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INPAMBIE U KOCBEHHBIE IIOTEPHU, ONNPEJAEJAIOINUE BPEAJOHOCHOCTb 'PUBOB
p. FUSARIUM — BO3BYIUTEJIEA ®Y3APUO3A KOJIOCA ¥ 3EPHA TIINIEHAIBI

AnHorauus: ['pubsl p. Fusarium sSBASIOTCA OXHUMH U3 HanOoJsiee BPEIOHOCHBIX BO30OYAHTENCH OONe3HEN MIICHUIBL.
Hx BpemoHOCHOCTh 00yCI0OBIEHa KaK MPAMBIMH MOTEPSIMU 3a CUET CHUIKEHHUS yporkas, TaK ¥ KOCBEHHBIMH — B pe3yJbTaTe
3apakeHHsl MOIYYEHHOI MPOAYKIUN MUKOTOKCHHAMH U CHH)KEHHEM TEXHOJOIMYECKHX, XJIeOOIMEeKapHbIX M MOCEBHBIX Xa-
PaKTEepUCTUK 3epHA. B CBSA3U ¢ BHICOKMMHY MOTCHIIMAIBHBIMY IOTEPSIMH HCCIEIOBAHUS KOJIUYECTBEHHBIX IapaMeTpOB Bpe-
JIOHOCHOCTH BO30yzanTeneil (hy3apros3a Koyoca u 3epHa SIBIISIOTCS aKTYalIbHBIMU. B ¢TaThe IMpencTaBIeHbI JaHHEIE, TOKA3bI-
BAIOIME BPEIOHOCHOCTH (py3apro3a Kouoca W 3epHa MIIeHHUNbl. [IpuBeaeHs! MPHUNHBL IPSMBIX U KOCBEHHBIX MOTEPH MPH
HOPA’KEHUH KOJI0Ca MIIEHULbl rpudaMu u3 p. Fusarium. IToka3zaHbl npsiMble IOTEPU YPOKAHHOCTU KYJIbTYPBl B €CTECTBEH-
HBIX YCJIOBUSX MUHCKOW 00JIACTH M IpU SMU(PHUTOTHHHOM Pa3BUTHHU OOJE3HM IPU MCKYCCTBEHHOM 3apa’keHHH, KOTOpPHIC
MoryT pocturath 50 % n Gonee. [IpoananmsupoBano BiausHHE (y3apHeB.Ha XJIeOONeKapHBIE CBOWCTBA MIICHUIB. YCTa-
HOBJIEHO, YTO TOpa)KeHHEe 3epHa BBI3bIBAET CHIDKeHHE Macchl 1000 3epeH u BBIXOJ MYKH MPHU HUCTIOIB30BAHNU €r0 B MYKO-
MOJIbHOM MPOMBIIIJICHHOCTH, a TaKXKe yXYJIICHHE €€ KaueCTB 3a CUeT CHU)KEHUS COJepKaHMsI OelIKa U ChIPON KJICHKOBUHBI.
OnpefesieHo BIMSHUE TATOICHOB HAa IOCEBHBIE XapaKTePUCTUKH 3epHa. ClenaH BbIBOJ, UTO [l UCIOIb30BaHUS B KAUeCTBE
CeMSIH IO TI0Ka3aTeJIo JJabopaTOPHOH BCXOXKECTH MOTYT OBIThH JOIYMICHHI MApTHH 3epHA, HHOUIIMPOBAHHEIE (y3apHO30M
TOIBKO 10 15 %. [lony4eHHbIe JaHHBIE TTO3BOIAT AAANTHPOBATE 3AIIUTHBIC MEPONIPUATHS MPOTUB (py3apHo3a Kooca u 3ep-
HAa U CHU3UTH €r0 HEraTHBHOE BIMSHHUE HA yPOXKAMHOCTh M KAa4eCTBO mosydaeMmoil nponykuuu. biaarogapuocru. Padora
BBITIOJIHEHA B paMKaX MpoeKTa 6.74 «BbIsBICHNE HCTOUHUKOB YCTOMYMBOCTH M TOJICPAHTHOCTH K (y3apuo3y Kojioca U 3ep-
Ha IIICHUIBD TOCyIapCTBEHHON IIPOrpaMMBbl HayUHBIX HcCieaoBaHui «KauecTBO ¥ 3(peKTUBHOCTH arpoIpOMBIIIICHHOTO
npousBozacTBa» Ha 2016—2020 roxbl, mogmporpamMma «3eMIeAeNe U CENCKIUI».

KuroueBble ciioBa: mmeHunia, ¢py3apuos Kojaoca U 3epHa, BPEJOHOCHOCTh, yPOXKAHHOCTb, HOTEPH, SH3UMO-MUKO3HOE
HCTEKaHHue 3epHa, XJiebonekapHble kadecTBa, Macca 1000 3epeH, 6enok, KieiikoBuHa, JabopaTopHasi BCXOKECTh
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DIRECT AND INDIRECT LOSSES DETERMINING THE HARMFULNESS OF MUSHROOMS
p. FUSARIUM — FUSARIOSIS CAUSES WHEAT SPEAK AND GRAIN

Abstract: Fungi p. Fusarium is one of the most harmful pathogens of wheat diseases. Their harmfulness is caused both by
direct losses due to decrease in'yield, and indirect - as a result of infection of the obtained products with mycotoxins and decrease
in process, baking and sewing parameters of grain. Due to high potential losses, analysis of quantitative parameters of harm-
fulness of fusarium pathogens of spike and grain is relevant. The paper presents data showing the harmfulness of Fusarium of
spike and wheat grain. The causes of direct and indirect losses in case of damage to wheat spike by fungi of p. Fusarium. Direct
losses of crop yield are shown in the natural conditions of Minsk region and with the epiphytotic development of the disease in
case of artificial infection, which can reach over 50 %. The effect of Fusaria on baking properties of wheat is analyzed. It was
determined that grain damage causes decrease in weight of 1000 grains and the flour yield when it is used in the milling indus-
try, as well.as deterioration in its quality due to decrease in protein and crude gluten level. The effect of pathogens on sowing
parameters of grain is determined. It is concluded that for use as seeds in terms of laboratory germination capacity, batches of
grain infected with Fusarium only up to 15 % can be accepted. The data obtained will allow us to adapt protective measures
against Fusarium of spike and grain and reduce its negative impact on crop yield and quality of the products obtained. Acknow-
ledgments. The research was carried out as part of the project 6.74 “Identification of sources of resistance and tolerance to spike
and wheat grain Fusarium” of the State Research Program “Quality and Efficiency of Agroindustrial Production for 2016-2020”,
subprogram “Agriculture and Breeding”.
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BBenenue. MexxnyHapOTHBIN IIEHTP 0 YAydIIeHUI0 KyKypy3bl U mmeHunsl (CIMMYT) nazBan
(y3apro3 kojoca OIHOW M3 CaMbIX CEPhE3HBIX YI'PO3 JJ MPOHM3BOACTBA 3E€PHA MIIEHHIIBI BO BCEM
mupe [1]. Yaensie Kan3zacckoro rocy1apcTBEHHOTO YHHBEPCUTETA, POaHATH3UPOBAB PE3YIABTATHI ITPO-
M3BOJICTBA 3€pHA MILEHUIBI C TPUMEHEHHEM CPEACTB 3aIlIMTHI OT TPHOHBIX Oone3Hel B mTate Kansac
6oxee gem 3a 20 nret, onpenenuian (y3apro3Hble 00JIe3HN Ha TPEeThe MecTo o BpemorocHocTH (0,29 %
CPEIHEro 3a aHaJIM3upyeMble rOJbl BaJIOBOT0O cOopa) mocie pxkaBurH (4,33 %) ¥ KOMIUIEKCa JTUCTOBBIX
nstauctocteit (0,84 %) 2, 3].

[o neneBoMy Ha3HAYEHHIO MOCEBBI MIICHUIIBI PA3JIMYAIOTCS HA CEMEHOBOAYECKHUE (IIOyUYCHHUE Ce-
MSIH) ¥ IOCEBBI JIJ151 IPOM3BOCTBA MTUIIEBOro WK (ypakHOro 3epHa. [Ipon3BeieHHast IpoayKIMs UMe-
eT pasHyto 1eny. Ha nauano 2019 r. nena cynepanutsl B Pecriyonuke bemapycs coctapisina 9400 pyo®.,
ceMsiH TpeThel pernpoaykuuu — 3360 py0., nponoBosibcTBeHHOTO 3¢pHa 350—440 pyO6., GypaxkHoro —
280-300 py0. [TosTomMy 3KOHOMHYECKHH yIiiepO OT rpubOB p. Fusarium, BhI3bIBAIONINX (Py3apH03 KOJIO-
ca MIIEHUIBI, CAMbIi BBICOKHI Ha CEMEHOBOIYECKHX ITOCEBAX M-MEHEE 3HAUMMBIil IPHU TPOU3BOACTBE
MPOIOBOJIBCTBEHHOTO M (Dypa)KHOTO 3epHa.

[orepu, cBsizaHHBIE ¢ TOpakeHUEM (Py3apr030M KOJIOCA; MOXKHO Pa3/IeUTh Ha MPSIMbIE U KOCBEH-
Hele (puc. 1).

[IpsiMble OTEpH — 3TO CHUIKEHHE YPOXKAHHOCTH IOJ BO3ACHCTBHUEM MATOTCHA 3a CUET YMEHbIIe-
HUSI KOJIMYECTBEHHBIX TOKa3aTellell JBYyX DJIEMEHTOB TpPHAIbl: KOIMYECTBA 3€PEH B KOJIOCE W MAaCCHI
1000 3epen B kosoce. B mopa)xeHHOM KOJIOCE TTPOMCXOMUT 3aKyNOpKa MHUIETHEM Tprba MpOBOISIINX
COCY/IOB, YTO MPUBOJIUT K MOJHOMY OTMHPaHHIO (A0QPTHBHOCTH) OIIJIOAOTBOPEHHBIX CEMSITIOUEK HITN
K CHIDKEHUIO POCTOBBIX ITPOIECCOB 36PHOBKH.

CHMmXeHUe MacChl 3€PHOBKH IPOMCXOAMT TaKXKe M IMPU HH3UMO-MHKO3HOM HCTEKaHUU CEMSH
(BMUC), Ho He 3a cUYET CHIDKEHUS CHHTE3a, @ B Pe3ysbTaTe Mpeodia anus THIPOTUTHUECKUX MTPOIEeC-
COB HaJl CHHTETHYECKIMHU.
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Puc. 1. Cxema npsMbIX U KOCBEHHBIX IIOTEPb IIPU BO3JEJIBIBAHUU 3€PHOBBIX KYJIbTYD,
BBI3BIBAaEMBIX (py3apH0O30M Kosloca

Fig. 1. Layout of direct and indirect losses during cultivation of cereal crops caused by spike Fusarium
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Ha tpetnii aneMeHT TpHaabl YpOKaWHOCTH — YUCIIO KOJIOCHEB HA €AMHUIIE TUIOMIAU TI0CEBA — TIPH
MOCEBE CEMEHAMH, TTOJIYYeHHBIMH U3 IOPaKEHHBIX (Dy3apH030M KOJIOChEB, OKa3bIBalOT OTPUIATEIHHOE
BIIMSTHIE KOPHEBBIE W MPUKOPHEBBIE THHUIIHA 33 CYET CHIDKEHUS TMOJEBOW BCXOXKECTH U YaCTUYHOW TH-
Oenu BX0M0B. [10 JaHHBIM 3apyOeKHBIX HUCCIeIOBATENEH, IPSMbIC TOTEPH TI0 JAHHOW MPUYHHE MOLYT
nocturath 50—60 % ypoxaiinoctu [4, 5].

