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AHHOTanus

HW3yueHO B/MsIHYE UEeThIPEX CIOCO60B 00PabOTKH TOUBHI U ABYX 03 amMMotoca NPK Ha cTabU/IbHOCTh pa3BUTHS SIPOBOM
niieHubl Ha Tepputopun Cys3ganbckoro paifoHa B 2026 1. Mcronb3oBajacs MeTof, HOPMasv3yloOLield pasHOCTH U
reoMeTpuueckoil MopdomMeTpuu. B mocnesHeM MeTofe WCIIOb30BalvCh KOOpAWHAThl XY 13 map CUMMETPHUYHBIX TOYeK,
BBICTaB/ISIEMBIX 110 KOHTYPY JIMCTOBOW I/IaCTHHBEL. AHANW3 Ha IPUCYTCTBHUE HallpaB/eHHOM acCMMMeTPHM II0Ka3al 3TOT BHUJ
aCHMMETPHH TOJIBKO TIPH MCTIOJIB30BaHUK HOpMUpYoLeii pasHocTH. OQHO(AKTOPHEIN AWCIIepCUOHHBIA aHaIM3 TT0Ka3all, 4To
nepBbifi criocob 06paboTKK TMOUBbI (OTBA/IbHBIN) BbI3bIBAa/l HAUMEHBIIYH) BeMUUMHY (QyKTyupytoiei acummerpun (PA =
0,056 + 0,01), a TpeTHii CrIoc0b6 — KOMOMHUPOBAHHBIN IPYCHbIM — Hanbosbiee 3HaueHue @A (0,1 + 0,01; p < 0,05). B To xe
BpEMsI KOHTPOJIbHBIE PAaCTEHUsI UCTIBITBIBAIN TIOHKEHHYIO cTabuabHOCTL pa3eutus (PA = 0,09 + 0,01). ABTOpBI MOJAraroT,
YTO OTBa/JBHBIM CMOCOO CO3/aBaj HawIydlllee YC/IOBUe s CTAaOMJIBHOTO Pa3BUTHS SIPOBOM TIILIEHMI[BI B YC/IOBUSIX CEpBIX
JiecHbIX 110uB Cy3/Ia/IbCKOr0 OI10JIbsI, B/1aroziapst BEICOKOM aspaljiy KOpHeH, yrHeTeHHI0 COPHOW PacTUTEIbHOCTH U CHIKEHHIO
o0bema naToreHHOW MUKPOGIOPHI.

KnroueBble ciioBa: QIyKTynpyollasi aCHMMeTPHsl, CTaOUIbHOCTb pa3BUTHS, SpOBasi MIlIeHH1a, 06paboTKa MOUBHI.
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Abstract

The influence of four soil tillage methods and two doses of NPK ammophos on the growth stability of spring wheat in the
Suzdal District in 2026 was studied. The normalised difference method and geometric morphometrics were used. In the latter
method, the X and Y coordinates of 13 pairs of symmetrical points, plotted along the contour of the leaf blade, were utilised.
Analysis for the presence of directional asymmetry showed this type of asymmetry only when the normalising difference
method was applied. A one-way analysis of variance showed that the first method of soil tillage (ploughing) resulted in the
lowest value of fluctuating asymmetry (FA = 0,056 + 0,01), whilst the third method — combined layered one — resulted in the
highest FA value (0,1 + 0,01; p < 0,05). At the same time, the control plants exhibited reduced developmental stability (FA =
0,09 + 0,01). The authors believe that the ridging method provided the best conditions for the stable development of spring
wheat in the grey forest soils of the Suzdal high plains, owing to high root aeration, suppression of weeds and a reduction in
the volume of pathogenic microflora.

Keywords: fluctuating asymmetry, developmental stability, spring wheat, tillage.

