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Wccnenosan Bkiaa Mopho-(hu3noaornuecKux mapaMeTpoB JIUCTheB U KiIIyOHeii 22 copToB KapTodes (So-
lanum tuberosum L.) B GopMuUpoBaHNUE yPOKAXHOCTU B YCIOBHUSIX HEIOCTATOYHOTO YBJIAXKHEHUS ITIOYBHI U
BBICOKHX TeMIIEpaTyp Bo3ayxa. JJMCKPpUMHUHAHTHBIM aHAJIM30M YCTAHOBJIEHO, YTO pa3Mephl yeThull (12%),
conepxaHue xiopoduiia (10%), konmuecTBo KiayOHeit (29%) u cpeqHuii Bec KityoHs (21%) onpenensiiu
rpaJamuio pacTeHUi 1Mo ypoxkaiiHocTH. HanGonpimii BKiam B AMCKPUMUHALIVIO IO OTHOIIEHUIO K KO0~
TMYECKOM TUIACTUYHOCTU BHOCST TaKHe IMapaMeTphbl KakK yHelibHas MOBEPXHOCTHASI TJIOTHOCTD JIMCTHEB
(38%), conepskanue xiaopodwia (13%), kaporuHounaos (13%) u riomanb aucra (12%). KimouyeBbIMU Xa-
DPaKTEPUCTUKAMH, OTIPEACISIIOIIMMHU BBICOKYIO YPOXKAWHOCTD 1 afalTAllMOHHYIO CITOCOOHOCTh KapTodets,
SIBJISTIOTCST YMCJIO YCTHUII B €IWHUIIE TIJIOIIAIN JIUCTA, YIeIbHAasI TOBEPXHOCTHAS MUIOTHOCTh JIMCTA M CONEP-

KaHue (I)OTOCI/IHTCTI/I‘{eCKI/IX IIMIT'MEHTOB.

Karouesnie caosa Solanum tuberosum L., miolmagp 11cTa, ypoxKaiHOCTb, YCThUIIA, XJIOPOMUILI, SKOJIOTuYe-

CKad IJIaCTUYHOCTb

DOI: 10.31857/51026347022700019, EDN: GZWLXU

Kaptodens (Solanum tuberosum 1..) — onHa u3 oc-
HOBHBIX HE3€PHOBBIX CEIbCKOXO3SIMCTBEHHBIX KYJIb-
TYp, KOTOpasi UTpaeT BaXXKHYIO POJIb B 00eCeYCHUU
MPOJIOBOJIBCTBEHHON 0€30MacHOCTA U YAyUYIlIeHUU
MMUATaHUS JIoaeil BoO MHOrux crpaHax mupa (George
etal., 2018). ComracHO HAaHHBIM MO IJIOOATBEHOMY
BO3/IEJILIBAHIIO KapTOodeisi, OH BhIpalllBacTCsl Ha BCeX
KOHTHUHEeHTax, Kpome AHTapkTuabl (Rowe, Powelson,
2002). ITokazaHo, YTO ITOBBIILLIEHUE TEMIIEPATYPhI BO3-
JlyXa, MPOTHO3UPYeMOe Pa3IMYHbIMU CIEHAPUSIMU
M3MEHEHUSI KJIMMaTa, IIPUBEIeT K CHIKEHHUIO YpO-
XKaiiHocTu Kaprodend Ha 18—25%, 4YTO MOXET
000CTPUTh MUPOBBIE SKOHOMUUYECKHUE 1 COLIMATIbHbIE
npoobiemsl (Hijmans, 2003).

Kaprodenb sBisgercss KyabTypoil yMEPEHHO-NIPO-
XJIagHOTO KinuMara. DpdeKTUBHBIM T11ara3oHOM TeM-
rnepaTyp BO3dyXa Uil pOCTa €ro HaJa3eMHOM MaccChl
apisgerca 18—25°C, a onTuMaibHas TeMImepaTypa
MOYBLI U151 pocTa KiIyoHel coctasiser 17—19°C ([a-
BbIAeHKO, Jlonyx, 2019). KapTodens sBisieTcs Takke
OIHUM U3 HauOoJiee YyBCTBUTEIbHBIX BUIIOB K Ie(U-
Ty Biaru B mouBe (Monneveux et al., 2013; Zarzynska
etal.,2017). 3acyxa 3HAUNTEILHO CHUKaeT OCHOBHEIC

321

dusnonornyeckue U1 GMOXUMMMUYECKHE TIPOLIECCHI. DTO
MIPUBOIUT K CHIDKEHUIO MPOMXYKTUBHOCTH HaI3eM-
Hoit Maccwel pactenuii (Deblonde, Ledent, 2001),
ykopauuBaeT HukJ pocta (Kumar et al., 2007) u cHu-
xaet koymuecTBo (Eiasu ef al., 2007) u pa3mep Ki1y6-
Heit (Gervais ef al., 2021). B cBs3u ¢ n3aMeHeHUEM
KJrMMaTa Kaptodelib Bce yallle BhpalllnuBaloT B paiio-
Hax, rmonBepxKeHHbIX 3acyxe (Evers et al., 2010; Ray-
mundo ef al., 2014; Aliche et al., 2018). B aT0i1 cBs131
CyIIECTBYET HEOOXOIUMMOCTb B COBEPIIIEHCTBOBAHUM
TIpoIriecca CO3TaHMsT COPTOB KapTodest B HarpaBJiie-
HUU pecypcocOepekeHmsI, OMOIOTU3AINN U IKOJIO-
ruzanuu (Ashraf, 2010).

BriBeneHne HOBBIX COPTOB TpeOyeT BpeMeHU. OJ1-
HUM U3 TIOAXOA0B Hapsy C TpPAAULIMOHHBIMU CeleK-
LIMOHHBLIMU TIpOTpaMMaMM MOXET CTaTb OTOOpP cop-
TOB TI0 KJIFOUEBBIM XapaKTepPUCTUKAM, BaXKHBIM JIST
YPOKailHOCTU B HEONTUMAJIbHBIX YCIOBUSX BbIpa-
muBaHus (Parry et al., 2005). 1711 3TOro HEOOXOAUMO
UIEeHTU(PULINPOBATh NTPU3HAKN PACTeHUIA, KOTOPhIE
MIPUIAIOT TOJEPAHTHOCTD I YCTOMYMBOCTD K Ae (D1~
LIUTY BOOBI, BLICOKMM TeMIIepaTypaM BO3IyXa U Ipy-
T'MM a0MOTUYECKUM (pakTopaM, a TaKxKe YCTaHOBUTh
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B3aIMOCBSI3b MEXIY STUMU XapaKTepUCTUKAMHU U
ypoxaiiHocTblo KiyOHeit (Schafleitner et al., 2007,
Raymundo et al., 2014).

VpoxXaitHOCTb SIBJISIETCS IIABHBIM X0351i1CTBEHHO-
LIEHHBIM IPU3HAKOM CEJIbCKOXO3SIMCTBEHHBIX pacTe-
Huii. [TokazaTteasaMu, XapakTepu3yIOIIUMK agalTUB-
HBIE€ CBOIICTBA COPTOB M CEJIEKIIMOHHOIO MaTepHaja
KapTodeisi, CayxXar ImapaMeTphl IJIacTUIHOCTH (bi) U
crabunbHocTH (Si?) ypoxaitnoctu (Eberhart, Russel,
1966). dopMupoBaHUE ypoxKasl OCYIIECTBIISIETCS B
XOJIe MPOMYKIIMOHHOTIO Mpoliecca — CJIOXHOI M MHTe-
TPMPOBaHHOM (PYHKIIMN PACTCHMIA, B OCHOBE KOTOPOI1
JIeXXaT reHeTUYECKM ICTEPMUHUPOBAHHBIE ITPOLIECCHI
pocrta u pa3Butus. Mopdoornyeckue mapameTpbl
JIMCTOBOM MOBEPXHOCTU — OIHA 13 BaXKHbBIX ITPEATIOCHI-
JIOK HAKOTUIEHUSI 9KOHOMUYECKH TI0JIE3HOM OMOMACChI
1 (hopMHUpPOBaHUS ypoKasi KapTodesss — TECHO CBsI3a-
HbI ¢ pusznonorudeckumu ¢pyHkimsasMu (I'onosko, Ta-
o0anenkona, 2019; Deblonde, Ledent, 2001). Coxnep-
XKaHWE IMMTMEHTOB OTpaXkaeT (POTOCHHTETUYECKYIO
CIIOCOOHOCTbD JIUCThEB, a UX MIACTUYHOCTb — YCTOM-
YUBOCTb K bakTtopam cpeanl (Lawlor, Tezara, 2009;
Kapoor et al., 2020; Plich et al., 2020).

