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AHHOTANUA

Poct Hacesnenuss Mupa U mpoOiieMa HEXBATKH IMPOJOBOJBCTBHS M KOPMOB TPEOYIOT pPa3BUTHS
TEXHOJIOTHH B 00JaCTH MHIIEBOW MPOMBIIUICHHOCTH W  KOPMOIPOHU3BOJACTBA, MMOBBIIIAIOIINX
9 PEKTUBHOCT  HUCIOJB30BAHUS  BTOPHUYHBIX  BO30OHOBISIEMBIX  PECYpcoOB, a  HMEHHO
[EJUTFOI030COICPIKAIIIMX  OTXOOB CEIBCKOTO XO3SICTBA U MepepabaThIBAIONICH MPOMBIIUICHHOCTH.
KynbTuBHpOBaHHE BBHICHIMX TPUOOB [UIsS MOJYYCHHUS MHIIEBOIO M KOPMOBOIO Oejka W OHOJOTHYECKU
AKTHBHBIX COCIMHEHHI SBIISICTCS HaKnOOJIee palliOHAIBHBIM CIIOCOOOM MepepabOTKU JIMTHOIEIUTIONIO3HBIX
OTXOJIOB PACTCHHUEBOCTBA. MCNOIh30BaHHE TUIOMOBBIX TEN BBICIIUX MPHOOB CTOCOOHO B 3HAYUTEILHOMN
Mepe COKPAaTUTh MOTPEOHOCTh B MPOMU3BOICTBE MsCA M 00ECIIEYNTh HACEIEHHE BBICOKOKAYECTBEHHBIM U
[IEHHBIM TTPOAYKTOM TuTanus. OJHAKO MPHUCYTCTBHE B LEJUIFOIO30COMEPIKAIIEM CHIPhE Pa3HOOOPa3HBIX
IUICCHEBBIX TPUOOB TOPMO3HWT Pa3BUTHE BBICHIMX TpUOOB, TpeOyeT SHEPrOEMKON IMpeBapUTEILHON
MIOJITOTOBKH CyOCTpara M CAEPXKHBAET Pa3BUTHE MaHHOW OTpaciu. VICIonb30BaHHE MHKPOOPTaHHU3MOB,
00TagaroNMX MEUTIONOINTHYECKON aKTHBHOCTRIO M aHTAarOHW3MOM B OTHOIIEHHH IUIECHEBBIX TPHOOB,
SIBJISICTCS TIEPCIICKTUBHBIM PEIIeHHEM Mpo0ieMbl. B 1aHHOM HcciiefoBaHuu ObLIO BBIIEIECHO 49 H30JITOB
EJUTIOJIOIMTHYCCKUX OaKTEepUil U3 MIICHUYHON, OBCSHON M SYMEHHOW COJIOMBI, a TAKKe Pa3pylICHHON
npeBecuHbl. [TokazaHa HanOobIast 3 GEKTHBHOCTE BBIACICHHS HEUTIONOIUTHYSCKIX MUKPOOPTaHI3MOB
U3 JUIMTEIBHO XPAHSAIIUXCS OOpas3IoB MIIEHUYHOW COooMbl. Cpeld H30JSTOB C HamboJee BBHICOKON
[EJUTIOJIOJIMTHYECKON  aKTMBHOCTPIO W KOJUIEKIIHOHHBIX ~ KYJIBTYp MHKPOOPTaHH3MOB OTOOPaHbBI
AQHTAarOHUCTBI BBIZEJICHHBIX PaHEE W3 COJIOMBI MHKPOMHIIETOB, OTHOCSIIMXCS K pomam Penicillium,
Aspergillus, Fusarium. Takxke ompefeieHa aHTArOHUCTHYECKAas  AKTHBHOCTH  BBIACIIEHHBIX
MHKPOOPTaHU3MOB K OJIHOMY M3 OCHOBHBIX BO30yIMTENeH 3€JIeHOH TUIeceHH BhIcImX rpubos Trichoderma
longibrachiatum. Oto6pato 8 u30TOB ¢ HarbosIee BHIPAKEHHON HEITIOIOIUTHIECKON aKTHBHOCTBIO H
AQHTarOHU3MOM B OTHOIICHUH MHKPOMHMIIETOB - 3aCOPHUTENIEH BTOPHYUHOTO TEJUTIO030COAEPIKAIIETO CHIPhSI.
OtobpaHHbIe MHKPOOPTaHU3MbI OYIyT HCIIOJIb30BaHBI B MalbHEMIICH paboTe mo pa3paboTke crocoda
KOMIUIEKCHOTO HMCIIOJIb30BaHMS JIMTHOICIUTIOIO3HBIX OTXOI0B B KYJIbTHBUPOBAHUH BBICIIHX TPHOOB IS
MHUIIEBOH TPOMBIIIIEHHOCTH, CEBCKOTO X03IHCTBA, METUIIMHBI U (DapMaIleBTHKH.

KioueBblie ¢10Ba: [E/UTIOIOIUTHYECKHEC OAKTEPUH, AHTATOHK3M, TPOTHBOTPUOKOBAsT AKTUBHOCTD,
IEJUTIOJI030COAEPKAIIME OTXO/IbI PACTEHHEBO/ICTBA, IICCHEBBIC TPHOBI.

