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The antagonistic properties of Streptomyces bacterium strains against to phytopathogens of agricultural crops
were studied. Among the studied strains were selected N3.3/OR; N4KG1; N1KG1; IVOR-K; IOR-K(1), III-OR-
K; N2KG2; N3.1/OR as a very strong, wild spectral antibiotic effective antagonists, and the Streptomyces long-
ispororuber N6KG2; Streptomyces londisporoflavus N3-OR; Streptomyces albiianatus N2KG1 strains had good
antagonistic activities against to Penicillum test-culture. In future, the isolated Streptomyces strains as biotechno-
logically strong potentiated ones for agricultural production of ecologically clean biological products against to

phytopathogens should be recommended.
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The antagonistic soil microorganisms by
emitting of antibiotics will destroy the cells
of phytopathogenic bacterium and hyphae
of micromycetic fungus then they will stop
their existence in the conditions of nutrient
substrate competition. Due to necessity of
complex protection of agricultural crops and
woods from the phytopathogenic microorgan-
isms, it is important to study microbiological
facilities that include antibiotic forming an-
tagonistic bacterium.

Antibiotic forming capacity of Actino-
mycets is an intensive investigation object of
many countries of the world [1, 3, 6]. The an-
tibiotics obtained from Actinomycetes com-
paratively to chemical preparations are well
absorbed, non-toxic, and easy to dissolve in
nature, it does not pollute the environment [9,
8]. Several characteristics of microbiological
products: selectivity to phytopathogens, high
activity allows using them in low concentra-
tion; and prevents the accumulation in agri-
cultural products and the environment. Using
of antagonistic micro cultures against to phy-
topathogens will protect the plant from bacte-
rium and fungus development not only during
of growing seasons also during of storage of
agricultural products and seeds [5].

The keen demand of time — obtaining of
high activity and stable cultures of microor-
ganisms became one of the main directions
of modern microbiology and biotechnology.
Microbiological production need to antago-
nistic-bacterium obtained by highly effective
genetic-engineering method. The antagonistic-
bacteria are tolerant to different fungicides at
least during of yield conservation, and adapted
to hydrothermal conditions of soil.

The aim of investigation is a study of
antagonistic features of Streptomyces cultures
and selection of high effective strains.

Materials and methods of research

17 strains of bacterium belongs to Strepto-
myces family from laboratory collection were
used as object of investigation. The used strains
were isolated from different types of soils of
Kyrgyzstan’s mining plant’s radioactive resi-
dues storage areas — Orlovka, Orlovka-Boordu,
Kadzy-Say (table 1). Described Streptomyces
bacteria were selected as tolerant indicators (8)
to high concentrated heavy metals.

The names of Streptomyces culture spe-
cies, the soil’s type and place of isolation, and
others are demonstrated in the table 1.

Streptomyces bacteria isolated from the
Kyrgystan’s technogenic soils were identified
by Gauze’s and Bergey’s manuals (Gauze,
1983; Bergey, 1994).

The antagonistic properties of Streptomyces
strains were checked by methods of 3" times
repetition of on two different nutrient medium
(ISP 4 and Chapek), perpendicular lines (Ruda-
kov, 1971), agar blocks (Egorov, 1986).

Spore forming Gram (+) bacterium — Ba-
cillus subtilis, micromycetic fungi — Penicil-
lum sp. cultures were used as Test-cultures.
Antagonistic activity was identified by mm
measuring of test-object’s destroyed zones.

Results of research and their discussion

To effective show of antagonistic activities
the nutrient mediums for creations of optimum
conditions for growing of Actinomyecets strains
and test-cultures were selected.

1. IVOR-K strain of Streptomyces fumo-
sus since 6-day of investigation made worse
the Bacillus subtilis test-culture’s growing.
During all days of investigation (6; 10; 15) the
lysis zones of other test-cultures (Penicillum
sp.) did not exceed 2 mm (tab. 2, fig. 1, a). On
the results of investigation was identified that
this strain of Streptomyces is a good antagonist
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for bacillary bacteria (Bacillis subtilis), but not
for micromycets fungus. At 6-day of investiga-
tion IVOR-K strain made worse the lysis zone
of test-culture to 25 mm. This strain of Strepto-
myces bacteria emits the antibiotic extracts in
big number that stopped the growing of test-
culture.

2. IIOR-K strain of Streptomyces luridus
at the Chapek nutrient medium after 6 days of
investigation made worse the growing of Ba-
cillus subtilis making the lysis zones 7 mm,;

after 8-15 days size of lysis zone was 10 mm,
at ISP 4 nutrient medium during 8-15 days size
of lysis zone did not exceed 5 mm. So, Strep-
tomyces IIOR-K strain showed the medium
antagonistic influence against to spore-forming
bacteria (fig. 1, b). And during of all days (6,
8, 10, 15) of investigation other test-culture
Penicillum’s lysis zone did not exceed 2 mm
(tab. 2). The growing zones of microorganisms
were more actively at ISP 4 medium then Cha-
pek ones.

