Journal of Mountain Agriculture on the Balkans, 2019, 22 (6), 1-14
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

PeTpocnekuunsi n nepcnekTMBm B NPON3Bo4CTBOTO U
pa3npoCcTpaHEHNETO Ha LapeBunLa B NPOBUHLVA
XbnyHA3sH B Kntan

LLInsen Conr*, MoppaaH LiseTkos, Pyu YaH, Xyu AH, FOMen YaH

KnTancko-pycku LeHTbp 3a Hay4yHO U TEXHONOIMMYHO CbTPYAHNYECTBO B CE/ICKOTO
CTONaHCTBO, XbiNyHA3AHCKa CefickoCcTOonaHcKa akafgemMus,
150086 Xap6uH, KnTaiicka HapogHa penyb6aunka

Retrospect and Perspective for Corn Production and
Breeding Research in Heilongjiang Province of China

Xizhang Song*, Yordan Tsvetkov, Rui Zhang, Hui Jin, Jumei Zhang

Sino-Russian Agricultural Scientific and Technological Cooperation Center,
Heilongjiang Academy of Agricultural Sciences, Harbin, 150086, P.R. China

*E-mail: xzsong@hotmail.com

Review paper

PE3OME

LlapeBuuaTta e Bogella Kyntypa B
NPOBMHUMSA XbINYHA3AH, KOATO € Hai-
[06puAT npovsBoAMTeN Ha uapesuua B
Kutaii. MepuoabT 6e3 3aMpb3BaHe €
OCHOBHOTO OrpaHuyeHve B NPOW3BOLCTBOTO
Ha uapesBuua B TasW ob6nact u pasa
OTpaXeHne KakTo Ha Mpon3BOACTBOTO,
Taka M Ha cenekumAta Ha uUapesuuara.
Pa3srnepgaHu ca ucrtopuAta K Tekyliara
cuTyauusi B NMpPOW3BOACTBOTO, COPTOBETE
1 AeliHocTTa Ha KoMnaHuuTe pasnpocTpa-
HABalKM cemeHa u ap. O606LeH e Ha-
npeabkbT B MHOBaUMUTE B reHnsasmara,
KnacugukaumsaTa Ha rpynuTte reHetuyeH
MaTepuan 1 MU3MNos3BaHeTo Ha XeTeposu-
ceH edyekT. MNoBeyeTo OT MHBPEeAHW NMHWK,
KOUTO ce wu3non3saTr wWupoko B Kwutai,
Morat ga 6bJaT npocsefeHn A0 HAKOSKO
reHeTuyHu rpynu (SPT, Lancaster, LRC, P
n Reid n pgp.). CrtecHeHaTta reHnnasma
BCE Ollle e rosiAM npobnem npu cesnek-
uusaTa Ha uapesuuara. MNMpegsuxagar ce u
6bAeLn nscneasaHns 1 NPon3BOACTBO.

SUMMARY

Corn is a leading crop in
Heilongjiang province which is the top
corn producer in China. Short frost free
period is the key limitation for corn
production in this area and result in
different conditions in production and
breeding research.

The history and current situation in
production, variety and seed company
operation etc. are reviewed. The progress
in germplasm innovation, germplasm
group classification and  heterosis
utilization are summarized.

Most of inbred lines which are widely used
in China can be traced back to several
germplasm groups (SPT, Lancaster, LRC,
P and Reid etc.) and the narrow in
germplasm foundation still a big problem
in corn breeding. The future for breeding
research and production is predicted as
well.



Kntouosu aymun: Lapesmua,
CEeMEeNnpou3BOACTBO, CeNlekuus, reHnnasma,
XeTeposuc, paHHa nposieTHa Lapesua

CbKpaleHnsa
MX: MpoBUHUMA XbANYHA3AH
KT3: KymynatueBHu TemnepaTypHU 30HU B
MpoBuHUKMA XbiAnyHa3saH (30HK c
TemnepatypHu cymu)

SPT: Tangsipingtou, mecTHa reHnnasma B
Kutai

LRC: Luda Red Cob
reHnnasmMa B Kutali

SSR, SNP — JHK-mapkepu
SNP: mapkep Ha efvHWYEeH HyKNeoTuAeH
noMMopn3bLM

KOaH (Rmb): kutalicka BaslyTHa egmHuua
GMO: reHHO MoandmumpaH opraHn3bm

corn, MeCTHa

YBO/[,

LlapeBuuaTta e Bofella Kyntypa B
KvuTaid, koATo MOxe ga 6bAe LIMPOKO
N3MoN3BaHa KakTo 3a XpaHa 3a XXUBOTHU U
Xopa, CbLo Taka M B NPOMULLIEHOCTTA.
Mpe3 2017 r. naowTa 3a ceumTba Ha
yapesuua e 35,5 M/ha, a npogykumusatTa Ha
3bpHO € 216 M t (Zhao et al., 2018a). B
Kvutaii, 30HWTE 3a nNpPOM3BOACTBO Ha
LapesuUa ce OenAT Ha NposeTHa, NATHa,
NpoNEeTHO-NATHA U (Cy6) Tponuyecka 30Ha
Bb3 OCHOBA Ha CeuTbeHus Ce30H U
KNMMaTuyHuTe ycnosusa. 15 nposuHUUK B
yetnpute 30HM ocurypsasat o 90% ot
06LL,0TO NPON3BOACTBO Ha 3bPHO B Kutaii.

MpoBuHUMSA XbANyHA3SAH (OTTYK Ha-
TaTbK HapumyaHa 3a kpaTko X) e pas-
nosioxxeHa B CeBepom3utoyeH Kutai. T
€ HaW-ronemMvaT Npon3BoauMTesN B cTpaHa-
Ta CbC ceutbeHa nnaow, ot 6.44 MUIMOHA
XeKTapa M npoussoactso ot 31.3 MJH.
ToHa npe3 2017 (Ma, 2018). MNoseue oT
70% oT paHHaTa nposieTHa uapesuua ce
3acasa B [1X, pgpyrute noceBn ca
pasnpbCcHATX B HAKOJIKO MPOBUHLUN B
ceBepHWTe 1 3anafHun Yactu Ha Kntaii.

1. NIPON3BOACTBO HA LUAPEBULUA
7 M3HOH3BAH§ HA XbPNAN B
NMPOBVHUVA XBUNYHA3AH

1.1 TemneparypHu 30HU C
KyMy/aTUBHO Bb3eNcTBume

KpaTtkmnaT nepuopg, 6e3 cnaHu e Hali-

Key words: corn, seed production,
breeding, germplasm, heterosis, early
spring corn

Abbreviations
HLJ: Heilongjiang province
CTZ: Cumulative Temperature Zones
used in Heilongjiang province
SPT: Tangsipingtou, local germplasm in
China
LRC: Luda Red Cob
germplasm in China
SSR: Simple Sequence Repeat marker
SNP: Single Nucleotide Polymorphism
marker
Rmb: Renminbi (Chinese currency)

GMO: Genetically Modified Organism

corn, local

INTRODUCTION

Corn is a leading crop in China
which can be widely used in animal
feeding, human food and industry.

In 2017 the corn sowing area is 35.5 M ha
and the grain output is 216 M t (Zhao et
al., 2018a). In China corn production
areas are divided as Spring, Summer,
Spring and Summer complex and (sub)
tropical zone based on seeding season
and climate conditions. 15 provinces in
the 4 zones provide up to 90% of total
grain output in China.

Heilongjiang province (hereafter as
HLJ) is located in northeast of China, it is
the top corn producer in China, sowing
area and grain output are 6.44 M ha and
31.3 Mt respectively in 2017(Ma, 2018).

More than 70% of early spring corn is
seeded in HLJ, others sparsely distributed
in several provinces in north and west
parts of China.

1. CORN PRODUCTION AND HYBRID

UTILIZATION IN HEILONGJIANG
PROVINCE

1.1 Cumulative Temperature
Zones

Short frost free period is the top



rofIIMOTO  NPENATCTBME 3@ NPOM3BOA-
CTBOTO Ha UuapeBuua B lNX. B npoawvn-
KEHME HA HAKOMIKO [eceTuneTvsi ce u3-
nonsea cuctema 3a copTupaHe, 3a Aa ce
Knacuguumpa NpPOAL/DKUTENIHOCTTA  Ha
BEreTalyoHHNSI CEe30H 3a NPOKU3BO/CTBO-
TO Ha pacTeHus. Vima 6 TemnepartypHu
30HU C KyMy/laTUBHO Bb3felicTBue (Hapu-
yaHu no-gony KT3) ¢ nHtepsan 200°C, B
KOUTO Ce M3Mo/3Ba cpefHa AHeBHa Tem-
nepatypHa cyma (=0°C) npe3 BereTa-
LMOHHUA nepuog. Tasu cuctema e LInpo-
KO npueTa OT 3eMefesICKuTe Npon3BoauTe-
nm, upMnTe 3a CeMeHa, CesleKLMoHepuTe
1 NPaBWUTENICTBOTO 3a COPTOBO paiioHMpaHe
1 CeNeKLMs NPU BCUYKM KyITYpH.
TpaauLMOHHO, OCHOBHATa 30Ha 3a
NPOM3BOACTBO Ha LapesuLua 6eLe pasno-
noxeHa B 1°* n 2 KT3 (Hag 2500°C).
Tpetata KT3 e KomniekcHa 30Ha 3a
NPOV3BOACTBO Ha Lapesuua 1 cos. 4 u
5™ KT3 6saxa npeay AeceTuneTus 30HU
CbC Cos 1 NniueHunua. MoHacTosLeM Lape-
BULLATA BCE OLLE € BOJELa 3bpHEHa Ky/-
Typa B 1°% n 2 KT3. BnarogapeHue Ha
ycnewHuTe Xxubpuan, agantupaHu KbM
30HM C paHHO y3psiBaHe, HanpeabKbT B
arpoTexHukata U Bb3/JeiCTBMETO Ha
rno6asHOTO 3aTon/sHe, Lapesuuara ce
paseuBa 6bp30 M B 3™ n 5 KT3.

1.2
anTe

Mopaan pasHooO6pasmeTo B €KoNo-
TMYHUTE YC/IOBUS U OpueHTauusaTa KbM
neyasba Ha chmpmMnTe 3a CEMENPOM3BOA-
cTBO, X uma ronssMo COpPTOBO pasHo-
ob6pasune B cpaBHeHVe C Apyrn Npon3BOA-
CTBEHM paiioHn B Kutaii. MscnegBaHnaTa
Ha XnbpmauTe, KOUTO ca LIMPOKO KyNTUBK-
paHu B TO3M pervoH, nokaseaT, 4ye npes
2016 r. ca 3acetn 369 xubpupa. Bceku
eAMH OT MeTHafjeceT Buaa xubpuan ca
3aceTu Ha nnou, nose4ve OT 66.6 k ha,
KOeTo 06uo0 obxeawa naouw, ot 2.98 M
ha, koeTo 3aema 43.2% OT obujaTa naoLL
C uapesuua npe3 2015 r. MeTTe Halii-
BaXXHU xnbpmuga ca DMY1, XY335, SY23,
XX1 and DMY3. Mpe3 2016 r. 17 xubpuga
ce 3acaBarT Ha noseye oT 66.6 k ha, c

Pa3npocTpaHeHue Ha XnMépu-

limitation for corn production in HLJ.

For several decades, a grade system is
used to classify the length of growing
season for crop production.

There are 6 Cumulative Temperature
Zones (hereafter as CTZ) with 200°C
interval, which use cumulative daily average
temperature (Z0°C) in available growing
season. This system is wildly accepted by
farmers, seed companies, breeders and
government for variety location and
selection in all crops.

Traditionally, the main corn
production area was located in 1% and 2™
CTZs (2500 ° C above). The 3" CTZ was
complex area for corn and soybean
production. 4™ and 5™ CTZs were typical
soybean and wheat zones just in 2
decades ago. Currently, corn is still
leading the rain fed crop production in
CTZ 1&2. Thanks to the successful
hybrids adapt to early-maturity zones, the
advancement of cultivation techniques,
and the effects of global Warmin%, corn
has developed rapidly in the 3 - 5
CTZs.

1.2 Hybrid Distribution

Because of the diversity in
ecological conditions and profit orientation
of the seed companies, HLJ has a great
variety capacity compare other production
area in China.

The research on hybrids which were
widely cultivated in this region shows that
369 hybrids were grounded in 2016.

Fifteen hybrids each of them seeded more
than 66.6 k ha respectively and occupy
total area of 2.98 M ha, which took up
43.2% of all corn acreage in 2015.

The top 5 hybrids were DMY1, XY335,
SY23, XX1 and DMY3. In 2016, there
were 17 hybrids planted more than 66.6 k



o6wa naouw, Ha 3acaxgaHe oT 2.57 M ha,
KoeTo npegctasnasa 40.7% oT usanata
uapeBnyHa naow,. Hali-gpobpute 5
xnépuga 6sxa DMY1 (0.51 M ha), XY335
(0.25 M ha), XX1 (0.24 M ha), DMY3
(0.21 M ha) n LY9 (0.17 M ha) (Jin et al.,
2016; Jiang et al. ., 2016).

1.3 HebnaronpmaTHn Bb3aen-
CTBME NpU NPOU3BOACTBOTO Ha LlapeBuua

OcCBeH OorpaHM4YeHneTo Oka3BaHo OT
TemnepatypuTe B X, BCe oue nma apyru
pakTopu, KOUTO BAUSAT BbpXy Aobusa.
Tbih kaTo hbepmepuTe ca CKIOHHM Aa
M3Mon3BaT OTHOCUTENHO KbCHWN COPTOBE U
Ja M 3acsBaT B paHHa MposeT, 3a ga
yOob/kaT BeretaunoHHus nepuopg, (06ukHo-
BEHO B Kpas Ha anpui Ha tr OT MPOBUH-
uusiTa 1 HayasoTo Ha Mail Ha ceBep),
TONepaHTHOCTTa KbM CTyA B paHeH
CTaguini e gocTa BakHa XapaKTepuctuka
npu usbopa Ha nogxogsuw, copT. OcBeH
TOBa, MoO-MajikaTa cyma OT BasieXu Mpe3s
nposieTTa 3a noBevye OT MoIOBMHATa OT
naowuTe, BOAM A0 3acyllaBaHe B cTaaus
Ha NOHVKBaHe Mnpe3 HAKOW rogunHN.

Bpeautenute n nnesenute 06UK-
HOBEHO He npejcTasfsBaTr ronsma 3an-
naxa npes noBeyvyeTo roAuHN, ako KynTy-
pata ce oTr/exga no obmyaliHus HauvH.
LlapeBnuHunat npo6usad (Ostrinia furnacalis)
uma TeHAeHLUMA fa ce cpeLla 4yecTo npes
nocnegHuTe rOAMHW M MHOIO BaXHa B
HSAKOW PErnoHN, ako MeTeoposIornyHuTe
yCcnoBusa ca 6naronpuaTHU. YCTOWUYMBOCT-
Ta Ha 6051ecTn e OT pellasalllo 3HayeHne
3a ouensBaHe Ha COpTOBETE B Tasu
o6nacT. YCcTouMBOCTTa Ha JSIMCTEH MNpu-
rop (Helminthosporium turcicum Pass.) n
rnaBHs (Sphacelotheca reiliana) ca ot
rofIIMO 3Ha4YeHue npu PErMcTpUpaHeTo
Ha HoBu Xxubpuan B TMX. CTbOHNEHOTO
rHneHe (Fusarium moniliforme & Pythium
aphanidermatum) e apyro BaxHo 3a60ns-
BaHe, KOeTOo NPUYMHABA 3HAYMTESHUN 3ary-
61 B 06MBa Npun HAKOM cneunduyHmn Xmob-
puay B NOBEYETO MPOU3BOACTBEHU 30HW.
Moute ot cem. Curvularia (Curvularia
linata (Wakker.) Boed.) n cuBuM nUCTHK
netHa (Cercospora zeae-maydis Tehon &

ha, with total planting area 2.57 M ha and
accounted for 40.7% of all corn area. The
top 5 hybrids were DMY1 (0.51 M ha),
XY335 (0.25 M ha), XX1 (0.24 M ha),
DMY3 (0.21 M ha) and LY9 (0.17 M ha)
(Jin et al., 2016; Jiang et al., 2016).

1.3 Stress for Corn Production

Except the limitation of temperature
in North), cold tolerance in early stage is a
quite important characteristic for choosing
a proper variety. Also less rainfall in the
spring on more than half of HLJ, there are
still other factors that affect the yield in the
production.

Since the farmers tend to use relative late
varieties and plant them in early spring to
prolong the growing season (usually late
April in south of the province and early
May the area, results in drought in
seedling stage in some years.

Pests and weeds usually are not
big threat in most of years if the crop is
managed normally.

Corn borer (Ostrinia furnacalis) tends to
take place often in recent years and very
serious in some regions if the weather
conditions are favorable. Disease
resistance is crucial for a variety survival
in this area.

The 2 diseases resistance, northern leaf
blight (Helminthosporium turcicum Pass.)
and head Smut (Sphacelotheca reiliana)
are official restriction for any hybrids to be
registered in HLJ. Stalk rot (Fusarium
moniliforme & Pythium aphanidermatum)
is another important disease, it causes
yield loss greatly in some specific hybrids
in most production area.

Curvularia leaf spot (Curvularia
linatal Wakker.) Boed.) and gray leaf spot
(Cercospora zeae-maydis Tehon &



Daniels) cbllo yBennyaBat mallaba cu B
HSIKOM PEervMoHKn, B KOWUTO LapeBuuaTa ce

paspactBa 6bp30 6e3  NoAXoAsLLO
centboobpalleHue.
1.4 PbcT Ha gobuBa

Mpe3 nocnegHute 70 roguHu uape-
BUYHUTE M/IOLM U JOBUBUTE Ce yBenYa-
BaT 15 n cboTBeTHO noytu 5 nbTn. lo-
[O6GHO Ha apyry obnactm 3a npousBof-
CTBO Ha uapesuua, pepmepute B MNX ca
CBUAETEe M Ha rosieMy NPOMeEHU B COPTO-
BWA CbCTaB MNpes3 U3MUHanIuTe roguHu, ot
copToBeTe Ha pepMepuTe 40 CUHTETUYHU
Xnépuan, ABOMHN XMbpuamn, OT TPUINHEHN
n npoctn xmbpuau. Cera noseye o1 90%
OT copToBEeTE, U3MN0N3BaHW B TO3U PETVOH,
ca npocTn xmbpuau, a HAKOM ca TPu/u-
HeHN XMbpuan, pasnpocTpaHeHN B 30HU
3a paHHu coptose (Jin et al., 2016; Jiang
etal., 2016; Wang, 2012).

C HanpefBaHeTO Ha cenekuusaTa u
arpoTexHuMKaTa, Kakto 1 ¢ ysesmyasalius
Ce NPUHOC Ha XMMWYecKu BellecTsa, A0-
6UBBLT Ha LapeBuUa HapacTBa NocTeneH-
HO npe3 nocnegHute 70 roguHU. J06MBBT
ce yBesimyaBa OT Mo-mManko oT 1,5t ha™
npes 1950 roamHn go cera 5 - 6t ha™
npe3 2010™ (Wang, 2012). HoBocb3aage-
HWTe copToBe nocTuraTt 3abenexureneH
Hanpeabk B abmoTuUyHaTa U GUOTUYHaTA
YCTOMYMBOCT Ha CTPEC B CpaBHEHWE CbC
copToBeTe, U3M0M3BaHuN Npean gecetue-
TMa. CpefHaTa rbCTOTa Ha nocesa Ha-
pactBa ot 30 xunagn pacteHus/ha npes
70™ rogMHu Ha MuHanua Bek, 40 000
pacteHus ha™ npe3 90-Te roAuMHuM Ha
MUHanua Bek o 60 000 pacTteHus ha, B
HSKOW paiioHn CbC cpefHa [0 paHHa 3ps-
nocT Ao 75 000 u 4o 90 000 pacTenus ha™.

2 CENEKUMOHHWN N3CNEABAHNA U
KOMMNAHNN 3A CEMEHA

Mpeamn kpas Ha 80 roguHU NouTw
BCUYKM KOMMaHUN 3a cemeHa ca ObpXas-
HU MpeanpuaTuA U BCUYKU U3CNefBaHNs
Mo cesiekuns ca U3BbPLUBAHU B UHCTUTYTU
unun yHusepcuteTn. Cb3gafeHuaT copT ce
Npexsbp/isille OT WHCTUTYTA Ha Komna-
HUATa 3a CEMEHA, KOATO ro npeacrassLle

Daniels) also increasing seriousness in
some regions, in where the corn area
grows rapidly and without proper crop
rotation.

1.4 Yield Growth

In past 70 years, the corn acreage
and yield per area increased 15 and
almost 5 times respectively. Like other
corn production area, the farmers in HLJ
saw the big changes in variety types in
the past years, from farmer variety to
synthetic, double crosses, three-way
crosses and single cross hybrids.

Now more than 90% of the varieties used
in this region are single cross hybrids and
some are three-way crosses, distributed
in super early area (Jin et al., 2016; Jiang
et al., 2016; Wang, 2012).

With the advance in hybrid
breeding and cultivation techniques, also
the increasing chemical input, corn yield
grow up gradually in the past 70 years.
The yield increases from less than 1.5 t
ha™ in 1950s’ to currently 5 - 6 t ha™ in
2010s’ (Wang, 2012).

The abiotic and biotic stress tolerance for
new development varieties make
remarkable progress comparatively with
the varieties used in decades ago. The
average population density increases
from 30 thousand plants/ha in 1970s’,
40,000 plants ha™ in 1990s’ to currently
60,000 plants ha', in some middle to
early maturity areas to 75,000 and up to
90,000 plants ha™.

2. BREEDING
SEED COMPANY

Before the end of 1980s’, almost all
seed companies were state owned
enterprises and all the breeding research
carried out by non-profit institutes or
universities. The released variety would
be transferred from the institute to the
company for seed production,

RESEARCH AND



1 pgaalle 6e3nnatHO Ha CesiCKOCTomMaH-
ckute npoussogutenu. C HapacTBawuTe
(hMHAHCOBM 3aTpygHEHUss Ha MOBEYeTo
KOMNaHW U HUCKOTO HMBO Ha 06cnyxBa-
He Ha hepmepuTe, NPaBMTE/ICTBOTO HACTOS
KOMNaHu1Te fa ce fnpeBbpHaT B 4YacTHWU,
KaTto paboTAT No TO3U HAYMH OT HAYasno0To
Ha 90 roguHu. B CbLIOTO Bpeme HSAKOU
OT nporpamMmnTe 3a cesfekumsa npemMmmHasar
KbM KOMepCuasiHu U3cnenBaHus, Kakto B
WHCTUTYTUTE, Taka W B KOMMaHuuTe 3a
cemeHa.

