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erence and clinical strains of target microorganisms, which are leading pathogens of wounds and burns. Reference
and clinical strains of A.baumannii show the greatest susceptibility to samples with decamethoxin (N2 1-3 DCM), as
well as to biomaterials Suprasorb® and Guanpolisept® based on polyhexanide. Biomaterials with decamethoxin Ne1,
Ne2 and Ne3, Suprasorb®, Guanpolisept® and Bétadine® were determined to be the most effective against reference
and clinical strains of K.pneumoniae. Reference and clinical strains of P.aeruginosa are most susceptible to biomate-
rials with decamethoxin Ne1, Ne2 and Ne3 and Bétadine®.

Conclusions. The developed biomaterials were not inferior to modern effective wound dressings based on cat-
ionic detergents and silver-containing wound dressings, they actively inhibited the growth of reference and clinical
strains of K.pneumoniae, A.baumannii, P.aeruginosa, and were often the most active. The effectiveness of silver-
containing wound dressings in vitro was inferior to the effectiveness of dressings with cationic detergents and iodo-
phors.

Key words: antimicrobial biomaterials, K.pneumoniae, A .baumannii, P.aeruginosa, antiseptics.
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Micromycetes of the Trichoderma genus are the most common biological agents used in agriculture today to
control plant mycoses. Using biological products allows us to produce environmentally friendly agricultural products
and reduce the chemical burden on the environment. When choosing carbon and nitrogen sources as a basic base for
developing the optimal composition of the nutrient medium for deep cultivation of microorganismes, it is necessary to
consider their genus and strain characteristics.

In this study, we investigated the effect of carbon and nitrogen sources on the biomass accumulation and fungi-
static activity of Trichoderma viride strain KMB-F-15, an antagonist of a wide range of phytopathogenic fungi. The
fungistatic activity was determined by inhibition of growth of the phytopathogenic fungus Fusarium culmorum IMB-
F-50716 when the filtrate of T. viride KMB-F-1 culture fluid was added to the dense medium. It was found that glyc-
erol and green molasses at a concentration of 20 g/l resulted in the highest yield of dry biomass of T. viride KMB-F-15
(5.0 g/l and 4.9 g/, respectively). The most favourable nitrogen sources for the fungus growth at a concentration of
5 g/l were yeast autolysate (dry biomass yield — 4.4 g/I) and ammonium chloride (3.3 g/l). The fungistatic activity of
T. viride KMB-F-15, regardless of the carbon source, was high (94.7-100%). The manifestation of fungistatic activity
was influenced by the source of nitrogen nutrition. The highest percentage of growth inhibition of the phytopatho-
gen was observed when corn extract, yeast autolysate, L-glutamic acid, ammonium chloride or ammonium sulfate
were used (88.5-100%).

Key words: Trichoderma, submerged cultivation, accumulation of biomass, antagonistic properties, phytopatho-
genic fungi.

Connection of publication with planned research Introduction.

works.

The article is a fragment of the research work of the
Department of Microbiology, Virology and Biotechnol-
ogy of Oles Honchar Dnipro National University: “Antag-
onistic and synergistic relationships in microbial associa-
tions” (state registration number 0122U001456).

Today, the chemical method prevails in protecting
agricultural plants from pests. Compared to other pesti-
cides, fungicides are considered less threatening to non-
target organisms, but some are also banned as evidence
of their negative impact on biota is accumulated [1]. In
addition, the widespread use of fungicides creates se-
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lective pressure on pathogens and leads to the emer-
gence of resistant populations. For example, resistance
of the phytopathogenic fungi Phytophthora infestans to
metalaxyl and Venturia inequalis to dodine has been re-
ported [2].

An alternative to the chemical method of plant pro-
tection is biofungicides, among which biological prod-
ucts based on micromycetes of the genus Trichoderma
are particularly promising. Due to the high growth rate
and synthesis of chitinolytic enzymes and metabolites
with antifungal activity, this genus’s representatives can
effectively show antagonistic properties against phy-
topathogenic fungi. According to Savchuk Y.I. and co-
authors, out of 100 studied strains of the genus Tricho-
derma, almost three-quarters (71%) showed a high level
of antifungal activity, and 35% showed activity against
a wide range of plant mycoses [3]. The high efficacy of
various Trichoderma isolates against Rhizoctonia solani
on legumes in greenhouse conditions has been reported
[4]. Introducing a consortium of 4 different Trichoderma
strains into the soil effectively suppressed the causative
agent of fusarium wilt of cucumbers, Fusarium oxyspo-
rum, in the field [5]. Based on the consortium of Tricho-
derma strains, a biological product was developed that
showed inhibition of the complex of phytopathogens
Botrytis sp., Verticillium sp., Colletotrichum sp. and
Phytophthora sp. in experiments of artificial infection
of raspberry plants under controlled conditions of the
phytotron [6].

In addition to the antagonistic effect on phytopatho-
gens, fungi of the genus Trichoderma effectively colo-
nise plant roots, accelerate their development, increase
the absorption of minerals, as well as plant resistance
through the activation of defence mechanisms (forma-
tion of reactive oxygen species, superoxide dismutase,
oxylipin, phytoalexin) [7, 8]. For example, treatment of
potato tubers with a suspension of T. harzianum spores
with simultaneous application of peat to the soil sig-
nificantly increased leaf area, plant biomass (aboveg-
round and underground) and root length compared to
control plants [8]. The antagonist strain of T. viride IMB
F-100076, which has a high activity of the cellulolytic en-
zyme complex, increased maise yield when applied to
the soil together with wheat straw [9].

There are two main methods of industrial cultivation
of Trichoderma fungi: surface and submerged. Surface
solid-phase cultivation allows the use of various agro-
industrial wastes and requires less investment, but this
process is difficult to scale [10]. Whereas the advan-
tages of submerged cultivation include short cultivation
time, less labour intensity, ease of management and the
possibility of automation [11, 12].

When developing the technology for producing
biofungicides based on Trichoderma strains by the
submerged method, selecting the composition of the
culture medium is important. Modified Chapek’s Dox
medium, malt extract-based medium, molasses as a
carbon source, and yeast extract or peptone as nitrogen
sources were evaluated for the production of T. asperel-
lum biomass and preservation of its viability in the peat
formulation [13]. The selection and optimisation of the
medium composition, initial pH and cultivation time
have been reported to increase the yield of chlamydo-
spores [14]. However, there is a lack of literature data
on the effect of the composition of the culture medium

for submerged cultivation on the manifestation of fungi-
static activity of Trichoderma strains. In addition, when
choosing carbon and nitrogen sources as a basic base
for developing the optimal composition of the culture
medium, it is necessary to consider the genus and strain
characteristics of microorganisms.

The aim of the study.

To determine the effect of different carbon and ni-
trogen nutrition sources on the accumulation of bio-
mass and fungistatic activity of T. viride KMB-F-15 when
grown in submerged conditions.

Object and research methods.

The object of the study was the biomass yield of
Trichoderma viride KMB-F-15, depending on the com-
position of the nutrient medium and the fungistatic
activity of the filtrate of the fungal culture fluid against
the phytopathogen Fusarium culmorum IMB-F-50716.
The strain Trichoderma viride KMB-F-15, isolated from
common chernozem, exhibits high fungistatic activity
against a wide range of phytopathogenic fungi and is
stored in the collection of microorganism cultures of the
Department of Microbiology, Virology and Biotechnol-
ogy of Oles Honchar Dnipro National University.

