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Objective. The objective of this research was to reveal bacterial endophytes isolated from some
medicinal plants, which have biocontrol activity against phytopathogenic fungi Fusarium solani and
Fusarium oxysporum. Methods. The bacterial endophytes were isolated from shoots and roots of
medicinal sage (Salvia officinalis L.), fennel (Foeniculum vulgare Mill.), tansy (Tanacetum vulgare
L.), medicinal calendula (Calendula officinalis L.), pale yellow iris (Iris pseudacorus L.), horseradish
(Armoracia rusticana G. Gaertn., B. Mey. & Scherb.). The endophytes were isolated after grinding of the
surface sterilized roots or shoots, dilution of the cell juice in phosphate buffered saline and spreading
the suspension on Tryptic Soy Agar. The grown colonies were picked up in 4 days. The endophytes were
checked for in vitro antagonistic activity against phytopathogenic fungi Fusarium solani and F. oxysporum
on Petri dishes using Chapek medium. The endophytes were examined for the ability to inhibit the same
phytopathogenic fungi in pot experiment. The soil was infected with fungi and the seeds of cotton and
cucumber were inoculated with endophytes. 4 weeks after sowing the number of survived plants was
defined. The bacterial isolates were identified using 16S rRNA gene analysis. For DNA extraction the heat
treatment method was used. Extracted DNA was used as template for 16S rRNA gene analysis. Sequencing
was performed using ABI PRISM BigDye 3.1 Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems). The 16S rRNA sequences were identified using BLAST and comparisons with the GenBank
nucleotide data bank from the NCBI. The strains were checked for production of HCN, hydrolytic enzymes
(chitinase, lipase and protease) and siderophores. All experiments were conducted in 3 replications.
Results. In total 151 isolates were obtained from 6 medicinal plants. Only 20 isolates inhibited fungi
Fusarium oxysporum, Fusarium solani or both of them. HRT18, AST3, BST3 and FST7 bacterial isolates
were the most effective in biocontrol activity against disease caused by Fusarium oxysporum on a
cotton plants in pot experiments. The most effective bacterial isolates having biocontrol activity against
disease caused by Fusarium solani on a cucumber were KRTS5, FRTI13, FRTI12, CST6 and BSTI0. In
total 20 bacterial isolates were identified using 16S rRNA gene analysis as follows: Serratia ficaria
KRTS5, Raoultella ornithinolytica KRT12, Agrobacterium tumefaciens HRT9, Klebsiella oxytoca BSTI2,
Pseudomonas putida FRT13, Pseudomonas kilonensis FRT12, Pseudomonas lini FRNI, Agrobacterium
vitis HRT14, Bacillus toyonensis HRTS5, Pseudomonas azotoformans HRTI8, Pseudomonas syringae
AST3, Klebsiella pneumoniae BST3, Xanthomonas translucens HRTI10, Enterobacter ludwigii KRT16,
Paenibacillus typhae KRNI, Pseudomonas extremaustralis CST6, Pseudomonas oryzihabitans FST?7,
Pseudomonas chlororaphis BST10, Agrobacterium vitis KRN2, and Pseudomonas jessenii BRT3. It was
revealed that all strains having biocontrol properties could produce at least one of the tested substances
(HCN, siderophores, chitinase, protease and lipase), which are considered as antifungal and by means
of which the biological control can be realized. Conclusions. The strains possessing high biocontrol
activity towards phytopathogenic fungi can be proposed for usage as a part of biofungicides after field
experiments.

Keywords: medicinal plants, endophytes, bacteria, Fusarium oxysporum, Fusarium solani, growth
inhibition.
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From the ancient times medicinal plants
are being used all over the world as remedies
against various diseases, such as respiratory,
gastrointestinal, urinary, skin disorders etc. [1]. It is
known that medicinal plants harbor the endophytic
communities by synthesizing diverse bioactive
compounds that can help plants under stressful
conditions [2].

Endophytes are microbial communities which
dwell in the healthy plant tissues such as stems,
roots, leaves, flowers and seeds without affecting
physiological plant functions and not causing any
disease symptoms to the plant tissues. Under normal
conditions, endophytes have important roles in host
plant growth either by secondary metabolite or
nutrient assimilation or by preventing induction of
plant disease symptoms by different pathogens [3,
4]. There are many reports about different bacterial
endophytic strains such as Bacillus subtilis isolated
from Speranskia tuberculata (Bge.) Baill which
has antagonistic effect in vitro against pathogen
Botrytis cinerea, which cause rotting of tomato
fruits during storage [5]. The endophytes, such
as Bacillus cepacia and Burkholderia pyrrocinia
JK-SHO007, were used in biocontrol study against
poplar canker [6].