ITpoBOAMMOCTh YCTBUILL PETYIUPYET MOIJIOLICHUE
CO, u noTepio BOAbI Yepe3 TPAHCIIUPALIUIO U 3aBU-
CUT OT IIJIOTHOCTH U pa3Mepa ycTbuil. [1oararor, uto
pacTeHust, KOTOpPbIe MOTYT MOIAEP>KUBATh alcKBATHOE
conepxXaHue BOAbl B TeUCHUE UIMTEIBHOIO Mepuonaa
BPEMEHH TI0M BO3ACHCTBUEM HEOIArONPUSITHBIX YCI0-
BUI1, OyIyT MMETh HANOOJIBIIYIO BEPOSITHOCTD ITPOIOJI -
KEHUsI MeTaboInYecKoro (YHKUMOHUPOBAHUS U
BekuBaHus (George et al., 2018). Hannpumep, copra
KapTtodes ¢ 0oyiee BBICOKOM YCTOMYMBOCTBIO K 3aCy-
Xe CIOCOOHBI MOMEePXKUBaTh O0Jiee BBHICOKYIO KJIE-
TOUHYIO0 ruapaTauuio (van Loon, 1981; Obidiegwu et al.,
2015).

Takum o6pazoM, Kak MopdoiorTnIecKue Tak u pu-
3MOJIOTMYECKIE TTApaMETPhI IUCTheB BaXKHBI B (DOPMU-
POBaHUM ypoKast KapToelist U 3aBUCAT OT FeHOTUTIA U
9KOJIOTMYEeCKUX akTopoB. B psine paboT cooOdl1aeTcest o
KOPPEISILIMA MOPMOJIOTMUECKUX U OMOXUMUYECKUX
MPU3HAKOB C ypoxKaiHOCThIO KapTodenss (Mahgoub
etal., 2015; Alam et al., 2020). BMecTe ¢ TeM UCHOIb-
30BaHHUE JIMCTOBBIX MTAPAMETPOB U UX B3aMMOCBS3U C
YpOXaiHOCTBIO KITyOHE# B mporpaMmax otroopa cop-
TOB OCTaeTCsl B 3HAYUTENILHON CTeNeHU Hepeaanu30-
BaHHbBIM.

Cnenyer mo0aBWTh, YTO OINTUMAJILHBIN ITOIOOD
COPTUMEHTA JJTSI KaXKTOTO KOHKPETHOTO PETUOHA SIB-
JISIETCSl OMHUM M3 OCHOBHBIX (haKTOPOB, BAUSIIOLINX
Ha yBEJIMYEHUE MPOAYKTUBHOCTH U TTIOBBILIIEHUE Kade-
CTBa MPOJOBOJILCTBEHHOTO 1 CEMEHHOTO KapTodest
(ITonoBa u np., 2021). B ycnoBussx CpeqHeBOILKCKOTO
pernoHa P® BererallMOoHHBIIA nepuon Kaptodeis Xa-
pakTepU3yeTCs TMOBBIIIEHHONW CTPECCOBOM Harpy3Koi
Ha pacTeHUsI; TIOUBEHHOM U BO3AYIIIHOM 3aCyXOu, Mo-
BBILLIEHHBIM TEMIIEPATYPHBIM PEXMMOM, YTO TPUBOIUT
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K CHIDKEHUIO YPOKAeB CEIbCKOXO3SIMCTBEHHBIX KYIb-
Typ, B TOM uncJie Kaptodeis (PyouoB u ap., 2019).

Llenb HACTOSIIETO CCIICAOBAHUST — BLISIBUTh BKJIA]T
MOp(}O-hU3NOJIOTUUECKUX MapaMeTPOB JINCThEB U
KIIyOHEN B (popMUpOBaHUE YPOKAWNHOCTHA pacTCHUMN
KapTodeasi pa3IMuHOr0 reHETUUYECKOTO MTPOUCXOXK-
JEHUsI B YCJIOBUSX HEIOCTATOYHOTO YBIAXHEHUS
TTOYBHI.

MATEPUAJIBI U METO/1bI

OObeKTaMU HWCCIEIOBAHUS CIIYXUJIU JIUCTbSI U
KITyOHU 22 copToB Kaptodest (S. tuberosum) pa3nud-
HBIX TPYMIT CHEIOCTU U TEHETUUECKOTO MTPOUCXOXK -
Hus. MccrienoBaHus MPOBOAWIM HA OITBITHOM y4YacTKe
Camapckoro HUMCX um H.M. TynaiikoBa — duim-
ayma CamHII PAH B 2019—2021 rr. Beicanky KiyOHeit
MPOBOAMJIU BO BTOPOIi feKane Masi. PacTeHus Bbica-
JKMBaJd B 4YeThIpeX MOBTOPHOCTAX Mo 50 KiyOHeid
KaxJasi U BblpalllMiBajiv 0€3 OpoIlIeHH s ; TTIoYBa: yep-
HO3EM TeppacoBblii, OOBIKHOBEHHBI, MaJIOTyMyC-
HBbI, CPEAHEMOIIHBIN, TSKEJTOCYIJIIMHUCTBINA.

DeHosornyeckre HaGIIOACHUS W YIETHI TIPOIYK-
TUBHOCTU MTPOBOAWJIN COTIACHO METOAUYECKUM YKa-
sanusaM (CumMakos u ap., 2006).

OT160p NpOO TUCTHEB IMIPOBOAWIM Ha ASCITU CIIy-
YaifHO BRIOpAHHBIX pACTEHUSIX OJJHOTO COpTa B IIEpU-
OJ1 TIOJIHOTO IBETeHUS (MI0Jb). 111 OMOXMMMYECKUX
aHaAJIM30B M3 YCPETHEHHOM MacChl OOKOBBIX IOJIEH
JmcTa coctaisii HaBecku 0.1—0.5 T B Tpex 1moBTOp-
HOCTSIX JUJISI KaXaA0To Buaa aHanusa. [IpoOsl IMCTheB
OTOMpaNy B IIepPBOIA MOJIOBUHE THS.

Y60pKy ypoxasi OCYIIECTBIISZIM OTHOBPEMEHHO
JJIST BCEX COPTOB KapTodesl B KOHIIE aBTycTa. Ypo-
KaMHOCTb KaXXIOro COpTa ONpenelisid B T Ha 1 ra,
KOJIMYECTBY KIIyOHEil Ha OmHO pacTeHue (IIT.) U
cpemHeMy Becy ogHoro KiyoHs (r). KoadduimeHTs! bi
u Si2 onpenensuiv no gopmyaam S. Eberhart, W. Russel
(1966) B uznoxenuu B.3. [Nakynuna u JI.M. Jlonatu-
Hoii (1984):

bi = )’,jlj/Elf, rae Y; — ypoxaii i-Toro copta B
Jj-romy, Ij — MHJEKC YCJIOBMI BbIpallliBaHUs KaK OT-
KJIOHEHHE CPEAHETO YpOKasi B JAHHOM IOy OT CPEIHETO
3HAa4YeHUs B ONbITe; Si2 = [28[21/ (n — 2)], rne d; — ort-
KJIOHEeHME (DAKTUUECKMX YPOXKAEB OT TEOPETUUYECKUX,
n — 4UCJIO CTeNeHel CBOOOIbI.