Sucrose, glucose, fructose, maltose, glycerol, green
flow and corn extract at a concentration of 20 g/I were
used to determine the effect of different carbon sources
on the biomass accumulation and fungistatic activity
of T. viride KMB-F-15. To determine the effect of dif-
ferent nitrogen sources on the biomass accumulation
and fungistatic activity of the studied strain, we used
rhizobial autolysate and corn extract, sodium nitrate,
potassium nitrate, ammonium sulfate, ammonium chlo-
ride, ammonium nitrate, L-glutamic acid and arginine
hydrochloride at a concentration of 5 g/l. The medium
used was (g/l): sucrose — 20; NH,NO, - 5; K.HPO, - 5;
KCl - 0,5; MgSO,x7H,0 — 2; FeSO,x7H,0 — 0,01; pH 6,0-
6,5. Nitrogen- and carbon-containing compounds were
introduced instead of sucrose and ammonium nitrate,
respectively.

Inoculation in an amount of 1% by volume was
carried out with a suspension of conidia of the fun-
gus grown on agarified Chapek-Dox medium for seven
days. The concentration of conidia in the inoculum was
2.5x107 per 1 ml, which was determined by counting in
a Goryaev chamber. The fungus was grown on a micro-
biological shaker (200 rpm) at 26+1°C for 72 hours.

The effect of the nutrient medium’s composition on
the growth of the trichoderma was assessed by the yield
of the total biomass by the weight method. For filtra-
tion, ash-free filters (blue tape) were used, previously
dried to a constant weight. After filtration, the fungal
biomass was dried at 85°C to a constant weight. The dry
biomass was weighed on an analytical scale.

To determine the fungistatic activity of the fungus,
5% of the filtrate of the trichoderma culture fluid was
added to the molten nutrient agar medium of Chapek-
Dox and poured into 20 ml Petri dishes. After solidifi-
cation of the medium, a block of the seven-day culture
of Fusarium culmorum IMB-F-50716 was placed in the
centre of the dish. The medium without filtrate served
as a control. The diameter of the colony of the phyto-
pathogenic fungus was determined on the 3rd and 6th
day of incubation at 26°C in experimental and control
samples. The percentage of inhibition of fungal growth
was calculated by the formula:
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{Dc—De)
Dc
where De is the diameter of the fungal colony in the
experimental samples, mm; Dc is the diameter of the
fungal colony in the control sample, mm [15].

All experiments were performed in triplicate. Statis-
tical data processing was performed using Statgraphics
Centurion XV version 15.01.02. The arithmetic mean
and the error of the arithmetic mean were determined,
and differences between the means were tested using
the multiple Tukey test. All differences were considered
statistically significant at P<0.05.

Research results and their discussion.

During the experiments, it was found that T. viride
KMB-F-15 can assimilate various carbon compounds
(table 1).

Using glycerol resulted in the highest biomass yield
of 5 g/l, which is more than twice the biomass content
in the initial medium with sucrose. Using green molas-
ses and corn extract as the only carbon source showed
slightly lower results.

The test of fungistatic activity of filtrates of cul-
ture fluids obtained from media with different carbon
sources showed that the inhibition of F culmorum
IMB-F-50716 growth against the control on day 3 was
in the range of 55.9-70%, but no significant difference
was found between the mean values of experiments in
which different carbon sources were used (table 2).

As for the fungistatic activity on day 6, the inhibi-
tion of phytopathogen growth was in the range of 94.7-
100%, which is associated not only with the presence
of metabolites with antagonistic activity, but also with
the germination of chlamydospores contained in the
filtrate, mycelial growth and the formation of surface
conidia. In most experiment variants, T. viride KMB-F-
15 completely colonised the surface of the medium and
grew on the phytopathogen colony (figure).

As a result of the studies, it was found that the fun-
gus T. viride KMB-F-15 can assimilate various sources of
nitrogen (table 3), but the highest biomass yield was
observed when using yeast autolysate (4.4 g/l). Other
tested sources of organic nitrogen — L-glutamic acid and
corn extract — gave lower biomass yields (1.9 g/l and
2.7 g/|, respectively), and L-arginine hydrochloride gave
the lowest result (1 g/1). Among the inorganic nitrogen
compounds, ammonium chloride resulted in the highest
fungal biomass yield (3.3 g/I).

Testing of fungicidal activity of filters of T. viride
KMB-F-15 culture liquid against phy-
topathogen F. culmorum IMB-F-50716
showed that the greatest inhibition of
growth was observed when using a medi-
um with autolysate of yeast, corn extract
or L-glutamic acid as the only sources
of nitrogen nutrition — 100%, 100% and |
97.8% of growth inhibition, respectively =
(table 4). When using inorganic sources
of nitrogen nutrition, a high percentage
of growth inhibition of the phytopatho-
gen was noted when growing the strain of
Trichoderma on media containing ammo-
nium salts, namely ammonium chloride
and ammonium sulfate (94% and 88.5%,
respectively).

X 100

Table 1 - Impact of carbon compounds
on the yield of T. viride KMB-F-15 biomass

Carbon source Dry biomass, g/I
Sucrose 2,1+0,1°
Glucose 2,7+0,1%®
Fructose 3,1£0,3
Maltose 1,9+0,3°
Glycerin 5,0+0,5 ¢
Green molasses 4,9+0,3 «
Corn extract 3,60+0,1 b

Notes: different letters in the row indicate a significant difference in
the means (Tukey’s test, P<0.05).

Table 2 — Impact of carbon sources
on the fungicidal activity of T. viride KMB-F-15
against F. culmorum IMB-F-50716

3 day 6 day
Carbon source |Diameter of|. Gr_oyv_th Diameter : Gljoy{th
column. mm inhibition, |of column,|inhibition,
! % mm %

Control 48,3%6,0° 89,0+0°

Sucrose 14,5+2,1° 70 0+0°® 100
Maltose 19,2 £2,2° 60,2 0+0°® 100
Fructose 20,5+2,3° 57,6 0+0°" 100
Green molasses| 16,5+1,8" 65,8 0+0°" 100
Glucose 20,2+3,1° 58,2 0+0°® 100
Glycerin 21,3+2,7° 55,9 4,7+4,7° 94,7
Corn extract 18,3+3,6° 62,1 0+0° 100

Notes: different letters in the row indicate a significant difference in
the means (Tukey’s test, P<0.05).

Table 3 — Impact of nitrogen sources on biomass
yield of T. viride KMB-F-15

Nitrogen sources Dry biomass, g/|
Sodium nitrate 1,8+0,1 ¢
Potassium nitrate 1,3+0,1 2
Ammonium nitrate 2,410,5¢
Ammonium chloride 3,3+0,3¢
Ammonium sulphate 1,9+0,1 ¢
Autolysate of rhizomes 4,4+0,3 ¢
Corn extract 2,7+0,2 @
L-glutamic acid 1,9+0,5 b°
L-arginine hydrochloride 1,0+0,1°

Notes: different letters in the row indicate a significant difference in
the means (Tukey’s test, P<0.05).