Thus, medicinal plants are potential source
of endophytes with antifungal activity against
phytopathogenic fungi. The endophytes having
such activity can be used as potential biocontrol
agents like biofungicides.

The purpose of this work was to reveal
bacterial endophytes isolated from some medicinal
plants which has biocontrol activity against
phytopathogenic fungi Fusarium solani and
Fusarium oxysporum.

Materials and Methods

Isolation of the endophytic bacteria. The
bacterial endophytes were isolated from shoots
and roots of medicinal sage (Salvia officinalis
L.), fennel (Foeniculum vulgare Mill.), tansy
(Tanacetum vulgare L.), medicinal calendula
(Calendula officinalis L.), pale yellow iris (Iris
pseudacorus L.), horseradish (4drmoracia rusticana
G .Gaertn., B.Mey. & Scherb.).

Root and shoots (stem and leaves) were
separated with a sterile scalpel and sterilized
with 99.9 % ethanol for 2 min, subsequently with
10 % NaClO and rinsed five times in sterile
distilled water. The sterile leaves and root (10 g
fresh weight) were cut into 3—4 cm pieces and
macerated using a sterile mortar and pestle [7]. The
macerated tissue were (1 g) transferred into plastic
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tubes with 9 ml sterile phosphate buffered saline
(PBS) (20 mM sodium phosphate, 150 mM NacCl,
pH 7.4) and shaken for 1 minute using Vortex Biosan
B-1. A 100 pl aliquots from dilutions (10'-10°)
were spread on Tryptic Soy Agar (TSA) (BD, Difco
Laboratories, Detroit, USA) supplemented with
nystatin in concentration 50 pg/ml, and plates were
incubated for four days at 28° C. The content of
30 % TSA (g/1): pancreatic digest of casein — 4.5,
enzymatic digest of soya bean — 1.5, NaCl — 5.0,
agar — 15.0. After four days colonies with different
shape, colour and consistency were picked up,
and accurately transferred by streaking on nutrient
agar plates and incubated for the next 72 hours to
check the purity of isolates. Visually homogenous
colonies of different sizes, shapes and colours were
used for DNA isolation. To test the sterility of the
plant parts outer surface after sterilization with
ethanol, 2 uncut pieces of root and leaf were put on
agar media and the absence of any colonies after
72 h confirmed that sterilization was successful.

Determination of in vitro antagonistic activity
of bacteria against phytopathogenic fungi
(plate experiment). As pathogenic fungi we used
Fusarium solani and Fusarium oxysporum from the
collection of the department of Microbiology and
biotechnology. The strains of bacterial endophytes
were checked in vitro on presence of antagonistic
activity against fungi mentioned earlier using the
plate method. The fungi were cultivated on agar
Chapek medium at 28° C within 5-7 days. Agar
disks with grown fungi culture were cut on small
squares (with the side size 7-8 mm) and placed
in the center on Petri plates (9 cm in diameter).
Bacteria were cultivated on Peptone agar medium
passaged to test plates with the same medium
perpendicularly to fungi. The plates were incubated
at 28° C within 7 days until the fungi covered
control plates without bacteria. Antifungal activity
was measured as width of growth inhibition zone
between fungi and test bacteria.

Determination of bacteria strains ability for
biological control of phytopathogenic fungi
causing plants root diseases (pot experiment).
Approximately one third of 7-day fungi culture
(Fusarium solani and Fusarium oxysporum)
grown on Petri plates with agar Chapek medium
homogenized and used for inoculation of 200 ml
of liquid Chapek medium in Erlenmeyer flask
(500 ml). After growth within 6 days at 28° C at
aeration, the grown fungal mycelium was filtered
from the nutrient medium through paper filters
and suspended in sterile water (200 ml). Received
suspension was separately stirred with the soil from
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calculation of 100 ml/1 kg of soil. Fusarium solani
was used for cucumber infecting and Fusarium
oxysporum — for cotton plant infecting.

Cotton and cucumber seeds were sterilized by
exposition in 70 % ethanol during 5 minutes and
in 0.1 % HgCl, during 1 minute, washed 3 times
in sterile water, and left for swelling for 6 hours at
room temperature (28° C). Seeds were inoculated
with bacteria by their wetting in bacterial suspension
with concentration of bacteria — 1x10° CFU/ml [8],
whereas control seeds were kept in sterile liquid
peptone medium within 15 minutes. 100 seeds
were used for each combination of bacteria and
fungi. The soil from the Botanical garden of NUUz
was used for the experiment. 4 seeds were sowed
into each plastic pot (diameter — 10 cm, depth —
15 cm). Each pot contained 300 g of soil. Plants
were cultivated in special growth chamber at 21° C
in a nighttime and at 28° C in a daytime. The
watering was carried out when required. The
quantity of survived plants was defined 4 weeks
after sowing.