Kutaii ce npucbeanHn keM Mexay-
HapoAHWS CbIO3 3a 3aluTa Ha HoBUTE
pactutenHn coptoee (UPOV) Ha 23
anpun 1999 r. 1 B CblWMA OEH Bfe3e B
cnna PernameHTHT 3a 3aliuTa Ha pacTu-
TenHute coptoBe B Kutaii. Mpe3 2000 1. e
npueT NbpPBUAT 3aKOH 3a cemeHata B Ku-
Tali. Mpean n cnep Te€3U CbOUTUSA, MECT-
HUTE KOMMaHMM 3a CeEMeHa ce paspacTsar
6bP30 KaKTO MO 6poii, Taka 1 No mawab
Ha paboTa. B cbLOTO BpemMe MNOBEYEeTO
MeXAyHapo4HW KOMMaHuM 3a CemeHa
3ansaxa Kurai.

Crnopef, cTaTtuCTUYeCKU OaHHW 3a
nepuoga ot 1980 po 2012 r., noBeyeTo
COpTOBE ca Cb3fafleHW OT WHCTUTYTU B
Tasn obnact v [3uIvH, IXHaTa cbcegHa
npoBuHUMa Ha X npe3 80™ roguHu.
Hskon copToBe OT MECTHM KOMMNaHuu 3a
cemeHa ce noseasar npe3 907 roAuHU
Ha MUHaNMa BeK, Xnbpuaum OT Mexay-
HapoAHW KOMMaHuM ce MnosiBABaT B Kpas
Ha 90 roguHM u npeo6nagasar npes
20007, B OQMUMA/IHOTO M3NUTBaHE 3a
2014 r. B NX uma obuwo 873 copta, 118
OT TAX Ca OT AbpPXaBHW UHCTUTYTU, a 755
ca npefocTaBeHn OT KOMMaHWM 3a CeMeHa.
OT 54 copTa, BK/IHOUEHM B COPTOBMSI CNUCHK
npe3 2015 r.,, 12 ca npeAcTaBeHu OT
UHCTUTYTK, 40 ca OT MECTHM KOMMNaHuu, a 2
ca pa3paboTeHu OT MexAyHapoAHM Komna-
Hum (Jin et al., 2016; Jiang et al., 2016).

3TEHMJTABMA N XETEPO3UMC

OT 807 roAMHM Ha MUHaUA BeK,
CenekunoHepuTe 1 yyeHute B Kutail 0bpb-
LaT BCe noBeye BHUMaHWe Ha rpynata Ha
reHnnasmara u Ha XeTepo3ucHuUA Mogen

demonstration and sale to farmer by free.
With the increasing financial distress for
most companies and below desired
service to the farmer, the government
pushes the companies turn to private
running gradually in early 1990s’.

In the same time some of the breeding
programs shift to commercial research,
either in the institutes and the seed
companies.

China joined in the International
Union for the Protection of New Varieties
of Plants (UPOV) in April 23", 1999 and
on the same day China Plant Variety
Protection Regulation took effect.

In 2000, the first Seed Act in China was
enacted. Before and after these events,
the local seed companies grow rapidly
both in number and in scale of operation.
In the similar time, most international seed
companies flooded into China.

According to statistics for variety
registered in HLJ during 1980 to 2012,
most varieties were released by institutes
in this area and Jilin, the south neighbour
province of HLJ in 1980s’. Some varieties
from local seed companies occurred in
1990s’, hybrids from international
company appeared in late 1990s’and
burst in 2000s’.

In the 1% year official variety test in HLJ,
there are totally 873 varieties in 2014. 118
of them were from public institutes and
755 submitted by seed companies. From
54 varieties, registered in the variety list in
2015, 12 are released by institutes, 40
were from local companies and 2 were
developed by international companies (Jin
et al., 2016; Jiang et al., 2016).

3. GERMPLASM AND HETEROSIS
Since 1980s’, the breeders and
scientists in China paid attention to
germplasm group and heterosis pattern
increasingly (Sun et al.,, 2016). It is



(Sun et al., 2016). CmaATa ce, 4e xeTepo-
3UCHUAT eekT e NO-HUCBK NpU KPbCTOC-
BaHe Ha /IMHUM OT efHa rpyna, [okaTo
BUCOKUAT XeTepo3uc ce nosieaBa npwu
KPBbCTOCBaAHE Ha /IMHWW OT Pas/inyHu ce-
MeilicTBa Ha 3apoauwHyn nnasmu. CALL e
nbpBaTa CTpaHa, KoATo 13Mnosi3Ba XeTepo-
3UC B CejlekumsaTa Ha uapesuua, a Cblyo
Taka e NMoHep W BoAM B U3CneABaHusTa
My. AMEPUKAHCKUTE CefleKuMoHepn pasge-
AT pecypcute B reHnnasmara Ha antep-
HaTMBHM XETEPO3NCHU Tpynn (MBXKA W
YKEHCKM) Npun cb3gaBaHETO Ha xnmbpuan 3a
TbProBckn Uenn. XXeHckaTa (ManuymHaTta)
rpyna cbabpxa BSSS (06MKHOBEHO Hapu-
yaH Reid B Kutaii), a MbXKMAT (6aLLmH)
KOMMOHEHT BK/IOYBA JIMHAM C MPOU3XOS
pasnnueH oT BSSS, kato Lancaster wu
lodent u agp. (Mikel and Dudley, 2006;
Troyer, 1999; Yang et al., 2011).

3.1 Ynotpeba Ha
MWHaNoTo

B Kutai mma 5 OCHOBHM rpynu OT
reHnnasma B kpas Ha 70 40 HayanoTo
Ha 80T roguHu, ToBa ca Gold Queen,
Huobai, SPT, LRC un Lancaster (Wu, 1983).
Cnepn ToBa NbpBUTE 2 MECTHW Tpynu
HamasiaBaT MNOCTENEeHHO W JIMHUUTE OT
Reid HapacTBaT ¢ roauHu. B kpas Ha 80
rOOVHN MOBEYETO POAUTESICKM JIMHUKU 3a
nonynspHu xubpuan B Kutalh BOAAT
npousxoga cu ot SPT, LRC, Lancaster n
Reid (Zeng, 1990). Wang et al. (1998) Ha
6a3arta Ha CopToBe, LUMPOKO KY/TTUBMPaHU
npe3 1978 pgo 1994 r., TBLPAAT, Ye 5
OCHOBHW XeTepo3ncHK rpynu (9 noarpynu)
mMoraT ga 6baat pasgeneHn Ha Modified
Reid, Lancaster, LRC, SPT wn ppyru
(Suwan, nuHuKn oT Synthetics u gp.). MNpes
TO3K nepuof ynotpebara Ha Reid HapacT-
Ba, a Lancaster HamasiiBa NOCTENEHHO.

Mpean 19807 roamHn B MX nHGpea-
HUTE JIMHWK, NOJTyYEHN OT MeCcTHa reHnnas-
Ma, OOMUHUpAT B POAUTESICKATE JIUHWUN
Ha KnovoBuTe Xnbpuam n 3aemat 50% 3a
nepvoga. B apyrv nuHuM umat cpoacTBO
C pyckun maTtepuanu, Reid nnn ¢ Lancaster.
ToraBa fiMHUUTE C MECTEH NPOU3X0[L, Ha-
MansBaT NoCTEeNeHHO N He ce ocTaBa MHO-

reHnjasma B

believed less hybrid vigour for cross by
lines inside the same groups, whereas
higher heterosis would appear in cross by
inbred from different germplasm families.

U.S. is the first country that use heterosis
in corn breeding, also pioneered and lead
in heterosis groups’ research.

U.S. breeders tend to separate their
germplasm resource as female and male
groups in commercial breeding.

Female group contains BSSS (usually
called Reid in China) primarily and male
counterpart include lines with non BSSS
background, like Lancaster and lodent
etc. (Mikel and Dudley, 2006; Troyer,
1999; Yang et al., 2011).

3.1 Germplasm Utilization in Past

In China, there are 5 major
germplasm groups in late 1970s’ to early
1980s’, they are Gold Queen, Huobai,
SPT, LRC and Lancaster (Wu, 1983).
After that, the first 2 local groups
decrease gradually and lines from Reid
grew up by years. In late 1980s’, most
parent lines for popular hybrids in China
had the background of SPT, LRC,
Lancaster and Reid (Zeng, 1990). Wang
et al. (1998) based on varieties widely
cultivated in 1978 to 1994 claim that 5
major heterosis groups (9 subgroups) can
be divided as Modified Reid, Lancaster,
LRC, SPT and Others (Suwan, lines from
Synthetics etc.). During this period, the
use of Reid increased and Lancaster
reduced gradually.

Before 1980s’in HLJ, inbred lines
derived from local germplasm dominated
in the parent lines of the key hybrids and
took up 50% in that period. Other lines
have blood either from some Russian
materials, Reid or Lancaster. And then the
lines having local background decrease
gradually and not too much left in varieties



ro B copToBeTe, npusHati npes 20107,
3a pas3niMka OT MOHMXaBaHEeTO B Apyru
pernoHn Ha Kutaii, Lancaster Bce olle
urpae MHOro BaXxHa posis B NPOAb/IKEHNE
Ha HSKONKO pgecetwneTns. Toil pgocrtura
no 40% B un3BEecCTHUTE xubpuaum npes
1990™ u Bce ouwe ce noagbpxa Ha
OTHOCUTESIHO BUCOKO HUBO Hapg 20% npe3
2010 (Jin et al., 2016; Fan, 2017). MNpe3
nocnefHuTe 3 AeceTuneTus, Korato Yyx-
ante xmbpuaum u NMHUM 3anmMBaT nasapa,
nojslydaBaHeTO Ha NIUHUN OT 4yXaecTpa-
HEeH Xnbpua ANPEKTHO UM nogobpsiBaHe-
TO Ha UYYXOEeCTpaHHW NWHWM CTaBa BCe
no-nonynsapHo. C M3K/IKYEHWEe Ha MoyTu
n3yesHanata Ha MecTta rednnasma, nu-
HUUTE OT opurMHasiHaTa reHnnasma B pe-
TMOHW C KbCHa 3PSANOCT, CbLU0 Hamanasart
nocteneHHo (Fan, 2017; Jiang et al.,
2016; Ma, 2018).

3.2 BbBexgaHe Ha reHniasma,
MHTpOrpecmss w1 un3cnefBaHe  Ha
xeTeposuca

Mpe3 nocnegHute 50 rogvHM B
Kutai ce cnyumxa HAKOKO BaXHW CbOU-
TVA BbB BbBEXJAHETO Ha reHnsasmara.
IlnHnata Mol7 3anoysa fa ce 3acsiBa B
cenekunoHHuTe noneta npes 707° roguHn
Ha MUHaNUa Bek, HAKou xnbpuan (P3147,
3383 n T.H.) oT CAL ca BbBegeHu npes
807 roguHM Ha MUHanIMA BeK, a XUbpu-
ante P78599 ca BbBeaeHn B KuTail B Ha-
yanoto Ha 907, Te3n NMHUM 1 XUepUaw
UrpastT BaXHa poNis B Cefekuus Ha
Lapesyvuara npes nocnejsanuTe roguHu
(Li and Wang, 2010; Wang et al., 2016).

ToBa 6e 4yecTo cpellaH HauvH 3a
nosyyaBaHe Ha NUHUN OWPEKTHO OT Tbp-
roscku xubpuam B CAL npes 807 roam-
HKU. Xnbpug Pioneer 3737 gonpuHece Hai-
MHOrO 3a MHTPOrpecusiTa Ha reHnsasmMa c
JIVHUN OT N3TOYHMK lodent Ha cBouTe KOH-
KypeHTW. Bb3 OCHOBa Ha PoAOC/IOBHUTE
n3cnefBaHnsA Ha 3aluUTeHU C naTeHT "
PVP nnHun ot 1980 go 2004 r. B CALL,
Mikel and Dudley (2006) cmsaTaT, 4e AMHWK
MOSTy4YeHN OT TbProOBCKM XMOBPUAU W UHTPO-
rpecupaHn ot Argentine Maize Amargo,
yCrnewHo yBesmMyaBaT MHOroo6pasveTo

released in 2010s’. Unlike the decrease in
other regions of China, Lancaster still
takes a very important role constantly
over several decades. It reached up to
40% in popular variety crosses in 1990s’
and still maintained in a relative high level
of more than 20% in 2010s’ (Jin et al.,
2016; Fan, 2017).

In recent 3 decades, with the foreign
hybrids and inbreds flooding in, derive
lines from exotic hybrid directly or improve
foreign lines is getting popular.

Except the nearly disappear of local
germplasm, lines from original germplasm
in late maturity regions drop down
gradually as well (Fan, 2017; Jiang et al.,
2016; Ma, 2018).

3.2 Germplasm Introduction,
Introgression and Heterosis research

Several important  germplasm
introduction events happened in past 50
years in China. Mol7 started to be
planted in some breeder’'s nurseries in
1970s’, some hybrids (P3147, 3383 etc.)
from U.S. were introduced in 1980s’and
hybrids P78599 entered in China in early
1990s’. These inbreds and hybrids play
an important role in the corn breeding
research in the following years (Li and
Wang, 2010; Wang et al., 2016).

It was a common way to derive
lines directly from commercial hybrids in
U.S. in 1980s. Pioneer hybrids 3737
made a greatest contribution for the
lodent germplasm introgression to its
competitors. Based on the pedigree
research for patent and PVP lines from
1980 to 2004 in U.S., Mikel and Dudley
(2006) believe the lines derived from
commercial hybrids and introgressed by
Argentine Maize Amargo backgrounds
increase the germplasm  diversity
successfully.



Ha reHnnasmara.

MH6peaHa nuHua 78599 nponsnusa
oT xmbpuga Pioneer P78599 B kpas Ha
80, umMa Tponuueckn nNpousxon U cera
ce e npeBbpHasia B rofIsMO CEMENCTBO B
Kutaii. ToBa cemelicTBO uma ronsma
pasnvka OT MbpBOHaYasiHaTa reHnnasma,
usnon3eaHa npean. TO BKAKYBA MHOTO
nnHun (Hanpumep Qi319, X178, P178 wu
ap.) paspaboTteHn oT P78599 u pgpyru
nogo6HN xnépuan n e HapeveH P (nnm
PB) rpyna oT HSKOM YYE€HU U CeNeKLNoHe-
pu. [pyra HoBa rpyna reHnnasmara (Mav
noArpyna ot Apyru u3cnegoBaTen) CbLio e
rpynvpaHa oT JIMHWUK, NOJIy4YEeHN OT Xnbpu-
an B CAL (P3147 n 3383 1 T.H.), BK/IIO-
yntenHo anHum 5003, 7922 n U8112 n gp.
(Zhao et al, 1999; Gao et al. 2004; Meng,
et al., 2006; Li and Wang, 2010; Li, et al.,
2019). MNMpe3 HOBUSA Bek NOBEYETO NIUHUK
ce nosyyaBaT OT YyKAECTPaHHWU Xnbpugn
1 HOBa BbBeeHa reHniasma, YMinTo npo-
M3X0L, e pas/InyeH oT cerawHus. Hanpumep
nnHnum Jing 724 v 725 ca nosy4veHun ot xmb-
pugn X1132X, Zhao et al. (2018b) 1BbpAAT,
ye Te NPeLCTaBAT HOB MOZEs Ha XeTeposuc
1 ca HapeyeHu X (Wang et al., 2016).

Lu et al. (2009) wusnonssatr 282
nnHnn, a Zhao et al. (2018b) m3nonssat
344 nuHuK 3a u3cneaBaHe Ha npousxona
Ha reHnnasmarta ype3 SNP mapkepu. 6
XEeTepPOo3NCHMN TPyNu ca pasgesnenn ot Lu,
kouto ca SPT, Lancaster, LRC, PA
(mogndmumpaH Reid), PB (cemelicTBO
78599) n BSSS. Zhao knacuduuympa 8
rpynu: LRC, SPT, lodent, Lancaster, P,
MoandguumpaHn Reid, Reid n X (paspabo-
TEHW OT YyXAecTpaHeH xmbpug X1132X).
Liu et al. (2009) usnonseat SSR mapkepu
3a uscnegBaHe Ha npovsxofa Ha reH-
nnasmata Ha 820 nuHumM B Kutaii, ycTa-
HOBSIBAT, 4Ye cemelicTBata MoraT Jda
6baaT pasgeneHn Ha 5 Buga cnopef
reHnnasmara (Lancaster, LRC, SPT, Reid
n P). Cpeg 5™ rpynu vma OTHOCUTESTHO
no-rofisMo pasHoobpasve B rpynuTe Ha
Lancaster n LRC, cnegsaHu oT Reid u P,
SPT e ¢ no-orpaHny4eHo pasHoobpasue.

ToBa € oOCHOBa 3a €eJqIeKTMBHO
N3Moni3BaHe Ha XeTepo3nCHNS edekT, ako

Inbred 78599 is a line derived from
Pioneer hybrid P78599 in late 1980s/, it
has tropical background and now has
developed to a big family in China. This
family has big difference from original
germplasm used before. It includes a lot
of inbreds (e.g. Qi319, X178, P178 etc.)
developed from P78599 and other similar
hybrids, and it is named as P (or PB)
group by some scientists and breeders.
Another new germplasm group (or sub-
group by other researchers) is also
clustered by lines derived from U.S.
hybrids (P3147 and 3383 etc.), including
lines 5003, 7922 and U8112 etc. (Zhao et
al, 1999; Gao et al. 2004; Meng, et al.,
2006; Li and Wang, 2010; Li, et al., 2019).
In the new centuries, more lines are
derived from exotic hybrids and new
introduced germplasm which background
is different from the current ones. For
example, lines Jing 724 and 725 are from
hybrid X1132X, Zhao et al. (2018b) claim
they present a new heterosis and named
as X (Wang et al., 2016).

Lu et al. (2009) use 282 lines and
Zhao et al. (2018b) use 344 lines to
investigate the germplasm background by
SNP markers. 6 heterosis groups are
divided by Lu, which are SPT, Lancaster,
LRC, PA (modified Reid), PB (78599
family) and BSSS. Zhao classify 8 groups
in the report, which are LRC, SPT, lodent,
Lancaster, P, modified Reid, Reid and X
(developed from exotic hybrid X1132X).

Liu et al. (2009) used SSR markers to
investigate the germplasm foundation of

820 inbreds in China, they found 5
germplasm families can be divided
(Lancaster, LRC, SPT, Reid and P).

Among the 5 groups, there is relative
higher diversity inside the Lancaster and
LRC groups, followed by Reid and P, SPT
is lower in the diversity.

It is a foundation to use heterosis
efficiently if breeder know the pedigree of



ceflekuMoHepbT A06pe no3HaBa neaurpeTo
Ha nuHuute (Teng et al.,, 2004; Yang et
al., 2011; Yong et al., 2013). C 6bp3us
HanpeLbk B TEXHWKATE Ha MOJEKynsipHaTa
6uonorusa ce nsnonseatr AHK mapkepu 3a
fa ce knacuduumpa xeTeposncHaTa rpyna
OT reHnnasmMara. MNoeeyveTo foknagu cTurat
[0 NoJO6HO 3ak/yeHne Bb3 OCHOBA Ha
pasnMyHu matepuanu n metogm Sun et
al., 2007; Song et al., 2011, 2013; Wu et
al., 2014; He et al., 2015; Li et al., 2013).

Hanocnegbk nonynspHuTe mMogenu
Ha XeTeposuca, U3non3BaHn 3a BaXHW XW6-
pvaM B PErMoH XbiAnyHA3sH ca mogudu-
uupanute Reid/Lancaster, Lancaster/SPT,
Reid/SPT. Tbil kaTo NPOBUHUMA XblANYH-
O39H ce Hamupa B panedeH CeepeH
Kutaii, MHOro go6pu reHnnasmu ot apyru
paioHyn e TpyaHo ga 6baaT W3nos3BaHu
OVpekTHO B Tasn o6nact. [loseyeTo
€NNTHN VHOPEAHM NMHMM 3a K/IH4YOBU
Xnbpugmn morat ga 6baar npocsefeHn oo
HAKOMIKO M3TovHMKa (Mol7, K10, DG11,
HZ4 v T.H.). NpobnembT CbC CTecHeHaTa
6a3a Ha reHnsasmara B Ta3u o6nacT e no-
CepuoseH OT Apyru Yactu Ha Kutaii (Fan,
2017; Jiang et al., 2016; Qi et al., 2016,
Shi et al., 2017).

4. MPOIMHO3A 3A CENEKUNATA
1 NPON3BOACTBOTO

4.1 HoBU N3nckBaHUA KbM copTa

PasmepbT Ha chepmute B Kutai
06VKHOBEHO € J0CTa MasibK. KoraTo Hskou
3eMefle/ICK/ CTOMaHW HanyckaT cefickute
parioHn nav npemMrHaBaT KbM Apyra npo-
decus, 3emsaATa uma TeHAeHuns aa npe-
MWHaBa KbM KBanudmuupaHmTe semenen-
CKU cTonaHu u cepmute ctasaT BCe MO-
ronemun. CTeneHTa Ha MexaHu3auus B
npon3BOACTBOTO Ha LapeBula HapacTsa
3ae/lHO C Obp3usA pacTex Ha LapesBud-
HUTEe naowy npe3 nocnegHute 15-20
roguHn B TX. Bbnpeks TOBa ob6LlaTa
NPOAYKUNS Ma no-ronisMa nonsa oT yBee-
Nnyagaulata ce nsol, OTKOJIKOTO OT Mo-
BMLIaBaHe Ha fobvsa OT efuHuLa NoLL.
Bunpekn ue depmepute B X umar
rnoseye Bb3MOXHOCTU 3a U360p Ha copT B
CpaBHeHwWe c npean 2 fecetTuneTus, Te ce
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inbreds well (Teng et al.,, 2004; Yang et
al., 2011; Yong et al., 2013). With the
rapid progress in molecular biology
techniques, use DNA markers to classify
heterosis group of germplasm is getting
popular. Most of reports get the similar
conclusion based on different materials
and methods I Sun et al., 2007; Song et
al., 2011, 2013; Wu et al., 2014; He et al.,
2015; Li et al., 2013).

Recently, the popular heterosis
models used for important hybrids in
Heilongjiang region are  modified

Reid/Lancaster, Lancaster/SPT, Reid/SPT.
Since Heilongjiang province locates in far
north in China, a lot of good germplasm in
other areas are difficult to use in this area
directly.

Most elite inbred lines for key hybrids can
be traced back to a few resources (Mol7,
K10, DG11, HZ4 etc.).

The problem for narrowed germplasm
base in this area is more serious than
other parts of China (Fan, 2017; Jiang et
al., 2016; Qi et al., 2016, Shi et al., 2017).

4. BREEDING AND PRODUCTION
FORECAST

4.1 New requirements for variety

The farm size in China is usually
quite small. With some farmers leave
countryside or move to other occupation,
the field tend to flow to the skilled farmers
and the farms are getting bigger.

The Mechanization rate in corn production
increases along with the rapid growth of
corn acreage in past 15-20 years in HLJ.