Figure — Inhibition of F. culmorum IMB-F-50716 growth by filtrate of T. viride KMB-F-15
culture fluid obtained in glucose medium: A — experiment, B — control (without filtrate).
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Table 4 — Impact of nitrogen sources on the fungicidal ~ containing organic nitrogen sources, such as yeast

activity of T. viride KMB-F-15 against F. culmorum extract [17] or peptone [16]. Yeast autolysate
IMB-E-50716 was considered an inexpensive and accessible

Sy & day source of r\itrogen nutrition for optaining a .hig.h

: ' Growth | Diameter | Growth yield of Trichoderma asperellum microsclerotia in
Nitrogen source Diameter of |, i | olumn. inhibition| Submerged cultivation [11]. There is evidence that
Gl (11 % | mm | %% | the nitrogen source affects the assimilation of crude

Control 45,5+1,5¢ 89,040 ¢ glycerol: Trichoderma reesei QM9414 absorbed
NaNO, 24,0¢1,0¢ | 47,5 |14,243,0°| 84,0 it better in the presence of yeast extract than
KNO, 30,045,9 ¢ 34,1 |11,3t6,6%| 87,3 ammonium sulfate. The use of glycerol as a carbon
NH,NO, 16,0+1,5* | 64,8 |14,3t0,3¢| 83,9 | source can also have an additional advantage in
NH,C 15,5¢1,0° 659 |5,3+53%| 94,0 | the storage of drugs. For example, the addition of
(NH,) SO, 14,2422 | 688 |10,2¢51°| 885 | glycerol at a concentration of 3% and 6% to the
Autolysate of yeast 2354500 | 48,4 040° 100 | production medium of Trichoderma harzianum
Corn extract 21,0£0,5| 53,8 0+0° 100 | increased the shelf life of the preparation, where
L-glutamic acid 18,80,2 | 587 | 20420 | o978 | talcwasthefiller,to7and 12 months, respectively,
L-arginine hydrochloride| 180 ¢ 60,4 | 150t47°| 856 compared to 4-5 months in compositions without

Notes: different letters in the row indicate a significant difference in the means glycero' [18_]‘
(Tukey’s test, P<0.05). Conclusions.

Thus, the manifestation of fungistatic activity of Based on the results of the experiments on

T. viride KMB-F-15 depends on the source of nitrogen the selection of the composition of the medlym,. it can
. L . be concluded that for the submerged cultivation of
nutrition. For submerged cultivation of the test strain

. . . . . T.viride KMB-F-15 to obtain a biological product against
to obtain a biological product against phytopathogenic . . .
fungi. it is advisable t | | b phytopathogenic fungi, it is advisable to use glycerol or
ungl, 1t 15 advisable 1o Use glycerol as a carbon source green molasses as a carbon source, and yeast autolysate
and yeast autolysate or ammonium chloride as a

] ! ‘ g ) - or ammonium chloride as a nitrogen source, which
nitrogen source, which provides a high yield of biomass provide a high yield of biomass and a high level of

and a high level of fungicidal activity. fungicidal activity.
When comparing various inorganic nitrogen Prospects for further research.
sources, researchers noted that ammonium nitrogen The obtained data can serve as a basis for

salts provided a higher biomass yield than nitrate salts  optimisation of the quantitative composition of the
[16], which is consistent with our data. It has also been  nutrient medium for submerged cultivation of T. viride
shown that significant growth of mycelium of various  KMB-F-15 by mathematical methods of experiment
Trichoderma strains occurred when cultivated in media  planning.
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BMN/UB AXEPEN BYITIELLEBOIO TA A3SOTHOIO XXMUBJIEHHA HA BUXIA BIOMACHU TA
OYHIICTATUYHY AKTUBHICTb TRICHODERMA VIRIDE KMB-F-15

[ HiNpoBCbKWiA HaLioOHanbHU yHiBepcuteT imeHi Oneca MoH4Yapa (m. iHinpo, YKpaiHa)
dregigor24@gmail.com

Mikpomiyemu pody Trichoderma — HalinowupeHiwi 6iono2iyHi azeHMu, AKIi HA CbO200HIWHIl OeHb
BUKOPUCMOBYHOMbCA 8 CilbCbKOMY 20€n100apcmei 0418 KOHMPOoa 3a 36yOHUKaMU MiK03i8 poC/uH. BUKOpUCMAHHA
bionpenapamis 00380/49€ OMPUMYBAMU €KO/I02IYHO 4YUCMY CilbCbKO20CMOOAPCbKY MPOOYKYito, a MAaKOH
3HUMXCY8AMU XiMiYHEe HABAHMAXEHHA HA HABKOMUWHE cepedosuuje. lpu subopi Oxcepen syaneyto ma azomy, AK
6a3080i 0OCHOBU 0715 PO3PO6KU OMNMUMAILbHO20 CKAAOY MOXUBHO20 cepedosuya 015 2AUBUHHO20 KYsbmugyB8aHHS
MiKpoopeaHiamie, HeobxiOHO 8paxosysamu ix eudosi ma wmamosi ocobsausocmi.

B OaHili pobomi Oocnidxcysanu enaue 0Oxcepesn 8y2neyeso20 Ma A30MHO20 HUB/AEHHA HA HAKOMUYEHHSA
b6iomacu ma ¢pyHeicmamuyHy akmusHicme wmamy Trichoderma viride KMB-F-15, aHmaz2oHicma wupoko2o Kona
gimonamozeHHux epubie. @yHaicmamuyHy aKmusHicms 8U3HAYAsU 34 [H2IBYB8AHHAM pocmy (himornamoz2eHH020
epuba Fusarium culmorum IMB-F-50716 npu 0odasaHHi 00 WinbHo20 cepedosuwid inempamy KyabmypanbHoOi
piouHu T. viride KMB-F-1. BcmaHo8s€eHo, W0 27aiuepuH ma 3eaeHa namoka 8 KoHueHmpauii 20 2/n npu3soousnu 0o
Halibinbwozo suxody cyxoi 6iomacu T. viride KMB-F-15 (5,0 2/n ma 4,9 2/, 8idnogioHo). Halibinbw cnpuamausumu
0n8 pocmy 2puba Oxcepenamu azomy 8 KOHUeHmMpauii 5 2/s1 suasunuca asmosizam opixcdxcis (suxio cyxoi Giomacu —
4,4 2/n) ma amoHiti xnopucmuti (3,3 2/n). ®yH2zicmamuyHa akmusHicme T. viride KMB-F-15 He 3anexHo 8i0 Oxcepena
syeneyto byna sucokoto (94,7-100%). Ha nposs ¢hyHeicmamu4yHOi akmueHoCMi 8MaAUeano Oxcepeno d3omHo20
wueneHHA. Halibinbwuli 8i0comok [H2ibysaHHA pocmy ¢imonamozeHa crnocmepieasca npu 3acmocy8aHHI
KYKYpy03sH020 eKcmpakmy, agmosnizamy opircoxcie, L-enymamiHo80i Kucsiomu, aMoHito Xao0pucmozo abo aMoHito
cipyaHokucnoeo (88,5-100%).

Knwuoei cnoea: Trichoderma, enubuHHe Kynbmuey8aHHSA, HAKOMNUYEHHA 6Giomacu, aHMA20HiCMUYHi
esacmueocmi, pimonamoeeHHi 2pubu.

366 ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)



MIKPOBIONOrIA / MICROBIOLOGY

3B’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0CIA-
HUMK poboTamu.

CraTTs € dparmeHTom HAP Kadeapun mikpobionorii,
Bipycosorii Ta 6ioTexHonorii JHiINPOBCbKOro HaLioHab-
HOro yHiBepcuTteTy imeHi OnecAa loHYapa: «AHTaroHic-
TWUYHI Ta CUHEPreTUYHi B3aEMOBIAHOCUHU B MIKPOBHMUX
acoujauiax» (oepskaBHUIA peecTpauiiHUii Homep —
0122U001456).

Bcryn.

Ha cborogHi y 3axmucTi CilbCbKOrocnogapcbKmMx poc-
JIVH Bif, WKiA/MBUX OPraHiamiB nepeBarkae XiMiyHWM
meTod. PyHriumamn, NOopiBHAHO 3 iHWMMM necTuumaa-
MW, BBAXKalOTbCA MEHLU 3arpo3/IMBUMM 1A HEL,iIbOBUX
OpraHi3miB, afne Ha AeAKi 3 HUX TaKOX BBOAUTbCA 3a60-
POHA Ha BMKOPWUCTAHHA B Mipy HaKOMUYEHHA OAHUX iX
HeraTMBHOro Bn/MBY Ha bioTy [1]. Kpim Toro, wupoke
3acTocyBaHHA OYHriLMAIB CTBOPIOE CENEKTUBHUI Npec
Ha NaToreHu i NPU3BOAMUTL A0 NOABU CTIMKMX A0 HUX MO-
nynsuin. Tak, NoBi4OMNANOCA NPO PE3UCTEHTHICTb ¢diTO-
naToreHHux rpubis Phytophthora infestans no metanak-
cuny Ta Venturia inequalis no pogvHy [2].

