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dopmMupoBaHMe NPOAYKTUMBHOCTU KOJI0Ca APOBOM MLIEHULbl
B YC/IOBUSIX 3aCyLWIMBOro KiMmara
OpeHé6yprckoro MNpuypanbs

N.H. becanueB g, E.A. UBanoBa

depepanbHbIN HayUHBIH LIEHTP OMOIOrMUYeCKUX CUCTEM U arpoTexHosioruii Poccuiickoli akageMun
HayK, 2. OpeHbype, Pocculickas ®edepayus
> orniish_tzk@mail.ru

AHHOTanMA. AKTYaJIbHOCTb UCC/IeZl0BaHUs ONpe/ie/isieTCss He0OX0AUMOCTBI0 CBOEBPEMEHHOM OL|eHKH
COPTOB SIPOBO}A MIIEHHUIIBL, B T. Y. BHOBb CO3[laHHbIX, B 3aBUCHMOCTH OT MEHSIIOIMXCSI TIOTOHBIX (JaKTOPOB B 30HE
BO3/e/bIBaHusl. Llesb McciejoBaHUs COCTOsIA B aHa/IM3e TTOKasaresiel Kojioca COPTOB SIPOBOH MIIIeHUIIb] Kak
OCHOBHOT'0 3/1eMeHTa POAYKTUBHOCTHU MoceBa. Marepuasibl HCc/leJoBaHU — [JaHHbIe YPOXKaiHOCTH, MoKa3aTennn
CTPYKTYPBI YPOyKasi COPTOB SIPOBOM MSITKOM IIIIEHULIB], TI0/TyUeHHbIe B M0JIEBLIX OIbITAX, IPOBe/IeHHbIX B YCJIO-
Busix OpenOyprckoro Ipuypasbs B TeueHre 2019—2020 u 2022—2023 rr. MeTofb! UCC/IeJOBAHUI BKITFOUATN
TI0/IeBble OTIBITHI, CTPYKTYPHBIM aHa/lIN3 YUeTHOrO CHOTIOBOTO MaTepHrasia, PaHIOBYIO OLleHKY COPTOB I10 FofaM
OTBITOB U UX UTOTOBOE PAaH)KMPOBaHHe, KOPPeJSILIMOHHO-PerpeCCHOHHbIN aHa/Iu3 3aBUCHMOCTH YPOKaltHOCTH
COPTOB OT II0Ka3areJieil MPOAYKTUBHOCTH KOJIoCa. YC/IOBUS BereTalliK sIPOBOM IMIIIeHULIbI B TOZABI UCC/IeA0BaHNI
OT/IMYA/IMCh 3aCyIIIMBOCTBIO. PaHroBast OljeHKa COPTOB N0Ka3asia 3HauMTe/IbHYI0 3aBUCHMOCTb UX MPOJYKTHB-
HOCTH OT yCJIOBU# MOTOHBIX (HAaKTOPOB 1 UX 3KOJIOTMYECKYO TIPUCIIOCO0/IeHHOCTD. [1poBe/ieH KoppeIsLoHHO-
perpecCHOHHBIM aHa/IN3 CBSI3U YPOKalHOCTH SIPOBOH IIIIEHUIIBI C [T0Ka3aTe/sIMU MTPOJYKTUBHOCTH KOJIOCa.
IocTpoenHsle rpahMKH MOKA3bIBAIOT, UTO TEOPETHUeCKON ypoykalHOCTH B Tipefienax oT 14.911c 1 ra fo 19,1 1
¢ 1 ra cCoOTBeTCTBYIOT UMCJ/IO 3epeH B Kostoce 25,7 Wrt., macca 1000 3epen 35,8 I, uuc/io K0OJIOCKOB B Kostoce 13,6
IIT., Macca 3epHa ¢ kosoca 0,75 1. TIpuBefieHb! (pakTHUIeCKHe TI0Ka3aTe/ Iy 371eMeHTOB IPOAYKTUBHOCTH Kojloca
TI0 FO/laM OIIBITOB C aHA/IM30M UX COPTOBBIX Pa3/lNUUMii U B 3aBUCUMOCTH OT yC/I0BUM rofja. CenaH BBIBOZ, O TOM,
YTO roroziHble akTopb! 06yCIOBIUBAIOT PAa3/INUMsl B PEaKLMH COPTOB HA UX NU3MEHUYHUBOCTh, BHIPAXKAFOLYIOCS
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B YPOBHE UX YPO>)KalHOCTH B CXOAHBIX yC/I0BUsAX. COpTa, BbIBeJleHHbIE B D0jIee Mo3ziHee BpeMs, OT/IMYar0TCS

GoJIbLIIeli 9KOIOrMUeCKO MIaCTUYHOCTBIO C POCTOM YPOXKaHOCTH ¥ (YOPMUPOBaHKEM 3HaYMUTeIBHO Oostee

TIOTHOLIEHHOT0 KOJIoCa, 3T0 copTa YibsiHOBcKasi 105, Openbyprekas 30, TynaiikoBckast 3o/otucTast. K uncmy

HauMeHee TIPUCTIOCOO/IeHHBIX K CTpecc-(hakTopaM Morofjbl MOXKHO OTHECTH cOpTa YuuTesnb, CapaTtoBckas 42.
KiroueBble c10Ba: copTa MIIeHULbI, arpoLieH03, YPOXKaltHOCTh, KOppeJIsiLys

BKJIaI[ dBTOpPOB: becanueB N.H. — BB€Ji€HHe, aHa/IU3 TTO0JTYyUEHHBIX Pe3y/IbTaTOB, HallMCaHHWe PYKOITMCU CTAaTbU;
VBaHoBa E.A. — maTremMaTnueckas 06pa60TKa TOJTy4YeHHBIX JaHHBIX.

duHaHcupoBaHue. VccieoBaHus NpoBefieHbl B COOTBeTCTBUU € TuiaHoM HUP Ha 2021—2030 rr. ®I'BHY
«®DeiepasbHbIN HayyHbIH LJeHTP OMOIOrMUeCcKUX CUCTEM M arpoTexHosnorui Poccuiickoii akazieMun HayK»
o Teme I'oc3amanus FNWZ-2022-0014.

3asB/IeHHs 0 KOHQUIMKTe HHTepecoB. ABTOPHI 3asIB/ISAIOT 00 OTCYTCTBUM KOHGIMKTAa MHTEPECOB.
Hcropus crarbu: noctynuia 11 mrons 2024 r., npuHsTa K mybnvkauum 30 oksopst 2024 1.

Jnsa nuruposanus: becanues U.H., Heanosa E.A. ®opmuypoBaHye MPOAYKTHBHOCTH KOJIOCA SIPOBOY MIlle-
HMIBI B YCIOBUAX 3aCyLIMBOrO KiMMara OpeHbyprckoro ITpuypasnbs / BectHuk Poccuiickoro yHuBepcuTeTa
Ipy>k0b1 HapogoB. Cepusi: ArpOHOMUSI M )KUBOTHOBOZACTBO. 2024. T. 19. Ne 4. C. 547—565. doi: 10.22363/2312-
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Formation of productivity of spring wheat ear
in arid climate of Orenburg Urals

Ishen N. Besaliev 'g, Elena A.Ivanova

Federal Research Centre of Biological Systems and Agrotechnologies of the Russian Academy
of Sciences, Orenburg, Russian Federation
> orniish_tzk@mail.ru

Abstract. The relevance of the study is determined by the need for timely assessment of spring wheat
varieties, including newly created ones, depending on changing weather factors in the cultivation area. The
purpose of the study was to analyze the indicators of the ear of spring wheat varieties, which is the main element
of sowing productivity. The materials for the research were yield data, indicators of the yield structure of spring
soft wheat varieties obtained in field experiments conducted in the conditions of the Orenburg Urals during
2019—2020 and 2022—2023. The research methods included field experiments, structural analysis of accounting
sheaf material, ranking of varieties by years of experiments and their final ranking, correlation and regression
analysis of dependence of yield on ear productivity. The growing conditions of spring wheat in the years of
research were characterized by significant aridity. The grade assessment of the varieties showed a significant
dependence of their productivity on weather conditions and their ecological adaptation. The graphs showed that
the theoretical yield in the range from 14.9 c/ha to 19.1 c/ha corresponds to: 25.7 grains per ear, 35.8 g— weight
of 1000 grains, 13.6 spikelets per ear, 0.75 g— weight of grains per ear. The actual indicators of ear productivity
elements were given by years of experiments with an analysis of their varietal differences and depending on
the conditions of the year. We can conclude that weather factors cause differences in the response of varieties
to their variability, expressed in their yield level under similar conditions. Varieties created at a later time are
characterized by greater ecological plasticity with increasing yields and formation of a much more complete
ear. Such varieties include Ulyanovskaya 105, Orenburgskaya 30, Tulaykovskaya zolotistaya. The varieties least
adapted to the stress factors of the weather include Uchitel, Saratovskaya 42.
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BeepneHue

IMmenwutia (Triticum aestivum 1..) — OCHOBHasi KyJIbTypa, BO3/ie/biBaeMasi Kak
B Poccuy, Tak v 110 BceMy 3eMHOMY L1apy. IIporuo3upyertcs, uto K 2050 . HaceseHue
3emnu yBenuutcs 0 9,6 Miipz uesioBek [1], mosToMy 3a/jaun pocTa ypoyKalhHOCTU
BCEX I1PO/I0BO/IbCTBEHHBIX KY/IBTYP, B T.U. U MILIEHUIIb, CTAHOBATCS O0Jiee akTyanbHbI-
Mu. E>KerofiHbIN IPUPOCT yPOXKaHOCTH 3epHa Ha 2 % TMO3BOUT PELUTb TOTPeOHOCTh
B mieHute [2].

OCHOBHBIM ()aKTOPOM, B/IMSIFOLLMM Ha MPOAYKTUBHOCTb BO3/|€/IbIBAEMbIX CeTbCKO-
XO3SICTBEHHBIX KY/BTYP, SIBJISIeTCS] U3MeHeHHe K/IMMaTa, B 0COOeHHOCTH yBe/TMueHue
ero 3acyuummBocTtu. OpeHOyprckasi 06/1acTb OTHOCUTCSI K peTMOHaM HeyCTOWUYHBOTO
yBI&XHEHUs], I/ie KaK T0Ka3aHo B [3, 4], yacToTa BeceHHe-JIeTHHX 3acyX B Oosiee 3acyi-
JIMBBIE TIePUO/Ibl YBEeTMUIMIACh B 2,5 pasa Mo CPaBHEHUIO ¢ 6osiee B/IaKHBIMU IT€PUO/IaMU.
AHanu3 IMHaMUKY YPOXXKaWHOCTH SIPOBBIX 3€PHOBBIX B [JaHHOW 30He 3a JIUTe/IbHbIN
nepuoz (1883—2013 rr.) mo3Boswn [5] cienats BLIBOA O TOM, UTO OTK/IOHEHHSI YPOBHe
YPOX)KalHOCTH OOBSICHSIFOTCS TIOTOAHBIMU (haKTOpaMHU.

ITo oreHke [6] «HeraTUBHBIN pe3y/ibTaT I7100aIbHOTO NoTeruieHns1 B OpeHOyprKbe —
Jedurut atMmocdepHoi Biary, KOTOPbIA He MOXKeT OBbITh BOCTIO/THEH 3a CYeT CKYAHBIX
BOZHBIX PeCYpPCOB CTEMHOW TeppuTOpUmM». HauasibHble 3amachl IPOJyKTUBHOM B/a-
T'Y B TIOYBe 1[eHTPa/IbHOM 30HbI OpeHOyp>Kbst cHU3UIUCh oT 130...150 mm B 2008 .
70 80...100 MM K 2015—2021 rr. Ipu poCTe JHEBHOM TeMIlepaTypbl BO3yXa B UK0Jie
Jl0 9KCTpeMa/IbHbIX 3HaueHUH 11 pacteHuit (30 C° v BbIle) ¥ [I0Ka3aressiM TeMIepa-
TYPBI aBr'yCTa, MPUOIU3UBIINMCS K UIOTTbCKUM.

B ¢opmrpoBaHuy NpolyKTUBHOCTH 3€PHOBBIX KY/IBTYP OCHOBHYIO POJIb UIPaOT
TaK/e XapaKTepUCTUKH, KaK apXUTEKTypa ypoXKasl, HACTyTJIEHHE U PO OJDKUTETbHOCTD
(eHonornueckrx (a3 Beretaliy, MopQororuueckre XxapakKTepuCcTUKH Kojioca 1 3ep-
Ha [7, 8]. B uacTHOCTH, B [9] yCTaHOB/NEHO, UTO YPOXKaWHOCThH 3epHA SIPOBOM MILIEHULIbI
TeCHO CBs3aHa C MPOZ0/IKUTEBHOCTBIO BCero nepuoga sereranui (r = 0,98), a takxke
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B 3HAUYUTE/ILHOM Mepe C MPOJ0/DKUTETBbHOCTBIO IIePUO/0B BCxobl — KyieHHe (r = 0,90),
KyllleHre — BbIXo7 B TPYOKY (r = 0,51), BeIx0[ B TPyOKY — KostomieHue (r = 0,84).

Crpecc 0T 3aCyxu OKa3bIBaeT OTPULIATeIbHOE BIMSTHYE Ha K/TOUeBble XapaKTepPUCTUKU
1 YPOX)KaHOCTh 3€pHa MILIeHULIbI: Ha KOJIMUeCTBO 3epHa B kosioce Ha 38...50 %, maccy
1000 3epen Ha 16,4...19,0 %, BeicoTy pacTenuii Ha 14,7...34,4 % [10], T.e. cH>KaeT
KOJIMUeCTBO 3epeH B KOJI0Ce U MacCy 3epHa U, B KOHeUHOM UTOre, ypoxkaii 3epHa [11, 12].

B pa3nuyuHbIX MOEBbIX ONBITaX YCTAHOB/IEHBI J0CTOBEPHbIE KOPPEJISLIMOHHbIE
CBSI3U YPOXXalHOCTH C NIPOJYKTUBHOM KYCTUCTOCTBIO, YUMC/IOM 3epeH B K0JIoce, C MacCou
3epHa c Komoca, maccoi 1000 3epeH [13, 14]. Habmogaetcst coptoBas crieriudyka B CHU-
JKeHUM MPOJYKTUBHOCTH KOJI0CA: B YC/IOBUSAX 3aCyXU CHW)KEHUeE ero NpoAYyKTUBHOCTH
y paHHecnenbix copToB Boie (32,0...41,2 %), yem y cpeagHepaHHuX (22,9...42,9 %)
Y cpepHecrnensbix (27,9...30,6 %), v pa3Hbili ypOBEHb 3aBUCMMOCTH YPOXKallHOCTH COPTOB
pa3HbIX TPYII CIeJI0CTA OT CTPYKTYPHBIX 371eMeHTOB [15, 16].

st yenosuii Open6yprckoro [pesypasibsi B 6oiee paHHUX UCC/IeJOBaHUSX yCTa-
HOBJIEHO, YTO POCT YPO)KaHOCTU COPTOB SIPOBOM MILIEHULIbI ONIpeZesieTCsl POCTOM
JUTHBI KOJIOCA, AJTMHBI CTeO/Is U I/TMHBI BePXHET0 MeXKA0Y3/Hus [0 Orpese/ieHHOTO
YPOBHSI, [10C/Ie KOTOPOTO OTMEYaeTCsl Cra/, YPOBHS NMPOAYKTUBHOCTH [17]. T1o maHHBIM
aBTopOB [ 18], nMetoTcs copToBbIe 0COOeHHOCTH B (HOPMUPOBaHKH MopdoreHe3a U rpo-
JOYKTUBHOCTH 11o0era sipoBOM MILIEHULIBI: YKC/Ia KOJIOCKOB 1 3ePHOBOK B KOJIOCEe, MacChl
ceMsiH. DTO NOATBep K/AaeTCs JaHHBIMU IPYTUX MUCC/Ie[l0BaHUM, 10 KOTOPbIM yCTaHOB-
JIEHO, YTO peanu3alys aZaTUBHOIO MMOTEHIMala COPTa 3aBUCUT OT CTeTIeHU Pa3BUTHS
3a4aTOYHOIO0 KOJI0Ca MPY BIQKHOCTH yCTOMUYUBOIO 3aBsiZlaHUs paCTeHUM, OT KOTOPOK
3aBHUCUT BeJIMYMHA COPOCA KOMIOCKOB, I[IBETKOB U CHIDKEeHHE KU3HEeCTI0COOHOCTH KOHY-
ca HapactaHus [19]. ABropamu [20] Takke TTo/[uepKHUBaeTCs MPeUMYIeCTBO COPTOB
C TeHeTUYeCKUM mMatepuasniom Thinopyrum pontium /151 BbIBe[JeHHsI COPTOB SIPOBOM
TIIeHULbI C MeXaHU3MaMU aJlanTaljuy K 3acyxe.

Takum obpa3om, hopMupoOBaHHe MMPOAYKTUBHOCTU KOJIOCA U €T0 COCTAB/ISFOIINX
SIBJISIeTCS1 pe3y/IbTaTOM B3aUMOZeHCTBUSI MHOTHX (DaKTOPOB: OT MOT0HO-K/IMMaTHueCKUX
IO COPTOBBIX 0COOEHHOCTEH.

Ilenb uccieoBaHuA — aHaau3 (POPMUPOBAHKS MPOAYKTUBHOCTH KOJIOCA COPTOB
SIPOBOM MSITKOM MIIIeHULIbI, 00yC/IOB/IEHHBIX U3MEeHEeHHUSIMU TI0TOIHO-K/IMMaThue CKUX
(akTOpOB U MOsIBJIEHHEM HOBBIX COPTOB JJaHHOW Ky/bTYypPbI B 30He OpeHOyprckoro
ITpuypanes.

MaTepuanbl U MeToabl UcCnefoBaHuUM

Marepuasnom [ijisi aHa/vM3a NOCTYKU/IU IaHHbBIe 110 YPOXKalHOCTH U TI0Ka3aTesisiMm
CTPYKTYPHBIX 3/IEMEHTOB arpoljeH03a U K0J0ca COPTOB SIPOBOUM MSITKOM MILeHULIbI,
nosyueHHble B 2019—2020 u 2022—2023 rT. B MOMeBBIX OMNbITaX MO UX YKOJIOTU-
YeCKOMY U3yUeHHIO B YCIOBUSX IIeHTpaJbHOU 30HbI OpeHOyprckoro IIpuypasbs
Ha yepHO3eMe I0)KHOM. B ombiTe W3yyannuch pallOHMPOBaHHLIE U TIePCIIEKTUBHbIE
B OpeHOyprckoit 06/1acTy copTa IpOBOM MSITKOM MIleHUI[bI. [Ipe/iieCTBeHHUK — I1ap
yepHbIN. [IpeAroceBHYO MOATOTOBKY TIOYBHI TIPOBO/IM/IM B COOTBETCTBUHU C PEKOMEH-
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JalsiMU, IPUHATHIMY B 30He uccienoBanuid. [ToceB cesimkot CH-16 HopMoii BhiceBa
4,0 MJIH BCXOXXUX CeMsH Ha rektap. IToBTOpHOCTE onbiTa 3-KpartHas. [lnomjas gensH-
Ku 66 kB. M (40 M x 1,65 m). B omnbiTe n3yuanu paiionnpoBaHHble B OpeHOyprckoit
obmacTu copra sIpOBOM MATKOM MIIIeHUIbl: YuuTesib (KOHTPoJib), OpeHOyprckas 30,
Openbyprckasi 13, Openbyprckas 23 u OpeHOyprckas robusneiiHast (PegepanibHOe
roCyZapCTBEHHOE HayyHOe yupeXxJeHue OU0IOTUUeCKUX CUCTEM U arpOTeXHOJIOT UM
Poccuiickoii akaziemuu Hayk); CapaToBckasi 42 u CapaTtoBckas 70 (PenepanbHbIit
arpapHbIii HayuHbId 11eHTp FOro-BocToka); TynaiikoBCKast 30/10TUCTast U YIbsTHOBCKast
105 (Camapckuii @efiepa/ibHbIN UCCIeA0BaTeNbCKUM 11eHTP). CHOIIBI [/ aHa/In3a
CTPYKTYPBI ypOyKasi OTOMpPaUCh B IBYX ITOBTOPEHUSIX OIbITA B UEThIPEX MeCTaX
JleJITHOK KaXkzas Tiomjaznio 0,25 KB. M; cyMMapHasi TUIoIajib 1o oTbopy 00pasijoB
0 Ka)KZIOMy COPTY COCTaBsisijia 2 KB. M. [n1s1 onipefiesieHUsi MIPOAYKTUBHOCTH KOJl0Ca
C Ka)K/JIOTO TIOBTOPEeHMsT copTa oTOupasnu 1o 10 TMMMYHBIX pacTeHui; obIijee YnuC/Io
pacTeHui B aHanm3e cocTapsisiio 20 WTyK. M3Mepsiiu JyIMHy pacTeHus, JJIMHY KoJloca,
YMCJIO0 KOJIOCKOB, UKCJIO 3epeH B KOJIOCe, B3BeLIMBa/IM MacCy 3epHa C Kosioca. Maccy
1000 3epeH ompeesisiyid B CHOIIE /Il yueTa CTPYKTYPbI ypoykast mocie obmosiota
Ka)K/IOr0 CHOTIA B TOBTOPHOCTH. AHaJK3 MoKa3aresiell CTPYKTYPbl ypoXKasi, pacTeHui
1 K0JI0Ca TIPOBO/JJU/T B COOTBETCTBUU C MeTOAUKOM ['0CynapCTBeHHOTO COPTOMCTILITAHKS
CeMbCKOX03SMCTBeHHBIX Ky/IbTyp '. OOpaboTKy MaccuBa SKCIiepUMeHTaIbHbBIX JaHHBIX
TIPOBEJIM MeTOJ0M 0JHO(AaKTOPHOTO HEJIMHEMHOTO KOPPeJIsLIMOHHO-PerpeCcCUOHHOTO
aHanu3a [21] c ucnonb3oBanueM 6uboreku U3 34 anrebpanueckux GyHKIHA, B T.4.
TO/TMHOMHUAJIbHBIX U TIOKa3aTe/bHbIX (PYHKLMM. PerpeccoHHbIN aHaM3 BK/IOUYas
MeTO/] OTBICKaHHS [TapaMeTPOB PerpeCcCUOHHOW MO/Ie/TM U CTaTUCTHUeCKY0 00paboT-
KY JaHHbIX. OCHOBHBIM METO/IOM OThICKaHHUSI TTapaMeTpPOB perpeCcCUOHHON MoJenu
SIBJISIETCS MeTO/l HAMMeHbIIINX KBaZpaTtoB. CyTh 3TOT0 MeTo/a 3aK/IF0UaeTcsi B MUHU-
MU3aLMM CYMMbI KBaZIpaTOB OTK/IOHEHUN MeXAy Hali/leHHbIMU B OTbITe 3HAUeHUSIMU
rapaMeTPOB ONTUMU3AI[MU U MPe/[CKa3biBaeMbIMU JaHHOW MO/Ie/IbIO.

ITockonbKy BUJl MaTeMaThueCKo 3aBUCMMOCTH MeXK/ly TlapaMeTpaMU ONTUMHU-
3alluu 1 BapbUpyeMbIM (PaKTOpoM apriori (OT JIaTUHCKOTO «/[0 OMbITa») HeM3BECTeH,
TO B KaueCTBe perpeCcCUOHHON MO/Ie/IM UCT0/Ib30Bay TTOJTMHOMBI HEKOTOPOTO MopsiiKa:

Y=a +tax+ax’ +..ax5
rae k — Mopsiiok ToJIMHOMa.

Pe3ynbraTbl UCCcriefoBaHui U 06CyXaeHne

[TorogHbie GakTOPHI B [TEPUOJ, POCTA U Pa3BUTHS IPOBOM TILIEHUL[bI B TO/bI UCC/Ie-
JIOBaHW OT/TMYA/IMCh Pe3Koi 3aCyIIMBOCThIO, KOTOpas xapakTepHa B 2015—2021 rr.
st OpeHbyprckoro ITpuypasnbs. @opMUpoOBaHUE YPOXKAMHOCTH OCHOBHBIX CEJTbCKO-
XO3SIMCTBEHHBIX KY/IBTYP TTPOXOIUT NIPYU HapacTaHUM TeMITepaTyphl BO3/lyXa C Haua/ioM
BereTaluu Ha (hoHe HeOCTaTKa MPOJYKTUBHOM Bjiary. Takasi KapTHHa yC/IOBUi Bere-
Tal[uu OblyIa XapaKTepHa M B TO/IbI HAIITUX UCC/IeZI0BaHUH.

T MeToaviKa rocyAapCTBEHHOrO COPTOUCTIbITAHWSA CENMbCKOXO3ANCTBEHHbIX KyNbTyp. Bbinyck nepBbiit. O6LLas YacTb.
M., 2019. 329 c.
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[1pu oLleHKe epUOAOB BereTaljuu Mo ru/poTepMruyeckoMy KoagouieHTy [22]
rO/Ibl UCC/IeJOBAaHUM XapaKTepU30Ba/MCh Pe3KOU 3aCylITMBOCTBIO (Tabs. 1). Ocobo
3acynutuBeIMH ObUTH B 2019 1. Maid, B 2020 1. — Bech Tiepuoj Beretaryu, B 2022 r. —
WIOHB, a B 2023 1. — Maii — utoHb. B 2023 1. B Mae BbInasna 4-MecsiyHasi HOpMa 0CaJjKOB,
HO pe3Koe TIOBBIIIeHNe TeEMITepaTyphl BO3lyXa B MIOHE — HI0JIe He TI03BOJIAJIO peau-
30BaTh MaKCUMaJIbHYO TTPOAYKTUBHOCTD.

Tabvya 1
MppoTtepmuyeckuii KoadduumeHT 3a mait — utonb B 2019—2023 rr.
MmapoTepMmuyeckuin KoappuumeHT, ea.
Mecsubl
2019 2020 2022 2023
3a man — utonb 0,61 0,38 1,10 0,54
B ToM uucne 3a: mai 0,18 0,60 3,35 0,27
UIOHb 0,50 0,34 0,30 0,55
nonb 1,36 0,28 0,59 0,76
HeTouHmK: BbiNoNHeHO VI.H. Becanuesbim, E.A. VIiBaHOBOW.
Table 1
Hydrothermal coefficient for May — July in 2019—2023
Hydrothermal coefficient
Months
2019 2020 2022 2023
May — July 0.61 0.38 1.10 0.54
Including: May 0.18 0.60 3.35 0.27
June 0.50 0.34 0.30 0.55
July 1.36 0.28 0.59 0.76

Source: created by |.N. Besaliev, E.A. Ivanova.

B C/10)KMBILIXCS YC/TOBUSIX TTPOXOXKIEHUsI BereTaly ¥ ()OpMUPOBaHUsI TIPOJYKTHB-
HOCTH KO0JIOCA MbI COWIN HY>KHBIM MIPOBECTH OL[€HKY €€ COCTaBJISIOLINX.

YpoXXaliHOCTE COPTOB B OIBbITE B CpefiHeM 3a 4 rofa coctaBuia 13,4 11 ¢ 1 ra ¢ mak-
CHMaJIbHbIM 3HaueHueM 17,4 11 ¢ 1 ra B 2022 1. 1 MudrManbHbiM — 10,1 11c 1 raB 2019
(Tabsn. 2). Bonee ypoykaiiHBIM Kak B CPeIHEM 3a 4 rojia, TaK U 10 KaXKA0MY oAy OT[e/TbHO
OKazasicsi copT YabsiHOBCcKas 105. [IBa copra— Yuurtenb 1 CapatoBckas 42 — nokaszaau
HU3KYIO CPeIHIOI YPOXKaitHOCTb 3a 4 rofia (cootBetcTBeHHO 9,3 11 11,0 1 ¢ 1 ra) ¥ B TeueHUe
BCex JieT onbiToB. OcTabHbIe copTa chopMHUpOoBay ypoxkaiiHoCTk oT 12,9 1o 14,6 i1 c 1ra.

IIpoBefieHa olieHKa 5K0/I0TMYeCKOH MJIaCTUYHOCTH COPTOB T10 KaXKAOMY Ty TI0 Me-
topy I'psi3HOBa [23] ¢ pamKUpOBaHWEM TOKa3aTesiel 3a Tofpbl OrbITOB (Tabs. 3).

Hawnbotee miacTUUHBIM OKa3ajicsi COPT Y/bsiHOBCKas 105, 1Ba MoC/ieyIOMIMX MecTa
B paHTe 3aHs/M copTa TynaikoBckas 3o0motuctas u CaparoBckasi 70, a HauMeHbITIast
MJIACTUYHOCTh — y COPTOB YuuTenb, OpeHOyprckas 13 u CapaToBckasi 42. Takum
o6pa3om, copTa sipOBOM TIIeHUL[bI B TO/BI X U3yUeHUs] OT/IMUaINCh 3HAUUTeTbHBIMU
OTKJIOHEHUSIMU B YPOXKaWHOCTU U [IeMOHCTPHUPOBA/IN Pa3HYH 3KOJIOTUUECKYHO Tijia-
CTAYHOCTb.
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Tabnmya 2
Ypor)KallHOCTb COPTOB IPOBOWN MSAIFKOW MLIEHULbI
B OpeH6yprckom Mpuypanbe B 2019—2023 rr.
YpoxkaiHocTb, ¢ 1 ra
HanmeHoBaHue copTa
2019 2020 2022 2023 CpepHss
1. Yuutenb — KOHTpOsb 8,4 9,2 10,7 8,9 9,3
2. YnbaHoBckasa 105 14,3 16,8 26,2 17,0 18,6
3. CapaTtoBckas 42 7,8 12,9 12,3 10,8 11,0
4. CapatoBckas 70 10,9 15,6 171 11,9 13,9
5. OpeHb6yprckas 13 8,7 11,8 18,8 11,4 12,7
6. OpeHbyprckas 30 9,5 14,7 17,8 13,1 13,8
7. OpeHbyprckas 23 10,5 13,4 18,5 12,7 13,8
8. TynaiikoBckas 3onoTucTas 1,4 15,0 18,5 13,6 14,6
9. OpeH6yprckas obunenHas 9,8 12,3 16,3 13,3 12,9
CpepHss 10,1 13,5 174 12,5 13,4
HCP,, 1,95 1,96 2,13 0,86
VicToyHuk: BbinonHeHo W.H. Becanuesbim, E.A. iBaHOBOM.
Table 2

Yield of spring soft wheat varieties in the Orenburg Urals in 2019—2023

Yield, centners per ha

Variety
2019 2020 2022 2023 Average
1. Uchitel (control) 8.4 9.2 10.7 8.9 9.3
2. Ulyanovskaya 105 14.3 16.8 26.2 17.0 18.6
3. Saratovskaya 42 7.8 12.9 12.3 10.8 11.0
4. Saratovskaya 70 10.9 15.6 171 11.9 13.9
5. Orenburgskaya 13 8.7 11.8 18.8 11.4 12.7
6. Orenburgskaya 30 9.5 14.7 17.8 13.1 13.8
7. Orenburgskaya 23 10.5 134 18.5 12.7 13.8
8. Tulaykovskaya zolotistaya 11.4 15.0 18.5 13.6 14.6
9. Orenburgskaya yubileynaya 9.8 12.3 16.3 13.3 12.9
Average 10.1 13.5 17.4 12.5 13.4
LSD,, 1.95 1.96 2.13 0.86
Source: created by |.N. Besaliev, E.A. Ivanova.
Tabnmya 3

PesynbTaThbl pacyeTa paHroB cOpToB Mo ypoXanHoctu B 2019—2023 rr.
M UX TOroBas oLeHKa

Panr
HaumeHoBaHue copTa 2019 2020 2022 2023 CyMmMa paHros MecTo
1. Yuutenb — KOHTPOsb 8 9 8 9 34 9
2. YnbaHoBckasa 105 1 1 1 1 4 1
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OKoHYaHwe Tabr. 3

Panr
HaumeHoBaHue copTa 2019 2020 2022 2023 CyMMa paHros MecTo
3. CapaTtoBckas 42 9 6 7 8 30 8
4. Capatosckas 70 3 2 5 6 16 3
5. OpeHbyprckas 13 7 8 2 7 24 7
6. OpeHbyprckas 30 6 4 4 4 18 5
7. OpeHbyprckas 23 4 5 3 5 17 4
8. TynaiikoBcKasi 3o510TUCTas 2 3 3 2 10 2
9. OpeHbyprckas obuneiHas 5 7 6 3 21 6
VicToyHuk: BbinonHeHo W.H. Becanvesbim, E.A. ViBaHOBOW.
Table 3

The results of calculating the grades of varieties by yield in 2019—2023
and their final assessment

Grade
Variety Sum of grades | Place
2019 2020 2022 2023
1. Uchitel (control) 8 9 8 9 34 9
2. Ulyanovskaya 105 1 1 1 1 4 1
3. Saratovskaya 42 9 6 7 8 30 8
4. Saratovskaya 70 3 2 5 6 16 3
5. Orenburgskaya 13 7 8 2 7 24 7
6. Orenburgskaya 30 6 4 4 4 18 5
7. Orenburgskaya 23 4 5 3 5 17 4
8. Tulaykovskaya zolotistaya 2 3 3 2 10 2
9. Orenburgskaya yubileynaya 5 7 6 3 21 6

Source: created by I.N. Besaliev, E.A. Ivanova.

Pe3ynbraThl KOPpeLMOHHO-PerpeCCMOHHOTO aHaMM3a yKa3aau (Tabm. 4) Ha Haiuure
JIOCTOBEPHBIX CBsA3el ypOXKaHOCTH SIPOBOM MSTKOM IMILIEHULIbI ¥ YMCJIa IPOAYKTHUBHBIX
cTebneli Ha eIMHULIE TUTOM[AZIH, a Takke Macchl 1000 3epeH, urcia KOJIOCKOB B KOJIOCE,
YMCJIa 3epeH B KOJIOCe ¥ MacChl 3epHa C KoJ10ca.

[TonyueHHble IpU 3TOM IpaMKKU CBSI3U pacCMaTpUBAaeMbIX 3aBUCUMOCTEM Mo-
Kaszaju, 4YTO TeoOpeTU4YeCKOU ypoKalHOCTHU B Tipefienax oT 14,9 no 19,1 uc 1 ra
COOTBeTCTBYIOT ITOKa3aTe/u NPOAYKTUBHOCTH K0JI0CA M0 YMCJIY 3epeH B KO0Ce
25,7 wt., Mmacce 1000 epen 35,8 1, unc/1y KOJIOCKOB B Kosoce 13,6 wT., Macce 3epHa
c konoca 0,75 r. Ilo mokasarento AJMHBI KOJIOCA Pe3y/bTaTbl MaTeMaThue CKUX CBs3ei
OKa3a/uCh HeJJ0CTOBEPHBIMU.

Ypo)KaliHOCTh MOCEeBa, KaK U3BECTHO, CK/Ia/bIBAeTCs U3 MPOAYKTUBHOCTH OT/Ae/Ib-
HBIX KOJIOChEB, UTO, B CBOIO OU€pe/ib, MOXKET OIpeZeNaThCs OroJHbIMU (paKTOpamMu
Y COPTOBBIMU 0COOEHHOCTSIMH.
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Tabnmua 4

3aBMCUMOCTb YPOXXalNHOCTU APOBOM MAMKOW MNLLUEHULbl OT NoKasaTenen

NPOAYKTUBHOCTHU KOJi0OCa

F
KoppenupyeMbie BENNYMHBI Mapametp Benmun v, % n
(MtG) ' y" ¢akT. | Teop.
8,40-25,70*
Yucno 3epeH B KosloCe, UHAEKC X,, 1790+35 29,29 - - -
1,03-1,73
YpoxaiHocTb 3epHa y,, T ¢ 1ra, 1,34+0,19 24,01 0,505 3,27 1,76
Y, =22,565—1,287x + 4,188—0,2x% T ¢ 1 ra, ana 74,51 % cny4yaes
5,60 — 8,20
[nuHa konoca x,, cm 6,80 £0,67 9,91 - - -
1,01-1,65
YpoxaitHocTb y,, TC 1 ra 1,33+0,16 12,26 0,501 1,26 1,46
y,=—49,643 + 17,987x,—1,271x,2, T ¢ 1 ra, He yaoBneTBOpsET
9,00 -13,60
Hucno KoJslIoCKOB B KOJIOCE X,, LT. 11,10 1,17 10,6 - - -
1,00-2,24
YpoxaiHocTb y,, Tc1ra 1,35+0,23 17,1 0,678 374 | 1,76
¥, =63,714—10,360x, + 0,620x,% T ¢ 1 ra, Ansa 65,60 % cny4yaes
0,27 -0,75
Macca sepHa c 1 konoca x,, 1 0,50+0,11 21,01 - - -
0,94 -1,67
YpoxaiHocTb y,, Tc1ra 1,33+0,17 12,60 0,602 4,52 1,46
¥,=17,752—2,125x,, T ¢ 1 ra, ana 76,29 % cny4yaes
24,49 - 35,83
Macca 1000 3epeH x,, T 29,90 + 2,96 9,89 - - -
1,04 -1,87
YpoxaitHocTb y,, TCc 1 ra 1,34+0,23 17,50 0,841 3,23 1,76
¥, = 53,883—3,327x, + 6,533—0,2x .2 T ¢ 1 ra, ana 70,80 % cny4yaes
[pumeydarme. * B yucnutene ykadaHbl MUHUMalbHbIE U MakCUMarbHble NOKasaTen NpuaHaka.
VcToyHumk: BbinonHeHo W.H. Becannesbim, E.A. IBaHOBOM.
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Table 4
Dependence of spring soft wheat yield on ear productivity indicators
F
- Indicator parameter
Correlated indicators v, %
(M2G) T act. | theor.
8.40 - 25.70%
Number of grains per ear, x, index 17.90+3.5 29.29 - - -
1.03-1.73
Grain yield y., tons per ha 1.34+0.19 24.01 0.505 3.27 1.76

y, = 22.565 — 1.287x + 4.188 — 0.2x? t per 1 ha, for 74.51% of cases

5.60 — 8.20
Ear length x,, cm 6.80+0.67 9.91 - - -
1.01-1.65
Productivity y,, tons per 1 ha 1.33+0.16 12.26 0.501 1.26 | 1.46

y,=—49.643 + 17.987x,— 1.271x,2, t per 1 ha, does not satisfy

9.00 - 13.60
Number of spikelets per ear x, 11.10+1.17 10.6 - - -
1.00-2.24
Productivity y,, tons per ha 1.35+0.23 17.1 0.678 374 | 1.76

¥, = 63.714 — 10.360x, + 0.620x,2 t per 1 ha, for 65.60% of cases

0.27-0.75

Grain weight per ear, g (x,) 0.50%0.11 21.01 - - -
0.94-1.67

Productivity y,, tons per ha 1.33+0.17 12.60 0.602 4.52 1.46

y, =17.752 — 2.125/x,, t per ha, for 76.29% of cases

24.49 - 35.83
Weight of 1000 grains x,, g 20.90+2.96 9.89 - - -
1.04-1.87
Productivity y,, tons per ha 1.34+0.23 17.50 0.841 3.23 1.76

y, = 53.883 — 3.327x, + 6.533 — 0.2x,2, t per 1 ha, for 70.80% of cases

Source: created by I.N. Besaliey, E.A. Ivanova.

B Hammx vcciegoBaHMAX JJIMHA KOJI0CA M3MEeHs/1ach 0 rojlaM OITBITOB OT 6,2
o 7,5 cM ¥ pa3HWIachk mo coptam oT 6,4 1o 7,1 cM, HO 3TU 3HaUeHUs OKa3aauch
MaJioCyIlle CTBeHHBIMHU [IJIsl OTIpe/ie/IeHUs pa3TMuMil B TPOJYKTHBHOCTH arpoljeHo3a
(Tabm. 5).
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Tabnmya 5
[nvHa konoca copToB APOBOW MArKOW niieHuubl B 2019—2023 rr.
HasBaHue copTa Aka konoca, oM
2019 2020 2022 2023 CpepHss

1. Yuutenb — KOHTpOsb 6,9 8,2 6,2 6,7 7,0

2. YnbaHoBckasa 105 73 79 72 58 71

3. CapaTtoBckas 42 5,6 71 6,7 6,0 6,4

4. CapartoBckas 70 6,0 7.1 7.4 57 6,6

5. OpeHbyprckas 13 6,5 8,1 7,0 6,5 7,0

6. OpeHbyprckas 30 7,2 71 6,5 5,8 6,7

7. OpeHbyprckas 23 6,9 7,6 6,8 6,3 6,9

8. TynaikoBckas 3onoTucTas 6,5 7,0 6,1 58 6,4

9. OpeH6yprckas obuneiiHas 7,0 74 7,2 7,0 6,8
CpepHss 6,7 7,5 6,8 6,2 6,8
VeToyHmk: BbinonHeHo V.H. BecanuesbiMm, E.A. MiBaHOBOW.

Table 5
Ear length of spring soft wheat varieties in 2019—2023
Variety Ear length, cm
2019 2020 2022 2023 Average

1. Uchitel (control) 6.9 8.2 6.2 6.7 7.0

2. Ulyanovskaya 105 7.3 7.9 7.2 5.8 71

3. Saratovskaya 42 5.6 71 6.7 6.0 6.4

4. Saratovskaya 70 6.0 7.1 7.4 57 6.6

5. Orenburgskaya 13 6.5 8.1 7.0 6.5 7.0

6. Orenburgskaya 30 7.2 7.1 6.5 5.8 6.7

7. Orenburgskaya 23 6.9 7.6 6.8 6.3 6.9

8. Tulaykovskaya zolotistaya 6.5 7.0 6.1 5.8 6.4

9. Orenburgskaya yubileynaya 7.0 7.4 7.2 7.0 6.8
Average 6.7 7.5 6.8 6.2 6.8

Source: created by |.N. Besaliev, E.A. Ivanova.

Uucio KOJIOCKOB B KOJIOCe OTpejiesisieTCst 6/1aronpusTHOCTBIO YCIOBUM roja
Kak B Mepuo/, BereTaTUBHOTO Pa3BUTHUs pPacTeHUM, KOTJa 3aK/aaJbIBatOTCS MeTa-
Mephbl KOJIOCKOBBIX OyTOPKOB, TaK U B TeHepaTUBHBIN Mepuo/], Koraa hopMUpyeTcs
X OKOHYATe/IbHOe KOJIMueCcTBO. B Hammx ucciaefoBanusx (Tabs. 6) yucio Koso-
CKOB B KOjioCce uMeJio cyiecTBeHHYO (r = 0,678) CBsi3b C ypo’kaeM U U3MEeHS/I0Ch
ot 13,6 wr. y copra YnbsHoBckas 105 B 2019 r. 1o 9,2 mt. y copra CapaToBckas
42 B 2023 r.; UTO B 3HAUMTE/IbHOM CTeTIeHH 00yC/IOB/IMBAJIOCH CyIT|e CTBEHHOM 3a-
CYLLJTUBOCTBIO Masi M Ha/I0)KeHWeM OTpHLiaTe/IbHbIX (haKTOPOB I'MpOTepMUUEeCKOTO
pe’KrmMa Moc/IeAyIUX MeCsLeB.
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Tabnua 6
Yuncno KonockoB B KONloce COPTOB IPOBOI MArKOM nweHuubl B 2019—2023 rr.
Yucno KONOCKOB B KoJloCe, LUT.
HaseaHue copTa
2019 2020 2022 2023 CpepHee
1. Yuntenb — KOHTPOJb 11,5 11,8 10,4 9,8 10,9
2. YnbaiHoBcKasa 105 13,0 12,9 13,6 99 12,4
3. CapaTtoBckas 42 9,6 11,1 14 9,2 10,3
4. CapatoBckas 70 10,5 11,4 12,0 94 10,8
5. OpeHbyprckas 13 10,7 12,3 10,5 9,0 10,6
6. OpeHbyprckas 30 11,5 11,3 11,2 9,6 10,9
7. OpeHbyprckas 23 12,1 11,8 10,8 94 11,0
8. TynaiikoBckas 3oi10TUCTas 12,5 11,5 10,9 9,3 11,1
9. OpeHbyprckas buneiHas 11,8 12,0 11,6 10,7 11,5
CpefiHee 11,5 11,9 11,4 9,6 11,1

VcToyHumk: BbINONHeHO W.H. Becannesbim, E.A. IBaHOBOW.

Table 6
Number of spikelets per ear of spring soft wheat varieties in 2019—2023
Number of spikelets per ear
Variety
2019 2020 2022 2023 Average
1. Uchitel (control) 11.5 11.8 10.4 9.8 10.9
2. Ulyanovskaya 105 13.0 12.9 13.6 9.9 12.4
3. Saratovskaya 42 9.6 11.1 11.4 9.2 10.3
4. Saratovskaya 70 10.5 11.4 12.0 9.4 10.8
5. Orenburgskaya 13 10.7 12.3 10.5 9.0 10.6
6. Orenburgskaya 30 11.5 11.3 11.2 9.6 10.9
7. Orenburgskaya 23 12.1 11.8 10.8 9.4 11.0
8. Tulaykovskaya zolotistaya 12.5 11.5 10.9 9.3 11.1
9. Orenburgskaya yubileynaya 11.8 12.0 11.6 10.7 11.5
Average 11.5 11.9 11.4 9.6 11.1

Source: created by I.N. Besaliev, E.A. Ivanova.

Yucsio 3epeH B Kojloce — HanboJsiee BaXkKHasi COCTAB/ISAOLask MPOAYKTUBHOCTH
MOCeBOB. B cyMMe ¢ KOM4eCTBOM KOJIOCKOB OHa OTpefiesisieT OKOHYaTeIbHYI0 TPO-
JIYKTHBHOCTBH ToceBa. B rogsl ¢ 3acynuimBocTbio Mast (2019 u 2023) ¢ I'TK 0,18 ex.
u 0,27 ez. COOTBETCTBEHHO JAHHBIN MMOKa3aTe/b Pe3K0 CHI)KAJICs, 0COOeHHO y copTa
Yuurens (Tabsn. 7). IIpu pocTe ruporepMuueckoro ko3 duijieHTa 0 3HaueHU
0,60 en v BBIIIe YKC/IO 3€pEH B KOIOCE 3HAUUTE/BHO BO3pacTano. B uncio copToB
C HaubOJBLIUM YKCJIOM 3€PeH B Koioce BoliK YiibssHOBCKast 105, CapaTtoBckast 70,
Openbyprckas 23. [Togap/istoiiee MpeMMYyIIeCTBO 10 03ePHEHHOCTH KOJIOCa y COpTa
YnbsinoBckasi 105, aBa copta (Openbyprckasi 23 u CaparoBckast 70) He3HAUMTETBHO
yCTynuiu emy. [laHHBINM MoKa3aTe/ib Cyll{eCTBEHHO BO3PaCcTaeT B OZbl C OTHOCUTETbHO
BbICOKMMU 3HaueHUssMU ['TK B mae — 2020 u 2023 rr. Ha poHe yCUIeHUs 3aCyIliv-
BOCTH B MOCJIeLYIOL[EM.
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Tabnuya 7

Yucno 3epeH B Kosloce COPTOB APOBOM MAMKoOM niieHuubl B 2019—2023 rr.

HasBaHue copTa

Yucno 3epeH B Konoce, LWIT.

2019 2020 2022 2023 CpepaHee
1. Yuutenb — KOHTpOsb 8,4 16,1 16,2 14,5 13,8
2. YnbaiHoBcKasa 105 18,7 25,7 22,0 19,3 21,4
3. CapaTtoBckas 42 14,2 17,0 18,0 14,3 15,9
4. CapartoBckas 70 21,0 23,0 171 14,7 19,0
5. OpeHbyprckas 13 18,0 20,2 18,0 17,0 18,3
6. OpeHbyprckas 30 12,0 20,5 20,0 15,8 17,1
7. OpeHbyprckas 23 19,3 18,1 22,0 19,0 19,6
8. TynaiikoBcKas 30/10TUCTas 13,0 23,0 21,0 15,8 18,2
9. OpeHbyprckas obuneiHas 20,0 18,8 19,5 14,9 18,3
CpepgHee 16,1 20,3 19,3 16,1 18,0
McToyruk: BbinonHeHo W.H. becanuesbim, E.A. ViBaHOBOW.
Table 7

Number of grains per ear of spring soft wheat varieties in 2019—2023

Number of grains per ear

Variety
2019 2020 2022 2023 Average
1. Uchitel (control) 8.4 16.1 16.2 14.5 13.8
2. Ulyanovskaya 105 18.7 25.7 22.0 19.3 21.4
3. Saratovskaya 42 14.2 17.0 18.0 14.3 15.9
4. Saratovskaya 70 21.0 23.0 17.1 14.7 19.0
5. Orenburgskaya 13 18.0 20.2 18.0 17.0 18.3
6. Orenburgskaya 30 12.0 20.5 20.0 15.8 171
7. Orenburgskaya 23 19.3 18.1 22,0 19.0 19.6
8. Tulaykovskaya zolotistaya 13.0 23.0 21.0 15.8 18.2
9. Orenburg yubileynaya 20.0 18.8 19.5 14.9 18.3
Average 16.1 20.3 19.3 16.1 18.0

Source: created by I.N. Besaliev, E.A. Ivanova.

Macca 3epHa € Kosoca COMpsbKeHa C YAC/IOM 3epeH B KOJIOCe Y ONpefensieTcs Kak
TMOTOAHBIMU (haKTOpaMH, TaK ¥ COPTOBBIMU 0COOEHHOCTAMU. Pa3nuuus B JaHHOM TI0Ka3a-
TeJle MeXXy OTHOCUTeIbHO OarorpustHbiMU (2020 1 2022 rT.) 1 60/1ee 3aCyIUTUBBIMU
(2019 u 2023) rogamu coctaBuau 21,7...32,6 % (Tabn. 8). Harbosee MaCCUBHbIN KOJIOC
chopmupoBanu copta YabsiHoBckas 105, CaparoBckast 70, OpeHbyprckast 23.
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Tabnmua 8
Macca 3epHa ¢ 1 Kosloca cOpTOB APOBOM MArKOM nNiieHuLbl B 2029—2023 rr.
Hassanwe copra Macca 3epHa c 1 konoca, r
2019 2020 2022 2023 CpepHss
1. Yunutenb — KOHTPOJb 0,27 0,42 0,44 0,33 0,37
2. YnbsiHoBcKas 105 0,63 0,67 0,66 0,52 0,62
3. CapaTtoBckas 42 0,38 0,47 0,49 0,38 0,43
4. CapatoBckas 70 0,49 0,75 0,51 0,40 0,54
5. OpeHbyprckas 13 0,52 0,57 0,52 0,42 0,49
6. OpeHbyprckas 30 0,43 0,62 0,57 0,50 0,53
7. OpeHbyprckas 23 0,54 0,53 0,66 0,46 0,55
8. TynaiikoBcKasi 30/10TUCTas 0,41 0,62 0,60 0,39 0,51
9. OpeH6yprckas obunenHas 0,44 0,51 0,56 0,46 0,49
CpepHsis 0,46 0,57 0,56 0,43 0,50

VcToyHumk: BbinonHeHo W.H. becannesbim, E.A. IBaHOBOW.

Table 8
Grain weight per 1 ear of spring soft wheat varieties in 2019—2023
Variety Grain weight per ear, g
2019 2020 2022 2023 Average
1. Uchitel (control) 0.27 0.42 0.44 0.33 0.37
2. Ulyanovskaya 105 0.63 0.67 0.66 0.52 0.62
3. Saratovskaya 42 0.38 0.47 0.49 0.38 0.43
4. Saratovskaya 70 0.49 0.75 0.51 0.40 0.54
5. Orenburgskaya 13 0.52 0.57 0.52 0.42 0.49
6. Orenburgskaya 30 0.43 0.62 0.57 0.50 0.53
7. Orenburgskaya 23 0.54 0.53 0.66 0.46 0.55
8. Tulaykovskaya zolotistaya 0.41 0.62 0.60 0.39 0.51
9. Orenburg yubileynaya 0.44 0.51 0.56 0.46 0.49
Average 0.46 0.57 0.56 0.43 0.50

Source: created by I.N. Besaliev, E.A. Ivanova.

Macca 1000 3epeH — OAHO U3 OCHOBHBIX C/laraeMbIX YPO’KalHOCTH, XapakKTe-
PU3YIOIIUX YPOBEHb arPOTeXHUKH, COPTOBbIe 0C0OeHHOCTH. Pa3muuus mo JaHHOMY
TokKa3zaTesit0 MeXXay rogamu onbiToB coctaBuiu ot 0,03 mo 0,14 r (0,07...32,6 %),
a Mexxay coptamu goxoauau ao 0,25 r (67,6 %) (tabs. 9). Pe3kast 3aCylIJIMBOCTD
ntonig B 2020 . ¢ I'TK 0,28 en. cyljecTBeHHO CHU3W/IA HallOJIHEHUE 3epHa, B UTOTe
Mmacca 1000 3epeH Obls1a B cpejHeM caMOit HU3KOM 110 omnbITy (0,27 T), XOTs OT/e/b-
HbIe COPTa U B 3TUX yC10BUsxX chopmupoBanu maccy 1000 3epen 6osiee uem 30,0 r:
Openbyprckas 30, CapatoBckasi 70, Openbyprckasi 23 u OpeHOyprckasi ro0uneiHasl.
B TOXe BpeMsi IPU OTHOCUTEBHO O/1aronpUsTHBIX YCI0BUAX 2022 T. U cpefHen
Macce 1000 3epen 32,36 r copra CapaTtoBckas 42 1 Yunutens uMenu maccy 1000 3e-
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pen 27,38...28,10 1, uTO CBU/eTE/NbCTBYeT 00 UX HEYCTOMUUBOCTH K 3aCyIIIMBO-
ctu. Cnepyet BbifieuTh Tpu copta: OpeHOyprckas 30, OpeHOyprckas rooueliHas
u OpeHOyprckast 23 — ¢ BBICOKOW abCO/IFOTHOM Maccoi 3epHa.

Tabnmya 9

Macca 1000 3epeH copTOB ApOBOIM MArKou niieHuubl B 2019—2023 rr.

HasBaHue copTa

Macca 1000 3epeH, r

2019 2020 2022 2023 CpepHsis
1. Yuntenb — KOHTpOsb 27,12 28,01 27,38 29,31 27,96
2. YnbaHoBcKasa 105 30,09 28,09 33,69 27,36 29,81
3. CapaTtoBckas 42 27,41 28,81 28,10 30,07 28,60
4. CapatoBckas 70 29,96 30,30 33,46 26,94 30,17
5. OpeHb6yprckas 13 29,24 30,34 31,57 28,16 29,83
6. OpeHbyprckas 30 32,23 31,51 35,83 31,46 32,76
7. OpeHbyprckas 23 30,12 28,03 35,02 32,44 31,40
8. TynaiikoBckas 3onoTucTas 24,49 27,78 31,54 24,49 27,08
9. OpeH6yprckas obunenHas 25,13 31,40 34,68 30,74 30,49
CpepHss 29,12 25,99 32,36 29,00 29,12
VeTo4Hmk: BbinonHeHo W.H. Becanvesbim, E.A. ViBaHOBOW.
Table 9
Weight of 1000 grains of spring soft wheat varieties in 2019—2023
Weight of 1000 grains, g
Variety
2019 2020 2022 2023 Average
1. Uchitel (control) 2712 28.01 27.38 29.31 27.96
2. Ulyanovskaya 105 30.09 28.09 33.69 27.36 29.81
3. Saratovskaya 42 27.41 28.81 28.10 30.07 28.60
4. Saratovskaya 70 29.96 30.30 33.46 26.94 30.17
5. Orenburgskaya 13 29.24 30.34 31.57 28.16 29.83
6. Orenburgskaya 30 32.23 31.51 35.83 31.46 32.76
7. Orenburgskaya 23 30.12 28.03 35.02 32.44 31.40
8. Tulaykovskaya zolotistaya 24.49 27.78 31.54 24.49 27,08
9. Orenburg yubileynaya 25.13 31.40 34.68 30.74 30.49
Average 29.12 25.99 32.36 29.00 29.12

Source: created by |.N. Besaliev, E.A. Ivanova.

Ycnosust Openbyprckoro [Iprypasbst OT/IMUaloTCs KpaiiHel 3aCyII/TMBOCTBIO C Ha-
YaJioM BereTaluy 3ePHOBLIX KYJIBTYD. B 0TAeMbHbIe ro/ibl HEAOCTATOK 0CAIKOB Ha (oHe
BBICOKOM TeMIiepaTyphbl BO3/lyXa COIPOBOXKAAeT BeCh Nepro/ BereTatuy. Hanbosee
JKeCTKHe TIPOSiB/IeHUs1 TakKuxX (haKTOpPOB HaOJIHOjaTuCh B KOHIIe TIEPBOTO AeCsATUsIe-
THs1 — I1epBOM TI0/I0BUHe TpeThero Aecsatrnetusi X XI B. 1 HEBbICOKME ypOyXKar COPTOB
0OBSICHAIOTCS UX YacCThIM TToBTOpeHHeM. Ho oT/ienibHBIe COPTa B 3TUX YCJIOBUSIX, KaK
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BU/THO W3 HaIlIMX JJAHHBIX, CPaBHUTE/IBHO Oosiee ypoxkaiiHble: YibsHoBcKast 105, Capa-
toBcKas 70, TynaiikoBckasi 3onotvctast, OpeHOyprckas 30, OpeHOyprckasi 1o0ouieiHasi,
YTO TIOAUEPKHUBAET UX IKOJIOTHUeCKYIO TIPUCIIOCO6/IeHHOCTb. ITH copTa OPMUDPYIOT
GoJ1ee MPOAYKTUBHBIN KOJIOC, 0COOEHHO 10 TI0Ka3aTessiM MacChl 3epHa C KOJI0Ca, MacChl
1000 3epeH, umc/ia 3epeH B KOJIOCe, YTO OTMeUaeTCs U B UCCefloBaHUsX [24], korna
B YCJIOBHSIX 3aCyLIUIMBOCTH BeTeTaL[IOHHOTO Tieprofa 6osee MpoAyKTUBHOMY COPTY Ofi-
HOBDPEMEHHO IPUCYILY BBICOKHE CjlaraeMble NPOLYKTUBHOCTH K0JIoCa. B HammMx onbITax
COPT YuuTesIb NPOSIBU/ HAMMEHBLIYH0 a/lallTUBHOCTD K YC/IOBUSM JIeT UCC/IelOBaHUM,
YTO MOJUYEPKUBAETCS U B HEJIABHUX UCCIEe0BaHUsX [25], B KOTOPBIX YCTAHOBJIEHO, YTO
Ha pa3BUTHeE 3epHa SIPOBOHA MILIEHUL]bI 0Ka3bIBAIOT BIMSTHUE TAK)Ke CTIOCOObI 00paboTKu
nousbl. Tak, Bcalllka MPUBOJX/IA K YJIMHEHUIO KOJIOCA Y COPTOB MSITKOM TIIIEHULIbI,
6e30TBasIbHOE pBIXJIeHHUEe 3510 — K YMEeHbBILIeHUI0 JAJIMHBI KOJI0Ca y COPTOB TBeP/0i
TIIeHUIB], @ Y COpPTa YUuTe/Ib TIPU TM0CeBe TI0 Tlapy ObL/I0 3HAUNTeTbHO MeHblile (ep-
TU/IBHBIX KOJIOCKOB I10 CPABHEHUIO C aHAJIOTMUHBIM IT0Ka3aresjeM y 3TOr0 CopTa Ipu
TIoCeBe TI0 BCTIALIKe U 6e30TBaIbHOMY PBIXJIEHHIO.

3akoyeHue

B 1je/10M, MO’)KHO OTMETUTB, UTO OCHOBHBIM (DaKTOPOM CHIKEHUSI TPOAYKTUBHOCTH
sIPOBOH MILIeHULIbI B 30He OpeHOyprckoro Ipuypanbs B 2010—2021 rT. siBisieTcs HapacTa-
HYe TeMITepaTypbl BO3yXa U HepaBHOMEPHOE BbITaleHre 0CaJKOB, UTO B COBOKYITHOCTU
orpe/iesisieT pe3Kyt0 apuAHOCTh Kiumata. OHUM 13 Crioco0oB, 06eCrIeunBaroIiX MpH-
Croco6/IeHHOCTh K TaKUM YCJIOBUSIM, SIB/ISIETCS BbIBeJleHHe COOTBETCTBYIOIIUX COPTOB.
Harmm pe3ysbrarhl 0Ka3bIBaroT, 3TO BO3MOXKHO. VccieZioBaHUsSIMUA YCTaHOBJIEHO, UTO
copTa sSIpoBOM MSTKOM mieHulbl YibsiHoBcKasi 105, CaparoBckas 70, TynaiikoBckast
3os0TucTast, OpeHbyprckas 30, OpeHOyprckas robuneitHast popMUpyIOT Kosoc ¢ Gornee
TMPOAYKTUBHBIMY ITOKa3aTesIMH 110 YMC/TY 3epeH B KOJIOCe, MacChl 3epHa C K0JI0Ca U Macce
1000 3epeH, UTO MO3BOJISIET UM B UTOTE YBEIUUNUTH YPOXKAUHOCTb.
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MNpuMeHeHMe NpenapaTa NPUPOAHOIro NPOUCXOXKAEHUS
ANSl CHAXKEHUSA CTPECCOBOro BO34encTBUs repbuunpos
B ycnoBusix AMypcKoi o6nactu

A.E. I'peTueHKo ‘g, M.II. MuxaiijioBa

Bcepoccuiickuit HayuHO-UCCIeI0BaTe ILCKUM MHCTUTYT COH, 2. Baazosewjenck, Poccutickas
dedepayus
< gae@vniisoi.ru

AnHotanus. [TprBesieHb! IaHHEIe O BIMSHUHM TepOULI0B (eiiCTBYIOLVe BellleCTBa [IMK/IOKCHANUM U OeHTa30H)
Y TIperiapata MpUpOJHOTO MTPOMCXOXKeHVs (Ha 0CHOBe BBITSDKKH M3 MOPCKUX BOZIOPOC/Iel) Ha GroXxumuue KU
COCTaB CeMsiH U IPOAYKTUBHOCTh pacTeHH cou. OObeKTOM CITYKHJI CeMeHa U PaCTeHHsI CpeJjHeCIIesoro
copra cou Hesecra cenekiun BHUU cou. Uccnegosanus nposoanan B 2021-2023 IT. Ha OMNBITHOM I10JIe
OI'BHY ©HILI BHUM cou c. CazfoBoe (TamboBcKuii parioH, AMypckasi 06macts). ITomass onbITHOM [essH-
Kd 11,25 M2, TOBTOPHOCTL — YeTHIPEXKPATHAsl, PACTIOJIOKEHNE BapHAaHTOB peHIOMI3MpoBaHHoe. O6paboTKy
TI0CEeBOB MPOBOJWIH B (pa3y TPOHUATOC/IOKHOTO JTUCTa coU repburmamu brusoH (7.B. 6eHTa3oH) B fo3e 1,5 n/ra
u Crparoc Y7bTpa ([ B. LMKJIOKCHIUM) B fjo3e 1 ji/ra coBMecTHO ¢ 6rornpenapatom BroAnero B f03e 5 mMi/ra.
YcTaHOB/EHO, UTO IPUMeHeHue Tipernapata BUOABIo 1 repOUIHIOB 0Ka3asio MOIOKUTEeTbHOE BIUsTHYE Ha (op-
MHUpOBaHMe TIPOAYKTUBHOCTH pacTeHui cor. COXpaHHOCTb TIOBBICH/IACh Ha 3,3 % B BapuaHTe ¢ 06paboTkoi
BEreTHPYIOLIMX PacTeHU repOULIaMy 1 OHOTIPerapaToM OTHOCHUTeTBHO KOHTPOJIBHOTO BapyaHTa, U Ha 5,5 % —
OTHOCHUTe/TbHO TepOuLmHOM 06paboTku. Komiuectso 60608 ¢ 1 pacTenus ysemmumaock Ha 3,8 mt. (HCP, = 3,4),
cemsin — Ha 10,1 wt. (HCP, = 7,2) u maccel cemsan — Ha 1,66 r (HCP = 1,33) B BapuaHTe ¢ o6paboTKoii
BereTUPYHOILMX pacTeHUH 110 CpaBHEHUIO C KOHTpoJieM. [1py 53ToM ypo)KalfHOCTb COM 10 BapyaHTaM COCTaBUIIa
ot 2,15 (0bpaboTKa BereTHUpYIOLMX pacTeHWH repounmzom) u 2,79 1/ra (06paboTka BereTUpPYIOLIMX PaCTeHUH
OuompernapaTtom 1 TepOULIIOM), B KOHTPOJIE 3TOT MoKa3aresb coctaBui 2,10 1/ra. Cozep>xkanue obiriero Gesika
Y )KMpa B ceMeHax cou copTa HeBecTa NOBBICHIOCH COOTBETCTBEHHO Ha 2,32 1 1,07 % OTHOCUTENBHO KOHTPOJIS.
KitroueBble cj10Ba: cosi, Grorpenapar, IpoAyKTHBHOCTh, COXPAHHOCTh, YPO’KalHOCTb, OeJIOK, JKUP

Bman aBTOpPOB: ABTOPLI B paBHOﬁ CTereH! BHEC/I CBOM BKJIa/[, B [TIOATOTOBKY dHHOT'O UCC/1€10BaHNA U PYKOITHUCH.

duHaHcUpoBaHHe. PaboTa BhITIO/THEHa ITpY oA ep>kke MuHcenbxo3a Poccuu B pamkax ['ocygapcTBeHHOTO
3aganus PI'BHY ®HIL BHUU cou (Tema Ne 0820-2019-0006).
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3asiBieHHe 0 KOH(GUIMKTe HHTEPeCcoB. ABTODHI 3asB/ISIOT 006 OTCYTCTBUM KOH(IMKTa MHTepecoB. Bromnpemnapar
Y repOULI/BI [I/151 KCCIIe0BaHUs ObLIN TPUOOPETEHBI 3a CueT COOGCTBEHHBIX CPEACTB OpraHu3aLuu. [laHHoe
WCC/IefloBaHNe He SIB/ISeTCs] peK/IaMOM.

HVicTopusi crarbu: noctynuna 8 utons 2024 ., puHaATa K nybnvkauuu 9 oktsopst 2024 r.

Jns putupoBanus: [ pemuenko A.E., Muxatinoea M.II. TIpuMeHeHUe mperiapaTa MPUPOAHOTO TTPOKC-
XOXKIEHHUS 1151 TTOBBILIEHHUS YPOXKaHHOCTH U KaueCTBa CeMsIH COU B YC/IOBUSIX aMypCKoy obsiactu // BeCTHUK
Poccuiickoro yHuBepcuTeTa Jpy6bl HapooB. Cepuisi: ATPOHOMUS U )KUBOTHOBOACTBO. 2024. T. 19. Ne 4.

C. 566—577. doi: 10.22363/2312-797X-2024-19-4-566-577

Using natural product to reduce stress effects of herbicides
in the Amur region

Alina E. Gretchenko ‘g, Maria P. Mikhailova

Russian Research Institute of Soybean, Blagoveshchensk, Russian Federation
< gae@vniisoi.ru

Abstract. The effect of herbicides (active ingredients — cycloxydim and bentazone) and a natural product
(based on seaweed extract) on the biochemical composition of soybean seeds and the productivity of the plants
were investigated. Seeds and plants of mid-season soybean cv. ‘Nevesta’ developed by Russian Research Institute
of Soybean were studied. The experiments were conducted on the experimental field of Russian Research Institute
of Soybean, Sadovoe village (Tambov District, Amur Region) in 2021-2023. The test plot was 11.25 m? there
were four replicates, the arrangement of samples was randomized. The treatment of soybean crops was carried
out in the phase of first triple leaf with herbicides: Bison (a.i. — bentazone) at a dose of 1.5 L/ha and Stratos
Ultra (a.i. — cycloxydim) at a dose of 1 L/ha; and BioAlgo bioproduct at a dose of 5 ml/ha. It was found that
the combined use of BioAlgo and herbicides had a positive effect on formation of soybean plant productivity.
The survival rate increased by 3 % in the variant where vegetative plants were treated with herbicides and
bioproduct compared to the control, and by 6 % — compared to herbicidal treatment. The number of beans per
plant increased by 3.8 beans (LSD; = 3.4), number of seeds per plant increased by 10.1 seeds (LSD = 7.2)
and seed weight per plant increased by 1.66 g (LSD; = 1.33) in the variant with the treatment of vegetative
plants compared with the control. At the same time, soybean yield in the variants ranged from 2.15 (treatment of
vegetative plants with herbicides) and 2.79 t/ha (treatment of vegetative plants with bioproduct and herbicides), in
the control this indicator was 2.10 t/ha. The content of total protein and fat in ‘Nevesta’ soybean seeds increased
by 2.32 and 1.07 %, respectively, compared to the control.

