506 BABMAOBCKUM KYPHAA TEHETUKW Y CEAEKLIMI, 2014, TOM 18, Ne 3

YIK 631.523/527: 633.111

CONPSIKEHHOCTb AHATOMO-MOP®OJIOT MYECKHUX
IMPU3HAKOB C YCTOMYUBOCTHIO K ITIOJETAHUIO
SIPOBOM MSITKOM MIIEHUIIbBI
B YCJIOBUSIX CPEJHEI'O TOBOJIKbS

© 2014

B.I. 3axapos’, B.B. Ciokon?, O./1. SIkoBiieBa’

'THY Vaesnosckuit HHIUCX, noc. TumupszeBckuii, YibsHoBCKas o6nacts, Poccus;
2THY Camapckuit HUIUCX, noc. Besenuyk, Camapcekas o6macts, Poccus,
e-mail: vsyukov@mail.ru

[Mocrynuna B penakimto 17 nronst 2014 r. Ipunsra k myonukamun 30 uromst 2014 .

PaboTta mocBsmeHa n3y4eHHIo CONPSKEHHON H3MEHYMBOCTH 110 YCTOHYUBOCTH K ITOJICTAaHUIO  AaHATOMO-
MopdoornueckuM mpu3Hakam ctediist y 17 copToB sipoBOM MSTKOH MieHUIpl. Metogamu (hakToOpHOTO,
ITyTE€BOTO M MHOTOMEPHOTO PETPECCHOHHOTO aHAJIN3a BBISBICHO, YTO JOCTOBEPHBIC IPSMBIC 1 KOCBEHHBIE
BKJIQZBI B MPHU3HAK YCTOMYMBOCTH PACTCHUH K IOJIETAHHWIO BHOCAT JUIMHA BTOPOTO, TPETHETO HIKHUX
MEXK/I0y3JIMi, CyMMa UX JUTMHBI U TPOYHOCTH COJIOMHUHBI HA U3JI0M B PailOHe HMKHUX Mex10y3iuil. [Toka-
3aHO, YTO OTOOP HA YCTOWYMBOCTH K MOJETAHUIO Y SPOBON MATKOM MIIEHUIBI BOSMOKHO BECTH B PAHHUX

ITOKOJICHHUAX 110 JJIMHC HHXKHHUX Me)KI[Oy?:HPIﬁ.

KaroueBnlie cjioBa: spoBas NIICHWIA, MMOJICraHue, aHaTOMO-MOp(I)OHOFI/I"IeCKPIe IIPU3HAKU, KOPPEIIALA,

perpeccus, riiaBHasi KOMIIOHCHTA, HyTeBOﬁ aHaJIu3.

BBEJIEHHE

Iloneranue 3epHOBBIX KYJAbTYp, B TOM YHUCJE
SIPOBOH MIIIEHUIIBI, TPOUCXOIUT BCIIECICTBHUE BIIUS-
HUS TIOTOTHO-KITMMAaTHIECKHUX yCIOBUN — M30BITKA
0CaJKOB U CHUIBHOTO BeTpa. OHO MPUBOIUT K 3HA-
YUTEIHHOMY CHUYKCHHIO MTPOAYKTHBHOCTH pacTe-
Huil. PaHHee nojeranye BoI3BIBACT IOTEPIO ypoxKast
Ha 29,8-30,9 %, a moneranue B (a3e paHHEH BOC-
KOBO¥ criestoctr —Ha 9,9—17,6 % (Gotsova, Gotsov,
1965). Ilo manaeM A.A. XKydenko, moyieranme
3€PHOBBIX KYJIBTYD, B YUaCTHOCTH O3UMOM U IPOBOM
MIICHULIbI, PXKH, SIUMEHS U JIPYTHX, IPUBOIUT K
3HAUYUTETBHBIM oTepsiM ypoxas (30-50 % u 6o-
JIee), YXY/IIICHHUEO €T0 CEMEHHBIX U XO3SICTBEHHBIX
roKaszareseil, co3/1aeT 3HAUNTEIbHbIE TPYIHOCTH
ipu yoopke (PKydenko, 2004). B oTnensHBIX CiTy-
gasx TMOTEPH OT MoJIeTaHusi MOTyT nocturathb 90 %
(JIemmm, 1980).