ANbTEPHATUBOIO XIMIYHOMY METOAY 3aXUCTy POC/IUH
€ BUKOPUCTAHHA BiodyHriumais, cepes akux ocobanso
nepcnekTMBHMMM € Bionpenapat Ha OCHOBI MiKpomi-
uetiB poay Trichoderma. 3aBAsaKM BUCOKIl LIBUAKOCTI
POCTY, CUHTE3Y XiTUHOMITUYHUX GepMeHTiB, meTaboniTis
3 aHTUPYHIaNbHOK AKTUBHICTIO MPEACTaBHUKM LbOro
poay 34aTHI AyKe edeKTMBHO NPOABAATM aHTAroHic-
TWUYHi BNACTMBOCTI BiAHOCHO ¢iTonaToreHHUX rpubis.
3a gaHmmu Casuyk fA.l. Ta cnisasT. i3 100 gocnigxysa-
HUX WTamis poay Trichoderma maiixke Tpu usepTi (71%)
NPOABUAN BUCOKMI piBEHb aHTUPYHrANbHOI aKTUBHOCTI,
35% — nokasanu aKTUBHICTb 40 LWMPOKOro Kosa 36ya-
HUKiB MiKo3iB pocsnH [3]. MoBigomnsanocs npo BUCOKY
epeKTUBHICTb 3aCTOCYBaHHA B YMOBAX TENAWUL Pi3HUX
isonatis Trichoderma no BigHoweHHIO A0 Rhizoctonia
solani Ha 6060BUxX pocanHax [4]. BHECEHHS B FPYHT KOH-
copuiymy 3 4 pisHux wrtamis Trichoderma edekTnBHO
NPUrHivysano 36ygHuKa ¢y3apio3HOro B’ AHEHHA OripKiB
Fusarium oxysporum y nonboBux ymosax [5]. Ha ocHoBi
KOHcopuiymy WwTtamis Trichoderma po3pobneHo 6ionpe-
napar, AKMI NOKa3aB MPUrHiYeHHA KomnaeKkcy ditona-
ToreHiB Botrytis sp., Verticillium sp. Colletotrichum sp.
Ta Phytophthora sp. B ekcnepuMmeHTax LITY4YHOro 3apa-
YKEHHA POC/IMH MaJMHU B KOHTPO/IbOBaHMX yMoBax ¢i-
TOTpoOHa [6].

Kpim aHTaroHicTMyHoro edeKkty Ha ditonaTorexu,
rpubu poay Trichoderma epeKTUBHO KOMOHI3YyOTb KO-
peHi POCAWH, NPUCKOPIOIOTL iX PO3BUTOK, MiABULLYIOTb
33aCBOEHHA MiHEPAZIbHUX PEYOBUH, @ TAKOXK PE3UCTEHT-
HICTb POCAMH Yepe3 aKTUBALIKD 3aXMCHUX MeXaHi3MiB
(yTBOpEHHSA PEaKTUBHMX BMAIB KUCHIO, CynepoKcuaamc-
MYyTa3n, oKcuAiniHy, pitoanekcuny) [7, 8]. Tak, obpobka
6ynbb KapTonni cycnensieto cnop T. harzianum 3 oaHo-
YaCHUM BHECEHHAM TOpdy B IPYHT 3HAYHO MiABULLMIO
naowy ancrts, 6iomacy pocivH (Haa3emHoi Ta nigzem-
HOI) Ta AOBXWHY KOPEHs, NOPIBHAHO 3 KOHTPOJAbHUMU
pocanHamu [8]. LUtam-aHTaroHicT T. viride IMB F-100076
3 BMCOKOI aKTMBHICTIO KOMMJIEKCY LLe0I030NITUYHUX
depMeHTIB MiABULLYBAB BPOXKAMHICTb KYKypyA3u 3a
BHECEHHSA B I'PYHT Pa3OM i3 MLIEHUYHO conomoto [9].

IcHye ABa OCHOBHi cnocobu MPOMWMCNOBOrO Ky/b-
TUBYBAHHSA rpubiB poay Trichoderma: noBepxHeBuit Ta
TMMBUHHUIN. MoBepxHeBe TBepAodasHe KynbTUBYBaH-
HA [03BONIAE BUKOPWCTOBYBATU Pi3Hi arponpommcnoBi

Bigxoau i NoTpebye MeHLMX KaniTaNoBKAAAEHb, NpoTe
TakKMi npouec cknagHo macwrabysatn [10]. Toai sK
[0 nepesar MUWOBUHHOIO KyNAbTUBYBAHHA BifHOCATHCA
KOPOTKUIM Yac KyNbTUBYBAHHA, MEHLIA TPYAOMICTKICTb,
NPOCTOTa YNpPaBAiHHA Ta MOX/AMBICTb aBTOMaTMU3aLi
[11,12].

Mig yac po3pobkmn TexHonorii oTpumaHHA biodyHri-
umAiB Ha ocHoBi WTamiB Trichoderma rnnbuHHMM cno-
cobom BaxKNMBUMMMU € Niabip cKAagy NOXKMBHOIO cepea-
osuwa. MoandikoBaHe cepegosue Yaneka-floKca,
cepefioBMLLI@ HA OCHOBI CONOAOBOrO E€KCTPAKTy, mena-
CM AK A)Kepena BYrNeulo Ta APiPKAMKOBOIO eKCTPaKTy
abo NenToHy fAK AxKepen a3oTy OLiHIOBaAUCA BiAHOCHO
oTpuMaHHsA biomacu rpuby T. asperellum ma 36epiear-
HA lio2zo ¥ummezdamHocmi e Topd’sHin dopmi npe-
napaty [13]. Nosigomnsnocs npo nigbip Ta ontTumisa-
L0 CKNnagy cepefoBulLa, NOYATKOBOrO 3HayeHHA pH
Ta Yacy KynbTMBYBAaHHA 3 METON MiABULLEHHA BUXOAY
xnamigocnop [14]. MpoTe HeAOCTaTHLO AaHMX AiTepaTy-
PV Wo[0 BNAMBY CKAAAY MOXKMBHOIO cepefoBMLLa ANA
TNMMOUHHOTO Ky/IbTUBYBAHHA Ha MNpoAB yHricTaTUyHol
aKTMBHOCTI wWTamis Trichoderma. Kpim Toro, npu Bubopi
AXKepen Byrneuto Ta a3oTy Ak 6a3oBoi OCHOBM Ans PO3-
PO6KKM ONTUMANIbHOTO CKAAAY NMOMKMBHOIO CEPESOBUILLA,
HeobXxifAHO BpaxoByBaTU BUAOBI Ta LUTaMOBi ocobanBoc-
Ti MiKpOOpraHiamis.

MeTa gocnipKeHHs.

BU3HAuUUTM BNAMB PIi3HUX A)Kepen ByI/eLesBoro Ta
a30THOTO XMBJIEHHA Ha HaKonuueHHA 6iomacu Ta dyH-
ricTaTUYHy aKkTUBHIcTb T. viride KMB-F-15 npu Bupouy-
BaHHi B MIMOUHHUX YyMOBaX.

O6’eKT i meTOoAU AOCNIAKEHHS.