Table 1
The species content of bacteria belongs to Streptomyces family
N | Collection num- | Species names | Sections Series Place of strain’s isolation
bers of Strepto- of strains
myces cultures
1 IV OR-K Streptomyces | Cinereus | Chromogenes | 5 km from Boordu radioactive uranus
fumosus residues storage (Orlovka town, Kemin
region), type of soil is light-brown
2 I OR-K Streptomyces Roseus Fradiae 1 km from Orlovka-Kashka residues
luridus storage, type of soil is gray
3 N3.2/0R Streptomyces | Cinereus Violaceus 200 m from Orlovka mining plant
griseoruber
4 N3.1/0R Streptomyces | Cinereus | Chromogenes | 200 m from Orlovka mining plant
chromofuscus
5 OR-K(1) Streptomyces ro- | Roseus Fuscus Orlovka-Bordu restudies storage
seochromogenes
6 OR-K(2) Streptomyces Roseus | Lavendulae- Orlovka-Bordu residues storage
lincolnensis Roseus
7 N3.3/0R Streptomyces | Cinereus Violaseus 200 m from Orlovka residues storage
rubrogriseus
8 MI-OR-K Streptomyces Roseus Fradiae 3 km from Orlovka-Bordu residues
mellinus storage, gray and black soils
9 N3-OR Streptomyces | Helvolo- Helvolus Orlovka residues storage
londisporoflavus | Flavus
10 ml-3.5 Streptomyces | Cinereus | Chrysomallus Orlovka town,
viridogenes soils around “Jansyz” pond
11 ml-3.6 Streptomyces | Cinereus Aureus “Jansyz” pond lees
heliomycini
12 N2KG1 Streptomyces Roseus Fradiae 200 m from Kadzy-Say mining plant
albiianatus
13 N2KG2 Streptomyces Roseus | Roseoviola- | 200 m from Kadzy-Say mining plant
tauricus seus
14 N6KG2 Streptomyces Roseus Ruber 50 km from Kadzy-Say radioactive
longispororuber uran residues storage area (Barskoon v.)
15 N6KG4 Streptomyces | Azureus | Glaucescens 50 km from Kadzy-Say radioactive
steffisburgensis uran residues storage area (Barskoon v.)
16 NIKGI1 Streptomyces | Cinereus | Achromogenes | 200 m from Kadzy-Say mining plant
griseomycini
17 N4KG1 Streptomyces | Cinereus | Chromogenes | 3-5 km from Kadzy-Say mining plant
chromofuscus
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Table 2
Antagonistic activity of Streptomyces strains
N | Collection ISP4 medium | Chapek nutrient medium
éltls;?grrn(;f_ Days of investigation (6; 8; 10; 15)
ces culture Bacillus subtilis Penicillum sp. Bacillus subtilis Penicillum sp.

6 | 8|110|15| 6| 8|10|15]| 6| 8 |10|15| 6 | 8 | 10| 15
1| IVORK | = | = | = | =2 ]2 |21 [25]25|25[|25]|2 |22 2
2| IORK | S |5 |5 |52 ]2 ]2 ]2 ]7]10]10]10]1 1] 2 2
3] N32OR | 3 |5 |5 17| 1 1 1 1 |3 [13 13131 1 1 1
4] N31/OR | 2 | 2 |2 ]2 |1 1 1 1 1515|1515 | 1 1 1 1
ST ORKM 1011 111|222 |2 [10]11]11]24]1 1 1 105
6| ORKQ) | 9191919 |1 1 1 1 | 8] 8|8 | 8|2 |22 2
7| N33OR |12 |12 |12 |12 ] 1 1 1 1 | 15140 |55 |57 |1 1 1 1
8| MORK | 3 |3 | 17|17 1 |2 |2 |2 |5]|10]10[11]1}]2]?2 5
9 | N3-OR 41414141 1 1 L1012 12121 |2 |2 5
10| ml-3.5 -1 -1 -1-11 1 1|0 |15]15|16|16| 3 | 2 | 2 1
11| ml-3.6 39111 1 1 1 |3 13 |3 |3 |2 ]2]|4]0A4
12| N2KGlI 2121212 |1 1 1 1 | 313 |3 |3 |1 |2]2]10
13| N2KG2 - | -1 -1-11 1 1 0 ]J15]15|16|16] 0000
14| N6KG2 1 1 1 1 [35]35[35|35] 1 1100 | —-|—-|-1]-
15| N6KG4 1 1 1 1 1 1 1 L |- -1-1-1-1-1-1-
16| NIKGI |24 |24 27271 1 |05]05]25]25 25|25 1 1 1 1
17| N4KG1 |25 [ 25|50 |50 | 1 1 1 1 18] 1813030 2 | 2|2 2

(a)

(b)

(©) (d)

Fig. 1. Antagonism of IVOR-K strain to 2-test-cultures (a) B. subtilis and (b) Penicillum sp.; lysis zones
of IIOR-K strain to (c) B. subtilis and (d) Penicillum sp.

