Journal of Mountain Agriculture on the Balkans, 2020, 23 (4), 100-111
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

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

MoceBHM KayecTBa N CEMeHHa MUKodpiopa
Npu cenekuMoHHN NPON3XoAN COpro-cyJaHKoBU XNopnam

Kpacumupa TaHoBa', Mapusi Kacunesa'*, CtaHnmmp EHueB?

lLLlyMeHCKI/I YHuBepcuTeT, PakynTeT Nno NpupoaHu Hayku, KaTegpa ,PacTuTesnHa
3awmTa, 60TaHMKa 1 30010rus, yn. YameepcureTcka 115, 9700, LymeH, Bbvnrapus
23eme,n,encm/| WMHcTuTyT, 9700 Wy™meH, Bbunrapusa

Seeds Quality and Seed Myco Flora
at Selected Genotypes Sorghum-sudangrass Hybrids

Krasimira Tanova®, Mariya Kaschieva'*, Stanimir Enchev?

1University of Shumen, Faculty of Natural Sciences, Department of Plant protection,
botany, zoology, 115 "Universitetska" str., 9712 Shumen, Bulgaria
2Agricultural Institute, 9700 Shumen, Bulgaria

*E-mail: m.kaschieva@shu.bg

Original scientific paper

PE3IOME

ToBa npoyyBaHe Lenu onpegensHe
Ha BWAOBMA CbCTaB Ha MuKodprioparta
pasBMBalla ce B CeMeHaTa Ha pas/ivyHu
reHOTUMMW Ha COPro-cyaHKoBU Xnbpugn u
TAXHOTO B/IUSIHWE BBPXY CEUTOEHUTE UM
KayecTBa. TecTBaHWTE reHOTMMNOBE ca OT
cefleKuMoHHaTa nporpama Ha 3emegesicku
WHcTuTyT - LyMeH. Onpeaenenn ca kayec-
TBaTa Ha CeMeHaTa M CceMeHHaTa MMKO-
doniopa Ha 7 COpro-cygaHKoBuM Xubpugw.
TecTBaHn ca B nabopatopuss no duto-
narosnornsa kbM LLlyMmeHCKMA yHuBepcuTeT,
KbeTo e ycTaHoBeHa Hazj 85% KbiiHAe-
MOCT Ha n3cnegsaHuTe reHoTunu .

MaeHTudmumpaHeTo Ha chutonarto-
reHMTe e N3BbPLUEHO N0 MeToha Ha MOK-
pata kamepa, 4Ype3 MUKPOCKOMNCKa awuar-
HOCTMKa 1 Ype3 13Non3BaHe Ha pasnyHu
MEeTOoAM 3a M30aMpaHe. YCTaHOBEHO e, ye
Alternaria alternata (Fr.) Keissl. e Hai-
pasnpocTpaHeHaTa huTonaToreHHa ro6a,
pacTslia Ha MOBLPXHOCTTA Ha CeEMeHaTa.
N3onupaHn ca 7 BuMga (IUTONATOrEHHM

SUMMARY

This study aim to determine the
species composition of the epiphytic
mycophlora developing on the seeds of
different genotypes of sorghum-sudangrass
and their influence on the sowing qualities
of the seeds. The genotypes, subject of
the test are part of the selection program
of Shumen Agriculture Institute. The seed
quality and microflora of 7 sorhum-
sudangrass hydrids were determined and
they were tested in the phytopathological
laboratory of Shumen University. All
genotypes manifest germination above 85%.

The identification of phytopathogens
is performed by the wet chamber method,
by microscopic diagnosis and using
different methods of isolation.

It was found that Alternaria alternata (Fr.)
Keissler is the most common fungus
growing on the surface of the seed among
all 7 isolated species, referring to 6 genus:
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rL6u, oTHacsawm ce kbm 6 poga: Alternaria
alternata; Alternaria solani, Fusarium
moniliforme, Helminthosporium turcicum,
Kakto n BugoseTe Aspergillus ssp.
Peronospora ssp., Mucor ssp. Te3su nato-
reHM ca CnocobHu Ja noBpeasT ceMeHarta
M Kb/IHOBETE, PECNEKTUBHO Aa HaMasis-
BaT MOCEBHWTE KayecTBa HaHa COpro-cy-
JaHkoBute xmbpuaun. Mpu BbBEXAAHETO
Ha HOBW BUAOBE CEICKOCTOMNAHCKM KyNTy-
pv B onpegeneH pervoH, nHgopmaumata
3a NOKb/IBAHETO Ha cemeHarta, 6onecture
npeHacsHW OT CeMeHa W eBeHTyasHaTta
UM MposiBa, U pas3BuUTUE Ca OT W3K/IHO-
YMTENIHO BaXKHO 3a NpakTuKaTa 3HavyeHue.

KntovoBn oymu: copro-cyaaHKoBu
Xnbpugun, ceMmeHHa Mukodpiopa, kayecTea
Ha cemeHarTa, Alternaria alternate

YBO/,

Copro-cypaHkoBute xubpugn ca
€[HOrOAMIWIHN KYNTYpW, MOMYyY4EHU upes3
KPBbCTOCBaAHE Mexzay copro 3a dypax u
cyfaHka WUNu pasnnyHyn 3axapHu dopmu
(Sorghum bicolor x S. bicolor var.
sudanese). Te gaBaT gobpu pesyntatu
KaTto (QypadkHW WU EHEepruiiHn KynTypu, 1
KaTo KynTypw 3a 3eneHo TopeHe. Crnoma-
rat 3a 6opbara c nnesenute, Nofo6pPS-
BaT CTpPyKTypaTa W noBuULIaBaT CbAbpXa-
HMETO Ha OpraHW4yHO BELLECTBO B Nnoysara
(Valenzuela and Smith, 2002; Slanev,
2012). Copro-cygaHKkoBuTe xmbpmam nvart
No-BMCOKa NPOAYKTUBHOCT Ha 3e/1eHa 1 cyxa
Maca B pa3nnuyHnTe dpasm Ha cBosTa Bere-
Tauus, 3a pasnvka OT CTaHZapTHUTE cop-
ToBe (Kikindonov et al., 2013; Kikindonov et
al., 2015; Donchev et al., 2018). ,C-4" -
HaYMHBT Ha (pMKCUpaHe Ha BbINEPOAHUS
avokcug no Bpeme Ha hoTocuHTE3ara,
no3BosisiBa e(eKTMBHO W3MNoM3BaHe Ha
CNbHYeBaTa pagvauus u noyseHarta Bara.

KauecTBOTO Ha cemeHara e nokasa-
Ten 3a NpurogHocTTa UM 3a centba, KakTo
N 3a J06MBUTE Ha 3eMefenckuTe Kynty-
pu. Kb/HAEMOCTTa, Kb/IHeMaTa eHeprus
M ycToiumBocTTa KbM 6osiecTn ca dhak-
TOpW, KOMTO BAMSASAT MpU pasBUTUETO Ha
CemMeHara B YyC/I0BMS Ha MOBULLIEHA BNaX-
HocT (Mohamed and Francis, 1984).

Alternaria alternata; Alternaria solani,
Fusarium moniliforme, Helminthosporium
turcicum, Peronospora ssp., as well as
the Aspergillus and Mucor species.

These pathogens are capable of
damaging seeds and sprouts, thereby
aggravating the sowing properties of
sorghum-sudangrass  hybrids.  When
introducing new species of agricultural
cultures in specific region, the information
on seeds germination, seed-borne
diseases, their eventual manifestation and
development are of explicitly important.

Key words: Sorghum-sudangrass
hybrids, seed micophflora, qualities of
seeds, Alternaria alternate

INTRODUCTION

The sorghum-sudangrass hybrids
are one-year cultures, result of crossing of
sorghum for fodder and sudangrass or
different forms (Sorghum bicolor x S.
bicolor var. sudanese). They give good
results as fodder and energy cultures and
as cultures for green manure.

They help in the fight against weeds, they
improve the structures and enhance the
content of the organic ingredient in the
soil (Valenzuela and Smith, 2002). The
sorghum-sudangrass hybrids are with a
higher productivity of green and dry mass
in different vegetation phases, not like the
standard sorts, as the examinations
shows (Kikindonov et al, 2013,
Kikindonov et al., 2015, Donchev et al.,
2018). The C-4 manner of carbon dioxide
fixation during photosynthesis, allows
effective usage of solar radiation and soil
moisture.

The vyields of agriculture cultures
depend on the seeds quality, as an
indicator for their sowing suitability. The
germination, the germination energy and
its resilience to diseases are all factors of
the seed development in environment of
increased humidity (Mohamed and
Francis, 1984).
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CemeHHaTa MuKochsiopa ce onpe-
fens kato obLWo KOMMYEeCTBO OT BCUYKM
BMOOBE MUKpPoopraHmammu (Bupycu, 6akre-
pUM AU MUKPOCKOMUYHK TbOU), KOMOHK-
3upaniv obBuBKata ¥ BbTPELUHOCTTA Ha
cemeHara. YacTt oT Te3u MUKPoOopraHn3mm
ca naTtoreHHu, nosHaTu B suTepaTypaTa
KaTo naToreHHa Mukpodnopa (Stancheva,
2010). Cnopepg u3cnegoBaTen Ha CEMEH-
Hata natonorusa (Dawar and Ghaffar, 1991;
Bakan et al., 2002; Thakur et al., 2007;
Little et al., 2012), MmnukpoopraHm3amMmuTe Koso0-
HU3MpaLlm eHgocnepmMa Ha cemMeHara UH-
hekTupaT pacTeHusaTa CUCTEMHO, a Apyru
MUKpPOOPraHusmm obuTtaBaT MOBBbPXHOCT-
Ta Ha cemeHara 1 npu NoaxoAsALn ycro-
BUA MHpeKTMpaT 34paBute pacteHus. Pe-
3ynTtartuTe OT M3cnejBaHUsaTa Ha nocouve-
HUTE aBTOpPM CoYaT, Ye TOBa € KOMIJIEKC
OT NaTtoreHHW MUKPOOPraHusMu, npuHaj-
nexawm kbMm pasnuuHu rpynu. Cnopep,
Stancheva (2010), cemeHaTa Ha 3eme-
JencknTe KynTypu mMoraT fa 6baaT NnoBbpx-
HOCTHO KOJIOHM3MpaHU K OT MUKpoopra-
HU3MU, KOUTO He nNpuYMHABaT BUAMMU
naTtofIorMyHN NPOMEHN NO CemeHarta, He
yyacTBaT B MpeHoca Ha 6onectn u ce
onpefenaT KaTo HenaToreHHa Mnkpodio-
pa. MwuKpoopraHusMmTe KOJIOHU3MpaLLn
cemMeHarta kaTo naToreHHa Wnm Henaro-
reHHa Mukpodpriopa, ca npegcrasutenu
npeanMHO Ha pasnyHu BuaoBe 6akTepun
n rebu (Sharma et al., 2015).

Bonectute, npeHacsHN Ype3 cemeHa-
Ta Ha COpProTo 3acsiraT pacTexa W Npou3Bo-
AuTenHocTTa Ha Kyntypata (Stancheva,
2010). ViHhbekTnpaHuTe cemeHa umart no-
HWKEeHa Kb/IHAEMOCT U U3rHmeart, a B no-
KbCHWUTE eTanu OT pa3BUTUETO Ha pacTe-
HUATa ce NosABABAT NIOKaSIHN N CUCTEMHU
nHpekymm (Isakeit and Jaster, 2005;
Ramathani, 2010).

