OPUT'MHAJIBHASA CTATbA « ORIGINAL ARTICLE

(Dypa)l(l-lble Ka4eCTBad reTepo3ucCHbIX MEKPOAOBbIX I‘I/IﬁpI/I,ZlOB

KYKYPY3bl C raMarpaccom

DOI:10.30901/2227-8834-2020-1-17-23 @)y |
YK 636.085.33

[Toctynnenue/Received: 16.03.2019

punsto/Accepted: 11.03.2020

I1. A.TAHUXHH * #*, B. A. COKOJIOB!

I HHcmumym moseKyasipHoll u KaemoyHoli 6uosozuu CO PAH,
630090 Poccus, 2. Hogocubupck,
npocn. akad. /laspenmuwesa, 8/2
*Ped panikhin@mcb.nsc.ru
b= sokolov@mcb.nsc.ru

2 PedepasbHblll uccaedosamenbckull yeHmp
Bcepocculickuli uHcmumym eeHemu4ecKux pecypcos
pacmenuti umenu H.U. Basusosa (BHUP),

190000 Poccus, e. Cankm-Ilemep6ype, ya. b. Mopckas, 42, 44

Fodder qualities of heterotic hybrids
from intergeneric crosses
between maize and eastern gamagrass

P. A. PANIKHIN * 2%, V. A, SOKOLOV !

1 Institute of Molecular and Cellular Biology, Siberian Branch
of the Russian Academy of Sciences,

8/2 Acad. Lavrentieva Ave. Novosibirsk 630090, Russia

* el panikhin@mcb.nsc.ru

sokolov@mcb.nsc.ru

2 N.I. Vavilov All-Russian Institute
of Plant Genetic Resources (VIR),
42, 44 Bolshaya Morskaya Street,
St. Petersburg 190000, Russia

YpoxkallHOCTb 3eJIeHOM Macchl U pypaxkHble KauecTBa SBJIS-
I0TCS1 OTIPaBHbIM MOMEHTOM B BbIOOpE KOPMOBBIX CEJIbCKO-
X03sHCTBEHHBIX Ky/AbTYp. Kykypysa @ pactenue C4 nyTtu do-
TOCUHTE3a, B CBSI3U C YeM OHAa MaKCUMa/JbHO 3PPeKTHBHO
TpaHcGOpPMUPYET 3HEpPrui0 CBeTa B 3HEPTrUI0 XMMHUYeCKHUX
CBfI3elf, YTO B UTOre NPUBOAUT K HaUBbICIIEH NPOAYKTHUBHO-
CTH C eIMHUILBI IIJIOIAY NToceBa. Ee 3epHO U 3esieHas Macca
06J1aJJal0T XOPOLUIMMH KOPMOBBIMHU KayeCTBaMH U aKTUBHO
HCIOJIb3YIOTCA B paljMOHaX KPYMHOTO U MeJIKOT0 pOraToro
CKOTa, a TaK»Ke NTULbL JIUKUI copoud KyKypy3bl FaMarpacc
BocTO4HbIA (Tripsacum dactyloides L.) m1poko pacnpocTtpa-
HeH Ha paBHUHaX CeBepHo# u l0xHOU AMmepuku. K HacTos-
1leMy BpeMeHHU OH NOJIy4UJ1 Bceoblliee TPU3HAHUE })KUBOTHO-
BOJIOB KaK mactbuiuHas u pypakHas KyabTypa. Tak, B CILIA
CO3/laHO U Bo3JeJsibIBaeTcs 6oJiee 10 kOMMepyeCKUX COPTOB
3TOro pacTeHust. [amarpacc, Takxe sIBJASCh pacTeHUEM
C4 nytu doTocuHTe3a, 06/1aflaeT BBICOKOW MPOAYKTHUBHO-
CThI0 U pypakKHOU LIeHHOCTBIO M0JIy4aeMOro M3 Hero ceHa.
B Hamux uccjie0BaHUAX Mbl pelININ 060'beJUHUTD X035IUCT-
BEHHO lleHHble KayeCTBa 3THUX PacTeHUH NyTeM CO3JaHHUS
MeXPOZ0BbIX TH6PUAOB. B faHHON paboTe M3/10XkKeHBI pe-
3y/IbTAThl OLleHKU QYPaXKHBIX Ka4eCTB allOMUKTUYHBIX KYKY-
pPYy3HO-TPUINICAKyMHBIX TMOPU/IOB, IJle K 36 XpOMOCOMaM ra-
Marpacca 6b111 J06aB/IeHbl iBa reHOMa KYKYpy3bl OT INHUH,
y4acTBYIOLIUX B TMOPUJHON ceJleKUMU AJil TMOJIyYeHHUs ce-
MsH F..

[TonyyeHHble GopMBbl KyKypy3HO-TPUIICAKYMHBIX THOPU/0B
B TeYeHHe HEeCKOJIbKHUX JIeT IOCTOSIHHO JeMOHCTPUPYIOT
6ecrosioceMeHHOe pa3MHOXeHHe U reTepo3uc Mo ypokau-
HOCTH 3eJIeHOH Macchl. Pe3y/ibTaThbl 300TEXHUUYECKOI0 aHa-
JIu3a 06pasLoB NOKa3aly, 4YTO TU6PUALL, TAe K 36 XpOMOCo-
MaM ramarpacca fjo6aBJjieHbl XpOMOCOMbI INHUH, UCI0JIb3ye-
MBbIX B KOMMep4YecKOM CeMeHOBO/ICTBe JJIs1 T0JIyYeHH s reTe-
posuca B F, IpeBOCXOAAT 110 6UOXMMHUYECKUM MI0Ka3aTe M
pacteHus c fo6aBieHreM 20 XpoMOCOM OT OJHOH U3 KyKy-
PY3HBIX JIMHUH, UCNIO/b30BaHHbIX B rubpuAnsanuu. Teope-
THYecKasl OLleHKa yp0oKalHOCTH 3eJIeHOHM Macchl KYKypy3HO-
TPUIICAaKyMHbIX THOPU/OB B llepecyeTe Ha TeKTap MJIOIA U
cocTaBJisieT 0Ko0Ji0 650 1.

