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The fungi of the genus 7richoderma are known as a source of antibacterial compounds; they are used in the production of
biological preparations for the forcing of plant growth and yield capacity of plants, as well as for their protection from the dis-
eases. To protect the plants from phytopathogens, Trichoderma harzianum (= T. inhamatum); Trichoderma virens; Trichoderma
asperellum; Trichoderma koningii and Trichoderma lignorum (= 1. glaucum; T. strictipile; T.viride) are used. As a result of the
long-term many years of research work in the laboratory of biotechnologies “Research and Production Association Biotechso-
yuz”, a number of strains of Trichoderma longibrachiatum have been obtained. These strains are the basis for the production of
highly efficient biofungicide and plant growth stimulator TrikhoPlant. In the scientific literature, a number of types of interac-
tion of micromycetes of the genus 7Trichoderma with the phytopathogenic micromycetes are described. The purpose of this work
is the study of the interaction peculiarities of the strains of Trichoderma longibrachiatum GF 2/6, J2 30 Brz and Za 3/19 GF
with various phytopathogenic micromycetes.

Materials and methods.
In order to determine the type of interaction of phytopathogens and Trichoderma, and to evaluate the biocontrol properties, they have been plated on the surface of potato
dextrose agar using discs of filter paper moistened in suspension of conidia of phytopathogens. One Petri dish was seeded with three phytopathogenic micromycetes and
with one of the Trichoderma strains. The replication of experiments is five-fold. Three strains of 7. longibrachiatum: GF 2/6, J2 30 Brz and Za 3/19 GF, which are the basis
of biological preparation TrihoPlant®, and fifteen strains of pathogens from the own collection: Cladosporium cucumerinum, Alternaria alternate, Passalora fulva, Fusarium
avenaceum, Fus. sporotrichioides, Aspergillus flavus (two strains which differ by toxicogenity: the strain “z12016” and the strain “bank”), Penicillium aurantiogriseum, Puc-
cinia graminis (basidial stage), Thanatephorus cucumeris, Phytophthora infestans, Fusarium solani, Fus. moniliforme, Aspergillus fumigatus and Botrytis cinerea were used in
the experiment. The types of interaction of phytopathogens and Trichoderma strains were classified according to the classification adopted by Belyayev V.B. et al.
The following has been distinguished: 1)fungistatic alimentary antagonism: increment of colony Trichoderma onto the colony of phytopathogen and cessation of the phyto-
pathogen growth; 2) fungistatic antibiotical antagonism, where the growth of the phytopathogen colony decelerates at a certain distance from the colonyTrichoderma; 3)

fungistatic territorial antagonism, where the growth of the phytopathogen colony is constrained by the colony Trichoderma all over the surface of the Petri dish. The bio-
control properties of the Trichoderma strains were evaluated by the biological efficiency calculations using modified Henderson and Tilton formula.

The results of conducted research have shown that the
strains of 7. longibrachiatum GF 2/6, J2 30 Brz and
strains Za 3/19 GF inhibit the growth of pathogenic
micromycetes showing strain differences in the level of
biocontrol properties and in the type of interaction
“Trichoderma-pathogen”

The strain 7. longibrachiatum
J2 30 Brz effectively inhibits the growth
of Thanatephorus cucumeris,

Fig. 1. Change of sizes of colonies of phytopathogenic micromycetes

Phytophthora infestans and  Puccinia 4.0 their joint cultivation with 7. longibrachiatum J2 30 Brz within 4

graminis (fig. 1. A, B; fig. 2). days: A — control; B — experiment. 1 — Th. cucumeris, 2 — Ph. infestans,
The strain J2 30 Brz shows an 3—F graminis.
expressed in varying degrees fungistatic -

alimentary antagonism in regard to all
the three phytopathogens.

