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PE3IOME

B VHCTUTYT No cdhypaxHUTe KynTy-
pu, FneBeH ca NpoBefeHN MeXaypoLoBu
(Lolium perenne x Festuca arundinacea,
Festuca pratensis, Festuca rubra) u
BbTPEBUAOBN KPBLCTOCKM 3a MOJlydaBaHe
Ha xubpuan Festulolium wu F; c
KOMMIEKCHa ycToiumBocT. MNpes3 2012 1. e
3a/10KeH MOJICKN ONWUT C LT CpaBHUTES-
HO wu3NUTBaHe Ha noTomMcTBara Ha 14
BapvaHTa ¢ obuwo 350 wHAMBMAYyasHU
pacteHus, 3acageHu B cxema 50x50 cm.
damunuMTe ca mM3nutaHn no mopcosio-
TMYHW NPU3HaUWM 3a BEreTaTMBHO U FeHe-
paTtMBHO pasBUTME, 3MMOYCTONYMBOCT,
TOMEPAHTHOCT Ha 3acyllaBaHe W BUCOKM
NeTHN TemnepaTtypu, HanageHue oT
PbXAM NpU  ecTecTBeH WHGEKLMO3EeH
ooH, theHohasn Ha pas3BuTME U Xabutyc.
MpenctaBeHn ca CpefHU, MUHUMASTHW,
MakCVMasiHn  CTOWHOCTW,  CTaHAapTHU
OTK/IOHEHUA U KOe(PMUEHT Ha BapupaHe
3a 2013 r. n 2014 r. no npusHauyuTe:
BMCOYMHA Ha pacTeHusTa, Ab/DKUHA W
WMpUHa Ha BTOPU JNINCT, LIUPMHA Ha
Tydpata, MNPOAYKTMBHOCT Ha CEMEHa M|
enemeHTMTe 0. 6Gpoli  reHepaTUBHU
cTbbna (knacoBe wau MeTAnum), Gpon
knacueTta B knac (MeT/mua), Ab/HKMHA Ha
Knaca, Terno Ha cemMeHara OT pacTeHue u
Macarta Ha 1000 cemeHa. YCTaHOBEHO e

SUMMARY

Intergeneric  (Lolium perenne X
Festuca arundinacea, Festuca pratensis,
Festuca rubra) and intraspecific crosses
were carried out to obtain Festulolium
hibrides and F; from interploidy crosses
with complex resistance at the Institute of
Forage Crops, Pleven. Parental
components had different origin, ploidy
level and maturity group. Field trial was
established in 2012 with the aim for
comparative progeny testing. Working
scheme involved 14 variants, 350
individual plants in total, planted in 50x50
cm distance. The families were evaluated
by morphological characters for
vegetative and generative development,
winter hardiness, drought and high
summer temperature tolerance, rust
attack under natural infection background,
stages of development and habit. The
average, minimum and maximum values,
standard deviation and coefficient of
variation during 2013 and 2014 years by
the traits: plant height, length and wide of
flag leaf, tuft wide, seed productivity and
it's elements: number of generative stems
(ears and panicles), number of spikelets
in ear or panicles, ear length, and seed
weight per plant, thousands seed weight
were presented. The high genetic
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rofIIMO reHeTUYHO pasHoobpasne mexay
noromcTeara. Pesyntatnte ca obpabo-
TeHn ¢ nporpamarta Statgraph. MNMpoBegeH
e ANOVA egHOGhakTOpeH BapuauMoHeH
aHann3 Nno BCEKW OTAeNleH MNpu3Hak u
MHOXECTBEH paHr TecT. Karo o0606LieH
m3pa3 3a T[EHETMYHOTO POACTBO U
OTAa/IeYeHOCT ca pesynTartute OT kiac-
TbpEH aHa/M3 B fJeHgporpamu c no 2
OCHOBHU KNacTbpa, B MbPBU Ca BKHOYEHN
BapuaHTu 1, 2 n 3 notomcTea OT Tuna
Festuca rubra, nogxopsawm 3a pgekopa-
TUBHM L&/, & BCMYKN OCTaHa/m B Hanpa-
B/IeHWe 3a doypax. BTopuaT knactbp nma
NOAKNACTbPU HA HSAKONKO HMBA, CbC
CXOACTBa M pasfaievyeHocT Ha 6asaTta Ha
CbOTBETHUTE MpU3HaLM K3pa3eHo upes
EBK/IM0BOTO pa3CcTofHMe.

KnioyoBn Aymn: MHOTOroguLLIHM
XWUTHN TPEBW, MEXAYBWAOBW U BbTPEBU-
[OBU KPBbCTOCKU, MOTOMCTBA, KIaCTbpeH
aHann3, ectynonnym

yBO/.

[no6asHOTO 3aTomnnsHe Ha
KJMmaTa e Cepuo3eH aprymeHT 3a
ns3gupBaHe Ha BUAO0BeE C NoBuLLEeHaA
afanTUBHOCT M BUCOK MNPOAYKTU-
BEeH noTteHuuan. B Ta3n Bpb3ka e
HEOXOOUMO TeHeTUYHO noJobps-
BaHe Ha MHOrOroAMLHNTE XXUTHU
doypaxkHn KynTypu n cb3faBaHe Ha
HOBM COPTOBE C MNOBULUEHA TOse-
PaHTHOCT Ha cywa v epeKTUBHOCT
Ha wW3nos3BaHe Ha BogaTa, C
BMCOKO KayeCTBO Ha dypaxa.
Upe3 oTgasnievyeHa xubpuamsaums,
nonunaougu3aunsa n MHTporpecus
MeXy naculleH painrpac u Tpbe-
TVKOBUAHA, NMBajHa NN YyepeBeHa
Bnacartka (Lolium — Festuca) kom-
niekc ce nocTura HOB pacTuUTesieH
Bung  Festulolium,  cbyeTtaBauy
OT/IMYHN  PypaKHM KayecTBa U
BMCOKa CTPECOYyCTONUMBOCT (KbM
cylwa, CTyA, natoreHu). To3u Kom-

diversity between progenies was found.
Results were processed by the program
STATGRAPH. One-way ANOVA for 14
variants by each trait and multitude rang
test at 95% LSD were done.

The results from the Cluster analysis as
the general expression for genetic
relationship and distance were shown as
the dendrograms with two main clusters —
first — the 1, 2 and 3 progenies by the type
Festuca rubra, suited for ornamental
(amenity) use, and second - all other
progenies suitable for forage use. The
second cluster had the sub clusters in
different levels, with the similarity and
difference on the base of the characters
defined as Euclidian distance.

Key wards: perennial grasses,
intergeneric and intraspecific crosses,
progenies, cluster analysis, Festulolium

INTRODUCTION

The global warming of
climate is a serious argument for
searching plant species with higher
adaptivity and high productive
potential. With regard to this the
genetic improvement of perennial
forage grasses and development
of new varieties with higher
drought tolerance, water use
efficiency and high forage quality is
necessary. The new plant species
Festulolium, combined excellent
forage qualities and high stress

resistance (for drought, cold,
patogenes) is create by
intergeneric hybridization,

polyploidization and introgression
between perennial ryegrass and
tal, meadow and red fescue
(Lolium — Festuca).

This complex represent unlimited
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naekc npeacras/isiBa HeorpaHn4yeH
M3TOYHMK Ha 3apogMLUHa niasma u
€ 06€eKT Ha NpoyyBaHe B CBETOBEH
nnaH (Thomas and Humphreys,
1991; Yamada et al., 2005).
Humphreys et al. (2001) B npoekTa
SAGES cbuyeTaBaT KOHBEHLMO-
Ha/iHaTa cefnekunsi 1 ecTecTBeHO-
To 6uopasHoobpasve B EBpona 3a
Cb3jaBaHe Ha BUCOKOKAYeCTBEHU
MHOIOrOAMULLIHW XUTHWU TPEBU, aja-
NTMPaHN KbM pasiNnyHN abnOTUYHN
CTPecoBU (pakTopu, M3MNoN3BanKu
HOBa TEXHOJIOMMA W YHMKa/iHaTa
Bb3MOXHOCT  Mexay BuaoBeTe
Lolium n Festuca ga ce paskpue
KOMMJiekca npu3Haun cBbp3aHu C
YCTOMUYMBOCTTA Ha CTpec. YCTaHo-
BsiIBaT Ce Bb3MOXHOCTUTE Ha oTAa-
neyeHara xubpugusaums mMexay
naculeH panrpac n TpbCTUKOBUA-
Ha W fiMBajHa BnacaTka 3a nosy-
yaBaHe Ha pas/INYHN  TUNoBe
xnépugn Festulolium n nsnuteaHe
Ha notomcTBara um.
CenekunoHHTe  Lesu
MEeX/AypoaoBUTE KPbCTOCKM ca:
= npy  xubpuamsaums  Ha
nacveH pavrpac u mBagHa
B/lacaTka — nosulIaBaHe Ha 3MMO-
YCTOMUYMBOCTTA,
= nacuweH pairpac u TpbCTU-
KOBMAHa Bnacatka — CyXOYyCTOW-
4MBOCT;
= nacueH painrpac n yepse-
Ha BnacaTka — AeKopaTUBHOCT.
Mpy BLTPEBUAOBUTE KPHCTOCKM C

3a

source of germplasm and is object
for researching in a world plan
(Thomas and Humphreys, 1991;
Yamada et al., 2005).