However, the total output is more benefit
from the increasing acreage than unit
yield growth.

Though the farmers in HLJ have more
choices in varieties than 2 decades ago,
they confused on the phenomenon in
variety homogeneity. It is difficult to



00bpKBaAT OT COPTOBOTO eAHOoOGpasue.
TpyaHo e ga ce nsbepe coprt, oT/IyaBaL,
Ce OT Apyru CXO4HW Ha Hero.

C yBe/iMyaBaHeTO Ha rbcrorara Ha
rmoceea ¥ MacoBOTO MpunaraHe Ha
MexaHusaumsaTa, HOBUTE W3UCKBaHUA 3a
6baeLwms copT ctaBaTr fAcHW. CopTbT ce
agjanTupa KbM BMCOKa rbCToTa € gobpa
YCTONUYMBOCT Ha nonsraHe, 6bp30 U3CHbX-
BaHe Ha 3bpHOTO, rOMIAMO TErno Ha 3bp-
HOTO, 3aeH0 C NpeaxoAHuTe N3UCKBaHUS
3a 406MB 1 yCTOMYMBOCT Ha 6ONECTN.

4.2 TlpoMeHM B KomMMaHuuTe 3a
cemMeHa

KvTali e BTOpUAT No rosiemMmrHa nasap
Ha uapeBu4yHu cemeHa cnep CALL. Paswme-
pbT Ha Nasapa ce yBenunuyasa 6bP30 Npes
nocnegHute 15 roguHu, ot 7.94 mununappa
RMB npe3 2004 r. go 26.9 npe3 2013 .
(Sun, 2014) n poctura fo 29.7 munnappa
RMB npe3 2016 r. (uHdopmaums ot
uHTepHeT). Mpe3 2015 r. B cTpaHata uma
4692 KoMMnaHUM 3a CeMeHa, BK/TUYUTESTHO
356 komnaHum B MNMX. Hag 1500 komnaHum
3a CeMeHa neyensit 0CHOBHO OT LlapeBUYHO
ceme n Hag 50% oT no-ronemuTe npea-
NpUATUA yyacTeaT B Nasapa Ha Lapesuua.

MoBeyeTo OT kKOMNaHumTe, 0BMKHO-
BEHO MaJIKy Mo pasMep, cuiHarta nasapHa
KOHKYpPEHLMA Tnackar npuTtexarens Ha
npeanpuaTMeTo ga ce CbCpPefoToun Bbp-
Xy pa3BUTMETO Ha kaHana 3a AucTpuoy-
uus. MNpeHebpersaHeTo Ha uscneaBaHus-
Ta no cefiekuns BOAWM [0 NO-MasbK Npu-
HOC B AbArocpoyeH nnaH. Hanocnegbk
KanuTasbT U3BLH WMHAYCTpUSATa ce npe-
MecTBa KbM CceMeHaTa 1 BOAW A0 ClvBa-
He ¥ peopraHusalums Ha MHAYCTpUATa 3a
ceMmeHa. CunTta ce, Ye nNasapHUAT AAN Ha
nbpeuTe 50 komnaHunM goctura go 60%
npe3 2020 r. ot 35.5% npe3 2015 .

MMo-ronemuTte KomnaHwy morat ga
ce NpoTMBONOCTaBAT Aobpe Ha nasapHus
pUCK 1 ca CK/MOHHM fa cb3fjajar uscne-
JoBaTesicka cucTeMa ¢ AbJ/IroCPOYHO nna-
HupaHe. Te CbLO Taka 06pbLLAT MHOrO
BHMMaHMe Ha 3awurata Ha WHTesek-
TyanHata co6CTBEHOCT B CpaBHEHME C No-
MasikuTe. [MOCTOAHHUAT M UHTEH3MBEH
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choose a variety outstanding to others
with similarity.

With the increasing in population
density and the mass application of
mechanization, the new requirements for
the future variety are getting clear. A
variety adapt to high population with good
lodging resistance, fast kernel dry down,
high unit kernel weight are necessary,
along with the previous requirements in
grain yield and diseases resistance.

4.2 Changes in Seed Company

China is the 2™ largest seed corn
market after Unite States. The market size
rose quickly in past 15 years, from 7.94
billion RMB in 2004 to 26.9 in 2013 (Sun,
2014) and reach to 29.7 billion RMB in
2016 (web information).

In 2015, there are 4692 seed companies
nationwide including 356 companies in
HLJ. There are above 1500 seed companies
mainly make profit from corn seed and
more than 50% of bigger enterprises
engage in corn market operation.

Most of the companies, normally
small in size, the intense market
competition push the enterprise holder
focus on distribution channel development.
The neglect of breeding leads to less
input in the research and lack of middle to
long term breeding pipeline. Recently,
capital from outside the industry shift to
seed territory and lead to the merging and
reorganization of seed industry quite
often. It is estimated the market share for
the top 50 companies would reach to 60%
in 2020 from 35.5% in 2015.

The bigger companies can resist
market risk well and tend to establish a
research system with a long range
planning. They also pay much attention to
the protection of intellectual property
compare to their smaller peers.

The persistent and intensive input in



NMPUHOC B Hay4yHWUTE MW3CMeABaHUS MOXe
Ja npvBneye noBeye esIMTEH MepcoHat,
onepauusita Moxe Aa 6bae no-edekTMBHA
B CbTPYAHWYECTBO C pas3/IMiHX NporpaMun u
avcumnivHi. ToBa Le MNOoMOrHe fda ce
NPeXBbP/IN CENekumsiTa oT Ny6anYHUTE WH-
CTUTYTW KbM KOMMaHWUTE U Aa ce Bb3NoJ-
3BaT Hakpasi cTonaHuTe 1 06LLECTBOTO.

4.3 V3cnepgBaHe U MHOBauuu B
reHnniasmara

CrecHeHaTa reHnnasma e o6Ly
npo6siem B CBETOBEH Mawlab, a B Kutaii e
no-cepnoseH. Smith (2007) nsnonssa Habop
OT xmbpuan Pioneer, KouTo ce KynTuBupat
ycuneHo npes nepuoga 1980-2004 1. u
yCTaHOBABAT, 4Ye THAXHOTO poAoc/oBMe
MOXe pJa O6bae npocneneHo o 82 -.
[pyro nscnepsaHe nokassa (Li, 2010), ue
23 reHnnasmu ot 45 mnstoyHnka B CALL
HWMKOra He ca u3nonssaHu B Kutaii B kpas
Ha 20 Bek. Hsakon reHnnasmu (Hanpumep
lodent) MmaT MHOro NO-HMUCKa KaTeropwusi
(Li et al., 2019). BbBexpaaHeTo Ha HoBa
reHnnasma, 13nos3BaHeTo Ha HOBMSA NO-
TEeHLUMasT Ha HacTosALWMTE poAoHaYa/THULM
M OCbLLECTBABAHETO Ha pasymMeH noaxof
KbM MHOBaLMWTE B reHnsasmMaTa 3a ja ce
ajlantTmpa KbM M3UCKBAHWUATA Ha MNPOuU3-
BOACTBOTO Ha LapeBuua 6u 6uno pasym-
HO ¥ Npean3BUKaTesHo.

[a ce paspewmn nnu He, Kora 1 Kak
ja ce nycHe 'MO e gbaroroguwiHa tema
KaKTo B MHAYCTpUATa, Taka M B LSAMNOTO
o6uwecTtBo B Kutaii. CnopsT € TpyaHo ga
noslyyun OTroBOpP C onpegeneH cpok. Ho ce
ovyaksa MO pa ce nycHe B NMpoun3BOACTBO-
TO Ha LUapeBuUa Hali-Hakpas C HSAKOM
orpaHuyeHus. Toea cbbuTMe We gosene
[0 rofiemMu NpoMeHu B uanaTa nHaycTpus,
CBbp3aHu C uapesuuata, U LWe npeaus-
BMKA rONIAM LUAHC W Npean3BuKaTenCcTBo
KaKTo 3a Cemenpou3BOACTBOTO, Taka W
nporpaMmnTe no cenekuus

research can attract elite staff widely; the
operation may more efficient in cooperation
with different programs and disciplines.

That will help to shift commercial breeding
from the public institutes to the companies
and benefit the farmers and society finally.

4.3 Germpalsm research and

innovation
The narrow in germplasm genetic
diversity is a general problem in

worldwide and it is more serious in China.
Smith (2007) use a set of Pioneer hybrids
which are cultivated widely during the
period 1980 to 2004 and found their
pedigree can be traced back to 82
founders. Another research shows (Li,
2010), there are 23 germplasms out of 45
sources in U.S. never be used in China in
the end of 20 century. Some of germplasms
(e.g. lodent) have a much lower rate (Li et
al. 2019). Introduce new germplasm,
exploit the new potential of current
founders and make a reasonable pipeline
in germplasm innovation to adapt the
requirements of corn production will be
meaningful and challenging.

Allow or not, when and how to
release GMO is a long-lasting topic both
inside industry and whole society in
China. The argue is difficult to get an
answer with a confirmed schedule. But it
is expected GMO will be released in corn
production finally with some prerequisite
limitations. This event will make big
changes in the whole industries related to
corn and it will trigger a big chance and
challenge both for seed industry and
breeding research programs.
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PE3IOME

Bu3HecHT ¢ LapeBnyHOo 3bPHO B P
oyHKUMOHMPA 1 ce pa3BuBa B ANHAMUYHA
cpefa, cbobpaseHa C M3UCKBaHUATA Ha
EBponeiickus Cbi3 M B ycC/noBusiTa Ha
nasapHata uKoHomwuka. Habnwopgasa ce
U3K/TIOUUTENHO CU/THA KOHKYpPeHUuus Ha
uapeBnyHMs nasap. B cTpaHata ce
BHaACAT LapeBU4HM xmbpuam Ha 13 6pos
YyXXAeCTpaHHU MHCTUTYTU 1 hupmu.

WHCTUTYT no uapesuuara - KHexa
€ OCHOBEH LIeHTBbp 3a Cesfiekuus u ceme-
Nnpov3BOACTBO Ha Lapesuua B Hawarta
cTpaHa. B cBosATta 95-roguwiHa mnctopus
WHCTUTYTBT Mma npmsHatn Hag 100 xunb-
puga OT pasnMuHuTe rpynu no 3pssocT,
BbB BCWMYKM OCHOBHMW HanpasfieHUs — 3a
3BbPHO, CUIaX, XMOpPMAM CbC cneunguyHo
[EeTepPMUHMpPaHN KayecTBa, YCTONYMBM Ha
6MoTNYEH N abnoTUYEH CTpec, 6onecTn n
HenpuaTenu.

Xnbpng KHexa 461 e npusHat wu
YTBbPAEH 3a BNuceBaHe B CNUCHK A Ha
OchmymanHata copToBa /iMCTa Ha
CcTpaHarta cbc 3anoseg Ha M3X Ne P[], 12-
4/13.06.2017r.

Llenta Ha TOBa u3cneaBaHe e aa
ce npoyyaTr arpobuosiornyHuTe U ceme-
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SUMMARY

In Republic of Bulgaria maize grain
business develops in a dynamic
environment complied with EC
requirements and market economy
conditions. Exceptionally strong

competition is being monitored on the
maize market. In the country are imported
maize hybrids produced by 13 foreign
research institutes and companies.

Maize Research Institute - town of
Knezha is the main center for maize
selection and seed production in our
country. In its 95 years of existence the
Institute has got more than 100 certified
hybrids in the different maturity groups,
and in all basic directions — for seed, for
forage, hybrids with special specified
qualities, hybrids sustainable to biotic and
abiotic stress, diseases and pests.

Hybrid Kneja 461 is certified and
approved for enlistment in the A List in the
Official Variety List in RB by Order of
Ministry of Agriculture, Food and Forestry
Ne RD 12-4, dated 13" of June, 2017.

This survey target is to study the
agrobiologic and seed production



NPON3BOAHN XapakTePUCTUKUTE Ha Poau-
Tenckute dopmm Ha xnbpug KHexa 461
3a HYXAWTe Ha CEMENPOM3BOACTBOTO My.
KntouoBu OYMMU: LapeBuua,
camoonpalleHa JIMHWSA, KOMUOMHATMBHA
CMOCOGHOCT, 6uonorusa  Ha  UbgTeX,
pPasMHOXUTESIEH KOeULUNEHT

YBO/,

MHCTUTYT no uapeBuuaTa rp.
KHexa npeanara 6orato 1 pasHoobpasHO
nopToaMo, ChbAbpPXKaAWOo XMbpnan uape-
BMLA OT BCWUYKM TPYNnu Ha 3psAsoCT U Ha-
npaBfieHns Ha 13Mnos3BaHe, YCTONYMBY Ha
601ecTy, HENPUATEIN U HEGNArONPUATHU
YCNOBMSA Ha cpeparta, C KOeTo Ada y[oB-
NeTBOPM THPCEHETO Ha Nasapa Ha CemeHa.
OnuTbT Ha CTpaHuTe CbC CbBPEMEHHO
BMCOKO pa3BWTO 3eMejesine nokassa, ye
€[JHO OT Hali-BaXHWUTe yCnoBusa 3a ycnew-
HO 1 CBOEBPEMEHHO BHeApsiBaHe B Mpo-
M3BOACTBOTO, KAKTO U MbJIHOTO peasinsu-
paHe Ha NPOAYKTMBHUTE Bb3MOXHOCTU Ha
BCEKU HOBOCH3Aa€EH LlapeBNYEH Xnbpua,
€ HMBOTO Ha TAXHOTO CEMENpPOM3BOACTBO
W KayeCcTBOTO Ha MOCEBHUS MaTepuasl
(Akhtyrtsev, 2002; Yagdi et al.,, 2005;
Sotchenko et al., 2009a, b; Gorbacheva et
al., 2011; Valkova et al.., 2013). 3a yenta
€ Heob6xoauMma siICHOTa MO BbNPOCUTE
CBbP3aHy C reHeTuyHaTa U3paBHEHOCT "
6uonormsata Ha Ub(hTexa Ha poguten-
CKUTE JIMHUWTE, TOMIEPaHTHOCTTa UM KbM
CrbCTsIBaHE Ha MoceBa, CPOKbT M cxemMaTa
Ha cenTba n gp. MbaHaTa arpobuosorny-
Ha XapaKTepucTuka Ha NepcrnekTUBHU 1 C
JOKaszaHu KayecTBa JIMHUKM UapeBuuarta
MMa BaXKHO 3HAYeHMe 3a CeseKUMOHHUA U
cemenpoussogeH npouec. lMo3HaBaHeTO
Ha kayecTBarta Ha J/IMHWUTE yfecHsBa W3-
6opa Ha KOMMOHEHTW MpU Cb3LaBaHETo
Ha HOBW NO-BUCOKO NPOAYKTUBHU XMbpuan
(Lee at al., 2006; Reid at al., 2013, 2014;
Yordanov, 2019).

Llenta Ha ToBa u3cnegBaHe e Aa
ce npoy4yaT arpobuonorMyHnTE K ceme-
NMPON3BOAHN XapaKTEPUCTUKNTE Ha POAU-
Tenckute dopmu Ha xmbpug KHexa 461
3a HYXAuTe Ha CeMenpon3BOACTBOTO My.
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characteristics of hybrid Kneja 461 parental
forms for its seed production needs.

Key words: maize, inbred line,
combining ability, inflorescence biology,
seed production coefficient

INTRODUCTION

Maize Research Institute - town of
Knezha offers an abundant and diverse
portfolio comprising maize hybrids from all
maturity groups and application directions,
sustainable to diseases, pests and
unfavourable environmental conditions
thus trying to satisfy seed demand on the
market. The experience of countries with
contemporary, highly developed agriculture
shows that one of the most important
conditions for successful and timely
implementation in production, as well as

the total realization of any newly
established maize hybrid productive
abilities, appears to be their seed

production level and the seeding material
quality (Akhtyrtsev, 2002; Yagdi et al,
2005; Sotchenko et al., 2009 a, b;
Gorbacheva et al., 2011; Valkova et al.,
2013). This requires clarification of
questions connected with genetic equability
and parental lines’ inflorescence biology,
their tolerance to seeding density, scheme
and deadline of seeding etc.

The complete agrobiologic characteristic
of perspective and quality-proven maize
lines is of essential importance for the
breeding and seed production process.
Awareness of lines’ qualities facilitates the
component’'s selection when new and
more productive hybrids are created (Lee
at al., 2006; Reid at al., 2013, 2014
Yordanov, 2019).

This survey target is to study the
agrobiologic and seed production
characteristics of hybrid Kneja 461
parental forms for its seed production
needs.



MATEPWNAN N METO4WA

EkcnepvmeHTanHata paboTta e us-
BeZleHa B ONWTHOTO nosie Ha HCTuTyT no
uapesuuata rp. KHexa npe3 nepuoga
2017-2018 r. B kauecTBOTO Ha 6Guonoru-
YeH martepuasl ca M3nosi3BaHn camoonpa-
weHnte nuHum KC 45 23 n K 46 52.

MaliunMHMAT KOMMOHEHT — NHBpeaHaTa
nuHna KC 45 23 e cb3gageHa no metoga
.pedigree selection” oT ekcnepumeHTaneH
Xnbpug B CpegHoO paHHaTa rpyna Ha
3psnocT. Mo reHeTnyHa NPUHAA/IEXHOCT
ce oTHacs kbMm SSS (Stiff Stalk Synthetic)
XeTeposucaHa rpyna.

BawwmHaTta cdopma - nuHuaTa K 46
52 ce kbM reHeTu4yHa rpyna Lancaster n e
C AoKasaHa BMCOKa obuwa n cneynduyHa
KOMOMHaTMBHA CNOCOGHOCT.

3anoxeHn ca ABa paH4oMU3MpaHu
nosickn onuta, no 61okoBust metog (Shanin,
1977), npu ycnosus 6e3 HanosiBaHe, B
TpU MOBTOPEHWS, pPeKoNTHa napuenka ot
10 m® u fBe rbCTOT Ha nocesa (6000
pacTt/da n 6500 pacteHusi/da). 3a onpege-
nsiHe gobuBa Ha 3bPHO BbB (hasa Mb/iHa
3pSAIOCT OT BCEKM BapuaHT e B3eTa cpes-
Ha npob6a oT 5 kg Ko4yaHu. MaTtemartunyec-
KaTa 06paboTka Ha AaHHUTE e NnpoBegeHa
no MeToda Ha eAHOIaKTOpHMSA Auchep-
cnoHeH aHanm3 (Dimova and Marinkov,
1999). PasMHOXUTE/THUA KOe(ULMEHT Ha
nnHuuTe e onpegeneH no Breshkov et al.
(1962).

XXusHeHocTTa Ha npaweua npes
uenus feH e onpegenieHa ypes3 HaHacs-
HETO My BbpXy TPUAHEBHU 6/1M3baua no
yacose B 8, 10, 12, 14, 16 h.

B 130naL0HHOTO nosie ca 3asoxe-
HW MO ABa MapasiesiHnM onuTa: MbpBUS 3a
onpegesisiHe Mb/IHOTO Cb3psiIBaHE Ha CBU-
nata “ NOCAefoBaTenHoOCTTa, C KOSITO
npoTuya B NPeAesMTe Ha Ko4yaHa, a BTO-
pusi 3a MpocregsBaHe MpPoOAb/IKUTEN-
HOCTTa Ha >XM3HEeCnoco6HOCT Ha cBuiaTa
(Manbaev, 1962).

Cnep npubupaHe BbB hasza Nb/Ha
3pSAIOCT Ha BCEKM KOYaH € W3BbPLUEH
UHAVBUAYaNeH aHanvs, BKIYBaLL 006Ly
6poil Ha uBeTYeTata Ha koyaHa, 6pos Ha
OnMofeHUTEe LBETYETA U TEINOTO Ha 3bPHO-
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MATERIAL AND METHODS

In the period 2017-2018
experimental work was carried out in the
trial field of Maize Research Institute —
town of Knezha. The inbred lines KC 45
23 and K 46 52 were used as biological
material.

Maternal component — the inbred
line KC 45 23 was established applying
“pedigree selection” method from an
experimental hybrid from medium early
maturity group. Genetically it belongs to
SSS (Stiff Stalk Synthetic) heterogeneous
group.

Paternal component — K 46 52 line
falls into Lancaster genetic group and has

a proven high total and specific
combinative ability.
Two randomized field trials,

pursuant the block method (Shanin,
1977), were set up under non-irrigation
conditions, with three replicas, harvest
plot of 10 m® and two plant densities
(6000 plants/da and 6500 plants/da).
From both variants was harvested an
average sample of 5 kg ears in order to
determine the grain yield of total maturity
phase. Mathematical data processing was
done pursuant the method of single factor
disperse analysis - ANOVA (Dimova and
Marinkov, 1999). Seed production
coefficient of lines was determined
pursuant Breshkov et al. (1962) method.

Pollen vitality for the whole day was
determined by putting it on three-days
stigmas at 8:00 a.m., 10:00 a.m., 12:00
a.m. and 2:00 p.m. and 4:00 p.m.

In the isolation field were set up two
parallel trials: the first one was for
determination of complete silk maturity
and its consistency within the ear, the
second one was to monitor the silk vitality
duration (Manbaev, 1962).

After the harvest during total/full/
maturity phase each ear was individually
analyzed for total ear flowers, the inbred
flower number and ear kernals weight.



TO OT KoyaHa. CTeneHTa Ha Ha 03bpHsIBaHe
(%) e HanpaBeHa no Garbur et al. (1980).

PE3SYNTATU N OBCBbXOAHE

KC 4523 e ot rpynata Ha cpefHo
paHHuTe nvHUKM uapesuua 400-499 no
®AO. Nma fobpu arpobUoNorMyHM xapak-
TepucTvkn. MuHana e ycnewHo odu-
LManHusa TecT 3a pas3IMyMMoCT, XOMOreH-
HOCT M CTabWIHOCT Ha [bpXaBHOTO COp-
ToM3nuTBaHe Ha Peny6nuvka Bbarapus.
Mpu ecTecTBeHN YCNOBUA Ha OTrexgaHe
€ ycToumMBa Ha WKOHOMWUYECKN BaXKHU
601ecTn U HenpuaTeIM Npu LapesuyaTa.

LibpTexsbT Ha penponykTUBHUTE
opraHn e npoTepaHapuyeH Tum, KaTo
nepvoabT OT MOHMKBaHE A0 Ub(Tex Ha
MeTnmuata e 61-65 AHK, a To3M OT MOHUK-
BaHe [0 u3cBuisBaHe — 63-68. LibdhTe-
XbT HA MeT/iMuaTa npogbskasa 5-7 AHu,
a Ha cBunata 6-8 AHW. OBUKHOBEHO
XM3HECNOCOBOHOCTTa Ha npaiwlieua e Hai-
BMCOKa Ao 13 h, a cnen ToBa C nosuwa-
BaHe Ha Temneparypara v HamanssaHe
Ha OTHOCUTEsIHaTa BNaXHOCT Ha Bb3ayxa
nocteneHHo Hamanssa. MeTnuiuata e
usnpaeeHa, ¢ 5 40 6 Ha Gpoil MbpPBUYHYK
Pa3K/IOHEHUSA N XBATU TUYUHKUA. brbabT
Mexay frfaBHata OC Ha MeTnuauara wu
CTpaHu4HUTE paskKNoHeHus e okosio 40-
50° (neko n3eutn). CBMAaTa Ha KovyaHa e
C aHTOLMaHOBO OLBeTsABaHe.