HexBaTka npo/10BOJILCTBUS B CBSI3U C POCTOM HAceJICHUS MJIaHEeThl — aKTyallbHast TpodiieMa,
KOTOpasi CTAaHOBHUTCS Bce Oojiee BBIPAXKEHHOH co BpemeHeM. Pacrymiee HaceneHue 3emid
03HA4aeT, 4YTo Bce OoJbIe Moaei HyxnarTcs B ene. CormacHo otueram OOH, nHacenenue 3emiu
npeBbiciiio 8,02 muwuidapaa udenoBek u gocturuer k 2050 romy 9,7 mMuumapnoB, mpuueM
OoJibIiasi YacTh pocTa OyJIeT MPUXOIUTHCI Ha MEHEE pa3BUThIC cTpaHbl [1]. DTo 03Ha4aer, 4TO
NOTPEOHOCTH B IPOJOBOIBCTBHH MPOAOKUT PACTH, U B HEKOTOPBIX PETHOHAX YK€ CYIIECTBYET
nedunuT npoaykToB nutaHus. C Ipyrod CTOpOHBI, HEXBAaTKa MPOJOBOJICTBUS MOXKET OBITh
BbI3BaHa psIoM (AKTOPOB, TAKUX KaK HM3MEHEHUE KJIMMAaTa, YyXYyIIICHHE IOYBBI, YOBLIb
MPUPOJHBIX PECYPCOB, HApACTAIOLIME 3aTPaThl HA IPOU3BOJICTBO U PACIPOCTPAHEHUE MPOAYKTOB
MUTaHUS, & TAKKE OrPAHUYECHHBbIE BO3MOXHOCTH JIJISl Pa3BUTHS KUBOTHOBOJICTBA U CEIBCKOIO
XO0341CTBA.
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Pemenne mpoOneMbl HEXBATKU MPOJOBOJBCTBHS MOXKET OBITh JIOCTHTHYTO Yepe3
yIydlIeHUE TEXHOJIOT U )KUBOTHOBOCTBA U CEJIbCKOT0 X035ICTBA ¥ MOBBIIIEHHE (P PEeKTUBHOCTH
UCIIOJIb30BAaHUSI BTOPUUYHBIX pecypcoB. BakHyi0 posib 3/1€Ch UTpaAIOT pa3BUTHE MHHOBAIUN U
HAyYHBIX UCCJIEJOBAHHM, KOTOPbIE MOTYT TOMOYb YBEIUYUTH IPOU3BOJUTENLHOCTD U YITYYIIUTh
KaueCTBO MPOAYKTOB MuTaHUs. Vcmonb3oBaHWEe Oelka BBICIINX TPUOOB SIBISETCS XOPOIIEH
aJbTEPHATUBOM MOBBIIICHUIO MPOAYKIIUK Msca [2]. B HacTosIiiee BpeMs MpOr3BOJCTBO BBICIIUX
rpuOOB CYUTACTCS OJJHUM U3 HauboJee pa3yMHBIX PEIICHUH, KOTOPhIE MOTYT yIyUYIIHTh KA4ECTBO
YKU3HU YesioBeka. B TeueHne MHOTMX BEKOB IPUObI HCIIOIBH30BAIMCH B MUILIEBOM, METUITUHCKON 1
KOCMETUYECKOW MPOMBIIUIEHHOCTH, @ TAKXKE B HAPOJAHOW MEIUIMHE IS JICUCHUS Pa3IUYHBIX
3a0oneBaHuil. boraTcTBO mNHUTAaTeNbHBIMU BEIIECTBAMU U OHOJIOTUYECKH AKTHUBHBIMU
COCIMHEHUSIMU JIETIAeT BBICIIME TPHUObI I[IEHHBIM HMCTOYHMKOM TMHUIIEBOW W MEIMIIMHCKOU
nponykuuu [3,4]. OTpaboTaHHbIi TPUOHOM CYOCTpaT, COAEPKAIINI MUTIETHH U OTXO/IbI BBICIIIHX
IpuOOB MOXKET OBITh LIEHHOW KOPMOBOW 100ABKOH /Js1 >KMBOTHOBOJCTBa Ojarojaps CBOEi
MUIIEBON W OMOJIOTHYECKOM IeHHOCTH [5-7]. Bomee Toro, mpous3BOACTBO TpUOOB MOXKET OBITH
IKOJIOTMYECKH 0€30macHbIM M 3(PQPEKTUBHBIM C TOYKH 3PEHHSI HCIIOJIB30BAHUS 3EMENbHBIX
pecypcoB. BrelpammuBaHue TpuUOOB MOXKET OCYILECTBISATHCS HA  LIMPOKOM  CIEKTpe
JUTHOIICILTIONO3HBIX OTXOJIOB CEIbCKOTO XO03SHUCTBA [8], YTO MOKET CIIOCOOCTBOBATH CHIKEHUIO
KOJIMYECTBA OTXO/I0B U YMEHBIICHUIO HETaTUBHOT'O BIUSHUS Ha OKPYXKAIOUIyI0 cpeny. B nenowm,
MIPOU3BOJICTBO BBICIINX T'PUOOB SBISIETCS MEPCIIEKTUBHBIM HAMPABICHUEM Pa3BUTHs HE TOJBKO
CEJIbCKOTO XO34MCTBA, HO U MEIUIMHBI, TUIIEBON U KOCMETHYECKON MPOMBIIIIIEHHOCTH, a TaKKe
HKOJIOTHUHU.

st obGecriedeHnss yCTOMYUBOTO POCTa BBICIIUX T'pUOOB HEOOXOIMMa COOTBETCTBYIOIIAS
MPEIOATOTOBKA CyOCTpara, HallpaBJICHHAs Ha MOJABIIEHUE POCTa 3aCOPSIOIINX MUKPOMHIIETOB
[8,9]. OnarM u3 HambOoJee MEPCIEKTUBHBIX PEIICHUN 3TOW MPOOJIEMBI SBISIETCS NMPUMECHCHHE
MUKPOOPTaHU3MOB, MPOSBIISIONINX OJHOBPEMEHHO LEIUTIOIOIUTUYECKYIO U AHTAarOHUCTUYECKYIO
aKTUBHOCTh. Hamuume y Takux MUKPOOPTraHU3MOB LEJUIIOJOIUTUYECKON aKTUBHOCTH Oyner
CrocoOCTBOBATh TMPENANOATOTOBKE cyOcTpaTa M KyJbTUBUPOBAHMS BBICIIMX TpuOOB, a
AQHTaroHW3M B OTHOLICHUHM 3aCOpPSIOMIMX M KOHKYPUPYIOIIUX MHUKPOMHIIETOB OOECHEeUUT
KOHTPOJIMPYEMOCTh Tpollecca KyJIbTUBUPOBaHUA. Llenblo NaHHOTO WCCIeIO0BaHUs OBLIO
BbIJIEJICHHE LIEJUTIOJIOIUTUYECKUX OaKTepHil U3 MPUPOAHBIX CYOCTPATOB U MOTYYEHHE U30JISTOB C
BBICOKOM IIEJUTIOJIA3HOM M aHTAarOHUCTUUECKOM aKTUBHOCTBIO JJISL JaJbHENUIIIETO UCIIOJIL30BAHUS B
Ipolecce KyJIbTUBUPOBAHUS BBICIIUX TPUOOB.

Marepuaibl M1 METOABI HCCJICAOBAHUSA

Jnis BBIACTICHUS EIUTIOJIOIMTHYECKUX OaKTepHil HMCMONb30BAIMCH COJIOMa 3JIAKOBBIX
KYJBTYp TakKMX KakK SYMEHb, OBEC M IIIICHHIA, a TAKXE IPEBECHHA, pa3pylICHHAas >KyKaMH-
npeBotouniaMu. CO0p LEUTI0I030CoIePHKAIUX PACTUTEIBHBIX OCTaTKOB IPOBOIMIIN CTEPUIIBHBIM
NUHIETOM M NOMEIIAJIM B CTepUbHYIO Tapy. Llemmononuruyeckue OakTepuu BBIAEISUIM Ha
3JIEKTUBHOW TUIOTHOM murtaTensHOU cpene I'erunHcona ¢ Na-kapOokcumeTuiienirono3oi (Na-
KMII) B xavyecTBe €IMHCTBEHHOTO MCTOYHMKA yriepoja u sHepruu. [l momaBieHus pocta
I'pUOKOBBIX MUKPOOPTaHU3MOB B CpeAy J00aBIsUIM aHTUOMOTUK HUCTATUH. [ BbIIENeHus Ha
arapu30BaHHOM Cpelie MEJIKOHAPE3EHHBIE KyCOYKM COJIOMBI pacKiaablBaau Ha yamku lletpum ¢
NUTATEIBHON Ccpefol M KynbTHpoBasM B Tepmocrate npu 37°C B TeueHue 3 cytok. Jlus
IIOJIyYEHUSI HAKOIUTENBHBIX KYJIbTYP UCIOJIb30BAIH XKHUAKYIO cpeny ['eT4nHCOHa ¢ MIIEHUYHOU
cojoMoii, uHKyOupoBanu 14 cyrok mpu Temmeparype 37°C. BeineneHue YHCTBIX KYJIbTYp
LEJUTFOJIONINTUYECKUX OaKkTepuil MPOBOAMIN IyTEM BBICEBA M3 IIOCIECIOBATEIbHBIX Pa3BEICHUN
HAKOIUTEJIbHBIX KYJIbTYp Ha arapu30BaHHYIO MUTATEIbHYIO cpeay I eTunHCcOHa ¢ qo0aBieHHEM
Na-KMII. YucToTy BBIACICHHBIX KYJIbTYP MHKPOOPTAaHMU3MOB MPOBEPSUIM BH3YAJIbHO U IyTEM
MUKPOCKOIIPOBAHHSI.