Humphreys et al. (2001) in the
project SAGES combined
conventional breeding and natural
biodiversity in Europe for
developing high quality perennial
grasses adapted to different abiotic
stress  factors, using new
technology and unique possibility
between species Lolium and
Festuca to bring to knowledge the
complex of the traits connected to
stress resistance. In our study we
searching possibility of intergeneric
hybridization between perennial
ryegrass and tall and meadow
fesque for increasing resistance to
abiotic and biotic stress by
obtaining different type hybrids

Festulolium and testing their
progenies.
The breeding aims for

intergeneric crosses were:

= For hybridization between
perennial ryegrass and medow
fescue — Increasing  winter
hardiness;

= perennial ryegrass and tall
fescue — drought resistance;

= perennial ryegrass and red
fescue — ornamental qualities.
For intraspecific crosses between

= naculleH panrpac — Ha gun-
NIOVAHO HUBO LieNTa e upe3 KoMbu-
HaTVBHa cenekuus nocturaHe Ha
TOMEPaHTHOCT Ha 3acylasaHe,

= perennial ryegrass — diploid
level the aim was by combinative
breeding to obtain  drought
tolerance, persistence, ornamental

804



ObNroTpPaiHOCT, AEKOPATMUBHOCT;
= Ha TeTpanIouaHO HUBO —
TONNIEpPaHTHOCT Ha 3acyllaBaHe,
YCTOMUYMBOCT Ha pPbXAW, BUCOKO
KayecTBO Ha (pypaxa.

A npu BbLTPEBUAOBUTE,
MHTEPMNIONAHN KPbCTOCKMU -
= MEeNoTUYHM TeTpaniongm n
= TpaHcdep Ha reHute stay —
green — 3a 3anasBaHe Ha 3e/1eHus
UBAT Npu cTapeeHe, cywa, 3UMHU
yCcnosu4.

MATEPVANT N METO4U

[MpoBeneHn ca mexaypoaosu
(Lolium  perenne x Festuca
arundinacea, Festuca pratensis,
Festuca rubra) n BbTpPEeBNLOBU
KPBbCTOCKM 3@ noJsiyyaBaHe Ha
xmopugn Festulolium wn F; ¢
KOMMieKCHa YycTtoinumsocT. [pes
2012 r. e 3a/10)XEH MOJICKA ONUT C
Luesl CpaBHUTENIHO WU3NUTBaHE Ha
notomcreara Ha 14 BapuaHTa C
o6wo 350 mHamMBMAyasHW pacTte-
HWA, 3acafleHM Ha pascTosiHue
50x50 cm. ®amunmnTe ca usnuta-
HW MO MOPJIONOTNYHM NpU3HaUM 3a
BeretatTMBHO W reHepatMBHO pas-
BUTUE, 3UMOYCTONYMBOCT, TOJe-
PaHTHOCT Ha 3acyllaBaHe U BUCO-
KA NeTHW Temnepartypu, Hanage-
HMEe OT pPbXAW Mpu ecTecTBeH
NHeKUnoseH poH, deHodasn Ha
passutne n xabutyc. lMNpeacrase-
HW ca cpefHU, MUHUMa/THU, MaKcu-
MaJIHMW  CTOMHOCTM, CTaHAapTHU
OTK/IOHEHNS U KOe(UUEHT Ha
BapupaHe 3a 2013 r. n 2014 r. no

npusHauuTe: BMCOYMHA Ha
pacTeHnsTa, Ab/DKMHA M LIMPUHA
Ha BTOpM JIACT, LWMPMHA Ha

gualities;

= for tetraploid level — drought
tolerance, rust resistance, high
forage quality.

For _intraspecific, interploid
crosses -
= meotic tetraploids and
= transfer of the genes “stay —

green” — preservation of the green
colour in senescence, drought and
winter conditions.

MATERIAL AND METHODS

Intergeneric (Lolium perenne
x Festuca arundinacea, Festuca
pratensis, Festuca rubra) and
intraspecific crosses were made
for obtaining hybrids Festulolium
and F; with complex resistance.
Field trail was established in 2012
with the aim for comparative
progenies testing of 14 variants
with 350 individual plants in total,
planted in a distance 50x50 cm.

The families were evaluated by

morphological  characters  for
vegetative and generative
development, winter hardiness,
drought and high  summer
temperature tolerance, rust attack
under natural infection
background, stages of
development and habit. The

average, minimum and maximum
values, standard deviation and
coefficient of variation during 2013
and 2014 years by the traits: plant
height, length and wide of flag leaf,
tuft wide, seed productivity and it's
elements: number of generative
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TychaTta, NPOAYKTUBHOCT Ha
cCeMeHa W enemeHTuTe Ii: 6poii
reHepaTMBHM CcTb6na (knacoBse
nnn metTnuun), 6poin KnacuyeTta B
knac (meT/iMua), Ob/DKMHA Ha
knaca, Terno Ha cemeHara oOT
pacteHne u Macata Ha 1000
CeMeHa. YCTaHOBEHO € TrosMOo
reHEeTUYHO pasHoobpa3ve Mexay
notomcrteara. Pesyntatute ca
06paboTeHn c nporpamara
Statgraph. TlpoBegeH e ANOVA
efHOohaKTOpeH BapuauuoHeH aHa-
nm3 3a 14 BapmaHTU NO BCEKU
OTAEeNIeH MNPU3HaK M MHOXECTBEH
paHr TecT 3a [oKa3aHoCT Ha
pa3nvkute (LSD) npu 95%. Kato
0606LleH M3pa3 3a reHeTU4yHOTO
pPOACTBO M OTAA/IEYEHOCT ca pe-
3y/iTatute OT KNacTbpeH aHanus,
npeAcTaBeHu KaTo AeHAporpamMu.

PE3YNITATU N OBCBXXOAHE
Cnep npesnmyBaHe e oueHe-
Ha 3MMOYCTOMYMBOCT KaTo Mpo-
LEeHT XuBKM pacteHus. MNMotomcrea-
Ta nog Homepa 1, 2 u 3, kakto 1 9,
13 n 14 ca c BUCOKa CTeneH Ha
3umoycTtonumsoct — 80 o 100%,
cboTBeTHO Festuca rubra, Lolium
perenne Tun. [pn BapuaHTu
Festuca arundinacea u Festuca
pratensis TMn — cpegHa cTeneH
60— 76 %, a 3a BapuaHTh 10, 11 n
12 Bromus inermis — npe3sumyBa-
HeTo e cnabo 8 fo 32%.
B Tabnuua 1 ca npeacrase-
HA CcpefHW, MUHMMasTHWU, MaKCu-
MaJIHMW  CTOMHOCTM, CTaHAapTHU
OTK/IOHEHUS U KOoepUUEHT Ha Ba-
pyupaHe No npusHauuTe BUCOYMHA
Ha pacTeHusaTa, Ob/HKMHA U LLIUPKU-

stems (ears and panicles), number
of spikelets in ear or panicles, ear
length, and seed weight per plant,
thousands seed weight were
presented.

The high genetic diversity between
progenies was found.

Results were processed by the
program  Statgraph.  One-way
ANOVA for 14 variants by each
trait and multitude rang test at 95%
Least Significant Difference (LSD)
test were done.

The Cluster analyses results were
summariesed expression of the
genetic similarity and distance and
were presented as dendrograms.

RESULTS AND DISCUSSION

The winter hardiness was
estimated after winter as a percent
alive plants. Progenies numbers 1,
2 and 3, as well as 9, 13 and 14
had high degree of winter
hardiness — from 80 to 100%,
respectively Festuca rubra, Lolium
perenne type. The variants
Festuca arundinacea and Festuca
pratensis type — average degree
60 — 76 %, and the variants 10, 11
and 12 Bromus inermis — low
degree from 8 to 32%.

The average, minimum,
maximum values, standard
deviation and coefficient og
variation by the traits plant height,
second leaf length and width, tuft
width measured in spring and
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Ha Ha BTOpPM NIUCT, N WNPUHA Ha
Ty(pata m3mMepeHa Ha aBe pAatu
(nponet n eceH). Ha nuue e rons-
MO reHeTUYHO pa3Hoobpasne Mex-
Ay notomcTBaTa (BapuaHTu).

autumn are presented in Table 1.

The high genetic diversity between
progenies was found.