PaznuuatoT Ba THIA MOJIEraHus — MPUKOPHEBOE,
CBSI3aHHOE C 0COOCHHOCTSMH apXUTEKTOHUKU BTO-
PHYHOW KOPHEBOM CUCTEMBI, U CTE0JIEBOE, OTIPEIeIIs-
€MO€ apXUTEKTOHUKOM HaJI3eMHOM YaCTH pacTEeHHUs

Y aHATOMO-MOP(OIOTHYSCKUMHU OCOOCHHOCTSIMH
cteons (Atkins, Ennos, 1938; Crook, 1994).

B oTHoOIIEHUH CTEOIEBOTO MOJIETaHHs, KOTOPOE
B 30He Cpennero [1oBOKbS sBIIsIETCS Hanbosee
TUIAYHBIM, TIEPBOC 0000IICHUE JUTEPATyPhl 3a
140 net nposen J.M. Atkins (Atkins, Ennos, 1938).
OH yKka3aJl Ha TaKhe MEXaHU3MBbI, KaK CojepkKa-
HUE KpeMHe3eMa B ctebiie, Macca 1 M JITHHBI
COJIOMHHBI ¥ TPOYHOCTH COJIOMHHBI Ha pa3phiB. B
OTJICJILHBIE TOJIBI OTMEYAIIACH CBSI3b YCTOMIHBOCTH
K TIOJICTAHUIO C JUIMHOW HHXKHETO MEXKIO0Y3JIHSL.
B HacTositiiee BpemMsi UMEETCSi MHOTO JIaHHBIX O
CBSI3M OTIENBHBIX OMoxumuueckux (Ziber, 1994;
Wang et al., 2012) u aHaTOMO-MOP(OIOTHYECKUX
MPU3HAKOB PACTEHHSI C YCTOWYHUBOCTBIO K MoJIera-
auto ([lopodees, 1960; Unpunckas-1{lenTninosud,
Terepstuenko, 1969; Pyt, I1bstHoB, 1975; CrokoB,
1980; Kucenes, 1985; Berry et al., 2007). Bmecte
C TeM CEJICKI[MOHHAs MPaKTUKA MOKa3bIBALT, YTO
OHA OTIPE/ICIISICTCS] KOMILIEKCOM B3aUMOCBSI3aHHBIX
npru3HakoB. [ lorToMy oTOOp IO OTHOMY W3 HUX, 0€3
ydeTa JPYTrHX, He BCErjia MPUBOIUT K TIOIYUCHHIO
*kemaemoro pesynsrarta (Kosams u np., 2010).
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MATEPHUAJIBI 1 METO/IbI
HNCCIIEAOBAHUS

B 2009-2011 rr. HamMu npoBeAeHBI UCCIIE0BA-
HUS 110 U3YYCHUIO XapaKTePUCTHUK COTMPSKEHHOU
M3MEHYMBOCTH YCTOWYHMBOCTH K ITOJIETAHHIO,
Mop(]o-OMOMETPUICCKUX M aHATOMHUUECKHUX
MPU3HAKOB pacTeHuil y 17 copToB SpOBOIl MST-
kol mmeHunsl: Jlrotecuenc 62, CaparoBckas 36,
Bomkanka, Kytymykckas, CumOupka, Mireesckas,
JI-503, 3emmsuka, Dkxana 6, Cumoupmut, Jkana 70,
Maprapura, Dxaga 66, Ixana 97, dxana 109, Yib-
ssHoBcKkas 100 u Cypckast rooueiinas. @axTopHbIH
aHaJIN3 COBOKYITHOCTH MPHU3HAKOB, CBA3AHHBIX C
YCTONYHBOCTBIO K ITOJIETaHUIO, IPOBEITU METOAOM
IJIaBHBIX KOMIOHEHT (XapmaH, 1972), KoTopbIi
MpeHa3HAYeH JUII COBMECTHOTO aHalH3a B3au-
MOCBSI3aHHBIX NMPU3HAKOB. AHAIIN3 C MTOMOIIBIO
JTAHHOTO METOa TTO3BOJISIET HAXOAUTh HECKOppe-
JUPOBAaHHBIE MEKTY COOOH TITaBHBIE KOMIIOHEHTBI
1 Beca (KoaQUIIMEHTBI HArpy3KHu ), KOTOPbIC OTpa-
JKalOT BKJIAJ KaXI0M IIaBHOM KOMIIOHEHTHI B BbI-
paKeHHOCTh TpU3HaKa. AHAIU3 KOAPPUIIMEHTOB
myTteit Paiira ocymectsisimm o C.I1. MapTeiHOBY
(1978). MHOTO(DaKTOPHBINH HEMTUHEHHBIN perpeccu-
OHHBIN aHAJIM3 MPOBOIUIIH C UCTIONE30BaHHEM KOM-
nbroTepHO# nporpammel Opendyprekoro HUMCX,
pa3paboTaHHOH MO PyKOBOACTBOM JIOKTOPA CEIlb-
ckoxo3stiicTBeHHbIX Hayk A.I. Kproukosa.