BBejeHue

SIpoas menuta (Triticum aestivum L., copT Jlagps), cemeiicTBo Poaceae Barnhart. — KycTHCTO€ OJJHO/IETHEE pacTeHHe
C JIMCTOBBIMU TUIACTHHAMH C BBIDA)KEHHBIM TIPOJIOBHBIM KUMKOBaHUeM. K cTe6/to diaroBast MCTOBas MIaCcTHHA MPUMBIKAET
BJIarajIMIIIEM C SI3BIYKOM, KOTODbIe 3aKpeIUISIOT JIUCT Y TIPe/IOXPaHSIIOT ero oT u30bITKa Biard. ViccieqoBaHus, IpoBe/jeHHbIe B
Cy3panbckoM orosibe HauuHasg ¢ 2019 r., mokasany, YTO Ha ypOXKalHOCTb U KaueCTBO 3epHa SIPOBOM MIIIeHULIbI BAUSIOT U
crcTeMa ceB0060OpPOTa, ¥ TIOTOZHbIE YCJIOBHS, U [j03a BHOCUMOTO MUHepasbHOro yzo6penus [1], [2].

YBenuueHue f03bl y00peHUE TIPUBOAWIO K TIOBBIIEHWIO [OMM HampaeneHHOW acummetpun (HA) B 06iieit
aCMMETPUYHOCTH JIMCTOBBIX TuIacTHH. PnykTyupytomasi acuMmMmerpus, PA (HeHarpaB/eHHOe OTK/IOHEHHe OT CTpPOroi
CYMMeTPHUH) OCTaBajach Ha OHOM ypoBHe. B koHTposie (6e3 06paboTku mouBbl) 3HaueHUss PA ObLIH BhILIE, UTO YKa3bIBalIO Ha
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CTaOWIU3UPYIOILYI0 DOJib MHHEpalbHBIX yA00peHni. dopma JIMCTOBOM IUIACTUHBI B pacTeHWsiX (MIIEHUIA, SUMEHB)
pasnmuuanack 3HaumMo (p <0,0001) mpu HCIOSB30BAaHWK PpA3/IMUYHBIX MeToZoB 00paboTku mouBkl [3]. CKIOHHOCTH K
TIOBBIILEHUI0 ¥ 000MX BHJOB acUMMeTpHH Oblia Gosee BBIpa)KeHa Y O3WMMOM MIIEHULBI TI0 CPABHEHUIO C SIPOBBIM COPTOM.
BricokorHTeHCHBHas 103a amMmModoca NixPi20Kiz criocobeTBoBana Haubonbiuel BenuuriHe DA (1aroBbIX JUCTHEB 03UMOM
meHunsl [4], [5], [6].

OnucaHHbIe BBIIE WCCIEA0BAHUS MPOBOAWINCH B PaMKaxX OOILEro 3KCIepUMeHTa C WCIOIb30BaHHUEM UYeThIPeX THIIOB
00paboTKY MOYBHI:

1) oOILEeNPUHATON WK OTBAIbHOW;

2) sHeprocbeperatoiiiei;

3) KOMOMHMPOBAHHOM SIPYCHOW;

4) KOMOMHUPOBAHHOU POTHBO3PO3UOHHOM.

[Tnowaab KaXkKA0ro SKCrepUMeHTaTbHOIO yuyacTKa cocTaBsiia 7%x20M. KoHTposeM Cly>Xuid MexxkeBble T0JI0Chl 1,5-2Mm.
Jloka/u3aiys TpoBeJeHHON paboTel — ceBepHas 4acTh Biagumupckoit obnmactud (Cy3manbCckuii paiioH; 56.2157°N,
40.5166°E). TTouBa XxapakTepH3yeTcst Kak cepasi JieCHasi CpeZJHe CyIJIMHUCTast Ha TUIAKOPHOM YacTH PaBHUHHOTO pesibeda.

ITpu oTBasMbHOM BCMAIIKE TUIACT ITOYBHI TMOJHOCTHEO WM YaCTUYHO 0OOpauvBalOT B BePTHUKAILHOM TIOCKOCTH. JTOT
Cnocob PBIXJIUT 3eM/II0 B TUIACTaX MHOTOJIETHUX TPaB, HO MPUBOAUT K Pa3pYIIEHUI0 CTPYKTYPhl MOYBLI U TIOBBIMIAET PUCK
3DO3UH, UTO BeJleT K TIoTepe ryMyca.