O6’ekToM  gocnigskeHHa 6yB  Buxig 6iomacu
Trichoderma viride KMB-F-15, 3aneKHo Big, ckiagy no-
MBHOTO cepefoBuiia Ta yHricTaTUYHA aKTUBHICTb
dinbTpaTy KynbTypanbHOI piavHM rpuba no BigHOLIEH-
Hlo Ao ditonatoreHa Fusarium culmorum IMB-F-50716.
LWtam Trichoderma viride KMB-F-15, BuaineHui i3 yop-
HO3eMy 3BMYAMHOrO, NPOABASAE BUCOKY QYHriCTaTUYHY
AKTUBHICTb A0 LWMPOKOro Kona ¢itTonaToreHHux rpu-
6iB, 36epiraeTbcA B KOMEKLii KyNbTyp MiKpOOpraHiamis
Kadeapu mikpobionorii, Bipyconorii Ta 6HioTtexHonorii
[OHY imeHi Oneca loHyapa.

[nAa BM3HAYEHHA BM/IMBY PIi3HUX AXKepen ByrneLo
Ha HakonuyeHHs BiomacK Ta GyHriCTaTUYHY aKTUBHICTb
T. viride KMB-F-15 BMKOpMCTOBYBa/M Caxaposy, [to-
KO3y, OPYKTO3y, ManbTo3y, MiLepuH, 3e/seHy NaToKy
Ta KYKYPYA3AHUIA eKCTPaKT Yy KoHueHTpauii 20 r/a. Ona
BM3HAYEHHA BMIMBY Pi3HWUX AXKepen a30Ty Ha Hakonwu-
YyeHHA 6iomacu Ta GyHricTaTUYHY aKTUBHICTb AOCNIAMKY-
BAHOrO LWTAaMy BMKOPWUCTOBYBA/IM aBTOJI3aT APiIXKANKIB,
KYKYPYA3AHUN eKCTPAKT, HaTpilA a30THOKUCAWUMI, Kanii
A30THOKMUCAUM, aMOHIN  CipY4aHOKUCAWMWA,  aMOHiIl
XNOPUCTUIN, aMOHIN  a30THOKUCAUK, L-rnyTamiHoBy
KMC/IOTY Ta apriHiH CONAHOKUCAMIA Y KOHLEHTpaL,ii 5 r/n.
3a 0CHOBY BMKOPWUCTOBYBaNM cepeaosuiLe (r/n): caxapo-
3a —20; NH,NO, - 5; K.HPO, — 5; KCI - 0,5; MgSO,x7H,0
— 2; FeSO,x7H,0 — 0,01; pH 6,0-6,5. A30T- Ta BymieLp-
BMICHi CMOJIYKM BBOAWMAW 3aMICTb Caxapo3n Ta aMOHit0
Q30THOKMCNOrO, BiANOBIAHO.

3acis y KinbKocTi 1% Big 06’ema 3aiiicHIOBann cyc-
NeHsiel KOHiAin rpnba, BMPOLLEHOr0 Ha arapusoBsa-
HoMy cepezoBuuli Yaneka-[okca ynpogosx 7 Aib.
KoHLeHTpaLia KoHigilh B iHOKyNATI cknagana 2,5 x 107
B 1 Mmn, AKY BU3Ha4anm nigpaxyHKom y kamepi lopAesa.
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BupouyBaHHs rpmba 34ilcHI0OBaAN Ha MiKpobiooriuHil
Kayanui (200 06/x8) npu 26+1°C ynpoaosx 72 roamH.

Bnave cKnagy NOMWMBHOIO cepefoBMLLI@ HA PicT
TPUXOA4EPMM OLHIOBA/NM 3@ BUXOAOM Cyxoi biomacwu
BarosBMm meTtofom. 1na ¢inbTpyBaHHA BUKOPUCTOBYBA-
v nonepeAHbo BUCYLLEHI A0 NOCTIAHOT Barn obes3one-
Hi GinbTpu (cnHA cTpiuka). Micna ¢inbTpyBaHHA Biomacy
rpnba BucywyBanm 3a Temnepatypu 85°C [0 nocTinHoi
Baru. Cyxy 6iomacy 3Ba*KyBasiM Ha aHaNITUYHMX Barax.

[Ons BM3HAUYeHHA YHriCTaTUUYHOI aKTUBHOCTI rpmnby
B pO3MN/aB/ieHe MOXMBHE arapuM3oBaHe cepefoBu-
we Yaneka-[lokca BHocunu 5% Big 06’emy dinbrpaty
KY/NIbTYPaNbHOI PIANHN TPUXOO4EPMM Ta PO3AMBANMU Y
yawkm MNetpi no 20 mA. Micna 3acTuraHHA cepenoBuLLLa
Y LEHTP YaLlKK nomiwann 610k cemmaoboBoi KynbTypu
Fusarium culmorum IMB-F-50716. KoHTponem cnyry-
Basio cepenosuile 6e3 ¢inbTpaty. BusHavanu giametp
KO/IOHii ¢piTonaToreHHoro rpmba Ha 3 Ta 6 806y iHKyb6au;i
3a 26°C B gocnigHMX Ta KOHTPOALHOMY 3pa3Kax. Po3pa-
XOBYBa/IM BifCOTOK iHriByBaHHA pocTy rpmba 3a dopmy-
noto: i ey ‘

M b :ﬂ.ﬁﬂ',
e

ae ,D,A—,u,iameTp KONOHIT rpuba B A0CAIAHMX 3pa3KaX,
Mm; [l — piameTp KonoHii rpuba 8 KOHTPONbHOMY 3pas-
Ky, mm [15].

Yci pocnign 6ynn BMKOHAHI y 3 MOBTOPHOCTSX.
CTaTUCcTUYHY 06pOo6KY AaHWUX 34iMCHI0OBAAM 3@ 4ONOMO-
roto Komn’toTepHoi nporpamu Statgraphics Centurion XV
version 15.01.02. BusHavanu cepegHe apudmMeTUTUYHe
Ta NOMUAKY CepeaHboro apudMeTUUYHOro, BiAMIHHOCTI
MiXK cepefHiMK Bynn nepesipeHi 3a A40MNOMOrol MHO-
YKMHHOTO KpuTepito TbloKi. Bci BiAMIHHOCTI BBaXanu cTa-
TUCTUYHO 3Ha4ywmmm 3a P<0,05.

Pe3ynbTati aocnigKeHHs Ta ix 06roBopeHHs.

Y xo4i npoBeAeHHA eKCMepuMEHTIB BCTaHOB/e-
Ho, wo T. viride KMB-F-15 3aaTHa 3acBotoBaTW Pi3Hi
Byr/ieueBmicHi cnonyku (taéa. 1).

BUKOpWUCTaHHA FiiLepuHy NpU3Beao 40 HAWBULLOMO
Buxoay 6iomacu — 5 r/n, wo 6inblu, HiX BABIYI Nepesu-
LLLyEe BMICT BiomacK y BUXiAHOMY cepeoBULLi 3 caxapo-
3010. BUKOpPUCTaHHA 3eneHOi NaTOKM Ta KyKypyA3AHOro
EKCTPaKTy fAK EAMHOIO [XKepena Byr/eul Mnokasano
TPOXWM HWMXKYI pe3ynbTaTul.

MNepeBipKa ¢yHricTaTUYHOI aKTUBHOCTI @inbTpaTis
KYNbTYPaNbHUX PiAVH, OTPMMAHUX Bif, cepefoBuLL i3 pi3-
HUMM B¥Kepesamu BYINeLLto, MoKasana, Wwo iHribysaHHsA
pocty F. culmorum |IMB-F-50716 BiflHOCHO KOHTPO/O
Ha 3 goby byno y mexax 55,9-70%, npoTte AOCTOBipHOI
Pi3HULI MiXK cepegHiMM 3HAYEHHAMM [OCANIAIB, B AKUX
3aCTOCOBYBA/INCh Pi3HI AKepena ByrneLto, BUABIEHO He
6yno (Tabn. 2).

