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MACC-CIIEKTPOMETPUYECKHUE NCCIEAOBAHUA COCTABA
JIETYYUX OPITAHHMYECKHUX COEJIMHEHUU, BBIAEJISEMbIX
PA3JIMMHBIMU BUJIAMU I'PUBOB POJA LECANICILLIUM

BriepBble n3ydeH ¢ MOMOIIBIO KBAAPYMOJIBHOIO MACC-CIEKTPOMETpa KOJTUYECTBEHHBIM 1 KaUeCTBEHHBII COCTaB Je-
Tyunx opranndeckux coeanHenuit (JIOC), BbIensieMbIX ITaMMaMy Pa3IMIHBIX BHJIOB SHTOMOIIATOT€HHBIX TPHOOB
(3T) pona Lecanicillium, npuMeHsIeMbIX B Ka4eCTBE AIbTEPHATHUBBI XMMHUUECKUM MECTUIMAM JUIS 3aIlUTHl pacTe-
HU oT Bpeauresneil. OCHOBHBIMU OOHapyKEHHBIMH KOMIIOHEHTaMH Ta30Boil ¢asbl Hax munenaneM DI Ha 10-ii neHp
pocta Ha arapu3oBaHHOU cpene Yameka Obun auokcun yriepoaa (5-20%), kucmopon (0.1-15%), ameron (0.2—
12 ppm), nenran (no 0.5 ppm), ykcycHast kuciaota (10 0.15 ppm). AueToH u neHTaH ObUTM OOHApYKEHBI B COCTaBE
JIOC Bcex n3yd4eHHBIX IITAMMOB, YKCYCHAsl KHCJIOTa — Y 5 IITaMMOB, IPUHAUICKAIINX K PA3HBIM BUAAM, Y JIPY-
THX IITaMMOB OHA MOSIBIANACH TOJBKO 4epe3 OONBIINH NMPOMEXYTOK BPEMEHM WM MOJHOCTHIO OTCYTCTBOBAJA.
Cpenn JIOC HEKOTOpPBIX MITAMMOB OBUIM OOHApy>KeHbl B HEOONBIIMX KOJMYECTBAX TAaKHE BEUIECTBA, Kak
FeKCHUJIAIeTaT, CEpHUCTBIA Tra3. DTH BellecTBAa MOIYyT OTBEYaTh 3a MATOI€HHBIE U PENEITICHTHBIE CBOMCTBA U3YUYEH-

HBIX TPHOOB B OTHOIICHHH HUTO(DATOB.

Kn. cn.: Macc-CIeKTpOMETPHS, aHAJIH3 JIETYUYNX OPTaHUIeCKUX COeINHEHUH, SHTOMOMATOTEHHBIE TPHUOBI

BBEJEHUE

[IpoGiiema moBbImeHUsT 3()(HEKTUBHOCTH TPOU3-
BOJICTBA HKOJIOTMYECKH YUCTON MpoayKuuu B Poccuu
M 3a pyOeKOM OCOOEHHO aKTyajJbHa B 3aMKHYTBIX
CUCTEMax 3allUIEHHOro TrpyHTa. Vcnonb3oBaHue
MHUKPOOMOJIOTHYECKO W OMOJOrMYecKoil 3alIuThl
pacTeHui SBIsIETCS HEOOXOAMMOM albTepHATHBOU
XMMHUYECKUM HHCEKTUIMJAM B CBSI3U C Pa3BUTHEM
Pe3UCTEHTHOCTH (PUTO(AroB K MHCEKTHINAAM U Hera-
TUBHBIM BIMSHUEM OCTATOYHBIX KOJIMYECTB HHCEKTHU-
IIUJI0B HAa OKPY’KaIOIIYI0 CPeAy U 370POBbE UEJIOBEKA.
OpHaKo MOTEHIANl IHTOMOIIATOTeHHBIX IpruooB (OI)
HE pealn3yeTcs MOJHOCThI0. TpymHOCTH, CBSI3aHHBIE
¢ npuMmeHeHueM OI’, BO3ZHHMKAIOT W3-32 HEAOCTATOY-
HOW M3Y4YEHHOCTH B3aUMHOTO BIIHSHHS MHOTOKOMIIO-
HEHTHBIX CHCTEM, BKIIIOYAIOUIMX HaTOTEHbI, LIEJIEBBIX
U HELEJNEBBIX X03s51€B U pacTeHus. CBeaeHus o cocra-
Be JIeTyunx opranmdeckux coexnuHeHuit (JIOC) suTO-
MOIIATOT€HHBIX TPHOOB M MX BIMSHUU Ha YJICHHCTO-
HOTHX, 110 IAHHBIM JIUTEPATyphl, BECbMa OIpaHHUYCHBI.
B nuteparype [1] nmpoBeaeH cpaBHUTENbHBIA aHAINU3
JIOC nexortoprix BuaoB OI', B pe3ynbraTe KOTOPOrO
MOKA3aHO, YTO OHU OTIMYAIHCH 110 KOJMYECTBEHHOMY
Y KauyeCTBEHHOMY COCTaBY: JOMHHHMPYIOIIUMHU CPEIu
HUX OBUTH 3(UPBI, KUCIOTHI U TEPIIEHOUIBI.