Llenp HacTosIeH pabOTHI — OMpEeIIeHUEe KOJTUYECTBEHHBIX IPEIENIOB MPSIMBIX U KOCBEHHBIX TO-
Tepb, BBI3bIBAEMBIX (hy3apH0O30M 3epHA U KOJIOca B YCIIOBUsIX benapycu.

Marepuaabl 1 MeTOAbI HccaeqoBaHusA. C [EIbI0 M3YUYCHUS BIUSHUS WHOKYJISIHH JOMUHUPY-
IOITUMU B €CTECTBEHHOW CpeJie aTOr€HaMH, BBI3BIBAIOIIMMHE (y3apro3 Kojoca, Ha (popMHpPOBaHUE KO-
JMYECTBA 36PEH, MACChl 36PHOBKH M MaCcChl 3¢pHA C KOJIOCA IIPOBE/ICH ITMKJI OIIBITOB HA 03MMOH IMIICHHU-
1Ie B YCJIOBUAX (PUTOTPOHHO-TEIUIMYHOTO KoMIIekca HayduHo-npakTideckoro neHTpa HarmoHnansHow
akageMuu Hayk benmapycu no semuenenuio (JKomanno, bemapycs).

CxeMma OmbITa: KOHTPOJIBHBIN BapuaHT — PacTCHHUS, BbIpallMBacMble B BELCTAIIMOHHBIX COCY/aX,
oOpabatpiBaiuch Ha cT. 61-65 (pasza userenus) BBCH nuctunupoBanHOW BOJOH; ONBITHBIE BapUaH-
THI — pacTeHHs 00pabaTHIBAINCH CYCIIeH3Hel KOHHINOCTIOp B KOHIeHTpanuu 1 X 10° criop/Mi oxHOTo
13 HanOoJee YacTo BCTpEYaeMbIX MaToreHoB: F. culmorum, F. avenaceum u F. poae.

Fusarium culmorum oroOpaH Kak BXOASIIUN B JOMUHAHTHBIM KOMILICKC B HaYalle MEPHO/IA MOTe-
TIJICHUS] KJIMMaTa, BRI3BIBAIONINH SIBHBIE (TUITHYHBIE) CHMIITOMBI TTOPAXKEHHS KOJIOCa.

F. avenaceum — BTOpOH 10 pacpocTpaHEHHOCTH B (py3apreB HA 36PHOBBIX, TAKKE BHI3BIBAIOIIAN
SIBHBIE CHMIITOMBI TIOPa)KEHUS KOJIOCA.

F. poae — BuA, KOTOPBIHA CTPEMUTENHHO pacIINPSET apeall 00MTAaHU S, MOKET BBI3BIBATH SIBHBIHN (Y-
3apH03, HO Yallle BCEr0 Pa3BUBAIOLIUICS B CKpbITOW (hopMme 0€3 SBHBIX MPU3HAKOB (hy3apro3a KoJoca.

ONBIT MPOBOJUIN B YCIOBHUSAX TETUIMIIBI C TPUMEHEHHUEM HCKYCCTBEHHOW MHOKYIISIUN PACTCHHM
YUCTBIMHU KYJIBTYpaMH NatoreHoB. [lociie MHOKYISAIUN PACTCHHSI HAKPBIBAIIN 11EII0()aHOBBIMY TaKe-
TaMu Ha 24 4 JUIS CO3/IaHMS ONITUMAJIbHBIX YCIOBUUN JITSE 3apaXKCHUSI.

KonmdecTBo pacTenuii B cocyzie BIPaBHUBAJIOCH MEpe MOCTAHOBKOM Ha SPOBHU3AIUIO, KOTOPYIO
pacTeHus: O3UMBIX KYJBTYD MPOXOAUIHU B TeueHne S0 CyT B CIEIMaJIbHOM TEPMOCTATHPYEMOM IOMe-
HeHny npu Hu3koi (2-3 °C) nonoxkurensHoH Temuepatype. Ilocie a3Toro cocynsl A0CTaBIAINUCH B OT-
JIETbHBIE U30JMPOBAHHBIE OOKCHI B (PUTOTPOHHO-TEIIITNYHOM KOMILIEKCE, T/Ie TPOBOIMIIACH MHOKYJIS-
[Ms U TOpAlMBaHUE PACTEHUHN JI0 MOJHOW CIEIOCTH 3epHA. YUeThl jJenaiu B (a3y paHHEeH BOCKOBOM
cnenoctH (cT. 81). YuuteiBanu pa3BuTHe 00JI€3HU, KOJINYECTBO 3€PEH B KOJIOCE, MacCy 3€pHA ¢ KOJIoca.
IToBTOpPHOCTH KaXkOTO OIBITa — ABYKPATHASL.

JocToBepHOCTD pa3inymil IOKa3areiel OMbITHBIX U KOHTPOJIBHOI'O BAPHAHTOB OLCHUBAJIN IO J0-
BepuTenbHOMY HHTepBaty ([IW). PasHniy npusHaBaiiu JOCTOBEPHOH, KOTJa MaKCUMaIbHOE 3HAYCHHE
rpaHUIEl AoBepuTenbHOr0 nHTepBajsia (I'/IM) mokaszaTens B OmbITHOM BapHaHTe Obljla HIDKE MUHU-
MaJIbHOTO 3HAUEHHSI ITOTO e TIOKa3aTessi B KOHTPOJILHOM BapHaHTe.

Ozumast mmeHuna copta’ KamblnsHKa K (y3apuo3y KOJIoca HEyCTOWYHMBa. THIMUYHBIC TpHU3HA-
KM TOPaXEHHS KOJOoca IMONYdYeHBbl TOINBKO TPU HHOKYISIMH PACTEHUI CyclieH3Hueld KOHUIUOCIIOp
F. culmorum. B oNBITHBIX BapHaHTax ¢ IPUMEHEHUEM CycleH3uil F. avenaceum u F. poae BHemHue
npu3Haku (py3apro3a KoJioca He HaOTI01alinuCh.

OnbITHl 10 ONPEACHCHUIO BIUsHUS (Dy3apuo3a 3epHa Ha XJieOONeKapHbIe KayecTBa IMPOBOJUIH
B 2018 1. BsizkocTh TecTa onpenesiv ¢ moMouipio amuiorpada bpadenaepa uinu mo yuciny najacHus
Ha mpudope Xaroepra-lIleprena [6]. Ha amumorpade mpoucxoquT peryisipHoe onpeaeieHne BI3KOCTH
BOJTHO-MYYHOW. CYCIIEH3UM TIPH TIOCTOSHHO TIOBBIIIAIOMICHCS Temneparype. Huskas makcuMaibHas
BSI3KOCTh CBHJETEIBTBYET O BBICOKOM aMMJIOJIMTUYECKOM aKTHBHOCTH aMMJIa3bl (B MEPBYIO O4Yepeab
Ol-aMHJTa3kl Kak 0oJiee TEPMOCTOMKOI) U CJIab0M TIOTJIOIICHIH BOABI KpaxMaJioM B IpoIlecce KiencTe-
pusaiuy. Takast MyKka He IPUTOHA JIJISl BBITICUKH OMPEACICHHBIX BUI0B XJIe000YI0UHBIX U KOHAUTEP-
CKUX U3IETUN.

3epHO C ABHBIMH MIPU3HAKAMH TIOPAKCHUS Py3apusaMu ObLIO MOJTYUEHO Ha UCKYCCTBEHHOM HMH(]EK-
noHHOM (one B 2018 . 3apakeHHe KOJIOChEB sSPOBOH TIIeHuUIbl copta JIrobaBa mpoBoauau B (asy
Hadarna 1sereHus (c1. 61 BBCH) myTem onpeickuBaHUS X CIOPOBOM cycrieH3uen F. culmorum B KOH-
HeHTpanud 1 - 10° mrr/mo.
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Puc. 2. Bun 3nopoBoro (a) u nmopaxeHHoro (b)
(hy3apuo3oM 3epHa mineHUIs copTa JIrndaBa
(MCKYCCTBEHHOE 3apakeHHe), 1abopaTopus
UMMyHHUTETa, Hay4HO-NIPAKTHYECKUH LICHTP
HanuonanpHoil akanemuu Hayk benapycu no
3emienennto, 2018 r.

Fig. 2. View of healthy Lyubava variety wheat
grain (@) and affected (b) by Fusarium disease
(artificial infection), immunity laboratory,
Research and Practical Center of the National
Academy of Sciences of Belarus.for Arable
Farming, 2018

[locne y6opku 3epHO BeICyImIHBaiu 10 14%-HO# Biax-
HOCTH M XpaHWIW B OyMa>KHBIX TaKeTaxX MpPU KOMHATHON
temneparype. [lepen mpoBegeHHEM 3KCIICPUMEHTOB 3€pHO
BPYUHYIO 110 BU3YaJbHBIM NMPU3HAKAM OTCOPTHPOBBIBAIOCH
Ha 3/10poBOe U 00JIbHOE (pHC. 2), TIOCJIE 3TOrO MOAFOTABIH-
BaJIMCh HEOOJBINME TAPTUH 3€PHA C HEOOXOAMMBIM COOTHO-
meHueM GpakITui.

Conmepxkanue Oeilka W KICHKOBHUHBI OINpEACIsUIN Ha
un¢pakpaciom ananuzarope NIRSS 5000.-3epno pas-
MaJplBalM Ha J1a0OpaTOPHOH aBTOMATHYECKOW MEJIbHHUILIE
Laboratory mill 3100, ¢ Berxogom myku 68=70 %.

[TapameTpbl aMUIIOIMTUYECKON aKTUBHOCTH PETUCTPUPO-
Banu Ha ammiorpade bpabernnepa. it 5Toro ucmnoap30BaIA
90 r myku 1 450 M1 BOIBI, CKOPOCTH Harpesa — 1,5 rpan/mMuH.
AmMusorpaMMbl NoTy4aiu B IporpaMMHO# cpene Brabender
® Amilograf (1)/version 2.4.6. Y4uThIBaJId MOKAa3aTeIH TEM-
nepaTypbl Hadana KielcTepu3alluu U MakCUMallbHOM KieH-
CTepHU3allnH, a TAK)KE BBICOTHI aMUJIOT PAMMBIL.

