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From the main ridge of Crimean mountains were isolated 564 strains of soil non-rhi-
zospheric actinomycetes and 640 isolates from rhizosphere medicinal and endemic plants
Thymus roegneri K. Koch aggr., Jurinea sordida Stev., Helianthemum stevenii Rupr. ex Juz.
& Pozd., Orchis purpurea Huds., Trinia bibershteinii Fedoronch., Potentilla depressa Willd.
ex D. F. K. Schltdl. Their antimicrobial properties were studied against phytopathogenic
bacteria Pseudomonas syringae IMV 8511, Xantomonas campestris pv. campestris IMV
8003, Agrobacterium tumifaciens IMV 8628 1 Erwinia amylovora Mi2 and fungi Fusarium
oxysporum IMV 54201, Aspergillus niger IMV 16706, which are typical infectious diseases
wide range of plants, including trees. Isolates with antibacterial and antifungal properties
are more represented in the rhizosphere of plants. Overall, about half non-rhizospheric or
rhizospheric isolates inhibited growth of at least one test-culture. Most antagonists were
found in the rhizosphere Thymus roegneri K. Koch aggr. (67.4 %). least — in the rhizosphere
Helianthemum stevenii Rupr. ex Juz. & Pozd. (39.8 %), there were 50.6 % among non-rhi-
zospheric strains. Most isolates inhibited growth of X. campestris pv. campestris (almost 30
%), least — P. syringae (about 5 %) and fungi (not more 3 %). We isolated 18 strains, which
are capable of inhibiting all used phytopathogenic bacteria (10 non-rhizospheric and 8 with
rhizosphere of plants), 35 isolates inhibited growth Fusarium oxysporum and Fusarium
oxysporum, of which 27 were non-rhizospheric. Also we isolated 4 strains of non-rhizo-
spheric actinomycetes which showed activity against all used test-cultures. At the same time
in non-rhizosphere soil more isolates were found that supressed the growth of pathogenic
bacteria or fungi, and 4 actinomycete strains have antimicrobial activity against all test-
strains. We selected 57 isolates for further research that could be potential biocontrol agents
of infectious diseases of trees.
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Trees and woody crops occupy about 40 % of the world’s land surface and are extremely
important for life on Earth [4]. Except forests, large areas of agricultural land covered nurseries
of fruit and ornamental trees. Also significant share is occupied by plantation parks in urban eco-
systems. Wood plantations play a major role in nutrient cycling, prevent soil erosion, mitigate the
effects of climate change [21]. Particularly important role trees play in the big cities as a powerful
factor in combating natural and man-made urban pollution. However urbo technological environ-
ments negatively affect the living condition of plants and reduces their resistance to infectious
diseases [10].

The largest part of viruses, bacteria, fungi, nematodes cause a wide range of diseases of
plants, including trees, reducing their life expectancy, phytoameliorative role and decorative ap-
peal [3]. The most common phytopathogenic bacteria are genera Pseudomonas, Xanthomonas,
Pectobacterium, Agrobacterium, Erwinia etc. They can cause frostbite, leaf spot, necrosis, rot,
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burns, tumors at the crown galls of the trees, and the plants root system, and often the cause epi-
phytoties [6, 8, 14, 27]. There are a variety soil pathogens such fungi (for example, Fusarium,
Armillaria, Botrytis, Aspergillus, Verticillium etc.), which also cause a wide range of diseases of
trees [3]. During the last decade, frequency of new emergent plant diseases, caused by microor-
ganisms, is increased that are characterized by severe symptoms, control of which is challenging
[22]. Given this search for new antimicrobial agents and the development of modern methods of
biocontrol does’t lose its relevance.