JIuHeliHble pa3Mephl U TUIOMIAAb JIMCTA U3MEPSIITU
B 10 OOKOBBIX TOJISIX JINCTA Y 5 pacTeHMI KaxKIIOro copTa.
VhenbHyl0 TIOBEPXHOCTHYIO IUIOTHOCTb JIUCThEB
(YIIILJI) paccunThIBaIM KaK OTHOIIIEHUE CyXO Mac-
Cbl JIMCTA (MT) K TUIOLIAAU MTOBEPXHOCTH JIUCTA (CM?).

s moacyeTa 9Mciia YCTBUIL U OTIpeaeIcHUEe UX
IUTAHBI JINCThS TPEeaBapUTEIbHO (DUKCUPOBAIUCH B
3.5%-HOM IIIyTapOBOM aJIbAETU/Ie, IPUTOTOBIEHHOM
Ha pocharHOM Oyepe. [Tomcuer umcna yCTbUIL IIPO-
BOJIMJIM HA HIDKHEHW CTOPOHE JINCTA C TTIOMOIIBIO CBe-
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Ta6mmma 1. ArpoKIMMaTHYeCKe YCIOBUSI B IIEPUOM ITPOBEIECHUS 9KCTIEPUMEHTOB

Ton
Mecsu
2019 2020 2021
CpenHemecsiuHast TeMmiiepatypa, °C
Hionb 20.6 (19.7) 18.2 (19.7) 22.0 (19.7)
Hionb 20.1 (21.4) 23.8 (21.4) 23.1 (21.7)
ABTYyCT 17.9 (19.3) 18.5 (19.3) 24.2 (19.7)
CpenHeMecaIHOe KOJTMIECTBO OCATKOB, MM
NioHb 6.0 (54) 40.0 (54) 71.0 (46)
Hionb 64.0 (53) 8.0 (53) 31.0 (47)
ABTYCT 42.0 (42) 29.0 (42) 6.0 (35)
BnaxxHocTh 1TouBsl Ha iyouHe 20 cM, %
Ha my6une 20 cm 18.3 13.5 13.3

anIMe‘{aHHe. B ckobkax YKazaHa KJimMaThudyeckas HopMma I1o JaHHbIM O ITOoroae MeTeOpOJ’[OFH'—IeCKOﬁ CTaHLIMN Be3quyK (CaMapCKaﬂ

obmnactb, Poccus) c 1904 1.

TOBOT'O MUKPOCKOTIIA HE MEHEe YeM B TISITH TTOJISIX 3pe-
HUS IJT1 KaXKIOM ITOBEPXHOCTH JIMCTA U BBIpaXkaid B
IT. Ha cM? Jiucta. OMHOBPEMEHHO C ITOICYETOM YCTHUL]
OTTIpEeIEIISIN UX JUTMHY U PAaCCUNTHIBAIIN CPETHEe 3HA-
yeHHue (MKM).

CopepkaHue BOJbI B IMCThSIX paCCUUTHIBAIN MO-
cJie BBICYIIMBAHUS ChIPO Macchl (ChIP. M.) JIUCTbEB
JIO TIOCTOSTHHOTO Beca Ipu Temiiepatype 60°C u BbI-
paxaiu B % OT CBIpP. M.

CopepXaHue TUIMEHTOB ONpPENeJSiid CIEeKTPO-
doToMeTpUYECKM B aleTOHOBOM 3KcTpakTe (90%)
mpu A — 662, 645 u 470 M. Pacder KOHIEHTpalUN
xaopodumiuioB (Xin) a, b u KaporuHounoB (Kap) npo-
BOIWJIM B COOTBETCTBUM C peKoMeHmauusmu Licht-
enthaler (1987). JIuctbs (0.5 r CbIp. M.) TOMOT€HU3U -
poBaii B papOpOBOI CTYITKE BPYIHYIO C 5 MIT alie-
ToHa. Bce omepauuu NpoBOOWIN MPU TeMIepaType
4°C. IIurMeHThI 3KCTparupoBajIn A0 MOIHOIO obec-
1IBEUMBaHWS HaBECKM M (PUIIbTPOBAIU Yepe3 CTEK-
JISTHHBIN bunbTp. KOHEUHBIT 00BbeM 3KCTpakTa Co-
crapisit 50 mur. KommaecTBo Xi1 BEIpaXkKaiii Kak CyMMY
Xia+b.

Pesynbrathl IipeAcTaBieHbl B BUIE CPEIHUX 3HAYE-
HUIA I UX CTAHIAPTHBIX OLIIMOOK, B OTACTBHBIX CIyJasix
ObU1 paccunTaH KoadhduimeHT Bapuaiuu (c,). B3an-
MOCBSI3b MEXKITy TToKa3aTeJISIMUA YPOXKAITHOCTU U YCJIO-
BUSIMU BeTeTally YCTAaHABIMBAIU C ITOMOIIBIO KOP-
pensimuoHHoro aHanusa CrmpMeHa.

st mokazaTeabCTBa 3HAUMMBIX Pa3IUUUl MEXITY
CPEIHUMHU 3HAYCHUSIMU MOP(PO-(PU3UOIOTHIECKIX
nokasareJeil Ipyx HOpMaJIbHOM pacIpeieIeHUN TaH-
HBIX TPUMEHSIIA ONHO(MAKTOPHBIN TUCTIEPCUOHHbII
aHamm3 (ANOVA) ¢ Mcnoiabp30BaHUEM IIONPaBKU
bondepponn, a mpm OTKIIOHEHUHW OT HOPMAaJIbHOIO
pacrnpeneneHusi — kputepuit Kpackemna—Yomiuca.
U1 ycTaHOBJIEHUSI pa3InuUil MeXy BbIUJIEHEHHBI-
MU TpYIIIaMU pacTeHU KapTodess 1Mo dKOoJorude-
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CK1M WJIM KOHOMUYECKUM (YpPOKaliHOCTh) ITpU3Ha-
KaM OBbLI MCIOJIb30BaH TUCKPUMMWHAHTHBII aHAIN3.
PacueTsI BHITIOTHSIN, NCTTONIL3YS IIPOTpaMMEI Statis-
tica 6.0 forWindows, Past 3, Statgraphics Centurion
XVI u Microsoft Excel 2007.

PE3VIIBTATBHI MCCIIEJOBAHHWA

KnuMaTtuueckue yciaoBusi Tiepuoia BereTaiuu
kaprodenss 2019—2021 rr. oTauYaIuch HEOAHOPOI-
HocTthlo. B 2019 1. mepuon BcxonoB, HapacTaHuUs Hal-
3eMHOI1 MacChl paCTeHUI 1 Hayaja LBeTeHus (repBasi
neKana MIoHs) XapaKTepHU30BaJICS BEICOKUMU TEMTIE-
paTypaMu BO3IyXa M HEIOCTATOUHOCTBIO YBITaKHEHUSI.
Tak, cpenHsisi TeMrnepaTypa utoHs 6b11a Ha 0.9°C BbI-
IIIe CpeTHETO MHOTOJIETHETO 3HAYSHUSI, IIPU 3TOM 3a
JleKay BBITTAJIO JIMIITH 6 MM OCaIKOB, YTO OBLIO HIDKE
KJIMMaTU4YECKOM HOpMBI B 9 pa3 (Tadu. 1).

CpenHsist TeMIiepaTypa Bo3ayxa B MIOJIE, HaIIpO-
TUB, OblJ1a HYXKe HOpMbI Ha 1.3°C, a 0caaKoB BbIITAJIO
Ha 11 MM OGosbuie. B aBrycre cpenHsisi TeMIieparypa
cocraBuna 17.9°C, uro Ha 1.4°C ObUIO HIKE HOPMBI,
OITHAKO OCAIKOB BBINAJIO B COOTBETCTBUM CO CPETHUMU
MHOTOJIETHUMU 3HadYeHUsiMU. Kimmartuyeckue ycio-
BUsI BeretaluoHHoro 1epuona 2020 r. 0bUIn KpaiiHe
HeOJIarONpUITHBIMU [JIs POCTa U Pa3BUTHUS pacTe-
HUli kaptodeinsi. B neproasl 3aBsg3bIBaHUS KITyOHEH
Y1 HapacTaHUS X MacChl — B MIOHE U UI0JIE — OCAIKOB
BBITTIAJIO HUKE HOPMBI Ha 26 1 85%, COOTBETCTBEHHO.
I1pu 3TOM TemriepaTypa Bo3ayxa B Ulojie Oblia BbIILIE
CpemHMX MHOTOJIETHUX 3HaYeHUii Ha 2.4°C, a B ep-
BOI M BTOPOI AeKamax TeMIepaTypa Bo3ayxXa cocTa-
Bwia B cpeaHeM 25.1 u 24.9°C coOTBETCTBEHHO, UTO
BBILIIE CPEIHMX MHOTOJIETHMX 3HadeHMid Ha 4.3 u
4.0°C. Bereranuonnslii nepuon 2021 1. B LieJIOM Xa-
pakTepu3oBayicsl OoJiee BBICOKMMU TeMIlepaTypamu
JIETHUX MECSI1IEB KaK 10 OTHOIIEHMIO K HOpME, TaK U
o otHoureHuo K 2019 u 2020 rr. Kpome toro, 6onee
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Tab6muna 2. XapaKTepucTUKa YPOXKaWHOCTA COPTO0Opa31ioB pacTeHMid KapTodens B mepuon 2019—2021 rr.

