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THE COMPARISON OF SIDEROPHORES CONTENT
IN BACTERIA ISOLATED
FROM BLACK SEA MUSSELS

Aim. This research was carried out for determination of ability to produce sid-
erophores by strains of Pseudomonas aeruginosa and Bacillus sp. isolated from
Black Sea mussels and for studying characteristics of their synthesis at mono- and
co-cultivation of researched strains. Materials and methods. In the study we used
four strains of Pseudomonas aeruginosa and two strains of Bacillus sp. Monocul-
tivation and co-cultivation were carried out with these strains on a LB medium.
CAS (chrome azurol S) analysis was used to determine the content of synthesized
siderophores, the measurement was carried out in spectrophotometer SmartSpec
Plus at 630 nm. Conclusions. This study showed that marine strains of P. aerugi-
nosa can produce more siderophores than marine strains of Bacillus sp. At mono-
cultivation, strain P. aeruginosa M1 was able to produce the largest amount of
siderophores with value of SU (siderophores units) 65 + 4% and the smallest one
strain B. atrophaeus MH4 with value of SU 21 + 1%. Co-cultivation provides an
increase in production of siderophores in each strain, that is the result of special
interactions between different microorganisms. And through it, the combination
B. subtilis MC3+P. aeruginosa M1 demonstrated the highest content of sidero-
phores with value of SU 81 £ 6%, the lowest content was shown by combination
B. atrophaeus MH4+P. aeruginosa M3 with value of SU 41 + 4%. And such results
showed that co-cultivation is the useful method for obtaining more content of sid-
erophores from already famous strains.

Key words: siderophores, marine bacteria, Pseudomonas, synthesis, co-culti-
vation.

Siderophores are low-molecular compounds that have high ability to chelate
metal ions, especially ions of iron. Many kinds of organisms can produce sidero-
phores, among them are plants, fungi, bacteria and even certain animals. By these
organisms siderophores play many roles necessary for normal living [10]. These
substances supply metals to the cell, that is the most important function of them, but
also many siderophores have antibiotic activity, can regulate expression of genes,
provide pathogenicity and correct forming of biofilms [7, §].

There are a few types of siderophores in general that contain in a structure
one type of special chemical groups necessary for metal binding: catecholates, hy-

© C.A. Maprunenko, M.O. ®inorenosa, A.C. Cemeneus, M.b. l'ankin, 2023
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droxamates, hydroxycarboxylates. Also are three types of mixed siderophores with
different chemical groups and one with untypical structures. Each type of sidero-
phores has their own force of chelation and special traits, for example amphiphilic-
ity, photoreactivation and others [3, 5].

Special fermentative complexes are responsible for biosynthesis of sidero-
phores. They are called NRPS (nonribosomal peptide synthetases) and NIS (NRPS
independent synthetases) that are coded by BGC’s (biosynthetic gene clusters). And
the main way of increasing the synthesis of siderophores is activation of BGC’s ex-
pression [2; 4].

Considering all this, the aim of this study was a determination of ability to
produce siderophores by strains of Pseudomonas aeruginosa and Bacillus sp. iso-
lated from Black Sea mussels and a study of characteristics of their synthesis at
mono- and co-cultivation of researched strains.

Materials and methods

Six strains of bacteria isolated from Black Sea mussels were used in this
study: Pseudomonas aeruginosa M1, P. aeruginosa M3, P. aeruginosa M4, P. aeru-
ginosa PAO1, Bacillus subtills MC3 and Bacillus atrophaeus MH4. Monocultiva-
tion and co-cultivation (Table 1) were carried out with these strains for obtaining a
lot of bacteria’s biomass.

Table 1
Scheme of co-cultivation of marine bacteria
Variant Abbreviated Variant Abbreviated

of co-culture marking of co-culture marking
B. subtilis MC3 + MC3+M1 B. atrophaeus MH4 + MH4+M1
P aeruginosa M1 P aeruginosa M1
B. subtilis MC3 + MC3+M3 B. atrophaeus MH4 + MH4+M3
P. aeruginosa M3 P. aeruginosa M3
B. subtilis MC3 + MC3+M4 B. atrophaeus MH4 + MH4+M4
P. aeruginosa M4 P aeruginosa M4
B. subtilis MC3 + MC3+M4 B. atrophaeus MH4 + MH4+M4
P. aeruginosa PAO1 P aeruginosa PAO1

The nutrient medium for cultivation of bacteria was LB that consisted of 15 g
peptone, 10 g yeast extract, 5 g NaCl and 1 L marine water. Prepared medium was
sterilized at 121 °C for 15 minutes.

Both types of cultivation were carried out in conical flasks. One flask con-
tained 95 ml LB medium and 5 ml suspension of daily bacterial culture (10° cells/
ml) at monocultivation. At co-cultivation, one flask contained 95 ml LB medium,
2.5 ml suspension of daily culture of first strain of bacteria (10° cells/ml) and 2.5 ml
suspension of daily culture of second strain of bacteria (10° cells/ml). Cultivation
was carried out at 30 °C for 72 h with mixing at 150 rpm.

After cultivation, the process of centrifugation was performed in order to
obtain the supernatant. Cultural fluid was centrifuged at 3000 rpm for 20 minutes.

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2023. Ne 3. C 6—13 —— 7
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For qualitative and quantitative analysis CAS (chrome azurol S) method was
used. Special reagent was prepared for this method that consisted of 7.5 ml 2 mM
chrome azurol S, 6 ml 10 mM HDTMA (hexadecyltrimethylammonium bromide),
1.5 ml FeCl, solution (1 mM FeCl, x 6H,0 in 10 mM HCl), 50 ml dH,O and buffer
(4 g piperazine, 6.5 ml 10 M HCI, 10 ml dH,0) [6].

CAS analysis was carried out in a 96-well tablet, where 100 pl supernatant
and 100 ul CAS reagent were placed into one hole. For the control sample 100 pl
pure LB medium was placed into one hole, instead of supernatant [1]. The sense
of this method consists in selective binding of iron ions with siderophores. First,
all iron ions are bound with chrome azurole S and the color of complex is blue, but
when siderophores chelate iron, chrome azurole S changes its color and becomes
orange. Formula of the process:

FeCAS + L > FeL + CAS, where L is a ligand (siderophore), CAS is chrome
azurol S.

Hence the content of siderophores is determined through an intensity of the
change in colors. Measurement of OD (optical density) in samples was performed
in the spectrophotometer SmartSpec Plus (Bio-Rad, Hungary) at 630 nm. The con-
tent of siderophores was determined by the value of the measured optical density
and was expressed in SU (siderophores units). The formula was used to find value
of SU:

SU (%) = [(Ar-As)/Ar] x 100, where Ar is absorption of control sample, As
is absorption of experimental sample.

Statistical analysis of data was carried out in RStudio. Arithmetic mean of
values (X ), standard error (SX ) and Student's test was calculated.

Results
The results of determining the production of siderophores by monocultures
of marine bacteria are shown in Table 2.

Table 2
The comparative content of siderophores in monocultures
of researched bacteria
Microorganism Content Microorganism Content
of siderophores, of siderophores,

SU, % SU, %
P. aeruginosa M1 65+4 B. subtilis MC3 3142
P. aeruginosa M3 36+3 B. atrophaeus MH4 21+1
P aeruginosa M4 57T+5
P aeruginosa PAO1 41+3

The obtained data showed that strain P. aeruginosa M1 is capable to the
largest production of siderophores among researched organisms with a SU value of
65 £ 4%. The lowest result was shown by the strain B. atrophaeus MH4 with a SU

8 —— ISSN2076-0558. Mixpobionozis i 6iomexnonoeis. 2023. Ne 3. C 613 —
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value of 21 £ 1%. In general, all Pseudomonas strains showed higher results in the
synthesis of siderophores than strains Bacillus, the difference between the average
SU values of strains of each genus being 20 + 3% (p < 0.051) what is a significant
value. However, P. aeruginosa M3 showed the lowest result among Pseudomonas,
which may be similar to the result of B. subtilis MC3.

The results of determining the content of siderophores in co-cultures of ma-
rine bacteria are presented in Table 3.

Table 3
The comparative content of siderophores in co-cultures
of researched bacteria
Variant Content Variant Content
of co-culture of siderophores, of co-culture of siderophores,
SU, % SU, %
B. subtilis MC3 + 81+6 B. atrophaeus MH4 70+5
P aeruginosa M1 + P. aeruginosa M1
B. subtilis MC3 + 54+4 B. atrophaeus MH4 41+4
P. aeruginosa M3 + P. aeruginosa M3
B. subtilis MC3 + 76 £5 B. atrophaeus MH4 63+6
P aeruginosa M4 + P. aeruginosa M4
B. subtilis MC3 + 52+4 B. atrophaeus MH4 49+5
P aeruginosa PAO1 + P. aeruginosa PAO1

Co-cultivation showed significant increase in production of siderophores as
compared with monocultivation. The lowest result obtained from B. atrophaeus
MH4+P. aeruginosa M3 was 20% higher than the lowest result among monocul-
tures — B. atrophaeus MH4. That is why, in general, it can be seen that co-culti-
vation is more effective. But despite the mixing of organisms, an unidirectionality
with monocultures remains almost everywhere. The combination B. subtilis MC3
+ P. aeruginosa M1 with a SU value of 81 + 6% showed the highest ability to sid-
erophore’s production among co-cultures, when monocultures of these organisms
also showed the highest results of producing among their genera.

At the next stage of the work, a comparative analysis of the expected and real
content of siderophores in co-cultures was carried out. The results are shown in Fig.
1 and Fig. 2.

Expected results of co-cultivation were calculated as half of the sum of the
siderophores’ content from two respective monocultures. Real results in all cases of
co-cultivation of B. subtilis MC3 with P. aeruginosa exceeded expected results by
an average of 28% (p < 0,025). The largest difference was shown by the combina-
tion of B. subtilis MC3 + P. aeruginosa M4, where the difference between expected
result and real one was 37%. On the contrary, the smallest difference was shown
by the combination of B. subtilis MC3 + P. aeruginosa M3 with SU value of 20%.

In the case of co-cultivation of B. atrophaeus MH4 with different strains of
P aeruginosa, a similar situation develops. The expected results are smaller than
the real ones, but the difference between them is smaller than in co-cultures with

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2023. Ne 3. C 6—13 —— 9
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B. subtilis MC3 and it is on average 20% (p < 0,045). The largest difference was
shown by the combination of B. atrophaeus MH4 + P. aeruginosa M1 with SU val-
ue of 27%, and the smallest by the combination of B. atrophaeus MH4 + P. aerugi-
nosa M3 with SU value of 13%.

Content of siderophores, SU %

MC3+M1 MC3+M3 MC3+M4 MC3+PAO1

@ Expected content@ Real content

Fig. 1. Comparison of real content of siderophores in co-cultures B. subtilis MC3 with
the following strains of P. aeruginosa with the expected

Note: * — the difference is reliable in comparison with the expected data
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Content of siderophores, SU %
]
o
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o

o

MH4+M1 MH4+M3 MH4+M4 MH4+PAO1

@ Expected content@ Real content

Fig. 2. Comparison of real content of siderophores in co-cultures B. atrophaeus MH4 with
the following strains of P. aeruginosa with the expected

Note: * — the difference is reliable in comparison with the expected data
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Conclusions

Siderophores are very important molecules that provide normal life of organ-
isms in conditions of low availability of iron and other metals in the environment.
This study demonstrated the aptitude of marine bacteria isolated from Black Sea
mussels to synthesize siderophores. In general, all strains of P. aeruginosa syn-
thesize more siderophores than strains of Bacillus sp. At monocultivation, strain
P aeruginosa M1 was able to produce the largest content of siderophores with val-
ue of SU 65 + 4 % and the smallest content strain B. atrophaeus MH4 with value
of SU 21 + 1%. At co-cultivation, all results increased significantly in each used
strain. The combination B. subtilis MC3 + P. aeruginosa M1 shown the highest
content of siderophores with value of SU 81 + 6%, the lowest content was shown
by combination B. atrophaeus MH4 + P. aeruginosa M3 with value of SU 41 £ 4%.
Average difference between mono- and co-cultivation is 20% compared to the re-
sults. Also, the co-cultivation demonstrated higher results than it expected. The real
content of siderophores was higher by an average of 30% than expected content in
the co-cultures with B. subtilis MC3 and P. aeruginosa, in co-cultures with B. atro-
phaeus MH4 and P. aeruginosa by an average 20%.

Such results are caused by the special interaction between two organisms
happening during co-cultivation. This interaction is allelopathy, mutual inhibition
of growth that promotes big production of secondary metabolites and siderophores
also [9]. And by creating such conditions, we received valuable results, which are
useful for work in the field of co-cultivations of Bacillus with Pseudomonas strains.

C.A. Maprtunenko, M.O. ®inorenona, A.C. CemeHeub,
MLB. I'aakin

Opnecpkuil HalioHaNBHAHN yHIBepcuTeT iMeHi I. [. MeunukoBa,
ByJl. JIBOpsiHCEKa, 2, Oneca, 65058, Ykpaina
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IMOPIBHAHHSA BMICTY CUAEPO®OPIB
Y BAKTEPIU, BUAIJIEHUX
3 YOPHOMOPCBKUX MIJAIN

Pedepar

Mema. [[ocnioxcenns Oyno nposedere 01 8USHAYEHHS 30amMHOCHI NPOOYKY8amu
cuoepogopu wmamamu Pseudomonas aeruginosa ma Bacillus sp. euoinenumu i3
YOPHOMOPCHKUX MIOTT ma OJisi 6UGHEHHsl 0CODIUBOCMel IX CUHMe3y Npu MOHO- md
KO-KYIbMUBYSAHHI Y 00CI0dHCYy8anux wimamie. Mamepianu ma memoou. B docii-
Ooicenni 6yno eukopucmaro 4 wmamu Pseudomonas aeruginosa ma osa wimamu
Bacillus sp. IIpoeoounocs MOHO- ma Ko-KyIbmug8y8aHHs YuX Wmamie Ha cepedo-
suwi LB. J[ns eusHaueHHs KilbKOCMI CUHME308AHUX CUOEPODOPIE BUKOPUCATU
CAS (chrome azurol S) memoo, sumipioganhs npo8oOULOCs 8 CHEKMPoOPomome-
mpi SmartSpec Plus npu 630 nm. Bucnosku. /[ocniodicenss nokazano, wo MOpcoKi
wmamu P. aeruginosa npooyxyoms oinvuie cuoepoghopis, Hidc MOPCbKI wmamu
Bacillus sp. Ilpu monoxynemueyeanHi Hatlbiibuly KintbKicms cudepogopie 6ys
30amuuti npodykyeamu wimam P. aeruginosa M1 i3 snauennam SU (siderophores
units) 65 + 4 %, a natimenwy — wmam B. atrophaeus MH4 i3 3nauennsm SU

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2023. Ne 3. C 6—13 —— 11
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21 £ 1%. Ko-kynemusyeanns 3abezneuye 30ivuenHs npooykyii cudepogopis y
KOJICHO20 WMAMY, WO € PE3VIbMAamom 0CoOIUB0T 83aEMOOIT Midic PIZHUMU MIKPO-
opeanismamu. H uepes ye kombinayia B. subtilis MC3 + P. aeruginosa M1 npo-
demoncmpysana naveuwuil emicm cudepogopis iz suavennusm SU 81 + 6%, naii-
MeHwuil — kombinayia B. atrophaeus MH4 + P. aeruginosa M3 i3 3nauennsam SU
41 + 4%. Pezynomamu noxasanu, wo Ko-KyJIbIMUGy8aHHs € KOPUCHUM MeMOOOM
0J1s1 OMPUMAHHSL OIILULO2O 8MiCMY CUOEPOPOPIB Y 8IICE BIOOMUX WIMAMIS.

Kniouosi cnoea: cudepoghopu, mopcoki daxmepii, Pseudomonas, cunmes,
KO-KY/IbIMUBY BANHSL.
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METO/JI OHIHKHA HEMATOLIA/IHO]
E®EKTUBHOCTI BIOIPEITAPATY HA OCHOBI
XHMKOI'O T'PUBA MPOTU CTEBJIOBOI HEMATOIU
KAPTOILII

Mema pobomu: Bionpayrosanus memooy 8usHauenHs egpexmuenocmi Hema-
mogpaziny BT npomu cmebnogoi nemamoou Kapmonii 8 1a60pamopHux yMo8ax.
Mamepianu i memoou. bynoou xapmonni 3 03HaKAMU YUKOONCEHHS CTedl08010
Kapmonanor Hemamoooio Ditylenchus destructor Thorne, 1945. 3acmocosysanu
Memoo obpobIimKy npenapamom pospizanux 0yibO Kapmonii ma nopieHio8anl 3
Memooom 06pobimKy yinux 6ynvo 6 ymosax nabopamopii. Busnauanu 0ito mixpo-
bionoeiunoco HemamoyuoHoeo npenapamy (Hemamodpazin BT), pospobnenoeco ITI
biomexnixa HAAH. /lirouuii yunHux npenapamy — MiKpOCKONIUHUL 2PUO-XUNHCAK
Arthrobotrys oligospora wm. 12. B konexyii kKynemyp mixpoopearizmie Incmu-
mymy mixpob6ionoeii i gipyconoeii im. JI.K. 3aboromnoco HAH Yxpainu euxiona
kynomypa Arthrobotrys oligospora denonosana 3a nomepom F100047. Pe3yns-
mamu pooomu. Onucano memoou 1ab0pamopHoi OYiHKY HeMamoyuoroi 0ii bi-
onpenapamy w000 cmebn08oi KApMonaaHoi Hemamoou. B nabopamopnux ymosax
014 8u3HayenHs d0iesocmi npenapamy OinbWL IHOOPMAMUEHUM € BUKOPUCTHANHA
PO3pI3anux OYIv0, O AKUX 6CIMAHOBIEHE 3aPAdCeHHs cmeblogo0 HeMamoooio.
Lleti memoo nompebye Oinvuue uacy 01 NOCMAHOBKU 00CTIOY, ale bioazeHm Mae
OinvuLy 0ocmynHicme 00 WKIOHUKA. Bukopucmants yinux 0ynv6 meHu mpyoosu-
mpamuuii 8apianm, aie iCHYe UMOBIPHICMb 8UKOPUCMANHA 8 00CHiOl Hesapadice-
Ho2o mamepiany. [lokazano ModlCIUBicms GUKOPUCMAHN YUX Memo0die 6 1ado-
PAmMOpHUX YMO8ax 05l 8I0OOPY AKMUBHUX WMAMIE | 8U3HAYEHHSA IX edheKmuUsHOC-
mi. Bucnogok. Memoo o0bpodKu HemamoyuoHum npenapamom po3pizanux 6ynvo
i3 BCINAHOBIEHUM 3APANCEHHAM CTedI08010 HemMamooor Oinbiu iHgopmamueHull,
HIDIC BUKOPUCMANHA Yinux 0y1b0. [loyineHO nposooumu ananis Ha YUKOOMCEHHs
Kapmon.ii Hemamooamu npu 6UKOPUCMAHHI WMAmMKI8 ypasiceHoi kapmoni 3 3 no
7 000y nicas 06pobku 3% poszuunom bionpenapamy 3 ekchozuyicio 5 cooun. B aa-
bopamopuux ymosax obuosa memoou 0opobimKy nPenapamom po3pi3aHux i Yinux
0y160 Modcymes 6Gymu uxopucmari npu eunpoobyeanni 0ii Hemamodhaeiny BT na
cmebnogy kapmoniany Hemamooy. Hemamodpazin BT 6 nabopamopuux ymosax
nposAGUE HeMaAMOYUOHY AKMUGHICTG NPOMU CMeDI060I KapMONIAHOI HeMamoou.

Knwuosi cnosa: kapmonna, Ditylenchus destructor, Hemamogaein BT, nema-
MOYUOHA AKMUBHICIIb, MENOO.

© C.I. bypukina, C.I1. YxeBcbka, H.B. lnmsk, 2023
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Cre010Bi HEMaTOIU KapTOILT, SIKi 3aBIAIOThH BEIMKOT KON POCIMHAM, OyiTH
BigoMi me 100 pokiB ToMy. 3a Cy4acHUM BU3HAYCHHSM, CTEOI0Ba HEMAToJa KapTo-
wii Ditylenchus destructor Thorne, 1945 BiqHocuThes 10 Tumy Nemathelminthes
kiacy Nematoda psiny Tylenchida ponuau Angunidae [5, 16, 17]. Jlopocii Hemaro-
JIM SIK CaMIli, TaK 1 CAMKH MalOTh YePBOIOIIOHE, CKIIOBUIHO-TIPO30PE TLIO, 3BYXKE-
He 3 KiHIIiB, 0e30apBHi. BOHU XapaKkTepu3yOThCs TAKUMU ITapaMeTpaMHu: JOBKHHA
Tija caMuIlb cTaHOBUTH 720—1440 u, camuiB 750-1300 p, a mmpuHa — BiIIOBIIHO
22-32 p i 20-25 p. F'onoBHMIA KiHELb 3J1€TKa 3a0KPYTIICHUH, Ma€ HEBETUMKUN CTH-
neT (10 p 3aBmnoBxkku) [2]. Bech MUK pO3BUTKY HEMATOIU BiI0YBAETHCS Y )KHBUX
TKaHUHAX POCIHH. 3aJ€KHO BiJl TEMIIEPATypHHUX MMOKa3HUKIB PO3BUTOK TeHeparlii
TpuBae 15-45 n1i0, 3a pik po3BUBAETHCS 5—6 MOKOIIHB [§].

Cre0n0Bi HEeMaTo M 3aB1AI0TH Oy IH0aM SIK MEXaHIYHOTO TTOIIKOIKSHHSI, TIPO-
KOJIFOFOUYH KJIITHHH, TaK 1 XIMIYHOTO, YHACIIJIOK YO0 BiJOyBa€ThCS IHTOKCHKAIIS
KIIITHH 1 HEKPO3 TKaHWH. BinMepii AUISHKH 3acelstoThCs OaKTepisiMu 1 rpubamu,
10 TIPUCKOPIOE po3mnay Oyibou. L{i HemMaroau He MOXYTh )KUBUTHCS BiIMEPIUMU
TkaHuHamu [5, 17]. [Tonoxenens B.M. 3 xoneramu [14] noenu, mo credioBa He-
Marona D. destructor MOXke TIOIIMPIOBATUCS B IPYHTI Ta CIPUYHUHSATH IHTCHCHBHE
ypaxkeHHs1 Oynp0 kapTorut Ha Bigcrani 10 20 cM Bix mkepena inBasii. Kpim Toro,
BOHH MITPYIOTh BiJl MAaTepUHCHKOT OyIbOM Y IPYHT, CTOJIOHH, CTeOIa, a MOTIM — Y
HOBOYTBOpeHi OynbpOu. CTymiHb ypakeHHsS Oyiab0 TITHICHXOM B 3aJIEKHOCTI BiJl
PE3UCTEHTHOCTI cOpTiB mpu ol xusieHHs 70-80 cm? Oyna Bix 5,4 no 20,4 %
[14]. V Gagwiai HemaTo | BUSBIISUIH K Ha IMOYaTKy BereTallii, Tak i B KiHIIl BereTa-
HiHOTO TMepioay npu GpopmyBaHHI Bpoxaro [15].

Ha cporosHi puHOK HeMaToIHiB YKpaiHH OOMEKEHHIA JIUIIE OJHUM Tpe-
naparoM JUJIsl 3aXUCTY KyKypya3H, sikuil 3apeectpoBanuii y 2018 p. Tomy cucre-
Ma KOHTPOJIIO YHCEIBHOCTI Mapa3suTUYHUX HEMAaTOJ TPAAULIAHO BKIIIOYAE TIEepe-
ayciM mpodilakTU4HI, arpoTexXHivHi, XiMi4Hi Ta Oionoriyni 3axoau [5, 6, 9, 14].
Jlo 6ioMoriyHUX 3aXOJiB BiTHOCHTHCS MiAOIp CTIMKUX Ta TOJEPAHTHHX COPTIB, a
TaKOXX pO3poOKa i BUKOpUCTaHHs Oionoriunux npenapariB. CriBpoOitHukamu 1TI1
biorexnika HAAH po3po06neHo MikpoOionoriYHUi Mpernapar HeMaTOUIHOT il —
Hemarodarin BT [11]. lirounii YnHHKUK penapaTty — MiKpOCKOIUHUI ITPUO-XHKaAK
Arthrobotrys oligospora mrt. 12. B Konekuii KynbTyp MiKpooprasi3zmiB [HCTUTYTY
MikpoOioorii i Bipyconorii im. JI.K. 3a6onornoro HAH Ykpainu BUXifiHy KyJabTy-
py Hemarodariny BT Arthrobotrys oligospora nenonosano 3a Homepom F100047.
Jlirou0r0 OCHOBOIO TIpemnapary € Mileliid, TOKCH4HI MeTaboIiTH Ta Cropu rpuda
(tutp He HIK4e 32 2,0 X 10° KYO/cm?). Mexani3m aii: Ha mitenii rpuba, BUIUICHHS
SIKOTO aKTUBHO TMPHUTATYIOThH HIKIJTHUKA, YTBOPIOIOTHCS KIITHHU-TIACTKU. J[OTOpPK-
HYBILIUCH JI0 TACTKU HEMATo/ia MPUJIUIIAE, PO3BUBAETHCS Tida rpuda, sika, po3urHs-
I04H KYTHKYJTY, IPOHUKAE B CEPEAMHY TiJa HEMATOAHM 1 MONIMHAE HOTO BMICT. XWXl
rpudH MOXKYTh BIIPOIOBK TPHBAJIOTO YaCy PO3BUBATHUCS SIK carpodiTh B IPYHTI a00
Ha POCIIMHHUX 3anuikax. [IpenaparuBHa hopma: piguHa, sika MICTUTb CIIOPH Ta Mi-
LeJNil XIKOro Tpuda. PeKoMEeHy€eThCsl UTsl 3aXUCTY POCIIMH BiJl TaJJOBUX HEMATO.
[11]. EdexTuBHICTh BUKOPUCTAHHS 010JOTTYHUX 3aCO0IB 3aI€KUTH Bij OaraTthox
YMHHUKIB 1 BUBYCHHS [Iii O10areHTIB MOYMHAETHCS 3 JIAOOPATOPHUX JOCHIIKCHb.
OpnHak B JiTeparypi HaBOASTHCS METOAU J1A0OPATOPHUX 1 MOJTBOBUX JTOCIIHKEHB
[6, 9], po3po0ICH] TUTBKH TSI XIMIYHUX 3aC0O01B PeryIisiii YNCeabHOCTI CTeOI0BOT
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Hemaroau. BukopucTtanHs 610J0TIYHIMX HEMATOIH/IIB IPOTH CTEOI0BOT HEMATOAH B
ymoBax [liBaeHHoro cremy YkpaiHu moTpelye J0AaTKOBOTO J0CIiKEHHS.

