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Lenu u TemaTtuka. 2KypHan BecmHuk Poccuiickoeo yHugepcumema opyxcobi Hapooos. Cepusi: AepoHomust
u scugomrosoocmeo (Becmuxk PY/TH. Cepusi: AepoHOMUSL U HCUBOMHOB00CMB0) — TIePUO/INUeCKOe pelieH3H-
pyeMoe HayuyHOe M3/laHie B 00/1aCTH CeIbCKOT0 X035 CTBa. YKypHal SB/IsSeTCss MeXyHapOJAHBIM Kak 110 COCTaBy
aBTOPOB 1 TeMaTHKe Iy0O/IMKaLii, OTpakarolLiei pobieMaTHKy HayuHbIX UCC/Ie/J0BaHHsl B Pa3/IMYHbIX PeTHOHAX
MUPa, TaK U 10 COCTaBy pe/lakKL{MOHHOM KOJJIErMU U 5KCIIepTHOrO coBeTa (pelieH3eHTOB). 2KypHas npejjHa3Ha-
yeH Jy1si yO/MKaLui pe3ysbTaToB QyH/JaMeHTalbHbIX U MTPUK/IaHbIX HAyYHBIX UCC/IeJOBAHUN POCCUHCKUX
1 3apy0e)KHBIX YU€HbIX B BH/le OPUTHHANBHBIX HAyYHBIX CTaTel, 0030pHBIX HayUHbIX MaTepHUaoB, HayYHbIX
coobiennit, 6ubmorpaduueckrx 0630poB MO OIpe/ie/IeHHbIM TeMaM HayUHBIX CC/IeoBaHUH. TakKe KypHas
ny0G/IUKyeT ¥ pacripoCTpaHsieT pe3ysibrarhl pyH/ aMeHTalbHbIX U MPUK/IAJHbIX UCC/Ie0BaHNH, TIPOBOJUMBIX
B K0/1/1ab0pariyy 0TeueCTBeHHBIX U 3apyOe’KHBIX YUEHBIX 110 IPUOPUTETHBIM MPo6/IeMaM CelbCKOX03sHCTBEeH-
HO¥t oTpac/u. B >kypHase MoryT GbITh OMy6/IMKOBaHbI MaTepHasibl, HayuHasi [IEHHOCTb KOTOPBIX U MPUTOHOCTD
JU1s1 TyO/MKalMK OLieHeHa peLieH3eHTaMH M Pe/laKIIMOHHOM KoJulervel )KypHasa. Bo Bcex MaTepuanax J0/DKHbI
COOJIHOZIaThCs STUUECKHE HOPMBI HayUHBIX 1Ty O/IMKaLMi.

Pejiak1ji0HHas KoJ1/Ierysi IpUHYMaeT K paCCMOTPEHHUIO MaTepyasbl 110 HarlpaB/leHHsIM: arPOHOMUS, )KUBOT-
HOBO/ICTBO, BeTepPHHAPHsl, 300TeXHHs], BeTeDUHAaPHOCAHUTApHasl SKCIIepTH3a, TexHoChepHasi 6e30MacHOCTb,
3eMJIeyCTPOMCTBO U KaJJaCTphl, JaH/madTHast apXUTeKTypa — /151 TOATOTOBKU TeMaTH4eCKUX BbIITyCKOB
C yJacTHeM IpHUI/IalleHHbIX Pe/lakTOPOB.

JKypHas pekoMeH/[0BaH UCCepTALMOHHbIMU coBeTamu PY/TH; BXOAWT B repeveHb U3aHui, myOMKauu
KOTOPBIX YUMTBIBatOTCsI Bhiciiield arTectauyoHHo# komuccueit Poccun (BAK P®) nipu 3amiure Arccepraluii Ha
COWCKaHMe yUeHBIX CTeleHel KaHju/aTa U JOKTopa Hayk 110 crierpanbHocTaM: 03.02.01 Boranuka, 03.02.13
IMouBoBeieHue, 06.01.01 O61iee 3emiesenve pacteHreBoCcTBO, 06.01.02 Menuopariysi, peKy/IbTHBALIUSI 1 OX-
paHa 3emeib, 06.01.04 Arpoxumus, 06.01.05 Cesnekiiyisi 1 CEMEHOBO/CTBO Ce/TbCKOXO035ICTBEHHBIX pacTeHUH,
06.01.06 JIyroBoACTBO 1 JieKapCTBeHHBIE A3pUpHOMAac/NuHbIe KyabTyphl, 06.01.07 3amura pactenni, 06.01.09
OgorreBozcTBO, 06.02.01 JuarHocTtrka 6osie3Hel U Tepanysi )KUBOTHBIX, [1aTOJIOTHsI, OHKOJIOTHsi 1 MOP(OJIOTHs
JKUBOTHBIX (BeTeprHapHble Hayku), 06.02.02 BeTeprHapHasi MUKPOOUOIOTHsI, BUPYCOJIOT S, STIM300TOJIOTHS,
MUKOJIOTUsI C MUKOTOKCHUKOJIOTHel 1 MIMMYHOJIOrMs (BeTepruHapHble HaykK), 06.02.04 BeTepuHapHas Xupyprus
(BeTepuHapHble Haykn), 06.02.07 Pa3BezieHue celeKIysi ¥ reHeTHKA CeTbCKOX03sHCTBeHHBIX )KUBOTHBIX (Ce/TbCKO-
xo3stiicTBeHHble Haykn), 06.02.10 YacTHasi 300TexXHus], TEXHOJIOT WS IPOU3BO/CTBA MPOJYKTOB )KUBOTHOBO/ICTBA
(cenbCKOXO35MICTBEHHBIE HAYKH).

TpeGoBaHUsI K CTAaTbsIM U TIPABWJIA PELIeH3UPOBAHMsl, 37IeKTPOHHBINA apXUB B OTKPBITOM /IOCTYIIE U MHasl
[I0TI0NTHUTeIbHAs MH(OopMaLMs pa3MellieHbl Ha caiite xypHana: http://agrojournal.rudn.ru.
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BnusiHne npuMeHeHus UHOKyNsiHTa «<PUsotopguH»
Ha copepykaHue xnopodunna B IMCTbSIX UHTPOAYLUPOBAHHbIX
COPTOB COU U UX YPOXKAUHOCTb

FO.B. IIBeTrkoBa" >*, M..Y. JIamko’, 1.A. CTpaKHHUKOBa>

'Bcepoccuiickuii LIeHTp KapaHTUHA PaCTeHUH,

n. Beikogo, Mockogckast obnacmb, Pocculickas ®edepayus
’Poccuiickuil yHUBepcuTeT ApYy>KObI HApogoB, 2. Mockea, Pocculickas ®edepayus
ST'CXY «HecBwKcKasi COPTOUCTIBITATE/TbHASI CTAHLIUS»,

n. F'occopmyuacmka, Munckas obaacms, Pecnybauka benapych
*yutska@mail.ru

AwnHotanus. ITposiBieHNe NPOAYKTUBHON CMOMOTHUeCKOH a30Tdukcayu y 6000BbIX pacTeHHi 3aBUCUT
OT B3aUMOZeHCTBUSI MeX/]y BBICILIMM PaCTeHUEeM-X035IMHOM U PU300HMaibHbIMU K/1yOeHbKOBBIMU OaKTepUsIMH.
CnoxkHasi B3aMMOCB#3b (JOTOCHHTE3A U Npoliecca OMOoMoruyeckoii a3oThuKcaLuy npejonpesenseTr Heobxo-
JMMOCTb M3y4eHHs: O1OoNIornuecKrx 0CobeHHOCTel Ky/bTUBUPYEMbIX COPTOB COM M UCIIO/b3YeMbIX LITaMMOB
K/1yOeHbKOBBIX OakTepuii. PaboTa BbirnoHeHa Ha HeCBI)KCKOW COPTOMCIIBITaTeIbHOM CTaHLMKU B MUHCKOM
obnactu Pecrrybsmiku Benapycek. JlaHa olleHKa MHTPOZYLIMPOBaHHbIX COPTOB COM I10 COZiepKaHUIO XI0poduIa
B JIUCTHSIX PaCTeHHH, KOJIMYeCTBY K/IyOEHbKOB Ha KOPHSIX COM M HaKOIUIEHHIO OOLIlero a3ora B paCTeHUsIX Kak
B3aMIMO03aBHUCHMBIX TI0Ka3aresel, XapakTepu3yonmx 3GGeKTHBHOCTb CUMOK03a. YCTaHOB/IEHO, UTO MECTHbIN
copt IIpunsTk, UCIO/Ib3yeMblil B KaueCTBe KOHTPOJIS, Maslo OT3bIBUMB HA MHOKYJISILIMIO CEMsIH TIepe/| T0CEBOM.
O6paboTKa ceMsiH MHTPOZYLIMPOBAHHBIX COPTOB 00ecreynsia oBbILIeHHe COZiep)KaHUst XJI0pO(UIIIa B IUCTBSIX,
crioco6crBoBaa (popMUpoBaHHIO OObILEro Ync/ia KiyOeHbKOB Ha KOPHSIX, ZI0CTOBEPHYO NpUbaBKy yposkast
1 HakorleHue Gosibliero komuyecTsa buosornyeckoro asota. C yueToM BCexX 3THX TOKa3aTeseil copra cou
Taynek, CnaBsiHka 1 CoOprHM MOTYT ObITh pEKOMEH/I0BaHb! JJIsi MaclTabHON MHTPOAYKLIMY B paliOHaX BbIpa-
mMBaHus cou B benapycu.

KiroueBbie cj10Ba: cosi, MHOKY/IIHT Pu30TpoduH, a30ThHKcaLys, XJ0podul, CAMOMOTHYEeCKast aKTHB-
HOCTb, YPO)KalHOCTh

Hcropus crarbu:
Tocrynuna B pegakuuto 20 ssaBapst 2020 r. ITpunHsita K nmy6mvkanyu 10 despasst 2020 T

3asiB/IeHHEe 0 KOH()/IMKTe HHTEPeCoB:
ABTOpBI 3a51B/IAAI0T 00 OTCYTCTBUM KOH(/IMKTA HHTEPECOB.

© Igetkosa F0.B., JIamko M.VY., CrpaxkHukosa 1.1., 2020.

This work is licensed under a Creative Commons Attribution 4.0 International License https://
E creativecommons.org/licenses/by/4.0/1
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Komnanusi « ATV — ArpoTexHHuuecKre HHHOBaLMM» 0e3BO3Me3/{HO NpeoCTaB/sIa aBTopaM rperapar «Puso-
TopcuH», mpuobperenHbi y npouszBogutesiss OKOC (PTBHY BHUMCXM), Anst mpoBe/ieHUsT He3aBUCHMBIX
WCCIeJOBaHUM.

Jinsi nMTHpOBaHMSA:

Ligemkoea FO.B., /Iawiko M.Y., CmpadicHukosa 1.J. BnvsiHve IprMeHeHNs1 THOKY/sIHTa «PU30TopgyH» Ha cofiepykaHue
X/I0pohrsIIa B IUCThSIX MHTPOJYLIMPOBaHHBIX COPTOB COM U MX YPOKalHOCTh // BecTHHK Poccuiickoro yHUBepcuTeTa
npy>k0b1 HapozoB. Cepust: ArpoHoMust 1 >kuBoTHOBOACTBO. 2020. T. 15. Ne 1. C.7-18. doi: 10.22363/2312-797X-
2020-15-1-7-18

Affect of Rhizotorphin on chlorophyll content and productivity
of introduced soybean cultivars

Yulia V. Tsvetkova®*, Marina U. Lyashke? Inna I. Strazhnikova3

"Russian Plant Quarantine Center, Moscow Region, Russian Federation
*Peoples’ Friendship University of Russia (RUDN University),
Moscow, Russian Federation
3Nesvizhskaya Crop Testing Station, Minsk region, Republic of Belarus
*Corresponding author: yutska@mail.ru

Abstract. Biotic nitrogen fixation is a phenomenon mainly depended on mutualistic interrelation between host
plant and root nodule bacteria. This interrelation affects photosynthesis and productivity of biological N-fixation
and requires studies of biological particularities of grown legume cultivars and effectiveness of Bradyrhizobium
strains used for seed inoculation. A field experiment was conducted on the territory of Nesvizhskaya Crop
Testing Station (Minsk region, Republic of Belarus). Based on chlorophyll and nitrogen content in soybean
leaves, number of nodules on roots of cultivars grown, and on quantity of nitrogen accumulated in plants, four
soybean cultivars were assessed. The cultivar Pripyat (control) has poorly responded on inoculation, whereas
cultivars Slavyanka an Sobrini responded well by increase of chlorophyll and nitrogen content in leaves and by
larger number of root nodules. As a result, they produced unusually high seed yields. Therefore, these soybean
cultivars may be recommended for wide use in regions of Belarus.

Key words: soybean, inokulum Rhizotorphin, nitrogen fixation, chlorophyll, seed yield
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BeepeHue

O6ecrieueHHOCTb paCTeHUI a30TOM — OZIMH M3 OCHOBHBIX ()AaKTOPOB ()OPMUPOBAHUS
yposkast. A30T BXOJJUT B COCTaB X/I0po(husia U OE/TKOB, B T.U. ¥ YYaCTBYIOIIUX B (POTOCHH-
Te3e [1]. Y 6000BbIX pacTeHHI UMeeTCsT [1Ba UCTOYHHKA TIUTaHKST a30TOM — 3TO TTOUBEHHBIH
MUHepaJIbHBIN a30T, BK/TI0Yast a30T yA00peHui, 1 a30T, TIOCTaB/IsieMblii K/TyOeHHKOBBIMU
OaxTepysiMH 3a cueT OHOJIOTMYeCKOr0 BOCCTAHOB/IEHHS aTMOC(HEPHOT0 a30Ta I0CPeCTBOM
(hepMeHTaTHBHOTO KOMIUIEKCA, COfiep>Kalliero HUTpareHasy, CHHTe3UpPYeMOro pa3TIMyHbIMU
mramMmmamu baktepuii poga Bradyrhizobium w Ensifer B KiybeHbKax Ha KOPHSIX 6000BBIX
pacTenuii. Tako# Mporiecc BO3MOKeH TOTBKO IMPU CHabKeHUH WX TIPOIyKTaMu (hOTOCHH-
Te3a. TakuM 06pasom, ¢ yBenuueHHeM MOTpebeHNst 610I0rMyecKoro a3ota pacTeHueM
BO3pacTaeT coziepkKaHue XJI0po(u/ia B IMCThSIX, UTO, B CBOIO 0UY€Pe/lb, IIPUBOJMUT K YB-
JIeUeHHIO TTOCTYTIIEHNS TIPOAYKTOB (POTOCHHTe3a B KTyOeHbKY 1 aKTUBU3ALMH (PUKCALIN
armocepHoro asoTa [2]. Takast o6oroomnosie3Has B3aMM03aBUCHMOCTh PaCTeHUsI-X03sIMHA
1 K/TyOeHBKOBBIX OaKTepui MOBbIILIAeT MPOAYKTUBHOCTD TiepBoro. OTMedaeTcst BbICOKast
CTerieHb TOJIOKUTETbHON KOPPEJTSLMK MeXXTy POTOCHHTE30M U OHOIOTHUeCKol a30T(hUK-
calyell B OTCYyTCTBUM MHUHepabHOTO a30Ta B IUTaTebHOM cpefie [3].

MaTepVIaﬂbI n MeTo bl

UccnepgoBanus nposoauinck B 2017—2018 rr. Ha onbITHBIX nonisx ['CXY «He-
CBWKCKasi COPTOUCIIbITaTe/IbHAs CTaHLMs» B MUHCKOM ob/1actu Pecrny6viku benapych
C LIe/TbI0 OLIeHKU YeThIpex COPTOB COM MeCTHOM U 3apy0e)XHOM CeneKLH Ha OT3bIBUM-
BOCTb 00pabOTKY ceMsiH OaKTepra/bHBIM TperapaTtoM «Pu30TophuH», TPOU3BOJUMBIM
kommnanueid OKOC (npu ®T'BHY BHUWCXM) u nipeiocTaB/ieHHbIM KomriaHueit ATU —
ArpoTexHUYeCKUe NHHOBALUU.

ITouBa OMBITHOrO y4yacTKa [jepHOBO-TI0/30/IMCTas], IeTKOCYIVIMHUCTas. ATrpOXU-
MHUYeCKas Xapakrepucrtuka: pH, ., 5,5...6,0, comepkanue rymyca 2,71%, cogepxatue
00MeHHOT0 Kanus U TIoABMXHOTO docdopa 400 1 299 MI/KT TTOUBBI COOTBETCTBEHHO.

[MTocne ybopKu TpeAiiieCTBeHHUKA, OCeHBIO Oblla TIPOBe/ieHa BCIIalllka Ha Ty OuHy
20...25 cM € oHOBpEMeHHbIM BHeceHHeM (oChOPHBIX M KaTuiHbIX yno06penuit (P,0O,
80 kr z.B. 1 K,O 120 Kr /.B.), COI7IaCHO MECTHbIM pekoMeHzarusaMm. Ilepes mocesom
nouBy obpaboranu KyneruBatopom AKIII Ha rnyouny 3—4 cM. Ha OnbITHBIX /Ie/ISTHKax
MOCEB COM TIPOBO/W/IA BPYUHYIO Ha TyOHHY 2—3 CM, MEXIypsibsi — 45 €M, U3 pacueta
222 ThIC. Ha 1 ra, COT/IacHO NMPUMEHSIeMOUM PeKOMeH/JaliK 15 3Toro paiioHa. O6paboTKy
ceMsiH rpenapaToM «Pu3otopurH» 0CyIeCTB/IS/IM BPYYHYIO B IeHb noceBa. [1noijazb
JenssHku — 14,4 m?. [IoBTOPHOCTh — UeThIpeXKpaTHasi, pacIioyioyKeHHe fIe/ITHOK — paH-
JIOMHA3UPOBaHHOe. YXO07 3a [0CceBaMu NPOBOAWIICS BPYyUHYH0. CXema OIbITa BKJIro4asa
B ce0si CyieyIOIL[ie BapHUAHTHI, pa3MelljeHHbIe U30/IMPOBaHHBIMU OT/eTbHBIMU OJTIOKaMHU:

1.1 — Ipumnsts (6e3 06paboTKM)
1.2 —Tannek (6/0)
1.3 — CnaBsiaka (6/0)
1.4 — Cobpunu (6/0)
2.1 — Ipunate (o6paboTka mperaparom, jfanee Pusotopdun)
2.2 —Tannek (PusotopduH)
2.3 — CnassiHka (Pusoropgun)
2.4 — Cobpunu (Puzotopdun)
3a KOHTPOJIbHBIN BapUaHT ObLT IPUHAT MEeCTHBINA COPT [IpunsTh.
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B nepuvioy; poBe/ieHus OTbITa PeriCTPUPOBAUCH AaThl HACTYTUIEHHS (DEHOIOTUUeCKUX
a3 pacrenuii. B da3y 1iBeTeHus u a3y Hauaa obpa3oBaHust 6060B OTOMPATUCh BbICEUKH
JIMCTA [I/1s1 aHa/TU3a Ha CoZiepKaHue XI0podu/iia B IMCThsX. KomMuecTBeHHOE orpezierie-
Hue xyiopoduiia IpoBoAnnock Ha criekrpodoromerpe GENESYS 10Vis. KonijeHTpariyto
PacCUMTBIBAIM 0 ypaBHeHUssM BunTtepMatca u [le MOTC /1711 5TaHO/IOBBIX BBITSDKEK [6].

[t omipesiesieHNst aKTUBHOCTH (hOPMHPOBAaHUSI CUMOHMOTHUECKOTO arapara Ha
KOPHSIX pacTeHHH cou B a3y 1BeTeHus U B (ha3y Hauasia HauBa 6000B ¢ KaXKJ0u
JleJITHKY OrbiTa 0TOMpasu 1o 10 pacTeHui. PacTeHus BbIKabIBaIX C HEOOIBIITUM
MOHOJIUTOM TTOUYBbI BOKPYT CTEP>KHEBOTO KOPHsl. B 1abopatopuy KOpHHM OUHIIA/IH, aK-
KypaTHO MPOMbIBaJIM, YTOOBI 30€XKaTh MOTePH K/TyOEHBKOB, YUUTHIBAIM KOJTUUECTBO U
0011[yI0 Maccy KiyOeHbKOB. YueT ypoykast IPOBOZMJICS M0 OOILeNPUHSATHIM METOAUKAM
copTouCTbITaHus [7].

PesynbTaTtbl uccnepgoBaHui
AKTHBHOCTB a30TO(HKCary OaKTePHUSIMH 3aBHUCHT OT TEMITEPATypPbl U BJIAYKHOCTH T0YB.
Hu3kue Temrieparypel, TiepeyB/iaykKHeHHe WK, Ha000pOT, 3aCyXU OTPULIATETHHO CKA3bIBAKOTCS
Ha paCTeHWH, UTO B KOHEYHOM cueTe 00yC/IOB/IMBAeT MaJlopPa3sBUTOCTh CUMOMOTHYECKOTO
armapara. B cpeiHemM HeOarornpusiTHbIE TOTO/IHBIE YCIOBUS B HAUA/IbHBIN TIePUO/] BereTal ik
TIPUBEJTA K TOMY, UTO MaKCHMaJTbHOE KOJTMYeCTBO K/TyOeHBKOB C(OPMHPOBAIOCh He B (hasy
L[BeTeHWUs], a B Hauasie CeHTsI0psi — B a3y 606000pa3oBanus (puc. 1).

140
120
100
20
60
40

20

Mpunate lanner CnaBsaHKa CobpuHm

Ewonsfluly B ceHtabpb/September

Puc. 1. KonnyecTBo Ky6eHbKOB BO BpeMst BErETaLMM Y Pa3fIMYHbIX COPTOB COW, LUT./pacTeHne

a0
&0
: I I
20
A = wkln ey

Pripyat Gallek Slavyanka Sobrini
m luly m September

Fig. 1. Number of root nodules in different soybean cultivars during vegetation, nodules per plant
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HaxopuBivecsi B O/MHAKOBBIX TIOUBEHHBIX U TMOTOJHBIX YCIOBHUSIX PACTEHUS HC-
TBITHIBAEMBIX COPTOB MO-Pa3HOMY (hOPMUPOBA/IM Ha KOPHSIX CUMOMOTHUECKHUH arapar.
Y pactenmii copra ['asisiek KomuecTBO KiIyOeHbKOB ObIIO Ha OZIHY TpeThb OoJblile, uem
y copta CobpuHH, U B [jBa pa3a bonbiue, uem y coptoB [Ipunste u CnaBsinka. Tak
KakK B3aMMHOe pacrio3HaBaHWe CUMOMOTHUEeCKOH TMapbl «pacTeHue — KiIyOeHbKOBast
OakTepusi» 1 MPOHUKHOBEHUE OaKTepuii B KOPHEBYIO TKaHb MPOUCXO/UT, B OCHOBHOM,
B KOPHEBOM BOJIOCKE, €CTh OCHOBaHHe MPe/TI0/IOKHTh, UTO YMC/I0 KODHEBBIX BOJIOCKOB
Ha 1 MM KopHs y copta ['aniek 6osbliie, ueM y apyrux coptoB. [Tocneayroiiee pa3BuTye
cruMbuo3a 1 (opMHUpOBaHKe MacChl KITyOeHbKOB, I/ie COIePKUTCS U IeHCTBYeT HUTPO-
reHa3HbI KOMIUIEKC B KOPHSIX KaXK/I0TO BHZA M cOPTa 6000BBIX pacTeHuUH, 3aBUCHT OT
ux 6uosnornveckux ocobeHHocTeli [5, 8]. Macca kKiybeHbKOB, T/pacT., IpUBejeHa Ha
puc. 2. HecMOTps Ha TO, YTO KOJIMYECTBO KITyOeHbKOB, 00pa30BaBIIMXCST HAa KOPHSIX
pacreHuii con copta ['anek, MpeBOCXOAUT KOIMYeCTBO KybeHbKOB copTa CobpHHH,
Macca KJyOeHbKOB Ha ero KOPHSIX CyIleCTBeHHO MeHbllle, ueM y copta CoOpuHu.

2.5

1.5

0.5

0.27
Mpunate lFannek CnaBfiHKa Co6pHHM

B wvionef/luly B ceHTabpb/September

Puc. 2. Macca Kﬂy6eHbKOB BO BpeMA BereTaumnm 'y pasimyHbix COPTOB COW, r/paCTeHme

15

15
1
- B 222 027

Pripyat Gallek Slavyanka Sobrini

B luly B September

Fig. 2. Weight of root nodules of different soybean cultivars during vegetation, g/plant
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Tur a3oTHOro MUTaHKsi 60OOBBIX PAaCTEHHI BIUSET HAa TPAHCHOPMALIMIO U TPAHCTIOPT
A30TUCTBIX COEAUHEHUM, a TAK)Ke SHEePreTHUYeCcKuii 00MeH B HUX. Bce 3TH mpotieccsr
TECHO CBsi3aHbI C (OTOCHHTE30M. B Halllem Mcc/ieloBaH|Y Ha OCHOBe aHajmM3a Cofiep-
)KaHWsI X7I0po(H/UIOB a U b cZlenaHa NorbITKa yCTaHOBUTD BIUSIHUE TIpe0b/1a/jaroltiero
THIA a30THOTO MMUTaHUs Ha COJIep)KaHUEe XIOPOGU/IIOB B IUCThSAX COM B KDUTHUECKHE
(ha3bl pa3BUTHs pacTeHuii cou: B a3y 1BeTeHus U (azy GpopmupoBanusi 6060B.

O6iiiee cozepkaHue XJ0pOo(UIIOB B pacTeHUsIX B (ha3y LiBeTeHHUs Ha Jie/ITHKaxX
C IprMeHeHreM OaKTepHaIbHOTO TIperapara He OT/IMYaeTCst OT COfepKaHust XJI0POGHIIOB
B pacteHusix 6e3 06paboTku. OJHAKO C/ie[yeT OTMETHTh, UTO COJePKaHHe XJI0POGUIIOB
B JINCTBSIX UHTPOAYLIMPOBAHHBIX COPTOB (M 0cobeHHO y copTa CobpuHM) OBLIO BbIILIE,
YyeM y MeCTHOr0 paioHMpoBaHHOro copta Ipurnsath (puc. 3).

1 16

14
12

- 10

coaepranme xaopoduaia,
mr/r cbiporo BeuecTsa

Mpunate 6/ol Npunate  Tannek6/o | [lannek  Cnasauka | Cnaeanka CoBpunm G/ol Cobpuun
6/o MHOKYIALMA MHOKYAALMA

B copepmanme xn a/chlorophyll-a content
W cogepmanme xn b| chlorophyll-b content

© Konmuectso knybenbkos/root nodules quantity

Puc. 3. 3aB1CHMOCTb cofiepyKaHus XNopodunoB a 1 b B pacTeHUsX CoM OT 06PabOoTKM CeMSsIH
PusotopdurHom B hasy LBeTeHns

[+] 1 2 3 4 5 6 7 8 9

R

zero  Rhizotorphin  zero  Rhizotorphin  zero  Rhizotorphin zero  Rhizotorphin

chlorophyll content, mg/g green matter

Pripyat Gallek Slavyanka Sobrini
m Chlorophyll-a content

m Chlorophyll-b content

@ Number of root nodules

Fig. 3. Effect of Rhizotorphin seed treatment (flowering period) on a and b chlorophyll content in
soybean plants

B ¢a3y obpa3zoBanust 6060B, Korjia MO>KHO TIPe/TIo/iaraThb, YT0 CMMOMOTHYE CKUI
arrapar pa3BHJICS MOJTHOCTbIO, Cpe/iHee KOJIMUeCTBO K/1yOeHbKOB COCTaBUIIO OT 63 [10
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130 wt./pactenue (cM. puc. 1). MakcumasbHOe Coiep>KaHre XJI0pOQU/IOB 00HApY>KeHO
y pacteHuii copta ["asiek, uTo MOKHO CBS3aThb C OO/BIIIMM KOTMYeCTBOM aKTUBHBIX KITy-
GeHBKOB Ha KODHSIX pacTeHHH 3Toro copra. MeHbliiee KOJTMYeCTBO KIyOeHbKOB 1 MeHbIIIee
cofiep>kaHue XJI0po(UIIOB BbISIBJIEHO B JIMCThSIX pacTeHuii copta [1pursite (puc. 4).
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Fig. 4. Effect of Rhizotorphin seed treatment (seed formation period) on a and b chlorophyll content
in soybean plants

OripezeneHuie 0011Iero CoZiepKaHusi XJI0PO(UIITIOB B JIUCTSIX CPaBHUBAEMbBIX COPTOB
COM B Pa3/MyHble CPOKHU MX BeTeTaluy M03BOJIsIeT OTMETHUTD ellle O[JHy UX 0COOeHHOCTb.
Y copra CobpuHuU coiepykaHue XJI0pOhHUIIIOB CHIKAIOCh B iepuo, ¢ 10 uross 1o 1 ceH-
Ts10ps1, TpUYeM Ha BapuaHTe 6e3 npuMeHeHust Pu3otopdrHa B MeHblIleli CTeTleH:, UeM
Ha Jie/ITHKaX C IPUMEeHeHHeM 3TOTro TiperapaTta (puc. 5). Y copta 'aniek B ceHTSIOpe
cojiepKaHue 3e/IeHbIX MUIMEHTOB CyIleCTBEHHO BO3POCJIO, UTO, BEPOSITHO, 00YC/IOB/IEHO
Oosiee aKTUBHO PabOTArOIIMM CUMOMOTUYECKUM amraparoM. Y copra [Ipunsrts copep-
)KaHue x/10podr/UIoB ObUIO Harbosiee HU3KUM. Bosee Toro, prMeHeHre UHOKY/ISILIAU
OTpHULIATe/TbHO CKa3bIBa/IOCh Ha CO/IePyKaHWHU XJI0POGH/IIOB. B 1aHHOM Cilydae MOXKHO
TIPe/ITIOJIOKUTh, UTO CUMOMOTHYECKUI arnrapar He c)OpMHUPOBAJICs, U GaKTepyuu Urpanu
PO/b WKIUBEHLIEB BO B3aMMOOTHOLLIEHUH C PACTEHHUEM-X035IMHOM (pHC. 5).
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Cobprnmvwosynsuvs - [, 1550,
Cobpurm 6/ 1413 1 oo
Crassrma nronynaumn L1279 4 61
Cnassnra 6/ [ 13
Tannex miokynsuvs [T 1789
rannex 6/o  [N1397 18
Npunsts wrokynsuws L. B:18 11 03
npunsts 6/0 - [T, 0

¥ oblee cogepmanne xaopodunna ceHTAGPL,Mr/T cblpoi Macchbl
Total chlorophyll, September, mg/g wet weight

H ofLyee coaepKaHne X10podunna uonb mr/ 1 cbipoii maccbl
Total chlorophyll, July, mg/g wet weight

Puc. 5. O6LLee coaepskaHne xnopodunnos B pacTeHUsIX COM B 3aBUCUMOCTU
0T 06paboTKN cemMsaH PnsoTophrHOM

sobrini inoculated [ 1920,
without treatment [N 1403 16 65

Slavyanka incculated  [IINL12.72 4 6y
without treatment _ ﬁ.ﬂ

Gallek inoculated [T Tge 789
without treatment  [II13-07 18

Pripyat  inoculated  [IL818., 11 03
without treatment _1%19

m Total chlorophyll, September, mg/g green matter

" Total chlorophyll, July, mg/g green matter

Fig. 5. Effect of Rhizotorphin seed treatment on total chlorophyll content in soybean plants

OG611iee coziep>kaHye XJI0POQUIIIOB B JIMCThSIX PACTEHUM COM 3HAUMTE/IBHO CBSI3aHO
C BBIHOCOM a30Ta ypoykaeM (ko3¢ duiipeHT Koppensiuu 1 ~ 0,67), uTo foKasbiBaeT 060-
IO[JHYIO CBSI3b YCU/IeHHS aKTUBHOCTH CUMOMOTHUECKOM a30TduKcaliiy 3a cueT CHabKeHUst
pacTeHui IpoAyKTaMu (poToCuHTe3a.

OTMeueHHYO BbIllle pa3HULY B COZlep>KaHUM XI0pPO(UIIIOB, KOJTMUECTBE U Macce
KTyOeHBKOB Ha PaCTeHHSIX, BeJIMUMHE U KaueCTBe TI0JIy4eHHOTO YPOoyKasi CeMsTH, MOXKHO
0OBSICHUTD Pa3/IMUHbIM MPOSIB/IEHHEM aBTOTPO(HOr0 U CUMOUOTPOHOrO TUIIOB a30T-
HOTO MUTaHUs paCTEHUM y UCTILIThIBAEMbIX COPTOB COM. B BapuaHTax € mpUMeHeHueM
PusotopduHa nprbaBka ypoykast CeMsiH cOCTaBJisiyia oT 15 10 76%, a UHTpOAyLIpyeMble
COpTa MpeBbILLAIN B YPOyKallHOCTH paliloHMpPOBaHHbIN copT IlpunsTts Ha 6...29%. [1pu
5TOM HauOOJIbILYI0 OT3BIBUMBOCTL Ha Pr3oTopduH nokasan copt CraBsiHKa, IPeBbICUB
ypO’Kaii Ha fiefisiHKe Oe3 Tiperapara Ha 2,2 T/ra, @ KOHTPOJIbHBIN copT Ha 3,4 T/ra (tabsn. 1).
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BnusHue o6paboTku ceMsiH cou PusotopgpuHom
Ha ypo)XalHOCTb COPTOB COMU, T/ra

Tabnmya 1

. OTKNOHEHUEe
CpeaHun 1o copTam OTKNoHeHue no coptaM | OTKNOHeHUe oT
CopTt ypOXKal, p B 3aBUCUMOCTU OT KOHTPO/IbHOIro
B 3aBUCUMOCTHU OT o o
T/ra MHOKYnauuu, % copTta,%
MHOKYNALuuuK, T/ra
3,1
Mpunatb 1 32,3
41
3,3 6,5
Fannex 1,2 36,4
45 9,8
2,9 -6,5
CnaBsiHKka 2,2 75,9
5,1 24,4
4,0 29,0
CobpuHmu 0,6 15
4,6 12,2
HCPO05 = 0,97
+ ceMeHa, 06paboTaHHble NpenapaToM «PU30TopdUH»,
— ceMeHa 6e3 06paboTKu
Table 1
Effect of Rhizotorphin seed treatment on soybean yield, t/ha
. Cultivars deviation Cultivars deviation i
. Average yield, R R Deviation from
Cultivar depending on depending on o
t/ha . R X L2 the control,%
inoculation, t/ha inoculation,%
3.1
Pripyat 1 323
Py 41
3.3 6.5
Gallek 1.2 36.4
4.5 9.8
29 -6.5
Slavyanka 2.2 75.9
5.1 24.4
4.0 29.0
Sobrini 0.6 15
4.6 12.2

+ seeds treated with Rhizotorphin
— seeds without treatment

LSD,,= 0.97 t/ha

O600IIIeHHBIM Pe3y/ILTaTOM BIUSIHUSI 00pabOTKU ceMsiH cou Pu3otopduHoM Ha ¢hu-
3M0JI0TMUeCKOe COCTOSIHME PaCTeHUM COM, OL|eHHBaeMoe I10 COZIePXKaHUI0 XJI0POGUIIIOB
B JINCTBSIX U KOJIMUECTBY KTyOEHHKOB Ha KOPHSIX, SIB/ISIETCS HAKOTIEHHEe OHOIOrYeCKOro
a30Ta B ypokae CpaBHUBaeMbIX COpToB (Tabs. 2).
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Tabnuya 2
Cop.ep)KaHMe a30Ta B ceMeHax COVI,°/o, 1 BblHOC a30Ta C ypo)XkaeM ceMsH
Copt N,% cp. B ceMeHax Ypoxkai, Kr/ra BbiHoc asora ¢ ypoxaem
ceMsH, Kr/ra
MNpunaTb 6/0 3,5 3100 109
MpunaTb pu3oTophuH 4,0 4100 164
Fannek 6/o0 4,3 3300 142
lFannek pusoTtopduH 5,6 4500 252
CnaBsHKa 6/0 4,2 2900 122
CnaBsiHKa pu3oTophuH 5,0 5100 255
Co6puHu 6/0 4,8 4000 192
Co6puHM pu3oTOpHUH 6,4 4600 294
Table 2
Nitrogen content in soybean seeds,%, and nitrogen removal by seeds
Cultivar N,% Yield, Nitrogen removal by seeds,

avg.in seeds kg/ha kg/ha
Pripyat without treatment 3.5 3100 109
Pripyat Rhizotorphin 4.0 4100 164
Gallek without treatment 4.3 3300 142
Gallek Rhizotorphin 5.6 4500 252
Slavyanka without treatment 4.2 2900 122
Slavyanka Rhizotorphin 5.0 5100 255
Sobrini without treatment 4.8 4000 192
Sobrini Rhizotorphin 6.4 4600 294

Pe3ynbrarhl ucciefoBaHu NOATBEPAUIN 3HAUUTEBbHYIO CBSI3b [IBYX Ba’KHBIX
(hb13M0IOTHYe CKHX TIPOLIeCCOB — (hOTOCHHTE3a U CUMOMOTHUEeCKOU a30TduKcarmu 60-
OOBBIX pacTeHUM, KOTOpasi OTMeuasiach B pabotax 3apyoekHbIXx aBTOpoB [9—13]. ITpu
9TOM CTeleHb MPOSIBJIEeHUS] TUX MPOLeCCOB SIB/ISIETCS] XapaKTePHUCTHUKON KOHKPETHOTO
BbIpAII[MBAEMOr0 COPTa, Kak OTMeueHo, Haripumep, B [2, 11, 13].