Inexhaustible natural source of bioactive compounds (enzymes, antibiotics, etc.), can
inhibit the development of pathogens are microorganisms, including actinomycetes. About 75 %
of known antibiotics produced by actinomycetes [4]. This soil microorganisms able to form a well-
developed mycelium that colonized the root system of plants [2]. They play an important role in
functioning of rhizosphere microbiota as antagonists of pathogens, producers of phytohormones
of which are molecules able to transform insoluble mineral nutrients of plants. Today, there are
many reports about use actinomycetes as biocontrol agents of infections diseases of crops as an
alternative to agrochemicals [7, 12, 13]. However, there are very few reports, which presents data
on the use of actinomycetes to protect the trees, especially in urban ecosystems [26].

The soil in the world — one of the major habitats actinomycetes. Composition of soils,
climate, vegetation diversity have floated to their considerable diversity. From this perspective
Crimean peninsula is a very interesting piece of the earth’s land with a variety of continental
climate in the north to subtropical in the southern Black Sea coast, a wide range of different types
of soils and unique vegetation. The diversity and biological properties actinomycetes Crimean
peninsula is poorly studied [1]. In previous studies we have described antagonistic properties
actinomycetes of rhizosphere some plants, Nikita Botanical Gardens, located on the Crimean
Peninsula, including strains revealed a number of broad antimicrobial properties [11], and
producers of new antibiotics [18-20].

The aim of this work was screening of actinomycetes soil and rhizosphere of rare and
endemic plants of the Crimean peninsula, that are capable of inhibiting pathogens a wide range
of plants, and trees.

Materials and methods

Sampling of soil. Samples of non-rhizosphere soil were taken in 2013 in six different
parts of Ai-Petri (44°27°4"N, 34°3710") in depth 3—5 sm (Fig. 1). Put them in a sterile paper bags.
Collecting the rhizosphere samples was carried out on the slopes of the spine Nikita (44°33°40",
34°12°30") following way. Around the plants dug a small trench, once selected soil around the
root system, sterile scissors cut the required number of roots, put them in a sterile paper bags.
Samples of soil and plant roots stored at 4 °C.

Isolation of actinomycetes. Isolation of actinomycetes from soil samples was carried out
in three ways: (I) 1 g soil sample was placed in a test-tube with 10 ml of sterile water and stirred
for 15 minutes rocking; (II) 1 g soil sample was placed in a test-tube with 10 ml of 1.5% aqueous
phenol and stirred for 30 minutes rocking; (IIT) 1 g sample of soil roasted for 60 minutes at 100
°C, on the same (I). Isolation of actinomycetes with rhizosphere sample performed similarly, but
used a sample of 2-3 g of roots that are washed in a flask with 100 ml of sterile water or a solution
of phenol.

The resulting suspension in a volume of 1 ml was transferred into a sterile microtubes,
made a 10-fold dilution and plated breeding (102 — 10*) in a petri dish of the mediums: ISP3,
ISP4 [23], medium with sodium propionate [28], medium with chitin [28], Gause 2 [9], HVA
[29]. For inhibiting growth of other bacteria and fungi in the medium added nalidixic acid (25
pg/ml) and nystatin (50 pg/ml) [15]. Incubated for 24 days at 28 °C. Colonies were selected for
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the characteristic actinomycetes growth and morphology. Selected culture isolates were stored in
TSB with the addition of an equal volume of 50 % glycerol solution at -20 °C. Isolated strains
of actinomycetes are deposited in the Culture Collection of Microorganisms — producers of anti-
biotics of Ivan Franko National University of Lviv.

Sl

i Plateau Ai-Petri

Fig. 1. Soil sampling points on the Crimean peninsula

Test-organism. For the study of antagonistic properties such test-cultures were used
strains phytopathogens bacteria Pseudomonas syringae IMV 8511, Xantomonas campestris pv.
campestris IMV 8003, Agrobacterium tumifaciens IMV 8628, Erwinia amylovora Mi2 and fungi
Fusarium oxysporum IMV 54201, Aspergillus niger IMV 16706. Bacteria was grown in LA [15],
fungi was grown in the Saburo-medium [15].