The strain T. longibrachiatum GF 2/6 ef-
fectively inhibits the growth of the nine
types of phytopathogens: C. cucumerinum,
Alt. alternate and Pas. fulva (fig. 3, A, B;
fig. 4, A), B. cinerea, Fus. avenaceum, Fus.
sporotrichioides (fig. 3, C, D; fig. 4, B),
Pen. aurantiogriseum, Asp. flavus strain
“bank” and Asp. fumigatus (fig. 3, E, F;
fig. 3, C). In regard to C. cucumerinum,
Alt. alternate, Fus. avenaceum Trichoder-
ma the strain testifies fungistatic alimen-
tary antagonism, while in regard to
Pass. fulva, B. cinerea, Fus. sporotrichi- |
oides, Pen. aurantiogriseum, Asp. flavus Fig. 3. Change of sizes of colonies of phytopathogenic micromy-
and Asp. fumigatus it exhibits fungistatic cetes under their joint cultivation with 7. longibrachiatum GF 2/6
territorial antagonism, constraining the within 4 days: A, B, C — control; D, E, F — experiment. 1 — C. cucu-
growth of their colonies in comparison merinum,2 — Alt. alternate, 3 — Pas. fulva, 4 — B. cinerea, 5 — Fus. spo-
with the control (fig. 3). rotrichioides, 6 — Fus. avenaceum, 7 — Asp. flavus strain “bank”, 8 —
Asp. fumigatus, Y — Pen. aurantiogriseum.
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The strain 7. longibrachiatum Za 3/19 GF
most effectively inhibits the growth of Fus.
solani, Fus. moniliforme and Asp. flavus
strain “zI12016” (fig. 5, A, B, fig. 6). At the
same time, in regard to these phytopatho-
gens it testifies fungistatic territorial antag-
onism constraining the growth of their colo-
nies in comparison with the control (fig. 5).

-

Fig. 5. Change of sizes of colonies of phytopatogenic micromy-

cetes under their joint cultivation with 7. longibrachiatum Z.a 3/19

GF within 4 days: A — control; B — experiment. 1 — Fus. solani,

2 — Fus. moniliforme, 3 — Asp. flavus strain “z12016”.
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Fig. 2. Biological effectiveness of the strain
I. longibrachiatum J2 30 Brz in regard to the
inhibition of Thanatephorus cucumeris, Phytophthora
infestans and Puccinia graminis.
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Fig. 6. Biological effectiveness of the strain
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effectiveness of the strain

T. longibrachiatum Za 3/19 GF in regard to the phyto- I longibrachiatum GF 2/6 in regard to the phytopatho-

pathogens Fus. solani, Fus. moniliforme gens C. cucumerinum, Alt. alternate, Pas. fulva,
and Asp.s flavus strain “z12016. B. cinerea, Fus. sporotrichioides, Fus. avenaceum,
Asp. flavus, wmramm “bank”, Asp. fumigatus n
Pen. aurantiogriseum.
Conclusion

It is shown that the strains Trichoderma longibrachiatum Za 3/19 GF, GF 2/6 and J2 30 Brz, which are part of
the biofungicide TrihoPlant, inhibit the growth of fifteen phytopathogenic micromycetes. The strain differences
in the level of expression of biocontrol properties and in the type of interaction “Trichoderma-phytopathogen”
are revealed. The type of interaction is determined by the species affiliation of the phytopathogen and/or by the

strain Trichoderma.

Fungistatic territorial antagonism is common to the strains 7. longibrachiatum Z.a 3/19 GF and GF 2/6 in re-
gard to Fus. solani, Fus. moniliforme, Fus. sporotrichioides, Asp. flavus strain “z12016” and the strain “bank”,
Asp. fumigatus, Pen. aurantiogriseum, B. cinerea and Pass. fulva.

Fungistatic alimentary antagonism is expressed by the strains 7. longibrachiatum J2 30 Brz and GF 2/6 in re-
gard to Th. cucumeris (Rh. solani), Ph. infestans, C. cucumerinum, Alt. alternate, Fus. avenaceum and to the ba-

sidial stage Puc. graminis.

Fungistatic antibiotical antagonism has not been identified for the studied strains of 7. longibrachiatum; this
offers additional opportunities of the use of these strains in the production of biofungicide (non-toxicogenity in
regard to the plants, reduction of toxicity class and reduction of hazard to humans and animals).



