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deHonornyeckne oco6eHHOCTU pas3BUTUSA
KpaCHOOKpaLleHHbIX COPTOB aMapaHTa B YC/IOBUSAX OTKPbITOro
rpyHTa MOCKOBCKOM 06/1aCTU C BbICOKUM COZepXKaHUEM
HaTypasibHOro NMMrMeHTa amapaHTUHa
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AmnHoTanms. [TokasaHsl (eHOIOrHYecKrie 0COOEHHOCTH peakliy COPTOB B 3aBUCHMOCTH OT U3MEHUHBOCTU
TIOTOZIHBIX YCJIOBUH B OTKPHITOM IpyHTe MOCKOBCKOM 06/1acTi. OfHUM 13 MTePCIeKTUBHBIX COeAUHEeHUH Kpac-
HOOKpaAIIeHHBIX ()OPM aMapaHTa SIB/ISIeTCs MPe|CTaBUTe b FPYIIITEI OeTaTanHOBLIX MUTMEHTOB — aMapaHTHH.
BrisiB/ieHbI a3kl C MaKCUMaJIbHBIM COJIEp)XKaHHEM aMapaHTHHA C OTHOTO PaCTeHHs M paCCMOTPeHa IMHAMUKA
HaKOI/IeH!sI UCC/IeZlyeMOro MUrMeHTa CyMMapHO B JIUCThSIX Y COLIBETUSIX PAaCTeHUI amapaHTa B pacueTe Ha
enuHULy mwiotiagu. PeHoornveckre HabmOeHHUs 3a UHTPOAYLIMPOBAaHHBIMU BHUIAMHU PaCTeHHH B HOBBIX
YCJIOBHSIX UMEIOT Ba)KHOE 3HaueHHe U OTpeJiesIsIF0T UX YCTOHUMBOCTD K HeO/1aronpusTHEIM (akTopam Cpefibl,
Crioco6GHOCTB [JaBaTh MOJTHOL|EHHBIE TUIOABI U CeMeHa M BO3MO)KHOCTh VX BBOZIAa B KY/IBTYpY. I1pH BBeZileHUN
HOBBIX BU/IOB U COPTOB amapaHTa IpoBoAsAT 0T6op 6oree mpricriocobimeHHBIX GopM 151 ycaoBuii HedepHo3eM-
HO 30HBI PO, B KOTOpBIE OHU MoNaayu. PaccMoTpeHHBbIe B MCC/Ie/j0BaHUY COPTa PacTeHUi amapaHTa OTHOCUIN
K YeTbIpeM pas/iWyHbIM IPyTIaM Mo NPOA0/DKUTETLHOCTU [IepUo/ia BereTalii B OTKPBITOM PYHTe OT BCXOZ,0B
1o co3peBanus ceMsH (2013—2016 rT.). AHam3 eHomornuecKUX 0Co6eHHOCTelH pa3BUTHSI aMapaHTa COPTOB
cenekuy BHUVICCOK u 3kBajopa BbISIBUJI, UTO U3MEHUHMBOCTb MPOAO/IKUTETLHOCTH CTaZM Pa3BUTHS aMa-
paHTa He 3aBHUCUT OT COPTOBOTO (haKTOPa, 3a UCK/IIOUeHHeM YeTBepPTOl CTaJH MO3HEeCIIeIbIX COPTO0OpasLoB
[Hou INenpo u Oy 17020, 3aBUCUMOI1 OT NOTOAHBIX yC10BU. [Ipy aHanu3e reHOTUINYECKON U3MEeHUHNBOCTU
Haubostee cTaOMIBHBIM OKa3a/iCsl BereTaTHBHBIN Meprof;, pa3BUTHS B Pa3Hble IO/l CC/Ief0BaHNH, TIPOZIO/IKH-
TeJILHOCTh KOTOPOTO 3aBHUCHUT OT MOTOHBIX yCI0BUH. [Iyis mo3gHecrenoro obpasua JKy 17020 xapaktepHO
yBeJIMUeHNe CTaluM CO3pPeBaHus, B pe3y/bTaTe KOTOPOH B OTKPLITOM IPYHTe 0Opasel] 9KBa/[0PCKOM CeneKInn
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Phenological traits of red amaranth varieties with
a high content of amaranthine cultivated in open fields
of Moscow region
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'Peoples’ Friendship University of Russia, Moscow, Russian Federation
*Technical University of Cotopaxi, Latacunga, Ecuador
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Abstract. The article focuses on phenological features of amaranth varieties grown in open fields as a reaction
to variability of weather conditions in the Moscow region. Amaranthine is one of the promising compounds found
in red-colored amaranths. It refers to a class of betalain pigments. The study revealed growth stages defined by
the highest content of amarantine per plant and analyzed accumulation of the pigment in amaranth leaves and
inflorescences. Phenological observations of introduced plant species under new conditions are important and
determine their resistance to adverse environmental factors, ability to produce high quality fruits and seeds,
and potential for cultivation. During the introduction of new amaranth varieties, the most adapted forms were
selected for the conditions of the Non-Chernozem zone of the Russian Federation in 2013—2016. The studied
Russian and Ecuador varieties were divided into 4 groups depending on the growth period (from germination
to seed maturity). Analysis of phenological traits of plants confirmed that period of amaranth development did
not depend on the variety, except the fourth stage of late-ripening cultivars — ‘Don Pedro’ and ‘Eku 17020°,
dependent on weather conditions. Being dependent on weather conditions, the vegetative growth period turned
to be the most stable. Late cv. ‘Eku 17020’ did not form mature seeds in open ground conditions, which is
explained by its origin (Ecuador). In the present study we identified growth stages when plant raw materials
had the highest dye content in red-leaved amaranth varieties (‘Valentina’, ‘Don Pedro’ and ‘Fakel’). We also
considered the perspective of cultivation of green-leaved varieties with red inflorescences — ‘Pamyati Kovasa’
and ‘Eku-17020" — as sources of biologically valuable compounds in the Moscow region.

Keywords: amaranth, phenological phases, phenology, amaranthine, plant introduction, Ecuador breeding,
Non-Chernozem zone
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BeBepeHue

Pactenusi poga Amaranthus L. mpuBnekatoT K cebe BHUMaHUe HUCC/iefjoBaTe/Iei
Y TIPAKTHKOB CeJIbCKOTO X035THCTBA BHICOKOUW YPOXKalHOCThIO, 0COOEHHOCTSMU TpPH-
criocobsieHust K YCIOBUSIM Cpe/ibl, COaaHCHPOBAaHHOCTEIO Oe/lka, MUHepaIbHbBIX COJIel,
cojiep>kaHHeM LIeHHBIX OM0/IOrn4ecK akTUBHBIX BeltlecTB (BAB), MpUMeHUMOCTHIO B Jie-
KapCTBeHHOM U MUIIeBOM cdepax nMpombiiiieHHOCTH [1]. TlepBble uBUIM3aLu (Makis,
alTeKy U WHKK) BbIPAIIMBA/M €T0 Kak Ky/IbTYPHOE PacTeHHe C BbICOKON YPOXKaHHOCTEIO.
Apxeosnoruueckue laHHbIe MOKa3bIBalOT, UTO MeKCHKa sIB/IsIeTCSl OAHUM U3 [IeHTPOB
MIPOMCXOXKJeHUs1 amapaHTa. KvBrYa, n3BeCTHasi CerofiHsl Kak amapaHT B AHZax, Obljia
OZJHUM 13 OCHOBHBIX IPOZAYKTOB IMUTAaHUsI MHKOB U alTeKOB, cuuTaeTcsi, uto o 80 %
notpe6JieHNsT KaJIOpUl Y aliTeKoB TIPUXOJU/IOCh UMEHHO Ha amapaHrT [2, 3].

deHoornueckre HabMOIeHYs, TT0 MHEHUIO MHOTHX YUeHbIX [3—5], SBAsiFOTCA
COCTaBHOM YaCThIO MPOLeCca U3yueHHs PaCTeHUH, BBOAUMBIX B KY/IbTYpy. Pa3iuuHbie
¢akTopsl: heHOMOTHUECKIe 0COOEHHOCTH, TEXHOIOTHS BLIPAIIIBAHUS, IPOUCXOXK/eHHEe
pacTeHUH BIMSIOT Ha U3MEHUMBOCTh pa3HO0Opa3HbIX BeIleCTB aMapaHTa.

AMapaHTHH KakK BOZ,0PaCTBOPHUMBIN aHTUOKCH/AHT MepCIIeKTUBEH /ISl UCTIOJTb-
30BaHUS B Me/IULIMHE, a TaK)XKe [Ijisi BOCCTAHOBJ/IEHUS TIPUPOTHOM OKPACKU B TTUILIEBOU
TPOMBILIIEHHOCTH [5, 6]. HakorieHre mUrMeHTa aMapaHTHHA 3aBUCUT, TAKAM 00pa3oMm,
KakK OT TeHOTHIIa, TaK U OT YCJIOBU BbIpaIl[UBaHMUSI.

3HaHVe AMHAMUKH Ce30HHOTO Pa3BUTHS paCcTeHWM aMapaHTa HeoOX0[UMO MpU
rozi00pe COPTOB aMapaHTa, B JIMCThSIX U COLIBETHSIX KOTOPBIX COEP>KUTCS TIOBBIIIIEHHOE
KOJTMUeCTBO aMapaHTHUHA U JIPYTUX OMOIOrUYeCKH aKTUBHBIX BEILleCTB, a TaKXKe [IIs
COBepIIIeHCTBOBAHUS TEXHOJIOTHUHY BHIPALI[UBAHUS C 1[e/TbI0 YBeJTUUEHUS TTPOAYKTUB-
HOCTH pacTeHUH U MoJTyueHus ChIpbs JJIs MUIeBOM MPOMBILIIEHHOCTH He3aBUCHMO
OT YCJIOBUM BbIpaluBaHus [7].

Ienp ucciepoBaHus — v3yuyeHue heHosornueckux ocobeHHocCTel amapaHTa
1 0TOOD TepCIIeKTUBHBIX paCTeHHI aMapaHTa Pa3HbIX BU/JOB U COPTOB, U3yUeHHUe /IU-
HaMMKU HaKOTIJIeHHs] aMapaHTUHA U ONITUMasbHOU (ha3bl /17151 TOyYeHuUsT HaTypasbHbIX
Kpacuresiell B HeONITUMAJTbHBIX KJTMMaTHUeCKUX yCaoBusix HeuepHo3eMHoM 30HbI PO.

MaTtepuanbl 1 MmeTOAbI UCCNeA0BaHUSA
OO6beKTamMu UCCIeI0BAHMU /i1 U3yUeHUsI POCTa U Pa3BUTUSI PaCT€HUM, BbI/IeIeHUS
MUrMeHTa aMapaHTHHA SIB/ISIUCh JIMCThS ¥ COLIBeTHs1 aMapaHTa (Amaranthus L.) kpac-
HOJMCTHBIX cOpToo6pasiioB: Banentuna, o [Tegpo, ®akes, a Takke COpTo0OpasLibl
C KpacHOOKpaieHHbIMU couBetussmu: [Tamsatu Kosaca, opurunarop ®I'BHY OHIIO,
obpas3er] OkBazopckoi cenekiun Ecu-17020, opurunarop INIAP [8].
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[ToceB pacTeHui MPOBOAXIN B KOHIIe Masi B OTKPBITOM I'pyHTe MOCKOBCKO# 06/1a-
ctu (2013—2017 rT.). B COOTBETCTBUM C yKa3aHUSIMU T10 U3yUEHUIO 3e/IeHHbIX KY/IbTYP
[9] B miporjecce oHTOreHe3a ObIIM OTMeUeHbl Hanbosiee 3HaUMMble CTaJUM Pa3BUTHS
amapaHTa, paCCYMTaHbI MPOAODKUTETLHOCTU MeX(a3HbIX eprooB. bruoxumuueckue
HCCJIe/JOBaHUS TIPOBOAU/IN B 1abopaTopuu GU3NOIOTHH ¥ OMOXVMHU pacTeHH, UHT-
poayKuMu U (pyHKIMOHaMbHBIX TTpoaykToB ®I'BHY ®HIIO (PemepanbHblii HAyYHbIN
LIeHTP OBOLL|eBO/CTBA).

Copep>kaHrie MUTMEHTOB aMapaHTHHA (B JIMCTHSIX U COLIBETHSIX aMapaHTa) Orpe/iesisiyiv
crieKTpo(oTOMeTprUYeCKUM MeTozioM. Ko/inuecTBO aMapaHTHHA B BOZIHBIX 9KCTPaKTax
OTIPe/IeJIS/TN C YUeTOM MOJISIpHOTO KO3 duiieHTa SKCTUHKIMU 15,66°104 1-Momb™!-cm™
Y MOJIIPHOTO Beca 726,6 r-monb™ [10].

[TonmyueHHBbIe AaHHBIe 0OpabaThIBa/IM CTAaTUCTHUECKH C UCIIO/b30BaHUEM TaKeTa
5meKTpoHHBIX Tabmiy MSExcel. [l aHanM3a nomy4yeHHBIX JaHHBIX WCIIOIB30BAIN METO/
JucriepcoHHOro aHanm3a 1o B.A. locniexoBy [11]. s 06paboTKu JaHHBIX UCTIOJb-
30BaJ/I CXeMy /IByX()aKTOPHOT'O OIbITA: /10JIs1 BAUSHUS COPTOBOrO (hakTopa — PakTop
A (copt) u ycnoBum BbipaiijiBanvs — ®aktop b (ros) Ha M3MeHUNBOCTh UCC/IETyeMbIX
TIPU3HAKOB.

Pe3yanaTb| ncecnepoBaHnAa n O6CY)Kp,eHVIe

3a nepuog 2013—2016 rT. ipu BeIpalMBaHuM B MOCKOBCKOM 00/1acTu cpeiu
TIpe/ICTaB/IeHHBIX KPAaCHOOKPAIIIeHHbIX 00pa3LioB K 60/1ee paHHEeCTeIbIM OTHOCH/IA COPT
Banentuna (g0 118 cyTok), K cpefHecrensiMm — copT Paken (0 128 cyTok) u copT
Hou TTeapo (ot 135...155 CyTOK) COOTBETCTBEHHO O0jiee paHHUM (heHOI0ruUeCKUM
HabmromeHusiM [6, 12]. Cpeau 3e/IeHOTUCTHBIX PACTEHUM C KpaCHBIMU COLIBETUSIMH
BbIZIe/ISUTN ZiBa 0Opasiia: cpegHectnesnbii copt ITamsatr Koaca (ot 125 g0 133 cyTOK)
1 no3aHecresnblid o6paser; 9Ky 17020 (okono 165 cyTok) u3z Jkeagopa [13] (puc. 1).

Puc. 1. VI3MeH4MBOCTb BErETALMOHHOIO NEpUOa COPTOB amapaHTa B YCITOBMAX OTKPbITOMO MPyHTa
MockoBckoit ob6nactv 3a 2013—2016 rr.
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Fig. 1. Variation of growing season in amaranth varieties grown in open fields
of the Moscow region (2013—2016)

¥ Bcex copToB Poccriickol ceeKLiMM BCXO/bI MOSIBJIS/IMCH Ha 7 CYTKHU, 38 UCKIIIO-
yenreM [ou IMTegpo u Oky 17020 (6osee 10 cyToK), 00pa3s1[oB MPOUCXOKIEHUS CTPaH
Jlatunckoit Amepuku B 2014—2019 rr. CaMbIM U3MEeHUYMBBIM 110 NPOJ0/DKUTETBHOCTH
BereTalMy MOKHO curTaTth copT BaneHnTtrHa (102...160 cyTOK), KOTOPBIM OT/IMYAICs
Takxe 1o ckopocrenocty B 2014 u 2015 rr. B 2013 u 2016 rr. HauboJsiee CKOpOCIeIbIM
BbIZIeJISIIA 3e/leHOMMCTHBIN copT [Tamsitu KoBaca (cm. puc. 1).

B 3aBucrMMOCTH OT copTa U rojja UCC/1eJOBaHUM B peakLd U3yUYeHHbIX COPTOB
B OTZe/bHbIe (ha3bl BereTalliOHHOTO 1eproza ObUTH OTMeUeHbI CIeAyoLe 3aKOHOMep-
Hoctu (puc. 2). Ha mepBoii BereratuBHOM cTazyu B 2013 1. Hab/mrogamy caMblii KOPOTKUEA
MexxdasHbli nepuog MeHee 40 CyTOK, TOT/a Kak B OCTa/IbHbIe O/bl IPOZAO/DKUTETBHOCTh
JaHHOTO Tieprofa O6bita ot 42 1o 50 cyTtok. st mo3aHecrenbix o6pastos Jou [egpo
1 OKy17020 xapakTepHO yBenueHHe Mex@a3Horo rnepuoga o 50 cyTok (puc. 2).

[Tpono/pKUTELHOCTD CTafiuK Oy TOHU3AIMK B CPeIHEM BapbUpoBajia ot 15 1o 32 cyTok,
y TIO3[JHECTIe/bIX COPTO0OPA3LOB TakKe, KaK 1 Ha TIePBO CTa/iiy HaOJTHOIa/IiCh BHICOKHE
3HaueHus1 6osee 30 CyTOK.

60 F A——————— HBvema 60 - B
. m2013
& 20 = ollenpo g 0 m 2014
[=]
S 40 dae S 40 - 2015
a
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Puc. 2. 1amMeHUYMBOCTb MexdbasHbIX Nep1ooB pacTeHUi aMapaHTa B 3aBMCYMOCTM OT copTa (a)
1 roga uccrnefoBaHuin (6) B pasHble hasbl OHTOreHesa
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a b

Fig. 2. Variation of growth periods in amaranth plants depending on the variety (a)
and the year of growth (b) in different growth stages

Ha TpeTneii crasuu 3ameTHO oT/iMyanvch nokasarenu 2013 u 2015 rr. B ipefenax
ot 30 10 37 cyTOK, uTO B OOJIbIIIeli CTeleHH XapaKTePHO Ji/Isi Cpe/iHeCTIeIbIX COPTOB
®axken u [Tamatu Koaca. Ha uetBepToli cTaviv MpOAO/DKUTENBHOCTE MeK(Pa3HbIX
repuo/ioB Oblyia MpuMepHO cpaBHUMa B 2013—2015 rr., 3a uckatoueHrem 2016 .,
XapaKTepHOro HebIaronpusiTHBIMU YCIOBUSIMU (710 22 CyTOK). Peakiiusi paHHeCrenoro
copra BanentuHa cocragnsina g0 29...30 gueti B 2013 u 2016 rr.

Cnepyrouue craguu (V—VI ¢a3sel co3peBaHys) SBISIOTCS KOPOTKUMHU Y BCEX COPTO-
o6pasiioB ®I'BHY ®HIIO. B HebmaronpustHeIx ycaoBusx 2015 u 2016 rr. Habnromamm
18 u 22 cytok y coproobpasia [doH Ileapo, u B 2015 . — 21 cyTok y1 copra [lamsTu
Kogaca. [1y1s mo3anecnenoro coproobpasia Oky 17020 xapakTepHO yBe/TMUeHHe CTaZiuu
CO3peBaHus, B pe3y/ibTare KOTOPO B OTKPLITOM I'PYHTe 0Opas3eL] 9KBa/IOpCKO CemeKLUU
He (popMUpOBaJ 3pe/bIX CeMsH.

B cpegHeM y Bcex copToB Habmofiaiach BHICOKOE B/IMSIHHE ()eHOTUTTUeCKON H3MeH-
yuBocTU (Cve > 20 %), kpome BeretatuBHOM cTazuu (Cve = 10...18 %). HeBbicokoit
CTerneHbl0 reHoTUIYecKol u3meHunBoCTH (PakTop A (COpT)) OT/IMYAIMCh TTI0Ka3aTeln
y otzenbHbIX (heHodas (Cvg < 20 %), 3a uckatouenuem II ¢assbl.

Crenenb usmeHunBocty Cvg, %, Bcex ¢eHoda3 B OTe/bHbIE To/bl ObLIa BhILLIE, UeM
B CpeJJHeM 3a HeCKOJIBKO JIeT /i/IsI OT/le/IbHBIX COPTOB. B pa3Hble rofibl caMbIM CTabwW/Ib-
HBIM OBL/T TIepBBIN MepUOJ, Pa3BUTHS, 3aBUCKMBIH 0T ycioBuid Paktopa b (rox) (puc. 3).
Hauboee BaprabeTbHBIMU SIB/ITFOTCS] BTOPOU TIepro, ¥ TiocieHsst ctaaus (B > 50 %).
[lons BMUsiHUS MOTOAHBIX YC/I0BUI He TipeBbIitana 34 %. [Ipu 3ToM Bce copTra amapaHTa
cenekun ®I'BHY ®HIIO (kpome copra Oky 17020) ycrieBany NpONUTH MOIHBIN LUK
Pa3BUTHS, UTO CBU/IETETHCTBYET O BBICOKOM TVIACTUYHOCTH COPTOOOPA3LIoB.

CyMMapHbIl BbIXOZ, aMapaHTHHa ¢ pacteHus. 3a nepuog 2014—2016 rT. ¢ nessro
BbIsIB/IeHUs (Da3bl C MaKCUMaJIbHBIM BbIXO/[OM KpacuTeJisi Obl/la pacCMOTpeHa JUHaMHKa
HaKOTIIeHUsI aMapaHTHHa, B KOTOPOi y copTa BaneHnTrHa Beifensmich (asel OyToHM3a-
1uu ¥ Havaso 1setenus (140 u 183 mr/pacrenue) [14, 15]. Y coptoobpasua [on [egpo
MaKCHMaJTbHbIM BBIXOZIOM aMapaHTHHA OT/M4Yasack (a3a Oytonusaiuu (125 mr/pacteHue)
n'y copta ®aken — ¢a3a Hauana LBeTeHus (146 mr/pacreHus).
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Puc. 3. 13MeHUYMBOCTb MexdasHbIX NepuofoB pacTeHWn aMapaHTa B 3aBMCYMOCTM
oT reHoTuna — @akTop A(CopT) ¥ ycnoBum BbipalimaHus — daktop b (roa)

Fig. 3. The proportion of the influence of genotype (cultivar) and climatic factors (year)

CyMMapHbilil 8b1x00 amapaHmuHa ¢ pacmeHusi. 3a iepuozp; 2014—2016 rr. ¢ Lenbio
BbIsIB/IeHUs (Da3bl C MaKCUMaJIbHBIM BBIXO/IOM KpacuTeJisi Obl/la pacCMOTpeHa JUHaMHKa
HaKOTI/IeHUsI aMapaHTHUHA, B KOTOPOi y copTa BaneHTuHa BbiZiessiuch ¢a3bl OyToHM3a-
uuu ¥ Hadaso usetenus (140 u 183 mr/pactenue) [14, 15]. Y coptoobpastia [Jou Ilexpo
MaKCHMa/IbHbIM BBIXOJIOM aMapaHTHHA OT/iM4asack (asa Oyronusarum (125 mMr/pacreHue)
n'y copra ®aken — ¢a3a Hauana LBeteHus (146 mr/pactenus).