Hecmotpst Ha To uro rpulbl pona Lecanicillium
MIMPOKO PACTIPOCTPAHEHBI B IPUPOJIE KaK BayKHEHIIHE
PETYJISTOPHl YMCICHHOCTH HACEKOMBIX OTpsina Hemip-
tera u knemeit u 6onee 30 JeT UCMONB3YIOTCS B Kaye-
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CTBE TPOJYIIEHTOB OMOIIPErapaToB, TOJIBKO HEIaBHO
Hayato u3ydeHue BiausHMe JIOC muuenuss u cnop
rpuOOB TOTO poJia Ha TIOBEJICHYECKUE PEAKIIMU CBOUX
X0351eB. Y CTaHOBIIEHO, YTO CIIOPHI U MUIICITUH MOTYT
MIPOSIBIISITH PENeUIEHTHBIE WM HEeUTpallbHbIe CBOMCT-
Ba B 3aBUCUMOCTH OT BU1a rpubda [2].

Coctas JIOC, BbliensI€EMBIX PA3INYHBIMU BHIAMU
W MITaMMaMH 3THX TpUOOB, MPAKTHYECKH HE M3YYEeH,
XOTs TAaKM€ JJaHHBIE MOTYT OBITH MOJIE3HBIMHU KakK J10-
MOTHUTENBHBI WHCTPYMEHT TpU WACHTU(HUKALINU
(uIoreHeTHYeCKH ONM3KUX, a TAaK)Ke HOBBIX OMMCaH-
HeIX BHIOB. [lockonbky cocraB JIOC MoxkeT OBITH
pa3HOOOpa3HBIM, a OXKHIAeMble KOHIIEHTPAIUH KOM-
noHeHToB JIOC He mpeBbIIAOT €AUHULl ppm, TO I
WX W3Y4YeHHS HEOOXOAMMO HCIIONb30BaTh HECENeK-
TUBHBIE AHAJIUTHYECKUE METOABI C OYEHb BBICOKOM
YyBCTBHTEIHHOCTHIO. ONTUMAIBHBIM METOJOM IS
BBICOKOYYBCTBUTENbHOTO aHann3a cocraBa JIOC sB-
JIIETCSI MACC-CIIEKTPOMETPHSL.

IKCIIEPUMEHT

Ji n3y4eHns KOJMYEeCTBEHHOTO U KaueCTBEHHOTO
COCTaBa OCHOBHBIX JICTYYMX OPraHMYECKUX COCIAMHE-
Huil (JIOC), BBIAENsAIEMBIX IITAMMAMH Pa3IMYHBIX BH-
nIoB TpuboB pona Lecanicillium, B nanHoi pabote
MPUMEHSJICS  METOJ  IPSIMOr0  ra3oBOr0  Mace-
CIIEKTPOMETPUYECKOT0 aHanu3a. B kauecTBe aHanmm3a-
TOpa WHCIoJb30Banics paspaborannsii B MAII PAH
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Ta6u. 1. Konnenrparmuu ocHoBHEIX JIOC Ha JecsThIi IeHb TIOCIE ToceBa