Jlnis onpeneneHust NEeUTIOI0IUTUYECKOW aKTUBHOCTH KOJIOHUHM OaKTepUH KyJIbTHBHUPOBAIU
Ha Okuakod cpene I'erunmHcona ¢ QuibTpoBanbHOM Oymaroil. 3acesHHBIE NPOOHPKU
nHkyoupoBasim B Tepmocrare mpu 30°C mo 40 cyrok. CrTeneHb pa3IoKEHHS IEIUTIOIO03BI
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OMpCACIIAITIN BU3YAJIbHO B MPOLCHTAX U BbIPpAXKAJIN CUMBOJIMYCCKU B COOTBECTCTBUU C Ta6JII/ILIeI>'I 1.

Tabmuua 1 — YpoBeHb LEIUTIOIONUTHYECKON aKTUBHOCTH 1EIJUTIOI030pa3pyIIAIOMINX OaKTepHid

Hemnnromno- CreneHp paziaoKeHus
JIUTHYECKas O06o3HaueHue GUIBTPOBATILHOM
Onucanue
AKTUBHOCTD Oymaru, %
Pacnanenue ¢punbTpoBaibHOM Oymaru Ha
Bricokast +++ 50-70 MEJIKHE KyCOUKH, 00pa3oBaHue TyCTOR
MYTH.
3HaYNUTEIEHOE PA3I0KEHHUE C
Cpennsas ++ 30-40 COXpaHEHUEM ILIETIOCTHOCTU YacTH
Oymaru.
CraGas + 10-20 OO6pa3oBaHue MYyTH, PA3IOKEHUE JaCTH
Oymaru.
Ouensb cnabas + <10 OO6pa3zoBaHue MyTH.

Jlyist onipeienieHusl aHTarOHUCTUYECKOW aKTUBHOCTHA OTOOPaHHBIX M30JISITOB MCIIOIH30BAIN
3acopsrorire MuKpoMuIieTsl pogos Penicillium sp. ITur 2-2, Aspergillus niger ITur 1-1 u Fusarium
Sp. Su-1, BeIAENIEHHBIC U3 PA3TUYHBIX BUIOB COJIOMEI, @ TAKXKE JIBA IITaMMa BO30YTUTEINS 3€JICHON
wieceHn uLIAno4YHbix rpubos Trichoderma longibrachiatum V u T. longibrachiatum VG,
W30JIMPOBAaHHBIE PaHEE U3 BEIICHKH W HEWJACHTU(UIIMPOBAHHOTO IUIACTUHYATOTO Tpuba [9].
Onpenensyii aHTarOHUCTHYECKYI0 aKTUBHOCTh KaK y HOBBIX H3OJISTOB LEUTIOJOIUTUYECKUX
OakTepuii, TaK U y MUKPOOPTaHW3MOB M3 KOJUIJICKIMHM AHTArOHHUCTOB JTA0OPATOpPHH MUIIEBOU
MHUKPOOHOJIOTHH.

OnpeneneHne aHTarOHUCTHMYECKONM AaKTUBHOCTH acCOLMALUN  MPOBOAUIM  METOAO0M
nuddy3un B arap W COBMECTHOTO KyJabTHBHpOBaHMs Ha damke [lerpu. s razona rpuba
UCTIONB30BAIM TMUTATENbHYIO cpeny Yameka 7. MunenuanbHble TpuOBl TpPEIBApUTEIBHO
KyJbTHUBHUPOBAJIU B )XKUAKOU cpene Yamneka 7 Ha Kycouke xjionkoBoi BaTel pu 30°C B Teuenue 7
cyTok. [ToceB TecTOBBIX TpUOOB AJIsl MOJIYUYCHHUS ra30HA MPOU3BOAMIN HA TIOBEPXHOCTH YAIIKU
ITerpu. /lanee B ra3oHe rOTOBUJIM JYHKU auamMeTpoMm 10MM, B KOTOpbIE BHOCHIH KYJIbTypaJIbHbIE
KHUJIKOCTH U3y4aeMbIX IeJUTIOJIONUTHYECKUX OakTepuid. Yamku HHKyOUpOBaiIu 10 5—7 CyTOK MpH
30°C. DKcriepuMeHThI TOBTOPSUIN B 3-X MOBTOPHOCTAX. Pe3ybTaThl BeIpakaliy B BUJIE CPEAHETO
3HAUEHUS U OIIHOKH CPETHETO.

Jlns BBIABICHHMS aHTaroHM3Ma H30JATOB B OTHomieHud Tpubo T. longibrachiatum
HCIIOJIB30BAJIM TAK)KE€ METOJI COBMECTHOI'O KYJIbTHUBUPOBaHUS. B KauecTBe mUTAaTEeNbHON Cpeibl
ucnonb3oBaiau cMeck Wort Agar (cycio arap) u I'eranacona ¢ Na-KMI] (1:1). B cepenune vamku
[Terpu 3aceBanu TpuxoAepMy METOAOM IUTPUXA, a MO KpasM YalIKH Ha PACCTOSHUH 2-3 CM OT
HITpUXa TPUXOJEPMBI 3aceBalid  LIEJUTIOJIOIUTUYECKUE OaKTepUH-aHTaroHUCThl.  Yamku
KyJIbTUBHpOoBauCch pu 30°C B TeueHue 7 CyTOK.

Pe3yabTaThl U 00Cy:KIeHUE

W3 HakonmuTENbHBIX KYJIbTYP C HMCIHOJIB30BAHUEM Pa3IUYHBIX LEUIIOJIO30COAECPKALINX
CyOCTpaToOB M C MOBEPXHOCTU COJOMBI H30JMPOBAHBI IEJUTIOJIONUTHYECKUE OakTepun. Bcero
nosrydeHo 49 nu3onsatoB. M3 00pa3oB NIIIEHUYHON COJIOMBI BBIJIEICHO 17 W30JI4TOB, ¢ SUMEHHON
- 9, c oBcsiHOI — 10, ¢ pa3pylIeHHOW APEBECUHBI U BBIIETIEHUN KYKOB-IPEBOTOUILIEB - 13 U30JI4TOB.

[To sddexTuBHOCTH pa3IOKEHHUS LEIUTIONO3bI H30JIATHl C Pa3IMYHBIX HCTOYHUKOB
3HAYUTEIBHO pa3nuyaignch. VM3 17 HM307MTOB ¢ MIIEHWYHOH COJOMBI 6 0O0Najganu BBICOKOM
LEJUTIOJIOUTAYECKON aKTUBHOCTBIO, 6 — cpeaHerd. M3 9 W305TOB, BBIACIEHHBIX C SYMEHHOMN
COJIOMBI, TOJBKO 2 TPOSBHIN CPETHIOI aKTHBHOCTh, OCTaJbHBIC e cIabo M O4YeHb Clabo
pasnarany meiToio3y ¢GuiabTpoBaibHOW Oymaru (tabmumna 2). Tombko 1 u3 10 m30m4TOB C
OBCSIHOM COJIOMBI MOKa3aJl BBICOKYIO LIEJUTIOJIOJUTHYECKYI0 AKTUBHOCTb. M3 paspylieHHOMN
JPEBECHUHBI ObLIO MOJTYYeHO 3 U30JI5Ta C BHICOKOW LEUTIONOIUTHYECKON aKTUBHOCTBIO.