Tabnunua 1 — Bname cnonykK Byrnewto Ha BUXig,
6iomacu T. viride KMB-F-15

[xepeno Byrneuto Cyxa 6iomaca, r/n
Caxaposa 2,1+0,1°
[noKo3a 2,7+0,1 %
®pyKTO3a 3,1+0,3 *°
ManbTO3a 1,9+0,3°
rniuepuH 5,0+0,5 ¢
3eneHa natoka 4,9+0,3 «
KyKypyAa3aHuii eKcTpakT 3,60+0,1*°

MpUMITKK: pPi3Hi NiTepn y pAAKY BKa3ytoTb Ha JOCTOBIPHY Pi3HMLIO ce-
peaHix (3a kputepiem Tbioki, P<0,05).

Tabnuusa 2 — Bnaue gxKepen ByrneLo Ha
dyHrictatuuHy akTUBHiIcTb T. viride KMB-F-15
BigHOCHO F. culmorum IMB-F-50716

3 noba 6 noba
epeno syrne- fj i
foxep v D"aMETP IHribyBaHHsA ﬂ"aMET...p IHribyBaHHsA
Lo KOJIOHil, o KOJIOHil, o
o pocty, % i pocty, %
KoHTponb 48,3+6,0° 89,0102
Caxaposa 14,5+2,1° 70 0+0°® 100
ManbTto3a 19,2 +2,2° 60,2 0+0°® 100
dpyKTO3a 20,5+2,3° 57,6 0+0° 100
3eneHa natoka | 16,5+1,8 ° 65,8 0+0° 100
[noKo3a 20,2+3,1° 58,2 0+0°® 100
rniuepuH 21,3+2,7° 55,9 4,7+4,7° 94,7
RYKYPYASAHWA | 16 343 65| 62,1 0+0° 100
eKCTpaKT

MPUMITKK: pi3Hi NiTepyn y pAAKY BKa3ytoTb Ha LOCTOBIPHY Pi3HMLIO ce-
peaHix (3a kputepiem Totoki, P<0,05).

Tabnuua 3 — Bnaus gkepen a3oTy Ha BUXiA,
6iomacu T. viride KMB-F-15

[xxepena asoty Cyxa 6iomaca, r/n
HaTpilt a3oTHOKMCANI 1,8+0,1 ¢
Kani asoTHoOKMCAUM 1,3+0,12
AMOHI a30THOKMUCAUI 2,4+0,5 ¢
AMOHII XI0pUCTUiA 3,3+0,3¢
AMOHil cipyaHOKMCINI 1,9+0,1 ¢
ABTONI3aT APIXKAKIB 4,4+0,3 ¢
KyKypya3aHuii eKcTpakT 2,740,2 <@
L-rnyTamiHoBa Kucnota 1,9+0,5 b*
L-apriHiH conAHOKUCAUM 1,0+0,12

MpUMiTKK: Pi3Hi NiTepn y pAAKY BKa3ylOTb Ha AOCTOBIPHY PisHULIO ce-
peaHix (3a kputepiem Totoki, P<0,05).

LWoao ¢yHricTaTMyHOi akTMBHOCTI Ha 6 406y, To iHri-
byBaHHA pocTy piTonaToreHa byno y mexkax 94,7-100%,
LLLO NOB’A3aHO He TiIbKWN 3 HasABHICTIO MeTaboniTiB 3 aH-
TAroHICTUYHO aKTUBHICTIO, @ 1 i3 NPOPOCTAHHAM XJ1aMi-
gocnop, Ak mictuanca y dinbTpati, pocTom miuenito Ta
YTBOPEHHAM NOBEPXHEBUX KOHIAiN. Y BinbwocTi BapiaH-
TiB gocnigy T. viride KMB-F-15 noBHicTio KonoHisyBana
NOBEPXHIO CepeioBULLA Ta HAPOCTana Ha KOJIoHito diTo-
naToreHa (PUCyHOK).

Y pesynbraTi NpoBefeHuUX AOCAigKeHb BCTAHOB-
NeHo, wo rpub T. viride KMB-F-15 3aaTHUI 3acBoto-
BaTW pi3Hi A)kepena as3oty (tabn. 3), ane HalbinbwwMi
BUXiZ BiomacuK cnoctepiraBcs NpyM BUKOPUCTAHHI aBTO-
nisaty apixkaxis (4,4 r/n). IHwWi nepesipeHi Axepena
OpraHi4yHOro asoTy — L-rnyTamiHoBa KUCNOTa Ta KyKypy-
O3AHUIA eKCTPAKT — AaBaiv MeHWwnin Buxig, 6iomacu (1,9
r/n Ta 2,7 r/n, BignosigHo), a L-apriHiH cONAHOKUCAUIA
npu3BoAMB [0 HalHMX4oro pesynbtaty (1 r/n). Cepeps,
HeopraHiYHUX CNOYK a30Ty aMOHI XI0PUCTUIA NPU3BO-
VB 40 HalBuMLLOro Buxoay 6iomacu rpuba (3,3 r/n).

MepeBipKa ¢yHricTaTUYHOI aKTUBHOCTI ¢inbTPaTIB
KynbTypanbHoi pignHn T. viride KMB-F-15 BigHocHO
¢iTonatoreHa F. culmorum IMB-F-50716 nokasana,
WO Halbinblue NPUrHiYeHHA pocCTy BigMiyanocs npu
BMKOPUCTAHHI cepefoBuLLa 3 aBTONI3AaTOM APIKAXKIB,
KYKYPYA3AHUM  eKCcTpaktom abo  L-raytamiHoBowo
KUCNOTOK AK EAMHUX AXKepen a30THOMO KMUBAEHHA —
100%, 100% Ta 97,8% iHribyBaHHA poOCTy, BiAMNOBIAHO
(tabn. 4). Mpu BUKOPWCTAHHI HEOPraHiYHUX OxKepen
a30THOIO WMBJIEHHA BWCOKWIA BIACOTOK iHribyBaHHA
pocTy ¢piTonaTtoreHa BigmiueHO npu BMpOLLYBaHI WTamy
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TPUXOAEepPMM Ha cepefoBULLaX, A0 CKAaay
AKUX BXOAWIM COMi aMOHIlo, @ came amo-

Tabnuusa 4 — Bnams grkepen a3oty Ha GyHricTaTUUHY aKTUBHICTb
T. viride KMB-F-15 BigHOCHO F. culmorum IMB-F-50716

Hill XNOPUCTMIA Ta aMOHIN CipYaHOKUCANN 3 goba 6 nob6a
(94% Ta 88,5%, BiAN0BIAHO). . [xepeno asoty [Jiametp (IHribyBaHHA| [iameTp IHribyBaHHA
Takum 4mHOM, nposB OyHricTaTy- KONOHIi, MM| pocTy, % | KOAOHii, Mm pocty, %

Hoi aktuBHocTi T. viride KMB-F-15 3ane- KoHTponb 45,5+1,5 ¢ 89,040 ¢
KUTb BIA OXepesia a30THOro XMUBNEHHA. NaNO 24,0+1,0 « 47,5 14,2+3,0¢ 84,0
Ons rAMBUHHOrO KynbTUBYBaHHA O0CHI- KNO. 30,0£5,9° 341 11,346,6™ 87,3
I'pM6?B mf) p,)\:(epezo BYI/1€L0 A0LUiNbHO NH,Cl 15,510 039 5,3£5,3 ™ 94,0

. (NH,).,SO, 14,2+2,2 2 68,8 10,245,1° 88,5
BUKOPUCTOBYBATU T[ILEPUH, a AK [XKe- . - - bed N
PENo a30Ty — aBTONI3aT APIKAKIB ab0 ABTOﬂIBan,pIiK,CI,)KIB 23,5+5,0 48,4 0+0 100
aMOHIli  XOPUCTHIA, Ak 3a6e3neuyioTs KYKYpYA3AHWit ekcTpakT |21,0+0,5%¢| 53,8 0+0* 100
BUCOKMI BMXia 6iomacu Ta BUCOKMIA L-rnyTamiHoBa kucnota | 18,8+0,2° 58,7 2,0+2,0%® 97,8
piBEHb GYHTICTATUYHOI aKTUBHOCTI. L-apriHiH conaHokucanm 1840 ¢ 60,4 15,9+4,7¢ 85,6

Mpy NOPIBHAHHI PI3HUX HEOPraHiIYHMX MpUMITKK: pi3Hi NiTepun y pAaKY BKa3ytoTb Ha JOCTOBIPHY Pi3HULIIO cepeaHix (3a KpuTepiem
Tbtoki, P<0,05).