3aksnoyeHue

B Hatiem uccie[oBaHUH JJaHa OlIeHKA MHTPOAYLIMPOBAaHHBIX COPTOB COM I10 CO/ep-
YKaHHIO XJIOPOGU/IIOB B JIUCTBSIX PACTEHUH, 110 KOJTMUeCTBY KITyOeHBKOB Ha KOPHSIX COH,
HAKOTUIEHHIO O0IIIero a30Ta B CeMeHax Kak B3aMMO3aBUCHMbIX ITOKa3aresiel, XapaKTepu-
3yroIuX 3 (eKTUBHOCTL CMMOMO03a. YCTaHOB/IEHO, UTO MeCTHBIN copT [IpHTISITh, UCIIONb-
3yeMblii B KaueCTBe KOHTPOJISl, MaJI0 OT3bIBUMB Ha MHOKYJIAL[UIO CEMSTH Tiepe[] TOCEBOM.
O6paboTka ceMsiH HHTPO/YLMPOBaHHbIX COPTOB «Pu3otopdrHom» criocobeTBoBana
TIOBBIIIIEHUIO COZIePYKAHUSI X/IOPO(UIIIOB B JIUCTHAX, POPMUPOBAHHIO OOJIBIIIETO UKC/Ia
K/TyOeHbKOB Ha KOPHSIX, 0becreurBasia J0CTOBEPHYIO MPUOABKy ypoxKast U, KaK 001U
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pe3y/bTart, HakoryieHHe OoJIbIIero KoMuecTBa 6ronornueckoro a3orta. C yueTom Bcex
JTHX TI0Ka3aTesiel MHTpoAyLupyeMble copta cou ['annek, CraBsiHka 1 CoOpyHU MOTYT
OBbITH PEKOMEH/I0BaHbI il MacIITabHOM MHTPOYKLIMH B paiiOHaX BbIPAL[BAHUS COU
Ha 3ems1siX Tepputopun Pecniyonviku benapyce.
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AmnnoTtanus. Llens ycciiefioBaHYs COCTOsIA B U3yUeHUY CyMMapHOTo cofiepykaHust aHTHoKcraHToB (CCA)
B Hal[OHA/IbHOM XaKaCCKOM MPO/yKTe Ta/iraH Ha OCHOBe 3epHa oBca. TasiraH M3roTap/rBay Mo TPaAULIMOHHOMY
(obkaprBaHMe, M3MeJTEIeHNe) M MHHOBALMOHHOMY (M3MesisueHre, obkapruBaHue) criocobam. B maHHOM cepyn
OTIbITOB MCITO/Ib30BA/IM TPU COPTA 0BCA: ApryMeHT U TyOHUHCKHUIA, TI0 THITY 3ePHOBKH OTHOCSILLIMECS K T/IeHYaThIM
topmawm, T'oner;— K ronosepHsIM. Bee 06pasiib! BeIparBammchk Ha Tepputopu belickoro roccoproydacTka Pe-
crry6miky XakacHst, KoTopasi XapakTepu3yeTcsi 6/1aronpHsTHBIMA KITMMaTHIeCKAMH YC/IOBHUSIMH C TIO3ULMH BbIpa-
IIMBaHMS 3epHA C TIOBBIIIIEHHBIM COflep’KaH1eM aHTHOKCHAHTOB. [11s1 onpefiesiennsi CCA B 3epHe UCIIONB30BaIN
2 pacTBopuTeist: GMANCTHTMPOBaHHY 0 Boay 1 70%-ii aTaHos. Viamepenrie CCA BbINOHsM Ha ipubope «LiBeT
Sly3a-01-AA». B kauecTBe o6pasLia CpaBHEHMs UCTIO/b30BaIM [a//IOBY0 KUC/IOTY. B OBCSIHOM TasraHe, M3roToB-
JIEHHOM T10 TPaJMIIMOHHOMY CIOCO0y U3 MyieHuaThIx 06pasLioB, CyMMapHOe CofiepyKaHHe aHTHOKCH/IAHTOB UMeo
Goree BBICOKOE 3HaUeHHe, YeM B CXOJHOM 3epHe /10 00pabOoTKH (He3aBHUCHMO OT IPUPO/bI /TI0EHTA), @ B C/Iydae
TIpYMeHeHus roji03epHoro obpasiia Habsrozianack obparHast TeHAeHLs. boree BbICOKHMe roKasareny Cpejy Beex
006pa3sLioB ObIIM 3aperrCTPUPOBaHbI IPH UCI0/IH30BaHUH B KaUeCTBe 3/TF0eHTa ropsiueld OunCTH/IIMPOBAHHON
BOZibl. IIprMeHeHre MHHOBALMOHHOTO criocoba U3roTOB/IEHMs Ta/lraHa MoKasasio, YTo CyMMapHOe CofiepyKaHue
AHTHOKCH/IAHTOB Y BCceX 00pa3iioB viMesio Gosiee BHICOKHE 3HaUeHHsT B CDABHEHWH C TPAAWIIMOHHON METOZIMKOM.
C nomo1bi0 Tpex(haKTOPHOTO aHa/IM3a yCTaHOB/IeHO, UTo 3HavyeHHst CCA B OBCSIHOM Ta/IraHe Ha JiBe TPeTH 3aBUCSAT
OT criocoba U3roToB/IeH s POJYKTa, BKJIaZ, IIPUPO/bl DPACTBOPUTEISI ¥ TeHOTHIIA 3HAUUTE/IbHO MEHBILIE.
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Abstract. The purpose of the study was to analyze the total content of antioxidants (TAC) in the national
Khakass product talgan consisted of oats grain. Talgan was prepared according to traditional (frying, grinding)
and innovative (grinding, frying) methods. In this series of experiments, three oat cultivars were used: Argument
(chaffy caryopsis), Tubinsky (chaffy caryopsis) and Golets (bare-grained). All samples were grown on the
territory of the Beysk state section of the Republic of Khakassia, which was characterized by favorable climatic
conditions for growing grain with a high antioxidant content. For TAC determination in grain, 2 solvents were
used — bidistilled water and 70% ethanol. The TAC measurement was performed on ‘Tsvet Yauza-01-AA’. Gallic
acid was used as a reference sample. In oat talgan, prepared according to the traditional method from chaffy
caryopsis samples, the total content of antioxidants had a higher value than that before processing (regardless
of the nature of eluting solvent). However, the opposite tendency was observed in the case of bare-grained
sample. Higher rates among all samples were recorded when using hot bidistilled water as eluting solvent. The
use of innovative method for production of talgan showed that the total content of antioxidants in all samples
had higher values in comparison with the traditional method. Using a three-factor analysis, it was found that
the TAC values in oat talgan were two-thirds dependent on the method of preparing the product; solvent nature
and genotype affected much less.
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BBepeHue

OpHUM 13 Ba)KHBIX HarlpaB/eHU Pa3BUTHSI POCCUICKON TTUIIeBOM NPOMBbIIIIEHHO-
CTH SIBJISIETCS] PaCLIMPEeHUE aCCOPTUMEHTA (PYHKLIMOHA/IbHBIX MPOJYKTOB ITUTaHUS [i/1s1
HaceJIeHUs1 CTPaHbI, Cie/loBaTe/IbHO HeO0OX0AUM MOUCK COOTBETCTBYIOLIUX IMUIIEBBIX
HUCTOUHUKOB. CerofiHs moTpebuTesy MpeabsiB/ISIOT K TIPOJJOBO/ILCTBEHHBIM MIPOAYKTaM
BBICOKHE U pPa3HO0Opa3Hble TpeOOBaHusl, I03TOMY, UTOOBI OBITH KOHKYPEHTOCTIOCOOHBI-
MU Ha I10JIKax Mara3svHoOB, NIPOJYKThI [JO/DKHBI, BO-TIePBbIX, COOTBETCTBOBATh BKYCOBBIM
OXKUJAHUSIM TT0TpebuTesiel, BO-BTOPBIX, ObITH TI0/Ie3HBIMU U (DYHKL[MOHA/TBHBIMHY, T. €.
npe/JHa3HaueHHbIMU /1S CHCTeMaTHueCKOTro 1oTpebsieHust BCeMH BO3PaCTHBIMU IPyTIIaMy
3m0poBoro HaceneHust. HayuHo 060CHOBaHO, UTO BK/TIFOUeHHe B JUeTy (QYHKIMOHATbHBIX
MPOJYKTOB MUTAaHUs CIIOCOOHO CHU3WUTh PUCK Pa3BUTHUS PsiZia 3a00/1eBaHUM, COXPAHATh
Y yAyulllaTh 3/0POBbE 3a CUeT Ha/IMuMs B UX COCTaBe, HalpyuMep, MUIeBbIX BOJIOKOH,
BUTaMHUHOB, OeTalHOB, aHTUOKCHUAAHTOB. OZHUM 13 Ba)KHBIX MTOKa3are/ielikayecTsa M-
I1IeBbIX TIPOAYKTOB ¥ MHIPe/IMEHTOB BLICTYIIAeT X aHTMOKCHAaHTHAs akTUBHOCTG [ 1, 2].

[Tpu u3yueHnn ypoBHs 0011el aHTHOKCUJAHTHOW aKTUBHOCTH LIe/TBHOTO 3epHa KYKY-
PY3bl, OBCQ, MIIIEHULIbI U prica ObIJI0 YCTaHOB/EHO, UTO Y KyKYPY3bl JaHHBIN IMOKa3aTe/b
nMeJ1 3HaueHre 181,4 mkmosb BUuTamMuHa C 9KB/T 3epHa, MileHulsl — 76,7, oBca— 74,7,
puca— 55,7 [3]. Kak u3BecTHO, 3HaUUTeIbHAst YacTh (heHOMbHBIX COeJUHEHUH B 3epHe
HaxoAUTCs B CBsi3aHHOM Bu/e (85% B 3epHe KYKypy3bl, 76% y mieHulibl, 75% y oBca,
62% B 3epHe puca) [4]. iMeHHO cBsi3aHHbIe (heHOIbHbIE COeTUHEHUsI BHOCAT OCHOBHOM
BKJ/1a/l B aHTUOKCH/IAHTHYH0 aKTUBHOCTH 3epHa [3, 4].

[Tpu cpaBHEHWH 110 HATMUMIO (DeHOJIOB FOTOBBIX K YTIOTPeO/IeH IO 3ePHOBBIX MPOYKTOB
C OBOIIaMH U ()pyKTaMH ObIJI0 YCTAHOB/IEHO, UTO peKOMeH/IyeMasi TIOPLIYS 1Ie/TbHOTO 3epHa
3/1aKOB /IaeT CYII[eCTBeHHO 00sibIliee KOIMUEeCTBO CBA3aHHBIX (DEHOJIOB, KOTOPbIE IOCTYITHBI
Ju1si 0OMeHa BeleCcTB B TOJICTOM KHILKe [5]. YpoBHM cofeprkaHust omdeHo0B 1 001ias
AHTHOKCH/IAHTHAs1 CIOCOOHOCTD B cpeiHel nopiyu (40 T) 3epHOBBIX 3aBTPAKOB Ha OBCS-
HOM OCHOBe ObUIM COTIOCTAaBUMBI C TAaKOBBIMH, BBISIBIEHHBIMH B OBOILI[AX U QpyKTax [6].

Kpome Toro, ceropHsi akTUBHO pacCMaTpUBAIOTCSI pa3/IMuHbIe acreKThl fepepa-
OOTKM 3epHOBOTO ChIPbsS C L|e/IbI0 TTOJTYYeHHsI MYKHU C Y/TyUIlIeHHOW aHTUOKCUJAHTHOU
aKTMBHOCTBIO M O0J1ee BLICOKUM CyMMAapHBIM COZiepyKaHWeM (hDeHOTbHBIX COeIMHEHUM
MyTeM CMellMBaHWsl pPa3/TMUHbIX TUTIOB 3epPHOBBIX (pakijuii [7, 8]. YcraHOBNIeHO, UTO
oTpyOHu, MosiyueHHbIe U3 3epHa pUCa, MILIeHULIbI, 0BCa, SUMeHs, cofieprKaT (eHO/IbHbIe
KUC/I0THI ((pepyroBast KucaoTa), (hiaBOHOW/IbI (AHTOLMAHBI ), BUTAMUHBI (KADOTUHOU/IBI,
TOKOJIbI) ¥ ipyTue coequnenus [9]. Xe0, U3roToBaeHHbIN U3 TAKUX OTPYOeH, OT/IMUasics
TMOBBILLIEHHBIM YPOBHEM aHTHMOKCUJAHTOB [10].

HartmoHasibHbIe 07110714, KaK TIPABUJIO, UMEIOT B CBOEM COCTaBe K/TFOUEBOH IMUILIEBOM
KOMITOHeHT. K riprmepy, B HEKOTOPBIX XaKaCCKMX HaIJMOHAIBHBIX O/TF0/laX MCIOIB3YIOT
ob>xapeHHOe U OTIpe/ie/ieHHbIM 006pa3oM H3MeJTbueHHOe 3epHO IIleHHI[bl. MHOTHe coCTaB-
JISTFOITIVE HalJMOHA/ILHOM KyXHU Ha CerofIHSIIIIHUM JIeHb Tepeliid B KaTeroputo (yHKIMO-
HaJIbHBIX TIPO/YKTOB MTUTaHUsI, YTO MOXKHO OOBSICHUTH He TOJIbKO UX BBICOKUMU BKYCOBBIMHU
KaueCTBaMU, HO U TI0/Ie3HBIMMU [1/151 3]0POBbsI CBOMCTBAMHU, TIOATBEPKAEHHBIMUA HAyUHBIMHU
WCCJIeI0BaHMSIMM, HAarpUMep, KUC/IOMOJIOUHbIe IPOAYKTHI (akipaH, Mbi3bliax, MOTXbI v Ap.) [11].

[IT1poKo 13BECTHO, UTO 3ePHO OBCA MMeeT BbICOKYIO ITUTAaTe/IbHYHO0 LIeHHOCTb, COLEePKUT
HeHachIII|eHHbIe KUPHbIe KUCTIOThI, OCHOBHBIE MUHepa/IbHbIE 371eMeHThI, Oe/ky 1 beTa-T/io-
KaHblI (CaMble BHICOKHE YPOBHH CPe/IM 3ePHOBBIX 3/1aKOB), @ TAK)KE XapaKTepU3yeTCs Ha/lu-
yrieM pa3HO00Pa3HBIX XUMUUECKHX BEIIIeCTB, TIPOSIB/ISFOIUX aHTUOKCUIAHTHBIE CBOMCTBA.
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HEJ'H: HCC/1e0BaHUA 3dK/THOUa/1dCh B dHAJ/IM3€ CYMMdPHOI'O COAepPKdHHA aHTUOK-
CUAAHTOB B HALIMOHA/IbBHOM XdKACCKOM IPOAYKTE — Ta/IFdHE Hd OCHOBE 3€pHA OBCa,
MOJIy4YeHHOM TPpaJIMIIMOHHBIM U MHHOBALITMOHHBIM criocobamu.

MaTepuanbl 1 MeTOAbI UCCNIef0BaHUSA

OOBeKTOM HCCIeJOBaHUS CTY>KUIM 00pa3iibl TalraHa, U3rOTOBJIEHHOTO U3 00-
YKapeHHOTO 3epHa OBCa Pa3/IMYHBIX COPTOB (Tabs. 1). OHU ObLIM BBIPALL[EHBI HA TEP-
putopuu belickoro roccoproyyactka PecriyOomuku Xakacusi, pacriofioyKeHHOU B 30He
CTeT TIpeIropyuii Ha OOBIKHOBEHHBIX U FXKHBIX YepHO3eMaX. [JaHHast TeppuTOpus
XapaKTepu3yeTcst 61aronpUsATHBIMY KJIMMaTH4Ye CKUMH YC/IOBUSIMU /IS BBIPAIIIMBAHKS
3epHa C TOBBILIEHHBIM COZlepXKaHUeM B HeM aHTHMOKCHAaHTOB [12]. CopTa AprymeHT
1 TyOUHCKMIA 110 TUITY 3epHOBKH OTHOCSITCS K TIeHYaThiM hopmam, T'omer] — K rosio-
3epHbIM. [1pO/I0/DKHUTEIEHOCTD BereTal[MOHHOTO Tlepro/ia y UCCeayeMbiX 00pasijoB
Oblsa MpPaKTUYeCKU OfIMHAKOBA.

Tabnuua 1
XapaKTepI/ICTVIKa COpPTOB OBCa, UCNOJIb3yeMbIX NPU N3roTOB/IEHUN TaJIraHa
PasHoBug- Macca BereTaLuoHHbIi Cpeauss
Ne Copt A 1000 u o YypOXanHOCTb, | YpOBeHb yCTONYMBOCTM
HOCTb nepwvoa, AHe
3epeH, I u/ra
K noneraHuto —
Bbille cpeaHero.
1 AprymeHT MyTuka 36...45 75..96 52,4 3acyxoycTonumBoCTb
HeCKOJIbKO ycTynaeT
cTaHpapTam
K noneraHuto —
2 | Ty6uHckuit | MyTuka 34..41 71..89 30,1 CPEAHAS.
3acyxoycToMunBOCTb
Ha ypoBHe CTaHAapToB
K noneranuto
3 loney WNHepmuc 20..27 73..92 17,2 1 3acyxe — Ha ypoBHe
CpeAHUX cTaHAapToB

Table 1

Characteristics of oats cultivars used for talgan production

1000 Vegetative

o .
N Cultivar Type seedweight, g | period, days

Yield, c/ga Sustainability level

To lodging — above average.
1 Argument | mutica 36..45 75..96 52.4 Drought tolerance somewhat
inferior to standards

Average lodging tolerance.

2 Tubinsky mutica 34..41 71..89 30.1 Standard drought tolerance

Standard lodging and drought

3 Golets inermis 20..27 73..92 17.2
tolerance
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OBCsHBINM TaJIraH TOTOBWIH BYMs criocobamu. TTepBbiii — TpaUIIMOHHBIN (ITpO-
TOTHUIIOM $IBJISIETCS] U3TOTOB/IEHHE XaKaCCKOT0 Hal[MOHABHOTO O/1F0/ja — STYMEHHOTO
U TIIeHWYHOT0 TaJiraHa), T7je Ha TIePBOM 3Tarie POMU3BOANIN TepMUYeCKy0 00paboTKy
3epHa OBCa C MOC/IeyIOLIUM ero u3MesbueHreM. [1pesBapuTesbHO 3epHO OBca ¢ 060-
JIOUKOM (ec/u 3TO TyieHuYaTast (hopma) MofiBepraiv OUMCTKe OT IOCTOPOHHUX TTPUMeCeH,
3aTeM 3epHO TO/iBepraiu TepMuueckoii oopaborke (06kaprBanu) Ha MpoTsbkeHuH 10
MuH nipu 150 °C; manee ox/naxkgaay U u3Mesibuand 0 pasmepa yactuy 0,25...0,7 mm.
K gocrouHCcTBaM [JaHHOTO Crioco6a MO>KHO OTHECTH OTHOCHUTE/TbHYIO TIPOCTOTY U3T0-
TOBJIEHUS MPO/IyKTa, K HeJJ0CTaTKaM — JIJTUTe/IbHYI0 TepM00OpaboTKYy, TPUBO/SILYIO
K UaCTUUHOMY pa3pylleHHto OM0/IOriyeCcKy akKTUBHBIX BelljeCTB, MUKPO- U MaKPOHYTPU-
eHTOoB 3epHa. [To3TomMy B paboTe MbI HCII0/Ib30Ba/IA eI1je OJWH BapHaHT U3TOTOBIEHUS
OBCSIHOTO TajraHa, npejnokeHHbiit 1. M. Bopogymuaeiv, M. T. [llyn6aeBoit u fp., ipu
KOTOPOM MEHSI/ICSl TIOPSIZIOK eHCTBUIA: CHauasia 3epHO MU3MeJbuasiy, a 3ateM ero obpa-
OarbiBasii Tepmudecku [11].

OmnpefienieHre CyMMapHOTo coep>kaHust aHTuokcuzanToB (CCA) B mpobax oB-
CSIHOTO Ta/IraHa MPOBOAWIU B CAeAYIOLel Toc/ae0BaTe/IbHOCTH: Ha epPBOM JTarle
T0JIy4asiv BOAHbBIN U BOJHO-CITUPTOBOM 3KCTPAaKT, (PUIBTPOBAJIH, a 3aTeM C MOMOLLIbIO
nipubopa «1Bet fy3a-01-AA» u3Mepsiyi CyMMapHOe Cofiep>KaHre aHTHOKUZAHTOB [13].
[ToBTOpHOCTH M3MepeHusl TpexKparHasi. [JoCTOBepHOCTb pe3y/bTaToB OL|eHUBa/IU I10
t-kputeputo CterofeHTa npu p < 0,05.

CrarucTrueckast 00paboTKa pe3y/bTaToB Obljla BBINOHEHA C ITOMOIIIBIO [POTPAMMBI
o6paboTku fanHbIx noseBoro oreita FieldExpert v1.3 Pro [14] u MicrosoftExcel 2003.

Pesynbratbl 1 o6cyxaeHue

I[Tpu ucce0BaHUY OBCSIHOTO TajIraHa, U3rOTOBJIEHHOTO 10 TPAIULIMIOHHOMY CII0-
co0y (Tepmuyeckast 06paboTKa — M3MebueHHe), ObIJI0 YCTaHOBJIEHO, UTO HAUOO IbIlIee
3HaueHre CCA HabmozaeTcst B 0Opasiie TairaHa, ojyueHHOM U3 3epHa COpTa AprymMeHT
(Tabsn. 2). IHTepeCHO OTMETHTB, UTO B Ta/raHe U3 T/IeHYaThIX 00pa3LioB OBCa CyMMapHOe
cofiep>KaHe aHTHOKCH/IAaHTOB B TIPOZAYKTe UMesio 6osiee BLICOKOe 3HaueHue 1o CpaBHe-
HUIO C UICXOJHBIM 3ePHOM ZI0 ero 00paboTKy (He3aBUCHMO OT TIPUPO/bI 3Mr0eHTa). [1pu
HCII0/Th30BaHUU TO/I03epHOT0 00pas3ija Hab/moAanu 00paTHYI0 KapTHHY — CHIDKEHHE
COZiep>KaHUsT aHTUOKCHUJAHTOB B TMPOAYKTe TpakTHuecku Ha 5%. I1pu 3Tom Gosee BbI-
COKHe TIOKa3aTe/u ObUIM 3aperrucTPUPOBaHbl, KOT/ja B KaueCTBe 3/TF0eHTa TIPUMEeHSITH

TOpSIUyI0 OUJUCTUITMPOBAHHYO BOJY.
Tabnuya 2

CymMMapHoe cofiep)KaHue aHTUOKCUAAHTOB B OBCAHOM TaJiraHe, U3roTOBJ/IEHHOM MO
TPaAULMOHHOI TEXHOJIOrUK
(TepMuyeckasn o6paboTka — M3MenbuyeHue)

Copt oBCca
AntoeHT
ApryMeHT | Ty6UHCKUIA | Foney,
AHTUOKCUAAHTHasA aKTUBHOCTb 3epHa A0 06pa6oTku, mr/100 r
Boga 6uaucr. 46,510,2 a* 39,140,56 49,330,5B
70% cnupTt 45,0£0,3 a 34,140,5 6* 45+0,3 a*

CROP PRODUCTION 23



CymuHa A.B. u dp. Bectauk PYJH. Cepust: ArpoHoMust U KUBOTHOBOZCTBO. 2019. T. 15. Ne 1. C. 19-29

OKoHYaHue Tabnunubl 2

- Copt oBca
AprymeHT Ty6uHCKMiA | loney
AHTUOKCUJAHTHaAsA aKTMBHOCTb 3epHa nocne o6pa6boTku (TanraH), Mr/100 r
Bopa 6uancrt. 50,510,6 a* 40,4t0,4 6 48,610,4 a
70% cnupt 46,210,5 a 37,210,3 6* 4140,6 B*
N3MeHeHue nokasartens (+/-),%
Boga 6uaucr. 8,6 3,3 -1,4
70% cnupt 2,6 9,1 -9,8

MpumeyaHue. CpeaHsa apudmeTmyeckasn BeiMUMHa M ownbKa cpefHel; 3HaYeHUst B KOJTOHKaxX C pasHbiMuy
6yKBaMW pasnunyaloTcs CyLeCTBEHHO MexAay cobol B npeAenax KaXaomn cTpoku no t-kputeputo npu p < 0,05;
*3HaYeHUss MeXAy BapuaHTaMu pasnnyaloTcs CyLeCTBEHHO Mexay Co60i B Npefenax KaXAow KOJIOHKK
no t-kputepwuto npu p < 0,05.

Table 2

Total content of antioxidants in oat talgan prepared according to traditional technology
(heat treatment — grinding)

Eluting solvent Oat <.:ultivar
Argument | Tubinsky | Golets
Grain antioxidant activity before treatment, mg/100 g

Bidistilled water 46.5%0.2 a* 39.120.5b 49.3+¥0.5¢

70% alcohol 45.0¢0.3 a 34.1+0.5 b* 4510.3 a*
Grain antioxidant activity after treatment (talgan), mg/100 g

Bidistilled water 50.5+0.6 a* 40.4+¥0.4b 48.6%0.4 a

70% alcohol 46.240.5 a 37.240.3 b* 4140.6 c*
Indicator change (+/-),%

Bidistilled water 8.6 3.3 -1.4

70% alcohol 2.6 9.1 -9.8

Note. Arithmetic mean and mean error; values in columns with different letters differ significantly among themselves
within each row according to the t-criterion at p < 0.05; * the values between the variants differ significantly among
themselves within each column according to the t-criterion at p < 0.05.

[Tpu M3roTOB/IEHUU Ta/ITaHA B MHOW TEXHOJIOTHYeCKOU T0C/Ie/[0BaTe/IbHOCTH, KOrjja
CHauasia u3MeJibuasii 3epHO, a 3aTeM TPOBOJU/IM TeEPMIUYeCKYt0 00paboTKy yrke U3Meslb-
YEeHHOTO 3epHa, CyMMapHOe COZlep>KaHue aHTUOKCHJAHTOB B IIPOJYKTe MMeJIo JOCTO-
BepHO 0o0Jiee BHICOKHE 3HAUE€HUs B CPaBHEHWH C TPAJMLMOHHOW MeToAuKoM (Tabs. 3).
[ToguepkHeM, uTO BCe 0Opas3iibl TajaTaHa, BK/IHOUast U3TOTOBIEHHBIN U3 TOJI03ePHOTO

OBCa, UMeJIU TIocjie epepaboTKu 6osee Beicokue 3HaueHusi CCA. TIpu aToM cpefiHee
yBenuueHne CCA B OBCIHOM TajraHe C UCMO0JIb30BaHUEM B KaueCTBe PaCTBOPHUTES
OUIUCTUTUPOBAaHHOM BoZbI U 70% 3THUIOBOTO CMIMPTa COCTABUIIO COOTBETCTBEHHO 24,1
u 20,7%. [JaHHBIN SKCIIePUMeHTaIbHBIN (aKT yKa3bIBaeT Ha TO, UTO (DyHKIJMOHAIbHbIE
CBOMCTBAa MNPOAYKTA, MOJIy4YeHHOI0 Ha OCHOBE 3epHa OBCa, He TOJIbKO He CHU3WJIWCh
B TIPOL{eCCe TepPMUUeCKOi 00paboTKM, @ HA0OOPOT CTaH CyIleCTBEHHO BBIIIIE.
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Tabnuya 3
CymmapHoe cogepxXaHme aHTUOKCUAAHTOB B OBCAHOM TaJiraHe,
W3roToBJIEHHOM MO HOBOMW TEXHOJIOTUU
(u3menbyeHne — TepMuyeckasn o6paboTKa)
BNtoeHT Copt oBCca _
AprymeHT | Ty6uHcKMi | loney,
AHTMOKCUJAHTHasA aKTUBHOCTb 3epHa 10 06pa6oTku, Mr/100 r

Bopa 6upgucr. 46,5+0,2 a* 39,1+0,5 6* 49,310,5 B*

70% cnupT 45,010,3 a* 34,1+0,5 6* 4510,3 a*

AHTUOKCUJAHTHaAsA aKTUBHOCTb 3epHa nocne o6pa6boTku (TanraH), Mr/100 r

Bopa 6uauct. 56,6+0,5 a* 60,3%0,3 6* 61,1%0,6 6*

70% cnupT 53,8+0,4 a* 44,310,4 6* 58,2+0,6 B*

WameHeHue nokasatens (+/-),%

Bopa 6ugucr. 21,7 54,2 23,9

70% cnupT 19,6 29,9 29,3

MpumeyaHue. CpeaHsa apudmeTmyeckasn BeMunHa 1 ownbka cpefHel; 3HaYeHUsi B KOJTOHKaxX C pasHbiMu
6yKBaMM pasiMyaloTCAa CyLLeCTBEHHO MeXay co60i B nMpefenax Kax Ao CTpoku no t-kputeputo npu p <0,05;
*3HauyeHWa MeXAy BapuaHTaMu pas3nnyatoTcs CyLLLeCTBEHHO MeXay CO60M B npefenax Kaaon KONoHKK no
t-kpuTteputo npwm p <0,05.

Table 3
Total content of antioxidants in oat talgan prepared according
to the new technology (grinding — heat treatment)
Oat cultivar
Eluting solvent -
Argument | Tubinsky | Golets
Grain antioxidant activity before treatment, mg/100 g

Bidistilled water 46.510.2 a* 39.1+0.5 b* 49.3%0.5 c*

70% alcohol 45.0%0.3 a* 34.1+0.5 b* 45+0.3 a*

Grain antioxidant activity after treatment (talgan), mg/100 g

Bidistilled water 56.6%0.5 a* 60.3£0.3 b* 61.1£0.6 b*

70% alcohol 53.810.4 a* 44.310.4 b* 58.210.6 c*

Indicator change (+/-),%

Bidistilled water 21.7 54.2 239

70% alcohol 19.6 29.9 29.3

Note. Arithmetic mean and mean error; values in columns with different letters differ significantly among themselves
within each row according to the t-criterion at p < 0.05; * the values between the variants differ significantly among
themselves within each column according to the t-criterion at p < 0.05.

3ameTuM, UTO B OT/IMUME OT MePBOro (TpaMLIMOHHOr0) criocoba, 06paser] OBCSHOTO
Ta/iraHa, U3rOTOBJIEHHBIN 110 HOBOM TEXHOJIOTHU U3 TOI03ePHOT0 COPTa, UMeJl He MeHb-
niee 3HaueHre CCA, yeM mosyueHHble NPOAYKTHI U3 I7IeHYaThIX (hopM.

Ha cniepyrortiem 3Tare mcciiefioBaHus, UCTIONb3Ys TPex(haKTOPHbIN aHaIu3, yCTa-
HOBWJ/IM 3aBUCUMOCTH 11oKa3aresss CCA oT BapyaHTa U3r0TOBJIEHUs Ta/lraHa, IPUPOAbI
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3/1I0eHTa U reHoTuUIa. [ToyyeHHbIe JaHHbIE TIPUBEeHbl HA PUCYHKe. MO)KHO BU/IETh,
yto 3HaueHWss CCA B OBCSIHOM TajlraHe Ha /IBe TPeTH 3aBHUCE/U OT Criocoba U3roTosie-
HUS TIPO/IYKTa, TPH 3TOM BKJ/Ia/] IPUPO/bI PACTBOPUTEJISI U TeHOTHIIA ObLT 3HAUMTETbHO
MeHblIle. Ha fnosto octanbHbiX (hakTOpoB NMpULLIOCh Beero 8,4%. VX B nopsijke yMeHb-
IIIEeHHSI MOXXKHO PacCTiOIOKUTh C/IEYIOIUM 00pa30oM: «3/TFOEHT XT€HOTHIT X Criocob» >
«CIOCO0 XTEHOTHUITD» > «3JTFOEHT XTeHOTUID» > «3JTFOEHTX CIIOCo0».

@ 5TE0eHT

croco®

N FeHOTIOT

B 3TE0€HT * CIOC0G
B 5TE0eHT * [eHOTIOT
B rocod * TeHOTIIT

B SIF0EHT © CII0CO0 * TeHOTIT

BnvsgHue yCJ'IOBVIVI N3roToB/IEHNA OBCAHOIO TaJlraHa Ha CyMMapHOe CoAep >XaHne
B HEM aHTUOKCNOAHTOB

O eluting solvent

@ technology

m genotype

O eluting solvent x technology
@ eluting solvent x genotype
@ technology = genotype

@ eluting solvent x technology =
genotype

Influence of preparing conditions on the total antioxidant content in oat talgan

Cerogust ocob0e BHUMaHHe UCC/e/loBaTeeld COCPeJOTOUEHO Ha U3B/I€UeHUH aHTH-
OKCH/IaHTHBIX COeIMHeHUH (B 0CHOBHOM TOM(EHONO0B) U3 HeJJOPOTHUX PaCTUTETbHBIX
HWCTOYHUKOB [5], K KOTOpPbIM MOXXHO OTHECTH 3epHO OBca. L]e/lbHO3epHOBBIE OBCSIHBIE
KPYTIbI SIBJITFOTCSI XOPOIIIMM MUCTOUHMKOM MHOTHX aHTUOKCH/IaHTOB: BUuTamuHa E, dhosme-
BOM KMCJIOTBI, ()eHOMbHBIX COeIMHEHNH, KADOTUHOUOB, PUTHHOBON KUC/IOTHI, TIPYA 3TOM
B TIpOLIeCCe MUITIeBapeHHst UX aHTHOKCH/IaHTHast ClIoCOOHOCTh yBenuurBaeTcs. Kpome
TOr0, TI0 MATAaTeIbHOCTHU 1 KaJIOPUMHOCTH OBCSIHAsi KpPyTia OTHOCUTCS K LIEHHBIM TIPOJYK-
TaM, a 1o coZiep>KaHuto Oestka, Kupa, pocdopa, kesie3a OHa 3HAUUTE/TLHO Ooraue Ipyrux
KpYTI, 3a UCK/TFOUeHreM rpeuHeBoi u 6060Boit. Ha Tepputopun pecry6imik Xakacust, TyBa
Y MHOTHX ApYruXx cyobekToB Poccuiickoit Pesepaljui Hace/leHHe UCTIO/Ib3YeT B MHUIILY
MPOZYKTbI, U3TOTOB/IEHHbIE HA OCHOBE 3ePHOBBIX KY/IBTYP, B UaCTHOCTH OBca. [ToaTomy
OTMCaHHbIN B pab0Te MHHOBAIIMOHHBIM MOJX0/ K MPUTOTOB/IEHHIO Ta/raHa Ha OCHOBE
3epHa 0BCa, COMPOBOXKAIOIIUICS 3aMeTHBIM TOBBIIIIEHHEM B COCTaBe M0y4aeMoro
npoaykra ypoBHst CCA, oTBeuaeT TpeOOBaHUSM, MPEAbSIBISIEMBIM K (DYHKI[HOHA/TEHBIM
MPOJYKTaM MUTaHUsI, U MO>KET OBbITh BBEJ|eH B [IETY 3[J0POBOTO MIUTAHUS HAaCeIeHUs.
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3aKntoyeHue

Taxkum o6pa3om, Mpu UCTIOIB30BaHUU B THUIIY MTPOAYKTOB, U3TOTOB/IEHHBIX Ha
OCHOBe 3epHa OBCa, OPraHK3M YejIOBeKa ToJIyJyaeT U yCBauBaeT y)Ke 00paboTaHHbIe
(epmMeHTaMy XMMHUECKHe BellleCTBa ¥ SKOHOMHUT COOCTBeHHbIe CHiibl. Kak 1M3BecTHO,
OrpaHMYMBAIOLIUM (PAKTOPOM B UCIIO/Ib30BAHUK MHOTMX HaTypasbHbIX KOMIIOHEHTOB
B (DYHKLIMOHAJIbHBIX MPOAYKTAaX MUTAHUS SIB/ISETCSI OTHOCHUTE/IEHO HeOO/BIIIO CPOK
1 0COo0bIe YC/IOBUS UX XpaHeHus1. [lTaHHOe yC/IOBHe He OTHOCUTCS K 3epHY, KpOMe TOro,
3a CueT TepMHUUeCKoi 06paboTKH Apo6ieHOro 3epHa 0BCa MOYKHO YBETUYUTDH (DyHK-
LIMOHA/BbHYIO LIeHHOCTb, [I/TUTe/IbHOCTb XPaHEeHUsI U TOJHOCTh TIPO/IYKTa, YTO ObIL/IO
3aperMCTpUpPOBAaHO IPU NPOBe/IEHUH [JaHHOIO UcciefoBanus. [1py 3Tom ynyuiaroTcs
(U3MKO-XUMHUUEeCKHe U OPTaHO/IeNTHUeCKYe TIOKa3aTesu MPOoAyKTa.

