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Micromycetes of the genus Trichoderma are widely used in plant protection against mycosis pathogens due to
their broad spectrum of antagonistic activity and diverse mechanisms of action on phytopathogens. The process of
deep cultivation of the fungus, compared to the surface one, is characterized by less laboriousness, it is easier to con-
trol and automate. The biomass of the fungus grown in deep conditions can be introduced into various substrates,
such as composted manure, pulp, biochar, wood pellets, talc and peat, and used against soil phytopathogens by
pre-sowing treatment of seeds or by applying the preparation to the root zone before planting plants. It is advisable
to produce such forms of the preparation if they have a guaranteed storage of at least 6 months.

The storage of three variants of the peat form of the preparation based on Trichoderma viride KMV-F-15, grown
in deep conditions in three different media, was studied. It was found that during storage of all variants of the prepa-
ration at a temperature of 29°C (accelerated test), the viability and fungistatic activity of the fungus did not signifi-
cantly decrease for 6 months, and at room temperature, which simulates storage in an industrial warehouse, for 15
months. The number of CFU/g of the preparation at the end of the storage period remained greater than 1x106,
which is considered sufficient for the manifestation of biological activity. The fungistatic activity of a 1.0% solution
of the peat form of the preparation T. viride KMB-F-15 against the soil pathogen of grain crops Fusarium culmorum
remained higher than 60% throughout the entire storage period. No significant effect of the composition of the
nutrient medium for the accumulation of fungal biomass in deep conditions on its storage in peat was established.
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Introduction.

Fungi of the genus Trichoderma are present in almost
all soils, are easily isolated and cultivated on artificial
nutrient media. According to literature sources, repre-
sentatives of this genus are considered the most widely
used active ingredients of biological products and con-
stitute 50-60% of biological control agents for pathogens
of mycoses of agricultural plants. This genus includes the
largest number of species (13 representatives) used in
plant protection [1]. Most often, T. harzianum, T. viride
and T. virens are used as the basis of biological products
[2].

The positive effect of Trichoderma on plants is due to
the direct inhibition of pathogens through antibiosis due
to the synthesis of secondary metabolites, mycoparasit-
ism, as well as competition for nutrients and living space
through the formation of mycelial biomass, inactivation
of enzymes and toxins of pathogens, induction of sys-
temic resistance of plants [3-5]. Representatives of this
genus are able to suppress a number of soil pathogens,
such as Sclerotium rolfsii, Macrophomina phaseolina [6],
Fusarium oxysporum, Fusarium moniliforme, Fusarium
solani Ta Rhizoctonia violaceae [2]. In addition to the
antagonistic effect on phytopathogens, micromycetes of
the genus produce substances of phytohormonal nature
that enhance plant growth and development (in particu-
lar, the content of chlorophyll increases), promote their

assimilation of nutrients and the efficiency of fertilizer
use, and also form cellulase enzymes, which allows them
to be used as destroyers of plant residues [5-7].

It is known that Trichoderma is able to reproduce
asexually, forming vegetative mycelium, chlamydo-
spores and conidia. When cultivating the fungus in deep
conditions, chlamydospores are usually formed, while
when cultivated on the surface, conidia are formed. The
process of deep cultivation, compared to surface culti-
vation, is less labor-intensive, it is easier to control and
automate. The biomass of Trichoderma spp. obtained
by deep cultivation of the fungus can be introduced into
composted manure, pulp, biochar, wood pellets, talc
and peat [8].

It is important to choose a carrier for a biological
agent that allows preserving its functional properties
(viability, spore germination rate, enzymatic activity)
during long-term storage and facilitates its application on
target organisms. It is considered advisable to produce
such forms of preparations if their expiration date is 6
months or more [9]. Thus, there are reports that after 24
weeks of storage of T. harzianum at room temperature
in a substrate consisting of peat, cow manure, biochar
and nutrients, the number of colony-forming units (CFU)
of the fungus remained at a high level (7.98 x 10° CFU/g)
[10]. At the same time, Rimkus A. et al. showed that in
a peat biopreparation based on T. asperellum MSCL 309
during a year of storage at a temperature of 15°C, the
number of CFU of the fungus decreased by less than an
order of magnitude [8].

Sense to the fact the peat is widely used as a sub-
strate for growing plants, the peat form of biological
products is convenient for controlling soil pathogens. It
can be applied directly, for example, by applying it to the
soil during sowing or planting plants [9].
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In addition to the viability of the biological agent
during long-term storage, it is important to determine
its effectiveness against phytopathogenic fungi. It is also
of interest to investigate the effect of the composition of
the nutrient medium for obtaining fungal biomass at the
stage of deep cultivation on the storage efficiency of the
peat form of the biological product.

The aim of the study.

To determine the viability and fungistatic activity of
the Trichoderma viride KMB-F-15 during storage in peat
depending on the composition of the nutrient medium
used at the stage of deep cultivation of the fungus.

Object and research methods.

The object of the research was the accumulation of
biomass of T. viride KMB-F-15 during deep cultivation on
various nutrient media, its viability and fungistatic activ-
ity against Fusarium culmorum during storage in peat.
T. viride KMB-F-15 is stored in the collection of micro-
organisms of the Department of Microbiology, Virology
and Biotechnology DNU, and has a wide range of antag-
onistic activity against phytopathogens.

For cultivation of T. viride KMV-F-15 in deep condi-
tions, three variants of nutrient media were used. Media
No. 1 (g/l): glycerol — 35.0; K,HPO, — 0.99; (NH,),SO, —
3.0; MgS0O,x7H,0 — 0.5; KCl — 0.5; FeSO,x7H,0 — 0.01.
Media No. 2 (g/l): corn extract — 25.0; green molas-
ses — 20.0; K,HPO, — 1.0; KCI - 0.5; FeSO,x7H,0 — 0.01;
MgSO,x7H,0 - 0.5. Media No. 3 (g/l): yeast autolysate
— 3.0; sucrose — 20.0. Inoculation was carried out in
an amount of 1.0% of the medium volume with a sus-
pension of conidia (1x107 spores/ml) of a 7-day culture
grown on Capek-Dox agar. Cultivation was carried out on
a microbiological rocker (200 rpm) in 500 ml Erlenmey-
er flasks with 150 ml of medium at 26°C for three days.
After deep cultivation, a microscopic examination of the
culture fluid was carried out, making a “crushed drop”
preparation, and the dry biomass of the fungus was de-
termined by weight.

To receive the peat form of the preparation, peat for
seedlings of Ukrainian production with a pH of 5.5-6.5
was used. 90 ml of culture liquid and 270 ml of sterile
tap water were added to 0.5 kg of sterile peat. Three
variants of the biological preparation were received, de-
pending on the applied nutrient medium for deep cul-
tivation. Each variant was divided in half and placed in
zip-bags, in which holes for aeration were made with a
needle evenly every 3 cm. The variants of the prepara-
tion were stored in a thermostat at 29°C and at room
temperature. The number of T. viride KMV-F-15 CFU in
1 g of the preparation was determined by the method
of sowing 10-fold dilutions on Capek-Dox medium with
colony counting for 2-3 days of incubation at 26°C.

The fungistatic activity of T. viride KMV-F-15 during
storage of the preparation was determined simultane-
ously with viability, investigating the colonization of the
agar medium surface and its competitiveness against
the plant-pathogenic fungus Fusarium culmorum IMV-
F-50716 from the collection of microorganisms of the
Institute of Microbiology and Virology named after
D.K. Zabolotny of the National Academy of Sciences of
Ukraine (Kyiv). Sterile filter paper discs with a diameter
of 0.4 cm were evenly moistened with a 1% suspension
of the biological preparation and placed on the surface
of potato-glucose agar in Petri dishes with a diameter of
90 mm at a distance of 4 cm from the agar block with F.

culmorum with a diameter of 0.4 cm, cut from a 7-day
culture. The dishes were incubated for 7 days at 26°C.
The viability of T. viride KMV-F-15 was determined on
the third day by the area of the colonized surface and ex-
pressed as a percentage of the total surface area of the
dish. Fungistatic activity was determined on the seventh
day of incubation by the percentage of growth inhibition
(P1 %) of F. culmorum according to the formula:
PI%=[(S,-S,)/S,] %100,

where S, — the area of the F. culmorum colony in the
control (in the absence of a filter paper disk soaked in a
biological preparation solution), S, — the area of the F.
culmorum colony in the experiment [11]. To process the
photographs of the plates, the ImageJ 1.53k software
(National Institutes of Health, USA) was used.