B paccMoTpeHHOM aHanmu3e 6MOMeTpUUeCKHUX U OMOXUMHUUeCKUX TOKa3aTesieH,
(heHONIOTMM pacTeHUH, a TAKXKe B pacueTe BbIXO/a KPaCUTes C eMHHULIbI TI/I01Ia N
MaKCUMaJIbHBbIM BBIXO/IOM KpacuTesisi Haubosee oNMTUManbHBIMU ObI/IU BhIZIe/IeHbI pe-
nipozyKTrBHBIe cTaguu — [II—1IV da3bl pa3surtus pactenuii (1,52...1,82 r/m?) (puc. 4).

a 0

Puc. 4. ConepykaHve amapaHT1Ha C OAHOro pacTeHns (a) u eauHMLbI iolwaam (6) CopToB aMapaHTa
C KPaCHOOKPALLEHHbIMU JIMCTbSAMMU 1 COLBETUSAIMM B NEPUOL, OHTOreHe3a pacTeHUii B OTKPbITOM
rpyHTe MockoBckol o6nacTv (2014—2016rT.)
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a 0

Fig. 4. Total yield of amarantine per plant (a) and unit area (6) in red-leaved amaranth varieties
at various phenological phases of plant development in the open ground
of the Moscow region (2014—2016)

3akoyeHue

deHoOOTMUECKHEe 0COOEHHOCTH PeaKIii COPTOB, TIPO/IO/IKUTETEHOCTE MeXK(a3HbIX
TMePUOZIOB 3aBUCAT OT CKOPOCTIENIOCTU PaCTeHUM 1 B/IMSIHUS TIOTOHBIX YC/IOBHIA B OTKPBITOM
rpyHTe MockoBckoii o6actu. [To pe3ysisratam MCC/ieJOBaHHU K PaHHECITe/IbIM OTHe CJTH
copt BanenTuHa (#o 118 cyTok), K cpegHectienbiM — copT Paken (10 128 cyTok) 1 copT
IMTamsatu Kosaca (ot 125 g0 133 cyToK), K ro3aHecriesibiv — coptoobpasery Jou ITeapo
(ot 135...155 cyToK) 1 o3gHecTeNbIi OKBaJopcKuii oopaser] OKy 17020 (okoso 165 cyTok).

BereTtatuBHbIM Nepyoz, pa3BUTHUS PACTEHUM He 3aBHCeJT OT IPYIIIIbI CIIeJIOCTH COPTOB
amapaHTa, (aKTOp TOTOIHBIX YCJIOBHA B OOJbIIIeN CTEIeH! BIUSIT Ha MPOAOJDKUTETb-
HOCTh TiepBoro nepuoza (IB = 34 %). Haubosiee M3MeHUMBBLIMU 1O (haKTOPy COpTa
sBnistuch 11 1 VI da3bl penpogyKTUBHOTO pa3BUTHs pacTeHui amapanTa (B > 50 %).
Hnst mo3gHecnenbix oopasiios JloH ITeapo u DKy 17020 xapakTepHO yBe/JIUUeHHe
cTaguu co3peBanusi. Obpa3sel] 5KBaJOPCKOI CesleKI[UK He (hOPMUPOBAJT 3pebIX CEMSH
Y He JI0CTUTa/T OMOJIOTUYeCKOH CTIesIOCTH BBUY IMOHIKEHHBIX CPeIHeCYTOYHBIX OCEH-
Hux Temreparyp (< 20 °C), uTo HrKe OUOIOrUYeCKOT0 ONTUMYMa JIJIs TETIOMF0OUBBIX
pacTeHui amapaHTa 3TOr0 COpTa.

Amnanu3s deHomoruuecKux Hab/OeHUIA, TUHAMUKA aMapaHTUHA, TIePCIIeKTHBHOTO
coprta BaneHTrHa 110Ka3as, YTo ONTUMaIbHBIMU (ha3aMu /151 TOTyUeHHs: BBICOKOTO BbIX0Oa
amMapaHTHHA C PaCTeHus ITPU BO3/e/IbIBaHUU B OTKPBITOM I'pyHTe MOCKOBCKOM 06s1acTu
MO>XXHO CUMTaTh: Hayasio OyTOHM3aIMK 1 Hauaio popMHUpoBaHus ceMsiH, T.e. I11 u IV da3bl
(140 u 183 mr/pactenue); y copta Jon [Tegpo — III a3y netenus (125 mr/pacTenue);
y coptra @aken — IV ¢a3y Hadano ¢popmupoBanus cemsiH (146 mr/pacrenue). Hecra-
OUTBHOCTB TIOTOIHBIX YCIOBUI B OTKPBITOM rpyHTe MOCKOBCKOM 06/1aCTH Ha pa3HbIX
jTamnax pa3BUTHs BeJeT K HeoOXOAWMOCTH ONTUMU3ALIUH yC/IOBHI BhIPAIL[UBAHUS [|JIsI
MoJTyYeHHUs1 CTabUIbHBIX YPOXKaeB JIMCTOBOM MacChl COPTOB C BBICOKUM COZIep>KaHHUEM
MUTMEeHTa U COKPALL|eHUI0 TIPO/I0JKUTE/IbHOCTU MesK(a3HbIX 1epHO/I0B, YTO MOYKHO
00ecreuynTs B yC/IOBUSIX 3all[UIIIEHHOTO IPyHTa PacTeHUH.
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OueHKa Yypo)XaMHOCTH, NNIAaCTUYHOCTU U CTabUNIbHOCTHU
06pasLoB APOBOro SYMEHS B YCIIOBUSAX
EBponeickoro Cesepa PO

O.b. barakoBa ', B.A. Kope/iuana <

®eepanbHbIN UCC/Ie0BaTENbCKUN LIeHTP KOMIUIEKCHOTO U3yueHus: ApPKTUKU
rMeHHU akasiemuka H.IT. JlaepoBa Ypanbckoro oTjeneHust Poccuiickoii akaieMun Hayk,
2. ApxaHeenbck, Pocculickas @edepayus
X 19651960@mail.ru

Annoranus. CoBpeMeHHbIe arpOK/IMMaTHuecKye YCJI0BUsI OKpy»Katolljeld cpefbl EBpomneiickoro CeBepa
P® 3a nioc/ie/{HYe ro/ibl ONPe/iesIsIIOTCS TIOCTOSIHHBIMU KoJleOaHHsIMU OMOTHYeCKUX U abUOTHYeCKUX (aKTopOB,
yTO TpebyeT OT COPTOB [JIsl CeTbCKOX035IHICTBEHHOTO TTPOU3BO/CTBA BHICOKOTO YPOBHS IVIACTUYHOCTH U CTa-
OWIBHOCTH YPO>KaliHOCTH U KOJIMUeCTBEeHHBIX ITPU3HAKOB. [103TOMy orpe/iesieHHe YPOBHS peakLMU pacTeHUi
Ha U3MeHYHMBbIe (haKTOPHI CPe/ibl C LieJbio 0TO0pa Hanubosiee TIePCIIeKTUBHOTO CeeKIIMOHHOTO MaTepHarna siB-
JISIeTCST BYKHOU 3afiaueii ceyieKIMoHepoB. VccreioBaHuMs POBOAMIUCH Ha orbITHOM 1ojie @ULIKMA YpO PAH
(r. Kotnac). B nMTOMHHKe KOHKYPCHOTO UCIIBITAHHUsI M3y4alluCh 00pa3sLibl STUMEeHs SPOBOrO MECTHOM CeleKLH.
TToka3ares IIaCTUYHOCTH U CTabM/IBHOCTH COpTa paccuuThiBau 1o Merony C.A. D6epxapta, B.A. Paccena
(1966), mokasaress reHeTUUECKOM THOKOCTH — 110 MeToAy P.A. Yaaurta (1990). Pa3nuuHbie MOroAHbIe YCIOBUS
3a IIepUOJ, MCCrIel0BaHUM /la/l BO3MOXKHOCTh Pa3HOCTOPOHHE OLIeHHUTh CeJleKIIMOHHbIA MaTepurast. ['uzgporep-
vuueckuid ko3 duimenrt o I.T. CensaunoBy (I'TK) 3a roger uccnegoBanuii Bapeuposan ot 1,85 go 3,06.
IIpoBefieH aHamu3 JiecsTH 00pa3LoB siuMeHs SIpoBOro 3a neproy 2017—2019 rr. Ha BbIsIB/IEHHe MJIaCTHYHOTO,
cTabunbHOrO reHoTHNA. B pe3ysbTare Uccief0BaHKi BLICOKUIN YPOBEHb CTaOUIBHOCTH TIOKa3aau 00pasLibl
k-037712 (6*=0,01), k-038404 (6 = 0,02). BrisiBieHb! 06pa3Libl C HEUTPAILHBIM FeHOTUIOM: K-039257, k-036982
(b,<1) n obpaser cnabo pearupyroLiuii Ha M3MeHeHus yc/10Bui cpefbl K-038806 (b, = 0,23). 3Hauenue b, 61msko
K 1 y copra KoT/acckuii, UTo MOKa3bIBaeT BLICOKYHO 9KOJIOTHUECKYHO TIaCTUUHOCTh copTta. O6paser| k-038806
C HauMeHbLINM K03 duririeHToM TuHeHHOM perpeccruu — 0,23 MOAXOAUT /ISl BhIPALMBAHKMS Ha €CTeCTBEHHOM
arpocgoHe. BriieieHHble reHeTHUeCKUe HCTOYHUKH OyZyT MCIIOMb30BaHbl B CeNeKLOHHOM paboTe A5 co3/jaHus
BBICOKOIIPOZYKTHBHBIX COPTOB SIPOBOTO sTIMeHs /151 ycioBuid EBporietickoro Cesepa PO.

KitroueBble cj10Ba: 00paseL], COPT, alaTUBHOCTb, CTaOUIBHOCTD, KO3(QGHULIEHT Perpecciy, FeHOTHII, SUMeHb

3asBiieHue o KOH('I)JIHKTE HUHTEpecoB: ABTOpLI 3asB/ISIIOT 00 OTCYTCTBUU KOH(bflI/IKTa HWHTepeCoB.

duHaHcupoBanue. biarogapraoctu. Pabora BbinonHeHa B paMKax ['0Cy/japcTBeHHOTO 3alaHust
OI'BYH ®UIKNA YpOPAH Ne 0409-2021-0004.
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Abstract. In recent years, modern agroclimatic environmental conditions in the European North of the
Russian Federation are determined by constant fluctuations of biotic and abiotic factors, which require a high
level of plasticity and stability of crop yield and quantitative characteristics from cultivars used in agricultural
production. Therefore, determining the plant response to changing environmental factors in order to select the
most promising breeding seeds, is an important task for breeders. The research was conducted on experimental
field of N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian Academy of
Sciences, in the nursery of competitive variety testing in 2017—2019. Cultivars of spring barley of local selection
were studied. Indicators of cultivar plasticity and stability were calculated by the method of S.A. Eberhart,
W.A. Rassell (1966), the indicator of genetic flexibility — by the method of R.A. Udachin (1990). Various
weather conditions during the research period enabled to evaluate the breeding material comprehensively. The
hydrothermal coefficient (according to G.T. Selyaninov) varied from 1.85 to 3.06 during the research years. Ten
cultivar samples of spring barley were analyzed to identify a plastic stable genotype. As a result, a high level of
stability was shown by samples k-037712 (6% = 0.01), k-038404 (6% = 0.02). Samples with a neutral genotype
were identified: k-039257, k-036982 (b; < 1) and a sample weakly responding to environmental changes —
k-038806 (b; = 0.23). The b; value is very close to 1 in Kotlassky cultivar, which shows a high ecological plasticity.
Sample k-038806 has the lowest coefficient of linear regression (0.23), therefore, it is suitable for cultivation on
unfertilized soils. The selected genetic sources will be used in breeding to develop highly productive cultivars
of spring barley for the conditions of the European North of the Russian Federation.
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BeepneHue

SumeHb s1poeoll — MIaCTUYHAs U BBICOKOA AN TUBHAsK Ky/bTypa. biarogapsi ceBoum
Ouo/IoruueCcKUM 0CoOEHHOCTSIM, TUMEHb XapaKTepPU3yeTCsl KOPOTKUM BereTaliOHHBIM
MeprozIoM, UTO 00y C/IOB/TBaeT IIMPOKOe PACTIPOCTPaHEHHe KY/IBTYPBI ZI0 CaMbIX CEBEPHBIX
rpaHul] 3emiefenvsi. OCHOBHBIe yCIeXy MUPOBOM CeeKL[UH sTUMeHsI CBSI3aHbI C 9KOJ10-
TMYeCKOM M/IaCTUYHOCTBIO 3TOW KYJIBTYPhI U ee BbICOKOM a/IaliTUBHOCTBIO K MECTHBIM
yC/I0BUSIM. B Ka)k[10M perrioHe He0OX0[UMO ToA0MpaTh TakKe COPTa, KOTOPhbIe COOTBET-
cTBOBa/iM ObI ero KanMaruueckuM ycosusiM. Ha EBporneiickom CeBepe PD ypoykaii-
HOCTb STUMEHSI OCTAeTCsl HeZI0CTAaTOYHO BLICOKOM U HeCTaOW/IbHOM T10 rofiaM, 03TOMY
TIpU CO3[,aHUM COPTa JOMHUHHUPYIOT MPeK/e BCero CKOPOCHeNoCTh U MPOLYKTUBHOCTb,
a TakK>Ke aZlarTHBHAs CIIOCOOHOCTh M 3KOJIOTMU€eCKast CTaOUTbHOCTD TEPCIIeKTHBHOTO
CeJIeKIIMIOHHOTO MaTepyasia. AZIaliTUBHasI CII0COOHOCTh — Ba)KHelIliee CBONCTBO, KOTOPOe
oripeie/isieT HaubOoJIbIIIee COOTBETCTBHE MEXK/Y TEHOTHUITOM M YCIOBUSIMU OKPY KatolTiei
cpebl. « AJJANTUBHBINA COPT — 3TO COPT, MPUCTIOCOO/IEHHBIN He TOMBKO K ONTUMAa/IbHbIM
YC/JIOBUSIM, HO ¥ K MUHUMYMY U MaKCUMyMY BHeIIHUX (hakTopoB cpeibl. Co3fiaHue TakKux
arpo3KOJIOrMYeCcKy aJjpeCHbIX COPTOB SIB/ISIETCS] BOYKHeILeN 3ajaueid ceieKLum», — OT-
Meuasnu uccnenoparend A.A. XKyuenko, .H. [llennukoga, JI.I1. Kokuna, W.}O. 3aiiiieBa
U [p. [1—6]. AjanTrBHBIE COPTa JO/KHBI FapaHTHUPOBATh B JOCTAaTOUHOM CTEeleHU
BBICOKYIO YPOXXKaHOCTB B G/IarONPUSITHBIX YC/IOBUSIX U CTAOM/TbHYIO — B CTPECCOBBIX.
«[Tpu mo60M HarpaBeHUH CeJIeKL|U SPOBOTO sTUMEHST YPOyKail C eJUHULIbI TI/I0IIazH,
B COYETAHHU CO CKOPOCIIEIOCThIO M YCTOMUMBOCTBIO K HEO/IaronpusITHLIM (hakTopam,
0CTaeTCs T/IaBHBIM KpUTEpHEM OlleHKH HOBOTo copta», — nviieT H.A. Poauna B [7].
[To gansbiv JLIT. KocsiHeHKO 0Ka3aHo, UTO C pOCTOM TOTeHIUaTbHOW TPOlyKTUBHOCTH
COPTOB CHM)KAeTCsl UX YCTOWYMBOCTb K HeOIaronpusiTHeIM (hakTopaM OKpYy»Karoriiei
Cpe[ibl, a 3TO OKa3bIBaeT BAUsHUE Ha (PaKTUUEeCKYH YPOXKaliHOCTh JAHHBIX COPTOB —
oHa cHKaetcs [8]. st co3naHusi COPTOB HEOOXOAMMO OL|eHUBATh COOTBETCTBHE COPTa
9KOJIOTUUECKUM YCJIOBUSIM MECTHOCTH, T. €. IPOBOJIUTh OL[EHKY ero 3K0JIorhyecKou
TJIACTUYHOCTH U CcTabumbHOCTH [9]. DKomoruueckas rmiaacTUYHOCTD, TI0 OTpe/ie/IeHUI0
psifia yueHbix [10—12], — 3TO peakiiysi TeHOTHIIA Ha U3MeHeHHe YCJIOBUM Cpe/ibl, IPo-
SIBJISTIOIIASICS B PEeHOTUTTYe CKOM M3MEHUNBOCTH; CTaOUTBHOCTb — 3TO CITIOCOOHOCTh
reHOTHIIa TI0//lep)KUBaTh Orpe/ie/ieHHbIM (PeHOTHUTT B Pa3/TUUHBIX YCIOBUSX CPe/IbI.
Cy1ecTByIoI1e METOAbI OLIeHKH KOJI0THYeCKON CTabuIbHOCTA COPTOB OCHOBAHbI
Ha pas3/IMuHbIX KPUTEPUSIX OL|eHKH U3y4aeMOro Mareprasa U IIHUPOKO TpeCTaBIeHbl
B COBpPeMEeHHOM uTeparype [13, 14].

BaoicHas 3a0aua cenekyuoHepos — oripejiesieHre YPOBHs peaKl[ii pPacTeHUi Ha 13-
MeHYMBbIe (PaKTOPBI CPeJbI C 11e/ibi0 0TOOpa Harbosiee TepCreKTUBHOTO CeeKIMOH-
Horo Marepuana. Co3/aHUI0 a/IallTUBHBIX COPTOB CITIOCOOCTBYET OTOODP KOJIOTUUeCKH
TJIACTUYHBIX CeeKIIMOHHBIX JIMHUH, TPUCITOCOOIeHHBIX TI0 MUHUMYMY pearupoBaTh
Ha WU3MEHeHHe TUIPOTepMUUeCKOr0 pexuMa U APYTUX 3KOJ0THUeCKUX CTPeCcCOpPOB
cpezbl. HemanoBaxkHOe 3HaUeHue [Jis CeJIeKL[MM MMeeT aHa/Iu3 FeHOTUITOB (COPTOB) /1t
BBISIB/IEHUS] 00pa3LioB, XapaKTepU3YIOIUXCs 00IIMPHBIMU aZlanTallAOHHBIMKM CBOHCTBA-
MU K KOHKPETHBIM [TOUBEHHO-K/IMMaTUUeCKUM YCIOBUSM PErMOHa U COOTBETCTBYIOLUX
MoTpeOHOCTAM COBpeMeHHOTO0 rpou3BozcTBa. [To muenuro B.H. TTakysnb, C.B. MapTbiHo-

120 PACTEHVEBO/ACTBO



Batakova O.B., Korelina V.A. RUDN Journal of Agronomy and Animal Industries, 2021; 16(2):118-128

BoW, /I.E. AHIpOCOBa, TYULIUMHU SIB/ISFOTCS] TeHOTHUITBI, KOTOPbIE UMEIOT MUHUMA/IbHOEe
B3aMIMOJIEHICTBHE CO CPeJIoN U BBICOKYIO CTaOM/IbHOCTE MpH3HaKa [15].

Lenb uccieoBaHUi — OLIeHKA MPOyKTUBHOTO M aIalITUBHOTO TIOTeHI[Maa
COpTOB M 00pa3IjoB IPOBOT0 SUMEHST COOCTBEHHOM CeJIeKI[UA B KOHTPACTHBIE TO/IbI
T0 TIPH3HAKY YPOXKaWMHOCTH, B CBSI3U C UeM, aKTyaIbHO OTpe/ie/ieHre reHeThue CKOU
rubkocTH, crabunbHOCTH 6 U YPOBHS a/IalITUBHOTO MTOTEHIIMa/a TeHOTUTIOB SIPOBOTO
STUMEHS! B Pa3/IMYHBIX CPEJIOBBIX YC/IOBUAX b..

MaTepMaﬂbI n MeToabl nccnepgosaHusa

B nuTomMHEKe KOHKYpCHOro uctbitanus ¢ 2017 mo 2019 rr. uyvamicek 10 o6pa3ios
STUMEHSI IPOBOI0 MECTHOM CeJIeKLIUHU.

Uccnenosanus npoBoguavck Ha onbITHOM osie PI'BYH OULTKMA YpO PAH
(r. Kotnac), npepiiecTBeHHUK — OfiHOJIeTHUE KynbTypbl. Hopma BbiceBa — 5,0 MH
BCXOXKMX CeMsiH Ha 1 ra, ruiomiazib AessHKd — 10 M2, TOBTOPHOCTH OmbiTa 4-KpaT-
Hasl. [TouBbI OMBITHOTO yyacTKa MpeZCTaB/eHbl JepHOBO-TI030/IMCTBIMUA CYIVIMHKaMHU.
MortHOCTB TTaxoTHOro ropusonta — 20...22 cM, kucaotHocts pH — 6,0, copep>kaHue
rymyca — 2,2, cofepxaHue rnofBwkHoro ¢pocgopa P,O,.— 250, 06MeHHOro Kasus
K,0 — 100 mr/kr Ha 100 T mouBsI.

Pa3nuuHble orogHble yCI0BUS 3a IepyUoj, UCC/IeJOBaHNH /1a/Ii BO3MOXKHOCTb pas-
HOCTOPOHHE OLIeHUTh CeNeKLIMOHHBIN MaTtepua. ['uapoTepMuueckuii KO3QPULueHT
(I'TK) 3a roapl uccieqoBanuii Bappuposan ot 1,85 no 3,06. Haubonee 6iaronpust-
Hble YC/IOBUS [/l POCTa Y Pa3BUTHS paCTeHUM siuMeHst C10Kunch B 2017 r. [laHHbIe
[0 arpoMeTe0poJIOTUYeCKHUM UcciefoBaHuaM TipenocTasieHbl ®I'BY «CeBepHoe
YT'MC» I'uppomeTtrenTpa 1o rocty Kypueso. OrieHKa ce/leKLIMOHHOTO MaTepuraia Oblia
TIpOBe/ieHa 10 OCHOBHBIM CeJIeKLJMOHHO-L|eHHbIM [TPU3HAaKaM C YYeTOM PO/ 0/DKUTE b-
HOCTH BereTallMOHHOTO Mepro/ja, YCTOMUMBOCTH K TOJIETaHUI0 M YPOXKAHOCTH 3€pHa.
Bo BpeMmsi BereTalyi pacTeHu# MpoBeieHbl peHoIornyecKre HabmoeHus (T1epro/bL:
BCXO/Ibl, KyIlleHHe, KOJIOLLIeHNe, MOJIOUHas! CTe/I0CTb, MOJTHAst CIe/I0CTbh).

[Toka3arenu MJIaCTUYHOCTH U CTAaOMILHOCTH COPTa PAaCCUUTHIBAJIN 110 METOAY
C.A. Dbepxapra, B.A. Paccena [16], unaekc ycioBuii cpesb Ij paccuntbiBam ro hopmysie

L=EYN)—(EZY/vn),
re X Yij— CyMMa ypOXXaliHOCTU BceX COpToB 3a 1 rof; X X Yi,- — CyMMa ypOXKalHOCTU
BCEX COPTOB 3a BCe TOfbl; V — KOJIMUeCTBO 00pa3LioB; N — YKCJIO JIeT.

Kosdpuupent perpeccuu 6, = Y, I/ X Ijz, rae X Y,I.— cymma nponsBezieHust
YPOXKaliHOCTH i-T0 COpTa 3a j-i1 rofi Ha COOTBETCTBYIOLYI0 BeJIMUMHY UH/IeKCa YCI0BUI
cpenpl; X I]? — CyMMa KBaJIpaToOB UH/IEKCOB YC/IOBUI CpeJbl.

515t oripefenieHNst CTabUIBHOCTUA YPOXKAUMHOCTH BBIUMC/ISIFOT TEOPETHYECKHe ypo-
’Kau KaXKJoro copta mno (opmyre Y, =y, +bl.Ij, r7ie y,— CPe/iHsAs ypOXKalHOCTh COpTa
3a BCe TO/ibl MCIIbITAHNUH, T/ra; bl — niponsseseHye KO3(pQuLjMeHTa perpeccuu copra
Ha UH/IEKC YCI0BUM CpeJibl.