MeTor HalMX JTOCHIDKEHb OyJIO BIAINpAIfOBAaHHS METOJIB BH3HAYCHHS
edexruBHocTi Hemarodariny BT mporu crebia0Boi HeMaroau KapTorwi B j1abo-
paTOpHUX YMOBaX.

Marepiajau i MmeToan

Jus nocnigy BinOupanu OyapOu 3 O3HAKAMH CEPEAHBOTO CTYIEHIO YIITKO-
JOKEHHS CTe0JIOBOIO KapTOILISIHOK Hemartonoto Ditylenchus destructor (puc.1): Ha
noBepxHi Oyb0H 0Ope BUIHO Cipi BIABJICHI IUISIMHU, 1110 3TUBAaIOThCA. bynbOa crae
M’ SIKOIO, TIPYKHOIO SIK cyxa ryoka. [lIkipouka po3puBa€eThCs, TPICKAETHCA 1 BIICTAE,
BUJIHO TIOUIKO/KEHY TKaHWHY. Ha 3pi3i BUAHO, 110 YIIKO/PKEHA TKAHWHA BiAPI3HS-
€ThCS BiJ] 37I0pOBOI.

Puc. 1. Bysib6u 3 03HaKaMH YUIKOKEHHSI CTEG10BOI0 KAPTOIJISTHOI0 HEMATO/1010
Ditylenchus destructor Thorne, 1945 (cyxor rHu/LII0)

Fig. 1. Potatoes with signs of damage by the potato stem nematode
Ditylenchus destructor Thorne, 1945 (dry rot)

[HOMI 03HAKK AITUIICHX03Y KapTOILIi CIIBIAAAIOTh 3 MPOSBAMHU 1HIIHMX 3aXBO-
proBaHb, Hanpukian gitodpToposy [5, 8, 14]. YikomkeHHs (y3apiyMoM MpU3BO-
JIUTH JI0 YTBOPEHHS PYIUX IUISIM Ha MTOBEPXHi OyIIb0, ajie MIKipovKa B MiCISIX YIIIKO-
JOKEHHS HE BIJICTA€ 1 BKPUBAETHCS MOAYIICYKaMH Tprba. Y cepeneHi MomKomKeHo
TKaHUHH CIIOCTEPIral0ThCs OCEPEIKU 3 OLTUM, )KOBTUM a00 POXKEBHM MIIIEITIEM.
ditodToposHi Oynb0H BiApi3HAIOTH Oypi, ip>KaBi TSk, 0 WAYTH ITHOOKO BCepe-
quHy OynbOu. ToOTO AITHIIEHX03 3a 30BHIIIHIM BHJIOM BH3HAYAETHCS MPUOIIM3HO
1 Tpeba jpomarkoBe oOCTeKeHHsS. ToMy, /IS MOBHOI BIICBHEHOCTI B 3apayKCHHI JTi-
TUJIEHXaMH, BiiOpaHi Oyiap0u po3pizanu HaBmisl. Binpizanu mimaTto4ok KapTOILTi
(10 r) Ge3 03HaAK YIIKOKSHHS 1 TOCIIKYBaJIM Ha HasIBHICTh HEMAaTo, 00 HeMaTo-
IV TIEPEBAYKHO 3yCTPIUaOTHCS B HEYIIKO/UKEHUX CynuHax. [[ins aHamizy Ha HasB-
HICTH B Oy/Ib0ax KapTOIUITHOT CTEOI0BOI HEMATOAM 3aCTOCOBYBAIIN CKIISIHI OaHKHU 3
METaJIeBOIO CiTKOO (MeTon OcMOomoBChKOro) (puc. 2) [2, 19], BUrotoBmsim npema-
paru 1 ineHTH}IKYBaIH 3a qOomoMoror Mikpockony OLIMPUS SZX-9.

Jami po3pizaHi OyJ1b0M TOMIIIAIH B CKIISTHI eMHOCTI 00’ eMom 250 mit (puc. 3).
Onny nonoBuny o0poo6msuin Hemarodarinom BT, npyry (KOHTpOibHY) — BOAOIO.
Jnis nocniny BUKOpUCTOBYBaiH 3% — HUU PO3YMH Tpenapary, o peKOMEeH/I0Ba-
HO BUpoOHUKOM [11]. JInsi BU3HAUEHHS BIUIMBY TPUBAIOCTI OOpPOOITKY KapTOILIi
npernapaToM J0CHIKYBaIH TP BapiaHTh ekcrosuii: 1, 5, 12 roaun. Y kokHOMY
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BapianTi HapaxoByBayiu 1o 10 xaprorumH (ycsoro 30). ITicis 06pobiTKy po3unH
mpernapary B JOCIil Ta BOAY B KOHTPOJII 31MBajIi. baHKHU 3a/IUIIaiy y BiIKPUTOMY
cTaHi (puc. 2), MPUKPUTI 3BepXy CITKOIO (17151 yOe3neueHHs JOCTYITy KOMax 0 3pa3-
KiB) IPOTATOM yChOTO Jociiay 3a remneparypu (18 + 4°C) ta BigHOCHOT BOJIOTOCTI
(78%).

Puc. 2. CiTka 1151 BUTOHKH Puc. 3. Bynbou kapromii
HeMAaToJx MiATOTOBAaHI IJI5 aHATI3Y
Fig. 2. Grid for extracting Fig. 3. Prepared potato tubers
nematodes for analysis

O6nix Hemarox npoBoawin yepes 3, 7 Ta 9 116 3a Metonom OCMOIOBCHKOTO
[2, 19]. Hemaroau BUXOIATH 1 OCiIal0Th Ha JHO OaHKU. MepTBi 3MHUBAIOTHCS BO-
JI010, TAKOK KOHIICHTPYIOTHCS Ha JHI 1 He MPOSBIAIOTH pyXIuBOCTi (puc. 4). Uepes
24 ropuHU BEpXHIN IIap BOAM 3JIMBAJIH, a 0Ca] MepeiarBaiu B yamky [lerpi i mo-
ciimpkyBanu mig mikpockoriom CITOVAL — 2.

Puc. 4. 3pa3ok i3 meprBuMu HemaTogamu (0,6 x 12)

Fig. 4. Sample with dead nematodes (0.6 x 12)
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Jst nudepennianii cTe010Bo1 HEMATOAM BiJ CallPOOIOHTHHX, IO MOXYTh
TaKoX OyTH MPUCYTHIMH y Oyab0ax, BUKOPHCTOBYBAIIN 3a0apBICHHS CIIA0KUM PO3-
YMHOM METHJICHOBOTO CHHBOTO (5 MJI TUCTHILOBAaHOI BOJH + 5 Kpamnenb 1% pozun-
HY METHJICHOBOTO CUHBOTO). [TprOnu3Ho yepe3 5—7 XBUIIMH carpoOiOHTHI HEMATo-
I 3a0apBIIOIOTHCS B CHHIN KOJIIp, a cTe010Ba HeMaTo1a 30epirae cBii kodip [S].

[{imi OyneOm, sIK MPOBOIATH OUTBIIICTH AOCHiAHUKIB [17], 3 03HaKamu ymi-
KOJPKEHHSI BUKOPUCTOBYBAJIM Yy APYTid YacTHHI IOCHipKeHHS. Tak K TITHICHXU
ICHYIOTh 3[1€01IBIIIOTO B CYIMHAX, Ky/IU MOTPAIUITHHS Ipenapary ooOMexeHe, Oya
BUKOpHCTaHa JUIsi 00poOiTKy Oijblla 13 peKOMEHI0BaHUX KOHIEHTpaliii Hemaro-
¢ariny BT (5%). Kapromuto o6pobisiiu Bipogosx 12 rogun (I Bapiant, 10 ex3.) Ta
24 ropun (II BapianT, 10 ek3.), aHai3 Ha HAsIBHICTH CTEOJIOBOI HEMATOAM POBOIH-
u yepe3 7 ni6. BunpoOyBaHHs mpemnapaty npoTd cTeOI0Boi HEeMaToau BUPOOHU-
KOM Hi B 1a00paToOpHUX, a Hi B IOJIBOBUX YMOBAX HE IMMPOBOIUIIOCS, 1 PEKOMEH I0BA-
HO BUKOPHCTOBYBATH HOr0 NPOTH LIMCTOYTBOPIOBAJIbHUX Hemarox [11].

Craructudny 00poOKy OTPUMAHUX TaHUX ITPOBOIWIIN BiIOBITHO JI0 3arajib-
HOIIPUIHATUX METOJIIB BapialliiHOi cTaTucTHKH HA 95% piBHI 3HaUnMoOcCTi [1]. Bu-
KOPHCTOBYBAJIA KOMIT'IOTEpHUI cTaTucTUYHMIA akeT 00poOku nannx STATISTICA
Bepcis 6.0.

Pe3yabTaTH 1ocaixkeHb Ta ix 00roBOpeHHs

Jocmiz i3 po3pizaHOr0 KapTOIUICIO TIOKa3aB, 10 BUKOpUcTaHHs Hemarodari-
Hy BT y xonuenTpanii 3% nano mo3uTHBHI pe3yNnbTaTh y BCIX BapiaHTax i CroCTe-
pirajacs BUCOKa CMEPTHICTh HeMaTol. B KOHTpoIbHOMY BapiaHTi, e Oynb0u He
00po0IsIIM TpemapaToM, TaKOXK CIIOCTEPIraii CMEPTHICTh HEMATO/, 1110, MOXKITUBO,
MOSICHIOETHCS TIOPYIICHHSM [UTICHOCT] KapTOIUIMH. TpUBalIiCTh €KCIO3UIlii Oyinb0
B PO3UMHI IIpernapaTy He BIUTUHYJIA HA PE3YJIbTaTH BIKUBAHHS HEMaTol. Bike uepes
TpH J00H Micist 00pOOITKY mpenapaTroM OTPUMAIU MO3UTHBHUN PE3yJbTaT, BUCOKY
CMEPTHICTh CIIOCTEpiraiu i uepe3 ciMm Ta aeB’sTh 1i0 (puc. SA).

B koHTpoOsNBbHUX 3pa3kax yepe3 ciM Ji0 crocTepiranu 0arato KMBUX HEMa-
TOJI 32 PaXyHOK JTMUYMHKOBUX CTA[Ii}, YUCENBbHICTh IKUX 3HAYHO 301IbIIIIIACS Yepe3
neB’stb 1i0 (puc. 5B), 1m0 cBiTYUTh PO PO3MHOKEHHS Ta PO3BHUTOK S€lb. Take
SIBHIIIE CIIOCTEPITajy i B OHOMY 13 TOCIHITHHX 3pa3KiB. Lle Moke Bka3zyBaTH Ha Te,
IO Mpernapar Jie€ Ha JOPOCIUX HEMATo[, aje He BIUIMBAE HA PO3BUTOK S€Ib, 00
TEPMiH HOTro micisii ooMexennid. OQHAK, KUTBKICTh )KMBUX CTEOJIOBHX HEMATOIl B
KOHTPOJIbHUX BapiaHTax Oyap0 3Ha4HO MepeBHIyBajia JochiaHuil (puc. SB).

Jlyis 3py4HOCTI IPOBENEHHS MaTeMaTHYHOi 0OpOOKH pe3yabTaTiB JOCIimdy,
KUTBKICTh CTEOJIOBHX HEMATO]l, SIK )KMBUX TaK 1 MEPTBUX, MU BijoOpa3wiu depes
yMOBHI iHeKcH [1, 6], 1e 3a onuHuIko npuiiHATo 10 ocobuH. KiUTbKiCTh MEPTBUX
OCOOMH IIKiIHUKA B AOCTIAHUX Oynp0ax Mpu BCiX TepMiHaX Ail mpenapary BHILA
3a KOHTPOJIbHI 3pa3ku y 1,8-3,0-2,0 pa3u BignosigHo excno3uiii 1, 5 Ta 12 ro-
muH (Tadn.), ane 3 OISy Ha BUCOKY BapialenbHICTh pesynbrariB (48,1-77,5%),
pi3HHLS MDK TepMiHamu Aii npenapary He cyrresa (0,33-0,50 npu HCP | ,.=0,86).
B cepennbomy 3a Tepminamu micnsiaii Oionpenapary (3, 7 Ta 9 ni6), MakcuMaibHa
3arubenb cTeOI0BUX HEMATOJI CIIOCTEPIraeThes MPH 3aHyPIOBaHHI Oyab0 KapTOILI
Ha | roquny y 3%-nuii po3unn Hematodariny BT, ane 3 omsay Ha ix 3aranbpHy
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KUTBKICTB, IIPH TaKii ekcrio3uiii runyo Bix 38,3 1o 61,3%, a npu S5-ronquHHIMi eKc-
no3utii criocrepiranu 100% 3arubens mkigHuKa yepes 7 1io.
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Puc. 5. YMoBHA KiJIBKICTH CTE€0JJOBHX HEMATO/ B 3aJI€;KHOCTI BiJ eKCIo3uii
Ta TepMiHy micasiaii po3unny (3,0%) Hemarodariny BT
[Tpumitka: A — MepTBi HemMaroau, B — uBI HEeMaToau, K — KOHTPOJIb, [T — TOCHI]

Fig. 5. Conditional number of stem nematodes depending on the exposure
and the after effect the solution (3.0%) of Nematophagin BT
Note: A — dead nematodes, B — live nematodes, k — control, 1 — experiment

Opanmu i3 TpyaHouIiB mociimkeHHs nii Hemarodariny BT na Hemaron y
miaux Oyap0ax € Te, M0 He 3aBKIM 30BHIINIHI O3HAKH YIIKOKEHHS OyIIb0 KapTOTuTi
03HAYaI0Th MPHUCYTHICTh HEMATOA. AJie, BCe XX Taku, Npu BUNpPoOyBaHHI 5%-HOT
koHmneHntparii Hemarodariny BT Ha minux Oynp0ax, MU OTpUMaIIH 3aru0estsb mapa-
3utiB 'y 70 % Ta 60 % Oynn0, BiamoBiaHO TepMiHy aii mpenapaty 12 ta 24 roguHu.
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Tabnuws
‘YMmoBHHUI iHIeKC MEPTBHX cTe0JIOBUX HEMATO/ 32 TEPMiHOM €KCIIO3HILil
B 3% - Homy po3unHi Hemartodariny BT (Bapiant n=10)

Table
Conditional index of dead stem nematodes according to the exposure time
in a 3% solution of Nematophagin BT (variant n=10)
Excno3uuis, Bapiant M+ m InTepBan PiBenn
TOAMH KOJIUBAaHb HajiiiHoCTi, %
1 0,83 +0,41 1,0-0,0 42,8
5 KOHTPOJIb 0,33 +£0,52 1,0-0,0 54,2
12 0,67 £0,52 1,0-0,0 54,2
1 1,50 + 0,34 3,0-1,0 87,8
5 JOCTIT 1,00 £+ 0,00 1,0-1,0 100,0
12 1,33+£0,33 3,0-1,0 85,7
HCP 0,86

Lle#t pesynbrar cBiquuTh 1po AieBicth Hematodariny BT Ha cTe6moBy KapToTuisHy

B maGoparopHux ymMoBax i BA3HAYCHHS JI€BOCTI Tipernapary Outbi iHop-
MaTHBHUM OyJI0 BUKOPUCTAHHS PO3pi3aHUX HABMUI Oyib0, JUIS SIKUX BCTAHOBIIC-
HE 3apakeHHs CcTeOI0BOI0 HeMatozoro. Llelr MeTon mMae Banxy y 30iIbIIEHHI Yacy
MMOCTAaHOBKH JOCIITy, aje 0i0areHT Mae OUTBITY AOCTYIHICTH J0 MIKiTHUKA. BH-
KOPUCTaHHS MiTUX Oynp0 MEHI TPYIOBUTPATHUN BapiaHT, ajie iCHye WMOBIpHICTh
3aCTOCYBAaHHS B JTOCJIIJII HE3apaKEHOTO MaTepiairy.

Buxopucrani migxomun B 1a00paTOpHUX JOCHIDKCHHSIX MOXKHA BBaXKa-
TH CKJIQJIOBOIO YAaCTHHOIO METOAMKH BUIPOOYBaHHS OyIb-SIKOTO HEMAaTOIHIHOTO
mperapary mpoTH cTeOI0BOI KapTOIUITHOT Hemaroau. OcTaTouHIi BUCHOBOK TIPO
e(eKTHBHICTH mpenapary Oyzme 3po0IeHO ICIsI MPOBEACHHS TOCIIKSHD B TIOTHO-
BUX YMOBaXx.

[Ipenmapar Hemarodarin BurmyckaeThcs pizHUMH BupoOHHKamu: ITI bio-
texaika HAAH (Hematodaria BT) [11], ¢ipmoro Uepkachiozaxuct (Hemaroda-
rin-6i0) [10] Ta TOB «bio Lenrp» (Hematodaria M) [12] i pekoMeHI0BaHU /1151
3aXHCTY BiJl UCTOYTBOPIOBAJILHUX HEMATOJ] OBOYEBUX Ta KBITKOBO-JIEKOPATUBHUX
KyJBTYp 3aKpHUTOTO TPYHTY. [[it0o4a 0CHOBA BCiX BKa3aHWX IIpeTapaTiB — CIIOPH T'PH-
0a Arthrobotrys oligospora, ane mis nocmimkeas Mu BuOpanun Hemarodarin BT,
OCKUTBKH HOTO 3aHeceHO 10 «Ileperniky JomoMi>KHIX MTPOAYKTIB /IS BAKOPHCTAH-
HS B OpraHI9YHOMY BHUPOOHUIITBI...» [3].

Sx cBimuare aBropu [4, 7], TOBHOTO 3aXUCTY KapTOIUTI BiJ] 3aCEJICHOCTI CTe-
OJIOBOXO HEMATOJIOKO BiH HE 3a0€31eUnB, PU BUPOIIYBAaHHI KAPTOILIi Y BIIKPUTOMY
rpyHTi 30HH [lomicest mepeBipeHo mpenapat Hemarodarin-0i0, eheKTUBHICTD SKOTO
cranoBmia 51,6% mpu 3acTocyBaHHI Ha copTi KapToruti YapyHka. B maboparopHo-
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My EKCIIEPHMEHTI OTpuMaiu Buily edektuBHICT Hemarodariny BT, ane Takox
BiJI3HAUMJIM HIOAHC HETTIOBHOTO 3aXHUCTY.

Konern 3 MonnoBu [18] TectyBanu B 1abOpaTOpHUX YMOBaxX O10JIOTIYHHIA
Hemarouu] AOaMeKTHH, SIKU 3a0e31edyBaB CMEpPTHICTh napa3uTiB Ha 50% 1 Oiib-
11e, [0 3aJIeXkKAaJI0 BiJ| KOHIEHTpaIliil Ta yacy aii npenaparty. [Ipu upomMy BOHH BH-
KOPHUCTAJH MiIXOAH aHAJIOTI4HI JIJAOOPATOPHOMY JOCIITy: BUBUAIM Pi3HI KOHIICH-
Tpauii npenapary Ta TepMinu ioro aii (Bix 1 mo 16 1i6) nmpu 06poOiTKy po3pizaHuX
Oynb0, ane MpoTH HHUCTOYTBOpIOBaIbHUX HeMaton Globodera pallida.

Merton 0OpoOITKY HEMaTOIMIHUM TpenapaToM po3pizaHux Oyas0 i3 BcTa-
HOBJICHHM 3apa)kKeHHSIM CTEOJIOBOI0 HEMAaTOI0K0 OUThII iH()OPMATUBHUH, HIX BH-
KOPUCTaHHS KX Oynb0. J[oiaTbHO MPOBOAMTH aHAIII3 HA YIIKOIKEHHS KapTOILI
HEMAaToJaMH1 MPH BUKOPUCTAHHI IIMATKIB Ypa)Ke€HOi KapToruti 3 3 mo 7 go0y micis
00poOku 3% po3uynHOM Oiompenapary 3 eKCIIO3HUIIIEI0 5 TOIUH.

Hemarodarin BT B maGoparopHux yMoBax MpOSBUB HEMAaTOLUIHY AKTHB-
HICTh MPOTH CTEOJI0BOT KAPTOIUITHOT HEMATOIH.

S.I. Burykina', S.P. Uzhevska', N.V. Pylyak*

' Odesa State Agricultural Research Station of the Institute
of Climate-Oriented Agriculture NAA,
Odesa district, Khlybodarskoe township, 24 Mayatska doroga,
tel.: +38 (048) 740 15 78; e-mail: odsds-chlebodarskoe@ukr.net
% Engineering and Technological Institute "Biotechnique"
of the National Academy of Sciences,
Odesa district, village Khlibodarske, str. Mayatska doroga, 26,
tel.: +38(048)770 56 72, 094 995 96 72; e-mail: nceb2017@gmail.com

METHOD OF ASSESSING THE NEMATOCIDAL
EFFECTIVENESS OF A BIOPREPARATION BASED
ON PREDATORY MICROMYCETE AGAINST
THE POTATO STEM NEMATODE

Summary

Aim — Studing of methods for determining the effectiveness of Nematophagin BT
against potato stem nematode in the laboratory. Materials and methods. For the
experiment, potato tubers with signs of damage by the stem nematode Ditylenchus
destructor Thorne, 1945 were selected. The method of treatment of cut potato tu-
bers with the preparation was used. It was compared with the method of treatment
of whole tubers in the laboratory. The effect of the microbiological nematicidal
preparation (Nematofagin BT) developed by ITI Biotechnology of NAAS was de-
termined. The effectiveness of the microbiological preparation of nematicidal ac-
tion (Nematofagin BT), developed by ITI Biotechnology of NAAS, was determined.
The active ingredient of the drug is a microscopic fungus-predator Arthrobotrys
oligospora strain 12, the initial culture of which is deposited in the collection
of microorganism cultures of the D.K. Zabolotny Institute of Microbiology and
Virology of the National Academy of Sciences of Ukraine F100047. Results. The
methods of laboratory evaluation of the nematicidal effect of the biological prod-
uct against potato stem nematode are described. In laboratory conditions, to de-
termine the effectiveness of the drug, it is more informative to use cut tubers that
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have been infected with stem nematode. This method requires much more time
to set up, but the bioagent has bigger accessibility to the pest. The use of whole
tubers is less labor-intensive, but there is a possibility of using uninfected material
in the experiment. The expediency of using these methods in laboratory conditions
for the selection of active strains and determination of their effectiveness is shown.
Conclusion. The method of nematicidal treatment of cut tubers with established
infection of stem nematode is more informative than the use of whole tubers. It is
advisable to analyze for damage to potatoes by nematodes when using pieces of
affected potatoes from 3 to 7 days after treatment with a 3% solution of the biolog-
ical product with an exposure of 5 hours. In laboratory conditions, both methods
of treatment of cut and whole tubers with the preparation can be used to test the
effect of Nematophagin BT on potato stem nematode. Nematophagin BT showed
nematicidal activity against potato stem nematode in laboratory conditions.

Key words. potato, Ditylenchus destructor, Nematophagin, nematocidal activ-
ity, method.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Bacunvkoecokuii O. M., Jlewenko C. M., Bacunrvkoecvka K. B., Ilempen-
ko /[. I Ilinpyunuk nocnigHuka. HaBuanbHuil ociOHUK AJIs CTY/IEHTIB arpo-
TeXHIYHUX cnenianbHocTeil. — KipoBorpan. 2016. — 204 c.

2. Bpeoumenu cenvbCKOXO3AUCMBEHHBIX KVIbMYD U JECHbIX HACAHCOCHULL:
B 3-x 1./ Ilog obut.pexn. B. II. Bacunsesa. 2-e u3g., ucnp. u gon. T. 3. Me-
TOZBI ¥ CpPelCcTBa OOPHOBI ¢ BPETUTEISIMU, CHCTEMbl MEpOIPUSATHIA 10 3a-
mute pactenuii / Pen.toma B. I1. Bacunbes, B. I1. Omentora. — K.: Ypoxaid,
1989. —408 c.

3. [Taspan L, Ilpokineys C., boeamup JI., Ilacayvka B., I'anawescokuii C., bi-
auk T, Pabenxo O. llepenik 1ONOMDKHUX NMPOAYKTIB JJii BUKOPUCTAHHS B
OpPraHiYHOMY BUPOOHMIITBI 3 BPaxyBaHHSIM BUMOI CTaHAAPTY MIKHAPOIHUX
aKpeIUTOBAaHUX OpPraHiB cepTHdikallii 3 OpraHiuHOro BUPOOHUITBA Ta Iepe-
poOKH, 1110 € exkBiBasieHTHUM perniaMmenTaM €C Ne834/2007 ta Ne 889/2008.
— BunaBuuurso: TOB «Opranik crannapt», 2019. — 152 c.

4. I'ypmanuyx O. B., Konomiuuyk /{. P., Tereuyx A. O. BB 61070TTYHHX 1
XIMIYHUX IpenapariB Ha Po3BUTOK cTeOnoBoi Hemartonu kapromii // Ciib-
ChbKE€ TOCIOJIaPCTBO — CTaJMil pO3BUTOK YKpaiHu. Marepiain BCeyKkp. HayK.
— NpakT. KoH., 12 muctonana 2020 p. — XKXuromup: [lonicekuii HalioHaTbHUI
yHiBepcurert, 2020. — C. 174-176.

5. Jlemenmvesa C. I1. CrebneBast HemMaToza KapTodess u Mepbl OOpbObI ¢ HEMl.
— Kumnes: Hltunana, 1980. — 28 c.

6. Kapmonnsapcmeo: Meronuka nociigHoi crnpasu /3a peaakuieto A. A. bon-
napuyka, B. A. Konrynosa. — Binnuis: TOB «TBOPHW», 2019. — 652 c.

7. Konomivuyx J{ .P. IIpogyKTUBHICTb KapTOILI1 TP 3aCTOCYBaHHI O1010ITYHUX
1 XIMIYHHX TipenapatiB npotu Ditylenchus destructor. // Tlpobnemu exonorii
Ta €KOJIOTTYHO OPIEHTOBAHOTIO 3aXUCTy pocyinH. Marepianu I HaykoBo-npak-
TUYHOI KOH(epeHwii cTyneHTiB, 3 xoBTHs 2020 p. — Kurtomup: Ilonicekuii
HallloHaJIbHUH yHiBepcuteT. — C. 22-26.

22 —— ISSN 2076-0558. Mixpo6ionozis i Giomexnonozia. 2023. Ne 3. C 14-25 _—



METO/] OLIIHKW1 HEMATOIITHOT EOEKTUBHOCTI BIOTIPEITAPATY ...

