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AHHOTAIINA

BTOpI/I‘IHOG JIMTHOLCIIFOJIO3HOC CBIPLE ABJIACTCA CaMbIM prnHOMaCIHTa6HbIM B0306HOBHHCMBIM
pecypcoM Ha rmuiaHere. [I0KHMBHBIE OCTAaTKH, B YaCTHOCTH COJIOMa 3J1aKOBBIX KYJIBTYp, ITOBCEMECTHO
CKUTAIOTCS, co3laBasi yrposy okoinorud. OJHMM U3 CIOCOOOB  HCIMOJIB30BAHUS BTOPHUYHOIO
JIMTHOUCJUIIOJIO3HOI'O0 CBIPbA ABJIACTCA KYJIBTUBHUPOBAHHUE BBLICIINX I‘pI/I6OB. O}IHaKO OHEProE€MKOCTb
TEPMUUECKON MpenodpadboTku cybcTpaTa s BhIpaIlUBaHUsI TPUOOB OrpaHMYHMBACT UX MPOU3BOJCTBO. B
JaHHOW paboTe BBIAENEHO 23 W30MITa TUIECHEBBIX TPHOOB, 3aCOPSIONIMX MIICHUYHYIO, SYMEHHYIO W
OBCsAHYIO cojoMmy. Beimemeno 2 mramma rpuda Trichoderma longibrahiatum, semstromerocst marorenom
BBICIIMX IIEJUTIOJI030pa3pyiaromux rpubos. M3omupoBano aBa mramma Pleurotus ostreatus mis
JanpHelIeil paboThl MO 3ammTe cyOcTpara sl KyJIbTUBUPOBAHUS C TOMOIIBIO MHUKPOOPTaHU3MOB
AHTarOHUCTOB.

KiroueBble cjioBa: BO300OHOBISIEMOE JIMTHOLEIIIONIO3HOE CHIPbE, KyJIbTHBUPOBAaHUE ChEIOOHBIX
rpubOoB, TUIECHEBBIC TPUOBI, BEIIICHKA OOBIKHOBEHHAS, TPUXOAEpMA.

JIMTHOEITIONO3HbIE  OTXOAbl KYJIbTHBUPOBAHUS PA3IUYHBIX CEIbCKOXO3HCTBEHHBIX
KYJIbTYp SIBISIIOTCS CaMbIM PAaclpOCTPAaHEHHBIM BO30OHOBISIEMBIM IIEJITIOI030COAEPKALIIM
ceIpbeM Ha mianere [1, 2]. MaccoBoe CKUraHue MOKHUBHBIX OCTATKOB Ha MOJISIX MPUBOIUT K
YXYAUICHUIO 3KOJIOTHYECKON CHUTyallMM M MOTepe LEHHBIX pecypcoB. B MupoBoi mpakThke
CYUIECTBYIOT  pazNUYHbIC HAMNpaBlCHHUS KCIOJb30BAHUS JIMTHOLEIUIIOJO3HBIX  OTXOJOB
CETbCKOX035MCTBEHHBIX KYJIbTYP, BKIIFOYAS MOJydeHHEe OMOTOIUINBa [3-6], KOMIIOCTUPOBaHHUE [ 7-
9], mpuMmeHeHne B KauecTBE OHOYNOOpEeHUS Ui CTUMYJSALUU POCTa PACTEHUU U YIy4IICHHS
cTpykTypbl TouBkI [ 10, 11], mpoaykiuto nieHHbIX coenunenu [ 12-14]. IloctostHHo nipoaoskaercs
MOMCK HOBBIX CMOCOOOB M paboTa HaJ TMOBBIIIEHHEM HKOHOMUYECKOW 3(hdeKTuBHOCTH
WCIIOJIb30BAHUS JIMTHOLEIUTIONO3HBIX OTXOJOB Ui TONY4YeHHs] MPOJYKTOB C BBICOKOH
N00aBJICHHON CTOUMOCTHIO.

OnHuM M3 nyTed YTHIM3alUU LEJUTI0I030COAepKAIINX OTXO0I0B SBIISIETCS MPOU3BOJICTBO
BBICIIMX I[EJITIOI030Pa3Iaralouiux rpuboB, OTInYaoeecs ObICTPEIMU TEMIIAMH OTAa4YHl YpOxKas
u OONBIION MOMYNSIpHOCThIO mpoaykiuu [15-18]. Beicmime rpulbl HE TONBKO SBISIOTCA
BBICOKOIUTATENBHBIM U JIEIMKATECHBIM MPOJAYKTOM MHUTAHMS, HO TaKXKE CIY>KaT MCTOUYHHUKOM
OMOJIOTUYECKH aKTUBHBIX BEIIECTB, UCIIOJIb3YEMbIX B MEUITMHE TSI JICUEHUS psijia 3a00IeBaHuUl,
B TIEPBYIO OYEPEIb B KAYECTBE MPOTHBOOIYXOJIEBBIX 1 HMMYHOMOIYIUPYyOIIHX cpeacts [19-21].
B nocneanue roapl qoka3zaHoO BIMSHHE TPHUOHBIX MOJMCAXapUIOB U HAa KUIIEYHYI0O MUKPOOHOTY,
MPOAYLUPYIOIIYIO KOPOTKOLIETIOYEUHbIE KUPHBIE KUCTOTHI [22, 23].

[Ipon3BoACTBO BBICHIMX T'PHOOB OCYLIECTBISETCS METOJIOM TBepaodaszHOU (epMeHTau
LEJITI0JI030CoAepIKaIero coipbst [24]. OtpaboTaHHBIH CyOCTpaT, NpeACTaBIAIOLINN coOoM
O6romMaccy, o0OTraIieHHy0 OelKaMu, BUTAMUHAMU, THIPOIUTHUYECKUMU (epMEHTAMU U IPYTUMH
OMOJIOTMYECKH AKTUBHBIMH BEIIECTBAMU, MOYET OBITh HCIOJh30BaH B KA4eCTBE KOPMOBBIX
no6aBok [25-27].
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OnHako MPOU3BOJCTBO TPHOOB OrPaHUYMBAET FHEPTOEMKOCTh TEPMUYECKOH MOJIrOTOBKU
cyoctpata anst ux BelpamuBanus [28]. [Ipu HEcOOMIOIEHUM TPaBUI ACENTUKH IMPOUCXOTUT
OypHOE pa3BUTHE KOHKYPHUPYIOIIUX MHUKPOOPTaHU3MOB, PEUMYILECTBEHHO IJIECHEBBIX I'PUOOB,
HAKaIUIMBAIOIINX MUKOTOKCHUHBI M TOJABIISIONINX PAa3BUTHE BHICIIETO rpuda BIUIOTH O MOJHOM
notepu yposkast. IIoCKoJIbKy 5KOHOMHYECKHE IOKa3aTeId MPOU3BOJACTBA BBHICIIMX TI'PHOOB B
3HAYUTEIILHOM CTENEHU OIPENEISIIOTCS JHEPreTUYECKMMM 3aTpaTaMH  Ha CTEpUIIM3ALUI0
cyOctpara, i ero OMOJIOTUYECKOW 3aIIUThl MOTYT OBITH HCIIOJIb30BaHBl aHTArOHUCTHYECKU
aKTHBHBIE IITAMMBI MHUKPOOPraHU3MOB. Mcmonbp30Banue OHOMPOTEKIINM HE TOJIHKO YMEHBIIIAET
70 MHUHHMYMa PHUCK 3apakKeHHUsi CyOCTpaTa KOHKYPEHTHBIMH MHUKPOOPTaHHW3MaMH, WCKITIOYast
HEO0XOAMMOCTh COOIIOJICHHUS CTEPUIIBHBIX YCIOBHUI, HO W TIO3BOJISIET MOJYYUTh KAUeCTBEHHYIO
MUTATEIbHYIO CEJIEKTHBHYIO CPEY JUIS TPUOOB U MOBBICUTH YpOKalHOCTH rpuda [29, 30].