B nenom 20,4% n3075TOB XOPOILIO PACILEIIISIIN LEJUTI0N03Y.
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Ta6JII/ILIa 2-— HCHHIOJIOJ'II/ITI/I‘-ICCKS.H AKTUBHOCTH U30JIMPOBAHHBIX MUKPOOPTraHU3MOB

u YpoBeHb YpoBeHb
CTOYHUK . .
Wzomsr HEJUTIONOTHTUYECKON Wzonar HEJUTIONOTATUYIECKON
BRUACICHHA AKTUBHOCTH AKTUBHOCTHU
[Mmennynas I 1-1 + Mm 11 +
COJIOMa, ypoxkai I 1-2 ++ M 111 +
2020 r. I 1-3 ++
[Mmennynas I 2-1 s [T 2 ] s
COJIOMa CO clieiaMu [T 2-2 L [T 2 11 ki
Hopn It 2-3 +++ I 2 11 +++
I 2-4 +++
[MieHnvHast IMTm 3-1 +++ I 3 11 *
coJioMa, yporkai T 3-2 +++ I 3 11 ++
2015 T. T 3 | +
Sul ++ qu Il +
SamMenHas conoma a2 s A 1 =
yposxaii 2020 r. ’ A 3 * a3 | =
Sua 4 + Aa 3 11 +
Sy | +
OB 1 + OB 6 +
OgBcsiHast coaoma Os 2 s Os 7 *
yposaii 2019 1. O 3 * Os 3 *
OB 4 + OB 9 +
OB 5 + OB 10 +
JB 11 + I 31 +++
Paznuunsie s 111 + I8 31l +
o0pasisl B | + I 3111 *
pa3pyuieHHOI JB 21 + Iz Il +++
JIPEBECHHBI s 21l + B 41 +++
[z 1 + s 41l +
Brinenenus xxyka s 1 ++ KoHTposth i
JIpeBOTOYIIA

HawnGoiee BbICOKas EITIONOIMTHYECKAs aKTUBHOCTh OTMeueHa Y u30JtsitoB [ 2-2, Tl 2-
3, ITmx 2-4, ITm 2 I, ITmx 3-1 u ITmr 3-2 u3 nmeHuYHoM colIoMbl, u30iaTa OB 2 - U3 OBCSIHOU
cosiomsl, /1B 3 1, /I 11l u /1B 4 | - u3 pa3pymienHoit npeBecusbl. V3075 ThI ¢ SYIMEHHOW U OBCSHOU
COJIOMBI XapaKTEePU30BAIUCH HamOoJiee cnabod IEJUTIONOIUTHYECKON AaKTUBHOCTBIO, a C
MIIEHUYHOM — CaMOW BBICOKOW. YKa3aHHbIE pa3iuyusg B aKTUBHOCTU M30JATOB, IO BCEH
BUJIUMOCTH, CBSI3aHBI HE C Pa3HBIM COCTABOM MIIIEHUYHON U SIAMEHHOM COJIOMBI, a C OTOOPOM st
UCCJIEIOBAaHMSI HECKOJBKUX OO0pa3lloB MIIEHUYHOW COJIOMBI, YacTh U3 KOTOPBIX XpaHWJIACh
JUTUTETILHOE BpPEMs, YTO IO3BOJHIIO IEJUTIOJIOIUTHYECKUM OaKTepusiM Pa3BUTHCS B JIaHHBIX
obpasmax. Tak, naHHbple, MpeACTaBICHHBIC B TaOIUIlE 2, TTOKA3BIBAIOT, YTO BCE 7 M3OJIATOB W3
o0pa3iia MIICHUIIBI CO CIIeIaMU TOPYH MPOSIBUIIH BHICOKYIO HIIA CPEIHIONO IEIUTIOIOIUTHYECKYIO
aKTHBHOCTb. /[Ba M3 MATH U30JIATOB ¢ COJIOMBI yporkast 2015 r o0aganu BEICOKOH CIIOCOOHOCTHIO
K Ppa3lIOKeHHUIO TEJUTION03bl, a B oOpasme comombl 2020 roma cOopa HE BBISBICHBI
MUKpPOOPTaHU3MbI C BBICOKOHM ILIEJUTIOJIONUTUYECKON aKTUBHOCTBIO. 3075 Thl BRICOKOAKTUBHBIX
LEJUTIOJIONIMTHUECKUX OaKTepuil U3 pa3pyLICHHOM APEBECHHBbI Takke ObLIM MOJY4eHBI ¢ Ooiee
CTapbIx 00pa3IoB JIPEBECHUHBI C BHICOKOM CTEMEHBIO pa3pymieHus. V30T U3 BBIACICHUN KyKa
JIPEBOTOYIIA TPOSBUI CPEAHUN YPOBEHb aKTUBHOCTH.

B pesynbTaTe mpoBeneHHOTO UCCIeA0BaHUS 0TOOPaHO 19 M30ATOB IEUTIOIOMUTHIECCKUX
OaKkTepuii C BBICOKOW W CpeJHEH LEeUTIOJIOIMTUYECKOH aKTUBHOCTHIO: 12 - u3 00pasios
MIIEHUYHOU COJIOMBI, 2 - U3 STYUMEHHOM, | - U3 OBCSIHOM COJIOMBI U 4 - U3 pa3pylIeHHON IPEBECUHBI.
JlanHbIe W30JATHI OBLIM MPOBEPEHBI Ha CIIOCOOHOCTh K TOJABICHHIO POCTa MHKPOMHIIETOB-
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3acopuTeneil KyITbTUBUPOBAHUS BBICIIUX TPHUOOB.

Pe3ynbrartel uccienoBaHuss NPOTUBOIPUOKOBOM aKTUBHOCTH OTOOPAaHHBIX H30JIATOB
HEJUTIONIONUTHYECKIX OaKTepHil M KOJUIEKITMOHHBIX OaKTepuil aHTarOHUCTOB TIOKa3aHbI B TA0JIHIIE
3. Kak BUIHO U3 MpeNCTaBICHHBIX B TaOMUIE Pe3yIbTaTOB, aHTarOHUCTHUYECKAs aKTUBHOCTH B
OTHOIICHHUH BCEX YETHIPEX TECTOBBIX MUIIEIHATBHBIX TPHOOB BhIsiBIICHA Y 10 H307159TOB, 4-X HOBBIX
1 6 KOJUIEKIIMOHHBIX. TpH 13 Y4eThIpeX TECTOB MOAABJISIIIN HOBBIX 6 M30JIATOB U | KOJIIIEKIIMOHHBIH.
Haubosee Belpas)keHHBIH aHTarOHW3M MPOSBUIIM Cpely HOBBIX M30JATOB [T 2-2, T 2-3, Il 2
I, T 3-1, T 3-2, B1 2, J1s 1, 1B 1l u [IB 4 |, cemb 13 KOTOpBIX 00J1a1aal HanboIee BBICOKOM
LEJUTIOJIOJUTUYECKON aKTUBHOCTBIO, HECMOTPS Ha TO, YTO HaJIM4YME€ LEIII0JI03bl B KIETOYHOU
CTEHKE HE XapaKTEPHO MJIsi aCKOMUIIETHBIX TpruOoB [10]. BeposTHOWM npudmHOI sBIsETCS OoJiee
MIMPOKasg  CHEHU(PHUYHOCTH  pAga  IJIMKO3WAasHeIXx  ¢epmentoB  [11], a  Taxxke
CJI0’KHOKOMITOHEHTHBIN COCTaB KJIETOYHBIX CTEHOK MUIIETUATbHBIX IPUOOB, BKIIOYAIOUINX KPOME
XUTHHA TaKKe TIUIIOKaHbl U Apyrue noaumeps! [10]. B To ke Bpems Haiuuue JIUTUYECKOU
AKTUBHOCTH HE BCETJIA SIBJISIETCSA MPU3HAKOM MPUCYTCTBUS aHTArOHUCTUYECKON aKTUBHOCTH [12].

