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Aims. To obtain and characterize new isolates of Trichoderma antagonistic to phytopathogenic fungi, including
Fusarium spp., and 2) to determine their suitability for mass production under different cultivation conditions.
Methods. Microbiological, cultural-morphological, statistical. Results. From plants affected by phytopathogenic
fungi: cucumber (Cucumis sativus L.), tomato (Solanum lycopersicum L.), white cabbage (Brassica oleracea L.),
winter wheat (7riticum aestivum L.), spring barley (Hordeum vulgare L.) in the Forest-Steppe of Ukraine (Kyiv re-
gion) 11 new Trichoderma isolates were obtained. Preliminary, morphological determination allocated five of them
to T. viride (isolates CK, 165, 27, 49, 35), two of them to 7. koningii (21, 64) and four of them to 7. longibrachiatum
(161, 162, 163, 164). All isolates showed moderate to high antagonistic activity towards 8 phytopathogenic fungal
species (Fusarium oxysporum, Fusarium solani, Alternaria cucumerina, Colletotrichum phomoides, Botrytis cinerea,
Trichothecium roseum, Penicillium sp., Cladosporium fulvum). In a dual culture experiment they showed generally
similar or often higher activity to the above-mentioned fungi than the 8 control strains used in our study, belonging to
T viride (5 strains), T. koningii (2 strains) and 7. harzianum (1 strain), which have been maintained since long time
in our laboratory. The most active new isolate CK, (presumably) 7. viride, showed comparable high activity towards
all phytopathogenic fungi as compared to our most active control strain of 7. viride, no. 23. The latter is the basis of
a biocide Trichodermin, produced by biolaboratories of Ukraine, including the Institute of Plant Protection, NAAS,
Kyiv. Chlamydospore production of all isolates and strains studied in submerged culture varied from 10° to 3 - 10’
spores/ml, were T. viride isolates and strains were on the higher end. Isolates of ‘7. longibrachiatum’ did not produce
chlamydospores in submerged culture. Upon superficial cultivation on barley grain, the strains and isolates of 7. viride
were also characterized by the highest production of spores (6 - 10°-9 - 10° spores/g) as compared to those of 7. kon-
ingii, T. harzianum (5.5 - 10°-6.8 - 10° spores/g) and 7. longibrachiatum (1.3 - 103-6.8 - 108 spores/g). In an in-vivo
experiment under laboratory conditions the most promising antagonistic isolate CK was used to inoculate wheat seed
and tested for protection against Fusarium root rot (inoculum a mixture of F avenaceum, F. culmorum, F. gibbosum,
F. oxysporum, in 4-10* spores/g), where it gave an 83 % reduction in root rot as compared to the non-inoculated con-
trol. Conclusions. Five new isolates preliminarily (on the basis of morphological characteristics only) allocated to
T viride and four to T. longibrachiatum demonstrated in vitro the highest and widest antagonistic activity against the
phytopathogenic fungal species Fusarium oxysporum, Fusarium solani, Alternaria cucumerina, Colletotrichum pho-
moides, Botrytis cinerea, Trichothecium roseum, Penicillium sp., Cladosporium fulvum, as compared to new isolates,
preliminarily allocated to — 7. harzianum and T. koningii. New isolate CK (allocated to 7. viride) showed a promising
and similar high antagonistic activity as compared to our 7. viride 23 strain, which is already successfully used in the
biocide Trichodermin. Since this isolate CK also produced a high number of chlamydospores in submerged culture
(3 - 107 spores/ml) and conidia (8 - 10 spores/g) when surface cultured on barley grain respectively, it is a potential
new candidate for a biocide. When this CK isolate was studied in a small laboratory pot experiment, to control Fu-
sarium root rot in wheat by preventive seed inoculation, it caused an 83 % reduction in this Fusarium root rot. Its
usefulness under field conditions and its effect on growth of plants will be investigated in future research.
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INTRODUCTION

Trichoderma fungal species are worldwide and in all
climate zones an essential part of the microflora in all
types of soils, both in terrestrial and marine ecosys-
tems (Klein, Eveleigh, 1998). They occur commonly in
the rhizosphere, but can also colonize (as endophytes)
aboveground plant parts.

Recent investigations have shown that Trichoderma
spp. can sense, penetrate and kill other fungi and this
has led to the development of a large number of suc-
cessful biopesticides with Trichoderma spp. as basis
(Benitez T et al, 2004; Harman GE et al, 2005; Schus-
ter, Schmoll, 2010; Kubicek CP et al, 2011; Btaszczyk
et al, 2014; Sawant IS, 2014; Sood et al, 2020).