O)Kepen asoTy AO0CNIOHUKKM  Bigmivyanu,
wo 6inbw BMCOKWMIN BuXig bGiomacu 3a-
6e3neyyBanyv aMOHIMHI CoMi a30Ty, HiX
HiTpaTHi [16], WO y3roAKyeTbCs 3 OTPU-
MaHUMM HaMW SaHUMU. TaKOXK NoKasaHo,
LLLO 3HAYHMI PICT MiLenito Pi3HMX WTamis
Trichoderma BinbyBaBcA NpwW KynbTUBY-
BaHHI B CepefloBULLAX, WO MiCTATb opra-
HiYHi AXKepena a3oTy — APiKAKOBUI eKe-
TpakT [17] abo nentoH [16]. Adpiaskosuii
aBTO/I3aT PO3rNAAaABCA AK Hegopore i Ao-
CTYNHE AXKepesio a30THOIO KUBJEHHSA ANA
OTPMMaHHSA BUCOKOTO BUXOAY MiKpPOCK/e-
pouin Trichoderma asperellum B ymoBax
TNMMBUHHOTO KynbTMByBaHHSA [11]. ICHyOTb
BiJOMOCTi, WO AKepao a30Ty MaE 3Ha-
YEHHA Ha 3aCBOEHHA CUPOrO MNiLEePUHY:
Trichoderma reesei QM9414 kpauie 3a-
CBOIOBA/a MOro B NPUCYTHOCTI APiXKAKOBOIO EKCTPAKTY,
HiX CipYaHOKMCIOrO aMOHi0. BUKOpUCTaHHA raiuepu-
HY AK A)Kepesia BYINeuto MOXKe MaTh TaKoXK A04aTKOBY
nepesary npwu 36epiraHHi npenapartis. Tak, AoAaBaHHA
00 BUpobHUYoro cepenosuwa Trichoderma harzianum
rNiLepuHy B KOHLeHTpaLii 3% Ta 6% 36inbluyBano Tpu-
BafiCTb 36epiraHHA npenapaTy, Ae HanoBHioBaYem 6yB
TanbK, go 7 Ta 12 micAyis BignoBigHO, NOpPiBHAHO 3 4-5
MicALAMM B KOMNO3ULiAX 6e3 3acTocyBaHHA rniLepuHy
[18].

BucHoBKM.

3a pe3ynbTraTamu NpPoOBeAEHUX AO0CANIAIB WoAo nia-
60py CcKkAaay NOXUBHOIO cepefoBMLLA MOXKHa 3pobuTH

PucyHoK — IHri6yBaHHa pocty F. culmorum IMB-F-50716 ¢inbTpaTtom KynbTypanbHoi
piavHu T. viride KMB-F-15, oTpumMaHoi y cepefoBuLLi 3 [/1I0K03010:

A - pocnig, B — KoHTponb (6e3 dinbTpary).
BMCHOBOK, WO A1A MMOUHHOIO KyNbTUBYBAHHA LUTaMy
T. viride KMB-F-15 3 meToto oTpuMaHHA 6ionpenapaty
npotn ditonatoreHHMX rpPuUbIB AK AKepeno ByrneLto
AOUiNIbHO BMKOPUCTOBYBATU rniLepunH abo 3eneHy na-
TOKY, @ AK A)Kepesio a3oTy — aBTo/i3aT ApiKAKiB abo
aMOHIll XJI0pPUCTUIA, sAIKi 3abe3neyytoTb BUCOKUI BUXig,
biomacK Ta BUCOKUI piBeHb QYHFICTAaTUYHOI aKTUBHOCTI.

MepcnekTMBM NOAANbLUNX [OCNIAMKEHD.

OTpMMaHi gaHi MOXYTb C/AyryBaTM OCHOBOK AAA
NpOBeAEHHA ONTMMI3aLil KiNIbKICHOrO CKMaZy MOXKMB-
HOro cepefoBuWa A1A MIMOUHHOIO KynbTUBYBAHHA T.
viride KMB-F-15 matemaTUYHMMM MeToA4ammM NAaHyBaH-
HA eKCNepUMEHTIB.
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BM/INB AXKEPEN BYIIELEBOIO TA ASOTHOIO XXUBJIEHHA HA BUXIA4 BIOMACU TA ®YHTICTATUYHY AKTUB-
HICTb TRICHODERMA VIRIDE KMB-F-15

Apersanb O. A., JlecuyHa A. B., fipersans l. B., Cknap T. B.

Pe3tome. AnbTepHATUBOI XIMIYHOMY METOAY 3aXMCTY POC/IMH € BUKOPUCTAHHA BiodyHriumnais, cepes sKUx oco-
6211BO NepcneKkTMBHUMM € BionpenapaTv Ha OCHOBI MikpomiLeTiB poay Trichoderma. 3aBAAKWM BUCOKIM LIBUAKOCTI
POCTY, CUHTE3Y XiITUHONITUYHMX epPMEeHTiB, MeTaboniTiB 3 aHTUDYHIaIbHOK AaKTUBHICTIO MPEACTABHUKM LbOro Poay
30aTHI Ay»Ke ePeKTUBHO NPOABAATU aHTArOHICTUYHI BNACTUBOCTI BiAHOCHO diTonaToreHHux rpmbis.

Mema 00cnidmceHHA — BUSHAYUTU BMAUB Pi3HUX AKEepen BYrNeLeBoro Ta a3oTHOrO XMUBAEHHA HA HAKOMUYEHHSA
6iomacu Ta dyHricTaTUUHy akTUBHICTb Trichoderma viride KMB-F-15 npu BMpOLLYBaHHI B NIMOUHHUX yMOBaX.

06’ekm | memodu docniomeHHA. O6’ekTom gocnigkeHHa bys Buxig 6iomacu T. viride KMB-F-15 3anexHo Big,
CKNaAy NOXKMBHOMO cepefoBuLLa Ta QYHFICTaTUYHA aKTUBHICTb QiNbTPATY Ky/AbTypasibHOI PiAnHK rpnba no BigHo-
WweHHo o ditonatoreHa Fusarium culmorum IMB-F-50716. AK a)Kepena ByrneLto BUKOPUCTOBYBA/IM Caxaposy,
II0KO3Y, GPYKTO3Y, MasbTO3y, MiLLePUH, 3eN1eHy NATOKY Ta KYKYPYA3AHMI eKCTPAKT y KoHueHTpauii 20 r/n, K aske-
pena asoTy — aBTONI3aT APIKAKIB, KYKYPYA3AHUIN €KCTPAKT, HAaTPi a30THOKUCAUMI, Kanili a30THOKUCIUNA, aMOHil
CipPYaHOKUC/INI, aMOHIN XIOPUCTUIN, aMOHili a30THOKUC/IUIA, L-ryTamiHOBY KMCAOTY Ta apriHiH CONAHOKUCAWUNA Y
KOHLEHTpaUii 5 r/n. BnivMe cknaay MOXMBHOIO cepeaosuilia Ha PICT TPUXOAEPMU OLLiHIOBaM 338 BUXOAOM CyXoOi
b6iomacun Barosum metofom. PyHricTaTUUHY aKTUBHICTb BM3HAYaAM 33 piBHEM MpUrHiYeHHA pocty F. culmorum Ha
WinbHOMY cepefoBULLI 3 foAaBaHHAM QinbTpaTy KyAbTypanbHOI piguHu T. viride.