Obwara BUCOYMHA Ha /MHUATA €
160-175 cm. CTb6/10TO € YyCTOYMBO Ha
nonaraHe. bpos Ha nuctat Bapupa ot 10
o 12. BucouvHata Ha 3anaraHe Ha
OCHOBHMSA Ko4yaH e 75-90 cm. B rogmHu ¢
no-61aronpuUATHU  KIMMaTUYHU  YC/I0BUSA,
NMHVATA € [BYKOYaHHa. [Jb/mkmMHaTa Ha
KoyaHa e 13-16 cm. bpoAT Ha peposete
My e 14-16 (Purypa 1). 3bpHOTO € XbNTO,
nonyTBbLPAO 1 3aema 75-80% OT TernoTo
Ha koyaHa. BpeTeHoTO e uyepBeHO. JluHusTa
npuTexasa BUCOK NOTeHUMan 3a Jo6uB.
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The kernel set level (%) was done
pursuant Garbur et al. (1980).

RESULTS AND DISCUSSION

KC 4523 belongs to the medium
early maize group 400-499 pursuant FAO.
It is with good agrobiologic characteristics.
It passed successfully the official test for
discernibility, homogeneity and stability of
State Varietal Testing in R. Bulgaria. When
cultivated in natural conditions it is
resistant to serious diseases with
economical impact and to pests on maize.

Reproductive organs’ flowering is
from protandric type, the period from
germination to tassel inflorescence is 60-
65 days, and from germination to silk
formation the period is 63-68 days. The
tassel florescence continues 5-7 days,
and the silk florescence — 6-8 days.
Generally the pollen vitality is the highest
up to 1:00 p.m., and then it gradually
declines due to the increased temperature
and the decreased average air humidity.

Tassel is upright with 5-6 pcs. of primary
branching and yellow stakes. The angle
between tassels’ main ax and lateral
branching is about 40-50 (slightly curved).
The ear silk has slightly anthocyanin
colouring.

The total height line is 160-175 cm.
The stalk is lodging resistant. The leaves’
number varies from 10 to 12. The height
of main ear location is 75-90 cm. During
years with more favorable conditions the
line has two ears characteristic. Ear
length is 13-16 cm and its rows’ number —
14-16 (Figure 1). Kernel is yellow, semi
hard and makes 75-80% of the ear
weight. Maize cob is red. This line has
high yield potential.



dwr. 1. InHna KC 4523
Fig. 1. Line KS 4523

HauvHbT Ha obpa3yBaHe M pa3su-
TMe Ha 3bpHaTa B KoyaHa ca pas/iMyHu
KaKTO 3a BCeKV OTAesieH reHOTWM, Taka 1
B 3aBMCMMOCT OT BPEMETO Ha onpalliBa-
He. Mpu nnHna KC 45 23 He3zaBUCUMO OT
OEeHs 1 MPOABL/DKUTETHOCTTA Ha onpatl-
BaHe, OMNJIOXAAHETO Ha LBeTyeTara Ha
KoyaHa e Mo uganara Ab/hKuHa. 3HauuTe-
JIeH NPOLEHT Ha OM/I0A4eHOCT Ha cBuiaTa
Cce oTuuTa ole Ha TpeTus AeH (65,5%).
3anasBa ce Bb3npuemMumsBocTTa Ao 9-tus
aeH (71,3%), cnepn koeTo pA3Ko cnaja Ao
3,5% Ha 11-Tna geH. MNpu onpallBaHe Ha
TPpUHaJECETAHEBHN CBUAM 3aBpPb3 Ha
cemeHa He e oTyeTeH (Tabnmuya 1).
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The ways of kernel formation and
development differ for each individual
genotype and from the time of pollination,
as well. In KC 45 23 inbred line
irrespectively of pollination day and its
duration, the ear flowers along the whole
length are fertilized. Considerable
percentage of silk fertilization is recorded
as early as the third day (65.5%). Till the
ninth day the receptivity is retained
(71.3%) and then on the eleventh day it
sharply declines to 3.5%. After the
pollination of 13-days old silks no kernel
formation was recorded (Table 1).



Tabnuua 1. Bb3nprveMuMBOCT Ha cBMNata KbM npawleua, B 3aBMCMMOCT OT
JartaTa Ha nosiBata i1 (% 03bpHABaHe Ha Ko4aHa)
Table 1. Receptivity of the silk to pollen, depending on the date of silking (%

kernel in the ear)

[Hun oT nosiBata Ha cBunarta / Number days since the silk exsertion
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100. 71.
KC 45 23 65.5 | 85.8 | 79.3 86.7 | 91.0 83.2 35 5.0 0.0 0.0
0 3
75.
K 46 52 75.4 | 94.0 | 80.9 | 98.0 | 80.8 | 97.0 9 95.0 5.3 7.0 .0 0.0

MpeAcTaBeHNAT AMCMEPCUOHEH aHa-
nn3 3a nobus 3bpHO Ha fivHUA KC 45 23
(Tabnuua 2) nokasea, 4e Mma [LOCTOBEp-
Ha pasfivka B nony4vyeHus [o6vBe oT aseTe
rbctotn (P=0,1%). lMo-BUCOK € TOoii npwu
rbcToTa 6500 pacTt/da.

The presented disperse analysis of
KC 45 23 line grain yield (Table 1) shows
that there is a reliable difference in the
harvested vyield from both densities
(P=0.1%). Yield is higher with density
6500 plants/da.

Tabnuua 2. AMCrnepcuoHeH aHanu3 3a A06UB 3bPHO Ha camoonpalleHa JINHUSA

KC 4523

Table 2. ANOVA results for grain yield of inbred line KC 4523

ANOVA

Source of Variation SS df MS F F crit
MoBTopeHus / Repetitions 237.42 2

MsetoTn / Plant density 49340.80 1 49340.80 108.52 98.49
Within 909.33 2 454.66

Total 50487.55 5

VkoHOMMYeckaTa e(qIeKTUBHOCT Ha
CEMENpPOM3BOACTBOTO Ha Xxubpugnute go
rofisiMa CTeneH 3aBuUcKu OT NPOAYKTUBHUTE
Bb3MOXHOCTM U Pa3MHOXUTENHNUS Koedu-
UMEHT Ha MaliunHata chopma. B 3aBucu-
MOCT OT YC/NOBMATaA Ha OTrexpgaHe,
PasMHOXUTETHUAT KOE(PULMEHT Ha JIMHUSA
KC 45 23 Bapupa ot 194,9-308,8.

BawmHaTa popma — nuHKs K 46 52
e cobwo ot rpyna 400-500 no ®AO.
JlvHusiTa e ¢ gokasaHa BUCOKa o6ua u
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The economic seed production
efficiency in hybrids depends to a greater
extend on productive abilities and seed
production coefficient of maternal form.
Depending on the growing conditions, the
propagation coefficient of KC 45 23 line
varies from 194.9 to 308,8.

Paternal form, i.e. K 46 52 also
belongs to group 400-500 pursuant to
FAO. This line has proven high total and




cneymdguyHa KOMObUHaTMBHA CNOCOGHOCT.
M3non3ea ce OCBEH KkaTO TecTep Ha
HOBOCTabWM3NpaHn NUHWK Lapesula u
KaTo KOMMOHEHT B XxnbpugHarta cenekuus.
K 46 52 e 6awmHa hopma Ha Tpy TbPro.-
CKN XMbpnan Ha VIHCTUTYT No Lapesuuata
rp. KHexa — KHexa 317, KHexa 435 wu
KHexa 461. Lib(TexsbT Ha penposyKTmB-
HUTE oOpraHn e noyYTn eaHOBPEMEHEH.
MeproabT OT MOHUKBaHE A0 Ub(Tex Ha
MeT/imuata e 62-64 gHu, a TOo3n OT
NoOHVKBaHe [0 N3cBunaBaHe — 63-65.

MeTnuuata e nsnpaseHa. bpoAT Ha
NbPBUYHUTE Pa3K/IOHEHUS ca 5-7 U C XbJl-
TV TUYMHKK. [MpaweusbT 3anassa >XU3He-
cnocobHocTTa cn 16-20 h cneg otaensiHeTo
OT MeT/muyaTa. LibpTexsT Ha meTnvyaTa
npogwsixasa 6-7 AHW, a Ha csunarta 7-9
AHn. CBunaTa Ha koyaHa e cbC cnabo
aHTOLUMAaHOBO OLBeTHABaHe.

B 3aBMCUMOCT OT yCcnoBusTa Ha OT-
rnexaHe, obwara BMCOYMHA Ha NMHUATA
Bapupa ot 195 cm go 235 cm. CTb6/10T0
e pobpe ob6nucteHo (11-13 6p.) wu
ycToluMBO Ha nonsraHe. KoyaHbT ce
3aU1ara Ha 6-7 KONiHO Ha BUCOYMHA OT 85-
115 cm. lNpu BUCOKa arpoTexHuka uan
[o6py KNUMAaTUYHM YCNOBUSA, JIMHUATA €
ABykoyaHHa. KoyaHbT € UUNuHOpUYEH C
ObmkmHa 17-19 cm. bpodart Ha pepoBsete
My e 12-14 n 23-27 6p. Ha 3bpHa B pea.
3BbPHOTO € XbATO, NoMyTBbLPAO. PaHae-
MaHbT My e 80-82% OT TersioTo Ha Kova-
Ha. BpeTeHoTO e yepBeHo (Purypa 2).

XapakTepHOTO 3a UubgTexa Ha
XEHCKMA  PEenpoayKTUBEH oOpraH npu
nunHuA K 46 52 e, ye nosBara Ha csuiarta
U HacTbnBa NO-gMHaAMU4YHO, a OTMUpPaHe-
To U e No-NPOABL/KUTENHO, B CPaBHEHMWE
C MaiumHata copma Ha xubpuga.
OonnoxgaHeTo Ha LBeTyeTaTa Ha KodaHa
3anousa OT OCHOBaTa KbM Bbpxa. XKunsHe-
HOCTTa Ha 6sm3bauyata U ce 3anassa Ao
9-9 peH (75,9%), cnep KoeTo HamasnsiBa
00 5,3% Ha 11-a geH (Tabnuua 1).

[bCcTOTaTa Ha noceesa oOKas3Ba
[OCTOBEPHO B/IMSIHME BbPXY BapupaHeTo
Ha npu3Haka npu vHua K 46 52. ANOVA
nokassa [ocToBepeH BapuaHc (P=5%) 3a
¢hakTopa rbctota (Tabnuua 3).
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specific combinative ability. Besides as a
tester of the newly stabilized maize lines it
is used also as a component in the hybrid
breeding. K 46 52 is the paternal form of
three commercial hybrids of Maize
Research Institute - town of Knezha,
namely — Kneja 317, Kneja 435 and Kneja
461. Inflorescence of the reproductive
organs is almost simultaneous. The period
from tassel germination to its inflorescence
is 62-64 days, while the period from
germination to silk exsertion is 63-65.

The tassel is upright. The number
of primary branching is 5-7 with yellow
stakes. The pollen retains its vitality 16-20
hours after it separates from the tassel.
Tassel inflorescence continues 6-7 days,
the silk inflorescence is 7-9 days. The ear
silk has slightly anthocyanin colouring.

Depending on the growing
conditions, the total height line varies from
195 cm to 235 cm. The stalk has
numerous leaves (11-13 pcs.) and is
lodging resistant. Ear is located on 6-7
knee at height of 85-115 cm. When high
agricultural equipment is applied or under
good weather conditions the line develops
two ears. The ear shape is like a cylinder
with length of 17-19 cm. There are 12-14
rows in the ear, and 23-27 pcs. of kernels
in each row. Kernel is yellow coloured and
semi-hard. Its yield is 80-82% of the ear’s
weight. The maize cob is red (Figure 2).

Characteristic feature of the female
reproductive organ inflorescence in K 46
52 line is that its silk formation is more
dynamic, while the silk passing-out is
longer than the hybrid maternal form.
Fertilization of ear flowers starts from the
base to the top. The stigma vitality is
preserved till the ninth day (75.9%), then it
declines to 5.3% on the eleventh day
(Table 1).

Plant density has a reliable impact
on the characteristic variation with K 46
52 line. ANOVA shows reliable variance
(P=5%) of the density factor (Table 3).



JlvHnaTa e TonepaHTHa Ha Crbe-
TABaHe Ha MocesBa W peanu3npa Hali-
BMCOK [06MB Npu no-ronsmara rbcrora -
6500 pacTt/da. PasaMHOXWUTENHMAT Koedu-
LMEHT Ha NuHuATa Bapupa ot 165,9 fo
300, B 3a@BMCMMOCT OT rbCTOTaTa Ha
rnocesa v roguHaTa Ha oTr/iexaaHe.

The line has tolerance to the
growing seeding density and gives the
highest yield with the higher density —
6500 plants/da. This line seed production
coefficient varies from 165.9 to 300
depending on the plant density and the
growing year.

dur. 2. InHnsa K 4652
Fig. 2. Line K 4652

Ta6nuua 3. AMCrnepcuoHeH aHanu3 3a A06UB 3bPHO Ha cCaMoompalleHa NIMHAS

K4652
Table 3. ANOVA results for grain yield of inbred line K 4652
ANOVA
Source of Variation SS df MS F F crit
Within 2549.41 2
Total 59064.53 5 1274.70
N3BOAU CONCLUSIONS
Bb3 oOcHOBa Ha oueHKata Ha Based on the estimation of these
NMHMMTE, HanpaBeHa B HacTosweTo | lines done in this study and in connection

npoyyBaHe U BbB BPb3Ka M3MNOM3BAHETO
UM B CENEKLUMOHHUSI U CEMEeNpon3BoaeH
NpoLec ca HanpaBeHU C/IEAHUTE N3BO/N:
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with their use in the breeding and seed
production  process, the following
conclusions are made:



Hali-Bucok [[o6uB 3bpHO [ABETE
NMHUK  peanuampar npu rectota 6500
pacTt/da.

B roguHun ¢ no-6naronpuaTHU KAu-
MaTU4YHWM YCNOBUSA, KM3HECNOCOBHOCTTa
Ha 6nm3bnyata Ha NuHua KC 45 23 ce
3anasBa [0 6-8 [geHoHowwme cneg
nosisata UM OT OGBUBHWUTE SIUCTa, a Npwu
nuHna K 46 52 To3m nokasarten e 7-9 geH.

Mopaan cuHXpoHa B UbMTEX Ha
penpoayKTUBHUTE POpMU Ha AiBEeTe poau-
Te/ICKA NUHWUK, centbata Ha cemenpoms-
BOAHWUTE y4yacTbUM Ha xubpug KH 461
TpsibBa Aa e eAHOBPEMEHHA.

Both lines give the highest grain
yield at plant density 6500 plants/da.

During years with more favorable
weather conditions, the stigmas’ vitality of
KC 45 23 line stays up to 6-8" day after
their appearance, while with K 46 52 line
this index is 7-9" day.

As the reproduction forms of both
parental lines have synergy in flowering,
the seeding in seed production plots of
hybrid Kneja 461 should be done at the
same time.
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PE3OME

B cTtatugarta e npefcTtaBeHO Hay4yHO
CbOOLLEHNe 1 onncaHne Ha HOBO Cb3fa-
AeHunsa 1 ohrymanHo npusHat bbarapcku,
BMCOKO A06MBEH, CPeAHO KbCEH Xubpua
uapesmya KHexa 561, cb3gageH B
MHcTuTyTa no uapesuuaTa - KHexa. KaTto
pe3yntaT Ha Ab/AroroguLHa CeeKLUNOHHO —
reHeTM4yHa paboTa e cb3gajeH u npusHar
HOB, BMCOKO A00OMBEH, CPeAHO KbCEH XMNO-
pug uapesuya KHexa 561. Xnbpung KHexa
561 e KOHKYPEHTHO CNocobeH ¢ Aoka3aHu
Bb3MOXHOCTW 3a MHOr0 BUCOKM [06UBWU,
NoTBBbPAEHN OPULMANHO OT U3NUTBAHUA
KakTo B Bbnrapusa, Taka n B Cbpbusa u
PyMbHUA. Mpy HENOSIMBHU YCNOBUSA, Ha
OTAe/IHMN MYHKTOBE, OT HEero peasHoO ca
nonydyeHn go 12000 kg/ha crtaHpgapTHO
3bpPHO, a npwu MNOMUBHW YCMOBUA — [0
14000 kg/ha cTaHAapTHO 3bpHO.

KntouoBn aymun: uapesuua (Zea
mays L.), HOB cpegHO KbCeH Xubpup
KHexa 561

YBO/,

Cb3faBaHeTO Ha HOBW MO-BUCOKO
[OBVBHMN 1N KOHKYPEHTHO CMOCOGHM Xnbpu-
OV uapeBuua e KpaiHaTta Lef Ha Hay4Ho
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SUMMARY

The article presents a scientific
report and description of the newly
created and officially  recognized
Bulgarian, high-yielding, medium-late
Kneja 561 maize hybrid, established at
the Knezha Maize Institute. As a result of
many years of breeding and genetic work,
a new, high-yielding, medium-late Kneja
561 hybrid maize has been created and
recognized. The Kneja 561 hybrid is
competitive  with proven high yield
capability, officially confirmed by trials in
both Bulgaria and Serbia and Romania.
Under non-irrigation  conditions, at
individual points, up to 12000 kg/ha of
standard grain was actually obtained from
it, and under irrigation conditions up to
14000 kg/ha of standard grain.

Key words: maize (Zea mays L.), a
new mid-late Kneja 561 hybrid.

INTRODUCTION

Creating new higher yielding and
competitive maize hybrids is the ultimate
goal of research. And the most extensive



uscnegosatencka pabota. W Hai-
3aabnboyeHnTe uscnenBaHus Ha pacrte-
HUATA, M3MN0/3BAHETO Ha Pas/IM4yHN HOBU
Hay4YHU METOAM U TEXHUKN He Buxa nmanu
0CO6EHO 3HauyeHuwe, ako He BOAAT g0
Cb34aBaHeTo Ha HOBMW MO-BMCOKO L06UB-
HW, MO-KAYEeCTBEHM M MO-yCTOWYMBMK COp-
TOBE OT Jocera CbllecTByBaluTe, ako He
BOAAT [0 peasieH CefleKUMOHEH Mporpec
(Yugenheimer, 1979; Russel, 1986;
Hallauer,1988; Reid et al., 2013, 2014).

3a [a ce OUEeHAT peaslHUTe Kadec-
TBa Ha BCEKM HOB COpT, TOW TpsibBa Aa
6bAe M3NUTBaH NPU BBH3MOXHO Hali-pas-
HOOGpa3HM eKOJI0ro reorpaBCckn YCnoBus,
U ga 6baaT cpaBHABaHU NPOAYKTUBHUTE
MYy WAW OPYrM HEroBU KayecTBa C Hai-
[obpute cTtaHgapTHW COPTOBE U3MO0/3Ba-
HW B Te3n paiioHn. HecnaseaHeTo Ha Tesun
OCHOBHU MpaBw/ia BoAM A0 3a6/yxaeHue
B OUEHKaTa Ha peasHUTE KayecTBa Ha
copTa. PaHo 1M No-KbCHO TakbB COPT e
6bAe OTXBbPMEH OT 3emMefesickute
Npou3BOAMTENN, KOUTO Ca HaW-TOYHWUS WY
00eKTMBEH KpuUTEepuil 3a KadyecTBara Ha
JafleHnst HoB CopT.

LlenTta Ha Ta3su ny6nvkaums e ga ce
npeacTaByM Ha HayyHata O6LWHOCT U Ha
3emefesickuTe  Mpous3BOSUTENN  HOBMSA
BMCOKOA0OMBEH CPEAHO KbCEH Gbrapcku
xnépug uapeBuua KHexa 561, kato
pesynTtaT OT HoBaTa Gbarapcka cenekuus
Ha uapesuua, NOAPO6GHO OMMCBAWKK O U
OUEHsIBaliKW  MakKCUMaslHO  06EKTUBHO
NPOAYKTUBHUTE MYy KayecTBa 3a A06uB Ha
oypaHO 3bpHO.

MATEPWNAN N METO4WA

Xubpua uapesuua KHexa 561 e
CpefHO KbCeH Xnbpua, uapesula 3a 3bpHO,
rpyna 500 no ®AO. Vma lMateHTeH cep-
TUgukat permctpaumoHeH Ne 11132 P2
ot 12.12.2017r. Cb3gageH e B HcTUTyTa
no uapesuyata - KHexa oT pgou. A-p
Feopru MoppaHos. V3nonssaH e meToga
Ha OBYNVHENHaTa xmbpugusaumsa Mexapy
reHEeTUYHO  OTAAsIeYEHN  CEeJIEKLMOHHN
MaTepuanu 3a nocTuraHe Ha MakCUMasiHO
BMCOK XeTepo3nceH eqoexT.

CenekuMoHHUAT npouec Mo Cb3-
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plant research, the use of various new
scientific methods and techniques would
not be of much importance if they did not
lead to the creation of new, high yielding,
better quality and more resistant varieties
than the existing ones, if they do not lead
to real breeding progress (Yugenheimer,
1979; Russel, 1986; Hallauer, 1988; Reid
etal., 2013, 2014).

In order to evaluate the real
qualities of each new variety, it must be
tested under the most varied ecological
geographic conditions, and its productive
or other qualities compared with the best
standard varieties used in those regions.

Failure to comply with these basic rules is
misleading in the assessment of the true
qualities of the variety.

Sooner or later, such a variety will be
rejected by the farmers, who are the most
accurate and objective criterion for the
quality of the new variety.

The purpose of this publication is to
present to the scientific community and
farmers the new high-yielding medium-
late Bulgarian hybrid corn Kneja 561, as a
result of the new Bulgarian selection of
maize, detailing it and evaluating its
objectively productive qualities for the
production of feed grain.