VYpoxaitHOCTh KOHH[{?,CTBO CpenHuii Bec . .
Copt KJIyOHei Ha 1 bi Si
T/ra pacTeHue, IIT. KyGHsL, T
Pannwue copra

Vnaya 19.7 £ 3.7 (33)* 5.5+£0(6) 83.6 = 20.5 (40) 1.96 0.05
bapun 14.7 £ 4.5 (53) 4.0 0.6 (27) 80.5 +24.1 (52) 2.30 6.12

CpenHepaHHUE copTa
I'pann 18.9 £ 2.8 (25) 6.9 £0.7 (24) 61.7 = 11.8 (33) 0.05 45.68
He6roT 25.0 £ 3.9 (27) 8.5+ 0.6 (11) 68.6 = 13.4 (34) 1.69 26.88
Kanu6p 15.0 £2.3(27) 54+0.309) 65.7 £ 13.1 (35) 1.06 7.05
KpacaBumnk 19.6+ 3.6 (32) 5.8+£0.2(6) 77.0 £20.0 (45) 1.82 5.30
Kpaca Memepsl 30.1 £2.2(12) 8.7+ 0.6 (12) 86.0 £ 7.5 (15) 1.09 2.29
HapsiMckast Houka 15.1%+2.2(26) 6.9+ 1.9 (48) 56.6 £ 13.0 (40) 0.21 31.56
Cepnoauk 20.1 £3.7 (32) 5.9+£0.5(13) 77.5 £14.9 (33) 1.52 29.84
CynmapbIHs 23.0 £ 5.0 (37) 9.1 £1.2(23) 57.6 £ 12.4 (37) 2.00 59.06
TpeTbsikoBKa 13.5 + 2.4 (30) 3.8+0.3(14) 78.4 + 12.8 (28) 1.22 2.22
Daukcpen 18.4 £ 4.0 (37) 7.4+ 0.4 (10) 58.6 £ 17.6 (52) 2.07 0.33

CpenHecriesbe copTa
XKuryneBckuit 20.4 £ 5.6 (48) 5.0+0.7 (24) 89.0 £ 21.7 (42) 2.94 0.26
ABIYCTUH 15.6 £ 3.9 (43) 5.8 £2.1(62) 65.2+8.1(22) 1.71 33.14
BpycHuka 14.3 £ 2.5 (30) 6.5+ 1.2(33) 55.1 £ 16.0 (50) 0.78 6.57
Bapsir 21.0 £ 3.2 (26) 7.4+ 0.3 (8) 65.2 + 14.2 (38) 1.67 0.02
Kymau 222+ 1.7 (17) 6.5+ 0.6 (15) 76.8 £ 5.3 (12) 0.97 6.72
CesepHoe Cusinue 12.8 £2.4 (33) 49 +0.5(19) 61.2 = 16.4 (46) 0.59 28.34
CuBepcKuii 29.0 £ 5.5(33) 9.0 £ 0.8 (17) 71.1 £10.7 (26) 2.07 88.61
CurHai 21.2 £ 3.0 (24) 7.1 £0.8 (20) 66.4 + 5.4 (14) 1.36 12.38
Yrpo 22.5+ 7.7 (59) 8.0 £0.5(11) 62.3 = 21.8 (60) 3.89 22.59
Kazauok 14.6 = 3.1 (37) 4.9x0.9(33) 70.1 £7.9 (19) 0.30 57.17

TIpumeyaHue. Pe3ynbTaThl MpenCTaBICHbI B BUIE CPEAHUX 3HAUCHMI + cTaHAapTHBIC OITMOKH, B CKOOKaxX MoKa3aH KoaddUIMeHT Ba-

puanuu ypoxaitHocty (%) 3a 2019—2021 1.

HU3KUM B CPaBHEHUM CO CPEIHUMM MHOTOJIETHUMU
3HAYEHUSIMU OBIJIO KOJIMYECTBO OCAIKOB, 33 UCKIIIO-
yeHneM MIoHs. Kak ciencTBue BIIaXKHOCTH IOYBHI B
BEpXHEM cjioe Ha ypoBHe 20 cM B HCCIEIyEMBbIN Me-
puoI MOCTOSTHHO yMeHblanachk. Hampumep, B 2021 1.
oHa O0bu1a B 1.4 pa3a Hike B cpaBHeHUHM ¢ 2019 1. Takum
o0pa3oM, B TeUeHME 3-X JIET CpEAHSIS TeMIlepaTypa BO3-
JIyxa B TpM JIETHHUX Mecsilia ObLIa BBHIIIC HOPMBI B
cpenHeM Ha 0.7°C, a KOJIMYECTBO OCAIAKOB ObLIO HU-
e — B cpemHeM Ha 33 MM.

CpenHue 3a TpU rojia 3Ha4eHUS YPOXKANMHOCTH 00-
pas3LoB KapTodeJs 1 ee JIEMEHTOB C pa3HbIMU CPOKa-
MU CO3peBaHUsI — paHHecIeble (p), CpeIHEepaHHIE
(cp), cpenHectienble (Cc) 1 IMo3aHecIebie (C) Ipe/-
CTaBJIEHHI B TA0OJI. 2.

CpenHsiss  ypoxaliHOCTh cocTaBuiaa 19.4 T/ra.
MakcuManbHO CTaOUIBHOM YPOXKAailHOCTBIO B pas-
JIMYHBIE TT0 arPOKJINMATUYCCKUM YCIIOBUSIM TOIBI Xa-
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pakTepusoBasiuch c. Kpaca Meuepsl (¢, = 12.5) u c.
Kymau (¢, = 16.7). HauGonee BapmaTUBHBIEC TTOKa3a-
TeJIM YPOKAMHOCTU CpeIu PaHHUX U CPeIHEPaAHHUX
COPTOB OKa3auch y ¢. bapuH (¢, = 53.4) u c. Cyna-
pbiHA (¢, = 37.4). HauGoblias ypoxKailHOCTb BbISIB-
JIeHa y Tpex coptoB — c. Kpaca Memepsl, c. ebiot u
c¢. CuBepckuii. KonnuectBo KilyOHeil Ha OMHO pacTe-
HUeE ¥ BeC KJTyOHS M0 pe3yjibTaTaM TPEX JIET y pAHHUX,
CpeIHEPaHHUX U Y CPEIHECTIENbIX COPTOB OKa3aJUCh
OIMHAKOBBIMMU: YMCJIO KIyOHEe#l — 6.5 1T., BeC Ki1y0o-
Ha — 70.9 1 68.2 1, coorBeTCTBEHHO. OJHAKO B KOH-
TEKCTe YBEJIUUECHUSI CpeAHEll TeMIiepaTyphl B JIETHHUE
Mecsnbl 2019—2021 rr. 3HaueHne ypOoKaiiHOCTU BCEX
COPTOB KapTodens CHIKaIoch (puc. 1). YpoxaiiHOCTb
KapTodesisl CKJIaabIBaeTCsl M3 KOJMYeCTBa KIyOHel Ha
OIHO pacTeHue U cpeaHeid Macchl kiyoHs. Ilpu 00-
IIeM CHUXEHUU ypOXaWHOCTU HaOJI0AaIoCh CHU-
KeHHe cpemHero Beca KJyoHs ¢ 95r (2019 r.) no47 r
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Puc. 1. CpenHue 3HaYeHUs ypoxXaitHOCTH (a) 22 copToB KapTodeist U cpeaHeit TeMIlepaTyphl Bo3ayxa (0) 3a Tpy JISTHUX MeCsI-

ua. 1 —2019, 2—- 2020, 3 — 2021.

(2021 r.) Ipy OAMHAKOBOM KOJIMUECTBE KIIyOHEU Ha
1 pacTteHue. YcTaHOBJIeHa OTpUliaTeJbHasl B3aUMO-
CB$13b MEXY YPOXKAWHOCTBIO M TEMIIEpaTypoit BO3ayxa
(R=-0.63, ipu p = 0.06) 1 MOJTOXKUTEIbHAS — MEX-
Ty YPOXKaMHOCTBIO U colepKaHUEM BJIaru B rouse (R =
=0.95, npu p = 0.01).

