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PE3IOME

AGUOTUYHUAT CTpeCc €  K/I4oB
(hakTop, KOWTO CbLIECTBEHO BMSIE BbPXY
BeNMunHata Ha pgobuea W HerosuTe
KOMMNOHEHTU Mpwu Tputukane. Tosa ce
CBbp3Ba He CamM0 CbC CTOMHOCTUTE Ha
OoTAEeNHWUTE NoKas3aTesiM, HO 1 BbPXY B3a-
UMOBPB3KNTE, KOUTO CHLLECTBYBAT MEXAY
TAX. 3a fa ce onpegenv BAWAHWETO Ha
abnoTuyHuTe cTpecoBu hakTopu (Temne-
patypa, Banexw) ca wuscnegsaHtn 11
6barapcky copta TpuTtukase (Kosopwr,
Atnna, Axkopga, Pecnekt, bBymepaHr,
VpHuk, LobpymkaHeu, floBuyaHel, [oHu
52, bnaroeecT n bopucnas) npe3 Tpu KOH-
TpacTHu nepuoga (2014/2015, 2015/2016 v
2016/2017). N3cneasaHn ca OeHOTUMHU-
Te Kopenauuym Mexay nokasartenure 6poii
3bpHa B K/ac, Maca Ha 3bpHata B Knac,
Maca Ha 1000 3bpHa, epTUHOCT Mo
copToBE W MO TOAMHW. YCTaHOBEHW ca
3aBMUCMMOCTUTE MEXAy OTAeNHuTe W3-
cnefBaHu nokasarenn Ha 6asa Ha npo-
BefleH perpecnuoHeH aHasim3 Karto e npo-
c/iefieHa npomsHaTta Ha Te3u 3aBMCMMOC-
TW NpU pas/iMyHM YC/IOBUSA Ha cpeparta.
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SUMMARY

Abiotic stress is a key factor that
significantly affects the magnitude of yield
and its components in triticale. This is
related not only to the values of the
individual parameters, but also to the
relationships that exist between them. In
order to determine the influence of abiotic
stress factors (temperature, precipitation),
11 Bulgarian triticale varieties (Kolorit,
Atila, Akord, Respekt, Bumerang, Irnik,
Dobrudzhanets, Lovchanets, Doni 52,
Blagovest and Borislav) were tested
within three contrasts periods (2014/2015,
2015/2016 and  2016/2017). The
phenotypic correlations between the
parameters number of grains in a spike,
weight of grains per spike, thousand
kernels weight, fertility by varieties and by
years were investigated. The relationships
between the individual studied parameters
were established on the basis of the
regression analysis and the change of
these dependences under different
environmental conditions was monitored.
The studied phenotypic correlations show



W3cnepgBaHnTe (DEHOTUMHM  Kopenauumm
rnokassar, 4e Ha HMBO COPT, HE3aBUCUMO
OT nepuvofja Ha oTrnexjaHe kopena-
UMOHHUTE KoeuuMeHTn npu no-ronsma
YyacT OT M3c/nefBaHuTe reHoTUNu Bapupar
cpaBHMTENHO cnabo. VsknwuyeHne ot
Tasn 3aBUMCUMMOCT € copT PecnekT. Halii-
cTabunHa e Kopenauusita Mmexay O6poi
3bpHa B Klac U epTwiHoCTTa Ha
knacuyeto. Hali-uyBcTBMTENHA KbM YCJIO-
BMATA Ha cpejaTa e kopenauusata Mexay
Oposi Ha 3bpHaTa B KIac M MacaTa Ha
1000 3bpHa. Pe3yntarnte OT perpecuoH-
HWS aHa/IM3 nokasear, Ye 3aBMCMMOCTUTe
Mexay nokasateniMTe Ha knaca wumart
HeNvHenHo nposiBneHve. Hesasncumo ot
ycnoBusiTa Ha cpefjara KopenauuuTe
Mexay 6poi 3bpHa B Knac U macaTa Ha
3bpHaTa B K/1ac ocTtaBart 3HauyMMu, 4OCTO-
BEPHU 1 BMCOKW. TOBa Nokasea, ye 6poAT
3bpHa B K/1ac MMa OCHOBHO 3HayeHue 3a
popMMpaHeTO Ha MPOAYKTMBHOCTTA Ha
Knaca v e K/I140B KOMMOHEHT Ha Jobusa
npu 6bArapcknTe COpToBE TPUTUKANE.
KntovoBn  gymu:  kopenayuu,
perpecuMoHeH aHanus, NPoAYKTMBHOCT Ha
Knaca, TpuTHKasne, ycaoBus Ha cpegara.

YBO/[,

JOo6GMBBLT OT KyNTYpHUTE pacTeHusi
€ OCHOBEH CTOMAaHCKW nokasartes, KOWTO
Xapaktepusmpa KO/IM4ecTBOTO Npoun3se-
[JeHa npoaykumns oT eavHuua niouwl. Hero-
BUTE CTOMHOCTM 3aBUCAT OT rossiMm Gpoi
hakTopM OT pas3/iMieH npom3xos
6MOTUYEH, abUOTUYEH, arpoOTEXHUYECKMN.
CblLECTBEHO BNUSIHME B TOBA OTHOLLEHNE
umat abuoTUYHUTE CTPECOBU (DaKToOpW.
Cnopes, Boyer (1982) HamasieHveTo B
[obuBnTe CrieacTBne abUOTUMYEH CTPEC e
Hag 80%. MNoao6HU CTOMHOCTU MoKaslBat
U3K/TIOYUTENHO TOMISMOTO 3Ha4YeHue Ha
abnoTuyHMTE CTpecoBu hakTopu n Tone-
paHTHOCTTa KbM TAX B 3eMefesiCKOTO
Npon3BOACTBO.

dopmMypaHeTo Ha BenuMuMHaTa Ha
[obuBa e cBbp3aHa MNpsko C HeroBuTe
KOMMOHEHTU. Mpn 3bPHEHO-XUTHWUTE pac-
TeHWs ToBa ca 6poAT 3bpHa B knac, Ma-
carta Ha 1000 3bpHa 1 BPOAT KNACOHOCHU
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that at the cultivar level, regardless of the

cultivation  period, the correlation
coefficients for most of the studied
genotypes vary relatively little. An

exception to this dependency is the
Respect cultivar. The most stable is the
correlation between the number of grains
in a spike and the fertility of the spikelet.
The most susceptible to environmental
conditions is the correlation between the
number of grains in a spike and thousand
kernels weight. The results of the
regression analysis show that the
relationships between the spike
parameters have a nonlinear nature.
Regardless of the  environmental
conditions, the correlations between the
number of grains in a spike and the
weight of grains per spike remain reliable,
significant and high. This shows that the
number of grains in a spike is essential for
the formation of the spike productivity and
is a key component of the yield of the
Bulgarian triticale cultivars.

Key words: correlations,
environmental  conditions, regression
analysis, spike productivity, triticale.

INTRODUCTION

The yield from cultural plants is a
main agricultural parameter characterizing
the amount of produce from area unit. Its
values depend on a large number of
factors of different origin — biotic, abiotic,
and agronomy practices-related.

The abiotic stress factors have significant
influence on the yields from cultural
plants. According to Boyer (1982), the
decrease of yield as a result from abiotic
stress is more than 80 %. Such values
reveal the utmost importance of the
abiotic stress factors and the tolerance to
them for agricultural production.

The formation of the yield value is
directly related to its components. In
cereals, these are number of grains per
spike, 1000 kernel weight and number of
tillers per m? (Rachinski, 1999; Tsenov et



cTb6na Ha m’ (Rachinski, 1999; Tsenov
et al., 2013). Peguua nscnegosarenu Cb-
obwasar, Ye Te3n nokasaresiM, Nogo6HO
Ha fobuea, ce BANAAT OT YC/OBUSATA Ha
cpeparta (Dhindsa et al., 2002; Kociuba,
2002; Yoshihira et al., 2002; Kutlu and
Kinaci, 2010; Tsenov et al, 2013;
Baychev, 2013; Ozturk et al., 2014,
Mihova et al., 2017; Stoyanov, 2018).
CblUEBPEMEHHO MeXAy TSAX Bb3HUKBAT
onpefesieHn 3aBUCUMOCTU, CBbp3aHu C
pactexa W pasBUTMETO Ha pacTeHusTa
(Arny and Garber, 1918; Shahid, 2000;
Kashif and Khalig, 2004; Khaliq et al.,
2004; Leilah and Al-Khateeb, 2005; Khan
et al., 2005; Ali et al., 2008; Anwar et al.,
2009; Khan and Dar, 2010; Khokhar et al.,
2010). Te3nm 3aBUMCUMOCTW, WK3pPa3EHU
CTOMHOCTHO MOCPEeACTBOM  (DEHOTUMHU
KopenauuM gaBaT Bb3MOXHOCT ga ce
onpefenn o Kakea CTENeH onpeaesieHun
KOMMOHEHTU Ha [06MBa ca CBbp3aHUu CbC
cTtonaHckata npoayktueHocT (Kashif and
Khalig, 2004).

Mpu TpuTukane kaTo NPOAYKT Ha
oTAaseyeHara xmépuamsaumsa ce Habso-
JaBaT U3BECTHM 0cobeHoCTVM npu dhop-
MUpaHeTo Ha fobuBa M 3aBUCMMOCTUTE
Mexay OTAesiHUTe KOMMOoHeHTW (Sechnyak
and Sulima, 1984). AmdwmaunnongHaTa
npupoga Ha Kyntypara U Haauumeto Ha
reHeTU4eH martepuan oT MeHnLa N pbx
ca CBbpP3aHu C NO-HUCKa DEPTUTHOCT Ha
TpuTrKane cnpsamMo obrkHOBeHaTa nweHu-
ua n pbxra (Baychev, 1990). OT gpyra
CTpaHa npu no-rofisiMa 4acT OoT paspa-
60TEHUTE COPTOBE TpUTKKase, No-ronsmo
3HauyeHne 3a opMupaHeTo Ha fAobusa
umart 6posAT Ha 3bpHaTa B kiac (Stoyanov
and Baychev, 2016), gokato npu O6WK-
HOBeHaTa 3MMHa NweHnua npeobragasa-
LWMA KOMMOHEHT Ha JobuBa € B Cu/Ha
3aBMCMMOCT OT M3C/iefBaHus  reHoTun
(Tsenov et al., 2013). NMpu HAKOW FreHOTU-
ny No-roNsiMo 3HavyeHne MMa mMacaTta Ha
1000 3bpHa, Npu Apyrn — 6pPOAT Knaco-
HOCHU CTbbNa nnm GpPoAT 3bpHa B Kiac.
ToBa nokasea, 4e 3aBMCMMOCTUTE MeXay
[06KMBa 1 HErOBUTE KOMMOHEHTM, a CbLO
Taka U mMexay OTAesIHUTE KOMMOHEHTHU ca

55

al., 2013). A number of researchers report
that these parameters are affected by the
environmental conditions, similar to yield
itself (Dhindsa et al., 2002; Kociuba,
2002; Yoshihira et al., 2002; Kutlu and
Kinaci, 2010; Tsenov et al, 2013;
Baychev, 2013; Ozturk et al., 2014,
Mihova et al., 2017; Stoyanov, 2018).

At the same time, a number of
dependencies occur between them in
relation to plant growth and development
(Arny and Garber, 1918; Shahid, 2000;
Kashif and Khalig, 2004; Khalig et al.,
2004; Leilah and Al-Khateeb, 2005; Khan
et al., 2005; Ali et al., 2008; Anwar et al.,
2009; Khan and Dar, 2010; Khokhar et al.,
2010). These dependencies, expressed
though the wvalues of phenotypic
correlations, allow determining the degree
to which the yield components correlate
with agricultural produce (Kashif and
Khalig, 2004).

Triticale being a product from wide
hybridization, certain peculiarities are
observed in the formation of yield and of
the correlations between the separated
components (Sechnyak and Sulima,
1984). The amphidiploid nature of this
crop and the presence of genetic material
from wheat and rye condition the lower
fertility of triticale in comparison to
common wheat and rye (Baychev, 1990).

On the other hand, the number of grains
in spike have greater importance for the
formation of yield in the greater part of the
triticale cultivars developed (Stoyanov and
Baychev, 2016), while in common winter
wheat, the predominant yield component
is strongly dependent on the studied
genotype (Tsenov et al.,, 2013). In some
genotypes, 1000 kernel weight is more
important, in others — the number of tillers
and the number of grains in spike. This is
an indication that the correlations of the
yield with its components, as well as the
correlations in-between components, are
genetically determined (Kaltsikes and



reHotunHo onpegenenn (Kaltsikes and
Bebeli, 1993). Dogan et al. (2009) npu
cTapy U HOBU JIVHUKN TpUTKKae Noco4sa,
ye CblUecTByBa 3HauMma M [0CTOBEpPHA
Bpb3ka Mexay AobuBa 1 6poAT 3bpHa B
Knac, gokato Bpb3kaTa maca Ha 1000
3bpHa 1 JO6UB He e AokaszaHa. CblymTe
aBTOPU MocoyBaT, Ye Nofgo6HO Ha AobuBa
pearmpa u nokasartesiiT maca Ha 3bpHaTta
B Kknac, cnpsmMo 6posT 3bpHa B Knac u
Macata Ha 1000 3bpHa. [o cxogHu
3aK/IYEHMS MpU TpUTUKase gocTturaT u
Kociuba (1992), Yagbasanlar and Yozkan
(1995) un Gulmezoglu et al. (2010) npwu
Kopenauumute Mexay nokasartesiv Ha knaca.

deHOTUMHMTE Kopenauun npes oT-
[enHUTEe Nepuogmn Ha oTrexgaHe moraT
fJa ce pasnuyaBat 3HauuTesnHo (Stoyanov,
2016, Aycicek and Yildirim, 2006; Dogan,
2009; Okuyama et al., 2004). N3cneaBa-
HuATa Ha Subhani and Chowdhry (2000)
rnokasear, Ye reHOTUNU MWEeHMLA OTI/IeX-
JaHun Npu yCNoBMS Ha 3acyllaBaHe Mnokas-
BaT Kopenaumm mMexgy KOMMOHEHTUTE Ha
[obuBa, KOMTO ce pas/imyaBaTr OT Te3u
npu apyru ycnosus. Van Ginkel et al.
(1998) cbobuiaBaT 3a pasnmMyaBaly ce
Kopenauuv npu u3cneggaHuTe oT TAX
reHoTunM ObMKHOBEHA 3MMHA MeHuua B
4 pexuma Ha 3acywasaHe. [aHHuUTe Ha
Villegas et al. (2010) noka3Bart, 4Ye 3aBu-
CYMOCTUTE Mexay n[obuvBa W HerosuTe
KOMMOHEHTU Ce pasnnyaBaT [Jopu B
paMKuTe Ha efuH BereTauuoHeH Nepuog,
HO OTYETEHW NPY Pa3NNYHN NIOKALNN.

Mpu TpuTUKase nunceaT NOAOGHU
nscneABaHns B nMtepaTypara ¢ nskiwye-
HMe Ha u3cnegBaHeTo Ha Giunta et al.
(1999), kouto 0b6aye He nocoyBaT 3aBU-
CUMOCTUTE MeXAy NPeKUTe KOMMNOHEHTU
Ha gobuBa. CbLEBPEMEHHO ronsiM 6poi
uscnegasartenu nokaseaTt, Ye OTAeNHUTe
KOMMNOHEeHTU Ha gobuBa npu KynTypara ce
B/MASAT OT ycrioBuATa Ha cpegata (Dogan
et al., 2009; Gulmezoglu et al., 2010; Cifci
et al.,, 2010; Biberdzic et al., 2013;
Saglam and Ustunalp, 2014; Kirchev and
Georgieva, 2017). Tosa npepgnonara, 4ye
3aBMCMMOCTUTE MeXAy TAX uW3paseHu
ype3 (QEHOTUNHU KOopenauuMoHHU Koediu-
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Bebeli, 1993). Dogan et al. (2009) point
out that in old and new triticale lines there
is a significant correlation between yield
and number of grains in spike, while the
correlation of 1000 kernel weight with
yield is not statistically significant. These
authors also state that the parameter
weight of grains in spike reacts to number
of grains in spike and 1000 kernel weight
in a manner similar to that of yield.
Kociuba (1992), Yagbasanlar and Yozkan
(1995) and Gulmezoglu et al. (2010)
came to similar conclusions with regard to
the correlations between spike indices.

The phenotypic correlations during
the individual periods of growing can differ
significantly (Stoyanov, 2016, Aycicek and
Yildirim, 2006; Dogan, 2009; Okuyama et
al., 2004). The investigations of Subhani
and Chowdhry (2000) revealed that wheat
genotypes grown under drought
conditions  demonstrated correlations
between the yield components different

from the correlations under other
conditions. Van Ginkel et al. (1998)
reported differing correlations in the

common winter wheat genotypes they
studied under four regimes of drought.
The data of Villegas et al. (2010) showed
that the relationships of yield with its
components differed even within a single
period of vegetative growth, but registered
at different locations.

There are no such investigations on
triticale described in literature with the
exception of the study of Giunta et al.
(1999), who do not, however, indicate the
dependencies between the direct yield
components. At the same time, a large
number of investigations in triticale show
that the separate yield components are
influenced by the environment (Dogan et
al., 2009; Gulmezoglu et al., 2010; Cifci et
al., 2010; Biberdzic et al., 2013; Saglam
and Ustunalp, 2014; Kirchev and
Georgieva, 2017). This implies that the
correlations between them, expressed
through phenotype correlation



LUMEHTM CbLLUO BMxa MOrn ga ce U3MeHST
B KOHTpacTHM YC/oBMS Ha cpepgata. OT
CeneKUMoHHa 1 CTonaHcka rnegHa Touka,
TOBa € BaXHO Tbil KaTo Kopenauuute
Mexay OTAeNHWTe KOMMOHEHTW gAasar
Bb3MOXHOCT Aa ce onpefenu, A0 kaksa
CTeneH N3MeHeHNeTo Ha euH KOMMOHEHT
B KOHKPETHM Nepuoan Ha oTrnexaaHe
BOAM QOO0 npomsHa WM B Apyr. Tosa
no3BofisiBa Aa Ce Onpeaensit coptToBeTe
TPUTUKaNE NoAXOoAALM 3a OTrIexaaHe
npu onpeaeneHn ycnoBust Ha cpeaaTa.
Llenta Ha HacTosLWeTo n3cnegsaHe
€ [a YCTaHOBM B/IMSIHUETO Ha yCNoBUSTa
Ha cpefaTta BbpXy HSKOW 3aBUCMMOCTU
MeXay CTONaHCKM BaXKHW nokasaTesnn npu
6BbArapcky CopToBe TPUTUKASIE.

MATEPWNAN N METOA4WA

3a M3Nb/IHEHWE Ha MocTaBeHuTe
uen un 3agaynm ca manonseaHum 11 6bA-
rapcku copra TpuTukane, npeacraBeHu B
Ta6numya 1.

coefficients, could also change under
contrasting conditions of the environment.
From a breeding and economic point of
view, this is important since the
correlations  between the separate
components allow determining the degree
to which a certain component causes a
change in another during specific periods
of growing. This allows the identification of
triticale varieties suitable for cultivation
under certain environmental conditions.

The aim of this research was to
determine the effect of the environmental
conditions on some dependencies between
economically important parameters in
Bulgarian triticale cultivars.

MATERIAL AND METHODS

To realize the above aim and tasks,
11 Bulgarian triticale cultivars were used;
these are presented in Table 1.

Tabnuua 1. I3nonssaHu cCOpTOBE TPUTUKAE

Table 1. Triticale cultivars used

No FoguHa Ha
N Vime ”p°‘.43?<°ﬂ npusHasaHe
Name Origin

o] Release year

1 Konopwut BGL “S” - BGC / 568-343 2005
Kolorit

2 | Atnna AD 8x(Er 1034/79 x Charkovska 60) /F1[F1(Yuzhnaya 2007
Atila zarya / Charkovska 60) / 804-503]

3 Akopg MT-3 / F, nonynauuu 2007
Akord

4 Pecnekt 1262-12-2-10 / Veleten 2008
Respekt

5 BymepaHr LP 3090.91 / 2853-1044 2009
Bumerang

6 NpHnk 5252 - 131/ 2853-1044 2011
Irnik

7 | JobpypxaHel, | Chrono/2853-1044 2012
Dobrudzhanets

8 | /loBuaHey, F1 (Tornado [/ 3493-699) / Zaryad 2013
Lovchanets

9 | foHn 52 5279-131 / 3370-190 2014
Doni 52

10 | Bnarosect 32/99 / Zaryad 2015
Blagovest

11 | bopucnas 46/95-96 / 129/98 2016
Borislav




OnNuTHLT € M3BBLPLLEH NPe3 PekonT-
HuTe 2014/2015, 2015/2016 n 2016/2017.
W3nonsgaHuTe copToBe ca 3acATM Ha
nexu B pefoBe C Ab/bKMHA 2 m, C
Mexaypenoso pasctogHne 30 cm wu
BbTpepenoso — 10 cm. PekontupaHeTo e
M3BBPLIEHO B MbJiIHA 3PE/IOCT KaTto ca
CcbbupaHu rnaeBHuUTe knacose ot 30 pac-
TeHus. [NaBHUAT Kac OT BCAKO pacTeHune
€ aHa/mMsMpaH Mo npu3HauuTe 6GpoW
3bpHa B knac (b3K), maca Ha 3bpHaTta B
knac (M3K, g), maca Ha 1000 3bpHa,
(M1000, g), hbepTUNIHOCT Ha KnacyeTo
(6bpoli 3bpHa Ha eaHo Knacue) ().