Trichoderma spp. produce a wide spectrum of (vola-
tile) antibiotics killing a number of fungi and nema-
todes. Their metabolites, including enzymes are able
to stimulate plant growth, to induce resistance in plants
against pathogens and induce abiotic stress tolerance
and are used in industrial processes (Mastouri F et al,
2010; Lorito et al, 2010; Contreras-Cornejo HA et al,
2011; Sawant IS, 2014; Lépez-Bucio J et al, 2015;
Fiorentino N et al, 2018). Some Trichderma spp are
noxious, because they are pathogenic to humans (San-
doval-Denis SA et al, 2014) and cultivated mushroom
(Goltapeh EM, Danesh YR, 2006).

In addition to high antagonistic potential, the fungi of
this genus are notable for good growth rate and the pos-
sibility of cultivating on non-expensive substrates, thus,
they are widely used in the elaborations of biological
preparations in industrial conditions. The cultivation
of Trichoderma fungi is done both superficially using
loose substrates (Cavalcante RS et al, 2008, Motta FL
et al, 2012), and by the submerged technology in lig-
uid culture media (Jakubikova L et al, 2006; Simkovi¢
M et al, 2008; Al-Taweil HI et al, 2009; Kobori NN
et al, 2015; Ferdous Akter M et al, 2018).

Biofungicides, based on Trichoderma spp. were pre-
sented worldwide in 2014 by over 250 products and
comprised about 60 % of the international market of bio-
fungicides. The most common species in most products,
based on Trichoderma, is T. harzianum (83 %), follow-
ed by 7. viride, and and T. koningii (Woo et al, 2014).
T harzianum and T viride are mainly used to treat soil
for about 87 different crops against 70 soil pathogens
and 18 foliar pathogens, predominantly fungi such as
Verticillium spp., Fusarium spp., Rhizoctonia solani,
Sclerotinia sclerotiorum, Alternaria radicina, Pythium
spp, and Botrytis cinerea (Topolovec-Pintari¢, S., 2019).
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Biopreparations are highly effective against root rots,
wilts of vegetables, grown in covered soil (Liu JB et al,
2009; Lorito M et al, 2010; Pill et al, 2011; Yang X et
al, 2011; Borrero et al, 2012; Kakvana N et al, 2013;
Abo-Elyousr et al, 2014; El Komy MH et al, 2015; Ad-
hikary M et al, 2017; Bunbury-Blanchette AL, 2019;
Rivera-Méndez W, 2020).

The aims of our study were 1) to obtain and charac-
terize new isolates of Trichoderma antagonistic to phy-
topathogenic fungi, including Fusarium spp., and 2) to
determine their suitability for mass production under
different cultivation conditions.

MATERIALS AND METHODS

The studies were conducted in the Laboratory of Mi-
crobiological Methods of Plant Protection at the Insti-
tute of Plant Protection, NAAS, Kyiv in 2015-2019.

Trichoderma fungi were isolated from plants af-
fected by phytopathogenic fungi: cucumber (Cucumis
sativus L.), tomato (Solanum lycopersicum L.), white
cabbage (Brassica oleracea L.), winter wheat (7riti-
cum aestivum L.), spring barley (Hordeum vulgare L.)
in the Forest-Steppe of Ukraine (Kyiv region) (Table
1). Isolates were obtained by transferring germinated
conidia, which appeared on the surface of parts of
plants affected by phytopathogenic fungi, to wort agar
medium.

Preliminary allocation of the new isolates to a Trich-
oderma species was done on the basis of morphologi-
cal features only, following the keys of Gams W and
Bissett J, (2002).

The antagonistic activity of 11 new isolates and 8
collection strains of Trichoderma (kept for 30 years in
the Laboratory of Microbiological Methods of Plant
Protection at the Institute of Plant Protection, NAAS)
(see Table 2) was determined by the method of blocks
the dual culture assay, using different species of phy-
topathogenic fungi, isolated by us from diseased plant
material and maintained as agar slants in our culture
collection (Table 2) — Fusarium oxysporum (isolated
from the roots of cucumbers), Fusarium solani (iso-
lated from a tomato stalk), Alternaria cucumerina (iso-
lated from the leaves of cucumbers), Colletotrichum
phomoides (isolated from the fruit of the tomato),
Botrytis cinerea (isolated from the fruit of the cucum-
ber), Trichothecium roseum (isolated from soybean
seeds, Glycine max (L) Merr), Penicillium sp. (isolated
from soybean seeds), and Cladosporium fulvum (iso-
lated from cucumber leaves).
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The strains of phytopathogenic fungi (Table 2) were
grown in Erlenmeyer flasks on an orbital shaker (PSU-
201, Biosan, Latvia) in liquid wort medium for 72 h at
200 rpm and 25 °C in the dark. Inoculum for flasks was
obtained by rinsing with sterile water spore-mycelial
mass from the surface of agar in test tubes. One ml of
liquid culture of each phytopathogenic strain was add-
ed to a Petri dish and mixed with 15 ml of wort agar.
Trichoderma isolates and strains under investigation
were grown in Petri dishes using wort agar for 5 days
at 25 °C. Agar blocks (5 mm diam.) were cut out with
a cork borer from the margins of 7-day-old colonies
and placed into the Petri dishes with the just seeded
phytopathogenic fungi, 3 blocks per Petri dish, in equal
distance from each other. Incubation was for 5 days at
25 °C in an incubator (TS-80, Czech Republic).