Anxanm3 Ko3dunmeHTa perpeccuy copra Ha MH-
Jnekc cpenbl (bi) mokazajl CcyllleCTBEHHbIE pa3IMuus
MEXAy copTaMU M TpylIaMM CIIelocTu. Tak cpenu
paHHMUX COPTOB 3HAYEHUS bi BApEMPOBAJIM B MHTEP-
Bajie 0.05—2.30, a cpenu cpeaHecnesbIX — B MHTepBaJie
0.3—3.89. Cpenu Haubosee ypoxkaliHBIX COPTOB YpPO-
KaMHOCTb CHMXajach B psany c¢. Kpaca Memepsl —
— ¢. CuBepckuii — c. J1eb10T, a moka3aresb 3KO0JI0-
TMYECKOM IJIaCTUYHOCTH YBEJIMUMBaJIcs B psaay ¢. Kpaca
Meiepsl — c¢. de6iot — ¢. Cuepckuii (1.09 — 1.69 —
— 2.07). Kak npaBuJjio, pu 3HaueHuu bi >1, copT oT-
HOCUTCS K MHTeHcuBHOMY Tumy. I1pu 3HayeHuUsx bi =
=~ | copT XapakTepu3yeTcsl BBICOKOM, a Tipu bi < 1 —
HU3KOM 3KOJIOTUYECKOM MIACTUYHOCThBIO.

CTabuibHOCTb YPOXKaitHOCTH copTa Si2 B pa3inu-
HBIX YCJIOBUSIX OMNpeAessieTcs KBaapaTUUYeCKUM OT-
KJIOHEeHUeM (hbaKTUUEeCKMX MoKazaTtesiell ypoxkaiHo-
CTH OT TEOPETUYECKU OXMIAEMBIX: UEM MeHbIIe Si%,
TeM cTabujibHee ypokailHocTb. CorjacHO JaHHBIM
Taba. 2 1okKaszaTeu CTaOMJIbHOCTU pa3inyaiCch Ha
HECKOJIbKO TIOpSIIKOB B 3aBMCUMOCTM OT COpTa
(0.02—88.61). [TomoBrHA UcclIeMOBAHHBIX COPTOB OT-
HOCHUTCS K CTaOMJILHOMY U CpelHE-CTaOMJIbHOMY TH-
ny (Si2 = 0.02—12.38).

OneHKa pocTa Mo UTUTEbHOCTU MPOXOXKICHUSI
deHonornueckux a3 mokasaja, YTO MPOIOJIKM-
TEJIBHOCTD (Pa3bl OT MOCAIKU IO MOJHBIX BCXOMOB Y
OOJILIIIMHCTBA COPTOB cocTaBJsijia 23—25 cyT. BHe 3a-
BUCHMOCTH OT TPYIIIBI CIIeJIOCTH (TadJI. 3).

CpenHsis pOIOKUTEILHOCTD LIBETEHUST Y COpP-
TOB C pAHHUMM CpOKaMu co3peBaHus (26.5 cyT.) ObI-
Jia BbIllIE, 4YeM y O6osiee mo3mHux copToB (24.9 cyt.). B
00eux rpyIiiax CIeJIOCTH OOHapyXKeHbI KaK copTa C
MUHUMAJIBbHOH (c. Dmukcpen, ¢. ABryctuH, c. CeBep-
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HOE CUSTHUE), TaK 1 MAKCUMAaJIbHOU MPOIOKUTETBHO-
ctbio 1BeTeHus (c. bapuH, c. TpeTbsikoBKa, c. YTpo).
OnHako B3aUMOCBSI3U MEXAY NJIUTEIbHOCTBIO MPO-
XOXKIEeHUs (heHOIOrnIeckux a3 U ypoKaifHOCThIO B
KJIMMaTUYECKUX YCITOBUSIX UCCIEAOBAHHOTO PETUOHA
B riepuoxn 2019—2021 1T. He yCTaHOBJIEHO.

IMpoxoxkneHue OTAETBHBIX (a3 U UX B3aUMOOOY-
CJIOBJIGHHOCTB TECHO CBSI3aHBI C POCTOM, Y (PU3NOJIOTH-
YeCKHMMMU TIpolieccaMy Ha YPOBHE 1IEJIOTO PacTeHMS U
OTIENbHBIX OpraHoB. JIUCThs pacTeHwMii ¢ Golee paHHU-
MM CPOKaMHM CO3PEBaHUSI OTJINYATINCH OOJIBbIICH YIeTb-
HOI ITOBEPXHOCTHOI IIOTHOCTHIO ucta (YIIILI) mo
CpPaBHEHUIO C JIMCThIMH 0oJiee MO3IHUX COPTOB
(Tabn. 4). [nomanas TMCTOBOM MJACTUHBI Y PACTEHUIA
3TOM TpyIIbl BapbupoBana ot 6 cM? (c. Kanubp) no
21.3 cM? (c. KpacaBumuk), B CpeIHEM ILIOIIAIbL JIM-
CTbEB OKa3ajnach MeHble (11.6 cM?) 0 CPABHEHMUIO C
IUIOIIANBIO JINCTA Y pacTeHWii ¢ Gojiee TMO3THUMU
cpokamu cospesanus (13.7 cm?).

CopepxaHue BOAbLI B JINCTBSIX PaHHUX COPTOB
KapTodenst 66ut0 Ha 10% Huxke. KonndecTBo yCThUIL
10 CPEIHUM ITOKa3aTeJIsIM MaJjio Pa3IndaioCh MEKIY
TpYIITaMH, HO 3aBHUCEJIO OT KOHKpETHOro copTa. O6-
1ee comepXaHue (HPOTOCUHTETUYECKUX MUTMEHTOB
TaKXXe MaJIo pa3jandalioch MEXIY IpyInaMu, ¢ pas-
HBIM CPOKOM CO3peBaHUs. B TUCThIX paHHUX U Cpejl-
HEpaHHUX COPTOB KOJUYECTBO ITUIMEHTOB OBLIO
Juib Ha 10% BhIlIE TI0 CPABHEHUIO CO CPeaHECTIE-
JILIMA COPTaMHM, HO Pa3HUIIA MEXIY COPTAMH MOTJIa
npocTturarth 1o 40%.

I1pu ncronb3oBaHNN AUCKPUMUHAHTHOIO aHA/IM3a
10 BCeMY KOMILTEKCY MOp(hO-(pU3NOIOrMIecKuX napa-
METPOB OOHAPYKEHO YETKOE PaHXXKMPOBaHUE PACTCHUIA
O YPOXAWMHOCTA M DKOJIOTUUECKON CTaOMJIBHOCTH.
Bricoko- (Hebior, Kpaca Memepnbl, Cusepckuii),
cpenHe- (ABryctuH, Bapsr, I'pann, 2KuryneBckuii, Ka-
m6p, KpacaBunk, Kymau, HapeimMckast Houka, Cep-
nonuk, CurHan, CynapbiHs, Ymada, YTpo, DJIUK-
cpen) M HU3KoypoxaiiHele copra (bapun, bpycHuka,
Kazaudoxk, CeBepHoe cusiHue, TpeThbsIKOBKa) 00pa3o-
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Tabomuna 3. JimTenbHOCTh MPOXOXIeHUsT (peHoornueckKrx a3 (CyTKr) pacTeHUsIMU KapTodesst pa3IMdyHbIX COPTOB B

BeretalMoHHbIe nepuoanl 2019—2021 rr.

Copr OT mocagKy 10 TOTHBIX OT ITOJTHBIX BCXOAOB 10 TTponomKNTETbHOCTD
BCXOIIOB HavaJia IIBETCHUST LIBETEHUS
Pannwme copra
VYnaua 22.7+£0.9 233+ 1.6 19.3+ 1.3
Bapun 25.7£2.0 14.0+ 1.5 31.5+3.3
CpenHepaHHUE copTa
I'panpg 24.0£2.0 24.7 4.0 20.3 £3.2
JebioT 22.5+0.5 20.0 £ 1.0 233+ 1.2
Kanu6p 27.5+3.5 18.7+2.0 26.7 £2.8
KpacaBunk 27.0+0.5 23.0 £ 8.5 23.3+84
Kpaca Memuiepsl 23.3+£0.3 20.7 £ 4.0 24.0+ 4.6
HapsiMckast Houka 237125 22.0=x 1.0 18.7 £ 0.8
Cepnoimk 21.0 £ 1.5 20.0 £ 0.5 31.0+£0.7
CynapbIHs 21.5£0.5 26.0 £ 7.5 17.3 £ 4.9
TpeTbsikoBKa 26.5+0.5 22.3+3.0 30.7 £ 4.1
DauKcpen 28775 23.7%+3.0 16.5+2.0
CpenHecrienble copTa
KuryneBckuii 20.7 £ 2.0 20.7 £ 5.0 18.7 +4.5
ABrycTUH 23.7+2.0 22 14.0 17.0 £ 3.1
BpycHuka 23.5%£2.5 27.0 £ 1.0 22.0 £ 0.8
Bapsr 23.3+2.5 21.0 £ 1.0 26.0 £ 1.2
Kymau 21.7 £ 1.9 243+£22 22.3+£2.0
CeBepHoe CusiHue 22.7+£0.7 27.0 £ 4.5 120+ 1.9
CuBepckuii 21.3 £ 1.5 25.7+£2.0 21.3+ 1.6
CurHan 23.0 £ 2.1 25.3+2.1 10.0 £ 0.8
Y1po 22.710.5 19.7 £ 1.0 323+ 1.6
Kazauok 245+ 1.5 25.3+5.0 18.3 3.6

BaJld TPU YETKUX HE3ABMCUMBIX KJjlacTepa. AHaso-
FMYHOE pasfe/ieHUe YCTaHOBJIEHO ISl BBICOKO- (AB-
ryctuH, bapun, Bapsr, e6rot, 2ZKurynesckuii, Kpa-
caBunk, Cusepckuii, CymapblHs, ¥Yngada, YTpo,
BOnukcpen), cpenHe- (bpycHuka, Kamubp, Kpaca
Memepsr, Kymau, Cepmonuk, CurHan, TpeTbsKoB-
Ka) U Hu3KoruiacTuuHbix coptoB (I'panm, Kazauoxk,
Hapeimckasi Houka, CeBepHoe cusiHue) (tabma. 1,
puc. 2a, 20).

