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Lenu u TemaTtuka. KypHan BecmHuk Poccuiickoeo yHugepcumema opyxcobt Hapooos. Cepusi: AepoHomust
u scugomrosoocmeo (Becmruxk PY/TH. Cepusi: AepoHoMUsl U HCUBOMHOB0OCMB0) — TIePUO/IUeCKOe pelieH3H-
pyeMoe HayuyHOe M3/laHie B 00/1aCTH CeIbCKOT0 X035CTBa. YKypHal SIB/ISeTCss MeXyHapOJAHBIM Kak 110 COCTaBy
aBTOPOB 1 TeMaTHKe Iy0O/IMKaLii, OTpakarolLiiei mpobsieMaTHKy HayuHbIX UCC/Ie/J0BaHHsl B Pa3/IMYHbIX PETHOHAX
MUPa, TaK U [10 COCTaBy pe/lakKL{MOHHOM KOJJIErMU U 5KCIIepTHOrO coBeTa (pelieH3eHTOB). 2KypHas npejjHa3Ha-
YeH Jyis1 1yO/MKaL|i pe3ysbTaToB QyH/JaMeHTa/lbHBIX U MIPUK/IaJHbIX HAYYHBIX UCC/IeJOBAHUN POCCUHCKUX
1 3apy0e)KHBIX YUeHbIX B BH/ie OPUTHHABHBIX HAyYHbIX CTaTel, 0030pHBIX HayUHbIX MaTepHUaoB, HAyYHbIX
coobienut, Gubmorpaduueckrx 0030pOB I10 OTpe/IeIeHHBIM TeMaM HayUHbIX HCCIeIoBaHUN. TakKe >KypHas
MyO/IUKyeT U pacripoCTpaHsieT pe3ysibTarhl (PyH/ aMeHTalbHbIX U PUKJ/IaJHbIX UCC/Ie[0BaHNH, TIPOBOJUMBIX
B KO/171a00pariiy 0TeueCTBeHHbBIX U 3apyOe)KHBIX YUEHBIX 110 IPUOPUTETHBIM MPo0/IeMaM CebCKOX035HCTBEeH-
HOIt oTpac/u. B >xypHaze MoryT GbITh OMy6/IMKOBaHbI MaTepyalibl, HayuHasi [IEHHOCTb KOTOPBIX U MPUTOHOCTD
JU1s1 TTyO/MKaliK OLieHeHa peLieH3eHTaMH U pe/laKIIMOHHOM KoJulervel )KypHasa. Bo Bcex MaTepranax J0/DKHbI
Co0/IOZaThCs STUUECKHE HOPMbI HaYUHBIX 1Ty O/IMKaLMid.

Peziak1ji0HHas KoJLIerysi IpUHUMaeT K paCCMOTPEHHUI0 MaTepyaslbl 110 HarlpaB/leHHsIM: arPOHOMUS, )KUBOT-
HOBO/ICTBO, BeTepPHHAPHsl, 300TeXHUs], BeTeDUHAapPHOCAHUTAapHasi SKCIIepTH3a, TexHoCepHasi 6e30MacHOCTb,
3eMJIeyCTPOMCTBO U KaJJaCTphl, JaH/madTHas apXUTeKTypa — /151 TOATOTOBKH TeMaTH4eCKUX BbIITyCKOB
C yJacTHeM IpUIIalleHHbIX Pe/lakTOpOB.

JKypHas pekoMeH/10BaH [IUCCepTALMOHHbIMU coBeTamu PY[TH; BXOAUT B repeveHb U3aHui, MyOaMKauu
KOTOPBIX YUMTBIBatOTCsl Bhiciiieli arTectauyoHHo# komuccueit Poccun (BAK P®) npu 3amiuTe Arccepraiuii Ha
COMCKaHMe yueHbIX CTelleHell KaHju/aTa 1 JoKTopa Hayk 110 crierpanbHocTaM: 03.02.01 Boranuka, 03.02.13
IMouBoBesieHue, 06.01.01 O61iee 3emiesenve pacteHreBoCTBO, 06.01.02 Menuopariyisi, peKy/IbTHBALIUS ¥ OX-
paHa 3emesb, 06.01.04 Arpoxumus, 06.01.05 Cenekiiysi 1 CEMEHOBO/CTBO Ce/IbCKOXO35IICTBEHHBIX pacTeHUH,
06.01.06 JIyroBOoZICTBO ¥ JIeKapCTBeHHbIE 3(UPHOMACTUYHEIE Ky/IbTypbl, 06.01.07 3arumra pactenuti, 06.01.09
OgoreBozcTBO, 06.02.01 JuarHocTtrka 60se3Hel U Tepanysi )KUBOTHBIX, [1aTOJIOTHsl, OHKOJIOTYsi 1 MOP(OJIOTHs
JKUBOTHBIX (BeTeprHapHble Hayku), 06.02.02 BeTeprHapHasi MUKPOOHOIOTHsI, BUPYCOJIOT S, STIM300TOJIOT s,
MUKOJIOTHsI C MUKOTOKCHUKOJIOTel 1 KIMMYHOJIOr U (BeTepuHapHble HayKu), 06.02.04 BeTepuHapHas Xxupyprus
(BeTepuHapHble Hayki), 06.02.07 Pa3BezieHue ceeKIysi ¥ reHeTHKa CeTbCKOX03sHCTBeHHbIX )KUBOTHBIX (Ce/TbCKO-
xo3siiicTBeHHble HayKu), 06.02.10 YacTHasi 300TexXHus], TEXHOJIOT WS IPOU3BO/CTBA [TPOJYKTOB )KUBOTHOBO/CTBA
(cenbCKOXO03sHCTBEHHbIE HAyKH).

TpeOoBaHUs K CTATbsIM U TIPABUJIA PeLeH3UPOBAaHMsl, 37IeKTPOHHBINA apXUB B OTKPBITOM /IOCTYIIE U MHas
[l0TI0NTHUTeIbHAsE MH(OopMaLMs pa3MellieHbl Ha caiite xypHana: http://agrojournal.rudn.ru.
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LLluToKMHeTUYEeCKUiM 1 aHaTOMUYECKNN aHaIN3 KJ1IeTOK
mepuctembl Thellungiella botschantzevii
B YC/IOBUSIX BbICOKMX KOHUeHTpauuin NaCl u Na,SO,
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AnHoTanus. V3yueHrie IUTOKUHETMYECKUX W aHATOMUUECKUX CBOMCTB pacTeHust skctpamodua Thellungiella
botschantzevii (German) npu Beicokux koHenTparmsax NaCl u Na,SO, u B ux 0TCyTCTBHe (KOHTDPOJTb) MO3BOJTA/IO
BBISIBUTh CTPYKTYPHO-(DYHKLIMOHA/IbHBIE MPe0Opa30BaHMsI Ha KJIETOUHOM YPOBHE U OLIEHHTb JIefiCTBIE 3aCOJIeHHsI.
LuTo(hoTOMETPHUUECKHAM METO/IOM MOKa3aHO HAKOTUIeHHe B KOPHEBOH MeprcTeMe KJeToK B (ase G, u S, uTo cue-
TesbeTByeT 06 aganranuu  Thellungiella botschantzevii k Beicokum KonuenTparusam NaCl u Na,SO,. Beicokuit
ypoBeHs rongHocTH (o 16C) 1 copepskaHre MaKCHMa/IbHOTO KOJIMUeCTBa TTOJIMIUIONHBIX KJIETOK Ha yPOBHE
4C u 8C npusiaeT pacTeHHIO YCTOMUMBOCTE. Ha MOIyTOHKMX U y/IBTPaTOHKHX Cpe3ax II0/IydeHbl aHaTOMIUe-
CKHe XapaKTepHUCTUKY TKaHel KopHs U imcta Thellungiella botschantzevii, onipesiesieHa akKyMyJIsILysI B KJIeTKe
KODHSI TMMUHBIX 1 GeskoBbixX BKrouenuid. Bug Thellungiella botschantzevii siBnsieTcst yHUKaIbHOM MOJEBIO
JJIs1 pa3HOTO POJiA MICC/IeJOBAHUM, B T.U. TeHETHUECKHX, ¥ MOXKeT UCII0Ib30BaThCsl B pa3paboTKe MpefioyKeHIH
U151 TIOBBIIIEHNS] YCTOWUMBOCTH CeTbCKOX035HCTBEHHBIX paCTeHHH.

KimroueBsble ciioBa: Thellungiella botschantzevii, nntooToMeTpust, KJIETOUHBIN LUK, TUIOWJHOCTB,
JIMTTHJHbIE KaIuT|
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Cytokinetic and anatomical analysis
of Thellungiella botschantzevii meristem cells
in high concentrations of NaCl and Na,SO,

Neonila V. Kononenko*, Tatyana G. Leonova, Inna A. Chaban

Russian Research Institute of Agricultural Biotechnology, Moscow, Russian Federation
*Corresponding author: nilava@mail.ru

Abstract. The study of cytokinetic and anatomical properties of the extramophile plant Thellungiella
botschantzevii (German) at high concentrations of NaCl and Na,SO, and without them (control) allowed to identify
structural and functional transformations at the cellular level and evaluate the effect of salinity. Cytophotometric
method showed the accumulation of cells in the root meristem in G1 and S stages, which indicated the adaptation
of Thellungiella botschantzevii to high concentrations of NaCl and Na,SO,. A high level of ploidy (up to 16C)
and the maximum number of polyploid cells at the level of 4C and 8C gave the plant stability. Anatomical
characteristics of Thellungiella botschantzevii root and leaf were obtained on semi-thin and ultra-thin sections,
and accumulation of lipid and protein inclusions in the root cell was determined. The data obtained indicate that
Thellungiella botschantzevii is a unique model for various kinds of research, including genetic research, and can
help to develop proposals for increasing resistance in crops.
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BeepeHue

Thellungiella mpucriocobsieHa K 3aCOMEHHIO, 3aCyXe, HU3KUM TeMIlepaTypaM, TOKCHY-
HBIM MeTaJl/iaM, Je(ULIMTY a30Ta, BLICKIXaHUIO ¥ HaBo#HeHUsM [ 1—5]. MHoroobpasue
cTpeccoBbix 0TBeTOB Thellungiella Gw1y10 TIOKa3aHO Ha PeakIUsX, CBSA3aHHBIX CO CTpeC-
COBBIMM CUTHAJIaMH, TIOTJIOIIeHHeM aKTHUBHBIX GopM kuciopoga (APK), 3amuroid
OT MOHHOM TOKCUYHOCTH, peryssiljiell 0CMOTHUUeCKOTO /JaB/ieHus], BOCCTaHOBUTETbHBIMU
niporjeccamu [6]. VI3 BuzoB Thellungiella Hanbonee usyueH T. salsuginea (Pall), ero renom
oripeziesied B 2013 1. [7], moatomy T. salsuginea ctana BocTpeOOBaHHOM NPY U3yUeHUN
CTPeCcCOyCTOMYMBOCTH PaCcTeHWH U MOyUYeHUH TPaHCTeHHbIX pacTeHuit [2, 8—10]. I1pu
3TOM KOHCTPYUPYIOTCSI TPAHCTeHHbIe PacTeHus1 (HarpyuMep, TPaHCTeHHbBIN PUC C HOBBIM
redoM ThPIP1 ot Thellungiella halophila) nyist u3y4eHusi TOePaHTHOCTU K COJISIM Ty TeM
CBEPX3KCIIPeCCUr HEeKOTOPBIX reHoB bZIP, uyBcTBUTENBHBIX K cTpeccy [11—13]. beim
U/IeHTU(UIIMPOBAHbI X0JI0/J0pery/IupyeMble reHbl Kak Ha ypoBHe MPHK, Tak 1 Ha ypoBHe
6enka [14]. Hekotopsle rensl TF Takoke Obi pa3paboTaHbl [jis1 yIyullleHus] yCTOMUH-
BOCTHU K CTPECCY Y MOJZIeJIbHbIX U Ce/TbCKOX03STUCTBeHHBIX pacTeHui [13].
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Memnee uccnenoBan Buf Thellungiella botschantzevii (German), onvicanHbii B 2002 T.
¥ TI0Ka C HeorpeZie/ieHHBIM pa3MepoM reHoma. PaHee B HalllMX HMCC/ieJOBaHUSIX Ha OCHO-
BaHUM JIJaHHBIX 110 OKOMacce ¥ M3MEeHEHHE0 COOTHOIIIEHNSI MOHOB HAaTPHsI U Kausl, a TAKXKe
1o 1UTO(OTOMETPUYECKOMY aHa/TU3y U PACIpe/ie/IeHHI0 KJIeTOK KOPHEBOW MepPUCTeMbI
10 pa3aM KJIeTOUHOTO [UKJIa Mbl BbI/IEJTU/IM COJIeyCTONUMBBIE U COJIEUYBCTBUTE/TbHbBIE
o6pasiiel Thellungiella. TTo Hatim gauHBIM BUf, Thellungiella botschantzevii mo cpaBHe-
uuto ¢ T. salsuginea 6osiee COMEYCTOMUMB, TaK Kak IMPU BbICOKUX KOHIIEHTPAIUAX COMeH
OosblIe K/IETOK HAaKarIMBaaock B iepuoge G1 unrepdassl u cHukanock B G, dase,
YTO CBU/IETE/ILCTBYET O BLICOKOM afiarTaliiy 3TUX pacTeHui K cosisim [8, 15, 16]. 3t
pe3y/IbTaThl MOATBEPAV/IN HALIK UCC/IeJOBAHKS TI0 OTIpe/ie/IeHHI0 COJIeyCTONYUBOCTH
JUKUX BUIOB — 3TUJI0MCOB [15].

Pacrenune Thellungiella botschantzevii umeeT MHOTO 001X UepT ¢ Arabidopsis
thaliana, BKnrouasi ero BHEIIHUN BUJ. OTH HeOOJIbIIIME PO3€TOUHbIE PACTEHHS COTO-
CTaBUMBI MeXX/y cO00# TI0 CKOPOCTH POCTa U pa3Mepam, a Takxke 1o (epTUIbHOCTH,
0O0/BIIIOMY KOJIMUECTBY CEMSTH C HEPAaBHOMEPHBIM MPOLIECCOM CO3pPEeBaHMSI, JIETKOCTH
TpaHcopmauuu [7]. K coxanenuto, aHHble 0 IPoxoxkaeHnu A. thaliana KneToyHoro
L[MKJIa B JINTepaType He TIPUBOASTCS.

B nuTepatype mpakTUueCKu OTCYTCTBYIOT aHATOMUYeCKHe UCC/IeIoBaHUsI MepH-
cTeMaTrueCcKol 30HbI KOpHel 1 nucToBoi miactuHkU Thellungiella botschantzevii.
Ba)XHOCTb WX U3yUeHUsI COCTOUT B TOM, UTO U3MEHEeHUsI, TIPOUCXOASIIIHE B ITOU TKaHU
Ha KJIETOUHOM YPOBHe, OyZlyT BJIUSITb Ha POCT M Pa3BUTHE B OHTOTEHEe3e.

Ilenb Mcc1eg0BaHuA — BHISIBUTH [IUTOKMHETHUECKHE Y aHAaTOMUYeCKHe XapaKTe-
puCTUKM pacteHust 3kctpamoduna Thellungiella botschantzevii (German) B KOHTpoJie
v 1ipy BeICOKUX KoHLeHTpaiusax NaCl u Na,SO, u cpasuuts ux c A. thaliana.

MaTepuanbl U MeToAbl UCCNeA0BaHUSA

B kauecTBe 00BHEKTOB MCCIeA0BaHUS HUCMOMb30Banu pactenus Thellungiella
botschantzevii u A. thaliana, cemeHa KOTOPBIX ObUT COOPAHBI B €CTeCTBEHHBIX MeCTaX
obutanus (CapaTtoBckast 00/1.) [16]. PacTeHus BbIpalyBaiy B vaiikax IleTpu B TepMo-
crare 1ipu 23 °C B TeueHMe 5 CYyTOK Ha BOZe. 3areM MPOPOCIIMe CeMeHa NepeHO0 CUTn
B pactBopel 0,5% NaCl u 1% Na,SO, u BbigepxkuBanu 1 cyT. KoHntponem ciyxum
TIPOPOCTKHY, BbIpallleHHbIe B BoJle. AHa/IM3 UHTep(a3HbIX si/iep B KOPHSIX pacTeHUM Mpo-
BOZiM/IM MeTozioM LuTodoToMeTprn [JJHK Ha /1aB/ieHHbIX TOCTOSHHBIX Tperaparax, rmocjie
OKpallMBaHus uX 1o metony ®esnbreHa, Ha nurocnekrpodoromerpe SMP-20 (Opton,
lepmanust). st pacueta kosnvuectBa JIHK B Mr vcrnosb3oBanu cTaHjapT — JlaHHbIe
o komuectBe JIHK B aguruionHeIX siipax KiaeTok A. thaliana, ripeficTaBieHHbIe B 6a3e
nmanHbix Kew Botanical garden (www.kew.org.uk/cvalues) [17, 18]. 3a 1C npunumanu
kosmmuectBo /THK B He peryIMIiMpoOBaHHOM TaryIouHOM Habope XpomMocoMm. bbuio rpo-
aHanu3upoBaHo >300 gzep.

N3yueHne aHaTOMHAUeCKMX XapaKTePUCTUK KOPHS TTPOBOAW/IM Ha 6 CyTOYHBIX MPO-
pocTtkax. [l ucciejoBaHysl aHaTOMUM JIMCTOBOM IIJIACTUHKU pacTeHUs BbIpalliiBa/Iv
B [IOYBe B TeueHHe MecsLa. VismepeHue miomau siziep NpOBOJWIN C TTOMOLL[BI0 MUKPO-
ckorta Olympus BX51 u tjucdporoii kamepsl Color View II (I'epmanusi) B iporpamMme
Soft Imaging System. [TorepeuHsie cpe3bl KOPHEH U TUCTHEB MOIyYad C TTOMOILbIO
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ynbrpamukporoma LKB — 111 (I1IBewiust), ioc/ie 3a/MBKU B CMeCh CMOJT (3T10H, apasiJuT)
0 CTaHZAPTHOM MeToAuKe [19]. YnpTpacTpyKTypy UCCae0BaIv Ha 31eKTPOHHOM MH-
kpockorte Xurtauu H-300 (SInmonwust). CtaTrcTHUeCcKyr0 06pabOTKy JAHHBIX ITPOBOUIN
C IpUMeHeHreM NporpaMMsbl Statistica 6.0.

PesynbraTbl 1 06Cy)XaeHne

Amnatomuueckyto cTpykTypy KopHeli Thellungiella botschantzevii mpu pa3HbIX
YCJIOBUSIX BhIpAIMBaHUS W3yuaJli Ha TIOTIePeUHBIX Cpe3aX arnuKaabHOM 30HbI (puc. 1).

[Thellungiella botschantzevii]

Puc. 1. MNMonepeyHble cpesbl kopHs Thellungiella botschantzevii npy pasHbIX yCIOBUSAX
npopatmBaHus (Bofa, Xxnopuz HaTpus, cynbdat HaTpust). CBETOBaA MUKPOCKONUST (BEPXHUI pAaf):
a—H,0;6 —NaCl, 8 —Na,S0,. YB. x 1000. 9neKTpoHHasa MUKPOCKOMMA (HMKHUiA paa): r— H,0;
a4 —NaCl; e —Na,SO,. ¥s. x 4000; 0603HayYeHNsT: 3K3 — 9K3071epMa; MNK — NapeHXUMHbIe KNETKK
NEePBUYHOW KOPbI, 3 — 9HAO0AEPMA; UL, — LEHTPabHbIN UNMANHAP; KC — KNETOYHasA CTeHKa; A — A4po;
B — BaKyo/b; 1 — NMNUAHbIE Kanau; 6, B — 6e1KOBble BKIKOYEHWS

Fig. 1. Cross sections of Thellungiella botschantzevii root under different germination conditions
(water, sodium chloride, sodium sulfate). Light microscopy (top row): a—H,0; 6 — NaCl;
B — Na,SO,. Magnification x 1000. Electron microscopy (bottom row): r —H,0; 5 — NaCl, e — Na,S0,.
Magnification x 4000; Notations: ak3 — exoderm; nnk — parenchymal cells of primary cortex;
5 —endoderm; Uy — central cylinder; kc — cell wall; 8 — nucleus; B — vacuole; n — lipid drops;
6, B — protein inclusions

Ha nonyToHKHX cpe3ax KOpHel B KOHTPOJIe U MPH 3aCO/ieHUH pa3HULla He 0YeHb
3ameTHa. KopHU cofepskaT 5K30iepMy, AByXC/IOMHYI0 IIePBUUHYIO KOPY, SHZOAEpMY
Y LleHTpasbHbIN UIUHAP (CM. puc. 1, a—B).

[lnst 6osnee fetanbHOM XapaKTePUCTUKY U BbISIB/IEHUsI BHYTPHUK/IETOUHBIX Pa3IAuMi
Me>K/ly BapUaHTaMH, ObLIO POBEIEHO 3/IeKTPOHHO-MHUKPOCKOITMYeCKOe UCC/Ie/J0BaHNe
KODHS, T/l BU3Ya/IU3UPYIOTCS s/ipa, BaKyO/IHy, TUMUHbIe Karuii, Oe/KoBble BK/IIOUEHHS,
KJ/IETOYHbIE CTeHKHU (CM. pucC. 1, r—e).
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Ha ynerparonkom cpe3se Thellungiella botschantzevii B KoHTpoJie (Boja) Habmomanu
OTCJI0eHHe TIPOTOIUIa3MbI OT K/IETOUHOM CTeHKH; O0/TBIIIOe KOJTMUeCTBO JITU/HBIX Karle/lb
(18+1,1 T Ha KJIETKY) B LiUTOI1a3Me. LIuToria3ma oT/iMuanach BbICOKOH MJIOTHOCTBEO
Y HacblllleHa OpraHesiiaMy, sifipa KPyItHbIe, OKPYIJIble UM JIOTIaCcTHBIE TI0 (hopMe.

Bakyosnm copepatr ocMHOGHIbHBIE BK/IFOUeHVs], TT0-BUIUMOMY, O€TKOBOM ITPHUPO/IBI
(cm. puc. 1, 1).

CoriocTap/ieHue TIONepeuHbIX CPe30B KOPHSI IT0Ka3bIBaeT, UTO XJIOPHUAHOE 3acCo/ieHre
TIPUBOJUT K YBEJIMUYEHHIO TJI0LL{aid TTaPEHXUMHBIX K/IeTOK M0 CPaBHEHUIO C KOHTPOJIEM
(cM. puc. 1, 6). Ha yeTpaTOHKOM Ccpe3e KOpPHSI TIPH XJIOPUHOM 3acojieHHH 00Hapy»Ku-
BajI0Ch HE3HAUUTETbHOE OTC/I0EHKe MPOTOI/Ia3Mbl U YETKO BbIpa)kKeHHasi U3BU/IUCTOCTh
KJIETOUHOM CTeHKHU, UTO MOKeT CBH/IeTeIbCTBOBAThL 00 yBeIMUeHHH 00bemMa KIIeTKH.
[TnoTHas uMToNIa3Ma Cofep)KUT KpyIHble TUNUHbIe Karneau (8+0,9 mt Ha K/eTky).
B BaKyoJIsiX IPUCYTCTBYIOT KPYITHbIe Oe/IKoBbIe BK/IIOUeHUs (CM. puc. 1, e).

Ha nonepeunsix cpe3ax kopHeld Thellungiella botschantzevii, npopolLieHHBIX B pac-
TBOpE C Cy/b(aToM HaTpusi, pa3Mep MapeHXUMHBIX K/IeTOK NePBUUHOU KOPbI MeJibue
(kcepoMmop@Hasi CTPyKTypa), ueM MpH BbIpalliUBaHUX B PACTBOPE C XJIOPUOM HaTpHsl.
Ha ynbTpaToOHKOM Cpe3e BH/IHO MeHblilee KOJTUUYeCTBO JTUMU/HBIX Kare/ib 10 CpaBHe-
HMIO ¢ BapraHToM 6e3 3acosenus (10+0,8 T Ha K/1eTKy). B Bakyosisx, KaKk U B JPyrUxX
BapHaHTaX, NPUCYTCTBYIOT Oe/IKOBbIe BK/IFOUeHus (CM. puc. 1, B).

Wcxons 13 9THX JaHHBIX MOXKHO TIPEJTI0/I0KUTh, UTO MPH MPOpallMBaHUN CeMSH
Thellungiella botschantzevii BomHasi cpefia UHAYLMPYeT oCMOTHYecKuii ctpecc. ITpo-
pamuBanre B NaCl HopManu3yeT CTPYKTYpy K/IeTOK, OIHAKO, He MOMHOCThI0. Cyzst
10 COCTOSTHUIO KJIETOUHOM CTPYKTYphI B TKaHsix KopHell Thellungiella botschantzevii,
npopaiisanye B Na,SO, onTUManbHO /7Sl COXPaHeHHst HOPMasIbHOM MOP(OIOrUH K/TeTOK.

st 6onee moHOTO M3yueHus 3Toro Buja pacrenus (Thellungiella botschantzevii)
OBI7I0 TPOBE/IEHO TAK)Ke MCC/IelOBaHe aHaTOMUUeCKOM CTPYKTYPhI JIMCTOBOM TijIa-
CTUHKU. [I7151 cpaBHeHUs! MCT0J/1b30Ba/IM aHaTOMHUYeCKHe XapaKTepPUCTUKY TKaHel JIicTa
A. thaliana. ViccnenoBaHve NMPOBOAW/IM Ha MOMEPEYHbIX CPe3ax JIMCTOBBIX MJIACTUHOK
KOHTPOJTIbHBIX (BbIpallleHHbIX Ha BOJe) pacTeHul (puc. 2).

[ Arabidopsis } [ Thellungiella ]
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Puc. 2. CTpoeHue NUCTOBOW NNacTUHKK: @ — A. thaliana; 6 — T. botschantzevii; B — Konn4yecTBo
ycTbuu y A. thaliana (1) ny T. botschantzevii (2). YB. x 400. 0603HaYeHUs: y — YCTbULE;
3 — anuAepMa; cn — cTonbyartas NapeHxmuMma; rm — ryéyaTasi napeHxnuma

MORPHOLOGY AND BIOCHEMISTRY OF PLANTS 235



Kononenko H.B. u 0p. Bectuuk PY/TH. Cepusi: ArpoHoMust ¥ )KUBOTHOBOACTBO. 2020. T. 15. Ne 3. C. 231-241

1
- -
120
e
©
©
®
20 -
' :
1 H

Fig. 2. The structure of the leaf blade: a — A. thaliana; 6 — T. botschantzevii; B — number of stomata
in A. thaliana (1) and in T. botschantzevii (2). Magnification x 400. Notations: y — stomata;
9 — epidermis; cn — palisade parenchyma; rn — spongy parenchyma

( Arabidopsis ) ( Thellungiella

Stomata number

BepxHuii c/1oii K/IeTOK — 3MHiepMa — 3allyilieHa OJHUM C/I0eM KyTUKYJIbL. [1og
3MU/epMOi HaXOAUTCS cTos0uaTast mapeHxyuMa, COCTOsIIIasi U3 Y/ IMHeHHbIX K/IeTOK,
MeXKTy KOTOPbIMU HaXO/IUTCsT HeOO/IBbIIIOe MEXKK/IETOUHOE TPOCTPAHCTBO. 1o/ cTon6uaToi
TapeHXHMOM pacriosioykeHa rybuarast TapeHX1Ma, COCTOsIasi U3 KJIeTOK HelpaBUIbHOM
(bopMmBbl, C OOJBIIIMMU KOJIMYECTBOM MEXKK/IeTHUKOB. HYDKHSS 4acThb JIMCTa TIOKPBITA
HIWKHUAM 3TiZiepMucoM. Ha puc. 2 Xopoliio BUHBI pa3iyiyuus B CTPYKTYpe JIMcTa 06enx
pactenuii. B mucte Thellungiella botschantzevii — KneTKu 31u/iepMbl 3aMeTHO KpyTTHee,
yeM KJ/IeTKH MapeHXuMbI rcTa. B yucte A. thaliana, HaobopoT, K1eTku cTonbuaToit
rapeHXHMbI CYIleCTBeHHO KPyTIHee, ueM KJIeTKH STH/epPMbl, U 3HAUMTeTbHO KpyTIHee,
yeM KJIeTKH CTosi04aTou mapenxumel ivcta Thellungiella botschantzevii. Knetku nvcra
Thellungiella botschantzevii MOKpbITHI O0/Iee TOICTBIM C/IOEM KYTHKY/IbI, ueM y A. thaliana,
HO KJIeTKH T'yOuaToii mapeHX1MbI Oosiee MenKye ¢ HeOOoIbIIMMI MeKK/IeTHUKaMHU, TOT/a
Kak y A. thaliana 3Tv KJeTKY Topaszio KpyrHee, ¢ 60/IbIIUMY BO3[yXOHOCHBIMHU MOJIOCTS-
mu. Takum obpa3zom, muct Thellungiella botschantzevii Beirisiaut 6osiee 3alUIIIEHHBIM
OT BO3/IelCTBUI 110 cpaBHeHUIO C A. thaliana.

SnuiepMUC IUCTa COAEPKUT YCThULIA, KOTOPBIX 0OBIYHO 3HAUMTETBHO OoJbliie
B HIDKHEM 3muziepMuce. Mbl TIPOBe/U MO/ CUeT KOMUYecTBa YCThUL] Ha 1 MM MoBepx-
HOCTH HIWKHET0 3MKJiepMICa Y U3yuaeMbIX pacTeHHH. Bbuio moKa3aHo, UTO MJI0THOCTh
pa3MelrieHus yCThHIL B arepmuce Y A. thaliana u Thellungiella botschantzevii 3ameTHO
pasnuuaetcsi. ¥ Thellungiella botschantzevii yctbui] Ha 1 MM TTIOBEPXHOCTU HUYKHETO
MHIePMHUCaA B cpeHeM B 2,5 pa3a 6osibiie, ueM y A. thaliana (cm. puc. 2, B).

I[Tpu cpaBHEHWU BAMSHUS COJeld Ha pacripefiesieHHe K/IeTOK 10 a3aM K/IeTOUHOTo
1uksa y A. thaliana v Thellungiella botschantzevii oka3anock, 4YTo B KODHEBOM MepHCTEMe
A. thaliana nop, seficTBHeM BbICOKHX KOHL|EHTPALWI CO/lel CHUYKAeTCsi KOJTMUeCTBO K/IeTOK
B G1 u S (a3ax 1o cpaBHeHUIO ¢ KOHTpoJieM, B G2 da3e Uunc/Io K/IeTOK yBeTMUNBAeTCS,
0co0eHHO 3HauMTeNBbHO (B 3 pa3a) MpU Cy/IbGaTHOM 3aCONeHHUH, UTO CBHUETE/bCTBYET
0 UyBCTBUTE/ILHOCTH K COJIsIM, TaK KaK cofiep>kaHre KeTok B G2 ¢ase siB/isieTCst IoKasa-
TesieM ycroiiunBocty [20]. B pacrenusix Thellungiella botschantzevii, BbipallieHHbIX TIPH
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BbICOKMX KoHLeHTpaluax NaCl u Na,SO,, He Hab/moganm CyliecTBeHHbIX H3MeHeHHH
B HaKOIJIEHUU KJIETOK IO (Pa3aM K/JIeTOYHOrO LIUK/IA M0 CPaBHEHUIO C KOHTpoJjieM. [1pu
CpaBHeHHU C pacteHussMU A. thaliana B yc/oBUsiX Cy/b(aTHOTO 3aCoeHUs KOMHYeCTBO
knetok y Thellungiella botschantzevii 8 G, uS ¢ase Bo3pacraer B 2,2 pa3sa, a KOJIMYECTBO
kneTok B G,-¢ase cHmkaercs B 2,4 pasa (puc. 3). Takum obpasom, Bug Thellungiella
botschantzevii 3naunTenbHO NPeBOCXOAUT A. thaliana o yCTOMUMBOCTH K COJISIM.
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Puc. 3. Pacnpenenerve KNeTok No Gasam KNeToYHoro umkna y A. thaliana v T. botschantzevii:

1 —«xonTponb; 2 —NaCl, 3 —Na,SO,; nesble cTon6ukn — A. thaliana; npasble — T. botschantzevii
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Fig. 3. Distribution of cells by phases of the cell cycle in A. thaliana and T. botschantzevii: 1 — control;
2—NaCl; 3—Na,S0,; left columns — A. thaliana; right columns — T. botschantzevii

MBI MOTBITAIMCh KOCBEHHO OLIEHUTH ellle He OTpe/ie/IeHHbIM pa3Mep reHoMa
Thellungiella botschantzevii v CpaBHUTh €T0 C U3BECTHBIM pa3MepoM reHoma A. thaliana.
C 5To#i 1e/b0 MBI TIPOBEJIN KOJIMUeCTBeHHYI0 oLleHKY cofiepxkanust [THK simep kietok
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pacteHuii UTO(HOTOMETPHUECKUM METOZIOM, a TaKKe OTpe/eT/IN UX TUIomiazb (Tabir.).
ITpu onpepenenun konuyectsa JJHK v muioiazau XpoMOLIeHTPUUYECKUX sAfiep K/IeTOK
Thellungiella botschantzevii 0ka3anoch, UTO WX 3HaUeHHsI TIPUMEPHO BZBOE TpeBbIllia-
0T aHaJIOTUYHBIe TI0Ka3ateu A. thaliana, 4to yka3biBaeT Ha y/IBOeHHE XPOMOCOMHOTO
Marepuasna B sipax Thellungiella botschantzevii. Takum o06pa3om, pa3mep reHoma
y Thellungiella botschantzevii oka3ancs BgBoe 6oibllie 110 cpaBHeHHIO C A. thaliana.
YBenrueHue pasMepa reHoMa MOYKHO pacCMaTpHUBaTh Kak pacllIpeHue alalTHBHBIX
BO3MOKHOCTEH BHA.