OHeprocbeperaroiiias 00paboTKa BK/IHOUAET TOJBKO TOBEPXHOCTHOE PhIX/IEHWE, TOCEB TMPOXOJUT B HeoOpaboTaHHIN
TPYHT, a pacTUTe/IbHbIe OCTaTKH OCTaOTCs Ha [IOBEPXHOCTH.

KombuHMpoBaHHas sipycHas 00paboTKa mpejrosaraeT Moc/aoiHy 006paboTKy pa3sHbIMHM WHCTPYMEHTaMH, HarlpuMmep,
JIEMEIIIHO-0TBa/IbHBIMHU  ZIJIs1 TIOBEDXHOCTH W PBIX/SIIMMHA — [7I5 HYDKHETO CJIosi TMOoYBbL. Takoi croco® ToBbIaer
MIPOAYKTUBHOCTb CEBOOOOPOTA, Y/ydYllaeT BOAHBIA PEXHUM TOUBBL. JTa 00pabOTKa CHM)KAeT SHepreTruyeckde 3aTparhl 10
CpaBHEHUIO C OOBIYHOW ITyOOKOM Beramkod. I10/I0KUTeNbHbIE UepThl — COXPaHeHWe CTPYKTYPbI TMOYBBI, YMeHBIIEHHe
WCMapeHyst B/Iary, CHWKEHWE 3PO3WH U TOBbILIEHVEe OMO/IOrMYecKol aKTUBHOCTH IMOYBBI. Takum 00pa3oM, KaXKIbIi MeTof
006paboTKy MMeeT CBOM MPEUMYILeCTBA U HEJJOCTATKHU.

Ifeab pabombi 3aK/TrOUaach B OL[EHKE BAMSHUS TEXHUUECKOH 00pabOTKM MOUBbI HA CTAOUIBHOCThL PA3BUTHS MIIEHUI[bI, U B
CpaBHEHMH [IByX MeToZ0B orpezienenns DA.

MeTtoabl M IPUHLIMIBI MCC/IE{0BAHMSA

B nepBoii sekaze aBrycra 2026 roga ¢ KakIoro ydacTka miomaabio 7x20 M 6wt otobpadbl 30—40 MMCTOBBIX MJIACTUH
JyinHOH oT 12 o 20 cM. JIucToBble I1acTHHBI cOOMpaaUCh paHZOMHO II0 BCEMY yUacTKy, He Ommke 1 M OT KaKZ0ro Kpas BO
nsbexxaHue KpaeBoro 3dgexra. OT KaK[LOro pacTeHHs] OTOMPaaoCh OfHA JIMCTOBAsl IUIACTMHA, B TOT )K€ JeHb IIACTHHBI
BbIMAQUMBA/IMCh B JleTepreHTe, HaK/IenBaluch Ha Oymary abakcranbHOM CTOPOHOM HaBepX U CKaHMPOBa/IUCh cKaHepoM Canon
MF310 ¢ pa3pemenvem 300 dpi B ¢opmare TIF. OTbupanuch CUMMETPUUHbIE TIACTUHBI 0€3 MPU3HAKOB (PU3MUECKOTO
TIOBpe>X/ieHusi. Bribupanacek Hanbosiee yrobHas yacTh TUIACTUHBI IJIMHOM 5 CM 17151 n30eraHusi HarpaB/ieHHOH acCMMeTPHH.

st oripesienieHust QIyKTYMpPYIOLel aciMMeTpHUHY OblTa MCIO/b30BaHa HOpMyJia HOPMUPYIOLEH pa3HOCTH ¢ abCOMOTHBIM
3HauenueMm (6e3 3Haka): @A = (JI - I1)/(JI + II), rae: JT — BenuuMHa JI€BOM MOJIOBUHBI TUIACTHHBI, a [T — BeaMuKMHa MpaBoi
TIOJIOBHHBI.