PuckbT OT pasnpocTpaHeHWeTo Ha
CeMeHHonpeHocumMuTe 60/1eCTU U BbBEX-
[aHeTo Ha HOBM BUAOBE WM LLaMOBE MO-
Xe fga 6bae cBefleH A0 MUHUMYM chnep,
MakCcMMasiHO u3ydyaBaHe OuonornsaTa Ha
natoreHuTe n HauYnHUTE UM Ha npegasaHe
OT Beretaums Ha Beretauusa (Degefu, 1990;
Takur et al., 2003). Hskoun rb6m, MHGEKTU-

The composition of the seeds’
mycoflora is determined as an aggregate
of all types of microorganisms, colonizing
the sheath and the internal parts of the
seeds, such as viruses, bacteria and
microfungi. Part of those microorganisms
are pathogenic and they are referred as
pathogenic  microflora  in literature
(Stancheva, 2010). In accordance with
researchers on seeds pathology (Dawar
and Ghaffar, 1991; Bakan et al., 2002;
Thakur et al., 2007; Little et al., 2012) the
microorganisms, colonizing the seeds
endosperm, infect the seeds systematically
and other microorganisms occupy the
surface of the seeds and infect the healthy
plants under suitable conditions. The
results from tests, made by the above-
cited authors, show that this is a variety of
pathogenic microorganisms, adherent to
different groups. According to (Stancheva,
2010) the surfaces of the agricultural
seeds may be colonized on their surface
also by microorganisms, which do not
cause any visible pathological changes in
the seeds, they do not participate in
diseases transmission and they are
determined as non-pathogenic microflora.
The microorganisms colonizing the seeds
as pathogenic or non-pathogenic microflora
are predominantly representatives of
different types of bacteria and fungi
(Sharma et al., 2015).

All transmitted sorghum seed-borne
diseases affect the growth and the
productivity of the crop. (Stancheva,
2010). The infected seeds are characterized
with reduced germination and rotting;
local and systematic infections are
observed in later stages of the plantation
development. (Isakeit and Jaster, 2005;
Ramathani, 2010).

The only way to reduce to minimum
the risk of transmission of seed-borne
diseases and the introduction of new
types or strains is the good knowledge of
the pathogens biology and the modes of
transmission from vegetation to vegetation
(Degefu, 1990; Takur et al., 2003). Some
fungi, infecting the sorghum and corn
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paly cemeHaTa Ha COpProto M Lapesu-
uata (Fusarium, Aspergillus, Rhizoctonia,
Penicillium, Helminthosporium) Hanagat n
YHULLOXaBAT eHAocnepmMa, XpaHAT ce CbC
ckopb6sinaTa, U BOAST A0 HECNOCOBHOCT 3a
pasBUTUE Ha HOPMAa/THU Kb/IHOBE U MOHMXeE-
Ha KbsiHAemocT (Cook, 1980; Domsch et al.,
1980; Degefu,1990; Stancheva, 2010).

MpeactaButenute Ha pog Pythium
n Peronospora, atakyBar maaguTe noHu-
Un 1 Npean3BrKBaT 3arHMBaHe Ha KopeHu-
Te W OCHOBWTE Ha pacTeHuATa B Hayasl-
HWUTe hasu OT pasBUTUETO MM, KOETO BO-
an o paspexpgaHe Ha nocesa (Isakeit
and Jaster, 2005). N3cneaBaHusita Bbpxy
cemeHHarta Mukodiopa Ha 3bPHEHO-XKUT-
HWTE KyNTypw MnokassaT, Ye KOSoHM3upa-
HEeTO Ha ceMeHaTa OT npeAcTaBuTenuTe
Ha pogoseTe: Fusarium u Alternaria,
NoHMxaBaT epeKTMBHOCTTa Ha NMPOV3BOLA-
cTBO (Bakan et al., 2002; Stancheva, 2010).
Cnopep, wu3cnefBaHuATa Ha aBTOPWUTE,
Te3n nartoreHu (Npy onpegeneHyn ycnosus)
mMoraT fa acouuvpart naToreHHU KOMmiek-
cU, NpeausBKKBALLM ,CEeYEHE”, KOPEHOBO U
CTb6/1eHO rHMEeHe Npes usanarta Beretayys.

Stancheva (2010) onucea Bugose
oT pog, Fusarium (Fusarium moniliforme J.
Sheld; Fusarium graminearum) u lternaria
(ocHoBHO Alternaria alternata), kato npu-
YMHWUTENIM HA C/IOKEH MaTOJIOTVYEH CUH-
[pOM, KOMTO BK/HOYBA NATOSIOTNYHU CUM-
TOMW MO CeEMeHata, BereTaTyHHWUTE YacTu
N KOpeHa.

Ha &urypa 1 ca pasnonoxeHu
CHUMKN Ha MpUYMHUTENIMTE Ha nocoue-
HaTa cMMnNTOMAaTyKa.

seeds - representatives of Fusarium,
Aspergillus,  Rhizoctonia,  Penicillium,
Helminthosporium, attack and destroy the
seeds’ endosperm by eating the starch
inside, leading to reduced germination
and incapacity to develop normal sprouts
Cook, 1980; Domsch et al., 1980;
Degefu,1990; Stancheva, 2010).

Representatives of Pythium and
Peronospora ssp., attack the young
seedlings and lead to rotting of the roots
and the bases of the plants at the initial
phases of their development, which leads
to reduction of the crop (Isakeit and
Jaster, 2005). Examinations on the seeds’
microflora of the cereal grain crops show
that the colonization of the seeds by
representatives of the following species:
Fusarium and Alternaria decrease the
production efficiency (Stancheva, 2010;
Bakan et al., 2002). The authors consider
that those pathogens, under certain
conditions, may associate in pathogenic
complexes causing withering, root and
stem rotting for the whole vegetation.

Stancheva (2010) describes
Fusarium (Fusarium moniliforme J. Sheld;
Fusarium graminearum) and Alternaria,
(mainly Alternaria alternata) species as
the causative agents of a complex
pathological syndrome, showing
pathologic symptoms on the seeds, the
vegetative organs and the roots.

Figure 1 shows pictures of the
causative agents of those symptoms.
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1C. Fusarium ssp

1B Alternaria ssp.

dur. 1. MaToreHn, npnunHaBawy 3abonsasaHus
Fig. 1. Pathogens causing diseases

MpuunHUTENN Ha Te3n narTosiorum
ca r.6HuTEe natoreHn: Fusarium moniliforme
J. Sheld, Fusarium culmorum, Penicillium
ssp. (Stancheva, 2010; Tanova and
Andreeva, 2011). lHdpopmaLusATa 3a KbJi-
HAeMOCTTa Ha ceMeHaTa N eBeHTyanHata
nosea, U pasButve Ha 601ecTu npeHacs-
HM OT TAX € 0COGEeHOo akTyasiHa Npu Bb-
BeXJaHeTo Ha HOBM COPTOBE U Xnbpuam
3emegesnickm Kyntypn. B Tasm Bpb3ka,
Luesnta Ha HacTosWOTO M3cneBaHeTo e
npoyysaHe KbJ/IHAEMOCTTa U KbJiHAemarta
€Heprus Ha cemMeHa, KakTo U cemeHHaTa
MuKpoh/iopa Ha pasfInyHKM FEeHOTMNOBE
Ccopro-cyaHkoBn xubpuan npu nabopa-
TOPHU YCNOBUS.

MATEPWAN N METOAW

M3cnemBaHeTo Ha KadyecTeBaTta Ha
CEMEHA KaTO Kb/IHAEMOCT U Kb/HsSeMa
€Heprusl n cbCTasBa Ha enuduTHaTa MUKO-
thniopa e nposeseHO B nabopartopusita no

The pathogenic fungi - Fusarium
moniliforme J. Sheld, Fusarium culmorum,
Penicillium ssp. are the causative agents
of those pathologies (Stancheva, 2010;
Tanova and Andreeva, 2011). When
introducing new species of agricultural
cultures in specific region information on
seeds germination, seed-borne diseases
eventual manifestation and development
is explicitly important. In this connection,
the present research is directed towards
the germination and germination energy
of the seeds, as well as the mycoflora of
different sorghum-sudangrass hybrids
under laboratory conditions.

MATERIAL AND METHODS
In March 2019 an examination on
germination and germination energy is
conducted in the  phytopathology
laboratory of the Natural Science Faculty
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uTonartonorna Ha Pakynreta no npu-
poAHu Haykn B LLUyMEHCKNA YHUBEPCUTET,
npes mecel, MapT 2019 roguHa. O6ekT Ha
nscnefBaHeTo ca cemMeHa Ha 7 reHortuna
COPro-CyilaHKoBM xubpuaa OT CeneKLnoH-
Harta nporpama Ha 3eMefesiCKN UHCTUTYT-
WymeH, kakto cnegsa: 1. EHpke 1
(ctaHpapt) 2. COF5/CtaBponosickasn; 3.
COF - SUSU; 4. COF3 - SA; b.
COF4/Vercor; 6. COF — 6/SWI un 7.
COF8/3ax. meTna.

KbriHAemocTTa Ha cemeHata W
Kb/IHAEMaTa eHeprua e onpegesnieHa no
CTaHAAPTHN MEeToAMKN Ha UN3nbaHUTeHa
areHuus no coprousnuTBaHe, anpobauus
N CEMEKOHTPOST KbM MUHUCTEPCTBOTO Ha
3emepgenveTo B buarapus.

3a uenvte Ha ekcneprvMeHTa 3ao-
xnxme no 100 cemeHa (OT BapuaHT) B 4
NnoBTOpeHus. B TepmocTar, npu Temnepa-
Typa 25-27°C, nocTtaBuxme MeTpPUEBU
6nioga C HaBnaxHeHW € AecTuivpaHa
BoAa xapTmeHu auckose, ¢ no 20 6pos
ceMeHa. OTYNTaHETO Ha Kb/IHAEMOCTTa U
Kb/IHAEMaTa eHeprus nposefoxme Ha 3-
™A U 5-TuA AeH cneq 3anaraHeTo.

CemeHara, NogJ/ioXeHn Ha aHani
3a onpefensHe Ha enuduTHata MUKO-
h/iopa ca KucHatu B NPoAb/DKEHNE Ha 2
Yyaca B CTepu/nHa BoAa W BbBEAEHM BbB
B/laXKHa Kamepa 3a WHKybupaHe 3a ne-
pvog oT 7 geHoHowwmsa. OnpefensHeTo Ha
naroreHuTe ot cybenugepmasiHaTa MUKO-
dhiopa e U3BBbPLUEHO 4pe3 CTaHOapTHU
UTONATONIOTMYHN METOM, Taka ye BCeku
BapuaHT fa Bk/oYBa 4 NMOBTOPEHUA C MO
100 6posi cemeHa (Popkova, 1989; Popkova
et al., 2005). CemeHaTa npenHasHayeHu
3a dwmTonaTtosiorMyHN  U3cnefBaHnsa ca
npeaBapuTenHoO MOBbPXHOCTHO CTEPU/IN-
3upaHn ¢ 0,01% HgCl,. Ha 7-mua pgeH
cnep UHKybupaHeTo ca U3BbPLUEHN OTYU-
TaHWATa 3a YyCTaHOBsIBAHE KOJSIMYecTBe-
HUA U KayecTBeH CbCTaB Ha CeMeHHarta
mMukodpnopa (Stancheva, 2010).

MuKpoCKornckuTe wuscnefsaHnsa ca
HanpaBeHNn C OWHOKYNSAPEeH MWKPOCKON
,Optika — B150".

JlocToBepHoCTTa Ha  pasfvkara
MeXay CpaBHABaHWTE cpefHu Ha oTAen-

of the University in Shumen.

The subject of the examination are 7
sorghum-sudangrass hybrids of the
selection program of Shumen Agricultural
Institute, as follows: 1. Endje 1 (standard),
2. COF5/Stavropolskaya, 3. COF-SUSU,
4. COF3-SA, 5. COF4/Vercor, 6. COF-6/SWI,
7. COF8/Saccharum

The seeds germination and the
germination energy is determined in line
with the standard methods of the
Executive Agency in Species Testing,
Approbation and Seed Control of the
Bulgarian Ministry of Agriculture.

In  order to determine the
germination and the germination energy
we used paper filter discs, placed in petri
dishes and dampen with distillate water. 4
series of 100 seeds were used for the
experiment, in a thermostat at 25-27° C,
20 seeds in each petri dish. The reporting
took place on the 3 and the 5" day.