OrnvicaHHbIi B HacTosiIlel paboTe MHHOBALMOHHBIM TIOAX0/, K TIPUTOTOB/IEHHUIO Ta/lraHa
Ha OCHOBe 3epHa OBca (M3MeJIkueHre C TI0C/IeYIOIUM 0BKapuBaHeM), COTIPOBOYKAAeTCst
CyllleCTBEHHBIM IOBBIIIEHHEM B COCTaBe MojyyaeMoro npoaykra ypoBHs CCA. Takoii
MpOAYKT 00/1a/jaeT BLICOKOH MUTATeTbHOMN [IeHHOCTBIO, TIPeZCTaB/IsieT o000l TOTOBYIO
K MCI10/Ib30BaHUIO (hOpMY, UMeeT [/INTe/IbHbIN CPOK XpaHeHHs], HeBbICOKYH0 CTOMMOCTb
U OTBeuaeT TpeOOBaHUSM, TIPEbSBISIEMBIM K (DYHKIIMOHATLHBIM MTPOAYKTaM MATAHKSI.
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Effect of humic acid and naphthalene acetic acid on vegetative
growth and fruit quality of tomato plants
Lycopersicon esculentum
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Abstract. The study aimed to improve fruit set and plant performance to increase tomato productivity by
studying the effect of plant growth regulators on tomato plants (Lycopersicon esculentum). A specific experiment
has been carried out to study the effect of plant growth regulators Hemo bles (humic acid, 850g/kg) at applied
doses (250, 500 and 700 ppm) and Magictone (naphthalene acetic acid and naphthalene acetamide, 5...12.5
g/kg) at applied doses (250, 500 and 700 ppm) on growth and physiological characteristics of tomato plants
(Big Beef F1). The experimental design was a Complete Randomized Blocks Design. Both Hemo bles and
Magictone were applied three times (spraying on plants at 30 days after planting (DAP), 60 DAP and 90 DAP).
The obtained results showed that, applying Ener-850 humic acid caused the highest significant plant height (264.6
cm), number of leaves/plant (45), stem diameter (1.9 cm) and fruit weight (137 g) during the two seasons. In
addition, applying Magictone resulted in the highest significant flower number (48.1), fruit number (35.1) and
flower clusters number in the plant (13.6). Additionally, humic acid significantly increased dry weight (75.1
g) of arial parts with improving of tomato fruit quality via enhancing the concentrations of ascorbic acid, level
of vitamin C and carotenoid content. The results were analyzed using one-way analysis of variance (ANOVA)
followed by Tukey’s HSD test with a = 0.05 with the help of MINITAB (v. 19.0) program.
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Introduction

Tomato Solanum lycopersicum belongs to the family Solanaceae. Tomato is the most
important vegetable crop in both open field and greenhouses [1]. In view of the rapid
increase in population growth and the increase in consumption of foodstuffs, including the
tomato crop, scientific studies have begun on the methods available to increase production,
including the study of the influence of growth regulators on agricultural production.
Farmers often apply some chemical substances which have similar structure and activity
with endogenous plant hormone called exogenous Plant Growth Regulators (PGRs); as
a cheap alternative to enhance plant growth and increase productivity. Application of
plant growth regulators has been found very effective in improving quantity and quality
of many crops [2]. Plant Growth Regulators (PGRs) have wide category of compounds
that can enhance, inhibit or change plant morphological or physiological processes at
very low concentrations. Thus, the use of PGRs has become an important element of the
agrotechnical procedures for most cultivated crops [3]. The most studied PGRs include
Abscisic Acid, Indole Acetic Acid, Cytokinin, Gibberellic Acid, Ethylene, Jasmonic
Acid and Salicylic Acid [4]. Also, there are new, but chemically unrelated compounds
with a similar hormone. Most of these chemical or natural substances, have not been
studied for their effect on plants; especially vegetables and fruits that enter directly
into the human daily diet such as tomatoes, which occupies the fourth rank in terms of
worldwide production with approximately 5 million ha, as a harvested area produced
170.75 million tones according to FAO statistics’ database [5].

Tomato is an important condiment in most diets and a very cheap source of vitamins
and nutrients that are very good for the human body. It also protects the body against
diseases [6]. This is primarily because these vitamins and beta-carotene work as
antioxidants to neutralize harmful free radicals in the human blood [7]. In that regard,
our research aims at improving plant performance, fruit set and yield of tomatoes by
studying the effect of plant growth regulators (synthetic and natural) on tomato plants
(Lycopersicon esculentum), using different new types (Magictone and Hemo bles as
growth regulators) on Big Beef F1 tomato hybrid.

Materials and methods

Two different types of growth regulators were applied three times on tomato plants
(Big Beef F1): Magictone active substances (5...12.5 g/kg) naphthalene acetic acid and
naphthalene acetamide with applied doses (250, 500 and 700 ppm) C, H.CH,CO,H,
C,,H,,NO. Hemo bles (250, 500 and 700 ppm): active substances Ener-850 / kg Humic
Acid. All applied doses expressed in terms of active substances. Each type was applied
three times with three replications (spraying on plants at 30 DAP, 60 DAP and 90 DAP).
Soaked seeds were planted on trays, then after 30 DAP, tomato seedlings were transplanted
on pots (20-inch diameter). Average day and night temperatures in greenhouses were 25 °C
and 18 °C, this conforms within normal temperature ranges established for greenhouse.
Collecting data: Ten plants from each replicate (3 replicates) were selected to measure
the following parameters: Plant height (cm), Number of Leaves per Plant, Leaf Area
Index (LAI) (m?/Plant), Chlorophyll content and Weight of Fruit (g). LAI was measured
by (nondestructive method). Biochemical properties were evaluated in the fruit ripening
stage to determine; dry matter which was calculated by weighing fruits before being
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put in the oven and after dried at 105°C; Ascorbic acid (AA) was determined by the
2,6-dichlorophenolindophenol method [8]. Carotenoids and Nitrate were determined
based on standards of the association of analytical communities [9]. Sugar-acid ratio
(Maturity index) was calculated by dividing total soluble solid by the titratable acidity
of the given sample under analysis as described by [10]. The results were analyzed using
one-way analysis of variance (ANOVA) followed by Tukey’s HSD test with a = 0.05
with the help of Co-stat program.

Results and discussion

Plant height (cm) of tomato plant was found to be significantly affected by spraying
treatments with Hemo bles and Magictone in Fig.1. Results showed that spraying plants
with Hemo bles 500 ppm showed the highest value of plant height at 30 and 60 days
after transplanting (DAT), 700 ppm level showed the highest value of plant height at 90
days after transplanting, respectively, in the first season. In the second season, Spraying
Hemo bles plants at 500 registered the highest value of plant height (85.8, 130.5 and
264.67 at 30, 60 and 90 days after transplanting (Fig. 1). Our results agree with [11], who
reported that Humic Acid (Hemo bles) increased absorption of nutrients by plants and
improved the permeability of membranes of root cells to tomato cultures. Also, [12—13]
proved that Humic Acid had a positive effect on seed germination, seedling growth, root
initiation, root growth, shoot development and the uptake of nutrient elements.

W 30DAT m60DAT 90DAT 30DAT m60DAT m90DAT
300

250 I
200 -
150 -
100 |
50 -

2t

s

Plant height

control 250 mg/L 500 mg/L 700 mg/L control 250 mg/L 500 mg/L 700 mg/L

Hemo bles Magictone

Fig. 1. Effect of growth regulators on plant height of tomato plants during the two seasons

Number of leaves: Number of leaves produced by tomato plants was found to be
significantly affected by spraying treatments with Hemo bles and Magictone (Fig. 2).
Results showed that spraying with Humic Acid (Hemo bles) 700 ppm recorded the
highest value of number of leaves (16.67, 34.00 and 19.00, 37.33) at 30 and 60 days
after transplanting during the two growing seasons. Spraying with 500 ppm recorded
the highest value of Number of leaves (45.60 and 45.00) at 90 days after transplanting
during the two growing seasons. On the other hand, untreated control recorded the lowest
value of number of leaves during the two growing seasons. Our results are consistent
with those obtained by [14], who demonstrated that the number of leaves in tomatoes
increased with the use of plant growth regulators. This may be attributed to the fact
that plant growth regulators improved cellular nutrition and division with a significant
elongation of the stem. The results also corroborate with the results of [15] who reported
that the varieties affected the nature of the growth processes.
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Fig. 2. Effect of growth regulators on leaf number of tomato plants during the two seasons

Stem diameter: The stem diameter of tomato plant was found to be significantly
affected by spraying treatments with Hemo bles and Magictone (Fig. 3). Results showed
that no significant differences were found between Humic Acid (Hemo bles) 700 ppm value
of stem diameter (1.10 and 2.13 cm) in the first season at 30 and 90 days after transplanting,
but the planting sprayed with Humic Acid (Hemo bles) 500 ppm displayed the highest
value of stem diameter (1.37 cm) in the first season at 60 days after transplanting followed
by 500 ppm level displayed the highest value of stem diameter (1.17, 1.57 and 1.90
cm) at 30, 60 and 90 days after transplanting in the second season. On the other hand,
untreated control recorded the lowest value of stem diameter during the two growing
seasons. Similar results were obtained by [16-17].

H30DAT M60DAT H90DAT [ 30DAT MG60DAT M 90DAT

Stem diameter

Hemo bles Magictone

Fig. 3. Effect of growth regulators on stem diameter of tomato plants during the two seasons

Number of clusters produced by tomato plant was found to be significantly affected
by spraying Hemo bles and Magictone treatments (Fig.4). Results showed that plants
sprayed with 500 ppm produced the highest value of number of clusters (4.33) (12.67)
at 30 and 90 days, following 700 ppm produced the highest value (10.60) at 60 after
transplanting in the first season. 500 ppm treatment produced the highest value of number
of clusters (4.67, 12.33 and 15.60) at 30, 60 and 90 days after transplanting in the second
season. On the other hand, untreated control registered the lowest value during the two
growing seasons.
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Fig. 4. Effect of growth regulators on Number of clusters of tomato plants during the two seasons

Leaf Area Index (LAI): Data obtained in Fig. 5 explain changes in leaf area
measurements as a response of the application of different growth regulators to tomato
plants at various times. At 90 DAP, applying Hemo bles and Magictone increased LAI
comparing to the control, except (Hemo — 500) which was significant. The maximum
area (200.87, 207.20 cm?) was obtained from Hemo — 500, while the minimum (156.80,
179.13 cm?) was in control during the two growing seasons. Obtained results are in
agreement with those obtained by [16-17].

emmme |5t SeasON  emmmw 2nd season

225,00 201,93
189,60
200,00 n
179,13 77
s 0 - g 184,90
o 175 , 3
i 189,07 - 171,2
5 ; '
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125,00 156,80
100,00
control 250 mg/L 500 mg/L 700 mg/L control 250 mg/L 500 mg/L 700 mg/L
Hemo bles Magictone

Fig. 5. Effect of growth regulators on leaf area index of tomato plants during the two seasons

Number of fruits: Fruits produced by tomato plant were found to be significantly
affected by Hemo bles and Magictone treatments (Fig. 6). The maximum number of fruits
(5, 48 and 62.00) (6.50, 43.89 and 64.60) were recorded from (Magictone — 500), while
the minimum number of fruits per plant (1.60, 31.00 and 45) (3.6, 32.32 and 44) was
recorded in control during two seasons. It might be due to that naphthalene acetic acid
enhanced fruit setting in tomato plants. In respect of fruit set per plant in Kendras F1 it
was found in agreement with the conclusions of [18].
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Fig. 6. Effect of growth regulators on Number of fruits of tomato plants during the two seasons

Chemical composition: Results of the chemical composition of tomato fruits affected
by different doses of studied growth regulators are shown in Table 1 and 2. Dry matter
ranges between 6.13, 6.1 g/100 g in control’s samples and 7.77, 7.67 g/100 g in the
fruits which treated by Humic Acid (Hemo — 700). Applying Humic Acid enhanced dry
matter contents (7.20...7.77 g/100 g) comparing to Magictone (6.30...6.60 g/100 g). TSS
was significantly decreased by using spraying levels as compared with control fruits.
Control treatment displayed the highest TSS (5.90 °Brix) at 90 days after transplanting
followed by Hemo-500 ppm (5.70 °Brix) in the first season. The plants sprayed with
Hemo-500 ppm recorded the highest TSS (6.0 °Brix) at 90 days after transplanting
followed by 0 ppm (5.96 °Brix) treatment in the second season. Dry matter ranges
between 6.13, 6.10 g/100 g in control’s samples and 7.77, 7.67 g/100 g in the fruits
which treated by Humic Acid (Hemo — 700). Applying Humic Acid enhanced dry matter
contents (7.20...7.77 g/100 g) comparing to Magictone (6.30...6.60 g/100 g). Dry matter
ranges between 6.13, 6.10 g/100 g in control’s samples and 7.77, 7.67 g/100 g in the
fruits which treated by Humic Acid (Hemo — 700). Applying Humic Acid enhanced
dry matter contents (7.2...7.77 g/100 g) comparing to Magictone (6.30...6.60 g/100 g).

Table 1
Effect of Hemo bles And Magictone on chemical characters
of Big Beef tomato cultivar (2017)
Dry matter, . Vitamin C, | Carotenoids, Ascqrbic Chlorophyll
Treatments ) TSS (Brix) : acid,
g 100g”’ mg/100g mg 100 g™ mg 100g" SPAD
Control 6.13d 5.93a 18.28 ¢ 3.05¢c 19.73d 70.87d
Hemo-250 ppm 7.27b 5.60 ab 19.23 ab 471a 25.20 be 74.18b
Hemo-500 ppm 7.63a 5.70 a 19.83 a 4.86 a 26.90 b 76.48 ab
Hemo-700 ppm 7.77 a 5.60 ab 19.95a 492 a 27.57 a 78.86 a
Magi-250 ppm 6.33¢c 5.33¢c 18.49 bc 412b 22.70 ¢ 72.27 ¢
Magi-500 ppm 6.60 bc 5.57b 19.10b 420b 22.77c 75.75b
Magi-700 ppm 6.37¢c 5.63 ab 19.15b 4.45 ab 22.00 cd 75.70b
Means within the same column that do not share a letter(s) are significantly different at P <0.05
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Table 2
Effect of Hemo bles And Magictone on chemical characters
of Big Beef tomato cultivar (2018)

Treatments Dry matter, TS§ Vitamin C, Cez)riodt:n- Ascorbic acid, | Chlorophyll
g 100g”’ (°Brix) mg/100g mg 100’ g’ mg 100g” SPAD
Control 6.10d 5.96 a 18.33¢ 3.95d 20.27d 73.22¢c
Hemo-250 ppm 6.97 b 5.63c¢c 18.48 be 4.7b 25.20b 68.61d
Hemo-500 ppm 7.67 a 6.00 a 19.53 a 482a 26.43 a 75.32bc
Hemo-700 ppm 7.23 ab 5.90a 18.84b 492a 26.43 a 73.37¢c
Magi-250 ppm 6.67 c 5.40 cd 18.35¢ 4.14c 22.57 be 75.93b
Magi-500 ppm 7.00b 5.93a 19.54a 423c 23.93¢c 78.81a
Magi-700 ppm 6.97b 5.83b 19.07b 4.25c 22.87c 78.04a
Means within the same column that do not share a letter(s) are significantly different at P <0.05.

Our results agree with [11], who reported that Humic Acid enhanced mineral nutrients
absorption by plants and increased the permeability of membranes of root cells to
tomato plants. Also, shoots and root weights were increased by 22% as a result of using
Humic Acid in tomato plants [19]. TSS was significantly decreased by using spraying
levels as compared with control fruits. Control treatment displayed the highest TSS
(5.9 °Brix) at 90 days after transplanting followed by Hemo-500 ppm (5.7 °Brix) in
the first season. The plants sprayed with Hemo-500 ppm recorded the highest TSS (6.0
°Brix) at 90 days after transplanting followed by control treatment (5.96 °Brix) in the
second season. The obtained results are in agreement with those obtained by [20-22].
Also, [23] observed that the values commonly obtained for soluble solids of different
cultivars of tomato fruit range from 4 to 6 °Brix. Moreover, [24] noticed that the main
soluble sugars in tomato fruit were glucose and fructose which made up 47% of the fruit
dry matter. Hemo — 700 gave the highest increased contents of Vitamin C (Ascorbic
acid) and Carotene in tomato fruits in the first season. In the second season, Magi — 500
gave the highest increased contents of Vitamin C (Ascorbic acid) in tomato fruits from.
Comparing to Hemo-700, the highest levels of Ascorbic Acid (27.57 mg 100g™) and
Chlorophyll (78.86) in the first season were observed when Magi — 500 was applied,
while the samples treated by Magictone gave the increased contents of Chlorophyll in
tomato fruits in the second season.

Conclusion
Thus, it can be noted that the studied growth regulators had a positive effect on the
growth processes of Big Beef tomato plants: morphometric parameters of plants and
influenced the formation of generative organs of the plant. The best indices for tomato
yield were observed after treating plants with growth regulators — Magictone. Therefore,
we recommend using the compound to increase the yield at an acceptable economic rate.
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BnusiHme ryMmHoBoW U HagTaNMHYKCYCHOM KUCOTbI
Ha BereTaTUBHbIN POCT U KaYeCcTBO NJI0A0B TOMaTOB
Lycopersicon esculentum

A.A. Cynuman®*", A.I'. Aopamor?, A.A. IllanamoBa’, A.M. bagpan>*

"HarjuoHa/ibHbIN UCC/IeI0BaTeIbCKUH LIeHT, 2. ['u3a, Eeunem
’Ka3aHCKWI roCyAapCTBeHHBIN arpapHbIi YHUBEPCHTET,
2. Kazaub, Pecnybauka Tamapcman, Poccutickas ®edepayus
3[IeHTp 10 KCCJIIOBAHMIO MYCThIHG, 2. Kaup, Ezunem
“PoccuiicKuil yHUBEPCUTET pYXObI HApOJ OB, 2. Mockea, Pocculickas ®edepayust
*a_elsagheer2006@yahoo.com

Annortanus. C 11e/bI0 MOBbIIIeHNs TPOAYKTUBHOCTH UCC/IeA0Ba/Y B/USHIE Pery/IsaTopoB POCTa Ha pac-
TeHHs1 ToMaTa Lycopersicon esculentum. l3yueHo BiusiHue perynsitopos pocta Hemo bles (c cogepykanuem
TYMUHOBOM Kuc10Thl 850 r/Kr) B KoHLleHTpauuu 250, 500 u 700 ppm u Magictone (¢ copepykaHuem Hadra-
JIMHYKCYCHOU KUCJIOTHI ¥ HadTa/uH arfetamyzia 5...12,5 1/kr) B KoHueHTparpn 250, 500 1 700 ppm Ha poct
1 (hU3MoIOrMYecKre apaMeTps! pacTeHni Tomara copta bur bug F1. OnpbickiBaHKe pacTeHHi PerysiTopamMy
pocta Hemo bles n Magictone npoBogumi Tpu pasa (depe3 30, 60 u 90 gHeit mocse nocaaxu). [TomyueHHs1e
pe3yJbTaThl TIOKa3au, 4YTo puMeHeHUe rpernapara Ener-850 ¢ ryMUHOBOM KHC/IOTOM B TeUeHHe JBYX Ce30HOB
OKa3aJio HawuTyylllee B/IMsSHUE Ha [10Ka3aTe/ll pOCTa pacTeHHit: BbICOTY 100eroB (264,6 ¢M), KOJMUECTBO JTUCTHEB
Ha 1 pacrenun (45 wrt.), quametp cre6ns (1,9 cm), maccy riogoB (137 r). Mcniosib3oBanue niperniapata Magictone
crioco6cTBOBajIO0 06pa3oBaHMIo HOJIBIIOTO Yrc/ia 1BeTKOB (48,1), miozos (35,1) u cousetnii (13,6) Ha ofgHOM
pacTeHny. ['yMUHOBasI KMC/IOTa TakKe OKa3bIBasla TIOJIOKUTEIbHOE B/IMSIHUE Ha KaueCTBO TIJIOZ[OB TOMATa, yBe-
JIMYMBasi IOJH0 CyXuX Betects (75,1 T) HaJj3eMHOM MacChl paCcTeHH, B pe3y/IbTaTe uero BO3pacTasio KOJIMIeCTBO
acKopOUHOBOM KUC/IOThI, BuTamuHa C U kapoTuHouoB (4,82 mr/100 r). Pe3ysisrarhl 66UTH TIPOAHATA3UPOBAHbI
C UCII0/b30BaHKeM 0JHO(aKTOpHOro AucrepcroHHoro aHammsa (ANOVA) ¢ nocnegytomum HSD-Tectom Throku
c o = 0,05 c nomorpto nporpammsl MINITAB (v. 19.0).

KiroueBble cj10Ba: TOMAaT, 'yMHUHOBasi KUC/IOTa, Ha(hTaIMHYKCYCHast KUC/IOTa, Pery/siTOpbl pOCTa pacTe-
HHH, aCKOpOMHOBAs KHC/I0Ta
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Annoranus. Lens nccnefoBannii — aganranys B Kasaxcrane TeXHO/IOrMi MHTEHCUBHOTO U YCKOpPeH-
HOTO BBIpalljBaHusl 10Ca/[0UYHOr0 MaTepHana COCHbl 0OBIKHOBEHHOM, pa3paboTaHHBIX B O/MKHEM 3apy0OesKbe.
OO6BeKTHI UCCIeJOBAHHUH — OZIHOJIETHHE CesTHIIbI COCHBI 0OLIKHOBEHHOM B JIECHBIX TUTOMHUKaX [1aBrnofapcKoy,
AxwmonunHckol, CeBepo-KazaxcraHckoi o6/acTsix. OnbITbl ObUIM 3a/10)KEHBI 110 4 HaNPaB/IeHHSIM: BHECEHHE CyXUX
POCTOBBIX BeLeCTB B TIOYBY, NpeAroceBHast 00paboTka CeMsiH B CTUMYJISITOPaX, 3aMauMBaHUe CeMsIH B CTUMY-
JsITOpax ¥ (GpyHTULy/ie, TIPeAIoCeBHOM 0B MTOYBhI PETY/ISITOPAMH POCTA. YCTAaHOBJIEHO, UTO KaueCTBO CeMsTH
3HAYMTEJILHO CHU3KM/IOCH 110 CPABHEHHIO C MPOLIJIBIM T'O/[0M, TOJIbKO ceMeHa u3 [1aBiozapckoii 061acTy uMesnu
BBICOKHeE TT0Ka3are/ . Hanbo/bIMu cpeJHIMHU MOKa3aTe/siM{ TPYHTOBOM BCXOKECTH OT/IMYA/IMCh CeMeHa B i~
tomuuKe [TITIP «EpTic opmanb» (58,7...67,8%). B KI'Y «YJIX «Bykna» HaubobImii yKa3aHHBIH TI0Ka3aTeslb
HMeJI CeMeHa B OIbITe C 3aMaurBaHyeM Ux B L{upkoHe+TpuxoruH (3+2 yaca). B muToMHEKe ApBIKOATBIKCKOTO
¢umana 'HITIT «Kokueray» npumMeHeHre baiikana B KauecTBe CTUMY/ISITOpA U TIOJIUB MOUBBI Dpufl poy Mo3Bo-
JIVJIA HeCKOJIBKO TMOBBICUTb BCXOKeCTb. B necHom nutomuuke [JITIP «EpTic opmaHbI» jiydliive pe3ysibTarhl 110
BBICOTE O/JHOJIETHHX CESHIIEB IOJIyUeHbI B OIBbITAX C MPe/NoCeBHO 06paboTKOM ceMsiH COCHbI 0ObIKHOBEHHOM
CTUMYJIATOPaMU U [O/IMBOM [10UBBI POCTOBBIMU BelllecTBaMu. Cpe/iHsisl BbICOTA CesHL|eB Ha OIbITax COCTaBU/Ia
COOTBeTCTBeHHO 4,32 1 4,64 cM. [IpumeHenue LipkoHa cOBMeCTHO C TPUXOLIMHOM TMO3BOJIA/IO YBEJIUUNUTL POCT
cesiriieB B utoMHuke KI'Y «YJIX «Bykmna» 10 1,42 oM, uTo SIB/IsI0CH HAUOO/IBIIMM 3HaUeHHeM. BhIsiB/IeHO, UTO
NpUMeHsieMble B O/>KHEM 3apyOe)kbe TeXHOJIOIMH MHTeHCHBHOTO BbIPALlBaHUsl CesTHLIEB COCHbI 0ObIKHOBEHHOM
10 COBOKYITHOCTH MCC/IeZlyeMbIX IIPU3HAKOB [10Ka3a/iu I10JI0)KUTeIbHOEe BIIMsSHUE TOJIbKO IPU MCI0/Ib30BaHUU
LuTosura. [1o Apyrum onbiTam onpezesieHo, YTo Jlydlllie [10Ka3aTe/Id pOCTa I10 BLICOTe UMeJIU CestHLIbI COCHBI
0OBIKHOBEHHOH, BhIpallleHHbIe U3 CeMsH C IpeAroceBHON 06paboTkoii B I'ymare+7 B TeueHue 12 yacos, npuueM
XOpOLIIMe pe3y/ibTaTbl IMeNo KaK IPHUMeHeHHe TOJIbKO CTUMYJISITOPa, TaK ¥ COBMECTHO € (DyHTULM0M TpPHUXOLIUH.
3HauMTeBbHO YCKOPSIET POCT CesHLIEB COCHBbI 0OBIKHOBEHHOH TIOBBIILIEHHE TJI00PO/IKs TIOYBbI ITyTeM BHeCEeHHsI
a30THBIX, pocdopHbIX yAobpeHnH, aktiuaropa mouBbl pual’poy u KZ KynbsTypsl.

KiroueBble c/10Ba: cocHa 0ObIKHOBEHHas], 10Ca/{0UHbINA MaTeprasl, CTUMYJISITOPbI, POCTOBbIE BeIL|eCTBa,
BCXO)KeCThb CeMsIH
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Abstract. The purpose of the research was the adaptation of foreign technologies for intensive and
accelerated cultivation of Scots pine planting material in Kazakhstan. Objects of research were annual seedlings
of scots pine in forest nurseries of Pavlodar, Akmola, and North Kazakhstan regions. The experiments were
established in 4 directions: application of dry growth regulators to soil, pre-sowing seed treatment with growth
regulators, soaking seeds in stimulants and fungicide, pre-sowing watering of the soil with growth regulators.
It was established that seed quality decreased significantly compared to the last year, only seeds from Pavlodar
region had high indicators. Seeds from the nursery ‘Ertic Ormany’ had the highest average indicators of soil
germination (58.7...67.8%). In ‘Bukhpa’, the highest germination was observed in seeds soaked with Zircon
+ Trichocin (3 + 2 hours). Baikal growth regulator and AridGrow slightly increased germination in the nursery
of Arykbalyk branch of ‘Kokshetau’. In the forest nursery ‘Ertis Ormany’, the highest annual seedlings were
obtained in variants with presowing treatment of scots pine seeds with stimulants and watering the soil with
growth substances. The average height of experimental seedlings was 4.32 and 4.64 cm, respectively. The
combined use of Zircon and Trichocin increased seedling growth in ‘Bukpa’ nursery to 1.42 cm, which was the
highest value. It was revealed that the technologies used in neighboring countries for intensive cultivation of
scots pine seedlings showed a positive effect only when using Citovit. According to other experiments, it was
determined that seedlings of scots pine grown from seeds with pre-sowing treatment in Gumat+7 for 12 hours
had the best growth indicators in height. Increased soil fertility through applying nitrogen, phosphorus fertilizers,
soil activator AridGrow and KZ Cultury significantly accelerated growth of scots pine seedlings.
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BeepeHue
Bonwmioe BmusHMe Ha POCT CesdHLIEB pE€BECHBIX I1I0OPO/J UMEET Ka4yeCTBO CeMdAH, 13
KOTOPBIX MX BbIpaIMBatoT. [Toc/ie HernpaBU/IbHOM CYIIKH IIIUILEK, TIepepaboTKU U XpaHe-
HUS CeMSH 3HAUNUTe/IbHO CHIDKAETCS UX BCX0KeCTh. [TOBBICUTE BCXOXKECTb CeMSH MOXKHO
MIpOBe/IeHUEM TIPeANIOCeBHON 00paboTKH (cTpaTudUKalysl, CHeroBaHHe, 3aMaulBaHUe
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u 7ip.). Pa3paboraHbl HeTpaJUL{IOHHbIe CTIOCOOBI YCKOPeHHS TIPOpacTaHus CeMsiH U pocTa
CesiHL|eB — BO3/|elCTBMe HU3KOYaCTOTHOTO 3/1eKTPOMarHUTHOro 1oJist [1], mpumeHe-
HUe HaHOKPUCTa/lJIMUueCKOro MopolKa kese3a [2] u fp. B HacTosiliee BpeMs IIIMPOKO
pacrmpocTpaHeHa TiperoceBHast 00paboTKa ¢ MprMeHeHHeM Pa3/IMYHbIX PEeryisiTOpPOB
pocta [1-8]. Bo Bcex HayuHBIX CTaThsiX, TIOCBSIIIEHHbIX 3TOU TeMe, TIOATBePKAAI0TCS
BBIBO/IbI O 1]e/1eC000Pa3HOCTH HCITO/Ib30BaHHSI CTUMYJISITOPOB [IJ1s1 TIOBBIIIEHHST BCXOXKECTH
CeMsIH U poCTa CesHLIeB [peBeCHbIX 1T0po/. AHa/IOTMYHbIe UCC/Iel0BaHUS [IPOBOZAATCS
U B CTpaHax Ja/IbHeTo 3apy0eXKbsi Ha ceMeHax pa3InuHbIX opoy [9, 10]. BeisieHo, uto
rpejrioceBHasi CTUMYJISILIUS CeMsIH B/IMSIET TaK)Ke U Ha yBeJIMUeHNe BbICOThI CesTHL|EB.

CoriacHo pa3pabaTbiBaeMOl TeMe T10 arpoOaryy 3apy0e’KHOTO OrbITa BbIpAL[U-
BaHUA rocazouHoro Marepurasna, KasHUNJIXA ucrionb30Ban npejjioyKeHusi, HayuyHble
pa3pabOTKH 1 TEXHOJIOTHH, HAaXO/AIIUeCs B 00ILeM JIOCTYTIe.

Ilens uccnegoBannii — azantanus B ycioBusx Kasaxcrana pazpaboTaHHBIX
B O/KHEM 3apy0e>Kbe TeXHOIOTHUM WHTeHCUBHOTO U YCKOPEHHOTO BbIPAIIMBaHMUS TI0-

Ca/IOUHOTO MaTepHasa COCHbI OOBIKHOBEHHOM.

MaTtepuanbl n metoabl

st amanTaliiy TeXHOJIOTUM ObLIO MPOBE/IEHO TIPeIIOCEeBHOE 3aMaulBaHUe Ce-
MsiH B ctumyssitopax baiikan [11], Lupkon [12] u I'ymar+7 mMukposnemeHTOB. [1epef,
M0CEeBOM CeMsH Ha BCel TIJIOLa Iy OMbITOB MIPOU3BeJIU MO/UB 1ouBkl LiutoButom [13].
B TeueHue BereTaliOHHOTO NepUO/a BCXO/ bl U OJHOJIETHUE CESHLIbI ONPBICKUBAIN
Lupkonom [12]. Kpome Toro, B mouBy ObUIM BHeCEHBI pa3/InuHbie POCTOBLIE Bellle-
ctBa: ®eptuka (ObiBlIEe Ha3BaHWe — Kemupa-yHuBepcan) [14], kapbamuy, (a30THOE
ynobpenwue), cynepdocdar (bochopHoe ynobpeHue), bopHasi KUC/IOTa; OB TIOUBbI
repes; IOCeBOM CeMSIH IPOU3BOJUIN POCTOBBIM Bell[eCTBOM Ha OCHOBe WJla CTOYHBIX
BoJ, «KZ KynbTypbl» Ka3axCTaHCKOrO MPOU3BO/CTBA, aKTUBATOPOM TMOYBBI DpUal poy,
TpuxouuHoMm, LlutoBruTOoM.

O6beKkTaMu MCC/IeJOBaHUM BbIOPAHBI OJJHOTIETHHUE CeSTHITbI COCHBI 0OBIKHOBEHHOM
B JiecHbIX TuToMHUKax [TaBnogapckoii (IVITTP «EpTic opmanbi»), AkmonuHckou (KT'Y
«YJIX «Bykra»), CeBepo-Ka3axcraHckoii obnactsix (ApbikOambikckuid puman (AD)
['HTIIT «Kokiiietay»). [TouBsl B muToMHuKe [JITTP «EpTic opmaHbi» — mecuaHble,
B /IpDyTUX MUTOMHUKAX — UepHO3eMHble. KuMaT BO Bcex peruoHax MCCeloBaHUI
PE3KO-KOHTHHEHTAa/IbHBIN.

OnbIThI 3aK/1a/IbIBA/IUCH 110 4 HaTlpaB/IeHUSIM:

1) BHeCeHHe POCTOBBIX BEITECTB B TIOUBY, ITOCEB CEMSTH C MPeATI0CeBHOM 00paboTKoM
LupkoHow (6 u) + TpuxouuH (2 u);

2) npezrnoceBHasi 06paboTKa CeMsiH CTUMY/IITOPAMU Pa3/InyHOe BPeMsi B Pa3HbIX
KOHLIEHTPALUsIX, MIOCEB CeMsIH;

3) npejioceBHOE 3aMauvBaHue CeMSIH B CTUMY/ATOPax U GyHrunuae TprUxonuH,
T0CeB CeMsiH;

4) Mo/YB MOYBBI POCTOBLIMM BeIlleCTBAMU Mepefi IOCEBOM CeMsIH U M0CeB CeMsiH
c npeamnioceBHOM 06paboTKoi [upkoHoM (6 u) + TpuxouuH (2 u).

CorniacHO ailanTUPyeMbIM TeXHOJIOTHSIM, Ha BCEX yUaCTKaX MPOBOAWIUCH MPeJIo-
CEeBHOM IM0JIUB 1MOUBbI LINTOBUTOM M 0[JHOPa30Basi BHEKOPHeBasi MOIKOPMKA OZJHOJIETHUX
cestHLieB LlupkoHoM. Kak/ib1ii BapyaHT OMbITa BBITIOHSJICS B 2-KPaTHOM MOBTOPHOCTH.
[ToceB ceMsiH OCYIL[eCTBJIS/ICS TIO CXeMaM, NPHUMeHsIeMbIM B YUDEXX/IeHUsIX JIeCHOTO
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x03s1iicTBa. [ pyHTOBast BCXOXKeCTh OTpe/ie/isijiach MyTeM To/jcueTa BCX0I0B B MOMEHT
MacCCOBOTO UX MosiB/ieHus. BricoTa n3mepsiack y 50 pacTeHUM Ha KaXK/[OM BapuaHTe
OTIbITa JIMHEWKON C TOUHOCThIO /10 1 MM.

PesynbTaTbhl UcCcnepoBaHui
V3yueHO KaueCTBO BbICEBA€MbIX CeMsIH COCHBI 0OBIKHOBEHHOM, TMHAMHKa JAHHOTO
ToKasareJisi prBeZieHa B Tabs. 1. Harbosnee cTabuibHBIM KaueCTBOM OT/IMYA/IUCh CEMeHa
u3 [aBnogapckoii 06acTi — 3a nocsenHue 2 roga HabMoeHNI 0CHOBHBIE TT0Ka3aTe Tt
3HAUMTEeJIbHO He U3MeHsUTMCh. B 2019 r. yXyammaock KaueCTBO CeMsiH NMpaKTU4eCKU
BO BCeX NMUTOMHUKax, kpome ['JITIP «Eptic opmaHbl». BO3MOXXHO, Ha 3TO MOBIUSIN
TOTOZIHbIE YCJIOBUS NTEPBOrO rofja poCTa IIMIeK U pa3BuTus ceMssH — 2018—2019 rr.