ITpn mMopdoreomeTprueckoM MeTozie Ha KakJoe M300pakeHHe HAaHOCWIOCH 1O 13 map, T.e. 26 Merok. Vcrons3oBaincs
nakeT nporpaMM TPS [7]. Ocb cuMMeTpuM BbICTaB/sIaCh [JBYMsI MeTKaMU Ha CpejiHell JKW/Ke B OCHOBaHUM U Ha BepIlMHe
yucta. [lapHble MeTKM CpaBHMBAJMCh Kak TOMOJIOTUYHBblE OuWiarepajbHO CHMMETPUUYHble TOUKM (JlaHAMapky, LMs).
Omnpepensiiack AWCIepCcUsi KakAod u3 13 map ToueKk B KOHCeHCycHOM mipsiMoyrosnbHuke (TPSrelw32) u mpoBogunochk
orpeZiesieHre MopgoreoMeTpruueckoro nHaekca ®A,, aHaJOrMUYHO HOPMHPYIOIIEMY MeTOZy C HCII0JIb30BaHWEM AVCIIepCHH
13-tu map touek: PA, = (Si- sr)/ (Si+ Sr), TA€ S| ¥ S, COOTBETCTBEHHO, AWCIIEPCHs JIeBOW M MPABOM METKH, a 3aTeM HaXOAWUIOCh
cpenHee apupMeTHyeckoe 3HaueHue [3].

Ins vickmoueHust HampaeieHHOW acummerpuu (HA) wucnonb3oBajics t-TecT A/ JBYX BBIOOPOK (JieBbie W TIpaBbie
3HAUEeHUsI) C HY/IeBOM FMIIOTe30H 00 UX paBeHCTRe.

B kauecTBe MuHepasbHOrO yA0OpEHHUs MCIIO/b30Baics aMMo(oC B JByX fo3ax mepsas ¢ Gopmynol NePesKe 1 BTOpas,
noBbiiieHHast (NgoPgKgo). ITH [03bI M3yuyanucCh JMIIb MPU TepBOM criocobe 0OpabOTKM TMOYBHI (OTBa/bHOM). YPOBEHb
CTaTUCTUYECKOM 3HAUMMOCTH PerUCTPUPOBAJICs Ha ypoBHe 95%.

OcHoBHBIe pe3y/1bTarThl
[liuHa niacTvH, MoJyYeHHbIX Ha BTOPOH /103e, Obula HaubO/IbILeH, B KOHTPO/IE — HaUMeHbIIasi, COOTBETCTBEHHO, 17,7 +
0,9u 13,9+ 0,5cm (F =4,1; p = 0,002 ogHO)aKTOPHBIHN TUCTIEPCUOHHBIN aHa/MN3, pycC. 1).
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PucyHok 1 - /]nMHa TMCTOBOM MJIaCTHHBI B 3aBUCUMOCTH OT Criocoba 06paboTku
DOIL: https://doi.org/10.60797/JAE.2026.74.16.1

IIpumeuanue: eepmukaibHbie 0mpesKu, 30ech u 0aaee — OMHOCUMebHAS! OWUOKa

HanpapneHHasi acuMmetpusi Obla TMojyueHa TOMBKO B ofHOM obpasie (1-1 go3a, 1-s obpabotka, t-tect: p = 0,001,
nipaBoctoponHsis HA). ®parment HA 6611 yraneH u3 obieit Bennunnbl PA. [I7st 3Toro cpeatee 3nadenue (J1 - IT) 6e3 3Haka
BBIUMTA/IOCh U3 Ka)XXA0ro abcosoTHoro 3HaueHus OA = (JI - IT)/(JT + II).

OpHOdaKTOpHBIN AWUCTIEPCUOHHBIN aHa/lIr3 T0Ka3al CTaTUCTHUeCKH 3HauuMoe pasnuuue B BenuurHe DA, mosyueHHOM
HopMupytoiium MetogoM (F = 4,6; p = 0,001, puc. 2).
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PucyHok 2 - Bequurna @A B 3aBUCUMOCTH OT criocoba 06paboTku nouss (ock OX)
DOL: https://doi.org/10.60797/JAE.2026.74.16.2