The antagonistic activity was determined in the dual
culture assay on day 5 of the experiment by measur-
ing the growth inhibition zones of test objects using
the following scale: inhibition zone 0 mm, inactive; 1—
14 mm poor activity; 15-25 mm moderate activity;
>26 mm strong activity. The dual culture assay was
done in three repeats.

The technological suitability for mass production of
the new Trichoderma isolates was determined by sub-
merged and surface cultivation using chlamydospore
formation and biomass production as indices.

Submerged cultivation was done in 300 ml Erlen-
meyer flasks with 50 ml of medium on a rotary shaker
(200 rpm) at 25-26 °C for 72 h in the medium, using
corn extract (side product of starch and syrup produc-
tion, PrJSC ‘Dneprovsky Starch and Syrup Integrated
Works’, Dniprovske, Dnipropetrovskyi region) and

beet molasses (side product of sugar beet produc-
tion, PrJCT ‘Salyvonkivskyi Sugar Plant’, Hrebinky,
Kyiv region): corn extract — 1 %; molasses — 3 %;
NH,NNO, - 0.5 %; KH,PO, anhydrous — 0.5 %;
MgSO,-7H,0 - 0.2 %. (Tkalenko AN, Goral SV, 2013).
Flasks with medium were sterilized in an autoclave
at 0.1 MPa for 30 minutes. Inoculation of flasks was
performed with 7-day cultures grown in test tubes.
The inoculum concentration was 5 - 10° spores/ml.

Surface cultivation was done in 1 L Erlenmeyer
flasks with barley seeds. The flasks were filled with
substrate to 1/3 volume, moistened with water (70—
80 % by weight) and sterilized in an autoclave at 0.1
MPa for 30 minutes. Inoculation of flasks was per-
formed with 7-day cultures grown in test tubes. The
inoculum concentration was 1 - 10° spores/g. (Bonda-
renko et al, 1985) Cultivation was performed for 10
days till massive formation of air-distributed conidia at
25-26 °C occurred.

To determine the biomass of Trichoderma fungi, 10
ml of liquid culture was filtered through a paper fil-
ter (pore size 4—7 pm), washed with distilled water and
dried in an drying oven at 110 °C for 1 hour. The bio-
mass was determined by weighing using a precision
scale (Axis, Poland). The productivity of fungal spore
formation was determined via direct calculation of
spores in a Goryaev’s chamber (haemacytometer with
90 nL capacity instead of the usual 100 nL) with a mi-
croscope (Zeiss Primo Star, x400).

The calculation of optimal inoculum doses of a li-
quid biopreparation based on isolate 7. viride CK (3.5 x
x 107 chlamydospores/ml) was done using the pre-
treatment of winter wheat seeds of Myronivska 808

Table 1. Culture number and sources of isolation of new Trichoderma isolates from Kyiv region

Provisional species allocation and
collection number of isolate

Source of isolate

T. viride CK

T. viride 165

T viride 27

T. viride 49

T. viride 35

T. koningii 21

T. koningii 64

T. longibrachiatum 161
T. longibrachiatum 162
T. longibrachiatum 163
T. longibrachiatum 164

cucumber roots affected by root rot

stem of a tomato plant affected by Fusarium wilt
tomato fruit affected by Alternaria

leaves of white cabbage, affected by phytopathogens
cucumber roots affected by root rot

roots of winter wheat affected by root rot

tomato affected by root rot

roots of winter wheat affected by root rot

roots of spring barley affected by root rot

roots of spring barley affected by root rot

roots of winter wheat affected by root rot
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variety (as it is nationally widely cultivated) in three
concentrations (0.04, 0.2, 1 %). For this experiment,
performed under laboratory conditions, artificial in-
oculated sterilized potting soil was used. The experi-
ment was performed in plastic containers the size
50x40x10 cm. The soil was inoculated with a mixture
of four Fusarium spp. (F. avenaceum, F. culmorum,
F. gibbosum, F. oxysporum, cultivated in wort medi-
um for 72 h on an orbi-tal shaker, 200 rpm) in a final
concentration of 4 - 10* spores/g soil. Winter wheat
seeds were soaked in suspensions of liquid culture of
T. viride CK for 2 hours and sown 100 seeds per con-
tainer. The containers were kept at room temperature
and natural light. The experiment was done in three
repeats.

Results of studies. During our studies (2015-2019)
11 Trichoderma isolates were obtained (Table 1) and on
the basis of the morphologically characteristics we made

a presumptive species identification: 7. viride, isolates
CK, 165,27, 49, 35; T. koningii, isolates 21, 64; T. longi-
brachiatum, isolates 161, 162, 163, 164.