Statistical data processing was carried out using the
computer program Statgraphics Centurion XV version
15.01.02. All experiments were performed in triplicate,
the arithmetic mean and the error of the arithmetic
mean were determined. One-way analysis of variance
(ANOVA test) and Tukey’s multiple criterium were used.
All differences were considered statistically significant at
P<0.05.

Research results and their discussion.

T. viride KMV-F-15 accumulated biomass from 9.7
to 11.5 g/l in three nutrient media used for deep cul-
tivation. There was no statistically significant difference
between the mean values (P>0.05) and it can be stat-
ed that all the testing nutrient media compositions are
equally suitable for obtaining fungal biomass.

Microscopic research of the culture fluid showed
that a large number of chlamydospores accumulated
in medium No. 2, and in mediums No. 1 and No. 3, the
fungal biomass consisted mainly of mycelium and sin-
gle chlamydospores. The storage of variants of the peat
preparation (No. 1-3), obtained respectively after add-
ing biomass from 3 nutrient media to peat, was studied.
Samples of the preparations were stored in a thermostat
at 29°C (accelerated test) and at room temperature (sim-
ulating storage in an industrial warehouse).

At the beginning of storage of the preparation at
29°C, the number of CFU/g of fungus in all variants of
the preparation was about 1x10° (fig. 1).

After two weeks of storage of the preparation, the
number of CFU/g increased by approximately an order
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Figure 1 — Lg CFU/g Trichoderma viride KMV-F-15
for different data of storage in days (t=29°C).
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of magnitude, which can be explained by the formation
of conidia on the surface of the peat. Particularly abun-
dant formation of conidia was observed for variant No.
1. This fact confirms the opinion of some researchers
that peat is a favorable substrate for maintaining and
increasing the number of cells of microorganisms intro-
duced into it [8].

After 6 months of storage, the number of CFU/g in all
variants of the preparation decreased compared to the
previous determination for second week, but remained
at a fairly high level, more than 1x10° CFU/g, which is
considered sufficient for the manifestation of biological
activity of the preparation [8, 12].

Storage of the three peat preparation variants at
room temperature was effective for 15 months, the
number of CFU/g in all preparation variants even in-
creased compared to the initial level (fig. 2).

In addition to determining the number of CFU/g of T.
viride KMV-F-15, the ability of the fungus in a 1.0% sus-
pension of the preparation to colonize the surface of the
nutrient medium (for three days) and to exhibit fungi-
static activity (for 7 days) in a binary culture with the
phytopathogen F. culmorum IMV-F-50716 was studied.

After two weeks of exposure of the preparation in a
thermostat, the viability of T. viride in terms of the per-
centage of colonization of the surface of the nutrient
medium significantly (P<0.05) increased for variant No.
1, on the surface of which abundant conidia formation
was observed (table 1). After three months of storage,
there was no statistically significant difference in the
viability of the fungus in all variants of the preparation
compared to the beginning of the experiment.

After 6 months of exposure in the thermostat, the
viability of the fungus significantly decreased in all vari-
ants of the preparation compared to the initial indica-
tors, and for variant No. 2 also compared to the 3rd
month of exposure. A significant decrease in the viability
of the fungus in variant No. 2 is probably due to the for-
mation of biomass containing a large number of chlam-
ydospores, which are inferior to conidia in storage [13].

Statistical analysis showed that the composition of
the medium in which the fungal biomass was received
was not crucial for preserving its viability in peat, since
there was no significant difference between the viability
of the fungus in the three variants of the preparation.

Table 1 - Viability of T. viride KMV-F-15 in peat
preparation during storage at 29°C

Colonization of medium surface, %
Variant During Two Three Six
inoculation weeks months months
1 69.9+2.4°* [85.5+1.8°4 63.614.3** | 50.3+2.7*
2 75.6+4.8** |80.7+2.1%4 66.8+3.3%* 35.5+2.9%4
3 80.3+1.8% [81.1+1.5% 63.6+3.6°" | 44.3%8.3%

Notes: different lowercase letters in the row indicate a statistically
significant difference in the viability of the fungus during storage
(according to the Tukey criterion, P<0.05); the same uppercase
letters in the column indicate the absence of a statistically significant
difference in the viability of the fungus in different variants of the
preparation (according to the Tukey criterion, P>0.05).

The ability to colonize the surface of the medium
of T. viride throughout the entire storage period of the
peat preparation at room temperature did not signifi-

Lg CFU/g
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Figure 2 — Lg CFU/g Trichoderma viride KMV-F-15

for different data of storage in months (t=20°C).
cantly decrease for variants No. 1 and No. 2 (table 2).
For the variant No. 3, a significant decrease in viability
was established compared to the initial indicator. Also,
a statistically significant lower viability of the fungus in
this variant of the preparation was noted compared to
the variants No. 1 and No. 2 at the 6th month. Howev-
er, after 15 months of storage in peat, regardless of the
composition of the nutrient medium used at the stage
of deep cultivation, the ability to colonize the surface of
the fungus was almost the same (62.6-64.6%).

The percentage of inhibition of the F culmorum
growth by Trichoderma after two weeks of exposure of
variant No. 1 of the preparation in the thermostat sig-
nificantly increased compared to the initial value, in the
other two variants the differences were insignificant
(table 3).

Table 2 - Viability of T. viride KMV-F-15 in the peat
preparation during storage at room temperature
(t=20°C)

Colonization of medium surface, %
Variant During Six Twelve Fifteen
inoculation months months months
1 69.9+2.4%A 64.5+1.5% | 59.3+5.1** | 64.6+1.4**
2 75.614.8%4 63.6+£2.9% | 59.2+6.7°4 | 62.61+1.4°*
3 80.3t1.8* |53.7£0.1°° | 52.0+2.4** | 62.7+1.9%

Notes: different lowercase letters in the row indicate a statistically
significant difference in the viability of the fungus during storage
(according to the Tukey criterion, P<0.05); different uppercase letters in
the column indicate a statistically significant difference in the viability
of the fungus in different variants of the preparation (according to the
Tukey criterion, P<0.05).

After three months of exposure in the thermostat,
the fungistatic activity of all variants of the preparation
decreased compared to the previous determination
(after two weeks), for variants No. 2 and No. 3 there was
no significant decrease compared to the beginning of
the experiment, unlike variant No. 1. After six months,
the fungistatic activity significantly decreased for the
variant No. 2 of the preparation compared to the begin-
ning of the exposure at 29°C, which is consistent with
the data on the decrease in the viability of T. viride in
this variant (table 1). For the variants No. 1 and No. 3,
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Figure 3 — Determination of fungistatic activity of T. viride in binary culture with F. culmorum: A, B, C — at the beginning of storage of all
variants of the praparation, respectively, D — control of phytopathogen growth; E, F, G — after 15 months of storage of all variants, H —
control of phytopathogen growth. Designations: 1 - T. viride; 2 — F. culmorum

the decrease in the fungistatic activity compared to the
initial value was insignificant.

Depending on the variant of the preparation, the
fungistatic activity after six months of incubation in
a thermostat was within 67.9-78.4% inhibition of the
growth of F. culmorum. The indicator of biological activ-
ity of antagonists of more than 60.0%, determined in bi-
nary cultures with phytopathogens, is considered to be
quite high [14].

Table 3 — Fungistatic activity of Trichoderma viride
KMV-F-15 during storage of the peat preparation at
a temperature of 29°C

Inhibition of Fusarium culmorum growth, %
Variant During Two Three Six
inoculation weeks months months
1 84.6+1.8%* 94.2+0.6°* | 74.1+0.7°* | 78.4%3.1%*
2 80.7+2.6%°* 89.4+2.8 | 76.5+1.3%A | 67.9+1.9
3 80.611.3%A | 91.9+1.4% | 73.5+1.8** | 70.116.5*

Notes: different lowercase letters in the row indicate a statistically
significant difference in the fungistatic activity of the fungus during
storage (according to the Tukey criterion, P<0.05); the same uppercase
letters in the column indicate the absence of a statistically significant
difference in the fungistatic activity of the fungus in different variants
of the preparation (according to the Tukey criterion, P>0.05).

The fungistatic activity of all variants of the prepara-
tion during storage at room temperature did not signifi-
cantly decrease during 15 months (table 4, fig. 3) and
at the end of the storage period was within 74.1-75.2%
inhibition of F. culmorum growth.

Statistical analysis showed no effect of the composi-
tion of the nutrient medium for biomass accumulation in
deep conditions on its fungistatic activity during storage
in peat.