Pacnipenenenue ucciaenoBaHHBIX COPTOB, COOT-
BETCTBYIOILIMX 3 TpyIllaM pa3HOM ypoXKailHOCTU, B
IpocTpaHCTBe 1-i1 1 2-11 IUCKPUMUHAHTHBIX (PYyHK-
LU TT0KAa3aJ10, YTO HAUOOJIbIINI BKJIaJ B KJIaCTEPU-
3amumo (83%, p = 0.03) BHOCUT mepBast TUCKPUMU-
HaHTHas ¢yHKIuU (puc. 2a). Paznuuus Mexmy cop-
TaMMU, BbIAEJCHHBIMU 110 3HAUYCHUSIM YPOXKaitHOCTH,
00yCJIaBIMBaIOTCS B IIEPBYIO O4Yepelb KOJIMYSCTBOM
KIyoHeit (29%) n cpenHuM BecoM KiyoHs (21%), 3a-
TeM CIIeAYIOT pa3mepbl yeThull (12%), obiee comep-
xanne Xi (10%). B OTHOIIEHWM 3KOJIOTMYECKOM
MJIaCTUYHOCTH YCTAHOBJIEHO, YTO IIe€pBasi IUCKPUMU-
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HaHTHas1 pyHkuus onpeaensier 88% (p = 0.05) Bcex
pasIuYuii MeXXIy BEIJICHEHHBIMUY TPYIITAMUA COPTOB
(puc. 26). HaubGonpmuii OTHOCUTENILHBIN BKJIad B
IUCKpUMUHaLMIO BHocuT mapamerp YIIITI (38%),
3a KOTOPBIM clienytot cogepxanne X (13%) nu Kap
(13%), mromans nucta (12%). [Momo6HOIT 3aKOHO-
MEPHOCTH B OTHOLIEHUM CTAOMIBHOCTH YPOXKAMHO-
CTH COpTa He BBISIBJICHO.

bonee mompoOHEIIT aHanM3 OTIENBHBIX MOp(dO-
GU3NOoIOrMYecKuX MapaMeTpoB JIMCTa MoKa3aj, YTO
BBICOKOYPOXalHbIE COpTa B CpeIHEM UMEIOT 0OJIb-
IIIee YMCJI0 YCThUII B €IUHMUILIE TUIOIIAAM JINcTa (puc. 3).
ITnomanb TMCTOBOM TJIACTUHBI Y BBLICOKOYPOXKAHBIX
COPTOB HIKE, YeM Yy HU3KOYPOXKaliHBIX, a IToKa3a-
tenb YIITTJI HampoTnB OoJsiee 9YeM B IBa pa3a BHITIIE.

OBCYXIEHMUE PE3YJIILTATOB

AHanu3 KJIMMaTU4YecKUX yciaoBuii (Tabsa. 1) B me-
pUOAbl TIPOBEIECHUSI IKCIIEPUMEHTOB TMOKAa3bIBaeT,
YTO paliOH MCCJEA0BAHNS, PACIOJOXEHHbIN B CTEII-
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Ta6mua 4. CpenHue 3HaueHNS (DU3UOJIOTMYECKIX MTAPAMETPOB JIMCThEB COPTOB KapTodes o pesynbsraram 2019—2021 rr.

ITomann VIIILI, JnunHa Hucro Xina+6, Kap, mr/r
Copt B ) YCTBUII, Bona, %
JINCTa, CM MrI/cMm YCTBhULI, MKM ) MT/T CBIP. M. CBIp. M
TBIC. IIT/CM
Pannune copra
Vnava 158+ 1.3 1 £0. 24.0+ 1.0 26.1 £ 1.4 79.7 + 1.0 1.67 £ 0.17 | 0.36 £ 0.04
Bapun 13.7 £ 1.2 5.9+0.5 220+£2.0 |293+%1.2 81.1 £0.3 1.63+£0.22 | 0.35+0.06
CpenHepaHHUE copTa
I'paHn 7.1£0.6 54+0.5 27.0+2.0 |28.9+%6.5 80.5x 0.0 1.48 £0.34 | 0.34 +0.08
HebioT 7.21+0.6 13.9 £1.1 25.0x 1.0 312+ 1.2 79.4 £2.0 1.52+£0.01 | 0.31 £0.01
Kanu6p 6.0 £0.6 50+04 |28.0+20 27.2+2.8 82.0 £ 0.7 1.50 £ 0.06 | 0.30 = 0.03
Kpacapuuk 21.3+ 1.9 47+04 |240+£1.0 326+24 |80.5+1.3 1.34 £ 0.41 | 0.33+0.10
Kpaca Memepst 10.9 + 1.1 145+ 1.0 27.0 £ 1.0 24.6 £2.2 81.4+0.5 1.45£0.30 | 0.33 £0.06
Hapwimckas Houka | 11.5 + 1.0 44+04 |250+£2.0 |3224+42 82.4+2.4 1.48 £ 0.09 | 0.31 +£0.01
Cepnonuk 841+0.6 6.5+0.6 |260+£00 |30.0+0.7 80.5+ 0.6 1.47 £ 0.07 | 0.32 £ 0.01
CynapbIHs 126 £ 1.2 3604 |250%1.0 322+t 1.8 81.3+0.3 1.35+£0.41 | 0.26 £ 0.04
TpeTbaKkoBKa 131+1.2 6.9+0.5 250+0.0 |284+04 82.1+0.5 1.52+0.22 | 0.34 +£0.02
DnuKcpen 11.7 £ 1.0 6.6+0.7 |26.0%1.0 240+4.4 | 828+0.9 1.53 £ 0.04 | 0.32 £ 0.01
CpenHecrienble copTa

KuryneBckuii 16.9+ 1.3 5.2+0.5 25.0 £ 1.0 31.8 +4.3 81.3+£0.7 1.69 £ 0.09 | 0.36 = 0.03
ABTYCTHH 13.1+1.2 52+04 27.0 0.0 251+ 1.8 83.3+£0.3 1.35+0.18 | 0.30 = 0.03
BbpycHuka 129+ 1.3 52+0.5 25.0+ 1.0 32.9+0.8 79.4+0.3 1.29 £ 0.04 | 0.25 £ 0.01
Bapsr 11.2 + 1.1 55+0.5 24.0 £ 1.0 329+0.9 80.7 £0.5 1.76 £ 0.44 | 0.36 = 0.09
Kymau 13.7+ 14 6.9+06 |250%+30 |263%+4.6 81.5+0.4 1.51 £0.18 | 0.36 £0.04
CeBepHoe CustHue | 10.5 £ 0.8 37103 25.0+ 1.0 25.7+2.5 83.0+ 1.9 1.33£0.36 | 0.24 £0.08
CuBepckuii 16.8 + 1.4 33+0.3 21.0£0.0 | 39.2+0.8 82.1 £ 1.1 1.82+£0.04 | 0.40 £ 0.0
CurHan 11.6 £ 1.5 3.6+0.2 27.0 3.0 23.8+ 1.5 80.4 £ 0.0 1.38 £ 0.12 | 0.29 = 0.04
YTpo 1.5+ 0.9 49+04 |250+£20 |28.3%76 83.4+ 19 1.27 £ 0.39 | 0.30 £ 0.06
Kazauok 19.5+ 1.7 3.5+03 24.0+0.0 | 309+3.8 80.6 £ 0.8 1.64 +0.26 | 0.37 £ 0.07