KauecTBo 3epHa nmeHnns! permamentupyercs ['OCT
9353-90 «ITmenuna. TpeOoBanust mpu 3aroToBKax M IO-
craBkax» . COrIacHO JAHHOMY CTaHJApTy, cofepKanue dy-
3apHO3HBIX 3€peH MATKOW M TBEPAOW MILEHHIIBI BCEX Kiac-
COB HE JIOJDKHO MPEBBIIATh 1 %.

JLJist TpOBEIGHUST MOJICIIBHOTO OITBITA 110 N3YYEHUIO BITH-
sHUS (hy3apHeB Ha cojepkaHue Oerka W KICHKOBUHBI B 3ep-
HE SIPOBOW MIIEHUIIHl OBUTH IOJATOTOBJIECHBI MPOOBI 3epHa
C pa3lIMYHBIM COOTHOIIEHUEM 3/I0POBOE/TIOBPEXKACHHOE (Y-
3apuozom, mar 10 %.

3epHO MIIEHUIIBl UCTIOIB3YEeTCSI Ha CeMeHa J100, mocie
pa3momna, anst xjae0omeyeHus, N3rOTOBJICHUS MaKapOHHBIX,
a Tak)Ke KOHIUTEPCKUX W3JENN, U B 3aBUCUMOCTH OT Ha-
MIPaBJICHUS HCIIONB30BAHUS K HEMY MPEIbSIBISIOTCS COOT-
BETCTBYIOIIKE TpeboBaHus [7].

OcHOBHAf 4acTh

IIpsaMble NOTEepH yposkas 3ePHOBBIX KYJBTYP B 3aBU-
CHMOCTH OT Bua rpudoB p. Fusarium. Ilposenenue puro-
9KCIEPTHU3BI CEMSH 03MMOM MIIEHUIIBI, TOJTYy4aeMbIX U3 pa3-
JUYHBIX XO3SUCTB pecilyOINKH, MO3BOIHIIO C OMPEACICHHON
JIOJIeH TOMYIIEHHS XapaKTepU30BaTh M0 JAHHOMY MPH3HAKY
reHepaJIbHyI0 BBIOOPKY MiIeHuIbl. Ha ocHOBaHMM MOTyYeH-

HBIX JTaHHBIX C/IEJaH pacdeT CBSA3HM MEXAY HHOHUIIMPOBAHHOCTHIO 3€pHA U TTOTYYEHHOH YPOKAHHOCTHIO

(ma mpumepe MuHCKOI1 001acTn).

B rox dopmupoBaHus 3epHa HopakeHHE (y3apHO30M KO0jJOca, a IOTOM M 3€pHA, NPUBOIMIIO
K CTaTUCTHYECKH JOCTOBEPHOMY CHIIKCHHIO YpOKaiHOCTH. CBsI3b ypokKaWHOCTH ¢ MH(HUUIHUPOBaH-
HOCTBIO (y3apro3oM 3epHa 3a 2009-2017 rr. ObuTa OTPHUIATETFHON M CTAaTHCTHYECKH JOCTOBEPHOM
(r = —0,68+0,277, R* = 0,463) (puc. 3). MaTeMaTH4eCKH PErpecCus YPOKaHHOCTH 03MMOI TIIEHUIIBI

ONHUCHIBACTCSA CICAYIOIIUM YPaBHCHUEM!

Y =-0,2526x + 45,12,

riae Y — ypokaiiHOCTh 03MMOM MIIEHHIIBI, 11/Ta; X — MHPUIUPOBAHHOCTD 3epHa Qy3apHo3oM, %.

' Mwenuua. TpeGosauus npu 3aroroskax u noctaskax : CTB 9353-90. Bzamen TOCT 9353-85 ; Been. 01.07.91. M. :

W3n-Bo cranmapTos, 1990. 14 c.
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CrenoBaTenbHO, B peaidbHbBIX yenoBusx 2009—
2017 rT. yBenuueHune (Qy3apro3HON WHOUITHIPO-
BAaHHOCTH ypoxas o3uMoi mmeHunsl Ha 10 %
MPUBOAMIO K CHIDKEHHIO Ha 2,53 1m/ra 3epHa,
YTO paBHOIIEHHO HemoOopy 2530 pyo6/ra Ha moce-
Be CymnepanuThl, 141 py0/ra — Ha 1MOCEBE DIIUTHI,
101 py6/ra — mpu mOTy9IeHUH TPOAOBOTHLCTBECHHO-
TO 3epHa.

B ycnoBusix uckycctsenHoro kiaumara @TK
MOJ1 BO3/IEUCTBUEM HMHOKYJISILIMU CYCIIEH3UEH KO-
HuAuoctop rpuda F. culmorum mpow30IIIO J0-
CTOBEPHOE CHIDKEHHE KOJTMYECTBa 3€PeH B KOJIO-
ce — Ha 46,4 %, maccer 1000 3epen — Ha 46,0 %
M Macchl 3epHA ¢ KOJI0Ca O3MMOM TIIEHUIIBI — Ha
68,7 % (Tabm. 1).

MHokyndamnus cycneH3ueil KOHuIUOCIop I'pu-
00B F. avenaceum n F. poae MOCTOBEPHOTO BIIH-
SHHS Ha YUCJIO 3€peH B KOJOCE O3MMOM MIIEeHH-
b1, Maccy 1000 3epeH m Maccy 3epHa ¢ Koioca
HE OKa3aja.

Ta6banumma 1.
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Puc. 3. 3aBucUMOCTb ypOXKaMHOCTH O3UMON IIIICHUIBI
0T MH(OUIIMPOBAHHOCTH 3epHA rpudamu p. Fusarium

Fig. 3. Dependence of winter wheat yield on infection of
grain with fungi of the p. Fusarium

Iloxa3zaTen 3J1eMEHTOB CTPYKTYPbl YPO:KAHHOCTH 03HMMOI NIIIEHHIbI 110] BO3elicTBHEM

HHOKYJISIHM CyCIIeH3Uel KOHHANOCIIOP TPeX BHAOB I'pu0o0B, BbI3bIBAIOIINX (Gy3apuo3 KoJ10ca

Table 1. Indicators of the elements of winter wheat yield structure under the influence of inoculation
with suspension of conidiospores of three varieties of fungi causing spike Fusarium
Baprast onira KonmudecTBo 3epeH B KoJoce, IIT. Macca 1000 3epen, r Macca 3epHa ¢ kosoca, T
Cpennee I Cpennee Iau Cpennee I
Kontpons 16,8 13,8-19,8 52,0 45,0-58,8 0,83 0,69-0,97
F. culmorum 9,0% 6,1-11,9 28,1 24,4-31,8 0,26 0,17-0,35
F. avenaceum 16,3 14,4-18,2 60,5 54,7-64,3 0,95 0,86-1,04
F. poae 17,1 14,1-20,1 58,5 56,4-60,6 0,99 0,84-1,14

* JIoCTOBEPHO OTIMYAIOIINECS OT KOHTPOJIs MOKa3aTeNu.

Takum 00pa3oM, ypoBEHB MPSMBIX TIOTEPh YPOKAWHOCTH 3€PHOBBIX KYJIBTYpP MPH MOpakeHnn Qy-
3apr030M KOJIOCa OTPEAEIIeTCS COCTaBOM T'PHOOB, JOMUHUPYIOIINX B MMATOT€HHOM KomIuiekce. [Ips-
MBbIe TTOTEPH MAacChl 3€pHA C KOJOCA MPU MU(PUTOTHHHOM pa3BUTHH 00Je3HW MOryT focturaTth 70 %
u Oonee.

IloTepu ypoxaiiHOCTH NMPH 3H3MMO-MUKO3HOM McTolleHHH 3epHa (AMMUC). IIpsmbie notepu
MAaccChl 3epHa B KOJIOCE Ha MMKO3HOU CTaINH pa3BUTHUs (py3apro3a Koioca, Kak MOKa3aHO BhIIIE, MOTYT
nocturath 70 % u Goiee. Ho oHm eme Oojee BO3pacTaroT, KOT/Ia MUKO3HOW MPEIIECTBYeT YH3UMHAS
CTaIus UCTOIICHUS (MCTeKaHus) 3epHa [8—10], 111 BOSHUKHOBEHHUS KOTOPOH JOJKEH CIOXKHUTHCS KOM-
TIJIEKC U3 TUIPOTEPMUUIECKUX U OMOIIOTUUECKUX YCIOBHUH:

1) BeICOKasi TEMIIEpaTypa BO31yXa;

2) Oompmiasi CymMMa OCaJIKOB BO BpeMsl I[BETEHHS, O0Opa30BaHMS 3€pHOBOK, HallMBa M CO3pEBa-
HUS 3epHa;

3) gacTas u oOuIbHAs pOca, HAIMYUE CHIPBIX TYMAaHOB;

4)" BBICOKAs TUIOTHOCTH CTEOJIECTOs], HATMYUE 09aroBOTO MOJIETAHUS U T. 1.

UspexxeHHBIE HE TIOJNETIINE TIOCEBBI 36PHOBOM KYJIBTYPhI OBICTpEe MPOCHIXAIOT IM0J] BO3IEHCTBHEM
JIBYDKEHUST BO3AYIIHBIX MacC M COJNHIIA, TO3TOMY SH3MMHOE HCTOIEHHE 3e€pPHA B TaKMX MOCEBaX, KaK
MIPaBHJIO, HE HAOTIOACTCS.

B 3epHe mepeyBia)kHEHHBIX KOJOCHEB B pe3yiIbTaTe IMOBBIIICHHUS aKTHBHOCTH THAPOITHTHYECKUX
(epMEeHTOB CHHTE3MpyeMble M OTKJIAJbIBa€MbIC B 3arac OWOJOTHYECKHE TOJIMMEPHI PACIICTUISIOTCS
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TaG6numuma 2. BoisBienne KomMiiexea Ha 0OoJee MPOCTHIE pacTBOPHMBIE B BOZAE caxapa
THAPOTePMHUYCKHUX YCI0BUH, CIIOCOOHBIX BHI3BATH U aMUHOKHUCIIOTEI, KOTOpLIe CTEKaloT MO0 KOJIO-
SH3UMHYI0 CTAAHI0 CO3PEeBAIOIIEI0 3€pHa 03UMOii )

CKOBBIM YeIIySIM, SIBJISSICh NMUIICH AJIT MHOTHX

nueHuubl, 2009-2017 rr.
Table 2. Identifying of range of hydrothermal MHKDOOPraHH3MOB MHKOGNOpHL. TTosToMRNGep-

conditions able to cause enzymatic stage of ripening HO moxt BozzeiicTeneM IMUC yamte Beero Goree
grain of winter wheat, 2009-2017 3HAYUMO MH(DHUIIMPOBAHO MaToreHamu (hy3apruos-
HOW W aJbTEePHAPHO3HON ITHONOTHH. CIOXKHUTH-
Tewnepatypa | Cyma ocaaxos lo%"‘“a Csl TAKOM KOMILIEKC YCIIOBUH, HEOOXOMMMBIN st

]"OH BO31yXa, C 3a Iepuoa, MM 3€peH o
(©1.61-89 | o1 61-89 |8 on amonc ] nposiBiieHus sH3uMHOM ctaguu IMUC, He MmoxeT
BBCH) BBCH | cr.77-89 ' i €KETOIHO, TeM 0OOJIce Ha BCEX (IIOCEBAX 3EPHO-

2009 17,6 197 27 407 | 795 BOil KyJIBTYpBL.