Thus, peat is a substrate rich in nutrients for T. viride,
due to which the viability and fungistatic activity of the
fungus is maintained at a high level for 6 months at a
temperature of 29°C and 15 months at room tempera-
ture.

Table 4 — Fungistatic activity of Trichoderma viride
KMV-F-15 during storage of the peat preparation
at room temperature (t=20°C)

Inhibition of Fusarium culmorum growth, %
Variant | pyring Two Three Six
inoculation weeks months months
1 84.6+1.8% 74.8£3.9%* | 72.5+3.7** | 74.1+1.0**
2 80.742.6°* | 69.3+1.3Y* | 72.9+2.3%°* | 75.0+1.8%*
3 80.6+1.3%" | 68.5+5.4°" | 64.5+4.3%* | 75.2+2.1%"

Notes: different lowercase letters in the row indicate a statistically
significant difference in the fungistatic activity of the fungus during
storage (according to the Tukey criterion, P<0.05); the same uppercase
letters in the column indicate the absence of a statistically significant
difference in the fungistatic activity of the fungus in different variants
of the drug (according to the Tukey criterion, P>0.05).

It should be noted that in this research, the fungi-
static activity of T. viride in peat preparation was deter-
mined against F. culmorum, a dangerous pathogen of
small grain crops that causes root rot and ear damage
[15]. Mycotoxins produced by F. culmorum (trichoth-
ecenes, zearalenone and fusarins), accumulating in plant
tissues, can enter food and feed and pose a significant
risk to human and animal health [16, 17]. According
to the literature, it is known that some Trichoderma
strains are able to inhibit the synthesis of mycotoxins.
Thus, T. atroviride AN240 and T. viride AN430 not only
effectively suppressed the growth of F. culmorum KF846,
but also the accumulation of toxins both in laboratory
and field conditions [15]. Since root rot pathogens are
transmitted through the soil and through crop residues
[17], pre-sowing treatment of seed material with fungi-
cides is important, in particular based on microbes that
are antagonists of phytopathogens. Therefore, the peat
form of the drug based on T. viride KMV-F-15, which in
vitro showed effectiveness against F. culmorum, may be
promising for use in field conditions.

Conclusions.

Viability (up to 3.7x10° CFU/g) and fungistatic activ-
ity (up to 75.2% inhibition of F. culmorum IMV-F-50716
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growth) of T. viride KMV-F-15 in the peat form of the
preparation was maintained at a high level for 15 months
at room temperature. A significant effect of the compo-
sition of the nutrient medium for the accumulation of
fungal biomass in deep conditions on its storage in peat
was not established. Prospects for further research. It is

of the peat form of the preparation T. viride KMV-F-15
against soil phytopathogens in field conditions.
Prospects for further research.
It is planned to conduct a test of the effectiveness
of the use of the peat form of the preparation T. viride
KMV-F-15 against soil phytopathogens in field condi-

planned to conduct a test of the effectiveness of the use  tions.

DOI 10.29254/2077-4214-2026-1-180-398-408
YAK 579.64 + 632.9
Apeaeans O. A., 3ybapeea I. M., laspuniok B. I., /laspenmoeea K. B., Cknap T. B.

KUTTESOATHICTb TA ®YHIICTATUYHA AKTUBHICTb TRICHODERMA VIRIDE
nia 4YAC 36EPITAHHA Y TOP®I

[ HiNpOBCbKUiA HaLiOHanbHU yHiBepcuteT imeHi Oneca MoH4Yapa (m. iHinpo, YKpaiHa)
odrehval@gmail.com

Mikpomiyemu pody Trichoderma wupoko 3acmocos8yomsca y 3axucmi pocsauH 8i0 36yOHUKI8 MiKo3ie 3a80AKU
WUPOKOMY CrieKmpy aHMA20HICMUYHOI GKMUBHOCMIi Ma Pi3HOMAHIMHUM MexaHi3mam Oii Ha ¢gpimonamoezeHu.
lMpoyec 2nubuHHO20 KynbMuBy8aHHA 2puba, MopiIBHAHO 3 [M0BepPXHes8UM, XAPAKMEPU3YEMbLCA MeHUWOoH
mpyoomicmekicmio, (020 neauie KOHMPOAKB8AMU MA asmMomMamu3ysamu. BupouwjeHy 8 2aubUHHUX ymosax biomacy
2puba MoxcHa BHocumu 8 pi3Hi cybcmpamu, maki sk KomrnocmosaHul 2Hill, #com, 6iosyainns, epaHynu 0epesuHu,
masnsK ma mopg, i sUKopucmosysamu npomu rpyHmMosux imornamozeHis wasasaxom nepeonocieHoi 0b6pobKu
HACIHHA ab0 B8HECeHHAM rpernapamy 8 MpuKopeHesy 30HYy rneped MocadKow pPocauH. Taki ¢hopmu npenapamy
douyinbHo 8UpobasMU, AKW0 80HU MAOMb 20pPAHMOBAHUU mepMiH 36epi2aHHA He MeHwe 6 micayis.

JocnidneHo 36epieaHHA mpbox eapiaHmie mopg’aHoi opmu npenapamy Ha ocHosi Trichoderma vir-
ide KMB-F-15, supoweHoi 8 2aubUHHUX YMOBAGX Yy MPbOX Pi3HUX cepedosuuw,ax. BcmaHosneHo, wo nid 4ac
36epieaHHA ycix eapiaHmie npenapamy 3a memnepamypu 29°C (npuckopeHe sunpoby8aHHA) *umme30amHicms
ma yHzicmamuyHa aKmugeHicme 2puba cymmeso He 3HUMCY8anacsa yrnpooosxc 6 micauyie, a 3a KiMHamHor
memnepamypu, wo imimye 36epi2aHHA HA NPOMUCA0B8OMY CKAadi — ynpodosx 15 micauis. Kinokicms KYO/2
npenapamy 8 KiHyi mepmiHy 36epieaHHa 3anuwanaca 6inoworo, Hix 1x106, wo 88axcaemosca 0oCMamHim 08
npossy b6ionoziyHoi akmusHocmi. @yHeicmamuyHa akmusHicme 1% po3yuHy mopg’aHoi popmu npenapamy T. viri-
de KMB-F-15 8idHoCHO rpyHmMos020 namozeHy 3epHosux Kyabmyp Fusarium culmorum 3anuwanaca suwoto 3a 60%
yrnpooosH« ycbo2o repiody 36epieaHHA. He 6ys10 6cmaHo8s1eHO CymmeBo20 8r/U8Y CKAA0Y MOXUBHO20 cepedosud

014 Hakonu4yeHHA biomacu epuba 8 2AUbUHHUX YMOBAX HA iT 36epi2caHHA 8 Mopdi.
Knwuoei cnoea: Trichoderma, aHmaaoHiam, pimonamoeeHHi epubu, mopg’sHa popma npenapamy, mepmi

npuéamHocmi.

38’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-A0CNIA-
HUMU poboTamu.

[JaHa cTaTTa mae 3B’A30K 3 HAYKOBO-A0CNIAHO PO-
6oToo Kadeapu mikpobionorii, Bipyconorii Ta 6ioTex-
Honorii [IHINPOBCbKOro HaLiOHANbHOrO YyHiBEpCUTETY
imeHi Oneca loH4Yapa: «B3aemoBigHOCUMHM MiKpoopra-
Hi3miB B biougHo3ax» (HOMep Aep)KaBHOI peecTpalii
0125U002226).

Bcryn.

Mpnbu poay Trichoderma npwcyTHI Maitke B ycix
IPYHTaX, 1€rKO BUAINAOTHCA Ta KYJIbTUBYHOTbCA Ha LITYY-
HUX NOXMBHUX CepeaoBULLAx. 3a AaHUMM NiTepaTypHUX
OsKepen npeAcTaBHUMKM LbOrO POAY BBAXalOTbCA Hal-
6inbll 3aCTOCOBAaHMMM AKTUBHUMMW iHrpeaieHTamu 6i-
onpenaparis i cknagatoTb 50-60 % areHTiB HionoriyHoro
KOHTPOAO 3a 36yAHMKamMM MIKO3iB CifibcbKorocnogap-
CbKUX POCAWH. Llei pig oxonntoe Hanbinblly KinbKicTb
BuAais (13 npeacTaBHMKIB), AKi BUKOPUCTOBYHOTLCA Y 3a-
XUCTi pocauH [1]. HaltuacrTiwe sk ocHoBy 6ionpenaparis
3actocoBytoTb T. harzianum, T. viride Ta T. virens [2].