Copepxanue OHK, nnowaab saep u paamep reHoma y A. thaliana
u Thellungiella botschantzevii

Bug l'eHom, 1C, nr Cop. AHK, 2C, nr PL Mnowapp saep, MKM?
Arabidopsis thaliana 0,16 £ 0,01 0,32+0,02 2 3,32+0,07
Thellungiella 0,35 + 0,02 0,70% 0,05 2 7,47 £0,15
botschantzevii

DNA content, nuclei area, and genome size in A. thaliana and Thellungiella botschantzevii

Species Genome, 1C, nr DNA content, 2C, nr PL Nuclei area, pm?
Arabidopsis thaliana 0.16 £ 0.01 0.32+0.02 2 3.3240.07
Thellungiella 0.35+0.02 0.70£ 0.05 2 7.47 £0.15
botschantzevii

Y uccnenyembix BU0B 0OHapyKeHO yBeTHUYeHHe YPOBHS TJIOUIHOCTH oT 2C
[0 16C, HO pa3HOe KO/IMYeCTBO MOUITIONAHBIX KeToK (puc. 4). Tak, y Thellungiella
botschantzevii no cpaBHenuto c A. thaliana nx 6onbiie Ha ypoBHe 4C u 8C, uTO, 110-BU-
JIMMOMY, TIpU/laeT PaCTeHUI0 YCTOMUHUBOCTb K CTPECCOBBIM YCIOBUSAM. DTO MOXKET
CBU/IeTE/TLCTBOBATh TAK)Ke O TOM, UTO TaKKe PAaCTeHHsl XapaKTepU3YIOTCs MTOBBIIIIEHHOM
ajarranyel K cpesie OOMTaHUS U OTIPee/ISIFOT ITapaMeTp YCTOMUMBOCTH. VI3BeCTHO,
YTO eCcTeCTBeHHas! MOIUIIOUAHOCTE B TIPUPO/Ie PaclpoCTpaHeHa J0CTaTOUHO LIMPOKO,
0Co0eHHO B paliOHax C 3KCTPeMaIbHbIMU YC/IOBUSIMH OOUTaHUSI.
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Puc. 4. YpoBeHb NIOMAHOCTY M KOMYECTBO NOANNIONAHBIX KNeToK y A. thaliana
n T. botschantzevii: 1 — 2C; 2 — 4C; 3 — 8C; 4 — 16C
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Fig. 4. Ploidy value and number of polyploid cells in A. thaliana and T. botschantzevii:
1—2C;2—4C;3—8C;4—16C

BbiBOAbI

Takum o6pa3oM, B pe3ysibTaTe aHaTOMUUECKHUX UCCIeJOBaHUI KOPHeH U JINCTheB
Thellungiella botschantzevii onpefjenieHa akKKyMyJ/IsiLivsi B K/IeTKaX KOPHSI JIUTIA/JHBIX
1 O6e/KOBBIX BK/TFOUEHHWH; B 3MU/epMaIbHBIX K/IeTKaxX JUCTbeB — 0oJiee MI0THOE pac-
ToJioyKeHue yCThuL]. V3yueHre LIMTOKMHETUUeCKUX CBOMCTB pacTeHUs SKCTpamodusia
Thellungiella botschantzevii nipu BbicOKMX KoHIleHTpaiusax NaCl u Na,SO, mo3sonu-
JI0 BBISIBUTB CTPYKTYPHO-(DYHKI[MOHA/IbHBIE TTPe0Opa30BaHus Ha KJIETOYHOM YPOBHe
Y OLIeHUTb JiericTBUe 3acosieHusi. HakorieHue kieTok B Ga3e G1 u S cBU/ieTeIbCTBYIOT
o 6oseiont agantaryu Thellungiella botschantzevii k BeicokuM KoHIeHTpausm NaCl
1 Na,SO, no cpasHenwto ¢ A. thaliana. Beicokuit yposeHs monHocTy (110 16C) u copep-
JKaH/e MaKCMMaJIbHOTO KO/TMYeCTBa MOUIIIONIHBIX KeToK Ha ypoBHe 4C u 8C npujaer
pacTeHHI0 YCTOMUMBOCTD K cTpeccam. OnpeZiesieHHbI HAMU pa3Mep reHoMa yKas3blBaeT
Ha paclliMpeHue a/lariTUBHBIX Bo3MoxkHOCTel BUsa. Bup Thellungiella botschantzevii
SIBJISIETCS YHUKA/IbHOM MO/IeJIbIO /111 Pa3HOTO POJia MUCC/Iel0BaHUM, B T.U. FeHeTUYeCKUX
Y MOYKeT ITOMOYb B pa3paboTKe Mpe/yI0yKeHUM /17151 TIOBBILIIEHHS] YCTOWYUBOCTH Ce/TbCKO-
XO03MCTBEHHBIX paCTeHUM.
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OueHKa cofiep)KaHusi BeLeCcTB C aHTUOKCUAAHTHOW aKTUBHOCTbIO
B o6pa3uax kaptodensi KONNeKUUn UCXOAHbIX POAUTENbCKUX
dopm PepepanbHOro uccnefoBaTeNIbCKOro LieHTpa
Kaptodens umeHn A.l. Jlopxa

E.M. T'uuc’?, E.A. Mockanes'?, O.b. ITosimBanoBa' 3,
A.B. Mutiomkun!, E.A. CumakoB!

!®epepasnbHbIN UCCIEOBATeNBLCKUM 1IeHTp KapTodess umenu A.T. Jlopxa,
noc. Kpackoeo, Mockogckas 061., Pocculickas ®edepayus
2PoccuiicKkuil yHUBEPCUTET APY>KObl HApogioB, 2. Mockea, Poccutickass @emoepayust
*Poccuiickuii rocyjapcTBeHHbIN arpapHbiil yHuBepcuteT — MCXA um. K. A. Tumupsizesa,
2. Mockea, Poccutickass @edepayus
*katya.888888@yandex.ru

AnHoTanusA. B HaCTOSIIINIT MOMEHT UMeIOTCsI MHOTOUHC/IeHHBIE /J0Ka3aTe/IbCTBa MOMOKUTeTbHON POy
AQHTHOKCH/]AHTOB B PeakIVsX, 3alljUIIIAoIX He TOMBKO PaCTeHus], HO 1 UesloBeKa OT OKUC/TUTEe/TBHOTO CTpecca.
K pacTutenbHBIM aHTHOKCH/JAHTaM OTHOCST (DeHO/IbHBIE COeJUHeHUs: (peHOMbHbIe KUC/IOTHI, (P/IaBOHOHU/BI,
aHToIMaHbl, a Takke ButamuH C. Kaprodens — ofjHa 13 Haubosee oTpebisieMbIX Ky/JIbTYP B MUDE U MOXKET
CJTY>)KUTb MHOTOO0G0EIIaroIM KCTOYHUKOM aHTHOKCHUJAHTOB B MMMTaHUH uesioBeka. Llesibio paboThl sBsieTcst
CpaBHHUTeNbHOE HCC/Ie0BaHNe COfepyKaHusI HU3KOMOEKY/ISIPHBIX aHTHOKCHJAHTOB (aCKOPOMHOBOM KHC/IOTHI,
(heHO/IbHBIX COeHEHNH, (h/IaBOHOM/IOB, CyMMapHOTO COZIepPyKaHHsI aHTUOKCHIAHTOB) B 15 06pasijax Kaprodesis
C MUTMEeHTHPOBaHHOU 1 6es1oii MIKOTbIO (Solanum tuberosum L.) 1/1s1 BbISIB/IEHHS] TEHOTHIIOB C MOBBILIEHHON
AQHTHOKCH/]AHTHON aKTUBHOCTBIO. PacTeHust KapTodersi BLIPAIMBAIN B YCIIOBUSIX OTKPBITOTO IPyHTa. Vccezmo-
BaHust IpoBoAu/IMCh B 2019 1. B ®T'BHY «®HII oBoI1IeBOACTBa» uepes HelesTio Moc/ie yOOpKy ypoxkast. AHaIU3
CYMMapHOTO CO7iep’KaH¥sI pACTBOPHUMBIX (heHOJIBHBIX COe/JHeHHH 1T0Ka3asl, YTo MPaKTHYeCKH BCe HCCIe[yeMble
COpTa COZIepXKaT CyILeCTBeHHO 6oJbliie (eHONMBHBIX COeJMHEHUI B KOXKYPe, YeM B MSIKOTH. MaKcHMajbHOe
KOJTMYeCTBO (peHOMBHBIX COeJUHEeHNH BBISIB/IEHO B MSIKOTH KapTodessi y copToB MoHax ¢ (p1roeToBoH MsKo-
ThIO (69,33 Mr/100 r cbIpoii Macchl) ¥ BeiMIies co cBeT/I0-KeaTol MIKoThio (67,93 mr/100 r cbipoii Macchr).
Haubosnbliiee cogep)kanve (iaBOHOKIOB B MSIKOTH OTMEUEHO y COpTOB JKYKOBCKHIA paHHHI C G0l MAKOThIO
(12,49 mr/100 r ceipoit Maccel) u TaiidyH ¢ 6enoii msikoTbto (11,06 mr/100 r ceipoii Maccer). Harbosiee Bbico-
KO€ CofiepyKaHKe aCKOpOMHOBOM KUC/IOThI OTIpe/ie/ieHo y copToB ['ajia ¢ TeMHO->Ke/ITol MKOThIO (15,84 Mr%),
Tony6usHa c 6enoit MsKOThIO U Pey CKapieTT ¢ skenTod MKoThio (14,08 Mr%). MakcumasbHOe CyMMapHoe
coziepykaHue ruipodoOHbIX AHTUOKCHAHTOB BbISIB/IEHO ¥ COPTOB JKYKOBCKUI paHHUH ¢ 6enoit MsikoThio (0,38 Mr
5kB. ['K/r) u Pen Ckapiett c >xentol Makotbto (0,37 mr 3kB. I'K/T).
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Abstract. Antioxidants protect not only plants, but also humans from oxidative stress. Plant antioxidants
include phenolic compounds: phenolic acids, flavonoids, anthocyanins, and vitamin C. Potatoes are one of the
most consumed crops in the world and can serve as a promising source of antioxidants in the human diet. The aim
of the study was to compare secondary low-molecular-weight antioxidants (ascorbic acid, phenolic compounds,
flavonoids, total antioxidant content) in 15 cultivars of potatoes with pigmented and white pulp (Solanum
tuberosum L.) to identify genotypes having increased antioxidant activity. The research was conducted in 2019,
a week after harvesting. Plants were grown on sod-podzolic soils in the fields of Federal Scientific Vegetable
Center. Analysis of the total content of soluble phenolic compounds showed that almost all the studied varieties
contained significantly more phenolic compounds in the skin than in the pulp. The maximum level of phenolic
compounds was found in Monarkh (purple pulp) and Vympel (light yellow pulp) — 69.33 mg/100 g and 67.93
mg/100 g of fresh mass, respectively. The highest amount of flavonoids was observed in Zhukovsky ranniy
(white pulp) and Tayfun (white pulp) — 12.49 mg/100 g and 11.06 mg/100 g of fresh mass, respectively. The
highest content of ascorbic acid was determined in Gala (dark yellow pulp) — 15.84, Golubizna (white pulp) and
Red Scarlett (yellow pulp) — 14.08 mg%. The maximum total content of hydrophobic antioxidants was found
in Zhukovsky ranniy (white pulp) —0.38 mg. eq. HA/g and Red Scarlett (yellow pulp) — 0.37 mg. eq. HA/g.

Keywords: potatoes, Solanum tuberosum L., ascorbic acid, phenolic compounds, flavonoids, total
antioxidant content
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BBepeHue

Kaptodens (Solanum tuberosum L.) — misitast 0 3HaUMMOCTH KY/IbTypa B MUpe Toc/ie
caxapHOTO TPOCTHHKA, KyKypY3bl, MIIEHUIIBI U pUCa C TPOu3BoACTBOM 3a 2018 1. bosee
368 mnH. T npoaykimu [1]. B Poccuu kapTodenb cunTaroT caMoid pacripocTpaHeHHOU
Ky/IETYpOM Tioc/ie 3epHOBBLIX. KapTodenb 0cobeHHO M3BeCcTeH Kak MCTOUHUK BBICOKOKa-
YyeCTBEHHbBIX O€JIKOB, yI/1eBo/I0B, BUTaMUHOB C, B6, B3 1 HEKOTOPLIX MUHEPAJIOB, TAKMX
Kak Kanmui, gocdop u Maruuii [2].

HekoTopble MUrMeHTUPOBaHHbIe COPTa KapTodesisi coiepykaT 3HauMTeIbHOe Koye-
CTBO (PMTOHYTPUEHTOB, @ UMEHHO TIO/TM(EHOTbHBIX COeJMHeHNH. K TakiuM coelMHeHUsIM
OTHOCSIT aHTOLIaHbl — MPUPO/HbIe TTUTMEeHTHI, OTBeUaroli[|ie 3a PO30BYI0, (DHOMETOBYIO,
CHHIOIO ¥ KDAaCHYHO OKPacKy MSIKOTH KapTodeisi. [ToMUMO CUTbHBIX aHTHOKCHJAHTHBIX
CBOMCTB aHTOL[MaHOB TPe/ICTaB/IsieT OIPOMHBIN MHTEpeC UX MCII0/Ib30BaHKe B Kaye-
CTBe HaTypasbHbIX THILEBBIX KpacuTesiel [3, 4]. BoisBiieHa BbICOKasi TIOIOKUTeTbHAST
KOppeJISILIUs MeXXy cofiep>kaHreM (eHOMbHBIX COeJUHEeHUI U aHTOLIMaHOB B MSIKOTH
KapTodessi U aHTUOKCHUAHTHOW aKTUBHOCTBIO.

B HacTosi1ii MOMEHT UMeIOTCsl MHOTOUHC/IeHHbIe [J0Ka3aTe/TbCTBa MOJIOKUTeTbHON
POJIM aHTUOKCU/JAHTOB B PeaKLIMsIX, 3alUI[AFOI[UX He TOJTBKO PACTeHHs], HO U UesloBeKa
OT OKUC/IUTeNBHOro cTpecca. OKUC/INUTENbHBIN CTPecC CBs3aH C UHAYKI[Mel MHOTUX
XPOHUYECKUX U HelpojiereHepaTUBHBIX 3a00/1eBaHNM, BKJIFOUAsi aTepoCK/iepo3, Auaber,
MMMYHOCYTIPECCHIO, Cep/leuHO-COCYAUCThIe 3aboneBaHus U Ap. [5]. AHTHOKCHIAHTBI
HeUTpanm3yoT cBOOOJHBIE PaJIUKaIbl U IpPyTHe akTUBHBIE (hOPMBI KMC/I0poa, 0Opa-
3yroluecs: B pe3ysibTare KaeTouHoro Metabonmusma [6]. [Iuetudeckoe nmoTpebieHre
MIPOAYKTOB, OOTaThIX MPUPOAHBIMU aHTUOKCUAAHTAMU, KOPPEJUPYET CO CHIPKEHUEM
pHCKa Cep/IeYHO-COCYAMCThIX 3a00/1eBaHU ¥ HEKOTOPBIX BU/IOB paka [7].

Kaprodesns sBNsieTCsI 0OCHOBHBIM /ITUeTHYe CKUM MCTOYHUKOM (DEHOJIOB U psifia aHTH-
OKCHZIQHTOB. BbI/10 MccejoBaHO, UTO aHTUOKCH/IAaHTHAsE akTUBHOCTH KapTodersi Obina
BBIIIIE TI0O CPABHEHUIO C JTYKOM, MOPKOBBIO M 00/ITapCKUM TIepIieM U yCTyTiaia TOMbKO
6pokkosu [8].

BaKHbIM aHTHOKCH/IAHTOM, COZIeP>KalluMcsi B KapToderte, siBiisieTcsi ButamuH C. borb-
IIMHCTBO KMBOTHBIX CIIOCOOHBI CUHTE3WPOBaTh AaCKOPOMHOBYIO KUC/IOTY U3 T/THOKO3bI,
HO B OpraHM3Me YejioBeKa OTCYTCTBYeT (hepMeHT, yUaCTBYHOIL[UIM B CUHTe3€e BUTAMHHA
C (Ty/I0HOaKTOHOKCH/IA3bl), ¥ TI09TOMY acKOpOWHOBAst KUCJ/IOTa JJOKHA 00513aTelbHO
MPUCYTCTBOBATh B MPOAYKTax nutanus [9]. AckopOHMHOBasi KUC/IOTa TIOJAep/KUBAET
MMMYHHYIO CUCTeMY UesioBeKa, U'PaeT Ba’KHYIO POJib B KauecTBe Koakropa ¢epmeHTa
BO MHOTUX MeTabomuecknx (GyHKIUSX U TIOBbIIIaeT OMOJOCTYITHOCTh HETEMOBOTO
)KeJjiesa y yesioBeka.

CopeprkaHve ackopOMHOBOM KHUC/IOTHI U PeHOMBbHBIX COeTUHEHUH B KITyOHSIX KapTo-
¢ens 3aBucut ot copra [10—12]. CopTa KapTodeJisi C aHTOLIMaHOBOW OKPACKON MSIKOTH
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cozepskar B 3—4 pa3a bosblitie (heHOMbHBIX KUCIOT, HO B 1,4 pa3a MeHblile aCKOpOMHOBOIA
KHMCJIOTBI, YeM TPaJHUI[MOHHBIE copTa ¢ Oeymoit MskoThio [12]. KapTodesns ¢ okparieH-
HOM MSKOTBIO TaKkke 06/azaeT 6osiee BEICOKOM aHTHOKCHAAHTHOM aKTUBHOCTBIO, UeM
KapTodesns ¢ 6e0il MIKOTBIO, UTO, CKOpPee BCEro, CBSI3aHO C Ha/IMYMeM aHTOL[MaHOB
(momuMo Hanuuwsi heHOMbHBIX KUCOT). KpacHble KimyOHM KapTodesst cofieprkar [JTUKO-
3W/IbI TIeJIaprOHK/VHA U TIeOHUWHA, (PHOIeTOBbIe KIyOHU — IMIMKO3KU/Ibl MalbBU/IMHA
Y neTyHuavHa [11, 12].

CogeprkaHue acKOpOMHOBOM KUC/IOTHI U (DeHOBHBIX COeJUHeHU KapTodeJist u3-
MeHsIeTCs B 3aBUCMMOCTH OT YC/I0BUY BbIpall{iBaHUs, arPOTeXHUYEeCKUX MePONPUATUI
U cuctembl ynobpenutii [13, 14]. Kpome Toro, XuMuuecKuii COCTaB U pu3ndecKre Xxapak-
TePUCTUKU KTyOHel KapTodesiss MOTYT U3MEHSThCS B TIpoliecce roToBKu [15, 16]. TIpu
3TOM YPOBeHb aCKOPOMHOBOM KUC/IOTHI U (PEHOMBHBIX COeIMHEHNN MOYKET CHYKAThCSI
B 3aBCUMOCTH OT CIIOCOOO0B Ky/TMHApHOM 00paboTKy 1 xpaHeHus [16—18]. TTockobKy
KapTodesib SBISETCS B&XXHOW U JOCTYITHOM KY/IBTYPOM /IJ1s1 HACeNeH!sl, a MTMTMeHTUPOBaH-
HbI KapTo(esib — eCTeCTBeHHbIM UCTOYHUKOM (PeHOJIbHBIX COeJMHEHNH, TO BOSHUKAeT
HeoOXoAMMOCTh 6os1ee TTyOOKOTO M3yUueHHs] aHTUOKCUJAHTHON aKTUBHOCTU KapTodeis
¢ 6es10i1 ¥ MUrMEHTHUPOBAHHOM MSIKOTBIO.

ITess paboThl — OLIeHKA COZlep’KaHUs BTOPUUHBIX HU3KOMOJIEKY/ISIPHBIX aHTUOK-
CUAAHTOB (aCKOPOMHOBOM KUC/IOTHI, PeHOMBHBIX COeJMHEeHNH, (prIaBOHOMO0B U CyMMap-
HOTO COZlep’KaHUsI aHTHOKCUJAHTOB) B 00pa3ijax KapTodesisi /17is BbISIB/IEHHUS T€HOTHUIIOB
C MOBBILIEHHOW aHTUOKCHAHTHON aKTUBHOCTBIO.

MaTepMaﬂbI n MeToabl nccnepgosaHusa

OO6beKTOM MCCIef0BaHUM CTyKUaU 15 copTooOpasLioB KapToderst KOIIeKLuU Uc-
XOJHBIX POJUTETHCKUX (DOPM C pa3HOW OKpacKou MsKOTH (Tabsm. 1).

Tabnmya 1

XapakTepucTuka copToobpasuoB KapTodesnsa KonieKuun UCXoaHbIX poauTenbCKux popm
depepanbHoOro uccnefoBaTenbCckoro LeHTpa kaptodens umenun A.T. Jlopxa

N2 CopTtoo6pasel, LiBeT MakoTu LiBeT kKNy6Hs Cnenoctb

1 BbiMmnen CeeTno-xentas XenTbinn CpepHecnenbii
2 lana TeMHo-)XenTas XXentbin CpepHepaHHUi

3 mépug 1683—13 Beno-po3oBas KpacHblii CpepHecnenbii
4 lony6usHa Benas XXentbin CpepHecnenbii
5 IpaHp XenTas KpacHblii CpepHecnenbii
6 lynnuesep CseTno-xentas Xentbin PaHHui1

7 YKyKoBCKMIn paHHUIA Benas KpacHblii PaHHuI

8 MeuTta TemHo-XenTas Xentbinn CpepHecnenbii
9 MoHax duroneTtoBas MAKOTb duoneToBbli CpepaHepaHHUI

10 Pep Ckapnett XenTtas KpacHbiii PaHHum

11 CuHernaska 2016 Benas YacTuyHO cuHKne CpepHecnenbin
12 Cropnpus Po3oBas KpacHbiw CpeaHepaHHUiA

13 TandyH Benas KpacHblii CpepHecnenbii
14 Ypaua Benas XenTtbin PaHHui

15 duonetoBbin ®duonetoBas duoneTtoBbIn CpepgHenosgHui
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Table 1

Characteristics of potato cultivars from the collection of Russian Potato Research Center

Ne Cultivar Pulp color Tuber color Maturity

1 Vympel Light yellow Yellow Medium

2 Gala Dark yellow Yellow Medium early

3 Hybrid 1683—13 White-pink Red Medium

4 Golubizna White Yellow Medium

5 Grand Yellow Red Medium

6 Gulliver Light yellow Yellow Early

7 Zhukovsky ranniy White Red Early

8 Mechta Dark yellow Yellow Medium

9 Monakh Purple Purple Medium early

10 Red Scarlett Yellow Red Early

11 Sineglazka 2016 White Partially blue Medium

12 Syurpriz Pink Red Medium early

13 Tayfun White Red Medium

14 Udacha White Yellow Early

15 Fioletovy Purple Purple Medium late

PacteHus ObLTH BhIpAIlleHbI Ha JePHOBO-TIOI30/TUCTBIX MIOUBAX TMPU eCTeCTBEHHON
paguauyu B ®I'BHY «®HII oBomjeBoacTBa» B 2019 . B yC/I0BUSIX OTKPBITOTO TPYHTA.
ViccnenoBaHye MpoBOAMIIN uepe3 HeZlesto rocje yoopku yposkasi. KimyOHM XpaHHUIHCh
nipu Temmeparype 3...4 °C B KOHTeiiHepax.

CymMmapHoOe coziep>kaHue PaCTBOPHMMBIX (PeHOJIbHBIX COeMHEeHUN onpe/ensiiu
CreKTpo(OTOMETPUYECKUM MeTOJ0M C peakThBOM ®onmnHa — Yokasnerey [19]. Cym-
MapHoOe co/iepkaHue (JIaBOHOW0B ONpe/ie/isiyii ClIeKTPO(hOTOMeTpUYECKUM METO/0M,
OCHOBaHHOM Ha peaki[uu KoMmriiekcoobpasoBanus ¢ amtomuuueM [20]. CozxeprxkaHue
BOCCTaHOB/IeHHOH (opMbI ackop6rHOBO# KucioTel (AK) oripeaesnsiig iofomeTprye-
CKUM MeTO/IOM, OCHOBaHHOM Ha TUTPOBAHWH aCKOPOMHOBOW KHCIOTHI B OKpallleHHbIX
9KCTpaKTax MoJaToM Kajusi B KUCJIOW cpejie B MPUCYTCTBUM MOJUCTOTO Kalus U Kpax-
Masa B Mmogudukaruu CanokHukoBol 1 [lopodeeoti [21]. CymmapHOe cofepskaHue
anTrokcuzanToB (CCA) onpeziesnisiivi aMrepoMeTpruueCKUM MeTOZIoM [22], pe3yrbrat
BbIpa)ka/T B 9KBUBAJIEHTAX rasyioBoi KUC/I0Tbl — Mr 3KB. 'K/, VI3menbuenne obpas-
1|0B TIPOBO/JU/TU B IPUCYTCTBUH OTIpe/ie/IeHHOT0 00beMa SKCTpParupyrolei )KUJIKOCTH
(bupucTunMpoBaHHas Boja, 96 % STUIOBBIN CITUPT) Ha TOMOTeHU3aTope MpU TeMIiepa-
type 20...25 °C. danee romoreHar tieHTpudyrrposaau rpu 10000 g 15 mun ripu 4 °C.
ANVMKBOTY CyriepHaTaHTa UCIO0/Ib30BaIu J/Is1 OMpe/ie/ieHusl COflepKaHusl aHTHOKCH/IAHTOB,
1py HeoOXoAMMOCTH pa3bassisis. Mi3amepeHust IpoBoAWM Ha ripubope «LIBet-fy3a-01-
AA» B 1IOCTOSSHHO-TOKOBOM pexkume [23].

Bce v3MepeHts 0CyILeCTBI/IS/IUCE B TPeXKPAaTHOM TTIOBTOPHOCTH.

Pesynbrarel onpefeneHus CyMMapHOIO COZlepKaHHsl paCTBOPUMBIX (PEHOJIbHBIX
coe/IMHeHuH, (JIaBOHOM/IOB M aHTHOKCH/IaHTOB Ipe/ICTaB/IeHbl KaK CpeJjHee 3HaueHue +
JIOBEPUTE/IbHBIN UHTEPBa M0 pe3y/bTaTaM TpexX M3MepeHui. 3HAaYMMOCTb pa3Inunii
oTipeZiesisiii € TIOMOLIbI0 0HO(aKTOPHOT'O JUCTIEPCUOHHOIO aHa/lr3a C YPOBHEM 3Ha-
yumoctu P < 0,05.
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Pe3ynbTaTtbl M 06CY)XAEHMUSA

CopeprkaHre aCKOpOMHOBOM KUCJIOTHI B KITyOHsX KapTodeisi, onpeaeneHHoe B 2019 T
nocsie yOOPKHU ypoxkasi, uepe3 He/iesmo Ob110 6osiee BEICOKMM y copToB: I'ama — 15,84 mMr%,
Pen Ckapinert — 14,08 Mr% u T'ony6usHa — 14, 08 Mr%, a caMbIM HU3KMM COJIep>KaHUeM
BuTamuHa C otmmuanuck copra Meura — 7,04 Mr% u Taiidpyn — 7,04 mr%. VintepecHo
OTMETHUTh, UYTO KOJTMUECTBO aCKOPOMHOBOM KUC/IOTHI B KJYOHSIX KapTodeisi copra ['ana
C TEMHO-)KeJITON MSIKOThIO ObL/IO BhIlIe B 2,25 pa3a, ueM B K/IyOHSIX KapTodesisi copTa
Meuta ¢ MIKOTBIO TaKOTO ke 1iBeta (Tabs. 2).

Tabmya 2
Table 2
CopepyxaHue acCKOpOUHOBOW KUCOTbI
B MAKOTU COpPTOB KapTodens, Mr/% Ascorbic acid content in potato pulp, mg%
CopTtoo6pasel, ButamuH C, Mr% Cultivar Vitamin C, mg%

Bbimnen 8,80+0,7 Vympel 8.80%0.7
Fana 15,84%1,1 Gala 15.8441.1
Mépup 1683 8,8010,7 Hybrid 1683—13 8.8010.7
Fony6usHa 14,0811,1 Golubizna 14.08%1.1
lpaHp 10,56+1,0 Grand 10.56%1.0
l'ynueep 12,32+1,1 Gulliver 12.32+1.1
JKyKoBCKuit paHHUI 8,80+0,7 Zhukovsky ranniy 8.80%0.7
Meuta 7,0410,7 Mechta 7.04+0.7
MoHax 10,56%1,0 Monakh 10.56+1.0
Pep CkapnetT 14,0811,1 Red Scarlett 14.08%1.1
CuHernaska 12,3241,1 Sineglazka 2016 12.32+1.1
Cropnpus 8,8010,7 Syurpriz 8.8010.7
TadpyH 7,04+0,7 Tayfun 7.04+0.7
Ypaua 10,56%1,0 Udacha 10.56%1.0
®duoneToBbiit 8,80%0,7 Fioletovy 8.80+0.7

Cojep>kaHue acKopOMHOBOM KHUCIOThI COCTAB/ISIO 8,8 Mr% y CiefyloIHuX COPTOB
KapTodeisi C pa3HOOKpaIlleHHOM MAKOThiO: ['nbpuy 1683—13 c 6eno-po30Boii MsiKo-
Tb10, PUOMIETOBBIN € (PHOETOBOM MIKOTHIO, CIOPIPU3 C PO30BOM MSIKOTBIO, 2KyKOBCKUiA
paHHMI ¢ 6e/10l MSIKOTBIO, BBIMIIE/N CO CBET/IO-XKEeITOW MSAKOTBIO.

AHanr3 cyMMapHOTo CojiepyKaHusi paCTBOPUMBIX (PeHOJTbHBIX COeIMHEeHHH MoKas3al,
YTO MPAKTUUYeCKH BCe UCCIIe/lyeMble COPTa Co/iepsKaT 3HauuTeIbHO Oorbiie heHOMBHBIX
COe/IMHEHUH B KOXKYPe, UéM B MSKOTH, 0COOEHHO MTMrMeHTUPOBaHHbIe (Tabs. 3). Camble
BBICOKHME KOHIIeHTpal[uu (peHoMbHbIX coefinHenHui, Mr/100 T cbipoii Macchl, 3aUKCUpO-
BaHbI B KOXKype LiIBeTHbIX copToB TaiidyH (152,40+32,07), ®uonerossiii (200,08+2,72),
Cropnipu3 (211,32+10,46), MoHax (374,21+39,50). CrieyeT OTMETHTB, UTO COpTa C Oesoit
KoxKypoii (I'ynvBep) u >kenToli KoxKypoii (BeiMriesn) Takxke cofiep>kaiyd BbICOKYHO KOH-
LeHTpaluio heHoMbHBIX coeanHennii — 119,38+17,37 u 109,34+41,80 mr/100 r cbipoit
MacChl COOTBETCTBEHHO. MaKcHMarbHast KOHL|eHTparysi (heHO/TBHBIX CoeITUHeHNH Oblia
OTMeueHa B MSIKOTH COPTOB MoHax ((puonetoBasi MIKOTb) U BeiMrien (kesitasi MSIKOTh)
u coctaBuna 69,33+17,79 u 67,93£6,40 mr/100 r cbipoit MacChl COOTBETCTBEHHO.
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Tabnmya 3

CyMmapHoe cogep)XaHue pacTBOPUMbIX peHONbHbIX COegUHEHMit U hnaBoHOMA0B
B KapTodene, mr/100 r cbipoit maccbl (2019 T.)

®eHonbHbIE COeAMHEHUSA dnasoHouAbl
CopTtoo6pasey
Koxxypa MskoTb Koxypa MsikoTb

Bbimnen 109,34+41,80 67,9346,40 21,70448,73 9,82+2,65
lana 29,97+5,25 42,70+9,94 14,83+1,09 8,5810,72
Mépua 1683 73,70 £2,46 11,0114,48 14,29%1,65 9,2510,88
lony6usHa 89,90+19,58 54,84+3,03 16,91+6,63 5,4743,36
MpaHp 88,37 13,48 54,53+17,92 30,14+4,54 7,53%0,93
l'ynusep 119,38+17,37 22,22+12,63 27,43+3,81 7,9510,71
YKyKoBCKMIN paHHUIA 73,49+7,76 20,78+4,10 15,05+3,27 12,49+1,21
MeuTa 67,29+3,64 56,49+18,51 13,03%1,25 7,7210,74
MoHax 374,21439,50 69,33+17,79 41,40£2,65 10,43%1,21
Pep CkapnetT 83,09+2,59 57,831+11,04 20,18+3,57 3,79+1,37
CuHernaska 89,78+14,10 48,97+16,52 22,82+0,53 6,7742,26
Ciopnpu3s 211,324£10,46 28,61+13,15 32,67+3,90 7,0410,14
TaidyH 152,40+32,07 30,84+7,17 24,21+3,88 11,0643,94
Ypaua 52,95+4,47 54,53+17,92 17,52+0,95 7,6310,34
duroneToBblii 200,08+2,72 50,93+23,40 26,35+3,88 10,8010,96

lpumeyaHue. Pe3aynbTaTbl NpeACTaBeHbl Kak CpeHee 3Ha4eHve + A0BepUTeNbHbIA MHTEPBaAs NpU YyPOBHE

3Ha4dnmocTn P < 0,05.

Table 3
Total content of soluble phenolic compounds and flavonoids in potatoes,
mg/100 g fr wt (2019)
Cultivar Phenolic compounds Flavonoids
Peel Pulp Peel Pulp
Vympel 109.34:41.80 67.9316.40 21.7048.73 9.82+2.65
Gala 29.975.25 42.70£9.94 14.83£1.09 8.58£0.72
Hybrid 1683—13 73.70 £2.46 11.01£4.48 14.291.65 9.25+0.88
Golubizna 89.90%19.58 54.84+3.03 16.91£6.63 5.47%3.36
Grand 88.37 +13.48 54.53%17.92 30.1414.54 7.53£0.93
Gulliver 119.38+17.37 22.22+12.63 27.43£3.81 7.9520.71
Zhukovsky ranniy 73.497.76 20.78+4.10 15.05£3.27 12.49£1.21
Mechta 67.2913.64 56.49118.51 13.03%1.25 7.7240.74
Monakh 374.21£39.50 69.33£17.79 41.402.65 10.4311.21
Red Scarlett 83.09£2.59 57.83%11.04 20.1813.57 3.79£1.37
Sineglazka 2016 89.7814.10 48.97+16.52 22.8210.53 6.77+2.26
Syurpriz 211.32410.46 28.61£13.15 32.67£3.90 7.0410.14
Tayfun 152.40£32.07 30.84%7.17 24.2113.88 11.06£3.94
Udacha 52.95+4.47 54.53%17.92 17.5240.95 7.63£0.34
Fioletovy 200.08+2.72 50.93£23.40 26.35+3.88 10.8010.96

Note. Results are presented as mean + confidence interval at a significance level of P < 0.05.
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B cooTtBeTcTBUM € paHee OIMyO/IMKOBaHHBIMU JIaHHBIMU, Cofiep>KaHue (heHOTbHBIX
Coe/IMHeHWM Y aHTUOKCH/IaHTHAsl aKTUBHOCTh B CPe/IHEM BbILLIe y [{BETHBIX COPTOB [24,
25]. Ho HekoTOpBbIe UCC/el0BaHUS YKa3bIBAlOT Ha TO, YTO CyMMapHOe cofiep>kaHue ¢e-
HOJIbHBIX COeJUHEHUM OTpe/iesisieTCsi TeHOTUIIOM M He 3aBUCHUT OT OKpacKu KiyOHst [8].

