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CocTosiHue yeHononynauun Rosa acicularis L.
B leconapkoBoi 3oHe EkaTepuHbypra

E.A. Tumkuna

Borannyeckuii caf YpanbCKOTo oTAeeHrs: PoCCHIICKOM akaieMUH Hayk,
2. ExamepuH6ype, Pocculickas @edepayust
YpastbCKui TOCyZIapCTBEHHBIN JIeCOTEXHUUECKU YHUBEPCUTET,
2. ExamepuH6ype, Pocculickas @edepayus
Elena. MLOB1@yandex.ru

AHnHoTanus. BrisiBneHo, uTo ucciejoBaHHbIe (PparMeHThI LeHONOMyIsALun Rosa acicularis L. (po3st
WIVIICTON) SIBJISTIOTCST HOPMa/IbHBIMU 1 TTOTHOWIEHHBIMH C OJHOBEPIIMHHBIMI OHTOT€HeTHYeCKUMH CTIeKTPaMH,
KOTOpbIe CrioCco6HbI (HOPMUPOBATH CAMOTIOAEeP>KUBAIOLLMECS B TeYeHHe HeCKOJIbKUX TTOKOJIeHUH MeCTo00UTaHust
Y PacripoCTPaHsATLCS Ha 3HAYNTETbHOM TeppUTOPUH. B OHTOreHe3e po3bl UIVIMCTOI BhIZie/IeHbI TPH Meproza
U 1IIeCTh OHTOTEHeTHYeCKUX COCTOSIHMM. Bo3pacTHast CTpyKTypa MMeeT TP THIIA CIIeKTPa — JIeBOCTOPOHHHUI,
LeHTPUPOBaHHbIN 1 MPAaBOCTOPOHHUH. Pa3iurie B OHTOreHeTHUeCKOH CTPYKTYPe 3aBHUCHT OT BJIUSTHUSI aHTPOIIO-
TeHHOTO TIPecca, K0/I0r0-1IeHOTHUECKUX YC/I0BUM 00MTaHM PO3bI 1 BAPbUPOBAHUS IPUPOHO-K/IMMAaTHUe CKUX
ycnoBui. [Ipy aHa/mM3e apaMeTpoB LeHOMOMYJISALUIA BBISIBUMH, UTO K HAWIYUIINM [ijIs CyII{eCTBOBAHUSI PO3bI
MOYKHO OTHECTHU yCJIOBHS B COCHsIKe ssrofHUKkoBoM (DLITIS5) B necomapke um. JlecoBogoB Poccun 1 cocHsike
BeliHrKoBoM (PIII11) B YKTyCCKOM j1ecorapke, Tjie MeCTOOOUTaH st XapaKTepU3yroTCst BLICOKMME MOP(OJIorinye-
CKVMH TI0Ka3aTesIsIMHU, YCIeHHOCTBIO ¥ BBICOKUMU 3HAUEHHUSIMU [[0JIEBOT0 YUacCTHsI ITpereHepaTHBHOMN (hpaKLiiy.

KiroueBsble ci0Ba: posa uructas, Rosa acicularis, 11eHONOMyY/ISLINS, JIeCOTapK, OHTOTeHeTHUeCcKast
CTPYKTYpa, JeMorpaduueckas CTpyKTypa, BUTATUTETHBIN CIIEKTpP, MOP(osIornueckre napaMeTphbl

3asiB/ieHHe 0 KOH(IMKTe HHTEPeCcoB: ABTODbI 3asIB/ISIOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

®dunaHcupoBaHue. biiarogapHocru. Pabora Bhino/iHeHa B paMKax [ocyiapcTBeHHOro 3aianust botannueckoro
caza YpO PAH.

HNcropus crarbu:
TMoctynuna B pegakiyto: 28 mast 2020 r. [punsTa K nybsiukauum: 29 nekabps 2020 1.
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State of Rosa acicularis L. coenopopulations in forest park
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Abstract. The experiments revealed that the studied fragments of Rosa acicularis L. coenopopulation were
normal and full-fledged with single-vertex ontogenetic spectra. They are able to form self-sustaining habitats
for several generations and spread over a significant territory. Three periods and six ontogenetic states were
distinguished in the ontogenesis of Rosa acicularis L. The age structure had three types of spectrum — left-sided,
centered, and right-sided. The difference in the ontogenetic structure depends on influence of anthropogenic
factor, ecological and coenotic conditions of rose habitats, and variations in climatic conditions. When analyzing
the parameters of coenopopulations, we found that the best conditions for existence of Rosa acicularis L. were
in the berry pine forest (FCP5) in the park named after Foresters of Russia and reed grass pine forest (FCP1) in
Uktus forest park, where the habitats were characterized by high morphological indicators, numbers and high
values of the pregenerative fraction.

Keywords: Rosa acicularis, coenopopulation, forest park, ontogenetic and demographic structure, vitality
spectrum, morphological parameters
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BeepeHue

AHanu3 HayyHOU uTepatypsl [1—5] CBUAETeNbCTBYET O TOM, UTO «B MOC/IeJHUE
JleCATUIeTHsI BO BCEM MHpe BO3POC MHTepec K UCI0/Ib30BaHUI0 B MUILEBOH, napgio-
MepHO-KOCMeTHUeCKOU 1 (hapMaL|eBTHUe CKOM TTPOMBIIIJIEHHOCTH OMOJ/IOrMYeCcKy aKTHB-
HbiX BellecTB (BAB) 13 NpyUpoJHOTo pacTUTENILHOTO ChIPbsi. B 3TOM CBsI3u BO3HMKaeT
He0OX0JUMOCTh MOMCKA Hauboriee TIepCeKTUBHBIX PaCTeHU, 00/1a/Jaf0IIX BEICOKUM
nioteHrianioM. Ocobblii HHTepeC Npe/CTaBIseT UCII0Ib30BAHIE MECTHBIX TUKOPACTYIIMX
pacTeHui, <...> MepCreKTUBHBIM SIB/ISIeTCS JIeKapCTBEHHO-TEXHUUEeCKoe Chipbe» [1].
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Po3a urnuctast Rosa acicularis L. BbICOKO 11eHUTCS B (hapMaKOIOTUH, TaK KaK COZIePKUT
acKOpOMHOBYI0 KMC/IOTY, KADOTUHOU/BI, TOKO(epoJibl, (yIaBOHOUBI, Caxapa, AyOuibHbIe
Y ITeKTUHOBBIE BeIlleCTBa, OpraHuyeCcKre KUC/I0Thl — JIMMOHHYIO U sI0/I0UHYTO, JKUPHOE
Macso [6] u apyrue none3Hbie BerjecTBa [7—9].

Ienb ucc/iegoBaHuA — aHA/INM3 0COOEHHOCTel OHTOTeHeTUUeCKOM CTPYKTYPBI
1 COBPEMEHHOT'0 COCTOSIHUS LleHOTony/siuii Rosa acicularis B jiecorapkoBOM 30He
r. Exarepun0Oypra.

MaTepMaﬂbI M MeToAbl UccneaoBaHUn

OO6BeKThI MCC/IeI0BaHMS TIPOU3PACTAIOT B JiecornapKax: YKTYCCKOM U UM. JlecoBo-
noB Poccuu . EkarepunOypra (tabs. 1). YkTycckuii necomnapk (455 ra) pacrosioxxeH
B KOXKHOM 4acTU ropogia (ceBepHasi uaCTb YKTYCCKHX TOp), U3/laBHA SIB/ISIETCS MeCTOM
TIPOBeJieHUsI JIbDKHBIX COPeBHOBaHUM. VIMelomuiics 3/1eCb TPaMIIMH OMpefesTu peK-
pearioHHO-CTIOPTUBHBIN TIpodub ecorapka. CocHOBbIe 60OpBI B HEKOTOPBIX MECTax
Ykrycckux rop ocrerniHeHsl [ 10]. Jleconapk um. JlecoBomoB Poccum (968 ra) pacronoxeH
Ha BOCTOYHOU okpauHe ExatepunOypra [11]. OH nipeacraBsieT co0oi TiepeceueHHbIH
pesibed C TYCTBIM COCHOBBIM Gopom [12].

KnmaTtrueckue ycyioBUst paliOHOB MCC/IeZIOBaHUS TIPUBeZeHBI B Tab. 2.

[Tpy U3y4yeHUH OpraHM3al[ii MeCTOOOMTAHUI PO3bl ONMPAKCh Ha CTaHJAPTHEIE
MeTomuku [13—19].

Pe3yanaTb| ncecnepoeaHnAa n OGCY)Kp,eHVIe

Po3a urnucrasg — opuH U3 co3aU(UKaTOPOB KOPEHHBIX TUIIOB Jleca HapsiAy C psi-
OuHOM 0OBIKHOBEHHOM, PAKUTHUKOM PYCCKHUM, UePeMyX0i 0ObIKHOBEHHOMW U JPYTUMU
nioziyiecouHbivu Buziamu [20]. TIT0THOCTE M3y4eHHBIX MeCTOOOUTaHUM KOeheTcs: oT
144 no 844 pacrenuii Ha 1 ra. BeIcoKasi UMC/IEHHOCTb PO3bl UTTIMCTOM OTMeUeHa B CO-
cHsike BeHUKOBOM (PIITT1) (844 mit.). Ocobu Rosa acicularis nipor3pacTtaroT B BUie
reOKCUIbHOTO KycTapHUKa BeicoTo 0,41...1,29 M, npoekijus coctasnset 0,03...0,82 m?
1 06beM kpone 0,01...0,49 m3. HaubGosiee BICOKMUMH MOP(O/IOrHUeCKUMY 3HAUEHUSIMU
OT/IMUaeTCsl MeCTooOUTaHue B COCHsIKe ArofHUKOBOM (PLITIS). TTonoxkuTenbHbIN KO3 -
(bULIMEeHT KOppesLy UMeeT BbICOTa C Tuiomiazbko (r = 0,83, p < 0,05) 1 06beMoM KpOHBI
pactenusi (r = 0,80, p < 0,05). C yBesmueHreM reHepaTUBHOW (PaKIIMU yMEHbIIIAFOTCS
BbIcoTa pactenu# (r = —0,63, p < 0,05) u uncyieHHocTh 0cobeit (r = -0,51, p < 0,05). B
TO Ke BpeMsi OTHOIIIeHHe WH/IeKCa BUTAIUTETa C TUIOMIaZbio 1 00beMOM KPOHBI UMEIOT
OTpULIATE/IbHYI0, KOPPEJISILIMOHHYIO CBfI3b, T.€. C yBeJMYeHUEeM I1/101a 1 MPOEeKLUU
KpoHbl (= —0,52, p < 0,05) u ee o6bema (r = —0,56, p < 0,05), CHIKaeTCs )KU3HEHHOCTh
pacTeHui. 3HaueHHe UH/IeKCa BUTAMTeTa Ko/ieb/ieTcst oT ¢/1abo MoBpekIeHHbIX (69 %)
110 3M0pOBbIX 0c0beit (87 %) 1 CBSI3aHO C BO3PacTOM PO3bl B MECTOOOUTAHUH, C YBe/THUe-
HHeM BO3pacTa CHI)KaeTCsl )KU3HEeHHOCTh pacTeHuil. [IpakTruecky Bo Bcex (pparMeHTax
npeobazaroT ocnabaeHHble ocobu (ot 50 mo 76,6 %), TeM He MeHee BbICOKast 10JIsI
3[JOPOBBIX pacTeHui oTMeueHa B KameHUcTou crenu (PLI14) — no 53,3 %, B cocHsike
sarogHukoBoM (PLTII6) — no 56,6 % u Ha nyry pasHorpaBHOM (PLIIT7) — 66,6 %.
B 1ie/10M BUTaUTETHOCTb YKTYCCKOW LIEHOTOMY/ISILIUU BbIllle (MHAEKC BUTAIUTeTa Co-
craBsieT 84 %), yueM y LleHOMONY/ISILIUK pPacTylileli B jiecornapke uMm. JlecoBosioB Poccuu
(uapekc Butanuteta — 76,7 %).
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Tabnmya 2

Knumatuyeckas xapakTepucTuka painoHa uccnepoBaHus

CpefHue KnumaTuyeckme xapakTepucTuku

CpegHe- Cymma BbicoTa

Fon roposble ocafkoB CHEXHOoro Cpeatsn Cpenrsn Cymma ocajos .
TemnepaTypa | TemnepaTypa | 3a BEreTalMoHHbIN
TeMnepa- | Bcerosarof, | MOKPOBa, o ;
. ntons, °C AHBaps, °C nepuog, Mm

Typbl, 'C MM MM
2018 +2,6 473 17,3 +20,9 -14,1 280
2019 +4,0 583 19,5 +19,5 -11,4 358

CpepHee +3,3 528 18,4 +20,2 -12,8 319
Table 2
Climatic characteristics of the area
Average climatic characteristics
Mean
Year Mean annual A_npua! Snow depth, Mean July January | Total precipitation
temperatures, | precipitation, tempe-
. mm . tempera- per season, mm
C mm rature, °C A
ture, °C
2018 +2.6 473 17.3 +20.9 -14.1 280
2019 +4.0 583 19.5 +19.5 -11.4 358
Average +3.3 528 18.4 +20.2 -12.8 319

B pesynbrare ucciefjoBaHUs OHTOT€HETUYECKOM CTPYKTYPbI (PparMeHTOB L{eHO-
nonyasigui Rosa acicularis BbISIBIEHO, UTO BCe OHM SIBJISIFOTCSI HOPMaJIbHBIMU, T10J1-
HOWIEHHBIMHU M CITOCOOHBI K CaMOTIO/|Iep>KaHHI0 CEMEHHBIM U BereTaTUBHBIM Ty TEM.
B oHTOreHeTHYeCKOM CreKTpe Bblfle/ieHbl TP Mepro/ia U 111eCTh OHTOTeHeTHUeCKUX
coctosiHui (puc. 1, Tabs. 3). TTo BesiMuKHe TpeiCTaBlIeHHOCTH OHTOTeHETUUeCKUX TPYTIIT
MOYXHO CZle/IaTh BBIBOJ, O BpeMeHH CYI1{eCTBOBAHUSI LIEHOTIOMY/ISILIMY 1 HallpaBlIeHUH ee
pa3ButHsi. Bo3pacTHasi CTpyKTypa po3bl UITIUCTOM UMeeT TPY TUIMa OZHOBEPILIMHHOIO
CrieKTpa — JIeBOCTOPOHHUM (MaKCUMYM TMPUXOAUTCS Ha BUPTUHU/IbHBIE U UMMaTYp-
HbIe 0cobu ot 36,6 10 63,3 % (PIIII, 3, 4, 5, 6, 7)), LleHTPUPOBaHHBIH (TIpeob/1aaroT
cpefiHHe TeHepaTUBHbIe pacTeHus 110 46,6 % (DLIT18)) u npaBoCTOPOHHUM (MaKCUMyM
MIPUXOJUTCS Ha CTapOM reHepaTUBHOM ocobu 1o 33,4 % (PIIII2)).

%

70
60
OlIIIllI.

oUMl  OUM2  GUN3  SUM4  dUfs  dUNe  dUN7  dUns

2N oW S
o © © ©

B npereHepaTuBHble 0cobu pregenerative individuals
M reHe paTMBHble 0cobu generative individuals

nocTre He paTMBHble 0cobu postgenerative individuals

Puc. 1. OHTOreHeTMYeCKmnii cnekTp dhparMeHTOB LieHOMonynauUmnin Rosa acicularis
Fig. 1. Ontogenetic spectrum of fragments of Rosa acicularis coenopopulations
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Tabnmya 3/ Table 3

PacnpepeneHue ocobeit Rosa acicularis no OHTOreHeTU4eCKUM rpynmnam
Distribution of Rosa acicularis individuals by ontogenetic groups

OHTOreHeTUyeckue rpynnbi / [emorpaduyeckue nokasatenm /
Ontogenetic groups Demographic indicators
Homep
oun/ WHaeke UHpeke UHpekc
NHpekc 3ame- UHpekc
FCP BOCCTaHo- | 3ddekTus-
. BO3pacT- | LwweHus / cTapeHus /
number| im v gl g2 | g3 | ss BneHus / HocTu / .
Hoctu / | Index of - Aging
L - Recovery Efficiency .
Ageindex| substi- - . index
- index index
tution
1 26.6(53.3| 10 [ 66 [ 3.5 | O 0.16 4 4 0.44 0
2 20 |332|136| 0 (334| O 0.32 1.14 1.14 0.54 0
3 36.6| 0 |16.7| 30 [16.7| O 0.33 0.57 0.57 0.62 0
4 43.3(13.3(16.6| 20 0 | 68 0.24 1.3 1.54 0.49 0.06
5 60 | 30 | 10 0 0 0 0.20 1.5 1.5 0.58 0
6 20 |633| 66 | 66 | 35| O 0.16 5 5 0.44 0
7 33.3(433| 10 | 10 {34 | O 0.16 3.28 3.28 0.44 0
8 35| 0 [36.6|46.6(13.3| 0 0.43 0.03 0.03 0.86 0

JleBoCTOpOHHUI CrIeKTp (pOpPMHUPYeTCsi B MeCTOOOHUTaHUSIX C Pa3peKeHHbIM pac-
TUTE/IbHBIM TTOKPOBOM, 3TO MO/ TBEP)KAAIOT UH/EKChl BOCCTAHOBIEHUSI U 3aMell[eHHsT
ot 1,3 no 5 (uckmouenue cocrapinsier PLIIT3). LleHTpUpOBaHHBIN CIEKTP 00yC/I0BIEH
B MeCTaX C BbIXO/IOM FOPHBIX MOPOJ, Ha TIOBEPXHOCTH MOUBBI, UTO MPUBOJUT K S7TUMHU-
Haruu ocobeit Ha paHHUX JTarax pa3BUTHs. VIHAEKChI BOCCTAHOBJIEHUS U 3aMellleHus],
KOTOpbIe OTPa)KarT JUHaMUUeCKHre TIPOLeCChl B LIeHOMOMY/ISILIUU, YCTaHOB/IEHbI paB-
HbIMU 0,3, UTO TOBOPUT O €/IabOM BOCCTAaHOBUTEIBHOM mporiecce. [IpaBoCTOPOHHUMA
CTIeKTP, BEPOSITHO, CBSI3aH C AaHTPOTIOTeHHOM HAarpy3KOoM, Tak Kak BOIM3U MPOXOAUT
JIOPOYKHO-TPOIMMHOYHAS CeTh M 30HA OT/bIXa.

Or1eHKa UH/IeKCOB BO3PACTHOCTH U 3(P(eKTHBHOCTH B UCC/IeIOBAaHHBIX (PparMeHTax
LieHorony LMK Rosa acicularis nokasana, uto wwects pparmenTos (PLII11, 2, 4, 5, 6, 7) o1-
HocsTcs K MonozabiM, LT3 — 3petorieii u @LT18 — 3penoii (puc. 2).

[171st TOrO UTOOBI OLIEHUTH COCTOSIHHE MeCTOOOUTAHHUI PO3bI UTVIUCTOM B Jiecomap-
Kax . EkarepunOypra, BHeZIpy/IM KOMIUIEKCHBIN MTO/IX0/, HA OCHOBE OpraHU3MeHHBIX
Y MOMY/ISILUOHHBIX TI0Ka3aTesiet (Tabs. 4, puc. 3). Haubonbliie opraHu3MeHHbIe TIpU-
3HaKM y eIMHUYHBIX 0C00el Rosa acicularis ycTaHOB/IEHBI B COCHSIKE ATOZHUKOBOM
(PLTI5) (15 6annos). Camble HU3KKE 3HAUEHUS] UMEIOT PaCTeHHUs1 B KAMEHUCTOMN CTeru
(PLII14), uTo, BUAUMO, CBSI3aHO C BBICOKOM JI0/Teld UMMaTypHbIX ocobeti (43,3 %), Ko-
TOpbIe UMEIOT HU3KHe MopdoMeTpruuecKre 3HaUeHHsl, U BLICOKOM CKeIeTHOCThHO I10YB.
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Puc. 2. PacnpeneneHme MecTtoobuTaHmin Rosa acicularis B koopanHaTtax Delta — Omega
Fig. 2. Habitat distribution of Rosa acicularis in coordinates «Delta — Omega»

Tabnuua 4/ Table 4

Bannoeble oLeHKM BeNMUYMHbI NPU3HaKOB Rosa acicularis
Scores for Rosa acicularis characteristics

Bannbi / Points

MapameTpbl / Parameters
| ] 1 v \"

OpraHu3MeHHble npu3Haku ocobeit / Organistic signs of individuals

BbicoTa pacTteHuil, M /

Plant height, m <0.41 0.41..0.63 0.63...0.85 0.85..1.07 1.07..1.29

Mnowaab Npoekunn KpoHbi, M2 /

Crown projection area, m? <0.03 | 0.04..0.23 0.24..0.43 0.44..0.63 0.64...0.83

06beM KpoHbl, M3 /

Crown volume. m? <0.01 0.01..0.13 0.13..0.25 0.25..0.37 0.37..0.49

MonynsunoHHble npusHaku / Population signs

06Lw,as NIoTHOCTD, 3K3./ra /

Total density, ind./ha <144 144..319 319..494 494...669 669...844

LOonsaim-v,% /

Share im- v% <35 3.5..25.1 25.1..46.7 46.7...68.3 68.4..90.0

Donsag1-92,% /

Share g1-g2,% <10 10..28.3 28.3..46.6 46.6...64.9 64.9..83.2

UHpekc ButanuteTa, % /

Index of vitality,% <69 69..73.5 73.5..78.0 78.0...82.5 82.5..87.0
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Puc. 3. AHanns cocTostHUs bparMeHTOB LieHONonynauUmWin Rosa acicularis, 6annbl: OpraHM3MeHHble
npusHaku: T — BbICOTa pacTeHus; 2 — NaoLwaAb NPOEKLMM KPOHbI, 3 — 06beM KPOHbI;
NONYNALMOHHbIE MPU3HAKW: 4 — NNOTHOCTb hparMeHTa LeHononyaaumm; 5 — gons im-v; 6 — gons
g1-g2; 7 — vHAaekc ButanuTeTa; 1..5 — 6annbl

Fig. 3. Assessment of the state of fragments of Rosa acicularis coenopopulations in points:
Organismic characteristics: 1 — plant height; 2 — crown projection area; 3 — crown volume. Population
characteristics: 4 — density of coenopopulation fragment; 5 — share im-v; 6 — share g1-g2; 7 — index
of vitality; 1..5 — points

[To gemorpaduueckrm rapamMeTpam MakCMMaibHOe 3HaueHHe YCTaHOB/IEHO B COCHSIKe
BeiiHukoBoM (DLITT1 (17 6amio) u ®III12 (16 6anioB)), a camblii HU3KHM TIOKa3aTenb —
B COCHSsIKe pa3HoTpaBHOM (11 6asia). CymMMapHOe COOTHOIIIeHHE 0aslyIoB MOKa3bIBAET, UTO
peasibHBIM ONTUMYM Rosa acicularis CK1aibIBatOTCsl B COCHsIKaxX siroqHUKoBoM (PLITIS)
1 BeliHUKOBOM (PILIIT1). MecTooOHTaHUS XapaKTePU3YIOTCSI BLICOKUMH MOPQoIoruye-
CKMMHU TI0Ka3aTe/siMU, TJIOTHOCTBIO U BBICOKOM /10/1ei B TpereHepaTUBHOM Tepro/ie.

BbiBoabl

UccnenoranHbie hparMeHThI [ieHONIONY LMK Rosa acicularis siBAsitOTCSI HOpMaJib-
HBIMU Y TI0/THOY/IEHHBIMU C OJJHOBEPLIMHHBIMU JIEBOCTOPOHHUMH, LIeHTPUPOBAHHBIMU
Y TIPABOCTOPOHHUMU OHTOT@HeTHYeCKHUMH CIIeKTpaMH, KOTOpble CrioCOOHBI opmMu-
pOBaTh CaMOIIOA/ePKUBAIOLIeCs B TeueHHe HeCKOIBKO MOKOJIeHUH MeCcToOOOUTaHusI
Y pPacnpoCTPaHATLCS Ha 3HAUMTEeTbHOW TepPUTOPUM. Pa3nurie B OHTOreHeTHYe CKOM
CTPYKType 3aBUCHUT OT BJIUSIHUSI @aHTPOIIOTeHHOT'0 Ipecca, 3K0/I0r0-L{eHOTUYe CKUX
yCJ/IOBUIA 00WTaHUM PO3bl M BAPbUPOBAHUS PUPOJHO-KIMMaTUUeCKUX yCaoBuil. [1pu
aHaJiM3e rapaMeTpOB L{eHOIOMYJISALMI BBIIBU/IN, YTO HAWIYYLLIUMU [JIS1 CyLL{e CTBOBaHUS
PO3bI SIBJISIFOTCA YC/I0BUS B COCHSIKe sirogHUKOBOM (DLITIS5) B teconapke um. JlecoBozioB
Poccuu 1 cocHsike BeitHHKoBOM (PLITI1) B YKTyCCKOM Jiecorapke, rjje MecTooOuTaH!s
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XapaKTepU3yrTCs BLICOKMMH MOP(OoruyeCcKMMHU MoKa3aTesiMy, UAC/IeHHOCTBIO
Y BBICOKMMU 3HAUeHUsIMH J10JIEBOTO YUaCTHsI TIpereHepaTuBHON (PpaKijuu.
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Search for alternative plant raw materials for food industry
and environmentally safe animal breeding
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Abstract. The relevance of the search for alternative plant raw materials to enrich the diets of population
throughout the world, including in the Russian Federation, is explained by global mass year-round insufficiency
of biologically active nutrients in food. This work is aimed at identifying the most promising food plant species
from the list, proposed on basis of long-term observations by staff of Tsytsin Main Moscow Botanical Garden of
Russian Academy of Sciences (MBG RAS), by bachelors, studying in direction 06.03.01 (Biology) at Moscow
State University of Food Production. The research materials (2016—2018) are fruits of hawthorns, rosehips,
quince, eleutherococcuses, medlar, mahonia, spindle tree, yews, sumacs, oaks, red-fruited honeysuckles and
needles of coniferous plants. Research results indicate the value of studied raw materials as a whole and its
advantages in compared species within the genus of plants. Some recommendations for practical usage were made.
The following things have been proposed: separation of fruit pulp and seeds before drying of fruits of Crataegus
submollis and more preferable C. punctata; wide plantation cultivation of rosehips Rosa amblyotis and R. oxyodon;
non-waste separate application of pericarp and seeds of Cydonia oblonga, Mespilus germanica and Mahonia
aquifolium; medicinal use of fruits of Eleutherococcus sessiliflorus, and more preferable E. senticosus; further
study of cones of Taxus baccata and T. x media; as a spice there is usage of fruits of Rhus typhina; obtaining
unique oils from fruit pulp of Lonicera glehnii, L. ferdinandii, L. maackii and arils of Euonymus europaeus;
usage of acorns of Quercus robur, Q. rubra and needles of Picea abies, Pinus sylvestris in feed production.
Thus, possibilities of intensifying plant resource usage in the food industry and agriculture were discovered,
primarily due to fruits of native introduced species. It is necessary to continue search and further study of the
most promising species — sources of alternative plant raw materials.
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Introduction

The importance of search for new sources of high-quality food raw materials has a
state level. It is associated with a lack of vitamins and micronutrients in food of Russian
population, with problems of import substitution.

Currently, lack of various nutrients in diets is a global world problem. Significant
deterioration of the environment over the past 100...150 years has led to emergence of
extensive biogeochemical provinces with a low content of trace elements in drinking
water, in plant and animal products. The content of ascorbic acid in domestic fruits and
vegetables has not changed over the last 70 years [1]. However, vitamin C deficiency
is found in 60...80 % of Russians, and scurvy still can lead to death in some countries
[2, 3]. Monitoring the level of other vitamins in the blood of Russians in 2015—2016
revealed a lack of vitamin D in 57.5 % of adult working-age population, B vitamins —
in 12.6...34.5 %, carotenoids and tocopherols — in 5.3...10.8 %, three or more
vitamins — in 22...38 % [4]. Only 10 % of Russian’s population is fully provided
with vitamins [5]. In addition, 80 % of humanity experiences a lack of dietary fiber in
their diet. The population of Russian Federation receives only 60...65 % of fiber, and
only due to use of vegetables, fruits and wholemeal flour [6].

The causes of mass and year-round lack of vitamins were revealed: reduction of
incoming food’s volume at physiological raise standards of consumption of many vitamins;
use of highly refined foods; the inability of organism to accumulate many vitamins;
unbalanced diets; loss of vitamins during cooking of products; bad habits, etc. [7].

State regulates the introduction of vitamin-mineral complexes in therapeutic
diets in a dose of 50...100 % of physiological norm of consumption'. However, this
measure is not sufficient to correct the current situation. Undoubtedly, search for other
possibilities of enriching food with necessary nutrients in Russia is relevant. Plant fruits
are characterized by high content of dietary supplements, so they should be tested and
studied as food raw materials in the first place.

It is promising to use vitamins and minerals in the form of vitamin-mineral
complexes, or for enrichment of food products of mass consumption [4, 7, 8].
Unfortunately, at present, only foreign vitamin substances are used mainly in medicine,
agriculture and food production [4]. In accordance with Russian Federation’s policy,
aimed at import substitution, the maximum use of nutritional potential of domestic
plants, both natural and introduced species, is required.

Safe, environmentally friendly, alternative raw materials of plant origin, including
those from fruits of wild plants, are not involved widely yet in economic-food turnover
[9—12]. However, «the integrated use of plant raw materials based on a rational

!The act of the ministries and departments «On the approval of the norms of medical nutrition»
dated 21.06. 2013 Ne 395n.
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combination of traditional and non-traditional types of raw materials ... and creation of
technologies for production of qualitatively new food products» is provided according
to the «Concept of the state policy in the field of healthy nutrition of the Russian
Federation population for the period until 2020».

Along with foregoing, development of ecologically pure animal husbandries
branch is required to saturate diet of Russians with necessary biologically safe nutrients.
Cultivated animals should be provided with high-quality plant foods with high content
of vitamins, trace elements and dietary fiber. To solve this problem, plant raw materials
inedible for humans, such as needles, acorns, etc., also can be considered.

It is known that both vegetative and generative parts of plants accumulate
substances, including biologically active ones, differently. In addition to the differences
in biochemistry and ash content of different parts of perennial plants, there are other,
«technological», features of their food and medicinal use.

Vegetative organs (stems, roots, leaves) are not as unique in chemical composition as
generative ones. In perennial plants, without injuring them, only leaves can be collected
and used annually. Lignified stems, roots and rhizomes are difficult to renew, although
sometimes they are valuable resource, such as, for example, at Eleutherococcus senticosus.

Generative organs of plants are flowers and fruits. They, like leaves, are easily
renewable, seasonal, usually annual resources, but of increased biochemical value.
Flowers, unlike fruits, are often insignificant in biomass. Fruits of the plant kingdom
are diverse in structure types, shape, size and other characteristics. Functioning of fruits
is closely related to their morphology and anatomy. On the basis of fruits botanical
assessment through their careful, scrupulous, fundamental study through microscopy,
measurements and weighing, it is possible to draw conclusions about nature,
localization and abundance of substances, accumulated in fruit and its components.
Obtaining the model of developing and mature fruit is necessary to solve practical
problems in optimizing of deadlines collecting raw materials, identifying possibilities
of most appropriate and full use of it, as well as plant breeding, for example, to increase
size of most valuable fruit parts.

Thus, classical botanical study of plant raw materials and, especially, fruits,
with parallel biochemical testing, is relevant and promising in food and agronomic
universities.

Materials and methods

As part of valuable plants fruits study, fruitful cooperation between Moscow State
University of Food Production and Tsytsin Main Moscow Botanical Garden of Russian
Academy of Sciences (MBG RAS). MBG RAS has a huge collection of introduced
species, vegetating and bearing in central Russia. In particular, in the arboretum of
MBG RAS, plants are arranged according to systematic principles. Representatives
of each genus are grown on one exposure, under the same conditions. This makes it
possible to compare plants and their fruits.

To conduct research on collections of potentially valuable food plants, a
«working resource» is needed. In our case, these are bachelors, studying in direction

20 BOTAHMIKA



Solomonova E.V., Trusov N.A., Nozdrina T.D. RUDN Journal of Agronomy and Animal Industries, 2021; 16(1):18-29

06.03.01 — Biology, who received basic knowledge in botany, plant physiology, and
environmental disciplines, understanding basic principles of fruit structure.

According to the standard low-cost scheme for studying fruits by morphological
and anatomical structure, size and weight indicators, testing for vitamin C, students
identified the most promising alternative to traditional plant species as plant biologically
safe raw materials from list, proposed on basis of long-term observations by employees
of MBG RAS.

For a number of years (2016—2018), the fruits of hawthorns, rosehips and quince
were studied as alternative to fruits of traditional pome trees; fruits of eleutherococcuses
as edible and at the same time medicinal; rich in ascorbic acid fruits of exotic medlar
and mahonia, introduced in central Russia; promising oil-bearing fruits of red-fruited
honeysuckles and spindle tree; yew fruits with edible arils; sumac fruits used as spices;
fruits of oaks and needles of coniferous plants as raw materials for animal feed [13—19].

Research results of woody plants resource potential

Analysis of literature showed that plants that were closely related to objects of
our research were cultivated in a number of countries (rarely or never in the Russian
Federation) because of edible, sometimes even medicinal fruits, rich in biologically
active substances.

Hawthorns. Fruits of two species were studied: Crataegus submollis Sarg. and
C. punctata Jacq.

Content of vitamin C in dried raw materials was determined. Fruits of C. submollis
were most rich in ascorbic acid; only 109 g contain daily dose of vitamin C.

Results obtained by us allowed recommending the following fruit species
successfully introduced in Moscow region: C. punctata and C. submollis for widespread
use the in the food industry and feed production. Fruits of C. submollis were more
preferable in raw quality, because in comparison with fruits of C. punctata, they were
larger (19 x17 mm against 16 x17 mm, respectively); proportion of pericarp was higher
in absolutely dry fruits of C. submollis (92 % against 85 %, respectively), proportion
of stones, conversely, was lower (85 % against 89 %, respectively); and they were also
better in organoleptic characteristics (taste, smell, texture).

During morphological and anatomical study of hawthorn fruits it was revealed that
stones were covered with a stony coat. In case of raw material procurement for feed
production, it is proposed to separate fruit pulp from stones, which can ulcerate the
gastrointestinal tract of animals. It was found that separation was easy to implement
only in fresh fruits, before their drying.

Rosehips. Fruits of three rosehips species, that have been preserved long on plants
have been studied: Rosa amblyotis C.A. Mey, R. oxyodon Boiss. and R. maximowicziana
Regel. Superiority of infructescence of R. amblyotis and R. oxyodon over infructescence
of R. maximowicziana was established by following parameters: larger and more
massive infructescence, more powerful hypanthium, higher content of ascorbic acid
(4180, 2200 and 880 mg%, respectively). It is important that in terms of content of
vitamin C, R. amblyotis and R. oxyodon are not inferior to species of rosehips, that are
currently used in food and pharmaceutical industries.
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Performed comparative complex morphological and anatomical, and biochemical
researches allow us to recommend new promising species of rosehips for plantation
cultivation in central Russia and implementation in industrial production: R. amblyotis
and R. oxyodon. Both species are well adapted to appropriate environmental and
climatic conditions, their fruits have advantages for use in the food industry.

Quince. Comparison of fruits of C. oblonga from the arboretum of MBG RAS with
imported ones from free sale was made.

High content of ascorbic acid in fruits of C. oblonga was determined, approximately the
same in fruits of compared samples. Only 33 g of fruits contains a daily dose of vitamin C.

It was also established that seeds of C. oblonga, collected at MBG RAS, contain
oils (15.8 %), which indicates the prospects of their use as a source of fatty oils.

Nutritional use of fruits of C. oblonga can be non-waste, because both pericarp
and seeds are rich in biologically active substances; there is a possibility of additional
extraction of oils from oilcake after using the fruit pulp.