KniwoueBsle cnoBa: Tripsacum dactyloides, KyKypy3HO-TpUII-
CaKyMHble TH6PU/Ib, 300TEXHUUECKUH aHa/IN3, caxapa, Kpax-
MaJl, AMUHOKHUCJIOTBI, YPOXKaWHOCTb 3€J1eHOH MacChl.

Green biomass yield and fodder qualities are the starting
pointin the choice of forage crops. Maize, as a plant with the
C4 pathway of photosynthesis, is highly efficient in
transforming the energy of light into chemical bond
energies, which ultimately leads to the highest yield per
unit area of cultivated land. Its grain and green biomass
possess good fodder qualities and are actively used in feed
rations for cattle, smaller ruminants, and poultry. Eastern
gamagrass (Tripsacum dactyloides L.), a wild relative of
maize, is widespread over the plains of North and South
Americas. To date, it has received universal recognition
among breeders as a forage and fodder crop. More than 10
commercial cultivars have already been developed and
cultivated in the United States. Eastern gamagrass is a C4
plant as well, characterized by high yield and high feed
value of hay. We decided to combine in our research
economically valuable qualities of this plant by developing
apomictic intergeneric hybrids. This paper presents the
results obtained in the process of assessing fodder qualities
of apomictic maize x Tripsacum hybrids, where two maize
genomes from the lines participating in hybrid selection for
F, seeds were added to the 36 chromosomes of eastern
gamagrass. The maize x Tripsacum hybrid forms, produced
during anumber of years, persistently demonstrated an
apomictic reproduction pattern and heterosis in green
biomass productivity. Zootechnical analysis of plant
samples showed that the hybrids, in which chromosomes of
the lines used in commercial seed production to obtain
heterosis in F, had been added to the 36 chromosomes of
eastern gamagrass, exceeded in their biochemical indicators
the plants, in which 20 chromosomes from one of the maize
lines earlier used in hybridization at our laboratory had
been added. A theoretical estimate of green biomass yield
calculated per hectare for the maize x Tripsacum hybrids is
about 65 tons.

Key words: Tripsacum dactyloides, maize x Tripsacum
hybrids, zootechnical analysis, sugar, starch, amino acids,
green biomass yield.
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II. A. TAHUXHUH e

BBeaenue

AGcosroTHO G0JIbIIIee YUCIIO MIOLAeH o/ KYKypy3y 3a-
ceBaeTcsl TUOPUAHBIMU COPTAMHU, NPOSBAAIOMKMU 3PPeKT
reteposuca. OHaKoO 3TO JOCTATOYHO J0OpOrasi TEXHOJIOTHS,
TaK KaK 3HaYMTeJbHbIe IJIOIA He0OX0AUMBI JJIs1 HOAJep-
»)KaHUSA POAUTENbCKUX JIUHUH. [[03TOMY BecbMa »eJlaTebHO
MoJIy4aThb CeMEHHON MaTepHaJsl, YCTOMYMBO 3KCIPECCUPYIO-
mui 3¢ eKT ru6PUAHON CUJIBI B ITOCJA€[0BATETbHBIX TOKO-
JneHusx. Ujies 3akpenJieHUs reTeposnca y KyKypysbl yepes
pa3MHOXKEHHe, HCKJIIOYalolllee Cerperanqio reHOB, 6bLIa
npejJio’keHa 3aMedyaTesJbHbIMU YYeHBIMH, COTPyAHHUKaMU
H. U. BaBusiosa - I. [I. Kapnieuenko u M. C. Hapamnnueim (Na-
vashin, 1933) @ B TpuanaThix rogax XX Beka. OZJHaKO MPOEKT
T10 MOJIyYeHHI0 aTOMUKTUYHON KYKYpy3bl ObLJI HA4aT TOJIBKO
B 1958 rogy. B KadecTBe MCTOYHHMKA TeHOB allOMHUKCHCA
npejJjiarajacs ee AUKUM COpOJUY - ramMarpacc BOCTOYHBIN
(Tripsacum dactyloides L.) (Petrov, 1957, 1964). Kak u MHo-
rue Apyrye 3/aky, ramarpacc UMeeT MOJIMILIOUAHBIE Ps/ibI
2n = (2x = 36; 3x = 54; 4x = 72; 6x = 108). Ho B npupo/e Hau-
6oJiee pacnpoCcTpaHeHbl [AUIJIOMJHBIE U TeTPaNJOUJHbIE
dopmer (De Wet etal, 1982; Springer, Dewald, 2004), npu
3TOM JUILIOW/bl Pa3MHOXKAIOTCS MOJIOBBIM IyTeM, a IIOJIH-
MJIOK/Ibl - GecrnosioceMeHHbIM (anomukmuyHbiM) (Burson
etal, 1990). Ctoco6HOCTh MPOU3PACTATh B LIMPOKOM apeasie
arpo3sKoJIOTUYECKUX U KJIMMAaTHYECKHUX YCJIOBUM SBJISETCA
YHUKaJIbHBIM CBOMCTBOM ramMarpacca, a BbICOKHe ypoxau Aa-
BaeMoro ceHa (zo 13 T/ra), o6/sajjawuero 6JU3KON K JIt0-
nepHe ¢ypakHOW LEHHOCTbIO, CAEJaJd €ro KyJbTYpOH,
BecbMa BocTpeGoBaHHOU B ClIA, rae B HacTosillee BpeMs
BO3/eJsbIBaeTcs 6osee 10 KoMMepYeCKUX COPTOB 3TOTO pa-
crenus (Roberts, Kallenbach, 1999). B 3HauuTesnbHOU CTe-
MeHU 6J1arojapsi ero IHUPOKOMY HCIOJIb30BAaHUIO PellleHbl
MHOTHe TMpo6JeMbl KOPMONPOU3BOJACTBA W NACTOHUL AJIA
KpynHoro poratoro ckora (Horner etal, 1985; Coblentz
etal., 2010; Burns et al., 1992). [IpogomxkuTeibHOE BpeMs ra-
Marpacc IpuBJIeKaeT Uccae[oBaTelel KaKk HCTOUHUK [eHOB
YCTOWYUBOCTH AJIs1 KYKYpY3bl, IOCKOJIbKY, SIBJISSICH €e OTAa-
JIEHHBIM COPOJMYEM, MOXKeT rMOPUAU3UPOBATh C HEH U Ile-
peJiaBaTh lieHHble MPU3HAKU YCTOMYUBOCTH K GUOTHYECKHUM
u abuotnyeckuM ¢akropam (Eubanks, 2000, 2006). B n1a6o-
paToOpUM LUTOJIOTMM U allOMHUKCHCA pacTeHUH HHcTtuTyTa
MOJIEKYJISIPHON U KaeTouHo! 6uosorun (MMKBE) CO PAH (mo
2009 roga 1abopaTopus BXoAuIa B cocTaB UHCTUTYTA LUTO-
sorum u reHetuky [MIul'] CO PAH) BnepBele B Mupe 6bLIx
MoJly4eHbl alOMUKTHYHbIE TH6PU/bBI KYKypy3bl C raMarpac-
coM (Belousova et al.,, 1972). 3Ta paboTa npoBOAUJIACH C Iie-
JIbIO 3aKpeIlIeHHs reTepo3nca. B pesynbraTe NpoBeJeHHbIX
HCC/Ie/IOBAaHMUM OBbLJIO MOKAa3aHO, YTO MPH3HAK OGecroJioce-
MEHHOI'0 Pa3MHOXXeHUSI KOHTPOJUPYETCs GOJIbLUIUM MyJI0M
TeHOB U /IJIsl €0 3KCIPecCur HeoOX0AUMO PUCYTCTBUE Jie-
BSITH OMpeJieJIEHHBIX XpPOMOCOM AUKOro poauTtess (Belova
etal, 2010). Hasinuue y rubpu/ioB 3HaUUTEJIBHOTO KOJIMYe-
CTBa IeHEeTHYeCKOro MaTepHasa OT ramarpacca COmnpoBoO-
YKJAeTCsl IKCIpeccHell HeeJslaTesJbHbIX MPU3HAKOB, TaKHX
KaK MHOTocTe6e/bHOCTh, MaJjiasi BeJIMYMHA MOYaTKOB, MOJI-
Hasi My>CKasl 1 YaCTU4YHas XKeHCKasl CTEPUJIbHOCTb.