Tabnuya 1
ﬂMHaMMKa KayecTBa CeMsIH COCHbl 06bIKHOBEHHOM
no permoHam MccneAOBaHMVI
MecToHaxoXxeHne NMTOMHUKa
CeBepo-KasaxcTaHckasn AkMonuHckas
MokasaTenu MaBnofgapckas o6nacTb, o6nacTb, obnacTb,
KayecTBa ceMsiH NMNP «EpTic opMaHbi» Apbik6anbikckuit dunuan KI'Yy «YNnx
FHIMM «KokweTay» «Bbykna»
2017 2018 2019 2017 2018 2019 2018 2019
Macca 1000 wr., 1 8,6 10,1 10,7 6,2 7.8 6,6 6,6 5,96
YucroTa,% 98,6 98,0 98,8 99,5 99,2 98,5 98,0 97,1
BcxoxkecTb, % 42,0 72,0 77 35,0 56,0 64 72 67
dueprua 24,0 70,0 73 33,0 56,0 61 34 65
npopactanus,%
Table 1

Dynamics of the quality of Pinus sylvestris seeds in research regions
Nursery location
North Kazakhstan

. i Pavlodar region, region, Akmola region,
Indicators of seed quality ‘Ertis ormany’ Arykbalyk branch of ‘Bukpa’
‘Kokshetau’

2017 2018 2019 2017 2018 | 2019 2018 2019

1000 seed weight, g 8.6 10.1 10.7 6.2 7.8 6.6 6.6 5.96
Purity, % 98.6 98.0 98.8 99.5 99.2 98.5 98.0 97.1
Germination capacity,% 42.0 72.0 77 35.0 56.0 64 72 67
Emergence rate,% 24.0 70.0 73 33.0 56.0 61 34 65

HaubosnblmmMu cpeJHIMU 1T0Ka3aTe/isiMyA PYHTOBOW BCXO>KECTH T10 BapHAHTaM OITbI-
TOB OTVIMYaIUCh ceMeHa B uToMHuKe [JITTP «Epric opmans» (58,7...67,8%) (puc. 1).
CrnenyeT OTMETHUTb, UTO MPEANOCEBHOE 3aMaurBaHUe CEMSIH B CTUMY/STOPax MOJI0KU-
TeJIbHO CKa3a/10Ch Ha IPYHTOBOM BCXOXKECTH CeMSTH Y BCTPeUaeMOCTH CesiHLIEB Ha eIHULIe
TUIOIIa1, 0COOEHHO MpY 3aMaurBaHKK ceMsiH B ['ymare+7 B TeueHue 12 uacos. [Ipuuem,
BCTPEUYaeMOCTb B OTbITE C UCTIOb30BaHHWEM TOJIBKO CTUMYJ/SITOPOB cocTaBuia 85,1
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LUT./TIOT. M, C 3aMayMBaHKeM CeMsIH B CTUMYJIATOPax COBMeCTHO C TpuxoruHoMm — 76,2
IIIT./TIOT. M, TOT/la KaK B ZIPYyTHX OMbITax JJaHHBIN TI0Ka3aTe/b u3MeHsisicsi ot 58,8 fio 68,5
LIT./TIOT. M. VI3 yKa3aHHBIX 3HaUeHWM BU/JHO, UTO NOTyYeHHOe UMC/IO CesiHLeB Ha 1 1or. M
TO3BOJIUT TOJTYYUTh JJOCTaTOUHOE KOJTMUeCTBO M0CAJ0YHOI0 MaTeprasa C eIMHULIbI I1J10-
miaan. B KT'Y «YJIX «ByKra» 1oca/iouHblid MaTepyas BhIpaliBascs 6e3 rosvsa, rmocse
roceBa Oblia yKapKasi CyXasi TIOT0Zia, UTO TIOB/IMSIIO Ha UMC/IO TIPOPOCIMX ceMsiH. Kpome
TOT0, CEMeHa COCHbI 0OBIKHOBEHHOM ObLTM HU3KOTO KauecTBa. HanbobImii yKa3aHHbBIN
TroKasaresib UIMe/M CeMeHa B OIbITe ¢ 3aMaurBaHueM ux B Llupkone (3 u) u TpuxouyHe (2
y). [TouBeHHbIe yYC/IOBUSI B TMTOMHUKE ApbIKOaibikckoro dumana IHITIT «Kokieray»
HeO/1aronpusITHLI /1711 YCTIELTHOTO BhIPALL{BaHKSI CesTHLIEB, TIO3TOMY B IaHHOM TTUTOMHUKE
HabMIoaMMCh caMble HU3KKE 3HaueHHs BCeX MoKa3aresielf I0caZioyHoro MaTepHasna, B ToM
yucsie rpyHTOBOM BcxoykecTH. [IprimeHenue balikana B KauecTBe CTUMY/ISTOPA U MOJIUB
1ouBbl OpyAl POy MO3BOJINII HECKOJIBKO MTOBBICUTH BCXOXKECTb.

80
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20

10
BHeceHHe cyxux MpeanocesHas MpeanocesHas Monus no4ebl
POCTOBLIX BELYECTE p p POCTOBLIMU
CTUMYNATOPaMH CTUMYNIATOPAMH W BellyecTBamMM
TpHUXOLMHOM

[~  EADTHMNN «KoKweTay»

O KIy «¥YNIX «bykna»

E NP «EpTic opmaHbI»
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G222
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Puc. 1. [pyHTOBas BCX0OXeCTb,%, CEMSAH COCHbl 06bIKHOBEHHOW MO OMbITaMm

m AB of SNNP «Kokshetau»

E1 CPI «If «Bukpa»

BI1SFNR «Ertis ormany»

G

T
I

Introduction of Pre-sowing Pre-treatment Wateringthe

dry growth treatment with soil with
substances with stimulants and growth
stimulants Triazines substances

Fig. 1. Ground germination capacity, %, of Pinus sylvestris seeds

B necrom nuromurike [JITTP «EpTic opMaHb» TyUIIMMU pe3y/bTaTaMu 0 BBICOTE OJHO-
JIETHUX CesTHIIEB OT/IMYAJICS OIBIT C MPe/II0CeBHOM 06paboTKOM CeMsiH COCHbI 0OBIKHOBEHHOM
CTUMY/ISITOPaMU U C TIOJIMBOM T10UBbI POCTOBBIMU BeltjecTBamu (Tabr1. 2). CpejHsisi BEICOTA
CesiHLIeB Ha OIbITaX COCTaBW/Ia COOTBETCTBEHHO 4,32 U 4,64 cM. OTIbIT € PUMeHeHreM po-
CTOBBIX CyXHX BellleCTB [T0Ka3a/1 HANMEHbILIYe Pe3y/IbTaThl 10 BBICOTe cessHLeB — 3,82 cM.
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Tabnuya 2
CpepHAA BbICOTa OAHONETHUX CEAHLLEB COCHbl 06bIKHOBEHHOM

B 3aBUCUMMOCTM OT NPEANOCEeBHON TEXHONMOMMU 06paboTKN CeMsiH

BelwiectBa

Jlo3a BHeceHus

CpepaHsana BbICOTa, CM

A® rHNN
«KokweTay»

KrY «YNX
«Bykna»

FNNP «Eprtic
opMaHbI»

OnbIT 1. BHeceHne poCcTOBbIX BELLLECTB, NPeANOCeBHON NONNB No4vBbl LiIMTOBUTOM, NoceB ceMsiH
C NpeAnoceBHoit 06pa6oTkoii LinpkoHoM (6 4) + TpuxouuH (2 u)

BopHas kucnora 0,2r/1 n(m? 1,2410,07 1,2910,04 3,1340,12
Kap6amup+cynepdocdar 3r+2r/m? 1,1210,07 1,70+0,19 3,7410,11
2,
Kap6amua+cynepdocdart+ 3r+2r/m*+100 1,1440,08 0,00£0,11 3,63:0,14
Spualpoy mn/10n

KZ KynbTypbl 100 mn/10 n 1,0810,07 1,25+0,06 4,24+0,14
bdepTuka 50...70 r/m? 1,05+0,08 1,21+0,10 4,350,14

OnbIT 2. MpoBefeHne NpeanoceBHON 06paboTKN CEMSIH CTUMYNIATOPaMM, NoceB ceMsiH. MpeanoceBHoM

nosiMe nouebl Lintoeutom

Bavikan (1,5 u) 2mn/2n 1,44+0,12 - 4,02+0,13
LimpkoH (3 v) 0,5mn/2 n 1,26+0,12 1,25+0,05 4,09+0,16
LimpkoH (6 4) 0,5mn/2n 1,1540,08 - 4,160,21
ymaT+7 (12 4) 1,5r/1n 1,04+0,06 - 4,68+0,18
ymaT+7 (12 4) 0,5r/1n 1,2840,11 - 4,63+0,17
KoHTponb 0,8210,08 - 4,1410,13

(6 + 2 4), noces cemsH. Mpeano

OnbIT 3. MpoBepeHne npeanoceBHoO 06paboTku ceMsiH LiMpKoHOM 1 TpuxouuHoMm
CEBHOI NONUB NoYBbI LinToBuToM

Baiikan+TpuxouuH (1,5+2 ) 2mn/2n 1,2310,11 - 4,25+0,15
LinpkoH+TpuxouuH (3+2 y) 0,5mn/2n 1,1610,10 1,42+0,03 3,8+0,11
LinpkoH+TpuxouuH (6+2 y) 0,5mn/2n 1,3140,10 - 3,8410,11

FymaT+7+TpuxoumH (12+2 ) 0,5r/1n 1,3710,11 - 3,99+0,13

Fymat+7+TpuxoumH (12+2 ) 1,5r/1n 1,3810,09 - 4,3710,11

KoHTponb+TpuxouuH 06r/1n 1,21+0,07 1,18+0,04 4,3410,14
KoHTponb 1,19+0,06 1,41+0,05 4,0210,15

OnbIT 4. MoNMB NOYBbI POCTOBLIMU BELLLECTBaMU, NPEANOCEBHOI NoNMB LIuToBUTOM,
06paboTaHHbIX CTUMYNSATOPOM LiMpKoH+TpuxouuH (6 + 2 v)

nocee CeMsiH,

KZ Kynbtypbl 100 mn/10 n 1,31+0,05 1,2440,04 4,4910,16
Apualpoy 50 Mn/10 n 1,28+0,06 1,03+0,04 4,4810,13
LUutoBut 1,5mn/1,5n 1,3210,08 - 4,7520,17
TpuxouuH 1,2r/2 n/2 M? 1,3510,06 1,09+0,04 3,940,11
KoHTponb 1,31£0,08 1,32+0,03 4,8610,18
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Table 2
The average height of Pinus sylvestris annual seedlings
Average height, cm
Agent Application dose Arykbalyk
branch of ‘Bukpa’ ‘Ertis ormany’
‘Kokshetau’

Experiment 1. Application of growth regulators. Pre-sowing soil irrigation with Tsitovit. Pre-sowing seed
treatment with Zircon (6 h) + Trichocin (2 h)

Boric acid 0.2 g/1I(m?) 1.24+0.07 1.29+0.04 3.13%0.12
Carbamide+superphosphate 3 g+2 g/m? 1.12+0.07 1.70+0.19 3.7440.11
Carbamide+Superphosphate 3 g+2 g/m*+

+ AridGrow 100 ml/10 1 1.140.08 0.90£0.11 3.6310.14

KZ Cultury 100mli/101 1.08+0.07 1.25%0.06 4.2410.14

Fertika 50..70 g/m? 1.05+0.08 1.21£0.10 4.3510.14

Experiment 2. Pre-sowing treatment of seeds with growth regulators, seed sowing. Pre-sowing soil
irrigation with Tsitovit

Baikal (1.5 hours) 2ml/21 1.44+0.12 - 4.02:0.13
Zircon (3 hours) 0.5ml/21 1.26+0.12 1.25+0.05 4.09:0.16
Zircon (6 hours) 0.5ml/21 1.15+0.08 - 4.16£0.21
Gumat+7 (12 hours) 1.5g/11 1.04+0.06 - 4.68:0.18
Gumat+7 (12 hours) 0.59/11 1.28+0.11 - 4.63:0.17
Control 0.82+0.08 - 4.140.13

Experiment 3. Pre-sowing seed treatment with Zircon and Trichotsin (6+2 h), seed sowing. Pre-sowing soil
irrigation with Tsitovit

Baikal + Trichocin (1.5+2h) 2ml/21 1.230.11 - 4.25%0.15
Zircon + Trichocin (3+2h) 0.5ml/21 1.16x0.10 1.42+0.03 3.810.11
Zircon + Trichocin (6+2h) 0.5ml/21 1.31x0.10 - 3.84+0.11

Gumat+7 + Trichocin

(12+2h) 0.59/11 1.370.11 3.9940.13
Gumat+7 + Trichocin

(12+2h) 1.5g/11 1.3810.09 - 4.37£0.11
Control + Trichocin 0.6g/11 1.21+0.07 1.18+0.04 4.3410.14

Control 1.190.06 1.41+0.05 4.0240.15

Experiment 4. Watering the soil with growth regulators, pre-sowing watering with Tsitovit, sowing of seeds
treated with Zircon (6 h)+ Trichocin (2 h)

KZ Cultury 100 mi/101 1.31£0.05 1.2440.04 4.49+0.16

AridGrow 50 ml/101 1.28+0.06 1.03+0.04 4.48+0.13
Tsitovit 1.5ml/1.51 1.32+0.08 - 4.75+0.17

Trichocin 1.29/21/2 »? 1.35+0.06 1.09+0.04 3.9+0.11
Control 1.31+0.08 1.3240.03 4.86+0.18

B nutomuuke A® I'HIIIT «KokieTay» 1o BceM roJjam MpoBOAUMBIX UCC/IeI0BaHMM
Hab/TI0/1a/ICsT MUHUMAJTbHBINA POCT OFHO-ABYX/IETHUX CEeSHIIEB COCHBI 0OBIKHOBEHHOM
10 CPaBHEHUIO C APYTUMHU pPeruoHaMU. JTO NPOUCXOAUT 10 HECKOTbKUM TPUUYMHAM.
Bo-mepBbIX, MO3AHMIM 1TOCEB ceMsiH. V3-3a 0coOeHHOCTeH pacriooXKeHUsT TUTOMHUKA
MOCEB €)KerofiHO TIPOBOAUTCS He paHee Hauasia UloHS, UTO 3HAUMTe/TbHO CHU)KAeT POCT
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CesHL|eB Y TPYHTOBYHO BCXOXKeCTb CeMsH. BO-BTOPBIX, HU3Kas! I/I0J0POSHOCTb U TSUKeJIbIN
MeXaHWYeCKUI COCTaB MouBbl. V3-3a CU/IBHOTO YIIJIOTHEHUSI MIOUBbI B BereTalOHHbII
riepro/; KOPHU PacTeHUi He MOTYT MPOHUKATh B 6osiee ryOOKye C/I0M MOYBBI, I03TOMY
(hopmupyeTcsi ykopoueHHasi KOpHeBasi CiCTeMa C MHO>KeCTBOM MeJIKUX KOpHeil. M3-3a
CUJIbHOTO UCTOIL[eHHS TT0YBHI BEICOTA CesTHLIEB OueHb HeOOosIbILast, TIPHUeM JI/TMHA XBOH
pocruraet f0 10 u 6onee caHTUMeTpPOB. V1 camasi BayKHasi MPUUKMHA HA3KOTO KaueCTBa
M0Ca/I0YHOT0 MaTepuasia — rioxve cemeHa. B 2019 1. Ha yuacTKe ObI ITOCESTHBI CEMeHa
u3 ['JITIP «Eptic opMaHbl», KOTOpbIE MPU BCeX BbIlIeyKa3aHHbIX (DaKTOPAX arpOTEXHUKHU
U TTOTO/IHBIX YCIOBUSIX TTPEBBIIIAIA BBICOTY MECTHBIX CesiHLIeB Oosiee uem B 2 pasa.

[TpoBeieHHBIE OTBITHBIE PAOOTHI 110 aJANTALMK 3apyOeXXHBIX TEXHOIOTHH (PHUC. 2) To-
Ka3aJii XOpOLlIKe pe3y/IbTaThl IPU pUMeHeHnHr ynobperust ®eptrka B mutomMHuke TJITTP
«Epric opmaHb». BbicoTa OIHO/IETHUX CeSHLIEB C UCIIO/IE30BaHUEM 3TOTO y00peHus
rpeBbIllasa Apyrue sapuanTel B 1,0...1,4 pa3a. B mutomunke A® I'HITIT «Kokmetay»
ucrnonb3oBaHue yobpenus @epTrka He TIOB/HSIIO HAa yBeJIMUEHHUSI POCTa CesiHLIEB —
B /IaHHOM OTIbITe BBICOTA CestHIIeB Oblla HauMeHbIeil. Hanbosibive rokasareny umert
BapUaHT C MpUMeHeHHueM OOPHOM KUCIOThI. AHA/IOTUYHO /1J1sl CestHLIEB, POM3paCcTaro-
mmx B mutoMHuKe KI'Y «YJIX «ByKra», BHeceHre yno0peHust HOCHIIO OTPULATe/TbHbIH
XapakTep — BCe CesHLIbl OTCTaBa/d B POCTe.
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Fig. 2. Average height of scots pine annual seedlings in the tested technologies
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IIpumenenue L{pkoHa COBMeCTHO C TPUXOLIMHOM MO3BOJIWAJIO YBEJTUUUTH POCT
cestHIieB B mUTOMHUKe KI'Y «YJIX «Bykmna» 10 1,42 cM, UTO SIBASUIOCH HAUOOJIBIITNM
3HaueHueM. [TovB noussl LIMTOBUTOM MOBNMSI HA POCT OLHOJIETHUX CESHLIEB COCHBI
00OBIKHOBEHHOM TI0 BCEM PerroHaM, HO M0Ka3aTe/id poCcTa He3HaunuTe/TbHO MPeBbIIIa/Iud
KOHTPOJIb X OTCTaBax OT HEKOTOPBIX APYTMX BaPUAHTOB B JaHHOM ornbITe. [IpeamnoceBHas
o6paboTka [JUPKOHOM TI0 UCITBITEIBAEMOM TEXHOJIOTMH KaK TIPY TIPUMEHEHUH TOJIBKO
CTUMYJISITOPA, TaK U COBMeCTHO € TpuxorrHoM B mutomMHuKe [JITTP «EpTic opmaHb»
He I10BJIMsI/Ia Ha BBICOTY U BCTPEUaeMOCTb OJHOJIETHHUX CesHLIeB, B JaHHOM BapuaHTe
Habsoamcy HauMeHsblnue okasarenu. B A® 'HITIT «Kokiietay» 10CTOBEPHBIX
paznunii B ipuMeHeHny LIMpKOHA U IPYTHUX CTUMYJISITOPOB He 00HAPY’KeHO.

[TpeamnoceBHasi 06paboTka ceMsiH COCHbI 0OBIKHOBEHHOU Batikasiom roBsusisia Ha
YCKOpPeHHe BbICOThI OJHOJIETHUX CesHL|eB TO/MBKO B MUTOMHUKe AD ['HIIIT «Kokie-
Tay». Ho ciiegyer oTMeTHTD, UTO BCTPEUaeMOCTh CesHLIEB Ha eJMHUL{e TIIOLIafx MPU
o6paboTke balikasioM yBeIMUUBaETCS.

[TocKoMBKY /1711 KCCTIe0BaHK ObLIO BEIOPAHO OOJTBIIIOe UKCIO OTIHITOB U UX BapHaH-
TOB, 10 BCEM I10JIyYeHHBIM pe3yJisTaTaM [poBe/ieH KiacTepHbli aHaau3. Ha ocHoBaHuM
JTAHHOTO aHa/M3a ObUTH BbIOpaHbI ONTUMaJIbHbIe BADUAHTHI /111 B/IUSIHUS Ha YBeTUUeHe
PYHTOBOI BCX0)KeCTH U pocTa cestHileB. st TVITIP «EpTic opMaHbI» T0/I0)KUTEIbHOE
BO3/leliCTBUe OKa3bIBaeT Mo/MB MouBbl LlutoBuTOoM 1 Spual poy. B nutomHuKax AP
THITIT «Kokuietay» 1 KI'Y «YJIX «ByKra» 13-3a HeO/IaronpHsTHbIX MTOUYBEHHbIX YC/IOBUH
HeoOX0IMMO yBe/IMUeHue TUI00POAKS TT0YBLI, [IO3TOMY Harbosiee XOpoIive pe3y/bTaThl
TI0Ka3aJI OTIbIT C BHECEHWEM a30THBIX, (hoChOPHBIX ya00peHUid, IoMB TTouBbl Dpual poy
1 KZ Kynbtypsbl. [17151 TOBBIIIEHUS] TPYHTOBOUM BCXOXKECTU Y BBICOTHI CESTHLIEB TaK)Ke BO3-
MOXXHO TIPUMEHEHHe TTPe/NoCceBHO 06paboTku ceMsiH ['ymatom+7 B TeueHre 12 yacos.

3aksnoyeHue

B nipoBesieHHBIX HaO/IOJeHUSIX BBISBIIEHO, UTO TIPUMeHsieMble B O/IV>KHEM 3apy-
0e)kKbe TeXHOJIOTHY UHTEHCUBHOTO BbIPAIMBAaHUS CesTHLIEB COCHBI 0OBLIKHOBEHHOM TI0
COBOKYITHOCTH HUCCJIe[yeMbIX ITPHU3HAKOB I10Ka3a/u I10JI0KUTe/IbHOe BIMSHUE TOJIBKO
TP UCI0J1b30BaHUM LIuToBUTAa. B 11€/10M BBISIB/IEHO, UTO JIyUllive [T0Ka3aTe/au pocTa 1o
BBICOTE UMEIOT CeSTHI[bI COCHbI 0OLIKHOBEHHOM, BhIPAIlleHHbIe M3 CEMSIH C IPe/IN0CeBHOMN
o6pabotkoii B ['ymaTe+7 B TeueHue 12 yacoB, TIpUUeM XOPOLIIHe Pe3y/IbTaThl UMeeT Kak
NpYMeHeHHe TOJbKO CTUMYJ/ISITOPa, TaK U COBMeCTHO C (pyHrunmgom TpuxoruH. Tak-
)Ke oueHb OOJIBIIYIO POJIb B YCKOPEHUU POCTa CesTHLIEB COCHbI OOBIKHOBEHHOM UrDaeT
TIOBBILIIEHHe TI7I0/[0OPO/IMS TIOUBBI ITyTeM BHECEeHHs a30THBIX, (ochOpHBIX yaoOpeHuH,
aktrBaropa nmouBbl Jpual poy u «KZ Kynerypbi».
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BnvsaHue koMnnekcHbIX npenapaToB cepun buoAktusCoun
Ha YpOXXalnHOCTb U Ka4yeCTBO 3epHa ApoOBOMN TBEPAOM
N MArKOM MniueHuubl

A.T. Jloxkun', I1.H. Mansunkos?, H.B. MapaapseBa'*, B.B. Cujopos’

"Jyparrickast roCyjapCTBeHHAsT CeTbCKOXO03SICTBEHHAsT aKaIeMHUS,

2. Yebokcapnl, Yysawickas Pecnybnuka, Pocculickas @edepayust
2CamMapCKuii Hay4HO-MCCIeI0BaTe/IbCKUA HHCTUTYT CeJIbCKOTO XO3SMCTRA
nmenu H.M. Tynalikosa,

n. 2. m. Besenuyk, Camapckas obaacmb, Pocculickas @edepayust
* volga480@yandex.ru

Annortanus. [1prBesieHb! SKCIIepUMeHTabHble JaHHbIe POCTa, Pa3BUTHS, YPOXKaHOCTH U KauecTBa ypoyKast
3epHa sIpOBOM TBEPZOM M MATKOM IILIeHHUIbI TPU IPUMeHeHUH perniapatoB Bloom&Grow u Immune System
B YCJIOBHUSIX CBET/IO-CePBIX JIeCHbIX 1ouB YyBanickoi Pecriy6uky. Pe3ysbraThl [BYXJIETHUX UCC/IeJOBaHUN
BBISIBUJIH, UTO Y pacTeHHH 06paboTaHHBIX MperapaTaMy, COKpaILlaeTCsi epro/, IPOXOKAeHHs (a3bl BCXObI —
co3peBaHue /10 7-8 /iHel, BbicoTa 06pab0TaHHBIX PACTEHUI MATKOM MIIEHHULII [PEBbILIAa KOHTPO/IbHBIN BapH-
aHT Ha 12,5 cM, npeBbIlleHre JJIMHbI [JIAaBHOTO Kojioca cocTaBuio 0,4 cM, KosiMuecTsa 3epeH B HeM — 6,1 1T,
a maccel 3epeH — 0,23 1. PacTeHust sipoBO¥ TBep/10H MilIeHHL{bl, 06paboTaHHbIe MUKPOYZ0OpeHHUsIMH, 10 BBICOTe
pacTeHui NpeBblllazy KOHTPO/IbHBINM BapuaHT Ha 25,1 cM, 110 IokasaressM JJIMHbI [JIJaBHOTO K0JI0Ca, Yyucia
3epeH B HEM M Macce 3epHa J0CTOBEPHO IpeBbIlIa/Iu KOHTPO/IbHbIN BapuaHT. Macca 1000 cemsiH npeBbIlana
KOHTPOJIbHBIHM BapuaHT Ha 7,28 1. [IpubaBKa ypoXXailHOCTH sIPOBOM MATKOM MIieHHLbl cocTaBuio 0,89 1/ra
(26,3%), a TBeppoii muennnp — 0,93 1/ra (28,6%). IIpumenenye npenaparoB Bloom&Grow 1 Immune System
IPUBeEJIO K YBEIMUEHUIO COJlep>KaHUsl K/IeKOBUHBI B 3epHe SIPOBOM MATKOM M TBepZOM MILeHUL[b, YIyYLleHUI0
ToKa3areJisi ZiehopMaLiiy KIIeHKOBHHBI 0 1 TPYMITBI C HAKOTJIEHHeM MUHEePa/IbHbIX BeIeCTB.

KiroueBble c/10Ba: MUKPOYZ0OpeHws], sipoBasi TILeHNIa, KaueCTBO ypoyKasl, K/IeMKOBHHA, CTPYKTypa
ypOKasi, ypoXKaltHOCTb, (ha3bl pOCTa, CTUMY/ISITOP POCTa, IMMYHOMOZY/ISITOD.

Wcropus crarbu:
Tocrynuna B pejakuyio 17 suBapst 2020. IMpunsTa k my6mkarnyu 4 despasst 2020 r.

KoH(uInKT MHTepecoB:
OTcyTcTBHe KOH(IMKTa UHTEPEeCOB B CBSI3U C OTCYTCTBHEM (DMHAHCHPOBAHUS OT KOMITAHUH-TIPOU3BOANTEIS
Tperaparos.
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Influence of Bioactivesoil combined fertilizers on yield
and quality of spring hard and soft wheat
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Abstract. The experimental data on effect of Bloom & Grow and Immune System fertilizers on growth,
development, yield and grain quality of spring durum and soft wheat in light gray forest soils of the Chuvash
Republic are presented. The results of two research years revealed that in plants treated with fertilizers, the growth
period ‘seedling— ripening’ is reduced by 7-8 days, height of the treated soft wheat plants exceeded the control
variant by 12.5 cm, length of the main spike — by 0.4 cm, number of grains per spike —by 6.1, and grain mass
per spike — by 0.23 g. Plants of spring durum wheat treated with micronutrient fertilizers exceeded the control
variant by 25.1 cm in plant height, length of the main spike, number of grains in it and grain weight significantly
exceeded the control variant. The 1000 seed mass exceeded the control variant by 7.28 grams. The increase
in the yield of spring soft wheat was 0.89 t/ha (26.3%), and durum wheat — 0.93 t/ha (28.6%). Application of
Bloom & Grow and Immune System fertilizers led to an increase in gluten content in spring soft and durum
wheat grains, and an improvement in gluten deformation rate to group 1 with the accumulation of minerals.

Keywords: microfertilizers, spring wheat, yield quality, gluten, yield structure, productivity, growth stages,
growth regulator, immune modulator
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BeBepeHue
[Tpon3BoOACTBO 3epHa HAXOAUTCS B LIeHTPe arpapHOi MOIUTUKA MUHUCTEpCTBa
cenbCKoro xo3siiicTBa Poccutickoii @eneparmu. [1o 06beMy sxkcriopTa mieHuLsl Poccrst
¢ 2016 r., oborHaB cBoero 1aBHOro KOHKypeHTa — CIIIA, 3aHuMaeT 1-e MecTo B Mupe
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(39 mutH. T B 2018 1.). OtHako MyKu Poccust BeIBO3MT 3a py6ex imiib 280 Thic. T (0,7%
OT 3KCropTa 3epHa miueHuLbl). [1pu stom Typius, 3akynatoijas 3epHo B Poccuu, mie-
pepabaTbIiBaeT ero ¥ BLIXOJUT Ha JIWePCKHe TIO3ULMU B MUPe T10 3KCTIOPTY MYKH [1, 2].

B Poccun B nocsieiHue ro/ibl HAOMIO[aeTCsl TeHAEHIUST CHYDKeHHs KaueCTBa 3epHa.
Tak, momst HerpoJOBOMLCTBEHHOM TIIeHULIbl — 3epHodypaxxa — B 2018 1. cocTaBuia
6omnee 30% oT Bcero o6bemMa Npou3BO/ICTBa, UTO Ha 3% Oobliie, yeM B 2017 I, 1 Ha
9% BbIIIIEe CPE/IHETO YPOBH 3a rocsiefHue 5 eT. O6bem riy0oKoi nepepaboTKH 3epHa
B Poccum cocrarsnisieT uyTh 60siee 300 ThIC. T, TOTZIa Kak BHyTpeHHee 1oTpeb/ieHre v 9KC-
TIOPTHBIN TIOTeHL[Ma/ CTPaHbl MOIVIH ObI I0BeCTH 3TH 00beMsl /10 7 MiH. T U Gostee [3, 4].

ITo mannbIM PoccTara, moceBHbIe T/I01a/Iv MIlIeHUI[bI 03UMO U SipoBoi B Poccun
B 2019 1, B x03s10icTBaX Bcex Kareropuii coctaBuiim 28069,8 ThIC. ra (Ha 03MMYIO MILEHULY
npuiiock 56,3%, Ha sipoByto — 43,7% Bcex MOCeBoB), T.e. Mo oTHoIIeHuio K 2018 1. BbI-
pocu Ha 3,0% (Ha 805,7 ThIC. ra), a 3a nocyiegHue 5 iet—Ha 11,1% (Ha 2812,2 ThIC. ra).
[To otHomenuto K 2001 1. Tioiazu moceBoB Bbipocsv Ha 18,1% (Ha 4 306,1 Thic. ra);
0JJHaKo 3a nociegHue 10 et oHU COKpaTUNCh Ha 2,2% (Ha 632,0 ThIC. ra), Mo3TOMY Cy-
IIleCTBEHHOE yBeJIMueHre BajioBOro cOopa 3epHa MOYKET M/ITH TJIaBHbIM 00pa30M 3a cueT
rofibeMa ypoykaiiHocTtu [5, 6].

[TpuMeHeHWe MaKpO- ¥ MUKPOYA0OpeHHI, CTUMY/IITOPOB POCTa U UMMYHOMOZY-
JIITOPOB MMeeT pellaroljee 3HauyeHNe B NOBbILIEHUH YPOKaeB Ce/IbCKOX035MCTBEHHbIX
KynbTyp. Pas3muHble TeXHOMOTUK 00paboTKM TOYBHI, IPUMeHeHHe MeCTHBIX HeTpa/iu-
L[MOHHBIX YZ100peHui TakKe 10Ka3aau CBO0 3QPeKTUBHOCTb Ha CeMbCKOX03sHCTBEH-
HBIX Ky/nbTypax [7]. CnenyeT otmMeTuTh, uto B UyBartickoii Pecry6ivike sipoBast TBepast
TILIeHNI]A B TPOMBIIIJIEHHBIX MacIITabax He BO3/le/bIBaeTCs U HeT peKOMeH/J0BaHHBIX
COPTOB /171 ee BO3/ie/IbIBaHHS, TI09TOMY 3a/iaua MPOBe/|eHHsI M0JIEBbIX UCITbITaHWM COPTOB
TBEepZl0M MILIeHULIbI B CeBepHbIX perroHax I10BO/DKbS C 1je/Ibl0 pacllMpeHys apeasa 3To1
KYJIbTYPbI aKTyaJlbHa.

Henn vccnegoBaHnuii — ycTaHOB/IEHUE NIPOAYKTUBHOCTH COPTOB SIDOBOW MSITKOM
Y TBep/IOM MMIIIeHULIbI OT TIPUMeHeHHUsI MUKPOYZ00peHHii B OMOK/TMMaTHUeCKUX YCIOBHUSIX
Yygartickoi Pecry6iku.

MaTtepuanbl u metoabl

IIpou3BoCTBEHHBIE OMNBITHBIE YYaCTKX pa3Melrannch B nose Ne 4 mioseBoro ce-
B00OOpOTa YuebHOro HayuyHO-Tpor3BoACcTBeHHOTO 1ieHTpa (YHIIL) «CryneHueckuii»
Yysamickoii 'CXA. TTpaBoo6/ia/jaTesieM mpernapaToB — OpraHOMHUHEPATbHOTO yA00peHust
cepun bruoAktuBCowurn (Bioactivesoil) Mapku: Bloom&Grow 1 Immune System — siByisieTcst
KoMIiaHusi Agratec Bio (CBHZeTe/TbCTBO O TOCY/IapCTBEHHOM pPerucTpaLyy IpernapaToB
Ha Tepputopuu Poccuun Ne 2240 ot 24 mas 2019 r.).

[Mpenapatsl Bloom&Grow 1 Immune System npuMeHsUCE A/ist 00pabOTKH SIPOBO#A
MSITKOM MILIEeHUL[bI Ha TIJIoaAU 2 ra, ipOBOM TBep/|0i MilieHuLbl — 2 ra. Becero npena-
paramu 06paboTaHo 4 ra 3epHOBBIX KY/IBTYP; C YU€TOM KOHTPOJIbHBIX BADUAHTOB 0011]ast
T/I0LIa b 110/, IPOU3BO/CTBEHHBIMU OIbITaMHU COCTaBUIa 8 ra.

[TouBa oneiTHOTO yuactka YHIILl «CryzneHueckuii» — CBeT/IO-cepasi ieCHas,
CpeZiHeCyIVIMHUCTAas Ha JIeCCOBUIHOM CYIVIMHKE, C MOLLJHOCTBIO ITaXOTHOIO CJI0s 25 CM;
MOII[HOCTb TIO/NaX0THOTr0 TOpu30HT A B — 13 cm.
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Cogep>kaHue rymyca B IIaXOTHOM CJI0€ CBET/I0-CepbIX JIeCHBIX [T0YB OMBITHOIO MOJIS
Bapbupyetcs oT 2,30 mo 2,55%, noasrxHoro dhocdopa o Kupcanopy — 146...155 Mr/kr
(ToBBIIIIEHHOE Coziep>KaHue), oOMeHHOro Kanus — 115...119 mr/kr (cpeaHee comep-
»kanue), pH obmeHHoM KucnoTHOCTH — 5,72...6,00 (6/113Kast K HelTpaibHOM). CymMMa
TMOT/IOLeHHbIX OCHOBaHUM BapbupyeTcst oT 14,5 1o 16,0 mr-3/100 r rouBbl, TUAPOIU-
TUYecKast KucioTHocTb — ot 1,20 no 1,75 mr-3/100 .

B 1jenom BeretaumoHHbIi niepuof, 2018 1. xapakTepr30Bacsi HeOCTaTKOM BJlaru
Y TIPOXJIaZIHBIM JIETOM (0Ca/IKOB BbITIA/I0 HECKOJILKO MeHee CpeZJHEMHOTO/IETHHX 3Haye-
HUIA), UTO B HE/[OCTATOYHOM Mepe CIIOCOOCTBOBAJIO POCTY, PAa3BUTHIO 36PHOBBIX KYJIBTYD
1 opmupoBaHuio ypoxkasi. B 2019 r. ¢ Masi o uto/ib BbITaaio 0CaikoB Ha 32% MeHbllle,
a B aBrycre — 150% oca/ikoB OT Cpe/JHEMHOT0JIeTHUX MOKa3aTesield. CpefgHeMecsiuHast
TeMIiepatypa Oblyia HKe cpefiHeMHOroieTHel Ha 2,1 °C, uTo yrpoykaao CHKeHHeM
KauecTBa ypoyKasl 3¢PHOBBIX KY/IBTYP, B 0COO€HHOCTH SIPOBOM TBEDP/O# MIIIeHULIBL.

B ombiTax ucnosnb3oBaHa sipoBasi Msrkas IileHuLa, COpT «MaprapuTa», cpefiHepaH-
HUM, BereTallMOHHbIN niepuos 75...96 nuel. ['og BktoueHus B peectp: 2008 1. PervioHsl
nonycka: 4, 7. Ilarentoo6magarens: 'HY YnbsHoBckrii HUMCX PACXH. borannueckast
XapaKTepUCTHKa: TIlIeHML|a MSrkas sipoBasi, pa3HOBU/JHOCTb JIFOTECLIeHC.

SIpoast TBep/ias mieHrIja — «beseHuykckass HuBa», cpeiHecriesniasi, BereTaliOHHBIN
nepuop 75...96 nHeid. BkatoueHa B ['ocyjapcTBeHHbBINM peecTp CesleKLIMOHHBIX J0CTHKe-
Huii Poccutickont @eneparvu B 2012 1. [lonyliijeHa K UCTMo/b30BaHUIo B 9 (YpaibCKoM)
perroHe. Copt 3amuuieH nareHtom P®, agropsr: I11. H. MansunkoB, A. A. BEIOIIKOB,
M. T. MscHuKoOBa.