V3BbplIEeH e KopenauuoHeH aHa-
M3 no Pearson mexagy wscnensaHuTe
nokasarenu no rogvHuW u coprtose. AHa-
NIN3MPaHO € N3MEHEHNETO B KOpesiaunoH-
HUTE KOoedUUMEHTU B 3aBUCUMOCT OT
ycnoesusiTa Ha cpegata. Kopenauuute
mMexagy hepTuaHocTTa U mMacata Ha 3bp-
HaTa B kKnac U mexpgy epTunHocTTa 1
MacaTta Ha 1000 3bpHa He ca aHanu3u-
paHu, Tbil KaTO HAMAT CbLUeCTBEHa Nnpak-
TMYecka LLEeHHOCT. YCTaHOBEHa € [oCTo-
BEPHOCTTA Ha NolyyeHuTe KopenawuoHHU
KoedumLmeHTH.

MpeBefeH e perpecuoHeH aHaus
Nno copToBE U rOAMHW BbPXY 3aBUCUMOC-
Tnte mexagy 63K n M3K n mexagy M1000
n M3K c uen ga ce yctaHoBuM Kak YcCo-
BMATA Ha cpefarta BMUSAAT BbpXy Buga U
CbLLHOCTTA Ha 3aBMCMMOCTTa Mexay kna-
coBarta MpPOAYKTUBHOCT U HEMHWUTE KOMMO-
HEHTU. YCTaHOBEHW ca BuAa (/IMHEEH,
He/IMHeeH) W CbLUHOCTTA Ha 3aBucu-
MOCTTa (floraputmMuyHa, KybmiyHa, HapacT-
Balla, EKCNnoHeHuuanHa, curmoungHa,
cbCTaBHa). OnpegeneH e KoeUUNEHTHT
Ha AeTepMuHaums (R?).

3a o6o6ulaBaHe Ha fAaHHUTE €
M3Mon3BaH nporpaMeH npoaykt Microsoft
Excel 2003, a 3a KopenaLMoHHUA N perpe-
CVOHHMA aHann3 — IBM SPSS Statistics 19.

PE3SYNTATU N OBCbXOAHE
He3aBMCMMO OT KOHTpacTHUA Xa-
paktep Ha MeTeOpOsIorUYHWUTE YCNOBUSA
npes3 oTAenHWTe Nepvoan Ha NpoBeAeHO-
TO uscneasaHe (Tabnuua 2), nonyvyeHuTe
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The trial was carried out during
harvest years 2014/2015, 2015/2016 and
2016/2017. The wused cultivars were
planted in 2 m rows, with 30 cm
interspacing and 10 cm intraspacing of
the rows. Harvesting was done at full
maturity by collecting the main spikes
from 30 plants. The main spike from each
plant was analyzed according to the
parameters number of grains in spike
(NGS), weight of grains in spike (WGS,
g), thousand kernel weight, (M1000, g),
fertility of spikelet (number of grains in
spikelet) (F).

A  correlation  analysis  was
performed according to Pearson between
the studied parameters over years and
cultivars. The changes in the correlation
coefficients were analyzed according to
the environmental conditions. The
correlations between fertility and weight of
grains in spike and between fertility and
1000 kernel weight were not analyzed
because they do not have significant
practical value. The significance of the

obtained correlation coefficients was
determined.
A regression analysis was

performed according to cultivars and
years on the dependencies between NGS
and WGS with the aim to determine the
effect of the environment on the type and
nature of the relationship between spike
productivity and its components. The type
(linear — non-linear) and the nature of the

relationship (logarithmic, cubic, power,
exponential, sigmoid, compound) were
determined. The coefficient of

determination (R?) was established.

Microsoft Excel 2003 was used to
summarize data, and IBM SPSS Statistics
19 was applied for correlation and
regression analyses.

RESULTS AND DISCUSSION
Regardless of the contrasting
nature of the meteorological conditions
during the separate periods of the
investigation carried out (Table 2), the



KopenaumoHHn koedmuymeHtn (Tabnvmua
3) nokasBaT cnabo WM yMepeHo un3me-
HeHne Ha (EHOTMMHMTE Kopesauuu npu
oTAesNHNTe copToBe. Bbnpekn ToBa 3aBu-
CMMOCTMTE MeXAy nokasaTesiMTe Ha Kna-
ca pearvpaTt B pas3/MYHM rpaHuun. Haii-
cnaba peakuusi B pe3yntar oT npoMsHaTa
B YC/OBMSITA Ha cpefdarta ce Habnogasa
npu Kopenaumute mMexay 6posi Ha 3bpHa-
Ta B Kfac U oepTunHocTTa — Kopena-
LUMOHHUTE KOoeuUMEHTN BapupaT He3Ha-
YyMTEsIHO MeXAay OTAeNHWUTe nepuoam npu
BCWYKW M3CNeABaHN FeHOTUMMN.

obtained correlation coefficients (Table 3)
showed slow to moderate change of the
phenotypic correlations in the individual
cultivars. Nevertheless, the correlations
between the spike parameters reacted
within  different range. The lowest
response as a result from the changeable
environment was observed in the
correlations between number of grains in
spike and fertilty — the correlation
coefficients varied insignificantly between
the separate periods in all studied
genotypes.

Tabnuua 2. MeTeoposiorMyHa XapakTepucTuka 3a neproaa Ha npoBexaaHe Ha

eKCnepuMeHTUTe.
Table 2. Meteorological characterization of the period of the experiments
MNokasaten | [lepuopg Okt | Hoe | Oek | AHy | ®eB | Map | Anp | Mai | KOHu | KOnn
Parameter Period Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul
2014/2015 | 11.2 | 5.6 3.1 1.4 2.0 50 | 10.1 | 164 | 194 | 224
2015/2016 | 109 | 93 | 34 | -08 | 7.3 | 6.8 | 13.2 | 14.7 | 20.9 | 22.8
2016/2017 | 106 | 6.5 -06 | 41 | 2.0 7.3 8.7 | 15.0 | 20.2 | 21.8
CMT, °C 2014/2017 | 109 | 7.1 20 | -12 | 38 6.4 | 10.7 | 154 | 20.2 | 22.3
AMT, °C 1960/2017*| 11.6 | 6.7 19 | -03 1.1 4.6 98 | 152|221 (214
2014/2015 | 579 | 33.2 | 87.0 | 33.2 | 795 | 67.7 | 85 | 12.9 | 31.3 | 27.2
2015/2016 | 78.3 | 55.1 | 0.4 | 86.3 | 40.7 | 52.7 | 20.8 |117.1| 55.7 | 2.8
2016/2017 | 72.2 | 43.3 | 125 | 484 | 274 | 489 | 384 | 29.0 | 87.7 | 66.3
CMB, mm 2014/2017 | 69.5 | 43.9 | 33.3 | 56.0 | 49.2 | 56.4 | 22.6 | 53.0 | 58.2 | 32.1
TMP, mm | 1960/2017* | 42.7 | 42.9 | 41.7 | 36.6 | 34.2 | 36.4 | 40.5 | 51.8 | 59.1 | 52.0

CMT/AMT - cpefHa MeceyHa Temnepartypa/average monthly temperature; CMB/TMP — cymapH/ MeceyHu

Banexu/total monthly precipitation
*MHororoauvwHa TeHgeHuus/Long term trend

3aBucumoctta Mexay heptun-
HOCTTa M 6pos Ha 3bpHaTa B Knac ce
Xapaktepmsmpa C MHOIO BWUCOKW CTOM-
HOCTW Ha KopesaunoHHMTE KoeULMEHTH
npuM BCWYKM COPTOBE W NEpuogu Ha
nscnegsaHe. He ce Habnwgasa obadve
SiCHa TeHAEeHUMS NO OTHOWeEHWe BAUS-
HMETO Ha yc/noBUsiTa Ha cpegaTta.

The correlation between fertility and
number of grains in spike was
characterized with very high correlation
coefficient values in all cultivars and
periods of the study. However, a clear
tendency with regard to the effect of the
conditions of the environment was not

observed.
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Tabnuua 3. KopenauvoHeH aHa/in3 Mexay uscsiegBaHUTe KOMMOHEHTU Ha
NPOAYKTMBHOCTTA Ha K/iaca npuv 6bArapckym CopToBe TPUTUKase B KOHTPACTHU
YC/IOBUSA Ha OTriexaaHe

Table 3. Correlation analysis between the studied components of spike
productivity in Bulgarian triticale cultivars under contrasting conditions of
growing

Kopenauumn
Copt FoguHa Correlations
Cultivar Year B3K/® B3K/M3K | M1000/M3K | B3K/M1000
NGS/F | NGS/WGS | M1000/WGS | NGS/M1000
2014/2015 | 0.891* 0.725% 0.622%* -0.076
Konoput
Koo 2015/2016 | 0.905* 0.759** 0.874* 0.391
2016/2017 | 0.891* 0.914** 0.497** 0.107
2014/2015 | 0.791* 0.874% 0.623** 0.171
ﬁgr;a 2015/2016 0.951* 0.821* 0.663* 0.143
2016/2017 | 0.961* 0.954+ 0.571% 0.307
2014/2015 | 0.917* 0.829%* 0.547** -0.006
ﬁﬁg%‘ 2015/2016 | 0.936* 0.796** 0.777* 0.253
2016/2017 | 0.905* 0.964** 0.469** 0.224
2014/2015 | 0.956* 0.929%* 0.704** 0.401*
EZBZE 2015/2016 | 0.985* 0.289* 0.372* -0.525*
2016/2017 | 0.933* 0.896** 0.215* -0.236
. 2014/2015 | 0.888* 0.857** 0.621** 0.138
Bﬁ"ﬂ"}i‘;g;‘; 2015/2016 | 0.911* 0.777* 0.699** 0.109
2016/2017 | 0.772* 0.906** 0.612** 0.222
2014/2015 | 0.961* 0.868** 0.713** 0.284
:/r'r‘]’ii”" 2015/2016 | 0.962* 0.922%* 0.779%* 0.499*
2016/2017 | 0.917* 0.929%* 0.673* 0.549**
2014/2015 | 0.959* 0.859** 0.644% 0.182
ggg?ﬁzﬁ;ﬁs 2015/2016 | 0.916* 0.928% 0.746% 0.456*
2016/2017 | 0.998* -0.243 0.485** -0.938*
2014/2015 | 0.951* 0.927% 0.542% 0.192
fgf:ﬁ:ﬁ; . 2015/2016 | 0.949* 0.834** 0.685** 0.194
2016/2017 | 0.837* 0.95% 0.578** 0.298
2014/2015 | 0.942* 0.94** 0.688** 0.428
[ﬂ)g';'i"sszz 2015/2016 | 0.891* 0.794* 0.771%* 0.249
2016/2017 | 0.901* 0.804** 0.643** 0.065
2014/2015 | 0.918* 0.924% 0.593** 0.246
gfazrg\?:s? 2015/2016 | 0.943* 0.813** 0.672% 0.134
2016/2017 | 0.862* 0.863** 0.585** 0.1
2014/2015 0.89% 0.823** 0.734* 0.228
Egﬁgl‘;’:las 2015/2016 | 0.722* 0.756%* 0.81%* 0.238
2016/2017 | 0.851* 0.913** 0.787* 0.471%

B3K/NGS — Bpoii 3bpHa B knac/Number of grains in a spike, M3K/WGS — Maca Ha 3bpHaTa B knac/Weight
of grains per spike, M1000 — Maca Ha 1000 3bpHa/Thousand kernels weight, ®/F — ®eptunHoct/Fertility
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Mpun 6 (Akoppa, PecnekT, bymepaHr,
VpHuk, JloBuaHely, u bnaroeBecT) OT u3-
cnepgaHuTte 11 reHoTuna, NoO-HUCKU Kope-
NauMoHHN KoedMUNEHTH Mexay hepTu-
HOCT 1 6poli 3bpHa B KNnac ca yCTaHOBEHM
B TpetTua nepuopj Ha OoTriexjaHe
(2016/2017). Mpwn copTtoBeTe KosopuT wn
ATuna, Hai-HUCKa kopenauus ce Habno-
JaBa npe3 ctonaHckata 2014/2015, a npu
JobpymxaHey, OoHn 52 u Bopucnas —
npes3 2015/2016. NonobHn pesyntatu ce
nosyyasaT Npu Hanyve Ha pasnimuve B
pacTtexa 1 pa3BUTMETO Ha OTAEe/IHM pac-
TEHUA OT [afleH reHOTUN B paHHuUTe ne-
puogn OT OHTOreHesaTta. TakmBa pasnu-
yns ce HabnwaasaT npu Akopa, PecnekT,
BymepaHr, NpHukK, floByaHel, n bnarosecrt,
Tbil KATO pPa3BUTMETO UM Mpe3 nposeTTa
Ha 2016/2017 He e paBHOMEpPHO B cnepg-
CTBME Ha MO-HUCKUTE TemnepaTypu npes
nepvoga OKTOMBpU-HOemBpY. [logobHa
TEHAEHUMA e oTyeTeHa W npu ATuna u
Konoput npe3 2014/2015, HO npu Tax ce
HabnogaBa HeGNaroNnpPUATHO BAUSIHWE HA
HUCKMTE Temnepatypu npes AHyapu 2014,
PasznnyHo e noBeaeHneTo Ha [o6pymxa-
Hey, [oHn 52 n Bopucnae npes pekonT-
HaTa 2015/2016. B pe3ynTtaT Ha A06poTO
pasBuTMe Ha pacTteHusATa nopagu 6naro-
NpUATHUTE MapT M anpun B Temneparyp-
HO OTHOWeHWe 1 fobpa Bnaroobesneye-
HOCT ce dhopMumpaT CpaBHUTENHO eAHaKBN
Knacose. HepaBHOMEPHOTO pasnpegene-
HMEe Ha Ba/sexutTe npe3 Mai, Bogu A0
pa3NMYHOTO WM O3bpHABAHE, HO npwu
CW/IHO pas/ninume Ha BapupaHeTo Ha 6pos
Knacuyeta B knac M 6pos 3bpHa B Kiac.
Mopaau Tasn npuynHa BapupaHeTo BbLB
epTunHOCTTa  HapacTBa  MO-MaJsiko,
OTKOJIKOTO TOBa Ha 6pos 3bpHa B Knac, a
TOBa € NpuynHa 3a HamansiBaHe Ha Kope-
NaunoHHUA KoeUUNEHT Mexay Tax. 3Ha-
YeHMEeTOo Ha (pepTuU/IHOCTTa 3a BesINYMHa-
Ta Ha NpPoAYKTUBHOCTTa € NoApo6bHO U3y-
yeHo oT Estrada-Campuzano et al. (2012).
ABTOpUTE MocoyBar, u4e TeAeHuuuTe
Mexay eptunHoctTa (6poii dhepTunHn
uBetyeTa) M 6poA 3bpHaA B Knac ce
3anasBaT, He3aBWCUMOCT OT Yyc/loBUATa
Ha oTrnexpjaHe.
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In 6 out of the 11 investigated
genotypes (Akord, Respekt, Bumerang,
Irnik, Lovchanets and Blagovest), lower
correlation coefficients between fertility
and number of grains in spike were
determined in the third growing period
(2016/2017). In cultivars Kolorit and Atila,
the lowest correlation was observed
during economic year 2014/2015, and in
Dobrudzhanets, Doni 52 and Borislav —
during 2015/2016. Such results are
obtained when there is a difference in the
growth and development of individual
plants from a certain genotype during the

early stages of ontogenesis. Such
differences were observed in cultivars
Akord, Respekt, Bumerang, Irnik,

Lovchanets and Blagovest because their
development in the spring of 2016/2017
was uneven as a result from the lower
temperatures during October — November.
Similar tendency was registered also in
Atila and Kolorit during 2014/2015, but in
this case, an unfavorable effect from the
low temperatures in January of 2014 was
observed. The behavior of Dobrudzhanets,
Doni 52 and Borislav in harvest year
2015/2016 was different. As a result from
the good development of the plants due to
the favorable March and April conditions
with regard to temperatures and moisture
reserves in soil, comparatively equal
spikes were formed. The uneven
distribution of the rainfalls in May caused
formation of different nhumber of grain in
spikes, but under high difference in the
variation of the number of spikelets in
spike and number of grains in spike.
Therefore, the variation in the fertility
increased less than the variation in the
number of grains in spikes, and this was
the reason for the lower correlation
coefficient between them. The importance
of fertility for productivity is studied in
detail by Estrada-Campuzano et al.
(2012). The authors point out that the
trends between fertility (number of fertile
flowers) and number of grains per spike
are maintained, regardless of the growing
conditions.



Mpwn kopenauyunTe Ha 6pos 3bpHa B
Knac ¢ maca Ha 3bpHaTa B Knac ce
HabngaBart No-HWUCKK, HO 3HAYMMK CTONR-
HOCTW Ha KopesnauuoHHUTE KoeduLMeHTU
(Tabnmuya 3). ToBa ce cBbp3Ba C NO-
rofsMaTta AMHamuka Ha ABaTa nokasare-
N1 N Ha 3aBUCUMOCTUTE MexXay Tax. Tyk
ce HabngaBa sicHa TeHAeHUWs npe3 nbp-
BUS nepuop Ha otrnexgaHe (2014/2015)
KopenauusiTa ga e BMCoka, No-Hucka da e
npes 2015/2016 u 3HauUTENHO BUCOKA
npe3 2016/2017. ToBa ce Ab/IXWU Ha He-
6naronpusaTHATE ycnoBus 3a hopMupaHe
N M3XpaHBaHe Ha 3bPHOTO NpPe3 PeKosIT-
HaTa 2015/2016 rognHa — HEpaBHOMEPHMU
Ba/IEXMN Mpe3 Mail U HHW U HUCKN TeM-
nepatypv npes mai. VsknioyeHve ot Tasu
TeHgeHums ca coprtoBeTe  Konopwur,
VpHuk 1 LJo6pypkaHey,. MNpu Konoput un
WpHWK 6posT Ha 3bpHata B Knac npu
6/1aronpuUSITHA YCI0BUS 3a OnpallBaHe 1
onnoxgaHe (kakBuTO ce Habnwogasat
npe3 2014/2015) poctura MHOrO BUCOKU
cToinHocTn (Stoyanov, 2018). CwbuieBpe-
MEHHO 06aye MO-BUCOKMAT 6pOi 3bpHa,
npv nocnegsaiy, He61aronpusaTeH Nepunos
(HepaBHOMEpPHM BasieXxu, 3acyllaBaHe,
nonsraHe) ce cBbp3Ba C HeAOCTATbYHO
[06po n3xpaHBaHe 1 40 CUHO BapupaHe
B MacaTa Ha 3bpHaTa B K1ac Mexay
OTAEeNHUTE pacTeHus, He3aBuUCMMO OT
ronemns 6poin 3bpHa. OT gpyra cTpaHa
Mpv HaIM4me Ha MHOro Jo6pu ycroBus 3a
N3XpaHBaHe Ha 3bPHOTO, pacTeHNs, KOUTO
Ce pasnnyaBaT B CBOETO pas3BUTME He3a-
BMCMMO OT BUCOKUSI GPOi 3bpHA, CbLLO
e dopmupaT no-BNCOKO BapmpaHe B Ma-
caTta Ha 3bpHaTa B K/1ac U CblueBpeMeH-
HO [0 3aHWKEeHW KopesiauuoHHU Koedu-
umeHTn. MNpes 2016/2017 ce Habnwopasat
TakvBa YC/oBUsA, nopagn KoeTo kopena-
umnte Ha B3K n M3K ca cpaBHUTENHO
HUCKN npu Kosoput u UpHuk. MNpes cnea-
BalluUs nepuog ce HabnwgasaT Hebnaro-
NPUATHM YCNIOBUS KakTO 3a onpallBaHe u
onsioxgaHe, Taka M 3a M3XpaHBaHe Ha
3bpHaTa B kiaca. ToBa BoAWM A0 WAEH-
TMYHO BapupaHe 1 KoBapupaHe Ha gBata
nokasarens u CbLEBPEMEHHO [0 Mo-
BUCOKM CTOMHOCTM Ha KopenaumoHHUTe
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In the correlations of number of
grains in spike with weight of grains in
spike, lower but more significant values of
the correlation coefficients were observed
(Table 3). This is related to the higher
dynamics of the two parameters and the
correlations between them. In this case, a
clear tendency was observed: the
correlation was high during the first period
of growing (2014/2015), low during
2015/2016 and significantly higher during
2016/2017. This was due to the
unfavorable conditions for the formation
and nutrition of the grain in harvest year
2015/2016 — uneven rainfalls in May and
June and low temperatures in May.
Cultivars, Kolorit, Irnik and Dobrudzhanets
were an exception from this tendency. In
Kolorit and Irnik, the number of grains in
spike under favorable conditions for
pollination and fertilization (as those
observed in 2014/2015) reached very high
values (Stoyanov, 2018). At the same
time, however, the higher number of
grains followed by an unfavorable period
(uneven rainfalls, drought, lodging), was
related to insufficiently good nutrition and
high variation of the weight of grains in
spike between the individual plants,
regardless of the high number of grains.