Screening antagonistic activity. Antagonistic properties of selected strains of
actinomycetes against of bacteria were investigated by following way: on 6 isolates stab plated
on Petri dishes with OM (oatmeal — 40 g, agar — 18 g, tap water — 1000 ml, pH 7.5). After 7 days
growth of colonies formed, filled 0.7 % LA [3], which contained 10° cells/ml test-cultures. The
results were evaluated by 2 days of growth for the formation of zones inhibition growth of test-
cultures.

The ability to inhibit the growth of fungi studied using of double culture method. Isolates
were seeded in the same way as has been described. After 3 days of growth strains actinomycetes
centered agar plates seeded stab culture of the fungus. Results (growth inhibition test-cultures)
evaluated after 3—4 days of growth.

Statistical analysis. Statistical analysis of the results was performed using Microsoft
Excel.

Results and discussion
Using three different approaches generally were isolated 1204 actinomycete-like isolates
(Table 1). Of the six samples non-rhizosphere soil at Ai-Petri at an altitude of 1209 m.a.s.L
collectively isolated 564 isolates (376 — by direct seeding soil suspensions, 21 — after handling
soil suspensions 1.5 % solution of phenol and 167 — after roasted). The remaining 647 isolates
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isolated from the rhizosphere samples of medicine, rare and endemic plants Crimean peninsula,
collected on the slopes Nikitskaya plateau at an altitude of 250 to 1200 m.a.s.l. Particularly from
rhizosphere Thymus roegneri K. Koch aggr. were isolated 91 isolates, Orchis purpurea Huds. —
60, Jurinea sordida Stev. — 149, Helianthemum stevenii Rupr. ex Juz. & Pozd. — 108, Trinia
bibershteinii Fedoronch. — 140, Potentilla depressa Willd. ex D. F. K. Schltdl. — 92 isolates.

Table 1
Distribution of actinomycetes in different soil samples

\ I* \ I \ 111 | Total (%)
Non-rhizospheric 376 21 167 564 (46.8)
Rhizospheric:
Thymus roegneri K. Koch aggr. 88 1 2 91 (7.6)
Jurinea sordida Stev. 146 0 3 149 (12.4)
Helianthemum stevenii Rupr. ex Juz. & Pozd. 100 8 0 108 (9.0)
Orchis purpurea Huds. 34 26 0 60 (5.0)
Trinia bibershteinii Fedoronch. 135 5 0 140 (11.6)
Potentilla depressa Willd. ex D. F. K. Schltdl. 56 36 0 92 (7.6)

Note: The processing techniques described in «Materials and methods»

After investigation of antagonistic properties of selected isolates revealed that about 50 %
isolates of non-rhizospheric and rhizospheric found to inhibit at least one of the used test-cultures.
Most strains are delayed growth of at least one test-culture isolated from the rhizosphere 7. roeg-
neri (67.4 %). Somewhat less active cultures found in the rhizosphere J. sordida (54.4 %), O.
purpurea i P. depressa (to 53.3 %) and least — T bibershteinii (49.3 %) and H. stevenii (39.8 %).
Antagonistic properties among non-rhizospheric isolates revealed 50.6 % of strains.

Among non-rhizospheric isolates that have antibacterial properties against gram-negative
phytopathogens, detained about a third growth X. campestris pv. campestris and 28.8 % E. am-
vlovora. Considerably less was antagonists 4. tumifaciens and P. syringae (7.3 and 5.1 %,
respectively) (Fig. 2). The rhizospheric isolates also often suppressed growth X. campestris pv.
campestris (24 % in the aggregate). Most of antagonists with pathogens inhibition properties
were found in the rhizosphere P. depressa (39.1 %), T. roegneri (28.6 %) and J. sordida (26.8 %).
About 16 % of all rhizosphere isolates suppresed growth of E. amylovora, the largest share of
which was allocated from 7. roegneri (33.7 %) and P. depressa (26.1 %) rhizosphere. Much less
isolates of rhizospheric actinomycetes inhibited growth of A. tumifaciens (5.2 %); the largest
proportion of strains were found in 7. roegneri (11.2 %) and O. purpurea (10.0 %) rhizosphere,
and the smallest — in J. sordida (0.7 %) rhizosphere. Only 2.3 % of rhizospheric actinomycete
strains were capable of P. syringae growth suppression. In particular, there were about 5 % of them
in P. depressa, T. roegneri and H. stevenii rhizosphere. In other plants rhizosphere antagonists of
phytopathogenic was no more 1 %.

