
lated from the obtained samples.

Preparation of plant material
The plant material was washed under run-

ning water; the mixed samples of stems (3rd and 

4th internodes) and leaves (starting from 3rd node) 
were prepared from three randomly selected plants 
of each line. The ends of leaf and stem fragments 
were sealed with paraffin, and the surface was ste-
rilized in three sequential stages, namely, treatment 
with 70% ethanol (1 min), 5% sodium hypochlo-
rite (NaClO) (5 min), and repeated treatment with 
70% ethanol (30 s). Each stage was accompanied 
by three-time rinsing with distilled water [25].

Several samples were used to control the clean-
liness of sterilization of the plant surface. Plant 
samples were ground in a sterile porcelain mortar 
to a homogeneous mass to isolate the cultivated en-
dophytic bacteria. Then, the homogenate was plat-
ed on solid microbiological media and incubated at 
28 °C for 3–4 days.

Microbiological testing
All bacterial colonies were described by morpho-

logical and cultural characteristics and an individual 
number, and manipulations were performed using 
these colonies to obtain pure cultures.

Endophytic bacteria were isolated and cultured 
on Tryptone soya agar (TSA), 1/20 TSA nutrient 
media (TD CM0131, Oxoid, England), and on 
microbiological medium No. 79 composed of the 
following: (g/l) 0.5 KH

2PO4, 0.2 MgSO4 ∙ 7H2O, 
0.1 NaCl, trace amounts of CaCO3, 10 mannitol, 
0.4 yeast extract; 15 agar.

TSA was used to isolate heterotrophic bacteria. 
Diluted TSA (1/20) was used to isolate oligotrophic 
bacteria with sufficiently low nutrient concentrations, 
and selective microbiological medium (No. 79) was 
used for the growth of nodule bacteria (rhizobia).

Molecular genetic studies
DNA was isolated from the obtained cultures us-

ing the phenol–chloroform method [26]. Bacterial 
biomass from solid growth media was washed from 
mucus in buffer (0.5 M ethylenediaminetetraacetic 
acid; 4 M NaCl; H

2O). The precipitate was resus-
pended in 567 μl TE (pH 8), 30 μl sodium dodecyl 
sulphate (10%), and 3 μl proteinase K was added. 
If necessary, 6 μl lysozyme (25 mg/ml) was used to 
improve lysis. Then, the mixture was incubated at 
37 °C for 1 h. A total of 110 μl 5 M NaCl and 80 μl 
cetrimonium bromide/NaCl were added to the solu-
tion, which was incubated again for 10 min at 65 °C.



172

` ecological genetics 2020;18(2)   eISSN 2411-9202

GENETIC BASIS OF ECOSYSTEMS EVOLUTION

A total of 0.7 volume of chloroform was added to 
the resulting mixture, which was stirred and centri-
fuged for 15 min afterward (13,000 rpm). The su-
pernatant was transferred to a separate tube, and 
an equal volume of phenol–chloroform mixture 
(volume ratio of 1 : 1) was added. The solution was 
mixed and centrifuged under the same conditions. 
The supernatant was transferred to a new tube, and 
DNA precipitation was performed using isopropanol 
(0.6 volume). The salt concentration in the solu-
tion was high, and therefore, no addition of salt was 
required. The solution was centrifuged for 15 min 
(13,000 rpm), and the precipitate was washed with 
70% ethanol. Residual ethanol was removed using 
a Concentrator Plus centrifugal evaporator (Eppen-
dorf, Germany). The precipitate was dissolved in 
100 μl TE (pH 8) overnight at 4 °C.

Identification of cultured endophytic bacteria
The bacteria were identified by sequencing of a 

diagnostic fragment of the 16S rRNA gene (V3–V9) 
using primers 642F and 1451R or by sequencing 
the entire gene (primers 27F and 1451R). Appendix 
1 presents sequences of the primers used. PCR was 
conducted using a ScreenMix mixture to amplify 
the fragment (Evrogen, Moscow, Russia) under the 
conditions of 34 cycles, denaturation for 30 s at 
95 °C, annealing for 45 s at 55.5 °C, and elonga-
tion for 1 min and 45 s at 72 °C.

The amplified fragments were purified with a 
mixture of exonuclease 1 (Exo1) and thermosensi-
tive alkaline phosphatase (FastAP) (Thermo Scien-
tific, USA). For this purpose, 5 μl PCR product, 
1 μl FastAP, and 0.5 μl Exo1 were used. The solu-
tion was incubated for 15 min at 37 °C and for an-
other 15 min at 85 °C. The purified products were 
sequenced on an ABIPrism 3500XL instrument 
(Applied Biosystems, USA) in accordance with the 
manufacturer’s protocol. The obtained sequences 
were compared with those presented in the nucleo-
tide collection database using the National Center 
for Biotechnology Information BLASTN2.6.1 pro-
gram [27].