CxoyKuie 3aKOHOMepPHOCTH ObUTH yCTaHOB/IEHBI /1 CYMMapHOTO CofiepsKaHus (p1aBOHO-
u10B. [I/151 BCeX COPTOB KOHIIEHTpaIYs (IaBOHOM/IOB B KOXKype Obl/ia BbIILIe, YeM B MSIKOTH.
HaubGosbiiiee conepskanue, mr/100 T cbIpoii Macchl, priaBOHOMIOB ObLIO 3aUKCPOBAHO
B KOXKype 1iBeTHbIX copToB I'pan/ (30,14+4,54), Croprpus (32,67+3,90), MoHax (41,40+2,65).
Bonbliie Bcero diaBoHonzioB, Mr/100 T CbIpoii Macchl, ObIJIO OTMEUEHO B MSIKOTH COPTOB
®uonetossii (10,80+0,96), Taiidyn (11,06+3,94), ’KykoBckuii pannui (12,49+1,21).

Ha ocHOBaHMM JaHHBIX O CYMMAapHOM COZep>KaHUM HU3KOMOJIEKY/ISIPHBIX aHTHUOK-
CHJJAHTOB B CTIMPTOBBIX IKCTPAKTaX KIyOHel KapTodesis u3yueHHbIX COPTOB OLleHUBAJIH
5 PeKTHBHOCTb QYHKL[MOHUPOBAHKUS CUCTEMbl aHTUOKCH/IAHTHOM 3all{UThI.

YpoBeHb CYMMapHOTO Ccofiep>KaHus THAPO(OOHBIX aHTHOKCHIAHTOB B CBEXKEBBI-
KOTaHHbIX KMyOHsX ypoxkast 2019 1. 6611 MaKCUMa/TbHBIM 1 MPAKTUYEeCKU OJUHAKOBBIM
y paHHUX copToB JKYKOBCKUI paHHUU U Pesy CKap/ieT v coCTaB/Isii COOTBETCTBEHHO —
0,38 u 0,37 mr 3kB. ['K/r. Camoe HU3K0e KOMUeCTBO THAPOGMOOHBIX aHTHOKCH/IaHTOB
6bU10 ompesenieHo y copTa I'panp ¢ »kentoli MsskoTbio — 0,14 mr 3kB. ['K/T (Tabn. 4).

Tabnmya 4

CymMMapHoe cofiep)kaHue CMpTopacTBOPUMbIX HU3KOMOJIEKYSIPHbIX aHTUOKCUAAHTOB
B MAKOTU KapTodens

CopToo6pasel CCA, C2P50H wmr. akB. ITK/r *AX, Mr.akB. K/
M6pua 1683 0,33 0,02
IpaHp 0,14 0,01
YKykoBCKui1 paHHUI 0,38 0,02
MoHax 0,25 0,01
Pep Ckapnet 0,37 0,02
CuHernaska 0,20 0,01
Cropnpus 0,25 0,01
TangyH 0,17 0,01
duonetoBbin 0,27 0,01

lNpumeyaHue. Pe3ynbTaTbl NpefcTaBeHbl Kak CpefjHee 3HayeHve + 10BepUTENbHbIN MHTEPBAN NpU YPOBHE
3HaunmocTn P < 0,05.

Table 4
Total content of alcohol-soluble low molecular weight antioxidants in potato pulp

Cultivar SSA, C2P50H mg. eq. HA/g +AX, mg. eq. BG/g
Hybrid 1683—13 0.33 0.02
Grand 0.14 0.01
Zhukovsky ranniy 0.38 0.02
Monakh 0.25 0.01
Red Scarlett 0.37 0.02
Sineglazka 2016 0.20 0.01
Syurpriz 0.25 0.01
Tayfun 0.17 0.01
Fioletovy 0.27 0.01

Note. Results are presented as mean * confidence interval at a significance level of P < 0.05.
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3akoyeHue

[TokasaHo, uTo camble BEICOKHe KOHLIeHTparuu, Mr/100 T cbipoit Macchl, (heHOMbHBIX
coeJJMHEHUI B KOXKype 3a(pvKCUpOBaHbl y COPTOB: MoHax C (pMOIETOBOM KOXKYPOr —
374,21+39,50, Cropripu3 ¢ KpacHo# Koxkypoui — 211,32+10,46, ®uonetoBsiii ¢ duose-
TOBOM KOXXypoi — 200,08+2,72.

MakcumasbHOe cofiep>kaHue paCTBOPUMBIX (eHO/TbHBIX COeIMHEHUH B MSKOTH KapTo-
(esnst ObIIO BBISIB/IEHO y COPTOB MOHax ¢ (hriosieToBoM MSIKOThI0 — 69,33+17,79 mMr/100 T
ChIpoli Macchl ¥ BeiMiien co cBeTno-xentoi MIkoTbto — 67,93+6,40 mr/100 r ceipoit
Maccel. HanMeHbliiee cofiepykaHre paCTBOPUMBIX (DeHOTbHBIX COeAMHEHHI ObIIO BBISIB/IEHO
y coptoobpa3siia I'nbpuz 1683—13 ¢ 6eno-po30Boii MsikoTbi0 — 11,01+4,48 mr/100 ©
CBLIPOI MacChl.

Haubosbiiee copepskanuie (h1aBOHOWIOB ObUIO 3aMKCHPOBAHO B KOXKYpe COPTOB
Monax — 41,40+2,65, Cropripu3 — 32,67+3,90 u I'pang — 30,14+4,54 mr/100 T cbipoit
Macchbl.

Haubonbiiee cogepkanue, Mr/100 T cbIpoit Macchl, (ylaBOHOW/IOB B MSIKOTH OTMe-
yeHO y copToB JKYKOBCKUI paHHUI ¢ 6e1oi MsikoTbio — 12,49+1,21 u TaiidyH c 6emoit
MAKOTbIO — 11,0643,94.

Hawubosee BbicOKOe cofiep>kaHue aCKOPOWHOBOM KUCJIOTHI OTIPe/ieIeHO y COPTOB
[asa c TeMHO-KeNTOW MIKOTbIO — 15,84 Mr%, 'osiybu3sHa c 6esoit MAKOTBIO U Pepy
CkapJieTT ¢ »kenToi MkoTbio — 14,08 mr.

MakcrMaibHOe CyMMapHOe cofiep>KaHue ripodoOHbIX aHTUOKCUAHTOB BBISIB/IEHO
y copToB JKyKOBCKUI paHHU# c 6esoli MsakoTbio — 0,38 mr 3kB. 'K/t u Pen CkaprierTt
C >kenToi MIKoTeio — 0,37 mr 3kB. ['K/T.

V3yueHHble copTa KapTodesisi KO/IeKLMU UCXOHBIX POJuTeNbCKUX Gopm Pefe-
panbHOTO UCC/IeJ0BaTe/NbCKOrO LieHTpa KapTodens umenu A.I. Jlopxa pa3nnuaroTcs
TI0 COJIePKaHUI0 aCKOPOMHOBOW KUC/IOTHI, (eHOMbHBIX COeJUHEeHNH, (ylaBOHOU/IOB,
CyMMapHOMY CO/iep)KaHUI0 aHTUOKCH/IAHTOB, UTO OTpeie/isieT UX MULLEBYIO LIEHHOCTb
U TIPUTOJJHOCTD K TIPOMBIILITIEHHOM TiepepaboTke.
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Arpoakonormyeckoe usy4yeHue coptoobpasLosB
CTONOBOW MOpPKOBU U3 Konnekuun BUP

H.A. 3aiineBa'*, A.®. Tymausan?, A.Il. CesiuBepcroBa’

TIpukacnuiicKuii arpapHeiii GesepabHbli HayuHblld HeHTp PAH,
Acmpaxatckas obn., c. Coneoe 3atimuwye, Poccutickas @edepayust
*PoCCUIICKUE yHUBEPCUTET APY>KObI HAapofioB, 2. Mockea, Poccutickas ®edepayust
*rexham@rambler.ru

AHHoTanusA. PaccMoTpeHo B/IMsTHYE arpo3K0JIOTMUeCKUX YCIOBHM Ha YPOXKaHOCTD U a/lallTHBHOCTh
CopTO0OPA3LOB CTONIOBOM MOPKOBH B MOUYBEHHO-K/TUMAaTHYeCKUX YCIOBUSIX apUHOH 30HbI [TprKkacusi. Arpo-
9KOJIOTHUeCKHe YC/I0BUsI ACTPaxaHCKOM 00/1aCTH MO3BOJISIIOT BO3/e/bIBAaTh B OTKPHITOM I'PYHTE MOPKOBb
CTOJIOBYIO. PervioH 1oka He OT/IMYaeTCs BLICOKMMH TIPOM3BO/ICTBEHHBIMH TTI0Ka3aTesIsIMH IT0CEBOB MOPKOBH,
BO3/]eJIbIBAHHE KOTOPOH 3/1eCh BO3MOYKHO TOJIBKO IPH OpOIIeHNH. ONBITHI 10 U3yUeHHIO KOJUIEKLIMH MOPKOBH
CTOJIOBOM 3aK/Ia/pIBa/NCH B TeueHne 2017—2019 rr. Ha mosisix ITpuKacnuiickoro arpapHoro ¢efepajsHOTO
HayuHoro 1jeHTpa PAH. Iens nccnenoBanms — usydeHre 17 coproobpasrjoB MOPKOBH CTOIOBOW M3 MHUPOBOMH
KOJITTeKIHY BcepoccuiicKoro HHCTHUTYTa reHeTHIeCKHUX pecypcoB pactenuid nm. H.J1. Basunosa (BVIP) fst BbI-
Jle/IeHHsI BBICOKOTIPOJIYKTHBHBIX 1 60J1ee a/janTHpOBaHHbIX 06pa3LoB. B pe3ysbTare TpeX/ieTHUX UCCIIeI0BAHUI
T0 TVIABHOMY TOKa3aTes0 — YPOXKaHHOCTH BbiziesieHbl copToobpastipl Berlanda F1 (Hugepsangsr), Nantese
(Utanus) u Imperator Type 9-11 (CILIA) ¢ ypoxkaiiHOCTBIO OT 68,4 10 75,2 T/ra. KoadduipeHT aganTuBHOCTH
6b11 BhILIE 1y copToobpasuos Berlanda F1 (Huzgepnangsr), Nantese (Mranust), F1 Eagle (Kanaga), Imperator
Type 9-11 (CIIIA), Wav-88 (I'epmanust), CypaskeBcKasi-1 (Poccust), uTo roBOpUT 06 MX CITOCOOHOCTH TTPUCITO-
cabMBaThCs K CIOKHBIM YC/IOBUSIM TTPOM3PACTaHuUs U JaBaTh CTAOU/ILHO BBICOKHE YPOXKau. Bbljje/iBIirecs
06pasiibl MOTYT OBITh MCIIO/IB30BaHBI ITPH CO3[aHUK HOBBIX COPTOB 1 TMOPHU/IOB /1715 TOUBEHHO-K/TUMaTH4e CKHUX
ycnosuii [Ipukacvis.

KroueBble €/I0Ba: CTO/I0Basi MOPKOBb, COPT, TMOPUJ, a[laTHPOBAHHbIE COPTOOOPA3L{b, YPOXKAHHOCTD,
INpukacnmiickasi HH3MeHHOCTb, ACTpaxaHcKasi 06/1acTb

3asiB/IeHHe 0 KOH()IMKTe HHTePeCcoB: ABTODHI 3asIB/ISTIOT 00 OTCYTCTBHUY KOH(/IMKTa MHTEPECOB.
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Agroecological study of garden carrot cultivars
from collection of Vavilov institute
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Abstract. Carrots are one of the most important root crops in the world. Due to such qualities as plasticity
and relative non-wholesome cultivation, carrots are cultivated in most countries of the world. Carrot roots are
a valuable source of vitamins A, B, B2, B6, B12, C, RR, E, R. Agroecological conditions of the region allow to
cultivate carrots in the open ground. Astrakhan region is not yet characterized by high production rates, as its
cultivation can be done only under irrigation. The article considers the influence of agroecological conditions
on crop yield and adaptability of garden carrots cultivars in the arid zone of the Caspian region. Experiments
on studying the carrots cultivars was carried out on the fields of Precaspian Agrarian Federal Scientific Center
of the RAS in 2017—2019. The purpose of the research was to study garden carrots cultivars from collection
of plant genetic resources of Vavilov Institute for the selection of high-productive and more adapted samples.
The object of research was 17 types of carrots from the world Vavilov collection. Based on three-year studies
on yield, we can distinguish the following cultivars: Berlanda F1 (Netherlands), Nantese (Italy) and Imperator
Type 9-11 (USA) with yield of 68.4 to 75.2 t/ha. The coefficient adaptability was higher than 1, in the varieties
Berlanda F1 (Netherlands), Nantese (Italy), F1 Eagle (Canada), Imperator Type 9-11 (USA), Wav-88 (Germany),
Surazhevskaya-1 (Russia). They have ability to adapt to difficult growing conditions and produce consistently
high yields. The samples selected can be used in the future to create new cultivars and hybrids for conditions
of the Caspian region.

Keywords: table carrots, cultivar, hybrid, adaptation, yield, Caspian plain, Astrakhan region
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BesepeHue

CronoBasi MOPKOBb — O/jHa M3 OCHOBHBIX OBOLHBIX KY/IbTYp B Poccuiickoii ®e-
Jepauuu. ITo cBoeMy NUILIeBOMY 3HaUeHUIO MOPKOBb 3aHMMaeT IepBOe MeCTO CpeJu
CTOJIOBBIX KOPHEII0/0B. barosapst TakuM KauecTBaM, Kak IJIaCTUUHOCTb U OTHOCH-
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TeJIbHasi HeMPUXOT/IMBOCTh B BhIPAILMBAaHUH, MOPKOBb BO3/I€/IbIBAIOT B OOJIBIIIMHCTRE
cTpaH mupa. B kopHeruiofax MOpKOBU cogiepxurcd 5...30 Mr% kapotuHa, 11,5...17,3%
CyXHX BellecTs, 5...9,5% caxapos, 5...10 Mr% ackopOMHOBOW KMC/IOTbI, BATAMUHBI
rpynnel B, Kanbiuii, Kanui, HaTpui, Mapraser], ¢pocdop, xene3o, oz [1].

Ba)KHENIITUM yC/IOBHEM TT0/TyYeHUsT BBICOKUX U CTaOM/IbHBIX YPOXKaeB BbICOKO-
KaueCTBEHHbIX KOPHEILJIO[[OB SIB/ISIETCS] BHEJPEHUE aZlaliTUPOBAHHbIX K KOHKPETHBIM
arpo3KO0JIOTUYECKUM YCJIOBUSIM, 00/1ajatoliuX 60/1e3HEeYCTOHUMBOCTBIO U BBICOKOU
JIe’KKOCIIOCOOHOCTBIO HOBBIX COPTOB Y TMOPHZIOB OBOIIHBIX KY/JBTYP Y BHEAPEHHe UX
B LIIMPOKOe MPOM3BOACTBO [2]. CesibCKOX035ICTBEHHOE MPOU3BO/ICTBO JO/KHO OCHO-
BbIBaThCS HAa a/IaliITUBHOM pa3MelleHUH POM3BO/ICTBEHHBIX [TOCEBOB /IS TOTyYeHUs]
BBICOKHX YPOyKaeB Ha OCHOBE MCII0/Ihb30BaHUS Habopa COPTOB ¥ TMOPUZIOB, MaKCUMAJTbHO
a/larTUPOBaHHBIX K BO3MO)KHBIM OTK/IOHEHUSIM NOrozsl [3].

CrpaTernueckoi 3ajjaueii COBpeMEHHOTO PaCTeHWEBO/CTBA SIB/ISIETCS MOBBILLIEHUE
aZlafTUBHOTO MOTEeHLMaia COPTOB M MPOAYKTUBHOE MCI0/Ib30BaHUe JAaHHBIX 3HAHUI
B MMPOU3BO/CTBE. JI/s pelieHuns 3ToH 3ajauy HeoOX0AUMO 3HaTh OHosIoryeckre 0cobeH-
HOCTH KYJIBTYDbI, KOTOPbIE MPOSIBJISIOTCS B OTpeie/IeHHbIX yC/IOBUSIX TTPOM3PacTaHMUs.

B HacTosiiiee BpeMsi CyllleCTBYET MHOXKECTBO COPTOB U CeeKLIMOHHO-LIEHHBIX JTMHUI
MOPKOBH, KOTOPbIe Pa3/IMUar0TCsl MeXKly 000 yPOXKalHOCTBIO, YCTOMUMBOCTBIO K 060-
JIe3HSIM U BpeJIUTe/IsSIM, OTHOILIIeHHeM K TTOUBEHHO-K/IMMaTHYeCKUM YCI0BUsIM, (popMoit
Y JJIMHOW KOPHEIUI0ZI0B, CPOKaMU co3peBaHust. Ho OHM Ha JJaHHbBIN MOMEHT He OLleHe-
HBbI /1711 pa3/IMUHbIX YCI0BUM, He orpe/iesieH UX aJanTalMOHHbIU NoTeHUWasl. B cBs3u
C 3TUM YCTaHOBJIEHUe peakl|M1 pacTeHW! Ha Oompe/esieHHble yC/I0BHS BblpalliBaHUSs
Y BbISIBJIeHWe HauboJiee alalTUBHBIX COPTOOOPA3I0B UMEIOT Ba’KHOE 3HaUeHHe TIPH
BKJ/IFOUEHUHU UX B CeJIeKL[MOHHBIE TPOrPaMMbl U BHeZIpeHUE B POU3BO/CTBO.

B 30He pHUCKOBaHHOTO 3eMJIefie/Hisl, K KOTOPOW OTHOCUTCS AcTpaxaHCKast 00/1acTh,
13-3a HeJJOCTaTOUHOIO YB/Ia)KHEHUs], IIOBBILLIEHHOTO 3aCOJIEHHs], UaCTO MOBTOPSIFOLLIUXCS
3aCyX, OTPAHUUEHHOCTH OPOLLIAaeMbIX 3eMeJb Pe3KO CHUXKAeTCsl YPOXKauHOCTb CeTbCKO-
XO3SICTBEHHBIX KY/IBTYP U 00BbeM ITPOU3BO/CTBA MPOAYKLMU. B TaHHBIX IPUPOAHO-K/TH-
MaTHUYeCKUX YCIOBUSIX pa3Mep M KauecTBO 10/ly4yaeMOoro yposkasi HalpsiMyt0 3aBUCHT
OT TOUHOCTH TIO/[eP>KaHUs B/Ia)KHOCTH TI0UBBI. CamMbIM 3()(heKTUBHBIM CTTOCOO0M TO/TMBA
SIBJISIETCS] IPUMeHeHHe KarieJibHoro opoitieHusi [4]. TlosToMy /151 JaHHOW TeppUTOPUM
He0OX0[MMO TIPOBOIUTH TOZI00P a/laNTHPOBAHHBIX, BLICOKOIIPOYKTUBHBIX COPTOOOpa3-
1[0B, B T.4. ¥ MOPKOBH CTOJIOBOM, OTBEUAIOIINX TPeOOBaHUSIM MHTEHCUBHBIX TEXHOIOTHUH
BO3/Ie/TbIBAHMS M CO3/1aBaTh Ha UX OCHOBE HOBBIE COpTa U ruOpuabl [5].

Ilenn uccefoBaHuss — u3yueHue 17 copTooOpasiioB MOPKOBH CTOJIOBOM M3 MU-
POBOI KO/IJIEKL[MHA Bcepoccuiickoro MHCTUTYTa TeHeTUYeCKHMX PeCypCoOB paCTeHU
um. H.W. BaBunora (BUP) asist BeiZiesieHUsT BBICOKOTIDOAYKTUBHBIX U Oojiee afjanTipo-
BaHHBIX 00pa3IioB.

Matepuan u meTogbl UcCnefoBaHuUA

B KauecTBe MaTepuasia UCC/IeJ0BAaHUS ObUTH UCIIO/Ib30BaHbl COPTOOOPA3Lbl ¥ IMHUU
MOPKOBH CTOJIOBOM M3 MUPOBOM Kosutekiuu BUP. Becero usyuamuchk 17 coprooOpasiioB
u3 ®panuuy, l'epmanun, Benmkobputanuu, Kanapel, CIIIA, Bpasumu, fAnonuu, VTta-
yuy, Poccuun, Hupepnanzos.
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V3yueHue MpOBOAMIIOCH TTI0 OOLENPUHATHEIM MeTouKaM [6—38]. OmbIT 3aK/ia/ibiBaI-
Cs1 METOJJOM PeH/IOMU3MPOBaHHbBIX [Ie/ISIHOK B UeThbIpeXKpaTHOM NOBTOPHOCTH. ['ycToTa
rocesa 1 MyiH. cemsiH/ra. IToceB JIeHTOUHBIM BOCBMU CTPOUHBIN.

AlanTHBHOCTHL COPTOOOPA3LIOB OMpeesisiach Mo Metoauke JI.A. JKMBOTKOBa,
B OCHOBe KOTOPOH JIE)KUT CPaBHEHHE YPOyKaliHOCTH KOHKpPeTHOTo obpasiia co cpeHe-
COPTOBOW yPOXKAaMHOCTHIO BCel kKosekimu [9, 10].

ActpaxaHckasi 06/acTb pacrionoykeHa B [Tpykacnniickoii HU3MeHHOCTH, KOTopast
npe/iCTaB/isieT CO00I MOJIOAYH0 aKKYMY/ISITUBHYIO PABHUHY CO C1ab0BOTHUCTHIM PaBHUH-
HBIM penbedom. ITouBooOpa3yrOLIMU MTOPOJJAMH SIBIISFOTCS B OCHOBHOM JIECCOBU/IHBIE
CYIJIMHKH, TTepeKpbIBaIOL1eCss MOPCKUMU OT/I0KeHussMu [11].

CBeT/10-KallITaHOBbBIE TIOUBBI ITPe00s1aiatoT B IaHHOM 30He. DTH TIOUBbI XapaKTe-
pu3ytoTCsi 6eCCTPYKTYPHO-C/I0€BaThIM OCBET/IeHHBIM I'YMYCOBBIM TOPU30HTOM MaJoi
MoIHocTH (He 6osee 15 cm). Ha saHHOM THIIe TIOYB CofiepykaHKe ryMyca He TpeBbIllaeT
1,0...2,2%. B BepxXHHMX TOpU30HTaX NpeobaziaeT c1aboirje/iouHasi peakiyisi, B HIDKHUX —
wesioyHas. Ha 100 r rouBbl eMKOCTb MOTVIOL€HUS COCTaB/sAeT OT 15 10 25 MT 3KB.,
u3 HUX 3...15 % npuxoauTcs Ha HaTpuil. Ha cBeT/I0-KalTaHOBBIX MOYBaxX MpeobiazarT
TIPY3HAKY COJIOHLIEBAaTOCTH M3-3a Oosiee BBICOKOTO 3ajieraHust cojieidl. Tum 3aconeHust
MpPEeUMYILeCTBEHHO X/IOPU/IHBIN.

[TaXoTHBIN TOPU30HT UMEET TIOTHOCTH 1,25...1,35 T/M®, HO BOIOMPOHUIIAEMOCTh
Huskasi — 0,30...0,40 mm/mMuH. [ pyHTOBBIE BOABI 3a/1eraroT Ha 15...20 M. [TouBa B Be-
CeHHHWI Mepuoj, NPy HaJIMYMK 0CaJKOB MOXKeT ripoMaurBatbcs oT 0,30 go 1,0 m.

YuacTok, Ha KOTOPOM 3aK/1a/IbIBa/ICh OTBITHI, COTJIACHO arpOXUMHUUeCKOMy 00cie-
JIOBAHHIO, MTPe/[CTaB/IeH CBET/IO-KAIlITAHOBLIMH, COJIOHLIEBATBLIMU TIOUBaMH, 6e3 HaTnuust
C0JIOHL[OB. [TaXOTHBIM CIOW TSXKEIOCYTIMHUCTBIA UI/TFOBUABHBIN C COJTOHL|EBAThIM
CUJIBHO YIVIOTHEHHBIM TOPU30HTOM, U3-3a KOTOPOI'O B HW)KHUE CJIOM JOCTYIT BOJbI
Yl KODHeH pacTeHuii 3aTpyaHeH. Kap6oHaTHbIM ropu3oHT B, B podusie nouskbl 6/1M3K0
PacIIo/IoXKeH U SIPKO BbIpakeH.

[To MmexaHMUeCKOMyY COCTaBY MOYBHI OIBITHOTO Y4YaCTKa KPYITHOMbL/IEBaTkIe, C Ya-
cruiamu guamerpom meHee 0,001 MM Ha ropusonrax 0,2...0,65 M u € comepykaHvem
JIUHBI 10 26,4 %.

Twr KkMmara JaHHOW 30HbI CUJIBHO KOHTMHEHTAa/IbHBIN. []/151 Hero xapakTepHsbI KO-
POTKHe MaJjIoCHEeXHbIe XOJI0[HbIe 3UMBbI C CUWJIbHBIMHA BeTpamMH, 0CEeHb ¥ BeCHa KOPOTKHe
U CyxHe, JIeTO IIPOJO/DKUTE/IbHOE cyXoe U »kapkoe. KoadduiiveHT yBia)kHeHUs He Tpe-
Boimtaet 0,12...0,33. OcagkoB BeinaaeT oueHb Maso, ot 100 go 300 MM, a ucnapsseMoCThb
BbIcOKasg — 700...900 mMm [11].

CpenHeronoBas Temreparypa Bo3ayxa +7,0 °C. ITopsigka 235...260 cyTok B rogy
C TeMrieparypoi Bo3zyxa Beiie 0 °C. B rog cymma akTHBHBIX TeMIlepaTyp COCTaBJ/IsieT
3370...3500 °C [10, 12].

I'upporepmuueckrii KO3 dUIMeHT AaHHOM TeppuTopuu cocrasnser 0,4...0,5, uto
XapakTepu3yeT ee KakK 3aCylUIMBYIO TI0 YC/IOBUSIM TeTUIO- U BjlaroobeCcrieueHHOCTH.

OpoliieHre OIBITOB OCYILeCTB/ISZIOCH C TIOMOLLBIO KareJIbHOI'0 OPOLLIEeHHUs.
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PesynbraTtbl UccnepgoBaHusa U 06CcyXXaeHune

[TorogHble YC/IOBHUS B TIEPUO/], BeTe€Tallii MOPKOBH CTOJIOBOM OLI€EHMBA/IUCh T10 JIaH-
HBIM MeTeoCTaHLuu . YepHbii Sp (Tabs. 1).

Tabnmya 1
MeTeoponoqueCKwe ycnoeusa BeretallMoHHOro nepmnoga MOpKoeu
Mecsiy ag’t T:gnsr;;:gryoga TemnepaTypa nouyBbl Ha rny6uHe 5...15 cm, °C Ocagku, MM
=L | 2017 | 2018 | 2019 2017 2018 2019 2017 | 2018 | 2019
Anpenb nm | 10,6 | 12,5 | 13,7 11,3..11,0 13,2..12,2 16,1..14,5 21,3 | 10,5 | 0,5
| 179 | 20,0 | 16,8 189..17,6 20,3..18,7 17,1..15,6 5,0 - 4,8
Maw Il 14,6 | 20,7 | 233 16,9..16,6 22,6..23,2 23,1..21,3 57,8 - 1,7
m 17,3 | 20,6 | 21,4 19,9..18,7 24,4..23,4 23,9..22,4 3,0 - 4,8
I | 190 | 186 | 26,4 | 233..224 28,5..22,2 28,6..26,9 - 11,9 | 05
UioHb Il 21,0 | 22,8 | 36,1 22,2..21,5 26,3...25,1 29,8..27,8 23,0 - 2,5
m | 243 | 29,1 | 280 | 26,6..253 31,1..29,7 31,8..29,3 35 - 1,9
| 253 | 26,9 | 25,0 29,7..28,6 28,4..28,3 28,9..27,3 06 | 237 54
Uionb Il | 264 | 270 | 222 | 30,2..284 29,3..28,8 24,0..24,2 - 10,6 | 433
mn | 27,4 | 27,0 | 27,4 30,9..29,4 28,6..28,0 26,7..26,1 11,1 6,0 9,3
I | 290 | 258 | 21,0 | 326..308 28,7..28,4 24,0..23,7 - 1,1 7,0
ABryct Il 26,1 | 23,3 - 30,5..29,3 27,0..26,7 - - 3,3 -
m | 247 | 228 | — 28,1..27,4 26,0...25,6 - 10,3 - -
| 20,5 | 22,0 - 22,4..23,2 243..24,3 - 18,3 - -
CeHTs6pb | I 23,0 | 19,9 - 23,4..23,5 21,3..21,7 - - 8,8 -
m | 13,5 - - 16,8..19,2 - - - - -
Table 1
Meteorological conditions for carrot growing season
o | Airtemperature, °C | Soil temperature at a depth of 5..15cm, °C Precipitation, mm
Month -:3
Q| 2017 | 2018 | 2019 2017 2018 2019 2017 | 2018 | 2019
April 1| 10.6 | 12.5 | 13.7 | 11.3..11.0 13.2..12.2 16.1..14.5 | 21.3 | 10.5 0.5
I | 179 | 20.0 | 16.8 | 18.9..17.6 20.3..18.7 17.1..15.6 | 5.0 - 4.8
May | 146 | 20.7 | 23.3 | 16.9..16.6 22.6..23.2 23.1..21.3 | 57.8 - 1.7
| 17.3 | 20.6 | 21.4 | 19.9..18.7 24.4..23.4 23.9..224 | 3.0 - 4.8
I | 19.0 | 18.6 | 26.4 | 23.3..22.4 28.5..22.2 28.6..26.9 - 11.9 0.5
June 11| 21.0 | 22.8 | 36.1 22.2..21.5 26.3..25.1 29.8..27.8 | 23.0 - 2.5
| 243 | 29.1 | 28.0 | 26.6..25.3 31.1..29.7 31.8..29.3 | 3.5 - 1.9

CROP PRODUCTION 257



3atiyesa H.A. u Op. Becthuik PY/TH. Cepusi: ArpoHomMust ¥ )KUBOTHOBOACTBO. 2020. T. 15. Ne 3. C. 253-262

End of Table 1

o | Airtemperature, °C | Soil temperature at a depth of 5..15 cm, °C Precipitation, mm
Month g
Q| 2017 | 2018 | 2019 2017 2018 2019 2017 | 2018 | 2019
| | 253 | 26.9 | 25.0 | 29.7..28.6 28.4..28.3 28.9..27.3 | 0.6 | 23.7| 5.4
July II'| 26.4 | 27.0 | 22.2 | 30.2..28.4 29.3..28.8 24.0..24.2 — | 10.6 | 433
| 27.4 | 27.0 | 27.4 | 30.9..29.4 28.6..28.0 26.7..26.1 | 11.1 | 6.0 9.3
I | 29.0 | 25.8 | 21.0 | 32.6..30.8 28.7..28.4 24.0..23.7 - 1.1 7.0
August | 26.1 | 23.3 - 30.5..29.3 27.0..26.7 - - 33 -
| 247 | 22.8 - 28.1..27.4 26.0..25.6 - 103 | — -
1 | 20.5 | 22.0 - 22.4..23.2 24.3..24.3 - 183 | — -
September | 1l | 23.0 | 19.9 - 23.4..23.5 21.3..21.7 - - 8.8 -
| 13.5 - - 16.8..19.2 - - - - -

[TorogHble ycnoBuUs BereTalldoOHHOTO nepuoza 2017 T. cKiaAbIBaIuCh Oyaronpu-
SITHO J1/151 Pa3BUTHS pacTeHu MOpPKOBHU. [oceB CT0/10BOM MOPKOBY NIPOBOJV/IN I10C/IE
MOJrOTOBKY TIOUBHI 28 arpesis, Korjja CpeiH/e TemriepaTyphl MOUBbLI U BO3yxa ObLTH
Boilie +10 °C. TpeTbs /leKka/ia anpesist U Mal OT/IMYaIUCh TIOCTeNleHHbIM HapacTaHueM
TeMIepaTyphbl BO3lyXa U MOUBbI Ha ITyOuHe 5...15 cM, 0ca/IkoB B Mae BBINas0 MHO-
ro — 65,8 MM, B/Ia)KHOCTb BO37lyxa Obliia Ha ypoBHe 44...66 % (cM. Tabn. 1). B uroHe
TaK)Ke OTMeuasioch BbiMlajieHre 0caikoB 23,0 MM, UTO CTOCOOCTBOBAIO TIOHMKEHUIO
Temreparypsl Bo3ayxa 7o 19,0...24,3 °C. V1oHb U aBryCT ObUIH )KapKUMHU M CyXHUMH,
TeMriepaTyphbl MOYBBI JOCTUTAJHN B 3TH Mecstbl 29,7...30,9 °C. B cenTsbpe Temmepa-
TYpBI BO3/lyXa 1 MOuUBbI ObuIM Ha ypoBHe 20,5...23,4 °C, ocaZikoB B niepro/, yoopku
26 ceHTsI0pst He ObLIO.

Bererauponssiii nepuos 2018 r. oT/iMuancss HepaBHOMEPHOCTBIO 0Ca/IKOB, HU3-
KMMU 3HaU€HUSIMU OTHOCUTE/IbHOW B/IaKHOCTU Bo3zayxa (29...49 %). TemmnepaTyphbl
BO3/[yXa BeCHOI OBICTPO HapacTasH, TI0CeB OCYL[eCTB/ISTN 3 Masi, IPU ONITUMasIbHBIX
TemrepaTypax BO3/lyxa 1 MouBbl. TeMriepaTypsl BO3/lyXa U IOYBLI B Mae, UIOHE 1 UI0Jie
ObuTH BhIIIE, ueM B 2017 . (cM. Tabs1. 1), UTO OTPa3UIOCh He MPOO/DKUTELHOCTH Be-
reTalMoHHOTO TIepro/ia. YOOPKY CTOI0BOM MOPKOBH MPOBOAWIIH B (ha3e OMOIOTHYeCKOM
cresiocty 14 ceHTAOps.

B 2019 r. noceB npoBoAUIM paHo, 23 amnpessi, TaK KakK B 3TOT ITepyUoZ, TeMIlepa-
Typa Bo3ayxa ObutH Ha ypoBHe 13,7 °C, a Temnieparypa MouBbl Ha ryouHe 5...15 cm
16,1...14,5 °C. Ocagku Hab/IOIATMCh Ha TTPOTSHKEHUH BCETO BETeTaI[MOHHOTO TTEPHO-
na. BnaxkHoctb Bo3ayxa cocTabiisizia 29...64 %. BereTalliOHHbIN TTepUO/| M3y4aeMbIX
copTo000pa3tioB ObLT KOpOYe, TI03TOMY YOOPKY MPOBOJWIN 2 aBTyCTa.

B TeueHue BereTaliOHHOTO MepHo/ia IIPOBOAMIUCEH heHoorruecKre Habmo[eHusl.