It was determined that the 11 new Trichoderma iso-
lates differed in their antagonistic activity against the
eight phytopathogenic fungi tested (Table 2). In gen-
eral, the solates, morphologically allocated to 7. viride
and 7. longibrachiatum showed a higher activity and
broader spectrum of action than the isolates allocated
to T° harzianum and T. koningii.

Seven out of ten investigated isolates and strains of 7.
viride (23, CK, Tp-1, 75, 27, 49, 35) demonstrated high
antagonistic activity regarding all fungal spp. tested,
both in producing antibiotic substances and in hyper-
parasitic activity with the build-up of phytopathogen
colonies and abundant spore formation (Table 2). Iso-
late T viride CK showed the highest activity apart from
the control strain for this species, 7. viride 23 (Fig. 1).

Table 2. The antagonistic activity of 11 newly obtained isolates of Trichoderma and control strains for the species

T viride, T. koningii and T. harzianum

Diameters of growth inhibition zones of phytopathogenic fungi, mm; n =3
L . 4 g S g s g
Species and number of 3 S 3 s 2 3 ; 3
isolate/strain g g S g T o S = N
S £ S £ 2% S S § 3 2 g
5 | £3 < 3 S S SIS < S E
T. viride 23 36+3.0 40+0 > 50 > 50 > 50 > 50 > 50 > 50
T. viride CK (new) 40+7.54 | 30+3.2 > 50 48 £ 1.7 > 50 > 50 38+1.7 | >50
T viride 165 (new) 1686 | 15+£2.6 | 50£9.6 > 50 50£80 | 5+£09 | 31+£6.8 0
T viride Tp1 > 50 25 49+5 > 50 > 50 > 50 22+4 > 50
T viride 75 > 50 25 > 50 > 50 > 50 > 50 35+4 > 50
T viride 27 (new) > 50 15 > 50 > 50 > 50 > 50 31+3 > 50
T viride 49 (new) > 50 20 49 +£2 > 50 > 50 > 50 15+2 > 50
T viride35 (new) 40+ 5 25 > 50 > 50 > 50 > 50 23+ 1 > 50
T. viride TM 0+0 0 12+4 26 25 25+5 0+0 20
T viride T3 10+2 0 25+6 20 25 43+ 4 21+4 30
T. koningii M10 0+0 0 6£6 21 15 22+3 5+1 15
T. koningii 21 (new) 15+£3 10 15+3 33 18 24+3 0+0 10
T. koningii 64 (new) 20+2 10 18+4 27 24 22+1 8+1 10
T harzianum 8900 45+5 25 35+7 42 45 40+ 10 30£2 40
T harzianum 8995 58+£5 20 40+ 7 48 43 >50 20+ 4 38
T longibrachiatum 161 (new) | 17 +£5.0 54+0.7 > 50 >50 >50 >50 20+3.2 | >50
T. longibrachiatum 162 (new) | 17£5.0 5£0.3 > 50 > 50 > 50 > 50 25+£29 | >50
T longibrachiatum 163 (new) | 24+ 1.9 0 50+0 > 50 > 50 300 | 13+33 | >50
T longibrachiatum 164 (new) | 19+ 1.9 0 > 50 > 50 > 50 40+0 | 16£09 | >50

Note. Data presented as mean values + standard error.
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Fusarium oxysporum Fusarium solani

Alternaria cucumerina Colletotrichum promoides

Botrytis cinerea Trichothecium roseum

Penicillium sp. Cladosporium fulvum

Fig. 1. Growth inhibition of different phytopathogenic fungi by a new isolate of presumptive T viride (T. viride CK) on wort

agar, 7 days after co-incubation at 25 °C in the dark

Isolate 7. viride 165 demonstrated much lower antago-
nistic activity regarding two Fusarium species (2-2.5 times
smaller diameters of the growth inhibition zones of phyto-
pathogens compared with isolate 7. viride CK and strain
T. viride 23), and this isolate did not inhibit the growth of
Trichothecium roseum and Cladosporium fulvum.

Some of our laboratory strains showed rather disap-
pointing results concerning antagonism of some phy-
topathogenic fungi: high activity of the 7. viride T-3
strain was found only against Trichothecium roseum,
as for Alternaria cucumerina, Colletotrichum phomoi-
des, Botrytis cinerea, Penicillium sp., Cladosporium
Sfulvum, it had moderate activity against F. oxysporum
and no activity against Fusarium solani. T. viride TM
demonstrated poor antagonistic activity against A4/fer-
naria cucumerina, Colletotrichum phomoides, Botrytis
cinerea, Cladosporium fulvum, and did not inhibit the
growth of F. oxysporum, F. solani, Penicillium sp.