3.N3.2/OR strain of Streptomyces gri-
seoruber during 15 days showed antagonistic
activity at the ISP 4 nutrient medium more
than at Chapek, in other words in 10-15 days
was observed thinning of Bacillus subtilis test-
culture, lysis zone was 17 mm (fig. 2, a). At the
two studied nutrient mediums N3.2/OR, strain
did not show antagonistic activity against to
Penicillium test-culture, lysis zone did not ex-
ceed 1 mm.

4. N3.1/0OR strain of Streptomyces chro-
mofuscus after 6 days made the lysis zone of

Bacillus subtilis 15 mm. Until the last days of
investigation, test-culture did not grow into
N3.1/0OR strain. So, this strain showed the
strong antagonistic activity against to spore-
forming bacteria (fig. 2, b).

5. OR-K (1) strain of Streptomyces roseo-
chromogenes at 15 days made the lysis zone of
Bacillus subtilis 24 mm. At all days (6; 8; 10;
15) of investigation, the lysis zone of Penicil-
lium was 2 mm. At the both of nutrient medi-
ums the growing zones of actinomycets strain
and bacteria were active (fig. 3).
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Fig. 2. The antagonistic activities of N3.2/OR strain against to test-cultures (a) B.subtilis; (b) Penicillium
sp. and N3.1/OR strain to (c¢) test-culture — B. subtilis

(b)

Fig. 3. The antagonistic struggle of OR-K(1) strain against to test-cultures (a) B.subtilis and (b)

Penicillium sp.

6. OR-K(2) strain of Streptomyces lincol-
nensis — in 15 days the lysis zone of Bacillus
subtilis was estimated 9 mm. During of check-
ing days (6; 8; 10; 15) Penicillum test-culture’s
lysis zone did not exceed 1-2 mm; it means that
both of investigated strain and Penicillum have
a similar antagonistic capacity at ISP 4 and
Chapek nutrient mediums.

7. N3.3/OR strain of Streptomyces rubro-
griseus — at Chapek nutrient medium the lysis
zone of Bacillus subtilis after 6 days was 15
mm, after 8§ days was 16-40 mm, in 10 days was
estimated 55 mm, after 15 days was 57 mm. In
other words, the test-culture is almost complete-
ly destroyed. At ISP 4 nutrient medium in 15
days, Basillus subtilis retreated to 12 mm. Dur-
ing of checking days (6; 8; 10; 15) Penicillum
test-culture’s lysis zone did not exceed 1lmm.
The growing zones of actinomycets were more
active at Chapek than ISP 4 medium (tab. 1).

8. IIIOR-K strain of Streptomyces mel-
linus in 15 days showed more antagonis-

tic activity on ISP 4 nutrient medium than
Chapek. In other words, in 10-15 days it as
N3.2/OR strain destroyed Bacillus subtilis
test-culture making the lysis zone 17 mm. At
studied two nutrient mediums, antagonistic
activity of IIIOR-K against to Penicillum
was not strong, because a size of lysis zone
did not exceed 2 mm. But, Streptomyces II-
IOR-K strain did not inoculated by test-cul-
ture, so maybe emitting metabolite’s effects
of both microorganisms are equally.

9. N3-OR strain of Streptomyces londis-
poroflavus —in 15 days at Chapek nutrient me-
dium the lysis zone of Bacillus subtilis was 15
mm, and during investigation days ( 6; §; 10;
15) at ISP 4 medium it’s lysis zone estimates 4
mm. In 15 days at Chapek nutrient medium the
lysis zone of Penicillum was 5 mm and at ISP
4 at 6; 8; 10 days it estimated 1 mm, at 15 days
it was 2 mm and Penicillum was thinning. So
N3OR strain showed the antagonistic activity
against to Penicillum.
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(a) (b)

(©) (d)

Fig. 4. The antagonism of ml-3.5 strain against to test-cultures (a) B.subtilis; (b) Penicillium sp. and MI-
3.6 strain to test-culture — B. subtilis (c) and Penicillium sp. (d)

(a)

| drpgon i

(b) (c)

Fig. 5. The antagonistic struggles of N2KG1 strain against to test-cultures (a) B. subtilis and (b)
Penicillium sp. and (c) — N2KG2 strain to B. subtilis

10. ml-3.5 strain of Streptomyces virido-
genes at ISP 4 and Chapek nutrient mediums
dilutes the air mycelium of Bacillus subtilis
and Penicillum test-cultures, and the rise of
other colonies of the Streptomyces bacterium
among test culture (fig. 4, a, b).