IITamm Bun 0,, % CO,, % A1ieToH, VYkcycHas

Ne ppm KHCJIOTA,
ppm
V15 L. lecanii 0.1 19.8 0.65 0.00
V121 L. muscarium 1.5 21.2 11.66 0.00
V172 L. muscarium 7.3 14.8 0.43 0.15
V178 L. psalliotae 1.1 17.9 2.78 0.07
8057 L. pissodis 4.5 15.9 0.27 0.05

MaJiorabapuTHBIN KBaApyIOJbHBINH MacC-CIIEKTPOMETP
C TPSMBIM KalWUIAPHBIM BBOJIOM NPOOBI U MOHHU3a-
el anekTpoHHbM yaapom MC7-200, koTopslii Ha-
1ies IUPOKOe NPUMEHEHHE AJIsl aHaIU3a COCTaBa BBI-
IBIXaeMOTO YEJIOBEKOM W JKHBOTHBIMH BO3AyXa,
a TaKXe COCTaBa Pa3MYHBIX Tra3oBbIX cpen [3—7].
JanHpiii mpuboOp MO3BOJIAET TPOU3BOAUTH AaHAIN3
JIOC B nmamazone maccoBbIX umcen 1-200 a.e.M.,
UMEEeT pa3pelIalonlyo CrocoOHOCTh 1 a.e.M., YyBCT-
BUTEJIBHOCTh 110 OTHCIbHBIM KOMIOHEHTaM 50—
500 ppb. BBox mpoObl ocymiecTBusieTcss uepes Mpo-
rpeBacMBbIil Kamwuap UHOH 3 M. Pacxon mpoOswr
cocrasisieT 1-2 mxi/c. Bec mpubopa 13 kr.

Meronuka uccnenpoBanus JIOC, BeIIensieMbIX pas-
IuyHBIMM IuTaMMamu O, Obula peanu3oBaHa clie-
JIyIOITUM 00pa3oMm.

1. KynpTuBupoBanue DO1' mpou3BOIUIOCH B CTEK-
JSIHHBIX ~ XpOMAaTorpaMuecKux BHajlaX EMKOCTBIO
20 M. [TurarenpHyIO cpexy Yareka ¢ arapom pasiu-
BaJIM CTEPHJIBHO 110 5 MJI B BUAJIBl U PUKCHPOBAIH UX
mox yriaoMm 30° k ropusonTanu. llocnme 3acTeiBaHMS
Cpezbl BUAJIBI 3aCEBATMCh CBEXHMMU JECATUCYTOUYHBI-
MU KyJnbTypamu DI ¥ ¢ He MOJIHOCTBIO MPHUKPHITHIMU
KpBIIIKaMU (YTOOBI KyJbTYypa MOTJa IbIIIATH) BBI-
JIEpKUBAINCh B TepMOCTaTe B TeueHHe 9 CyTOK mpu
27 °C.

2. Ha necsiTbie CyTKH KPBIIIKH BUAJI CO IITaMMaMH
TEPMETHYHO 3aKPBIBAIMCH JUISI TOTO, YTOOBI B 00beMe
HaKaIMBaJIoCh AoctaToyHoe konnyecTBo JIOC B Te-
yeHue 24 .

3. [lng BBoJIa Ta30BOM IPOOBI B MacC-CIIEKTPOMETP
Ha KOHEIl KalWwiIsipa CHUCTEMbl BBOJA TE€PMETHYHO
YCTaHaBIMBAIACh UTJIa METUITMHCKOTO IIMPHIIA.

4. Jlanee MeMOpaHa KPBIIKH BUAJIBI T€PMETHUHO
MPOTHIKAJIACh 3TOM WIVIOW W MPOUZBOAWICS aHAIM3
cocrasa JIOC B pexume on-line, 6€3 NPOHUKHOBEHHS
B BHalmy atMmocdepHoro Bosayxa. [locne ynaneHus
uriasl MemMOpaHa BOCCTaHaBIMBajla I'€PMETHYHOCTD,
U KyJbTypa MOTJIa HCIIONB30BATHCSA ISl MOCIEAYIO-
LIUX U3MEPEHUM.