Keywords: soybean, biological product, productivity, survival rate, yield, protein, fat
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BeepneHue

Cos (Glycine max) — ofiHa 13 caMbIX BOCTpeOOBaHHBIX CPe/IY CeTbCKOX035CTBEHHBIX
MaC/IMUHBIX U 3epHOO0O0BBIX KYJIBETYP B MUPE, UTPast KJTFOUEBYHO POJIb B TIPOM3BO/ICTBE
THUIIM, KODMOB U MPOMBILIEHHBIX TOBapoB. biarogapsi cBoeMy aMMHOKHUC/IOTHOMY
COCTaBy COsl MOXKET OBbITb OTHECeHa K Ba)KHEUIIIMM PaCTUTeTbHBIM UCTOUHMKaM Oesika
(mpoteriHa). CoeBble 600bI OOTaThl )KMPaMH, KpOMe TOTO, B COCTaB 3€PHA COM BXOJUT
00sIbIII0e KOJTMUECTBO PaCTBOPHUMBIX CaXapoOB, MAKpPO- ¥ MUKPO3/IeMEHTOB, BUTAMUHOB
Y MUHepabHbIX coseli [1-5].

Cepbe3Ho npensaTcTByeT (HOPMUPOBAHUIO BEICOKOTO YPOXKasi COU cJiabasi KOHKYpeH-
TOCIIOCOOHOCTE KY/IBTYPBI T10 OTHOILIEHHIO K COPHBIM pacTeHHsIM, 0COOeHHO B Haua/lbHBIH
nepuoj, Beretaluu. JlaHHasi Ky/bTypa Ype3BbIYaiiHO CUJIbHO YTHeTaeTCs COPHSIKaMHU
B [1€PBOi1 0JIOBUHE BCXO/0B /|0 Pa3BUTHS, UTO CBSI3aHO C ee Me/l/IeHHbIM HauabHbIM
POCTOM B TI€PHO/, OT TIOSIBIEHHsT BCXOZIOB /10 00pa30BaHusI TIepPBbIX TPOMYATHIX JIUCTHEB [6].

Ha yposkaiiHOCTb coM BriusieT 607IbIII0e KO/muecTBO (haKTOPOB, B IEPBYIO OYepeb,
3aCOpPeHHOCTh NO0CeBOB. COpPHbBIE PACTEHHSI MOTYT 3HAUMTE/ILHO CHUXKATh 3()(EKTHBHOCTh
cbopa ypoxxasi ¥ CITyKUTb TIePeHOCUMKaMU Pa3/TMUHbIX MTAaTOreHHBIX MUKPOOPTaHH3MOB.
OddekrrBHas 6oppba ¢ COpHSIKAMU SIB/ISIETCSI Ba)KHBIM arpOTeXHUYECKUM TTPUEMOM,
o0ecrieurBaroIIyM IoJTydeHHe BEICOKMX U YCTONUUBBIX ypoykaeB cou [7-9]. Ha 6oib-
[IIMHCTBE TI0/Iel COPHYIO0 PaCTUTeTbHOCTb MOXKHO TIOIaBUTh, TOJILKO TIprberast K rmoMo-
1y repburyzoB. C yueToM BHOBOTO COCTaBa COPHSIKOB, PacIipOCTPAHEHHBIX Ha TI0JIe,
BbIOMparoT repbuiuz. CeneKTUBHOCTh — K/THOUeBOH (haKTOp TpH BeIOOPE MTPaBUILHOTO
repOULMA /1711 TOW WK MHOM CeTbCKOXO03sCTBeHHOM Ky/bTyphl. [IoHMMaHe HayYHBIX
OCHOB TIpYMeHeHUsI repOULI0B IOMOTaeT ONTUMHU3UPOBATh WX HUCIOIH30BaHKE, UTO
TIPUBOJUT K TOBBILLIEHUIO YPOXKaHOCTU U KayeCTBa MIOCeBHOTO MaTepHara.

OpHako rpyMeHeHue repOUIUI0B BbI3bIBAET OMaceHre OTHOCUTELHO TTOTeHIHU-
aJIbHOTO HeraTHBHOT'O BO3/1eICTBHUS HAa CeMeHa U OKpY»Karolyto cpefy. Vicronb3oBaHue
repOMLIMIOB MOXKET BbI3BaTb BpeMeHHbIe CTPECCOBbIe PeaKIU Y paCTeHHH, UTo, B CBOKO
oyepe/ib, MOXKET TIOB/UATh Ha HAaKOIJIeHWe MHTaTe/IbHbIX BellleCTB U (pr3nooruueckue
TMpoLIeCChl, HeoOxoAuMbIe A7is1 HOPMUPOBaHMs KaueCTBeHHbIX ceMsiH. HecBoeBpeMeHHOe
NpUMeHeHre HeKOTOPBIX repOULIM/IOB ITPY HApYLLIeHHOM persiameHTe 06paboTok, Hebma-
TOTIPUSITHBIX TIOTOAHBIX YCIOBUSIX Y Ha 0C/1ab/IeHHBIX TIOCeBax MPUBOJUT K CTPECCOBOMY
COCTOSIHUIO y pacTeHuit [10].

BBuzy 3TOrO0 Bo3pacraet posib npernaparoB MPUPOAHOTO MPOUCXOXKAEHUS [I/1s1 CHU-
YKeHUsI TOKCUeCKOW Harpy3Ku OT IpUMeHeHHs TepOULIM/I0B.

Vcnonb3oBaHue GuorpenaparoB (MPUPOAHBIX UM XUMUUECKH CUHTe3UPOBAHHBIX
CoeJMHeHUH) CII0COOCTBYET TOBBIILIEHHIO YPOXKaHHOCTH, Y/IYUIIeHHI0 KadyeCTBa pacTH-
TeJIbHOM MPOAYKLMH, a TAK)Ke IKOHOMUYEeCKU BBITOZHO U IKOJIoruuecku 6e3omacHo [10,
11]. Kpome Toro, 6ronorryeckuie mpernaparbl 0Ka3blBalOT BHICOKYIO OMO/IOTHYEeCKYTO
aKTUBHOCTb MPY HU3KUX KOHLIeHTpaLusax. OHM XapaKTepu3yrTCsl BO3JeiiCTBUEM Ha UM-
MYHHBII IOTeHLMa/ pacTeHHi, (PH3H0I0ro-61MoXMHUUeCKIe TPOLieCChl, MPOTeKaroIye
B PACTeHUSIX, U YCTOMYMBOCTD K (PUTOTMATOreHaM, a B pe3y/ibTaTe 3TOr0 — Ha KaueCTBO
MOCeBHOT0 MaTepuasa 1 ypoxkalHocTs [12—-15].
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MBb1 paccMoTpesiH, Kak repOrubl ¥ UX COBMeCTHOe MpUMeHeHHe C OuompernapaTom
BJIMsIeT Ha KaueCTBO CeMsiH COU Y IIPOAYKTUBHOCTE KYy/IbTYPBI.

Ilens uccaeoBaHusa — U3YUYNUTh BMsiHUe repbuiiuoB buson u Crparoc Ynberpa
U IIperiapara [pUpOoAHOro IIPOMCX0XK4eHUs BUOABIo Ha IIPOAYKTUBHOCTL Cpe/iHecIIe-
Jioro copra cou Hesecra B ycioBusix Ilpuamypes.

MaTepuanbl U MeToAbl UCCNeA0BaHUSA

[Tonesoii onbiT (2021-2023 rr.) npoBoAwy Ha ornbITHOM ojie PT'BHY ®HII «Bce-
POCCHICKHI Hay4YHO-HCCIIe0BaTeNbCKUM HHCTUTYT con» (c. CagoBoe TamboBCKOTO
paiioHa AMypckoi o6actu). [TouBa OIMBITHOTO yYacTKa — JIyroBasi Y4epHO3eMOBH/IHAs
Ma/IOMOIIIHasi B KOMIIJIEKCe CO CpeIHEMOLIHOW, TyMyCcoBbIN coi (A + AB) cocTtapssieT
20-30 cm. Copeprxanue rymyca— 2,3...2,7 %, pH — 5,4 en. B cocTaBe nornoieHHbIxX
KaTHOHOB TipeobsiaziaeT MOH Kasiblysi. CTernieHb HAChIL[eHHOCTH OCHOBAaHUSIMU BBICOKaSI.
JlaHHBIN THIT TIOUBBI IMeeT 0COOEHHOCTh, KOTOPAsi 3aK/IF0UaeTCsl B CPAaBHUTEIbHO BBICO-
KOM T0TeHLIMaIbHOM I1JIOZIOPO/Me 110 BaJIOBBIM 3aracam coeZiMHeHUH a3oTa U (ocdopa
Y HU3KKM COjlep>KaHueM TIOJBIKHBIX (POPM MUHepasibHOTO a3oTa u docdopa, 25...42
1 28...32 MI/KT TI0YBBI COOTBETCTBEHHO, a COJlepKaHue TIOABUKHOIO KaJlugd — OueHb
BbIcOKoe (170...240 MI/KT MOUBBI).

MeTeoposioruueckue yCaoBus BereTalMoOHHOro reproza 2021 . o temneparype
BO3/lyXa ¥ BBITIABILIUM 0CaZikaM ObL/IM yA0BIeTBOPUTeTbHBIMU. CyMMa 0Ca/JKOB 3a Be-
reTallMOHHBIN [Tepuof, cou cocTassiia 509 MM, UTO NPeBbICU/IO CPeJHEMHOI0JIeTHHE
3HaueHusi Ha 68 MM. BrbinajieHure ocakoB ObII0 HEPAaBHOMEPHBIM, U30bITOUHBIM YB/Ia)KHE-
HUeM [0UYBbl XapaKTepU30Ba/IMCh Mali U aBryCT, KOT/ja IIpeBbIllIeHre CpeJHeMHOIOJIeTHel
HOPMBI cOCTaBW/I0 57,1 1 91,2 MM COOTBETCTBEHHO. ATPOMETEe0POI0rHUeCKHe YCI0BUS
aBrycTa OT/IMYa/IMCh [PeUMYILeCTBeHHO TeIIoNW U JOXKAJIMBOM norogoi. CymMma Bbl-
TMaBIIMX 0CAJKOB 3a MeCsL]| TPeBbICH/Ia KIMMaTU4YeCKyt0 HOPMY, UTO CII0COOCTBOBAIO
TIOBBIILIEHHOM pacrpoCTPaHeHHOCTH (PUTOTIATOreHOB M CHI)KEHHIO KaueCTBa YporKasi.

Beretaumonnsii nepuog 2022 r. o TeMrieparype Bo3/yXa U BbINaBLIMM 0Ca/iKaM
VIMe/I1 HeKOTOpble OTKJIOHEHUs OT CpeIHeMHOIr0/IeTHeld HOPMBI, HO B L[eJIOM pacTeHUst
cou ObLTH X0OpO1I0 00ecTieyeHbI TETJIOM U Baroi. TemriepaTtypa B Mae Obljia HEYCTOM-
YKBa, OTMeUYeHbI OTpULIaTe/IbHbIe aHOMa/IMU CpeZiHeCYyTOYHOW TeMIlepaTyphl BO3/yXa.
TemriepaTypHbIii POH UIOHS U WIOMS ObLT BhIlle HOpMBL. OCa/IKU, BBIMABIINX B UIOHE,
ObUTH MPeNMYIL[eCTBeHHO JIMBHEBOTO XapaKTepa U MPeBbICHIA MHOTOJIETHIOI0 HOPMY
Ha 15 MM (coctraBuiu 100 mm). CyMMa BbINABIIMX OCAZKOB 3a MIO/b cocTaBuaa 32 %
K/IMMaTrueckoil HopMel. [Tpeo6siafiaHre OIOKUTE/TbHBIX TeMIIepaTyp B TeueHHe BereTa-
L[MOHHOTO TIepHO/ia COM U [IOCTAaTOYHask B/IaroobecrieyeHHOCTh TMTOUBBI CIIOCOOCTBOBA/H
pPaBHOMEPHOMY CO3P€eBaHHIO U MIOTyYeHHUIO BbICOKOTO YpOyKast CeMSsIH.

[Moropnbie ycioBusi 2023 1. ObLTH Y[0B/IETBOPUTETBEHBIMU /IJIs1 POCTAa U Pa3BUTHS
pacteHuii cou. B Mae cpeHemecsiuHast TeMiieparypa MpeBbliliajia MHOTOJIeTHHUE I10Ka-
3aresm Ha 1,0 °C. Temneparypa WO/ U aBrycTa MpeBblllana KIUMaTiueCcKyr0 HOpMY
Ha 1,0 u 1,1 °C cooTBeTcTBeHHO. KOMMuecTBO 0Ca/IkKOB, BBINABIIKMX B Mae 1 UIOHE, ObII0
Ha YpOBHe Cpe/IHEMHOro/ieTHeil HopMbl. HeycToiiunBast 10KA/IMBast IOrozja aBrycra, rje
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KOJTMUECTBO BBIMABIINX 0CA/IKOB TTPEBLICKIIO CPEJHEMHOTO/IETHIO) HOPMY TIOUTH B /[Ba
pa3a, XxapaKTepu30Basiach NiepeyBIayKHEHHEM MTOUBbI. TemrepaTypHbIi PeXXUM CEHTA0ps
OBI/T BBIIIIe KTUMAaTUUeCKOWM HOPMBI, KaK U KOTMYeCTBO 0CaZKoB (Tabm. 1).

Tabnmya 1
MeTeoponoruyeckue gaHHble 3a BereTaLMoHHbI nepuop cou B 2021-2023 rr.
CpepHecyToOYHasa TeMnepaTypa Bo3gyxa, °C KonuuectBO 0cagkoB, MM
Mecs
4 2021 | 2022 | 2023 Cpeanee 2021 | 2022 | 2023 Cpeanee
MHoOroneTHee MHoOroneTHee
Maii 11,9 11,9 13,4 12,4 96,1 61,0 41,0 39,0
UioHb 20,2 19,5 18,7 18,8 57,1 100,0 79,0 85,0
Uionb 23,4 23,4 22,5 21,5 104,2 38,0 73,0 106,0
Asryct 18,8 18,8 20,3 19,2 1942 | 121,0 | 194,0 103,0
CeHTA6pPDb 14,2 13,1 13,2 124 35,9 39,0 102,0 66,0
McToYHUK: BbINONHeHO A.E. MpeTyeHko, M.M. Muxaitnioson.
Table 1
Meteorological data for the soybean growing season in 2021-2023
Average daily air temperature, °C Amount of precipitation, mm
Month
2021 2022 2023 Average 2021 2022 2023 Average
May 11.9 11.9 13.4 12.4 96.1 61.0 41.0 39.0
June 20.2 19.5 18.7 18.8 57.1 100.0 | 79.0 85.0
July 23.4 23.4 22.5 21.5 104.2 | 38.0 73.0 106.0
August 18.8 18.8 20.3 19.2 194.2 | 121.0 | 194.0 103.0
September 14.2 13.1 13.2 12.4 35.9 39.0 | 102.0 66.0

Source: created by A.E. Gretchenko, M.P. Mikhailova.

OO01jas Tuiomazb AeasHKY orbita — 11,25 M?, yueTHast — 2,25 M?%, TIOBTOPHOCTb
4-xparHas. Pacrionoxenue e/isTHOK — peH/[0MHA3HUpoBaHHOe. Criocob roceBa MIMpOKOpsi/I-
HBI, IIMPUHA MeXAypsiauii 45 cM, HopMa BbiceBa 47...50 LIT. BCXOXKUX ceMsiH Ha 1 M2,

OObeKT uccaeoBaHN — Cpe/iHecTenblii copT cou HeBecta, BKroueH B ['ocpeectp
no lansHeBOCTOUHOMY perroHy B 2018 r. PacTeHus leTeDMUHAHTHOTO TUTA Pa3BUTHS,
cpenHeid BBICOTHI. 1IBeTKY Gestble, ceMeHa >KeJIThie C KeJIThIM pyOurkoM. BereTaiioHHbIH
nepuof B cpefHeM coctasnsiet 111 aneid. Macca 1000 cemsiH — 173 1. [loTeHLManbHas
ypOXkaliHOCTb copTa — 3,24 T/ra, cofiep>kaHue B ceMeHax Oeska 710 40,7 %. [To pe3ynb-
taram 2023 T. Ha TeppUTOPUU AMYPCKOI 06/1acTH 00beM BBICESIHHBIX CEMSTH COPTa COU
Hesecra cocraBun 967,6 T.

CxeMma oribITa BK/IFOYA/Ia C/IeIyIole BapuaHThl: 1) AUCTUIIMPOBaHHas Boja (06-
paboTKa ceMsiH 1 BereTUPYIOIIUX PACTeHUI) — KOHTPOJIb; 2) JUCTU/UTUPOBAHHAs BOJja
(obpabotka cemsiH) + Ctparoc Yierpa v bu3oH (06paboTKa BereTUpYHOLMX PaCTeHU);
3) muctunMpoBaHHast Bozia (o6pabotka cemsiH) + Ctparoc YabTpa v bru3oH + BruoAssro
(obpaboTka BereTHpyIOIIMX pacTeHuil). O6paboTKy BereTUPYIOILMX PaCTeHHid COU rep-
ourumamu Br3oH (felicTByroIIee BerecTBo OeHTa3oH) B 103e 1,5 n/ra u Ctpartoc YibTpa

570 PACTEHMEBOZCTBO



Gretchenko AE, Mikhailova MP. RUDN Journal of Agronomy and Animal Industries, 2024;19(4):566-577

(melicTByrOIIIEE BEIECTBO LIMKIOKCUAMM) B fio3e 1 ji/ra u buonperiapatom bruoAnbro
B ZI03e 5 Mj1/Ta IPOBOAW/M B (ha3e TPOHUATOCIOKHOTO JIMCTA MPU pacxoze pabouero
pactBopa 200 s/ra.

Tepburmy buson npejcrasrisieT co60i KOHTaKTHO-CUCTEMHBIN repOuLng, cozep-
Kamuii 6eHTa30H U TH(hEHCYTbGYPOH-MeTUJI, SIBISIETCSI OAHUM U3 CPe/ICTB 3allUThI
pacTeHU, UCTIOMb3yeMbIX /111 KOHTPOJIS LLIMPOKO/IMCTBEHHBIX COPHSIKOB B ITOCEBax
cou. Ero felicTBue HampaByieHO Ha 60pb0y C JBYZOIBHBIMU COPHSKAMHU U aKTUBHO
TIOT/IOIIAEeTCsI JIMCThSIMU pacTeHUM. VcciieoBaHMs MTOKAa3bIBAIOT, UTO NIPUMEHeHue JlaH-
HOro TepOuIIia MOXeT CrIoCOOCTBOBaTh YBETMUEHHIO YPOXKAMHOCTH COU, TaK KakK OH
co3zaet Gosee GraronpusTHBIE YC/IOBUS AJIs1 POCTA PAaCTeHUA, CHIDKasi KOHKYPEHLIHIO
CO CTOPOHBI COPHSIKOB.

Tep6uruz Crparoc YisTpa, B CBOIO Ouepe/ib, TPUMEeHSIeTCs JJIsi KOHTPOJIS 3/1aKOBBIX
copHsiKOB. OH JIefICTByeT CUCTeMHO, TIPOHUKAsi B PaCTeHUsI ¥ OJIOKUPYsT OMOCHHTe3 XKUP-
HBIX KHUCJ/IOT, @ TaK)Ke HapyllaeT (OTOCHHTeTHYeCKHe IPOoLieCChbl, TeM CaMbIM BbI3bIBast
rubesib COpHSIKOB. JlaHHbIN repbuLiuz 3¢ eKTHBeH MPOTUB MKMPOKOTO CIIeKTpa OFHO-
JIeTHUX ¥ MHOTOJIETHUX COPHBIX PaCTeHUM, BK/ItOUasi 3/1aKOBbIe U JIBY/0J/IbHbIE COPHSIKH.

buonpenapatr b0 Anbro — MpoAyKT U3 BEICOKOKAYe CTBEHHOTO OPTraHUueCKOTO
KOHLIEHTPATa MOPCKUX OypBIX BOJOPOC/IeH CeBePHBIX IIHUPOT C BEICOKHUM COZiepKaHHeM
MHKDPO3/IeMEHTOB, TOPMOHOB PaCTUTE/TLHOTO ITPOUCXOXK/IeHHST, aMUHOKHC/IOT ¥ BUTAMHHOB.
BricTynast 6M0CTUMYATOPOM, aHTUCTPECCAHTOM C QYHTULIUIHBIM, OaKTepPULIUIHBIM,
WHCEeKTUL[U/IHBIM IeHCTBUSIMHU, 00eCrieunBaeT YCTOMUMBOCTb PacTeHHH K Hebaromnpu-
ATHBIM (pakTopam cpebi [10].

Pe3yanaTb| nccnepoeaHmnAa n 06cy)|(p,eHV|e

[TpoaHanmu3upoBaB 6eKOBYIO MPOAYKTHBHOCTh M KaueCTBO MIPOTEeMHA CeMSIH COU
copta HeBecra, oTMeTU/M TIOBLILLIEHHUE COfiepKaHust 001iero 6enka. Hanbonbliee 3Ha-
yenue — 39,20 %, npeBbICHBILIEe KOHTPOJIb Ha 2,32 %, — BbISB/IEHO B BapyaHTe TIpU
COBMECTHOM UCITI0/Tb30BaHMH OHoTIperiaparta v repoyiuioB /st 00paboOTKH BereTupy-
IOIIUX pacTeHui (Tabm. 2).

Tabnvya 2

BnusHue 6uonpenapara v repéuLmMA0B HA aMUHOKUCNIOTHDIN cocTaB 6enka, %,
B ceMeHax cou copTa HeBecTa

O6paboTka B T.4Y. aMUHOKUCIIOTbI
06wui
o 6en0oK MeTun
ceMsiH | BereTUpyHLLMX pacTeHwit JInsuH cTnauH BanuH
rmMcTUAuH
KoHTponb (6e3 06pa6oTkm) 36,88+0,22 | 6,74+0,11 | 599+0,26 | 7,05+0,49 | 1,99 + 0,21

Crpatoc Ynbtpa (1 n/ra) +
BusoH (1,5 n/ra)

Crpartoc Ynitpa (1 n/ra) +
Bopa Bu3oH (1,5 n/ra) + BuoAnbro | 39,20 + 0,42 | 6,68 £ 0,25 | 4,15+0,42 | 6,86+ 0,55 | 1,87 +0,20
(5mn/n)

Bopa 38,37+0,20 | 6,74%0,11 | 5,74+0,28 | 7,01+0,56 | 1,92+0,10

McTouHmK: BbIMoNHeHO A.E. MpeTyeHko, M.IT. Muxainnoson.
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Table 2

Effect of bioproduct and herbicides application on amino acid composition of protein, %,
in seeds of soybean cv. Nevesta

Treatment of including amino acids
Total
. protein ) . i Methyl
seed vegetative plants Lysine Histidine Valin histidine
Control (without treatment) 36.88+0.22 | 6.74+0.11 | 599+0.26 | 7.05+0.49 1.99+0.21

Stratos Ultra (1 L/ha) +

Water Bison (1.5 L/ha) 38.37+0.20 | 6.74+0.11 | 574028 | 7.01%0.56 1.92+0.10
Stratos Ultra (1 L/ha) +
Water Bison (1.5 L/ha) + 39.20+042 | 6.68+0.25 | 4.15+042 | 6.86%0.55 1.87+0.20

Bio-Algo (5 ml/L)

Source: created by A.E. Gretchenko, M.P. Mikhailova.

AMWHOKHUC/IOTHBIN COCTAaB U3yUyaeMOro COpTa COU U3MEHSJICS B 3aBUCUMOCTH
OT BapyaHTa 00pabOTKH 1 XapaKTepPU30Ba/ICSI OTHOCUTETbHO HEBBICOKUM COI€PKaHHEM
HEKOTOPBIX He3aMeHUMbBIX aMHUHOKHUCIIOT, MX ZI0/1s1 B Oe/IKOBOM KOMIL/IEKCE COCTaBU/Ia
19,6...21,8 %, B T.u. ructuguda — 4,1...5,9 %, nusuHa — 6,6...6,7 %, BaivuHa —
6,8...7,0 %, metunructuauHa — 1,8...2,0 %.

B cpenHeM 3a Tpu rojja uccieloBaHul COlep’KaHue )KMpa B ceMeHaX COU U3Me-
Hs10Ch OT 18,18 10 19,25 % B 3aBUCMMOCTH OT BapriaHTa 06paboTku. [IpumeHeHne
repOMLIU/IOB TI0 BETeTUPYIOLUM PACTEHUSIM COU TIPUBEJIO K CHYDKEHUIO COJlepyKaHUs
»kupa Ha 0,33 % 110 cpaBHeHHIO ¢ KOHTposieM. HanborbIliee yBemueHre OTMeUeHO
B BapuaHTe C 00pabOTKOM BereTUPYIOIIMX pacTeHui repouruaom buson u Ctparoc
¥YnbTpa coBMecTHO ¢ nipenapatoM bruoAnsro — Ha 0,83 % OTHOCUTENBHO KOHTPOJIS
u 1,07 % — oTHOCHUTEIbHO repouLuAHOM 06paboTKu (Tabs. 3).

Tabnvya 3

BnusiHne 6uonpenaparta ¥ rep6MLMA0B Ha KOIMYECTBEHHbIN U Ka4eCTBEHHbI COCTaB
Xupa, %, B ceMeHax cou copta HesecTa

O6paboTKa HeHacblwweHHbIe XMPHbie KUCNOTbI
Xn
nepea Mo BErETUPYyIoLIMM P JNuHoneHoBas | JinHonesas | OnenHoBas | CTeapuHoBast
noceBoMm pacTeHUsM
KoHTponb (6e3 06pa6oTku) 18,42 £ 0,61 884+0,19 51,46+047 | 21,73+0,66 325+0,24
Boga | CTPATOCYMETPA(1N/ra)* | 100,045 | 0176010 | 5118012 | 2157£060 | 327017

BusoH (1,5 n/ra)

Ctpatoc Ynbtpa (1 n/ra) +
Bopa BusoH (1,5 n/ra) + 19,25+ 0,43 7.80+0,36 51,46+045 | 24,80+0,50 323+0,07
BuoAnbro (5 mn/n)

McTouHMK: BbINOMHEHO A E. MpeTyeHko, M.M. Muxainnoso.
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Table 3

The effect of bioproduct and herbicides on quantitative and qualitative composition
of fat, %, in seeds of soybean cv. Nevesta

Treatment Fat Unsaturated fatty acids
a
before sowing | of vegetative plants Linolenic | Linoleum | Oleic acid | Stearic acid

Control (without treatment) 18.42+0.61 | 8.84£0.19 | 51.46+0.47 | 21.73+0.66 | 3.25+0.24

Water Stratos Ultra (1L/ha) + | 14164049 | 0174019 | 51184012 | 2157069 | 327£017
Bison (1.5 L/ha)

Stratos Ultra (1 L/ha) +

Water Bison (1.5 L/ha) + 19.25+0.43 | 7.80£0.36 | 51.46+0.45 | 24.80:0.50 | 3.230.07

Bio-Algo (5 ml/L)

Source: created by A.E. Gretchenko, M.P. Mikhailova.

[TpoAyKTUBHOCTh paCTeHHI COM BO MHOTOM OTIpe/ie/IIeTCsl Haua/IbHOM I'yCTOTOM
CTOSIHUSI PACTEHHM U UX COXPAHHOCTBIO K YOOPKe.

YCTaHOBJIEHO, UTO COBMECTHOE MCI0/Ib30BaHue Ouompernapara ¢ repouiuaaMu
JU1s1 00pabOTKY BEreTHPYIOL[UX PACTEHHM CITOCOOCTBOBA/IO YBE/TMUEHUIO COXPAaHHOCTH
pactenuii nepes; yoopkoii. Takum 06pa3om, B JAHHOM BapHaHTe COXPAaHHOCTh BO3pPOC/ia
Ha 5,5 % OTHOCHUTEIbHO MPUMEHEHHSI TOIbKO repOuLiuHOM 00paboTKu (Tabm. 4).

Tabnviya 4

lycToTa CTOSAHUA U COXPAHHOCTb pacTeHuit cou copta HeBecTa,
cpepHee 3a 2021-2023 rr.

lycToTa Monesasn lycToTa cTosiHuA

BapuaHT onbiTa CoxpaHHOCTb, %

BCXOJ0B, WIT/M?

BCXOXeCTb, %

K y6opke, WT/M?

KoHTponb (6e3 06paboTkm) 46,3 90,5 44,2 95,5
Ouct. CrtpaToc Ynbtpa (1 n/ra) + 478 91,0 446 933
BoAa BusoH (1,5 n/ra)
Anct Ctpatoc Ynbtpa (1 n/ra) +
8O, a' BusoH (1,5 n/ra) + 48,7 90,8 48,1 98,8
A BuoAnbro (5 mn/n)
MeToyHmk: BbinonHeHo A.E. Tpetyerko, M.M. Muxainosoi.
Table 4
The plant density and survival of ‘Nevesta’ soybean plants in 2021-2023
. . Plant density before
Variant Seedling denS|2ty, Germination, % harvesting, Survival, %
plants per m )
plants per m
Control (no treatment) 46.3 90.5 44.2 95.5
Distilled | Stratos Ultra (1 L/ha) +
water Bison (1.5 L/ha) 47.8 1.0 44.6 93.3
- Stratos Ultra (1 L/ha) +
D\';;'t'(':d Bison (1.5 L/ha) + 48.7 90.8 48.1 98.8
Bio-Algo (5 ml/L)

Source: created by A.E. Gretchenko, M.P. Mikhailova.
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YCTaHOB/IEHO TIOJIOXKUTETHHOE B/IMSTHHE OTBITHBIX BADUAHTOB Ha 37IEMEHThI CTPYK-
TYPbI YPOXKasi U3yyaeMoro copta cou. Tak, 00paboTKa BereTUpPYHOILIUX PaCTeHUl TIpH-
BeJla K YBe/IMUEeHHMIO Ko/muecTBa 60608 Ha 3,8 mr. (HCP , = 3,4), ceman —#na 10,1 .
(HCP, = 7,2) u maccel cemssH —Ha 1,66 r (HCP , = 1,33) ¢ 1 pacTeHusi B CpaBHEHUH
C 3/IeMeHTaMH CTPYKTYPbI B KOHTPO/IbHOM BapuaHTe. B BapuaHTe 00pabOTKH BereTu-
PYIOLIUX PaCTeHUM TOJBKO repOUIIMIaMy CTPYKTYPHbBIE TTOKa3aTe/d 110 OTHOIIEHUIO
K KOHTPOJTIO U3MEHU/IUCh HeCyI[eCTBeHHO (Tabm. 5).

Tabnmya 5
BuomeTpuyeckue nokasaTtenu pacteHuim com copta Hesecra, cpepHee 3a 2021-2023 rr.
BapwuaHT onbiTa Konmuecrao,
P wr./ Ha 1 pacr. Macca
cemaHc 1
O6pa6oTka cemsH nepes, O6patoTka BereTupyroLLuX 60608 | cemsn | pacTeHus, r
nocesom pacTeHuit
KoHTponb (6e3 06paboTku) 16,0 38,0 5,61
‘HMCT""S:E:BGHH“ Ctpatoc Ynbtpa (1 n/ra) + busoH (1,5 n/ra) 15,9 38,3 5,60
[OuctunnupoBaHHas Crpatoc Ynbtpa (1 n/ra) + busox (1,5 n/ra) + 198 481 727
BoAa BuoAnbro (5 mn/n)
HCP,, wT./ Ha 1 pacT. 34 72 1,33
McToyHUK: BbINOMHeHo A.E. MpeTyeHko, M.M. Muxaitioson.
Table 5
Biometric indicators of ‘Nevesta’ soybean plants in 2021-2023
Variant Number per plant .
Seed weight
er plant,
Seed treatmgnt Treatment of vegetative plants beans seeds pere g
before sowing
Control (no treatment) 16.0 38.0 5.61
Distilled water Stratos Ultra (1 L/ha) + Bison (1.5 L/ha) 15.9 37.3 5,60
Distilled water Stratos Ultra (1 L/ha) + Bison (1.5 L/ha) + Bio-Algo 19.8 48.1 727
(5 ml/L)
LSD,, 34 7.2 1.33

Source: created by A.E. Gretchenko, M.P. Mikhailova.

OddexkTBHOE MpUMeHeHNe repOUIH/I0B U OUOoTIperiapara Mmo3BOIMIO CHU3UTD
KOHKYPEHTHOE /JIaB/ieHHe CO CTOPOHBI COPHSIKOB, UTO, B CBOFO OUepe/ib, CII0COOCTBOBAIO
yBeJIMUEHHIO YPoKalHOCTH cou copTta Hesecta. IIpu 06paboTKe BereTUpyOIUX pac-
TeHU BUOAbro Ha oHe MpUMeHeHHs TepOULIMA0B OTMEUEHO CTAaTUCTUYECKH Z0CTO-
BepHOe yBeJTMUeHWe YPOyKaliHOCTH Ky/IbTYphl. B cpefiHeM 3a rofibl MCC/ieZloBaHHUM OHa
M3MeHs/1ach 10 BapyuaHTam oT 2,15 o 2,79 T/ra, B KOHTPOJIe 3TOT MoKa3are/b COCTaBUJI
2,10 1/ra (HCP = 0,35) (puc.).
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T/ra
3,5
3
2,5
2 1 L

L5 2,79
1 2,1 2,15

0,5
0

Bronoruyeckas ypoxkanHoCTb cou copta HesecTa, cpefHee 3a 2021-2023 rr., T/ra: 1 — KOHTPOnNb;
2 — repouumabl (06paboTka BEreTUPYOLLMX PacTeHNM); 3 — repbulmabl + 6ronpenapaT (06paboTka
BErETUPYIOLLMX PACTEHWIA)

MeToyHuk: BbinonHeHo A.E. TpeTyerko, M.M. Muxainosoi.

t/ha
3.5

2.5

1.5 2.79
0.5
1 2 3

Biological yield of soybean cv. Nevesta in 2021-2023, t/ha: 1 — control; 2 — herbicides (treatment of
vegetative plants); 3 — herbicides + bioproduct (treatment of vegetative plants)

Source: created by A.E. Gretchenko, M.P. Mikhailova.

3ak/ioyeHue

[IprMeHeHMe TipenapaTa IPUPOAHOTO MPOUCXOXKeHUs: BUoAnbro coBMecTHO
¢ repbutiuaamu buson u CtpaTtoc YabTpa A1t 00paboTKY BereTUPYHOIIUX paCcTeHUM
cou copta HeBecra crioco6cTBOBaIO CHMYKEHUIO CTPECCOBOTO BO3/1€HCTBUS repOuLiu-
Jla Ha PaCcTeHHs1, YTO 0Ka3asio MOJIMKUTeTbHOe BIUsSHUE Ha OMOXUMHUeCKUN COCTaB
1 ¢opmupoBaHUe ypoxkaiiHocTu. Cofep>kaHue o61iero 6eka B ceMeHax MOBBICUIOCh
Ha 2,32 % otHOCUTeNBbHO KOHTPOsIsA. CofiepykKaHure »Kupa o CPaBHEHHIO C KOHTPOJIbHBIMU
ceMeHaMH yBennunsioch Ha 0,83 %.

[1pu 3TOM KO/TuecTBO 606OB BO3POC/I0 OTHOCUTETBHO KOHTPOJISI Ha 3,8 miT.
(HCP, = 3,4), cemssn — Ha 10,1 wr. (HCP, = 7,2) u maccel cemsiH — Ha 1,66 T
(HCP, = 1,33) c 1 pacrenus. Hanbonbmas ypoxaiinocts — 2,79 1/ra (HCP = 0,35),
TnpeBbICHBILIAs KOHTPOJIb Ha 0,69 T/ra, — mosiyyeHa B BapHaHTe C COBMeCTHOM 06pabort-
KO BereTUPYIOIIUX pacTeHUi OromnpernapaToM U repOULIAAaMu.
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MapkepHas cenekuusa KanycTbl 6e/10KoYaHHOM

C.A. bypcakos g, I'1. KapsioB , I1.H. XapueHKo

Bcepoccuiickuii HayuHO-HCCIe/I0BaTeIbCKUN MHCTUTYT CETbCKOXO03SIHCTBEHHOM OMOTeXHOIOTUM
(BHUUCB), Mockea, Poccutickas ®edepayus
D sergeymoscu@gmail.com

AnnoTanusa. CoBpeMeHHOe YCKOPEHHOe pa3BUTHe CeTbCKOX03sICTBEHHOTO IIPOM3BOACTBA aKTyaIu3UpyeT
pa3BUTHe HOBBIX TEXHOJIOTHA, HAalpaB/IeHHBIX Ha O0/ee 5KOHOMUYHOE ¥ 9KOJIOTMYHOe MOJIy4eHre BbICOKOKa-
YeCTBEHHOM MPOAYKLVH C 3a/laHHBIM KaueCTBOM U CBolcTBamMH. [IprobpeTaeT NomysisipHOCTb ¥ BOCTpebOoBaH-
HOCTb MeTO/] MOJIEKY/ISIPHBIX MapKepOB, 3HAUUTe/IbHO MOBBIILIAMOIINI 30 (eKTUBHOCTE ceneKiuy. TexHomorus
MapKepHOH CeJieKL{H JlaeT BO3MOXXHOCTb YCKOPHUTh 0TOOP TpeOyeMbIX XapaKTepUCTHK pacTeHUH Ha paHHUX
CTaJUsIX MX Pa3BUTHS [0 MOMEHTA UX NPOSIB/IEHHs] BO B3POC/IOM COCTOSIHHH, TIOBbIIast 3 eKTUBHOCTb 0TOOpa
BHe 3aBHCHMOCTH OT BJIMSIHUSI OKPY>KaloIllel cpefibl. ITa TeXHOJIOTHsI IPUMeHSIeTCs K ILIMPOKOMY CIIeKTPY Ceslb-
CKOXO3SICTBEHHBIX KYJ/IBTYP, BK/IIOUask KalyCcTy Oe/loKouaHHY0, BO3/|e/IbIBAEMYHO Ha 3HAUMTe/IbHbIX TI/IOLIazAX
BO BCEM MHpe B CBSI3H C BBICOKOM BOCTPeOOBAHHOCTEIO U MOJIb30H J1/151 350poBbsi. HecMoTpst Ha TO, UTO CeseKLy-
OHEepaMH CO3/IaHO 3HAaYUTe/IbHOE UKC/IO HOBBIX COPTOB U THOPH/IOB KarlyCThl 6e/I0KOUaHHOM C MHMBHYa/IbHBIMU
0COOEHHOCTSIMH, CIIPOC Ha yBeJIMUeHHe ee yPOXKalHOCTH C e[IMHHULIbI TIOLIa/[ CTAHOBUTCS BCe Gosiee BHICOKHM.
BospacraeT UHTepec K MOJIeKy/ISIPHOM MapKepHOM CeeKIL{UH U CTAHOBSATCS aKTyalbHbIMHA MaHUITY/IPOBaHUS
arpoOHOMHYeCKUMH 1 S5KOHOMHYECKH BaXKHBIMU IPU3HAKaMH 1epCreKTUBHBIX JIMHUM, HO OTCYTCTBYeT 00001jeH e
TI0/Ty4eHHOTO UCCIe/|0BaTe/IbCKOro Marepyasna. IIpoBeieH OMCK JOCTYITHOM COBpeMeHHOI ClielaIi3upoBaH-
HOM JTUTepaTyphl ¥ aKTya/IbHbIX HAyYHbIX [JAHHBIX 3@ I10C/Ie/{Hee ABa/jLIaTH/IeT e U BBIIIO/IHEH CHCTeMaTHIe CKUi
00630p COBPeMEHHOT'0 COCTOSIHUSI, BbISIB/IEHbI [7IaBHbIE U Haubosiee BOCTpeGOBaHHBIE HANPABJIEHHS MCC/Ie|0BaHUM
B 00/1aCTH MapKepHO# TeXHOIOIMH — MapKepoIoCpeJOBAHHOM CeJIeKLMHU KarycThl besokouaHHoH. [TpoaHa-
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JIM3UPOBAHBI MAapKephbl OMOTUYECKOrO ¥ abMOTHUYECKOTO CTPeCCa, a TaKKe KaueCcTBa KamycThbl Ge/I0KOUaHHOM.
TMoaTBep>K/jeHa PUOPUTETHOCTD HATIPAB/IEHHsI UCC/Ie/IOBaHUH U Cabasi OCBELieHHOCTD B jiuTepatype. OTMeueHa
OueHb Maras Zjo/is1 iepcrieKTUBHBIX KASP MapkepoB, a TakKe He[OCTaTOUHast M3y4eHHOCTh Pa3/IMYHBIX TPYII
CIeJIOCTH COPTOB KaryCThl Ge/lokouaHHOM. TIpenpuHsATas CUCTEMaTH3aLUs UMEOIIUXCS 3HAHUM C aKLIEeHTOM
Ha 1po6JieMHbIe HarpaB/IeHHs MOXKET ObITh T0JIe3Ha Ji/Isl CEIEKLIOHEPOB U TIPOM3BO/ICTBEHHHKOB.

KnroueBsble cj10Ba: MosieKynsipHbIe MapKepsl, Brassica oleracea L. convar. capitata L. Alef. var. capitata L.
f. alba DC, reneTriuecKoe yydiiieHre, MapKepOIIOCpeOBaHHas! CeeKIns

Bknap aBropoB: bypcakos C.A. — pa3paboTKa KOHLIeMNLMHY, TIOAT0TOBKA U peflakTpoBaHue Tekcra; Kapnos 1.
1 Xapuenko I[1.H. — o6cyxeHre U yTBeP)XIeHHe OKOHYATeIbHOTO BapHaHTa CTaThH.

duHaHcHpoBaHHe. VccenoBaHye BINOMHEHO Npy nogep>kke 'ocynapcrBenHoro 3aganns FGUM-2024-0006.
3asBeHHe 0 KOH(UIMKTe HHTEePecoB. ABTODHI 3asIB/ISTIOT 00 OTCYTCTBUY KOH(IMKTa MHTEPECOB.
HcTopusi crarbu: noctymuna 4 utons 2024 r., ipuHsTa K nybiukauuu 4 ceHtabps 2024 r.

Jnst yurupoBanus: Bypcakos C.A., Kapnoe I 1., Xapuenko I1.H. MapkepHasi ceJieKLsl KarycThbl 6eso-
KouaHHOW // BecTHUK PoCCHIACKOTO yHHUBEpCHUTeTa ApYKObl HapogoB. Cepusi: ATPOHOMUS M )KUBOTHOBOZ[CTBO.
2024. T. 19. Ne 4. C. 578—591. doi: 10.22363/2312-797X-2024-19-4-578-591

Marker breeding of white cabbage

Sergey A. Bursakov > Gennady I. Karlov ', Petr N. Kharchenko

All-Russian Research Institute of Agricultural Biotechnology, Moscow, Russian Federation
D sergeymoscu@gmail.com

Abstract. Modern accelerated development of agricultural production actualizes the development of new
technologies aimed at more economical and environmentally friendly production of high-quality products with
specified quality and properties. In this regard, the method of molecular markers, which significantly increases
the efficiency of breeding, is gaining wide popularity and demand. The technology of marker-assisted selection
accelerates selection of the required characteristics of plants at early stages of their development until their
manifestation in the adult state, increasing its efficiency regardless of the environment influence. This technology
is widely applied to a huge range of crops, including white cabbage. This crop is cultivated over significant
areas worldwide and is important due to its high demand and health benefits. Although a significant number of
new varieties and hybrids of white cabbage with individual characteristics have been developed by breeders to
date, the demand for increasing its yield is becoming increasingly high. Therefore, interest in molecular marker-
assisted breeding is increasing and manipulation of agronomic and economically important traits of promising
lines is becoming relevant. The lack of generalizations of material in this area is essential. Therefore, the aim
of this work was to review the current state of the issue, to identify the main and most demanded directions of
research in the field of marker technology in application to white cabbage and to draw attention to this currently
relevant topic. Accordingly, we conducted a search and systematic review of available modern specialized
literature and relevant recent scientific data over the last two decades on marker-mediated breeding of white
cabbage. In the study, markers of biotic and abiotic stress as well as quality of white cabbage were analyzed. As
the collected information on markers shows, scientific research in these areas is prioritized but poorly covered in
the literature. A very small proportion of promising KASP markers was observed, as well as insufficient research
on the different ripeness groups of white cabbage varieties. The systematization of the available knowledge with
emphasis on problem areas undertaken in this review may be important and useful for breeders and producers
for their practical application in practice.
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BeepeHue

TUnUuHOe NepeKkpeCTHOOIbLIsIEMOe KPeCTOLBeTHOe pPacTeHre U BaXKHast OBOLL{HAs
Ky/bTypa — KartycTa besiokouanHasi (Brassica oleracea L. var. capitata L. f. alba DC) —
SIBJISIETCS OJHUM U3 HarboJiee Ky/JbTUBUPYEMbIX U TMOMY/ISIPHBIX OBoOILel B Mupe [1]
Y UMeeT 0O/IbIII0e SKOHOMHUECKOe 3HaueHHe KaK LIeHHbIN UCTOUHUK OUoIoruuecku
aKTUBHBIX, [10JIe3HBIX /|71 34,0POBbs BellecTs [2].

C npopomKarLMcsi POCTOM YMC/IEHHOCTHU Hace/leHUs], BBIBOIOM 3HAUUTE/IbHbIX
rIomazei obpabarsiBaeMbIX 3eMeb U3 UCII0/Ib30BaHUS U B LIeJIOM C YBeJTMUeHHeM
VMHTEeHCHU(UKALMU CeTbCKOT0 X035MCTBA, CIIPOC Ha YBeJMUeHUe YPOXKaliHOCTH KaIlyCThbl
C eJVHUL{bI [/IOIIA/IA CTAHOBUTCS BCe Oosiee BEICOKMM. Ha Ipon3BozcTBO Ge/10KouaHHOM
KaryCThbl OTPULIATE/ILHO BAUSIIOT KaK (PaKTOPbl OKPY>Karoll[el Ccpefibl, TaK U BUPYCHBIE,
OakTepHrabHbIe ¥ TPUOKOBBIE MaTOTeHbl, BLI3bIBAIOLIe pa3HOOOpasHble 3a00/1eBaHus.
Bonblioe BausiHUe Ha yiyullleHHe CelbCKOX03SMCTBEHHBIX KY/IBTYP, BK/IIOYasi KarycTy
Oe/I0KOUaHHYO, a TakKe Ha ee YPO)XKaiiHOCTb, OKa3bIBaeT KaK paHee, Tak U ceifuac cesek-
1us pacTeHyi. OJUH U3 MIOAXO0/I0B, BbIPABHUBAIOIIMX HETaTUBHOE BIMSIHUE Pa3/IMUHBIX
(aKTOpPOB, — MOMCK U MCII0/Ib30BaHKe B CeIeKLIMM COOCTBEHHBIX TeHOB yCTOHUMBOCTU
pacteHusi-xo3suHa Brassica [3]. OTKpbITHe TakKMX FeHOB, aCCOLIMMPOBaHHbIX C pa3/ny-
HBIMU CTPeCCaMH, ¥ X KapTUPOBaHKe, a TakKe pa3paboTka MapKepoB, TPaHCKPUIITOM-
HBIV aHa/IM3 ¥ 3HaHHUS B 00/1aCTU Perysisun (pr3noioruuecKux U 61MoCHHTeTHYe CKUX
MeXaHH3MOB 00eCIeursi 3HaunuTeIbHOe TIPO/IBIKeHHe B 00/1aCTH CeleKLIMHU KaImyCThl
6emokouanHoM [4]. OcoOpIii BK/Iaz B 00/1aCTH CeTeKIMA BHOCUT Ha/IMUKMe 3TalOHHOTO
reHoMa OesIoOKOuaHHOM KarycThbi! [5].

B reHeTuke u cesieKI[UM pacTeHu Bce Ooee aKTUBHO HUCTIO/IB3YHOTCS TeHOTUTTHPO-
BaHUe U MOJIEKY/IsIpHast CeJieKIUsl C 0OHapy>KeHHeM COOTBETCTBYIOLX MapKepOoB, T.e.
MeTO[|, IPY KOTOPOM TPOLIeCC CeJIeKLIUY OCYLLeCTB/SIeTCSI Ha OCHOBE MapKepa, a He ca-
MOT0 IpU3Haka. Vcrno/sb30BaHNe MOJEKY/ISIPHBIX MapKepoB MOBbILLIaeT BepOSITHOCTh
oOHapy>keHus1 PUCYTCTBUSI TeHOTHUIIA, COUETAIOII[ero B cebe BBITOHbIE ajljiesid B MOITy-
nsiuuu [6—8]. MonekynsipHbie iy reHeTHueckue JJHK-Mapkepsl ipeiCcTaBIsitOT CoO0H

' Brassicaceae Database. URL: http://brassicadb.org (aaTa o6patueHus: 25.06.2024).
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MOCJIe[0BaTe/IbHOCTH HYK/IEMHOBBIX KUC/IOT, PAaCIONI0KEHHBIE PSLOM C Lie/IeBBIMA TeHaMU
JKeJlaeMbIX NPU3HAKoB. OHU UCIIO/IB3YHOTCA /151 XapaKTePUCTHUKY apXUTeKTYpbl TeHOMa
Y UCC/IeIOBAHMUS TTIOIMMOP(U3MOB reHOB [9], uMeroI1iero KOHeUHOM 1e/Tbi0 YBe/TnueHHe
ypoykasi 6e/IoOKOUaHHOM KamyCThl U yiydliieHye ero kadectsa [10]. CesieKiusi C TIOMOIIBHO
NHK-MapkepoB MOKeT IOMOYb B TIOMCKE UCTOYHMKOB U JOHOPOB FeHeTUYeCKOU yCTOM-
YHMBOCTH K 3a00/1eBaHUSIM WJIM CTPECCOBBIM YC/IOBHSIM BbIpallBaHus KarycTsl [11, 12].
Vcrionb30BaHre STUX METOZ0B [T03BOJISIET 3HAUUTEBHO YCKOPUTH U YAELIeBUTh CesleK-
LIMIOHHBIH MPOLIeCC, COKPATUTH 3aTpathl TpyAa. JocrouHcTBa JJHK-MapkepHOro orbopa
3aKJTFOUarOTCs B PeJKOM 3aBUCUMOCTH OT YCJIOBUM OKPY’Katollleld Cpe/ibl, a TAKXKe B TOM,
YTO €ro MO’KHO TMPOBOAWTH Ha PAHHUX CTaJUsIX Pa3BUTHS Y OOJIBIIIOT0 KOJIMUeCTBO Ba-
PUAHTOB, TeCTUPYS OHOBPEMEHHO HeCKOJIbKO TIPHU3HAKOB B 0fHOM obpasue [11, 13].
Cy1llecTByeT 3HaUUTe/IbHBIN MY/ pa3HbIX TUIOB MOJIEKY/ISIPHO-TeHeTUYeCKUX MapKe-
POB, TTO3BOJISTIOIUX OL[€HHWBATh TeHeTUUeckoe pa3HooOpa3ue JJHK. 3To ocHoBa Bcex
TMOC/IeAYIOIUX TeOPeTHUeCKUX U MPUK/IaJHbIX ucciefoBanuii [14]. Cenekius Ha 6a3e
crnel(rye CKUX MapKepoB, CBsI3aHHBIX C XO35TCTBEHHO-1|eHHBIMU MPU3HaKaMu, 00e-
CIIeunBaeT MPSIMOM TeHOTUIYeCKHi 0TOOP 1 3¢ eKTUBHOe UCI0/Ib30BaHKe T'eHOB JiIsl
BbIpAIL[BaHHs HOBBIX COPTOB KaIlyCThbI OeJI0KOYaHHOM, 00/1aziaroiiieii HOBBIMU T10/1e3HBIMU
KauecTBamH [15]. B KauecTBe MOJIeKy/ISIpPHBIX MapKepOB KCII0/b3YIOT IIPOCThIe IOBTOPbI
nocnefoBareibHOCTH (SSR), Mapkepbl BcTaBKu-lennelu (InDel) v KOHKypeHTHYFO ajuiesib-
cnetduueckyto TP (KASP). OfnHOHYK/Ie0THAHBIE TToMMOPGH3MbI, MapKepbl SNPs
HMMEIOT MHOTO [IPeMMYILeCTB: BbICOKAast PACIIPOCTPaHEHHOCTh B TeHOMe, HU3Kasl 4acToTa
MyTaLui, JUMOP(U3M, BBICOKasi CTAOUIbHOCT M BO3MOXKHOCTh aBTOMAaTH3UPOBAHHOTO
aHaJIr3a C BBICOKOM TTPOITYCKHOM criocobHOoCThI0. AHam3bl KASP o6ecnieunBaroT rub-
KOCTb B OTHOLLIeHUH KosmuecTtBa SNPs, ncrnosb3yeMslx /17151 TeHOTUITMPOBaHUs. TOUHOCTb
aHann30B KASP Bbicokasi, a cTouMOCTb HU3KasA. CTouMOCTb ogHoro SNP cHmKaeTcst
C yBe/IMUEHHEM UX KOJTMUeCTBa. ITa 0COOEHHOCTH JjaeT npeumyiiectBo KASP-aHamum3y
nepej, Apyrumu reHotunvpoBanussmMu SNP [16].

B 3TOM 00630pe rocTaBreHa 3a/jaua — BbIsIB/IeHHE, OLjeHKa 1 000011ieHIe pe3yJib-
TaTOB UCCJIe[0BaHMI MO OCTYIHBIM MOJIEKY/ISIPHBIM MapKepaM, a Tak)Ke BbISICHEHUe
OCHOBHBIX HarlpaB/IeHU Pa3BUTHsI MapKePHOM cesieKLMU 6e/T0KOUaHHOM KarTyCThl Ji7Ist
ee y/yyullleHus..

Mapkepbl KauecTBa KanycTbl U aBUOTUYECKOro cTpecca

Huskue TemniepaTypbl 3HAUUTE/ILHO BUSIIOT HA POCT U pa3BUTHeE PaCTeHUH, CHIKast
TPOAYKTUBHOCTh CeTbCKOX03MCTBEHHBIX KYbTyp [17—21]. CunTaeTcs, 4To yCTOM-
YMBOCTb K HU3KUM TeMIlepaTypaM UId X0JI0[0BOM CTPecC y paCTeHUI BO3HUKAET MpU
oxnaxaenuu (< 20 °C) u 3amopo3ke (< 0 °C) [22]. 3uMHsIs BbLDKMBaeMOCTh — BaykKHasi
XapaKTepuCTHKa Brassica, 0coOeHHO KaryCThbl, BBICEBaeMO B CEBEPHOM K/TMMare, Ha KO-
TOPYIO TaKKe BJIMSIOT TeHeTuUeCcKUe Bapualyu J/is1 APYTUX PeryJrupyeMbIX X0I0[0M
TPU3HAKOB, TAKMX KaK YCTOMUMBOCTb K 3aMOPO3KaM, sIpOBH3aLIUs, BpeMsi CO3peBaHUs
Y XapaKTepUCTUKH JINCTheB [23].
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Ha 6a3e oxapakTepu30BaHHBIX a/lie/bHBIX Bapualuii reHa CSDPs 6bi1 pa3pabo-
TaH MOJIEKY/ISIPHBIN MapKep, BbISB/ISIOLMN TOJIEPAaHTHOCTb K HU3KUM TeMIlepaTypam
y Kanycthbl (Brassica oleracea var. capitata) [24]. Pacturensasle CSDP nmetot fonosn-
HUTeNbHbIe Oorarhie INTMLIMHOM 00/1aCTH, repeMesKaroliecs C LIXHKOBBIMU Ta/ibLliaMu
tuna CCHC (ZCCHC) B C-tepMmuHanbHoOM yactu [25]. @ynkius stux jomeHoB CCHC
B YCTOMUMBOCTH K HM3KMM TeMIlepaTypam I10Ka He BbIsICHeHa. TosiepaHTHbIE K HU3KUM
TemIiepaTypaM UHOpeHbIe TMHUW COZiep>Ka/id BapuaHTHBIA TUIT BoOCSDP5v, KOTOpbIi
KOAUpPYeT JOTOHUTe/NbHbIN foMeH LUMHKOBOro nasjiblja CCHC Ha C-KoHLje U acco-
LIMUPYETCS C TOJIEPAHTHOCTHIO K HU3KMM TemIleparypaM. AJljiesibHasi Bapyalys reHa
BoCSDP5 1ipou3BoguT pa3Hble O€/KU C pa3HbIM KOJTUUECTBOM IOMEHOB ITUHKOBBIX
nasbieB CCHC. Mapkep To/iepaHTHOCTHM K HU3KUM TeMIlepaTypam, CO37laHHbBIN Ha 0C-
HoBe nosiMMophu3sma Mmexxay BoCSDP5 u BoCSDP5v, 6bu1 oATBep)K/eH Ha 00pasiax,
WCII0/Ib30BaHHbIX B Mpe/iblayLLeit Banmugatyu Mapkepa B. oleracea CIRCADIAN CLOCK
ASSOCIATED 1 (BoCCA1). dnist nocToBepHOM U/IeHTU(UKALIMK KarmyCThl, yCTOMYUBOM
K HU3KUM TeMIlepaTypam, HeoOX0MO MCTI0/Ib30BaHKe JBYX MapKepOB OJHOBPEMEHHO
(BoCCA1; BoCSDP5v) [24].

KouaHHas karycTa OTHOCHUTCS K LIBETYILUM PaCTeHUSM, YYBCTBUTEIBHBIM K SIPO-
Bu3aluu. BoFLC2 siBsieTcsl Ba)KHBIM ()aKTOPOM TPaHCKPUIILIMU, KOTOPbIH TT03BOJISIET
pacTeHUsIM KaIlyCThl 0CTaBaThCsl B BereTaTUBHOM (pa3e B OTBET Ha X0/107. BriepBbie
B HccienoBaHuu Ju ¢ coaBropamu [26] 66110 oka3aHo, uto BoFLC2E u BoFLC2L,
K/IOHPOBaHHbIE U3 KallyCThl C Ype3BbIYaIHO pAHHUM U Upe3BbIUaliHO MO3/IHMM LiBeTe-
HYeM, COOTBETCTBEHHO, JeMOHCTPUPOBAa/IN UH/e/ AJIMHOU 215 1. H. B UHTPOHe I, Tpu
HecMHOHUMUYHBIX SNP 1 uH/en qavHou 3 n.H. B 9k30He 11 [26]. BoFLCZ2L cBs3aH
C TIO3/IHUM LIBETeHHEeM, UTO TO/TBEPXKAEHO C MUCTo/b30BaHneM Mapkepa indel-FLC2.
Henenus 215 n.H. B uHTpoHe | BoFLC2, He BbI3bIBasi a/IbTEPHATUBHOIO CILJIAHCUHTA,
3aMe/IJIsieT ero TIOAaB/ISIOIYH0 aKTUBHOCTH (caityieHcuHr BoFLC2L) 3a cuetT oOpaTHOM
CBSI3Y C OCHOBHBIMH reHamu kKomriekca PHD-PRC2, uyTo NpUBOAWT K CHUKEHUIO YPOBHS
VX TPaHCKPUIILIMU Y B KOHEUHOM UTOTre K 03/JHEMY L[BeTeHHIO KaryCTbl. Cpeay reHeTH-
yeckux Bapualuii BoFLC2 penerys 215 1m1.H. B uHTpoHe | Oblla 0CHOBHOM MPUUYMHOMN
3a/lep>KKH L{BeTeHUsl. DTO UCC/le[joBaHUe He TOJIbKO MpefocTaBsieT 3((eKTUBHYIO
MOJIEKY/ISIDHO-MapKepPHYIO Ce/IeKLIMOHHYI0 CTPATeryo /1Jisl BbISIBIEHUs] YCTOMUMBBIX
Y CeJIeKL[UU Y/IyYllleHHbIX COPTOB KalyCThl, HO U OTKPbIBAeT IMyTh K U3yYEHUIO MeXa-
HM3MOB BPEMEHH L|BETEHUs y paCTeHUid, YyBCTBUTE/IbHBIX K SIpoBU3aLvu [26].

[pyras uccienoBarebCcKas TpyIina o6Hapy»kuia monumopdHbiii reH BoFLC1.C9
(Bo9gl73400), npeaioxXeHHBI B KaueCTBe MOJIEKY/IIPHOTO Mapkepa [27]. BctaBka
JJIMHOW 67 T.H. BO BTOPOM UHTPOHe 3T0oro reHa BoFLC1.C9 B TWHUM paHHEro LiBe-
TeHUsI BbI3Basia OTUETTMBYIO MyTaLlMI0, HapyIuia GyHKLWIO reHa U Toka3ana Oosee
HU3KYH0 SKCIIPeCCHIO, BbI3BABILYIO paHHee LjBeTeHre. DTOT «HUH/e/» MOATBepyKjeHHbIN
MapkepoM F7R7, ocHOBaHHBIM Ha BCTaBKe, [103BOJIsIeT XapaKTepyu30BaTh pa3/IuyHbIe
CPOKH 1[BeTeHHUs Y JIMHUN KamnycThl. BaprabenbsHOCTh BpeMeHH I[BeTeHHUS B TOM
cnydae gocruraet 83 % nst ocobeit F2 u 80 % p1s1 koMMepuecKux TUHUN. Mapkep
F7R7 none3eH B cesieKLWU Jisi 0TO0pa COPTOB KamyCThl C Pa3HBIM BpeMeHeM LIBeTeHHsI
repe/ BblpallBaHueMm [23].
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Y BBICIIMX pacTeHU Ba)KHYIO POJIb B YCTOMUMBOCTH K OMOTHUECKUM U abHOTH-
YeCKHM CTpeccaM UrpaeT KyTUKYJISIPHbIN BOCK, OT/IO’KEHHbIN Ha [TOBEPXHOCTU KJIETOK
snuzepMuca [28]. [1as 3aluThl OT yabTPa(UoaeTOBOrO U3My4yeHusi, ((UTONaToreHoB
1 HaceKoMbIX [29, 30] pacTeHus BbIJ|e/ISIFOT HA MIOBEPXHOCTU KYTHKY/IbI BOCK, KOTODBIi
BJIMsIeT HAa YMEHbIIEHNe BHEYCTBUYHOIO MCIIapeHus U NpeloTBpalliaeT ronajaHue 3a-
rpsI3HEeHWH Ha TTOBepXHOCTh pactenus [31, 32]. KyTuKynsipHble BOCKM UMEIOT U JpyTHe
(YHKUMY: BAUSIIOT HA MOP(O/IOTMYecKoe pa3BUTHE U MMMTMEHTALUIO JIMCTHEB U TIJI0/0B,
YMEHBIIIAI0T pacTpecKrWBaHUe TIIoZA0B U T.A. [33, 34]. HekoTopkle reHbl, CBI3aHHbIE
¢ OMOCHHTEe30M KYTHKY/ISIPHOTO BOCKA, OB WAEHTHU(ULIMPOBAHBI Y MHOTUX KPeCTo-
L[BeTHBIX KY/IbTYP, BK/Itouasi Brassica oleracea [35]. OfHako MO/EKY/ISIPHBIN MeXaHU3M
peryyisiuu OMOCHHTe3a U CeKpeLMy KYTHKY/ISIPHOTO BOCKA Y KPeCTOLIBETHBIX KY/IBTYD
U B. oleracea octaetcsi Majio3yueHHBIM.

Y rsiHIeBO-3€/IeHBIX MYTaHTOB KayCThl ObI/TM 0XapaKTepHU30BaHbI MHOTOYKCIIEH-
HbIe TeHbl, CBsi3aHHbIe C OMOCHHTe30M BOCKA. [VISTHIIeBbIHM MPU3HAK KOHTPOIUPYETCS
OJHUM peLiecCUBHBIM reHoM Cgl1, pacrno/io;keHHbIM Ha KoHLie xpomocoMbl C08 [36].
Pa3paboTaHo HeCKObKO HOBBIX MapKepOB, TECHO CBSI3aHHBIX C LieJIeBbIM FeHOM,
B COOTBETCTBUM C 3TAJIOHHOM MOC/e[0BaTeIbHOCTbIO FreHOMa KamnycTbl. Ha ocHoBe
BCTaBKH (2722 1.H.) pa3paboTaH MoJIeKy/IsIpHbIA Mapkep ISP1, KOTOpPbIH MOT OT/H-
yuTh TisHI[eBbIA MyTaHT 10Q-961 ot Apyrux BU/0B KanycTel [35]. BeposiTHO, reH
Bol018504 co BcTaBKoi B mepBoM UHTpOHe (romosior Arabidopsis thaliana CER1
[35]) — 310 Cgl1. CooTBeTcTBeHHO, foMmeH PLIN02869, KOHTpOIMPYIOLMi aKTUBHOCTh
JekapboHM/Ia3bl XKUPHBIX ajlb/IeTH/I0B, OTCYTCTBOBAJ B reHe Bol018504 risiHIIeBOrO
myTtanTta 10Q-961, uto mpuBOAUT K 00pa30BaHUIO MyTaHTA I/ISTHLIEBOM KaIlyCThI. DTO
HCC/IeJOBaHHe MOXKET CII0COOCTBOBATH BBIBEIEHHIO HOBBIX COPTOB KalyCThl, 1eMOH-
cTpUpyroLuX heHoTUr O/ecTsiel 3e/1eHun.

Bonbiioe KosiMuecTBO reHeTUYeCKUX aHATM30B M0Ka3aso, uTo O0OMbIINHCTBO
MyTauui ¢ 1eULUTOM BOCKA y KalyCTbl KOHTPOJUPYETCS OAHUM OTHOCHUTE/b-
HO KOHCepBaTUBHBIM pelieCCUBHBIM reHoM [35, 37, 38] y pacTeHuii cemeiicTBa
KpecToiBeTHbIX. Ha Xpomocome 5 ObI1 onpeziesied reH-kKanaugatr Bol026949,
KOHTPOJIMPYIOIUM NIPU3HAK IVISTHLeBOTO 3eieHoro LBeTa [28]. OH npuHaj1eXuT
K ceMeliCcTBY JoMeHHBbIX OenkoB Agenet/Tudor, useHbl KOTOPOTO, KaK TMpezAro-
jaraeTcs, y4aCTBYIOT B peMOZie/IMPOBaHUM XpomaTuHa U TpaHckpunyuu PHK.
AHanmu3 nocsie0BaTeNIbHOCTH OMNpeJesn/, UTO MyTalusl O4HOHYKJIeOTUHOTO
nonmumopdusma (C —» G) Bo BTopoMm 3K30He Bol026949 npuBoguT K 06pa3oBaHUIO
CTOM-KOZJ0HA, UYTO MOXKeT MIPUBECTH K MpeXXJeBpeMeHHOMY IMpeKpalleHUuI0 TpaHC-
nsumu ero 6enka B 98—1030gl. Bol026949 mMoeT yuacTBOBaTh B TIPOU3BOACTBE
KyTHUKYJSIPHOTO BOCKA, PEryaupys YyPOBHU TPAHCKPUNTOB FeHOB, YYaCTBYIOIINAX
B IIOCTTPaHC/ISILMOHHOM K/IeTOYHOM IpolLiecce U repejave CUTHaA0B GUTOrOp-
MOHOB. CorzacHO Npejnoa0XeHno aBTopoB, Bol026949 moXeT yyacTBOBaTh
B [IPOM3BO/CTBE KYTUKY/ISPHOTO BOCKA IIyTeM MOAY/ISALIUA YPOBHEU TPaHCKPUIITOB
HEKOTOPBIX K/IIOUEBBIX MOCTTPAHCAALUOHHBIX PEryAATOPOB CUTHAIBHOIO NMyTH
(UTOrOPMOHOB, a He MyTeM IPSMOT0 BO3/eiCTBUSI Ha SKCIIPeCCHUI0 TeHOB, yua-
CTBYIOIIHNX B OMOCHHTe3e KYTHUKY/ISIPHOTO BOCKa [28].
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JIro v ip. COOBIIU/IM O IOMUHAHTHOM Hac/ieIoBaHUY reHoM BoGL 1, KOHTPOMPYO-
UM TJISTHL[eBO-3€e/IeHbIN MTPU3HAK y MyTaHTa KaryCThl ¢ feduiuTom Bocka [39]. [Jomu-
HaHTHas [VIsTHLeBasi MyTalisi PUBOJUT K Je(ULUTY KYyTHUKY/ISIPHOTO BOCKA y MyTaHTa
kartyctbl CGL-3 [40]. MpeHTH(UKALMS TeHOB-KaHUAATOB /1J1s1 TIPU3HAKA IVISHL[eBOM
3e/IeHH Y MOZle/IbHbIX pacTeHU! MoKasasa, UTo reHbl-KaHAWaThl, OTBETCTBEHHBIE 3a Jle-
GULIMT BOCKa, TIPE/ICTAB/ISIOT COO0M MPerMyIiie CTBEHHO HEKOTOPbIe KDUTHYECKHE TeHBbI,
yuacTByHoI1e B OMOCHHTe3e, TPAHCIIOPTe U Pery/siLuu BOCcKa [41].