BecHoti 3a 10 aHeti 10 06pabOTKY MOUBBI HA TTIOBEPXHOCTH TM0JIs1 ONPLICKMBATE/IEM
OITIII-2500 6611 BHECEH BOAHBIN pacTBOp npernapara Bloom&Grow (13 pacuera 1 ji/ra
Tiperiapara); /jajiee 1o BereTUpYIOLMM PacTeHHsIM ObLIO TTPOBeAEHO /1Ba OTIPICKUBAHUS
c uHTepBasoM 14...16 aHeit npenapatom Immune System mpu Hopme pacxoga 0,3 n/ra.

IToceB OMBITHBIX YYaCTKOB 3epHOBBIX KY/bTYp B 2018 1. mpoBerm 20 mas, B 2019 r.—
10 mas. [Ii1s1 moceBa UCI0/Ib30BaIM KaTErOPHIO CEMSTH «3/IMTa», HOPMa BbICeBa SIpOBOM
MSTKOM M TBep/l0M MILeHUL|bl COCTaBU/Ia 5 M/IH. BCXOXKUX CeMsH Ha 1 ra.

[Tepen oceBoM ceMeHa MPOTPaB/IMBaIMCh IPOTUB Oosie3Hel mipenapatoM OrioT
ripu HopMe 0,5 n1/T cemsiH. I1pu moceBe B psZIKA BHOCUIOCh MUHEpa/IbHOEe a30THOe Y/I0-
OpeHue — aMmMuayHasi cenuTpa — B HopMe 100 Kr ¢usnueckoro Beca Ha 1 ra. JIpykHble
BCXO/IbI TIOSIBUMCH Yepe3 7—8 mHel moce roceBa. B a3y KyiileHus: SpoBO MilleHULIbI
B HIOHe Obl/a TIPOBeZIeHa XMMHYeCKast TTPOTIo/Ka 6akoBoM cMechto riperapartoB «baeprHa
+ Mar"ym» C OZJHOBPEMEHHOH a30THOM JIMCTOBOU MOJKOPMKOIM KapbamMH/[0M B HOpMe
15 Kr/ra B (pu3nMyecKom Bece.

[TepBoe onpbICKMBaHKe MOCEBOB SIPOBOM MSITKOW Y TBepZOH MILIeHUL[bI TTperiapaTom
Immune System Ob1710 IPOBe/IEHO B Htose B (ha3y BbIX0Ja B TPYOKY SIPOBBIX 3€PHOBBIX
KynbTyp. Hopma pacxoga nipeniapara 0,3 ni/ra, Hopma paboueit xxuakoctu 300 a/ra. Bro-
poe ONpbICKMBAaHKE MPOBOJWIN CITYCTs1 2 HeJ|e/Iv MOCJIe IepBOro OMPLICKMBAHUS B (pasy
Hayasa KosomeHusi. @eHosornueckrie HabIroieHusT Ha OTTBITHBIX TTOJISIX TIPOBOAMIIH T10
BCEM BapMaHTaM B TeUeHHe BCEro BereTalldOHHOro ce3oHa. HacTtymnienue ¢a3 pa3BuTust
pacTeHMH MIeHUL{bl yCTaHaBIMBAJIM [71a30MepHO. 3a Havyasio (pa3bl MPUHUMAJIH [leHb,
KOTZla B JaHHY0 a3y BCTynusao He MeHee 10% pacTeHMi; 3a MOJHOE HACTyTJIeHUe
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(ha3bl — Korjja OHa pacrpoCTpaHsiiach He MeHee ueM Ha 75% pacteHuid. B oTaenbHbIX
CITyyasix /ijist 00/blIel TOUHOCTH BU3Ya/IbHYIO OLIEHKY 3aMEeHSITH TI0/|CYeTOM PaCTeHUH.
Bce HabsrofieHUst ¥ y4ueThl B TIepHo/, BereTaliu, yOOPKY 1 yueT ypoykast BeJI COT/IaCHO
METO/IUKE rOCY/JapCTBEHHOTO COPTOUCITBITAHUSI.

Yporkaii oLieHHBa/ICSI METO/IOM aHa/Ti3a IPOOHBIX CHOTIOB, KOTOPBIE OB 0TOOpaHBbI
niepes; yOOpKo# ypokasi. Maremarrueckast 00pabOoTKa IOy4eHHBIX JAHHBIX TIPOBOAIM/IACh
JVICTIEPCOHHBIM MeTO/Z[OM 110 JToCTIexoBy.

Pesynbratbl 1 06cyxaeHue
[eticTBytolriee BelecTBo npernapatoB Bloom&Grow 1 Immune System pa3paboTaHo
TPU COBMECTHOM Y4aCTUH BeyluX poccuiickux yueHbix BHUW arpoxumuu vm. Ipsi-
HutHukoBa, BHMU Poccenbxo3akagemun Poccun v akynbreTa rouBoBesieHrss MI'Y
uM. M. B. JlomoHocoBa u niogiep>kaHo ¢honHioM CkoKoBO. [Tpenaparbl UMEIOT CI0XKHBINA
XMMWUECKHUW COCTaB, CoflepyKaT opraHhuecKoe BelecTBo 40 25%, Makpo- 1 MUKPO3-
JIEMEHTbI, OpraHhYeCKHe BellleCTBa, OpraHruueCcKre KUC/I0Thl, AMUHOKUC/IOTEI U BOALY.
[aHHbIe TI0 HAO/TIOZIeHUSIM TTPOZIO/DKUTETLHOCTH (ha3 POCTa ¥ pa3BUTHS SIPOBOM MsIT-
KO 1 TBepo mieHuiibl B 2018-2019 rr., npuBeieHHbBIe B Ta0/. 1., CBUETETBCTBYIOT
0 TOM, UTO IMPOJO/DKUTE/IbHOCTh BereTali TBepZ0M MILEeHHULIbI J0JIblie, YeM MATKOU
TMIIEeHUIbI, B CpefiHeM Ha 8 fiHel (3a 2 To/ia CC/ieloBaHUMN).

Tabnuya 1
BnusiHve npenapaToB Ha NPOAO/MKUTENbHOCTb a3 pocTa
M pa3sBUTUSA APOBOIN MAKON U TBEPAON MNLLEHULbI

Bcxopbl —
Konowenue | MonoyHas | BockoBas Monnas
BbIX0A, B TPY6KY
M uBeTEeHMEe | cnenocTb | CMenocTb | CNenocTb
BapuaHT onbiTa Fop, B TPy6KY
deHonoruyeckue ¢asbl pa3BUTUSA MATKOW MNLIEHULbI, fHEN
2018 39 56 74 90 104
KoHTponb
2019 35 52 71 87 110
CpeaH 37 54 72,5 88,5 107
2018 39 54 71 85 97
Mukpoypo6perus
2019 34 50 70 81 104
CpeaH 36,5 52 70,5 83 100,5
®deHonornyeckue hasbl pasBUTUA TBEPAON NILEHULbI, AHEN
2018 11 58 76 94 110
KoHTponb
2019 38 54 72 96 120
CpenH 39,5 56 74 95 115
2018 11 58 73 90 102
Mwukpoyno6peHus

2019 38 53 70 94 115
CpegH 39,5 555 71,5 92 108,5
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Table 1
Effect of fertilizers on growth of spring soft and hard wheat
Seedllpgs- Earing gnd 'Mllky .Waxy Full maturity
Variant Year booting blooming ripeness ripeness
Growth stages of soft wheat, days
2018 39 56 74 90 104
Control
2019 35 52 71 87 110
average 37 54 72.5 88.5 107
2018 39 54 71 85 97
Microfertilizers
2019 34 50 70 81 104
average 36.5 52 70.5 83 100.5
Growth stages of hard wheat, days
2018 41 58 76 94 110
Control
2019 38 54 72 96 120
average 39.5 56 74 95 115
2018 41 58 73 90 102
Microfertilizers
2019 38 53 70 94 115
average 39.5 55.5 71.5 92 108.5

Knumartrueckrie yciOBUSI UCTIBITYEMBIX JIeT OMpe/ie/IeHHO BAUSTA Ha PO/ OJIKU-
TeIbHOCTH (ha3 BereTalyy, Hanbosiee KOPOTKasi BereTalusi HabIFJaeTcs B YCIOBUSAX
2018 ., obunbHBIe A0XKAU B aBrycTe 2019 ., B coueTaHUM C HU3KOW TeMIlepaTypou,
3HAUUTETBHO YTMHUIM CPOKU CO3PeBaHusl KY/bTYPbl B CpefiHeM Ha 7 U 13 [Hel MsrKou
Y TBEP/IOH TIIIIEHUIIbI COOTBETCTBEHHO. [IpuMeHeHre MUKPOYyI00OpeHHii B CpeIHEM 3a
[lBa ro/la yCKOPWJIO TIPOXOXK/IeHWe 3TarloB OpraHoreHe3a pacTeHUsIMU SIPOBOU MSITKOU
Y TBep/IoH TIIIeHUI[bI Ha 6,5 /iHel Mo CpaBHEeHWIO C KOHTPOILHLIM BapUaHTOM.

JaHHbIe 371eMeHTOB CTPYKTYPbl YPO>Kasi SpPOBOM MSTKOU TLIEHUL]bI TIPHUBEAEHbI
B Tabs. 2. [TonyyeHHbIe aHHbIE CBUETE/TLCTBYIOT, UTO TTPU PUMEHEeHUH MUKPOYZIO-
OpeHuii BBICOTA PACTEHUH I0CTOBEPHO MPEBBIIIaeT KOHTPOJIbHBIN BapyaHT Ha 12,5 cm.
B Hammx uccieoBaHUsIX TI0Ka3aTe b 00111eld ¥ IPOAYKTUBHOM KYCTUCTOCTH COCTaBIISIET
1,2 1 1,1 coorBeTcTBeHHO. [10 BapraHTaM OrbITa JOCTOBEPHOIO U3MEeHeHHs IoKa3are/isi
KYILLIeHUsI He OTMEeYeHoO.

Tabnuya 2
BnusHue npenapaToB Ha 6UOMETPUIO U NIEMEHTbI CTPYKTYpPbl YpoXKas
SIPOBOW MATKOW nweHuLbl B cpegHeM 3a 2018-2019 rr.

BbicoTa KycTtucroctb FnaBHbIN KONTOC Macca
BapuaHT Paczf:nH”ﬁ. O6uwan | MPOAYK- | Anuma, | Hucno Macca 3epeH c:nf.):: ]
TUBHas cM 3€epeH, Wr. B Kofoce, I )
KoHTponb 84,1 1,2 1,1 6,2 14,9 0,56 36,1
Mukpoyano6peHus 96,6 1,2 1,2 6,6 21,0 0,79 35,6
HCP 05 6,2 0,1 0,1 0,2 34 0,1 0,8

56 PACTEHMEBOLCTBO



Lozhkin A.G. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(1):51-61

Table 2
Effect of fertilizers on spring soft wheat yield (average for 2018-2019)
Stooling Main ear 1000
Variant Plant h i seed
height, cm | Total | Productive | “*"9™ | Grain number | CGrain mass mass
cm per ear, g , 9
Control 84.1 1.2 1.1 6.2 14.9 0.56 36.1
Microfertilizers 96.6 1.2 1.2 6.6 21.0 0.79 35.6
LSDO05 6.2 0.1 0.1 0.2 3.4 0.1 0.8

ViccreioBaHMSIMU YCTaHOBIEHO, UTO TIPY ITPUMeHeHNHU MUKPOY00peHuit cy1ije-
CTBEHHO yBeJIMUM/Iach J/IMHa I7IaBHOro Kosioca Ha 0,4 cM, 4To npuBeno K OpMUPOBaHHIO
OoIbLIIer0 KO/TMUeCTBa 3epeH B Kosiocke (Ha 6,1 IIIT.) ¥ MOB/USIO Ha YBe/TMUeHHe MacCChI
3epeH B kKosioce Ha 0,23 1, 0 CpaBHEHHIO C KOHTPO/IbHBIM BapranToM. Macca 1000 cemsiH
B BapHMAaHTAaX OIbITA OKa3asach B Tpe/jesiaX OMHOKHY IT0/IeBOTO OITbITa.

[aHHble OMOMeTPUUeCKUX U CTPYKTYPHBIX TIOKa3aresiel pacTeHU SIpOBOU TBepjoi
TIIEHUIBI TIpUBe/ieHbl B Tab1. 3. [ToceBbl, 00paboTaHHbIE MUKPOYA00PEHUSIMHU, OT/IH-
yarTCcsl 60ee MHTEHCUBHOM POCTOM PACTeHHM, BBICOTA MX MPeBbICH/IAa KOHTPOJIBHBIN
BapuaHT B cpegHeM Ha 25,1 cM. [Toka3aTenu KyCTUCTOCTU pacTeHUl He 3aBUCE/U OT
BHeCeHUs Tpernapara.

Tabnuya 3
BnusiHne npenapaToB Ha GUOMETPUIO U ANIEMEHTbI CTPYKTYPbIl YporXKas
SIPOBOW TBEPAOI MNLLeHULbl B cpegHem 3a 2018-2019 rr.

BbicoTa Kyctucroctb MnaBHbIN KONTOC Macca
BapuaHT pacTeHui, O6uag | MPOAYK- | lmka, | Yucno | Macca sepeH 1000
cM m TUBHasa cMm 3epeH, WT | BKosoce,r CeMsH, I
KoHTponb (6e3 74,4 1,5 1,5 5,60 22,4 0,89 37,84
06paboTkm)
Mukpoypo6peHus 99,5 1,5 1,4 6,57 32,2 1,24 45,12
HCP 05 83 0,1 0,1 04 43 0,23 3,7
Table 3
The Effect of fertilizers on spring hard wheat yield (average for 2018-2019)
Stooling Main ear
. Plant 1000 seed
Variant height, . . Grain mass
cm Total | Productive | Length,cm | Grain number mass, g
per ear, g
Control 74.4 1.5 1.5 5.60 22.4 0.89 37.84
Microfertilizers 99.5 1.5 1.4 6.57 32.2 1.24 45.12
LSD05 8.3 0.1 0.1 0.4 4.3 0.23 37

ITo nmoka3sarensM JI/IMHBI I7IaBHOTO KOJIOCA, YKMC/Ia 3epeH B HEM U Macce 3epHa 00-
paboTaHHble NperiapaToM pacTeHUs MILeHHUL[bl J0CTOBEPHO MPeBbILIaI KOHTPOIbHbBIN
BapuaHT. Macca 1000 cemsiH 06paboTaHHBIX MperapaToM pacTeHHi TBepoil MILIeHULIbI
CyLL|eCTBEHHO MpeBbIlliaja KOHTPO/IbHbIM BapuaHT Ha 7,28 T.
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YposkaiiHble ZJaHHbIe 3ePHOBBIX KY/IBTYD B OMbITaX MPUBEJEHbI Ha pUCYHKe. AHa/N3
HayYHBIX JJAHHBIX CBU/IETE/ILCTBYET, UTO TIPUMEHEHHEe MUKPOYI00peHHH B CpeJIHEM 3a /1Ba
rofia /IOCTOBEPHO CITOCOOCTBOBA/IA TIOBBIIIEHHIO YPOXKAHHOCTH 3€PHOBBIX KY/IBTYD. YPOXKaki-
HOCTb SIPOBOU MSTKOM ITIIEHUIILI B BADHAHTE C MUKPOYZ00PEeHUSMU TIPEBBICH/Ia KOHTPOJTb-
HbIii BapuaHT Ha 0,89 T/ra (26,3%), a sipoBoii TBepaoii mieHuLbl — Ha 0,93 1/ra (28,6%).

B KoHTponb

B MukpoyaobpeHusa

5 4,27 4,18

4 - 3,38 325

3 .

2 .

1 -

0 T 1
YposKalHOCTb  YpOXKaMHOCTb

MArKas TBEepaan

nweHunua, T/ra nweHuua, T/ra

YpoXKalHOCTb 3epHOBbIX KyNbTyp B cpegHeM 3a 2018-2019 rr.

O R N W U
1

4.27

4.18

3.38

3.25

B The control

B Microfertilizers

Productivity

Productivity

soft wheat, t/ durum wheat,

ha

Average crop

t/ha
productivity in 2018-2019

PesynbTaThl aHaM3a KaueCTBEHHbBIX TI0Ka3aresiell 3epHa B cpe/jHeM 3a 2 roja npu-

Be/ieHbl B Ta0/1. 4.

Tabnuya 4
BnusiHue npenapatoB Ha Ka4eCTBO ﬂpOBOVI MATKOM " TBep,D,OVI nweHuubl
Msrkas nweHuya TBeppan nweHuya
Mokasartenu En. nsmepenus MuKpo- MuKpo-
KoHTponb KoHTponb
yno6peHus ypo6peHus
KnenkoBuHa % 18,0 25,2 23,3 30,3
NaK en. 92,8 52,6 38,2 67,2
30nbHOCTb % 1,85 1,33 1,71 1,77
MaccoBas gonsi cbiporo % 1,89 213 163 161
)XKupa B nepecyeTe Ha a.cC.B.
MaccoBas gons snaru % 9,3 9,6 9,3 10,4
58 PACTEHWMEBO/ICTBO
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Table 4
Effect of fertilizers on quality of spring soft and hard wheat
Soft wheat Hard wheat
Indicators Unit
Control Microfertilizers Control Microfertilizers
Gluten % 18.0 25.2 23.3 30.3
GDI units 92.8 52.6 38.2 67.2
Ash % 1.85 1.33 1.71 1.77
Crude fat (reduced to dry % 1.89 213 1.63 1.61
matter)
Moisture % 9.3 9.6 9.3 10.4

[Tpu GHOXMMIYeCKOM aHa/|3e BlaKHOCTh 3epHA SPOBOM MSTKOM U TBep/[0H TIIeHUL]bI
cocraBsisizia cootBeTcTBeHHO 9,3 1 10,4%, copeprkanue cyxoro BetectBa— 90,7 1 89,6%.

[TprMeHeHMe MTperiapaToB Ha sIPOBOI MSTKOW U TBepPAOH MIlIeHUL|e CrIocOOCTBOBAIO
YBeJIMUEHUI0 Co/leprKaHusl KJIeMKOBUHbBI Ha 7,2 1 7,0% cooTBeTcTBeHHO. [Toka3aresnb
nHzekca gedopmaiuu KinelkoBuHbl (/1K) MArkoi TieHUIIbI B BApHaHTe C TIPUMeHe-
HUeM MHUKPOyZA00peHuit coctaBuil 52,6 ef., YTO OTHOCUT ee K 1 rpyTmire 1o KauecTBy
MYKH — «XOpOLlasi», @ B KOHTPOJbHOM BapyaHTe OHa OTHOCUTCS K YZIOB/IETBOPUTETHHO
KperKol ¢ ypoBHeM uHJeKca Aedopmanuu ot 20 g0 40 egunull. Takas ke TeHJeHLUS
¢ K HabnrofaeTcs ¥ B OMbITax C TBEPAOU MILIeHHUL|ell; TIPUMeHeHue MperaparoB I10-
3BOJIMJIA TIOTYYUTh 3€PHO C HAWTYYLLIUM [T0Ka3aTesieM K/IeMKOBUHBI, COOTBETCTBYIOLEM
MepBOM TPyIIIie M0 KaueCTBY MYKH.

B 3epHe mieHu1bI HanbObIIasT OIS 30J1bI IPUXOAUTCS Ha OKCUABI hocdopa, Ka-
st ¥ Maraus (cBbitie 85%). B KOHTPO/bHOM BapyaHTe MSATKOM MILIEHULIbI COZiepyKaHre
30/Tbl OKA3a/10Ch BbIllIe 00pab0oTaHHOTO TIperapaToM BapyuaHTa, a B BApUAHTaX TBepAOU
TIIeHNLIb] He OTMEYeHO CYILleCTBeHHbIX U3MeHeHUN.

Copiep>kaHye CbIpOro JKMpa B 3epHaX 3ePHOBBIX KY/IBTYP IPY IPUMEeHeHUH TperapaToB
MOBBLICK/IOCH Ha MsITKoM TiieHulle Ha 0,24% 10 cpaBHeHMIO C KOHTPOJIEM, Ha TBep/ioi
TIIEeHNLIe 0CTa/I0Ch HEU3MEHHOM.

3akno4yeHue

[To pe3ynbraTam IByXJIeTHUX UCC/I€[I0BAHNI MOYKHO C/leflaTh CJIe/lyIOI1e BbIBO/IbI:

1. Ha cBeT/10-cepbIX JIeCHBIX TTI0YBAX CEBEPHOW CeTbCKOXO035MCTBEHHOW 30HbI Uy-
BallICKOU PecryOMKy BO3MOYKHO TIPOM3BO/[CTBO TBEPAOW SIPOBOM TIIIIEHUI]BI COPTa
besenuykckas Huga.

2. IIpumeHenue rpenapatoB Bloom&Grow u Immune System crioco6cTBOBasIO
Oosiee MIHTEHCUBHOMY POCTY PACTEHUM MSATKOW MIIIEHUI[bI, T/e TIPEBBIIIIEHHE [IJTAHbI
IVIaBHOTO KOJIOCa T10 CpPaBHEHHIO C KOHTpoJieM cocTaBua 0,4 cM, KonyecTBa 3epeH
B HeM — 6,1 1mIT., a Macchel 3epeH — 0,23 1. PacTeHus sipoBO TBepZOH TITIeHUITbI, 00-
paboTaHHbIe MUKDPOYZIOOpeHUSIMH, TI0 BLICOTE PACTeHWI MPeBbILLIATN KOHTPOJIbHBIN
BapuaHT Ha 25,1 cM, Mo ToKasaTesisiM J/IMHbI I1aBHOro Konoca — 0,97 cM, urcna 3epeH
B HeM — 9,8 wT., macce 3epHa B kosioce — 0,35 . Macca 1000 cemsiH mipeBbILlana
KOHTPOJIbHBIM BapvaHT Ha 7,28 I. [IprbaBKa ypo)XKalHOCTH SIPOBOM MSTKOM TIILIEHULIBI
cocraBuia 0,89 1/ra (26,3%), a TBepaoii mimenurp — 0,93 1/ra (28,6%).
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3. ITpumeHenue nipertapatoB Bloom&Grow 1 Immune System rpuBesio K yBeJTMYeHUIO
coziep>KaHusl KJIeMKOBHHbI B 3epHe sIPOBOU MATKOW Ha 7,2% ¥ TBepoy MieHULbl Ha 7,0%.
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Abstract. Dasypyrum villosum is an annual cereal used as a donor of agronomic traits for wheat. Productivity
is one of the most important traits that breeding is aimed at. It is a very complex trait, the formation of which is
influenced by many different factors, both internal (the genotype of the plant) and external. The genes responsible
for the gibberellin sensitivity played a large role in multiplying yields of cereal crops. Another such gene is the
Gid1, which encodes a receptor for gibberellins. This article compares the DNA sequences of the Gid1 gene
obtained from six Dasypyrum villosum samples. Using a sequence of wheat and rye taken from the GenBank
database (NCBI), we selected primers for regions of different genomes (A, B, and D subgenomes of wheat and the
R genome of rye), and carried out a polymerase chain reaction on D. villosum accessions of diverse geographical
origin. The resulting PCR product was sequenced by an NGS method. Based on the assembled sequences, DNA
markers have been created that make it possible to differentiate these genes of the V genome and homologous
genes of wheat origin. Using monosomic addition, substitution, and translocation wheat lines, the localization
of the Gid1 gene of D. villosum was established on the long arm of the first V chromosome. A phenotypic
assessment of common wheat lines carrying substituted, translocated, or added D. villosum chromosomes in
their karyotype was performed. Tendency of disappearance of the first chromosome of D. villosum in the lines
with added chromosomes was revealed.

Key words: Dasypyrum villosum, remote hybridization, Gid1, gibberellin receptor
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MonekynspHbi aHanus reHa GID1 y Dasypyrum villosum
n co3ganue JHK-mapkepa gnsa ero naeHTudukaumm

O.B. PazymoBa’?, M.C. Baxenos', E.A. Hukutuna', JI.A. HazapoBa’,
J.B. PomanoB!, A.I'. YepHook', I1.A. Cokonor®, B.M. Ky3HerjoBa’,
O.I'. CemenoB’, I.'1. Kapnos" 3, I1.H. Xapuenko', ML.I. luBamyk" 3*

'Bcepoccuiickuii HayuHO-MCC/Ie/I0BATeNbCKHIM MHCTUTYT Ce/TbCKOX03SIHCTBEHHON OHOTEXHOIOTUH,

2. Mockea, Poccuitickas ®edepayus
I'maBHbIi 60TaHnueckuii cag um. H.B. Huipna PAH,

2. Mockea, Poccuiickas ®edepayus

3PoccuiicKui ToCyiapCTBeHHBIH arpapHbiid yHUBepcuTeT — MCXA nmenn K.A. Tumupsizeea,
2. Mockea, Poccuiickas ®edepayus

“PoccuiicKuil yHUBEPCUTET ApYXObI HApOJoB, 2. Mockea, Pocculickas dedepayust
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Annotanus. Dasypyrum villosum (VV) — oHONeTHUH 371aK, 3apeKOMeH/I0BaBIINi cebsi B KauecTBe
JIOHOpa X035IICTBeHHO-1IeHHbIX TIPU3HAKOB 151 MILeHULbl. OJH U3 Ba)KHEMIIMX [0Ka3aTesiel, Ha KOTOPLI
HarpaBJ/ieHa CeseKIUsl,— YPOXKalHHOCTb, SIBJISIOIAsICS CI0KHBIM, KOMITIEKCHBIM MprU3HakoM. Ha ero ¢gopmu-
pOBaHHe BJIMSET MHOXKECTBO PA3/IMUHBIX ()aKTOPOB. BOIbIIIYI0 POJIb B POCTE YPOXKAHHOCTH 3/71aKOBBIX KY/IBTYD
ChITPaJIv TeHbI, PETY/IMpYOLIYe (GU3HOI0THUeCKHil OTBET pacTeHWH Ha TO0Oepes/UIHbI, OZ(HUM U3 KOTOPBIX CTasl
reH Gidl, AB/ISIOIMICS PeLernTOPOM aKTUBHBIX (HOPM 3TUX (PUTOropMOHOB. ITpuBe/ieHO CpaBHEHHE YaCTHUHBIX
IHK-nocnenoBaresnsHOCTel reHa Gidl, ceKBeHMPOBAaHHBIX y IBYX 06pastjoB Dasypyrum villosum. Vicrionb3ys
TI0C/Ie/I0BaTeIbHOCTH TILIEHHUIIBI U P>KH, B3siThie u3 6a3bl faHHbIXx GenBank (NCBI), nogobpanu npaiiMeps! Ha
y4acTKM pasHbIX reHOMOB (cybreHomsl A, B 1 D miiieHuLpl ¥ TeHOM R pikit) ¥ POBEJIH MOJIMMepPasHyto LIeTHY0
peakLyto Ha obpasLiax a3unupyMa MOXHaTOro pas/IMuHoro nporcxoxaenus. [TomyueHnslit ITHP-npogyKT ObL
cexBeHHpoBaH MeTozloM NGS. Ha ocHOBe CceKBeHMPOBaHHBIX HYK/IEOTHHBIX [10C/Ie[J0BaTe/IbHOCTel Co3/laH
JHK-Mapkep, 103Bo/IstoLMi quddepeHpoBaTh JaHHbIE FeHbl rfeHoMa V ¥ TOMOJIOTMYHbIE T'eHbl MILIEHHYHOT0
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npoucxoxeHusi. C UCI0Ib30BaHeM MOHOCOMHO-/,0II0/IHEHHBIX, 3aMellleHHbIX ¥ TPaHC/I0LPOBAHHbIX JIMHUN
TIIIeHNLIBI BITEPBLIe yCTaHOB/IeHa JIoKanu3anus reHa Gidl Ha xpomocomax Dasypyrum villosum. TTokaszaHo
pacrosiokeHye JaHHOTO I'eHa Ha [TMHHOM Ijlede TIepBoi XpomMocoMbl reHoma V (1VL). ITpoBesieHa peHOTH-
nuyeckKas OLjeHKa JIMHUNA MATKOM MIIeHUL{b], UMEIOLIMX B CBOeM KapHUOTHIIe 3aMellleHHble, TPAHC/I0LPOBaHHbIe
WU [JOTIO/THEHHBIe XpOMOCOMBI Dasypyrum villosum.

KitroueBble c10Ba: JasuNypyM MOXHaThId, Dasypyrum villosum, otnaneHHas rubpugusanys, Gidl,
petenitop, ru66epe/UIHOBas KUCIOTA

KoHp KT HHTEpeCcoB. ABTODBI 3asIB/ISIFOT 00 OTCYTCTBUH KOH(IMKTAa HHTEPECOB.
®duHaHcupoBaHHe. PaboTa BBITIO/IHEHA B paMKax rocygapcTBeHHoro 3aganus Ne 0574-2019-0001.

Nudopmanus o BKaage Kaxaoro apropa: O.B. PazymMoBa — HamucaHue TeKcTa ctathi, E.A. HUKUTHHA,
JI.A. Hazapoga, [I.B. Pomanos, A.T. UepHook — Beigenenue [JHK, mocranoska ITIP, anekrpodope3os, yxor
3a pacTeHWsIMH, aHa/M3 pe3y/bTaToB, M.C. BakeHOB — fp3aiiH nipaiiMepoB, pa3paboTka MapKepa, aHa/Ii3 flaH-
HbIX cekBeHUpoBaHus, [1.A. CokonoB, B.M. Ky3HerioBa— yxop 3a pactenusmu, O.I. Cemenos, I'.11. KapJios,
I1.H. Xapuenko, M.T. [luBauyk — pa3paboTKa ¥ iu3aiiH 3KCIieprMeHTa, 001ijee pyKOBOZCTBO HCCIIe/[0BaHHEM,
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Introduction

Common wheat (Triticum aestivum 2n = 6x = 42) is one of the world’s major crops.
According to the FAO', in 2019, world wheat production was estimated at 766 million
tons, which was a record high. However, considering the need to provide products for
the growing population, wheat productivity should have been increased by 4 to 76%
by 2050, according to various forecasts [1]. It is the increase in productivity, and not
the expansion of sown areas, that is recognized as the optimal strategy for ensuring
food security worldwide. One way to increase productivity is to use wild varieties to
transmit valuable agronomic genes to elite crops. Dasypyrum villosum (2n = 2x = 14,
VV) is an annual cereal of Triticeae family, it grows in mid-sea region, southwestern
Asia and Russia. Species of Dasypyrum genus have approved themselves as a reliable
source of resistance genes to biotic [2, 3] and abiotic [4] stress. As a rule, gene transfer
from Dasypyrum to common wheat occurs through the use of lines with substituted or
translocated chromosomes [5-7]; this method has been widely used from the end of the
last century to the present day [8-12].

The influence of short-stem genes on wheat productivity has been shown in a number
of studies [13, 14]. Moreover, one of the key factors behind the so-called ‘green revolution’
in agriculture was creation of dwarf wheat varieties using Rht (Reduced height) dwarfing
genes [15, 16]. In addition to reducing yield losses due to lodging resistance, dwarfing

' Cereal production in the world can reach a record level in 2019. Food and Agriculture Organization of the
United Nations. Available from: http://www.fao.org/worldfoodsituation/csdb/ru/ [Accessed 17 December 2019]
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genes contribute to increased productivity due to better redistribution of assimilates
in favor of spike and reduced sprouting due to impaired synthesis of gibberellins or
sensitivity to these phytohormones, which play a key role in a wide range of plant
growth and development processes, including of fruit and seed formation [17]. Low plant
height can be achieved in different ways; however, one of the key factors is a complex
interaction of DELLA proteins with other proteins and gibberellins. The Gid1 gene
(Gibberellin Insensitive Dwarf 1) encodes a protein that is a receptor for gibberellins.
Active forms of gibberellins, joining the GID1 receptor, changes its conformation so
that it acquires ability to bind to DELLA proteins. By binding to GID1, DELLA proteins
are modified by ubiquitin and destroyed by proteasome, which promotes plant growth.
Absence of binding, for any reason, leads to accumulation of DELLA proteins and loss
of plant sensitivity to giberrellic acid [17, 18]. Thus, in order to reduce plant growth
by altering the components of the gibberellin-GID1-DELLA system, it is necessary to
increase stability of DELLA proteins. One of the possible ways to achieve this goal is to
influence the Gid1 gene to reduce DELLA binding capabilities, which demonstrates the
need for a deeper study of allelic variants of these genes in wheat and its wild varieties.
The aim of our work was sequencing of the GidI gene sequences affecting plant
height in two Dasypyrum villosum accessions, determining its localization on chromosomes
and creating a DNA marker for differentiation of wheat genes and D. villosum genes.

Materials and methods

The Gidl gene was sequenced using two accessions of Dasypyrum villosum obtained
from the collection of the Western Regional Plant Introduction Station, Washington State
University (W621717, P1 598390). To map genes onto chromosomes, we used a series of
monosomic, addition substitution, and translocation lines of common wheat cv. Chinese
spring obtained from Nanjing Agricultural University (NAU), as well as kindly provided
by Dr. W. Jon Raupp of Wheat Genetics Resource Center Kansas Wheat Innovation
Center, Kansas State University (KSU) and Adam J. Lukaszewski (AJL), Professor of
Genetics Dept. of Botany & Plant Sciences University of California (Table 1).

Table 1
Studied wheat lines with Dasypyrum villosum genetic material
Accession Aberration Chromosome Chromosome Origin Author
number source
7677 addition 1V#3 Sicilian KSU AJL
7679 addition 3V#3 Sicilian KSU AJL
7680 addition 4V#3 Sicilian KSU AJL
7681 addition 5V#3 Sicilian KSU AJL
7682 addition 6V#3 Sicilian KSU AJL
7683 addition 7V#3 Sicilian KSU AJL
7509 addition 1V#1 Italian KSU Sears
7510 addition 2V#1 Greek KSU Sears
7511 addition 4V#1 Greek KSU Sears
7512 addition 5V#1 Greek KSU Sears
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Continuation table 1

Accession Aberration Chromosome Chromosome Origin Author
number source
7513 addition 6V#1 Italian KSU Sears
7514 addition 7V#1 Italian KSU Sears
3891/89 substitution 1V(1A) Italian AJL AJL
86/11 substitution 3V(3B) Sicilian AJL AJL
1360/07 substitution 3V(3D) Sicilian AJL AJL
2333/89 substitution 5V(5D) Sicilian AJL AJL
1411/94 substitution 6V(6B) Sicilian AJL AJL
1415/94 substitution 6V(6A) Sicilian AJL AJL
3889/89 substitution 7V(7A) Italian AJL AJL
6661 substitution 6V#2 [6A CS] Chinese KSU NAU
. T6AL-6V#2S .
5585 translocation T2AS.2AL-2R#3L Chinese KSU NAU
5594 translocation T4DS-4V#3L Sicilian KSU KSU
5595 translocation TADL-4V#3S Sicilian KSU KSU
5615 translocation T1DS-1V#3L Sicilian KSU KSU
5616 translocation T1DL-1V#3S Sicilian KSU KSU
5634 translocation T2BS-2V#3L Sicilian KSU KSU
5636 translocation T3DL-3V#3S Sicilian KSU KSU
5637 translocation T3DS-3V#3L Sicilian KSU KSU
5638 translocation T5DL-5V#3S Sicilian KSU KSU
5639 translocation T7DL-7V#3S Sicilian KSU KSU
5640 translocation T7DS-7V#3L Sicilian KSU KSU
1438/94 translocation 6BS.6VL Sicilian AJL AJL
3214/96 translocation 6AS.6VL Un know AJL AJL
853/11 translocation 3V.3BL+3B Sicilian AJL AJL

Part of the samples with genetic material of D. villosum was grown in the greenhouse
of Center for Molecular Biotechnology of Russian Timiryazev State Agrarian University
for preliminary assessment of phenotypic effects. Plants were evaluated for such traits
as height of the main stem, length of the main spike, tillering and resistance to powdery
mildew. Statistical data processing was carried out using Microsoft Excel analysis
package, the calculations were performed using the ready-made functions included in
the analysis package.

DNA was isolated according the CTAB method [19] from young lyophilized dried
leaves. Primers were selected in the Primer BLAST NCBI program. The PCR mixture
consisted of the following components (concentration of the components in the final
mixture): 1 x LR buffer (pH = 9.3), 1.5 mM MgCl,, 0.2 mM of each dNTP, 2 uM of
each primer, 0.04 units/pl LR Plus polymerase, 0.02 units/pl Taq polymerase, 4 ng/pl
template DNA. The volume of the PCR mixture was 25 pl. PCR was performed under the
following temperature conditions: 94 °C — 5 min; 36 cycles 94 °C — 30 sec, 58 °C —
30 sec, 72 °C — 2 min; 72 °C — 5 min.
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The resulting PCR products were analyzed by electrophoresis on a 1.5% agarose
gel with TBE buffer supplemented with ethidium bromide. Electrophoregrams were
visualized in ultraviolet light using a gel documentation system.