Mo3nTtnuBHUI BNAMB Trichoderma Ha pocavHU 0by-
MOB/IeHU bHe3nocepesHiM NpUTHIYEHHAM 36yaHUKIB
XBOPO6 33 AOMOMOrot aHTMbiIO3y BHACNIQOK BUAINEH-
HA BTOPUHHUX MeTaboniTiB, MiKomapasuTyBaHHAM, a
TAKOX KOHKYPEHLLIEIO 32 MOMKMBHI PEYOBMHU Ta KUTTE-

BMIA NPOCTIp WAAXOM YTBOPEHHS MiLenianbHoi 6iomacy,
iHaKTMBaLi€t0 PepMeHTIB | TOKCMHIB NATOreHiB, iHAYKLL-
€10 CUCTEMHOT pe3nCTeHTHOCTI pocauH [3-5]. MpeacTas-
HUKM LbOro poAy 34aTHI NMPUrHiYyBaTK pAL, FPYHTOBUX
naToreHiB, Takux Ak Sclerotium rolfsii, Macrophomina
phaseolina  [6], Fusarium oxysporum, Fusarium
moniliforme, Fusarium solani Ta Rhizoctonia violaceae
[2]. Kpim aHTaroHicTMyHOI Ajii BigHOCHO diTOnaToreHis,
Mikpomiuetn poay Trichoderma npoayKytoTb peyoBu-
HU iTOropMmoHanbHOI NPUPOAU, AKi MOCUNIOOTL PICT Ta
PO3BUTOK POCANH (30Kpema 36iNbLUYETLCA BMICT X10pO-
®inis), cNpuAOTb 3aCBOEHHIO HUMU MOXKMUBHUX PEYOBUH
i ebEKTMBHOCTI BUKOPUCTaHHA A0BPUB, a TAKOXK YTBOpPIO-
I0Tb LentonasHi GepmeHTy, Wo A03BONAE BUKOPUCTOBY-
BaTM iX K IeCTPYKTOPIB POCAUHHUX pPeLwToK [5-7].
Bigomo, wo Trichoderma 3paTHa po3mMHOXKyBaTHCA
6e3cTaTeBUM LUAAXOM, YTBOPHOIOUMN BEreTaTUBHUIN Mile-
N, xnamigocnopwu Ta KoHigji. Mpu KynbTMBYBaHHI rpnba
B IMIMOUHHMX YMOBaxX 3a3BMYal YTBOPIOIOTLCA XNaMifo-
cnopu, Toai AK NpW NoBepxHeBOMYy — KOHiaii. Mpouec
TMUOUHHOTO KYNbTUBYBAHHSA, MOPIBHAHO 3 MOBEPXHe-
BUM, MEHLLU TPYAOMICTKUI, MOro nerwe KOHTPO/oBaTh
Ta aBTomaTnsysaTtu. biomacy Trichoderma spp., oTpuma-
HY IMBMHHMM BUPOLLYBaHHAM rpuba, MOXKHa BHOCUTK
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Yy KOMMNOCTOBAHMWI THilA, })kom, 6ioByrinns, rpaHynu gepe-
BUHMW, TaNbK Ta Topd [8].

BaknumBo nigibpatu Hocil ansa 6ionoriyHoro areHTy,
AKUIA 003BONsIE 36epirat Moro GyHKLioHaAbHI BAacTU-
BOCTi (WUTTE3LATHICTb, WBMAKICTb MPOPOCTAHHA Crop,
depMeHTaTUBHY aKTUBHICTb) Mig Yac TpuBanoro 36e-
piraHHA Ta NoferwysBaTW MOro 3acTOCYBaHHA Ha LiNbo-
BMX OpraHiamax. BBakaeTbca AOLiNbHUM BUPOBHULTBO
Takux Gopm npenaparis, AKLWO TEPMiH X NpUAATHOCTI
CKnagae Big 6 micauis i 6inbwe [9]. Tak, icCHytOTb NOBI-
OOMJIeHHS, Wo nicns 24 TUXKHIB 36epiraHHsa T. harzianum
3a KiMHaTHOI TemnepaTypu B cybCTpaTi, WO CKAanaB-
ca 3 Topdy, KOPOB'AYOro rHoto, 6GioByrinAA Ta NOXKKUB-
HUX PEYOBMH, KifIbKIiCTb KONOHIEYTBOPIOOUYNX OAUHULLD
(KYO) rpuba 3anunwanacs Ha BUCOKOMY piBHi (7,98 x 10°
KYO/r) [10]. Y To# xe 4ac Rimkus A. et al. nokasaHo, wo
y Topd’aHoMy bGionpenapaTi Ha ocHoBi T. asperellum
MSCL 309 ynpoaoB:K poKy 36epiraHHsA 3a TemnepaTtypu
15°C KinbKictb KYO rpmba 3HUKyBanacs MeHLW, HiX Ha
nopsaok [8]. Ockinbku Topd WMPOKO 3aCTOCOBYIOTH SK
cybCcTpaT Ana BUPOLLYBaHHA POC/IWH, Topd’'sHa dopma
6ionpenapatiB 3pyyYHa 419 KOHTPOIO I'PYHTOBMX MaTo-
renis. Ii MoxHa 3acTocosysaTh 6e3nocepeHbO, Hanpu-
Knag, LWASXOM BHECEHHA B 'PYHT NiA Yyac nocisy abo no-
cafKu pocauH [9].

Kpim uttesgaTHOCTI 6iosoriYHOro areHTy B NpoLeci
[OBroTpmBanoro 36epiraHHA, BaXKIMBO BU3HAUYUTU MOTO
edeKTUBHICTb BiAHOCHO ¢iTonaToreHHMX rpubis. Takox
npeacTaBAsfe iHTepec JOCNIANTU BNAWB CKNALy MOMKMUB-
HOro cepeflioBULA A1A OTPMMaHHA Biomacu rpuba Ha
eTani MMBMHHOIo KyNbTUBYBAHHA Ha edeKTUBHICTL 36e-
piraHHa Top¢’aHoi popmum bionpenapary.

Merta gocnigKeHHs.

BU3HAUMTM KUTTE3LATHICTD Ta OYHrIiCTAaTUYHY aK-
TUBHicTb wTamy Trichoderma viride KMB-F-15 nig vac
36epiraHHA B TOpdi 3a1€XKHO Bif, CKNaZy NOXKMBHOIO ce-
pefoBuLLa, BUKOPUCTAHOTO Ha eTani MUOBUHHOTO Ky/b-
TUBYBaHHA rpmba.

O6’eKT i meTOoAU AOCNIAKEHHA.

06’ekTOM AocnigxeHHa 6yno HakonuyeHHsA biomacu
T. viride KMB-F-15 npu rmMbuHHOMY Ky/AbTMBYBaHHI Ha
Pi3HMX MOXMBHUX CepefoBULIAX, ii KUTTE3ZATHICTb Ta
dyHricTaTMYHa aKTUBHICTb MO BiAHOLWEHHIO A0 Fusarium
culmorum y npoueci 36epiraHHsa B Topdi. LTtam T. viride
KMB-F-15 36epiraeTbca B KONEKLii KynbTyp Mikpoopra-
Hi3miB Kadeapwn mikpobionorii, Bipyconorii Ta 6ioTexHo-
norii AHY imeHi Onecsa loH4Yapa, Ma€e WMPOKUIA CNEKTP
AHTAroHICTUYHOT aKTMBHOCTI BiZAHOCHO ¢iTONaTOreHiB.