Tabmuma 3 - [IpoTHBOrprOKOBas aKTUBHOCTh W3OJSTOB  IEIUTFOJNIONUTHYECKAX —OakTepuit U
KOJUIEKIIMOHHBIX OaKTepUI aHTarOHUCTOB

JmaMeTp 30H 3a1ep’KKU pocTa/criopoodbpazoBaHus™®, MM
No Wsomsit Penicillium | Fusarium sp. Aspergillus T. longibrachiatum

B sp. I 2-2 Su-1 niger ITm 1-1 V
1 2 3 4 5 6

1 Il 1-2 0 0 14,0*£1,0 15,0*£1,0
2 ITm 1-3 13,0*£1,0 0 0 0
3 T 2-1 0 0 23,0*+1,0 0

4 T 2-2 12,0*+0,0 0 15,0*+0,0 28,0*+1,5

* * 20,0+£3,0

5 M 2-3 22,0*+1,0 1241,0 30,0%+0,5 30.0%5.0
6 I 2-4 0 0 12,0*+1,0 0

7 M 2 | 0 0 34,0%+4,0 11,0*+1,0

N 32,08,0

8 I 2 44,0+6,5 0 41,5*+15 37.0%3.0

N 11,0+1,0

9 I 2 11 0 0 15,0*%0,0 12.5%+2 5

10 ITm 3-1 18,0+£1,0 12,0*%0,0 19,0*£1,0 23,0*+1,5
12,0+0,0 N N N

11 M 3-2 17.0%+1.0 15,0*+0,0 23,0*+3,0 30,0%+1,0
12 T 3 111 0 0 0 0

13 S 1 20,0+0,0 0 0 28,0*+1,0

14 STu2 17,0430 | 18,0+30 0 3107,60*1-101’?0
15 OB 2 0 0 0 0

16 JiB 1 25,045,0 12,0+£1,0 21,0*45,7 33,046,5
17 Js31 0 0 0 0

18 s 11 20,0£5,0 0 30,0*+2,5 29,5*+2 5

19 B4l 12,5+25 0 15,0*+1,0 35,0+10,0

20 IT" 1 cB. 0 22,0435 13,0*+1,0 18,5+1,5

21 Bacillus sp. 98 275430 | 356427 28,5¢1,5 26,0430

T T 40,0%£4,5 T
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[Ipomomxenue Tadbauupl 3

1 2 3 4 5 6

22 Bacillus coagulans 17 0 0 0 0

23 PG 1-2 30,2+4,5 27,515 35,0+3,0 25,0425
24 PG 3 11,0*+1,0 23,5+0,5 15,0+1,0 16,2+2,1
25 PG 6 20,6+0,6 22,0£1,0 10,5*+0,5 22,0+1,0
26 PG 0 20,5+1,5 11,0*+1,0 15,0+1,5
27 Bacillus sp. CB 1-2 32,0£1,0 35,3+4,7 30,5+1,2 38,0+3,5
28 BI 2 16,0+0,5 20,0+1,0 38,4+2,7 19,5+1,5

[Ipu wccaeqoBaHUM aHTaroHW3Ma B OTHOHmICHHH Trichoderma, sBiasSIOIIMXCS OCHOBHBIMH
BO30ymuTenssMu Oosie3Her rpuba BemieHka [13,14], mokasaHa HanOobIIas aHTArOHUCTHYECKAs
aKTUBHOCTh HOBBIX u30JsATOB [lmr 2-3, IIm 2 [, ITm 3-2. Cpeaum KOJIEKIMOHHBIX
MHUKPOOPTaHU3MOB BBIPDAKCHHBIA aHTaroHu3M B oTHommeHuu 1. longibrachiatum mnpossuim
Bacillus sp CB 1-2, Bacillus sp. 98, u uzomnsrei Bl 2, PG 1-2 u PG 6. Biausiare nu301upoBaHHBIX U
KOJUIGKIIMOHHBIX OakTepuit Ha poct T. longibrachiatum npu coBMecTHOM KynbTHBHPOBaHHHU Ha
oaHoil yamke Ilerpu npencrasieHo Ha pucyHke 1. [TonmydeHHbIE pe3ynbTaThl JEMOHCTPUPYIOT
3aBUCHMOCTh TIOJIYYCHHBIX pe3yJIbTaTOB MO YPOBHIO AHTAarOHUCTHYECKOW aKTUBHOCTH
MHUKPOOPTaHU3MOB OT TPUMEHSIEMOT0 METOJa WCCICAOBaHUs. Tak, TPH COBMECTHOM
KynbTuBupoBaHuu n3onatel PG 3, Bl 2 u JIB 4 | He mposIBIsUIM aHTaroHW3Ma B OTHOIICHUU T.
longibrachiatum V, xots mpu wcciaeqoBaHUU BIAMSHHAS METOIOM OTCPOYEHHOTO aHTaroHW3Ma
OBLTH MOJTyYEHBI TIOJIOXKUTEIbHBIC PE3YJIbTATHI

Pucynok 1 — ITpoTrBOrprHOKOBast aKTHBHOCTb IEJUTFOJIOIUTHICCKAX OAKTEPHI B OTHOIICHUN
T. longibrachiatum V (cBepxy) u T. longibrachiatum VG (cuu3y)
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3akiiloueHue

[To pe3ynbraTaMm MpPOBEIECHHBIX HCCIEIOBAaHHNA OTOOpaHO 3 M30J5Ta BHOBH BBIICICHHBIX
HEJUTIONIONUTUYECKUX OaKTepuil M 5 M30IATOB U3 KoJuleKmuu. OTOOpaHHBIE MUKPOOPTAHU3MBI
00TaJaf0T Kak BBIPAKCHHOW IEJUTIONIONUTHYECKON aKTHBHOCTHIO, TaK W aHTarOHW3MOM B
OTHONICHUH HAanboJIee PacIpOCTPAHEHHBIX B IEJUTIOI030COACPIKAIINX OTX0/IaX PACTCHHUEBOICTBA
TJIeCHEBBIX TpruOOB. JlanpHeinmas padota OyneT HalelneHa Ha UCCIIeJOBaHNE B3aUMOOTHOIIICHUH
O0TOOpaHHBIX MMKpPOOPTaHM3MOB C BBICIIMM T'pUOOM BelICHKa OOBIKHOBEHHAas W MOAOOpOM
MHUKPOOPTaHU3MOB ~ CITyTHUKOB  JUIS  TPEIBAPUTEILHOW  MOArOTOBKH  CyOcTpara TIpu
KynbTuBHpOBaHUM rpuba. [lomydeHHbIE TaHHBIE BHECYT BKJIAJ B Pa3pabOTKy KOMIUIEKCHOTO
MeTola MepepaboTKU IEJUTF0JIO30COIePKAIINX OTXOJ0B PACTEHUEBOJCTBA C HCIIOJIL30BAaHHEM
BBICIIIUX TPHOOB.
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KYPAMBIHJIA HEJIJIFOJIO3A BAP CYBCTPATTAPJAH JIACTAYIIBI
MHUKPOMULETTEPT'E KAPCbBI HEJJIIOJIOJIUTUKAJIBIK BAKTEPUAJIAP MEH
AHTAT'OHUCTEPII OKIIIAYJIAY )KOHE TAHIAY