The seeds analyzed in order to
determine epiphytic microflora were
soaked for 2 hours in sterile water and
then introduced in wet chamber for an
incubation period of 7 days and nights.
The pathogens determination in the sub
epidermal microflora is implemented
through the means of standard
phytopathology methods, therefore each
version includes 4 repetitions with 100
seeds (Popkova, 1989, Popkova and
others, 2005). The seeds are designated
for phytopathological examinations of
seeds with surface, sterilized with 0.01 %
HgCl,. On the 7" day after the start of the
incubation reporting was done in order to
determine the quality and quantity content
of the seed microflora (Stancheva, 2010).

Binocular
B150" is used
examinations.

The accuracy of the difference
between the compared estimates of each

microscope  “Optika-
for the microscopic
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HWTE BapuaHTW OT MOJICKUTE OTYMTaHUsA e
npeueHeHa upes3 T.Hap. rpaHuyHa wunu
npejesnHa pasnvka.

BpoAaT Ha 3apaseHuTe cemeHa OT
oTAeNHNTe pojose rbbu e otyeTeH B %.
MonyueHuTe pesynratn oT naboparopHu-
Te aHa/IM3n ca 06paboTeHn cTatucTmyec-
KM 4pe3 BapualMOHEeH aHanM3 3a kadvec-
TBEHW npusHauu (Zaprianov, 1983).

PE3YJITATU N OBCBXXOAHE
PesyntaTTe OTHOCHO Kb/IHAeMOoCTTa
N Kb/IHSeMaTa eHeprusa Ha cemeHaTa oT
npoy4YBaHUTE FEHOTWUMOBE COPro-CyAaHKOBU
Xmbpuam, ca npeacTaBeHn Ha durypa 2.

version of measurements is valued
through the means of the so called
marginal difference.

The number of the seeds,
contaminated with different species fungi is
reported in %. The results of the laboratory
analysis are statistically processed through
the means of a variation analysis of the
qualitative signs (Zapryanov, 1983).

RESULTS AND DISCUSSION
The results of the germination and
germination energy examination of
sorghum-sudangrass hybrids are
presented in Figure 2.

CpenHo

COF8/3ax. meTna

COF6/SWI YA 90
O/ Vercor | 00 '~
R
COF-SUSU 7S 85
COFS5/Craepononckan o 88
| 87

ZE- Enpiie - CRHAADT | )7 ©

@ KbnHaemocT %

20 40

60 80 100 120

W KvnHAena eHeprua %

dur. 2. Kb/iHIEMa eHEPrUs U Kb/THAEMOCT Ha COPro-cyAaHKoBu xmbpuam
Fig. 2. Germination energy and germination of sorghum-sudan hybrids

Kb/iHSemata eHepruss Ha BK/IO4e-
HATE TEeHOTUNU Ce [ABWXWU B LUNPOKK
rpaHuum — ot 27,5% (ctaHgapt EHmpxe)
0o 90,0% (COF4/Vercor). CpegHata Kbi-
HSieMa eHeprus Ha nscneaBaHNTe reHoTu-
nnm e 62,85%npu cpegHa Kb/IHAEMOCT Ha
cemeHarta Hapg 89,82%

Pesyntatute coyar, 4e copro-
cypaHkoBusa xmbpua COF4/Vercor e ¢

The germination energy of the
examined genotypes is presented in wide
ranges — from 27.5 % (for the Endje
standard), to 90,0 % (for COF4/Vercor).
The average germination energy of all
genotypes is 62.85 % and the average
germination — 89.82 %.

Visible from the results presented,
the germination energy is highest with the
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Hai-Bucoka kbnHAema eHeprus (90,0%),
CpaBHEH C OCTaHanuTe reHOTUNU U KOH-
Tponarta (27,5%). MNpeBuLIEeHNEeTO B CTOW-
HOCTWUTE Ha nokasartesis CnpsMo ctaHzap-
Ta e Hag 3 NbTu. Kb/iHAemarta eHeprus Ha
cemeHata npu reHotun COF3-SA e
72,5%. ABaTa reHotuna (COF4/Vercor n
COF3-SA) ca c Hali-BUCOKa Kb/IHAEMOCT
Ha CemMeHaTa W C Hai-BMCOKa KbJlHAEMa
€Heprus cnpsiMo CpegHuTe CTOMHOCTU U
Te31 Ha KOHTPO/IHMAT BapunaHT. CemeHata
Ha EHgxe 1 (cTaHAapT) ce xapakTepusu-
pat c Hali-HuUCKa KbHaema eHeprus. Mpu
reHotunute COF-SUSU  (57,5%) n
COF8/3ax. metna (60,0%), cToitHOCTUTE
Ha nokasaTens ca Mno-HUCKN CbOTBETHO C
(8,5 %) u (4,5%) cnpsimo cpegHute. Cno-
peg Donchev and Kikindonov (2015), reHo-
TMNbT EHpKe 1 uma no-gobpu nokasare-
N1 N0 OTHOWEHME Ha Kb/IHAEMOCTTa
(96,5%), koeTo e Mo-BMCOKO OT nosiyye-
HOTO OT Hac.

Kb/iHAemocTTa Ha cemeHaTta B na-
6opaTopHX YC/I0BUS NoKasBa pasnuuusara
crnopef N3nNUTBaHWUsA reHeTUYeH Npousxos,.
CemeHata Ha npoyyBaHuTe Nponsxoam ca
C NO-BWCOKA  Kb/IHAEMOCT  CNPSAMO
KOHTPO/IHMSA BapuaHT. VI3kitoueHne npasu
reHotun COF-SUSU (85,0%), uunTO
cemMeHa ca C¢ 2,3 % no-HucKa Kb/IHAEMOCT
cnpsMo ctaHgapTa. KakTo KbfHAeMocTTa,
Taka M Kb/HEMaTa eHEeprns e C Makcu-
MasiHata CTOMHOCT nNpM CcemeHaTa Ha
reHotun COF4/Vercor (97,5%) u Haii-
Hucka npy COF-SUSU (85,0%). CpaBHu-
TeHO BUCOKa Kb/HAeMOCT (Hag 90%)
otyeToxme npu cemeHata Ha COF3-SA
(92,5%) n COF6/SWI (90%) npu cpegHa
CTOMHOCT 89,82%. CemeHaTa C nNpou3xop,
COF4/Vercor ce oTnuyaeaT € Hail-gobpa
Kb/IHAEMOCT Npu /1abopaTopHU YCNOBUS.

B Tabnuua 1 e nocoyeHa AocCTo-
BepHaTa pas/imka OTHOCHO Mokasartesite
Kb/IHIEMOCT U KbJIHAEMA €EHeprus Ha
cemeHarta mexgy ctaHgapTa (EHmke 1) n
N3MUTBAHUTE TEHOTUMN.

seeds from the COF4/Vercor (90,0%) in
comparison with the remaining genotypes
and the control standard - (27,5%),
almost 3 times more than the control
standard. They are followed by the
COF3-SA genotype — 72.5 %.

Those genotypes (COF4/Vercor u
COF3-SA) show very good results related
to the average values and the control
standard and they report high results. The
index is lowest with the Endje seeds,
followed by COF-SUSU (57,5%) and
COF8/Saccharum (60,0%), characterized
with lower than the average indexes.

The Endje 1 (standard) genotype manifests
better values both for the germination
(96,5%) in the examination conducted by
Donchev and Kikidonov, 2015, which is
higher than what we received.

The seeds germination under
laboratory conditions shows differences
as per the tested genetic origin, as almost
all seeds from the analyzed genetic
origins show higher values than the
control version, excluding COF-SUSU —
(85,0%), which seeds are with (2,3%)
lower germination than the control one.
The maximum reported value for both
germination and germination is for
COF4/Vercor genotype — (97.5%) and the
lowest is for the COF-SUSU - (85,0%).
High values of germination — above (90,0
%) we reported for COF3-SA — (92.5 %),
COF6/SWI - (90,0 %) and average values
of approximately 89.92%. The seeds of
COF4/Vercor origin may distinguish as
the seeds with best germination under
laboratory conditions.

As we can see from Table 1 the
differences between the Endje control
hybrid and the other genotypes is
authentic in terms of germination and
germination energy.

107
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KOHTpO/1aTa

Table 1. Significance of differences between genotypes tested and controls

KbnHsema eHeprus/

Germinating energy

reHoTun/ Genotype|COF5 / CtasponosnckasiCOF - SUSU

COF3 - SAICOF4 / VercorlCOF6 / SWICOF8 / 3ax. MeTna

EHmke 1/ Standardt>3,29 t>3,29

t>3,29 t>3,29 t>3,29 t>3,29

KbnHsaemocTt/ Germination

"eHoTun/ Genotype|COF5 / CtaspononckasCOF - SUSU

COF3 - SAICOF4 / Vercorl COF6/SWI |[COF8 / 3ax. meTna|

EHmke 1/ Standard [t>3,29 t>3,29 t>3,29 t>3,29 t>3,29 t>3,29
t<1,96 not credibility

1,96 P=5%

t>2,58 P=1%

t>3,29 P =0,1%

OT noBbpXHOCTHaTa u cybenuaep-
MasilHa MuKodpiopa, 6sxa ycTaHOBEHU 7
rbOHU BUAA, KOUTO Ce OTHaCAT KbM 6 po-
fJa. Te ca c pas/iMyHa YecToTa Ha cpella-
He, B 3aBMCMMOCT OT Npou3xoja Ha ceme-
HaTta. Cpep TSX ca ABa OT NPUYNHUTENUTE
Ha 3abonaBaHeTo asiTepHaprosa (Alternaria
alternata; Alternaria solani), npuunHuTen
Ha 3abonsBaHeTo (oy3apuosata (Fusarium
moniliforme J. Sheld), Ha NAMCTHUA npurop
(Helminthosporium turcicum Pass), Ha
MaHata - Peronospora Ssp., Kakto u
npuunHuTENn ot pogoseTte Aspergillus n
Mucor. - Tabnmua 2.

OT4YeTEHO e NOBbPXHOCTHOTO 3apa-
35BaHe Ha cemeHata CbC MOCOYEHUTE
nartoreHu: Alternaria alternata, Alternaria
solani, Aspergillus ssp., Mucor ssp.,
Helmintosporium  turcicum,  Fusarium
monilifor J. Sheld, Peronospora ssp.

C Hali-BMCOKa YecToTa Ha cpellaHe
e Alternaria alternata. To3n naToreH npu-
CbCTBa B CbCTaBa Ha CEMeHHaTa MUKO-
chriopa Npu BCUYKM NPOyYBaHM NPOU3X0AM.

C Haii-BMCOKa 4yectoTa € B MNpous-
xoante COF6/SWI (19%), EHgxe 1 (18%)
n COF-SUSU (14%), n c Hai-HuCKa B
nponsxoga COF5/Ctaspononckas (6%).

3apaseHocTTa C NpuYNHUTENS Ha anTep-
Hao3arta (Alternaria solani) He e ycTaBeHa
€[MHCTBEHO B CEMEHHaTa MMKO/iopa Ha
COF5/CtaBpononckas. [IMpu  reHoTtun
COF-SUSU, Alternaria solani e Haii-uecTo
(19%) cpelwaH NnpuuMHUTEN Ha 3abonsiBa-

7 fungi species are determined by
the surface and sub epidermal mycoflora,
referring to 6 genus. They have different
frequencies of presence, depending of the
seeds origin. Two of them are causing the
alternariosis disease (Alternaria alternata;
Alternaria solani), Fusariosis (Fusarium
moniliforme), septoriosis
(Helminthosporium  turcicum), dawny
mildew - Peronospora ssp., as well as the
causative agents of the Aspergillus and
Mucor species. The research data is
presented in Table 2.

Contamination of the seeds surface
is reported: Alternaria alternata, Alternaria
solani, Aspergillus ssp., Mucor ssp.
Helmintosporium  turcicum,  Fusarium
moniliforme, Peronospora ssp.

Most frequent presence is for
Alternaria alternata, present in the content
of the seed microflora of all examined
origins.