Infection of imported raw materials with fungal hyphae was detected (in fruit nests).

Thus, the competitiveness and economic benefits of using in the food industry
significantly smaller fruits of introduced C. oblonga in comparison with imported fruits
were shown.

Eleutherococcuses. Fruits of Eleutherococcus senticosus (Rupr. & Maxim.)
Maxim. and E. sessiliflorus (Rupr. & Maxim.) S.Y. Hu were investigated.

At the moment, only roots of these plants are actively used as medicines. According
to literature, fruits of Eleutherococcus are also rich in various biologically active
substances, including valuable adaptogens — eleutherosides.

We found out that fruits of E. senticosus and E. sessiliflorus contained 0.3 g and
0.27 g of ascorbic acid, respectively. Advantages of using E. senticosus in the breeding
and food industry were revealed, considering ratio of fruit pulp to fruit volume.

Medlar. Taste and biochemical features, that determine them, in fruits of introduced
Mespilus germanica L. were revealed. Significant content of ascorbic acid was found.
Only 190 g of dried fruit is able to make up for daily norm of vitamin C. According
to literature, mature medlar fruits from more favorable growing conditions contain
approximately the same amount of ascorbic acid, in addition to natural antioxidants,
anti-radiants, carotenoids, pectin and bioflavonoids.

We determined that stones of fruits, grown in Moscow region conditions, occupied
about 45 % of fruit volume. Value of unique «antiaging» oils, obtained from them,
involves cultivation of M. germanica in central Russia, primarily for use in cosmetics
industry. In case of separate using of fruits pulp in food industry, and stones — in
cosmetology, it is recommended to separate them from each other in fresh fruits before
drying raw materials.

Mahonia. Content of vitamin C in one fruit of Mahonia aquifolium (Pursh) Nutt.,
reaching 109.5 mcg, was determined. According to literature, the plant is medicinal,
due to the content of alkaloids berberine and berbamine; fruits are edible. Presumably,
water-soluble vitamin C and alkaloids are extracted from raw materials together; it
is probably that therapeutic effect of berberine and berbamine is enhanced by even a
small amount of ascorbic acid.
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Oil content of seeds of M. aquifolium was determined, on average 8.7 % of the
total weight of one seed. Thus, not only pericarp, but also seeds, interesting as a source
of essential fatty acids, are valuable in the fruit of mahonia.

Seeing large yield and high resistance of this species to environmental factors, it is
possible to consider using of fruits pulp and seeds of M. aquifolium in industrial model
of non-waste production.

Yews. Cones of three species of yews were studied — Taxus baccata L., T. x media
and T. canadensis Marshall.

In study of anatomical structure of arils and seeds, we did not reveal significant
differences.

It was found that T. X media cones were the largest, T. canadensis cones were the
smallest. Cones of T. baccata occupy middle position among studied species. Comparison
with literary sources showed that galberries of T. baccata, collected in an arboretum of
MBG RAS, were superior in length and diameter to those, growing in natural conditions.

It was found that arils of T. baccata and T. xmedia were superior to T. canadensis
arils in their sizes and content of dry matter in cones.

Using of yews arils like food or medicine, as in some foreign countries, may have
a positive effect on the organism generally, due to content of vitamins, carotenoids and
organic acids, necessary to person. For further study, we recommend species T. x media
and T. baccata, because their arils proved more promising raw material for creature of
nutritive products than T. canadensis’s arils.

Sumac. Objects of research were fruits of Rhus typhina L., in comparison with
dried, crushed fruits of R. coriaria L., purchased in free sale in form of spice «sumac».

Organoleptic evaluation of two species of sumac did not reveal differences between
them, with exception to color.

Similarity of morphological and anatomical structure of fruits of two species was
revealed.

During analysis of size and weight parameters of fruits, as well as corresponding
literature data, it was found that fruits of R. coriaria were 17...33 % larger than fruits
of R. typhina.

Amounts of vitamin C (62...65 mg%) determined and absolutely dry matter in air-
dry (91...97 %) in R. coriaria fruits slightly exceeded similar parameters in R. typhina
fruits, which allowed us to conclude biochemical similarity of raw materials from fruits
of both species.

We found a high degree of conformity of R. typhina fruits to R. coriaria fruits in
many ways, which means potential application of R. typhina’s fruits as spice in the
food industry. Considering possibilities of cultivating of R. typhina on industrial scale
under conditions of introduction, including territory of Moscow and Moscow Region,
R. typhina may be more beneficial to use than its competitor — R. coriaria.

Research results of alternative oil plants

Red-fruited honeysuckles. Fruits of red-fruited honeysuckles of three species were
studied: Lonicera glehnii F. Schmidt, L. ferdinandii Franch and L. maackii (Rupr.)
Maxim., as potential new sources of plant oils.
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Red-fruited honeysuckles is not commonly regarded as fruit plant, since berries of
all their species are inedible, even poisonous. According to published data, pericarp of
red honeysuckles possesses a large number of carotenoids and tocopherols, extracted
together with non-toxic lipid fraction of unique fatty acid composition, which can serve
as dyes and valuable vitamin nutritional supplements. Our studies have confirmed
abundance of oil inclusions not only in seeds cells, but also in pericarps cells of
L. glehnii, L. ferdinandii and L. maackii. Quantity of crude oil in fruits is in range of
4.47...15.69 %. It was found, that fruits of studied honeysuckles species possessed an
insignificant supply of ascorbic acid.

Spindle tree. Fruits of Euonymus europaeus L. were investigated. The main feature of
spindle tree fruits, in our opinion, is their oil content. Fatty oils of arils (content of oil more
than 50 %) and seeds (content of oil is 20...50 %) are not identical in composition. Presence
of large number of oil inclusions in cells of aril, endosperm and germ was confirmed. High
content of oil in arils and seeds (39 and 42 %, respectively) was revealed. Oil inclusions
in cells of seed coat and pericarp were not detected. For the first time, content of ascorbic
acid in fruits was established; the largest one — in pericarp (13.48 mcg), intermediate —
in arils (4.49 mcg) and the smallest one — in seeds (1.96 mcg).

Based on data obtained, spindle tree fruits can be used as promising oilseed raw
materials for non-waste production: it is possible to obtain oils from arils and seeds,
and ascorbic acid from pericarp.

Research results of plant raw materials for fodder additives

Oaks. The fruits (acorns) of 2 species of oaks: natural Quercus robur L. and
introduced species — Q. rubra L., were investigated.

It was found, that mass of inedible pericarp (shell) with respect to mass of entire fruit
was 16.19 and 36.91 % for Q. robur and Q. rubra, respectively, which corresponded to
literature. Content of absolutely dry matter in fruits of Q. robur (96.25 %) and Q. rubra
(95.75 %) was determined.

It was found that content of ascorbic acid in terms of daily dose in fruits of
compared samples was different. One acorn of Q. robur contained on average 0.054 g
of vitamin C, and one acorn of Q. rubra — 0.047 g.

Thus, possibilities of using their fruits as source of starch, vitamins, oils and other
nutrients were identified. Despite the fact, that according to results of our research,
fruits of Q. rubra are inferior to fruits of Q. robur in all respects, it is recommended by
us to consider acorns of both plants as raw materials for fodder production and creation
of biologically active additives.

Coniferous plants. In Russia, volume of forest organic matter, used in harvesting
and processing of forest, significantly exceeds volume of waste, unused during this.

We agree with authors who regard forest resources as additional fodder base for
animal husbandry, due to natural renewability, impressive amount, accessibility and the
possibility of year-round use.

In addition, according to European standards, feed crops, grown without use of
pesticides, herbicides and mineral fertilizers are necessary to obtain environmentally
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friendly livestock products. Coniferous plants of the forest part of Russian Federation
correspond to these requirements.

Coniferous shoots of Picea abies (L.) H. Karst., Pinus sylvestris L., and Juniperus
communis L. were selected as objects of our research.

It was shown, that mass of needles per 1 cm of shoot in P. sylvestris was the largest
one (0.46 g/cm), while needles of P. abies and J. communis contained more ascorbic
acid (0.76 and 0.73 mg%, respectively).

Currently, coniferous shoots of P. abies and P. sylvestris coniferous plants are
logging waste and are not included in economic turnover. At the same time, they are
promising for use in environmentally friendly livestock and food industries.

Conclusion

Accordingto literature, 700...1000 species of wild fruit plants grow in Russia. Despite
the richness of their fruits with natural antioxidants, anti-radiants, pectin, bioflavonoids
and vitamins A, E and C, only about 50 plant species are used in food production.

Harvesting raw materials from wild plants in natural habitats is difficult for
technical and environmental-biological reasons: geographical remoteness and scattered
arrangement of some plant species, lack of roads, need to comply with collection
regulations, etc. Alternative is plantation cultivation of valuable plants in nurseries.

Most promising species according to results of comprehensive assessment can be
the basis for cultivation — introduced species from world flora of fruit plants, presented
in collections of Russian botanical gardens.

Fruits of local plants are often not inferior to raw materials imported from abroad in
terms of biochemical characteristics (vitamin C content, oil content) and absolutely dry
matter, although they can lose in size of fresh fruits. Thus, possibilities of intensifying
use of plant resources in food industry and agriculture were discovered, primarily due
to fruits of native introduced species, as well as due to forest industry waste (needles)
not included in economic activity. It is necessary to continue search and further study
of the most promising species. Their plantation cultivation can become an excellent
alternative to import of plant materials, significantly reducing transportation, customs
and storage expenses and costs of assessing its biological and sanitary safety.

References

1. Kosheleva OV, Kodentsova VM. Vitamin C in fruits and vegetables. Problems of Nutrition. 2013;
82(3):45—52. (In Russ).

2. Nikolayeva LA, Nenakhova EV. Biologicheskaya rol’ vitaminov v organizme. Metody otsenki vitamin-
noi obespechennosti organizma cheloveka. Metody opredeleniya vitamina S [The biological role of vitamins in
the body. Methods for assessing the vitamin supply of the human body. Methods for determining vitamin C].
Irkutsk: IGMU publ.; 2014. (In Russ).

3. Rebrov VG, Gromova VA. Vitaminy, makro- i mikronutrienty [Vitamins, macro- and micronutrients].
Moscow: GEOTAR-Media publ.; 2011. (In Russ).

4. Kodentsova VM, Vrzhesinskaya OA, Risnik DV, Nikityuk DB, Tutelyan VA. Micronutrient status of
population of the Russian Federation and possibility of its correction. State of the problem. Problems of Nutrition.
2017; 86(4):113—124. (In Russ). doi: 10.24411/0042-88

5. Kodentsova VM. Provision of vitamins for children and adults in the Russian Federation: current status
and ways of correcting micronutrient deficiencies. In: Materialy XVI mezhdunarodnogo foruma «Pishchevye
ingredienty KhKhI veka» [Proceedings of the X VI International Forum «Food Ingredients of the XXI Century»].
Moscow: NII pitania publ.; 2015. p.1—6. (In Russ).

BOTANY 25



ConomoHosa E.B. u 0p. Bectuuk PY[TH. Cepusi: ArpoHOMUS U )KMBOTHOBOZCTBO. 2021. T. 16. Ne 1. C. 18-29

6. Doronin AF, Ipatova LG, Kochetkova AA. Funktsional’nye pishchevye produkty. Vvedenie v tekhnologii
[Functional foods. Technology introduction]. Moscow: DeLi print publ.; 2009. (In Russ).

7. Kislukhina OV. Vitaminnye kompleksy iz rastitel’nogo syr’ya [Vitamin complexes from plant materials].
Moscow: DeLi print publ.; 2004. (In Russ).

8. Kodentseva VM, Vrzhesinskaya OA, Sokolnikov AA. Food fortification: the history and perspectives.
Problems of Nutrition. 2012; 81(5):66—78. (In Russ).

9. Donchenko LV, Nadykta VD. Bezopasnost’ pishchevogo syr’ya i produktov pitaniya [The safety of food
raw materials and food]. Moscow: Pishchepromizdat publ.; 1999. (In Russ).

10. Matveeva TV, Koryachkina SY. Muchnye konditerskie izdeliya funktsional’nogo naznacheniya. Nauchnye
osnovy, tekhnologii, retseptury [Functional flour confectionery. Scientific fundamentals, technologies, recipes.
Saint Petersburg: GIORD publ.; 2015. (In Russ).

11. Bystricka J, Musilova J, Lichtnerova H, Lenkova M, Kovarovic J, Chalas M. The content of total
polyphenols, ascorbic acid and antioxidant activity in selected varieties of quince (Cydonia oblonga Mill.).
Potravinarstvo: Slovak Journal of Food Sciences. 2017; 11(1):77—381. doi: 10.5219/699

12. Monka A, Grygorieva O, Chlebo P, Brindza J. Morphological and antioxidant characteristics of quince
(Cydonia oblonga Mill.) and chinese quince fruit (Pseudocydonia sinensis Schneid.). Potravinarstvo: Slovak
Journal of Food Sciences. 2014; 8(1):333—340. doi: 10.5219/415

13. Lebedeva DD, Trusov NA, Solomonova EV, Nozdrina TD, Meer TP. Prospects for the use of coniferous
plants in the Moscow region as a biosafe source of ascorbic acid. Vestnik of Kursk State Agricultural Academy.
2018; (8):31—35. (In Russ).

14. Mitrofanova DB, Solomonova EV, Trusov NA. Possibility of using yew cones in the food industry.
Eurasian Scientific Association. 2018; (5-4):197—198. (In Russ).

15. Nozdrina TD, Trusov NA, Solnyshkova AA, Solomonova EV. The fruits of Euonymus as a source
of oils. In: Den’ nauki. Obshcheuniversitetskaya nauchnaya konferentsiya molodykh uchenykh i spetsialistov
[Science Day. University Scientific Conference of Young Scientists and Specialists]. Moscow: MGUPP publ.;
2016. p.81—82. (In Russ).

16. Chernov IA, Nozdrina TD, Trusov NA, Solomonova EV. The bioresource potential of Quercus fruits
for use in the food industry. Materialy VI Mezhdunarodnoi nauchno-prakticheskoi konferentsii «Problemy
sovremennoi biologii», posvyashchennoi 130-letiyu so dnya rozhdeniya N.I. Vavilova [Proceedings of the
VI International Scientific and Practical Conference “Problems of Modern Biology” dedicated to the 130th
birthday of N.I. Vavilova]. Lugansk: LNAU publ.; 2017. p.84—385. (In Russ).

17. Solomonova EV, Trusov NA, Nozdrina TD. Opportunities for using of Eleutherococcuses fruits as a
new food raw material. In: 1st International Symposium Innovations in Life Sciences (ISILS 2019). Advances
in Biological Sciences Research, Volume 7. Atlantis Press; 2019. p.303—307. doi: 10.2991/isils-19.2019.73

18. Solomonova EV, Trusov NA, Nozdrina TD, Meer TP, Sorokopudov VN, Georgescu C. Food potential
of alternative pome fruit trees cultivated in Moscow region. Scientific Study & Research. Chemistry & Chemical
Engineering, Biotechnology, Food Industry. 2019; 20(4):597—607.

19. Nozdrina TD, Solomonova EV, Trusov NA. Non-traditional for Moscow region rosehips species: mor-
phometric and gravimetric characteristics of cinarrodies. Environment and Human: Ecological Studies. 2019;
9(2):145—161. (In Russ). doi: 10.31862/2500-2961-2019-9-2-145-161.

About authors:

Solomonova Ekaterina Vladimirovna — PhD in Biology; Teacher, Moscow educational complex WEST, 23
Bobruiskaya str., Moscow, 121359, Russian Federation; e-mail: solomonova_k@mail.ru
ORCID ID: 0000-0003-0061-4080

Trusov Nikolay Aleksandrovich — PhD in Biology; Senior Researcher, Laboratory of Dendrology, Tsytsin Main
Moscow Botanical Garden of Russian Academy of Sciences, 4, Botanicheskaya st., Moscow, 127276, Russian
Federation; e-mail: n-trusov@mail.ru

ORCID ID: 0000-0002-5147-6602

Nozdrina Tatyana Dmitrievna — PhD in Biology; Associate Professor, Department of Veterinary-sanitary
Examination and Biological Safety, Institute of Veterinary, Veterinary-sanitary Examination and Agrosafety,
Moscow State University of Food Production, 11, Volokolamskoe Shosse, Moscow, 125080, Russian Federation;
e-mail: biomgupp@yandex.ru

ORCID ID: 0000-0003-2589-4787

26 BOTAHNKA



Solomonova E.V., Trusov N.A., Nozdrina T.D. RUDN Journal of Agronomy and Animal Industries, 2021; 16(1):18-29

Mounck HeTpaaAUuUNOHHOIO paCcTnUTe/IbHOIro CbipbA
ONSA NUL,EeBOW NMPOMDbILWIIEHHOCTHU
N 3KOJIOTr'M4YeCKU YNCToro xuBotHoBoCtBa

E.B. CosiomonoBa'*, H.A. Tpycor?, T./l. Hozapuna®

"MockoBckuii 06pa3oBate/bHbiii kKomruieke 3ATTA T, e. Mockea, Poccutickas @edepayust
2®enepasibHOE TOCYAAPCTBEHHOE OIOMHKETHOE yupeXkeHre HayKu [/1aBHbIN 60TaHUUeCKui caf
uM. H.B. LunuHa Poccuiickol akaZieMUM Hayk,

2. Mockea, Poccuitickas ®@edepayusi
SMOCKOBCKHI rOCyAapCTBeHHBIN YHUBEPCHUTET MHILEBLIX TPOMU3BO/ACTB,

2. Mockea, Poccuitickas ®@edepayusi
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AHHOTanUsA. AKTYaybHOCTD ITOMCKA HETPAUIIMOHHOTO PACTUTETLHOTO ChIPbs [/ist 000ralljeH st Pal{HOHOB
HaceJIeHrs BO BCeM MUpe, B T.u. B Poccuiickoit Deepaiiun, 00bsCHsIeTCst 17106a/1bHOM MaCCOBOM KPYT/IOTOAUYHON
HE/[0CTAaTOYHOCTRIO B MuIlle GUOOTHUeCKH AKTUBHBIX HyTPUEeHTOB. PaboTa Halje/ieHa Ha BbISIB/IEHHE CaMbIX
MepPCIIeKTUBHBIX MHUILEBbIX BU/IOB PACTEHUH U3 CTIMCKA, MPE/JIOKeHHOT0 Ha 0CHOBE MHOTOJIETHUX Hab/IroeHui
coTpyaHuKamu [aBHoro 6otanuueckoro caga uM. H.B. [uiiuna Poccutickoli akajeMun HayK 1 GakaiaBpamu,
obyuarorumucsi B MOCKOBCKOM TOCYJapCTBEHHOM YHUBEPCHUTETE IMHUILEBbIX TTPOU3BO/CTB 10 HAIPABIEHUIO
06.03.01. Buosorust. Marepuans! nccieoBanuii (2016—2018 rr.) — riogipl OOSIPBILIHUKOB, IIMTIOBHUKOB, aliBbI,
3/1eyTePOKOKKOB, MYLIMYJIbI, MAarOHUH, O@PeCK/IeTOB, TUCOB, CyMaxoB, yOOB, KDPaCHOIJIOAHBIX XXUMOJIOCTeH 1
XBOSI XBOWHBIX pacTeHW. [/t MX aHa/M3a MPUMEeHSTMCh CTaH/JapTHBIE He3aTpaTHbIe MeTObl U3yUueHust Mop(ho-
JIOTO-aHaTOMHUUEeCKOTO CTPOEHHSsI, Pa3MepHO-BeCOBLIX IT0Ka3aTesiel, TeCTUPOBaHUsI Ha MaCJIMUHOCTh M BUTAMUH
C. INosyueHHBbIe pe3y/bTaThl CBUAETENBCTBYIOT O [{eHHOCTH M3yUeHHOTO ChIPBS B 11eJIOM H ero IperMyIjecTBax
y CPaBHHBAEeMbIX BH/IOB B TIpe/ieiax Pofia pacTeHui. [JaHbI HEKOTOPbIe peKOMeHAINY MTPaKTUIeCKOro UCTIONb30-
Banwsl. [IpeayiookeHO pa3zesieHre TI0J0BOM MSKOTH M KOCTOUeK JI0 BBICYLIMBaHUs TU1ofoB Crataegus submollis
u, TipeAriouTuTesibHee, C. punctata, IMUpOKoe TIaHTalMOHHOe Ky/IbTHBUPOBaHKE IITUTTOBHUKOB Rosa amblyotis
u R. oxyodon, 6e30Tx0/iHOe pa3/ie/ibHOe TIPUMEeHeHHe OKOJIOTUIOAHUKOB U cemsii Cydonia oblonga, Mespilus
germanica u Mahonia aquifolium, nekapcTBeHHOe ipuMeHeHHe T107i0B Eleutherococcus sessiliflorus v, npen-
niouturTesibHee, E. senticosus, nanpHeliee u3yuenre muinkosrog, Taxus baccata u T. x media, ucmionb30BaHue B
KauecTBe crieliuu 1iofoB Rhus typhina, nonyueHre yHUKaIbHBIX Macesl U3 TUIOA0BOM MsikoTy Lonicera glehnii,
L. ferdinandii w L. maackii v apunnycoB Euonymus europaeus, UCTioib30BaHue >kenyaeit Quercus robur, Q. rubra
u xBou Picea abies v Pinus sylvestris B kopmoripou3sBogctee. O6Hapy>KeHbl BO3MOXKHOCTH UHTEHCH(UKALUN
WICTI0/Tb30BaHMs PACTUTE/ILHBIX PECYPCOB B TIMIIIEBOM TPOMBIIIIEHHOCTH U CETbCKOM X035HCTBE, TIPEJK/Ie BCETO,
3a CUeT MJI0fI0B MEeCTHBIX HHTPO/YLIMPOBAHHBIX BU/I0B. He0OX0[MMO MPo/I0/KaTh TIOUCK U [a/IbHeHIIee n3yueHre
HauboJiee TIePCTIIeKTUBHBIX BUOB — MCTOYHUKOB HETPAJUIIMOHHOTO PACTUTETLHOTO ChIPhSL.

KitroueBbie c10Ba: HeTPAJMI[MIOHHOE PACTUTEIbHOE ChIPbE, TIObl, UHTPOAYLIMPOBAaHHBIE BU/IBI

3asiB/ieHHe 0 KOH(IMKTe HHTEPeCcoB: ABTODbI 3asIB/ISIOT 06 OTCYTCTBUY KOH(IMKTA MHTEPECOB.
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AZanTUBHOCTb COPTOB MNepLa CNnagKoro
npu Bo3Ae/bIBaHUMN B NOYBEHHO-KIMMATUYECKUX YCITIOBUSAX
AcTpaxaHcKou obnactu

E.I'. Markosa

[Npukacrnuiickuii arpapHbiit GefepanbHbli HayuHbIH 1leHTp Poccuiickoil akagemMur Hayk,
Acmpaxaxckas obaacmb, Pocculickas ®edepayus
govsan29@mail.ru

AHHoTanmsa. B cenbcKoX03HCTBEHHOM ITPOM3BO/ICTBE BaXKHO He TOJILKO JOOUTHCS BBICOKOTO TIOKa3aTesst
YPO’)KalHOCTH, HO U 00eCreunTh CTAOUILHOCTD ee TIPOsiB/IeHUst. [I1s1 ToTyueHus BBICOKOM 1 CTabMIbHOM ypo-
’KaWHOCTH HeoOXoMMO 06/1afaTh MHOPMALHel 0 CTeleH! aJJATHBHOCTH COPTOB Y TMOPH/IOB CeTbCKOX0351H-
CTBEHHBIX KYJILTYP K KOHKPEeTHOM 30He BO3/ie/bIBaHusl. [IpoaHaM3upOBaHbl Pe3y/ibTaThl MOEeBOT0 OIbITA 110
COPTOMCITBITAHUIO TepIja cazkoro. OrieHKa copTa Ha a/JalTUBHOCTD K MPUPOJHBIM YCIOBUSM U TEXHOJIOTUU
BO3/]e/IbIBaHUsI B ACTpaxaHCKOW 06/1aCTH MPOBeZieHa I10 MapaMeTpaMm MIaCTUYHOCTH U CTabUIbHOCTH COpTa.
SKOJIOrM4ecKyo M1aCTUUHOCTh OMpe/ie/Is/ii C OMOLIbI0 Ko3(ulenTa perpeccuu b, xapakTepusyoliero
PeakKi1io COpTa Ha U3MeHeHUe yCJIOBUU BO3Ze/bIBaHus. []/isl XapaKTepPUCTHUKY MapaMeTpa CTabMIbHOCTH
paccuuTaHoO CpefjHee KBa/[paTUUHOE OTK/IOHEHHe OT JIMHUM perpeccuu 6°d. Bce pacueTsl BesMCh M0 METOJMKE
S.A. Eberhart, W.A. Russell B usnoxxenuu B.3. [TakyzguHa.

KiroueBble ¢/10Ba: aJJANITUBHOCTD, SKOJIOTHUECKas TVIACTUUHOCTh, CTAOUIBHOCTD, Tepel] CJIafKui, AcTpa-
XaHCKast 00/1acTh, ypoXKalHOCThb
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Adaptivity of sweet pepper varieties cultivated
in the Astrakhan region
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Abstract. In agricultural production, it is important not only to achieve a high productivity, but also to ensure
its stability. To obtain high and stable yields, it is necessary to have information on the adaptability of crops varieties
and hybrids to a specific cultivation zone. The article analyzes the results of the field experiment on the variety
testing of sweet pepper. To assess the variety for adaptability to natural conditions and cultivation technology
in the Astrakhan region, such parameters as plasticity and stability of the variety were used. To characterize the
ecological plasticity, the regression coefficient b, was determined, which characterizes response of the cultivar
to changes in cultivation conditions. To characterize the parameter of stability, the standard deviation from the
regression line o?d. was calculated. All calculations were carried out according to S.A. Eberhart, W.A. Russell
as presented by V.Z. Pakudin.
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BeBepeHue

[TepBocTeneHHOW 3a/iaueli «HApOJHOW CeJIeKLIMW» SIBJSUIOCH CO37laHHe COPTOB,
YCTOMUMBBIX K HeOIaronpusTHBIM (pakTOpaM KOHKDETHOTO paiioHa BO3Ze/bIBaHMUs, a
T0JlyueHue PeKOpJHBIX YPOXKaeB MMes0 BTOpPOCTeneHHOe 3HaueHue. CoOBpeMeHHbIMU
WCC/Ie/loBaTeNIsSIMU  «I107], aJjallTUBHOM CesleKLel CelbCKOXO3SIMICTBEHHbIX pacTeHUi
No/ipa3yMeBaeTCsl BbiBe/leHHe COPTOB KY/IbTYPHBIX pacTeHWH, 00/1a/IaloliX BEICOKUM
aZlarTUBHBIM NoTeHLManom» [1]. [To mHeHU0 A.A. JKyueHKO «C afJalTUBHOCTBIO CeJlb-
CKOXO3SIICTBEHHBIX PAaCTeHHUH, T.e. X YCTOHUMBOCTbIO, CIIOCOOHOCTHIO ITPOTUBOCTOSITh
JIeNCTBUIO TOBPEXJAIOIIUX (PAKTOPOB Cpe/ibl, HepPa3phIBHO CBSI3aHO TIOBbILIIEHHWE UX
TPOAYKTUBHOCTH» [1—3].

HeogHoKpaTHO MHOTMMH aBTOpaMH TPAKTOBAaJOCh TMOHSATHE «aJaTUBHOCTb» M
W3yuasioCh, SIBJISIFOTCS JIM TEPMUHBI «aJalITUBHOCTh», «CTaOUIBHOCTb» U «3KOJIOTHYe-
CKasi TIJIaCTUYHOCTh» MPOTHUBOMOIOKHBIMU TI0 CMBIC/TY, WJIA XapaKTepU3yoT OJUHAKO-
Bble mapameTpbl [4—7]. JL.II. BalikasnoBa cuMTaeT, YTO «TepPMHUHbI «a/JalITUBHOCTbHY,
«3KOJIOrMuecKast MaCTUYHOCTb», «9KOJI0rMuecKasi yCTOHUUBOCTb» MOTYT 3aMeHsITh, a
yaille JIOTIOJIHATE APYT Apyra» [8].

IIpu uccnenoBaHUM CBOMCTBA a[JalfTUBHOCTH PACTeHUM K yC/IOBUSIM BO37e/bIBa-
HUS1 BO3MOXKHO UCII0/Ib30BaHME TAaKMX NTapaMeTpOB, KaK 9K0JI0rhyecKast I1aCTUIHOCTh
Y CTabMIBHOCTh COpTAa.
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711 “C1o/1b30BaHMs 3TUX XapaKTepPUCTUK Ha MpaKTHKe [PUMEeHSI0TCS pa3/inyHble
MeTOZIMKH pacueTta, pa3paborannbie: P.A. Yinauuneim [9], B.3. [Takyauaem [5], MeTo-
nvka, B.A. 3bikunbiM [ 10] 1 p., HO yallle Bcero Ucrosb3yercs Metoguka S.A. Eberhart,
W.A. Russell. I[Tpu ucrionb30BaHUM MOC/eJHEN MIAaCTUYHOCTh COPTa OMUCHIBAaeT KO3(-
(uLMeHT MHelHOK perpeccuu b, a CTabUILHOCTL — Cpe/jHee KBaJpaTUYHOe OTKJIO-
HeHue Og.

AxkmyanbHocmb. AcTpaxaHcKasi 00/1aCTb — OJWH W3 OCHOBHBIX TOCTAaBIIIMKOB
oBoIIle0axueBOl MPOAYKLMHU Ha PeIHKU P®d. [TpupogHO-KIMMaThuuecKrue 0CoOOEHHOCTH
pervoHa Io3BOJISIIOT BO3/e/IbIBaTb MHOTHE CeTbCKOXO35IMCTBEHHbIE KY/IBTYPbl, HO Ofi-
HOBPEMEHHO C 3TUM SIBJISIIOTCSI 9KCTPeMaslbHBIMU [IJIs1 PacTeHneBo/CTBa. K ocobeHHO-
CTSM arpo3KOJIOTMUYeCKOM CUTyal[iM ACTpaxaHCKOM 00/1aCTH OTHOCHUTCSI HEyCTOMUM-
BOE MPOsIB/IEHUE KJIMMaTH4YeCKrX ()akTOpOB 110 rofam. [1py BeipalliiBaHUM pacTeHUl B
YKeCTKUX MPUPOJHBIX YCIOBUSX JIaHHOTO PerrioHa oueHb Ba)KHO MMeTh Habop COpToB
Y TUOPU/IOB CeNTbCKOXO035TCTBEHHBIX KYJ/IBTYP, alaiTUPOBAHHBIX K KOHKPDETHOMY MeCTy
BO3/Ie/IbIBaHUS, pacriosiaratb HHGopMariueli 06 OTBETHOM peakliu COPTOB U TUOPH/IOB
Ha u3MeHeHHe ycnoBuil npouspactanusi [11—13]. OgHoli 13 Haubosee LeHHBIX T10
BUTaMHWHHOMY COCTAaBY OBOLHBIX KY/IBTYP SIBJSIETCS KYy/bTypa Tepla caajkoro. B Ha-
CTOSIIIIMI MOMEHT CyIIieCcTByeT npobsieMa orpeZie/ieHusi COPTOB TIeplia CaJKoro, obsa-
JAFOIIMX YCTOWYMBOCTBIO K MPUPOAHBIM yCIOBUSIM ACTPaxaHCKOM 06/1acTy.

ITenp ucciegoBaHUsA — OTpeZie/ieHHe TUIACTUUHOCTH M CTabUIbHOCTH COPTOB
riepija C/JIa/IKOro MPH BO3/ie/IbIBAHUH B YC/IOBUSIX ACTPaxaHCKOM 06/1acTy.

MaTtepuanbl 1 MeToabl UCCNeaoBaHUSA

B kauecTBe MCXOHOTO MaTepuaJa /iJisi UCC/eJOBaHUs B3SIThl 1eCSATh COPTOB Tepiia
cnagkoro cenekuuu komnanuy «CelleK», cpefu HUX CTaHAApTOM MOCIY>XWI XOPO-
1110 3apeKOMeH/I0BaBIIMI ce0st Ha TepPUTOPUM AcCTpaxaHCKou obiactu copt [Togapok
MonzoBbl. ONBIT 3a/10)KeH B COOTBETCTBUM C METOAMKOW OMbITHOrO Aena b.A. [locre-
xoBa [14].

ITo metoguke S.A. Eberhart, W.A. Rassell B uanoxxenuu B.3. [1akyauHa yepe3 ma-
paMeTp «yPOXKaliHOCTb» OTpe/le/T/IN TVIACTUYHOCThL U CTaOM/ILHOCTH copTtoB [10].

[Tnoma b MUTaHUS OHOTO pacTeHHWsl paCCYMTaHa 1o (popmyiie

S=M+m(n-1))/n-1L, (D)
rae M — paccTosiHue MeXX/ly JIeHTaMu, M; M — pacCTOsSIHUE MeX/ly CTPOUKaMH, M; N —
KOJIMYeCTBO CTPOK, LIT; L — paccTosiHUe MeXX/ly paCTeHUsIMU B PSZLY, M.

[nst onipeziesieHyst cpefiHe ypoyKaltHOCTH TI0 OTIBITY MCIO/Tb30BaHa (hopMysia

Y =XXY./v-n, (2)
rae X X Yij — CyMMa ypOXXKalHOCTH Tieplia C/1a/IKOro 1o COpPTaM U rofiaM U3yuyeHus; v —
KOJIMUeCTBO COPTOB B OIIbITE; N — KOJIMYECTBO JIeT BeZleHHsl OTbITa.

YcnoBUst KOHKPETHOTO ro/ja, BbIpaKeHHbIe uepe3 UH/EKC, OTpeZierieHbl 1o (GopmMyrie

Ij:(ZYj/v)—(ZZYij/wn), 3)
rge X Y; — CyMMa ypO>KalHOCTH BCeX COPTOB 3a j-1 rof.
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KosddurmeHT 5K0/10rnueckoii mi1acTUYHOCTH, BbIpaXKeHHBIN uepe3 Ko3(hdULeHT
perpeccuu b, BBIUMC/IMIM [/ KaXK0T0 COpTa 1o popmyie

bi=ZYij-Ij/Z(Ij)2, 4)
rge X Yij : I] — CyMMa MpOu3Be/leHUs] YPOXKalHOCTH [-T0 COpTa B j-M oAy Ha MH/EKC
YCJIOBUI CpeJibl j-TO Tofa; X (Ij)Z— CyMMa KBa/IpaTOB MH/EKCOB YCJIOBUM Cpe/ibl.

TeopeTHuecKyro ypoXaliHOCTb OTpeZie/isiid 1o popmMyJie

Y,=Y,+b1, (5)
rze Y, — ypoXalHOCTb i-ro copTa B CPe/JHeM 3a TPH rojja usydeHus; b, Ij — TIpO-
u3BefieHre Ko3(duijeHTa perpeccuu i-ro copta Ha WH/IeKC yCI0BUM Cpefibl KOH-
KPeTHOro roja.

Pa3Hulla UM OTK/IOHeHHs1 (PAaKTUUeCKOW MOIyYeHHOW YPOXKalHOCTH OT pacCuu-
TaHHOW TeopeTUUeCKOU IMo/TyueHbl B pe3ysibTaTe pUMeHeHus: opMyJibl

Gij = Yij akT —— Yij Teops (6)
rae Yij pacr (hakTHUeCKasi ypO)KaliHOCTb i-TO COpTa B j-M TO[Y; Yij reop —— TEOPETHUE-
CKasl ypO)KalHOCTb [-r0 COpPTa B j-M TOZY.

CTabuIbHOCTL COPTOB MepLia C/aJKOTro, WX Cpe/jHee KBaJpaTHYHOe OTKIOHEHHUe,
BBIUKCJ/IEHO TI0 hopMmyIie

o5 = Zcfj/ n-2, (7)
rge Y csizj — CyMMa KBa/IpaToOB OTK/IOHeHUH (DaKTUUeCKOW ypO)KaliHOCTU OT TeopeTu-
YeCKOU.