Tyiiin

OJemze XallblK CaHBIHBIH 6CYyl MoHE a3bIK-TYJIIK IeH KeMIIeIl TaIIIBUIBIFEI Macesieci KaiiTamama
JKAHAPTBUIATBIH PecypcTap/bl, atan aWTKaH/a, KYpaMbIHIa HEIUTI0N03a 0ap ayblul MapyanibUIbIFbl MEH
KaliTa eHJICY OHEPKICIOIHIH KalIbIKTAphIH MailalaHy THIMIUITIH apTTHIPAThIH TaMaK ©HEpKaCcidli MeH
JKEMIIION OHJIPICI CalachIHIAFbl TEXHOJOTHSIIAP/bI JAMBITYABI Tajam eTe/li. TaraMJIbIK XKOHE SKeMIIeI
aKybI3apbl MEH OMOJIOTHSIIBIK OCIICeH/TI KOCBUIBICTAP YIIIiH KOFaphI CaThIIaFbl CAaHBIPAYKYIIAKTAPIBI 6CIpy
OCIMJIIK IapyallbUTBLIFBIHBIH JTUTHOIEIUTION03a KAJIBIKTAPBIH OHJEYIH ©H YTBIMABI 9Jici OOMbBII
Tabbutaabl. JKorapsl caThlAarbl CaHBIPAYKYJIaKTapAbIH )KEMICT1 JICHeNepiH naiganany eT eHAipiciHe AereH
KOKETTUIIKTI alTapibIKTail TOMEHIETII, XaJbIKThI )KOFaphl Camajbl KoHEe Oaraiibl a3bIK-TYJIK ©HIMIMEH
KaMTaMachl3 eTefli. bipak KypaMbiHIa 1eUT0n03a 0ap MIMKi3aTTa opTYpJii 3¢H CaHbIPAyKYJIaKTaPhIHBIH
0OMYBI JKOFaphl CaThIAAFbl CAHBIPAYKYJIAKTAP/IBIH JAMYBIH TEXKEH i, CyOCTpaTThl SHEPTHSHBI KO KaKeT
€TeTIH aj/IbIH aja JadbIHAayJbl KaKET eTeil jKoHe OyJI CaylaHblH JaMyblHa Kelepri Kenrtipeai. 3eH
CaHbIpayKYJIaKTapblHA KapChl LEJUTIOJOIUTHKANIBIK OCJCEeHAUIri 0ap JKOHE aHTaroHu3Mi Oap
MHUKPOOPraHM3MICPAl KOJNJaHy MOCeNeHIH MepCHeKTUBaIbl mienriMi Oombin TaObmianel. byn 3eprreyne
Ommaii, CyJTBI J)KOHE apria cabaHbIHAH, COHAAN-aK OY3bUTFaH aFallTaH EeJUTFOJIOMTHKAIBIK OaKTepUsIap IbIH
49 u30J1AThI O6JTIHIIT aJIBIHBL. brumali cabaHBIHBIH Y3aK YAaKbIT CAKTaJIFaH YITUICPIHEH HEeJUTFOJIOINTHKABIK
MHUKPOOpraHu3MIepAl Oemin amyablH eH >KOoraphl TUIMILTIT KepceTiai. EH xKoFapbl HEeUTIOIOIUTUKAIBIK
OelceHIUTIKKEe e M30JATTAPIABIH KOHE MHKPOOPTaHU3MIIEP/IiH KOJUICKIMSIIBIK JaKbUIIAPBIHBIH 1ITiHEH
Penicillium, Aspergillus, Fusarium TyKpIMIacTapbiHa jKaTaThlH cabaHHAH OypbIH OOIIHIN aJbIHFAH
MUKPOMHULIETTEPAIH ~ aHTarOHUCTEpl TaHAaIAbl. besiHreH Mukpoopranmsmuepiain Trichoderma
longibrachiatum >xorapbl caHBIpayKYJIAaKTapBIHBIH KAaChUI 3€HIHIH HETi3Ti KO3IBIPFHIITAPBIHBIH OipiHe
AHTArOHMCTIK OEJICCHILIIr Je aHbIKTAIAbl. KypambIHaa eKiHINI peTTi HEeUIojo3a 0ap NIMKI3aTThIH
MHUKPOMHIIETTED apaMIlenTepiHe Kapchl HEFYPJIbIM alKbIH LEIUTFOJIONUTUKANBIK OeICeHAIIIr JKoHe
aHTaroHusmi Oap 8 wu3omAT TaHgANABL. TaHJAFaH MUKPOOPraHU3MIEP TaraM ©HEepPKACiOi, aybil
HIAPYaIIbUIBIFBI, METUIIMHA XOHE ()apMaleBTHKA YIIiH YKOFaphl CaThIIaFbl CaHBIPAYKYJIaKTap bl ocipy/ie
JIUTHOIICJUTIOJIO3 Bl KAJJIBIKTApAbl KEIIeH Al MaijanaHy 9MiCiH a3ipiiey OOWBIHINA OJaH opi KYMBICTA
naianaHbpUTaThIH 0OJa b

KinTTi ce3mep: UCIUTIONONUTUKANBIK OaKTepusuiap, aHTArOHH3M, CaHBIPAYKYJIaKKa Kapchl
OenceHIiiK, KypaMbIHa EJIT0NI03a 0ap eCiMIiK KalabIKTaphl, 3¢H CaHbIPayKYIaKTaphl.
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Abstract

The growth of the world's population and the problem of food and feed shortages require the
development of technologies in the field of food and feed production, which increase the efficiency of the
use of secondary renewable resources, namely cellulose-containing waste from agriculture and the
processing industry. The cultivation of mushrooms to obtain food and feed protein and biologically active
compounds is the most rational way to process lignocellulosic crop waste. The use of mushroom fruiting
bodies can significantly reduce the need for meat production and provide the population with a high-quality
and valuable food product. However, the presence of various mold fungi in cellulose-containing raw
materials inhibits the development of higher fungi, requires energy-intensive preliminary preparation of the
substrate, and hinders the development of this industry. The use of microorganisms with cellulolytic activity
and antagonism against molds is a promising solution to the problem. In this study, 49 isolates of cellulolytic
bacteria were isolated from wheat, oat and barley straw, as well as degraded wood. The highest efficiency
of isolation of cellulolytic microorganisms from long-term stored samples of wheat straw has been shown.
Among isolates with the highest cellulolytic activity and collection cultures of microorganisms, antagonists
of micromycetes previously isolated from straw belonging to the genera Penicillium, Aspergillus, and
Fusarium were selected. The antagonistic activity of the isolated microorganisms to one of the main
mushroom pathogens Trichoderma longibrachiatum was also determined. Eight isolates with the most
pronounced cellulolytic activity and antagonism against micromycetes spoiling secondary cellulose-
containing raw materials were selected. The selected microorganisms will be used in further work on the
development of a method for the integrated use of lignocellulosic waste in the cultivation of higher fungi
for the food industry, agriculture, medicine and pharmaceuticals.

Keywords: cellulolytic bacteria, antagonism, antifungal activity, cellulose-containing crop waste,
mold fungi.