Jigs  moxbopa  aHTaroHHWCTOB — MHUKPOMHUIIETOB-3acopuTenei  cyOcrpata s
KyJIbTUBUPOBaHMS rprda BEIICHKA Ha MEPBOM dTare ObUIO MPOM3BEICHO BBIICICHHUE MJIECHEBBIX
rpu0oB.

OO0BbEeKTHI 1 METOIbI UCCIIEI0BAHUSA

[TockoybKy cojioMa, TPEUMYIIECTBEHHO IIIICHUYHAS, SBJISICTCS OCHOBHBIM CyOCTpaToM,
MPUMEHSIEMBIM JUIS KYJIbTHBUPOBAHUS BBICIIMX TPUOOB, JUIS BBIJICICHUS MHKPOMHIICTOB-
3acOpHUTENIEH UCIIOIH30BAIM TJIABHBIM 00pa3om cosioMy: 3 oOpasiia mieHndHo# cosomsbl (2015 u
2020 roymoB cbopa, a TaKKe crapasi cojiomMa co ciegamu nopuu), sumeHHyto (2020 r.) u oBcAaHyIO
cosiomy (2019 r.). OToOpaHbI Takke ABa 00pasIia MI0I0BBIX Tell Tpruba BeleHKa 0OBIKHOBEHHAS
Y MHILIETTUH TEJUTI0JIO30pa3pyatomux rpudoB (2 00pasia) u3 moypa3pyieHHON APEBECHHBI .

Munenuii BemeHky mosrydanu Ha cycimo-arape (Wort agar, TM Media, India). TTnecueBbie
rpuObI BeIIETSIN Ha cpene Yameka (r/m): caxaposa 30,0; NaNOs 2,0; KH2PO4 1,0; MgSOs 0,5;
KCI 0,5; arap-arap 20,0; Boga BogonpoBoanas. Ctepunusarus npu 1 atm. (121 °C) — 20 mMuH.

Jlnig u3onsiuuu rpuboB 00pas3Lbl COJIOMBI M YaCTH TJIOJIOBBIX TEJ BEHICHKU PacKiIaJbIBaIH
Ha MOBEPXHOCTHU arapu3zoBaHHOM cpenpl B yanikax [lerpu. [ToBepXHOCTH MII0IOBBIX TEJ BELICHKU
MpeIBapUTENIbHO 00pabaThIBalM ATHIIOBBIM CIHPTOM, CTEPUIIBHO paszpe3ajd U HCIOJIb30Balld
BHYTPEHHHE YacTH Tpuba /i BeiceBa. [ puoObl kynsTuBupoBanu mpu 28—30 °C mo 7 cyTtok. 3atem
rpulbl pacceBasid Ui MOJIYYEHHUS YHUCTBIX KyJIbTyp. BbleneHHbIe KyNbTypbl XpaHWINA Ha
CKOIIIEHHOM arape B XoJioauwibHuke mpu S °C.

BunoByro  mpuHaiiexHOCTh  TpUOOB  BelIEHKa U TpPUXOJepMa  OMIPEIeIIsIn
cexkpenupoBanueM ITS (Internal transcribed spacer) pernona o metoxy Cenrepa.

Jig moctpoeHuss (HIOTEHETHYECKOro JpeBa mnpoBoawiu cpaBHeHue |TS peruona
uccienyeMoro odpasia ¢ MociaeoBaTeIbHOCTSIMU pPeQEepeHTHBIX IITAMMOB, Pa3MEIIEHHBIX B
Mexnaynapoanoir 0aze ganHeix Blast HarmonanapHOro 1ieHTpa OHOTEXHOJIOTHYECKOMN
napopmanuuu (NCBI). TIloctpoenne npeBa mnpousBogwud B mporpamme Mera 11,
nocse0BaTeIbHOCTH BhipaBHuBau o ClustalW.

Pe3yabTaTsl M 00Cy:KIeHHE

[Tpu momeneHNH pa3aIMYHBIX 00Pa3IIOB COJOMBI Ha IIOBEPXHOCTD MTUTATEIILHOW CPEJIbI OBLIO
BBISIBJICHO 3HAYUTEIILHOE Pa3HOOOpa3ue IJICCHEBBIX I'puOoB. [l BeimeneHus] ObUIM OTOOpPAHBI
MUKPOMHUIETHl YETKO pa3iIHyaromeiics MOp(pOIOTHH C KaKJAOTO MCXOAHOTO cyocTpata. ['puObl
ObLTH TIepecessHbl HEOJHOKPATHO 0 IMOJYYeHHs] YHCTOH KyIbTyphl. B 1enmom, m3 oOpasnos
COJIOMBI BBIJIENICHO 23 N30JI5Ta IJIECHEBBIX TPUOOB: 14 - U3 MIIICHUYHOH COJIOMBI, 5 - U3 SYMEHHON
1 4 - u3 oBcsiHOM (Tabnuma 1, pucynox 1).