MATERIAL AND METHODS

Kneja 561 Hybrid is a medium late
grain corn hybrid, FAO 500 group. Has
Patent Certificate Registration No. 11132
P2 dated 12/12/2017. It was created at
the Maize Research Institute - Knezha by
Assoc. Prof. Georgi Yordanov. The
method of two-line hybridization between
genetically distant selection materials was
used to achieve the highest possible
heterosis effect.
for the

The selection process



JaBaHe 1 HayasIHO U3NUTBaHe Ha Xmbpu-
Aa obxsauwa nepuoga 2003-2012 r. Mpe3
2013r. xubpupga e npeacTtaBeH 3a
nsnuTBaHe 3a BKWOMOrMYHM U CTOMaHCKU
kauyectBa /BCK/ n Pasnnummoct, xomo-
reHHOCT M cTabunHocT /PXC/ B Abpxas-
HaTa areHuus Ha Bonrapusa - MACAC.
Mpe3 2015 r. xmbpug uapesuLa
KHexa 561 6ele u3nutaH npu ycnosus
6e3 HanosiBaHe, B paHAOMU3UpaHu 6J10-
KOBM ONUTM B TPW MNOBTOpPeHuA B P.
Cbpbusa n B P. PymbH/A U cpaBHABaH C

TEXHW BUCOKO  [O0OOGMBHM  CTaHOapTH
LapesuLa.
M3cnegBaHn ca  nokasartenure

[O6MB Ha CTaHOApPTHO 3bPHO OT XekTap,
BNara Ha 3bpHOTO MpW pekonThpaHe wu
nepcopmMaHc nHaekc - Pi, kaTo oTHOLle-
Hue Ha gobuBa Ha 3bPHO KbM Bnarara Ha
3bPHOTO Npu npubupaHe. CrartucTnyec-
Kata 06paboTKka Ha faHHUTE N3BBbPLUUXME
no metoauvka Ha Shanin (1977). EpaHo-
BPEMEHHO C TOBa U3NUTBAHETO Ha X1bpu-
fga 6e npoabmkeHo u B MACAC n B
MHcTutyTa no uapesuuarta B KHexa. o
TO3M Ha4MH 6€ OCbLUECTBEHO €KOSTIOTNYHO
OTAa/leyeHO W3MNUTBaHE Ha 4YeTupu reo-
rPaBCKM OTAaNIeYEeHN MNYHKTa, KOeTo Ja
OCUTYpU MakCUMasiHO OGEKTUBHO OLEeHS-
BaHe Ha NMpoAyKTUBHWUTE KayecTBa 3a [o-
61B Ha ypaXkHO 3bPHO Ha HOBUS BUCO-
KofobuBeH G6bArapcky xmbpua Lapesuua
KHexa 561.

Ha ®urypa 1 n durypa 2 ca npeg-
CTaBeHW BU3yaslHO xabuTyca Ha pacTte-
HUATa, KOYaHM B CTaHAapTHa TEXHONOo-
rMyHa 3penocT, Nnpepes Ha KoyaHa U 3bp-
HO OT Ko4yaHa OT HOBMS BUCOKOAO0OVBEH
6bArapckn xmbpug yapesnua Knexa 561.
Kakto ce Bwxpa oT durypata, koyaHute
ca nobpe 0hOpMEHN, O3BPHEHN A0 BbpXa
C TbHKa Kakasallka W BUCOK paHAemaH Ha
3bPHO — A0 90% OT TErnoTo Ha KoyaHa.
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creation and initial testing of the hybrid
covers the period 2003-2012. In 2013, the
hybrid was submitted for testing for
Biological and Economic Properties /BEP/
and Diversity, Homogeneity and Stability
/IDHS/ at the State Agency of Bulgaria -
IACAS.

In 2015, the Kneja 561 hybrid
maize was tested under irrigation
conditions, in randomized block trials in
three replicates in the Republic of Serbia
and in the Republic of Romania and
compared to their high-yielding maize
standards.

The indices of standard grain yield
per hectare, grain moisture during
harvesting and performance index - Pi
were investigated as the ratio of grain
yield to grain moisture during harvesting.

The statistical processing of the data was
performed according to Shanin (1977). At
the same time, the hybrid test was
continued at both IACAS and the Maize
Institute in Kneja.

In this way an ecological remote testing of
four geographically remote points was
carried out in order to ensure maximum
objective assessment of the productive
qualities

Figure 1 and Figure 2 show visually
the habitat of plants, cobs in standard
technological maturity, a cross-section of
cobs and cob grains from the new high-
yielding Bulgarian corn Kneja 561.

As can be seen from the figure, the cobs
are well shaped, gnarled to the top thin
turbot and high grain yield - up to 90% of
cob weight.
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Fig. 1. Plants of medium late hybrid Kneja 561 hybrid with optimal total leaf area

of the plants
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dur. 2. CpeHO KbCeH xubpua uapeBuua KHexa 561 (nateHTeH CepTtudivkar

Per.Ne 11132 P2 ot 12.12.2017r1.)

Fig. 2. Medium late corn hybrid Kneja 561 (Patent Certificate Reg.Ne 11132 P2 from

12.12.2017)

Mo-BaXHUTE XapakTepuUCTUKM Ha
xnbpug uapesuua KHexa 561 ca
cnepgHvre:

pyna Ha 3pAnocT CpegHo
KbCeH xnbpug, Lapesuua 3a 3bpHo, rpyna
500 no ®AO. OT noHWMKBaHE A0 MNbJjHA
3pAn0CT gocTura 3a okono 120-125 geHa.

PacTteHusa — BucounHata Ha pacrte-
HuATa goctura okono 260-280 cm, 3apa-
BMW, YCTONYMBM Ha nonsraHe, ¢ fobbp xa-
6uTyc 1 egpu nucta. HopmasHO m3xpaH-
Bar no 1-1,2 efpu KoyaHa 3a0XeHN Ha
BucounHa 110-120 cm (durypa 1).
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The more important characteristics
of the Kneja 561 hybrid corn are the
following:

Maturity Group Medium late
hybrid corn for grain, FAO 500 group.
From germination to full maturity reaches
about 120-125 days.

Plants - The height of the plants
reaches about 260-280 cm, strong, stable,
with good habit and large leaves.
Normally feed on 1- 1.2 large cobs, set at
a height of 110-120 cm (Figure 1).

Cobs - The cobs are large, 25-29



KoyaHu — KouaHute ca egpwu, 25-
29 cm Agbnrn, pobpe odopMeHu
npasuHW pefioBe N 03bPHEHN [0 rope, €
BMCOK paHAemaH Ha 3bpHO. Kakanalukara
€ TbHKa C po30B UBAT (Purypa 2).

3BbpPHO — 3BLPHOTO € APKO XbJITO,
TUN KOHCKM 3B6, ¢ Terno Ha 1000 3bpHa
Han 400 g, necHo ce othensa /poHu/ ot
KakanawkaTta. PaHgemaHa Ha 3bpHOTO €
BUCOK — OKOJ10 1 Haf 88% OT Tersioto Ha
KoyaHa. Bbbp3o wu3nycka Bnarata KbM
HOPMaJTHUSA CPOK Ha XbTBa.

MpoayKTMBHOCT — Xubpua KHexa
561 e ¢ AokasaHu Bb3MOXHOCTU 3a MHOIO
BWCOKM A06MBM 3bPHO MNpu 6/M3Ka A0
CTaHfapTa Bnara, NoTBbPAEHN ohuuman-
HO OT U3NUTBaHWUA KakTo B Bbarapus, Ta-
Ka n B Cbpbus n PymbHus npes 2015 rog.
Mpu HenosvBHW YC/OBWUA, Ha OTAESHU
MyHKTOBE, OT HEro peasiHO ca MoJlyyeHu
0o 12000 kg/ha ctaHfapTHO 3bPHO, a npu
nonusHu ycnosus — pgo 14000 kg/ha
CTaHOapTHO 3bpHO C Bfnara npu
pekonTmupaHe okoso 15-16%.

PE3YJITATU N OBCBXXOAHE

B WHctutyta no uapesuuata
KHexa nma obaroroguiliHn Tpaguuun no
Cb3/laBaHeTO Ha HOBW, KOHKYPEHTHOCMO-
COGHM M BWCOKO MNPOAYKTUBHU Xnbpuam
LapesyLa oT pas/IMyHu rpynn Ha 3pesocT
W C pasNuyHM  HanpasneHws  Ha
usnonseaHe — 3a (ypaxHO 3bpHO, 3a
nofo6peHo KayecTBO Ha 3bPHOTO, 3a
KOHCEpBMpaHe W xpaHa Ha Xxopata —
3axapHa Uuapesuua W UapesBuua 3a
nykaHkm (Tomov, 1997; Hristov and
Hristova, 1999 Vulchinkov et al.,2003 ;
Genov and Genova, 2005; Yordanov,
2005, 2010, 2013, 2014; Glogova, 2010;
Valkova and Petrovska, 2018 n gp.).

B pesyntar oT uM3NUTBAHETO Ha
NPOAYKTUBHUTE Bb3MOXHOCTM Ha Xnbpuza
uapesmua KHexa 561 B NpeaBaputenHu
n KoHKypcHU copToBu onuTu 6e ycTtaHo-
BEHO, Ye xnbpuga gaBa BUCOKM W YCTOWR-
ymBM [OOMBU Ha 3bPHO NpeBuLIaBaLLN
Tesn Ha MoBeYyeTo OT M3NoN3BaHUTe XMbpK-
An uapesuua 3a ctaHgaptv (Tabnvua 1).

29

cm long, well shaped with regular rows
and flush to the top, with a high grain
yield. The stem of the cob is thin with pink
colour (Figure 2).

Grain - The grain is a bright yellow,
horse-tooth type, weighing 1000 grains
over 400 g. The grain yield is high - about
and over 88% of the weight of the cob.
Quickly releases moisture to normal
harvest time.

Productivity - Hybrid Kneja 561
has proven capabilities for very high grain
yields at close to standard humidity,
officially confirmed by tests in both
Bulgaria and Serbia and Romania in
2015. Under non-irrigation conditions, at
individual points, it is actually obtained up
to 12000 kg/ha standard grain, and under
irrigation conditions - up to 14000 kg/ha
standard grain with moisture at harvest
about 15-16%.

RESULTS AND DISCUSSION

The Kneja Corn Institute has a long
tradition of creating new, competitive and
high-yielding hybrids of maize from
different maturity groups and with different
uses - for feed grain, for improved grain
quality, for preservation and human
nutrition - for sugar corn and popcorn
maize (Tomov, 1997; Hristov and
Hristova, 1999 Vulchinkov et al., 2003;
Genov and Genova, 2005; Yordanov,
2005, 2010, 2013, 2014; Glogova, 2010;
Valkova and Petrovska, 2018, etc.).

As a result of testing the productive
capabilities of Kneja 561 hybrid maize in
the Preliminary and Competitive Variety
Trials, it was found that the hybrid yielded
high and sustainable grain vyields in
excess of most of the standard maize
hybrids used (Table 1).



Tabnuua 1. Pe3ynrtaTty OT CpaBHUTE/IHO U3NUTBaHe MexXay Obarapckus xmépupg
uapesmuya KHexa 561 v gpyrm BMCOKO NPOAYKTUBHU XMOpUAM B yCnoBusTa Ha
MHcTuTyTa no yapeBuua - KHexa, P. Bbnrapus npes 2015r. /6e3 HanosiBaHe/

Table 1. Results of a comparative test between the Bulgarian Kneja 561 maize hybrid
and other highly productive hybrids at the Maize Institute - Kneja, Republic of
Bulgaria in 2015 /without irrigation/.

poommswpro | o0 | B e o s neppopmane
HanmeHoBaHune Ha Kg/ha Ha po6busute 6riDaHe o NHAEKC
M3nuTBaHunTe Xnubpunam 14% Bnara |KbM CTaHgapTa npy ;p H +ot 0 th Pi
Name of Grain yield % Grain mooisture humiljig/ ofethe Performance
Test hybrids kg/ha The yields to at harvest standard index
14% moisture | the standard o % Pi
0 (1]
KHexa 561Kneja 561 12300.0 107.6 14.0 -1.0 8.8
KH435 10710.0 93.6 125 -2.5 8.6
KH509 10200.0 89.2 14.3 -0.7 7.1
KHM625 10500.0 91.2 18.3 +3.3 5.7
P9494 11560.0 101.0 14.8 -0.2 7.8
PR35F38 — CTaHaapT 11440.0 100.0 15.0 0.0 7.6
Standard
ToBa HW gafe OCHOBaHMe fa npo- This has given us reason to

OB/DKN NO-HATATbLUHOTO U3NUTBAHETO Ha
Xnépuga Ha cnegsalym, no-BUCOKN U eKo-
NIOTMYHO OTAANIeYeHN HUBA Ha U3NUTBAHe.

3a Tasu uen, oT xubpwuga uapesuua
KHexxa 561 6sxa wusnpaTeHn XubpuaHu
cemeHa 3a usnuteaHe B P. Cbpbusi n B P.
PyMbHUA, M 3a cCcpaBHAiBaHE C TeXHU
BMCOKO [06MBHM CTaHAapTy uapesuua.
OnutuTe ca m3BexaaHun npu ycnosus 6e3
HanosiBaHe Mo BbL3NPUETUTE TEXHOOorus
3a oTrnexpaHe Ha LUapeBula B Tesn
CcTpaHu, B paHAoMusnpaHu 6/10KOBK OnMu-
TV B TPV NOBTOPEHMS.

Ha Tabnuua 2 ca npeacraBeHu
pe3yntatute OT CpPaBHUTESTHO U3NUTBaHe
Mexay Obarapckusa xmbpua uapesuua
KHexa 561 © BWUCOKO MPOAYKTUBHWN
PymbHCKM Xxmbpuan B ycnoBuaTa Ha
dyHayna, P. PymbHus npe3 2015r. /6e3
HanosiBaHe/. Kakto ce Bwxga OT Tabnu-
yata, ObArapckuMaT Xxubpug uUapesuua
KHexa 561 ce e npeactaBui MHOro f06-
pe cnpsmMo ocTaHasmMTe ApYrn PyMbHCKM
Xnépuan mnsnonssaHn B onuta. Cbe cpe-
OeH no6buB cTaHAapTHO 3bPHO OT 94220
kg/ha Toli ybeautTesHo € MpeBWWWA
PYMBHCKUSA  CcTaHfapT uUapeBuua C
124,8%, a CbLW0 N ApyruTe U3nosi3BaHn B
onvta Xxmbpuamn ¢ pasnNyHKn, HO ChbLLO No-
BMCOKW MPOLLEHTU OT TAX. Bucokus pobus
CTaHAApPTHO 3bPHO MOJTYYEHO OT XMbpuga
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continue further testing the hybrid at
subsequent, higher and environmentally
distant test levels.

To this end, hybrid seeds of Kneja
561 were sent hybrid seeds for testing in
the Republic of Serbia and the Republic of
Romania, and for comparison with their
high-yielding maize standards. The
experiments were performed under
irrigation conditions using the adopted
maize cultivation technology in these
countries, in randomized block trials in
three replicates.

Table 2 presents the results of a
comparative test between the Bulgarian
Kneja 561 maize hybrid and the highly
productive Romanian hybrids under the
conditions of Fundulia, Romania in 2015
/without irrigation/. As can be seen from
the table, the Bulgarian Kneja 561 maize
hybrid performed very well compared to
the other Romanian hybrids used in the
experiment. With an average vyield of
standard grain of 9422.0 kg/ha, it far
exceeded the Romanian standard corn by
124.8%, as well as other hybrids used in
the experiment with different but also
higher percentages of them.

The high vyield of the standard grain
obtained from the hybrid was combined



€ CbYeTaH M C HWCKa Bfara Ha 3bPHOTO
npv npuéupaHe - 16.1% , KOATO € 651M3Ka
[0 cTaHgapTHaTa Bfara Ha 3bpHOTO 3a
uapesuuarta u Ta e 6una ¢ 2% no-Hucka
OT Ta3u Ha PYMbBHCKMS XUGPUA - CTaHAapT.
ToBa cbyeTaHne Ha BUCOK J0OUB 3bPHO C
HMCKa BNara Ha 3bPHOTO € XapakTepHa 3a
6bArapckusaT xmbpupg uapeBuua KHexa
561 1 e 0COGEHO LieHeHa OT 3emMefesickuTe
npoussognTenu. Hai-gobpe tasun 3aBucu-
MOCT Cce Wu3passiBa C Taka HapeyeHus
.nepgopmaHc wunHgekc — Pi", koiTto e
npeAcTaBeH B nocsiegHaTa rpada Ha Tab-
nuuata. Kakto ce Bmxaa v no To3u UHAEKC
Hawwma xubpug e ¢ Hali-BUCOK nokasartes
CnpsIMO ocTaHaNuTe XMbpUAU B onuTa.

B pesyntar OT uM3NWTBaHETO Ha
NPOAYKTUBHUTE Bb3MOXHOCTM Ha Xnbpuza
Lapesuuya KHexa 561 B P. PyMbHUSA MOXeEM
HayyHO 060CHOBaHO Ja HanpaBuM M3BOAA,
ye TOIN e KOHKYPEHTHO CMOCOGEH 1 BMCOKO
[o6uBeH xmbpug uapeBuua, NoAXoasLy
3a M3HOC Ha CEMeHa B Tasu CTpaHa.

Ta6bnuua 2.Pe3yntatM OT CpPaBHUTESHO

with the low grain moisture of the harvest -
16.1%, which is close to the standard
moisture of the grain for maize and it was
2% lower than that of the Romanian
hybrid standard. This combination of high
grain yield with low grain moisture is
characteristic of the Bulgarian Kneja 561
hybrid corn and is especially appreciated
by farmers. This dependence is best
expressed by the so-called "performance
index - Pi", which is presented in the last
column of the table. As can be seen from
this index, our hybrid has the highest
score compared to other hybrids in the
experiment.

As a result of testing the productive
capabilities of Kneja 561 hybrid maize in
Romania, we can scientifically conclude
that it is a competitive and high-yielding
maize hybrid suitable for exporting seeds
to this country.

N3NUTBaHe MeXay ObLArapckust Xméepug

uapesmua KHexa 561 1 BUCOKO NMPOAYKTUBHU PYMBHCKM XUbpuan B ycnoBusTa Ha
dyHayna, P. PymbHMA npes 2015r. /6e3 HanosiBaHe/

Table 2. Results of a comparative test between the Bulgarian Kneza 561 maize hybrid
and highly productive Romanian hybrids under the conditions of Fundulia, Romania

in 2015 /without irrigation/

HavmeHoBaHve Ha [o6uB 3bpHO % Bnara Ha +- KkbM Bnarata| MNepdopmaHc
M3nuTBaHuTe xmbpuam kg/ha Ha pobvBuTe | 3bPHOTO NpU | Ha cTaHgapTa NHAEKC
Name of 14% Bnara |KbM cTaHfapTa| npubupaHe % Pi
Test hybrids Grain yield % % + - to the Performance
kg/ha The yields to | Grain moisture | humidity of the index
14% moisture | the standard at harvest standard Pi
% %
KHexa 561 9422.0 124.8 16.1 -2.0 5.8
EX 563 9009.0 119.3 15.8 -2.3 5.7
NP 14-64 8528.0 113.0 16.2 -1.9 5.3
XML 14 7306.0 96.8 19.1 +1.0 3.8
EC 501 6649.0 88.0 17.6 -0.5 3.7
Olt - 7549.0 100.0 18.1 0.0 4.2
CTaHpgapT/standard

Ha Tabnuya 3 ca npeacTaBeHu
pesynratute oT CpaBHUTE/IHO U3NUTBaHe
Mexay Obarapckusa xmbpua uapesuua
KHexa 561 1 BUCOKO NpoayKTuBHN Cpb6CKU
Xnbpugn B ycrosusTa Ha 3eMyH none -
Benrpag, P. Cbpbusa npes 2015r. /6e3
HanosiBaHe/. Kakto ce Bwkga OT
Tabnuuara, 6bArapckuAT Xxmbpug, Lapesu-

ua KHexa 561 ce e npefcrtasusi MHOTO

Table 3 presents the results of a
comparative test between the Bulgarian
Kneja 561 maize hybrid and the highly
productive Serbian hybrids in Zemun
Polje - Belgrade, Serbia in 2015 /without
irrigation/. As can be seen from the table,
the Bulgarian Kneja 561 maize hybrid
performed very well compared to other
Serbian hybrids used in the experiment.
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Jobpe cnpsAmMo ocTtaHauTe Apyrn cpbo-
CKNU Xxnbpugn msnonssaHu B onuta. Cbe
cpefeH p[obvB  CTaHOAPTHO 3bpHO  OT
11392.0 kg/ha Toi y6eanTesniHo e npesu-
Wwnn fgobpe N3BeCTHUSA CpbOCKM cTaHaapT
uapesuua ZP 666 ¢ 107.7%, a cblo U
Apyrute 1M3non3saHu B onuTa xuopuaun c
pa3NnyHK, HO CbLLO MO- BUCOKU NPOLEHTU
OT TAX. Bucoknar gobms ctaHOapTHO 3bp-
HO Nosly4eHO OT XMbpuaa e chbyeTaH U C
HUCKa BNnara Ha 3bpPHOTO Npu npuburpaHe -
15.9% , koATO e 6/M3Ka [0 CTaHfapTHaTa
Bfara Ha 3bPHOTO 3a LapesuuaTa n 74 e
6una c 2,8 % no-HWUCKa OT Tasu Ha CpboO-
CKust Xxnbpup, - ctaHgapT. ToBa cbyeTaHue
Ha BUCOK [06MB 3bpHO C HMCKA BNnara Ha
3bPHOTO € xapakrepHa 3a ObarapckuaTt
xnbpug uapesuya KHexa 561 1 e ocobe-
HO UeHeHa OT 3eMefenickuTe nNpousBoau-
Tenu. Haii-gobpe Tasm 3aBMCMMOCT ce
uspassiBa C Taka HapeuyeHusa ,nepdop-
MaHC MHAEKC — Pi”, KONTO e NnpeAcTaBeH B
nocnepfHata rpadgpa Ha tabnuuara. Kakto
ce BWKOa W NO TO3M WHOEKC Hawwus
Xnbpuga e ¢ Hali-B1UCOK nokasaTesi CnpsiMo
ocTaHanmTe xubpuam B onuTta.

B pesyntar oT uM3NUTBAHETO Ha
NPOAYKTUBHUTE Bb3MOXHOCTM Ha Xnbpuza
uapesmya KHexa 561 B P. Cbpbusi Moxem
Hay4yHO 060CHOBaHO [a HanpaBuM K3BOAA,
ye TOW e KOHKYPEHTHO Cnocob6eH 1 BUCOKO
pobvBeH xubpug uapesuua, NoaxopAll 3a
U3HOC Ha CeMeHa B Ta3u CTpaHa.

Tabnuuya 3. Pe3ynrtatu OT CpaBHUTESIHO

With an average yield of standard grain of
11392.0 kg/ha, it far exceeded the well-
known Serbian standard corn ZP 666 by
107.7%, as well as the other hybrids used
in the experiment with different but also
higher percentages of them.

The high vyield of the standard grain
obtained from the hybrid was combined
with the low grain moisture of the harvest -
15.9%, which is close to the standard
moisture of the grain for maize and it was
2.8% lower than that of the Serbian hybrid
standard. This combination of high grain
yield with low grain moisture is
characteristic of the Bulgarian Kneja 561
hybrid corn and is especially appreciated
by farmers. This dependence is best
expressed by the so-called "performance
index - Pi", which is presented in the last
column of the table. As can be seen from
this index, our hybrid has the highest
score compared to other hybrids in the
experiment.