YcTOMUMBOCTE K pacTpeckuBaHuio KouaHa (HSR) kamnycThl siB/isieTCst BaXKHBIM
TIPU3HAKOM, TeCHO CBsI3aHHBIM KaK C KaueCTBOM, TaK U C 0011[el ypoKalHOCTbI0. ITOT
MpH3HaK UMeeT CJIOKHbIe TeHeTUUeCKUe MeXaHU3Mbl, a ero reHeTU4eCKUil KOHTPOJIb
0CTaeTCs HeBbISICHEHHBIM. bblyia MpenprHsTa MOMbITKA aHa/Iki3a HacIeoBaHus U 00-
Hapy)KeHUs1 JIOKyCOB KonuuecTBeHHbIX npru3HakoB (QTL) gist HSR ¢ ucnons3oBanveM
CMeIIaHHOTr0 aHa/v3a Hacae0BaHUsl OCHOBHBIX I'€HOB U MOJIUTeHOB U KapTUPOBa-
Hus QTL, ¢ MmapkepaMu MPOCTOT0 MOBTOPA NocyieoBatebHOCTUA (SSR) 1 MHCepLUU-
nenetuu (InDel) [42]. Pe3synsratsl kKaptrpoBanusi QTL 1 K/accuueCcKoro reHeTHYeCcKoro
aHasiM3a ObLIM coriacoBaHHbIMU. VineHTrduiupoBanHblie aeBate QTL (Chr. C3, C4,
C7 u C9) 00wsicHumm B cOBOKynHOCTH OT 39,4 10 59,1 % ¢eHOTHIHMUE CKMX BapHal[dii.
Tpu ocHoBHBIX QTL (Hsr 3.2, 4.2, 9.2), 1eMOHCTPUPOBa/IA OTHOCUTEBHO OO/bIINI
s¢dexT, yem octanbHble [42]. Eme mects iokycoB QTL Ha 2, 4, 6 XxpoMoCOMe OTBeYaroT
3a YCTOMYMBOCTH K paCTpeCKMBaHUIO KovyaHa KarycThl. [1pu sTom mapkepsl BRPGMO0676
1 BRMS137 niposiBnsiii critbHY0 €BsA3b ¢ HSR KamycThl M 0TMeuanack KOHCEepBAaTUBHOCTD
B o6mact QTL SPL-2-1. ITonyuennsie QTL mosie3HbI 47151 MOIEKY/ISIPHO-MapKepHOH ce-
JIEKIMY YCTOWUMBBLIX PaCTeHW Ha CTauu paccazbl [43]. OTa XxapakTepuCTHKa 1103BOJISIET
oripefesiuTh 3PPeKTHUBHOCTb TeHOTUIIOB 110 CKOPOCTH CO3peBaHUs U ypoxKalHoCTH [44].

Mapkepbl 6MoTMYECKOro cTpecca

PasnuuHble naroreHsl: (hy3apro3Hoe yBsiZjlaHWe, UepHasi THU/b, CKI1epPOTUHUO3Hast
ctebeBast THU/Ib, YepHasl HOXKKa, Oesiasi pykaBUMHA, JIOXKHAsi MyUYHHCTasi poca, Oesast
MATHUCTOCTD JINCTHEB, BUPYC MO3auKU Pelbl U [ip. — MOTYT 3apakaTb KY/bTYpBI
Brassica [3, 45]. Co3maHue COpTOB, yCTOMUMBBIX K OCHOBHBIM OaKTepHabHbIM,
rpuOKOBBIM M BUPYCHBIM 3a00/ieBaHUsIM, a TAK)Ke BbI3bIBAEMBbIM JPYTUMHU apa3uTa-
MU, pacCMaTpHBaeTCs Kak Hanbosee >KU3HeCITOCOOHBIN U SKOIOTUYeCKH YCTOWUUBBIN
noaxoz K 60pb6e c 6ose3nsmu [44]. BoisiBneHue 1 BbIpalljiBaHKe YCTOWUMBBIX K 3a-
Oos1eBaHUSIM COPTOB MOXKET 00ecTeunTh oueHb 3(D(PeKTUBHBIN U IKOTIOTHUecKu bes-
OTacCHBIN crioco6 60pbOBI € MaToreHaMH pacTeHui 6e3 HeoOXOJUMOCTU XUMUUE CKOU
obpabotku [46]. Hamnuue reHOB yCTOMUHMBOCTU Y PaCTeHUM, B YaCTHOCTH COPTOB
Brassica, obecrieudBaeT MX 3al[UTy OT NaToreHoB [47, 48]. IIpu 3TOM BaXXKHYIO POJIb
JUIST 3aIATHI KaryCThl UrpatoT 0enku [49, 52, 53], Koaupyembie reHaMH YCTOWMUHBO-
CTH, C HYK/IeOTH/I-CBSI3bIBAIOLIM CATOM U oborareHHbIe TeHIMHOBBIMUA TIOBTOPaMU
[49—51]. Bnarogaps aTomy Bo3MoxxHO pa3paborars [JJHK-mapkep ycroiiunBocTy K 60-
ne3usm [3, 54, 55]. Ha 6a3e Tpex asneneit BocpuuMuuBocTH B. oleracea (focbol-1,
2, 3) pa3paboransl Habopsl [IHK-Mapkepos [1, 56]. ¥ B. oleracea o6Hapy»keH TOJILKO
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oauH raBHbIH 10Kyc CR (Rer7) u okoso 50 QTL, cBsi3aHHBIX € 3a007€eBaHUEM KHJIbI,
BbI3bIBaeMoii Plasmodiophora brassicae [54, 57] (Rcr7, Bk/itouasi ABailiaTh TPU
QTL, obHapy>KeHHBIX C UCII0/Ib30BaHHEM MeTO0/ja MUKPOUUIIOB OZHOHYK/IEOTU/JHOTO
nosiumopdu3ma (SNP) [58]. T'en ycroitunBocTH Rer7 BeposiTHO pacmosioykeH Ha Xpo-
mocome? (LG 7) y aByx coptoB KamycThl Tekila u Kilaherb [57]. Hamuune Heckonbkux
nokycoB CR y KarycThl yKa3bIBaeT Ha TO, UTO YCTOMUMBOCTh K Kuie y B. oleracea
KOHTDOJIUPYEeTCS MOJTUreHHbIM 00pa30oM, TOATBep K/asi CJIOKHYH TeHeTHUeCKYH0 opra-
HU3al1I0 NIPY3HaKa, Korja OHOTO JIOKyCa HeloCTaTOuHO A1 3Toro [59]. CpaBHeHue
obHapyxeHHbIx QTL 1Moka HEBO3MOXKHO M3-3a OTCYTCTBHUS OOIINX MOJIEKY/ISPHBIX
MapKepoB [54] u ucronb30BaHMs Pa3HbIX UCTOYHUKOB KHU/IBI U Bo30OyuTess [60].

B oxHo#1 13 paboT ObUM BHISIB/IEHBI HECKOIBKO COPTOB, HECYIIUX YCTOMUMBOCTD
K IByM He/lJaBHO TNMOSIBUBIIMMCS riaToTunam P. brassicae, F3-14 (3A) u F-359-13 [61].
Amnanus accoruaiiuii ¢ momoinbio QTL-mapkepoB SNP no3Bo/ini BHISBUTE TEHOM-
Hble obmacty QTL, cBsi3aHHBIE C YCTOHUMBOCTBIO K P. brassicae [61]. QTL-mapkepbl,
BLISIB/IEHHbIE B JAHHOM MCCJIeIOBaHUU, MOTYT OBITh UCTIOb30BaHbI B MOJIEKY/ISIPHOM
CceNeKLU Ky/bTyp Brassica Ha yCTOWYMBOCTD K JAHHOMY TaToreHy. B 6o/bImHCTBe
perroHoB QTL onpegesneHo /viub orpaHuyeHHOe KonndyecTBo SNP-Mapkepos, s
BBISIB/IEHUSI [IOTIONIHUTE/ILHBIX MApPKePOB B 3THX TeHOMHBIX perioHax ellje motpebyeTcs
TOHKOE KapTupoBaHue [61].

W3 oBoueli Brassica BblJjeTUIN TeHbl yCTOMUMBOCTU K (Dy3apr0o3HOMY yBsi/ia-
Huto (CFW), KOTOpbIe UCIOMb3yI0TCS B IPOrpaMMax MapKepHOM CeleKLMU KaryCThbl [62].
[TatoreHom siBnsietcst Fusarium oxysporum f. sp. Conglutinans. Tly ¢ coaBTropamu [63]
u Lv c coaBropamu [64, 65] pa3paboramu nBa Mapkepa InDel z/is1 reHa yCTOMUYMBOCTH
K CFW [64]. T'eHOTUIIBI MOYKHO JIeTKO UAEHTHU(UIIMPOBATh C MIOMOIILIO TTOJIMAKPH-
JIaMUHOTO Tefb-31eKkTpodopesa [66]. OguH JOMUHUPYIOIAN TeH-KaHauaaT R-reH
Bol037156 nnst FOC1 B Karycte 06ecreurBaeT yCTOWYUBOCTb K TPUOKOBOMY TaTOreHy
y B. oleracea ¢ nono6HbIM caliTOM CBsI3bIBaHHMSI HYK/Ie0TH/Ia perieritopa toll-uHrepneii-
KuHa-1 ¢ 6orateM sieditiuHOM ioBTOpoM (TIR-NBS-LRR) [65]. B pOTHBOMO/IOXKHOCTH,
Cpeai BOCTIPUMMUMBBIX JIMHUKM 00Hapy»keHO /Ba Tvra InDel (BctaBka 1 11.H. 1 fesierust
10 11.H.), KaXKZIbIi U3 KOTOPBIX BbI3bIBA/ CABUI pAMKY CUMTHIBAHNS U TePMUHUPYIOLLYIO
MyTaLMIo B nocnegosarensHoCTsIX KHK. [1ns moBeimeHus conpotusisseMoctd K CFW
C TIOMOIIIBIO CeJIeKIMH C UCI0/Ib30BaHreM MapkepoB (MAS) Ob1i yCIIeIHO PUMeHeHbI
NHK-mapkepsl, CBsi3aHHBIE C ajjiesieM YCTOMYMBOCTH K O0JIe3HSIM, UTO CTIOCOOCTBOBAIO
BBISICHEHUIO MOJIEKYJISIPHBIX MeXaHWU3MOB, Pery/IUpYyIOLIUX JaHHbIM NTPU3HaK, U YCKO-
PW/IH BbIBeJileHre HOBBIX COPTOB KaIlyCThl, YyCTOMUMBBIX K 3a00sieBaHuUI0 [54]. Yiyurie-
HUSl JATHBIX IMHUU JOCTUIVIU ITyTeM nepeHoca CFW B pacrenus. Takas npoLezsypa
BK/IIOUaeT KOMOMHMPOBAaHHOE UCTIO/b30BaHKe Ky/IbTYPbl MUKPOCIIOP, TIOJTHBIN aHaIn3
reHOMHOTO (hoHa ¥ BbIOOp MapKepa, CrieLiupuuHOro Ayis ycroiunBoctd K CFW [62]. [Tns
YCTOWUMBOCTH KaryCThI K )y3apHO3HOMY YBsilaHUIO pa3pab0TaH U YCTeIIHO pUMeHeH
B CeJIeKLIMY KaIlyCThI Psifi MOJIEKY/ISIPHBIX MapKepoB, Takux Kak SSR-mapkep Frg13 [62,
64], mapkep Rfo BnRFO [67, 68]. Crierfuduunbiii ass CFW mapkep Frg13 moxeT ObITh
Tiofie3eH Jijis TOUHOM 1 ObICTPOi MeHTH(UKAL[M ITOTO TPU3HAKa B KallyCTHOM Mare-
puase ¥ Tipy pa3paboTke 3¢(heKTUBHOrO MeTo/a YAyULlIeHHs MATHBIX JIMHUN KaIyCThI.
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CenekLOHephbl MBITAIOTCS BBIBECTH JIMHUU, YCTONUMBbIE OJHOBPEMEHHO K pa3HbIM
3abosieBaHusIM, ¢ riomMorrbio JJHK-MapkepoB, UTo TI03BOJUT ITPeOZ0/IeTh pobnemy of-
HOBPEMEHHOT'0 3apa’keHHs1 HeCKOJIbKUMHU TlatoreHaMu. OOHapy»kKeHa acCoOLMaLvs MeXXIy
aJsiziesieM YCTOMUMBOCTH K (y3apHO3HOMY YBSZIAHUIO U KITyOHEBOM IHUMBIO HA OCHOBE
JOHK-MapkepoB U BbIBe/leHbI JINHUH, YCTONWUMBbIe K 0001M 3abosieBaHusM [1].

I'en ycroiturBocTH K ¢y3aprosHomy yBsiganuto (FocBrl, Chr.A03) pacrnonoxeH
B obnactu CR-reHoB (CRa/CRb, Rcrl, Crr3 u CRk) [54]. PekombuHarys iByx reHoB [69]
T03BOJIsSIeT HAaKaIUTBaTh aJljieNy, YCTOWUMBbIe K (y3apHo3HOMY YBSIJaHUIO U KITyOHeBO
rawn. FocBol B. oleracea (Chr. C06) pacrionoxked Bom3u QTL knybHeBo rHUIY,
HO cj1abo cuerieH ¢ HUM [59, 63, 70, 71]. CueruieHue MeXXAy HECXOXKUMHU JIOKYCaMHU
YCTOMYHMBOCTH MOXKET M03BOJIMTh HAC/Ie[J0BaTh FeHbl YCTOMUMBOCTH Kak K (y3apro3HOMY
YBSIIaHUIO, TaK U K/TyOEeHbKOBOM T'HUJTH, UTO MOYKET IPUBECTH K CO3/JaHHI0 Y CTOMUMBBIX
CopTOB K 060uM 3abosieBaHusM [72].

[Tatoren Xanthomonas campestris pv. Campestris (Xcc) BbI3bIBaeT 3a00/ieBaHHe
oBoIllei Brassica, Ha3pIBaeMoe YepHOU rHWIbIO0 [73, 74]. X0oTsa Majio 4yTo U3BeCTHO
o NBS-kogupytommx R-reHax y COpTOB KaryCThbl, paHee co0011janoch 0 CTPYKType
5K30HOB M MHTPOHOB M BapUaHTax Moc/enoBarebHOCTH (SNPs v uHAeN0B) B 3TUX
NBS-KoAupyIOIMX reHaX B yCTOMUMBBIX U BOCIIPUMMYMBBIX K UH(eKLMH X CC TUHU-
ax KanycTsl [75]. Beuin onpesenens geBath NBS-kogupyromux R-reHoB, KOTOpbie
MOTYT OBITH BOB/IeUeHbI B YCTOWUMBOCTE KalyCThl K 3a00/1eBaHHI0 YepHOW THUJIBIO,
OCHOBBIBAsICh Ha MPO(U/IAX IKCIIPECCUY F'eHOB B YCTOMUMBBIX U BOCIIPUMMUYMUBBIX
JIMHUSX. DTH TeHbl-KaHAWAAThl 00eCreurBaioT BasKHBIN pecypc A/isi QyHKLHMOHAIBHOM
XapaKTepPUCTUKU Y TeHeTUYeCKOT0 Y/IyUllleHUs] yCTOWYMBOCTU KallyCThl K YepPHOM THUTN
[75]. Tak 6b11 pa3paboran Moseky/sipHbIi Mapkep InDel BR6-InDel /151 orieHKH CBsA3u
MeXXay Bapuatusamu Bol031422 v cBsi3aHHBIM C yCTOWMUMBOCTBIO K pacam Xcc 6 u 7.
len-kanaugat R Bol031422 va xpomocome CO8 cocTosii U3 OfHOTO 9K30HA C WHCep-
uueit/genenueit anuHou 3 m.o. (InDels), nonumopdusma gavnoi 292 n.H. (MHCepLus
B 3K30He YCTOWYMBOM JIMHUU I10 OTHOLLEHUIO K BOCIIPUMMUYMBON JIMHUM) U HECKOJIBKUX
OZIHOHYK/TeOTHHBIX omuMop¢u3MoB (SNP). DToT pa3paboTaHHBI MapKep MOXKeT ObITb
BOCTpeOOBaH cesleKLIMOHepaMH [i/isl CO3JIaHUsI COPTOB KaIlyCThl, YCTOMUMBBIX K pacam
yepHOU rHUIM Xcc 6 u 7 [74].

3akoyeHue

OcHOBHas Lie/Tb CeeKLWHU KalyCThl — CO3/jJaHe KOHKYPEHTHOCIIOCOOHBIX HOBBIX
U y/yullieHWe y)Ke CYIIeCTBYIOIIMX COPTOB C TIOBBILIEHHOW, CTaOUIBHOM MPOYKTHB-
HOCTBIO, OBICTPBIM CO3peBaHNEM, OJHOPOJHOCTBIO U Y/IyUILIeHHBIM ITOTPeOUTeTbCKUM
KauecTBOM (BKyca, BHEIIIHEero BH/ia, aZileKBaTHOTO pa3Mepa, (hopMbl U IMJIOTHOCTH Kova-
HOB, BBICOKMM CO/IeP’KaHHeM MMUTaTe/IbHBIX BeIlleCTB U Ofpe/ie/IeHHbIM XUMUUeCKUM
COCTaBOM, CITIOCOOHOCTBIO K XpaHeHUI0). [Ipu 3TOM KaueCTBeHHbIE MPU3HAKU UMEFOT
OTHOCHUTE/IbHO BBICOKOE 3HaueHue B CeleKI[UH Oe/TOKOUaHHOM KaryCThl, KOTOpasi TaKxke
JI0JDKHA MpelyCMaTpHUBaTh pa3paboTKy OMOTUYeCKU U abMOTHUECKH yCTOWUMBBIX COPTOB/
ru0OpU/IOB B MEHSIFOLIMXCS KJTAMaTHUeCKUX yCIOBHUSIX.
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O630p 011y 6/TMKOBAaHHOM JIUTEPATYPhI TI0 MapKepaM X03sCTBEHHO 1|eHHbIX MPU3Ha-
KOB TI0Ka3aJ1, uTo 00JIbIlasi YaCTh UCCIeA0BaHUM MTOCBSIIEHA U3YUeHHIO YCTOMUHUBOCTH
K raToreHam, Mop¢o/ioruueCcKUM ToKa3aTesisiM U pacTpeCKUBaHUIO KouaHa. CriefryeT
0c000 BBIZIENTUTE OOJIBIITYI0 Ba)KHOCTh BBIBEI€HUSI HOBBIX JIMHUNA M COPTOB, YCTOHUUBBIX
OZJHOBPEMEHHO K pa3HbIM 3a00/ieBaHUSIM, UTO He TOJILKO ITO3BOJIUT TIPEO/0JIETh TIPO-
6/1eMy MHO)KECTBEHHOT'O 3apa’KeHUsI, HO U TIOMOXKET CHU3UTh BO3/|eHICTBHE OCTAaTKOB
MeCTULIUJOB Ha TIPOJYKTHI IIUTAHUSI U OKPY>KAIOLIYI0 cpefy. B mureparype BbISIBIIEHO
MHO>KeCTBO MCCJIe[JOBaHHM reHOB, yUaCTBYIOLMX B XOJI0[JOBOM aflaNTal[uy KaryCThI
0e/I0KOUaHHOM, UTO CBSI3aHO C ee IIMPOKUM PacrpoCTpaHeHHeM B Pa3/IMUHBIX KITMMaTH-
YyeCKHX 30Hax. TakyKe BbIsIBJIEHbI aCCOLIMAL[MN MOJIEKY/ISIPHBIX MapKepOB C TPU3HAKOM
BpeMeHH Tepexo/ia K LiBeTeHHI0. B To ke Bpemsi, 1011 MapKepoB [i/isi TeHeTHue CKOM
WJeHTHU(hUKALIMM COPTOB KayCThbl KOUaHHOM pa3/IMuHBIX TPYTIT CIIeJI0OCTU OKa3asaach
OYeHb He3HauMTeJ/IbHa, XOTs CeJIeKIUsl Ha Ha/Ture Bapyalliii pAHHUX, CPeAHUX U TI03/-
HUX COPTOB KaIyCThI /Ijisi MaKCUMaJTbHOTO MCTI0/Ib30BaHKS JOCTYTTHOTO BereTaliOHHOTO
Tepuozia ¥ MIOCEeBHBIX TIIOIIa/lel oueHb BocTpeOoBaHa. [103ToMy co3zaHre COPTOB,
rUOpPUIOB U JIMHUM, YCTOMUMBBIX K OMOTHUECKUM 1 aOMOTHUYECKUM CTpeccam, OoraThix
HYTpaLIeBTUKaMH, C TTOTeHIMaTbHOW BO3MOKHOCTBIO MTO/TyYeHHsI OHOPOZHOTO TI0 3pe-
JIOCTH U TIPU3HAKaM CTaOM/IbHOTO YPOXKasi — MPUOPUTETHAS [1e/Tb CeIeKIMU KarmyCThl.
[Tpy 3TOM HY)KHO yUUTBHIBaTh, UTO MOJyYeHHe KaryCThl, 00/1a/jatoiield OHOBPeMeHHO
TIOBBILLIEHHOM YPO)KaliHOCThBIO, TTUTATebHOMN 1[eHHOCTBIO U Y/yUllleHHBIM KaueCTBOM
C TOUKH 3peHHs TOTPebUTeIbCKOTO CIIpoca, MpecTaBseT c000i cepbe3Hyto 3a/jauy
IS CeJIeKLIOHepOB.

Cpenu Bcero pa3HooOpa3usi BbISIBJIEHHBIX B JINTEPaType MapKepOB, UCTIOJIb-
3yeMbIX B CeJIeKLMU KarmyCcThl 0eJI0KOUaHHOM, 0Ka3a/oCh JUIIb OTHOCUTETBHO
He3HauuTenbHOe npucyTcTBue KASP MapkepoB, UMeIOIUX BBICOKUHN MMOTeHLIMA
Y MpuoOpeTaroluX B MOC/iejHee BpeMs Bce Oosiblliee 3HaUeHHE B CBSA3U CO CBOeH
9KCIPeCCHOCTHIO U 3KOHOMHUUHOCTBIO. [103TOMYy KpaliHe Ba)KHO B MOJTHOUW Mepe
HCI0J/Ib30BaTh BO3MO)XXHOCTH COBPEMEHHBIX OMOTEXHOJ/IOrUUeCKUX METOZ OB /IS
y/IyullleHUs] TeHeTUYe CKUX TIPU3HAKOB KallyCThl O€/T0KOUaHHOM, Cpeii KOTOPBIX
WCII0/Ib30BaHUe MOJIEKY/ISIPHBIX MapKePOB TIpe/iCTaB/isieT OO0 T0J1e3HBIN pecypc
JiJ1s1 IOBbIIeHUs () (PeKTUBHOCTU CeJIeKLUU. DTO OTKPhIBaeT BO3MOXKHOCTHU JIJist
YCKOpeHUsI CeeKLIMOHHOM MPaKTUKHU 3a CUeT UCI0/Ib30BaHusl MapKepoB B (HOHOBOM
otrbope TpH ceeKIMM C UX TIOMOIIbI0. Takoi rnmoaxoz OyzeT crroco6CcTBOBAThL CO3/ia-
HHIO COBEpIIIeHHO HOBBIX BBICOKOYPO’KaHbBIX COPTOB, OT/TMYAIOIIMXCS TIOBBILLIEHHOM
Y KOMIIJIEKCHOM YCTOMYMBOCTBIO K 3a00/1eBaHUSIM 1 HeOaronpusiTHBIM (akTopam
BO3/Ie/TbIBaHUS, CIIOCOOHBIX K BBI3PEBAHUIO OO/IBIINX KOYAHOB C OTJTMUHBIM TTOTPeOu-
TebCKUM U TeXHOJIOTHUeCKUM KaueCTBOM. MBI 0XK1/jaeM, uTo B JanbHeiiem OyayT
TaK>)Ke TIPeJTNIPUHSATHI YCU/HS 110 BbIBeIEHHUI0 HOBBIX COPTOB KaIlyCThl HE TOMBKO pajiv
ee Ky/TMHapHBbIX CBOMCTB W/IU JTydlliel TTPUCIIOCOO/IeHHOCTBIO K YC/IOBUSIM BBIpAIIy-
BaHMS M yTpaB/ieHUs], HO U C TeparieBTUUeCKUMU 1iensiMd. HoBble 3aauu cesieKiuu
KamyCThl OyAyT MoOy»K/1aTh MHTETPUPOBATh MOC/elHMEe NUHHOBAI[UM B OMOJIOTUH
Y TeHeTHKe JIJIs YIyUllleHUs ypoXKasi.
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Abstract. Propolis is produced by honeybees (Apis) from a series of non-toxic, mucilage-based resinous and
balsamic substances collected from the leaf buds of various tree species and mixed by the bees with their saliva
secretions. It is used as an insulating, sealant, and disinfectant in the cell. Because of its antimicrobial properties,
propolis has become a popular alternative biocide or food additive for health protection and disease prevention.
It has been shown that the abundance of a huge number of flavonoids, essential oils, phenolic compounds, and
antioxidants is responsible for most of the biological and pharmacological activities of propolis. This study aims
to provide a critical analysis of various studies evaluating the activity of propolis against fungi and to identify
the chemical components responsible for this activity. Discussion of the methodological approaches used, and
results released is a key point of this review to highlight knowledge gaps. In this review, we will first learn about
the chemical composition of propolis, and the contrast agents used in their ability to inhibit pathogenic fungi.
The study showed that increasing the concentration 12.5, 25, 50, 100% of propolis extract led to an increase in
the rate of fungal growth inhibition Fusarium oxysporum, Pythium aphanidermatum, Rhizoctonia solani, we
find that the concentration of 100 ml/L was superior, which achieved the highest percentage of inhibition of the
growth of the three fungi, Fusarium oxysporum, Pythium aphanidermatum, and Rhizoctonia solani. The average
percentage of inhibition was 85.36, 85.77, and 83.14 respectively.
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Introduction

Propolis is a natural brownish resinous substance collected by honeybees (Apis
mellifera), with a documented bioactivity against many microorganisms. Propolis is
another important bee product, such as honey, royal jelly, and bee venom. Propolis is
also an important source of natural chemical compounds [1]. Propolis has been used as
a medicinal product since ancient times by the Greeks, Romans, and Egyptians, and it is
still used present time [2]. Honeybees collect resinous substance from the buds and leaves
of different types of plants, such as poplar, pine, pineapple, willow, and palm trees [3]. It
is a solid substance when cold, soft, and sticky when hot, and has a distinctive smell, and
its color varies from yellowish green to dark brown [4]. Propolis is of different types, as
mentioned [5], including the green type and the red type. [6] has shown that the green type is
more effective from a medical standpoint, and honeybees use propolis to fill the hexagonal
gaps in the hive and to glue its parts together. They also use it to mummify dead bees
inside the hive and some organisms that enter their hives and which they kill. Bees cannot
carry it outside the hive to avoid its rotting, such as cockroaches, butterflies, and mice, so
it remains inside the hive without decomposing [7]. Because of its distinctive properties,
chemical composition, and biological effectiveness against many microorganisms, it is
now used as a natural treatment in several countries of the world [8]. Propolis contains
more than 300 different components, such as polyphenols (flavonoids, phenolic acids, and
esters), phenolic aldehydes and ketones. The percentage of these materials is as follows:
plant resins and balsams 50%, beeswax 30%, pollen grains 5%, essential and fragrant oils
10%, and some other materials that also include organic compounds [9]. The composition
is affected by extraction methods; It is generally produced through ethanol extraction,
although some steps (such as maceration) are variable [10]. Propolis plays a crucial role
in immune defense, largely due to its antioxidant properties, which stem from its diverse
bioactive phytochemical constituents. These compounds include phenolic acids, flavonoids,
esters, diterpenes, sesquiterpenes, lignans, aromatic aldehydes, alcohols, amino acids, fatty
acids, vitamins, and minerals [11]. The wide array of observed biological activities can be
attributed to the chemical diversity of these phytonutrients [12, 13]. The composition of
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propolis varies based on the local vegetation and the period of collection [14]. Despite these
differences, all propolis types exhibit antimicrobial activity, suggesting that this function is
influenced by overall composition rather than specific compounds [15]. Worldwide, propolis
is used in supplements and as a food or beverage additive [16], although its approval as
a drug or dietary supplement depends on thorough chemical, technological, and toxicological
evaluation. To diminish the environmental impact of currently available fungicides, many
researchers have been searching for naturally occurring bioactive compounds that act
differently from commonly known antifungals. Propolis is a resinous product consisting
of compounds that bees collect from the vegetation, e.g., phenolic acids, terpenoids,
caffeic acids, and flavonoids [17]. The aim of the study was to determine the effective
chemical compounds of propolis extract and the role of the aqueous extract of propolis
seeds in inhibiting the growth of some fungi that are phytopathogenic, to find alternative
biological methods that help farmers dispense with chemical pesticides that are harmful
to the environment, and to reduce the accumulation of chemical substances in breeding,
agricultural crops, and the production of pesticides, as propolis is environmentally friendly,
harmless, low cost and easy to apply.

Materials and Methods

The method of Harbon (1984) was followed in preparing aqueous extracts of propolis.
50 grams of the dry weight of the natural propolis were sterilized with a 1% sodium
hypochlorite solution, dried using filter paper, then dried by placing them in an electric
oven at a temperature of 50 degrees Celsius and ground with an electric grinder. The
resulting powder was kept in sterile glass jars until used in preparing the water extract,
and placed in a 500-ml glass beaker containing 200 ml of distilled water. Then the plant
material was mixed with an electric mixer on a hotplate for 30 minutes via 48 hours,
and the solution was left for 30 minutes. After that, it was filtered using filter paper to
separate large plankton, and the filtrate was transferred to the centrifuge. The extract
was centrifuged at 3000 rpm for 10 min to sediment the smallest phytoplankton and
obtain a fine plant extract [18].

The fungi used in the experiment. Fusarium oxysporum, Pythium aphanidermatum,
and Rhizoctonia solani sp. fungi were obtained from the Phytopathology Laboratory,
Agrobiotechnology Department, RUDN University, grown on the nutrient medium
Potato Dextrose Agar (PDA), and incubated at a temperature of 25 °C. This isolate is
characterized by the growth of white mycelium with branched edges on the upper surface
of the dish and light cream on the lower surface [19]. In the experiment, 5 mm-diameter
discs were excised from 5-day-old colonies of pathogenic fungi. A single disc of each
fungal species was placed at the center of Petri dishes containing potato dextrose agar
(PDA) medium, supplemented with varying concentrations of the propolis extracts under
investigation. The plates were incubated at 25 °C for one week, after which colony
growth was measured. The fungi used in the experiment were classified according to
established diagnostic categories [20, 21]. This setup enabled the assessment of the
antifungal activity of the different propolis extracts.
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Testing the inhibitory capacity of plant extract. To detect the inhibitory ability against
pathogenic fungi, four concentrations 12.5, 25, 50, 100% of the plant extract were added
to the culture medium in addition to the control concentration, and discs with a diameter
of 5 mm were taken from the pathogenic fungal isolates to a Petri dish with a diameter of
90 mm containing 20 ml of the culture medium for each of the pathogenic fungi used. In
the experiment, there were three replicates for each of them and the same number of Petri
dishes, and the dishes were incubated at a temperature of 25 °C. After a week, the growth
rates of the fungi were estimated after completion of growth of the control fungus for each
of the pathogenic fungi, and then the percentage of the extract’s efficiency in inhibiting the
growth of the fungi was calculated using Abbott equation (1925) [22, 23].

Percentage of inhibition = Fungal growth rate in comparison_ Fungal growth
rate by treatment/ Fungal growth rate in comparison*100

Statistical Analysis. The experiment was carried out according to a completely
randomized design in four replicates based on the CRD factor to compare different fungi and
four concentrations of aqueous extract of sumac. The recorded data to examine the antifungal
extract were analyzed into percentages using a program (Gene-STAT version 21) [24].

Results and discussion

The current results are showed in Figure 1; the biologically active compounds present
in natural propolis extract were studied using gas chromatography and mass spectrometry.
They are expressed in terms of retention time (RT) and concentration (peak area%) and
given in Table 1 and Figure 1, which show the presence of 8 bioactive phytochemical
compounds in propolis extract belonging to specific groups of compounds. Among the
plant compounds that were identified were a saturated Pentadecane, Diethyl Phthalate,
Docosane, Rosifoliol, Tricosane, Ethanone-1,2-diphenyl-2-[(trimethylsilyl)oxy],
3-Methylheneicosane, Alkanox 240. The analysis results were similar to the results
of 8 chemical compounds, which showed the presence of many chemical compounds
revealed by GC-MS analysis [25].

Figure 1. GC-MS analysis of aquatic extract of propolis

Source: compiled by M.H. Al-Mamoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.
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Figure 1 shows the spectroscopic GC-MS analysis of the chemical compounds of
propolis extract. The diagram also shows the amount and peak area and quality of each
chemical compound for extract of propolis, as detailed in Table 1.

Table 1 presents the results of the spectroscopic analysis (GC-MS) of the aquatic
propolis extract which showed the following chemical compounds. At minute 18.719 at
aera 3391986, the compound pentadecane appeared with a quality of 91 and the peak area
was 7.85; at minute 19.694, at area 5400969, the compound Diethyl Phthalate appeared
with a quality of 96, and the peak area was 12.49; at minute 22.813, at area 3579221, the
compound Docosane appeared with a quality of 90, the peak area was 8.28; at minute
23.944, at area 4134337, the compound Rosifoliol appeared with a quality of 47, and
the peak area was 9.56; at minute 26.471, at area 3857546, the Tricosane appeared with
a quality of 87, the peak area was 8.92; at minute 32.417, at area 2248944, the compound
Ethanone appeared with a quality of 47, the peak area was 5.20; at minute 35.452, at
area 2113794, the compound 3-Methylheneicosane appeared with quality of 37, the peak
area was 4.89; at minute 46.27, at the area 18504977, the compound Alkanox 240 was
common in terms of peak area with a quality of 83, the peak area was 42.80. The mass
spectrum was used to identify the name, molecular weight, and form of the components
of crude propolis samples [26].

Table 1

Chemical compounds by Spectral analysis results by GC—MS chromatogram
of seeds aqueous extract of propolis

No RT, min Area (Ab*s) Peak Area% Name Quality CAS Number
1 18.719 3391986 7.85 Pentadecane 91 000629-62-9
2 19.694 5400969 12.49 Diethyl Phthalate 96 000084-66-2
3 22.813 3579221 8.28 Docosane 90 000629-97-0
4 23.944 4134337 9.56 Rosifoliol 47 000000-00-0
5 26.471 3857546 8.92 Tricosane 87 000638-67-5

Ethanone,
6 32.417 2248944 5.20 1,2-diphenyl-2- 47 026205-39-0
[(trimethylsilyl)oxy]
7 35.452 2113794 4.89 3-Methylheneicosane 37 006418-47-9
8 46.27 18504977 42.80 Alkanox 240 83 085454-97-3

Source: compiled by M.H. A-Mamaoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.

The results in Table 2, Figure 2 indicate that all concentrations of the propolis
aqueous extract were superior to the control in inhibiting the growth of the fungus, as
the average colony diameter was estimated at, respectively, 35.73, 27.14, 20.75, and
12.55 mm using the aquatic extract of crude propolis at concentrations of 12.5, 25, 50,
and 100 ml/L. compared to the control, which gave the highest value for the average
diameter of the fungal colony. Comparing the different concentrations, we found that
the concentration exceeded 100 ml/L, as it achieved the highest rate of inhibition of
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the growth of the three fungi (Fusarium oxysporum, Pythium aphanidermatum, and
Rhizoctonia solani). The average diameter of the fungal colonies was 8.67, 13.82, and
15.18 mm, respectively. This is due to the role of the active compounds, and the volatile
oil present in the extract contains compounds that are effective in the growth of fungi.
This is consistent with Auriane Dudoit, et al. [27].

Table 2

Effect of propolis aquatic extract on the medium diameter
of plant pathogenic fungi colonies growth rate, compared with the control, mm

Fungus Cont 12.5% 25% 50% 100
Fusarium oxysporum 90.00 27.87 23.75 20.31 8.67
Pythium aphanidermatum 90.00 44.13 34.59 24.50 13.82
Rhizoctonia solani 90.00 35.18 23.09 17.43 15.18
Means 90.00 35.73 27.14 20.75 12.55
L.S.D A = Extract 2.960 B = Fungi 2.564 A+B=5127

Source: compiled by M.H. Al-Mamoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.
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Figure 2. Effect of propolis aqueous extract on the medium diameter
of plant pathogenic fungi colonies growth rate, mm

Source: compiled by M.H. Al-Mamoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.

The aquatic extract for crude propolis achieved a significant effect in inhibiting
the growth of the fungus (35.73, 27.14, 20.75, and 12.55), as the averages (Table 3,
Figure 3) were estimated, respectively, for the concentrations of the water extract ml/L
compared to the control. Comparing the concentrations, we found that the concentration of
100 ml/L was superior, which achieved the highest percentage of inhibition of the growth
of the three fungi, Fusarium oxysporum, Pythium aphanidermatum, and Rhizoctonia
solani. The average percentage of inhibition was (85.36, 85.77, and 83.14%), respectively.
By comparing the average percentage of inhibition of the fungus, we found a difference
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in sensitivity of the pathogenic fungi to the aqueous plant extract, as the extract achieved
the highest percentage of inhibition of Rhizoctonia solani, followed by Rhizoctonia
solani, then Pythium aphanidermatum; this is due to the role of the active compounds
present in the extract and a small percentage of the essential oil, which contains active
compounds soluble in water. A small amount of essential oil contains active compounds
that affect the growth of fungi. This has been confirmed by previous studies. And this
is consistent with Dudoit A. et al [27].

Table 3

Effect of Rush coriaria L. on inhibition growth fungi, percentage of inhibition rate (100%)
Fungus Cont 12.5% 25% 50% 100%
Fusarium oxysporum 0.00 69.03 73.61 77.55 85.36
Pythium aphanidermatum 0.00 50.97 61.59 74.07 85.77
Rhizoctonia solani 0.00 60.91 74.35 80.68 83.14
Means 0.00 60.30 69.85 77.43 84.76

LSD A= Extract 3.828 B= Fungi 3.315 A+B 6.630

Source: compiled by M.H. Al-Mamaoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.

Precentage of Inhibition Growth
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Figure 3. The inhibition ratio of Fusarium oxysporum, Pythium aphanidermatum, and Rhizoctonia
solani. at various concentrations of propolis aqueous extract

Source: compiled by M.H. Al-Mamoori, S.G. Okbagabir, E.N. Pakina, M. Zargar.
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Conclusion

This study investigates that the aqueous extract of propolis at four concentrations
(12.5, 25, 50, and 100%) effectively inhibits the growth of pathogenic fungi Fusarium
oxysporum, Pythium aphanidermatum, and Rhizoctonia solani. The highest inhibition rate
was observed at the highest concentration (100%), where Rhizoctonia solani. exhibited
the lowest growth rate (83.14%) and the highest inhibition rate (85.77%) for Pythium
aphanidermatum. The presence of bioactive compounds such as Diethyl Phthalate,
docosane, Alkanox 240, and Tricosane identified through GC-MS analysis underpins the
antifungal properties of the extract. These compounds contribute to the antifungal activity,
suggesting that propolis extract could be a viable bio-fungicide. Given its efficacy, low
cost, and environmental friendliness, propolis extract presents a promising alternative
to commercial chemical fungicides. Its application could reduce chemical fungicides’
environmental and health impacts, supporting sustainable agricultural practices and
enhancing crop protection naturally.
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Bbuonornyeckas 3¢¢)eKTMBHOCTb 9KCTpaKTa nponosinca
Ana 3amMensieHnsa pocta (‘.I)MTOI'IaTOFeHOB

M.X. Anb-Mamypw, IILI. Ok6araoup —, E.H.Ilakuna ~, M. 3aprap >

'Poccuiickuii yHUBepCcUTET ApY>KObI HapoAoB, Mockea, Poccuiickas ®edepayus
X zargar-m@rudn.ru

Amnnoranus. [Tporonyic mpousBoAXTCS MeJOHOCHBIMU ITuesiaMu (Apis) 13 psifia HeTOKCUUHBIX, MyLIIKHBIX
CMOJTUCTBIX 1 6a/lb3aMUYECKHX BELeCTB, COOPaHHBIX C JIMCTOBBIX I0YEK PA3/IHMYHbIX BU/IOB JIEDEBBEB U SB/ISIOLIMXCS
TIPOJYKTOM >KM3HeZesTTe/TbHOCTH Imaes1. OH MCTIONb3yeTCs B KaueCTBe H30/SILIIOHHOTO, TepMeTH3HPYIOLIero U e3VH-
¢uumpytoero cpencTsa. biarofapsi CBOMM aHTUMUKPOOHBIM CBOKCTBAM TPOIIO/UC CTaJl TOMY/ISIPHBIM aJIbTepHa-
THUBHBIM OHOL/IOM WY NULIIEBOH 106aBKOM /151 poM/IakTHKY 3a00eBaHmiA. [Toka3aHo, UTo Ha/muKe 6OBIIOro
KOJTMYeCTBa (1aBOHOU/IOB, 3PUPHBIX Maces, (heHOMbHBIX COEUHEHHUH 1 aHTHOKCH/IAHTOB OTBEUAET 3a OO/BILIMHCTBO
6roIorueckrx U (hapMakoIOrMuecKrX CBOMCTB Tporiouca. LIesbio nccieoBaHust — KPUTHUECKHH aHa/Iu3 pas-
JIMYHBIX PabOT, OL|EHNBAOILMX aKTMBHOCTb ITPOIIO/IICA IPOTHB I'PUOO0B, 1 BbIB/IEHHE XUMUYECKMX KOMIIOHEHTOB,
OTBETCTBEHHBIX 3a 3Ty aKTUBHOCTb. OBCY>K/IeHHEe UCII0/Ib30BAHHBIX METOJ0/IOTUUECKHX TIOX0/0B 1 MOy YeHHBIX
Ppe3y/IbTaToB SIB/ISIETCS K/IFOUeBBIM MOMEHTOM HccyiefioBaHysl. [TpeficTaBieH XUMIUYeCKHi COCTaB MPOTIOJINCA, a TAkKe
MH(OPMALWS 0 BellleCTBaX, BXOASALIMX B COCTaB, U X CIOCOOHOCTH MHIMOMpPOBaTh NaTtoreHHble rpubsl. Viccienosa-
HHe TI0Ka3aJio, UTo MOBbIIIIeHHe KoHLeHTparmH (12,5, 25, 50, 100 %) skcTpakTa MpOoIoMca MPUBEJIO K YBeTHUYeHHI0
CKOpOCTH MHTHOUpOBaHUst pocta rpuboB Fusarium oxysporum, Pythium aphanidermatum, Rhizoctonia solani.
OG6Hapy»«eHo, uTo KoHLeHTpaLus 100 M/t 6b11a Hanbostee 3¢heKTHBHOM 1 TI03BO/M/IA I0CTHYB CAMOTO BBICOKOTO
TMpOLIeHTa UHrMOUpoBanus pocta rpubos Fusarium oxysporum, Pythium aphanidermatum u Rhizoctonia solani.
Cpepnuii ipoLieHT WHrubrpoBaHust coctasun 85,36, 85,77 u 83,14 coOTBETCTBEHHO.

KnrwoueBsbie cioBa: ['X-MC aHanu3, xuMuueckue coefjuHeHus, Fusarium oxysporum, Pythium
aphanidermatum, Rhizoctonia solani sp.

Bkiiag aBTopoB: Anb-Mamypu M. X. — nipoBezieHue ncciefoBanuii; Okbara6bup I11.I. — o0630p nuTepaTypesi;
IMakuHa E.H. — 06paboTka pe3y/ibTaTtoB UCCIe[0BaHus; 3aprap M. — CTaTHCTHYeCKUi aHalu3 MOMyYeHHBIX
JIJaHHBIX U TIpYB/IeUeHre ()MHAHCUPOBAHUSL.

duHaHcupoBaHue. VcciieoBaHue BhINOHeHO rpu nogaep>kke PH® (ripoekT Ne 24-26-00113).
3asB/eHne 0 KOH(IMKTe HHTEPeCOB. ABTODBI 3asIB/ISIOT 00 OTCYTCTBUY KOH(JIMKTa UHTEPECOB.
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KaptorpadupoBaHue 3anacoB opraHU4ecKoro yrnepoga
B NOYBaX pPa3/INYHOro 3eMenosib30BaHusA
lO)xHoro NMNoaMoOCKOBbS HA OCHOBE
apXMBHbIX AaHHbIX U MALUUHHOIO 06y4YeHus

FO.A. /IBopHuKOB" 2 > 1A. MuUpHBIi,
E.C.MykBuw® ~, K.B. IBameHko’

'Poccuiickuil yHUBEpCUTET APY>KObI HapofioB, 2. Mockea, Poccutickass @edepayus
2MIHCTUTYT QU3UKO-XUMHUECKUX 1 Ouonoruueckux npobiem nousoenenus: PAH, . ITywuHo,
Pocculickas @edepayus
> ydvornikow@gmail.com

AnHoTanus. [TpyBeieHb! pe3y/bTaThl KapTorpahrpoBaHUs 3aracoB IIOYBEHHOTO OPraHUYeCcKoro yrye-
poza (ITIOY) B BepxHeM 10-caHTMETPOBOM CJIO€ [TOYB JIByX TePPUTOPUAJIBHBIX eIMHUL] MOCKOBCKOH 06mactu
(mo cocT. Ha 2007 r.) (1096 km> — TeppuTopus [Tofonsckoro paitoHa, 1101 km? — Tepputopusi CepryX0BCKOTo
paiioHa). Ha ocHoBaHuY faHHBIX TOUuBeHHOU cbeMKU 2007 1. (n = 282) B npefiesiax 3TUX TepPUTOPHA/IBHBIX
06pa3oBaHUil TOCTPOEHa MOJieNb 3aBUCUMOCTH 3anacoB [10Y, Kr/M?, OT pa3NUuHBIX [IPeUKTOPOB, MOIyuUeH-
HbIX Ha OCHOBE apXUBHBIX KapT U JIJaHHbIX JUCTaHLIMOHHOTO 30HA1poBaHus. IIpeuKTHBHAs Moziesb gradient
boosting machines o6bsicuma 56 % gucriepcun 3aracos I1OY. Pa3miuust B 3anacax B Npeieniax pa3/IHuHbIX
THUIIOB 3eMJIET0/Ib30BaHMs ObIIM KOJIMUECTBEHHO T0Ka3aHbl. B TO >ke BpeMs], B IIpefiesiax OT/|e/IbHbIX THIIOB
HanOo/bIINI BK/1aJ B 0OBSICHEHUS Pa3/IMuuii BHEC/IM JlaHHble CTIEKTPa/IbHON OTpaskaTe/IbHOM CIIoCOOHOCTH
B 6mkHeM MH(PpakpacHoM KaHase (B5) Landsat-5 TM (00BsiCHsIET IPOCTPaHCTBEHHYIO U3MeHUMBOCTE I10Y
cpezu 3anexxel 1 ypOaHU3MPOBaHHBIX TEPPUTOPHIA) U CrieKTpasbHbIA HHAeKC NDVI — rokasare/ib KOIMYeCTBa
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(OTOCHHTETHUECKH aKTUBHOM GHOMacchl (06BSICHSIET MPOCTPAHCTBEHHYIO M3MeHUNBOCTE [I0OY B JIeCHBIX 3KO-
cucremax). Cpe/iHeKBa/paTHueckas ommbka kpocc-anuaauu RMSE | = 0,67 kr/m? BbiOpaHa [71s ONUMCaHus
HeollpeJie/IeHHOCTH Npefckasanus 3anacoB [1OY. ITonyueHHble jJaHHbIe MOXKHO MCII0/Ib30BaTh NIPU pacyeTax
TOTeHL{Masa MoYB K CeKBeCTpaLuy yIyiepo/ia BCleCTBYE AVHAMUKK 3eM/IeN0/1b30BaHus Ha perOHa/IbHOM YDOBHe.

KmioueBblie cioBa: Landsat, cToxacTUueCKuii rpaIMeHTHBIN OyCTHHT, pesibed, MOUBEHHbIH OpraHuueCKHN
yr7epop, apaMeTpu3aLysi, CrieKTpanbHast TpaHchopmariys, MockoBckast 061acTb
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Mapping soil organic carbon stocks of different land use types
in the Southern Moscow region by applying machine learning
to legacy data

Yury A. Dvornikov*? = Lukyan A. Mirniy?,
Ekaterina S. Mukvich? ', Kristina V. Ivashchenko?

'RUDN University, Moscow, Russian Federation
’Institute of Physicochemical and Biological Problems of Soil Science RAS, Pushchino, Russian
Federation
< ydvornikow@gmail.com

Abstract. This study presents the result of topsoil (0—10 cm) soil organic carbon (SOC) mapping in two
areas of Moscow Region (2007 status): 1096 km* — Podolsky District, and 1101 km? — Serpukhovsky District.
Based on 2007 legacy soil sampling data (n = 282) within these areas, we have created a statistical model between
the target variable (SOC stocks, kg/m?) and numerous covariates (legacy maps and remote sensing data). GBM
model has explained 56% of soil organic carbon stocks variability. Differences in stocks within different land
use types were shown quantitatively. At the same time, the spectral reflectance in the near infrared band (B5)
of Landsat-5 TM made the greatest contribution in explaining the differences within individual types (among
fallow lands and urbanized areas), and the spectral index NDVTI has explained the spatial variability of soil
organic carbon among forest ecosystems. The root mean square error of cross-validation (RMSE _, = 0.67 kg/m?)
was chosen to describe the uncertainty of soil organic carbon stock prediction. According to the model, the total
soil organic carbon stocks in the upper 10 cm soil layer of the Podolsky District were 2.65 + 0.72 Tg, for the
Serpukhovsky District—2.77 + 0.73 Tg.

SOIL SCIENCE AND AGROCHEMISTRY 603


https://orcid.org/0000-0003-3491-4487
mailto:ydvornikow%40gmail.com?subject=%D0%94%D0%B2%D0%BE%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%20%D0%AE%D1%80%D0%B8%D0%B9%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://orcid.org/0009-0004-5378-8775
https://orcid.org/0000-0001-8397-158X
mailto:ydvornikow%40gmail.com?subject=%D0%94%D0%B2%D0%BE%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%20%D0%AE%D1%80%D0%B8%D0%B9%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87

JleopHukos FO.A. u 0p. Bectruk PYIH. Cepusi: ArpoHOoMUS 1 XKUBOTHOBOZCTBO. 2024. T. 19. Ne 4. C. 602-617

Key words: Landsat, stochastic gradient boosting, relief, soil organic carbon, parameterization, spectral
transformation, Moscow region

Author’s contribution: Dvornikov Y.A. — analysis and interpretation of results, remote sensing data analysis and
modelling, scientific writing; Mirniy L.A., Mukvich E.S. — data collection and processing; Ivashchenko K.V. —study
conception and design, scientific writing. All authors have read and approved the final version of the manuscript.

Funding. The study was carried out with the financial support of the Ministry of Science and Higher Education
of the Russian Federation (No. 122111000095-8) as part of the work of the youth laboratory.

Conflict of interests. The authors declared no conflict of interests.
Article history: received 16 September 2024; accepted 18 November 2024.

For citation: Dvornikov YA, Mirniy LA, Mukvich ES, Ivashchenko KV. Mapping soil organic carbon
stocks of different land use types in the Southern Moscow region by applying machine learning to legacy data.
RUDN Journal of Agronomy and Animal Industries. 2024;19(4):602—617. (In Russ.). doi: 10.22363/2312-
797X-2024-19-4-602-617

BeeneHue

[TouBeHHbIN opranuueckuit yriiepos (ITOY) wiu yrinepoj opraHiueCKUx coefiiHe-
HUI — O/IHa U3 IVIaBHbIX MlepeMeHHbIX, BIUSIONIMX Ha KauMar (essential climate variable,
ECV)'. Ero 3amachkl 00bIYHO OLIEHHMBAIOTCS /J1s1 TOUBeHHbIX coeB: 0-100 cm, 0-30 cm
1 0-10 cm. I'nobanbHbie 3anack [I0Y B mouBax Ha3eMHBIX 3KOCHUCTEM COCTABIISIFOT
1462...1548 I't B nepBoM MeTpe U 684...724 I't B BepxHeM 30 cM cnoe [1]. OpHako
rrobanbHbIe OL[eHKH TIPOCTPAHCTBEHHOTO pacrpeenieHus 3armacoB [10Y obazpatoT He-
JOCTaTOUHOM TOUHOCTBIO M3-3a OTPaHMYEHHOT0 KO/IMUeCTBa JAHHBIX HAa PErMOHA/IbHOM
YPOBHE U BBICOKOM MTPOCTPAHCTBEHHOW M3MEHUYUBOCThIO TlIepeMeHHOM [2].

['yMyCOBO-aKKyMY/ISTUBHBIN TOPHU30HT TIOYBBI 00/1aZlaeT CIIOCOOHOCTBIO COXpa-
HATb Y HakaruiBath [10OY, BLITIONHSA BXKHYIO KITMMATOPETry/IMPYOITy0 QyHKImO [3].
TpaguiiioHHo faHHbIe 3anacoB [1OY sBastoTca pe3yabTaTOM MOYBEHHOW ChbeMKU
¢ otbopom 06pa3iioB [4] u ux nocseayroield 06paboTKY B 1aOOPaTOPHBIX YCIOBHUSIX.
OpHako yacTo fieTasbHble JaHHbIe TaKWX MMOYBEHHBIX CbeMOK Ha PerMOHalbHOM yPOB-
He OTCYTCTBYIOT WX OrpaHuyeHsl [5]. [Tpu 3ToM nonyuyeHue feTanibHON HHGOPMAIUU
0 MPOCTPAHCTBEHHOM pacrpe/iesieHnu 3anacoB [TOY HeoOX0AUMO /1/1s1 BBISIBJIEHUST UX
JIMHAMHKU BO BpeMeHU (MOHUTOPUHT) [6]; MozeMpoBaHUs U OLIEHKU MOTeHLMaIbHON
9MUCCHH TapHUKOBOTO rasa CO, B atMoChepy Ha perMOHa/ILHOM yPOBHE [7]; TIpUHATHS
pellieHni 1o JaHAa(THOMY T/IaHMPOBaHUIO. [1711 JOCTW)KEHUS 3TUX LieJield aKTHBHO
TIPUMEHSIFOTCS MeTOo/ibI 1M pOoBOTro rouBeHHOro Kaprorpaduposanus (LII1K) [8, 9].

3a nocnenHve aBaanath jet LITTK oueHs aKTUBHO MPUMEHSIETCS J/1s1 U3y4YeHUs PO-
CTPaHCTBEHHOTO pacrpefiesieHust TapaMeTpoB (PH3UKO-XUMHUYeCKUX CBOMCTB 1ouB [10].
[Tpu kapTorpadupoBanuy coziep>kaHus U 3aracoB [10Y Ha pa3HbIX MaCIITaOHBIX YPOBHIX
MpUMeEHSIIOTCs pa3nnuHblie MeTofbl LITTK — reocratrvctriueckue (MeTObI MHTEPIIONSILIAK),
HETreoCTaTUCTUUeCKUe (JIMHeHHbIe U HeJIMHeHbIe MO/Ie/ Perpeccuu ¢ Habopom Tipe-

T World Meteorological Organization. Soil Carbon: essential climate variable (ECV), factsheet. Pexxum gocTyna: https://
gcos.wmo.int/en/essential-climate-variables/soil-carbon/ JaTa o6palleHus: 26.03.2024.
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IUKTOPOB (00bsICHSIOLMX 1TepeMeHHbIX) [11]) 1 komOuHMpOBaHHbIe [12], Habuparorye
GOIBLITYIO TIOMY/ISIPHOCTE B CBSI3U C MX TIOTeHLIMANBHO 60sTbliel TOUHOCTBIO TIpe/icKasa-
Hust [13, 14]. TIpeavkTopamMy B HETeOCTaTUCTUYeCKUX M KOMOMHUPOBAHHBIX MTOJX0AAX
SIBJISIFOTCS TIPOCTPAaHCTBEHHbIe JaHHbIe, KONIMYeCTBEeHHO U/IM KauyeCTBEHHO OIUChIBaKOLIe
TPaJIMI[MOHHbIE aKTOPHI TOUB00Opa3oBanus 1o B.B. [lokyuaesy [15]. B IITTIK Bei6op
TaKUX NpeArKTopoB 061 B 2003 T. dhopmanmu3oBan npunLunom SCOPRAN: soil (S),
climate (C), organisms (O), parent material (P), relief (R), age (A), and space (N) [8].
YacToTa KMCM0/b30BaHUS pa3/IMYHbBIX IPeJUKTOPOB OIpezenseTCs: BOSMOXXHOCTBIO
MOMYYXTb 5TU NIPOCTPAHCTBEHHbIE JaHHbIe B LIU(POBOM BHU/E Ha BCIO TEPPUTOPHUIO
KaprorpagupoBaHus (pesibed 1 ero npousBozHele) [16—18], Tvribl 3emsienonb30BaHUsS
(land-use) u manHbIe 3eMHo# TToBepxHOCTH (land cover) [19, 20], meTeoposiornueckue
rapamMeTphbl, FTe0/IoTHYeCcKHe U oYBeHHbIe KapThl [9, 13, 21]). B ocobeHHOCTH MeTOAbI
LITIK akTyasmbHbI A7151 ypOAaHU3UPOBAHHBIX TEPPUTOPHH, I7e BEICOKA TIPOCTPAHCTBEHHAS
13MeHYUBOCTh [TOY Ha /10Ka/IbHBIX y4yacTKax BC/IeACTBUe X035MCTBEHHON JleaTe/IbHO-
ctu [20].

[Tpumep LTIK Ha rno6assHOM ypoBHe — SoilGrids [22]. s Tepputopun Poccun
(HaLMOHa/IbHBIN YPOBEHb) MoCTpoeHa KapTa 3aracos [10Y (0-5 cm, 5-15 cm u rnybxke
10 200 cM) Ha OCHOBaHMM HEreoCTaTUCTUYECKOIO MOAX0/a: B 3TOM I10AX0/e NIPUMEHSI0Ch
aHcambsieBoe MallIMHHOe 00yueHre ¢ HabOPOM TPeJUKTOPOB 1 OTPaHIUeHHBIM HaOOpOM
rouBeHHbIX Tipodusiet (n = 863) [23]. Ha peruoHassHOM YpOBHE — /1JIsi TEDPUTOPUU
MockoBcKo# o6sacty (BKIrouass MOCKBY) — Ha OCHOBe TeHepaiM30BaHHOW MO/IeT|
JTMHENHOM perpeccuy ¢ y4eTOM TPeIMKTOPOB, OTPaKAIOL[UX CTereHb ypbaHU3aluy,
TOCUMTaHbI cpeHMe 3arackl [TOY B rouBax fy1st BepxHero cios (3,1 + 1,6 kr/m?) u obrrue
3amachkl Jyis1 3Toro ciost (142 + 74 Tr) [20]. TlpumeHeHHe KOMOMHUPOBAaHHBIX METO/IOB
LITIK (Random Forest + Ordinary Kriging of residuals) ¢ ucroiis3o0BaHreM CrieKTpanibHOM
OTpa)kaTeJbHOM CriocOOHOCTH JJaHHBIX Sentinel-2 B KauecCTBe NPeAMKTOPOB IOKA3a/io
Hau/yylllee KauyeCTBO MpeZicKa3aHusl (HauMeHblllee CpeiHEKBaZpaTUHyeCcKoe OTKIOHe-
Hue (CKO)) anst copepkanust [TOY Ha /oKa/bHOM yuacTke B JIeHUHTpa/ICKOM 06/1acTH
[24]. TounocTk TpeJCKa3aHus /17151 pa3HbIX MaCIITaOHBIX YPOBHeH B OCHOBHOM OTHOCHTCSI
K PaHT'y He3HauuTe/bHO Y/I0B/IeTBOpUTeIbHOU (36...41 % BapbupoBanus) [25] u o0y-
CJIOBJIEHAa TPAMOTHO CTIJIAHUPOBAaHHBIM JJ3aifHOM 0TOOPa B COOTBETCTBUY C BHIOPAHHBIM
MeTo/|0M KapTtorpadupoBaHus [26, 27], KaueCTBOM U ONTHUMAaIbHOCTBIO BBIOPaHHBIX
TPeIMKTOPOB, Pa3MePOM U KaueCTBOM BLIOODKH /ijist 00yUeHus], a Tak»Ke BIOpaHHBIM
pa3mepoM stueiiku [17, 28].

IMpumenenne MetozioB LITIK ocobeHHO akTyanbHO B Poccru BBUY OOJIBINON TEPPHUTO-
pY, Y HepaBHOMEPHOCTH pacripe/iesieHus ¥ OTPAaHUUEeHHOCTH [JOCTYTIHbIX [JaHHbIX [2, 23].
Oco6eHHO 3TO aKTya/TbHO IS CeMbCKOX03SIMCTBEHHBIX 00/1acTel U arpoxo3sucTs [29],
TMOCKOJIBKY BHe/IpeHHe pecypcocbeperaroiux TeXHOIOTHI B IPAaKTHKY 3eMJIefleNus siB-
JISIeTCsT OHUM M3 TTOJX0Z0B K COXPaHEeHUIO I/I0I0POAMS TIOUB, UTO TpeOyeT AeTalbHbIX
MPOCTPAHCTBEHHBIX OIfeHOK 3aracoB [TI0Y Ha oCcHOBe orpaHMYeHHOTO Habopa JaHHBIX
orpoboBanus [16].

Ilens uccaefoBanus — olleHKa B 10-CaHTHMETPOBOM CJI0€ T10YB Pa3/IM4YHOrO 3eM-
JIeNI0/1b30BaHMs HAa TEPPUTOPUHM [IByX aJMUHUCTPATUBHBIX pailoHoB MO (B rpaHuLiax
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2007 r.) 3anacos I1OY, BbIsiBNieHUe OnpeesisiioLUX UX MPOCTPAHCTBEHHYH0 U3MEHUMBOCTh
(akTopoB, a TakKe CpaBHEeHHUe TO/TyUeHHBIX JaHHBIX C UMEOLMMUCS JaHHBIMU IPYTHX
pervoHoB. 3aoauu: 1) NoAroToBKa MPOCTPAHCTBEHHBIX /IaHHBIX (TTPEAUKTOPOB) B BUJIE
MHOTOKaHa/JILHOTO pacTpa; 2) co3jjaHre cratuctuyeckoit mogenu ass [10Y; 3) kapto-
rpaupoBaHye U BbIsIBIEHUE 3HAUMMBbIX (DaKTOPOB, OIpeZe/ISOLINX MPOCTPAHCTBEHHOE
pacripegienenue 3arnacos [1OY.

MaTepMaﬂbI n MeToabl nccnepgoBaHmna

Teppuropus ucciefoBaHus BKIoUaeT: 1) Tepputopuio ObiBiiero CepryXxoBCKOTO
paiioHa MockoBckoii obmactu BMecTe ¢ ropoackumu okpyramu (I'O) IMymmwyHo, TTpoTBHHO
u CepryxoBoM — 1101 km? (¢ 2023 . — 3Ta Tepputopust npuHaanexur ['O); 2) Teppu-
Toputo OwiBITiero ITogonbcKoro paiioHa, B T.U. [Togonsck I'O 1 KnumoBck 'O — 1096 km?
(c 2012 1. 757 KM? 3TOH TEPPUTOPHH BXOJAT B COCTaB TPOMILIKOTO a/[MUHUCTPAaTUBHOTO
okpyra . MockBbI (Tepputopuu nocenenuii Porockoro, Knénosckoro, BopoHoBCKo-
ro, MuxatinoBo-fApueBckoro, KpacHonaxopckoro, lanoBckoro v Tpouika), ocTaib-
Hele 339 km? coctasssitoT (¢ 2015 1.) Tepputoputo ITogonbcka ['O). Obe Tepputopuu
pacIio/io)keHbl B 30He yMepeHHOro-KoHTHMHeHTasbHoro kinuMara (Dfb — Cold, no dry
season, warm summer 1o kjnaccuukarmy Kénmnena [30]). CpeagHerogosasi Temmneparypa
BO3/yXa IT0 JaHHBIM MeTeocTaHjuKi CepnyxoB ¢ 1990 no 2023 r. — 19,2 °C B utone
1 —6,8 °C B ssHBape. Pesbed pacusieHeHHbIHN, aOCOMIOTHBIE BLICOTBI COCTAB/ISIFOT OT 125
70 250 M H.y.M, IOMUHUDYOLLME [TOYBbI — [1ePHOBO-TI0/30/IMCThIe U Cepble Ha TIOKPOBHBIX
cyrHKax [31]. 3HaunTe/TbHAst YaCTh TEPPUTOPUM aHTPOTIOT€HHO-TTPeobpa3oBaHHas —
CeJIbCKOX03s1CTBEHHbIe TT0JIs, 3a/1e’KH, ypOaHW30BaHHbIe TEPPUTOPUU 3aHUMAIOT 14,
31, u 2,5 % CcOOTBETCTBEHHO.

ApxuBHbIe JaHHbIe IOYBeHHO# cheMKH. OOpa3iibl MOUBLI 0TOOpaHbI OCEHBIO
2007 1. B COOTBETCTBHH C METOJJUKOM > B PaMKaXx AXCCepTalfioHHoM pabotsl [32]. Ha To-
rorpauueckoii KapTe TeppUTOPUM HM3ydaeMblX pailOHOB Mpe/iBapUTe/IbHO BbIJeJIsIN
YCJIOBHBIE KBaZlpaThbl, CTOPOHA KOTOPBIX COCTaB/sia 2 v 5 KM 151 CepryxoBckoro U [To-
JI0JIbCKOTO palilOHOB COOTBeTCTBeHHO. Ha MeCcTHOCTH B Ka)K[JOM HaMeYeHHOM KBaJipare
BbIOMpaM poBHYyO TiowaKy (10 % 10 M), U3 naTH Touek KOTOpoi oTOrpam 06pasibl
TI0YBBI (METOZ, «<KOHBEPTa») U3 BepXHero OpraHoMuHepaibHoro 10-caHTMMeTpoBOro €104,
TOTOBW/IM CMeIllaHHbIM oOpa3el]. B ecTecTBeHHBIX 9KOCHCTEMAX PAaCTUTETbHYO TIOJCTH/IKY
B aHa/M3 He BKIovand. [1pu orbope 06pasrioB GUKCHPOBAIM THIT 3eMJIETIONb30BAHUS
(axocucTeMy): siec, 3amexb (2—10 eT), mariHs, 3eM/H rocesieHuH (ypbaHU3UpOBaHHbIE
TepPUTOPHH); JOMUHUPYIOLLYIO PaCTUTE/TbHOCTD; Feorpaduueckrie KOopAuHartel. Beero
Ob1710 0TOOpaHo 282 obpasiia, U3 HUX 237 — B CepriyXoBckoM U 45 — B TTomonbckom
paiioHax. [Io Hauaa aHa/iM3a CMelllaHHbIe 00pa3L{bl TOYBEI ITPOCEUBAIN Yepe3 CUTO
C IMaMeTpOM stueek 2 MM. B mouBeHHbIX 00pa3iiax ObLIM OTipeiesieHbl pa3IMyHbIe 10-
KasaTe/y, B T.4. M COJlep>KaHne OpraHuyeckoro yrnepoga C —MeTosoM fuxpomaTHOro
OKHCJIEHUSI, UTO TIOC/TY>KHUI0 OCHOBOM [I/Is pacueTa ero 3ariacoB. [JaHHbIe 00beMHOT0
Beca /i1 pacueToB 3aracoB [TOY Obuty mosyueHbl Ha 0CHOBaHUM Mogenu (R = 0,78),

2 [MNoyBeHHasi cbeMKa / nod ped. M.B. TropuHa n ap. M.: Poccwuiickas Akagemus Hayk, 1959. 346 c.
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KOTOpasi OCHOBaHA Ha CBSI3U COZlep KaHUs COpr Y IJIOTHOCTH 10ouBkI [33]. [deTanu meTto-
VKK 0TOOpa Y TMOJTOTOBKH ITOYBEHHbIX 00pas31ioB B [32].