[17151 OL|eHKM KOI0ThYeCKOU TIaCTUUHOCTHU U CTAaOM/IBHOCTH, a TAK)Ke BbISICHEHHS
MIPUTOZIHOCTH COPTOB Ieplia CaJKOro K YC/I0BUsIM AcTpaxaHCKoM 00/1acTH Ha opoliiae-
MoM yuacTke DI'BHY «[TADHI] PAH» B 2017—2019 rT. 6611 3a/105KeH MM0J/IEBOM OTIBIT.

[TouBa OIBITHOTO yyacTka siB/siach mMajaorymycHod — 0,72 %, copepykaHue Ka-
st coctaBumo 342 mr/kr, cofepskanue ochopa — 47,5 mr/kr, peakuusi pH — 7,2. Tlo
rpaHy/IOMeTpUYeCKOMY COCTaBy IOYBA OIpe/iesieHa KaK «TshKe/I0CYIJIMHKCTas UoBa-
TO-KpYITHOMbL/IeBaTas».

OTBIT 110 COPTOMCIIBITAHMIO TepLia C/IaJKOro OB 3a70KeH B 3-KpaTHOMW MOBTOP-
HocCTH. [1101ja/ib yUeTHOM Jie/iTHKU cocTaBysiia 12,2 m?. [lenissHKY ObUTA pa3MeltieHbl
PEeHZIOMHU3UPOBaHHBIM MeToA0oM. CpaBHeHUs1 COPTOB MPOBOJW/IUCH CO CPeHUM 3Haye-
HYeM CcopTa-CTaHzapTa.

[TosvB mepua €/1aKOro OCYLECTBIIS/ICS TTOCPeZACTBOM KareJbHOIO0 OpOLLIEeHUS,
criocob BHeCeHUs MUHepabHbIX ynobpeHuii — depturarusi.

Criocob moceBa — paccazioll B OTKPBITBIN TPYHT JIEHTOUHBIM CII0COO0OM, TIPH KO-
TOPOM []B€ CTPOUKH PacrosararoTcs o JByM CTOPOHAM KarleJIbHOW JIeHTbI, pacCTosi-
HHe MeXXJy CTpoukamu cocTasmsiio 0,3 M, Mexay pacTeHUssMU B cTpouke — 0,4 M.
Paccrosinue mexxay entramu — 1,4 m. I'ycToTa cTosiHUst pacTeHui repija — 35714 1ir.
pacTeHuli/ra.

TemMreparypHble MoKa3aTeau B MepUOJ, BereTaliiy IepLa CAaKoro CI0KAIUCH
creayomuM 006pa3oM: caMbiM oOecrieueHHBIM TerioM B 2017 T. ObLT HIOIb, CyMMa
akTUBHBIX Temreparyp Bbiile 10 °C cocrasuna 817,1 °C, B 2018 r. TakKe B UrOJIe Ha-
KOIMWJIOCh MaKCHMMaJlbHOE KOJIMYeCTBO aKTHMBHBIX Temreparyp — 834,5 °C, B 2019 1.
CaMbIM >KapKHUM OKas3aJ/icsl hIoHb C roka3sareneM 805,4 °C.
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OKcTpeMasibHbIe TeMITepaTyphbl BO3/[yXa 3a BereTalllio OBOIIHBIX KY/IbTYp Koseda-
JIUChb OT MUHMManbHOM 2,9 °C no makcumasbHoi 40,5 °C B 2017 1., ot 11,8 1o 32,8 °C
B 2018 . m ot 15,4 o 31,9 °C B 2019 ., uTO XapakTepu3yeT MOroAHbIe YCAOBUS KaK
HebOnaronpusitHble. ITokaszatens I'TK CensstHUHOBa XapaKTepU3yeT BereTaljMOHHbIN
nepuoj, 2017 1. ¢ Masi O aBTyCT BK/IHOUUTENbHO Kak cuibHyt0 3acyxy (I'TK = 0,5).
B Beretaimonnsiii nepuog 2018 u 2019 rr. oTMeueHa oueHb cu/bHas 3acyxa npu ['TK,
paBHoM 0,2 u 0,3, COOTBETCTBEHHO.

ArpoTexHHKa BO3/le/IbIBaHUs epLia C/1aJIkoro — CTaHJapTHO PeKOMeHJyeMast [/1s
30HbI HiokHero [ToBo/mKbs1, 60pbba ¢ BpeguTeisiMu ¥ 60J1e3HSMU Tac/IeHOBBIX KY/IBTYP
OCYILL[eCTBJIsI/IaCh Ha MPOTSDKEHUU BCETO Mepro/ia BereTaluu.

Pe3yanaTb| ncenepoeaHnAa n chy)Kp,eHMe

Ha nepBom 3tame no pesynbraraM JWCIIePCUOHHOIO aHa/lv3a yCTaHaB/IWBA/IUCh
Ha/IM4Ke WM OTCYTCTBUE CBSI3U COPT — YCJIOBUS cpefibl (Tabs. 1).

Tabnmya 1
PesynbTaThbl ANCMNEPCUOHHOIO aHaNIU3a
WcToukuk SS df MS F P-3HayeHue F
Bapuauuun KpuT
Mexcay 673,09 9 74,79 4,56 0,002 2,39
rpynnamm
BHyTpu 327,73 20 16,39
rpynn
Utoro 1000,83 29
Table 1
ANOVA results
Source SS df Ms F P value srtical
Between 673.00 9 74.79 456 0.002 2.39
groups
Within 327.73 20 16.39
groups
Total 1000.83 29

Takkak F> F «pur TO HY/IEBAsA TUTIOTE3a OTBEPraeTCs, T.e. paccMaTrpuBaeMbIi pakTop
(B JaHHOM CJlyyae — YCJIOBUSI CpeJibl WM YC/I0BUS IOfla) OKasblBaeT Cyl|eCTBEHHOe
B/IMSIHME Ha WCC/efyeMblid TIpU3HaK (B [JaHHOM Cjyyae — YpO)KalHOCTh). B
TIOHSITHE «YCJIOBUSI CPe/ibl WM YCJIOBUS IOfia» B OCHOBHOM BXOJST CJ/IOXKUBLLIMECS
MeTeopO/IOTMYeCKHe YyCJIOBUS, TaK KaK TEeXHOJIOTMSI BO3[e/IbIBaHUSI BO BCe TIOJbl
n3yueHust Obuta ofMHAKOBOW. OIleHKA B/IMSTHUSI METEOPOJIOTHUeCKUX YCJIOBUM Tofa
Ba)KHa [/I1 PErMOHOB C KOHTHHEHTA/JbHBIM K/IMMAaroM, K KOTOPbIM OTHOCHUTCS
AcTtpaxaHcKast 00/1aCTb.
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[To pesynbraram pAucriepcMOHHOrO aHanusa paccuutaHa HCP (HavMeHblias
CyllleCTBeHHasi Pa3HOCTh), cOCcTaBuBIas 6,941,
YpoxatiHocTb B cpefiHeM 3a 2017—2019 rr. copToB mneplja C/aZKoro NprBe/ieHbl

B Tabm. 2.
Tabnvya 2

CpepaHss ypoXxailHOCTb nepua cnagKkoro no coptam B nepuog 2017—2019 rr.

Copr YpoxxaliHocTb, T/ra
2017 2018 2019 3y, CpegHss Y,

St, Mopgapok Mongosbi 42,8 49,3 37,7 129,8 43,3
Benosepka 46 50,2 44,9 141,1 47,0
BoraTtbipb 529 50,5 54,3 157,7 52,6
Butasb 42,5 39,9 46,4 128,8 429
KopeHoBckuin 56,3 48,7 54,3 159,3 53,1
Nonuta 54,1 47,4 53,6 155,1 51,7
3opbkKa 40,5 49,6 44,7 134,8 449
lanares 38,1 36,8 45,2 120,1 40,0
Aap Kacnus 52,3 50,4 57,7 160,4 53,5
TuTaH 49,3 40,3 42 131,6 43,9

3y, 4748 463,1 480,8

CpepaHsas Y/ 47,48 46,31 48,08

Table 2
Sweet pepper productivity in 2017—2019
Cultivar Yield, t/ha
2017 2018 2019 2Y, Average Y,

Podarok Moldovy (control) 42.8 49.3 37.7 129.8 43.3
Belozerka 46 50.2 44.9 141.1 47.0
Bogatyr 52.9 50.5 54.3 157.7 52.6
Vityaz 42.5 39.9 46.4 128.8 429
Korenovsky 56.3 48.7 54.3 159.3 53.1
Lolita 54.1 47.4 53.6 155.1 51.7
Zorka 40.5 49.6 44.7 134.8 44.9
Galatea 38.1 36.8 45.2 120.1 40.0
Dar Kaspiya 52.3 50.4 57.7 160.4 53.5
Titan 49.3 40.3 42 131.6 439

%Y, 474.8 463.1 480.8

Average Y, 47.48 46.31 48.08

CpepHsisi ypoyKaiHOCTb 110 OTbITY paBHa 47,3 T/ra.

WHpexc ycioBuii cpefibl OTpakaeT peakLUi0 COpTa Ha yCJ/IOBUSI BO3/e/bIBaHUS B
KOHKpeTHOM rofy. [1o pe3ynbraTaM BIUMC/IEHHUH OBIIO TIO/TyYeHO, UTO WH/IEKC YC/IOBUH
cpenwi B 2017 . — 0,19; B 2018 . — —0,98; B 2019 . — 0,79. MOXHO CKa3aTh, 4TO B
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2017 1 2019 rT. CIOXKUINCH O/1arONPUSTHBIE YC/IOBUS /I/1s BeTeTal[|uy Tiepija C/1a{Koro,
B 2018 1. — HebOnaronpusitHbie. Heo6XxoauMo oTMeTHTh, uTo LIj = 0. OTO 3HaueHue

HCIIOJ/Ib3YETCA B Ka4yeCTBE KOHTPOJIA IMPaBU/IbBHOCTHU PaCUYETOB.

B Tabn. 3 nmpuBeieHb! pe3yabTaThl BEIUMCIEHHUH KOI(POHUITMEHTOB SKOI0THYe CKOM
TJIACTUYHOCTH, BHIDOKEHHBIX Uepe3 KOI(PGULIMEeHT perpeccuu b..

Tabnmya 3
KoadbdurumeHTbl NMHERHON perpeccum ypoXxamHoCTH COpTOB nepua ciafKoro

Copt b,

St, Nopgapok Mongosbl -6,417

Benosepka -3,076

BoraTbipb 2,1338

Butasb 3,4734

KopeHoBckum 3,6209

Nonuta 3,8078

3opbka -3,456

[anaTesn 4,2472

Dap Kacnus 3,7813

TutaH 1,8839

Table 3
Coefficients of linear regression for sweet pepper productivity

Cultivar b,

Podarok Moldovy (control) -6.417

Belozerka -3.076

Bogatyr 2.1338

Vityaz 3.4734

Korenovsky 3.6209

Lolita 3.8078

Zorka -3.456

Galatea 4.2472

Dar Kaspiya 3.7813

Titanium 1.8839

KosddurmenTs! perpeccunt ¢ G0nbLUIMMU BeJIMUMHAMU OIPEZENSIOT OOJBILYI0
OT3bIBUMBOCTb COpTa W/IM peakLMI0 COpTa Ha YCJIOBUS Cpelbl BO3[eJ/blBaHUs.
YucnoBoe BbIpakeHHe KO3((UIjeHTa NoKa3biBaeT, Ha KaKyl0 BeJIMUMHY U3MEHUTCS
YPO)KallHOCTb COpTa NMpY M3MeHeHUM (DaKTOPHOro NpHU3HaKa (B AaHHOM Cilyyae —

V3MeHeHue YCI0BUI BO3/e/bIBaHus).

W3 Bcex W3yuaeMbIX COPTOB CaMbIMH OT3BIBUMBBIMU OKa3aluch copra ['amates
(b, = 4,25), Jlonura (b, = 3,81), [lap Kacrus (b, = 3,78), Kopenosckuii (b, = 3,62), u
Butass (b, = 3,47). 10 03HavaeT, 4To Mepeyrc/IeHHbIe COPTa CrIoCOOHBI ChOPMUPOBATH
MaKCUMaJTbHBIM ypo)Kall TOJILKO TIPU MHTEHCUBHOM CTI0co0e BO37ie/bIBaHUS WK TIPU
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BBICOKOM ypOBHe arporexHuku. Copr-crangapt Ilogapok Mongossl (b, = —6,42) u
copra 3opbKa (b, = —3,45), Benosepka (b, = —3,08) He UMEIOT OTK/IMKA Ha U3MEHEHHEe
YCIIOBUM Cpefibl, UX HMCIOb30BaHKe Iiesieco00pa3Ho TP Majo3aTpaTHLIX Crocobax
BO3/le/IbIBAHUS C HU3KUM YPOBHEM TeXHOJIOTMUeCKOW OCHAILIeHHOCTH.

[17151 KaKZI0T0 COpTa ompe/iensieTcsl CTabuIbHOCTb, T.e. OTK/IOHEHHSI IT0/TyYeHHbIX B
V3yYeHVWH IaHHBIX 10 YPOXKaHOCTHU B Ka)K,0M KOHKPETHOM IOZly OT CpeJjHel BeJIMYUHbI
yPO)KallHOCTH COPTOB Teplija CAaJKoro 3a Tpu roga. s storo Oblna paccuuTaHa
TeopeTUyecKasi ypoxkaHOCTh (Tabi. 4).

Tabnmya 4
TeopeTnyeckasi ypoXxKanHoCTb COPTOB NepLa cnagkoro, T/ra
Copt CpepHss Yii

St, Nopgapok Mongosbl 43,27
Benosepka 47,03
BoraTbipb 52,57
Butasb 42,93
KopeHoBckwuii 53,10
JNonuta 51,70
3opbka 44,93
[anaTes 40,03
Dap Kacnus 53,47
TutaH 43,87

Table 4

Theoretical yield of sweet pepper cultivars, t/ha

Cultivar Average Y,
Podarok Moldovy (control) 43.27
Belozerka 47.03
Bogatyr 52.57
Vityaz 42.93
Korenovsky 53.10
Lolita 51.70
Zorka 44.93
Galatea 40.03
Dar Kaspiya 53.47
Titanium 43.87

B Tabn. 5 mpuBeseHbl 3HAUEHHUS] PA3HMIILI WIM OTK/JIOHEHWHM (aKTHUueCKOn
MO/Ty4YeHHOW yPOKAaWHOCTU OT pacCUUTAHHOW TeopeTHUYeCcKoW, CyMMbl KBa/IpaTOB
OTK/IOHeHHH (DaKTUUeCKoW ypO)KallHOCTU OT TeopeTHueCcKoi Zcfj U CTabWILHOCTH
COPTOB MepIa C/IaIKoro, WK CPeJHEro KBaJjpaTHIHOrO OTK/IOHEHHS G .
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Tabnmya 5

OTKIOHEeHUs PaKTUYECKOW YPOXKaNHOCTU OT TEOPETUYECKON, T/ra, No rogam
M CTabUNIbHOCTb COPTOB MepLia CNagKoro

CtabunbHOCTb
Copta 2017 2018 2019 2 2
2.Cij Ca
St, Mopapok MonaoBbl 0,75 -0,26 -0,50 0,88 0,88
Benosepka -0,45 0,15 0,30 0,31 0,31
BoraTbipb -0,07 0,02 0,05 0,01 0,01
Butasb -1,09 0,37 0,72 1,85 1,85
KopeHoBckuii 2,51 -0,85 -1,66 9,79 9,79
Nonuta 1,68 -0,57 -1,11 4,36 4,36
3opbka -3,78 1,28 2,50 22,14 22,14
[anaTtesn -2,74 0,93 1,81 11,65 11,65
Hap Kacnusa -1,89 0,64 1,25 5,51 5,51
TutaH 5,08 -1,72 -3,35 39,98 39,98
Table &
Deviations of actual yield from theoretical, t/ha, and stability of sweet pepper cultivars
Stability
Cultivar 2017 2018 2019 2 2
2.0; b Ga
Podarok Moldovy (control) 0.75 -0.26 -0.50 0.88 0.88
Belozerka -0.45 0.15 0.30 0.31 0.31
Bogatyr -0.07 0.02 0.05 0.01 0.01
Vityaz -1.09 0.37 0.72 1.85 1.85
Korenovsky 2.51 -0.85 -1.66 9.79 9.79
Lolita 1.68 -0.57 -1.11 4.36 4.36
Zorka -3.78 1.28 2.50 22.14 22.14
Galatea -2.74 0.93 1.81 11.65 11.65
Dar Kaspiya -1.89 0.64 1.25 5.51 5.51
Titanium 5.08 -1.72 -3.35 39.98 39.98

KosddurmenT  cTabUIbHOCTM — XapaKTepusyeTcss — CiefyrouuMm  obpasom:
MeHbllIMe 3HaueHUs CpPeJHero KBaJpaTUYHOTO OTK/IOHeHUs (haKTHueCK! MOTyueHHOM
YPOXXaMHOCTA OT TEOPeTHUEeCKH OKMAaeMOH, TOBOPAT O TOM, uTO COpPT Oosee
cTabuieH 1O CpaBHEHUIO C COpPTaM{, HWMeEIOIIMMU OoJbliiee 3HaueHWe CpeJHero
KBaJpaTUYHOTO OTK/IOHEHUSl. B /[aHHOM cjlyuae caMbIMU CTaOWUIBbHBIMU OKa3a/TUCh
copta Boratbips ¢ ko3dduimenTom crabunbHoctu 0,01, Benozepka — 0,31 u copt-
crangapt [Togapok Mosnzoel — 0,88. HaviMeHbI1el cTabuIbHOCTBIO 00/1a/1at0T COpTa
Turan c koaddurrentom crabmibHocTr 39,98, 3oppka — 22,14, 'anares — 11,65 u
Kopenosckuii — 9,79.

[ HaTIAAHOCTU CBeZleM TapaMeTphl a[JalTUBHOCTH COPTOB Teplia CIaJKoro B
Tabsm. 6.
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Tabnya 6
MapameTpbl afanTUBHOCTM COPTOB nepua cnagkoro B 2017—2019 rr.
Copt b, (¢ 5
St, Mopapok MonaoBbl -6,417 0,88
Benosepka -3,076 0,31
BoraTbipb 2,1338 0,01
Butasb 3,4734 1,85
KopeHoBckuii 3,6209 9,79
Nonuta 3,8078 4,36
3opbka -3,456 22,14
lanaTesn 4,2472 11,65
Jap Kacnus 3,7813 5,51
TuTaH 1,8839 39,98
Table 6
Adaptability parameters of sweet pepper cultivars, 2017—2019
Cultivar b, Gé
Podarok Moldovy (control) -6.417 0.88
Belozerka -3.076 0.31
Bogatyr 2.1338 0.01
Vityaz 3.4734 1.85
Korenovsky 3.6209 9.79
Lolita 3.8078 4.36
Zorka -3.456 2214
Galatea 4.2472 11.65
Dar Kaspiya 3.7813 5.51
Titanium 1.8839 39.98

Hanbob111yr0 eHHOCTB NPe/ICTaB/IA0T BbICOKOMHTEHCHBHBIE COPTA, Y KOTOPBIX b,
Gonbmte 1, a 64 crpemurcs K 0. V3 Tab/1. 6 BUHO, UTO STUM XapaKTepPHCTHKAaM COOT-
BeTCTBYOT copTta borareipb 1 Butsizb. CopT boraTeipb He caMblii TJIaCTUYHBIN U3 BCEX
u3ydeHHbIX (b, = 2,13), HO Ipu 3TOM OH 00/1alaeT CaMOK BBICOKOK CTabM/IbHOCTBIO —
0,01. Copr Butase Gosee macTiueH 1o CpaBHeHMIO ¢ coptom Borarteips (b, = 3,47),
OJJHAKO MeHee cTabumeH — 1,85.

Copr-cranzapr [Togapok Monzosel, benosepka u 3opbka (b, = —6,42; -3,08; -3,46)
MIPO/IEMOHCTPUPOBA/TN HAUXY/IIYIO TIaCTUYHOCTh. OffHako copta [Togapok MonoBbl
1 beno3epka XxapakTepu3yroTcst CTaOMIBHOCTEIO ¢ Koaddurpentom 0,88 u 0,31 cooTBeT-
cTBeHHO. CaMbIMH IIaCTUYHBIMU OKasa/mch copra lanares (b, = 4,25), Jlomwra (b, = 3,81),
Hap Kacrust (b, = 3,78) u Kopenoeckutii (b, = 3,62).

3akoyeHue

[1pu Bo3zebIBaHUM TepLja C/IaZKOrO MO BbICOKOMHTEHCHUBHBIM TEXHOJIOTHUSIM MO-
r'yT OBITh PEKOMEH/I0BaHbI copTa ['anares:, Jlomuta, Jap Kacrusi u KopeHOBCKuME Kak
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HauOosiee MIaCTUYHbIe U3 U3yUeHHBIX C BOSMOYKHOCTBIO [JaTh MAaKCUMaJbHbIM ypoXKaii
MpY Y/IyUllleHUW yCJIOBUM BO3ZesbiBaHusl. CTabUIbHOCTBIO OTVIMUUINCH COPT-CTaH-
nmapt TTomapok MosngoBel, beno3epka v 3o0pbKa. DTH COPTa 1]e/1eCO00pa3HO MCTOJb-
30BaTh B 3KCTEHCUBHBIX arpOTEXHOJIOTHSIX, JaKe NP HU3KOM arpo)oHe OHH MUMEIOT
MOTeHL[MAa/IbHYI0 YPOXKauHOCTb.

Copra mepiia ciakoro borateipb 1 BuTs3s B Oosiblliell WM MeHbIleH CTereHu
00/1a/1a10T ¥ 3KOJIOrMYeCKOM TIaCTUYHOCTBIO, U CTaOUIBHOCTBIO TIJIOIOHOLIEeHHS, T.e.
SIB/ISIFOTCSL @/JalTUPOBAHHBIMU K MTOUBEHHO-K/IMMaTUUeCKUM YCI0BUSIM ACTpaxaHCKON
obsacTy.
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CKPUHUHI COPTOB OBCa OMCKOW ceneKuun ansi yCloBumn
lO)XHOM necoctenu 3anagHoin Cuéupu

O.A. FOcoBa'’, I1.H. Hukosaes', H.!. AaucskoB?, 1.B. CadonoBa?
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*®enepasibHbIN UCCIEA0BATETHCKUMN IEHTP Bcepoccuiickuii MHCTUTYT FeHeTUUeCKUX PeCYPCOB
pacrenuii umenu H.W. BaBunoga, e. Cankm-Ilemep6ype, Pocculickas @edepayus
*ksanajusva@rambler.ru

AnnoTtanusa. Cpeay 3epHOBBIX Ky/IBTYD SIPOBOY OBeC 0 3HAUYMMOCTH — OZjHA 13 )KU3HEHHO BaKHBIX,
XOPOLIO MPUCIIOCOO/IEHHBIX K yCa0BUsAM 3anagHor Cubupu Kynerypa. st peasn3aliy KaueCTBEHHbBIX
U KOJINUeCTBEHHBIX IIPU3HAKOB YPOXKalHOCTHU U MOBBILIEHUS NPOJAYKTUBHOCTH HOBBIE COPTa /0/DKHBI
XapaKTepU30BaThCsl OT3BIBUMBOCTHIO Ha U3MeHSIOIecst paKTOphI BHelLlTHel cpe/ibl (aalTHBHOCTEIO) C
JIOCTaTOYHOH MOTeHLMa/IbHOM MTPOYKTUBHOCTBIO 1 CIIOCOOHOCTHIO Peai30BaTh ee JaXKe B CTPECCOBBIX YCIOBUSX
5TOro peruoHa. Llenb nccinefoBaHnii — omnpe/ie/ieHNe aJjalTUBHBIX CBOWCTB COPTOB SIPOBOTO OBCA CeleKLIU|
Owmckoro arpapHoro HayuHoro teHTpa (Omckoro AHIT). DkcrieprMeHTanbHas 4acTb paboThl IPOBOUIIACH
B TeueHue 2011—2019 rr. Ha onbITHBIX Nosssx OMckoro AHLI, pacrosioykeHHbIX B FO)KHOMU JieCOCTeNHOMN
30He 3anaaHoi Cubupu. Paccuntane! KoadduiuenT crpeccoycToiunsocty K mo A.B. BeIKOBY, I0Ka3aTesb
romeoctarnyHocty Hom no B.B. XaHrunb/iuHy, ceneKlMOHHas LieHHOCTb copTa Sc o H.A. OpnsHckomy,
redotunueckuit s¢dekr € no B.I1. I'ypeesy, ko3ddurent sapuaryn V 1 Ko3GQULHMEHT BeIpaBHEHHOCTHU B 1o
B.A. [locriexoBy, MoKa3aTesib yCTOMYMBOCTH MHJEKca cTabuabHOCTH Y 110 P.A. Yjauuny u I1.A. TonoBueHKo,
ToKasaresib 3¢dexra peakijyyl COPTOB Ha ycI0BHs cpebl Op 1o B.B. HoBoxartuHy, 5K0BaneHTa M1acTUYHOCTH
W, o C. Wricke. C nucrionb30BaHieM 3HaUMTETHHOTO KOJIMUECTBA MOKasaTeiel [/1s1 MoJTydeH|st OKOHYaTe/TbHON
OLIEHKH a/]aNITUBHOCTH TIPOBE/IEHO PaH)KMPOBAHKUE COPTOB. [10BBILIEHHOH a[JaNTHBHOCTHIO 00/1a/1al0T CTaHAApT
ieHvaroi rpynmns! OproH, copta VpTeiu 13 u Yprein 21 (cymma paHroB coctaBuia 23, 35 U 36 COOTBETCTBEHHO).
B rosnosepHoii rpymme copt ITporpecc siBnsiercst 6osiee cTabuibHBIM (CyMMa paHroB paBHa 79). [JaHHbIe copTa
PEKOMEeH/IYIOTCS /i/Is1 BHEJJpeHUs B TIPOU3BO/ICTBO B YC/IOBUSX FXKHOH J1ecocTtenu 3anagHol Crubupu.

KroueBble c10Ba: sIpoBOii OBeC, COPT, YPOXKalHOCTh, a/JallTUBHOCTb, CTPeCCOYCTOMYNBOCTb, TOMeOCTa-
TUYHOCTB, CeJIeKLIMOHHasl LIeHHOCTh, CTabUIBHOCTb, K03(hULMeHT BapraLiin

3asB/IeHHe 0 KOH()IMKTe HHTepecoB. ABTOPbI 3asiB/ISIIOT 00 OTCYTCTBMM KOH(IMKTA MHTEPECOB.
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Screening of oat cultivars developed in omsk for conditions
of the southern forest-steppe in Western Siberia

Oksana A. Yusova'’, Petr N. Nikolaev', Irina V. Safonova?, Nikolay I. Aniskov?

!Omsk Agrarian Scientific Center, Omsk, Russian Federation
2Vavilov Institute of Plant Genetic Resources,
St. Petersburg, Russian Federation
*Corresponding author: ksanajusva@rambler.ru

Abstract. Spring oats are one of the most important crops among grain crops, and they are well adapted
to the conditions of Western Siberia. To realize qualitative and quantitative characteristics of yield and increase
productivity, new varieties should be characterized by responsiveness to changing environmental factors
(adaptability) with sufficient potential productivity and ability to realize it even in the stressful conditions of
this region. The aim of the research was to determine adaptive properties of spring oat cultivars developed in
Omsk Agrarian Scientific Center. The experiments were carried out on the experimental fields of the Omsk
Agrarian Scientific Center, located in the southern forest-steppe zone of Western Siberia, in 2011—2019. The
following adaptability parameters were calculated: stress tolerance K (according to A.V. Bykov), homeostaticity
Hom (V.V. Khangildin), breeding value of cultivar Sc (according to N.A. Orlyansky), genotypic effect €,
(B.P. Guriev), coefficient of variation V and coefficient of uniformity B (B.A. Dospekhov), resilience of stability
index ¥ (R.A. Udachin and P.A. Golovchenko), rate of reaction of varieties to the environmental conditions Re
(V.V. Novokhatin), equivalent plasticity W, (C. Wricke). Using a significant number of indicators to obtain a final
assessment of adaptability, a ranking of cultivars was carried out. Among hulled oat cultivars, Orion (control),
Irtysh 13 and Irtysh 21 had increased adaptability (the sum of the ranks was 23, 35 and 36, respectively). In
naked oat cultivars, Progress was more stable (the sum of the ranks was 79). These cultivars are recommended
for cultivation in conditions of the southern forest-steppe of Western Siberia.

Key words: spring oats, cultivar, yield, adaptability, stress tolerance, homeostaticity, breeding value,
stability, coefficient of variation

Conflicts of interest. The authors declared that they have no conflict of interest.

Article history:
Received: 5 February 2021. Accepted: 3 March 2021

For citation:

Yusova OA, Nikolaev PN, Safonova IV, Aniskov NI. Screening of oat cultivars developed in Omsk for conditions
of the southern forest-steppe in Western Siberia. RUDN Journal of Agronomy and Animal Industries. 2021;
16(1):42—>53. (In Russian). doi: 10.22363/2312-797X-2021-16-1-42-53

BeepeHue

[To 3HaUMMOCTH Cpeau 3epPHOBBIX KY/IBTYD SIPOBOM OBeC OJHa U3 KU3HEHHO BaXK-
HBIX KYJITYP, XOPOLIIO MPUCIIOCO0/IeHHBIX K ycioBUsiM 3arnagHon Cubvpu. OBec Masio
TpeboBaTe/ieH K MoUBaM M KJIUMarTy, UMeeT J0BOJIbHO KOPOTKHU TepUo/, BereTalyu,
BBICOKYIO YPO)KaliHOCTh, MOXKET OBITh HMCITI0/Ib30BaH Ha 3€PHO U 3eJ/IeHYI0 MacCy | TI0-
3TOMY IIMPOKO BO3/e/ibIBaeTcsi BO Bcex pervoHax PP [1]. [ToceBHble miojaZii OBCa
B Poccuu B 2019 1. coctaBuim 2611,6 Thic. ra, uto Ha 8,5 % (241,7 ThbiC. Ta) MeHbIIIe,
yeM B 2018 1. K pervoHam co 3HaUMTe/IbHOM TI/IOLA/IbI0 ITOCEeBA OBCA OTHOCATCS: AJl-
Taiickuii Kpait (314,1 Thic. ra, uTo cocrassieT 12,0 % ot o0ieli mOCeBHOU MIOMIa-
), HoBocubupckas obnacts (168,4 Thic. ra — 6,4 %), Pecriybsinka BaimkoprocraH
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(160,9 ThIC. Ta — 6,2 %), KpacHosipckuii kpaii (160,0 Teic. ra — 4,1 %), TromeHCKas
o6nactb (105,9 Teic. ra — 2,7 %). Tak ke B urcio 20 KpyIHeHIINX PeriOHOB BOILLTU
UpkyTtckas, KemepoBckasi, Omckast, YensiouHckast, OpeHOyprckasi, Huwkeropogckas u
Camapckas obsactu, Pecriy6miku Yamyptust u Tarapctas [2].

Peanusanuu KaueCTBeHHBIX 1 KOJIMUYeCTBEHHbIX [IPHU3HAKOB YPO’KaiHOCTH U IOBbI-
LIeHUs TIPOAYKTUBHOCTU BO3MOXKHA, €C/I HOBbIE COPTa XapaKTepU3yHOTCS OT3bIBUMBO-
CTBIO Ha U3MeHsIolecs (pakTopbl BHeIlIHel cpe/ibl (aJanTHBHOCTBIO) C JOCTAaTOUHOU
MOTeHLIMaTbHOM TIPOYKTUBHOCTBIO M CITIOCOOHOCTBIO peasi30BaTh ee Jiake B CTpec-
COBBIX YCJIOBUSIX 3TOTO PETHOHA, T.e. CBOJUTb K MUHUMYMY TOC/TeACTBUs Hebaro-
MIPUATHBIX BHELIHUX yCa0BUH [3, 4]. Kpome Toro, /17151 NOBBILIEHHUS Pe3y/IbTaTUBHOCTH
CO37IaHUsI COPTOB, 00/aJAOUX HeOOXOJUMBIM COUeTaHHEM XO3sICTBEHHO Ba)KHBIX
CBOMCTB M BBICOKOW 3KOJIOTUUYECKOH TPHUCITOCOOIEeHHOCTRIO, HeOOXOMMO HCIT0/Ib30-
BaTh psijJi METOJUK [5, 6].

Henp uccieoBaHUd — oOrpeZiesieHde aflalTUBHBIX CBOWMCTB COPTOB SIPOBOTO
oBca cenekyuyd OMCKOro arpapHoro HayyHoro teHtpa (Omckoro AHII).

MaTtepuanbl 1 MeTo4bl UCCNeA0OBaHUSA

OKcrnepuMeHTa/bHas 4acTh paboThl npoBoguiack B TedeHue 2011—2019 rr. Ha
onbITHLIX ToJsiXx OMckoro AHII, pacrioniokeHHbIX B HOXKHOM JIeCOCTeIHOM 30He 3a-
nazsHo Cubupu. [TouBa — yepHO3eM OOBLIKHOBEHHBIHN BBIIE/I0UEHHbBIN, COiep>KaHue
rymyca — 6...7 %. [Tnoujaae gensuku — 10 Mm%, moBTOpHOCTE — 4-KpatHast. Hopma
BbiCeBa — 4 MJTH BCXOXKMX 3epeH Ha 1 ra. [ToceB ripoun3Be/ieH Ce/leKLIMOHHOMW CesiIKOM
CC®K-7, B TpeTbeM CeJIeKIJMOHHOM CeBO0OOpOTe IO TPe/IeCTBEHHUKY MIIEeHHUI]a,
yeTBepTasi Ky/IbTypa Moc/e Tapa. ArpOTeXHUKa MMPOBeZIEHUs OIbITOB OOIIernpuHsITast
[uist 3anagHO-CubMpCKoro pervoHa. YOopKa npoBezieHa B ()a3y IMOJTHOM CIIeI0OCTH Ce-
JIeKIIMOHHBIM KoMbOaiiHoM Hege 125.

Maremarnueckasi 00paboTka JaHHBIX TipoBesieHa o B.A. locmexoBy [7]. Pac-
YyeT napaMeTpOB a/lalTUBHOCTU TIPOBOAMIIN, UCTIO/b3Ys C/IeAYIOLIMe TT0Ka3aTeau: ro-
MeocTaTUuHOCTh Hom U uHeKc ctabumbHOCTH VIC — paccuuThIBaIM 10 METOJUKE
B.B. Xaarunpguna [8]:

fz

8§ (Xopt—X lim); (1)

UC = x?/S, (2)
e X? — cpefHsAsl YPOXKailHOCTL COpTa 3a TOfbI U3yUeHUs; § U S — cpeHeKBa/pa-
TUYECKOE OTK/IOHEHHE B OMbITe; X, — YPOXKalHOCTL COPTA TPU Heb/IaronpusaTHLIX
YC/IOBUSX BBIDAILMBAHMSA; X — YPOXKAWHOCTb COPTA MPHU ONTHUMA/IbHBIX YCIOBUAX
BbIpAIlIBaHMSI.

P.A. Ypauun, I1.A. TonoBueHko [9] mpeayoKuMM OlleHUBaTh CTaOMILHOCTH WC-
T0/1b3Ys1 TOKa3aTe/ b yCTOMYMBOCTH MH/IEKCA CTAOM/TbHOCTH:

HC onT -UC 1uMuT

Y=(1— e )2100%, @)

rae Y — rokasaTelb YCTOMUMBOCTH WH/EKCa CTaOWIbHOCTH; I/ICCp — CpefiHee 3Ha-
ueHHe MHJZIeKca CTabuIbHOCTH y Habopa copToB Ha Bcex (oHax wcnbitanus; UC
NC  — WHAEKCHI CTaOMTBHOCTH COPTOB Ha ONTUMAaJTbHOM W TMMUTHPOBAHHOM (hOHAX.