On the other hand, under very good
conditions for grain nutrition, plants, which
differed in their development regardless of
the high number of grains, will also form
higher variation in the weight of grain in
spike, and their correlation coefficients will
be low. Such conditions were observed in
2016/2017 and therefore the correlations
of NGS and WGS were comparatively low
in Kolorit and Irnik.

During the next period, unfavorable
conditions were observed for both
pollination and fertilization, and for

nutrition of the grains in the spike. This
lead to identical variation and covariation
of the two parameters and simultaneously
to higher values of the correlation
coefficients. During the third period of



KoedhmumeHTn. MNpe3 TpeTus nepuos Ha
oTrnexgaHe (2016/2017) ycnosusita Kak-
TO 3a onpaluBaHe ¥ onnoxaaHe, Taka u 3a
hopMMpaHe Ha 3bPHOTO Ca CPaBHUTESTHO
NnoAxXoAsLLn, HO CBbP3aHn C HAKoW Hebna-
ronpusATHU npouecn (HepaBHOMEPHU Ba-
NIeXun 1 npes3 gsarta nepuoga v no-HUCKM
TemnepaTtypu no Bpeme Ha UbgTex), HO C
MO-HUCBK WHTEH3UTET OT NpeaxofHusi
nepvof (2015/2016). Toea e npuynHa npu
KonopuT n VIpHUK CTOMHOCTMTE Ha Kope-
NauMoHHMTE KoedIUUMEHTU pa ca Hali-
BMCOKM Mpe3 TpeTusi nepvogd. lNpu ocTaHa-
IMTe COPTOBE HUCKMTE KOopesauuoHHU Koe-
douumneHTn npes BTOopus nepmop, (2015/2016)
ce AbJ/hKaT Ha NO-HUCKOTO BapupaHe B 6post
Ha 3bpHaTa B Knac M BMCOKOTO BapupaHe
npy MacaTta Ha 3bpHaTta B Knac cnefactsue
ycnosuata Ha cpepara npe3 toHu 2016
(MHTEH3MBHW HEPABHOMEPHU BasIEXM).
Bucokute, 3HauMMm 1M OOCTOBEPHU
Kopenauun mexagy b3K n M3K nokassar
roNsAMoTO 3Ha4YeHne Ha 6pos hopmmpaHn
3bpHa 3a knacoBata MNPOAYKTUBHOCT.
Bbnpekn Hannmunmeto Ha WM3BECTHO Bapwu-
paHe npu mnscnenBaHWTe COpPTOBE, Kope-
naumuTte octaBaT BWCOKM W npe3 TpuTe
uscneiBaHn nepuoga. ToBa nokasea, ye
B3K e ocHOBeH KOMNOHEHT Ha pgobusa
npu Te3n reHoTUNOBE W M3MEHEHMETO B
Hero BoAM U 40 M3MEHEHMe B klacosaTta
NPOAYKTMBHOCT. CXO4HU  paHHM  nNpu
uscnefBaHe Ha Kopenaummte Mexay
nokasarenute bB3K n M3K npu ctapu u
HOBW JIMHUW TpUTUKasie nonydasat Dogan
et al. (2009). lonam 6poi mM3cneaBaHus
npu obukHoBeHaTa nweHuya (Villegas et
al., 2010; Tsenov et al.,, 2013; Estrada-
Campuzano et al.,, 2012; Slafer et al.,
2014; Ugarte et al., 2007) n gpyru amdom-
annnovgHn  cpopmn  (Stoyanov, 2015;
Stoyanov, 2016) nokassat, Yye B3K mnma
CbLLECTBEHO 3HaYeHMe 3a (hopMMpPaHETO
Ha Be/nnyuHata Ha pgobusa. Aycicek and
Yildirim (2006) npy 06ukHOBEHaTa 3UMHa
nwenuya n Dogan (2009) npu TBbpAata
nweHMLa nocoysaT, 4Ye kopenauuata
mexay b3K n M3K e B cunHa 3aBMCUMOCT
OT yCcnoBuATa Ha cpegara.
MpoTMBOMOMIOXHA TEHAEHUUS ce
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growing (2016/2017), the conditions for
pollination and fertilization, as well as for
grain formation, were comparatively good,
although some unfavorable processes
were present (uneven rainfalls in both
periods and lower temperatures at
anthesis); their intensity, however, was
lower than in the preceding period
(2015/2016). This was the reason for the
highest values of the correlation
coefficients in cultivars Kolorit and Irnik
during the third period.

In the rest of the cultivars, the low
correlation coefficients during the second
period (2015/2016) were due to the lower
variation in the number of grain in spike
resulting from the conditions of the
environment in June of 2016 (intensive
uneven rainfalls).

The high and significant
correlations between NGS and WGS
demonstrated the high importance of the
formed number of grains for the
productivity of the spike. In spite of the

presence of some variation in the
investigated cultivars, the correlations
remained high during all three

investigated periods. This showed that the
NGS was a main component of the yield
in these genotypes and its change caused
a change in the productivity of the spike.
Similar data in investigating the
correlations between the parameters NGS
and WGS of new and old triticale lines
cultivars were obtained by Dogan et al.
(2009). A large number of investigations
on common wheat (Villegas et al., 2010;
Tsenov et al., 2013; Estrada-Campuzano
et al., 2012; Slafer et al., 2014; Ugarte et
al., 2007) and other amphidiploid forms
(Stoyanov, 2015; Stoyanov, 2016)
demonstrate that the NGS is highly
important for the formation of the value of
grain yield. Aicicek and Yildirim (2006) in
common winter wheat and Dogan (2009)
in durum wheat indicate that the correlation
between NGS and WGS is highly
dependent on environmental conditions.
The opposite tendency was



HabniogaBa obave nMpu KopenauyustTa
Mexagy M1000 n M3K. lMpe3 nbpeusa ne-
puog Ha oTrnexpaHe (2014/2015) kope-
naumute ca CpaBHUTESTHO HUCKX, HO 3Ha-
ynmun, npe3 2015/2016 ca 3HauMTE/THO No-
BMCOKM 1 npe3 2016/2017 ca HUCKKM, KaTo
4ecTo ca MO-HWUCKU U OT Te3n npe3 Mmbp-
BaTa peko/iTHa roguHa. ToBa nokasBa, Ye
npes3 2014/2015 n 2016/2017 3HaunTeNHO
no-rofisiM eqiekT BbPXY knacoBaTa Mpo-
OYKTUBHOCT MMa OposiT Ha 3bpHaTa B
Knac, oTKosIKoTo Macata Ha 1000 3bpHa. Ta-
31 TeH4eHUmMsa ce Habnwgasa Npu BCUYKK
COpTOBE C U3K/IKYEHMNE Ha copT PecnekT,
KOeTO e nokasaTesiHO, Ye npu uscnepnsa-
HUTe reHoTMnn macata Ha 1000 3bpHa
“Ma No-cnabo 3HayeHne KaTo KOMMOHEHT Ha
fo6uBa, 0TKO/IKOTO 6post 3bpHa B knac. Mo-
HUCKUTE CTOWHOCTM Ha KopenauuoHHWUTe
KoedomuneHtn mexgy M3K wn  M1000,
He3aBMCMMO OT YC/IOBUATA Ha cpejara,
KaTeropvMyHo AokassaT Tasu 3aBUCUMOCT.
PasnnuuaTa, kouto ce Habnwogasat
npu copT PecnekTt ce cBbp3BaT C Hero-
BaTa MHOIO BUCOKa YyBCTBUTE/IHOCT KbM
HebnaronpuAaTHM YCNOBUS Ha cpejaTa.
Stoyanov (2018) cbo6LiaBa 3a MHOTO HuUCKa
NPOAYKTVBHOCT MNpPU copTa W HWUCKU CTOI-
HocTu Ha B3K, M3K n M1000, npu BUCOKO
HMBO Ha BapupaHe 1 Npy TpuTe nokasatesns,
npy YCnoBMsi Ha cpejarta, KOUTO He
Nno3BoMsiBaT MPaBWUIHO UM3XpaHBa-He Ha
3bPHOTO (MHTEH3MBHW BasieXwu, MonsraHe,
HMCKM TEMNepPaTypu No BPeME H Lib(hTeX).
VNAeHTNYHN JaHHM 3a 3aBUCKMMOCT-
Ta Ha M3K »n M1000 npw TpuTukasne
nocoysaT Dogan et al. (2009), a 3a nvnca
Ha Kopenauus Mexay Asarta nokasatens
cbobwasatr Gulmezoglu et al. (2010).
CnepBa ga ce nogyeprae, ye npu Kynty-
pu € NO-LIMPOK reHohoH, KaTo 06UKHOBE-
Hata 3MMHa MWeHWUa 3aBUcCuUMocCTTa
Mexagy ApaTta nokasaTens Bapupa B LIK-
POKM TpaHUUM, KOETO € CBbpP3aHo C pas-
NIMyHaTa CcTeneH Ha npeobnagaBaHe Ha
M1000 kaTo KOMMNOHEHT Ha gobuea. ToBa
rnokaseat AaHHUTE Ha peguua aBTopu npu
pasHoobpa3Hn YCNoBuA Ha OTrexgaHe
Ha Kyntyparta (Stoyanov, 2013; Ashfaq et
al. 2003; Leilah and Al-Khateeb, 2004;
Shahid et al., 2002). Aycicek and Yildirim
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observed, however, in the correlation
between M1000 and WGS. During the
first period of growing (2014/2015), the
correlations were comparatively low but
significant, during 2015/2016 they were
significantly higher, and during 2016/2017
- low, often being lower than that in the
first harvest year. This shows that in
2014/2015 and 2016/2017, the number of
grain in spike had a significantly higher
effect on spike productivity than 1000

kernel weight. This tendency was
observed in all cultivars, with the
exception of Respekt, which is an

indication that in the studied genotypes,
1000 kernel weight was less significant as
a component of yield than the number of
grains in spike. The lower values of the
correlation coefficients between WGS and
M1000, regardless of the environmental
conditions, undoubtedly confirmed this
dependence.

The differences observed in cultivar
Respekt were related to its very high
susceptibility to unfavorable
environmental  conditions. Stoyanov
(2018) reported very low productivity and
low values of NGS, WGS and M1000 at
high level of variation of all three
parameters under environmental
conditions, which did not allow proper
grain nutrition (intensive rainfalls, lodging,
low temperatures during anthesis).

Identical data on the correlation of
WGS with M1000 in triticale is provided by
Dogan et al. (2009) and no correlation
between the two parameters was reported
by Gulmezoglu et al. (2010). It should be
emphasized that in crops with wider gene
pool such as common winter wheat, the
correlation between the two parameters
varies within a wide range, which is
related to the predominance of M1000 as
a component of yield. This is pointed out
by a number of authors under variable
conditions for growing of the crop
(Stoyanov, 2013; Ashfaq et al. 2003;
Leilah and Al-Khateeb, 2004; Shahid et
al., 2002). Aycicek and Yildirim (2006)



(2006) cbobuiaBaT BMCOKaTa CTeNeH Ha
M3MEHYMBOCT Ha Tasu (peHoTuUnHa Kope-
naums oT yc/noBuUSTa Ha roguHata, Kakto
1 OT floKaumaTa npu uscnegBaHnTe ot Tax
reHoTUNoBe 06MKHOBEHA 31MHa NLEeHNLa.
Dogan (2009) nocoyBa CUNHO pa3nnyaBa-
WM ce IEHOTUMHU KOopesauun Mexay
M1000 n M3K npu TBBLpAATa MWeHuua
CMpsIMO yCNOBUSATA Ha roguHara.

Pa3Hoo6pa3Hn CTOMHOCTM Ha Kope-
NauMoHHMTE KoednUMeHTn ce Habnwga-
BaT MO OTHOLWIEHME Ha Kopesnauusita Ha
B3K n M1000. Pa3nuyHn wnscnepBaHus
KakTo npu TpuTukane n apyrm amduam-
naouau, Taka u npu obukHOBEHaTa 3UMHa
nweHuLa nokassaTt, Ye Te3n [Ba nokasa-
Tens 4ecTo kopenupart cnabo, He kopenu-
pat nau ca B oTpuuatenHa 3aBuCUMOCT
(Ali et al., 2003; Ashfaq et al.,, 2003;
Aycicek and Yildirim, 2006; Ehdaye and
Waines, 1989; Dogan, 2009; Leilah and
Al-Khateeb, 2004; Kalimullah et al, 2012;
Kashif and Khalig, 2004; Khalig et al.,
2004; Khan and Dar, 2010; Korkut et al.,
2001; Shahid et al., 2002; Sidwell et al,
1975; Zhang et al, 2012). HawwuTte
pesyntaTu nokassaT, Ye npakTu4eckn npu
nuscnegBaHNTe COpTOBE AMncBa nogobHa
3aBMCMMOCT. [lonyyeHnTe CTOMHOCTU ca
U3K/TIOYNTENHO HUCKM W B rofiiMa vacT oT
n3cneABaHNTeE reHOTUNOBE ca Hepokasa-
HMW. ToBa Mokas3Ba, 4e nNpu TpuUTUKase
ABaTa npoueca Ha OnoXgaHe W Ha
M3XpaHBaHe Ha 3bPHOTO NpuHagexar
KbM pa3/IM4YHU TEHHU CUCTEMU OT efHa
CTpaHa, HO W NUNcBaT KOMMEHCATOpPHU
MeXaHU3Mu Mo Mexay um. dPopmupaHnaTt
6poi1 3bpHa B Kac ce n3xpaHea uam He B
3aBMCMMOCT OT Ha/IMYMETO Ha NOAXOAALLN
ycnosus Ha cpegata. Ako ycnosusita
no3BosisiBaT rofieMmaT Opoil 3bpHa Lie
6bAe C HOpManHM CTOoMHOCTM Ha M1000.
OT gpyra cTpaHa ako ce oopMupa MasTbk
6poii 3bpHa, TO Macata Ha 1000 3bpHa
HAMa fJa € MNo-BWCOKa, OTKOJIKOTO ako
3bpHaTa 6sxa 3HAaYUTESIHO MoBedve. To3u
MexaHn3bM Ha (popmupaHe Ha Knacosarta
NPOAYKTMBHOCT Ce CBbp3Ba OTHOBO C
(pakTa, ye npeobnagasalimsi KOMMOHEHT
€ 6poAT Ha 3bpHaTa B KNnac.
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report a high degree of variability in this
phenotypic correlation by year conditions
as well as by location in the genotypes of
common winter wheat studied by them.
Dogan (2009) points to strongly different
phenotypic correlations between M1000
and WGS in durum wheat according to
the conditions of the year.

Variable values of the correlation
coefficients are observed with regard to
the correlation of NGS and M1000.

Different studies both in triticale and in
other amphidiploids, and in common
winter wheat show that these two
parameters often were in low or negative
correlation (Ali et al., 2003; Ashfaq et al.,
2003; Aycicek and Yildirim, 2006; Ehdaye
and Waines, 1989; Dogan, 2009; Leilah
and Al-Khateeb, 2004; Kalimullah et al,
2012; Kashif and Khaliq, 2004; Khalig et
al., 2004; Khan and Dar, 2010; Korkut et
al.,, 2001; Shahid et al., 2002; Sidwell et
al, 1975; Zhang et al., 2012).

Our results showed that in practice there
was no such correlation in the
investigated cultivars. The obtained
values were extremely low and in the
greater part of the genotypes were not
significant. This is an indication that in
triticale the two processes of fertilization
and grain nutrition belong to different
genetic systems on the one hand, and on
the other, there are no compensatory
mechanisms between them. The formed
number of grains received or not good
nutrition depending on the presence of
suitable conditions of the environment. If
the conditions allow it, the high number of
grains will be with normal values of
M1000. On the other hand, if a low
number of grains are formed, their 1000
kernel weight will not be high as
compared to a significantly higher number
of grains. This mechanism of spike
productivity formation is again related to
the fact that the predominant component
is the number of grains in spike.
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dur. 1. NpadryeH aHa/IN3 Ha 3aBUCMMOCTUTE MeXAy M3crieqBaHNTe KOMMNOHEHTH
Ha KnacoBaTa NPOoAYKTUBHOCT MO nepuoan Ha n3csenBaHe

Fig. 1. Graphical analysis of the relationships between the studied components
of spike productivity by study periods

A — depTunHocT u Bpoii 3bpHa B knac/Fertility and number of grains in a spike; B — Bpoli 3bpHa B knac u
Maca Ha 3bpHaTta B Knac/Number of grains in a spike and Weight of grains per spike; C — Maca Ha 1000
3bpHa M Maca Ha 3bpHaTa B knac/Thousand kernels weight and Weight of grains per spike; D — Bpoii 3bpHa

B knac n Maca Ha 1000 3bpHa/Number of grainsin a spike and Thousand kernels weight; 1 — 2014/2015; 2 —
2015/2013; 3 — 2016/2017
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lMocoyeHUTe 3aBUCUMMOCTU MeXay
n3criefiBaHUTe nokasartesim ce fokKa3Bar u
OT NnoAapexaaHeTo Ha CTOMHOCTUTE npej-
cTaBeHo Ha durypa 1. AcHo ce oyepTaBar
MHOI0O BUWCOKUTE Kopenauun mexpy ® wu
B3K, konto Bapupat cnabo cnpsiMo pas-
NNYHUTE nepuoam Ha uscnegsaHe. Npu
3aBucumoctute mexagy B3K n M3K ce
OTKposiBa pekontHata 2015/2016, npwu
KoeTo ce Habnwpasa no-ronsma pas-
NPbCHATOCT Ha OTAENHUTE Wu3cnefBaHu
e/IeMeHTUX OT BapuauuoHHus pes, Cnpsmo
ocTaHa/MTe [Ba nepuoja.

Habnwogasa ce u TeHAeHuusiTa
npes Ccblma nepuog 3aBUCMMOCTTa MeXx-
Ay M1000 n M3K pa e no-Bucoka, a npes
Apyrute ABa nepuofa — 3HavuMTesiHO Mo-
Hucka. Hali-acHo ce oTkposiBa nuncaTa Ha
3uBucumoct  mMexay B3K u  M1000.
3HayeHuUsiTa Ha OTAE/IHUTE eNeMeHTUn ce
nogpexanar 6e3 QopmmpaHeTo Ha TeH-
AeHuns no mexay um. [aHHute oT rpa-
(hU4HOTO nNpefcTaBsHe onpefensrt, ue
3aBucumocTute mexagy @ n 63K n b3K un
M1000 He dhopmupaT TEHAEHUMUS CNPSMO
yC/ioBUSATa Ha OTInexjaHe u ca CU/IHO
reHoTunHu 3asucumn. Mexagy ® n 63K ce
hopmupa MOYTM JIMHENHA 3aBUCUMMOCT,
KOeTo ce Ab/KM Ha cnaboTo BapupaHe B
6pos Ha KnacueTarta B kKnac mexagy otnen-
HuTe reHotunu. Mpn B3K n M1000 ot apyra
CTpaHa nNpakTU4Yeckun nncea 3aBMcMmocT.

Mpu pgpyrute f[Be  3aBUCUMOCTU
Mexgy B3K n M3K n mexgy M1000 wu
M3K ce HabnwgaBaTr SICHM TeHAeHUUN B
N3MEeHeHNeTo Ha kopenaluuTe nof Bvs-
HWe Ha ycnosuaTa Ha cpegara. Npu rons-
Ma 4yacT OT u3criefiBaHNTE COPTOBE Hama-
NIeHVeTO Ha efHaTta Kopenauus Bogu [0
yBefniMyaBaHe Ha gpyrata. ToBa nokasBa,
ye BBMNpPeKN smncara Ha 3aBUCUMOCT W
KOMMEHCaTOPHN MeXaHU3Mun B CTOMHOCTK-
Te mexgy B3K n M1000, To TakMBa Cb-
LecTByBaT Mo OTHOLLEHWE Ha BapupaHe-
TO Mexay ABaTa nokasarens. OT cenek-
LMOHHa rfiefHa Touyka € W3K/IHUYNTEsSTHO
B&XHO Ha/IMYMETO Ha NOJO06GHU TeHAeH-
uun, Tbil KATO Te nokassaT CXOLCTBOTO B
noBefleHMETO Ha onpefenieHn reHoTUnu
KbM ycrioBusiTa Ha cpepara. [NonyyeHute
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The above correlations between the
parameters were confirmed also by the
ranking of the values presented in Figure
1. The high correlations between F and
NGS, which varied slightly according to
the different periods of the study, were
clearly  outlined. Considering  the
correlations between NGS and WGS,
harvest year 2015/2016 should be pointed
out, when greater dispersion of the
individual elements from the sample was
observed in comparison to the other two
periods.