Evaluation of the growth-stimulating activity 
of isolated strains

The growth-stimulating activity of bacterial en-
dophytes was assessed by the ability to influence 

positively the growth of the roots of the test gar-
den cress plant (Lepidium sativum L.). We used 
the seeds of garden cress variety Zabava (agroin-
dustrial firm AELITA, Russia). Two disks of filter 
paper were placed in Petri dishes and moistened 
with distilled water (control) or culture liquid. The 
bacteria were grown in TSA liquid nutrient medium 
for 2 days to obtain a titer of bacteria of 109 CFU. 
Then, dilutions of the culture fluid were prepared 
in ratios of 1 : 10, 1 : 100, and 1 : 1000 to achieve 
the required titer (108, 107, and 106, respectively). 
The garden cress seeds were sterilized using 70% 
ethanol, washed in distilled water, and spread on 
filter paper, with 20 seeds per Petri dish. The seeds 
were germinated in growth chambers Vötsch Indus-
trietechnik VB1014 (Germany) for 3 days under the 
conditions of 16/8 h for day/night at 21 °C, relative 
air humidity of 75%, and illumination of 7–8 thou-
sand lux. After three days, the root length of each 
plant was measured [28].

Statistical processing of growth stimulation 
data

The results obtained during the test on garden 
cress roots were processed using the GraphPad 
Prism v7.00 software (GraphPad Software, USA, 
https://www.graphpad.com). The statistical signif-
icance of the effect of endophytic bacteria on the 
growth of the root system was determined by the 
nonparametric Dunn’s test. This test was selected 
because the length of roots did not correspond to 
the Gaussian distribution, and therefore, the appli-
cation of parametric criteria was impossible.

results
Vegetation experiment results
A total of 118 morphotypes of endophytic bacte-

ria were isolated from superficially sterilized leaves 
and stems of four-week garden pea plants of three 
genotypes (Table 1). The largest number of morpho-
types of endophytic bacteria (50) was found in pea 
plants of the responsive genotype K-8274. A com-
parable number of morphotypes of bacteria (49) was 
isolated from plants of the non-responsive genotype 
K-3358. The smallest number of cultivated bacte-
rial endophytes was isolated from the plants of the 
commercial pea cv. Triumph. In plants of all gen-
otypes, the number of morphotypes isolated from 
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Table 1
Amount of isolated morphotypes of endophytic bacteria indicating appropriate culture media

Plant genotype

Part of plant used for isolation

TotalLeaf/Stipule Stem

TSA 1/20TSA 79 TSA 1/20TSA 79

Triumph 5 5 2 3 2 2 19

K-8274 21 17 5 4 1 2 50

K-3358 8 14 6 5 8 8 49

Total 34 36 13 12 11 12 118

Note. Since Triumph is a leafless cultivar, stipules were analyzed for it instead of missing leaves.

fig. 1. Morphotypes of endophytic bacteria isolated from 
the internal tissues of stems and leaves of garden pea

stems was lower than that isolated from leaves 
(stipules). Figure 1 presents the morpho types of 
colonies of endophytic bacteria isolated from the 
plant endosphere. The colonies were generally cir-
cular with entire or undulate margin. The color of 
the colonies was usually soft. Thus, the most com-
mon colonies were white, beige, cream, or translu-
cent. The KV75.1 strain had white convex colonies 
of medium size with entire and undulate margin. 
Colonies of wrinkled configuration and colonies 
with lobate or irregularly shaped margin were also 
found. Rare morphotypes included brightly colored 
colonies (yellow, orange, and pink).

At the end of the growing season (3 months), 
the yield of garden peas (dry green matter and seed 
mass) was determined (Appendix 2). The values 
obtained correspond to those of the experiments of 
other years, conducted under the same conditions 
[23, 29].

Microbiological research results and molecular 
genetic identification

All 118 isolates of endophytic bacteria isolated 
from superficially sterilized organs of garden pea 
plants were cultivated on solid nutrient media to 
obtain and further identify pure cultures. Sev-
eral isolated endophytic bacteria cannot maintain 
growth on solid nutrient media immediately after 
their initial isolation. The other parts lost the abil-
ity to grow after a certain number of passages. For 
these reasons, about 1/5 of the isolates cannot be 
isolated in pure cultures. Several colonies of endo-
phytes divided into two or three morphotypes after 

passaging. In total, 80 pure cultures of endophytic 
bacteria were obtained from 118 morphotypes. All 
pure cultures were maintained on Petri dishes and 
stored at –80 °C.