JIUMAT

Hom =

t
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B.B. HoBoxarus (2010) BBes HOBbIH MOKa3aresb 3¢ deKra peakiiii COPTOB Ha yC-
noBus cpesl Op [10].

Op = (Ai - Afi) - Ji, 4)
e Ai — ypoXKaiiHOCTb COpTa B IO u3yuenwsi; Afi — cpefiHss ypOXKaHOCTb B OIbITe
3a repuoz usydeHuss; Ji — UHJEKC YCI0BUM CpeJbl.

[JanbHelillee CTaTUCTUYECKOe BbIpa)KeHHUe IJIACTUYHOCTU (3KOBajeHTy) IpeJio-
»xkun C. Wricke (1962) [11]:

Wi = leij, (5)

I7ie X ; — yPOXKANHOCTb i-_ro copra B j-MUrogy; X , — YPOXKaHHOCTD i-TO COpTa; X, —
YPOXKaHOCTb B j-M TOfly; X  — YPOXK@alHHOCTD B OIIbITE.

[Tpu onpesieieHUN CeNeKLIMOHHOW LIEHHOCTH SIPOBOT0O OBCa UCI0J/Ib30BaHa (popmy-
na B.B. Xanrunsauna [8] B uznoxxennn H.A. OpnsiHcKoro [12]:

—> X 1lim2
Sc=x*——, (6)
Xopt
—2 9 . v
rge xX° — CpefHsid YPOXXAWHOCTBb COPTa 3a IoAbl U3yUeHUH; xlim u Xopt — YPpOXau-
HOCTb Ha OINTUMa/IbHOM U JIUMUTHPOBAHHOM q)OHaX COOTBETCTBEHHO, 6 — cpen-

Hee KBa/lpaTUyeCcKoe OTK/IOHeHUe.

lenotunuueckuii s3¢pdekt, npeanoxeHHsiii b.I1. T'ypeeBeiM (1981), oleHeH 10
dbopmyne [13]

€i = 7- X, )

e X1 — cpe/Hsist ypOKaliHOCTL 06PA3LoB 110 TOflaM UCTILITAHUs; X — CPe/HsIs Ypo-
JKauHOCTb B OIIbITE.

A.A. BrikoB [14] a1 xapaKTepUCTUKU COPTa UCTO/b3yeT KO3 hUI[MeHT CTpecco-
YCTOMUYMBOCTH 10 (hopmyie

KCT - ):Ymin/ ZYmax’ (8)
n m

rae K_ — K03 puLIMeHT CTpeccoycTonuMBoCTy; XY - — CyMMa MUHUMAaJIbHbIX YpPO-
KaeB, He TIPEBBILIAIOIIMX TOKa3aTe/b CPeAHeN ypoXkauHoCTH, T/ra; XY — cymma
MaKCUMaJ/IbHBIX ypOXKaeB, IIPeBBILIAIIUX [T0Ka3aTe/lb CpefHell ypoXXauHOCTH; N —
KO/IMYeCTBO JIeT C YPOXKauHOCTBIO HIKe CPeJHEMHOI0JIeTHero roKasareJist; m — KoJlu-
4eCTBO JIeT C YPOXKaliHOCTBIO BhIllIe Cpe/JHEMHOr0/IeTHero rnokasares [14].

B.A. [TlocriexoB B KaueCTBe Mephbl OTpe/ie/ieHrsl OTHOCHUTeTbHOW CTabuIbHOCTH CO-
pTa ucrosb3yeT K03 duieHT Bapuaryu [7]:

V= g 100%, 9)

rae V — craH/lapTHOe OTK/IOHeHHe, BbIpa)KeHHOe B MPOLIeHTax K CcpefiHel apudmeTu-
UeCKOM JIaHHOM COBOKYITHOCTH; S — CTaHJAPTHOE OTKJIOHEHHe; X — CpefiHee apud-
MeTHhuecKoe.

B BHJe Mepbl OTHOCHTENbHOW CTaOWMIBHOCTH COPTa WCIIOJb3YeTCsl MoKa3aTeb,
JIOTIO/THSAOLLMY 3HaueHue KoadduieHTa Bapuauyu Ao 100 %.

B=100-V, (10)
rae B — kosdduiiueHT BelpaBHeHHOCTH; V — K03(duIeHT Bapyalyy npusHaka [7].

[TepeunicyieHHble BbIllle METOAUKH BO3MOXKHBI K NPUMEHEHUIO TaKKe [JIl MHBIX
CeJIbCKOXO03SMCTBEHHBIX KY/IBTYP NIPY pacueTe rapaMeTpoB aZlaTUBHOCTH.
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Ilo faHHBIM T'MPOMETeOpPOIOrMUeCKOro LieHTpa, CpefHeMHOIo/eTHee 3HaueHue
I'TK ayia OMckoro pervioHa 3amnagHou Cubupu coctapssiet 0,82, uTo 03HavyaeT 3acCylil-
nmuBble ycnous. [lepuoge! Beretanuu 2011 u 2014 rr. XapakTepu30BaIUCh 3aCyLLIN-
BeiMU ycioBusmu (I'TK = 0,90 u 0,92), oueHb cyxue ycioBusi oTMeueHbl B 2012
u 2015 rr. (I'TK = 0,69 u 0,70). JoCcTaTOYHbIM yBIa)KHEHUEM OT/IMUYAIUCh MEPUO/IbI
Beretanuu 2013 1 2018 . (I'TK = 0,99).

OO6bekToM HcciefoBaHust OB 9 COPTOB SIPOBOTO OBCa, cenekipu Omckoro AHILI.
K nienuaroii rpyrire otHocsitcsi copta: OpuoH (cranzaapt), Vpteiu 13, Uptein 21,
Tapckwuii 2, [Tamsatu Boraukosa, @akesn, Cubupckuii repkynec. [onosepHsie copra: Cu-
OGupckwmii rosio3epHbIi (cTa”gapT), [Tporpecc.

Pe3yanaTb| ncenepoeaHnAa n OﬁCY)K}J,eHVIe

OCHOBHBIM TIapaMeTpOM, OMpeJeNsiOMM LIeHHOCTb COpPTa, SIB/ISETCS YpOoyKal-
HOCTb [15, 16]. B cpegHem 3a mepuroj, UCCIe0BaHUM ypOXKaliHOCTb OBCa COCTaBU/Ia
3,58 T/ra (Tabn. 1). Copra nieHUaTou rpynmbl (OPMUPOBAIN TOBBIIIEHHYIO YPOXKaii-
HOCTb (B cpegHeM 4,31 1/ra), o CpaBHEHMIO C rosio3epHbIMU (2,85 T/ra).

Tabnmya 1
YpoXKaitHOCTb COPTOB APOBOro OBCa MO roAam
Copt 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Xi
MneHyaTble copTa

OpvoH, st. 4,31 251 | 415 | 397 | 547 | 308 | 509 | 379 | 530 |49
WpTbiw 13 365 | 224 | 389 | 362 | 569 | 299 | 486 | 422 | 585 |411
WpTbiw 21 414 | 244 | 427 | 416 | 542 | 300 | 589 | 324 | 569 |425
Tapckmii 2 365 | 238 | 434 | 395 | 552 | 354 | 524 | 329 | 606 |422
Namsn 404 | 227 | 409 | 434 | 596 | 298 | 525 | 280 | 4,94 |4,07

boraukoBa
daken 38 | 234 | 465 | 269 | 590 | 472 | 526 | 524 | 850 |4,80
Cumpckwmit 417 | 217 | 526 | 457 | 569 | 309 | 575 | 379 | 626 |453
repkynec
lonosepHblie copTta
Cumpckwmit 254 | 153 | 241 | 242 | 426 | 230 | 301 | 439 | 439 |3,03
rosiosepHblIn, st.

Mporpecc 212 | 155 | 243 | 264 | 402 | 204 | 290 | 249 | 382 |267

HCP,, 050 | 020 | 040 | 054 | 042 | 038 | 055 | 061 | 044 | —
Xj 366 | 217 | 393 | 367 | 529 | 305 | 478 | 405 | 549 |358

Ij -035 | -1,84 | -0,08 | -0,34 | 128 | -096 | 077 | 004 | 148 | —

Mpumevanne. Ej — cpefHee no rogy,; Xi— cpeaHee Nno CopTy, lj — MHAEKC YCNOBUIN OKPYXKatoLLen cpedbl.
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Table 1

Productivity of spring oat cultivars

Cultivar 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Xxi

Hulled oat cultivars

Orion (control) 4.31 2.51 4.15 3.97 5.47 3.08 5.09 3.79 530 |[4.19

Irtysh 13 365 | 224 | 389 | 362 | 569 | 299 | 486 | 422 | 585 |4.11
Irtysh 21 414 | 244 | 427 | 476 | 542 | 3.00 | 589 | 324 | 569 |4.25
Tarsky 2 365 | 238 | 434 | 395 | 552 | 354 | 524 | 329 | 6.06 |4.22
Pamyati 404 | 227 | 409 | 434 | 596 | 298 | 525 | 2.80 | 4.94 |4.07

Bogachkova

Fakel 389 | 234 | 465 | 269 | 590 | 472 | 526 | 524 | 850 |4.80

Sibirsky gerkules 4.17 2.17 5.26 4.57 5.69 3.09 5.75 3.79 6.26 |4.53

Naked oat cultivars

Sibirsky golozerny | 5 5y | 153 | 241 | 242 | 426 | 230 | 3.01 | 439 | 439 |3.03

(control)
Progress 212 1.55 2.43 2.64 4.02 2.04 2.90 2.49 3.82 |2.67
LSD,, 0.50 0.20 0.40 0.54 0.42 0.38 0.55 0.61 0.44 -
Y] 3.66 217 3.93 3.67 5.29 3.05 478 4.05 5.49 |3.58
lj -0.35 | -1.84 | -0.08 | -0.34 1.28 -0.96 0.77 0.04 1.48 -

Note. f] — average for the year; Xi— average for the cultivar; Ij — index of environmental conditions.

Haubonee GnaronpusTHbIe MOYBEHHO-KIMMaTHUeCKHe YCJIOBUs BbIpallyBa-
HUS [7151 TI0JIyUYeHUs] BBICOKOW ypoXKaiiHOCTH cioxkunuck B 2015 u 2019 rr. (5,29
u 5,49 T/ra) Npyu MakCMMa bHOM HH/IeKCe yC/I0BUM OKpYKatoljeit cpe/ibl (Ij paBeH
1,28 u 1,48).

B nyieHuaroii rpymnre cpefHsisi ypoXKalHOCTb CTaHAApTHOro coprta OpHUOH cocTa-
Buia 4,19 t1/ra. IIpeBbilllaiy cTaHAapT 10 JaHHOMY IoKasaTesro copra Paken u Cu-
6upckuii repkynec (+0,61 u +0,34 1/ra). OcTanbHble COpTa XapaKTepHU30BaIUCh CPe/i-
Hell ypo)KallHOCTBIO Ha ypoBHe cTaHgapra (4,07...4,25 1/ra).

B roso3epHoii rpymnrne cpefiHsisi YpOXXKalHOCTb CTaHZApPTa OTMeueHa Ha YPOBHE
3,03 1/ra. Coprt Ilporpecc 3HauuTe/NbHO ycTynan ctavaapty (—0,36 T/ra).

CorytacHo pacuetam 1o metoguke B.B. XaurunbauHa [8], copra Opuon, Up-
Toil 13, ®Paken, CUOMPCKUI TepKyseC OTHOCATCS K TPYIIe BbICOKOCTAOMIbHBIX
(MC = 3,51...3,95) (Tabn. 2). K rpynmne crabunpHbix — copra Mpreim 21, Tapckuii 2
u [Tamsatu Boraukosa (MC = 3,31...3,45).
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Tabnmya 2
I'Iapameprl afanTMBHOCTU COPTOB APOBOIro oBCa
Copt 3p B Wi Uc | Y% K, |Hom | Sc €i "4
MneHyaTble copTa
OpuoH*, st. 547 | 759 | 2,35 | 395 | 29,1 | 0,694 | 559 | 8,06 | 0,61 | 24,1
UpTbiw 13* 390 | 732 | 1,87 | 3,74 | 12,2 | 0,636 | 4,25 | 6,47 | 0,53 | 26,8
NpTbiw 21** 6,06 | 71,2 | 3,70 | 3,45 | 40,2 | 0,638 | 426 | 7,48 | 0,67 | 28,8
Tapckuii 2** 577 | 719 | 440 | 345 | 98 | 0,635 | 410 | 6,99 | 0,64 | 28,1
MamATu boraykosa** 445 | 701 | 450 | 3,34 | 11,4 | 0,700 | 3,68 | 6,31 | 0,49 | 29,9
daken* 10,95 | 62,0 | 12,49 | 3,66 | 82 | 0,587 | 2,08 | 6,34 | 1,22 | 38,0
Cubupckumii repkynec* 848 | 689 | 948 | 3,51 | 32,7 | 0,600 | 3,66 | 7,11 | 0,95 | 31,7
FonosepHble copTa
CUBUPCKUIN rON03epHbIN***, st. -495| 650 | 462 | 3,00 | 13,0 | 0,544 | 3,03 | 3,19 |-0,55| 35,0
Mporpecc*** -819| 69,7 | 299 | 329 | 7,3 | 0,508 | 3,56 | 2,47 |-0,91| 30,3
<<Eqn001.eps>> 206 | 22 | 1,10 | 0,09 | 410 | 0,02 | 0,32 | 0,64 | 0,08 | 1,40

MpyMeYyaHne. * — BbICOKOCTabWIbHbIE COPTa; ** — CTabUbHbIE; ***— HecTabubHbIE.

Table 2
Adaptability parameters of spring oat cultivars
Cultivar Er B Wi Sl Y,% | Kst. | Hom | Sc €i v

Hulled oat cultivars
Orion* (control) 5.47 | 759 | 2.35 | 3.95 | 29.1 | 0.694 | 5.59 | 8.06 | 0.61 | 24.1
Irtysh 13* 390 | 73.2 | 1.87 | 3.74 | 12.2 | 0.636 | 4.25 | 6.47 | 0.53 | 26.8
Irtysh 21** 6.06 | 71.2 | 3.70 | 3.45 | 40.2 | 0.638 | 4.26 | 7.48 | 0.67 | 28.8
Tarsky 2** 577 | 719 | 440 | 3.45 | 9.8 | 0.635| 4.10 | 6.99 | 0.64 | 28.1
Pamyati Bogachkova** 445 | 701 | 450 | 3.34 | 11.4 | 0.700 | 3.68 | 6.31 | 0.49 | 29.9
Fakel* 1095 | 62.0 | 12.49 | 3.66 | 8.2 | 0.587 | 2.08 | 6.34 | 1.22 | 38.0
Sibirsky gerkules* 8.48 | 68.9 | 9.48 | 3.51 | 32.7 | 0.600 | 3.66 | 7.11 | 0.95 | 31.7

Naked oat cultivars
Sibirsky golozerny*** (control) -495 | 65.0 | 4.62 | 3.00 | 13.0 | 0.544 | 3.03 | 3.19 [-0.55| 35.0
Progress*** -8.19 | 69.7 | 299 | 3.29 | 7.3 | 0.508 | 3.56 | 2.47 |-0.91| 30.3
<<Eqn002.eps>> 2.06 22 1.10 | 0.09 | 4.10 | 0.02 | 0.32 | 0.64| 0.08 | 1.40

Note. * — highly stable cultivars; ** — stable, ***— unstable.
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Anam3 ctabunpHOCTH 10 MeToauke P.A. Ynauud u I1.A. TonoBuenko [9] moka-
3a71, YTO HU3KWI YPOBeHb JaHHOTO TIpH3HaKa npucyir copram [Iporpecc, Cubupckwmii
repkynec, Tapckuii 2 (Y paBeH 7,3, 8,2 1 9,8 % cooTBeTCTBeHHO). BbICOKMII 0TMeUeH y
coproB Mptein 21, Cubupckuii repkynec, OpuoH (Y = 29,1...40,2 %).

[ToBbIIIIEHHOW CTPeCCOYCTOMYMBOCTBbIO 0Osajzanu copra Ilamsitu Borau-
xoBa, Opwuon, Vpteiu 21, WUptenu 13, Tapckuii 2, Cubupckuii repkynec (K =
0,700...0,600).

Coprta Opuon, Upteiin 21, WpTein 13, Tapckuit 2, [Tamsatu BoraukoBa u
Cubupckuii repkynec XapaKTepU3yrTCs BHICOKMM yDPOBHEM TOMEOCTaTUUYHOCTH
(Hom = 3,66...5,59). Takum 00pa3oM, JlaHHbIE COPTA CITIOCOOHBI YMEHBIITUTh B/IHSI-
Hue Oo/bIIMHCTBA (DaKTOPOB BHEILITHEH cpefibl M HOPMUPOBATh BBICOKUM U CTaOU/Th-
HBIN ypoXKaM.

K rpynmne coptoB, coyeTarolX BBICOKYIO YPOXKalHOCTb U a/JallTUBHOCTb K YCJI0-
BUSIM BbIpall[uBaHusi, oTHocsiTcst OpuoH, Vpteim 21, Cubupckuii repkyinec, Tapckuii 2,
Wptbi 13, ®@aken, [Mamsaru boraukora (Sc = 6,3...8,06).

Copta Cubupckuii rono3epHsiii u [Iporpecc XapakTepu3ytTCsl HEBLICOKUM YPOB-
HeM TPUCIIOCOO/IEHHOCTH K MeCTHBIM ycioBusiM (Sc = 3,19 u 2,47).

Amnanu3 rokasaresieii reHOTUITMUeCKOro 3¢ ¢deKTa BbIsIBUII, UTO BbICOKUM YPOBHEM
crabuibHOCTH 06MagaroT copra: ®aken, Cubupckuii repkynec, Vipteim 21, Tapckuii 2,
OpuoH, Ilamsitu BoraukoBa u Vptei 13 (€i = 0,53...1,22). Hu3kuli ypoBeHb yCTOM-
YMBOCTH XapakTepeH Jisi copToB IIporpecc n Cubupckuii ronosepHsiii (€i paen —0,91
n —0,55).

BbICOKMIA YPOBEHB T/IaCTUUHOCTH MPUCYIL] coptam Cubupckuii repkysiec (Wi = 9,48)
u ®aken (Wi = 12,49). Bricokasi cTerneHb CTabUIBHOCTH COPTA BhIsiB/IeHa y copToB Mp-
toitl 13, OpuoH, [Tporpecc, Uptei 21, Tapckuii 2, [Tamsiti boraukoBa 1 CuOMpCKUit
rosniosepHbiii (Wi = 1,87...6,2).

B paccmarpuBaeMoM HaMy OMbITE U3MEHUMBOCTh YPOXKAWHOCTH BCEX UCCIefye-
MbIX COpPTOB 3HauuTesibHa (V > 20 %). Hanbosnee mpuemsieMsl [ijisi UCIIO/Ib30BaHUS B
CeJIbCKOXO03CTBEHHOM MPOM3BO/CTBE COPTa, COOTBETCTBYOIME YC10BUIO B > 70 %.
Bbicokuii ypoBeHb BbIpaBHEHHOCTU 0TMeueH Y copToB OpuoH, Vptein 13, Upteii 21,
Tapckutii 2, [Tamsatu Boraukosa (B = 70,1... 75,99).

[ToBbIIeHHas alalTUBHOCTB BbISIB/IEHA Y BCEX [/IeHUaThbIx cOpToB (Op =4,45...10,95).
K copram co ciaboti peakijyieli Ha ©3MeHeHHe YC/IOBHI BhIpaIl[UBaHUSI OTHOCSTCS BCE TO-
no3epHsble copta (Op = —4,95...-8,19).

st TionyueHusi JOCTOBEPHOTO OOBEKTHBHOTO OIpe/ie/ieHHsT a/laliTUBHBIX BO3-
MOYXKHOCTel copTa HeoOX0IMMO MCII0/Ib30BaTh Psiji OLEHOUHBIX MapaMeTpoB. B ocHOBY
OKOHYaTe/IbHOW OLIeHKY a/JaliTUBHOCTH Ha 6a3e 3HaUMTebHOTO KOJIMUeCTBa MoKa3are-
Jieli TIONIO’KeHO paH)KMpOBaHUe copToB (Tabs. 3).
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Tabnmya 3
PaH)>XxnpoBaHue copToB ipOBOro oBca fno napameTpam
3KONIOrMYecKon aganrtauumu
Copt Wi| UC | Y | K, |Hom | Sc | E&i v B 9p | X paHros

MneHyaTble copTa

OpWUOH, st. 2 1 3 2 1 1 5 1 1 6 23

UpTbiw 13 1 2 1 5 3 5 6 2 2 8 35

UpTbiw 21 4 5 5 4 2 2 3 4 4 3 36

Tapckuii 2 5 5 8 6 4 4 4 3 3 5 47

MamaATu boraukosa 6 6 6 1 5 7 7 5 5 7 58

daken 9 3 9 8 10 | 6 1 10| 10 1 67

Cubupckumii repkynec 8 4 2 7 6 3 2 7 7 2 48
FonosepHblie copTa

Cu6MpCKMi ronosepHbii, st. 7 9 4 9 8 9 8 9 9 9 81

Mporpecc 3 8 10| 10 7 10 9 6 6 10 79

Table 3
Ranking of spring oat cultivars by adaptability parameters
Cultivar Wi | sI Y | K, |[Hom| Sc | E€i v B Er. |Total ranks

Hulled oat cultivars

Orion (control) 2 1 3 2 1 1 5 1 1 6 23

Irtysh 13 1 2 1 5 3 5 6 2 2 8 35

Irtysh 21 4 5 5 4 2 2 3 4 4 3 36

Tarsky 2 5 5 8 6 4 4 4 3 3 5 47

Pamyati Bogachkova 6 6 6 1 5 7 7 5 5 7 58

Fakel 9 3 9 8 10 | 6 1 10| 10 1 67

Sibirsky gerkules 8 4 2 7 6 3 2 7 7 2 48
Naked oat cultivars

Sibirsky golozerny (control) 7 9 4 9 8 9 8 9 9 9 81

Progress 3 8 10| 10 7 10 9 6 6 10 79

Ha ocHoBaHMU TIPOBeIeHHOUW PAHTOBOM OIIEHKH BBISIBJIEHO, UTO TIOBBLIIIIEHHOM
a/IarITUBHOCTBIO 00/1a/1al0T CTaHApT TUIeHYaTou rpymibl OpuoH, copra MpTeimn 13
v VpTeil 21 (cymma paHroB coctaBuia 23, 35 1 36 cooTBeTCTBeHHO). Takxke K CTa-
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OWJIBHBIM MOXKHO OTHECTH copTa Tapckuii 2 1 CUOUPCKMIA repkysiec (CyMMa paHIOB
paBHa 47 u 48).

B ronosepHoii rpymrie copt IIporpecc siBnisieTcst 60iee cTabWIBHBIM (CyMMa paH-
roB 79), 1I0 CpaBHEHMIO CO CTaH/IJapTOM (CyMMa pPaHroB paBHa 81).

BbiBOAbI

1. B cpegnem 3a nepuog uccnegoanuid ¢ 2011 mo 2019 rr. ypo)kaiHOCTb OBCa
cocTtaBuia 3,58 T/ra; MOBBIIIeHHbIE ee 3HaueHHs otMedeHbl B 2015 u 2019 rr. (5,29 u
5,49 1/ra). CopTa I/1eHYaTou IpyIIibI IPeBbILIA/IH [10 YPOXKauHOCTH COPTa ro/103epHoM
Ha 1,46 T/ra.

2. [lns BHeIpeHUs B TIPOM3BOJCTBO PEKOMEH/YIOTCSI COPTa, KOTOpbIe 10 60b-
IIMHCTBY METO/IOB OLIeHKHM aJaliTUBHOCTH XapaKTepU3YHTCS HU3KOM CyMMOM paHTOB
(23...36 y nutenuarbix coptoB OpuoHn, Vpteiu 21 u MpTei 13 v 79 y rososepHoro
copta IIporpecc).

3. Copra OpuoH, Vpteiu 21 v UpTei 13 0T/IM4ar0TCs MOBBILIEHHON BbIpaBHEH-
HocTeio (B = 70,1...75,99), cTpeccoycroitunBocteio (K = 0,636...0,694), romeocra-
tryHocThio (Hom = 4,25...5,59), niactuunoctsio (Wi = 1,87...3,70), aflalTUBHOCTHIO
(3p = 3,90...6,06) u coueTaHreM BbICOKOW YPOXKalHOCTH C alalITUBHOCTbIO K YCJIOBU-
SIM BbIpaluBanus (Sc = 6,47...7,48).

4. Tono3epuslii copt IIporpecc mnactuuen (Wi = 2,99) u ominuaercsi ciaboii pe-
aKLyel Ha U3MeHeHue YCI0BUY BelpalyBanus (9p = —8,19).

Buénuorpaduueckuit cnmcok

1. Bamanoea I'A. Cenekiysi paCcTeHHsl B YCJIOBUSIX HECTAOM/IbHOCTH arpOK/IMMaTHUeCKUX PeCypcoB //
3epH06000BBIe 1 KpyTIsiHbIe KynbTypbl. 2012. Ne 3. C. 20—25.

2. Arpoectu AIIK, 2019. Pexum pocrtyma: https://agrovesti.net/lib/industries/cereals/posevnye-
ploshchadi-valovye-sbory-i-urozhajnost-rzhi-v-rossii-itogi-2018-goda.html [Jara obpamujenus: 11.12.2020.

3. IlomaHuH B.I., AneiiHukog A.dD., CménoukuH I1.J. HoBbIli MOAXOA K OLIEHKE SKOJIOrMYeCKOR
T7IaCTUYHOCTH COPTOB pacTeHui / BaBUnoOBCKuUiA )KypHan reHeTrKU U ceniekuun. 2014. T. 18. Ne 3. C. 548—552.

4. JKyuenko A.A. JKojoruyeckasi reHeTHKa Ky/JbTYPHBIX pacTeHWH (ajanTanus, peKoMOWHOreHes,
arpobuorieHo3). Kuimnes: Itunnra, 1980. C. 587.

5. Jlucosa FO.A., Jlayko A.O., MapyxHsk A5, Llapwik 3.0., Mapyxusik I.F1. ApantiuBHbIe 0COOGEHHOCTH
rosio3epHbIX reHOTUIOB oBca // BectHuk BI'CXA. 2016. Ne 3. C. 44—48.

6. Jlockymog U.I'. 'eHeTHYeCKHe pecypchl OBCa U STUMEHS — HUCTOUHUK pe3y/bTaTUBHON CeJleKL[UHU B
Poccuu // TeHeTHueckue pecypchl Ky/lIbTypHBIX pacTeHuii B X XI Beke: COCTOsIHUE, TTPOO/IeMbI, TePCIIeKTUBHI
noknagpl II MexayHap. koHd. Caskt-ITetepOypr : U3a-8o BUP, 2009. C. 200—205.

7. Hocnexog b.A. MeTtoguka nosieBoro omnbita. M.: Arponpomu3szar, 1985. 352 c.

8. XaHeunbOuH B.B. TlapameTphl OLIeHKM TOMEOCTaTUYHOCTH COPTOB U CeNIeKLMOHHBIX JIMHUM B
HCIBITAaHUSIX KOJIOCOBBIX KY/IbTYp // Hayu.-TexH. O1o/1. Bcecoro3. cenek.-reHeT. uH-Ta. 1986. Ne 2(60). C. 36—41.

9. YoauuH P.A., I'onoguenko A.I1. MeTozyKa OLIeHKU 3KOJIOTMUeCKOM MIaCTUYHOCTHU COPTOB MIIEHUL[bI //
Cenekuusi u cemeHoBogcTBO. 1990. Ne 5. C. 2—6.

10. HosoxamuHn B.B. Dxonoruyeckasi cesieKLysi MATCKOW MineHULbl / OnTuMy3aLus CeneKLMOHHOrO
riporjecca — (akTop cTabuIn3al|y U pocTa mpoayKiwu pacrenrdeBozcTea Cubupu (OCIT-2019). KpacHosIpcK,
2019. C. 92—103.

11. Wricke C. Under line method zur Ertassung der ecologischen Strenbreite in Feldversuchen //
Z. Ptlanrenruchtung. 1962. Vol. 47. N 1. P. 92—96.

12. OpasHekuii H.A. Cenexiysi U CeMEHOBO/CTBO 3€PHOBOM KYKypY3bl Ha MOBBIIIEHNE a/JaITUBHOCTU B
ycioBusix LlentpansHoro UepHosembs : aBToped. AuC. ... J-pa ¢/X Hayk. benropog, 2004. C. 42.

13. MeToanyeckrie peKOMeH/aliK 10 5K0JI0rMUeCKOMY COPTOUCTILITAHHMIO KyKypy3bl / ToaroT. b.I1. I'ypbeB
u ap. XapekoB: YHUNPCuI, 1981. C. 32.

CROP PRODUCTION 51



FOcosa O.A. u dp. Becthuk PY/TH. Cepusi: ArpoHomust ¥ )XUBOTHOBOZCTBO. 2021. T. 16. Ne 1. C. 42-53

14. Bbikog A.B. Mopho-6uosiornueckrie 0CO6eHHOCTH 1 arpOK/TUMaThUe CKUH TIOTEHITUA YPOXKAaHHOCTH
coptoB Beta vulgarisi. var. conditinaalef B 3anagroii Cubupu / MexxayHapo/Hblil HayYHO-HCCIeJ0BaTe/TbCKUN
>kypHas. 2017. Ne 7. Y. 2. C. 59—62. doi: 10.23670/IRJ.2017.61.020

15. FOcoea O.A., Hukonaeg I1.H., CagoHosa U.B., AHucbkoe H.V. VI3MeHeHHe YPOXKalHOCTH 1 KaueCTBa
3epHa OBCa C MOBBIIIEHWEM aJJaNITUBHOCTH COPTOB // TPy/bI 110 IPUK/IAZHOW OOTaHMKe, TEHETHKE U CeJIeKIIHH.
2020. Ne 181(2). C. 42—49. doi: 10.30901/2227-8834-2020-2-42-49

16. Hukonaeg I1.H., FOcoga O.A., Anucbkoe H.H., Cagonoea H.B. Arpobroioruueckasi xapakKTepUCTHKA
MHOTOPSIZIHBIX TOJIO3€PHBIX COPTOB stuMeHs1 ceneKiuu Omckoro AHI] // Tpyasl Mo TIpUK/IaZHOW OOTaHMKe,
reHetuke u ceyekipn. 2019. Ne 180 (1). C. 37—43. doi: 10.30901/2227-8834-2019-1-38-43

References

1. Batalova GA. Plant breeding in conditions of instability of agroclimatic resources. Legumes and
Groat Crops. 2012; (3):20—25. (In Russ).

2. Agrovestnik. Posevnye ploshchadi, valovye sbory i urozhainost’ rzhi v Rossii [Sown area, gross
harvest and rye yield in Russia]. Available from: https://agrovesti.net/lib/industries/cereals/posevnye-
ploshchadi-valovye-sbory-i-urozhajnost-rzhi-v-rossii-itogi-2018-goda.html [Accessed: 11.12.2020]. (In Russ).

3. Potanin WG, Aleinikov AF, Stepochkin PI. A new approach to astimation of ecological plasticity of
plant varieties. Vavilov Journal of Genetics and Breeding. 2014; 18(3):548—552. (In Russ).

4. Zhuchenko AA. Ekologicheskaya genetika kul'turnykh rastenii (adaptatsiya, rekombinogenez,
agrobiotsenoz) [Ecological genetics of cultivated plants (adaptation, recombinogenesis, agrobiocenosis)].
Kishinev: Shtiintsa publ.; 1980. (In Russ).

5. Lisova YA, Datsko AO, Marukhnyak AY, Tsaryk ZO, Marukhnyak GI. Adaptive features of naked oat
genotypes. Bulletin of the BSSA. 2016; (3):44—48. (In Russ).

6. Loskutov IG. Genetic resources of oats and barley as a source of effective breeding in Russia. In:
Geneticheskie resursy kul’turnykh rastenii v XXI veke: sostoyanie, problemy, perspektivy [Genetic resources of
cultivated plants in the XX-th century: state, problems, prospects]. St. Petersburg: VIR publ.; 2009. p. 200—205.
(In Russ).

7. Dospekhov BA. Metodika polevogo opyta [Methodology of field experience]. Moscow:
Agropromizdat publ.; 1985. (In Russ).

8. Khangildin VV. Parameters of evaluation of homeostaticity of varieties and breeding lines in tests of
ear crops. Nauchno-tekhnicheskii byulleten’ VSGI. 1986; (2):36—41. (In Russ).

9. Udachin RA, Golovchenko AP. Methodology for assessing the ecological plasticity of wheat varieties.
Selektsiya i semenovodstvo. 1990; (5):2—6. (In Russ).

10. Novokhatin VV. Ecological selection of soft wheat. In: Optimizatsiya se-lektsionnogo protsessa —
faktor stabilizatsii i rosta produktsii rastenievodstva Sibiri (OSP —2019) [Optimization of the selection
process — a factor of stabilization and growth of plant production in Siberia (OSP-2019)]. Krasnoyarsk; 2019.
p. 92—103. (In Russ).

11. Wricke C. Under line method zur Ertassung der ecologischen Strenbreite in Feldversuchen.
Z. Ptlanrenruchtung. 1962; 47(1):92—96.

12. Orlyansky NA. Selektsiya i semenovodstvo zernovoi kukuruzy na povyshenie adaptivnosti v
usloviyakh Tsentral’nogo Chernozem’ya [Selection and seed production of grain corn to increase adaptability
in conditions of the Central Chernozem region]. Belgorod; 2004. (In Russ).

13. Guriev BP. Metodicheskie rekomendatsii po ekologicheskomu sortoispytaniyu kukuruzy
[Methodological recommendations for ecological variety testing of corn]. Kharkov: UNIIRSIiG publ.; 1981.
(In Russ).