Hawmu Obu1o n3ydeno 12 mpu3HaKOB: yCTOWYH-
BOCTbH K TOJICTAHUIO, JTMHA 2-TO (CHU3Y) MEXI0-
Y3791, JUTHHA 3-T0 MEXKA0Y3JHUs, CyMMa JITHH 2-T0
1 3-r0 MEKA0Y3I1MH, JJTHHA BEPXHET0 MEXK 10y 31
(paccrostHre OT BEpXHETo CTEOJIEBOTO y3ia A0
OCHOBaHUS KOJIOCA), JUAMETP 2-TO MEXKIOY3IIHs,
JuaMmeTp 3-ro MEeXI0y3Ius, Macca Kojoca, Macca
orpeska (10 cM IIUHBI) COJIOMUHBI, KOJMYECTBO
COCYIUCTO-TIPOBOJIALINX ITYYKOB, IPOYHOCTH 2-TO
MEX/I0y3/IMsI Ha U3JI0M, BEICOTA PACTEHHUS.

OIBITH 3aKJIAJBIBANIA HA SKCIIEPUMEHTAILHOM
yuactke 'HY Vabsnosckuit HUMCX no «Metoau-
Ke TOCYZIapCTBEHHOTO copToucbITanus» (1985), B
4-KkpaTHOW TOBTOPHOCTH C HOPMOM BBICEBa 5,5 MITH
BCXOXKHX 3€peH Ha | ra, CeNeKIMOHHON CEesIKOM
CH-1011. IIpeamecTBEeHHUKOM MOCEBA SBISICS
cuJepaiIbHbIi map. YueTHas IUIOWAAb ACJISHOK
cocrapisia 17,8 M2. Ha menstHKax 3akiafbIBaId
npoOHbIe MIOMAAKU 00mel miomanso 1 m2.
YO0OpKy yUETHBIX TTOIIA I0K POBOVIIN BPYUYHYIO,
BBIIEPTUBasi PaCTEHUs C KOPHEBOM crCcTeMON Jis

MIPOBEJICHUS aHAJIU3a CTPYKTYPBl YPOKaHHOCTH.
CreneHb yCTOMYMBOCTH K MOJIETAHUIO OLIEHUBAJIN
o 9-6annpHo¥ mkane (dunarenko, Illutona,
1989). lnuHy MeEXI0y3/IHii, BEICOTY pacTEHUU
3aMepsIM IPU aHAINU3€ CTPYKTYPBI YPOXKaHHOCTH
JINHEHKOH, IHaMeTp MEKJIO0Y3JIUi — AJIEKTPOH-
HBIM LITaHTeHIUPKYIeM. Yucio cocyancro-mpo-
BOJSMX MYyYKOB MOJCUYUTHIBAIN C MOMOIUIBIO
Mukpockona «BIOLAR» Ha cpe3ax cOIOMUHBI,
CHEJIAHHBIX B CEPEAMHE BTOPOTO MEKIOY3JIHS,
[IPEABAPUTEIIHO OKPALIEHHBIX B C1a00OM pacTBO-
pe #ioma. [IpoyHOCTH 2-TO MEXIOY3IHS Ha U3JIOM
OTIpEICTISUIN Ha U3TOTOBICHHOM MPHOOpE, B KOTO-
POM IIpeTyCMOTPEHBI epXKaTeib A5l COJIOMUHBI U
KOHTEHHEP C KPIOYKOM JJISI [TOJBEIIMBAHUS IPy3a.
Jnst aHanu3a Opasin OTPE30K COJIOMHUHBI JUTMHOM
2 cM, KOTOPBIH TTOMEIIAIHN B IepyKaTeih Ipuoopa,
K CepeauHE MOJBEUINBAIN C TIOMOINBIO KPIOYKa
KOHTEHHep, Harpyajli ero rpy3oM /10 MOMEHTa
M3JI0Ma M OTMEYalli Maccy rpysa.