2010 | 204" 240 105 36,8 | 71,9 [Ipoananu3upoBaHbl AAHHBIE MO €XErOIHOMN
2011 18,9 155 8 474 | 92,6 YPOKaHHOCTH IIECTH COPTOB O3UMOM IIIEHUIIBI,
2012 18,4 157 33 476 | 93,0 110 KOTOPBIM BEJIOCh CEMEHOBOJCTBO (JlaHHBIE OT-
2013 19,1 78 13 43,4 84,8 Jiesia 03uMoi mieHuIsl) B TeueHue 2009—2017 rr.
2014 16,6 115 38 45,5 88,9 Ha cemenoBonueckux nonsx HayuHo-npakTu-
2015 17,5 35 29 41,5 81,0 yeckoro 1eHTpa HarmonanbHOM akajeMHUu HayK
2016 18,8 138 100 37,5 | 73,2 benapycu no 3emienenuto ycloBUs s MPOXOXK-
2017 16,3 99 52 51,2 100 JEHUsT DH3UMHOM cTaaud co3gaBaauch B 2010
Hopma | 16,9-17,0 | 141-156 | 57-65 u 2016 rri(tadm. 2). Cpennsis macca 1000 3epen

camoii Bbicokoii Obu1a B 2017 . B yCIOBUSX caMOi
HU3KoH (16,3 °C) cpeaHecyTOUHOW TeMIiepaTyphbl
BO3/[yXa W MEHBIIUM I10 OTHOIIECHHUIO CO CPETHUM
MHOT'OJIETHUM KOJIMYECTBOM OCaJIKOB, OCOOCHHO B KOHIIEe CO3peBaHMs 3epHa. [1o cpaBHEHHIO ¢ TaHHBIM
ronom cpeauss macca 1000 3epen B 2010 u 2016 rr. okaszanacs Huxe Ha 26,8 u 28,1 % COOTBETCTBEHHO.

B 10 xe Bpems miig MPOsIBICHUS MMKO3HOW cTanuu (y3aprosa Kojoca OJaronpusiTHbIE YCIOBUS
CO3JIaBaJIMCh €XKEroHO, HECMOTPS Ha TO, YTO HMOCEBBI BCEX COPTOB 00padaThIBaiINCh (HYyHTULUIAMH,
3aperuCTPUPOBAHHBIMU B 10CYIapPCTBEHHOM PEeCTpe CPEICTB 3alUTHl pacTeHuii’. [Ipoucxoaut to
MOTOMY, YTO IPUMEHEeHUe PyHTULKIA TPOBOIUTCS He o3Hee, yeM 3a 30 cyT 10 yOOpKH, a MPOJ0IKHU-
TeJTBHOCTh JEHCTBUA Tpenapara coctabisier 20-25 cyT. Imeetcs onpeneieHHOe BpeMs s HHPHUIH-
pOoBaHU, a B OKPY’KaIOIIeH cpe/ie JOCTaTOuHO UCTOYHUKOB HH(EKITNH, COXPaHSIOMIEHCS Ha paCTUTEb-
HBIX OCTaTKax 3€PHOBBIX KYJBTY], 371aKOBBIX TPaB U KyKYpY3bl.

Takum 00pa3oM, MOTEpH, BhI3bIBaeMble SH3UMHOM cTagueiit DMUC, B ycrmoBHIX NMEHTPAIBHON Ya-
ctu bemapycu moryt gocturars 26,8-28,1 %.

KocBennrble norepu, Boi3biBaemMble rpudamu p. Fusarium. KocBeHHbIe TOTEPH CBSI3aHBI C BbIJE-
JaeHueM rpudamu p. Fusarium MAKOTOKCMHOB. MUKOTOKCHHBI U BbI3bIBA€MbIE UMU MHUKOTOKCHUKO3BI SIB-
JIAIOTCS 00BEKTOM M3ydeHus Bo-BceM mupe [11, 12], mockonbKy K (py3apHOTOKCHKO3aM BOCTIPHUMYHUBEI
CeJIbCKOXO035HCTBCHHBIC JKUBOTHBIC BCEX BUJOB. Bce MUKOTOKCHHBI MOKHO pa3feuTh Ha Hecreunpu-
YecKue (BUBOTOKCHHBI) I CHIETIU(HIeCcKHe (TATOTOKCUHBI).

BHBOTOKCHHBI — HUBKOMOJIEKYJISIPHBIE METa0OJIUTHI TPUOOB M OAKTEPHii, BBIJIEIsIeMbIE B 3apaskeH-
HOe pacTeHue (in vivo),.a He TOJIbKO B HCKYCCTBEHHYIO MUTATEIbHYIO CPEy, B KOTOPOH BBIPAIIMBAIOT
JaHHBIA MUKPOOPTAHU3M, U BBI3BIBAIOIINE TUIIMYHBIC CHMIITOMBI 00JIe3HU (HEKPO3bI, yBSIAAHUE).

ITaTOoTOKCHHBI SBIAIOTCS CEUU(DUIECKUMH, T.€. OKAa3bIBAIOT IOBPEXKAAOLIEE ACHCTBUE TOJIBKO Ha
ompe/IeIeHHBIE BUJIBI U JIaKe COpTa PaCTeHHil .

TpuxoteneHoBble MUKOTOKCHHBI, BBIIEISIEMbIE (Py3apUsIMH, OTHOCATCSI K I'PYINIE BUBOTAKCHHOB.
HexoTopsie u3 HEX (py3apueBasi KHCIOTa) OTHOCITCS K Ipymnie MeMOpaHOaKTUBHBIX BemecTB. X Bo3-
JeHCTBIE HA pacTEeHHE 00YCIIOBIICHO BBIACICHHEM METAa0O0IUTOB B MEKKJICTOYHOE IPOCTPAHCTBO U Ha-
PYLIGHHEM MOHHOIO TPAHCIOPTa, YTO NMPUBOIAUT K HAPYLICHUIO pabOThI YCTBHHII, BbI3bIBAET HEKPO3bI
W yBsiganue pactenuii [13].

* HOCTOBepHO OTIIMYArOMIHUEC OT KOHTPOJIA MOKa3aTeIIn.

* TocyapCTBEHHBIH PEECTP CPEICTB 3alIUTHI pacTeHUil U y106peHuil, pa3peleHHbIX K NPUMEHEHUIO HA TEPPUTOPUH
Pecnry6imku berapycs. Munck : [Tpomkommieke, 2017. 688 c.

* Kenpaxopa P. A., Msamun B.E. ®uTONaTONOrHYECKHE MUKPOOPTAHHU3MBI | ydueb.-MeTosl. KoMIueke. Munck : BI'Y,
2005. 116 c.
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ITo manuabM ®AO, 25 % TPONM3BOAMMOrO B MHPE 3€pHA IMMOPAKAETC MUKOTOKCHHAMH, B TOM YHCJE
10 57 % 3epHa nueHuLbl cogep:kat MukoTokcuusl JJOH u 3eapaneH0H4.

B Poccuiickoit @enepanun, no nanasiM komnanuu Alltech, koTopas 3aHUMaeTCss MEHEIKMEHTOM
MHUKOTOKCHHOB, B 2017 T. yucThIMH ObLITH TOJBKO 17 % mipo0 3epHa, 26 % Bcex 00pa3lioB CopepKaIu
YETBIPE-IIATh MUKOTOKCHHOB, a eie 22 % — 1Ba-TpH, NMpuyeM Haubojiee paclpoCTPaHCHHBIMH OBLIH
MHKOTOKCHHBI TPHXOTELEHOBOI I'PYTIIE! U (hyMOHU3HHBL .

MupoBble OTEPH CEIbCKOX03IUCTBEHHON MPOAYKIHMH OT MOPAKEHUsI TOKCHHOT€HHBIMU TprOaMu
U 3arpsI3HEHUS] MUKOTOKCUHAMU 3a nocieanue 10 et yBenuuuianucs B 9 pa3 U JOCTUTIN 22 MIIPJ J0JI-
napos B rox, B Poccun — oxono 7 mipx py6.°

Bbenopyccknm rocymapcTBEHHBIM BeTepHHAPHBIM IIeHTpoM coBMecTHO ¢ BHUBCI™D B 2003 1. OBLITH
MIPOBEJICHBI MCCJIEOBAHMS COMEPKAaHUS MUKOTOKCHHOB B OenopycckoMm 3epre (1091 mpobda u3 6 00-
nacteil) [14]. Pe3ynbraTel nokazanu, 4yTo T-2 TOKCHMH M TPUXOTEIEHBI U3 PYIIHI JIE30KCHHUBAJIEHOIA
(AOH) BcTpeuanuck B 3epHe B 31,3 u 27,4 % cimyuyaeB cooTBeTcTBeHHO. [IOH "amie obHapyxuBaics
B 3epHE TPUTHKAJIE U MIIEHUIIbI. 3eapajeHoH BcTpedascs ropasao pexe — B 1,7 % ciydaes.

B 2009 r. nogo6nast madopmanms O0buta monydena Ha 271 oOpa3sie 3epHa u3 Butedckoii, Morunes-
ckoii u ['omenbckoii obnacreit. Berpewaemocts T-2 TokcuHa B cpeaneM cocrasuia 43,9 %, mpudem B [o-
MeJIbCKON 00JacTH JaHHBIN Mokazarens gocturai 53,1 %. Cpennuil ypoBeHb HakoruieHHus T-2 B 3epHe
nienuibl coctapmi 43,9 Mxr/kr. JIOH B cpennem Obli1 oOHapysxeH B 86,0 % mpob (1m0 91,8 % B Mo-
ruseBckor oomactu). Cpenuuii yposenb HakoruteHust JIOH B 3epre mmreHU1bl coctaBui 1150 MKT/KT,
JIOXOJIsl B OTHENbHBIX oOpasnax a0 6295 mkr/kr. Hanuuue 3eapaiieHoHa oOHapyxeHo B 21,4 % mpod
¢ conepxanueM oT 20 10 1815 MKI/KT, B OCHOBHOM €T0 HaXOAMIIM B 3€pHE TPUTHKAJIE.

®Dy3apro3Hble MUKOTOKCHHBI ITPEJICTABJICHBI B TIEPBYIO, 04ePE/Ib IPYIITION TPUXOTEIEHOBBIX, (hyMO-
HU3WHOBBIX, 3€apaJICHOHOM U MOHUITU(OPMUHOM.