OCOBEHHOCTH B3AUMOJIEUCTBUS
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I'puobI pona Trichoderma u3BeCTHbI KAK HCTOYHUK AHTHOAKTEPHAJBbHBIX COCIUHEHUH, UCIIOJIb3YOTCH B IIPOU3BOACTBE OHO-
[penaparoB AJs CTUMYJISIAUA POCTA U YPOKANHOCTH PACTEHUM, UX 3aIIUTHI OT 0oJie3HeH. i 3auThl pacTeHuil oT puTona-
TOreHOB UCHOJB3YT Trichoderma harzianum (= T. inhamatum); Trichoderma virens; Trichoderma asperellum; Trichoderma
koningii w Trichoderma lignorum (= T. glaucum; T. strictipile; T. viride). B pe3yabrarte MHOIOJETHEHd HAY4YHO-
HCCIIea0BaTeIbCKON padoThl B JJadoparopuu oOuorexHosoruii HITIO buorexcoros3 ObLIM MOJyYeHbI HECKOJABKO INTAMMOB Tricho-
derma longibrachiatum, Ha 0CHOBE KOTOPbIX NPOU3BOAUTCHA BbICOKOIP(PEKTUBHBIA OMOPYHIMIM/I U CTUMYJISTOP POCTA pacTre-
HUM TpuxolliianT. B HayyHOM JuUTepaType ONMCAHO HECKOJbKO TUIOB B3aMMOAEHCTBUS MUKpPoOMULETOB poaa Trichoderma c
(puTonmaroreHHbBIMM MUKpoOMHIIeTaMHU. IleJibl0 HacTOsIEed PadoOThI ABJSAETCH HCCJIAEA0BAHME O0COOEHHOCTEH B3aMMOAEHCTBUA
mramMoB Trichoderma longibrachiatum GF 2/6, J2 30 Brz u Za 3/19 GF ¢ pa3jau4HbIMUA GPUTONATOr¢eHHBIMM MUKPOMUIIETAMMU.

MarepuaJjbl 1 METOIBI.

Just ompeneseHus1 THNA B3aMMOACHCTBUSA (PUTONMATOICHOB U TPUXOAECPMBbI M OLEHKH OHOKOHTPOJMPYHINUX CBOWCTB MX BbICEBAJIM HA INMOBEPXHOCTh KApPTO(QEabHO-
[VIIOKO3HOI0 arapa, uCnoJib3ys IMCKH U3 PUJIbTPOBAJIBLHON OyMaru, CMOYCHHbIC B CYCIIeH3MM KOHUAUUA. OHY YallKy NEeTPH 3aCerBaJIM TPeMs (PUTONMATOreHHBIMU MHUKPO-
MHULETAMH M OJHUM U3 IITAMMOB TPpUXoAepMbl. [I0OBTOPHOCTHL ONBITOB NATUKPATHAA. B 3kcnepumMenTe ucnosib3oBaau Tpu wramma Trichoderma longibrachiatum: GF 2/6,
J2 30 Brz u Za 3/19 GF, sasasiromuecs ocHoBoii Ouonpenapara TpuxollnanT®, n narHagnars mraMmMoB (GUTONATOreHOB U3 COOCTBEHHOM KoJuiekuuu: Passalora fulva,
Fusarium avenaceum, Fus. solani, Fus. sporotrichioides, Fus. moniliforme, Thanatephorus cucumeris (Rhizoctonia solani), Phytophthora infestans, Alternaria alternate, Asper-
gillus fumigatus, Aspergillus flavus (1Ba miraMMa, OTJIM4AOIHECH 10 TOKCUKOTeHHOCTH: ITaMM «zI12016» n mitamm «bank»), Penicillium aurantiogriseum, Puccinia grami-
nis (0asuauaabHas craaus), Botrytis cinerea, Cladosporium cucumerinum. Tunbl B3aumMoaeiicTBUA (UTONATOICeHOB U IITAMMOB TPUXO0AEPMbI KJIACCH(PUUMPOBAJIU 1O CUCTE-
me beasiea B. b. u coaBropos (Ilat. 1671684 SU). Beigeasiiiu: 1) pyHrucraTuuyecKud aJJUMEHTAPHbINA AHTATOHM3M: HapacTaHue KoJOHUuU Trichoderma na xosionnio puro-
MATOreHA U NMPEeKPalleHUH POcTa GUTONATOreHa; 2) PYHIUMCTATUHYECKUH AHTHOMOTHYECKUH AHTATOHU3M, IIPU KOTOPOM POCT KOJIOHUU (PUTONMATOreHA 3aMe/JISIeTCH HA HEKO-
TOPOM PACCTOSIHUM OT KOJIOHMM Trichoderma; 3) pyHrucTarn4ecKuii TEPPUTOPUAIBHBIA AHTATOHU3M, IPH KOTOPOM POCT KOJOHUM (PUTONMATOTeHA OTPAHUYMBACTCH KOJIO-
Hueu Trichoderma no Bced MOBEPXHOCTH YalIKU. BUMOKOHTpoOMpyOIIMe CBOCTBA IITAMMOB Trichoderma oueHuBaj M Mo pacyery 0MoJIoru4ecko 3PPeKTHBHOCTH C UC-
0JIb30BaHUEM MOTUPUIUPOBAHHOU popmy.ibl XeHaepcoHa-TuiaToHa.