8.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Komiwok JI. A. Exonoro-0ioiaoridyHi ocoOJIUBOCTI CTeOI0BOI HEMAaroau
Ditylenchus destructor Thorne npu napa3utyBaHHi Ha KapToruii B 30Hi Ilo-
aicces Yipainwm.: [luc. ... kana. 6i0i1. Hayk. Kutomup, 1999. — 153 c.
Memoouxu BunpoOyBaHHS 1 3acTocyBanHs nectuiuais // Tpubens C. O., Ci-
rapboBa JI. J[., Cexyn M. II., Iamenko O. O. Ta in. 3a pexn. npod. Tpude-
asa C. O. — Kuis: CsiTt, 2001. — 448 c.

Hemamodgaein — 6io. URL: https://cherkasbiozakhyst.com/nematofagin-bio/
pol.

Hemamodpaein BT. URL: https://biotekhnika.od.ua/produktsia/mikrobiolo-
hichni- preparaty/nematofahin-bt

Hemamodgpaein M. URL: https://centrbio.com.ua/ua/p63641503 1-nema-
tofagin-bio-tsentr.html.

Hecmepos I1. M. ®utonap3uTHYeCKUEe W CBOOOJHOKHUBYIIUE HEMATOJbI
roro-3anga CCCP. — Kummues: tunana, 1979. — 314 c.

Honoxceneyv B. M., Pooxckosa T. O., Hemepuyvka JI. B., Kypascvka 1. A.
CucteMHHUI KOHTPOJIb PO3BUTKY 1 momwmwupeHHst Ditylenchus destructor B
arpoueHo3i kaprorii. // Bichuk CyMChKOTO HaIliOHAIBHOTO arpapHoro yHi-
Bepcurety. Cepist «ArpoHomis i Gionoris». —2017. — B. 9 (34). — C. 1-4.
Tonooceneyv B. M., Hemepuyvra JI. B., Kypascvxa 1. A., @edopuyx C. B.
Oco0MuBOCTI BIUTUBY XIMIYHUX 1 O10JIOTIYHHUX TpenapaTiB Ha 3aXHUCT HACIH-
HeBoi kaprorti // IlpakTuka i Teopiss €)eKTUBHOTO BUKOPUCTAHHS 3€MEIb-
Hux pecypcis [Tomices: 30. crareii Beeykp. Hayk. — npakT. koH]., 2223 Jr0T.
2017 p. — XKuromup: Ykpekobiokon, 2017. — C. 137-139.

Yemunos A. A., Jlunnuk I” H. CtebneBast Hematoa kaptodeist. — XapbKoB:
N3n-Bo XapbKOBCKOTO TOCYIapCTBEHHOTO YHUBEpcuTeTa, 1955. — 56 c.
Decker H. Phytonematologie (Biologie und bekdmpfung pflanzenparasitirer
Nematoden) Veb Deutscher landwirtschaftsverlag. — Berlin, 1969. — 445 p.
Sasanelli N., Toderas I., Veronico P, lurcu-Straistary E., Rusu S., Melli-
lo M. T,, Caboni P. Abamectin Efficacy on the potato Cyst Nematode Glo-
bodera pallida.// Plants.2020.9.12.: https://doi.org/10.3390/plants9010012.
Wetzel T. Diagnose von krankheiten und beschddigungen an kulturpflanzen
diagnosemethoden Veb Deutscher Landwirtschafsverlag. — Berlin, 1984. —
224 p.

REFERENCES

Vasylkovskyi O M, Leshchenko S M, Vasylkovska K V, Petrenko D I. Re-
searcher's textbook. Study guide for students of agrotechnical specialties.
Kirovohrad: 2016. 204 (in Ukrainian).

Pests of agricultural crops and planted forests: In 3-kht./ Pod obsch.ed. Va-
sileva V P. 2nd ed., ed. and additional T.3. Pest control methods and tools,
systems of measures for plant protection / Volume editors Vasiliev V P, Om-
elyuta V P. K.: Urozhai, 1989: 408 (in Russian).

Gavran I, Prokipets S, Bogatyr L, Pasatska V, Galashevskyi S, Bilyk T, Ry-
abenko O. List of auxiliary products for use in organic production taking into
account the requirements of the standard of international accredited certifi-

— ISSN 2076-0558. Mixpobionocis i 6iomexnonoeia. 2023. Ne 3. C 14-25 —— 23



C.1. Bypukina, C.I1. Y:keBchka, H.B. ITnasik

cation bodies for organic production and processing, which is equivalent to
EU regulations No. 834/2007 and No. 889/2008. Publisher: LLC "Organic
Standard", 2019. 152 (in Ukrainian).

4. Gurmanchuk O V, Kolomiychuk D R, Telechuk Ya O. Influence of biologi-
cal and chemical preparations on the development of potato stem nematode.
Agriculture - sustainable development of Ukraine: all-Ukrainian materials.
science and practice conference, November 12, 2020. Zhytomyr: Polish Na-
tional University:174—176 (in Ukrainian).

5. Dementyeva S P. Potato stem nematode and its control measures Chisinau:
Shtiintsa, 1980. 28 (in Russian).

6. Potato growing: Methodology of the experimental case / Edited by
A. A. Bondarchuk, V. A. Koltunov. — Vinnytsia: Tvori LLC, 2019. 652 p. (in
Ukrainian).

7. Kolomiychuk D R. Productivity of potatoes with the use of biological and
chemical preparations against Ditylenchus destructor. Problems of ecology
and ecologically oriented plant protection: materials of the 1st scientific and
practical conference of students, October 3, 2020. Zhytomyr: Polisky Nation-
al University: 22-26 (in Ukrainian).

8. Kotyuk L A. Ecological and biological features of the stem nematode Dity-
lenchus destructor Thorne in the process of parasitizing on potatoes in the
Polissya zone of Ukraine. Dissertation for the degree of Candidate of Biolog-
ical Sciences Zhytomyr, 1999. 153 (in Ukrainian).

9. Methods of testing and application of pesticides // Tribel S O, Sigareva D D,
Sekun M P, Ivashchenko O O et al. Edited by Prof. Tribel S O. K.: Svit, 2001.
448 (in Ukrainian).

10. Nematofagin — bio. URL: https://cherkasbiozakhyst.com/nematofagin-bio/
p91. (in Ukrainian).

11. Nematofagin BT. URL: https://biotekhnika.od.ua/produktsia/mikrobiolo-
hichni- preparaty/nematofahin-bt (in Ukrainian).

12. Nematofagin M. URL: https://centrbio.com.ua/ua/p63641503 1-nematofagin-
bio-tsentr.html (in Ukrainian).

13. Nesterov P I. Phytoparasitic and free-living nematodes of the south-west of
the USSR Chisinau: Shtiintsa, 1979. 314 (in Russian).

14. Polozhenets V M, Rozhkova T O, Nemerytska L V, Zhuravska I A. Systemic
control of the development and spread of Ditylenchus destructor in pota-
to agrocenosis. Bulletin of the Sumy National Agrarian University. Series
"Agronomy and Biology". 2017; 9 (34): 1-4 (in Ukrainian).

15. Polozhenets V M, Nemerytska L V, Zhuravska I A, Fedorchuk S V. Peculiar-
ities of the influence of chemical and biological preparations on the protec-
tion of seed potatoes. Practice and theory of efficient use of land resources
of Polissia: coll. articles of the All-Ukrainian of science - practice confer-
ence, February 22-23. 2017. Zhytomyr: Ukrekobiokon, 2017: 137-139 (in
Ukrainian).

16. Ustinov A A, Linnyk G N. Potato stem nematode. Kharkiv: Publishing House
of Kharkiv State University, 1955. 56 (in Russian).

24 ——  ISSN 2076-0558. Mixpo6ionozis i Giomexnonozia. 2023. Ne 3. C 14-25 _—



METO/] OLIIHK1 HEMATOIINTHOI EOGEKTUBHOCTI BIOTIPEITAPATY ...

17. Decker H. Phytonematologie (Biologie und bekdmpfung pflanzenparasitérer
Nematoden) Veb Deutscher landwirtschaftsverlag. Berlin, 1969. 445.

18. Sasanelli N, Toderas I, Veronico P, Iurcu-Straistary E, Rusu S, Mellilo M T,
Caboni P. Abamectin Efficacy on the potato Cyst Nematode Globodera palli-
da. Plants.2020.9.12.: https://doi.org/10.3390/plants9010012.

19. Wetzel T. Diagnose von krankheiten und beschidigungen an kulturpflanzen
diagnosemethoden Veb Deutscher Landwirtschafsverlag. Berlin, 1984. 224.

Crarrs Haniinma no penakuii 21.07.2023 p.

— ISSN 2076-0558. Mixpobionocis i 6iomexnonoeia. 2023. Ne 3. C 14-25 —— 25



DOI: http://dx.doi.org/10.18524/2307-4663.2023.3(59).287048
UDC: 579.678

A.G. Merlich, L.I. Kimurzhyi, R.R. Kovalchuk,
M.V. Shutylo, V.O. Ivanytsia

Odesa I. I. Mechnikov National University,
Department of Microbiology, Virology and Biotechnology,
65058 Dvorianska str., 2, Odesa, Ukraine,
tel.: +380964367403, e-mail: andriymerlich@gmail.com

ANTIMYCOTIC ACTIVITY OF THE ISOLATES
OF LACTOBACTERIA FROM WATER
AND MUSSELS OF BLACK SEA

Aim. Determination of the presence of antimycotic activity and its level in thirteen
lactobacteria isolates from Black Sea water and mussels. Methods. Antimycotic
activity of lactic acid bacteria (LAB) isolates was tested by agar diffusion method
in 24-well plates. To determine character of action the plates were incubated for 7
days at 25 °C. Results. For the first time antimycotic activity of marine LAB from
Odesa coast was estimated. The majority of the tested isolates of lactobateria ex-
hibited antimycotic activity of high level completely inhibiting (in 100%) as myce-
lium growth as well as spore formation of Penicillium expansum UKM F-575 and
Aspergillus niger UKM F-16706 on second day of the study. Four isolates (M.5.1,
M.5.2, M.7.1, M.7.2) showed lower antimycotic activity (from 0 to 75%). Eight
LAB isolates from seawater (W.1.1, W.1.2, W.1.3, W.1.4, W.1.5, W.1.0x, W.2.3,
W.2.4) and one isolate from mussel liguor (M4.1) completely inhibited mycelial
growth and sporulation of P. expansum UKM F-575 and A. niger UKM F-16706
even within seven days indicating fungicidal character of action. Conclusions.
The most of tested LAB isolates from Black Sea exhibited high antimycotic activity
against P. expansum UKM F-575 and A. niger UKM F-16706 indicator strains.
The most active lactobacteria isolates were W.1.1, W.1.2, W.1.3, W.1.4, W.1.5,
W.1.0x, W.2.3, W.2.4 isolated from Black Sea water and M4.1 — from mussel liquor.
The character of the revealed antimycotic activity was determined as fungicidal.

Key words: antimycotic activity, molds, mussels, lactic acid bacteria, Black Sea.

Lactic acid bacteria (LAB) are large group of microorganisms including rep-
resentatives of various genera such as Lactobacillus, Halolactobacillus, Marinilac-
tobacillus, Pediococcus, Carnobacterium, Enterococcus etc., which inhabit many
ecological niches, including marine environment [1]. A great diversity of secondary
metabolites including organic acids, bacteriocins, peptides and other compounds,
which possess antimycotic activity are produced by lactobacteria [6].

It is known about great difference of marine environment compared to other
ecological niches, primary by its extreme conditions indicating a possibility of iso-
lation of bacterial strains with high antagonistic activity [2, 9]. Lactobacteria from
marine environment can exhibit antimycotic activity and they can find possible
application in food industry due to it [6].

© A.T. Mepmiy, LI. Kimypxuii, P.P. Kopansuyk, M.B. lllyTtuio, B.O. IBanuns, 2023
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Nowadays, consumers demand minimally preserved food combining with
long storage time that can be dangerous for their health because of safety problems.
Lactobacteria because of their antagonistic activity can be used as bioprotective
microorganisms to preserve food products [5].

However, there is a limited amount of information regarding LAB from the
Odesa littoral of Black Sea and their antimycotic properties, which indicates that
they are understudied.

The aim of this work was to determine the presence of antimycotic activity
and its level in thirteen lactobacteria isolates from Black Sea water and mussels.

Materials and methods

Eight LAB isolates which were isolated from the Black Sea water (W.1.1,
W.1.2, W.1.3, W.1.4, W.1.5, W.1.nx, W.2.3, W.2.4) and five ones isolated from
Mytilus galloprovincialis Lamarck (M.4.1, M.5.1, M.5.2, M.7.1, M.7.2) were used
in this study. Water and mussel samples were taken at the Hydrobiologycal sta-
tion of ONU during the previous works. Classical MRS medium was used for the
cultivation of LAB [4]. Lactobacteria were inoculated by the streak method and
cultivated at 37 °C for two days. LAB strains were stored at +4 °C and maintained
by periodic cultivation.

Before screening of LAB for the ability to produce antimycotic compounds,
they were inoculated into MRS broth and cultured at 37 °C for 24 hrs. The con-
centration of cells of overnight cultures of lactobacteria was determined by the
spectrophotometer SmartSpec Plus (Bio-Rad, USA) at the wavelength of 600 nm.

Also, two strains of molds were used for the study: Aspergillus niger
UKM F-16706 and Penicillium expansum UKM F-575 from the collection of the
D.K. Zabolotny Institute of Microbiology and Virology (Kyiv). Potato dextrose
agar (PDA) was used for molds cultivation [10]. They were inoculated by the streak
plate method in three sectors and grown at + 25 °C for three days. On the basis of
three-day cultures of fungi grown on PDA, spore suspensions were prepared in
sterile physiological solution, which were used as inoculation material [8].

After obtaining the suspensions, the number of spores in 1 mL was counted
using a Horyaev camera and at a microscope magnification of 80X. The important
stage was the standardization of the obtained concentrations of fungal spores in the
suspensions, which was carried out by diluting the spore suspensions with a physi-
ological solution to a final concentration of 10* spores/mL [8].

The diffusion into agar method was used to determine the antimycotic ac-
tivity of marine LABs. For this, 1 mL of pre-melted 1.5% MRS agar was poured
into the wells of 24-well plates. After solidification of the medium, 100 puL of the
overnight cultures of lactobacteria with a known concentration of cells were added
to each well. The culture of Enterococcus italicus ONU547 and MRS broth were
used as the controls. Incubation was carried out for 48 hours at 37 °C. After that,
50 pL of molds spore suspension at a concentration of 10* spores/ml were added to
each well and incubated at 25 °C for two days [8].

The results were estimated on the 2 nd day of the study. The percentage of the
well area covered with mycelia and/or spores was visually assessed and, accord-
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ingly, the percentage of inhibition of mycelial growth and inhibition of sporulation
caused by LAB was determined. In the case of full absence of any mold signs the
inhibition was estimated as 100%, if 50%, 75%, 70% of well area were covered
with fungal mycelium or spores the inhibition was 50%, 25%, and 30%, respec-
tively [8].

To study the character of action of marine lactobacteria, the plates with LAB
and molds spores were placed in a thermostat and incubated at 25 °C for another
five days. The presence and intensity of fungal mycelium growth, as well as sporu-
lation were evaluated as described above. These criteria were noted every day and,
accordingly, the level of the antimycotic activity of lactobacteria was determined.

All experiments were performed twice. Statistical data processing and graphs
buildings were carried out in the program Microsoft Office Excel.

Results and discussion

Antimycotic activity of LAB isolates of marine origin

At the beginning of the experiment, the concentrations of overnight cultures
of the LAB were measured using a spectrophotometer with a wavelength of 600
nm. The results of the study are shown in Table.

Table
Number of cells of overnight cultures of LAB of marine origin

LAB isolate Number of cells, cells/ml

W.1.1 1.18 x 10°

W.1.2 1.37 x 10°

W.1.3 1.55 x 10°

W.14 1.16 x 10°

W.1.5 1.52 x 10°

W.1.1x 1.20 x 10°

M.4.1 1.44 x 10°

M.5.1 5.61 x 108

M.5.2 1.69 x 10°

M.7.1 1.57 x 10°

M.7.2 1.95 x 10°

W.2.3 1.61 x 10°

W.2.4 2.18 x 10°
MRS broth 0

It was estimated that the concentration of cells of all overnight cultures, ex-
cept of M.5.1, was at approximately the same level.

In the study it was established that the most of the LAB isolates from marine
sources showed high inhibitory activity against both P. expansum UKM F-575 and
A. niger UKM F-16706 (Fig. 1).
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Fig. 1. Inhibitory activity of the isolates of marine lactobacteria against strains of molds
P. expansum UKM F-575 (a) and A. niger UKM F-16706 (b) on second day of the study

Thus, the bacteria of isolates W.1.1, W.1.2, W.1.3, W.1.4, W.1.5, W.1.1x,
W.2.3, W.2.4 from the water of Black Sea and M.4.1 from the sea mussels com-
pletely inhibited the growth of the mycelium of the fungus P. expansum UKM
F-575 on second day of the study (Fig. 2). Other isolates — M.5.2, M.7.1, and
M.7.2 inhibited the growth of the molds in 75%, 70%, and 50%, respectively.
These data are in agreement with the results of [3], where Lactobacillus kefiri M4
and Pediococcus acidilactici MRS-7 from dairy product (kefir) have demonstrated
high antimycotic activity against P. expansum strains of fruit origin (apples and
kiwi). Indeed, only one molds strain from the five tested — P. expansum LPH6
was resistant to the inhibitory substances of the studied lactobacteria strains. The
scientists have also shown that organic and carboxylic acids of the studied LAB
were mainly responsible for the antimycotic activity [3]. However, our publication
is the first report on antimycotic effect of LAB from the Black Sea against molds
P. expansum.
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Fig. 2. Inhibitory effect of LAB from sea water and mussels on the growth of mycelium
of P. expansum UKM F-575 on second day of the study
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Antimycotic activity of lactobacteria isolates was also tested against a repre-
sentative of molds of another species, namely 4. niger UKM F-16706. This strain
was more sensitive to the action of marine lactobacteria compared to P. expan-
sum UKM F-575. Antimycotic activity of bacterial isolates of LAB W.1.1, W.1.2,
W.1.3, W.1.4, W.1.5, W.1.1x, W.2.3, W.2.4 from sea water and M.4.1, M.5.2,
M.7.1, M.7.2 from sea mussels against 4. niger UKM F-16706 was 100% on sec-
ond day of the study (Fig. 3). However, this indicator strain was more resistant to
the action of antimycotic compounds of isolate M.5.1 — the percentage of mycelial
growth inhibition was only 50%. Our results are in agreement with data of Bul-
garian scientists, who showed that LABs of the species Lactobacillus plantarum,
which were also isolated from the Black Sea (Mytilus galloprovincialis Lam.),
exhibited antimycotic activity against A. niger. Interesting, this mold species was
the most sensitive to inhibitory compounds of marine lactobacteria among the test-
ed Penicillium claviforme, Candida albicans, and Saccharomyces cerevisiae [6].
However, in other publication a low sensitivity of A. niger to LAB (of food origin)
was reported [7].
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Fig. 3. Inhibitory activity of LAB isolates of marine origin against mycelial growth
of A. niger UKM F-16706 on second day of the study

In addition to the mycelium growth inhibiting of the 4. niger UKM F-16706,
the studied strains of LAB also suppressed its sporulation (Fig. 4). All isolates, ex-
cept of M.5.1, showed 100% inhibitory effect on sporulation.

Thus, as a result of our research, we found that isolates of lactobacilli both
from the water of the Black Sea and from mussels showed high antimycotic activity
and inhibited as mycelial growth, as well as sporulation of molds of two strains:
P expansum UKM F- 575 and A. niger UKM F-16706. All isolates of LAB from
sea water are active producers of antimycotic compounds, which caused 100% in-
hibition of both P. expansum UKM F-575 and A. niger UKM F- 16706. LAB iso-
lates from mussels showed a lower level of antimycotic activity.
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Character of action of marine lactobacteria

The results of antimycotic activity on 3, 4, 5, 6, 7 days of fungi incubation at
25 °C were taken into account. It was established that a number of studied LABs
retained their inhibitory activity even on the seventh day of incubation with the
conditions optimal for fungi growth (Fig. 5). This may indicate the fungicidal char-
acter of the action of antimycotic compounds, which can be used in various areas
of biotechnology.

A. niger UKM F-16706

BAZAART

Fig. 5. Antimycotic activity of lactobacteria from seawater and mussels against molds
P. expansum UKM F-575 (a) and A. niger UKM F-16706 (b) on the seventh day
of the study

All LAB isolates from seawater and one (M.4.1) from mussels showed 100%
antagonistic activity against the growth of P. expansum UKM F-575 mycelium,
which lasted for seven days (Fig. 6). LAB isolates M.5.2, M.7.1, and M.7.2 on the
third day of incubation inhibited the growth of the fungus in 50%, 50%, and 55%,
respectively, but the inhibitory activity of strain M.5.1 during the same period was
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0%. On the seventh day of incubation only the LAB M.5.2 among them retained
antimycotic activity at the level of 50%.

In addition, the isolates W.1.1, W.1.2, W.1.3, W.1.4, W.1.5, W.1.1x, M.4.1,
W.2.3, and W.2.4 completely suppressed the sporulation of P. expansum UKM F-
575 for seven days (Fig. 7). Bacteria of isolate M.5.1, which was isolated from
mussels, did not inhibit sporulation of this fungal strain.
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Fig. 6. Duration of antimycotic activity caused by LAB isolates against mycelial growth
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Thus, almost all the tested lactobacteria isolates completely inhibited the

growth and sporulation of the fungus within seven days. Only bacteria of M.5.1

In comparison with P. expansum UKM F-575, higher inhibitory activity of
showed their antimycotic activity of lower level (50%).

marine LABs was observed towards 4. niger UKM F-16706, both in terms of my-

celial growth and sporulation (Figs. 8, 9).
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Therefore, our results indicate the presence of high number of LAB with
antimycotic activity of fungicidal character of action in water of the Odesa Black
Sea water area. Indeed, eight isolates of LAB from sea water (W.1.1, W.1.2, W.1.3,
W.1.4, W.1.5, W.1.nx, W.2.3, W.2.4) and one isolate from mussels (M.4.1) com-
pletely inhibited the growth and sporulation of the fungi P. expansum UKM F-575
and 4. niger UKM F-16706 for seven days, thus exhibiting fungicidal effect. The
new strains of lactobacteria of marine origin because of their high antimycotic ac-
tivity can be perspective for use in biotechnology.

To our opinion, it is necessary to intensify the study of marine LABs not only
from water and mussels, but also from other inhabitants of the Black Sea.

Conclusions

The majority of the isolates of lactobacteria from Black Sea have demonstrat-
ed antimycotic activity of high level against the tested indicator strains P. expansum
UKM F-575 and A. niger UKM F-16706. The LAB isolates W.1.1, W.1.2, W.1.3,
W.1.4, W.1.5, W.1.1x, W.2.3, W.2.4, and M4.1 were chosen as the most active. The
studied LAB isolates from seawater of Black Sea showed fungicidal character of
antimycotic activity against P. expansum UKM F-575 and 4. niger UKM F-16706.

A.I. Mepaiu, LI. Kimypaxkuii, P.P. Kopaiabuyk,
M.B. lllyTtuio, B.O. IBannus

Onecbkuit HallioHanbHUI yHiBepcuTeT imeHi I. I. Meunukosa,
kadenpa Mikpobiororii, Bipycosorii Ta 6i0TexXHOoOor i,
65058, Byn. JIBopsiHChKa, 2, Oneca, Ykpaina,
ten.: +380964367403, e-mail: andriymerlich@gmail.com

AHTUMIKOTUYHA AKTUBHICTbD I30JISITIB
JJAKTOBAKTEPIA 3 BOIU TA MIJAIN
YOPHOTI'O MOPA

Pedepar

Mema. Buznauenns HAA6HOCMI AHMUMIKOMUYHOI AKMUBHOCMI | CIYNeHIo ii 8u-
Ppasicenocmi y mpuHAOysimu i30J5max J1aKmooaKxmepil 3 Y4OpHOMOPCbKOL 600u ma
mioitl. Memoou. Anmumikomuyny akmueHicmy i3015mi6 MONLOYHOKUCIUX OaKme-
piu (MKB) docniosicysanu memooom ouysii 6 azap 6 24-1yHKosux nianuiemax.
o6 eusnauumu xapaxkmep Oii, nianwemu iHKYOyeanu npomszom 7 OHI6 npu
25 °C. Pe3ynomamu. Bnepwe oyineno anHmumikomuury aKxmueHiCmb MOPCLKUX
MKHD 3 Odecvkoeo y36epedicoics. Binouiicms 0ocaiodcenux izonsmis iakmoodaxme-
Pitl UABUNU AHIMUMIKOMUYHY AKMUGHICIb UCOKO20 DIGHS, NOGHICMIO NPUSHIUY-
touu (na 100%) ax picm miyenito, mak i cnopoymeopenns Penicillium expansum
UKM F-575 ma Aspergillus niger UKM F-16706 na opyeuii 0enb 00CaiodicenHs.
Yomupu izonamu (M.5.1, M.5.2, M.7.1, M.7.2) nokazanu MeHuLy aHmMumMiKOmMu4Hy
axmuenicms (8i0 0 0o 75%). Bicim izonamie MKB 3 mopcuvioi 6oou (B.1.1, B.1.2,
B.1.3, B.1.4, B.1.5, B.1.0x, B.2.3, B.2.4) ma oouH izonam i3 nikeopy mioiu (M4.1)
NosHICMI0 NpucHiuysas picm miyenito ma cnopoymeopenns P. expansum VKM
F-575 ma A. niger YKM F-16706 nasimo npomseom cemu OHi8, o c8IOYUMb
npo gyueiyuony oito. Bucnoeku. binvwicmo docnioxcenux izonamie MK i3 Yop-
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10.