Kaxnprit Bun rpuba us p. Fusarium crioco0eH Kk 00pa3oBaHUIO OHOTO WIH HECKOIBKUX TOKCHHOB.
Tak, Hanbonee BpeOHOCHBIE B MUPOBBIX Maciutabax F. graminearum u F. culmorum o0pa3yroT ne30-
kcuauBasienon (JJOH), auBanenon (HUB), 3eapaneHon (3EH); F. avenaceum u F. oxysporum — MOHU-
mudopmun (MOH) u pymonusunsl (OYM); F. poae — auBanenon (HUB), T-2 TokcuH U quaneTokcuc-
xuprenon (JAC).

B pamkax crpan TamoxkenHoro corosa B 2011 T. ObLTM NPHHSTHI CIACAYIOLUINE TPEACIBHO JOMYCTH-
Mble KoHLeHTpauuu (I1J1K) MUKOTOKCMHOB B 3epHe MTPOJOBOJILCTBEHHOM, KPYIIE, TOJOKHE, XJIONbIX: 3€-
apanenoH — 1,0, nesokcunupanenon — 0,7 (muernna) u 1,0 (sumens) u T-2 Tokeun — 0,1 mr/xr’ [15, 16].
Hanw4re MUKOTOKCHHOB B aJaITHPOBAHHBIX MOJIOYHBIX CMECSX ISl MUTAHUS JAeTel paHHEro BO3pacTa
He jomyckaercs. B EBpometickoM coro3e B 2006 r. ObUTH MPUHATH MAaKCHMAJIBHBIE YPOBHU TSI HEKOTO-
PBIX KOHTAMUHAHTOB B MHIIEBLIX OPOIyKTax [17], KOTOpbIe periaMeHTHPYIOT CoAep:KaHue MUKOTOKCH-
HOB B IIPOJIYKTaX MUTAHMS B 3HAUUTEIHHO OOJIBIITNX KOJMYECTBAX, UEM B CTpaHax TaMO)KEHHOTO COI03a.

Takum 00pa3oM, MOXKHO CAETATh BBIBOJ, YTO HApSy C MPSMBIMH TOTEPSIMH (y3apHO3HBIC MU-
KOTOKCHHBI SIBJISIOTCA TJIABHBIM (DAaKTOPOM, CHIDKAIOIIMM Ka4eCTBO TOIYyYaeMOW 3epHOBOM MPOIYyK-
10207111 (S:0500038

l'ammur nusa. [IoMHAMO MUKOTOKCHMHOB T'pHOBI p. Fusarium MOTYT BBI3BIBATh SIBIICHHE TallMHTa
nuBa. ['amuAT (0T aHTI. gush — GOHTAaHUPOBATH) — U30BITOTHOE TICHOOOPA30BAHKE C BHIOPOCOM TTHBA
13 OYTBUIKHU TIPU €€ OTKYIIOPUBAHWUH, HE O0YCIOBJICHHOS MHPHUIIMPOBAHHEM TOTOBOro nusa [18-20].
B HekoTOpBIX ciydasix u3-3a M30BITOYHOTO JABICHUS MTPOUCXOAUT CAMOTIPOU3BOIBHOE OTKPBITHE Oy-
TBUIOYHBIX MPOOOK TIPH XpaHEHWH Jake Ha MMPOU3BOJICTBE.

* MonacTsipekuii O. MUKOTOKCHHEI — IT06ajibHas TpoOieMa 6e30MacHOCTH MPOLYKTOB TUTAHUS ¥ KOPMOB [ DNeKTPOHHEI#
pecypc]. AgroXXI : arporpom. nopran. Pexxum moctyma: https:/www.agroxxi.ru/gazeta-zaschita-rastenii/zrast /mikotoksiny-
globalnaja-problema-bezopasnosti-produktov-pitanija-i-kormov.html. /lara nocryna: 08.10.2018.

* KakMe MEKOTOKCHHEI 00HApYKEHBI B POCCHICKOM 3epHe ypoxkas 2017 roxa. [DnekTporHEIil pecypc]. Pexxum nocryna:
https:/www2.knowmycotoxins.com/ru/ru/resources/news/2018/03/15/2017. ara noctyma: 08.10.2018.

¢ Monacreipckuii O. MHKOTOKCHHBI — TiobanbHas mHpobiemMa 0e30MacHOCTH HPOAYKTOB MHTAHHS M KOPMOB
[Dnextponnslit pecypc]. AgroXXI : arpompom. noprai. Pexxum goctyma: https:/www.agroxxi.ru/gazeta-zaschita-rastenii/
zrast /mikotoksiny-globalnaja-problema-bezopasnosti-produktov-pitanija-i-kormov.html. /lata noctymna: 08.10.2018.

7 Menbcutopa M. B. KauecTBo n 6e30MacHOCTb NPOAYKTOB MUTAHHS : TIOCOOUE JUIst CTYAEHTOB : B 2 4. MuHck : BI'Y,
2016. Y. 2 : bezomacHocTh npoayktos nmutanus. 199 c.; O 6ezonacuoctn numesoit npoxykuuu : TP TC 021/2011 : npunsT
09.12.11 : Bctym. B cuy 01.07.13 / EBpa3s. sxoH. komuc. MuHck : ['occrannapr, 2012. 196 c.
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Bausinne rpu6oB p. Fusarium Ha moka3aTe/il Ka4yecTBa 3epHA M CeMsIH SIPOBOii MIIEHUIIbI.
KocBenHsbie motepu oT Py3aprosa Kojaoca MOMUMO HAKOILIEHUS B 3€PHE TPUXOTEIIEHOBBIX MUKOTOKCH-
HOB BKJIIOYAIOT CHUKEHHUE XjeOorneKapHbIX xapakTepuctuk [11, 12, 21-24]. TTo nanusiM T. 0. 'arka-
eBoit u ap. [21], mpu KCTIONB30BAHNH 3apaXKEHHOTO (hy3apUsIMU 3epHa Ha MHIIEBHIC TSI CYIIECTBEHHO
CHUKAIOTCSl KAYeCTBO KJICMKOBHHBI M XJIeOOIEKapHbIe CBOMCTBA. XJe0 M3 TaKOH MYKH MMEET TEMHO-
OKpAIICHHBIH MSIKHUII C HU3KOW 3JIACTHYHOCTBIO M KpyITHOH nopuctocThio. Conepikanue Oenka B mopa-
KEHHOM 3epHE MOKET KaK He3HAYNTEIIBHO YBEINUMBAThCS , TAK M CHIKAThes [15, 16] mirm-ocTaBarhes
noctossHEBIM. M. Kpoiinibeprep yTBepkaaet, uto dy3apro3Has HHPEKIUs He BIUACT. Ha COAepKaHUe
Oenka. 3HAYUTENBHO CHUIIbHEE JaHHBIN MPHU3HAK OMPENeNSIOT YCIOBHS OKPY KaIOUIeH CPEenbl, Mpealie-
CTBEHHHK W TeHoTHIl nuieHuns! [17]. Kak u B cinydae ¢ 6emKkoM, copiepikaHue ChIpOil KICHKOBHHBI TPH
3apakeHUH (y3aprusiMU B MYKEe MOXET yYBEIHUHUBATHCS [23] MIIM CHUIKATHCS M3-32 BBIJICJICHHS TaTOTe-
HOM creruduieckux mporeas [25].

®dy3apun BELICISIOT GEPMEHT aMuUIIa3y, THIPOKCHUII-THIPOIa3y, PaCcHICIULSIONINN KpaxMall JI0 OJu-
rocaxapu/IOB: YeM BHIIIIE CO/IEP KaHNe aMUJIasbl, TEM BBIIIE ABTOIMTHIECKAsI aKTUBHOCTH 3€pHA U MYKH
U HIDKE BSI3KOCTH KieHcTepu3anuu [26]. ABTONUTHYECKAs] aKTHBHOCTH — 3TO CIIOCOOHOCTH MYKH 00pa-
30BBIBATH MPH IMPOTPEBE BOJHO-MYUHOU CYCIIEH3UH BOJIOPACTBOPUMEBIC BELICCTBA.

B cBs31 ¢ HEKOTOPBIM Pa3HOYTEHHEM B JTUTEPAType OBLIO MPUHATO PEIICHHE O MMPOBE/ICHUH HCCIIe-
JOBAaHUH 110 U3yUEHUIO BIUSHUS MOPAKEHHS 3epHa OeJIOpyCCKOW MOMYIsuuu rpudoB p. Fusarium Ha
OTJICTIbHBIC TTOKA3aTEeNIN KAa4eCTBA 3epHA U CEMSIH MIICHHUIIBI.

B MyKOMOJNBHOW TPOMBIIIIEHHOCTH OAHUM W3 OCHOBHBIX XapaKTEPUCTHK 3€pHA SBIAETCS €ro
KPYIHOCTB. YBEJIHUYCHUE MAcChl (y3apHO3HOTO 3€pHA B HABECKE NMPUBOAMIO K CHUKCHHIO MacCChI
1000 3epen ot 43,6 T (3m0poBHIe) 10 26,1 T (TONBKO MOpa’keHHKIE) CO cpenHuM cHIKeHneM B 0,17 T Ha
10 % nosbimenus. CienoBaTeNnbHO, YBEIMUYCHUE MOPaXKEHUs 3epHa (y3apno3om, aaxke 0e3 ydera
HaJIMYUsl TOKCUHOB, MPUBOJUT K CHUKCHUIO €ro KaueCTBa NPHU HMCIOJIb30BAHHU B MYKOMOJILHOM
MIPOMBIIICHHOCTH (pHC. 4).

[IpuronHOCTH 3€pHA 115 XJIeOOMIeYeHUsI OIEHNBAIACh 110 cofiepkaHuto Oenka. [loBpimenne Macco-
BOM 10711 ()y3apHO3HOTO 3€pHA B HABECKE MPUBOAMIIO K CHUKCHHIO COJIepKaHusl OelKa, BBIPaKeHHOTO
B a0COJIFOTHBIX BeJIMUMHAX (pUC. 5, @), B TO BpeMs Kak cojiepikanue 0eka, BRIPaXKEHHOI0 B OTHOCUTE b~

HBIX BeTMYMHAX, BHAYaJle He3HAYUTEITHHO CHIKA-
50 1 JOCh, @ MPHU JOCTHIKEHUU Macchl (y3apro3HOro
3epHa B 30 % u Oonee — noBbIIanock (puc. 5, b).

Cample BbICOKHE TpeOOBaHHS 1O OENKy
(13,0-15,5 %) npeabsaBISIOTCS 115 BBINICYKU Ka-
nauel, maassHUIBl, TOPOACKUX OYJIOoK, OapaHOK,
MO3TOMY JaXKe TOopakeHhe (y3apruo30oM 3epHa
copra JltobaBa MO OTHOCHUTEIBHOMY COAEpXKa-
HUIO Oellka He OrpaHWYUBall0 €ro NMPUMEHEHHE
B XJIEOOTIEYCHUH.