B pe3ynbrare n3yueHus KOJIIEKIUU CTOTIOBOM MOPKOBH CPe/I COPTOOOPA3IiOB CaMblit
BBICOKMI TI0Ka3aTe/b ypoxkaiiHocTH B 2017 1. monyueH y F1 Eagle (Kanaga) — 57,2 T/ra,
HavMeHbIllast YPOXKalHOCTh cocTaBuia 21,5 T/ y coproobpasua J-Shinkokyby (Srmonwus).
Y ocTasbHBIX COPTOOOPA3I[0B YPOXKAWHOCTh BapbKpoBasa ot 31,0 ao 54,2 1/ra (Tabs. 2).
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Tabnmya 2
HPOAYKTVIBHOCTb N aganTMBHOCTb copTooépa3uos CTOJIOBOM MOPKOBM
CopToo6pasubl Ypo)aitHoCTb, T/ra
Koadduument
N no kaTanory BUP Ha3BaHue 2017 | 2018 | 2019 | CpepHee | 3AAMNTMBHOCTU
2616 Amtou (FTepmaHus) 47,2 825 | 323 54,0 0,96
2712 Asmer Super Sprite 373 | 568 | 88 | 343 0,61
(Benuko6puTaHus)
2834 Wav-88 (FepMaHus) 42,9 120,7 31 64,9 1,15
2846 F17302 (dpaHums) 49,4 60 51,7 53,7 0,95
2852 F1Woodland (CLLA) 40 74,8 41 51,9 0,92
2856 Brasilia (Bpa3unus) 36,1 48,4 | 63,1 49,2 0,87
2876 J-Shinkokyby (finowms) | 21,5 | 81,3 | 459 | 496 0,88
2877 TaiicdyH (Poccus) 47,3 69 36,8 51,0 0,91
2892 CypaxkeBckas-1 (Poccus) 36 1153 | 35,2 62,2 1,10
2904 Carioca (HugepnaHgpl) 31 68,5 66,6 55,4 0,98
Imperator Type 9—11
2910 (CLLA) 36,8 97,2 71,2 68,4 1,21
2912 Autumn Kind 352 | 934 |282| 523 0,93
(Benuko6puTaHus)
2914 F1 Eagle (KaHapa) 57,2 102,6 | 29,7 63,2 1,12
2922 Tokitas Scarlet (AnoHus) 54,2 50,6 | 399 48,2 0,86
2932 Race Dalbon (dpaHums) 41,9 75,2 | 334 50,2 0,89
2934 Nantese (UTanus) 40,2 106,7 | 73,5 73,5 1,30
2943 Berlanda F1 399 | 1335 | 523 | 752 1,34
(HuaepnaHgbl)
Table 2
Productivity and adaptability of table carrot cultivars
Cultivar Yield, t/ha
Adaptability
o - L
N2 in Vavilov Name 2017 | 2018 | 2019 | Average coefficient
collection
2616 Amtou (Germany) 47.2 82,5 | 323 54.0 0.96
2712 Asmer Super Sprite (Great | o, 5 | sog | gg | 343 0.61
Britain)
2834 Wav-88 (Germany) 42.9 120.7 31 64.9 1.15
2846 F17302 (France) 49.4 60 51.7 53.7 0.95
2852 F1Woodland (USA) 40 74.8 41 51.9 0.92
2856 Brasilia (Brasil) 36.1 48.4 63.1 49.2 0.87
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End of Table 2
Cultivar Yield, t/ha
Adaptability
N%in Vavilov Name 2017 | 2018 | 2019 | Average |  coefficient
collection

2876 J-Shinkokyby (Japan) 21.5 81.3 459 49.6 0.88
2877 Tayfun (Russia) 47.3 69 36.8 51.0 0.91
2892 Surazhevskaya-1 (Russia) 36 115.3 | 35.2 62.2 1.10
2904 Carioca (Netherlands) 31 68.5 | 66.6 55.4 0.98
2910 'mpe’atz’dg?e o-n 368 | 972 | 712 | 684 1.21
2912 A“‘“mé‘ri':;?:)(ereat 352 | 934 | 282 | 523 0.93
2914 F1 Eagle (Canada) 57.2 102.6 | 29.7 63.2 1.12
2922 Tokitas Scarlet (Japan) 54.2 50.6 | 39.9 48.2 0.86
2932 Race Dalbon (France) 41.9 75.2 | 334 50.2 0.89
2934 Nantese (Italy) 40.2 106.7 | 73.5 73.5 1.30
2943 Berlanda F1 (Netherlands) | 39.9 | 133.5 | 52.3 75.2 1.34

B ycnoBusix 2018 1. yporkaitHOCTh Obllla MakCHMasibHOM Y copToobpasiia Berlanda
F1 (Hupepnauzapl) — 133,5 T/ra. HaniMeHblI11asi ypoyKaliHOCTh OTMeUeHa y copToobpas-
ta Brasilia (Bpasunust) — 48,4 T/ra. Y ocTanbHBIX COPTOOOpa3IlioB OHA COCTaBU/Ia
50,6...120,7 T/ra.

B 2019 r. yposkaliHocTh BapsupoBana ot 8,8 fo 73,5 T/ra, MakCUMaibHOe 3HauyeHue
oTMeueHO y coptoobpa3sia Nantese (MTanust), MUHMMaIbHOE 3HaueHue 1oKa3asl COPTOo-
ob6pas3er] Asmer Super Sprite (Benrkobpuranus).

B cpezHem 3a rozibl MiccieloBaHMsl MaKCMMasibHasi YPOXKaltHOCTb OTMeUeHa y COpTO-
obpa3sta Berlanda F1 (Hugepnangsi) — 75,2 T/ra, He3HAUMTEIbHO HIDKE Y coOpTooOpasiia
Nantese (Utamust) — 73,5 T/ra. MUHUMabHasi ypOXKaiHOCTh OTMeUeHa y COpTooOpasija
Asmer Super Sprite (Bemmkobputanust) — 34,3 1/ra.

BrICcOKOM azianTUBHOCTBHIO (€ Ko3dduieHToM Bbitiie 1) o61azand coproobpas-
1IbI CTOJIOBOM MOPKOBH C YPOXKaWMHOCTBHIO CBbIIIe 62,2 10 75,2 T/ra. Oto Berlanda F1
(Hupepnangei) ¢ koadduipentom agantuBsHoctd — 1,34, Nantese (Utanus) — 1,30,
Imperator Type 9—11 (CIIA) — 1,21, Wav-88 (I'epmanusi) — 1,15, CypakeBckasi-1
(Poccus) — 1,10.

MeHee a/lanTUPOBAHHBIMU K apU/IHBIM YCJIOBUSIM OKa3aIMCh COPTO0Opa3Ibl CTO-
noBoit mopkoBu Carioca (Hugepnanasl) — 0,98, Amtou (I'epmanus) — 0,96, F17302
(®panus) — 0,95, Autumn Kind (Bermmko6puranust) — 0,93, F1Woodland (CIITA) —
0,92, TatidyHn (Poccus) — 0,91.
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BbiBOAbI

[TpoBesieHHOE arpo3KOJIOrUUeCcKoe U3yueHre KOJJIeKLIMM MOPKOBH MOKa3aJsio, uTo
HanboJ1ee MPOAYKTUBHBIMH U a/IalITUPOBAHHBIMH K [TOUBEHHO-K/TMMAaTHUECKUM YCIOBUSM
AcTtpaxaHckoii obsactu siBAsitoTcst copTroobpasiibl Berlanda F1 w3 Huzgepnana, Nantese
n3 Utanuu u Imperator Type 9—11 u3 CILIA, Wav-88 u3 I'epmanuu, CypakeBckas-1
u3 Poccuu, KOTopbie MOTYT ObITh UCTIOb30BaHbI B la/IbHEMNIIel CeNIeKI[|UU TPU CO3aHNH
HOBBIX BBICOKOTIPOZIYKTHBHBIX COPTOB U TUOPH/IOB.
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Peakuusa abUoTMUYECKUX YC/IoBUIl Ha popMUpoBaHue
YPOXXaHOCTU 3epHa OBca APOBOro
B ycnoeusix CeBepHoro peruoHa P®

N.B. 300HuHa*, B.A. Kopenuna, O.b. BarakoBa

ITpumopckuii punvan PefepaabHOTO roCyAapCTBEHHOTO OIOPKETHOTO YUpeXXJeH sl HayKu
Desiepa/IbHOTO UCCIE/I0BATEBCKOTO LIEHTPa KOMITJIEKCHOTO U3YueHHs] ADKTUKU HMeHH
axkaziemrka H.I1. JIaepoBa Poccuiickoit akafieMuy HayK — «ApXaHre/bCKUA HayYHO-
WCCrie[loBaTe/IbCKUM MHCTUTYT CeIbCKOTO X035HCTBay,

Apxanzenbckas 061., Poccutickas ®@edepayust
*19651960@mail.ru

AmnnoTanus. IIpezicTaB/ieHb! pe3ysibTaThl T0JIEBBIX SKCIIEPIMEHTOB Ha [JepPHOBO-TIOZI30/HCTOM CpejHeCyT-
JIMHUCTOM 10YBe, TUMMYHOM 111 CeBepHOro pernoHa P®, nposesienHbix B 2012—2019 IT. C Lie/bI0 BbISB/IEHNS
3aBUCUMOCTH YPOXKalHOCTH 3epHa COPTOB OBCA SPOBOTO OT aOMOTHYECKUX YCIO0BUH. B rofpl ncciesoBaHuit
TIOTOJJHbIE YC/IOBYS 3HAUMTETLHO Pa3Invaich, YTO COOTBETCTBEHHO OTPA3WIOCh Ha MPOJYKTHBHOCTH 3epHa
OBCa. YCTaHOBJIEHO, UTO YPOXKalHOCTB 3€pHa OBCa SIPOBOTO UMeEeT OueHb C/1abyro KOPPeJSILIMOHHYIO CBS3b
€ cymMoti 3¢ deKTUBHBIX TemIieparyp, c1abyr — ¢ CyMMOI 0Ca/IKOB ¥ OTPHUIIATE/ILHYI0 — CO CpeHel Temrie-
paTypoii Bo3ayxa, UTO CBH/IETeTLCTBYET O BO3MOKHOCTH BeJJeHHsI CeMeHOBO/CTBA 3TOH KY/bTYPhI B YC/IOBHSIX
rccieyeMoi 30Hb1. [To mosrydeHHBIM [JaHHBIM YPOKalHOCTH 3epHA 3HAYNUTE/IbHO BapbUPOBAJIACh 110 FOZjaM.
TTpyurHBI CHIDKeHHUS TPOAYKTUBHOCTH 3epHA B OT/ie/bHbIe TO/bl Pa3/IMJarCh ¥ HOCHIN KOMIUIEKCHBIM Xapak-
Tep. BoigeneHs! HanboJiee TIACTHUHBIE COPTOOOPA3LbI IO YPOXKAHHOCTH 3epHa.

KitroueBble c/10Ba: 0BEC SIPOBOH, YPOXKalHOCTD 3epHa, COPTa, THAPOTePMUUeCKIH K03 HUIreHT, Tem-
Trieparypa, 0Ca/iKi, KOppeJIsiys

3asB/ieHne 0 KOH[l)J'lPIKTE HUHTEpeCcoB: ABTOPI)I 3asIBJISIIOT 00 OTCYTCTBHUU KOHCl)]'II/IKTa HWHTEPECOB.
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Influence of abiotic factors on spring oat yields in the Northern region
of Russian Federation

Irina V. Zobnina*, Valentina A. Korelina, Olga B. Batakova

Branch of Federal Center for Integrated Arctic Research of the Russian Academy of Sciences —
Arkhangelsk Research Institute of Agriculture,
Arkhangelsk region, Russian Federation
*Corresponding author: 19651960@mail.ru

Abstract. Field experiments were carried out on sod-podzolic medium loamy soil, typical for the Northern
region of the Russian Federation, in 2012—2019. The dependence of spring oat yields on abiotic conditions was
studied. During the research years, the weather conditions varied significantly, which affected the productivity of
spring oat. The yield of spring oat grain was found to have a very weak correlation with the effective temperature
sum, weak correlation — with the total precipitation, and negative correlation — with the mean air temperature,
which indicates the possibility of seed production of this crop in the Northern region of the Russian Federation.
According to the data obtained, grain yields varied significantly from year to year. The reasons for the decline
in grain productivity in individual years were different and complex. The most plastic cultivars with high
productivity were identified.

Keywords: spring oats, grain yield, cultivars, hydrothermal coefficient, temperature, precipitation, correlation
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BesepneHue

[nst ycnoBuii roykHOM yactr CeBepHOTO perrioHa Poccuu Hanbosiee TiepCrieKTUBHOM
3epHOBOM KY/BTYpOIi sIB/IsIeTCS1 OBEC sipOBOM. Vcrosib30BaHUe OBCa B KaueCTBe KOMIIO-
HeHTa B OIHOJIETHUX TPaBOCMeECSIX 00YCIOBU/IO IIIMPOKOE ero PacrpoCTpaHeHre B 30He.
O[iHa 13 OCHOBHBIX 3a/]au CeJIeKLMU 0BCa B yc/10BUsIX CeBepHOro pernoHa —Co3/aHue
a/larTUBHBIX COPTOB, 00/1a/1al0L[MX BBICOKUM TIOTEHI[MAIOM MPOJYKTUBHOCTH 3epHa
Y 3e/IeHOM Macchl, J0CTaTOYHO CKOPOCTIe/IbIX, YCTOMUMBBIX K TIO/IeraHUI0, OChITIaHUIO
u GonesHsim. B cBoeii paboTe psifi McciieioBaTesiell OTMeUarT «OBEC — pacTeHHe yMe-
peHHoro kimumara. CemMeHa MpopacTaroT MPY HU3KKX TeMIiepaTypax, XOpOLLO TIepeHOCST
BeCeHHHUe 3aMOpOo3KH (10 MuHYyC 5 °C). JIeTHIOIO 3aCyXy OBEC MepPeHOCHUT TJI0X0, 0CO-
OeHHO B TIepHO/] OT Hauasia BbIX0/|a PaCTeHHH B TPYOKY 10 BbIMeThbIBaHMsL. OBEC XOPOILIO
MePeHOCHUT TepeyB/ia)kKHeHHe TTOYBbI, O[HAKO BO BPeMsl Ha/lMBa 3epHa U30bITOYHOE YB-
NaKHeHVe BbI3bIBaeT 0Opa30BaHKe MO/IrOHA U 3aTsATHBaeT Beretanuyio» [1]. O BrusHUM
MOTOAHBIX YC/IOBUM YTIOMUHA/IUA B CBOMX HayUHBIX paboTax MHOTHe UCC/e/lOBaTe/u:
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«...B@XHO, UTOOBI CO3/1aBaeMble copTa 006/1a/jam yCTOMUMBOCTBIO K /IeHCTBUIO abro-
THUUeCKUX U OMOTHUeCKUX cTpeccoB. OgHUM 13 (hakTOpOB, BO3/I€HCTBYIOIIMX HAa POCT
Y pa3BUTHeE OBCa, SIB/ISIFOTCS TOTO/IHbIe YC/I0BUsI» [2—4]. B pa3HbIX KIMMaTUUeCKUX
30HaX TUMHUTUPYIOIHeE (haKTOPbI MOTYT OBITh PAa3/MUHBL Psii aBTOPOB OTMEUArOT, UTO
MPOAYKTUBHOCTh CE/TbCKOXO35TMCTBEHHBIX KY/IBTYP BO MHOTOM OIpeJie/isieTCsl CK/a/ibIBa-
FOIIIUMCST TUAPOTEPMUUECKHIM PEXXUMOM B TIePUO/, BereTalvn. Ha Hee cCU/ibHOe BIUSTHUE
OKa3bIBaIOT MHOTHe abuoTHUeckue (haKToOpbl Cpe/ibl — pe3Koe KojebaHue TeMIiepaTyp
B TeUeHHe CYTOK, TTOBBIIIIEHHbIE TeMIIePaTypPbl, HeZI0CTaTOUHOe UK N30BITOUYHOE KOTU-
YeCTBO 0CA/IKOB, MPO/O/DKUTE/IbHBIE U MIOBTOPSIIOLLMECS 3aCyXH1, 0CaJKU B BUJle JIMB-
Heli 1 MHOTOe fipyroe [5, 6]. B To >ke Bpemsi ipu CO3/lJaHUM HOBBIX COPTOB TPUXO/IUTCS
pelaTh elie ¥ MpodiemMy coueTaHHsl MMOTeHIMaTbHON YPOXKaHHOCTH C SKOJIOTMUeCKON
MIPUCTIOCO0/IeHHOCTRIO [7]. B 1e/six yMeHblieH s 9KOI0THue CKOM 3aBUCIMOCTH COPTOB
0COOBI IPUOPUTET A0/DKHA TIOTyUUTh 1ie/IeHaripaBIeHHast CeJIeKI|s Ha aflaTUBHOCTD
K KOHKDETHBIM U MPeXK/ie BCero IKCTpeMaibHbIM TOTO/IHBIM YCJI0BUsIM [8, 9].

Buoknumaruueckue ycioBust CeBepHOTO pervoHa Mo3BOJISIOT YCIeIHO 3aHUMaThCs
BO3/|e/IbIBAHHEM OBCa SIPOBOT'0 KaK Ha 3e/IeHYH0 MacCy, Tak U Ha T0JTyuyeHure TI0/THOLIeH-
HOTO 3epHa. YP0OKaliHOCTh 3epHA B CeJIbX03MPeANPUITUSIX, PACIIONOXKEHHbBIX B FOXKHBIX
paiioHax ApxaHTe/bCKOW 00/1acTH, 3a MoC/eiHYe TIATh JIeT Kosebanach B mpezesiax
2,4...3,2 T/ra.

CyMMa akTHBHBIX TemIiepaTyp B kKHOM yacTi CeBepHOro perrvoHa COCTaBJiseT
1700...1850 °C, rogoBoe KomuuectBo ocafkoB 470...620 MM, cpeiHsIsi IPOJO/DKUTEThb-
HOCTb 6e3MOpo3HOro nepuoza 127 mHeid. 3a mepuos aKTUBHOM BereTal[iy pPacTeHUH
(Temnieparypa Beillie 10 °C) Beinaziaet g0 300 Mmm ocaskoB. MUHUMaIbHOE Kouye-
CTBO OCaJIKOB MPUXOIUTCS Ha 3UMHHE MeCSI[bl U Haya/i0 BeCHbI, MAKCUMa/IbHOe —
Ha U0/Tb-CeHTs0pk [10].

Ilesnb Mcc/1efoBaHUi — M3yUUTD BIMsTHUE abUOTHUeCKHX (haKTOPOB CPeZibl Ha Ipo-
IYKTUBHOCTb 3epHa OBCa SIpOBOro B ycioBusix CeBepHOro peruoHa P® u BbIJle/TUTh
TepCITeKTUBHBIE 00pa3libl 110 JaHHOMY MPH3HAKY.

MaTepuanbl u MeToabl UcCnefoBaHuUM

ITosneBbie 1 1labOpaTOpHbIe UCCIeOBAHMS TPOBOJWIUCH B TUTOMHHKAX KOHKYPCHOTO
COPTOUCIIBITaHUsI OBCa sipoBoro B 2012—2019 rr. B 1aboparopuu pacteHneBoACTBa Ap-
xaHreabckoro HUMCX, Ha ofHOM 1 TOM >Ke OMBbITHOM yyacTke. [IouBy JaHHOTO yyacTKa
MOYXHO OTHECTH K BbICOKOOKY/IbTYPEHHOM, IePHOBO-TIO/A30UCTON. OTOOP MOYBEHHBIX
o6pas3ijoB nipoBogusics o 'OCT 28168—89. TTo MexaHHYeCKOMY COCTaBY T10YBa Cpe/i-
HeCYITIMHUCTasl, T7ieeBaras, C MOBbIIIEHHbIM cofiep>kaHueM rymyca (3,7 %), peakuus
TOYBEHHOT0 pacTBopa HeliTpanbHast (pH — 6,5). [TouBa HackiieHa dochopom 23,5 Mr/T,
kanvem 27,8 mr/r Ha 100 T ouBs! (1o KupcaHoBy), o61iero azora— 0,11 %. MomHoCTb
naxoTHoro ropusoHTta — 20...22 cm. Ilnomaaes gensHku — 10 M?, MOBTOPHOCTb —
yeThIpexXKpaTHasi. B ncciejoBaHUsIX Mpe/iCTaB/IeHbl TIePCIIeKTHBHbBIE COPTOOOpa3sLibl,
v3y4yaemble B KOHKYPCHOM COPTOMCIIBITAHUU U BbIJe/ISIOLMeCs 110 TPOAYKTUBHOCTH
3epHa. B kauecTBe cTaH/apTa UCI0/Ib30BAJICSl PallOHMPOBAHHBIN /1J11 ApPXaHTe/IbCKOU
obacTu copt sipoBoro oBca— Kpeuet. ArpoTexH1Ka — 0OOILeTnpUHsTasi B IaHHOW 30He
C MUHUMaJ/IbHBIMM 3aTpaTaMy MaTepualbHO-TeXHUUeCKUX CPeZiCTB.
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ITpu poBeieHN N HAaOMIO/EHHIA, OL|EHOK U YUeTOB UCTI0/Ib30Bali MeTOAUKHU: «MeTo-
JIMUeCcKre yKa3aHus 10 U3yUeHUI0 U COXPaHEeHHI0 MUPOBOM KOJUIEKLIMU STUMEHS U OBCa»
(Cankrt-ITetepbypr, 2012), «MexxayHapoHbIi Kinaccuduratop COB» (JleHUMHrpa,
1984), «MeTtoauka ['ockoMuccum Mo COPTOUCTIBITAHUIO CEeTbCKOXO35IMCTBEHHBIX KY/lb-
Typ» (M., 1985).

3a BereTarjMOHHbIN MePUO/ POBeAeHbI (heHOIOTUUeCKHe 1 COYTCTBYFOLLe Habmo-
JleHus, OLIeHKa PaCcTeHH Ha Iopa)kaeMOCTh 00J1e3HSIMH, TTOBPesK/IeHNe BPeIUTe sIMH,
yueThl 3eJIeHOW MacChl, YPOKaWHOCTU ceMsiH. Vcronb3oBanu 060pyoBaHue: CestIKU
CKC-6—10, peixamrens PO-1, Camrio-130. [TocieybopouHyto 1opaboTKy MPOBOAWIN
Ha acrvparuoHHol koyoHKe AK-1.

VccnenoBanys MPOBOAWIY C Pe3KO KOHTPACTHBIMU MeTe0pO/IOrMueCKUMU YC/IOBUSIMY,
KOTOpBIe TT0-Pa3sHOMY BJIMSI/IA Ha POCT, pa3BUTHE U NTPOAYKTUBHOCTb M3yUaeMbIX COPTOB.

Maremarryeckyro 06paboTKy 3KCIiepUMeHTalbHbIX JaHHBIX TIPOBOAU/IN CTaTH-
cTHUe CKMMH MeToziamu 110 b.A. JlocriexoBy € UCTIOb30BaHWEM TIporpamMmbl Microsoft
Office Excel 2007, naketa komrmbtoTepHbix iporpaMMm AGROS v. 2.07 u nporpaMmbl
TATGRAPHICS for Windows v. 5.1.

PesynbraTtbl uccnepgoBaHui U 06CyXaeHUs

CpaBHUTe/bHAs! XapaKTepPUCTUKA YPOXKaltHOCTH 3epHa COPTOB OBCA SIPOBOTO B KOH-
KyPCHOM COPTOMCIbITaHUM (pUC. 1) MoKasasa, 4To NMPOAYKTUBHOCTb JAHHOM KY/IbTYpbI
B 3HAUMTe/IbHOM CTereH! Mo/iBepKeHa BIHSHUIO arpOMeTe0poIoTHUeCKUX YCI0BUM.

Puc. 1. KoHkypcHoe copToncnbiTaHne, 2019 .
Fig. 1. Competitive cultivar testing, 2019

MeTeopoJsioruueckuie yCI0BUs B TIePUO/| TIPOBe|eHUs] UCCe[J0BaHMM ObLTH pe3ko
KOHTpacTHbIMU. CyMMa 3¢ (eKTUBHBIX TeMrepaTyp BapbupoBaia oT 1158 °C B 2017,
2019 rr. 1o 1631 °C B 2016 1., cpe/iHsis TeMIiepaTypa B BereTallOHHbIN 1eprOoZ, ITPY 3TOM
n3Mensinack ot 11,72 °C B 2014 1. o 15,26 °C B 2016 . KommuecTBO BbINAaBILIMX 0CaJKOB
1o rogam uaMeHsiziock ot 121 mm B 2013 1, go 371 mm B 2019 1. B 2013, 2016, 2018 rT.
0Ca/IKOB BBINA/I0 MeHbIIIe HOPMbI (HopMa 297, 253 1 239 MM), 110 OCTa/IbHBIM To/[aM 00/Ibliie
HODMBI, U B OTIpe/ie/ieHHbIe Mepro/Ibl BereTallii Hab/Troaioch repeyB/iaKHeHHe TIOUBbI.
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[Mepuoap! Beretaru 2012—2016 rr. 1 2018 1. 6bLTH OTHOCUTETBEHO OIArOTIPUSAT-
HBI JI7Is1 POCTa W pa3BUTHS 0Bca spoBoro (tabsm. 1). Cymma 3¢hdeKTUBHBIX TeMIiepaTyp
B 3TU TO/[bl Obl/Ia BhIlle CpeJHEMHOToIeTHUX 3HaueHui Ha 300...564 °C (cpegHeMHO-
ronetHue — 1067 °C). CymMa BbITIaBIITUX 0CA/IKOB 3a BbIllIeTIepeurcieHHbIe TTePUO/IbI
cocTaBua 66...174% ot HopMmbl (HopMa 183 mm). [Tepuogpl Beretatum 2017, 2019 rr.
10 TeryI0 06eCcreyeHHOCTH YCTYTIAU BhIlIeTiepeurc/ieHHbIM rofiaM. Cymma 3¢ ¢ekTrs-
HBIX TeMIepaTyp 3a TIepUOAbl UCCIe0BAaHUI Oblia BhIllle CpeJHEMHOTO/IETHUX 3Haue-
Hul Ha 91 °C, KO/IMYeCTBO BbIMABLIMX 0CaZKOB OT HOpMBI cocTtaBusio 130% B 2017 1.
1 203% B 2019 . B niepByt0 ¥ BTOPYIO [leKaJly UIOHS U MePBYIO fekany utosnig 2018 1.
BbITIa/IM 00M/TbHBIE 0CAZIKU C CYIL[eCTBeHHbIM HeIOCTaTKOM Terlia, CyTOUYHasi TeMIlepary-
pa coctassisiia ot —2 10 +20 °C. B pe3ysibraTe He0/1aronpUsTHBIX TIOTOJHBIX YC/IOBUH,
CJIO>KUBILINXCS B TTEPBYIO U BTOPYIO Aekaay vutoHsd 2018 ., Npou3011I0 3HAaUUTE/TbHOe
yXyALlIeHue poCcTa U pa3BUTUS OBCa SIPOBOTO, UTO 0Ka3asio BAUSIHUE Ha MPOJYKTUBHOCTb
Y TIPOJ,0/DKUTENBHOCTD [Tepro/ia BereTaljuu.

—

Tabnmya

MeTeoycnoBus 3a nepuogbl uccnegosanui ¢ 2012 no 2019 rr.

lopbi
2012 2013 2014 2015 2016 2017 2018 2019

lMokasaTtenu

Cymma 3¢ eKTUBHBIX

o 1375 1468 1367 1429 1631 1158 1415 1158
Temneparyp, °C

[ata nepexopa
CcpeAHeCyTOYHOWM
TemnepaTypbl Bo3ayxa
yepes 10 °C

11.05 11.05 10.05 11.05 15.05 8.06 16.05 6.05

CpepHsisa TemnepaTypa
BO3/yxa B BeretauunoHHbin | 13,58 14,5 11,72 14,18 15,26 12,42 14,02 13,2

nepuog, °C
CyMma ocapKoB
3a BereTauuoHHbIN 318 121 224 195 180 237 179 371
nepuog, Mm
Table 1

Weather conditions for research periods, 2012—2019

Year
2012 2013 2014 2015 2016 2017 2018 2019

Indicator

Effective temperature sum,
°C
Date of transition to mean
daily air temperature above | 11.05 11.05 10.05 11.05 15.05 8.06 16.05 6.05
10°C
Mean air temperature during
vegetative periods, °C

1375 1468 1367 1429 1631 1158 1415 1158

13.58 14.5 11.72 14.18 15.26 12.42 14.02 13.2

Total precipitation during

R . 318 121 224 195 180 237 179 371
vegetative periods, mm
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[17151 OLIeHKH yC/IOBUM YB/IaKHEHUS! BereTaljMOHHbBIX [1ePUOZ0B IPUMEHSI/IU TU/IPO-
tepmuueckrii kKo3dduuyenT (I'TK) Censguunosa (puc. 2). CymmapHoe 3HaueHune ['TK
6bU10 HauMeHbIIUM B 2013 T. 1 paBHsIoch — 0,9, UTO yKa3bIBaeT Ha HEAOCTAaTOUHYIO
B/1ar000eCIie4yeHHOCTh C/X KyabTyp. B 2015, 2016 1 2018 rr. k03¢ duiieHT paBeH —
1,4, yTo yKa3bIBaeT Ha yMepeHHO B/aKHbIe rofibl. [0l co 3HaueHneM K03 (ULIeHTOB
BbIlIe 1,6 COOTBETCTBYIOT MOBBILIEHHOMY M BbICOKOMY 3HaueHuto ['TK.

TuapoTepMuYecKHii Ko3ppuonent Hydrothermal coefficient

2012 2013 2014 2015 2016 2017 2018 2019 cpemsee 2012 2013 2014 2015 2016 2017 2018 2019 average

Puc. 2. 3HaueHWa rmuapoTepMmUYeCKoro Fig. 2. Hydrothermal coefficient, 2012—2019
koadbdurumeHTa B 2012—2019 rr.

YporkaliHOCTh 00pa3ijoB OBCa 3a rofibl UCC/IeI0BAHUI U3MeHsIaCh B CUIbHOMN
CTereHU U Obljla 3HAYUTETLHO HIDKe TTOTeHI[Ua/IbHO BO3MOXKHOM (Tabs1. 2). OCHOBHOM
MIPUYMHOM SIBJISUTUCH Pe3Kre U3MeHSIIOLIeCs TIOTOAHbIe yCioBUsl. B Tabs. 2 mpuBeeHbl
TMepCreKTUBHbIe 00pa3Libl, BbIIeMBIIHECS 10 MPOAYKTUBHOCTHU 3a T/l UCC/IeJOBaHUH.
Hawnbosnee 61aronpustHeIMU /17151 GOPMUPOBAHUS ypOXKasi 3epHa OBCa SIPOBOTO CJIOXKH-
muck ycnosust 2012, 2014 v 2015 rr.,, B pe3y/bTare CpefiHsisl yPOXKalHOCTb 3a 9TU TPU
rojia coctaBuia 6,6; 4,5 u 5,7 T/ra cooTBeTCTBeHHO. HeCko/ibko MeHee ypoyKaliHbIMU
6b1 2016 1 2017 rT. ¢ yporkaiiHOCThIO 3epHa 4,0 u 4,3 1/ra. Hu3kasi ypoxkallHOCTb
oBca nosyuveHa B 2013, 2018 u 2019 rr.— 3,5; 3,0 u 3,7 1/ra cooTBeTCTBeHHO. CaMbIM
He0J1aronpusTHBIM TI0 arpOMETe0yC/IOBHSIM ObLT BereTaliioHHbIH riepuoz 2018 r., Korga
CpeJHsIsl YPOXKalHOCTh M0 M3yUeHHbIM NepCIIeKTUBHBIM copTaM coctaBuia 3,0 T/ra.

Tabnmya 2
MpoayKTMBHOCTb OBCa APOBOro B KOHKYPCHOM copToucnbiTaHun B 2012—2019 rr., T/ra
Fopbl
O6pasel,
2012 2013 2014 2015 2016 2017 2018 2019

Kpeuert, cTraHgapT 7,3 2,0 3,7 53 3,1 4,0 2,4 3,7
10H 2401 - 4,8 5,1 5,6 4,4 - - -
127 h 06 6,5 3,1 4,5 5,6 37 - - -
55h2191 6,3 3,6 52 6,7 - - - -
n-2950 6,1 3,5 4,5 5,6 4,9 3,9 - -
K-3911 - 36 4,5 - - - - -
289 h 06 6,2 4,0 4,1 55 - - - -
n-2961 7.2 35 4,6 6,0 39 - - -
H2555 - - - 5,6 3,9 4,3 3,2 33
H2502 - - - - 4,0 48 33 41
B cpegHemM no rogam 6,6 3,5 4,5 57 4,0 43 3,0 3,7
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Table 2
Spring oat yields in competitive cultivar testing, t/ha
Cultivar Year
2012 2013 2014 2015 2016 2017 2018 2019
Krechet (control) 7.3 2.0 3.7 5.3 3.1 4.0 2.4 3.7
10H 2401 - 4.8 5.1 5.6 4.4 - - -
127 h 06 6.5 3.1 4.5 5.6 3.7 - - -
55h2191 6.3 3.6 5.2 6.7 - - - -
1-2950 6.1 3.5 45 5.6 4.9 3.9 - -
1-3911 - 3.6 4.5 - - - - -
289 h 06 6.2 4.0 4.1 5.5 - - - -
1-2961 7.2 3.5 4.6 6.0 3.9 - - -
H2555 - - - 5.6 3.9 4.3 3.2 3.3
H2502 - - - - 4.0 4.8 3.3 4.1
Average 6.6 3.5 4.5 5.7 4.0 4.3 3.0 3.7

CambIM BBICOKOTIPOJIYKTUBHBIM TI0 YPOXKalHOCTH BbiZienniics 2012 1., KOTOPbIi
XapaKTepU30BasCsl BLICOKUMU 3HaUeHUsIMU CYMMbI 3 (GeKTUBHBIX TeMIiepaTyp (BbiLie
Hopmbl Ha 308 °C), KomMueCcTBOM OCAJIKOB 3a BereTallMOHHbIN MepUOo/, BbIllle HOPMBI
Ha 135 MM u co 3HaueHueMm I'TK — 2,3.

Haubosiee BbICOKME ypoyKau y TIepCeKTUBHBIX 00pasiioB oBca (4,5...6,6 T/ra)
T0JIyY€eHbI B FO/ibl C TUPOTEPMUYECKHUM KO3(DPULIMEHTOM 3a BereTaljMOHHBIN epuof,
1,4...2,3, a camblie Hu3kue (3,0; 3,5; 3,7 1/ra) — B roawl ¢ 'TK 0,9; 1,4; 2,5. I3 npe-
CTaBJ/IeHHBIX B Tab0/1. 2 00pa3iioB HanboIee TIACTUUHBIMU TI0Ka3a/1u ce0si B YCIIOBUSIX
Cesepnoro pernona 10H2401, 289h06, 1 2961.

B cenekipoHHoM paboTe HarubOJIBIYIO TTPAKTUYECKYHO LIEHHOCTD TTPeCTaB/ISIOT
KOppeJIsILiMOHHbIe B3aMMOCBSI31 MeX/y TIpHM3HaKaMHy U BHelTHUMU (hakTopamu. Pe3sysib-
TaThl IPUMEHEHHs1 MaTeMaTHUKO-CTaTUCTUYECKUX MeTOJ 0B KOPPe/SILIMOHHOIO aHan3a
3aBUCUMOCTH YPOXKaHOCTH 3epHa OBCa SIPOBOTO OT MOTO/IHBIX YCI0BUMN CyDapKTHUeCKO
30HbI [I0KA3a/I1 Kak I0JIOKUTE/IbHYI0, TaK U OTPULIATe/IbHYI0 KOpPPeJISLUIO.