Both laboratory strains of 7. harzianum demonstrated
high antagonistic activity, inhibiting the growth of all
the investigated species of phytopathogenic fungi.

The isolates of 7. longibrachiatum showed also a
good antagonistic activity, except against both Fusari-
um spp. tested.

18

The isolates and control strains of 7. koningii were
characterized by low to moderate antagonistic activity
only against all fungal spp. tested.

Under submerged cultivation conditions in liquid
corn extract/molasse medium, all 19 investigated iso-
lates and strains produced almost a similar amount of
biomass over a period of 72 hours cultivation at 25 °C,
namely 10.2—14.7 g/l (Table 3).

All studied strains and isolates of 7. viride (Fig.2),
T harzianum and T. koningii produced chlamydospo-
res in the submerged culture.

Spore formation productivity of the new isolate
T viride CK was on the level of the biocide Tricho-
dermin control strain 7. viride 23, namely 3 - 107
chlamydospores/ml after 72 hours growth in corn
extract/molasse medium at 25 °C. Other isolates
and strains of 7. viride produced a smaller amount
of chlamydospores, 1.0 - 10’-1.5 - 107/ml. The productiv-
ity of T harzianum strains was 8 - 10° chlamydospores/
ml. A considerably smaller number of chlamydospores
was produced by the 7. koningii control strain and the
two new isolates — 0.7-10° — 1.4-10° chlamydospores/ml.

The new isolates of 7. longibrachiatum did not pro-
duce chlamydospores in the submerged culture (Fig. 3).
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Under surface cultivation on barley seeds, 7. viride
isolates and strains were characterized by higher pro-
ductivity compared to strains of the other three spe-
cies (T koningii, T. harzianum, T. longibrachiatum of
aerial spores (conidia) — 6.2 - 10°-9.2 - 10° spores/g,
and only two strains of this species (TM and T-3)
produced a smaller number of conidia, viz. 3.8 - 10°—
4.3 - 10° spores/g. The productivity of 7. koningii
and T. harzianum control strains was on the level of
5.5 - 10°-6.8 - 10° spores/g, and the productivity of co-
nidia formation in the four new 7. longibrachiatum
isolates was the lowest, namely 1.3 - 10*-6.8 - 10%
spores/g. T. longibrachiatum isolates were notable for
later formation of spores (by 7-10 days) as compared
to 7. viride strains and isolates.

The treatment of seeds with a preparation with 7.
viride isolate CK in a 1 % concentration decreased the
infection of plants with root rots by 83 % as compared
to the control. After twenty-fold decrease in the prepa-
ration concentration the biological efficacy decreased
twice (40 %), see Table 4.

DISCUSSION

Mass production of biological control preparations
requires the availability of initial strains with high an-
tagonistic activity and specific, suitable growth char-
acteristics: high productivity, synchronic growth (bio-
mass) and spore formation. Due to observed loss of
their initial antagonistic traits, physiological features,
change in morphological characteristics, once active
strains may show lower or zero activity after long-term
storage and subculturing on artificial media. Therefore,
existing industrial strains of microorganisms require
periodic check-up by the main indices — sporulation
rate, technological specificities, activity rate.

This study was aimed at estimating the antagonistic
activity and suitability for cultivation of 19 Tricho-
derma spp. isolates and strains — 11 new isolates and
8 collection strains, the latter have been maintained by
us for a long time and used to produce biopreparation
Trichodermin.

Trichoderma spp. strains produce different types
of propagula — mycelium fragments, conidia (air-

Table 3. Biomass and spore production of 11 newly obtained 7richoderma isolates and control strains of 7. viride, T. koningii
and T. harzianum and isolates of 7. longibrachiatum under submerged and surface cultivation conditions

Submerged cultivation
Species and number Surface cultivation, aerial
of the strain biomass, g/l clélamydosporfs spore production x10°/g
production x 10¢/ml
T viride 23 14.7+£0.7 324+3.7 7.8+0.7
T. viride CK (new) 13.7+0.5 31.6+3.2 7.9+0.5
T. viride 165 (new) 11.6 £0.7 15.3+0.33 6.2+0.5
T. viride Tpl 12.1£0.9 9.5+£0.45 84+0.5
T. viride 75 12.7+0.7 9.7+0.70 72+0.4
T. viride 27 (new) 10.9+0.1 104 +0.11 8.1+0.7
T viridee 49 (new) 12.2+0.5 9.7+0.70 79+0.3
T viride 35 (new) 13.0+0.2 11.5+1.0 92+1.0
T viride TM 11.7+£0.8 10.2+0.6 43+0.3
T viride T 3 10.5+£0.6 9.9+1.23 3.8+0.7
T. koningii M10 11.1+£04 0.7+0.12 54+0.8
T. koningii 21 (new) 11.3+0.7 1.4+0.33 6.8+1.1
T. koningii — 64 (new) 11.5+0.7 1.1+0.05 62+1.0
T harzianum 8900 102+1.1 7.8+£0.62 55+04
T harzianum 8995 12.1+£0.7 8.0+0.31 5.9+0.7
T longibrachiatum-161 (new) 11.8+0.3 not produced 0.13+£0.02
T. longibrachiatum-162 (new) 145+0.2 not produced 0.22+0.01
T. longibrachiatum-163 (new) 13.9+£0.7 not produced 0.68 +£0.04
T. longibrachiatum-164 (new) 14.2+0.3 not produced 0.17 £ 0.01