CrabunbHocts 110 dopmyne 6d” = ¥ 6,%/(n — 2), rae X2 — CymMMa KBa/jpaTos oT-
K/IOHEeHUH (paKTUUeCKO ypOyKaltHOCTH OT TeOpeTHUeCKOM; N — YKMCJIO JIeT UCITLITAHUH.
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I'upporepmuueckuii koadduiment 1o [.T. CensiHuHoBy [17], paccunThiBaeTCst
o opmysne K = Rx10/%t; rae R mpeacTapisieT o060l CyMMYy 0CaIKOB B MUTUTUMETPAx
3a Tepuoj C TemMrieparypamiu Boittie +10 °C, Xt onpegensieT CyMMy TeMmriepaTyp B rpa-
Jlycax 3a TO >Ke BpeMmsl.

Pe3yJ1bTaTbI nccnepoBaHuda n O6CY)KA€HI/IF|

C 1enbto nmoyyeHus: 00beKTUBHOM OL[eHKH 00 aJJanTUBHOCTH Y MHZEKCa CTaOW/Th-
HOCTH palilOHMPOBAaHHBLIX COPTOB M 00pa3IioB spoBOro ssuMeHs cenekiuu ApxHUMCX
B MUTOMHUKE KOHKYPCHOTO COPTOUCITBITAHUS B TO/Ibl, KOHTPACTHbBIE 110 YPOBHIO YPO-
artHocTH (2017—2019 rT.), 66U paCCMOTPEHBI MTOKa3aTed YPOXKaliHOCTH COT/IaCHO
METOUYeCKUM YKa3aHHUSIM T10 CeJIeKIIUY sTuMeHs U oBca' (puc.).

MMUTOMHMK KOHKYPCHOIO COPTOUCTIbITaHNS SYMEHSA APOBOro B hasdy konotueHuns, 2019 1.
Nursery of competitive variety testing of spring barley in the earing phase, 2019

AHanmu3upys rokasaresiu MPOAYKTUBHOCTH, MOYKHO OTMETHTh Harbosiee G1aromnpu-
SITHBIN [17151 sipoBoro stuMeHst 2017 rog. OH OT/IMyYascst KOMMUeCTBOM OCaZIKOB B Tpejie-
nax Hopmel (107 %), cpeiHeCyTOUHOM TemMIlepaTypou 3a nepuog Beretaruu Ha 1 °C
HIDKe HOPMBI, YTO He roMellano c(hopMrUpoBaTh AOCTATOUHO BbICOKMI ypoxKail 3epHa.
I'TK cocraBun 2,34, 4to B mipefiesiax HOPMBI. YBIaKHeHUE CUMTAeTCsl ONTUMAJIbHbBIM,
ectr I'TK = 1...1,5, usbeitounoe — I'TK Gonee 1,6, Henocratounoe — I'TK meHee 1,
cnaboe — I'TK menee 0,5. [Inst yeioBuii ApXaHre/ibCKOUM 00/1aCcTy cpefiHee 3HaUeHHe
U poTepMHUUeCcKoro KosgdureHra cocrasset oT 1,5 g0 2,5. CymMMa aKTUBHBIX TeM-
neparyp cocrasuia — 1468 °C, KkoM4yeCTBO BBIIABIINX 0CAZKOB — 342 MM.

OueHb HeO/IATONPUSTHBIM [JIs1 Pa3BUTHS sTUMeHs oka3asics 2018 1., Kak 1o cymme
3((peKTUBHBIX TeMIeparyp, TaK 1 M0 KOJIMUeCTBY BbINABIIMX 0CAJKOB, Pe3KHe Mepemnasbl
JIHeBHBIX (+18...+22 °C) u Hu3kuX HouHbIX Temriepatyp (0...+3 °C) nepBoii 1oI0BHUHE

"batanosa I"A., lWnpokux W.I, LLjeHHnkoBa W.H. MeToan4eckune ykasaHusa no cenekunm sumeHs n osca / CeBepo-BoCTOMHbI
pernoHasnbHbI Hayd. LeHTp Poccenbxo3akageMumn, 30HasbHbIV HayY.-UCCNes. UH-T CENbCKOro xo3-Ba M. H.B. PyaHuukoro. Kupos,
2014.62c.
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HIOHS OTPULIaTeIbHO CKa3alvch Ha pa3BUTUU sspoBoro ssumens. ['TK roga cocrasun 1,85.
PacTeHus He TIO/TyYU/TH JIO/DKHOTO Pa3BUTHS, ObIIM HU3KOPOC/IbIE M C OYeHb C/1a0bIM
KYLLeHMEeM, KaK pe3y/ibTaT — OueHb HU3Kasi yPO)KalHOCTb.

3a nepuog 2019 1. cpegHecyTOUHas TeMIlepaTypa Bo3zayxa cocraBuia 13,2 °C, uto
HIKe cpefHUX MHOrosieTHUX Ha 0,5 °C, Ko/iMueCTBO BbINABLIMX 0CAaAKOB Ha 57 % BbIllle
cpefHeMHoroneTHux nokasareneil. ['TK cocraBun — 3,06, 4TO CyIleCTBEHHO BbILIE
CpeIHUX MHOTOJIETHUX AaHHBIX (+0,56...+1,56). B pe3ysbraTe C/I0XKUBIIUXCS HeO/1aro-
TIPUSITHBIX TIOTOIHBIX YCIOBHH rofia (TeMriepatypa HibkKe HOPMBI, O0/ibIliee KOJIMUeCTBO
0CaJIKOB), KOTOpbIE CYIeCTBEHHO TOBIUSINA Ha POCT U Pa3BUTHE 3€PHOBBIX KYIbTYD
B TIepUOJ], «KOJIOIIeHe — CO3peBaHMe», 3HaUNTe/TbHO YBeIMUU/Iach /IJTMHA BereTaliy-
OHHOTO TIePHO/a, 3aTIHY/Iach YOOpKa ypoxkasi. AHA/IU3UPYs] METEOYyCJIOBUS 3a TO/IbI
WCCJIe/IOBaHUM, MOYKHO C/le/iaTh BBIBOJI, UTO BereTaijusi suMeHs TIPOXo/iu/ia B KpaiiHe
HebIaronpusTHBIX U pa3HO00pa3HbIX KIMMaTHUeCKUX YCIOBHUSIX, UTO TTO3BOJIA/IO /1aTh
Hanbosiee 00BEKTUBHYIO OLIEHKY M3yuaeMOoro CeleKIMOHHOTO MaTepurarna.

1 manbpHeMIIero aHaaM3a K0/I0rMueCKOM MIaCTUYHOCTH 00pa3sL[oB OMpe/|e/TiIn
WH/IEKChI YCIOBUH Cpe/ibl I, xoTOpBIE MOTYT NIPUHMMATE OTPULIATE/TEHBIE U ITO/IOKHTeTb-
Hble 3HauUeHusl, JIyUllIre YCJI0BUSI Cpelbl CKIaIbIBAIOTCS TIPU TI0JIOXKUTETbHOM 3HaUeHUH,
B Haiem ciydae 510 2017 T, KOFAan coctaBun +1,6. I[TonoxxuTenbHOe 3HaUeHUe UHIeKCa
yC/I0BUH cpe/ibl (hOpMHUpYeT Oosiee MOJHYI0 pean3ariyio MOTeHIMaTbHBIX BO3MOXKHOCTEH
reHotura. HeGnaronpusiTHbIe yCI0BUS [jis1 Pa3BUTHST SIPOBOTO STUMEHSI CTIOKUIICE B 2018 T
Ij =-1,38,8 2019 Ij= —0,22 (tabn. 1). BeicoKre oTpuIjaTe/bHbIe UH/IEKCHI SIBJITFOTCS
CJTeICTBHEM HU3KOTO aZIalTTUBHOTO TIOTEHI[Ha/Ia U3yuaeMbIX 00pa3iioB. MIHeKC ycioBui
cpe[bl He0OXOAMMO OTIPeZeTUTh /1S BBIYMC/IeHNST KO3hPUIeHTa IMHEHHOM perpeCccuy.

Tabvya 1

MokasaTenu ypoxxaHOCTH, KO3 huLMeHTa perpeccun, CTabuabHOCTH
M reHeTMYecKom rmbKocTn o6pa3L,oB SYMEHs APOBOIro

YpoxkalHoCTb, T/ra
Copr, o6pasel, K?::':::I:::y?% Cymma b, 62
2017 2018 2019 CpefiHee
Ct. OuHa 4,7 1,5 1,9 2,7 100 8,1 1,12 0,29
TayceHb 52 1,5 2,1 29 +107 8,8 1,28 0,34
Kotnacckui 49 1,6 3,5 33 +122 10,0 1,08 0,21
k-038404 57 1,4 3,2 34 +125 10,3 1,44 0,02
k-039257 5,6 3,9 3,2 4,2 +155 12,7 0,63 0,42
K-037712 6,4 27 42 4.4 +163 13,3 1,24 0,01
k-036982 4,1 2 4,2 3,4 +125 10,3 0,62 1,15
K-038338 49 1,4 34 3,2 +119 9,7 1,15 0,30
K-038623 52 1,4 2,5 3 +111 9,1 1,29 0,10
k-038806 3,8 33 4,1 37 +137 11,2 0,23 0,50
CpepaHsasn 5,05 2,07 3,23 3,44
CyMMa 50,5 20,7 323 34,4 103,5
ycng'B':f;IeC";enbl +16 | -1,38 | -022 -0,03
HCPO05 0,4 0,35 0,71 0,6
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Table 1
Indicators of yield, regression coefficient, stability and genetic flexibility
of spring barley cultivars
Cultivar Yield t/ha Ratio to trle Total b, 62
2017 | 2018 | 2019 | Mean | standard% ‘
Dina (St.) 47 1.5 1.9 2.7 100 8.1 1.12 0.29
Tausen 5.2 1.5 2.1 29 +107 8.8 1.28 0.34
Kotlassky 4.9 1.6 3.5 3.3 +122 10.0 1.08 0.21
k-038404 5.7 1.4 3.2 3.4 +125 10.3 1.44 0.02
k-039257 5.6 3.9 3.2 4.2 +155 12.7 0.63 0.42
k-037712 6.4 2.7 42 4.4 +163 13.3 1.24 0.01
k-036982 4.1 2 42 3.4 +125 10.3 0.62 1.15
k-038338 4.9 1.4 3.4 3.2 +119 9.7 1.15 0.30
k-038623 5.2 1.4 2.5 3 +111 9.1 1.29 0.10
k-038806 3.8 3.3 4.1 3.7 +137 11.2 0.23 0.50
Mean 505 | 207 | 323 | 3.44
Total 505 | 207 | 323 | 344 103.5
Ervironmental | 116 | -1.38 | -0.22 | -0.03
LSDO05 0.4 035 | 0.71 0.6

OTmeueH LIMPOKUM pa3Max BapbUPOBAHUS YPOXKaWHOCTU He TOJIBKO T0 FOfiaM H3-
yU€eHHs], HO U TI0 U3yuaeMbIM obOpasijam, ot 1,4 (2018 .) u 10 6,4 1/ra (2017 1.). MHO-
TOJIETHSISI CPe/JHerofloBasi YpoKaliHOCTh BCEro Mepro/ia M3y4yeHus: oKa3asach paBHOM
3,44 T/ra. [JaHHas BeJTMUMHA SIBJIIETCSI KPUTEPUEM JIJIs OTIpe/iesieHus 6/1aronpusiTHBIX
Y HeG/IarorpUsATHBIX YC/IOBUN BhIPALL[UBAHUS sSTUMEHS, (DaKTOPOB BHEILIHeH Cpefbl.

Onpepensiemsrii 1o Metoguke C.A. D6epxapra, B.A. Paccena ko3hduiiueHT yu-
HeWHOU perpeccuu b, moKasbIBaeT peakiiMio U3y4yaeMoro reHOTUIa Ha U3MeHeHue
yC/I0BHWH BbIpallliBaHusl. 3HaueHue Ko3¢duiieHTa Bolille 1 OKa3biBaeT OT3bIBUMBOCTh
COpTa Ha ypOBeHb arpOTEXHHUKM U COOTBETCTBEHHO, ec b, < 1, To u copr cnabee pea-
TUpyeT Ha yC/I0BKs BHelHel cpepl. [To qannbiv H.M. AHKCBKOBa NPy ycioBuu b, = 1
HMMeeTCs MOJTHOe COOTBETCTBHE M3MeHeHHs YPOyKaluHOCTH COPTa U3MEeHEHUIO yCJIOBUN
BbIpal|UBaHMUS.

B Hammx vccnezfosanusx b, Baperposan ot 0,23 1o 1,44. Otmeuen b, >1 y natu
obpasnos, b, < 1y Tpex. O6pasupl k-037712, k-038404, x-038623, k-038338 u copt
Huna (b, >1) obnazsaroT Goee BEICOKOH OT3BIBUMBOCTBIO HA yC/IOBHSA BbIPALIMBAHUS.
3HaueHwme bi oueHb Or3koe K 1y copra KoTacckuid, uto ToKa3biBaeT BLICOKYIO 9KOIOTH-
YyeCKyIo MJIaCTUYHOCTb COpTa. HaumeHbI1mil KO3 @uiieHT rHeiHo perpeccun — 0,23
y K-038806, uTo 3HAUUT MPU M3MEHEeHUH yCJIOBUM Cpe/ibl, Ha HU3KOM arpodoHe ypoyKaii-
HOCTh He3HAUMTE/TbHO TTIOHU3UTCS. DTO O3HauaeT, uTo obpaser] k-038806 crmabo pearu-
pyeT Ha U3MeHeHHsl YCII0BUM Cpeibl, IOAXOAUT /I BbIpalllMBaHUs Ha eCTeCTBeHHOM
arpogone. K HelirpasbHOMY THITy OTHOCATCS 00pasipl: K-039257, k-036982 (b, < 1).

CrabunbHOCTE (CpeiHeKBapaTHUHOe OTK/IoHeHHe O o Metofuke C.A. ObepxapTa,
B.A. Paccena) nokasbIBaeT, HACKOIbKO CU/IbHO (DaKTHUecKasi ypoXKalHOCTb COpPTa COOT-
BETCTBYeT 0)KM/JaeMOii, yeM MeHblile Cpe/JHeKBa/lpaTUUHOe OTK/IOHeHHe (DaKTHueCKUX
TroKa3aresieil OT TeOpeTUYeCKH 0)KU/IaeMbIX, TeM CTabu/IbHee COpT.
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B rofipl ¢ yuIimm MHZAEKCOM YC/IOBHIA cpe/ibl Hanboiee BBICOKHE TI0Ka3aTesln Teope-
THUECKON yPOXKatHOCTH Y MHOTOPSIIHBIX 00pa3ioB K-037712 u k-038404, npu xyammx
YCJIOBUSIX CPeZibl BBICOKHME TT0Ka3aTeld TeOpeTUUeCKOM ypoxKalnHoCTH Yy K-039257, Huskue
ToKa3aTesiu y oopasroB Taycenb, k-038623, k-038404 (tabs1. 2). OTMeueHbI Hanbosee
BBICOKHeE [10Ka3aTe/IM TeOpeTUYeCKOU YPOXKalHOCTH B TOABI C JIYULIUMU yCIOBUSIMH
Y 3HAUUTEBHOE ee CHKEHHe B TO/Ibl C Xy[IIUMHU yC1oBUusSMHU y K-038404.

Tabnmya 2
TeopeTuuyeckue ypoXxxanHocTu o6pasLoB APOBOro siMMeHs B ycnoeusix EBponeiickoro
CeBepa PO
TeopeTnyecKas ypo)XkailHOCTb M OTKJIOHEHUE ee OT haKTUYECKOW, T/ra leHeTun-
Copr, o : o : 6 YecKas
obpazeyy | 2017 TKNO™ 1 2018 | Otknowenme | 2019 TKIO™ | chepHsn FMBKOCTb,
HeHue HeHue T/ra
Ct. OuwHa 45 -0,2 1,5 -0,4 2,5 +0,3 2,8 0,29 3,10
TayceHb 5,0 +0,3 11 -0,4 2,6 +0,3 2,9 0,34 3,35
Kotnacckuit | 5,0 +0,1 1,8 +0,2 3,1 -0,4 33 0,21 3,25
K-038404 5,7 0 1,3 +,01 3,1 +0,1 34 0,02 3,55
K-039257 52 +0,4 34 +0,5 33 -0,1 4,0 0,42 475
K-037712 6,4 0 2,7 0 4,1 +0,1 4,4 0,01 4,55
K-036982 4,4 -0,3 2,5 -0,5 33 +0,9 34 1,15 3,10
K-038338 5,0 -0,1 1,6 -0,2 2,9 +0,2 32 0,30 3,15
K-038623 5,1 -0,1 1,2 +0,2 2,7 -0,2 2,9 0,10 3,30
K-038806 41 -0,3 2,9 +0,4 37 +0,5 36 0,50 3,70
Table 2
Theoretical yields of spring barley cultivars in the Far North of the Russian Federation
Theoretical yield and its deviation from the actual yield, t/ha .
Genetic
. ) vl
Cultivar | )17 | Deviation | 2018 | Deviation | 2019 | Deviation | Mean 6 ﬂef/'z';'ty'
Dina (St.) | 4.5 -0.2 1.5 -0.4 2.5 +0.3 2.8 0.29 3.10
Tausen 5.0 +0.3 1.1 -0.4 2.6 +0.3 2.9 0.34 3.35
Kotlassky | 5.0 +0.1 1.8 +0.2 3.1 -0.4 3.3 0.21 3.25
k-038404 | 5.7 0 1.3 +.01 3.1 +0.1 3.4 0.02 3.55
k-039257 | 5.2 +0.4 3.4 +0.5 33 -0.1 4.0 0.42 4.75
k-037712 | 6.4 0 2.7 0 4.1 +0.1 4.4 0.01 4.55
k-036982 | 4.4 -0.3 2.5 -0.5 3.3 +0.9 3.4 1.15 3.10
k-038338 | 5.0 -0.1 1.6 -0.2 2.9 +0.2 3.2 0.30 3.15
k-038623 | 5.1 -0.1 1.2 +0.2 2.7 -0.2 2.9 0.10 3.30
k-038806 | 4.1 -0.3 2.9 +0.4 3.7 +0.5 3.6 0.50 3.70

TeopeTuyeckuii ToKa3aTesb CTabUIBHOCTH UMeeT HeOOTBIION Anara3oH H3MeHYH-
BoctH (0,01...1,15). HaumeHbIIMMY 3HaU€HUSIMU CpPeJjHEKBa/IPaTUUHOTO OTK/IOHEHUSI
XapaKTepu30BaIuCch ob6pasiel K-037712 (0,01), k-038404 (0,02), k-038623 (0,1) kak
Haubosee cTabuIbHbIE B MTUTOMHUKE KOHKYPCHOTO COPTOUCIBITaHUs. CaMbIM HecTa-
OunbHBIM OKa3asicst obpasert k-036982 (1,15).

[Toka3aresib reHeTHUECKOM THOKOCTH pacCUMTasIM 10 MeTO/MKe, TIPeZJIoyKeHHOH
P.A. ¥YpauunbiM [ 18], oH MOKa3bIBaeT CTereHb COOTBETCTBUS MEX/y TeHOTHIIOM U pa3-
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HBIMU (paKTOpaMH BHeIlIHel cpe/ibl (CyMMa MUHUMAJTbHOW YU MaKCUMaTbHOU ypOoXKaii-
HOCTH, pa3/ie/ieHHasi Ha /iBa), TIPU Cpe/iHeM 3HaueHuH 3,44 T/ra u3MeHsJICS B TIpejieniax
ot 3,10 mo 4,75 T/ra. Haubosbliyro cTerieHb COOTBETCTBHSI YC/IOBUSIM BHEIIHEH Cpe/ibl
(4,55...4,75 T1/ra) mokasam o6pa3ibl K-037712 u k-039257, ocTanbHbie 00pa3iibl O/TM3KH
K CpeJjHeMy 3HaYeHUI0 YPOXKahHOCTH.

3akiroyeHue

O1eHKa 5K0/I0TMYeCKOW MIaCTUYHOCTHU M03BOJIK/IA BbIJIE/IUTh OT3bIBUMBbIE U CTa-
OubHBIE COPTOOOPA3LIbI IPOBOTO STUMEHS K YC/IOBUSIM BHeIIIHel cpezibl. TakuM 06pa3om,
aHaJIu3 YKOJIOTMUeCKOW TIACTUYHOCTH U CTaOMTBHOCTH STYMEHS IPOBOTO B YCIOBHUSIX
EBponeiickoro CeBepa P® 11030/ BbIe/MTh Harbosiee ajanTHBHbIE 00pa3iibl AJist
WCI0/Tb30BaHMS B MPAKTUUECKOW CeeKIMU B yC/IOBUSIX CEBEPHOTO perroHa. Boicokuii
ypOBeHb CTabUILHOCTH MoKa3anu ob6pasibl K-037712 (pa3HOBUAHOCTH ricotense)
1 K-038404 (nutans). O6pa3zer k-037712 nokasaa HauOOBIITYIO CTEIEHb COOTBETCTBUS
YCJIOBHSIM BHeIlIHel cpe/bl. 3HaueHune b, oueHb 6uskoe K 1y copra KoTnacckui,
YTO TIOKa3bIBaeT BHICOKYIO FKOJIOTMUEeCKYH0 TUIaCTUUHOCTh copTta. Obpasers k-038806
C HauMeHBIIUM K03 duiimeHTOM MMHeHoU perpeccun — 0,23 OAXOIUT AJis BbIpa-
LIMBaHUS Ha eCTeCTBEHHOM arpodoHe. BriiesieHHbIe HAMU TeHeTUYeCKre UCTOYHUKHI
OyZlyT UCTO/Ib30BaHbI B CeJIEKIIMOHHBIX TIPOrPaMMax, HarpaB/ieHHbIX Ha CO3/laHKe BbI-
COKOMPOJYKTUBHBIX COPTOB SIPOBOTO siluMeHs 17151 ycinoBuid EBporneiickoro Cesepa PO.
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Differences in biological efficiency of one- and two-component
graminicide on sugar beet crops in Tula region

Kristina D. Kryukova &, Valeriya O. Gresis

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russian Federation
DX Corresponding author: k_kryukova@inbox.ru

Abstract. One of the most urgent tasks in sugar beet production for Russia today is irregularities in
cultivation technology and a low-efficiency crop protection. It leads to a high level of weed infestation of
agricultural fields. Developing and identifying the most efficient, selective and accessible herbicides, which
have low phytotoxicity, do not have a negative effect on soil chemical characteristics and can be used in sugar
beet cultivation is relevant today. The aim of this study was to examine and compare biological efficiency of
various doses and concentrations of one- and two-component graminicides on sugar beet crops against the
following weeds: Cockspur grass — Echinochloa crusgalli (L.) Beauv., Wild millet — Setaria glauca (L.) Beauv.
and Couch Grass — Elytrigia repens (L.) Nevski. The experiment was conducted on the territory of the Tula
region in 2020. The total field experiment area was 480 m2. Application of clethodim + quizalofop-P-ethyl
(0.5 I/ha) resulted in reducing the number and weight of annual weeds by 64...71 %, reducing the number and
weight of perennial weeds by 54...58 %, which had the same efficiency as clethodim (0.6 1/ha). The efficiency
of clethodim + quizalofop-P-ethyl (1.0 1/ha) was higher than Clethodim (0.6 1/ha) and amounted to 73...87 %
of reduction in the number of weeds compared to the control, but was lower than Clethodim (1.8 I/ha), which
resulted in 89...95 % reduction in the number of weeds compared to the control. The highest sugar beet yields
were obtained in the variants with clethodim (1.8 1/ha) and two-component herbicide (1 1/ha), which amounted
to 28 and 25 % yield increase, in comparison with the control.
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Introduction

Sugar beet is one of the most important industrial crops in Russia and has a great
national and economic importance. The main advantage of sugar beet is high yields and
productivity, which can reach 50 t/ha, depending on the region, the cultivation technology
and cultivar characteristics [1, 2].