The identification of pure cultures of endophytic 
bacteria by the 16S rRNA gene sequencing method 
showed that the plants of garden pea (both in the 
leaves and stems) contained bacteria of phyla Pro-
teobacteria, Firmicutes, and Actinobacteria. The 
stems of the non-responsive genotype K-3358 were 
mainly inhabited by bacteria of phylum Proteobacte-
ria with the dominance of families Yersiniaceae and 
Pseudomonadaceae. Bacteria belonging to phylum 
Firmicutes, which was represented by the Bacilla-
ceae family and was dominating in this community, 
were isolated from the leaves of K-3358. Bacteria 
from Proteobacteria accounted for a small propor-
tion in relation to Gram-positive spore-forming bac-
teria (Fig. 2).

Endophytic bacteria of Proteobacteria, repre-
sented by families Bradyrhizobiaceae, Yersiniace-
ae, Enterobacteriaceae, Oxalobacteraceae, Ralsto-
niaceae, and Sphingomonadaceae, dominated in 
the stems and leaves of the responsive genotype 
K-8274. Phylum Firmicutes was the second most 
abundant in the stems and leaves containing the 
endophytic community of K-8274. In addition, en-
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fig. 2. Representation of phyla of endophytic bacteria isolated from stems and leaves of various pea genotypes. (In case of leafless pea 
sort “Triumph” stipules were studied instead of leaves)

dophytic bacteria belonging to phylum Actinobac-
teria were found in the leaves of K-8274 plants 
(Fig. 3).

The endophytic community of stems and stip-
ules of the pea cv. Triumph had a similar phyla 
content to the K-8274 genotype, because Proteo-
bacteria (in which Yersiniaceae family was pre-
dominant) were also dominant here, followed by 
Firmicutes. Furthermore, in the stipules of cv. Tri-
umph plants, bacteria of Actinobacteria were de-
tected, which were found in leaves of K-8274, but 
not of K-3358.

Given the detailed diversity of endophytic bac-
teria, in the leaves of the non-responsive genotype 
K-3358, the dominant position in the bacterial com-
munity was occupied by Gram-positive bacteria of 
Bacillus, and in the leaves of the responsive geno-
type K-8274, bacteria from Serratia and Bacillus 
were dominant. At the same time, Gram-negative 
bacteria of Rahnella, Pseudomonas, Serratia, En-
terobacter, and Acinetobacter were found in the 
leaves of this line.

Gram-negative bacteria from Rahnella and 
Pseudomonas were predominant in the stems of 
the non-responsive genotype K-3358, and those 
from Enterobacter and Luteibacter accounted for 
minor contents.

In the stems of the responsive genotype K-8274, 
representatives of six genera of Gram-negative bac-
teria, namely, Rahnella, Ralstonia, Sphingomonas, 
Herbaspirillum, Bradyrhizobium, and two different 

strains of Gram-positive bacteria of Bacillus, were 
found.

A uniform distribution in the bacterial communi-
ty according to the diversity of genera was noted in 
the organs of pea plants of the commercial cultivar 
Triumph. The stems contained bacteria belonging 
to Rahnella, Serratia, Enterobacter, Pseudomo-
nas, Sphingomonas, and Staphylococcus. Bacte-
ria of Bacillus, Rahnella, Enterobacter, Micrococ-
cus, and Pseudomonas (dominant group) were also 
found in the stipules of the pea cv. Triumph.

Growth-stimulating activity test of strains 
isolated from pea using garden cress as a test 
plant

Out of the 80 isolates of endophytic bacteria iso-
lated from pea of three genotypes, 36 strains were 
selected to determine their growth-stimulating activ-
ity. The experiment evaluating the growth-stimulat-
ing activity of endophytic bacteria revealed that most 
bacteria under the concentrations used in this study 
had no stimulating effect on the growth of garden 
cress roots. For 28 strains, a regularity inhibitory 
effect was observed on root growth in the suspen-
sion of bacteria in the culture liquid with a dilution 
of 1 : 10 in comparison with the control (distilled wa-
ter). At a dilution of 1 : 100, the effect on root growth 
was insignificant. The suspension of cells of several 
bacteria in the culture liquid at a dilution of 1 : 1000 
stimulated the growth of garden cress roots (Fig. 4, 
Appendix 3). Table 2 presents the strains that had 
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fig. 3. Members of the endophytic community of pea plants. The diagrams show the number of representatives of various genera 
of bacteria
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Table 2
Bacterial endophytes that have shown growth-promoting capability