Pe3yabmamu. BCcTaHOBAEHO, LLO MiLEPUH Ta 3e/1eHa NaToKa NPU3BOAMIM A0 Halbinblworo suxoay 6iomacu T.
viride KMB-F-15 (5,0 r/n 1a 4,9 r/n, BignosigHo). BUsHauyeHHA GpyHriCTaTUYHOT aKTUBHOCTI GiNIbTPATIB KybTypaNbHUX
PiAVH, OTPMMAHMX Bif, MOXMBHUX CEPEAOBULL, i3 PISHUMMK AKepenamu ByrieLto, Nokasano, Wo iHribyBaHHA pocTy
Fusarium culmorum IMB-F-50716 Bi4HOCHO KOHTpO/tO Ha 3 o6y Byno y mexax 55,9-70% Ta gocarano 94,7-100% Ha
6 0o6y. MpoTe A0CTOBIPHOI Pi3HULI MiXK cepegHiMM 3HAYEHHAMM OOCNIAIB, B AKMX 3aCTOCOBYBA/IMCh Pi3Hi Axepena
Byr/ieuto, He BUABAEHO. Haibinbl cnpuatTameBmumun ana pocty rpmba axkepen a3oTy BUABUAMCA aBTONI3AT APiXKAKIB,
npv AKOMY BMXia, cyxoi 6iomacu ctaHoBuB 4,4 1/ Ta amoHii xnopuctuit (3,3 r/n). dyHrictaTuuHa akTUBHICTb T. viride
KMB-F-15 3anerkana Bif AKepena a3oTHOro XuBJeHHA. Halibinblumii BiACOTOK iHribyBaHHA pocTy diTonaToreHa
CNocTepiraBca Npy BUPOLLYBaHHI B CEpefoBULLi 3 OPraHiYHUMK AKepenammu asoTy: KYKYPYA3AHUM eKCTPAKTOM,
aBTONI3aTOM ApPiXKAXKIB abo L-rnyTamiHoBO KucioToto (iHribyBaHHs pocTy 48,4-58,7% Ta 97,8-100% Ha 3 Ta 6 oby,
Bi4NOBIAHO). 3 HEOPraHiYHMX AKepen a3oTy NposBy GyHriCTaTUUYHOI AKTUBHOCTI CMPUSAAN AMOHIM X0PUCTUIA Ta aMO-
Hii cipyaHokucanin (65,9% Ta 68,8% Ha 3 noby, 94% Ta 88,5% Ha 6 foby, BiANoOBIAHO).

BucHosku. Ana ranbuHHoro KynbtmusyBaHHA T. viride KMB-F-15 3 meToto oTpumaHHA GionpenapaTty npoTtu
diTonaTtoreHHUX rpmbiB AK AXKepeno ByreLto A0LiIbHO BUKOPUCTOBYBATHU MiLlepuH abo 3es1eHy NaToKy, a AK Axe-
peno asoTy — aBTOANI3aT APiIKAKIB a0 aMOHI X0pPUCTUI, AKI 3a6e3nedyroTb BUCOKUIN BUXiA Biomacy Ta BUCOKKUI
piBeHb QYHTICTAaTUYHOT aKTUBHOCTI.

Kntouosi cnosa: Trichoderma, rinbuHHe KyNbTUBYBAHHA, HAaKOMUYeHHA 6iomacK, aHTAroHICTUYHI BNAcTUBOCTI,
diTonatoreHHi rpnbun.

INFLUENCE OF CARBON AND NITROGEN SOURCES ON BIOMASS YIELD AND FUNGISTATIC ACTIVITY OF
TRICHODERMA VIRIDE KMB-F-15

Drehval O. A., Lesychna A. V., Drehval I. V., Sklyar T. V.

Abstract. An alternative to the chemical method of plant protection is the use of biofungicides, among which
biological preparations based on micromycetes of the genus Trichoderma are particularly promising. Due to the high
growth rate, synthesis of chitinolytic enzymes, metabolites with antifungal activity, representatives of this genus can
very effectively show antagonistic properties against phytopathogenic fungi.

The aim of the study is to determine the impact of different carbon and nitrogen sources on biomass accumulation
and fungistatic activity of Trichoderma viride KMB-F-15 under submerged cultivation conditions.
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Object and research methods. The object of the study was the biomass yield of T. viride KMB-F-15 depending
on the composition of the nutrient medium and the fungistatic activity of the fungal culture filtrate against the
phytopathogen Fusarium culmorum IMB-F-50716. Sucrose, glucose, fructose, maltose, glycerine, green molasses
and corn extract at a concentration of 20 g/l were used as carbon sources, and yeast autolysate, corn extract,
sodium nitrate, potassium nitrate, ammonium sulphate, ammonium chloride, ammonium nitrate, L-glutamic
acid and arginine hydrochloride were used as nitrogen sources in a concentration of 5 g/I. The influence of the
composition of the nutrient medium on the growth of Trichoderma was assessed by the yield of dry biomass using
the weight method. Fungistatic activity was determined by the level of growth inhibition of F. culmorum on a dense
nutrient medium by adding the filtrate of the T. viride culture liquid.

Results. It was found that glycerine and green molasses resulted in the highest biomass yield of T. viride KMB-F-
15 (5.0 g/l and 4.9 g/I, respectively). Determination of the fungistatic activity of filtrates of culture liquids obtained
from nutrient media with different carbon sources showed that the growth inhibition of F. culmorum IMB-F-50716
compared to the control on 3rd day was in the range of 55.9-70% and reached 94.7-100% on 6th day. However, no
significant difference was found between the mean values of the experiments using different carbon sources. The
most favourable nitrogen sources were yeast autolysate, in which the yield of dry biomass was 4.4 g/l and ammonium
chloride (3.3 g/l). The fungistatic activity of T. viride KMB-F-15 depends on the source of nitrogen nutrition. The
highest percentage of phytopathogen growth inhibition was observed when cultivated in a medium with organic
nitrogen sources: maize extract, yeast autolysate, or L-glutamic acid (growth inhibition of 48.4-58.7% and 97.8-100%
at 3 and 6 days, respectively). Among the inorganic nitrogen sources, ammonium chloride and ammonium sulphate
contributed to the manifestation of fungistatic activity (65.9% and 68.8% on the 3rd day, 94% and 88.5% on the 6th
day, respectively).

Conclusions. For submerged cultivation of T. viride KMB-F-15 aimed at obtaining a biocontrol agent against
phytopathogenic fungi, it is advisable to use glycerol or green syrup as a carbon source and yeast autolysate or
ammonium chloride as a nitrogen source, which ensure high biomass yield and a high level of fungistatic activity.

Key words: Trichoderma, submerged cultivation, accumulation of biomass, antagonistic properties,
phytopathogenic fungi.
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GENETIC TRANSFORMATION OF ESCHERICHIA COLI CELLS WITH DIFFERENT DEGREES
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This work investigates various methods of obtaining competent cells for transforming bacteria with plasmid DNA.
The ability to transform is determined by the degree of competence of microbial cells, and the ability to transfer plas-
mids that contain resistance determinants is an important factor for the acquisition of selective advantages by indi-
vidual cells in a population of microorganisms. Many species of bacteria lack natural competence or show it at a low
level, but they can also be transformed under the action of certain physical and chemical inducers. Therefore, it was
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