5. AHanu3 Npou3BOAMICS B ABYX pEXHUMax 4yBCT-
BUTENBHOCTH: CTAaHAAPTHOM — OMpEJesIeHHe KOHIICH-

Tpauuil komnoHeHToB O, u CO; Ha ypOBHE €IMHULL
MIPOIICHTOB, M TOBBIIIICHHOM — OTPEICICHIE HIU3KUX
kounentparuit JIOC Ha ypoBHE eIUHUIT ppm.

PE3YJIbTATDBI

Bcero 3a Bpems ucciienoBaHuii ObUTIO TIPOAHAIN3H-
poBaHO 13 mTamMMOB, NpUHAICKAIUX K 7 BHUAAM
rpuboB pona Lecanicillium W3 KOJUIEKIIMU NATOTEH-
HeIX Mukpoopramm3moB OI'BHY BU3P (WFCC
WDCM Ne 760, YHO). Cpemu HHX OTIENbHBIC
mramMMbl (ARSEF 2332 u ARSEF 8057) nonyuenst
n3 ARSEF-koiiekunu SHTOMOIATOT€HHBIX TPHOHBIX
kynbTyp USDA-ARS (CIIIA). ltamMbl BblpamuBa-
JIUCH TIEPUOJUYECKH B T€UCHHE TOfa, U JUII KaKIOTO
mramMma HpOM3BOAMJICA aHaiu3 BbinesseMbix JIOC
710 TeX TOp, TMTOKa CyOCTaHINS He BBICHIXAJA.

Tunmuneiii coctaB kommnoHeHTOB JIOC mis 6
mramMMoB  (u3mepernus  20.09.2020) mpencraBieH
B Ta0s. 1. OCHOBHBIMH OOHApy>KEHHBIMH KOMIIOHEH-
TaM¥ Ta30BOH ¢a3el Haa MurienueM DI ObUTH TUOKCH
yraepona (14.8-21.2%), xucnopon (0.1-7.5%), aneron
(0.2—12 ppm), ykcycHas kucioTa (o 0.15 ppm).

3a Bech Iepuoj] M3MEpPEHUH ObLIO OOHAPYKEHO,
9T0 BCe 00pa3lbl IITAMMOB B IpoLEcce XU3HEIes-
TEJIBHOCTH MOTPEONSIIN KUCIOPO M BBIIEISUIN yTJie-
KHUCIIBII Ta3, HO C pa3HOl MHTEHCUBHOCTHIO. Kpome
TOTO, BO Bcex oOpas3max OblT OOHApy»KeH aleToH
B Pa3HBIX KOHIEHTpanusx (B quanazone 0.2—12 ppm).

B Tabn. 2 mpuBeqeHbl pe3yabTaThl CEPUH U3MEpe-
aui JIOC g Bcex mrammoB Ha 10, 17 u 21-H aHH
mocite moceBa 28.10.2020. IIpu 3TOM ¢ HETbI0 TTOBBI-
LIEHHS JTOCTOBEPHOCTH pE3YJITATOB M3MEPEHHM IO-
CEeB KaXKJIOTO IITaMMa MPOU3BOAMIICS B JIBE MICHTHY-
Hble BUaibl. KOHIEHTpaUuu KHCIOpoAa M IHOKCHIA
yriepoaa BbIpaxeHbl B mporueHtax (%), a yKCYCHOM
KHCIJIOTHI U alleToHa B ppb.

B at0it cepun m3mepenuit mrammel O oHOTO BUIA
MMENH CXO0)KHE TEHIEHIIMH B U3MEHEHHUHU CO BPEMEHEM
ra30BOTO COCTaBa B BUajax. Tak, HampuMep, N3MEepeHHS