In addition, 10.3 % isolates were found among non-rhizospheric actinomycete strains.
This isolates are capable of 4. niger and less F. oxysporum (6.4 %) growth supression (Fig. 3).
The largest number of isolates with fungicidal activity among rhizospheric actinomycete strains
were isolated from the rhizosphere of J. sordida (6.7 % to F. oxysporum and 10.7 % to A. niger).
In the rhizosphere T. roegneri, P. depressa and T. bibershteinii antagonists of these fungi was not
more than 2.2 %. There was no similar strains in rhizosphere of other studied plants.

We found 18 isolates capable to suppress all used phytopathogenic bacteria (10 non-rhi-
zospheric and 8 in the rhizosphere of plans) among the studied strains (Table 2). There were 35
strains that would inhibit growth of F. oxysporum and A. niger; most of them (27 isolates) were
isolated from non-rhizospheric soil samples. We selected 4 actinomycete strains, which have
antimicrobial activity against all test-strains.
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Fig. 2. Percentage of active actinomycete isolates antagonising different test-bacteria. Ps — P. syringae,
Xcc — X, campestris pv. campestris, At — A. tumifaciens, Ea— E. amylovora, NR - Non-rhizospheric
actinomycetes, TR — T roegneri, JS — J. sordida, HS — H. stevenii, OP — O. purpurea, TB — T.
bibershteinii, PD — P. depressa
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Fig. 3. Percentage of active actinomycete isolates antagonising different test-cultures. Fo — £ oxysporum,
An — A. niger. The rest of the cuts as in Fig. 2

Table 2
Actinomycetes number of strains with a wide range of antagonistic activity
Soil sample | Bacteria | Fungi | Bacteria+Fungi
Non-rhizospheric 10 27 4
Rhizospheric:

Thymus roegneri K. Koch aggr. 1 0 0
Jurinea sordida Stev. 3 1 0
Helianthemum stevenii Rupr. ex Juz. & Pozd. 1 4 0
Orchis purpurea Huds. 1 0 0
Trinia bibershteinii Fedoronch. 0 1 0
Potentilla depressa Willd. ex D. F. K. Schitdl. 2 2 0
Total 18 35 4

These data shows that strains with antibacterial and antifungal properties are more
represented in the rhizosphere of plants, than in non-rhizospheric soil. Apparently it is caused by
increased concentration of nutrients in the root zone, especially in the area of root growth. So ac-
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tinomycetes, competing for easily accessible power supply with other groups of microorganisms,
resorting to the synthesis of biologically active molecules, including antibiotics to inhibit the
development of competition. However, we found significantly more isolates that supressed the
growth of pathogenic bacteria, or fungi, or all used test-cultures in non-rhizosphere soil. Obviously,
plants often affect the microbial communities in the rhizosphere as synthetics of a whole range
of biologically active molecules, suppressing the growth of undesirable microorganisms than
creating a certain extent an additional barrier to the active development of pathogens [25]. Soil,
which was taken from the plants root system is aggressive habitats with increased levels of
competition for power. So non-rhizospheric actinobacteria obviously have to synthesize a wider
range of molecules with antimicrobial properties to fight for survival. The results of this study
show, that about half isolated actinomycete strains from soil and rhizosphere of plants on the
Crimean peninsula have potential as agents of biological control of many pathogenic bacteria and
fungi, that can cause a wide range of plant diseases, including trees. However, most of them were
found to inhibit no more than 1-2 pathogen strains. Similar results were obtained by researchers
who isolated similar actinomycete strains from other natural biotops [16, 17, 24]. Meanwhile,
some described isolates in this paper have a wide range of antagonistic properties, growth inhib-
iting of test-cultures used in this work.