PE3YJIBTATHI HCCJIEJJOBAHUI
U UX OBCY/KIEHHUE

[IpenBaputenbHO paccuuTaHHAs MaTpula
K03 (DUITMSHTOB KOPPEJISIIIUU JJIsl MPOBEICHHUS
KOMIIOHCHTHOTO aHalli3a MO3BOJIUIIA BBISIBUTH
XapakTep CBA3CH MeXly YCTOMYMBOCTHIO K MOJIe-
TaHWIO ¥ M3YYCHHBIMH ITpU3HaKamMu. JlocTOBEpHO
OTPHIIATENEHO KOPPEIUPOBAIH C YCTOHUMBOCTBIO K
MOJIETaHUIO JUTMHA 2-T0 Mex0y3mus (7 =—0,61%%),
JnHa 3-ro Mexaoy3nust (r=—0,72*%), cymma JiiiH
2-ro u 3-ro mexaoy3nuit (r=-0,70%*); 1ocToBepHO
MOJIOKHUTEIHHO — JITHHA BEPXHETO MEXK0Y3JIHS
(r=0,56%), nuametp 2-ro mexxaoy3aus (= 0,69%),
nrameTp 3-ro mexxaoysius (= 0,65%), macca ko-
soca (r = 0,61%), macca 10 ¢cM JUIMHBI COJIOMHHBI
(r=0,60%*), MPOYHOCTH BTOPOTO MEXKIOY3JIHs HA
uznom (r = 0,66%*). CB3b MEXKIY KOTHYCCTBOM
COCY/IUCTO-TIPOBOSIINX ITyYKOB BO BTOPOM MEXK-
JIOY3JIMH ¥ YCTOWYMBOCTBIO K TIOJIETAaHUIO OKa3a-
JIach TOJOXKHUTEIBHON, HO HEJOCTOBEPHOM, MPH
9TOM HaOIIOAaIach MOJOKUTEIbHAS CBSA3b ATOTO
MoKa3aTeisi ¢ JMaMETPOM BTOPOTO MEKIOY3JIHSI
(r=0,79**) u maccoii konoca (r = 0,67*%). Mexay
BBICOTOH PACTEHHS M YCTOHYMBOCTBIO K ITOJICTaHHIO
CBSI3b citabasi.

IIpoBeneHHbII KOPPEIALIMOHHBIN aHaIu3 OTpa-
3WJT HAJIMYHUE TPSIMBIX WITH OOPATHBIX CBSI3EeH MEXITY
OTJCIbHBIMU TPU3HAKAMHU, 00YCIOBIUBAOIIMMU
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YCTOMYHMBOCTS K ITOJICTAHUIO, HO HE JIaJl TIPE/ICTaBIIe-
HUS O BKJIA/1€ KOMIIOHEHTOB, YTO MO3BOJISIET CAETIATh
aHaJIM3 METOJIOM TJIABHBIX KOMIIOHEHT.

B pesynbraTe mpoBeneHHOTO (aKTOPHOTO
aHanm3a ObUTO YCTaHOBJIEHO, YTO M3MEHYMBOCTD
KOJTMYIECTBCHHBIX MIPU3HAKOB OTIPEACIIETCS TPEMsI
TJIABHBIMU KOMIIOHEHTaMH, KOTOPHIE B COBOKYII-
HocTH Ha 81,6 % onpeesriIn O0IY 0 TUCTICPCHIO.
IIpu »Tom neppast —uHa 41,3 %, BTopas —na 25,8 %,
Tpethst — Ha 14,5 % (Tabm. 1).