Note. Data presented as mean values + standard error.
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Fig. 2. The growth of T. viride CK in the submerged culture
(after 72 hours growth in corn extract/molasse medium at
25 °C) producing chlamydospores

culture (after 72 hours growth in corn extract/molasse me-
dium at 25 °C)

Table 4. Determination of the effective dose of a Trichoder-
min biological preparation, based on new 7. viride isolate
CK, for pre-sowing treatment of winter wheat seeds

The decrease in the number
of plants, infected with root
rot, % (as compared
to the control) on day 12,

Content of preparation
in a working suspension, %
of'a 3-107 spores/ml
concentrate in liquid

culture n=3
1.00 82.9+4.73
0.20 572 +5.34
0.04 40.0+3.91

Data presented as mean values + standard error
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distributed or submerged), chlamydospores (sub-
merged) with different biological efficacy or storage
stability (Lewis JA, Papavizas GS, 1984). Most bio-
preparations of Trichoderma spp. are produced using
air-distributed conidia, formed on moistened grain of
cereals via solid-phase fermentation (Motta FL et al,
2014; Woo et al, 2014; Cruz-Quiroz RD et al, 2017;
Hamrouni R et al, 2019).

Submerged cultivation has several advantages, in-
cluding shorter period of cultivation and the possibil-
ity of automation of many operations. Since not all the
fungi are capable of spore formation in the submerged
culture, the selection of the corresponding strain is of
utmost significance (Jakubikova L. et al, 2006).

Submerged conidia, produced by some strains of
Trichoderma spp., have thinner cell wall compared to
air-distributed conidia and lower survival rate while
stored (Watanabe S et al, 2006). Chlamydospores are
suggested as the most promising propagules to produce
preparations using the submerged technology, as they
are capable of surviving in soil for a long time, having
faster germination in soil and lower sensitivity to soil
fungistasis than conidia. Chlamydospore-based formu-
lations have other beneficial features, including resis-
tance to drying and low temperatures, insensitivity to
soil antibiotics, and extended preservation time, which
in turn simplifies processing, storage, and transport of
the biological control agent (Beagle-Ristaino JE, Pa-
pavizas GC, 1985; Li et al, 2016).

The ability of the investigated Trichoderma strains
to produce chlamydospores in the submerged culture
(spores of vegetative reproduction), which are the
forms in the cycle of fungus development, most resis-
tant to the impact of unfavorable environmental fac-
tors, ensuring their survival in soil, is the prerequisite
for the elaboration of the submerged technology of lig-
uid preparation production.

Therefore, following the results of our initial labo-
ratory assessment, the new 7. viride CK isolate was
selected for further studies, as it is the most promis-
ing candidate for a microbiological preparation, judg-
ing by its antagonistic activity and technological traits
under submerged cultivation. Growth characteristics of
T viride isolate CK after incubation of 5 days on wort
agar at 25 °C are shown in Fig. 4.

The suitability of Trichoderma spp. isolates and
strains for mass cultivation was determined by the indi-
ces of conidia formation during superficial cultivation
on grain and the capability of producing chlamydo-
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Fig. 4. T viride CK strain: a — growth after cultivation of 5 days at 25 °C on wort agar; b — conidiophores and conidia
of the fungus

spores in the submerged culture. Submerged cultiva-
tion was conducted using a culture medium, based on
cheap organic sources of nutrients — corn extract and
molasses, which can completely meet the demands
of fungi for necessary nutrients and are economically
reasonable, being by-products of food industry. Opti-
mization of the culture medium, selection of the com-
ponents and determination of their optimal content for
the cultivation of the new T. viride isolate CK will be a
further direction of our research.

T. viride isolate CK, a promising highly antagonistic
isolate in vitro, also showed promising antagonistic ac-
tivity towards Fusarium spp. (reduced the number of
plants affected by root rot by more than 80 %) when
tested in a small laboratory based experiment where its
effect on the reduction of root rot in wheat, variety My-
ronivska 808, was investigated.

In our earlier studies, we tested a preparation based
on the 7. viride CK isolate in the field using cucumber.
Pre-treatment of cucumber seeds hybrid Courage F1 at
a rate of 2 ml/kg provided complete protection against
plant loss during the seedling phase as a result of root
rot caused by Fusarium spp. in the greenhouse (Balvas-
Hremiakova K, 2019).