Plant genotype Part of plant No. Strain Taxonomy
Increase of the average 

root length, %

Triumph
Leaf

1 TF1 Serratia sp. 33.63

2 TF5 Rahnella sp. 27.79

Stipule 3 TF15 Enterobacter sp. 30.27

K-3358

Stem
4 KV13 Rahnella sp. 47.55

5 KV17 Rahnella sp. 28.61

Leaf
6 KV72 Bacillus sp. 36.73

7 KV75.1 Acinetobacter sp. 30.48

K-8274 Leaf 8 GA34 Serratia sp. 38.18
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fig. 4. The length of the watercress root when inoculated with endophytic bacteria isolated from stems and leaves (stipules). 
Experiments are marked by numbers (1–5). For each experiment an individual control was set. The p-values for differences 
between root length of tested plant and control plant are marked as follows: * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; 
ns – no significant differences

the most pronounced growth-stimulating properties, 
along with an indication of their genus. A total of 8 
out of the 36 tested strains stimulated the growth of 
the garden cress root system.

Table 2 shows that all three studied pea geno-
types contained bacteria in the endosphere and 
exhibited the ability to stimulate plant growth and 
development. A repeated test for growth stimulation 
conducted for the KV17 strain revealed that this 
strain retained its properties after long-term storage 
and passaging (Fig. 5). The increase in the average 
root length relative to the control was 23.53%.
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fig. 5. Results of a repeated plant growth-promotion test. 
* p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; 
ns – no significant differences
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DIsCussIOn
In this work, endophytic communities of leaves 

(stipules) and stems of peas of three different geno-
types (K-8274, K-3358, and the cultivar Triumph) 
were studied. In the earlier field tests, the K-3358 
genotype showed higher seed productivity and bio-
mass compared with K-8274 and cv. Triumph [21]. 
In the present work, in the vegetation experiment, 
K-3358 formed 37.83% more biomass than K-8274 
and 26.46% more than cv. Triumph. Its seed pro-
ductivity exceeded the other genotypes by 39.07% 
and 22.81%, respectively.

A total of 118 morphotypes of cultivated endo-
phytic bacteria were isolated from the plant materi-
al. An approximately similar number of isolates (99) 
were obtained in a work with beans (Pha seolus vul-
garis L.) [30]. In pea plants of all three genotypes, 
the number of identified endophytic bacteria in the 
leaves was higher compared with that of bacteria 
inhabiting the stems (Table 1). The leaves prob-
ably represent a more favorable niche for the life of 
bacteria, or penetration into the leaves (through the 
stomata) is more easily implemented than into the 
stems (which requires injury to the stem or root or 
disruption of outer root tissues during the formation 
of lateral roots [15, 31]). At the same time, the en-
dophytic community of pea plant leaves of genotype 
K-8274 was the most diverse in comparison with 
other genotypes, whereas in the most productive 
K-3358, the greatest diversity was characteristic 
of stem endophytes. The commercial pea cultivar 
Triumph contained a small amount of endophytic 
bacteria in stipules and stems.

The greatest diversity of stem endophytes in 
the K-3358 genotype and the presence of active 
and stable growth-stimulating strains of Rahnella 
(KV17) and Acinetobacter (KV75.1) in the stems 
and leaves can affect the increase in the green mat-
ter of plants (as shown by the results of yield as-
sessment, Appendix 2) and accordingly promote 
substantial plant growth. Possibly, growth-stimulat-
ing endophytic bacteria contribute to an increase in 
the biomass of the plant and its yield. However, fur-
ther research is required to confirm this hypothesis.

The pea genotypes K-3358, K-8274, and cv. Tri-
umph were characterized with respect to the trait 
“effectiveness of interaction with beneficial soil mi-
croflora” (EIBSM) [21]. EIBSM, also called “re-

sponsiveness,” is understood as the ability of the 
pea genotype to increase biomass and seed pro-
ductivity upon inoculation with BSM. The K-3358 
genotype, which was characterized by a higher bio-
mass and seed productivity, is non-responsive, in 
contrast to K-8274 and its descendant cv. Triumph 
(which inherited the trait of “responsiveness” to 
BSM inoculation from K-8274) [21]. Given that the 
K-3358 genotype, which showed the largest num-
ber of endophytes exhibiting growth-stimulating 
properties, was non-responsive to inoculation with 
nodule bacteria and fungi of arbuscular mycorrhiza 
(in contrast to K-8274 and cv. Triumph) [29], we 
can assume that the existence of various mecha-
nisms underlying the positive effect on the yield 
made by stem endophytes (potential growth stimu-
lants), nodule bacteria, and arbuscular-mycorrhizal 
fungi.