Highest presence of this pathogen
is determined with COF6/SWI (19%),
Endje 1 (18%), COF-SUSU (14%). Lowest
frequency of presence is determined for
COF5/Stavropolskaya (6%). Contamination
with the other causative agent for
alternaosis — Alternaria solani is absent
only in the seed microflora of
COF5/Stavropolskaya and it is most
frequently present in COF-SUSU -
frequency of presence (19%). The fusariosis
causative agent — Fusarium moniliforme —
is determined in (23%) of the samples, not
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HeTo. [puumHWUTENAT Ha hy3apuosara
(Fusarium monilifor J. Sheld) n nuctHus
npurop (Helminthosporium turcicum) ca
yCTaHOBEHM CbOTBETHO B 23% oOT
npobute. He HabnwgaBaHn eAMHCTBEHO B
cemeHara Ha reHotun COF3-SA.

present only in COF3-SA genotype,
where the presence frequency is relatively
small. The causative agent of the leaf
blight Helminthosporium turcicum is
present in 23% of the cases and it is not
ascertained with COF3-SA.

Tabnuua 2. YectoTa Ha n3oninpaHe Ha ceMeHHa mukodpriopa B %
Table 2. Frequency of isolation of seed mycoflora in %

MatoreHun/ Pathogens
m 5 & 5 | e
(%] o = Law}
58 | © 2 7 SE |Ef<| 8
FeHoTUN/Genotype € c 8 =2 = 2o |5=9| 8¢
g8 | &8 = 8 EE |256| 5°
< 5 2 = ES |IZE | o
= %) o) [a
< < T
COF8 / 3ax. meTna 8 12 3 5 3 10
COF6 / SWI 19 - 3 2 1
COF4 / Vercor 9 1 - 1 5
COF3-SA 10 1 1 - -
COF - SUSU 14 19 2 1 2 8 19
COF5 / CtaBpononckast 6 - - 2 2
Enmxe 1/ Standard 18 1 3 1 13 4
O6uwo 84 44 10 10 31 23 50

P =5%; P =1%; P =0,1%

MpuumMHUTENST Ha MaHa (Peronospora
ssp.) e ¢ 50% o6La yecToTa Ha cpeLa-
He. HabniogaBaHe e npy BCUYKM U3Cnes-
BaHW reHOTUMM M € Ha BTOPO MSACTO MO
yecToTa Ha cpelyaHe (cref NpuuMHUTENs
Ha anTepHapvosa). [enbT Ha BuAOBeETE
oT poga Aspergillus ssp. n Mucor ssp. e
CpaBHUTESTHO MO-HUCHK.

N3BOAN

1. Bcuukn cemeHa OT U3NUTBaHUTE
reHoTUNM MmaT BUCOKA KbJIHAEMa eHep-
rmsa n nabopatopHa Kb/IHAEMOCT, CpaBHe-
HU CbC cTaHgapTa.

2. Alternaria alternata (Fr.) Keissl. e
Hali-pa3npocTpaHeHaTa dmTonaToreHHa
rbba, pactsuwa Ha NOBbPXHOCTTA Ha ce-
MeHarta Ha COproto U COpro-cygaHkoBute
Xnepuan.

The cause for the septoriosis -
Peronospora ssp., is to a total frequency
of presence (50%), present in all
genotypes, ranking on second place of
frequency after the causative agent of the
alternariosis. The share of species
Aspergillus ssp. and Mucor ssp is
comparatively low.

CONCLUSIONS

1. All seeds of the tested genotypes
have high germination energy and
laboratory germination compared to the
standard.

2. Alternaria alternata (Fr.) Keissl.
is the most common phytopathogenic
fungus growing on the surface of sorghum
seeds and sorghum-sudan hybrids.
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PE3IOME

B onntHOTO nosie Ha VHCTUTYT no
3emefenne un cemesHaHue ,0O6pasLoBs
uncnnk” - Pyce, npe3 2013-2016 r., e
npoBeAeHO n3cseBaHe 3a ycTaHOBsABaHe
peakuuaTa Ha nweHuua copt JdyHaBua”,
TpeTupaHa c xepbmuuan 3a NoYBeHo npu-
NOXeHne B ONTUMaSIHW W ABONHO 3aBu-
LWeHu A03K — SIMHYpoH (135 n 270 g da™
a.B.), neHanmetanuH (132 n 264 g da™
a.B.) U MeTpnby3uH (56 1 112 g da™ a.B.).

MpunoXxeHute Ha MNOYBEHUTE Xep-
BULMAN NMHYPOH — 135 1 270 g da™ a.B. u
nengumeTanvH — 132 n 264 g da™ a.B., ca
BMCOKO CeJIeKTUBHW KbM [MlUIeHuuarta, a
MeTpubysnmH — 56 1 112 g da™* a.B. npe-
OV3BUKBA CWUNEeH (PUTOTOKCMYEH edpekT
(6an 7).

MeTpnby3vHbT OKa3Ba 3aabpxall
ehekT BbpPXy pacTexa u pa3BuUTUETO Ha
pacTeHusTa npv npunaraHata gosa ot 56
g da™ a.B. 4 YacTU4YHO 3arMBaHe Ha pac-
TeHVs Npy 3asBMlaBaHe Ha M3nNuWTBaHarta
no3a (112 g da™ a.B.).

YCTaHOBEHUAT (PUTOTOKCUUEH eqDeKT
Ha MeTpuby3uH, NpUIoXKeH B Ao3a 56 un
112 g da’ a.B., okasBa NMHXNBUpaLLo
B/IMSIHWE M BbPXY IbCTOTATA OT NLLEHULA.

SUMMARY

At the experimental field of the
Institute of Agriculture and Seed Science
"Obraztsov Chiflik" - Ruse, in 2013-2016,
a study was conducted to determine the
reaction of “Dunaviya” wheat variety,
treated with soil herbicides at optimal and
double doses - linuron (135 and 270 g da’
! a.s.), pendimethalin (132 and 264 g da™
a.s.) and metribuzin (56 and 112 g da™
a.s.).

Soil herbicides linuron - 135 and
270 g da’ a.s. and pendimethalin - 132
and 264 g da' a.s., showed highly
selectivity to wheat, and metribuzin - 56
and 112 g da’ a.s. caused a strong
phytotoxic effect (score 7).

Metribuzin demonstrated an
inhibitory effect on plant growth and
development at a dose of 56 g da™ as.
and partial plant death by increasing the
test dose (112 g da™ a.s.).

The observed phytotoxic effect of
metribuzin, applied at doses of 56 and
112 g da* a.s., also had an inhibitory
effect on wheat density.
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dopMUpaHnTe 106UBK 3bPHO, CNej
npunaraHe Ha NouYBeHUTEe XepeuLUan nu-
HypoH (135 n 270 g da™ a.B.) U neHgu-
MeTanuH (132 1 264 g da™ a.B.) ca 6:u3-
KU 10 KOHTPOJHWS BApWaHT, a METpUGY3u-
HBbT HamanaBa f06MBa Ha 3bPHO € 40 12%.

KniouoBu Aymu: nleHnLa,
XepGULMAN, CENEKTUBHOCT, NMPOAYKTUBHOCT

YBO/,

OcHoBHa npegnoctaska 3a pas3Bu-
TUETO Ha BUCOKOAOOGUBHO 3emegesnne npu
PSA3KO CHWXaBaHe cebecTolHOCTTa Ha
ceficKkocTonaHckara npoAykuus e pauuo-
HanHata 6opba c nnesenute. [onam
6poil npoyyBaHWA W BEKOBHWAT OMUT B
3eMejesnickaTa npakTMka mMokassar, ue
nnesenute ,3efIeHUAT Bpar’, HaHacATt
OFPOMHM LLETW Ha CEeNcKoTO CTOMaHCTBO.
Mpy TOoBa Te ce sABABAT EXEerogHo u
MOBCEMECTHO 3a pas/iMka oT 6osniectute u
HenpuatTenute, rpagywkute u gpyrute
BpeaHn dhakTopu, KOMTO OBMKHOBEHO He
ce noseaBaT BCAKa roguvHa wnu 3acsrat
camo OTAe/THU PanoHW.

MneBenuTe ca CbNEPHULU Ha Kyn-
TYpHWTE pacTeHuss Mo OTHOLleHMe Ha
BCUYKW XXUM3HEHN hakTopK, 3aTpyaHABAT U
B/IOLLABAT KA4eCTBOTO Ha nosckute pabo-
T, YECTO NPaBAT HEBH3MOXHO MeXaHU3u-
paHeTo ¥M, nojnomMarar pasBuTMETO Ha
6051ecTnTe U HenpuATeNUTE No KyNTYPHK-
Te pacTeHus. Hapef c ToBa nnesenvre
nputexasar v peguua 6MONOTMYHKU OCO-
6eHoCTW, KOUTO UM nomarat ga nonagHar
NIeCHO Ha 06paboTBaemmn MecTa 1 3aTpya-
HABaT 6Gopbata cpewy TaAX (Andreeva-
Fetvadzhieva, 1966).

Bopbata c nnesenuTte uM3NCKBA
WHTErpasieH noaxoj, BKIOYBALL arpoTex-
Huyeckm cpeactea (centboobpalyeHus,
06paboTKM Ha noysaTa, Ap.) U XMMUYECKN
meTtoan (xepbuuymnam). MNMopaan Bucokata
UM eDEKTVBHOCT U KOHKYPEHTHUA HaTUCK
npunaraHeTo Ha Xxepobuunan e HeoTMeHeH
€/1leMeHT B CbBpPEMEHHUTE arpoTexHo/s1o-
rn. ChblLUeBPEMEHHO e Heobxoaumo Aa
ce nocoyn, 4Ye XUMUYECKMAT MeTon He
Tps6bBa ga ce abconwTusMpa, Tbil Kato
He e /MWEH W OT HAKOM HejocTaTbuy

Grain yield, formed after application
of the soil herbicides linuron (135 and 270
g da’ a.s.) and pendimethalin (132 and
264 g da™ a.s.) was close to the control
variant, and metribuzin reduced the grain
yield up to 12%.

Key words: wheat,
selectivity, productivity

herbicides,

INTRODUCTION

The main prerequisite for the
development of high-yield agriculture with
a sharp decrease in the cost price of the
agricultural production is the rational weed
control. A large number of studies and
centuries of experience in agricultural
practice have shown that weeds, "the green
enemy" cause great damage to agriculture.

More over, they appear every year and
everywhere, unlike diseases and pests,
storm of hail and other harmful factors,
which usually do not occur every year or
affect only certain areas.

Weeds are rivals of cultivated
plants in terms of all vital factors,
complicate and worsen the quality of field
work, often make impossible their
mechanization, support the development
of diseases and pests of the cultivated
plants. In addition, weeds have a number
of biological features that help them easily
get to arable land and make it difficult to
control them (Andreeva-Fetvadzhieva,
1966).

Weed control requires an integrated
approach, including agrotechnical means
(crop rotations, tillage, etc.) and chemical
methods (herbicides).

Due to their high efficiency and
competitive pressure, the application of
herbicides is an indispensable element in
modern agricultural technologies. At the
same time, it is necessary to point out that
the chemical method should not be
absolutized, as it has some shortcomings
(Shkalikov, 1995; Boger, 1997; Hain, 1997).
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(Shkalikov, 1995; Boger, 1997; Hain, 1997).

M3non3gaHeTo Ha xepobuungn ce
OCHOBaBa Ha CEeMeKTUBHOCTTA Ha TAXHOTO
AelicTBre, KOETO e pe3ynTar oT peavua
PU3NYHN U BUOXMMUYHW Pa3/IKN MeXay
naeBenHNTe U KynTypHMTEe BUgoBe. Hesa-
BMCMMO, Ye CbBPEMEHHUTE Xepbuuman ce
OoTNMyaBaT C BCe MO-BMCOKA CEeNeKTUB-
HOCT, B onpegenieHn ciayyan Te morat ga
OoKaxaT TOKCUYeH epekT BbpXy KyNTypHU-
Te pacTeHus (xepbuuymgHa (pUTOTOKCUY-
HOCT). TakvMBa cnyyam morat [a Bb3HUK-
HaT KakTo npu HenpaswaHa ynoTpeba
(rpeweH n36o0p Ha xepbuumna, npeHoc Ha
Xepomuugute BbPXY APYrM  KyATypw,
NMOBULLEHN XePOUUMAHN 03K, 4p.), Taka u
npv npasunHa ynotpeba Ha xepbuunaw,
HO MpW HegocTaTb4yHa CEJIEKTUBHOCT, Cb-
yeTaBaHe Ha xepbuuuaHata obpaboTka ¢
HenoAxXoAsLM MNOYBEHO-KIMMATUYHK  yCI10-
Bus u apyru (Tonev et al., 2007; Tityanov
et al., 2009; Fahong et al., 2009).