Sugar beet is a highly weed-sensitive crop. There are over 75 species of weeds that
cause significant damage to sugar beet production. In turn, human economic activity
leads to changes in the stable species composition of weeds in a field community [3—?5].

Nowadays, highly profitable sugar beet production is impossible without the integrated
crop protection system against weeds. Integrated protection includes a complex of
agrotechnical, biological, chemical and other methods of weed control. First of all, the
main task is to regulate the number of harmful objects on sugar beet crops to the threshold
of economic harmfulness [6].

In Russia, there is a high weed infestation of fields, which is associated with a
violation of crop rotation rules, soil cultivation systems, a decrease in the use of chemical
herbicides, and, the number of such fields is growing [3—5]. According to various
sources, there are no production fields in the country without weeds. About 75 % of the
area requires constant weed control and a lot of appropriate measures [5].

Number of weed seeds in the arable soil layer increased 1.5 fold in beet-growing
regions [1]. The number and species composition of weeds is also increasing, including
perennial and harmful weeds [7—11].

In this study, a field experiment was carried out on sugar beets using graminicides
based on clethodim and a mixture of clethodim with quizalofop-P-ethyl [12]. These
active substances have proven effectiveness in many countries, have a high biological
efficiency and do not harm sugar beet plants [13—19].

Thus, developing and identifying the most efficient, selective and accessible
herbicides, which have low phytotoxicity, do not have a negative effect on soil chemical
properties and can be used in sugar beet cultivation is relevant today [1, 5, 6].

The aim of this study was to examine and to compare biological efficiency of
various doses and concentrations of one- and two-component graminicides against annual
and perennial cereal weeds on sugar beet crops in the Tula region (active substances:
clethodim; clethodim + quizalofop-P-ethyl).

Materials and methods

The objects were plots and weeds in the sugar beet field in the Tula region. The
research subjects were the following harmful objects:

1. Couch Grass — Elytrigia repens (L.) Nevski.

2. Cockspur grass — Echinochloa crusgalli (L.) Beauv.

3. Wild millet— Setaria glauca (L.) Beauv.

The cultivated plants were sugar beets (Beta vulgaris L.) of one-seeded mid-ripening
sugary hybrid — ‘Okean’.

Seeding rate: 1.1 sowing unit. Plant growth stage treated: 4—6 true leaves.
Forecrop: winter wheat. Tillage: in autumn — plowing to a depth of 25 cm, in spring —
presowing harrowing and cultivation.
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The experiment has variants:

1. Control (without any chemical graminicide treatment).

2. Graminicide with active ingredient of clethodim (120 g/1). Application rate: 0.6 1/ha.

3. Graminicide based on clethodim (120 g/1). Application rate: 1.8 1/ha.

4. Graminicide based on clethodim and quizalofop-P-ethyl (140 g/1 + 70 g/1,
respectively). Application rate: 0.5 l/ha.

5. Graminicide based on clethodim and quizalofop-P-ethyl (140 g/1 + 70 g/,
respectively). Application rate: 1.0 l/ha.

Consumption of working solution: 200 I/ha. Frequency of treatments: 1. Spraying
was carried out in the phase of 2...4 leaves in weeds and regardless of the growth stage
of sugar beet plants. The period of herbicide action: during the growing season.

The total field experiment area was 480 m?. The size of each experimental plot was
60 m?, and the record plot was 24 m?. The protective stripes were 3 meters wide and
were not counted.

Quantitative-weighting method was used on accounting sites with a size of 1.0 m?on
each plot of the experiment. Counting the yield was carried out by a mechanical method
from the entire area of the plots, statistical data processing — the technique of analysis
of variance (ANOVA). The counts of harmful objects (weeds) were carried out before
treatment, 30 and 45 days after treatment, and before harvesting.

Results and discussion

The influence of one- and two-component graminicide with different consumption
rates on the total weed infestation of sugar beet crops and on certain types of weeds is
shown in Table 1 and 2.

Table 1

Effect of graminicides on weeds (Tula region, 2020)

Decrease of weeds, % to control

Variant Date Cockspur grass | Wild millet | Couch grass
17.07 50 67 56
1. Clethodim, 120 g/I, rate — 0.6 I/ha 01.08 68 66 58
23.09 72 78 67
17.07 94 97 93
2. Clethodim, 120 g/I, rate — 1.8 I/ha 01.08 99 98 97
23.09 100 100 98
. . 17.07 75 73 61
3. Clethodim, 140r§t/; 1%L,IISZEII:>JOP-P-ethyI 70g/l, 01.08 73 73 58
23.09 82 76 62
) ) 17.07 96 85 80
4. Clethodim, 140r§t/; -I;c:l.J(l]z;I::op-P-ethyl 70 g/, 01.08 97 90 81
23.09 97 93 91
17.07 21 11 23
5. Control* 01.08 23 42 25
23.09 20 42 22

*The control contains data on the number of weeds, plants/m?
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Table 2

Influence of active ingredients and their rates and concentrations on total weed
infestation of sugar beet crops (Tula region, 2020)

Number of weeds Weed mass
Variant Date Plants/m? Decrease, % G/m? Decrease, %
to control to control
Annual | Perennial | Annual | Perennial | Annual | Perennial | Annual | Perennial
17.07 22 10 62 56 63 48 68 59
1. Clethodim,
120 g/l, rate— | 01.08 18 9 67 58 59 43 72 64
0.6 1l/ha
23.09 16 8 74 67 - - - -
17.07 13 4 96 93 23 9 88 92
2. Clethodim,
120 g/l, rate— | 01.08 10 2 98 97 18 6 92 95
1.81/ha
23.09 7 1 100 98 - - - -
3. Clethodim, | 1707 21 11 74 61 71 54 64 53
140 g/l +
quizalofop- 01.08 19 10 73 58 63 51 70 58
P-ethyl 70 g/I,
rate — 23.09 15 9 79 62 - - - -
0.51/ha
4. Clethodim, | 17,07 15 11 92 80 37 43 81 63
140 g/l +
quizalofop- 01.08 11 8 93 81 28 35 87 71
P-ethyl 70 g/I,
rate — 23.09 7 5 94 91 - - - -
1.0 I/ha
17.07 62 23 - - 195 116 - -
5. Control 01.08 65 25 - - 212 120 - -
23.09 62 22 - - - - - -

In variants without any chemical graminicide treatments and using only mechanical
treatment of crops, the number of studied annual cereal weeds has reached about 65
or more plants per 1 m?, and the number of perennial cereal weeds has reached about
25 plants and more per 1 m?.

The initial infestation of sugar beet crops with Setaria weeds averaged 41 plants
per 1 m?, Cockspur grass averaged 21 plants per 1 m?, and for Couch Grass the average
infestation was 23 weeds per 1 m?.

Based on the data obtained, the least effective variants were graminicide based on
clethodim, 120 g/l, consumption rate — 0.6 1/ha and graminicide based on clethodim
140 gl and quizalofop-P-ethyl 70 g/l, consumption rate — 0.5 1/ha. Clethodim at a
concentration of 120 g/l, consumption rate 0.6 I/ ha destroyed about 64 % of perennial
grasses and about 74 % of annual grasses. Similar results were noted in variant with
clethodim 140 g/I and quizalofop-P-ethyl 70 g/, with a consumption rate of 0.5 I/ha, which
destroyed about 59 % of perennial cereal weeds and about 76 % of annual cereal weeds.

The medium efficacy in this study was shown by a herbicide based on clethodim
at a concentration of 140 g/l and quizalofop-P-ethyl at a concentration of 70 g/l with a
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consumption rate of 1.0 I/ha, reducing the number of studied annual and perennial weeds
by 94 and 91 %, respectively. This agent with a consumption rate of 1.0 1/ha is inferior
in terms of biological efficiency only to a herbicide based on clethodim, 120 g/l with a
consumption rate of 1.8 1/ha.

The best biological efficiency in this study was recorded in variant with clethodim
at a concentration of 120 g/l and consumption rate of 1.8 1/ha. The weed decrease was
95 % and more for annual weeds and 98 % and more for perennial weeds compared
to the control, i.e. at a given consumption rate of this agent based on clethodim at a
concentration of 120 g/l, it almost completely destroys all weeds studied in this research
and completely destroys annual weeds. The effect of this formulation and consumption
rate was superior in biological effectiveness compared to the effect of other investigated
graminicides.

The yield of sugar beet root crops of the ‘Okean’ hybrid, depending on the formulation
and the consumption rate used, is shown in Table 3. Date of harvesting: September 23,
2020.

Table 3

Sugar beet productivity depending on the graminicides and their consumption rates
(Tula region, 2020)

Variant Average yield, t/ha % to control
1. Clethodim, 120 g/, — 0.6 I/ha 26.4 118
2. Clethodim, 120 g/I, — 1.8 I/ha 28.6 128
3. Clethodim, 140 g/I + quizalofop-P-ethyl 70 g/I, — 0.5 I/ha 26.5 119
4. Clethodim, 140 g/I + quizalofop-P-ethyl 70 g/I, — 1.0 I/ha 27.8 125
5. Control 22.3 100

LSDO05 = 1.6 t/ha.

The average yield of sugar beet root crops without the use of the studied graminicides
in the control was 22.3 t/ha.

In the variants with the use of the studied graminicides, significant increases in the
yield of sugar beet were obtained, which averaged 18...28 %.

The largest increase in the yield of sugar beet reached 28 % for the formulation
based on clethodim at a concentration of 120 g/l at a consumption rate of 1.8 1/ha, while
the average yield of crops was 28.6 t/ha.

The lowest increase in yield among the studied graminicides was 18 and 19 % for
the formulation based on clethodim at a concentration of 120 g/l with a consumption
rate of 0.6 I/ha and for the formulation based on clethodim at a concentration of 140 g/l
with quizalofop-P -ethyl at a concentration of 70 g/l with a consumption rate of 0.5 I/ha,
respectively, and the average yield of sugar beet was 26.4 and 26.5 t/ha, respectively.
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The medium result in the increase of sugar beet productivity was 25 % in the
formulation based on clethodim at a concentration of 140 g/l with quizalofop-P-ethyl
at a concentration of 70 g/l with a consumption rate of 1.0 1/ha. The average yield of
sugar beet was 27.8 t/ha.

Conclusions

The most effective was a herbicide formulation based on clethodim at a concentration
of 120 g/l with a consumption rate of 1.8 I/ha. Also, an effective result was shown by
clethodim 140 g/l with quizalofop-P-ethyl 70 g/l with a consumption rate of 1.0 I/ha. The
lowest biological effectiveness among studied agents was noted in graminicides based
on clethodim, 120 g/l with a consumption rate of 0.6 1/ha and Clethodim, 140 g/l with
Quizalofop-P-ethyl 70 g/l with a consumption rate of 0.5 I/ha. The use of pesticides was
safe for the protected crop and did not have any negative visual effects.
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N3yueHune pasnuumii 6uonornyeckoi aHpeKTUBHOCTU NPUMEHeHUs
OZHO- U ABYXKOMIMOHEHTHOIO rpaMMHMLMAA Ha caxapHoW CBeKle
B ycnoBusx TynbcKoi o6nacTtu

K.JI. Kprokosa &, B.O. I'pecuc

Poccuiickuii yHuBepcuTeT JpY>KObI HAPOJOB, 2. Mockea, Pocculickas dedepayus
= k_kryukova@inbox.ru

Annoranusa. OfHa 13 Hauboslee akTyanbHBIX PO6/IEM TP BO3Z€/IbIBAHUN CaXapHOH CBeKJIbl B Poccun —
HapylleHre TeXHOJIOTMH BbIpaIliBaHUs U HU3K03(h(eKTHUBHAs 3aIliTa JaHHOM KY/IbTYPbI, YTO MPUBOAUT K BBICO-
KO 3acopeHHOCTH rtoreii. Pa3paborka 1 noz6op Hanbosee BEICOKOI((EKTUBHBIX, CeNEKTUBHBIX U I0CTYITHBIX
repOULIMAOB, KOTOPBIE 006/1aJjal0T HU3KOM (PUTOTOKCHUYHOCTBIO U He YXY/ILIAI0T XUMUYECKUX CBOMCTB MOUBBI,
/151 IPUMeHeHMs Ha [T0CeBax CaxapHOI CBeK/IbI 0CTaeTCsl aKTyaIbHOM Mo ceil fieHb. Llesb faHHOTO MCCiej0Ba-
HM$Sl — U3Y4UTh OMOI0rM4ecKyo 3(heKTHBHOCTb NPUMeHeHHs! Pa3/IMYHbIX /103 OJHO- W IBYXKOMIIOHEHTHBIX
TPaMPHULFJOB Ha [10CeBaxX CaXapHOM CBEKIIbI IPOTHUB TaKUX COPHBIX pacTeHHH, Kak nbIpel nonsyunii (Elytrigia
repens (L.) Nevski), kypuroe ripoco (Echinochloa crusgalli (L.) Beauv.), 1jeTHHHUK cu3biii (Setaria glauca (L.)
Beauv). VicciepoBaHvie IPOBOAWIOCE Tepputopur Tymbckoi o6mactu B 2020 r. O61ijast T/I0MIA/Ab OMbITa COCTaBU/IA
480 m2. Vicriosib30BaHe HOPMbI PACX0/ia JEHCTBYIOLUX BEIIeCTB KIETOAUM + Xu3anodhorn-I1-3Tii1 ¢ HopMoii
pacxoga 0,5 jsi/ra CHWKaao KOJIMYeCTBO M MacCy OJHOJIETHUX 3/1aKOBBIX COPHSIKOB Ha 64...71 %, KoMuecTBO
Y Maccy MHOTOJIETHUX 3/IaKOBBIX COPHSIKOB Ha 54...58 %, uTo Ob1710 Ha ypoBHe 3(()eKTHBHOCTH UCI0/1b30Ba-
HUsI HOPMBI pacxofa AefCTByoIero BemjectBa Kiaetoaum 0,6 n/ra. SddeKTHBHOCTS HOPMBI pacxoza 1,0 si/ra
TrpernapaTuBHOM (OPMbI Ha OCHOBE KjieToguma + xu3zasnogor-I1-3tuna 6bu1a Boiie 3h$heKTUBHOCTHA HOPMbI
pacxoga 0,6 n/ra nperapatiBHOM (GOpMbI Ha OCHOBE K/IeTOZMMA, HO HIDKe 30 (eKTUBHOCTH HOPMBI Pacxoja
1,8 s1/ra npenaparyBHOW (OPMBI HAa OCHOBe KjeToguma. Harbosbiyro nprbaBKy ypoxXaliHOCTH MOTYYHIN
TIPYU MCTOIb30BaHUM HOPM pacxoza 1,8 n/ra mpemnapaTtuBHOM GopMbl Ha OCHOBe Kietoguma — 28 % u 1 n/ra
[IBYXKOMITOHEHTHOTO repourpga — 25 %.

KitroueBsle c/10Ba: caxapHasi CBek/ia, Ovonoruyeckas 3(pheKTHBHOCT, MeCTULMA, TepOULA, TPaMUHULIA,
K/IeTOAUM, xu3onodon-II-stun

3asBieHue o KOH(l)JlI/[KTe HUHTEpecoB: ABTOpr 3asBJISIOT 00 OTCYyTCTBUU KOHCl)JII/IKTa HUHTEepeCoB.

Hcropus crarbu:
Toctynuna B pefakuuto: 5 mast 2021 r. Ipunsra K mybnukauuu: 1 vroHst 2021 1.
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Abstract. The family Drosophilidae includes over 3750 species worldwide and over 2000 of these are
species of Drosophila. Spotted wing drosophila (SWD), Drosophila suzukii is one of the most dangerous species
in this family. The insects live on undamaged ripening fruits, using its peculiar serrated ovipositor to break the
skin of fresh ripening fruits and lay eggs in it. Drosophila species are very difficult and practically impossible
to detect at larval stages. The present investigation was conducted at the All-Russian Plant Quarantine Center
and Agrarian and Technological Institute of RUDN University, Moscow, Russia in 2018—2020. The aim of
this study was to investigate the method of accurate and rapid identification of D. suzukii, and to design specific
primer pairs for pest identification by Real-Time PCR method. The real-time quantitative PCR is a fast, sensitive,
repeatable and accurate method for quantifying gene transcript levels. In this study, we designed specific primers
(4.Dsuz.FRP) for Real-Time PCR to identify D. suzukii from other relative species. Although D. suzukii is ab-
sent in the Russian Federation and has not been reported so far, the project could be a precautionary measure.
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Introduction

The spotted wing Drosophila (SWD), Drosophila suzukii, was originally described
by Matsumura in Japan in 1931 [1]. Members of the Drosophila genus are not generally
considered pests since their larvae are primarily developed on damaged or rotting fruits.
Nevertheless, D.suzukii infests healthy ripening fruits while still on the plant. Drosophila
suzukii larvae devour the fruit pulp within the fruits rendering them unmarketable and
reducing the processed fruit exceptional [2, 3]. Furthermore, the wounds created at the
infested fruits throughout ovipositing provide access to secondary fungal or bacterial
infections leading to additional fruit tissue disintegrate [4—8]. Drosophila suzukii in-
cludes exceptional kinds of hosts; for this reason, this type of agricultural pest has come
to be a world major pest (Fig. 1) of a large variety of commercial fruit crops [9, 10]. The
aim of the research was to molecularly become aware of and draw a phylogenetic tree
for Drosophila suzukii and distinguish it from other species.

Fig. 1. Worldwide-confirmed distribution of D. suzukii (August 2020) [11].
(https://www.cabi.org/isc/datasheet/109283#toDistributionMaps)

The principal purpose of this study was to categorize the molecular species of
D. suzukii. Our purpose was to create an accurate and unique identity technique based on
primers designed for D. suzukii, this approach is rapid and more efficient than techniques
based totally on morphological identity [5, 12, 13]. The polymerase chain reaction turned
into created to discover insects as a reliable and price-effective approach. In addition, in
various molecular identification methods, one of the most important parts is the primer
design. In this project, we design a specific pair of primers based on Real-time PCR.

Materials and Methods

DNA was extracted from the material under project (insect and larvae, from labora-
tory collection) by treating the specimens with Proteinase K accompanied with removal
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of proteins with no extraction with natural solvents and using «DNA Extran-2 Kit», set
Ne NG-511-100 («Synthol», Russian Federation) according to manufacturer’s instructions.

PCR-products purification. A 1:1 volume of Binding Buffer was added to the com-
pleted PCR mixture (e.g. 100 pL of Binding Buffer per every 100 pL of the reaction
mixture) and mixed thoroughly. Then the solution was transferred up to the GeneJET
purification column, centrifuged for 30...60 s. The flow-through solution was discarded.
700 pL of Wash Buffer was added to the GeneJET purification column and centrifuged
for 30...60 s. The flow-through was discarded. The purification column was placed back
into the collection tube. Then the empty GeneJET purification column was centrifuged
for 1 min. After that the GeneJET purification column was transferred to a clean 1.5 mL
microcentrifuged tube. Then 50 pL of Elution Buffer was added to the center of the
GeneJET purification column membrane and centrifuged for 1 min.

Sequencing. DNA extracts were quantified on a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific Inc., USA). Sequencing was done according to the generally
accepted protocol with the use of Genetic Analyzer AB-3500 (Applied Biosystems, USA).

The Drosophila spp. primers, S1859, and A2191 are targeting several Drosophila
species and generate an amplicon of 220-bp length. PCR conditions had been identified
for each primer pairs: each 25 pL response protected 2 pl of DNA extract (10 pmol), 5x
PCR grasp mix, and display-blend (HS-5x), zero.5 pM each primer, 17 pl water.

Primer S1859 (5'-GGAACAGGATGAACAGTTTAACCGCC-3') as a forward
and A2191 (5-*CCCGGTAAAATTAAAATATAAACTTC-3) as a reverse were used
(Table 1) and, in a VeritiTM thermocycler (Applied Biosystems, USA). The reaction
mixture was as follows: ready-to-use PCR mixture Screen Mix-HS (Evrogen, Russia).
PCR conditions: denaturation at 95 °C for 90 Sec was followed by 39 cycles, including
30 sec at 90 °C; primer annealing at 61 °C for 15 sec; elongation at 72 °C for 30 sec;
final elongation at 72 °C for 5 min (Table 2).

Table 1

Primers for the identification of Drosophila spp.

Target genes Primer Primer sequence (5°-3")

Drosophila spp. S1859 5-GGAACAGGATGAACAGTTTAACCGCC-3' | Bogdanowicz et al. [14] | 2000
Drosophila spp. A2191 5-CCCGGTAAAATTAAAATATAAACTTC-3' | Bogdanowicz et al. [14] | 2000

Table 2

A list of sequences for identification of Drosophila suzukii with Real-time PCR

Country: Result of real-time
No Species (Data from laboratory of Russian Plant PCR
Quarantine Center)
1 Drosophila suzukii Egypt +
2 Drosophila suzukii Turkey +
3 Drosophila melanogaster Turkey
4 Drosophila simulans Canada
5 Drosophila persimilis USA
6 Drosophila rhopaloa Japan
7 Drosophila kikkawai China
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The end of the table 2
Country: .
No Species (Data from laboratory of Russian Plant Result of real-time
- PCR
Quarantine Center)
8 Drosophila ficusphila Japan
9 Drosophila erecta Brazil
10 Drosophila obscura Japan
11 Drosophila yakuba USA
12 K- extraction +
13 K- amplification Water

Primer design for Real-time PCR, for the identification of Drosophila suzukii.
Primer 4.Dsuz.F (5- CCTTCGTGAAGCCTTCTACCG -3) as a forward and 4.Dsuz.R
(5% GCA*#¥*xkkxx AGATC —3) as a reverse and 4.Dsuz.Probe (5= CAA****#**+*TTC-
GCTG -3) as a probe were used. 1pl (10 pmol) of each primer, 5 pl of master-mix 5dd
(HS-5x), 16 pl H20 and 1 pl DNA were used to make PCR mixture. The total volume
of 25 pl, in a CFX 96 (Bio Rad, USA), was maintained and run-in Real-Time PCR unit.
The reaction mixture was ready-to-use PCR mixture Screen-Mix (Evrogen, Russia)
with the following procedure: 94 °C for 5 min, followed by 39 cycles of 95 °C for 30
s, 58 °C for 15 s, and 72 °C for 30 s. After the amplification, a melting curve analysis
was performed, and the results had been averaged.

Results and Discussion

D. suzukii has a wide range of hosts both in its native habitats in Asia and the United
States, with small fruits and cherries being the main economic concerns [1, 15—17].
Significant damage has been observed in several commercial soft fruits, such as black-
berries, blueberries, cherries, raspberries, strawberries, tomatoes, grapes, cherries, figs,
kiwis [18—20].

As shown in the phylogenetic tree (fig. 2), D.suzukii family members, such as
D. simulans and D. melanogaster, are very close in genetic code, making it more diffi-
cult to identify. Moreover, this further highlights the need to design proprietary primers.
Finally, we recommend this primer to other researchers (Table 3).

In this study, we have developed a Real-time PCR assay for the detection and iden-
tification of D. suzukii (Fig. 3).

In these results, we designed the primers 4.Dsuz.F (5 CCTTCGTGAAGCCTTCTACCG -3)
as a forward and 4.Dsuz.R (5- GCA********* AGATC —3) as a reverse and 4.Dsuz.
Probe (5- CAA********x*TTCGCTG —3) as a probe. In addition, we had nine samples
for identification with originally designed primer (4.Dsuz) and we had only two positives
of Drosophila suzukii as the positive control, 9 unknown cases, their names are listed
in Table 1, respectively.