As a result of testing the productive
capabilities of Kneja 561 hybrid maize in
the Republic of Serbia, we can
scientifically conclude that it is a
competitive and high vyielding maize
hybrid suitable for exporting seeds to this
country.

U3NuUTBaHe Mexay ObJirapckma Xnmopup

uapeBuua KHexa 561 M BMCOKO NPOAYKTUBHU CpbOCKM XMbpUAM B yC/10BUATA Ha
3emyH nosne — benrpag, P. Cbpousa npes 2015r. /6e3 HanosisaHe/

Table3. Results of a comparative test between the Bulgarian Kneza 561 maize hybrid
and highly productive Serbian hybrids in the conditions of Zemun Pole - Belgrade, R.

Serbia in 2015 /without irrigation/

HavmeHoBaHve Ha | [lo6bvB 3bpHO % Bnara Ha 3bpHOTO|+- KbM B/larara Ha MepchopmaHc
M3nuTBaHNTe kg/ha Ha po6bvBnTe | npu npubrpaHe cTaHgapTa nHaexc Pi,
xnépuan 14% Bnara KbM CTaHgapTa % % % KbM CTaHgapTa
Name of Grain yield % Grain moisture | + - to the humidity | Performance index
Test hybrids kg/ha The yields to the at harvest of the standard Pi,
14% moisture standard % % % to standard
KHexa 561 11392.0 107.7 15.9 -2,8 126.9
NS 6030 9602.0 90.8 18.9 +0,2 89.8
B-15 9812.0 92.8 17.1 -1,6 101.3
NP 14-70 9703.0 91.7 16.9 -1,8 101.7
NP 14-64 9632.0 91.1 15.7 -3,0 108.6
ZP 666 —CTaHgapT| 10577.0 100,0 18.7 0,0 100.0
standard
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Mpe3 2013r., 2014r. n 2015 rognHa
xmbpug uapesunya KHexa 561 oGewe
npeactaseH 3a ouunanHo U3NUTBaHe B
MACAC 3a Pa3nnynmocT, XOMOreHHOCT U
CTabunHoCT 1 3a usnuTBaHe Ha Buono-
TMYHUTE W CTOMAHCKM KayecTBa Ha xubpu-
na. B pesyntart ot usnuteaHeto WMACAC
noTebpau, ye xmbpug uapesuua KHexa
561 e pa3/iMunm, XOMOreHeH 1 cTabusieH,
a buonornyHute M ctonaHckM KavecTsa
Ha xubpuaa npesuwlaBaTr Te3n Ha U3-
non3BaHusa ctaHaapT U xubpuia Mmoxe fa
6bAe npusHaT U BNMCaH B CNUCHK A Ha
HauuoHasHata  copToBa  JiMcTa  Ha
Bwarapus. Ha Tabnuua 4 ca npencraseHu
Hali-BMcoK1TE oduumManHn pesyntatm ot
U3NUTBaAHETO Ha NPOAYKTUBHUTE Bb3MOX-
HOCTU Ha xubpuaa.

In 2013, 2014 and 2015 Kneja 561
maize hybrid was submitted for official
testing at IACAS for  Diversity,
Homogeneity and Stability and for testing
the Biological and Economic Properties of
the hybrid. As a result of the test, IASAS
confirmed that the Kneja 561 maize hybrid
is distinguishable, homogeneous and
stable, and the biological and economic
qualities of the hybrid exceed those of the
standard used and the hybrid can be
recognized and listed in List A of the
national variety list of Bulgaria.

Table 4 presents the highest official
results of the hybrid performance test,

Tabnuua 4. OchmuyanHm pesyntatm oT U3NUTBAHE Ha NPOAYKTUBHUTE Bb3MOXHOCTU
Ha HOBMS BbArapckm BUCOKO NPOAYKTMBEH CPeAHO KbCeH Xmbpupi uapeBuua 3a
doypaxkHo 3bpHO KHexa 561 B AbpXaBHOTO COpTOM3NUTBaHe Ha Bbarapus u ot
3emyH none, Cbpbus (Hair-BMCOKKN pesynTtaTtn)

Table 4. Official results of the testing of the productive capabilities of the new
Bulgarian High-Performance Medium-Late Corn Forage Corn Kneja 561 in the State
Variety Test of Bulgaria and Zemun Polje, Serbia (Highest Results)

M3nutBaH FognHa Ha MscTo Ha Ycnosus MnyueH gobus | Bnara Ha |[MepcopmaHc
Xubpng n3nuTa N3NUTBaHe Ha M3NNTBaHe | CTaHf. 3bpHO 3BbPHOTO NHAEKC
Tested Year on Place Conditions Yield Moisture | Performance

hybrid the exam On testing on testing Standard Grain | on the grain index
kg/ha % Pi

KHexa 561 2014 CamoBogeHe, [[MonvBHO 13500.0 16.4 8.2
Kneja 561 Bwarapus Irrigation

Samovodene

Bulgaria
KHexa 561 2014 . Toweso, HenonmeHo 10750.0 16.1 6.7
Kneja 561 Bbnrapus not irrigated

G.Toshevo,

Bulgaria
KHexa 561 2015 3emyH none HenonusHo 11390.0 15.9 7.2
Kneja 561 Cbpbus Zemun|not irrigated

Polje, Serbia

Cnepf v usnuTBaHeTo Ha xnbpuga B
MACAC, Toi O6Gewe npeactaBeH 3a
3almTa Ha aBTOPCKOTO NpaBo B MaTeHTHO
BefoMCTBO Ha P.Bvnrapusa. B pesyntar
OT Mpoy4yBaHETO Ha xubpuga 3a opu-
TMHaUSTHOCT  TOW  nonyun  ocmymaneH
MaTeHTeH cepTudMKaT perncTpalmoHeH
Ne 11132 P2 ot 12.12.2017r. C TOBa
MPUKIOYM  Hay4yHO-M3c/lefoBartesickara
paboTta no cb3gaBaHe Ha xubpuaa.
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After the trial of the hybrid in
IACAS, it was presented for copyright
protection in the Patent Office of the
Republic of Bulgaria. As a result of the
hybrid originality study, he received an
official Patent Certificate of Registration
No. 11132 P2 dated 12/12/2017. This
ended the research work on the creation
of the hybrid.



CnepgBalyus etan 6e 3anoysaHe Ha
npoieca no BHeApsBaHe B MpakTU4ecKo-
TO CEMENPOU3BOACTBO HaxXnbpuz Lapesu-
ua KHexa 561. MNpe3 2018r. oT xubpnga
belle 3a/l0KEeHO 3a CemMenpou3BOACTBO
okono 7 da nnod. MNMonyyeHn 6sxa BUCOKN
[obuBM OT cemMenpousBOHMSA MOCeB, a
BCUYKM CEMEHa OT Hero 6sxa peanusu-
paHn ycnewHo. Mpe3 2019r. ot xubpusg
uapesuua KHexa 561 oTHoBO 6eLue 3ano-
XXEH CemMenpon3BoeH Noces Ha No-ronsma
nnou, — okono 30 da. MNMoceBa e B Ao6po
CbCTOSIHUE W NPEeACcTOM HEeroBoTO PEKOJI-
TupaHe.

N3BOAN

1. B pesyntar oT AbjaroroguliHa
CeNeKUMOHHO — TreHeTuyHa pabota e
Cb3faZleH W npu3HaT HOB, BWUCOKO
[06VBEH, KOHKYPEHTHO CNOCO6EH, cpeaHOo
KbCeH xnbpua uapesunya Knexa 561.

2. Xnépug uapesuua KHexa 561 e
C Hay4HO [l0Ka3aHW Bb3MOXHOCTM 3a MHO-
ro BMCOKM [06MBW, NOTBBbPAEHM odmuman-
HO OT Wu3NUTBaHWA KakTo B bBbarapus,
Taka M B Cbpous n PymbHuA. Tpu
HEMoOMMBHUN YCMOBKSA, OT XMbpuga peanHo
ca nony4yeHn ao 12000 kg/ha ctaHgapTHO
3bpHO, a npwu MNOMUBHW YCMOBUA — A0
14000 kg/ha ctaHOapTHO 3bPHO C Bnara
npu pexkonTupaHe okoso 15 — 16%.

3. CpefHoO KbCeH xmbpug Lapesuua
KHexa 561 e nogxopsu, 3a efeKkTUBHO
oTrnexgaHe Ha (PypaxHO 3bPHO KakTo B
P. bbarapusa, Taka U B P. PyMbHUA 1 P.
Cbpbus.

The next stage was the beginning
of the process of implementation of the
practical maize production of Kneja 561
hybrid maize. In 2018, about 0.7 ha of
acreage was sown for seed production.

High yields were obtained from the seed
crop, and all seeds from it were
successfully sold. In 2019 of Kneja 561
hybrid maize was again planted with a
large seed area of about 30 da. The crop
is in good condition and is to be
harvested.

CONCLUSIONS

1. As a result of many years of
breeding and genetic work, a new, high-
yielding, competitively-grown, medium-
late Kneja 561 maize hybrid was created
and recognized.

2. Kneja 561 maize hybrid has
scientifically proven capabilities for very
high yields, officially confirmed by tests in
both Bulgaria and Serbia and Romania.
Under non-irrigation conditions, up to
12,000 kg/ha of standard grain were
actually obtained from the hybrid, and
under irrigation conditions, up to 14000
kg/ha of standard grain with moisture at
harvest was around 15-16%.

3. Medium-late Kneja 561 maize
hybrid is suitable for efficient cultivation of
feed grain in both Bulgaria and Romania
and Serbia.
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PE3IOME

B cratuata e npeactaBeHO u3cnen-
BaHe BbPXy HacnefsBaHeTo U 3aBUCK-
MOCTTa C [06MBa Ha 3bPHO Ha [Ab/IKK-
HaTa Ha meT/muata u 6pos Ha paskio-
HeHusaTa Ha MeTnuuaTa npy BMCOKO Mpo-
OYKTUBHM XMbpuau uapesuua. B pesyntat
OT uM3cneABaHeTO ce MnpasAT cregHuTe
ussBoan: bpoAaT Ha paskioHeHWaTa Ha
mMeT/imuara npu uscnegsaHuTe xuépuau
LuapeBuUa He € OCHOBEH NMMUTMpaLL,
(hakTop BbPXY A06MBA Ha 3bpPHO. Moxe
Ja Mma BUCOKO MPOAYKTUBHWU WU HUCKO
NPOAYKTUBHWU XUOPUAM KAaKTO C MasTbK
Opoil paskKIOHEHMSA Ha MET/IMUMTE Taka u
C ronsim 6poii. Bbnpeku, ye 6pos Ha pas-
KTOHEHUsATa Ha MeTnuuaTa npu uscnej-
BaHWTE XMbpuamn LapeBnLa He e OCHOBEH
nmMmutnpaly, aktop Bbpxy [obuBa Ha
3bpHO, HaW-BMCOKO JO6VBHUTE U3cCeaBa-
HU XMbpuan ca C No-MasTbK 6poii pas-
KNIOHEHUS Ha MeT/iMumMTe - OT 6 A0 9 6pos,
KOeTo e nokasaresiHo 1 Tpsbsa fa ce uva
npeasug npu cenekunoHHata pabota c
uapesuuara. [b/xkmHata Ha mMeTnvuara
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SUMMARY

The article presents a study on the
inheritance and dependence of grain yield
on the length of the broom and the
number of branches of the broom in highly
productive maize hybrids. As a result of
the study, the following conclusions are
reached: The number of branches of the
butterfly in the maize hybrids studied is
not a major limiting factor on grain yield.

There may be high-yielding or low-yielding
hybrids, both with a small number of
branches and a large number of
branches. Although the number of
branches of the broom in the studied
hybrids of maize is not the main limiting
factor on grain yield, the highest yielded
hybrids studied have a smaller number of
branches of the brooms - from 6 to 9,
which is indicative and should is
considered in the selection of maize.

The length of the broom in the maize
hybrids studied is inherited under positive



npu uscneagaHnTe xMépnan Lapesuua ce
Hacnefasa Mnpu MNOMOXUTENHO CBPBLXAO-
MUHMpaHe, HO npu cnaba nposisa Ha
XeTepo3nc B xmbpuaHarta reHepauus. o
OTHOLLEeHVe 6posi Ha pask/IoHeHusATa Ha
mMeT/imuara npu uscnegsaHuTe xuepuau
uapesuua He ce oTyuTar MposiBM Ha
peasieH xeTeposuc. MNMpu3HakbLT ce Hacre-
AABa MexAuHHO. Bbnpeku, ye HAMa xeTe-
po3uc B 06LOMNPUETUA CMUCHS1, HETOBOTO
OTCBHCTBUME MOXe fa ce Mnpueme KaTo
MO3UTMBHO 3a CeJIeKUMOHHUA npouec
KOrarto ce uesnv Cb3faBaHeTo Ha xnépuau
C NO-MaUTKO pa3k/IOHeHNs Ha MeT/imuara.

KntouoBn aymun: uapesuua (Zea
mays L.), Ab/DKMHA 1 GPO paskoHEeHNUs
MeT/mua, 4o6MB 3bPHO

YBO/,

MbXKUTE CbLBETUA NpY LapesuLa-
Ta U MEeTNNLNTE, KakTo e NpueTo Ja ce
KassarT, ca 3HauuTenHo no-eApu n 3aemar
no-rosiiM NPOLEHT OoT obulaTta 6uMomaca
Ha pacTeHusaTa B CpaBHEHWe C MHOro
Apyrn pacteHus. 3a ga ce pasBuAT Te
OTHemaT 3HauuTesiHa 4YacT OT NPOU3BEX-
JaHuTe OT pacTeHusTa nnacTU4HM Be-
wectea. Kato aHemMouiHO pacTeHne Mbx-
KNTe cbUBETUA Npu Lapesuulata otaensar
N306UNHN KONMYecTBa npatleL, KouTo ce
pasHacaTt oT BATbpa. PeanHo meTtnuuute
OTAEeNAT MUNOHW NONEHOBU 3bpHa 3a fa
ce onpawar He noBeye oOT 600-800
XEHCKM cbLBeTus. Taka eHO LapeBnyHo
pacTeHue npousBexpa XunaaM nbTn
noBeye MbXKW NOSIEHOBU 3bpPHA OT HEO6-
XOOUMOTO 3a OnnoXjaHe Ha HerosuTe
KO4YaHW. |_|p0VI3Be)K,aneTO Ha TakKuBa rosne-
MM KOoNn4yecTBa npatlel,, MHOrokpaTHo no-
roneMu OT ONTUMasHWTE BOAW [0 3ary-
6aTa Ha MHOro naacTU4yHM BeLLecTBa,
KOUTO MoraTr fa ce Haco4yaT OT pacTe-
HMETO KbM MPOM3BOACTBOTO Ha MoBeye
3bPHO OT 1 pacTeHue. ETo 3aLo ako efHo
LapeBUYHO pacTeHne moxe aa copmupa
no-mMasikvm no pasmep MeTauuu, ¢ no-
Ma/IKO CTPaHUYHWU pask/IoOHeHWs, 6u uma-
10 noBeye NacTUYHN BeLLecTBa 3a pas-
BUTME Ha KoYaHWTe, [Mpu 3anaseHu
Bb3MOXHOCTM 32 TAXHOTO  YCMEeLHO
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over-dominance but with a slight
manifestation of heterosis in the hybrid
generation. Regarding the number of
branches of the broom in the maize
hybrids tested, no manifestations of actual
heterosis were reported.

The trait is inherited interim. Although
there is no heterosis in the conventional
sense, its absence can be considered as
positive for the breeding process when
aiming at creating hybrids with fewer
branches of the tassel.

Key words: corn (Zea mays L.),
length and number of branches of a
broom, grain yield

INTRODUCTION

Male inflorescences in maize or
tasels, as they may be called, are
significantly larger and occupy a larger
percentage of the total plant biomass than
many other plants. In order to develop,
they take a significant part of the plastic
produced by plants.

As an anemophilous plant Male
inflorescences in maize emit copious
amounts of pollen, which are carried away
by the wind. In fact, butterflies emit
millions of pollen to pollinate no more than
600-800 female inflorescences.

Thus, a corn plant produces thousands of
times more male pollen than necessary to
fertilize its cobs.

The production of such large quantities of
pollen many times the optimal results in
the loss of many plastics that can be
directed from the plant to the production
of more grain than 1 plant.

Therefore, if a maize plant can form
smaller  tassels, smaller-than-lateral
branchlets, there would be more plastic to
develop the cobs, with the potential for
successful pollination preserved (Vulchinkov
and Vulchinkova, 2011; Brewbaker, 2015



onpawsaHe (Vulchinkov and Vulchinkova,
2011; Brewbaker, 2015 v gp.).

Llenta Ha u3cnegBaHeTo 6e ga ce
npoy4Yn HacnegsBaHeTo M 3aBUCUMOCTTA
C pobuBa Ha 3bpPHO Ha pasmepa
(abknHata) Ha MeTavMuata M 6post Ha
pask/IoHEHUsITA HAa MeTuLaTa Npu HAKou
BMCOKO MPOAYKTUBHM XMOpuAM LapeBula
3a fga ce MnoAnoMorHe CenekunoHHUs
npoLec npu cb3gaBaHe Ha HOBW BUCOKO
NPOAYKTUBHM XMGPMAKM LLapeBuLa.

MATEPVAJT U METOOU

N3cnegsaHeTto 6e npoBefeHO B
CeNEKLMOHHOTO M ONMUTHOTO TMoJie Ha
WHcTuTyTa no uapesuuata B rp.KHexa
npe3 nepuoga 2017-2018roa. lMbpBoHa-
YasIHO nog, n3onatop 6sxa pasmMHOXEHU
mMainumHute (P1) n 6awuHnte (P2) dhopmu
Ha TPWM BUCOKO NPOAYKTUBHU LapPeBUYHMU
xuopuga - KHexa 561, KHexa 564 wu
KHexa 468 1 6e nonyyeHa TaxHaTa Mbp-
Bata (F1) xmbpugHa reHepauus. Taka no-
NyyeHuUTe nvasiHu reHepaumm Ha uape-
BUYHUTE XMOpUAM Osxa 3acsATM MU M3Nu-
TaHW B paHAoOMU3MpaHy NOJICKU ONUTK, B
TpU NOBTOPEHUS NO Bb3NpueTa 3a panoHa
Ha MHCTUTYTa arpoTexHuka, npu ycrosus
6e3 HanosiBaHe W bCTOTM Ha nocesBa
52000 p/ha. BbB BCAKO NoBTOpeHMe 6sxa
nogdbpaHy TUNWYHK, C [06BP Xabutyc
pacTeHus, HenocpencTseHo cnepn ubgre-
Xa Ha MeT/imuarta Ha kouto 6sxa Hanpa-
BEHVW U3MepBaHWA Ha [Ab/knHata Ha
MeTanumMTe 1 6pos Ha paskNoHeHuATa Ha
meTmymTe (durypa 1). YcnopegHo ¢ tesn
Xnopnan 6sixa M3MEpPeHn Ab/HKMHaTa Ha
MeTanuMTe 1 6pos Ha paskNoHeHuATa Ha
MeTanunTe Ha Apyrn 55 ekcnepvMeHTan Hu
Xnbpuaa uapesuLa, BKIYEHN B APYTU paH-
[OMU3MpaH/ MOJICKA OMUTW 3a OLleHKa Ha
NpoaykTUBHUTE MM kadvecTBa. Cnep poctu-
raHe Ha TEXHOJ/IOTMYHA 3pesiocT XubpuguTe
6axa pekonTupaHu n 6elle nUMepBaH Tex-
HVS [06MB Ha 3bPHO W Bfara Ha 3bPHOTO.
N3nutBaHuTe xmnbpuam 6axa rpynupaHui no
pasmepa Ha A06MBa 3bPHO B YETUPM Tpynu
1 no 6poii Ha paskNoHeHNATa Ha MeTnuuTe
B Tpu rpynun (Tabnuua 3). Ctatuctnyeckata
006paboTka Ha [aHHWTE W3BbPLUMXME MO
MeToamka Ha (Shanin, 1977).

38

and others).

The purpose of the study was to
investigate the inheritance and
dependence of grain yield on the size
(length) of the broom and the number of
branches of the broom on some high-
yielding hybrids of maize to aid the
breeding process in the creation of new
high-performance maize hybrids.

MATERIAL AND METHODS

The study was conducted in the
selection and experimental field of the
Corn Institute in Knezha during the period
2017-2018. Initially, maternal (P1) and
paternal (P2) forms of three highly
productive maize hybrids - Kneja 561,
Kneja 564 and Kneja 468, were
propagated under isolation and their first
(F1) hybrid generation was obtained. The
Generations of maize hybrids thus
obtained were sown and tested in
randomized field trials, in three replicates
according to the agrotechnical institute
adopted for the region, under irrigation
conditions and sowing density of 52,000
pl/ha. Typical plants with good habit were
selected in each repetition, immediately
after flowering of the petiole, and
measurements of the length of the
petioles and the number of branches of
the petioles were made (Figure 1).

In parallel with these hybrids, the length of
the butterflies and the number of
branches of the butterflies of the other 55
experimental maize hybrids included in
other randomized field trials were
evaluated to evaluate their productive
qualities. After technological maturity, the
hybrids were harvested and their grain
yield and grain moisture were measured.
The hybrids tested were grouped by the
grain vyield size into four groups and by
the number of branches of the brooms in
three groups (Table 3). Statistical
processing of the data was performed
according to (Shanin, 1977).



dur. 1. PacTeHus oT xuMbpugn uLapeBuuUa C pasfindeH Opoli paskK/IOHEHUSA Ha
MeTnuuaTa

Fig. 1. Plants of maize hybrids with different numbers of branches of the tassels
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PE3YJITATU N OBCBXXOAHE

3a pga ce ocbwectBn no-edek-
TMBHA Cefekuus npu oTbopa Ha M3XoA-
HUTe hopMM 3a Cb3gaBaHe Ha HOBU BUCO-
KO NpPOAYKTUBHM XMbpuau LapeBuua e
Heo6XxoAMMO Mo-3a4bN60YEHO M BCECTpaH-
HO ga ce u3cregBar HacnefsaBaHeTo U
3aBMCMMOCTUTE Ha nNokasatesiTe CBbp-
3aHu ¢ gobrBa Ha 3bLPHO Npw LapesuuaTa
(Russel, 1986; Hallauer et al., 1988;
Hristov and Hristova, 1995; Yordanov,
2006, 2010, 2014; Ivanov, 2013 n gp.). B
Tasn Bpb3ka ca akTyasiHu 1 nscnegBaHus-
Ta BbB Bpb3Kka C Hac/leasBaHeTO 1 3aBu-
CMMOCTUTE Ha MokKasaTenute Ha MeTIu-
uarta ¢ gobyBa Ha 3bPHO NPU BMCOKO Mpo-
AyKTUBHU xnbpuau uapesuua (Vulchinkov
and Vulchinkova, 2011; Brewbaker, 2015
U Ap.), KoMTO 3a ga ca Bb3MOXHO Mo-
[OCTOBEepHU TpabBa fa ca NoTBbPAEHU OT
rnoBeye He3aBuCUMU aBTOPMU.