During the same period, a tendency
was observed of a higher correlation
between M1000 and WGS, while during
the other two periods it was considerably
lower. The lack of a correlation between
NGS and M1000 was clearly outlined. The
significances of the individual elements
were ranked without forming a tendency
between themselves. The data from the
graphic representation determined no
tendency of the correlations between F
with NGS and NGS with M1000 according
to the conditions of growing due to the low
variation in the number of spikelets in
spike between the individual genotypes.
In NGS and M1000, on the other hand,
there was no correlation, in practice.

In the other two correlations
between NGS and WGS, and M1000 and
WGS, clear tendencies were observed in
the change of correlations under the
influence of the environment. In a great
part of the investigated cultivars, the
decrease of one correlation caused
increase in the other. This shows that
although there was no relationship and
compensatory mechanisms in the values
between NGS and M1000, they were
present with regard to the variation
between the two parameters. The
presence of such tendencies is extremely
important from a breeding point of view
because they indicate similarity in the
behavior of certain genotypes according
to the environmental conditions. The
obtained results define the greater part of



pesynTaTu onpeaensTt no-ronsamarta 4vact | the investigated genotypes as being
OT mM3cnegBaHUTe reHOTMNKN KaTto npaktu- | practically identical by their way of forming
YecKM MAEHTUYHM NO HaumHa Ha dopmu- | spike productivity.

paHe Ha CBOSiTa KflacoBa NPOAYKTUBHOCT.

Tabnuua 4. PerpecMoHeH aHa/iM3 U BUJ Ha 3aBUCUMOCTUTE MeXAy u3criefBaHuTe
KOMMEHOHTW Ha kacoBaTa NPoAyKTUBHOCT

Table 4. Regression analysis and type of relationship between the investigated
components of spike productivity

PerpecnoHHa 3aBmucMMocT / Regressions
Copr — B3K/M3K M1000/M3K
coe o _NGSWGS _ M1000WGS _
R R R R
Non-linear Linear Non-linear Linear
2014/2015 0.561 C 0.526 0519 S 0.386
E?)foc;ﬁm 2015/2016 0674 S 0.576 0.774 P 0.763
2016/2017 0.839 C 0.836 0.28S 0.247
2014/2015 0.85P 0.765 0.393C 0.389
ﬁg'l";a 2015/2016 0.833S 0.674 06325 0.44
2016/2017 0.922 P 0.911 0.355C 0.327
2014/2015 0712 P 0.688 03C 0.299
ﬁﬁg%‘ 2015/2016 0.715 S 0.633 0.65 C 0.604
2016/2017 0.931P 0.929 0.236 S 0.22
2014/2015 0.837P 0.863| 0.532Cm 0.495
;2‘;;% 2015/2016 0579 C 0.577 0.258 C 0.127
2016/2017 0.814 P 0.802 0.069 C 0.046
2014/2015 0.762 S 0.734 0.442 S 0.386
Bymepanr 2015/2016 0.629 P 0.604 0.539 C 0.489
Bumerang
2016/2017 0.827L 0.82| 0.409 Cm 0.375
2014/2015 0.791 P 0.754 0.509 C 0.509
:/r'rﬁ’ii”" 2015/2016 0.871C 0.85| 0.644Cm 0.606
2016/2017 0.887 P 0.862 0.416 C 0.415
R 2014/2015 0.751 C 0.739 0.569 S 0.415
o 2015/2016 0.882C 0.862 0.67C 0.553
2016/2017 0.869 P 0.867 0.241 S 0.23
Nossanel 2014/2015 0.902 P 0.859 0.43C 0.293
ot 2015/2016 0.715P 0.696 0.491C 0.469
2016/2017 0.88S 0.903 0.488 C 0.334
2014/2015 0.885 C 0.883 0652 S 0.473
ggﬂ'i"szz 2015/2016 0.664 C 0.63 0.708 S 0.595
2016/2017 0.657 C 0.646 0.446 S 0.414
2014/2015 0.859 C 0.854 0.451S 0.352
Efarose“ 2015/2016 0.663 C 0.661 0.508 S 0.452
agovest
2016/2017 0.745 C 0.745| 0.356 Cm 0.343
2014/2015 0714 S 0.677| 0542Cm 0.539
Egﬂgl‘;’:las 2015/2016|  0.599 Cm 0.572 0.656 C 0.656
2016/2017 0.858 C 0.833 0678 S 0.619

B3K/NGS — Bbpoii 3bpHa B knac/Number of grains in a spike, M3K/WGS — Maca Ha 3bpHaTa B knac/Weight
of grains per spike, M1000 — Maca Ha 1000 3bpHa/Thousand kernels weight, ®/F — ®eptunHoct/Fertility

'C - Cubic/Ky6uuna; P — Power/HapactBawa; S — Sigmoid/CurmoungHa; L — Logarithmic/lloraputmuuna,;
Cm — Compound/CnoxHa
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Makap KopenaumoHHUTe Koeu-
umeHtn mexay b3K n M3K n M1000 wu
M3K pa ca Bucoku, TO 3aBuUCMMOCTTaA
Mexay Te3u nokasartesiv, He3aBuUCcUMMO OT
copta u ycnosuATa Ha cpepara ce
Xapakrepusvpa C HeNMHeeH xapakrtep
(Tabnuua 4). ToBa nokassa U3KILUUTEN-
HO KOMMNIEKCHOTO (hopmMupaHe Ha NpoaykK-
TMBHOCTTA Ha Kfnaca, KOeTo e B Mnpska
3aBNCUMOCT KakTo OT YC/ioBUSATa Ha
cpefara, Taka U OT reHotvna u B3auMMo-
JeicTBneTo Mexgy Tax. [lonyyeHuTe
KoehMuMeHTN Ha JeTepMuHauuma [obnu-
XaBaT 3aBMCUMOCTUTE KbM ornpefesnieHao
(OyHKUMOHANIHO ypaBHeHue, HO 6e3 pfa
MMa KaTeropuyHo cbOTBETCTBME. Makap
npv NoOBEYEeTO COPTOBE Aa ce Habnogasa
npubnmxkaBaHe A0 KybuyHa, HapacTBalla
WA CUrMOMAHa 3aBUCUMOCT, MOLO6HO
onpefensaHe  uMma  CWIHO  YC/IOBEH
XapakTtep. He3aBucMMO OT ycroBuATa Ha
cpefara 3aBUCUMOCTUTE MexXAay nokasa-
Te/IMTe uMaT CTPOro HeJIMHeeH xapakrep,
KOeTO Mnokassa, Ye KOMMNOHEHTUTE Ha Kna-
coBaTa MNPOAYKTMBHOCT ce nosnusieaT
KaTeropMyHo  OT  B3aMMOAENCTBMETO
reHoTun X cpefa v oTAesiHuTe uscnefBa-
HW TreHoTMNM wMmaT pasnuyasauia ce
CTabun-HoCT NO Te3n KOMMOHEHTU. Tasu
Tesa Ce [oka3Ba OT u3cnejBaHusaTa Ha
Stoyanov and Baychev (2016) npu n3non-
3BaHe Ha pa3/IM4yHU CTaTUCTUYECKN METOAON.

AHann3bT Ha Kopenaummte Ha
OTAEe/IHM TeHOTUNU B pasnuyaBaliy ce B
METeOopOIONMMYHO OTHOLLEHME Nepnoamn Ha
u3cnefBaHe, faBa Bb3MOXHOCT Ja ce
npocneaaT copToBeTe, Npu KoMTo hopmu-
paHeTo Ha KknacoBata MNPOAYKTUBHOCT
cnepgpa onpejerieHa 3aBucumocT. Pesyn-
TatuTe OT MU3cnegBaHWTEe COPTOBE MOKas-
BaT, ye copToBe kato Konoput un UNpHUK
hopmupaT cBofiTa NPOAYKTUBHOCT rpe-
OVMHO Ha 6a3a 6poii 3bpHa B knac. lMpwu
coptoBete Atuna, Akopa, bymepanr,
[obpymxaHey, [JoHu 52, BbnaroBecT WU
BopvcnaB 3HauyeHMe uMaT KakTo 6poAT
3bpHa B Knac, tTaka M macara Ha 1000
3bpHa, HO B pas3/inyHa CTeneH, Cnpsimo
ycnosusiTa Ha cpegata. Mpu copT PecnekT,
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Although the correlation coefficients
between NGS and WGS, and between
M1000 and WGS were high, the
relationship between these parameters,
regardless of the cultivar and the
environment, was non-linear (Table 4).
This demonstrates the extremely complex
formation of spike productivity, which is
directly dependent on both the
environmental  conditions and  the
genotype, as well as on their interaction.

The obtained coefficients  of
determination approximate the
relationships  to  certain  functional
equation, without a definite

correspondence. Although in most of the
cultivars an approximation to the cubic,
power of sigmoid relationship is observed,
such a definition would be highly
conditional. Regardless of the conditions
of the environment, the relationships
between the parameters were strictly non-
linear, which indicates that the
components of spike productivity are
definitely influenced by the genotype x
environment interaction, and the individual
genotypes have distinct stability with
regard to these components. This thesis
is supported by the studies of Stoyanov
and Baychev (2016), applying different
statistical methods.

The analysis of the correlations of

the individual genotypes under
meteorologically different periods of
investigation  allowed following the

cultivars, in which the formation of the
spike productivity followed a certain
tendency. The results from the
investigated  cultivars showed that
varieties such as Irnik and Kolorit formed
their productivity primarily on the basis of
number of grains in spike. In cultivars
Atila, Akord, Bumerang, Dobrudzhanets,
Doni 52, Blagovest and Borislav, both the
number of grains in spike and 1000 kernel
weight were important, although to
different degree depending on the
conditions of the environment. In cultivar



Cepro3HO 3HauyeHve 3a dopMupaHe Ha
NPoAYyKTMBHOCTTa Ha Kiaca MMa macata
Ha 1000 3bpHa, ocobeHO B nepuogun, B
KOMTO Mnopagu no-KbCHOTO CU U3KacsaBsa-
He, dhepTuIHOCTTa e no-Hucka. OT apyra
CTpaHa NoBeYeTo COPTOBE Ce XapakTepu-
3upaTt C BUCOKM W 3HAUYUMWU Kopesnauuu
Mexay nscnegsaHute nokasarenu (63K u
M1000) ¥ npoayKTMBHOCTTA Ha Knaca

(M3K), HesaBucumo OT nepuofa Ha
oTrnexgaHe, KoeTo M onpegens kafto
JOCTaTbyHO  CcTabunHM  3a  MOYBEHO

KNMMMaTn4yHUTE yC/10BUA Ha CTpaHarta.

n3BOAU

Ha 6a3a Ha Taka npefcrtaBeHuTe
pesyntatm morar ga 6baar HanpaseHu
cnefHuTe U3BOAW:

1. W3cnepnsaHute  (peHOTUNHM
Kopenauuu rnokassar, Ye Ha HUBO COpT,
HesaBWCMMO OT nepuoga Ha oTriexaaHe
KopesnaunoHHUTe KoeuuneHTn npu no-
rosiiMa 4acTt OT M3c/iefjBaHuTe reHoTunu
Bapupart cpasHWUTENHO cnabo. W3kioue-
HWe OT Ta3un 3aB1CUMOCT € COPT PecnekT.

2. Haii-ctabunHa e kopenauusita
mMexgy 6poii 3bpHa B kiac U depTtun-
HOCTTa Ha KnacyeTo.

3. He ce ycraHoBfiBa Kopenauus
Mexay 6pos Ha 3bpHaTa B K/1ac 1 macarta
Ha 1000 3bpHa, HeE3aBMCUMO OT YC/I0BUS-
Ta Ha cpegara.

4. Pesyntatnte OT perpecuoHHus
aHa/nM3 nokassar, 4e 3aBUCUMOCTUTE
Mexpay nokasaresiMTe Ha Knaca wumart
HENWHENHO NPosiIBEHME.

5. HesaBucuMmo OT ycnoBudATa Ha
cpejata kopenauuuTe  Mexay 6poi
3bpHa B KJac M Macara Ha 3bpHarta B
Knac n mexay macarta Ha 1000 3bpHa u
MacaTa Ha 3bpHata B Knac ocrTasart
3Ha4yMMK, [OCTOBEPHW W BUCOKW. CTOIM-
HOCTUTE Ha KopenauuoHHUTE KoeduumneH-
TW NokKasear, ye 6POAT 3bpHa B Knac uma
OCHOBHO 3HayeHue 3a (DOPMMPAHETO Ha
NPOAYKTMBHOCTTa Ha Knaca u e KNio4oB
KOMMOHEHT Ha AobuBa npu Gbarapckute
COpTOBE TpUTUKAUIE.
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Respect, 1000 kernel weight was
considerably important for the formation of
spike productivity, especially in periods of
lower fertility due to later heading.

On the other hand, most of the cultivars
were with high and significant correlations
between the studied parameters (NGS
and M1000) and spike productivity
(WGS), regardless of the period of
growing, which makes them sufficiently
stable for the soil and climatic conditions
of Bulgaria.

CONCLUSIONS

Based on the presented results, the
following conclusions could be drawn:

1. The investigated phenotypic
correlations showed that the level of
cultivar, regardless of the period of
growing, the correlation coefficients in the
greater part of the investigated genotypes

varied comparatively low. Cultivar
Respekt was exception from this
tendency.

2. The most stable correlation was
between number of grains in spike and
spike fertility.

3. There was no correlation
between number of grains in spike and
1000 kernel weight regardless of the
environmental conditions.

4. The results from the regression
analysis showed that the relationships
between the spike parameters were of
non-linear nature.

5. Regardless of the conditions of
the environment, the correlations between
number of grains in spike and weight of
grains in spike, and between 1000 kernel
weight and grain weight in spike remained
significant and high. The values of the
correlation coefficients indicated that the
number of grains in spike was of primary
importance for the formation of spike
productivity and was a key component in
the vyield from the Bulgarian triticale
cultivars.
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PE3OME

Llenta Ha u3cnegsaHeTo e ga ce
OLEeHAT MOPAIOSIOTNYHUTE U arpOHOMMU-
YEeCKM XapaKTepuCTUKM Ha OopuUrMHaiHa
3apofuviiHa nuweHuuya oT AMB efHO3bP-
HecT niumel, (T. boeoticum Boiss.), cbbpa-
Ha Ha TepuTopusTa Ha FKOxHa Bbarapus v
nogabpxaHa B ex situ KonekuyusAta B
VPIrP-Caposo. Yetupugecetr wun wect
o6pasum ca NpoyvyeHn B eKcnepumeHTasl-
HoTo nosie Ha VPIP-Capgoso, Bvarapus,
npes BeretayunMoHHUAT nepuog 2016-2017.
W3non3ssaH e paHgommsmpaH 6G0KOB
An3aliH C TPy NOBTOPEHUSA. YCTaHOBEHU
ca 3HauuTeNIHW pasnnuma B Mophooruy-
HWUTE Mpu3HaUM NO OTHOLLEHWEe Ha Moso-
XEHVEeTO Ha (p/1aroBuAT NNCT, NOSIOXKEHNE
Ha Knaca m ugart Ha rnymmute. ANOVA u
Duncan TecToBeTe CbLO MoKasaxa, 4e
MmMa 3HauyuMTeNHO BapupaHe No OTHOLUe-
HMe Ha BCMYKM arpoHOMUYECKM Mnokasare-
X, KOeTO MokKasBa 3HAUYUTESTHW pPas/nKu
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SUMMARY

The objective of the study was to
assess the morphological and agronomic
characteristics of original germplasm of
wild einkorn wheat (T. boeoticum Boiss.),
collected on the territory of south Bulgaria
and maintained in ex situ collection in
IPGR-Sadovo.

Forty six accessions were conducted in
the experimental field of IPGR-Sadovo,
Bulgaria during 2016-2017 growing
season. A randomized complete block
design with three replications was used.
There was significant variation in the
morphological characters as leaf-flag
attitude, spike attitude and in the glume

colour. ANOVA’'s and Duncan tests
showed also that there is significant
variability for the all agronomical
characters indicating considerable

variations among genotypes for each



Mexay reHOoTUNoBeTe 3a BCEKM Mokasa-
Ten. VlepapxuyeH KnbcTep aHanus, 6asu-
paH Ha eBKN1AO0BO pasnnyuve, N3non3sai-
KN Mexay rpynos MeToj, rpynvpa u3nut-
BaHUTe obpasun B 4YeTMpu pasnyHu
KnbcTtepa npu 25% pasctodAHne Ha
Bpb3kaTta. B6E0388, B6E0405, B6E0385,
B6E0389, B6E0402B, B6E0412B, B6E0383,
B6E0419 n B6E0421 ca knacudmunpaHm
BbB BTOPU KIbCTEP, BrAousawm 19,57%
OT 06WMAT 6poit aHaIM3MpaHn reHoTUNOoBE.
FeHoTMNOBETE B Tasu rpyna ca C Haii-
BMCOK CTOMHOCTM MO OTHOWEHME Ha
Ob/MKMHA Ha krnaca 6e3 ocunute, 6poit
Knacdyeta B knac, 6poli 3bpHa B Knac,
Tern0 Ha Knaca, Terno Ha 3bpHarta B Knac
1 Macata Ha 1000 3bpHa U C Hail-manko
CTOMHOCTM 3a BUCOYMHATA Ha pacTeHNETo
W 6pOs Ha NPOAYKTUBHM 6paTst Ha 1 m°.
3a B6E0386 n B6E0417 e ycTaHOBEHO,
ye ca reHeTU4ecku Haii-otgasnedeHu. Pe-
3ynTartute OT TOBa MNpoy4yBaHe Le noa-
KpenaT ycunuata 3a onasBaHe U M3nos-
3BaHe Ha AMBUAT eAHO3BbPHECT NUMmel, B
CeneKLMoHHUTE nporpamMu no nileHuyara.
KnwouoBu Aymun: ouB efHO3bPHECT
nnwved, T. boeoticum Boiss., MOptho10rnyHmn
W arpoHOMMYeckM rfokasarenu, Kibctep
aHanus, kopenauum
CbKpallleHUsi: BUCOYMHA Ha pacTeHMETO
(PH), 6poii npoaykTMBHM 6pata Ha 1 m’
(NPT), pgbmKMHa Ha knaca c  ocunute
(LSWA), gbmknHa Ha knaca 6e3 ocunute
(LSWOA), 6poin knacueta B knac (NSS),
Terno Ha knaca (WS), Terno Ha 3bpHaTa B
knac (WGS), 6poit 3bpHa B knac (NGS),
Maca Ha 1000 3bpHa (WTG).

YBO/[,

Bbp3nTe NpoOMEHN B KNUMATUYHUTE
N eKONIOTNYHUTE YCNOoBMSA NpeacTaBnsasart
3HauuTenHa 3annaxa 3a oTrexgaHuTe
KynTypy 3a npucnocobsiBaHeTo VMM KbM
HOBOMOABWUTE ce ycnosus. MNMopaan Bce-
obwuTe Npobaemmn Kato 3amMbpCsABAHETO
Ha Bb34yxa M noysaTta, M34yeprnBaHeTo Ha
030HOBWS C/10I U rN06a/THOTO 3aTOM/SHE
€ Hen3beXHOo NonynsApHUTE AHEC KyNnTypwu
Ja He Morat ga ce crnpaBsaAT C Te3u
npegmsBukatesictea B 6/mM3ko 6bgelue
(Karagoz et al., 2006). CnefoBartesiHO efHa
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character. Hierarchical cluster analysis
based on Euclidean dissimilarity using
Between groups method classified the
tested accessions into four significant
different clusters at 25 % linkage distance.
B6E0388, B6E0405, B6E0385, B6E0389,
B6E0402B, B6E0412B, B6E0383,
B6E0419 n B6E0421 were classified in
second cluster including 19,57% of total
genotypes.

Genotypes in this group were in the
highest rate with respect to length of spike
without awn, number of spikelets per
spike, number of grains per spike, weight
of the spike, weight of grain per spike and
weight of 1000 grains and with at least
values for plant height and number of
productive tillers per 1 m® The most
genetically distant was found between
B6E0386 and B6E0417. The results of
this study will support efforts of
conservation and utilization of wild einkorn
wheat in the wheat breeding programs.