OcobOenHoctn MOp(HOJOTHM BBIICIEHHBIX HM30JIATOB TpPU pocTe Ha cpexe Yameka
npezacTaBieHbl B Tabnuie 1. Hanbosiee yacTIMU N30 TaMU € Pa3IMYHBIX 00pa3LoB MIICHHYHOH
COJIOMBI ObUTM MEKpoMHIIETHI pojioB Fusarium, Aspergillus u Penicillium. Panee 6b110 mokasaHo,
gyro Tpudsl pogos Aspergillus u Penicillium sBnsiroTcsi OCHOBHBIMU 3aCOPHTENSIMH Pa3IMYHBIX
pactutenbHbIX cyocTpaToB [31]. [IpucyTcTBHe miecHeBBIX TpHOOB poaa Fusarium mo-BuauMomMy
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Hcrounuk Homep Cy0OcTpatHbIit . .
o Bo3ayumssiid Mmunenuit [Iponykiusa nurMeHTa B cpeny [Ipumeuanue
BBIACIICHUA Hn3o0JiaTa MUIICIIUHN
1 2 3 4 5 6
. . ITo Mopdonoruu pocra U MI0JOHOLIEHHS
MM 1-1 benbrit YepHsblit OTtcyTcTBYET pd P - .
cootBerctByet Aspergillus niger
. N ITo Mopdonoruu pocra 1 MIO0JOHOLIEHHS
M 1-2 benbrit CuneBaTo-3eJ1eHbII OTtcyTcTBYyET pd P .
cootrBerctByet Penicillium sp.
. . Ene 3amerHBIN cepoBaTO- .
I 1-3 CepoBato-0erblii JKenroBaTo-0emnbiii pv [pennonoxutensHo Fusarium sp.
ITmennynas JKCJITOBATBIN
corioma 1 I 1-4 TemHO-OypHIii Byppwrii OTtcyTcTBYyeT -
(ypoxkaii 2020 Cepo-0exeBblii
T) TeMHO-OyphIl HiH ABHOMEPHBIN C .
ITm 1-5 ypv p P UepHblid -
CephIii 3€JICHOBATO-CEPHIMU
XOXJIaMHU
N Kononuu menkue, 5-7 MM TUaMETPOM,
CepoBaTsIii HiTH N N
I 1-6 eree CepoBaTsIit BypoBaTto-Kopu4yHeBbIT HWHOTJIA C CEPHIMHU WIH OypOBATHIMH
TEeMH
KOJIBIIaMH{ ¥ KOHJICHCATOM.
CepoBartblii, BUJ N N
[T 2-1 p T 3eneHoBaTO-CePhI bnenno-6ypsrit -
CHU3Yy OypoBaThIit
N N N N ITo Mopdomorun pocra u TIOIOHOIIEHHUS
IMmrenpunas | [T 2-2 benprit Cepo-3enensrii Ouenb c1a0BIi KEeNTOBATHINA pd p -
cooterctByer Penicillium sp.
conoma 2
Kpemosaro- KpemoBaro-cepoBato- N N .
(mopueHast) [ 2-3 N N OtcyTcTBYET Mpunenuii paBHOMEPHBIN HEBBICOKHH
cepoBaTo-0Oenbrit OembIit
Cepo-Oypblii, cHU3 N N N
[ 2-4 PO-OYPEIF, Y BypoBato-cepsrii Crna0blit cepoBaTo-0yphIi -

Oypsrit
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1 2 3 4 5 6
IMmuennunas | [Tm 3-1 | Benbrit YepHsbiit OTtcyTcTBYET ITo Mopdonoruu pocTa U MIOAOHOIICHHS
conoma 3 cootBercTByeT A. niger
(ypoxait [T 3-2 | Benbrii bensiii ¢ TeMHO-cepbiMu | OTCyTCTBYET Munenuil BBICOKUNA, pABHOMEPHBIH,
2015 1.) KOHUJUSIMHU MpennonoKuTesHo Mucor sp.
[T 3-3 | Benbrit Cepo-3eneHsbiit OtcyrcTBYeT ITo Mopdonoruu pocTa U MIOAOHOIICHHS
cootBerctByet Penicillium sp.
[T 3-4 | Bexxeato-0enblit bexxeBaTo-6emblit OueHb c1a0BIi JKENTOBATHIN Munenuii HeBHICOKUN, PaBHOMEPHBIN
Sumennas Au-1 Beneliii, mecramu ¢ Benpbrit Cna0plil KOpHYHEBATO-KENTHIN | Bo3ayHbIN MULIENHii paBHOMEpPHBIH,
cooma PO30BaThIM npeanonoxuTensHo Fusarium sp.
OTTEHKOM
Su-2 benbrit CepoBato-0ypsIit OtcyTcTBYyeET ITo Mopdooruu pocTa U MIOAOHOIICHHS
cootBercTByer Aspergillus sp.
Au-3 UYepHo-0ypbrit Cepsiit OTtcyTCcTBYET -
Su-4 MoioaHo-0embIit benbrit OueHb CNa0BIi JKEITHIH Bozxymabsiii Mutienuii paBHOMEPHBIH,
peAnoIoXuTensHo Fusarium sp.
Su-5 YepHoBato- Cepbrlif ¢ KeNTOBATO- Bypsrii -
OJIMBKOBBIN 3€IEHOBATBIMU XOXJIaMHU
OBcsHas Os-1 Bbenwrit benwrit OtcyTcTBYyeT Bozmymrasiii Mutienuii BRICOKHH, TUTIOTHBIH,
cosoma MOXO)X HAa KOMKH BaTbl, IPEAIOI0KUTEIEHO
Fusarium sp.
OB-2 benwrit PozoBaro-0exeBatbrit OtcyTcTByeT [Mpennonoxurensao Fusarium sp.
OB-3 CepoBarsrii CepoBarsrii Caero-0ypsbrit Murnenuii He BEICOKUT
OB-4 UepHOBaTHIi Ceperit PozoBato-Oypsrii -
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SIYMEHHas

Pucynok 1 — MUKpPOMHIIETHI-3aCOPUTENH PA3IUYHBIX 00PA3II0B MIIEHUYHOM,
STUMEHHOU M OBCSHOM COJIOMBI

00BSICHIETCS MX MIMPOKHM PACIPOCTPaHEHHEM B KadecTBE (PUTOIMATOTEHOB 3€PHOBBIX KYJIBTYP
[32, 33]. CBexkas cosoma xapakTepu3oBajiach 0ojiee MIMPOKMM HaOOPOM MHIICTHAIBHBIX TPHOOB
pa3IUYHON POJIOBOM MPHUHAMICKHOCTH. B Hel BcTpedanuch Takxke TpuObl ¢ cepoid, Oypoit u
OJIUBKOBOW OKpackoi mumenus. OIHAKO TPU XPaHEHUH KOJIUYECTBO IJICCHEBBIX TPHOOB C TaKOMH
MUTMEHTAIMEH MUTIENTNS HA TOBEPXHOCTH COJIOMBI COKPAIaIoCh, HAUMHAIN JOMUHHPOBATH POIBI
Penicillium, Aspergillus u Mucor. Uurepecto, uto rpudsl poaa Penicillium He Obln BBIAEICHBI
U3 SYMEHHOM U OBCSIHOM COJIOMBI, a Fusarium ObuT mpeicTaBIeH MPaKTHYECKH BO BCEX 00Opasiax.