Ta6r||/|u,a 1. MOpCpOI'IOFI/I‘-IHI/I npun3Hayn Ha NOTOMCTBa MHOIoroguvlHu XWUTHU

TpeBun
Tgble 1. Morphological characters for perennial grasses progenies
WvpnHa Ha  LWupunHa Ha
BapvaHT bpoli p-a BucounHa [ObmkuHa  LWupuHa Tydhata oTrope  Tydhata B
Ha McTa  Ha iucta Tuft width ocHoBaTa
Variant Plant Height Leaflength Leaf width onthetop  Tuft width on
number cm cm mm cm the base, cm
1 21,00 16,62 6,71 1,19 8,24 11,95
2 25,00 21,64 7,20 1,20 10,40 19,68
3 25,00 27,52 8,20 1,24 12,00 20,32
4 17,00 34,82 13,88 4,35 17,00 19,12
5 16,00 42,44 21,13 9,88 16,25 23,44
6 11,00 35,73 16,27 6,36 21,64 17,09
7 15,00 21,47 10,93 5,60 24,40 14,87
8 19,00 25,74 13,05 5,74 17,89 11,53
9 21,00 25,24 15,67 7,10 15,86 13,71
10 8,00 23,75 16,50 9,63 11,25 23,14
11 3,00 20,67 18,67 11,00 9,00 33,67
12 2,00 35,50 11,50 4,50 9,00 8,00
13 24,00 42,58 12,96 6,96 19,29 14,25
14 20,00 42,75 11,30 6,15 20,60 15,75
Average 16,21 29,75 13,14 5,78 15,20 17,61
min 2,00 16,62 6,71 1,19 8,24 8,00
max 25,00 42,75 21,13 11,00 24,40 33,67
STDEV 7,63 9,01 4,25 3,15 5,25 6,42
CV,% 47,04 30,30 32,31 54,47 34,53 36,45
Mo BuUCOYMHa, pasmepu Ha | The differentiation between

nicTata u uBaT, nva gudepeHum-
paHe noaxoasawm 3a fekopa-
TMBHU Lenu (1, 2 n 3), 3a nacuLHo
(4,7,8,9, 13 1 14) 1 CEHOKOCHO
nsnonssaxe (5, 6, 10, 11 n 12). MNo
OTHOLUEHVE LUMpuHaTa Ha Tydiara,
CpaBHUTEN-HO Haill — WMHTEH3UBHO
6pateHe KW u4MMoOObOpa3syBaHe ce
HabnogaBa npu BapuaHTUTe OT
Festuca rubra ™n n

numbers was found according to
the traits: height, leaves size and
colour — suitable for ornamental
purpose (1, 2 and 3), for pasture
use (4, 7, 8, 9, 13 and 14) and for
hay (5, 6, 10, 11 and 12). The
most intensive tillering regarding
tuft wide and turf forming was
found for variants Festuca rubra
type and short — roots forms of
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KbCOKOPEHULLHWTE Ha
Bromus inermis.

B Ta6bnuua 2 ca npeacraBe-
HW cpegHV CTOMHOCTM, CTaH4apT-
HW OTK/IOHEHMA U KoepuueHT Ha
BapupaHe Mo npoAyKTUBHOCT Ha
cemeHa n enemeHtute U — 6poii
reHepaTuBHM CTbbna (knacose
nnu metnuum), 6poin knacyeta B
Knac WM MeT/mua, Ab/DKMHa Ha
Knaca, metivuara v Tersio Ha

ceMeHaTta OT pacTeHune.

dhopmun

Bromus inermis.

The average, minimum,
maximum values, standard
deviation and coefficient of

variation by the seed productivity
and its elements — stems number
(ears, panicles), number of
spikelets per ear, ear length, seed
weight per plant are presented in
Table 2.

Tabnuua 2. EnemeHTn Ha NpOAYKTUBHOCTTA Ha CeEMeHa OT pacTeHMe Npu oLeHKa
Ha MOTOMCTBa MHOIOrOANLLHW XUTHU TPEBU
Table 2. Elements of the seed productivity per plant for evaluation of perennial

grasses progenies

BapuaHT bBpoli ctbbna Bpoii paskn., [ObnxnHa Ha Knaca, Terno Ha
Knacueta meTvuaTa cemeHaTta
Variant Stems number Spikelets number Ear length, cm Seed weight, g
1 6,50 6,01 8,20 0,73
2 7,73 6,34 9,21 0,90
3 8,70 7,96 9,84 0,76
4 46,87 14,17 15,04 4,17
5 21,43 52,84 17,64 2,76
6 70,64 20,37 19,73 3,84
7 56,12 20,86 17,42 2,30
8 51,63 22,88 17,26 2,05
9 48,45 29,14 17,24 1,71
10 13,57 36,95 16,89 1,22
11 24,67 35,86 16,21 0,36
12 30,00 17,64 14,66 1,11
13 63,96 18,57 18,39 3,35
14 68,70 17,97 17,83 2,51
Average 37,07 21,97 15,40 1,98
STDEV 23,62 13,09 3,66 1,22
CV,% 63,71 59,61 23,78 61,56

C Hall-manbk 6poil reHepaTUBHU
cTbbna ca 1, 2 n 3 BapmaHTn —
Festuca rubra — gekopatveeH Tun,
CbOT-BETHO M C  Hal-HUCKa
CeMeHHa MPOAYKTUBHOCT.
MotomctBata oOT Tuna Lolium
perenne umart Hali-ronam 6po

Festuca rubra — ornamental type
variants 1, 2 and 3 had the lowest
number of stems and lowets seed
productivity, respectively.

The families Lolium perenne
type had the highest stems
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reHepatmeHn 48 po 70 Ha
pacTeHue n no-BMcoka
NPOAYKTUBHOCT Ha cemeHa oT 1,71
po 4,17 g. Hai-cnnHo e Bapupa-
HEeTO NO NPU3HaKUuTe GPOI reHe-
paTyBHM CTbbNa — BapuauVOHEH
koedpmueHT (CV) — 63, 71% n Terno
Ha cemeHata OT 1 pacTeHne -
61,56%. JbmknHaTa Ha Knaca, MeT-
nvuata e CpaBHUTESIHO Mo-cnabo
BapvabuneH npusHak — Bapuauu-
OHeH koeduueHT — 23,78 %.
MopdhosiormyHo  fokasaTersi-
CTBO 3a OCBbLUECTBEHA MeXayBu-
[oBa xubpuausauus e Tuna Ha
reHepaTUBHUTE OpraHn N TAXHOTO
Bnagon3MmeHeHne (CHUMKM 1 n 2) -
o6uwo 12 pacteHusa oT 4 nOoTOM-
cTBa. M3meHeHuATa ce mnspasasar
KaTto npeyyneH knac Metnuua npu
BapuaHTn 8, 9 n 13, cCbOTBETHO 8
pacTeHus 1 KaTo MeT/imua ¢ Hasu-
yne Ha nponudpepaumsa (paskno-
HEeHMATa Ha MeT/MunTe 3aBbpLu-
BaT C ApebHn (hoTOCUHTE3npaLm
nucteHua) 3a sapmaHtu 10 n 11,
COTBETHO 4 TakmBa pacTeHus.

number from 48 to 70 per plant
and higher seed productivity from
1,71 to 4,17 g. The characters
number of generative stems
(coefficient of variation (CV) — 63,
71%) and seed weight per plant
(CV - 61,56%) were the most
variable. The length of the ear
(panicle) had comparatively lower
variability — coefficient of variation
— 23,78 %.

The morphological evidence

for realized intergeneric
hybridization is the type of
generative organs and their

modifications (Pictures 1 and 2) —
12 plants in total from 4 progenies.
The modifications were express as
refracted ear — panicle for variants
8, 9 and 13, 8 plants respectively
or as panicle with presents of
proliferation (the panicle branches
ends with small green leaves) for
variants 10 and 11, 4 plants,
respectively.
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CH. 1. BWaon3mMeHeHN K/1acoBe Npu MeXaypoaoBu XMopuan — Tun naculleH parrpac
Picture 1. Modified ears from intergeneric hybrids — perennial ryegrass type
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CH. 2. Bugoe3smeHeHn MeTnuum Npu 6e3ocusiecTta oBcura
Picture 2. Modified panicles for smoth brome

lNpes3 roguHaTa e n3BbLpLIeHa
N CenekumoHHa oLeHKa 3a Hana-
AeHne oT 6011ecTn Npu ecTecTBeH
NHpekymoseH ¢oH. Habnwpasa
ce HanageHve OT KOpoHecTa
pbxpaa (Pucinia coronata Corda.)
no Jucrara u crTbbnata Ha
BapuaHT 5 Tvn nnBagHa Bnacarka,
OTYETEHO  Ha  MHAMBULYasTHU
pacteHua B 6an (1,3,5,7 un 9) un
NMPOLEHT, KakTo crnegsa — 6anl —
11,5% o1 pacteHudta, T. e.
3gpasu, 6an 3 — 33% o1 pacTte-
HuaTa, 6an 5 — 44 %, 6an 7 —
11,5% n 6an 9 — 0% — MHOro cun-
HO HanajeHve, a cpegHuAT 6an e
4,11%. Mpwn BapuaHtn 10 n 11 —
6e3ocunecta oBcura HanageHuve-
TO € B MNO-CWHAa CTeneH, KakTo
cnepsa: 6anl — 0% oOT pacTeHus-
Ta , T. e. HAMa 3gpasBu, 6an 3 —
16,7% oT pacteHusTa, 6an 5 — 25
%, 6an 7 — 33,3% n 6an 9 — 25% -
cpepfeH 6an 6,33% 3a Buga.