ToBa Hanara nNOCTOAHHO pJda ce
n3nuTBaT W npunarat HOBU Xepoéuunaw,
Tbil KaTo AeiCTBMETO Ha pasnYHuTE
npenapaTtu ce BAUSie Ha-CUMHO OT YCJio-
BUATa Ha okosnHata cpepa (Mihova and
Stoimenova, 2006). 3a nocturaHe Ha
[o6bp xepbuunaeH edekt e HeobxoanmMo
[a ce nosHaBa Ce/IeKTMBHOCTTA Ha M3no/i-
3BaHUTE Xepoéuunan u BAVUSHWETO UM
BbPXY W3NUTBaHWTE COPTOBE U XUOPUAU
KynTypHu pacteHus (Camele et al., 1995;
Kumar et al., 1997).

Llenta Ha mn3cnepgBaHeTo e ga ce
YyCTaHOBW peakuusaTa Ha nweHuua copt
~JYyHaBus”, TpeTupaHa c Xepéuuuam 3a
MOYBEHO NPUIOXKEHNE — JIMHYPOH, NEHAN-
MeTa/IMH N MEeTpUOY3MH MPUIOXKEHN B
ONTMM&J/THU N ABOWHO 3aBUWLLEHUN A03MW.

MATEPVAJT N METOOU

Mpe3 2013-2016 r., B ONWUTHOTO
nosie Ha VIHCTUTYT No 3emefesnive u ceme-
3HaHWe ,0O6pasuoB unnuk’ - Pyce, e
NnpoBefeHO n3cnefsaHe C MlieHuua copt
"OyHaBua". CoOpTbT € CenekunmoHupaH B
WHctutyta 1 e npusHar ot MACAC npes
2013 r. Toli e ¢ gobpa yCcTOMUYMBOCT Ha
nonsraHe cTbb/10 U BUCOKA CTYAOYCTON-

The use of herbicides is based on
the selectivity of their activity, which is the
result of a number of physical and
biochemical differences between weeds
and crop species.

Although modern herbicides are
increasingly selective, in some cases they
can have toxic effects on crops (herbicidal
phytotoxicity).

Such cases can occur both with improper
use (wrong choice of herbicide, transfer of
herbicides to other crops, increased
herbicide doses, etc.) and with proper use
of herbicides, but with insufficient
selectivity, combining herbicide treatment
with unsuitable soil-climatic conditions, etc
(Tonev et al., 2007; Tityanov et al., 2009;
Fahong et al., 2009).

This necessitates the permanent
testing and application of new herbicides,
as the activity of different products is most
strongly influenced by the environmental
conditions (Mihova and Stoimenova,
2006). To achieve a good herbicidal
effect, it is necessary to know the
selectivity of the herbicides used and their
influence on the tested varieties and
hybrids of cultivated plants (Camele et al.,
1995; Kumar et al., 1997).

The aim of the study is to determine
the reaction of wheat variety "Danube”,
treated with herbicides for soil application -
linuron, pendimethalin and metribuzin,
applied at optimal and twice increased
doses

MATERIAL AND METHODS

In 2013-2016, at the experimental
field of the Institute of Agriculture and
Seed Science "Obraztsov Chiflik" - Ruse,
a study was conducted with “Dunaviya”
wheat variety. The variety was selected at
the Institute and was recognized by
Executive Agency for Variety Testing,
Field Inspection and Seed Control in
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uymBocCT. CpefHO YCTOWUMB € KbM BaXHU
MKOHOMMWYECKM 60MIeCTU W NpuTEXaBa
MHOro go6pu xiebonekapHu KavyecTBa.

OnuTbLT e 3an0XeH no 6710koB Me-
TOA B 4YETVPI NOBTOPEHMS, C roNemMmHa Ha
pekonTHaTa napuena 50 m® 1 paHzoMu-
3UpaHO pPas3noJIOKEHNE Ha BapuaHTuTe
(Shanin, 1965), npu HeENo/MBHAU YC/10BUSA
BbPXY CUSTHO U3J/TYXKEH YEPHO3EM, C HUCKO
XYMYCHO cCbAbpxaHue (1,98%), cnab6o
3anaceH ¢ N n P,0Os pgobpe 3anaceH ¢
K,O n rbctoTta Ha noceBa 550 KbaHseMuU
cemeHa m°.

Mo Bpeme Ha mn3BexgaHe Ha onuta
€ npoyyeHa cenekTMBHOCTTa Ha xepbu-
unanTe NIMHYPOH, NEHOUMETa/IUH U MeT-
prbysuH, NPWIOXKEHW B ONTUMaNHa U
[OBOWMHO 3aBuliEeHa fJo3a, No cxema -
KOHTpona — HeTpeTupaHa, I'IVIHypOH - 450
gI B [o3n 135 wu 270 gda a.B.;
I'IEH,D,VIMeTaJ'II/IH -330 gl B Ao3nm 132 |/|
264 g. da™ a.B. u MeTpI/I6y3VIH - 700 g. kg
B 4031 56 1 112 g.da™ a.B.

XepouymaHute opMyIMpoBKK, 13-
non3BaHu B U3C/ieABaHeTO ca perucTpu-
paHn 3a 6opba ¢ egHOroAULLIHN LLIMPOKO-
JINCTHN W HAKOW XWUTHWU (JIMHYPOH U MeT-
pPUBY3nH) N eAHOrOANLLHN XUTHW U LUMPO-
KOIMCTHU  nneBenn  (MeHQUMETaTVH),
KOMTO He ca npwiaraHv npv niieHuuara.

XepbuumanTe ca BHeCeHU ¢ rpboHa
MpbCKkadka npu pasxop Ha paboTeH pas-
TBOp 30 | da’, NpUIoXeHN cnep ceutba
npegn noHvWkBaHe Ha KynTtypata. lpeg-
LWEeCTBEHUK Ha nuweHuuata npes onuTHUS
nepvog e 3umHa panuua. ObpaboTkata
Ha noysaTa BK/H0YBa TPUKPATHO AMCKOBA-
He ©n BanupaHe cnep ceutba (Popov et
al., 1966).

Mpe3 BereTaumoHHUSA nepuog, nne-
BE/INTE Ca OTCTPaHsiBaHW PbYHO, 3a Ja ce
e/IMMUHMpa OTpMLAaTENIHOTO UM Bb3AEl-
CTBME 1 Aa Ce MPOoy4n camo B/IMSHUETO
Ha xepbuuuanute BbPXY NiieHuuara.

OTunTaHn ca nokasartesiuTe: CbI/ITO-
TOKCMYHOCT Ha xepouumaute Ha 7"
17™ 1 30™ pew cnep npunaraHeto VIM
KaTto e usnoni3saHa 9 6anHarta sorapuT-
MnYHa ckana Ha EWRS (European Weed

2013. It has good resistance to lodging
and high cold resistance. It is moderately
resistant to important economic diseases
and has very good baking qualities.

The experiment was based on the
block method in four replications, W|th the
size of the harvest plot 50 m® and
randomized location of the variants
(Shanin, 1965), under non-irrigated
conditions on highly leached chernozem,
with low humus content (1.98%), poorly
stocked with N and P,0s, well stocked
with  K,O and sowing density 550
germinating seeds m”.

During the experiment, the
selectivity of the herbicides linuron,
pendimethalin and metribuzin, applied at
optimal and twice increased dose, was
studied, by a schema - control -
untreated; I|nuron 450 g. I in a dose 135
n 270 g. da® as.; pendlmethalln -330 g. It
in a dose 132 wu 264 gda a.s. and
metrlbuzm 700 g. kg in a dose 56 n 112
g.da’tas.

The herbicidal formulations used in
the study were registered to control
annual broad leaved and certain cereals
(linuron and metribuzin) and annual
cereals and broad leaved weeds
(pendimethalin) and they have not been
yet applied to wheat.

The herbicides were applied with a
back sprayer at a Worklng solution
consumption of 30 | da™, applied after
sowing before emergence. The
predecessor of wheat during the
experimental period was winter oilseed
rape. Tillage involved triple disking and
rolling after sowing (Popov et al., 1966).

During the growing season, weeds
were removed manually to eliminate their
negative effects and only the influence of
herbicides on wheat to be studied.

The following indicators were
reported: phytotoxmty of the herbicides
on the 7" 17" and 30" day after their
appllcat|on, using the 9-point logarithmic
scale of EWRS (European Weed
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Research Society) - 6an 1 (6e3 nospegn) -
6an 9 (kyntypata € Hanb/IHO YHULLOXe-
Ha); npexunesiemocT Ha pacTteHusaTa (l,) —
onpefeneHa e B Kpas Ha Beretauusata Ha
KynTypaTa Ha nsouy, ot 10 m? 3a Bcuuku
NOBTOPEHUS; I'IpO,EéyKTVIBHOCT (kg da'l),
otyeTeHa ot 10 m“, nNo BapuaHTX U MOB-
TOpeHust; peayumpaHe (3armBaHe) Ha pac-
TeHusATa (dy) U MHTEH3MBHOCT Ha 3arusBa-
He (K,) ca onpegesieHn no agantuBHaTa
MeTogmka Ha Begon et al. (1986) u
Marinov-Serafimov and Golubinova, (2019).
MpexmnBsaeMocT Ha pacTeHusaTa (Ix):
lx=Myz/ My,
KblleTo: my; — rbCTOTa Ha nocesa (br da'l)
B KOHTPOJIHUTE BapuaHTu; my, — rbCTota
Ha nocesa (br da'l) BbB BapuaHTuTe
TpeTupaHu ¢ xepbuuunau;
PenyuvpaHe (3armBaHe) Ha pacTeHusTa

(dy):

dx = |xl - |x2
KbAeTo: |y — npexuBseMocT Ha pacTe-
HusaTa (br da'l) B KOHTPOJIHUTE BapuaHTy;
l,, — NPeXm1BsieMocT Ha pacTeHusTa (br da™)
BbB BapuaHTWTe TpeT!paHn ¢ Xxepbuumaw;

NHTeH3nBHOCT Ha 3aruBaHe
(peayumpane) (K,):

Kx = 1g My - lg My
KblleTo: my; — rbCTOTa Ha nocesa (br da'l)
B KOHTPOJIHWUTE BapuaHTh; My, — rbCToTa
Ha noceBa (br da’) BbB BapuaHTuTe
TpeTvpaHn ¢ xepbuunau; Ilg — gecetuyeH
niorapuTbm;

Mo Bpeme Ha n3BeXxaaHeTo Ha onu-
Ta ca MnpocrefeHn arpomeTeoposiorny-
HUTe rnokKasaTenn - cyma Ha BasiexuTe
(mm) n cpefHa MeceyHa TemnepaTypa Ha
Bb3ayxa (°C). JaHHUTe 3a MeTeoposiorny-
HWUTe YC/IOBUS 3a BPEMETO Ha npoyysaHe
ca B3eTW OT cTauuoHapHata MeTeopo’sio-
rmyHa knetka B M3C ,,06pa3yos undamk”,
pa3snosiokeHa B 6/M30CT [0 ONWUTHOTO
none.

OueHkaTa Ha 3acywnmBocTTa 3a
BPEMETO Ha npuiaraHe n oTyuTaHe Ha
noyBeHUTE Xepouuuan npu nweHuuaTa
ce u3nonsea rpacuuHna metog Ha Walter
(1966). Mpu TO3M MeTond BbLPXY efHa
cKana ce Hanarat BasiexwuTte u yasoeHaTa
CTOMHOCT Ha TemnepartypaTta Ha Bb3gyxa.