In addition, there is a case of the negative control (sample 3 up to 11) for checking
PCR and extraction DNA processes. Two were accurately identified as Drosophila su-
zukii; two samples (number: 1, from Egypt and number: 2 from Turkey) showed melt
peaks in the acceptable range of T: 58 °C results for and were clearly distinguished from
another species. No other melt peaks were reported.
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XM_002088143.4_Drosophila_yakuba.China
XM_002088143.2_Drosophila_yakuba.Japan
XM_002088143.5_Drosophila_yakuba.China
XM_001969985.3 Drosophila_erecta. USA
XM_001969985 4 Drosophila_erecta.China
KM_022379058.1 Drosophila_obscura.Japan
XM_022379058_2 Drosophila_obscura. Brazil
XM_002018937_2 Drosophila_persimilis.USA
XM_002018937_1.Drosophila_persimilis.Brazil
XM_002018937_3.Drosophila_persimilis.China
XM_017214328 .1 Drosophila_eugracilis.Brazil
XM_017214328 2 Drosophila_eugracilis.Brazil
XM_017127416.1.Drosophila_rhopaloa.China
XM_017127416.1.Drosophila_rhopaloa.Japan
XM_017127416_4 Drosophila_rhopaloa. China
XM_017127416_2 Drosophila_rhopaloa USA
XM_017194923 1. Drosophila_ficusphila. USA
XM_017194923 2 Drosophila_ficusphila. USA
XM_017194923 1. Drosophila_ficusphila.Brazil
XM_017194923.5 Drosophila_ficusphila.Canada
XM_020953757 _3.Drosophila_serrata. Japan
XM_017174541 4 Drosophila_kikkawai.Japan
XM_017174541 4 Drosophila_kikkawai.China
XM_017174541 2 Drosophila_kikkawai.Japan
6U.1248F D .melanogaster
1U.D.melanocgaster

1.u3f.0.melanogaster
FJ636124.D.melanogaster

6.u3f .zt Zaprionus_tuberculatus. Brazil
MGE05127 D melanogaster Switzerland
MGE05129. D melanogaster Switzerland
LNB6T079.D melanogaster ltaly
1.u3f.ds.D.simulans

2.u3f.ds.D.simulans

KJ767247 u3f.ds.D.simulans.USA

KJB71606 u3f ds D.simulans New_Zealand
KJ671584D suzukii. USA

2.u3f.dsuz.D.suzukii

4. u3f.dsuz.D.suzukii

1.u3f.dsuz.D.suzuki

3.u3f.dsuz.D.suzukii
5.2010-19.u3f.ds.D.suzukii

AB824752D suzukii.Japan

Fig. 2. Phylogenetic tree for Drosophila spp.
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Table 3
Identification of different Drosophila suzukii genetic codes
Number of letters
No Species 99 | 101|114 119|123 | 140 | 141 | 143 | 160 | 165 | 171 | 181
1 Drosophila suzukii T| C C T (o} T C C (o} (o} T | A
2 Drosophila simulans Cc T T (o} T G T| G (o} T Cc T
3 Drosophila melanogaster A T C T (o} T T | A T T (o4 T
4 Drosophila persimilis Cc T T Cc T G T | G Cc T Cc T
5 Drosophila rhopaloa C T T (o} T G T| G (o} T (o} T
6 Drosophila ficusphila A T Cc T G T T C T T C T
7 Drosophila kikkawai G T Cc T G T T A T T C T
8 Drosophila erecta C T T Cc T G T G Cc T C T
9 Drosophila yakuba c|rt|TtT|c|T|G|T|G|C|T|C|T
9 Drosophila obscura G T C T T T T C T T (o} T

Fig. 3. The efficiency of the real-time PCR assay for the identification of D. suzukii

The research has proven that particular host fruits were preferred for ovipositing and
development of larvae, at the same time as temperature performed an essential position
in D. suzukii development, survival, and fecundity. We have used unique sequences in
all stages and the primers were designed for the first time as well.

The primary comparison for the results of the sequence with the GeneBank genetic
sequence database was performed by the NCBI BLAST web site (http://www.ncbi.
nlm.nih.gov/BLAST). BioEdit v.7.0.5.3 [18] sequence alignment editor was used for
sequence checking, alignment, and editing.
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Conclusion

Molecular identification for all samples used within the improvement of the technique
changed into done by way of PCR amplification. For a long time, polymerase chain
reaction (PCR) methods had been used to classify pests, organisms and sicknesses around
the sector. The outcomes showed that those primers appropriately diagnosed the gene
region in addition to the specific region of D. suzukii. When samples are not sufficient
for morphological identification or handiest immature samples are available, real-time
PCR molecular detection may be used as a fast and efficient detection approach. For such
an economically vital attacker, a one-of-a-kind identification method can also permit
extra accurate tracking and detection and save you misidentification. Real-time PCR
detection can be used as a fast and efficient detection device. Finally, a phylogenetic
tree turned into identified for numerous specimens close to D. suzukii. As an end result,
it is far located near the subspecies in the tree.
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dunoreHeTUYECKN aHanNM3 1 pa3paboTka HOBbIX NpaiMepoB
Ans monekynsipHon naeHtudukauum Drosophila suzukii

FO. Hacep3ape! g, I.H. Bongapenko?, E.B. KosechnkoBa?, E.H. ITakuna'

'Poccuiickuil yHUBEPCHUTET PY>KObI HapoioB, Mockea, Pocculickas @edepayus
?BcepoccuiicKuii LIeHTp KapaHTHHA pacTeHui, Mockoeckas 061., Poccutickas @edepayus
> unaserzadeh@gmail.com

Amnnoranusn. CemeiictBo Drosophilidae HacuuTbiBaeT 6osee 3750 BUOB 110 BCEMY MUPY, U3 HUX K POAY
Drosophila othocutcs 6onee 2000 BuzoB, npuueM, Drosophila suzukii curtaeTcsi OfHAM M3 CAMBIX OMACHBIX
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npeJcTaBUTe el 3Toro ceMelcTBa. JIMUMHOK BpeauTess KpakiHe TPYJHO MM NPAKTUYeCKU HEBO3MOXKHO 0OHa-
PY)KUTb, TaK Kak a3uarckas srofiHasi po3odusia O0MbIIYIO0 YacTh KM3HEHHOTO LMK/ MPOBOAUT BHYTPH IJI0AA.
Beutynsirorpecst U3 siuL IMYUHKYU Drosophila suzukii nutaroTcs 35,0pOBBIMU T/I0jaMH, BbI3bIBasi pasMsiryeHye
TKaHel 1 3arHUBaHMe II07|0B. DKCIIepUMEHTbI ITPOBOJMIIMCH Ha 6a3e BcepoccHiickoro LieHTpa KapaHTHHA pacTeHUit
Y B ArpapHO-TexXHOJIOrHYeCKOM MHCTUTYTe Poccuiickoro yHuBepcuTteta Apyx6b1 Hapogos B 2018—2020 rr. Llens
UCC/Iel0BaHKs — 110f100paTh MeTOZ TOUHOM U ObICTPO AMarHOCTHKY BpeanTes, pa3paboTtarhb crieljuduueckye
napsl rpaiivMepos fist ITLP B peanbHOM Bpemenu. Ha ceropusitiamii ieHb komdyectBeHHast IILP — 3To OBICTpHIH,
BbICOKOUYBCTBHTE/IbHBIM, BOCIIPOU3BOANMBIH 1 Haubosiee TOUHbIN METOZ, AUarHOCTHKH. T1o pe3ysbraram uccie-
JoBaHus Oblin paspaboTansl crierdryeckue npaimepst (4.Dsuz. FRP), no3BosisitolLiyie ¢ BEICOKOH TOUYHOCTBIO
ommuarh D. suzukii oT Apyrux poACTBEHHBIX BUJOB NIPY MCII0Ib30BaHUU MeToza [ILIP B peasibHOM BpeMeHH.
Xors nosinenue D. suzukii He 610 3adrKcrpoBaHo Ha Tepputopun Poccutickoli defepaliuu, UcciefoBaHue
JIaeT BO3MOXKHOCTb ObICTPO M C BLICOKOW TOUHOCTBIO MeHTU(HULPOBATh BPEAUTE/IS] B CJIyUae ero BO3MOXXHOTO
3aB03a, a TaK)Ke MOMOJKeT Npe/IOTBPaTUTh ero Moc/iefyolliee paclipocTpaHeH e.

KimoueBble cioBa: neHTU(UKALYS, NCXOLHAs TI0C/Ie/l0BaTe/IbHOCTD, (hUIoreHeTHYeCKoe JepeBo,
Drosophila suzukii, ITIP, KapaHTUH pacTeHUH

®unancuposanue. Biarogapuocru. [Ty6/MKkaiys BHITIO/IHEHA MTPH MOAep>KKe [IporpaMMbl CTpaTernyeckoro
akaleMrueckoro ugepcrsa PY/IH.
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HayyHasi cTaTbsi / Research article

Mogaenb MOHUTOpPUHra He(TAHOro 3arpsA3HeHUst NoYBbI
U ero npekpaLleHus

C.E. I'epmaHoBa g’ T.B. MarjeeBa ', B.I. ILTiomukoB

Poccuiickuil yHuBepcuTeT ApY>K0bI HApozIoB, 2. Mockaa, Poccutickas ®edepayus
> germanova-se@rudn.ru

AnHoTanus. OLjeHKa B/IUsSHUS X03HCTBEHHOM JiesTe/IbHOCTH HedreobbIBarolero Kommiekca Poccun
Ha 3arpsi3HeHue 3eMeJlb CIIOCOOCTBYEeT NPUHSTHIO SBOJIFOLIMOHHBIX YIIPaB/IeHUeCKUX pelieHUd. B HedTsHOM
KOMIL/IEKCe TIPOMBIIIIEHHOE 3arpsi3HeHKe OTPULIaTe/IbHO CKa3bIBaeTcst Ha ¢uiope U (ayHe, 103TOMy HeoOXoauMo
OTIpe/ieNIUTh YPOBEHb BO3IEHCTBUS, CTENEHb ero OMaCHOCTH, MeCTo 3apakeHus. HyxeH crcreMHbli nioaxog. [Tpu
W3y4YeHHH 3KOJIOTHUeCKOH Cpe/ibl BayKHO YUMTHIBATH Ha/IMuMe PUCKOBBIX CUTYAlUH U CTOXaCTUUeCKHX HeoOpaTUMBbIX
n3MeHeHNH. VieHTH(UKALMS XapaKTepa U THTIA 3arpsi3HeHNsT TTOUBBI He)TeIpOAYKTaMH /J0/DKHA MPOBOANTHCS
C HCTI0/Ib30BaHKeM BBICOKOTEXHOJIOTUYHOTO MHCTPYMeHTapHsi, MHTe/UIeKTyaIbHBIX MpoLiefyp. PaccMoTpeHs!
MO/ie/IMPOBaHUe CUTYaLlMY 3arpsi3HeHMs! 10YB, IPOTHO3MPOBaHUe U UleHTU(UKALMS HeTSIHBIX 3arpsi3HeHNH,
TaKKe MOJMOZieJIb OIITUMA/IbHOTO TIpeKpallleHust MOHUTOpHHTra. [TpekpaliieHre Hab/IroileHUH 3a ONTHMU3aLuel
OKpYy»Karollleii cpe/ibl IPUBEZIET K CHIDKEHUIO 3aTpaT Ha HabofieHye, MOCKO/IbKY MOHUTOPHHT 3arpsi3HeHHOU
HeTenpoyKTaMH OKpY>KalolLel Cpe[ibl SIBSeTCs JOPOTOCTOSILIM M CJIOXKHBIM TEXHOJIOTHUEeCKUM MEXaHH3MOM,
YacTo TpeOyOLIUM CITyTHUKOBBIX JJaHHBIX. [Ipe/iaraeMblii aJIrOpUTM MOJIE/TPOBAHUSI M CUCTEMHOTO aHalu3a
OCHOBAH Ha CUTYal[IOHHOM MO/|eJIMPOBaHNY. DBOJTIOLIOHHOE MOZeTMPOBaHye M03BOJIsIeT a/jalTHPOBAaTh TIPO-
Leypy (MeToJ0/I0THI0) TIPOTHO3MPOBAHUS U OL|eHKU K (haKTOpaM PrCKa OKpY»Karoleld cpefibl. DTO MOBBILIAeT
TOYHOCTb (popMasH3aLys 1 J0Ka3aTenbHOCTh) U TIOJIHOTY BbIBOZIOB, OIEPaTMBHOCTD aHaIM3a CUTYaLH, UTO
B/IMSIET HA YIIPaB/IsieMOCTb PUCKA Kak /151 He()TSIHOTO KOMITIEKCa, TaK U [/I OT/e/IbHOTO MPEeJTIPUATHS OTPacu.
Pe3ynbratsl paboThl MOTYT OBITH MCII0/IB30BaHBI /1/1s pa3paboTKX IPOrpaMMHBIX CPeZICTB, B YACTHOCTH JKC-
MEePTHBIX U MPOrHO3HBIX cUcTeM. CUTYal[IOHHbIE MOZIE/T HeOOXOIUMBI, KOT/ja He)TSHbIe KOMITaHUH PEIIaloT
MHOTOKpHTepHabHble U MHOTO(aKTOPHbIe 33/ja4i ITPUHSATHS PeIlleHHH.

KitroueBsble c10Ba: 3arpsisHeHue, He(Tb, BOJHAs I0BEPXHOCTb, SBO/IOLIOHHOE MO/e/IMpOBaHNe, MOHH-
TODHHI, TIpeKpallieHre MOHUTOPHHTa
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Model of monitoring of oil soil pollution and its termination

Svetlana E. Germanova - ®, Tatiana V. Magdeeva ', Vadim G. Plyushchikov

Peoples’ Friendship University of Russia, Moscow, Russian Federation
> Corresponding author: germanova-se@rudn.ru

Abstract. The assessment of impact of oil production economic activities on land pollution in Russia
contributes to evolutionary management decision making. Oil industrial pollution affects negatively flora and
fauna. Thus, it’s important to identify the level of its exposure and danger, the site of contamination. A system
approach is needed. When studying the environment, it’s necessary to consider the presence of risk situations and
stochastic irreversible changes. It’s essential to identify the nature and type of soil contamination with petroleum
products using high-tech tools, intellectual procedures. The work considers modeling of such situation, forecasting
and identification of oil contaminants. The submodel of optimal termination of monitoring is also considered.
Ending monitoring of environmental optimization will result in lower monitoring costs, since monitoring oil-
contaminated environments is an expensive and complex technological mechanism, often requiring satellite
data. The proposed algorithm for modeling and system analysis is based on situational modeling. Evolutionary
modeling allows to adapt the procedure (methodology) of forecasting and assessment to environmental risk
factors. It increases the accuracy (formalization and evidence) and completeness of conclusions, the efficiency
of situation analysis, which affects manageability of risk both for the oil complex and for individual enterprise
in the industry. The results of the research may be used for development of software tools, in particular expert
and predictive systems. Situational models are needed when oil companies are solving multi-criteria and multi-
factor problems.

Keywords: pollution, oil, water surface, evolutionary modeling, monitoring, termination of monitoring
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BBepeHue

3a/1aua 3K0/I0rMueCcKoi UMCTOThI POU3BO/ICTBEHHOM MH(PACTPYKTYPhI XO3SIMCTBY-
IOIIUX CYyObeKTOB B 100bIYe He(TU, HePTAHOMN NMPOMBIIIIEHHOCTH — BeCbMa aKTyasIbHa.
TpebOoBaHUs IKOTOTUYECKUX CTY>KO, HOPMAaTHBOB CJielyeT COOMI0AaTh, HAYe MOXKHO
CTOJIKHYTBCSI He TOJIBKO C M3/lep)KKaMU TpeNpUsTAl, TMKBUALMeH yiriepba, HO U BO3-
JleiCTBMEM BPeZIOHOCHBIX 3arpsi3HUTeIel Ha Hace/leHUe, S5KOJIOTMUeCKYI0 Cpeay.

[Tpob6seMa MOHUTOPUHTA TTIOUBEHHBIX He(PTSIHBIX 3arpsi3HEHUH aKTyasbHa JJ1st
TaKOU KPyMHOU HedTen00bIBaroIIel cTpanbl, Kak Poccust. [JUCTaHLIMOHHOMY 30H/IH-
POBaHUIO TIOUBbI, MOHUTOPHHTY U MO/I€JIMPOBaHUIO Y/ieJ/isieTCsi MHOTO BHUMaHWUs, B T.U.
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CITyTHUKOBOMY, C rpuMeHeHreM BITJTA miu BLICOKOTOUYHBIX JATUHKOB [i7isl 00Ty deHUs
MOBEPXHOCTH MOYBBI ¥ MOC/eYIOIIero aHanu3a JaHHbix [1—6] u gp.

MeTozp! ¥ MPOLIeCChI SKOIOTMUeCKH IPaMOTHOTO yHKI[MIOHUPOBaHUs He(Te100bI-
BalOIIMX U He(TeriepepabaThIBAIOLIUX MPEATIPUSATHIA YaCTO CJIOKHBI, TPEOYIOT C/I0KHO
peanm3yeMoro (fake ecsid ¥ 3PeKTHBHOT0) MOHUTOPHHTA /171 06ecrieyeHus 3KOJI0-
TMUYeCKU JIOMyCTUMBIX NapaMeTpoB cpeibl. OHU OpHeHTUPOBaHbI Ha 00IIIHe U3ePKKH
1 00111yt0 pUObUTE (TIpefie/ibHbIe JOXO0AbI U U3/IePKKH).

COBpeMEHHbII‘/JI SKOMOHHUTOPHHI' — COBOKYIIHOCTb BbICOKOI/IHCbOpMaTI/IBHbIX U BbI-
COKOTEeXHOJIOTHUECKUX U MeTOAUYeCKUX Mep, MPOLieyp OpraHu3aliuy U poBe/ieHUs
HabmrofeHus1, OLleHKHU (TIPOrHO3a) TeKYIIel CUTyalyu B 3a/JaHHOM SKoCpeJe.

ITesb Mcc1e0BaHUsA — H3yueHre COCTOSTHYS, TEXHOTEHHOTO BO3/IeMCTBYS, 3arpsi3He-
HYs (C BbISIBJIEHHEM TIPUUHH, HICTOYHUKOB), yiiep0a v Harpy3Ku Ha cpefly, UeHTU(hUKaris
rapameTpoB U ¢akTopoB, HeobxoauMbIxX 71 KapT (I'MIC), HarnpuMep, 10 aHOMAaJTHSIM
n qC, [J1sd OIIepaTUBHOI'0, dBTOMATHU3HMPOBAHHOI'O KOHTPOJIA U K]IE[CCI/ICl)I/IKaL[I/II/I TUIIOB
3arpsi3HeHUs, PeTUCTPaLK U HabTIOeH S

MaTepMaﬂbI M MeToAbl uccnefoBaHuUm

PeneBaHTHBIN UHCTPYMEHTapUii — MPOrHO3UPOBaHUE U MOJle/TMPOBaHue, He Tpe-
Oytoliee CJI0)KHOTO MOHUTOPHUHTA, TI03BOJISIOLIEe YIIPaB/IsATh CUCTEMHBIMH I1POLieCCaMU
He(TsHOTO TIpenpusTys [7].

[TycTh Ha peANIPUATHN HedTeZoObIUN H/eT 3arpsi3HeHre TI0UBLI OKOJI0 paboueii
(MpPOM3BOACTBEHHO) TeppUTOPUK. PacCMOTPUM BEKTOPBI KOHLIEHTPALIMI 3arpsi3HSIFOILIMX
(hakTopoB — X = (X1, Xy, ... ,Xp,) W Bo3AekcTBys 3arpsizHuTeneit ([IAK) —y = (y1, Y2, - » Yu)s
npuyeM x; < y;, I = 1,2, ..., n YuutbiBaeM 3¢(eKTUBHOCTD B/IMSIHUS MOJTFOTAHTA Ha 3a-

I'PA3HEHHOCTh:
n

Xi
Ry
= Vi
a TaKke 3pdeKT X «CyMMapHOTO» BO3/€HCTBUS — YCUIEHUS] TOKCUUECKUX XapaKTe-
PUCTHK 3arpsi3HeHHs], CITOCOOHOCTb K OMOaKKyMYy/isiLiu (yCHIeHUsT) WK, Ha000poT,
TpaHcdopmaimu (ocabnenus).

HecMmoTpsi Ha IpoOrpeccMBHOCTh MPUMEHEeHUs! AUCTaHLMOHHBIX MeTO/|0B, MOHU-
TOPUHT Ha OCHOBE /laKe BLICOKOTOUHOTO MHCTPyMeHTapusi (HarpuMep, CITyTHUKOBOTO
30H/IMPOBaHus [8]) 0CIOXKHSIETCS BBICOKOW CTOMMOCTBIO ITPOBE/IeHHS U U30BITOUHOCTBIO
obpabatbiBaemoit nHdopMaruu. Hu ot mepBoro, HU OT BTOPOTo (pakTopa n30aBUTHCS
TIpY I0CTaTOYHbIX KDUTEPHUSIX KaueCTBa WeHTU(UKALIMY 3arpsisHeHNH He y/laeTcsl.

OpHUM U3 TIpUeMJIeEMbIX (C TOUKH 3peHUs TIPUHSTHIX KPUTEPUEB aleKBaTHOCTH
1 3¢ (HeKTUBHOCTU) pellieHnH sIBJisieTCst UH(OIornyeckoe, TeXHOIOTMUeCKoe HCIoJib-
3oBanue Big Data [9], Data Mining [10] u Apyrux uHTe/I/IeKTyaIbHBIX CUCTEM aHaM3a
006bemMHol MH(MOPMAIH, UX CeNIeKIUY 110 MHPOPMAaTHBHOCTH.

[pyroe pelieHre — MaTeMaTUUeCKOe, OTITUMaIbHOe TMpeKpalljeHue MOHUTOPUH-

TOBBIX MEpOIIPUSATHH, 6e3 I0CTIKeHHUs «yPOBHsI HepeHTa0eTlbHOCTH MOHUTOPUHTOBBIX
HCCeIoBaHu». PaccMoTpyM nipuMepbl 060UX MOXO0Z0B.
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Pe3yanaTb| nccnepoeaHuna n 06CY)KA€HMF|

ITodxo0, opuenmupogaHHblli Ha Big Data u Data Mining. T1pu mogo6HOM moaxoe
dopmupyem Big Data, ncronbs3ys 6a3bl JaHHBIX, HallpUMep, 3arpsisHuTe el (HedThb U ee
MIPOU3BO/{HBIE — OEH3WH, /IU3e/IbHOe TOTIMBO, KePOCHH U [Ip.), [Uara30HOB U3MeHeHU
3KCIepUMEeHTa/IbHbIX IaHHbIX U TIPe/IBApUTE/IbHOTO CTaTUCTUUYECKOro aHanu3a [11].
Ianee pabotatot riporieaypbl Data Mining: u3Bnekaetcst HeobxoauMast CUTHa/TbHast MH-
(opmarsi, 0Cy1eCTB/sIeTCSI HOPMUPOBKA U (DUILTPALUS JaHHbIX, CDABHEHNE U aHa/n3
peasIbHbIX CUTHAJIOB C IOPOrOBLIMM 3HAYEHUSIMU.

[nsg naeHTU(UKALMY TUA U BPeJja KOHKPETHOT'O 3arpsi3HUTE IS UCTIOb3YeTCs pe-
JIeBaHTHOE 3HaueHue (4 pe3y/1bTaTOB MOHUTOPUHIOBBIX UCC/Ie/JOBAaHUN U CPaBHEHUE ero
611M30CTH K «3TaJIOHHOMY» 3HaueHHIo d,. B kauecTBe Mepbl G/IM30CTH U TIPOCTPAHCTBA
CXOZIMMOCTH MO>KHO BbIOpATh pa3nuuHble (PyHKIIMOHAJIBI ¥ TTPOCTPAHCTBA.