PCR products obtained using D. villosum DNA were transferred for NGS sequencing
after checking their quality by electrophoresis. Sequencing using Illumina technology
was performed at Genomed Company. DNA libraries were prepared using the Swift
2S ™ Turbo DNA Library Kit. During preparation of the DNA library, PCR products
obtained from different samples of D. villosum were labeled with individual barcodes.
Sequencing was performed on a MiSeq System. After reading barcodes, the sequencing
results were obtained for each sample separately.

Quality of the sequencing results was evaluated using FastQC software. The contigs
were compiled from paired-end reads using SPAdes 3.13.0 software package [20]. To
identify polymorphisms present in heterozygous state, the obtained contig sequences
were used to map the initial reads on them using SNAP program [21]. Freebayes software
(Garrison, 2012) was used to detect single nucleotide polymorphisms and small insertions
and deletions. Identified polymorphisms were introduced into the gene sequence using
Bcftools (https://github.com/samtools/bcftools), and thus an alternative sequence for
each contig was obtained. Alignment of the obtained contigs of the Dasypyrum villosum
Gid1l gene to the sequence of the common wheat homolog genes was carried out in
GeneDocv2.7 program [22].

To identify Gid1 of Dasypyrum villosum in wheat background, we selected
primers (DvGid1-1F: AGGTCAACCGCAACGAGTGC and DvGidl-1R:
CCAATCCCACCGTCTCGAGCGTA) for gene regions that were the same in different
D. villosum samples but differ from the gene sequences in wheat.

Conditions for amplification of DvGid1. The PCR mixture consisted of the following
components (concentration of the components in the final mixture): 1x Taq buffer (pH =
8.6), 1.5 mM MgCl,, 0.2 mM each dNTP, 2 uM each primer, 0.4 units/ul Taq polymerase,
4 ng/pl matrix DNA. The volume of the PCR mixture was 25 pl. PCR was carried out under
the following temperature conditions: 94 °C — 5 min; 36 cycles 94 °C — 30 sec, 60 °C —
30 sec, 72 °C — 1 min; 72 °C for 10 min. The resulting PCR products were analyzed by
electrophoresis in a 1.5% agarose gel with TBE buffer supplemented with ethidium bromide.
Electrophoregrams were visualized in ultraviolet light using a gel documentation system.

Results and Discussion

Sequencing of the Dasypyrum villosum Gidl gene. At first, the mRNA sequence
of the wheat Gidl gene (GenBank FR668558) was used to search for this gene in the
IWGSCRefSeqv1.0 wheat genome using BLAST?. The greatest homology to this
sequence was shown by the wheat genes TraesCS1B02G265900, TraesCS1D02G254500,
TraesCS1A02G255100 related to chromosomes 1B, 1D and 1A, respectively. In
EnsemblPlants database, these genes are annotated as encoding the GID1 protein. The
genomic sequences of these three genes were exported from the assembly of the wheat
genome using a genomic browser?. The sequence of the rye Gidl gene was found using
BLAST in one of the contigs (FKKI010039294, Lo7_v2_contig_60281) of the Lo7 rye
genome related to chromosome 1R*.

2 BLAST. Available from: https://wheat-urgi.versailles.inra.fr/Seq-Repository/BLAST. [Accessed 17 December 2019)]

3 Available from: https://urgi.versailles.inra.fr/jbrowseiwgsc/gmod_jbrowse [Accessed 17 December 2019
4 Available from: https://webblasVol.ipk-gatersleben.de/ryeselect [Accessed 17 December 2019]]

GENETICS AND PLANT BREEDING 67



Pasymoea O.B. u dp. Bectauk PYJH. Cepust: ArpoHomusi U xuBoTHOBoZACTBO. 2020. T. 15. Ne 1. C. 62-85

Genome-specific primers and primers for conserved regions of the gene were selected
using Primer-BLAST (NCBI)>. Selected primers are given in Table 2.

These primers were used to amplify the Gid1 gene on DNA of Dasypyrum villosum
W621717 (accession 1), PT 598390 (accession 2). PCR with primers for common wheat
subgenome B and for the rye genome gave positive results.

Table 2
Primers for amplification of Gid7 homolog genes, selected based
on wheat and rye sequences

. . ) o The expected size of the
A pair of primers (5'->3’) Tm product, bp
GID1-B-F: CCGAGACCGTCCAAAACAATAAAC 60 2503
GID1-B-R: ATCATCAGACAGACAGACGGACA
GID1-R-F: CATCCAAGACCGTCCAAAACAAT 60 2576
GID1-R-R: GGCAAACACATGGATGGATACAG

Next, the PCR products were sequenced according NGS method and subjected to
bioinformatics processing. As a result, we obtained nucleotide sequences of the two
D. villosum accessions of different origin, which were compared with each other, as
well as with the nucleotide sequences of wheat from the database (Fig. 1).

ggttctegtttteggy cttcttc t cogtgtgggegecgecg — cg gattct g t o gtgecg gec  cc cgce  cg cccgecgetttacy ot gagacggt gggattggggec tgcgat

Fig. 1. A part of alignment of the sequences sequence of the Dasypyrum villosum Gid1 gene

As a result of alignment, a high degree of homology between the studied sequences
was revealed, however, differences were observed in some regions (mainly single and
double nucleotide substitutions), which allowed us to develop a marker able to determine
the presence of the Dasypyrum Gid1 gene in a wheat background.

Marker development. The revealed differences between the nucleotide sequences
of the D. villosum Gid1 gene and common wheat homolog allowed the development of
the pair of primers (DvGid1-1F: AGGTCAACCGCAACGAGTGC and DVGid1-1R:
CCAATCCCACCGTCTCGAGCGTA), allowing specific amplification of the Dasypyrum
villosum Gid1 gene fragment and not producing a PCR product from wheat DNA (Fig. 2).

5 Available from: https://www.ncbi.nlm.nih.gov/tools/primer-blast [Accessed 17 December 2019]
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* 2160 * 2180 * 2200 * 2220 * 2240
chrla ‘ Al A A
chrlB
chrlD H
DvGidl_1 :

: 1297
: 2078
1 2072

197

CGAgACCGAGAGGAGG cAgCGCCCGCCG ACATGGCCGGCAGCGACGAGGTCAACCGCAACGaGTGCAAGGTCCGTCCgeC

chrla
chrlB
chrlD
DvGidl_1 :

: 1402
: 2182
1 2177

303

chrla : 1489
chrlB eNgTe - 2274
chrlD 7 5 GA € : 2279
DvGidl_1 : TET) €T seleeleleleleC - -C- - [delelelelelelYPITACG-C- - - -TCCAGACCECTCE———————— - GATIGE : 386
GCGCCGCCGCcecgeGCeGATTCT CGatttGTGCCG gCCCCCGCC cgcCCCGCCGCTTTACGGC gagTtGAGACGGTGG gagggGATTgG

Fig. 2. Alignment of the partial sequences of the GidT gene for common wheat (chr1A, chr1B chr1D)
and D. villosum (DvGid1, obtained in the study). Specific primers for detecting the DvGid1 gene
are marked in green

Using these primers, a 280 bp region was amplified from the D.villosum DNA
samples, while the marker fragment was not amplified from the wheat DNA of various
varieties (Fig. 3). This marker can further be used to track the transmission of Dasypyrum
genetic material in breeding of common wheat.

np. Gidl-1F/Gid1-1R

Fig. 3. Electrophoresis of the PCR products obtained using primers DvGid1-1F and DvGid1-1R.
Wheat cultivars: 1 — Lebed; 2 — Pamyat; 3 —Etnos; Dasypirum lines: 4—21717; 5-598390; 6-470279

Mapping of the Gidl gene on Dasypyrum villosum chromosomes. To map the
DvGid1 gene on chromosomes, we used a collection of common wheat lines carrying
added, substituted, and translocated D. villosum chromosomes. DNA lines with various
additions were used for PCR with the developed marker Dv-Gid-1F/R. As a result, the
marker was amplified only in accessions 7677 (1V#3), 3891/89 (1V(1A)), 3896/89
(1V(1D)), 5615 (T1DS+1V#3L), bearing the first chromosome of the Dasypyrum V
genome; amplification was absent in the rest of accessions (Fig. 4).
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Fig. 4. M.p.— 100+ bp ladder. Monosomal additional Lines D. villosum: 1-2 — N2 7513; 3—-4 —
N2 6661; 5-6 — N2 5615; 7-8 — N2 5595

As aresult of PCR using the DNA of translocated lines 5615 (T1DS<1V#3L) and
5616 (T1DS+1V#3S) carrying in their genomes only the long or short arms of the first
chromosome of D. villosum, respectively, amplification was observed only for the line
5615 (T1DS+1V#3L). Thus, we can conclude that the DvGid1 gene is located on the
long arm of the first chromosome, and collinear to common wheat genes, also located
in the long arm of the chromosomes of the first homeologic group.

Phenotypic expression of the DvGidl gene of Dasypyrum in a wheat background.
For preliminary assessment of effect of the Dasypyrum DvGidl gene on growth and
development of wheat, we carried out a phenotypic assessment of lines with substitutions,
additions, and translocations (Tables 3, 4). Plants were grown in a greenhouse without
vernalization. Due to the fact that the Gid1 gene plays one of the key roles in response
to gibberellin, we first evaluated length of the main stem, tillering, and length of the
spike. Plant height varied greatly, differing almost twice between individual accessions
(from 56 cm in accession 5639 with translocation T7DL+7V#3S to 113 cm in sample
5595 with translocation T4DL4V#3S). The number of tillers per plant ranged from 1
to 4, and, apparently, was not associated with presence of the DvGid1 gene. The spike
length was within 4...7 cm, while size of the main spike and side spikes of the same
plant practically did not differ from each other (Tables 3, 4).

Table 3
Phenotypic assessment of the alien chromosome addition wheat lines
Chromosome Number A;/fe rr:a?ii Isetr;g:;h ‘?fer:?:gi I:F?iﬂ;h toé\\{;ﬁgier DvGid1
of tillers

1V#3 7677 65.66 * 2.60 4.00 £ 0.29 1.44+0.29 Yes
3V#3 7679 73.29 + 4.88 3.43£0.30 1.50 £ 0.29 -
4V#3 7680 84.86 £ 2.61 5.71+0.61 1.71£0.29 -
5V#3 7681 58.38 £ 6.55 6.25 + 0.62 2.13£0.40 -
6V#1 7513 105.50 * 2.50 7.00 % 0.00 3.00£1.00 -
TV#1 7514 87.00 £ 12.00 5.50 £ 0.50 3.50 £ 1.50 -
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To grow the studied lines, we used either original seeds or seeds verified using
molecular markers in previous studies [24]. However, during molecular analysis of
individual plants of 7677 line (1V#3), bearing additional 1V chromosome, it was found
that a specific marker was not amplified on some plants. Thus, we can say that there is
no added chromosome 1V in the studied plants. A similar loss of added chromosomes
is a relatively common occurrence. And our results once again emphasize importance
of using molecular markers to verify plant material studied.

Table 4
Phenotypic assessment of substitution and translocation wheat lines
. Average . Average Average total .
Aberration | Chromosome Number length of main Ier)gth 9f stooling DvGid1
stem main spike
substitution 1V(1A) 3891/89 89.30 + 0.66 5.00 £ 0.00 3.3310.66 Yes
substitution 3V(3B) 86/11 68.00 + 0.00 5.00 £ 0.00 1.00 £ 0.00 -
substitution 3V(3D) 1360/07 96.00 + 0.00 4.00 +0.00 1.00 £ 0.00 -
substitution 5V(5D) 2333/89 87.66 + 9.60 7.50%0.29 3.00+0.58 -
substitution 6V(6A) 1415/94 88.33+8.95 5.00 £ 0.58 2.67 £0.33 -
substitution 7V(7A) 3889/89 91.00 + 5.00 5.00 £ 0.00 2.50 £ 0.50 -
substitution | 6V#2 [6A CS] 6661 63.30 +7.84 6.50 +1.26 1.67 £ 0.66 -
translocation | T4DS-4V#3L 5594 78.00 +7.00 6.00 + 0.58 4.00+1.33 -
translocation | T4DL-4V#3S 5595 113.00+1.00 | 8.00+1.00 3.50 £ 0.50 -
translocation | T1DS-1V#3L 5615 103.00 +0.00 | 6.00+1.00 4.00 +1.00 Yes
translocation | T1DL-1V#3S 5616 84.66 * 4.51 5.00+0.29 3.33+0.88 -
translocation | T2BS-2V#3L 5634 64.00 +2.00 6.3310.33 2.67 +£0.88 -
translocation | T3DL-3V#3S 5636 97.66 + 6.36 5.50+0.28 3.00 £ 0.58 -
translocation | T3DS-3V#3L 5637 76.00 £ 5.30 3.50+0.76 1.33+£0.33 -
translocation | T5DL-5V#3S 5638 94.00 + 4.50 6.00 £ 0.57 3.00£0.58 -
translocation | T7DL-7V#3S 5639 56.00 + 7.00 4.50 + 0.50 1.00 £ 0.00 -
translocation | T7DS-7V#3L 5640 67.00 + 0.00 7.00 £ 0.00 1.00 £ 0.00 -
translocation 6BS.6VL 1438/94 86.33 +3.66 5.83+£0.60 2.00 £ 0.00 -
translocation 6AS.6VL 3214/96 95.00 * 3.51 5.00 +0.00 1.67 £ 0.66 -
translocation | 3V.3BL+3B 853/11 91.50 + 1.50 7.00 £1.00 3.50 £0.50 -
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Since the DvGidl gene was mapped on the long arm of chromosome 1V, special
attention should be paid to comparing the accessions 5615 (T1DS<1V#3L) and 5616
(T1DL<1V#3S). Both accessions provided by Dr. W. Jon Raupp (Center KSU) carry the
same translocated chromosome from D. villosum genome of Sicilian origin. However,
the first accession has the T1DS<1V#3L translocation in the karyotype, i.e. long arm of
the first chromosome carrying the studied gene, and the second — T1DL<1V#3S, i.e.
short arm of the same chromosome, but without this gene. Otherwise, these accessions
are as genetically similar as possible. But at the phenotype level, certain differences were
observed. In the presence of the DvGid1 gene, plant height reached 103 cm, which was
almost the maximum height among the studied lines. The exception was the accession
5595 (T4DL+4V#3S), the plants of which were even higher. But it should be considered
that the genes encoding DELLA proteins, which interact with the Gid1 proteins and have
a significant effect on height, are located in the fourth homeologic group. In the absence
of the DvGid1-5616 gene (T1DL+1V#3S), plant height was at the average level (83 cm)
of the rest lines with different introgressions of D. villosum (Table 4).

The data obtained are consistent with the mechanism of the GID1 protein action and
indirectly show us the presence of this protein in substitution/translocation lines, while no
significant differences were noted in the genome of the addition lines. Of one of wheat
chromosomes is likely to promote the involvement of the alien genes in the processes of
protein synthesis followed by subsequent influence of these proteins on plant growth and
development. It appears from this study, that substitution and translocation lines in general
are more preferable for studying the influence of the individual alien genes, compared with
lines bearing the balanced genome and added chromosomes of distant varieties, at least
when it comes to initially multichromosomal allopolyploid crops, with large genomes such
as common wheat.

Conclusions

As a result of the study, unique nucleotide sequences of the Gidl gene of two D.
villosum accessions of different origin were first obtained. Comparison with homologous
genes of common wheat allowed us to develop a genome-specific marker, Dv-Gid-1F/R,
which effectively distinguished the DvGidl Dasypyrum gene in a wheat background.
Localization of the DvGidl gene on the long arm of chromosome 1V was shown.
A preliminary assessment of the phenotypic expression of this gene in a wheat genome
background was carried out and a significant effect of the studied gene on plant height
was revealed. It was shown that lines carrying a substitution or translocation in the
genome were more preferable for such studies, compared with monosomic addition lines.

BeBepeHue
Msirkas nenuua (Triticum aestivum 2n = 6x = 42) — o[fHa U3 0CHOBHBIX MUPOBBIX

3epHOBBIX Ky/bTYP. [To manHbiM PAOC B 2019 . MUPOBOE MPOM3BO/[CTBO TIIIEHUI[BI

5B 2019 rogy Npor3BOACTBO 3EPHOBbLIX B MUPE MOXET JOCTUYb PEKOPAHOIO YPOBHS //
MpoAoBObCTBEHHAA N CebCKOX03ANCTBEHHAA opraHm3auma O0H. Pexxum gocTyna: http://www.fao.org/
worldfoodsituation/csdb/ru/ [aTa o6palyeHns: 17.12.2019
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TpeJrosarajoch Ha ypoBHe 766 MITH. T, UTO SB/ISeTCH PeKOPAHBIM IoKasaresnieM. OfHaKo,
C y4eToM HeoOX0IUMOCTH 00eCTieueHu s MPOAYKTaMU MOCTOSTHHO PACTYIIero Hace/ieHusl
naHeThl, K 2050 I. ypoykaltHOCTh MIIeHUI[bl He0OXOAMMO YBeTMUUTb, TI0 pa3HbIM IPO-
rHO3aM, Ha 4 70 76% [1]. iIMmeHHO MOBbIlIIeHUE YPOXKaliHOCTH, a He pacIiupeHue I/10-
11azieli MoCceBOB MPU3HAHO ONTHUMAJILHOM CTparerueii obecreueHus MpoJoBOIbCTBEHHOM
6e3omacHocTy BO BceM mupe. OHUM U3 TyTel TIOBBIIIEHHUST YPOXKaHHOCTH SIB/ISIETCSI
WCTI0J/Ib30BaHMe UKOPACTYIUX COPOAUYeN /1/1s Iepe/iauu X03s1MCTBeHHO-LIeHHBIX FeHOB.
Dasypyrum villosum (2n = 2x = 14, VV) ogHoneTHUi 31ak TpuosI Triticeae, B pupoze
BCTpeuaroLuiics B paiioHe Cpey3eMHOMOPBS, FOro-3amnasHou yacty Asuu u Poccun.
Bubt poga Dasypyrum 3apekoMeH/j0Baiu cebst Kak Ha/leXKHbI UCTOUHUK T'eHOB yCTOM-
YMBOCTHU K OuoTHueckuM [2, 3] u abuotnueckum [4] crpeccam. Kak ripaBusio, mepeHoc
TeHOB OT /]Ja3UIKMPYMOB B T€HOM MSITKOM MIIIeHULbI TPOMCXOAUT TTyTeM UCII0/Ib30BaHUsI
JIMHWH C 3aMellleHHBIMH WK TPaHCIOLMPOBaHHBIMU XpOMOCoMaMHu [5—7], 3ToT criocob
IIIMPOKO TIPUMEHSIeTCs C KOHIIA TPOIIIOro BeKa /[0 Hallux gHei [8—12].

Biusinve reHOB KOPOTKOCTeOe/TbHOCTH Ha YPOXKAMHOCTD MIIeHULbI ObII0 MoKa-
3aHO B psjfie uccnenoBanuii [13, 14]. bosiee Toro, ofHUM U3 K/IH0UeBbIX ()aKTOPOB,
00yC/IOBUBIIMX TaK Ha3bIBAEMYHO «3€/IeHYH PEBOJIIOIMIO» B CETLCKOM XO3SIHCTBe,
CTaJio CO3/laHie HU3KOPOC/IbIX COPTOB MILIEHUI[bI C WCIIO0Ib30BaHWEM r'eHOB KapJiu-
KoBOCTH Rht (ot anrnutickoro — Reduced height — ymeHnbiiienHas BbicoTta) [15, 16].
[ToMuMO KOCBEHHOTO B/IMSIHUS Yepe3 CHIKeHHe TI0Tephb YpoxKas B C/Ie[ICTBHe MeHbLLIei
T10JIeTaeMOCTH, TeHbI KaPJIMKOBOCTH CIIOCOOCTBYIOT MOBBIIIIEHUIO TTPOAYKTUBHOCTH
3a CcyeT JIyulllero rnepepacrpezie/ieHrs aCCUMUISITOB B M0J1b3Y KOJI0CA U YMEHbIIIEHUsI
MpOpacTaHus Ha KOPHIO BC/Ie[ICTBHE HapyLlIeH!sl CUHTe3a r’M0eppesIMHOB WK YyBCTBU-
TeMbHOCTU K 3TUM (PUTOrOPMOHAM, UTPAIOLUM KJTHOUEeBYIO POJIb B IIIMPOKOM CIT€KTpe
TMIPOLIeCCOB POCTa U Pa3BUTHS PaCTeHUs, BK/II0Yasi 0Opa3oBaHuMe I/I0/[0B U ceMsiH [17].
Hu3kas BeICcOTa pacTeHUd MOXKeT JOCTUraTbCsl Pa3HbIMU MYTSMH, OJHAKO OJHUMU U3
KJTIOUeBbIX (haKTOPOB SIBJISTFOTCSI CJIO’KHBIE B3auMo/eicTBust 6enkoB DELLA c apyrumu
6enkamu 1 rub6epennuHamu. ['en Gidl (Gibberellin Insensitive Dwarf 1 — I'u66e-
pemiiH HeuyBcTBuTenbHbil Kapnuk) kogupyet 6e/ok, sSIB/SIOIIUICS PerjenTOpOM
rub06epe/sTHHOB. AKTHBHBIE (hOPMBI THOOEpe/I/THHOB, MPHUCOEANHSISCH K PELIeNTOpY
GID1, meHsIt0T ero KoH(opMal1o TakuM 00pa3oM, UTo OH IPUoOpeTaeT CriocOGHOCTh
cBsi3bIBaThCs1 € Gesikamu DELLA. Ces3biBasick ¢ GID1, 6enku DELLA moauduiupy-
I0TCS YOMKBUTMHOM U Pa3pylIaloTCs IPOTeacOMOM, UTO CIIOCOOCTBYET POCTY PaCTeHHsI.
OTcyTCTBUE CBSI3bIBAHUS TI0 KAaKOM-TMO0 NTPUUKHE TIPUBOUT K HAKOTLJIEHUIO Oe/TKOB
DELLA u notepe 4yBCTBUTe/ILHOCTH pacTeHU K rubeppesioBoit kuciote [17, 18].
Takum 006pa3oMm, UYTOObI YMEHBILUTE POCT paCTeHUs ITyTeM U3MeHeHUst KOMITOHEHTOB
cuctembl rnb6epeynH-GID1-DELLA, Heo0X0AuMO yBe/UYUBaTh CTaOUIBHOCTD
6enkoB DELLA. OauH 13 BO3MOXKHBIX yTel pelleHus JaHHOM 3a/jaul — BJIUSHUE Ha
reH Gidl ans ymeHbIlleHUs1 BOSMOXKHOCTel cBsisbiBaHust DELLA, uto semoHcTpupyeT
HeoO0X0UMOCThL Oosiee TTyOOKOTO M3yUeHUs ajljie/IbHbIX BADUAHTOB JJaHHBIX T€HOB
y MILEHHULbI U ee JUKOPaCTYLUX COPOAUUEH.

enbio Hamel padoThI CTa/I0 CEKBeHUPOBaHUE T0C/Ie/[0BaTeTbHOCTEH TeHa
GID1, oka3bIBaroIIero B/IMsSHYE HA BBICOTY pacTeHus], y AByX 00pa3rjoB Dasypyrum
villosum, oripefiesieHe eTo JI0KaM3aluM Ha XpoMocomax U co3nanue JIHK-mapkepa
st auddepeHLIMALIMY TeHOB MMiLIeHULbI U reHoB D. villosum.
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MaTepMaﬂbl N MeTobl uccnenoBaHunA

Marepuasiom fjisi CeKBeHUpOBaHusi reHa Gidl mocimy»kuiu aBa obpasia Dasypyrum
villosum, mony4yeHHbIX U3 KOJIJIEKLIMK 3araJiHOW PeruoHabHON CTaHLIMU UHTPOAYKLIUU
pacteHuii YHuBepcureTa 1urara Bammnrron, CIIA (Western Regional Plant Introduction
Station, Washington State University) — (W621717, PI 598390). [1n1s KapTMpOBaHus
reHOB Ha XPOMOCOMBI UCII0/1b30Bajli CePUI0 MOHOCOMHO-/I0TIO/THEHHBIX, 3aMellleHHbIX
Y TPAHC/IOLMPOBaHHbIX JIMHUM MATKOM MieHuL(bl copta Chinese spring, monyueHHbIX U3
HaHkuHCKOTr0 cenbckoxo3siicTBeHHOro yHuBepcuteTa (Nanjing Agricultural University
(NAU)), a Takxke mobe3Ho nipegocTaBiaeHHbix Dr. W. Jon Raupp n3 Wheat Genetics
Resource Center Kansas Wheat Innovation Center, YauBepcureT 1utara Kansac (Kansas
State University (KSU)) u Adam J. Lukaszewski (AJL), Professor of Genetics Dept. of
Botany & Plant Sciences University of California (Yauepcuter Kanudopuum) (tabsm. 1).

Tabnuya 1
WccnepyemMble NMHMM NLLEHULbI
C reHeTu4yeckum matepuanom Dasypyrum villosum
Homep MepecTpoiika Xpomocoma xr:n:%‘:;:nl(bl MpoucxoxpeHue AsTop
7677 JlononHeHune 1V#3 Cuuunuinckui KSU AJL
7679 [ononHeHue 3V#3 CUUMNNINCKUIA KSU AJL
7680 [ononHeHue 4V#3 Cuumnuinckui KSU AJL
7681 JlononHeHune 5V#3 Cuuunuinckui KSU AJL
7682 [ononHeHue 6V#3 CUUMNNINCKUIA KSU AJL
7683 [ononHeHue 7V#3 Cuumnuinckui KSU AJL
7509 JlononHeHune 1V#1 UTanbaHckui KSU Sears
7510 [ononHeHue 2Vi#1 Mpeueckuin KSU Sears
7511 [ononHeHue 4V#1 Ipeyeckuin KSU Sears
7512 JlononHeHune 5V#1 Ipeyeckuin KSU Sears
7513 JlononHeHue 6Vi#1 UTanbsiHCKui KSU Sears
7514 [ononHeHue 7V#1 UTanbsiHcKkuin KSU Sears
3891/89 3amelleHune 1V(1A) WTanbaHckuii AJL AJL
86/11 3amelleHne 3V(3B) Cuuunuinckui AJL AJL
1360/07 3amelleHune 3V(3D) Cuumnuinckun AJL AJL
2333/89 3amMelueHne 5V(5D) Cuunnuinckun AJL AJL
1411/94 3amelleHne 6V(6B) Cuuunuinckui AJL AJL
1415/94 3awmelleHue 6V(6A) Cuumnuinckmin AJL AJL
3889/89 3ameleHune 7V(7A) WTanbaHckuii AJL AJL
6661 3aMelleHne 6V#2 [6A CS] KuTaiickuit KSU NAU
5585 TpaHcnokaums | oo aess | Kumaiickwi KSU NAU
5594 TpaHcnokauus T4DS-4V#3L Cuuunuinckui KSU KSU
5595 TpaHcnokauus T4DL-4V#3S CUUMNNINCKUIA KSU KSU
5615 TpaHcnokauus T1DS-1V#3L Cuumnuinckui KSU KSU
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OkoHYaHue Tabauybl 1

Homep MepecTtpoiika Xpomocoma WcTouknk MpoucxoxpaeHune ABTOp
XPOMOCOMbI
5616 TpaHcnokauusa T1DL-1V#3S Cuumnuinckuim KSU KSU
5634 TpaHcnokauus T2BS-2V#3L Cuunnuinckui KSU KSU
5636 TpaHcnokauus T3DL-3V#3S Cuymnuinckun KSU KSU
5637 TpaHcnokauusa T3DS-3V#3L Cuumnuinckuim KSU KSU
5638 TpaHcnokauus T5DL-5V#3S Cuunnuinckui KSU KSU
5639 TpaHcnokauus T7DL-7V#3S Cuymnuinckun KSU KSU
5640 TpaHcnokauusa T7DS-7V#3L Cuumnuinckuim KSU KSU
1438/94 TpaHcnokauus 6BS.6VL Cuumnuinckni AJL AJL
3214/96 TpaHcnokauus 6AS.6VL HeunssecTtHo AJL AJL
853/11 TpaHcnokauus 3V.3BL+3B Cuumnuinckuim AJL AJL

YacTb HOMEpOB C TeHeTHUueCKUM Marepuanom D. villosum psisi mpeiBapUTenbHOM
otleHKH (heHOTUTTYeCKUX 3¢ deKTOB BhIpaIMBaIM B opatkepee LleHTpa MoneKy/sipHOi
ouotexHosnoruu PITAY — MCXA umenu K. A. TumupsizeBa. PacTeHus oLieHUBaIu 1o
TaKMM TI0Ka3aresisiM, Kak BbICOTA IVIaBHOTO CTebs, /IMHA [71aBHOTO KOJI0Ca, KYCTUCTOCTh
Y yCTOMUMBOCTB K MyUHHUCTOU poce. CTaTucTrdeckast 06paboTKa JaHHBIX TPOBOJU/IACH
¢ dbyHKIMI nMakeTa aHamm3a Microsoft Excel, BeruricsieHust MpoBOAUIUCE C TIOMOILBIO
rOTOBBIX (DYHKLIMH, BXOJSAIIMX B MakKeT aHa/IM3a.

OHK Boigensnu CTAB-metogom [19], u3 MosiofibIx mMoMUIBHO BLICYIIIEHHBIX
micteeB. [Ipaiimepsr nogoupanu B mporpamMmMe PrimerBLAST NCBI. TTLP-cmecs co-
CTOsi/1a W3 Ce[yIOIIUX KOMIIOHEHTOB (/iaHbl KOHLIEHTpal[M KOMITOHEHTOB B KOHEUHOM
cmecn): 1 x LR 6ydep (pH =9,3), 1,5 MM MgCl,, 0,2 MM xaxgoro dNTP, 2 MkM Kax-
noro tipaiimepa, 0,04 exa./mMkin LR Plus mommepassl, 0,02 en./mkin Taq momvmepassl, 4
Hr/mMk1 MatpuuHoit [THK. O6bem IMLIP-cmecu coctasssin 25 mki. TTLP npoBogunack
TIPU CJIeAYIOLIUX TeMIlepaTypHbIX ycaoBusax: 94 °C — 5 muH; 36 nuknos 94 °C—30 ¢,
58°C—30¢c, 72 °C —2 muH; 72 °C — 5 MHH.

[Monyuenubie TTLP-nipo/iyKThl aHa/IM3UPOBaIU TyTeM 3y1ekTpodopesa B 1,5%
arapo3HoM rere ¢ 6ypepom TBE ¢ fobaBnenrem 6pomuctoro stuaus. Busyamizarys
3/1eKTpodoperpaMm MpoBOUIachk B y/IbTpaHoIeTOBOM CBeTe C MCI0/Ib30BaHUEM CH-
CTeMbI Te/b-/JOKyMeHTUPOBaHUS.

[MLIP-npoayKThl, mosy4yeHHble ¢ ucnob3oBanueM JHK D. villosum, nocne npoBepku
MX KauecTBa Ha s1eKTpodopese nepesaBanuich A NGS-cekBeHrpoBaHusi. CeKBeHU-
poBanue 110 TexHonoruu Illumina 6s110 poBegeHo B OO0 «I'enomen». JHK-6ubmu-
OTEeKH TOTOBU/IA C TIOMOIIbIO Habopa peakTuBoB Swift 2S™ Turbo DNA Library Kits.
B niporiecce noaroroBku [JHK-6u6moTeku TTLP-TipogyKThl, TO/yYeHHbIE OT Pa3HbIX
o6pa3stoB D. villosum, MeTuiu UHAUBUYaTBHBIMU OapKogaMu. CeKBeHHpOBaHHe Mpo-
BoWIM Ha rpubope MiSeq. ITocne pa3genenust mpouteHuit mo 6apkojam pe3ybTaThl
CeKBEeHUPOBaHUsI OBbI/IM MOTyUYeHbI 10 KaXKI0My 00pasily B OT/[e/TbHOCTH.

KauecTBo pe3y/nbTaToB ceKBeHMPOBaHUs ObIJIO OL[eHEeHO C MCII0/Ib30BaHHEM Ipo-
rpammel FastQC. KoHtury 66111 cobpaHbl M3 MTapHBIX MTPOUYTEHHM C TIOMOLIBIO TTaKeTa
riporpamm SPAdes 3.13.0 [20]. Jns BeIsiBeHUs TOMUMOPGH3MOB, TIPUCYTCTBYHOIIUX
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B IeTepPO3UTOTHOM COCTOSIHUY, T10/Ty4YeHHble TI0C/1e/l0BaTe/IlbHOCTH KOHTHUTOB MCIT0/Ib30Ball
/ISl KADTUPOBAHKS Ha HUX UCXOAHBIX TIPOUTEHHUM C TIOMOII[bI0 TiporpaMMbl SNAP [21].
JInst eTeKIy OHOHYK/TeOTUHBIX TIOTMMOP(U3MOB 1 HeOOBILINX UHCePLIWH U Jeneryit
rcronb3oBau rporpammy Freebayes (Garrison, 2012). BrisiBieHHbIe TOTUMOP(OU3MBI
ObUTM BHECEHBI B TI0C/Ie/[0BaTe/IbHOCTh reHa ¢ nmomolnbio Beftools (https://github.com/
samtools/bcftools), 1 Takum 06pa3om mosyyeHa ajbTepHaTHBHASI TIOC/Ie/J0BaTe/TbHOCTh
Ka)KJI0r0 KOHTUTra. BeIpaBHMBaHMe MO/TyYeHHbIX KOHTUTOB reHa Gidl Dasypyrum villosum
Ha Moc/iej0BaTe/IbHOCTU TeHOB-TOMOJIOTOB Gid1 MSITKOW MIIIeHULbl OCYI1LleCTB/ISI/IN
B riporpamme GeneDoc v2.7 [22].

Hns BeisiBnenvst Gidl Dasypyrum villosum B OKpy>keHUY TeHOMa MSITKOM IMIeHULbI
MbI TIofo6pamu rpaimMepsl (DvGid1-1F: AGGTCAACCGCAACGAGTGC u DvGid1-1R:
CCAATCCCACCGTCTCGAGCGTA) Ha peroHbI TeHa, OTMHAKOBbIe Y Pa3HbIX 00pa3iioB
D. villosum, HO OT/IMYarOLIKeCs OT N0C/e/|0BaTe/IbHOCTeN TeHOB-TOMOJIOTOB Y MIIIEHULIbL.

Ycnosus dns amnaugpuxkayuu DvGidl. TILIP-cMech cocTosi/ia U3 CIeAyIOIUX KOMIIO-
HEHTOB (ZlaHbI KOHIIEHTPAILK KOMITIOHEHTOB B KOHeuHo! cMecH): 1x Taq 6ydep (pH = 8,6),
1,5 MM MgCl2, 0,2 MM kaxxaoro dNTP, 2 MkM kaxkgoro npaiimepa, 0,4 exa./Mkn Taq
nomMepassl, 4 Hr/Mka marpuunoi [JJHK. O6wvem ITLIP-cmecu coctaessin 25 mki. TP
MPOBOAMIIACH TIPU CJIeAYIOLMX TeMIlepaTypHbIX ycnoBusax: 94 °C — 5 muH; 36 LHK/IOB
94 °C—30 ¢, 60 °C—30 ¢, 72 °C—1 mun; 72 °C — 10 muH. [Tonyuennsie T1LIP-nipo-
JYKTBI aHa/TM3UPOBAJTUCH TTyTeM 37ieKTpodope3a B 1,5% araposHom resie ¢ 6ydpepom TBE
¢ nobapneHreM 6pomucToro 3THAUs. Brsyanu3aruio nekTpodoperpaMm npoBOAUINA
B y/bTPaMOIETOBOM CBETE C UCI0/Ib30BaHUEM CHUCTEMBI Te/b-JOKYMEeHTUPOBAHMUS.

PesynbTaTbl n 06cyXaeHune

CekgeHupogaHue nociaedosamenbHocmeli 2eHa Gidl Dasypyrum villosum. Ha
nepBoM 3Tare pabotsl nocienoBatesibHOoCTh MPHK rena Gid1 mmenwuibl (GenBank
FR668558) ucrionb30BasM /ij1s1 TIOMCKA IaHHOTO reHa B cO0pKe reHoMa miteHuLb IWGSC
RefSeq v1.0 c nomorpio BLAST’. Haubosbliyto roMoJIOTHIO K JAHHOH TOC/Ie/10Ba-
Te/IbHOCTH MOKa3a/iu reHbl mineHulbl TraesCS1B02G265900, TraesCS1D02G254500,
TraesCS1A02G255100, otHocsMecs K xpomocomaMm 1B, 1D 1 1A cOOTBeTCTBEHHO.
B 6a3e manHbx EnsemblPlants 3Ti reHbl aHHOTHPOBaHbI Kak Koaupyromye 6emok GID1.
['eHOMHBIe 110C/Ie/J0BaTeIbHOCTH JIaHHBIX TPeX TeHOB ObUIH SKCIIOPTHPOBAHbBI U3 COOp-
KU TeHOMa MIIEeHUL[bI C TIOMOIIIBI0 TeHOMHOT0 Opay3epa®. TToc/ieoBaTeIbHOCT TeHa
GID1 pxxu 6bi1a HatizeHa ¢ riomorrbio BLAST B ogqHoM 13 koHTHroB (FKKI010039294,
Lo7_v2_contig_60281) renoma pxxu Lo7, oTHocsIerocst K xpomocome 1R,

leHoM-crierUuHbIe NpaiiMephl 1 NpaliMepbl Ha KOHCepPBaTHBHbIE YUaCTKU reHa o/
Gupamu ¢ momoripio PrimerBLAST NCBI'. I[Togo6paHHbIe rpaiiMepbl PUBEIEHbI B Ta0T. 2.