Ho1 30He CpenHeii mojiockl Poccuu, siBisieTcs yno0o-
HBIM 3KCITEPUMEHTAILHBIM ITOJIMTOHOM I UCCIe-
JOBAHUSI BIUSIHUSI 3aCYLIUIMBBLIX YCIIOBUII Ha CeEllb-
CKOXO3SMCTBEHHbIE PACTCHUS B IOJIEBBIX YCIOBHSX
(PyouoB u ap., 2019; bakyHos u ap., 2020). Hamu
YCTaHOBJIEHO, YTO YBEJIMYEHME TEMIIEPATyphbl BO3IY-
xa B JieTHHue Mecsabl 2019—2021 IT. B CpaBHEHUH C
KJIIMMaTU4YeCKOIl HOPMOIi perioHa IMpUuBEJo K YBEIU-
YeHUI0 AedUINUTa BJary B IIOYBE U, KaK CIeACTBUE, K
CHIDXEHMIO cpelHel ypoxaitHocTu KapTodensd. I1o-
Tepu ypoxKasi, B cpenHeM, cocTaBuiau ~40% B OCHOB-
HOM 3a CYET CHUIKEHUS MacChl KiyOHel. [1pu usyue-
HUM 56 TeHOTUNOB KapTodelisl, BhIpallluBacMbIX B
YCIOBUSIX TIOJIMBA C TTOCJICAYIOIIMM BOOHBIM CTpeC-
CcOM, OBIJTO 0OHAPYKEHO CHUXKEHUE, KaK 91ciia, TakK U
Beca kiryoHeit (Gervais et al., 2021). Ctpecc 3acyxu
TakK>Ke 3HAUUTEJIbHO CHU3WII BEC KIIYOHEM U UX KOJTU-
YeCTBO Y COpPTOB S. tuberosum, S. tuberosum X S. tu-
berosum subsp, OTHAKO CHMKEHHE YpPOXKAWHOCTH
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KJIyOHel BapbMpOBAaJIO B 3aBUCMMOCTH OT T€HOTUIIA
(Schafleitner et al., 2007).

YyBCTBUTEIIBHOCTE KapToders K 3acyxe B OCHOB-
HOM 0OBbsICHsIETCSI MaJioit 3(h(heKTUBHOCTBIO PACTEHUIA
yCBauBaTh BOAY M3-3a HEMTYOOKOTO 3aJleTaHUsT KOpHe-
BOI CHICTEMBI B TTOUBE 1 HU3KOM CITOCOOHOCTBIO (hOTO-
CUHTETUYECKUX MEXaHM3MOB BOCCTaHABIMBAThLCS MO~
cJie BOMHOTO U TeruioBoro crpecca (Monneveux ef al.,
2013; Zarzynska et al., 2017). CogepxaHue BOOLI B
JIMCTBSIX pacTeHUil 00yclIaBIMBAeT OCMOC U Typrop,
OT KOTOPBIX 3aBUCUT POCT, TTOIIEeP>KaHNE CTPYKTYPHI,
IBIDKEHWE YCTHUI, (hoTOCHHTE3 U TIp. PacTeHms Kap-
ToesIsI UCTIONB3YIOT HECKOJIBKO CTpaTeruii JJIsl BbI-
JKMBaHUS B YCIIOBUSIX NepUIIMTA BOIBI M 0Opa30BaHUS
kiyoHeii (Plich et al., 2020), HaripuMep, yMeHbIIIEHUE
IMOTepU BOIBI WM TOAJAEPKaHUE BOIAOIOIIOIIECHUS
(Obidiegwu et al., 2015). Cyns no cogep>KaHUIO BOObI
B JIUCTBSIX, BCE UCCIIeIOBAHHbBIE HAMU pPAcTeHUSs ObI-
JIN CITOCOOHBI TTOMIEPKUBATH TOCTATOYHO BBICOKUIA
YpOBEHb B TKaHSX JUCThEB, HECMOTPSI Ha BKCTpe-
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Puc. 2. Pe3ynbraThl IMCKPUMUHAHTHOTO aHaIM3a MOPdO-(PU3M0IOrMuecKrX NapaMeTpoB B 3aBUCUMOCTH OT YPOKaHOCTH (a)
U TUIaCTUYHOCTU (0). / — HU3KOypoOXKaliHble copTa, 2 — CpeaHeypoxXKaliHble copTa, 3 — BBICOKOYpOXKaiiHble copTa; 5 — HU3KO-
TUTACTUYHbBIE COPTa, 6 — CPEIHETUIACTUYHBIE COPTa, 7 — BBICOKOIUIACTUYHbBIE COPTA; 4, & — LIEHTPOUIBI TPYIIIL.

MaJIbHO HM3KYIO BJIaroo0ecreYeHHOCTh II0OYBbI. DTO
CBHUCTEIIBCTBYET O TOM, YTO YPOXKANHOCTh KIIyOHE
JUIST pa3HBIX TeHOTUIIOB KapTodeas Ipu HeJTOCTATKe
BJaryd B MOYBE OBLIM CBSI3aHbI HE C Pa3IMYUSIMU B
COJIEp>XXaHWU BOIBI B JIUCTHSIX, a CKOpee, ¢ Mopdho-
Joruei, pu3MoIOTUYECCKUMHU U OMOXMMHUUYECKUMU
MMPOLIECCAMMU.

DdoToCHMHTETUUECKNE TUTMEHTBI UMEIOT IIePBO-
CTereHHOe 3HaueHue 1151 (OTOCUHTE3a U 3aBUCSIT OT
BomHoro neduuura (Kapoor ef al., 2020). Konuue-
cTBO XJI, KaK IIPaBUJIO, CBSI3aHO C IPOIYKTUBHOCTBIO
copta (Obidiegwu et al., 2015; bakyHoB u np., 2020).
bonbmee comepxxanve Xi1 u Kap y BeICOKOypoxKari-
HBIX COPTOB CIIOCOOCTBYET OOJbIIEMY MOIIOILICHUIO
cBeTa U 3aluTe (POTOCUMHTETUYECKOTO armnapara oT
OKUCJIUTEJIbHBIX TTPOLIECCOB, BO3HUKAIOLIUX MPU Je-
¢unure Baaru (Lawlor, Tezara, 2009; Dahal et al.,
2019). ITpu aToM mapaMeTp coaepkaHue XJ1 oKazall-
Cs CBsI3aH KaK C DKOJOTMYECKOM IIACTUYHOCTBIO,
TaK U C YPOXKANHOCTBIO KapTO(eJsl, YTO MOKA3hIBAET
€ro MHTEeTpallMOHHYIO0 3HAYMMOCTbh, KaK B (DOpMUPO-
BaHMU ypoxKasl, TaK U B afalTalluy pacTeHUI K 9KO-
JIOTUYECKUM YCJIOBUSIM.

BricokoypoxxaifHble cOpTa OTJIMYAJIMCh TaKXKe
HU3KOM TJIOIIAIbIO JIMCTA 10 CPAaBHEHUIO C HU3KO-
ypoxXaiiHbIMU. B MX JUCTBIX coOaep>KUTCSI OOJIbIIIE
CyXOTO BellleCTBa B eAWHMUILIE TIJIOLIAIU J1CcTa (MOKa-
3arenb YIII1JI), Gonbiioe 4nciio HEKPYIMHBIX YCTBUIL
(puc. 3). DT OCOOEHHOCTH B CTPYKTYpE JIMCTHEB
CHOCOOCTBYET OTPAaHUYEHUIO MOTEPU BOIABI U GOJIb-
mreit accummrsiuu CO,, 94TO TTOTOXKUTEIHLHO BIUSET
Ha MPOAYKTUBHOCTh pacTeHuii. [lomyyeHHBIE HaMU
JMIaHHBIE COMIACYIOTCSI ¢ pe3yJibTaTaMU TTOJIEBbIX 9KC-
IIEPUMEHTOB C MCIIOJIb30BAHUEM KYJIbTYPhl STUMEHSI:
KOHTPOJIb HaJl TIOTePEii BOMIbI OCYILIECTBIISIIICS 3a CUET
CHUKEHMSI MHIIEKca JUCTOBBIX ITapameTpoB (Lawlor,
Tezara, 2009).
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IMokazarens YIITTJI BaxkeH 1T TaKUX IIPOIECCOB
KaK OTHOIIIEHHUE TPOLIECCOB (POTOCHHTE3/a30ThUKCca-
LUsI, CKOPOCTh (DOTOCHMHTETUYECKOIl aCCUMUJISILIAM,
MPOIOJIKUTEILHOCTD XKU3HU JINCTA, a TAaKXKe I pas-
JeJIeHUsI pacTeHU Ha (PYHKIMOHAIbHBIC TPYIIIHI B
3aBUCHMOCTH OT YCJIOBUIT okpyxXkartolieil cpensl (Cheng
et al., 2014). D10 OTpa3MWJIOCh Ha pa3deIeHUH TPYIIII
COPTOB MO KOPPULINESHTY IJIACTUYHOCTH bi.