Kak 1 B 2020 r, mepBbii croco6 ob6pabOTKH IMoOKa3an HavMeHbIllee 3HaueHne DA (TOBBILIEHHYIO CTaOWUIBHOCTD
pasButusi). KombuHMpOBaHHasi sipycHass cucTeMa o6pabotku (3-6i croco0) BbI3bIBaza HaubOJblIee OTKIOHEHHWE B
CTabWUIbHOCTY pa3BUTHsL. MBI 0OBSICHSIEM 3TO TeM, UTO 3TOT BHZ 00pabOTKM B YCIOBUSIX CepBIX JIeCHBIX NouB Cy3AanbCKoro
OTIO/TBS CO3aBasl /IS SIPOBOM TILIeHUL|bI O0/ee CTPECCOBYIO Cpefly 110 CPaBHEHHIO C ADYTMMH II0AX0AaMy K 06paboTKe I10UBEI.
KoHTpornbHbIe pacTeHust [T0Ka3any CpejHIO0 BeunuHy PA JIMCTOBOM M/1aCTUHBL

O6cyxpaeHue

Pa3Meprl JIMCTOBBIX TIJIACTHH OXKHUZAEMO YBeIWUHBAlIUCh TPW BHeceHWW ynobpenuil. IlpeAbiayiue WCC/IefOBaHUS
roKasajau, YTO COpTa O03UMOW UM SPOBOM MILEHULbl OTIMYaIUCh 10 cooTHoweHuto PA v HA u pucriepcusi 3HaueHUN SIBHO
npeBa/MpoBajza y O3MMOM IIIeHWLbl. B TO >Xe BpeMs B JIUCTbSIX SIDOBOM IIIEHULb! (IYKTYaljMOHHAs H3MeHUMBOCTb
CHWKaJ1ach 110 Mepe yBeJInueHust 036l yrobpenus [8].

Kak u B 2025 1. aHa/iM3 He TOKa3as CTaTUCTUYECKOW 3HAUMMOCTU B pa3nnuuu B @A Mexay 1-ii u 2-ii go3amu [9]. Tak
OJJHOCTOPOHHMHM t-TecT mokasan p = 0,02, Toraa Kak JBYCTOPOHHUM TOKa3ajn CHibKeHue ypoBHs (p > 0,03). B To ke Bpems,
mucniepcust 3HaueHudt @A Oblia siBHO Bbillie B obpasie «1-1 go3a» (coorBerctBenHo 0,008 u 0,002). 3TtoT (hakT maBan
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OCHOBaHHe TI0/Iarath, YTO TOBhIMIEHHAs (BTopast) f03a ymoOpeHHst criocobCTBOBaia CTabWIM3alii Pa3BUTHSL PACTeHHH, UTO
COIVIaCyeTCss C MHEHHEM O TIOJIOKUTEILHOM BI/IMSIHUM TIOBBIIIEHHOR [03bI aMMo(oca Ha TPOAYKTMBHOCTb PACTeHWH |
CHWKEHWH BaPbUPOBAHUS APYTUX IMOKA3aTe/iel, TAKMX KaK BIArOHAKOIUIEHHE U COf[eP)KaHKe 3JIEMEeHTOB nuTtanust B mouse [10],
[11].

BakHO OTMETUTb, UTO MOP(OreoMeTpuuYecKHii MeTo[, Ha OCHOBAaHMM 13 mMap MeTOK He [0Ka3al IPUCYTCTBUS
Harpap/ieHHOW aCUMMETPHH B OTJIMUKE OT HOPMHUPYIOIIIET0 METO/A, UTO 3aCTAB/SET CUMTATh 3TOT METOJ TOUHBIM, YOOHBIM U
06nekTUBHBIM. OH TakKe He TI0Ka3a/ BhICOKOrO CTAaTHCTUUeCKOro pasvnuns B @A Mexxay obpasiiamu, MoyueHHbIMU Ha 1-if u
2-#1 no3ax ynobpeHust.