Identification of endophytes

DNA isolation. For DNA extraction the heat
treatment method [9] was used. The small parts
of colonies were transferred into 2 ml Eppendorf
tubes with 1.5 ml of sterile MQ-water and mixed
with vortex Biosan B-1 for 10 sec. The tubes were
incubated at 90° C during 20 min in a Dry Block
Heater (IKA Works) and centrifuged at 12,000 rpm
for 5 min. The DNA-containing supernatant was
taken and stored at -20°C. The presence of DNA
was checked by horizontal Gel electrophoresis
(0.8 % agarose) and quantified with NanoDrop™
One (ThermoFisher Scientific).

Polymerase chain reaction (PCR). Extracted
DNA was used as template for 16S rRNA gene
analysis. The 16S rRNA genes were amplified
with PCR using the following primers: 16SF
5’-GAGTTTGATCCTGGCTCAG-3" (Sigma-
Aldrich, St. Louis, MO) and 16SR 5’-GAAAGGA-
GGTGATCCAGCC-3’ (Sigma-Aldrich, St. Louis,
MO). Each 25 pl of reaction mixture contained
1l with 15-40 ng of DNA; 5x One Taq standard
reaction buffer (BioLabs, New England) — 5 pl;
10 mM dNTP mix (Thermo Scientific) — 0.5 pl;
10 mM primer 16SF (Merck) — 0.5 pl; 10 mM
primer 16SR (Merck) — 0.5 pl (25 pmol/ml); 0.1%
bovine serum albumin (TaKaRa Bio Inc.) — 1 pl;
One Taq polymerase (BioLabs, New England) —
0.125 pl; MQ water — 16.375 pl. The PCR was
performed using PTC-200 thermocycler (BioRad).
PCR program was as follows: primary heating
step for 30 s at 94° C, followed by 30 cycles of
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denaturation for 15 s at 94° C, annealing for
30 s at 55° C, and extension for 1.5 min at 68° C,
then followed by the final step for 20 min at
68° C. The PCR amplified products were examined
by electrophoresis using 0.8 % agarose gel
containing GelRed.

Sequencing and phylogenetic analysis. Before
being sequenced, the PCR products were purified
with the USB® ExoSAP-IT® PCR Product
Cleanup Kit (Affymetrix, USB® Products, USA)
according to the protocol of the manufacturer.

Sequencing was performed using ABI PRISM
BigDye 3.1 Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems) by the protocol
of the manufacturer. Received data were analyzed
and corrected using Chromas (v. 2.6.5) software.
Corrected sequences were merged manually using
EMBOSS Explorer (http://emboss.bioinformatics.
nl/). The sequences were identified using the
basic local alignment search tool (BLAST) and
comparisons with the GenBank nucleotide data
bank from the National Centre for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.
gov/).

The study of biocontrol properties of the most
effective bacteria with high biocontrol activity.
The isolated endophytes were checked for shape,
Gram staining and motility by their observing
under phase-contrast microscope Leica DM750.

Production of HCN. To check the HCN
production, the strains were cultivated on Triptic
soy agar (TSA) medium. Sterile filter paper
saturated with solution of 1 % picric acid and 2%
sodium carbonate were stick to inner surface of
Petri dish cover. Petri dishes were covered with
parafilm and incubated at 28° C within 3 days. The
change of paper colour from yellow to dark blue
indicated the presence of HCN [10].

Production of hydrolytic enzymes. For deter-
mination of chitinolytic activity strains were
cultivated on the following medium (g/l of
distilled water): yeast extract — 0.5; (NH,),SO, —
1; MgSO x7H,0 - 0.3; KH,PO, — 1.36; agar —
1.5. As a carbon source we put colloidal chitin
(0.5 %) into medium. The strains were cultivated at
28° C. Efficiency of chitin hydrolysis was defined
by appearance of clarification zones around the
colonies [11].

The lipase activity of bacterial strains was
checked using Tween lipase indicator. Bacterial
strains were cultivated on Tryptic Soy Agar with
addition of 2 % of Tween 80 at 28° C [12]. In
5 days, Tween destruction was found in the form of
pure ring around bacterial colony that indicated the
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presence of lipase activity in the strain.

Protease production was detected at strains
cultivation on TSA/20 (1/20 part of Tryptic
Soybean broth with 1.5 % agar) with addition
of skim milk to final concentration of 5 %. The
ring appeared around colonies on the first-second
day of cultivation and indicated the presence of
extracellular protease [13].