Research Society) - point 1 (no damage) -
point 9 (the crop is completely destroyed);
plant survival (l,) - determined at the end
of the vegetation of the crop on an area of
10 m?® for all replications; productivity (kg
da™), reported from 10 m?® by variants
and replications; reduction (death) of
plants (d,) and intensity of death (K,) were
determined according to the adaptive
methodology of Begon et al. (1986) and

Marinov-Serafimov  and Golubinova,
(2019).
Survival ability of plants (Ix):
lx=Myz/ My,

where: my, - stand density (br da™) in the
control variants; m,, — stand density (br
da') in the variants treated with
herbicides;

Reduction (death) of plants (dx):
dx = |xl - |x2
where: l,; - plant survival (br da'l) in the
control variants; l,, - plant survival (br da™)
in the variants treated with herbicides;

Intensity of death (reduction) (Kx):

Kx = 1g My - Ig My,
where: m,; - stand density (br da'l) in the
control variants; m,, - stand density (br da’
1) in the variants treated with herbicides;
Ig - decimal logarithm;

During the experiment, the
agrometeorological parameters  were
monitored - sum of precipitation (mm) and
average monthly air temperature (°C). The
data about the meteorological conditions
for the time of the study were taken from
the stationary meteorological cell in the
IASS "Obraztsov Chiflik", located near the
experimental field.

The graphical method of Walter
(1966) was used for estimation of drought
for the time of application and reporting of
soil herbicides in wheat. After that
method, precipitation and doubled value
of air temperature were recorded on one
and the same scale. Periods of drought
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3a nepvoan Ha 3acyLuvMBOCT ce npuemar
nepvoanTe, Npes KOUTO KprBaTa Ha Base-
XuUTe naga noj KpueaTta Ha Temnepary-
pata. oA BHMMaHWe ce B3umaT nepuo-
ante, KouTo ca no-gvarv ot 10 gHu. B Ha-
CTOALLOTO u3cneiBaHe MeToAbT € MOAM-
douuympaH 3a N34nCIeHns No AeceTAHEBKM.

Cratuctmnyeckatra ob6paboTka Ha
eKcnepuMeHTaNIHUTe faHHN e N3BbpLueHa
no MeToja Ha OUCNEePCUOHHUSA aHan3 3a
[0O6MB, a pasnMknTe Mexay BapuaHtuTe
Ca YCTaHOBEHW Ype3 MHOropaHroBusa TecT
Ha [bHKaH, C nomMolita Ha nporpamHus
npoaykt SPSS 19.0.

PE3YJITATU N OBCBXXOAHE

Bb3aeicTBMeTOo Ha MeTeoposoruy-
HUTE pakTopu B paiioHa Ha WHctutyta —
KO/IMYECTBO Ha Basexute (mm) u cpeg-
HOoOEeHOHOWHKN TemnepaTypu (°C), no
OTHOLUEHMe Ha BMONOTNYHNTE U3NCKBAHMWSA
Ha nweHuuata ca OTHocuTesHo 6naro-
NPUATHW. ArpoMeTeOpOsIOTMYHNUTE  YCJIO0-
BUA B FOAMHWTE Ha MpoyyBaHe ce pas-
NMyaBart, KoeTo onpegenst cneynnyHoTo
pasBUTME Ha pacTeHusTa U pasnuumsaTa B
pobusuTe no rogunHu (Tabnuua 1).

CpegHomeceyHuTe  Temneparypm
Ha Bb3Ayxa npe3 BeretauyuoHHUs nepunos
Ha KynTypaTta Bapupa oT -1.86 go 22.36
°C, npu cpegHn cToiHOoCTM OT 8.56 A0
10.63 °C. OTK/IOHEHMsiITA OT cpegHome-
ceyHuTe TemnepaTypu Ha Bb3gyxa Bapu-
pat ot 3.58 go 5.58 °C, kouto ca no-
BMCOKWN OT CTOMHOCTUTE 3a KAMMaTtuyHata
Hopma (1896-2005).

PasnpepeneHneto Ha BanexuTe
npe3 Beretayusta Ha nweHuyata e
HEepaBHOMEPHO U Bapupa No meceun ot
0.5 go 166.7 mm, Npu cpefHn CTONHOCTH
oT 62.7 go 70.4 mm. OTK/IOHEHMETO OT
KnMMatuyHaTa HopMa e B rpaHuuuTe ot
445 po 107.2 mm, npu cpegHn CTOW-
HocTh OoT 15.2 g0 22.9 mm.

Mpe3  eCeHHOo-3UMHUA  Mepuos,
cpefHo 3a 2013-2016 rof., He ce Habsto-
JaBaT EKCTPEMHO HUCKM Temneparypu,
Ba/IEXMTE Ca MaslKO Hag KiMMaTuyHarta
HOpMa 3a paiioHa, KOeTo NMo3BON HaBpe-
MEHHOTO M pPaBHOMEPHO MOHVKBAHE Ha

were considered the periods during which
the precipitation curve fell below the
temperature curve. Periods longer than 10
days were taken into account. In the
present study, the method has been
modified for ten-day calculations.

The statistical processing of the
experimental data was performed by the
method of analysis of variance for yield,
and the differences between the variants
were determined by the multi-rank
Duncan test, using the software product
SPSS 19.0.

RESULTS AND DISCUSSION

The impact of meteorological
factors in the area of the Institute -
amount of precipitation (mm) and average
daily temperatures (°C), in relation to the
biological requirements of wheat are
relatively favorable. Agrometeorological
conditions varied in the years of study,
which determined specific development of
plants and differences in yield by year
(Table 1).

The average monthly air
temperatures during the vegetation period
of the crop varied from -1.86 to 22.36 °C,
with average values from 8.56 to 10.63
°C. Deviations from the average monthly
air temperatures varied from 3.58 to 5.58
°C, higher than the values of the climatic
norm (1896-2005).

The distribution of precipitation
during the wheat vegetation was uneven
and varied from 0.5 to 166.7 mm per
month, with average values from 62.7 to
70.4 mm. The deviation from the climatic
norm was in the range from 44.5 to 107.2
mm, with average values from 15.2 to
22.9 mm.

During the autumn-winter period,
on average for 2013-2016, extremely low

temperatures were not observed, the
precipitation was slightly above the
climatic norm for the region, which

allowed the timely and even emergence of
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nwennyata. MponeTHuTe Meceuy Chbllo
ce xapakTepusupaT C Ba/iexu 1 Temne-
patypu 6113KM [0 HOpMaTa 3a nepuoaa,
a fietara - Cyxvi U ropeLuu.

wheat. The spring months were also
characterized with precipitation and
temperatures close to the norm for the
period, and the summers - dry and hot.

Tabnuua 1. MeTeoponorvyHu nokasaresu 3a nepmoga 2013-2016 r.
Table 1. Meteorological parameters during the period 2013-2016

BeretaunoHeH nepwog / Period of vegetation
Mepvoa CpepHoMeceyHa Temnepatypa Ha Bb3gyxa, X-VI, t °C CpepfiHo 3a X-VI
Periods Average monthly air temperature, X-VI, t °C Average for X-VI, t °C
X Xl Xl Il Il \Y \Y \

2013/14 12.50| 8.23 |-0.22|-0.05| 1.96 | 8.91 |11.68|16.38/18.86 8.66
OTKNOHEHWE OT
KMMaTUYHaTa Hopma 494 | 557 |2.38|5.95|5.86|8.91 | 0.28 |-0.05(-0.62 3.69
Deviation from climatic norm
2014/15 11.77] 5.19 |144[1.03|2.10 | 6.33 |10.76/19.09/19.68 8.56
OTK/I0HEHWe oT
KIMmaTnyHaTa Hopma 4.26 | 2.49 |4.04|7.03|6.00|6.33|-0.27|2.11|0.20 3.58
Deviation from climatic norm
2015/16 11.18| 8.88 | 4.33|-1.86| 7.86 | 7.65 |14.63|20.60(22.36 10.63
OTKNOHEHWE OT
KMMaTUYHaTa Hopma 3.98 | 6.18 | 6.93 |4.14 |11.76| 7.65 | 3.24 | 4.16 | 2.23 5.58
Deviation from climatic norm

Mepuopn MeceuyHu cymu Ha Banexute / Monthly precipitation, mm Cyma 3a X-VI

Periods X Xl Xl Il 1} [\ \Y VI | Amount for X-VI, mm
2013/14 127.6| 47.7 | 1.4 |55.6| 1.8 |77.5|64.8 |166.7| 90.1 70.4
OTKNOHEHWE OT
KIMMaTuyHaTa HopMa 87.6 | 2.7 |-40.6|18.6 |-27.2|42.5|14.2 |100.2| 8.0 22.9
Deviation from climatic norm
2014/15 53.0 | 91.2 |149.2| 2.6 |51.5|80.8|48.0|22.0|66.0 62.7
OTK/I0HEHWe oT
KnumaTuyHata Hopma 13.0 | 46.2 |107.2|-34.4|22.5|45.8 | -2.6 |-44.5|-16.1 15.2
Deviation from climatic norm
2015/16 61.1 | 70.8 | 0.5 |83.2|37.0|67.0|83.0 |102.0( 82.0 65.2
OTKNOHEHWE OT
KIMMaTuyHaTa Hopma 21.1 | 25.8 |-41.5/46.2| 8.0 [32.0(32.4|355| -0.1 17.7
Deviation from climatic norm

3a BpemMeTo Ha npuiaraHe Ha nou- During the application of sall

BEHWTE Xepbuuuan Bbpxy nueHuuarta, ypes
MeToga Ha Walter (1966), moamduumpaH 3a
U3unNCMeHMss MO AeKaan, ca onpefeneHu
nepuoauTe Ha 3acyluasaHe (durypa 1).

» 2013 r. — mexay 25 oKkTomBpU -

15 HoemBpUY;
» 2014 r., nepuoante Ha 3acylia-
BaHe ca wMexay: 5 oktomBpu -— 18

okToMBpU 1 04 HoemBpu - 30 HoOeMBpY;
» 2015 r., nepnogm Ha 3acyllasa-
He uma ot 01 oktomspu Ao 30 HoemBpw.
Mpe3 Te3n nepuoau, KonnyecrTeara
Ha Bas1eXu ca MUHUMaJIHU 1 He NO3BOSMXa
Ha npunaraHuTe Xepébuumau ga gocturHar
MaKCUMaJTHUST CU XepbumunaeH eqoekT.

herbicides on wheat, the drought periods
were determined by the method of Walter
(1966), modified for calculations by decades
(Figure 1).

» 2013 - between October 25 -
November 15;

» 2014, the drought periods were
between: October 5 - October 18 and
November 4 - November 30;

» 2015, there were periods of
drought from October 1 to November 30.

During those periods, the amount of
precipitation was minimal and did not
allow the applied herbicides to reach their
maximum herbicidal effect.
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1. MNeprnoan Ha 3acyllaBaHe 3a BpPeMeTO Ha npwuiaraHe Xxepouuymaurte

JINHYPOH, METPUBY3NH 1 NneHgMMeTa/IH 3a nepmnoga 2013-2015 .
Fig. 1. Drought periods during the treatment with the herbicides linuron,

metribuzin and pendimethalin, 2013-2015

Pesyntatute ot BU3yaslHUTE OT4Yu-
TaHus B 6anoBe Ha (PUTOTOKCUMYHOCTTA Mo
ckanata Ha EWRS nokasBat, 4ye npwusio-
XEHWUTE MOYBEHM Xepouunan (JIMHYPOH,
neHagumeTasIMH 1N MeTpuby3nH) okaslsar
OT nHAandmnpeHTeH (6an 1) go cuneH du-
TOTOKCHYeH edpekT (6an 7) (Tabnuua 2).

Xepbuumante nsnonssaHu 3a 6op-
6a C e4HOTOAULLHN LIMPOKOSIUCTHU U XNT-
HW nnesenn (JIMHYpoH - 135 n 270 g da*
a.B. U neHagMmeTasivH - 132 n 264 g da™
a.B.), NposiBMXa BWCOKA CENEKTUBHOCT
(6an 1) kbM NweHulaTa. 3a nepmoga Ha
usBexgaHe Ha onuta He ce Habnwogasart
(OUTOTOKCUYHY NPOSBY BbPXY KynTypaTta.