Ons RynbtuByBaHHA T. viride KMB-F-15 y rninbuHHMX
YMOBAxX BMKOPUCTOBYBA/AM 3 MOMMBHUX CepenoBULLA.
Cepegosuie Nol (r/n): rniuepuH — 35; K,HPO, — 0,99;
(NH,),SO, — 3; MgSO,x7H,0 - 0,5; KCI - 0,5; FeSO,x7H,0
— 0,01. Cepeposuuie No2 (r/n): KyKypya3AaHUIA eKCTp-
aKkT — 25; 3eneHa natoka — 20; K,HPO, — 1; KCl — 0,5;
FeSO,x7H,0 — 0,01; MgSO,x7H,0 — 0,5. Cepeposuuie
Ne3 (r/n): apiskaxosuii aBTonisat — 3; caxapo3sa — 20.
3aciB 3ajicHOBaAM y KinbKocTi 1% Big, 06’emy cepego-
BMLLA CycneH3ielo KoHigin (1x107 cnop/mn) 7-aeHHOI
KYNbTYpUY, BMPOLLEHOI Ha arapi Yaneka-[okca. Kynb-
TUBYBAHHSA 34iMCHIOBANIM Ha MiKpPObGioNOriyHin Kavanui
(200 06/x8) B KOonb6ax EpneHmeitepa Ha 500 m i3 150 ma
cepegosulla npu 26°C ynpogos:K 3 ai6. Micns rnnmbuH-
HOTO Ky/IbTUBYBAHHA MPOBOAWIM MIKPOCKONiIYHE A0CAi-
OXKEHHA KyNbTYpanbHOI PiANHW, BUTOTOBAAOYM MNpena-

paT «po3aaB/eHol Kpanni», Ta BU3Havyaam cyxy biomacy
rpnba BaroBMM MeTOLOM.

Ona oTpumaHHA Topd'AHOI dopmuM npenapaTty Bu-
KopucToByBann Topd ANA PO3Caan POCAUH BiTYM3HA-
HOro BMpPObHMUTBA 3 MoOKasHuKom pH 5,5-6,5. o 0,5
Kr cTepuabHoro Topdy gogasanu 90 mMn KynbTypanbHOi
pianHu Ta 270 mn cTepuibHOT BOAONPOBiIAHOT Boau. OT-
pumyBanu 3 BapiaHTV 6ionpenapaTy BiANOBIAHO Big, 3a-
CTOCOBAHOTO MOXMBHOIO CEpefoBULLA ANA MUOUHHOTO
KYNbTUBYBaHHA. KOXHUIA BapiaHT A4invAn Hasnin Ta no-
MilLanm y 3in-nakeTu, B AKMX PIBHOMIPHO Yepes KOXKHi 3
CM pobuAKM FrONKOoK OTBOPM A/NA aepaui. BapiaHTu npe-
napaty 36epiranm B Tepmoctati 3a 29°C Ta 3a KiMHaTHOT
TemnepaTypu. Kinbkicte KYO T. viride KMB-F-15 B 1 r
npenapaTy BU3Ha4yann meToaom BuciBy 10-KpaTHUX pos-
BeZleHb Ha cepeposuile Yaneka-[lokca 3 nmigpaxyHKOM
KOJIOHIM Ha 2-3 goby iHKybaLii 3a 26°C.

dyHrictaTMyHy akTUBHIcTb T.viride KMB-F-15 nig yac
36epiraHHA NpenapaTty BM3HAYa/ M OLHOYACHO 3 YKUTTE-
3[4aTHICTIO, AOCAIAXKYHOUM KOJIOHI3aL,ito MOBEPXHi arapu-
30BaHOrO cepefoBuMLLA Ta il KOHKYPEHTOCMPOMOXKHICTb
BiflIHOCHO NaTOreHHoro Aas pPocAuH rpuba Fusarium
culmorum IMB-F-50716 i3 KonekLuii KynbTyp mikpoopra-
Hi3miB IHCTUTYTY MmiKkpobionorii Ta Bipyconorii imeHri 4.K.
3abonotHoro HAHY (m. Kuis). CTepubHi gUCKM inbTpy-
Ba/ibHOro nanepy giametpom 0,4 cm piBHOMIPHO 3MO4Yy-
Bann 1% cycneHsieto bionpenapaTy Ta NOMILLAAM Ha No-
BEPXHIO KapTOMNIAHO-IIIOKO3HOrO arapy B Yalkax [eTpi
AiameTpom 90 mm Ha BiacTaHi 4 cm Big 610Ky arapy 3
F. culmorum piameTtpom 0,4 cMm, BUPi3aHOro 3 ceMnaeH-
HOI KyNbTypW. Yawku iHKybyBanu 7 AHiB Npu TemnepaTy-
pi 26°C. *utrespatHictb T. viride KMB-F-15 Bu3Hayanm
Ha TPeTii AeHb 33 NNOLLE0 KOJIOHI30BAHOI NOBEPXHI i
BMpPaAXanun y BIACOTKAxX Bif, 3aranbHOI MJIOLWi MOBEPXHI
YalKn. DYHrICTaTUYHY aKTMBHICTb BM3HA4Ya/NM Ha CbO-
MU AeHb iHKybaLii 3a BigcoTKoMm iHribyBaHHA pocTy (Pl
%) F. culmorum 3a ¢opmynoto:

PI%=[(S,-S,)/S,] %100,

Ae S, — naowa KosoHii F. culmorum y kowTponi (y
BigCyTHOCTI AWCKY inbTpyBanbHOro nanepy, Mpoco-
YyeHoro posynmHom bBionpenaparty), S,— nsowa KonoHif
F. culmorum y pocniai [11]. Ana 06pobKku dpoTtorpadii
YallOK BMKOPWUCTOBYBa/AM MNporpamHe 3abe3nevyeHHs
Image) 1.53k (National Institutes of Health, USA).

CTaTUCTMYHY 06POBKY AaHUX 34iMCHIOBAAN 33 AOMO-
morn Komn'toTepHoi nporpamu Statgraphics Centurion
XV version 15.01.02. Yci gocnign nposBoguan B TPbOX
NoBTOpPaX, BM3HAYaNu cepefHE apudmeTMyHe Ta no-
MUKy cepeaHboro apupmeTnyHoro. Bukopucrosysanu
ogHOdaKTOpHUI AncnepcinHuii aHani3 (tect ANOVA) i
MHOXWHHUI KpuTepilt TbloKi. Bci BiAMIHHOCTI BBaxKanu
CTAaTUCTUYHO 3HaYywmmm 3a P<0,05.

Pe3ynbTat pocnigKeHHsA Ta ix 06roBopeHHs.

Wrtam T. viride KMB-F-15 Hakonu4yyBaB biomacy Big,
9,7 0o 11,5 r/n y TpbOX 3aCTOCOBaHUX AAA TMUBUHHO-
ro Ky/bTUBYBAHHA MOXMBHUX cepefosuax. OCKinbku
CTaTUCTUYHO 3HAYYLLOI Pi3HUL MiXK cepeaHiMN 3HaYeH-
HAMM He 6yno (P>0,05), mOXKHa CTBEpPAKYBATH, LLO BCi
[OCNiAXKYBaHI CKNaaM NOXUBHUX CEPELOBULL OAHAKOBO
npuAaTHi 4na oTpuMaHHA 6iomacu rpmba.

MikpocKonivyHe AOCNiAXKEHHA KyAbTYypPaabHOI PignHK
NnokKasasno, Wwo B cepeoBuLLi N2 HakonMyyBanacs Benu-
Ka KiNbKicTb xnamigocnop, a y cepegosuwax Nel ta Ne3
b6iomaca rpuba cknaganaca B OCHOBHOMY 3 MiLesito Ta
OAMHWYHMX XNamigocnop.
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LocnigxyBanu 36epiraHHa 3 BapiaHTiB Topd'aHOro
npenapaTty (N21-3), oTpMaHux BiANOBIAHO NiciA BHe-
ceHHA 6iomacK 3 3 NOXKMBHUX cepeaoBuLy, y Topd. 3pas-
KM npenapartis 36epirann B TepmoctaTi 3a 29°C (npu-
CKOpeHe BMNpobyBaHHA) Ta 3a KiMHATHOT TemnepaTypu
(imiTye 36epiraHHs Ha NPOMMCNIOBOMY CKNaLi).

Ha nouaTtKy 36epiraHHsA npenapaty 3a 29°C KinbKicTb
KYO/r rpuba Bo BCix BapiaHTax npenapaTy 6yna 6113bKo
1x10 ¢ (pmc. 1).

Micna 2 TWXKHIB 36epiraHHs npenapaTy KifbKicTb
KYO/r 36inbwimnnaca npnban3HoO Ha NOPAAOK, L0 MOXKHA
NOSICHUTU YTBOPEHHAM KOHIiAih Ha noBepxHi Topody.
Ocobn1BO pAcHe YTBOPEHHA KOHiAild crnocTepiranoca
ana 1 sapiaHTy. Lei daKT niaTBepaKye AYMKY AeAKMX
OOCNIAHMKIB, WO Topd € CNpUATAMBUM cybcTpaTom AnA
NiATPUMKM Ta 36inblLIEHHA KiNbKOCTI KAITUH MiKpoopra-
Hi3miB, BHECEHMX Y HbOTO [8].