The strains ability to produce siderophores.
60.5 mg of dye Chrome Azurol Sulphonate (CAS)
were dissolved in 50 ml of distilled water and stirred
with 10 ml of iron (I1I)-containing solution (1 mmol
FeCl,-6H,0 and 10 mmol HCI). At stirring solution
was added to 72.9 mg HDTMA (hexadecyl-3-
methylammonium bromide), dissolved in 40 ml
of distilled water. The received dark-blue solution
was sterilized by autoclaving [14]. The mixture of
750 ml distilled water and 100 ml of salts solution
(Na,HPO, — 60 g/l, KH PO4 — 30 g/l, NaCl —
5 g/I, NH,Cl1 - 10 g/I, 2 ml of 1 M MgSO,, 20 ml
of 20 % glucose and 100 pl of 1M CaCl,), 15 g of
agar and 10.29 g of 0.1 M Tris-HCI mixed in solu-
tion, pH 6.8. After cooling to 50° C we added
30 mg of peptone as specific source of carbon. Dye
solution was added lengthways on a glass wall with
slow stirring for foaming prevention.

Bacteria strains were removed from slopes and
transferred to 50 ml flasks with 25 ml of physio-
logical solution from calculation 1 slope/25 ml.
Received suspension was carefully stirred. For CAS
analysis holes were made in blue agar in Petri dishes;
200 pl of bacterial suspension where poured into

holes. Plates were incubated in darkness at 28° C
within 48 hours and checked on growth presence
and formation of orange rings around colonies.
Statistical analysis. All experiments were con-
ducted in 3 replications. Data were tested for
statistical significance using the analysis of
variance package included in Microsoft Excel
2010. Mean comparisons were conducted using the
least significant difference (LSD) test (P = 0.05).

Results

Isolated bacterial endophytes. In total we
obtained 151 isolates from 6 medicinal plants
(Table 1).

As you can see from table 1, we isolated bacteria
separately from shoots (stem with leaves) and roots
of the plants. In total 22 bacteria were isolated
from Salvia officinalis L., 25 — from Foeniculum
vulgare Mill., 19 — from Tanacetum vulgare L.,
29 — from Calendula officinalis L., 34 — from Iris
pseudacorus L., 22 — from Armoracia rusticana
G.Gaertn., B.Mey. & Scherb.

Inhibition of phytopathogenic fungi by bac-
terial endophytes. All isolated bacterial endo-
phytes were checked for their ability to inhibit the
growth of two phytopathogenic fungi obtained
from the Institute of Microbiology of Academy
of Sciences of the Republic of Uzbekistan. Only
20 strains from all isolated endophytes inhibited
fungi Fusarium oxysporum, Fusarium solani or
both of them. The results presented in Table 2 and
Fig. 1, 2.

Table 1
Medicinal plants and isolated endophytic bacteria
Medicinal plants Total
. Common name | Source of | Isolated bacteria | number of
No Latin name of a plant . .
of a plant isolation endophytes

. - - Shoots ASTI-AST7

1 Salvia officinalis L. Medicinal sage Roofs ARTLARTIS 22

2 Foeniculum vulgare Mill. Fennel Shoots BSTI-BSTIS 25
Roots BRT1-BRT10
Shoots CST1-CST6

1t L. T: 1

3 anacetum vulgare ansy RootS CRTI.CRTI3 9
Lo . Shoots FSTI-FST16

4 Calendula officinalis L. Medicinal calendula Roofs FRTL-FRTI3 29
. . Shoots HSTI1-HST16

5 Iris pseudacorus L. Pale yellow iris Roofs HRTL.ORTIS 34

A ] ti -

6 rmoracia rusticana Horseradish Shoots KRN1-KRN5 2

G.Gaertn., B.Mey. & Scherb. Roots KRT1-KRT17
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Table 2

Inhibition of phytopathogenic fungi by bacterial endophytes

No Bacterial endophytes : Fungi growth inhibition zone (n}m) :
Fusarium oxysporum Fusarium solani

1 KRTS5 6 10
2 KRT12 5 7
3 HRT9 6 8
4 BST12 6 7
5 FRT13 5 10
6 FRT12 6 8
7 FRN1 4 -
8 FST7 7 —
9 HRTS5 6 —
10 HRT18 8 —
11 AST3 8 —
12 BST3 10 —
13 HRT10 — 8
14 KRT16 — 4
15 KRNI1 — 2
16 CSTé6 — 12
17 HRT14 — 6
18 BSTI10 — 8
19 KRN2 — 5
20 BRT3 - 5

Fi g. 1. The inhibition of Fusarium oxysporum by endophytic bacteria: a) control
(without bacteria), b) KRTS and KRT12, ¢) HRT9, d) BST12, ) FRT12, FRT13 and FRNI1,

f) HRTS and HRT18, g) AST3, h) BST3, i) FST7

ISSN 1028-0987. Mixpobion. sicyph., 2020, T. 82, No 4
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Fi g. 2. The inhibition of Fusarium solani by endophytic bacteria: a) control (without bacteria),
b) KRT5 and KRT12, ¢) HRTY, d) BST12 and BRT3, ¢) FRT12 and FRT13, f) HRT14,
¢) HRT10, h) KRT16 and KRN1, i) CST6, j) BST10 and KRN2

Biological control of Fusarium caused di-
seases in cotton and cucumber plants using bac-
terial endophytes. The bacterial isolates according
to their ability to inhibit phytopathogenic fungi in
vitro were checked for biocontrol activity against
these fungi in pot experiment. The soil was infected
with the fungi and the seeds were inoculated with
bacterial isolates in the form of bacterial suspension
in a culture liquid in concentration of 1x10°® CFU/
ml.