B aTo# CBAA3M HAMMU GBI IpeAJIoKeH UHOU Iy Th THOPU-
JU3aLUH U I0J1yYeHHUs NePCIeKTUBHOTO UCXO/LHOTO CeJleK-
LIMOHHOTO MaTepuraJa. [lockosbKy ramarpacc faeT BbICO-
KUH ypoxkal KayecTBeHHOro ¢ypaxa, ero ru6pujbl C Ky-
Kypy30H MOTYT COXPAaHUTb 3TOT NPHU3HAK, TAaK KaK alo-
MHKCHC 3aKPEIJIsieT FeTepo3uc B F, U BO BCeX MOCIeAyIo-
LIIMX MOKOJIEHUSX, U TPU 3TOM ObITh 60Jiee MPOAYKTHUB-
HBIMH B pacyeTe Ha eJUHULY mJomaau. Ucnosnb3ys usJo-
YKeHHYI0 H/Jiel0, IyTeM JABYX3TAaNHOW THOpPUAM3ALUN Mbl

€03/]aJIM AIOMUKTHUYHbIE 56-XpOMOCOMHbBIE TUOPUJBI, T/€e
K 36 XxpoMocoMaM ramMarpacca 06aBuJIH fiBa reHOMa Ky Ky-
Py3bl OT HHHHﬁ, y4aCTBYKOIIWX B IOJIY4YEHUU TeTepOo3u-
cubix Gopm F, (Panikhin et al., 2014).

Llenb Hacmosiwezo ucciedogaHusi — oneHKa PpyparkHbIX
Ka4yecTB TMOPHU/JOB.

Ma'repnanbl U MEeTOoAbI

Ucxognubie poautenbckue ¢opmnbl. T dactyloides (Td)
(2n = 4x=72) - nosy4eH n3 TalIKeHTCKOro 60TAaHUYECKOTO
caja, Kyna 6bu1 nmpuBedeH H. M. BaBusioBbiM M3 MeKCHKH.
C 1960 roza u no HacTosllee BpeMsi pa3MHOXKaeTcs B J1abo-
patopuu BereTaTUBHO. KykypysHble (Zea mays (Zm)) nau-
HuM 573 u 611 cenexkyuu HII0 «KOC-Mawuc», yyacTByrouiue
B CO3/JaHUM IIPOCTOro reTepo3ucHoro rubpuga Kyban-
ckui 601.