Ha Tabnumya 1 ca npeacTaBeHu
pesynratute oT NpoyyBaHe NposiBUTE Ha
xeTtepo3uc B F1 xMbpuaHO NOKOSIEHNE ”
HacnegsiBaHe Agb/hkKMHaTa Ha MeTnuvuarta
Ha pacTeHusiTa nMpu 3 BMCOKO MPOAYKTUB-
HM Xnbpuga uapesuya 3a 3bpHO, KHexa
561, KHexa 564 n KHexa 468. Kakto ce
BKAA OT MpeAcTaBeHUTE JaHHW U TpuUte
Xnbpuga ce oT/iMyaBaTt CbC CPABHUTE/THO
Abnrm metnvmuu. C Hali-gbara metnvua —
cpeaHo 48 cm e xnbpug KHexa 468.

Mo oOTHOWeHMe Ab/KMHaTa Ha
MeTnMuata Ha pacTteHusTta npu Tpute
uscnegBaHn  xubpuga uapesBmua  ce
Habnogasart criabu NPosiBM Ha XeTepo3unc
CrpsIMO cpefgHaTa OT ABEeTe POAUTESICKU
dpopMU — XMMNOTETUYEH XETEPO3NC, B rpa-
Huumte ot 13.5% po 19.4%. V3mepeHusn
peasieH xeTepo3uc, cnpsiMo no-gobparta
poauTencka popmMa e oule no-masbk — oT
5,0% 1o 13,5%.

CToliHOCTUTE Ha AOMUHUpPaHe B F1
KOUTO ca NONIOXKUTENIHN U HafA efuHuua
nokasesar, 4Ye B HacnegsBaHeTo Ha
npu3Haka 3Ha4yeHve nMa MosIoXUTESTHOTO
CBPbX AOMUHUPAHe Ha reHure.
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RESULTS AND DISCUSSION

More effective selection of maize
hybrids requires a more thorough and
comprehensive study of the inheritance
and dependencies of corn yield indicators
(Russel, 1986; Hallauer et al.,, 1988;
Hristov and Hristova, 1995; Yordanov,
2006, 2010, 2014; Ivanov, 2013, etc.).

In this regard, studies on the inheritance
and dependencies of the broom indicators
on grain yield in high-yielding maize
hybrids are also relevant (Vulchinkov and
Vulchinkova, 2011; Brewbaker, 2015,
etc.), which in order to be as reliable as
possible be verified by more independent
authors.

Table 1 presents the results of a
study of heterosis in F1 hybrid generation
and inheritance of the length of the plant
blade in 3 high yielding corn maize
hybrids, Kneja 561, Kneja 564 and Kneja
468. As can be seen from the data
presented, all three hybrids distinguished
by relatively long brooms.

With the longest broom - an average of 48
cm is a hybrid Kneja 468.

With regard to the length of the
plant panicle, the three maize hybrids
tested showed slight heterosis compared
to the mean of the two parental forms -
hypothetical heterosis, ranging from
13.5% to 19.4%. The measured actual
heterosis, compared to the better parental
form, is even smaller - from 5.0% to
13.5%.

The dominance values in F1, which
are positive and above one, indicate that
positive over-dominance of genes is
important in the inheritance of a trait.



Ta6r||/|u,a 1. rlpOFIBI/I Ha XeTepo3nc n HacnegAaBsaHe AbJ/DKMHaATa Ha MeT/imuarta, cm

npu HAKOU XMGPUAK LapesuLa

Table 1. Manifestations of heterosis and inheritance of the length of the tassels,

cm in some maize hybrids

Xunbpng [ObmkuHa Ha meTnvuaTa M3mepeH xeTeposuc JomuHupaHe| Tun AnenHo
Hybrid Length of the tassels, cm Measured heterosis,% B F1 B3aumogeii-
XubpuaHa | CpepfHa cToiiHocT [BapuauuoHeHXunoteTnueHicTuHeky| Domination cTBMe
eHepauus Xcp. Koedd. in F1 Type Allelic
Hybrid Average value variation |Hypothetical| Really interaction
generation X aver. coeff. VC,%
Krnexa 561 [MaitumHa 40.1 8.8 19.4 7.0 1.7 MONOXUTENTHO
Kneja 561 [nuHus CBPBX
Female line P1 \JOMUHMpaHe
XunbpugHa 43.0 10.4 Positive over-
KPBbCTOCKa domination
Hybrid cross F1
ballyHa SIMHUA 32.0 6.8
Male line P2
Krnexa 564 [MaitumHa 40.1 8.8 13.5 5.0 1.7 MONOXUTENTHO
Kneja 564 [nuHus CBPBX
Female line P1 \JOMUHMpaHe
XunbpugHa 42.0 49 Positive over-
KPBbCTOCKa domination
Hybrid cross F1
ballyHa SIMHUA 34.0 10.1
Male line P2
Krnexa 468 [MaitumHa 42.4 10.0 15.7 13.2 7.2 MONOXUTENTHO
Kneja 468 |nunHuA CBPBX
Female line P1 \JOMUHMpaHe
XunbpugHa 48.0 5.7 Positive over-
KpbCTOCKA domination
Hybrid cross F1
ballyHa SIMHUA 41.0 2.7
Male line P2

Mo oTHoOWeHMe Ha HacnegsBaHe
6pos Ha pask/IoHeHWsATa Ha MeT/muara,
Tabnuua 2, gaHHWTE nokassar, ye npu
TO3W NnokasaTtes He ce NposiBABa XeTepo-
3uc B F1 xmbpuaHo nokonexve. Pesynra-
TUTE ca efHOMOCOYHM U MNpu  TpuTe
uscneflBaHn xnobpuga, Kkato usmepeHute
CTOMHOCTM 3a NCTUMHCKUST XETEPO3MC ca C
oTpuuaTenHu cToiHocTu. Mmaikn npeg-
BWU[, CropoBeTe fanu U3MepBaHWUSA XeTe-
po3nc TpsAbBa fa e camMo Npu MNooXu-
TesiHO npesuvwasaHe B F1 cnpsamMo poau-
Tenckute hopmu, KOETO NOAALPXKAT efHa
yacT OT uscnegosarenure. Vinu Toin moxe
Aa 6bae v ¢ oTpuuaTesiHa CTOMHOCT, KO-
rato LesimMm cenekuus Ha nokasarters, Koii-
TO OT CTOMaHCka rnegHa Toyka € no-
LEHEH KoraTto € C MO-HUCKM CTOMHOCTM OT
Te3n Ha pogutenckute copmu. Mo oTHO-
LeHve 6pos Ha pasKNoHeHWUsATa Ha MeT-
niuarta BbMpPeKn, Yye HAMa XeTepos3uc B
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Regarding the inheritance of the
number of branches of the broom, Table
2, the data show that this indicator does
not show heterosis in F1 hybrid
generation. The results are unidirectional
for all three hybrids tested, with the
measured values for true heterosis being
negative.

Given the controversy over whether
measured heterosis should only be
positive in F1 relative to parental forms,
which is supported by some researchers.
Or it can be negative when we aim for a
selection of an indicator that is
economically more valuable when it is
lower than that of the parent forms.

With regard to the number of branches of
the broom, although there is no heterosis
in the conventional sense, its absence



obLuonpneTuss CMUCH/1, HEroBOTO OTCHC-
TBUE MOXe [a ce npuemMe Kato Nno3nTuB-
HO. BCBLHOCT, OT NoNyyYeHUTe pesyntatu
3a CTOMHOCTUTE Ha AOMUHMpaHe B F1 ce
BMXaa, Ye O6posA Ha pask/IoHeHusATa Ha
MeT/iMuaTa ce Hacnefsasa MEeXOUHHO.
Te3un nonyyeHn pesynratu Tpsabsa Aa ce
B3emart npeasua npun cenekuMoHHna npouec
KoraTto ce uenm Cb3gaBaHETO Ha XVI6pVI,qVI C
NO-MaJikO pa3K/IoOHEHUA Ha MeTnnuara.

can be regarded as positive.

In fact, the results obtained for the values
of dominance in F1 show that the number
of branches of the broom is inherited
interim. These results should be taken
into account in the breeding process when
aiming to create hybrids with fewer
branches of the broom.

Tabnuua 2. MNposiBU Ha XeTepo3nc U HacnegsBaHe bposi pas3k/IOHEHUsT Ha
MeTimuara npu HAKom Xmbpmnam uapesunua
Table 2. Manifestations of heterosis and inheritance Number of branches of the

tassels in some hybrids of maize

Xunbpng Bpoii pa3kioHeHnss Ha meTanuara M3mepeH xeTeposuc, ([lomvHupaHe  Tun AnenHo
Hybrid Number of branches of the tassels % B F1 B3auMo-
Measured heterosis,% | Domination nevictene
XubpugHa  |CpegHa cToiHOCT| Bapua umoHeH [XunoteTuyeH|cTUHCKM in F1 Type
eHepauus Xcp. Koed. Really Allelic
Hybrid Average value | variation coeff. | Hypothetical interaction
generation X aver. VC,%
KHexa 561 |MaliumHa nmHuA 8.8 9.5 3.8 -11.3 0.2 MexXanHHo
Kneja 561 |Female line P1 Intermediate
XnbpuaHa 11.0 9.1
KpbCTOCKa
Hybrid cross F1
balimHa nuHna 12.4 4.4
Male line P2
KHexa 564 [MaliumHa nmHns 8.8 9.5 1.0 -2.2 0.3 MeXanHHO
Kneja 564 |Female line P1 Intermediate
XubpungHa 8.6 13.2
KpbCTOCKa
Hybrid cross F1
balimHa NuHnS 8.2 10.2
Male line P2
KHexa 468 |MaliumHa nuHua 21.4 11.2 -35.6 -57.0 -0.7 OTpuuaTtenHo
Kneja 468 |Female line P1 MEXANHHO
XnbpuaHa 9.2 9.0 Negative
KpbCTOCKa Intermediate
Hybrid cross F1
balimHa nuHna 54 21.1
Male line P2

3a ga yCTaHOBMM NO-peasIHO 3aBu-

To more realistically determine the

cMMOCTTa Mexay fAobuBa Ha 3bpHO OT
efHa cTpaHa K 6posi Ha pasK/oHeHusTa
Ha MeTnMuata Ha pacTeHusita OT gpyra
uscnefBaxme ob6Lo 55 HoBu xnbpnaa ua-
peBMUa C passimyHa NPOAYKTUBHOCT U
pasnuueH Opoli pa3k/oOHEHUs Ha MeTnu-
uuTe M.

Ha Tabnvuya 3 ca npeacTaBeHun pe-
3ynTatuTe OT HanpaBeHUTe U3cieBaHus.
Xubpuante ca rpynupaHun B 4 rpynu
crnopef, fo6vBa Ha 3bpHO, KaTo BbB BCAKa

relationship between grain yield on the
one hand and the number of branches of
the butterfly plants on the other, we
examined a total of 55 new corn hybrids
with different productivity and different
number of branches of their butterflies.

Table 3 presents the results of the
studies performed. The hybrids are
grouped into 4 groups according to the
grain yield, with each group having three
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rpyna uma no Tpu pasgena rpynupaHu
cnopen 6posi Ha MeT/MUMUTE Ha efHo
pacTeHve. BbB Bcsika rpyna u pasgen ca
nocoyeHn 6posi Ha XMopuanUTe CbC CbOT-
BETHMTE NoKasaTeNn U KakbB € TexHus
npoueHT OT obwus 6poi xubpnan B
cboTBeTHaTa rpyna.

sections grouped according to the number
of butterflies per plant. In each group and
section, the number of hybrids with the
respective indicators is indicated and what
is their percentage of the total number of
hybrids in the respective group.

Tabnuua 3. 3aBUCUMOCTU MexXay [o6MBa Ha 3bPHO U 6POS PasKNOHEHUA Ha
mMeTnmuara npu 55 nacneasaHn xmbpuau Lapesmua
Table 3. Dependencies between grain yield and number of branches of the
tassels in 55 maize hybrids tested

pynu xnbpuan |Bpoli xnbpuam c (% ot obLms| Bpoii xnbpunam ¢ |% ot obuwus | bpoit xubpuan c| % ot 06, 6poii
no Ao6uB 3bpHO,| 6-9 paskn. Ha 6poin B | 10-13 paskn. Ha| ©6poli B 14-18 pa3kn. Ha| obwmsa | xubpuamn B
Groups of grain MeTAnLM rpynarta MeTANLM rpynarta MeTAnLM 6poii B rpyna
yield hybrids Number of % of the Number of % of the totall = Number of rpynata Total
kg/ha hybrids with | total in the hybrids with | in the group | hybrids with % of the | number of
6-19 branches of|  group 10-13 branches 14-18 branches | total in the | hybrids per
the tassels of the tassels of the tassels group group
1 rpyna / group 3 50.0% 2 33.3% 1 16.6% 6
13000-14000 kg
2 rpyna / group 3 27.3% 6 54.5% 2 18.2% 11
11000-13000 kg
3 rpyna / group 6 27.3% 14 63.4% 2 9.1% 22
9000-11000 kg
4 rpyna / group 4 25.0% 11 68.8% 1 6.2% 16
5000-9000 kg
0610 6post 16 33 6 55
Xnépuam
Total number
Hybrids

Kakto ce Bmxga oT TabnuuyaTta, 3a-

As can be seen from the table, the

BMCMMOCTTa Ha 6posi Ha pasK/IoOHeHMsATa
Ha MeTnmuata c gobuBa Ha 3bpHO €
[OCTa C/oXHa U He e efHo3HayHa. BbB
BCSKa efHa u3cnegBaHa rpyna xubpuam
no fO6UB MMame XMOpPUAN KakTo C MasTbk
OpoVi pa3kNOHEHNS] Ha METNLMTE, Taka 1
c ronam. ToBa nokassa, Ye NpPoAyKTUBHOCT-
Ta Ha XubpuauTe 3aBUCU NPefn BCUYKO
OT TAXHaTa FeHETUYHO 3asioKeHa (hoTo-
CUHTETMYHA MPOAYKTUBHOCT Ha NbpBO
MSCTO, a 6pos Ha paskKIoHeHUATa Ha MeT-
nunTe He e nuMuTupal, daktop. Moxe
Ja vMa BMCOKO MPOAYKTUBHWU WAN HUCKO
NPOAYKTVBHN XMOPUAWN KakTo C MasTbk
Opoii pa3kK/IOHEHMA Ha MET/IMUUTE Taka 1
C ronsMm O6poil. BbApekn To3uM OCHOBEH
n3Bog ob6aye, aHann3npanku pesynratute
OT rpynata Ha Hali — BUCOKO A0OMBHUTE
XMbpugn OT nbpBa rpyna ce BwWXaa, 4e
50% OT TSX ca TakmBa C MasibK 6Gpow
pasknoHeHma Ha metnuuata — or 6 0o 9

dependence of the number of branches of
the broom on grain yield is quite complex
and not unambiguous. In each studied
group of hybrids of yield we have hybrids
with both small number of brooms and
large. This shows that the productivity of
hybrids depends primarily on their
genetically engineered photosynthetic
productivity in the first place, and the
number of branches of butterflies is not a
limiting factor.

There may be high-yielding or low-yielding
hybrids, both with a small number of
branches and a large number of
branches. However, despite this basic
conclusion, analyzing the results from the
group of the highest yielding hybrids from
the first group, it can be seen that 50% of
them are with a small number of branches
of the broom - from 6 to 9, which is
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6pos, KOeTo e nokasatesiHo 1 Tpsibea Aa
ce vMa npegsug Mpu CcenekuuoHHaTa
paboTa ¢ uapesuuyaTa.

N3BOAN

1. Bpoa Ha pasknoHeHuATa Ha
MeTaMuata npv u3csefBaHuTe xubpuau
uapeBuua He € OCHOBEH /UMUTMpaLL
(hakTop BbpPXY A06MBA Ha 3bPHO. Moxe
Ja vMa BUCOKO MPOAYKTUBHWU WAW HUCKO
NPOAYKTUBHN XMOPUAN KakTo C Masbk
Opoil paskKIOHEHMSA Ha MET/IMUMTE Taka u
C ronsim 6poit. Bbnpeku, ye 6poss  Ha
pask/oHeHUsATa Ha MeTauuara npu us-
cnepBaHvuTe Xxubpnan LapeBula He e oc-
HOBEH NMMUTMpaLL, (hakTop BbPXY A06uBa
Ha 3bpHO, Hali-BUCOKO JOOMBHWUTE U3CNes-
BaHW Xubpuam ca C nNo-mMasbk 6poit
paskK/oHeHMa Ha MeTanuuTe - oT 6 o 9
6pos, KOeTo e nokasartesiHo 1 Tpsiba aa
ce uma npeaBug Npu  cenekymoHHaTa
paboTa c uapesuuara.

2. ObmxknHata Ha mMetnuuarta npu
uscneiBaHnTe xubpugu uapesuua ce
Hacnegasa MNpv MOMOXWUTENIHO CBPBLXAO-
MUHMpaHe, HO Mpu cnaba nposiBa Ha
XeTepo3unc B xnbpuaHarta reHepauus.

3. Mo oTHowWeHne 6pos Ha pask/o-
HeHusATa Ha wMeTnuMuata npu uscneg-
BaHUTe XxnMbpmamn uapesuua He ce otuuTar
NnposiBM Ha peasieH xeTeposuc. MNpusHaka
ce HacnegsiBa MeXAMHHO.

Bbnpeku, 4ye HsAMa XeTepo3uc B
o6LonpneTMss CMUCH/1, HEFOBOTO OTCHC-
TBME MOXE fa ce NprueMe Kato No3MTUBHO
3a CeJIeKUMOHHNS MPOLLEC KOraTo ce uenu
Cb3[aBaHETO Ha XubpuaM C NO-Masiko
pasknoHeHus Ha meTauuaTa.

indicative and should be for breeding
corn.

CONCLUSIONS

1. The number of branches of the
broom in the maize hybrids studied is not
a major limiting factor on grain yield.

There may be high-yielding or low-yielding
hybrids, both with a small number of
branches and a large number of
branches. Although the number of
branches of the broom in the studied
hybrids of maize is not the main limiting
factor on grain yield, the highest yielded
hybrids studied have a smaller number of
branches of the brooms - from 6 to 9,
which is indicative and should is
considered in the selection of maize.

2. The length of the broom in the
maize hybrids studied is inherited under
positive over-dominance but with a slight
manifestation of heterosis in the hybrid
generation.

3. Regarding the number of
branches of the broom in the maize
hybrids under study, no actual heterosis
was reported. The trait is inherited interim.

Although there is no heterosis in
the conventional sense, its absence can
be considered as positive for the breeding
process when aiming at creating hybrids
with fewer branches of the butterfly.
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PE3IOME

OueHeHa e obuwaTa 1 cneunduryHa
KOMOMWHaTMBHA CMOCOGHOCT Ha cpefHo-
paHHW MYyTaHTHU JNWHWM LapeBuua 3a
npusHauuTe A06MB 3bPHO M Ab/XMHA Ha
KoyaHa No Maremartuyeckus mofes Ha
Savchenko (1973). J/IuHniTe ca TecTupaHu
B TOMKPOCHa cxemMa Ha Tpu TecTepa.
XubpuaHute nm koMbrHaumm ca usnura-
HW B MOJICKM ONUTU NO Bb3NpPUETa 3a
palioHa arpoTexHuka.

B pesynrtar Ha npoBeneHoTO MNpo-
yuBaHe ca M3/TbYeHU JIMHUK C BUCOKa 00-
la KOMObMHaTMBHaA CNOCOBGHOCT 3a A06uB
3bpHO (26-4-2-3-1-1) N Ab/MKMHA Ha KoYaHa
(45-8-1*-1-1-1, 26-3-1-2-1-1), kouTo morat
Ja 6baat U3non3BaHU Kato KOMMOHEHTU
Ha HOBW CUHTETUYHM nonynauuu no cboT-
BETHUTE npu3Haun. C Haili-BMcoKa cnewu-
ouyHa kKoMOMHATMBHA CMNOCOGHOCT 3a
[o6MB 3bpPHO ca NuHuuTe: 44-1-3-1-1-1,
26-4-2-3-1-1 n 26-3-1-2-1-1, a 3a gb/XMHA
Ha KoyaHa 28-6-1-2*-1-1 n 45-8-1*-1-1-1.
Te ca noaxofsAwn 3a BK/IOYBAHE B KOM-
6uHauuM 3a U3TbUBaHe Ha BMCOKOA06MB-
HU Xnbpnam n xuépugn ¢ AbAbl KOYaH.
NuHunTe ¢ Bucoka o6ua u cneynduyHa
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SUMMARY

It is evaluated the general and the
specific combining ability of medium early
mutant maize lines for grain yield and
length of ear by using mathematical
method of Savchenko (1973). The lines
are tested in top-cross scheme by three
testers. Their hybrid combinations are
examined at field experiments using
accepted for the region agro technique.

As a result of the study are ascertain-
ed the lines with a high general combining
ability for grain yield (26-4-2-3-1-1) and
length of ear (45-8-1*-1-1-1, 26-3-1-2-1-1),
which can be used as components of new
synthetic populations for their respective
characteristics. Having the highest
specific combining ability for grain yield
are the lines 44-1-3-1-1-1, 26-4-2-3-1-1
and 26-3-1-2-1-1 for length the ear —
28-6-1-2*-1-1 n 45-8-1*-1-1-1.

They are appropriate for being included in
combinations for receipt of high yielding
hybrids and long-ear hybrids. The lines
with high general and specific combining



KOMOUHaTMBHaA CNOCOGHOCT No Aggarta npu-
3Haka ycneLHo morart fa ce u3nonssaT u
B [IBETE CEJIEKLMOHHWN HanpaBneHus.