W3 o 1oBBIX TEN rpuda BeleHKa U EJUTI0I030pa3pyIIaloniero rpuda, n30JIMpoOBaHHOTO U3
MOJIypa3pyIIEHHOTO ITHS, BBIJACICHBI HW30JIATHl MUIICITHAIBHBIX TPHOOB 3€JIEHOW OKpPACKH,
MPEAINOJIOKHUTEILHO OTHOCAIIHECS K poay Trichoderma. M3BecTHO, YTO IIECHEBBIE IPUOBI poaa
Trichoderma BbI3bIBatOT MOTEPH YPOIXKast BHICHINX O0a3UAUATBLHBIX TPHOOB, B YaCTHOCTH BEIIICHKH,
BO BCEM MHpE€ Ha MPOTsLKEHUU nocienuux 25 ner [34-37]. B Hamem uccienoBaHUU BUJIBI poja
Trichoderma He ObLTH BBISIBIICHBI HA IIOBEPXHOCTH MIICHUYHOM, SYMMEHHOMN HIJIH OBCSIHON COJIOMBI,
OJIHAKO OBLIH BBIJCICHBI M3 TUIOJIOBBIX TEJ U MUIICIHS [IEJUTI0I030pa3pyIIAloNINX IPUOOB, B TOM
YHClie U3 KOMMEPUECKH JOCTYIHBIX 00pa3ll0B BEIIEHKH OOBIKHOBEHHOIA.

Ha pucynke 2 moka3zaH pocT u30saToB Trichoderma us riogoBbIX Tejl BEMICHKH U MULICITHSI
LEJUTI0NI030pa3pyIIaroIIero rpuoda.

[Ipumeuanue — 1, 2 U30IATHI U3 TUIOJOBOTO TEJla BENICHKH OOBIKHOBEHHOMW; 3 M3 MUIICIHS
LIEJUTION030pa3pyIIAOIIero rpuda.
Pucynok 2 — M3omsttel rpuba Trichoderma us mesutono3opaspyiiaonmx rpuoos
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[TpoBeeH MOJCKYIISIPHO-TEHETUYECKUIH aHAJIM3 JIByX BAPHAHTOB Iprla BEIICHKA
oobikHOBeHHas (V1 u V2) u nosnyueHHbIX U3 HUX u30JaToB Trichoderma sp. V u Trichoderma
sp. VG.

NR 163515.1:191-621 Pleurctus ostreatus TENN 53662
V1
NR 163515.1:200-630 Pleurctus ostreatus TENN 53662
V2
MR 158885.1:172-584 Pleurotus ferulaginis ACAM 2010-0125
NR 158885.1:182-505 Pleurotus ferulaginis ACAM 2010-0125
NR 103594 .1:217-559 Pleurotus cystidiosus var. formosensis CBS 100129
sorrrr - MR 103594 1:217-641 Pleurotus cystidiosus var. formosensis CBS 100129
MR 154762 1:196-436 Coprinopsis calospora CBS 612.91
S NR 138022 1:256-654 Cystodermella lactea LUG 9395
NR 152918.1:182-488 Entoloma luteodiscum CAL 1312
MR 172768.1:181-595 Clitopilus amygdaliformis HKAS 81125
NR 172768.1:181-606 Clitopilus amygdaliformis HKAS 81125
NR 137816.1:199-509 Singerocybe umbilicata HKAS 77290
NR 159050.1:222-649 Tricholoma boreosulphurescens O F-187683
NR 119796.1:251-567 Phlegmacium carbonellum PDD 70502
— MR 119948.1:256-566 Agaricus erythrosarx MURU 6080
<|:[ NR 134357.1:49-591 Trichoderma tomentosum DAOM 178713a

0.06265

008576

0.08123

007255

005553
008485

0.05137
0. 20584

0.05557

0.07147

MR 137297 1:76-622 Trichoderma simmonsii CBS 130431
MR 138430.1:61-502 Trichoderma tawa BPI 745837
NR 138454.1:68-518 Trichoderma britdaniae WU 31610
SO NR 134338.1-82-553 Trichoderma patella BPI GJS 81-141
r MR 120299.1:82-532 Trichoderma ghanense ATCC 208858
NR 103704.1:82-528 Trichoderma saturnisporum
NR 103704 .1:82-641 Trichoderma saturnisporum
NR 077178.1:87-646 Trichoderma citrinoviride DAOM 172792
MR 138453 1:70-629 Trichoderma parareesei ATCC MYA-4TTT
{ NR 120297 .1:82-641 Trichoderma reesei
v
NR 120298.1:82-645 Trichoderma longibrachiatum
VG
NR 120298.1:82-531 Trichoderma longibrachiatum
MR 111317.1:1-555 Trichoderma orientale CBS 130428
{ MR 111317.1:1-440 Trichoderma orientale CBS 130428

033687

0.10

Pucynok 3 — @unorenernveckoe IpeBo U30IATOB rpuba Bemenka oosikaoBeHHas (V1 1 V2) u rpubos
pona tpuxoaepma (V u VG) U3 II0I0BBIX TET BEIICHKH

I'pubsr poma Trichoderma otHecenst k Buay Trichoderma longibrahiatum. U3
JUTEPATYPHBIX JAHHBIX HW3BecTHO, 4yTo 1. longibrahiatum wapsimy ¢ Bumom Trichoderma

harZianum SABJIACTCA HpH‘IHHOﬁ 3€JIEHOU TUIECEHU IIpH MMPOU3BOJACTBEC PA3JIMYHbIX BHICIIIUX FpI/I6OB
[35, 38].

3akio4eHue

Takum 00pa3oB, B 11e70M OBLIO BBIIENICHO 23 M30IISTa [UIECHEBBIX IPHOOB C MOBEPXHOCTH
Pa3IMYHBIX 00Pa3lOB COJIOMBL: 14 M30JSITOB - U3 MIICHHYHOU COJIOMBI, 5 - ¢ SYMEHHOM, 4 - C
oBCsHOM conomsbl. [Tomydeno 2 mramma rpuba P. ostreatus (BemeHka oObIKHOBEHHAs) U 2 IITAMMa
rpuba T. longibrahiatum, sssrorierocst matoresom P. ostreatus.

OrtoOpaHHBIE KYJIBTYPBl MUKPOMHIIETOB-3acopuTeneil u mrammbl T. longibrahiatum oyayt
UCIIOJIb30BaHBI sl BBIICTICHHUs OaKTepHii aHTAarOHKCTOB MPH Pa3pabOTKe KOMIUIEKCHOTO METO/Ia
YTHIIM3AI[HH COJIOMBI C IPHMEHEHHEM BhIcIiero rpuba P. ostreatus.
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TIOH/I NTAKBLIJIA PABIH JATHOIEJUTIOJIO3A KAJJIBIKTAPBIHAH
JACTYIIBI-MUKPOMUIETTEPTH BOJII AJTTY