[TpoayKTUBHOCTH 00pPA3Ij0B OBCA IPOBOTO He KOPPEJUPYeT C CyMMou 3hdeKTHBR-
HBIX TEMITepaTyp 3a BereTal[MOHHBIN Tiepuoy 6e3 yueta mepuoga penodas (r = +0,001)
1 1200 T0/I0KUTETBHO KOPPeupyeT C CYMMOU 0CaJIKOB 3a BereTallMOHHbIN Tepu-
of (r = + 0,35). D10 MoKa3bIBaeT, UYTO U3yueHHbIe 00pa3Libl OBCa He TpeboBaTeTbHbI
K BBICOKHMM TI0JIOKUTETBHBIM TeMriepaTypaM, HO TIPU 3TOM TPeOyIOT 10CTaTOuHOTO
KO/TMYeCTBa BIarv, 0Co6eHHO B TIePHO/, OT BBIXO/JA pacTeHHid B TPYOKY [0 [{BETEeHUsI.
[Tpu HeJOCTAaTOUHOM YBIa)KHEHHUH TIPOMCXOJUT Pe3KOe CHIKEHHE YPOXKalHOCTH, TaK
Kak B 3TO BpeMsi HAUMHAeTCsl pa3BUTHe TreHepPaTUBHBIX OpraHoB. bosee mo3aHue 00m/Ib-
Hble 0Ca/IKU BbI3bIBAIOT NIO/TOH U 3aTArMBAIOT CO3PeBaHye, M3-3a Yero 3epHO He BCerja
ycCrieBaeT BbI3peBaTh /10 HACTYI/IEHUS] MOPO30B.
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3akoyeHue

Cy1ijecTBeHHOe BiUsiHME Ha (OpMUPOBaHKe yPO)KalHOCTH 3epHa OBCa sIPOBOTO
B ycoBusax CeBepHOro pernoHa P® oka3bIBarOT 30Ha/IbHBIE U CKJIA/IbIBAKOLIIAECS arpo-
MeTeoposIoruyecKyre yCIoBUs BereTalliOHHOro repuoga. Ha npotsbkenuu 8 siet nccre-
JI0BaTeTbCKOM paboThl C pa3/IMYHBIMU TTOTOAHBIMU YCIOBUSIMH CPeHSISI YPOXKaltHOCTh
pa3HbIX 00pa3LioB OBca sipoBoro kosebanacek ot 3,0 fo 6,6 T/ra. B pe3ynbrare aHammM3a
MOTOJJHBIX yC/IOBUI B MEPUOJ, BereTaliy BO B3aMMOOTHOILIEHUU C MPOAYKTUBHOCTbIO
3epHa BBISIBJIEHO, UTO JI7IsI TTIOJTyUeHHs] YPO>KalHOCTH OBCa CBbILie 4,5 T/Ta He0OXOAUMBI:
cymMa 3¢ dexTrBHbIX TeMrepatyp Boiile 1350 °C, I'TK He meHee 1,6.

BeigesieHsl Hanbosiee TUIaCTUYHBIE U TIPOAYKTHUBHBIE COPTOOOPA3L{bl OBCA SIPOBOTO
10H2401, 289h06, 1 2961.
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Abstract. Sixteen flax (Linum usitatissimum L.) genotypes were evaluated at Gemmeiza Agricultural
Research Station, Agricultural Research Center, EI-Gharbia Governorate, Egypt during the two successive seasons
2015/2016 and 2016/2017. Randomized complete block design with three replications was used. Phenotypic and
genotypic coefficients of variation for all studied traits had closely values. High heritability coupled with high
genetic advance (as % of mean) for most studied traits. Plant height, technical length and stem diameter were
the best selection indices to improve straw yield /plant, along with number of branches, capsules and seeds were
effective selection criteria for improving seed yield /plant as proven by phenotypic and genotypic correlation.
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Introduction

Flax (Linum usitatissimum L.) as the oldest fiber crop in Egypt is one of the most
important industrial crops for straw and seed yields. Genetically improvement of flax
yield either straw and seed are considered the major challenge of flax breeder around the
world. It could be achieved by identifying the nature and magnitude of genetic variability,
determining the best selection criteria via phenotypic and genotypic correlation in the
breeding materials.
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Earlier literature of variability flax genotypes showed significant differences for yield
and yield attributes and is considered as one of the most important sources of genetic
variability that was reported by [1—5].

Moreover, the study of phenotypic and genotypic correlation is considered an effective
selection tool for selecting the best individual traits of strong correlation with yield. This
was reported by [6] who indicated that straw weight had significant positive correlation
with each of plant height, seed weight/plant, number of capsules/ plant and 1000-seed
weight. However, seed weight/plant was positively and significantly correlated with
both number of capsules/plant and 1000-seed weight. In [7] showed that straw weight /
plant was positive and significantly correlated with each of technical length, plant height
and seed weight/plant. Also, plant height exhibited positive correlation with technical
length. Whereas, seed weight per plant exhibited positive correlation with both capsules
number/plant and 1000-seed weight. Whereas, the correlation between oil percentage
with both of 1000-seed weight and capsules number per plant was positive.

Therefore, the present study aimed to evaluate sixteen flax genotypes in relation to
straw and seed yields and their components, to assess genetic parameters for various
traits and to estimate correlation coefficients between traits.

Materials and methods

Two field experiments were carried out at Gemmeza Agric. Res. Station during the
two successive seasons 2015/2016 and 2016/2017 to evaluate sixteen flax genotypes
for yield and yield components, to estimate some genetic parameters, to determinate
selection criteria for improving yield of flax genotypes.

These genotypes included the local nine commercial varieties i.e. Sakha 1, Sakha 2,
Sakha 3, Sakha 4, Sakha 6, Giza 9, Giza 10 Giza 11 and Giza 12, five imported varieties;
Belinka, Sezir, Sofya, Prhiton and Pilton in addition to the two promising strains; S.2467/1
and S.2419/1 which were released by Fiber Crops Res Dep. The pedigree of flax genotypes
is described in Table 1. These materials were planted on the second week of November
at both seasons by using a randomized complete block design with three replications.

Table 1
Pedigree of the sixteen flax genotypes under study and their classification
(fiber type — F,, dual type — D., oil type —0.)

Genotypes Pedigree Type
1- Sakha 1 Bombay x I. 1485 D
2- Sakha 2 Hera x |. 2348 D
3- Sakha 3 Belinka x 1.2569 F
4- Sakha 4 Belinka x 1.2069 F
5- Sakah 6 Giza 8 x S.2419/1 D
6- Giza 9 S.420/140/5/10 x Bombay F
7- Giza 10 S.420/140/5/10 x Bambay F
8- Giza 11 Giza 8 x S.2419/1 D
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Ending Table 1

Genotypes Pedigree Type
9- Giza 12 S.2419/1 x S.148/6/1 D
10- Belinka Introduction from Holand F
11- Sezir Introduction from Belgium F
12- Sofya Introduction from Belgium F
meteton o 0
14- S.2419/1 1.715 x 1.2465 (0]
15- Prhiton Introduction from Ethiopia o
16- Pilton Introduction from Ethiopia (o)

Normal cultural practices for flax production as recommended were followed for
each genotype type. At full maturity, ten randomly guarded plants from each plot were
recorded to determinate the averages of the individual plant traits. Straw and seed yields
were calculated on plot basis. Oil percentage was determined as an average of two
random seed samples / plot using Soxhlet apparatus [8]. The following characters were
recorded i.e. Plant height, cm, Technical length, cm, Main stem diameter, mm, number
of fruiting branches., Straw yield /plant, g, Straw yield/fad, ton, Fiber percentage, %,
number of capsules/plant., number of seeds /capsule., Seed yield/plant., g, Seed yield/
fad, kg and Oil percentage, %.

Standard statistical techniques of the mean values for all traits such as analyses of
variance using randomized complete block design with three replications was performed
according to [9]. The combined analyses of variance (across the two seasons) were done
after confirmed of error variance of homogenous according to [9] for two evaluated
seasons. Genotypic and phenotypic coefficients of variation were estimated according
to [10], broad sense heritability (H2b) [11], genetic advance as percent of the mean [12],
phenotypic and genotypic correlation coefficient [13].

Results and discussion

Mean performance. Highly significant differences were detected among flax genotypes
for all studied traits in both seasons and their combined analyses as presented in Table 2.
This result indicating the presence of sufficient magnitude of genetic variability allow
to effective selecting of superior or preferred genotypes.

As shown in the combined analyses (Table 2), Giza 11 gave the highest values for
straw yield / fad (5.05 ton) followed by Giza 12 (5.02 ton) and Giza 9 (4.45 ton). While
Giza 11 gave the highest values for seed yield/fad (743.83 kg) followed by introduced
variety Prhiton (683.00 kg) and Giza 12 (649.50 kg). The maximum values were in Giza
12 for plant height; 94.69 for technical stem length; 2.19 for stem diameter; 20.07 for
number of fruiting branches / plant; 8.20 for number of seeds / capsule; 0.92 for seed
yield / plant and 35.82 for oil % based on combined data. Several investigators found
varietal differences among flax genotypes such as [2—5, 7, 14—16].
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Table 2

Means of straw, seed yields and their related characters for sixteen flax genotypes
in 2015/16 (1st) and 2016/17 (2nd) seasons and their combined analyses (Com.)

Plant height (cm) Technical stem length (cm) Stem diameter (mm)
Genotypes

1st 2nd com 1st 2nd com 1st 2nd com

Sakha 1 100.38 | 105.22 | 102.80 85.59 87.47 86.53 1.05 1.07 1.06
Sakha 2 104.92 105.70 105.31 88.40 89.48 88.94 2.33 2.04 2.19
Sakha 3 100.85 | 101.62 | 101.24 89.00 81.90 85.45 1.55 1.43 1.49
Sakha 4 96.33 96.48 96.41 86.75 88.86 87.81 0.95 1.01 0.98
Sakha 6 103.06 | 102.33 | 102.70 89.58 88.41 88.99 1.01 1.02 1.02
Giza9 99.66 101.04 100.35 89.99 91.90 90.95 0.91 1.05 0.98
Giza 10 94.59 95.80 95.20 80.54 82.40 81.47 1.05 1.12 1.09
Giza 11 104.10 105.54 104.82 91.96 91.01 91.49 2.03 1.93 1.98
Giza12 105.28 106.14 105.71 95.54 93.83 94.69 1.92 2.08 2.00
Belinka 86.33 90.13 88.23 83.06 83.50 83.28 0.72 0.70 0.71
Sezier 87.64 88.29 87.97 83.19 83.84 83.52 0.90 0.89 0.90
Sofia 90.96 90.04 90.50 88.72 83.82 86.27 1.52 1.48 1.50
S.2467/ 90.68 91.29 90.99 81.14 78.99 80.06 1.41 1.37 1.39
S.2419/ 89.26 90.09 89.68 81.84 76.69 79.26 0.79 0.83 0.81
Prhiton 81.31 81.98 81.65 69.88 73.92 71.90 2.00 2.02 2.01
Pilton 88.51 88.30 88.41 72.80 73.24 73.02 1.47 2.12 1.79
LSD5 % 8.77 6.80 7.30 5.78 7.38 4.98 0.41 0.26 0.30
LSD1 % 11.80 9.15 9.82 7.78 9.94 6.70 0.56 0.35 0.40

Continued Table 2
Number of fruiting branches/ Straw yield/ plant (g) Straw yield / fad (ton)
Genotypes plant

1st 2nd com 1st 2nd com 1st 2nd com

Sakha 1 11.11 11.45 11.28 4.34 3.86 4.10 3.87 3.88 3.88
Sakha 2 15.67 16.01 15.84 3.84 4.04 3.94 4.54 4.21 4.37
Sakha 3 7.94 717 7.56 3.82 3.86 3.84 3.99 4.17 4.08
Sakha 4 7.25 8.07 7.66 3.27 3.68 3.48 4.02 4.23 4.13
Sakha 6 6.90 7.67 7.29 4.05 413 4.09 4.46 4.24 4.35
Giza 9 8.67 8.22 8.45 3.99 3.97 3.98 4.57 4.32 4.45
Giza 10 9.16 8.82 8.99 3.32 3.68 3.50 4.47 4.31 4.39
Giza 11 20.52 14.11 17.32 4.90 4.06 4.48 5.35 4.75 5.05
Giza 12 21.75 14.72 18.24 4.94 4.12 4.53 5.23 4.81 5.02
Belinka 6.55 6.64 6.59 3.19 3.16 3.18 3.44 3.74 3.59
Sezier 5.45 5.92 5.69 2.47 2.61 2.54 3.74 3.73 3.74
Sofia 6.52 6.14 6.33 2.38 2.41 2.40 3.95 3.61 3.78
S.2467/ 10.72 12.19 11.46 3.53 3.28 3.41 4.33 4.12 4.22
S.2419/ 11.51 11.48 11.49 3.40 3.11 3.25 4.04 4.19 4.11
Prhiton 19.60 20.53 20.07 3.58 3.52 3.55 3.65 3.69 3.67
Pilton 16.98 19.67 18.33 2.65 2.14 2.39 3.75 3.80 3.77
LSD5 % 2.53 1.97 1.74 0.76 0.46 0.50 0.63 0.25 0.37
LSD1 % 3.4 2.66 2.34 1.03 0.62 0.68 0.85 0.33 0.50
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Continued Table 2
Fiber percentage (%) Number of capsules /plant Number of seeds /capsule
Genotypes
1st 2nd com 1st 2nd com 1st 2nd Com
Sakha 1 15.63 16.70 16.16 23.37 26.35 24.86 6.46 6.87 6.66
Sakha 2 13.91 14.53 14.22 24.03 26.64 25.33 6.91 7.40 7.16
Sakha 3 18.39 20.30 19.35 22.19 22.40 22.29 5.41 5.50 5.45
Sakha 4 18.86 17.72 18.29 19.44 21.05 20.25 5.64 5.27 5.45
Sakha 6 17.56 18.87 18.21 23.92 24.67 24.30 6.27 6.13 6.20
Giza 9 18.15 19.40 18.78 22.06 23.78 22.92 5.95 6.20 6.07
Giza10 18.74 17.47 18.11 26.89 26.94 26.92 5.83 5.27 5.55
Giza 11 15.61 16.20 15.91 31.29 31.52 31.41 7.67 5.53 6.60
Giza 12 15.36 16.97 16.16 32.74 33.87 33.31 9.13 7.27 8.20
Belinka 18.69 21.75 20.22 17.32 17.91 17.61 5.78 5.03 5.41
Sezier 20.62 21.58 21.10 15.24 15.73 15.49 5.76 5.13 5.45
Sofia 20.52 21.53 21.03 14.38 14.23 14.31 5.60 5.03 5.32
S.2467/ 16.17 16.63 16.40 22.12 23.76 22.94 7.57 5.67 6.62
S.2419/ 16.21 16.70 16.46 21.70 22.00 21.85 7.31 5.60 6.46
Prhiton 15.09 15.62 15.35 33.07 30.98 32.03 7.70 5.20 6.45
Pilton 17.40 18.66 18.03 28.41 29.00 28.71 7.47 5.17 6.32
LSD5 % 2.20 1.88 1.42 3.76 4.84 4.03 1.17 0.74 0.68
LSD1 % 2.96 2.52 1.91 5.07 6.52 5.43 1.57 1.00 0.91
Ending Table 2
Seed yield /plant (g) Seed yield / fad (kg) Oil present age (%)
Genotypes
1st 2nd com 1st 2nd com 1st 2nd com
Sakha 1 0.79 0.80 0.80 595.00 | 547.67 | 571.33 | 32.48 32.59 32.54
Sakha 2 0.83 0.97 0.90 661.00 | 632.00 | 646.50 32.71 32.22 32.47
Sakha 3 0.67 0.63 0.65 376.00 | 418.33 | 397.17 32.22 31.85 32.04
Sakha 4 0.63 0.61 0.62 394.33 | 392.67 | 393.50 | 32.15 31.60 31.88
Sakha 6 0.65 0.62 0.63 653.33 | 406.00 | 529.67 33.25 33.37 33.31
Giza9 0.72 0.68 0.70 411.00 | 399.33 | 405.17 32.67 31.55 32.11
Giza 10 0.61 0.57 0.59 436.67 | 284.00 | 360.33 | 31.67 31.88 31.78
Giza 11 0.95 0.81 0.88 730.67 | 757.00 | 743.83 33.37 33.37 33.37
Giza12 0.97 0.48 0.72 786.00 | 513.00 | 649.50 32.67 32.34 32.50
Belinka 0.40 0.34 0.37 304.00 | 255.67 | 279.83 | 32.41 32.37 32.39
Sezier 0.44 0.37 0.40 336.33 | 330.67 | 333.50 29.18 31.90 30.54
Sofia 0.47 0.42 0.45 327.67 | 215.33 | 271.50 32.48 32.30 32.39
S.2467/ 0.86 0.62 0.74 499.00 | 505.33 | 502.17 | 35.33 32.71 34.02
S.2419/ 0.85 0.68 0.77 492.67 | 533.00 | 512.83 35.37 31.18 33.27
Prhiton 0.91 0.93 0.92 661.33 | 704.67 | 683.00 35.78 35.86 35.82
Pilton 0.90 0.87 0.88 623.00 | 551.00 | 587.00 | 35.03 35.10 35.06
LSD5 % 0.08 0.13 0.09 91.45 160.40 | 102.08 2.34 1.35 1.53
LSD1 % 0.11 0.18 0.12 123.15 | 215.99 | 137.45 3.15 1.82 2.06
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Estimation of genetic parameters. To identify the amount of genetic variability of
the tested flax genotypes, the range, mean, phenotypic (PCV) and genotypic (GCV)
coefficients of variation, heritability in broad sense (H2b) and genetic advance (GA)
were computed for twelve traits (Table 3).

It is apparent from Table 3 that all flax genotypes tested exhibited broad-range
values for all traits. Plant height varied from 81.65 to 105.71 with a mean of 95.75 cm;
technical stem length from 71.90 to 94.69 with a mean of 84.60 cm, main stem diameter
from 0.71 to 2.19 with a mean of 1.37 mm; number of fruiting branches from 5.69 to
20.07 with a mean of 11.41; straw yield per plant from 2.39 to 4.53 with a mean of 3.54
g; fiber percentage from 14.22 to 21.10 with a mean of 17.74; number of capsules per
plant from 14.31 to 33.31 with a mean of 24.03; number of seeds per capsule from 5.32
to 8.20 with an average of 6.21; seed yield per plant from 0.37 to 0.92 with an average
of 0.69 g and oil percentage from 30.54 to 35.82 with an average of 32.84 kg.

Phenotypic coefficient of variation (PCV) differed from their corresponding genotypic
(GCV) one for plant height, technical stem length, number of fruiting branches / plant
and number of capsules / plant, whereas phenotypic and genotypic coefficients variation
for stem diameter, straw yield / plant, fiber%, number of seeds / capsule, seed yield /
plant and 0il% had close values.

Genotypic coefficient of variation reached maximum (70.26) for number of fruiting
branches, number of capsules per plant (40.78), plant height (18.21) and technical
length (14.65).

Heritability in broad sense along with genetic advance are considered as a reliable indices
for selecting the effective traits in improvement flax yield as confirmed earlier by [12].

High heritability coupled with high values of genetic advance (as % of mean) for all
characters, except plant height and 0il% which were moderate as presented in Table 3.
This indicates the importance of additive gene action in the inheritance of these traits,
thus selecting one or more of these traits would be effective in improving flax yield.
Similar results were reported by [1, 3, 6—7, 17—18].

Table 3

Genetic parameters of sixteen flax genotypes for straw, seed yields
and their related characters as combined analyses of 2015/16 and 2016/17 seasons

Geropes | lanihigh o) | ghietem | S dametr | Numberof g | St el
Range Min 81.65 71.90 0.71 5.69 2.39
Max 105.71 94.69 2.19 20.07 4.53
Mean 95.75 84.60 1.37 11.41 3.54
VG 52.29 37.18 0.23 24.05 0.42
VP 52.29 37.18 0.23 24.05 0.42
PCV 24.87 18.16 6.41 73.45 4.84
GCV 18.21 14.65 5.62 70.26 3.98
H2 0.73 0.81 0.88 0.96 0.82
GA5% 12.76 11.30 0.93 9.90 1.22
GA% of means 13.33 13.36 67.77 86.73 34.37
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Ending Table 3
Genotpes | P resenase | e | cnteoonee | P [ o1
Range Min 14.22 14.31 5.32 0.37 30.54
Max 21.10 33.31 8.20 0.92 35.82
Mean 17.74 24.03 6.21 0.69 32.84
VG 3.93 29.40 0.55 0.03 1.40
VP 4.65 35.25 0.72 0.03 2.24
PCV 8.73 48.89 3.86 1.57 2.27
GCV 7.38 40.78 2.98 1.44 1.42
H2 0.84 0.83 0.77 0.92 0.63
GA5% 3.76 10.22 1.35 0.34 1.93
GA% of means 21.18 42.51 21.74 49.33 5.88

PCV: phenotypic coefficient of variation, GCV: Genotypic coefficient of variation, H2b: broad sense heritability,
GA: Genetic advance, GAM%: Genetic advance as percent of mean

Association of traits. Phenotypic (rp) and genotypic (rg) correlations were estimated
between straw/plant, seed yield/plant and its attributes for sixteen flax genotypes based
on average of 2015/2016 and 2016/2017 seasons as presented in Table 4. Straw yield per
plant was positively and significantly or highly significantly correlated with plant height
and technical stem length. Also, high significant positive correlations were observed
among seed yield/plant and main stem diameter, number of fruiting branches, number of
capsules/plant and number of seeds/capsule, indicating that the breeder can utilize such
correlated response to obtain high straw and seed yielding genotypes through selection
for one or more of these characters. These results are in harmony with those reported by
[6—7, 19—20]. In general, the pattern of association of straw and seed yields with other
related traits supports the evidence for the possibility of selecting genotypes characterized
with high straw yielding ability and in the same time high seed yield potentialities.

Table 4

Phenotypic and genotypic correlation of sixteen flax genotypes for straw, seed yields
and its related characters as combined analyses of 2015/2016 and 2016/2017 seasons

Traits X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
X1 1.000 | 0.733* | 0.200 0.055 | 0.688* | -0.282 0.242 0.351 0.205 -0.274
X2 |0.916** | 1.000 | -0.018 | -0.203 | 0.522* | 0.033 -0.055 0.241 -0.150 -0.456

X3 0.246 | 0.035 | 1.000 | 0.777** | 0.234 | -0.529* | 0.576* | 0.523* | 0.631** 0.356
X4 0.059 | -0.228 | 0.826** | 1.000 0.294 | -0.733** | 0.792** | 0.694** | 0.809** 0.595*
X5 | 0.853* | 0.680** | 0.277 0.305 1.000 | -0.555* | 0.524* 0.480 0.419 -0.059
X6 | -0.354 | -0.001 | -0.606* | -0.805** | -0.618* | 1.000 | -0.665** | -0.653** | -0.806** | -0.394
X7 0.350 | -0.011 | 0.705** | 0.907** | 0.645** | -0.804** | 1.000 0.662** | 0.694** 0.499*
X8 | 0.504* | 0.261 | 0.634** | 0.786** | 0.646** | -0.871** | 0.756** | 1.000 0.592* 0.298
X9 0.261 -0.184 | 0.671** | 0.862** | 0.439 | -0.919* | 0.838* | 0.700** 1.000 0.558
X10 | -0.403 | -0.703* | 0.558* | 0.780** | 0.016 | -0.595* | 0.618* 0.381 0.749 1.000
X1: Total plant height, X2: Technical length, X3: Stem diameter, X4: Number of fruiting branches/plant, X5: straw

yield/ plant, X6: Fiber percentage, X7: Number of capsule /plant, X8: Number of seeds /capsule,
X9: Seed yield /plant, X10: Oil percentage.
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Conclusion

From above mentioned results, it can be concluded that valuable phenotypic and
genotypic variability or divergence were detected among tested flax genotypes for the
studied characters. Thus, there is a great opportunity in improvement flax yield through
direct selection and crossing among tested flax genotypes to create viable and potential
segregant populations for the subsequent breeding work.
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AmnnoTtarnus. OcHoBbl ['eorpaduueckoii cety onbIToB ¢ yaobpenusmu Poccun (I'COY), 3a10kKeHHbIe
B 1930—1940 1., KOpeHHBIM 00pPa30M He MeHsITUCh, YTO 00eCIeurnBao MpeeMCTBEHHOCTh HayUHBIX MCC/Iel0BaHMMH.
Ho ¢ Tex Mop HaKOMM/IOCh JOCTATOYHO MHOTO HOBBIX HAyUHBIX [JAHHBIX, MOSIBUIMCH HOBbIE TEXHOIOTHH, Oa3bl
JJAHHBIX, Ha 0cHOBe KoTopbix 'COY MoxeT 1 J0/DKHa ObITh MOJePHH3MpOBaHa. PacCMOTPeH OJjH 13 BOIIPOCOB
Heobxoanmoii MogepHu3aru 'COY — npocTpaHCTBEHHOE pa3MellleHHe OMbITHBIX T0J1eli U UX perpe3eHTa-
THUBHOCTU. B KauecTBe 0CHOBBI UCTI0/Ib30BaH EMHBIN rocyapCcTBeHHBIN peeCTp MOUBeHHbIX pecypcoB Poccun
(ET'PITP) nns mpoBefieHUs aHa/IM3a ONTUMalIbHOCTH pa3MellleHus ONbITHbIX rosieii 'COY. CuuTanocs, uto
B U/leasie OMbITHBIE TIOJIS JO/DKHBI XapaKTepu30BaTh Kak/Ayto MouBy, BHeceHHy10 B EI'PIIP u rcnone3yemyto
B KayecTBe natiHu. CorsiacHo MoJjlyuyeHHbIM laHHbIM, cyllecTBytomas cetb ['COY penpe3eHratuBHa 4151 42 %
nauHu Poccun. TIokasaHo, 4To /15l TOTHOM perpe3eHTaTMBHOCTH CeTh JI0/DKHA ObITh paciivpeHa bosee uem
Ha 90 Touek. To/IbKO B 3TOM C/Ty4yae pe3y/bTaThl OMbITOB MOTYT OBITh SKCTPAIOIMPOBaHb! ITPAaKTHUYeCKH Ha BCe
MaxoTHbIe MouBkl Poccun. B ocHOBY pa3smelttienust HOBBIX Touek I'COY no/mkHa OBITE TOJIOXKeHa WH(OpMariys
ET'PIIP KaK o¢H1MaIbHOTO JOKYMEHTa, MPUHATOro MuHCembxo30M Poccum.
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Abstract. The foundations of the Geographic Network of Experiments with Fertilizers of Russia (GNEF),
established in the 1930—1940s, have not changed fundamentally so far, which ensured the continuity of scientific
research. But since then, quite a lot of new scientific data has been accumulated, there are new technologies,
databases, on the basis of which GNEF can and should be modernized. The article deals only with one of the issues
of the necessary modernization of GNEF — the spatial location of experimental fields and their representativeness.
The Unified State Register of Soil Resources of Russia (USRSRR) was used as a basis for analysis of the optimal
placement of experimental fields of GNEF. It was considered, that ideally experimental fields should characterize
each soil, entered in USRSRR and used as arable land. According to the data obtained, the existing GNEF
network is representative for 42 % of Russian arable land. It was shown that for full representation it should be
extended by more than 90 points. Only in this case the results of the network experiments can be extrapolated to
almost all arable soils in Russia. The placement of new GNEF points should be based on the information from
USRSRR, as an official document adopted by the Ministry of Agriculture of Russia.

Keywords: experiments with fertilizers, soil, Russia, placement of a network of experiments, agrochemistry,
Unified Register of soil resources of Russia

Conflicts of interest
The authors declared no conflicts of interest.

Financing. Acknowledgments. The research was carried out with financial support of the Russian Foundation
for Basic Research (No. 19-05-50063) and the Russian Science Foundation (No. 20-67—-46017).

Article history:
Received: 16 August 2020. Accepted: 31 August 2020

For citation: Savin I'Y. Analysis of the optimal location of the geographical network of long-term experiments
with fertilizers application. RUDN Journal of Agronomy and Animal Industries. 2020; 15(3):281—293. (In Russ.).
doi: 10.22363/2312-797X-2020-15-3-281-293

BBepeHue

Arpoxumnueckoe 00C/Ty)KMBaHHe CeTbCKOTO X03HCTBa — OZMH U3 BaKHEHIINX
(hakTOpOB NMPOU3BOACTBA MPOAYKTOB MUTAHHUS B HEOOXOAMMBIX 00bemMe U KauecTBe.
HeBbICcOKOe ecTecTBeHHOe I710,0poAue Oorblileii YacTy OYB MUpa He M03BOJIsET B Ha-
CTOSILIIUM MOMEHT DelLUTh TpobsieMy obecriedeHyst HacesieHHst 3eMJTH TPOJ0BOJILCTBHEM.
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TonbKO 3a CUeT MCTOMb30BaHUs OpPraHUYeCKUX U MUHEPAJIbHbBIX yA00peHui yaaeTcst
TNO//lep)KUBAaTh YPOXKalHOCTh CeJTbCKOX035MCTBEHHBIX KY/BTYpP Ha IIPUEMJ/IEMOM YPOBHE.
B GosbIIMHCTBE CTPaH MUPA TIOTyUYeHre HeoOX0AUMOro ypoyKast CeTbCKOX03STHCTBeH-
HBIX KY/IBTYP 3aBUCHUT OT NpUMeHeHus1 yj00peHnii U ux KonuuecTBa. Tak, HarpuMep,
B Poccuu muddepeHiiupoBaHHOe MPpUMeHeHHe BbICOKUX, MHTEHCUBHBIX M HOPMAJTbHBIX
TeXHOJIOTW TIPU UCTIob30BaHuH 200 Kr/ra MUHepaJIbHBIX y100peHu 03BOJIsIeT To-
yuuTh 273 MJIH. T 3epHa TIPY OKYTIaeMOCTH y100peHu 3epHOM 12 Kr 3epHa 3a 1 KT
JiefiCTBYIOIIIETo BelljecTBa yo0peHwHii [1]. 3TOro MO)KHO JOCTUYB Kak 3a CueT U3MeHeHHsI
COOTHOILIEHHUST SKCTIOPTUPYEMBIX U MPOU3BOAUMBIX Y0OpEeHHH B CTPaHe, TaK U 3a CUeT
Pa3BUTHS arPOXUMUU U CO3aHUS U BHE/IPDEHHSI HOBBIX BU/IOB yA0OpeHUH.

Pa3BuTHe arpoXvMHU HEBO3MO)KHO 0e3 M0JIeBbIX SKCIIEPUMEHTOB U OTBITOB. [1ep-
BbIe IJTUTE/IbHbIe arpOXUMHUYeCKHe OTTbITh ObLTH 3a/10)KeHbI yyke 6osiee 150 j1eT Ha3ag,
HarpuMep, Ha PoTamcTe[CKOM OMBITHOM cTaHLMU B AHIIWY [2, 3]. B Poccuu nepBbie
CHCTeMaTHyecKHe arpoOXMMUUecKre OTTBIThI Ha TIOJISIX Takke ObI Hauatel 6osee 100 et
Ha3az [4]. Ho ocHOBHOe pa3BuTHe B CTpaHe I10J1eBble arpPOXMMHUYECKHE OTbIThI TIOTyUrIN
TI0CJIe PEBOJTIOLIVH, B CBSI3W C OyPHBIM Pa3BUTHEM arpOXMMUH KaK HayKU.

B 1941 r. 6p171a opranu3oBaHa ['eorpaduyeckasi CeTb OTBITOB C yA0OpeHUsIMu
(I'COY) [5]. Ans opranu3aiiuii — y4aCTHUKOB CETH CO3[jaJv CIieljiaibHble MHCTPYKLIUN
U MEeTOZIMUeCKHe yKa3aHHsl, a HayuHoe 000CHOBaHMe pa3MelljeHusi CeTH ObLIO OCYyILecT-
BJ/IeHO 1107, pykoBogcTBoM [.H. IIpsgHUIITHMKOBA.

[Mpuniune! dyHkimonupoanusi 'COY 1 0CHOBHbIE Pe3y/bTaThl ee eATeTbHOCTU
OCBeIlleHbl B HAYYHBIX MyOIMKALUSAX, 00CY>K/Iat0TCSI Ha Pery/ISIPHBIX BCEPOCCUHUCKUX
kKoHbepenusx [4, 6—10].

['COY Beget Hay4HbIe UCCIeA0BAHMS U pa3padaThbiBaeT MpaKTUUYeCKe peKoMeH/1a-
L[1Y TI0 MCTI0/Ib30BaHMIO y100peHui oy, Hanboee 3HaUMMBbIe Ce/TbCKOXO035ICTBeHHbIe
Ky/IBTYPBI C yUeTOM CeBOODOOPOTOB, arpOTeXHOJIOTHI B Pa3HBIX TIPUPOAHBIX yCIOBHSIX.
Kpome toro, Ha 'COY B03/10KeHbI 00513aHHOCTH 110 PErMCTPALIMOHHBIM UCITBITAaHUSIM
HOBBIX ynoOpeHuii. HayuHo-MeToguueckoe pykoBozcTBO pabot 'COY ocyiiecTsisieT
Bcepoccuiickuii HUW arpoxumuu um. [I.H. [Ipsauiinrkosa (BHUNA).

Haubonbiero passutusi 'COY nonyuuia B 1980 rr., korza B ee pabote MpUHUMAIIO
yuactue 6oee 300 HayuHBIX YUpEXKIEHUM, BK/IFOUasi yupexkaeHust Poccuu, YKpauHsl,
Kazaxcrana u Benopyccun [8, 11].

B Hacrosiee Bpemst B pamkax ['COY 6osee 100 yupekzaeHuii Pocciuu mpoBoAUTCS
6os1ee 300 rosieBbIX OMBITOB [4].

Takum o6pasom, ocHoBbl 'COY, 3anokeHHbie B 1930—1940 rT., KOpeHHBIM 00pa3omM
He MEeHsTUCh, UTO 00eCIieurBasio MpeeMCTBeHHOCTh HayuHbIX UcciefoBaHui. Ho ¢ Tex
TIOp HAKOTH/IOCh JOCTaTOYHO MHOTO HOBBIX HAyUYHBIX /JAHHBIX, 0OHOBU/IMCH TeXHOJIOTHH,
CO3/IaHbI a3kl JAHHBIX, Ha 0CHOBE KOTOPbIX 'COY MOXeT U [Jo/KHA ObITb MO/I€PHU3H-
poBaHa. Tak, B 2014 r. MuHcenbxo3 Poccuu ytBepana EuHbI roCcyiapCTBeHHbIN peecTp
MOYBEHHBIX PecypcoB Poccuu, KOTOPBIN CoAepKUT Haubosiee TIOMHYI0 U aKTya/IbHYHO
UH(OPMALHIIO 0 TIOUBEHHBIX pecypcax crpaHbl, EI'PTIP MoxeT 1 jo/keH OBITh TIO/I0XKEH
B OCHOBY 0OHOBieHHOH ['COY [12].