Yepes 6 micaAuis 36epiraHHa KinbKictb KYO/r y BCix
BapiaHTax NpenapaTy 3HU3WMNACb NOPIBHAHO 3 nonepe-
OHIM BM3HAUYEHHAM Ha 2 TUMKAEHb, a/ie 3aAuwanach Ha
00BOJIi BUCOKOMY PiBHI, Binblue Hix 1x10° KYO/r, wo
BBAYKAETbCA [AOCTATHIM A1A NposaBy 6ioNoriYyHOI akTMB-
HocTi npenapaTtom [8, 12].

36epiraHHA TpbOX BapiaHTiB TOpd’ssHOro npenapaTy
33 KiMHaTHOI TemnepaTypu 6yno edpeKTUBHMM ynpo-
0oBx 15 micauis, KinbKictb KYO/r y Bcix BapiaHTax npe-
napaTy HaBiTb 36iNbWKAACA NOPIBHAHO 3 MOYATKOBUM
pisHem (puc. 2).

Kpim BM3HaueHHsA KinbkocTi KYO/r T. viride KMB-F-
15, BuBYanu 34aTHicTb rpnba B 1% cycneHsii npenapaty
KOJIOHiI3yBaTK MOBEPXHIO MOXMBHOIO cepenosulLa (Ha
3 poby) Ta NpoABAATU PYHTiICTaTUUYHY aKTUBHICTb (Ha 7
[o6y) y 6iHapHil KynbTypi 3 piTonatoreHom F. culmorum
IMB-F-50716.

Yepes 2 TUKHI BUTPUMKM MpenapaTy B TepmocTaTi
UTTE3AATHICTb T. Viride 3a BifiCOTKOM KO/MOHIi3aLi no-
BEPXHi NOXWBHOrO cepegoBuwa gocTtoBipHo (P<0,05)
3pocTana AnA BapiaHTa 1, Ha NOBepxHi AKOro cnoctepi-
rasaocsa pAcHe yTBOPEHHA KoHigil (tabn. 1). Yepes 3 mi-
cAUi 36epiraHHA CTaTUCTUYHO 3HAYYLLOT PiSHUL XKUTTES-
[aTHoCTi rpmba B ycix BapiaHTax npenapaTy NOpiBHAHO 3
rnoyaTKom gocnigy He 6yno.

Tabnuua 1 — XurresgatHictb T. viride KMB-F-15 y
Topd’aHOMYy npenaparTi B npoueci 36epiraHHA 3a
Temnepatypm 29°C

BapiaHT KonoHisauia noBepxHi NoXKMBHOro cepefoBuLLa, %
NPenapaty| Ha noyatok | 2 TwkHi | 3 micaui 6 micauis
1 69,9+2,4°* | 85,5+1,8 | 63,6+4,3>A| 50,3+2,7
2 75,614,8** | 80,7+2,1** | 66,8+3,3°* | 35,5+2,9*A
3 80,3+1,8%* | 81,1+1,5* |63,6+3,6®*| 44,318,3*

MPUMITKK: PI3HUMU MaNeHbKUMU NiTepaMn B PAAKY BKA3aHO CTaTUC-
TUYHO 3HAYYLWA Pi3HMLA KUTTE3ZATHOCTI rpMba B Npoueci 36epiraHHa
(3a Kputepiem Tbtoki, P<0,05); ogHaKOBUMU BEAMKUMW NiTepamun y
CTOBMYMKY BKA3aHO BiZACYTHICTb CTAaTUCTUUYHO 3HAYYLLOI PISHULi KUTT-
e3naTHOCTi rpuba B pisHMX BapiaHTax npenapaTy (3a Kputepiem Tbioki,
P>0,05).

Yepes 6 micALiB BUTPUMKM B TEPMOCTATI XKUTTE3AAT-
HicTb rpMba AOCTOBIPHO 3HM3MNACA B YCiX BapiaHTax npe-
napaTy NOPiIBHAHO 3 NOYATKOBMMM MOKA3HMKAMM, a oA
2 BapiaHTy TaKOX MOPIBHAHO 3 3 MicALEM BUTPUMKM.
3HaAYHe 3HUMKEHHS KUTTE3LATHOCTI rpnba y 2 BapiaHTi,
MMOBIpHO, NOB’A3aHO i3 3aKMagaHHAM biomacw, Wo Mmi-

Lg kinbkocTi KYO/r

|

EMpenapat 1

14 183
TepMiH 36epiraHHs, gHi

OMpenapat 2 OMpenapat 3

PucyHok 1 — Kinbkictb KYO/r Trichoderma viride KMB-F-15
Ha pi3Hi TepmiHu 36epiraHHA 3a TemnepaTtypu 29°C.
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PucyHoK 2 — Kinbkictb KYO/r Trichoderma viride KMB-F-15

Ha pi3Hi TepmiHm 36epiraHHA 3a KiIMHATHOI TemnepaTypu.
CTUNA BEJIMKY KiNbKiCTb X1amigocnop, AKi NoCTynatTbcA
KOHigiam 3a 36epiraHHam [13].

CTaTUCTMYHMIA aHANi3 NOKa3aB, WO CKNaf4 cepesoBu-
a, B AKoMy byna oTpumaHa biomaca rpuba, He maB BU-
piLaNbHOrO 3HaYeHHA ANA 36epiraHHA Ti KUTTE3[ATHOCTI
y Top®i, OCKi/IbKM A0CTOBIPHOI Pi3HUL MiXK }KUTTE3AATHI-
cTio rpmba B TPbOX BapiaHTax npenapaTy He 6yno.

34aTHICTb  KOMOHI3yBaTU MOBEPXHIO CepefoBULLA
T. viride ynpoaoB ycboro TepmiHy 36epiraHHa Topd’s-
HOro npenapaTy B KIMHaTHUX YMOBAX CYTTEBO HE 3HUNKY-
Banaca ana 1 Ta 2 sapiaHTa npenaparty (taén. 2). Ann
3 BapiaHTy BCTAHOBNEHO AOCTOBIPHE 3HUXKEHHSA KUTTES-
[ATHOCTI MOPIBHAHO 3 NOYAaTKOBUM NOKa3HUKOM. TaKOX
BigMiYeHa CTaTUCTUYHO AOCTOBIPHA HUMKYA KMUTTE3LAT-
HicTb rpmba y ubOMy BapiaHTi NpenapaTy NopiBHAHO 3 1
Ta 2 BapiaHTOM Ha 6-i micAup. MpoTe Yepes 15 micauis
36epiraHHs y Topdi, HE3aNeXKHO Big, CKNagy NOXKMBHO-
ro cepefoBuLLA, BUKOPUCTAHOTO Ha eTani rmunbuHHOro
KYNbTUBYBAHHA, 34aTHICTb KOJIOHI3yBaTU NOBEPXHIO FPU-
6om byna malixke ogHakoBoto (62,6-64,6%).

BiacoTok iHribyBaHHA pocTy ¢iTonaToreHHoro rpnba
F. culmorum Tpuxogepmoto yepes 2 TUNKHI BUTPUMKM
1 BapiaHTy npenapaTty B TepMOCTaTi AOCTOBIpPHO nNiA-
BMLLYBaBCA MOPIBHAHO 3 MOYATKOBMM 3HAYEHHAM, Y
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PUcyHOK 3 — BusHaueHHA QyHrictaTMuHOI akTMBHOCTI T. viride B 6iHapHiili KynbTypi 3 F. culmorum: A, B, C — Ha noyaTtKy 36epiraHHa 1,2, 3
BapiaHTiB Npenapary BianosigHo, D — KOHTponb pocTy ditonatoreHa; E, F, G —uepes 15 micAuis 36epiraHHa 1, 2, 3 BapiaHTiB npenaparty
BianoBigHo, H — KOHTpoNb pocTy ditonatoreHa. MosHaueHHsa: 1 - T. viride; 2 — F. culmorum.