Haripuwmep, 1151 eBK/IM0BOrO HOPMHUPOBAHHOI'O NIPOCTPAHCTBA MOYKHO UCII0/Ib30BaTh
TOKa3aTe/ib UHTEHCUBHOCTH i (@) OTpa)keHHst CIyTHUKOBOTO CUT'Hasa OT 3arpsi3HUTEIs
(o Big Data) 1 a"anoruuHoe HOpMUpoBaHHOe 3Hauenue | (1) 41 He3arpsA3HEeHHOM
TOBEPXHOCTH, a B KAUeCTBe METPUKU —

i(a;) I(ay)
Kpurepuii 6m30cTi (MeHTUGUKALN) — MaKCUMHU3aLisi MUHUMA/IbHOTO (T10 3Ta-
noHam 6a3bl) 3Hauenwst p(ay, a,):

p(a, ay) =

F(a; a;) = max (min(pmk (ay, az))) ,
i,j mk
rae
i"(ay) 1*(ay)
im(a;) I*(ay)
m — B/ HeTEeNpPOAYKTa-3arPA3HUTEIsT; K — THIT 3arps3HSIeMOM ITOYBBI.

Kpome BbILIENpUBEIEHHOTO KPUTEPUsI O/TM30CTH 3arpsi3HUATEIS K 3TaJIOHHOMY, OT-
CJIe)KVBaeTCsl U KpUTepU MHCTPYMEHTa/IbHOU TOUHOCTH, HallpuMep, CUrHasl JO/DKeH
TIPEeBBIIIATh 3HAUUTE/IBHO «IITYMbI» («Oeblii IyM») U3MepeHUH (TIPaBUI0 «TPeX CUTM»):

i™(ay),i™(ay),1*(az), 1*(a,) > 3o,
rJie 0 — CpeiHeKBa/lpaTUYHOEe 3HaUeHHe «IIyMa» Perucrparopa.

WnTerpupys 06a KpuTepusi, MOKHO TIPeJIOKUTE TIPeIUKaTHOe TeJI0 MPOoLiefyphbl
WJleHTU(DUKAIIH:

1) ecsv oporoBbie 3HaUeHUs: I* yIOBIETBOPSIOT YCI0OBHUIO

I"(ay) > I(ay)

e — b
" =
I"(ap)| — |1(ay)
TO BBIOMpAETCsl pellieHre O 3arpsi3HeHNH M0YBHI;

2) eC/v >Ke BBIOJIHEHO YC/I0BHe

I*(a,) < I(ay)
I*(a,) I(ay)
TO BbIOMpaeTCs pellieHre 00 OTCYTCTBUH 3arpsi3HEHUsI.
B03MOXXHBI U ApyTHe MpoLeaypbl (KpUTepUU BbIOOPA pellieHws), B T. Y. JJis UeH-
TA(UKaI[UY 3arpsi3HeHysT BOAHOM roBepxHocTu [12, 13].

Pmk =

b
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IIpobnema npexkpawjeHus Haba0eHull u ee peweHue. BaXHO ompeieTUThCS: KOT/a
Y CKOJTbKO BPEMEHH TTPOBOIUTH MOHUTOPUHT, 0COOEHHO C yUeTOM CTOXACTHKH ITpoIiecca.

ITycTh HabMIOIEHUSI MOYKHO OTTMCATh MapKOBCKUMH I[€TISIMH, OTIpeZie/IeHHbIMH
Ha mHokectBe K = {1, 2, ..., k}, UMeIOLMMHU MaTPUI[y Mepex0JHbIX BePOSATHOCTEH
P = ||Pij||,i =1,2,...,k. OHa ornpezensieMa CTaTUCTHYECKON 00pabOTKOM /JaHHBIX.
3amaem dbyHKUMH f(i) BEIMTPBIIIA, €C/TM B COCTOSTHUY i MMpeKpaIarTcss HabmoaeHust
3a COCTOSTHUEM Cpe[IbI.

OnTrMabHOE COCTOsTHHMEe OCTAaHOBKH HaOmozeHn yaosneTBopsieT [13, 14] coot-
HOIIIeHUIO

v(i) = max{f(i) —c()+ Z?:l P;; v(j)}’

rze v (i) — byHKOUs 1eHbl (TPOJO/KEeHUs-0CTaHOBKK), [ = 1, 2, ..., k.

[laHHOe peKyppeHTHOe COOTHOLLIEHHEe MOXKET TIPUBECTH K ONTHMa/TbHOMY COCTOSIHHIO
METO/IOM TI0C/Ie[JOBaTe/TbHbIX TIPHUO/IMYKEHUI:

V(D) =f(),i=1,2,..,k,

k
v, (1) = max< f@@) —c@) + Z Pijva_1(j) ¢ n=>1
=1

OTu npubNMKeHUs CXOATCs, He yObiBasi, K U (i).
3ajjaua SKBMBaJIeHTHA 3aZlaye TMHEMHOro MPOrpaMMUPOBAHUSL:
: k
min Yiz1divy,
L

VU; = f(l), VU; = —C(l) +Z;(=1PU Uj, di >0, i EK.

IMyctb ¢ = (¢4, €y, ..., C;) — BEKTOP CTOMMOCTEH, (UKCUPOBAHHBIX allpUOpH Ha-
6mronenusiMu (3kcriepramu). Torza HabMFOeHUIO | COOTBETCTBYET MapKOBCKast IIellb
l N .
x,(l )e MaTtpHlieli mepexo/iHbIX BePOSITHOCTEM:
O _||lo®Of] ;= —
" = Pij , Lj=1,2,..,k, 1=1,2,..,L.

Ecmu 3apaetcs ¢yHKLMs f(i) — BBIMTPBILL TIPH OCTaHOBKe Hab/I0ZieHu B COCTOSI-
HUH i, TO LieHa v (i) YZ|0B/IeTBOPsieT COOTHOLIEHUIO

v(i) = max {f(i), max (—ci + Zle Pig,l)v(]'))} ,

1<I<L
d CaMa LieHa oripeae/isieTCda uTepalusaMu:

vo (D) = f(D),
k
v, (I) = max < f (i), max ( —¢ + z Pig-l) Up—1()) | ¢, iEK,n>1,
j=1
B cocTosHUSX U3 MHOXKeCTBa

k
I[=Xi:i € E,v(i) = —¢ +Zl’i§-”v(i)
j=1

C/ieflyeT MCI0/Ib30BaTh HabmozeHue [-ro Tura.
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OnTUMyM MOXKeT HaXO[UThCS TI0 BpeMeHU M/IM CyMMapHOU BbIToZie (TIPOJo/DKeHust/
ripeKpariieHust) HabJroeH .

OTO aHasIor 3a/jauM ONTUMM3ALIMH [T0TyYeHUs] MaKCUMa/bHOTO [J0X0/a 3a eUHHULY
BpeMeHU. MO>XHO niepeGupaTh oouepeHO BCe COCTOSIHUSI MapKOBCKOI'0O TIpoLjecca
B KaueCTBe Haua/lbHOTO COCTOSTHMSI, CPaBHMBATh JJ0X0/Ibl, BEIOWPATh Hanbosblve (Hau-
Jydilie) U3 HUX. B KaXplii MOMEHT BpeMeHH peliiaeTcsi mpobieMa BeIOOpa: Mpoosi-
)KaTb-0CTaHABIMBATh HAO/IOeHUS?

@DakKTOpHI, BAUSIOLYE Ha BHIMTPHILL, UHAMUYECKH U CTOXaCTUUeCKU MEHSIIOTCS,
YUUTBIBAIOTCS B TIepeX0HbIX BEPOSITHOCTSIX NIPY CTaTUCTUYEeCKOM aHaslr3e C UCI0/Ib30-
BaHMEM TeXHUUeCKOT0 MHCTPYMeHTapusi KOHKPETHOIO MOHUTOpHHra [15].

BbiBOAbI

B cTpanHax ¢ pa3BUTBHIM reo- ¥ 3KOMOHUTOPUHTOM MCTIONB3YHOT MHOXecTBO I'MIC
Pa3/IMUHOrO Ha3HAUeHHs U «MOILIHOCTH», 3/IeKTPOHHBIE KapThl, KOMITbIOTEPHbIE MOJie-
JI1 U UHTeJIJIeKTya/IbHble CHUCTeMbl IUCTaHLIMOHHOIO 30HAMPOBaHus, JUHAMUYeCKOro
KapTorparpoBaHUsi COCTOSIHUS Cpefibl. PeliatoTcs 3aauM ONTUMMU3aLU UH)KeHep-
HO-TeXHUYECKOU 3allUTHI.

AnroputmMuueckasi CTpyKTypa, IOTUUHOCTbh MOHUTOPUHIOBOM CUCTEMBI OTIpe/iesisieT
TOYHOCTB OLIeHOK reocpe/ibl. Hanpymep, UCronb3yst MeToZ, 3BO/IIOLIMOHHOIO CTOXAaCTH-
YeCKOT0 MO/Ie/TUPOBaHKST, MOYKHO YTIPOCTUTH TIPOLieyPbl 00pabOTKY JaHHBIX, TIOBBICUTh
OIepaTMBHOCTb NIPUHATUSA pelleHus. PaccMoTpeHMe Mozesiel TakKX 3afiad — aKkTyasbHast
npobeMa.
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Using commercial enzyme immunoassay
for measuring pregnancy-associated glycoproteins
to diagnose pregnancy
in dairy cows under field conditions in Algeria
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Abstract. The purpose of the present work was to study effectiveness for early pregnancy diagnosis in
cattle of the new enzyme immunoassay (EIA) sandwich kit commercially available based on the measurement of
pregnancy-associated glycoproteins (PAGs). 120 Holstein-Friesian cattle of mixed age and parity were comprised
from different dairy herds. The pregnant females (n = 68) were diagnosed by ultrasonography at day 35—40
after artificial insemination and confirmed by transrectal exploration at 2—3 months after AI. The non-pregnant
females (n = 52) were housed in the absence of males during the experimental period. Blood samples were
collected from coccygeal vessels of females into EDTA tubes. The serum was obtained by centrifugation and
the serum was stored at — 20 °C until assay. The PAG concentrations in pregnant and non-pregnant females
were determined in serum by EIA kit. The reproducibility inter- and intra-assay of the PAG-EIA is satisfactory
(2.78 and 13.19 %, respectively). The accuracy (> 94.8 %) and the test of parallelism were largely acceptable.
No cross-reaction was observed with the different hormones tested at different dilutions. PAG-EIA system
gave 100 % sensitivity and negative predictive values. Whereas, specificity and positive predictive value were
91.93 and 71.15 %, respectively. The accuracy of pregnancy diagnosis by PAG-EIA was 87.5 %. In conclusion,
the present study shows clearly that the EIA kit can be used to measure PAG in serum cows for the detection
of gestation in Algeria. Therefore, this alternative technique could be recommended to replace the radioactive
methods in immunoassays to improve the reproductive performances and an efficient tool for reproductive
management of dairy cattle.
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Introduction

Reproductive management in bovine is an important economic component in the
success of a dairy farm. Zootechnical performance needs to be assessed in order to
achieve good level and positive financial results to become profitable in bovine herd. The
reproductive efficiency of dairy cows increases significantly incomes from milk sales
and shorter calving intervals in the modern dairy industry worldwide. Early detection
of pregnancy is an essential key to achieve the optimal calving-to-conception interval
in dairy cattle. Early pregnancy diagnosis facilitates the detection of non-pregnant cows
as early as possible after insemination or early embryonic mortality, and allows them
to be re-inseminated. Several techniques are being used to diagnose pregnancy in dairy
herd such as transrectal palpation or ultrasonographic examination [1—3].

In a number of mammals, it has been shown that trophoblast cells express a range of
pregnancy-associated glycoproteins (PAGs) during pregnancy period. Pregnancy-associated
glycoproteins, also known under a variety of other names including pregnancy-specific
protein B (PSPB) [4] and pregnancy specific protein 60 (PSP-60) [5], were first described as
placental antigens that were present in blood serum of the mother soon after implantation.
These proteins appear to be enzymatically inactive as member of the aspartic proteinase
family, which also includes pepsin, rennin, cathepsin and several other proteinases [6].
They are synthesized by the mono- and binucleate of the placenta cells, some of them being
secreted in maternal blood from the moment when the conceptus becomes more closely
attached to the uterine wall and formation of placentomes begins [7].

Due to the release of secretory granules PAGs in the maternal circulation, it can be
used as an indicator of pregnancy and for following up ongoing pregnancies in physio-
logical [8—10] and pathological conditions, such as embryonic and fetal mortalities [5,
11, 12]. These proteins differed in amino acid sequence, molecular masses [13] and de-
gree of glycosylation [14]. Because of large variety of expressed molecules and to large
variations in the post translational processing of the glycoproteins, several immunoassay
methods, such as radioimmunoassay (RIA) and enzyme immunoassay (EIA), have been
developed to be a useful tool of early pregnancy detection in maternal serum [15—18]
or milk [19] cattle.

Traditionally, radio-immunoassay (RIA) has been employed to quantify the PAG
concentrations in serum using antibody origins. In Algeria, the radioimmunoassay (RIA)
methods are less used for routine analysis because of several limitations inherent to the
use of radioactive isotopes and it also generates radioactive waste that causes environ-
mental contamination.

In the context, the purpose of the present work was to study effectiveness for
early pregnancy diagnosis in cattle of the new enzyme-immunoassay (EIA) sandwich
kit commercially available based on the measurement of PAGs.
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Materials and methods

This research was approved by the Scientific Council Faculty of the Veterinary High
National School (Algiers, Algeria). Concerning the ethical aspects, the experimental
procedure was performed in-vitro and the blood sampling of females was performed
according to good veterinary practice under farm conditions.

Animals and samples. This study was conducted in Algeria from March to August
2011. In this study, 120 Holstein-Friesian cattle were comprised from different dairy herds
of Tizi-Ouzou (36°46°, 4°25”) and Biskra (34°49’, 5°43’) province, Algeria. The age of
the animals ranged between 18 months and 12 years with mixed parity. Body condition
scores (BCS) of Holstein-Friesian females were noted according to Edmonson et al.
[20]. The BCS of experiment females was between 2.5 to 4.5. Animals were examined
by a veterinarian and presented no signs of clinical disease. All pregnant females were
artificially inseminated (AI) after 100 days post calving [10]. The pregnant cows (Preg-
nant group, n = 68) were diagnosed by ultrasonography at day 35—40 post-IA (AGRO
SCAN A14, sonde bifréquence 3.5 and 5.0 MHz) and confirmed by transrectal explo-
ration at 2—3 months after AI. The non-pregnant heifers (Control group, n = 52) were
housed in the absence of males during the experimental period. Blood samples (5 to 8
ml) were collected from coccygeal vessels of Holstein-Friesian females into EDTA tubes
(Sarstedt®, Numbrecht, Germany). The serum was obtained by centrifugation (3000 x
g at 15 min) and the serum was stored at —20 °C until assay.

PAG enzyme-linked immunosorbent assay. The PAG concentrations in pregnant and
non-pregnant females were determined in serum by enzyme immunoassay (EIA) per-
formed in duplicates. The detecting antibody was rabbit anti-PAG IgG as biotin-conjugate.
The test sample used a spectrophotometer reader according to the kit instruction. The
enzyme substrate was avidin-horseradish peroxidase (HRP). The standard curve ranged
from O to 2 ng/ml. A cut-off of 0.8 ng/ml was used to discriminate between pregnant
and non-pregnant females.

The basis of the test is the sandwich reaction involving two antibodies raised against
PAG: the first one is coated on a 96 micro-plate whereas the second one is conjugat-
ed to biotin and detected using avidin-HRP. Each sample was analyzed in duplicate.
Briefly, dilution buffer is added just before adding PAG standards and serum samples.
Afterwards, it is followed by an overnight incubation at room temperature. Microtiter
wells are washed before addition of biotinylated anti-PAG. The washing step is followed
by incubation with avidin-HRP for 20 min at 37 °C. The plate is washed and after, the
substrate/chromogen solution is added to the wells and incubated for 30 min at room
temperature. The addition of the stopping reagent transforms the blue coloration into a
yellow compound. Finally, the absorption at 450 nm is measured and the optical density
is proportional to the PAG concentration.

Technical validation

Reproducibility. To test the reproducibility of EIA kit, two samples with different
PAG concentrations were used. Samples were obtained from cows diagnosed earlier with
ultrasonography as pregnant. Reproducibility was determined by calculating the intra
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and inter-assay of variation (CV) as follow: [%CV = (SD / mean) x100]. For intra-as-
say CV, the first serum was assayed in duplicate seven (07) times within the same assay.
Likewise, for inter-assay CV, each serum was assayed in duplicate seven (07) times in
consecutive assays.

Specificity. To test the specificity of the EIA assay, six (06) reproductive hormones
were used, namely PMSG (Folligon® 1000 UI, International Intervet B.V., European
Union), GnRH (Fertagyl®, International Intervet B.V., European Union), progesterone
(Progestérone® Retard Pharlon, BAYER health, 13 street Jean Jaures 92807 Puteaux-
cedex, France), testosterone (Testoenant®, Geymonat S.P.A. Via S, Anna, 2-Anagni,
Italie), oxytocin (Oxyto-Kel Synth®, Kela N.V.,, St. Lenaartseweg 48, 2320 Hoogstraten,
Belgium) and dinoprost (Enzaprost® T, Cevaanimal health, 10 avenue of ballastiére,
33500 Libourne, France). Each hormone was diluted in buffer solution to obtain the
following concentrations 1, 10, 102 and 10. After that, each dilution of tested com-
pounds was assayed in duplicate.

Parallelism. Parallelism was assessed by serially diluting pregnant cow sera with
high PAG concentration. For that, two samples containing relatively high PAG concen-
trations were diluted in buffer solution and assessed in duplicate. Thus, parallelism of the
EIA was determined by evaluating samples at its initial strength (1/1), and at dilutions
of 1/2, 1/4, 1/8 and 1/16.

Pregnancy diagnose analysis. This study was designed to test the accuracy of preg-
nancy outcomes based on PAG-EIA of blood samples collected between 25—50 days
post Al. The following table showed the various categories as possible: Sensitivity,
specificity, positive and negative predictive values (PPV and NPV, respectively) and
accuracy were determined as described by Kastelic [21]. The sensitivity (Se) was ex-
pressed as the proportion of pregnant females with a positive PAG-ELISA result [true
positive / (true positive + false negative)]. The Specificity (Sp) was calculated as the
proportion of non-pregnant females with a negative PAG-EIA result [true negative /
(true negative + false positive)]. Positive predictive value (PPV) was calculated as the
proportion of females testing positive that were truly pregnant [true positive / (true
positive + false positive)]. Negative predictive value (NPV) was calculated as the
proportion of females testing negative that were truly non-pregnant [true negative /
(true negative + false negative)].

The accuracy (Ac) was defined as the proportion of pregnant and non-pregnant
females correctly identified by the test [(true positive + true negative) / (true positive +
true negative + false positive + false negative)]. The rate of false positive or negative
result is the likelihood of a positive or negative result in cows known not to be pregnant
or be pregnant, and this rate is related to the test specificity [rate of false positive = 1 —
specificity] or sensitivity [rate of false negative = 1 — sensitivity], respectively [22].

Statistical analysis. Statistical analyses were carried out in STATVIEW (Ver-
sion 4.55). Statistical analysis was performed using t-test to compare treated and
control females. The PAG concentrations were expressed as mean + SD, and P <
0.05 was considered significant. The statistical significance of test was determined
by Student tests.
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Results

The standard curves (n = 6) used ranged from 0.4 to 2 ng/ml to estimate PAG concen-
trations with a linear regression plot (Fig. 1). The reproducibility of PAG-EIA technical
are summarized in Table 1. The values of inter-assay CV are 6.08 and 13.19 %, whereas
intra-assay CV is low calculated for PAG-EIA (2.78 %). The recovery rates obtained by
the use of PAG-EIA technical were higher 96.8 %, as shown in Table 2. Parallelism of
serum samples diluted with buffer solution is given in Table 3. As far as the specificity
is considered, no cross reaction of PAG-EIA was recorded for reproduction hormones
tested at different dilutions (1, 102, 10 and 10 IU/ml).
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Fig. 1. Standard curves (mean + SD) of pregnancy-associated glycoproteins (PAG) in the enzyme
immunoassay calculated over six assays

Table 1
Intra- and inter-assay coefficients of variation of pregnancy-associated
glycoproteins by ELIA
Intra-assay® Inter-assay®
Sample ionc ionC
p PAG concentration®, oV, % PAG concentration®, oV, %
ng/ml ng/ml
1 2.214£0.06 2.78 2.33+0.14 6.08
2 - - 0.94+0.12 13.19
aSeven replicates in the same assay. °Two replicates in 7 consecutive assays. °Mean + SD.
Table 2

Recovery of different concentrations of PAG added to a plasma sample containing low
concentrations of PAG respectively as measured by ELIA

Theatrical PAG concentration, ng/ml

Observed PAG concentration, ng/ml

Recovery?, %

1.25 1.21 96.8

1.20 1.14 95

1.16 1.10 94.8
3(Observed value/Theatrical value) x 100.
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Table 3

Serial dilutions of a plasma sample containing relatively high PAG concentrations
as measured by EIA

PAG concentration, ng/ml
Dilution?
Sample 1 Sample 2
11 5.16 5.18
1/2 3.53 3.61
1/4 2.21 2.07
1/8 1.30 117
1/16 0.65 -

aSamples from pregnant females were diluted in buffer solution.

The PAG concentration (mean + SD) determined in serum samples from non-preg-
nant and pregnant females is represented in Table 4. PAG concentrations measured by
EIA system are significantly (P < 0.001) higher in pregnant females than in non-pregnant
females (3.51 + 1.17 vs. 0.53 £ 0.08). It can be seen that in pregnant cows, the PAG-EIA
resulted in the high and the least variable concentrations than the threshold currently
used for pregnancy diagnosis (0.80 ng/mL). For samples of non-pregnant females, all
PAG concentrations revealed very low content than the threshold 0.80 ng/mL.

Table 4

Mean (+ SD) pregnancy-associated glycoprotein concentrations obtained
by EIA in pregnant and non-pregnant female

Non-pregnant females Pregnant females
(n=52) (n=168)
PAG concentration (meant SD, 0.53 £ 0.082 3.51+1.17°
ng/ml)
Min-Max 0.06—0.78 0.98—6.21

abSignificant differences between PAG concentrations from pregnant and non-pregnant females (P < 0.001).

The sensitive, specificity, positive and negative predictive values of the PAG-EIA tests
are presented in Table 5. PAG-EIA system gave 100 % sensitivity and negative predic-
tive values. Whereas, specificity and positive predictive value were 91.93 and 71.15 %,
respectively. From a total of 52 samples collected in non-pregnant cows, measurement
by PAG-EIA technique resulted in 15 cases of incorrect pregnancy diagnosis, i.e. false
positive. The accuracy of pregnancy diagnosis by PAG-EIA was 87.5 %. There was a
significant increase of PAG concentration from Day 25 to Day 50 after AI measured
by EIA system (P < 0.05) (Fig. 2). Positive correlation between PAG concentrations
Al measured by EIA and day after Al was r = 0.32 (P < 0.001).
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Table 5

Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy
of PAG-EIA for determining pregnancy status 25—50 days post Al

Variables PAG-EIA

Correct positive results, n 68
False positives, n 15
Correct negative results, n 37
False negatives, n 00
Sensitivity Se, % 100

Specificity Sp, % 91.93

Positive predictive value PPV, % 71.15
Negative predictive value NPV, % 100
Accuracy Ac, % 87.5

Rate of false positive, % 8.07

Rate of false negative, % 0

Se = true positive / (true positive + false negative). Sp = true negative / (true negative + false positive). PPV =
true positive / (true positive + false positive). NPV = true negative / (true negative + false negative). Ac = (true
positive + true negative) / (true positive + true negative + false positive + false negative). Rate of false positive =

1 — specificity. Rate of false negative = 1T — sensitivity.