Tyiiin

EKIHIIUTIK TUTHOIEIITION03a MKKI3aThl TUIAHETaAaFbl €H ayKbIMIIbI )KaHAPTHUIATEIH PECYPC OOJIBII
TaOBUTAIBL. OCIMIIK KaJABIKTAphl, aTall aWTKaHAa IOHII AAKbUITAPABIH cab0aHBl OpIalbIM >KaFBLIBII
OTBHIPATHIHIBIKTAH SKOJIIOTHSFA Kayilm ToHAipeai. EXKIHIITIK TUTHOIEIUTI0N03a MIUKI3aThIH MaiJalaHy/IbIH
0ip KOJNBI-)KOFApPFhl  CaTHIIAFBl CAaHBIPAYKYJIAKTAPAbI ocipy. JlerenMen, caHpIpayKyIaKTap/Isl ocipy YIIiH
KOJTAaHBIIATBIH CYOCTPATTHIH TEPMUSIIBIK OHJACYJEeri SHEPTHsl CHIMBIMABUIBIFEI ONIApAbIH OHAIpiCiH
mekTerai. by xxyMbicTa Ommail, apma jkoHe CyJIbl ca0aHBIH JacTalThiH 23 3€H CaHbIpayKYJIaKTapbIHBIH
M30MIATHl OKIIaynanraH. L{emmrono3ansl Oy3aThIH KOFAPFhI CATHIIAFBI CAHBIPAYKYJIAKTAPBIH MAaTOTeHI
6ombm TabbuiaTeiH Trichoderma longibrachiatum caHbIpayKyJIaKTapbIHBIH 2 IITaAMMBI OKIIAyJTaHFaH.
AHTaroHHUCTIK MEKPOOPTaHU3M/IEPIiH KOMETIMEeH ocipiieTiH cyocTpaTThl Kopray yimiH Pleurotus ostreatus
€Ki IMTaMMbI OKIIAyJIaHFaH..

KinTTi ce3aep: xaHapTHUIATHIH JIMTHOLICIUTION 03 IIUKI3ATHI, KEYTe )KapaM/Ibl CAHBIPAYKYJIaKTap bl
ecipy, 3eH CaHBIPAYKYJIAKTaphl, KOJIIMT1 yCTPHUIlA CaHBIPAyKYJIaFbl, TPHXOAepMa.
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Abstract

Lignocellulosic secondary raw materials are the largest renewable resource on the planet. Crop
residues, in particular cereals straws, are burned everywhere, creating a threat to the environment. One of
the ways to use secondary lignocellulosic crop waste is the cultivation of higher fungi. However, the energy
intensity of the thermal pretreatment of the substrate for growing mushrooms limits their production. This
work identified 23 isolates of mold fungi that spoil wheat, barley, and oat straws. Two strains of the fungus
Trichoderma longibrahiatum, a cellulose-destroying edible mushroom pathogen, have been isolated. Two
strains of Pleurotus ostreatus were selected for further work on protecting the substrate for cultivation with
antagonistic microorganisms.

Key words: renewable lignocellulosic raw materials, cultivation of edible mushrooms, molds, oyster
mushroom, Trichoderma.

Lignocellulosic waste from the cultivation of various crops is the most common renewable
cellulose-containing raw material on the planet [1, 2]. Mass burning of crop residues in the fields
leads to environmental degradation and the loss of valuable resources. In world practice, there are
various directions for the use of lignocellulosic agricultural wastes, including biofuel production
[3-6], composting [7-9], use as a biofertilizer for promoting plant growth, and improving soil
structure [10, 11], and the production of valuable compounds [ 12-14]. The search for new ways
and work to improve the economic efficiency of using lignocellulosic waste to produce high-value-
added products is constantly ongoing.

One of the ways to utilize cellulose-containing waste is the production of cellulose-
decomposing higher fungi, which is characterized by a fast yield rate and high popularity of
products [15-18]. Mushrooms are not only a highly nutritious and delicacy food product but also
serve as a source of biologically active substances used in medicine for the treatment of several
diseases, primarily as antitumor and immunomodulatory agents [19-21]. In recent years, the effect
of fungal polysaccharides on the intestinal microbiota, which produces short-chain fatty acids, has
also been proven [22, 23].

The production of mushrooms is carried out by the method of solid-phase fermentation of
cellulose-containing raw materials [24]. The spent mushroom substrate, which is biomass enriched
with proteins, vitamins, hydrolytic enzymes, and other biologically active substances, can be used
as feed additives [25-27].

However, the energy intensity of the thermal preparation of the substrate for mushroom
cultivation limits their production [28]. If the rules of asepsis are not observed, there is a rapid
development of competing microorganisms, mainly mold fungi, accumulating mycotoxins and
suppressing the development of a higher fungus, up to a complete loss of the crop. Since the
economic indicators of the production of mushrooms are largely determined by the energy costs
for the sterilization of the substrate, antagonistically active strains of microorganisms can be used
for biological protection. The use of bioprotection not only minimizes the risk of substrate
contamination with competitive microorganisms eliminating the need to comply with sterile
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conditions but also makes it possible to obtain a high-quality selective medium and increase the
yield of the mushroom [29, 30].

For the selection of antagonists of substrate spoiling micromycetes during cultivation of the
oyster mushroom, mold fungi were isolated at the first stage.

Materials and methods

Since straw, mainly from wheat, is the main substrate used for the cultivation of mushrooms,
it was mainly used to isolate spoiling micromycetes: three samples of wheat straw (collected in
2015 and 2020, as well as old straw with traces of spoilage), barley (2020) and oat straw (2019).
Two samples of fruiting bodies of oyster mushrooms and mycelium of cellulose-destroying fungi
(2 samples) from semi-decomposed wood were also selected.

Oyster mushroom mycelium was obtained on Wort agar (TM Media, India). Molds were
isolated on Czapek's medium (g/l): sucrose 30.0; NaNO3z 2.0; KH2PO4 1.0; MgSO4 0.5; KCI 0.5;
agar-agar 20.0; tap water, sterilization at 1 atm. (121 °C) for 20 min.

To isolate fungi, samples of straw and parts of oyster mushroom fruiting bodies were laid
out on the surface of an agar medium in Petri dishes. The surface of oyster mushroom fruit bodies
was preliminarily treated with ethyl alcohol, and sterilely cut, and then the internal parts of the
fungus were used for seeding. The cups were cultivated at 28-30 °C for up to 7 days. The fungi
were then plated until pure cultures were obtained. The isolated cultures were stored on agar slants
in a refrigerator at 5°C.

The species affiliation of oyster mushrooms and Trichoderma was determined by sequencing
the ITS (Internal transcribed spacer) region according to the Sanger method.

To build a phylogenetic tree, the ITS of the region of the studied sample was compared with
the sequences of reference strains located in the International Blast Database of the National Center
for Biotechnology Information (NCBI). The tree was built using the Mega 11 program; the
sequences were aligned according to ClustalWw.

Results and discussion

When straw samples were placed on the surface of the nutrient medium, a significant variety
of mold fungi was revealed. For isolation, micromycetes of clearly different morphology were
selected from each initial substrate. Mushrooms were reseeded several times until a pure culture
was obtained. In total, 23 mold isolates were selected from various straw samples: 14 from wheat
straw, 5 from barley straw, and 4 from oat straw (table 1, figure 1).