11. Ml-3.6 strain of Streptomyces helio-
mycini at Chapek nutrient medium in 15 days
made the lysis zone of Bacillus subtilis test-
culture 3 mm. And at ISP 4 nutrient medium
in 15 days it estimated 11 mm, therefore this
nutrient medium (KAA) makes good condition
for isolating antibiotic substances of named
strain, so this strain is a good antagonist against
to Bacillus subtilis (fig. 4, ¢). The lysis zone of
Penicillum at Chapek nutrient medium was 4
mm, the growing of test-culture at both of nu-
trient mediums was thinned (fig. 4, d).

12. N2KGl1 strain of Streptomyces albi-
ianatus — during 6-, 8-, 10-, 15 days of inves-
tigation lysis zone of Bacillus subtilis did not
exceed 3 mm. At Chapek nutrient medium the
lysis zone of Penicillum between 6-10 days

was 1-2 mm, at 15" day estimated 20 mm. So,
N2KG1 strain could be recommended as active
antagonist against to Penicillum (fig. 5, a, b).

13. N2KG2 strain of Streptomyces tauri-
cus after 6 days destroyed the Bacillus subtilis
test-culture to 15 mm (fig. 5, c¢), but was not ob-
served the antagonistic influence to Penicillum.

14. Streptomyces longispororuber N6KG2
of Streptomyces bacterium had bad growing
ability at Chapek nutrient medium. Named
strain during antagonism with Bacillus sub-
tilis changed some of cultural-morphological
properties (pic.6a) and between 15 days sub-
strate mycelium of N6KG2 strain emitted into
substrate a green pigment belonging to culture.
Emitting of such pigment in big quantity is ex-
plained by that strain has a strong antibiotic
ability. At Chapek nutrient medium antagonistic
activity of N6KG2 strain against to Penicillum
test-culture was a high: in 15 days the lysis zone
was estimated to 35 mm (pic. 6, b).

15. N6KG4 strain of Streptomyces steff-
isburgensis in comparison with other cultures
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had a bad antagonistic activity, because during
investigation days (6; 8; 10; 15) lysis zones of
both test-cultures did not exceed 2 mm.

16. N1KGI1 strain of Streptomyces gri-
seomycini showed the active growing at both
KAA and Chapek nutrient mediums. After
6 days of investigation a lysis zone was esti-
mated 24 mm (pic. 6 ¢), and during 8, 10, 15
days size of lysis zone was 27 mm. N1KG1
strain is a strong antagonist against to bacillus
subtilis test-culture was proved on the results
of investigation (tab. 1). During investigation
it was observed that the lysis zone of Penicil-
lum test-culture did not exceed 1 mm, but its
air mycelium had very thinned.

17. NdKGlstrain of Streptomyces chro-
mofuscus during antagonism struggle after 6
days destroyed Bacillum subtilis that had ly-
sis zone 18 mm, after 8-10-15 days its lysis
zone estimated 30 mm. So, was observed that
N4KG1 strain is a strong antagonist against to
Bacillus subtilus test-culture. The lysis zone of
Penicillum did not exceed 1-2 mm, but till last
day of investigation did not observe the strain
transition into itself.

Conclusions

On the results of investigation was ob-
served that many of Streptomyces strains are
good antagonists against to Bacillus bacterium
than Micromycets fungi. So, on the investiga-
tion’s results the following strains N3.30R;
N4KG1; N1KGI1; IVOR-K; IOR-K(1); III-
OR-K; N2KG2; N3.1/OR were selected as
strongest antagonists against to Bacillus subti-
lis test-culture and N3OR; IIOR-K, OR-K (2)
strains were selected as a strong antagonists.

The Streptomyces N6KG2; N3-OR; N2K-
Glstrains comparatively to above described
strains during investigation days (6; 8; 10; 15)
made the lysis zones of Penicillum spp.1-20 mm
and was observed that the substrate mycelium of
named fungus growing became low. So, on the
results of investigation 3 strains of Streptomy-
ces bacterium: N6KG2 strain of Streptomyces
longispororuber; N3OR strain of Streptomyces
londisporoflavus;, N2KGl1 strain of Streptomy-
ces albiianatus were selected as stronger antag-
onists against to Penicillum test-culture.
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