MouBeHMAT xepouuma MeTpuby3suH
(56 n 112 g da* a.B.) B nepuwopa OT
noHvkeaHeto Ao 7" geH e ¢ Bucoka
cenektuBHoct (6an 1). CepgemHageceT
OHW crep, TpeTupaHeTo HabnogaBaHaTa
cMMnToMaTtMka Ha (PUTOTOKCUYHOCT ce
noeuwasa, kato nNpu onTumasiHaTa gosa
(56 g da* a.B.) Ha npunaraHe Ha xep6wu-
uuaa ce nNposiBABaT CU/THO M3Pa3eHn CUM-
NTOMMW Ha XJlopo3a u cnabo n3ocTaBaHe B
pactexa Ha pacteHusaTa (6an 4), KosATo
Ha no-kbceH etan (cnes 30™ geH) ce
npeogonseat (6an 2).

MeTpnby3vH, NPUIOXKEH B 3aBuLLe-

The results of visual readings in
phytotoxicity scores on the EWRS scale
showed that the applied soil herbicides
(linuron, pendimethalin and metribuzin)
had from indifferent (score 1) to strong
phytotoxic effect (score 7) (Table 2).

The herbicides used to control
annual broad leaved and cereal weeds
(linuron - 135 and 270 ¢ da’ a.s. and
pendimethalin - 132 and 264 g da™ a.s.)
showed high selectivity (score 1) to
wheat. No phytotoxic effects on the crop
were observed during the period of the
experiment.

The soil herbicide metribuzin (56
and 112 g da™ a.s.) during the period from
emergence to the 7th day had a high
selectivity (score 1). Seventeen days after
treatment, the observed symptoms of
phytotoxicity increased, as at the optimal
dose (56 g da™ a.s.) of herbicide severe
symptoms of chlorosis were shown and a
slight delay in plant growth (score 4),
which at a later stage (after the 30th day)
were overcome (score 2).
increased

Metribuzin, applied at
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TNA

Ha fos3a (112 g da™ a.B.), cneg 17™ peH
npeau3BMKa CUMIHN NOBPeau, U3passsaliy
ce B Cu/iHa X/10po3a NpemyHaBalla B Hek-
po3a M YaCTMYHO 3arMBaHe Ha PacTeHWs
(6an 7). Ha no-kbceH eTan OT pa3BUTUETO
cu, cneg 30™ geH, nuweHuyHuTe pacTe-
HUSA HEe YCMABAT HaMb/IHO Aa NPeofoneaT
(PUTOTOKCUYHUTE NPOSABU, U3pPa3ABaLL Ce

B X/IOPOTUYHU U3MeHeHus (6an 3).

dose (112 g da™ a.s.), after the 17" day
caused severe damages, expressed in
severe chlorosis leading to necrosis and
partial death of plants (score 7). At a later
stage of their development, after the 30th
day, wheat plants failed to completely
overcome the phytotoxic manifestations,
expressed in chlorotic changes (score 3).

Tabnumua 2.CennieKTUBHOCT Ha Xepbuuymante KbM nweHuua copt ,,JyHaBuna”
Table 2. Selectivity of the herbicides to "Dunaviya'" wheat variety

[eH Ha oTunTaHe

Day of reporting 7™ new 17" peH 30" peH
Xep6uunam 7" day 17" day 30" day
Herbicides
JIMHYpOH 135gda” 1 1 1
Linuron 270gda™ 1 1 1
MeHaMMeTanH 132 gda” 1 1 1
Pendimethalin 264 gda” 1 1 1
MeTpun6y3uH 56 gda” 1 4 2
Metribuzin 112 gda™ 1 7 3

CpegHo 3a nepvoga, yCTaHOBEHUAT
dutoTOoKCMUYEeH ediekT Ha xepbuumpa
MEeTpUBY3MH, NPUNOXeH B A03u 56 n 112
g da™ a.B., Oka3Ba MHXMGUPALLO BANAHME
BbPXY rbCToTara Ha nocesBa Ha MWeHu-
uara, nMpum KOUTO UMa CTaTUCTUYECKU A0-
KaszaHun pasnukn npyn 0=0.05 B cpaBHeHUEe
C KOHTponHute BapuaHth (Tabnuya 3). Pas-
/IMYNeTo B CTOMHOCTUTE Ha nokasatens —
rbCTOTA Ha MocesBa, MexXAy OoTAesHuTe
BapuaHTu, Nno rogmHn sapupa. Tosa Bapu-
paHe ce Ob/DKK Ha cneumduyHnTe KnvmMa-
TWUYHM YCNOBUA NPE3 OTAENTHUTE TO4NHN U
KO/IMYECTBOTO Ha MajHanTe BasieXu Mo
BpeMe Ha TpeTupaHeTo Ha nweHuuaTa ¢
noyseHu xepouunan (dPurypa 1).

Mpe3 roguHUTe Ha npoy4ysaHe npe-
xnesiemoctTa (l,) Ha nweHuyaTta Bapupa
ot 0.64 o 0.96 (cpenHo ot 0.78 po 0.94),
a koetpuumeHTa Ha 3arMeBaHe Ha pacTe-
HusaTa (dy) e B rpaHuumTe oT 12 o 142
(cpegHo ot 22 go 79.33) (Tabnuua 3).

Pesyntatute no OTHOLLEHWE Ha WH-
TEH3MBHOCTTa Ha 3armBaHe Ha pacTeHus -
Ta cnej, NpuKoYBaHe Ha TPeTUpaHeTo ¢
nouseHun xepbuumam (K,) ca aHanoruyHu.
Haii-BMCOKka WHTEH3MBHOCT Ha 3arueBaHe
Ha pacTteHuaTta, ot 0.030 pgo 0.197

On average over the period, the
observed phytotoxic effect of metribuzin
herbicide, applied at doses of 56 and 112
g da’ as., had an inhibitory effect on
wheat crop density, in which there were
statistically proven differences at a = 0.05
compared to the control variants (Table
3). The difference in the values of the
parameter - crop density, between the
different variants, varied by year. That
variation was due to the specific climatic
conditions in the individual years and the
amount of precipitation during the
treatment of wheat with soil herbicides
(Figure 1).

During the years of study, the
survival (l,) of wheat varied from 0.64 to
0.96 (average 0.78 to 0.94), and the plant
mortality coefficient (d,) ranged from 12 to
142 (average 22 to 79.33) (Table 3).

The results regarding the intensity
of plant death after completion of
treatment with soil herbicides (K,) were
similar. The highest intensity of plant
death, from 0.030 to 0.197 (average from
0.076 to 0.105), was reported in the
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(cpegHo ot 0.076 go 0.105), e oTyeTeHa
OT BapuaHTa C MNPUIOXeH MNoYBEH Xepbu-
una MeTpubysnH, NPUIOXeH B 403K 56 1
112 g da™ a.B., a Haii-HUcKa cnep, TpeTU-
paHe C NWHYPOH, B [ABeTe WU3NUTBaHU
031, YNUTO CTOMHOCTM Cca B rpaHuuuTe
ot 0.016 po 0.073 (cpemHo ot 0.027 o
0.042). NHTeH3MBHOCTTa Ha 3arMBaHe Ha
pacteHusata e oT 2.5 go 2.8 nbTM no-
HNUCKa B CpaBHEHWe C xepbuuunga meTpu-
6y3uH, Npean3BUKBaLL, CUMTEH (PUTOTOKCK-
yeH edpekT npu nweHuyarta (Tabnuua 3).

herbicide

variant with applied sall >

metribuzin at doses of 56 and 112 g da
a.s., and the lowest after treatment with
linuron, at both test doses ranging from
0.016 to 0.073 (mean from 0.027 to
0.042).

The intensity of plant death was 2.5 to 2.8
times lower compared to metribuzin
herbicide, which caused a strong
phytotoxic effect in wheat (Table 3).

Tabnuua 3.BninsiHne Ha xepbumuyman 3a No4BEHO NPUIOXKEHNE BbpXy 6pos Ha
pacTteHundaTa Ha nweHunua copt "AdyHaBua"
Table 3. Effect of soil herbicides on the number of plants of "Dunaviya" wheat

variety
FoguHa Xep6uuman Josa H9ka3aTenm / Characteristics
Year Herbicides Dosgl, Bpoli pacteHus / Plant number, da
gda My Ix dx Kx
KoHTpona/ Control - 390b - - -
s JInHypoH / Linuron 135 368b 0.94 22.0 0.025
I MengnmetanuH / Pendimethalin 132 364b 0.93 26.0 0.030
- MeTpuby3suH / Metribuzin 56 262a 0.67 128.0 0.173
g JInHypoH / Linuron 270 354b 0.91 36.0 0.042
N MengnmeTanuH / Pendimethalin 264 360b 0.92 30.0 0.035
MeTpuby3suH / Metribuzin 112 248a 0.64 142.0 0.197
KoHTpona/ Control - 334b - - -
e JInHypoH / Linuron 135 322b 0.94 12.0 0.016
I MengnmveTanud / Pendimethalin 132 286ab 0.83 48.0 0.067
- MeTpuby3suH / Metribuzin 56 312ab 0.91 22.0 0.030
= JInHypoH / Linuron 270 282a 0.82 52.0 0.073
N MengnmeTtanuH / Pendimethalin 264 302ab 0.88 32.0 0.044
MeTpuby3suH / Metribuzin 112 288a 0.84 46.0 0.064
KoHTtpona/ Control - 380b - - -
© JInHypoH / Linuron 135 348b 0.92 32.0 0.038
N MengnmeTanuH / Pendimethalin 132 358b 0.94 22.0 0.026
- MeTpuby3suH / Metribuzin 56 352b 0.93 28.0 0.033
= JInHypoH / Linuron 270 366b 0.96 14.0 0.016
N MengnmeTtanuH / Pendimethalin 264 354b 0.93 26.0 0.031
MeTpuby3suH / Metribuzin 112 330b 0.87 50.0 0.061
o KoHTpona/ Control - 368b - - -
© = JInHypoH / Linuron 135 346b 0.94 22.00 0.027
pi %E 5| MeHpnmeTaniy / Pendimethalin 132 336b 0.91 32.00 0.040
& 5 95| MeTpubyaur / Metribuzin 56 308ab 0.84 59.33 0.076
g Q © 2 JiuHypoH / Linuron 270 334b 0.91 34.00 0.042
© = £ | NengnvetanuH / Pendimethalin 264 338b 0.92 | 29.33 | 0.036
< [ "Metpu6yaun / Metribuzin 112 | 288a | 0.78 | 79.33 | 0.105

Jlerenaa: m, — ekcriepMMeHTanHo oTueTeHN 6poit pacTeHns, m’; |, — NpexmBaeMocT Ha pacTeHusTa;
dy — 3armBaHe (pegyumpaHe) Ha pacTeHnsaTa; Ky — MHTEeH3UBHOCT Ha 3arvsaHe (pegyuvpaHe)
Legend: m, — experimentally recorded plant number, m? |, — survival ability of plants; d, — death (reduction)

of plants; K — death intensity (reduction)
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BaxeH nokasaTen, Xxapaktepusu- An important parameter
pall cenekTMBHOCTTa Ha xepbuumgnte e | characterizing the selectivity of herbicides
BNNSHMETO MM BbPXYy MpoAyKTMBHOCTTA | was their influence on wheat productivity.
Ha nuweHunuarta. Pesyntatute oT nonyye- | The results of the grain yield showed that
HUTE A06MBM 3bPHO NokasBaT, Ye nouse- | linuron and pendimethalin soil herbicides,
HUTE Xepbuuman NMHYPOH M neHgumeTa- | applied at optimal and increased doses,
JNINH, NPUNOXEHN B ONTMMasiHM 1 3aBuwle- | could be applied to Dunaviya wheat
HW [o3Kn, mMoraT ga ce npunarat npu | variety (Table 4). A larger decrease in
nweHuuya copt AyHasusa (Tabnuua 4). MNo- | yield by 3.29%, on average for the period,
ronsamMo HamasieHwe Ha poébusa ¢ 3,29%, | was reported in the variant with linuron
cpefHO 3a nepuoga, € otyeTeHo oOT | soil herbicide at a dose of 270 ml.da® as.
BapvaHTa C BHeceH nouBeH xepbuuupg | In the variants treated with linuron (135
JMHYpoOH B fosa 270 mlda™ a.B.. Mpu | ml.da® a.s.) and pendimethalin (132 and
BapuaHTUTe C npunaraHe Ha JSMHYpOH | 264 ml.da™ a.s.) a slighter negative effect
(135 ml.da™ a.B.) n neHaumeTanuH (132 1 | was reported from 0.2% to 0.94%, which
264 ml.da™ a.B.) e oTyeTeH no-cnab Hera- | regarding the reliability of the differences
TuBeH edpekT oT 0.2% po 0.94%, koiito no | was from the group of untreated control,
[OCTOBEPHOCT Ha pa3nukuTe e ot rpynaTta | i.e. did not have a negative impact on the
Ha HeTpeTupaHaTa KOHTpona, T.e. He oka3Ba | Crop.