Thus, we have selected 57 actinomycete strains that demonstrated the ability to inhibit
the growth of a wide range of pathogenic microorganisms. The selected isolates may be potential
biocontrol agents of infectious diseases of trees

We express our sincere gratitude Tree Research & Education Endowment Fund (TREE
Fund) for the financial support of the research grant within Nel4-JK-01.
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Ha Teputopii ronoBuoi rpsan Kpumcbkuil Tip BuAUIMIN 564 mTaMH IPyHTOBHX
nozapu3ocepHux akTHHOMILETIB i 640 i30JTiB i3 pu3ocdepn JITKApChKUX Ta HIEMid-
Hux pociud Thymus roegneri K. Koch aggr., Jurinea sordida Stev., Helianthemum stevenii
Rupr. ex Juz. & Pozd., Orchis purpurea Huds., Trinia bibershteinii Fedoronch., Potentilla
depressa Willd. ex D. F. K. Schltdl. Jocxiimpkeno ixHi aHTHMIKpOOHI BIACTHBOCTI MPOTH
¢iTonaroreHHux Oakrepiii Pseudomonas syringae IMB 8511, Xantomonas campestris pv.
campestris IMB 8003, Agrobacterium tumifaciens IMB 8628 i Erwinia amylovora Mi2 ta
rpubiB Fusarium oxysporum IMB 54201, Aspergillus niger IMB 16706 — TimnoBux 30y HU-
KiB iH(EKIIITHNX 3aXBOPIOBAHb MIMPOKOTO KOJA POCIIUH, y T.4. AEPEBHUX Nopid. [3omsaTu 3
aHTHOAKTEPIHHUMH # aHTH(YHTAIEHIMHE BIACTHBOCTSIMHU OUTBIIOI0 MipOIO MPEJICTABICH] B
pusocdepi pociuH. 3araioM OIU3BKO MOJOBUHH MO3apU30CHEPHUX Y PU30CHEPHUX 130-
JISITIB IPUTHIYYBAJIM PIicT X04a O ofHiel TecT-KyapTypy. HalbinbIre aHTaroHicTiB BUSIBHIN
B pusochepi Thymus roegneri K. Koch aggr. (67,4 %), Haiimenme — B puszocdepi Helian-
themum stevenii Rupr. ex Juz. & Pozd. (39,8 %), cepen mo3apu3ochepHUX MTaMiB TaKUX
Oy10 50,6 %. HaiiOinpIna KibKiCTh 130J1TiB 3aTpUMyBaia pict X. campestris pv. campestris
(maibxe 30 %), Hatimenma — P. syringae (6mu3bko 5 %) 1 rpu6iB (He Oinbie 3 %). Buaineno
18 i3011TiB, 30aTHNX NIPUTHIYYBaTH BCi BUKOpHcTaHi ditonarorenni 6axrepii (10 nmozapuso-
chepHux i 8 i3 pusochepu pociun), 35 i305ATIB MPUTHIYYBAIH PicT i F oxysporum, i A. ni-
ger, 13 sikux 27 — no3apuzocdepHi. Takoxk BUALICHO 4 IITaMH 103apU30CPEPHUX aKTHHOMI-
LCTIB, SIKi BUSBJISUIA aKTUBHICTh IIPOTH BCiX BUKOPHCTAHUX TECT-KYJIBTYP.

Kniouosi crnosa: Actinomycetes, 3aXBOPIOBaHHS JIepeB, O10KOHTPOIIb