We used cotton plant seeds as a potential
susceptible to Fusarium oxysporum, as far as this
fungi cause Fusarium wilt disease. The results are
shown in the Fig. 3.
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The most effective bacterial isolates with bio-
control activity against disease caused by Fusarium
oxysporum on a cotton plant were HRT18, AST3,
BST3, and FST7. These bacteria increased the
number of germinated seeds from 67 in control
(without inoculation) up to 89-93 after bacterial
inoculation. The number of survived plants
increased from 49 in control up to 82—-86 after
bacterial inoculation.

We used cucumber seeds as a potential plant
susceptible to Fusarium solani, as far as this fungi
cause Fusarium foot rot. The results are shown in
the Fig. 4.
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Fi g. 4. Biological control of Fusarium solani infecting cucumber plants by bacterial endophytes

The most effective bacterial isolates having
biocontrol activity against disease caused by
Fusarium solani on a cucumber were KRTS,
FRT13, FRT12, CST6 and BST10. These bacteria
increased the number of germinated seeds from
73 in control (without inoculation) up to §89-96
after bacterial inoculation. The number of survived
plants increased from 59 in control up to 80-91
after bacterial inoculation.

Results of the endophytic bacteria iden-
tification. In total 20 bacterial isolates having
biocontrol activity against phytopathogenic fungi
were identified using 16S rRNA gene analysis
(Table 3).
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As a result of analysis all 16S rRNA gene se-
quences were compared with bacterial strains
registered in GenBank using BLAST alignment
tool and identified as follows: Serratia ficaria
KRTS, Raoultella ornithinolytica KRT12,
Agrobacterium tumefaciens HRT9, Klebsiella
oxytoca BST12, Pseudomonas putida FRT13,
Pseudomonas kilonensis FRT12, Pseudomonas
lini FRN1, Agrobacterium vitis HRT14, Bacillus
toyonensis HRTS, Pseudomonas azotoformans
HRT18, Pseudomonas syringae AST3, Klebsiella
pneumoniae BST3, Xanthomonas translucens
HRT10, Enterobacter Iludwigii KRTI16,
Paenibacillus typhae KRNI, Pseudomonas
extremaustralis CST6, Pseudomonas oryzihabitans
FST7, Pseudomonas chlororaphis BST10,
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Agrobacterium vitis KRN2 and Pseudomonas
jessenii BRT3.

Biocontrol properties of bacterial
endophytes. It is apparently from the obtained
results (Table 2, Fig. 1, 2) that bacterial endophytes
possess antifungal activity against phytopathogenic
fungi Fusarium oxysporum and Fusarium solani.
Therefore we decided to study bacterial factors
(hydrolytic enzymes, HCN and siderophores
production) realizing biological control of
phytopathogenic fungi (Table 4).

Hydrolytic enzymes and HCN production.
Bacterial strains were checked for production of
volatile HCN and extracellular enzymatic activity
(Table 4). Bacterial strains produced HCN and
different hydrolytic enzymes: lipase, protease and
chitinase.

HCN producing strains: AST3, BST12, BST10,
CST6, FRT13, FRT12, FST7, HRT9, HRTS, HRT18
and KRT12. Lipase producing strains: BST12,
BST3, FRT13, FRTI12, FST7, HRT9, HRT14,
HRT18, HRT10, KRTS and KRT16. All strains
excluding HRT14 and KRN1 produced protease.
Chitinase producing strains: AST3, BST12, BST3,
BST10, CST6, FRT13 and KRT12.

Siderophores production. The endophytes
were checked for siderophores production by
means of chrome azurol sulfonate (CAS) analysis
(Table 4). At strains cultivation on plates with
CAS agar, the growth of colonies and formation of
orange rings surrounding colonies was observed,
indicating production of siderophores. It was found
that at presence of HDTMA, CAS is competitive
in metal chelation at pH below neutral while iron
hydroxide has higher stability at pH above 7.

The following siderophores-producing strains
were detected: AST3, BRT3, BST3, BST10, CST6,
FRT12, FRT13, FST7, FRN1, HRT14, HRT18,
KRN2, KRTS5, KRT12 and KRNI.