HO20 MOPS NPOABUNIU BUCOKY AHMUMIKOMUYUHY AKMUBHICIb 000 IHOUKAMOPHUX
wmamie P. expansum YKM F-575 ma A. niger VKM F-16706. HatiaxmusHhiwumu
i3onsmamu raxkmobdaxmepiu oynu B.1.1, B.1.2, B.1.3, B.1.4, B.1.5, B.1.0x, B.2.3,
B.2.4 euoineni 3 60ou Yopnoeo mops ma M4.1 — 3 nixeopy mioii. Xapaxmep 6uss-
JIeHOI aHMUMIKOMUYHOT AKMUHOCmi 6y/10 BUHAYEHO SIK QYHIIYUOHUIL

Knwuogi cnosa: anmumixomuuna akmusHicmy, ysinesi cpudu, mioii, MOI0YHO-
xucni baxmepii, Yopne mope.
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XAPAKTEPUCTHUKA ITPEACTABHUKIB
PONY FUSARIUM, 110 BUK/INKAIOTH
3AXBOPIOBAHHSA 3EPHOBUX KVYJIBTYP

Oxapakmepuzo6ano 6ionociuni 0coOnUBOCMI, NAMO2eHe3, Memoou GUSBILEHHS,
i0enmudghikayii ma xoumponio epubie pody Fusarium, wo 30ammui euxiuxamu
3aX60PIOBAHHA Y POCIUH PI3HUX 8Udi8, 30Kpema AumeHo ma nutenuyi. Hasede-
HO [HOpMayiio nPo OCHOBHI MIKOMOKCUHU, WO CUHME3YIOMb (y3apii, a maxkoic
cnocoou 3nudNCenHs ix KoHyenmpayii 8 ypasicenomy 3epui. Haeonoweno na me-
00XIOHOCMI PO3POOKU MA 6NPOBAONCEHHSL OIOMEXHONOLIYHUX MEMOOI8 KOHMPOLIO
30YOHUKI6 (y3apio3y.

Knwwuoesi cnoea.: Fusarium, mikomokcunu, 0iono2iuni memoou KOHmponio, 3d-
XBOPI0GAHHSA 3€PHOGUX.

IHTeHCHdiKalis arpOTEXHOIOTTYHUX MTPOLECIB Ta MOLIYK HUIAXIB JUIs 1ABH-
LICHHS peHTA0ETBbHOCT] BUPOIILYBAaHHS CUIbCHKOTOCIIOAAPCHKUX KYJIBTYp 30UIbIIYE
aHTPOIIOT€HHE HAaBAaHTAKEHHS Ha I'PyHTH, 11€ IPU3BOIUTH 10 301AHEHHS MIKpOOi-
OMYy OpHOTO HIapy, IO MPOSBISIETbCS y 3HWKEHHI (DEPMEHTATUBHOI aKTUBHOCTI
I'PYHTOBOI'O TOPU30HTY Ta PO3MHOKEHHIO OJTHOTUIIHUX MIKpPOOPraHi3MiB, K1 4acTO
€ NMaTOI€HHUMH U1 POCIIMH.

Icuye monaiimenme 50 000 XBOpoO CUIBCHKOTOCHOAAPCHKHUX KYIBTYP.
[lopoky BueHi BIJKpPUBAIOTh HOBI 3axBOoproBaHHA. biausbko 15% Bij 3aranbHOro
CUIBCBKOTOCIIOJAPCHKOI0 BUPOOHULITBA IIOPIYHO BTPAvYa€ThCs BiJ 1HQEKIIHHUX
3aXBOPIOBaHb, HE3BAXKAIOUHM HA MIOKpAILlEH] COPTU Ta METOAU KOHTpouto. [larorenu
LIBUJIKO PO3MHOXKYIOTECS Ta MyTYI0Th. BOHU pO3BUBaIOTh F€HETHUUHY CTIHKICTb 110
XIMIYHUX NECTULM/IB Ta MAIOTh MOXKJIMBICTb 1H(IKyBaTH HOBI I'OpHIH.

OnHUMY 13 OCHOBHUX KYJIBTYp, 1110 BUPOLIYIOTECS B CBITI, € 3€pHOBI, a caMme
IIIEHUIS Ta AYMiHb. BOHU BXOASATH y TpiliKy cBiTOBMX JiepiB. HailOinbi po3mo-
BCIO/DKEHUM 3aXBOPIOBAHHSM 3epHOBUX € (Py3apio3 kojoca (anmiicekoro Fusarium
Head Blight — FHB). ®y3apio3 noxoauTs Bij JaTUHCHKOI'O CJIOBA fiisus, 110 O3Ha-
yae HUTKA. Cepes NpeACTaBHUKIB POy Fusarium, 1110 BUKIMKAIOTh 3aXBOPIOBaH-
HSl y POCIIMH 3€pHOBUX KYJIBTYp, NEepeBaKatoTh Fusarium oxysporum, Fusarium
graminearum, Fusarium culmorum 1 Fusarium avenaceum [8]. F. graminearum i
F. culmorum € HalinomupeHi|uMy Ta Hai6iIbI BipyneHTHUMH. IXHe reorpadiune
MOLIMPEHHS, OYEBU/HO, IIOB s13aHE 3 TEMIIEPATyPOIO Ta BOJIOTICTIO. F graminearum
3yCTpI4a€ThCs 110 BCbOMY CBITY, BKiItouatouu [liBHiuHy AMepuky, CxigHy €Bporry,
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Ascrpadnito Ta [liBnennuit Kuraii, Toai sik F. culmorum 3ycTpidaeTbes MepeBaXHO
B 3axigHiii €Bpori Ta B KpaiHax, 10 MarOTh OUTBII MOMIPHUI Ta BOJOTHI KIiMar
[41]. 3aranom, Buau pony Fusarium 3yCTpidaroThCs B HIMPOKOMY Jiara3oHi ce-
PEIOBHII ICHYBaHHSI, BKJIIOYAIOUYH IPYHT, POCIHMHHU, BOAY Ta MOBITps. YacTuHa iX
€ TaToreHaMH, 10 MEIIKAIOTh B OPHOMY IIapi IPYHTY, 1HII aCOI[IOIOTHCS 3 POC-
JTUHHAMU 3QJIHIIKAMH 200 MOXKYTh POCTH SIK Canpo(iTH HA THUIOUINA OpraHivHil
peuoBuHi [36]. eski Buau poay Fusarium Takox € 30y THUKaMU 3aXBOPIOBAHb JIFO-
JVHH Ta TBapHH, CIPUYHMHSIOUH 1HQEKIIT Y JIFoAel 3 0ClabJeHUM IMYHITETOM Ta
CLIBCBKOTOCTIONAPCHKUX TBapuH [14]. 3aranom BUAM IOTO POAY MOLIMPEHi MO-
BCIOJTHO 1 iX MOYKHA BHJIUTMTH 3 PI3HOMAHITHUX CEPEOBHUIII.

®yszapios Bnepiie Oys onucanuii B Aarii B. I CmitoMm y 1884 porii, a uepe3
KiUJTbKa POKiB 1po 11e noBigomuB y Cronydyenux Lltarax @. /1. Yecrep y 1890 pori
ta JIx. C. Aptyp y 1891 poui [44]. 3 Tux mip y cBiTi 3a(hiKCOBaHO KiJTbKa BETHKUX
cnanaxiB. ¥ CIIIA nanpukinni 1910-x — va moyarky 1930-x pokiB Oys0 1’ SITh Be-
KX emigemiid gy3apiosy [39]. XBopoba 3HoBy BuHHKIA B 1980-x 1 1990-x pokax.
3 Toro yacy Oynu emigemii pi3HOI IHTEHCHUBHOCTI, 4YacTillle y CXigHIH MOJOBHHI
CIIIA [39]. IToBTopHa nosiBa 3axBoptoBaHHs Ha TepuTopii CIIIA wacTkoBO mosic-
HIOETHCS CYKYITHICTIO YMHHUKIB: CIPUATIMBUX IMOTOJHUX YMOB (BOJIOTa Ta Teruia
MOT0/1a) JI0 Ta i Yac IBITIHHS Ta BEJIMKOT KIJIBKOCTI IHOKYJTFOMY Yepe3 CKOPOYCH-
HSl METOJIIB OOpOOITKY TPYHTY, SIKi 3QJIMIIAIOTh POCIWHHI 3aJIMIIKKA HA TOBEPXHI
TPYHTY JUUIsl 3SMEHIICHHS €po3ii Ta 30epe’KeHHsI BOJIOTH B IPYHTI.

CyuacHi JOCTiPKEHHS TATBEPIUKYIOTh, 0 Tpudu poxy Fusarium, mo BU-
KIIMKAIOTh (hy3apio3, MEPeKUBAOTh MIXKCE30HHI IEPIOIU Y BUIVISIL MIlIeIito, 1HiLli-
aJiB MEPUTEIiI0 a00 XJIaMiJIOCTIOP Yy POCIMHHUX 3aiuiiKkax [43]. 3alumKu KyKy-
PYI3H, MIISHHMIII Ta STYIMEHIO 0COOIUBO MPUIATHI JUTsl BUKHBAHHS Ta PO3ZMHOKECHHS
rpu6iB 1oro pony [63]. HaBecHi 3piii nepuTerii BUALISIOTh ACKOCTIOPH, sIK1 BBa-
JKAIOThCS TIEPBUHHUM 1HOKYJISTOM. ACKOCIIOPH TIEPEHOCATHCS MOTOKAMHU TTOBITPS,
OCi/Ial0Th HA MOBEPXHI POCIMHU 1 BPAXKAIOTh KOJOCKH. [HPEKIiT MOXXyTh BUHUK-
HYTHU B OyJb-SIKMI Yac BiJl YaCTKOBOI MOSBU KOJIOCA JI0 3pLIOCTi; OJHAK OUIBIIICTh
iH(MEKIIH BUSABISIETBCS 1] Yac IBITIHHSA YaCTKOBO 4epe3 Te, IO MHJISAKH MICTATh
CTUMYJISITOPH JJIsE IPOPOCTAHHS CIOP 1 pocTy maroreHis [61].

Po3poOka Ta momryk HOBUX METO/iB O0pOTHEOH 13 (hy3apio30M € aKTyalbHOO
npo6iemoro. OCKUTbKY rpudu poay Fusarium 3naTHI 1HPIKyBaTH ITUPOKUHA CIIEKTP
BUJIIB POCIIMH, B 30HI pU3UKY 3HAXOSTHCS 36PHOBI, 36pHOOO0OBI, TEXHIUHI, OBOYE-
Bi KYJIBTYPH, a TAKOXK OaraTtopivHi sTiHI HacaKeHHs. Buxo/suu 3 aHani3y 1aHux,
omyOmikoBanux Ha caiiti U. S. Wheat & Barley Scab Initiative (USWBSI), B octan-
Hi JIBa POKH B CBITI CTPIMKO PO3MOBCIO/DKYIOTHCS Taki Buau (y3apiit sik Fusarium
graminearum ta Fusarium oxisporum, siKi 1€ T’ ATh POKiB TOMY OyJIH MpUTaMaHH1
e [TiBHiYHIE AMepuili, 1e BOHHM iH(IKyBaJu TiUIBKH 3€pPHOBI KyIbTypHu [65].
B 2021-2022 pp. ui Buau (ys3apiii CIpHYUHIIN MacOBE YPaXCHHs OalITaHHUX
Haca/DKeHb B TypeudnHi, o 3aBaino 30UTKiB MiclieBUM (pepmepam Ha CyMmy IOHA
100 M nmonapiB. Taki 0OCTaBHHU € TPSMOIO 3arpo30k0 Ui YKpaiHH, OCKITbKU
Typeuunna € reorpadiqHo ONU3BKOI0 KPaiHOK Ta Ma€ PO3BHHYTI MOPCHKI JIOTiC-
TUYHI MapUIPYTH 3 CYCITHIMH JeprKaBaMu, TAKUMU siK YKpaiHa, Pymynist Ta Bonra-
pisi. BpaxoByrouu BiliHy B YKpaiHi, OLIbIIICTh €KCIIOPTHO-IMIOPTHUX IIEPEBE3CHbD,
Oinbin Hixk Ha 60%, 11yTh 3 mopTiB bonrapii Ta PymyHii, B ToMy 4ncii 1 MOCTaBKA
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TYpEUbKHX OBOYIB Ta €K30TUYHHUX (PPYKTIB, 10 MOXKYTh OyTH 3apa)keHi CIIopaMu
¢y3apiii [68].

[ToM’siKIIIEHHS KIIIMaTHYHUX YMOB B YKpaiHi, [0 CIIOCTEPIra€ThCsl y BUIIISAL
TEIUIOT MOTO/IN 1 HA/JTUIIIKY BOJIOTH HaBECHI, HApUKJIIa, B KBITHI 2023 p. KIJIBKICTh
omaziB ckiana nmonan 100 mm [67], Ta akTuBHUI niepexin GpepmepiB Ha MiHIMAIIb-
HY cucTeMy OOpOOITKY IPyHTY JJIsl 3MEHILIEHHSI 3aTpart, 10 B CBOKO Yepry MPHU3BO-
JIMTH 10 CKOPOYCHHS 00OPOTHUX KYJIBTYP 1 IOCIBIB MOHOKYJIBTYP 0€3 ciBO0OOpOTY,
CHpUsi€ HAKOTIMYCHHIO B TPYHTI Ta PO3MOBCIOMKEHHIO PI3HUX BUAIB (y3apiid.

Po3po0Oka Ta BipoBakeHHs 010TEXHOIOTIH, IO BKIIOYAIOTh METOIU KOHTPO-
JII0 pO3MOBCIOKEHHS 30yTHUKIB (hy3apio3y, € MePCIEKTUBHUM HAIIPSIMOM, OCKiIb-
KM 010JIOT14HI METO/IM HE BUKJIMKAIOTh 3BUKAHHS Ta YacTO MOEJIHYIOTh B COO1 TeX-
HOJIOT11 3aXUCTY Ta IMiJBUIICHHS BPOXKaHHOCTI 00pOOIIOBAaHHUX KYJIBTYD. SIK BUTHO
3 pesynbTariB, omyOmikoBanux Ha caiiti USWBSI, ximiuni QyHrinumm cTpiMko
BTPaYalOTh CBOIO €(DEeKTUBHICTh Uepe3 31aTHICTh TpudiB poay Fusarium GpopmyBa-
TH JI0 HUX CTiHKicTh. [linTBepIKEHHSIM PO3BUTKY PE3UCTEHTHOCTI (y3apiii € 3HUK-
HEHHSI 3 CBITOBOTO PHHKY IEBHUX JIIOYMX PEYOBUH (YHTILUIIB Yepe3 3HUKCHHS
ix edexTUBHOCTI, 00 B3araii, CTUMYJISIIIO CUHTE3y MIKOTOKCHHIB, 30KpeMa Jie-
3okcuHiBaneHony. Hanpuknan, y 2001 poui komnanis DuPont y CIIIA npununuia
BUPOOHHUIITBO (DYHTIIIMIIB 3 JII0U0I0 PEYOBUHOO OCHOMIJI, CaMe 3 BUIIC HABEACHHUX
MpUYUH [66].

CucremMaruyHe Moj0:KeHHs 30yTHUKIB (Py3apio3y

Inentudikanis rpubiB poxy Fusarium BUKIMKA€E HAUOUIbIIE TPYIHOIIIB, Y
MOPIBHSIHHI 3 BUJIAaMU 1HIIUX poiB. OCOOIUBO BaXKKUM € BU3HAUCHHS F. oXysporum
ta F. solani [16].

[IpoTsirom ocTaHHIX POKIB TAKCOHOMIst poay Fusarium 3a3Hana 6arato 3miH.
Jlo myOmikanii poOboTu HiMenpKkuX MikonoriB Bomiensebepa i Pelinkinra B 30-x po-
kax XX CT., SIKi 3MIHIJIU 3araJIbHOTIPUIHSTY KOHLEIIII0, B3SBILU 32 OCHOBY TaKCO-
HOMIT MiKOJIOT14H1 O3HAKH 130JI5TiB, Pi3HI aBTOPU BH3HABAIKM BCEPEIHHI POIY Pi3HY
KUTBKICTB BUJIIB, 1 32 MIOPIBHSIHO KOPOTKUH Yac KUIbKicTh ix nepesunmia 1000 [15].

Bonnensebepr i Peitukinr onucann 65 BusiB Ta 77 MiJBUI0OBUX TAKCOHIB. IX
po0OTa € OCHOBOIO BCiX Cy4aCHUX TAKCOHOMIUHUX CUCTEMATUK poxny Fusarium. ITi-
3uime CHalaepi Ta XaHCeH 3MEHIIIMIIN KiIJTbKICTh BUIIB IIbOT0 poay a0 9. ITonanb-
11 TOCTIDKEHHS poay Fusarium 3MIHCHIOBAIIN PsiJl aBTOPIB, SIKi 3p0OMIIN 3HAUHUIH
BHECOK Y BUBUCHHS Pi3HUX aCIEKTIB, MOB'SI3aHUX 13 HUMH rpudamu [4, 27].

Takconomist TpubiB poxy Fusarium crtabimizyBajacsi 3HAYHOIO MIpOIO 3
1980-x pokiB, konu Oynu OmyOJiKOBaHI BH3HAYHUKH HIMEIBKHX MikoJoriB [ep-
naxa, HipenOepra ta amepukaHchkoro mikonora Henbcona i3 cmiBaBropamu. Ls
KOHLIENIIiSl MPUIHATA JOCIiAHUKAMU BCHOTO CBITY Ta YCIIIIHO 3aCTOCOBYETHCS
Ha TPAKTHIN. 3 Yacy MOSBU X MyOiiKaiiid MeToau OiojoriyHoi i (isoreHeTny-
HOI XapaKTepUCTUKH BUAY MMOKa3ajH, 10 0araro 3 paHille OMMCAHUX BUIIB POAY
Fusarium HeoOXiqHO pO3IIIUTH HAa HOBI BUH, OCKUIBKA BOHU BUSIBUJIMCS HE CAMO-
CTIHUMHU, a KOMIUIeKcaMu (rpymamu) Bunis [10, 26].

VYci nocATHeHHS OCTAaHHIX POKIB y BUBUEHHI TaKCOHOMIi Fusarium spp.
y3arajJbHeHo y QyHaameHTanbHi poOoTi Jlecni ta Cammepenna [54], ska 3a-
pa3 € HaWOUIbII TOBHUM MPAKTHKYMOM Il BHU3HAu€HHS TpHOIB LBOTO PO.Y.
VY pob6oti Jlecm ta Cammeperia HaBEACHO JETAIbHUN OMUC iCTOPii TaKCOHOMIT
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rpubiB pony Fusarium, CydacHi KOHIICIIIT BUIY, Cy4acHI METOIN Ta CEPEIOBHINA
JUTS. BUJUICHHS, 1IeHTU(IKAI] Ta 30epiraHHsi YUCTUX KYJIBTYp rpuOiB, METOIU BU-
3HAYEHHSI Ta CXPEIlyBaHHS 130JIATiB Y O10JIOTTYHUX IOCIIHKEHHSIX, METOIH aHAI3y
JIHK, a Takox moxaHi onricu 70 BHIIIB IIBOTO POITY.

MopdosoriyHa KOHIIETIis BHy TPYHTYEThCSI HA MOPQOIOTIYHMX O3HAKaX
(po3MipH, KOHTYPH, CENTOBAHICTh CITOp, TOIIO0). B 0OCHOBI 010JIOTIYHOT KOHIICHIITIT
JISKUTH CXPEIIyBaHHS 130JIATiB OAHOTO i TOTO X BUIY poay Fusarium 3 pi3sHUMHU
CTaTeBUMHU O3HAKAMHU, III0 € MEPEXPECHO CYMiCHUMHU, MPHU IIbOMY MOTOMCTBO BiJl
iX cXpellyBaHHS € KHUTTE3AATHUM 1 QepTHiIbHUM. DITOreHeTHYHA KOHICTIIIs Tie-
pendavae BusHaueHHs nociuigoBrocteit JJHK Ta anamiz oTpuMaHuX JaHUX 3TiTHO
3 6a3oro manux [12, 54].

Jliist GinbIIoCTi BUAIB pony Fusarium MOCTyIHA iH(GOPMAILis JIUIIE PO MOP-
dornoriuni o3HaKku. [y HEBEIMKOTO YKCIa BU/IIB € TECT-IITAMH, IKi MO>KHA BUKO-
PHUCTOBYBATH JUIsl CXpEIyBaHHs MpH ineHTudikarii. Jyis 6ararbox BUIIB TOCTYITHA
iHpopmaris po nocaigoBHocti JJHK amnst BukopucTanus MeToiB QpiloreHeTHYHOT
koHuernii [29, 54]. [ToBHa cTpateris ineHTUdIKALIT KYIBTYp Fusarium spp. BKITIO-
yae 30ip iHpOpMAIlii TPO CUMIITOMU XBOPOOH, BUIIICHHS TIATOTEHA B YUCTY KYJIb-
TYpY, OUYUIICHHSI OCTaHHBOI, BU3HAYEHHS MMATOTCHHOCTI 130JIATy /10 OPUTIHAIBHOI
POCITMHH-TOCTIOAAPS Ta IHIIMX BUJIB MOTCHIIIHHUX POCIMH-TOCIIONAPIB, BUBYCHHS
MOPGOJIOTIYHUX 1, TPU HEOOXiTHOCTI, MOJIEKYJSIPHUX O3HAK 1 mepexpecHy ¢ep-
THIBHICTH [49].

VY mryuHiit cucremaruni rpudu poay Fusarium Link BimHOCHIM 0 HEmo-
CKOHAJIUX rpHuOiB MOPSKY 1 Kiacy ridpomineri (Hyphomycetales, Hyphomycetes),
OCKUTBKH BiH 00’ €/IHYBaB BUIH, Y IIUKJII PO3BUTKY SIKMX OyJia HEBU3HAUEHA CTaTeBa
cranis. Lle 3yMOBI€HO THM, 1110 Ty’KE YacTO CIIOPITHEHICTh TEHOMIB BU3HAYAIM Ha
MiICTaBi MOJIEKYJISIPHO-TEHETUYHHUX O3HAK, OCKUILKHA B 0aratb0X BUIIB 3/1aTHICTh
JI0 YTBOPEHHSI CTaTE€BOTO CIIOPOHOIICHHS OyJia BTpadyeHa B MPOIIECi €BOMIONIT, a B
IHIIKX 11 BaYKKO OYyJ10 BUSIBUTH B IPUPOTHUX UM OTPUMATH B JIAOOPATOPHHUX yMOBAX.
HuHni i 6i1bIIOCT] MPEICTaBHUKIB HEAOCKOHAIMX TPUOIB BCTAHOBICHO 3B’ SI30K
M)XK HECTaTEBUM CIIOPOHOIICHHSM Ta CTATEBOIO CTAII€I0, Y PE3yJbTaTi YOro BOHU
OyJIH BiTHECEHI JI0 KJIaCy ICTHHHUX T'PUOiB.

TakuM YHMHOM, BIJMOBITHO 710 MiXKHApOTHOTO KOJEKCY OOTaHIYHOI HOMEH-
KJIaTypH, CydacHa CcTeMaTuka rpuoiB pony Fusarium Link Burisinae Tak: [oMeH —
Eukaryota, napctBo — Fungi/ Mycota, Binain — Ascomycota, knac — Sordariomycetes,
ninakiaac — Hypocreomycetidae, nopsnok — Hypocreales, ponuna — Nectriaceae, pint
— Fusarium Link [2].

Cepen BUIB, sl SIKUX OMMCAHO CTATEBY CTAJlit0, MPAKTUYHUI IHTEpEeC CTa-
HOBJIATH HAHOUIBII IIKOJOYMHHI 1 MOIIUPEHI IMaTOTeHH, 30KpemMa F. graminearum
(teneomopdu G. zeae), F. verticillioides (teneomopdu G. moniliformis), F. solani
(teneomopdu N. haematococca), F. decemcellulare (Teneomopbu A. rigidiuscula)
[21, 34]. Xoua B OararboX BUIB TeaeoMOpdHA CTaJisl 3aJHIIAETHCS HEBIIOMOIO
a0o BiJICyTHS B3araii.

OcTaHHIMU pOKaMH B HOMEHKJIATYpi BUIB rpuOiB poay Fusarium BinOyaucs
NEBHI 3MIHU: MIKOJIOTH BUKOPHCTOBYIOTh CHCTEMATHUKY, SIKY OyJIO Y3TO/DKeHO Ha 8-i
MixnapoaHiii Hapaji 3 rpubiB poay Fusarium. 3okpema Oyino yXBaJC€HO PillICHHS
nepeiimenyBaru Buj F. moniliforme na F. verticillioides, Bun F. sporotrichioides —
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Ha F. sporotrichiella Ta Bu3HauuTH Horo pizHOBUIM (F. sporotrichiella var. poae,
F. sporotrichiella var. tricinctum) [2].

Mopdonoriuna Ta 6ioxiMmiuna xapakrepuctuka poay Fusarium

Pi3ni Buam pony Fusarium MoXHa BIIPI3HUTH OJWH BiJI OJTHOTO 32 IIIMPOKUM
CHEKTpOM MOP(OJIOTIYHUX O3HAK. Fusarium spp. — 11e HUTYACTI TPUOH, 1110 MAIOTh
ckiaHy Mopdonoriuny OynoBy [40]. Mineniii — e Mepeka HUTKOTIOIOHUX TidiB,
10 YTBOPIOKOTH KOJIOHIT 3 TyXHACTUM, OKCAMUTOBUM TOBITPSIHUM MilLl€Ti€EM, STKAN
Mae Kouip Bij O170T0 710 poxkeBOro abo uepBoHyBaToro. [1ix mikpockornom ridu Bu-
[JISIIAIOTH SIK TAaBYTUHHA MEPEKa HUTOK, SIKI PO3TaTyKYIOThCS. 3aJIeXKHO BiJl BULY
Ta YMOB POCTY MOBITPSTHUI MilleJTiii MOXKE MaTH KOJIip BiJl HKHO-POXKEBOTO Ta OOp-
JI0BOTO 10 (hi0JIETOBO-OJIAKUTHOTO.

CriopoyTBOPIOIOYi CTPYKTYPH, SIKI HA3MBAKOTHCS KOHITI€EHOCISIMUA, PO3BUBA-
IOThCS 3 MilEIiio. byoBa KOHIIIEHOCIIB y BUAIB poay Fusarium BiIpi3HSETHCA.
VY GaraTboX BHIIB I[LOTO POAY KOHIII€HOCII, BIIOMI SIK (piasTifii, MatOTh JIUIIIE OUH
OTBIp, Yepe3 KU BUBLIBHSIOTHCS CHIOKOHIIT. Y NESKUX BUAIB TAaKOXK MPUCYTHI
nosticpiastiiu, siki MaroTh JiBa 00 OLIbIIIE OTBOPIB, Yepe3 K1 HIOKOHIIiT BUBOISTh-
cst Ha30BHi [47].