IlonyyeHne 56-XpOMOCOMHBIX ANOMMKTHYHBIX TH-
6GpPUAOB IPOBOAUIIM B /iBa 3Tana. Ha mepBom sTamne ru6puam-
3MpOBAJIM POAUTENbCKHE KyKypy3Hble suHuM c T dactyloi-
des, mosy4yas 46-xpoMocoMHbIX F, 115 iuHum 573 - 2n =46 =
(10Zm nivuusa 573 +36Td), anamuaun 611 - 2n =46 = (10Zm
auHus 611 + 36Td). OnblieHWe TPOBOAUIM O METOAUMKe
[1. Maurenbscaopda u P. Pussa (Mangelsdorf, Reeves, 1931).
Ha BTOpoM 3Tamne ru6puM3MpoBaIy noJydeHHble F,, onb-
JISiSl KOKAY0 THOPUHYI0 KOMOWHALMIO MbLIBION KaXA0ro
KYKypy3HOTO POJHUTENsI CIOoJy4YeHHeM THOPHUAO0B 006liero
reHOMHOro coctaBa 2n = 56 = (20Zm + 36Td). ®ypakHble Ka-
YecTBa MCCJIeJ0BAIN y 56-XpOMOCOMHBIX KyKypy3HO-TPHII-
CaKyMHBIX TUOPU/IOB CJI€YIOUMX TeHOMHBIX KOMOWHAIUH:

Ne 646 - 2n= 56 = [(10Zm nuHus 611 + 36Td) + 10Zm

annusa 573];

Ne 647 - 2n = 56 = [(10Zm saunus 573 + 36Td) + 10Zm
annus 573];

Ne 648 - 2n = 56 = [(10Zm saunus 573 + 36Td) + 10Zm
JrHuA 611].

B kayecTBe KOHTpOJISI MCIOJIb30BaIH TETPAMNJIOUHYIO
6es103epHYI0 KYKYpy3y CIpUHATBIM Ha3BaHueM «TeTpa-
mioug UlymHoro» 2n = 4x = 40 - Ne 649.

['ubpuaHbIE pacTeHUS OTOUPAJIU HA CTaJUU BbIMETHI-
BaHMUs KOJIOCA, TETPAJIONJHYIO KYKYpy3y — B CTaJUU MO-
JIOYHOU CIeJIOCTH 3epHa. /Iy uccyieJoBaHUS OTOUPAJIH O
10 pacTeHuH KaxkAoro ob6pasua B cCJAy4YalHOM HOpsJKe.
Cpe3aHHble pacTeHus cymnau 30 JHel B TEHU HA OTKPbI-
TOM BO3/lyXe, IOCJEe 4Yero uaMesbdyaad U GOpMHUPOBAIU
CpeAiHIOI0 MPO6Yy MacCOM B 2 KT /11 KaXK 401 TeHOMHOHM KOM-
6uHanuu ([IpaBusia oT6opa npo6 HCKYCCTBEHHO BBICYIIEH-
HBIX TpaBsHbIX KopmoB; http://docs.cntd.ru/document/
1200113892 n.4), KOTOpy0 U aHAJIU3UPOBAJIH.

HccnenoBanue copep:xaHusi B ob6pasljax CyxXoro Belie-
CTBA U BJIaTH, CbIPOTO MPOTEHHA, CbIPOTO XKHUPA, CBIPOH KJIET-
YaTKH, CBIPOH 30J1bl, caxapa M KpaxMaJia, aMUHOKHCJIOT 6bLIO0
npoBeieHO B labopaTtopuu 6uoxumun Cu6HUIITUK COHLIA
PAH. VicciegoBaHre aMUHOKUC/IOT MPOBOAM/IOCH Ha arma-
pate NIRSystems-4500. AHanu3 crneKTpoB 06pasLoB OCy-
mectBJsaca B guana3ode 1300-2400 uM ¢ marom 1 HM U uc-
[10/1b30BaHHEM KaJIM6GPOBOYHBIX yPaBHEHUH.

OLeHKy NpOJYKTUBHOCTH 3€JIeHOU MacChbl KYKYpy3HO-
TPUIICAaKYMHBIX TH6pH/10B IpoBouad B 2018 rozy Ha akc-
neprMeHTaJbHOM y4acTKe Ha 6a3ze 000 UIIA «OT6op»,
noc. Komcomonbckuit KabapauHo-bankapckoil pecmy6-
JukH. [lioma b y4eTHOTO y4yacTKa cocTaBuJja 633 M?%; Ha

1 Cubupckui HAy4YHO-UCCJIe0BaTeJbCKUN U NIPOEKTHO-TEXHO-
JIOTUYECKUH UHCTUTYT KUBOTHOBO/cTBa CUOGUpCKOro dpesepaib-
HOTO HAay4YHOTO LleHTpa arpo6uoTexHooruii Cu6UpcKoro otre-
nenus Poccuiickoit akaleMUH HayK
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HeM mnpouspactaso 323 rubpunga B 17 papax cpaccTos-
HHUEM MeXAy psJlaMU U pacTeHUsAMHU 1o 1,4 M.
JloCcTOBEpPHOCTb pa3IMiMH H3ydaeMbIX IPHU3HAKOB, OTBE-
YaWIKX 32 MOTEHI[UATbHYI0 YPOXKaHHOCTh 3€JIEeHOW MaccChl,
IpU CpaBHEHUM THOPUJHBIX KOMOWHALMN OLeHHWBAIU IO
t-kputepuio CTbIOZIEHTA C UCIOJb30BAaHHEM MaTeMaTHKO-
CTATUCTUYECKUX TabJIML] 3HAaYeHUsI t IPU JAHHOM YHCJIe CTe-
neHeid cBO6GOJbI U BeJIUYHMHE BepPOSTHOCTH p. BesnduHBbI
PU3HAKOB NpeBapUTENbHO NPOBEPSIM HA HOPMATbHOCTh
pacnpesiesieHus] 4epe3 CpaBHEHHMe CpefiHEr0 3HA4YeHMUH,
MO/IbI M MeJIHaHbl; TAKXKe PACCUUTHIBAIN [TOKA3aTeNIH aCUM-

MeTpPUH U 3Kclecca. JoCTOBEPHOCTh paBeHCTBA AUCIEpPCUI
B IIape BbIGOPOK /1151 Ka¥K/L0T0 IPU3HAKa OLleHUBaJIU 110 KPU-
Tepuro Puiiepa npu ypoBHe 3HauuMocTH B = 0,05. PacyeTst
6b11M BbINTOJIHEHBI B Iporpamme Microsoft Office Excel 2007.