KocBeHHbIM TOKa3areneM MPUTOJHOCTH 3€p-

20 0 10 20 3'0 20 50 60 70 80 90 1{oo HA AU HCIOIB30BAHMS B XJICOOICUCHUN SBIISACT-
cs coJiepsKaHMe ChIPOW KJIEWKOBUHBIL. [Ipurognoe
JUTISL BBITIEYKHM MAacCCOBBIX BHUJOB XJICOOOYJIIOUHBIX
Puic. 4. Cumxenne Maccsl 1000 3epeH B CBsI3H C OBBILICHUEM — U3JICJTMH 3€PHO JOJDKHO comepkarh 22-28 % ChI-
B 11poe, Py3apHo3HOro 3epHa APOBOH MICHUILI PO KIIEHKOBHHBI, 00CCIICUNBATOIIEH Tra3000pa3y-

Fig. 4. Decrease in weight 1000 grains due to increase IOLIYIO CIIOCOGHOCTh TECTa M BIIUSAIONICH HA 005~
of spring wheat in the sample of Fusarium affected grain . 9
€MHBII BBIXOJ XJjieha .
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¥ Permament xomuccun (EC) Ne 1881/2006 ot 19 nexabps 2006 Tofa, ycTaHABIMBAIOIIME MAKCHMAIIBHBIE YPOBHHU IS
HEKOTOPHIX KOHTAMHHAHTOB B MUIIEBBIX MPOAYKTaX [DNeKTpoHHBINH pecypc]. Pexxum moctyma: https:/www.fsvps.ru/fsvps-
docs/ru/laws/eu/1881-2006.pdf. [lara noctymna: 08.10.2018.

? dU3HONOr0-6HOXMMHYECKHE MEXaHH3MBI SH3HMMO-MHKO3HOTO HCTOmEHHs ceMsaH (OMUC) MIIeHHIEl B HeKOTOPBIX
npyrux kynsryp / M.C. lynun [u np.] / Bectn. c.-x. Hayku. 1981. Ne4. C. 70-78; Myka nmennynas. TexHHYecKHe ycio-
Bust = Myka mmanigaas. Toxaigabrst yMoBe : CTB 1666-2006. Been. 01.12.06. Munck : ['occrangapr, 2013. 15 c.
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Puc. 5. I3ameHenue copepxanus O0eka B 3epHe SIPOBOH IMIICHUIIBI IPY YBEIMYCHUU B HABECKE MAaCCOBOH JI0JIM 3epHa,
MOBPEXKICHHOTO (py3apro3om: a — B pacuyete Ha 1000 3epeH, b — B MIPOIICHTHOM BBIPaKCHHUH

Fig. 5. Change in protein content in spring wheat grain at increase in the weight part of grain damaged by Fusarium:
a — calculated per 1000 grains, b — in percentage points

C yBenmueHHEeM MaccoBOIl HOIH (y3apHO3HOTO 3epHA B HABECKE ITPOUCXOIUT CHIKCHUE HE TOJIBKO

a0COIFOTHOTO COACPpIKaHUSA 6€J'IK.':1, HO M OTHOCHUTCJIBHOI'O COACPIKAHM CBIpOﬁ KJICHKOBUHBI (pI/IC 6)

Brnustaue nmoBwimenns MaccoBoi gonu Gy3apuo3noro 3epHa ot 0 1o 10 % Ha M3MEeHEeHne aMHIIONH-

THUYECKOM aKTUBHOCTHU TECTa n3yydajiv B ApyromM MOJACJIILHOM OIIBITE, B KOTOPOM MacCoBasd A0JIs1 (by3ap1/1—
O3HOr'o 3¢pHa B HABECKC M3MECHAJIACH C IIaroM B 2 %:

[Ipu moBbIIIEHUU MaccoBOi 107U (Py3aprO3HOro 3€pHa B HABECKE TeMIIepaTypa HadalabHOW KJilew-

CTEepH3aIMy BOJHO-MYYHOH OONTYIIKH U3MEHsIACh He3HAYNTENbHO (Tabi. 3). Pasmax Bapmanum Tem-
nepaTypbl Hadasia Kiectepusanun coctasisia Toabko 0,8 °C (61,9-61,1= 0,8).

Ilon BiusHMEM (y3apHO3HOIO 3€pHA PE3KO

40 - MOBBILIAETCS TeMIIEpaTypa MaKCUMallbHOW KIIEH-
crepuszanuu — ot 74,5 no 83,4 °C. Pa3max Bapu-
anuy 1o 3ToW mpuumHe coctaBua 8,9 °C, mpu

< 3TOM BBICOTAa aMUJIOTPaMMBbI BbIpocia oT 284 1o
g 351 PO 441 A.E. BbIcOKast BA3KOCTb KIICHCTEpU3AIMU
s ¢ .
é ’ MNIICHUYHON MYKH, KaK IMPaBUJI0, CBUACTCIILCTBY-
’é €T O BO3BMOXHOCTH paCTPECKUBAHUA MAKHUIIIA.
x
%
S 30
e Taonwuma 3. BinsHue MOBBINIEHUS] MACCOBOIT
1011 (py3apHO3HOIO 3ePHA B HABECKE HA M3MEHEHHe
AMHJIOJMTHYECKONH AKTHBHOCTH TECTA
25 Table 3. Theeffect of increase of the Fusarium
0 10 20 /3040 50 60 70 80 90 100 grain weight part on change in amylolytic activity
of dough
Macca chy3apno3sHoro 3epHa, %
Puc. 6. I3meneHue copepkaHus ChIpPOi KICHKOBUHBI B 3€P- Maccosast nos Temneparypa, °C BHICOTA AMUIO-
HE pOBOM MiNeHUIbl copTa JltobaBa pu yBeaIU4YeHHH B Ha- q)ngpﬂmf,{/om HauaIa KICHCTE: | MAKCHMATBHOM | ppayivipr, ALE.
9 pHa, 7o pusanuu KJeiicrepuzanuu
BECKE MaCCOBOU JI0JIM 3€pHA, OBPEXKJAECHHOTO (Py3apruo30M,
Hayuno-npakruueckuii neutp HauuonanbHOW akageMuu 0 61,1 74,5 284
Hayk bemapycu o 3emuenenuio, 2018 . 2 61,4 73,9 284
Fig. 6. Changes in the level of crude gluten in spring wheat 4 61,4 78,3 373
of Lyubava variety at increase of weight part of grain 6 61,9 77,1 374
damaged by Fusarium, Research and Practical Center of 8 61.8 79.8 382
the National Academy of Sciences of Belarus for Arable . :
Farming, 2018 10 61,9 83,4 441
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Takum 00pazom, mopaxeHue ¢Gy3apruo30M 3epHA IMIIICHUITHI BRI3BIBACT CHIKeHNE Macchl 1000 3e-
PEH | BBIXOJ] MyKH MPH HCIOJIB30BAHUHU €r0 B MYKOMOIILHOHN TTPOMBININICHHOCTH, 8 TAKXKe yXy/IIeHUE
KayecTBa MYKH 32 CUET CHIIKCHHUSI COACPIKaHUs OelKa M ChIPOil KJIICHKOBUHBI MIPH MCIOIb30BAHHUH €€
B XJIEOOTIEYECHHH.

B03MOXHOCTH UCTIONB30BAHUS TIOPAKEHHOTO 3€PHA B CEMEHOBOJICTBE OIICHUBAETCS €r0 BIUSHUEM
Ha mabopaTropHyto BcxoxkecTs. JlabopaTopHas BcxokecTb He MeHee 90 % — olHO U3 OCHOBHEIX Tpedo-
BaHUU K 3€pHY, UCIOJIL3YEMOMY Ha CEMEHHBIE TIeITH.

CpenHsst pacrpocTpaHEHHOCTh (hy3apuo3a 3epHa 144 00pa3loB KOJUICKITUH SPOBOM TIIICHUIIHI
B 3acymumuBom 2015 1. (I'TK = 0,7) paBrsutace 32,0 %, a B u30srTouno Bnaxkaom 2016-r. (FTK = 1,7) —
61,1 % (puc. 7).

100 - 100 -
80 A 80
R B
§ 60 1 § 60 1
é 40 - é 40 A
(=1 (=1
S 3
(3~ (3~
= 5 = 2
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*
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Puc. 7. JlabopaTopHas BCX0KECTh 3epHa SPOBOM MIICHUIIBI B 3aBUCHMOCTH OT THIPOTEPMHUYECKHUX YCIOBHIA
€ro BBIpPAIMBAHUA U CTENICHH NopakeHus gpysapuozom: a — ['TK 1,7; b —T'TK 0,7

Fig. 7. Laboratory germination of spring wheat grain, depending on the hydrothermal conditions of its cultivation and degree
of damage by Fusarium: ¢ — GTK 1.7, b — GTK 0.7

AOconoTHOE OONBIIMHCTBO 00pa3ioB koyuiekiuu (90 %) B 3aCylLIMBOM T'OJy UMENH TOPaKEH-
HOCTb 3epHa (y3apuo3om B nipenenax 0—70 %, a B u30bITouHO BiiaxkHoM — 30—-90 %.

JlabGoparopHasi BCXOKECTh 3¢pHA B 3aBHCHMOCTH OT CTETCHH €ro MopakeHus (Dy3apruo30M ¢ BBICOKOM
CTEMNeHbI0 IOCTOBEPHOCTH CHUKAIACH MO KPUBOJMHEHHON 3aBUCMMOCTH M B 3acymutusoM (R = 0,762),
U B M30BITOYHO BiaxkHOM (R° =.0,728) romay. OmHako n1abopaTopHyI0 BeXoxkecTh Bhime 90 % mokasamu
TOJBKO 00pasIlbl, UMEIOIIHE PACIPOCTPAHEHHOCTH (hy3apro3a 3epHa B CIENYIONIUX Mpeaeax: B 3acyll-
oM rony — 0-20 %, @ B n30bITouHO BiaskHoM — 0—15 %. CnenoBarenbHO, TOTBKO HHPHIIMPOBAHHBIE
(dy3aprozom 110 20 % mapTuu 3epHa 10 J1adoPaTOPHOI BCXOKECTH MOT'YT ObITH JOIMYCTUMBI JJIsS UCTIOB30-
BaHUs B KQYECTBEC CEMSH, HC3aBHCHMO OT ITOI'OJHBIX YCJIOBI/Iﬁ BO BpEMs BEreTalnun paCTeHI/Iﬁ B I'oJ 1Io1y-
YCHUS yPOXKas.