The lack of food due to the growth of the world's population is an urgent problem that is
becoming more pronounced over time. The growing population of the Earth means that more and
more people need food. According to UN reports, the world's population has exceeded 8.02 billion
people and will reach 9.7 billion by 2050, with most of the growth coming from less developed
countries [1]. This means that the need for food will continue to grow, and there are already food
shortages in some regions. On the other hand, food shortages can be caused by a number of factors,
such as climate change, soil degradation, depletion of natural resources, rising costs of food
production and distribution, and limited opportunities for livestock and agriculture development.

The solution to the problem of food shortage can be achieved through the improvement of
livestock and agricultural technologies and the efficiency of the use of secondary resources. An
important role here is played by the development of innovations and scientific research, which can
help increase productivity and improve the quality of food. The use of protein from higher fungi
Is a good alternative to increasing meat production [2]. At present, the production of mushrooms
is considered one of the most intelligent solutions that can improve the quality of human life. For
centuries, mushrooms have been used in the food, medical and cosmetic industries, as well as in
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folk medicine to treat various diseases. The richness in nutrients and biologically active
compounds makes mushrooms a valuable source of food and medical products [3,4]. The spent
mushroom substrate containing mycelium and waste of mushrooms can be a valuable feed additive
for animal husbandry due to its nutritional and biological value [5-7]. Moreover, mushroom
production can be environmentally friendly and efficient in terms of land use. Mushroom
cultivation can be carried out on a wide range of lignocellulosic agricultural waste [8], which can
help reduce the amount of waste and the negative impact on the environment. In general,
mushroom production is a promising direction for the development of not only agriculture, but
also medicine, food and cosmetic industries, as well as ecology.

To ensure the stable growth of mushrooms, appropriate pretreatment of the substrate is
required, aimed at suppressing the growth of contaminating micromycetes [8, 9]. One of the most
promising solutions to this problem is the use of microorganisms that exhibit both cellulolytic and
antagonistic activity. The presence of cellulolytic activity in such microorganisms will contribute
to the pretreatment of the substrate for the cultivation of higher fungi, and the antagonism against
contaminating and competing micromycetes will ensure the controllability of the cultivation
process. The aim of this study was to isolate cellulolytic bacteria from natural substrates and obtain
isolates with high cellulase and antagonistic activity for further use in the cultivation of higher
fungi.

Materials and methods of research

For the isolation of cellulolytic bacteria, straw of cereal crops such as barley, oats and wheat,
as well as wood destroyed by carpenter beetles, were used. The collection of cellulose-containing
plant residues was carried out with sterile tweezers and placed in a sterile container. Cellulolytic
bacteria were isolated on Getchinson's elective dense nutrient medium with Na-
carboxymethylcellulose (Na-CMC) as the sole source of carbon and energy. To suppress the
growth of fungal microorganisms, the antibiotic nystatin was added to the medium. For isolation
on an agar medium, finely chopped pieces of straw were laid out on plates with a nutrient medium
and cultivated in a thermostat at 37°C for 3 days. To obtain enrichment cultures, Getchinson's
liquid medium with wheat straw was used and incubated for 14 days at a temperature of 37°C.
Isolation of pure cultures of cellulolytic bacteria was carried out by seeding from serial dilutions
of enrichment cultures on Getchinson's agar nutrient medium with the addition of Na-CMC. The
purity of isolated cultures of microorganisms was checked visually and by microscopy.

For defining the cellulolytic activity, bacteria were cultivated in liquid Getchinson's medium
with filter paper. The inoculated tubes were incubated in a thermostat at 30°C for up to 40 days.
The degree of cellulose decomposition was determined visually as a percentage and expressed
symbolically in accordance with table 1.

Table 1 - The level of cellulolytic activity of cellulose-destroying bacteria

Cellulolytic Degree of
. Designation | decomposition of filter L
activity Description
paper, %
. i The disintegration of the filter paper into
High T 50-70 small pieces, the formation of thick mud.
Medium et 30-40 Slgr_1|f|c_ar_1t decor_nposrt_lon while partly
maintaining the integrity of the paper.
Weak 4 10-20 The formation of turbidity, the
decomposition of part of the paper.
Very weak + <10 The formation of turbidity.

To determine the antagonistic activity of the selected isolates, contaminating micromycetes
of the genera Penicillium sp. Psh 2-2, Aspergillus niger Psh 1-1 and Fusarium sp. Yach-1, isolated
from various types of straw, as well as two strains of the green mold pathogen Trichoderma
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longibrachiatum V and T. longibrachiatum VG, previously isolated from oyster mushrooms and
an unidentified agaric fungus were used [9]. Antagonistic activity was determined both in new
isolates of cellulolytic bacteria and in myoorganisms from the collection of antagonists of the
laboratory of food microbiology.

Determination of the antagonistic activity of associations was carried out by agar well
diffusion assay and by co-cultivation on a surface of nutrient medium. For the lawn of the fungus,
Czapek 7 medium was used. Mycelial fungi were preliminarily cultivated in Czapek 7 liquid
medium on a piece of cotton wool at 30°C for 7 days. Sowing of test molds to obtain a lawn was
carried out on the surface of a Petri dish. Further, wells 10 mm in diameter were prepared in the
lawn, into which the culture liquids of the studied cellulolytic bacteria were introduced. The plates
were incubated up to 5-7 days at 30°C. The experiments were repeated in 3 replications. The results
were expressed as mean and error of the mean.

Co-cultivation was also used to detect antagonism of the isolates against T. longibrachiatum.
A mixture of Wort Agar and Getchinson medium with Na-CMC (1:1) was used as a nutrient
medium. Trichoderma was seeded in the middle of the plate by the stroke method, and cellulolytic
bacteria antagonists were seeded along the edges of the cup at a distance of 2-3 cm from the
Trichoderma streak. The plates were cultivated at 30°C for 7 days.

Results and discussion

Cellulolytic bacteria were isolated from enrichment cultures using various cellulose-
containing substrates and from the surface of straw. A total of 49 isolates were obtained. 17 isolates
were isolated from samples of wheat straw, 9 from barley straw, 10 from oat straw, and 13 isolates
from destroyed wood and excretions of carpenter beetles.

The isolates from various sources differed significantly in the efficiency of cellulose
decomposition. Of the 17 isolates from wheat straw, 6 had high cellulolytic activity, 6 - medium.
Of the 9 isolates isolated from barley straw, only 2 showed moderate activity, while the rest weakly
and very weakly decomposed filter paper cellulose (Table 2).

Only 1 out of 10 isolates from oat straw showed high cellulolytic activity. From the destroyed
wood, 3 isolates with high cellulolytic activity were obtained. Overall, 20.4% of the isolates
digested cellulose well.

The highest cellulolytic activity was noted in isolates Psh 2-2, Psh 2-3, Psh 2-4, Psh 2 11,
Psh 3-1 and Psh 3-2 from wheat straw, isolate Ov 2 from oat straw, Dv 3 I, Dv 1l and Dv 4 | from
destroyed wood. Isolates from barley and oat straw were characterized by the weakest cellulolytic
activity, and from wheat — by the highest. These differences in the activity of isolates, apparently,
are associated not with the different composition of wheat and barley straw, but with taking several
samples of wheat straw for research, some of which were stored for a long time, which allowed
cellulolytic bacteria to develop in these samples. Thus, the data presented in Table 2 show that all
7 isolates from a wheat sample with traces of spoilage showed high or medium cellulolytic activity.
Two out of five isolates from the 2015 harvest straw had a high ability to decompose cellulose,
and microorganisms with high cellulolytic activity were not detected in the 2020 straw sample.
Isolates of highly active cellulolytic bacteria from degraded wood were also obtained from older
samples of highly degraded wood. The isolate from the secretions of the carpenter beetle showed
an average level of activity.