Kato 0606ueH n3pa3 3a re-
HEeTUYHOTO POACTBO U OTpasede-
HOCT ca npeAcTaBeHu pesyntatu
OT KNacTbpeH aHanms3 Ha dur. 1 n

The breeding evaluation of
the diseases attack under natural
infection background was done.
The attack from crown rust was
found (Pucinia coronata Corda.)on
the leaves and stems for variant 5
meadow fescue type, measured
on the individual plants by scores
(1,3,5,7 and 9) and percent, as
follows — scorel — 11,5% from the
plants, (healthy plants), score 3 —
33% from the plants, score 5 — 44
%, score 7 — 11,5% and score 9 —
0% — very heavy attack, but
average score was 4,11%. The
attack of crown rust was higher
degree for variants 10 and 11 -
smooth brome grass as follows:
scorel — 0% from the plants (there
aren’'t healthy plants), score 3 —
16,7% from the plants, score 5 —
25 %, score 7 — 33,3% and score
9 — 25% - average score 6,33% for
that species.

The results from the Cluster
analysis as the general expression
for genetic relationship and
distance were shown as the
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2 — pgeHpporpamMa no 5 npusHaka
3a BeretatmMBHO pasBuTMe Ha 14
BapunaHTa (notomcTtBa), U Mo 5
npu3Haka 3a reHepatvBHO pas3Bu-
Tne Ha 14 BapuaHTa 3a 2013r., a
Ha dur. 3 n 4, CbOTBETHO 3a
2014r.

dendrograms on the Figures 1 and
2 — dendrogram by 5 traits for
vegetative development of 14
variants (progenies), and by 5
traits for generative development
during 2013, and on Figures 3 and
4, for 2014, respectively.

Dendrogram

Distance
S
T

21 .
b= e i

4 N M T OO0 O O 4 N M < W
L B B I |

Fig. 1 Nearest Neighbor Method,Squared Euclidean

Dendrogram

100 |

80 |
60 |
0f
20F

Distance

L =9

A N MO < O~ OO W

N < N O o
oo d = o

Fig. 2 Nearest Neighbor Method,Squared Euclidean

dur. 1 n 2. JeHgporpamu oT KnacTbpeH aHasin3 No 5 npmsHauuy 3a BeretaTMBHO
pasBuTMe — BUCOYMHA, Ob/DKMHA U LUMPUHA Ha JINCTa, WMpUHA Ha Tydarta B
OCHOBaTa Mnpe3 nposneTrta U npe3 eceHTa M No 5 npusHaum 3a reHepaTuMBHO
pa3BuTMe — BpOI reHepaTuBHU CTbO/1a, Ab/DKMHA Ha Kiaca, meTauuarta, 6poii
pa3k/IOHEHNsT Ha MeTauuaTta, O6poii knacyeTa B K/ac, Tersio Ha cemMeHaTta Ha

pacTteHne — notomctea 2013 r.

Fig. 1 and 2. Dendrograms (Ward’'s Method, Squared Euclidean) from Cluster
analysis by 5 characters for vegetative development — height, leaf length and
width, tuft width on the base during spring and autumn; and by 5 characters for
generative development — number of generative stems, ear length, or panicle
length, number of spikelets, seed weight per plant — progenies, 2013
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Tree Diagram for 14 Variables
Single Linkage
Euclidean distances

Varl
Var3

Vard

Var6

Var9

Var7

Varl3

Varl4

Var8

Vars

Var10
V7T | —

Varl2

0 5 10 15 20 25 30
Linkage Distance

dur. 3. JeHgporpama (Ward’'s Method,Squared Euclidean) ot KnactbpeH aHan1s3 no 5
npu3HauM 3a BeretaTMBHO pa3BUTUE — BUCOUYMHA, Ab/DKMHA U LWUMPUHA Ha JIUCTa,
WwMpuHa Ha TycpaTta B ocHoBarta npes nposieTra n npes eceHta — notomctea, 2014 r.
Fig. 3. Dendrogram from Cluster analysis by 5 characters for vegetative development
— height, leaf length and width, tuft width on the base during spring and autumn —
progenies, 2014

Tree Diagram for 11 Variables
Single Linkage
Euclidean distances

Var4

Varé
Varla

Var?
Varl3
Vars

Vars

Vari2

Vario

Varil

o

20 40 60 80 100 120
Linkage Distance

dur. 4. AeHgporpama (Nearest Neighbor Method, Squared Euclidean) ot KnacTtbpeH
aHanu3 no 5 npusHauuM 3a reHepaTMBHO pa3BUTWE — OGPOM reHepaTUBHU CTbLO/A,
Ob/DKUHA Ha Knaca, meTnuuaTa, 6poii pasknoHeHUs Ha meTnuuaTa, 6poii knacuyeTa B
Kfiac, TEr10 Ha ceMeHaTta Ha pacTeH/e — NOTOMCTBa, 2014

Fig. 4. Dendrogram from Cluster analysis by 5 characters for generative
developmen— number of generative stems, ear length, or panicle length, number of
spikelets, seed weight per plant — progenies, 2014
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O60cob6eHn ca No 2 OCHOBHM
knacTtepa, B MbpBU Ca BK/IHOYEHM
BapuaHtn 1, 2 n 3 notomcrea oT
TMna Festuca rubra, nogxopgAwm
3a gekopaTtuBHU Lenu (CHuMKa 3),
a BCUYKM ocTaHa/1 B

HanpasneHue 3a ypax. Bropusar
Knactep wuma noAknactepn Ha
HAKOJIKO HMBA, CbC CXOACTBA M
pasfasnieyeHocT Ha 6asata Ha
CbOTBETHUTE MNPU3aHUN M3paseHo
ype3 EBKNMAOBOTO pasCcToAHMe.

CH. 3. nanBmayanHu pacteHus — F. rubra type — notomcTea

Two main clusters were
established. The first cluster
involved 1, 2 and 3 progenies by
the type Festuca rubra (Picture 3),
suited for ornamental (amenity)
use, and second - all other
progenies suitable for forage use.
The second cluster had the sub
clusters in different levels, with the
similarity and difference on the
base of the characters defined as
Euclidian distance.

Picture 3. Individual plants F. rubra type progenies

n3BoaAn

1. Mo BucounHa, pasme-
pyv Ha nucTata u UuBAT, nma gude-
peHuMpaHe Ha noTtoMcTBata -—
noaxo4AWm 3a AeKopaTUBHN Lesn
(2, 2 wn 3), 3a nacuwHo (4,7,8,9,
13 n 14) n CeHOKOCHO M13Mnosi3BaHe
(5, 6, 10, 11 n 12). o oTHOLLEHMKE
lUMpVHaTa Ha TydiaTa, cpaBHUTeN-
HO Hal-MHTEeH3MBHO O6paTeHe U
ynmoobpasyBaHe ce Habnwogasa
npu BapuaHTute oT Festuca rubra
TUN U KbCOKOPEHULHUTE hopmun
Ha Bromus inermis.

CONCLUSIONS

1. The differentiation
between numbers was found
according to the traits: height,
leaves size and colour — suitable
for ornamental purpose (1, 2 and
3), for pasture use (4, 7, 8, 9, 13
and 14) and for hay (5, 6, 10, 11
and 12). The most intensive
tillering regarding tuft wide and turf
forming was found for variants
Festuca rubra type and short —
roots forms of Bromus inermis.
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2. [MoTomcTBaTa oT TMna
Lolium perenne wunmaT Hail-ronsm
6point reHepatmBHn 48 po 70 Ha
pacteHve 1 Nno-BMcokKa NpPoayKTUB-
HOCT Ha cemeHa oT 1,71 pno 4,17 g.
Hai-cnnHo e BapvpaHeTo no npus-
HakuMTe O6poi reHepaTUBHU CTbO-
na — BapuaunoHeH KoedquUeHT
(CV) — 63, 71% wn Terno Ha ceme-
HaTta oT 1 pacTteHne — 61,56%.
Ob/mKnHata Ha kKnaca, metnuuata
e CcpaBHUTE/IHO no-cnabo Bapwua-

6uneH npusHak — BapuaunoHeH
KoetpuueHT — 23,78 %.
3. YcTtaHoBeHO e

ronAmMo reHeTM4yHo pasHoobpasve
Mexay notomcteaTta. Kato 0606-
lWeH u3pa3 3a reHeTM4yHoTO poa-
CTBO M OTAas/Ie4yeHoCT ca pesynTta-
TUTE OT KIacTbpeH aHain3 B
AeHAporpamMu € NO 2 OCHOBHU
Knactbpa.

4, B nbpBuM ca Bkoye-
HM BapuaHTM 1, 2 n 3 noTomMmcTBa
oT Tuna Festuca rubra, nogxopas-
Wy 3a [JekopaTtvBHM Uenu, a
BCMYKM OCTaHa/IM B HanpaBs/ieHue
3a doypax.

S. BTopuar KnacTtbp
MMa MNoAKNacTbpy Ha  HAKOJIKO
HUBA, CbC cxoacTea n
pasganeyeHoct Ha 6Gasara Ha
CbOTBETHUTE MpU3HaLUM K3pa3eHo
ype3 EBKNMAOBOTO pasCcTosHKe.

2. The families Lolium
perenne type had the highest
stems number from 48 to 70 per
plant and higher seed productivity
from 1,71 to 4,17 g. The characters
number of generative stems
(coefficient of variation (CV) — 63,
71%) and seed weight per plant
(CV - 61,56%) were the most
variable. The length of the ear
(panicle) had comparatively lower
variability — coefficient of variation -
23,78 %.