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 4
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Ta6u. 2. Koanenrparmu ocHoBHEIX JIOC Ha [ecsTHIN, CEeMHAANATHIA M IBAANATE MIEPBBIH JIEHB MOCIE TOceBa
KonnuectBo nHel mocie nmocesa
10 | 17 | 21
Komnonentsl JIOC
:
|
Bun = 0, | Co, || Y1 o, | co, || Y1 0, | co, || Y
TOH | CyC TOH | cyc TOH | cyc
% ppb % ppb % ppb
L .. V15 10.5 7.9 | 400 | 120 | 13.0 5.3 360 | 120 | 0.1 142 | 500 | O
. lecanii
VI15-1 7.7 10.0 | 450 | 90 11.3 6.2 | 400 | 80 | 0.1 141 | 550 | O
I loni V113 0.3 17.5 | 570 0 9.5 93 |440 | 210 | 0.1 14.1 | 510 O
. longisporum
V113-1 0.1 18.1 | 570 0 9.2 96 |440 240 | 04 142 | 540 | O
I . V121 0.1 16.5 | 520 0 20.5 0.2 150 | 60 | 206 | 03 (250 | O
.muscarium
V121-1 2.4 14.6 | 510 0 20.7 0.2 150 0 [206| 02 (340 O
.. V129 0.1 16.8 | 510 0 7.6 10.2 | 400 | 130 | 0.2 132 {400 | O
L. lecanii
V129-1 0.1 17.5 | 510 0 6.5 109 | 440 | 90 | 0.1 14.1 | 460 | O
I . V161 15.3 5.1 220 | 120 | 15.0 4.0 | 340 | 110 | 0.1 12.6 | 480 | O
. muscarium
Vieél-1 | 135 54 360 | 150 | 159 37 370|100 | 2.9 11.5 {470 | O
I V171 0.1 204 | 570 0 0.5 16.1 | 500 | O 0.2 158 | 480 | O
. attenuatum
V171-1 0.1 19.1 | 550 | 50 14.5 4.0 | 350 | 100 | 0.1 133 {490 | O
I , V172 8.8 9.7 250 | 90 11.2 6.8 | 300 | 110 | 0.1 150 | 540 | O
. muscarium
VI72-1 | 10.1 9.5 420 | 140 | 13.1 59 |320| 130 | 0.1 148 | 440 | O
. V178-1 0.2 15.7 | 480 0 14.4 2.6 | 740 | 90 0.1 11.2 | 410| O
L. psalliotae
V178-2 0.1 16.2 | 610 0 14.6 22 | 880 | 80 | 0.1 11.6 | 550 | O
I di V179 2.2 15.1 | 530 0 11.0 6.6 | 400 | 120 | 0.1 12.1 {420 | O
. dimorphum
V179-1 1.2 15.5 | 500 0 11.3 59 1410|110 | 0.1 11.0 | 440 | O
I Vit 117 0.1 17.7 | 440 0 0.1 145 | 520 O 0.2 14.6 | 560 | O
. attenuatum -
Vit 117-1 0.1 17.0 | 520 0 10.2 6.6 | 310 | 90 0.1 132 | 550 | O
. 2332 0.1 17.4 | 550 0 6.1 9.1 300 | O 0.1 149 | 550 | O
L. dimorphum
2332-1 0.1 18.0 | 520 0 7.1 8.5 380 70 | 0.1 13.8 | 600 | O
I pi . 8057 8.8 10.1 | 310 | 100 | 12.8 5.6 | 320|130 | 0.2 133 | 510 O
. pissodis
8057-1 4.3 13.1 | 490 | 50 12.2 6.1 360 | 110 | 0.1 134 | 510 O
L .. F2 1.2 17.5 | 500 0 15.3 4.0 | 280 | 90 0.1 13.0 {480 | O
. lecanii
F2-1 0.1 20.5 | 550 0 14.3 42 | 310 | 100 | 0.1 11.8 {460 | O
KOHILIEHTpalMi KUCIOpOJa M aleTOHa i BUIOB [Ipencrasiennsbie JIaHHBIC TaKXe CBHUJIC-
L. attenuatum, L. Dimorphum, L. muscarium TOKazajqll  TENbCTBYIOT O HeperyisspHocTH BoimencHus JIOC
CWJIbHBIC Bapualy. 3HAYCHUsI KOHILEHTPAIMM KHUCIO- Ppa3HBIMH  IITAMMAaMH, IOCKOJBKY  pe3yJbTaThl

pona B pasuele gHM ObH OT 0 110 20% (cpenuuii ypo-
BeHb mopsaka 10%), a KOHIIEHTpaluy aleToHa MOTJIH
BapbupoBaTh B npenenax ot 200 ppb g0 550 ppb. Oto
TOBOPUT O TOM, YTO BO BPeMs HM3MEPEHUH HITaMMBI
pociii ¢ TEPEMEHHOW CKOpOCThbIO. [l mramMMmoB
BUnOB L. longisporum, L. psalliotae, L. pissodis
KapTHHA pa30poca JaHHBIX ObLIa aHAJIOTUYHOM.