JlaHHbIe AMCTAaHIIMOHHOr0 30HAupoBanu ([1/13) u npegukTopbl. Bcero Mol uc-
T0JIb30BasM 21 MpevKTop, HAIpsIMYHO WK KOCBEHHO OIMMCHIBAIOIIMH (DaKTOpBI 110YBO0O-
pa3oBanusi Ha ocHoBe npuHIMia SCOPRAN [8] (tabs. 1). MopdomMeTprudecKyie roKa3areii
paccunTaHbl Ha 0CHOBe 11(dpoBoit Mozesu penbeda SRTM c paspettieHvem 30 M. [JaHHbie
CITeKTPasIbHOM OTpakaTeIbHOM CrioCOOHOCTH, %, a TakKe TPOM3BOHbBIE Pe3y/IbTaThI ClIeK-
TpaJIbHOM TpaHC(OpMaLIMH M0Ty4YeHbI C UCTI0/Ib30BaHHEM MeIMaHHOT0 KOMII03UTa JJaHHbIX
Landsat-5 TM 3a sietauii ieprioz, 2007 1. KapTa THIOB 3eM/Iero/b30BaHus 10/TydeHa Ha OCHOBe
Knaccudukaryu ¢ odyuenriem (smileRandomForest) [34], o61masi TOUHOCTh Ha OCHOBAaHUU
MaTpHLbl COOTBETCTBUS — 97 %. [JaHHBIE TUIIOB MIOYB U I'PaHY/IOMEeTPHUYECKOTO COCTaBa
TO/Ty4YeHbI C UCTI0/hb30BaHUeM LrpoBOii TTouBeHHOM KapThl MocKoBCKoi obmactu [30]:
BEKTOPHbIe JaHHbIe ObUTM pacTepr30BaHbI U IPUBEIEHBI K pa3peliieHnto AaHHbix Landsat-5
1 SRTM — 30 M. O6paboTKa IMpoCTPaHCTBEHHBIX [JAHHBIX BBITIOIHEHA C UCTI0/Ib30BaHUEM
riatopmbl 001auHbIX Beruncsiennii Google Earth Engine [35].

Tabnmya 1

Cnncok ncnonb3oBaHHbIX NPeAUKTOPOB AN NpeacKasaHus 3anacos MNOY B cnoe noys 0—10 cm

SCOPRAN MpepukTop (koa) UcTouHUK Ccbiika
R BbicoTa (elev) LMP SRTM 30m
R YknoH (slope) -
R 3kcnosunuus (aspect) -
R, N Tonorpacdunyeckuii UHAEKC BRaXKHOCTH (twi) - [36]
R HanpaeneHue cToka (flowdir) - [37]
R Akkymynsauusa ctoka (flowacc) - [37]
PAN B1_BLUE (b1) Landsat-5 TM (meauaHa)
PAN B2_GREEN (b2) -
PAN B3_RED (b3) -
P AN B4_NIR1 (b4) —
PAN B5_NIR2 (b5) -
PAN B7_SWIR (b7) -
PAN B3/B2 (b2b3_ratio) - [38]
PAN B5/B4 (b5b4_ratio) - [38]
o NDVI (ndvi) - [39]
(o] SAVI (savi) -
c MNDWI (mndwi) - [40]
PN NDBI (ndbi) - [41]
0,A S Kapta TMnoB 3eMnenonb3oBaHus (landcover) -
S Tun noue (soils) MouBeHHas kapTa MO [31]
RS IpaHynomeTpuueckmii coctas (gms) MouBeHHas kapTta MO [31]

Mpumedarme. R — penbed; N — npocTpaHCTBO; A — BO3pacT; P — MaTepurHckas nopoga; O — opraHvambl; C —KnvmaT; S — noysa.

UcToyHuk: cocTaBuTesb HO.A. [1BOPHUKOB.
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Table 1
List of covariates used to predict SOC in the 0—10 cm of soils
SCOPRAN Predictor (code) Source Link
R elevation (elev) DEM SRTM 30m
R slope (slope) -
R aspect (aspect) -
R, N Topographic Wetness Index (twi) - [38]
R flow direction (flowdir) - [39]
R flow accumulation (flowacc) - [39]
P AN B1_BLUE (b1) Landsat-5 TM (median)
PAN B2_GREEN (b2) -
PAN B3_RED (b3) -
RAN B4_NIR1 (b4) -
PAN B5_NIR2 (b5) -
PAN B7_SWIR (b7) -
PAN B3/B2 (b2b3_ratio) - [40]
PAN B5/B4 (b5b4_ratio) - [40]
0 NDVI (ndvi) - [41]
(o] SAVI (savi) -
c MNDWI (mndwi) - [42]
PN NDBI (ndbi) - [43]
0,AS land use map (landcover) -
S soil type (soils) Soil map of the Moscow region [32]
PS grain-size composition (gms) Soil map of the Moscow region [32]

Note. R —relief; N — space; A — age; P — parent material; O — organisms; C — climate; S — soil.

Source: compiled by Yu.A. Dvornikov.

MopenupoBanue. /115 Touek oT6opa 00pas3LoB C paCCUMTAHHBIMU 3arlacaMu
[TOY (3aBuCHMasi iepeMeHHasl, KI/M?) ObUTH MOJTyYeHbl 3HaUeHUsI TPeAUKTOPOB B CO-
OTBETCTBYHOIMX MUKCe/aX pacTpOBOU Mozenu (21 He3aBUCHUMasi TiepeMeHHast). Mo-
Jle/IMpOBaHMe TIPOBO/IMIOCH C UCMOJIb30BaHWeM Mofienin gradient boosting machines
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(GBM) naketa caret B cpefe RStudio®. [y o1ieHKM Heoripeie/IeHHOCTH TTPUMeHsLIach
10-pa3mMepHas repeKpecTHasi IpoBepKa (Kpocc-Baaralus) € NATbio moBTOpaMu. U3-
MeHsieMbIMU MlapaMeTpaMy HaCTPOMKHU MPUHSATHI: 1) KOIMUeCTBO /lepeBbeB peLleHNl;
2) ckopocTtb 00yuenus (learning rate / shrinkage); 3) Ko/lMueCTBO JTMCTOBBIX Y3/I0B
(HOZOB) B 0IHOM JlepeBe pelieHuii (interaction depth); 4) MUHHMMa/IbEHOE KOJTMYECTBO
Ha0J/TFO/IeHUH B OTHOM JTUCTOBOM Yy3/ie. 1o pe3ysibTataM TeCTUPOBAHUS HAaUTyULLIUMHU
3HaueHHUsMH MapaMeTpoB HacTpoiku BeisiBieHbl: 2000, 0.001, 5, 10 coOTBETCTBEHHO.
BbI60p onTHUMasIbHBIX TTapAMeTPOB OCHOBBLIBAJICS HA METPUKAX KaueCTBa MOCTPOEH-
HBbIX Mojesneli: Ko3dduiment nerepmunanuu, CKO u cpefusst omrbKa mpu Kpocc-
Ba/Mgaluu cootBeTcTBeHHO (R%*cv, RMSEcv, MAEcv). RMSEcv siBisiiack METPUKOU
OLIeHKM Heonpe/e/IeHHOCTH Npu npefckazanuu [10Y a5 TeppuTopUii BYX TEPPUTO-
puanbHbIX equHUL]. PacueT 3amacoB A1 KaKJOW TeppUTOpUaIbHON eMHULIBI (palioHa)
TIPOU3BOUIICS CyYMMHUPOBaHUEM Mpe/icKa3aHHbIX 3armacoB [T0Y, Kr/mM?, MOMHOKeHHBIX
Ha paspelieHue pactpoBoii mogenu (900 m?).

Pe3yanaTb| nccnepoBaHnAa n 06cy)|(p,eHV|e

3anacel [10Y as1 ©3yyeHHOW TEPPUTOPUM BapbHMPOBa/U B LIMPOKHUX Tpejesiax
ot 0,54 no 7,1 kr/m? (puc. 1). Haubonbimme 3aracekl [TOY oTMeueHbI A1 jie CHBIX
Y TOPOZCKUX 3KOCUCTeM (B cpegHeM 2,79 u 2,68 Kr/M?), HAUMEHBIIIHe — 3aJ/1eXKHBIX
1 maxoTHeIX (2,01 u 1,71 Kr/m?), 4TO, B I1€/I0M, COTJIAaCYeTCs C JAaHHLIMH, TIOTyUYeH-
HbIMU paHee [20] At 9TOM TeppUTOPHH, HO C O0J/lIee HU3KUM TMPOCTPAHCTBEHHBIM
pa3pelieHueM.

Puc. 1. Pacnpegenexuve 3anacos [10Y pasHbix TUMOB 3eMENONb30BaHUA MO apXMBHbBIM AaHHbIM
MOYBEHHON CbeMKu: YT — ypbaHN3MpoBaHHble TEpPUTOPUN

UcToyHumk: BbinonHun KO.A. [1IBOPHUKOB.

3R Core Team. R: A language and environment for statistical computing. Vienna, Austria. Pexxum goctyna: https://
intro2r.com/citing-r.html Jata o6paluieHnsa: 26.03.2024.
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Fig. 1. Distribution of topsoil SOC stocks of different land use types according to legacy soil survey
data: UT — urbanized territories

Source: compiled by Yu.A. Dvornikov.

Co3panHas npegukTrBHas Mogeb GBM ¢ onTvMaibHBIMU TapaMeTpaMy HaCTPOUKU
yMepeHHO Tipe/ickasbiBasia 3arackl [I0Y B mouse (56 % aucnepcun). RMSE  mMozpenv
6bu1a otieHeHa B 0,67 kr/M%. B 11e/10M MO/ie/Tb TI0Ka3asia, YTO BCe MPeJUKTOPbl BHOCST
orpe/ie/ieHHbIN BK/Ia/] B 00bsICHEHHE TIPOCTPAHCTBeHHOU n3MeHunBoCTH I10Y. OCHOBHbIE
TIPeIVKTOPLI, KOTOPbIe OKa3bIBa/IM HauOoJIblilee BIMsHUE Ha 3aBUCUMYIO TIePeMeHHYH0:
3HaueHHe CIIeKTPaIbHOM SIPKOCTH B O/bkHeM UH(ppakpacHoM auariasoHe (b5 — 18,2 %);
ndvi (14,1 %); 3HaueHHe CrIeKTpabHOM SIPKOCTH B 3e/1eHOM JuarnasoHe (6,8 %); skcrno-
3uULUs ckiioHa (6,4 %); Thn 3emsienosnib3oBanus (6,2 %). Bkiiag ocTanbHBIX apaMeTpoB
ObUT MeHee 3HaUUTENTLHBIN (< 6 %) (puc. 2, a).

a 6
Puc. 2. OTHoCUTENbHbIV BKNa NPeanKToOpoB, %, B 06bsicHeHWe ancnepcumn MNOY B BepxHeM
10-caHTMETPOBOM CJl0€ (@) ¥ CONoCTaBNeHNe N3MEPEHHbIX U NPefiCKa3aHHbIX BENMYMH 3aracoB
(0—10 cm) MNQY B ABYX palioHax Mockosckoit o6nacTu (6).
YcnoBHoe 0603HauveHme: YT — ypbaHU3MpOBaHHbIE TEPPUTOPUN

McToyHmk: BbinonHun 0.A. IBOPHUKOB.
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a b

Fig. 2. Relative importance of predictors, %, explaining the variability of SOC in the upper 10cm
layer (a), and comparison of measured and predicted SOC stocks values (0—10 cm) in two districts
of the Moscow region (b).

UT — urbanized territories

Source: compiled by Yu.A. Dvornikov.

YcTaHOBNEHO HeMMHeHOe BWSIHYUE CIIeKTPaabHON OTpakarollei criocobHOoCTH
(COCQC) B oimmkHeM nHppakpacHoMm Kanasie (b5, COC B auana3sone ot 1,55 go 1,75
MKM) Ha 3aracsl [10Y. [Ipaktruecku He Habmoganock BausHue COC rpu ee 3HAYEHUSIX
MeHee 14 % (B OCHOBHOM, JipeBeCHasi paCTUTeIbHOCTh) (MaKCUMaslbHbIe IpeficKa3aH-
Hble 3HaueHus1 — Oosee 2,6 kr/m?) u Boitie 30 % (B OCHOBHOM MalllHH) (MUHUMA/IbHbIE
Tnpe/iCKa3aHHble 3HaueHuss — MeHee 2,3 Kr/M?). CTabuibHOe yMeHbIeHHe 3aracoB [10Y
c 2,7 no 2,3 kr/m* Habmoganock B AuamnaszoHe 3HaueHuit COC ot 14 1o 20 % (obpartHast
CBSI3b) — 3TH 3HAUEHHsI COOTBETCTBYIOT, IJIABHBIM 00pa3oM, ypbaHU3MPOBaHHBIM Tep-
PUTOPHSM M UaCTH 3eMeJjIb, OTHOCSIIMXCA K 3a/1e)kam. JTa 3aBUCMMOCTb I0Ka3asa, 4yTo
yBeJIMueHue JJ0/M PaCTUTeIFHOTO MOKPOBa (B MHUKCeie) B Ipefiesiax ypbaHU3UpOBaHHbIX
TEePPUTOPUI U 3a7ie)Kell MOIOKUTEeNBHO BivsieT Ha 3anackl [10Y (o3eeHeHHbIe Teppu-
TOPHUM B HaCe/IeHHbIX ITyHKTaX 3aKOHOMEPHO OT/IMYaroTCs I10 3aracaM OT TeppPUTOPUH,
OTHOCSILLMXCS K paHHUM 3aj1e>kaM). [Ipsimast 3aBucumoctb yBenuuenus [10Y BoisiBieHa
Juist ndvi, HO TONbKO Ha yJacTtke, 6osbiieM 0,81 (370poBasi paCTUTENBHOCTD C BEICOKUM
MPOEKTUBHBIM MOKPLITHEM): Tipy yBesimdennu ndvi c 0,81 go 1 Habmropanock ocpes-
HeHHOe yBesinueHwue 3aracoB [TOY B npefenax ot 2,4 10 2,9 kr/m?. CaM rapameTp «THI
3eMJIeT0/Ib30BaHUs» TT0Ka3al UeTKUe CpeJHHe pa3/Inuusl MeKJy YeTbIPbMS K/1acCaMHu
T0 3ariacaM, OJHaKO 3T CpeJiHMe pa3/IvuyMs He OKa3aluCh CTOJIb 3HAUMMBIMH, HeXXeln
KyMY/ISITUBHBIN 3(DeKT MHO)KeCTBa IapaMeTpoB peJibeda U CIIeKTPaJTbHbIX CBOMCTB.
OueBHHO, UTO TOT ITapamMeTp TpebyeT JOTMOTHUTeTLHOTO pa36bueHus Ha 6osiee [poOHbIe
KaTeropuu (TUII IPEBOCTOs1, IOCEBHBIE KY/bTYPbI /1715 MallleH, BpeMsi Hauasia TpaHc(op-
MalUY MallleH B 3a/1eXXU U T.Z.). MO)XHO KOHCTaTUpOBaTh, 4To b5 1 ndvi nosposstor
yTouHUTH 3anackl [TI0Y B npesieiax pa3IMUHbIX TUIIOB 3€MJIET0/Ib30BaHus: b5 — BHYTpH
ypOaHU3MPOBaHHBIX TEPPUTOPHIA U 3asiexkeii; ndvi — B rpefiesiax ieCHbIX KOCHCTEM,
Kak ObII0 UeTKO MOKa3aHo 10 AaHHBIM co3aHHoU Moziesii GBM. TIpocTpaHcTBeHHbIe
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pa3muuusi B [TIOY B ripefiesiax maxoTHBIX 9KOCHUCTEM HCII0/Ib30BaHHBIE B paboTe mpe-
TUKTOPBI IPAKTHUECKU He 0OBSICHSIFOT U, TEM CaMbIM, BHOCSIT ME€Hee OUeBUIHBINA BK/Ia/
B MUHMMH3AL[MI0 OMMOKY TpeJcKa3aHusl.

3aBUCHMOCTh U3MEPEHHBIX ¥ CMO/Ie/TMPOBAHHBIX 3HAUEHUI TIPUBeZieHa Ha puC. 2, 6.
OCHOBHOU HeJJOCTATOK TOTyUeHHOW MO/Ie/ I — HeZl00lleHKa 3HAUeHWH ¢ OOJIbIIH-
Mmu 3arnacamu [1OY (> 3,5 Kr/m?) u3-3a MajieHbKOH BBIOODKH /151 3TUX 3HaUeHUH
U Tlepeol[eHKa HU3KUX 3HaueHul (< 2 kr/m?). [To maHHBIM Moje/H, 00Ire 3amachl
[TOY B BepxHeM 10-caHTHMeTpoBOM cyioe nmouB [1oj0/1bCKOTO palioHa COCTaBUIU
2,65 + 0,72 Tr, CepniyxoBckoro patioHa — 2,77 + 0,73 Tr. KapTsi 3anacos [10Y
NpuBeJeHbl Ha pUC. 3.

Cpeny yeTbIpex OCHOBHBIX TUIIOB 3eMJ/IETI0/Ib30BaHuUsl HAaUOO/IbIIe CyMMapHbIe
3amachkl onpeziesieHbl B IeCHBIX 9KOCHUCTeMaXx M3-3a 0OoJblel TIommaZu pacipo-
ctpadenus (~50 % TeppuTopun) U HaubOIBIINX MPeACKa3aHHbIX 3anacoB [10Y
(Tabmn. 2) — 3,16 + 0,76 Tr. CymmapHsle 3anackl [TOY a5 3a/exeii ¥ NailieH cocTa-
Buau 1,46 + 0,45 u 0,65 £ 0,2 Tr cooTBeTcTBeHHO. CymMMapHsbIe 3amnackl [10Y aas
ypOaHU3MPOBaHHBIX TeppUTOPUH OblTH HaMeHbLIuMU (0,15 + 0,04 Tr) BcieacTBUE
ux HeOosbIIoN TTomazau (2,5 % ot ob1mielt muiomjaan). CymMMmapHble 3amnackl [1I0Y
B BepxHeM 10-caHTHUMeTPOBOM CJiOe MOoUB OTAenbHO Ajs [Togonbckoro u Cepmy-
XOBCKOT'O PaliOHOB [iJIs1 UeTblpeX OCHOBHBIX TUIIOB 3€MJ/IEN0/Ib30BaHUS PUBE/EeHbI
B Tabm. 2.

[Mogonbcknin panoH CepnyxoBCKWIn panoH
37°0.0E 37°15.0 37°30.0E 37°15.0E 37°30.0E 37°45.0E

55°30.0'N
N.0'0€.55

55°0.0'N
N.0'0.5S

55°15.0'N
NO'S1.S9

54°45.0'N
N.O'SP.7S

(o] 5 10 km
||
37°0.0'E 37°15.0'E 37°30.0'E 37°45.0E 37°15.0E 37°30.0E 37°45.0E

3.0°SV.LE

3anacbl opraHM4eckoro yrnepoga B nouee, kr/ m?

s

1.7 3.7

Puc. 3. MNpocTpaHcTBeHHOE pacrnpeaenerne 3anacos M0Y B nousax (0—10 cm) MogonbeKoro
1 CepryxoBCKOro parioHoB MockoBckasi 0611, (MpefckasaHHble 3Ha4YEHNA MO COCTOsIHMIO Ha 2007 1.)

VeToyrmk: BbinonHun t0.A. IBOPHNKOB.
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Podolskiy District
37°0.0E

Serpukhovskiy District
37°15.0E 37°30.0E 37°15.0E 37°30.0E

37°45.0E

55°30.0N

55°15.0'N

N.0"0€.59

55°0.0'N
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54°45.0'N
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N.0"0.55
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Topsoil SOC stocks, kg/m?

T

1.7 37

Fig. 3. Spatial distribution of SOC stocks in the topsoil (0—10 cm) for Podolskiy and Serpukhovskiy

districts of Moscow region (predicted values as of 2007)

Source: compiled by Yu.A. Dvornikov.

Tabnmya 2

CyMmapHbie 3anacbl M0OY B BepxHeM 10-caHTUMETPOBOM cnoe no4s NofonbcKoro
1 CepnyxoBCKOro agMUHUCTPaTUBHBIX paioHOB (Mo cocT. Ha 2007 r.) ans YeTbipex

OCHOBHbIX TUNMOB 3eMJienoJjib3oBaHuUA

Mpepenbl Heonpepe-
PaitoH Tun 3eMnenonb3oBaHus I'Ipep,CKaI:_-:Igl;,H_?lre sanacel neHHoctw, Tr
' HwxHuii | BepxHui
JlecHble 3KOCUCTEMbI 1,48 1,11 1,84
3anexHble 3eMnm 0,62 0,43 0,81
Moaonbckumn
Yp6aHu3npoBaHHble 0,00 0,07 012
TeppuTopumn
C/X yropbsa 0,46 0,32 0,6
JlecHble 3KOCUCTEMbI 1,68 1,29 2,07
3anexHble 3eMnm 0,84 0,58 1,1
CepnyxoBckuii Yp6aHu3upoBaHHble 005 0.04 007
Tepputopun ! ! !
C/X yropbs 0,2 0,13 0,26

WeToynuk: coctasutens t0.A. [IBOPHUKOB.
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Table 2

Total SOC stocks in the upper 10 cm soil layer of Podolskiy and Serpukhovskiy
administrative districts (as of 2007) for four main land use types

o . Limit of uncertainty, Tg
District Land use Predicted SOC stocks, Tg
Lower Upper

Forest ecosystems 1.48 1.11 1.84

Fallow lands 0.62 0.43 0.81

Podolskiy

Urbanized territories 0.09 0.07 0.12

Croplands 0.46 0.32 0.6
Forest ecosystems 1.68 1.29 2.07

Fallow lands 0.84 0.58 1.1

Serpukhovskiy

Urbanized territories 0.05 0.04 0.07
Croplands 0.2 0.13 0.26

Source: compiled by Yu.A. Dvornikov.

3akoyeHue

[TomyueHb! pe3y/bTaThl CTaTUCTUUECKUX UCC/IeI0BaHUI B3auMOCBsi3el 3anacos [10Y
¢ Mop(omMeTpUUeCKUMH U CIIeKTpaJbHbIMU NapaMeTpaMu. [IpumeHeHre HeJTMHeHHOW
npejuKTUBHOM Mozenu GBM 1mo3Bosnio mpoaHaan3upoBaTh B3auMOCBSI3U Mexay 21
TIPeJUKTOPOM U TIOJTYUUTh Pe3y/IbTaT, 00bsCHSOIMN 56 % IUCTepCHy 3aracoB yrieposa
npu RMSE 0,67 kr/m’. Mogens xopomio cpaboTtaia /s juana3oHa CpeJHIX U3MepeH-
HBIX 3HaUeHui 1,5...3 Kr/M%, HO Helo0LleHHBa/Ia BEICOKME (> 3 KI/M?) 3HaUeHMsI 3arlacoB
ITOY B nouBe ¥ niepeorieHnBaa Oonee HU3KKe 3HaueHuss — < 1,5 kr/m?. TIpuMeHeHue
TMOJTyuUeHHOW MO/IeJiv TI03BOJTHIIO PacCUMTaTh 001[Ke 3amachl Jis TEPPUTOPU JBYX
paiioHOB MOCKOBCKOM 06/71aCTU ¥ TIOCTPOUTH KapThl UX pacrpezesieHus. [1o JaHHbBIM
Mozenu, obrrue 3amacel [TIOY B BepxHeM 10-caHTHMETPOBOM cjioe mouB I1o0/1bCKOTo
paiioHa cocraBumm 2,65 + 0,72 Tr, ans CepnyxoBckoro paiioHa — 2,77 + 0,73 Tr. Cpegu
YeThbIpeX OCHOBHBIX THITOB 3€MJIEN0/Ib30BaHKUs HauOOoIbIlIe CyMMapHbIe 3arachl oripe-
JlelIeHbl B JIECHBIX 9KOCHCTeMax u3-3a Oosbliieit miomjaau pacnpocrpanenus (~50 %
TEPPUTOPHUM) U HaUOOMBILINX Mpe/icKa3aHHbIX 3anacoB [TI0Y — 3,16 + 0,76 Tr. Cym-
MapHbIe 3arachl J71s 3a/1exxel, ypOaHM3UPOBAHHBIX TEPPUTOPHI U TAIlleH COCTaBISTH
1,46 + 0,45, 0,15 + 0,04 u 0,65 + 0,2 TT COOTBETCTBEHHO.
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3eneHasa macca COpPTOB JIFONMUHA Y3KOJIMCTHOIo
KaK UICTOYHUK NMOYBEHHOIo niaojgopoausd

E.C. /Ibi0eHKo0 g, C.A.EmeneB

BsTCKMiT rocyapCcTBeHHBIN arpoTeXHOI0THUeCcKuil yHuBepcurer, 2. Kupos, Poccutickas
Dedepayus
DX elenalybenko@rambler.ru

AnnoTtanus. [TogJep>xaHye ¥ BOCCTAHOB/IEHHE TTOYBEHHOTO TI/I0A0PO/MS SIBSIeTCS] OCHOBOM CTabUIbHOCTH
TIPO/JOBOJILCTBEHHOM Ge3omacHOCTH cTpaHbl. OfuH 13 3(QdEKTUBHBIX TPHEMOB BOCCTAHOBHUTEEHOTO CETbCKOTO
XO035I1CTBa — MCIO/Ib30BaHUE CH/IePATOB, JYULIMMH U3 KOTOPBIX NPHU3HAHBI pacTeHus cemeiicTBa 6000BEIe.
B nepuiog; 2022—2023 rr. B ®I'BOY BO Bsrckuit TATY n3yvany Bo3MOXKHOCTH HCIIOIB30BaHUS psifja COPTOB
Y3KOJIMCTHOTO JIFOTIMHA Pa3/IMYHOMN Ce/leKI[UY B HallpaB/IeHUY pereHepaTUBHOTO 3eMiiefienusi. [TouBbl yyacTka
U151 3aKJIa/IKH OTIbITa — JIePHOBO-CPeIHEII0/|30/IMCThIe CpeiHeCYIVIMHUCTBIe CpejHeobecrieueHHbIe OCHOBHBIMU
MUTaTebHBIMY 371eMeHTaMu. MareprasnoMm JJisl UCC/iefloBaHUs CTaau COpTa Y3KOAUCTHOro ronuHa Cuzepar 46,
Axkopg, ©emopoBckuiil 1 MelieHat, cpaBHeHuHe MTPOBOJW/IM C TOPOXOM ITIOCEBHBIM COpTa YKa3. YueTHas II0-
11a/b JeNsHOK 4,5 M2, TIOBTOPHOCTb 4-KpaTHasi, TIpeileCTBEHHUK B 00a rofja — sipOBbIe 3ePHOBBIE KYJ/IBTYPBI.
Bce n3yuaemble copTa JIIONMHA B arpOK/IMMaTHYeCcKUX yCIoBUsiX KMpoBcKoi 06/1aCTH JOCTOBEPHO ITPeB30LLTH
KOHTPOJIb TI0 YPOBHIO YPOXKalHOCTH 3e/1eHOM MacChl HaTypaIbHOM BJIaKHOCTH. POCT yposkalfHOCTH COCTaBuMII
50...60 % ripy He3HaYMTeILHOM Ko3(duIlMeHTe Bapyaliiy 110 rojjaM y O0/bIIMHCTBA COPTOB. AHaNMU3 ypo-
JKallHOCTH BereTaTHBHOM MacChl C yUETOM ee BJIaXKHOCTH TIOKa3sasl, uTo ToibKo AKkopZ (16,40 T/ra) u MerjeHat
(15,95 1/ra) focToBepHO MPeBOCXOAAT KOHTPOsb (13,55 T/ra). OcHOBHAs YacTh IIPOAYKLUY, MOTyYeHHOM Mpu
ybopKe 3e/1eHOi MacChl JIIONUHOB, TIPUXOJUTCS Ha JIUCThs (46,9 %) u cTebmu (43,9 %). BaprabenbHOCTS 10 TO-
JlaM 5THX 3HaueHHi1 HecyIlecTBeHHast. CofiepKaHue ChIPOro IIPOTeHHa Y COPTOB Y3KOJIMCTHOTO JIFOINMHA BbILLIE,
YyeM y ropoxa noceBHoro Ha 18...37 %, a ceipoii 307161 — Ha 28...40 %. T1o coBokynHocTH c6opa ceiporo 6enka
1 CBIPOH 3071bI C eJUHULIBI II/IOL[a/¥ BbIfje/iuicsi copT MerjeHar (2,7 u 1,31 1/ra COOTBETCTBEHHO). JKOJIOTH-
yeckye 1 Ouonornyeckre 0Co6eHHOCTH y3KOMCTHOTO JIFOIIMHA COPTOB AKKop/, PejopoBCKuil U MelieHaT
B arpoK/IMMaTUYeCKUX YCIOBUSIX CceBepo-BocToKa HeuepHo3eMHoit 30HbI Poccun 103BOJISIIOT UCIIONB30BaTh UX
JI7Is1 Hy>K/], BOCCTaHOBHUTE/ILHOTO 3eMJIefieNus] C LieJIbl0 pereHeparjuy OUBeHHOT'0 TI0f{0PO/YSL.

KiroueBble c/10Ba: a30T(GUKCHPYIOLIME PAacTeHUs, Hajj3eMHast puTomMacca, 6MOXMMHUYeCKHI COCTaB, ypo-
’KaHHOCTb, OPraHMYeCKOe BeIl|eCTBO, 3/1eMEeHThI IIPOAYKTHBHOCTH, 3ePHOO000BBIE KY/IBTYPbI

Bk/1aj; aBTOpPOB: aBTOPHI BHEC/IH PABHO3HAUHBIM BKJIaJ.
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3asB/ieHHe 0 KOH(IMKTe HHTEPeCoB. ABTOPbI 3asIB/ISIIOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
Hcropus crareu: noctynwia 1 mapra 2024 r., ipuHsiTa K nybnvkatuu 11 oktsbpst 2024 1.

Jia nurupoBanus: JIbiberko E.C., Emenes C.A. 3eneHast Macca COPTOB JIFOIMHA Y3KOIMCTHOTO KaK UCTOY-
HUK TTOYBEHHOTO0 1100poust // BectHuk Poccuiickoro yHuBepcureTa Apy»k0bt Hapogos. Cepusi: ATpOHOMUST
1 )KUBOTHOBOZCTBO. 2024. T. 19. Ne 4. C. 000—000. doi: 10.22363/2312-797X-2024-19-4-000-000

Green mass of narrow-leaved lupine varieties
as a source of soil fertility

Elena S. Lybenko g, Sergey A. Emelev

Vyatka State Agrotechnological University, Kirov, Russian Federation
> elenalybenko@rambler.ru

Abstract. The maintenance and restoration of soil fertility is the basis for the stability of the country’s food
security. One of the most effective methods of restorative agriculture is the use of siderates, the best of which
are recognized plants of the legume family. The research was conducted at Vyatka State Agrotechnological
University in 2022—2023 to study the possibility of using narrow-leaved lupine varieties of various breeding in
regenerative agriculture. The soils of the experimental site are sod-medium podzolic medium loamy medium-rich
in basic nutrients. The object of the study was narrow-leaved lupine varieties: Siderat 46, Akkord, Fedorovsky
and Metsenat, the comparison was carried out with pea cv. Ukaz. The plots were 4.5 m? four replications were
used, the forecrop in both years was spring crops. All the studied varieties of lupin in agro-climatic conditions
of Kirov region significantly exceeded the control in terms of yield of green mass of natural moisture. The yield
increase was 50...60% with a slight coefficient of variation over the years in most varieties. The analysis of the
yield of green mass considering its humidity showed that only Akkoord (16.40 t/ha) and Metsenat (15.95 t/ha)
significantly exceeded the control (13.55 t/ha). The main part of lupine green mass obtained during harvesting
is leaves (46.9%) and stems (43.9%). The variability over the years of these values is insignificant. Crude
protein content and crude ash content of narrow-leaved lupine varieties were higher by 18...37% and 28...40%,
respectively, compared to the control (pea). Metsenat variety had the highest crude protein and crude ash
content per area unit— 2.7 and 1.31 t/ha, respectively. Narrow-leaved lupine varieties — Akkord, Fedorovsky
and Metsenat — can be recommended for restorative agriculture in the north-east of Non-Chernozem zone of
Russia to regenerate soil fertility.

Key words: nitrogen-fixing plants, above-ground phytomass, biochemical composition, productivity,
organic matter, productivity elements, leguminous crops
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BeepneHue

Cepbe3Hy!0 yrpo3y TeXHO/IOTMUeCKOM He3aBUCMMOCTH CTpaHbl HeceT yXy/ILleHre KaJe-
CTBa MaxOTHBIX 3eMesTb'. OCHOBHas XapaKTepUCTHKasl, OTIPeesIsTtoLasi [IeHHOCTh TalliH|, —
ee [/I0[J0pOfiie — SIB/ISIeTCS] Pe3y/IbTaTOM COBOKYITHOTO B/IMSIHUS COZleprKaHusl ITUTaTe/IbHbIX
BeIIIeCTB, THIA BOAHOTO PE)KMMa, XapaKTepa TeIIOBOTO PeXXKMMa, MUKPOOHOIOTHue CKOU
aKTUBHOCTH U /Ip. YPOBeHb IIOA0POMS BO MHOI'OM OIpe/iesisieTCsl CofiepkaHreM opra-
HUUeCKoro BeiriecTBa. B Poccuu 6osee TpeTy MOYB OTHOCSATCS K C/TabOTyMyCHPOBaHHBIM,
a B [ITOM YaCTy Cofiep>KaHue ryMyca HibKe MUHUMa/IbHOTO YpoBHS [ 1, 2].

B ycioBUsix pocTa yMC/I€HHOCTU Hace/ieHUs TJIaHeThl B FTeOMEeTPUYeCKO! TMpo-
rpeccuu yBelIuyrBaeTcsi MoTpeOHOCTh B MPOAYKTaX MUTAHKS, B T.U. PACTUTETHLHOTO
npoucxoxxgenus [3]. Kak ciencTBre pacteT cTeneHb MHTEHCH(YKALMU UCTIOIb30BaHUs
CeJTbCKOXO03SICTBeHHBIX YTOJMiA, BO3pacTaeT Harpy3ka Ha eJuHUL]y Tutoiiaau. [Togo6-
HbIe MeTO/Ibl BeJIeHUsI CeTbCKOTO X03HCTBa HeM30eXXHO MPUBOJSAT K JleTpasialjiy TT0YB
Y YXYJLIEeHHIO UX KayeCTBa.

CornacHo ceefienusiM P.P. A6aycanamoBa, 3.M. banamup3oeBa «...okomo 40 %
Ce/IbCKOXO035IMICTBEHHBIX YTOAMM B MUpPe 3HAUUTE/IbHO YXYALIAeTCs 110 Ka4yeCTBY M3-3a
3PO3UU U UCIIO/b30BaHUS XUMHUUeCKUX y00penuii» [4]. B pesynsrare BOAHOM MIn
BETPOBOM 3P0O3MH NIPOUCXOJUT Pa3pyllieHre MoYBbI U 00eJHeHHe ee: TIOTOKH BOAbI WIIH
BeTpa BbIHOCSAT M3 BEPXHETO CJI0S YaCTULIbl OpraHM4ecKoro BellecTBa. [IpumeHeHue
OOMBIINX KOJTMUeCTB yA0OpeHuit B cCcTeMe MHTeHCHBHOTO 3eMIIe/ieiisi IPUBOJUT K U3-
MeHEeHUI0 CBOMCTB MouYB. Psifi ynoOpeHuil, CO31aHHBIX XUMUUECKUM Ty TeM, SIBJISIFOTCS
¢u3ronornyecku KUcbIMu [5]. IX BHeceHe NOBBIIIAeT CTereHb KUCI0THOCTH, UTO
BeJIeT K MOTepsiIM r'ymyca BCIe[CTBUE Pa3/ioXKeHHsi TYMHUHOBBIX COeIMHEHUH.

B MuHepanbHBIX ya006peHusx (ocobeHHO B (oChOPHBIX) COeprKaTCs TsKeslble
MeTaJl/Tbl KaK eCcTeCTBeHHbIe npuMecH [6]. VIx mpucyTcTBre B OO/IBIINX KOIAYeCTBax
B/MsieT Ha OMOXUMHUUecKHe peakL[iH, TIPOTEeKalole B PAaCTeHUsIX, a TaK)Ke Ha TOCTy-
TJIeHre MUKPO3/IEMEHTOB.

Hcrionb30BaHKe UCKYCCTBEHHO CO3/JaHHBIX MUHEPAJIbHBIX yA00peHui B 60/IbILNX
KO/JIMUeCTBax B TeUEHUe JJINTE/IbHOTO NIepro/ja BpEMEHU BUSIET Ha COCTAB IMOUBEHHBIX
MHKpPOOpraHu3MoB [7, 8]. [JnuTenbHOe prMeHeHHe MUHepalbHbIX yA00peH il BIUseT
Ha arpoxyMHYeCcKHe CBOMCTBA MOYBbI M CTeTeHb MOABWKHOCTH 3/1eMEeHTOB NUTaHus [9].

AJbTepHaTHBa XUMHUYeCKIUM — yI00peHHsi eCTeCTBeHHOTO TIPOMCXOKIEeHHs: HAaBO3,
Top(, canpornesib, KOMIIOCTbI, ITUUMI MIOMET, a TAKXe cuzepaTbl. OHAKO CHCTeMaTH-
YyeCKoe BHeCeHHe 3HauMTe/IbHOIO KOJIMYeCTBa HEKOTOPBIX BU/I0B OTXOZ0B JKMBOTHOI'O
MPOUCXOXKAEHUS OTpHULIATeIbHO B/IMSET Ha MOKa3aTe/lu, XapaKTepu3syrolue (pu3nKo-
XAMHUeCcKHe CBoicTBa obpabaTbiBaemMbix yroguii [10].

Cuiepathl CIOCOOCTBYHOT MOBBILLIEHHUIO TI0J0PO/HS 3a CUeT O0JIBILIOro KOMYeCTBa
3e/IeHOM MaccChl, MOCTYMarolleli B OYBYy NpH uXx 3ajenke [11, 12], u ¢popmupoBaHHIo
arpOHOMHYECKH LIEHHOUM CTPYKTYPhI TIOUBLL. BhiziesisiemMble criepatamMu ajikaaouzbl v (u-
TOHLIM/IBI CITOCOOHBI CHIKATh KOJTMUEeCTBO BpeuTesiei v Bo3OyauTeneit 6omesneit [13].

' CTpaTerunst Hay4HO-TEXHONOIrMYecKoro pasBuTua Poccuiickon Gefepaymn: yTB. Ykazom lMpesngeHTta PO ot
28 deBp. 2024 r. N2 145. Pexkum gocTtyna: http://publication.pravo.gov.ru/document/0001202402280003%index=2
(naTa obpalleHus: 29.02.2024).
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B cenbCkoX0351CTBEHHOM TTPOM3BOACTBE B KaueCTBe 3eJieHbIX y100peHuit uartie
BCET0 MCTIOMb3YIOT pacTeHUs [JBYX CeMeICTB: KanmyCTHbIe  6060BbIe. [ 6060BBIX,
Hapsi/ly C psiZiOM TOMIO)KUTE/IbHBIX PU3HAKOB, XapaKTePHBIX [JIs1 CU/IepaToB, CBOWCTBEHHO
siBlieHre CUMOMOTHUeCKoU a3oTduKcalyy, 61arofapss KOTODOMY OHH, B 3aBUCHMOCTH
OT JJ0JITOJIETHSI, CIIOCOOHBI CBSA3BIBATh a30T — OT 60 #0 300 kr/ra B rof [14, 15].

B KupoBckoii obactu U3 pacteHuii cemeiictBa 6060BbIe /17151 MCIIOTb30BaHMs B Ka-
yecTBe 3eJIeHbIX yZ00peHui MPUMEeHSIIOT Yallle BCero ropox IoJjieBoi, TOpox MOCeBHOMH,
BHKY SIPOBYIO M UX CMeCH CO 3/1aKOBBIM KOMITIOHEHTOM, a U3 MHOTO/IeTHUX PaCTeHUN —
KJIeBep JIyrOBOW WY KjieBep rUOpUIHBIN ITePBOT0 rojia MoJib30BaHus. VIcromp30BaHue
JTIOTIHA OTPaHHMUeHHO B CHJTY TOTO, UTO He KaK/JbIi B, OHOJIETHETO JTFOITMHA CII0cobeH
(hopMHpOBaTh CTaOMILHBIN BHICOKHI YPOXKak 3e/1eHoM MacChl. Tem He MeHee y3KOMMCTHBIN
JIFOTIVH B YC/I0BUSIX HeuepHO3eMbs «...MOXET CTaTh 0a30BOM Ky/BTYpOl ceBooOopoTa
JUTsL peltieHus po0sieMbl BOCCTAHOB/IEHUS TIJIOAOPOJUS TTOYB. ..» [16].

B ®I'bOY BO Bsrckuii TATY c 2021 r. npoBoJUTCS OLIeHKa COPTOB Y3KOIUCTHOTO
JIFONHUHA pa3MuHoi cenekuyu. Ilenb ucciefoBaHus — aHair3 BO3SMOXXHOCTU UCTIOJb-
30BaHUs COPTOB Y3KOJIMCTHOTO JIFOTIMHA JIJIs1 HAllpaB/IeHUs pereHepaTuBHOIO 3eMylef|esIusl.

3amaun UCC/IeJOBAaHMM:

— OLIeHUTb YPOBEeHb YPOXKaUHOCTH 3e/IeHOM MacChl HaTypaabHOM BJIa)KHOCTU
1 B aDCOJTIOTHO CyXOM BeIIleCTBE;

— TpOaHaIN3UpOBaTh CTPYKTYPY YPOXKalHOCTH 3e/IeHOM MacChl COPTOB Y3KOJIUCT-
HOTO JIFOTNHA;

— OL[eHUTH COZiep’KaHKue CbIPOro MpOTerHa, ChIPOM 301kl B 3eJIeHOM Macce U orpe-
JlelUThb X cOop.

MaTepuanbl u MeToabl UccnefoBaHuUM

Marepuasniom AJi UCcief0BaHus MOCTYKWIA COpPTa JIFONMHA y3KOMUCTHOro: Cu-
Jepar 46 (cenekuyu BHUU monvHa punmmrana @PT'BHY «®HIL] kopmonpousBojcTBa
u arposkosioruu uM. B.P. Bunbsimca»), Akkop, @enopoBckuii, MeljeHar (cesieKiuu
Jlenunrpagckoro HUMCX ¢unuana PI'BHY PUL] kaprodesns um. A.T. Jlopxa).

Wccnenosanns npoogumu B 2022—2023 1T. Ha Tepputopuu ArporexHonapka @I'-
BQOY BO Bsitckuii ATY. [TouBbl yyacTKa JepHOBO-CPeIHEI0/[30/IUCThIe CO CPeIHeCyT-
JTMHUCTBIM TPaHy/IOMeTPHUUeCKUM cocTaBoM. ObecrieueHHOCTb TIOABM>KHBIMU (hopMaMu
¢docdopa 1 06OMeHHBIM KaileM CpeJiHsisl, peaKLysi TIOUYBeHHOMN cpefibl C1aboKuCIasl.
OrIBIT 3aK/1abIBa/I Ha BHECEBOODOPOTHOM yuacTKe, TpefHa3HauYeHHOM /i/1sl TIPOBeeHUST
HayYHBIX HcceoBaHuil. [1peanoceBHast 06paboTKa 1OYBLI — TUITUYHAS /I/IS PeTHOHA:
paHHeBeceHHee OOpOHOBaHMWe, Ky/IbTHBaLUsL, KOMOMHUpOBaHHast 0O6paboTKa.

3aksia/zika oIbITa IpoBe/ieHa [0 MeTOMKe KOHKYPCHOI'O COPTOUCIIBITaHuS], IPYMeHeHbI
OO1L[eTIPUHSATBIE METO/[bl KCC/IeI0OBaHusI > 3. BuoXummueckye TioKa3aresiy KauecTsa 3ejie-

2 MeToaunKa rocyaapCTBEHHOrO COPTOUCTIbITAHNA CETbCKOXO3AMCTBEHHDBIX KYNbTYp. Bbin. 2. 3epHOBbIE, KPYMsHbIe,
3epHO6060BbIE, KYKypy3a 1 KOPMOBbIEe KynbTypbl. M., 1989. 197 ¢

8 [locnexos b.A. MeToAMKa NONEBOrO OMbITa: C OCHOBAMM CTaTUCTUHECKOK 06PaboTKM peadynbTaToB UCCNeA0BaHWIA.
5-e u3a., gon. n nepepab. M. : Arponpommaaat, 1985. 351 ¢. EDN ZJQBUD
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HOM MacChl TPOBOJW/IN B aKKpeiuToBaHHOMU Jlabopatopru OO0 HIIIT « MEIBUOTEX»,
r. KUpoB coriacHO CTaHAAPTHBIM METOIHUKaM.

YueTHasi IOW[aZb eISTHOK 4,5 M?, TOBTOPHOCTh 4-KpaTHasi, TIpe/Iilie CTBEHHUK
B 00a rosja— sipoBbIe 3epHOBBIE KY/bTYphI. [ToCeB NpoBe/ieH B Hauasie BTOPOH [1eKa/Ibl
Masi. Criocob 1oceBa psifioBoM ¢ MeXXaypsiibsmu 15 cm. Hopma BeiceBa 1,3 MJTH IIT./Ta,
rybuHa noceBa 4-5 cM. Tlepes ToceBOM MPOBOAWIU TTPOTPABIMBaHUE CEMSTH MHCEK-
turuaom Taby, BCK B Hopme 1 71/T 1 06paboTKy O6uoriperiaparom Pu3oster. B kauecTBe
obpa3tia jy1s1 cpaBHeHus (KOHTPoJ1si — K) MCIoib30BaH TOpox M0/IeBOM YKa3, Tak Kak 3Ta
Ky/bTypa 3aHMMaeT BeZlylijee MeCTO CPeAy OfHOIeTHUX cruzepaToB KupoBckoii obmactu.
Yb6opKa pacTeHHUH Ha 3e/IeHyr0 MacCy MpoBe/ieHa B KOHLIe BTOPOH JieKa/bl Uro/isl B (hasy
Hauasia popMupoBaHusi 6060B.

Pe3ynbraTtbl uccnefoBaHui U 06CyXaeHne

Beretauyonnsiii nepuog B 2022 u 2023 rT. XxapakTepr30BasICs KakK yMEePeHHO TeIlIbIi
C HepaBHOMEepPHbIM BbINaJleHueM 0CaJKoB (pHC.).
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MeTeoposiornyeckme ycroBua B NepUOL BEreTaunm y3kKoInCTHOro ntonmHa B 2022—2023 rr.

McToyHmk: BbinonHeHo E.C. Nbi6eHko, C.A. EmenesbiM B nporpamme Microsoft Excel 2010.
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Meteorological conditions during the vegetation period of narrow-leaved lupine in 2022—2023

Source: compiled by E.S. Lybenko, S.A. Emelevin Microsoft Excel 2010.

CpennemecsiuHasi TeMneparypa mas 2023 1. coctaBuna 13,9 °C, 4To 0Ka3anoch
Ha 1,9 °C BbIie 00b1YHO HabMHOZaeMo. [1o onTUMaIbHOM TeMIIepaTyphl 0CeBa rmouBa
Tporpesiach K Hayaay BTOpPO# fiekazibl. B 2022 1. cpesiHsisi TemriepaTypa Masi OKa3asiach
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HIDKe Ha 2,7 °C, BecHa B 3TOT rof, Obljia 3aTsDKHasi, II0YBa /11 IT0CeBa MOCIeBasa C Oro3-
naHveM. KosmuecTBO BIMABIIMX 0CafKOB B Mae 2023 T. 66110 Ha 14 % MeHbIIle HOPMBI,
B 2022 1. — eii cooTBeTCTBOBA/O. B nroHe 2022 1. KOMMUeCTBO 3HAYMTE/TLHO TIPEBBICHIIO
HOPMY, a UtoHb 2023 T. 6b1T CyXuM (0CaZKoB BbIano Ha 40 % MeHbllle HOPMbI) U MeHee
TeIUIbIM, YEM OXKUZAIOCh. 3aTO B HIO/Ie KOJIMUeCTBO 0CAZKOB B 00a roja bosee ueM B 1,6
pasa IpeBbICU/IO CpeJjHUe TI0Ka3aTe/u. 3HaueH!sl TeMIlepaTypPHBIX XapaKTepUCTUK UHOJIS
ObUTH O/TM3KM K HOPMAaTUBHOMY 3HAUeHHIO.

IToneBast BCXOKeCThb U3y4yaeMbIX BapuaHTOB — 97...98 %, uTo WCK/IrOUaeT BO3-
MOKHOCTb Ha/IMYMsl Pa3/inumii o 3ToMy napameTpy. CpeJHsisi ypOoyKaliHOCTb 3€/1eHOM
MacChl HaTypasbHOM BIa)XKHOCTH COPTOB Y3KOJIMCTHOIO JIFONMHA cocTaBuia 68,8 1/ra,
yTO Ha 59 % OoJiblile IO cpaBHEHHIO € ropoxoM (Tabs. 1). Bce copra y3Ko/iIMCTHOTO
JIFONIMHA KaK B OT/e/IbHbIe TO/Ibl, TaK U B CPeJJHEM 3a BpeMsi UCC/le[OBaHNM J0CTOBEPHO
MPeBOCXOWIA KOHTPOJIb IO TOMY ITOKa3arest0. B cpefjHeM no rogam npeBbIlleHHe
YPOXXKallHOCTHU 3e/1eHOM MacChl COPTOB JIt0NKHa coctaBuiio oT 20,8 1o 27,4 %.

Tabvya 1
Ypo)KalHOCTb 3e/1eHOW Maccbl HaTypasibHOW BNaXHOCTH, T/ra
Copt | 2022r. + K Yka3s 2023r. + K Ykas CpepHee + K Yka3s
Ykas (K) 44,6 - 42,0 - 433 -
Cupepart 46 61,9 +17,3 66,3 +24,3 64,1 +20,8
AKKopp, 82,8 +38,2 58,7 +16,7 70,7 +27,4
depopoBckui 69,1 +24,5 71,5 +29,5 70,3 +27,0
MeueHnat 72,4 +27,8 67,6 +25,6 70,0 +26,7
HCP,, - 4,4 - 3,6 - 39
UeToyHuk: BbinonHeHo E.C. JlbibeHko, C.A. EMeneBbiM B nporpamme Microsoft Word 2010.
Table 1
Green mass yield of natural moisture, t/ha
Variety 2022 + to control 2023 + to control average + to control
Ukaz (control) 44.6 - 42.0 - 43.3 -
Siderat 46 61.9 +17.3 66.3 +24.3 64.1 +20.8
Akkord 82.8 +38.2 58.7 +16.7 70.7 +27.4
Federovsky 69.1 +24.5 71.5 +29.5 70.3 +27.0
Metsenat 72.4 +27.8 67.6 +25.6 70.0 +26.7
LSD,, - 4.4 - 3.6 - 3.9

Source: compiled by E.S. Lybenko, S.A. Emelev in Microsoft Word 2010.

Haubosnee ctabunbHbIM ypoBeHb y copta PeopoBckuid, k03¢ GHULIMeHT BapraLiiu
YPOXXaWHOCTH M0 TofiaM cocTaBui 2,4 %. Takoii ke He3HAUNUTeTLHOW U3MEHUMBOCTHIO
xXapakTepu3oBaauch copta Cuzepar 46 v MeljeHat. Ypo)KallHOCTb 3e/IeHOM MacChl COpTa
AxXKopz n3MeHs1ach 110 roziaM oT 82,8 fo 58,7 T/ra. OTOT copT 006/1ajaeT 3HAUMTETHHOMN
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M3MEHUYMBOCTHIO B yC/IOBUSIX KHUpOBCKO 06/1aCTH 110 YPOXKAMHOCTH 3e/IeHOM MaCChI
HaTypa/IbHOM BAaKHOCTH (K03(pPULIMEeHT Bapyal[iy npr3HaKa 24 %).

Bnia)xHOCTB BereTaTMBHOW MacChl Ce/TbCKOXO3SIMICTBEHHBIX KY/IBTYp pa3inyHa. s
OLIeHKM YPOBHS YPOKalHOCTU B COIIOCTaBUMBIX eJUHULIAX IIPUBE/IeHb! JaHHbIE B I1e-
pecueTe Ha abCOMIOTHO CyXoe BelecTBO (Tabs. 2). ITo ypoykaliHOCTH 3e/1eHOM MacChl
B TlepecueTe Ha abCoIOTHO cyxoe BetecTBo B 2022 1 2023 IT. 0TMeUEHO [JOCTOBEPHOE
TMpeBbIlLIeHe KOHTPO/IS TOMBKO y copTa AKkop. KosdduiyeHT Bapyuanuu no rogam
y Hero cocTtaeiisii 6 %. [IpeBbillieHre YPOBHS ypoykalHOCTH gocTturasno 21 %.

Tabnvya 2
Ypo)kaiiHOCTb 3e/IeHO MaccChbl B abCOMOTHO CYXOM BellecTBe, T/ra
Copt 2022r. + K YKa3s 2023r. + K Ykas CpegnHee + Kk YKas
Ykas (K) 14,1 - 13,0 - 13,55 -
Cupepart 46 12,5 -1,6 11,6 -1,4 12,05 -15
Akkopa 17,1 +3,0 15,7 +2,7 16,40 +2,9
®depopoBcKuin 13,9 -0,2 13,9 +0,9 13,90 +0,4
MeueHnat 13,6 -0,5 18,3 +5,3 15,95 +2,4
HCP,, - 1,2 - 1,0 - 1,2
UeToyHuk: BbinonHeHo E.C. JlbibeHko, C.A. EMeneBbiM B nporpamme Microsoft Word 2010.
Table 2
Yield of absolutely dry green mass, t/ha
Variety 2022 + to control 2023 + to control average + to control
Ukaz (control) 14.1 - 13.0 - 13.55 -
Siderat 46 12.5 -1.6 11.6 -1.4 12.05 -1.5
Akkord 17.1 +3.0 15.7 +2.7 16.40 +2.9
Federovsky 13.9 -0.2 13.9 +0.9 13.90 +0.4
Metsenat 13.6 -0.5 18.3 +5.3 15.95 +2.4
LSD,, - 1.2 - 1.0 - 1.2

Source: compiled by E.S. Lybenko, S.A. Emelev in Microsoft Word 2010.

[Toka3aTenu Mo ypoykalHOCTH 3e/IeHOM MacChl B aOCO/TFOTHO CYXOM BellleCTBe Y COpTa
®e0POBCKUI OT/IMUAIOTCS MUHUMAa/IbHBIM KO3 duiirieHToM Bapuauuu (MeHee 1 %).
B cpegHem ypo)kaliHOCTb 3TOT0 COpTa HaXOAWUTCSl HA YPOBHE KOHTPOJIS. 3HAUUTETbHOM
M3MEHYMBOCTRIO 00saziaeT copT MerjeHat (ko3 duimeHT Bapuarnuu 21 %). B 2022 1.
ero ypOXKaltHOCTb 3e/IeHOM MacChl B aDCOMIOTHO CyXOM BelljeCTBe HaXOJW/Iach Ha YPOBHE
koHTposs (13,6 T/ra), a B 2023 1. — moctoBepHo npeBbiana ero (18,3 t/ra). Cugepar
46 Mo cCpaBHEHMIO C TOPOXOM I0JIEBBIM YKa3 BO BCe roJbl (POpMHUPOBa JOCTOBEPHO
MeHBbIIIe 3eJIeHOM MacChl B riepecyeTe Ha aOCOTFOTHO CyXoe BeleCTBO (KO3 QULIMeHT
Bapuaiuu 5,7 %).
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AHam3upyst CTPYKTYPY MPOAYKTUBHOCTH 3€/IeHOM Macchl (Tabi1. 3), MOXKHO OTMETHTD,
YTO Y JIFOTIMHOB B CPE/IHEM OCHOBHasl [10/1s1 IPUXOAMTCS Ha JIUCThs (46,9 %) u cTebm
(43,9 %). B ycnoBusix 2022—2023 rr. n3y4yaemble copTa c(hOPpMHUPOBAIX JOCTAaTOUHO
MHOTO 3e/IeHOM MacChl, pacCTeHUs ObUTH Pa3BUTHLIMU, XOPOLIO OOTMCTBEHHBIMU. Y TO-
poxa ToJIeBOro Yka3 OCHOBHasI 10/1s IpUXoAU/Iach Ha ctebm (63,9 %). O6bem micTheB
y TOpOXa B CBSI3U C ero MOp(¢0J/IOriueCKUMH 0COOEHHOCTSIMU B /IBa pa3a MeHbIIIe,
10 CPAaBHEHMIO C JTFOITMHOM.

3HauuTeIbHbIX OTKJIOHEHUM MeXKy COPTaMH 110 Macce JIMCTheB He OTMeueHo. 1x
nosist konebnercs ot 42,6 1o 49,3 %, yCTaHOB/IEHO I0CTOBEPHOE MPEBLIIIIEHHe 3TOT0
TioKas3areJisi 110 OTHOIIIeHUIO K KOHTPOJT0. KoadduliveHT Bapraliiu JOU JIMCTbEB Y BCeX
COPTOB He3HauUWTe/MbHLIN (0T 3,7 10 7,2 %). Hanbonblieit 06/1MCTBEHHOCTBIO 00/1a/]af0T
copta AKkopz 1 MeljeHar.

Tabnvya 3
CprKTypa NPOAYKTUBHOCTHU 3e/1eHoI MacCbl HAa MOMEHT y60pKVI
(B cpepgHem 3a 2022—2023 rr.)
Copt NucTba, % ) Bo6bl, % Vioour % Ctebnu, % et 70
Ykas (K) 22,5+0,37 4,8 13,6 £ 0,44 9,4 63,9+0,76 23
Cupepar 46 46,7 £ 0,72* 4,6 8,8 £0,39* 11,2 44,5 +0,71* 4,7
Akkopa 49,3 £ 0,63* 37 7,5%0,34* 11,6 43,2 +0,81* 5,6
depopoBckuit 42,6 + 0,42* 39 9,3+0,62* 6,1 48,1 +0,51* 29
MeueHnat 48,9 £ 0,74* 7.2 11,2 £ 0,42* 57 39,9 £ 0,47 4,9
B cpegHeM no nionuHam 46,9 + 1,53* 6,6 9,2+0,77* 16,7 43,9 £ 1,69* 7,7
[pumeyanmne. * —p = 0,95.
WeToynuk: BbinonHeHo E.C. JlbibeHko, C.A. EMeneBbiM B nporpamme Microsoft Word 2010.
Table 3

Structure of green mass productivity at harvest time (average for 2022—2023)

Variety Leaves, % eavest %0 Seeds, % ceds? Stems, % ems?
Ukaz (control) 22.5+0.37 4.8 13.6 £+ 0.44 9.4 63.9+0.76 2.3
Siderat 46 46.7 +0.72* 4.6 8.8 £ 0.39* 11.2 445+ 0.71* 4.7
Akkord 49.3 +0.63* 3.7 7.5 +0.34* 11.6 43.2+0.81* 5.6
Federovsky 42.6 + 0.42* 3.9 9.3+0.62* 6.1 48.1 £ 0.51* 29
Metsenat 48.9 + 0.74* 7.2 11.2 £ 0.42* 5.7 39.9 £ 0.47* 4.9
Average 46.9 + 1.53* 6.6 9.2+0.77* 16.7 43.9 +1.69* 7.7

Note. *—p = 0.95.

Source: compiled by E.S. Lybenko, S.A. Emelev in Microsoft Word 2010.
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Hosnst 6060B B 0011111 Macce 3eieHON MPOAYKIMHM y ropoxa coctassiia 13,6 %.
Y NIOTMHOB K MOMEHTY YOOPKH 3TOT ToKa3aTesb ObUT J0CTOBEPHO HIKE KOHTPOJIS —
ot 7,5 no 11,2 %, a cpeHee 3HaUeHHWe 110 HUM cocTaBuiio 9,2 %. Hanbosnee 6/m3k0
K KOHTPOJIIO TI0 00beMy 6000B oka3ascst copT MeueHar (11,2 %).

InuHa ctebneli monrHa K MOMeHTY yOopku gocturana 53...63 cm. [IpotieHT cre-
Greii B 0b111eM ypoykae 3esieHOM MacChl 0Ka3ascs BbIlIe Y Topoxa rnoceBHoro (63,9 %).
Y NIONIMHOB UX ZI0J1s1 OT/IMYAeTCsT He3HAUUTe/TbHON BaprabenbHOCTRIO (2,3...5,6 %).
Haubosbimii ripolieHT cTebsieli otMeueH y copra ®@enopoBckuii (48,1 %), HauMeHb-
i — y copta Mewenar (39,9 %).

AHanmu3upys KaueCTBeHHbIE XapaKTePUCTHUKH 3e/IeHOi Macchl (Tabm. 4 1 5), MOXKHO
OTMETUTH, UTO COPTA JIFOMHHA Y3KOJUCTHOTO OT/IMYAOTCS MOBBILIIEHHBIM COZlep>KaHueM
CBIPOrO NpoTerHa (B cpejHeM Ha 26 %). Y GO/bIIMHCTBA COPTOB 36PHOO0OO0BBIX KYITb-
Typ ero 3HaueHusi B 2022 1. (Ha 7...10 m.1.) Obi Beiiie, uem B 2023 1. Bosiee BEICOKUM
Cofiep>KaHueM ChIPOTO MPOTerHa OT/uaroTcst copta @enopoBckuii (18,3 %) u MeljeHat
(17,1 %), uTo mpeBbIlIaeT 3HaUeHMe KOHTPOJIst Ha 37 U 28 1.11. COOTBETCTBEHHO.

Tabnmya 4
CopaeprxkaHue cblporo npoTtenHa u cb6op b6eska
Copiep>kaHue cbiporo npoTeunHa, % Cé6op 6enka, T/ra
Copt
2022r. 2023r. CpegHee 2022r. 2023r. CpepfiHee
Ykas3 (K) 13,7 12,8 13,3+£0,45 1,90 1,70 1,80+0,10
Cupepar 46 16,6 15,4 16,0 + 0,60* 2,10 1,80 1,95+0,15
Akkopa 17,0 14,5 15,8 +1,25*% 2,90 2,30 2,60+ 0,30*
depopoBckuii 18,1 184 18,3+0,15* 2,50 2,60 2,55+ 0,05*
MeueHnat 17,7 16,4 17,1+0,65* 2,40 3,00 2,70+0,30*
MNpumeyvarme. * —p > 0,95.
VcTounuk: BbinonHeHo E.C. JlbibeHko, C.A. EMeneBbiM B nporpamme Microsoft Word 2010.
Table 4
Crude protein content and protein yield
Crude protein content, % Protein yield, t/ha
Variety
2022 2023 Average 2022 2023 Average
Ukaz (control) 13.7 12.8 13.310.45 1.90 1.70 1.80+0.10
Siderat 46 16.6 15.4 16.0 £ 0.60* 2.10 1.80 1.95+0.15
Akkord 17.0 14.5 15.8+1.25*% 2.90 2.30 2.60 + 0.30*
Federovsky 18.1 18.4 18.310.15*% 2.50 2.60 2.55+0.05*
Metsenat 17.7 16.4 17.1+0.65* 2.40 3.00 2.70 £ 0.30*

Note. *—p = 0.95.
Source: compiled by E.S. Lybenko, S.A. Emelev in Microsoft Word 2010.
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C6op 6eska € e[UHULIBI TIOIIAAN 3aBUCHUT OT YPOXKalHOCTH 3e/IeHOM MacChl U CO-
Jlep>KaHus B Hell cbIporo npoterHa. B 2022 1. 3HaUMTe/NbHO BbIJI@UIICS TI0 3TOMY TOKa-
3atento copT AKkopz, (2,9 1/ra), a B 2023 r.— copt Merienar (3,0 1/ra), 4yTO MpeBbIIIaeT
rokasaresii KoHTposs Ha 50 1.1, B cpegnem 3a 2022—2023 rT. 110 c60py Gesika copTa
Y3KOJINCTHOTO JIFOTIMHA TIPeBBIIIaIi KOHTPosib Ha 40 11.11. u 6ostee. VckiroueHreM cTaj
copt Cugepar 46, 3HaueHMe [T0Ka3are/si KOTOPOro HaXOAW/IOCh IIPUMEPHO Ha YPOBHe
KOHTpOJ1s1 (1,95 T/ra) v mpeBbICKIIO ero BCcero Ha 8 m.1.

Tabnmya 5
CopeprxkaHue cbipoii 30/1bl U ee c6op
CopeprxaHue cbipoii 301bl, % C60p cbipoit 30nbl, T/ra
Copt
2022r. 2023r. CpepiHee 2022r. 2023r. CpefiHee
Ykas (K) 6,3 55 590,40 0,89 0,72 0,80+0,09
Cupepar 46 7,6 7,5 7,6 £0,05* 0,92 0,88 0,90+0,02
Akkopa 7,6 8,6 8,1+0,50* 1,30 1,35 1,32+0,03*
depopoBckuii 73 8,0 7,7 £0,35*% 1,02 1,11 1,07 £0,05*
MeueHat 7,6 8,9 8,3+0,65* 0,99 1,63 1,31+0,32*
lpumeyvanHne. * —p = 0,95.
McToynmk: BbinonHeHo E.C. JlbibeHko, C.A. EMeneBbiM B nporpamme Microsoft Word 2010.
Table &
Raw ash content and yield
Raw ash content, % Raw ash yield, t/ha
Variety
2022 2023 Average 2022 2023 Average
Ukaz (control) 6.3 5.5 5.9+0.40 0.89 0.72 0.80+0.09
Siderat 46 7.6 7.5 7.6 £0.05* 0.92 0.88 0.90+0.02
Akkord 7.6 8.6 8.1+0.50* 1.30 1.35 1.32+0.03*
Federovsky 7.3 8.0 7.7 +0.35*% 1.02 1.11 1.07 £ 0.05*
Metsenat 7.6 8.9 8.31+0.65* 0.99 1.63 1.31+0.32%

Note. *—p =0.95.
Source: compiled by E.S. Lybenko, S.A. Emelev in Microsoft Word 2010.