Iens ucciefo0BaHus — NIPOaHaIM3UPOBaTh NIPOCTPAHCTBEHHOE pa3MelleHue
OTIBITHBIX TIOJIEM U UX Perpe3eHTaTUBHOCTb C TOYKH 3PeHUs ONTUMA/IbHOCTH U HeoO-
X0AMMOCTUA MoZgepHu3aluu ['COY.
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MaTepuanbl U MeToAbl UCCNef0BaHUSA

CoryiacHO JJaHHbIM, Tpe/cTaB/ieHHbIM Ha caiite 'COY, B MHTepHET B HaCTosIIllee
BpeMsi B CeTb BXOAUT 67 OMBITHBIX yuacTKOB [5]. VIx pa3MeliieHue roKa3aHo Ha puc. 1,

a CITMCOK TpuBejieH B Tab1. 1.

Puc. 1. PasmelleHne onbiTHbIX nonen FCOY
Fig. 1. Fields of Geographic Network of Experiments with Fertilizers

Tabnuya 1

MepeyeHb onbITHbIX nonei FCOY cornacHo [5]

HasBaHue yuypexxaeHus

PacnonoxeHnune

HayuHo-uccnefoBaTenbCKuii U NPOEKTHO-TEXHONOMUYECKUIA MHCTUTYT
AMK Pecny6nuku Komu

r. CbIKTbIBKap

CeBepo-3anagHbin HUMCX «benoropka»

59,21N30,08E

MckoBckuin HUMCX

r. Mckos

Arpodusnyeckuit UHCTUTYT

r. CaHkT-MNeTepbypr

Bcepoccuitickuit HayyHo-uccnegoBaTesibCKUi U NPOEKTHO-
TEXHONOMMYECKMNIN UHCTUTYT OpraHUYecKux yaobpeHuii u Toppa
(BHUMTUOY)

56,5 N40,05E

BCEpOCCMﬁCKMﬁ Haquo-uccnenosaTenbcxuﬁ WHCTUTYT JibHa

57,02 N35,01 E

Tynbckuit HANCX

r. Mna.ck, Tynbckou 06:.

KocTtpomckoit HUNCX

r. Koctpoma

ﬂonronpyp,Haﬂ arpoxmmMmmnyeckas onbiTHas ctaHUnA

56N37E

HayuHo-uccnepoBaTenbCKMilt UHCTUTYT CENIbCKOro XO035IMCTBA
LleHTpanbHbIX paioHOB HeuepHo3eMHOI 30HbI PO

r. OguHuoBo, MockoBCKoW 0671.

Bcepoccuitickuin Hay4yHo-uccneaoBaTelbCKUA UHCTUTYT KOPMOB

r. JJo6Hs, MocKoBCKoW 0611.

Bcepoccuiickuil HayuHo-UcceAo0BaTeNbCKUIA MHCTUTYT 3epHO6060BbIX
M KPYNSHbIX KYNbTYp

r. Open
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lpofonxerHne Tabn. 1

HasBaHue yypexaeHus

PacnonoxeHune

LleHTpanbHas onbiTHas cTaHuus BUYA

55,30N37,36E

MockoBckasi cenbckoxo3sncTBeHHas akagemus uM. K.A. TumupsiseBa

r. MockBa, 56,0N37,5E

CmoneHckuin HUMCX

54,48N31,53E

HoBo3bi6KOBCKas OnbITHast CTaHLUs

52,31N51,31 E

Moppgosckuit HUMCX

r. CapaHck

CeBepo-BocTouHbIin HayuyHO-MeToanYeckui LeHTp PACXH

58,5N49,5E

Hwxeropoackuin HayuHo-uccnefoBaTeNbCKUM U NPOEKTHO-
TexHosiornyeckuit MUHcTUTYT AlNK

r. HmkHuin Hosropopg

Hwxeropogckasa MCXA

r. HwxHui HoBropop,

Benropoackuin HUMCX

r. benropop,

BcepoccuICKuii HayuHO-UCCIeA0BaTEIbCKUIM UHCTUTYT CaxapHOii CBeK/Ibl
u caxapa um. A.J1. Maanymoea (BHUUCC)

51,53 N39,18E

BopoHexckuii FAY um. K. 4. MMuHkun 51,60 N39,2E
Kypckuii HayuyHo-uccnegoBaTenbCKUil UHCTUTYT arponpoMbILLSIEHHOMO 52N37E
Npou3BoACTBa

Tam60BCcKMit HUIMCX 52,1N42E
Bcepoccuiickmnii HayyHo-uccnefoBaTeNbCKUM UHCTUTYT 3emMnefenus r. Kypek

1 3alUTbl NOYB OT IPO3UN

HayuyHo-uccnepoBaTenbCKuit UHCTUTYT CENbCKOro X035IMCTBa

LleHTpanbHo-YepHo3emHow nonocbl M. B.B. [loky4yaeBa STN40,40E
MwuuypuHckas FCXA 52,5N40,5E
KasaHckasi TCXA r. KazaHb

HUUCX I0ro-BocToka

51,35 N45,59E

Bcepoccuitickuin HayuyHo-uccnefoBaTelbCKU MHCTUTYT OpoOLLIAaeMoro

3emnepenus (BHUMAO3) 48,40N44,30E
Camapckas [CXA r. Kuvenb
HwxHe-Bonmxkckuin HUNCX 49N44,3E
Camapckuit HUMCX 52,59N49,25E
MeH3seHckasa TCXA r. MNeHsa

MoBOMKCKUIA Hay4YHO-UCCNE[0BATENbCKUIN MHCTUTYT CEeNeKLm
n cemeHoBogcTBa UM. MN.H. KoHcTaHTUMHOBa

r. Kunenb, Camapckas o6nactb

KpacHopapckuit HUMCX um. TN.11M. JlykbAHEHKO

45,5N39 E

[oHcKol 3oHanbHbIi HUINCX

47,4N40,1E

Bcepoccuiickmii Hay4Ho-uccnefoBaTeNnbCKUi UHCTUTYT puca

r. KpacHogap

CeBepo-KaBkasckuit HUU ropHoro u npearopHoro cenibcKoro Xxo3sincTea

CeBepHas OceTus,
MpuropoaHbIi paioH

CeBepo-KaBkasckuit 3oHanbHblit HUM capoBogcTBa M BUHOrpajapcTBa

r. KpacHopap

Ka6apauHo-bankapckuint HUMCX

r. Hanbumnk

CraBpononbckuit HUMCX

CtaBpononbCcKuil Kpai,
LLinakoBCKMI1 parioH

Fopckuin TAY

CeBepHas OceTus,
r. Bnagpukaekas

CraBpononbckuint FTCXA

r. CraBpononb

CeBepo-KaBkasckas onbiTHas cTaHuua BUM r. ApmaBup
Bawkupckuin HUN 3emnegenuvsa n cenekumm noneBbiX KynbTyp r.Yoa
Mepmckuin HUMCX 58,5N56,5E
YenabuHckuin HUMCX 54,56N60,44E
HUNCX CeBepHoro 3aypanbs r. ToMeHb

Yamyptckuit HUMCX

YpaMypTcKas pecny6nuka,
3aBbsANIOBCKUI paiioH
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OKOHYaHue Tabn. 1

Ha3sBaHue yupexxgeHus

PacnonoxeHune

WMxesckasa TCXA

r. MxeBck

YpHUUCX

r. EkaTtepuH6ypr

ConukaMcKas CenbCKOX03WCTBEHHAs ONbITHasA CTaHLMSA
uM. B.H. MNMpokoweBa

MepMckas o6nacTb,
ConunkamMckuii pamoH

LLlaapuHCKas cenbCKOX03ANCTBEHHAs OMNbITHAsi CTaHLUS
um. T.C. ManbueBa

KypraHckas obnactb,
LLlappuHCKuiA paitoH

Cu6upckuit HUMCX

r. Omck

AnTanckuii FlocyaapcTBEHHbIN arpapHbivi YyHUBEpPCUTET

r. bapHayn

HaprMCKaﬂ rocynapcrtBeHHasa cefieKunoHHasa ctaHuua

Tomckas o6nacTb,
r. Konnaweso

AnTaiickuin HUN 3emneaenusa un cenekunm ceibCKOX03AMCTBEHHbIX
Kynstyp (AHUN3KC)

r. bapHayn

CUBUPCKUIA HayYHO-UCCNeA0BaTENbCKUM U MPOEKTHO-TEXHONOMUYECKUIA
MHCTUTYT XXMBoTHOBoACcTBa (CUEHUMTUXK)

HoBocu6upckas oébnactb,
r. KpacHoob6ck

Cu6HUN3Xum

HoBocuébupckas obnactb,
r. KpacHoo6ck

ConsiHcKasi CeNnbCKOX03AWCTBEHHAs OMNbITHasA CTaHLMSA

KpacHosipckuii Kpai,
PbI6UHCKMI1 paiioH

KpacHosipckuint HUNCX

r. KpacHosipck

Bypsitckuit HUUCX

r. Ynan-Yas

DanbHeBocTOuYHbIN HUUCX

r. Xa6apoBck

Mpumopckuin HUMCX

MpumMopckum Kpaw,
Yccypuinckuin panoH

BCGpOCCMVICKMVI Hay‘-IHO-VICCﬂeAOBaTeHbCKVIVI WHCTUTYT CoOMn

Amypckas obnacTb,
r.r. BnaroseueHck

lNpumedaHme. HasBaHnst opraHnsaumin NpuBeAeHbl Tak, Kak OHW faHbl Ha caiiTe [COY.

Table 1
List of fields of Geographic Network of Experiments with Fertilizers [5]
Organization Location
Resear.ch and Design Institute of Agroindustrial Complex of the Komi Syktyvkar
Republic
North-West Research Institute of Agriculture «Belogorka» 59.21N30.08E
Pskov Research Institute of Agriculture Pskov

Agrophysical Institute

Saint Petersburg

and Peat

Russian Research and Design Technological Institute of Organic Fertilizers

56.5N40.05E

Russian Research Institute of Flax

57.02N35.01 E

Tula Research Institute of Agriculture

Plavsk, Tula region

Kostroma Research Institute of Agriculture

Kostroma

Dolgoprudnaya agrochemical experimental station

56N37E

Research Institute of Agriculture of the Central Regions of the Non-Black
Earth Zone of the Russian Federation

Odintsovo, Moscow region

Russian Research Institute of Feed

Lobnya, Moscow region

Russian Research Institute of Legumes and Groats

Oryol

Central Experimental Station VIUA

55.30N37.36E

Moscow Timiryazev Agricultural Academy

Moscow, 56.0N37.5E

Smolensk Research Institute of Agriculture

54.48N31.53E
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Continued Table 1

Organization

Location

Novozybkovskaya experimental station

52.31N51.31 E

Mordovian Research Institute of Agriculture

Saransk

North-Eastern Scientific and Methodological Center of the Russian
Academy of Agricultural Sciences

58.5N49.5E

Agroindustrial Complex

Nizhny Novgorod Scientific Research and Design Technological Institute of

Nizhny Novgorod

Nizhny Novgorod State Agricultural Academy

Nizhny Novgorod

Belgorod Research Institute of Agriculture Belgorod
Russian Research Institute of Sugar Beet and Sugar 51.53 N39.18E
Voronezh State Agricultural University 51.60 N39.2E
Kursk Research Institute of Agroindustrial Production 52N37E
Tambov Research Institute of Agriculture 52,1N42E
Russian Research Institute of Agriculture and Soil Erosion Protection Kursk
Research Institute of Agriculture of the Central Black Earth Belt 51N40.40E
Michurinsk State Agricultural Academy 52.5N40.5E
Kazan State Agricultural Academy Kazan

Research Institute of Agriculture of the South-East

51.35 N45.59E

Russian Research Institute of Irrigated Agriculture

48.40N44.30E

Samara State Agricultural Academy Kinel

Nizhne-Volzhsky Research Institute of Agriculture 49N44.3E

Samara Research Institute of Agriculture 52.59N49.25E

Penza State Agricultural Academy Penza

Volga Research Institute of Breeding and Seed Production Kinel, Samara region

Krasnodar Research Institute of Agriculture 45,5N39 E

Donskoy Zonal Research Institute of Agriculture 47.4N40.1E

Russian Research Institute of Rice Krasnodar

North Caucasian Research Institute of Mining and Piedmont Agriculture North OssDeitSitar,i(I;rigorodny

North Caucasian Zonal Research Institute of Horticulture and Viticulture Krasnodar

Kabardino-Balkarian Research Institute of Agriculture Nalchik

Stavropol Research Institute of Agriculture Stavropol Terr.itOTy, Shpakovsky
District

Gorsky State Agricultural University North Ossetia, Vladikavkaz

Stavropol State Agricultural Academy Stavropol

North Caucasian Experimental Station VIM Armavir

Bashkir Research Institute of Agriculture and Selection of Field Crops Ufa

Perm Research Institute of Agriculture 58.5N56.5E

Chelyabinsk Research Institute of Agriculture 54.56N60.44E

Research Institute of Agriculture of the Northern Trans-Urals Tyumen

Udmurt Research Institute of Agriculture Udmurt Repl{bli(?, Zavyalovsky
district

Izhevsk State Agricultural Academy Izhevsk

Ural Research Institute of Agriculture

Yekaterinburg

Solikamsk Agricultural Experimental Station

Perm region, Solikamsk district

Shadrinskaya Agricultural Experimental Station

Kurgan region, Shadrinsky

district
Siberian Research Institute of Agriculture Omsk
Altai State Agrarian University Barnaul

Narym State Breeding Station

Tomsk region, Kolpashevo
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Ending Table 1

Organization Location

Altai Research Institute of Agriculture and Selection of Agricultural Crops Barnaul

Siberian Research and Design Technological Institute of Animal Husbandry | Novosibirsk region, Krasnoobsk

Siberian Research Institute of Agriculture and Chemicalization Novosibirsk region, Krasnoobsk

Solyansk Agricultural Experiment Station Krasnoyarsk 'I"err.ltory, Rybinsky
District

Krasnoyarsk Research Institute of Agriculture Krasnoyarsk

Buryat Research Institute of Agriculture Ulan-Ude

Far Eastern Research Institute of Agriculture Khabarovsk

Primorsky Research Institute of Agriculture Primorsky T‘*T”“?ry' Ussuriysky
District

Russian Research Institute of Soybeans Amur Region, Blagoveshchensk

Note. The names of the organizations are given as they are given on the GNFE website.

Teorpadus onbITHBIX yuacTkoB ['COY 6a3upyeTcst Ha CrieliaibHO CO3/jaHHOMN
[.H. [IpsHUIIHKKOBBIM B 1924 I. MOUBEHHO-arpOHOMUYeCKOM Kapre [4, 13].

Ha TtectoBbix nosnisix ['COY, nprHajiexxaliux ceyibCckoxo3siictBeHHbiM HUU, peru-
OHAJIbHBIM YHHUBEPCUTETaM M OIBITHBIM CTaHLUSIM, MPOBOJATCS MHOTOJIETHUE OMBITHI
IO MCIIOTb30BaHUIO PAa3HBIX BUIOB yA00peHHi 1107 0CHOBHbIE Ce/TbCKOXO03SICTBeHHbIE
KYJIBTYPBI, BO3[le/IbIBaeMble B pETHOHe.

EI'PIIP ncrionb30Bajcs B KaueCTBe OCHOBBI [i/Is1 IIPOBe/leHNs aHa/Iu3a OlTUMallb-
HOCTH pasMelteHus onbITHLIX nojiert 'COY [12]. CuuTanoch, uTo B ufease OINbITHbIE
T10J14 JOJDKHBI XapaKTepr30BaTh KaxKAyo 1ouBy, BHeCceHHYI0 B EI'PIIP u ucnons3yemyro
B KauecTBe nairHu. MIHopmatus o BoeneueHHoCTH 1ouB EI'PTIP B pacnamiky 6bia
ToJiyueHa C KapThl pacriaxaHHOCTH 11ouB Poccuu [14].

KoopuHaTh! OTBITHBIX T10/1eM ObLTH TIpeIBapUTeIbHO YCTAHOB/IEHbI /T YTOUHEHBI
C UCITI0/Ib30BaHUeM HHTepHeT-cepBrca GoogleMapsTM. IToc/ie 3TOro TOUKHM OMBITHBIX
ToJ1e¥ OBbITM HaJIOXKeHBI Ha MOUBEeHHO-Teorpadudeckue Bbiziebl ET'PIIP u ayis Kaxkmou
13 HUX Oblla curTaHa aTpubyTHBHAs UHGOPMALWS peecTpa.

Ecnu Touka ombITHBIX 1TO/1ei ronaziana Ha ouBy EI'PIIP, To 5Ta rnouBa cunTanach
0XapaKTepu30BaHHOM XOThb 0fHOU U3 Touek ['COY. Ecnu Ha maxoTHyto nouBy ET'PTIP
He nonazano Hu ogHou Touky ['COY, To mouBa OTHOCU/IACH K HEOXapaKTepPU30BaHHOMN
Y HY>K/IalolLlelicsl B pa3MellleHnH Ha Hel X0Tb ofHou Touku ['COY.

Hanee B 'MIC 6b1/1 IOCTPOEHBI KapTa 3eMeJlb, TI0UBbI KOTOPBIX OXapaKTepH30BaHbI
xoTs1 Ob1 offHOM Toukoi I'COY, 1 KapTa MaxoTHbIX 3eMeJlb, [I0YBbI KOTOPLIX He OXapak-
TepPU30BaHbl HU OFHOM U3 cyljecTBYylOmUX Touek ['COY. [IpyHMManich BO BHUMaHue
JIMIIb T10YBBI, J,0JI1 KOTOPBIX Ha MaiiHe Poccun npessiiaet 0,1 %.

PesynbTaTbl M 06CyXaeHue

Brigensl EI'PIIP B KOHTEKCTe CTaTby Mbl pacCMaTpyBaeM B KaueCTBe ITOYBEHHOI'0
palioHUpOBaHMsI, KOTOPOE U [JO/DKHO OBITh UCITO/TH30BaHO B KaUueCTBe OCHOBBI [IIsl pas-
MeleHus onbITHBIX nosield 'COY. OTo cBsizaHO €O C/IeAYIOLMMU TPUUMHAMMU.

PaiionrpoBaHue, KOTOpoe 1crosb3oBanock J.H. [TpsAHULTHUKOBBIM, CUTBHO yCTa-
perno. [Tocsie Hero OBIIO CO3AaHO MHOTO TTOUYBEHHBIX PErMOHATBHBIX U TOCY/JapCTBEHHBIX
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KapT, ObI/I0 HAKOTIEHO MHOTO 3HaHHH 0 reorpaduu oy Poccru v MX OT3BIBUMBOCTH
Ha yno0peHusi, KOTOPBIX TIPH 3a/I0KeHUU CeTH He ObI/I0 B Ha/TMUMK. B KauecTBe 0CHOBBI
JJ1s1 OTITUMAJIbHOTO pa3MelleHus] WK KOPPeKLMU CeTH TeOpeTHUeCKH MOTJIH Obl ObITh
MCII0/b30BaHbI ['ocynapcrBenHast mouBeHHasi Kapra CCCP (macrmra6b 1: 1 mmn) (I'TIK) [15],
MIPUPOHO-CEeTbCKOX03sHCcTBeHHOe paiioHupoBanre CCCP (macmrab 1: 8 mutH) [16],
TouBeHHast KapTa Poccuu fiyist BeICIed mkosbl (MaciTab 1:4 maH) [17].

Ha Hactosiumii MomeHT pabora Hag I'TIK Tak v He 3aBepilieHa, a epBble JIUCTHI,
KOTOpBIe co3/iaBanuch 6osee 70 nieT Hasaz,— ycrapenu. [IpupofHO-CenbCKOX03sCTBeH-
Hoe parionrpoBanre CCCP Takxke Ob110 co31aHO yxke 6osiee 50 et Ha3az. Ero BbizebI
00yC/IOB/IEHBI He TOJIBKO TIOUBEHHBIMU, HO Y K/IMMAaTHUeCKUMU TIapaMeTpaMH, KOTOpbIe
TaKKe JaBHO HY>KJAIOTCsl B 0OHOB/IEHUU U TI03TOMY He MOTYT OBITh WCTIO/b30BaHBI
B KaueCTBe HaJle)KHOM OCHOBBI /17151 onTuMM3anyu pasMertienusi ['COY. [TouBeHHas kapTa
Poccuu fi71s1 BBICILIEH IIKOJIBI OblTa co3fiaHa okosio 30 JieT Ha3aj, U ee rpeJHa3HaueHHe
(obyueHMe CTyeHTOB) MpeOTIPee/IAI0 ee JOCTaTOYHYH0 CXeMaTUYHOCTb.

[Tpenmyiecteom EI'PIIP nepep BeillieHa3BaHHBIMY KapTaMU 3aK/THOYA€TCS B TOM,
YTO ITOT JJOKyMEHT aKKyMY/IUPOBaJj B cee BCrO MH(OpMaLMIO 0 royBax Poccuu, BK/ItO-
yas [JaHHble [TepeyrC/IeHHbIX BbIlle KapT U laHHble, HAKOIJIeHHbIe 3a ITOC/IeIHHe TO/bl.
ET'PITP yTtBep>kaeH MuHcenbxo3zoM Poccun B 2014 1. B KauecTBe 6a30BOT0 JOKYMeHTa
V151 XapaKTepUCTUKU TI0UB CTPaHbl U PeKOMEH/I0BaH Ji/1s1 IPaKTUYeCKOr0 UCTI0/Ib30BaHUs.
ET'PIIP nocTpoeH Ha OCHOBe COBPEMEHHBIX KOMIbIOTEPHBIX TEXHOJIOTHH (TeOUH(Op-
MALIMOHHBIX 6a3 JaHHBIX) U TIOJTHOCTBIO COBMECTUM C aHAJIOTUYHBIMU 3apy0e;KHBIMU
JIeTI03UTapUSIMH TTIOUBEHHBIX 3HaHu# [ 18], uTo 3HauMTebHO 00/eryaet UQPOBOI aHa-
3 EI'PTIP coBMeCTHO C ApYTrMMHU MPOCTPAaHCTBEHHBIMU IAHHBIMU, a TaK)Ke TpaHcdep
TeXHOJIOTUH.

VmenHo nostomy ET'PITP 6Gbi1 BIOpaH HaMM KaK OCHOBA ZIJ1s1 aHa/I3a ONTHMaJlb-
HoctH pa3MeneHus I'COY ¢ TOUKYM 3peHus TOUBEHHBIX PeCYPCOB.

Ec/ii IpuHSTH, UTO TIPUCYTCTBHE B BbIZle/ie KaKOH-TM00 maxoTHow rouBbl ET'PTTP
x0Ts Ob1 ofHOM 13 Touek 'COY mpezoripesesnisieT TO, UYTO pe3y/IbTaThl, TIOyUeHHbIe
Ha OMNbITHBIX TO/IX 3TOM TOYKH, MOXKHO paclIpoCTPaHUTh Ha Takue ke 1ouBbl B Poccuy,
TO TOJTyyaeTcsl KapThHa oxapakrepu3oBaHHOCTH 1ouB EI'PIIP nanneiMu I'COY, nmm pe-
Tpe3eHTaTUBHOCTH OMbITHLIX Nosieii ['COY ¢ Touku 3peHusi OUB, TIpHBe/IeHHast Ha puC. 2.

CoriacHO MosyyeHHbIM [JaHHBIM, CyliecTByrowas cetb ['COY penpe3eHTaTHBHA [J1s
42 % mawHu Poccun. ITaxoTHBIe TOUBBI, HA KOTOPBIE PacClpoCTpaHeHHe pe3y/ibTaToB,
nosiyuaembix Ha ['COY, HEKOPPEKTHO C MOYBEHHOW TOUKU 3peHUs], T0Ka3aHbl Ha pUC. 2
KpaCHBIM 11BeTOM. V13 puc. 2 ciezyeT, 4to Oo/blile BCero MouB, Ha KOTOPbIe Pe3y/bTaThl
orbiToB ['COY He MOTyT OBITH pacrpoCTpaHeHbl, HAXOAUTCS Ha matiHe 3arnagHoi Cu-
6uvpu, [ampHero BocToka M CyxoCTernHbIX perioHoB Poccum.

Ha ocHoBe 3101 nHbOpMaIiK, a TakXKe CBefieHHU 0 reorpaduy MoYB, He OxXapak-
TepusoBaHHbIX I'COY, npeioxkeHa CeThb [0NOJTHUTE/BHBIX OIBITHBIX 10/1eH, KOTOpbIe
B MepCIIeKTUBe [JOJDKHBI TIOTIOTHUTE CYIIeCTBYIOIIYIO CeTh, YTOOBI 00eCreunTs Ux
MpaKkTUYeCKH MOJIHYIO perpe3eHTaTUBHOCTb C TOYKU 3peHHsl [IOYBEHHbIX PeCypCcoB
cTpaHbl. PasmerieHue JOMOMHUTE/NBHBIX MECT PACIO/IOKEHHs OMBITHBIX T0J/Iel CeTU
TrpefiCTaB/IeHo Ha pyUc. 3. [Ipu pasMellleHY TOUeK YUUThIBA/IaCh TakKKe KOMITIAKTHOCTb
WX pacronokeHust (6;IM30CTh K yrKe CyILeCTBYIOIIMM T0JISIM Ha APYTUX MOUBax).
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Puc. 2. PenpeseHTaTUBHOCTb OMbITHbIX Nosier TCOY € TOUKM 3pPEHNA MOYBEHHbBIX PECYPCOB MalLlHK
Poccuu: 3eneHblii LBET — eCTb PenpeseHTaTUBHbIE NONS; KPaCHbIA — HET PENpPe3eHTaTUBHbIX NONew

Fig. 2. Experimental fields of the GNEF depending on soil resources of arable land in Russia: green
color — representative fields; red — no representative fields

W3 puc. 3 crepyeT, uto 60sbllle BCErO OMbITHBIX M0/1el 10/DKHO ObITh pasMelrieHo
B Kprimy, Bonrorpasckoii obnactu, Anraiickom 1 CTaBpOMo/bCKOM KpasiX, a8 B MHOTHX
pervoHax y’ke CylleCTBYIOLIasi CeTb C TOYKW 3peHMsI [10YB PaKTUYeCKU MOTHOCTBIO
SIBJIIeTCS peripe3eHTaTHBHOM.

[Tpu ncrnonb30BaHUY MOTYUYEeHHbIX IaHHbIX, KOHEUHO ke He0OX0[MMO YUUTbIBaTh,
YTO perpe3eHTaTUBHOCTH OIBITHBIX [10J/Iel pacCMaTpUBaslach JIMILb C [O3ULIAY [T0YB U UX
reorpauu. He nprHMManuce BO BHUMaHUe Takve (PaKTOpbl, KAK U3MEeHeHUs! K/IMMara,
nny Habop Bo3ZesbIBaeMbIX Ky/abTyp. AHA/TM3UPOBasIach UL perpe3eHTaTUBHOCTh
nioneit 'COY ¢ TOUKM 3peHUst 0XBaTa UM BCETo pa3HO0Opa3usi TaXOTHBIX TIOUB CTPaHBbI.

Puc. 3. lNpefnaraemble TOUKM pasMeLleHns JOMOMHUTENbHbBIX OMbITHbIX nonen FCOY
Fig. 3. Proposed placement for additional GNEF experimental fields
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3akoyeHue

B pesysnbTrare rnpoBe/jieHHbIX UCC/IeJ0BaHUM YCTAHOB/IEHO, YTO C TOYKU 3PEHUs
MOYBEHHBIX pPecypcoB, ['ocyjapcTBeHHasI CeTh OTBITOB C yAOOPeHUsIMU SIB/ISIETCS pe-
rpe3eHTaTUBHOW ulllb /151 42 % MaXOTHBIX YTOAWM CTPaHbI.

115t TIO/THO perpe3eHTaTMBHOCTH OHa JI0/DKHA ObITh paciivpeHa 6osee uem Ha 90 To-
yek. To/TbKO B 3TOM CJiyyae pe3y/bTaThl OTbITOB CeTH MOTYT ObITh 3KCTPArioIMPOBaHbI
MpaKTUYeCKU Ha BCe MaxOTHbIe OYBbI Poccun.

B ocHoBy pa3melijeHust HOBbIX Touek I'COY mospkHa ObITh MoIoXkeHa HH(opMarys
EivHOro rocyapCcTBeHHOTO peecTpa MOUYBEHHBIX pecypcoB Poccun Kak ouLiManbHOTO
IIOKyMeHTa, NpuHATOro MuHcenbxo3om Poccun.
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Cfa-MukpoPHK-122 n —21 Kak coBpeMeHHble 6uMoMapKepbl
NepBUYHOro renaTuTa y cobak

A.M. Onb-Cebaeii” **, IL.LH. Aopamos’, C.M. BopyHoBa'

'MocKoBCKasi roCcyapCTBeHHasl aKafleMusi BeTepUHApHON MeULFHBI
ALY
u 6uorexnosnorun umenu K.M. Ckpsbuna, 2. Mockea, Poccuiickas ®edepayus
Yy
2YHuBepcutet MaHcypa, 2. MaHcypa, Ecunem
*dr_sebaey@mans.edu.eg

Annoranus. I[Tepsruneii renaturt (I117) siBisieTcst ofHAM 13 HauboJTee YacTo JMarHOCTUPYeMBIX 3aboiie-
BaHUM reyeHH y cobak. K ero pacripoctpaHeHHbIME opMaMy OTHOCSITCST OCTPBIH reratut (OI') 1 XpoHWYe CKUi
aKTUBHBIN TeratuT (XAT'), KOTOpble MOTYT TIPUBECTH K Gubpo3y U 1uppo3y. Lless ucciejoBaHUS — OLleHKa
BO3MOYKHOT'O HCITO/Ib30BaHMsI TIO/Ty4eHHbIX 13 reriaToliuToB Canine familiaris-mukpoPHK (cfa-miR)-122 u 21
B KaueCTBe CLIBOPOTOYHOTO O6riomMapkepa it paHHel auarHoctyky [N 1 BBISIBIIeHUsT HauabHOM CTafuu
(hubpo3a neuern y cobak ¢ XAT. ITocsie yabTPa3ByKOBOTO M TUCTOJIOTHYECKOTO MCC/Ie/JOBAHUS MIATHA/ILIATh
3[0POBbIX COOaK BKJIFOUM/IM B TPYIIIY KOHTPOJIS [i/Is CPABHEHMs C TPUALIATBI0 cOBaKaMu, y KOTOPBIX ObLIO
noaTBep>kaeHo Hamrure O i XAT (n = 15). AKTUBHOCTE ()epMEHTOB ITeUeHH, a TaK)Ke KOHIeHTpaLys
rrnobysvHa 1 obirjero 6rmpybuna 6pim noBbIiens! B rpyrmax O (P < 0,001) u XAT (P < 0,01), Torga Kak
rokasarenu obiero 6eska, anb0yMHUHa, MOUEBHHBI U OTHOLIeHHEe A/T" ObUTH 3HAUHTEIBHO CHIDKEHBI Y COOaK
¢ OT" wm XAT (P < 0,01). Cfa-miR-122 oxa3asncs focroBepHo Bbipaxked ripu OI' (P < 0,001) u XAT" (P < 0,01)
Y TI0Ka3aJj OTeHLUa/IbHY0 3HaUMMOCTb [IPY Bb/Ie/IeHUU 3TUX TPYII U3 KOHTPOJIS C IIOLA b0 10/, KPUBOM
(AUC) 0.98 u 0.96 cootBetcTBeHHO. Kpome Toro, cfa-miR-122 nposiBri 3HaUMMOCTE B Avddepertmaruy OT
(P <0,05) ot XAT" c AUCO,85. Cfa-miR-21 6511 noBbIiieH y cod6ak ¢ XATI' 1 BbIpakasl MOTeHIMaIbHYI0 POJTh
B uddepentyipopanuu 3tou rpymiisl (P < 0,001) ot OI" 1 KorTposs ¢ AUCO0,99 u 0,88 cootBeTcTBeHHO. Takum
o6pa3zom, cfa-miR-122 mMoxeT ObITh 3HAUMTE/TLHO TIOBBIILIEH Y cobak ¢ I1T" Torya kak cfa-miR-21 noreHipanbHO
MOKeT ObITh SKCIIPECCUPOBaH TOMBKO B XpOHUUECKo# (opme I1T" 1 sIBISIETCS] HOBBIM HEMHBAa3HUBHBIM OHOMap-
KepoM 1yist arcdepennyanun O ot XAT.

KiroueBsble cioBa: cobaka, epBUYHBIN FelaTHT, YIBTPa3ByKOBOE HCC/Ie/[OBaHHe, OMOXMMUUeCKUE aHaIIH3,
ructosorusi, cfa-mukpoPHK

KoHduMKT HHTepecoB: ABTODHI 3asiB/ISIOT 00 OTCYTCTBUY KOH(JIMKTa HHTEPECOB.

YuyacTue aBTOpoB: ABTOPbI IMEIOT PABHOLIEHHBIN BK/IaZl B JAHHOH paboTe.
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JTnueckoe ogodpenue. VccnenoBanue ObIIO IPOBEIEHO TIOC/IE TOTO, KaK BCe B/IaZleNblIbl Jajy COoracue
Ha MCCJIe/[0BaHKe )KUBOTHBIX. [IpaBu/ia yXo/ia 3a >KMBOTHBIMH U TIPOLIelypa MPOBe/ieH st COOI0ANCh B COOT-
BercTBUM ¢ [JupektrBoit 2010/63/EU EBpornelickoro napiamenTa U Coseta ot 22 cents6pst 2010 r. o 3auure
JKMBOTHBIX, UCITO/Tb3yeMbIX B HayUHBIX LIeJIsIX.