Key words: wild einkorn, T.
boeoticum Boiss., morphological and
agronomical characters, cluster analyses,
correlation
Abbreviation: plant height (PH), number of
productive tillers per 1 m? (NPT), length of
spike with awn (LSWA), length of spike
without awn (LSWOA), number of spikelets
per spike (NSS), weight of the spike (WS),
weight of grain per spike (WGS), number of
grains per spike (NGS), and weight of 1000
grains (WTG).

INTRODUCTION

Rapid changes in climatic and
environmental conditions constitute
significant threats to cultivated crops for
adaptation to newly emerging conditions.

Due to universal problems such as air and
soil pollution, depletion of the ozone layer,
and global warming, it is inevitable that
popular cultivars of today are not likely to
be able to cope with these challenges in
the near future (Karagoz et al., 2006).



OT OCHOBHUTE HYXAW 3a nofobpsiBaHe Ha
nweHuuaTa e oueHkata Ha pasHoobpa-
31eT0 Ha AMBUTE POLCTBEHULM HA MLUEHN-
uata 3a cenekunoHHu uenu (Moradkhani et
al., 2012). AnBuTe poACTBEHMLUM Ha Ky/l-
TYpHUTE pacTeHus npeacTaBnsBar Bce
Nno-BaXeH FeHETUYEeH pecypc 3a nogoo6-
psiBaHe Ha CesICKOCTONaHCKOTO MPOU3BOA-
CTBO M MoAAbpXaHe Ha YCTOWYMBU
arpoekocuctemu (Nevo et al., 2002).

Tpw B1Aa, obxBawawm KynTypHuAT
T. monococcum L. n agmsute T. urartu
Thumanjan ex Gandilyan n T. boeoticum
Boiss. npuHagnexar KbM egHO3bpPHECTUST
nnwvey,. T. boeoticum Boiss. n T. urartu
Thumanjan ex Gandilyan ca pasgesneHu
ypes KkpbcTOocBawm ce 6apuepu (Johnson
and Dhaliwal, 1976), pasnunyasat ce
cnabo no mopdosorusta Ha pacteHuaTa
(Dorofeev et al., 1979), GuoxummnyHUTE "
MonekynsipHu Mapkepu (Dvorak et al.,
1977; Kilian et al., 2007a, 2007b). LUunpo-
KO NpveTo e, Yye AUNNOUOHUAT e4HO3bp-
HecT numel T. monococcum L. e 6un
cpep, NbpBUTE KyNTypw, KYNTUBMPaHU B
MnogopogHua  lMonymecel, MNPOU3X0X-
jauw, ot gususa npapoguten T. boeoticum
Boiss. (Heun et al, 1997). Mbpsurte
reEHeTUYHN aHanm3y npegnosarat MOHO-
dmneTeH npousxod OT AMBUS Npapo-
anten T. boeoticum Boiss. (2n = 2x = 14,
AA), nokanmsnpaH B TYPCKUTE NMaHVHK
Kapauvagar (Heun et al., 1997) B 651M30cCT
0O HSKOM OT Hali-paHHUTE 06eKTM Ha
CesiICKOCTOMaHckn cenuuwia B  Bnuskusa
n3ToK (Zohary and Hopf, 2000). Toii moxe
fa 6bAe UeHeH W3TOYHMK Ha TeHu 3a
pasHoobpassiBaHe Ha yCTOMYMBOCTTA KbM
rLOYHN 6onectu npu nweHvuara
(Chhuneja et al., 2012) 1 3a TonepaHTHOCT
KbM pasinyHn BULOBE EKONOrMYeH CTpec,
kKato 3aconsisaHe (Munns et al.,, 2012).
FeHnTe Ha ycToOlYMBOCTTA KbM JIMCTHA
pbXaa ca NpexBbp/ieHN B MNWeHUUaTa ot
T. monococcum L. n T. boeoticum Boiss.
oT Hussien et al. (1997). OcHOBeH reH 3a
YCTOMYMBOCT KbM OpallHecTa MaHa e
npexebpseH ot T. boeoticum Boiss. B
XnebHata nuweHnua ot Shi et al. (1998).
Mpu HAkoM nvHUKM T. boeoticum Boiss.
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Therefore one of the primary needs for
wheat improvement is the estimation of
diversity in wild relatives of wheat for
breeding purposes (Moradkhani et al.,
2012). The wild relatives of crop plants
constitute an increasingly important
genetic resource for improving agricultural
production and maintaining sustainable
agroecosystems (Nevo et al., 2002).

Three species comprising
domesticated T. monococcum L. and wild
T. urartu Thumanjan ex Gandilyan and T.
boeoticum Boiss. belong to the einkorn
wheat. T. boeoticum Boiss. and T. urartu
Thumanjan ex Gandilyan are separated
by crossing barriers (Johnson and
Dhaliwal, 1976), differ slightly in plant
morphology (Dorofeev et al., 1979),
biochemical and molecular marker loci
(Dvorak et al., 1977; Kilian et al., 2007a,
2007b). It has been widely recognized
that the diploid einkorn wheat T.
monococcum L. was among the first crops
domesticated in the Fertile Crescent
starting from the wild progenitor T.
boeoticum Boiss. (Heun et al., 1997).

The first genetic analyses suggested a
monophyletic origin from the wild sub-
species T. boeoticum Boiss. (2n = 2x = 14,
AA), localized in the Turkish Karacadag
mountains (Heun et al., 1997) close to
some of the earliest sites of agricultural
settlements in the Near East (Zohary and
Hopf, 2000). It should be a valuable
source of genes for diversifying fungal
disease resistance in wheat (Chhuneja et
al., 2012) and tolerant to different kinds of
environmental stress, such as salt (Munns
et al., 2012).

Genes of leaf rust resistance have been
transferred into wheat from T.
monococcum L. and T. boeoticum Boiss.
by Hussien et al. (1997). Major gene for
powdery mildew resistance was
transferred from T. boeoticum Boiss. to
bread wheat by Shi et al. (1998).



CblLO € YCTaHOBEHO, Ye ca YCTONYMBY Ha
pyckaTa nucTHa Bbluka, Diuraphis noxia
(Deol et al., 1995). T. boeoticum Boiss. e
Nno-To/fiepaHTEH KbM Cyllarta, OTKOJIKOTO
APYrM pOACTBEHMLM Ha NweHuua, kato T.
dicoccoides, T. araraticum n 06MKHOBeHa
nweHuya (Sultan et al., 2012). PesynTta-
TMTE OT ropecrnomMeHaTuTe uscfeaBaHus
nokasear, 4ye T. boeoticum Boiss. e nog-
XOAsL, M MEePCNeKTUBEH FEHEH W3TOYHMK
3a nogobpsieaHe Ha CbBpPEMEHHaTa niie-
Huua (Liu et al., 2015). EchekTMBHOTO U3-
non3BaHe Ha To3W BUA U3NCKBa Noapo6HO
no3HaBaHe Ha HeroBmTe reHeTUYHW, LUTo-
rEHeTUYHN U arpoMopdOIOrMYHN Xapak-
Tepuctvkn. ETO 3awo uenta Ha TOBa
npoyysaHe e pga ce OUeHAT mopdosio-
TMYHUTE N arpOHOMUYECKN XapakTepucTu-
K/ Ha OpurMHasiHaTa 3apoguiluHa naasma
oT guB efHo3sbpHecT simmel, (T. boeoticum
Boiss.), cbbpaHa Ha TepuTopusiTa Ha
KOxHa Bbarapus u noggbpxaHa B ex situ
Konekuma B PTP-Capgoso

MATEPWNAN N METO4WA

PactuTtenHn marepuanm

UeTnpngecetr n wecTt obpasum oT
T. boeoticum Boiss. Kouto 6sxa cbopaHu
npe3 2015 r. or HKOxHa bBbvarapusa, ca
BK/TIOYEHW B U3C/eJBaHETO.

Moncku ekcnepuMeHT

HacTtosawoTo npoyysaHe e npose-
OEHO B eKcnepuMeHTasIHOTO nosie Ha
WMHctutyta no Pactutesniin [eHeTuyHn
Pecypcn ,KoHcTaHTUH MasikoB” B .
CapoBo, bbnrapus npes BeretauMoOHHUAT
nepvog 2016-2017. CeutbaTa € U3BBLP-
LleHa Ha pbka, B nmapuesku ot no 5 peaa,
C Ob/KMHa Ha pefoBeTe OT 1 m, Mexay-
pefoBo pasctosHne ot 20 cm u pas3cTos-
Hue Mexfay pacteHuaTa B pega oT 5 cm.
W3nonseaH e paHgommnsmpaH nbneH 6510-
KOB AM3aiiH ¢ Tpu NoBTOpeHus. He ca us-
nosi3BaHM XMMUYECKN TOPOBe, Xepbuunan
W nectuumamn. HabnogeHmaTa u oueHknTe
Ha MoponorMyHn, GUONOrMYHN K arpo-
HOMUWYECKM XapaKTepUCTUKK ca U3BbpLUE-
HW CbrNacHoO MexayHapoAHU AeCKpunTop-
HM nuctoe (Anonymous, 1984). BbB
(pasa nbaHa 3penocTt 10 pacTteHusa 6sxa
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Some T. boeoticum Boiss. lines were also
found to be resistant to the Russian wheat
aphid, Diuraphis noxia (Deol et al., 1995).
T. boeoticum Boiss.is more tolerant to
drought than other wheat relatives, such
as T. dicoccoides, T. araraticum and
common wheat cultivars (Sultan et al.,
2012). Results of the above mentioned
studies indicate that T. boeoticum Boiss.
is a suitable and promising gene source
for improving modern wheat (Liu et al.,
2015). Efficient utilization of this species
requires detailed knowledge of their
genetic, cytogenetic and agromorphological
characteristics.

Therefore the objective of this study was to
assess the morphological and agronomic
characteristics of original germplasm of
wild einkorn wheat (T. boeoticum Boiss.),
collected on the territory of south Bulgaria
and maintained in ex situ collection in
IPGR-Sadovo.

MATERIAL AND METHODS

Plant material

Forty six accessions of T.
boeoticum Boiss. that were collected in
2015 from South Bulgaria are included in
the study.

Field experiments

The present study was conducted
in the experimental field of the Institute of
Plant Genetic Resources “Konstantin
Malkov” at Sadovo, Bulgaria during
2016-2017 growing season.

Sowing was performed by hand at five
row plots, in 1 m length and 20 cm row
spacing and plant distance of 5 cm. A
randomized complete block design with
three replications was used.

Chemical fertilizers, herbicides and
pesticides were not used. Observations
and evaluations of morphological,
biological and agronomic traits were
carried out according to international
descriptors lists (Anonymous, 1984). At
maturity, 10 plants were randomly



n3bpaHn Ha crnyyvyaeH MPUHUMN OT BCSKa
napuenka 3a onpegensHe Ha OCHOBHUTE
KOMNOHeHTU Ha pobwusa. W3cnepsaHute
XapakTepucTukM ca: BUCOYMHA Ha pacTe-
HMeTo (cm), 6poil NPOAYKTUBHU GpaTsa Ha
1 m?, 4b/KMHA Ha Knaca ¢ ocunuTe (cm),
ObXnHa Ha knaca 6e3 ocunute (cm),
6poii Ha KnacyeTa B kiac, TEr/o0 Ha kiac
(g) , Terno Ha 3bPHOTO OT Kac (g), 6poii
3bpHa B Knac n maca Ha 1000 3bpHa (g).

EkcnepvmeHTanHute  AaHHW  Ha
OLleHeHUTe napameTpu 6sixa aHanM3upaHu
C nomoLLTa Ha cTaTucTuyeckara nporpama
SPSS 13.0. [JaHHuTe 6sixa aHa/mM3vpaHu
ype3 aHasm3 Ha gucnepcusata (ANOVA) u
Duncan’s multiple range test. ®eHoTUNHKUTE
Kopenauum ca U34yncrieHn Ypes u3nonssaHe
Ha peHOTMNHM BapuauMnm 1 KoBapuauus
(Lidansky, 1988). 3a pa ce wuscnegsar
B3aVMOBPbB3KUTE MEXAY TleHoTuMnuTe, €
NPUOXEH NepapxmyeH KNbCTep aHann3 Ha
f6azata Ha Mpoy4yBaHWTE arpoOHOMUYECKU
nokasarenwu.

PE3YJITATU N OBCBXXOAHE

MoponornyHn xapakTepucTmnkun

Mo BpeMe Ha nscneaBaHeTo obpas-
uuTe 65iXxa XxapakTepuaupaHu no cnegHu-
Te MophonorMyHM npusHaym: popma Ha
poseTkaTa (Npun 6parteHe), nuryna
Ha/Mume, YWNYKKN - Ob/DKMHA, NOIOKEHNe
Ha dhnaroB AnUCT (B Ha4Yano Ha m3knacs-
BaHe), NosioXKeHne Ha knac (Npu nb/jHa
3psnocT), copma Ha knac (Npy MbaHa
3PS/IOCT), OKOCMEHOCT Ha rymute (mpu
Mb/iHA 3PSAA0CT), UBAT Ha raymuTte (npuv
MbJiHA 3PASOCT) M UBAT Ha ocunute (Npu
nbnHa 3panoct) (Tabnuua 1). Bcunuku
obpasun ca cbC cTenewa dgopma Ha
po3eTkaTa, Ha/MuMe Ha nuryna, Kbcu
YLINYKKN, HASIMYME Ha OKOCMSIBAHE BbPXY
ropHaTta 4yacT Ha nucTta v nupamuganHa
dopma Ha knaca. o OTHOWEHWETO Ha
NnofoXeHneTo Ha  naroBusAT  nUCT
uscneaBaHuTe obpasum 6sxa pasgeneHu
Ha 3 rpynu: nony-m3npaeseHun (15-45 °) - 4
obpasuu, xopusoHTasHU (46-90°) 3
obpasun u yBucHanu (91-135°) 39
o6pasuu (Tabnuua 1). BpoaT Ha obpas-
uuTe C MOMY-U3NpaBeHO MOSIOXKEHNE Ha
Knaca 6sxa 28 o6pasuu, [okaTto C Xopwu-
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selected from each plot for recording
certain yield components. The studied
characteristics were: plant height (cmz,
number of productive tillers per 1 m°%,
length of spike with awn (cm), length of
spike without awn (cm), number of
spikelets per spike, weight of the spike
(9), weight of grain per spike (g), nhumber
of grains per spike, and weight of 1000
grains (g).

The experimental data of evaluated
parameters were analyzed using the
statistical program SPSS 13.0. Data were
analyzed by analysis of variance
(ANOVA) and Duncan’s multiple range
test. Phenotypic correlations  were
calculated by using of phenotypic
variances and covariance (Lidansky,
1988). To examine interrelationships
among the genotypes, a hierarchical
cluster analysis was performed based on
these traits.

RESULTS AND DISCUSSION

Morphological characters

During the study, accessions were
characterized by following morphological
characters: type of bush (at tillering),
ligule - presence, auricles - length, leaf -
flag attitude (at the beginning of heading),
spike attitude (at full ripeness), spike
shape (at full ripeness), glume-
pubescence (at full ripeness), glume
colour (at full ripeness) and awnes-colour
(at full ripeness) (Table 1).

All accessions were with prostrate type of
bush, present of ligule, short length of
auricles, present of the pubescence on
the top of the leaf and pyramidal shape of
spike. According to the leaf-flag attitude
investigated accessions were divided into
3 groups: semi-upright (15-45°) 4
accessions, horizontal (46-90°) 3
accessions and drooping (91-135°) — 39
accessions (Table 1). The number of
accessions semi-erect attitude of the
spike were 28 accessions, while with
horizonta 18.



30HTa/IHO18. imalle 3HauuTesIHo pas/simyve
B LBeTa Ha rnymute. [leBeTHajeceT o6pas-
UM 6axa CbC CNAMEHOXBAT UBAT Ha [/y-
mMuTe, 16 c 4yepHO Ha 4vepBeH hoH n 11 c
yepBeH UBAT Ha rnymute. LiBeTbT Ha ocunn-
Te 6elle CbLLUMAT KaTo Ha Knaca (Tabnuuya 1).

There was significant variation in the glume
colour. Nineteen samples were with straw-
yellow colour of glume, 16 with black against
a red background and 11 with red colour of
glume. Awns colour was the same as spike
(Table 1).

Tabnuua 1. MopdhosiornyHn nokasartenu npu 46 ob6pasunm AMB efHO3BbPHECT

nnmey, (T. boeoticum Boiss.)

Table 1. Morphological characters of 46 wild einkorn wheat (T. boeoticum Boiss.)

dopma Ha poseTkata/Type of bush

Bpoii 06pasLy n3npaseHa/erect yBucHan/drooping cTenela/prostrate
Number of accessions 0 0 46
Nuryna-Hanunuyue/Ligule —presence
Bpoii 06pasuy nuncea/absent Hannume/present
Number of accessions 0 46
Ywnykun-gbaxnHa/Auricles-length
Bpoii 06pasum Kbcu/short cpegHu/medium Avnru/long
Number of accessions 46 0 0
MonoxeHwue Ha donaros nuct/Leaf-flag-attitude
o nosy usnpaseH XOPU3OHTasIeH yBUCHanN
Elﬁ?r:/lb(é?%?z%”cessions semi-uprightH horizontal drooping
4 3 39
Jlnct-okocmeHocT/Leaf-pubescence
Bpoii o6pasLy nuncea/absent Hanmumne/present
Number of accessions 0 46
MonoxeHne Ha knaca/Spike-attitude
o nosy usnpaseH XOPU3OHTasIeH yBUCHanN
Elﬁ?r:/lb(é?%?z%”cessions semi-erect horizontal nodding
28 18 0

Knac-dopma/Spike-shape

Bpoii 06pa3sum nupamunganen/pyramidal

unnmHgpuyer/cylindrical

Number of accessions 46

0

'nymun-okocmeHocT/Glume-pubescence

Bpoii 06pa3um nuncsa/absent

cpegHa/medium

Number of accessions 30

16

rnymun-uaT/Glume-colour

£ 0ol 06 CNaMEHO-KbAT yepBeH YepeH BbPXY YepBEHa OCHOBA
pon obpasum straw-yellow red black against a red background
Number of accessions
19 11 16
Ocunu- uat/Awnes-colour
Bpoii oGpasun CBLMAT KaTo Knaca pasnuueH
Number of accessions same as spike different

ArpOHOMMNYECKU XapaKTEPUCTUKN
ANOVA 1 Duncan TecTtoBeTe noka-
3axa, 4e uma 3HauuTenHo BapupaHe no
BCUYKM NoKasaTesin, KOeTO MnokasBa 3Ha-

Agronomic characters

ANOVA's and Duncan tests
showed that there is significant variability
for all the characters indicating

YNTENHN pa3inyna Mexay reHotunnute 3a

considerable variations among genotypes
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BCcekn nokasaten. Seifolahpour et al. (2017),
Y3ynpkanvesa wu gp. (2016), Pour-
Aboughadareh et al. (2012) n Moghaddam
et al. (2012) cbwio ca Habnwgasanu ronemm
3HaUMMM pasfMkn Mexay obpasuy eaHo-
3bpHECT MMel, Ha 6asaTta Ha arpomop-
honorMuHN  xapakTepucTuk, KoeTo Mo-
TBbpXJaBa BUCOKaTa reHeTUyHa Bapwua-
umsa cpep obpasuymte. CTOMHOCTUTE Ha
BapuaLMOHHUAT KoedmumeHT (CV%) Bapw-
pat ot 9,26 go 32,15%. Dotlacil et al. (2000)
cunta, ye muHumym 10% CV e npusHak Ha
ronsimMo pasHoobpasve B MecTHUTe nomny-
naumn Ha nuweHuuara u ctapute copTose.
B HaweTo n3cnegsaHe OTHOCUTESTHO Hali-
BapuabuneH Mpu3HaK 3a nepuoga Ha
n3cnefBaHeTo e TersioTo Ha 3bPHOTO OT
knac (WGS) (32,15%), cnegBaH OT 6poi
npoaykTUBHM 6pats Ha 1 m® (NPT)
(23,65%) wn Ternoto Ha knaca (WS)
(22,93%). CtoiiHOCTUTE Ha Te3n koecpu-
LMeHTN NoTBbPXAaBaTt, ye Te3u nokasa-
Teny ca no-nofat/MBM Ha NpoMsiHa Nop,
BNMsiHMe Ha pasnmyHu caktopu (Desheva,
2014). CpaBHUTENHO Hali-Masika Ba-
prabunHoCT 3a nepuoga Ha uscnensaHe
nokasesa BMCOYMHATA Ha pacTeHWeTo
(9,26%) (Tabnuua 2).