As a result of the study, 19 isolates of cellulolytic bacteria with high and medium cellulolytic
activity were selected: 12 ones from the samples of wheat straw, 2 from barley straw, 1 from oat
straw, and 4 from destroyed wood. These isolates were tested for the ability to suppress the growth
of micromycetes spoiling substrates for mushroom cultivation.

The data on the investigation of the antifungal activity of selected isolates of cellulolytic
bacteria and collection bacteria antagonists is shown in table 3.
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Table 2 - Cellulolytic activity of isolated microorganisms
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Selection source Isolate Level of ge!lulolytic Isolate Level of (_:e!lulolytic
activity activity
Psh 1-1 + Psh 11 +
\r’]\;?\‘jz‘;tsgg‘z’g Psh 1-2 + Psh 1 1i T
Psh 1-3 ++
Psh 2-1 ++ Psh 2 | ++
Wheat straw with Psh 2-2 +++ Psh 2 11 ++
traces of spoilage Psh 2-3 +++ Psh 2 111 +++
Psh 2-4 +++
Psh 3-1 +++ Psh 3 11 +
Whealt straw, Psh 3-2 +++ Psh 3 111 ++
harvest 2015
Psh 3 | +
Yach 1 ++ Yach Il +
Barl Yach 2 ++ Yach Il +
h:rrv?éts%% Yach 3 + Yach 31 +
Yach 4 + Yach 311 +
Yach | +
Ov1i + Ov 6 +
Ov?2 +++ Ov7 +
Oat strg\évl,gharvest oV 3 : ov8 :
Ov4 + Ov9 +
Ov5 + Ov 10 +
Dv1l + Dv 3l +++
Dv1ll + Dv3ll +
Various samples of Dv I + Dv 3 Il +
destroyed wood Dv2lI + Dv Il +++
Dv 2l + Dv4 | +++
Dv Il + Dv4ll +
Excretions of the Dv 1 -t Control i
carpenter beetle

As can be seen from the results presented in the table, antagonistic activity against all four
test filamentous fungi was detected in 10 isolates, of which 4 are new and 6 are collection ones.
Six new and one collection isolates suppressed three of the four fungal tests. The most pronounced
antagonism was shown among the new isolates Psh 2-2, Psh 2-3, Psh 2 11, Psh 3-1, Psh 3-2, Bl 2,
Dv 1, Dv Il and Dv 4 I, seven of which had the highest cellulolytic activity, despite the fact that
the presence of cellulose in the cell wall is not characteristic of ascomycete fungi [10]. The likely
reason is the broader specificity of a number of glycosidase enzymes [11], as well as the complex
composition of the cell walls of filamentous fungi, which include, in addition to chitin, also glucans
and other polymers [10]. At the same time, the presence of lytic activity is not always a sign of the
presence of antagonistic activity [12].

In the study of antagonism against Trichoderma, which are the main pathogens of the oyster
mushroom [13,14], the highest antagonistic activity of new isolates Psh 2-3, Psh 2 111, Psh 3-2 was
shown. Among the collection microorganisms, Bacillus sp CB 1-2, Bacillus sp. 98, and isolates Bl
2, PG 1-2 and PG 6 were the best. The effect of isolated and collection bacteria on the growth of
T. longibrachiatum during co-cultivation on one Petri dish is shown in Figure 1. The results
obtained demonstrate the dependence of the obtained results concerning the level of antagonistic
activity of microorganisms on the research method used. Thus, when co-cultivated, isolates PG 3,
Bl 2, and Dv 4 | did not show antagonism against T. longibrachiatum V, although positive results
were obtained in the study of the effect by the method of delayed antagonism.
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Table 3 - Antifungal activity of isolates of cellulolytic bacteria and collection antagonistic bacteria

Diameter of growth/sporulation stunting zones*, mm
No Isolate Penicillium | Fusariumsp. | Aspergillus | T. longibrachiatum
. sp. Psh 2-2 Yach-1 niger Psh 1-1 \%
1 Psh 1-2 0 0 14,0%+1,0 15,0%+1,0
2 Psh 1-3 13,0%+1,0 0 0 0
3 Psh 2-1 0 0 23,0*+1,0 0
4 Psh 2-2 12,0*+0,0 0 15,0*+0,0 28,0*+1,5
- - 20,0+3,0
5 Psh 2-3 22,0*+1,0 12+1,0 30,0*+0,5 30,0%45,0
6 Psh 2-4 0 0 12,0*+1,0 0
7 Psh 21 0 0 34,0*+4,0 11,0*+1,0
- 32,0+8,0
8 Psh 2 111 44,0+6,5 0 41,5*+1,5 37.0%43,0
- 11,0+1,0
9 Psh 2 11 0 0 15,0*+0,0 125542 5
10 Psh 3-1 18,0+1,0 12,0*+0,0 19,0*+1,0 23,0*+1,5
12,0+0,0 - - -
11 Psh 3-2 17.0%+1.0 15,0*+0,0 23,0%£3,0 30,0*£1,0
12 Psh 3 111 0 0 0 0
13 Yach 1 20,0+0,0 0 0 28,0*+1,0
17,0+0,0
14 Yach 2 17,0£3,0 18,0+3,0 0 30,0%+1,0
15 Ov 2 0 0 0 0
16 Dv1 25,0+5,0 12,0£1,0 21,0%+5,7 33,0+6,5
17 Dv3l 0 0 0 0
18 Dv Il 20,0+5,0 0 30,0*+2,5 29,5%+2 5
19 Dv 4l 12,5425 0 15,0%+1,0 35,0+10,0
20 PG 1cv. 0 22,0+3,5 13,0%+1,0 18,5+1,5
21 Bacillus sp. 98 275430 356427 | 289%L5 26,0+3,0
T T 40,0*+4,5 T
22 Bacillus coagulans 17 0 0 0 0
23 PG 1-2 30,2+4,5 27,515 35,0+3,0 25,0+2,5
24 PG 3 11,0*+1,0 23,5+0,5 15,0£1,0 16,2+2,1
25 PG 6 20,6+0,6 22,0+1,0 10,5*%+0,5 22,0+1,0
26 PG 0 20,5+1,5 11,0%+1,0 15,0+1,5
27 Bacillus sp. CB 1-2 32,0+1,0 35,3+4,7 30,5+1,2 38,0+3,5
28 Bl 2 16,0+0,5 20,0+1,0 38,4+2,7 19,5+1,5
Conclusion

Based on the results of the studies, 3 isolates of newly selected cellulolytic bacteria and 5
isolates from the collection were picked out. The selected microorganisms had both a pronounced
cellulolytic activity and antagonism against the most common molds of cellulose-containing crop
wastes. Further work will be aimed at studying the relationship of selected microorganisms with
the higher fungus oyster mushroom and the selection of satellite microorganisms for preliminary
preparation of the substrate during the cultivation of the mushroom. The data obtained will
contribute to the development of an integrated method for processing cellulose-containing crop
waste using higher fungi.
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Figure 1 - Antifungal activity of cellulolytic bacteria against
T. longibrachiatum V (top) and T. longibrachiatum VG (bottom)
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