Pe3ysbTaThl

Pe3ynbTaThl 6MOXUMHUYECKOTO aHAIM3a CpefHeN POk
006pasl0B BHICYIIEHHBIX U U3MeJbYEeHHBIX PAaCTEeHUH KyKy-
PY3HO-TPUINCAKYMHBIX THOPUIOB U KYKYPY3HOTO KOHTPOJIS
NpuBeJleHbI B Tadsue 1.

Ta6smmna 1. BuoxuMu4yeckue nokasartejau 06pa3nos, %

Table 1. Biochemical indicators of samples, %

PerucrpainioHHbIA HOMep 06pa3na
o IloxasaTen Sample registration number
n/n Indicators Ne 646* Ne 647* Ne 648* Ne 649*
1 Cyxoe BelecTBO 97,61 97,42 97,5 97,62
2 BiaxxHOCTB 9,55 9,94 9,44 11,18
3 ChIpo¥i IpoTenH 11,23 9,8 10,92 13,84
4 CbIpoii )KUp 1,03 0,29 0,83 0,23
5 Coblpas KJeTyaTKa 28,4 31,03 30,9 20,18
6 CeIpas 30s1a 6,62 5,89 5,66 4,72
7 Caxapa 13,32 15,82 18,89 12,07
8 Kpaxman 0,58 7,2 4,46 27,64
AMMHOKHUCJIOTBI
Amino acids

9 JlusuH 0,29 0,28 0,33 0,37
10 JlernuH 0,56 0,59 0,67 0,43
11 H3onednuH 0,37 0,35 0,31 0,20
12 MeTHOHUH 0,07 0,08 0,05 0,11
13 lHucrenn 0,03 0,04 0,03 0,06
14 denunnansaHuH 0,49 0,45 0,57 0,38
15 Tuposux 0,32 0,24 0,42 0,31
16 Tpeonun 0,34 0,32 0,42 0,39
17 TpunTtodan 0,19 0,23 0,21 0,19
18 Banun 0,52 0,49 0,69 0,60
19 Acnaprux 1,02 0,98 1,25 0,79
20 CepuH 0,32 0,25 0,30 0,55
21 [nytamux 0,89 0,86 1,11 1,04
22 CnuyuH 0,20 0,29 0,32 0,37
23 Ananun 0,43 0,53 0,60 0,45
24 ApruHuH 0,34 0,24 0,23 0,35
25 Tuctugun 0,18 0,21 0,22 0,15
26 [IposivH 0,51 0,63 0,68 0,50

* COOTBETCTBHUE PETUCTPALMOHHBIX HOMEPOB 06Pa3110B FeHOMHbBIM KOMOUHALUSIM CM. B pa3jesie «MaTepuaJsibl U METO/AbI»
* For compliance of sample registration numbers with genome combinations, see the Materials and Methods Section

Pe3ysibTaThl CO/lepKaHUA CYXOro BELeCTBa B UCCIE/0-
BaHHBIX o6pasnuax (cM. Tab6J. 1) roBopsAT 0 HE3HAYUTEb-
HBIX pa3/IMYMAX MeXAY HUMU. BoJiee BbIcOKast ocTaToO4YHas
BJIAX)KHOCTBb y 06pa3na N2 649, Bo3M0)XHO, CBsI3aHHA C Ha-
JMyveM y Hero mnoyatka. CpaBHeHHMe KYKypy3bl U KYKY-
PY3HO-TPHUIICAKYMHBIX THOPHU/0B IOKa3bIBAET IPEBOCXO/-

cTBO KOHTpOJs (06paser N2 649) no 10 mokasaTessiM: Chl-
poii mpOTeHH, cbipas 30J1a, Cblpas KjeT4yaTKa, KpaxmaJ
Y aMUHOKHCJIOTBI: IU3UH, METUOHUH, IUCTENH, CEPUH, [JTH-
[IMH, apTUHUH, IPUYeM N0 MATH MOKa3aTessiM KOHTPOJb
NoKa3biBaeT aGCOJIOTHOE MPEBOCXOACTBO - ChIPOH Mpo-
TeUH, Cblpas 30J1a, Cbipas KjeT4yaTKa, KpaxMaJ U CEpHUH.
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BuauMo, Takue BbICOKMe IOKa3aTeJH CBsi3aHbl ¢ (a3oi
y60pKH KyKypy3bl, a UMEHHO MOJIOYHOH CIEeJIOCThIO 3epHa
Y HaJIM4MeM KpPYIHOTo No4YaTKa, TOTAa Kak Mo4aTKHU KyKy-
pPY3HO-TPUINICAKYMHBIX TH6pU0B (puc. 1), ckopee HaOMHU-
HalT KoJsoc (puc. 2). 06pasybl rU6pU0B, NOJ4BEPTHY THIX
aHaJIu3y, COGUpaJIMCh He ONBbIJIEHHBIMH, I03TOMY OYaTKHU
B X COCTaBe He COofiepKaJu 3épeH.

W3 cpaBHUTeJILHOTO aHaJM3a 06pa3LoB BUAHO, YTO IO-
KasaTtesnny Ne 646 u 648 Bolue, yeM y N2 647, no 20 napame-
TpaM, 3a UCKJIIOUeHHeM KpaxMaJia, 1o KOTopoMy o6pasely
Ne 647 npeo6siafaeT Hazg Ne 648 cpasHuued B 1,5 pasa,
a Haj 06pa3uoM N2 646 - Ha NOPSAL0K, U HEKOTOPBIX aMUHO-
KHCJIOT: MEeTHOHUHA, UCTenHa U TpuntodaHa. CpaBHeHUe
06pa3uoB Ne 646 u Ne 648 pukcupyeT HanboJiee 3HAUUTEb-
Hble Pa3/IMYHA 110 CBIPOMY IPOTEUHY, CIPOMY KU DY, CbIPOM
30J1e, caXxapy M KpaxMaJy, a Tak)ke aMMHOKHCJI0TaM — Jiel-
LUHY, PeHUIaIlaHUHY, THPO3UHY, TDEOHUHY, BaJIMHY, acrap-
THHY, TJIyTaMUHY, TJIMLUHY, aJlaHUHY U IPOJIMHY.