7.

6.

PAG concnetration (ng/ml)
w & W,
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*%
1 *¥k *%
*
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[25-29] [30-35]

[36-40] [41-45] [46 - 50]

Days post-Al

Fig. 2. Plasma concentrations of PAG, ng/ml, measured by enzyme immunoassay system during
the first trimester of pregnancy (25...50 post Al) in dairy cows: *** — values with different superscripts
of PAG concentration differ statistically (P < 0.05)

Discussion

The gestation diagnosis is of crucial importance to the farmer for the establishment
and maintaining the production performances and dairy herd reproductive manage-
ment. Early detection of pregnancy plays a key role in the achievement of an optimal
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calving-to-conception interval in dairy and beef cattle. For this, it requires effective
diagnostic methods that are accurate, practical. The results of this investigation have
demonstrated that using a commercial EIA test to detect serum PAG concentrations was
a highly accurate form of early pregnancy diagnosis in cattle under field conditions in
Northern Algeria.

The test of reproducibility inter- and intra assay evaluated with bovine serum of
the PAG-EIA system is satisfactory. CV inter- and intra-assay of PAG as measured by
ELISA were reported by Gatea and co-authors [23] to be 7.8 and 8 %, respectively. These
slight differences can be attributed to materials used and user experience. Parallelism
was assessed by a serial dilutions (1/1, 1/2, 1/4 and 1/8) with pregnant female containing
a high PAG concentration. In the present study, the results obtained show clearly that
the concentrations PAG obtained are parallel. Concerning the precision of PAG-EIA,
the results obtained are acceptable with the rate of recovery 94.8 %. The specificity test
carried out here allowed us to verify the hypothetical interference of reproductive hor-
mones and other placental glycoproteins on commercial PAG-EIA system. Our results
showed that the commercial EIA was specific for the detection of PAG with regard to
PMSG, GnRH, progesterone, testosterone, oxytocin and Prostaglandin F2q. It is common
knowledge that some placental glycoproteins from human and equine origin presented
probably similar to those observed in the PAG molecules [24, 25].

The accuracy of pregnancy diagnosis is important criteria in relation to sensitivity
and specificity values. In the current study, all pregnant females were correctly diagnosed
as pregnant by PAG-EIA, while the low rate of non-pregnant females was diagnosed
incorrectly. The sensitivity and the specificity of the commercial PAG-EIA at Day 28—50
after Al were high (100 and 91.93 %, respectively) for using as tool of pregnancy di-
agnosis in cattle. This result allows to reduce false-negative diagnosis, and the risk of
prostaglandin injection in pregnant females in cattle breeding. Thus, it is desirable for the
sensitivity to be very high (100 %) [26] because this can reduce the calving interval by
re-inseminating of non-pregnant cows as early as possible. The sensitivity and negative
predictive value outcomes of our study is similar to that reported by numerous authors
using RIA-PAG [10, 15, 27], and using PAG- or PSPB-ELISA [26, 28, 29]. Recently,
Meziane et al. [30] compared and evaluated two methods of pregnancy diagnosis, namely
proteins associated with pregnancy and ultrasonography, in dairy cattle in the East of
Algeria. The sensitivity and the specificity of PAG by the ELISA test were similar (100
and 93.75 %, respectively) to our results. Likewise, the sensitivity rate reported in the
present study was higher than those from the previous findings [18, 31, 32]. The specific-
ity of the PAG-EIA test for diagnosing non-pregnant cows obtained in the present study
was higher than those reported, ranging from 66 to 90.7 %, in the researches assessing
the effectiveness of the PAG-EIA test at Days 26—30 [16, 32—35]. Also, other inves-
tigations reported the specificity similar or slightly higher (91.1—97.2 %) carried out
with the PAG-EIA test [18, 29, 31, 36] and the PAG-RIA [15, 27, 29] in dairy cows in
comparison to the present study. These variations could be due to the interference in the
assay of sample constituents rather than to the hormone to be measured. The discrepancy
in the technique accuracy to predict pregnancy might be explained by the specific PAGs
being detected by antibodies employed in the PAG-EIA. It is important to remember that

ANIMAL BREEDING 161



Ayad A., Derbak H., Besseboua O. Bectauk PY/IH. Cepusi: ArpoHOMUSI U )KMBOTHOBOZCTBO. 2021. T. 16. Ne 2. C. 154-166

the molecular biology researches have been estimated over 100 PAG genes in ruminant
genome most of them being expressed in the superficial layers of the placenta [37].
Recently, Ayad and Touati [38] concluded there was another source of glycoprotein
expression apart from the placenta in cow. A similar finding of the detection of PAG in
testicular tissue and an ovarian extract has also been demonstrated by Zoli et al. [39].
In our work, the increased PAG concentration in the first trimester pregnancy was
similar to previous researches [40—42]. These variation of PAG concentration in dairy
cows may be affected by the nutritional status and body score. L.opez-Gatius et al. [43]
reported lower PAG concentrations in high producing dairy cows, which can partially
explain differences between PAG concentrations found in dairy cattle in our study. Also,
these divergence of serum PAG levels after Al might be attributed to the parity [41].

Conclusion

The present study shows clearly that the enzyme immunoassay kit can be used to
measure PAG in serum of cows for the detection of gestation in Algeria. It is well known
that the RIA method presents limitations to the use of radioactive isotopes in several
countries, especially in Africa, because of concerns for radiation safety, short shelf
lives of radioactive reagents and radioactive waste disposal. Therefore, this alternative
technique could be recommended to replace the radioactive methods in immunoassays
to improve the reproductive performances and an efficient tool for reproductive man-
agement of dairy cattle.
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Ucnonb3oBaHMe UMMYHO(MEPMEHTHOMO aHau3a
ANA onpepeneHus rMuKonpoTeNHOB 6epeMeHHOCTH
C LeJIbl0 AMAarHOCTUKU CTENIbHOCTU AOMHbIX KOPOB

B NONEBbIX yC/IoBUAX Anmkupa

A. Aapt X X, Tep6ak! ', O. Beccebya?

'Yuueepcuret Abaeppaxmana Mupa, Bedacas, Anscup
*YauepcurteT Xaccubbl benbyanu, Jw-Ileauge, Ansicup
>< abdelhanine.ayad@univ-bejaia.dz

AmnHoTanms. M3yuena 3¢deKTHBHOCTb paHHeH AMarHOCTHKY 6epeMeHHOCTH Y KPYITHOTO pOraToro CKoTa
B T10/IEBBIX YC/IOBUSAX B AJDKUpPE C TIOMOILLbI0 HOBOTO I0OCTYITHOrO Habopa /718 UMMYHO(epMEeHTHOTO aHa/Iu3a,
OCHOBAHHOTO Ha OIIpeZie/IeHHH IJTUKOIIPOTeMHOB, CBsI3aHHBIX ¢ bepeMeHHOCTHIO. VicceoBanbl 120 KopoB
FOJILITHHO-(PU3CKOI MOPO/bI CMELIAHHOTO BO3pAcTa U3 Pa3HbIX MOJIOUHBIX CTaf. KoHTpons GepeMeHHOCTH
y 68 CTebHBIX KOPOB OCYLLECTB/IS/IA METOO0M Y/IETPa3ByKOBOM JUarHOCTUKU Ha 35...40-i feHb roc/e uHCe-
MHHALU U TIOATBep’Kalu TpaHCPeKTalbHbIM UCC/eloBaHHEM Uepe3 2—3 MecsiLia Toc/ie MPOoBe/jeHusT UCKYyC-
CTBEHHOT'0 OCeMeHeHHUs1. 52 HeCTe/IbHbIX KOPOB COZiep>Kali U30/1MPOBaHHO OT CaML|OB Ha MPOTSDKEHUU BCEro
sKcrepuMeHTa. OBpasLibl KpOBKM 0TOMPAIUCh U3 XBOCTOBOM apTepyH B npobupku ¢ OATA. I1nasmy nonyyanu
LIeHTpUQyTrUpoBaHUEM U XpaHUIU MpU Temreparype —20 °C 1o Havasa NpoBeJieHus aHamu3a. KoHLeHTpauu
rnuKornpoTenHoB GepemeHHOCTH (I'TIB) y CTe/IbHBIX M HECTEIbHBIX KOPOB OINpeZie/isIv B 1171a3Me KPOBH C MO-
Motpro Habopa peareHToB VI®A. Bocnipoussogumocts pesynsratoB I'TIB-MIPA (BHYTpH- ¥ MeXXCepHUiHHOMH
CXOVMOCTH) yA0B/IeTBOpUTebHa (2,78 1 13,19 % coorBeTcTBeHHO). TouHOCTS (> 94,8 %) 1 TOBTOPSIEMOCTH
aHanM3a ObLIM B OCHOBHOM TpreMsieMbiMU. He Hab/mr07ia/10Ch nepeKpeCcTHOM peakLyy C pa3HbIMHA FTOPMOHAaMH,
MPOTECTUPOBAaHHBIMU B pasHbIX pa3BejeHusX. [JuarHoctryeckass 4yBCTBUTeNIbHOCTh ['TIB-UMA TecT-cucteMbl
cocraBmia 100 % u HabMrOAaMack OTpULiaTe/IbHast MPOTHOCTHYECKas 3HAUMMOCTb. [1py 3TOM CrierupuIHOCTh
Y NIPOrHOCTUYeCKas LIeHHOCTb NIO/IOKUTe/IbHOro pe3ybTara coctaBuid 91,93 u 71,15 % cOOTBeTCTBEHHO.
TouHOCTh AUArHOCTHKU GepemeHHOCTH ¢ riomoltbio I'TIB-U®PA cocraBunia 87,5 %. Takum obpa3oM, HacTosiILee
HCC/Ie[loBaHKe SIBHO MOKasbIBaeT, uTo Habop A1 VIPA MOXKHO HCIIO/Ib30BaTh /151 U3MepeHus cofiep>kanus ['TIb
B CbIBOPOTKEe KDOBH KOPOB C LIe/IbI0 OIpefie/eHys1 cTe/lbHOCTU. CriefloBaTe/bHO, IaHHbIN albTepHAaTUBHbIN MeTo/,
MO’KeT ObITb PEKOMEH/|0BaH JijIsl 3aMeHbl MeTO/|0B IMMYyHOAHa/M3a C IPUMeHeHHeM Pa/iM0aKTHBHBIX H30TOIOB
JU1s1 yyullleHus! PelpOyKTUBHBIX TT0Ka3aTesiel KOpoB U sB/sieTcsl 3 (eKTUBHBIM UHCTPYMEHTOM /s BOCIIPO-
M3BO/ICTBa MOJIOUHOTO KPYTTHOTO POTaToro CKOTa.

KnroueBble C/10Ba: IIMKOIIPOTEUHB! OepeMEeHHOCTH, UMMYHO(EepMEeHTHbIN aHa/IM3, UarHocTuka bepe-
MEeHHOCTH, KOPOBBI

3asiB/IeHHe 0 KOH()/IMKTe HHTEPecoB: ABTODbI 3asiB/ISAI0T 00 OTCYTCTBUM KOH(IMKTa HHTEPECOB.
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O630pHasi cTaTtbs / Review article

BnusHue ¢puanyecknx xapakTepucTuK 3epHOBOIrO Cbipbs
Ha YHKLMOHaNbHYI LLEHHOCTb KOPMOB A/l NTUL,

B.W. Ionouckwuii!, A.B. Cymuna? =

'KpacHosIpckuii roCylapCTBEHHBIM arpapHbIi YHUBEPCHUTET,
2. KpacHospck, Pocculickas @edepayus
2X aKacCKu# rocyzapcTBeHHbINH yHUBepcuTeT M. H.®. KataHoga,
2. AbakaH, Pocculickas ®edepayus
< alenasumina@list.ru

AnHoTanus. Llenblo HaCTOSILEr0 UCC/Ie0BaHNUS AB/IAETCS aHaIU3 3apyOesKHOW HayuHOM JIUTeparypel,
MOCBSILLEHHBIN BIUSHUIO (DM3MUeCKUX XapaKTepUCTHK 3ePHOBOTO ChIPbs Ha (DyHKLIMOHA/IBHYO LIEHHOCTb TOJTy-
YyaeMbIX Ha ero 0CHOBe KOPMOB /|jIsi ITHL]. PacCMOTpeHbI posib pa3Mepa YacTHL] 3ePHOBOTO KOpPMa U ero (hOpMBI
B ofecrieueHuH ONTHMAa/IbHOTO Pa3BUTHS U (DyHKLIMOHMPOBAHMUS >KeTy/j0uHO-KuieyHoro Tpakra (XKKT) u mo-
BBILIEHHUS TPOAYKTUBHOCTHU MTHL]. Pe3y/nbTaThl MCC/IeJ0BaHUH MOKa3a/y, YTO MCI0/Ib30BaHHe KOpMa KPYITHOrO
TIOMOJIa He TOJIbKO CONPOBOXKAAETCs yBe/IMUeHeM OTHOCUTE/ILHOM MacChl >kemy/Ka y 6poiinepos 1o cpaBHEHHIO
€ KopMJIeHHeM 0o/iee MeNIKMMU YaCTHLIAMH, HO U yCuleHHeM (epMeHTaTUBHOrO paciiernieHust kopma B JKKT
U y/IyulleHHeM yCBOSEMOCTH COJEepIKalljUXCsi B HeM IUTaTe/bHbIX BerlecTB. OGHapysKeHo, UTO C MOBbIILIe-
HMEeM YpPOBHS BK/IFOUeHUsl Tpy0oii KyKypy3bl B PaljMOH KOJIMUeCTBO 10/1e3HbIX 6akrepuii Lactobacillus spp.
u Bifidobacteria spp. B JKKT yBennuuBaaoch, a KOJIMUECTBO YCIOBHO MAaTOTeHHBIX MUKPOOPTaHU3MOB YMeHb-
1Ian0Chk. Y NTHUL, NMOMyYalOLUUX FPaHy/IMPOBaHHbIM KOPM, HaliZleHO HeJJ0CTaTOYHOe pa3BUTHE JKely/lKa, uTo
006yc/10B/1€HO, T7IaBHBIM 06pa3oM, OTCYTCTBHUEM €ro MeXaHWUeCKOW CTUMY LK. [IpezinosniaraeTcs, uTo C Le/bio
yiyuieHus: GyHKIMHY >KeTyAKa ¥ 35,0pOBbs IITHL] 1jejiecoo6pa3sHo BBECTH B UX PALMOH MCTOYHUK ITHUILEBBIX
BO/IOKOH. TToKa3saHo, uto fo6aBnenue oT 2 710 3 % HepacTBOPMMOIO UCTOYHHMKA K/IeTYaTKH B OOBIYHbIE paLiy-
OHBI MOJIOZIBIX LIBITUIAT HA OCHOBE BBICOKOOE/KOBOM COeBOI MYKH M KYKYDPY3bl MOKET Y/IyULLMTb Pa3BUTHE UX
TMHILeBapUTE/TLHOTO TPaKTa U POCTOBBIE MOKa3aTe/IH.

KiroueBsble c/10Ba: NTHLBI, 36PHOBOI KOPM, pa3Mep YacTuLl, jopMa KopMa, TpaHy/TUpOBaHHUe, >KeTy04-
HO-KHIIIeUHBIH TPAKT, YNC/IEHHOCTh MUKPOOPTaHU3MOB

3asB/ieHHe 0 KOH()/INKTe HHTepecoB: ABTODHI 3asiB/ISIIOT 00 OTCYTCTBUM KOHGUIVKTA HHTEPECOB.
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Influence of grain physical characteristics on functional value
of poultry feed

Vadim I. Polonskiy’, Alena V. Sumina? &<
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’Katanov Khakass State University, Abakan, Russian Federation
™ Corresponding author: alenasumina@list.ru

Abstract. The purpose of this investigation was to analyze the scientific literature concerning the influence
of grain physical characteristics on functional value of poultry feed. The review considers the role of grain feed
particle size and its shape in ensuring optimal development and functioning of digestive tract and increasing
productivity of birds. The results showed that compared to the feeding with smaller particles, the use of coarse
feed increased stomach weight in broilers, enhanced enzymatic degradation of feed in digestive tract and
improved nutrient bioavailability. The study found that increase in the level of coarse corn in the diet increased
the number of Lactobacillus spp. and Bifidobacteria spp. beneficial bacteria in digestive tract. Meanwhile,
number of opportunistic pathogenic microorganisms decreased. In birds which were given granular feed we
found insufficient development of stomach, mainly due to the lack of mechanical stimulation. We assume that
in order to improve stomach function and health of birds, it is necessary to apply a source of dietary fiber to
their diet. The results of studies suggest that adding 2—3 % of insoluble source of fiber to the routine diets of
young chickens based on high-protein soy flour and corn can improve their digestive tract development and
growth characteristics.

Keywords: poultry, grain feed, particle size, shape, granulation, digestive tract, number of microorganisms
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BesepeHue

B nocnegHue rofjbl THTEHCUBHO UCC/IEIYIOTCSI BOMPOCHI BAUSIHUS (PAKL[MOHHOTO
COCTaBa 3epPHOBOTO ChIPbsl Ha (PU3MKO-XMMHUeCKHe XapaKTePUCTHUKH U (DYHKLIMOHAIbHYIO
LIEHHOCTB T0/Ty4aeMbIX Ha er0 0CHOBE KOPMOBBIX MPOAYKTOB. MIH(opMaliusi 0 B3auMOCBsI31
MeXIy GU3nUueckoi CTPYKTYpOi KOpMa C OJJHOM CTOPOHBI M (DYHKI[MOHUPOBAaHUEM KeJTy-
JouHo-kutreyHoro TpakTa (2KKT) 1 MpoAyKTUBHOCTEIO MTUL] C APYTOM OTHOCHUTCS K BaXK-
HOM COCTaB/IsAOIIel CTpaTeruy Mpou3BoCcTBa KOpMoB. [ToaTomy mo A.M. Amerah [1],
ONTUMM3ALIMS pa3Mepa YaCTHL] 3epHa SIB/ISIeTCS LIeHTPaIbHBIM 3BeHOM TeXHOJIOTMUeCKOM
oreparuu “3MesbueHNsi KODMOB U BCEro IMpoLiecca UX U3roTOBJIEHMUSI.

C opfiHOM CTOPOHBI, U3BECTHO, UTO M3Me/IbdeHre 3epHOBOI0 KOpMa CIioCcoOCTBYeT
TOBBILLIEHHIO KayeCTBa ero rpaHy/IMpOBaHUsl, YMEHBIIIEHUIO pa3/ie/ieHHs MUHIPe/IieHTOB
TIpy fasbHelIeld 06paboTKe, a TakKe yBeMueHHI0 3(h(HeKTUBHOCTH U OFHOPOJHOCTH
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ero cMmenvBaHus [2]. Kpome Toro Ha rnprmepe siumMeHsl, 0BCa, P>KU U TILIEHULIbI [I0Ka3aHo,
YTO MeHbIIIMe CpefiHHe Pa3Mephl 3ePHOBBIX YaCTHL] XapaKTepU3yIOTCs Oosiee BEICOKOM
3¢ eKTHBHOCTBIO 3KCTpakLuuu (70 31 %) 0CTaTKOB MeCTULIMJOB U3 36PHOBOM MYKU
TIpU NPOoUKrX paBHbIX (pakTropax [3]. C Apyroil CTOPOHBI, TOKAa3aHO, UTO UCI0/Ib30BaHUE
KOpMa KpYITHOI'O 1I0Mo0JIa COTIPOBOXKAAeTCs YBeJMYeHreM OTHOCUTe/IbHOW MacChl JKe-
nyaka y 6poiiiepoB 1o CpaBHEHUIO C KOpMIeHHeM 0ojiee MeKMMU YaCTHLIAMH, a TaKKe
ycuieHueM epMeHTaTHBHOTO paciierienus kopma B JKKT [4, 5].

XOTs1 3epHOBBIE KYJIBTYPhI IOBCEMECTHO CUUTAKOTCS OAHUM U3 OCHOBHBIX KOMIIO-
HEHTOB B KOPDMJIEHWUY MTHL], B IAHHOM HarpaB/IeHUH NIPOBOAUTCS BeCbMa OrpaHUueHHOe
KO/IM4ecTBO pabort. Pe3ynbTathl, monyueHHbIe 3apy0eXXHbIMUA YUeHbIMH, YKA3bIBalOT
Ha Ha/lnuye orpe/ie/ieHHOM CBsI31 pa3Mepa 3ePHOBBIX UaCTHLl, UX (POPMBI U OHOPOJHO-
CTU paLjiOHa C MPOAYKTUBHOCTHIO U COCTOSIHHEM 3[0p0oBbsi Tl [6—8]. K coxanenuto,
B Poccuu pabort, rocBsIeHHbIX U3yUeHHI0 CKa3aHHOTO BBIIIe, Ype3BbIYaiHO MaJlo.

Ilenb10 HCC/IE0BAHUSA SIBJISIETCS aHAIN3 3apyOeXKHBIX HAYUHBIX JIMTePATYPHBIX
HCTOYHHKOB TIO TTpo6siemMe BMsIHUS (HH3UUeCKUX XapaKTepUCTUK 36PHOBOTO ChIPbS
Ha (DyHKLIMOHA/BbHYIO LIEHHOCTb MOy4aeMbIX Ha €r0 OCHOBE KOPMOB /151 NTUL. JlaHHbIN
00630p mpe/jyiaraeTcs B TIePBYI0 ouepeib BHUIMAHHIO OTeueCTBeHHBIX HAyUHbIX PAOOTHHUKOB
U CIeIMaIMCTOB-TEXHOJIOTOB 3epHOIIepepabaThIBaroINX MPOU3BOACTB, 300UH)XeHEPOB
1 OMOTEeXHOJ/IOTOB.

BnusaHue pa3Mepa 4yacTtul 3epHOBOro CbipbA
Ha CIJYHKLI,MOHVIPOBaHVIe Xenyao4yHo-KUulleyHoro Tpakrta 'y ntuy

CerofiHsi IIMPOKO PaCIpOCTPaHEHO MHEHHWE O TOM, YTO MEHBIIMI pa3Mep YacTHL]
KOpMa CriocoOCTBYeT yBeJIMUeHHIO OTHOCHUTE/IbHOMW TIIOMIAZA eT0 MIOBEPXHOCTH, UTO
T03BOJISIET MOJBEPraTh CyOCTPAThl MHIPeIMEeHTOB B opraHu3Me ntui] bosee sddekTus-
HOMY BO3/IeliCTBUIO NUILL[eBapUTe/IbHbIX (DePMEHTOB 1 MOBBILLIATH YCBOSIEMOCTh KOpMa
B esom [4, 9, 10].

OpHako oKas3aHo, UTO NTULibl, MUTABIIXECS KOPMOM, COZeprKalliM MeJIKhe Ya-
CTHUL[bI, UIMe/T MeHbIIIVe JKeJTyIKU TI0 CDABHEHHUIO C TEMU 0COOSIMU, KOTOPbIE TTUTATUCh
KPYTTHO3ePHOBBIM KOPMOM. MeXaHW3M B/IHSHUS IPYObIX UacTHL] KOpMa Ha yBeJ/IMueHue
MacChl JKely/Ka sIB/ISIETCS C1e[,CTBUEM MOBBILLIEHHOTO MeXaHN4eCKOro U3MeJibueHus [ 5,
11]. Kak ripaBusio, 60/bII0M M XOPOIIIO Pa3BUThIHN JKETYI0K CBSI3aH C €r0 MOBIIIEHHON
v3Mesbuatollel akTUBHOCTHIO [6, 7] 1 ynyutienuem motopuku JKKT [11], B pe3ynbTare
yero ysyulllaeTcsi nepeBapyBaHue MUTaTe/lbHbIX BeljecTs [1].