3. The high genetic
diversity between progenies was
found. The results from the Cluster
analysis as the general expression
for genetic relationship and
distance were shown as the
dendrograms with two main
clusters.

4. The  first  cluster
involved , 2 and 3 progenies by the
type Festuca rubra, suited for
ornamental (amenity) use, and
second - all other progenies
suitable for forage use.

5. The second cluster
had the sub clusters in different
levels, with the similarity and
difference on the base of the
characters defined as Euclidian
distance.
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PE3HOME

B pesyntaT Ha usBegeHa ekcnepu-
MeHTasIHa paboTta ¢ 48 NMHUN OT OBUKHO-
BEHa 3MMHa MuweHnya 6elle 0CbLIECTBEH
nogbop Ha /VHUM MO MNoKasaTenuTe:
[06MB, CTY[OYCTOMUMBOCT M HAKOU TEXHO-
NIOTUYHN KayecTBa Ha 3bPHOTO. 3penu
3apoguwiy oT nogb6paHute 9 AvHUM 6sxa
WHOKY/IMPaHW Ha 7 XpaHuTenHu cpeam ¢
pasfiMyeH cbCTaB Ha OCHOBHUTE KOMIMO-
HEHTU N PacTeXHW perynaTopu 3a U3nuT-
BaHe Ha Bb3MOXHOCTTa 3a uHAyuMpaHe
Ha KasycoreHes. PesyntatuTe oT m3crneg-
BaHeTO rMokasaxa, 4Ye B XpaHuTenHa
cpefa no Murashige-Skoog /1962/ 6e3
pacTexHu perynatopu He ce Habnwgasa
WHAYKUMA Ha Kanyc. B xpanutesnHute
cpean cbcTtaBeHn no Murashige-Skoog,
CbAbpXawy (OUTOXOPMOHUTE KUHETUH U
BAP /6eH3nnamuHonypud/ no 2 mi/l, ce
oTyeTe pasBUTME Ha Ka/lyC B HUCKA
cTeneH — cpefHo 3,25% ¢ KMHeTUH n 8,21
% c BAP. Haii-gobpe e wn3paseHo

SUMMARY
As a result of the experimental work
with 48 lines of Triticum aestivum were

selected lines with cold resistance,
productivity as well as with some
technological indices. Mature embryo

from the selected 9 lines was inoculated
in 7 nutrient media with different content

of basic components and growth
regulators for investigation of the
possibilities for callus induction. The

results from the study showed that the
culture media of Murashige-Skoog /1962/,
which does not contain growth regulators
does not induce callus development.

In the culture media Murashige-Skoog,
containing kinetin 2 m/l and BAP 2 mg/l
was observed very little callus
development - average 3,25% with
kinetin and 8,21% with BAP.

Very well is expressed the influence of
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B/IMAHMETO Ha aykcuHa 2,4-D, umAato
KOHUEHTpauus B XpaHuTenHa cpega no
MS (o6oraTeHa ¢ BuTamuHu no Linsmaier-
Skoog/1965/) HapactBa oT 1 mg/l go 4
mg/l. CTeneHTa Ha Kasicyco-o6pa3yBaHe
HapacTBa C yBe/siMyaBaHe Ha KOHUEeHTpa-
umata — ot 11,10% ¢ 1 mg/l go 42,50% c
4 mg/l. BnuaHueTo Ha oTAeNn-Hute
reEHOTUMOBE HE € Taka SCHO M3pa-3€eHo,
KakTo e u3paseHa TeHdeHuuss 3a
B/IMSIHWETO pacTexHus perynartop 2,4-D B
XpaHuTesHaTa cpefa.

Knto4voBn gymu: nweHvya, IMHun,
3peny 3apoauiun, WHOKyNupaHe, Kasyc,
in vitro

yBO/

OcHoBHaTa LUen Ha Bcska
nporpama no cesiekumsa Ha nueHu-
uata e cb3faBaHe Ha copToBe C
BMCOK NPOAYKTUBEH MOTEHumal,
npuTexasalwy KOMMaekc ot 6wuo-
NIOTUY4HU M CTOMAHCKM Ka4yecTsa,
YyCTONYMBM Ha OUMOTUYHU K abumo-
TUYHN CTpecoBK dhakTopu 1 NOAXO-
A4l 3a OTr/iexgaHe npu Hamase-
HMe Ha pasxoaute 3a NPou3BOA-
ctBo (Pa4oBcka, 2003; Aumosa,
2006; WeaHoBa, 2009; LleHos,
2009). lo6uBBLT Ha 3bPHO € MNoka-
3aTtesl, YnATo roAuliHa CTOMHOCT
ce onpefens oT B3aMMmopaelncTeue-
TO Ha reHotTuMna c ycroBusATa Ha
cpepata (Tepsues, 2000; Tsenov,
2006). To3n npusHaK e KOoMIMek-
CEH 1 [0 rosisMa CTerneH ce Bvse
OT (pakTOopuTE Ha OKOo/SHaTa cpega
(Akcura, 2005). 3a gocTturaHe Ha
BMCOKM CENEKUMOHHU Lenn oT U3-
K/loUMTE/IHA BaXHOCT € Cb3[jaBa-
HEeTO W wugeHTUpMUMpaHeTo Ha
reHeTUYHo pasHoobpasve, Karto
nbpBa CTbMKa OT KIacu4eckus
CesIeKLMOHEH npoLec.

2,4-D in concentration in the nutrient
media of MS, containing vitamins of
Linsmaier-Skoog/1965/ was applied from
1 mg/l to 4 mg/l. The level of callus
development increases with increasing of
the concentration — from 11,10% with 1
mg/l to 42,50% with 4 mg/l. The influence
of the genotypes is expressed not very
clearly as the influence of 2,4 D in nutrient
media.

Key words: Triticum, lines, mature
embryo, inoculation, callus, in vitro

INTRODUCTION

The main goal of any
program in wheat breeding is to
create  varieties  with high
productive potential, possessing a
complex of cultivation and resistant
to biotic and abiotic stress factors
and suitable for growing with
reduced production costs
(Rachovska, 2003; Dimova 2006;
Ivanova, 2009; Tzenov, 2009).

Grain yield is an indicator whose
annual value is determined by the
interaction between the genotype
and the environmental conditions
(Terziev, 2000; Tsenov, 2006).
This feature is complex and is
largely influenced by
environmental factors (Akcura,
2005). To reach the high breeding
purposes of utmost importance is
the creation and identification of
genetic diversity, as a first step of
the classic selection process.
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Hapep c knacmnyecknute MeTo-
AN Ha cenekums ce M3nosnssaT u
Te3n Ha pacTUTenHUTe OGMOTEXHO-
noruvn. NMpunoxeHNeTo UM 3a Cb3-
flaBaHe Ha HOBW JIMHUN N COPTOBE
€ OCHOBHa TeHAeHuus B CbBpe-
MEeHHaTa cefnekums npu nuweHnua-
Ta. Ny6nvkyBaH e 0630peH mate-
puan ot Larkin and Scowcroft
(1981), B KOITO ce aHanm3upa
NMOTOMCTBO Ha pereHepaHTu, nosy-
4yeHu in vitro. ABTOpUTE YyCTaHOBS-
BaT, 4Ye pacTutenHara TbKaHHa
KynTypa npencraensiBa eAvH HOB
N3TOYHUK 3a reHeTn4ecko
pasHoobpasue, a caMUAT LMKbIT Ha
TbKaHHO N KNEeTbYHO Ky/ITUBUPaHe
reHepvpa MyTauuoHHUTE WN3MeHe-
HUA. HabniogaBaHUTE OTK/IOHEHU-
ATa OT wu3xogHara dopma ca
06ACHEHN KaTo MOAUIUKaLMOHHM
WNN  eKCrnepuMeHTaslHa rpeLuka.
Bce noseye (paktn ce HaTpynear B
nosi3a Ha reHepvpaHn M3MeHeHus
in vitro, ocobeHO npu cuctemara
eKCnnaHT-kaslyc-pereHepaHT. AB-
TopuTe fokKasaBaT, Ye OTK/IOHABa-
wmte ce dopmu, XenaHum npu
KynTuBupaHe in vitro, ce sABssar
HOB 1 60raT M3TOYHUK Ha reHeTn4-
HO  pasHoo6pasve  ([AnmaHoB,
1990; Dimanov, 1994; ATtaHacoB,
2001; Yan, 2008; Dencic, 2011).
LUenTta Ha HacTofAwara u3cnegosa-
Tenckata paborta Gewe, cneg nog-
60p Ha M3xoAeH matepuan oT MHUN
nweHunua, fa ce npoy4sar Bb3MOX-
HOCTUTE  3a  WHAyuupaHe  Ha
KaslycoreHes B ycC/10BUA in vitro OT
WHOKYy/IMpaHe Ha 3psio eMopuo.

Along with the classical
methods of selection those of plant
biotechnology are also used. Their
application to create new lines and
varieties is a major trend in modern
selection of wheat.

The review material published by
Larkin and Scowcroft (1981),
analyzes the progeny of in vitro
obtained regenerants.