BriBoabI

1. TlpsMBie MOTEepH yPOKAWHOCTH 3€PHOBBIX KYJIBTYP MPHU MOpaKCHUH (y3aprHo30M KOJIOCa MOTYT
nmocturath 50 % u Gosee. YpOBEHB MPSAMBIX MOTEPh YPOKAWHOCTH 3€PHOBBIX KYJIBTYpP TPH TOpakKe-
HUH (Y3aPHO30M KOJIOCA OIPEICIISETCS COCTABOM T'PHOOB, TOMUHUPYIOMIUX B ITATOT¢HHOM KOMILIIEKCE.
[lo mMepe cHMKEHUS BPEIOHOCHOCTH TPeX M3ydaeMbIX BHAA (py3apHeB pacmoiararoTcs B CIEIyIONeM
opsake: F. culmorum, F. avenaceum, F. poae.

2. BpemoHocHOCTH (py3apro3a KoJIoca IMOBBIMIACTCS, KOT/Ia MUKO3HOH CTaIHHU B CHITY CIIOKHBITHXCS
TTOTOXHBIX YCIIOBUH BO BPEMSI IIBETECHHUSI — HAJIWBA 3€pHA 3J1aKOBOU KYJIBTYPBI MPEIIIICCTBYET SH3UMHAS

cranus. [lorepu, Ber3piBaeMbie DMUC B yCIIOBUSX MEHTPATBHON YacTH bemapycu, MOTYT JTOCTHUTATh
26,8-28,1 %.
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3. Tlopaxenue ¢y3apro30M 3epHaA IIICHUIB BhI3bIBaeT CHIKeHHEe Macchl 1000 3epeH W BHIXOX
MYKH TIPH UCTIOJIL30BAaHUH €r0 B MYKOMOJIBHOW MPOMBIIIJICHHOCTH, a TakKe yXYAILICHUE ee Xyedore-
KapHBIX Ka4eCTB 3a CUET CHUIKCHUSI COIEpKaHUsI OeKa U ChIPOH KIICHKOBHHBI.

4. Jlns ucnonb30BaHUS B KAUECTBE CEMSIH MOTYT OBITh JOMYLICHBI MAPTUH 3€pHA MIICHULBI, HH(U-
HUpOBaHHBIE Py3apr030M TOJIBKO 110 15 % 1mo mabopaTOpHON BCXOKECTH.

5. Ilony4eHHble AaHHBIE TO3BOJISAIOT OOJIe€ TOUHO HOHATH MAaTOICHHBIN MPOLECC U aJalTHPOBATh
3aIUTHBIC MEPOIIPUATHS IPOTUB (y3apHo3a KOJIOCA U 3€pHA IIIEHUIIb, @ TAKXKE CHU3UTD €Tr0. HeraTHB-
HOE BIIMSHHE Ha YPOKaHHOCTH U KaYECTBO MOJTyYaeMOH POy KIIHH

BaaromaprocTn. PaboTa BhImoNHEHA B paMKax npoekta 6.74 «BpisiBiIeHNE HCTOYHUKOB. yCTOHYN-
BOCTH M TOJICPAaHTHOCTH K (py3apHo3y KOJOCa M 3epHA MIICHULB» ['0cy1apcTBEHHOH MPOrpaMMBbl Ha-
y4HBIX uccienoBanuii «KadectBo 1 3h(heKTUBHOCTH arporpOMBIIIIEHHOTO MTPOU3BOJACTBA» Ha 2016—
2020 romp1, moamporpamMma «3eMIIeAeITHe U CEICKITHS.

Cnucok ucnoJjib30BaHHBIX HCTOUHUKOB

1. Goswami, R.S. Heading for disaster: Fusarium graminearum on cereal crops / R.S.Goswami, H.C. Kistler //
Molecular Plant Pathology. —2004. — Vol. 5, N 6. — P. 515-525. https://doi.org/10.1111/.1364-3703.2004.00252.x

2. Matny, O.N. Fusarium head blight and crown rot on wheat & barley: losses and health risks / O.N. Matny / Advances
in Plants & Agriculture Research. —2015. — Vol. 2, N 1. — P. 38—43. https://doi.org/10.15406/apar.2015.02.00039

3. Kansas cooperative plant disease survey report. Preliminary 2014 Kansas wheat disease loss estimates [Electronic
resource] / A.J. Appel [et al.]. — Topeka : Kansas Dep. of Agriculture, 2014. — Mode of access: https:/agriculture.ks.gov/docs/
default-source/PP-Disease-Reports-2014/2014-ks-wheat-disease-loss-estimates.pdf. — Date of access: 08.10.2019

4. McMullen, M. Scab of wheat and barley: a re-emerging disease of devasting impact / M. McMullen, R. Jones,
D. Gallenberg // Plant Disease. — 1997. — Vol. 81, N 12. — P. 1340-1348. https://doi.org/10.1094/pdis.1997.81.12.1340

5. Parry, D. Fusarium ear blight (scab) in small grain cereals — a review / D. W. Parry, P. Jenkinson, L. McLeod // Plant
Pathology. — 1995. — Vol. 44, N 2. — P. 207-238. https://doi.org/10.1111/j.1365-3059.1995.tb02773.x

6. Bsi3koCTB KIIEHCTEPH30BAaHHOI BOJHO-MYTHOH CYCIIEH3UH SPOBOH MIIEHUIB U crioco0b! ee onenku / M. U. bepecros
[u op.] // TIpoGuieMbl 1 1y TH TOBbILICHHS (D PEKTHBHOCTH PaCTCHHEBOACTBA B benapycu : Mmarepuaisl FOOuIeiH. MexayHap.
Hay4.-pakT. KoH(., 29 urons 2007 r., r. XKoauno / Han. akax. Hayk benapycu, Hayu.-npakt. nentp HAH Benapycu mo 3em-
nenenuto ; pen.: ©. U. [Mpusanos [u ap.]. — Musnck, 2007. —C. 211-214.

7. TexHOJOrHs MPOU3BOJCTBA M KAaYeCTBO IPOJOBOILCTBEHHOT0 3epHa / D. M. MyxameToB [u ap.]. — MuHck : [lu3aiin
ITPO, 1996. — 255 c.

8. Aaumos, K.I" O60ocHOBaHME Mep OOPBOBI C PH3UMO-MUKO3HBIM HcToLIeHHeM ceMsiH (OMMUC) u conpspkeHHBIMU ¢ HUM
UHQEKIUSIMU [TPU HHTEHCHBHON TEXHOJIOTHH BO3AENbIBAHUS SPOBOM MIICHUIIBI B JIECOCTENHOM 30He 3anaaHoit Cubupu : aB-
toped. auc. ... kKaun. c.-x. Hayk : 06.01.11 / K.I. AnumoB ; Mock. c.-x. akan. uM. K. A. TumupszeBa. — M., 1988. — 14 c.

9. ®Ou3MONIOro-OMOXNMHUYECKIEe MEXaHU3MbI YH3UMO-MUKO3HOTO UcTomeHus ceMssH (OMUC) nmeHnIs 1 HeKOTOPBIX
npyrux kyneryp / M. C. lynus [u 1p.] / BecTH. ¢.-x. Haykn. — 1981. — Ne 4. — C. 70-78.

10. Hlunvyosa, M. A. Pa3zpaboTka 1 yCOBEPLICHCTBOBAHUE METO/IOB OLICHKH 3¢PHOBBIX KYJIBTYP K 9H3MMO-MUKO3HOMY
uctonieHnto ceMsH (OMUC) u ux nmpakTHdeckoe MpUMEHEHHE : aBToped. Tuc. ... Kana. ¢.-X. Hayk : 06.01.05 / M. A. 1lwb-
noBa ; BHUU pacrenueBoacrsa um. H. M. BaBunosa. — Jlenunrpan, 1985. — 19 c.

11. MukoTOKCHKO3bI (OHOJIOrHYeCKIEe U BeTepuHapHbie acriekThl) / A. B. Banos [u np.]. — M. : Konoc, 2010. — 391 c.

12. Hsieh, D. P. H. Mode of action of mycotoxins / D.P. H. Hsieh // Mycotoxins in food / ed. P. Krogh. — London, 1987. —
P. 149-176.

13. Ummynuret pactennii /B. A. lkanukos [u np.] ; mox pex. B. A. Illkanukosa. — M. : KosiocC, 2005. — 189 c.

14. JKykoeckuii, A.I. MHKOTOKCUKOJIOTUYIECKUH MOHHUTOPUHT 3epHa. OMBIT MEKHAIIMOHAJIBHOIO COTPYAHHYECTBA /
A.T. XXykosckui, A. A. Bypkus, I. [1. Kononenxo // UmmyHonorus, amnepronorus, nadpexronorns. —2010. — Ne 1. — C. 191.

15. Effect of Fusarium head blight on semolina milling and pasta-making quality of durum wheat / J. E. Dexter [et al.] //
Cereal Chemistry. —1997. — Vol. 74, N 5. — P. 519-525. https://doi.org/10.1094/cchem.1997.74.5.519

16. Characterisation of kernel resistance against Fusarium infection in spring wheat by baking quality and mycotoxin
assessments / B:H. Gértner [et al.] / Europ. J. of Plant Pathology, 2008. — Vol. 120, N 1. — P. 61-68. https://doi.org/10.1007/
s10658-007-9198-5

17. Kreuzberger, M. Fusarium infection of bread wheat and subsequent mycotoxin contamination of milling products:
Impact on quality parameters and composition of flour : doctoral diss. / M. Kreuzberger. — Gottingen, 2011. — 158 p.

18. Bonkosa, T. H. SInenne ramuura B nuBosapenuu / T. H. Boxkosa / [TuBo u nanutku. 2007. — Ne 3. — C. 18-21.

19: Gushing inducers produced by some mould strains / M. Amaha [et al.] / European brewery convention : proc. of the
14™ congr., Salzburg 1973. — Amsterdam, 1974. — P. 381-398.

20. Schildbach, R. Zur Problematik des Mikroorganismenbefalls an Braugerste und Malz / R. Schildbach // Brauwelt. —
1988. — Bd. 128, nr. 47. — S. 2244-2250.

21. ®ysapuos 3epHoBbIX KyneTyp / T.}O. I'arkaesa [u ap.]. — M. : Pen. xxypH. «3amunTta u KapaHTHH pacTeHHit», 2011, —
C. 70(2)—119(51). — (IlpuitokeHue K )KypHAIy «3alIuTa U KapaHTHH pacTeHui», 2011, Ne 5).



66 Proceedings of the National Academy of Sciences of Belarus, agrarian series, 2020, vol. 58, no. 1, pp. 55-67

22. Usanos, A. B. MUKOTOKCHHBIL: B Tpo0IeMe BETCpUHAPHOTO 00ECIICUCHHS TTOBBIIICHUS TPOIYKTUBHOCTH )KHUBOTHBIX /
A.B. BanoB, M. 51. Tpemacos / Cnaraemble 3¢)(eKTHBHOTO arpodusHeca: 006001IeHre OnbITa U pekoMeHaauu / TaT. Hayd.-
uccien. uH-T cen. xo3-Ba PACXH ; penxoi.: T.T. Xanees [u np.]. — Kazans, 2006. — Y. 2 : KopMonpou3BoacTBO U JKUBOTHO-
BoacTBO. — C. 241-248.