* o ¥ A9 £ i J
Figure 1 — Spoiling micromycetes of various samples of wheat, barley, and oat straw
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Features of the morphology of selected isolates during growth on Czapek's medium are
presented in Table 1. The most common isolates from various samples of wheat straw were
micromycetes of the genera Fusarium, Aspergillus, and Penicillium. It was previously shown that
fungi of the genera Aspergillus and Penicillium are the main spoilers of various plant substrates
[31]. The presence of mold fungi of the genus Fusarium is apparently due to their wide distribution
as phytopathogens of grain crops [32, 33]. Fresh straw was characterized by a wider range of
filamentous fungi of various genera. It also contained fungi with gray, brown, and olive colors of
mycelium. However, during storage, the number of mold fungi with such pigmentation of the
mycelium on the straw surface decreased, and the genera Penicillium, Aspergillus, and Mucor
began to dominate. Interestingly, molds of the genus Penicillium were not isolated from barley
and oat straw, while Fusarium was present in almost all samples.

Isolates of green mold presumably belonging to the genus Trichoderma, were selected from
the fruiting bodies of the oyster mushroom and the cellulose-destroying fungus from a dilapidated
stump. Molds of the genus Trichoderma have been known to cause crop losses of basidiomycetes,
in particular oyster mushrooms, over the past 25 years throughout the world [34-37]. In our study,
species of the genus Trichoderma were not found on the surface of wheat, barley, or oat straw but
were isolated from the fruit bodies and mycelium of cellulose-decomposing fungi, including from
commercially available samples of oyster mushrooms.

Figure 2 shows the growth of Trichoderma isolates from oyster mushroom fruiting bodies
and mycelium of a cellulose-decomposing fungus.
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Table 1 - Straw filamentous fungi - potential spoilers in the production of higher fungi

on the underside

Selection Isolate . . . Pigment production into a
source number Substrate mycelium Aerial mycelium medium Note
1 2 3 4 5 6
Wh 1-1 White Black No Acco_rgimg to the morphology of_growt_h and
fruiting corresponds to Aspergillus niger
i . . According to the morphology of growth and
Wh1-2 White Bluish green No fruiting corresponds to Penicillium sp.
Wh 1-3 Grayish white Yellowish white Barely nOtIIIC eal_)lﬁ grayish Presumably Fusarium sp.
Wheat straw yellowis
1 (harvest Wh 1-4 Dark brown Brown No -
2020) Even gray-beige with
Wh 1-5 | Dark brown or gray greenish-gray fluffy Black -
parts
Small colonies, 5-7 mm in diameter,
Wh 1-6 Grayish or darker Grayish Brown sometimes with gray or brownish rings and
condensate.
Wh 2-1 Greyish, brc_)wnlsh Greenish gray Pale brown -
ventral view
. . . According to the morphology of growth and
Wheat straw Wh2-2 White Grey-green Very faint yellowish fruiting corresponds to Penicillium sp.
2 (spoiled) Wh 2-3 Creau;t/]i%;aylsh Creamy grayish white No Mycelium uniform and low
Wh 2-4 Grey-brown, brown Brownish gray Weak grayish brown -




Table 1 continued
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1 2 3 4 5 6
Wheat straw | Wh 3-1 | White Black No According to the morphology of growth and
3 (harvest fruiting corresponds to A. niger
2015) Wh 3-2 | White White with dark gray No Mycelium is high, uniform, presumably
conidia Mucor sp.
Wh 3-3 | White Grey-green No According to the morphology of growth and
fruiting corresponds to Penicillium sp.
Wh 3-4 | Beige white Beige white Very faint yellowish Mycelium is low and uniform
Barley straw | BI-1 White, sometimes White Weak brownish yellow Aerial mycelium is uniform, presumably
with a pinkish tint Fusarium sp.
BI-2 White Grayish brown No According to the morphology of growth and
fruiting corresponds to Aspergillus sp.
BI-3 Black brown Gray No -
Bl-4 Milky white White Very weak yellow Aerial mycelium uniform, presumably
Fusarium sp.
BI-5 Blackish olive Gray with yellowish- Brown -
greenish tufts
Oat straw 0-1 White White No The aerial mycelium is high, dense, similar
to cotton balls, presumably Fusarium sp.
0-2 White Pinkish beige No Presumably Fusarium sp
0-3 Grayish Grayish Light brown Mycelium is not tall
0-4 Blackish Gray Pinkish brown -
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Note - 1, 2 isolates from the fruiting body of oyster mushroom; 3 from the mycelium of a cellulose-
decomposing fungus.

Figure 2 - Trichoderma fungus isolates from cellulose-decomposing fungi

Molecular genetic analysis of two variants of the oyster mushroom (V1 and V2) and isolates
of Trichoderma sp. V and Trichoderma sp. VG.
The oyster mushroom has been confirmed to belong to Pleurotus ostreatus (figure 3).

NR 163515.1:191-621 Pleurotus ostreatus TENN 53662
V1
NR 163515.1:200-630 Pleurotus ostreatus TENN 53662
V2
MR 158885.1:172-584 Pleurotus ferulaginis ACAM 2010-0125
NR 158885 1:182-595 Pleurotus ferulaginis ACAM 2010-0125
MR 103594 .1:217-559 Pleurotus cystidiosus var. formosensis CBS 100129
sorrre - MR 103594 .1:217-641 Pleurotus cystidiosus var. formosensis CBS 100129
NR 154762 1:196-436 Coprinopsis calospora CBS 612.91
0% NR 138022 1-256-654 Cystodermella lactea LUG 9395
NR 152818.1:182-488 Entoloma luteodiscum CAL 1312
NR 172768.1:181-595 Clitopilus amygdaliformis HKAS 81125
NR 172768.1:181-606 Clitopilus amygdaliformis HKAS 81125
NR 137816.1:199-509 Singerocybe umbilicata HKAS 77290
NR 159050.1:222-649 Tricholoma boreosulphurescens O F-187683
MR 118796.1:251-567 Phlegmacium carbonellum PDD 70502
— MR 119948.1:256-566 Agaricus erythrosarx MURU 6080
NR 134357.1:49-591 Trichoderma tomentosum DAOM 178713a
NR 137297 1:76-622 Trichoderma simmonsii CBS 130431
NR 138430.1:61-502 Trichoderma tawa BPI 745837
NR 138454 1:68-518 Trichoderma britdaniae WU 31610
2% NR 134338.1:82-553 Trichoderma patella BPI GJS 91-141
r NR 120299.1:82-532 Trichoderma ghanense ATCC 208858
NR 103704.1:82-528 Trichoderma saturnisporum
NR 103704.1:82-641 Trichoderma saturnisporum
NR 077178.1:87-646 Trichoderma citrinoviride DAOM 172792
NR 138453.1:70-629 Trichoderma parareesei ATCC MYA-4777
{ NR 120297.1:82-641 Trichoderma reesei
i
NR 120298.1:82-645 Trichoderma longibrachiatum
VG
NR 120298.1:82-531 Trichoderma longibrachiatum
NR 111317.1:1-555 Trichoderma orientale CBS 130428
{ NR 111317.1:1-440 Trichoderma orientale CBS 130428
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Figure 3 - Phylogenetic tree of oyster mushroom isolates (V1 and V2) and fungi of the genus
Trichoderma (V and VG) from oyster mushroom fruiting bodies
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Fungi of the genus Trichoderma were assigned to the species Trichoderma longibrahiatum.
From the literature data, it is known that T. longibrahiatum, along with the species Trichoderma
harzianum, is the cause of green mold disease in the production of various mushrooms [35, 38].