BnarogapHoctu. ABTopbl 6arozapHel A.A. TTyIiKoBy (BeyleMy HayuHOMY COTPYJHHKY J1ab00paToOpUut MOJIEKY-
JISIPHOU TeHeTUKU U MeIuLuHCKOU reHoMuKu PIAY « HMUL 3nopoBbs geteli») u H.W. KonsiauHoit (raBHOMY
Bpauy LieHTpa 3/10pOBbsi U penpoAyKLuK >KUBOTHbIX « KOBYEI») 3a Mx momolilb Mpy NpoBeeHUH UCCIeA0BaHUS.
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Cfa-miRNAs-122 and —21 as modern biomarkers of primary
hepatitis in dogs

Ahmed M. El-Sebaey" ?*, Pavel N. Abramov’, Seidfatima M. Borunova'

"Moscow State Academy of Veterinary Medicine and Biotechnology — MVA named K.I. Skryabin,
Moscow, Russian Federation
*Mansoura University, Mansoura, Egypt
*Corresponding author: dr_sebaey@mans.edu.eg

Abstract. Primary hepatitis (PH) is one of the most frequently diagnosed hepatic diseases in dogs. Its
popular forms are acute hepatitis (AH) and chronic active hepatitis (CAH) which can progress to hepatic fibrosis
and cirrhosis. This investigation aimed to evaluate the use of hepatocyte released Canine familiaris miRNAs(cfa-
miR)-122 and —21 as serum biological markers for the early and reliable diagnosis of PH and to reveal the
onset of hepatic fibrosis. After the ultrasonographic and histological examination, fifteen healthy dogs were
involved in the study as control group to compare with other thirty dogs confirmed to have AH or CAH (n = 15).
Activity of liver enzymes as well as serum level of globulin and total bilirubin were significantly elevated in AH
(P <0.001) and CAH (P < 0.01) groups whereas, serum level of total protein, albumin, BUN and A/G ratio were
significantly lowered in both PH groups (P < 0.01) compared to control. Cfa-miR-122 significantly expressed in
AH (P < 0.001) and CAH (P < 0.01) and exhibited a potential significance in distinguishing these groups from
control with an area under the curve (AUC) of 0.98 and 0.96, respectively. Additionally, cfa-miR-122 displayed
a potential role in distinguishing AH (P < 0.05) from CAH group with an AUC of 0.85. Cfa-miR-21 was only
expressed in dogs of CAH group and displayed a potential role in distinguishing this group (P < 0.001) from
AH and healthy groups with an AUC of 0.99 and 0.88, respectively. Therefore, cfa-miR-122 can be significantly
expressed in dogs with two forms of PH whereas, cfa-miR-21 could be potentially enhanced only in chronic
form of PH and may act as new non-invasive biomarker for distinguishing AH from CAH.

Keywords: dogs, primary hepatitis, ultrasonography, biochemical analysis, histology, cfa-miRNAs
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BBepeHue

[MepBuunbIii renatut (I1I") — ofiHO U3 HauboJee YacTo JMArHOCTUPYEMbIX MapeH-
XMMaTO3HbIX 3a00/ieBaHUM MeueHH y co0aK, ¥ K ero Haubosiee 4yacTo Orpe/eisieMbIM
(hopMaM OTHOCSTCSI OCTPBIM UAUOMATHYECKUM Y XPOHUUECKHUH TeraToLe/TFOISIPHbIN
arorTo3 Wik HeKPO3 C BbICOKOM PacrpoCTpaHEeHHOCThI0 XPOHUYeCKOU (POpMBI, A1/ist KO-
Topoii ¢hpubpo3 meueHu sBsieTcst onpeesstomuM [ 1, 2]. YacTo repBUYHbBIe TeraTonaTim
SIBJISTFOTCSI IPUUMHOM 3a00/1eBa@MOCTH U JIETATbHOCTH CPe/IA Pa3/IMUHbIX TIOpo, Cobak,
BKJIFOUast 1Tabpasiop peTprBepa, aHITIMICKOTO KOKep CriaHueisi, Jo0epMaH MuHYepa,
II0T/IaH/[CKOTO Tepbepa U 6eA/IMHITOH Tepbepa [3].

KnyHnueckue npusHaku 0ObIYHO He MHPOPMATUBHBI B OOJIBIITMHCTBE C/TyyaeB
C TIepBUYHBIM TeTIaTUTOM, 3a MCK/IFoueHreM (ubpo3a wiv Uppo3a NeyeHr Ha KOHEYHOM
craguy. HenHBa3uBHbIE CTaHAAPTHBIE OMOMapKepbl TiedeH! 00bEeKTUBHBI /IS TUarHO-
CTUKHU U MOHUTOPHHTA TeUeHOYHBIX HEKPOBOCTIA/IUTEIbHBIX U3MEHeHU TIPU OCTPOM
Y XpPOHUUECKOM TeraTuTe, O/[HaKO MPH Hell HeBO3MOKHO BBISIBUTb PaHHEe OT/IOXKeHHUe
KOMITOHEHTOB (PUOPU//IIPHOTO BHEK/IETOUHOTO MaTpHKca (KosyiareHsl Tvma I u tumna I1T)
U Mporpeccupykollee pyOLieBaHUe TeueHH B CBSI3U C TeTaToLe/UTFJISIPHBIM ITOBpesK/ie-
HHEeM WK BocrnajaeHuem [4, 5].

C Jpyroli CTOpOHBI, yIbTPa3ByKoBoe uccieqoBanue (Y3U) OproiHOM MOI0CTH
He SIBJ/ISIeTCS] TOUHBIM MHCTPYMEHTOM /IJIs1 pacTiO3HaBaHUSI WK JuddepeHIraliuu pas-
JTAYHBIX JIETKUX (POPM TIepBUYHOTO TernaTrTa U 3Q(eKTUBHO TOMBKO Ha MO3HUX CTa[IUsAX
3aboneBanus [6], ciiemoBaTesibHO, TUCTOIOTMUECKOE UCCIe/[0BaHKe TTeUeHH B HaCTosIIee
BpeMsl SIB/ISIeTCS eJUHCTBEHHBIM CPeJICTBOM /IMarHOCTUKH CTeTeHU IopakeHHsl Tieue-
HU, HO, HECMOTPS Ha 3TO, HE MOXXeT MCIIO0/Ib30BaThCS PETY/ISPHO, TTIOCKOIbKY SIB/SIETCS
WHBA3UBHBIM U JJOpPOroCTosIuM [7]. TakuM oOpa3om, BhIsiB/ieHHe HEMHBAa3WBHBIX Chi-
BOPOTOUYHBIX OMOMapKepoB, KOTOPbIe MOTYT TOUHO JJUAarHOCTUPOBATh CTeTeHb BOCIa-
NUTeTbHOW aKTUBHOCTH TedeH! 1 ¢pubpo3a Ha paHHel CTasiuu, HeoOX0MMO B paHHeH
I depeHLIMA OCTPOTO ¥ XPOHUUECKOTO aKTUBHOTO TeraTuTa.
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3pensie MUKpOPHK (miR, knacc snporenHsix Hekogupytouux PHK gnuHol nipu-
O6m3uTenbHO 19...25 HYK/IeOTHIOB) BBICTYTIAIOT B KaueCTBe 1[eHTPabHOTO PEryIsaTopa
MOJIEKY/ISIPHBIX MeXaHM3MOB, YUaCTBYIOLMX B pa3/IMYHbIX [1aTOJIOTUX NeyeHu. B Ha-
CTOsILL[ee BpeMsl X NPUMEeHSIOT B KaueCTBe JUarHOCTUYECKOTO KPUTepHsI ITPH pas3ind-
HbIX 3a0o0/eBanusAx [8]. B 3Tom KoHTekcTe, cfa-miR-122 cunTaroT OfHOM U3 CaMbIX
pacripoctpaHeHHBIX MUKPOPHK B remaronmrax (rmoutu 70 % oT 0011ieii 3KCrpeccuun
neueHouHOW MUKPOPHK), 4To /le/1aeT ero moTeHMaibHO HeaabHbIM OMOMapKepoM
TIPY Pa3/IMUHBIX MOBpexAeHusx neuenu [9, 10]. Takxe ycraHoBneHo, uto cfa-miR-21
VIMeeT 3HaueHue B PerysIsiLiiy SKCIIPeCCUX MOCTTPaHCKPUIILIMOHHBIX TeHOB, CBSI3aHHbIX
¢ naTor3rUOI0THEeN TIOBPEXKAEHUS TIeueHH, aKTUBalMell HerapeHXUMHbBIX K/IeTOK,
BKJIIOUas reyeHouHble 3Be3uarsle kieTkd (HSC), kneTku-npe/iiecTBeHHUKY [leUeH!
1 Makpodaru, mpuBogs K ¢pubpo3sy [10, 11].

Henbio ucciegoBaHusA — OLIeHKa BO3MOXKHOTO MCTob30BaHus cfa-miR-122 u 21,
TIO/TyYeHHBIX U3 TeMaTOLMTOB, B KaueCTBe HeMHBA3WBHOTO CTabM/IBHOTO OHOMapKepa Zis
paHHel auarHoCcTHKY [T ¥ oTpaykeHus cTerieHy prbpo3a reueHy, csizaHHoro ¢ XAI'y cobak.

MaTepMaﬂbI n MeToabl nccnepgosaHusa

JKuBOTHBIE M u3aiiH ncciefoBaHus. Hacrosiee nucciesoBaHme NpoBOAUIOCH
Ha Kadezipe AUarHOCTUKY O0/e3Hel, Teparnuy, aKyliepcTBa v PerpoAyKLUH KUBOTHBIX
Y B VIHHOBALIMOHHOM BeTepUHAPHOM LieHTpe MOCKOBCKO TOCy/jJapCTBEHHOM aKa/leMUu1
BeTepUHApHOUN MeauLIMHBI U 6roTexHosoruu (MBIl MBA). I'ematosioruueckue ucciie-
[IOBaHUs TIPOBe/IeHbI B TabopaTopuu BeTeprHapHO KIMHUKY « KOBUET»; rucrooru-
YyecKye UCCIe/J0BaHNs — B BeTePUHAPHOM LieHTpe TaToMopd0o/I0Tiu U 1abopaTopHOiA
JTMarHoCTHKM flokTopa H.B. MutpoxuHoi; uccienoBanns MUKpoPHK — B taboparopuu
MOJIEKY/ISIPDHOY TeHeTUKU U MeIUITUHCKOU reHoMuKU PTAY «HMMUL] 3mopoBss fe-
Teii». Bce nccieoBanust mpoBoAwIv B ieprof ¢ ceHTsi0pst 2018 r. o okTs16ps 2019 1.
Y TpupLaTH )KUBOTHBIX C KTUHUYECKUMHU TTPU3HAKaMU TTePBUYHOTO TeTaTUTa, a TakKe
TOBBILLIEHHBIM YPOBHEM (hepMEeHTOB TleueHH, aHOMa/IbHOM [1eUeHOUHOM 3X0reHHOCThHO,
yCTaHOBJIEHHOM TIPH Y/IBTPa3ByKOBoM uccienoBanuy (Mindray DC-8 Expert®, ripeo6-
pasoBaresib 6,5...8 MI'1, Kutaii) ructosiornuecku mo/iTBeprk/jajiacb HEKpOBOCIIa/IN-
Te/IbHasl aKTUBHOCTD TeueHu win ¢ubpo3. Ha ocHOBaHWY THCTONMOTMUeCKUX aHHBIX
BbI/le/IeHHbIe )KUBOTHBIE ObIM Pa3/e/ieHbl Ha /[Be PaBHbIE TPYIIbL. B mepByto rpyrimy
BXOMMM cobaku ¢ octpbiM renatutom (OI'), a BO BTOPYHO C XpPOHUUECKHUM aKTUBHBIM
reriatuToM (XAI'). [l cpaBHeHUs MTATHALATh 3Z,0POBbIX KUBOTHBIX C ITOKa3aTesIsiMU
KPOBH, He BBIXO/SIIMMU 3a pehepeHCHbIe 3HauUeHUsl, U BMeCTe C TeM, I10 JaHHbIM YJIbT-
Pa3BYKOBOI'O MCC/Ie[JOBaHUs, He M3MEHEHHOW CTPYKTYpPOU OpraHa, CJIy>KU/IM KOHTPOJIEM.

C6op 1 06paboTka 06pas3ioB. B3sTHsi KDOBY NMPOBOAWIN U3 IPEMHOM BeHbI OT KaK-
JIOT0 >KUBOTHOTO B 00bIUHY0 1pobupKy (Vacuette® Greiner Bio-One, I'epmanuist), mocsie
yero 00Opa3ibl OCTAB/ISUIN B XOIOJU/ILHUKE Ha 15 MUH [/ MaKCUMa/IbHOTO OTBE/IEHUST
cryctka. ChIBOPOTKY ToJyuanu LeHTpudyrupoanyem npu 3000 06 / MUH B TeueHHe
10 mun nipu 20 °C Ha yeHtpudyre CM-6M Sky Line (ELMI®, JlatBus). OteneH-
Hasi CBIBOPOTKA pacripe/iesisijiachk Ha iBa 00pas3ija, MepBbIid U3 KOTOPBIX UCIIOIb30Ba/N
J71s1 OMOXMMHYEeCKOTO aHa/ln3a, a BTOpoi KoHcepBupoBau 1pu —80 °C 10 aHa/mm3a
Ha MUKpOoPHK. buorcuro rneuyeHu poBOAWIMN Y KaKOI'0 )KUBOTHOTI'O I107, KOHTPOJIEM
¥Y3U c ncnonb3oBaHUeM NOTyaBTOMaTH4YeCKOM UIvibl (spring cut®, Sterylab, WTanus).
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[MonyuenHsIi MaTepuasn gukcuposaau B 10 % 3abydepeHHoM dopmanvHe Jjisi TUCTO-
JIOTUYeCKOr0 UCCrIe/J0OBaHMUs.

AHanu3 6uoxXuMHUeCcKUX roKa3saTesieil CbIBOPOTKH. ChIBOPOTOUHYI0 aKTUBHOCTh
anaHuHamMuHoTpaHcdepassl (AJIT), acnapraramuHoTpaHcdepassl (ACT), men0uHoM
¢docdarasel (LLID) u ramm-rnytamuntpancdepassl (I'TT), a Takke amuiasy ¥ idmnasy
B JIOTI0/IHEHUe K ypoBHI0 obirero 6enka (O. benok), anbOymuH, r106y/iyH, OTHOLLEHHe
anbOymun/robynmuH (A/T), obuuit 6unpyoud (O. BunupyOuH), MOUeBUHY, KpeaTH-
HUH W [IIOKO3y UCC/IefoBamu ¢ moMoiibio Habopos Catalyst NSAID6 Clip® u Chem
17Clip® (IDEXX Laboratories®, CIIIA) Ha 6uoxumuueckom aHamm3arope (Catalyst
One®; IDEXX Laboratories, CIIIA).

I'icronorrueckue uccenoBanyst. [1omyueHHble py 61oricuy 06pasLibl 3a/1MBau B Ta-
pacun (Paraplast plus®, CIIIA). Cpe3bl TOMIMHON 4 MKM OKpalLMBa/IM T'eMaTOKCHIMHOM
1 303uHOM (T'u 3, kKat. Ne RRSK26; Atom Scientific®, Bermikobpuranus) [9, 11]. BonokHa
CoeMHUTe/TbHOM TKaHH (KosutareH I u 111 Tvma) oripenensim rio Picrosirius red (kat. Ne KT037;
Diagnostic Bio Systems®, Hunepnanzpr). ['icTonornyeckasi orjeHka NpoBOJW/Iachk B COOTBET-
CTBUM CO cTaHapTamMu WSAVA ¢ noMoIiipio MUKpockora Mukmven-5® («/ I0MO», Poccus).

Breigenenne PHK. O6mjas PHK, Bkrouast MukpoPHK, Obina BeiZiesieHa U3 KaXXJ0ro
obpastia ¢ ucrosb3oBaHueM peareHTa st mu3uca (QIAzol®) B cocraBe Habopa s
ceiBOpoTKHM / Ti1a3Mbl miRNeasy (kaT. Ne 217184 Qiagen®, ['epmaHuisi) B COOTBETCTBUU
C MpejnvcaHusaMU rpor3soauTess. Kpome Toro, Bo Bpemsi CTajuu BbiflesieHUs 3,5 MK
cunTeTrueckoro Caenorhabditis elegans miR-39 (cel-miR-39, kat. Ne 219610, Qiagen®,
Tepmanust) fobaensiiv nipu 1,6 x 108 koruii/Mk1 pabouero pacTBopa B KaueCTBe KOH-
TPOJIs BeIOpOCa Jijist KaXK/[0r0 JileHaTypUPOBAaHHOT0 00pasiia CHIBOPOTKH C Lie/bI0 OLjeH-
k1 3¢ dexkrruBHOCTH BbiZieieHus PHK [10]. KoHLieHTpaLvio ¥ YMCTOTY BbII€/IEHHbIX
o6pasroB PHK onpegensiiu ¢ momotipio Nano photometer® (NP80, I'epmanust) ipu
onTHYecko maoTHOCTH 260 u 280 HM; 00pa3iibl, oTHoeHuMe nororeHus PHK (A260:
A280) B koTopbIx 661710 paBHO 1,6 1 6ostee, uccaenosanu Aanee [13].

OOpaTtHast TPaHCKPUITLMS Y KOJIMUeCTBeHHasi olleHKa MUKpoPHK ¢ momorifsio mo-
JMMepa3Ho LelHOW peakiuu B peanbHoM BpeMeHU (OT-ITLIP). BoigeneHHbie 0Opas3iibl
PHK mnoaBepraiu o6paTHOM TPaHCKPHUIILIUY C UCIO/b30BaHKeM Habopa miScript II RT
(xar. Ne 218160, Qiagen®, I'epmanusi) AJisi mosiyueHusi kKomrieMeHnTapHoi JJHK B coor-
BeTCTBUM C UHCTPYKLMAMHU Npor3sBoauTesist. [Tocse 3Toro fy1s1 onpezienieHUst OTHOCUTETb-
HOU 3KCIIpeccuy BeIOpaHHBIX dHj0reHHbIX MUKPOPHK 1 3k30reHHoro cel-miR-39 6bia
npoBezieHa OT-IILIP B cucteme obHapyskeHwust [1LIP B peansHOM Bpemenu CFX-96®
(Bio-Rad, CIIIA) c ucriosib3oBanreM Habopa miScript SYBR Green gns TTLP (Kar.
Ne 218073 Qiagen®, 'epmanust) B cootBeTcTBUM € miScript-PCR-System cripaBoyHu-
KOM. YcsioBust peakuyu amrvdukaimu [TLP Obiu cneayrommMu: 1 [UK/I-HayaabHOU
neHarypatuu npu 95 °C B TeueHue 15 MuH U 45 1uk/oB 3-3tanHoii [P, Bktouast: 15
¢ fpeHarypaumu ripu 94 °C, omxur nipu 55 °C B TeueHue 30 € ¥ 3aTeM yIIMHEHUE B Teue-
Hue 30 c npu 70 °C. Bce uccienoBaHust TPOBOJW/IN B TPEX MOC/IeIOBAaTeTbHOCTIX [T
KaKZioro obpasiia, ¥ cpeHUH TToporoebii UK/ Ct ObUT OI]eHeH W MCITO/Ib30BaH B MO-
cnenytoieM. [Tonyyennsie u3 TP 3Hauenus Ct Kaxkoi sHA0reHHoM cfa-mMukpoPHK
ObLT HOpMaK30BaHbl MPOTUB cfa-miR-16 B KauecTBe SH/JOTeHHOTO 3TaJIOHHOTO TeHa
(13-3a MX OTHOCHUTEIBHO CTAaOM/TBHOM 3KCTIpeccuu) U cel-miR-39 B KauecTBe 3K30reHHOTO
CUHTeTHUYECKOT0 3TaJIOHHOTrOo reHa (mo6asieHo Bo Bpems Boijenenus PHK), ACt = Ct
MUKpoPHK — 0,5 % (Ct cel-miR-39 + Ct miR-16) [10]. Bce nanHbIe 6b111 OTHOCUTETBHO
BbIpa)KeHbI KaK KpaTHOEe M3MeHEeHHe M0 CPaBHEHUIO C KOHTPOJIEM C UCI0JIb30BaHUEM
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cpaBHUTebLHOTO MeTozia Ct (2744 metox) [14]. Crnielduyeckue npsiMble paiMepbl
K uHTepecytoumm cfa-mukpoPHK, a Takke 3H0reHHOMY 3TaIOHHOMY r'eHy ObLIH pa3-
paboTaHbI ¥ CMHTe3WpOBaHbI KoMITaHuel «EBporen» (Mocksa, Poccust). Kak moka3aHo
B Tabs1. 1, cneuuduueckuii npsiMoit ipaiimep cel-miR-39 v yHuBepcanbHbIN 00paTHbBII
nipativMep ObLM BK/TFOUeHBI B HaOophI (Qiagen®). Ob6a 3Ta/oOHHBIX reHa He ObLTH BKITHO-
YeHbI B CTaTUCTUYECKUI aHa/Iu3, a MCT0JIb30BaIMCh TOJIBKO [J1s HOpMa/lu3alvy JaHHbIX.

Tabnmya 1

3penble nocnefoBaTeNibHOCTU U crieunduyeckme npsimble npammMepbl
CbIBOPOTKN MUKPOPHK

3penas nocnefoBaTenbHOCTb MocnepoBaTenbHOCTb
Nwmsa reHa Homep poctyna ) o o ) o
5-3 npanmMepos 5'-3
cfa-miR-122—5p | MIMAT0006619 | UGGAGUGUGACAAUGGUGUUUG | CAAACACCATTGTCACACTCCA

cfa-miR-21—5p

MIMAT0006741

UAGCUUAUCAGACUGAUGUUGA

TCAACATCAGTCTGATAAGCTA

cfa-miR-16—5p

MIMAT0006648

UAGCAGCACGUAAAUAUUGGCG

CGCCAATATTTACGTGCTGCTA

Table 1

Mature sequences and specific forward primers for serum cfa-miRNA

Gene Access number Mature sequence 5™- 3’ Primer sequence 5™- 3’
cfa-miR-122—5p | MIMAT0006619 UGGAGUGUGACAAUGGUGUUUG CAAACACCATTGTCACACTCCA
cfa-miR-21—5p MIMAT0006741 UAGCUUAUCAGACUGAUGUUGA TCAACATCAGTCTGATAAGCTA
cfa-miR-16—5p | MIMAT0006648 UAGCAGCACGUAAAUAUUGGCG CGCCAATATTTACGTGCTGCTA

Cmamucmuyeckutl aHaau3. [JanHble ObUTM CTaTUCTHUeCKU TTPOAHA/TA3UPOBAHbI
¢ ucnonb3oBanreM SPSS Bepcuu 20.0 (IBM Corp., CIITA). PacueTHble HenpepbiBHbIE
repeMeHHbIe BK/TFOUYA/IM: BO3PACT, Maccy Tena, OMoXxumudeckye rmokKasaresiu, SKCIpec-
cuto cfa-mMukpoPHK B ChIBOpOTKe, KaTeroprasibHble TiepeMeHHbIe BK/IFOUany B cebs
nopoay u non. Tect lllanupo-Buka mogTBepsxan pacripesiesieHue HOpMaJabHOCTH BCEX
HeTipepbIBHBIX IepeMeHHbIX (P > 0,05), 3a uckaroueHuem skcrpeccuu cfa-mukpoPHK
(P <0,05). Cpeznee + cranziapTHOe OTK/I0HeHUs (SD) ObUTH TTOJTyUeHbI 7151 00BSICHEHUSI
HOpMaJbHO pacrpe/ie/ieHHbIX MepeMeHHbIX, B TO BpeMsi KaK 3HAYMMBbIE Pas/Iuuurs MEXXIY
HCCJIelyeMbIMH TPYTIaMU OLIeHUBAIUCh [TyTeM BbITIOJIHeHHs 0fHOCTOpoHHero ANOVA
c nornpaBKoii boHdepponu. MejiiaHa 1 pa3Max KCII0/b30BaIUCh [1/1s1 BbISIB/IEHUS] YDOBHEH
skcnpeccuu cfa-MukpoPHK, a 3HaUMMOCTb pa3Murii MeX/y TPyIiraMu OlleHHWBaach
¢ nomo1eio Tecta Kpyckana — Yomnnuca c nonpaskoid boudepponu. ITocne sToro
JuarHoctudeckoe 3HaueHue cfa-MukpoPHK zsist pa3nuuust MeXxy rpymrnaMu riepBrd-
HOTO refaTuTa U KOHTPOJIBHOU TPYTITION OBL/IO BBISIB/IEHO MTyTeM pacueTa TUIOLaIu Mo/
kpuBoi ommbok (AUC-ROC) u npesie/TbHOTO 3HaYeHUs [JI7Isl OLEHKU ONTHUMaJTbHOTO
TMpoLieHTa YyBCTBUTENBHOCTU U crieliuryHocTH. [1151 Bcex MoKasaresieli 3HaUMMOCTh
Obula ycTaHoB/IeHa Ha yposHe P < 0,05 [10, 15].

Pesynbrathbl

VccrneoBaHuie >KMBOTHBIX 00€MX OTBITHBIX TPYIII C MPU3HAKaMHU MEPBUYHOIO Tera-
THTa TI0Ka3aJIo0, UTo vaiile 3a00/1eBaH1e Hab/IIOAeTCsl y cCaMOK cobak j1abpaziop-peTprBepa
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Y PYCCKOTO TOM-Tepbepa, TP 3TOM 3abo/eBaHie XapaKTepu3yeTcs: Hecreluduue CKUMU
KJIMHWYe CKUMU TTPU3HaKaMu (TIpepbIBUCTast PBOTA, Jelpecchsi U aHOPeKCHsl) NPy 3Ha-
ynTebHO Oosee BEICOKOM cpefHeM Bo3pacTe (P < 0,001) v HU3KOM cpeJjHeil Macce Tesia
(P <0,05) 1o cpaBHEHHIO C KOHTPOJIBHOM rpymIioi (Tab. 2).

Tabnua 2

lMokasaTenn Maccbl Tena u Bo3pacTa Y XXMBOTHbIX Y KOHTPOJIbHOW U OMbITHbIX FPymnn

Ipynnbi
MepemeHHble KoHTponb or XAl
n=15 n=15 n=15
Mopoaa (N2 )
Pycckwii Tot-Tepbep (5) (5) (4)
Jlabpapop peTpusep (6) 9) (10)
MopKwmnpckuii Tepbep (1) (1) (0)
[o6epMaH NuHYepbI 3) (0) (1)
MNon (N2) Camka (8), Camew, (7) | Camka (11), Camew, (4) | Camka (13), Camel (2)
Bospac, ner, 5,3541,41 8,65+1,18%%* 9,30£1,03%+
CpepiHee *+ SD
Macca ena, kr, 6,2041,55 5,8841,43* 5,76£1,29%
CpepHee t SD
*P < 0,05, ***P < 0,001 mexay rpynnamu
Table 2

Body weight and age of animals from the control and experimental groups

Groups
Parameter Control AH CAH
n=15 n=15 n=15
Breed (No)
Russian Toy Terrier (5) (5) 4
Labrador retriever (6) 9) (10)

Yorkshire Terrier

Q)

Q)

©)

Doberman Pinscher

®

(0)

M

Sex (No) Female (8), Male (7) Female (11), Male (4) Female (13), Male (2)
Age, years, Mean * SD 5.35%1.41 8.65%1.18%** 9.3041.03***
Weight, kg, Mean % SD 6.20+1.55 5.88+1.43* 5.76%1.29*

*P < 0.05, **P < 0.001 significance difference between groups

buoxumuryeckue pe3ynbratbl. AHaaM3 Tab/. 3 TIOKasas, 4To CbIBOPOTOUHAs aKTHB-
HocTh (hepmenToB niedeHu (AJIT, ACT, I® u I'T'T), a Takke KOHIIeHTparLys I100yIMHa
u O. bumupy6uHa 6171 3HaUMTE/TEHO MOBBILIeHk! Y cobak ¢ O (P < 0,001) u XAT (P <
0,01) 1o cpaBHeHMIO C KOHTPOJILHOM I'PYIIOM. 1oKa3aTeny obiero 6eska, ans0yMHHa,
MOYeBHHBI OTHOILIeHHe A/I" OB JOCTOBEPHO CHYKEHBI Y KUBOTHBIX rpymr O wm
XAT (P <0,01) no cpaBHeHHIO C KOHTPOJIEM, TOT/Ia KaK KOHLIEHTpallysl TJTFOKO3bI, Kpe-
aTWHWHA, JIUTIa3bl ¥ aMU/Ia3bl He MMesla Pa3/IMumiii Bo Bcex HabmofaeMbIX TPyIIax, uTo
MOJKET yKa3bIBaTb Ha OTCYTCTBHE TaTO/IOTHUH TIOZPKeTyOYHOM >KeJie3bl U MOYeK.
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Tabnmya 3
Bbuoxumunueckune nokasartenu CbIBOPOTKU XXUBOTHbIX KOHTpOﬂbHOVI W ONbITHbIX Fpynn
MepemenHble KonTponb I—mé)nrnbl XAT
AT, en/n 45,43 + 6,24 121,23 + 21,37*** 91,75 + 11,32**
ACT, ea/n 38,74 +3,41 75,69 * 5,97** 61,47+ 4,21**
L®, ea/n 69,90 + 4,15 108,90 + 13,28*** 94,54 +9,37**
ITT,en/n 6,73 + 0,51 9,67 + 0,78*** 8,45+ 0,76**
0. benok, r/pn 6,05+ 0,61 4,98 + 0,33** 4,85 + 0,42**
Anb6ymuH, r/an 3,38 £0,27 1,89 + 0,22** 1,87 £ 0,25**
no6ynuHa, MKMonb/n 2,66 + 0,53 3,10 £0,31*** 2,98 £ 0,43**
A/T 1,32+ 0,29 0,63+ 0,11** 0,61+ 0,13**
0. Bunupy6uH, MKMonb/n 4,07t 0,42 5,53+ 0,32*** 5,04+ 0,48**
MoueBWHa, MKMOJb/N 5,71 £ 0,52 4,72 + 0,57** 4,48 1 0,44**
noko3a, mr/an 4,10+ 0,53 4,16 £ 0,39 4,13 £0,23
KpeaTuHWH, MKMONb/n 38,92+ 2,91 40,11 £ 4,22 42,71 £ 3,73
Nunasbl, ea/n 118,92 +7,14 121,33 + 8,67 120,08 +9,13
Amunasa, eg/n 168,32 + 13,14 163,02 + 10,45 165,06 + 10,69
**P < 0,01, **P < 0,001 mexay rpynnamu
Table 3
Serum biochemical parameters of animals from the control and experimental groups
Parameter Control Grﬁ(\:'ll-jlps CAH
ALT, units/I 45.43 +6.24 121.23 + 21.37*** 91.75 £ 11.32**
AST, units/I 38.74 £ 3.41 75.69 % 5.97%x* 61.47+ 4.21**
ALP, units/I 69.90 £ 4.15 108.90 * 13.28*** 94.54 £9.37**
GGT, units/I 6.73 £ 0.51 9.67 + 0.78*** 8.45 + 0.76**
Total Protein, g / dl 6.05 * 0.61 4.98 + 0.33** 4.85 + 0.42**
Albumin, g/dI 3.38+0.27 1.89 +0.22%* 1.87 £ 0.25%*
Globulin, pmol/I 2.66 +0.53 3.10 0.3 7%** 2.98 +0.43**
A/G 1.32+0.29 0.63+0.11** 0.61+0.13**
Total. Bilirubin, pmol/I 4.07+0.42 5.53+ 0.32%** 5.04+ 0.48**
Urea, pmol/I 5.71 +0.52 4.72 + 0.57** 4.48 + 0.44**
Glucose, mg/dl 4.10+0.53 4.16 +0.39 4.13+0.23
Creatinine, pmol/| 38.92+2.91 40.11+4.22 42.71+3.73
Lipases, units/I 118.92+7.14 121.33 + 8.67 120.08 +9.13
Amylase, units/I 168.32 +13.14 163.02 + 10.45 165.06 + 10.69

**P<0.01, **P<0.001 significance difference between groups

Yabmpa3zeykogoe uccaedogaHue bprowHoll nonocmu. HopmanbHasi 3X0CTPYKTypa
neueHy Habmopanack y cobak ¢ OT' (n = 5) u XATI (n = 4), a TakKe y )KUBOTHBIX KOH-
TPOJIbHOM TpymIoi (n = 12). ['MrnosxoreHHOCTh MapeHXKWMbI [IeYeHH BMeCTe C Ju/iatalyeid
KPOBEHOCHBIX COCYZIOB ITeueHH Habstrozianach y Jecsatv >kuBoTHbBIX (N = 10) B rpyrme OI.
Y ocranbHBIX XUBOTHBIX ¢ XAI' (n = 11) Obina onpejesieHa KOMOWHAI[USI TUTTO- U TH-
Mep3X0reHHOCTH MapeHXUMbI [TeUeHH U YTOJIILeHHe CTeHOK »KeTUHOro My3bIps (puc. 1).
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a 6 B

Puc. 1. PesynbTaTbl yIbTPasByKOBOroO MCCNEeA0BaHNSA: @ — NeYeHoUYHas napeHxnmMa ¢ HopManbHO
9XOreHHOCTbHD; 6 — OCTPbIV FeNaTUT: CHUXKEHME MEYEHOYHOM NMapeHXMMAaTO3HOM 8XOreHHOCTH
C NOSIBNIEHMEM «3BE3HOM0 Heba». CTEHKM BOPOTHOWM BEHbI 60/1ee BbipakeHb! (CTpesnka);
B — XPOHUYECKUI aKTUBHbIN renaTuT: CoYeTaHme rmno- U rmnepaxoreHHoCTU (Kpyr), CHUKEHWE
BM3yann3aLUmmn KPOBEHOCHbIX COCYA0B NMeYeHM U YTOSLLIEHNE CTEHOK YKENYHOro Mysbips (CTpenka)

Fig. 1. Ultrasound results: a —hepatic parenchyma with normal echogenicity; 6 — Acute hepatitis: reduced
hepatic parenchymal echogenicity with «starry sky» appearance and the portal vein walls appeared more
prominent (arrow); B — Chronic active hepatitis: a combination of hypo and hyper hepatic echogenicity
(circle), reduced visualization of hepatic blood vessels, and gallbladder wall thickening (arrow)

Pe3y/bTaThl rMCTOMOrMUeCKOro UCCIejoBaHusl. AHa/MM3 06pa3LoB MeYeHH, TTOMyYeHHBIX
OT KOHTPOJTIbHOM TPYTITbI, BbISIBU/T HOPMa/IbHYHO TMCTOIOTMUECKY 0 apXUTeKTYpY IapeHXHMBbl,
B TO BpeMsi Kak B rpytirie OI' ObUTH OTpeZiesieHbl TelaToLe/UTHO/ISIPHBINA HEKPO3 U arioriTo3
C TIperMyIIieCTBeHHOU MH(UIBTparueli HelTpoduIbHBIX KieTok. Kpome Toro, y cobak
¢ XAT 6bu1a BbIsiB/IeHa HEKPOBOCTIAUTe/TbHAsI aKTUBHOCTD U CMeIllaHHast MHUIBTPALUST
BOCTIA/TUTE/TBHBIX K/IETOK (IMM(OLIMTBI U T/Ia3MaThueckyie KJIeTKH) B 06/1acTy roprasa U ra-
PEHXMMbI BMECTe C 3a)KUBJ/IEHUEM JlereHePUPOBAHHBIX IellaTOLMTOB B HEKOTOPBIX 00/1acTsIX
TyTeM OT/IOKeHUs prUOPO3HOI TKaHU, KOTOpast WIeHTU(ULIMPOBaHa Kak KPAaCHbIN OKpallleH-
HbIN GUOPU/UISIpHBIN KosiareH (Turibl I v I1T) mo kpacHomy nisiTHY Picrosirius red (puc. 2).