CopneprkaHue ChIpOM 30JTbl Y KOHTPOIBHOTO COPTa YKa3 COCTaBU/IO B cpefHeM 5,9 %;
B 2022 1.— 6,3, B 2023 . — 5,5 %. ¥Y COPTOB y3KO/IMCTHOTO JIFOTIMHA He Ha0/I0a1och
TeH/IeHLIMM K YMEeHbIIIeHUIO 3TOr0 MoKa3aress 1o rofam. bonbiie Bcero cbipoii 3016l
cchopmupoBanock y copra MerieHar (8,3 %) u Akkopz (8,1 %), uto Ha 39 u 37 1.11. Co-
OTBETCTBEHHO 00JIbIlIe KOHTPOJISL. DTH >Ke COpTa C/eyeT BbIeUTh U 10 COOPY ChIPOM
3071bl, TIOJTyUaeMoii ¢ 3eneHou Macchl (1,31 u 1,32 T/ra COOTBETCTBEHHO).
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3ak/iroyeHue

B nouBeHHO-K/TMMaTHUeCKUX yCI0BUSX KUPOBCKOH 00/1aCTH YPOXKAMHOCTh 3€/1€HOM
MacChl HaTypa/bHOW B/I&)KHOCTU pacCMaTpHUBAEMbIX COPTOB JIFOMIMHA Y3KOIUCTHOTO
JIOCTOBEPHO MPEBOCXOAUT TIOKa3aTe v KOHTPOsIs Ha 21...27 T/ra B cpegHeM. Y 00J1b-
IIIMHCTBA COPTOB BapHabe/TbHOCTh 3TOTO MpU3HaKa He3HauuTesbHas (2,5...5 %). [Ipu
yueTe ypO>XKalHOCTH B aDCOTFOTHO CYXOM BeIl|eCTBe YCTaHOBJ/IEHO, UTO TOJTLKO /IBa COPTa
(Akkop 1 MelieHat) OT/IMYAIOTCS OCTOBEPHO OOJTBIIIMM ee YpoBHeM. bosee cTabuibHOM
yPOXXalHOCTBIO B TIepecueTe Ha abCOJTFOTHO CyXOe BellleCcTBO 006/1ajjaeT coptT MeljeHar.
Cy111eCTBeHHBIX OT/IMUMN MeX/y COPTaMU JIFOTUHA 110 /071e 3/IeMEHTOB CTPYKTYPhI
MPOJYKTUBHOCTH HE OTMEeUEHO. Y ropoxa I0CEeBHOT0, UCIO0JIb3yeMOTr0 B KaueCTBe KOH-
TPOJIsi, 3eJIeHYI0 MacCy B OCHOBHOM COCTAaB/ISIIOT cTebmu. B cTpyKType MpoAyKTUBHOCTH
JIFOTIMHOB, OTIpe/ie/isieMON Ha MOMEHT yOOPKH, OCHOBHasI [0/t TPUXOJUTCS Ha JIUCThSI
1 cTeb/M, B COBOKYITHOCTH OHM 3aHUMatoT 90,8 %. DTH 371eMeHThbI XapaKTepU3yIOTCs He-
3HAUMTE/TLHOM CTeTieHbI0 Bapyalyu. [Josst 6000B BappUpyeT B CpeJiHel CTerneHu, Ha HUX
npuxoautcs ot 8,8 no 11,2 %. Ilo comep>kaHuto CBIPOTO MPOTENHA COPTa Y3KOJHUCTHOTO
JIFOTTMHA MPEeBOCXOASAT TOPOX MOoCceBHOM Ha 18...37 %, a 1o cofiep>XaHuI0 ChIPOH 30/1b1 —
Ha 28...40 %. Jlumepom 110 cO0pY ChIpOro Geka ¥ ChIPOM 30J1bI C eIUHULIBI TIIOMA/IA
siBsieTcsi copt MeueHar (2,7 u 1,31 T/ra cooTBeTCTBeHHO). briarogapst skoiorunyeckum
1 OMoI0rYeCKUM 0COOEHHOCTSIM y3KOJIMCTHOTO JIFOTIMHA COPTOB AKKOp/], ©eopoB-
CKuM 1 MelleHaT B arpoK/IMMaTH4YeCKUX YC/IOBUSIX CeBepO-BOCTOKa HeuepHo3emMHOM
30HbI PoCCrM BO3MOXKHO MCIIO/IB30BATh UX /11 HY K7, BOCCTAHOBUTE/ILHOTO 3eMyIeZleslvs
C Le/IbI0 pereHepaly NOYBEHHOTO M/100POAUS.
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MenuopaTuBHas oLeHKa NpUrogHocTu
NOBEPXHOCTHbIX BOA, BOA03a60PHOM 30HbI
BepecnaBckoro BogoxpaHunuLLLa ANs OpoLLeHus
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Amnnoranus. Llens vccefoBaHUS — OL|EHUTB 110 UTOraM NMPOBOAUMOr0 MOHUTOPUHTA IPUTOJHOCTB I10-
BEPXHOCTHBIX BOZ, BOZI03a00pHOM 30Hb! bepecaBcKoro Bo0XpaHUIHIIA /IS OPOLLEeHYs1. 3a TIepHO/, BereTaluu
KYJIBTYP MHUHepasi3alust Bofibl H3MeHsiiachk ot 0,998 0 1,601 r/am®. TTo A.H. KoCTAKOBY BOJja XapaKTepU3yeTCst
Kak c1aboMHUHepanM30BaHHas ¥ OTHOCUTCS MperMytnecTBeHHO K 111 rpymme. ITo O.A. AyiekrHy Bozia Ha Hauasio
Y KOHel] BereTal[IOHHOTO NepHofia KnacCuULMpyeTcs Kak HaTpueBast Cy/ib(aTHO-X/IOPHHOTO K/1acca, B MioJie
U aBryCTe XMMU3M BOJbI CMEHSIeTCs Ha Cy/ib(aTHBINA K/1acC MarHUeBO-HAaTpUeBOM rpymmbl. B HabmofeHusx 3a ce-
30HHBIMU M3MeHEeHUsIMU OCHOBHBIX KOMITIOHEHTOB MUHEPa/IbHOIO COCTaBa BOZIbI OTHOCUTE/ILHO UX Tpe/ie/IbHO-
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JIOTYCTUMBIX KOHIIEHTPALH OTMeUeHO IpeBhIlIeHre aHUOHa Cy/ib(aTa B Mae U aBr'yCTe COOTBETCTBEHHO Ha 7
1 91 mr/gm°, a B urosie — noutH B 1,5 pasa. B KaTHOHHOM Dsi/ly OCHOBHBIMH 3arpsisHUTE/ISIMU ObUTH HAaTpPUiA
(B KOMILIEKCE C Ka/IMeM) — ero Haubosbliiasi KOHLIEHTpaLys B Mae 299 Mr/qm® CHU3M/Iach B WEOIE JI0 MPe/IeNbHO
[JIOMYCTUMOTO 3HaueHHs], a TAK)Ke MarHuii, KOHLIEHTPALMs KOTOPOTO B HIOJIe MTPEBBICK/IA HOPMATHB Ha 28 mr/am>.
TTo KoHIIeHTpaLH XJIOPU/0B U CY/Tb(aToOB HaTpHsl MOJIMBHASI BOJA Y0B/IeTBOPUTEILHOrO KauecTBa. PakTHueCcKre
3Ha4YeHHs1 [T0Ka3aTerell MUHepanbHOTo COCTaBa BOZBI 11 pacueTHbIe 3HaUeHHsl UPPUTAlOHHBIX KO3 QUIMEeHTOB
C YyUEeTOM HM3MeHUMBOCTH XMMHUYECKOTO COCTaBa BOZbI BO BpeMeHH CBUZETE/IbCTBYIOT O ee BO3MO)KHOM HeraTBHOM
BO3/efiCTBIY Ha HOHHOE PABHOBECHE B TIOUBEHHOM MOIVIOLAIOLIeM Komrtekce. ClienaH BbIBOZ, O HEOOXOAUMOCTH
pa3paboTaTh U PeryssipHO TPOBOJUTH arpOTEXHUUECKHE U arPOMe/TMOPaTUBHbIE MEPOTIPHUSITHS 10 MPeyTPexX-
JIeHHIO MPOL{eCCOB 3aCOJIEHHUS /IS COXPaHeH!sT MeTHOPaTHBHOTO COCTOSIHHS TIOYB.

KitroueBbIe ¢/10Ba: KaueCTBO BOZbI, MOHHBIN COCTaB, MIHepa/IM3aliyis, UppUraliioHHas OLjeHKa, B/UsSHIe
Ha TOYBY, 3aCOJIeHHe TIOUB

Bxknag aBTOpOB: BCe aBTOPbI MPUHUMA/IU HEIMOCpeICTBeHHOe yuacTHe B IJIAHUPOBaHUH, BLIMOJHEHUH U aHa/Iu3e
[TAHHOTO WCCJIeJOBAHUSI, CJIe/Ia/Ii SKBUBAJIEHTHBIN BK/IaJl B MIOJTOTOBKY ITyO/ITHKALMH.

dunaHcupoBanue. PaboTa MoJroTos/ieHa B paMKax BbITIONHEHHs TOCYAapCTBeHHOTO 3afanus FNFR-2022-0003.
3asiBIeHHe 0 KOH(UIMKTe HHTePecoB. ABTODHI 3asIB/ISTIOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.
Wcropusi crarbu: noctymuna 11 Hosbps 2024 r., npuHsita K nmybnukaryu 11 nekabpst 2024 1.

Jis yuruposanust: Hogukos A.E., Toponog A.FO., TToody6ckuii A.A., Mockoeey M.B., 36ykapes P.B. Menui-
OpaTHBHast OLIEHKA TIPUTOHOCTH TIOBEPXHOCTHBIX BOJ, BO03a00pHO 30HbI Bepec/iaBCKoro BOIOXPaHMITHIIIA ISt
opotenust // Bectruk Poccuiickoro yHuBepcuTeTa ipy»Kobl HapogoB. Cepusi: ArpOHOMUST U JKUBOTHOBO/ICTBO.

2024. T. 19. Ne 4. C. 631—640. doi: 10.22363/2312-797X-2024-19-4-631-640

Suitability and assessment of surface water in the Bereslav
reservoir water-intake zone for irrigation purpose

Andrey E. Novikov"? = Aleksey Y. Toropov' ~, Anton A. Poddubsky? ",

Maria V. Moskovets! ~, Roman V. Zbukarev!

'Russian Research Institute of Irrigated Agriculture — Branch of the Federal Research Center
of Hydroengineering and Land Reclamation named after A.N. Kostyakov, Volgograd, Russian
Federation
*Volgograd State Technical University, Volgograd, Russian Federation
SRUDN University, Moscow, Russian Federation
< ae_novikov@mail.ru

Abstract. The aim of the study was to monitor and assess the suitability of surface water in the intake
area of the Bereslav Reservoir for irrigation. During the growing season, water mineralization varied from
0.998 to 1.601 g-dm™. According to Kostyakov A.N., the water is characterized as slightly mineralized and
belongs mainly to group III. According to Alekin O.A., water at the beginning and end of the growing season is
classified as sodium sulfate-chloride class; in July and August, the water chemistry changes to sulfate class of
magnesium-sodium group. Observations of seasonal changes in the main components of mineral composition
of water relative to their maximum permissible concentrations revealed an excess of sulfate anion in May and
August by 7 and 91 mg-dm?, respectively, and in July — almost 1.5 times. In the cation series, the main pollutants
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were sodium (in combination with potassium), its highest concentration in May was 299 mg-dm, in July it
decreased to the maximum permissible value, as well as magnesium, concentration of which in July exceeded
the standard by 28 mg-dm. In terms of concentration of sodium chlorides and sulfates, the irrigation water is
of satisfactory quality. Actual values of mineral composition of the water and calculated values of irrigation
coefficients, considering variability of chemical composition of the water over time, indicate its possible negative
impact on ionic equilibrium in soil absorption complex. As a result, in order to maintain ameliorative state of the
soils, it is necessary to develop and regularly carry out agrotechnical and agroameliorative measures to prevent
salinization processes.

Keywords: water quality, ionic composition, mineralization, irrigation assessment, impact on soil, soil
salinization
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BeeneHue

X03sMCTBeHHAs 1eTeTbHOCTh U (DAKTOPBI OKPY’KaroIL[ei CpeZibl OKa3bIBaKOT CYIile-
CTBEHHOE B/IMSTHYE Ha MOHHBIN COCTaB BOJOTOKOB, THAPOXUMUUECKUIN PEXKUM U KaueCTBO
MOBEPXHOCTHBIX BOJ]. Bo3HHKarOII1e BCIeCTBHE 3TOTO MPOL[ECChl XMMHUUECKOM 1 61oJ1o-
rMYecKol TpaHc(hopMaL[K BOJAHBIX 00HEKTOB OMpe/esioT BU, BOAOIO/Ib30BaHus [1, 2].

[To UMEOIIMMCS MHOTOJIETHUM JIaHHBIM ITPOMCXOJUT PEry/sipHOe 3arpsi3HeHHe
MOBEPXHOCTHBIX BOZ, OMOTeHHBIMU 3/IEMEHTaMH, TSHKeTbIMUA MeTa//IaMH, a TAKXKe Jpy-
TMMU 3arpsi3HSIONMMHU BellleCTBaMH aHTPOIIOTeHHOTO TTPOUCXOXKAEHHs, (aKTHUeCKHe
KOHIIEHTPALMK KOTOPBIX MPEBBIIIAOT MPeZe/bHO JOMyCTHMbIe KOHIIEHTPALIUK [IIs]
OTKPBITBIX BOZI0eMOB [3, 4]. TT03TOMy BCe TPHUPO/HBIE BOAbI XapaKTEPU3YHOTCSI MHOT'O-
KOMITOHEHTHBIM COCTaBOM, UTO 00YC/IOB/IUBAET WX K/IaCCU(MHUKALIMIO 10 COBOKYITHOCTH
JIOTTYCTUMBIX 3HAUEeHUI COJIeP)KaHUsI XMMHUeCKUX JIEMEHTOB, B MpeZie/iax KOTOPhIX
PEKOMEH/IyeTCs UCTI0/Ib30BaHKe BOAHOTO 0ObeKTa.

O/1H U3 B)KHBIX [TOKA3aTe/Iel KauecTBa Bobl — MHHEPa/IbHbINA COCTAB, B YaCTHO-
ctu wonel 1-# rpyrnmel (CO,*, HCO,, CI, SO,*, Ca**, Mg*, Na*, K*), onpepnensrome
ee BOZJIHO-CO/IeBOH OasaHC v MuHepau3aluio. Ce30HHast KOHIIEHTpAI|Usi 3THX NOHOB
TO/IBep)KeHa U3MEHEHUsIM U TI0Ka3aTe/ I KOMIIOHEHTHOTO COCTaBa BOJIbI CU/IbHO BapbU-
PYIOT B 3aBUCMMOCTHU OT Fe0JIOTHUECKUX M KIMMAaTHUeCKUX YCIOBUM, UTO U CO3/aeT
rpo6JieMbl [iJ1s1 3aMHTEePeCOBAHHBIX BOZIOMO/Ib30BaTes e [5].

B 37Ol CBsI3M OIjeHKa KaueCTBa MPUPOJHBIX BO/J, UCIT0/Ib3yEeMBbIX [I/isi OPOIIEHHS,
SIBJISI€TCSI BAYKHOH 3a/jaueli MOHUTOPHHTA MeJTHOPAaTUBHOTO COCTOSTHUS TIOUB.
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HEJIIJ HCC/1eJOBAHUA — MOHHWTOPHHI M OLl€HKd ITPUIOAHOCTH ITOBEPXHOCTHEBIX BO/
BO,E[O3EI6OPHOI>1 30HBI BEPECJ'[EIBCKOFO BOAOXPpaHW/IMIIIA AJId OPOLLIEHMS.

MaTepMaﬂbI n MeToabl nccnepgosaHusa

O6BeKTOM KcceqoBanust OblM BoAbl BepeciaBckoro Bogoxpanuuiia. [1pobbl
BOZIbI OTOMpaIM exxeMeCcsTYHO € Mas 110 ceHTs10pb 2023 1. ¢ younsl 0,30...0,35 M
B UKMCThIE TJIACTUKOBBIE OYTHUTKH, PeABapUTE/ILHO OIOIOCHYThIE B UCC/IeAyeMOH Bojie.
ViccnenoBanue o6pa3rioB BO/bI TPOBOIU/IN B UCTIBITaTe/IbHOM MabopaTtopu BHMIMO3
C WCII0/Th30BaHWEM M3BeCTHBIX MeTOAUK (Tabit. 1).

Tabvya 1
MeToanku nccnegoBaHus MOHHO-COJIEBOrO COCcTaBa 06pa3L 0B BOAbl
Mokasatenb MeToauka uccnegoBaHus

Kap6oHatbl CO,> n rugpokap6oHatbl HCO," TuTpumeTpuyeckmin’

Xnopua-uoH ClI- TuTpumeTpUuyeckmuin?

CynbdaTt-non SO, TuTpumeTpuyeckmin®

Kanbuuit Ca* n marHuit Mg?* B komnnekce KomnnekcoHoMeTpuyeckoe TUTpoBaHue*
Hatpuin Na* u kanuin K* B kKomnnekce MnameHHo-poTOMETpUUECKUIA®

[ns knaccudukaryy Bogpl IpuMeHsiii MeToauky O.A. AnekrHa®: K/1acchl 1o rpeo6-
NajiaroleMy aHUOHY, %-3KB: THipokapboHarHelii (CO,> + HCO,"), cynbdarHsiii (SO,>)
u xyiopuaHbIi (Cl7); rpymns o npeobsiajatoiiemMy KaTHoHY, %-3KB: KaslbLiieBasi, Mar-
HHeBadA U HaTpueBad; TUIIbI I10 COOTHOLIEHHWIO MeXy NOHAMMU, MF-BKB/AM3.

VloHHO-C0/eBO¥ COCTaB BOAibI BhIpakasu 1o (opmyse M.T. Kypsiosa B o61uem Buge’:

AHHWOHbI

S

p’ HITIDI

j—— 0}
KaTHOHBI

rae Sp — MukposeMenThl (As, Fe, F u p.) u ceoboanbie rasel (CO,, H,S, N, u ap.),
mr/am3; M — obI1iasi MUHepanu3alys Bofbl, I/AM>; B UMC/IUTe/Ie U 3HAMeHaTe/ie —

TTOCT 31957—2012. Boga. MeToabl onpeAeneHmnsa Wel04YHOCTM M MacCOBOM KOHLIEHTPaLUN KapboHaToB
n rngpokap6oHaToBs. Beea. 01.01.2014. M. : CtangapTuHdopm, 2019. 23 c.

2MHA® 14.1:2.96—97. KONMYeCTBEHHbIN XMMWYECKNIA aHann3 Boa. MeToamKa BbINOSHEHNST UBMEPEHMUIA MaCcCOBOM
KOHLIEHTPALMM XNI0PUI0B B NMPOoHax NMPUPOAHbLIX U OYMLLEHHBIX CTOYHbIX BOA apreHTOMETPUYECKMM METOAOM. YTB.
21.03.1997. M., 1997. 19 c.

STMHAD 14.1:2.107—97. KONMYeCTBEHHbIN XMMUYECKNIA aHaNN3 BOA. MeToamnKa BbiNOSIHEHWSI UBMEPEHUI MaCCOBbIX
KOHUeHTpauunin cynbdaToB B Npo6ax NpUPOAHbIX Y OUYULLEHHBIX CTOYHbBIX BOA TUTPOBAHMEM COfbto 6apus
B npucyTcTBum optaHunosoro K. Yt8. 21.03.1997. M., 1997. 17 c.

4TOCT 31954—2012. Boaa nuTbeBas. MeToabl onpeaeneHus »xkectkoctu. Beea. 01.01.2014. M.: CtaHgapTnHbOpM,
2018.12c.

5P 52.24.391—2008. MaccoBasi KOHLIEHTpauUus HaTpus 1 Kanus B Bogax. MeToavKa BbIMOHEHNS U3MEPEHWUI
nnameHHo-GoTomMeTpu4ecknm Metofom. YTB. 04.06.2008. PocTos-Ha-[oHy, 2008. 28 c.

8 AnekmH O.A. OCHOBbI rnapoxmmnm. J1. : TnapomMeTeoposormyeckoe naaatenscteo, 1970. 444 c.

7 PesHukoB A.A., Mynukosckasi E.[1., Cokono M.H0. MeToabl aHann3a npupoaHbix Bog. M. : Hegpa, 1970. 488 c.
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COOTBETCTBEHHO aHMOHBI Y KAaTHOHBI B TIOPsIZIKe YOBIBAHUS C COJiep)KaHreM He MeHee
5 %-3kB; pH — rokasarenb akTUBHOCTU KaTUOHOB BOJOPOAQ, efl.; T — TeMreparypa
Bogibl, °C; D — mebuT (pacxop) BoJbl, M%/CyT.

KauecTBO BogIbI /IJ151 OPOIIIEHUSI OLIeHUBAJIH T10 ee 0011el MruHepanu3auu (Tab. 2),
a TaK)Ke 3HaueHHsIM UPPUTALIMOHHBIX KO3(DPULIMEHTOB, YUNTHIBAOLUX COAEPKaHHe
XJIOPUIOB | Cy/bdaros Hatpus K, (> 18,0 — xopoiuee; 18,0...6,0 — ygosneTsopu-
TenpHOe; 5,9...1,2 — HeyioBNneTBOpUTeNbHOe; < 1,2 — HenpUroziHOe JI/isi OPOIIIEHMUS),
BEPOATHOCTH HaTpHeBoro K 1 MarHueBoro Ky, ocosoHLjeBaHus TI0YBBI (> 1,0—ectp
0MacHOCTh, < 1,0 — HeT 0MacHOCTH).

Tabnmya 2
OueHka kayecTBa Bogbl o A.H. KocTtsaikoBy?®
Ipynna | ] 1l v
MwuHepanusauus, r/n <04 0,4..1,0 1,0..3,0 >3,0
OrpaHu4yeHHoe OnacHa
KauecTBo Bogbl Xopoluee . 3aconeHue NoyBbl
npuMeHeHne ANA pacTeHui

Vppurauyionssie k03¢ uULeHTsl pacCUUThIBaIM 10 opMynam [6, 7]:

o __288 N .
K; Gl npu [Na'] < [CI7];

K; 288 = npu [CI7] + [SOF] > [Na'] > [C];

T (Na*t+4-[Cl-

K = 288
£ ™ (10[Na*]-5-[CI-]-9-[S02"])

npu [Na*] > [CI7] + [SO37];

—_ N
Kna = fear gt
_ [mg?t]
Me ™ [cart]

PesynbTaTtbl UccnepgoBaHusa U 06CcyXaeHne

Pe3ysbTaThl MPOBe/IeHHBIX UCCIeA0BAHMM HOHHO-COIEBOTO COCTaBa 00pa3LoB BOAbI
npYBe/ieHbl B BU/ie rpadukoB (puc. 1) [8], KoTopble MIMIOCTPUPYIOT JUHAMUKY aHUOHOB
Y KaTUOHOB MUHEpabHOTO COCTaBa 10 MeCsljaM BereTaljMOHHOTO Mepruoja.

B uacTHOCTH, OTMeueHbl pOCT UOHOB Cy/b(aTa ¥ MarHus, peskoe rajieHue B JIeTHUEe
MeCsILbl KOHLIEHTPAL[UX KOHOB HATpHs, UTO 00YCIOBU/IO BBIOOP METOZAMK /I/Isl OL|eHKU
BJIUSIHUSL 3TUX MaKPOKOMIIOHEHTOB Ha KaueCTBO I10/jaBaeMOii /11 OpPOLLIEeHUs] BOJBI.
CTOUT OTMETHUTB, UTO POCT Mg?* B IPUPOAHON BOJIe SB/SIETCS HETaTUBHBIM MMPU3Ha-
KOM, TTOCKOJIbKY OH OTHOCHUTCSI K TOKCUUHBIM 371eMeHTaM [/ pacteHuil. bosnee Toro

8 KocTakos A.H. OcHoBbl MenMopaumn. M. : CenbxosunaaaT, 1960. 150 c.
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yBe/IMUeHUE COJlepKaHUsI KaTMOHA MarHus BeZleT K MOBBIIIEHUI0 THAPaTUPOBAaHHOCTH
WJTMCTOW YaCTH TIOYBHI.

B TeueHue BereTalioOHHOTO TIepro/ia MUHEpaIU3aLyisi MPUPOAHOM BOJbI B 30HE BOZI03a-
6opa n3meHsack B AxanasoHe ot 0,998 1o 1,601 r/gqm®. MakcuMasibHble 3HaUeHUS] MUHEpa-
JIM3aL[MM HaOJTFOJA/IH B HFO/Ie, HEMHOTMM HIDKE 3TOT IoKasareb Obu1 B Mae. ITo A.H. Kocts-
KOBY, BOJ]a XapaKTepU3yeTcsl Kak C/Tab0MUHepa30BaHHasi U OTHOCUTCS TIPEUMYIIIECTBEHHO
K III rpynme, npezacTaB/sisg ONacCHOCTh MPU MCTIOIb30BAHMHU /151 OPOLLIEHUS] CeTbCKOXO035M-
cTBeHHbIX Ky/nbTyp. [To O.A. AnekuHy, BoJja Ha Hayasio ¥ KOHeL] MOJIMBHOIO Ce30Ha Kiac-
cU(ULMPYeTCs KaK HaTpreBast Cy/b(aTHO-XIOPUIHOTO K/1acca, B UIOJe U aBIyCTe XUMHU3M
BOJIbI CMEHSIETCS Ha Cy/Tb(aTHBIN K/IaCC MarHUEeBO-HAaTPHUEBOU IPyTIIbI (Tabst. 3).

Jlonst noHoB, % 5KB. /
Proportion of ions, % equiv.

MCTOYHWK:

Cl
HCO; / €0;*
1,577 1,277 1,601 1,275 0,99
Maii / May Urons / June Hions / July  Asrycr / August CentsOps / Septem

Munepanusamus Bogpl, T/am> / Water mineralization, g-dm

Puc. 1. [InHamMmurka BOAHO-COMIEBOIrO COCTaBa BOAbI
BbinoaHunu A.E. Hoesukos, A 0. Toponos ¢ nomoulbto MS Excel, MS Word.

no mMecauaM BeretaymoHHOro nepuoaa

Tabnmya 3

XapaKTepuCTUKa NpUPOAHOIA BOAbl B 30HE Boao3abopa

Mecau MOHHO-COMNEBOIi COCTaB BOAbI Knaccudukauus sogbl
no M. Kypnosy no A.H. KocTsikoBy no O.A. AneknHy
- S0444CI32HC0522
Mam M1,577 22— _—3""719 6pH8,2 m .
Na54Ca24Mg22 CynbhaTHO-X10pUAHbIN
$0,42CI34HC0;22 Knacc, HaTpueBas rpynna
UtoHb M2 igzBCaz0 22 4PHBT m
50,60CI22HCO;16 o
Wionb M0t G Na35Cazs | 2oOPHB8 i CynbdaTHbIii Knacc,
MarHueBo-HaTpueBas
ABIVCT i 27550464C120HC0316T23 2pHES i P
y “’> " NgaONa31Cazg <P rpynnbl
CeHTA6pb M0,98875%455%i}[2i22013;° T187pH83 I CynbdaTHO-XN10pUAHbIil
asMgscta Knacc, HaTpueBas rpynna

VctouHmk: BbinonHwn A.E. HoBmkoB, A.l0. Toponos ¢ nomousto MS Word.
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B HabnmrofeHusIX 3a Ce30HHBIMU M3MEeHeHUsSIMU OCHOBHBIX KOMITOHEHTOB MUHepaJib-
HOT'0 CcOCTaBa Bo/bl (Tabs1. 4) OTHOCHUTEIEHO UX TPe/IeIbHO-/I0Y CTUMBIX KOHLIEHTPALIUH
(st BOIOEMOB PBIOOX035HICTBEHHOTO 3HAUeHUs], H,Z[pr) OTMEUEeHO IIPEeBbIIIIeHNe aHU-
OHa cysib(aTa B Mae ¥ aBryCTe COOTBETCTBEHHO Ha 7 ¥ 91 Mr/am?, a B urosie — mouTu
B 1,5 pa3za (715 mr/am® npotus 500 mr/am?).

B KaTHOHHOM psiTy OCHOBHBIMH 3arpsi3HUTE/ISIMU ObI/T HaTpUi (B KOMIIEKCe C Ka-
nieM), ero HauOosblilast KoHLeHTpauys 299 mr/aM® oTMedeHa B Mae, B MOJIe CHA3UIIACh
MPaKTUUYeCKH /10 H,Z[pr (202 mr/am?® mpoTtus 200 Mr/am?), a TakyKe MarHWM, KOHLIEHTPaLys
KOTOPOI'O B HHJIe TIPEeBbICK/IA H,Z[pr Ha 28 mr/am3. Pe3koe yBeMueHHe COflep>KaHus
HMOHOB Cy/b(aTa U MarHusi B Mr0JIe MOIJIO ObITh BBI3BAaHO YMEHbIIIEHHEM BOJHOCTH
B0/103a00pHOI 30HBI BOJJOXPaHWIHILA 3@ CUET W3MeHeHHs TUAPOJIOTHUeCKOTO PeXKUMa
MWTaHWs, BLICOKUMU TemriepaTypaMy Bo3/yXa U OTCyTCTBUEM aTMOC(HepHBIX 0CaZKOB.
[ToaTBepXKIeHHEM TaKOMY BBIBOZY CJIy’KaT Oojiee paHHMe pe3y/bTaTbl UCC/IeJOBaHMUS
KayecTBa BOZbl B PUPOJHBIX BOJOWCTOUHMKAX Ha pacCMaTpruBaeMOU TePPUTOPHH OPO-
1aemoro 3emitenenus [9, 10].

B 1je710M M3MeHUMBOCTh MUHEpA/IM3aLuK BO/bI, C OAHOW CTOPOHBI, CBsI3aHa C T0-
CTyTaOLMMU 00beMaMu JOHCKOHM BO/[bI, 3aKaUYMBaeMbIMH HACOCHBIMH CTaHLIMSIMH [J151
TOJiepP>KaHusl PEKUMOB CY[J0X0JCTBa, U 3aBUCUT OT UHTEHCUBHOCTU HaBUraluu. Jpyrum
He MeHee Ba)XHbIM MCTOYHUKOM, TIOBBIILIAIOIINM MUHEepPaIn3aliiio B 30He Bogo3abopa
BepecnaBckoro Bof0XpaHWINILIA, SIBASIETCS] UMEIOLWM C HUM TpaHuUlLibl BoJopaszjesna
epuk IlecuaHbiii ¢ KOHIIeHTpalen coseii B Bogie 3500...4900 mr/am® [11, 12].

BbimosiTHeHHbIe pacueThl UPPUTal[MOHHBIX KO3 UL[MeHTOB (PUC. 2) C yUeTOM U3-
MEHUMBOCTH XMMUYeCKOTO COCTaBa BOZAbI BO BpeMeHU (Tabs1. 4) Tak)ke CBUJeTebCTBY-
10T O ee BO3MO)XHOM HeraTUBHOM BO3[I€MCTBMH Ha UIOHHOE paBHOBeCHE B TOUBEHHOM
TMOTVIOLLAKOLeM KOMIL/IeKCe Y MeJTMOPaThBHOE COCTOsSIHKE T0YB B LiesioM [13—15].

Tabnmya 4

XumMunyeckuin coctaB NpUpoAHON BoAbl B 30He Bogo3abopa no mecauam
BereTaLuoHHOro nepuoaa

Mecsuy
UOHHDI CpepHee nakK 2, mr/pm?
o CeH- Px
Man UioHb Uonb ABryct
TA6pb
32 4,0 5,0 5,0 2,0
2- e = M A Y —
Co, 0,10 0,13 0,16 0,16 0,06 100
_ 2432 320,0 263,0 239,0 193,0 201,0
HCO, 3,98 5,24 4,31 3,91 3,16 3,29 1000
o 198,6 273,0 231,0 202,0 138,0 149,0 350
5,60 7,71 6,52 5,70 3,89 4,20

° Mpwkas MuHcenbxoda Poccum oT 13.12.2016 1. N2 552 «06 yTBEPXKAEHUM HOPMATMBOB KayecTBa BOfbl BOAHbIX
06BEKTOB PbI6OX03ANCTBEHHOIO 3HAYEHWs, B TOM Y1C/ie HOPMaTUBOB NpeaesibHO AOMYyCTUMbIX KOHLEHTpaLni
BPeHbIX BELLECTB B BOAAX BOAHbIX O6BEKTOB PbIEOX03SMCTBEHHOIO 3HaYeHUs» (B pea. MpukasoB MUHceNbxosa
Poccumn oT 12.10.2018 1. N2 454, o7 10.03.2020 . N2 118, oT 22.08.2023 1. N2 687).
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OKoHYaHWe Tabr. 4

Mecsy
NOHHDbI CpepHee nakK °, mr/gmé
o Ceh- px
Mai UoHb Uonb ABryct
TA6pb
S0~ 513,4 507,0 401,0 715,0 591,0 353,0 500
4 10,67 10,55 8,31 14,88 12,29 7,34
Ca? 96,0 110,0 85,0 110,0 120,0 55,0 200
4,45 5,48 3,99 5,39 5,88 2,74
Ma? 81,2 64,0 64,0 128,0 92,0 58,0 100
9 6,67 5,26 526 10,53 7,57 477
. 208,0 299,0 228,0 202,0 139,0 172,0
Na*+K 9,04 13,0 9,91 8,78 6,04 7,47 200

lNpumeyaHme. Haf YyepTol — Mr/ame, Nof YepTon — Mr-akB/ame.
WetouHumk: A.E. HoBwmkoB, A.HO. ToponoB ¢ nomouysto MS Word.

B yacTtHOCTH, TTO/TMBBI BOJJOM C MUHEPa/IbHBIM COCTaBOM, C)OPMUPOBAHHBIM B Tie-
PHO7 BeCEHHETO TT0JIOBO/IbsI (Mail), Hauasia 610/10rudeckoro jeta (MI0Hb) U OKOHUaHHS
BeTeTalyu Ky/abTyp (CeHTSIOpb), ClIOCOOCTBYIOT BHIMBIBAHHIO KATUOHOB KaJIbIIVSI ¥ Mar-
HUS U3 KOJUIOWU/IHOU (ha3bl B IOUBEHHBIN PaCTBOP M Pa3BUTUIO HATPUEBOTO OCOJIOH-
LieBaHus1. B vtosie U aBrycte Bo3pacTalOT pUCKA MarHMeBOTO OCOJIOHL[@BaHHsI TTOUBHI,
COTIPOBOXK/IAIOIINECS YXY/IIIeHUeM ee BOAHO-(h13nueCKUX U (DUBTPALIMOHHBIX CBOMCTB.
CNoXUBIINICS B HAO/TFOaeMbIii TIePUOZ, THIT 3aCOJIeHUsT IPUPOJHOM BOZIbI (COUeTaHHe
Mg?* ¢ Na") B BOZOUCTOUHUKE BeJIeT K Pa3BUTHIO CTIelIM(PUUECKOTO 0COIOHLIEBAaHUS
T0YB, B OCHOBE KOTOPOTO Pa3BUBAKOTCS MPOLIeCChl TPAaHC(HOPMALIMK U3 TeJist B COCTOSIHHE
30/15 TTIOYBEHHBIX KO/UIOM/I0B U JIMTOT€He3 MeKOJUCIIePCHOW MUHEepaIbHOW YacTH MPU
BEePMUKY/IUTH3ALIMN THAPOCIIOJUCTOTO MaTepyara.

12,6 123

il o5

Maii / May Uions / June Wions / July Asrycr / August Cenrs10pb
OKNa OKMg OKi September

Puc. 2. OueHka NpurogHoCT! NPMPOAHON BoAbI AN1A OPOLLIEHWS: A U B — yAOBNETBOPUTENbHOE
1 Hey[oBNeTBOPUTENbHOE KayecTBO; C 1 D — eCTb U HET OMacHOCTY 3acoseHus

Vetounumk: A.E. HoBumkoB, A.10. ToponoBs ¢ nomousto MS Excel, MS Word.
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Pacuetsl MPUIrOAHOCTHU IIOBEPXHOCTHBIX BOJ, OTHOCUTE/IbHO COAEP>KaHHUSA X/I0PKUI0B
u Cynb(baTOB HaTpus TAKXKe CBUAETE/ILCTBYIOT O BEPOATHOCTU HAKOI/IEHWS BPE€AHBIX conett
B II0YBE U ee 0COJIOHLIeBaHM, ITPU AJIMTE€/IbHOM HMCII0/Ib30BAHWHK TAKWUX BOJ, TpG6y€TC$I
pa3pa60TKa U TIpoBejeHr e arDOTEXHUUYECKUX U alPOME/TMOPAaTUBHBIX MepOHpI/IHTI/Iﬁ
110 MpeAyripeXxeHW0 3TUX Her'aTUBHBIX ITPO1LeCCOB.

3aknoyeHue

I'aposiornyueckyii peXkuM MATaHUS U KJTMMaThdeckre (hakTophbl CyITleCTBeHHO BJIU-
SI0T Ha TUHAMUKY MOHHO-COJIEBOTO COCTaBa BO/bI BOA03a00pHO 30HbI bepeciaBCcKoro
BogoxpaHuuia. Mccnenoanus 2023 . TOKa3bIBalOT, YTO B TeUEHHE BEreTalluu Cefb-
CKOXO3sMCTBEHHBIX KY/IBTYP C Masi TI0 CeHTA0Pb COXPaHSIeTCSI BEPOSTHOCTh YTHETEHHUST
pacTeHuH 1 yXyAlleHUs] MeJTMOPaTUBHOTO COCTOSTHHSI OPOITIaeMbIX 3eMeJTh 13-3a TI0JTMBOB
MUHepPa/M30BaHHOM BOZIOM C 001UM cogeprkanueM cosieit ot 1000 go 2000 mr/mame.
[To pe3y/nbTaTaM BLITIOJTHEHHBIX PACUETOB UPPUTAI[UOHHBIX KO3 hUI[MEeHTOB, OTIpe/esis-
IOLLIMX XapaKTep 3aCOJIeHuUs 10 SKBUBAJEHTHOMY COOTHOLLIEHUIO KaAaTUOHOB, U3yUYaeMble
TIPUPOHBIE BO/IBI TTPE/ICTAB/ISIOT OMACHOCTh JI7Isl CJIOXKUBIIIETOCS] PAaBHOBECHST B 0OMeH-
HBIX TIPOIieCccax IMOYBbI, a MPYU KaueCTBEHHOM COCTaBe BO/[bI B I€PHO/], OMO/IOrHU€eCKOTO
7ieTa — PUCKH 00eCTPYKTYPHUBaHMS TTOUBLI. [10 KOHIIEHTpALUX XJIOPHIOB U Cy/b(haToB
HaTpusl MOJUBHAsL BOJA yAOB/IETBOPUTEILHOTO KauecTBa, BC/Ie[CTBHE 3TOTO TIPU AJIU-
TeJILHOM OPOITIeHHH He0OX0JUMO TTPOBe/IeHH e arpOTeXHUUECKHUX M arPOMeTMOPaTUBHBIX
MepOTIPUSATHH 10 NPeAyTpPeXXAeHUI0 TTPOLIeCCOB 3aCO/eHUSI.
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Myt popMmupoBaHnsa BOPOTHOWN BEHbI KOLLKWU AOMALLHEN

A.C. bbuimHCcKast ‘z, M.B. IIfunakuH

CaHkT-ITeTepOyprcKuii rocyAapCTBeHHBIN YHUBEPCUTET BETePUHAPHON MeJULIMHBI,
2. Cankm-ITemep6ype, Pocculickas ®edepayus
< goldberg07@mail.ru

AnHoTanus. BopoTHasi BeHa sSIB/IsieTCsI KDYITHBIM BeHO3HBIM KOJIIIEKTOPOM, COOMPAIOIIMM BeHO3HYIO KPOBb
OT OpraHoB anrapara MuIleBapeHyisl, PacIo/IOKeHHBIX B OPIOIIHOMN MOJIOCTH, 3a NCK/TIOUeHHeM Kayja/lbHOM YyacTr
MpsIMO# KUIIKU. 1lenb vccie[oBaHNs — U3YUUTb IyTH (POPMHUPOBAHHST BOPOTHOM BeHBI Y KOIIKH JOMaIlIHeH,
JlaTh BeHaM MOP(OMeTPUUeCKYIO XapaKTepUCTHUKY. B KauecTBe MaTepHasIoB UCC/Ie/[0BaHus 0TOOpaHbI 13 UMC/a
JIOCTaB/IeHHBIX Ha Kadepy aHaTOMUU >KUBOTHBIX CaHKT-ITeTepOyprcKoro rocyapCTBeHHOTO YHUBEPCUTETA
BeTeprHApPHON MeJWIVHBI 13 BeTepUHapHbIX KIMMHUK CaHKT-IleTepOypra Tpyrsl 15 Kolrek (cpeHsist Macca Tena
3500...3800 r.), B aHaMHe3e KOTOPBIX OTCYTCTBOBaIM MH(EKIMOHHBIe 60J1e3HH, a TaKKe H0JIe3HH CO CTOPOHBI
OpraHoB >KeTy[04HO-KHILIEeUHOr0 TpakTa. MeTozb! UCC/Iej0BaHUs: TOHKOe aHaTOMHUeCKOe NperiapupoBaHue
1 MopdomeTpwust. [/ TOHKOTO aHaTOMHUeCKOT0 MTPeriapypoBaHysl B BOPOTHYIO BeHY Ipe/IBapUTeIbHO BBOJM-
JIV TIOZIKpAllIeHHBIH JIaTeKC. YCTaHOBJIEHO: B ()OPMHUPOBAaHUU BOPOTHOM BeHBI KOIIKH 3a/lefiCTBOBaHbI UeThIpe
KpyIHble BeHbl. Cesle3eHOUHas!, IpaBast JKeJlyZj0uHasl, Keay0uHO-BeHa LjaTUIIepCTHAs OCYIeCTBIISIOT IpeHaK
KPOBH OT ’KeJlyZiKa KOLLIKHY AoMalliHel. Cesile3eHOYHas U JKe/ly0YHO-/IBeHa illaTUIepCTHas! BeHbl Takxke yda-
CTBYIOT B ()OPMHPOBAHHH ITyTel OTTOKA KPOBH OT MO/PKEJTYJ0UHOM >KeJle3bl M HUCXOZsIel yacTi 12-niepcTHoi
KUIIKY. YeTBepTasi BeTBb BODOTHOM BeHbl — OOILHIi CTBOJ OpbDKEeUHBIX BeH — (OPMUDPYETCs ITyTeM CIIUSHUS
KpaHWa/IbHOW U KayJanbHOM Me3eHTepasbHBIX BeH. KpaHuanbHasi OpbbkeeuHasi BeHa coOOMpaeT KpoBb OT ToLei
KUIIKY (110 KPYTIHBIM TOLLEKHIIIEYHBIM BeHaM), OT TIO/IB3/I0IIHOM, CJIETION U BOCXOzsIIel 0600uHOI KUIIIOK
(iozB3mo1THO-06004Has BeHa). OT rorepevyHoi U HUCXOZsIIIel 000J0UHOM KUIIIKH, a TaK)Ke TPOKCHMAaJTbHOTO
oT/iesia MPSIMOM KUIIKY OTTOK KPOBU TIPOMICXO/IUT TI0 CHCTeMe Kay/lalbHOM OpbDKeeuHOH BeHBI.
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Tributaries of the portal vein of the domestic cat

Darya S. Bylinskaya |g, Mikhail V. Shchipakin

Saint Petersburg State University of Veterinary Medicine, Saint Petersburg, Russian Federation
< goldberg07@mail.ru

Abstract. The portal vein is a large venous collector that collects venous blood from the organs of the
gastrointestinal tract located in the abdominal cavity, with the exception of the caudal part of the rectum.
The purpose of this study was to study ways of formation of portal vein in a domestic cat, to give the veins
a morphometric characteristic. The material for the study was the corpses of cats, delivered to the Department
of Animal Anatomy of the Saint Petersburg State University of Veterinary Medicine from veterinary clinics in
St. Petersburg. In total, 15 cats were included in the study, the selection criterion for which was the absence
of a history of infectious diseases, as well as diseases from the gastrointestinal tract; an average weight of the
cats was 3500...3800 g. The research methods were fine anatomical dissection and morphometry. Previously,
for fine anatomical dissection, the portal vein was injected with tinted latex. Four large veins take part in the
formation of the portal vein of a cat. Splenic, right gastric, and gastrointestinal duodenum drain blood from the
stomach of a domestic cat. Splenic and gastrointestinal veins are also involved in formation of blood outflow
routes from pancreas and descending part of duodenum. The fourth branch of the portal vein, common trunk
of mesenteric veins, is formed by fusion of cranial and caudal mesenteric veins. The cranial mesenteric vein
collects blood from jejunum (along large jejunum veins), from iliac, caecum and ascending colon (iliac-colon
vein). From transverse and descending colon, as well as the proximal rectum, blood outflow occurs through
caudal mesenteric vein system.

Keywords: blood outflow, drainage, morphometry, dissection, morphology, latex vascular injection, liver
gates, carnivores
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BeepneHue

BoporHasi BeHa cobvpaeT BeHO3HYIO KPOBb OT OPraHOB arrapara MuieBapeHus,
PAaCII0/I0)KeHHBIX B OPIOLITHOM TO/IOCTH (3@ UCK/IFOUeHHEeM KayZaJlbHOW YacTy TIPSIMOM
KUILIKH), BBITO/HSAS (DYHKLIMIO KPYITHOTO BeHO3HOTO Kojuiektopa. CTpoeHue, Tonorpadus
Y pa3Mepbl OpraHOB MHUILeBAPEHUs 3HAYUTE/ILHO BapbUPYIOT B 3aBUCUMOCTH OT BUZA
JKUBOTHOTO, UTO CKa3bIBaeTCsl Ha apXUTEKTOHUKe BeTBel, (HOpPMHUPYIOILIUX BOPOTHYIO
BeHy [1—5]. Cpezy nmaTo/ioruid NOpTaJbHOM CUCTEMBI Y MEJIKUX )KUBOTHBIX OTMEYaroTCsl
KJIMHAYeCKHe CTyvar BHe- U BHyTPUIIeYeHOUHbIX TTIOPTOCUCTEMHBIX IIYHTOB. B Takom
C/lydyae BeHO3Hasi KPOBb, MUHYSI [1eUeHb, 0MnaZiaeT B CUCTEMHBIN KPOBOTOK. [11s1 onpe-
JlelIeHrs1 ¥ IMarHOCTHKY COCYZIMCTBIX aHOMaJIuil pa3BUTHsI CUCTeMbl BODOTHOM BeHbI
HeoOX0IMMBbI 3HaHWsI HOPMAaJIbHOW aHaTOMHU W apXUTEKTOHUKH BeHO3HOTO pycia. Ienb
HCC/IeJ0BaHUA — U3yUuTb MyTH (HOPMUPOBaHUSI BOPOTHOM BeHBbI Y KOIIKH JlOMalllHeH,
JlaTb BeHaM MOp(OMeTpUUeCKYI0 XapaKTepUCTHKy [6—9].

MaTepuanbl U MeToAbl UCCNeA0BaHUSA

Marepuanom Ajist UCC/Iel0BaHUS TTOC/TY>KWAMU TPYTIbl KOLIEK, 0CTaB/IeHHbIe Ha Ka-
¢beapy aHaromuu KUBOTHBIX CaHKT-IIeTepOyprckoro rocy/japcTBeHHOTO YHUBEPCUTETA
BeTepUHAPHON MeJULIMHBI U3 BeTepruHapHbIX KIMHUK CaHkT-Iletepbypra. Beero B uc-
cinefoBaHre BKIHOUMIU 15 Kouiek (cpepnsisi macca tena 3500...3800 r.), kputepuem
nog60pa KOTOPBIX ObUIO OTCYTCTBHE B aHaAMHe3e MH(eKLIMOHHBIX 00/ie3Hel, a TakkKe
Gosie3Hel Co CTOPOHBI OPraHOB JKeJTyZJ0YHO-KUIIIeYHOTo TpakTa. B KauecTBe MeTo/j0B
WCCIe[J0BaHus IPUMEHEeHbl TOHKOe aHaTOMUUeCKOe TperapupoBaHyie U MOp(oMeTpusl.
[IpesBapuTenbHO [/11 TOHKOTO aHAaTOMUUYeCKOIO MperapyupoBaHUsl OCYLLeCTBIIS/IN
VMHBEKLIMI0 BOPOTHOM BeHBI MMOJIKPallleHHbIM jlaTeKcoM. [laee 00BeKThI HCCe10Ba-
HUS BblJepKuBaiu oT 12 10 24 yacos nipu Temreparype 2...4 °C, a 3areM nomMeranm
B 10 % pactBop opmasnbaernja Ha 2—3 CyTOK U MOJBEpPrajii TOHKOMY aHaTOMHAYeCKOMY
npenapypoBaHuio. MopgoMeTprio BeH MPOBOAWIIN C UCIIOIb30BaHKEM CTepeoCKoye-
ckoro mukpockoria MBC-10, iudposoro mranreHiupkyss (Stainless Hardened, 0,01).
[TonyueHHble MOpdoMeTpUUeCKre faHHble oOpabareiBamu B mporpamme Excel. TTpu
yKa3aHUM aHaTOMHUYeCKHMX TEPMUHOB MCIO/Ib30Ba/Id MEX/YHAPOJHYI0 BETePUHAPHYIO
aHaTOMUYeCKyr0 HoMeHKatypy [10—16].

Pe3yanaTb| nccnepoBaHnAa n 06cy)|(p,eHV|e

dopmrpoBaHKe 0011[ero CTBO/IA BOPOTHOM BeHbI Y KOLIKH TIPOUCXOJUT TTyTeM CITASTHUS
YyeThIpeX OCHOBHBIX CTBOJIOB: TTPABOM >KeTyZOUHOM, yKeJTy/I0YHO-BeHa ILlaTUIIePCTHOM,
cesie3eHOYHOM U 00111ero cTBosa OpbKeeuHbIX BeH (puc. 1).
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IMpaBasi >xenynouHas BeHa (v. gastrica dextra) ocyiiecTB/issieT OTTOK KPOBH C Ma-
JIOW KpUBU3HBI XXenyaka. Ee oO1uii cTBo/ hOpMHUPYeTCs IyTeM CIUsIHYA 6...8 BeTBel
HebonbIIOr0 AMamMeTpa. [JraMeTp mpaBoi JKemyZ0UHOM BeHbI Y KOIITKW COCTaBJISIeT
2,73 £ 0,29 mm.

KenynouHo-zBeHauaTunepcTHast BeHa (v. gastroduodenalis) B/vBaeTcsi B BODOTHYHO
pSiZIOM C MeCTOM BIIaZieHUsi TIPaBOM KeTyouHOoM BeHbI (puc. 1). Ee nuameTtp cocTas-
nsiet 2,36 + 0,14 MM, a 001ITHI CTBOJ NPOTsDKEHHOCTHIO 3,47 + 0,26 Mmm. B dhopmupo-
BaHUU OOIIero CTBOJIA YKey0UHO-ABEHA/ILIaTUIIePCTHON BEeHbI Y KOIIKY TTPUHAMAET
ydJacTHe /iBe BeTBU: MpaBasi Key/0YHO-CaTbHUKOBAsI M KpPaHWAaJIbHAas! MIOZKeTy04YHO-
JIBeHa/ILlaTUTIepCTHas BeHBbI.

Puc. 1. [TpUTOKM BOPOTHOWM BeHbI KOLLKK. KOPPO3MOHHas pennnka. MIHbekums CoCyA0B NaTeKCOM:
1 — BOpOTHas BeHa; 2 — 06LLMIA CTBON OpbIXKEEYHbIX BEH; 3 — KayfanbHasa bpbikeeyHasa BeHa; 4 —
KpaHuanbHas OpbbkeevHasn BeHa; 5 — TOLEKMNLLEYHbIE BEHbI, 6 — NIeBast >KenyLo4HO-CallbHUKOBas
BeHa; 7 — NeBas XenyaoyHas BeHa; 8 — ceneseHoYHast BeHa; 9 — npasast »kenyfoyvHasa Bera; 10 —
XenyaoYHO-ABeHaLaTUNepPCTHas BeHa

VctoyHuk: BbinonHeHo [.C. boinnHekon, M.B. LLinnakuHbIM.

Fig. 1. Tributaries of the cat portal vein. Corrosion replica. Injection of vessels with latex: 1 — portal
vein; 2 —common trunk of the mesenteric veins; 3 — caudal mesenteric vein; 4 — cranial mesenteric
vein; 5 —jejunal veins; 6 — left gastroepiploic vein; 7 — left gastric vein; 8 — splenic vein; 9 —right
gastric vein; 10 — gastroduodenal vein
Source: compiled by D.S. Bylinskaya, M.V. Shchipakin.

Ipagas »keyyZi04HO-Ca/ILHAKOBasI BeHa (V. gastroepiploica dextra) Tororpaguuecku
pacriosiaraeTcsi Ha 60JIbIIION KPUBH3HE JKe/Ty/IKa U OCYIIeCTBIISET OTTOK KDOBH OT €T0
MUAIOPUYeCKO YacTu, IPUHUMas TI0 X0y Oosee Mesikve BeTBU. Kpome Toro, 4acThb
ee BeTBeH MPOXOJUT MeXY JIMCTKAaMH OOJIBIIIOr0 Ca/IbHUKA, AOCTUTast 3HAUUTE/Tb-
HOM TNIPOTSDKEHHOCTH. [lnameTp mpaBoM »Key[L0YHO-CaIbHUKOBOW BEHbI COCTABIISIET
1,94 + 0,15 mm.

KpanuanbHast Tio/pKkeny1IouHO-BeHa/illaTuriepcTHast BeHa (V. pancreaticoduodenalis
cranialis) MpoxoAXT BAOJIL OPbDKEEYHOTO Kpast Haua/IbHOM YaCTH IBeHA/I1[aTUTIEPCTHOM
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KMILIKH, OCYLLeCTB/IsIsl OTTOK KPOBU OT ee CTeHKH, a TakKKe JAPeHHpYeT MpaByo A0/
Mo/ KenylouHoM »xene3bl. Ee nruametp coctasnsieT B cpegaeM 1,73 £ 0,08 M.

CeneseHouHas BeHa (V. lienalis), ripeficTaBisist co00¥ KPYITHBIM COCYUCTBIN CTBOJT
IuametpoM 4,55 + 0,61 MM, poTsKEeHHOCThIO 24,25 + 1,56 MM, OCy111eCTBIseT Jpe-
Ha)K KapZUaJbHOU YaCTH XKely/JKa, Cene3eHKU, JIeBOU J10/I1 MOKeTy0UHOU »Keme3bl
1 607b11I0TO casbHUKA (pUC. 2). [TepBbIM COCYZOM, BAUBAIOLUMCS B OOII[MIT CTBO
cesie3eHOUHOM BeHbI, SIB/ISETCS JieBas »KelyJouHas BeHa (V. gastrica sinistra), ee qua-
MeTp gocturaet 3HadeHud 1,51 + 0,07 mMm. OHa y4yacTByeT B OCYL|eCTBJIEHUU OTTOKA
KPOBH OT NapyeTabHOW U BUCLIEPA/IbHOM TTOBEPXHOCTEN KapAua/JlbHOW YaCTH JKelyaKa
u obpasyetcs myTeM CusHUSA 6. ..8 Menkux BeTBell. B 06/acTyl Maiol KpUBU3HBI JieBast
JKeJly[J04Hasi BeHa aHaCTOMO3UPYeT C MPaBOM »KeJTyJ0UHOU BeHOA.

Puc. 2. [pnTOKK Ccene3eHOYHOM BEHbI KOLLKM. MHBbeKLMA cOCya0B NaTekCoM: 1 — ceneseHouvHas
BEHa; 2 — neBas XenygodHaa BeHa; 3 — neBast Xenygo4yHO-CanibHMKOBasA BEHa;
4 — BeHbl NOMAXKENYAOHHOW XKenesbl

McToyrmk: BbinofiHeHo [.C. bbinnHekon, M.B. LLinnaknHbIM.

Fig. 2. Tributaries of the splenic vein of the cat. Injection of vessels with latex: 1 — splenic vein;
2 — left gastric vein; 3 — left gastroepiploic vein; 4 — veins of the pancreas

Source: compiled by D.S. Bylinskaya, M.V. Shchipakin.

Ha paccrosinuu 2,12 +0,15 MM OT MecCTa BI1a/ieHusI JIeBOM KeJTy/JOYHOM BeHbI B Ce-
JIe3eHOYHYIO BeHy BJ/IMBAeTCs JieBast JKeJly[0UHO-Ca/IbHUKOBast BeHa (V. gastroepiploica
sinistra) (cm. puc. 2). OHa pacrosiaraeTcsi Ha O0JBILION KPUBU3HE JKeyaKa, aHaCTOMO3H-
PYy$ C TIPaBOM >Key/I0UHOU-CaTbHUKOBOM BEHOM, TPeBOCX0/s TTOC/IeAHIO0 10 IMaMeTpy
B 1,53 pa3a.
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B kayzianbHYI0 UacTh Cefie3eHOUHOMN BeHbI BJIMBAIOTCS 2—3 KPYMHBIX BEHBI TTO/IKe-
JYIOYHOM >KeJie3bl (VV. pancreaticae), KOTOpbIe OCYILECTBIISIIOT JPeHaXX U3 MapeHXUMbI
JIeBOH /o/iu opraHa. /luameTp yKa3aHHBIX BeH u3MeHs/ics oT 1,59 mm 0 2,08 mm
U B cpegHeM coctasui 1,88 + 0,21 mm.

KpyrmiHOi1 BeTBbIO, APEHUPYIOLIel TOHKYHO M TOJICTYHO KHIIKY, SIBISIeTCS OOLLHiA CTBOJT
OpbDKeeuHBIX BEH, KOTOPBIH TI0 CBOEMY X0y TIPUHMMAET BeHbI pa3HOTo AraMeTpa. Tak
MaKCUMaJ/IbHBIN [iaMeTp UMeeT KpaHHuasibHasi OpbDkeeuHast BeHa (V. mesenterica cranialis),
KoTopasi )opMUPYyeTCs TTyTeM C/TMSTHUS KayAabHOM TIO/KeTyI0YHO-/IBeHa LIaTUTIePCTHOM,
TIO/IB3/I0IITHO-000/I0UHOM ¥ MHOTOUYMC/IEHHBIX TOIEKUIIIEUHBIX BeH (puc. 3). [InameTtp
KpaHUaIbHOM OpbDKeeuHoU BeHbI cocTasseT 3,72 + 0,19 mm.

Puc. 3. MNpUTOKM KpaH1anbHON BpbIXKeeYHON BeHbI KOLLIKK. IHbeKLNS COCYA0B aTEKCOM:
1 — 06LUMiA CTBON BpbIXKeeYHbIX BeH; 2 — KayfanbHas 6pbikeeyHas BeHa; 3 — KpaHuabHas
6pblxeeyHast BeHa; 4 — NOAB3A0LLIHO-060404Has BeHa; 5 — npaBas 060404Has BeHa;
6 — CnenokumLLeyHasn BeHa; 7 — NoAB3L4O0LUHbIE BEHbI; 8 — TOLLEKMLLEYHbIE BeHbI; 9 — KayaanbHas
NoMKeNyAOYHO-ABEeHaALAaTUNEPCTHas BeHa

VctoyHuk: BbinonHeHo [.C. boeinnHekon, M.B. LLinnaknHbIM.

Fig. 3. Tributaries of the cranial mesenteric vein of the cat. Injection of vessels with latex:
1T —common trunk of the mesenteric veins; 2 — caudal mesenteric vein; 3 — cranial mesenteric vein;
4 —ileocolic vein; 5 — right colic vein; 6 — cecal vein; 7 —iliac veins; 8 —jejunal veins;
9 — caudal pancreaticoduodenal vein
Source: compiled by D.S. Bylinskaya, M.V. Shchipakin.

KaynanbHasi mozyKesyouHO-/IBeHailjaTuIiepcTHas BeHa (v. pancreaticoduodenalis
caudalis) guametrpom 2,19 + 0,11 MM pacrionaraeTcsi BAOIb OPbDKeeUHOTO Kpasi KUIIIKH
1 OCYLLeCTBJIsSIeT OTTOK BEHO3HOUW KPOBU OT KayAa/lbHOM YaCcTH TIPaBOU [0JTU MOpKesTy-
JTOUHOM >KeJie3bl U BOCXO/IAIIel YaCTH JIBeHa/[I[aTUTIePCTHON KUIIIKY (CM. puc. 3).

[MoaB3ao1HO-0060104Has BeHa (V. ileocolica) kopotkasi, suameTpom 3,02 + 0,08 Mm.
Ee o6muii ctBOM (hopMHUpyeTcsi TiyTeM C/IMSTHUSL TPeX BeTBel: MpaBoii 060j04HOM, Crie-
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TTIOKUIIIEYHOM | TI0/[B3/I0IITHOM BeH (puc. 3, puc. 4). @opmupoBaHHe 00II[ero CTBOIa
TMO/B3/I0IITHO-000/10YHOM BeHbI IPOUCXOJUT B MECTE BIaI€HUS MMOB3/OIITHON KUIIKH
B To/CTY10. [TpaBast 060j0uHast BeHa (v. colica dextra), amameTrpom 2,35 + 0,29 mwm,
OCYIIECTB/ISIET OTTOK KPOBH OT BOCXO/siel 00010uHOM Kuilky. CrienoKuIIeyHast BeHa
(v. cecalis), ruamerpom 1,97 + 0,25 MM, peHHpPYET BCIO CTEHKY CJIETION KHUIITKH, a TAKXKe
KOHEYHOT0 yJacCTKa MO/B3/0IIHON KUILIKY. [ToaB3ao1Has BeHa (V. ilei), camasi mesikasi,
mameTpoM 1,63 + 0,11 MM, pacrionaraeTcs BIo/Ib OPbDKeeYHOro Kpasi OfIHOMMEHHOM KUIITKH.

TolekuilieuHbIe BeHbI (VV. jejunales) 6epyT Hauasio Ha OPbDKEEUHOM Kpae TOoILei
KWIIIKW TOHKUMU BeTBSIMH, KOTOPBIEe Jiajiee, C/IMBAsICh JIPYT C IPyroM, (hOpMHUPYIOT BeTBU
GorbIero auamerpa. KommuecTBO TOIIEKUIIIEYHBIX BEH, BIIA/IAFOIINX B KDAHUATBHYIO OpbI-
JKeeuHYI0 BeHy, CocTapysieT 7...9. VIX auameTp ObUT He OJJMHAKOB U MU3MEHSUICS OT 2,62 MM
zo 3,47 MM, cpefiHee 3HaueHve AuaMeTtpa coctasuio 2,92 + 0,34 mm. Mexay BeTBIMU
TOITIEKMIIIEUYHBIX BeH Ha0JTFO/[a/d BHYTPUCHCTEMHbBIE aHACTOMO3bI, @ TAK)KE MEXKCHCTEM-
Hble — TMOC/IeJHSIST TOLEKULLIeYHasi BeHa aHACTOMO3UPYET C BeTBSIMU TO/AB30LLIHOM BEHBI.

E1mie omHOM BeTBBIO, yUaCTBYIOIeH B 00pa3oBaHUU 0O0IIeTO CTBOIA OpPbDKeeUHBIX
BeH, sIB/ISIETCS Kay/aibHasi OppbkeeyHast BeHa (V. mesenterica cranialis), iuameTp koTopoi
B 1,41 pa3a MeHblIlle, UeM KpaHUa/IbHOU U cocTarssieT 2,63 + 0,32 mm.

KaypanbHast OpbpkeeuHasi BeHa (DOpMUPYeTCs C/TUSTHUEM JIeBOK 000/[0UHOM ¥ KpaHHaJTb-
HOU TIPSIMOKMUIIIeUHOM BeH (puc. 4). JIeast 0600uHast BeHa (V. colica sinistra), AuameTpom
2,37+0,22 MM, IPOXOAUT BAOJIb TIOTIEPEUHOM U HUCXOSIeH YacTel 000Z0UHOMN KUIIKU
1 110 CBOEMY XO/ly IPUHUMaeT CPe/IHIo 000710uHYy0 BeHy (V. colica media), ApeHupyto-
IIyFO BOCXOJSIIYIO YacTb 0000uHOM KUIIKK. Ee muametp coctassnsiet 2,12 + 0,25 MM.

Puc. 4. [puToKM KayaanbHOM 6pbiXKeeYHOM BEeHbI KOLWKN. VIHbEKLMA COCY0B NaTekcoM: 1 — obLwLmnin
CTBOJ BpbIXKeeyHbIX BEH; 2 — KpaHWanbHas 6pbhkeeyHast BeHa; 3 — NoAB340WHO-0060404Hast BEHa;
4 — noAB3a0WHbIe BeHbl; 5 — crnenokuilledHas BeHa; 6 — npaBas 060404Hasn BeHa; 7/ — TEPMUHO-
TEPMMHasbHbI @aHaCTOMO3 NPaBoii U cpeAHelt 060404HbIX BEH; 8 — cpefHAs 060404Hast BEHa;

9 — neBas ob6ofo4Has BeHa; 10 — KaydanbHas 6pbhkeeyHas BeHa
VcToyrmk: BbinofiHeHo [.C. boinnHekon, M.B. LLinnaknHbIM.

Fig. 4. Tributaries of the caudal mesenteric vein of the cat. Injection of vessels with latex: T —
common trunk of the mesenteric veins; 2 — cranial mesenteric vein; 3 — ileocolic vein; 4 —iliac veins;
5 — cecal vein; 6 — right colic vein; 7 — termino-terminal anastomosis of the right and middle colic
veins; 8 — middle colic vein; 9 — left colic vein; 10 — caudal mesenteric vein
Source: compiled by D.S. Bylinskaya, M.V. Shchipakin.
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KpanuanbHas npsiMokuilieyHasi BeHa (V. rectalis cranialis), suamerpom 1,51+0,06 mMm,
OCYIIIeCTB/ISIET OTTOK KPOBH OT Kay/ja/IbHOTO OTPe3Ka HUCXO/AIeH 0000UHOM KUIITKU
Y HauaJIbHOM YaCTU MPSIMOM KULIKU.

3akitoyeHue

TakuMm 06pa3oM, B (HOPMHPOBaHUH BOPOTHOM BEHbI KOIIKH MPUHUMAET yYacTHe UeThl-
pe KpyIHble BeHbl. Cere3eHOUHast, [TpaBast >KeJTy|0uHasl, KeTy0uHO-BeHaILaTUIepCTHas
OCYILIeCTBJISIET JPeHaX KPOBH OT >KeJTy/jKa KOIIKU JomaliiHel. Cesie3eHOUHas U yKeTy104HO-
JIBeHaJL|aTUIIePCTHAs BEHbI TAK)Ke yUacTBYIOT B (POpMUPOBaHKe IyTell OTTOKa KPOBU
OT TIOZKeJTyJOUHOM yKese3bl U HUCXOAsIIel yacTu 12-repcTHOM Kullku. YeTBepras
BEeTBb BOPOTHOU BeHBI — OOII[HI CTBO/T OPbDKEEUHBIX BeH (hOPMUPYETCS TIyTeM CJTH-
SIHUSI KpaHUA/IbHOM U Kay/lalbHOW Me3eHTepasibHbIX BeH. KpaHuasibHasi OppDKeeuHast
BeHa coOMpaeT KPOBb OT TOIIIel KUIIKH (TI0 KPYITHBIM TOILIEKHUIIIeUHbIM BeHaM), OT TI0/-
B3/IOLITHOM, CJIETION U BOCXOZsIIel 00010YHOM KUIIIOK (TT0B3/I0IIHO-000/10uHast BeHa).
OT nomnepeyHol U HUCXOZSIeH 000/I0YHOM KHUIIIKH, a TaK)Ke TTPOKCUMAbHOTO OT/Ie/a
MIPSIMOM KHUIIIKYA OTTOK KPOBU TIPOUCXOAMUT T10 CUCTEME Kay/a/IbHON OpbDKeeuHOM BEHBI.
[1pu aHanu3e nosy4yeHHbIX MOPGOMETPUUECKUX JaHHBIX MOXKHO 3aK/IFOUUTh, UTO MakK-
CUMa/IbHbIM JUaMeTp U3 BeTBel, OPMHUPYIOIIUX BOPOTHYIO BEHY, UMeeT OpbDKeeuHast
BeHa, 8 MUHUMaJIbHBIN JKemy[04HO-/iBeHa/ILlaTUIepCTHas BeHa. [luameTphl BeH JKemnyaKa
HeOoIMHAKOBLI. Tak uameTp MpaBo KeTy0uHoM BeHbl B 1,81 pa3a Gosibliie ArameTpa
JIeBOM >Ke/TyZIouHOM BeHbI. Torja Kak AruaMeTp MpaBoy »KeTy0UHO-CaTbHUKOBOU BEHbI
B 1,53 pa3a MeHbllie AaMeTpP aHaJIOTMUYHOM OIHOMMEHHOM BeHbI JIeBOM CTOPOHBI.
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Panax ginseng essential oil as a dietary additive:
growth and digestive enzyme benefits for rainbow trout
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Abstract. This study aimed to evaluate the effects of dietary ginseng, Panax ginseng, essential oil (GE) on
the growth performance and digestive enzyme activities in rainbow trout, Oncorhynchus mykiss. Fish were fed
diets containing 0 ml/kg (control; CTL), 0.5 ml/kg (GEO.5), 1.0 ml/kg (GE1.0), 1.5 ml/kg (GE1.5), 2.0 ml/kg
(GE2.0), 2.5 ml/kg (GE2.5), 3.0 ml/kg (GE3.0), and 3.5 ml/kg (GE3.5) GE for 8 weeks. Results indicated that
the highest growth performance and feed efficiency were achieved with the GE2.0 and GE2.5 treatments. The
GE2.5 and GE3.0 treatments exhibited the highest activities of gut trypsin, chymotrypsin, and lipase. But there
were no significant differences in the gut amylase activity among the treatments. In conclusion, dietary GE at
2.5 ml/kg is recommended for trout feed supplementation to reach the highest production.
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Introduction

Dietary formulation is vital for fish growth in aquaculture, influenced by the balance of
proteins, fats, carbohydrates, vitamins, and minerals. High-quality proteins support muscle
development, while fats supply energy. Additionally, the digestibility of ingredients is
crucial; easily digestible diets enhance nutrient absorption and promote faster growth [1].