Benuki 6araroxksIiTHHHI CIIOpH, SIKI HA3UBAIOTHCSI MAKPOKOHITISIMU, SIKi € He-
CTaTeBUMH CIIOPAMH, PO3BUBAIOTHCS B CHOPOAOXii, BOHU YacTO MPOSBISIOTHCS Y
BUIJISIII CIIM30BUX IUISIM HA KYJABTYpi. Y JESKUX BHUIIB CHOPOAOXii MOXYTh OyTH
HACTUIBKH PO3BUHEHHMMH, 1[0 BOHU 3JIMBAIOTHCS B OUTBII TOBCTHUH mmap ciuzy [60].
MaxkpoKOHii1 MITPUMYIOThCS CIOPOAOXi€M, SIKUH SBISIE COOOIO IIJIbHE CKYTI-
YEeHHsI KOHIJIIEHOCIIB, IO POCTYTh i3 cTpoMu. Kisbka BUIIB YTBOPIOKOTH MIKpO-
KOHIJIIT B JIAHITIOXKKAX, TOJI SIK OUTBIIICTh YTBOPIOE 1X MOOJAUHII a00 B CIIM30BHX
KOBITa4YKax. MaKpOKOHiIii TaKOX MOXXYTh YTBOPIOBATHCS HA MOBITPSHOMY Milleii
JesIKUX BUJIB pony Fusarium. MaKpOKOHiii ay>ke pi3HOMaHITHI 3a po3mipom (20—
70 MKM), MalOTh Pi3HY KUIBKICTh IEPErOpoI0K, BiIMIHHI Mixk c00010 3a (hopMoro 3
BUPAKEHOIO 0a3aJIbHOI0 KIIITHHOKO Ta HaBITh Pi3Hi 3a KobopoM [36]. [eski Buam,
MOXYTh YTBOPIOBAaTH HE3HAYHI KOHIJi1 — MiKpOKOHiii. [le KpuXiTHI OAHOKIITHHHI
CTIOpH, SIKi 3A€O0UTBIIOTO € OJHOKIITHHHUMU 1 MOXKYTh MaTH KYJSCTY, €IINTHYHY,
HUPKOTMONiIOHY a00 BepeTeHOonoAiOHy (opMy, BOHH PO3BUBAIOTHCS HA MOHO(iaTi-
nax abo momigianigax y ¢popmi roJoBoK ado JaHIokKKiB. [Ipy nmonaganHi Boioru
Ha KOHIJIIEHOCEIb YTBOPIOIOTHCSI HECTIPABKHI TOJIOBKH, SIKi 3 4aCOM 3aTIOBHIOIOTHCS
EHJIOKOH1TisIMHU. JIesiki MIKpOKOHIIiT yTBOPIOIOTHCS B JIAHITIOKKAX 1 MAIOTh yCIYEHY
OCHOBY. 3a3BU4aii, MiKpDOKOHI/Iii yTBOPIOIOTHCSI B MOBITPSTHOMY Milleii Ha IPOCTHX
a00 CKJIQJIHUX KOHiieHOCIsIX [37].

VY npencraBHUKIB pony Fusarium B KUTTEBOMY IHMKIII TPUCYTHSI CTaTeBa
CTajliss PO3MHOXCHHS. Y KiHIII BEreTalliifHoro mepiofy, a TaKoX Miciisi 30upaHHs
BpPOKAI0 HAa YPAXKEHUX POCIHHAX (OPMYIOTHCS MEPUTEIil — IUIO0BI Tija, B SKHX
MICTSITBCS acKH 3 ackocriopamu. CtaTeBa cTajlis pO3MHOKEHHS Tpruda BKIIIOUAE pe-
KOMOIHAIIIF0 TEHETHYHOTO MaTepiaiy, 1o 3a0e3neuye iX reHeTUYHY MiHJIHMBICTb.
L5 31aTHICTD JO3BOJISIE IOCTIITHO MPUCTOCOBYBATHUCS 10 YMOB JIOBKLJIISL, HAOyBaTH
PE3UCTEHTHOCTI 10 QYHTIIUIIB Ta IHIIKX 3ac00iB. [Tepe movyaTkoM Meio3y rario-
imHl KITITHHA Mineniro TpubiB pony Fusarium 3MUBAarOTHCS, (HOPMYIOUYH TUTUIOTIHI
KITHHA. Y Pe3yJIbTaTi MeHOTUYHOTO MOJUTY YTBOPIOIOTHCS YOTUPH TaTUIOIIHI KITi-
TUHH, 32 MEH030M BiI0YBaEThCS MiTO3, i/l YaC SIKOTO YTBOPIOKOTHCS BiCIM raruio-
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iMHUX KITITUH (acKOCTIOpP). ACKOCHOPH TpyIaMH Mo 8 KIIITHH YIIaKOBYIOThCS B OY-
JaBOMOIOHI acKH 1 (HOPMYIOTh KOHYCOMOAIOH1 CTPYKTYpH — nepurenii [51]. Bonwu,
3a3BUYal, PO3TAIIOBYIOTHCS TOOIUHOKO ab0 TpyramMu, MOXKYTh OyTH OBAJIbHOI Y1
KyJsicTo1 (hOpMH, 1HOJI 3 KOHYCOMOAIOHUM BHUCTYIIOM, IJ1aJiKi a00 TOopOKyBaTi, CH-
HIOBaTO-4YOPHOTO KOJILOPY. Bisisi BEPIIMHYU MEPUTEIIIO CIIOCTEPIraloThes Oararora-
POBi BUPOCTH.

XaMiIociopu — TOBCTOCTIHHI HECTATEeBi CIIOpH, 3allOBHEHI JIimijgonoaio-
HOIO pedoBUHOM. binbiricTs BUIIB poay Fusarium 30aTHI iX TPOIYKyBaTH 1 BOHU
[IMPOKO MOIIUPEH] B IPYHTI. 30BHIIIHS CTIHKA XJIaMiIOCIIOPH MOX€e OyTH TJIaIKOI0
a0o0 IIOPCTKOIO, 1 BOHM MOXYTb TPpYITyBaTHCs, 00’ €THyBaTHCs B apu abo HaBiTh
YTBOPIOBATH JaHIIOKKU. [lepe3umiBns Fusarium spp. y TpyHTI Ta Ha IHIIUX CYO-
CTpaTax 3HAYHOIO MIpOIO 3aJeKUTh Bix HUX [11].

[Ile oquH MexaHi3M 3aXUCTY BiJl HECHPUSATIMBUX YMOB, IO NMPUTAMAaHHHUHA
npeACcTaBHUKAaM poay Fusarium, e 34aTHICTb 10 YTBOpeHHs ckiepouiiB. Ckie-
pOList TIpe/icTaBIsie COOOK0 IMILTbHE CIUICTIHHS TidiB MileNiio OiTyBaToro, OBTY-
BaTOT0, KOPUYHEBOTO UM CUHBOTO KOJBHOPIB, IO CKJIAAAIOTHCS 13 TOBCTOCTIHHUX 1
TEMHHX KIJIITUH 3BEpXy Ta TOHKOCTIHHUX 1 0e30apBHUX BcepeauHi. BoHU MOXYTh
30epiraTuch 10 KUIBKOX POKIB y aOCOIIOTHO CyXOMY CEpENOBHILI, HE BTpadyalouu
3IATHOCTI 10 TPOPOCTAHHS.

Ckuieportisi, 3a3BU4aid, yTBOPIOETHCS 1 PO3BUBAETHCS B TKAHHMHAX POCIUHU-
rocriofapsi abo B TPYyHTI, 10 3a0e3leuye BIDKMBAHHS Ipuda 3a HECTPUSTIUBUX
YMOB, OCOOJIMBO 32 HU3BKHX Temmeparyp mia yac 3umisni [33, 36]. Kpim ckiepo-
uiiB, Fusarium spp. 1HKOIH yTBOPIOIOTh MIKpOCKJIEpOLii — IpiOHi, 1HO/II BUJOBXKE-
Hi, IIIJIbHI MOPUCTI TiNa pi3HOI PopMu, sKi POPMYIOTHCS 32 YMOB ITiIBUIIICHOT BO-
norocti oubie 80-90%. @opma, IiIbHICTh, KITBKICTD 1 PO3MIPH CKJICPOIIIIB TyKe
MIHJIMBI 1 3aJIe)KaTh BiJl 0ararboX YWHHUKIB. TOBCTOCTIHHI KJIITHHH 3a0€3I1E€4yIOTh
3aXUCT 1 HAKOMTUYEHHS TIOXKUBHUX CyOCTpaTiB JIJIsl TOHKOCTIHHUX, CaMe€ TOMY BOHHU
PO3TaIIOBYIOTHCS HA Tiepudepii, HATOMICTh TOHKOCTIHHI — BIDKMBAHHS 32 HECTIPH-
ATIMBUX YMOB. IMOBIpHO, IIMM 3yMOBJICHI TXHI IIUTOIIa3MaTUYHI BiIMIHHOCTI, 30-
KpeMma, 10 CKJIaJy TOBCTOCTIHHUX KJIITHH BXOJSTh PI3HOMAaHITHI LIUTOIIIa3MaTHYH1
BKJIIOUEHHS (KpaIUIMHU JKUPY, BaKyoJli Tomio) [9].

Bunu pony Fusarium noOpe cebe mouyBarOTh Y BOJIOTOMY CEPEIOBHIII 3 aK-
THUBHICTIO Boau nioHay 0,86 onuHuIk i Temieparyporo Bix 0 1o 37 °C. Xonen Bun
[LOTO POy HE € TEIUIOMOOHNM [55].

B npuponuux ymoBax rpubu 30epiratoTbCst Ta pO3MHOXKYIOTBCSI Ha 3apake-
HUX MMOKHUBHUX PEIITKaX APIOHMX 3€pHOBUX Ta KyKypya3u. [1ix uac Bomoroi moro-
IV CTIOPH TIEPEHOCATHCS BITPOM a00 pO3OPHU3KYIOTHCS Ha KOJIOCKH 3€PHOBUX KYJIb-
Typ. Halinommpenimmm Buaom, o cnpudnsse ¢hys3apio3 y 3epHOBUX, € Fusarium
graminearum (craresa crajuis — Gibberella zeae). e minemanbHul TPUO € TUM
caMUM, 1110 YacTo MOB’A3aHUH 13 THUILTIO cTeOa Ta Kojoca KyKypyazu. Cropu Mo-
JKYTb 3HAXOJAUTUCH BCEPEIUHI 3apaskeHOi HACIHUHU 200 PO3HOCUTHUCS 3 HABKOJIMIII-
HiX KyJbTYp 1HOJI Ha BEJIUKI BiJCTaHi [8].

['pubu pony Fusarium MaioTh po3BUHEHY QepMeHTHY cuctemy. Lle miaTBep-
JUKYIOTh YHCJICHHI JIOCIIDKEHHS 110 BUSBJICHHIO IT'eHIB, 10 KOAYIOTh Pi3HOMaHITHI
dbepMmenTH, sKi gomoMararTh (py3apisM MPUCTOCOBYBATUCH J0 YMOB HaBKOJIHIII-
HBOTO Cepe/IOBUINA Ta YTHIII3yBaTH pi3HOMaHITHI cyOcTpatu [53].
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OcHoBHUME (hepMeHTaMHU, 110 MPOAYKYIOTh (y3apii, € KCHIMHA3H, TPOTea-
3W, JIiNAa3H, TOJIraJIakTypOHasH, 3-TII0K03uaa3n Ta mentonasu [46]. dy3zapii qodpe
YTUII3YIOTh IyKpu. HaliBUIIly akTHBHICTH IPOSIBIISIIOTH IO BiTHOIICHHIO 0 MOHO-
IyKpiB, 0COOJIMBO /10 TIFOKO3HU, (PYKTO3H 1 pub03u. BinbliicT BUIAIB yTHITIZYIOTh
aMIHOIIYKpH, cepell SIKUX TepeBary BiigaroTh D-mioko3amiHy Ta 2-amMiHO-2-7e-
okcu-D-rimrokomipanosi [25, 46].

Jlesiki mpeACTaBHUKY POAY, Taki sk F. graminearum ta F. solani, BOJOAIIOTH
3JATHICTIO /10 MPOAYKYBaHHS CUAEPO(OPIB, a TAKOK MAIOTh MO3UTUBHY PEAKIIIO
Ha PO3PiHKECHHS JKEJIaTHHH 1 BIHOBJICHHS HIiTpariB [32].

Pinmmie 3ycTpivyaroThbest BUIH, IO 3/1aTHI 10 CHHTE3Y XiTHHA3, B-1,3-rIrokaHa-
31 Ta ypeasu [45].

Po3BuHeHa hepMeHTHA CUCTEMA Ta 3[aTHICTh YTHIII3yBaTH MIUPOKUH CIIEKTP
PI3HOMaHITHUX CyOCTpaTiB Ja€ NIEBHE MOSCHEHHS PO3IMOBCIOPKEHHIO TPUOIB POITY
Fusarium B mpupoi i MOACHIOE X BUCOKY MATOT€HHICTh MO BiIHOIIEHHIO /10 POC-
JIVH 1 TETUJTIOKPOBHHUX TBAPHUH.

Kyabstypanbhi ocodnusocti Fusarium spp.

Fusarium spp., sk npaBuio, mBUAKopocTydi rpudu. IlIBunkicte pocty, 3a-
3BHYAil, 3aJISKUTH BiJl BUIY Ta CKJIAJy CEpEIOBUINA, 110 BUKOPUCTOBY€EThCs. Dy3a-
Pi03HI KOJIOHI|, 3a3BUYai, O110r0, pOXKEBOT0, OPAHIKEBOTO, )KOBTOTO 200 (hioyieTo-
BOT0 KOJ1bopYy. KoJtip KoJIOHIT MOYKe 3MIHIOBAaTHCH 3aJICXKHO BiJI BUTY, BIKY Ta CKJIa-
Iy cepenoBuIla. TekcTypa KOJIOHiH, 3a3Bu4aii, BarHa. OIHAK JESKi BUIU MOXKYTb
MaTH OLIBIII MTOPOIIKONIOAIOHY a00 3epPHUCTY CTPYKTYPY.

3BOpOTHHMIA OiK KOJIOHIH, 3a3BUYaiA, )KOBTYBAaTOTr0 00 YepBOHYBATO-KOPUYIHE-
BOTO KOJIBOPY. 3HOBY K TaKH, KOJIP MOKE 3MIHIOBATUCS 3aJI€)KHO BiJl BULy Ta CKJIa-
Jly CEepeOBHIIA Ta 3arajbHUX YMOB POCTY, TAaKHX SIK TEMIIeparypa Ta BOJOTICTb
[28]. Heski Buau poxny Fusarium NpOAYKYIOTh Taki MIrMEHTH, SIK KapOTUHOIIH,
SIK1 BIATIOBIAAIOTH 32 JKOBTE Ta OpaHkeBe 3a0apBieHHs KooHii. Kononii dy3apii,
3a3BUYai, HE MAIOTh 3alaxy, Xo4a JesKi BUIM MOXYTh MaTH 3aTXJIHil a00 3eMJIH-
cTHii 3anax. Fusarium spp. yTBOPIOIOTh HECTAaTeBl CIOpU. THUII 1 KUIBKICTh yTBOpE-
HUX CIIOp MOXKE 3MIHIOBATHCS 3aJI€KHO BiJl BUAY Ta CKIany cepenosuia. Koniuii
Fusarium spp., 3a3Bu4aii, mae popmy kona ado Bistna [17].

IlaTorene3 rpu6iB pony Fusarium 1o BiTHOIIEHHIO 10 KYJIbTYPHHX pocC-
JIHH

[Menuts, sYMiHb Ta 36pHOO0OOBI KYJIBTYPH CIPUHHSTINBI 10 iH(DeKii, mo-
yuHaroun 3 ¢azu BBCH 37-39. HaliOuibm cipuiHATIMBI i Yac HBITIHHS € ITH-
npoBuKH [3]. Ciopu rpulka-30yAHUKa MOXKYTh MIOTPAILISATH HA OTOJICHI MAIHOBUKH
IiJ] Yac UBITIHHS, a OTIM MPOPOCTATH B AIPA, JIyCKH 200 iHIIII YaCTUHH KOJIOCA.

Spuii saMiHb 1HIKY€ETHCS, KOJIH KOJIOC TPpoOuBae 000I0HKY iHcTs. [H ekt
Oy/b-sIKOi KyJIbTypU MOXE BiZIOyBaTUCh y MEPio HAJTUBY 3€pPHA 32 CIPHUSITIMBHX
YMOB HaBKOJIMIITHBOTO cepeoBuIia [6].

Haii6inp1 cipusIMBUMU YMOBAMH JUIS 3apaKEHHS € TPUBAJIL nepionu (Bia
48 o 72 roja) BUCOKOI BOJIOTOCTI Ta BUCOKUX Temmeparyp (Big 20 mo 35 °C). On-
HaK 3apayKeHHS BiJOYyBA€THCS 1 MPH OUIBII HU3BKUX TeMIIepaTypax, KoM BUCOKa
BOJIOTICTh 30epiraerbes noire 72 roxa. [Hdekiii Ha MOYaTKOBUX CTaaisX Berera-
1ii MOXKYTh CTUMYJIIOBATH YTBOPEHHS TIOBITPSIHO-KPAIIEIBHUX CIIOP, K1 CIIPHUSIOTH
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BTOPMHHOMY TOUIMPEHHIO XBOPOOH, OCOOIMBO SIKIIO KyJIbTypa Ma€ HepiBHOMIpHE
LBITIHHA 4Yepe3 Mi3Hil mocis [3].

OCKIJIbKH PO3BUTOK (hy3apio3y 3aI€KHUTh Bijl CHPUSTIMBUX YMOB HABKOJIMIII-
HBOTO CEpPEIOBUILA, YACTOTA Ta TSKKICTh 3aXBOPIOBAHHS 3MIHIOETHCS 3 POKY B PiK.
[ToennanHus (hakTOpiB, sIKI MOXKYTh IPU3BECTU 0 3HAUYHOI BTPATH BPOXKAHHOCTI Ta
SIKOCTI: BEJHMKA KUTBbKICTh 1HOKYJISITA, TPUBAI a00 TOBTOPIOBAaHI MEPioan BHCOKOI
BOJIOTOCTI i1 Yac UBITIHHS, ITi]] 4aC PO3BUTKY 3€pHA, & TAKOK BUKOPHCTAHHS UyT-
JTUBHX 10 Qy3apiosy copTiB [3].

XapakTepucTuka TOKCUHIB rpudiB poay Fusarium

Cepen TOKCHHIB, SIKi CHHTE3YIOTh IpuOM poxy Fusarium, HaROUIbII MOIIN-
PEHHMU € TPUXOTEIEHOBI MIKOTOKCUHH. 3aJI€KHO Bijl XiMiuHOi OyIOBU Ta CTPYK-
TYpHOI OpraHizaiii TPUXOTELIEHOBOTO sIIpa MiIKOTOKCUHU MPUIHSTO MOALIATH Ha 4
rpymu. TOKCHYHICTB Tpyn 3MeHIIyeThes Bi rpynu A 1o D. Hait0Ginbm nomupeni
TOKCHHH, SIKi CHHTE3YIOTh IIPEACTaBHUKU poay Fusarium, Hanexarb 10 Tpymn A i B.

OCHOBHUH MPEICTAaBHUK TPUXOLIEHOBUX MIKOTOKCHHIB — JI€30KCHHIBAJICHO.
Takox 10 rpynu B BxonsaTh HiBasneHOM, Qy3apeHoH X, TpuxorelrH. Bei BoHU xa-
PaKTEpPU3YIOTHCS HASIBHICTIO KapOOKCUIIBHOT rpynu y nojoxeHHi C-8. OcHOBHUMU
NPOIyLIEHTAaMH TOKCHUHIB i€l rpynu € BUnu F. graminearum, F. culmorum.

Bunu F. graminearum, F. culmorum, F. sporotrichioides ta F. poae, npony-
KyIOTh TPUXOTEICHH, OJJHAK HE 3/1aTHI 10 CHHTE3y MOHLI(QIOPMIHIB Ta PyMiHO3H-
HiB.

Bunu F. sporotrichioides ta F. langsethiae cCMHTE3yI0Th TOKCUHU JIUIIIE TPY-
mu A, a F. graminearum, F. cerealis, F. culmorum — tpuxorenenu rpynu B. Hanpu-
knaza, X.-X. Zhang 3 koseramu [63] noka3zanu, mo B niepio 3 2009 mo 2013 pp. y
pi3HUX MpoBiHIIAX KuTaro 1oMiHyBaIu 130J15TH, 3[1aTHI 0 TPOAYKIIii Pi3HUX MIKO-
TOKCHHIB, SIKi HaJIeXanu 10 BUMiB F. asiaticum ta F. graminearum, i MEHIII TIOIIH-
peHi i3omatu BUAiB F. acuminatum, F. avenaceum ta F. pseudograminearum [65].

He BuSBISIOTH 3MAaTHOCTI 0 CHUHTE3y TPHUXOTEleHiB Buau F. solani,
FE oxysporum, F. avenaceum, F. tricinctum [20].

[Ile oaHi€0 TPYNOK MIKOTOKCHHIB, SIKi 3laTHI CHHTE3YBaTH MPEICTABHUKH
pony Fusarium, € pymoHi3uHu. OyMOHI3UHH — 11 BEJUKA Ipyna CHONYK, 3 SIKUX
HaWUIOIIUPEHIINMU € TOKCUHH, BiiHeceHi 10 rpynu B (DB, @By, ®B3). OcranHi
€ IPOJIyKTaMH METa0oIIi3My MPeCTaBHUKIB BUIIB F. verticillioides, F. proliferatum
ta iH. Jleski Buau pony Fusarium (Hanpuknan, F. nygamai, F. oxysporum) 31at-
Hi MpoAyKyBaTH (DyMOHI3UHM y 3HAYHIN KUIBKOCTI, TOAI sK iHuI (K anthophilum,
F. globosum, F. napiforme i F. thapsinum) NpoayKyIOTh iX Y HE3HAaUHUX KUIBKOCTSIX
[31].

MeHII TOmMPEeHNM TOKCHHOM, TIOPiBHSIHO 13 IIepepax0BaHUMU BUIIIE, BBaXKa-
€ThCS MOHLTI(hOPMiH, SIKHi1 31aTHI CHHTE3YBaTH Pi3Hi BUAM IPUOiB, OHAK HANOLIBII
NOLIMPEHUMH TIpofayueHTamu € F. avenaceum, F. oxysporum, F. tricinctum Ta
F subglutinans. e mikotokcun siBisie coboro cymim K-Na-coneit 3-okcu-3-1u-
KJI00yTeH- |,2-110HY, MOraHO PO3YUHSIETHCS y BO/II Ta HE PYHHYETHCS i €0 CO-
Hsi9HOTO cBiTa. HarpiBanus 10 50 °C ynpoaoBx 2 roAHH 3HIKY€E KUTBKICTh TOKCH-
HY B 3epHi KyKypyn3u Ha 15% 1 40% — mmenuni [30].

Cepen mepepaxoBaHMX BHUIIE MIKOTOKCHHIB, BUIUIAIOTH TakoX (y3apieBy
KHCJIOTY, SIKa CHHTE3YEThCs OararbMa BUAaMU IpUOiB Ta BUKIUKAE B’ SITHEHHS POC-
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nuH. @y3apieBa KUCIOTA BITHOCHO CIa0OTOKCHYHA IIIOJ0 CCABIIB, aje 3a il mpu-
CYTHOCTI 3pOCTa€ TOKCHYHICTh JIE30KCHHIBaJICHOIY 1 (hyMoHi3uHy B1 [62].

VY Tabnuii HaBEAEHO MEpeiK HAHOUIbII PO3MOBCIOMKEHHUX BUIIB TPUOIB
pony Fusarium i XapaKTepUCTUKHA MIKOTOKCHHIB, 1110 HUMH MTPOAYKYHOTHCS.

Tabmuws
XapakTepHCTHKA Ta 31aTHICTH 10 CHHTe3y MiKOTOKCHHIB Y Hai{OLIb1I
PO3MOBCIOIKeHUX BUIB rpudiB pony Fusarium
Table
Characteristics and ability to synthesize mycotoxins in the most widespread
species of fungi of the genus Fusarium

Bua pony Pocannmn, siki Haiiyacrime

. MiKOTOKCHH
Fusarium YPAKYHOTBCSA

2-amiHO-14,16-/IuMeTHIIOKTaeKaH-
3-o071, akyMiHATOMipOH, aypody3apuH,
OeBepiliH, XJIaMiIOCIIOPOJI, XPU3OT'iH,
eniaruny, ¢yzapud C, MOHUTIGOPMIH

3nmaku, mepcuky, siomyka,
F. avenaceum rpy1Ii, KapToILIs, apaxic,
TOpPOX, CIiapKa, MOMiZOpH

Aypodysapun, byreHomin, Xpu3oriH,
F. cerealis 3epHOBI KyJIBTYPH, KapTOILISI Kymemopun, @y3apun C, HiBanenou,
3eapaneHoH

Aypodysapun, byreHomin, XpH30riH,
KymemopuH, Jle30KkCHHIBaICHOIT,
®dyzapun C, HiBaneHon, 3eapaicHOH

3epHOBI, KapTOIUIA, SOTyKa,

FE culmorum .
LyKPOBUH OypsK

Xpwusoris, Jliale TOKCHUIIUPIICHOI,
ExkBizetun, ®y3apoxpoMaHoH,
Hisanenon, 3eapaneHoH

3naxu Ta GpyKTH, 3a0pyIHEH]

F. equiseti . :
I'PYHTOM, OBOYi, TOPiXH, CTIELii,

Aypody3zapus, Byreromin, Xpu3oriH,
F. graminearum | 3epHOBIi Ta TpaBu KynemopuH, Jle30KCHHIBaJICHOII,
®yzapun C, HiBaneHor, 3eapancHoH

Topixu, GaHaHu, TUTPYCOBI,
F incarnatum KapTOILIsl, JIMHI, TOMIIOpH,
creni

Bogepinun, ExBizetnn, @y3amipoH,
3eapaneHoH

3epHOBI KyJIbTypH, TOPOX,
KBAcoJIsl, TOPixu, OaHaHM,

E oxysporum uOyIIsl, KApTOILIS, IUTPYCOBI,
si0ITyKa, yInbTpanacTepu30BaHi
COKH, CHellii, Chp

bogepiunn, @y3apiHoBa KKCIOTA,
Mouinidopmin, Hadroxinon

IIpencraBHuku pony Fusarium, cepel sKux Bunud F. graminearum,
F. culmorum, F. sporotrichiella, F. equiseti, F. culmorum ta F. stilphureum, cun-
Te3yI0Th TOKCUHH, SIKI BIIPI3HAIOTHCS 33 XIMIYHOKO Ipuponoro. Kpim HeratuBHo-
r'0 BIUIUBY Ha BpOXKail 3€pHA, HAKOIMYEHHS! MIKOTOKCHHIB TAKOX 3HAUHO 3HUXKYE
HOro sKiCTh. 3€pHOBI MIPOAYKTH MOXYTh OyTH KOHTaMiHOBaHI MIKOTOKCHHAMM Ha
Oyab-sKOMy eTari: i yac 00poOKu, 30epiraHHs Ta TPAHCIOPTYBAHHS KIHIIEBOIO
nponykty. [IprcyTHICTE MIKOTOKCHHIB Y 3€pHI Ta BUPOOaX 13 HbOI'0 MOXKE 3aBAATH
IIKO/IM 3/I0POB’10 JIFOJMHU Ta TBapHH [7, 28].
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[ToTparmisitoun B IUTYHOK pa3oM 3 K0, TOKCMHU aKTHBYIOTHCSI Ta BUKIIH-
KalOTh MOApA3HEHHs KUIIKiBHUKA [57]. Jleski MIKOTOKCHUHH, 110 HE MOTPeOyIOTh
AKTHUBAIlii, MOXYTh BUKJIMKATH MMOPA3HEHHS IIKIpH, CITM30BUX 0OOJIIOHOK Ta HOCO-
IOTKH y Jitoei [46].