The authors found that plant tissue
culture is a new source of genetic
diversity, and the cycle of tissue
and cell cultivation generates
mutational changes.

The observed deviations from the
original are considered as a
modification or experimental error.

More and more evidence is
accumulating in favor of the in vitro
generated changes, especially in
system explant - callus-
regenerants. The authors
established that aberrant forms
desirable when cultured in vitro,
are a new and rich source of
genetic diversity (Dimanov, 1990;
Dimanov, 1994; Atanasov, 2001,
Yan, 2008; Dencic, 2011). The
purpose of this research was, after
selection of a starting material of
wheat lines, to study the
possibilities for in vitro induction of
callus formation of mature embryo.
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MATEPVANT N METOON

B onutHOTO none Ha WNPIP-
CapoBo 6sxa npoBedeHW Tpuro-
OVLWLHN u3cnefBaHma ¢ 48 nuHun
OT nuweHnda 3a nogobop Ha
N3XO4EH maTepuasi no crefHuTe
rnokasarenu:
a/ 3a uscnegBaHe nokasaTenia Ha
CTy[0YCTONYMBOCT Ha Mpoy4BaHuTe
NIMHUM GeLle 3a/10KeH ONUT C MPSKO
3aMpassiBaHe Ha pacTeHusita B
xnagunHa kamepa npu 20C°/24h.
6/ 3a onpepgensHe Ha p[ob6busa,
N3NUTBaAHUTE JIMHUM NweHnua 6axa
3a/10KeHn cnep  npeawecT-BeHuK
JoypaxeH rpax B cTaHAapTHa cxema
B 4 NOBTOPeHWsi No 12 m® ¢ yenHa u
TUNHa oxpaHa oT no 1 m?,
B/ TEXHONOTMYHW rfokKasaTesnm Ha
3bPHOTO — ceAVMeHTaLMOHHA CTOW-
HOCT nNo MeToga Ha [ymMnbsHCKWI
(1961); depmMeHTaUMOHHO 4uKCNOo
ypes lNenweHke Tect (Pelshenke et
al., 1953).

Cnep oueHkuTe 1 obpaboTKa-
Ta Ha pesyntarute 6sxa nogopaHu
JINHAX MO U3NUTBaHUTE Mnokasare-
N, CbC CTOMHOCTM HagBuLLaBaLn
Te3n Ha cTtaHpgaptute. OT Tax 9
NMMHUKM  68Xa  onpedeneHn  3a
paboTa No MHOKy/IMpaHe Ha 3pesin
3apoamwnm  BbPXY  XpaHUTEesHU
cpean B ycnoBua in vitro. Ekcne-
pumMeHTanHaTa pabortara no nosy-
yaBaHe Ha pereHepaTtuBeH Kasyc
OT U30paHnsA M3Xo4eH maTtepuas
ce nposege B JlabopaTtopusata no
pactTuTenHn 6uotexHonornn. 3pe-
nTe ceMeHa ce obes3apasmxa no-
CpeacTBOM TpaguuMoHHata MeTo-
AVKa, KOATO BKMO4YBa Oe3UH(EK-
UupaHe Ha cemeHaTa upes3 nocrta-

MATERIAL AND METHODS

In the experimental field of
IPGR-Sadovo three-year studies
were conducted with 48 lines of
wheat for selection of source
material according to the following
indicators:
a/ To examine the cold tolerance of
studied lines an experiment with
direct freezing of plants at 20C°/24h
was set.

b/ To determine the yield the tested
wheat lines were sown after fodder
peas predecessor in a standard
scheme in four repetitions of 12 m?
with frontal and occipital security of
1m?

¢/ Technological traits of grain —
sedimentation value after
Pumpyyanskiy (1961); Pelshenke
test for determining of the
fermentation value (Pelshenke et al.,
1953).

After evaluation and
processing of the results were
selected lines according to the
tested indicators, with values
exceeding those of the standards.
Nine of them were set for work on
inoculating mature embryos on
nutrient media under in vitro
conditions. The experimental work
for obtaining of regenerative callus
from the selected source material
was held at the Laboratory of Plant
Biotechnology.

Mature seeds were
decontaminated by conventional
methodology, = which includes

disinfecting the seeds by placing
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BAHe 3a 1 muHyTa B 70% eTunnoB
ankoxon 3a 10 MuHyTW, CTEepunu-
3auma ¢ 0.3 % pas3TBOp Ha XuBa-
yeH asyxnopwug /HgCl2/, nocnep-
BaHO OT TPUKPATHO M3MUBAHE CbC
CTepunHa pfectunnpaHa Boja 3a
no 1 mwuHyta. CrepunmsnpaHute
CeMeHa ce rnocrtaBuxa Bbpxy cTe-
pusiHa oUATbpPHA XapTusa B NeTpu-
eBn 6n0ga, 3a npecrtosiBaHe B
TepMmocTtar 3a 24 yaca npu
Temnepatypa 25°C [0 HabbbBaHe
Ha cemeHarTa.

3apoguwmTte oT HabbbHaNu-
Te CeEMeHa ce u3onmnpaxa acentuy-
HO W Ce Ky/nTuBMpaxa Ha araposa
cpena B k0onb6u ¢ o6em 400 ml, cbC
cKyTenyma Harope. EkcnnaHtute
ce oTrexgaxa Ha TbMHO nMpu
Temnepatypa 25.1°C # BnaxHoCT
75% BBbB (huTOCTaTHA Kamepa. 3a
HamypaHe Ha HaW-nogxogswa
XpaHuTesiHa cpefa, npeau3BuKBa-
la nHayumpaHe Ha Kanyc 3apoau-
lwnTe ce KynatueBumpaxa Ha 7
XpaHUTesIHA cpegn C  pasfnnyeH
CbCTaB Ha OTAENIHUTE KOMMOHEHTU
(Tabnuuya 1).

them for 1 minute in 70% ethyl
alcohol for 10 minutes, sterilized
with a 0.3% solution of mercuric
chloride /HgCI2/, followed by
washing three times with sterile
distiled water for 1 minute.
Sterilized seeds were placed on a
sterile filter paper in petri dishes for
standing in a thermostat for 24
hours at 25°C until the swelling of
the seeds.

Embryos from the swollen
seeds were isolated aseptically
and cultured on an agar medium in
the flasks with a volume of 400 ml,
with scutellum facing up. The
explants were grown in the dark at
25 + 10°C and humidity of 75% in
growth-camera. To find the most
suitable medium, causing induction
of callus embryos are cultured for 7
nutrient media of  different
composition of individual
components (Table 1).

Tabnmua 1. CbhCTaB Ha XpaHuUTeiHaTa cpega
Table 1. Composition of the culture media

KoMnoHeHTu
Components

Xpanutesnnu cpegm / Culture media

1 2 3 4 5 6 7

MakpoenemeHTu / Macroelements
MukpoenemeHTu/ Microelements
Butamunu/ Vitamins
24-D/mg/l//2.4-D/mg/l/

meso-inositol /mg/ | / / meso-inositol /mg/ | /

KaseunH xugponusat /mg/l/ / Cazin hydrolizat /mg/l/

3axapo3sa /g/ |/ / Sucrose /g/ |/
Arap /g/ |1/ Agar /g/ 1/

ABK /mg/ /1 ABA Img/ |/
Kinetin /mg/ |/ / Kinetin /mg/ 1/
BAP /mg/1//BAP /Img/ 1/

MS MS MS MS MS MS MS
MS MS MS MS MS MS MS
LS LS LS LS MS MS MS
10 20 30 40 - - -
100 100 100 - 100 100 100
- - - 500 500 500 500

30 30 30 30 30 30 30
7 7 7 7 7 7 7
2,0 -
2,0
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MakpoenemeHTUTe N MUKPO-
e/IeMEeHTUTE Ha XpaHuTesiHuTe
cpean ca no Murashige-Skoog
11962/ IMS/ n moandmkaumm ot
HedA. Karto BbrnexugpareH n3Tou-
HWK e n3nosi3aeaHa 3axaposa 30 g/l
n arap 7.0 g/l, c ph Ha cpegute
5.6. CTepunusaymara e nssbpLue-
Ha 3a 20 min npu 120°C wu
HanaraHe 0.9 atm. [lpu BCUYKNK
BapunaHTN ce 13rnosi3Baxa eHaKbB
6poin 3apogmwum — 15 npu 4
NMOBTOPEHUS.

PE3YJITATU N OBCBb)XOAHE
Pe3yntatnte OT NpoBefeHO-
TO u3cnegBaHe 3a CTy[oyCTON4M-
BOCT Ha 48 nuHUM 06UKHOBEHa
3MMHa MweHnua nokassaxa, ye no
6pos Ha NpexmBenn pacTeHus npu
-20°C/24h, oTHeceHM KbM cTaHAa-
pTuTe, N3cneBaHnTe IMHUN Morat
Ja ce rpynupar Mo mnokasaTens
CTYAOYCTOMYMBOCT KbM  LUECTTE
knaca. 3a nogbop Ha W3XO4HU
mMaTepuasin no TO3u nokasares u
3a BK/IOYBAHe u3cnegosaresicka
paboTa in vitro, MHTepec npepcra-
BngaBat Te3n oT Knac | n Knac I,
CbOoTBETHO 10 /iMHUK ¢ HoMepa Ne
6, 8, 9, 10, 26, 29, 31, 32, 34, 35,
BCUYKM CbC CTEMNEH Ha CTYA0YCTOW-
4YMBOCT, paBHa Ha COpTOBeTe rlle-
HMUA, cTaHOapTn 3a CTyA0YyCTOW-
ymeBocT — St;-MupoHoscka 808 wn
St,-Mobepa ot Knac | u Knac |l
(Tabnuuya 2).