Conclusion

Thus, in total, 23 mold isolates were isolated from the surface of various straw samples: 14
isolates from wheat straw, 5 from barley straw, and 4 from oat straw. Two strains of P. ostreatus
fungus (oyster mushroom) and two strains of T. longibrahiatum fungus, which is a pathogen of P.
ostreatus, were obtained.

Selected cultures of spoiling micromycetes and strains of T. longibrahiatum will be used to
isolate antagonistic bacteria for the development of an integrated method for straw utilization using
the P. ostreatus mushroom.

Funding
This research is funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP092586540).

References:

1 Adhikari S., Nam H., Chakraborty J. P. Conversion of solid wastes to fuels and chemicals through
pyrolysis. Waste Biorefinery. Eds: Bhaskar T., Pandey A., Mohan S.V., Lee D.J.,, Khanal S.K. -
Amsterdam, Oxford, Cambridge: Elsevier, 2018. P. 239-263. https://doi.org/10.1016/B978-0-444-63992-
9.00008-2

2 Ali N., Zhang Q., Liu Z., Li F., Lu M., Fang X. Emerging technologies for the pretreatment of
lignocellulosic materials for bio-based products. Appl Microbiol Biotechnol. 2020. Vol. 104(2). P. 455-
473. https://doi.org/10.1007/s00253-019-10158-w

3 Zhang J., Rentizelas A., Zhang X., Li J. Sustainable production of lignocellulosic bioethanol
towards zero waste biorefinery. Sustainable Energy Technologies and Assessments. 2022. Vol. 53, Part C.
Art. ID 102627. https://doi.org/10.1016/j.seta.2022.102627

4 Bhujbal S.K., Ghosh P., Vijay V.K., Rathour R., Kumar M., Singh L., Kapley A. Biotechnological
potential of rumen microbiota for sustainable bioconversion of lignocellulosic waste to biofuels and value-
added products. Science of the Total Environment. 2022. Vol. 814. Art. ID 152773.
https://doi.org/10.1016/j.scitotenv.2021.152773

5 Naik G.P., Poonia A.K., Chaudhari P.K. Pretreatment of lignocellulosic agricultural waste for
delignification, rapid hydrolysis, and enhanced biogas production: A review. Journal of the Indian Chemical
Society. 2021. Vol. 98, Issue 10. Art. ID 100147. https://doi.org/10.1016/j.jics.2021.100147

6 Nahak B.K., Preetam S., Sharma D., Shukla S.K., Syvéjarvi M., Toncu D.C., Tiwari A.
Advancements in net-zero pertinency of lignocellulosic biomass for climate neutral energy production.
Renewable and Sustainable Energy Reviews. 2022. Vol. 161. Art. ID 112393
https://doi.org/10.1016/j.rser.2022.112393

7 Greff B., Szigeti J., Nagy A., Lakatos E., Varga L. Influence of microbial inoculants on co-
composting of lignocellulosic crop residues with farm animal manure: A review. Journal of Environmental
Management. 2022. Vol. 302, Part B. Art. ID 114088. https://doi.org/10.1016/j.jenvman.2021.114088

8 Harindintwali J.D., Zhou J., Yu X. Lignocellulosic crop residue composting by cellulolytic
nitrogen-fixing bacteria: A novel tool for environmental sustainability. Science of the Total Environment.
2020. Vol. 715. Art. ID 136912. https://doi.org/10.1016/j.scitotenv.2020.136912

91Jin X., AiW.,, Zhang Y., Dong W. Application of functional microbial agent in aerobic composting
of wheat straw for waste recycling. Life Sciences in Space Research. 2022. Vol. 33. P. 13-20.
https://doi.org/10.1016/j.Issr.2022.02.002

10 Shinde R., Shahi D.K., Mahapatra P., Naik S.K., Thombare N., Singh A.K. Potential of
lignocellulose degrading microorganisms for agricultural residue decomposition in soil: A review. Journal
of Environmental Management. 2022. Vol. 320. Art. ID 115843.
https://doi.org/10.1016/j.jenvman.2022.115843

11 Lin L., Zheng Z., Hua T., Ashraf U., Hamoud Y.A., Alaa Al Aasmi, Xiangru T., Meiyang D.,
Wang Zaiman, Shenggang P. Nitrogen deep placement combined with straw mulch cultivation enhances

62



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

physiological traits, grain yield and nitrogen use efficiency in mechanical pot-seedling transplanting rice.
Rice Science. 2022. Vol. 29, Issue 1. P. 89-100. https://doi.org/10.1016/j.rsci.2021.12.008

12 Wang J., Liu S., Huang J., Qu Z. A review on polyhydroxyalkanoate production from agricultural
waste Biomass: Development, Advances, circular Approach, and challenges. Bioresource Technology.
2021. Vol. 342. Art. ID 126008. https://doi.org/10.1016/j.biortech.2021.126008

13 Son J., Joo J.C., Baritugo K.A., Jeong S., Lee J.Y., Lim H.J., Lim S.H., Yoo J.I., Park S.J.
Consolidated microbial production of four-, five-, and six-carbon organic acids from crop residues: Current
status and  perspectives. Bioresour  Technol. 2022. Vol. 351. Art. ID 127001.
https://doi.org/10.1016/j.biortech.2022.127001

14 Safian M.T., Sekeri S.H., Yagoob A.A., Serra A., Jamudin M.D., Mohamad Ibrahim M.N.
Utilization of lignocellulosic biomass: A practical journey towards the development of emulsifying agent.
Talanta. 2022. Vol. 239. Art. ID 1231009. https://doi.org/10.1016/j.talanta.2021.123109

15 Zhang H.L., Wei J.K., Wang Q.H., Yang R., Gao X.J., Sang Y.X., Cai P.P., Zhang G.Q., Chen
Q.J. Lignocellulose utilization and bacterial communities of millet straw based mushroom (Agaricus
bisporus) production. Sci Rep. 2019. Vol. 9. P. 1-13. https://doi.org/10.1038/s41598-018-37681-6

16 Melanouri E.M., Dedousi M., Diamantopoulou P. Cultivating Pleurotus ostreatus and Pleurotus
eryngii mushroom strains on agro-industrial residues in solid-state fermentation. Part I: Screening for
growth, endoglucanase, laccase and biomass production in the colonization phase. Carbon Resour Convers.
2022. Vol. 5, Issue 1. P. 61-70. https://doi.org/10.1016/j.crcon.2021.12.004