14. Bykov AV. Morpho-biological features and agroclimatic potential of crop productivity of Beta
vulgaris 1., var. Conditiva Alef. in Western Siberia. International research journal. 2017; (7-2):59—62.
(In Russ). doi: 10.23670/IRJ.2017.61.020

15. Yusova OA, Nikolaev PN, Safonova IV, Aniskov NI. Changes in oat grain yield and quality with
increased adaptability of cultivars. Proceedings on applied botany, genetics and breeding. 2020; 181(2):42—49.
(In Russ). doi: 10.30901/2227-8834-2020-2-42-49

16. Nikolaev PN, Yusova OA, Anisimov NI, Safonova IV. Agrobiological characteristics of hulless
barley cultivars developed at Omsk Agrarian Scientific Center. Proceedings on applied botany, genetics and
breeding. 2019; 180(1): 37—43. (In Russ). doi: 10.30901/2227-8834-2019-1-38-43

52 PACTEHMEBOLCTBO



Yusova O.A. et al. RUDN Journal of Agronomy and Animal Industries, 2021; 16(1):42-53

00 aBTOpax:

FOcosa Okcana AnekcaHOpo8Ha — KaHAMJAT CeIbCKOX03HCTBEHHBIX HayK, 3aBeytollas naboparopueit
6roxumun 1 usronoruu pacteHuii ®eziepasbHOro roCyjapCTBEHHOT0 OFOZKETHOTO HAYYHOTO YUPEXAeHNs
«OMCKuii arpapHbIf Hay4HBIH 11eHTp», Poccuiickas ®eneparst, 644012, . Omck, ip. Koposesa, 7. 26; e-mail:
ksanajusva@rambler.ru

ORCID 0000-0003-3679-8985

AuthorID 547227

Hukonaes ITemp Hukonaesuu — KaHAWAAT CeIbCKOXO35IMCTBEHHBIX HAYK, 3aBeyroLuii 1aboparopueil ce-
JIEKLIUH 3epHO(YPaXKHBIX Ky/bTyp De/iepanbHOro rocyjapCTBEHHOrO GFO/PKETHOTO HAyUHOTO YUPEXKAEeHHs
«OMCKuif arpapHBIf Hay4HBIH 1jeHTp», Poccuiickas ®epeparyst, 644012, . Omck, ip. Koposesa, 7. 26; e-mail:
nikolaevpetr@mail.ru

ORCID 0000-0002-5192-2967

AuthorID 834930

AHnucpkoe Hukonati FleaHoguy — [OKTOP CelbCKOX03MCTBEHHBIX HAayK, CTapIINi HayUYHbIN COTPYAHUK
denepasbHOTO UCC/IE[0BAaTeIBCKOTO IIeHTpa Beepoccriickuii MHCTUTYT reHeTHUeCKUX PeCypPCOB pacTeHUH
um. H.U. BaBusiosa, Poccuiickast @epeparius, 190000, r. Caukrt-Iletep6ypr, yi. b. Mopckasi, a. 42, 44; e-mail:
i.safonova@vir.nw.ru

ORCID 0000-0002-7819-8286

AuthorID 260589

Cagonosa HpuHa BnadumuposHa — KaHAWAAT CeTbCKOX035IMCTBEHHBIX HayK, CTapIINi HayYHbIH COTPYIHUK
denepanbHOTO UCC/IeI0BATeIBCKOTO LieHTpa Beepoccuiickuii MHCTUTYT FeHeTHUeCKUX peCypCcoB pacTeHUi UIMeHH
H.J. BaBunoga, 190000 Poccusi, T. Cankr-Iletep6ypr, yi. B. Mopckas, . 42, 44; e-mail: i.safonova@vir.nw.ru
ORCID 0000-0001-8138-930X

AuthorID 430608

About authors:

Yusova Oksana Aleksandrovna — Candidate of Agricultural Sciences, Head of the Laboratory of Genetics,
Biochemistry and Plant Physiology, Omsk Agrarian Scientific Center, Koroleva avenue, Omsk, 26644012,
Russian Federation; e-mail: ksanajusva@rambler.ru

ORCID 0000-0003-3679-8985

AuthorID: 547227

Nikolaev Petr Nikolayevich — Candidate of Agricultural Sciences, Head of the Laboratory for selection of
grain crops, Omsk Agrarian Scientific Center, Koroleva avenue, Omsk, 26644012, Russian Federation; e-mail:
nikolaevpetr@mail.ru

ORCID 0000-0002-5192-2967

AuthorID 834930

Aniskov Nikolay Ivanovich— Doctor of Agricultural Sciences, Senior Researcher, Vavilov Institute of Plant Genetic
Resources, 42/44 Bolshaya Morskaya st., St. Petersburg, 190000, Russian Federation; e-mail: i.safonova@vir.nw.ru
ORCID 0000-0002-7819-8286

AuthorID 260589

Safonova Irina Vladimirovna — Candidate of Agricultural Sciences, Senior Researcher, Vavilov Institute of
Plant Genetic Resources, 42/44 Bolshaya Morskaya st., St. Pe-tersburg, 190000, Russian Federation; e-mail:
i.safonova@vir.nw.ru

ORCID 0000-0001-8138-930X

AuthorID 430608

CROP PRODUCTION 53



-i RUDN Journal of Agronomy and Animal Industries 2021; 16 (1): 54-65
BectHuk PYJH. Cepus: ATPOHOMUA U XXMBOTHOBOACTBO http://agrojournal.rudn.ru

Sy,
[

DOI10.22363/2312-797X-2021-16-1-54-65
YK 63521] 631.526.32: 6316

HayuHas ctaTbs / Research article

BnusaHne cTUMynaTopoB pocTa Ha YpPOXXalHOCTb
N KayeCTBO KYKYpYy3bl Ha 3epHO B YC/10BUSAX
MpearopHon noanpoBuHuMn Pecny6nukn JarectaH

II.M. Xamgaxuaosa*, M.P. MycaeB, M.b. XanuioB, A.A. MaromejoBa

@®I'BOY BO [Harecranckuii I'AY, e. Maxaukana, Poccutickas @edepayus

*shumakaktus@mail.ru

AmnHoTtanus. [ToneBble OMbITHI IPOBe/ieHb] HA KAlITAHOBBIX T0uBax IIpearopHoro [larectaHa B nepuof, ¢
2018 o 2020 rr. B KauecTBe 00beKTa UCCIeO0BaHMUM BbIOpaHbl THOPUBI KYKypy3bl Ha 3epHO MpU 06paboTke
Pa3HBIMU CTUMYJ/IAITOPAaMU POCTa. B pe3ysbraTe ycTaHOB/IEHO, uTo y6opouHas crienocts rubpugos POCC 299
MB u Maiuyk 355 MB Hactynuia Ha 2...5 CyTOK paHblile [10 CPaBHEHUIO C BAPUAHTOM, I/ie He IPUMEeHSI/IUCh
CTUMY/IATOPEL Vcronb3yeMble B OMbITe CTUMYJISITOPBI POCTa He OKa3a/ii 3HAYMTeIbHOTO B/IUSIHUS Ha T0Ka3a-
TeJIb BCXOKeCTH ceMsiH. CpeZi M3y4yaeMbIX THOPH0B HauOOJIbILIME JlaHHbIe BCXO)KECTH CeMSTH ObI/T OTMeUEeHBI
y rubpua Maryk 355 MB. Haubosbiivie 3HaueHust MJI0LIA/M JIMCTOBOM MOBEPXHOCTH Y UMCTOU TIPO/IYKTHB-
HOCTH TIOCEBOB OTMeueHbl y rubpuga Mamiyk 355 MB. Ha BapuaHTax C pery/astopamu pocTa ToKa3aTend
JIUCTOBOW MOBEPXHOCTH OBUTH BbILIE COOTBETCTBEHHO Ha 4,4 1 5,5; 6,0 u 8,4 %. [TpruMepHO Takasi ke AUHaMHKa
3a(MKCHUpPOBaHa 10 YUCTOW MPOAYKTUBHOCTH (OTOCHHTE3a M HAKOIIEHHIO Cyxoro BerjectBa. Haubosbliryto
ypokaiiHOCTb 06ecrnieuns rubpus Maiuyk 355 MB, uto cootBetcTBeHHO Ha 30,5; 31,5 u 32,5 % Gosblie faH-
HBIX CTaH/apTa. YpoXKalHOCTb r’MOPHUIOB KYKYPY3bl PE3KO TOBBICH/IAaCh TP 06paboTke perynsiTopamy pocra.
Haunbornee BbICOKHe [laHHbIe OTMeUeHbI Ha Jle/IIHKaxX C PeryasTopoM pocta MeramMukc N, , UTO Bblile JAHHBIX
KOHTpoisi cooTBeTcTBeHHO Ha 30,0 1 32,5 %. Ha done perynstopa pocta AMuHokat 30% npubaBka cocTaBuia
23,7 u 24,7 % cooTBeTCTBEHHO. [I0CTaTOYHO BLICOKME 10Ka3aTe/l CTPYKTYPhl ypoxKast 3a(PMKCUPOBaHkbI y TH-
6pusa Maryk 355 MB Ha BapuaHTe CO CTUMY/ATOPOM pocTa Meramukce N, .

KnroueBble cioBa: ITpesropHast moAnpoBuHLMs JlarecTaHa, KyKypy3a Ha 3epHO, THOPH/bI KYKYpYy3Hl,
CTUMY/IATOPBI POCTa, YPOXKalHOCTh

3asBieHue o KOHd)]lI/IKTe HUHTEpecoB: ABTOpI:I 3asIB/ISTIOT 00 OTCYTCTBUU KOHCl)]II/IKTa HUHTEepeCoB.
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Effect of growth stimulants on yield and quality
of grain corn grown in Piedmont sub-province of Dagestan

Shumaysat M. Khashdakhilova*, Magomed R. Musaev,
Magomednur B. Khalilov, Aminat A. Magomedova

Dagestan State Agrarian University, Makhachkala, Russian Federation
*Corresponding author: shumakaktus@mail.ru

Abstract. Field experiments were carried out on chestnut soils of Piedmont Dagestan in 2018—2020.
Hybrids of grain corn treated with different growth stimulants were the object of epy research. The experiments
showed that the harvesting ripeness of hybrids ROSS 299 MV and Mashuk 355 MV occurred 2...5 days earlier
after treatment with growth stimulants compared to the control. The growth stimulants used in the experiment did
not have a significant effect on seed germination rate. Among the studied hybrids, the highest seed germination
were observed in Mashuk 355 MV hybrid. The highest values of leaf area and net productivity of crops were in
hybrid Mashuk 355 MB. Plants treated with growth regulators had higher leaf surface by 4.4 % and 5.5 %; 6.0 %
and 8.4 %, respectively. Approximately the same dynamics was recorded for photosynthesis net productivity and
accumulation of dry matter. Mashuk 355 MV hybrid showed the best yield, which was 30.5; 31.5 and 32.5 %
higher respectively, compared to the standard. Productivity of corn hybrids treated with growth regulators
increased significantly. The highest data were observed on plants treated with Megamiks N, growth regulator,
which were higher than the control data by 30.0 and 32.5 %, respectively. Aminokat 30% growth regulator
increased corn productivity by 23.7 and 24.7 %, respectively. Sufficiently high indicators of yield structure were
recorded in Mashuk 355 MV hybrid in the variant with the Megamiks N, = growth stimulator.

Key words: Piedmont sub-province of Dagestan, grain corn, corn hybrids, growth stimulants, yield
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BeepneHue

AxkmyanbHocmb. B [larecTaHe OCHOBHOM Ky/bTYPOH, KOTOpasi IPUMEHSIeTCS J/1st
pas3UUHBIX Liesiel, SBseTcs KyKypys3a. Ho, ojHaKo, ypo)kaliHOCTb, KaK 3epHa, TakK 1
CUJIOCHOM Macchl JaHHOM Ky/bTyphl B 1,5...2,0 pasa HIKe, UeM B OINbITHO-TIPOM3BO/-
CTBEHHBIX TIPeATIPUATHUSX. DTO CBU/I€TETLCTBYET O OOJIBIION 3HAUMMOCTH COOJTIO/IeHUST
MIPYeMOB arpoOTeXHUKH [ij1sl TIOyYeHus] BbICOKOW YPO)XKaHOCTH KYKYPY3bl.

OCHOBHOI NIPUYMHON CHW)KEHUST YPOXKAaHOCTH KyKYPY3bl Ha 3€PHO, COTJIAaCHO JlaH-
HBIM 3apy0e)KHBIX HccriefoBaTeneit [ 1—>5], sinisieTcsi To, UTO pacTeHus ocsie repOuL/-
HOM 00paboTKY 3amMe[/ISIFOT MPOLeCChl POCTA U Pa3BUTHS, TaK KaK OHU BOCITPUHUMUYMBLI
K 3a0071eBaHMsIM, a TaK)Ke TIPOUCXOJUTh yBsiflaHNe B pe3y/IbTaTe IOKeITeH s JIUNCThEB.

ObGecrneunTsb AOCTAaTOYHO BBICOKYIO MPOAYKTUBHOCTb M YCTOMUMBOCTD CEJTbCKOXO-
39HCTBEHHBIX Ky/LTYP MPOTUB HeOIaronpusTHBIX (aKTOPOB Cpelibl HEBO3MOXKHO 0e3
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OCBOEHUsI HayKOeMKHUX, SHeprocOeperaroiiyx TeXHOIOrMid UX BeIpaiuBanus [6—10].
Vcnonb3oBaHue OMOMOrAYeCKUX MperapaToB POCTa PACTEHUH SIBJISIETCSI OIHUM U3 JJie-
MEHTOB TakKoH TexHoJsioruu [11—14].

MHorue 371emMeHThI BO3/e/IbIBaHUS JaHHOUW Ky/abTyphl B [1pearopHoii 3oHe [lare-
CTaHa (B UaCTHOCTH, He BbIsIB/IeHa POJIb CTUMYJISITOPOB POCTA) HeJOCTaTOYHO pa3pabo-
TaHbl, I03TOMY pa3pab0TKa HOBBIX 3/7IEMEHTOB TE€XHOJIOTMY BBIPALMBAHUS THOPHUIOB
KYKypy3bl C MCIO/b30BaHWEM CTUMYJIITOPOB POCTa SIB/ISIETCSl aKTyaJbHOM U HMMeeT
OosIbIIIOe MpaKTUYeCKoe 3HauUeHHe.

B [arecrane BonpocaMu BO3[e/IbIBaHKS KYKYpPY3bl Ha 3epHO 3aHnManucs I"H. I'a-
caHoB [15, 16], A.III. T'umbaroB [17] u aAp. OgHaKO MCC/IeA0BaHUH, HAlTPAB/IeHHBIX Ha
BbIsiB/IeHHe 3()()eKTUBHOCTH NIPUMeHeHHs1 CTUMY/IITOPOB POCTa M0/, JAHHYHO KY/IbTYpYy
B yaiioBusx [IpearopHoro [Jarecrana, mpakTUyeCKy He TPOBOAUIIOCH.

Ilesnb Mcc/1e0BaHUI — COBepILIEHCTBOBaHNE 371eMEHTOB TEXHOIOTUH BO3Ze/bl-
BaHWsI TMOPUIOB KYKYPY3bl Ha 3ePHO B yc/ioBuUsiX [IpearopHoro [larectaHa ¢ MUCIO/b-
30BaHKeM POCTOCTUMYJIATOPOB.

MaTepMaﬂbI n MeToabl nccnepgosaHunsa

[MoneBbie uccnenoBanus Obtk mpoBeseHsl B 2018—2020 rT. B AByX(pakTOPpHOM
T10JIeEBOM OTIbITE I10 C/IefIYIOLei CxeMe.

dakmop A — rubpupl: U3ydanach CpaBHUTEIbHAS MPOAYKTUBHOCTD CJIeIYFOIIUX
riuOpuoB KyKypy3bl Ha 3epHO: POCC 299 MB (cranzapt), Mamyk 355 MB.

dakmop B — ctumynsitopel pocTa: 1 — 6e3 06paboTku (KOHTPOJIB); 2 — AMMHO-
Kar 30%; 3 — Meramukc N, .

CoryiacHO CXeMe OITbITa, TIOCEBbI KyKypy3bl B (haze 5-6 micTheB Obi 00paboTaHb
crumysiTopamMu pocta AmMuHokar 30% u Meramuike N, go3oi 0,5 j/ra.

OnbIT 10/1eBOM, MOBTOPHOCTh YeThbIpeXKpaTHasi, pa3MelljeHre /1e/ITHOK — PeH/J|0-
MH3UPOBaHHOE.

[pepiiecTBEHHUK — 03MMast MILIEHULIA.

[TouBa 3KcrIeprMeHTanbHOIO yYacTKa KalllTaHOBasi. BenruvHa reperHost B rymy-
COBOM TOPH30HTe 3TUX TMOYB Kosiebetcst oT 2 10 3,5 %, a 3amackl ryMmyca B METPOBOM
cnoe pasHstoTcs 190...220 T/ra.

B nmaxotHOM coe mouBkl cofepkutcs ot 30 o 90 MI/Kr ruipoam3yemMoro aso-
Ta, oT 10 7o 35 Mr/kr — nogBmkHOro docdopa u ot 200 1o 300 Mr/Kr — obMeH-
HOT'O Ka/usl.

[TokaszaTenu MJIIOTHOCTH U HauMeHbIllel BIaroeMKOCTH KallTaHOBLIX [IOYB B Me-
TPOBOM CJIO€ COCTABJISIIOT COOTBETCTBEHHO 1,54 T/M° u 22,4 %, B cioe 1ouBbl 0,6 M —
1,42 /™ u 25,0 %.

[TocTaHOBKa MO/MEBOTO 3KCIIEpUMEHTA BBIMOJIHEHA B COOTBETCTBUU C METOAUUe-
cKuMH ykazanusmu B.A. locriexoa [18].

PesynbTaTbl uccnefoBaHus u obcyXkaeHue

Cpoku roceBa CeMsiH KyKypy3bl B HallIUX YCI0BUSX AndepeHMpoBanrch B 3a-
BUCHMOCTH OT IIPOM3BO/CTBEHHBIX YC/IOBUM U MIOTOAHBIX ()aKTOPOB: CeMeHa KyKypy-
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3b1 ObUTH TIOCesiHBI cesyiko CYTIH-8 5 masi B ycnoBusix 2018 1.; 8 mass — B 2019 15
3mags —B 2020

B cpegnem 3a rogpl npoBesieHUs UCC/IeJ0BaHUKM Ha KOHTPO/JIbHOM BapuaHTe IIpo-
JIOJDKUTE/TBHOCTh BereTallMOHHOTO Tiepuoga rubpuzoB Kykypyssl POCC 299 MB
(cranpmapt) 1 Maiuyk 355 MB cocraBunia cootBeTcTBeHHO 117 1 128 nHeil.

[To cpaBHEHHIO C KOHTPOJILHBIM BapUAHTOM TIPH 00paboTKe CTUMY/ISITOPOM POCTa
Awmmunokat 30% ybopouHasi CriesioCTb 3epHa HacTynu/aa Ha 3—6 [Hel, a Ha BapyuaHTe CO
ctumynaTopom Meramukce N, | — Ha 5-6 [jHeli paHblie.

WccrenoBanns rokasau, YTo TOJIHOTA BCXOZOB B cpefHem 3a 2018—2020 rr. y tu-
opumor POCC 299 MB (crangapt) u Mamyk 355 MB Ha BapuaHTe 6e3 mpuUMeHeHUsI
CTUMYJIITOPOB POCTa BapbUpOBasia B ripesiesiax ot 95,3 710 97,6 % (tabn. 1). AHamm3upys
JIJAaHHBII TIOKa3aTe/b Ha BapUaHTaxX Co CTUMY/ISITOPaMH POCTa, C/ielyeT OTMETUTb, UTO Ha
3TOT TOKa3aTe/b OHU He OKa3a/ii CYILeCTBEHHOTO BJIMSIHUSL, BUAMMO, TIOTOMY UTO 00Opa-
00TKa MOCeBOB CTUMY/IITOPAMHU ITPOBOAMIIACH B (ha3e 5-6 TUCTHEB Y PACTeHU KyKypy3bl.

Tabnmya 1

MNMonHoTa BCxoA0B rM6pUAOB KYKYpy3bl B 3aBUCUMOCTHU
OT U3y4yaeMmbix arponpuemoB (cpeaHss 3a 2018—2020 rr.)

KonuuectBo pacteHun, o
CTumynaTopbl pocTa mépug THIC. WT./ra MonHoTta BcxoAoB, %
POCC 299 MB
7
Be3 06pa6oTKu (cranpapr) 66, 953
(kouTpone) Matwyk 355 MB 68,3 97,6
POCC 299 MB
(ctangapT) 66,4 94,8
AmuHokat 30%
Mawyk 355 MB 67,5 96,4
P 299 MB
?cigmam) 66,7 953
Meramuke N,
Mauwyk 355 MB 67,6 96,6
Table 1
Seedling vigor of corn hybrids depending on growth stimulant treatment (2018—2020)
. . Number of plants, L
Growth stimulants Hybrid thousand plants/ha Seedling vigor, %
ROSS 299 MV
Without treatment (standard) 66.7 953
|
(control) Mashuk 355 MV 68.3 97.6
ROSS 299 MV
66.4 94.8
Aminokat 30% (standard)
Mashuk 355 MV 67.5 96.4
ROSS 299 MV
66.7 95.3
Megamiks N, (standard)
Mashuk 355 MV 67.6 96.6
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[TomHOTa BCXOZ0B Ha e/ITHKaX CO CTUMYAATOpoM AMHUHOKAT 30% y BbIllIeHa3BaH-
HBIX THOPU/IOB COCTaBU/Ia COOTBETCTBeHHO 94,8...96,4 %, a Ha BapyaHTe CO CTUMYJISI-
TopoMm pocta Meramukc N,/ — 95,3...96,6 %.

Jpyrum moka3saresieMm, onpe/enstoniuM 3¢hGheKTUBHOCTh TeX WIW WHBIX arpoTex-
HUYEeCKUX MEPOTIPUSTHH, SIBISIETCSI COXPaHHOCTh pacTeHu# nepes; yoopkoii. B cpegHem
3a 2018—2020 rr. coxpaHHOCTh pacteHuii y cranzapra (POCC 299 MB) u rubpuga
Maruyk 355 MB, Ha KOHTPO/JILHOM BapvaHTe COCTaBW/a COOTBETCTBEHHO 83,7....85,6
% (Tabm. 2).

Tabnmya 2

BnusiHne cTMMYNATOPOB POCTa Ha KONMYECTBO U COXPaHHOCTb
pacTeHwmi1 KyKypy3bl nepeg, ybopkoii (cpeaHsasa 3a 2018—2020 rr.)

CTUMYNSTODbI DOCTa MM6om KonuuectBOo pacteHui, CoxpaHHOCTb pacTeHuH,
Y. pbi p PYA ThiC. WIT./ra %
POCC 299
7
Be3 06pa6oTku MB (cTaHpapT) %86 8,
(konTpon) Matuyk 355 MB 59,9 85,6
POCC 299
60,0 85,7
AmuHokat 30% MB (cTanaapr)
Mawyk 355 MB 61,0 87,1
POCC 299
61,1 87,3
Meramuke N, MB (cTaHAapT)
Mauwyk 355 MB 63,3 90,4
Table 2
Effect of growth stimulants on corn plants before harvest (2018—2020)
. . Number of plants, s o
Growth stimulants Hybrid thousand plants/ha Plant survival, %
ROSS 299 MV
Without treatment (standard) 58.6 83.7
(control) Mashuk 355 MV 59.9 85.6
ROSS 299 MV
60.0 85.7
Aminokat 30% (standard)
Mashuk 355 MV 61.0 87.1
ROSS 299 MV
61.1 87.3
Megamiks N, (standard)
Mashuk 355 MV 63.3 90.4

B panbHetiem, ocie 06paboTku ObUTH CO3/jaHbI O/1arONPUSATHBIE YC/IOBHS ISt
HOPMaJILHOTO POCTa U pa3BUTHS paCTeHUH, B CBSI3U C yeM Habstofjasnach Gosee BbICO-
Kasi COXpaHHOCTb pacteHuid. Tak, Ha oHe 06paboTku cTumynsaTopom AmMuHoKat 30%
COXPaHHOCTb pacTeHui nepef yoopkoii y crangapra (POCC 299 MB) noBeicuiach Ha
2 %, a y uzyuaemoro rubpuga Maiyk 355 MB — Ha 1,5 %.
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Haubosee BicOKHe 3HaUeHHsE HabMI0aMMCh Ipy 06paboTKe CTUMYISTOPOM Mera-
MUKC N, , UTO BBIIIIE JAHHBIX TIEPBOTO BapUAHTa COOTBETCTBEHHO Ha 3,6 u 4,8 %.

VccnenoBaHusi TIOKas3aid, YTO M3yuaeMble TMOpPHBI KyKypy3bl COpPMHUpPOBAU
MPUMEPHO O/IMHAKOBbIE 3HAUEHMSI JINCTOBOM MOBEPXHOCTH HAa KOHTPOJBLHOM BapHaH-
Te — COoOTBeTCTBeHHO 43,3 u 43,8 Thic. M?/ra. [IpMeHsieMble CTUMYJISITOPbI POCTa
AwmuHokar 30% 1 Meramukc N, MOBBICH/IM TI/IOMIA/b JIMCTOBOW MOBEPXHOCTH Y Bbi-
IIIeHa3BaHHbIX TUOPUIOB KYKypy3bl Ha 4,4 u 5,5; 6,0 u 8,4 % COOTBETCTBEHHO.

[IpumepHO Takasi ke JMHAMUKa OTMeuyeHa Takxke IO MoKa3aTessiM YUCTOM Mpo-
OYKTUBHOCTU (oTocuHTe3a — 8,37 u 8,49 r/mM*CcyTKU. B ciyuae mpUMeHeHUs! CTU-
MYJISITOPOB pOCTa Hab/I01a0Ch yBeindeHre nmokKasareneil (P 0OTOCMHTeTHYeCKou [ie-
ATeNbHOCTH T0CeBOB TuOpHAoB. Tak, Ha Je/sTHKaX C TIPUMeHeHHUeM CTUMYJISTopa
Awmwunoxkat 30% 3HaueHUs TIIOA/[A TUCTOBOM TTOBEPXHOCTH COCTaBU/IU: Y CTaHAap-
ta — 45,3 ThIC. M?/Ta, a y rubpuga Maiyk 355 MB — 46,3 Teic. M?/Ta. 31O O0sblIIe
JIaHHBIX TTIEPBOr0 BapUaHTa COOTBETCTBEHHO Ha 4,6...5,7 %.

Ha BapuanTe co crumynsaTopom Meramukc N, | Hab/rona/mch HauGo/bLIe 3HAUeHHS
(hoTocuHTeTHUECKOM JlesiTe/TbHOCTH. Tak, MIola/ib IMCTheB, HAKOTI/IeHWe CyXOro Belrle-
CTBa M YKCTast TIPOAYKTUBHOCTE (hoTocuHTe3a (UI1D) y rubpuga POCC 299 MB cocra-
BUJIM COOTBETCTBEHHO 46,0 ThiC. M%/ra, 25,8 T/ra u 9,77 r/ M*cyTKu, ripu 47,6 ThIC. M%/Ta,
28,8 1/ra, 9,86 1/ M**CyTKM — Ha Zie/IsiHKax ¢ rubprgom Mariyk 355 MB. OTu [jaHHbBIe Ha
BapraHTe 0e3 MPUMeHeHHsI CTUMYJIITOPOB POCTa y CTaHzAapTa U rhopuaa Mariyk 355 MB
OBI/TH HIDKe COOTBETCTBeHHO Ha 6,2 1 20,6; 16,7 1 8,7; 21,51 16,1 %.

B Haiiem skcriepumenTe ypokaiiHocTh cTanzapta (POCC 299 MB) Ha KOHTPO/b-
HOM BapuaHTe B CpeJJHeM 3a I'o/jbl IPOBe/leHHs1 OIlbITa cocTaBuia 5,9 T/ra (puc. 1).

12

10

POCC299MB  Mawyk355MB | POCC299MB Mawyk355MB | POCC299MB  Mawyk 355 MB

bes ofipaboTku (KoHTpONb) AmuHoHat 30% MeramurcN10
7018 72019 w2020 s CpeHAA

Puc. 1. Ypo)KanHOCTb KyKypy3bl B 3aBUCUMOCTU OT NMPUMEHSEMbIX PETYNIATOPOB POCTa, T/ra

CROP PRODUCTION 59



Xawodaxunosa III.M. u dp. Becthuk PY/TH. Cepusi: ArpoHOMUS U )KUBOTHOBOZCTBO. 2021. T. 16. Ne 1. C. 54-65

12

10

ROSS 295 MV Mashuk 355 MV ROSS 295 MV Mashuk 355 MV ROSS 295 MV Mashuk 355 MV
Without treatment (control) Aminokat 30% Meegamiks N10
2019 e 2020 — AVETagE

Fig. 1. Effect of growth regulators on corn productivity, t/ha

Haubonbinyto ypoxxaiiHOCTb obecrieuns rubpus Maryk 355 MB. TIpeBbitieHue
1o cpaBHeHHIO ¢ TuOpuzoM POCC 299 MB Ha BapuaHTax OIbITa COCTaBUIO COOTBET-
ctBenHo 30,5; 31,5 u 32,5 %.

Ha ¢one npumenenusi crumynsitopa AmMuHokat 30% ypokaliHOCTb CTaHJapTa
(POCC 299MB) yBenuuunnack Ha 23,7 %, a rubpuzga Maryk 355 MB — Ha 24,7 %.

Haunbosnee BbICOKHe JaHHBIE TIO/yueHbl HA BapUaHTe, rie TIPUMEHSIJICSI CTUMYJIS-
Top Meramukc N, . YpoxalHOCTb cTaHzapTa 1 rubpujga Mamyk 355 MB B anHOM
cnyuae Bo3pocia Ha 30,5 1 32,5 % coOOTBeTCTBEHHO.

AHanmm3upyst JaHHBIE 110 YPOXKalHOCTH TMOPH/IOB KYKYPY3bl B 3aBUCMOCTH OT TIpH-
MeHsIEMbIX CTUMYJISITOPOB POCTa MOXKHO OTMETUTb, UTO B CPeJHEM HarOOJIbIIIYO IprOaB-
Ky OHU 00ecrieun/ii Ha (pOHe NpUMeHeHHs CTUMy/siTopa Meramukce N, , IpeBbIleHne ¢
JJAHHBIMU I10 CTUMY/IATOPY AMUHOKAT 30% COCTaBU/I0 COOTBETCTBEHHO 5,5 U 6,2 %.

Ha puc. 2 BuziHO, UTO IOKa3areay CTPYKTYPbl YpoXkasi (BbIXOZ, 3epHa C I0uarka,
Mmacca 1000 3epeH, Macca noyartka, Macca 3epHa B [104aTkKe, [JIMHa [1I04aTka) y CTaHzap-
ta (POCC 299 MB) Ha KOHTPOJIbLHOM BapuaHTe COCTaBU/IM COOTBeTCTBeHHO 77,4 %,
251,31, 1701, 131,6 r 1 19,0 c™m.

Ha noceBax c rubpuzom Maiyk 355 MB, noka3satenu CTPYKTypbl ypoxKasi, 3a UC-
KJIFOUEHWEeM JIJIMHBI [T0YaTKa, yBeJuuunuck Ha 4,0; 7,7; 6,8 u 12,4 %. Ha BapuaHTax co
CTUMY/IITOPaMM POCTa OTMeUYeHO HeKOTOpOoe TOBbIlLIeHWe 3TUX MoKa3aresned. Tak, Ha
JieJIsTHKax co ctumyssitopoM AMuHoKat 30% y rubpuioB KyKypy3bl BblllleyKa3aHHbIe
nokasaresiv (6e3 yueTa /JIMHbI TI0YATKa) YBEJTMUMIUCh COOTBETCTBEHHO Ha 4,5 u 2,0;
3,7u3,8; 11,1 u 7,5 u; 16,1 1 9,6 %.

Ha ¢one ctumynsitopa Meramukc N,, yBesinueHre COCTaBUIO 71u4,7;,7,4u4,)5;
13,2 1 11,8; 21,3 u 31,3 % COOTBETCTBEHHO.

Vccnenys 3akoHOMepHOCTH (hOPMHUPOBaHUS TI0KasaTesiell CTPYKTYpPbl ypoxkast Ti-
OpugaMy KyKypy3bl Ha BapHaHTaX CO CTUMY/ISITOPAMH POCTa MO)KHO OTMETHTb, UTO
3[1eCh, KaK ¥ B C/lydae C KOHTPOJIbHBIM BapuaHToM, rubpu Maryk 355 MB 3Hauu-
TesibHO npeBocxouT crtanzapt (POCC 299 MB).
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Puc. 2. CTpyKTypa ypoxxas KyKypy3bl B 3aBUCUMOCTM OT MPUMEHSIEMbIX PEryNAaTOPOB pocTa
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Fig. 2. Components of corn harvest depending on growth regulator treatment

B Hammx mcciejoBaHysIX Ha KOHTPOJIBHOM BapHhaHTe caMoe BBICOKOe COZeprKaHue
KpaxMaJia, MpOTerHa U >Kupa 3adrKCcupoBaHo y rubpuaa Maryk 355 MB 66,39; 8,41
u 3,81 % cootBeTcTBeHHO (pHC. 3). OTO BbIIIIEe MOKa3aTesel o rudbpugy POCC 299 MB
Ha 0,43; 0,24 u 0,54 % CcOOTBETCTBEHHO.

Ha pensuHkax co ctumynaropoMm AMuHOKar 30% OTMeueHO HeKOTOpoe, 0 CpaBs-
HEHHUIO C KOHTPOJIbHBIM BapUAaHTOM, YBeJIMUeHHe COflepKaHusl KpaxmaJsa, IIpOoTerHa U
»kupa. Tak, Ha moceBax ¢ rubpugom POCC 299 MB (cTaHzapT) NpeBbIllIeHre COCTaBU-
JIo cooTBeTCcTBeHHO 7,65; 0,21 1 0,20 %.
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Puc. 3. XuMn4ecKnii cocTaB KyKypy3bl B 3aBUCUMOCTM OT NMPUMEHSIEMbIX CTUMY/ISTOPOB POCTa
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Fig. 3. Chemical composition of corn grains depending on growth stimulants used

JlocTaTouHO BBICOKHE TI0Ka3aTeny KpaxMaJia, TpoTerHa 1 K|pa Y TMOPHU/I0B KYKy-
py3bl 3a(UKCUPOBaHbI HA BapUaHTe CO CTUMY/IATOpOM Meramukc N, .

BbiBOAbI

1. [ns Bo3genbiBaHUS KyKypy3bl Ha 3epHO B IlpearopHoii nognpoBuHLuM [are-
CTaHa PEKOMEH/TyeTCsl UCTI0/Ib30BaTh CpeAHe ekl rubpus Maiyk 355 MB.

2. 15151 AOCTW>KeHUSI 10CTAaTOYHO BBICOKHMX TOKa3aresiei MPOAYKTUBHOCTH THOpH-
JIOB KyKypy3bl DeKOMeH/lyeTcsl TIPUMeHSITh 00paboTKy 1oceBoB B ¢asze 5-6 1HCTbEB
ctumyATopoM pocra Meramuke N, | no3oii 0,5 J1/T.
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CoBepLueHCTBOBaHUE METOA0B TECTUPOBAHUSA NMOYBbI
Ha BbifiBJIeHUe crnop Bo36yauTens paka Kaprtodens
Synchytrium endobioticum
C MCMNOJIb30BaHUEM MOJIEKYNSIPHbIX METOAOB

FO.B. IIgeTkoBa® **, B.A. SIkoB/ieBa’

'Bcepoccuiickuii LeHTp KapaHTHHa pactenuii (BHUUKP),
Mockoeckas obnacmb, Pocculickas ®edepayus
2MOCKOBCKHI TOCYy/lapCTBEeHHbIN yHUBepcuTeT UM. M.B. JIoMoHOCOBa,
2. Mockea, Poccutickass @edepayus
*yutska@mail.ru

AmnnoTauus. Bo30yzuresnb paka kaprodessi rpub Synchytrium endobioticum (Schilb.) Percival. sBnsietcs
OrpaHMYeHHO PaCIPOCTPaHeHHBIM KapaHTHHHBIM 00bEKTOM Ha TeppuTopui Poccuiickoit ®esepariii. OCHOBHOW
MyThb PacnpoCTpaHeHus rpuda — 3apakeHHble KIyOHU KapToders U pa3IMuHbIi 10CaJl04HbIiA MaTepuarl, comep-
JKALIMH YaCTUUKY TIOUBBI, 3apaykeHHOH criopamu rprba. OfjHOH 13 K/IFoueBbIX MPo6/ieM B BbIsIBIEHHH 3a00/1€BaHks
SIBJISIETCS TPUMEeHeHre B 1ab0paTOPHOM MpaKTHKe J0CTOBEPHBIX METO/0B IPSIMOT0 TeCTUPOBAHUS MOUBBI Ha
BbIsIB/IEHHME TTOKOSILLIMXCS criop rpuba 6e3 ncriosib30BaHUst TOKCHUHBIX [1/1s1 TepCoHaa XUMUYeCKHX IperapaTos.
ITpezcraBnena arpobaliyist MOIEKy/ISIPHBIX METOZOB JUarHOCTHKY TTOUBLI Ha BbIsiB/IeHHe S. endobioticum mMetofoMm
nipsimoro Beigenenust JJHK rprba 13 nmouBeHHbIX 00pa3siioB C UCIO/Ib30BaHKeM Habopa peareHToB «MeTal'eH/
MetaGen». VjeHTU(UKALMIO TPOBOAMIIN C UCIIO/Ib30BaHKeM Habopa cepun « PUTOCKPUH» «Synchytrium
endobioticum-PB». TIpegBapure/ibHO HabOp ObLT aripobupoBaH ¢ ucrosb3oBanueM JHK, Bbige/ieHHON U3 Ha-
POCTOB paka KapTogesst pa3IMuHbIMI KOMMepueCKUMH Habopamu. YCTaHOB/IEHO, UTO ONTUMAa/IbHBIM METO/|0M
BoigeneHus: [THK 13 HapoCTOB J/1st MCC/IeJOBaHUH SIB/ISIETCS UCTIONb30BaHue Habopa «PutoCop6-ABTOMar 48»
Ha poboTusupoBanHoit craHuur HK Tecan. [TpoBefieHHbIe HCC/IeA0BaHUS TTOKA3aJIH, UTO YYBCTBUTEIBHOCTD
MeToza psiMoro BbizeneHus: JTHK 13 mouBeHHbIX 00pa3LioB pa3/IMUYHOM CTereHH 3apaKeHHOCTH He YCTyTraeT
MeTozy (IoTalyy C UCIOIb30BaHUEM UeThIPEXX/IOPUCTOrO yIyiepoza. JJaHHbIH MeTo/, 1o3BosisieT paboTats C
o6pasLiamu MouBbI Pa3UUHBIX THUIIOB, BK/IFOYAst TOPQSHUCTBIE.