Puc. 2. [1cTONorMyeckme ccnefoBaHns: a — 3[0POBble XXMBOTHbIE: HOpMasibHas NeveHoYHas
napeHx1Mma c COXpaHeHHOM [0NeBOV CTPYKTYPOW; 6, B — OCTPbIN renatuT: Anddy3Hbii
renaToLeNFoNAPHbIA anonTo3, HEKPO3 BMECTE C HENTPODUIbHOM MHBUABTPaLMEN (6, CTPENKM),
a TakyKe anonToTUYECKMNiA renaTounT (HAKOHEYHWK CTPENKM); I — € — XPOHUYECKUIA aKTUBHbIN
renaTuT; YaCTUYHbIA HEKPO3 renaToLMTOB, yMepeHHas MHPUAbTPaLMA MOHOHYKIEapHbIX
BOCMaNUTENbHbIX KIIETOK (HAKOHEYHWK CTPEIKM), TUMepriacTuyeckas UTOKeTKa (3Be3404KM),
1 CBSI3aH C pesnieHTHbIMK hrbpobnacTamu NeveHn 1 NPeUmMppoOTUHECKUM OTIOXKEHNEM
MHTEPCTULMANBHON 1 NOPTanbHON hUGpoKONNareHoBow TKaHu (T, Ai, CTPENKK), KOTopble
NAOEHTUOMLMPOBAHDBI KaK KoslareHoBble BolokHa (Tunbi | 1 111) (e, cTpenkm)

Fig. 2. Histological inspection: a — Healthy animals: normal hepatic parenchyma with preserved
lobular structure; 6, 8 — Acute hepatitis: diffuse hepatocellular apaptosis, necrosis together with
neutrophiles infiltration (6, arrows) as well as apoptotic hepatocyte (arrow head);

r — e — Chronic active hepatitis: piecemeal necrosis of hepatocytes, moderate infiltration
of mononuclear inflammatory cell (arrow head), hyperplasic ito cell (asterstiks), and is associated
with liver resident fibroblasts and pre-cirrhotic deposition of interstitial and portal fibrocollagenous
tissue (r, g, arrows) that identified as collagen fibers (types | and Il1) (e, arrows)
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ITpodusib sKcripeccuu remaToLuToB nonydeHHbIx cfa-mMmukpoPHK. Kak mokazaHo
Ha puc. 3, a cfa-miR-122 6b171 3HAUMTETLHO YKCTIPECCHPOBAH B CHIBOPOTKe cobak ¢ O
(u3meHeHMe MearaHHoro cruba — 9,48) o cpaBHenuto ¢ XAT (P < 0,05) v KOHTPOJ/Ib-
How rpymmo# (P < 0,001) cfa-miR-122 6b11 3HaUMTETBHO SKCIIPeCCUPOBaH B CHIBOPOTKE
cobak ¢ XAT (u3meHenue cpegHero cruba— 4,94, P < 0,01) 1o OTHOILIIEHHIO K KOHTPO-
nro. Kak roka3zano Ha puc. 3, 6 cfa-miR-21 cBepx3KcripeccrpoBaH TOJTBKO B CHIBOPOTKE
cobak ¢ XAT" (u3meHeHue cpegHero cruba — 10,57, P < 0,001) no cpaBHeHuto ¢ O
Y KOHTPO/IbHOM TPYIIION.
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Puc. 3. CpaBHeHwe ypoBHA akcnpeccum cfa-miR-122 (a) u cfa-miR-21 (6) B CbIBOPOTKE KPOBM COBaK.
Fold change (M3meHeHWe cpefHero crn6a), control (koHTposb), AH (OF), CAH (XAI).
*P < 0,05 *P < 0,01, ** P < 0,001 mexay rpynnamu

Fig. 3. Comparison of expression level of cfa-miR-122 [a] and cfa-miR-21 [6] in serum of dogs.
*P < 0.05*%P < 0.071,**P < 0.001 significant differences between groups

Anamu3 kpuBoit ROC auddepenianbHo 3KkcnpeccupoBaHHbIX cfa-mMukpoPHK.
Amnamu3 kpuBoi ROC moka3sarn, uto cfa-miR-122 MO)KHO KCITO/Th30BaTh B KaueCTBe HOBO-
r0 JUarHOCTUYeCKOro OroMapkepa Jyist AvddepprHIansHol guarHoctuku O u XAT
OT KOHTpOJ/IbHOM rpytibl, rae AUC 6b11 0,98 (95% CI 0,95...1,0, P < 0,0001) gns OT
1 0.96 (95% CI1 0,90...1,0, P < 0,001) gsiss XAT, C BbICOKOI UyBCTBUTEILHOCTBIO U CIIELU-
tuunocThio 91,7 1 91,7 % 1ipu cpese 1,79, 83,3 1 91,7 % 1ipu cpe3e 1,64 cCOOTBETCTBEHHO
(puc. 4, a, B). Bonee Toro, mpu AUCO0.85 (95% CI 0,68...1,0, P < 0,01) cfa-miR-122 nipo-
SIBU/I MIOTeHI[Ma/IbHYI0 po/ib B inddepentipoBanuu OI" ot rpymbl XAI' ¢ 4yBCTBUTE Tb-
HocThO0 83,3 U cnetuduuHOCTHIO 91,7 11pU cpe3e 6.46 (puc. 4, 6). C Apyroi CTOPOHSI,
cbiBopoTouHbli cfa-miR-21 ¢ AUCO,99 (95 % CI 0,95...1,0, P < 0,0001) u 0,88 (95 %
CI0,73...1,0, P < 0,01) mokasas rnoTeHLManbHY0 posb B fuddepeHipaniyu rpynns XA
OT KOHTPOJ/IbHOM U OT rpytIisl ¢ OI' cooTBeTCTBEHHO (pUC. 4, B U T), I7le ONTUMa/bHast
YYBCTBUTEBHOCTH U crieriuduuHocTs 0bin 83,3 1 100 % nipu cpese 1,51, 851 91,7 %
rpu cpese 1,84 cOOTBETCTBEHHO.
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Puc. 4. AHanns ROC kpuBoit cfa-miR-122 mexxay O 1 KOHTPOIbHOW rpynnoii (a), a Takxke rpynna O
n XAT (6). AHanu3a kpmeoi ROC cfa-miR-122 1 21 mexxay XAl 1 KOHTPOMbHOM rpynmnoi (B).
Ananus kpusolt ROC cfa-miR-21 mexxay XA 1 OF (r). Sensitivity — 4yBCTBUTENIbHOCTD;

1 — specificity — cneundnyHocTb
Fig. 4. ROC curve analysis of cfa-miR-122 among AH and the control group [a] as well
as AH and CAH group [6]. ROC curve of cfa-miR-122 and 21 among CAH and the control group [8].
ROC curve analysis of cfa-miR-21 among CAH and AH group [r]

O6cyxpeHue

[TpoBeeHHBIE HAMU MCCJIEI0BAHMS TTOKA3a/ld, YTO 110 BO3pPacTy U Macce Teja y Ha-
6/1r0jaeMbIX KUBOTHBIX ITOJTyUeHHBIN pe3y/bTaT Cornacyercs ¢ AaHHbiMu [1, 7, 16].
[Tpu 3TOM OTMeYeHO, uTo 00e M3ydyaeMbie (POPMBI TEPBUUHOTO remaTruTa Oosee sipKo
BBIP)KEHBI Y B3POC/IbIX 0c00eii Mopofbl 1abpaiop peTpuBep U pyCCKUi TOM-Tepbep, UTo
CBSI3aHO C MopofocnenypruueCKUMU 0CO0eHHOCTSIMHU MeTabo3Ma. Y UcciieloBaHHbIX
JKMBOTHBIX HaOJIFOJA/IMCh HecrelMdrueckrie KIMHUYeCKYe MPU3HaKH, BK/IIoUasi pBOTY
Y aHOPEKCHI0, KOTOPbIe BO3MO)KHO CBsI3aHbI C O0siee HHU3KOM CTIOCOOHOCTHIO TIeueH!
BBIBOUTH TOKCHHBI, B/IMSIOIIME HAa PBOTHBIE XeMODeLIeNITOPbI, UTO BieyeT 3a co60ii
TIOTEPIO MTUTATeTbHBIX BEI[eCTB U CHIKeHHe Macchl Tejla y cobak ¢ OI' u X AT o cpas-
HEHUIO C KOHTPOJIEM.

YnbTpa3BYKOBOe MCC/Ie/I0BaHUE MO3BOIMIO YCTAaHOBUTD [TOYEUHYI0 HEZ0CTaTOUHOCTh
y 6onbimHCTBa cobak rpymrbl O, uTo MoykeT ObITh CBSI3aHO C 3aCTONHBIMHU SIB/IEHUSIMU
B TIeUeHH M3-3a HeKPOBOCITAIUTETbHON aKTUBHOCTH [6, 16, 17]. OHako y O0MBIITMHCTBA
>KUBOTHBIX € XAI, ¥3U nokasano coueTaHue TUIO- U TUTIeP3XOT€HHOCTH, YTO MOKeT
OBITH CBSI3aHO C O[HOBPEMEHHOU BOCIA/IUTeTbHON aKTUBHOCTBIO TIeueHH U (hrbpo3om
[6, 17]. C mpyroii CTOpPOHBI, HOpMaJTbHAst XOCTPYKTypa redyeHu npu ¥ 3 cobak, y Ko-
TOPBIX TUCTONIOTUYeCKY TIoATBepKjeH0 Hamure OI' u X AT, cBuzieTenbCTByeT 0 HU3KOU
yyBCTBUTeNbHOCTU ¥ 3U Kak MeTozia uieHTU(UKaLuu 1 AnddepeHaLiym.
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Ornpegenenue neueHouHbIX hepmenToB (AJIT, ACT, @ u I'TT) — Hanbonee uys-
CTBUTEJIbHBIN Y HaJ|eXKHBIM MEeTO/, AMAarHOCTUKM Ternaromnatosoruii [16, 18]. B Hammx
MCCJIe/|OBaHUSAX MbI OTMeUasTi 3HauuTelbHOe yBe/ueHre (pepMeHTOB MeueHH, a TakKe
O. bunupy6uHa u 1100y/1MHA B KPOBH y c00aK C MEPBUYHKM TellaTUTOM, UTO BO3MOYKHO
CBs13aHO C HOJIBIIION MoTepeii 1[eJI0OCTHOCTH MeMOpaH K/IeTOK renaToluToB U Juddy3Hoit
HEKPOBOCMAIUTETbHOU aKTUBHOCTBIO NTeUeHOUHOM napeHxuMbl. Kpome Toro, aHanu3
roKasaresieii Metabosmueckol QyHKLMM TiedeHH (061uii 6e1oK, anbOyMuH, MOYeBHHA
1 oTHoLIeHUs1 A/I") MO3BOJIK/ BbISIBUTh 3HAUMTEIbHOE CHIKEHHE (PYHKL[MOHATbHOMN
aKTUBHOCTH ITeUYeHU U 3HaUUTe/IbHOe [OBPeXK/eHre reraToLUTOB, ITI0CKOJIbKY OHU
cHU3UMUCh y cobak ¢ OI' umu X AT 110 cpaBHEHHIO C KOHTPOJIbHOM TpyTioH [1, 2, 18].

HesHnaunTenbHOe M3MeHeHNe YPOBHSI KpeaTHHMHA B CbIBOPOTKE, & TaKXKe aKTUBHOCTb
aMuJIasbl Y JIAIAa3kl Y JKUBOTHBIX C [IEPBUYHBIM T'e[1IaTUTOM M0 CPaBHEHUIO C KOHTPOJIEM
TI03BOJTA/TY UCKITIOUUTE 3a00s1eBaHMs TIOUeK U TIo/pKeTy109HoM Keme3bl. K cokaneHuto,
aHa/mM3 OMOXMMHYeCKUX TIOKa3aTesiell He MOXKeT C TIOTHOM /JOCTOBEPHOCTBIO YKa3bIBaTh
Ha Hasimure OI wiu X AT, TOCKOMbKY OHY 3HAYMTE/TbHO U3MEHWIMCh B 00eMX rpyTIax.

B Hacrost1[ee BpeMsi TOSIB/SIFOTCSI HOBBIE JaHHbIE, CBUeTeTbCTBYIOLME O TOM, UTO
MUKPOPHK noaxozsT f/1s AUarHOCTUKY paHHero IOBPeXX/|eHNs [leYeHH, ITOCKOJIbKY OHU
JEVCTBYIOT TOX/[eCTBEHHO MEXaHHW3MY TIPOBOCIA/TUTETBHBIX ¥ IPOPUOPO3HBIX Meua-
TOPOB Ha Pa3/IMYHBIX CTaJUSIX MOJIEKY/IIPHOTO YPOBHS TlaTosioryii meuenw [8, 10, 13].

Hawmu 6p11a sokasana addexkruBHOCTH cfa-miR-122 B KauecTBe paHHETO TOYHOTO
6romapKepa MepBUYHOIO TeraTuTa, MOCKOJIbKY OH CTaOM/IbHO M 3HAUNTE/IbHO JKC-
nipeccupyeTcs paHbiie, yeM AJIT, B cbiBopoTKe cobak c I1I, 4To cBsi3aHO C aKTUBHOM
ponbio miR-122 BO BAMAHWM renaToLe/UIFO/ISPHOIO0 HEKPOBOCMA/IeH!s U aronTo3a
y cobak [2, 9, 10, 13].

CrefyeT OTMETUTh, UTO MiR-21 B CLIBOPOTKe ObLT 3HAUUTETBHO TOBBILLIEH TIPH
XATI' 1 umen [yuarHoCTUUYeCKYI0 3HaUMMOCTh TIpU AuddepenupoBanuu XAI ot OI'
Y KOHTPOJILHOM TPYTIIBI B BU/le TIporpeccrpoBanys ¢prbposa uepe3 TGF-B-akTuBrpoBaH-
HBIY My Th TIepBUYHBIX HSCs 1 cBsi3aHHbIe ¢ (prbpo3om reHsl (a-SMA, Col1A1 u FN1)
BbI3bIBalOIIIMeE MOHWKeHWe miR-122 1 noBbieHre miR-21 B cbiBOpoTKe cobak ¢ XAT
[2, 7, 9]. D10 cBsi3aHO C TeM, uTo MiR-21 felCTBYeT KaK OJjHa U3 IVIaBHBIX JBMKYLLIMX
CHJI TIPOTPeCCUPOBAHUS TTOBPEXKAeHHH reyeHr B pubpo3, MOCKOIBKY OH KOCBEHHO
aKTUBUpYeT 3Be3/uarble KieTky neyeHu (HSC) 151 cuHTe3a BHEKIETOUHOTO MaTpPUKCa
(ECM) nocpefcTBoM akTUBaLMK curHaibHbIX myTeit TGF-B1/Smads, ERK, PTEN/Akt
u NF-xB [11, 13, 19, 20].

3akoyeHue

Ioxka3zaHo, uto cfa-miR-122 skcnipeccupoBaH B cbiBopoTKe cobak ¢ OT" wmm XAT,
B TO BpeMms Kak cfa-miR-21 noreHLManbHO MOXKeT OBITh KCTIPECCUPOBAH TOJBKO B Chi-
BOpOTKe cobak ¢ XAT, CBi3aHHBIM C OT/IO)KeHHeM (hHUOpPO3HOU TKaHW. Takum o6pa3om,
uccnenoBanue cfa-miR-21 MOXeT CTy>KUTb B KaueCTBe HOBOT'O HEMHBA3UBHOTO /IHarHO-
ctrueckoro 6romapkepa as auddepentuanyu O ot XAT v 11 paHHEro MPOrHO3u-
poBaHus U npefoTBpalleHre Grbpo3a rneueHu, CBS3aHHOTO C LIUPPO30M.
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Abstract. A survey has been conducted in Bukavu on bovines imported in Democratic Republic of Congo
from Rwanda to the public slaughterhouse of Bukavu, with the aim of identifying the Ixodidae ticks on their
body. Thus, 1024 ticks have been collected on 300 cows for the entomological identification. Four species have
been identified whose Boophilus decoloratus (44.4 %), Rhipicephalus appendiculatus (43.9 %), Amblyomma
variegatum (11 %) and Ixodes thomasai (2 %). This last species being a new among those recognized in South
Kivu. A charge to ticks of 6.5 has been observed at those bovines and the infestation rate has been significantly
different in the 4 races, the Friesland (41.1 %) and Ankolé presented the superior values. The importation of
cows in this part of the country from Rwanda is a real factor which conducts to the introduction of ticks and
also diseases in Democratic Republic of Congo. Then being measures of heath control in the border must be
sustained and reinforced for minimizing real risks.
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Introduction

Mismanagement and insufficient means of preventing animal diseases at the border
is the basis for the introduction of several pathogens in many countries in Africa. The
uncontrolled movement of cattle within and between countries constitutes a real source
of spread of ticks and the diseases carried by them across the territories (Kabare, kalehe;
Kaziba, Walungu, Mwenga...) and chiefdoms (Ninja, Luhwindja, Burhinyi,...) notably
located at entry points and in environments of increased consumption of animal proteins
in all provinces [1]. The work carried out by Bisusa and Rucacura on ticks in cattle in the
Ruzizi plain noted the presence of Hyalomma truncantum [2]. The introduction into this
breeding area was linked to the importation of cattle from Burundi and Tanzania. The
presence of Rhipicephalus appendiculatus in Rwanda [3] and other species in South Kivu
in the Democratic Republic of Congo [4—6], is an element which, in view of the livestock
exchanges takes place between these two countries and indicate the possibility of transferring
other ticks from one region to another. Ticks are obligate blood-sucking arthropods and
represent one of the major constraints to the development of animal husbandry in Africa
as elsewhere in the world [5, 7]. They are sources not only of direct actions, such as skin
irritations and blood spoliations, but also of indirect effects such as the transmission of
pathogenic agents such as viruses, neuroviruses, bacteria and nematodes [8].

In addition, ticks and the diseases they transmit represent a major obstacle to the
improvement and productivity of ruminant farming [9]. In an animal undergoing a
significant infestation by ticks, weight loss and a decrease in milk production are observed;
loss of appetite, anorexia and nasal discharge are also often observed [10].

Several species of ticks are at the basis of transmitting a variety of pathogens to
mammals, particularly hard ticks such as Rhipicephalus appendiculatus, Boophilus
decoloratus, Amblyomma variegatum, Hyalomma spp. [4, 11—14] are often found
in cattle. These ticks therefore constitute a serious threat on farms if the appropriate
measures are not taken [15]. The main diseases transmitted by ticks in tropical regions
are Theileriosis, Babesiosis, Anaplasmosis and are responsible for more than 63 % of
animal mortality in several countries and the decline in productivity [16].

In eastern, central and southern Africa, annual losses due to the East Coast Fever,
tick-borne illness (calculated in 1989) have been estimated at 168 million doll. including
a mortality of more than 1.1 million cattle [17]. The situation remains worrying as a
result of the movement of animals from one country to another without any form of
provisions, to avoid their dissemination [18]. It is in this context that the present study
was undertaken with a view to answering the question of whether the importation of
cattle into Bukavu cannot also contribute to the importation of ticks, diseases and their
spread in farms from South Kivu.

Materials and methods

Study environment / description of the Elakat slaughterhouse. The study was carried
out at the main Elakat animal slaughterhouse located in the town of Bukavu, specifically
in the commune of Ibanda, which is the place of arrival of cattle from neighboring
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countries. According to its history, this slaughterhouse dates back to colonial times,
point of arrival and distribution of cattle and other animals in points scattered inside
the province of South Kivu.

This Elakat site is located on the border, more to the east of the Democratic Republic
of Congo not far from the Ruzizi river, which constitutes the border with the Republic
of Rwanda. It is located in the commune of Ibanda which has a temperate mountain
climate which has two seasons, one dry generally extending over four months and the
other rainy extending over eight months. The average temperature varies between 22
and 27 °C. The land is rugged because it has many steep slopes that are unsuitable for
house construction and agriculture. This is the case with Elakat (our study site), in the
Ndendere district; Mbeke in the Panzi district and Ruzizi / Somenki in the Nyalukemba
district. Its hydrography of Ibanda is as follows: Lake Kivu to the north, the Kawa river
separating the commune of Ibanda from that of Kadutu; The Mukukwe river which
rises in the Ndendere district and flows into the Ruzizi river, always passing through
the same district; the Ruzizi river which is an outlet from Lake Kivu and on which the
Ruzizi hydroelectric dam was erected.

In this region animals, particularly cattle come from neighboring countries via
Rwanda to Bukavu at the level of the slaughterhouse where part is slaughtered and
another recovered by breeders depending on the breed and the performance of the cattle
for their breeding. Slaughterhouse operates every day and receives animals coming from
abroad on Tuesday and Thursday at the border, no zoo-sanitary provisions apply even
though they are provided for by law (quarantine, sprinkling, deworming, etc.) more
concerned with Elakat are cattle, although at times we also find a few pig heads there,
but in small numbers.

Harvest, conservation and identification. The rate of passage to harvest was weekly.
In well-contained animals, ticks were searched all over the body, starting with preferential
fixation sites such as the ear, base of the horns, ventral or abdominal region, anal and
genital regions and baleen. The technique involved inspecting and searching the coat.
Thus, all the ticks encountered were removed using anatomical forceps or by hand
between the thumb and forefinger by simple manipulation. This traction should be gentle
and done gently so as not to damage the rostrum which is important in the diagnosis of
ticks [19]. The harvested ticks were then kept in labeled vials containing 70 % ethanol,
thus sparing them from alteration which could make identification impossible to avoid
rapid dehydration of the samples and further soften their seed coat, on each label was
marked: the identification number of the animal, the date of harvest, and the breed of the
animals. Thus, the preserved samples were sent to the Veterinary Entomology laboratory
of the Lwiro Natural Sciences Research Center (CRSN / Lwiro) for their identification.
The contents of each vial were sorted to separate the larvae from nymphs and adults.
Subsequently, a count of each stage of development was carried out and followed by an
identification based on the morpho-anatomical characteristics while knowing that the
study focused on certain morphological details such as, in addition to the characters to
identify the gender, shape of teeth, color and shape of eyes, shape of genital and anal
openings, punctuation of scutum, lateral furrows and media, color and shape of legs with
or without hair, shape of scallops as described by some authors [20—23].
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Statistical analyzes. The data obtained from the collection of ticks and their
identification were, for their interpretation, subjected to the Pearson Chi-Square test,
according to the model proposed by Leroy and Farnir [24], at a risk p of 5%, for one
degree of freedom (dof) equal to 9. The frequency of ticks was determined from the
simple calculation of the percentage according to the following mathematical expression:

With x the frequency observed on a sample and n number of ticks.

Results

In this study, 1063 ticks collected from 300 cattle from Rwanda were subjected
to morphological identification. The identification resulted in four different species
belonging to four different genera. These species have been successively represented
by: Rhipicephalus appendiculatus, Boophilus decoloratus, Amblyomma variegatum and
Ixodes thomasai.

The tick load was determined in the four breeds of cattle involved and the influence
of the breed on the frequency of these ticks was also studied. In Table 1 below are
presented the results relating to the tick load by breed of cattle.

Table 1
Tick load in cattle breeds at Elakat slaughterhouse
N° Race/ Bovines number | Bovines humber examined | Ticks number Bovine Charge
Bovine examined infestés ticks by races
1 Ankolé 100 65 396 6
2 Frisian 96 61 440 7.2
3 Swiss brown 63 29 176 6
4 Jersey 41 08 51 6.3
Total 300 163 1063 6.5

In table 1, it appears that for 300 cattle examined 4 breeds of cattle were concerned
in particular: Ankolé, Frisian, Swiss brown and jersey. For the Ankolé, we found 396
ticks on 65 cattle, a load of 6 ticks per cattle. For the Frisians we found 440 ticks on 61
cattle, a load of 7.2 ticks per cattle. While for Swiss Browns, 176 ticks out of 29 cattle
and the load was 6 ticks per cattle and on Jersey at the end 51 ticks were collected from
8 cattle and a load of 6.3 ticks per cattle.

Of the 300 cattle examined, 163 cattle or 54.3 % were infested with ticks and the
total burden of ticks per cattle was 6.5 ticks.

From table 2: it notes that for the four cattle breeds, four species of ticks were identified.
From these breeds of cattle, the Ankole alone had a total of 396 ticks or 35.2 % of ticks
including: 60 male ticks, 73 female ticks and 23 nymphs (Rhipicephalus appendiculatus),
8 males, 167 females and 15 nymphs (Boophilus decoloratus), 32 males, 10 females
(Amblyomma variegatum), and 8 females (Ixodes thomasai). For the Friesians we identified
a total of 500 ticks or 44.4% including 95 males, 90 females and 43 nymphs (Rhipicephalus
appendiculatus), 9 males, 114 Females and 67 nymphs (Boophilus decoloratus), 67 males,
34 females, and 11nymphs (Amblyomma variegatum) and only 7 females (Ixodes thomasai).
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Table 2
Frequency of tick species found in cattle breeds at the Elakat slaughterhouse
Breed Species of ticks
Total (%)
N° Rhip. app Boo.dec Ambly.var | Ixod.thom -
M| F|N|M| F |N|M|F|[NIM|F|N nb
1 Ankolé 60|73 (23| 8 |167|15|32|10|0|0 (8|0
35.2
TOTAL 156 190 42 8 396
Fri;an 95|90 (43| 9 |144|67|34|11|0| 0|7 |0
44.4
TOTAL 228 220 45 7 500
3 | swissbrown [26]34 /15| 2 |66 |6 [11][10/0][0]6]0 156
Total 75 74 21 6 176 '
4 Jersey 1511 |9 |1|11|o|3|2|0ofl0|0]|0O 4.6
TOTAL 35 12 5 0 52
Total (%) 494 (43.9) 496 (44.1) 113(11) | 21(2.0) 1124 (100) 100

Legend: M: male; F: femelle; N: nymphe; nb: number.

Rhip. app: —Rhipicephalus appendiculatus; Boo.dec: Boophilus decoloratus Ambly.var: Amblyomma variegatum;
Ixod.thom: xodes thomasai.

For Swiss brown 182 ticks were found including 26 males, 34 females and 15
nymphs (Rhipicephalus appendiculatus), 2 males, 66 females and 6 nymphs (Boophilus
decoloratus), 11 males 10 females (Amblyomma variegatum), and finally 6 females
(Ixodes thomasai). As for the Jersey breed we have identified a total of 52 ticks including
15 males, 10 females and 9 nymphs for Rhipicephalus appendiculatus, 1 male and 11
females for Boophilus decoloratus, 3 males and 2 females for Amblyomma variegatum.
The different evolutionary stages of ticks have been encountered except for the nymphs
for A. variegatum and Ixodes thomasai; eggs and larvae for the four species have not
been identified due to lack of suitable equipment.

For the four species identified, Boophilus decoloratus (44.4 %) and (Rhipicephalus
appendiculatus (43.9 %) presented relatively higher frequencies than Amblyomma
variegatum (11 %) and Ixodes thomasai (2 %). For the breed of cattle, 396 ticks or
35.2 % were collected on Ankolé cattle, 500 or 44.4 % on Friesian cattle, 182 or 15.6 %
on Swiss brown and 52 or 4.6 % on the Jersey breed. Statistical analysis of this result
showed that the frequency of ticks on cattle from Rwanda in the Bukavu slaughterhouse
varied significantly according to the breed. The Friesian (41.4 %) and Ankolé (37.2 %)
breeds were more infested than the Alpine brown and Jersey.

Discussion

The tick load by breed of bovine was studied during our investigations. This load
appeared arithmetically the same in the four breeds of cattle although a value of 7.2 ticks
per cattle was observed in the Friesian breed. The overall tick load per cattle was 6.5. The
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latter remains below the values of 82 ticks and 72 ticks reported respectively for cattle
from the Democratic Republic of Congo [17]. The load of 6.5 ticks for cattle importing
into the Democratic Republic of Congo, via Rwanda for Bukavu in South Kivu remains
lower than that of 7 ticks for cattle from Belgium [25, 26].

Regarding the rates of infestation and species of ticks, we were able to observe four
species of ticks, namely Rhipicephalus appendiculatus, Boophilus decoloratus, Amblyomma
variegatum and Ixodes thomasai. These results are similar to those obtained by Vyambwera
[4] in South Kivu where, in addition to the first three species, he identified the species
Rhipicephalus evertsi evertsi and Hyalomma marginatum rufipes. The presence of Ixodes
thomasai on cattle imported from Rwanda would constitute an additional danger since
its presence would be recent in South Kivu and there is reason to fear its spread within
the various herds from the slaughterhouse in Bukavu. Statistical analysis showed that the
Ankolé (35.2%) and Frisian (44.4 %) breeds were more parasitized. The high infestation
rate of Ankole cattle and that of the Swiss brown and Jersey breeds is different from the
results reported by Vyambwera and his collaborators [9]. For cattle from Beni Lubero, in
North Kivu where exotic breeds were more parasitized than natives and where also the ticks
Rhipicephalus appendiculatus, Boophilus decoloratus and Amblyomma variegatum were
identified. The reduced infestation rate observed in Swiss brown (15.6 %) and Jersey (4.6 %)
cattle may be related to the fact that these animals have developed a certain resistance to
ticks, perhaps as a result of more than treatment followed by acaricide products previously
that continuing to circulate the metabolism of these cattle. The most prevalent ticks are
Boophilus decoloratus followed by Rhipicephalus appendiculatus, which are also those
which transmit bovine theileriosis, a very deadly disease of cattle. East coast fever remains
probably the most important livestock disease in Africa [26].

The economic importance of this disease is first of all due to the number of animals
at risk. In 1982, 250 million cattle were at risk of tropical heather in the world [27]. In
addition, tropical heather causes financial losses inherent in mortality recorded in adults
as well as young people, in abortions, as well as in the cost of medical treatment, the latter
being one of the most costly in bovine pathology [28], the economic losses are caused by
the decreases in production (of milk and meat) which are all the more important as they
affect both infected animals showing clinical signs and those presenting sub-clinical or
even asymptomatic infections [29].

For these four imported cattle breeds namely: Ankolé, Frisian, Swiss brun and
jersey, each of them had their own objective of being paid by the buyers at the Elakat
slaughterhouse. Mainly for the Ankolé i.e. local cows with long horns, this breed was
bought by butchers to convert them into meat at sales outlets, slaughterhouses (Bukavu),
markets (Kadutu, Mudaka, Kavumu, Katana; Kabamba), group purchasing of cattle in
companies (INERA, Pharmakina, CRSN-Lwiro, and butchers in towns and cities. This
breed of cattle has few of weight and a simple corpulence is also doomed to perform
long distances. They are found towards Shabunda, Kamituga, Kasai in the interior of
the Democratic Republic of Congo. However, for these three other breeds of cattle
including: Frisian, Swiss brown and Jersey being of large build and high intensity of
milk production and meat, they are preferred and bought more by local breeders under
penalty of also having to produce for them. For this reason, their prices remain high,
costing three or even four times the Ankolé cow.
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Acaricides aim to reduce the tick population by cutting their life cycle, by eliminating
adult ticks in the dry season and immature ticks (larvae and nymphs) in the rainy season [29].
By eliminating ticks, miticides help fight all the diseases they transmit. The classic method
uses acaricides in baths or sprays. The use of impregnated acaricides (ear loops) although not
yet used in our region, their slow release has the disadvantages of being expensive; it may
be the cause of residual contamination of meat and milk [30]. Continued use of acaricides
increases the risk of tick resistance, and the breakdown of anti-tick immunity leads to a
loss of balance in endemic stability, rounding animals more susceptible to infection [31]
acaricides should be used for both exporting and importing countries.

Conclusion

Although the tick load of 6.5 is lower for imported cattle and indicates a certain level
of compliance with external deworming measures during the journey;, it is still important to
note the danger that these cattle would represent for livestock from South Kivu in view of
the tick load for the farms from which these animals come. For the purposes of this study, we
were unable to access data on the tick load for cattle from Rwanda between 2006 and today.
It is also possible that these cattle have picked up ticks during the few minutes or hours of
stay at the slaughterhouse in the Democratic Republic of Congo. It would therefore be ideal
to collect from the cattle in the vehicle, at the point of entry into the Democratic Republic
of Congo. However, a fight against ticks at the border would be an asset. The fight against
ticks includes chemical control (spraying cattle during their crossing), agronomic control
(rotation of pasture, brushing, grazing its animals on a well-defined space before their sale for
the interior of the country), control genetics (use of less sensitive breeds), biological control
(introduce cattle ranching). The development of new plant-based acaricides, local products
(Vernonia amygdalina, Tephrosia vogelii,...) remains to be hoped because the chemical
molecules are at the origin of environmental pollution and the risk of the presence of residues
in the Human food is not negligible, and it also affects non-target species, which are present in
the environment and present a high cost. The success of the fight against tropical theileriosis
depends to a large extent on a good knowledge of the epidemiology of this protozoal disease
in order to adapt the control strategy to the target area. Overall, this strategy is based on
miticides control measures against the vector tick and on the vaccination of cattle against
T. parva. The fight against ticks and the diseases they transmit to cattle such as theileriosis,
babesiosis, anaplasmosis, Lyme disease, in DR Congo as in neighboring countries must be
carried out according to a global strategy: (i) integrating the various control measures and
detailed monitoring in quarantine service, following an economic cost-benefit approach, (ii)
aiming in the medium term to achieve the eradication of the disease, given the significant
losses caused by the asymptomatic carrier state, (iii) taking into account the particularities of
each endemic state; (iv) integrating an extension component taking into account the erroneous
perception of the transmission of diseases to buyer-breeders.
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AwnnoTanus. IIpoBesieHa OrjeHKa COCTOSTHNS )KUBOTHBIX Ha ITpe/iMeT Ha/TNuMsI NKCOZIOBBIX KJlelliel y KpyTi-
HOTO POTaToro CKOTa, 3aBe3eHHOr0 Ha 00LeCTBEHHYH0 CKOTOOOMHIO B I. BykaBy [leMokpaTrueckoii Pecrybmku
Kowro u3 Pyanzibl. B pesysnbrare uccnegoBanys Ha 300 kopoBax U ObIKax /st SHTOMOJIOTHYECKOH HeHTU(HUKALK
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66110 cobpano 1024 kiremia. VgenTrduippoBatsl uetsipe BUga: Boophilus decoloratus (44,4 %), Rhipicephalus
appendiculatus (43,9 %), Amblyomma variegatum (11 %) u Ixodes thomasai (2 %). Ilocneguuit BUf siBisieTcs
HOBBIM 7151 TeppuTopun FOxkHoro Kusy. KosdduijeHT 3apaskeHHs K/lelljaMH y STHX )KUBOTHBIX COCTaBUI 6,5,
a CTeTeHb MOPaKeHHs pa3/iMyaiach B 3aBUCHMOCTH OT ITOPOALI, Harbosiee BEICOKHMe 3HauUeHHsI OTMeualich
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Ha TPaHULIe [I0/DKHBI ObITh YCTOWUMBBIMU U YCHJIEHHBIMH /|11 MUHMMM3aLlUK TTOTeHLMAIbHbIX PUCKOB.
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