IlepBast koOMIOHEHTa HHTEPIIPETUPOBAHA HAMH
KaK «yCTOHYMBOCTH K IOJICTAHUIO» W CBS3aHA C
OHMOMETPUUYCCKUMHU TOKA3aTEIIMHU COJIOMHUHBI U
ee MPOYHOCThIO Ha u3ioM. OHa BKJIFOUAET B ce0s
CIIeYIOIUE TIPU3HAKH: JUTHHA 2-TO MEXKIOY3JIHs,
JUTMHA 3-r0 MEXI0Y3J11s, CyMMa JJIUH 2-T0 U 3-T0
MEXA0Y3JIHH, TPOYHOCTh BTOPOTO MEXKIOY3IIHS
Ha m3y1oM. [1pu 3TOM Beayas pois MPUHAIICKUT
MIPU3HAKY «CYMMa JUIHH 2-TO U 3-T0 MEKA0Y3IHI»,
KOTOPBIU SIBISCTCS OMPEICIISIONIUM B o0ecrede-
HUU 00Jiee BRICOKOH YCTOWYMBOCTH K ITOJICTaHUIO
y u3ydaeMbIx coptoB. CleaoBaTenbHO, MOXKHO
MIPEINOIOKNATE, YTO B YCIOBHUSAX MPOBECHHS HC-
CJemoBaHUN 0TOOp PACTEHMIA ¢ MEHBIIECH JTHHOMN
HIDKHUX MEXI0Y3JIHi OyJIeT MPUBOIUTH K TIOBBI-
HICHUIO YCTOMYMBOCTH B MPOIIECCE CENCKIUU.

Bropass kOMIoHEeHTa «IPOIYKTHBHOCTHUY,
cBs3aHHas ¢ (hOPMHPOBAHMEM MacChl KOJOCa B
CBSI3M C TMAMETPOM MEXK/IOY3IHIA U KOJTMYECTBOM

COCYyAUCTBIX IIYYKOB, BKJIHOYACT B 06651 Impu3Ha-
KU, CIIOCOOCTBYIOIINE pealiu3allii BBICOKOM
MIPOAYKTUBHOCTHU KoJoca. Bemyrnast ponb B 3TOM
KOMITOHEHTE OTBOJAMTCS MPU3HAKY «KOIUYECTBO
COCYIHCTBIX ITyYKOBY.

TpeTbsi KOMIIOHEHTA ONpPEAEsieT BbICOTY
pacTeHHil U JUIMHY BEPXHETO MEXKIOY3Nus. JTa
KOMIIOHEHTa HUKAK HE CBsI3aHa C YCTOMYHUBOCTHIO
K IIOJIETaHUIO.

J11s yTouHeHns BKJIa/1a OTACIHHBIX TPH3HAKOB,
BXOJSIIMX B COCTaB NEPBO IMTABHOW KOMIIOHEH-
Thbl, B yCTOfI‘IPIBOCTL K ITIOJICTaHHUIO HCII0JIb30BaJIN
METOJI aHaJIu3a MyTeBbIX Kod(duirenros Paiita.
Kak BumHO W3 Tabmn. 2, MUIb OAWH MapaMeTp U3
YeThIPEX MMEeT JIOCTOBEPHBIA MPAMOI BKIAA
B (OpMHpOBaHHE PE3yIBTUPYIONIETO MPH3HAKA
«YCTOMYMBOCTB K MTOJIETAHHUIO» — CyMMa JIUTHH 2-TO
1 3-T0 HIDKHUX MEXI0y31ui (mepemennas 3). Oc-
TaJIbHBIC IICPEMCHHBIC OIIPCACIIAIOT yCTOI\/'I‘II/IBOCTI)
K MOJIETAHUIO0 KOCBEHHO, Yepe3 TPETHUM MPU3HAK.