The macro- and
microelements of the nutrient
media are made of Murashige-
Skoog /1962/ /IMS/ and modified.
Sucrose 30 g/l was used as a
carbohydrate source and agar 7.0
g/l with average ph 5.6.
Sterilization was made for 20 min
in 120°C and 0.9 atm pressure.
Equal number of embryos were
used in all variants — 15 with 4
repetitions.

RESULTS AND DISCUSSION
The results of the study on
cold resistance of 48 winter wheat
lines showed that the number of
surviving plants at — 20°C/24h, in
comparison to the standards, can
be grouped according to six

indicators of cold tolerance class.

Selection of starting materials
according to this indicator and with
incorporation of in vitro research,
interest represent those of Class |
and Class Il, respectively 10 lines
with numbers Ne 6, 8, 9, 10, 26, 29,
31, 32, 34, 35, all with a degree of
cold resistance equal to wheat
varieties, standards for cold
tolerance — Stl-Mironovska 808
and St2-Win Class | and Class I
(Table 2).
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Tabnuuya 2. CTyaoyCcTOMYMBOCT Ha COPTOBE U SINHUU OOMKHOBEHA 3MMHa

nweHnya T.aestivum L.

Table 2. Cold resistance of T.aestivum L. varieties and lines

CopT//InHusA Mpexusenu JoseputeneH  Knac
pacTeHus UHTEpBas
Variety/Line Survival plants Acceptable Class
(-20°C/24h) range
(%) (%)
St;-MupoHoBcka 808/ St;-Mironovska 808 100.0 100.0 |
St,-MNobepa/ St,-Pobeda 97.4 100.0-92.3 Il
Sts-be3ocTtan 1/ St;-Besostayal 74.5 89.8-59.2 1"
St,- N 301/ St,- N 301 63.6 80.0-47.2 v
Sts- Pycanika/ Sts- Rusalka 52.6 73.5-31.7 \YJ
Ste-CaH NMactope/ San Pastore 0 0 VI
Ne 6 97.4 Il
Ne 8 97.4 Il
Ne 9 95.1 Il
Ne 10 97.4 Il
Ne 26 97.4 Il
Ne 29 97.2 Il
Ne 31 100.0 I
Ne 32 97.0 Il
Ne 34 100.0 I
Ne 35 100.0 I

OTueTeHnTe cpeaHn aobusu
Ha m3nuTaHutTe 48 NINHUM U CTa-
TUCTUYeckaTa o6paboTka Ha pe-
3yntatute nocsiyxuxa 3a OCHOBa
npy nogbopa Ha Hanl-noaxons-
lWnTe OT TAX 3a BK/IKYBaHe B
N3NUTBaHMA NO WHAyUMpaHe Ha
Kanyc OT 3pssio embpuo, 3a
Cb3faBaHe Ha HOBO TEHEeTU4YHO
pa3Hoobpa3ne. Bb3 OCHOBa Ha
pesyntatute 0T AUCNEPCUOHHUSA
aHannM3 Ha [aHHuTe 3a cpepdeH
[o6uB 6sxa OTAeNeHn JNIMHUK, C
[OKa3aHO Hal-BMCOK O06UB cnpsi-
MO cTaHgapt EHona, a WMMEHHO
nvHMmnTe Ne 7, Ne 8 m Ne 14
(Tabnuua 3).

The reported average yields
of 48 lines tested and statistical
processing of the results formed
the basis for the selection of the
most  appropriate  ones  for
inclusion in tests induction of
callus from mature embryo to
create new genetic diversity.

Based on the results of analysis of
variance data for average Yyield
were separated lines with proven
highest yield compared to
standard Enola, namely lines Ne 7,
Ne 8 and Ne 14 (Table 3).
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Tabnuua 3. AMcnepcroHeH aHa/In3 Ha JaHHUTe 3a cpefeH Ao6u1B
Table 3. Disperssions analysis of the average yield data

Homep CoptoBe Knacup. Cp. aputm. OTH. 4. Pa3snvka  [okasaHocCT
Number Varieties Rating Average Variation, % Difference Significance
Ne 1 EHona/Enola 17 786.50 100.00 0.00 *

Ne 7 7 1 957.00 121.68 170.50 +++

Ne 8 8 3 929.75 118.21 143.25 +++

Ne 14 14 2 952.00 118.21 165.50 +++
GD: 5.0% =63.92
GD: 1.0% =84.88
GD: 0.1 % =110.14

3cnepgBaHnATa No OTHOLUe- Research  regarding the

HMe Ha KayeCTBeHWUTe nokasatesiv
Ha 48 NUHUKX NweHuua u nosyde-
HUTE pe3ynTaTth He rnokasaxa Ka-
TEeropnyHoO OTKpOsiIBaHe Ha OTAes-
HW reHOTUMNOBE CNPAMO cTaHgapTa
CafoBo 1, KOMNMEKCHO 3a ABaTta
nokasarens. HaAkonm OT NuHUUTE
MMaT Mo BUCOKO ceAMeHTaLMOH-
HO 4YMCNO CnpsAMO CcTaHzapTa,
ApyrM  no-fobpu  CTOMHOCTU  Ha
dhepmeHTaynoHHo uucno. oaxo-
AALLN 3@ NOo-HaTaTblUHUTE NPOoYyY-
BaHUA ca JIMHUATE CbC CTONHOCTMN,
npesyvLwaBaLly ctTaHgapTa B ABeTe
Nnocokn — nuHMnm Ne 1, Ne 5, Ne 13,
Ne 16, Ne 17, Nel8, Ne 19, Ne 20,
Ne 22 1 Ne 24 (Ta6numua 4).

quality indicators of 48 wheat lines
and the results showed no definite
highlighting of individual
genotypes compared to standard
Sadovo 1, in complex for both
indicators.

Some of the lines have a high
number, compared to standard,
sedimentation, other has better
values of fermentation number.
Lines, suitable for further research
are in excess of the standard in
both directions - Ne 1, Ne 5, Ne 13,
Ne 16, Ne 17, Nel8, Ne 19, Ne 20,
Ne 22 and Ne 24 (Table 4).

Tabnuua 4. KauecTBeHM nokasatesim Ha 3bPHOTO

Table 4. Quality of the grain indices

NnHnm CeMMeHT. uncno (cm®) ®epmeHT. umcno Ha MenweHk (min)
Lines Sedimentation value(cm®)  Fermentation value of Pelshenke (min)

Crt. - Cagosol 48 123

St - Sadovol

Ne 1 54 154

Ne 5 48 174

Ne 13 52 185

Ne 16 48 180

Ne 17 50 214

Ne 18 44 155

Ne 19 53 201

Ne 20 52 152

Ne 22 46 150

823



3a npogb/ixaBaHe Ha
ekcnepumeHTanHata pabota B in
vitro ycnosusa ce wu3nonssaxa 9
NHWW, nogépaHn no 3 oT TpuTe
n3nuTBaHusA. O6o06WaBaiki AaH-
HATE 3a nogbop Ha WU3XOAHM
dopmu, no nokasarens crTygo-
yCTOMUYMBOCT Hain-0o6pu ca
nnHumTe Ne 31, Ne 34 n Ne 35. Mo
OTHOLLEHMEe Ha JobuBa kareropu-
yeH e nogbopa Ha NMUHUK ¢ Ne 7,
Ne 8 1 Ne 14 1 N0 TEXHONOMNYHU
nokasartenn 6elle npenopbynUTes-
HO BK/1lOUBAHETO Ha NuHUKM ¢ Ne 1,
17, 19. 3penun 3apoauun ot 9-te
JIVHUN Ce WHOKyNupaxa BbpXy 7-Te
npefcTaBeHn XpaHUTENHN cpesu.

Pesyntatnte 3a BAUAHWETO
Ha XpaHuTenHata cpefa BbpPXy
CTeNneHTa Ha pas3BuTUe Ha Kasyc
OT 3penn 3apoauwin ca npea-
cTtaBeHu Ha Tabnuuya 5. dopmupa-
HEeTO Ha Kaslyc ce npeau3BuKBa OT
Ha/IMYNETO Ha ayKCUHW U LUTOKU-
HWHM B XpaHuTenHata cpega B
3aBUCUMOCT OT MpUIoXeHaTa KOH-
ueHTpauma, Cc Kouto ce npeaus-
BMKBA HeaudpepeHuupaHo aeneHe
Ha kneTtkute. Tasm KoHcTatauus
ce NoTBbpXAaBa N OT KOHKPETHMU-
Te pe3yntatn. XpaHuUTeNnHa cpeja
5 He cbAbpXa pacTexHn peryna-
TOpM U B HeA He ce Habnwpgasa
pasBuTNEe Ha KaslyC OT 3a/10XKEHU-
Te 3apoanwun. B xpaHuTesnHun cpe-
O 6 1 7, cbAbpXKaly CbOTBETHO
KnHetTH n BAP no 2 m/l, ce
oTuMTa pasBuUTUE B HUCKa CTe-
neH— cpegHo 3,25% C KUHETUH U
8,21 % c BAP.