HAVYYHOE [NIPUBOPOCTPOEHME, 2021, Tom 31, Ne 4

W3MEPEHUH HE TMOKa3aJli MOHOTOHHBIX H3MEHEHUH
koHueHTpauuu JIOC co BpemeHeM.

[ToMMMO OCHOBHBIX KOMIIOHEHTOB (YTJIEKHCIIBII
ra3, alleTOH), Y HEKOTOPBIX IITaAMMOB OBLIIH BBISIBJICHEI
cnermduueckue JIOC. Tak, Hampumep, y BceX Tpex
mrammoB (V15, V129, F2) Bunma L. lecanii, xpome
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Puc. 2. Macc-criextp JIOC mrramma V1 21 L. muscarium
areToHa, ObpUTH OOHApy)KeHBI TICHTaH, TeKCaHall,

reKcHjaneTar, TWIaleTaT U CepHHUCTHIA ra3. Macc-
criektp JIOC ob6pasma V1 5 npeacrasnen va puc. 1. Te
K€ KOMITIOHEHTBI, HO B IDYTMX KOHLEHTPaLHUsIX, ObLIH
oOHapyenbl y mramma V1 21 Bunma L. muscarium,
IPU 3TOM HaOJIoaNIach TAKXKE €IIe YKCYCHAsl KUCIIOTa
(puc. 2).

Hekotopsle mnepeuncnennsle JIOC, Takme Kak
NIEHTaH, alleTOH M YKCYCHas KHCIIOTa, Kak MpaBuio,

JPYTUMH aBTOPaMH 3KCIIEPUMEHTAJbHBIX JaHHBIX
XpOMAaTOMAacC-CIEKTPOMETPUUECKUX  MCCIIEJOBAHUM
JIOC ¢urtonatorennoro rpuba Fusarium culmorum
[8]. OmHako B HAIIMX M3MEPEHUSIX B psine 00pas3ioB
BIIEpBBIE OBLT OOHApPY)KEH CEPHUCTHIA Ta3, KOTOPHIH
MOXET  OBITb  aKTHBHBIM  PEMEUICHTOM  JUIs
HAaCEKOMBIX.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 4
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Takum 00pa3oM, MOXHO CJelaTh BBIBOJ, 4YTO
OOJIBIIIMHCTBO mTaMMOB BBIIACIAIOT IpeuMy-
LIECTBEHHO AalETOH € Pa3HOM HHTEHCUBHOCTBIO,
HaAOJIOZa0TCs MEHTaH, YKCYCHas KHUCIIOTa, a TakKke
JUTSE HEKOTOPBIX INTaMMOB OBUI OOHapyXXeH psj He
HaOmomapmmxcss  panee  JIOC,  Takmx  Kak
reKcuialeTar, CEpHUCTBIN ras.
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Paboma evinonnena npu nooodepoicke Poccuiickozo
Gonoa  yHOaMeHMAaNbHLIX — UCCAEO06AHUL,  NPOEKm
Ne 20-016-00241.

Hsmepenus cocmasa JIOC snmomonamozentvix epubos
nposoounuce 6 MAIl PAH na macc-cnekmpomempe MC7-
200 cobcmeennoll paspabomxu.
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OF VOLATILE ORGANIC COMPOUNDS RELEASED
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For the first time, the quantitative and qualitative composition of volatile organic compounds (VOCs), re-
leased by strains of various species of entomopathogenic fungi (EF) of the genus Lecanicillium, was studied
using a quadrupole mass spectrometer. Lecanicillium fungi are used as an alternative to chemical pesticides for
plant protection. The main detected components of the gas phase over the EF mycelium on the 10th day of
growing on the agar Czapek's medium were carbon dioxide (5—20%), oxygen (0.1-15%), acetone (0.2—12 ppm),
pentane (up to 0.5 ppm), acetic acid (up to 0.15 ppm). Acetone and pentane were found in the VOCs of all stu-
died strains, acetic acid — in 5 strains belonging to different species, in other strains it appeared after a longer
period of time, or was absent completely. Among the VOCs of some strains, substances such as hexyl acetate,
sulfur dioxide were found in small quantities. These substances may be responsible for the pathogenic and re-
pellent properties of the studied fungi with respect to phytophages.