Molecular genetic identification of endophytic 
strains enabled the determination of the compo-
sition of the endophytic community in the aerial 
parts of different pea genotypes. Cultivated endo-
phytic bacteria belonging to Proteobacteria were 
isolated from all the samples, and representatives of 
Firmicutes were present in all the tissues studied, 
except for the stems of K-3358. Representatives 
of Acinetobacter were found in the leaves of geno-
types K-8274 and cv. Triumph. In terms of richness 
of genera and diversity of families, the responsive 
genotype K-8274 overtook other genotypes, since 
its stem endosphere contained six representatives 
of bacterial families, and five such representatives 
were found in the leaves. In general, the bacterial 
community of endophytes isolated from plants of 
the cv. Triumph was similar to that of endophytes 
of the K-8274 genotype. Such phenomenon can be 
explained by the fact that the K-8274 genotype is 
the parental form of the cv. Triumph. However, the 
question of the influence of plant genotype on the 
composition of endophytic communities should be-
come the subject of a larger genetic analysis.

According to published data (review by E.N. Va-
silieva et al. [11]), numerous representatives of en-
dophytic microbiota can exert a stimulating effect 
on plant growth and development. The strains of 
cultivated endophytes obtained in this study were 
tested for the presence of growth-stimulating ac-
tivity in the model system (elongation of garden 
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cress roots). Eight potential bacterial strains were 
identified, and one (KV17, determined as Rahnella 
sp.) was confirmed to maintain its growth-stimulat-
ing activity after long-term storage and passaging. 
This strain and other similar ones can serve as the 
basis for creating a microbial preparation after addi-
tional tests on other crops. In 2015, with Rahnella 
aquatilis BIM V-704D strain, Pseudomonas puti-
ida BIM B-702D strain, and an arbuscular mycor-
rhiza fungus from Glomus as basis, the preparation 
“Baktopin” was created, which was used for pre-
sowing treatment of seeds and vegetative plants. 
The preparation showed an improvement in the 
survival rate of seedlings and an increase in their 
height, and promoted the early onset of budding 
and flowering phases [32]. Other strains of Rah-
nella were also reported, and they demonstrated 
properties valuable for agricultural practice, that is, 
the synthesis of auxins [33, 34] and siderophores 
and the ability to convert nitrogen and phosphorus 
into a form accessible to plants [34].

COnClusIOn
Currently, plants entering into symbiosis with 

BSM are considered as superorganismal systems, 
in which the plant genome is supplemented with 
genes of microorganisms (“the principle of ge-
nome complementarity”) [35]. Thus, the endo-
phytic community formed inside plant tissues can 
provide additional properties to the plant, which 
leads to an increase in the adaptive potential of 
the plant–microbial system as a “holobiont.” 
Metagenomics approaches must be used for the 
most complete characterization of microbial com-
munities inhabiting plant tissues to clarify the 
details of the mutually beneficial effect of micro-
organisms on plants. Sequencing the genomes 
of endophytic bacteria strains exhibiting growth-
stimulating properties will also reveal their key 
features and thus advance the understanding of 
the mechanisms of the beneficial effect of endo-
phytic bacteria on plants.

Garden pea (Pisum sativum L.) is an important 
agricultural crop in the Russian Federation and in 
the world (FAOSTAT, 2018); it is also a valuable 
model object for the study of various plant–micro-
bial symbioses. The use of microbiological prepara-
tions can stabilize the pea yield, for instance, by 

reducing losses associated with exposure to stress 
factors. The growth-stimulating bacteria selected in 
this study can become one of the components of 
microbiological preparations.
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Appendix 1
Primers used in the study

Title Sequence

27F AGAGTTTGATCMTGGCTCAG

642F CCATGUGACCATCCAATGACC

1451R TTAAGCGACGGAAAGCCTTC

Appendix 2
Crop of plans. Vegetative mass of seeds (g) of pea plants  Pisum sativum L.

Pea genotype The average value of vegetative mass, g The average value of mass of the seeds, g

К-3358 3.68 ± 0.38 2.10 ± 0.22

К-8274 2.67 ± 0.04 1.51 ± 0.02

Cv. Triumph 2.91 ± 0.13 1.71 ± 0.07

Appendix 3
Results of growth-stimulating activity tests for endophytic bacteria. Significance of difference in the length of plant roots from control: 
* p < 0.05; ** p < 0.01; *** p < 0.001, **** p < 0.0001; ns – no significant differences
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