KitroueBble cj10Ba: KapaHTUH pacTeHuH, pak kaprodens, Synchytrium endobioticum, AUuarHOCTHKa, T10-
JMMepasHasl LierHasi peakLust

3asBiieHre 0 KOH()IMKTe HHTEPeCcoB: ABTODbI 3asiB/ISIFOT 00 OTCYTCTBHU KOH(IMKTa HHTepecoB. Habopbl
peareHToB KomrnaHuu-tipoussogutenss OO0 «HIT® CunTo» ObLM OQUIMATBHO 3aKyTIIeHBI YUPEKIeHHeM-pa-
6orogareem aBTopoB ®I'BY « BHUVIKP». ITpoBoAM/IOCE TeCTHPOBaHHe HAOOPOB peareHToB JaHHOK KOMITAaHUH
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Improvement of soil testing techniques
for detecting spores of potato wart disease
Synchytrium endobioticum using molecular methods
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Abstract. Synchytrium endobioticum (Schilb.) Percival. is a pathogen of potato wart disease and has a
restricted distribution on the territory of the Russian Federation. Its main pathways are infected potato tubers
and different planting material containing soil particles infected with spores of the fungus. One of the main
problems is the use of toxic chemicals during detecting the disease in laboratory methods of direct soil testing to
identify resting spores. This paper presents the assessment of molecular methods of soil diagnosis for detection
of S. endobioticum by direct extraction of fungal DNA from soil samples using the MetaGen reagent Kkit.
Identification was performed using the ‘Fitoskrin. Synchytrium endobioticum—RT" kit. The kit was pre-tested
using DNA isolated from potato warts by various commercial kits. It was found that the optimal method of
DNA isolation from the warts was using the ‘FitoSorb—Avtomat 48’ kit at the Tecan robotic station. Studies have
shown that the sensitivity of the direct DNA extraction method from soil samples with various infection levels
is the same as that of flotation method using carbon tetrachloride. Moreover, this method makes it possible to
work with soil samples of different types, including peaty soils.

Key words: plant quarantine, potato wart disease, Synchytrium endobioticum, diagnostics, polymerase
chain reaction
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BesepeHue

N3BecTHO, UTO KapTodesb SIB/SETCS OJHOW U3 CaMbIX MOpPa)KaeMbIX CeIbCKOXO-
3HCTBEHHBIX KY/BTYP, C HUM CBsi3aHO 34 BU/ja KAPAHTUHHBIX BPeJHbIX OPraHHU3MOB
EnuHoro nepeuHsi KapaHTHHHBIX 00bekToB EASC. K unc/ty 1aHHBIX BU/JOB OTHOCHT-
cst BO30yauTesb paka Kaprodesns rpubd Synchytrium endobioticum (Schilb.) Percival.,
VMIMEIOLIMI OrpaHUYeHHOEe pacpoCTpaHeHue Ha Tepputopun PO.

Hecmotpst Ha To, uTO /JlaHHOe 3abos1eBaHMe U3BeCTHO C KOHIa XIX B., OHO sIB/IsIeT-
Cs1 OYeHb 3HAUMMbBIM U CTPOTO KOHTPOJIMPYeTCsl Ha FOCyAAapCTBEHHOM YPOBHE BO MHO-
T'UX CTPaHax MUpa. AKTYa/IbHOCTb IaHHOTO 3a00/1eBaHMsI CBsI3aHa TaKKe C IpobiemMoit
TOSIB/IEHNs] BUPYJ/IEHTHBIX TIaTOTUIIOB TpUba, UTO YC/IOXKHSIET TMPOLIeCC JMKBUIALIMH
0YaroB C TIPUMEHEHUEeM YCTOWUYMBBIX K paKky COpPTOB KapTodessi. BriepBbie cBefjeHUs
0 BHYTpPUBHI0BOU muddepeHiraiyu y S. endobioticum niosiBuivcek B 1942 ., Korza B
['epmanuu Ob11 0OHAPY>KeH HOBBIM MATOTHUII C MTOBBILLIEHHOW BUPY/IEHTHOCTHIO [1—4].
Inst ynobcTBa ripoBefieHHst MaeHTHUGUKAI[MK Obla pa3paboTaHa CTaHjapTH3UPOBaH-
Hasl CUCTeMa YMC/IOBOTO KOJMPOBaHUs MaToTuroB [5, 6]. B 2009 r. BUpy/ieHTHBIH IMa-
TOTHI, KogupyeMbiii HomepoM 38 (Nevsehir), 6611 ugenTudunmposas B Typiun [7].
[Mocnemnanii matotun 39 (P1) 6but ommcas B [Moseinie B 2015 1. [8].

YunTbiBasi BEICOKYIO BPeZOHOCHOCTH 3a00/1eBaHusl, [JIUTe/bHBIN MTepUOJ] )KU3He-
crocoOHOCTH criop rpuba B ouare v OTCyTCTBHE 3(h(heKTHBHBIX Mep 60pEObI, BO MHOTHX
CTpaHax MHpa JIelCTBYIOT CTPOrve KapaHTUHHbIE (PUTOCAHUTAPHbIE MephI 110 KOHTPO-
mo S. endobioticum [9]. B mocnenHue gecsaTiuieTys JaHHOMY 3a00/1eBaHUIO YIe/IeTCs
TIOBBIIIIEHHOE BHUMAaHKE B CBSI3U C BBISIBJIEHHEM 00/IbILIOr0 KOJTMUeCTBa BUPY/JIEHTHBIX
MaTOTUIIOB B Pa3/IMYHbIX CTpaHax, BKatouasi peruoH EOK3P [7, 10—12].

B cBs13u € exXerofHbIM BBO30M Ha TeppUTOpUI0 PP ceMeHHOro 1 TIPOJ0BO/IbCTBEH-
HOro KapTodesisi, a TakKe Jpyroro rnocajiouHoro MaTepmaria, cofepskalliero rousy, co-
XpaHseTCsl BBICOKUM (PUTOCAHUTAPHBIM PUCK UHTPOAYKLIUU B CTpaHy S. endobioticum,
B T.4. HOBBIX BUPY/IEHTHBIX TIATOTUTIOB. B CBsi31 ¢ 3TUM 00JblII0E 3HauUeHre umeeT Obi-
CTpOe U [JOCTOBEpHOe Orpejie/leHre 3apaKeHHOCTH NoYBbI criopaMu S. endobioticum.
C 3Toi1 1IeNbI0 B POCCUMCKUX J1TabopaTopusiX [jisl Bblle/IeHus1 Criop rpruba TpajuLiuoH-
HO MCII0/Ib3YeTCsl MeTo/, (/I0Tali B UephIpeXX/JIOPUCTOM yIJiepojie € MOoC/IeyoLUuM
MHKPOCKOITMPOBaHMEM BCIUIbIBIIEN OpraHUKK W MOp(oMeTpreli BbISIBIEHHBIX CIIOP.
Cyl1iecTBeHHBIM HeJJOCTaTKOM JJaHHOTO MeTO/ia SIB/ISIeTCST UCII0/Ib30BaHHE BbICOKOTOK-
CUUYHOTO peakTHBa U TPYA0eMKOCTb MUKpOCKONMpoBaHusi. Kpome Toro, mMetos faet
HU3KYHO JOCTOBEPHOCTh TIPU TeCTUPOBAHMY TOP(MSHUCTOM MOYBBI U3-3a OO/BILIOTO KO-
JTMYEeCTBAa BCIUIbIBAIOIIE OPraHUKY.

C y4eToM OTMeUeHHbIX BbIIlIe HeI0CTaTKOB Oblia MPeANPUHSTA TIOMbITKA UCIIOMb-
30BaHUs MOJIEKY/ISIPHOTO MeTO/ia TeCTUPOBaHMs IOUBbI Ha BbisiB/ieHUe S. endobioticum
MeTooM TipsiMoro Bbiieniennsi JTHK rpuba w3 mouBeHHBIX 00pasi[oB C MCIO/b30Ba-
HueM Habopa peareHTOB «MeTtal'en/MetaGen» nipousBoactBa OO0 «HIT® CunToM»
(Mocksa) c nocnenyroiym npoesieHreM [1LIP «B peabHOM BpeMeHMW».

Ilenp ucce0BaHUsI — COBEPIIEHCTBOBAHUE 1a00PAaTOPHOM JUAarHOCTHUKU Ha
BbIsSIB/IeHHe BO30yuTesisi paka KapTodens S. endobioticum 13 ouBeHHBIX 06pas3IioB C
WCI0/Ib30BaHKeM MeTo/a npsiMoro BbiZiesienust JIHK naroreHa c nocnenytoieii uieH-
tudukaiuei [P «B peasibHOM BpeMeHU».

MaTtepuanbl 1 MeToabl UCCNeAoBaHUSA

[ns BeIfeneHus criop S. endobioticum 13 TIOUBeHHBIX 00pa3LioB KCIIOIb30BaIu Me-
TOJ, (hI0TALMM B UeTHIPEXXJIOPUCTOM YI7Iepojie, a Takke MeTof Bbienenus [THK 300-
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criopaHrues S. endobioticum c ¥Cmo/ib30BaHKEM TOTOBOTO Habopa peareHTOB «MeTal ' eH/
MetaGen» c mocnenytoiieit uaeHTrduKaiyeit MmetonoMm 1P «B peasibHOM BpeMeHI».
OG6pa3s1ibl TTOYBHI, UCIIO/TB30BaHHbBIE /ISl TIPOBEIeHUsT SKCIIePUMEHTOB, OTMCAHbBI B

Tabm. 1.
Tabnmya 1
O6pasubl NoYB, UCMONb30BaHHble AN BblgeneHus cnop S. endobioticum
KonuuecTtBo crnop rpuba
BapuaHT 06pasLbl NOYBbI & 100 rp. nousb
1% WckyccTBeHHOe 3apaXkeHue 5
(cynecyaHas no4ea)
o WckyccTBeHHOE 3apaXeHue 5
(cyrnuHucTas noyea)
3% MckyccTBeHHoe 3apaxeHue 50
(cynecyaHas nouyea)
4+ UckyccTBeHHOe 3apaxeHue 50
(cyrnuHucTas noysa)
WckyccTBeHHOe 3apaXeHue
5 500
(cynecyaHas no4yea)
6 WckyccTBeHHOe 3apaXeHue 5000
(cynecyaHas noyea)
7 WckyccTBeHHOe 3apaXeHue 20000
(cynecyaHas noyea)
MockoBckas 0611., cTapblii oyar
8 HeussecTHo
(TopdaHucTasa noyea)
9 MockoBckas 061., ouar (CyrnMHucTas noyea) HeuseecTHO
10 BopoHeXcKasi 0611., cTapblii oyar HensBecTHo
(cynecyaHas nouyea)
1 OTpuuaTesnbHbI KOHTPO/b 0

*[1aHHble BapyaHTbl 06pasLoB MNoYBbI MCMOIb30BAMCh TOMBKO NPV UCMbITaHMM MeTofda NPsiMoro BblaeneHna JHK.

Table 1
Soil samples used for isolation of S. endobioticum spores

No. Soil samples Numberréét;ng:lszﬁores per
1* Artificial inoculation (loamy sand) 5

2% Artificial inoculation (loam) 5

3* Artificial inoculation (loamy sand) 50

4* Artificial inoculation (loam) 50

5 Artificial inoculation (loamy sand) 500

6 Artificial inoculation (loamy sand) 5000

7 Artificial inoculation (loamy sand) 20000

8 Moscow Region, old outbreak (peaty soil) Unknown

9 Moscow Region, outbreak (loam) Unknown

10 Voronezh Region, old outbreak (loamy sand) Unknown

11 Negative control 0

* The soil samples were used only for the direct DNA extraction method.
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[1711 NCKYCCTBEHHOTO 3apakeHHsl TIOUBbI BbICYIIIEHHbIe HAPOCThI paka KapToderis,
cofieprkalllie 3MMHMe 300CIOpaHTyK TaToreHa, pacTvpand B ¢apdopoBoii CTymnke U
MpocerBasv yepe3 Habop cut. @pakiuio, cobpaHHyto ¢ cuta quamerpom 0,25 MKM, co-
JlepyKaliyto Criopsl rpuba, UCII0/Ib30BasIH /ISl IPUTOTOB/IEHHSI MHPEKIIMOHHOM CyCTeH-
31, 3aT€M PaCCUNTHIBAIM KOHLIEHTPALIWIO 300CIIOPaHryeB B 1 MJT CyCIieH3UH, KOTOPYHO
CMeILMBa/IM C IOYBEHHOW HaBeCKOM.

[nist BeIEieHus criop Tprba MeToZoM (UIOTallMy B YeThIPEXXJIOPUCTOM YT/IepO-
Jle UCTI0/Ib30Bali MeTOUKY, pa3paborannyro H.A. TopoxkkutbiM U K.E. IIlaprKkoBbIM
[13]. TloacueT BBIJjeNIEHHBIX CIIOP TPOBOJUJICS MyTeM TIOTHOTO TTPOCMOTPA BCII/IbIB-
11eil OpraHUKY B TPeX MOBTOPHOCTSIX B K&)K,0M BapyaHTe OIbITa.

Maremaruueckyro 00paboTKy SKCTepUMeHTalIbHbIX JAAHHBIX BBITIOTHSIN B TIPO-
rpamMe EXCEL c nomolpo HaICTPOMKU « AHa/IN3 JaHHBIX».

Brigenenue [JHK u3 06pa3iLioB MoYBbl MPOBOAWIM C UCIIO/Ib30BAHHEM KOMMep-
yeckoro Habopa peareHToB «MeTtal'eH/MetaGen». Oco6eHHOCTbIO Habopa SIB/ISETCS
BO3MOXKHOCTb HarpsiMyto BbiienisiTh JJHK 13 mouBeHHOro oOpasiia, e CofepsKarcst
cunbHbIe THruOuTOpLI ITLIP peakiiyy (TyMUHOBBIE KMCIOThI, BTODUYHbIE MeTa0O0UThI
Gakrepuii v rpuboB u ap.) [14].

Bo3zaymHo-cyxoi ob6paser] mouBbl Ka)KZoro Baprianta Maccoi 100 T TijaTe/sHO
pactupasicsi B ¢ap(opoBoii CTyTKe, IPOCEUBACS Yepe3 CUTO C JUaMeTPOM OTBEPCTHIA
0,5 mm. 113 obpasija orbupanack HaBecka 150 M B TpeXKpaTHO MOBTOPHOCTH.

PaboTa BBITIO/HS/IACh COTVIACHO MHCTPYKLIUU MTPOU3BOAMTEIS 3@ UCK/THOUEHHEM KO-
JTMUeCTBa MOYBEHHOTO 00pas3ija, B3AToro Ayisi Bbigenenus JTHK. PazpaboTunkamu peko-
MeHZ0BaHO Hcroab30Bath 250...300 mr g Beigenenus [JHK, ogHako ripy TectrpoBa-
HUY Habopa BO3HUK/IM TPYAHOCTH C TiepeMeliBaHreM Oydepa ¢ HaBeckoi 250 mr, uTo
BbI3BaJjI0 3aTpyAHeHus npy Belgenennd [JHK. [TosTomy B fanbHeNIINX MCCIe0BaHUSAX
WCII0/1b30Baiach HaBecka 150 mr.

[t upeHTUUKALIMY BbIJie/IeHHOM U3 TIouBeHHBIX 00pasioB JHK ucnonb3oBanu
JTMarHOCTHUYe CKUl Habop peareHTOB cepun « DUTOCKpUH» «Synchytrium endobioticum-
PB», KOTODbIH ObI/T HAMM TTPeABAPUTEIBHO arpoOKpOBaH.

[ onpefjenieHysl aHaIMTUYECKOW YYBCTBUTE/IbHOCTH HCIT0/Ib30Ba/IA CyCIIEH3UI0
300CMOPaHrMeB, KOTOPYIO TOTOBWIM aHAJOTMYHO CYCIIeH3WH [i/Is1 UCKYCCTBEHHOIO 3a-
paKeHHUsI TIOYBEHHBIX 00pasL[0B, U TIPUMEHS/IM 3 TIOBTOPHOCTU C YPOBHEM 3apakeH-
Hoctu 10° 10%, 10% 10° 10* K/I€TOK 1]€/IeBOrO OpraHW3Ma Ha MWUIMMUTP. 3aTeM W3
Ka)K7Iol KOHIeHTparu otoupamu nmo 100 MK/ cycrieH3uu rpuba B 3 MOBTOPHOCTSIX U
teHTpudyrvuposBany npu 13000 o6/muH. CyrnepHaTaHT C/TMBAIM, He 3afieBasi 0CajKa.
[TonyyeHHbIe 0Opa3Lbl UCTIO/IB30BaU 15 BbigeneHus [JHK.

B KauecTBe OTpHUIlaTeIbHOTO KOHTPOJISI UCIT0/Ib30Ba/IM UUCThIN 0Opasell, cBo6o -
HBI OT BO30yAMTeE IS paka KapToders.

ITLP ocymectenisimm Ha amruidukarope C1000 Touch CFX96 (BioRad).

[ToporoBeM 1ukioM cuntamu Ct = 40, cOIacCHO peKOMeHAALUsAM TTPOU3BOJUTETS.

HabGop pearentoB «Synchytrium endobioticum-PB» BK/rOUaeT TOTOBYIO peakI[-
oHHYI0 cMech «S. Endo.-BITK» (20 Mk Ha 1 obpa3err), SynTaq JHK-nonmumepasza T+
(0,5 Mk H 1 obpa3zerr). K peakimonHoi cmecu go6aensimi 5 Mk JJHK obpasta. Y-
noBus amrmdukarmu: 95 °C — 300 ¢ — 1 yukn; 60 °C — 40 ¢, 95 °C — 15 ¢ — 45
L[MKJ/IOB.

[nsi cpaBHUTE/NILHOTO aHa/W3a 4yBCTBUTENLHOCTH Synchytrium endobioticum-
PB npoBogwm Beigenenre [JHK 3 HapocTOB paka KapTodess ¢ MOMOIIbI0 HabopoB

70 SALINTA PACTEHNIA



Tsvetkova Y.V., Yakovleva V.A. RUDN Journal of Agronomy and Animal Industries, 2021; 16(1):66—-76

«Metal'en/MetaGen», « JHK-JkcTpaH-2» u «®utoCop6-ABTOMaT-48» MPOU3BO/CTBA

00O «HII® CuHTOM».
Brigenenue [JHK c momoribio Habopa «®utoCop6-ABToMar-48» ObL1o MpoBeje-
HO C UCTO/b30BaHreM aBToMmatrnueckou cradiim HK TECAN.

P63y11bTaTbI ncenepoBaHnAa n OGCY)Kﬂ,eHVIe

Pesynbrarsl BeizienieHusi criop S. endobioticum w3 OYBeHHBIX 00Pa3LiOB METOZOM
GsioTaIK B UETHIPEXX/JIOPUCTOM YIJIEPO/ie TIPUBeIeHbI B Ta0JI. 2.

Tabnua 2
PesynbraTbl BbigeneHus cnop S. endobioticum ¢ ucnonbsoBaHuem MeToga ¢noTauum
Konunyecteo
A¢dekTMBHOCTD
BapmanT KonuuectBo cnop rpuba BblA€NIeHHbIX cnop BLIABNEHNA Cop Fpu6a
B 100 r noysBbl S. endobioticum 3 100 r % !
MoYBbI °
5 500 180,87 £ 44,9 36,17
6 5000 492,64+ 53,66 9,85
7 20000 849,45 + 54,52 4,24
8 HeunseecTHO He npoBogunocb -
9 HeunsBecTHO 230,2 + 44,7 -
10 HensBecTHO 0 -
OTpuuaTenbHbIN
0 0 -
KOHTpOsb K-

Table 2

Results of direct testing of soil samples for presence of S. endobioticum spores
using carbon tetrachloride

Number of fungal Numb.er of fungal . o
No. spores per 100 g of soil spores |solated.from Effectiveness, %
100 g of soil
5 500 180.87 + 44.9 36.17
6 5000 492.64+ 53.66 9.85
7 20000 849.45 + 54.52 4.24
8 Unknown Not conducted -
9 Unknown 230.2 +44.7 -
10 Unknown 0 -
Negative control K- 0 0 -

[TonyyeHHbIe pe3y/bTaThl OKa3a/H, 4To 3(hGeKTUBHOCTh MeToza (IoTaluy B ue-
TBIPEXXJIOPUCTOM YITIEPOJie OUeHb Mara, YTO CBSI3aHO C OOJIbIIMMY T0TePSIMU 300CII0-
paHTHeB Ha pa3HbIX CTA/IUSIX BbIZEIeHUs.

I[Tpu pabore ¢ TOPpHSHUCTHIMY [T0YBaMH (BapHaHT 8) aHHBIA MeToZ TpaKTH4eCKU
HeNpUMeHNM H3-3a OOJBIIOro KOMYeCTBa BCIUIBIBAIOLLEN OPraHUKH, UTO 3aTPYyAHSeT
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06Hapy>1<eHHe 300CIOPAHTHEB WU 3HAUYUTE/IbHO YBE/IMUMBAET BPEMEHHLIE 3aTPAThbl Ha

MIPOCMOTP Ipernaparos.
B pe3ynbrare TectTrpoBaHus Habopa /s uAeHTU(UKALMK TlaToreHa «Synchytrium

endobioticum-PB» ObUTH TI0/TyuYeHbl SKCITOHEHI[Ua/IbHbIE KPUBbIE (DIF00peCLIeHI[UHA HAaKO-
rieHust [THK v 3HaueHue moporoeoro rukiaa Ct 06pasios, B Kotopeix FAM < 40, uto
TIO/ITBEP/IW/IO Ha/TMUKe TIaTOreHa B MCC/IelyeMbIX 00pa3iiax v MPUMEeHUMOCTh TeCT-CUCTe-
MbI «Synchytrium endobioticum-PB» st upeHTrdUKaipy Bo30yanTe s paka KapTodess.

OrpezienieHa aHaMTUYeCKasl YyBCTBUTE/IBHOCTb TeCT-CUCTEMBL. BbUIO ycTaHOB/EHO,

yT0 TioporoM BeisiesieHus1 JJHK Bo30ymuTesist Ay1st JaHHOM TeCT-cucTeMbl siByisieTcst 100% Bbi-
siB/ieHue rpy BropoM pa3sefennu [THK, uto coctaBuio 3x10° kinetok rpuba/mi (Tabu. 3).

Analytical sensitivity of «Synchytrium endobioticum-RT»

Tabnvya 3
OnpepgeneHve aHaNnUTUYECKOM YyBCTBUTENbHOCTYU Synchytrium endobioticum-PB
Synchytrium endobioticum-PB
PasBepenue [1HK Kouu;uugp: T(x:gemk 3HayeHune noporoeoro uukna Ct
1 2 3
0 108 17.86 17.76 18.03
1 10 22.02 21.53 21.99
2 108 32.06 36.06 30.92
3 10? 39,49 - -
4 10° - - -
5 100 - - -
K+ 31.98 31,15 30,92
K-8 - - -
K-y - - -
Table 3

Synchytrium endobioticum-RT
DNA dilution Concentration of fungal Cycle threshold Ct
cells, cells/ml

1 2 3
0 10° 17.86 17.76 18.03
1 104 22.02 21.53 21.99
2 108 32.06 36.06 30.92

3 102 39.49 - -

4 10° - - -

5 10° - - -
K+ 31.98 31.15 30.92

K-v - - -

K-ch - - -
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[Manee Obin MpoBefieH psifi SKCIieprMeHTOB 110 Beifenennto THK matorena Hero-
Cpe[CTBeHHO U3 3apaKeHHBbIX 00pasloB 1oyBbl. HeoOX0AMMO OTMETUTB, UTO C TIOMO-
L0 TIPSIMOTO METO/la TIPOMCXO/IUT BhiJjenieHre ToTaabHOU [IHK, a fanbHeldiee mpo-
BeseHue [ILIP «B peanbHOM BpemeHW» I103BOJISIET OIpee/UTh Hajlhure/0TCYyTCTBUe
raroreHa B obpasiie.

Pe3ynbrarel, rosyyeHHble MPU TECTUPOBAHUM MOYBbI Pa3/IMUHON CTeleHU 3apa-
JKeHHOCTH, pa3/inyajnch He3HauuTenbHO. Tak, npu 3apakeHnH rouBsl 500 300crnopas-
rveB B 100 r nouBkl B cpefiHeM ToporoBblii LWk Ct coctaBua 36,6, Ipy 3apa’keHUn
20 000 300cmnopanrues B 100 r nousel — 33,9, a nipu 3acnopeHHocTtu 5 000 300crio-
panrueB B 100 r mouBsl — 33,3 (Tabm. 4). [Tpu 3ToM HabmoaeTcsi BHICOKOE pas3yinure
B TIPOBOPHOCTSX MO MOPOTOBBIM LIMK/IaM. Takue pe3ynbTaTbl MOIVIA BO3HUKHYTH 10
psiny nipuuuH. Harmpumep, rnpu npocerBaHuy 00pa3iioB TIOUBHI U MOATOTOBKe HaBeCKH
HEeM3MeHHO TepsieTCsl HeollpeZie/ieHHast 4acThb Criop rpuba.

Tabnmya 4

PesynbraTbl Bbigenenuns [JHK n3 o6pasLoB noysbl
¢ nocnegyowen naeHtupukaumen ¢ nomoubio MNMLUP «B peanbHOM BpeMeHU»

3HaueHue noporoeoro yukna Ct
O6pasey KonuuectBo cnop rpuba
B 100 r nouyBbI
1 2 3
1 5 - - -
2 5 - - -
3 50 39,61 - -
4 50 39,24 - -
5 500 35,42 35,10 39,47
6 5000 34,16 32,21 33,49
7 20000 34,41 32,80 34,65
8 HeunsBecTtHa 38,15 28,74 33,88
9 HeunsBecTHa 37,41 35,55 36,97
10 HeunsBecTHa 41,61 33,20 33,56
11 0 - - -
K+* - 33.48 31.98 32.17
K+3** - 17.86 17.76 18.03
K-B - - - -
K-4 - - - -

* [onoXunTenbHbI KOHTPONb Habopa «Synchytrium endobioticum-PB».
** [onoXkuTenbHbIN KOHTPOnb, AHK, BbiaeneHHaa 13 HapocTa paka kapTodens.
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Table 4
DNA extraction from soil samples with Real-time PCR identification
Sample Number of fung]?lszﬁores per100g Cycle threshold Ct
1 2 3
1 5 - - -
2 5 - - -
3 50 39.61 - -
4 50 39.24 - -
5 500 35.42 35.10 39.47
6 5000 34.16 32.21 33.49
7 20000 34.41 32.80 34.65
8 Unknown 38.15 28.74 33.88
9 Unknown 37.41 35.55 36.97
10 Unknown 41.61 33.20 33.56
11 0 - - -
K+* - 33.48 31.98 32.17
K+z+* - 17.86 17.76 18.03
K-v - - - -
K-ch -— - - -

* Positive control of «Synchytrium endobioticum-RT» reagent kit.
** Positive control, DNA, extracted from a potato wart.

Kpome Toro, 0jHOM M3 TIPUYKH, MOTYT ObITh CAMU KOMIIOHEHTBI, BXO/SIIIMe B Ha-
6op auist Beigenenus [JJHK, KOTOpbIM MOKeT He XBaTaeT CBsI3bIBalOLIel CriocoOHOCTH,
TaK Kak B IOYBe HaxojATcsl fpyrue opraHusmel, JJHK KOTOpbIX Takke BblensieTcst
TMIpPY MCTI0/Ib30BaHUY Habopa. CuIKoM 6o7blIoe KOTMYecTBO O1OMacchl MOXKET TIpH-
BOJUTb, C OHOW CTOPOHBI, K UHTMOMPOBAHUIO, a C IPYTOM, K CBSI3bIBAHUIO C COPOUPY-
IOIMMH YacTULlaMu HeljenieBbIx Mosiekysn JHK, «koHKypupys» ¢ mosekynamu JHK
WCC/IeyeMOro raToreHa.

B cBsi3u C HeNMMHENHBIM U C/TyYalHbIM KOle0aHWSIMU LIMK/IOB TIPU Pa3/InYHOM KOH-
tenTparuy JJHK HEBO3MO)KHO TOUHO OTIpeZIe/TUTh CTeleHb 3apa)keHusi 00pasIioB.

Takum o6pa3om, MeTo[, BbiieleHHsT 300CTIOPAHTHER C MCIO/IB30BaHHEM (hIoTaLuu
B YeTbIPEXX/IOPUCTOM YIJIepO/ie He TIPeBOCXOAUT IO UyBCTBUTE/ILHOCTU MEeTOZ, MPsIMO-
ro Boiienienust [IHK matoreHa w3 MOUBBI: TIPH MCIIOTb30BaHUM 000MX METO/IOB y/IanoCh
BBISIBUTh MaToreH npu koHueHTpauyy 500 3oocropandrues Ha 100 r mouskl. Kpome Toro,
npu 11poBefieHrH dKcriepruMenToB JJHK mnatoreHa ob6Hapy»kumi B oOpasiiax MouBbl U3
craporo ouara BopoHexcKoii 06/1acTH, UTo He YJaa0Ch C/ie/iaTh MeTo0M (JIOTaLHH.

[TpenmyIiieCTBOM MOJIEKY/ISIPHOTO METOZA SIBJISIETCSI BOSMOXKHOCTb paboThI C TOp-
(bsSHUCTBIMY TTOYBAMU.

74 BALLNTA PACTEHN



Tsvetkova Y.V., Yakovleva V.A. RUDN Journal of Agronomy and Animal Industries, 2021; 16(1):66—-76

3ak/itoyeHue

[TpoBeseH cpaBHUTE/bHBIN aHaIU3 JBYX MeTOZOB BbISIBI€HUS U UAeHTU(PUKALIUI
B030y/uTesIsl paka KapTodesisi TPy MPsIMOM TeCTUPOBAHUM TOYBBI — MeToza ¢uioTa-
L[UM B YeTHIPEXXJIOPUCTOM yTIyiepozie ¥ MeToza Beizenenus JJHK 13 o6pa3iioB MoyBkI C
JanbHeIel uaeHTUdUKaluen ¢ nomoinbio [P «B peasbHOM BpeMeHu». [Toka3aHo,
yTo 00a MeToZia COMOCTaBUMBI TI0 UYBCTBUTETHHOCTH. KpoMe TOro, MCIO/b30BaHUEe
MOJIEKY/IIPHOTO METOo/ja TT03BOJIsieT TeCTUPOBATh JTF000M THIT TIOUBHI.

Takum o6pa3zom, MeTog ripsiMoro BeigesneHust JTHK 13 mouBkI ¢ mocieaytoiiei mo-
craHoBKo# TTLIP «B peasbHOM BpeMeHM» MOXKET ObITh MCITOb30BaH KaK ajibTepHATHBA
MeToZy (IOTalMy C UCTO0Ib30BaHMEM TOKCUYHBIX BeleCTB.
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HayyHas cTaTbsl / Research article

[onroseyHocTb Bsiza npusemuctoro Ulmus pumila L.
B 3aLLUTHOM Jsiecopa3BeieHUU Ha NOoJYyNyCTbIHHbIX 3eMJISIX
AcTpaxaHcKoro 3aBo/mKbs

B.B. J/Iennecko', J1.II1. Pei0amibikoBa®*

'BorauHCKast HAyYHO-MCC/IeZ0BaTe /TbCKasl arposieCOMeTMOpPaTUBHAsK OTTbITHAsT CTAHIIWS,
2. Xapabaau, Acmpaxaxckas obnacmb, Pocculickas ®edepayus
2@eiepaibHbIN HAyUHBIN LEHTP arpO3KO/IOTHH, KOMITIEKCHBIX MeTHOpaLUi
U 3amuTHOTO Jiecopa3eenenust PAH, e. Boieoepad, Poccutickas ®edepayus
*luddadka@mail.ru

AnHoTanms. [TaHa TPOrHO3Has OL|eHKa JI0JITOBeYHOCTH ApeBocTtoeB Ulmus pumila L. B AcTpaxaHCKOM
3aBomwkbe. [TogTBepKIeHa 3 (eKTUBHOCTE U 11e/ieco06pa3HOCTh BO30OHOBUTEILHOW PYOKH /17Is1 OMOJIOYKEHUST
Y yBeJIMUeHHsI I0JITOBEYHOCTH HaCAXKIEeHUH B MOMyMycThiHe. [IpescTaBieHa pa3paboTaHHas KinacCHpUKarys
3KOTOIOB ACTpaxaHCKOW MOJIYIyCTbIHU 110 IPUTOAHOCTH ZJ1s1 BbIpallBaHUs 3al{UTHO-TEHEBbIX HaCaKJeHUI
13 Bsi3a Ha MacTOMLIHBIX 3eMsisix. Kynbrypa Ulmus pumila L. B MpUKacnUiACKOM pervioHe Iojyuusa MIMpo-
KO€e pacIlipoCTpaHeHue B JIeCHOM Meropaliy MOoMyMmyCThIHHBIX 3eMenb B 1950-x rT. C 9TOro BpeMeHH /10 Ha-
yana 1990-x rr. ycunusiMd borguHckol arposieMesiiopaTUBHON OMBITHOW CTaHLMM Ha IMecyaHbIX MacCHUBax
6b110 3am0)KeHo 0komo 1 Teic. ra HacakaeHud Ulmus pumila L., cOXpaHHOCTb KOTOPBIX B HAaCTOsILI[ee BPeMst
cocrasysieT 18...24 %. MHoro/seTHssl MpakTUKa WMCI0/Ib30BaHKs 3alllUTHO-TEHEBbIX [|peBEeCHBIX 30HTOB, CO3-
JlaHHBIX U3 Bsi3a MPU3EMHUCTOrO, TI0Ka3aja UX 3HaUMTe/IbHbIN 5K0a0rnyeckux 3¢ ekt Ha HyHKLMOHUPYHOLIUX
nacrbumiax. Llenb vccenoBaHuii — pa3paboTKa yCOBepIleHCTBOBaHHOW TeXHOJIOTUH CO3/IaHMUsl [JONTOBEUHBIX
3aIIUTHO-TEHEBbIX HACAK/JEHUM U3 Bsi3a MPU3EMHUCTOrO Ha MACTOMIIHBIX YTOAbSIX ACTPaXaHCKOTO 3aBOJDKbSI.
ViccnepoBaHusi IPOBOJUIUCH C WCIIOb30BaHUEM OOIIETPUHSATBIX METOAWK B JIECHOW TaKCAlUKM JPEBOCTOEB
A.I1. AnyuuHna (1961), T.T. ButBuHckaca (1974) u A.C. Manaenkosa (2001). [TouBeHHO-TPYHTOBbIE yC/IOBUS
M3yyYannch MeTooM 6ypoBOro 30HAMpOBaHus Ha ry6uHy 3 M. [To pe3y/bTaTaM UCC/ieA0BaHU OTMEUEHO, UTo
[IO/ITOBEUHOCTh JJpeBeCHBIX TIOPOJ, B CYXOCTEeITHOM 30He OrpeZie/isitoT B OCHOBHOM /[Ba (hakTopa: Ha/ruue mpo-
[YKTHBHOMU B/Iar B IOYBOTPYHTE U CTeTeHb ero 3acojieHHocTu. Harbosiee 6aronpusiTHbIe 1€ COPAaCTUTeIbHbIE
YCJIOBUS [7Is POCTA U Pa3BUTHSI Bsi3a MMPU3EMHCTOT0 — 3TO He3acosIeHHbIe ([0 ryOuHbl He MeHee 3 M) Oypbie
recuaHble, CyriecuaHble, TEeMHOLIBETHbIE TIOUBBI ITaJIVH C TTePUOANYeCKOM repepacrpe/ie/ieHHON akKyMy isiei
Biarv. B apuHBIX yC/I0BUSX ACTPaXaHCKOTO 3aBOJDKbSI B OCTPOBHBIX HAaCaKAEHUSX (KyPTUHBI, 30HTHI, UaCTH
JIECHOTO MAacCHBa C IUIoiiazbio He 6osee 0,5...1 ra) ¥ ONTUMaIBHBIX YCJIOBUSIX Mpou3pacTanust 6e3 pybok
yX0[ia ¥ JIeCOBO300HOB/IEHUsI BSI3 TIPU3EMHUCTBIN JoxKuBaet 70 60...70 siet.