Feed additives are used in aquafeed to improve fish production and welfare. A diverse
array of feed supplements is available in the industry, tailored to specific objectives
(see [2]). Incorporating targeted feed additives that enhance the gut digestive process is
essential for optimizing aquaculture practices [3]. These additives not only improve growth
performance and feed efficiency but also contribute to the overall health and sustainability
of aquaculture operations [4]. As research continues to evolve, the development of more
specialized additives tailored to specific species and dietary needs will further enhance
the benefits of these approaches in aquaculture.

Medicinal herbs serve as valuable feed additives known for their numerous benefits,
particularly in enhancing immune and antioxidant functions. One prominent example is
ginseng, specifically Panax ginseng, which is a widely recognized traditional medicinal
herb. Research has shown that adding ginseng extract to the diets of Nile tilapia,
Oreochromis niloticus, and African catfish, Clarias gariepinus, can significantly improve
growth performance, immune responses, and antioxidant levels when administered at
a dosage of 200 mg/kg [5, 6]. Additionally, incorporating 2 ml/kg of Ginseng essential
oil (GE) into Nile tilapia diets yielded similar beneficial effects [7].

In contrast, studies on rainbow trout have found that administering ginseng extract
at doses ranging from 100 to 300 ml/kg did not produce significant changes in growth
performance, innate immune responses, or disease resistance [8]. Furthermore, there is
currently no data available on the effects of GE on rainbow trout. Thus, this study aims
to explore how the administration of 0.5...3.5 ml/kg of GE affects growth performance
and digestive enzyme activity in rainbow trout.

Materials and methods

Experimental protocol. GE was prepared and added to the fish diet at different
concentrations: 0 ml/kg (control; CTL), 0.5 ml/kg (GEO.5), 1.0 ml/kg (GE1.0), 1.5 ml/kg
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(GEL.5), 2.0 ml/kg (GE2.0), 2.5 ml/kg (GE2.5), 3.0 ml/kg (GE3.0), and 3.5 ml/kg (GE3.5),
as detailed in Table 1. All animal experiments were conducted in Research Institute of
Integrated Fish Farming, 24 Sergeeva street, Noginsk district, Moscow region, 142460,
Russian Federation and were approved by the Ethics Committee Peoples’ Friendship
University of Russia, Moscow, Russia. Rainbow trout fingerlings were sourced from
a nearby farm and brought to the laboratory, where they were acclimatized in a 2000-L
tank and fed the CTL diet for one week. After acclimation, the fish were randomly assigned
to 24 tanks, each with 90 L of water, housing 30 fish per tank. The different diets were
given to the fish over a two-month duration, with feeding occurring twice daily until
they showed signs of fullness. A steady water flow rate of 0.5 L/min was maintained
throughout the experiment, and fish waste was removed daily through siphoning. Water
temperature, dissolved oxygen, pH and total ammonia were 14.1 + 0.65 °C, 7.65 + 0.88
mg/L, 7.60 + 0.32 and (0.44 + 0.10 mg/L), respectively. At the conclusion of the feeding
period, all fish in each tank were bulk-weighed to assess growth performance, following
the methodology described by Abbasi et al. [9].

Table 1

Composition of the experimental diets

Treatments
Ingredients, g/kg

CTR | GEO.5 | GE1.0 GE1.5 | GE2.0 | GE2.5 | GE3.0 | GE3.5
Wheat meal 190 190 190 190 190 190 190 190
Soybean meal 190 190 190 190 190 190 190 190
Soybean oil 80 80 80 80 80 80 80 80
Fish canning by-product’ 200 200 200 200 200 200 200 200
Poultry byproduct? 290 290 290 290 290 290 290 290
Vitamin premix® 5 5 5 5 5 5 5 5
Mineral premix® 10 10 10 10 10 10 10 10
Methionine 2 2 2 2 2 2 2 2
Lysine 3 3 3 3 3 3 3 3
Cellulose 30 25.8 21.6 17.4 13.2 9 4.8 0.6
GE 0 4.2 8.4 12.6 16.8 21 25.2 29.4
Proximate composition
Moisture 91.0 91.8 90.8 91.3 90.6 91.4 90.3 90.0
Crude protein 400 399 403 398 399 404 402 400
Crude fat 176 172 175 173 177 179 176 174
Crude ash 90.2 90.8 91.3 90.2 90.9 91.6 91.0 90.6

Note. 1 — Crude protein 63 %; crude fat 14 %; 2 — Crude protein 54 %; crude fat 22 %; 3 — Amineh Gostar Co. (Tehran, Iran).
Source: completed by M. Yousefi, A.V. Brigida, S.M. Hoseini.

Sampling and analysis. At the end of the feeding trial, five fish from each tank were
anesthetized using a clove extract bath (2 g/1). The abdominal cavity was then opened,
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and the midgut was dissected for immediate freezing in liquid nitrogen for subsequent
digestive enzyme assays.

The gut samples were homogenized in an equal volume of phosphate buffer pH 7.0.
The homogenates were then centrifuged at 13000 rpm (15 min) and the supernatants were
used for enzymatic assays. Amylase activity was determined based on the degradation
of starch as a substrate [10]. Lipase activity was determined using p-nitrophenyl
myristate as substrate, as described before [11]. Trypsin and chymotrypsin activities
were measured using DL-arginine-p-nitroanilide [12] and N-benzoyl-L-tyrosine ethyl
ester [13], respectively, as substrates.

Statistical analysis. The data were subjected to one-way ANOVA. Final weight,
FCR, amylase, chymotrypsin and lipase did not meet the ANOVA assumptions; hence
log-transformed before analysis. Significant (P < 0.05) differences among the treatments
were determined by the Duncan multiple range test. SPSS v.22 was used for analysis.

Results and Discussion

The final weight, specific growth rate (SGR), and weight gain showed significant
increases in the GE1.0 to GE3.5 treatments, with the highest values recorded in the
GE2.5 treatment. Conversely, feed conversion ratio (FCR) significantly decreased in
the GE2.0 to GE3.0 treatments, with the lowest FCR observed in the GE2.0 and GE2.5
treatments (Table 2).

While dietary GE did not significantly impact gut amylase activity, it did have
a notable effect on gut lipase, trypsin, and chymotrypsin activities. All GE treatments
resulted in significant increases in gut trypsin, chymotrypsin, and lipase activities, with
the highest levels found in the GE2.5 and GE3.0 treatments (Table 3).

Table 2

Growth performance and survival of rainbow trout fed diets containing graded
levels of P. ginseng essential oil for eight weeks

Treatments
Parameters

CTL | GEO.5 | GE1.0 | GE1.5 | GE2.0 | GE2.5 | GE3.0 | GE3.5 | Sig.
Initial weight, g 166+037 | 166:017 | 1621054 | 167:017 | 168+102 | 155+108 | 1662049 | 188:077 | 0.291
Final weight, g 272+1.66a | 29.0£0.89a | 31.3+2.59b |335:0.75bc | 424+1.95de | 4541035 | 39.630.51d | 35.5¢0.69c | <0.001
Weight gain, % 643+731a | 744+358ab | 930411.7bc | 100£645hc | 154£257d | 194+226e | 138£9.83d | 112+136¢ | <0.001
rsa’::f’f:fdgmwm 0.89+0.08a |0.99+0.04ab|1.170.11bc| 124+006c | 1.66:0.18d | 1.92+0.13e | 1.55£007d | 1.340.11c | <0.001
f:tfg CONVErSION | 1 86+0.15¢ [1.83+006bc| 1.87+0.15c | 175£0.13bc| 130£0.15a | 124013 | 167£00%c| 1.58£0.12b | <0.001
Survival, % 100 100 100 100 100 100 100 100 -

Note. Different letters within a row show significant differences among the treatments (n = 3; Duncan multiple range test).
Source: completed by M. Yousefi, A.V. Brigida, S.M. Hoseini.
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Table 3

Digestive enzyme activities of rainbow trout fed diets containing graded levels
of P. ginseng essential oil for eight weeks

Parameters
Treatments
Amylase, U/mg protein | Trypsin, U/mg protein | Chymotrypsin, U/mg protein | Lipase, U/mg protein

CTL 0.15+0.01 1.42+0.04a 2.30+0.08a 1.30%0.10a
GEO0.5 0.18+0.02 1.54+0.06b 2.50 +0.05b 1.26 +0.05a
GE1.0 0.14+0.01 1.62+0.01bc 2.40+0.12b 1.40 £ 0.006b
GE1.5 0.16 +0.03 1.69+0.03c 2.80 +£0.04c 1.4510.04b
GE2.0 0.17+£0.02 2.30+0.03d 3.70+0.05e 1.92 +0.02d
GE2.5 0.16 +0.01 2.60+0.12¢ 3.90£0.01f 1.80%0.06d
GE3.0 0.15+0.001 2.50 +0.06e 4.20+0.02g 2.10 £+ 0.04e
GE3.5 0.18+0.04 1.71+0.04c 3.10+0.02d 1.55+0.04c
Sig. 0.300 < 0.001 <0.001 <0.001

Note. Different letters within a column show significant differences among the treatments (n = 3; Duncan multiple
range test).

Source: completed by M. Yousefi, A.V. Brigida, S.M. Hoseini.

Essential oils may promote growth, possess antibacterial properties, and enhance
immune responses in various fish species. Additionally, they can boost the antioxidant
capacity and improve the resilience of aquatic animals against infectious diseases.
Therefore, application of essential oils as feed supplements has recently increased in
the aquaculture industry [14].

A prior study examining the supplementation of trout feed with ginseng ethanolic
extract found that doses between 100...300 mg/kg did not significantly impact fish
growth performance [8]. In contrast, our research indicates that a GE concentration
exceeding 1.5 ml/kg acts as a growth promoter for rainbow trout, likely due to enhanced
feed efficiency. These findings align partially with those observed in Nile tilapia, where
doses of 1—2 ml/kg GE significantly improved both growth performance and feed
efficiency [7]. The discrepancies between our results and those of the earlier trout study
may stem from the lower concentrations of ginseng extract used previously or variations
in the key compounds present in GE.

Enhancements in digestive processes can lead to improved nutrient absorption
and subsequently better fish growth performance. Research has demonstrated that
essential oils can boost gut digestive enzyme activity in fish [14]. However, data on
the impact of ginseng products on fish digestive enzymes remain limited. Notably,
Ahmed et al. [7] reported that while GE did not significantly affect digestive enzymes
in Nile tilapia under normal conditions, it did enhance amylase activity when the fish
were exposed to a pesticide. Based on our findings, the improved growth performance
observed in GE-treated fish may be partially attributed to increased nutrient digestion.
Similarly, enhancements in growth performance and feed efficiency have been
linked to elevated digestive enzyme activities in fish fed diets supplemented with
essential oils [15].
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In conclusion, this study demonstrates that GE can be utilized as a feed additive
for rainbow trout fingerlings. It improves digestive enzymes and growth performance,
when administered at a dose of 2.5 ml/kg.

Conclusion

This study shows that ginseng essential oil (GE) can be effectively used as a feed
additive to enhance growth performance and digestive enzyme activities in rainbow trout
fry. Specifically, the optimal concentration was found to be 2.5 ml/kg, which resulted
in the highest growth rate and increased enzyme activities of trypsin, chymotrypsin and
lipase. These results suggest that GE can serve as a useful additive in aquaculture by
promoting better nutrient absorption and feed efficiency in trout. Future studies may
further explore species-specific responses to GE and its role in enhancing the resilience
of aquaculture species to various environmental stressors.
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ddupHoe Macno eHbLUeHsA 06bIKHOBEHHOIO
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'Poccuiickuii yHUBepCUTeT APY>KObI HapOAOB, 2. Mockea, Poccutickas ®edepayus
’Bcepoccuiickuii HayuHO-UCCIIe/[0BaTeIbCKUM HHCTUTYT MHTErPUPOBAHHOTO PhIOOBO/CTBA —
¢uman ®I'BHY «®enepanbHbIi UCC/IEI0BATENBCKUN LIEHTD XXUBOTHOBOACTBA — BIVK nmenn
akagemuka JI.K. OpHcra», Mockoeckas obnacmb, Poccutickas @edepayust
3/paHCKWIA HayYHO-UCC/IeJ0BaTeTbCKIIA MHCTUTYT PHIOHOTO X035HCTBa, 2. ['opeaH, MpaH
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AnHotanus. Less nccie[oBaHysi — OLjeHKa BJUSTHYSL KOPMOBOH /106aBKU 3¢ppHOTO Macsia )KeHbIIeHs
Panax ginseng (GE) Ha 1oka3aTeny pocTa ¥ aKkTUBHOCTb ITHIL[eBapUTe/bHBIX (pepMEeHTOB paly»KHOH (openu
Oncorhynchus mykiss. PbiObI onyuanu pauyoHsl, cogepskatume 0 mi/kr (koHTposs; CTL), 0,5 mur/kr (GEO,5),
1,0 mi/kr (GE1,0), 1,5 ms/kr (GE1,5), 2,0 mi/kr (GE2,0), 2,5 mu/kr (GE2,5), 3,0 m/kr (GE3,0) u 3,5 mi/kr
(GE3,5) a¢upHOro Macsa >keHbIlleHs], B TeueHHe 8 Hefie/b. Pe3y/nbTaThl MOKa3asiH, UTo CaMble BEICOKHE TTOKa-
3aTenu pocTa 1 3¢ QeKTUBHOCTH KopMa Ob1mr JoCTUrHYTHI B rpymnnax GE2,0 u GE2,5. I'pynmet GE2,5 u GE3,0
TI0Ka3a/Iy CaMy0 BBICOKYIO aKTHBHOCTb TPUITCHHA KUIIIEYHMKA, XUMOTPHIICHHA U Jivma3bl. Ho He Ob110 HUKaKUX
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CyI|eCTBeHHBIX a3y B aKTHBHOCTH KHIIIEUHOHM aMI/Ia3bl MeXX/y IpyMIiaMu. B 3akmoueHue, A/1st 0CTHKe-
HUsl HaWBBICLIEH MMPOU3BOJUTENLHOCTH B KaueCTBe KOPMOBOH Z106aBKH 1151 hopesid peKoMeHyeTcsi jobaBka,
cozieprkatrjast pUpHOe MacIo KeHbIIIeHs B J03UPOBKe 2,5 MII/KT.

KiroueBsble cjioBa: KOpMOBasi 100aBKa, aKBaKy/IBTYpa, KUILIEUHHK, MHLIeBapeHue, GUTOOHOTHK

Bknap aBropoB: FOcedu M. — ucciefoBanue, MeTOA0JIOTHsI, KyPHPOBaHHe AaHHBIX, (pOpMasbHBINA aHan3,
HarycaHue — OpUrMHa/bHasl pyKonuck; bpuruza A.B. — ucciefoBaHue, KypupoBaHUe JJaHHBIX, MeTO/0/10TUs;
Xoceitnu C.M. — KyprpoBaHye JaHHBIX, METOZ0JI0THsI, (popMasTbHbIN aHa/M3, HallFicaHye — peJJakKTHPOBaHHe.
Bce aBTOpBI POUUTA/IN U 0[0OPHINA OKOHUATEBHBINA BapHAHT PYKOIHCH.

duHaHCcHUpoBaHHe. Vicce0BaHe BHINTOHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro ¢oHza Ne 24-26-00212,
https://rscf.ru/project/24-26-00212/
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FemaTonornyeckmne nokasaresun Kpbic NpU NPUMEHEHUN
KopMoBoW nob6aBku Protigen

JL.U. Cabup3sHOBa

Cankr-ITeTepOyprckuii ToCy1apCTBEHHbBIN YHUBEPCUTET BETEPUHAPHON MeIULIVHBI,
2. Cankm-ITemepbOype, Poccutickas ®edepayus
Bl I-sabirzyanova@list.ru

AnHoTanus. MoueBHHa Kak KOPMOBasi j06aBKa MOXKeT ObITh MCII0/Ib30BaHa B PAllMOHAX JKBaYHBIX >KH-
BOTHBIX [JJ1s1 0becrieueHus pas/araeMoro 6esika B pybrie. Ee 5koHOMHYeCKasi CTOMMOCTB OTpaB/blBaeT UHTepPec
K MCIOJIb30BaHUIO 3TOW J00aBKM B KaueCTBe UaCTUYHOM 3aMeHbl HICTOYHUKOB pacTUTe/IbHOro Geska. B cBsisu
€ 0c0BGeHHOCTSIMU TIEPepabOTKH MOUEBHHEI B pyOLie (ObICTPhIN MHAPO/N3 IO aMMUAKa, TIPEBBIIIAOIHI CKOPOCTh
(bepMeHTaLMK YIIEBOJOB B py0OLie U, Kak CJieZiCTBUe, CHIKeHHe 3()GeKTUBHOCTH CHHTe3a MUKPOOHOTO CHIPOTo
MPOTEHHA, a TAK)Ke YBeJIMUeHHe PICKa TOKCHUYHOCTH aMMHaKa Ha (hoHe MOBBIILIeHNs] er0 KOHLIeHTPAL| B KPOBH)
BO3HMKaeT HeoOX0UMOCTh TIPeIBAPUTEIBLHOM 00paboTKU JAHHON KOPMOBO#A 100aBKH, HATIPUMED, C UCTI0/Ib30Ba-
HHMEeM TeXHOJIOTHY HaHeCeHs TOKPBITUH /11 pa3paboTKU NPOAYKTOB C 3aMe/I/IeHHBIM BBICBOOOXKIEHHEM MOYe-
BUHBI, KOTOpbIe MOIVIM ObI KOHTPOJIMPOBATD Pa3/IoKeHHe MOUEBHHBI U BbIJle/leHHe aMMHaka B pyber]. KopmoBast
nobaBka Protigen obecrieunBaeT Me//ieHHOe BLICBOOOXK/IeHHe HeOesIKoBOro a3ora B pybew. [/ MacitabHOro
ee BHe/IDEHHs B PALJOHbI )KMBOTHBIX He0OX0VMBI JJOTIONHUTE/IbHBIE UCCIIeJ0BaHUs OHOI0rnuecKux 3heKToB
npuMeHeHust. Llesib MccnejoBaHUN — H3yueHHe BJIMSHUS KOPMOBOMH 106aBKH Protigen Ha remMarosioruueckue
TroKa3aresy Kpbic. OOGBEKTOM MCC/IeJOBaHUN TIOCTY>KUIM ayTOpeiHbIe KphIchI (%) Becom 190...210 r B Konu-
yectBe 50 rosioB. Ha OCHOBaHMM pe3y/bTaTOB paHee NPOBeJeHHBIX UCC/IeJ0BAHUN OBUIN yCTAHOBIIEHBI /103bI
KOPMOBOH Jj06aBKu: 1/5 0T MakcuMasibHOM nepeHocumoi (1000 Mr/Kr Macchl Tena) Ji/isi iepBoi rpymsl, 1/10
OT MaKCHUMasbHOU TiepeHOCHMOM (500 MI/KT MacChl Tejia) — AJIst BTOPO, TpeThsi (KOHTPOJIbHAs) TPYTITa KPhIC
He T10/Ty4ajia KOPMOBYIO 100aBKy. Y /1ab0paTOpHBIX KUBOTHBIX PErMCTPUPOBA/IM 3HAYeHHUsI FeMaTo/I0rye CKUX
rokasaresieii uepe3 90 AHeli exxeJHEBHOM [jaur KOPMOBO# 106aBKu (91-1i feHb KcriepuMenTa) v uepe3 10 gHeit
nocyie ot™MeHs! o6aBku (101-1 aeHb 5KcreprMeHTa). I1pu Ucc/ie[0BaHUH OHoI0rHUecKux 3 GeKToB mpuMeHe-
HMs1 KODMOBO# /106aBKH Protigen Ha remaTosioruyecKue roKasareid KpbIC CTaTUCTUYECKH 3HAUMMBIX Pa3/IMuui
OTHOCHTe/IbHO 3HaUeHUH [JAHHBIX TT0Ka3aTe/eil KOHTPOJIbHOM TPYIIbI He BBISBIEHO.

KiroueBsle c10Ba: 1abopaTopHble )KMBOTHBIE, JOK/IMHAUECKUE UCCIeJ0BaHus], MOUeBHHA, K/IMHAUe CKUN
aHa/M3 KpoBH, HebOe/KOBbIN a30T
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Comparison of hematological blood parameters when studying
chronic toxicity of Protigen feed additive

Lilia I. Sabirzyanova

Saint Petersburg State University of Veterinary Medicine, Saint Petersburg, Russian Federation
B 1-sabirzyanova@list.ru

Abstract. Urea as a feed additive can be used in ruminant diets to provide degradable protein in the rumen.
Its economic value justifies interest in using this additive as a partial replacement for plant protein sources. Urea
processing in the rumen has some peculiarities: rapid hydrolysis to ammonia exceeding the rate of carbohydrate
fermentation in the rumen and, consequently, a decrease in the efficiency of microbial crude protein synthesis, and
an increase in the risk of ammonia toxicity as the result of increase in the concentration of ammonia in the blood.
Therefore, there is a need for preliminary processing of this feed additive, for example using coating technology
to develop sustained release urea products that could control urea degradation and ammonia release into the
rumen. Protigen feed additive is an innovative ingredient that provides slow release of non-protein nitrogen in
the rumen. Its large-scale implementation in animal diets requires additional research on biological effects of
using this feed additive. Thus, the purpose of our research was to study the effect of Protigen feed additive on
some hematological parameters of rats. The object of the research was 50 outbred rats ( ¢ ) weighing 190—210
grams. Based on the results of previous studies, the first experimental group received the feed additive at a dose
of 1/5 of the maximum tolerated (1000 mg/kg body weight), the second — 1/10 of the maximum tolerated (500
mg/kg body weight), the third (control) group did not receive the feed additive. The values of hematological
parameters in laboratory animals were recorded after 90 days of daily feeding of the feed additive (91 days of
the experiment) and 10 days after discontinuation of the drug (101 days of the experiment). When studying
biological effects of using Protigen feed additive on hematological parameters of rats, no statistically significant
differences were found compared to the control group.

Key words: laboratory animals, preclinical studies, urea, clinical blood test, non-protein nitrogen
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BeepneHue

MoueBuHa mipefcTaBsieT coboil coerHeHre HebeKOBOro a30Ta, KOTOpOe Mo-
JKeT OBITh MCIO/Ib30BaHO Ayisi obecrieueHUst pa3iaraeMoro Oesika B pyOiie B paliiOHax
JKBaYHBIX >)KUBOTHBIX [1, 2]. B CBfI3K C HEBBICOKOM CTOMMOCTBIO MOUEBUHBI, €€ UCIOJb-
30BaHMe B KaUeCTBe HETIO/THOW 3aMeHbl HCTOUHHUKOB PaCTUTeTbHOTO Oefka BbI3bIBaeT
TMOBBILLIEHHBIA MHTepec. OHAaKO B )KUBOTHOBOZCTBE UCII0/Ib30BaHNE MOYEBUHBI B IH-
TaHUU CeMbCKOXO035ICTBEHHBIX )KUBOTHBIX YMEHBLIEHO M3-3a ee pacrnaja 0 aMMHaKa
B pyOLie, MPeBBIIIAIOIIero CKOPOCTh )epMeHTaLH yTIIeBOAOB. ACUHXPOHHOCTb MEXKAY
BbIPA0OTKOM aMMHaKa B py01ie v I0CTYITHOM (hepMeHTHPYeMOii SHeprreil MOKeT OKa3bl-
BaTh HEraTUBHOe BIHsiHUE Ha 3()(eKTUBHOCTH CHHTe3a MUKPOOHOTO ChIPOTO IPOTEHHa,
YTO MPUBOAUT K YMEHBIIIeHHIO 00beMa OTTOKa MUKPOOHOTO ChIPOTO MPOTEeNHaA, U, KaK
C/Ie[ICTBUe, K YXY/AIIeHHIO JOCTYITHOCTH MeTabomm3upyeMoro 6eska Jjisi TpPOU3BO/CTBA
MoJj10Ka [3—5]. BeICTpBIi pacriaZ MoueBUHBI B pyO1ie MOXKeT CHU3UTE 3((eKTUBHOCTD
WICII0/Ib30BaHUS a30Ta, YCKOPUB ero BblBeJleHre, TOBLICUTh KOHLIEHTPaLM0 aMMHUaKa
B KPOBH, YBE/IMUMB PUCK €r0 TOKCUUHOCTH [6, 7]. B Lensix ycTpaHeHUs! C/I0)KHOCTeH,
BO3HUKAIOIMX TIPU UCTIOIb30BaHUM MOUEeBHHBI KODMOBOT'O KaueCTBa, /711 pa3paboTku
MIPOAYKTOB € Oosiee Me/IeHHbIM BBICBOOO)K/IeHeM MOUYeBHHBI UCTIO/Nb3YIOT TEXHOIOTUH
HaHeCeHUs CIeljiaIbHOro MOKPbITHS, KOTOPOe MOXKeT KOHTPOJIMPOBAaTh Pa3/ioyKeHue Mo-
YeBUHBI U BbIJie/ieHHe aMMHaKa B py0el], UTo MOI0)KUTe/TBHO B/IWsIeT Ha CHHXPOHHU3ALHIO
BbIpabOTKM aMMHaKa B pyOLie C yCBOeHHEM SHepruy U yMeHbllaeT MeTabomuecKue
3arparsl [8].

OpHa u3 o6paboTaHHBIX (OPM MOUYEBHHBI — CrielidanbHasi fobaBka Protigen —
npeZcTaB/sieT OO0l KOHLIEeHTPUPOBAHHYI0 a30TOCO/ieprKalllyto (pakijuio paljloHa,
SIBJISIFOLL[YIOCSI ICTOUHUKOM HeOeTKOBOT0 a30Ta [ijisi CebCKOXO03HCTBEHHBIX )KUBOTHBIX,
Grarozapst KOTOpPOH >KBauHbIe >KWUBOTHbIE MOT'YT YIIOTPeOUTb OOJIbIlle SHEPTUN U KJIeT-
YyaTK{ B CyXOM BelllecTBe parjuoHa [9].

Mogudukaiys cxem KOpM/IeHUSs IyTeM BBeJleHHs B PALjMOH >KUBOTHOI'O JJOMOJI-
HUTE/IbHBIX KODMOBBIX /100aBOK MOKET TIPUBOAUTH K M3MEeHeHUsIM TeMaTo/Ior e CKUX
rokasareseil. KpoBb BbINOJHSIET BaKHbIE (DYHKLIMY B OPraHU3Me KUBOTHBIX, TaKHe KaK
obecrieueHrie 0OMeHa BelleCTB, TOPMOHA/IbHAs PeTy/saLus U MopQodyHKIMOHATbHOE
COCTOSIHME OpraHu3Ma, a TakKe SIB/ISIeTCSl BHyTPEHHE! Cpe/loii OpraHv3Ma M OTpakaeT
¢r3ronoruyeckoe COCTOsIHME B 3aBUCUMOCTH OT ()aKTOPOB BHeILIHel Cpe/ibl, B TOM
yKC/ie YCJI0BUM cofiepKaHus v kopmuieHus [10, 11].

VMetorpecs: pe3y/bTaThl HAYYHBIX UCCIeI0BaHUM O1oornueckux 3 deKToB mpu-
MeHeHus1 Protigen Hel0CTaTOYHO OTpaXkatOT B/IMSIHUE BBE/IeHHS B PaL[UOH KUBOTHBIX
JTAHHOM KOPMOBOM I00aBKY Ha rmapaMeTpbl KpoBH [12—14]. B cBfA3U C 3TUM BO3HHMKAET
HEoOXOAMMOCTh UCCIIeIoBaHus Oromornyeckux 3¢ ¢ekToB KOpMOBOI fobaBKku Protigen
Ha reMaToJIoriyecKye rokasaresu.

[ok/MHIYe CKYe WCCIej0BaHus BIUSHUS M3yuaeMoi A00aBKY Ha OOLuil aHam3
KPOBU He TPOBO/WIIH, OFHAKO UMEIOTCsl HayuHble Ty O/MKALMH 110 PUMEeHEeHHI0 aHasloroB,
OZJHUM U3 KOTODBIX SIB/IsIeTCSI KOpMOBast fobaBka OrrtureH. B viccnenoBanuu 3¢ dekTo
nprMeHeHus1 [00aBKU MOKa3aHO B/IUsIHYE ee BBeJeHHUs B PallOH KPYITHOTO POTraToro
CKOTa Ha remMaro/IoruueckKue rokKasaTe/iv >KUBOTHBIX.
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Ilenb ncc1egoBaHNA — H3yueHe TeMaTo/IornueCKUX roKa3saTesiei KpbiC B yCI0-
BUSIX TIPUMeHeHus1 KOpMOBOM flo6aBku Protigen.

MaTepMaﬂbI n MeToabl nccnepgosaHmna

B pamkax BeimoniHeHuss HUP no teme «M3yueHne TOKCUKOIOTUUECKUX CBOMCTB
KOpPMOBO# 100aBKH Protigen Ha 1ab0paTOPHBIX )KUBOTHBIX» MTPOBE/IEHbI MCC/IeJ0OBAaHUS
reMaToJIOTHH KaK YacTH 0011jeil mpo6iembl, XapakTepu3yroleii 6e30macHOCTb U 3¢-
(heKTUBHOCTb BBeJileHUsI KOPMOBO# 100aBKH Protigen B parjuoH )KBauyHbIX )KUBOTHBIX.
WccnenoBanus npoBoguiu Ha 50 ayTOpegHbIX Kpbicax (§) maccoit 190...210 r Ha 6a3e
CankT-IleTepOyprckoro rocyaapCcTBeHHOTO YHUBEPCUTETa BeTepUHAPHOW MeJULIUHBL.

JlaboparopHble )KUBOTHbIE MMe/TU KPYIJIOCYTOUHBIN CBOOOJHBIN JOCTYIT K KOPMY
u Bogie. Coziep>kaHue /1abopaTOPHBIX )KUBOTHBIX COOTBETCTBOBAJIO PEKOMEHIyeMOU HOp-
MAaTHBHOM JJOKyMeHTalii'. B romelrieHny cofiep>KaHusi KpbIC TIO/|iePKUBaJICs 0COOBIi
MHKPOKJIMMAT: TeMIlepaTypa OKpysKaroiero Bo3ayxa — 18...22 °C; oTHocUTenbHas
BAaXHOCTb — 50...60 %; aBTOMaTHueckass cMeHa 12-4aCcoBOTO CBeTOBOIO Tepuoza
(06.00-18.00 — menb, 18.00—06.00 — Houb); 100 % BeHTH/IMPOBaHUe Oe3 PeLUPKY/ISLN
CO CMeHOM Bo3ayxa 7...12 06beMOB KOMHATHI B Uac.

JIabopaTopHBIX )KUBOTHBIX pa3Mell|a/iv B TIOMMKapOOHATHBIX K/IeTKax Ha MOACTHIIe
rtotazbio 2150 cM?: o 5 KphIC Ha K/1eTKy. B KauecTBe MofiCTH/Ia UCTI0/TB30Ba/TH OITHJIKH
JlepeBbeB HEXBOMHBIX TIOPOJ, CTEPUIM30BaHHbIE B CyX0)KapOBOM IIKa(y MPOM3BOACTBa
Binder. /]nst KopMieHUsI )KUBOTHBIX MCITOIb30Ba/I KOMOHUKOPM TTOJTHOPALIMOHHBIN [JiIst
nabopatopHbix >kUBOTHBIX JIBK-120 (TocHeHCKMiT KOMOMKOPMOBBIH 3aBOJT), COOTBET-
crBytomuii TOCTy 34566-20192. TIpodguasTpoBaHHast BOJOIIPOBOAHAS BOZA AaBajiach
B CTaHJapTHBIX aBTOK/IABUPOBAaHHBIX MMOM/IKAX.

’KuBoTHBIe ObIIM pacripesiesieHbl Ha TPH IPYIIIBL: TIepBasi U BTOpasi — eKeJHEBHO
B TeueHnH 90 AHeH Moyyanu rmepopajbHO KOPMOBYIO Z100aBKY B /103e 1/5 OT MakKCH-
MasibHOM nepeHocuMoit (1000 mr/kr Maccel Tena) U 1/10 oT MakcumanbHOW TTepeHoCH-
Mmoii (500 Mr/KT Macchl Tejla) COOTBETCTBEHHO, TPeThs (KOHTPOJIbHAST) — He TIo/Tydasia
KODMOBYIO /100aBKY. Y 71ab0paTOpHBIX )KUBOTHBIX PErMCTPHUPOBA/I reMaTo/IornuecKye
roka3atesiv yepe3 90 gHel BK/IIOUEHUsI B pal[MOH KOPMOBOU /00aBku (91-1i fieHb 9KC-
nepvMeHTa) 1 yepe3 10 AHel 1oce nMpeKpalleHus jaud KopMoBoi gob6aBku (101-i
JleHb SKCITIepUMEHTA).

B3sTie KpOBM MPOBOAW/IM METOZOM JleKanuTaruu B pooupku ¢ SATA. OueHKy
reMaToJIOTHYeCKHUX TI0Ka3aresieli 0CyILeCTBIIS/IN IyTeM MPOBe/ieHus 0011lero aHaam3a
KPOBM Ha remMaTo/IoriueckoM aHanusarope Micros 60.

[lomoTHHTeTbHO Ha MPOTSKEHUH BCETo UCC/IeJ0BaHUS OLleHMBaIM 00I1ee COCTOsSTHYE
JKUBOTHBIX (0COOEHHOCTHU MX TOBeJIeHHs, THTEHCHBHOCTD U XapaKTep /IBUTaTe/IbHON
aKTMBHOCTH, HaJIMUMe U XapaKTep Cy[OpOr, KOOPJWHALMIO BWKEHUM, TOHYC CKeJleT-
HBIX MBIIIILI, PEaKL[1I0 Ha TAaKTH/IbHbIE, O0JieBbIe, 3BYKOBbIE 1 CBETOBbIE Pa3JpaskUTelH,
YacTOTy U ITyOUHY [bIXaTebHbIX ABM)KEHHUM, PUTM Cep/eUHbIX COKpAIl|eHHH, COCTO-

TTOCT 33216—2074. PykoBOACTBO NO COAEPXKAHMIO 1 YXOfy 3a 1abopaTOPHbIMU XKUBOTHBIMMN.
2TOCT 34566—2019. KoMGKKOPM [/151 NaBopaTOPHbIX XKMBOTHbIX. O6LLIME TEXHUYECKNE YCNIOBUS.
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sIHUe I1IepPCTHOT'O 1 KOJKHOT'O NTOKPOBA, OKPacKy CJIM3UCTBIX 000/10ueK, pa3Mep 3pauka,
T0JI0)KeHHe XBOCTa, KOJIMUeCTBO M KOHCUCTEHLMIO (peKa/IbHbIX Macc, OKPacKy MOYH,
noTpebieHre KopMa U BOJibl, U3MeHeHHe Macchl Tesa)>,

CrarurcTruueckyro 06paboTKy JaHHBIX OTIpe/iesisiyTv TI0 TPYTITIaM IOC/ie TIPeiBApUTe -
HOTO ompeZiesieH!s HOPMaJbHOCTU pacripeziesieHus JaHHbIX 1o Kputeputo Hlanupo —
Yunka. YuuTbiBasi pe3y/ibTaThl IPOBEPKU Ha HOPMaJIbHOCTh PacIipeie/ieHusl 1aHHbIX,
WCII0/Tb30Ba/Id KpUTepuii MaHHa — YWUTHM.

PesynbraTtbl uccnefgoBaHui U 06CyXaeHne

E>xeHeBHOE TIepopasbHOe BBeZieHWe KOPMOBOM f100aBku Protigen B TeueHue
90 mHel, Kak 1 uepe3 10 gHel Toc/ie PeKpalleHus 1aul KOpMOBOH 00aBKH, He3aBUCHUMO
OT ZI03UPOBKU He MPUBEJIO K CTAaTUCTUUECKU 3HAYMMBIM pa3/iMuusiM 3HaueHHl reMaTo-
JIOTUUeCKUX TTO0Ka3aTesiell KpOBU KPBIC OTBITHBIX TPYTIIbl OTHOCHUTEIbHO KOHTPOIBHOM,
TIPU 3TOM BCe MCC/Ie[lyeMble MMOKa3aTe/ld 0CTaBa/IuCh B Npefenax (Gr3u0a0ruyeCcKoi
HOpMBI (Tabm. 1, 2). OpHako, uepe3 90 fHel HenpepbIBHOH /Jau UCC/IeAyeMON KOpMO-
Boli 06aBKY B 103e 1000 MI/Kr MaccChl Tejla OTMeYasiach TeH/IeHIIUS K YBeTUMUeHUIO
abCOMIOTHOTO YKMC/Ia SPUTPOLIUTOB, JIEHKOLIMTOB B 1,27 pa3 U MPOLIEHTHOTO CO/IeP>KaHUs
Ta/I0UKOsI/IePHBIX HeUTPO(UsIoB B 2,25 pa3 OTHOCUTETHHO /JaHHBIX TT0Ka3aTesiel B KpOBU
JKUBOTHBIX KOHTPOJIbHOM Tpynmnbl. Yepe3 10 AHel roc/e npekpailjeHus puMeHeHust
KOPMOBOM Z00aBKH CcoiepyKaHue JIEHKOLIUTOB U 3PUTPOLIUTOB B KDOBH KPBIC OTTBITHOM
rpynmbl 1 MakKCMMaibHO TIPUO/IM)KAeTCsT K 3HAUEHHUO 3TUX TT0Ka3aTesield B KOHTPOJTbHOM
rpy1me, Ipy 3TOM pa3HHLIa B 3HAUE€HWH MPOLIEHTHOTO COZleprKaHusl NMaI0uKosiJePHbIX
HeUTpOpU/IOB yMeHbIIIaeTCsi U cocTapsieT 1,75. Takke moc/ie rpeKpallieHust Jaud Kop-
MOBOM f100aBKu B fj03e 1000 MI/KT MacChl Tejla yCTaHOB/IEHA TeH/IEHITUS K CHYDKEHHUIO
TIPOLIEHTHOTO COZlep>KaHKsi MOHOLIMTOB B 2,86 pa3a OTHOCUTETLHO KOHTPOJISI.

Tabvya 1

BnusiHne npumeHeHus KopmoBoi fob6aBku Protigen Ha remaTonornyeckue nokasarenm
KPbIC ONbITHOW rpynnbl 1 U KOHTPONbHOM rpynnbl Ha 91-i u 101-i AeHb uccnegoBaHus

91-i AeHb 101-i aeHb
Mpynna 1 KoHTponb- Mpynna 1 KoHTponb-
Mokasatenb (n=10) Hasi rpynna (n = 10) Hasl rpynna
(n=5) P (n =5) P

M + SEM M + SEM M + SEM M + SEM
lematokpuT, n/n 5441+18 53,0%1,2 0,4005 54,4%17 548+1,0 0,9155
FemMorno6wuH, r/n 1038+23 | 117,0%£3,0 0,2219 108,6 +4,0 113,6+4,3 | 0,1732
JNelikounTbl, 10°/n 11,6 £0,6 9,1+1,4 0,2101 12,1+1,3 12,3+1,6 1,0
Numdouutsbl, % 69,0+22 72,0+3,8 0,9166 69,0+54 63,8+22 0,1732
MoHouuTbl, % 28+0,6 2,4+0,6 0,6644 1,406 4,0+0,5 0,2289

3 Xa6pumes PY PyKOBOACTBO MO 9KCMEPUMEHTANBHOMY (OKMHUYECKOMY) U3YUYEHMIO HOBbIX DapMaKoIorMYecKmnx
NEKAPCTBEHHbIX CPEACTB. 2-134., nepepab. 1 gon. M. : MeauumHa, 2005. 832 c.
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OKkoHYaHwe Tabr. 1

91-11 geHb 101- peHb
Mpynna 1 KoHTponb- Mpynna 1 KoHTponb-
Moka3saTenb (n - 10) Had rpynna (n = 10) Hasd rpynna
(n=5) P (n =5) P

M t SEM M t SEM M t SEM M + SEM
Heiirpoguabl 1.8+0,5 08104 0,1544 14102 0806 | 02282
nanoykosapaepHble, %
Heirpogub! . 260£22 | 246+37 | 09163 274+49 | 28024 | 05309
cerMeHToaaepHble, %
CO3, MM/y 0,5+0,0 05+0,0 0,8808 04100 04+0,0 0,4189
Tpom6ouuTbl, 10°/n 211,0+10,8 | 188,0+ 10,3 0,2073 179,2+8,4 2104+184 0,1161
303uHopunbl, % 04102 0,2+0,2 0,6005 08+0,5 04+0,2 0,722
Oputpouutsbl, 10'%/n 84+09 6,6 £0,2 0,1437 70+0,8 6,6 £0,1 0,8345

VcToyHmk: BbinonHuna J1.1. Cabup3asaHosa.
Table 1

Effect of Protigen feed additive on hematological parameters of rats in experimental

group 1 and control group on the 91st and 101st day of the experiment

91 days 101 days
. Group 1 Control group Group 1 Control
Indicator (n=10) (n=5) p (n=10) group (n=5) P
M + SEM M + SEM M + SEM M + SEM

Hematocrit, I/1 54.4+1.8 53.0+1.2 0.4005 544+17 | 54810 | 09155
Hemoglobin, g/I 103.8+23 | 117.0£3.0 0.2219 108.6+4.0 | 113.6+43 | 0.1732
Leukocytes, 10%/1 11.6 £ 0.6 9.1+1.4 0.2101 121+13 | 123%1.6 1.0
Lymphocytes, % 69.0 £2.2 72.0+3.8 0.9166 69.0+54 | 63.8+22 | 0.1732
Monocytes, % 2.8+0.6 2.4+0.6 0.6644 1.4%06 40+05 | 0.2289
Band neutrophils, % | 1.8 +0.5 0.810.4 0.1544 14102 0.8+0.6 | 0.2282
Segmented 26.0+2.2 24.6+3.7 0.9163 27.4+49 | 28024 | 05309
neutrophils, %
ESR, mm/h 0.5%0.0 0.5%0.0 0.8808 0.4+0.0 0.4%0.0 0.4189
1T(;‘9’/‘I’mb°°ytes' 211.0+10.8 | 188.0£10.3 | 02073 | 179.2+8.4 | 2104+184 | 0.1161
Eosinophils, % 0.4+0.2 0.2+0.2 0.6005 0.8+0.5 0.4+0.2 0.722
Erythrocytes, 10'/1 8.410.9 6.6+ 0.2 0.1437 7.0£0.8 6.6+ 0.1 0.8345

Source: completed by L.I. Sabirzyanova.

BBesieH1e B e)ke[JHEBHBIN pallvOH )XKUBOTHBIX KODMOBOM flo6aBKH Protigen B fj03e
500 Mr/Kr Macchl Tesia Ha npotsbkeHnn 90 ZHeH, TakKe, Kak 1 B IIepBOM TPyTITe, IPUBEJIO
K YBe/IMUeHHI0 abCOTFOTHOTO UKcIa JIeHKOLUTOB B 1,31 pa3 v MPOLIEHTHOTO COflep>KaHKsI
MasI04yKosiIepHBIX HEUTPOPUIIOB B 2,25 pa3 OTHOCUTE/ILHO TOKa3aTesieil KOHTPOJIbHOMN
rpynmsl (Tabm. 2). Uepe3 10 aHedt rocie npekpaiijeHus TpUMeHeHHs KOpMOBO# 00aB-
KU BO BTOPOU OTILITHOM TPYTITie 3HaUeHHe OTpe/ie/isieMbIX TToKa3aresieli MakKCUMaabHO
nprOIM3UIOCh K 3HAYeHHIO TI0Ka3aTesieii KpOBU KPbIC KOHTPOJILHOM TPYIITbI, KOTOPbIe
He T10/Ty4Yaii KOPMOBYHO /100aBKY.
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Tabnmya 2

BnusiHue npumeHeHus KopMoBoM fo6aBku Protigen Ha remaTonoruyeckue nokasarenu
KPbIC ONbITHOW rPynmbl 2 U KOHTPONbHOM rpynnbl Ha 91-i n 101-i AeHb aKCNepuMeHTa

[OeHb 91-1n JOeHb 101-1
pynna 2 KoHTponbHas Ipynna 2 KoHTponbHas
Mokasatens (n=10) rpynna (n = 5) P (n=10) rpynna (n = 5) P

M + SEM M = SEM M = SEM M = SEM
FemaToKpuT n/n 55.2+1.6 53.0%+1.2 0.2477 52.8+0.6 54.8+1.0 0.0867
Femorno6uH, r/n 111.4+3.7 117.0+3.0 0.2492 118.6 +1.0 113.6 +4.3 0.2918
JelikouuTbl, 10°/n 11.9+0.8 9.1+1.4 0.2101 11.5+1.6 12.3%1.6 0.402
Numoouutbl, % 64.2 +3.5 72.0+3.8 0.1732 66.2 +8.3 63.8+2.2 0.2101
MoHouuTbl, % 34+12 24+0.6 0.8271 3.8+1.2 4.0+0.5 0.6623
Heitpoguner 1.8+0.4 0804 0.1251 1206 0806 0.6536
nanoykosifiepHoie, %
Hedtpogunbl | 304,96 | 246%37 | 02463 | 286468 28.0+2.4 | 0.4633
cerMeHTosgepHble, %
CO93, MM/y 0.4+0.0 0.5+0.0 0.6005 0.4+0.0 0.4+0.0 0.6312
Tpom6ouuTbl, 10°/n | 226.4+10.3 | 188.0+10.3 0.0749 182.0+15.2 210.4+18.4 0.2477
So3uHodunbl, % 0.2+0.2 0.2+0.2 0.8808 52.8+0.6 54.8+1.0 0.0867
1%‘:'2"/;”“““’" 6.5%0.2 6.6%0.2 0.8335 | 118.6%1.0 | 113.6+4.3 | 0.2918

VeToyHmk: BbinonHuna J1.1. CabupssaHosa.
Table 2

Effect of Protigen feed additive on hematological parameters of rats in experimental
group 2 and control group on 915t and 101¢t day of the experiment

91 days 101 days
. Group 1 Control group Group 1 Control group
Indicator (n=10) (n=5) o (n=10) (n=5) o
M 1 SEM Mt SEM M + SEM M 1 SEM

Hematocrit, I/1 55.2+1.6 53.0%+1.2 0.2477 52.810.6 54.8+1.0 0.0867
Hemoglobin, g/I 111.4+3.7 117.0+3.0 0.2492 118.6 +1.0 113.6 +4.3 0.2918
Leukocytes, 10%/1 11.9+0.8 9.1+1.4 0.2101 11.5+1.6 12.3+1.6 0.402
Lymphocytes, % 64.2+3.5 72.0+3.8 0.1732 66.2+8.3 63.8+2.2 0.2101
Monocytes, % 34%+1.2 24+0.6 0.8271 3.8+1.2 4.0+0.5 0.6623
Band neutrophils, % 1.8+x04 0.8+0.4 0.1251 1.2+0.6 0.8+0.6 0.6536
Segmented 30.4+2.6 24.6+3.7 0.2463 | 28.6+6.8 28.0+2.4 | 0.4633
neutrophils, %

ESR, mm/h 0.4+0.0 0.5+0.0 0.6005 0.4+0.0 0.4+0.0 0.6312
Thrombocytes, 10°/1 | 226.4 +10.3 188.0+10.3 0.0749 | 182.0+15.2 | 210.4+18.4 0.2477
Eosinophils, % 0.2+0.2 0.2+0.2 0.8808 52.8+0.6 54.8+1.0 0.0867
Erythrocytes, 10'%/I 6.5+0.2 6.6+0.2 0.8335 118.6 +1.0 113.6 +4.3 0.2918

ANIMAL BREEDING

Source: completed by L.I. Sabirzyanova.
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YBenrueHre MacChl UPKYIUPYIOIIUX B KPOBU SPUTPOLIUTOB U JIEMKOLIMTOB, B T. 4.
Ta/I0YKOsAZIePHbIX HeHTPo(dHIOB, MOXKeT OBIThH CIeACTBHEM YCHIeHUs TipoLiecca obpa-
30BaHUs 9TUX KJIETOK M BbIXO/Ia X B KPOBOTOK. Y UMThIBasi HAXOXKAEHHEe UCC/IeAyeMbIX
rokasaresieil KpDOBH B npeiesiax (pU3M0I0TMUeCKOl HOPMbl, MOYKHO TPeZTI00KUTh,
yTO Hab/ojaeMble U3MeHeHUs TIPUBeIYT K Y/IyUIlIeHHuI0 MeTabo/IMueCKUX MpoLieCCOB
B OpraHv3Me TpH NPO/0/DKeHUH TIPUMeHeH sl KOPMOBO#H /J00aBKH.

[Tpu exxe[HEBHOM K/TMHAUECKOM OCMOTPE >KUBOTHBIX 00I1lee COCTOsTHIE, 0COOEHHOCTH
TIoBe/leHUsl, THTEHCUBHOCTD M XapaKTep ABUTaTe/IbHOM aKTUBHOCTH ObUIH B Ipefiesiax
¢dusnonoruyeckoit HOpMbl. [llepcTHBIN TOKPOB OBbUT YUCTBIM U OiecTsM. Buanvere
CJTU3UCTBIE 000I0UKH PO30BOTO L[BETa, 3paUOK He PaCIUpeH, MOJI0KeHHe XBOCTa ecTe-
CTBEHHOE, KOJIMUeCTBO M KOHCHUCTeHLUs (heKa/lbHbIX MacC, Y4aCTOTa MOUYEMCITY CKAaHUSI
1 OKpacka MOuH B TpejiesiaX pedpepeHCHbIX 3HaueHUH. JKUBOTHBIE BCeX OMbITHBIX IPYIII
OXOTHO MOTPebsisiii KopM 1 Bozly. OTCYTCTBOBa/i BO30y K/IeHHe U yTHeTeHHe, MbILey-
Hble 110/leprvBaHusi, TPEMOD, Mapes3bl, Bbl/le/IeHUs U3 HOCa, I71a3, POTOBOU MOIOCTU WK
VIHbIe TIPU3HAKU UHTOKCUKALUHU.

3akoyeHue

[Tpu n3yueHnu KOPMOBOU fo0aBKU Protigen B yCI0BHUSIX 9KCIIePUMEHTA TIPO/[0JI-
JKUTEbHOCTHI0 101 IeHb HeraTUBHOTO BIMSIHUS HA T€MaTo/IOrMUecKre oKasaTein
nabopaTOPHBIX )KUBOTHBIX He BbIsAB/IeHO. OZIHAKO TTpH Oosiee ATMTeTbHOM ITPUMEeHeHHUH
W/WIY YBeJIMUEHUH [JO3UPOBKU BO3MOXKHA OTBETHAsl PeaKLysi OpraH1u3Ma CO CTOPOHBI
CHUCTeMbI KPOBHM B BH/€ M3MEHEHHUA IreMaTO/I0Iruue CK1UX HOK&B&T@HEﬁ, B T.4. BbIXO/Jd
3HAUeHUH 3a mpe/esibl PU3MO0I0TUeCKON HOPMBI.

Takum oOpa3om, /15t 60/1ee KOPPEKTHOM OLIeHKH OMosiornuecKrx 3G deKkToB, B UacT-
HOCTH, BJIUSTHYS Ha TeMaTo/IOrHuecKye TI0Ka3are i J1JabopaToOpHbIX )KUBOTHBIX, BBE/IeHHS]
B X pallOH KOPMOBO#1 flo6aBku Protigen ceyeT mpogo/mKuTh JOKIMHIYECKHE UCTTBITa-
HUSI B YCJIOBUSIX XPOHHUUECKOTO SKCITIEPUMEHTA U TIPH TIOBBILIIEHUH [J03bI C pACIIUPEHUEM
M3yJaeMbIX TTOKa3aTesiei [yt TOro, YTo0bl yOeauThCs, UTO laHHast KopMoBasi 1o6aBKa
SIB/ISIETCSI HETOKCHUHOM.
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!depepanbHBIN UCC/IEOBATENBCKUH LIEHTP KOMITIEKCHOTO 3yueHust ADKTUKY UMEHU aKaJileMUKa
H.II. JlaBépoBa YpanbcKoro oTjeneHns: Poccuiickoli akazieMun Hayk, 2. ApxaHeenbck, Poccutickas
Dedepayus
2CeBepHbiii (APKTHUECKHUI) (eiepanbHbIN YHUBEPCUTET WMeHH M.B. JIoMoHOCOBa,

2. ApxaHeenbck, Pocculickas @edepayust
< labinnovrazv@yandex.ru

AnHoTaIMs. AKTYalbHOCTb UCC/IE0BAHUS 3aK/IF0UAeTCst B TPOPaboTKe BO3MOXKHOCTH Lie/leHarpaB/IeHHOTo
(hopMHpOBaH¥sI BBICOKOTIPOJYKTHBHOIO MOJIOUHOTO CTajia KPYITHOTO POraToro CKoTa ¢ Hauboree jKenaTesib-
HBIMH FeHHBIMM KOMOMHAIIMSIMU Ha OCHOBe BBISIBJIEHHBIX 3aKOHOMEPHOCTel Hac/lefloBaHUs FeHOTHIIOoB. Llesnb
WCCTIe/I0BaHMs — OIpe/ie/TUTh 3aKOHOMEPHOCTH Hac/leZloBaHUs yKe/laTe/IbHOrO FeHOTHIIA JouepHero IIoTOMCTBa
OT pa3/INUHbIX TeHOTHUIIOB UX MaTepel U COMOCTaBUTb 3TH 3aKOHOMEPHOCTH C M0Ka3aTessiMU MOJIOYHOH TIpo-
JYKTUBHOCTH. Mccie/joBaHue TIPOBe/Y Ha [BYX MOKOJIEHHSIX KPYITHOTO POTraToro CKOTa X0JIMOTOPCKOM ITOpOzib
(KopoB U UX JouepHero nmotoMcTea) Ha 6aze OO0 «Arpodupma ,, Xonmoropckas“» u AO «X0JIMOropcKuit
ruieM3aBofy. [TomuMopdusm reHa 6eta-ka3enHa y KOPOB XOJIMOTOPCKO# TIOpo/ibI orpezesisii metogom AC-TILIP.
Habmonanu npeobsiafiaHye reTepo3UroTHOr0 reHOTUNA OeTa-Ka3enHa B BYX IMOKOJIEHHSIX, KOTOPBIN COCTaBUIT
58,5 1 60,0 % y kopoB-marepeii u 49,1 u 48,0 % B fouepHeM rnoToMcTBe. B 0601X CTaziaX BbISB/IEHO JOMUHHPO-
BaHMe a/ens Al, 4To, COOTBeTCTBEHHO, B/IWSIET Ha HaciefoBaHre Al anenbHbIX BApUaHTOB FeHOTUIIOB, OJHAKO
Yalije BCTpeyasicsi reTepo3urotHbiidi A1A2 reHotur. B nienisix onpepienenist HauboJiee MepcrieKTUBHOTO TeHOTHITA
[1s1 asTbHe el cesleKIMOHHOM paboThI TIPOBEJTH OL[eHKY MOJIOUHOM MPOAYKTUBHOCTH 110 [TOKA3aTesisiM Y/osl,
>Kupa 1 6enka B Mosioke 3a 305 aHeit nepBoi yiaktarii. KopoBsl ¢ reHOTHIIOM A1A2 Kak B Cpe/iHEM I10 Bbl-
GOopKe B /IByX X035lICTBaX, TaK M 110 TIOKO/IEHUSIM B OCHOBHOM OT/IMYA/IMCh Oosiee BLICOKMM yaoeM. B cpeagHem
B X03sticTBax 3a 305 AHel mepBoii TaKkTaluy KOPOBBI, HEeCyIIYe TeHOTHITBI C ajjie/lbHbIM BapuaHToM A2 (A1A2
u A2A2), 0bs1a/ja/ii HAUBBICIIMMU TTOKA3aTe/ISIMU T10 KaueCTBeHHOMY U KOJIMUeCTBEHHOMY COCTaBy MOJIOKA.
Takum 06pa3oMm, AJis1 TPOU3BO/CTBA BBICOKOKAUeCTBEHHOW MOJIOUHOM TIPOAYKLMU U 3PPEKTUBHOTO Be/IeHNs
CeJIeKLIMOHHBIX PaboT B X035HCTBaX HEOOXOAUMO MOBBICUTE KOJIMYECTBO JKUBOTHBIX, HECYILMX TeHOTUN A2A2.
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BkJ1a/] aBTOPOB: Ka)XX/IbIii U3 aBTOPOB BHEC PAaBHOLIEHHbIN BK/1a/| B HOPMHUPOBaHHE UCCIeyEMBIX TP, 0TOOD
1po0, TeHOTUNMPOBAHKE, CTAaTUCTHUeCKYI0 00paboTKy JaHHBIX, aHA/IM3 IT0IyYeHHOr0 MaTeprasa U opopMieH e
MyOMKaLun.

®unancupoBanue. PaboTa MoAroTos/ieHa B paMKax BBITIOJIHEHUST TEMbI FOCYAapCTBeHHOro 3a7anust ®I'BYH
OUIKUA YpO PAH «MonekynspHO-reHeTHUeCKast OLjeHKa Ce/IbCKOX035CTBeHHbIX JKUBOTHBIX 10 CeJeKLU-
OHHBIM U XO3sICTBEHHO-TIO/Ie3HBIM TIPM3HAKAM B YCJIOBUSIX apDKTHUECKUX U CyOapKTHUECKUX TeppUTOpHii PD»
(FUUW-2024-0006).

3asiBIeHHe 0 KOH(UIMKTe HHTePecoB. ABTODHI 3asIB/ISTIOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.
HWcropusi crarbu: noctynuna 1 gekabps 2023 r., npuHsTa K ny6nukanmu 13 vioHs 2024 T

Jnst putupoBanus: Xyoskoea H.A., KosicesHukoea U.C., Kyopuna M.A. BiiusiHue pacripezie/ieHus re-
HOTHIOB 6OeTa-Ka3erHa B [IByX TIOKOJIEHUSIX Ha ITOKa3aTe/I MOJIOUHOMN MPOAYKTUBHOCTH KPYITHOTO POTaToro
CKOTa XOJIMOTOPCKOH mopoziel // BecTHrK Poccuiickoro yHuBepcuTeTa Jpy»k0bl HapozoB. Cepusi: ATPOHOMUS
1 )KMBOTHOBOZCTBO. 2024. T. 19. Ne 4. C. 669—684. doi: 10.22363/2312-797X-2024-19-4-669-684

The influence of distribution of beta-casein genotypes
in two generations on milk productivity of Kholmogory cattle

Natalya A. Khudyakova' ', Irina S. Kozhevnikova’?
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N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian
Academy of Sciences, Arkhangelsk, Russian Federation
*Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russian
Federation
> labinnovrazv@yandex.ru

Abstract. The relevance of the study lies in the possibility of purposeful formation of a highly productive
dairy herd of cattle with the most desirable gene combinations based on the identified patterns of genotype
inheritance. The aim of the study was to determine patterns of inheritance of desired genotype in daughter
offspring from various genotypes of their mothers and compare them with indicators of milk productivity. The
study was conducted on two generations of cattle of Kholmogorsky breed (cows and their offspring) on the
basis of "Agrofirma ‘Kholmogorskaya’” and "Kholmogorsky plemzavod”. Determination of beta-casein gene
polymorphism in Kholmogorsky cows was carried out by Allele-specific polymerase chain reaction method. There
was a predominance of heterozygous beta-casein genotype in two generations, which was 58.5 and 60.0% in
mother cows and 49.1 and 48.0% in daughter offspring. In both herds, the dominance of A1 allele was observed,
which, accordingly, affects the inheritance of A1 allelic variants of genotypes, but A1A2 genotype was more
common. In order to determine the most promising genotype for further breeding work, an assessment of milk
productivity was carried out in terms of milk yield, fat and protein in milk for 305 days of the first lactation.
Cows with A1A2 genotype were mainly characterized by higher milk yield. In the studied herds, the dominance
of A1 allele and the predominance of cows with heterozygous A1A2 genotype were observed. On average, in
farms for 305 days of the first lactation, cows carrying genotypes with A2 allele variant (A1A2 and A2A2) had
the highest indicators for qualitative and quantitative composition of milk. Thus, in order to produce high-quality
dairy products and effectively conduct breeding work on farms, it is necessary to increase the number of animals
carrying A2A2 genotype.

Key words: CSN2 gene, polymorphism, beta-casein protein, breeding stock, genotype, allele
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BeepneHue

[Tpou3BOCTBO BLICOKOKAUe CTBEHHOM MOJIOUHOM TIPOAYKIMU 00y C/IOB/IMBaeT HeoO-
XOAUMOCTb MPOBeJeHNs TeHOTUMTMPOBAaHMs KPYITHOTO POraToro CKOTa /11 [TOBBILLIeHUS
KaueCTBEeHHBIX 1 KOJTMUECTBEHHBIX TTOKa3aTesiell KOpOBbero MosioKa. B posiu reHeTHueckoro
MapKepa, B/IMSIOLIEro Ha Moka3aread MOJIOUHOW MPOAYKTUBHOCTH, [1/1s1 CeNIEKLIMOHHOTO
0TOOpa PEMOHTHBIX TEJIOK M OBIKOB )KMUBOTHBIX BBICTYTIA€T TeH OeTa-Ka3erHa.

Ka3zenn cocraBnsieT 78 % Bcex 6e/TKOB KOPOBbETO MOJIOKA, U3 KOTOPBIX 35 % Tipe-
ctaBysieT OeTa-Ka3erH. OH COCTOUT U3 OJJHOM MMOJUTIENITUAHON LIeTH, BK/TIOUAOIIei
209 amuHokucnot [1]. bera-ka3enH kogupyercs reHoMm CSN2, pacriosio)keHHbIM Ha 6-i1
XpOMOCOMe KPYITHOTO POTraToro CKOTa, U SIBJISIeTCSI BbICOKOTIOJMMOP(HBIM T€HOM MO-
nouHoro 6esika, artend Al u A2 npescTaBsiOT HaubonbLIWi UHTepec [2, 3]. Bapu-
anT Al coilep>XUT aMUHOKHUC/IOTY TUCTUAUH B 67-M IOJI0’KeHUH, TOT[a KakK MOJIOKO A2
B aHAJIOTUYHOM MOJIOXKEHUU UMeeT aMUHOKUCJIOTY TIPO/IMH. [laHHOe pa3inuue npu-
BOJUT K BBICBOOOK/IEHHUIO OMUITOU/THOTO TeNnTHzAa OeTa-ka3oMopduHa-7 B pe3y/brare
MeTabo/IMyeCKUX MPOLeCCOB B OPraHU3Me uesioBeKa Mpy yrnoTpebaeHny Mosioka Al.
Bera-ka3oMoppUH-7 MOXKET MPUBOUTh K BOSHUKHOBEHUIO HIIIEMUUECKOH 00e3HU
cepAna, auabera 1 Tuma, HEBPOJIOTMUECKUM PACCTPOMCTBAM (ayTH3M, N30 peHus),
y JeTell OH MOXKET ObITh PUUUHON CHHAPOMa MJjla/leHuUeCKol cMepTH [4].

BonbLIMHCTBO MccieoBaTesield MOKa3bIBalOT, UTO YAaCTOTa BCTPEUAEMOCTH asl-
nenbHOTO BapuaHTa Al yailje BCero JOMUHUPYeT B cTafie Haj anienem A2 [3, 5, 6].
CoOTBeTCTBEHHO, HarpaB/ieHHOEe TTPOM3BOZCTBO MOJIOKAa OT KOPOB C TeHOTUIIOM A2A2 —
Gosiee TIepCITIEKTUBHOE HallpaB/IeHHe B MOJIOUHOM CKOTOBOZCTBe. Crioco00M MoTydeHust
TIOTOMCTBA C KeJIaTe/TbHbIM TeHOTUTIOM SIB/ISIETCS OI[eHKa ¥ 0TOOP PEMOHTHBIX TeJIOK,
a TakXe 3aKpervieHre OBIKOB-TIpOU3BOAUTeE eH ¢ reHoTHIIOM A2A2 B cTaze [7].

HacnenoBaHue souepHUM TTOTOMCTBOM FeHOTUIIOB 110 OeTa-Ka3enHy HeZoCTaTou-
HO U3y4eHo, TpeOyeTcs UCC/ie/JOBaHUe He TObKO KOPOB U UX [JOUePHEero NOTOMCTRBaA,
HO U OBIKOB-TIpoM3BozAMTe e, COormacHO 3aKoHaM Hac/ieICTBeHHOM Tepe/jauy Mpr3Ha-
koB I'. MeH/ie/isl, HA OCHOBE IOJTyU€HHbBIX JJAHHBIX TeHOTUITMPOBAaHUS KOPOB U OBIKOB-
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TPOM3BOJUTE/IEN MOYKHO TIPE/IIo/Iararh, C ONpe/e/ieHHOM Z0Jiel BepOSITHOCTH, HOCUTeTIeM
KaKoro reHOTHIIa Oy/IeT SIBJSThCS UX JouepHee MOTOMCTRO.

Iesb Hcceq0BaHUs — OTIPE/Ie/TUTL 3aKOHOMEPHOCTH Hac/ie/[0BaHUs »KeJlaTe/TbHOTO
TeHOTHIIA JOYEPHET0 TIOTOMCTBA OT Pa3/IMUHBIX TEHOTUIIOB MaTeper U COMOCTaBUThb 3TH
3aKOHOMEPHOCTH C TTOKa3aTe/IIMHA MOJIOUHOMN TPOIyKTUBHOCTH.

MaTepuanbi 1 MeToAbl UCCllef0BaHUS

WccnenoBanue nposeseHo B 2022—2023 IT. Ha IBYX ITOKOJIEHUSIX KPYTTHOTO pOraroro
CKOTa XOJIMOTOPCKOM TIOpO/ibI (KOPOB M MX [jouepHero notomcTsa) Ha 6aze OO0 «Arpo-
¢upma ,,Xonmoropckasi“» 1 AO «XoJMOropcKui rjaemsaBoz». [/st onpezesneHus ac-
COILMalMK TeHOTHUIIa U TIOKa3aresieli MOJIOUHOM NPOAYKTUBHOCTH 0ToOpasu 206 ocobeit
KPYITHOTO pOraToro CKOTa X0JIMOTOPCKOW TTOPOJbI.

I[Tpou3BesieH 0TOOP LieNBbHOM KPOBHU Y KPYITHOTO POTaToOro CKOTa K3 IpeMHOM BeHbI
B BakyyMHbIe nipooupku ¢ K3 3TA c uensto sxkctpakuuu JHK anis gansHedinero
aHanu3a. Brigenenue reHomuou JJHK npoBogumm ¢ momoiipio Habopa peareHTOB
«MarnollIpaiim BET» (Poccusi, OO0 «HekcTbro») cornacHO TTpOTOKOMY.

