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ABSTRACT.
Background. The rationale for the present study is the investigation of the peculiarities in the interaction between
cultivated plants and microorganisms for yield increase and search for highly potential biological agents for the
development of biopesticides. The aim of the study was to investigate the peculiarities of microbiome and seed
bacterial endophytes isolated from different varieties of spring wheat grown in different areas (European part of
Russia, countries of Central Asia). The main method of the microbiome studies was PCR that allowed for
quantitative metagenomics analysis of wheat seeds colonization with bacteria and micromycetes. Isolation of
bacterial endophytes from the seeds allowed the researchers to estimate their count and evaluate their activity
towards Fusarium oxysporum.
Scope. Quantitative analysis of the microbiome of different spring wheat seed varieties (genotypes) was
performed in the Russian Federation, Republic of Kazakhstan and Republic of Tadzhikistan. The differences by
the parameters of bacterial and fungal DNA concentration in seeds of different varieties grown in Russia and
Tadzhikistan were identified. The differences in the bacterial endophytic microflora of the seeds and their activity
towards Fusarium oxysporum, depending on the area of cultivation, were established. The seeds grown in Central
Asia have higher count of both total microbiome and bacterial endophytes active against phytopathogens than the
seeds grown in the European part of Russia. Active strains of bacterial endophytes were isolated from spring
wheat seeds grown in Tadzhikistan for the development of highly potential biofungicides.
Conclusion. The study results confirmed the dependence of the seed microbiome on the varietal peculiarities and
the area of cultivation. The identified consistency in the increase of bacterial endophytes count in spring wheat
grown in further southern regions (Tadzhikistan), as compared to northern regions (Russia, Tatarstan), can be used
as a basis for further studies on the consistency of seed microflora development under different ecological
conditions. The materials of the study can be useful for the evaluation of the seeds in the breeding of spring wheat
and in the search for new biological agents for biofungicides development.
Key words: PCR, metagenomic analysis, bacterial endophytes, biological agents, biofungicides, Fusarium
oxysporum, spring wheat, seeds.
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INTRODUCTION
Development of wheat seeds in influenced by
the close interaction of the genotype and
environmental conditions, which can exert a
prolonged effect on the realization of potential
characteristics of a certain variety taking into
account variability and changeability of the
main agroecological parameters. The analysis of
the seeds properties is an integral part of
genotype evaluation in wheat breeding programs
because of high importance of these parameters
in practice (Diekmann, 1996). Interaction of
plants and microorganisms is observed at all the
stages of ontogenesis, determining the
productivity of agricultural crops and their
resistance to stress (Grover et al., 2011). At
present, plant microbiome studies attract
researchers’ attention (Bulgarelli et al., 2013;
Haney , Ausubel, 2015; Mueller, Sachs, 2015;
Berg et al., 2018 ), including those that involve
seeds (Nelson, 2018). Microbiome is a complex
aggregate that consists of archaea, bacteria, and
micromycetes that inhabit epiphytic microbiota,
including the one of the seeds (Hardoim et al.,
2015), and endophytic microbiota (Malfanova et
al., 2015).
The studies of microbiome and bacterial
endophytes shoed that they play an important
role in the life of plants (Santoyo et al., 2016;
Calvo et al., 2017), in particular, in protection
from phytopathogens (Ryan et al., 2008; Links
et al., 2014). The content and count of bacterial
endophytes varied depending on the conditions,
including the geographical area where they were
isolated (Klaedtke et al., 2016).
Bacterial endophytes are potential sources of
biological agents for application in agriculture
(Hallmann et al., 1997; Haggag, 2010; OrozcoMosquedaa et al., 2018).
Quantitative studies of microbiome peculiarities
of different varieties of wheat seeds are in the

initial stage and this issue requires further
investigation. The studies on bacterial
endophytes of wheat seeds, including their
biological activity towards pathogenic fungi,
also draw researchers’ attention.
MATERIALS AND METHODS.
The study was conducted at the Department of
General farming, crop protection and breeding at
the Kazan State Agrarian University.
Object of the study: spring wheat (Triticum
aestivum L.) seeds of the varieties grown in the
Russian Federation (RF, variety Iolduz),
Republic of Kazakhstan (PK, variety
Karagandinskaia 31) and Republic of
Tadzhikistan (RT, variety Sodokat).
The evaluation of the seeds microbiome was
performed by PCR assay of the DNA
concentration of micromycetes and bacterial
epiphytes in total DNA, isolated from the seeds
by the conventional methods (Kang et all.,
1998).
Isolation of bacterial endophytes from the seeds
was performed according to the method
proposed by M. Simons et al. (1996). The
microorganisms were cultivated in King B
medium (King et al., 1954).
The evaluation of fungicide activity of the
isolates towards Fusarium oxysporum (the strain
was provided from the collection of the Kazan
Federal University) was performed by the lysed
zone (Validov et al, 2007). The phytophatogen
was grown on Czapek's agar medium.
RESULTS.
Two varieties (RF and RT) were chosen for
quantitative evaluation of the seeds microbiome.
The results of the assays on micromycetes and
bacteria total DNA are presented in Table 1.