TakuM o6pa3oM, pe3yibTaTbl 6MOXMMUYECKOTI 0 UCCIe-
JIOBaHMsI MOKas3bIBAKOT, YTO 06pa3ubl N2 646 u 648 mno
CyMMe IloKasaTeJel 06/1aaloT 1y4IIMMU Gy pa>KHbIMH Ka-
YyeCcTBAaMU 10 CpaBHEHUIO ¢ 06pa3noM Ne 647. B To ke BpeMs
COBOKYMHO 06pa3ubl Ne 646 1 647 npeBoCcXoLAT obpasell
Ne 648 1o 300TeXHUYECKUM II0KasaTeJfM, 3a HUCKJIIo4e-
HUeM coJiepKaHus CbIPOM 30JIbl M KpaxMaJia, a obpaser
Ne 648 npeBocxogUT 06pa3ubl N2 646 u 647 no 60JbLUIKH-
CTBY aMUHOKHCJIOT.

B npouecce noaroToBku Bce 06pasiibl GbIIM MOABEP-
THYTBI JJIMTEJbHON eCTeCTBEHHOH CylIKe, IPU KOTOPOH
y Cpe3aHHBIX pacTeHUN U3MeHSeTCsl COCTaB XMMHUYEeCKUX
KOMIIOHEHTOB BCJIe/ICTBUE [IBYX NOCJe[0BaTeJbHO IPOXO-
JASIIUX IPOLLECCOB: NePBbIi — PU3U0IOr0-6HUOXUMUYECKUI
(rosioHBIN 06MEH) BO BpeMs yBsiJaHUS, BTOPOU — GUOXU-
MUYeCKUH (aBToJiM3) NpHU gocyuke. OGIIMHI NPOLEHT Mo-
Tepb NUTATeJbHbIX BellleCTB NPHU eCTeCTBEHHOW CyLIKe
MoOKeT AgocTuraTtb 35-50% (Pavlovsky etal., 2010).

Puc. 1. PacteHne 56-XpoOMOCOMHOr0 KyKypy3HO-TPUIICAKYMHOTr0 ruépuja

Fig. 1. A plant of the 56-chromosome maize x Trypsacum hybrid

I

Puc. 2. Kostocbs1 56-XpoMOCOMHBIX KYKyPY3HO-TPUIICAKYMHbIX THGPUA OB

Fig. 2. Spikes of the 56-chromosome maize x Trypsacum hybrids
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OZHUM U3 BU/JI0B KOPMOB, 3ar0TaBJMBAaEMBbIX Iy TEM eC-
TeCTBEHHOM CYLIKH, ABJfeTcsa ceHo. HopMaTHuBHBIe NOKa-
3aTesIM OLEHKU NMUTATEJbHOCTH CeHa NpPUBeJIeHbl B Ta0-
suue 2 (Methodological Guidelines..., 2002).

CpaBHeHHe JaHHBIX 300TeXHUYECKOT0 aHaIu3a o6pas-
IIOB KYKYPY3HO-TPUIICAKYMHBIX I'MOPUJOB C TpeOOBaHU-
MM, TNpeJbABASIEMbIMU K KaueCTBY U IMUTATEJbHOCTHU
rpy6bIX KOPMOB, B YaCTHOCTH CeHa, HABOASAT Ha MBIC/Ib
0 ToM, 4TO o6pa3ubl N2 646, 647 u 648 MOTyT GBITH OTHE-
CeHbl K 1-2-My KJ1accy ceHa 110 COZep>KaHHI0 CyXOro Belle-
CTBa, CbIPOM KJI€TYATKHU U CbIPOU 30JIbI.

Bo3MoxkHOe Hcnoib30BaHUe TUOPHU/OB B KauecTBe dy-
paXkKHOU KYJBTYpbI TpebyeT OLlEHUTh UX TeOPEeTUYECKYIO
yPOXKaHHOCTb, a TaK)Xe BBICHUTb, NPEBOCXOAUT JIH
dopmMa, coeprkalas ranJouAHbIe HAOOPbI POJUTENbCKUX
KYKYPY3HbIX JUHUN 21 = 56 = [(10Zm siunusa 573 + 36Td) +
10Zm nuHuda 611], ¥ TakoBy0, MOJY4YEeHHYI0 Ha OCHOBe
TOJIBKO OJHOW M3 HUX 2n = 56 = [(10Zm suHuA 573 +
36Td) + 10Zm sunua 573]. [nsg nojcyeTa U cpaBHEHUS
HCII0JIb30BAJIM BEIGOPKU U3 COOTBETCTBEHHO 45 u 44 pac-
TEHUH BbILIEO3HAYEHHbIX THOPUAHBIX KOMOGHHALUN
(Taba. 3).

fABasisich KYCTOBBIM 3JIaKOM, FaMarpacc nepejaeT npHu-
3HaK MHOTOCTe0e/JbHOCTH U KYKYPY3HO-TPUIICAKYMHBIM
rubpujsaM, ypoKalHOCTb KOTOPBIX oO6eclneduBaeTCs
B OCHOBHOM JIUCTOCTe6eIbHON Maccoil. B Tabaune 3 npu-
Be/leHbl Cpe/iHMe 3HaYeHUs U CpeiHHe KBaipaTUYHbIe OT-

KJIOHEHU A IPU3HAKOB, BJIUALINX HA YPOXKAWUHOCTD 3eJie-
HOW Macchl.