Tabnuua 2 — urresgatHictb T. viride KMB-F-15
y Topd’aHoMy npenaparti B npoueci 36epiraHHA
3a KiMHATHOI TemnepaTypum

BapiaHT KonoHisauia noBepxHi NOXXMBHOrO cepeoBuLa, %
Npenapaty| Ha nouatky | 6 micauis |12 micauis| 15 micauis
1 69,9+2,4°* | 64,5+1,5% | 59,345,1°* | 64,6+1,4**
2 75,644,8%* | 63,642,9°* | 59,246,7°4 | 62,611,4°"
3 80,311,8% | 53,7+0,1*® | 52,042,4°* | 62,7+1,9A

MPUMITKK: Pi3HUMK MaNeHbKUMU NliTepaMu B PAAKY BKa3aHO cTaTUC-
TUYHO 3HauyLLA Pi3HMLA KUTTE3AATHOCTI rpnba B nNpoueci 36epiraHHA
(3a KpuTepiem Tbtoki, P<0,05); pi3HUMM BEAUKMMU NiTepamm y CTOBM-
YMKY BKa3aHO CTaTUCTUYHO 3HAYYLLA PI3HWULA KUTTE3QATHOCTI rpuba B
pi3HUX BapiaHTax npenaparty (3a KpuTepiem Tbtoki, P<0,05).
OBOX iHLWMX BapiaHTiB BiAMIHHOCTI 6yn1M HeZOCTOBIpHI
(tabn. 3).

Micna 3 micauis BUTPUMKM B TepMOCTaTi GyHricTaTUy-
Ha aKTUBHICTb yCiX BapiaHTIiB NpenapaTty 3HU3MAaca no-
PiBHAHO 3 NonepeaHiMm BM3HAYEHHSM (Yepes 2 TUXKHI),
AnA 2 Ta 3 BapiaHTIB AOCTOBIPHOrO 3HUMKEHHA MOPIBHA-
HO 3 MOYATKOM EKCMepPMMEHTOM He 6y/0, Ha BiAMIHY Bif,
1 BapiaHTy. Yepes 6 micauis ¢yHricTaTU4HA aKTUBHICTb
[OOCTOBIPHO 3HUXKYBanaca ANA 2 BapiaHTy npenapaTy no-
PiBHAHO 3 NOYAaTKOM BUTPUMKM 32 29°C, LLLO Y3rOAKYETb-
Tabnuua 3 — dyHrictTaTMuHa aKTUBHICcTb Trichoderma

viride KMB-F-15 nig uac 36epiraHHa Topd’aHoro
npenaparty 3a Temnepartypu 29 °C

BapiaHT IHribyBaHHA pocTy Fusarium culmorum, %
MPenapaty | Ha nouatky | 2 TWXHI | 3 micayi | 6 micauis
1 84,6%1,8%A |94,2+0,6° | 74,1£0,7* | 78,4+3,1%A
2 80,7+2,6°** | 89,4+2,8 | 76,5+1,3**| 67,9+1,9
3 80,6+1,3%4 | 91,9+1,4% | 73,5+1,8% | 70,1%6,5**

MPUMITKK: Pi3HUMK MaNeHbKUMU JliTepaMu B PAAKY BKa3aHO cTaTuc-
TUYHO 3HauyLla Pi3HMLA QYHTiCTaTUYHOT aKTMBHOCTI rpuba B npoueci
36epiraHHA (3a KpuTepiem Tbtoki, P<0,05); 0o4HAKOBMMMU BENUKMMU
NiTepamu y CTOBNYMKY BKA3aHO BiACYTHICTb CTAaTUCTUYHO 3HAYYLLOI pi3-
HUL GYHriCTaTUYHOT aKTMBHOCTI rpnba B pi3HWMX BapiaHTiB NpenapaTy
(3a kpuTepiem Tbloki, P>0,05).

€A 3 JaHUMU WOAO0 3HUMKEHHA KuTTesgaTtHocTi T. viride
y ubomy BapiaHTi (Tabn. 1). Ana 1 Ta 3 BapiaHTy npena-
paTy 3HWKEHHA QYHTICTAaTUYHOI aKTUBHOCTI MOPIBHAHO 3
NoYaTKOBMM 3HAYEHHAM By/10 HELOCTOBIPHUM.

Y 3anexHoCTi Big BapiaHTy npenapaty pyHrictaTtmyHa
aKTUBHICTb NicnAa 6 micALiB BUTPUMKM B TepmocTaTi byna
B MeXax 67,9-78,4% iHribyBaHHA pocty F. culmorum.
MoKasHMK 6ioNoriYHOT aKTMBHOCTI aHTAroHicTiB HinbLue
60%, BM3HaueHUI y BiHapHMX KynbTypax 3 ditonaTore-
HaMM, BBAXA€ETbCA [OCTAaTHbO BUCOKUM [14].

DyHricTaTMYHA aKTUBHICTb YCiX BapiaHTIB NpenapaTty
npu 36epiraHHi B KIMHaTHUX YMOBaX CYTTEBO HE 3HUXKY-
BasiacA BNpoAoBK 15 micauis (tabn. 4, puc. 3) i B KiHLi
TepmiHy 36epiraHHA byna B mexax 74,1-75,2% iHriby-
BaHHA pocTy F. culmorum.

Tabnuusa 4 — dyHrictaTUuHa aKTUBHICTb Trichoderma
viride KMB-F-15 nig uac 36epiraHHa Topd’aHoro
npenapary 3a KiIMHaTHOI TemnepaTtypu

BapiaHT IHribyBaHHA pocTy Fusarium culmorum, %
Npenapaty |\Ha novyatky| 6 micauis | 12 micauis | 15 micauis
1 84,6+1,8° | 74,8+3,9° | 72,5£3,7** | 74,1+1,0**
2 80,7+2,6° | 69,3+1,3% | 72,9+2,3** | 75,0+1,82%"
3 80,6+1,3** |68,5+5,4°°"| 64,5+4,3% | 75,242,124

APUMITKU: PiI3HUMKU MaNIEHBKUMW NiTepaMu B PALKY BKA3aHO CTaTUC-
TUYHO 3HaYyLWa Pi3HULA dYHFICTaTUYHOT aKTUBHOCTI rpuba B npoueci
36epiraHHA (3a Kputepiem Tbloki, P<0,05); 04HAaKOBUMMU BEAUKUMMU
NiTepamu y CTOBNYMKY BKA3aHO BiACYTHICTb CTAaTUCTUUYHO 3HAYYLLOI pi3-
HUL yHricTaTUYHOT aKTMBHOCTI rpnba B Pi3HUX BapiaHTiB NpenapaTy
(3a kpuTepiem Toioki, P>0,05).

CTaTUCTUYHWMIA aHani3 nokasas BiACYTHICTb BMMBY
CKNaZy NMOXKMBHOIO cepesoBuLLa AN HaKoNMyeHHsA 6i-
omacu B MMBUHHMX yMmoBax Ha ii GyHricTaTUYHY aKTuB-
HiCTb Nif Yyac 36epiraHHsA B TOpdi.

Takum unHom, Topd Asnse coboto cybeTpaT, Haratuit
Ha NOXWBHI peyoBuHW ana T. viride, 3aBAAKM YOMY KUT-
TE3AATHICTb Ta PYHTiCTaTUYHA aKTMBHICTb rpMba 36epira-
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€TbCA Ha BUCOKOMY PiBHi yNnpoaoBX 6 micALiB 3a Temne-
patypn 29°C Ta 15 micauiB 3a KimHaTHOT TemnepaTypw.
Tpeba BiAMITUTK, WO B LbOMY AOCHIAKEHHI yH-
ricTaTU4Hy aKTMBHicTb T. viride B Topd’AaHOMY npena-
paTi BM3Ha4yanu BigHocHO F. culmorum, Hebe3neuyHoro
naToreHy ApiGHO3epPHOBUX Ky/bTYp, AKWMIA CNPUYMHIOE
KOpEeHEeBY FHW/Ib Ta ypaxKeHHA Konocy [15]. MikoToKcu-
HW, WO npoaykye F. culmorum (TpuxoTeueHu, 3eapane-
HOH i dy3apMHM), HAKONUYYOUUCH Y TKAHUHAX POC/IVH,
MOKYTb NOTPANAATM B NPOAYKTU XapyyBaHHA Ta KOpMMU
i NpeacTaBAATU 3HAYHUI PU3KK A18 3400POB’S NOAUHU
Ta TBapuH [16, 17]. 3a gaHumuK niTepaTypu Bigomo, Lo
nesaki wramu Trichoderma 3aaTHi iHribyBaTh CUHTE3 Mi-
KOTOKcUHiIB. Tak, T. atroviride AN240 Tta T. viride AN430
He TifIbKM ePeKTUBHO NpuUrHidyBanu pict F. culmorum
KF846, a 1 HaKONMYEHHA TOKCUHIB K y NabopaTopHuX,
TaK i B N0N1boBMX ymoBax [15]. OckinbKKu 36yaHMKKN Kope-
HEBOI FHWUAI NepesarTbCa FPYHTOM Ta Yepes NOXKHUBHI
3anuwku [17], BarkAnBuM € nepeanocisHa obpobka Ha-
CiHHEBOro matepiany pyHriuMaamm, 30Kkpema Ha OCHOBI

MiKpobiB-aHTaroHicTie ¢itonatoreHis. Tomy TOpd’'AHa
dopma npenapaty Ha ocHoBi T. viride KMB-F-15, fAka
B YMOBaxX in Vitro nokasana edeKTUBHICTb NpoTn 3 F
culmorum, moxke 6yTM NepcrneKTUBHO MPW BUKOPUC-
TaHHI B NONIbOBMX YMOBAX.