KitroueBble €JI0Ba: BSi3 TIPU3EMUCTBIH, TIOMYIYCThIHS, 3all{UTHO-TeHeBbIe HaCaXKeHHsI, SKOTOTI, TIPOrHO-
3Has OLIeHKa, J0/IFOBeUHOCTh, ACTpaxaHCKoe 3aBOJDKbe
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0002 «Pa3paborarh Hay4YHbIe OCHOBBI, HOBbIE METO/[bI, MOJE/IM U TeXHOJOTHH 3()(HEKTHBHOTO JIeCOMEeTHOopa-
THBHOTO OCBOEHHSI M1 MHOTOLIeJIEBOT0 UCI0/Ib30BaHUSI HU3KOTIPOAYKTHUBHBIX U [lerpa/IipOBaHHbIX 3eMeJib 3a-
CyLUIMBOM 30HbI Poccuiickoit ®esjepaliin».
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Abstract. The article provides a predictive assessment of longevity of Ulmus pumila L. stands in the
Astrakhan Zavolzhye. The efficiency and expediency of renewable logging for rejuvenation and increasing
the longevity of plantings in the semi-desert were confirmed. The classification of ecotopes of the Astrakhan
Zavolzhye on suitability for cultivation of protective and shadow elm plantings on pasture lands was developed
and presented. In the Caspian region, Ulmus pumila became widespread in forest reclamation of semi-desert lands
in the 1950s. Since then, till the beginning of the 1990s, Bogdinskaya research agroforestry experimental station
laid on the sandy massifs about 1 thousand hectares of Ulmus pumila L. plantings, which currently amounts to
18...24 %. The long-term practice of using protective shade Ulmus pumila umbrellas has shown their significant
ecological effect on functioning pastures. The aim of the research was to develop an improved technology for
creating long-lived protective shade stands of Ulmus pumila on degraded pastures of the Astrakhan Zavolzhye.
The research was carried out using generally accepted methods of stand forest taxation by A.P. Anuchin (1961),
T.T. Bitvinskas (1974) and A.S. Manaenkov (2001). Soil conditions were studied by drilling sounding to 3 m
depth. The results of the research revealed that the longevity of wood species in the dry-steppe zone was determined
mainly by two factors: productive moisture in the soil and salinity level. The most favorable growing conditions
for Ulmus pumila were unsalted (to a depth of at least 3 m) brown sandy soils, sandy loam soils, dark-colored
swale soils with periodic redistributed accumulation of moisture. In arid conditions of the Astrakhan Zavolzhye
in island plantations (group of trees, “umbrellas”, 0.5...1 ha parts of forest area) and optimal growing conditions
without logging and reforestation, Ulmus pumila lives up to 60...70 years.

Key words: Ulmus pumila L., semi-desert, protective shade plantings, ecotope, predictive estimate,
longevity, Astrakhan Zavolzhye
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BeepneHue

AcTpaxaHckoe 3aBO/Kbe — MOy CThIHHASL 30Ha CyXOH cTemnw, rae B 1950-x IT.
ObU10 TIocakeHO 948 ra HacaXxjeHul ¢ ripeobnaganvem Bsiza (Ulmus pumila L.) [1—3].

AHanu3upysi MHOTOJIETHUI OTIBLIT Jiecopa3Be/ieHus1 B apuiHoM perroHe FOra Poc-
CUM, MOXXHO OTMETUTb, UTO 3a/ia4M CO3/jaHusl JOJITOBEUHbBIX JieCOHACAX/IeHHH Ha MoJy-
MyCTBIHHBIX 3eMJ/IsIX ACTPaxaHCKOro 3aBO/DKbSI M ONTUMHU3ALIMY PeXKUMOB UX COZleprKa-
HUS M 9KCIUTyaTalluy akTyasbHbI [4].

TspKenble NIPUPOJHbBIE YC/IOBUS IOJYIYCTBIHKA BCJ/IEACTBHE Majoro KOoJd4yecTBa
aTMOC(epHBIX 0CaJKOB, CUIbHBIX MCCYLIAOIIUX BETPOB, CYXOCTH K/IMMaTa, HHU3KOrO
T0JI0)KEeHUsI TPYHTOBBIX BOJI, 3aCO/IEHHOCTH W COJIOHLIEBATOCTU TIOYB TPENsSTCTBYIOT
CO3laHUIO 3/1eChb BBICOKO3(()eKTHBHBIX YCTOMUMBBIX JIeCHbIX HacaKaeHuu [5, 6]. OT-
HOILIeHWe T0JJ0BOT0 KOTMUeCTBa 0CA/IKOB K UCTapsieMOCTH B ACTpaxaHCKOM 3aBOJIKbe
coctap/sieT 0koso 1100 MM B roj, — 3T0 TOBOPUT O Upe3BbIYallHO CUJILHOM 3aCylliv-
BOCTH Kumara [7].

Ha ecTecTBeHHBIX KOPMOBBIX MacTOuIax ACTpaxaHCKOW MOMYMYCThIHU 3 dek-
THUBHBI 3al[UTHO-TEHEBbIE JIpeBeCHbIe KOJKU («30HThI») [8]. OHM obecreunBarOT
YKPBITHE CKOTa OT JIeTHeH »Kapbl YU MPOHU3bIBAIOIIUX XOJOAHBIX BETPOB BO BpeMsi
JIHeBHOT'O OTJbIXxa. MHOroseTHssl NpakTHKa UX CO3/IaHMs MOKas3asa, 4To B MOIYMy-
cThiHaX [Ipukacrnusi jiydilive peAKOCTOMHBbIE HacaK[eHusi (POPMUDYIOTCS U3 Bsi3a
MpU3eMUCTOro. B pa3HbIX ycnoBUsiX UX (yHKIMOHAAbHAs /[0/ITOBEUHOCTh U3MeHs-
eTcst oT 2—3 10 5—7 pecsatuneTuii. Hamuure Taknx 00beKTOB Ha apy/IHBIX MacTOU-
11aX OTKpbIBaeT BO3MOKHOCTB [J/Is U3yUeHHsl pOCTa U IOBBILLIEHHUs [JOJIFOBEYHOCTH
JipeBecHoro sipyca [9—12].

Ilens uccaeqoBaHuss — pa3pabOTKa yCOBEPIIEHCTBOBAHHOW TEXHOJIOTHH CO3-
JlaHUsl [IONITOBEYHbIX 3allIUTHO-TeHeBbIX HaCaXK/IeHWH 13 Bsi3a NMPU3EMUCTOr0 Ha MacT-
OUIIHBIX YroAbsX ACTPaxaHCKOTO 3aBOJDKBSI.

MaTepMaﬂbI n MeTogbl nccneposaHusa

O6bekThl HUccnenoBaHust — ApeBoctou Ulmus pumila L. Ha mactbuiiax Actpa-
XaHCKOTO 3aBO/DKbs1. [TouBbI Oypble TiecyaHble, CyTiecuaHble ¢ y4acTHEM COJIOHLIOB /10
25 % u Gornee.

VccnenoBanusi TIPOBOAWINCE C WCTIONB30BaHWEM OOIIENPUHSTHIX METOAWK B
necHou Takcauuu apeBoctoeB A.Il. AnyuunHa (1961), T.T. butBuHckaca (1974) u
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A.C. ManaenkoBa (2001). M3yyeHure pocTa U COCTOSIHUSI HaCa)KJeHUN Ha pas3iuu-
HBIX TIOYBEHHBIX PA3HOCTSIX, BJAUSHUS JIeCOPAaCTUTENbHBIX YCA0OBUM U TIIOLAAU TH-
TaHWs Ha POCT, COCTOSTHME U I0JITOBEYHOCTh JAPEBOCTOS TIPOBOJW/IM Ha MOCTOSTHHBIX
MPOOHBIX TUIOIA/ISIX, 3a/I0’KeHHBIX B Harboiee XxapakKTepHbBIX YCIOBHUSIX MeCTOIPOM3-
pactanus. [l AeTaqbHOTO aHaaM3a Xofla pocTa HacaXkeHuil Opanu cpefHue Mo-
JleNbHbIe ZIepeBbsi C TIOC/eAYIONIe uX 00pabOTKOW COTIacCHO OOIIENPUHATHIM Me-
ToAuKaMm. BypoBoe 30H1MpOBaHKe TOMIIY TTOYBOTPYHTA IMPOBOAU/IN Ha ITyOUHY 3 M.
B 1abopaTOpHBIX YC/IOBUSIX OTPEZessiid THI TOYBBI, BIaXKHOCTb, TPAHY/IOMETPH-
YeCKHUM COCTaB, MOL{HOCTb T'YMYCOBOI'O FOPM30HTAa U BajJOBOe COJlep>KaHue CoJiel B
MOYBOTPYHTE.

Pe3yanaTb| ncenepoeaHnAa n oécy)Kp,eHMe

BripamyBaHue [peBeCHBIX TIOPOZ B 30HEe TMOJYMYCTBIHA O0YC/IOB/IEHO B 3HAuU-
Te/TbHOU CTereHU MOUYBeHHO-TUPOJIOTMUeCKUMU yCI0OBUSIMU.

ITo yc/10BUSIM TeTI0- 1 BIaroo0eCcrieueHHOCTH OTHOCUTE/TbHO CPeHUX MHOTOJIeT-
Hux 3HaueHu! B 2019 u 2020 rr. oTK/I0HeHUs 3HauuTe bHble. Tak B 2020 I. cpeaHss
TeMIlepaTypa Bo3jyxa crasa Beiue Ha 3,4 °C u cocraswia 11,9 °C. 3a rugponoruye-
ckuit 2020 . BbImano 124,9 MM ocazikoB — 55 % ot MHoOTrosieTHel HOpMbI. OTHOCH-
Te/ibHasl BIaXXKHOCTb BO3/lyXa B JIETHUM Mepro/| ormyckanach 7o 6 %. Ocaiku B 3UMMHUN
Y JIETHUY NIepUO/bl BBITIAJa/I CUION MeHee 3—4 MM U OB/ HeCII0 COOHBI TPOMOUUTh
CYXOU CJIOH TTOUBBI U 00eCITeUnTh ee Baro3apsiKy JJis poCTa JpeBeCHOU U MacTOUIII-
HOU pacTUTeTbHOCTH.

[1onroBeuHOCTD ApeBeCHBIX MOPOJ, B 3TOM 30He Orpe/ie/isitoT B OCHOBHOM /iBa (ak-
TOpa: Ha/lMuue MPO/IyKTUBHOM BJlaTv B TIOYBOTPYHTE U CTeTeHb ero 3aC0o/IeHHOCTH.

B apujHbIX yCIOBUSX UCCIeyeMOro perruoHa JiecopacTUTe/IbHble YC/I0BUS Hau-
Oosiee G/1arOMPUATHBI JJ11 POCTA Bs3a IIPU3EMHUCTOTO, 3TO He3aCO/IeHHbIEe (/10 TTyOUHBI
He MeHee 3 M) Oypble MecuaHble, CyrecyaHble, TEMHOLIBETHBIE TIOUBBI MaIH C TIepHO-
IAUYeCKOM nepepacripe/ie/IeHHOW aKKyMY/IsILiMel Baru.

N3yueHune UHAMWKU BOJHOTO peXXMMa Ha Pa3/IMUHBIX TI0 YB/Ia)KHEHHUIO TIOYBO-
rPyHTa ydyacTkax (1pu HemocTynmHocTH ['B) onpenesvin BoaHbIN 6anaHC MecTooOuTa-
HUSI B 30He TIOYIyCTBIHU JPEeBOCTOS Bsi3a C pa3HbIM 00bEMOM T'OZIOBOTO BOJ[OTIOTpe-
onenus: ceeie 300 mm/rog (06bekT 6), 200...300 mm/ron (06bekThI 5 1 4), 90...150
Mm/Tof, (00bekT 1) u MmeHee 90 MM/TOJ, — 0OBEKTHI 3 U 7.

[MToka3arenu pocTa W pa3BUTHUS Bsi3a NPHU3eMHUCTOTO Ha 0ObeKTaxX MpHUBe/eHbI B
Tabn. 1. [Ins cpaBHEHUsT SHEPTUU POCTa JIPEBECHOT0O CTBOJIA Bs3a MPU3EMHUCTOTO B 3a-
BUCHMOCTH OT MeCTOIPOM3pacTaHUsI Y YBIA)KHEHUS ITOUBOTPYHTA HAMU ObUTUA B3SIThI
Mo/Ie/TbHbIe JIePeBbs B JIYUIINX, CPeAHUX U Haubosiee KeCTKUX yCIOBUSIX: 00bEKT 6 —
JIECHOM MaCCHB Ha TEMHOIIBETHBIX HE3aCO/IEHHBIX TOUBaX MOJTYMyCThIHUA (MEXOyTrpo-
BOe TIOHW)KeHHe); 00beKT 4 — 30HT, He3aCoJleHHbIe CyTecyaHble MOYBbl (MHUKDPOTIO-
HIDKEHHe); 00beKT 7 — JIeCHOM MaCCHMB Ha JIErKOCYTJIMHUCTBIX 3aCOJIEHHBIX TOYBAaxX
(BO3BBILLIEHME).
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Tabnmya 1

TakcauUOHHbIe faHHble MOAesbHbIX AiepeBbeB Bsi3a NPU3EeMUCTOroO
B NIyYLLUX, CPEAHUX U TAXKENbIX YCNOBUAX Npon3pacTaHus
(Xapa6anuHckuit p-H, AcTpaxaHckas o6nacTtb, 2020 r.)

06beKTbl MouBbl Bospacr, net BbicoTa, M Avamerp O6em 3
cTBONA, CM Mogenu, M

6 TemHougeTHble, 65 8,4+1,4 32,0409 0,31
He3acCoJ1IeHHble

4 Cynecuable, 58 6,6£1,2 31,041,1 0,23
He3acCoJiIeHHble

7 Nerkocyrmuumctble 65 3,5¢1,5 14,310,6 0,05

3aCoOJIeHHble
Table 1

Taxational data of model elm trees grown under the best, medium and severe conditions
(Kharabalinsky district, Astrakhan region, 2020)

' ] . Trunk Volume of
]
Object, N Soil Age, years Height, m diameter,cm | model tree, m?
6 Dark-colored, 65 8.4+1.4 32.0+0.9 0.31
unsalted
4 Sandy loam, 58 6.6+1.2 31.0%1.1 0.23
unsalted
7 Light loam, 65 3.5¢1.5 14.310.6 0.05
salted

Xop pocTa Bsi3a IPU3EMUCTOrO IO BBICOTE U [UaMeTpy Ha 9KOTomax ACTpaxaHCKo-
ro 3aBOJDKbS [IPeZICTaB/IeH Ha PUCYHKe.

1o BeIcote / by height D.en 1o auametpy / by diameter
9 35

rogsl/ years

rogsr/ years

T T T T T 60 70
0 10 20 30 40 50 60 70

O0bnexT 4, 3xoTon 2, 30HT, MukponoHmkenne / Object 4, ecotope 2,
shade clump, microdepression

— - =00sexT 6, 3xoTon 1, mecHol MaccHE, noHmKeHHe / Object 6,
ecotope 1, forestland. lowering

= = =00sexT 7, 3x0Ton 4, 1ecHoi Maccue. BozesmIenue / Object 7,
ecotope 4, forestland. elevation

a b

Puc. Xoa pocTa BA3a NPU3EMUCTOrO Ha 9KoToMax ACTPaxaHCKOro 3aBOSKbs:
a — no BbICOTE; b — No AnameTpy

Fig. Curves of Uimus pumila growth on the ecotopes of the Astrakhan Zavolzhye:
a — by height; b — by diameter
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AmnHanu3 MoJie/TbHBIX IepeBbeB IMOKa3asl, YTO HaubosIbliiel SHeprueli pocra obiaza-
eT BsI3 IPU3eMUCThIN Ha 00bekTe 6. Ero BeicoTa 6osee 8 M ripu 06beme ctBosa 0,31 m°.
YI0BIeTBOPUTENBHBIN POCT Y Bsi3a Ha 00bekTe 4. Ero BricoTa 0k0s10 7 M, 00beM CTBO/IA
0,23 m2. TTo COCTOSTHUIO HacaX/IeHHUsI Ha He3aCOIeHHOMW TOYBe KU3HEeCT0COOHbI fiepe-
BbsI C TIPUTYTIJIEHHOW BEPIIIMHOM, OHHU JOCTUIVIM Bo3pacTa 58...65 yeT. Bsi3 Ha oObekTe
7 3HAUMTE/IbHO yCTyMaeT B pocTe (BbicoTa 3,5 M, 06beM zepesa 0,05 m?). HacaxkaeHust
B OCHOBHOM MaccCe yrHeTeHHble, CyXOBepLUVMHHbIe U OTMHUpAIOL1e, UTO yKa3blBaeT Ha
3Tarll CTapeHusl U OTMUPAaHUSI.

B Hauasie pocTa cpe/iHUI TIPUPOCT T10 BBICOTE Y ePEBLEB B ME>KOYTPOBOM TTOHH-
>keHuH paeeH 0,57 M, no auametpy — 0,9 cM, a y JilepeBbeB Ha BO3BBIILIEHUH — CO-
orBeTcTBeHHO 0,33 M 1 0,69 cm. [Tocsie 10-nmeTHero Bo3pacTa oTMedaeTcsi OOJIBILION
TIPUPOCT 10 JUaMeTPy U HEeCKOJILKO 3aMe/lJIeHHbI 110 BbICOTE.

CnenoBarenbHO, B3 TPU3EMUCTBIN SHEPIMUHO PACTET B MepPBbIe T'O/bl XKU3HU, pas3-
BUBAET MOLHYK KOPHEBYH) CHUCTEMY, HO K KOHLIy TIepPBOr0 [eCATUIEeTHUS CTaHOBUTCS
B 3aBHCHMMOCTb OT BJIaro3apsiIKu OuepefHOro ruziponornyeckoro roga. Ocabnenue
Bsi3a BeJleT K Pe3KOMY CHIDKEHHIO MPHUPOCTA, CyXOBEPIIMHHOCTH U BbIMEP3aHUIO B
OeccHe)KHbIe MOPO3HbIe 3UMbI. Bsi3 ipusemucThiii cTapiie 11...13 et uMeeT xXopoiiiee
COCTOSIHHE U y/IOB/IeETBOPUTE/bHBINM MPUPOCT JIMIIb TaM, rjje obecreuyrBaeTcst J0OTO-
HUTe/bHOe yBJIa)KHEeHHe — TOHIKeHHbIe MeCTa Me30- U MUKpoperbeda Ha cyrecua-
HBIX M TEMHOLIBETHBIX [TI0YBaX.

Ha ocHoBaHuM NpOBeJIeHHBIX UCC/Ie[JOBaHKI pa3paboTaHbl 3KOTOIBI POCTa U pas-
BUTHS BSi3a NIPU3EMUCTOrO B ACTpPaxaHCKOM 3aBOJDKbe:

9KOTOII 1 — JlecopacTUTe/IbHbIe YC/I0BUS XOPOLIKe: TeMHOL[BeTHbIe [104BbI [1a/J1H,
0asIoK, TIOTSDKUH C JIOTIOJTHUTETIbHBIM K 0Ca/IkaM UCTOYHUKOM BOZOTIUTAHUS (TI€pPUO-
JIMYeCKUi CTOK TasblX BOJ|, TMH3bI MIPECHBIX BOJ, YBJa)KHEHHE TOUBbI OT KOHTaKTa
Hacak/IeHW# C JOMaITHUMHU KUBOTHBIMH);

9KOTON 2 — JlecopacTUTe/IbHbIe YC/IOBUSL YAOBJIETBOPUTE/IbHBIE: CyTlecyaHble U
recyaHble MOUBbl MUKPOTIOHV)KeHU! TIPY PeryMpyeMOM KOHTaKTe HaCaKJeHUM C >KU-
BOTHBIMU;

9KOTON 3 — JIeCcopacTUTe/IbHbIe YCI0BUS YOBIETBOPUTE/IbHbBIE: [TeCUaHble 3eM/IU
C TIJIOIa/IbI0 MUTAHMSI Ha OZIHO JIepeBo Bsiza He MeHee (25...30 m?);

3K0TOI 4 — Oyphle recuaHble, CyriecyaHble U JIeTKOCYTJIMHHCThIe C1aboCooHL{e-
BaThble MOYBBI C MJIOXUMHU JIeCOPaCTUTETbHBIMUA CBOMCTBAMU.

CornacHo [13], «Bsi3 ocTaeTcsi IJIaBHOW JpeBeCHOM MOPOJOH il CO3/laHUs 3alllvT-
HBIX HAC@X/|eHWUM B TSDKENbIX YCJIOBUSIX CyXOM CTeNU U MOJYITyCThIHU, B €CTeCTBEHHBIX
JPEBOCTOSIX BsI3 MEJIKOIMCTHBIN focTuraeT Bo3pacta 100 u 6osee eT». AHaJIOTMUYHOe 3a-
K/IF0OUeHre Ha OCHOBAaHWM MaTepyasioB M MUCC/ejoBaHuH fatoT akcreaviiiy BHUAJTIMU,
obcnenopapive B 1972 u 1973 rT. 1ecHble HacakaeHust Bonrorpackoii, PocToBckoi,
AcTtpaxaHckou ob/acteii 1 KasMbIKHY TIOC/Ie »KeCTOKOM 3acyx [14, 15].

B apupHbIX yCnoBUsAX ACTpaxaHCKOTO 3aBO/DKbSI B OCTPOBHBIX HaCaXKIAEHUSIX
(KypTHHBI, 30HTBI, UaCTH JIECHOTO MacCHBa C Tuioliaeto He 6osee 0,5...1 ra) u on-
TUMaJIbHBIX YCJIOBUSIX TIPOM3pacTaHus 06e3 pyboOK yxoza U jieCOBO30OHOB/IEHUS Bs3
Mpu3eMUCTbIN foxkuBaeT 7o 60...70 net. OnTUMasbHbIe yC/I0BYsI TTPOM3PACTaHuUS: KO-
TOII 1, 9KOTOII 2, 5KOTOII 3.
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OribIT /1eCOBO306HOB/EHNsI Ha 00BeKTe 4 (30HT) TI0Ka3asl criefiytolee: reppast pyo-
Ka s1ecoBo300HOB/eHus1 Oblia poBesieHa B 40 sieT. B 31 Bo3pacte (1993 1.) cOXpaHHOCTB
Bfi3a TIPU3EMUCTOTO Ha 00bekTe 4 (30HT) cocTap/sia 86 %, U3 HUX CYyXOBEPIIMHHBIX
JepeBbeB — 127 mT. (3TO OT mocaxkeHHBIX B 1962 1. (59 %)). Celiuac gepeBbsim 58 €T,
OHU >XKM3HeCT0CoOHbI, cpefHsist BbicoTa 6,7 M, auametp 31 cm. [Ipu ripoBeseHuu 2-i
pybku necoBoccraHoBnenusi B 70 et Bs3 goxkuBeT 0 90...100 net. JonroBeuyHOCTb
Bfi3a 1 BO3DPACT MepBoii PyOKK OMOJIOXKEeHHsI TIPOTHO3UPYIOTCS, UCXOZs U3 MaTeprasioB
noseBbIx uccyiefoBanuii 2018—2020 IT. TI0 COCTOSIHUIO PEBOCTOsSI HAa 7 0ObeKTax —
WCKYCCTBEHHbIX HaCa)k/|[eHUI Bsi3a PU3eMHCTOr0 pa3/IMuHOr0 Ha3HaYeHHs1 U BO3pacTa,
co3iaHHbIX B 1949—1958 IT. Ha apu/iHbIX MacTOUIAaX ACTPaxaHCKOTO 3aBOJDKbSI.

[ByxyieTHHe HaO/FOZeHUSI TIOKA3a/IH, UTO pa3BUTHE U POCT MTOPOC/IU TIPH JIeCOBO300-
HOBJIEHWH Y 3/10POBbIX Y CyXOBEPLIMHHBIX /]ePeBbeB MPOUCXOAAT Y/|OB/IETBOPUTE/IBHO.

CnenoBatenibHO, JIeCOBO300OHOBUTE/IbHBIE PYOKH Bsi3a MPU3EMHUCTOTO B apUIHBIX
yCJIOBUSIX ACTpaxaHCKOTO 3aBOJ/DKbsI HEOOXOAMMO TPOBOAUTH B CyXOBEPIIMHHOM CO-
CTOSIHUM JIPEBOCTOS], @ He J0BOJUTh ZlepeBbsl 10 MO/IHOM NOTepU KPOH, — HauMHaTh C
25...30-neTHero Bo3pacTa (B 3aBUCHMOCTH OT COCTOSTHUS IPEBOCTOST). TO OTHOCUTCS
K 3 Thnam 3KoTornoB: 1, 2, 3. VccnenoBaHus, NPOBeJeHHbIE HA PEJIMKTOBOM y4dacTKe
Tyraii-Xyayk AcTpaxaHCKo# 06s1acTy, TIOKa3asiy, 4To OTJe/ibHble 0COOM Bsiza Ipu3e-
MUCTOTO XUBYT Oosiee 120 net. Vix cpepnsis Beicota 0,7...1,0 M.

BbiBOAbI

MHoroneTHUN OMBIT BbIPALL[MBAHUS Jieca B CyXOW CTeIu W TOJIyMyCThiHEe TOKa-
3bIBaeT, UTO KYPTMHHOe (OCTPOBHOE) jiecopa3BefieHue B apUHBLIX YCIOBUSX AcCTpa-
XaHCKOTO 3aBOJDKbSI HaZIe)kKHee U 1jeiecooOpasHee 1o JTyUIlIM ITOUYBeHHO-TH/IPOJIOTH-
YeCKUM MeCTOOOMTAaHHUSIM — 3TO He3acoJieHHble (10 TyOuHbI He MeHee 3 M) Oypble
recuaHsle, CyrecyaHble, TEMHOLIBETHbIE MTOUBBI.

Marepuasnbl UCC/Ie[0OBaHUSI [JEMOHCTPUPYIOT TECHYIO CBSI3b COCTOSIHUSI 3all{UT-
HO-TEHeBbIX HACaXKEeHHH C MOYBEHHO-KIMMaTHUeCKUMH YCIOBUSIMU M BOzoobecrie-
YeHHOCTBIO.

V3yueHre COCTOSTHMSI HaCa)kK[eHUM Bsi3a TPU3EMUCTOT0 Ha TACTOMIIHBIX 3eMIIIX
AcTpaxaHCKOro 3aBOJIKbS MMO3BOJISIET [POTHO3UPOBATh [JOJITOBEYHOCTh: Ha 3KoTore 1 —
100...110 net; sxotorme 2 — 80...90 net; skorore 3 — 80 j1eT.

Haubosee ycToMUMBBIE U 10JITOBEUHBIE 3aLI[UTHO-TEHEBbIE HACAXK/eHHsI B ACTpa-
XaHCKOM TMOJTyITyCThIHEe HeOOX0MMO IMPOM3BOJUTh B TIEPBYIO oUepeb Ha KoTore 1.

IToce mocaiku HAaCAKIEHWI [JO/DKHBI ObITh IPUHATHI MEPbI /15 UX JIyUlllei Biia-
roobecrieueHHOCTH (TI0ZIe/IKa BaJIOB, TIepEMbIUEK, eXKerofHasi Ky/IbTUBALIS MeXIypsi-
[T, OrlalliKa OMyIIIeK).

B oc/1abneHHBIX HaCaXKAEHUSIX Bsi3a TIPU3€MHUCTOrO B 3aBUCUMOCTH OT MX COCTOSI-
Hust B Bo3pacte 20...30 et HeoOX0AUMO MPOBOJUTH JieCOBO30OHOBUTE/bHEIE PYOKH,
WCI0/1b3Ysl TIOPOC/IeBOe TIOKOIeHWe C MOBbIIIIeHHbIM KU3HEHHbIM TTOTeHLUaIoM.
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BnusiHue cnoco6a 3aaenku opraHM4ecKoro yaoopeHus
Ha nnogopoAaune cepon NeCHOM NOYBbI, YPOXKaNHOCTb
M KauyecTBO NpOoAyKLUK

N.I'. Mensuaes*, C.T. JceayniaeB
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AnHoTanus. V310)keHbl pe3y/bTaTbl MHOTOIETHUX TI0JIEBLIX OMBITOB IO YI/Ty0/IeHHIO TaXOTHOTO TOpH-
30HTa Cepoii JIeCHOW cpe/iHeCYIJIMHUCTOM TOUBBI Z1J1s1 [TOBBILLEHNS ee [JI00POAYs yTeM BHeCeHUsl OpraHuye-
cKoro yzobpenus oy sipycHeiid iyt [151-3-35 Ha ry6uny 25...27 cM. YCTaHOBJIEHO, uTo c1abasi MUHepau-
3a1yisi OpraHUYecKoro yzobpeHus Mpu sSpyCHOM 00paboTke B yCIOBUSX AeHLUTa KUCI0POJa CrIocoOCTByeT
HaKOIUIEHHIO TyMyca B TiouBe Ha 6,6 T/ra Gonblue, yeM rnpy 0ObIUHOM BCrallke, ¥ Ha 7,5 T/ra — 4eM Ipu
[IUCKOBAHUM, YIyUIIEeHWIO BOJHO-(U3NYECKUX U OUOTIOrMYeCKUX CBOWCTB TIOUBBI: YBEIUUHBAET KOJUUECTBO
BOZIOTIPOYHBIX arperatoB Ha 4,6 u 5,3 %, cHKaeT r1oTHOCTh nouskl Ha 0,03 u 0,04 r/cm?, yBenuuuBaeT ko-
JIMYECTBO JIOXK/EBBIX uepBeld Ha 3...6 ocobel, obecrieunBaeT pacLIMpPeHHOe BOCIPOU3BOJCTBO TIOOPOVS,
TIOBBIIIAET MPOAYKTUBHOCTb MaiHK Ha 7,0 u 6,7 % W KaueCTBO MPOAYKLMH, YeM Mpu 0OBIYHOM BCrIallke U
[TUCKOBAaHUM COOTBETCTBEHHO. IIpy m1yOOoKo 3ajie/ke YIJ/IMHSIETCST CPOK [IeMCTBHST OpraHU4eCKoro y00peHust
[0 5 siet, Torga Kak rnpy 0ObIYHOM BCIALIKe W AWCKOBaHUH 3TOT TPOLIeCC JIUTCS BCero 2...3 rofja, uTo He BbI-
rOJJHO 5KOHOMUYECKU U 5KOJI0rMYeCKH, TIOCKO/IbKY IPU YaCTOM BHECEHMM 3aTpauMBaeTCsl MHOIO TOIIMBA, a B
OKpY’Kalollyto cpeny copackiBaeTcsi 60/IbLIOe KOMUECTBO BPeJHbIX XUMUUEeCKUX COeJIMHEHUM, COfepyKalliX-
Cs1 B IPOJYKTaX CropaHusl.
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Influence of manure application method on gray forest soil
fertility, crop yield and quality

Ivan G. Meltsaev*, Sabir T. Esedullaev

Ivanovo Research Institute of Agriculture — branch of Upper Volga Federal Agrarian
Research Center, Ivanovo Region, Russian Federation
*Corresponding author: ivniicx@mail.ru

Abstract. The article presents the results of field experiments on deepening the arable horizon of gray
forest medium loamy soil to increase its fertility through applying organic fertilizer under PY-3-35 layer
plow to a depth of 25...27 cm. Low mineralization of organic fertilizer during layer cultivation under oxygen
deficiency conditions contributed to accumulation of humus in soil by 6.6 t/ha more than during conventional
plowing, and by 7.5 t/ha — than during disking. It also improved water-physical and biological properties of
soil: number of water-resistant aggregates increased by 4.6 and 5.3 %, soil density lowered by 0.03 and 0.04
g/cm?®, number of earthworms increased by 3...6 individuals, expanded reproduction of fertility was provided,
productivity of arable land increased by 7.0 and 6.7 % and crop quality increased compared to conventional
plowing and disking, respectively. Deep manure incorporation extended life of organic fertilizer up to 5 years,
while after conventional plowing and disking this process lasted only 2...3 years. It is not economically and
environmentally beneficial, since frequent application requires a lot of fuel, and a large amount of harmful
chemical compounds contained in combustion products is dumped into the environment.

Keywords: fertilizers, crop rotation, deep layer tillage, fertility, agrochemical characteristics, agrophysical
characteristics, yield, product quality
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BeepeHue

OcBoeHre COBpeMeHHbIX CUCTeM 3eMiefiesivsi Tpe/irosiaraeT BOCIPOU3BOACTBO U
TOBBIIIIEHUe T1J10/JOPO/IUs TOUBhI [ 1—4].

[TnomopojgHas mouBa OTIMYAETCs OT HEMJIOAOPOAHOW aKTUBHOCTbIO U MHTEH-
CUBHOCTBIO MTPOMCXOSIINX B Hell Orosiorudeckux mpoieccos. [Tnogopoave — au-
HaMUYHBIA, ©3MEHUYUBLIN MTOKa3aTe/ib, TpeOyOL[Ui TOCTOSTHHOTO €T MO/IJeP>KaHUs
Ha Heo6xoMOM ypoBHe [5, 6]. BHeceHHe HeOOBIIKX /103 OpraHUUeCcKuX yzrobpe-
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HUH ¥ YacTble MexaHuueckue 00paboTKu MPUBOASAT K OBICTPOMY ero pas/ioyKeHHIO
Y HaKOIJIEHWIO HUTPaTHOT'O a30Ta, KOTOPbI OUeHb MO/IBMKEH B MIOYBE U UaCTO BbI-
MbIBAeTCsl M3 MaxOTHOTO CJI0Sl, UTO 5KOHOMHUUECKH He BBIFOJHO U 3KOJ0THYECKU
Hebe30macHo.