B pesyiabrare npoBeAeHHbIX MCCJACTOBAHHUU YCTAHOB-
JIEHO, YTO WTamMmbl Trichoderma longibrachiatum GF 2/6,
J2 30 Brz nu Za 3/19 GF nogaBasiilor poct (pUTONATOIECH-
HbIX MUKPOMHUIETOB, NMPOSABJAA INTAMMOBbIE Pa3JIHYMA
B YPOBHE OMOKOHTPOJMPYOILIMX CBOMCTB U THIIE B3aUMO-
TCUCTBUA «TPUXOACPMA-IIATOTCH».

Illtamm Trichoderma longibrachia-
tum J2 30 Brz >3¢dexkTHBHO moaaBJseT Ty . S, £ Sl
poct Thanatephorus cucumeris, Phy- L UONEE S SR S .

tophthora infestans u Puccinia graminis
(puc. 1. A, B; puc. 2). llltamm J2 30 Brz
MPOSABJIET BHIPAKEHHBIM B Pa3jIUn4YHON
CTeNNeHW (PYHIMCTATHYECKMN aJIMMEH-
TAPHBIM AHTATOHU3M B OTHOINECHUHU BCeEX
Tpex (GPUTOMaToreHos.

IllTamm 1. longibrachiatum GF 2/6 3¢ ¢ex-
THBHO IOAABJISIECT POCT ACBATH BUIA0B (pu-
TonaroreHoB: Clad. cucumerinum, Alt. al-
ternate n Pass. fulva (puc. 3, A, B; puc 4,
A), B. cinerea, Fus. avenaceum, Fus. spo-
rotrichioides (puc 3, C, D; puc 4, B), Pen.
aurantiogriseum, Asp. flavus mTamm
«bank» u Asp. fumigatus (puc. 3, E, F;
puc. 3, C). B ornomienun Cladosporium
cucumerinum, Alternaria alternate, Fusari-
um avenaceum Trichoderma nposiBiasier
(pyHIrMCTATHYECCKUH AJTUMEHTAPHBIN AHTA-
FOHU3M, a B OTHOWIeHUU Passalora fulva,
Botrytis cinerea, Fus. sporotrichioides, Pen-
icillium aurantiogriseum, Aspergillus flavus
U Aspergillus fumigatus — pyHrucrarnye-
CKMH TEPPUTOPHAJIBHBIN AHTArOHHU3M,
OrPAHMYHUBAS POCT UX KOJOHHHU MO CPaB-
HEHHUIO C KOHTpoJIeM (puc. 3).

Puc. 1. U3MmeHeHre pa3MepoB KOJOHUU (PUTONATOTEHHbIX MUKPOMHUILE-
TOB IIPH UX COBMECTHOM KYJbTUBUPOBAHUMU ¢ Trich. longibrachiatum J2
30 Brz B Teuenue 4 cyToK: A — KOHTPOJb; B — onbIT. 1 — Thanatephorus
cucumeris, 2 — Phytophthora infestans, 3 — Puccinia graminis.
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Puc. 3. U3meHeHue pasMepoB KOJOHUU (PUTONMATOIEHHBIX MHUKPO-
MHUIIETOB [P UX COBMECTHOM KYJIbTUBUPOBAHUMU C 1. longibrachiatum
GF 2/6 B Teuenue 4 cyrok: A, B, C — kouTpoJasn; D, E, F — onbIT. 1 —
Cl. cucumerinum, 2 — A. alternate, 3 — Pas. fulva, 4 — Botrytis cinerea,
S — Fus. sporotrichioides, 6 — Fus. avenaceum, 7 — Asp. flavus muramm
«bank, 8 — Asp. fumigatus, 9 — Pen. aurantiogriseum.