M3 Bcex mccaemoBaHHBIX COPTOOOPA3IIOB KapTo-
dens c. CuBepckuit oKkazacsi U BBICOKOYPOKAWHBIM
(29 1/ra) 1 BeicoKoIacTUYHLIM (bi = 2.07). OgHako
KO3 (OUIUEHT CTAaOMIBHOCTH €TI0 YPOXKAMHOCTH J0-
CTaTO4HO BBICOKMIA (Si? = 88.61). DTO 0O3HAYAET, YTO
COPT XOPOIIIO OT3bIBAE€TCS Ha YIydllleHHEe YCJIOBUIA
BBIpallIMBaHUsI, HO B HEOJIAaromnpusITHbIC TOOBI YPO-
KAMHOCTb MOXET CHM3UTHCS. XapaKTepPHbIMU IIPU-
3HaKaMU 3TOT0 COpTa SIBJISIOTCS HauOOJIbIIee YUCIIO
YCTBUII B €IMHUIIC TUIOIIAIN JIMCTA, BEICOKAs TUapa-
TalIMOHHAS CITIOCOOHOCTH JIUCThEB M BHICOKOE CONIEP-
XKaHue (OTOCMHTETUYECKUX ITMTMEHTOB. M3 Bcex
BBICOKOYPOXAMHBIX COPTOB OH MMeJI HauMEHBIIIee
3HadyeHue YIIIJI. Kak nmokasany Halm npeabiayime
ucciaenoBanus, ¢. CuBepcKUil oTiMyascs OOJbIIeH
M3MEHYMBOCTBIO OCIKOBOTO U JIMITMAHOIO METabo-
JIM3Ma, a TakKe 0o0Jjiee MHTEeHCUBHBIMU IIPOLIECCaMU
OKMCJICHUSI U aHTUOKCUIAHTHO 3aIIIUThHI IO CpaBHE-
HUIO C MAJIOYpOXaiHbIM c. TpeTbsikoBka (Po3eHIIBET
u np., 2021). B cBoro ouepenp, c. Kpaca Memiepnl
TaKKe SIBJISIETCS] BhICOKOypoxKaitHbIM (30.1 T/ra), uMeeT
ko3¢ duLmeHT bi 6mmskuii K 1, a Si? paBHbIii 2.29, TO
€CTh XapaKTepu3yeTcsl, Kak TeHOTUIT C BICOKOI KO-
JIOTMYECKOM TNIACTUYHOCTHIO Y BEICOKOI CTa0MIILHO -
CTBbIO T€HOTUIIA. YUYUTHIBasi, YTO B OCHOBE peaKIIuu
pacTeHUlt Ha CTpece JexaT COTHU FeHOB, MOXHO T10-
JIaraTh, YTo 00a copTa MOTYT CIIYXXUTb MCTOYHUKOM
TeHEeTUYECKOro marepuajga IS MOJEKYISIpHO-(du-
3MOJIOTUUECKUX U CEJIEKIIMOHHBIX MCCAeI0BAaHUMN C
LeJIbI0 OTOOpa COPTOB IJIsI MHTEHCUBHOTO WJIM CTa-
OMJILHOTO ypoKasl.
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YpoxxaliHOCTh COPTOB

Puc. 3. CpenHue 3HaueHUsI MOPGO-(PU3NOJIOTHIECKINX TTAPAMETPOB JIMCTHEB (a—3K) 1 CPEIHETOo Beca KIIyOHei (3) COpTOB Kap-
Tobesst M UX cTaHmapTHas OlLIMOKa B 3aBUCHUMOCTU OT YpOxKaiiHOCTH 110 pesyibTatam 2019—2021 rr.: I — BhIcoKOypoXaitHble
copra (n = 3), 11 — cpenHeypoxaiiHeie copta (n = 14), 111 — HU3KOoypoXKaitHble copTa (n = 5). 3HAUUMOCTb PA3ININIl MEXIY
CpemHUMM 3HAYEHMSIMU MPU3HAKA yCTaHABJIMBAJIM C UCITOJIb30BaHUEM C OMHO(AKTOPHOTO AUCIIepCUOHHOTO aHaiu3a (ANO-
VA). I1pu HOpMaJIbHOM pacIipeie/ieHUN JaHHBIX TTPUMEHSIIN MONpaBKy boHbeppoHH, a MpHu OTKIOHEHUU OT HOPMAJIbLHOIO
pacnpenenenust — kpurepuit Kpackena—Yomnuca. PasHbiMu OykBamu (a@—c) 0003HAUYE€HBI JOCTOBEPHBIE Pa3IduMs MEXIY

cpeqHUMM 3HaYeHUsIMU TipusHaka (mpu p < 0.05).

Takum o6pazomM, Mopdo-pU3NOIOrIIeCKe I10-
Kas3aTeJu JIMCTheB U KIyOHEel ompeaessioT ypoxKaii-
HOCTb U 9KOJIOTUYECKYIO TIJIACTUYHOCTb COPTOB KapTo-
derst. XapakTepucTUKaMu, CIIOCOOCTBYIOIIMMUA BbICO-
KOM ypOXailHOCTH M aJalTallMOHHOM CITOCOOHOCTH,
SIBJISTFOTCSI UMCJIO YCTBUII B €IMHULIC TUIOIIAAM JIUCTA,
VIIITJI u conepxanne (POTOCUHTETNIECCKIX MTUTMEH-
TOB. B 11eJIOM TTOJTydeHHBIe pe3yIbTaThl IeTATU3UPYIOT
KOHIIEIIINIO “‘amanTalys/TIpOayKTUBHOCTE, COIJIACHO
KOTOPOW JIMOO AOCTUTAaeTCsl HauOOoJbIlasi 3aliuTa
(PKonormyeckasi IJIACTUYHOCTh), JIMOO MaKCUMYyM
MPOAYKIIMU (YPOXKAHOCTh), YTO HEOOXOAMMO Yy4u-
TBIBaTh ITPU MOAOOPE COPTOB K KOHKPETHBIM MOYBEH-
HO-KJIMMaTUYECKUM YCJIOBUSIM.

®DunancupoBanue. laHHas paboTa BBIMOJIHEHA B
pamkax KoMIuleKCHOro IiaHa HaydHBIX MCCIIeIOBAa-
Huii ”Pa3BuTue cejieKIIMU U CEMEHOBOICTBA KapTode-
ns1” 1 “CrpyKTypa, TMHAMUKA ¥ YCTOMIMBOE pa3BUTHE
skocucteM Bormkckoro Gacceitna” (Ne 021060107217-
0-1.6.19).
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Morpho-Physiological Determinants of Potato Yield Formation under Conditions
of Moisture Deficiency and High Temperatures

A. L. Bakunov!, N. N. Dmitrieva!, S. L. Rubtsov!, A. V. Milekhin!, V. N. Nesterov?2,
E. S. Bogdanova?, and O. A. Rozentsvet?> *
! Samara Federal Research Scientific Center RAS, Samara Scientific Research Agriculture Institute named
after N.M. Tulajkov, 41, K. Marx St., Bezenchuk, 446254 Russia
2 Samara Federal Research Scientific Center RAS, Institute of Ecology of the Volga River Basin RAS,
10, Komzina, Togliatti, 445003 Russia
#e-mail: olgarozen55@mail.ru

Morphological and physiological parameters of leaves and tubers of 22 varieties of potato (Solanum tubero-
sum) were investigated. Discriminant analysis found that stomata size (12%), chlorophyll content (10%),
number of tubers (29%), and average tuber weight (21%) determined the gradation of plants by yield. The
specific surface density of leaves (38 %), the content of chlorophyll (13%) and carotenoids (13%), and leaf area
(12%) made the greatest contribution to discrimination in relation to ecological plasticity. It is concluded that
the number of stomata per unit area of the leaf, the specific surface density of the leaf and the content of pho-
tosynthetic pigments are the key characteristics that contribute to both high yield and adaptive capacity of po-
tatoes.

Keywords: Solanum tuberosum L., leaf area, productivity, stomata, chlorophyll, ecological plasticity
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