OmHMM 13 OCHOBHUX MEXaHi3MiB BIUIMBY TOKCUHIB, 1110 MPOIYKYIOThCS (y3a-
pisiMH, Ha OpraHi3M TEIIOKPOBHUX TBAapHH, € OJIOKYBaHHs NEeNTUIMITpaHChepas-
HOTO calTy pubOCOM, IO CIPHUYUHSIE TOPYIIEHHS cuHTe3y OUIKIB [59]. Lle ocobnu-
BO HEOE3MEYHO MPHU YPAKEHHIX HUPOK, TIEUIHKU Ta eMOPioHIB [64].

[Tpu nmorpamsHai HUx4YuX Big JIJ50 koHIEHTpaIiii MIKOTOKCHHIB B Opra-
Hi3M TETUIOKPOBHHX TBapuH, HUTOXpoM P-450, 1110 npoayKyeThes B MediHI, KaTa-
JITHYHO TiIPOKCUIIIOE 130BajJIepiaHOBI JAHIIOTH TOKCHHIB, 3a3BUYaid, Y TIOJIOKEH-
Hsix C-3 abo C-4, micist 4oro HamiB3pyWHOBAaHUN TOKCUH TOTpAIUILE€ B KPOB, /i€
B TIPOIIECi JeaneaoBaHHs Ta TiPOKCHIIOBAHHSI METa0O0MiTIB, KOHIICHTPALIis CIO-
JYK, 110 YTBOPHIUCH B MEUiHI, 3HUKYETHCS HUISTXOM YTBOPEHHSI ITFOKYPOHOBHX
KOH 0TaTiB, sIKi BUBOIATHCS Yepe3 HUpKH [ 18].

OnTuUMaabHUMHA YMOBAMH Ui CHHTE3Y MIKOTOKCHHY TprHOaMH € BOJIOTICTb
cyoctpary 45-50% ta Temneparypa noskiuist 15-30 °C [50].

MiKOTOKCHHH, 110 TPOIYKYIOThCS TpudbaMu pony Fusarium, € JOCUTH CTiii-
KUMU CTIOJyKaMH. 3MEHIIYIOTh PIBEHb BMICTY MIKOTOKCHHIB Pi3HUMH CITIOCOOAMH,
HaMpUKJIaJl, TEMI0Ba 00p0OKa TOKCHHY B HEUTPAIbHOMY a00 KUCIOMY CepEeIOBHILI
HE MPU3BOAMTS JI0 HOTO pyHHYBaHHSI, ajie B Iy)KHOMY CEpEeIOBUIII 3a TEeMIepaTypu
100 °C ynponosx 60 xBuiuH pyiinye 6inu3bko 50%. s pyliHyBaHHS, HANPUKIIAI,
3eapaJiecHOHY B HacCiHHI iH()IKOBaHOI KyKypyaI3U BUKOPUCTOBYIOTh METONI 0OPOOKHU
0,03% po3urHOM nepcynbdary amoHio ado 0,01% po34HMHOM MEPOKCHIY BOIHIO
[19].

[lepcrieKTUBHUM € BIIPOBAKEHHSI MiKpOOIOJNIOTIYHMX METOIB copOuii Ta
Oilozmerpazaiii MiKOTOKCHHIB, 10 MPOAYKYIOTh TpHOU pony Fusarium, agxe BUKO-
PHUCTaHHS TaKMX O10TEXHOJIOT1H AaCTh 3MOTY YaCTKOBO BHKOPUCTOBYBATH TSI KOP-
MY TBapUHAM 3€pHO HEHAJICKHOT SIKOCTI.

Metoau BusiBjieHust Fusarium

Buninenns rpubiB poxy Fusarium, 3a3Buuail, IPOBOIUTHCS 13 3apaKCHOTO
3epHa 32 BUKOPUCTAaHHS METOAY «BOJOTHX Kamepy. s 1iporo 3pasku 3epHa Bif-
MHUBaIOTh MPOTOYHOIO BOJOTIHHOIO BOJIOKO, 3He3apaxytoTh 0,5% po3unHOM Tep-
MaHraHary KaJito, IPOMHUBAIOTh CTEPUIIBHOIO BOAOTIHHOIO Ta IUCTHILOBAHOIO BO-
JIOX0, TICIISL YOTO aCENTHYHO NMEPEHOCTh B Yaliku [leTpi Ha 3BONIOKeHUN BiIbTpY-
BaJIbHUU Tarip. AKTUBYBaHHS criop (y3apiit 31iiCHIOEThCs 3a Temneparypu 28 °C
JI0 TIOSIBU HAa TIOBEPXHi 3epeH Buaumoro mineniro [1]. [ani 3epHa nepeHocsATs Ha
HIUTbHE TIOXKHUBHE cepefoBuiie Yareka 3 reHTaMiluHOM, SIKUH TOJAr0Th IS [IPH-
THIYEHHS POCTY CYNyTHBOI OaKTepiaabHOI 010TH, Ta KyJIBTUBYIOTh 32 TEMIEpaTypu
28 °C mporsiroM 5—7 n1i6. UncTi KyabTypH 13075TiB OTPUMYIOTh [UIIXOM CEPiiHUX
nepeciBiB Ha Take X arapu3oBaHe cepenopuile Yaneka 3 reHTamilmHoM. [HTEpBa
MiX IepeciBaMy BCTAaHOBIIOIOTH 2028 mib.

Jy1s BU3HAUCHHS XapyOBHX MOTPEO Ta paiiaibHOI HIBUAKOCTI POCTY Qy3apiid
BUKOPHCTOBYIOTh CHHTETHYHI (cepenoBuile Yareka), crieniaaizoBaHe CHHTETUYHE
cepenoBuie (Spezieller Nahrstoffarmer Agar) Ta HamiBCUHTETHYHE (KapTOIUIS-
HO-TJIFOKO3HUI arap) cepeoBHILa.
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XiMIYHHIN CKJIa]l CEPEAOBUII € JyKe BOXKJIMBUM IIPH KyJbTUBYBaHHI (y3api-
€BUX T'pUOIB, OCKUTBKU BIUIMBA€E Ha KYJIBTYPaJbHO-MOPQOJIOTiUHI XapaKTepUCTH-
ki (30KkpeMa GopMy KOHiiid, pO3BUTOK TUIYy CHOPOHOIIEHHS, CUHTE3 MIrMEHTIB,
YTBOPEHHSI BapiaHTiB). 3Ba)Karouu Ha Ii€, Y JOCTIDKCHHAX 37e01IbIIOr0 BHKO-
PHUCTOBYIOTh KapTOIUISIHUHM BiJBap Ta MOXXUBHI CyOCTpaTH HAa HOTO OCHOBI, a JUIs
OLIIHIOBaHHS MiKPOMOP(OJIOTTYHUX O3HAK TaKi LIUIbHI XKUBUIbHI CEPEIOBUIIA, HA
AKUX Tpudu GopMyroTh c1a00 pO3BUHEHHH, TABYTHHYATONONIOHMI, Oe30apBHMIA
MILEINIH, [0 CTENUTHCS MO MOBEPXHi, MOP(OIIOTIUHI 0COOIMBOCTI SKOTO (PO3MIipH,
(dopma KOHIJIIEHOCLIB, MIKpPO- 1 MAaKpOKOHI/Iil, XJIaMiIOCTIOPH, a TaKOXK CIoco0u
iXHBOTO ()OPMYBaHHS) JIETKO BU3HAYarOThCs [48].

Oxpim izeHTudikamnii 32 MOp(OIOTIYHUMH O3HAKAMU, TPOBOAATH MOJIEKY-
JSIPHO-TEHETUYHI JocmikeHHs. [l inenTudikamnii 1oCiipKyBaHOTO MITaMy 110
MIEBHOTO BUIY poay Fusarium aMIutipikytoTh 1 CEKBEHYIOTh (BH3HAYaIOTh HYKJIE-
OTH/IHY IMOCJIIIOBHICTb) OJMH UM OuIbIIe TeHiB. HaliuacTiiie CeKBEHYIOTh OTHOKO-
miiHI TeHu, Taki sk B-tyOyiniH, ricron H3, dakrop enonrauii rpancmsuii TEF-1a,
KabMOIyIiH [52, 54], a Takox p/IHK, HiTpaTrpenykra3y ta ¢pocharnepmeasy [35].
OTpuMaHy MOCIIIOBHICTh MOPIBHIOIOTH 13 CIKBEHCAMH POJUHHHUX BHIB 13 BiIIO-
BiIHUX 0a3 panux, Hanpukiaa, GenBank abo FUSARIUM-ID [24]. JliarHocTryHa
LIHHICTh OJTHOTO CIKBEHCY YaCTO HEOCTATHS, aJlie CIKBEHC KUJILKOX T'€HIB, 3 ypaxy-
BaHHSIM MOP(OJIOTIYHUX O3HAK Ta BU3HAUYEHHIM (DiJIOTeHii, 103BOJIsIE€ O1IbII HATIH-
HO i1eHTH(]IKYBaTH JOCTiKYBaHUN TaM pony Fusarium [52, 54]. Inmni moneky-
JISIPHI METOJIH, SIKI BUKOPUCTOBYIOTBHCS s iIeHTUdIKALil BUAIB pony Fusarium,
BKJIIOYAIOTh aHAJI3 NOMIMOpP(]i3My TOBKUHHU aMIUTiPiKOBAaHUX (parMeHTIB, BUIIA-
koBo amrutipikoBanux ¢parmenti JJHK, a Takoxx BU3Hau€HHs IpyIiv BereTaTUBHOI
CYMICHOCTI JIOCIIJI)KYBaHHX 130JI5TiB [24].

Bce yacrinie BUKOPUCTOBYIOTH AJIsl CHIEIM(DIYHOTO BUSBICHHS Ta KiUIBKICHO-
rO BU3HAYCHHS BUMIB pony Fusarium y 3epuoBux [1JIP y peansHOMY Haci.

MeTtoau 60poTh0u 3 py3apiozom

Bopotr0a 3 dy3apiozom nepeadauae BUKOPUCTAHHS KYJIBTYPAIbHHUX 1 XiMid-
HUX METOJIB OOPOTHOM, BKIIFOYAIOYH CiBO3MIiHY, BUCAIKY CTIMKHX COPTIB 1 3aCTO-
cyBaHHs (yHrinuai. Takox po3poOIsrOThCs 010JI0TIYHI METOAM KOHTPOIIO, TaKi
SIK BAKOPUCTaHHS KOPUCHHUX MIKPOOPIaHi3MiB, IO € MPSIMUMU aHTaroHiCTaM# abo
rinepnapaszutamu rpudiB pony Fusarium [42]. Jleski MikpoopraHi3Mu, HATPUKIIAI,
MikpoMiteTu pony Trichoderma, Gaxrepii pony Bacillus Ta neski BUau akTHHOOAK-
TEepii, MOKa3aau CBOK e(heKTUBHICTH y 00poThOi 3 (hy3apio3om [5]. Ha croroanim-
Hill ICHP 11e HAaHOUTBII MEPCIIEKTUBHUIN HAMPSIMOK Y pO3poO0ILi METO/IIB KOHTPOIIIO
(dy3apiosy, OCKUIbKH €KOHOMIYHA CKJIaJ[0Ba MPH BUKOPHCTAHHI XIMIYHUX (yHTi-
LUIIB CUJIBLHO PI3HUTHCS 3 BApTICTIO OI0JIOTTYHUX METOIB 1 BiJOOpaKa€ThCS Ha
PEHTa0ENIbHOCTI BUPOIILYBAaHHS 36PHOBHUX KYIIBTYD.

Ha cporoani BioMo0, 110 5KOJCH 3 JOCTYIHHX KOMEPIIIHHUX COPTIB POCIHH
HE Mae IMyHITeTy 10 iHpEeKUid, CnpuduHEeHuX Fusarium spp., ajie BIAMIHHOCTI B
peaxuii Ha ¢y3apio3 Bce xk €. [IIupoko BioMi [Ba TUITH PE3UCTEHTHOCTI y POCIIHH:
tun [ 1 tum 11

CrilikicTh Ty | 3MeHIITy€ KiTBKICTh MOYATKOBUX 1H(GEKIIH 1, 3a3BUYald, BH-
MIPIOETBCSL KUTBKICTIO 3apajkeHUX KOJOCKIB Ticis iHOKyIswii. CrifikicTs Tumy 11
o0Mexy€e OUIMPEHHsI TpUOKa B 1H(IKOBaHIN TKaHUHI Ta BUMIPIOETHCS KIJIBKICTIO
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3apa)keHUX KOJIOCKIB 32 MEKaMH IIOYaTKOBOTO Miclisl iH(iKyBaHHsI. [HIII TUIN CTiH-
KOCTi 200 TOJICPAHTHOCTI TaKOX OyJIM BU3HAHI B ISSKUX JIHISAX MIICHHUIII, 3aCHOBaH1
Ha 3/1aTHOCTI MPOTUCTOATH 1H(EKIIIT 3epHa, PO3ILEIUTIOBATH MIKOTOKCHHU a00 Tij-
TPUMYBATU BPOXKAHHICTh, HE3BAKAKOYHM HA TIPUCYTHICTH (Dy3apiii (TOIEPaHTHICTD).

Kinbka copTiB TBepaoi sApoi MIIEHUIII MAIOTh MiABHUILEHY CTIHKICTh 10 ypa-
skeHHs (y3apiosy. OHAK 3arajdbHUI PIBEHb CTIMKOCTI 3HAUHO HWDKYUH y TBEPIO1,
HDK y M’sIKOi TmieHui. SYMiHb Ma€e NMpUpOHy CTikKicTh Tumy II, mo no3Bosnse
3MEHIINTH TOIIUPEHHS TPUOKA B 3apa)KeHii TKaHWHI, a IEsIKI COPTU HAKOTIMYYIOTh
MEHIIY KUIbKICTh JI€30KCHHIBAJICHOMY.

BupoOHuKH, 10 3HAXOASATHCS B 30HAX BHCOKOTO PU3UKY, TOBHHHI BUOMpa-
TH COPTH, SIKi IPOIEMOHCTPYBAJIU NIEBHUI PIBEHb CTIMKOCTI 10 BUJIB TPUOIB POy
Fusarium [23].

Bopote0a 3 (hy3apio3oM 3a JOMOMOTO XiMIYHUX (DYHTILUIIB BKIOYAE 00-
pOOKy HaciHHS, 110 HE 3aXWIIae BiJ (y3apiosy, ajle MOXKE 3MEHIIUTH YPa)KCHHs
cxomiB. Y BapiaHTi 00pOOITKY IPYHTY, KOJIA 3aKOIYIOTh 3aJIMIIKH BiJ] APIOHUX 3€pPEH
a00 KyKypyI3u, 3HIKYIOTb 1HOKYJISITABHHM MOTEHITia)l TpUOKa. Y MpaKTHKax MiHi-
MaJILHOTO 200 HYJIBOBOTO 00POOITKY €(heKTUBHE PO3KUAAHHS Ta PO3MOALT MOJIOBU
Ta 1HIIUX 3aJUIIKIB MOXKE CIPUATH MIBUALIOMY PO3KIIAaHHIO MTOJIOBH, 3MEHIITYO-
YH TIOTEHIIIaJ iHOKYIATA. [IepCreKTUBHUM y IIbOMY HANpPsIMKY € BUKOPUCTAHHS Mi-
KpPOO10JIOTTYHUX JECTPYKTOPIB MOKHUBHUX 3aJUILKIB, IO 32 KOPOTKHIA MTPOMIKOK
Yacy pO3KJIaJar0Th COJIOMY Ta 3HHIIYIOTh MicIs 3UMIBII criop Qy3apiit. o ckiamxy
MiKpOOIOJIOTTUHUX MpenapariB-IeCTPYKTOPiB BXOASITh MIKPOOPTaHi3MH, 110 BOJIO-
JII0Th (DYHTIIMIHOIO aKTUBHICTIO MO BIJHOIICHHIO JI0 UIMPOKOTO CIEKTPY TpHrOiB
pony Fusarium [22].

BHeceHHs1 MiKpOOpTaHi3MiB-aHTAaroHICTIB rpudiB pony Fusarium B TPYHT,
HaMpUKIaJ, OAHOYACHO IPH IMOCIBI MUIAXOM MONEPEAHbOT 00pOOKH HACiHHS abo
BHECEHHSIM CYCIIeH31i KOPUCHHUX MIKpPOOPraHi3MiB B HACIHHEBE JIOKE 3a JOMOMO-
TOI0 aIuTIKaTopa, J1a€ 3MOTY 3aXWUCTHUTH HACIHUHY BiJl BpPa)KEHHS TpUOAMU LbOTO
poxy [56].

[TpaBunbHe 30epiranHs Ta 00poOKa 310paHOr0 BPOXKAKO TAKOK MOXKE JIOTIO-
MOTTH 3a1to0irTu 3apakeHHio dy3apio3om [58].

[TpodinakTuyHi 3aX0¥ BKIIOYAIOTh HAJIS)KHE 30epiraHHs HACIHHS, YHUKHEH-
HSl TIOCIBY Ha TOJISIX, /I B aHAMHEe31 OyJ0 3apaxxeHHs Qy3apio3oM, 1 miATPUMAHHS
ONTUMAJILHUX YMOB BHPOIIYBaHHS CLIIbCHKOTOCIIONAPCHKUX KYIBTYp. Perynspauii
MOHITOPHUHT 1 paHHE BUSBIICHHS (Dy3apio3y TaK0XK BKIIUBI U151 3ar00iraHHst TOIIH-
PeHHIO iH(eKIii.

Yepe3 pylHIBHY NpUPOAY XBOPOOM BUPOOHMKAM BaXKJIIMBO MAaTW CTparerii
oM’ SIKIIICHHSI BTpar 4epe3 y3apii Ta Je30KCUHIBAICHOJ, SKHi HUIMH CUHTE3YETh-
cs. Li crparerii BKIIIOYAIOTh MMOETHAHHS KYIBTYPaJIbHUX MPAKTHK, BUKOPUCTAHHS
CTIMKUX a00 TOJIEPAHTHUX COPTiB, XIMIUHUI KOHTPOJIb, O10JI0TTYHUI KOHTPOJIb, BU-
KOPUCTaHHS CUCTEM MPOTHO3YBAHHS Ta cTparerii 30opy Bpoxkaro [38].

B pe3synbrari ananizy JiTepaTypHHX JpKEpes Oys10 MoKa3aHO pI3HOMAaHITHICTh
BUJIOBOTO CKJIaJly MIKpOMILETIB pony Fusarium, HaBeeHO (paKTOpU BipyIEHTHO-
CTi, IpoaHalli30BaHa AMHaMiKa po3MoBCromKeHHs (y3apiid. [llupoke Ta mBuake
PO3IMOBCIOIKEHHS IPEJICTABHHUKIB TAHOTO POAY, @ TAKOXK BUCOKA 3/1aTHICTh MPUCTO-
COBYBATHUCh JI0 HECTIPUATIAUBHUX (PAKTOPIB HABKOJIIMITHBOTO CEPEIOBHUIIA Ta (hOpMy-
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BaTH CTIMKICTh JI0 XIMIYHHX 3aC001B 3aXUCTY POCIUH CBITYHUTH PO Te, IO (y3api-
03 € MOIIMPEHOIO B CBITI XBOPOOOIO.

[IpoananizoBaHO CHEKTP MIKOTOKCHHIB, IIO CHHTE3YIOThCS T'PUOAMU POy
Fusarium, Ta moka3aHo iX IIUPOKUH CIEKTP TOKCHYHOCTI MO BiJHOUICHHIO IO
CLIBCHKOTOCIIOIAPCHKUX POCIUH 1 TEIUIOKPOBHUX TBAPUH Ta BUCOKY CTYITIHB CTiii-
KOCTI JIO XIMIYHUX Ta (DI3UIHUX METOJIB 1X JCaKTUBAILil.

[TokazaHo HEOOXiMHICTH 10 PO3POOKH HOBUX Ta YIOCKOHAJICHHS 1CHYIOUHX
METO/IiB KOHTPOJIIO (py3apio3HUX 3aXBOPIOBAHb POCIUH, 30KpeMa ISl 3aXUCTy Ta-
KHUX PO3MOBCIOMKCHUX B CBITI KYJIBTYD, K MIICHULS 1 SITUMiHb.

0O.V. Andriushchenko, I.V. Strashnova

Odesa I. I. Mechnikov National University,
st. Dvoryanska, 2, Odesa, 65082, Ukraine,
tel.: +38(096)229 22 91, e-mail: andriuschenko2016@gmail.com

CHARACTERISTICS OF REPRESENTATIVES
OF THE GENUS FUSARIUM CAUSING
CEREAL CROPS DISEASES

Summary

Biological features, pathogenesis, methods of detection, identification and control
of fungi of the genus Fusarium, capable of causing diseases in various types of
plants, in barley and wheat. Information is provided about the main mycotoxins
synthesized by fusaria, as well as ways to reduce their concentration in the
affected grain. The need for the development and implementation of biological
methods for controlling fusarium pathogens is noted.

Key words: Fusarium, mycotoxins, biological control methods, grain diseases.
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KOJIEKIIA MTPOMUCJIOBO NIHHUX
KVJIbTYP MIKPOOPT'AHI3MIB
JUJIAA BIOJIOTT3AIII 3BEMJIEPOBCTBA

B Inoicenepro-mexnonoeiunomy incmumymi « biomexuikay HAAH Ykpainu 3iopa-
HO ma niompumyemscs 8 sicummesoamuomy cmari Konexyis mikpoopeanizmis,
AKa popmysanacy 3a 03HaKow OOYLIbHOCMI ma epekmuernocmi 6 Oionozizayii 3em-
nepobemea. Mikpobruii eenoghond Konexyii — ye bakmepianvhi i epubHi wumamu
MIKDPOOP2AHI3MIB, SIKI 3ACMOCO8YIOMbCS 8 DIOMEXHONOCIAX GUPOOHUYMBEA 3AC00I8
3axucmy pociun ma KOHMpomo8anti ix axocmi. Ha ocnoei konexyitinux mikpo-
OpeaHizmie cmeopeHo Mikpobionpenapamu 3 (QYHIYUOHUMU, eHMOMOYUOHUMU,
GocpammobinizysanoHuMU, HeMAMUYUOHUMU, YeTHON030IIMUYHUMU, DICMCMu-
mymosanrbHumu eracmusocmamu. IHiompumylomsca ¢ Konexyii maxooc wmamu,
AKI gnausaroms Ha npoyecu @hikcayii ammocgeprozo azomy. Beruxuil inmepec
npeocmasisatoms MIKPOOP2AHIZMU, SIKI UOLIEHO I3 NPUPOOHUX 0Jicepel PI3HUX 00-
nacmeu Ykpainu (asmopcoki wimamu), OLIbuWicms 3 AKUX 3HAX00SIMbCL HA cmaoii
BUBUEHHS | HAKONUYEHHs IHQopmayii npo Hux. /s eusHauenHs 6IoN02IuHOI aK-
muenocmi Qyneiyuoie 6 Konexyii niompumyromscs epubHi mecm-00'ekmu, sKi
€ 30YOHUKAMU XB0POO 080YEBUX, 3ePHOBUX MA NL00080-582I0HUX Kynemyp. To0-
mo, Konekyiio Mikpoopeanizmie cmeopeHo 0iisi (paxieyis, sKi npayionms 6 2any3i
3aXUCIY POCIUH, d MAKOXIC OISl HAGYAHHS CMYOeHmis-0i0102i8, OIOMEexXHON02I8,
aeponomis. Konexyis cneyianizosana, momy 30€pediceHHs MaKko2o YHIKAIbHO2O0
00'exmy € npiopumemHum 3a60aHHAM, OCKIIbKU 6MPAMA KONEKYIIHUX MIKPOOD-
2AaHI3MI8 MOJICe MAMU He2AMUBHI HACTIOKU ONIsl HOOANLUO20 800CKOHAIEHHS Md
PO36UMKY OIOMEXHONO2I, 30KpeMa GU2OMOBIeHHsL MIKPOOIONO2IYHUX NPenapamis
071 3axXucmy pociun 3 ukopucmanusm nomenyiany Konexyii. Bpaxosylouu ece
suwgesaznauene, 04.11.2022 p. Konexyito eneceno 0o /lepoicasnozo peecmpy Ha-
YKOBUX 00'€Kmi8, W0 cmanosisims HayioHanbHe Haobanus (I[locmanosa Kabminy
Vrpainu 6io 04.11.2022 p. Ne 1243).

Knwwuosi cnoea: bionocizayis semnepoocmea, Hayionanone naobanns, Konex-
Yist, KYIbmypu MiKpOOP2AHI3MI8, HAYKOGUL 00 €KMI.

B ImxenepHo-TexHOMOTIYHOMY 1HCTHTYTI «bioTexHika» HamionanpHOI aka-
nemii arpapaux Hayk Ykpaiam (ITI «biorexnikay HAAH) y 1992 p. posmouato
dbopmyBanHs Komekiii MikpoopraHi3MiB 3 arpOHOMIYHO I[IHHUMH BIIACTUBOCTSIMHU.
Criouarky, 3a1a4er0 MikpoOHOTO TeHOhOH Ty, Oyito 3a0e3medeHHs] TOBApHUMH TIap-
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TiISIMH MaTOYHHX KYyJBTYp PETiOHaIbHHUX Oionaboparopiil, ski 3aiimanucsi BUpOO-
HUITBOM 0ioyIoriyHKX 3ac00iB 3axucty pociuH (b33P) i 3Haxoaummcs npakTHYHO
y BCIX MicTax i palloHHUX HeHTpax Ykpainu. ¥ 1994 p. [ToctaHoBoro YkpaiHChKOi
akazieMii arpapaux Hayk (YAAH) na Konekito i3 12 nepcneKTUBHUX MITaMiB Oyiio
noksazeHo GyHkuito LlenTpy marounux KynbTyp MikpoopranizmiB (UMK) mst 3a-
0e3Me4YeHHsT PO3BUTKY O10JIOTIYHOTO METO/Y B MIBASHHHUX perioHax Ykpainu (mpo-
Tokon YAAH Bin 15.12.1994 p. Ne 14).