BucHoBKM.

*uTtespatHicTb (A0 3,7x10° KYO/r) Ta dyHrictatnu-
Ha aKTUBHICTb (80 75,2% iHribyBaHHs pocTty F. culmorum
IMB-F-50716) T. viride KMB-F-15 y Topd’sHit dopmi
npenapaTy 36epiranaca Ha BUCOKOMY PiBHi yNpoaoBXK
15 micAauis 3a KimHaTHOI TemnepaTtypu. CyTTEBOro BNAN-
BY CK/J1aZly MOXKMBHOMO CepefoBuLLA ANA HAKOMUYEHHA
6iomacu rpmba B rMMBMHHMX YyMOBAX Ha il 36epiraHHa B
Topdi He BCTaHOBNEHO.

MepcnekTMBM NOAANBLUUX AOCNIAXKEHD.

MnaHyeTbcA npoBeAeHHA BUMNpPobyBaHHA edek-
TUBHOCTI 3acTocyBaHHA Top¢’'aHOi dopmu npenapaty
T. viride KMB-F-15 npoTu rpyHTOBUX diTONaToreHis y no-
NIbOBUX YMOBaX.
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HKUTTE3QATHICTb TA ®YHIICTATUMHA AKTUBHICTb TRICHODERMA VIRIDE NMiA, YAC 36EPITAHHA Y TOP®I

Opersanb O. A., 3y6apesa |. M., laBpuniok B. I, /laBpeHTbeBa K. B., Cknap T. B.

Pestome. MNpeactaBHMKK poay Trichoderma BBaXKatoTbCA HalMbiNbL 3aCTOCOBAHMMU aKTUBHUMM iHTPegieHTaMum
bionpenaparTiB i cknagatoTb 50-60% areHTiB 6i0s0rYHOrO KOHTPO/IO 3a 36yAHMKaMM MiKO3iB CifibCbKOrocnogap-
CbKUX POCANH. OTpUMaHy MUBUHHUM BUpOLLYBaHHAM Biomacy Trichoderma spp. MoXHa BHOCUTU Y pi3Hi HOCIi, Taki
AK KOMMOCTOBAHWM THil, KoM, BiOBYrinnA, rpaHyan AepeBuHW, TanbK Ta Topd. BBarkaeTbca AOLINbHUM BUPOOHU-
LTBO TakMx Gopm npenapartis, AKLLO TEPMIH iX MPUAATHOCTI CKIAAAE HE MEHLLE MiB POKY.

MeTa AOoCNiAKEHHS — BUSHAUUTU KUTTE3AATHICTb Ta QYHIICTAaTUUHY aKTUBHICTb WwTamy Trichoderma viride KMB-
F-15 nig yac 36epiraHHA B TOpdi 3a71eXKHO Bif, CKNaay NOXMBHOIO cepesoBuLLa, BUKOPUCTAHOrO Ha eTani rMuUbuHHO-
ro KyNbTUBYBaHHA rpnba.
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O6’eKT i MeToaM JOCAIAKEHHS: BUXig, cyxoi 6iomack T. viride KMB-F-15 B KiHLi rMMOMHHOIO KyNbTUBYBaHHSA BU-
3Ha4a/ 1M BaroBMM METO/IOM; }KUTTE3AATHICTb rpnba nig vac 36epiraHHA — BUciBom 10-TUKpPATHUX pO3BefleHb Ha arap
YaneKka-lokca 3 nigpaxyHkom KYO, a Takoxk y 6iHapHii KynbTypi 3 Fusarium culmorum 3a KOMOHi3aL,i€l0 NoBEpPXHi
YalUKW 3 T/IIOKO30-KapTOMIAHUM CepesloBULLLEM HABKONO ManepoBoro AMCKY, NpocodeHoro 1% posynHom npena-
paTy (Ha 3 #oby); dyHricTaTUYHY aKTUBHICTb BM3HAYaAM 3a BiACOTKOM iHriByBaHHA poCTy diTonatoreHHoro rpmba
F. culmorum y 6iHapHin KynbTypi (Ha 7 0oby).

Topd’aHa dopma npenapaty Ha ocHoBi T. viride KMB-F-15 gobpe 36epiranacs BnpofoB:K 6 micALis 3a Temnepa-
Typu 29°C Ta 15 micauis 3a KimHaTHOI TemnepaTypu. Kinbkicte KYO/r npenapaty B KiHLi TepMiHy 36epiraHHsA B 060X
TEMMEepPaTypHUX perrMMax 3anuvwanaca binbwoto 1x10°, dyHricTaTMyHa aKTUBHICTb rpnba BigHOCHO F. culmorum
6yna Buwoto 3a 60% ynpoaoB: K ycboro nepiogy 36epiraHHsA.

MutresgatHictb (A0 3,7x10° KYO/r) Ta dyHrictatnyHa akTMBHICTb (80 75,2% iHribysaHHaA pocty F. culmorum IMB-
F-50716) T. viride KMB-F-15 y Topd’siHiin dopmi npenapaty 36epiranaca Ha BUCOKOMY piBHi ynpoaoBs:K 15 micAu,is 3a
KiMHATHOI TemnepaTypu. CyTTEBOro BNAMBY CKA3AY NOXKMBHOIO CepesoBuLLA AA HAKoNMYyeHHs Biomacu rpmnba B
rMMBUHHUX YMOBaXx Ha ii 36epiraHHA B TOp¢i He BCTaHOBNAEHO.

Knwouosi cnosa: Trichoderma, aHTaroHiam, ¢itonatoreHHi rpubu, Topd’saHa dopma npenapaty, TepMmiH Nnpuaat-
HOCTI.

VIABILITY AND FUNGISTATIC ACTIVITY OF TRICHODERMA VIRIDE DURING STORAGE IN PEAT

Drehval O. A., Zubareva I. M., Gavryliuk V. G., Lavrentieva K. V., Sklyar T. V.

Abstract. Representatives of the genus Trichoderma are considered the most widely used active ingredients
of biological products and constitute 50-60% of biological control agents for pathogens of mycoses of agricultural
plants. The biomass of Trichoderma spp. obtained through deep cultivation can be introduced into various media,
such as composted manure, pulp, biochar, wood pellets, talc, and peat. It is considered advisable to produce such
forms of preparations if their shelf life is at least half a year.

The aim of our research was to determine the viability and fungistatic activity of the Trichoderma viride KMB-F-
15 during storage in peat depending on medium composition used at the stage of deep cultivation of fungus.

Research object and methods: the yield of dry biomass of T. viride KMB-F-15 at the end of deep cultivation was
determined by the weight method; the viability of the fungus during storage was determined by sowing 10-fold
dilutions on Czapek-Dox agar with counting the CFU, as well as in a binary culture with Fusarium culmorum by
colonizing the surface of a glucose-potato agar plate around a paper disk impregnated with a 1% solution of the
preparation (for 3 days); fungistatic activity was determined by the percentage of inhibition of the growth of the
phytopathogenic fungus F. culmorum in a binary culture (for 7 days).

The peat form of the preparation based on T. viride KMB-F-15 was well stored for 6 months at a temperature of
29°C and 15 months at room temperature. The number of CFU/g of the preparation at the end of the storage period
in both temperature regimes remained greater than 1x10°, the fungistatic activity of the fungus against F. culmorum
was higher than 60 % throughout the entire storage period.

The viability (up to 3.7x10°CFU/g) and fungistatic activity (up to 75.2% inhibition of F. culmorum IMB-F-50716
growth) of T. viride KMB-F-15 in the peat form of the preparation were maintained at a high level for 15 months at
room temperature. No significant effect of the composition of the nutrient medium for the accumulation of fungal
biomass in deep conditions on its storage in peat was established.

Key words: Trichoderma, antagonism, phytopathogenic fungi, peat-based formulation, shelf-life.
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