Discussion. All isolates were checked for in
vitro fungi growth inhibition. FST7, HRT18, AST3
and BST3 strains had the highest growth inhibition
activity against Fusarium oxysporum. KRTS,
HRT9, FRT13, FRT12, HRT10, CST6 and BST10
strains had the highest growth inhibition activity
against Fusarium solani. Some strains could
inhibit both Fusarium oxysporum and Fusarium
solani: KRT5, KRT12, HRT9, BST12, FRT13 and
FRT12.

Table 3
Sequence similarities of the isolated endophyte bacteria with sequences registered
in GenBank
Closest match among bacteria
No | Isolated endophytes (16S rRNA genes) (GenBank)
Species Accession number Identity
1 FRT13 Pseudomonas putida CP000949.1 99.9
2 FRT12 Pseudomonas kilonensis MH165354.1 99.7
3 FRNI1 Pseudomonas lini MH165352.1 99.9
4 AST3 Pseudomonas syringae AB680547.1 99.9
5 HRT18 Pseudomonas azotoformans MN758765.1 99.9
6 CST6 Pseudomonas extremaustralis KY939745.1 99.8
7 FST7 Pseudomonas oryzihabitans LC015573.1 99.9
8 BST10 Pseudomonas chlororaphis IX477174.1 99.9
9 BRT3 Pseudomonas jessenii EU019982.1 99.6
10 BST12 Klebsiella oxytoca MK212915.1 99.6
11 BST3 Klebsiella pneumoniae MN691776.1 99.9
12 KRT12 Raoultella ornithinolytica CP038281.1 99.7
13 HRT9 Agrobacterium tumefaciens CP042275.1 99.8
14 HRT14 Agrobacterium vitis MH197382.1 99.9
15 KRN2 Agrobacterium vitis KC196472.1 99.5
16 KRNI Paenibacillus typhae MH165369.1 99.9
17 HRTS5 Bacillus toyonensis MH197375.1 99.9
18 KRTS5 Serratia ficaria MH165373.1 99.9
19 HRT10 Xanthomonas translucens KX507148.1 99.4
20 KRT16 Enterobacter ludwigii MN641475.1 99.9
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Table 4

Biocontrol properties of endophytes

No Bacterial endophytes HCN | Side-rophores Lipase Protease | Chitinase
1 Pseudomonas syringae AST3 + + - + +
2 Pseudomonas jessenii BRT3 — + - + -
3 Klebsiella oxytoca BST12 + — + + +
4 Klebsiella pneumoniae BST3 - + + + +
5 Pseudomonas chlororaphis BST10 + + - + +
6 | Pseudomonas extremaustralis CST6 + + - + +
7 Pseudomonas putida FRT13 + + + + +
8 Pseudomonas kilonensis FRT12 + + + + —
9 Pseudomonas oryzihabitans FST7 + + + + -
10 Pseudomonas lini FRN1 — + - + -
11 | Agrobacterium tumefaciens HRT9 + — + + —
12 Agrobacterium vitis HRT14 - + + — —
13 Bacillus toyonensis HRTS + - - + -
14 | Pseudmonas azotoformans HRT18 + + + + -
15 | Xanthomonas translucens HRT10 — — + + —
16 Agrobacterium vitis KRN2 — + - + -
17 Serratia ficaria KRTS - + + + +
18 | Raoultella ornithinolytica KRT12 + + - + +
19 Enterobacter ludwigii KRT16 — — + + —
20 Paenibacillus typhae KRN1 — — — —
Legends: “+” positive; “— negative”.

The next step was to check biocontrol activity
of bacterial endophytes against fusarium-caused
disease. The most effective bacterial isolates
with biocontrol activity against disease caused
by Fusarium oxysporum on a cotton plant were
HRT18, AST3, BST3 and FST7. The most effective
bacterial isolates having biocontrol activity against
disease caused by Fusarium solani on a cucumber
were KRTS, FRT13, FRT12, CST6 and BST10.