Ha cporoani, Giopi3HOMaHITTS MiKpOOHHX KynabsTyp B Konekuii cTaHOBUTH
134 mrramu i e — pe3yasrar Oararopiunoi npaii Bayenux i HaykouiB [TI «biorex-
Hika» HAAH [8].

OcHoBHa MeTa poboTH 3 Konekiiero — 1ie MmouryK, HaKOMMYCHHS, HalliiHe
30epeKeHHsl Ta BUBYCHHS MIKPOOHUX pecypciB, a came, IITaMiB 3 arpOHOMIYHO
LUIHHUMH BJIACTHBOCTSMH JUIsl 1X €(DEKTHBHOTO BHKOPUCTAHHS B HAyKOBHX, Ha-
BYAJIbHHUX Ta MPAKTUYHHX IIUJISAX.

O06'extamu 30epiranHs € OakTepianbHi i rPUOHI KyJIbTYPH MIKPOOPTaHi3MiB,
AKl € MPOAYLUEHTaMU IIHHUX OiojoriuHo aktuBHHX pedoBuH (BAP). Lle Tumosi
MPOMHKCIIOB] IITAMH 3 aHTaroOHiCTHYHUMH, CHTOMOIMIHUMH, HEMAaTOIMIHUMH,
LEJTIOTI030JIITHYHUMU BJIACTUBOCTSAMH, a TAKOXK MPUPOIHI (aBTOPCHKI) MITaMH, SIKi
BUJIUICHO 13 €KOHIII arpo0ioIeH03y, Cepel HUX € MPOAYLEHTH (hiTOTOPMOHIB, a Ta-
KOX Taki, 0 3/1aTHi 10 TpaHchopmarii Hepo3unHHOro (ochopy. € B Konmekmii
TaKOXX IITaMH, K1 BILTUBAIOTh Ha JOTOCHHTE3 1 acoliaTuBHY a3oTdikcarito. Too-
TO, B MPOLIECI BUKOHAHHS TEMaTHYHUX JOCHIKeHb, KONEKIlisi CyTTEBO MOMOBHH-
Jacsi HIHHUMH MiKpoopraHizmMamu. B pamkax criBmparii 3 HayKOBUMH YCTaHOBaMH
Honpmi, [py3ii, MongoBu Ta 3 HAyKOBISIMH 1 criBpoOiTHHKaMu Oioiaboparopiit
VYkpaiau B Konekiii 3'sIBUIIMCS ITaMU 3 Pi3HOIO CENEKTHBHICTIO il [3, §].

i mTamu ckianaroTh oOMiHHUN Gona Konekiii 1 Ha choroHi MOTpeOyOTh
JOCKOHAJINX JIOCIiIKCHb.

KinpkicHa XapaKkTepHUCTHKA KOIEKIIHHUX MIKPOOPTaHi3MiB

v v v

IIpomucioBi 3 arpOHOMIYHO
LIHHAMH BIaCTUBOCTSIMH
— 71 mram

Tect-00'exTn [pupomHi i30maTH
— 12 mrramis — 51 mram

JlocimKeHo BENTMKY KUTbKICTh MIKpOOPTaHi3MiB, ajie Ha 30epiranHi B Konek-
i 3aIMIIAIOTHCS MTaMH, SKi TOTPeOYIOTh AOCIIHKEHb Ta BIIANOBIIAIOTh TAKUM
KpUTEPIsSIM:

— BUCOKa IPOAYKTHBHICTh 3 MPUCKOPEHOI MIBHIKICTIO PEHPOAYKTHBHUX
MPOIIECiB 1 MAKCUMAJIHbHUM HAKOIIMYEHHSM THTPIB MIKPOOPTaHi3MiB Ta iX IMIHHHX
MeTaboiTiB (010JIOT1YHO AKTHBHUX PEUOBHH);

— BHCOKA IMBHUJKICTh Ta CHHXPOHHICTh CIIOPOYTBOPEHHS (Y BHUITAIKY 3 Oarm-
JSIPHUMH Ta TPUOHUMU IITAMAMH);

— CTaOUIBHICTD IIHHUX BIACTUBOCTEH, CTIMKICTD IITAMIB 4O JUCOLIAII;

— CTIMKICTB 0 Ji30TeHil, y T. 4. 10 (aromsucy;

— O€3MEYHICTD IS JIFOACH, JOBKIIIA, Y SIKAX BiJICYTHI TOKCHYHI METa0OITH .
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Ha cporonni 12 mrtamis, mo 36epiratorscst B Konekiii, mpoHIy ririeHigHe
peraMeHTyBaHHs B [HCTUTYTI MikpoOiosnorii 1 Bipycosnorii im. [I.K. 3abonoTHoro.
OpnepkaHO BUCHOBKH IIIOJIO X TOKCHKOJIOTIYHHX BJIACTUBOCTEH, 1X JEMOHOBAHO B
Vkpaincekiit konekuii HAH Ykpainu (Tabmurs) [7].

Tabnuws
IlTamn, siki 1enoHoBaHo B YKpaincekiii Kosekuii Mikpoopranizmis
Table
Strains deposited in the Ukrainian Collection of Microorganisms
Ne . . . H01:1ep B IIpenapar Ha ocHOBI
3/ Biosoriunmii arent YKpamcs,Sm JeTIOHOBAHOTO IITAMY
KOJIeKIil
1 Arthrobotrys oligospora mr. 12 F-100047 Hemarodaria BT
2 Bacillus thuringiensis var. kurstaki . BK-4 B-7173 Bermumin BT
3 Beauveria bassiana mrt. 71661 B-100051 | bosepun BT
4 Beauveria bassiana mrt. 3300 B-100044 -
5 Verticillium lecaniimit. C-3 F-100045 Beprumwnia BT
6 Metarhizium anisopliae ut. MALI F-100090 | Merapusun bT
7 Microbacterium barkeri mr.JITT-1 B-7691 Opraniune 1006pHuBO
8 Pseudomonas aureofaciens mrt. 5 B-7690 biocniektp BT
9 Pseudomonas fluorescens mrt. AP-33 B-7206 [Tmanpus BT
10 | Pseudomonas fluorescens mr. 2 B-7533 ®nyopecuus bT
11 %alznéonella enteritidis var. Issatschenko mir. B-7207 Bakroponenun BT
12 Trichoderma viridae mr. T-4 B-100046 | Tpuxonepmin bT

7 13 12 1ernoHOBaHUX IITaMiB — aBTOPCHKI, SIKi BUITY4EHO CIIBPOOITHUKAMU
BIZJIUTY 13 PI3HUX €KOJIOTIYHUX JDKEPE, iIeHTU(IKOBAHO 10 POJOBO] 1 BUIOBOT Ha3-
Bu. ToOTO0, BcTaHOBNEHO iX TakcoHoMiuHMi cratyc [1, 10]. Ha ix ocHoBi Biamnpa-
IIbOBAHO TEXHOJIOT'1 OJIepKaHHsI HOBUX OloNpenaparis, sIKl IPOUIIUIN CEepiko 10Ci-
JUKeHb HE TUIbKU B YMOBax in vitro [3].

YMOBOI0 €(h)eKTHBHOTO BUKOPUCTAHHS 3100yTKIB Cy4acHHX O10TE€XHOJOTIH €
caMme HasiBHICTh BUPOOHUYHUX IITAMiB MIKpOOPIaHi3MiB 31 cTabiIbHUM T€HOTUIIOM.

Po6ora 3 Konekuiero MikpoopraHismiB noTpedye HOBUX METOJOJOITUHUX
pO3po0OK 1 OpraHi3aliifHUX MIAXOAIB, SIKI JTO3BOJATH ONEPATUBHO BUPIIIyBaTH
npobiemMu QyHIAMEHTATbHOT 010JIOTIYHOT HAYKH.

ITpoBoauThCs MOCTIHHA poOOTa 3 MEPEBIPKU KUTTE3AATHOCTI MIKPOOPIaHi3-
MiB, HasiBHUX B Komekiii, OCKUIbKH 30€peKeHHs 010JIOTTYHOTO MOTEHIlaly IITa-
MIB, IKHI 3aKpIIJICHO B X F€HOTHUII IPUPOAOIO 1 CENIEKLIEL0, BIAIrPae MepIiouep-
TOBY pOJIb IPU BUPOOHUIITBI 3aC001B 3aXUCTy pOCIUH. KOHTPOJIb KHUTTE3NATHOCTI,
YUCTOTU KYJIBTYPH, CTAOUIBHOCTI BUXIAHHUX BIACTUBOCTEH 3 pO3pOOKOIO MiATPU-
MYBaJIbHUX TE€XHOJIOT1H Ta METOAUYHUX MIJIXOJIB — 1€ KIaCUYHA CXeMa pPOOOTH 3
Komnexkiero [2, 4].
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Bci KynbTypu MiKpOOpTaHi3MiB MiATPUMYIOTHCS METOJIOM MEPIOANYHHX I1e-
peciBiB Ha arapu30BaHi )KUBUJIbHI CepelOBHILA. BiampaboByOTECS Ta BIOCKOHA-
JIIOIOTHCSI METOAM KOHCEPBYBAHHS KYJIBTYP MIKPOOPTaHi3MiB NPy 3aKjIalaHHI IITa-
MiB Ha Pi3Hi CyOCTpaTu Ta pi3Hi TepMiHM 30epiranHs. binblna yacTuHa 10CTiIKESHb
MIPUCBAYYETHCS CaMe TMOIIYKY METO/IiB JOBITOCTPOKOBOTO 30epiranHs mramis. [Ipo-
BOJIUTHCS aHAJI3 CTaHy KOJEKIIMHUX 3pa3KiB y BIAMOBIIHOCTI 3 TACIIOPTHUMH Xa-
PaKTepUCTHKAMU TICIIsl JOBIOCTPOKOBOTO 30epiranns [2, 3, §].

B 3B's13Ky 3 pO3BUTKOM 0i0OMETO/Yy B CUCTEMI IHTETPOBAHOTO 3aXKUCTy POCIHH
Ha OCHOBI KOJICKI[ITHKX IITaMiB CTBOPEHO HU3KY HOBHX €()EKTHBHUX IPETAPATIB 3
PI3HOIO CEJIEKTUBHICTIO Aii. 3amyIieHo BupoOoHuTBo 20 npenapariB Ha OCHOBI MO-
HOKYJIBTYp. 3aCTOCYBaHHS LIUX MpENapariB Ha OCHOBI KOJIEKIIHHUX IITAMIB CIIPH-
sI€ TIBUIICHHIO MPOAYKTUBHOCTI Ta MOJIMIICHHIO SIKOCTI CLIBCHKOTOCTIONAPCHKOL
MPOAYKIIil, CTIHKOCTI POCIHMH JI0 XBOPOO, IIKIAHHWKIB 1 CTPECOBUX YMHHHUKIB. bi-
OIperapary BIUIMBAIOTh HA 3MEHILIEHHS] HOPM 3aCTOCYBaHHS MiHIOOPHB Ta XiMid-
HUX MMECTULHIB. biooriuHi 3ac00M 3aXUCTY POCIUH MICTITh CKJIAHUI KOMILICKC
010XIMIYHHX CIIONYK ((hepPMEHTH, KUCIOTH, €HJOTOKCUHHU, €K30TOKCHHH, (iTOrop-
MOHH) 1 XKHB1 MIKPOOPIaHi3MH, SIKi 3aJIEXKHO BiJl IOTOJHUX YMOB IHTEHCU(IKYIOTh
MIPOIIECH, 1110 MPOXOAATh B POCIHMHAX 1 3a0e3MeuyroTh iX 3axucHy aiwo [5, 11]. e
— Akrtodir BT, Ammupun BT, Amnenominun BT, bakroponenuun BT, baktodit BT,
bitokcubammnin bT, Beprumwiin BT, [moknagua BT, Konioripun BT, ®itonopm
BT. 3Minu noromqHux yMOB IpH 3aCTOCYBaHHI OiompenapariB BILTUBAIOTh HA J00Ip
NeBHUX (PEHOTHUIIB MIKpOOpTaHi3MiB [5].

Oxpim mpenapariB Ha OCHOBI MOHOKYIBTYp Mikpooprani3miB B ITI «biorex-
HiKa» BIAMPaIbOBAHO TEXHOJIOTIi CTBOPEHHS KOMIUIEKCHUX Oi0mpernapariB Ha OC-
HOBI B3a€MHOTOJICPAHTHUX JIBOX, TPbOX, 400 YOTHPHOX IITAMIB, IO AAJI0 MOXKJIIH-
BiCTh BUKOPUCTOBYBaTH iX B Komruiekci. Lle — biorioepsit BT, bionectpykrop BT,
Biractum BT, Tpuxoncun BT. 3a paxyHOK CHHEPriYHUX BiTHOCHH MiX IITaMaMH,
10 CKJIQJIAl0Th KOMIIO3HUIII0, BUIIICHA3BaHI MTPErapaT J0CTaTHhO €EeKTHUBHI 1 KO-
PHUCTYIOThCS MOMUTOM B (pepMEpPChKUX rocroaapcTBax Ykpainu [3, 6, 8, 9].

ExonoriyHo Oe3rneuHi TEXHOJOTII ofepiKaHHsl OlompernapariB BiIHOCITHCA
10 Oe3MeYHHX MPOIECiB, a 3aCTOCYBaHHS 010JOTIYHUX 3aCO0IB 3aXUCTY POCIUH
BupoOHunTBa ITI «bioTexHika» He MPU3BOAUTH 10 BUHUKHEHHS HEraTUBHHUX Ha-
CIIIJIKIB 1 aBapiMHUX CUTYAIIiH.

SIK OCHOBHHH yTPUMYBa4 MiKpOOPIaHi3MiB 3 arpOHOMIYHO IIIHHUMH BIaCTH-
BOCTSIMH, CIIBpOOITHUKN KoJeKIlii 3/1iHCHIOI0Th METOUYHY 1 KOHCYJIBTaTUBHY PO-
00Ty, IPOBOASITH HAYKOBE CYIIPOBOPKEHHS Ha MIAMPUEMCTBAX, 110 HAIPAIIbOBYIOTh
0i0yI0TiYHI 3ac00M 3aXUCTy POCIUH Ha OCHOBI mTamiB i3 Koxekii iHcTUTYTY. A
criBmpar 3 ¢epmMepaMu J03BOJISIE TPOTHO3YBAaTH TEPMIHH MPOBEIACHHS 3aXUCHHUX
3axO0JliB Ta 3aCTOCYBaHHS HAMOUIBII €KOHOMIUYHUX 1 e()eKTUBHUX O10JIOTIYHHX 3a-
cO0iB 3aXHCTy POCIHH AJIsl IPUTHIYSHHS IIKIAJIMBUX (hiTOMaToreHiB i iTodaris.

ITamu Mikpooprani3miB i3 KosekIii iHCTUTYTy BUKOPUCTOBYIOTh Mij 4ac
BUPOOHHMYOT MPAKTHKH CTYACHTH MHKOIAIBCHKOTO HALlIOHAJIILHOTO arpapHOro yHi-
BepCcUTETY Ha OCHOBI JloroBopy mpo TBopuy criBmnpairto. [lianpuemctBa Yipainu:
«UYepkacubiozaxuct» (M. Uepkacu), Arpobiozaxuct (M. Cymu), UIT «Bigpomxen-
Hs» (M. Oneca), pirocanitapui naboparopii (M. Jlynpk, m. JIbBiB), TOB «Kommna-
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Hist «bioHik» (M. MuKoONaIB) KOPUCTYIOTHCS MIKPOOPraHi3MaMu i3 KOJIEKLIHHOTO
¢douny ITI «biorexnika» 3a qoroBopamu. OKpiM TOTO, IPH BUKOHAHHI JTOCITIKEHb
HAAH B ITI «biorexnika» HAAH HOBI 3aco0M 3aXHCTy POCIUH CTBOPIOIOTHCS 3
BUKOPHUCTAHHSIM CaMe KOJICKIIITHUX IITaMiB.

Hanannst Kosekiii Mikpooprani3MiB 3 arpOHOMIYHO LIHHUMH BJIACTHBOCTSI-
MU CTaTyCy HalliOHAJLHOTO HaJ0aHHS TapaHTye MOAalbIIe 30€pEeKEHHS TaMiB B
KUTTE3IATHOMY 1 TEHETUYHO-CTAOUTLHOMY CTaHi, PO3IIMPIOE MOXIIUBOCTI CTBO-
PEHHSI HOBHX O10JIOTIYHHMX 3aCO0iB 3aXHCTy POCIUH Ha iX OCHOBI, IKi OOMeXarhb
HABaHTAXXCHHsI arpoXiMiKaTiB Ha JTOBKULIA, 3a0e31euaTh cTadlIbHE 1 IPOIyKTUBHE
(byHKLIOHYBaHHSI arpoIeHO31B, 1[0 Ma€ CHPHUSATH 3pPOCTAHHIO EKCIIOPTHOTO MOTEH-
iay arpapHOTo CEKTOPY eKOHOMIKHM YKpainu. A 3actocyBanHs Konekuii 3a0e3me-
YUTh KOHKYPEHTHOCTIPOMOXKHICTh BITYM3HSIHOT OPraHivyHOI CLITBCHKOTOCIOAAPCHKOT
NpOMyKIli Ha puHKax kpain €C.

N.V. Pulyak, L.L. Loban

Engineering and Technological Institute "Biotekhnika"
National Academy of Agrarian Sciences of Ukraine
26, Maiatska doroga Str., Khlibodarske village,
Odesa district, Odesa oblast, 67667, Ukraine,
e-mail: biotechnica.od@gmail.com

A COLLECTION OF INDUSTRIALLY VALUABLE
CULTURES OF MICROORGANISMS FOR
AGRICULTURAL BIOLOGY

Summary

The Engineering and Technological Institute "Biotechnic” of the National Acad-
emy of Sciences of Ukraine has collected and preserve the viable collection of
microorganisms, which was formed on the basis of expediency and efficiency in
the biologization of agriculture. The microbial gene pool of the Collection bac-
terial and fungal strains of microorganisms that are used in biotechnologies for
the production of plant protection products and their quality control. Microbi-
opreparations with fungicidal, entomocidal, phosphate-mobilizing, nematicidal,
cellulolytic, and growth-stimulating properties have been created on the basis of
collection microorganisms. The Collection also preserve strains that influenced on
the atmospheric nitrogen fixation processes. The great interest present the micro-
organisms isolated from natural sources of different regions of Ukraine (author's
strains), most of which are in studying and accumulating information about them.
To determine the biological activity of fungicides, the Collection supports fungal
test objects that are the causative agents of diseases of vegetable, grain, fruit and
berry crops. The Collection of non-pathogenic microorganisms was created for
working in the field of plant protection, as well as for teaching students of biolo-
gy, biotechnologies, and agronomists. The collection is specialized, therefore the
preservation of such unique objects is a priority task, since the losts of collection
microorganisms can have negative consequences for the further improvement and
development of biotechnology, in particular, the production of microbiological
preparations for plant protection using the potential of the Collection. Taking into
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10.

I1.

account all of the above, on November 4, 2022, the collection was entered into the
State Register of Scientific Objects, which constitute national property (Resolution
of the Cabinet of Ukraine of November 4, 2022, No. 1243).

Key words : biologization of agriculture, National property, Collection, cultures
of microorganisms, scientific object.
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XVIII MixnHapoaHa JIITHS HIKOJ1a

JJISL CTYIEHTIB, ACMIPAHTIB Ta MOJIOAUX BYEHUX
«MOLECULAR BIOLOGY, BIOTECHNOLOGY
AND BIOMEDICINE»

Ha 6a3i kadenpu mikpobiomorii, Bipyconorii Ta 6iorexronorii Omxechbkoro
HaIllOHAIBHOTO yHiBepcutTeTy iMeHi I. I. MeunukoBa 3 22 TtpaBHs mo 14 numHs
2023 poxy BinOynacs onnaia X VIII Mi>kHapoaHa JIITHS ITKOJIa TS CTYACHTIB, ac-
mipadTiB Ta Mojoaux BueHuX «MOLECULAR BIOLOGY, BIOTECHNOLOGY
AND BIOMEDICINEY. Ile 3axin craB miaTgopMor0 Ijisi HAyKOBOTO OOMiHY Ta
B3a€EMOJIIT MOJIOAMX AOCIITHHUKIB 13 PI3HUX KpaiH.

VY nmepion 3 22 o 26 Tpasus 2023 poky Oyiio mpoBeneHo 1adbopaTopHuii Kype
«KnonyBaHHs, eKcripecis Ta OunIIeHHS OUIKIB» i cTyaeHTIB 3—4 kypcy Omech-
KOTO HaIllOHAJILHOTO yHiBepcuTeTy iMeHi I. . MeunnkoBa. 3aHATTS IPOXOIMIH TTi]T
KepiBHUIITBOM K. 0. H. AHzpis Mep:iva ta k. 6. H. Hazii KoporaeBoi 3 OHY imeni
I I. MeunukoBa Ta 3a miaTpuMKH mpoBimHUX BYeHHX Omnekcis [Iminra ta Oie-
Hu PaximoBoi 3 kadenpu meamunoi Oioximii Ta 6iodizuku YHiBepcutery Ymeo,
[IIBemist. Y9acHUKHM OTPUMAaJK MPAKTUYHI HABUYKH 3 BUAUICHH Tutazmigaoi JTHK,
JITYBaHHSA BEKTOPIiB Ta TpaHchopMarii OakTepii, a TakoXK OYHIIEHHS OUIKiB. Yci
YYaCHHUKH OTPUMAIIN CePTUDIKATHA PO yIaCTh.

VY pamkax X VIII MixkaapoaHoi iTHBOI mkoau 27—-28 uyepsHs 2023 poky Biz-
OyBCSl METOIMYHHI OHJIAWH-CeMiHap, MPUCBIYCHUN AUCTAHIIITHOMY BUKJIATAHHIO
MeIUYHUX Olomuciuiuiin «HaykoBo-MeToquuHUN ceMiHap 3 AupKuTaji3amii Ha-
BYAJIBHOTO TIporiecy». Moaeparopamu 3axony Oynu k. 0. H. Oxcana 3iHYEHKO Ta
K. T. H. ['anHa SIMOopko 3 OHY imeni . I. MeunukoBa. CeMiHap OXOTUTIOBAB ITH-
TaHHS BUKOPUCTaHHS ITUPPOBHUX 3ac00iB HABYAHHS, OHJIAWH-TUIAT(HOPM IS TECTY-
BaHHS Ta BIPTyaJIbHUX HaBUAJIBHUX PECYPCIB, MMOIOJIAHHS BUKJIMKIB BIHHU i 9ac
JUCTAHIIITHOTO HAaBYaHHS. YYaCHUKH OOMIHIOBAJIHMCS TOCBIJOM IIIOIO PO3POOKH
METOJUYHHUX MaTepiajiB J0 3aHATh, Oa4eHHSIM 37100yBadiB iX 3MicTy, ohopmIIeHHS
Ta MPU3HAYCHHS.

29-30 gepBHS TakoX B pamkax JIITHROI mIKoiw BimOynacs OoHJIAHH KoH(e-
pentiss Mmononux ydeHux «CydacHi mpobnemu Oiosnorii, 6ioTexHomorii Ta 0io-
MEIUIMHIY, MojiepaTtopoM sikoi Buctymuiaa Onena Camryk, k. 6. H., OHY imeni
I. I. MeunukoBa. 3a migcyMKaMu OITyOiKoBaHI Marepianu KoH(pepeHIlii, a Kpamti
poboTH peKOMEHI0BaHi 10 IPYKYy B HAyKOBOMY >KypHasi «MikpoGiooris i 6io-
TEXHOJIOT 1.

3 3 mo 14 numHs BigOyBCs OHJIAWH JEKIIHHUN Kypc, SKUi BKIrouaB 40 jek-
i Bix 36 JIeKTOPiB Ta 3amydnB Maibke 250 cioyxadiB Ha Turatdopmi Zoom.

JIexmiiHU{ Kypc OXOIUTIOBAaB Pi3HI aCIEKTH 0i0TEXHOJOTIl, MOJEKYISIPHOT
Oiosorii Ta GiOMENHWIIMHU, TPEACTABISIOYHM JOIOBIII MPOBIIHUX BYCHHX 3 Pi3-
HUX KpaiH. Temu BKIIIOYATW MUTaHHS JOCATHEHb O10TEXHOJIOTi, OaKkTepiaJbHOI
Ta (paroBoi reHOMIKH, T€HOMIKH TuTa3Mia Ta BekTopiB, MikpoPHK, mac-criekrpo-
MeTpii, MPOTUTPUOKOBUX BIIACTUBOCTEH JlakToOammi, (aroreparrii, Bipycomomio-
HUX YaCTUHOK Yy MEIUIINHI, CY9aCHOTO Ta iCTOPHUYHOTO 3aCTOCYBAHHS IPIKIKIB,
MIPOTUPAKOBUX BaKIMH, CYYacHOTO IOy Ha €BOJIOIII0 MIKpOOPTaHI3MiB Ta
iH(pEeKIIHI 3aXBOPIOBaHHS, METOAN CEKBEHYBAHHS Ta KIIOHYBaHHS HOBOTO ITOKO-
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JIHHS, BIIKPUTTS JIKIB, OloMiHepai3allii, MeTareHOMiKH, MeTabO0JIOMIKH Ta 0io-
1H(OpPMATUKH, ENIEKTPOHHOI MIKPOCKOTIi1, CTATUCTUKU Ta (HIJTOT€HETHYHOTO aHai-
3y. 3 JOMOBIIMU TPO CydYacHi TOCATHEHHs 010J10Tii Ta G10TEXHOJIOT1] BUCTYIIHIIN
npoBiaHI BueHi Ykpainu, @pannii, Auriii, Himewunnun, @innsaamaii, [Toabmmi, Ic-
nanii, [lIsenii, Kanagu ta CILA, 30kpema [actuTyTy Oioximii im. O. B. Ilamna-
nina HAHY, XapkiBchkoro HamioHaJlbHOTO yHiBepcuteTy imeHi Kapaszina (Ykpa-
ina), [acTuTyT Giosorii Ta MeauIHU KHIBCHKOTO HAIlOHAJBLHOTO YHIBEPCUTETY
imeni Tapaca IlleBuenka (Ykpaina), [HCTUTYT MoneKysipHOT 0i0JOTii 1 TeHETUKU
HAH Vxpainu, [I.K. 3a6onornoro HAHY, HaykoBuii nentp, TOB «}OPiA ®APM»
(KuiB, Ykpaina), [IHINpoBCbKHIi Jep:kaBHUN MeAWuHUI yHiBepcuteT (YKpaina),
Adam Mickiewicz University (ITombema), EMBO, Academia Europea (ITonbina),
University of Leuven, Belgium (bensris), Vésale Bioscience (benbris), Institute
Germans Trias I Pujol, Autonomous University of Barcelona (Icnanist),University
of Southampton (UK) The Institute of Cancer Research (UK), London institute
of Medical Sciences (UK), Biotechnologie Research Centre (Kanana), University
of Maryland - Baltimore (CIIIA), University of Nebraska-Lincoln (CIIIA), Onego
Bio, Helsinki (®innsuais), Hannover Medical School, Hannover (Himeuunna),
German Cancer Research Center, Heidelberg (Himeuunna), University of Nantes
(®panuis), Umea University (ILIBerist).