[TaHHBIe MpaiiMepbl UCTIO/b30BaM J/1s aMmridukaryu reHa Gidl va [THK o6pasijo
Dasypyrum villosum W621717 (o6pa3zer 1), PI 598390 (o6pa3zers 2). TTooKuTebHbBIN pe-
3ynbTar Aana [P c npaiiMepamu fijist cydreHoma B MATKO# TIIIEHULIBI U /151 TEHOMA PXKH.

7 BLAST. Pexxum poctyna: https://wheat-urgi.versailles.inra.fr/Seg-Repository/BLAST. [laTa o6palieHuns:
17.12.2019

8 Pexkum pgocTyna: https://urgi.versailles.inra.fr/jbrowseiwgsc/gmod_jbrowse [Jata o6paluenuns: 17.12.2019

° Pexxum focTtyna: https://webblasVol.ipk-gatersleben.de/ryeselect Jata obpalleHna: 17.12.2019

10 Pexxkm gocTyna: https://www.ncbi.nim.nih.gov/tools/primer-blast Jata o6paluenus: 17.12.2019
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Tabnuya 2
Mpaimepbl gna amnnudukauum reHos-romosnoros GID1,
nofo6paHHble Ha OCHOBE MOCNeA0BaTe/IbHOCTEN MLLEHULbI U PXKU

OxxupaeMblii pa3mMep

MNapa npaiimepos (5'->3") Tm NPORYKTA, 1. .

GID1-B-F: CCGAGACCGTCCAAAACAATAAAC 60 2503
GID1-B-R: ATCATCAGACAGACAGACGGACA

GID1-R-F: CATCCAAGACCGTCCAAAACAAT 60 2576
GID1-R-R: GGCAAACACATGGATGGATACAG

Hanee T P-nipoayKT cekBeHUpoBaau MetooM NGS u rogsepraiu 6uonHbop-
MaTHhyeckoi 06paboTke. B pe3ysbTare CeKBeHHPOBaHUSI Mbl TIOJTyUH/IA HYK/IeOTHU/HbIE
MOC/IeZI0BaTeTIbHOCTH ABYX 00pa3iioB D. villosum pa3iuuHOTo MPOUCXOXK/eHHs], KOTO-
pble CpaBHUBAIM MeXAy COOOM, a TaKKe C HYK/IEOTUAHBIMU TI0C/Ie/[0OBaTeTbHOCTSIMU
TIIeHUI[b! 13 6a3bl JaHHBIX (puC. 1).

cttctte t cg gattct g t gtgecg gec  cc cgcc  cg cccgecgetttacg ot gagacggt gggattggggee tgcgat

Puc. 1. [Nprmep BblpaBHMBaHMS YaCTW CEKBEHMPOBAHHON MNOCNeA0BATENBHOCTM reHa Gid1
Dasypyrum villosum

B pesynbTare BhlpaBHHUBaHUs Oblla BbIsIB/IEHA BBICOKAsi CTeTleHb TOMOJIOTHH MEXY
M3y4yaeMbIMH 110C/Ie/J0BaTe/IbHOCTSIMH, OfIHAKO B OT/|e/IbHBIX perHoHax Habsioaniiuch
pasnnuus (B OCHOBHOM OZIHO- U [JBYHYK/IEOTH/HbIe 3aMeHbl), TO3BO/IMBIIME Ha UX
OCHOBaHMH pa3paboTaTh MapKep, MO3BOJISIOLIUN OTpe/ieNiaTh MPUCYTCTBUe TeHa Gidl
Jla3ulypyma B OKPY)>KeHWH FeHOMa IIIeHULIbI.

PaspaboTka Mapkepa. BbisiB/ieHHbIe pa3IMumsi MeXy HyK/IeOTHAHbIMY T0C/Ief0-
BaTebHOCTAMU reHa Gidl D. villosum v TiieHULIbI MATKOM M03BO/IM/IN pa3paboTaTh
napy npaiimepos (DvGid1-1F: AGGTCAACCGCAACGAGTGC u DvGid1-1R:
CCAATCCCACCGTCTCGAGCGTA), no3Bosisitoniux creruduuHo aMIiyia@uiiupo-
BaTh (pparmeHT reHa GID1 Dasypyrum villosum v He paromux ITLIP-npoaykTa ¢ IHK
MieHuLs! (puc. 2).
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Puc. 2. BbipaBHMBaHWE YaCTUYHOM NocnefoBaTelbHOCTM reHa GidT MArkoi nweHnLpbl (chriA,
chr1B chr1D) u D. villosum (DvGid1, nony4eHo B Hallel paboTe). 3eneHbIM LIBETOM OTMeYeHbI
cneumduyHble NpanMepbl 415 BbiaBneHus reHa DvGid1

ITpu npoBenenun TP Ha o6pa3uax JHK D. villosum c jaHHBIMU TIpaiiMepamMu
aMITUPULIMPOBascS yyacToK pasmepoM 280 m.H., B To BpeMst Kak Ha JJHK miieHuUL[bI
Pa3/IMUHbIX COPTOB LiesieBoi (pparMeHT He amrduipoBascs (puc. 3). JlaHHbIN MapKep
B Jla/IbHEeMIIIeM MOXKeT HCII0/Ib30BaThCsl [J1s OTC/Ie)KMBaHUs Iepeiauyd reHeTH4eCKOro
MaTepuasa [ja3ulupyMa B CeneKLUU MATKOM TIIeHHUL[bI.

np. Gidl-1F/Gid1-1R

e &

a2
=

=

A 3

Puc. 3. 3nekTpodoperpamma amnandukaunm JHK-mapkepa Dv-Gid-1F/R Ha reH DvGid7: 1 — markas
nLeHnua copt J1ebenb; 2 — Markas nileHna copt MamaTe; 3 — Markas nileHnLa copt 3THOC;
4 —D. villosum 21717; 5 —D. villosum 598390; 6 — D. villosum 470279; M. p.— MapKep pasmepoB

KapmupoesaHnue 2ena Gidl Ha xpomocombl Dasypyrum villosum. 1151 KapTUpOBaHUsI
reHa DvGidl Ha XxpoMOCOMaXx Mbl MCI0JIb30BaIN KOJIJIEKLIMIO JIMHUIA MSITKOU TIIeHULIb,
HeCYIIUX [JOTIOJTHEHHbIe, 3aMellleHHbIe U TPaHC/IOLMPOBaHHbIe XpOMOCOMBI D. villosum.
OHK nvHuM € pa3niyHbIMU JOTIOHEHUSIMU UCTT0/Ib30Bau Ajist moctaHoBKu [1LIP ¢ pas-
pabotanHbiM MapkepoM Dv-Gid-1F/R. B pe3ysnbrare Mapkep aMriyinULIPOBaICS TOIBKO
Ha obpastax Ne 7677 (1V#3), 3891/89 (1V(1A)), 3896/89(1V(1D)), 5615(T1DS-1V#3L),
HeCYIL[UX [1epPBYI0 XpPOMOCOMY reHoma V Dasypyrum, Ha oCcTabHbIX 00pa3iiax amIii-
¢ukaus orcyTcTBoBana (puc. 4).
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Puc. 4. Onektpodoperpamma amnnmndukaummn IHK-mapkepa Dv-Gid-1F/R Ha reH DvGid1 y nuHnii
MNLEHNLbI C reHeTuYeckm MaTtepuanom D. Villosum: 1-2 — N2 7513 (6V#1); 3-4 — N2 6661
(6V#2 [6A CS]); 5-6 — N2 5615(T1DS-1V#3L); 7-8 — N2 5595(T4DL-4V#3S); M. p.— Mapkep pasMepos

IMTpu amrmmdukaum Ha JHK TpaHcionypoBaHHbIx iuHUNA Ne 5615 (T1DS-1V#3L)
1 5616 (T1DS-1V#3S) Hecymmx B CBOMX reHOMax TOJIbKO JIJIMHHOE WIX KOPOTKOe
TJIeUy 1epBoU XpoMocoMbl D. villosum cOOTBeTCTBEHHO, aMITU(UKaLMst Hab/Troja1ach
b y uHud Ne 5615 (T1DS-1V#3L). Takum o6pa3oM, MOXXHO CZie/iaTh BbIBOJI, UTO
red DvGidl — pacmno/io)keH Ha JI/TMHHOM Tljieye MepBOii XpOMOCOMBI, U KOJJIMHeapeH
reHaM MATKOH IMIIeHULIb], TAK)Ke Pacrio/IOKeHHBIM B [IJIMHHOM IlIede XpOMOCOM I1epBOi
rOMeOJIOTMYHOU IPYyMIIbL.

deHomunuueckoe nposieneHue 2eHa DvGidl da3unupyma e 2eHemuueckom OKpy-
JtCeHuU nweHuybl. 171 ipeBapyUTenbHOM OLIeHKU BausiHUS reHa DvGidl fasunvpyma
Ha POCT Y pa3BUTHeE MILIEHULIbI Mbl IPOBOJUIN (PEHOTUMUUECKYIO OLIeHKY JIMHUM C 3a-
MeIIeHUSIMU, IOTIOTHEHUSIMU Y TpaHc/IoKalusamu (Tabs. 3, 4). PacTeHus BeIpaljiBaIu
B BereTaL[IOHHOM OIIbITe B Opamxepee 6e3 sipoBu3aLuu. B cBsi3u ¢ TeM, uto reH Gidl
UrpaeT OJHy U3 K/TIOUeBbIX Pojieli B peakL[y OTBeTa Ha Tub6epesuiiH, MbI TIPesK/ie BCero
OLIeHMBA/M [IJIUHY TJIaBHOTO CTebJ1si, KYCTUCTOCTh, I/TMHY Konoca. BricoTa pacTeHuit
CUJIbHO BapbUPOBA/ach, OTIMYAsCh MEXXY OT/eNbHbIMUA 00pa3liaMu MOYTH B IBa pa3a
(ot 56 cm y obpasua 5639 ¢ Tpanciokauueit T7DL-7V#3S go 113 cm y obpasia 5595
¢ TpaHciokaueit T4DL-4V#3S). [Toka3aTesib KyCTUCTOCTHA BapbupoBascs ot 1 f10 4,
U, TI0 BCell BUAMMOCTH, He ObL/T CBSI3aH C TIPUCYTCTBUEM reHa DvGidl. [IyvuHa Kojoca —
B ripe/iesiax 4...7 cM, TIpY 3TOM BeJIMUMHA I7IaBHOTO K0J/I0Ca M GOKOBBIX KOJIOChEB OJJHOTO
pacTeHMst IPAKTHUeCKU He OT/IMYA/IUCh MeX 1y coboti (Tab. 3, 4).

Ta6bnuya 3
deHoTUNNYECKaAs OLEHKA AOMOJIHEHHbIX JIMHUM MNLLEeHULbI
oowocowa | owep | SPemmnE | Coemmmnuis | Coemun oduan | Hanvue
1V#3 7677 65,66 * 2,60 4,00 0,29 1,44 £ 0,29 Da
3v#3 7679 73,29 + 4,88 3,4310,30 1,50 £ 0,29 -
4V#3 7680 84,86 + 2,61 571+0,61 1,71+0,29 -
5V#3 7681 58,38 £ 6,55 6,25 % 0,62 2,131 0,40 -
6V#1 7513 105,50 # 2,50 7,00 £ 0,00 3,00 1,00 -
7V#1 7514 87,00 + 12,00 5,50 £ 0,50 3,50 1,50 -
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[171s1 BBIpAIIMBaHKUS MCCIeAyeMbIX JTMHUMA HAaMU MCTI0/Ib30BaMCh MO0 OPUTHHAIIb-
HbIe ceMeHa, MO0 ceMeHa, Bepu(UIMPOBaHHbIE C TIOMOIIBI0 MOJIEKY/ISIPHBIX MapKepOB
B TIpepiAyIux paborax [24]. OgHako PU MOJEKY/ISIPHOM aHa/r3e MHAWBUAYAIbHBIX
pactenuii iuauK 7677 (1V#3), Hecyliel AOMOMHUATE/EHYIO0 XpoMocoMy 1V, 6bi10 00Ha-
PY’KeHO, UTO Ha YaCTH pacTeHui HeT aMIuirKalu crnelruyHoro Mmapkepa. Takum
00pa3om, MbI MO’KEM TOBOPUTE O TOM, UTO B UCC/IeIOBAHHBIX PACTEHUSX OTCYTCTBYeT
noroiHeHHasi XxpomocoMa 1V. TTofo0OHast oTepsi A0TIOTHUTETBHBIX XPOMOCOM OTHO-
CUTEeJIbHO YacToe siBJieHre. A To/lydeHHble HaMU pe3y/ibTarhl, ellle pa3 NoAuepKUBatOT
Ba)XKHOCTb MCI10/Ib30BaHUSI MOJIEKY/ISIPHBIX MapKepoB /1151 BepU(UKaL[U UCC/Ie[yeMOro
Marepuarnia.

Tabnuya 4
®deHoTUNMYECKasA OLeHKA 3aMeLl,EeHHbIX U TPAHCJIOUMPOBaAHHbIX JIMHUN NLUEHULbI
CpenHsasa anvHa | CpepaHas anuHa CpepaHsas Hanuuune
MepecTpoiika XpoMocoma Homep rnaBHOro rnaBHOro obLwasn reHa
cTebns Konoca KycTuctoctb | DvGid1
3ameLueHne 1V(1A) 3891/89 89,30 £+ 0,66 5,00+ 0,00 3,33+0,66 Oa
3ameLueHune 3V(3B) 86/11 68,00 + 0,00 5,00+ 0,00 1,00 £ 0,00 -
3ameLueHune 3V(3D) 1360/07 96,00 + 0,00 4,00 + 0,00 1,00 £ 0,00 -
3ameLueHune 5V(5D) 2333/89 87,66 £ 9,60 7,50 £ 0,29 3,00 £ 0,58 -
3ameLueHne 6V(6A) 1415/94 88,33 £8,95 5,00+ 0,58 2,67 £ 0,33 -
3amelueHne 7V(7A) 3889/89 91,00 + 5,00 5,00 £ 0,00 2,50 £ 0,50 -
3ameLueHune 6V#2 [6A CS] 6661 63,30 + 7,84 6,50 + 1,26 1,67 0,66 -
TpaHcnokayus T4DS-4V#3L 5594 78,00 + 7,00 6,00 £ 0,58 4,00+ 1,33 -
TpaHcnokaumns | T4DL-4V#3S 5595 113,00 + 1,00 8,00+ 1,00 3,50+ 0,50 -
TpaHcnokauua | T1DS-1V#3L 5615 103,00 £ 0,00 6,00+ 1,00 4,00 1,00 Oa
TpaHcnokauus | T1DL-1V#3S 5616 84,66 + 4,51 5,00+ 0,29 3,33+0,88 -
TpaHcnokauus | T2BS-2V#3L 5634 64,00 + 2,00 6,33+0,33 2,67 £ 0,88 -
TpaHcnokauus | T3DL-3V#3S 5636 97,66 * 6,36 5,50+ 0,28 3,00 £ 0,58 -
TpaHcnokauua | T3DS-3V#3L 5637 76,00 £ 5,30 3,50 £ 0,76 1,3310,33 -
TpaHcnokauus | T5DL-5V#3S 5638 94,00 + 4,50 6,00 + 0,57 3,00 £ 0,58 -
TpaHcnokauua | T7DL-7V#3S 5639 56,00 + 7,00 4,50 + 0,50 1,00 £ 0,00 -
TpaHcnokauua | T7DS-7V#3L 5640 67,00 £ 0,00 7,00 0,00 1,00 £ 0,00 -
TpaHcnokauyus 6BS.6VL 1438/94 86,33 £ 3,66 5,83+ 0,60 2,00 + 0,00 -
TpaHcnokauus 6AS.6VL 3214/96 95,00 + 3,51 5,00 £ 0,00 1,67 £ 0,66 -
TpaHcnokauus 3V.3BL+3B 853/11 91,50 £ 1,50 7,00 1,00 3,50 + 0,50 -

ITockonbky reH DvGidl 6bl1 KapTUPOBAaH HAMU Ha JITAHHOM T/Iede XpPOMOCOMBI
1V, ocoboe BHHMaHUe ciieffyeT 0OpaTUTh Ha CpaBHeHHe MeXX/ly coboii 06pa3iioB mof,

80 FEHETUKA M CENEKLVA PACTEHMIA



Razumova O.V. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(1): 62-85

Homepam#u 5615 (T1DS-1V#3L) u 5616 (T1DL-1V#3S). O6a obpasija rpeioCTaB/IeHbI
B. [Ix. Payn u3 1jenTpa YauBepcurera itata Kanzac (Dr. W. Jon Raupp Center KSU)
Y HeCyT OJJHY U Ty »Ke TPaHCJ/IOLIMPOBaHHYIO XpOMOCOMY U3 reHoma D. villosum cuiu-
nMicKoro mpoucxoxaenust. OfHaKo TiepBblid 0Opasel] UMeeT B KapUOTUITe TPAHCIOKALIUO
T1DS-1V#3L, To eCcTb AJIMHHOE T1/IeY0 TIePBOM XPOMOCOMBI, HeCylllee U3yyaemblii TeH,
a sropoii — T1DL-1V#3S, T.e. KOpOTKOe IJIeY0 3TOM Ke XPOMOCOMBI, HO 6e3 JaHHOTO
reHa. B ocraspHOM 3TH 00pa3iibl MaKCHMalbHO reHeTHYeCKH CX0Ku. Ho Ha ypoBHe
(dbeHOTHUTIOB HAOMIOAAMCE OTpe/ieieHHble pa3nuvst. [1pu Hamumu reHa DvGidl Bbico-
Ta pacteHuii gocturana 103 cM, U4TO SIBJISIOCH TPAKTUUYECKW MaKCUMalbHOW BbICOTOM
cpeau n3yuaeMbix uHUN. VickmtouenreM 0611 obpaser 5595 (T4DL-4V#3S), BoicoTa
pacTeHmii Kotoporo 6Obla elije Beiiie. Ho ciieqyetr o6paTtiTh BHUMaHKe, YTO Kak pa3 Ha
YeTBEPTOUM rOMeOJIOTUYHOM I'PyTIIe HaXOASTCs TeHbl, Koaupyroriue 6enku DELLA, Kak
pa3 B3auMo/ericTBytorye ¢ 6ekamMu GID1 1 oka3bIBaroliye CyleCTBeHHOe BIUSTHUAE Ha
BbICOTY. B cyyae ke orcytcrBus reHa DvGid1-5616 (T1DL-1V#3S), BbicoTa pacTeHuit
Haxo/In/lach Ha YPOBHE CpefiHel BbICOTHI (83 cM) OCTaNbHBIX JIMHUM C Pa3TMYHbIMU
uHTporpeccusivi D. villosum (cm. Ta6. 4).

[TonyueHHbBIe JaHHBIE COT/IACYIOTCS C IAHHBIMU O MeXaHU3Me paboThl 6eska GID1
Y OI0CPeI0BaHO JIEMOHCTPUPYIOT HaM Ha/IMuKe JaHHOTO OesTka y 3aMelljeHHbIX/TPaHC/IO-
LIMPOBaHHBIX JIMHUH, TOT/]A KaK B TeHOMe [IOTIO/THEHHBIX JIMHUM TIO00HBIX CyIL{eCTBeHHBIX
pa3nuuii 0TMeueHo He Ob110. BeposiTHO, OTCyTCTBHME OHOM M3 XPOMOCOM MIIEHULIbI
Cr1I0coOCTBYeT BOBJIEUEHHIO TeHOB C XPOMOCOM UY>KepPOJHOTO TIPOMCXOXK/IeHHs B TIpOLIeC-
Cbl CHHTe3a 0e/IKOB U, KaK C/IefICTBUe, TIOC/IeAyIollee BIUsHNE JaHHbIX Oe/IKOB Ha POCT
Y pasBUTHe pacTeHus. VI3 3TOro Takxke cefyeT, UTo 3aMelljeHHble U TPaHCIOLPOBaHHbIe
JIMHUY B 1eJIOM, TT0-BUJUMOMY, O0siee MpenoUTUTe/IbHBI /171s1 U3yUeHUsl BIUSHUS TTPO-
sSIBJIEHUS OT/le/IbHBIX UY>KepOJHbIX [eHOB, 110 CPABHEHUIO C JIMHUSMU, HeCYLLIUMU CBOU
cOaTaHCUPOBaHHBIN TeHOM U [IOTIO/THEHHbIE XPOMOCOMBI OT/Ia/IeHHBIX COPOAUYeH, TI0
KpaiiHell Mepe, KOrJja peub h/eT U3HayabHO O MHOTOXPOMOCOMHBIX a/I/IONOJIUIIOU/IHBIX
KYyJIbTypax, C KPYIHbIMU FeHOMaMHU, TaKWX, KaK MsrKas MileHuLa.

3akntoyeHue

B pe3synbraTe npoBe/ieHHOW pabOoThI BriepBbie ObUIM TO/TyUeHbl YHUKA/IbHbIE HY-
KJ/IEOTH/IHBIE TIOC/IeZl0BaTe/IbHOCTH TeHa Gidl aByx obpasioB D. villosum pa3muuHoro
npoucxoxeHus. CpaBHeHHe C TOMOJIOTMUHBIMU FeHaMU MSITKOM MIIIeHULIbI 1 TT03BOINA/IO0
pa3pabotark reHOM-crielfuuuHbli Mapkep Dv-Gid-1F/R, adbdekTHBHO pa3muuaronyii
red DvGidl Dasypyrum B OKpy>KeHUM reHOMa TieHuLbl. [loka3aHa i0Kanv3aius reHa
DvGid1 na gyHHOM Tiede xpoMmocoMmbl 1V. TIpoBesieHa npeiBapuTe/ibHasi (PeHOTUTIH-
yeckKasi OLleHKa MPOsIB/IeHUs JAHHOTO TeHa B OKPY>KeHUU T'eHOMa MILIEHULIbI 1 BbISIBJIEHO
CylLL|eCTBeHHOe B/IMsSIHMe U3y4aeMOoro reHa Ha BbICOTY pacTeHusl. [TokasaHo, UTO JIMHUH,
HeCyIIe B TeHOMe 3aMelleHHs] WK TPaHC/IOKaLuK, Ooee TpenoYTUTe/IbHBI IS TI0-
JOOHBIX HMCCIIeJOBaHUH, TT0 CPaBHEHHIO C MOHOCOMHO-/IOTIO/THEHHBIMU JTMHUSIMHU.
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HayuyHasi ctaTbsi / Research article

OueHKa HOBbIX FeHOTUMNOB pyUca Ky6aHCKOW ceneKkuum
B YC/IOBUSIX 3KOJTIOrMYECKOr0 COPTOUCTIbITAHUSA
Ha TeppuTopun Pecny6nuku Agpires

P.P. xxamup3e*, H.B. Ocranenko, H.H. UnHueHKO
dezepanbHbIN HayuHbIH LEHTP puca, 2. Kpacnodap, Poccutickasi Dedepayus
*dzhamirze01022010@yandex.ru

AHnHoTanusa. B perteHun 3aiau COBpeMeHHOTO PUCOBO/CTBA, CBSI3aHHBIX C YCTOMUMBBIM POCTOM €ro
YPOXKalHOCTH, Pecypco- ¥ SHePro3KOHOMUYHOCTH 1 PeHTabe/IbHOCTH, LIeHTPaIbHOe MeCTO 3aHUMaeT CO3/aHue
HOBBIX COPTOB 1 CBOEBPEMEHHOe UX BHe/IpeHue B [IPOU3BOACTBO [IPU TECHOM COTPYJHUYECTBE YUeHBIX U MPO-
W3BO/ICTBEHHHUKOB. B CBf13U C 3TUM acCOPTHMEHT prca KyDaHCKOM CeJIeKLMM e>Kero/jHO MoMosHseTcs bosee
YPOXKaHHBIMM COPTaMH, C MOBBIILIEHHOW YCTOHUMBOCTBIO K HEO/IaronpusTHBIM OGMOTHYeCKUM, abUOTHUe CKUM
Y aHTPOTIOreHHbIM (aKTOpaM, Pa3HOTO YPOBHsI TEXHOJIOTHM3aLMK U SHEProobecrieyeHHOCTH MPH BO3/e/bIBa-
HHH KyJIBTYDBI, @ TaK)Xe 00/1a/jatolMM1 Pa3HbIMU Ky/TMHaPHBIMU KaueCTBaMHU. YPO)XKalHOCTh COpPTa — Of{UH
13 OCHOBHBIX TTOKa3arereii [IeHHOCTH U I7IaBHOe TpeboBaHUe, TIPe/IbsIB/IsieMOe TIPOM3BO/ICTBOM. YPOXKaHHOCTb
CKJIaZIbIBAETCSI U3 KOTMUeCTBa PAaCTeHUH Ha eIMHULIe TI/IOMIA/N U POAYKTUBHOCTU KaXKJ0ro U3 HUX. [IosTomy j1st
00BEKTUBHOM OLIeHKH aHa/IM3UPYeMbIX COPTOB PUCa U OTIpeZie/ieHHsl X IIPUTOAHOCTH BO3/je/IbIBaHUs B JaHHON
arpoK/IMMaTHye Kol 30He HeoOX0AHUMO yueCThb Ba)KHbIe XO35IMCTBEHHO LieHHble TPU3HAKU U X BaprabenbHOCTh
B TeueHUe OTpe/ie/leHHOro BpeMeHU. [IpuBe/ieHb! pe3ysbTaThbl 9KOJIOTHUeCKOro copToucibiTanust 20 cCOpToB puca
B TeueHue Tpex jeT (2016-2018 rr.). OnpeesieHa H3MeHUUBOCTb YPOXKAMHOCTH U KOIMUeCTBA MPOAYKTUBHBIX
crebsieli Ha ejHMLIe TIIOLIAAM 10 coptaM. CpeHsist U c1abasi MeXKcopToBasi BapuabelbHOCTb MPOYKTUBHOTO
crebnectost (13,9; 10,3 u 13,5%) u ypoxaiitoctu (12,4; 9,2 u 9,9%) B niepuog uccieioBaHusi 00ycioBIMBaeT
OTITUMAJIbHBIN YPOBEHb arpOTeXHUKH X03s1ticTBa. CopTa, chOpPMUPOBABIIIKE JOCTOBEPHO BBICOKYIO YPOXKAaltHOCTh
TIPY HeCyIL|eCTBEHHOH ee U3MEeHUMBOCTH, PEKOMEH/I0BaHbI /ISl BO3/Ie/IbIBaHUsI B yC/I0BUSIX PecriyOvku Aibiresi.

KnroueBble c10Ba: puc, cesieKIysi prca, HOBBIM COPT, YPOXKalHOCTb, SKOTIOTHUeCKOe COPTOUCIILITaHME,
OCU, n3MeHUMBOCTh NPU3HaKa.

Kondmmkr unrepecos.
ABTOpBI 3asIB/ISIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

BbiarogapHocTn. ®uHaHcupoBaHue.

Pa6ora B OO0 «AHTL] Puic» mpoBouiach B paMKax HayuyHO-TEXHUUYECKOTO COTPYAHHUUECTBA MaTepUaiaMu
u cpenctBamy, BoizensieMbiMid PTBHY «DHLI pucay, B 1essx BeinonHenuss HUOKP u cBoeBpeMeHHO# co-
PTOCMeHBI ¥ COPTOOOHOB/IEHHSI B OTPAC/IH.

Hcropus crarbu:
Toctynuna B pegakuuto: 1 despasnst 2019 r. Tlpunsita K nybnvikauuu: 17 siBapst 2020 1.
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Evaluation of new rice genotypes of Kuban breeding
in conditions of environmental testing in the Republic
of Adygea

Ruslan R. Dzhamirze, Nadezhda V. Ostapenko, Natalya N. Chinchenko
Federal rice research center, Krasnodar, Russian Federation
*Correspondent author: dzhamirze01022010@yandex.ru

Abstract. In solving the problems of modern rice growing associated with yield increase, resource/energy
efficiency and profitability, development of new varieties and their timely introduction into production as a
result of close cooperation of scientists and production workers is central. In this regard, the assortment of rice
varieties of Kuban breeding is annually replenished with more productive ones having increased resistance to
adverse biotic, abiotic and anthropogenic factors, technologization and energy supply during cultivation, and
different cooking characteristics. Crop productivity is one of the main value indicators and the main requirement
of production. It consists of number of plants per unit area and productivity of each of them. Therefore, in order
to evaluate rice varieties and determine their suitability for cultivation in this agroclimatic zone, it is necessary
to consider important agronomic traits and their variability during a certain time. The article presents the results
of environmental testing of 20 rice varieties over three years (2016-2018). The variability of yield and number
of productive stems per unit area in varieties was determined. The average and weak inter-varietal variability
of productive plant stand (13.9; 10.3 and 13.5%) and yield (12.4; 9.2 and 9.9%) during the research period
determines the optimal level of agricultural farming. The varieties that have formed a significantly high yield
with its insignificant variability are recommended for cultivation in conditions of the Republic of Adygea.

Key words: rice, rice breeding, new variety, yield, environmental variety testing, EVT, trait variability
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BeBepeHue

Ponb copra B nonyueHHWH yporkasi MCKJIFOUMTE/IbHO BesiuKa. OT CBOeBpEMEHHOTO
¥ HayYHO 000CHOBAHHOTO TIPOBEZIEHUS] COPTOCMEHA BO MHOTOM 3aBUCHT YCIIeX PHUCO-
Bo/ZiCTBA. [1/1s1 T10/TyUeHHst CTaOMIbHO BBICOKMX Pe3y/IbTaTOB B OTPac/id He00X0[uMO
0OHOBJIATE CTPYKTYPY IMOCEBHBIX TUIOL[A/Iel pruca MaKCUMaIbHO 3P QeKTUBHBIMU CO-
pTaMu, COOTBETCTBYIOIIMMH JAHHOM arpoK/JIMMaThyeckoi 30He.

[ToBbIlIeHe cripoca Ha KpyIy KPYITHO3€PHBIX COPTOB pUCa MpebsB/IsSeT BbICOKHE
TpeOOBaHMS K TIPOM3BOUTE/ISIM U HayuHOMY coo011iecTBy. CBOEBpeMeHHOe BHe/IpeHHe
HOBBIX COPTOB priCa OTeYeCTBEHHOM CeJleKLMY B CTPYKTYPY NOCEBHBIX IJIOLLaZleid, OT-
BeYarolMx TpeOOBaHUSAM MMOTpebuTesel, O3BOJIUT Y/[OB/IETBOPUTL HE TOJILKO CIPOC,
HO M COCTaBUT YBEPEHHYIO KOHKYPEHLIMI0 UMITIOPTHOM MPOAYKLMM B PaMKax UMIIOp-
TO3aMell[eHUs], UTO OUeHb Ba’KHO /151 3(pPeKTUBHOCTH OTpaC/ii PUCOBO/CTBA B LI€JIOM.
CoO0TBeTCTBEHHO, U3 NlepeJJaHHbIX Ha rocyapcTBeHHoe coprovcnbiTanue (I'CH) B 2017 1
TSITA COPTOB TPH SIB/SIFOTCS KDYMTHO3epHbIMY, a B 2018 r.— aBa u3 nstu [1].

CeJieK1isi 1 CEMEHOBOZCTBO 3aHMMAIOT Be/lylijee MeCTO B HayuyHO 000CHOBaHHOU
TEeXHOJIOTMYeCKOM CHUCTeMe BO3/ie/IbIBaHUS Ce/IbCKOX03SIICTBEHHBIX PACTeHUN U SIB-
NISIFOTCS1 Hanbosiee MOILHBIMU SKOJIOTMUeCKU Oe3BpeJHbIMU PblYaraMy B TIOBBIILIEHUHN
YPO’KaliHOCTU Y KaueCTBa pacTeHUeBOZAUeCKOU MpoAyKLuu [2].

Bkuiag cenekijum B NOBbILIEHNE YPOXKAUHOCTH Ce/TbCKOXO3SIMCTBEHHBIX KY/BTYP 3a
nocaefHue fecstTuietys oueHrBaercs B 30...70%, a ¢ yueToM BO3MOXKHBIX KJTMMAaTH-
yeckux (GUIyKTyaldii posib cesieKLuu B OyayiiieM HeymMoaumMo OyzieT Bo3pacTats |3, 4].
[TporpeccrBHas CENEKIHS U CBOEBPEMEHHOE BHEIPEHUE B IPOM3BOACTBO HOBBIX, O0JIee
ypOXKalHBIX COPTOB, SIBISETCA OAHUM U3 BaXKHEHIINX (PAKTOPOB, CHOCOOCTBYIOIIUX
YBEPEHHOMY pocTy 3((PEKTUBHOCTH OTEUECTBEHHOTO PUCOBOJICTBA [5].

HayuHo obocHOBaHHasi COpTOBasi TIOJIMTHKA, BKJTFOUAOII[asi HapalljiBaHUe accop-
THMEeHTa BO3/le/IbiIBaeMbIX COPTOB Pa3HOM TeXHOJIOTUUeCKOW SHeproeMKoCcTu (copTa
VHTEHCUBHOI'0, 5KCTEHCUBHOIO ¥ TIPOMEXKYTOUHOI'O THITOB), yUMThIBAOLLasl XapaKTep-
HbIe UM 0COOEHHOCTH, a TaKXKe arpOK/IMMaThudeCcKre YC/I0BHUS BO3/Ie/IbIBAaHUS SIBJISIETCS
3a710roM MpOrpecCUBHOrO pa3BUTHSI pUCOBOACTBA B Poccuu [6]. [TosTomy B pamkax HUP
OT'BHY «®HII puca» npoBoAUT MaciiTabHbIe SKOJIOTHYeCKHe U TTPOU3BO/CTBEHHBIE
WCIIBITaHus1 Ha TeppuTopuu Poccru u 6mkHero 3apy0exxbsi C Lie/iblo ONTUMAaIbHOTO
nozbopa 1 pa3MellieHus1 COPTOB PUCa HOBOTO TIOKOIeHus [7].

PocT yporkaltHOCTH ¥ BajloBbIX COOPOB prica B PecrtyOsiike Afibiresi CBSI3bIBAIOT
C TeCHBIM COTPYJHHUYEeCTBOM C yyeHbIMU. B 2018 r. cemena cenekuuu «PHILI puca»
3aHsM 0KoJ10 41,4% 11oceBHOM 111011811, uTo Ha 30% Gosnbiie, uem B 2017 . [8].

B Pecrniybnuke Azpires B 2019 1. Tuio1mazis MoCeBOB prca AoBesu 10 8,2 ThIC. Ta.
Habnrogaetcst monoxxurenbHast AMHaMUKa. B 2017 1. moceBHbIe T/I0Ia/IA pyca COCTaB-
nsimm 5,1 ThIc. ra, B 2018 r.— moutu 6,7 Thic. Ta. B 2018 1. BasioBoi cO0p prca cOCTaBUI
0koJ10 35 ThIC. T. B noc/ieaytomye rofpl OXKUJaeTcs yBeauueHye ypoxkas [9].

MaTepuanbl 1 MmeToAbI
O6bekTaMu ucciieoBaHui cry>kuin 20 HOBBIX copToB puca (Panan, ®narmas,
[ToneBwk, fIxoHt, ATKbIH, [[Tapm, Bogomnaza, FO6unelinsiii-85, Microk, Harata, A3oB-
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ckul, [Tarpuort, ®aBopuT, AnosnoH, Haytunyc, Benec, Cranuunsiii, Kypax, ['anna
1 OnbOpyC) 10 TIpe/iie CTBEHHUKY PUC, BO3/e/IbIBAEMbIN BTOPOM T0J] Ha OPOCUTETbHOMN
cucteme OO0 «AHTL] Puc».

B 1iesiom KMMaruueckue yCioBUs ienbThl p. Kybanu 6/1aronpusiTCTByIOT BbIpalliy-
BaHMIO puca U obecrieurBaOT He0OXOJMMBIM KOJTMUECTBOM TeIlla JaHHYIO KY/IbTYpY.

Mexxay pa3nuMuHbIMU arponaHadTHBIMU pailoHaMy 30HbI pUCOBOACTBa Kpac-
HOZIaPCKOT'0 Kpasi HeT CyLLleCTBeHHbIX pa3/Muui 110 KJMMaThueCKUM IToKa3aresissm
B COOTBETCTBUHU C TPeOOBaHUSMHU pacTeHuM puca. [103TomMy mpu arpo3KoiornyecKoi
OLleHKe TepPUTOPUH M0 MPUTOAHOCTH Ji/1s1 BbIpALlIBaHUS PUCa arpoK/IMMaTH4eCKUN
ko3 duienT npuHAT 3a 1,0 (MosiHOe yIOB/IeTBOPEHNE IIOTPEOHOCTH B OTIPeZe/ISFOIINX
K/IMMaTHueCKuX (hakTopax) Zyist Bcel 30HbI pucoBojcTBa Kybanwu [10].