We also found that in addition to the protective ef-
fect, the T. viride CK isolate also demonstrated its
growth-stimulating activity, increasing the germi-
nation by 20-25 %, furthermore metabolites, syn-
thesized this isolate, stimulated growth activity of
meristem cells — the length of the root and stem of cu-
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cumber plants was 25-30 % larger during the seedling
phase as compared to the control (Balvas-Hremia-
kova K and Goral S, 2019).

CONCLUSIONS

Five new isolates preliminarily (on the basis of mor-
phological characteristics only) allocated to T. viride
and four allocated to 7. longibrachiatum, demonstrat-
ed in vitro the highest and widest antagonistic activity
against the phytopathogenic fungal species Fusarium
oxysporum, F. solani, Alternaria cucumerina, Col-
letotrichum phomoides, Botrytis cinerea, Trichothe-
cium roseum, Penicillium sp., Cladosporium fulvum,
as compared to new isolates, preliminarily allocated
to T. harzianum and T. koningii. New isolate CK (al-
located to 7. viride) showed a promising and simi-
lar high antagonistic activity as compared to our 7.
viride 23 strain, which is already successfully used in
the biocide Trichodermin. Since this isolate CK also
produced a high number of chlamydospores in sub-
merged culture (1 - 10’-3 - 107 spores/ml) and conidia
(6 - 10°-9 - 10° spores/g) respectively when surface
cultured on barley grain, it is a potential new candi-
date for a biocide. When this CK isolate was studied
in a small laboratory pot experiment, to control Fu-
sarium root rot in wheat, by preventive seed inocu-
lation, it caused an 83 % reduction in this Fusarium
root rot. Its usefulness under field conditions and its
effect on growth of wheat plants will be investigated
in future research.
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Meta. OTpumary Ta oxapakTepu3yBaTH HOBI i3onstu 7ri-
choderma 3 aHTarOHICTHYHWMHU BIACTUBOCTSIMH BiJHOCHO
(iTonatoreHHUX TPUOIB — 30yIHHUKIB XBOPOO MILIEHHUI, Y
TOMY 9HCI Fusarium spp. Ta BU3HAYUTH iX MPUIATHICTD JUIS
MacoBOTO BHPOOHMITBA B PI3HUX yMOBAaxX BHPOIIYBaHHS.
Metoau. MikpoOioiorivHi, KyJlbTypalbHO-MOPQOIIOTiuHI,
craructiyHi. Pesyaprarn. 3 pocnuH, ypaxenux ditonaro-
TeHHUMH Tpubamu: oripok (Cucumis sativus L.), momimop
(Solanum lycopersicum L.), 6inokauanHa kanycra (Brassica
oleracea L.), o3uma mmennns (Triticum aestivum L.), sspuit
suminb (Hordeum vulgare L.) y Jlicocteny Ykpaiau (Kuis-
chKa 007acTh), BUALIeHO 11 HOBUX 3onsaTiB Trichoderma.
3a KymeTypanbHO-MOP(OIOTITHIME XapaKTePUCTUKAMH T SITh
3 HUX Oynu Bu3HaueHi sik 7. viride (i3omatu CK, 165, 27, 49,
35), nBa — T. koningii (21, 64), wotupn — T. longibrachia-
tum (161, 162, 163, 164). Yci i30AITH BUABISUIA TTOMIpHY
Ta BHCOKY AQHTaroHICTWYHY aKTHBHICTH LIONO0 8 BHIIB
(itomaroreHHux TpubiB (Fusarium oxysporum, Fusarium
solani, Alternaria cucumerina, Colletotrichum phomoides,
Botrytis cinerea, Trichothecium roseum, Penicillium sp.,
Cladosporium fulvum). Y excrieprMeHTi 3 TOABIHHOIO KyJb-
TYpOIO BOHHM BHSIBUJIM 3arajioM MojiOHy abo B JESIKHX BH-