[Ipy cpaBHeHUH THOPHUJHBIX KOMOGHUHALUKA JOCTOBEp-
HOCTb pas/IM4Mi U3y4aeMblX IPU3HAKOB OLeHHUBAJIU C I10-
Moublo t-KkpuTepus CTerofieHTa Npu v=387 u t,= 1,9901
ansap < 0,05. llpegBapuTeibHasA NpoBepKa HOPMaJbHOCTH
pacnpejesieHUs 3HAaYeHUU MPU3HAKOB U3 TaGJHUIbI 3 TO-
Kas3aJjia, YTO KaxkJioe cpeJiHee 3HaYeHHUe NIPUMEepHO PaBHO
MoJle U MeJijMaHe, a3HAa4YeHUs ACMMMETPHUU H IKcLecca
MaJlo OTJIMYAITCA OT HyJd. Ha 3TOM ocHOBaHUHU pacnpe-
JleJleH! sl 3HaueHWH NPU3HaKOB MOXKHO CYUTATh HOPMaJb-
HbIMU. CpaBHeHHe JUCHepPCUi BBIGOPOK MO KaXKJOMY MPH-
3HaKy I0Ka3aJio, YTO OHU NOoNapHO paBHLL. [IpoBepka ru-
MOTe3bl O PABEHCTBE reHepaJibHbIX CPEeJHUX YCTAHOBUIJIA,
4YTO AJIS1 IPU3HAKOB «BBICOTA PACTEHUSA» U «Macca OJHOr 0
pacTeHUsI» 3KCIepUMeHTaJibHble 3HaueHHe KpuTepus T
cocrapuant, =1778wut , =0,706 COOTBETCTBEHHO U He
nonasy B KpUTHIECKYI0 061acTh T < ¢, 4TO rOBOPHT 0 pa-
BEHCTBE reHepaJsIbHbIX CPeJHUX U OTCYTCTBUU JJOCTOBEP-
HBIX Pa3JMYUN MeX/Jy MOpUAHBIMU KOMOWHALUSAMU I10
JIAHHBIM U3y4YeHHBIM XapakKTepucTukam. Torja kak AJs
NPU3HAKOB «KOJHMYECTBO CTebJsed» U «Macca OJHOTO
cTe6JsI» 3KCIIepUMeHTabHble 3HaYeHus Kputepusa T co-
cTaBuad t, = 3,742 u Coan = 4,75 COOTBETCTBEHHO U IIO-
naJiv B KpUTHYEeCKyto 06s1acTh T 2 t,,» 4TO O3HAYAET JOCTO-
BepHble pa3/JN4Yusa MexX/Jy HOpUAHBIMU KOMOUHALUAMU
JUIS1 JAHHBIX HCCJIeJOBAaHHBIX TPU3HAKOB.

Taﬁjmua 2. HOpMaTHBHbIe TpeﬁOBaHl/lﬂ OILI€HKH Ka4YeCTBa U NIUTATE/IbHOCTHU CEHa CEAHHOIO0 3/IaKOBOTI0

Table 2. Regulatory requirements for assessing the quality and nutritional value of sown grass hay

Knacc
IloxasaTenu Category
Indicators

1 2 3
MaccoBas 014 CyX0oro BelecTBa, %, He MeHee 83 83 83
MaccoBas [10J1 B CyXOM BellleCTBe CeHa
Coiporo npoTeuHa, %, He MeHee 12 10 8
CeIpo#i kieT4yaTkH, %, He 6oslee 32 34 36
CeIpoii 301b1, %, He GoJiee 10 11 12

Ta6smna 3. CpaBHeHHe TeOpeTU4eCKO! yPOorKalfHOCTH
56-XpOMOCOMHBIX KYKYPY3HO-TPUIICAKYMHBIX THOPU/I0B Pa3HOT0 FeHOMHOI0 COCTaBa

Table 3. Comparison of theoretical yields
between the 56-chromosomal maize x Trypsacum hybrids with different genomic compositions

IIpusHaku

I'm6puaHass KoM6uHanusa 2n = 56
Hybrid combination 2n = 56

The features

[(10Zm nuHua 573 + 36Td) +
10Zm nunusa 573]

[(10Zm nuHua 573 + 36Td) +
10Zm n1uHusa 611]

BricoTa pacTeHus1, cM 229,75 £ 21,07

237,64 £ 20,34

KosinyecTBo cTebsen, T 18,52 + 3,87***

15,51+ 3,64

Macca oHOTO CTE615, KT 0,84 +0,13 0,97 + 0,13***
Macca oiHOTO pacTeHus, KT 15,56 + 3,25 15,05 + 3,53
TeopeTuueckas ypo:kalHOCTB 1j/Ta 620 -948 580 -936

3Be3/104KaMU 0TMeuYeHa JOCTOBEPHOCTb OTVIMYMI MeX/1y THOPUAHBIMUA KOMOGUHALUAMU: *** p < 0,001.
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II. A. TAHUXHH e B.A. COKOJIOB