[1g TToceBa Aie/ITHOK MCIIO/Ib30BaIu CeslJIKYy LieHTPabHOro BeiceBa. [lommans
JenstHKY 20 M2, TIOBTOPHOCTh — TPeXKpaTHasi C PeHZ0OMU3MPOBAHHBIM pa3MellleHHeM,
KOJINYEeCTBO PSIKOB — BOCEMb, PaCCTOSTHUE MeXXIY psAZamMu 15 M, pacCTOsiHHAE MeXIy
nensHkamu 0,5 M, HOpMa BbiceBa 7 MJTH. BCXOXKUX 3epeH Ha 1 ra [11]. CranzapTom
B 9K0siorryeckoM coptoucibitanny (DCU) ciyskun cpefnecrienbiii copt Panan. Eavnbiii
¢on munepanbHoro nuranus N, P K, . Cpoku mocesa — repBast jeKazia Mast.

B Teuenue BereTarmu npoBoAwM (heHoMornueckre HabmmogeHys (py>KHOCTb BCXOJIOB,
TyCTOTa U T.71.), OTMeYaJIv /IaThl [POBe/ieHNsI TPOHIaKTHUeCKUX 00pab0TOK 1 HACTYTUIEHUST
(a3 BeIMeTHIBaHUS ¥ TIOJTHOM criesiocTi. Onpe/ienisiii ryCTOTY MPOAYKTUBHOTO CTeb/1ecTost
B (pa3e IOJTHOM CIeJIOCTH repej yOOPKO. brUoIoruueckyro ypoxkaHOCTh PaCCUUTHIBAJIH
13 MO/Ie/TbHBIX CHOTIOB, YOPaHHBIX BPYUHYIO U3 [Ie/ITHOK M/I0MazAbo 1 M2

[TonmyueHHbIe pe3yabTaThl 00paboTaHbl METOaMH IMCIIEPCHOHHOTO U KOppersi-
LIMOHHOrO aHanu30B [11, 12], a nisi cpaBHeHUs1 CTeleHn U3MEeHUUBOCTH MPH3HAKOB
WCI10/1b30Bau Ko3dduiieHT Bapuaiuu CV [13].

PesynbraTtbl 1 06cyxaeHue
BakHBIM TIpU3HAKOM B (POPMHPOBAaHUM BBICOKHX YPOXKAEB SIB/ISIETCST KOJTUUECTBO
TPOAYKTUBHOTO CTebsiecTos B 1jeHo3e. YKC/I0 MpOAYKTUBHBIX CTebsell Ha eUuHULe
TJIOIIA/IN PEry/UPYyeTCsl arpOTeXHUYeCKUMU MPUeMaMHy U 3aBUCHUT OT THIIa COpPTa
(pactenusi) u hakTOPOB OKpY>Karotel cpeabl [14]. DTOT nmpr3Hak 061a/jaeT BLICOKOM
MoAU(DUKAIMOHHON U3MEHUMBOCTBIO M HU3KOW HaC/Ie[yeMOCTbIO, UTO 00y C/IOB/IMBaET
€ro BBICOKYIO BaprabenbHOCTh (Tabm. 1).

Tabnmya 1
lycToTa NpoAyKTMBHOrO cTe6/1eCTOsi COPTOB pUca U ero BapuabenbHOCTb
B aKonornvyeckom ucnoitaHmm, 000 «AHTL, Puc», 2016-2018 rr.

KonuuyecTBO NpoAyKTMBHbIX cCTEONEN, LWIT./M?
N2 n/n Copt CV, %
2016r. 2017r. 2018r. CpegnHee
1 PanaH (st) 292 436 378 368,7 19,7
2 dnarmaH 380 414 405 399,7 4,4
3 MoneBuk 496 352 480 442,7 17,8
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OKoHuaHue Tabnunubi 1

KonuuyecTBo NpoAYyKTMBHbIX CTEGNEN, WIT./M?
Ne n/n Copt CV, %
2016r. 2017r. 2018r. CpepHee
4 AXOHT 428 329 416 391,0 13,8
5 ATKbIH 488 364 553 468,3 20,5
6 Wapm 400 502 480 460,7 11,7
7 Boponapg, 408 355 470 411,0 14,0
8 l06uneiiHbiit 85 416 356 392 388,0 7.8
9 UcTok 420 302 663 461,7 39,9
10 Hatawa 380 484 568 4773 19,7
11 A3oBcKui 496 258 511 421,7 337
12 Natpuot 384 468 449 4337 10,2
13 dasoput 420 428 473 440,3 6,5
14 AnonnoH 444 310 467 407,0 20,8
15 Haytunyc 428 370 369 389,0 87
16 Benec 372 432 316 3733 15,5
17 CTaHUYHbIN 328 350 385 3543 8,1
18 Kypax 408 374 356 379,3 7,0
19 Fanna 536 453 576 521,7 12,0
20 Anbbpyc 384 395 363 380,7 43
CpepHee 4154 386,6 453,5
CV,% 139 10,3 13,5
HCP, 71,20 83,50 77,50 77,40
Table 1

Density of productive plant stand of rice varieties and its variability
in environmental testing, 2016-2018

Number of productive stems, per m?
Ne n/n Variety CV,%
2016 2017 2018 Mean value

1 Rapan (st) 292 436 378 368.7 19.7
2 Flagman 380 414 405 399.7 4.4
3 Polevik 496 352 480 4427 17.8
4 Yakhont 428 329 416 391.0 13.8
5 Yatkyn 488 364 553 468.3 20.5
6 Sharm 400 502 480 460.7 11.7
7 Vodopad 408 355 470 411.0 14.0
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Continuation table 1

Number of productive stems, per m?
N2 n/n Variety CV,%
2016 2017 2018 Mean value
8 Yubileyniy 85 416 356 392 388.0 7.8
9 Istok 420 302 663 461.7 39.9
10 Natasha 380 484 568 477.3 19.7
11 Azovskiy 496 258 511 421.7 33.7
12 Patriot 384 468 449 433.7 10.2
13 Favorit 420 428 473 440.3 6.5
14 Apollon 444 310 467 407.0 20.8
15 Nautilus 428 370 369 389.0 8.7
16 Veles 372 432 316 3733 15.5
17 Stanichniy 328 350 385 354.3 8.1
18 Kurazh 408 374 356 379.3 7.0
19 Galla 536 453 576 521.7 12.0
20 Elbrus 384 395 363 380.7 4.3
Mean value 415.4 386.6 453.5
CV,% 13.9 10.3 13.5
LSD, 71.20 83.50 77.50 77.40

Bapuabe/bHOCTE KO/TMUeCTBa MPOAYKTUBHBIX CTebel B mepro/| UCCieJOBaHus
cocrasuia 4,4...39,9%. BeicoKas N3MeHUMBOCTb JaHHOTO TIPHU3HAKA OTMeUeHa Y COPTOB
AtkeiH, AnosioH, A3oBckuii U Mctok — 20,5; 20,9; 33,7 u 39,9% coOTBETCTBEHHO.
MuHuManbHas BaprabenbHOCTh OTMeueHa y coptoB dnarman, FO6uneinsiii 85, ®a-
Boput, Haytunyc, Ctannunbii, Kypax u Dne6pyc — ot 4,3 110 8,7%, a Bce ocTajibHbIe
COpTa XapaKTepU30Ba/IMCh CPe/IHeN CTeTleHbI0 N3MEeHUYMBOCTH YMC/Ia MPOAYKTHBHBIX
ctebsieit Ha efuHULIe TwTotaau — 10,2...19,7%. CnefyeT nosararh, YTo COpPTa C BBICO-
KOUM M3MEeHUMBOCTBIO JJaHHOTO TIPU3HAKA TIPU PaBHBIX MIPOUMX YCIOBUSIX BbIPAI[UBAHUS
TpeOytoT Gosiee crieljuhuUeCcKoro MoAxofa B TEXHOJOTHUeCKOM TiaHe. MeXKCopToBast
W3MEHUMBOCTh MPU3HAaKa no roflam cocraswia 13,9; 10,3 u 13,5%. CylijecTBeHHbIE
pasinyms 0 IaHHOMY MpPH3HaKy oTMedeHbl y copToB ATKbIH, [llapm, McTok, Haraiia
u 'ania, npesbIicHBIIUX cTaHapT PamnaH. [TosTomy, mepexojs K aHa/nM3y OCHOBHOTO
Mpr3HaKa — ypOoKaliHOCTH COPTOB, XapaKTepU3YIOILero Ux nepcrekKTUBHOCTh U BOC-
TpeOOBAaHHOCTD B OTPAC/IH, CTOUT CKa3aTh, UTO B Tiepro/, ucciaeqoBanuii 2016-2018 rr.
y U3y4aeMbIX COPTOB Oblyia CpopMHUpOBaHa ONTUMaJbHasi TYCTOTa cTebsiecTos Ajist
MOTyUYeHUsT BEICOKUX YPOJKaeB.

YporkaiiHOCTb OOMBIIIMHCTBA HOBBIX COPTOB PHCa B FKOJIOTUUECKOM UCITBITAHUY Oblia
B Ipe/lesiax HauMeHbllel CyiecTeeHHoM pasHuLbl (HCP ), a HeKoTopble J0CTOBEPHO
MPeBLICUIM CTaHapT (Tab:. 2). Bricokasi 3MeHUMBOCTh Mpu3HaKa (>20%) MoXKeT 03-
HayaTh JUHAMUYHOCThL T€HOTUIIA B /IaHHOMN arpOK/IMMaTHUUeCKO 30He.
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Tabnuya 2
Buonorunyeckas ypo)xamHoCTb COPTOB puca U ero BapuabenbHOCTb
B 3Konornvyeckom ucnoitaHmm, 000 «AHTL, Puc», 2016-2018 rr.

YpoxkaitHocTb, Li/ra
N2 n/n Copt CV,%
2016r. 2017r. 2018r. CpeaHee

1 PanaH (st) 97,3 113,7 79,9 97,0 17,4
2 dnarmaH 102,5 108,5 96,0 102,3 6,1
3 MNoneBuk 108,2 102,3 1141 108,2 55
4 AXOHT 102,7 101,9 111,4 105,3 50
5 ATKbIH 119,3 108,8 127,7 118,6 8,0
6 Wapm 73,35 71,9 74,8 734 2,0
7 Boponap, 96,3 94,5 107,6 99,5 71

8 l06uneiiHbiii 85 97,7 116,8 96,6 103,7 11,0
9 UcTok 80,3 91,0 85,8 85,7 6,2

10 Hatawa 119,8 92,9 146,7 119,8 22,5

11 A3oBcKui 87,9 66,7 112,5 89,0 25,7
12 MaTtpuot 105,3 113,3 103,6 107,4 4,8
13 dasoput 105,5 1153 101,6 107,5 6,6
14 AnonnoH 112,8 107,8 120,3 113,6 55

15 Haytunyc 88,3 106,3 78,2 90,9 15,7
16 Benec 108,5 116,2 97,2 107,3 8,9

17 CTaHWYHbIN 121,6 136,3 87,6 115,2 21,7
18 Kypax 97,3 110,1 100,5 102,6 6,5

19 Fanna 102,7 126,1 109,3 112,7 10,7
20 Anb6pyc 104,7 100,5 99,0 101,4 2,9

CpepHee 101,60 101,60 105,05 102,52
CV,% 124 124 9,2 9,9
HCP 8,25 8,25 12,45 7,62 9,44
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Table 2
Biological yield of rice varieties and its variability in environmental testing, 2016-2018
Yield, c/ha
N2 n/n Variety CV,%
2016 2017 2018 Mean value
1 Rapan (st) 97.3 113.7 79.9 97.0 17.4
2 Flagman 102.5 108.5 96.0 102.3 6.1
3 Polevik 108.2 102.3 114.1 108.2 5.5
4 Yakhont 102.7 101.9 111.4 105.3 5.0
5 Yatkyn 119.3 108.8 127.7 118.6 8.0
6 Sharm 73.4 71.9 74.8 73.4 2.0
7 Vodopad 96.3 94.5 107.6 99.5 7.1
8 Yubileyniy 85 97.7 116.8 96.6 103.7 11.0
9 Istok 80.3 91.0 85.8 85.7 6.2
10 Natasha 119.8 92.9 146.7 119.8 22.5
11 Azovskiy 87.9 66.7 112.5 89.0 25.7
12 Patriot 105.3 113.3 103.6 107.4 4.8
13 Favorit 105.5 115.3 101.6 107.5 6.6
14 Apollon 112.8 107.8 120.3 113.6 5.5
15 Nautilus 88.3 106.3 78.2 90.9 15.7
16 Veles 108.5 116.2 97.2 107.3 8.9
17 Stanichniy 121.6 136.3 87.6 115.2 21.7
18 Kurazh 97.3 110.1 100.5 102.6 6.5
19 Galla 102.7 126.1 109.3 112.7 10.7
20 Elbrus 104.7 100.5 99.0 101.4 2.9
Mean value 101.60 105.05 102.52
CV% 12.4 9.2 9.9
LSD,, 8.25 12.45 7.62 9.44

CpenHeroioBasi BaprabebHOCTh YPOXKaHOCTH TIPe/[CTaB/IeHHBIX COPTOB pUca
cocraBuia 2,0...25,7%. Copra Haraiia, A3oBckuii 1 CTaHWYHBINA XapaKTepru30BaIuCh
BBICOKOH CTeIeHbI0 M3MEHUMBOCTH — 22,5; 25,7 11 21,7% COOTBETCTBEHHO, UTO CBUIE-
Te/bCTBYeT O JMHAMUYHOCTH JIaHHbIX FeHOTUIIOB B NIePUOJ, UCC/Iel0BaHUM. Y COPTOB
Panan, FO6uneiinbiit 85, Haytunyc u I'ania BapuabenbHOCTh IPU3HAKA CPeHSST —
17,4; 11,0; 15,7 u 10,7% COOTBETCTBEHHO. YPO)KalilHOCTh OO/IBLIMHCTBA U3yUEHHBIX
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COPTOB pHCa OKa3asachk C/1ab0M3MeHUYMBOM 3a TPH ro/ia, UTO MO3BOJISIET MPE/TION0KUTh
BO3MOKHOCTb X BO3/le/IbIBAHUS B YCJIOBUSIX [JaHHOTO XO3SIMCTBA.

Me>xcopToBasi U3MeHUHMBOCTh YpOXKalHOCTH coctaBunia 12,4; 9,2 u 9,9% no rogam.
Coprta INoneBuk, AtkbiH, Haraiia, [Tatpuot, ®aBoput, Anonnon, Benec, CTaHnuHbIN
u I"asia JocToBepHO MpeBbIiCHIM PamaH (st) o ypokaiiHOCTH. AGCOMIOTHBIE 3HAYEHUST
rpusHaka BapbrpoBaau ot 74,3 (Ilapm) go 119,8 1y/ra (Haraia). YuuTbeiBasi BbICOKHIA
YPOBEHb YPO)KaWHOCTH TIPe/[CTaB/IeHHbIX COPTOB M HE3HAUUTE/TbHYI0 ee Me)KCOPTOBYIO
WM3MEHUYMBOCTb, MOYKHO TIPeATIONIOKUT, YTO HAOOp M3ydyaeMbIX T€HOTHUTIOB SIB/ISIETCS
OTTHUMAJIbHBIM ZIJ1s1 peHTabeTbHOM paboThl OTpac/iv B yC/I0BUsAX Pecrybnmvku Afipirest
u KpacHozgapckoro kpasi.

BbiBOAbI

Bricokasi ypo)kallHOCTb ¥ He3HauuTe/lbHast ee BapuabelbHOCTb Y HOBBIX COPTOB
puca TI03BOJISIFOT OBITH OTpPAaC/M peHTabenbHOM, a CBOeBpeMeHHOe BHeJpeHHe COPTOB
B MPOM3BOZCTBO — KOHKYPEHTOCIIOCOOHBIM Ha PbIHKe CeMsiH M CaMO/I0CTaTOUHBIM
B cdepe repepaboOTKH, T.e. IPOM3BOACTBE KPYTIbI, UTO OTUACTH COOTBETCTBYET IPOrpaMme
HMMITOpPTO3aMellleHUs.

[To pe3ynbTaTam 3KOJ0rMUeCKOr0 UCTIbITaHUsI BCe Mpe/icTaBIeHHble copTa cdop-
MHPOBa/IX ONITUMaJ/IbHOe KOJTMUeCTBO MIPOAYKTUBHBIX CTeOsielt Ha eJUHMULIe TIIOL[a I —
354,3...521,7 wt./M?. [laHHasi I'yCTOTa arporieHo03a M03B0JI|/Ia Pear30BaTh MOTEeHIAA
yPOKaHOCTH B Oosbltieid crerienu y coptoB IToneBuk, STkbiH, Hartara, [TaTpuor,
®aBoput, AnosnioH, Benec, Ctanuunsbiii v ['anna, JO0CTOBEPHO MPeBbICUBIIMX ParnaH
(st). ITepcrieKTMBHBIE COPTa C HE3HAUMTE/ILHOW U3MEHUMBOCTBIO YpoykaiiHOCTH (<10%)
peKoMeH/10BaHbl /1 Bo3zenbiBaHus B xo3srcTBe OO0 «AHTL Puc» B ycioBusix Pe-
cyonmvku Apipirest.
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UccnepoBaHne ap(heKTMBHOCTU HOBOIro aHTUNapa3MTapHOro
npenapara NpoJIOHrMpoBaHHOro aencTeus Jiunomek 2%
Ha OCHOBe UBEPMEKTUHA NpU cUYHKYNATO3aX XXBaYHbIX

K.®. ®daraxos'*, [I.A. lespuiios?, O.b. JInTBUHOB?

MocKoBCKast FOCYapCTBeHHas! aKaZieMusl BeTepUHapHON MeULMHbI 1 GUOTEXHOIOT UM —
MBA umenu K. . CkpsibuHa, e. Mockea, Poccutickass @edepayust
*fat.kurban1995@mail.ru

Amnnoranus. Llens nccnefoBaHyst — U3ydyeHHe TepareBTUUeCKUX CBOMCTB npenapara JIunomek 2% rpu
cu(yHKY/IITO3aX, a TAK)Ke OIpefieleHNe JJIUTeIbHOCTH ero IeMCTBUS MPHY JaHHOM narosioruu. Mcrnons30BaHo
Z1Ba BUZIa KUBOTHBIX. OMBITHI TIPOBOAMUIMCH Ha Pa3HbIX hepMepCKUX Xo3siicTBax. B ¢epmepckoM xo3siiicTBe
«MpIrpa» Ucc/iefjoBaHre IPOBOAM/IN Ha OBLIAX JIe3TMHCKOH opogbl. B hepmepckom xo3siicTBe «PaseHsa» uc-
TbITAHHe Tperiapata MPOBOAW/IN Ha TeJIsATax KaBKa3CKoi Oypoii mopozpl. CU(YHKY/ISTO3bI )KUBOTHBIX SBJISIOTCS
Haubosiee pacripoCTpaHeHHbIMY Napa3uTapHbIMK 3ab0s1eBaHUsAMY B C. PyTyn PyTynbckoro paiioHa Pecry6mku
Harecran. M3yueHa 3¢)(eKTUBHOCTb HOBOTO aHTHIIaPa3UTapHOTO Ipernapara MpoJIOHrMPOBAaHHOTO JeHCTBUS
JIumomek 2% Ha OCHOBe MBePMEKTHHA ITPOTUB CHU(YHKY/ISITO30B MEJIKOTO M KPYITHOTO POraToro CKora. Takke
T0Ka3asl XOpolLuii TeparnieBTHuecKuii 3¢ ekt 1% pacTBOp MBepMeKTHHA, MPOSIBUBLLMICS yKe Ha Cefyroilen
HeJlene riocsie BBefeHus1. JelictBue 1%-ro npemnapara Jiunock Hegonro — 21 feHs. [Ipenapar Jlunomek 2%
Ha OCHOBe MBepMeKTHHa 11okasan 100%-10 3¢eKTHBHOCTB IPOTUB CHGYHKYATO3a OBell ¥ TesT. [Ipofomku-
TeJIbHOCTh Mapa3suTOLMAHOIO JeHCTBUsI coxpaHsiiack 1o 30 gHeli (nmepuog Habmogenust). [Tocine o6paboTku
TIOT0JIOBbs TIPU3HAKK MHTOKCHKALIMK He HabJIroAannch.

KnroueBbie ciioBa: [larectaH, mapasurhl, CH(YHKYJISTO3bI, BIIIM, HUBEPMEKTHH, OBIIBI, TeJISITA, IPOIOHT U~
POBaHHbIM mpemnapart, Jlunomexk
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Effectiveness of Lipomek 2%, a new long-acting antiparasitic
ivermectin-based drug,
in ruminants affected with siphunculatosis

Kurban F. Fatakhov¥*, Davud A. Devrishov, Oleg B. Litvinov

Moscow State Academy of Veterinary Medicine and Biotechnology, Moscow, Russian Federation
*Correspondent author: fat.kurban1995@mail.ru

Abstract. The purpose was to study therapeutic properties of Lipomek 2% drug in animals affected with
siphunculatosis, and to determine duration of its action against this pathology. To achieve these goals, 2 species
of animals were used. Experiments were conducted at 2 different farms — Mygra and Fazenda, where 25 sheep
(Lezgin breed) and 17 calves (Caucasian brown breed) were studied. Animal siphunculatoses are the most
common parasitic diseases in Rutul village (Rutul district, Republic of Dagestan). The effectiveness of a new
long-acting antiparasitic drug Lipomek 2% (ivermectin) against siphunculatosis in small and bovine animals was
studied. A 1% solution of ivermectin also showed a good therapeutic effect which was manifested next week
after injection and lasted 21 days. Lipomek 2% (ivermectin) showed 100% efficacy against siphunculatosis in
sheep and calves. Duration of parasitocidal effect was maintained for up to 30 days (observation period). No
signs of intoxication were observed after livestock treatment.

Key words: Dagestan, parasites, siphunculatosis, lice, sheep, calves, gelminth, long-acting drug, ivermectin,
Lipomek
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BesepeHue

WNHTeHCHBHOE pa3BUTHe )KUBOTHOBO/CTBA B Poccuiickoii deiepaliuu Harnpas/ieHo
Ha TIOBBIIIIEHHe SKOHOMHUYeCKOW 1 COIMa/IbHOM COCTAaBJISIOLIUX CTPaHbI myTem obe-
CrieyeHus1 HacesIeHUsl MsICOM, MOJIOKOM, MOJIOYHBIMY TIPOAYKTaMH, SIMLJaMH, LLePCThIO
Y IPyTUMU BUZIaMU TIPOAYKLIMM )KMUBOTHOTO MPOUCX0XKAeHHs. Cepbe3Ho rperpasou Asist
TIOJIHOLIEHHOT'0 pelleHUs STHX 3a/ia4y Ha CerofHSIIHNN JileHb 0CTarTCs [1apasuTapHble
3abosieBaHus1. Pa3BrTHe )KMBOTHOBO/ICTBA OU€Hb YaCTO CAeP>KUBAeTCst 3a00/1eBaHUSIMH,
KOTOpbIE BbI3bIBAOT YIEHUCTOHOrMe NapasuThl. Cpesiy 3KTonapasyuTOB KPYITHOIO U MeJl-
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KOT'O POraToro CKOTa sIB/sIIOTCS CU(yHKY/sT03b1 [1]. Ha TeppuTtopuu PO crdyHKynsITo3b1
pacrnpoCTpaHeHbl OYTHU MOBCEMECTHO [2—4].

W3-3a pacnpoCTpaHeHHOCTH CH(YHKY/IATO3a )KUBOTHOBO/ICTBO CTPAaHbI HECET 00JIb-
11I1e TIOTepPH, CBSI3aHHbIE CO CHY)KEHMEM KOJTMUeCTBa MoIy4YaeMou MPOAYKLMK (MsICHOH,
MOJIOYHOM U T./.), @ B HEKOTOPBIX C/TyuasiX U TafieyKoM >KUBOTHBIX [5—7]. Ha cerognsiii-
HUI [ieHb IPUMeHsieMble IPOQUIaKTHYeCKYe Mepbl IPeJoTBpallleH s PAaCIPOCTPaHeHUsT
9TOM 60J/Ie3HM U HAyUHO-HCC/Ie[0BaTe/IbCKHEe PAOOThI He CMOTI/IU ITOJTHOCThIO PEIIUTh
JIaHHYo rpobiemy [2, 8-10].

B HayuHo#i iMTeparype pacrpocTpaHeHue Tapa3syTOB »KBauHbIX CBSI3bIBA€TCSI C KITH-
Maro-reorpaduyeCcKUuMy 0COOeHHOCTSIMU TeppyuTOpHii [11], onpesesieHHBIMU YCIOBUSIMU
COJIepKaHUs U TeXHOIOTHeH pa3Be/ieHust )KUBOTHBIX [12, 13]. OgHako ob1jernpuHs-
Thle MPaKTUUeCKre Mephl 10 JIeUeHUI0 U NMPOoUIaKTHKe Napa3uTo30B Ha HEKOTOPbIX
KOMIIIEKCax MPUMEHSIOTCs1 6e3 yueTa 3MU300TO/I0rMUeCKOl 00CTaHOBKU TEPPUTOPUH
Y (hapMaKoJMHAMUKK UCII0/Ib3yeMbIX MMapa3uTOLMHbIX rpernaparoB [14, 15].

BOJIBIIMHCTBO MCIO/b3yEeMbIX CETOZHS MHCEKTULIUIO0B 00/1a/1aeT KOPOTKUM CPOKOM
(mo 14 mHeit) TepaneBTUYECKOTO JeMCTBUS. YUUThIBast TOT aKT, UTO MOC/Ie OTKIAAKH
AuL] CUGYHKYST (BIei) TUUMHKY HauWMHAIOT BBIXOJUTh U3 HUX depe3 10...14 aHe
B Terjioe BpeMms rofia v uepes 14...20 B xosogHoe BpeMs rofa [5], mpodunakTuyeckue
MEpOTIPUSATHS B 3TOT MEPUOJ, SIBJISIIOTCS Mano3(hheKTHBHBIMU.

CrnepoBaTenibHO UCC/IeI0BaHUE JOCTaTOYHOCTH Pe3y/IbTaTUBHOCTH TIperapaToB
MIPOJIOHTMPOBAHHOTO /IEHCTBUSI TPOTUB SKTOIAPA3UTOB aKTyaJbHO M 0COOEHHO Ba)KHO
M3YUHUTb BOSMOXXHOCTb U MPAKTHUUYECKYIO MO/I€3HOCTh BHEIPEHUST ITHX TperapaToB
B BeTePUHAPHYIO MPAKTUKY B YCJIOBUSIX OTTOHHOTO CKOTOBO/ICTBA.

Ienn uccaefoBaHuss — M3yuuTh 3PPEKTUBHOCTH Mperapara Mpo0HTMPOBaHHOTO
nevictBusi JIurmomek 2% Ha OCHOBe UBePMEKTHHA MPOTUB CU(PYHKY/ISITO30B )KBAaUHbIX.

Matepuanbl u metoabl

WcnbiTanue nipernapara rnpo/ioHIMPOBaHHOTO felcTBuYs JIunomek 2% MpoBOAUIOCH
oceHbt0, ¢ 1 okTs0psi Mo 3 HOsiOpst 2019 . B AABYX UaCTHBIX JepMEPCKUX X035HCTBaX
«Mpirpa» u «®a3zeHga» PyTynbckoro p-Ha, Pecriybivku [larectaH. B ombiTe Ob110 3a-
JleliCTBOBaHO 25 TO/I0B OBI[EMATOK JIe3rUHCKOM TIOPO/Ibl 1 17 TOJIOB TeJsAT 8-MeCsuHOTOo
BO3pacTa KaBKa3CKoi Oypoii opo/ibl, CIOHTAaHHO 3apayKeHHBIX CU(YHKY/siTo30M. CTereHb
uH(eCTaLuK TIOT0I0BbsI B 000MX XO03sCTBaX OMpe/ie/isiyIi MeTO/[0M BHU3ya/lbHO OCMOTPa.
OrbITHBIE )KUBOTHBIE Ha MepHo/|, UCTTBITaHWH HaXOJW/IHCh BMecTe C HeoOpaboTaHHBIMU
JKAUBOTHBIMM UIEHTUUHOTO BU/A.

25 roJioB OBel| paszie/nd Ha TPU IPYMIIbL, IBe ONbITHbIE U OZJHA KOHTPOJ/IbHAS.
[TepBoii omnbiTHOM rpytire (n = 10) BBOAWIN MOJKOXKHO TIPOJIOHTMPOBAHHBIM TIperapar
Jluniomek 2% Ha 0CHOBe UBepMeKTUHa B f103e 0,2 MI/KT MacChl TeJsia, BTOpou rpyrire (n =
10) BBogun 1%-i1 pacTBOp MBePMEKTUHA BHYTPUMBILLIEUHO do3amu 0,1 me/Ke Macchl
mena. K konmposnbHotl epynne j#cugomHblx (n = 5) ripernapar He IPUMEeHSI/ICS.

17 roJsioB TenAT Tak)Ke pasfennuiv Ha 3 TPyl B [BYX OMBITHBIX Tpymnnax Ha-
XO/IAJIOCh M0 7 TOJIOB KUBOTHBIX, @ B KOHTPOJIbHOW — 3 T0/I0BbI. Kak 1 oBljaM, UM
TIPUMEHSIIN TIperiapar MPOJIOHTUPOBAaHHOTO JeiicTBuUs JIunomek 2% 1 0ObruHbIi 1%-i1
pacTBOp MBePMEKTHHA B TeX JKe [J03UPOBKax.
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O¢deKTUBHOCTb aHTUINapa3yUTapHbIX MperapaToB OLeHUBasIach M0C/ie BBe/IeHNUs
Trperiapara 1o u3MeHeHH0 00I11eT0 COCTOSTHUS )KUBOTHBIX U €>KeTHEBHOTO BU3Ya/IbHOTO
MOHUTOPHHIa Ha Ha/inuue Biei B TeueHue 30 CyT.

Pesynbratbl 1 o6cyxaeHue

Y TensitT B hepmepckoM xo3siticTBe «PazeHja» 0TMeuaauch MPU3HaKU KOXKHOTO
3yZia, lepPMaTUTa, B3bePOIIeHHOCTH BOJIOCSHOTO TMTOKPOBA, JIOKA/IbHbIE aoTel[iH 10
6OKEIM TeJla U3-3d ITOCTOAHHBIX MMOY€COB, HAPYLIEHWE alllleTHUTa, I/IH(bECTElI_II/IH BIlIaMU
cocTassisia okoo 12...15 3k3emruisipoB Ha 50 cm? Tesla KUBOTHOTO. B X03s#icTBe
«MBpIrpa» y oBel] Hab/ro/Ia/IM TIPHU3HAKKY [T0YeCOB, TUTIEPEMUU KOXKH 3@ YIIIaMH, KOXKHO-
ro 3yzia, uHdeCcTalus BIlaMu CocTaBsisiia okosio 10...14 sk3emruisipoB Ha 50 cm? Tesa.
B 0CHOBHOM >XMBOTHBIX 0€CITOKOM/IO Ha/IMuKe 3y/a OT YKyCOB Biiel. Ha ocHOBaHUsIX
BOJIOC Hal/leHbl KMa/IKW SIUL] Billel (THUL).

[Tocsie BBesieHYsI MperapaToB Y BCeX OMbITHBIX )KUBOTHBIX B X0351CTBe «MbITpa»
u «®azeH1a» He OBIIO BLISIB/IEHO TTOOOUHBIX /IeMCcTBUM. OTMeUeHOo, UTo TIoce 00paboTKH
Ha CelbMOM [IeHb Y OBEll U TeJIAT Y/IyUlIHWIOCh 00IIlee COCTOSTHUE U HOPMa/TM30BajICs
arireTuT. Bce mpemapatkl TT0Ka3aau BbICOKYHO 3(D(eKTUBHOCTh MPU CU(PYHKYJIATO3e
MeJIKOTO ¥ KPYITHOT'O poraToro ckota. Ha ceibMoli fieHb 1oc/ie MpOTUBOIIapa3uTapHbIX
O6pa6OTOK Y )KMBOTHBIX OITbITHBIX I'PYIII 3HAYUTE/IbHO YMEHBIIW/IKMCh ITIPHU3HAKU T'HIle-
PeMHH KOXXH, UCUE3/TU CUMIITOMbBI KOXKHOTI'O 3y/ld, OTMeUa/IMCh INPU3HAKHW 3a’KUBJ/IEHUA
pacuecoB. Uepe3 Mecs1] rocjie 00pabOTKK BOIOCSHOM U KO>KHBIN TTOKPOB BOCCTAHOBHUJICS
JIo TIpe>KHel opMbl. Y KOHTPOJIbHOM TPYTITIbI BCe BhIllIeriepeuncieHHble MPHU3HaKHy,
Hao0opoT, ycyrybsnsucsk (Tabi.).

Tabnuya
PesynbraTbl NpUMeHeHUA NpenapaToB Ha OCHOBE UBEPMEKTUHA
Bpems (NepuoauyHOCTb) OCMOTPA, Hepenu
CUMNTOMBI [lo o6paboTku | ] [} v
Ipynnbi Ipynnbl Ipynnbi Ipynnbi Ipynnbi
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Mnepemus | | |+ + |+ | - - ++ - | =] ++ - - ++
KoXHbli1 3yq, ++ ++ | ++ - - ++ - - ++ - - | ++ - - +t
Pacuecbl | | |+ + |+ | - - ++ - | =] ++ - + ++
WHecTauns +H+ | | | - - | ++ | - - ++ - | =] ++ - + ++
BLUAMM

THnpbl + + + + + + + + + - - + - - +

MpumMeyaHue. ++ BbICOKas CTEMNEHb BbIPAXXEHHOCTU KIIMHNUYECKUX NPU3HAKOB; + HU3Kas CTEMNeHb;
— OTCYTCTBME NPU3HAKOB.

100 BETEPVHAPWS



Fatakhov K.F. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(1): 97-103

Table
Effectiveness of ivermectin-based drugs
Inspection frequency, weeks
Symptoms Before treatment | Il [} v
Groups Groups Groups Groups Groups

1 2 3 112 3 1 2 3 1 2 |3 1 2 3
Hyperemia ++ | |+ |+ | - - ++ - - | ++ | - - ++
Skin itching | A | | - - |+ - - | ++ | - - |+ | - - ++
Scratches R T S I O O - |+ | - - |+ | - + ++
Lice infestation H O H | | - | - - i I I I B + ++
Nits + + + + [+ | + + + + - - + - - +

Note. ++ high severity of clinical signs; + low severity; — lack of signs.

Kak BuHO 13 Tabnuibl, Ha 28 neHb nocsie 06paboTku oBer| 1%-M pacTBOpomM
MBEepMEeKTHHA Ha TeJjie )KMBOTHBIX Ha0/II0a/10Ch Ha/lnuue Biiiek, 7—9 9K3eMIISpOB,
YTO MOXKET TOBOPUTb O KOPOTKOM TeparieBTHUeCKOM /IeHCTBUM TIperiapara, U BbIXOZIOM
JIMUMHOK U3 THU/J, Ha 20 leHb Moc/ie UX OTK/Ia/IKH.

3aKntoyeHue

Pesynbrarhl 3KCIeprMeHTaIbHBIX UCCIeI0BaHUM MOKa3anu, uto 1%-ii pacTBop
MBepMeKTHHA Heo0X0JUMO BBOJUTh TTOBTOPHO C uHTepBasoM 10...14 cyT cormacHo
VHCTPYKLMU 110 TIPUMEHEHUIO.

WcnblTaHHBIM HaMU TIperiapaT MPOJIOHTMPOBAHHOTO JielicTBUs JIunomek 2% naxe
MoCJie OJHOKPATHOT'O MOJKOXKHOTO BBeeHust Toka3an 100%-it a¢dekT npotus cudyH-
Ky/IITO3a OBeI] U TeJIT B TeueHHe 28 aHel (Cpok Hab/roeHNst) 1 0COOeHHO aKTyasieH
TIPU OTTOHHOM CHCTEMe COJlep>KaHusl.

TakuM o6pa3oM, B ycioBUsIX JlarecTaHa offHOKpaTHasi 00paboTka OTTOHHOTO TO-
TOJIOBbSI TIPOJIOHTUPOBAHHBIM TIPeTapaToM aKTyasbHa, TaK Kak MOBTOPHBIe 00pab0TKH
OBeL| UCI0/Ib3YeMBbIMU Ha CerOHSIIHMY [ieHb IperaparaMy He TIpeJCTaB/IsFOTCs BO3-
MOYXHBIMU B CBSI3U C TI€PETOHOM >KMBOTHBIX Ha BLICOKOTOPHBIE Ce30HHbIe TTacTOMIIa Ha
CPOK /10 HECKOJIbKUX HeZle/Ib.
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