BucounHaTta Ha pacTeHusTa e OCHO-
BEH arpoOHOMUWYEH MoKa3aTesn B cenekuuaTa
Ha nweHuua. CbBpPEMEHHUTE BUCOKOMNPO-
[OYKTVBHU COPTOBE MLUEHMLA ca MO-HUCKU OT
MeCTHWTE nonynauuu, ctapute copTtose W
ameuTe nwennym (Karagoz et al., 2006). B
ToBa MpoyyBaHe cpefHaTa CTOMHOCT Ha
BMCOuYMHaTa Ha pacTteHmeTo e 159,33 cm.
O6pasyuTe ¢ BUCOKM pacTeHus Hag 180 cm
6sxa B6E0404C (181,8 cm) n B6E0387
(182 cm). O6paseua c Hali-KkbCcOTO CTbL6/10
6ewe B6EO380 (126 cm) (Tabnuua 2). bpo-
AT Ha NpoAyKTUBHM 6pata Ha 1 m® (NPT)
Bapupa oT 249,4 po 724. llect obpasum
mmat Bucok NPT, cboTBeTHO mexay 600-
700 6pos. feceT npobu ca C Ab/XMHA Ha
knaca ¢ ocunute (LSWA) mexagy 18,08 un
20,36 cm, gokaTo Ab/HKMHaTa Ha kniaca 6e3
ocnnnte (LSWOA) e 3Haunma 3a B6E0410
(12,21 cm) npu p<0,001. B6EO378 nma Haii-
ronam (NSS), NGS, WS n WTG (cboTBETHO
35;6 g; 1,58 g 1 13,78 g). Haii-ronsamo WGS
e ycTtaHoBeHo npu BG6E0384 (0,87 Q)
(Tabnuua 2).
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for each character. Seifolahpour et al.
(2017), Uzundzhalieva et al. (2016), Pour-
Aboughadareh et al. (2012) and
Moghaddam et al. (2012) also observed
high significant differences among einkorn
wheat based on agro-morphological traits
which indicated the high genetic variation
among samples.

The values of coefficient of variation
(CV%) varied from 9,26 to 32,15 %.
Dotlacil et al. (2000) considered a
minimum 10% CV a sign of wide diversity
in wheat landraces and obsolete varieties.
In our study the most relative variable
character during the period of study was
weight of grain per spike (WGS) (32,15
%), following to number of productive
tillers per 1 m®> (NPT) (23,65 %), and
weight of spike (WS) (22,93 %).

The values of these coefficients confirm
that these traits were more susceptible to
change under the influence of different
factors (Desheva, 2014). Relatively the
least variable for the period of study
indicated the plant height (9,26%) (Table 2).

Plant height is a major agronomic
character in wheat breeding. Modern high
yielding wheat cultivars are shorter than
landraces, old cultivars and wild wheat
(Karagoz et al., 2006). In this study the
mean value of plant height was 159,33 cm.
Accessions with tall plants above 180 cm
were B6E0404C (181,8 cm), and B6E0387
(182 cm). The sample with the shortest stem
was B6E0380 (126 cm) (Table 2). Number
of productive tillers per 1 m® (NPT) varied
from 249,4 to 724. Six accessions had high
NPT, respectively between  600-700
numbers. Ten samples had length of spike
with awn (LSWA) between 18,08 and 20,36
cm, while length of spike without awn
(LSWOA) was significant for B6E0410
(12,21 cm) at p<0,001. B6E0378 had the
highest number of spikelets per spike (NSS)
together with high NGS, WS and WTG (35,6
number, 1,58 g and 13,78 g, respectively).
The biggest WGS was found in B6E0384
(0.87 g) (Table 2).



Tabnuua 2. CpegHun CTOMHOCTM 3a 9 nokaszatena npu 46 o6pasuym [vBe

€0HO3bPHECT JinmMeLl

Table 2. Means for 9 traits in 46 wild einkorn wheat accessions

Homep Ha o6paseLa| PH, LSWA, |LSWOA, WS, WGS, | WTG,
Accer;sion nSmbeur NPT cm cm cm NSS NGS g g g
B6E0378 419.2ij | 137abc |19.2k-m| 1lle-m 35.69 57.6t 1.58k | 0.8h-j | 13.78q
B6E0379 529.60p | 138abc | 15.8b-i | 10.6¢c-l | 34e-g 33de 0.72a |0.35a-d| 9.10c
B6E0380 489mn 126a 15.8b-i | 9.9a-k | 30.2a-g 45j-n 1.14c-i | 0.6d-h | 13.36pg
B6E0381 572.4qr | 138abc 16b-i 9.5a- 30a-g | 41.3ghi | 1.02-h |0.52a-g| 12.26Im
B6E0382 553.8pq| 149c-g | 19.6l-m | 11.1f-m | 29.2a-g | 32.3cde | 0.88a-e | 0.56c-h |11.48ghi
B6E0383 307.4b 147b-f 17e-l |10.8d-m | 35.2f-g | 47.6m-p | 0.98b-g |0.34abc| 6.38a
B6E0384 428.8jk | 162f-o | 15.5b-h | 10.3b-l | 31.8a-g | 52.3rs 1.2e-j | 0.87] |15.44vwx
B6E0385 345.4cde| 152c-i 16.4b-k | 10.6c¢c-I 35.69 41.8hgi 1.1c-i | 0.54b-j | 11.94i-e
B6E0386 387.0fgh| 172I-g | 14.8a-f | 10.4b-l | 34.4e-g | 53.5s | 1.36g-k | 0.85ij |15.13tuv
B6E0387 556.7pgr| 182q |13.8abc| 8.9a-f | 31.2a | 43.3ijk | 1l.1c-i |0.51a-g|11.73h-k
B6E0388 248.2a 133ab |13.8abc| 9.4a-i | 32.4b-g | 51.39-s | 1.12c-i | 0.6d-h |11.76h-k
B6E0389 358def | 156dk 12.2a 7.7a 28.4a-f | 41.3ghi | 1.3g-k | 0.6d-h | 14.44rs
B6E0390 390.2ghi| 174n-q | 16.2b-j | 11.3g-m | 34.4e-g | 50.4p-s | 1.3g-k | 0.7g- | 14.30r
B6E0391 585.4r | 149c-g 16b-i 9.2a-h | 29.2a-g | 42.8ijk |0.938b-j|0.52a-g| 11.63hij
B6E0392 373.6efg| 166h-o | 15.8b-i | 9.6a-j | 33.6d-g 44i- 1.02b-h | 0.5a-g | 11.37gh
B6E0397 469.8Im | 157d-i 13.6ab 9a-f 31.2a-j | 50.6p-s | 1l.1c-i | 0.6d-h 12m
B6E0398 417ij 156d-k | 14.6a-f | 8.2ab | 29.2a-g | 34.2e | 1.02b-h | 0.44a-f |12.14klm
B6E0399 415.4hij | 158d-m | 15.4b-g | 9.6a-j | 30.4a-g | 29.4bc |0.8labc |0.37a-e| 10.35e
B6E0400 518.60 | 166.6i-p | 16.4b-k | 9.4a-i | 32.4b-g | 32.6cde | 0.92a-f | 0.4a-f |12.46mn
B6E0401A 461.6lm | 145b-e 15a-f 9.4a-i | 34.8e-g 38fg 0.9a-f | 0.42a-f| 10.55e
B6E0401B 5280p | 145.4b-e | 14a-d | 8.8a-e | 30.4a-g | 39.2gh | 1.04b-h | 0.5a-g | 12.84no
B6E0402A 575.2gr | 159.8e-n | 13.8abc | 8.4abc | 30a-g | 31.6cde | 0.6a |0.34abc| 9.66d
B6E0402B 362.2efg| 150.8c-h | 19j-m | 12.8m | 32.8c-g | 45.4k-n | 1.52-k | 0.74g-j [15.62wxy
B6E0404A 473Im | 169.4j-q | 18.6i-m | 10.1b-| | 27.8a-e | 27.4ab | 0.84a-d | 0.44a-f |14.86stu
B6E0404B 519.40 | 171k-q | 18.6i-m | 10b-l 25.2a | 32.2cde | 0.94b-f | 0.5a-g | 15.68xy
B6E0404C 514.6no| 181.8pq |18.2g-m| 9.8a-k | 29.6a-g 38fg 1.24fj | 0.5a-g | 13.230p
B6E0405 249.4a | 172.4l-q | 16.4b-k | 9.4a-i | 27.8a-e 45j-n 1.33h-k | 0.8h-j | 17.74z
B6E0406 663.4u | 157.2d-i | 16.6¢-k | 9.4a-i | 27.6a-e | 28.2ab | 0.99b-f | 0.3ab | 10.76ef
B6E0407 521.20 | 159.8e-n | 16.9d- | 8.6a-d | 26abc 26a 1.14c-i | 0.28a | 7.74b
B6E0409 584.2gr | 158d-m | 14.2a-e | 10b-l 32.8c-g | 43.6ijk | 1.08c-h | 0.5a-g | 11.65hij
B6E0410 460.2Im | 173.4m-q (18.38h-m| 12.2I-m | 32.2a-j | 45.2]-n | 1.42i-k | 0.6d-h | 13.38pq
B6E0411 659.4u 170k-q [13.86abc| 9.4a-i 31.6a-j | 49.20-r | 1.24fj | 0.6d-h | 12.27Im
B6E0412A 407hij | 173m-q | 17.22f-1 |11.44h-m| 33.2d-g | 48.2n-q | 1.16d-i | 0.54b-j | 10.45e
B6E0412B 350de | 143bcd |14.86a-f| 9.82a-k | 32.1a- 33de | 1.04b-h | 0.52a-g|15.15tuv
B6E0413 647.2tu | 174n-q |15.42b-g| 10.16b-l | 28.8a-g | 30.4bcd | 0.84a-d | 0.43a-f | 12.9no
B6E0414 568.6qr | 164g-0 | 15.4b-g | 9.48a-j | 28a-e 45.2]-n | 1.24f | 0.6d-h | 13.36pq
B6E0415 517.80 154d-j 14.5af | 9.1a-g | 28.4a-f 34.4e 0.94b-f |0.53a-g| 14.7rst
B6E0417 724.0v | 150i-g | 14.9a-f | 8.4abc | 26.6a-d 33de | 0.82a-d | 0.43a-f [12.15kIm
B6E0418A 581.6qr | 160e-n |14.06a-d| 10.32b-1 | 32.6b-g | 46k-0 1.2e-j | 0.74g-j |15.21uvw|
B6E0418B 630.4st | 156d-k |14.74a-f| 10.5c-I 3la-g 34.4e 0.94b-f | 0.4a-f |11.73h-k
B6E0419 318bc | 170k-q [16.92d-l| 11.1f-m | 29.6a-g | 41ghi 1.24f-) | 0.64f-j | 14.63rs
B6E0420 617.2s | 163.4g-0 |17.99-m [11.62i-m| 31.4a-g | 45.2j-n | 1.06c-h | 0.5a-g | 11.12fg
B6E0421 329.2bcd| 175.2n-q |18.54i-m| 12k-m | 32.8c-g | 47.4l-p 1.5jk | 0.64f-] | 12.940p
B6E0422 425.6jk | 161.6fo | 20.36m [11.74j-m| 25.6ab 35ef 1.1c-i | 0.44a-f |11.48ghi
B6E0423 449.2kl | 175.2n-q | 15.94b-i| 9.76a-k | 30.8a-g 41ghi | 1.04b-h | 0.62e-i | 14.62rs
B6E0004 524.40 | 1770-q [18.08g-m| 9.84a-k | 26abc | 44.2i-m | 1.3g-k | 0.72g-j | 15.93y
Average 478.86 159.33 16.09 10.00 30.74 40.70 1.09 0.54 12.68
SD 113.27 14.76 2.19 1.43 3.95 7.86 0.25 0.17 2.22
CV,% 23.65 9.26 13.62 14.26 12.85 19.31 22.93 32.15 17.49

CpefHuTe CTOHOCTM B CbluaTa Ko/oHa, NocneABaHn OT efHn U Cblyy GykBU, HE ce pasnMuyaBaT 3HauUTENHO
(p<0.001), cnopes Duncan'’s test.
Means in the same column followed by the same letters are not significantly different (p<0.001), according to

Duncan'’s test.

CV, %- KoedmumeHT Ha BapupaHe/Coefficient of variation
SD —CraHgapTHo oTknoHeHune/Std. Deviation
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KopenaynoHHM 3aBUCUMOCTU

KoedmumeHTTe Ha kopenauma Ha
MubpcbH Mexay 9 nokasarens ca npeg-
ctaBeHn B Tabnuua 3. Ab/kKuHaTa Ha
knaca 6e3 ocwiuTe e B MNOJIOXUTENHA
BPb3Ka C AbJ/DKMHATA Ha Kaca C ocuniute
(0,698**) npu p<0,01. BposT Ha knacuye-
TaTa B K/ac Kopesnvpa OTpuuaresiHo ¢
NPT (-0,353*) 1 NONOXUTENHO C AbIDKK-
HaTa Ha knaca 6e3 ocunute (0,373**).
BpoAT Ha 3bLPHOTO B K/1ac NMokasa 3Hauu-
TENIHN MOJIOXUTESTHN Kopenauuu ¢ Obf-
XnHata Ha knaca 6e3 ocunute (0,317*) u
6pos Ha knacyetarta B kKnac (0,556**) u c
oTpuuaTtenHa Bpb3ka ¢ NPT (-0,377**).
Seifolahpour et al. (2017) cbwo otbenss-
BaT 3HaYMTEsIHA U NONOXUTE IHA 3aBUCK-
MOCT Mexay 6posi Ha Ha knacuyetata B
Knac 1 6pos Ha 3bpHaTta B kiac. Kopena-
uusaTa mexgy WS u Ternoto Ha 3bpHOTO B
knac 6elue NOsOXUTENHAa W 3HaYnTesHa
Ha HuBOo 0,01 (0,709**). WS cbLUO Kope-
nnpa nonoxutenHo ¢ LSWOA (0,421**) un
oTpuuatenHo ¢ NTP (-0,439 **). Bpb3kute
mexgy NPT, WGS, LSWOA, NGS n WS
cblwo 6gxa 3HauuTesnHm (-0,381**, 0,309%,
0,764** n 0,754*%). YBenmyaBaHeTO Ha
MacaTa Ha Xunsga 3bpHa ce cBbp3Ba C
yBenuyaBaHe Ha TersioTO Ha 3bPHOTO B
knac (0,751*) u WS (0,481**).

Correlation

Pearson’s correlation coefficients
between 9 characters are presented in
Table 3. Spike length without awns was in
positive relationship with spike length with
awns (0,698**) at p< 0.01. Number of
spikelets per spike correlated negatively
with NPT (-0,353*) and positively with
spike length without awn (0,373**).
Number of grain per spike showed
significant positive correlations with spike
length without awn (0,317*) and number
of spikelets per spike (0.556**) and
negative relationship with NPT (-0,377**).
Seifolahpour et al.(2017) also noted
significant and  positive  correlation
between and number of spikelets per
spike and number of kernel per spike. The
correlation between WS and grain weight
per spike was positive and significant at
the 0.01 level (0,709**). WS also
correlated  positively  with LSWOA
(0,421**) and negatively with NTP (-
0,439**). The relationships between NPT,
WGS, LSWOA, NGS and WS were also
significantly (-0,381**, 0,309*, 0,764** and
0,754**). Increase of thousand grain
weight is associated with increase of grain
weight per spike (0,751*) and WS
(0,481*),

Tabnvua 3. PeHOTUNHU KOpenaunmoHHW KoedUUMEHTU Mexay wuscnefBaHuTe
nokasatesnu npu Triticum boeoticum Boiss.

Table 3. Phenotypic correlation coefficients between investigated characters in
Triticum boeoticum Boiss.
NPT PH LSWA |LSWOA |NSS NGS WS WGS WTG
NPT 1
PH 0.035 1
LSWA |-0.137 [0.172 1
LSWOA |-0.256 |0.133 0.698** |1
NSS -0.353* [-0.202 [-0.132 [0.373* |1
NGS -0.377** | 0.01 -0.061 |0.317* |0.556** |1
WS -0.439** |0.221 0.253 0.421** |0.225 0.709** |1
WGS -0.381** | 0.161 0.061 0.309* |[0.234 0.764** | 0.754* |1
WTG -0.207 | 0.285 0.064 0.102 -0.184 | 0.251 0.481** |0.751** |1

*. KopenauusaTta e 3HauntenHa Ha HuBo 0.05/Correlation is significant at the 0.05 level (2-tailed).
** Kopenauusita e 3HaumTenHa Ha H1Bo 0.01/Correlation is significant at the 0.01 level (2-tailed)

BMCOUMHA Ha pacTeHneTo (PH), 6posi npoaykTuBHM 6paTst Ha 1 m? (NPT), gb/kuHa Ha knaca ¢ ocunute (LSWA),
AbXMHA Ha knaca 6e3 ocunute (LSWOA), 6poii knacueTa B knac (NSS), Terno Ha knaca (WS), Terno Ha 3bpHaTa
B knac (WGS), 6poii 3bpHa B knac (NGS), n maca Ha 1000 3bpHa (WTG).

plant height (PH), number of productive tillers per 1 m? (NPT), length of spike with awn (LSWA), length of spike
without awn (LSWOA), number of spikelets per spike (NSS), weight of the spike (WS), weight of grain per spike
(WGS), number of grains per spike (NGS), and weight of 1000 grains (WTG).
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Knbctep aHanin3

VlepapxuueH knbcTep aHanns 6asu-
paH Ha eBKINAOBO pas/simune, U3nonssaiiku
MeToda mexay rpynuTe, knacuduympa us-
nUTBaHWTE AMBW BULOBE €4HO3bPHECT Nn-
MeL, B YETUPW 3HAYMMMK PA3/INYHN KNbCTepa
Ha 25% pas3cTosHVe Ha Bpb3kaTa (Purypa 1).

Cluster analysis

Hierarchical cluster analysis based
on Euclidean dissimilarity using Between
groups method classified the tested wild
eikorn wheat accessions into four significant
different clusters at 25 % linkage distance
(Figure 1).

Dendrogram using Average Linkage (Between Groups)
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dur. 1 Tpuauarpama Ha 46 reHotunose AWB eAHO3bPHECT Juimer, no 9
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rpyrnoB MeTof 1 eBK/IMA0BO Pa3cTosiHMe)

Fig. 1. Tree diagram of 46 genotypes wild einkorn for 9 agronomical characters using
hierarchical cluster analysis (Between groups method and Euclidean distance)
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MbpBUAT KIBCTEP BKIKOYBA METHa-
[JeceT reHoTuna, BTOPUAT KIbCTep AEeBeET,
TPETUAT KNbCTEP WeCcTHaAeCeT U YeTBbP-
TUAT KNBbCTEP LWEeCT reHotuna. AHanu3bT
Ha cpefHaTa W CTaHAAPTHOTO OTK/IOHe-
HMe e HanpaBeH 3a YeTupute KIbcTepa
(Tabnuua  3). B6E0386, BG6E0390,
B6E0392, B6E0412A, B6E0398, B6E0399,
B6E0422, B6E0384, B6E0378, B6E0397,
B6E0401A, B6E0410, B6E0404A, B6E0480,
B6E0423 n B6E0380 ca rpynupaHu B nNbp-
BU KNTbCTEpP Chabpxaly 32,60% 0T BCUUKK
reHoTunose. CTOMHOCTUTE Ha BCUYKM MNO-
KazaTenu, ¢ u3kadeHme Ha PH, Bapupa-
Xa OT yMepeHun 40 BUCOKU. CTaHgapTHUTE
OTK/IOHEHUA Ha nokasarenure NPT,
LSWOA n WTG 65xa no-mMasnkm oT obLiu-
Te CcTaHfapTHU OTkIoHeHusa. BG6E0388,
B6E0405, B6E0385, B6E0389, B6E0402B,
B6E0412B, B6E0383, B6E0419 1 B6E0421
6sxa knacugmumpaHn BbB BTOPU KNbC-
Tep, BktouyBalm 19,57% o1 obwmaT 6poii
reHoTunoBe. 'eHoTUNOBETE B Ta3n rpyna
ca C Hai-BUCW CTOWHOCTU NO OTHOLUEHUue
Ha LSWOA (10,40 cm), NSS (31,86),
NGS (43,77), WS (1,24 g), WGS (0,60 g)
n WTG (13,40 g) u C Hail-masnkr cToli-
HocTu 3a PH (155,49 cm) n NPT (318,64).
Tpetuat knbcTep BrIouBa 34,78% ot
BCU4YkM reHotunose (B6E0404C, B6E0004,
B6E0400, B6E0404B, B6E0407, B6E0415,
B6E0379, B6E0382, B6E0401B, B6E0391,
B6E0409, B6E0418A, B6E0381, B6E0387,
B6E0402A n B6E0414). CpepHuTe CTOM-
HOCTM Ha nokasaTesmMte B Tasu rpyna
6sxa 6,130 40 obLlaTa cpefHa Ha BCUYKM
reHoTunose. B ueTBbpTaTa rpyna 6sxa
KnacuguumpaHn 6 reHoTuna, BKIYBALLM
13,04% oT BCU4KM 06pa3ymn. CTonHocTUTE
Ha NPT un PH 6sxa Hali-BUCOKM B CpaB-
HEeHMe CbC CTOMHOCTUTE Ha obliarta cpea-
Ha Ha BCWYKM reHoTunoBe. [eHOTMNoBeTe
B Tasu rpyna ca C Hai-HUCKM CTONHOCTU
no oTtHoweHne Ha NSS (29.50), NGS
(36.37), WS (0.97 g), WGS (0.44 g) un
WTG (11.82 g) (Tabnuua 4).
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The first cluster included fifteen
genotypes, the second cluster nine, the
third cluster sixteen and the forth cluster
six genotypes. Analysis of mean and
standard deviation were made for all four
clusters (Table 3). B6E0386, B6E0390,

B6E0392, B6E0412A, B6E0398,
B6E0399, B6E0422, B6E0384, B6E0O378,
B6E0397, B6E0401A, B6E0410,

B6E0404A, B6E0423 and B6E0380 were
grouped in the first cluster including
32,60% of total genotypes.