Ilramm T. longibrachiatum Za 3/19 GF
HauOosiee HPEPEeKTUBHO MOAABJIAET POCT
Fusarium solani, Fus. moniliforme n Asper-
gillus flavus miramm «z12016» (puc. 5, A, B,
puc. 6). I1pu 3T0M B OTHOIEHUM ITHUX (PUTO-
[IATOr€HOB MNPOSABJIsAET (PYHIHCTATHYECKUH

TePPUTOPHAJIbHBINi AHTATOHH3M, OTPAHU- T

YUBasl POCT UX KOJOHHUU MO cpaBHeHMIO ¢ Puc. 5. U3mMeHeHne pasMepoB KOJOHMN (PUTONATOICeHHBIX MHKPO-

KOHTpPoJIeM (pHuc. 5). MHUIETOB MMPH UX COBMECTHOM KYJbTUBUPOBaAHUM ¢ 1. longibrachia-
tum Za 3/19 GF B TeyeHue 4 cyTok: A — KOHTPOJIb; B — onbIT. 1 —
Fus. solani, 2 — Fus. moniliforme, 3 — Asp. flavus miramm «z12016».
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Puc. 6. buosornyeckass 3¢p(peKTUBHOCTH IITAMMa Fig. 3. bmuouorunyeckast >(p(PeKTHBHOCTL IITAMMa
T. longibrachiatum Za 3/19 GF B ornomennu nogasiae- 1. longibrachiatum GF 2/6 B OTHOIIEHHH IOJABJIEHHUS
nus  (QuronarorenoB Fus. solani, Fus. moniliforme ¢uronarorenos C. cucumerinum, Alt. alternate,

and Asp.s flavus, mramm “z12016”. Pas. fulva, B. cinerea, Fus. sporotrichioides,
Fus. avenaceum, Asp. flavus, mramm “bank”,

Asp. fumigatus n Pen. aurantiogriseum.

3aKkJII0UYeHHe

Iloxa3zano, uyTo murammsbl Trichoderma longibrachiatum Za 3/19 GFE, GF 2/6 u J2 30 Brz, Bxoasimue B cOCTaB
onopyurunuaa TpuxollimaHT MOAABJIAIOT POCT NATHAAUATH (PUTONATOrEHHBIX MHUKPOMHUIETOB. BbIsAB/ICHBI
IITAMMOBBIE PAa3JIMYUsl B YPOBHE IPOABJIEHHUSA OUOKOHTPOJUPYIOIIUX CBOMCTB M THIIE B3aUMOAEHCTBHUA
«TpuxoaepMa-puronarorew». Tun B3auMOACHCTBUS ONMpeEAeaseTCs BUI0OBOU NMPHUHAMNICKHOCTHIO (PUTONMATOrEeHA
u(uau) mramMmmom Trichoderma.

DYHIrUCTATHYECKUHA TEPPUTOPHAJbHBIA AHTATOHM3M XapakTepeH MJjasi mitaMmmoB Trichoderma longibrachia-
tum Z.a 3/19 GF u GF 2/6 B orHomuenuun Fusarium solani, Fus. moniliforme, Fus. sporotrichioides, Aspergillus fla-
vus mitamMM «z12016» u mramm «bank», Asp. fumigatus, Penicillium aurantiogriseum, Botrytis cinerea u Passalora

fulva.

DYHruCTATHYECKUN AJTUMEHTAPHBINA AHTATOHM3M NPOSABJAAIOT WTamMMbl Trichoderma longibrachiatum J2 30
Brz u GF 2/6 B orHomuenuu Thanatephorus cucumeris (Rhizoctonia solani), Phytophthora infestans, Cladosporium
cucumerinum, Alternaria alternate, Fusarium avenaceum u 0a3uavajbHOu craauu Puccinia graminis.