Bacterial isolated were examined for production
of HCN. The following HCN-producing isolates
were revealed: AST3, BST12, BST10, CST6,
FRT13, FRT12, FST7, HRT9, HRTS, HRTI18
and KRT12. It is known that secretion of these
enzymes and also HCN by microorganisms can
result in inhibition of plants pathogens action [15].
Ramette et al. [16] reported that it is often the case
that biocontrol PGPB (plant growth-promoting
bacteria) that can produce HCN also synthesize
some antibiotics or cell wall degrading enzymes.
It was revealed that the low concentration of HCN
synthesized by the bacteria improves the efficacy
of antifungal substances against fungal pathogens
ensuring that the fungi do not get resistance to the
particular antifungals. Suppression of tomato root
knot disease caused by Meloidogyne javanica was
attributed to the effect of HCN [17].
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The endophytes were also examined for
hydrolytic enzymes production. Lipase producing
isolates: BST12, BST3, FRT13, FRT12, FST7,
HRT9, HRT14, HRT18, HRT10, KRTS and
KRT16. All isolates excluding HRT14 and KRNI
produced protease. Chitinase producing isolates:
AST3, BST12, BST3, BST10, CST6, FRT13 and
KRT12. Nielsen and Sorensen [18] reported that
P. fluorescens showed antagonism to R. solani
and P. ultimum, by hydrolytic enzymes producing.
Husson et al. [19] reported that chitinase degrades
chitin, which it is a residue of B-(1, 4)-N-acetyl
glucosamine polymer and an important part of the
cell wall of many phytopathogenic fungi. Protease
can degrade cell wall proteins and lipase can
degrade cell wall-associated lipids. Each of these
enzymes can lyse fungal cell walls by destruction
of its components (chitin, proteins or lipids) [20,
21].

The following siderophores-producing
endophytes were detected among isolates: AST3,
BRT3, BST3, BST10, CST6, FRT12, FRT13, FST7,
FRN1, HRT14, HRT18, KRN2, KRT5, KRT12 and
KRNI. Siderophores are small peptide molecules
that have side chains and functional groups to
which ferric ions can bind [22]. Siderophore-
producing microbes can prevent or lessen pathogen
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proliferation by reducing the amount of iron that
is available to a pathogen [23]. The important role
of siderophores in antagonistic interactions of
rhizosphere bacteria with soil phytopathogens and
in plants growth stimulation is repeatedly proved
at plants inoculation by siderophore-producing
strains and their mutants defective on synthesis
of siderophores. Not only suppressing effect of
siderophores on phytopathogens is noted, but also
stimulating influence on plants [24].

Conclusions. The strains possessing high
biocontrol activity towards phytopathogenic fungi
can be proposed for usage as a part of biofungicides
after field experiments.
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EHAO®ITU JIKAPCBKHUX
POCJIMH SAK ATEHTH
BIOKOHTPOJIIO TIPOTHU XBOPOB,
BUKJIMKAHUX FUSARIUM

B’ auecnas Hlypuzin', [lingysa Ezamoepoiesa’,
Cumopa Camaoii’, I'viecanam Mapoonosa’,
Kaxpamon /laspanoé’

! Hayionanvnuit Yuisepcumem Ysbexucmary,
eyn. Yuisepcumemcoka, 4, Anmazapcokuii paiion,
Tawxenm, 100174, Y36exucman
2 Incmumym Mixpobionoeii AH PY3,
syn. Kaoupiu, 7b, Tawkenm, 700128,
Yzb6exucman
Pesrome