17 Raman J., Jang K., Oh Y., Oh M., Im J., Lakshmanan H., Sabaratnam V. Cultivation and
nutritional value of prominent Pleurotus spp.: An overview. Mycobiology. 2021. Vol. 49, Issue 1. P. 1-14.
https://doi.org/10.1080/12298093.2020.1835142

18 Ritota M., Manzi P. Pleurotus spp. cultivation on different agri-food by-products: Example of
biotechnological  application.  Sustain. 2019. Vol. 11, Issue 18. Art ID 5049.
https://doi.org/10.3390/su11185049

19 Yadav D., Negi P.S. Bioactive components of mushrooms: Processing effects and health benefits.
Food Research International. 2021. Vol. 148. Art. ID 110599.
https://doi.org/10.1016/j.foodres.2021.110599

20 Motta F., Gershwin M.E., Selmi C. Mushrooms and immunity. Journal of Autoimmunity. 2021.
Vol. 117. Art. ID 102576. https://doi.org/10.1016/j.jaut.2020.102576

21 Rizzo G., Goggi S., Giampieri F., Baroni L. A review of mushrooms in human nutrition and
health. Trends in Food Science and Technology. 2021. Vol. 117. P. 60-73.
https://doi.org/10.1016/j.tifs.2020.12.025

22 Li M., Yu L., Zhao J., Zhang H., Chen W., Zhai Q., Tian F. Role of dietary edible mushrooms in
the modulation of gut microbiota. J Funct Foods. 2021. Vol. 83. Art. ID 104538.
https://doi.org/10.1016/j.jff.2021.104538

23 Yin C., Noratto G.D., Fan X., Chen Z., Yao F., Shi D., Gao H. The impact of mushroom
polysaccharides on gut microbiota and its beneficial Effects to Host: A Review. Carbohydrate Polymers.
2020. Vol. 250. Art. ID 116942. https://doi.org/10.1016/j.carbpol.2020.116942

24 Yafetto L. Application of solid-state fermentation by microbial biotechnology for bioprocessing
of agro-industrial wastes from 1970 to 2020: A review and bibliometric analysis. Heliyon. 2022. Vol. 8(3).
Art. ID e09173. https://doi.org/10.1016/j.heliyon.2022.e09173

25 van Kuijk S.J.A., Sonnenberg A.S.M., Baars J.J.P., Hendriks W.H., Cone J.W. Fungal treated
lignocellulosic biomass as ruminant feed ingredient: A review. Biotechnol Adv. 2015. 33(1). P. 191-202.
https://doi.org/10.1016/j.biotechadv.2014.10.014

26 Ivarsson E., Grudén M., Sodergren J., Hultberg M. Use of faba bean (Vicia faba L.) hulls as
substrate for Pleurotus ostreatus — Potential for combined mushroom and feed production. J Clean Prod.
2021. Vol. 313. Art. ID 127969. https://doi.org/10.1016/j.jclepro.2021.127969

27 Leong Y.K., Ma T.W., Chang J.S., Yang F.C. Recent advances and future directions on the
valorization of spent mushroom substrate (SMS): A review. Biores Technol. 2022. Vol. 344(A). Art. ID
126157. https://doi.org/10.1016/j.biortech.2021.126157

28 Hernandez D., Sanchez J.E., Yamasaki K. A simple procedure for preparing substrate for
Pleurotus ostreatus cultivation. Bioresource Technology. 2003. Vol. 90(2). P. 145-150.
https://doi.org/10.1016/S0960-8524(03)00118-4

63



MMUKPOBHOJIOI'US )KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

29 Saubenova M.G., Kuznetsova T.V., Oleinikova Y.A. The use of bacteria-producers of cellulose
and organic acids for stimulation of growth of the mycelium of the oyster mushroom. Int J Appl Fundam
Res. 2017. Vol. 10, Part 1. P. 102-105. https://applied-research.ru/en/article/view?id=11870

30 Pat. 030400 EAPO, AO01G 1/04 (2006.01). Sposob podgotovki substrata dlja vyrashhivanija
micelija griba veshenka. Sadanov A.K., Saubenova M.G., Kuznecova T.V., Sulejmenova Zh.B.; zajavitel'
i patentoobladatel' RGP na PHV "Institut mikrobiologii i virusologii" KN MON RK (KZ). Ne 201500005;
zajavl. 2014.09.25; opubl. 2018.07.31, Bjul. Ne07. — 5 s.

31 Kosel J., Ropret P. Overview of fungal isolates on heritage collections of photographic materials
and their biological potency. Journal of Cultural Heritage. 2021. Vol. 48. P. 277-291.
https://doi.org/10.1016/j.culher.2021.01.004

32 Patel R., Mehta K., Prajapati J., Shukla A., Parmar P., Goswami D., Saraf M. An anecdote of
mechanics for Fusarium biocontrol by plant growth promoting microbes. Biological Control. 2022. Vol.
174. Art. 1D 105012. https://doi.org/10.1016/j.biocontrol.2022.105012

33 Martinez M., Biganzoli F., Arata A., Dinolfo M.I., Rojas D., Cristos D., Stenglein S. Warm nights
increase Fusarium Head Blight negative impact on barley and wheat grains. Agricultural and Forest
Meteorology. 2022. Vol. 318. Art. ID 108909. https://doi.org/10.1016/j.agrformet.2022.108909

34 Jayalal R.G.U., Adikaram N.K.B. Influence of Trichoderma harzianum metabolites on the
development of green mould disease in the oyster mushroom. Cey. J. Sci. (Bio. Sci.). 2007. Vol. 36. P. 53—
60.

35 Kredics L., Kocsubé S., Nagy L., Komon-Zelazowska M., Manczinger L., Sajben E., Nagy A.,
Vagvolgyi C., Kubicek C.P., Druzhinina I.S., Hatvani L. Molecular identification of Trichoderma species
associated with Pleurotus ostreatus and natural substrates of the oyster mushroom. FEMS Microbiol. Lett.
2009. Vol. 300. P. 58-67. https://doi.org/10.1111/j.1574-6968.2009.01765.x.

36 Blaszczyk L., Siwulski M., Sobieralski K., Fruzynska-J6zwiak D. Diversity of Trichoderma spp.
causing Pleurotus green mould diseases in Central Europe. Folia Microbiol. (Praha). 2013. Vol. 58. P. 325—
333. https://doi.org/10.1007/s12223-012-0214-6

37 Innocenti G., Montanari M., Righini H., Roberti R. Trichoderma species associated with green
mould disease of Pleurotus ostreatus and their sensitivity to prochloraz. Plant Pathology. 2019. Vol. 68,
Issue2. P. 392-398.

38 Al-Ani B.M., Owaid M.N., Al-Saeedi S.S.S. Fungal interaction between Trichoderma spp. and
Pleurotus ostreatus on the enriched solid media with licorice Glycyrrhiza glabra root extract. Acta
Ecologica Sinica. 2018. Vol. 38, Issue 3. P. 268-273. https://doi.org/10.1016/j.chnaes.2017.08.001

64