Keywords: mass spectrometry, volatile organic compounds analysis, entomopathogenic fungi

INTRODUCTION

The problem of increasing the efficiency of pro-
duction of environmentally friendly products in Rus-
sia and abroad is especially relevant for closed sys-
tems of protected soil. The use of microbiological and
biological protection of plants is a necessary alterna-
tive to chemical insecticides due to the development
of resistance of phytophages to insecticides and the
negative impact of residual amounts of insecticides on
the environment and human health. However, the po-
tential of entomopathogenic fungi (EF) is not fully
realized. Difficulties, associated with the use of EF,
arise from insufficient knowledge of the mutual influ-
ence of multicomponent systems, including patho-
gens, target and non-target hosts and plants. Informa-
tion on the composition of volatile organic com-
pounds (VOCs) of entomopathogenic fungi and their
effect on arthropods is very limited according to the
literature. Comparative analysis of VOCs of certain
EF species has been carried out in [1], as a result of
which it is shown that they differed in quantitative and
qualitative composition: esters, acids and terpenoids
were dominant among them.

Despite the fact that fungi of the genus Lecanicil-
lium are widespread in nature as the most important
regulators of the number of insects of the order He-
miptera and mites and have been used as producers of
biologics for more than 30 years, only recently they
began to study the effect of VOC mycelium and
spores of fungi of this genus on the behavioral reac-
tions of their hosts. It has been found that spores and
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mycelium may exhibit repellent or neutral properties
depending on the type of fungus [2].

The composition of VOCs secreted by various spe-
cies and strains of these fungi has practically not been
studied, although such data may be useful as an addi-
tional tool in identifying phylogenetically close spe-
cies as well as new described ones. Since the compo-
sition of VOCs can be diverse and the expected con-
centrations of VOC components did not exceed ppm
units, non-selective analithic methods with very high
sensitivity should be used to study them. The optimal
method for highly sensitive analysis of VOC composi-
tion is mass spectrometry.

EXPERIMENT

In order to study the quantitative and qualitative
composition of the basic VOCs released by strains of
various species of fungi of the genus Lecanicillium,
a direct gas mass spectrometric analysis method was
used in this work. As an analyzer we used developed
at AT RAS a small-sized quadrupole mass spectrome-
ter MC7-200 with direct capillary sample injection
and electron impact ionization. MC7-200 has found wide
use in analyzing the composition of air exhaled by hu-
mans and animals, and composition of various gas media
[3—7]. This device allows performing VOC analysis in
the range of mass numbers 1-200 u, has a resolution of
1 u, sensitivity for individual components 50-500 ppb.
The sample is introduced through a heated capillary with
a length of 3 m. The sample flow rate is 1-2 pl/s. The
weight of the device is 13 kg.



MACC-CIIEKTPOMETPUUYECKUE UCCIEIOBAHNA COCTABA

The procedure for studying VOCs secreted by var-
ious EF strains was implemented as follows.

1. EF cultivation was carried out in glass chroma-
tographic vials with a capacity of 20 ml. Czapek's nu-
trient medium with agar was poured 5 ml sterile in
vials and fixed at an angle of 30° to the horizontal.
After solidification of the medium, the vials were in-
oculated with fresh ten-day old cultures of EF and
kept in a thermostat for 9 days at 27 °C with incom-
pletely covered lids (so that the culture could breathe).

2. On the tenth day, the lids of the vials with the
strains were hermetically closed in order to accumu-
late a sufficient amount of VOCs within 24 hours.

3. To introduce a gas sample into the mass spec-
trometer, a medical syringe needle was hermetically
installed at the end of the capillary of the injection
system.

4. Then, the membrane of the viala cover was her-
metically pierced by this needle and the VOC compo-
sition was analyzed on-line, without penetrating at-
mospheric air into the viala. After removing the
needle, the membrane restored tightness, and culture
could be used for subsequent measurements.

5. The analysis was carried out in two modes of
sensitivity: standard — determination of concentra-
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tions of O, and SO, components at the level of units
of percent, and increased — determination of low
concentrations of VOCs at the level of units of ppm.