To continue the experimental
work in in vitro conditions were
used 9 lines - 3 of the each 3
tests. The data for the selection of
suitable cold tolerance forms
showed that the best lines are Ne
31, Ne 34 and Ne 35.

In terms of yield best results
showed lines Ne 7, Ne 8 and Ne 14
and for technological indicators
was recommended inclusion of
lines Ne 1, 17, 19.

Mature seeds of the 9 lines were
inoculated on the 7 nutrient media.

The results for the effect of
culture media on the rate of
development of the callus of
mature embryo are shown in Table
5. The formation of the callus is
induced by the presence of auxins
and cytokinins in the nutrient

media  depending on the
concentration at which
undifferentiated cell division is

induced. That was confirmed by
concrete results.

Nutrient media 5 does not contain
growth regulators and thus no
development of callus was
observed. In media 6 and 7,
respectively containing kinetin and
BAP — 2 mg/l, low development
was observed — an average of
3.25% to 8.21% and kinetin with
BAP.
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Ta6nvua 5. dopMupaHe Ha Kaslyc Ha pas/iMyHU XpaHUTeTHU cpeau

Table 5. Callus formation on different culture media

XPAHWTENHA CPEAOA |/

CULTURE MEDIA

1 2 3 4 5 6 7
["[eHOTUN
Genotype 2 o % 2 o % 2o % 2 o % 2o % 2 o % 2o %
8 28 2% 88 8% 85 8385 8§52 8523 88 22
SE QT SE QT SE QT SEQT SEQT SEQT SEQT
ww 0O wuw ¥ 0O ww 0O wuwx O wuwx O wuwx O wuwx O
Ne 1 105 12 11,4 105 16 152 105 25 23,8 105 41 39,0 105 O O 105 5 48 105 8 7,6
Ne 7 105 14 13,3 105 19 18,0 105 29 27,6 105 50 476 105 O O 105 O 0,0 105 10 0,9
Ne 8 105 10 9,5 105 14 13,3 105 22 20,9 105 42 40,0 105 O O 105 7 6,6 105 13 12,4
Ne 14 105 15 14,3 105 14 13,3 105 24 228 105 44 419 105 O O 105 2 19 105 7 6,6
Ne 17 105 11 10,5 105 20 19,0 105 30 286 105 44 419 105 0O O 105 1 0,9 105 11 10,4
Ne 19 105 9 86 105 13 12,4 105 21 20,0 105 43 40,9 105 0 0 105 6 5,7 105 13 12,4
Ne 31 105 10 9,5 105 15 14,3 105 21 20,0 105 47 448 105 0O 0 105 3 2,8 105 7 6,6
Ne 34 105 12 11,4 105 12 11,4 105 28 26,6 105 42 40,0 105 O O 105 3 2,8 105 9 85
Ne 35 105 12 11,4 105 15 14,3 105 20 19,0 105 49 466 105 O O 105 4 38 105 9 85
CpegHo 105 11,7 11,10 105 15,3 14,62 105 24,4 23,25 105 44,6 425 105 0 0 105 3,4 3,25 105 9,6 8,21

Average
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Hail-nobpe e u3paseHo BAUsHUE-
TO Ha 2,4 D, YNNTO KOHLEHTpauus
B XpaHuten-Hu cpean 1, 2 , 3 n 4
HapactBa oT 1 go 4 mg/l, Taka
KakTo HapacTBa CTeneHTa Ha
KancycoobpasyBaHe — oT 11,10%
c 1 mg/l po 42,50% c 4 mgll.
BnvaHneTo Ha oTAeNIHUTE reHoTuU-
NoBe He e Taka SACHO u3paseHo,
KaKTo u3paseHata TeHAeHuus 3a
B/IMAHNETO Ha XpaHuTenHara cpe-
[a, MO-KOHKPETHO 3a posiaTa Ha
aykcuHa 2,4-D. [lopn Hail-gobpuat
OTYeTeH pe3ynTar e HeyaoB/ieT-
BOpUTESIEH Ha TO3W u3cnegosaten-
CKWM eTan, HO Hacou4-BawuTe pesys-
TaTm moraT ga 6bagaT ocHoBa 3a
pasrpbljaHe  Ha  no-AeTansniHu
n3cnefBaHns C HOBU CTUMYNaTopu
N C pas3/iMyHN KOHLEeHTpauuun.

n3BOAN

OT uscnegsaHnTe 48 nuHUK
nweHuya 3a ctygoycromumsocTt 10
nvHUK nonagat B Knac | v Knac |,
KOUTO MO CTyAOYyCTOMYMBOCT ca
paBHW Ha CTaHAapTUTe B CbLOTBET-
HuA Knac. o oTHoWweHne Ha noka-
3aTtena fobus camo 3 OT M3nuTa-
HUTE NIMHUN HaABuULWaBaT cTaHaap-
Ta EHOna. W3cnegBaHuata Mo
OTHOLLEHNE Ha TEexXHO/0rMYyHuUTe
nokasarenu — ceagMMeHTaLNOHHO U
pepMeHTaUMOHHO YMCNO HAa JINHK-
nTe nweHuua n nonyyvyeHuTe pe-
3yNTaTn He rnokasaxa KaTeropuvHo
OTKpOSiBaHe Ha OTAEe/IHU FeHOTUMO-
Be cnpamo ctaHgapta Cagoso 1,
KOMMJIEKCHO 3a ABaTa nokasartesis.

[eBeT NnHUM C OoNTUMasIHU
napaMmeTpy no  u3crnepsaHuTe

The best was expressed the
influence of 2,4-D, whose
concentration in the culture media
1, 2, 3 and 4 increases from 1 to 4
mg/l, as well as increasing the rate
of callus formation — of 11.10%
with 1 mg/l to 42.50% with 4 mg/I.
The influence of the individual
genotypes is not so pronounced
as expressed tendency for the
effect of culture medium, in
particular on the role of auxin 2,4-
D. Even the best reporting is
unsatisfactory result at stage of
research, but targeted results can
be the basis for developing more

detailed studies with new
promoters with different
concentrations.

CONCLUSIONS

From the 48 investigated for
cold resistance wheat lines 10 can
be classified in Class | and Class |,
and are equal to the standards.

With respect to the indicative yield
of only 3 tested lines exceed the
standard Enola.

Studies in terms of technological
performance - including
sedimentation and fermentation of
wheat lines the results showed no
definite highlighting of definite
genotypes compared to standard
Sadovo 1.

with
the

lines
for

Nine
parameters

optimal
studied
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nokasaresin  MOCNyxuxa  Karto
HadeXaHu N3TOUHMLM npw
nogbopa Ha martepuanu 3a in vitro
NHOKY/IMpaHe.

[Mpu KypTMBMpaHETO Ha 3pe-
N 3apoauLLmn OT 9-Te NIMHUKN BBbPXY
XpaHUTesIHN cpegn C  pPasINyHn
pacTexHu perynaropu, Hain-gobpe
€ u3paseHo BnusaHMeTo Ha 2,4-D.
OT u3nuUTaHUTE KOHLEeHTpauun B
nHTepsas otl mg/l go 4 mg/l B
XpaHuTenHa cpega no MS,
cHabgeHa C  BUTaMWHM MO
Linsmaier-Skoog /1965/, cteneHTa
Ha KasicycoobpasyBaHe HapacTsa
C yBe/iyaBaHe Ha KOHLeHTpauus-
Ta — or 11,10% c¢c 1 mg/l po
42,50% c 4 mgl/l.

OTaenHuTe reHoTunoBse pea-
rmpaxa efHOMOCOYHO B pas/INyHuU-
Te KOMOMHAUUN 1 BapuaHTK, KoeTo
noTBbpXaaBa MO-CUNHOTO B/US-
HMe Ha akTopa, CcTuMynupaL
KaslycoobpasoBaTeniHnA npouec —
ayKCcunHa 2,4-D. lNonyyeHuTe
HacoyBsalln pesyntatu morat ga

indicators served as reliable
sources for selection materials for
in vitro inoculation.

In the cultivation of mature
embryos of the 9 lines on culture
media  with  various  growth
regulators, the best is expressed
the influence of 2,4-D. From the
tested concentrations in the range
from 1 mg/l to 4 mg/l in the culture
medium MS, provided with
vitamins Linsmaier-Skoog /1965/,
the degree of callus formation
increased by increasing the
concentration — of 11.10% with 1
mg/l to 42.50% with 4 mg/I.

Individual genotypes
responded one uniformly to
different combinations and

variants, which confirms the strong
influence of the factor stimulating
callus formation process — auxin
2,4-D. The obtained results can be
a basis for developing of more

6bAaT OocHOBa 3a pasrpbliaHe Ha | detailed studies  with new
no-AeTaisiHm n3cnenBaHnsi ¢ HOBU | promoters with different
CTUMy/natopu UM C  pasfiMyHu | concentrations.
KOHLUEeHTpaLuumn.
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