PesynbTaThl HECKOJIBKKX MCCJ/IeJOBaHUM MOKa3aiu, UTO UCM0Jb30BaHUe KOpMa
KPYIHOI0O [I0MOJ1a He TOJIbKO COTPOBOJKAeTCs yBeJIMUeHueM OTHOCHUTeTbHOW MacChl
)KenyaKa y OpoiisiepoB 1o CpaBHEHHIO C KOpMJIeHreM Oosiee MeJIKMMU YacTuliamu [4, 13,
14], Ho U ycuneHueM depMeHTaTUBHOTO paciijervieHrs: kopma B JKKT u ynydiieHuem
YCBOSIEMOCTHU COJepyKallXCsl B HEM MUTaTe/IbHbIX BelecTB [15]. TIpu ucnosnb3oBaHumn
rpybopa3monoToro kopMa Hab/rO1aIuCh TIOJIOXKUTe/TbHBIe 3((eKThl B OTHOILIIEHUH
¢byukuun 2KKT, 310poBbsi ¥ MPOAYKTUBHOCTH OpoiiiepoB U UHJeek [16].

[17151 OLIeHKY B/IMSIHYS BK/IFOUEHUS B PaLMOH MIUTAHKSI KPYITHO3epPHUCTOU KyKYpPY3bl
WCCJIeJOBaJv MPOJYKTUBHOCTh OpoiinepoB, pa3sutre u ¢pyHKIMi0 XKKT, a Takke Bpemst
yJep>kaHusl B HeM YacTull kopMa. B skcniepumenTax 0, 25 u 50 % MesTko3epHUCTOM K-
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KyPY3bl 3aMeHS/IM Ha KPYTTHO3ePHUCTYIO, UTO COMPOBOXK/AI0Ch paclipeiesieHueM KopMa
1o pa3mepam cooTBeTCTBeHHO 218, 204 u 181 mMkM. B pe3ynbrare Ob110 yCTaHOB/EHO,
YTO MTULIBI, TTOJTyYaBIIKe PalMOHbI, cofepskaiiue 25 u 50 % KpyrHo3epHUCTOU (ppak-
LMY, eMOHCTPUPOBA/IY MOBILIEHHYI0 aKTUBHOCTh (pyHKLMOHUpoBaHus JKKT, uro,
TIPe/ITIOIOKUTETbHO, TIPOUCXOAUIIO Garoziapst 60sibIieMy BpeMeHH y/ep>KaHHsl B HEM
KOpMa U yCUJIEHHOMY pa3BUTHIO »kesyzka [8].

CriefyeT BbIZIe/TUTD, YTO MTULIEI MTHCTUHKTUBHO TMPE/TNIOUMTAIOT MoTpebieHue rpyodbix
YaCTHL] KOpMa /ISl CTUMYJISLUM (DYHKIUH JKeJTy/IKa, KOTopasi, Kak ObIIo TIPeATooKeHo,
KOHTPOJIMPyeT MOTOPHKY KullledHuKa [9, 10].

OTmeTuM, UTO B JIUTEpAaType UMEIOTCs JaHHbIe, CBUIeTeIbCTBYOIMe 00 OTCYT-
CTBUM UETKOTO BJIMSIHUS pa3Mepa 4acTul] 3epHa Ha ¢yHKLMoHupoBaHue JKKT nruil.
Tak, B TpexHe/ie/IbHbIX SKCIIepUMeHTax ¢ 385 KypaMu-HeCyllIKaMHy, COJeP KaliuMHUCs
Ha paljMoHax M3 KyKypy3bl, MIIEeHULI U COU C pasMepamMH KOpMOBbIX yactuy] ot 0,15
[0 4,0 MM, aBTOpaM He y[jal0Ch YCTAaHOBUTh [MOUTH HUKAKOT'O BJIMSTHUS pa3Mepa YacTuL]
Ha Maccy emyaKa, MofyKemyA0uHOU >kesie3bl U TOHKOM KUIIKY [17]. B [4] coobimaercs,
YTO y ITTHL], COAEP KALUXCS Ha paLMOHe C TOHKAM U3MeJIbueHreM KOpMa, pa3Mep YaCTHL]
3epHa Ha ToKa3aTe/y 1epeBapuMoCTH OeTKOB U JIMIH/0B CyIl[eCTBEHHOTO BIUSHUS
He OKa3bIBaJl.

Kak 13BeCTHO, B TOHKOM KHIIIeUHHKe ITTHUL] OCHOBHBIMU BUaMU OaKTepuii SIBJISIIOTCS
MOJIOUHOKHCbIe, Lactobacilli spp. YBenuueHue KOnMuecTBa 3TUX MUKPOOPraHU3MOB
00BIUHO CUMTAETCsI TI0JIe3HBIM [I7Isl 37J0POBbsI X03s1Ha, TaK KaK OHU MOTYT TIpe/joTBpa-
THTB KOJIOHU3AL[MI0 HEKOTOPBIX TIAaTOreHHbIX MUKpPoopranu3mog [18]. OxHako ciefgyet
BbIZIeNUTh, uTo Lactobacilli spp., obuTaroriyie B TOHKOM KHILIEUHHUKE, [10-BUIMOMY;,
OTBETCTBEHHBI 38 HEKOTOPO€e yMeHbLIeHUe NTepeBapyBaHus IUnuzoB [19].

B [20] onucano yBenuueHue uncjieHHOCTU Lactobacilli spp. u cHUXeHUe
Bifidobacteria spp. mocjie TOro, KaK MTUL[aM CKapMJ/TUBa/IA KPYTHbIE YaCTULbI KYKY-
py3Horo kopMma (1,4 Mm) 10 CpaBHeHUIO C TeMH, KOTOPBIM JjlaBa/lu MeJIKHe ero 4a-
ctuisl (0,6 mm). JIpyrvie aBTOpBI B CBOMX JKCIIepUMeHTax obecrieurBamu bpoiie-
POB pallMOHaMU C T'PaJlyMpOBaHHBIM YpOoBHeM rpyboii Kykypy3sl (0, 150, 300, 450,
600 r/Kr) 1 0OHAPYKU/IH, UTO C TIOBBIIIIEHWEM YPOBHS ee BK/TIOUeHUs B Pal[{OH KOJIU-
yecTBo Lactobacillus spp. v Bifidobacteria spp. B )KKT yBenuurBanoch, a KOJMueCTBO
Clostridium spp., Campylobacter spp. u Bacteroides spp. ymeHb11anocs [21]. MexaHu3m
Ha0JTF0IaeMoro BIMSIHUS pa3Mepa uacTHL] Ha PO MUKPOOHOTHI KUIIIEUHNKA MOYKET
ObITE OOBSICHEH CeyIOIIMM 00pa3oM. Bo-mepBeix, CTUMYJISILIUST Pa3BUTHS >KeyIKa
Yl TIOBBILIIEHHAsI CeKpeLjusi COSIHOM KUC/IOThI CHIKaroT BeMuuHy pH U Bocnesncteun
OKa3bIBalOT aHTUMUKPOOHOE JeHiCTBYe Ha MaToreHHble OaKTepUH, MOCTYTIArOIIMe B TUC-
tanbHbii oTfen JKKT [18]. Bo-BTOpbIX, KOHKYPEHTHOMY MCKJ/TFOUEHHIO IMaTOTeHHbIX
OakTepHii MOXKeT CrI0COOCTBOBaTh 00/IerueHre KOJIOHU3AIUY TI0/Ie3HBIX BUZIOB [22].

BnusiHne ¢msnyeckom CTpyKTypbl KOpMa Ha PyHKLMOHUPOBaHUE
Xenyao4yHO-KULWIEYHOoro TpakTa 'y ntuy
B nuTeparype ycTaHOB/IEHO pa3/IMuHOe BIUsIHAE (PU3UUYeCcKOl CTPYKTYPhI U pa3Me-
pa uacTulL] KopMa Ha ero ycBoeHue. Tak, HaliZileHO, uTo (hopMa KopMa (Trope, KpoLiKa
Y TpaHy/ibl) OKa3biBasia Oosiblllee BAMsIHUE HA XapaKTepUCTUKU MPOU3BOAUTETbHOCTH
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Kyp-HeCyllleK, UeM pa3Mep 4acTHL] KOPMOBBIX UHTpe/iieHToB [23]. OfHako pa3Mep 4acTul]
kopMma Biusit Ha pa3sutie JKKT 1 mpoyKTUBHOCTE MTHULILI B OOJIBbIIIEH CTeTeHH, Korjja
OpoiiniepoB KOPMHJIH TTIOPe, YeM TPaHy/IMPOBaHHLIMU KopMaMH [5]. ITpu 3Tom nokasa-
HO, YTO TOCJIe MpoLiecca rpaHy/IMpoBaHUs KopMa 3 ¢QeKT pa3mepa uacTUL] Ha pa3BUTHE
Kenyaka ycunuaics [6, 7]. HaiieHo, YTo OTHOCUTeIbHAs Macca »Kesy/Ka JTUHeMHO
BO3pacTa’sa C TOBBILLIeHNeM BK/IFOUeHUs TPy0oi KyKypy3bl B PAllOH B BU7E TIIOPeE,
HO He 3aBHcesa OT Jomu rpy6oii KyKypy3sl (o 500 r/Kr) B KopMe, Mpe/iCTaBlIeHHOM
B (hopme KpoItik# [5, 24]. B ipoBe/ieHHBIX UCC/IeI0BaHUSX Oblla OIfeHeHa CrelU(pUIHOCTh
B/IUSIHUSA Pa3MepOB 3epHOBBIX YaCTHL], [T0JIyUYeHHbIX U3 Pa3HbIX BU/0OB KOPMa, Ha Maccy
Xenyaka. B utore 66110 06Hapy>keHO, UTO pa3Mep UacTHL] KyKypy3bl OKa3biBas Oosbliiee
BJIMsSIHME Ha 3TOT T0Ka3aTeJb, UeM TaKoBOW coeBoro 1ipota [20, 25]. OTMeTum, UTO
JIPyrHe aBTOPbI B pe3y/bTaTe BhITOJHEHHBIX SKCIIEPUMEHTOB, MTOCBALLEHHBIX BIUSHUIO
(opmbI KOpMa (Trope U KpoLlKa) ¥ pa3Mepa uacTuL] 3epHa KyKypy3bl U MieHuLbI (707
1 1096 MKM) Ha SIHTIEHOCKOCTb Kyp-HeCyIlleK, YeTKOW 3aBUCUMOCTH MeXXy U3ydaeMbIMU
rapaMeTpamMH He BbISBWIU [26].

YCTaHOB/IEHO, UTO IPaHy/AMpPOBaHUEe 3HAUUTETLHO YMEHBIA/I0 pa3Mep YaCTHUL]
KOpMa M BbIPaBHMBAJIO pa3/IMuMs MeXXy KPYITHO U MeJIKO M3MeJIbueHHbIMU LIPOTaMH1
B pPalLIMOHaX Ha OCHOBe MileHULIbI [ 18]. ABTOpBI MOKa3aau, 4To [0/s1 KOPMOBBIX YaCTHL]
pa3mepom Gosiee 1,0 MM CHU3H/IACh 3a CUYET FPaHy/IMpOBaHus ¢ 262 10 149 r/Kr B KpyTI-
HOW3MeJIbueHHOM paroHe U ¢ 209 go 135 r/kr B Mesikon3mensdeHHOM. [loydyeHHbIe
pe3y/bTaThl ObLTM TIOATBEPK/eHbI B [27], TIe aBTOpPBI yCTaHOBUIIH, UTO MPOL{eCC rpa-
HY/IMPOBaHUsI COMTPOBOXK/IA/ICSI YMeHbLIIeHWeM JI0/I KPYITHBIX YacTHL] pa3MepoM Oosiee
2,0 MM U1 yBenIMYeHMeM o1 MesKUX yactul MeHee 0,075 mm.

B skcriepuMeHTax ObL710 TOKa3aHO, UTO OTHOCUTE/IbHAs Macca »KeyJKa MTHIL]
yMeHbLIIaach, KOTAa UX coflep>kav Ha TpaHy/IMPOBAaHHOM paLliOHe, a He Ha TAKOBOM
B (opMe mtope. [To MHeHHIO aBTOPOB, yMeHbIlIeHHe pa3Mepa >KeJlyZKa Ipu Iozaue
rpaHy/ sIBJISIeTCS JIOTUYEeCKOM peakliveld Ha CHY)KeHHe aKTUBHOCTU U3MeTbUeHus B pe-
3ynbTaTe 6oJsiee MeJIKOTO pa3Mepa YacTull, BEI3BAHHOTO TIPOL[eCCOM T'PaHy/TMPOBAHUS
[4, 18, 27]. Tloka3aHO, UTO MTUL]bI, KOTOPbIE TI0/IyYa/id IPAHY/IMPOBaHHbIE PAL[HOHbI,
uMeny 6osiee HU3KYHO MacCy MOZKeTyI0YHOM >KeJie3bl U aKTUBHOCTh TTAaHKPeaTHue CKIX
(dbepMeHTOB (aMH/Ia3bl, JUIAa3bl U XUMOTPUTICHHA), UeM Te, KOTO KOPMU/IU Tropeobpas-
HBIMU KopMam# [ 18]. 3ToT BBIBOZ, COTvIaCyeTCsi C TIo/yueHHBIMU Ha Opoiinepax pe3ysb-
taTamu [28]. Kopm, U3rotoBneHHbIN U3 TPyOOro Miope, A0Jblie OCTAeTCs B JKeIyJKe,
TeM CaMbIM YBeJIMUMBAeT MeXaHWUYeCKY0 CTUMY/ISILUIO 3TOTO OpraHa U UHTEHCUBHO
usMespuaercs [29].

[TockonbKy rpaHy/IMpOBaHHe YMEHBIIAET Pa3BUTHE JKeyKa, BpeMs, 3aTpauynBae-
Moe Ha TIpoxXoKeHue kopMa B BepxHeM otzese XKKT, errie 6osibliie cOKpaijaeTcsi, Yto
MOYKeT BBICTYTIaTh OTPAaHUYUBAIOIINM (hakTopoM 3¢deKTUBHOCTH paboThI (hepMEHTOB
B IPaHY/IMPOBaHHbBIX parroHax. ITo ganHeiM M. A6zonnaxu ¢ coapropamu [30], yuu-
ThIBas MOBBILLIEHHOE TTOTPebIeHre KOpMa M YMeHbBIIIeHHBIM pa3Mep KelyaKa y MTHI,
KOPMSILLMXCSI TPaHy/1aMy, BpeMsl yiepyKaHus Ha eZIMHULYY KOpMa CTaHOBUTCA ellje Kopoue
M0 CPaBHEHMIO C MTULAMHU, COJIePKalliUMUCS Ha paLioHe B (hopMe Mrope.

B 1jesiom, oueBHHO, UTO HEJOCTAaTOYHOE pa3BUTHE KeJly/iKa y MTHL], IOy YaroLuX
rpaHy/IMPOBAHHOE MUTaHKe, 00yCI0B/IeHO I7IaBHBIM 006pPa30M OTCYTCTBHEM ero MeXaHH-
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YeCKOW CTUMYJISAL[UU KOpMOM. [ paHy/iMpoBaHiie yMeHbIlaeT oTpeGHOCTh B U3MesIbIe-
HUY, TaK UTO (DYHKLIUS JKelyJKa MOUTH CBOAUTCS K (PYHKL[MM TPaH3UTHOTO opraHa [7].

B nutepartype roka3aHo, uTo Ha rpo¢uib MukpobuoTsl JKKT 6GpoiinepoB oka3biBaeT
B/IMSIHYE He TOJIbKO pa3Mep 4acTHL] KOpMa, HO U ero ¢usudeckas ¢popma. HaiineHo, uto
MITUL[B], KOPMSILIFeCsl TPaHY/TMPOBAaHHBIM KOPMOM, XapaKTepH30Bauch Oojiee HU3KUM
konmmuectBoM Lactobacilli spp. v 6o5ee BICOKMM KOTMUECTBOM KHILIEUHBIX Ma0ueKk
Y JHTEPOKOKKOB B KHIIIEYHOM TPaKTe 10 CPaBHEHUIO C MTHUL[AMH, MTOTPeO/ISIOIMU
kKopMa B popme mrope [18].

K coxxanenuto, jaHHbIe 0 BAUSHUY (DOPMBI KOpPMa U BU/ia 3ePHOBBIX KY/bTYp Ha Ipo-
¢buib MUKPOOMOTHI KUIIIEYHHKA B JIUTEPaType BeCbMa CKYIHBI, ¥ B 3TOW 006/1acTH HeoO-
XOJMMBI [IOTIOJTHUTE/bHbIe ucciiejoBaHus [8].

OnTuMmunsaumsa YPOBHA KJieT4aTK B palMoHe nNTuy

BBeieHHBII 3ampeT Ha UCIO/b30BaHe aHTUOMOTHUKOB B KOpMaxX B KaueCTBe CTH-
MYJISTOPOB POCTa BO MHOTMX CTPaHaX MUpa MPUBe/ K YBeJUUEHHI0 YaCTOThI KUIIey-
HBIX 3a00/1eBaHU y JOMAaIlIHeH NTULIBI. 1151 CHY)KeHUS 4aCTOThI BOSHUKHOBEHHUS 3TOM
npo0/ieMbl B KaUueCTBe KOPMOBOM CTpaTeruy ObI/I0 U3yUeHO BK/IFOUEHUEe HaTypaslbHbIX
nI00aBOK, KOpMJIeHUe 1]e/IbHO3ePHOBLIMU 3/1aKaMU, UCTI0/Ib30BaHKe TPYObIX PALIMOHOB
B (hopMe TTrOpe U TIOBbIIIeHHe B KOPMaX YPOBHSI K/IeTYATKHU.

N3BecTHBI NosioKUTeIbHBIE 3((eKThl YMepeHHOT0 BK/IIOUEHUS B PallMOH K/eTuar-
KU, 3aK/IF0YaloIrecs B y/iydllleHnd QyHKLWU )Keay/Ka U 340poBbs NTUL]. [Toka3aHo,
YTO yBe/MUYeHUe CTPYKTYPHBIX KOMIIOHEHTOB B KOpMax IMyTeM BK/IFOUEHUS B palliOH
YyacTHI] rpyd0ro 3epHa U MaHUTTY/TMPOBAaHUSI COCTABOM ITHIIIEBBIX BOJIOKOH, Y/TyUIllaeT
3/10pOBbE KUIIIeUHHKA, TTOBBIIIaeT UCT0/Ib30BaHKe KopMa U 3¢ ()eKTHBHOCTh TTPOU3-
BojicTBa. [IpyMepoM 3TOTO SIB/ISIFOTCS TUILEeBble HEKpaxMa/ibHble HepacTBOPUMBIe
TOJTMCaXapU/Ibl, KOTOPBIE OKa3bIBAIOT 0/IarOTBOPHOE B/IMSHYE HA 3/J0POBbe KUIIEUHHKA
Y UCTIO/Tb30BaHKe MUTATe/bHBIX BEIeCTB, CTUMYJTHUPYS BbIPAOOTKY MUIIEBaPUTE/IEHBIX
(bepMeHTOB U ycuIMBast GakTeprabHYI0 epMeHTalHio B KuiieuHuke [31]. TTo MHeHHIO
I. Mareoca c ko/isteramu [32], BkitoueHue oT 2 10 3 % HepacTBOPUMOTO UCTOUHUKA
K/IeTYaTKU B OObIUHBIE PAL[MOHBI MOJIOABIX LIBITIIAT Ha OCHOBE BEICOKOOE/TKOBOM COeBOM
MYKHU U KYKYDPY3bl MOXKeT YAYULIWUTh Pa3BUTHeE TMUILleBaPUTEILHOTO TPAKTa U POCTO-
Bble moKa3zaTeu. CTPyKTypHble KOMITOHEHThI PalfMOHOB, TaKWe KaK HepacTBOpUMast
(bpakiLus TUIEeBbIX BOJOKOH, YIy4llaloT (DyHKLIMIO JKe/lyJiKa, UTO, B CBOIO OUYepe/ib,
TIOJIOKUTEJTLHO BMsieT Ha (DM3MOJIOTHIO KUIIIeUHWKA U MPOYKTUBHOCTh NTULIbL. He-
00X0/1MO€ KOJTMUeCTBO MUIIEBBIX BOJIOKOH 3aBUCHUT OT (PU3UKO-XUMHUUECKHX XapaK-
TEPUCTUK UCTOUHHKA BOJIOKHA, 0COOEHHO er0 paCTBOPUMOCTH, COJiepyKaHUsI TUTHUHA
Y pa3mepa 4acTull.

B cBs13u ¢ coobieHMsiMU 00 yITyUIIIeHUH [JOCTYITHOCTH ITUTATeTbHBIX BEI[eCTB IMPU
J00aB/IeHUH B PaLIMOH CTPYKTYPHBIX KOMIIOHEHTOB, CTUMY/TUPYHOLIMX Pa3BUTHE >KeTy/l-
Ka, MOXKeT ObITh PEKOMEH/JOBAaHO BK/TIFOUEHHE B paljuoH AoMariHed nTuibl 20...30 %
YaCTHL] 371aK0B pa3MepoM Oosee 1 MM WM BKJTFOUEHHe, TI0 MeHbIlei Mepe, 3 % rpy0Obix
BOJIOKOH, HaripuMmep, OBCSIHOM 1iesiyxu [6].
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3ak/itoyeHue

[To-BuarMOMY, ITHLIBEI 00/1a/1a10T CITIOCOOHOCTBIO PEryTMPOBATh Pa3BUTHE CBOETO
JKKT u nuteBapuTeibHbIX (PYHKIMA B COOTBETCTBUU CO CTPYKTYPOM KOPMOBOT'O paLiy-
oHa. B wactHocTH, pa3mep yacTui] ¥ gusnueckas (popMa KOpMa OKa3bIBalOT 0O/IbILIOe
B/IUSIHYE Ha pa3Mephl UX Kenyaka. KopmiieHre NTUL KPYTTHO M3Me/IBdeHHbIMU YaCTHULaMU
MOJKET UMETb NIPEUMYIECTBO, TaK KaK JaHHbIA TEXHOIOTMYEeCKUI TTPUeM CTUMY/IUPYET
(YHKIMM >Ke/TyZiKa, B T.U. CeKPeLMI0 COJITHOW KMC/IOThI, TIOBBIIIIAeT YHCIeHHOCTD T10-
JIe3HOM MUKPOQJIOPHI, yBeJTMUMBAET BPeMsl yZiepKaH!s KopMa B BepxHux oTenax KKT,
YTO CITIOCOOCTBYET Y/IyUIIIEHUIO TIPOLiecca yCBOeHUst KopMa. I1o-BuAMMOMY, UMeroIijee
MecTO 06/1arOTBOPHOE BJ/IMsSIHWE Ha MTUL] KPYITHBIX YaCTHL], HAXOASIIUXCS B COCTaBe
KOpMa, TakyKe MpeArnouTUTeTEHO 1 /1J1s1 TIOBBILLIEHUsI 9KOHOMUU 3Hepruud. HaiifeHo, uto
y NITULI, MTO/TyYaroIIKMX I'PaHy/IMPOBAHHbIM KOPM, OTMEUaeTCsl T/I0X0€e Pa3BUTHE JKey/IKa,
4yTO 00YC/IOB/IEHO, ITIABHBIM 00pa30M, OTCYTCTBHEM €r0 MeXaHHUeCKOW CTUMYJISLIUH.
B 3TOM 11aHe C Lie/ibIo yyulieHust yHKLWY >KeJTyIKa U 300POBbsI MITHL] 1ie/iecoobpa3Ho
BBECTH B UX PallMOH UCTOYHUK TUILEBBIX BOJIOKOH.
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