MaJIKax BUINY aKTHBHICTh IO BHUIIE3a3HAYCHUX TPHOIB, HIXK
8 KOHTPOJBHMX INTaMiB, BHKOPHUCTaHUX Y HALIOMy JO-
CIIJDKEHHI, 10 Hanexath no 1. viride (5 mramis), 1. ko-
ningii (2 mramu) ta T. harzianum (1 mram), sKi TpUBAIAH
Yyac MiATPUMYIOThCS B MikpoOionoriuniii iaboparopii IH-
ctutyty 3axucty pocimH HAAH. Haitakrusnimmii Ho-
Buit i3omatr CK, BusHnauennit sik 7. viride, IpOSBUB BHUCOKY
aKTHBHICTh BIJJHOCHO BCIX (DiTONATOreHHUX TIpHOIB TO-
PIBHSHO 3 BHCOKOAKTHBHMM KOHTPOJILHMM INTaMoM 7. Vi-
ride 23, axuii € mpoxyueHTOM Oiompemapary Tpuxomep-
MiHYy, 110 BHpOOJIsIeThCs OlomaboparopisiMu YkpaiHu, B
tomy uymeni [Hcturyty 3axmcty pocnuH HAAH (Kwuis).
[TpomyKTUBHICTh YTBOPEHHS XJIaMiZOCIIOP BCIX 130JIATIB Ta
MITaMiB, M0 BHBYAIACH NPH IIMOMHHOMY KYJIBTUBYBaHHI,
KonmuBanachk Bix 10° mo 3 - 107 ciop/mut, pu [IbOMY 13071 TH
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Ta mramu 1. viride Many HalBHILY IPOAYKTHBHICTB CIIOPO-
yrBopenns. [3omsatu ‘7. longibrachiatum’ He yTBOpIOBaIA
XJIaMiJJocnop y MIMOMHHIN KynabTypi. Ilpu moBepxHeBoMy
BUPOIIYBaHHI Ha 3€pHI SUMEHIO IITaMU Ta i3oistu 1. viride
TAaKOK XapaKTepPHU3yBAJINCS HANUBHIIOI IPOILYKTUBHICTIO
criopoytBopeHHs (6 - 10°-9 - 10° cnop/r) mopiBusiHO 3 T.
koningii, T. harzianum (5,5 - 10°-6,8 - 10° cnop/r) ta T.
longibrachiatum (1,3 - 10°-6,8 - 10® ciop/r). B ekciepumenTi
in vivo B J1aOOpaTOPHUX YMOBAaxX HaWOIJIbII NEPCIIEKTUBHUH
anraronicrnunuil 3ot CK OyB BHKOpHUCTaHWH JuIs Tie-
peanociBHOT 0OpOOKM HACiHHS NMIICHWI HAa ITyYHOMY iH-
¢exniinoMy (oHI, CTBOPEHOMY BHECEHHSIM B IPYHT 30y1-
HUKIB KOpEHEeBHMX THWJeH (cymimn Fusarium avenaceum,
Fusarium culmorum, Fusarium gibbosum, F. oxysporum,
4 - 10* ciop/r), 3HU3MBLIN YPaKCHHS POCIUH KOPCHEBHMHU
rHWIIMA Ha 83 % MOpiBHSHO 3 KOHTposieM. BucHOBKH.
[T’sT HOBHX 130JISITIB, MONEPEAHBO (JIMIIE HA OCHOBI MOp-
(oOTiYHNX XapaKTepUCTHK) ineHTudikoBani sk 1. viride, i
yotupu — 1. longibrachiatum, nposiBUIN in Vitro HalBUIILY
AHTArOHICTUYHY AKTUBHICTH BIJHOCHO (DITONATOT€HHUX I'pHU-
6iB Fusarium oxysporum, Fusarium solani, Alternaria
cucumerina, Colletotrichum phomoides, Botrytis cinerea,
Trichothecium roseum, Penicillium sp., Cladosporium fi-
lvum, TIOpIBHSHO 3 HOBUMH i30JIATaMH, IONEPEAHBO BU-
3HaueHUMH sK 1. harzianum 1 T. xoningii. HoBuii i30msT
CK (BusHaueHuil six 7. viride) TOKa3aB BHCOKY aHTaro-
HICTMYHY aKTUBHICTb, IO Oyna Ha piBHI wmramy 1. viride
23, sxuid € npoxyneHToM Olonpenapary Tpuxomepmin. [30-
mst CK 1pojtyKyBaB BENMKY KUIBKICTB XJIaMiJIOCIIOP Y IVIH-
OunHiil kynaeTypi (3 -+ 107 cnop/mi) Ta KOHIJIA NPU Kylb-
TUBYBaHHI Ha 3epHi stumento (8 - 10° cmop/r), i € mepc-
MEKTUBHUM B SIKOCTI TpoxyreHTa Oiompenapary. [lepen-
mociBHa 00OpOoOKa HACIHHS TNIICHHIN PIiIKOIH KYyJIETYPOIO
i3omaty CK Ha mryynomy iHdekuiiHoMy (oni B jadopa-
TOPHUX YMOBaX 3HIKyBalla yPaKCHHs POCIHH (py3apio3HUMHU
KopeHeBMMHU THWIsIME Ha 83 %. EdexTtuBHicTh Horo 3a-
CTOCYBaHHS y IOJIbOBHX YMOBaX Ta BIUIMB Ha PICT POCIUH
OyIyTh JOCIIDKCHI B MAOYTHIX JTOCIIPKSHHSIX.

KuarouoBi cioBa: MacoBe BHPOOHHIITBO, TIMOWHHE Ta IIO-
BEPXHEBE BUPOIIYBaHHS, O10JIOTIYHAIN 3aXUCT.
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