The values of the all traits excepting PH
varied from moderate to high. Standard
deviations of the traits - NPT, LSWOA and
WTG were less than the total standard
deviations. B6E0388, B6E0405, B6E0385,
B6E0389, B6E0402B, B6E0412B, B6E0383,
B6E0419 u B6E0421 were classified in
second cluster including 19,57% of total
genotypes. Genotypes in this group were
in the highest rate with respect to LSWOA
(10,40), NSS (31,86), NGS (43,77), WS
(1,24), WGS (0,60) and WTG (13,40) and
with at least values for PH (155,49 cm)
and NPT (318,64).

The third cluster included 34,78% of total
genotypes (B6E0404C, B6E0004, B6E0400,
B6E0404B, B6E0407, B6E0415, B6E0379,
B6E0382, B6E0401B, B6E0391, B6E0409,
B6E0418A, B6E0381, B6E0387, B6E0402A
and B6E0414). The average values of
traits in this group were near to the total
means of all genotypes. In the fourth
cluster 6 genotypes were classified
including 13,04% of total accessions.

Values of NPT and PH were the highest in
compare with the values of the total
means of all genotypes. Genotypes in this
group were in the least rate with respect
NSS (29,50), NGS (36,37), WS (0,97),
WGS (0,44) and WTG (11,82) (Table 4).



Tabnuua 4. CpegHn CTOMHOCTM Ha Mokasatenmte (X) W CTaH4apTHOTO
OTKNOHeHMe (Sd) 3a noslyyeHUTe rpynun OT KNbCTep aHa/n3a 6asvpaH Ha Mexay
rpynoBmAT MeTO4 W €eBKINMAOBOTO pasCcTosHWe npu 46 reHoOTMnoBe VB
€HO3BbPHECT NiMmeL,

Table 4. The average of characters (x) and Standard deviation (Sd) for achieved
groups from cluster analysis based on the Between groups method and
Euclidean distance in 46 wild einkorn wheat genotypes

MokasaTesnu, Group 1 Group 2 Group 3 Group 4
Characters X Sd X Sd X Sd X Sd
NPT 431.11 34.68 318.64 43.5 546.97 27.58 656.93 37.21
PH, cm 160.37 14.61 155.49 14.38 159.59 13.88 161.77 9.08
LSWA, cm 16.43 1.91 16.12 2.18 15.96 1.88 15.57 1.45
LSWOA,cm| 10.26 1.1 10.4 1.53 9.57 0.74 9.91 1.11
NSS 31.68 2.79 31.86 2.76 29.69 2.57 29.5 2.13
NGS 43.46 9.09 43.77 5.28 37.86 6.15 36.73 8.48
WS, g 1.13 0.22 1.24 0.19 1.02 0.19 0.97 0.16
WGS, g 0.59 0.16 0.6 0.13 0.5 0.12 0.44 0.1
WTG, g 12.88 1.8 13.4 3.24 12.42 2.32 11.82 0.79

BMCOYMHA Ha pacTeHuneTo (PH), 6posi npoaykTBHK 6pata Ha 1 m2 (NPT), gb/mkuHa Ha knaca ¢ ocunute (LSWA),
AbXMHA Ha knaca 6e3 ocunute (LSWOA), 6poii knacueTa B knac (NSS), Terno Ha knaca (WS), Terno Ha 3bpHaTa
B knac (WGS), 6poii 3bpHa B knac (NGS), n maca Ha 1000 3bpHa (WTG).

plant height (PH), number of productive tillers per 1 m2 (NPT), length of spike with awn (LSWA), length of spike
without awn (LSWOA), number of spikelets per spike (NSS), weight of the spike (WS), weight of grain per spike

(WGS), number of grains per spike (NGS), and weight of 1000 grains (WTG).

n3BO4n CONCLUSIONS
AHann3bT Ha AucrepcusaTa paskpu Analysis of variance revealed
3HauuTesiHa BapuabusiHOCT cpef, reHotu- | considerable  variabilty among  wild

nosete OMB €OHO3BbPHECT JMMEL, BbB
BCUYKM M3CNelBaHN arpoOHOMWYECKU Xa-
pakTepucTukn. OTHOCUTESTHO Haii-Bapua-
6uneH nokasartesn e Tera0To Ha 3bPHOTO B
Knac, cnepbBaH OT 6pOi NPOAYKTUBHN Bpa-
T4 Ha 1 m” n TernoTto Ha knaca. Kopena-
UMOHHUAIT aHaNn3 onpegenu, Ye 6posaT Ha
NPOAYKTMBHUTE GpaTst Ha 1 m® Kopenupa
oTpuuaTenHo ¢ 6posi Ha knacyeTata B
Knac, TernoTo Ha kiaca, TersioTo Ha 3bp-
HOTO OT Kf1ac 1 6pos Ha 3bpHaTa B K/ac.
VepapxuueH kmbcTep aHanus, 6asupaH
Ha eBKIMAOBO pas/sinuve, WU3non3Banku
MeToda Mexay rpynute, knacuduumpa

einkorn genotypes in all of the
investigated agronomical characters. The
most relative variable character was
weight of grain per spike, following to
number of productive tillers per 1 m?, and
weight of spike. Simply correlation
analysis determined that number of
productive tillers per 1 m? correlated
negatively with number of spikelets per
spike, weight of the spike, weight of grain
per spike and number of grains per spike.
Hierarchical cluster analysis based on
Euclidean dissimilarity using Between
groups method classified the tested wild

n3nuTBaHUTE 06pa3un OT AUB edHO3bp- | eikorn  wheat accessions into  four
HECT NINMeL, B YeTMpPU pa3/InyHn knbeTe- | significant different clusters at 25 %
pa Ha 25% pa3cTosHMe Ha Bpb3karta. | linkage distance. B6E0388, B6E0405,

B6E0388, B6E0405, B6E0385, B6E0389,
B6E0402B, B6E0412B, B6E0383, B6E0419
n B6E0421 6sxa knacuduumpaHm BbB
BTOPW KIbCTeEp, BKMoyBawm 19,57% ot
o6wuaT 6poit reHoTMnoBe. 'eHoTUNOBETE
B Tasu rpyna ca c Hali-BUCOK MPOLEeHT no
OTHOLWIEHMe Ha Ab/hkKMHaTa Ha knaca 6e3

B6E0385, B6E0389, B6E0402B, B6E0412B,
B6E0383, B6E0419 w»n B6E0421 were
classified in second cluster including
19,57% of total genotypes.

Genotypes in this group were in the
highest rate with respect to length of spike
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ocunute, Opoii Ha knacdetara B Knac,
6poil 3bpHa B Knac, Terno Ha kiaca,
Terno Ha 3bPHOTO B Klac M MacaTta Ha
1000 3bpHa M C Hal-HUCKM CTOMHOCTM 3a
BMCOYMHA Ha pacTeHusita u  6Gpon
NPoOAYKTUBHM 6paTs Ha 1 m?. FeHeTUYHO
Hali-oTdasieyeHn ce ycTaHoBW, Ye ca
B6E0386 1 B6E0417. Cb3ganeHa Gelle
6a3a gaHHM C OLUeHbYHa MHhopmauns Ha
pereHepvpaHnTe o06pasuun. Pesyntatute
OT TOBa MpOy4YBaHe e MOAKPensaT ycu-
nMATa 3a onasBaHe W M3MNo/s3BaHe Ha au-
BUAT €OHO3bPHECT JIMMEL, B CeseKLNOH-
HWUTE Nporpamn Ha nweHuuaTa.

BJTIATOAAPHOCTWU

Ta3n paboTa 6elwe nogkpeneHa
(ouHaHcoBo oT ®oHg Hayuwn W3cnepn-
BaHusl, MwuHMUCTEPCTBO Ha 0b6pasoBa-
HMETO W HaykaTa, [ABYCTpPaHEH MpOeKT
mexgy Bbbarapus u Kntain: AHTC/Kutaii
01/11-16.12.2016.

without awn, number of spikelets per
spike, number of grains per spike, weight
of the spike, weight of grain per spike and
weight of 1000 grains and with at least
values for plant height and number of
productive tillers per 1 m®. The most
genetically distant was found between
B6E0386 and B6E0417. A database with
assessment information of regenerated
accessions was created. The results of
this study will support efforts of
conservation and utilization of wild einkorn
in wheat breeding programs.
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PE3IOME

Mpe3 nepuoga 2012-2015 1. B
VPIP-rp. CagoBo e npoBefeH MNOJICKN
ONUT C YeTMpuHaiceT 6posi ekcnepuMeH-
Ta/lHN KPBCTOCKU LiapeBuua OT rpyna Ha
3psnoct ®AO 400. Xmbpuaute ca nony-
YEeHU OT KPbCTOCBAHETO Ha NpeaBapuTen-
HO MoAGpaH/ MaiunMHU KOMMOHEHTHU C ABe
TectepHn nuHun: PHK-42 n DK-16/G2.
Kato no-6raronpusTHU MO KOMMJEKC OT
pakTopu, 3a M3ABABaHE MPOAYKTMBHUTE
Bb3MOXHOCTM Ha xubpugute 6axa onpe-
penenn 2013 r. u 2014 r. PacTteHunaTa
6s1xa oTrnexgaHn npu ycnoBus ¢ Hanos-
BaHe. YcTaHoBeHa OGele nonoxurenHa
KopenaumoHHa 3aBUCUMOCT Mexay [o6u-
Ba W HAKOM OT HEroBUTe CTPYKTYPHM
eneMeHTn (Ab/HKMHA Ha KoyaHa, 6poi
pepose B KoyaHa, maca Ha 1000 3bpHa,
XEKTONNTPOBa Maca, Ab/DKMHA Ha 3bpPHO-
TO, BMCOYMHA Ha PacTEHUETO, Ab/DKMHA
Ha /IMCT N wWupuHa Ha nuct). [Jobpe
JoKasaHa oTpuuaresiHa kopenauus bewe
yCTaHOBEHa Mexay 6poil pefoBe B Kouva-
Ha 1 Maca Ha 1000 3bpHa (r=-0.631**).
HepokasaHa oTpuuartenHa kopenauus 6e-
e ycTaHOBEHa MexXay: XeKTonmTposa
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SUMMARY

At the period 2012-2015 in the
Plant Genetic Resources Institute, located
in Sadovo, Bulgaria was conducted a field
experiment with 14 experimental crosses
of corn from FAO 400 group. Hybrids are
derived from the crossover of pre-
breeding female components with two test
lines: PHK-42 and DK-16/G2. Being more
favorable on a complex of factors to
demonstrate the productive possibilities of
hybrids were determined 2013 and 2014.

The plants were raised under conditions
with irrigation. A positive correlation
between vyield and some of its structural
elements (length of the cob, number of
rows in the cob, mass of 1000 grains,
hectoliter mass, grain length, plant height,
leaf length and leaf width) was
established. A well-proven negative
correlation was established between the
number of rows in the cob and the mass
of 1000 grains (r =-0.631**).

An unproven negative correlation was
established between: hectoliter mass,



Maca, maca Ha 1000 3bpHa ¥ BMCOYMHA
Ha pacTeHune (r=-0.254 u r=-0.063), KakTo
n mexgy 6pos Ha pepfoBeTe B Ko4yaHa,
BMCOYMHA Ha pacTEeHUEeTO U LMpuHaTa Ha
nncta (r=-0.221 n r=-0.152). KopenaumnoH-
HUTE BPb3KWU MeXAy OTAe/IHUTE Npu3Haum
MOXe Aa MoC/AyXu B npoueca Ha nogbop
npM Ccb3haBaHe Ha T[EeHOTWMOBE C
NOAXO0ASLLLO0 KAYeCTBO M XapaKTEePUCTMKN.

Knwo4yoBu aymn: ekcrnepumMeHTasTHU
Xnépunan, NPoAYKTUBHOCT, TECTEPHU SINHUM,
Kopenauus

YBO/[,

HeobxogumocTTa 0T paswupsiBaHe
Ha reHeTuyHata OCHOBA W TFEHETUYHMAT
hoHA Npu cenekuusa Ha uapesuuaTa, Ha-
nara HenpekbCHaTo M3yyaBaHe Ha HOBO-
Cb34afeHn W pasnpocTpaHeHn B cBeTa
xnbpuam (Angelov et al., 1995), a cb3ga-
BaHeTO Ha HOBW XM6puanM 1 BHeapsiBaHe-
TO MM B NPOM3BOLCTBOTO M3UCKBa MNpO-
yuBaHe BbPXY TSAXHaTa MPOAYKTMBHOCT M
OPYrM  BaXHM  CTOMAHCKM  MpU3Haum
(Valchinkov and Valchinkova, 2001). Tosa
e npegmeT Ha 3a4b/1604YeHn 1 LeneHaco-
YeHU m3cnedBaHns, BbPXY KOUTO Hemnpe-
KbcHato ce pab6otu (Delibaltova et al.,
2009). Bb3 0CHOBa Ha Te3u nNpoy4BaHus B
Npon3BOACTBOTO Ce BK/IKOYBAT HOBY Llape-
BUYHU XMOBPULN C BUCOK FrEHETUYEH NOTEH-
uman. OTrnexaaHeTo UM B pas/iIMYHM arpo-
€KOJIOTUYHU palioHn Ha cTpaHaTta npeg-
CTaB/fsiBa rofiiM MHTEPEC W MMa BaXHO
HayyHO MW NpakTMyecko 3HayeHwe (Petrov
and Angelov, 2003; Stoyanov and Tonev,
2001).

Mpu cenekuma Ha HOBU XM6pPUAN M
M3X04HM dopMM npu UapeBuuata e
B&XHO Aa Ce 3Hae Kou OT npusHauuTe ce
Hacnegssar B3aMMOCBbP3aHO U KOU
HesaBNCMMO efuH OT aApyr. ToBa pgasa
Bb3MOXHOCT CBOEBPEMEHHO Aa ce onpe-
Jenn nocokaTa Ha O0T6opa No eaunH Wn
HSIKOJIKO )Ke/laHn MpusHauu 1 CBOlicTBa
(Angelov and Valchinkov, 2009). Pe3synTta-
TUTe OT MU3cne[BaHuTe KopesauMoHHN 3a-
BMCMMOCTM HEBUHArn ca egHOMOCOYHN.
Te 3aBUCAT OT TMna Ha xmMbpuga, ycno-
BMATA Ha OTriexpaHe, 6pos Ha reHoTu-
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mass of 1000 grains and plant height (r =-
0.254 and r=-0.063), as well as between
the number of kernel rows, plant height
and the leaf width (r =-0.221 and r=-
0.152). Correlation between the individual
signs can be used in the selection
process when genotypes of appropriate
quality and characteristics are created.

Key words: experimental hybrids,
productivity, tester lines, correlation

INTRODUCTION

The need to expand the genetic
base and the genetic fund for maize
selection requires continuous study of
new hybrids created and distributed
worldwide (Angelov et al., 1995), and the
creation of new hybrids and their
introduction into production requires a
study of their productivity and other
important economic traits (Valchinkov and
Valchinkova, 2001).

This is the subject of in-depth and
targeted research that is constantly being
worked on (Delibaltova et al., 2009).
Based on these studies, new maize
hybrids with high genetic potential are
being incorporated into production. Their
cultivation in different agro-ecological
regions of the country is of great interest
and has important scientific and practical
importance (Petrov and Angelov, 2003;
Stoyanov and Tonev, 2001).

In the selection of new hybrids and
starting forms at maize, it is important to
know which of the traits are mutually
inherited and which are inherited
independently.  This allows timely
determination of the direction of the
selection by one or more desirable traits
and properties (Angelov and Valchinkov,
2009). The results of the correlation
dependencies studied are not always one-
way. They depend on the type of hybrid,
the growing conditions, the number of
genotypes included in the sample under



rnoeeTe, BKNHOYEHM B Npoy4YBaHaTa M3Bag-
ka n gp. (lichovska, 2012).

KombuHaTuBHaTa CMOCOGHOCT 3a
€/leMeHTMTe Ha NpOAYKTUBHOCTTA W
pobvBa npu uapesuuata ca Npoy4vBaHU
oT peguua asTopu (Anashenkov, 2012;
Volf, 1980; Valkova et al., 2018; lvanov et
al., 2014; Pakudin , 1972; lichovska,
2013; Petrovska, 2013).

KopenauuoHHute Bpb3KM MexXay
MOPPOSIOTMYHNTE N CTONAHCKMTE NpPU3Ha-
UM Ha pacTeHuaTa npu  MHUATE  W©
XnépuauTe LapeBuLla MHOTOKPATHO ca 6un
npoyysaHn. MHOro aBTOpW YcCTaHOBsIBAT
Bpb3Ka Mexay TAX U cTurat o u3sopa, ye
npu LefieHacoyeH oTGOp Ha noAxoaswm
npusHaumM, CefieKUMOHHUTE MporpaMu 3a
Cb3flaBaHe Ha HOBU XUGPU-ON C LIEHHK
CTOMAHCKM KauyecTBa e 6bgaT no-
edpeKkTUBHM 1 no-onpocteHn (Zozulya, 1979;
Kostyuchenko, 1976; Yugenhaimer, 1979).

Llenta Ha HacToALOTO MpPOyYBaHe
bewe fga ce uscnedBaT HSAKOU Kopesna-
UMOHHU 3aBMCMMOCTU Mexay mopcosio-
TMYHM 1N CTOMAHCKN NpU3HaLM Ha ekcnepu-
MEeHTa/IHN XnMbpunan Lapesula ot rpynara
Ha cpegHopaHHuTe (PAO  400-500),
OTINIeXAaHn Npu yC0BUS C HanosiBaHe.

MATEPWNAN N METO4WA

Mpoy4BaHeTO € U3BBLPLUEHO Npe3 ne-
puoga 2012-2015 r. B ONMUTHOTO NoJie Ha
NPIrP-CapoBo, ¢ 14 6posi ekcnepu-meH-
Tas/IHN XMBPUAKN NPY YC/IOBUSI C HANosIBaHe.

OnuTtuTe ca 3anaraHun no 670k0BUA
MEeTOo/, B 1B NOBTOPEHUSA, C rofieMrHa Ha
onuTHata napuesnka 10 mZ. FbcToTaTa Ha
nocesa e B cbotBeTcTBMne ¢ PAO rpynata
Ha xm6puanTe-5000 plant/da. MouBeHUAT
TMN e JfiMBajHO-KaHeneHa CMOJHMLA, a
arpoTexHukata Ha oOTriexjaHe e no
Bb3npueTtara 3a pernmoHa.

OTtuntaHn ca npusHauuTe: Bereta-
LMOHEH nepuos 1 Mopto/I0rMyYHNTE NPU3-
HauW BUCOYMHA HA pPacTeHUETOo, Ob/HKUHA
W LIMPYHA Ha NPUKOYaHHUSA NUCT. AHanu-
3upaHn ca A06MBBT Ha 3bPHO U efleMeH-
TMTe My: Ob/DKUMHA U Opoil pefoBe Ha
€/lIMH KOo4YaH, Ab/IXMHA Ha 3bPHOTO, XEKTO-
nmtpoBa Maca M maca Ha 1000 3bpHa.
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study, and more (lichovska, 2012).

The combinative ability for the
elements of productivity and vyield in
maize has been studied by a lot of
authors (Anashenkov, 2012; lichovska,
2013; Ivanov et al., 2014; Pakudin, 1972;
Petrovska, 2013; Valkova et al., 2018;
Volf, 1980) .

Correlation relationships between
plant morphological and economic traits in

maize lines and hybrids have been
repeatedly investigated. Many authors
establish a link between them and

conclude that, with the targeted selection
of appropriate traits, breeding programs
for the creation of new hybrids with
valuable economic qualities will be more
effective and simplified (Zozulya, 1979;
Kostyuchenko, 1976; Yugenheimer,
1979).