[ToTepu opraHnueckoro BeleCTBa MOYBbI U 3/IEMEHTOB MUHEPAJbHOIO MATAHUS
MO>KHO KOMITeHCHPOBaTh BHECEHHEM OpraHnyeCcKUX, MUHepasbHbIX [7, 8] u cuziepasb-
HBIX ynoOpenwuii [9, 10]. Vicronbp3oBaHMe cuziepanbHBIX Y00peHH OrpaHUUeH0 U3-3a
NperMYylLleCTBeHHOIO NIPUMeHeHHs] paCTUTe/IbHOU MacChl HEKOTOPBIX PACT@HUM B Ka-
yecTBa KOpMa Jijist ¢/X KUBOTHBIX. 1o manHbiM CAC «VIBaHOBCKas» st Oe3mepurut-
Horo 6ajlaHca TyMmyca Ha JIeTKOCYT/TMHUCTBIX JIePHOBO-TIOA30/TUCTBIX U CEPBIX Jie CHBIX
rnouBax HeobxoauMo BHOCHUTD 10...12 T/ra, Ha cpegHeCYTTMHUCTBIX — 8...10 T/ra Ha-
BO3a Xopoiiiero Kagectsa [11, 12].

ITo ceenenusim B.H. KyzesapoBa B HacTosilllee BpeMsi B CpejHeM Ha 1 ra maiiuHu
BHOCUTCS He Oostee 1,0 T/ra opraHnyeckux ygo0peHuil. BEIHOC MaKpo3/ieMeHTOB KOM-
neHcupyeTcst Ha 7...28 %, a ¢ yueToM opraHndeckux ymobpenuii — Ha 14...34 %.
E>xerogHoe oTpuriaTesibHOe cab/o OanmaHca a3ota cocrasinsiet 34...50 kr/ra, dhocdo-
pa—9...16, kanus — 38...64 kr/ra. 3a mocaeHYe JBa AeCATUNETUS TTIOYBbI HEJIOMO-
nyumni 845 Kr/ra a3ota, 260 kr/ra docdopa u 990 kr/ra kamus [13].

V3-3a yBesmmueHus TI01[a/1el KUC/IbIX 1T0YB B HeuepHO3eMHOI 30He HeZo6op ypo-
»kaeB coctasisiet 8...10 mH T, B LjesioM o P — 16...18 MyiH T B lepecyeTe Ha 3epHO,
a B IepCIIeKThBe MOXKeT JOCTUTHYTh 20...22 MJIH T, IPX 5TOM yXyZAIIaeTcsl KaueCTBO
npoAykuuu [14].

Mo manubiM I'\H. HeHaliieHKO OTpUIiaTe/IbHBIN OamaHC IJIaBHbIX 3/IEMEHTOB MUTa-
HUs B TIouBax VBaHOBCKoM ¥ Bragumupckoit obacreit cocrasssier 6osee 110 kr/ra B
n.B. [11, 12]. TTo pacuetam A.A. 3aBanuHa, [.I". biaroBeiijeHCKOM, 3a Mpoiieiiye 5 et
B 3emsieziesii Poccuu ¢ ynoOpeHussMu BHeceHO 9,96 MJIH T MHUTaTeNbHBIX BEIeCTB,
a C yposkaeM Ky/bTyp BblHeceHO 45 MJ/H T. bosbliiasi yacte ypokasi popmupyeTcs 3a
cueT MOOWUIM3ALIMK TIOYBEHHOTO TUI0J0POAKs 6e3 KOMIeHCallii BLIHOCUMBIX 3eMeH-
TOB nuTaHud [15].

OKcIieprMeHTaMHd MHOTUX HCCiefioBaTesiell yoequTesIbHO [JOKa3aHO TperMYyliie-
CTBO TTyOOKOM SIpYCHOM 3a/1e/IKK OpraHu4YeCKUX yA00peHui, TPy KOTOPOU TTPOUCXOJUT
yriy0ieHre MaXoTHOTO CJI0sI, IPeTSITCTBYOLee BLIMBIBAHHIO MTUTATe/IbHBIX BEIIeCTB U
ero YIUIOTHEHWIO, a TAK)Ke TOBBIMIAeTCS KO3QQULIMeHT X HUCTonb3oBaHust. [ybokas
sIpyCHasi BCIIAIlIKa C 3a/le/IKOii BHECEHHOTO OpraHrueckoro yo00peHus co3zaeT obpat-
HO reTepOreHHOe M0 M/I0A0PO/HI0 CTPOEHHMEe NMAaXx0THOTO ¢J/10s1 OouBkI [16]. 115 popmu-
POBaHMSI 3TOTO CJI051 UCTIOB3YHOTCS SIPYCHBIE TUTYTH, C MIOMOLLbEO KOTOPBIX TPOU3BOJST
reprouuecKoe, pa3 B 4-5 yieT, obopauriBaHKe MMaXOTHOTO TOPU30HTA B COUETAHHH C
MeJIKUM TIOBePXHOCTHBIMU 00paboTKamu.

Ilenp uccnego0BaHUs — U3YUUTh BIIHsIHUE TTyOOKOH SIPyCHOM 3a/ie/IKi OpraHu-
YeCKoro yfo0peHust B 9-1ojibHOM ceBo0OOpOTe Ha TUIO[OPOJHe CEePOi JIeCHOM TTOUBbI
Y TIPOAYKTUBHOCTE CEBOOOOPOTA.
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MaTepMaﬂbI n MeTogbl nccnepgosaHunsa

[Tonesoit onbiT 3aknageiBaau B CIIK «[1nem3aBog um. [3epxuHckoro» ["aBpusio-
Bo-TToca/ckoro pationa MiBaHOBCKoH 06macT. Cxema orbiTa BK/TrouUasa 3azenky 100 1/
ra mo/[CTUIOYHOTO HaBO3a 1o/ sipycHbIi iyt [151-3-35 Ha rybuny 25...27 cM, 00bIu-
Heid Tutyr [TH-4-35 — Ha 20...22 cM u guckoByto 6opony BIT-3 — Ha 15...18 cm.

OmnbIT 3a70)KeH B YeTHIPeXKPATHOW MMOBTOPHOCTH B 9-TIOJBHOM CeBO0O0OO-
pOTe Ha CepoW JeCHOW CpefHeCYTJIMHUCTOW MOuYBe, MOIIHOCTb TAaXOTHOTO CJIOS
kKotoporo 21...22 cm. Ilnomaab onbiTHON fAensiHku 120 m?. Kpome HaBO3a BHO-
cumn N P K. kr/ra g.B. CojepxaHue B TaxOTHOM (JIo€ TyMycCa COCTaBHIIO
2,78...2,82 %, nurpatHoro asora N-NO, — 15,4...16,9 mr/kr nousei, P,O, u
K,0 — 151...159 u 141...154 Mr/Kr mo4Bbl COOTBETCTBEHHO. OOMeHHas KMC/IOT-
HocTh pH, . — 5,9...6,1, ruaposuTHUe CKast H. — 2,43...2,32 mr-3k8/100 1, cymma
MOIVIOLeHHbIX 0CHOBaHUM — 18,3...18,9 mr-3kB/100 r mouBbl. ONLITHI IPOBOAWIIH,
WCII0JIb3Ysl OOILeTPUHSAThIE MEeTOAUKHU .

MeTeoyc/ioBUSI B TO[IbI UCCJ/IeJOBaHUM CKJIa[bIBaaUCh MO-pa3HOMY. Tak ruzpo-
Tepmuueckuid Ko3puuuent CenssnuHoBa (I'TK) 3a Bereranuio B 2008 1. coctaBun
1,78,2010. — 1,9, 2014 . — 1,79, 4yTO COOTBETCTBYET Ba)KHOMY BereTaljuOHHOMY
nepuopy, B 2009 r. 3Hauenusi ['TK cocraBunu 0,93 — HeJ0CTaTOUHO yBJIa)KHEHHbBIN
nipu HopMe 1,4. OnITUManbHO yB/IaXXHeHHbIMU Obi rozibl 2011 . — 1,47, 2012 1. —
1,12 u 2017 r. — 1,33. Kak oueHb BjaakHbili xapakTepusoBascs 2013 r. — I'TK
coctaBun 2,57, 3acyuuBbeiMU OKa3anuchk 2015 u 2016 rr., koraa ['TK He mipeBsImian
0,75u 0,72. CnemoBaTe/ibHO, B OOJ/IBIITMHCTBE JIET TIOr0/la B IIEPUO/bI BETeTal[uy pac-
TeHHI OKa3a/sach KOHTPACTHOM, UYTO He COBCeM O1arorpusiTHO CKa3aaoch Ha pocTe U
Pa3BUTHU KYJIBTYP.

Pe3yanaTb| ncenepoBaHuAa n o6cy)|(p,e|-me

Vi3MeHeHUe TIIOI0POAMS TIOUBBI TI0 Pa3HBIM CIIOCO0aM 3a/1e/IKK TIO[CTUIOUHOTO
HaBO03a MPOUCXOU/I0 HeOAMHAKOBO. [TpH Bcex criocobax BHECEHHsI HABO3a OTMEUAeTC sl
TOJIOXKUTE/TBbHBINM Oa/laHC TyMyca U 3JIEMEHTOB MUHEPAIbHOTO TIUTAHUS PAaCTeHHH, 3a
WCKJTFOUEHUEM COZIepyKaHHsl MarHusi, e(UIUT KOTOPOro B CPeJJHEM T10 criocobam 06-
paboTku coctaBui 65,7 kr/ra (Tabs. 1).

'TOCT 26213—091. ITouBsl. MeTofibI OMpe/ie/ieHrs: OpraH|uueckoro Beiriectea. M., 1991. 6 c.

I'OCT 26951—86. [TouBsl. OnpesiesieHye HUTPAaTOB MOHOMeTpHUUYeCKUM MeTozoM. M., 1986. 8 c.
I'OCT 54650—2011. ITouBsl. OnipesienieHNe OABWKHBIX coeiHeHu# (hocdopa 1 Kasus 1o MeTo-
Iy Kupcanosa B mopudukanuu LIMHAO. M., 2019. 8 c.

TI'OCT 26212—91. TTouBsl. OnpefiesieHre TUAPOIUTUUECKON KUCJIOTHOCTU MO MeToly KarmeHa B
Mogudukanum HUHAO. M., 1992. 6 c.

I'OCT 27821—88. IlouBsl. Onipe/iesieHre CyMMBbI MOITIOIeHHBIX 0CHOBaHUM 1o MeTozly KamnmneHa.
M., 1988. 6 c.
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Tabnmya 1

banaHc nuTaTeNbHbIX BelLecTB B ceBoo6opoTe (2008—2016 rT.)

AnemMmeHT
nnogopoaus

EanHuubl
n3MepeHus

Cnoco6 BHeCEHUs1 opraHM4YecKoro yaobpeHus

MH-4-35, 20...22 cm | NA-3-35, 25...27 cm | BAT-3,15..18 cm

MocTynneHne nuTaTenbHbIX BeWECcTB U3 opraHuyeckoro yaobpenus, MKO u NPK

Bbixop rymyca T/ra 13,6 13,7 13,7
AszoT Kr/ra 1069 1127 1090
docdop Kr/ra 750 782 781
Kanwii Kr/ra 1115 1111 1110
Kanbuwui Kr/ra 505 542 504
MarHui Kr/ra 243 246 242
BbIHOC NUTaTeNIbHbIX BELLECTB C YPOXKaem
Bbixop rymyca T/ra 9,58 9,61 9,61
Asot Kr/ra 1012 1068 1002
docdop Kr/ra 715 754 716
Kanun Kr/ra 946 996 947
Kanbuwui Kr/ra 495 532 495
MarHuin Kr/ra 305 323 300
Canbpo nuTaTenbHbIX BELLECTB B NoyBe
Bbixopg rymyca T/ra 4,02 4,09 4,09
Asot Kr/ra 57,0 59 88
docdop Kr/ra 35,0 28 65,0
Kanuit Kr/ra 169 115 16,
Kanbuun Kr/ra 10,0 10,0 9,0
Marnui Kr/ra -62,0 -77,0 -58,0
Table 1
The balance of nutrients in crop rotation (2008—2016)
Fertility Units Manure incorporation method
element PN-4-35,20-22cm | PYA-3-35,25-27cm | BDT-3,15-18cm
Nutrient intake from manure, crop-root residues and NPK
Humus output t/ha 13.6 13.7 13.7
Nitrogen kg/ha 1069 1127 1090
Phosphorus kg/ha 750 782 781
Potassium kg/ha 1115 1111 1110
Calcium kg/ha 505 542 504
Magnesium kg/ha 243 246 242
Crop nutrient removal
Humus output t/ha 9.58 9.61 9.61
Nitrogen kg/ha 1012 1068 1002
Phosphorus kg/ha 715 754 716
Potassium kg/ha 946 996 947
Calcium kg/ha 495 532 495
Magnesium kg/ha 305 323 300
Soil nutrient balance
Humus output t/ha 4.02 4.09 4.09
Nitrogen kg/ha 57.0 59 88
Phosphorus kg/ha 35.0 28 65.0
Potassium kg/ha 169 115 16.
Calcium kg/ha 10.0 10.0 9.0
Magnesium kg/ha -62.0 -77.0 -58.0
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Takke BbIsIB/IeHO, UTO OasaHc ¢ocdopa rpu sipycHOM 00pabOTKe 3HAUMTETBHO
HIDKe, UeM TpH IpYTuX rpreMax oopabotku. Hakorienne gocdopa ¢ yueTom rorepb
o oObIYHOM Bcraike coctaBuio 35,0 Kr/ra, MOBepXHOCTHOM o6paboTke — 65,0 K,
spycHoii — 28,0 kr/ra. Ha canbfio muTaTe/ibHBIX BellleCTB B MOYBe 0O/bILIOe BMSHIE
0Ka3aJl BIHOC MUTATeJIbHBIX BelleCTB C YPOXKaeB.

B 11e/10M >ke OTMeUeHO pacIIMpeHHOe BOCTIPOU3BO/ICTBO TUIOJOPO/HS TI0 BCeM 00-
pabotkam. Eciv mpu pacueTe cofiep>kaHue TyMmyca 1o cucTeMaM 00pabOoTKH MOJTyYeHbI
O/mm3kue maHHble — oKomo 4,02 u 4,09 T/ra, TO 10 pe3ynbTaTaM 1ab0paTOPHOTO aHa-
J13a TIOYBEHHBIX 00pa310B 00HAPY>KeHbI 3HAUMTE/IbHbIE PACXOXK/€HHSI, 0COOEHHO MPH
r1yOOKOM SIpyCHOM 3a/ie/iKe HaBo3a (Tabsm. 2). Tak mpy JUCKOBaHWUH ITPUPOCT TyMYyca 110
CpPaBHEHUIO C UCXOAHBIM TT0Ka3aresieM cocTaBui 6,9 T/ra, npy TpaguLMOHHOW BCHalll-
ke — 7,8 T/ra, spycHoit — 14,4 1/ra. I1pu ryboKoit spycHoM 06paboTKe ryMmyca HaKo-
MUWI0Ch Ha 6,6 T/ra (wm 1,85 pasa) 6osblile, uem rpu 0OBIYHOM BCIIAILIKe, U Ha 7,5 T/ra
(2,1 paza), uem nipu AurckoBaHuH. [IpoLiecc rymycoobpa3oBaHus yCIieliHee TpoTeKasl
MIpU SIPyCHOM 06paboTKe, 0 UeM CBU/IETE/ILCTBYIOT KO3(MhUIIMEHT ryMUbUKaIMy opra-
HUYECKOro BellecTBa, KoTopeli coctaBui 60...70 %, Torja Kak B BApUaHTax JUCKOBOM
1 00BIYHOM 3a/1e/TKK OH He TipeBbIiian 25 u 30 %.

ITo ganapM C.C. CnobHMKOBa u3 1 T TO/yTiepenpeBIiliero HaBo3a IMPH 3arialll-
ke Ha 20...22 cM 00buHBIM MUTyroM obpa3syetcst 35...50 kr [17] rymyca, 10 JaHHBIM
A.H. )Xykosa u I[1.[1. [TomoBa — 60 kr [18].

711 IHTeHCUBHOTO (hOPMUPOBaHMS TymMyca Heo0X0[HUMO, UTOObI MPOLIeCC MUHe-
pastM3ary OpraHuyeCcKoro BeleCTBa MPOUCXO/AW/ TIPU PAa3HbIX YC/IOBUSX: B a9POOHBIX
1 aHa’pobHbIX. Ha 310 B cBomx Tpyzax yka3seiBan I1.A. Kocteiues [19].

A»spo6HbIe ¥ aHAPOOHBIE YCIOBUS CO3AF0TCS TIPH TTPOBEIEHUH T/TyOOKOM 3artariiku
HaBo3a fApycHbIM riyrom [17-3-35 Ha 25...27 cMm. Eciv o MenkuM 3ajiesikam OpraHuy-
YyeCcKoe BelleCTBO MPAKTHUeCKH MOTHOCTBIO Pa3/araaoch MoYBeHHOM OMOTOM B TeueHue
2-3 jiet, To TIyOOKOM 3amaliike Ha HO OOPO3/bl OHO COXPAHSIOCHh OKOJIO TISITH JIET.

[ToxuuBHO-KOpHeBbIe octaTky (ITKO) 3azenbiBaiy MpU MOMOLLM TSDKeIOW [ucC-
KOBOUM O0poHbI Ha TyOuHYy 16...18 cm. Tlpu Takoi 3azie/ike sipycHasi BCIalllka co3/a-
Bajia Kak Obl «CJIOEHHBIA TTMPOr» — BHU3Y HaBO3, a CBEPXY OpraHWYecKHre OCTaTKH.
PacripesiesieHHOe TakMM 00pa30M OpraHWYeckoe BeIeCTBO B MOYBEHHOW TOJIIE TIPU
rmyOoKo# 3a/ie/ike OpMHUPOBAIO 0OpaTHO reTeporeHHOe CTPOeHHe MaXx0THOTO CJIos, B
HEKOTOpbIe TO/Ibl HY)KHUW CJI0M OKa3bIBasCs IJI0JOPO/Hee BepxHero. SpycHbIN TUIYT,
Graroziapst MOIITHOMY TIPeATUTYKHUKY, TOUHO YK/Ia/IbIBaeT Ha 3a/JaHHYIO0 IJTyOUHY Bepx-
HUM CJION MOUBBI, OOraThlii OpraHUYeCKUM BeILeCTBOM, 3arpsi3HEHHbIM CeMeHaMH CO-
PHSIKOB U 00/e3HsIMH, UTO He HabJIr0anoch Mpy BCMallke 0OBIYHBIM TUTYTOM, AaKe C
MIPeATUTYKHUKaMH TTPOU3BOAMBLINM 00BIYHOE TepeMellBaHie BepXHEeH YaCTH TalllHU
Ha m1ybuny 16...18 cm.

AHanu3 AUHAMMKY TI0Ka3aTe el TI0[0pOAUs TIOUBBI TT0Ka3asl, YTo 0OMeHHas KMC-
JIOTHOCTb HECKOJIBKO CHH3WJIACh TI0 BCEM TEXHOJIOTHUSIM 3a/leJIKU HaB03a 10 CPaBHEHUIO
C UCXOHBIMU AAHHBIMU (Tabs1. 2). Ec/ti 110 ypaBHUTETBHOMY 1TOCEBY OHA He TIPeBbIiIa-
na 6,05 u 6,08 pH, To B KOHIIe ombITa COCTaBWIA MO JUCKOBaHUIO — 6,11, ipycHOMY
yry — 6,18 u o6eruHOMY T1TyTY — 6,15, T.€. cHu3miack Ha 0,07, 0,13 u 0,03 eauHuLy
COOTBETCTBEHHO.
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Tabmya 2
N3meHeHue njaogopoanda no4YBbl Npu pa3HbIX cnoco6ax 3ajeJiKu HaBo3a
g 9neMeHT nnogopoauns roa MH-4-33 ns-3-35 BAT-3
n/n (20..22 cm) (25..27 cm) (15..18 cm)
2007 6,08 6,05 6,08
1 O6MeHHas :iucno-ruoc-rb 2008 610 6,08 6.10
Pl 2016 6,15 6,18 6,11
2007 17,3 17,4 17,1
2 Coaepxanme N-NO,, 2008 17,9 18,1 18,0
MrF/KF NOYBbI
2016 21,7 23,6 21,9
2007 160 161 166
3 Coaepxanme P,0,, 2008 172 168 174
MF/KF NOYBbI
2016 180 210 189
2007 161 160 158
4 Coaepxcanue K,0, 2008 172 183 176
MF/Kr NOYBbI
2016 186 208 184
2007 18,3 18,7 18,8
s | Swanormouemex | 08
2016 23,0 25,3 21,8
2007 2,81 2,83 2,80
6 CopepxaHue rymyca, % 2008 2,84 2,87 2,85
2016 3,01 3,20 2,99
MpupocT rymyca, %, (T/ra) 0,2(7,8) 0,37(14,4) 0,19 (6,9)
MpuMedaHwe. 2007 r. — ypaBHWUTENbHbIE MOCEBbI OBCa (MCXOAHbIE JaHHbIE).
Table 2
Changes in soil fertility depending on manure application method
No. Soil parameter Year PN-4-33 PY-3-35 BDT-3
p/p (20-22 cm) (25-27 cm) (15-18 cm)
2007 6.08 6.05 6,08
1 Exchange acidity 2008 6.10 6.08 6,10
(PH,c)
2016 6.15 6.18 6,11
2007 17.3 17.4 17,1
2 N-NO,, mg/kg 2008 17.9 18.1 18,0
2016 21.7 23.6 21,9
2007 160 161 166
3 P,0,, mg/kg 2008 172 168 174
2016 180 210 189
2007 161 160 158
4 K,0, mg/kg 2008 172 183 176
2016 186 208 184
2007 18.3 18.7 18,8
5 Total ;b::/’fgg :ases, 2008 20.6 22.0 20,2
2016 23.0 25.3 21,8
. 2007 2.81 2.83 2,80
6 Humus, % 2008 2.84 2.87 2,85
2016 3.01 3.20 2,99
Humus growth, %, (t / ha) 0,2 (7,8) 0.37 (14.4) 0.19 (6.9)

Note. 2007 — leveling crops of oats (source data).
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BeposiTHO, CHW)KeHre KUC/IOTHOCTU ITPOMCXOAUIIO U3-3a BBIHOCA TT0CeBaMHU KJleBe-
pa 13 HIWKHETrO C/1051 B BEDXHUM Ka/lbL{Usl U MarHusl.

Uro kacaercsst N-NO,, To K KOHIy poTalLji1 CeBOO60pOTa ero CofiepKaHue yBeJu-
ynsIo0Ch Ha 25,4 % 1ipu 3aziesike 0ObIYHBIM TITYTOM, Ha 35,6 % Tpu spyCHOM 3ararike 1
Ha 28,1 % mipu AMcKoBOM 0OpaboTKe.

K 3aBepmenuro porauuu ceBoobopora cogepkanue B nouse PO, Ha BapuaHTe
sIpyCcHOro Tutyra Bo3pocso Ha 30,4 %, obbruHoro ryra ITH-4-35 — Ha 12,5 %, aucko-
Bauust — Ha 13,8 %. [Tpupoct K, O o Bcrariike Ha 20...22 ¢m 15,5 %, Ha 25...27 cM —
30,0 %, no guckoBanuto Ha 15...18 cm — 16,4 %.

CyMMa MOIJIOIIeHHbIX OCHOBAaHMWW yBenuuunach Ha 25,7 u 12,6 % npu npume-
HeHUM TpaJULMOHHOrO Iuiyra, Ha 35,3 u 17,1 % pByxbspycHoro u Ha 16,0 u 7,4 %
JIUCKOBOM OOpOHBI. B ymyuiieHnu 3TUX ToKa3aresieli, HeMaJOBaXXHYI0 POJIb ChITPai
MOCeBbI K/ieBepa.

BaxHyo posib B MOBBILIEHUH TJIOZ0PO/US MOYBBI UTPAOT BOAHO-(PU3NUeCKUe
1 GHo/IoTUUeCKHe CBOWCTBA MOYBBI: COJEP’KAHUIO BJIard, BOAOIPOUYHOM CTPYKTY-
Pbl, TIJIOTHOCTH CJIOKEHUS], HATMUMIO JOXK/EeBbIX uepBeild. V3yuaemble arpoKy/bTy-
pbl UMEIOT CBOM ONTHMaJIbHBIM AMana3oH MJIOTHOCTU: JJisi 03UMbBIX 3€PHOBBIX —
1,20...1,40 r/cm3, sspoBbIxX 3epHOBBIX — 1,15...1,30 r/cM®. Ba)kHa MJIOTHOCTD U /151
(bopMUpoBaHUs rymyca — Jiy4llle BCero 3TOT MPoLiecc MPOUCXOAUT MPH IJIOTHOCTU
1,30...1,35 r/cm?.

B uccnenoBanusix cpefHsisi ioTHOCTh B cyioe 0—30 cM 1oj 03UMOol MileHu-
el mpu 06paboTKe JBYXbSPYCHBIM TUTYTOM He TpeBbiana 1,23, 0ObIUHBIM ITy-
rom — 1,26 u BAT-3 — 1,27 r/cm®. Tlog spoBbIMU KY/JbTypaMH OHa COCTaBHU/Ia
1,21, 1,25 u 1,27 r/cM® coOTBeTCTBEHHO. Bosblile BOJOMPOYHBIX arperaToB IO,
03MMBIMU KY/IbTypaMu Habmroanack pu riybokou Beramike — 57,6 %, MeHbllle
o o6eruHOM — 53,0 % U guckoBaHui0 — 55,4 %, MOJ, IPOBBIMU COOTBETCTBEH-
HO — 55,2, 53,0 u 52,3 %.

[oxzeBble yepBU y/yudllatOT (pHM3UUeCKHe CBOMCTBA MOYBBI, YYaCTBYIOT B pas/o-
JKeHUH OpraHu4eCcKOTo BelleCTBa, 00ecrieurBasi pacTeHHsl 3/leMeHTaMu MUHepa/IbHOTO
MUTaHMS, B YaCTHOCTHU a30TOM, (p0C(hOpOM U KasbLIEeM.

B ombiTax Ko/MuecTBO [OXKJEBbIX UepBed TOJ, 03MMOW MIleHWLed Ha Bapu-
aHTe 00BIUHOM BCTAIIKK COCTABUIO 44 3K3./M?, spycHOU — 47 U AUCKOBOU 00pa-
6oTke — 41 3K3./M?, ux ob1jast Mmacca coorBetcTBenHo — 1,80, 1,83 u 1,68 kr/ra.
[Tpu 3TOoM UMM OBLIO BhIZle/ieHO KanposmTa — 13,00, 13,84 u 12,07 T/ra cooTBeT-
CTBEHHO.

BnaronpusiTHble yC/IOBUSL POCTa U Pa3BUTHSL PaCTeHHI TMO3BOJIM/IN 00eCIeunTh
ypoXXal 03MMOM TMILIEHUL[bI TI0C/Ie 3aHATOrO Tapa Mo ABYXbSIpyCcHOMY mayry 4,56 T/
ra, oobraHomy Tinyry — 4,35, arckoBaHuio — 4,36 T/ra, mocjie MHOTOJIETHUX TPaB —
4,59, 4,43 u 4,41 T/Ta COOTBETCTBEHHO (Tab1. 3).
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Tabnmya 3

Ypo>kaiiHOCTb M Ka4ecTBO 3epHOBBIX KYNbTYp NP pasfiM4HbIX crnocobax
3ajleNlku HaBo3a (2008—2016 rr.)

BapuaHT | Ypo)xailiHOCTb, Cblipoit KneiikoBuHa, | Kpaxman, A30:|' KO % PO %
onbiTa T/ra 6enok, % % % o6bLmin, % 27 278
O3umas niieHuLa nocne 3aHATOro napa

1 4,35 12,2 28,2 56,2 2,45 0,52 0,54

2 4,56 13,6 31,2 59,0 2,58 0,53 0,59

3 4,36 12,3 29,4 56,3 2,41 0,52 0,54
HCP, 0,16

O3umas niieHuLa nocsie MHOroJsIeTHUX TpaB

1 4,43 14,9 36,4 54,8 2,28 0,46 0,57

2 4,59 15,4 37,6 56,3 2,31 0,50 0,60

3 4,41 14,9 36,2 54,3 2,18 0,47 0,57
HCP, 0,14

flpoBas nuweHuuya

1 3,23 14,9 36,4 54,8 2,28 0,46 0,57

2 3,58 15,4 37,6 56,3 2,31 0,50 0,60

3 3,15 14,9 36,2 54,3 2,18 0,47 0,57
HCP, 0,13

flpoBoii sUMeHb

1 3,42 134 3,68* 60,0 2,15 0,78 0,92

2 3,67 14,2 3,64* 63,0 2,23 0,95 0,94

3 3,10 133 3,67* 59,0 2,09 0,77 0,90
HCP, 0,15

OBec

1 3,85 12,8 28,2 40,1 2,37 0,67 0,55

2 4,65 14,3 30,9 43,9 2,44 0,74 0,59

3 4,46 13,2 29,8 42,6 2,43 0,68 0,57
HCP, 0,14

Mpumeyanue. * — CofeprxaHue KneT4HaTKn.
YcnoBHble o603HadeHua: 1 — MH-4-35 Ha 20..22 cm, 100 T/ra; 2 — MNA-3-35 Ha 25..27 cm; 3 — BAT-3 Ha 15..18 cMm.
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Table 3
Grain yield and quality depending on manure application method (2008—2016)
Variant Yt'f,i‘; pr(;‘;?: o | Glutens | Starch% | . t;‘;t:r']‘ o | KO% P,0, %
Winter wheat after full fallow

1 4.35 12.2 28.2 56.2 2.45 0.52 0.54

2 4.56 13.6 31.2 59.0 2.58 0.53 0.59

3 4.36 12.3 29.4 56.3 2.41 0.52 0.54
LSD,, 0.16

Winter wheat after perennial grasses

1 4.43 14.9 36.4 54.8 2.28 0.46 0.57

2 4.59 15.4 37.6 56.3 2.31 0.50 0.60

3 4.4 14.9 36.2 54.3 2.18 0.47 0.57
LSD,, 0.14

Spring wheat

1 3.23 14.9 36.4 54.8 2.28 0.46 0.57

2 3.58 15.4 37.6 56.3 2.31 0.50 0.60

3 3.15 14.9 36.2 54.3 2.18 0.47 0.57
LSD,, 0.13

Spring barley

1 3.42 13.4 3.68* 60.0 2.15 0.78 0.92

2 3.67 14.2 3.64 63.0 2.23 0.95 0.94

3 3.10 13.3 3.67 * 59.0 2.09 0.77 0.90
LSD,, 0.15

Oats

1 3.85 12.8 28.2 40.1 2.37 0.67 0.55

2 4.65 14.3 30.9 43.9 2.44 0.74 0.59

3 4.46 13.2 29.8 42.6 2.43 0.68 0.57
LSD,, 0.14

Note. T— PN-4-35 at 20..22 cm, 100 t/ha; 2 — PY-3-35 at 25..27 cm; 3 — BDT-3 at 15..18 cm; * — fiber content.

OO0t coop 3epHa ¢ 1 ra ceBooOOPOTHOM TI/IOIA/IA MPY OOBIYHOM 3arialike Co-
craBui 19,4 wium 3,87 T 3epHOBBIX €IMHMULI, TIPU TTyOOKOM sipycHoM 3agenke — 20,1 T
w 4,21 T/ra 3.e., IO JUCKOBaHUIO COOTBeTCTBeHHO 19,5 T 1 3,90 T/ra. [1o sipycHOMY
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TTyTy YPOXKaHHOCTh 3ePHOBBIX KY/IBTYP TI0 CPaBHEHMIO C OOBIYHOM BCHALIKOW Oblia
BbIllle Ha 1,77 T/ra, uiu Ha 8,4 %, ¢ auckoBaHueM — Ha 1,57, unv Ha 7,5 %.

ITpu 3TOM CofiepKaHue ChIporo Oesika coctaBuio 13,6 u 14,5 %, KielikoBuHbI — 31,2
u 37,6 %, kpaxmana — 59 u 56,3 %. [Ipu sipycHoi 006paboTKe B 3epHe OobIlie coziepyka-
nock pocdopa u kamust. ComepykaHue o0Iero a3ora Bapbuposasio ot 2,31 1o 2,58 %.

YpoXaltHOCTh SIPOBOM IMIIEHUI[BI C TIOAICEBOM MHOTOJIETHUX TPaB IO sPyCHOM obpa-
6oTke coctaBuia 3,58 T/ra, uTo BbIllle 0OBIYHOM BCraliky Ha 0,35 T/ra, JUCKOBAaHUS — Ha
0,43 1/ra. I1pu 3armaiiike IpyCHLIM TUTyTOM B 3€pHE COZIepKasioch: bemka — 15,4, KnmeHKoBu-
Hbl — 37,6, Kpaxmana — 56,3, docdopa u kamss — 0,50...0,60 % (cm. Tabsn. 3). B 1o e
BpeMsi B BapraHTax 3azenku [TH-4-35 u B/IT-3 3epHo cozpepykano: 6enka — 14,9, Kneiko-
BUHbI — 36,4 1 36,2, Kpaxmana — 54,8 u 54,3, pocdopa — 0,57, kamis — 0,46...0,47 %.

[To rmy6okoii 06paboTke ypoxkait ssumenst goctur 3,67, ro rutyry [TH-4-35 — 3,42,
BAT-3 — 3,10 1/ra ¢ cogepxanuem 6enka — 14,2, 13,4 u 13,3 %, obiero azora —
2,23, 2,15 u 2,09 %, dochopa — 0,94, 0,92 u 0,90, kamus — 0,95, 0,78 u 0,77 %
COOTBETCTBEHHO (CcM. Tab. 3).

[TpoAyKTUBHOCTL OBCA Ha y4yacTKe spyCHOU 00pabOTKM TOUYBBI OKa3anach 4,65,
BAT-3 — 4,46 u [TH-4-35 — 3,85 T/ra c cofepkaHreM B 3epHe Gelka COOTBETCTBEH-
Ho — 14,3, 12,8 u 13,2 %, kneiikoBunbl — 30,9, 28,2 u 29,8 %, kpaxmana — 43,9,
40,1 u 42,6 %, obmiero azora — 2,44, 2,37 u 2,43 %, kamus — 0,74, 0,67 u 0,68
%, dochopa — 0,59, 0,55 u 0,57 % (cm. Tabn. 3). Takum obpa3om, Tpu IyOOKOM
SIPyCHOUM 00paboTKe Ky/IbTYp ceBo060poTa ObLTH BhIIIIe TPOAYKTUBHOCTh U KaueCTBO
MPOYKITUH.

3akoyeHue

1. 3amnarka HaBo3a ruiyrom I151-3-35 Ha rmy6uHy 25...27 CM MOBBICH/IA:

— cojiepykKaHue Tymyca o CpaBHeHHIO ¢ 00bIUHOM BCralkoi Ha 6,6 T/ra, ¢ quc-
KOoBaHMeM — Ha 7,5 ra/ra;

— KOJIMYEeCTBO JIOK/IeBLIX uepBeli Ha 3 ¥ 6 ocobetli;

— 00111yr0 6MOIOrMUEeCKY0 aKTUBHOCTD ITOUBBI.

2. 3afienka MO/ICTU/IOYHOTO HaB0O3a Ha IHO OOPO3/1bI ABYXbSPYCHBIM TTyTOM YITyu-
I1/a BOAHO-(hM3MYeCcKre CBOMCTBA MaxXOTHOTO CJIOsl, YBeMUYMW/Ia HaKOIJIeHWe Bjaru
B MAaxXOTHOM CJi0e, KOJIMUeCTBO BOZOIPOUYHBIX arperatoB Ha 4,6 % MO OTHOILLIEHWH K
00BIUHOM BCrallke U Ha 5,3 % 110 IMCKOBAHUIO, CHU3M/IA TJIOTHOCTD C/1oyKeHus Ha 0,03
u 0,04 r/cM® COOTBETCTBEHHO.

3. I'nybokast sipycHasi 3araiiika OpraHM4yeckoro yaoopeHus moBbicuia Ha 7,0 %
MPOJYKTUBHOCTb BO3/Ie/IbIBAEMbIX KY/IBTYD 10 OTHOIIEHHUIO K 0OBIYHOM BCIAIKe U Ha
6,7 % — K IWCKOBaHUIO, YIyyullln/ia KaueCTBO TIPOYKLIUH.
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