Table 1. Total DNA of micromycetes and bacteria obtained from different varieties of spring wheat
Concentration of DNA of micromycetes,

Concentration of DNA of bacteria, pg in 10 ng

pg in 10 ng of total DNA

of total DNA

RF

0.12±0.004

198.5±9.1

RT

0.62±0.029

1,315.2±58.1

Genotype
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The results of the quantitative evaluation showed that spring wheat seeds grown in Tadzhikistan were
characterized by significantly higher DNA concentration of micromycetes and bacteria. Probably,
warmer weather conditions in Central Asia contribute to more intensive colonization of seeds by
microflora. While, in the conditions of European part of Russia, this process is less intensive.
The results of isolation of bacterial endophytes from the varieties of spring wheat seeds are presented in
Table 2.
Table 2. Total count of bacterial endophytes and number of active strains (Fusarium oxysporum) isolated from
different varieties of spring wheat, pcs, 2017.
Genotype
CFU of bacterial endophytes, pcs per 100 kernels Active isolates towards Fusarium oxysporum
RF
3.0±0.11
0
RK
737.3±28.9
4
RT
636.2±30.4
29

Total count of bacterial endophytes, isolated from the seeds of spring wheat, was significantly higher in
the varieties grown in Central Asia. The difference in genotype parameters was more than by 200 times
higher. However, only a minor part of the isolates from all the bacterial endophytes was active towards
Fusarium oxysporum. The maximum number of isolates that inhibited the growth of phytopathogenic
fungus was observed in the variety grown in Tadzhikistan. There were no strains active towards this
fungus isolated from the varieties grown in Russia.
The results of the evaluation of the antagonist activity of the isolates obtained from the seeds of
different varieties of spring wheat are presented in Table 3.
Table 3. The area of Fusarium oxysporum colony growth inhibition on Czapek's agar medium, mm, 2017.
Genotype
RK
RT

Code of the isolate in the collection
KGAU-2017-313, KGAU-2017-314, KGAU-2017-315, KGAU-2017317
KGAU-2017-332, KGAU-2017-333, KGAU-2017-335, KGAU-2017336, KGAU-2017-337, KGAU-2017-340, KGAU-2017-343, KGAU2017-344,0 KGAU-2017-346, KGAU-2017-352, KGAU-2017-355,
KGAU-2017-356, KGAU-2017-357, KGAU-2017-358, KGAU-2017359
KGAU-2017-334, KGAU-2017-338, KGAU-2017-360
KGAU-2017-361

Bacterial endophytes, isolated from the seeds of
spring wheat variety grown in Kazakhstan, were
characterized by low activity against Fusarium
oxysporum and cannot be used as biological
agents for biofungicides.
A number of isolates from the variety of spring
wheat grown in Tadzhikistan exerted high
activity towards the phytopathogenic fungus.
The highest activity against Fusarium
oxysporum was observed in one strain (Figure
1). Further analysis showed that the isolate
KGAU-2017-361 was a nonpathogenic form of
Bacillus spp.
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Area of colony growth
inhibition, mm
1.0±0.04
2.0±0.06

4.0±0.11
6.0±0.14

Figure 1. The area of Fusarium oxysporum colony
growth inhibition by bacterial endophytes isolated
from the spring wheat grown in Tadzhikistan
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DISCUSSION
The studies showed that quantitative parameters
for microbiome and bacterial endophytes,
isolated from the seeds of spring wheat varieties
grown in different geographical areas, differ
significantly, which is confirmed by the data
obtained by S. Klaedtke et al., (2016). In more
southern countries (Tadzhikistan), microbiome
and bacterial endophytes count was significantly
different than in more northern areas (Russia,
Tatarstan).
Probably, in warmer weather
conditions, bacterial endophytes microflora
development in wheat is more intensive, and the
number of isolates that exert biological activity
towards Fusarium oxysporum increases.
CONCLUSION.
Qualitative analysis of microbiome and the
study of bacterial endophytes microflora of the
seeds can be used for evaluation of spring wheat
varieties and ecological conditions of the area of
cultivation. Isolation of bacterial endophytes
from the seeds of spring wheat is a potential
source of biological agents for the development
of new biofungicides.
Recommendations.
Spring wheat variety Sadokat, grown in
Tadzhikistan, is a valuable source of highly
potential biological agents for biofungicides.
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