Omnpenenexue nmosuMopdu3Ma reHa 6era-KazerHa y KOPOB ITPOBOJHIN METOJ0OM
annens cregudryHoro TP, ncrosnb3o0Banu npaiiMepsl, cuHTe3rpoBaHHble 3A0 «EB-
poren» (Poccust), co caenyrollield HyK/Ie0THHOM M0oC/ie[j0BaTeTbHOCThIO:

GBhF: 5’-CTT-CCC-TGG- GCC—CAT-CCA-3’ (nnpsimoii mipaiimep amiesnisi Al);

IGBhF: 5’-CTT-CCC-TGG-GCC—CAT-CCC-3’ (ripsimoti mipaiimep asiesnisi A2);

IGBhR: 5-AGA-CTG-GAG-CAG-AGG-CAG-AG-3’ (0bparHb1ii rparimMep arvteneit Al, A2).

[y amruTMUKaLUy UCToJIb30Basics amrutudukarop MiniAmp Plus, Pecry6ivika
Cunranyp, Thermo Fisher Scientific.

HetektupoBanue [JHK-nposyKTOB aMIIM(pUKALIMK OCYLIECTBIISIN IIyTeM TopH-
30HTAJILHOTO 1eKTpodope3a B 2 % arapo3HoM rese. (Tabm. 1).

Tabmmya 1
Xapaktepuctuka ¢pparmeHtoB IHK annenbHbix BapmaHToB CSN2
leHoTunbl CSN2 1 amnnudukat CSN2, n.H 2 amnnudukat CSN2, n.H
A1A1 A1—244 A2 — HeT amnnudukaTa
A1A2 A1—244 A2—244
A2A2 A1 — HeT amnnudwukaTa A2—-244
VcToyHmK: BbinonHeHo H.A. Xyaskoson, W.C. KoxeBHukoson, M.A. KyapuHow.
Table 1
Characteristics of DNA fragments of CSN2 allelic variants
CSN2 genotypes 1 CSN2 amplification, bp 2 CSN2 amplification, bp
A1A1 A1-244 A2 — no amplification
A1A2 A1—244 A2—-244
A2A2 A1 —no amplification A2—-244

Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.
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CornacHo E.K. MepkypreBoii pacCUATLIBA/IN: YaCTOTy BCTPEUaeMOCTU TeHOTHTIOB,
YacTOTY OTJe/bHbIX aJijiesieid, KpUTepuil COOTBETCTBUS (PAaKTUUECKOTO U 0XKKAaeMOro
pacripeziesieHys1 YaCTOT FeHOTUIIOB XU-KBajpar x2. OxxuziaeMoe pacripe/iesieHrie TeHOTHIIOB
OoTpe/iesisIU C TIOMOIIIBIO 3aKoHa Xapau — BatiH6epra [8]. 151 pacueta CTaTMCTHYeCKUX
TI0Ka3areJsieid UCIToMb30Basachk rporpamma Microsoft Excel 2021. Pe3ynbrarsl mipesi-
CTaBJieHbI B BUjie Me + S (cpeiHee 3HaueHHe + onMbKa cpejHero apupmMeTnyeckoro).

PesynbTaTbl UccnefoBaHuit U o6CyKeHne

[laHHBIe 110 YacToTe BCTPeUuaeMOCTH TeHOTHIIOB U asiyiesiel 6eTa-Ka3erHa KpPyITHOTO
pOraTroro CKOTa X0JIMOTOPCKOM MOPO/IbI B [IBYX MOKOJIEHHSIX, TO/TyueHHbIe Ha 6asze AO «Xor-
Moropckuii rem3saBoga» 1 OO0 «Arpodupma ,, XoMoropckasi“», mpuBeieHbI B Ta0/. 2.

Tabnmya 2
Monumopdunam reHa 6eTa-Ka3emHa KpPYMHOro poraToro CKoTa XoJIMOropcKoi nopoabl
p,oqepHee NnoTOMCTBO
Mokonenne | KoM Tun YacToTa
yecTBO . AT1A1 AT1A2 A2A2 o X2
JXXNBOTHbIX pacnpeneneHuu anneneu
ronoB n
n] % n | % | n] % | a1 | A2
AO «Xonmoropckui nnemsaBop»
H 14 | 26,4 31 58,5 8 15,1
Marepu 3 0 16| 310| 26 | 49.4] 11| 197 | 6| 044 | 181
H 17 | 32,1 26 491( 10 18,9
flouepu >3 0 17| 320| 26 | 492| 10 | 188 | >/ | 43| 000
000 «Arpodupma ,Xonmoropckas“»
H 14 | 28,0 30 60,0 6 12,0
M : : d , 42 | 2,
arepy >0 0 17| 336| 24 |487| 9 | 176 0| ° 68
H 20 | 40,0 24 48,0 6 12,0
Houepu 50 0 21| 410 23 |461] 6 | 130 64| 036|009
anMeLlaHMe H— Ha6monaeMoe pacnpeaneneHne reHoTunos, 0—- oXXmnagaemoe pacnpegeneHne reHoTunoBs.
VicTouHmK: BbinonHeHo H.A. Xyaskosol, N.C. KoxeBHukoBon, M.A. KyapuHow.
Table 2
Polymorphism of the beta-casein gene in Kholmogory cattle
Offspring
Animal Number of | Distribution ATAT A1A2 A2A2 Allele X2
generation | animals, n type frequency
n % n % n % Al A2
Kholmogorskiy plemzavod
Moth 53 H 14 26.4 31 58.5 8 15.1 0.56 | 0.44 | 1.81
others 0 16 | 310 26 | 49.4| 11 | 197 0| T
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Endtabl 2
Offspring
Animal Number of | Distribution ATAT A1A2 A2A2 Allele X2
generation | animals, n type frequency
n % n % n % Al A2
H 17 32.1 26 49.1 10 18.9
Daughters 53 0.57 | 0.43 | 0.00
0] 17 32.0 26 49.2 10 18.8
Agrofirma "Kholmogorskaya”
H 14 28.0 30 60.0 6 12.0
Mothers 50 0.58 | 0.42 | 2.68
0] 17 33.6 24 48.7 9 17.6
H 20 40.0 24 48.0 6 12.0
Daughters 50 0.64 | 0.36 | 0.09
0 21 41.0 23 46.1 6 13.0

Note. H — observed distribution of genotypes; O — expected distribution of genotypes.
Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.

OtMmeueHo ripeo6siaiaHue B BYX TIOKOJIEHHUSIX TeTEPO3UTOTHOTO reHOTUMa beTa-Ka-
3eMHa, KoTophbii coctaBui 58,5 u 60,0 % y kopoB-marepeii u 49,1 u 48,0 % B fouepHeM
notomcTBe (puc. 1). Uccnenoanus [3, 9] Moka3bIBalOT, UTO TeTEPO3UTOTHBIN FeHOTHUIT
TIOJIO’KUTEJTHHO BJIMSIET KaK Ha TI0Ka3aTesH YZosl, TaK ¥ Ha MacCOBYIO /10O JKUpa 1 Oenka
B MOJIOKe KPYITHOTO pOraroro CKOTa.

B o6oux xo3s1iicTBax Hab/MOAAI0CH He3HAYNUTE/TbHOE YBe/IMUeHHe YaCcTOThI BCTpe-
yaemoCTHu ajuienisi Al ¥ ymeHbllIeHVe YacTOTHI BCTPeYaeMOCTH asuiens A2 y JouepHero
MOTOMCTBA, YTO IPHBEJIO K BO3PaCTaHHUIO KOJIMYeCTBa TOMO3UTOTHBIX 0CO0eli I10 asiiesto
A1 B souepHem notoMcTBe (puc. 1). [To janHbIM nccnenoBareneid, reHotun A1A1 oka-
3bIBaeT He3HauuTe/IbHOe B/IMsHYE Ha [T0Ka3aTe/M I10 YO0 U )KUPY B MOJIOKe KPYITHOIO
poraroro ckora [5, 8].

Tak xe B AO «X0/JIMOTOPCKUI T7IEM3aBO/[» C YBeJWUeHueM KOJIUYeCTBa rojioB
¢ reHotunioMm A1A1 yBeslMuMBaIOCh U KOJIMUECTBO TOMO3UTOTHBIX 0cobelt 1o ase-
0 A2 B iIouepHeM MMOTOMCTBe, uTo coctaBuio 18,9 % wiu 10 rosos (Tabs. 2, puc.).
WccnenoBaren 0TMeUaroT, YTO reHOTUIT A2 A2 TTOM0XKUTeIbHO BAMSET Ha MOoKa3aTe/u
MOJIOUHO# MPOAYKTUBHOCTH, @ IMEHHO YZI0i U cofiep>KaHKe Genka B Mosioke [10—12,
14]. J)KvBOTHBIe C JaHHBIM TeHOTHUIIOM SIBJISIFOTCS O0/1ee BOCTpeOOBaHHBIMU [I7Is1 Liefe-
HarpaB/IeHHOT'O TTPOU3BO/ICTBa MosioKa A2 [13, 15].

O>kuJjaemMbie 3HaUeHUSI YaCTOTHI BCTPEUaeMOCTH reHOTHIIOB OeTa-Ka3erHa Ipak-
TUYEeCKH He OT/IMYAI0TCS OT (haKTUUeCKU MOMy4YeHHbIX pe3y/1bTaToB, UTO yKa3bIBaeT
Ha nipeo6/1a/jaHre B UCC/IelyeMbIX CTaZlax CUCTeMbI CJTy4ailiHOTO CKpelvBaHusi. Paccuu-
TaHHOe 3HaueHHe X2 [T0Ka3bIBaeT Ha OTCYTCTBUE CMellleHUs] FTeHeTUYeCKOr0 PABHOBECHS
M3yuyaeMOi BbIOOPKU )KUBOTHBIX.
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PacnpegeneHve 4acToTbl BCTPEYaEMOCTM FEHOTUMOB 6eTa-Ka3enHa B uccnesyemom crage, %
VicTouHmk: BbinonHeHo H.A. XyaskosoWl, N.C. KoxeBHukoBow, M.A. KyapuHow.

Frequency distribution of beta-casein genotypes in the studied herd, %
Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.
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[TpoBeseH aHaM3 pacrpe/iesieHusi TEHOTUIOB 10 OeTa-Ka3erHy B J0YEPHEM I10-
ToMcTBe (Tabs. 3).

Tabnvya 3
PacnpepeneHue 4yacToT annenen u reHoTUNoB
no 6eTa-Ka3em-|y B AOoYepHeM NnoTomMcTee
Tun JloyepHee NOTOMCTBO
leHoTUN Konuuectso pac- YacToTa
o ronos A1A1 A1A2 A2A2 - X2
Marepen . npepe- annenen
maTtepen n =
newan | % n % n % A1 A2
AO «Xonmoropckui nnemsaBon»
H 8 571 6 42,9 0 0
A1A1 14 0,79 | 0,21 1,04
(o] 9 61,7 5 337 0 4,6
H 9 29,0 15 48,4 7 22,6
A1A2 31 0,53 | 047 0,02
(] 9 28,3 15 49,8 7 21,9
H 0 0 5 62,5 3 37,5
A2A2 8 0,31 0,69 5,18
(o] 0 9,8 3 43,0 4 47,3
000 «Arpodupma ,Xonmoropckas“»
H 9 64,3 5 35,7 0 0
A1A1 14 082 | 0,18 0,66
(o] 10 67,5 4 29,3 0 3,2
H 11 36,7 14 46,7 5 16,7
A1A2 30 0,60 | 0,440 0,02
(o] 11 36,0 14 48,0 5 16,0
H 0 0 5 83,3 1 16,7
A2A2 6 042 | 0,58 3,84
(] 0 17,4 3 48,6 2 34,0

MpumeyarHue. H— HaBntogaemoe pacrpefeneHiie reHoTunos; O — OxXuAaemoe pacrnpeseneHue reHoTUnoB.
VcTouHmK: BbinonHeHo H.A. XyaskosoW, N.C. KoxeBHukoBon, M.A. KyapuHow.

Table 3
Distribution of allele and genotype frequencies for beta-casein in offspring
Offspring
Mothers” | Number of Distribution A1A1 A1A2 A2A2 Allele frequency X2
genotype | mothersn t
ype n % | n % | n | % A1 A2
Kholmogorskiy plemzavod
H 8 [571| 6 |429| o 0
A1A1 14 0.79 021 | 1.04
o} 9 [61.7| 5 [337| 0 | 46
H 9 [29.0| 15 | 484 | 7 | 226
A1A2 31 0.53 0.47 | 0.02
o} 9 |283| 15 | 498 7 | 219
H 0 0 5 | 625| 3 | 375
A2A2 8 0.31 069 | 5.18
o} 0 | 98| 3 |430| 4 | 473
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End tabl. 3
Offspring
Mothers” | Number of | . i vion [ A1A1 A1A2 A2A2 | Allele frequency | X2
genotype | mothersn tvpe
yP n | % | n] % | n| % A A2

Agrofirma "Kholmogorskaya”

H 9 64.3 5 35.7 0 0

A1A1 14 0.82 0.18 0.66
o] 10 | 67.5 4 29.3 0 3.2
H 11 | 36.7 | 14 | 46.7 5 16.7

A1A2 30 0.60 0.40 0.02
0] 11 | 36.0 14 | 48.0 5 16.0
H 0 0 5 83.3 1 16.7

A2A2 6 0.42 0.58 3.84
(o] 0 17.4 3 48.6 2 34.0

Note. H— observed distribution of genotypes; O — expected distribution of genotypes.
Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.

B 06oux cTazax Hab/omaeTcst JOMUHUPOBaHMe anjiesns Al, 4To, COOTBETCTBEHHO,
B/IMsIeT Ha HacslefoBaHve Al ajule/lbHbIX BApUAHTOB FeHOTUIIOB, OZJHAKO Yallje BCTpeya-
etcst A1A2 reHoturn. CneioBaTe/IbHO, BEPOSITHOCTh HAC/IeI0BaHUS ajyienss A2 TouepHUM
MOTOMCTBOM CHYJKEHO, UYTO MOXKET IIPUBECTH K YMEHbILIEeHHUIO KOJIM4eCTBa TOMO3UIOTHBIX
ocobetli 10 JaHHOMY aJljIefTio B CTajie.

¥ kopoB c reHotunioMm A2A?2 HabmofaeTcs CMelljeHre TeHeTHYeCKOTO PaBHOBE CHSI
y [IOUepHEro MOTOMCTBA B CTOPOHY eTepO3UrOTHOIO TeHOTHMNa. Takyke IpU CpaBHEHUN
Habr0aeMoro 1 0’KHMiaeMoro pacrpe/iesieHrsi TeHOTUIOB 6eTa-Ka3erHa BUHO, UTO
B CTajax npeoOsiaiaeT caydyaifHOe CKpeljUBaHue.

C 1jesiblo orpe/ieliTh Harboree MepCrieKTUBHBIN FeHOTHIT /1S Aa/ibHellei ce-
NeKIJMOHHOW pabOoThI MPOBe/IeH aHaI3 MOJIOUHOU MPOAYKTUBHOCTH TI0 TTOKa3aTessiM
yziosi, )kvpa 1 6eska B Mosioke 3a 305 [jHeli 1epBoii TaKTaLy KPYTTHOIO POTaToro CKOThI
XOJIMOTOPCKOM TIOPO/IbI B IBYX TMOKOJIeHUsIX Ha 6a3e AO «X0IMOTOpPCKHI Ti1eM3aBo/»
1 OO0 «Arpodupma ,, Xoamoropckasi“». 13 103 rap )KUBOTHBIX C pa3/IMYHbIMU reHO-
TUTNAMH, UCTIOMb3Ys1 KPUTEPUId BKJTIOUEHHS (3aKOHUEHHas! repBast JlaKTalusi KOpOB U UX
Jl0uepHero IoTOMCTBa, Ha/IM4yKe JaHHBIX 110 [I0Ka3are/siM MOJIOYHOW PO yKTUBHOCTH
3a 305 AHeli TIepBOM JIaKTalluy y KPOB U UX [JOYepHero MoToMCTBa), oToOpanu 66 map
KODOB U MX [J0UePHero oToMCTBa (Tabsm. 4).

Tabnvya 4

Mono4Has NpoayKTUBHOCTb KopoB 3a 305 AHel nepBoi NnaKTaLuu Npu pacnpegeneHnm
reHoTUNoB No 6eTa-KasenHy

Matepu Jloyepun Bcero

leHOTUN | KonuuecTBo . Konuuectso . Konuuecteo .
Ypon, kr Ypon, kr Ypon, Kr
ronos n ronos n ronos n

AO «XonMoropckui nnemsasof»

A1A1 5 5660 + 440 5 5743 + 653 10 5701 + 394
ATA2 16 6065 + 136 17 5639 + 186 33 5846 + 122
A2A2 5 6094 + 138 4 5365+ 312 9 5770 +199
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OKoHYaHWe Tabr. 4

Matepu Joyepun Bcero
leHoTvn | Konnuectso . KonuuectBo . Konuuecteo .
ronos n YRow, kr ronos n YRow, kr ronos n YAow, kr
Bcero 26 5993 + 126 26 5617 + 183 52 5805 + 114
000 «Arpo¢dupma ,Xonmoropckas“»
A1A1 11 4705 £ 151 18 5172 £ 212 29 4995 + 150
A1A2 26 4746 £ 120 17 5386 + 274 43 4999 + 139
A2A2 3 4950 * 65 5 4843 + 339 8 4883+ 214
Bcero 40 4750 + 89 40 5222 + 159 80 4986 + 95

VcToYHmK: BbinonHeHo H.A. Xyasakosom, W.C. KoxeBHukoBon, M.A. KyapuHon.

Table 4

Milk productivity of cows for 305 days of the first lactation with the distribution
of genotypes by beta-casein

Mothers Daughters Total
Genotype
Number o Number . Number .
of animals n Milk yield, kg of animals n Milk yield, kg of animals n Milk yield, kg
Kholmogorskiy plemzavod
A1A1 5 5660 * 440 5 5743 £ 653 10 5701 +394
A1A2 16 6065 + 136 17 5639 + 186 33 5846 + 122
A2A2 5 6094 1+ 138 4 5365+312 9 57701199
Total 26 5993 +126 26 5617 £ 183 52 5805+114
Agrofirma "Kholmogorskaya”
A1A1 11 47051151 18 5172+212 29 4995+ 150
A1A2 26 4746 120 17 5386 +274 43 4999 + 139
A2A2 3 4950 + 65 5 4843+ 339 8 48831214
Total 40 4750 + 89 40 5222 +159 80 4986 + 95

Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.

B AO «Xonmmoropckuii rjieM3aBo/i» BbISIBUIM 26 Tlap KOPOB XOJIMOTOPCKOM TIOpO-
Ibl. B cpegHeM 1o jlakTaluu OT KOPOB BCeX TeHOTUIIOB U TTOKOIeHU HaZjoeHo 5805 Kr
MOJIOKa, TIPU 3TOM Y7[0M KOPOB-MaTepeii Obu1 Bhillle Ha 188 K. B cpesiHeM 1o reHOTHTIaM
T0KasareJb I10 Y010 He3HAUUTe/ILHO BhIlle Y KOPOB C reHOTUIIOB A1A2, ofiHaKo cpefu
Marepeii Harboee BBICOKUI U TTPAKTUUYeCKH PABHBIN TTOKa3aTe/lb UMEeIOT KOPOBHI C Te-
HoturioM A2A2 v A1A2, a cpegu fodyepHero motoMctBa— A1A1 u A1A2.

[Ipu cpaBHEHMM KOPOB B IByX ITOKOJIEHUSIX OJHOT'O U TOTO JKe TeHOTUIIa BUJHO, UTO
KOPOBBI U3 I'PYIIIBI JOUepPHEro OTOMCTBA C reHOTUNIOM A1A1 rpeB30LUIA aHA/IOTOB
Y3 rpyNIbl MaTepel 1o yAot0 Ha 84 kr, ¢ reHotunioM A1A2 yctynuau Ha 426 KT, ¢ re-
HOTUIIOM A2A2 yCcTynuiu Ha 729 Kr.
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B OO0 «Arpodupma ,,Xonmmoropckas“» otoopanu 40 rmap KOpoB X0JIMOTOPCKOM
nopoasl. B cpegHeM mo fakTaluy OT KOPOB BCEX TeHOTUTIOB U MOKOJIEHUM HaJl0eHO
4986 Kr MOJI0Ka, TP 3TOM Y701 /IouepHero rMoTOMCTBA ObUT BhIIIe Ha 236 KT. B cpeHem
T10 FeHOTHUIIaM T0Ka3aTesib T0 Y00 He3HAUUTEeTBHO BhILle Y KOPOB C TeHOTUrioM A1A2,
OJHAKO Cpeid MaTepeit Haubosiee BHICOKHIM TTOKa3aTe/lb UMEIOT KOPOBBI C TEHOTUTIOM
A2A2, a cpegu mouepHero rmoroMcrea — A1A2.

[Ipu cpaBHEHMM KOPOB B IByX ITOKOJIEHUSIX OFHOI'O U TOTO JKe TeHOTUIIa BUJHO, UTO
KOPOBBI U3 I'PYIIIIbI JOUepHero NoToMCTBa C reHOoTUNoM A1AT1 npeB30LLIM aHa/IOTOB
W3 CPYIILI MaTepei 110 /010 Ha 467 Kr, ¢ reHoTUriom A1A2 — Ha 640 Kr, C TeHOTUTIOM
A2A2 ycrynunm Ha 107 Kr.

Hamu Takke npoaHanv3vpoBaHa MOJIOUHasi MPOAYKTUBHOCT M0 MepPBOM JIaKTaL[u1
y JOUepei-KopoB C pa3HbIMH FeHOTHUTIaMU TeHa OeTa-KaseuHa (Tabi. 5).

Tabvua 5

XapakTepucTuka MONIOYHOIN NpoayKTUBHOCTU 3a 305 AHell NepBoil naKTauum
npv pacnpeaeneHny reHoTUNoB no 6eTa-KkasenmHy B Jo4epHEM NOTOMCTBE

Konu- . Konu-
Ypon Konu-
FeHoTun | leHoTun 4ecTBO Mokasa- o o yecTBO
3a 305 gH XXup,% Bbenok,% 4yecTBO
maTtepm Aoyepu ronos Tenb 6enka,
. no1n,kKr XUpa, Kr
Aoyepent n Kr
AO «XonMoropckui nnemsasopn»
M 5423 3,56 3,03 193 164
A1A1 1
m - - - — -
A1A1
M 5884 3,46 2,96 204 174
A1A2 4
m 404 0,18 0,11 6 5
M 5823 3,78 3,20 220 186
A1A1 4
m 811 0,21 0,06 27 25
M 5692 3,61* 3,14 206* 179
A1A2 A1A2 10
m 247 0,11 0,05 9 7
M 5596 4,19* 3,34 234~ 187
A2A2 2
m 239 0,16 0,10 1 2
M 5136 3,87 3,26 199 167
A1A2 3
m 160 0,08 0,04 8 4
A2A2
M 5135 3,61 3,28 185 168
A2A2 2
m 528 0,15 0,03 27 19
000 «Arpo¢gupma ,Xonmoropckas“»
M 4867 3,67 2,99 179 145
A1A1 8
m 318 0,06 0,06 11 8
A1A1
M 4953 3,67 3,06 182 151
A1A2 3
m 387 0,10 0,11 9 10
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OKoHYaHWe Tabs1. 5

Konu- . Konu-
Ypon Konu-
FeHoTun | leHoTun 4ecTBO MNokasa- o o yecTBO
3a 305 gH YXup,% benok,% yecTBO
MaTepu Aouepu ronos Tenb 6enka,
. no1n,Kr XuUpa, Kr
Aouepeii n Kr
M 5416 3,61 3,09 195 168
ATAT 10 m 261 0,07 0,04 11 7
158
ATA2 ATA2 11 M 5010 3,74 3,16 187
m 191 0,10 0,06 8 6
M 4843 3,63 3,04 176 147
A2A2 5
m 339 0,11 0,09 13 10
M 7197 3,45 3,02 248 217
A2A2 ATA2 3 m 660 0,07 0,07 20 18
lpumeyvaHne. Pasnudne ooctoBepHbl *p < 0,05.
McToyHmK: BbinonHeHo H.A. Xyasakosom, U.C. KoxesHukoBon, M.A. KyapuHon.
Table 5
Characteristics of milk production for 305 days of the first lactation with
the distribution of genotypes for beta-casein in the offspring
Milk yield Amount
Mother’s . Number of for 305 o Amount .
Daughter’s Index N Fat, % . of protein,
genotype daughters n days, 1 liter, Protein, % | of fat, kg
genotype kg kg
Kholmogorskiy plemzavod
M 5423 3.56 3.03 193 164
A1A1 1
m — — — — —
A1A1
M 5884 3.46 2.96 204 174
A1A2 4
m 404 0.18 0.11 6 5
M 5823 3.78 3.20 220 186
A1A1 4
m 811 0.21 0.06 27 25
M 5692 3.61* 3.14 206* 179
A1A2 A1A2 10
m 247 0.11 0.05 9 7
M 5596 4.19% 3.34 234~ 187
A2A2 2
m 239 0.16 0.10 1 2
M 5136 3.87 3.26 199 167
A1A2 3
m 160 0.08 0.04 8 4
A2A2
M 5135 3.61 3.28 185 168
A2A2 2
m 528 0.15 0.03 27 19
Agrofirma "Kholmogorskaya”
M 4867 3.67 2.99 179 145
A1A1 8
m 318 0.06 0.06 11 8
A1A1
M 4953 3.67 3.06 182 151
A1A2 3
m 387 0.10 0.11 9 10
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Ending tabl. 5
Milk yield Amount
Mother’s . Number of for 305 o Amount -
Daughter’s Index : Fat, % o of protein,
genotype daughters n days, 1 liter, Protein, % | of fat, kg
genotype kg kg
M 5416 3.61 3.09 195 168
A1A1 10
m 261 0.07 0.04 11 7
M 5010 3.74 3.16 187 158
A1A2 A1A2 11
m 191 0.10 0.06 8 6
M 4843 3.63 3.04 176 147
A2A2 5
m 339 0.11 0.09 13 10
M 7197 3.45 3.02 248 217
A2A2 A1A2 3
m 660 0.07 0.07 20 18

Note: the difference is reliable *p < 0.05.
Source: compiled by N.A. Khudyakova, I.S. Kozhevnikova, M.A. Kudrina.

B AO «Xonmoropckuii niemM3aBo» aHaJu3 pe3y/IbTaToB BeJIMUMHbI yaoeB 3a 305
[THel 1epBoM JIaKTaLUY TT0Ka3asl, YTO HauOOoJbIyI0 MPOAYKTUBHOCTE UMEIOT JJ0Uepr
¢ reHotuniom A1A2 ot kopoB ¢ reHoTUrnIoM A1A1—>5884 Kr u jouepu C TeHOTUIIOM
A1A1 ot xopoB c reHoturnioM A1A2—5823 kr. OgHako Mo KaueCTBEHHOMY COCTaBy
MOJIOKA HauBBICIIIHE [T0Ka3aTesly Mo MacCOBOM /1071e >Kupa U Oeska, KOlMueCTBy MOJIOU-
HOTO Kupa 1 6elka UMeIOT ZIoUepH C TeHOTHIIoM A2A2 oT KOpOB C reHOTHIIOM A1A?2.

B 00O «Arpo¢upma ,,Xommoropckasi“» HavBbICILIW [TOKa3aTesb 110 Y010 UMEeI0T
nouepu ¢ reHoTUnioM A1A2 ot kopoB c reHoTunoMm A2A2—7197 kr. I1o maccoBoii fone
»K¥pa 1 6enka HauOOJBIINIA TTOKa3aTe/ib UMEeIOT jouepy ¢ reHOTUTIoM A1A2 oT KOpoB
c reHotunioM A1A2—3,74 u 3,16 % cootBeTcTBeHHO. Hanbobiiee KOIMYeCTBO >KUpa
1 Geslka UMeIOT iouepy C reHOTUTIoM A1A2 OT KOpOB C TeHOTHIIOM A2A2.

Kopogsi c renotunom A1A2, Kak B CpeZiHEM 110 BEIOOPKe B /IByX XO3SIMCTBaX, Tak
U TIO TIOKOJIEHUSIM B OCHOBHOM OT/IMYatOTCs 60siee BLICOKUM yaoeM. CriejoBaTesibHO,
TIPU MCTIOIb30BaHUU B TI0A00pe map KOpoB ¢ reHoTuroM A1A2 u A2A2 BepOSITHOCTb
nepeziauu asvienss A2 gouyepHeMy IOTOMCTBY J0CTaTOYHO Be/IMKa, KaK U y/ayulleHue
KayeCTBEHHOI'0 COCTaBa MOJIOKaA.

3akoyeHue

Takum 06pa3om, [/t TPOM3BO/CTBA BLICOKOKAUeCTBEHHOM MOJIOUHOM MPOAYKLIAN
1 3¢ peKTUBHOTO BeJieHHs CesIeKIIMOHHBIX PaboT B X03s1iCTBaX HEOOXOAUMO YBETMUUTh
KOJTMYeCTBO JKUBOTHBIX, HECYIIUX reHOTUN A2A2. B u3ydaembIxX CTafjax HaO/Ir0gan0Ch
JOMUHMpPOBaHHe ayuiesist Al v ipeo6siajaHue KOPOB C TeTepO3UTOTHBIM reHoTUrioM A1A2.
B cpegHem B xo3siticTBax 3a 305 AHel nepBoy JaKTaliui KOPOBBI, HECYII[e TeHOTHIIBI
C a/utesibHbIM BapriaHToM A2 (A1A2 u A2A2), 06/1a1at0T HAaUBBICIIIMMU TI0Ka3aTe/IIMH
T10 KaueCTBEHHOMY M KOJIMYeCTBEHHOMY COCTaBy MOJIOKA.
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OueHKa reMaToiorMyeckKmx napamMeTpoB Yy Kowek
¢ NMMOMOM KULLEYHUKA

A.B.TonuapoBa , T.K. ArabaeBa ™ B.A.Kocrbuies

MocCKOBCKasi roCylapCTBeHHasl akaZleMUsl BeTepUHAPHON MeJULIUHBI K OUOTeXHOIOTH —
MBA nmenu K.U. Ckpsibuna, Mockea, Pocculickas ®edepayus
P tanya-atabaeva@yandex.ru

AnHoTanus. Jlumpoma KuileyHrKa — Haubosiee paclipoCcTpaHeHHOe OIyxo/eBoe 3abo/ieBaHue THILe-
BapUTe/ILHOTO KaHasia y KollleK. XapaKTepu3yeTcs TSDKe/IbIM TeueHHeM U C/1abbIM OTBETOM Ha XMUMHOTEPaIIHIo.
TTocKo/BKY 3Ta OIyX0J/Ib UMeeT 00111e KJIMHUUeCKHe 1 Y/IETPa3BYKOBbIe XapaKTePUCTUKU C BOCIIA/IUTe/IbHBIMU
3a00/1€BaHUSAMY KUILIEYHHKA, TOCTaHOBKA /JMarHo3a sIBJISIeTCSl CI0KHOM 3a/jaueii ¥ TpebyeT pa3nuuHbIX MeTo-
JIOB IMAarHOCTHUKY, BKJIIOUast aHa/Iu3bl KpoBU. Llesnb Mcciej0BaHNsI — OLIEHUTh FeMaTo/Iornueckye rapamMeTpsl
y KOIIeK C TUM(OMON KHlleqHHKa. [I1arHo3 noATBepAU/IN C MOMOILbIO L{UTOIOTMUeCKUX U IMCTO/IOrYe CKUX
ucciefoBaHuid. OOBbEKTOM MCC/Ie/JOBaHUH SIB/IS/INCH KOILIKH Pa3/IMYHBIX MOPoJ, (20 )KUBOTHBIX), Pa3/IMUHbIX
TIOJIOBBIX ¥ BO3PACTHBIX I'PYIII. BceM )KMBOTHBIM MPOBOJMIOCH KIIMHUYECKOe 00C/IejoBaHue 110 0OLeNpUHSATOM
MEeTO/IMKe, Y/IbTpacoOHOrpadruecKoe Uccie0BaHre OPIOLIHON MO/I0CTH, FeMaToIoOrMyeCcKHe UCCIe/[0BaHusl.
C noMO1L[BI0 TIOC/IEAHUX YCTAaHOBH/IM, UTO OTCYTCTBYET CBSI3b MEXAY CTajueli 3a00/1eBaHUs U MOKa3aTensiMU
KpOBU. BbIsiB/IeHO, UTO TlepBast CTaJyst He CONPOBOXK/a/Iach N3MeHeHUsIMU I'eMaTo/IOrMueckx Iokasaresiei,
BTOpasi CTa sl XapaKTepr30Ba/lach MOBBILIEHHeM KOHLIEHTpallui MoueBUHSI (15,9 + 7,9 MMOJIB/T), TPeThbs CTafust
compoBoykaanack noseienreM AJIT (115,6 £ 120,7 E[1/m) u ACT (97 £ 96,1 E/I/n), yeTBepTasi — JIeMKOL[UTOB
(19,4 £ 18,96), ACT (134,6 + 242), mouepunsi (18,5 + 20,1) u kpeatnnuHa (239, 8+ 257,1). [ToBbIlIeHIe MOX-
HO OXapaKTepH30BaTh KaK yMepeHHOe U ero MPOUCXOKeHNe BeposiTHee BCero CBsI3aHO C IPOrpeCCUPYIOLUM
pa3pylleHHeM MBIIIeYHOW MacChl, HaJIMYHMeM COMYTCTBYIOIIMX 3a60/1eBaHNM, HO He C OMyXO0JIeBbIM POCTOM,
3a UCKJIFOUEeHHeM yBeJIMUeHHUs] B KDOBH IyJ1a JIEHKOLIUTOB, UTO MOXKET OOBsICHATHCS TOBBILIIEHHOW OTPEOHOCTHIO
opraHusMma K (arorurosy.
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Evaluation of hematological parameters
in cats with intestinal lymphoma

Anna V. Goncharova ', Tatiana K. Atabaeva 'g, Vladislav A. Kostylev

Moscow State Academy of Veterinary Medicine and Biotechnology named after K.I. Skryabin,
Moscow, Russian Federation
DX tanya-atabaeva@yandex.ru

Abstract. Nowadays intestinal lymphoma is considered to be the most common tumor of alimentary tract
in cats. The disease is characterized by severe course and poor response to chemotherapy. Since this tumor
shares clinical and ultrasound characteristics with inflammatory bowel disease, the diagnosis is challenging
and requires a variety of diagnostic modalities, including blood tests. Thus, the purpose of the research was
to evaluate hematological parameters of cats with intestinal lymphoma. The diagnosis was confirmed using
cytological and histological examinations. The objects of the research were cats of various breeds (20 animals
in total), various sex and age groups. All animals underwent a clinical examination using standard methods,
ultrasonographic examination of the abdominal cavity, and hematological studies. It was established that
there was no correlation between disease stage and blood parameters. It was found that the first stage was not
accompanied by changes in hematological parameters, the second stage was characterized by an increase in urea
concentration (15.9+7.9 mmol/l), the third stage was accompanied by an increase in ALT (115.6 + 120.7 U/l)
and AST (97+96.1 U/l), fourth stage was characterized by an increase in leukocytes (19.4 + 18.96), AST
(134.6£242), urea (18.5 + 20.1) and creatinine (239.8 + 257.1). The level of the blood parameters’ increase can
be characterized as moderate and its origin is associated with progressive destruction of muscle mass, presence
of concomitant diseases, but not with the tumor growth. The exception is an increased content of leukocytes in
the blood, which can be explained by the body’s increased need for phagocytosis.

Key words: intestinal neoplasm, intestinal tumor, alimentary lymphoma, intestinal neoplasia, gastrointestinal
neoplasms, hematology, blood tests, laboratory diagnostics, chronic enteropathy, veterinary oncology
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BeeneHue

3HaueHve TabOpaTOPHOU AUArHOCTUKY TIPU OITyX0JIEBbIX 3a00/1eBaHHUSIX Y )KUBOTHBIX
npuobpeTaeT 0CcoOyI0 aKTyaTbHOCTh BBU/TY CJIOKHOTO M MHBa3UBHOTO BMellaTeIbCTBa
TIpY BbITIOSTHEeHUU Ouoricuu [1, 2]. B niaHe paHHel JuarHOCTUKY 3aboeBaHUid BHY-
TPEHHUX OPTaHOB Ba)XKHOE 3HAUEeHHE UMeeT U3yueHre OMOXUMHUEeCKUX U 0OILeK/TMHU-
YyeCKHX MoKa3artesield KpoBu. B CBsi3u ¢ 3TUM, OO/BIIION UHTEpeC Mpe/CTaB/IsieT OLleHKa
COBOKYITHOCTH KJIETOUHOTO COCTaBa KPOBH, SPUTPOLIUTAPHBIX UH/I€KCOB, (hePMEHTOB,
MIPOAYKTOB 0OMeHa kupa, 6esika, yI/ieBofIOB, a TAaK)Ke 371eKTPoanToB [3].

B poccwuiickoii u 3apybeKHOM TuTepaType MpakTUYeCKH OTCYTCTBYIOT 000011eHHbIe
CBeZIeHUsI O TeMaTo/I0TMYeCKOr KapTUHE MPU OMyX0JIEBOM POCTE, B T.U. B KMILIEYHUKE
y Koiiek. He omuicaHbl M3MeHeHHs: B KDOBH Y KOIIIeK € TMM(OMOI KUIlleUHUKA Ha Pa3HbIX
sTarnax pocra [4, 5]. UmetoTcs dparmeHTapHble CBe/leHUs], Kacaloluecs U3MeHeHU
B KPOBHU Y YKUBOTHBIX TIPU OITyXO/IM MOJIOYHOM >KeJie3bl, IePBUUHBIX U BTOPUUHBIX OMYy-
XOJISIX TPY/IHOM TI0/I0CTH, TlapaHeoTljlaCTHUeCKOM CUHipome [6, 7]. VI3 MeauiuHCKOM
JIUTEpaTypbl U3BECTHO, UTO NPU B-K1eTouHOM 1 XOMKKUHCKOM TUM(oMax HabmoaaroT
MperMyI1leCTBEHHO U3MeHeHHe KJIeTOUHOr0 COCTaBa KPOBH, MPY 3TOM, aBTOPbI YKa3bl-
BalOT, UTO 3TH U3MeHeHUs SIBJISIFOTCS TVIOXUM MPOTrHOCTUUe CKUM (hakTopom [8, 9].

B cBs13u C BbIILIEN3/I0)KEHHBIM, I1e/Ib HCC/Ie0BaHMUs — OLIeHKA reMaTo/I0ruueCKUx
rapaMeTpOB Y KOIlleK ¢ TMM(OMOI KUIlIeUHHKA Ha OCHOBAHUH BbISIBJIEHHBIX Y/IbTPa3By-
KOBBIX U3MeHEeHU, XapaKTepU3yrIux 00beM OIyX0/IeBOM MacChI.

Matepuanbl U MeToAbl UCCNeA0BaHUSA

Pa6orta BbITio/iHeHa Ha Kadejpe BeTepUHAapHOUM XUPYpPriy MOCKOBCKOM rOCyapCTBeH-
HOM aKaJIeMUM BeTepHUHAPHOM MeUIMHBI U OroTexHomoru — MBA umenn K.U. CKkpsibrHa
1 Ha Oa3e BeTeprHApHOTO I]eHTpa «/JokTop Xar» B iepuof ¢ 2021 mo 2023 . O6beKTaMu
MCCIeJOBaHUM SIB/ISTUCH 20 KOLeK C KTMHUYeCKMMU TIPU3HAKaMU pacCTPOMCTBA (PyHKIMI
TMUILLeBaPUTE/THHOM CUCTeMbl. KoLK ObUTH pa3/iMuHbIX TIOPOJ, BEC HaXOAW/ICS B Avara-
30He ot 2700 mo 3100 r, Bo3pacT »xUBOTHBIX — OT 1 roga zio 19 net. Takas Bo3pacTHast
BapuaLus ObUIa cieicTBreM oOpallleHus 3a BeTepUHAPHOU TIOMOLL[BIO Ha Pa3HBIX CTau-
SIX TIOP@KEeHUsI OITyXO0JIbI0 KUIIIeYHHKA U JIMM(OY3/I0B, COOTBETCTBEHHO, Habmozanach
KOppeJISILUs MeX/y BO3PaCTOM >XMUBOTHOTO 1 00beMOM OITyX0JIEBOTO POCTa U Ha OCHO-
BaHUM 3TOr0 ObUTH chOpMHUPOBaHBI rpymmbl: 1 rpymma (1-5 1eT) — xapakTepr30Baach
YTOJLLEHUEM CTeHKU TOHKOM KUIIKM OT 2,1 10 2,7 MM U yTO/ILLEHUEM MOACIU3UCTOrO
VI MBILLIEYHOT'O CJI0€eB; 2-5 rpymma (6—10 j1eT) — yToieHreM CTeHKU TOHKOW KUIIKH
ot 2,8 o 3,5 MM, yTO/TIIIeHUeM MOACIU3UCTOrO W/WIN MBIIIEYHOTO C/T0EB, HAPYIIIEHUEeM
nepyucTanbTUky; 3-s rpyrma (11-15 ieT) — yTosiijeHreM CTeHKU TOHKOW KHUIIKH OT 3,6
[0 4,5 MM, yTO/IIIEHHEM MTO[C/TU3UCTOTO /WK MBILLIEYHOTO C/I0eB, YaCTUYHOM MoTepei
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IddepeHLaLyiei cj10eB, HeOJHOPOAHOW 3XOCTPYKTYPOU U MOBBILLIEHHOW 3XOT€HHOCThE)
CTeHOK, HeOZJHOPOAHOCTHIO IMM(aTHUeCKUX y3/10B; 4-s1 rpymmna (16—19 siet) — yToieHu-
€M CTeHKH TOHKOM KUIIKu boree 4,5 M, fedopMaliyieil MpoCBeTa KUIIKH, YBeJTMdeHHeM
nmumdaTHUecKUx y3/10B, HaMUKMeM CBOOOJHOM >KUJKOCTH.

Bce »xuBOTHBIe ObLTM KaCTPUPOBaHbI B PAHHEM BO3DPacTe, YC/I0BYsI KOPMJIEHHS U COZep-
KaHust ObUTH cXOHBIMU. T1pu 3TOM, OBITH UCK/TFOUEHbI XPOHUUECKHe BUPYCHbIe HH(EKLMH.

BceM >KUBOTHBIM OBIJIO TIPOBEZIEHO K/IMHUUECKOe 00c/ie/joBaHue T10 OOIIeNPHUHATON
MeTO/IMKe, Y/bTPa3ByKOBOe MCC/IeZ0oBaHKe OPIOIIHOM TT0/I0CTH Ha arimaparax Mindray
DC-60, Mindray DC-90 Vet u LOGIQ F6, nmuHeliHbIMU ¥ MUKDOKOHBEKCHBIMU /1aTUU-
kKamu (7...12 MI'1]), remaTo/ioruuecKue, IUTOIOrHUeCKre U TUCTO/I0TuuecKue ucce-
JIOBaHUSI TTIOPa>KeHHOW TKaHU KUIIIeYHHKA. Takyke ObUIM BBITIOIHEHBI SKCTIPeCC-TeCThbI
Ha BUPYCHbIe HH(EeKLUU /151 BepU(PUKAL[UU JUarH03a, UCIO0Ib30BaluCh TaKhe MeTOZbI
Kak TP (monvumepasHas LenHas peakuus) 1 UXA (MMMyHOXpomarorpaguyeckuil
aHanm3). OKoOHYaTe/IbHbIM AUAarHo3 KOLIKaM CTaBU/IM C TIOMOLBIO LIUTOJIOrMYECKOro
WCC/Ie/IOBaHUSI M3MEHEHHOTO yuacTKa KUIIIeYHWKa U iuMdoy310B. Marepuasn ObL1 mo-
Jy4eH B X0/je TOHKOUTOJIbHOM OHOTICHH, TTPOBeieHHO# o7 KoHTposieM Y 3. O6pasiibi
MOMeLLa/Ii Ha CTePUIbHOE CTEK/I0, PUKCUPOBaIX, OKpallvBaau no PoMaHOBCKOMY —
I'mM3e, MUKPOCKOTIMPOBA/IU pu yBenndeHun 900x%.

[IpoBeneHa o1leHKa CpeIHUX TlapamMeTphl BEIOOPOK. JI/1st aHam3a HaMU MOy YeHbI
MaJibie BbIOODKH, C/ie[JoBaTe/IbHO, UTOObI MOATBEPANTD CTaTUCTUUECKYIO JOCTOBEPHOCTD
Pas3/Iumsi CPeJHUX XapaKTePHUCTHUK BIOOPOK MCITO/Ib30Ba/ICs HellapaMeTPUIeCKU KpUTepHit
Kpackena— Yomnica, € TOMOLLBIO KOTOPOIO MbI [IPOBEPU/IV TUITIOTe3Y O TOM, UTO 3HAUEHUsI
HeCKOJIbKUX COBOKYITHOCTeH, 13 KOTOPBIX M3B/IeueHbI CPaBHHBaeMble He3aBHCHMBbIe BEIOOPKHY,
OT/IMYArOTCA ApYT OT Apyra. PacyeTs! rpoBeieHs! B iporpaMMe SPSS Statistics 27.

PesynbTaTbl UCCnefoBaHUi U 06CyXKaeHne

[Toka3areny o01Iero KIMMHUYeCKOro UCC/IeI0BaHMsl KPOBU y KOLlleK TPy TuM¢o-
Me TIpuBeZieHbl B Ta0/1. 1: Ha 4- CTaJiuu CpeJHUH TT0Ka3aTe/lb JIEHKOIIUTOB COCTaBUJI
19,4 £5,2 x 10%/n. Takoi ypoBeHb IOBBIIIEHHS JTEUKOLIUTOB, TI0 JAHHBIM JTUTEPATYPHI,
XapaKTepr3yeTcsl KaK YMePeHHbIN 1 He yKa3bIBaeT Ha MaTo/10ruueCcKUid TIPoLiecC B KOH-
KPeTHOW TKaHU W/IU OpraHe.

Tabvya 1

MokasaTenu o6LLEro KIIMHMYECKOro UCCNeA0BaHMSA KPOBU Y KOLLEK
¢ NMMbOMOIN KULLEYHMKA Ha pasHbIX CTagusaX

Moka3zaTenb PedepencHble 1-a cTagmsa 2-a cTagusa 3-a cTagusa 4-a cTagusa
3HayeHus
Jlenwouurel, 5,5..19,5 9714 12,5+2,4 12,45 + 2,37 194+5,2
KonuyectBo x 10°/n
FeMorno6uH, r/n 85,0..182,0 138,0+4,2 112,0£27,0 119,085 1182+7,7
FemaToKkpuT, r/n 26,0..61,0 39916 323+94 345+22 35724
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OKkoHYaHwe Tabr. 1

MokasaTenb PedepencHbie 1-a cTtagusa 2-9 cTagus 3-a cTagua 4-a ctapusa
3HayveHusa
3pUTpouUTbI,
KonM4ecTBo x10'2/n 4,60..12,18 10,18 £ 0,61 71%1,2 8,6+0,6 8,4+0,78
Cpeauuii oGvewm 38,0..54,0 396+23 445158 39,9+ 1,01 41,1£28
aputpouuta (MCV)
CpegaHee
cofiepXaHue 11,8..19,7 13,7+0,8 15,6 £1,2 13,9+0,48 14,5 + 0,51
remorno6utHa (MCH)
CpepHANA KOHLUEeH-
Tpauus reMornoém- 33,0...360,0 346,8 £ 6,3 352,5+18,5 345,6 £ 5,84 337,5%5,2
Ha (MCHC)
Hewtpodunbl,% 3,12..12,58 17,9+123 96126 7,97 +2,89 9,16 + 1,55
NumoounTbl,% 0,73..7,86 29104 2,17 £ 0,39 1,9+0,3 2,26 + 0,54
MoHouuTbl,% 0,07..1,36 0,31 £ 0,06 0,42+0,17 0,27 +0,12 0,54+0,17
So3uHopUNbI,% 0,06...1,93 0,55+0,12 0,26 £ 0,04 0,92+ 0,49 0,6 £ 0,22
Bbazodunbl,% 0,00..0,12 0 0 0,02 + 0,001 0,01 +0,01
TpomGouuTel, 100,0...730,0 271,2+285 | 393,5+149,5 | 3173+13501 | 3352+36,24
Tbic. (PLT)
[pumeyanme. p = 0,05.
Wetounumk: BbimonHunmn A.B. loH4apoBa, T.K. ATabaeBa, B.A. KocTbines.
Table 1
Indicators of general clinical blood test in cats
with intestinal lymphoma at different stages
Indicator Reference Stage 1 Stage 2 Stage 3 Stage 4
values
Leukocytes, 10°/L 5.5..19.5 9.7+1.4 12.5+2.4 12.45+2.37 19.4+5.2
Hemoglobin, g/L 85.0..182.0 138.0+4.2 112.0+27.0 119.0+8.5 118.2+7.7
Hematocrit, g/L 26.0...61.0 399+1.6 323+94 345+22 357124
Erythrocytes, 10'%/L 4.60..12.18 10.18 £ 0.61 7.1+1.2 8.6+0.6 8.4+0.78
Mean corpuscular volume 38.0..54.0 39.6+2.3 445+58 | 39.9:1.01 | 41.1:28
(Mcv)
Mean corpuscular
hemoglobin (MCH) 11.8..19.7 13.7+0.8 15.6+1.2 13.9+0.48 14.5 £ 0.51
Mean corpuscular
hemoglobin concentration 33.0...360.0 346.8+6.3 352.5+18.5 345.6+5.84 337.5+5.2
(MCHC)
Neutrophils,% 3.12..12.58 1791123 9.6+26 7.97+£2.89 9.16£1.55
Lymphocytes,% 0.73..7.86 29+04 2.17+0.39 19+0.3 226+0.54
Monocytes,% 0.07..1.36 0.31+0.06 0.42+0.17 0.27+0.12 0.54+0.17
Eosinophils,% 0.06...1.93 0.55+0.12 0.26 +0.04 0.92+0.49 0.6+0.22
Basophils,% 0.00..0.12 0 0 0.02+0.001 0.01+0.01
(I,"L'T‘;mb“"tes' thousand | 3060 7300 | 27124285 | 3935:1495 | 317.3+13501 | 335243624

Note. p = 0.05.

Source: completed by A.V. Goncharova, TK. Atabaeva, V.A. Kostylev.
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[Toka3zarem 6MOXUMIUECKOTO UCC/IeI0BaHKsT KPOBH Y KOIIIeK Npy iuMdome (Tabst. 2):
Ha 2-i cTauu Cpe[iHUM MOoKasaTe/lb MOYeBUHBI cocTtaBun 16,0 + 5,6 MMonb/ni; Ha 3-i1 cTa-
iy cpeHA riokasarens AJIT —115,6 + 69,7 EIl/n; ACT —97,0 + 68,0 E]l/n; Ha 4-i1 cTa-
vy cpennyi nokaszarenb ACT — 134,6 + 82,6 El/n; moueBuHa — 20,28 + 6,08 mmons/m;
KpeaTuHvuH — 239,8 + 78,3 MMOJIb/ /1.

Tabnmya 2
Moka3aTenn 6MOXMMMUYECKOro nccnegoBaHma CbiIBOPOTKU KpOBU
Yy KoweK C JWIMCI)OMOI7I KUeYyHUKa Ha pa3HbIX CTaguax
Moka3zaTenb PedepetcHbie 1-a cTagmsa 2-a cTapgusa 3-a cTagusa 4-q cTagusa
3HauyeHus

ANT, EQ/n 22,0..84,0 61,0+5,0 67,5+18,5 115,6 £ 69,7 60,3+12,7
ACT, EOQ/n 18,0..51,0 258+1,9 31,050 97,0+ 68,0 134,6+82,6
06wuin 6enok, r/n 57,0..78,0 71,8%+1,6 69,5+9,5 63,3+2,6 62,15+2,71
06Lmit 6GUNUPY6UH,
MKMOMb/ 1 2,0..7,0 3,0+0,04 2010 50+1,0 5,65+1,55
Anb6ymuH, r/n 23,0..35,0 35,8109 345+25 27,0+1,0 53,15+ 27,81
ITT,EQ/n 1,0..10,0 28+1,8 40+1,0 25+15 42+1,1
MoueBuHa,
MMOb/N 6,28..11,71 10,404 16,0+5,6 7,5+0,39 20,28 + 6,08
KpeaTuHuH,
MKMOJIb/ 11 71,0..159,0 130,2%5,6 97,5+14,5 104,6 £ 8,2 239,8+78,3
LLlenoyHasn
docdaraza, E /n 9,0..53,0 454 +3,1 475%35 36,0+45 353%+59
docdoop,
MMonb/n 0,84..1,94 1,34£0,07 1,440,2 1,62+0,04 1,62+0,26
Hatpwia,
MMONb/n 143,0...165,0 150,8+1,9 147,0+5,0 153,01 3,0 150,09 + 1,69
Kanui,
MMonL/n 41..54 3,88+0,15 3910,2 5,05+0,85 3,810,2
Xnop, 107,0..122,0 1158%1,6 116,0+6,0 116,51+ 0,5 117,17 1,42
MMOﬂb/I‘I i ] Q=1 ] -V ™~ =Y, 1] - 1
noKo3a,
MMOnb/N 39..82 4,79 +0,36 7,45+0,95 6,03+£0,13 6,4+0,4

Mpumeyarme. p = 0,05.
McToyHuk: BbinonHunw A.B. foHuapoBa, T.K. ATabaeBa, B.A. KocTbines.
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Table 2

Serum biochemistry parameters in cats with intestinal lymphoma at different stages

Indicator R\e;:;zr;ce Stage 1 Stage 2 Stage 3 Stage 4

ALT, U/L 22.0..84.0 61.0%+5.0 67.5+18.5 115.6 £ 69.7 60.3+12.7
AST, U/L 18.0..51.0 25.8+1.9 31.0%+5.0 97.0+68.0 134.6 +82.6
Total protein, g/L 57.0..78.0 71.8+1.6 69.5+9.5 63.3+2.6 62.15+2.71
Total bilirubin, pmol/L 2.0..7.0 3.0+0.04 2.0%1.0 5.0+1.0 5.65+1.55
Albumin, g/L 23.0..35.0 35.8+0.9 34525 27.0+1.0 53.15+27.81
GGT, U/L 1.0..10.0 2.8+1.8 40%1.0 25+1.5 42+1.1
Urea, mmol/L 6.28..11.71 10.4+0.4 16.0+5.6 7.5+0.39 20.28 +6.08
Creatinine, pmol/L 71.0..159.0 130.2+5.6 97.5+14.5 104.6+8.2 239.8+78.3
Alkaline phosphatase, U/L 9.0..53.0 45.4+3.1 47.5+3.5 36.0+4.5 35.3+5.9
Phosphorus, mmol/L 0.84..1.94 1.34+0.07 1.4+0.2 1.62+0.04 1.62+0.26
Sodium, mmol/L 143.0...165.0 150.8+1.9 147.0+5.0 153.0+3.0 150.09 £ 1.69
Potassium, mmol/L 4.1..5.4 3.88+0.15 3.9+0.2 5.05+0.85 3.810.2
Chloride, mmol/L 107.0..122.0 115.8+1.6 116.0+6.0 116.5+0.5 117.17 £1.42
Glucose, mmol/L 3.9..8.2 4.79+0.36 7.4510.95 6.0310.13 6.4+t0.4

Note. p = 0.05.

Source: completed by A.V. Goncharova, T.K. Atabaeva, V.A. Kostylev.

Pe3y/bTaThl pacueToB HellapameTprUueckoro Kputepusi Kpackesna— Yosnnica v aciM-

MITOTUUECKOW 3HAUMMOCTH /IJIs1 UeThIpeX He3aBUCUMBIX MaJlbIX BBIOOPOK IpPUBeJeHbI
B Tabs1. 3: Takue MOKa3aTe/ I KPOBU Y KOIIIEK C TUM(OMOU KHUILIeUHUKA, KaK ab0yMuH,
MOUEeBHMHa, IVTF0K03a U 6a30(usibl, CTaTUCTHYECKH JOCTOBEDPHO OT/IMUAIOTCS OT YPOBHS
3TUX TOKa3aresel 340pOBbIX KUBOTHBIX. [I/1s1 OCTa/IbHBIX MOKa3aresiel pa3sHuLia Mexy
BbIOOPKAaMH CTaTUCTHUECKH He 3HaulMa, Pa3/IMuusi BO3HUK/IN C/Ty4aiHo.

Tabvya 3

PacuyeTbl HenapameTpuueckoro Kputepusi Kpackena — Yonaunca n aCMMnNToTUYECKOMN
3HAYMMOCTM AJ1S1 YeTbIpex He3aBMCUMbIX MaJibiX BbI6GOPOK

MokasaTenu Kposu H Kpyckana — Yonneca Acumn. 3Hay. (ABYXCTOPOHHSASA)
Bbazodunbl,% 8,809 0,032
Anb6ymuH, r/n 8,848 0,031
MoueBWHa, MMONb/N 7,891 0,048
nioko3a, MMonb/n 9,842 0,020

VeTouHumk: BbinonHunm A.B. FoHuapoBa, T.K. AtabaeBa, B.A. KocTbines.

Table 3

Calculations of nonparametric Kruskal — Wallis test
and asymptotic significance for four independent small samples

Blood indicators H Kruskal — Wallis Asymptotic significance (two-sided)
Basophils,% 8.809 0.032
Albumin, g/L 8.848 0.031
Urea, mmol/L 7.891 0.048

Glucose, mmol/L 9.842 0.020

Source: completed by A.V. Goncharova, T.K. Atabaeva, V.A. Kostylev.
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AnmvenTapHasi iuM¢poMa Yy KOIIeK Mpe/iCTaB/isieT COO0M TPyTIy OIyX0/eBbIX 3a-
OosieBaHM, PU KOTOPBIX B MaTOJIOTMUECKHUH MPOL[eCC BOBIEKAIOTCS pa3Hble OT/(eJIbI
KUILLIEUHMKA, TUM(OY3/bl U OKpY>Karollias )KupoBasi TkaHb [9—11]. Bosbiioit uHTEepec
Trpe/iCTaB/isieT BOSMO)KHOCTb paHHel JMarHOCTUKY OIyX0/1eBOro IpoLjecca Ha OCHO-
BaHWU [JaHHBIX PYTUHHBIX T€MaTo/I0THUYeCKUX UCC/IeJOBaHUM, TAKMX KaK OMOXUMHU-
YyeCKUM U KJIMHUYeCKUM aHanu3bl. OfjHaKo, HEeT /IaHHbIX, M03BOJISIOIINX BbIJIE/UTh
cner@uueckrie U3MeHeHUs NpU IMMQoMax pasHbix Tumnax [12, 13]. Tak, U3 HayuHOro
coobmienus [I.A. Bumbmuc [7] n3BecTHO, uTo yaiije BCero y co0ak U KOIIeK yCTaHaB-
JIMBAIOT aHEMHIO, TPOMOOLIUTOTIEHHIO, TIAHLIUTOTIEHHIO, JIEMKOLIUTO3//IeKOTIeHHIO KaK
KOMIU/IEKC TIPU3HAKOB I1apaHeorlaCTUueCckoro CMHApoMa. [1pu 3ToM Takue u3MeHeHUs!
HaO/TFO/IAI0T Ha MO3AHUX CTa/IUsAX, KOTZA pa3Mep OMyXO0Jid AOCTUTAaeT 3HaUUTeTbHOTO
Y TIPUCYTCTBYIOT MHO>KeCTBEHHbIe MeTacTa3sbl.

H.B. JlenkoBa, A.B. Bosibd [14] onmmchiBarOT 3pUTPOIUTOIIEHNIO, JIEMKOI[ATO3,
nuM¢o1MTO3, a TakKe rnosbilieHHe ypoBHSI ACT 1 MOoueBUHBI NPU aTMMeHTapHOU
AUMQoMe Y KOLIEK.

ITo HaIIMM /JaHHBIM, Y KOLIeK ¢ TMM(OMOM KUIlIeYHHKa HaO/TF0Aaich OTKIIOHEHHUsT
B reMaTo/IOrMueCKrX NapamMmeTpax Mpy JOCT)KeHUU pa3MepoB OMyX0/Ix 3 MM U BOBJieye-
HHY B 11aTO/IOTMUeCKUI MPOLIeCC OKPY’KaroLMX TKaHel. Mbl 3arKcHpoBany MoBbllIeHre
KOHIIeHTparuy MoueBHHbI, KpeatrHrHa, AJIT, ACT, ielikolluTOB. YPOBeHb MOBLIITIEHHS
aKTUBHOCTH ()OPMEHHBIX 3/IeMEHTOB KDOBU — JIEHKOLIUTOB, a TaK)Ke MPOAYKTOB 0OMeHa
Oesika ¥ TPaHCAMKHA3 MO’KHO OXapaKTepH30BaTh Kak yMepeHHbIH. Tak Kak yImuTaHHOCTb
JKMBOTHBIX B MOMEHT OCMOTPa U B3STHS KDOBH Obla 3aMKCHPOBaHa HIKe CpeJHeH,
a CTPYKTYPHBIX U3MeHeHUI BHYTPEHHUX OPraHoB, 3a UCK/IHOUEeHUeM KHUILIeUHUKA U JIM-
¢oy3710B, He ObLIO BLISIB/IEHO, MbI CBSI3bIBA/I M3MEHEHHSI 3THX ITapaMeTpPOB He C OIyXo-
JIeBBIM TPOLIECCOM, a C BO3HUKAIOILel Ha (JOHe BOB/IeUeHUs B MaTOI0rMYeCKU MpoLiecc
OKpY’KaroIlMX TKaHel, Mporpeccrpytolleli orepeii MbllleyHo Macchbl. YTO HaXOAUT
noaTBepKAeHue B paborax V.U. I'puropreBoid, T.A. Packutoii [15]. B pe3ynbrare rpo-
Be/IeHHBIX MCCJIeJOBaHUM Mbl YTOUHW/IM UMeIOLLMeCs B IUTepaType JjaHHble, a TaKKe
TIPOBeJI KOPPEeJISILIMI0 MEX/y pa3MepoM OIMyXO/u U U3MEeHEHUEM TeMaTo/I0rudeCcKruxX
napametpos [11, 16—18].

3ak/itoyeHue

IToka3zaHa CTaTUCTHUYECKast JOCTOBEPHOCTh OT/IMUMSI HEKOTOPBIX ITOKa3aTesiel KpoBHY,
TaKUX KaK a/IbOyMHH, MOUeBHHA, T/TFOK03a ¥ 0a30(H/IbI y KOIIIEeK C Pa3/InUHOMN CTa[uei
3aboneBanus (TuMQoOMa KUIIIEUHHKA) OT aHA/IOTUUHBIX TIOKa3aTesiel 3/10pPOBbIX )KUBOT-
HBIX. JTO MO3BOJISIET MPEATIONKHUTL OTTPe/Ie/IeHHYI0 3aBUCUMOCTD 3THX TOKa3aresiei
oT ctaguu 3aboneBanusi. Ha 2, 3 u 4-i cragusix MM OMBbI KUIIIEYHUKA BbISIBJIEHBI [10-
CTOBepHbIe U3MEHEeHHs TaKUX TTOKa3aTesiell KpOBH Kak asbOyMUH, MOUEBHHA, T/TFOKO3a
1 6a30¢WIbI, UTO MOXKET CBU/IETE/ILCTBOBATH O € CTPYKTHUBHBIX NMOPAKEHUSIX OpraHU3Ma
B 11€JIOM MPU MaCCUBHOM POCTE OITyXOJIA U BOBJIEUEHUH B TIaTOJIOTUYeCKUM TTPOIIeCC
OKPY)KaIOL[MX TKaHeH.
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KOHTpOHb nocTonepauymoHHOro COCToAHNA Kowek
npu OJJ,HOCTOpOHHeVI 06CTpYKLI,VIVI MOYeTOYHUKa

B.A./Tiocr’? ~ = 1.3, MTeiiar" 2

'Poccuiickuii yHUBepCUTeT APY>KObI HapOAOoB, 2. Mockea, Poccutickas ®edepayus
2CeTh BeTepUHAPHBIX KMMHUK «AcaBeT», 2. Mockea, Poccutickas @edepayus
<11142220008@pfur.ru

AnHoTanus. JleueHre 0CTPOH ITOCTPeHaIbHON 00CTPYKIMH MOUETOUHHKA BKJIFOUaeT B Cebsl Kak XUpyp-
rUYecKre METO/UKH C LieJIbl0 pa3pelnTb 00CTPYKLIMIO, TaK M MeJMKaMEeHTO3HOe jleyeHre, KOTOPOe BO MHOTOM
B/IMsieT Ha TIepUo/, BOCCTAaHOB/eHUs NaleHTa. OCHOBHas Lie/lb B [10C/Ie0NepaliOHHbIN TIepuo/, 3aK/I04aeTcst
B CHIDKEeHHH T10Ka3aresielf a30TeMHH y JaHHBIX TTaljeHTOB C TPUMeHeHeM )KHUIKOCTHOH Teparnvy, aHTHONOTH-
KOoTepanuu U anbda 1-aHApeHo610KaTopoB A/is pacc/iab/ieH s I1aJKOMBILIEYHON MYCKY/IaTypbl ypeTpbl. Leb
WCCeJOBaHNSl — U3YUMTh B/IMsIHIE Ha BOCCTaHOB/IEHNe IT0Ka3aTeslel KpOBU MallMeHTOB B II0C/Ie0reparjOHHBbIH
Tepro/ 3aMeHbI B )KUAKOCTHOM Tepamnuu, PaCCYMTAHHOM O hopMysie AeULIMTHOTO U MO/[epP)KUBAIOLIEro 00beMa,
Y4 Bcero o0beMa KpUCTa/IJIOU/IHBIX PACTBOPOB KOJIJIOUZHBIMHU PaCTBOPaMH U I/Ia3MOM KPOBH, a TAK)Ke B/IMSIHUE
yBe/IM4ueHHs1 00beMa OHKOTHUECKOTO JIaB/ieHust Ha 3 (eKTUBHOCTb CHIKeHHs a30TeMnuy. OTOOpaHo 3 IpyTbl
1o 3 naiueHTa C rokasaresisiMu KpeaTuHrHa B ripeziesiax 700...1000 MkMosib/n. BceM rpoBefieHO oriepaTuBHOE
BMeIlIaTe/IbCTBO B BU/le PeHMIIAHTAllMH MOUETOYHHUKOB, KOTOpast pa3pellnia NpuurHy obctpykuun. lanee
B TeueHuie 14 qHeii ocjie orepaTUBHOTO BMeILATeIbCTBA U Ha 3, 5, 7, 14-i feHb OT JaThl Hab/IoAeHUst OTCIe-
JKUBA/IM TIOKa3aTesid KpoBu Ha aHammu3aropax DRI-CHEM NX500 u obiekmuHrnueckom aHaausatope Heska
Element HT5. Bo Bcex rpyrnax CHU3WINCH M0Ka3aTeny a3oteMuu. OHaKo 6bUTH pa3nnuus B 3G QeKTHBHOCTH
cHWKeHus. [TalyeHTsl, Mo/IyYaBIlie KPUCTalJIONJHbIA pacTBop, 1oKa3anu camoe 3¢ (eKTUBHOe CHIKeHHe
a30TeMHH B OTVIMUHE OT Ial{IeHTOB, MOTYYaBILIHX XKHUJIKOCTHYIO Teparuio ¢ 6e/KOBEIMYU BKTIOUeHHsIMH. OfHaKo
JKU/JKOCTHasI Teparvisi C I71a3MOi KPOBH B IIPOTOKOJIe MTOKa3asia UyTh JIyulllee CHIDKEHHe, YeM Ha KOJJIONJHOM
pacTBope. BrIBoAI: Tperaparsl, cofiepykaliiie 6e/IKOBbIe BK/IFOUEHHs], He sIBJISFOTCS NperiapaTaMy BEIOopa B Ciiyvae
KOPPEKLIMH COCTOSIHUS y KOLIEeK IPH 00poKaueCTBeHHOM O[HOCTOPOHHEH 00CTPYKIIMM MOYETOUHHKA.