Crnyxadi JEKIIIHOTO KypCcy OTpPHUMAald MOMJIHMBICTH BHUCIIOBIIIOBATH CBOI
JQYMKH TIiJ] 9ac TUCKYCil, a TAKO)K CTABUTH aKTyallbHI 3allUTaHHS, HA SIKI BOHH
OTPUMAJI HAJICKHY KBali()ikOBaHy BiINOBiIb Ta MIATPUMKY. JIeKuiiHUN Kypc
00'e/lHaB MOJIOIMX BUEHUX Ta aCIMipaHTIB i3 3 0ararb0X yHIBEPCHUTETIB Ta HAYKO-
BUX ycTaHOB Ykpainu, Himeuunnwu, Icnanii, [Tonbmni, @pannii, [Topryranii, ban-
rnazgem, ['pysii, €runty, [Haii, Moagosu, Hirepii, Typeuunnn, ®@ininmin, [Iserii
ta CJIOBaYYMHU, CTBOPIOIOUM YHIKaNbHY IUIaTGOpMy IUisi OOMiHY 3HAHHSIMH Ta
17IesIMH B TalTy31 MOJIEKYJISIpHOT 610710T11, 610TEeXHOJIOT1 Ta 6G10METUIIHH.

B mimomy, XVIII MixkHapoHa JIITHS IIKOJIA € HE JIUIIE OCBITHIM 3aXO/I0M,
aje ¥ KaramizaropoM JIUIsi HAyKOBOTO 3POCTaHHS MOJIOJMX JOCHiTHHUKIB. BoHa
CHpUsi€ CTBOPEHHIO TNIOOATBHOT CHUIBHOTH BYCHHX, 1[0 AKTHBHO CHIBIPALIOIOTH
Yy PO3BHUTKY CyYaCHHMX HAyKOBUX HAIpPSIMKIB, 30KpeMa B MOJIEKYJSIpHii Oioiorii,
010TeXHOJIOrIT Ta O10MEIULINHI.
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TH®OPMAIIMHE MMOBIJOMJIEHHS J1JISI ABTOPIB

Hayxosuii srcypnan «Mikpobionoeis i 6iomexnonozisay 3anpoutye Bac oo cni-
8npayi 3 NUMaHb BUCBIMIEHHs Pe3VIbMAaAmi6 HAYKOBUX OO0CHIONHCEHb V 2any3i Mi-
Kpobionoeii i 6iomexnonoaii.

IIporpamui uijii BUAaHHsI: BUCBITICHHS PE3yJIbTaTiB HAYKOBUX JOCIiKEHb
y raxy3i Mikpo610710rii Ta 610TeXHOJIOT11, 00'€eKTaMH SKHX € MPOKapioTHI (6akTepii,
apxebakrepii), eykapioTHi (MiKpOCKOIIYHI rprOH, MIKPOCKOITIYHI BOAOPOCTI, Hali-
MIPOCTIIIli) MIKPOOPTaHi3MH Ta BipycCH.

TeMaTH4yHA CHPSIMOBAHICTh: MiKpOO10JI0Tis1, BIpYCOJIOT IS, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTISl, CTBOPEHHS Ta CEJEKI[isl HOBHX IITaMiB MIKPOOPTaHi3MiB,
MIKpOOHI IpernapaTy, aHTUMIKpOOHi 3aco0u, 610CEHCOPH, 1IarHOCTUKYMH, MiKpPOO-
Hi TEXHOJIOTIi B CLILCHKOMY TOCIIOIAPCTBI, MiKpOOHI TEXHOJIOTIi y Xap4yoBiid Ipo-
MUCJIOBOCTI; 3aXHCT Ta O30POBJICHHS HAaBKOJIUIIHBOTO CEPEIOBHUINA; OTPUMAHHS
€HEepProHOCIiB Ta HOBUX MarepiasiB TOIMIO.

Mogsa (MOBM) BUJAHHS: YKpaiHCbKa, aHITIIICbKa.

Pyopuku skypHaiay: «OmsiIoBi Ta TCOPETHYHI CTaTT», «EKCIIepuMeHTab-
HI npani», «Juckycii», «KopoTki noBiioMiIeHHs», « XpOHIKa HAyKOBOTO KHUTTS»,
«Ctopinku icTopiin, «FOBinei i matny, «Pernensii», « KHImKKoBa momIsy.

Jlo craTTi 10JaeThCsl PEKOMEHalllsl YCTaHOB, OpraHi3alliid, y SIKHX BUKOHY-
Bajacsi poboTa, 3a MiAMMCOM KEepiBHHKA Ta MMCHMOBA 3T0jla KEPIBHHUKIB YCTAHOB,
oprasi3ariii, Jie mpaIrTh aBTOPH.

Bumorn 10 odopmiienHs cTatei, siKi MOAAKTHCS A0 PelaKil ;KypHAJIy:

CrarTs Ma€ BIAMOBIAATH TEMAaTUYHOMY CIPSIMYBAaHHIO JKypHATY 1, BiIIOBI/I-
HO 10 1. 3 TloctanoBu BAK Vkpainu Bin 15.01.2003 p. Ne7-5/1, Bkitouatu Taxi
CTPYKTYpHI €JIEMEHTH: ITOCTAaHOBKA MPOOIeMH y 3araliIbHOMY BHUIVISIAL Ta 11 3B’ S30K
13 BKJIMBUMHU HAYKOBUMH YW MPAKTUYHUMH 3aBJaHHSIMU; aHAJI13 OCTaHHIX JTOCII]I-
KCHb 1 TyOJTiKaIliid, B SKUX 3all09aTKOBAHO BUPINICHHS aHOI MPOOJIeMH 1 Ha sIKi
OIUPAETHCS ABTOP; BUOKPEMIICHHS PaHIIIe HE BUPINICHUX YaCTUH 3arajibHOI MPo-
OneMu, KOTPUM TIPUCBSIUYETHCS CTATTS; (POPMYITFOBaHHS METH CTATTI (ITOCTAaHOBKA
3aBJaHHs); BUKJIAJ OCHOBHOTO MaTepially IOCHTIHKEHHS 3 MOBHUM OOIPYyHTYBaH-
HSIM HAayKOBHX PE3YJIbTATIB; BUCHOBKHU 3 JAHOTO JOCIIKEHHS 1 MEPCIIEKTUBH I10-
JANBIINX TONIYKIB y TAHOMY HarpsiMi.

Jlo nmpyKy npuiiMaroThCst pyKOTUCH (2 IpUMIpHUKH) 006csaroM 70 18 cTopiHOK
(3 ypaxyBaHHSIM PHUCYHKIB, TaONHWIb i MIJNKUCIB 10 HUX, aHOTAIlii, pedeparty, cru-
CKy JiTepatypH), orsian — 10 30 ctop., pereHsii — 10 3 cTop., KOPOTKi MOBIOM-
JIeHHS — 710 2 cTop. BigxuieHi pykormucH He TOBEPTAIOThCS.

Jlo pyxonucy 1oAa€eThCs €1eKTPOHHUM BapiaHT pykonucy mpudt Times New
Roman, xerne 14, inTepBan aBToMaTHuHUi, He Oibie 30 psSAKiB HA CTOPIHII, OIS
o 2 cMm).

IIpu HanucaHHI cTAaTTi HEOOXIIHO JOTPUMYBATHCH TAKOIO ILVIAHY:

* ingexc YK y niBoMy BEpXHbOMY KyTKY MEpIIOTO apKyla;

* Pedpepar MmoBOIO OpHriHaly CTaTTi:

— Ha3Ba CTATTi BEJTMKUMU JIITEpaMU;

— Mpi3BUIIA Ta 1HILIAJIU aBTOpa (aBTOPIB);

— Mic1ie poOOTH KOJKHOTO aBTOpa; MOBHA TIOMITOBA ajpeca YCTAaHOBH (32 MiX-
HApOJIHUMH CTaHAapPTaMu); TeJIe(OH, eICKTPOHHA ajapeca (e-mail);
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[HOOPMAILIIIHE MOBIJIOMJIEHHS JITSI ABTOPIB

— Mpi3BUIIA aBTOPIB Ta HA3BH YCTAHOB, JIE BOHU MPAIIOIOTh, TO3HAYAIOTh O]I-
HUM 1 TUM CaMUM IU(PPOBUM 1HAECKCOM (Bropi);

— pedepar i3 3a3HaYCHHIM HOBU3HH IocipkeHHs (200-250 coiB);

— KJTFOUOBI cJIoBa (HE OLjIbIIe M'TH).

* Pepepar anmiiicbkor MOBOIO:

— Ha3Ba CTATTi BEJIMKUMH JITEPAMU;

— Mpi3BUIIA Ta 1HIIiaau aBTopa (aBTOPIB), TPAHCIITEPALlis;

— MicIie poOOTH KOXKHOTO aBTOPA; MMOBHA TIOMITOBA aJpeca YCTAaHOBH (32 MiX-
HApOJAHUMHU CTaHJapTaMu); TenedoH, enekTpoHHa aapeca (e-mail);

— Mpi3BUIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHU MPAIIOIOTh, TO3HAYAIOTh OI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HAEKCOM (Bropi);

— pedepar i3 3a3HaYeHHAM HOBU3HH fociimkeHHs (200-250 ciiB);

— KJIFOYOBI CJIOBa (He OibIne Mm'siTh);

* [ToBHMIA TEKCT CTaTTI MOBOIO OPHUTIHAITY.

TekcT cTaTTi Ma€ BKJIIOYATH TaKi CKJIAA0BI:

BCTYTI; MaTepiaji i METON; pe3yJIbTaTh Ta iX 00TOBOPEHHS; BUCHOBKH; CITH-
COK BUKOPHCTAHOI JIiTepaTypy MOBOIO OPUTIHATY IIUTOBAHOI CTATTi, CIICOK BUKO-
puctanoi miteparypu (Referens) aHrmiiicbkoro MOBOIO (32 BUMOTH Mi>KHApPOIHHX
HayKOMETPUYHUX 0a3).

J10 KO’KHOTO MPUMIPHUKA CTATTI AOMAEThCS pedepar MOBOIO OPUTIHATY CTATTI
Ta YKpaiHCHKOIO/aHTIIIHCHKOIO MOBOIO.

Bpaxosyroun, 1m0 pedepar BinoOpakae OCHOBHUI 3MICT CTaTTI 1 BUKOPUCTO-
BYETHCS B iHQOpMAIIHHUX, B TOMY YHUCIII aBTOMaTH30BAHUX CHCTEMaXx ISl ITONIYKY
JIOKYMEHTIB Ta 1H(popMallli, He0OX1IHO JOTPUMYBATUCS NEBHUX BUMOT IIPU HOTO
HaMWCaHHi:

— pedepar mae OyTu iHPOpMATUBHUM (HE MICTUTH 3aliBUX CJIIB);

— CTPYKTYPOBaHUM, TOOTO MICTUTH PO3IIJIN: METAa; METOH, 1[0 BUKOPUCTAHI

B p0o0OTI Ta/ab0 METOI0JIOTIs POBEACHHS A0CIIPKEHb; Pe3YJIbTaTH Ta cde-
pa iX 3aCTOCyBaHHS; BUCHOBKH;
— aHIIiichbKa Bepcis pedepary Mae OyTH HanmucaHa SIKiCHOK aHIIIIHCHKOIO MO-
BOIO (32 MOTpeOu JOLIIBbHO KOPUCTYBATUCS MOCIyTraMu KBali(piKoBaHUX
CHELiaiCTIB-JIIHTBICTIB 3 TOAAJBIINM HAyKOBUM pellaryBaHHSIM TEKCTY aB-
TOPOM), 3 BUKOPUCTaHHSM TEPMIHOJIOTI], sIka BUKOPUCTOBY€ETHCS B aHIVIO-
MOBHHUX MEIUKOOI0JIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TCPMIHIB,
K1 € TIPSIMOIO YKPaTHCHKOIO/POCIHCHKOIO KaJIbKOIO;

— xommnaktHuUM (200-250 cmiB);

— KJTFOYOBI €J10Ba (He OUTbIIe 5-TH) pO3MILIYIOThCS 3 a03alty Micist pedepary.

V KiHIIl TEKCTy CTaTTi yKa3aTu Mpi3BHIIA, IMEHA Ta MO-0aThKOB1 YCiX aBTOPIB,
MOILITOBY a/ipecy, TenedoH, gakc, e-mail (U1 KOpeCoHACHIIIT).

CratTst Mmae OyTH mianucana aBTopoMm (yciMa aBTOpaMi) 3 3a3HAYCHHSIM JaTh
Ha OCTaHHIHN CTOPIHIII.

ABTOpHY HECYTh MTOBHY BiIOBIIAIBHICTh 32 Oe340raHHE MOBHE O(OPMIICHHS
TEKCTY, 0OCOOJIMBO 32 MPaBUIIbHY HAyKOBY TepMiHOIOTO (11 cI1ij 3BipsATH 3 (haxoBH-
MU T€PMIHOJIOTITYHUMH CIIOBHUKAMH).

JlatuHCBKi 0107I0T14HI HA3BU BUIB, POJIIB MOJAIOTHCS KyPCHBOM JIATHHHILICIO.
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SIKI10 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIIONYYEHHS aBTOP BBaXKae 3a IO-
TpiOHE CKOPOTHUTH, TO abpeBiaTypH 3a MEpIIOro BXKHUBAHHSI OOYMOBIIOIOTh Y JyXK-
kax. Hanpukiana: momimepasHa nanmrorosa peakiis (ITJIP).

[Tocunanus Ha niTepaTypy MOJAIOThCA Y TEKCTI CTATTi, LUppaMu y KBajapar-
HUX JTy’KKaX, 3T1HO 3 MOPSIIKOBUM HOMEPOM Yy CIMCKY JITepaTypu.

Po3nin «Marepianu i meToau»:

— Metoau NOCTIHKEHHS Ta CXEeMHU eKCIIEPUMEHTY MaroTh OyTH Ipe/CTaBIeHi
Tak, mo0 X MOKHA OyJIO BIATBOPHUTH.

— JInst BUKOpHCTAaHUX PEaKTHBIB Ta MaTepianiB BKa3aTH HA3BY KaMIIaHii Ta
KpaiHu-BUPOOHUKA.

— OuHHMLI BUMiprOBaHHS BKa3at B cuctemi Cl.

— KonnenTpariro po3unHiB npeactaiiatd B M, MM, MKM (MossipHa KOHIIEH-
Tparis).

— Monekynsapay Macy (Mwm) — Jla (mansTonn) a6o x/la.

— IIpu BukopucTanHi (hepMEHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta mWu@p.

— AKTUBHICTh (DEPMEHTIB BUPaKalOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOTo MPOAYKTY 3a 1 XB Ha 1 Mr mporeiny abo BUKOPUCTATH
cranmaptHy omuHUIO akTHBHOCTI U (IU) 1 Karanm (CKOpodeHo Kar), MATO-
Ma aKTHBHICTh €H3UMY BHPAXXa€ThCSI B MMOJISIX/XB Ha 1 Mr mpoTeiny abo B
OJI.aKT/MI, KaT/KT.

— Bxazatu ymoBU mpoBezicHHsT (hepMEHTaTUBHOI peakilii (Temneparypa, pH,
KOHIICHTpAITis CyOCcTpary).

— Bkazaru BUKOpHCTaHI METOOM CTATHCTUYHOTO aHAI3y, MpOTrpamy CTaTH-
CTHKH.

Tabnmuii MaroTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUI HOMEp; Tpadu, Ko-
JIOHKHM MaroTh OyTH TOUHO BU3HAUYE€HUMHM JIOT1YHO 1 rpadiuyHo. Matepian Tabnuib
(K 1 pUCYHKIB) Ma€ OyTH 3pO3yMUIMM 1 He myOmroBat TekcT crarTi. [udposuit
MarepiaJ TabIUILb CJIiJ] OIPALOBATH CTATUCTUYHO.

PucyHnku BUKOHYIOTBCS Y BUIVIS/IL YiTKUX KPECIEHb (32 JOTOMOTOI0 KOMIT TO-
TepHoro rpagiunoro penakropa y ¢opmari Word, TIF, JPG). Oci koopaunar Ha
rpadikax MaroTh OyTH IMO3HAYCHI. PUCYHKH pO3MIIIYIOTHCS Y TEKCT1 CTATTI.

Jlo pucyHkiB MarOTh OyTH MiANMKCH HE 3TPYNOBaHI 3 HUM 1 HE BCTaBJICHI B
00’ €KT pUCYHKa.

[To3Ha4yeHHs1 Ha pUCYHKY MArOTh OyTH IHTEIPOBaHi B HHOTO, TOOTO KOTIFOBATH-
Csl pa30M 3 PUCYHKOM, @ HE OKPEMUMH YaCTHHAMH.

Bci imocTpartii MaroTh OyTH po3MileHi B (aiiii pyKOIHCY, TAKOXK 000B’SI3K0-
BO JI0/IaHI JI0 €JIEKTPOHHOIO BapiaHTy y BUIIIAI QaitniB popmary JPEG.

[Tiamucu, a TaKoXK MOSICHEHHS, IPUMITKH JI0 TaOJIHIb Ta PUCYHKIB ITOIAIOTHCS
MOBOIO OpHUTIHAJTY Ta aHIIHCHKOIO MOBOIO.

Po3nin «Pe3yabTaTn 10Cai1zKeHb Ta iX 00roBOpeHHs» Mae OyTH HallMCaHUM
KOPOTKO: HEOOX1THO YiTKO BUKJIACTH BHUSBICHI €(DEKTH, TOKa3aTH MPUIHHHO-PE-
3yJAbTAaTUBHI 3B S13KM MIXK HUMM, TTIOPIBHATU OTpUMaHy 1H()OpMAIIiIo 3 JaHUMU JIiTe-
parypw, JaTd BiJlMOBiAh Ha MATAHHS, TIOCTABIICHI y BCTYTII.
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Cnmcoxk BUKOPHCTAHOI JiTepaTrypu

1. Criucok BUKOpHMCTAHOI JiTepaTypu B OpHUTiHAJl IIMTOBAHOI CTaTTi CKJIa-
JaeThest 3a an(aBiTHO-XPOHOIOTIYHUM MOPSIKOM (CIIOYATKY KHPWIIULS, TIOTIM Jia-
TUHUI). SIKIIO MepIImii aBTOp y ACKUIHKOX Mpalsix OIWH 1 TOW CaMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTTYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCTI MOCUJIATUCS HA BIAMOBIIHUNA HOMED JKepena JiTeparypu (y KBa-
JIPATHUX JTy’KKax).

VY nocuiaHHI MUITYTh TPi3BHIA YCiX aBTOPIiB. B eKCiepuMeHTaIbHUX MPALISIX
Mae OyTu He OuThIe 15 mocumans JTiTepaTypHUX JHKEped.

[TaTeHTHI TOKYMEHTH PO3MIILYIOTECS Y KiHIlI CIIUCKY TOCHJIAHb.

2. Criucox BUKOPHCTAHOI JTiTepaTypH aHmiicbkoro MoBoto (Referens), 3a Bu-
MOTaMH MDKHAPOJHHX HAYKOMETPUYHHX 0a3.

Cruns mpudta — NLM (National Library of Medicine).

[Ipi3Buia, iMeHa Ta MO-0aTHKOBI aBTOPIB, HAa3BY IIUTOBAHOTO BUIAHHS (3Kyp-
Haj, MoHorpadis, 30ipHUK TOIO) HABOJATH IMOCIYTOBYIOUHCH OE3KOIITOBHUMU
caiitamu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJISAIOT 3AIMCHUTH TIEPEKIIA] 3 BU-
KOPUCTAHHSIM OJHIET 3 MIKHAPOIHUX CHCTEM TPAHCIITEPAIIii.

Ha3Bu crareit HaBOIATh aHIVIIHCHKOIO MOBOIO.

[Topsimok momanHs mocwianb Referens (crucok 2) Mae MOBHICTIO CITiBITAaTH
31 CIUCKOM BUKOPUCTAHOI JIITEpaTypH (CIUCOK 1).

3pa3ku NOCWIAHHS JiTepaTypu
Bumorn nmo odopmienns OiomiorpadiyHUX TOCHIAaHb MOBOIO OpPHTIHATY
(B TOMy YHCIIi IIUTOBaHI aHIIIOMOBHI JIKepea)

Ha knuzu

Bexipuux K. M. Mixpob6iomnoris 3 ocHoBamu Bipycodorii. — K.: JIubine, 2001.
-312c.

Ilamuxa B. I1., Tuxonosuu I. A. MikpoopraHi3MH i aJbTepHAaTUBHE 3eMJIEPOO-
ctBo. — K.: Ypoxkaii, 1993. — 176 c.

Ipomviunennas muxpoduomnorus / Ilon pen. H. C. Eroposa. — M.: Beicm.
mk., 1989. — 688 c.

Memoowr obweti bakmepuonoeuu: B 3 1./ Ilon pen. ®. I'epxapara. — M.: Mup,
1983.-T.1.—536¢.; T.2.—470c.; - T. 3. - 263 c.

Inecens I O6mas Mmukpobuonorus. — M.: Mup, 1987. — 566 c.

Bergey's Manual of Systematic Bacteriology. — 9™ ed. — Baltimore; London,
1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 1980. — 364 p.

Ha sicypnanvni cmammi

Iloozopckuii B. C. CucteMaTndeckoe IMOJ0KEHHE, YKOJIOTHUECKUE aCTIEeKThI
U (QHU3HOIOT0-OMOXUMHYECKHE 0COOCHHOCTH MUKPOOPTaHU3MOB, HMEIOIMINX IPO-
MBILIUIEHHOE 3HaueHue // Mikpobioin. sxypH. — 1998. — 60, Ne 5. — C. 27-42.

Aunoperwx E. U., Kosnosa U. A., Poxcanckas A. M. Mukpobuonorndeckas
KOPpPO3Us CTPOUTENILHBIX MaTepHaioB // BUOTIOBpeXIeHUS B CTPOUTEILCTBE. — M.
Crpoiinznar, 1984. — C. 209-221.
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Ioba JI. I, Tlooopsan H. 1. B10TeXHOJIOTisI OYMINIEHHS 3a0pY/THEHOT IPUPOJI-
ol Boau // Bicank OHY. —2001. — 1. 6, B. 4. — C. 65-67.

Eaton R. W., Ribbons D. V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185-188.

Ha me3u oonogioeii

Mayeniox B. I1. Po3poOxka 6ioTexHomorii onep>kanHs nanaoMituny E // Mixk-
HapoaHa HaykK. KoH}. «MikpoOHi 6ioTexHomorii» (Omeca, Bepecens, 2006 p.): Tes.
noi. — O.: «Actponpunty, 2006. — C. 17.

Ha oenonosani naykogi pooomu

1. Jlonamuna H. B., Tepenmves A. H., Hamanuu JI. A., Aneynos I11. V. Onru-
MU3alUs [UTATEIbHOM Cpebl JUIsl KyJbTHBUPOBAHHS BAaKLIMHHOIO IITAMMa 4yM-
HOTO MUKpOOa ¢ MPUMEHEHHEM METO[a MaTeMaTHYeCKOTO TUIAHUPOBAHUS JKCIIe-
pumenta / Peakon. «Mukpobuoin. xypu.» — K., 1991. — 7 c. — llen. 8 BUHUTHU
03.01.92, Ne 1-B92.

Ha cmanoapmu

I'OCT 20264.4-89. Ilpenapatsl pepMeHTHbIE. MeTOIbI ONpeIesIeHUs] aMHUIIO-
JIUTAYECKON akTUBHOCTH. — M.: 31-Bo ctannapTos, 1989. — 17 c.

Ha asmopeghepamu oucepmauiii

Onuwenxo O. M. TakcoHOMis 1 aHTHO10THYHA aKTUBHICTH Alteromonas-moio-
Hux Oakrepiit YopHoro mopsi: ABroped. muc. ... kana. 6ion. Hayk. K., 2003. — 21 c.

3pa3ku NocWJIaHb JiTepaTypu B pOMaHChKii adeTui
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JlaToro HaJXOMKEHHS CTAaTTl BBAXAIOTh JIEHb, KOJIH JIO PEIKOJErii HaiiIIoB
NepIInid BapiaHT TEKCTy CTaTTi.

[Ticns opeprkaHHs KOPEKTYPU CTATTI aBTOP MOBUHEH BUIIPABUTH JIUIIIE TIOMUJI-
KU 1 TEpMIHOBO BiiCIaTH CTATTIO Ha aJipecy peAKoserii abo MoBiIOMUTH PO CBOT
IPaBKH 110 Tele(OHY UM €IEKTPOHHOIO MOILITOO.

V pasi 3aTpuUMKH pefaxiiis, J0ACPKYIOUUCh rpadika, 3aauIiae 3a codoro mpa-
BO 3/1aTH KOPEKTYpPY A0 ApyKapHi (y BUpOOHUIITBO) O€3 aBTOPCHKHUX MPABOK.

[Tignuc aBTOpa y KIHLI CTAaTTI O3HAYAE, 1110 ABTOP Iepe/ae IpaBa Ha BUIAHHS
CBOE€I CTaTTI pefakiii. ABTOp rapaHTye, 1110 CTATTsl OPUriHAJIbHA; Hi CTATTS, HI pU-
CYHKH 110 Hei He Oynu onyOniKoBaHi B IHIIUX BUJIAHHSIX.
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VBara: nepenpyk, yci BUIU KOMIFOBAHHS Ta BiATBOPCHHS MaTepiaiB,
110 HA/IPyKOBaHi y KypHai «MikpoOGionorist 1 610TeXHoIoTisN,
MOYKJIMBI JIMIIIE 32 YMOBH ITOCHIAHHS Ha JHKepero iHpopmarii
Ta 3 JI03BOJTY PEIAKIIIHOT KOJICTii.
VYei npaBa 3aXHIIEH] 3T1THO 3aKOHOAABCTBA YKpaiHu.
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