RESULTS

A total of 13 strains belonging to 7 species of fungi
of the genus Lecanicillium from the collection of pa-
thogenic microorganisms of All-Russian Institute of
Plant Protection (FSBSI VIZR) [®I'BHY BU3P]
(WFCC WDCM No. 760, UNO) were analyzed dur-
ing the research. Among them, separate strains (AR-
SEF 2332 and ARSEF 8057) were obtained from the
ARS Collection of Entomopathogenic Fungal Cul-
tures (ARSEF) USDA-ARS (USA). Strains were
grown periodically throughout the year and VOC
analysis was performed for each strain until the sub-
stance dried.

A typical composition of VOC components for 5
strains (measurements on 20.09.2020) is presented in
Tab. 1. The main gas phase components detected over
EF mycelium were carbon dioxide (14.8-21.2%),
oxygen (0.1-7.5%), acetone (0.2—12 ppm), acetic acid
(up to 0.15 ppm).

Tab. 1. Concentrations of major VOCs on the tenth day after sowing

Strain
No.

Species 0,, %

Acetic
acid, ppm

CO,, % Acetone,

ppm

Over the entire measurement period, it was found
that all the samples of the strains consumed oxygen
and emitted carbon dioxide during their life, but with
different intensities. In addition, acetone was detected
in all samples at different concentrations (in the range
of 0.2-12 ppm).

Tab. 2 shows the results of a series of VOC mea-
surements for all strains on the 10th, 17th and 21st day
after the sowing on 28.10.2020. In order to increase the
reliability of the measurement results, each strain was
inoculated into two identical vials. The concentrations of
oxygen and carbon dioxide are expressed in percent (%),
and that of acetic acid and acetone in ppb.

Tab. 2. Concentrations of major VOCs on the 10th, 17th and 21st days after sowing

Number of days after sowing
10 | 17 | 21
VOC components
g
Species g . . .
A 0, co | ace | vine- | 1o | aces | vine- | o | ace- | vine-
tone | gar tone | gar tone | gar
% ppb % ppb % ppb

In this series of measurements, EF strains of the same
species had similar trends in changing gas composition
in vials over time. For example, measurements of oxy-
gen and acetone concentrations for species L. atfenua-

HAVYYHOE [NIPUBOPOCTPOEHME, 2021, Tom 31, Ne 4

tum, L. Dimorphum, L. muscarium showed strong varia-
tions. Oxygen concentration values on different days
ranged from 0 to 20% (average level — about 10%), and
acetone concentrations could vary from 200 ppb to
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550 ppb. This suggests that the strains grew at a variable
rate during the measurements. For strains of L. longispo-
rum, L. psalliotae species, L. pissodis the pattern of data
spread was similar.

The data presented also indicate irregularities in
VOC release by different strains, since the
measurement results did not show monotonic changes
in VOC concentration over time.

In addition to the main components (carbon
dioxide, acetone), specific VOCs were identified in
some strains. For example, in all three strains (VI 5,
VI 29, F2) of the species L. lecanii, besides acetone,
pentane, hexanal, hexyl acetate, ethyl acetate and
sulfurous gas were found. The VOC mass spectrum of
sample VI 5 is shown in Fig. 1. The same
components, but at other concentrations, were found
in the VI 21 strain of L. muscarium species, while
acetic acid was also observed (Fig. 2).

Fig. 1. Mass spectrum of V15 L. lecanii strain VOC

Fig. 2. Mass spectrum of V1 21 L. muscarium strain|
voC

Some of the listed VOCs, such as pentane, acetone
and acetic acid, have generally also been observed in
experimental data of chromatomass spectrometry
studies of the VOC of phytopathogenic fungus
Fusarium culmorum, published earlier by other
authors [8]. However, in our measurements for the
first time sulfur dioxide was detected in a number of
samples — gas, that may be an active insect repellent.

CONCLUSIONS

Thus, it can be concluded that most strains mainly
release acetone with different intensities, also pentane,
acetic acid are observed, and a number of previously
unobserved VOCs, such as hexyl acetate, sulfur dio-
xide, have been found for some strains.

Contacts: Kuzmin Aleksey Georgievich,
agqz55@rambler.ru
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