[TepBbiii MeToA 00pabOTKM IMOUBBI TIOKa3a/ HavuMeHbIllee 3HaueHune ®A |, C/1e[0BaTe/bHO, BBICOKYIO CTaGH/IBHOCTh
passutus (PA = 0,056 + 0,01), komOuHMpOBaHHas sipycHasi — Haubosbinee 3HadeHue (0,1 £ 0,01). Mbl 00BsICHsIEM 3TOT
pe3y/bTaT TeM, uTo sipycHast 06paboTka mpe/osiaraet rmoc/iolHOe Bo3/ieiCcTBIe: rouBa 00pabarkiBaeTcs Ha pa3HoM rybuHe, u
B pe3y/ibTare B OJHOM CJO€ MOIVIA COCE[CTBOBaTh yYaCTKM C pasHOW IUIOTHOCTBIO, CTPYKTYpOW M 3aracoM BJIaru.
CriefioBaTebHO, B OJHUX 30HAX KOPHU HAXO[W/IM [JOCTAaTOUHO BO3AyXa M BJArd, B APYrUX IMouBa Obuta Gojiee yIUIOTHEHHOMH
WIM MuHepanofebuuTHON. PacTeHue ObUIO BBIHY)KIEHO aKTHBHEE aJarTHPOBaThCs, W 3Ta JOMOJHWTESbHAs Harpyska
CrocobCTBOBaIa U3MEHUMBOCTH Pa3BUTHSL, TIPUBEIIEro K pocty DA.

OTMETHM TOJIOKUTEIBHYIO POJib MEPBOTO Criocoba 06paboTKK TI0 CpAaBHEHHIO C KOHTPOJIEM. 37ieCh OZIHOW W3 MPUYHH
TIOBBIIIEHHON CTabWM/IBHOCTH Pa3sBUTHS Mbl CUMTaeM ONTHMM3AIMIO0 YCJIOBHMH [yl pocTa Osarofaps BHOCY yaoOpeHust u
00pa30BaHK0 PABHOMEPHOM CTPYKTYPHI TIOUBBI B BEPXHEM CJIoe (JTyuliiasi IOPUCTOCTh, PABHOMEPHOE pacrpe/ie/ieHne BIark u
KUCI0PO/ia).

[Ipyryto IPUYHHY Mbl BUAUM B CHYDKEHMH KOHKYDEHL[MH C COPHSIKaMH, KOTOPbIe TIONajaioT B 6osiee yOOKHe CJIOH TI0UBBI
BMeCTe C [TaTOreHHBIMH MUKPOOPTaHU3MaMH.

3ak/iroueHue

MopdoreomeTpruuecKuii MeTO/|, CHI)KAET [UCTIEPCHIO0 aHAIM3UPYEMBIX 3HAUeHHUM, MbI TIPe/lJIaraeéM KCTI0/Ib30BaTh CETMEHT
BEeJIMYMHON 5 cM Y OCHOBAHUA JIMCTA, KOJIMUECTBO METOK MOXeT OBITE yBeJIMUeHoO. OcHoBaHMe TIJIaCTUHBI MeHee TMOABEP)KEHO
CKOCy B CTOPOHY HarlpaBJjieHHOW aCUMMeTpPUH.

Cepbie JieCHBIe TIOUBBI OTIO/bsI CKJIOHHBI K YIJIOTHEHHUIO, a MX CTPYKTypa He BCernAa TOAXOLUT [ Pe3KUX U3MeHeHU! B
obpabotke. TlepBeiii crioco6 00pabOTKHM TMMOUBBLI, MO HAllleMy MHEHWIO, T03BOJISIeT 3a/|elCTBOBaTh Oosiee rnyboKue |
CTa6I/I]'[I>HI>Ie Mo COCTaBy CJIOM TIOYBLI. JTO romMoraeTt paCTeHusaM Jiyulle yCBauWBdTb HEO6XO,E[I/IMI>I€' 5J/7IeMEeHTHhI IMUTaHusA, 4TO
CHW)KaeT BHYTPUBUAOBYIO KOHKYDEHIIUIO U []€/1a€T pa3BUTHUE OoJtee PUTMHUYHBIM.

OrtBasnbHbIN CrI0cob 06paboTKK [jaBaji MO3UTUBHBIM pe3y/bTar mo ypoBHio DA mpu obeux fosax ammocdoca. B 1mensx
9KOHOMUH yA0OpeHusi TpU COXPAHEHHWHM TMPOAYKTUBHOCTH 3TOT MeTof 00pabOTKM MOXKeT ObITh T0Jie3eH B CXeme
MHOT'OITOJIBHOT'O 3emMJieje/Ivs IIPYU BbIpallJiBaHUU HpOBOﬁ MIIeHnIIbI.
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