KnroueBble c10Ba: 1ocieorneparioHHbIN Mepro, a30TeMust, aHa/li3 KPOBH, KOJUIOM/HBIM pacTBop, 1/1asMa,
JKUZKOCTHas! Teparnusi, peraparb! ¢ 6eIKOBBIMU BK/THOUEHHUSIMU

Bku1ap aBTOpoB. Bce aBTOpbI MPUHKMA/M HeIIOCpeCTBEHHOE y4YacTHe B I/IaHMPOBaHUH, BbITIOJIHEHUH UCCTIe-
JIOBaHMS 1 aHa/lu3e pe3y/bTaToB, 03HAKOMJIEHBI C OKOHYATe/IbHOM Bepcuell CTaTby M 000pui ee.
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3asBIeHHe 0 KOH(UIMKTe HHTEePecoB. ABTODHI 3asIB/ISTIOT 00 OTCYTCTBHY KOH(JIMKTa MHTEPECOB.
HVicTopusi crarbu: noctynuna 8 utonst 2024 r., puHsATa K nybivkauuu 9 oktsopst 2024 r.

Jnsa nutupoBanus: Jliocm B.A., Illetiom I.3. KOHTPOJIb TOCTOTIePALIIOHHOTO COCTOSIHHS KOIIIEeK TIPH
O/IHOCTOPOHHEH 06CTPYKLIMK MOUYeTOUHVMKa // BecTHHK Poccuiickoro yHUBepcuTeTa py>KObl HapooB. Cepust:
ArpoHomusi 1 KUBOTHOBOACTBO. 2024. T. 19. Ne 4. C. 696—706. doi: 10.22363/2312-797X-2024-19-4-696-706

Control of the postoperative condition
of cats with unilateral ureteral obstruction

VladislavA. Lust"2 = &, Grigory E. Scheidt"?

'RUDN University, Moscow, Russian Federation
2AlisaVet veterinary clinics network, Moscow, Russian Federation
<1 1142220008 @pfur.ru

Abstract. Treatment of acute postrenal ureteral obstruction is a rather complicated, but extremely necessary
process. It includes both surgical techniques to resolve the obstruction, and drug treatment, which largely
affects the patient’s recovery period. The main goal in the postoperative period is to reduce the indicators of
azotemia in these patients. Its main aspects are liquid therapy, antibiotic therapy and alpha 1-adrenoblockers to
relax the smooth muscle of the urethra. The objective of the research was to study how the replacement of % of
the total volume of crystalloid solutions in liquid therapy, calculated according to the formula of deficient and
supportive volume, with colloidal solutions and blood plasma affects the restoration of blood parameters in the
postoperative period; how an increase in the volume of oncotic pressure affects the effectiveness of reducing
azotemia in patients in the postoperative period. 3 groups of 3 patients with createnine values in the range of
700-1000 mmol/L were selected. All underwent surgery in the form of ureteral reimplantation, which resolved
the cause of the obstruction. Further, blood counts were monitored on DRI-CHEM NX500 analyzers and the
Heska Element HT5 general clinical analyzer for 14 days after surgery and on 3,5,7,14 days from the date of
observation. All groups showed a decrease in azotemia. However, there were differences in the effectiveness
of the reduction. Patients receiving a crystalloid solution showed the most effective reduction of azotemia,
unlike patients receiving liquid therapy, which includes protein inclusions. However, liquid therapy with blood
plasma in the protocol showed a slightly better decrease than with colloidal solution. We conclude that drugs
containing protein inclusions are not the drugs of choice in the case of correction of the condition in cats with
benign unilateral ureteral obstruction.

Keywords: postoperative period, azotemia, blood test, colloidal solution, plasma, fluid therapy, drugs
with protein inclusions
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BeepneHue

JleyeHue 0CTpO¥ OCTPeHATBHOM 0OCTPYKLMM MOUETOUYHHKA — JOCTATOUHO CJIOXKHBIM,
HO KpaiiHe HeoOxoauMbIH mporecc. OTCyTCTBHEe CBOOOAHOTO OTTOKA MOUM U3 JIOXaHKH
MIOYKH B MOUEBOH IMy3bIpb HETaTUBHO CKa3bIBAeTCsI HA COCTOSIHUU KOILIKH, YTO COIIPOBO-
JKZIaeTCst HapyIIeHreM 37IeKTPOJTUTHOTO OasiaHca, HaKOTUIeHHeM MPOAYKTOB a30THCTOTO
OCHOBaHUS, a Ha bo71ee MO3HUX CTaAUsIX 3ab0sieBaHMs, KOT/ia MPOUCXOAUT T1aTO/IOTHUYeCcKoe
V3MeHeHUe CTPYKTYP MoYeK, MPUBOAUT K TUIePTeH3UH U HapyLIeHUIo 3puTponossa. [To-
3TOMY Ba)KHO YMeTb pa3pelluTb OCTPYIO NOCTPeHaIbHYH0 HeJJ0OCTaTOUHOCTb U OTC/Ie/IUTh
Jl/IbHEMIIIYT0 )KU3Hb MaljeHTOB B KPaTKOCPOUHbIN nieprof [1]. [laHHas matoorvst umeet
Hecrnelrryeckre KIMHAYeCKHe TIPYU3HaKy, TaKWe Kak BsIOCTb, CHIDKEeHHe arreTuTa,
PBOTa, NMONYPUsL, OMUAUIICKS, TTIOTEePs BeCa, BMECTe C 3TUM IPOSIB/SETCS reMaTypUen,
CTpaHrypyei, o/lakuypHei, HeJilep>kaHieM 1 HeaJleKBaTHbIM MOUYerCITycKaHueM [2—S5].
JleueHre 0OCTPYKIMM MOUETOYHUKA TpeOyeT mpuMeHeHus1 MH(Y3UOHHOM Teparnuu cba-
JIaHCUPOBaHHBIMU MU30TOHWYECKMMU KPUCTA/IZION|aMH /1J1s1 BOCCTAHOB/IEHUsI BHYTPHCO-
cyaucToro ooveMa, ¥ paBUJIbHAs ierv/paraliysi Z0/DKHa ObITh OCHOBAHA Ha TlapamMeTpax
(br3ruecKoro oCMOTpa, BK/IHOUasi BeC, COCTOsSIHHE KOXKU B BU/Jie Typropa v C/IM3UCTbIX
000/10ueK, IPU3HAKK MHTEPCTULIMAILHOTO OTeKa [4—7]. Vcronb3oBaHue XXUIKOCTeH,
cofepsKaryx 6e/koBbIe BK/TIOUEHHs], MOXKET YBeJTMUMTD 0011 06beM [UPKy/IUpYoLLei
KpoBU. Tak Kak 3TH )KUJKOCTH 3a/|ep>KUBAOTCSI B KDOBOTOKE U HE YXOJSAT B TPEThe MPo-
CTPaHCTBO B OPraHU3Me, TeM CaMbIM YBeJTMYMB 00beM KPOBU, TIPOXO/SIINI Yepe3 MOuKY.
[Tocsie npoBesieHNs XUPYPruuecKoro BMelLlaTe/IbCTBa MaleHThl POJ0/DKAat0T M0y4YaTh
MH(Y3MOHHYIO TePaITHo C LeJIbI0 CHIDKEHHS a30TEMHHU, COCTOSIHIE OTC/IeXKHBaeTcs abo-
PaToOpHBIMU M MHCTPYMEHTa/IbHbIMK METOZIaMH [1/151 KOPPEKLMM TepareBTUYeCKOTr0 JIeUeHHsT
Y BbISIB/IEHHS] BO3MOYKHBIX OCJIOKHEHUM B pe3ysibrare jieyeHus [8]. OzfHako He [0 KOHIL@
V3y4yeHO MpUMeHeHre KOJIJIOMJHBIX PaCTBOPOB W/ I1/1a3Mbl KDOBU COBMECTHO C KpUCTasl-
JIOUAaMH B Tepartviy Ipy OJHOCTOPOHHeH 00CTPYKLIMM MOUETOUHHUKOB.

Henb ucce0BaHUA — TPeACTaBUTh aHA/IU3 MOCTONEPALjMOHHOTO COCTOSIHUS
KOIIIeK TIPH 0OCTPYKL[M MOUETOUHMKA C Pa3HOM >KHUIKOCTHOM Teparivei.

MaTtepuanbl 1 MeToabl UCCrie0BaHuUSA

B BeTepuHapHyo KJIMHUKY «AsicaseT» ¢ 01.09.2022 rio 03.08.2023 . mocTynuio
9 KoITIeK C OCTPOM TIOCTPeHA/TbHOM He/J0CTaTOYHOCThIO, CBS3aHHOM C 00CTpyKIel Mo-
yeTOYHHKa. [larjieHTOB paszeniv Ha 3 OCHOBHBIX IpyIibl. Bce nanyeHTsl B 3 rpynnax
Ha MOMEHT UCCJ/Ie[JOBaHUs UMesv KpeaThHyH B mipefenax 700...1000 mxkmons/n. Bo Bcex
rpyIinax B MPOTOKOJIe jiedeHust 00si3aTe/TbHO MTPUCYTCTBOBA aHTHOMOTUK TTeHULHI-
JIMHOBOTO Psifia A/ NpO(UIaKTUKU pa3BUTHS COMYTCTBYHOLe nHpekuu [9—11].
[TaumeHTsl TIosTy4anu ero B 7o3upoBke 20 Mr/Kr 2 pasa B CyTKH, a Takke KopHam 0,5 Mr
B CYTKH{ B He3aBHCHMOCTH OT Beca IaljieHTa — [yt pacciaabeHus IajKoi MyCKysia-
TYPBI U YBeJIMUeHHUS 111aHCOB NPO/BI)KEHUsI KOHKPEMEHTOB B MOUETOUHMKAX [2, 12,
13]. Takke B c/lyyae runepkajavieMyy IPUMeHsIach CMeCh MHCY/IMHA U [TFOKO3bI [ 14].

B nepBoii rpynmne naiueHTsI o/1yyaau o U ocje ornepanu HH(QY3UOHHYIO Te-
paruio, BK/IIOUAIOLYI0 pacTBOp CTepodyH/iMHA [i/1s1 KOPPEKLMU JerupaTaliiu U 3J1eK-
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TPOMIUTHBIX HapyleHui [4, 6, 7]. PaccunThiBaiy U3 3 COCTABISIONIUX Jle PUITATHBIN
o6beM ([10) UpKyAMpYyIOled KpOBU, TIPO/O/IKAIOIIUE Cs TIOTEPH, MO/ AeP>KUBAIOIIANA
o6wem (T10). 1O cuurtanu mo dbopmyse

1O = % [erugpataiuu X macca Tena, Kr X 8.

Jlerkoi#i cunranack geruzparaius 5...6 %, cpegneit — 7...10 %, Tsokenon —
10...12 %, kpaiiHe TsKe0it — Gosbiie 12 %. I[IpozgosKaroluecs: Tepamnus pac-
CUMTHIBAJIaCh MPY NPUCYTCTBUU Auapeu, pBoThl 1—2 my/kr/u. I1O cuuranu
no ¢opmyrne

I1O = 30 x Macca Tena, Kr + 70.

Becpk 06beM Heo6xoauMoi MHGY3UM C OHOM CKOPOCTBIO MOCTYTIA Bce 24 yaca
B cyTKH. [TepepacueT o6beMa He0OX0AMMOM UH(DY3UH POU3BOJUIN €>KEeHEBHO.

Bo Bropot#i rpymme 06beM XKUIKOCTHOM Teparuy pacCUUTHIBA/IM T10 TOH ke ¢op-
MyJie, UTO U B TI€PBOM, HO TOJ/TyUYeHHbI 00beM >KUJKOCTU CHIKaMU Ha 25 %, u 25 %
OT IOTy4eHHOT0 06beMa 3aMeHsITH Ha T171a3My KPOBH.

Crepodynaun: 30 x Macca Tena, Kt + 70 +% gervaparaiiiu X Macca Tena, kr 8 x 0,75.

[Tnasma: 0,25 x (30 x Macca Tena, kr + 70) +% fgervgparaiuu X macca Tena, Kr X 8.

B TpeTbeii rpymnme o6beM KUAKOCTHON Tepariu pacCUUThIBAIN TI0 TOU ke ¢op-
MyJie, UTO ¥ B TIePBOH, HO TIOJTyUeHHbIH 00beM >KUAKOCTH CHIKAIU Ha 25 %, u 25 %
OT TOJTyueHHOT0 00beMa 3aMeHsI/T Ha KOJIJIOUIHBINA PacTBOP.

Crepodynaun: 30 X Macca Tena, KT + 7 +% fgervaparalyu X Macca Tesna, Kr x 8x0,75.

Peonomrmtokun: 0,25 x (30 x Macca Tena, kr + 70) +% geruzparaiu X Macca
Tesa, Kr X 8.

PenmrnianTanys mouetouHuka o boapu BkirouaeT cpeiJMHHYIO J1allapOTOMHUIO.
Bu3yanbHO ornpesiesisitoT MecTo 006CTPYKI[UH, TTPOKCUMa/ibHee MeCcTa 00CTPYKLMH
MPOBOJW/IM MepecevyeHre MOUeTOUHUKa (puc. 1, 2). [luctanbHbld OTAe/ Koaryau-
pOoBa/iM U HaK/a/blBa/lu JIMTaTypy U3 HepaccachblBarolllerocs II0BHOIO MaTepuaria.
[TpokcrMasnbHbIN OTAeN MPOBEPS/IA HAa OTTOK MOYM U3 TTOYKU. [lanbliie TpOU3BOLUIN
L[UCTOTOMHIO C (popMUpOBaHKEM MT-00pPa3HOTO TOCKYTa U3 CTEHKH MOUYEBOTO Iy3bIpsi
(puc. 3). B mecTe npeanonaraeMmoro aHacTOM03a MOYETOYHMKA U MOYEBOTO Iy3bIPsi
Jlesla/ii OTBepPCTHe B CTEHKe MOYeBOro My3bips. Ha KoHell NpOKCUMa/IbHOTO OTjes1a
MOUETOYHHMKA yCTaHAB/IMBA/U LIBbI-I€P>XKaJIKU, ¥ C UX TTOMOLIbI0 MOOWIN3UPOBAIN
MOUETOUHHK B MOUYeBOH My3bIpb B MeCTO Oyzyiriero anactomMo3a. HakmazipiBaam npocTeie
y3/i0BaThle IIBbI M3 HepacCcachIBarolerocss MOHO(PUIaMeTHOrO LIOBHOTO MaTepuia
Monoxkpun Ne 7/0 Ha MOYETOUHUK U CTEHKY MOUEBOTO Iy3bIps [JI CO3[aHHUS aHaCTO-
Mo3a (puc. 4). BeITIO/IHS/IM HeTIPpePBIBHBIN ITIOB B MeCTe [IUCTOTOMUU. [Ipon3BoaAnIn
L[MTOTIEKCHIO K CTeHKe ODIOIIHOM MOJIOCTH K TOM TMOUKe, OT KOTOPOH MOUeTOUHHK
ObLT 0OCTPYKTUPOBaH. BBIMOHAN peBU3HUI0 HATIOJTHEHUSI MOUEBOTO My3bIps. 3aTeM
TOC/IOMHO YILIMBa/IM OTNepaloHHy0 paHy [8, 15].
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Puc. 1. Mo4eTouHVK (BM3yanmnsmpyem
MOYETOYHMK B 3aOPHOLLIMHHOM NMPOCTPaHCTBe)
VcTouHmk: BbInonHWN GoTto B.A. JTtocT.
Fig. 1. Ureter (visualizing the ureter
in the retroperitoneal space)

Source: photo by V.A. Lust.

Puc. 3. [-06pasHblit TOCKYT U3 CTEHKM
MOYeBOro My3bIps (TIOCKYT U3 CTEHKM MOYEBOro
ny3bIps, B KOTOPOM eN1aeTca OTBEPCTUA
1 C BHELLHEeW CTOPOHbI 3aBOANTCSH KOHeL|
MOYETOYHMKA)

VicTouHmk: BbINONHWA GoTo B.A. JlrocT.

Fig. 3. U-shaped flap from the wall of the urinary
bladder (a flap from the wall of the urinary
bladder in which holes are made and the end of
the ureter is inserted from the outside)

Source: photo by V.A. Lust.
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Puc. 2. [epeceyeHHbIN MOYETOYHMK
NpPOKCUManbHee MecTa O6CTPyKLMK
VicToyHmk: BbInONHWA GoTo B.A. JTrocT.
Fig. 2. Transected ureter proximal
to the obstruction site

Source: photo by V.A. Lust.

Puc. 4. AHaCTOMO3 MOYEBOIO My3bIps
1 MOYETOYHMKa Mo boapw (MoALWUTbLINA
MOYETOYHMK C BHYTPEHHEN CTOPOHbI MOYEBOIO
My3bIpsi U CLUMTbIV M-06pasHoro nockyTa
TPY6KOA)

VeToyHmk: BbinonHun @oto B.A. JlrocT.

Fig. 4. Anastomosis of the urinary bladder and

ureter according to Boari (the ureter is sutured

from the inner side of the urinary bladder and
the U-shaped flap is sutured with a tube)

Source: photo by V.A. Lust.
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B mocnenyromnieM oTcieXuBaiv MaljueHTOB B TeueHUe 14 CyTOK B [IeHb Oreparun
h Ha 3, 5, 7, 14-e cyTku niocsie onepauuu. OLleHMBa/IA Takye ToKa3aTe i, KaK KOH-
LIeHTpaL1si MOYEBUHbBI U KpeaTUHUHA B CbIBOPOTKE KPOBH, SPUTPOLIUTHI, FeMaTOKPUT,
reMOIIOOWH C JIeHKOIIUTaM1 TaK)XKe OTCJ/Ie)KuBa/id. Bce uccienoBaHus IPOBOJUTN
Ha buoxumuyeckom aHanu3arope DRI-CHEM NX500 u o61ek1MHAYeCKOM aHa/In3a-
tope Heska Element HT5.

Bechb cTaTtucTuyeckuii aHaiM3 MPOBOAU/IM Ha MepCOHAIbHOM KOMIBIOTEPE C UC-
roJib30BaHueM rporpamMmbl Microsoft Excel (Analysis ToolPak).

PesynbTaTbl UCCefoBaHUi U 06CYXKAEHUA

WccnenoBanust okasany pa3HOHAIpaB/ieHHbIE, SIPKO BbIDaXKEHHbIE Pe3y/IbTaThbl B TPEX
rpymnmnax. [Tocne onepanyn BepkuBaeMocTs coctaBuia 100 %. Y faHHBIX NALeHTOB
B TeueHHWe 14 qHel 0TMeuasnoch yIyullleHHe 0OIero COCTOSHUS, UTO KOPPeIUpOoBasIo
C TIONIOYKUTE/IbHOW IMHAMHUKOM BCeX TI0Ka3aTesied KpOBU. BbDKMBaeMoOCTh B TeueHHe
14 puHeit coctaBuna 100 % (Tabn.).

OuHamuka nokasartesen KpoBu B I'IOCTOI'IepaLI,VIOHHbIVI nepuoj

Ipynnbl XXMBOTHbIX M + m
MokasaTtenu CyTKM on
1-a rpynna 2-a rpynna 3-a rpynna
[o onepauuu 31,521 32,0%1,2 31,0+1,3
Mocne onepauuu 24,2+28 23,8+2,0 27613
3 20,1+0,1 20,8+2,0 22,6+28
M°“eB"/“a' 3,28..10,24
MMonb/ 5 19,0+0,5 19,3 £ 0,2 20,8+3,0
7 16,6 +1,7 16,7+1,6 18,1+2,1
14 133+1,7 145+1,4 16,7+1,5
J[lo onepauun 853,5+70,0 942,1+16,9 | 930,0+32,8
Mocne onepauuun 396,0 + 36,0 422,9+29,8 | 489,2+10,6
KpeaTuHUH, MK- 3- feHb 35. 124 291,6 £13,1 309,9+5,2 354,5+6,1
Monb/n 5-if fleHb 219,1+27,5 | 2452%259 | 257,7%+10,3
7-% peHb 14591121 151,748 189,3+11,1
14-i peHb 85,8+5,9 1145+10,7 | 122,8+14,6
J[lo onepauun 35969 27,307 27,307
Mocne onepauuu 27,649 26,724 24,7+1,3
3-ii AeHb 28,4+25 25725 25713
FemaTo ht 0,29..0,45
MATOKPHT, 5.1 AeHb i 309438 251+17 | 270%17
7-% peHb 34,0+25 26,2+29 28,3+0,9
14-n peHb 31,118 28,3+22 29,3+1,0
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OKOHYaHWe Tabn.

Ipynnbl XXUBOTHbIX M + m
Moka3zaTenu CyTkun on
1-a rpynna 2-a rpynna 3-a rpynna
[o onepauuun 8,7+1,5 7,305 6,8+0,8
Mocne onepauuu 6,7%0,7 6,7%0,3 6,1+0,7
ApUTPOLUTSI, 3- peHb 50.100 6,4+1,8 6,5+0,7 6,5+0,6
MITH/ MK 5-i1 fileHb T 78%1,2 6,7+0,8 6,8+0,5
7-1 peHb 89+1,1 6,8+0,8 72+0,3
14- peHb 9,0+0,5 74+0,6 7,6+0,5
[o onepauuu 118,6 £ 14,4 116,1+11,4 | 116,0£11,3
lMocne onepauuu 91,4+9,1 98,8+1,5 100,5+1,8
3-11 peHb 88,3+9,0 89,4+22 86,653
X 6 90...150
EMOrnoGuK, r/ 5.7 AeHb 89,881 87131 | 820:84
7-1 peHb 100,8+1,4 88,127 87,029
14- peHb 123,5+2,7 103,1+3,0 92,9+22
[o onepauuu 10,1+0,5 10,0%1,1 10,8+0,3
Mocne onepauuun 12,1%1,2 11,109 11,520,7
JeiikouuTsl, Tbic/ 3-i neHb 6.18 11,7+0,7 10,8+0,6 11,2+0,9
MKn 5-1 feHb 12,2120 11,710,7 11,310,2
7-1 peHb 146+1,2 10,6+0,6 11,3+0,2
14-1i peHb 122+0,4 10,5%0,6 11,310,8
[pumeyarue. I — dusmonornyeckmin nokazatenb; p < 0,05 no oTHoweHuto K O,
cToynmk: BbinonHun B.A. JTiocT.
Dynamics of blood parameters in the postoperative period
Animal groups M + m
Parameter Day Fl
Group | Group Il Group Il
Before surgery 31.5%+21 32.0+1.2 31.0%£1.3
After surgery 242+238 23.8+20 27613
+ + +
Urea, mmol/L 3 3.28..10.24 201201 208220 226228
5 19.0%£0.5 19.3+0.2 20.8+3.0
7 16.6 1.7 16.7+1.6 18.1+2.1
14 13.3+1.7 145+1.4 16.7+1.5
Before surgery 853.5+70.0 942.1+16.9 930.0+32.8
After surgery 396.0+36.0 422.9+29.8 489.2+10.6
CLe;g:}Te. 3 35124 291.6+13.1 309.9+5.2 354.5+6.1
5 219.1+27.5 245.2+25.9 257.7+10.3
7 145.9+12.1 151.7+4.8 189.3+11.1
14 85.8+5.9 114.5+10.7 122.8+14.6
Before surgery 35.9+6.9 27.3+0.7 27.3%0.7
After surgery 27.6+4.9 26.7+24 247+%1.3
+ + +
Hematocrit, ht 3 0.29..0.45 28425 25725 25713
5 30.9+3.8 25.1+1.7 27.0£1.7
7 34.0+25 26.2+29 28.3+0.9
14 31.1+1.8 28.3+2.2 29.3%1.0
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Ending table

Before surgery 8.7+1.5 7.3%+0.5 6.8+0.8
After surgery 6.710.7 6.7+0.3 6.1+0.7
Erythrocytes, 3 5.0.10.0 6.4%1.8 6.5£0.7 6.5£0.6
million/pl 5 R 7.8%1.2 6.7+0.8 6.810.5
7 8.9%1.1 6.8+0.8 7.2+0.3
14 9.0+0.5 7.4%0.6 7.6+0.5

Before surgery 118.6+14.4 116.1+11.4 116.0+11.3

After surgery 91.4%9.1 98.8+1.5 100.5+1.8

Hemoglobin, 3 90..150 88.31+9.0 89.4+2.2 86.6+5.3

g/l

5 89.818.1 87.1+3.1 82.0+8.4

7 100.8+1.4 88.1+2.7 87.0+29

14 123.5+2.7 103.1+3.0 92.9+2.2

Before surgery 10.1+£0.5 10.0£1.1 10.8+0.3

After surgery 12.1+£1.2 11.11£0.9 11.5+0.7

Leukocytes, 3 618 11.7+0.7 10.8+0.6 11.2+0.9
thousand/pl 5 12.2£2.0 11.7+0.7 11302
7 14.6+1.2 10.6+0.6 11.3+0.2

14 12.2+0.4 10.5+0.6 11.3+0.8

Note. Fl is a physiological indicator; p < 0.05 in relation to FP.
Source: completed by V.A. Lust.

N3meHeHus nokasaresieli MOYEBHHBI B 3 FPYIIaxX CTaTUCTUUECKU [10CTOBEPHBI,
Y3 Uero cJjieflyeT, UTO OrepaTHBHOE BMeIlaTe/IbCTBO U UH(Y3UOHHAs Teparusi BIUSIOT
Ha MOJIyYeHHbI pe3y/abTaT. B mepBoii rpymnme rnokasaTe MOUeBUHBI 3HAYUTETbHO
ObICTpee CHMXKATUCh Ha (hOHE >KUAKOCTHOM Teparviu 1Mo CpaBHEHUIO CO BTOPOU U Tpe-
Thel rpymnmnoii. Bropas rpyrrna nokasasa Jiy4dilinii pe3yabTaT 10 CPaBHEHUIO C TPeThei
rpynmnou. B mepBoii rpyrirne cHWKeHUe MoKasaTeel MOYeBHHBI C TTEPBOTO M0 Moc/e/-
HUM ZieHb n3MeHun0ck Ha 136 %; Bo BTopoii — 120 %; B TpeTheii — 85 %. [Toka3zaTesnb
KpeaTHHVHa 3HauUTe/JbHO U CTaTUCTUUEeCKU JOCTOBEPHO U3MEHSJICH BO BCeX Tpex
rpynnax. JTOT MoKasare/b Npuilen B pe)epeHCHbIe 3HaUeHHsI BO BCeX TPeX IrpyInax
Ha KoHel] ucciiefoBanus. OfHaKo TiepBasi 'pyTiTa, MoJTyyaBiliasi UHGY3MOHHYIO Tepariuio,
TOKa3asia HopMasibHble 3HaueHusi Ha 7-i ZieHb HaOJmofieHns], B OT/IM4Ye OT BTOPOU U Tpe-
Thel. Bo BTOpo#i ¥ TpeThelt rpyrire MoMoKUTebHast AMHaMUKa Hab/rojaiach Ha BCEM
MPOTSPKEHUH MCCTIeI0BaHUS, XOTS TPeThs IPYyINa MoKa3biBajaa MeHee 3(deKTUBHOe
CHIDKEHMe 3TOro MOoKa3aTesisi, OAHAKO B KOHLe UCC/aef0BaHUs Ha 14-1i ieHb, 3HaUeHUsT
y>ke ObuH B Tipefiesiax ®I1. B mcciemoBaHUM UCXOUIN U3 TOTO, UTOOBI YMEHBIITUTh
00beM KpUCTa/IJIOUAHOMN KUAKOCTHOW Tepariviy, 3aMeHHB KOJUIOUHOM, KoTopast Oyaet
YBeJIMUMBAaTh KOJIJIOMAHO-OCMOTUYECKOE J1aBieHHe B COCYAaxX U CHU3UT BbIBeJleHUe
KPHCTA/UIOUHOTO PAacTBOPA B TPEThe MPOCTPAHCTBO, TEM CaMbIM YBEJIUUMB OOIIHIA
o0beM, LIMPKY/IMPYIOIIMI KPOBU B OpraHu3Me, O/1aroiapsi 3ToMy yBeJTUUUTh CKOPOCTh
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o0pa3oBaHMsI MOUH, TaK KaK KPHUCTA/JIOUIHBIN PacTBOP OyzeT f0/bliie TIO/eP>KUBATHCS
B KpoBOTOKe. OZ/HAKO I1a3Ma TaKuM 3¢ deKToM 06/1a/jaeT B MeHbIIel CTeleHu, uemMm
CUHTEeTUYeCKUM KO/TOWAHBIA pacTtBop [10, 16]. B pe3ynbTrare 3())eKTUBHOCTb CHIDKEHUE
a30TeMUH Y T171a3Mbl UyTh BBIIIIE TaK, KaK OH H0siee TOKAeCTBEH COCTaBy CTepodyH/1HA.

3HaueHHsl TeMaTOKpUTAa B IePBOM U BTOPOM I'PyTIIe MPU CTaTUCTUYECKOM aHa/In3e
0Ka3a/IMCh HeIoCTOBEPHBIMHU, U3 Yero cjieflyeT, UTO OlepaTUBHOE BMellaTe/IbCTBO U MH-
(y3roHHasi Tepanus He [l 3HAUUTe/TbHbIX U3MeHeHri. OHaKO B TpPeTbel rpyrmne
3TOT I0Ka3aresib 0Ka3ascs JOCTOBepHbIM. B repBbli leHb [10c/Ie ornepaLyu rokasaresb
rematokpuTa yrasa Ha 10 %, Ho uepe3 14 fHell 110Ka3are/ib BEPHYJICS K UCXOAHBIM 3Ha-
YeHWAM U JiaXKe 1oKasas poct Ha 7,3 %.

OpUTPOLIUTHI BO BCEX TPeX Ipynnax Mpy UCCAeJ0BaHUU He MOKa3aau CTaTUCTU-
YeCKH J0CTOBEPHBIX 3HaUeHWH, U3 Yero cjefyeT, YTO XUPypruyeckoe BMellaTebCTBO
Y UH(Y3UOHHAs Tepamnus He MPUBEJU K CTaTUCTUUECKU 3HAUMMBIM U [J0CTOBEPHBIM
V3MEeHEeHUsIM 3TOr0 oKa3saTeJIsl.

I'eMorno61H TIpH UCC/ieJOBaHKH TIOC/Ie OTepalliy CHIDKAJICSA B cpeiHeM Ha 14...23 %
OT UCXOJHBIX 3HaueHMi. OzHaKo Ha 14-i1 ZieHb BO BceX 3 rpyInax rokasaresib reMoIvio-
OvHa ripuien B pedepeHCHbIe 3HaueHUst. TO/IBKO B TIepBOM IPyTITie reMOIJIOONH JOCTUT
VX Ha 5-1 JleHb UCC/Ie[l0BaHus, BO BTOPOM U TpeThel rpyrire — Ha 14-i1 fieHb U3MepeHusl.

Takue mokasareyiy KpOBH, KaK reMaTOKPUT, SPUTPOLIUTHI U TeMOr/I001H, BO BCex
rpymrax Bey cebsi OTHOCUTE/TBHO OAMHAKOBO, XOTS CTaTUCTHYeCKH He BCe MOIVIA OBbITh
JlocToBepHbIMU. OZIHAKO CHY)KEHHe 3HAYeHUI 3THUX TT0Ka3aTesield ocie XUpypruyeckoro
BMelllaTe/IbCTBa BO MHOIOM HaIlpsIMYO CBfI3aHO C KpOBOIIOTepel BO BpeMst orniepaLiiu. Tak
KaK 3pUTPOII033 y TaKWX MalMeHTOB He CTPaZiasl, TO JaHHble TI0Ka3aTeau CO BpeMeHeM
TIPUXOZIM/IK B HOPMY 0e3 NpHUMeHeHHsl TperapaToB, CTUMY/IMPYIOIIMX 3TOT MpoLiecc.

JIeMKOLIMTHI BO BCEX TPeX rPyIax Mnocje NpoBeJeHHbIX ONepaLyyii MOBbILLIAINCH,
HO He Oosiee uem Ha 20 % OT MCXOAHOTO 3HaYeHUs1. BriocieiCcTBHM X 3HaUeHUs He pocC-
11, @ HA00OPOT, Ja’ke YyTh YMEHBIIIa/IMCh, OAHAKO Ha MPOTSHKeHUH BCETO UCCIe0BAHUS
0CTaBauch B pepepeHCHOM JiMaria3oHe, 10 3TOW NMPUYMHE CJI0KHO OLIeHUBATh 3HAuM-
MOCTb U3MEeHEeHU! 3TOro MoKasaresisi Ha (JOHe Pa3HbIX KUJKOCTHBIX Teparnuii.

3akoyeHue

[MareHTHI C OAHOCTOPOHHEN 00CTPYKLIMe MOYeTOUHHKA, KOTOPLIM TIPOBEJIH Or1e-
paLio peMMIlIaHTali MOYeTOYHMKA 110 boapu, nMeny rnosiokKUTenbHY0 AUHaMUKY
B TI0KAa3aTesisiX KOHIIeHTPALMK MOUeBHHBI U KpeaTHHWHA B ChIBOPOTKE KPoBU. OHAKO
TpoBe/ieHre Pa3IMYHOMN XUAKOCTHOM Teparyu B 1oc/ieornepalioHHbIN epuog obyciio-
BUJIO Pa3HUI]Y BO BpeMeHH Ha BOCCTaHOBJ/IeHHe pedepeHCHBIX 3HaUeHUH TIoKa3aTesiei
KpoBH. [lepBas rpyrra Ha ¢oHe KUAKOCTHOW Teparvy, COCTOSLLeH UCKIHOUUTE/BHO
13 KPUCTA/IZION/I0B, @ UMEHHO CTepodyH/IMHA, PACCYMTAHHOTO TI0 (hOpPMYyJIe TIOAIePKH-
BaroLIiero 1 JeuiTHOro o6beMa, rokasasa 6osee 3¢ peKTHBHOE CHIDKEHHE a30TeMUM
Ha BCeM Teprofie ucciiefoBanusi. Ha 14-1i jeHs uccieoBaHus riepBasi TPyTINa, B OT/AYKe
OT BTOPOM U TpeThel, yrKe MoKasasa yCToiuuBble pepepeHCHbIe 3HaUeHUs] KpeaTUHKHaA.
Bropast ¥ TpeTbst TPyMIIbI TOTyYay )KUAKOCTHYIO TeParuio ¢ 3aMeHo ¥ Bcero obbema
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KPUCTA/IJIOUTHBIX PaCTBOPOB B JKUJKOCTHOM Teparuu, pacCUUTaHHOM 110 hopmyJie fie-
GULIMTHOTO U NOA/ep>KHBatoLero oObeMa, Ha 1la3My KPOBH M KOJUTOW/IHBIN pacTBOP.
U 3¢ ¢deKTUBHOCTL CHI)KEHUS a30TeMUH y BTOPOM IPYIIIbL, MTO/TyuaBlliel 11a3my KpOBH,
GoJstee CXOXKYIO C KPUCTa/IZIOMJHBIM PAaCTBOPOM, UeM KOJIIOU/HBIM, JIydllle, TIO CpDaBHe-
HUIO C TpeTbel rpynmnoii. BeiBoa: a5 3¢ deKTUBHOrO yiyullieHus oKas3aresneid KpoBU
He TpebyeTcs obaB/ieHe TperapaToB, OCHOBAHHBIX Ha OEKOBBIX BK/TIOUEHHUSIX, TAKMX
KaK I/1a3Ma KPOBH U KOJUIOW/IHBIN PAaCTBOP; B KUKOCTHOM Tepartiy rperapaTom BeiOopa
SIB/ISIeTCS1 KPUCCTa/IOUHbIN pacTBOpP.
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A study of blood parameters in rabbits with otitis caused
by Malassezia pachydermatis and the effect of Farnesol
on recovery rates when added to the treatment regimen
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Abstract. Malassezia otitis is very common disease among animals. In previous years, successful, published
work was carried out on modeling Malassezia otitis in rabbits using a Malassezia pachydermatis strain taken
from dogs. We reproduced this experiment— we induced a clinical picture of the disease in order to try different
treatment regimens on this model. The study involved 35 rabbits. The animals were divided into 7 groups of
5 rabbits each. Each group received one of the following drugs: Surolan; Otifri; Otoxolan; Surolan + Farnesol
200 pM/ml; Otifri + Farnesol 200 pM/ml; Otoxolan + Farnesol 200 pM/ml; control without treatment. All drugs
were applied to the entire affected surface of the ear. The treatment was carried out once a day, the duration
of treatment was 30 days. It was found that the use of drugs in combination with Farnesol in animals of the
experimental group reduced the clinical signs of the disease; elimination of fungi in smears occurred more
quickly; clinical parameters of rabbit blood improved.
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Introduction

Malassezia is a commensal fungus that constitutes the normal skin microbiota.
However, under certain conditions and in certain individuals, it can transform into
pathogenic yeasts with multiple associated dermatological disorders and various clinical
manifestations [1, 2]. Little is known about the virulence properties and infection
mechanisms of Malassezia spp., and the implementation of infection models may
allow for the evaluation of the interaction of these yeasts with hosts, the virulence of
different species or strains of a specific species, and antifungal activity [3]. There are
different types of suitable models in which virulence and infection can be studied, but
it is critical to realize that the results obtained in each model provide partial answers,
as it was mentioned before. Therefore, it is important to study virulence properties in
different in vitro and in vivo models and the results obtained can provide complementary
answers [4, 5].

Contrary to in vitro models, the in vivo models mimic the complexity of the host
response better [6, 7]. These are rather diverse and can vary from mammalian models
to insect models. Mammalian models are phylogenetically the closest to human beings
and, generally, are regarded as more accurately reproducing the host-microbe interaction,
known as fidelity [8]. Additionally, many of these models are well characterized, allowing
for genetic modifications to reach a desirable condition. The drawbacks of these models
are the high cost of feeding and maintenance, the limited number of individuals and the
need for trained personnel to handle the animals [9]. All mammalian models are limited
by ethical considerations — the use of mammalian infection models must be justified and
subject to institutional and national regulation. This limits the use of mammalian models
to address certain questions, such as large-scale studies of strain-specific differences in
virulence or screening of antifungal compounds. These drawbacks can be solved by the
implementation of alternative animal models, like invertebrates.

Experimental models may prove valuable in the further elucidation of both yeast
virulence and host immune factors that are important in disease processes in various
species. A successful model of Malassezia otitis in rabbits has been developed using
a Malassezia pachydermatis strain derived from dogs [10]. Before this, models of
vaginal candidiasis in mice were developed at the Department of Microbiology of RUDN
University in 2009-2010 [11]. Female mice in estrus were maintained by subcutaneous
injections of the hormonal drug Mesalin (Intervet, USA). When creating dysbiosis in
laboratory animals, the antibiotics doxycycline and benzylpenicillin were used.

The purpose of the study was to determine the effect of Farnesol (Far) on
the treatment of Malassezia otitis in rabbits and prove the enhancing effect of it on
antimicrobial agents.

Materials and methods

The research involved 35 healthy adult rabbits breed "Soviet chinchilla”, weight
5.5 kg, males were used in experiment. Animals were divided into 7 groups of 5 animals.
Each group received one of the following drugs:
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1) Surolan, the active ingredients of which are: miconazole, polymyxin B,
prednisolone;

2) Otifri lotion for cleaning ears with calendula which contains components such
as: water, propylene glycol, emulsifier (Cremophor EL), calendula;

3) Otoxolan contains as active ingredients: marbofloxacin, clotrimazole,
dexamethasone; and as auxiliary components propyl gallate, medium chain triglycerides,
sorbitan oleate, anhydrous colloidal silicon oxide;

4) Surolan + Far 200 pM/mL in equal proportion;

5) Otifri + Far 200 pM/mL in equal proportion;

6) Otoxolan + Far 200 pM/mL in equal proportion;

7) control.

All drugs were sprayed onto the entire affected surface of the ear (Fig. 1). The treatment
was done once every day, rabbits were fixed, the duration of treatment was 30 days.

Figure 1. Spraying medications into the ear
Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.

Every five days for a month, smears of ear contents and blood samples were taken
from animals in the control and 6 experimental groups and clinical signs of the disease
were recorded. Blood tests were performed using the Mindray 2800Vet hematological
analyzer (Mindray, China) [12].

In whole blood, the number of erythrocytes and leukocytes, hemoglobin, as well as
the content of leukocytes were determined. In the study, a quantitative counter of shaped
elements of animal blood was used, the percentage of different types of leukocytes was
calculated in stained blood smears by a unified method [13, 14].

The results obtained were compared in the experimental and control groups with
an assessment of the reliability of the differences. The parameters given in the tables
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had the following designations: M is the average, m is the error of the average, n is the
volume of the analyzed subgroup, p is the achieved level of significance. In all cases,
the critical value of the significance level (p) was assumed to be 0.05.

Results and discussion

The use of medicinal drugs + Farnesol in the animals of the experimental group
reduced the signs of hyperemia, swelling, itching, the amount of exudation on the 5-7th
days of treatment, and complete clinical recovery of the animals occurred on the 20th
day. When using only drugs in animals (Surolan; Otifri; Otoxolan), on average, an
improvement in the clinical condition occurred on 25 days, and final recovery followed
after a full course of treatment— 30 days, and then when using Otifri once a day, redness
of the ears persisted. Animals in the control group maintained clear clinical signs of the
disease throughout the experiment. Their condition worsened and did not recover on their
own, which proves the excellent effectiveness of the MO model we developed in rabbits.

c d

Figure 2. Recovery clinical signs on rabbits’ model: a — 5 days treatment with Surolan;
b — 10 days; ¢ — 15 days; d — 20 days
Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.
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Analyzing the results obtained, we can say that both treatment regimens (with
and without the addition of Far) turned out to be effective, but the regimen used in the
experimental group Far + Surolan/Otifri/Otoxolan gave faster results due to the wide
spectrum of action of the drug Farnesol in relation to microorganisms that most often
cause otitis media and its anti-inflammatory effect [2].

It is worth noting that in the experimental group there was not a single case of the
presence of MP in the smear and on the nutrient medium after combination therapy with
the drug + Farnesol after 20 days of therapy. And in the control group of 5 animals, all of
them had fungi observed during microscopy of smears of ear exudate and were cultured
on the nutrient medium in high concentrations for all 30 days of the experiment. It is
important to note that when Farnesol was added to the drug, microbiological clearance
from M occurred 5-10 days earlier. The best result in this series of experiments was with
the combination of Otoxolan + Far, since clearing of the ears from BY was recorded on
the 10th day of therapy [15, 16].

Clinical blood testing is one of the most important diagnostic methods, reflecting
the reaction of the hematopoietic organs to the influence of various physiological and
pathological factors; it also allows to monitor therapy effectiveness. Clinical blood
parameters of rabbits with MO before treatment were characterized by low erythrocyte
count values — 5.20 £ 0.34 10%/pL, which cannot be called anemia, but is a borderline
value (Table 1-6).

Also, in sick animals, a decrease in hemoglobin was observed at the beginning —
9.18 + 1.07 g/dL. After treatment, amount of hemoglobin in blood of experimental
rabbits increased to values of 10 g/dL and higher, and a significant difference was present
between the experimental groups, which indicates the positive effect of Farnesol in the
treatment of Malassezia otitis.

We began to observe statistically significant differences between the experimental
groups by the 15-20th day of treatment. For example, number of platelets (103/uL) in
blood of sick animals in control was significantly higher, but after therapy number of
platelets became lower and this decrease occurred earlier in the groups with combination
of the drug and Far.

Table 1
Hematological parameters in rabbits’ model on day 5 of treatment
. Surolan + e Otoxolan +
Parameters Surolan Otifri Otoxolan Far Otifri + Far Far Control

Total white blood
cells, 103/pL

Lymphocytes, 103/pL 270+041| 255+0.40| 2.62+0.48 | 271+0.40 | 2.70+£0.39 | 2.62+0.41 | 2.71+0.40

5.78+0.52 | 5.64+0.60 | 5.70+0.61 | 5.66+0.60 | 5.74+0.65 | 5.60+0.68 | 6.34+0.41

Monocytes, 103/l | © | 054%0.12] 0.58+0.15] 0.52£0.19| 057+0.16 | 055014 | 0.55+0.12| 0.600.13
gﬁﬂgﬁcﬁe& 103/, | 2 | 3544030 3194030| 3184037 | 3274038 | 3294043 | 306+035| 3282045
Neutrophils, 103/pL 218+031| 224045 | 2.21£0.40| 210£0.39 | 2.17£0.32 | 213+0.37 | 2.18+0.32
1%23:?0(1 cells, 5.51+0.50 | 5.68+0.36 | 5.7040.40 | 5.62+0.37 | 522+0.35 | 538+0.38 | 5.20+0.34
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Ending tabl. 1

Parameters Surolan Oftifri Otoxolan Sug':\n+ Otifri + Far OtO)'(:c;I:\n+ Control
Hemoglobin, g/dL 8934091 | 8624095 | 873+094 | 856+102 | 878+095 | 863+0.90 | 9.1841.07
Hematocrit% 3470346 | 3271:286 | 3475£327 | 36014386 | 35614306 | 3370£290 | 3098:288
Mean corpuscular 67.95:283 | 6639£290 | 69.25¢313 | 68244293 | 65254268 | 6830£243 | 68.17+286
volume, fL ®

>
Mean corpuscular | 5| 5414005 | 19712090 | 19494096 | 19814105 | 1092+094 | 19842097 | 1795¢1.07
hemoglobin, pg )
Mean corpuscular
hemoglobin 31.891£1.86 | 31.6941.56 | 3283+198 | 30.92¢148 | 3284176 | 33014216 | 30504208
concentration, g/dL
Platelets, 103/pL 218.20+24.05 220,49 +23.91| 221.83+21.85 22035+ 2548 | 221.75+22.05 | 220.24+23.07| 232.94 £ 18.94

Note. There are no statistically significant differences in this table between experience and control (p < 0.05).
Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.

On day 5 of our experiment, no statistically significant differences were observed
between the 5 experimental groups and one control group. Conclusion: the duration of
therapy is very short for visible results.

Table 2

Hematological parameters in rabbits’ model on day 10 of treatment

Parameters Surolan Otifri Otoxolan Surolan+Far |  Otifri+Far | Otoxolan + Far Control

Total white blood
cells, 103/uL
Lymphocytes,
103/pL
Monocytes,
103/pL

Granulocytes,
103/pL, of them

518+053 | 541+064 | 584%058 | 51742052 | 523+054 | 515+066 | 6.33%0.48

2531041 2854040 | 262+048 | 271+040 | 270+039 | 2.62+0.41 2614044

054012 | 0.58+0.15 | 0.50%0.19 | 057+0.16 | 0.58+0.14 | 0.55%0.12 | 0.54+0.11

324+030 | 319+039 | 318037 | 327+038 | 329+043 | 3.06+035 | 343+0.55

ng’;ﬁph"s' 2184031 | 224:045 | 2214040 | 210£039 | 217:036 | 2134037 | 228035
w
>
(]
?82' /t:f"d cells S| 584043 | 561+048 | 547:043 | 564:041 | 561:043 | 561:043 | 562038
Hemoglobin, g/dL 905£100 | 925130 | 9244120 | 921£134 | 926%1.10 | 927£128 | 9.05:1.17
Hematocrit% 33244375 | 3536£420 | 3224+402 | 35084404 | 36.04+408 | 3514+395 | 3320£473
\';’(')T:;?f'f”sc”"” 67.84£312 | 67804256 | 67.04:302 | 66364308 | 6524+3.00 | 67.09+293 | 67.92+2.86
Mean corpuscular 19.084092 | 1886+090 | 19.21+074 | 19284093 | 19.06+072 | 19.15+0.84 | 1850+1.05
hemoglobin, pg
Mean corpuscular
hemoglobin 30604202 | 30.60+202 | 31.83+1.98 | 30424148 | 32.8441.76 | 32.83+1.98 | 3040218

concentration, g/dL
Platelets, 103/uL 216.90118.72(211.94£20.79 {215.23 + 19.85| 220.35 + 25.48 | 226.75 + 22.05| 217.83 £ 21.85 | 235.74 £ 20.22

Note. There are no statistically significant differences in this table between experience and control (p < 0.05).
Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.
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On day 10 of our experiment, also no statistically significant differences were
observed between the 5 experimental groups and one control group. Conclusion: the
duration of therapy is very short for visible results according to Hematological parameters
in rabbits’ model.

Table 3
Hematological parameters in rabbits’ model on day 15 of treatment

Parameters Surolan Otifri Otoxolan Surolan+Far |  Oftifri+Far | Otoxolan+Far Control
Ig‘s‘,’/"flv_h“e bloodcels,| | 5414037 | 523:058 | 583:045 | 510:065 | 5412071 | 532047 | 633%056
Lymphocytes, 10%/pL 306038 | 2964040 | 276+045 | 258068 | 3174128 | 266+058 | 261:0.44
Monocytes, 10°/L 029013 | 040£0.17 | 041:014 | 036018 | 0.42%0.15 | 0.40£017 | 0500.11
Granulocytes, 308:028 | 319£039 | 316037 | 304:031 | 2884024 | 343058 | 343055
10%/pL, of them
Neutrophils, 10°/pL 200£033 | 2184041 | 199:046 | 220:058 | 214050 | 2114042 | 228035
fgflmm cells 5294041 | 5614048 | 547:043 | 559:051 | 5594051 | 5594051 | 562038

[72]
>

Hemoglobin,g/dL.  |-8| 9.43£121 | 925£130 | 924£120 | 9.40£127 | 948101 | 953+121 | 9054117
Hematocrit% O] 3500+4.80 | 3202317 | 33944342 | 34654381 | 34904377 | 33524383 | 3320:473
xm‘:‘;{_pusw'a’ 6401£237 | 64.31£265 | 68214228 | 6053+267 | 69.01:308 | 65914264 | 67.92+296
Mean corpuscular 19.00£1.04 | 21.45+0.86 | 19744069 | 19.80+1.02 | 2032+0.94 | 20.80£0.73 | 18.60+0.98
hemoglobin, pg
Mean corpuscular
hemoglobin 33534120 | 3261137 | 32844142 | 32414124 | 3354+126 | 32.51£207 | 30.40£2.18
concentratlon,
g/dL
Platelets, 10°/pL 2326042034 | 22560+17.04 | 219.60+21.05 | 21860£1936 | 210601604 | 20032+14.04% | 2403442024

Note. The data are represented as mean + SD. * - statistically significant difference between experience and control (p < 0.05).
Source: compiled by |.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.

On the 15th day of our experiment, statistically significant differences between 5
experimental groups and one control group are visible in the level of platelets in rabbits
that received daily therapy Otoxolan + Far.

Table 4
Hematological parameters in rabbits’ model on day 20 of treatment
Parameters Surolan Otifri Otoxolan Surolan + Far Otifri + Far Oto:g:'an + Control

Total white
blood cells, 508+063 | 523+051| 511+062 | 564:055 | 5094058 | 534:043 | 613+048
103/pL o

h S
%’;}L L°°ytes' o | 246:038 | 241:040| 2261045 | 2383068 | 310+123 | 226+058 | 261+044
'1"'0%"/:?‘95' 0294013 | 040£0.17 | 041:0.14 | 036+018 | 042:0.15 | 0.40£0.17 | 0.50£0.11
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Ending tabl. 4
Parameters Surolan Otifri Otoxolan Surolan + Far Otifri + Far Oto:g:an + Control

Granulocytes, 2874038 | 276£039 | 310£050 | 3024041 | 285:039 | 270+034 | 343045
103/pL, of them
ng};‘l"h"s’ 200£033 | 2184041 | 199+046 | 2204058 | 214:050 | 211£042 | 2284035
ng /':l'f°d cells, 528+0.42 | 514+040 | 497057 | 524+045 | 535+039 | 540%042 | 562+038
:/‘;T°g'°b'"' 062+081 | 9224094 | 9.43+105 | 8824090 | 952:081 | 9.41£094 | 9.05+1.17
Hematocrit% 3538364 | 36.83+4.08| 36.19+3.06 | 3525+403 | 32.83+341 | 3536415 [32.20+293
Mean %
corpuscular | © | 64.5741.82 | 6553+ 1.94| 65694202 | 6597+2.13 | 66.05£1.90 | 65.74+1.95 | 67.92+2.96
volume, fLL <
Mean
corpuscular 19.9041.24(19.20£1.13| 18564125 | 1970+1.20 | 18.84+1.15 | 19.3041.02 | 17.94+0.88
hemoglobin, pg
Mean
corpuscular
hemoglobin 3294+1.54|3590+173| 36.90+2.02 | 37.65+1.54* | 36.82+1.63* | 37.24+1.54* 3040218
concentration,
g/dL
Platelets, ' N N ' ‘ + N
103 2257842043 | 21150£2143| 20026£1793 | 20153£2042 | 20556+1879% | 207.28+1743¢| 23474£2022

Note. The data are represented as mean + SD. * - statistically significant difference between experience and control (p < 0.05).

Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.

On the 20th day of our experiment, statistically significant differences between
5 experimental groups and one control group are visible in the level of platelets and
mean corpuscular hemoglobin concentration in rabbits that received daily therapy
Otoxolan + Far; Surolan + Far; Otifri + Far.

Table 5
Hematological parameters in rabbits’ model on day 25 of treatment
Parameters Surolan Otifri Otoxolan Surolan + Otifri + Far Otoxolan + Control
Far Far

Total white

blood cells, 496+076 | 513+052 | 524+095 | 497+090 | 4.82+041* | 503+051* | 623+0.38
103/uL

1Lg,°’3ﬂ'£°°ytes' 321:044 | 314:035 | 315:038 | 306:029 | 318:030 | 301:032 | 265:044
Monocytes, | | (594013 | 040£017 | 0412014 | 036018 | 042£015 | 040£017 | 050%0.11
103/pL 2

Granulocytes, E

103/pL, of | 287038 | 2764039 | 280%0.40 | 302051 | 285049 | 2704034 | 3434055
them

1':]63‘;:]"["*“'5' 208:053 | 219:061 | 226:048 | 193:066 | 224:052 | 215:060 | 218035

Red blood 5284042 | 514+040 | 497057 | 5244045 | 525:039 | 5404042 | 5624038
cells, 106/uL
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Ending tabl. 5

Hemoglobin,
g/dL

9.61+1.03

9.73+1.12

10.08+0.85

10.22+0.95

10.02£1.10

9.43+1.04

9.05+1.17

Hematocrit,%

3439+224

35.18+2.57

3375+3.12

34.82+3.00

3519173

35.16+3.10

3210273

Mean
corpuscular
volume, fL

64.92£2.56

65.38£2.48

65.36 +3.04

65494293

65.12+3.03

63.34+2.50

67.8212.56

Mean
corpuscular
hemoglobin, pg

25 days

1990+1.24

1820+1.13

1856+1.25

1940+1.20

1884+1.15

19.30+1.02

1860+098

Mean
corpuscular
hemoglobin
concentration,
g/dL

3664+2.26

3560+2.34

3961+214*

3794+283*

3862+215%

3040218

Platelets,
103/pL

204.73+16.19

2012642338

197.54+20.70*

201.50421.74*

200.53+15.67%

199.50+18.72*

2339412248

Note. The data are represented as mean + SD. * — statistically significant difference between experience and control

(p < 0.05).

On the 25th day of our experiment, statistically significant differences between
5 experimental groups and one control group are visible in the level of platelets & mean
corpuscular hemoglobin concentration & total white blood cells in rabbits that received
daily therapy Otoxolan + Far; Surolan + Far; Otifri + Far & just Otoxolan.

Table 6
Hematological parameters in rabbits’ model on day 30 of treatment

Parameters Surolan Otifri Otoxolan Sur:ala:n+ Otifri + Far OtO);glran+ control
Total white
blood cells, 4904076 | 4724087 | 4974063 | 438+074* | 421:082 | 441:055 | 6934128
103/pL
1"3’3"'}5'2“”"3' 314£120 | 375:069 | 338:070 | 324:075 | 318:084 | 322:068 | 271:048
mg?:fytes' 029:013 | 040:017 | 041:014 | 0324018 | 0424015 | 040017 | 050011
Granulocytes, 2874038 | 276+030 | 283:042 | 302:051 | 284:050 | 270+034 | 343:055
103/yL, of them
Neutrophils, | o | 9184053 | 2192061 | 5161058 | 1932060 | 2242052 | 215:060 | 2284035
103/pL 5

o
Red blood ® | 551+041 | 527+040 | 5204045 | 547+050 | 5284048 | 512:036 | 560041
cells, 106/uL
g"/'zT°g'°b'"' 966:047 | 984:061 | 1035:053 | 10.06:049 | 10.11:079 | 1060£044 | 9.01£1.10
Hematocrit,% 4103£180% | 3025£196% | 40014188* | 41.10£190% | 4056+154* | 3003£190% | 3220373
Mean
corpuscular 62924256 | 61384248 | 65364301 | 65494273 | 64124300 | 62344250 | 67924296
volume, fL
Mean
corpuscular 2190+124 | 1920£1.13 | 20564205 | 19804164 | 1987135 | 19.90¢152 | 1860098
hemoglobin, pg
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Ending tabl. 6

Parameters Surolan Otifri Otoxolan Sur:::m+ Otifri + Far Oto;tanlran+ control
Mean
corpuscular
hemoglobin % 4064+226* | 41.60+2.34* | 4025+1.79*% | 41.61+214* | 39.94+2.03* | 40.62+2.05* | 30401218
concentration, | ©
g/dL =4

Platelets, 19573 ¢ 198.06 ¢ 200.51+ 196.40 £ 200.53 ¢ 197.55+ 23474+
103/uL 11.88* 13.38* 15.70% 19.72% 15.76* 18.02* 23.82

Note. The data are represented as mean + SD. * — statistically significant difference between experience and control
(p<0.05).

Source: compiled by I.R. Olabode, N.P. Sachivkina, S.Y. Smolentsev.

On the 30th day of our experiment, statistically significant differences between 5
experimental groups and one control group are visible in the level of platelets & mean
corpuscular hemoglobin concentration & total white blood cells & hematocrit in rabbits
that received daily therapy in all 6 groups. In fact, the blood parameters of rabbits in the
experimental groups returned by day 30 to the level of hematological indicators before
the experimental infection. This return of indicators was observed especially quickly in
the group with the addition of Far.

Conclusion

The rabbit model of otitis ear with Malassezia pachydermatis taken from dogs was
successful and clinical signs of the disease were observed: loss of appetite or body weight,
erythema, itching, the release of abundant ear secretions (cerumen) of a yellow-brown
color, often with an unpleasant odor. It was found that the use of drugs in combination with
Farnesol in animals of the experimental group reduced the signs of hyperemia, edema,
itching, the amount of exudate already on the 5th—7th day of treatment, and complete
clinical recovery of animals occurred, on average, on the 20th day of the experiment.
When using commercial drugs (Surolan; Otifri; Otoxolan) in monotherapy in animals,
on average, an improvement in the clinical condition occurred on the 25th day, and final
recovery occurred only after a full course of treatment — 30 days. However, when using
Otifri, the clinical manifestation of MO persisted throughout the experiment. Animals of
the control group also retained clinical signs of the disease throughout the experiment.
Their condition worsened in the dynamics of the study, which proves the effectiveness
of the MO model in rabbits developed by us. Analyzing the obtained results, it can be
said that all treatment regimens with the addition of Farnesol were effective due to its
broad spectrum of action against microorganisms that most often cause otitis, as well as
the anti-inflammatory effect. It is worth noting that in the experimental groups there was
not a single case of the presence of MR in smears and on nutrient media after combined
therapy with Surolan / Otifri / Otoxolan in combination with Farnesol, already on the 20th
day of therapy. At the same time, in the control group, all animals were observed DPG
during microscopy of smears of ear exudate and there was growth on special nutrient
media in high concentrations throughout the experiment. It is important to note that when
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adding Farnesol to any drug, microbiological purification from MR occurred, on average,
5-10 days earlier. At the same time, the best result in this series of experiments was with
a combination of Otoxolan + Farnesol, since complete sanitation of the ears from MR
was recorded in animals of this group already on the 10th day of therapy. Clinical blood
parameters of rabbits with MO before treatment were characterized by low values of the red
blood cell count—5.20 + 0.34 106/pl and hemoglobin — 9.18 + 1.07 g/dl. It was clearly
shown that on the 5th—10th days of the experiment, statistically significant differences
between the experimental groups and the control group were not observed. On the 15th
day of our experiment, statistically significant differences between the experimental and
control groups were visible in the platelet level in rabbits receiving daily therapy with
Otoxolan + Farnesol. On the 20th, differences were visible in the platelet count and the
average concentration of corpuscular hemoglobin in rabbits receiving daily therapy with
combinations of Otoxolan + Far; Surolan + Far; Otifri + Far. On the 25th day, differences
were recorded in the platelet count, mean concentration of corpuscular hemoglobin and total
number of leukocytes in rabbits receiving daily therapy with Otoxolan + Far; Surolan + Far;
Otifri + Far and Otoxolan in monotherapy. On the 30th day of our experiment, statistically
significant differences were recorded in the platelet level, which was 16.62...14.57%
lower in the experimental groups receiving treatment, when compared with the control
group. A significant difference was also noticeable when measuring the total number of
leukocytes. Moreover, their greatest decrease (by 36.36...39.25%) was observed in the
groups receiving Farnesol. The number of erythrocytes in all experimental groups varied in
values close to the control, however, significant changes were observed in the hematocrit
values, which increased by 27.42% in the group receiving Surolan therapy, by 21.89% —
Otifri, by 24.25% — Otoxolan, by 27.64% — Surolan + Far, by 25.96% — Otifri + Far,
by 21.21% — Otoxolan + Farnesol, when compared with the control group. This calls for
further investigation to clarify the role of Malassezia in dermatological disorders and the
potential of new treatment approaches.
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N3yyeHne nokasaTenen KpoOBU Y KPOJIMKOB C OTUTOM,
Bbl3BaHHbIM Malassezia pachydermatis,
n BnusiHne papHe3ona Ha NnokKasaTesim Bbi340pOBJIEHNS
npu fo6aBfeHNN B CXeMy Jie4eHus

M.P. Ona6op3’ ™ H.II. CaunBkuna' -, C.IO. CMoeHneB?

'Poccuiickuii yHUBEpCUTET IpY>KObI HAPOAIOB, 2. Mockaa, Poccutickas ®edepayust
’MapHiicKHii roCyapCTBeHHbII yHUBepcHTeT, 2. Howkap-Ona, Poccuiickas dedepayus
< 1042205126@rudn.ru

AHHoOTanms. B CBf3U C LIMPOKKUM PacrpoCTPaHEHHEM MajlacCe3r03HOr0 OTHUTA Y )KUBOTHBIX MPe/i-
JIO)KeHA 3KCIIePUMEeHTaIbHasi MO/ie/b JaHHOMN MaTo0ruu i 0TpaboTku 3¢ deKTUBHOMN hapMakoTepanuu
Y pa3paboTKu NPOTOKOJIA JleyeHUs1. B ncciiejoBaHNY 3a/1eiCTBOBAaHO 35 KPOJIMKOB, KMBOTHBIX Pa3zieuin
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Ha 7 TPyYIII 0 5 KPOJIMKOB B KaXKZoH (T1opozia «CoBeTcKast IMHIIILIa», caMijbl). Kaxkzas rpyrmna nomydana
ofvH U3 cyiefytoux nperiapatoB: Cyponad; Otudpu; OtokconaH; Cyponas + ®@apre3on 200 MKM/mit; Oturd-
pu + ®apneson 200 MkM/mi1; OTokconan + dapnes3on 200 MKM/Mi1; KOHTposb. Bee npenaparsl HaHOCUIN
Ha BCIO NOPa)KEHHYH0 MOBEPXHOCTh YLIHOM pakoBUHBI. O6paboTKy MPOBOJWIN OUH pa3 B [ieHb, MPOAOJI-
JKUTEJIbHOCTE JieueHusi cocTaBuia 30 CyTOK. YCTaHOB/IEHO, UTO NPUMeHeHHe JieKapCTBeHHBIX IperaparoB
B KOMILTeKCe ¢ DPapHe30/I0M y )KUBOTHBIX OITBITHOM IPYTIIEI YMeHbIIaI0 KITHHAYeCKre IPI3HaKy 3ab0sieBaHys;
ObICTpee HACTyMasa 3MUMUHALWA TPUOOB B Ma3Kax; KJIMHAUECKHe TI0Ka3aTe/I KPOBH KPOJIMKOB Y/TyUIla/IiCh.

KimoueBsble ciioBa: Malassezia pachydermatis, skcriepumeHTabHBIN OTUT, KITMHUYeCKHe TTPU3HAKY,
aHa/M3 KPOBH, KPOJIKU

Bkutap aBTOopoB: KoHLeniwst, MeTogosorysi — H.IT. CaunBKMHA; Banyayis ¥ IpOBeJjeHre UCCIeJ0BaHHs —
W.P. Onabop3; pabora c ganHbiMu — C.FO. CMoJieHIieB. Bce aBTOpBI IPOUUTAIM OKOHYATEbHYIO BEPCUIO
PYKOITUCH U COTVIACHBI C Hel.

3asBeHHe 0 KOH(UIMKTe HHTEePecoB. ABTODHI 3asIB/ISIIOT 00 OTCYTCTBUY KOH(JIMKTa UHTEPECOB.
HVicTopusi cTaTbM: MOCTYIW/IA B pefakLyio 7 fekabps 2024 r., npuHsTa K nybnukaryu 21 fexkabps 2024 1.

Jna purupoBanus: Olabode I.R., Sachivkina N.P., Smolentsev S.Y. A study of blood parameters in rabbits
with otitis caused by Malassezia pachydermatis and the effect of Farnesol on recovery rates when added to the
treatment regimen // BectHuk Poccuiickoro yHuBepcuTeTa Apy»Kon! HapozioB. Cepusi: ATPOHOMHUSI U KUBOTHO-
BoACTBO. 2024. T. 19. Ne 4. 707—719. doi: 10.22363/2312-797X-2024-19-4-707-719

06 aBTOpax:

0Onabo0s Hpapadxcumu Paguab — activipaHT AeniapTaMeHTa BeTeprHAPHOW Me/IUIMHEI arpapHO-TeXHOJIOTH-
YeCKOro MHCTUTYTa, PocCUICKuiA yHUBepcUTeT Apy»KObl HaponoB, Poccuiickas ®enepauust, 117198, r. Mockea,
yn. Muknyxo-Makras, f. 6; e-mail: 1042205126@rudn.ru

ORCID: 0000-0003-2395-7350 SPIN-koz;: 7155-3985

Cauuekuna Hadedicoa IlaenogHa — KaHAuAAT O61omoruueckrux Hayk, ZOLEHT JellapTaMeHTa BeTepHHApHOM
MeJWLIMHBI, Poccuiickuil yHUBepcUTeT Apy»KObl HapozoB, Poccuiickas ®enepauust, 117198, r. Mockea, yi1. Mu-
Kiyxo-MakJas, . 8, kopr. 2; e-mail: sachivkina@yandex.ru

ORCID: 0000-0003-1100-929X SPIN-koz: 1172-3163

Cmonenyes Cepeeli FOpbeguu — NOKTOP OHOTOrHUECKUX HayK, JOLIEHT, Mpodeccop Kadeapbl TEXHOTOTHU TIPO-
W3BO/ICTBA NPOAYKLIMH )KUBOTHOBOZCTBA, ATPapHO-TEXHO/IOTUUeCKHI HHCTUTYT, MapuiiCKuii rocyAapCTBeHHbINA
yHuBepcureT, Poccuiickas ®ezeparus, 424000, r. Momkap-Ona, . JlenuHa, 4. 1; e-mail: smolentsev82@mail.ru
ORCID: 0000-0002-6086-1369 SPIN-koz: 8507-7106

VETERINARY SCIENCE 719






	Содержание
	Contents
	Растениеводство
	Crop production
	Генетика и селекция растений
	Genetics and plant breeding
	Защита растений 
	Plant protection
	Почвоведение и агрохимия
	Soil science and agrochemistry 
	Агротехнологии и мелиорация земель 
	Agricultural technologies and land reclamation
	Морфология и онтогенез животных 
	Morphology and ontogenesis of animals 
	Животноводство 
	Animal breeding 
	Ветеринария 
	Veterinary science
	Лыбенко
	Содержание
	Contents
	Растениеводство
	Crop production
	Генетика и селекция растений
	Genetics and plant breeding
	Защита растений 
	Plant protection
	Почвоведение и агрохимия
	Soil science and agrochemistry 
	Агротехнологии и мелиорация земель 
	Agricultural technologies and land reclamation
	Морфология и онтогенез животных 
	Morphology and ontogenesis of animals 
	Животноводство 
	Animal breeding 
	Ветеринария 
	Veterinary science