Meta. MeTo10 1aHOrO AOCHiJKEHHs Oyl0 BH-
SIBJIGHHA OakTepiadbHUX eHA0(]iTiB, BUIAIICHUX 3
JIeSIKUX JIIKAPCHKUX POCIHNH, K1 MPUTHIYYIOTh picT
¢itonaroreHHux TpubiB Fusarium solani i Fusarium
oxysporum. Metoam. bakrepianbHi eHI0}ITH BUII-
JISUTK 3 TIATOHIB 1 KOPEHIB JiKapchkoi masmii (Salvia
officinalis L.), benxento (Foeniculum vulgare Mill.),
nuxmu (Tanacetum vulgare L.), KaqeHayau JiKap-
cekoi (Calendula officinalis L.), ipucy 00I0THOTO
(Iris pseudacorus L.), xpony (Armoracia rusticana
G. Gaertn., B.Mey. & Scherb.). EHnoditu Bugiisim
TICIIS TTOPiOHEHHSI TOBEPXHEBO CTEPIITI30BAHIX KO-
peHiB abo MaroHiB, PO3BeIEHHS KIITHHHOTO COKY B
¢bocharaomy Oydepi i po3noainy cycnensii Ha TpuIn-
TOH-CO€BOMY arapi. Bupomieni konoHii nepeciaiu
yepes 4 n106u. EHodiTH niepeBipsiv Ha aHTaroHic-
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TUYHY aKTHBHICTh HPOTH ()iTOMATOTCHHHUX I'pUOIB
F. solani i F. oxysporum na 4amkax Ilerpi 3 BuUkopuc-
TaHHAM cepenoBuina Yaneka. Engoditu Oynu noci-
JUKEHI TaKOX Ha 3JIaTHICTh JI0 010JIOTIYHOTO KOHTP-
OJIF0 TUX ke (PITONMATOTCHHUX TPUOIB B TOPITKOBHX
ekcriepuMeHTax. [ pyHT OyB 3apakeHuil rpudamu, a
HaciHHs 0aBOBHHU 1 oripka OyJiu 1HOKYJIIOBaH1 €HJI0-
¢iTamu. KifbKicTh pOCINH, [0 BIKUIN, BU3HAYAIN
yepes 4 TIKHI micas nociBy. bakrepianbHi i3015TH
imenTH(diKyBaIM 3 BUKOPUCTAHHSIM aHaIIi3y reHa 16S
pPHK. Ins Buninenns [JHK OyB BUKopuCTaHUH Me-
ToJ1 TerIoBo1 00poOku. Otpumany JIHK BukopwHc-
TOBYBAJIM SIK MaTPHULIIO Ui aHamii3y rera 16S pPHK.
CekBeHyBaHHS 3/111ICHIOBAIM 3 BAKOPUCTAHHAM T'OTO-
Boro peakuinoro xommiekry ABI PRISM BigDye
3.1 (Applied Biosystems). [TocrmigorocTi 16S pPHK
Oyim imeHTHdiKoBaHi 3 BuKopuctaHasM BLAST i mo-
piBHsHI 3 OaHKOM JaHuX HykieoTuaiB GenBank Bin
NCBI. Ultamu Oynu nepeBipeHi Ha MPOAYKYBaHHS
HCN, rigponituuHux (epMeHTIB (XiTHHA3H, JiNa3u
1 mpoteasn) i cizepodopu. Bei exciepumenTu Oymnu
mpoBeneHi B 3 mosropHOCTIX. PesyabraTu. Beporo
HaMu Oynto BHUIEHO 151 130118T 3 6 JMiKapChKHUX pOC-
JUH. 3 yCiX BUAUICHUX eHIO(ITIB TUTbKH 20 130J15-
TiB 1Hri0yBanu rpudu F. oxysporum, F. solani abo ix
obuga. [1pu mpoBeIeHHI eKCIIEPUMEHTIB B TOPILIKAX
HalO1IBII e(h)eKTUBHUMH OaKTepiaIbHUMM 130JI9TaMU
3 O10KOHTPOJTFOFOYOI0 aKTUBHICTIO II0/I0 XBOPOOH, BH-
KIMKaHOi F. oxysporum Ha 6aBoBHUKY, Oy HRT18,
AST3, BST3 i FST7. Haii6inbm ehekTHBHUME OaK-
TepiaJIbHUMHU 130J9TaMH, SKi MPOSBISIM O10KOH-
TPOJIIOI0YY aKTHBHICTH IIOJI0 XBOPOOHU, BUKIMKAHOT
F. solani na oripky, o6ynu KRTS, FRT13, FRT12,
CST6, BST10. B ninomy Oyno izentugikoano 20
OakTepiaJIbHUX 130JIATIB 3 BUKOPUCTAHHSIM aHAII3y
rena 16S pPHK: Serratia ficaria KRTS, Raoultella
ornithinolytica KRT12, Agrobacterium tumefaciens
HRT9, Klebsiella oxytoca BST12, Pseudomonas
putida FRT13, Pseudomonas kilonensis FRT12,
Pseudomonas lini FRN1, Agrobacterium vitis
HRT14, Bacillus toyonensis HRTS, Pseudomonas
azotoformans HRT18, Pseudomonas syringae
AST3, Klebsiella pneumoniae BST3, Xanthomonas
translucens HRT10, Enterobacter ludwigii KRT16,
typhae KRNI,
extremaustralis CST6, Pseudomonas oryzihabitans
BST10,
Agrobacterium vitis KRN2, Pseudomonas jessenii

Paenibacillus Pseudomonas
FST7, Pseudomonas chlororaphis
BRT3. byno BusiBieHo, 1110 BCl ImITaMu, SIKi 37aTHI

MIPUTHITYBaTH PicT (PITONATOTEHHUX IPUOIB, MOXYTh
IPOAYKYBaTH LIOHAMMEHIIE OHY 3 TECTOBAHHUX pe-
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goBuH — HCN, cigepodopu, XiTHHA3y, IpoTeasy i Ji-  TaHHS Y CKIaai O10(pyHTIHUIIB MIiCIIsI HOIBOBHX SKC-

masy, sIKi po3IISJaioTh sSIK MPOTUIPUOKOBI 1 3a I0MO-  TEPUMEHTIB.
MOTOI0 IKHX MOXKe OyTH peanizoBaHUi 0i0J0TTUHIHA Kntouosi cnosa: nikapchki pocianHH, eHAOMITH,
KOHTpOJIb. BucnoBku. IllTamu, siki MaroTh BUCOKY  Oakrepii, Fusarium oxysporum, Fusarium solani, 8-
O10KOHTPOJIFOFOYY aKTUBHICTH MO0 (DITOMATOTEHHUX  TiOyBaHHS POCTY.
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