Haubonee 65u3ko sMIMpryecKkre JaHHbBIE all-
MIPOKCHMHUPYIOTCS YPaBHEHHEM MHO)KECTBEHHOM
perpeccun: Y = 9,068 — 134,356, — 134,716x, +
+ 134,359x; + 0,0012x, (r = 0,761, D = 62,4 %,
F =5,395%%%),

B pesynbrare nmpoBeAEHHBIX UCCIEIOBAHUM
YCTAHOBJICHO, YTO Haubosiee cTaOWIIbHASI B3au-
MOCBSI3b YCTOWYMBOCTH K TIOJIETAHUIO PACTEHUM
SIPOBOM MATKOM MILEHULBI TPOSIBIAETCS C JJIU-

Tao6auna 1

PCSYHLTaTLI (I)aKTOpHOFO aHaJin3a IPU3HaKoOB, CBA3aHHBIX C yCTOﬁ‘IHBOCTLIO K ITIOJICTaHUIO

OreHKa HArpy30K Ha KOMITOHEHTHI
IIpuznak
2 3
YCTOWYHNBOCTD K ITOJIETAHUIO -0,756 0,228 -0,414
JnuHa 2-ro Mex10y35ust 0,938 -0,083 -0,102
JmHa 3-10 MEeXIOY3IHS 0913 -0,205 0,067
CymMma JUIMH 2-TO U 3-TO MEXI0Y3IHi 0,956 -0,165 0,004
Jln1Ha BEpXHEro MEeX10y3HsI -0,152 0,051 —0,947
JuameTp 2-ro MeXI0y3Tus -0,446 0,796 -0,294
HuameTtp 3-ro MexI0y3aust -0,563 0,680 -0,265
Macca xomoca -0,491 0,706 -0,079
KonudecTBO COCYIUCTHIX MYyYKOB -0,241 0,860 0,008
IIpoyHOCTb 2-10 MEXKI0Y3JUSI HA U3JI0M —0,766 0,183 —-0,060
Bricora pactenns 0,044 0,374 —-0,680
Macca 10 cM IJIUHBI COJTOMHUHEI -0,578 0,678 -0,165
Hucniepens, % 41,331 25,819 14,497
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Tao6auma 2
HpHMBIe 1 KOCBCHHBIC BKJIa/bI
KOJIMYCCTBCHHBIX HpI/I3HaKOB
B MIOKA3aTelbh «yCTOMYMUBOCTD K MOJICTaHUIO)

nan:;IaKa ! 2 3 4 d
1 0.637| 0,101 |-1,097 | -0,248 | —0,607
2 0,543 | 0,119 |-1,142|-0,237 | -0,716
3 0,599 | 0,116 |-1.167 | -0,250 | 0,702
4 —0,424 |-0,076 | 0,783 | 0373 | 0,656
P,=0,639

IIpumevganue. | — mmHA BTOPOrO HUYKHETO MEXKIOY3IHS;
2 — I7MHA TPEThEero HUKHETo MEX10y3usl; 3 — AIMHa 2-T0 U
3-ro HWKHUX MEXKJIOY3JIHi; 4 — MPOYHOCTH COJIOMUHBI Ha
U3JI0M; 7 — KOO GHUIHUEHT KOPPEISIUU IPU3HAKA C YCTOWYH-
BOCTBIO K ITOJICTAHHUIO. HouqepKHmi HpﬂMbIe BKJIaJbI.

HOHM BTOPOTO W TPETHEr0 HIKHUX MEXI0Y3JIHH
¥ MPOYHOCTHIO COJIOMHUHEI Ha M3J10M. B kauecTBe
JIOTIOJTHUTEIIEHOTO KPUTEPHUS 0TOOpa HA YCTOMYIN-
BOCTH K TIOJICTAHUIO HA PAHHHX dTalaxX CEJICKITIH
MpenIaraeTcsl UCIoNb30BaTh CYMMY JJIUH 2-TO U
3-ro MeXI0y3JIHii, HIMEIOIINX HAUOOJBIINIA BEC
Cpe/y BKJIIFOUYCHHBIX B TIEPBYIO KOMIIOHEHTY.
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Summary

The study concerns the variability of dual lodging resistance and morphoanatomical indices of the culm in
17 spring wheat varieties. Factor, path, and multivariate regression analyses indicate that reliable direct and
indirect contributions to plant resistance to lodging are made by the lengths of the second and third lower
internodes, the sum of their lengths, and the fractural strength of the culm at lower internodes. It is shown
that the selection for lodging resistance in spring wheat can be done in early generations on the base of the
lengths of lower internodes.

Key words: spring wheat, lodging, morphoanatomical traits, correlation, regression, principal component,
path analysis.