Knwouyosu LymMn: obuia
KOMOMHaTMBHa CMOCOBHOCT, cneuuduryHa
KOMOGMHATMBHA CMOCOBGHOCT, CPeAHO paHHU
MyTaHTHU AVHUW LapesBuua, A06MB 3bPHO,
Ob/HKMHA Ha KovaHa

YBO/,

Cb3faBaHeTo Ha HOBMW MO-BMCOKO-
[OBVBHM XMbpuan ¢ Nogo6bpeHo KavyecTBo
Ha LapeBUYHOTO 3bPHO U MOBULLEHA
YCTONUYMBOCT KbM abvOTUYHM N BUOTUYHK
hakTopy Ha cpejata e OT CbLLEeCTBEHO
3HayeHne 3a pa3BUTMETO Ha CbBPEMEH-
HOTO 3emefenive. EKCnepuMeHTasHUAT My-
TareHesuc ¥ nocfefpaliata ro MyTalvoH-
Ha cenekums e egHa OT Bb3MOXHOCTUTE
3a oboratsBaHe M MosyyaBaHe Ha HOB
reHeTMYHO pasHoobpaseH, N3XoaeH mare-
pvan 3a cenekums. TpetupaHeTo ¢ mMyTa-
reHn npeamn3BuKkBa MyTUpaHe Ha oTAesHU
TeHN unu rpyna oT reHwW, HOCUTENU Ha
LEHHW CTOMAaHCKN NnpusHauu, npu KoeTo e
Bb3MOXHO M0/ly4aBaHETO Ha COpTOBE U
JIMHAM C HOBWM KayecTBa W CBOMCTBA
(,Blyandur, 1974; Genov, 1988; Hristova,
1988; Hristova and Hristov, 1990; Hristov
and Hristova, 1995; Valkova, 2013;
lichovska, 2013 u ap.). BaxeH nokasaren,
onpeaensi, 13nos3BaHeTo Ha MyTaHTHM-
Te /IMHWM B XeTepo3ucHaTa cenekuus e
TsiXHaTa KOMOUHATMBHA cnoco6HOCT. OLeH-
KaTa 1 JaBa Bb3MOXHOCT 3a BK/OUBaHe-
TO UM B fo06pe 060CHOBaHW CeNeKLMOHHN
nporpamn (Petrovska and Valkova, 2018;
Valkova et al., 2019 un gp.).

Llenta Ha HacToALWeTO npoyysaHe
€ oueHka Ha KombuHaTMBHaTa Ccnoco6-
HOCT 3a npu3Haka [o6uB 3bPHO U Abi-
XMHa Ha Ko4yaHa Ha CpefHO paHHW My-
TaHTHW IMHUM Lapesunua ¢ Ao6pu npo-
OYKTVBHM  BbB3MOXHOCTW, C oOrfeg no-
paLvoHasIHOTO UM BK/IIOYBaHE B NOAX0AA-
LM CeNEeKUMOHHM MPOorpamu.

MATEPVAJT U METOOU

MpoyyBaHeTo € NpPOBEAEHO Mpes3
2017r. B noneto Ha VIHCTMTYT No uapesu-

a7

ability for both traits can be successfully
used in both breeding directions.

Key words: general combining
ability, specific combining ability, medium
early mutant maize lines, grain yield, length
of the ear

INTRODUCTION

Selection of new hybrids with
higher vyields, improved quality of the
maize grain and increased resistance to
abiotic and biotic environmental factors is
of vital importance for the development of
modern agriculture.

Experimental mutagenesis and
subsequent mutant selection are one of
the possibilities for enriching and
obtaining new genetically diverse
selection material. Mutagens treatment
causes mutation of individual genes or a
group of genes carrying valuable
economic traits, whereby obtaining of
sorts and lines with new qualities and
traits is possible (Blyandur, 1974; Genov,
1988; Hristova, 1988; Hristova and
Hristov, 1990; Hristov and Hristova, 1995;
Valkova, 2013; lichovska, 2013 etc.).

An important trait determining the use of
mutant lines in the heterosis selection is
their combining ability. Its evaluation
enables their including in well-grounded
selection programs (Petrovska and
Valkova, 2018; Valkova et al., 2019 etc.).

The purpose of this study is to
evaluate the combining ability for the traits
grain yield and length of the ear of
medium early mutant maize lines with
good productive capabilities with a view to
their more rational including in appropriate
breeding programs.

MATERIAL AND METHODS
The study is conducted in 2017 in
the field of the Maize Institute, Knezha.



uara rp. KHexa. 3a uennte Ha npoy4sa-
HEeTO ca u3non3BaHn 6 CpefHO paHHU
MyTaHTHU NMHMK Lapesuya 26-3-1-2-1-1,
26-4-2-3-1-1, 26-6-1-1-1-1, 28-6-1-2*-1-1,
44-1-3-1-1-1 n 45-8-1*-1-1-1, nosnyyveHu
ypes XMMUYECKN MyTareHesuc u nocneg-
Balla ro myTtaumoHHa cenekuyus. Ctabu-
NM3npaHmTe MyTaHTHU IMHKK ca TecTupa-
HW Ha Tpu TecTtepa XM 92471, XM 4418 n
XM 4390. XubpugHute nUm KomGUHauun
ca M3NUTaHu B MOJICKM ONWUTU NO MeToga
Ha /laTVHCKUS MpPaBObLIb/HUK, B TpU
NMOBTOPEHUSs C pa3mMep Ha pekonTHata
napuenka 10m? 6e3 HanosBaHe Mo Bb3-
npveTa 3a parioHa arpoTexHuka.

Cratuctmnyeckatra ob6paboTka Ha
N3XO4HUTE JaHHW € U3BbpLUEHa No MeTo-
[a Ha AMCnepcuoHHMst aHanm3 no Shanin
(1977). 3a oueHka Ha obuwata u cne-
umdunyHa KoMOGUHATMBHA CMOCOGHOCT €
NPWIOXKEH MaTemaTuyeckuss MoZes Ha
Savchenko (1973).

PE3YJITATU N OBCBXXOAHE

Pesyntatute  OoT  npoyyBaHeETO
OTHOCHO A06MBa N Ab/IXMHATA Ha KoyaHa
Ha NOy4YeHuUTe TOMKPOCHU XNopUaHN
KOMOMHaLmMmn ca npeacTaBeHn Ha Tabnmuym 1
n 2. NMpoBeaeHUAT AUCMNEPCUOHEH aHaIn3
Ha W3XOOHWTE [aHHW OT MOJICKAS OonuT
nokassa [OCTOBEPHW pasfinunsa Mexay
TAX. CpegHuAT um [o6uB Bapupa OT
752,0 kg/da po 1012,6 kg/da.

For the purpose of the study are used 6
medium early mutant maize lines
26-3-1-2-1-1, 26-4-2-3-1-1, 26-6-1-1-1-1,
28-6-1-2*-1-1, 44-1-3-1-1-1 and 45-8-1*-1-1-1,
obtained by chemical mutagenesis and its
subsequent mutant selection. The
stabilized mutant lines are tested by three
testers XM 92471, XM 4418 and XM
4390. Their hybrid combinations are
tested in experimental fields using the
method of the Latin Rectangle, in three
repetitions with size of the plot of 10m?,
without irrigation, by an agro technique
adopted for the region.

The statistical processing of the raw
data is performed by using the method of
the variance analysis of Shanin (1977).
The mathematical model of Savchenko
(1973) is applied for evaluation of the
general and specific combining ability.

RESULTS AND DISCUSSION

The results of the study on the yield
and the length of the ear of the obtained
top-cross  hybrid combinations are
presented in Table 1 and 2. Conducted
variance analysis of the raw data from the
field experiment shows  significant
differences between them. The average
yield varies between 752.0 kg/ha and
1012.6 kg/ha.

Tabnuuya 1. Jo6uB 3bpHO (kg/da) npu 14% Bnara Ha XMbpuaHM KOMOMHaumn c
y4dacTMeTo Ha CpefHOo-paHHU MyTaHTHU NMHUU Lapesuua, 2017rT.

Table 1. Grain yield (kg/ha) at 14% moisture of the hybrid combinations with the
participation of the medium early mutant maize lines, 2017

NuHun Tectepu/Tester lines XM 92471| XM 4418 | XM 4390 | CpefiHO 3a NMHUuTe
MyTaHTHY nMHun/Mutant lines Mean for the lines
26-3-1-2-1-1 951.7 808.8 797.1 852.5
26-4-2-3-1-1 1012.6 812.4 849.6 891.5
26-6-1-1-1-1 854.1 823.0 835.2 837.4
28-6-1-2*-1-1 943.4 758.7 845.6 849.2
44-1-3-1-1-1 820.6 800.9 947.2 856.2
45-8-1*-1-1-1 858.1 752.0 915.5 841.9
CpegHo 3a Tectepa/Mean for the testers| 906.7 792.6 865.0 854.8

LSDs%-24.1

LSD1%-32.4

LSDo.10-42.7

48



Ta6bnuua 2. Ob/MKMHA Ha KOoYaHa Ha XMOPWAHM KOMOMHaUMKM C y4yacTUeTo Ha
CcpefHO-paHHN MYTaHTHU MHUK Lapesuua, 2017r.
Table 2. Length of the ear of hybrid combinations with participation of medium

early mutant maize lines, 2017

NuHun Tectepu/Tester lines XM 92471| XM 4418 | XM 4390 | CpefHO 3a NMHuuTe
MyTaHTHY nMHun/Mutant lines Mean for the lines
26-3-1-2-1-1 21.6 19.6 21.6 20.9
26-4-2-3-1-1 19.8 19.1 20.1 19.7
26-6-1-1-1-1 18.8 17.0 20.5 18.8
28-6-1-2*-1-1 20.4 19.7 19.6 19.9
44-1-3-1-1-1 20.0 18.2 20.9 19.7
45-8-1*-1-1-1 20.1 20.0 22.8 21.0
CpegHo 3a Tectepa/Mean for the testers|  20.1 18.9 20.9 20.0

LSDs%-0.6

LSD1%-0.7

LSDg.106-1.1

OT Tabnuuute e BWUAOHO, 4Ye no- The tables illustrate that the

BMCOKOAOBGMBHU Ca KPBbCTOCKATE C y4yac-
TNeTO Ha fiuHua XM 92471 B cpaBHeHue C
ocTaHasMTe gga TecTepa. C Haii-BUCOKU
[obuBK ce oTAMyaBaTt BapuaHTute 26-4-
2-3-1-1 x XM 92471 n 26-3-1-2-1-1 x XM
92471, uniATO CTOMHOCTU Ca KaKTO criejBa
1012,6 kg/da u 951,7 kg/da. OTHOCHO
ObXnHaTa Ha KovyaHa CbC CpPaBHUTESTHO
BMCOKWN CTOMHOCTM ca TOMKPOCUTE C yyac-
TMeto Ha Tectepute XM 4390 n XM
92471. C Hall-4bNrv KoYaHn ca BapmaHTuTe
45-8-1*-1-1-1 x XM 4390, 26-3-1-2-1-1 x
XM 92471 n 26-3-1-2-1-1 x XM 4390. Te n
BCUYKM OCTaHa/IM XUbpuUaHU KOMOUHaLMn
C NO-BWCOKM CTOMHOCTU 3a Npu3HauuTe
[06MB 3bPHO U Ab/DKMHA HA KoYaHa npes-
cTaBnsiBAT WHTEpPeC 3a cefnekuuata, a
U3NUTBAHETO UM NPOAb/HKABa C BK/IOUBAHE
B KOHKYPCHU U €KOMTOrMYHK COPTOBU OMNUTW.

Upes [aucnepcvoHeH aHann3 Ha
KOMOMHaTMBHaTa CNOCOGHOCT 3a A06uB
3bPHO U AB/DKMHA HA KOYaHa ca ycTaHoBe-
HV [OCTOBEPHU pa3nymst Mexay NuHunTe,
ydacTtBalm B kpbcTtockuTe (Fon. > Frabn.),
KOeTO [aBa Bb3MOXHOCT aHa/lM3bT 3a
oueHkaTta UM no koMbumHaTMBHa CNOCO6-
HOCT fga npoAb/iku. KaTo kpuTepum 3a
Tasn oueHka ca M3non3saHu napamert-
pute gi, gj 3a OKC un o2si, o2sj 3a CKC
(Tabnuua 3).

CpaBHsiBaHeTO Ha eektute OKC ¢
BapvaHcuTe Ha edpbektute Ha CKC pasa
Bb3MOXHOCT [a Ce CbAu 3a OTHOCUTEN-
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crosses with the line XM 92471 are higher
in yield compared to the ones with the
other two testers. The highest yield shows
the variants 26-4-2-3-1-1 x XM 92471 and
26-3-1-2-1-1 x XM 92471 whose values
are as follows: 1012.6 kg/ha and 951.7
kg/ha. In regard to the length of the ear,
relatively high values demonstrate the
top-crosses with the testers XM 4390 and
XM 92471. The longest ears have the
variants 45-8-1*-1-1-1 x XM 4390, 26-3-
1-2-1-1 x XM 92471 n 26-3-1-2-1-1 x XM
4390. All of them as well as the other
hybrid combinations with higher values for
the traits grain yield and length of the ear
are of interest for the selection and their
testing continues by including them in
competitive and ecological variety trials.

By means of the variance analysis
of the combining ability of the grain yield
and the length of the ear are found
significant differences between the lines
participating in the crosses (F > Fcrit),
which allows continuing the analysis of
their evaluation by combining ability. The
parameters gi, gj for GCA and o32si, 02sj
for SCA are used as criteria for this
evaluation (Table 3).

A comparison of the effects of the
GCA and the variances of the effects of
the SCA allows judging of the relative



HaTa BaXHOCT Ha [eilCTBME Ha reHute.
KombrHaTuBHaTa Crnoco6HOCT € reHeTu-
yeckn petepmuHupaHa kato OKC ce
obycnaesi OT agUTVBHO AelCTBaLUUN TEHN,
a CKC — oT reHu ¢ JOMMHaHTEH 1 enucta-
TeH eqoekT (Turbin et al., 1974). AHaNn3bT
Ha edektute Ha OKC un BapmaHcute Ha
epektuTe Ha CKC Ha iMHuuTe faBa Bb3-
MOXHOCT [a ce HanpasaT onpegenexHun
M3BOAN OTHOCHO CefleKLUMOHHaTa UM LeH-
HOCT W HarnpaBfeHUsiTa Ha U3nosi3BaHe.

importance of the genes’ action. The
combining ability is genetically
determined, provided that GCA is
determined by additive acting genes and
SCA - by genes with dominant and
epistatic effect (Turbin et al., 1974). The
analysis of the effects of the GCA and the
variances of the effects of the SCA of the
lines makes possible to draw certain
conclusions regarding their selection
value and directions of use.

Tabnuua 3. Edpektn Ha OKC (gi, gj) n BapmaHcu Ha edektute Ha CKC (o2si, o2sj)
3a Npu3HauuTe Ao6MB 3bPHO N Ab/HKMHA HA KOYaHa Ha CpefHO-pPaHHN MyTaHTHU

NinHun vapesunua, 2017r.

Table 3. Effects of the GCA (gi, gj) and variances of the effects of SCA (o3si, 02sj)
for traits grain yield and length of ear of medium early mutant maize lines, 2017

MyTaHTHU NNHUK Jo6us 3bpHO/Grain yield JbnxuHa Ha KovaHa/Length of ear

Mutant lines Edbektn Ha |BapuaHc Ha edpekTTe| Ediektn Ha | BapuaHc Ha echbekTute
OKC (gi, gj) Ha CKC (o3si, a2sj) | OKC (gi, gj) Ha CKC (o3si, a2sj)
GCA effects Variances of SCA GCA effects Variances of SCA

(gi, g)) effects (o2si, 0%s)) (gi, g)) effects (o2si, 0%s))

26-3-1-2-1-1 -2.259 3439.664 0.948 0.224

26-4-2-3-1-1 36.719 3894.512 -0.307 0.242

26-6-1-1-1-1 -17.381 1841.050 -1.230 0.579

28-6-1-2*-1-1 -5.593 1389.211 -0.096 1.216

44-1-3-1-1-1 1.430 7116.395 -0.296 0.135

45-8-1*-1-1-1 -12.915 3030.978 0.981 0.911

CraHfapTHa rpewka | (gi-gj)x3.4 (gi-gj)£3.4

Standard error

VInHnM Tectepu

Tester lines

XM 92471 51.941 3796.11 0.131 0.29

XM 4418 -62.181 905.61 -1.057 0.36

XM 4390 10.241 3583.01 0.926 0.68

CtaHgapTHa rpewuka |(gi-gj)+0.09 (gi-gj)£0.08

Standard error

3a uscnenBaHus nepuog edektute
Ha OKC Ha nuHuuTe BapupaT, KakTo
cnepsa: ot -17,38 oo 36,72 3a npusHaka
[obnB 3bpHO M oT -1,23 po 0,98 3a
npu3Haka AOb/MKUHA Ha KoyaHa. C Haii-
Bncoka OKC 3a f06MB 3bPHO € NMHUA 26-
4-2-3-1-1, a 3a Ab/PKMHA Ha Ko4yaHa ca
mHunte 45-8-1*-1-1-1 n 26-3-1-2-1-1.
Mpu Te3n MyTaHTHU NuHUK, nNpeobnana-
BallMTe reHHW edpekTn ca OT aauTMBEH
TMN 1 ToBa npepgnonara ycnewHa cenek-
LUMOHHa paboTa € TaX Npu cb3gaBaHe Ha
BMCOKOAO0OMBHY CUHTETUYHM Nonynauum u
CUHTETUUM C AbAbI KoyaH. Cblo Taka
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For the studied period the effects of
the GCA of the lines vary as follows: from
-17.38 to 36.72 for the trait grain yield and
from -1.23 to 0.98 — for length of the ear.

The line 26-4-2-3-1-1 has the highest
GCA for the grain yield trait and for length
of the ear are the lines 45-8-1*-1-1-1 and
26-3-1-2-1-1. In these mutant lines the
dominating gene effects are of additive
type and this implies successful selection
work with them upon creating high-yield
synthetic populations and synthetics with
long ear. They can also be used as




mMorat ga O6baar u3non3BaHu U Kato
TecTepu Npu aHannsMpawy KpbCTOCKM 3a
onpegensaHe Ha OKC B no-paHHM eTanu
Ha CefieKUMOHHWA MpoLuec no CbLOTBET-
HUTE npu3Haum.

Cnep aHanu3 Ha BapuaHcuTe Ha
epektuTe Ha CKC ca usnbyeHn nuHumute
44-1-3-1-1-1, 26-4-2-3-1-1 n 26-3-1-2-1-1
3a npusHaka [06uB 3bPHO N 28-6-1-2*-1-
1 n 45-8-1*-1-1-1 3a npu3Haka gb/HKNHA
Ha ko4aHa, NoaXoAsLn 3a npsika XeTepo-
31CHa cenekuns 1 nonyyasaHe Ha xubpu-
AN ¢ BUCOK [06MB M AbNbr KouyaH. Mpu
KPBbCTOCKM C ApYrn /IMHUM Te nposiBaBat
rMaBHO AOMWHAHTHU U enucTaTHU TeHHU
eqpekTu.

Ot Tabnuua 3 e BUAHO, Ye NNHUUTE
26-4-2-3-1-1 n 45-8-1*-1-1-1 ca c Bucoka
obwa n cneundmyHa KoMOMHaATUBHA Cro-
COBHOCT, KOETO M NnpaBu efHaKBO LIeHHU
3a BK/IOYBAHE B pa3IMYHK Hanpas/ieHus
Ha CesieKuus KaTo KOMMNOHEHTU Ha CpesHOo
paHHU cuHTeTMUM; KaTo TecTepn Ha OKC
B paHeH eTan Ha oTbop M KaTo poauTen-
CKv (hOpMUM Ha cCpeaHO paHHW BUCOKOA00MB-
HU XNM6punan 1 xnbpuam ¢ Abbl KOUaH.

N3BOAN

Bb3 oOcHOBa Ha aHa/m3a M
OueHKaTa Ha MyTaHTHUTE JIMHUUTE ca
HanpaBeHW C/eJHUTE MO-BaXHU W3BOAU
3a TAXHOTO NPUIOXKEHNE:

OT TOMKpoCcHa cxema € ydyactue Ha
CpPefHO paHHW MYTaHTHW JIMHUKU C BUCOKa
OKC ca wusnbyeHn: efgHa J/vHUA 3a
npusHaka go6uB 3bpPHO (26-4-2-3-1-1) n
ABe 3a Mpu3Haka Ab/HKMHA Ha KovaHa
(45-8-1*-1-1-1, 26-3-1-2-1-1), nogxoAsaLm
3a Cb3faBaHe Ha CUHTETUUM C BUCOK
[06MB 1 AbNbr KoyaH. Te moraT ga 6bgat
U3MOM3BaHN U KaTo TecTepu Npu aHauns
Ha obuwa kKombuHaTMBHa CMOCOGHOCT B
Nno-paHHNW eTanu Ha  CenekuMoHHUS
npovec.

Bucoka CKC 3a gobuB 3bpHO umaTt
MHuUnTe 44-1-3-1-1-1, 26-4-2-3-1-1 wu
26-3-1-2-1-1, a 3a Ob/HKMHA Ha KovaHa
28-6-1-2*-1-1 n 45-8-1*-1-1-1. lNMoco4yeHuTe
JIVHUN ca MOAXOoAsl, M3XO4eH maTepuan
noslydaBaHe Ha BMCOKOAOOMBHUN Xnbpuam
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testers for the analyzed crosses in
determining the GCA at earlier stages of
the selection process for the respective
traits.

After the variance analysis of the
effects of the SCA are obtained the lines
44-1-3-1-1-1, 26-4-2-3-1-1 and 26-3-1-2-
1-1 for the trait grain yield and 28-6-1-2*-
1-1 and 45-8-1*-1-1-1 for the trait length
of the ear, which are appropriate for direct
heterosis selection and production of
hybrids of high yield and long ear. In
crosses with other lines they demonstrate
primarily dominant and epistatic gene
effects.

Table 3 shows that the lines
26-4-2-3-1-1 and 45-8-1*-1-1-1 have a
high general and specific combining ability
which make them equally valuable for
being included in different directions of the
selection as components for medium early
synthetics; as testers of the GCA at an
early stage of selection and as parental
forms of medium early high-yield hybrids
and hybrids with long ear.

CONCLUSIONS

Based on the analysis and
evaluation of the mutant lines, the
following important conclusions for their
application are made:

From a top-cross scheme with
participation of medium early mutant lines
with a high GCA are obtained (ca
nsnbyeHu): one line for the trait grain yield
(26-4-2-3-1-1) and two — for the train length
of the ear (45-8-1*-1-1-1, 26-3-1-2-1-1),
being appropriate for the production of
synthetics with high yield and long ear.
They can also be used as testers upon
conducting of analysis of the general
combining ability at earlier stages of the
selection process.

High SCA for the trait grain yield
have the lines 44-1-3-1-1-1 26-4-2-3-1-1,
and 26-3-1-2-1-1 and for the length of the
ear — 28-6-1-2*-1-1 and 45-8-1*-1-1-1.
The aforementioned lines are appropriate
raw material for obtaining high-yield



N XM6pnAMN C AbAbI KOYaH. hybrids and hybrids with long ear.

[lBe OoT cnekTbpa Ha MyTaHTHUTE Two of the spectrum of the mutant
NMHMX npuTexasaT cpaBHUTENHO Bucoka | line have relatively high GCA and SCA
OKC un CKC (26-4-2-3-1-1 n 45-8-1*-1-1-1) | (26-4-2-3-1-1 n 45-8-1*-1-1-1) and they
n wmorat pga O6bgar wusnon3saHn B | can be used in different directions of the
pa3NnyHM CenekLMoHHN HanpasneHus. selection.
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