TakuM o6pa3oM, cpaBHeHHe CpeJHUX 3HAYeHUU U3Y-
YeHHBIX MPU3HAKOB [I0KAa3aJs0, YTO JOCTOBEpPHble Pa3Ju-
Yps MeXAy TMOPUJHBIMU KOMOMHALUAMU 0 KOJIUYECTBY
cTebJiel Ha pacTeHUe U Macce 0JJHOTO CTe6J1sl TeM He MeHee
He JJalOT JJOCTOBEPHbIX pa3JIMUYUi 10 Macce OJHOrO pacTe-
HUsA. OJHAaKO Ha OCHOBAHHHU TeX e JJaHHbIX MO>KHO 3aKJII0-
YUTb, YTO NPHMEPHO OJHWHAKOBAs CpeJHAS Macca pacTe-
HUS y IpUBeJIeHHbIX THOPUJHBIX KOMOUHAUUK GopMuUpy-
eTcs1 16O 3a cUeT KOJIMUeCTBa NOJATOHOB (AOMOJHUTEb-
Hble CTe6JIM) IpU MeHblled Macce OAHOro CTeb6Jisd, 160
GoJsblledl Macchl MOArOHA NMPU MeHblIeM UX KOJUYeCTBe.
TakuM 06pa3oM, MOXKHO NPEeANOJ0XKHUTb, UYTO AJIsI TUOPUA-
HOM KOMOHWHALMH, HeCylllell B CBoeM cocTaBe ralnjlouiHble
Ha6opbl 06€UX KyKYPY3HBIX TUHUU, XapaKTEPHO 60Jiee UH-
TeHCHUBHOe NpOTeKaHHe O0OMEeHHbIX MPOLEecCcoB, BeAyIIUX
K 60J1ee MaCCUBHBIM MTO/IFOHAM.

[IpakTHyecKUi y4yeT 3eJleHOH MacChl KYKypPy3HO-TPUII-
CaKyMHBIX TUOPHU/OB MPOBOAUIU B KOHLe CEHTAODS — Ha-
yaJie oKTs6ps. O6uias Macca 3eJIeHbIX YacTeld THOPUIOB Ha
y4eTHOM ydacTKe cocTtaBusa 4202,23 kr. B nepecyeTte Ha
reKTap NpHU TOH ke TyCTOTe CTOSIHUSA pacTeHUH (IpuMepHO
5041 pacTeHue) N1pOAYKTUBHOCTb COCTABUT 65 583,41 KT.

BbiBOABI

1. BuoxuMHuyecKHH aHa/JU3 MOKa3aJ, YTO KOHTPOJIb-
HbIM o6pa3sel (TeTpamofuHas KyKypy3a) N0 HEKOTOPbIM
MoKa3aTeJiiM INPeBOCXOAUT KYKYpPY3HO-TPUIICAKYMHbIe
ru6pu/ibl, HO 3TO, CKOpee BCero, 06'bsICHETCS TeM, YTO
KOHTPOJIb UMeeT KPYNHbIM 104aTOK U B35T B paboTy B dase,
KOT/la 3epHO ObIJIO B COCTOSTHUY MOJIOYHOH CIIeJIOCTH, TOrAa
KaK KyKypy3HO-TPHUIICAaKyMHble TMOpU/ABI B aHaJIU3UpYye-
MbIX 06pasliax 3epHa He CoJiepKaJlt.

2. CpaBHeHHe OGMOXMMHUUYECKUX U 300TEXHUYECKUX IO-
KasaTeJslell cpeid TPyINbl KYKYpPy3HO-TPUNICAKYMHBIX TH-
O6pUAOB MO3BOJIMJIO YCTAHOBUTb, YTO KOMOWHALUH, TAe
NPUCYTCTBYIOT TeHOMbI 000UX KYKYpY3HBIX DOJUTeJeH,
HCIOJIb3YEeMbIX B TeTEPO3UCHOM cesieKIuU (06pa3ibl N2 646
1 648), npeBocxoAsAT GOpMYy € JUMJIOUIHBIM HAGOPOM XPO-
MocoM OT JIUHUU 573 (06paser N2 647).

3. JlnuTeNbHBIM NepuUos eCTECTBEHHOU CYIIKU 6e3
IJIOLeHUs cTe6Jield, BUJUMO, HETraTUBHBIM 06pa3oM CKa-
3aJics Ha GyparkHOM LIeHHOCTH KYKYPY3HO-TPUIICAKYMHBIX
rubpugoB. TeM He MeHee, a)ke MPU 3TOM 06pasIbl 06Ja-
JaloT JOCTAaTOYHO BbICOKMMH HOPMAaTUBHBIMU KaueCTBaMH,
npeABbAB/AsEMbIMU K IPy6bIM KOpPMaM MO O6LIeNPUHATHIM
HOpMaTHBaM, a CoJlep>KaHue CbIPOH KJIeTUYaTKHU U 30J1bl, He-
raTUBHO BJIMAOLIMX Ha NUlleBapeHre KPYITHOTO pOraToro
CKOTa, Y U3yUeHHBIX 00pa310B [ja’ke HU)Ke HOPMAaTHUBHOTO.

4. Macca kycTa KyKypy3HO-TPUIICAaKyMHOro ru6puja
CpPOAUTENBCKOU KyKypy3HOW KoMm6uHanuei [(10Zm su-
Hus 573 + 36Td) + 10Zm nuHus 573] popmupyeTcs 3a cueT
KOJIM4YeCTBa MOJATOHOB (AOMNOJHUTE/NbHbIEe CTE6JIH), a C re-
Tepo3ucHoU kombOuHauued [(10Zm aunusa 573 + 36Td) +
10Zm nuHus 611] - 3a cueT Maccel noAroHa. [Ipaktuyeckas
OlleHKa YPOXKalHOCTU KYKYpPy3HO-TPUIICAKYMHBIX FHOPU-
JI0B B IlepecyeTe Ha reKTap NJOIa/ 1 [aja BbIXO/ 3eJIeHO!
Macchl B 65 T.

Paboma evinosnHeHa 8 pamkax 2ocydapcmeeHH020 3a0a-
HUS c02AaCcCHO memamuveckomy naaHy BUP no meme Ne 0662-
2019-0006 «Ilouck, noddepcaHue Hu3HechocobHocmu U pac-
Kpblmue nomeHyua.aa Hacs1edcmeeHHol UaMeH4usocmu Mu-
pogoll Ko/1eKyuU 3epHO8bIX U KpynsHelX Kyasmyp BUP das
paszeumusi onMUMU3UPOBAHHO20 2eHOAHKA U payUuOHAIbHO20
UCN0/1b308aHUS 8 CeNeKYUU U pacmeHuegsoocmaey.
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