23. The influence of Fusarium infections on the quality parameters and production of four wheat varietes, in different
infection conditions / A. Suciu [et al.] // Bull. of Univ. of Agr. Sciences a. Veterinary Medicine Cluj-Napoca. Agriculture. —
2013. - Vol. 70, N 1. — P. 67-74.

24. Effect of Fusarium spp. contamination on baking quality of wheat / I. Capouchova [et al.] / Wheat improvement,
management and utilization / ed. R. Wanyera. — Rijeka, 2017. — P. 329-344. https://doi.org/10.5772/67657

25. Dexter, J.E. Grading factors impacting durum wheat processing quality / J. E. Dexter, M. G. D’Egidio / Durum
wheat: chemistry and technology / ed.: M. Sissons [et al.] ; Amer. Associate of Cereal Chemists Intern. —2nd ed. — St. Paul,
2012. — P. 235-250. https://doi.org/10.1016/b978-1-891127-65-6.50018-0

26. Kpemosuu, B.JI. buoxumus 3epHa u xieba / B.JI. KperoBuu. — M. : Hayka, 1991. — 133 c.

References

1. Goswami R. S., Kistler H. C. Heading for disaster: Fusarium graminearum on cereal crops. Molecular Plant
Pathology, 2004, vol. 5, no. 6, pp. 515-525. https://doi.org/10.1111/1.1364-3703.2004.00252.x

2. Matny O. N. Fusarium head blight and crown rot on wheat & barley: losses and health risks. Advances in Plants &
Agriculture Research, 2015, vol. 2, no. 1, pp. 38-43. https://doi.org/10.15406/apar.2015.02.00039

3. Appel J. A., DeWolf E., Todd T., Bockus W. W. Kansas cooperative plant disease survey report. Preliminary 2014
Kansas wheat disease loss estimates. Topeka, Kansas Department of Agriculture, 2014. Available at: https:/agriculture.
ks.gov/docs/default-source/PP-Disease-Reports-2014/2014-ks-wheat-disease-loss-estimates.pdf (accessed: 08.10.2019).

4. McMullen M., Jones R., Gallenberg D. Scab of wheat and barley: a re-emerging disease of devasting impact. Plant
Disease, 1997, vol. 81, no. 12, pp. 1340-1348. https://doi.org/10.1094/pdis.1997.81.12.1340

5. Parry D. W., Jenkinson P., McLeod L. Fusarium ear blight (scab).in small grain cereals — a review. Plant Pathology,
1995, vol. 44, no. 2, pp. 207-238. https://doi.org/10.1111/.1365-3059.1995.tb02773.x

6. Berestov I. I., Laput’ko E. V., Shempel’ T. P., Kozhedub O. A: The viscosity of gelatinized water-flour suspension of
spring wheat and methods for its assessment. Problemy i puti povysheniya effektivnosti rastenievodstva v Belarusi: materialy
Yubileinoi mezhdunarodnoi nauchno-prakticheskoi konferentsii, 29 iyunya 2007g., g. Zhodino [Problems and ways to im-
prove crop production efficiency in Belarus: proceedings of the anniversary international scientific and practical conference,
June 29, 2007, Zhodino]. Zhodino, 2007, pp. 211-214 (in Russian).

7. Mukhametov E. M., Kazanina M. A., Tupikova L. K., Makaseeva O. N. Production technology and food grain quality.
Minsk, Dizain PRO, 1996. 255 p. (in Russian).

8. Alimov K. G. Substantiation of measures to control enzyme-mycotic depletion of seeds (EMDS) and associated in-
fections with intensive technology of spring wheat cultivation in the forest-steppe zone of Western Siberia. Abstract of Ph. D.
diss. Moscow, 1988. 14 p. (in Russian).

9. Dunin M. S., Temirbekova S. K., Popova E. V., Tyuterev S. L. Physiological and biochemical mechanisms of en-
zyme-mycotic depletion of seeds (EMDS) of wheat and some other crops. Vestnik sel skokhozyaistvennoi nauki [Bulletin of
the Agricultural Science], 1981, no. 4, pp. 70-78 (in Russian).

10. Shil’'tsova M. A. Development and improvement of methods for assessing cereals to enzyme-mycotic depletion of
seeds (EMDS) and their practical application. Abstract of Ph.D. diss. Leningrad, 1985. 19 p. (in Russian).

11. Ivanov A. V., Fisinin V. I, Tremasov M. Ya., Papunidi K. Kh. Mycotoxicoses (biological and veterinary aspects).
Moscow, Kolos Publ., 2010. 391 p. (in Russian).

12. Hsiceh D. P. H. Mode of action of mycotoxins. Mycotoxins in food. London, 1987, pp. 149-176.

13. Shkalikov V. A., D’yakov-Yu.T., Smirnov A. N., Dzhalilov F. S. -U., Stroikov Yu. M., Konovalov Yu. B., Gritsenko V. V.
Plant disease resistance. Moscow, KolosS Publ., 2005. 189 p. (in Russian).

14. Zhukovskii A. G., Burkin A. A., Kononenko G. P. Mycotoxicological evaluation of grain. Experience of transnation-
al cooperation. Immunologiya, allergologiya, infektologiya = Immunopathology, allergology, infectology, 2010, no. 1, p. 191
(in Russian).

15. Dexter J. E., Marchylo B. A., Clear R. M., Clarke J. M. Effect of Fusarium head blight on semolina milling and pas-
ta-making quality of durum wheat. Cereal Chemistry, 1997, vol. 74, no. 5, pp. 519-525. https://doi.org/10.1094/cchem.1997.74.5.519

16. Gértner B. H., Munich M., Kleijer G., Mascher F. Characterisation of kernel resistance against Fusarium infection
in spring wheat by baking quality and mycotoxin assessments. European Journal of Plant Pathology, 2008, vol. 120, no. 1,
pp- 61-68. https:/doi.org/10.1007/s10658-007-9198-5

17. Kreuzberger M. Fusarium infection of bread wheat and subsequent mycotoxin contamination of milling products:
Impact on quality parameters and composition of flour. Doctoral Dissertation. Géttingen, 2011. 158 p.

18. Volkova T. N. The phenomenon of gushing in brewing. Pivo i napitki = Beer and Beverages, 2007, no. 3, pp. 18-21
(in Russian).

19. Amaha M., Kitabatake K., Nagakawa A., Yoshida J., Harada T. Gushing inducers produced by some mould strains.
European brewery convention: proceedings of the 14" congress, Salzburg 1973. Amsterdam, 1974, pp. 381-398.

20. Schildbach R. Zur Problematik des Mikroorganismenbefalls an Braugerste und Malz [The problem of barley and
malt contamination by microorganisms]. Brauwelt, 1988, vol. 128, no. 47, pp. 2244-2250 (in German).



Becni HanpissnansHaii akagomii HaByk benapyci. Cepsist arpapubix HaByk. 2020. T. 58. Ne 1. C. 55-67 67

21. Gagkaeva T. Yu., Gavrilova O. P., Levitin M. M., Novozhilov K. V. Fusarium of cereals. Moscow, Supplement to the
journal “Plant Protection and Quarantine”, 2011. 51 p. (in Russian).

22. Ivanov A. V., Tremasov M. Ya. Mycotoxins: in the problem of veterinary support for increasing animal productivity.
Slagaemye effektivnogo agrobiznesa: obobshchenie opyta i rekomendatsii [Components of effective agribusiness: summari-
zation of the experience and recommendations]. Kazan, 2006, pt. 2, pp. 241-248 (in Russian).

23. Suciu A., Miclea R., Sopterean L., Has 1., Puia C. The influence of Fusarium infections on the quality parameters
and production of four wheat varietes, in different infection conditions. Bulletin of University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca. Agriculture, 2013, vol. 70, no. 1, pp. 67-74.

24. Capouchova 1., Papouskova L., Konvalina P., Veptikova Z., Dvotacek V., Zrckova M., Janovska D., Sketikova A.,
Pazdert K. Effect of Fusarium spp. contamination on baking quality of wheat. Wheat improvement, management and utiliza-

tion. Rijeka, 2017, pp. 329-344. https://doi.org/10.5772/67657

25. Dexter J. E., D’Egidio M. G. Grading factors impacting durum wheat processing quality. Durum wheat: chemistry
and technology. 2nd ed. St. Paul, 2012, pp. 235-250. https://doi.org/10.1016/b978-1-891127-65-6.50018-0
26. Kretovich V. L. Biochemistry of grain and bread. Moscow, Nauka Publ., 1991. 133 p. (in Russian).

HNndopmanus 006 aBTopax

Hlawxo FOpuii Koncmanmunosuy — DOLUEHT, KaHAUOAT
CeITbCKOXO03SHCTBEHHBIX HayK, 3aB. TabopaTopueil IMMyHUTE-
ta, HayuyHo-npaktuueckuii uentp HaunonanbHO# akajzeMuun
Hayk bemapycu no 3emnenenuto (yi. Tumupsizesa, 1, 222164
Komuno, Munckas o6iacts, Pecrrydnuka benapycs). E-mail:
Shashko Y@tut.by

Jloneosa Enena Jleonuooena — KaHIHAAT CEIIbCKOX03sTH-
CTBEHHBIX HayK, 3aB. OTJEJIOM OMOXHUMHHU 1 OMOTEXHOJIOTHH,
HayuHno-npaktudyeckuil nentp HanuonanpHOU axageMuu
Hayk benapycu no 3emnenenuto (yin. Tumupssesa, 1, 222164
Kommno, MmuHckas ob6nacts, PecmyOnuka benapycs).
E-mail: ms.heldel@gmail.com

Hlawxo Mapuna Huxonaeéna — HaydHbIH COTPYIHUK,
naboparopuss MMMYHUTeTa, HaydyHO-IIPaKTHYECKUH LIEHTP
HanuonanpHol akanemuu Hayk benapycu no 3emienenuio
(yn. Tumupszena, 1, 222164 XKoauno, MuHnckas obnacTs,
Pecniyonuka Benapycs). E-mail: Shashko21@tut.by

Information about authors

Shishko Yuriy K. - Ph.D. (Agriculture), Assistant
Professor. The Research and Practical Center of the National
Academy of Sciences of Belarus for Arable Farming
(I Timiryazeva Str., Zhodino, Minsk Region 222160,
Republic of Belarus). E-mail: shashko y@tut.by

Dalhova Alena L. - Ph.D. (Agriculture). The Research
and Practical Center of the National Academy of Sciences
of Belarus for Arable Farming (1 Timiryazeva Str., Zhodino,
Minsk Region 222160, Republic of Belarus). E-mail: ms.hel-
del@gmail.com

Shashko Maryna N. - The Research and Practical
Center of the National Academy of Sciences of Belarus for
Arable Farming (1 Timiryazeva Str., Zhodino, Minsk Region
222160, Republic of Belarus). E-mail: Shashko21@tut.by