The aim of this study was to
investigate some correlation relationships
between morphological and economic
traits of experimental maize hybrids in the
middle early group (FAO 400-500), grown
under conditions with irrigation.

MATERIAL AND METHODS

The study was conducted in the
period 2012-2015 in the experimental field
of IRGR-Sadovo, with 14 experimental
hybrids under irrigation conditions.

The experiments were based on
the block method in two repetitions, with a
plot size of 10 m?. The sowing density is
in accordance with the FAO group on the
hybrids-5000 count/da. The soil is
resinous meadow-cinnamon type and the
agro-technology of cultivation is in
accordance with the accepted ones for
the region.

The traits were reported: vegetation
period and morphological traits: plant
height, length and width of the leaf
attached to the kernel. For the grain yield
and its elements are analyzed: kernel
length and number of kernel rows, grain
length, mass of hectolitre and mass of



BMOMETPUYHNTE U3MEPBaHUS ca U3BBLpLUE-
HMW Bbpxy 30 pacTeHus B [BeTe MOBTO-
peHusi, BbB pa3a MacoB Lb(TeX Ha MeT-
nmumute, a nabopatopHWUTE M3MepBaHUS —
Ha KoyaHuTe Ha CbluMTe pacTeHus. Kope-
NAUMOHHMTE BPB3KM MexXay npusHaumTe ca
OLIEHEeHM C MoMoLyTa Ha KoeguuueHTa Ha
kopenauyma (r) (Genchev et al., 1975;
Dimova and Marinkov, 1999).

PE3YJITATN N OBCb)XXAAHE

AHaIM3bLT Ha METeopOosIoTNYHUTE
YC/10BUS Npes nNpoy4BaHna nepuog no3so-
nn fa 6bpat onpenenenn 2013 r. n 2014
r. Kato no-6naronpuaTHW 3a pactexa wu
pa3BuTMETO Ha pacTeHusTa (Purypa 1).
Mpe3 2012 r. cpegHOMeceyHaTa Temnepa-
Typa ce gobnmxasa [0 Tasu 3a MHOro-
roOAVLLHUA nepuod, Kato WU3K/IH4YeHne
npasAaAT MeceuuTe aBrycT U CENTeMBPW.
KonnyectBoTo ¥ pasnpefenieHneTo Ha
BasIeXunTe, obaye € MHOro HepaBHOMEPHO —
nbAHaTa UM nunca npes MeceuuTe v un
aBrycT, CbyeTaHa C HMCKaA OTHOCUTesIHAa
B/I2KHOCT Ha Bb3fyxa CbBnaga c nepwvo-
AvTe n3MeTIiBaHe 1 HaiMBaHe Ha 3bPHOTO,
KOETO NOCTaBW Ha U3NUTaHWe reHeTUYHUTe
3a710k6bM Ha KpbCTOCKMTE. TOBa HasIOXM
HanosiBaHe Ha pacTeHusATa. Kato no-masko
6naronpuaTHa 3a LapesuuaTa b6elle onpe-
JeneHa cbuo n 2015 r. CpegHaTta MeceyHa
Temnepatypa e 61uM3ka A0 Temneparyparta
3a 115 roguwHng nepuos, Ho MasloMepHuTe
Ba&/IEXN W HUCKA OTHOCUTENIHaTa BIAXHOCT
Ha Bb3gyxarno BpemMe Ha npoTuYaHe Ha
KpUTUYHWTE 3a pacTeHunsTa gasu (M3meTns-
BaHe M UbMTEX Ha KoyaHa) ce oTpasmxa
He61aronpuATHO Ha npouecutTe Ha onpaL-
BaHe N onjoxgaHe Ha koyaHute. B pesyn-
TaT Ha pUCKOBM 3a LapesuLaTa KmmMaTuiHm
hakTopn (6ypeH BATHP W rpagylika) npes
Mecel, aBrycT, XMbpuauTe He Moxaxa aa
NPOSABAT NPOAYKTUBHUTE CU BB3MOXHOCTH,
KOoeTo pJoBefe [0 KOMNpOMeTMpaHe Ha
pobuvBa. Mo-6naronpuATHOTO CbyeTaHue Ha
aTmocchepHa Temnepatypa, MNo4YBeHa U
Bb3fyllHa Bfnara npe3 BeretauuaTa e
npeanocTaBka 3a nonyvyaBaHe Ha Mo-BUCOKM
[o6uBK npe3 BTOparta u Tpetarta roguHa Ha
npoyusaHe (durypa 1).
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1000 grains. Biometric measurements
were performed on 30 plants in the two
replicates, in the full flowering phase of
the tassels and the laboratory
measurements on the kernels of the same
plants. Correlation relationships between
traits were estimated using the correlation
coefficient (r) (Genchev et al., 1975;
Dimova and Marinkov, 1999).

RESULTS AND DISCUSSION

The analysis of meteorological
conditions during the period of study
allowed us to determine 2013 and 2014
as more favorable for plant growth and
development (Figure 1). In 2012, the
average monthly temperature is close to
that for the multiannual period, with the
exception of the months of august and
september. The amount and distribution
of rainfall, however, is very uneven - their
complete absence in the months of july
and august, combined with low relative
humidity, coincides with periods of full
tasseling and grain growth, which put the
genetic traits to the test. This necessitated
the irrigation of the plants.

Less favourable for maize was also
defined 2015. The average monthly
temperature is close to the temperature
for the 115 year period, but Insufficient
rainfall and low relative humidity during
the critical the plant phases (the full
tasseling and kernel flowering) adversely
affected the processes of pollination and
fertilization of the kernel.

As a result of a riskly to maize climatic
factors (wind and hail) during the month of
august, the hybrids could not show their
productive capabilities, which led to
compromising the vyield. The more
favorable combination of atmospheric
temperature, soil and air moisture during
the vegetation is a prerequisite for
obtaining higher vyields in the second and
third year of study (Figure 1).
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MpunaraHeTo Ha KopenauuoHHUAT
aHanu3 3a onpegesnisiHe Ha (PeHOTUNHUTE
KopenaumoHHN KoeuUMEeHTU Mexay [o-
6uBa Ha 3bPHO N BCEKU eanH OT Herosute
KOMMOHEHTU (Npuv3HaLm), KaKkTo 1 B3anmo-
[JelicTBMeTO nomexay um, no3sonssa fa
ce onpegenn AOKO/IKO OTAEsIHUTE npus-
Hauu ca NoAXOAsLO CbYyeTaHu B M3cres-
BaHUTE MeCTHM 06pa3umn. OCBEH paskpu-
BaHETO Ha CbLeCcTByBalUNTE BPb3KU
Mexagy npusHauuTe, TOl AaBa Bb3MOX-
HOCT Ja ce Hacouu cefniekuuaTa B Xena-
HaTa nocoka, fa ce OTCTpPaHAT HepocTa-
TbUWUTE B OTAE/IHUTE reHOTUNoBE 1 Ja ce
YCBbBbPLUEHCTBAT 3a 6bjeLla ceNeKLMoHHO-
nogobputenHa paborta.

Ha Tab6nmua 1 ca npeacTaBeHM
pesynratute OT KopenaLlWoHHUTE 3aBuUCK-
MOCTU MeXAy Npu3HaumTe: BeretaloHeH
nepuog, AO6MB Ha 3bPHO U HSAKOW OT He-
roBMTE KOMMOHEHTW (Npu3Hauu), Kakto u
CTeneHTa Ha AO0CTOBEPHOCT NPU Psg, N Py

BereTauMOHHMAT nepuog e B
[oKasaHa cuiHa nonoxuTenHa kopena-
LUMOHHA Bpb3ka C Ab/hknHata (r=0.419%)
n wupuHata (r=0.393**) Ha npuKovaHHUA
JINCT, a CbLLO Taka M C XeKTonmuTpoBata
Maca (r=0.407**) n Ab/HKMHA HA 3BbPHOTO
(r=0.392**). [okazaHa MOJIOXMUTENHA KO-
penauvs e ycTaHOBEeHa Mexgy Bereta-
LMOHHMS nepuog n gobusa (r=0.394**),

Jo6MBLT Mpu npoyyBaHUTE KpPbC-
TOCKN Kopesimpa MoSIOKUTENHO C BCUYKM
nuscnenBaHn npusHauu. Haii-cunHa noso-
XWUTENHa Kopenauus cbliecTByBa Mexay
pobmBa M Ab/KMHATA Ha  KovaHa
(r=0.583**), kakTO ¥ Mexny pobuea wu
AbnxnHata Ha nucta(r=0.470**%), mexay
[o6uB 1 maca Ha 1000 3bpHa (r=0.372**).
CpejHa Mo 3Ha4YMMOCT € KopesauynoHHaTa
3aBMCMMOCT Mexay Ao6uBa u wupuHaTa
Ha nucta (r=0.337*). Mo-cnaba nNonoxwu-
TeNHa kopenauus e yctaHOBEHa mexay
pobrBa 1M 6pos Ha penoBeTe B KoyaHa
(r=282%), KoeTo noTBbLPXAABAT MO-PaHHK
nscneasaHus Ha apyrm astopu (Kiryakov
et al., 1965; Petrovska and Valkova, 2010).

[bmkuHaTta Ha KoYaHa e B NOJI0Xu-
TenHa, Aobpe pgokasaHa 3aBUMCMMOCT OT
6pos Ha pegoBeTe B KovaHa (r=0.406**) n
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The application of the correlation
analysis to determine the phenotypic
correlation  coefficients between the
extraction of grain yield and each of its

components (traits), as well as the
interaction between them, allows to
determine the extent to which the
individual  traits are  appropriately

combined in the sampled local samples.
In addition to revealing the existing links
between the traits, it makes it possible to
direct the selection in the desired
direction, to eliminate the shortcomings in
the individual genotypes and to improve
for future selection and improvement
work.

In Table 1 presents the results of
correlation relationships between the
traits: vegetation period, grain yield and
some of its components, as well as the
confidence level of Psy, and P

The vegetation period is in a well
proven positive correlation with the length
(r=0.419**) and the width (r=0.393**) of
the leaf attached to the kernel, as well as
with the mass of hectoliter (r=0.407**) and
grain length (r=0.392**). Demonstrated
positive  correlation was established
between vegetation period and grain yield
(r=0.394**),

The yield at the crosses studied
correlates positively with all the traits
studied. The strongest positive correlation
exists between vyield and kernel length
(r=0.583**), as well as between yield and
leaf length (r=0.470%**), between yield and
mass of 1000 grains (r=0.372*%). Mean
significant correlation is the correlation
between yield and leaf width (r=0.337*). A
weaker positive correlation was found
between yield and number of kernel rows
(r = 282%), as confirmed by earlier studies
by other authors (Kiryakov et al., 1965;
Petrovska and Valkova, 2010).

The kernel length has a positive,
well-proven dependence on the number of
kernel rows (r=0.406**) and a negative one



B oTpuuaresiHa TakaBa ¢ macata Ha 1000
3bpHa (r=-0.631**). Cnaba nonoxuTenHa
Kopenauus e ycTaHOBEHa MeXAY ObIDKu-
HaTa Ha KoyaHa 1 Ab/hkKuHata Ha 3bPHOTO
(r=0.343*), gbmxnHaTa Ha nucta (r=0,305%),
a CblUo 1 xekTonutposarta mMaca (r=0.299%).

Hepoka3saHyn NonoXxutenHu n oTpu-
LuaTenHn KopenaumoHHW BPB3KWU Cbllec-
TByBaT MeXAy XeKTonmTpoBaTa maca U
ocTaHasMTe uscsefiBaHn npusHaum.

Mexay macata Ha 1000 3bpHa,
XeKTonmMTpoBarta mMaca W LimpuHata Ha
NPUKOYaHHUA JIUCT CbLLECTBYBA [lOoKa3aHa
nosiokuTenHa kopenauus, CbOTBETHO
(r=0.373**) n (r=0.474**).

MpM3HaKLT Ab/MKMHA Ha 3BbPHOTO
peanv3upa Hali-BMCOKa Kopenaums ¢
lWMpuMHaTa  Ha  NPUKOYaHHWSA  JIUCT
(r=0.472*%), npn Ab/MKMHaTA Ha ucTa T4
e cnaba (r=0,336*), a npu ocTaHanuTe
npusHaLum — HegokasaHa.

BucounHata Ha pacTeHuMeTo e B
cnaba nonoxuTenHa kopenauus ¢ Npoabi-
XUTENIHOCTTA Ha BereTauMoHHUS Nepuog,
(r=0.318*) n HepokasaHW KopenauuoHHU
3aBNCUMOCTM C OCTaHa/IUTe NpU3HaLM.

Hair-Bucoka, gobnmkasawa ce go
efvHnua (Mb/Ha Kopesaums) e Ta3n Mex-
Oy Ab/KMHATa Ha NnucTta U BUcoymnHata Ha
pacteHneto (r=0.664**). CunHu kopena-
LMOHHN BPBb3KN CbLLECTBYBAT CbLUO U MEX-
Ay Ob/pKUHATa Ha niucta, Ao6uBa Ha 3bp-
HO W1 BereTaumMoHHuA nepuopg (r=0.470%**),
(r=0.419**). [oka3aHa NOSIOXUTeNHa Kope-
naums e yctaHoBeHa U Mexay Ob/hkKuHa-
Ta Ha NncTa, Ab/IXMHaTa Ha KoyaHa 1 Ma-
cara Ha 1000 3bpHa (r=0.336*), (r=0.305*).

MpM3HaKbLT WKPMHA Ha MNPUKOYaH-
HWS NIUCT MMa Jo6pe JokasaHa MosoXu-
Te/Ha KopenauvoHHa 3aBWCUMOCT CbC
CTONaHCKNTE NpU3HaUM — XeKTonmMTpoBa
Maca 1 maca Ha 1000 3bpHa (r=0.474*),
(r=0.472**), a cbL0 Taka 1 C apyrute asa
MOPAIONOTNYHN MpPU3HAKA: Ab/MHKMHA Ha
NNCT U BUCOYMHA Ha pacTeHMeTo
(r=0.436**) u (r=0.404**). Nloka3aHa Kope-
naums e ycTaHOBeHa CbLo U Mexay
lMpuMHaTa Ha JicTa, Ob/DKuHata Ha
BereTalMoHHUSA nepuos M A06MB 3bPHO
(r=0.393**), (r=0.337*). EQUHCTBEHO MeEXAay
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with a mass of 1000 grains (r=-0.631**). A
low positive correlation was found
between kernel length and grain length (r=
0.343*), leaf length (r=0.305*), and mass
of hectolitre (r=0.299%).

Unproven positive and negative
correlation relationships exist between the
mass of hectolitre and the other studied
traits.

There is a proven positive
correlation between the mass of 1000
grains, the mass of hectolitre and the
width of the leaf attached to the kernel,
respectively (r=0.373**) and (r=0.474**).

The trait grain length has the
highest correlation with the width of the
leaf attached to the kernel (r=0.472**), at
leaf length it is weak (r=0.336*), and for
the other traits it is unproven.

The height of the plant is low
positively correlated with the duration of
the the period of growth (r=0.318*) and
unproven correlation with other traits.

The highest, approaching one (full
correlation) is that between leaf length
and height of the plant (r=0.664**). Strong
correlation  relationships also  exist
between leaf length, grain yield and the
vegetation period: (r=0.47**), (r=0.419**).
Proven positive correlation was also found
between leaf length, kernel length and
mass of 1000 grains: (r= 0.336%),
(r=0.305%).

The trait leaf width has a well-
proven positive correlation with the
economic traits: mass of hectolitre and
mass of 1000 grains (r=0.474*%),
(r=0.472**), as well as the other two
morphological traits: leaf length and plant
height - (r=0.436**), (r=0,404**).

A proven correlation was also found
between traits: leaf width, vegetation
period length and grain yield: (r=0.393**),
(r=0.337*). Only between the kernel
length and the width of the leaf attached



Ob/KMHATa Ha KoyaHa W LUMpMHaTa Ha
NPUKOYaHHUA NIUCT Kopenauusita e HejJoka-
3aHa 1 ¢ oTpuuartesneH 3Hak (r=-0.152).

OT U3BBLPLUEHMAT aHa/IM3 Ha Kope-
NaumoHHUTE BpPb3KM Mexay uscnensa-

to the kernel is the correlation unproven
and negative (r=-0.152).

The following conclusions can be
drawn from the analysis of the correlation

HWUTE BMONOTMYHN, MOPAIO/IOTMYHN 1 CTO- | relationships between the  biological,
MaHcku npusHauy npu 14 ekcnepumeH- | morphological and  economic traits,
TasHM Xxubpuaa morat fa ce HanpassT | studied in 14 experimental hybrids.
cnegHuTe N3BOAW.
Tabnmua 1. KopenauyuMoHHM BPbB3KM  MeXAy HAKOWM  nNpu3Haum  npu
eKcnepuMeHTaIHn XxXmépunan uapesunua
Table 1. Correlations between some traits of experimental maize hybrids
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o) o e = IS ™ ™ & 3 =
m = x = o S 3
1. 1 |0.394* | 0.323* | 0.141 | 0.407** | 0.287 | 0.392* | 0.318* | 0.419** | 0.393**
2. 1 |0.583* | 0.282* | 0.175 | 0.372* | 0.227 | 0.288* | 0.470** | 0.337*
3. 1 0.406** | 0.299* | -0.631** | 0.343* | -0.221 | 0.305* | -0.152
4, 1 0.285 | -0.254 | 0.196 | -0.063 | 0.254 | 0.076
5. 1 0.373** | 0.160 | 0.198 | -0.002 | 0.474*
6. 1 0.047 | 0.041 | 0.336* | 0.472*
7. 1 0.151 | 0.176 | 0.021
8. 1 0.664** | 0.436*
9. 1 0.404*
10. 1
[JocTtoBepHocT npu/Significant at a= 0.05 (*), a = 0.01 (**)
N3BOAN CONCLUSIONS

YcTaHOBEHM Ca MOIOXUTENTHN KOpe-
NaunoHHM 3aBUCMMOCTU Mexay Ao6uBa,
BereTauMoHHUAT NepUoa, U HAKOU Mopdo-
NIOTUYHN U CTOMAHCKA nNpuU3Hauun npu
Habop oT 14 cpedHO paHHU eKcne-
pyMeHTanHn xnbpuaa uapesuua.

C BucoOKa cTeneH Ha [OCTOBEPHOCT
ca kKopenauumoHHuTe KoedUUMEHTU Ha
JobuBa C Ob/KMHATA Ha KoyaHa, Ob/ku-
HaTa Ha sincta u macata Ha 1000 3bpHa.

TpuTe MOPQOMOTMYHN  MNPU3HAKA,
Kopenupar [ MoSIOXUTETHO 1N [OCTOBEPHO
C BereTauuoHHWA Mepuos 1 CTonaHckuTe
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Positive correlation relationships
between grain yield, vegetation period,
and some morphological and economic
traits were found in a set of 14 mid-early
experimental maize hybrids.

The correlation coefficients of yield
with the kernel length, the leaf length and
the mass of 1000 grains are highly
reliable.

The three morphological traits
correlate positively and reliably with the
vegetation period and economic traits,




npu3sHauu, ¢ U3K/IYEHNEe Ha Ab/XuHata
Ha KouaHa.

Mexay efnemMeHTUTe Ha KoudaHa W
3BPHOTO Ca YCTaHOBEHW MOJIOKUTESTHWN KO-
penaumoHH BPBL3KWM C pasfivyHa cTeneH
Ha [0CTOBepHOCT. Kopenauuatra Mmexay
MacaTta Ha 1000 3bpHa M Ab/KMHaTa Ha
KoyaHa e oTpuuaTesiHa, C BUCOKa CTerneH
Ha 3Ha4YMMOCT, a Mexay Macata Ha 1000
3bpHa U 6pos Ha pefoBeTe B KouaHa e
Hefoka3aHa.

Pa3kpvBaHeTo Ha CbllecTByBa-
LMTEe B3aMMOBPBL3KM MeEXAY OTAesHUTe
npusHauu, ocobeHo Tesn C BMCOKO HUBO
Ha 3Ha4yMMOCT, JaBa Bb3MOXHOCT fa ce
Hacoun cesiekumaTa B XenaHarta Hacoka,
Ja ce OTCTpaHAT HepjocTaTbuuTe B
oTAeNHWTEe TEeHOTUNOBE W f[a Ce YCb-
BbpLUEeHCTBAT 3a Obella CenekunoHHO-
nogobputenHa paéora.

except for the kernel length.

There are positive correlations
between the parameters of the kernel and
the grain with varying degrees of
confidence. The correlation between the
mass of 1000 grains and the kernel length
is negative, with a high degree of
significance and between the mass of
1000 grains and the number of kernel
rows is unproven.

The discovery of existing
relationships between individual traits,
especially those of high significance,
enables the selection to be directed in the
desired direction, to eliminate deficiencies
in individual genotypes and to be
improved for future breeding and
improvement activities.
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