HeraTWBHO B/IUSIHWE BbPXY KynTypara.

MouBeHMst xepouuug, MeTprbysuH, The soil herbicide metribuzin,
NnpuoxXeH 1 B ABETE U3NUTBaHN A03K, Ha- | applied in both tested doses, reduced
MasisiBa fo6mBa Ha 3bpHO € 3.53% 1 12% | grain yield by 3.53% and 12% compared
CMpsAMO  KOHTponaTa. Ynotpebara My B | to the control. Its use in wheat stand was
nocesa OT NwieH1La e CBbP3aH ¢ MaTeMa- | associated with a mathematically proven
TUYECKM [0Ka3aHO HaMasieHne Ha nobusa. reduction of yield,

Tabnuuya 4. BnusiHme Ha xepbuuymante Bbpxy A4o6mBa Ha nuweHuua copt ,,JyHaBus”
Table 4. Effects of herbicides on the yield of "Dunaviya" wheat variety

[lo6uB Ha cemeHa/Seed yield (kg.da™)
Bapuant 2013-2014| 2014-2015 | 2015-2016 ACpe““o 3a neprofia
Variants verage for the period
[lo6ws| . |[Jo6us ,, |[o6us No6us o
vield| ” [vield| * [vield| ® | Yield &
KoHTpona — HeTpeTupaHa 208 | - |a66| - | 313 - 425 )
Control untreated
IAdbanon 45CK/ Afalon 45SK -300 ml.da™ | 487% [2.21] 458° |1.72| 334° |6.71 426" 0.20
CTomn 330EK/ Stomp 330EK —400 ml.da™| 491° [1.40 474° |1.72| 317% | 1.28 427" 0.47
3eHkop 70BI/ Zenkor 70VG —80 g.da'1 483% [3.01) 449° |3.64 | 297% [29.79]  410%* 3.53
IAdbanon 45CK/ Afalon 45SK —600 ml.da™ | 490° [1.61] 411° |11.80| 332° | 6.07 411* 3.29
Ctomn 330EK/ Stomp 330EK —-800 ml.da’| 471° [5.42| 473 |1.50 | 318* | 1.60 421° 0.94
3eHkop 70BI/ Zenkor 70VG —160 g.da'l 452° 9.23 362% [22.32| 308* | 1.60 374% 12
CpepfHo / Average 482 [3.21) 442 |5.15| 317 |1.28 413 2.82

NereHpa: PasnuknTe Mexay BapuaHTUTe ca cTaTucTuiecku pgokasaHu npu P<0.05, ako umaT
pasnuuHM BYKBWU. ***  *** CTaTuCcTUYecKa [AOCTOBEPHOCT Ha pas/iMKuTe Mexay BapuaHTuTe U
KoOHTponaTa 3a P<0.05; 0.01; 0.001.

Legend: Different letters indicate statistically significant differences among variants at P < 0.05.

* ko okkk - Gtatistically significant differences of the variants vs. control at P< 0.05; 0.01 and 0.001,
respectively.

OT HanpaBeHus TpuhakTopeH aHa- From the three-factor analysis of
nu3 Ha BapuaHca (Tabnuua 5) no oTtHowe- | the variance (Table 5) in terms of yield, it
HWe Ha f0buvBa e yCTaHOBEHO, Ye rogmHu- | was found that the years had the
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Te okasBaT Hai-cu/iHO BnusHue 59.25%
OT 06LL0TO BapupaHe. Xepbuuma v aosa
Ha NpUIoXeHWe oka3BaT MHoro cnabo
B/IMSHWE BbpPXy p[obrveBa Ha 3bPHO -—
1.94% wn 1.57%. Mpun TpuUTe wnsNUTaHN
(hakTopa cunata Ha B/MsiHME e JoKa3aHa
CTaTUCTUYECKMN.

CbllecTByBa A00Ope foka3aHo B3a-
UMOAENCTBUE MEXAY YC/IOBUSATA Ha FrOAu-
Hata u u3nuTBaHuTe Xxepbuumam (AxB)
npun P<0.01, kaTo ce noTBbpxAaBa OT
(pakta, 4Ye MEeTEeOopONIOrNYHUTE YCNOBMSA
npes pas/imyHuTe TOAUHW BANAAT pas-
JINYHO BBPXY MpuaaraHuTe MNOYBEHU
xepéuunan.

He e gokasaHO BAUSIHUMETO MeXay
yCnoBusATa Ha rogvHuTe WU [03UTEe Ha
npunaraHute xepbuunan (AxC). Mocnen-
HUTE geicTBaT egHONOCOYHO NPe3 BCUYKM
roOAVHM 1 He ca NoBAVANN Ha gobuBa Ha
3BbPHO.

[lokazaHo e u B3aMMOAENCTBMETO
Mexagy qpaktopute xepouumnan u 4o3n Ha
npunoxeHne (BxC) - 0.526%, npwu
P<0.05. ToBa 03Ha4aBa, 4Ye NPUIoXKeHUTe
xepbuunay B onTUMasHa M 3aBULLEHa
[o3a MoraT ga okasBaT HeratuBHO Aeli-
CTBME BBbPXY NIIEHNYHUTE pacTeHus. Tyk
MOXEM fga Kaxem, 4Ye ce Habnwogasa
COpTOBa YyBCTBUTE/THOCT KbM U3NUTBAHW-
Te Xxepobuuyman n npunaraHmTe 4o3u.

strongest influence - 59.25% from the
total variation. Herbicide and dose had a
very small effect on grain yield - 1.94%
and 1.57%. In the three tested factors, the
strength of influence was statistically
proven.

There was a well-proven relation
between the conditions of the year and
the tested herbicides (AxB) at P<0.01, as
confirmed by the fact that the
meteorological conditions in different
years had different effects on the sail
herbicides.

The effect between the conditions
of the years and the doses of the
herbicides (AxC) was not proven. The
latter operated in one direction in all years
and had not affected grain yield.

The correlation between the factors
herbicides and doses of application (BxC) -
0.526%, at P<0.05, also was proven. This
means that the applied herbicides at
optimal and increased dose can have a
negative effect on wheat plants. Here we
can say that varietal sensitivity to the
tested herbicides and the applied doses is
observed.

Tabnuua 5. AncnepcnoHeH aHann3 3a 4o6MB Ha 3bPHO
Table 5. Analysis of variance for grain yield

CreneHn Ha Cyma o1 BnvaHve Ha
CpepHn
M3TO4YHWK Ha BapvpaHe cBoboga KBagpartu hakTopa
o KBagpartu
Source of variation Degrees of Sum of Influence of M
ean square
freedom squares factor, %
O6uo/Total 83 1664.960 100 -
PakTop A-roguHu/Factor A-Years 2 975.916 59.255 487.958**
PakTop B- xepbuumna/Factor B-herbicides 2 32.020 1.944 16.010**
Paktop C-Ao3a 1 12.971 1.575 12.971%
Factor C-dose
AXB 4 17.774 0.540 6.750**
IAXC 2 13.499 0.820 4.331
BxC 2 8.662 0.526 4.443*
IAXBXC 4 21.372 0.649 5.343
peLuka/Pooled error 63 518.795 6.959 8.235
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n3BOAU

MpunaraHeTo Ha No4YBeHUTE Xepbu-
umMan nmHypoH — 135 n 270 g da® a.B. u
neHguveTanvH — 132 n 264 g da™’ a.B., ca
C BMCOKa CeNEeKTUBHOCT KbM MileHuuaTa,
JokaTo MeTpuby3uH — 56 1 112 g da™ a.B.
npegusBuMKkBa  cuneH  IUTOTOKCUYEH
edoekT (6an 7).

MeTpnby3vHBbT OKasBa 3afbpxall,
epekT BbPXy pactexa u pa3BUTUETO Ha
pacTteHusTa npu npunaraHara fosa ot 56
g da™ a.B. 1 yacTW4HO 3arMBaHe Ha pac-
TeHWs Npy 3aBuLLIaBaHe Ha M3nNuTBaHata
posa (112 g da™ a.B.).

YcTaHoBeHUAT pUTOTOKCMYEH
edekT Ha MeTpuBY3uH, NPUIOXKEH B A03a
561112 g da™ a.B., okasBa NHXNBUpaLLO
B/IMSIHWE 1 BBPXY rbCTOTaTa OT MeHnua.

dopmupaHnTe f06KBY 3BPHO, CNes
npunaraHe Ha noyseHuTe xepouunan -
HypoH (135 n 270 g da™ a.B.) U neHgu-
MeTanuH (132 1 264 g da™ a.B.) ca 6/u3-
K/ [0 KOHTPO/HWA BapuaHT, U morart fa
6bAar npunaraHy nNpy oTrIexaaHeTo Ha
nweHuua copt dyHaBus.

MeTpunby3nHBT, NPUIOXEH B ABETe
U3NUTBaHW [03KU, HamanssBa fJobuBa Ha
3BbPHO C 80 12%, KbaeTo npunaraHeTo My
B NpakTukaTa He e npenopbYnTESHO.

CONCLUSIONS

Soil herbicides linuron - 135 and
270 g da® a.s. and pendimethalin - 132
and 264 g da™ a.s., were highly selective
to wheat, while metribuzin - 56 and 112 g
da™ a.s. caused a strong phytotoxic effect
(score 7).

Metribuzin had an inhibitory effect
on plant growth and development at a
dose of 56 g da™’ a.s. and partial plant
death by increasing the test dose (112 g
da™ a.s.).

The observed phytotoxic effect of
metribuzin, at doses of 56 and 112 g da™
a.s., also had an inhibitory effect on wheat
density.

The grain vyield formed after
treatment with soil herbicides linuron (135
and 270 g da’ a.s.) and pendimethalin
(132 and 264 g da™ a.s.) was close to the
control variant, and could be applied in
cultivation of Dunaviya wheat variety.

Metribuzin, at both doses tested,
reduced grain yield up to 12%, and its use
is not recommended in practice.
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PE3OME

dopmmpaHeTo Ha pgobuBa He €
€[lHOCTpaHeH, a C/IOKeH W AuvHaMUyeH
npouec, BAUSELL, ce OT MHOXEeCTBO (hak-
Topu Ha cpepata. C uen ga ce ycTaHoBAT
OCHOBHWUTE KOMMOHEHTN Ha AobuBa npwu
TpUTUKaNe U TAXHOTO popMUpaHe ca U3-
cnepgaHu 11 6barapcku copta (Konoput,
Atnna, Axkopgn, Pecnekt, bBymepaHr,
VpHuk, LobpymkaHey, JloBuyaHel, [doHu
52, bnaroBecT u bopucnas) B Tpu CUMHO
KOHTPACTHW PEKONTHU roAuHN. BrivaHneTto
Ha BCeKW efuH OT uU3cnefBaHUTE CTPYK-
TYPHU eNleMeHTN Ha fo6uBa BbpXy OCHOB-
HUTE KOMMOHEHTU € YCTaHOBEHO Mnocpes-
ctBom PCA-aHanu3. Ha 6a3a Ha npose-
JeHusa aHanM3 e ycTaHoBeHO, Ye Haz 80%
OT 00L0TO BapupaHe ce Ab/DKUM Ha Tpwu
OCHOBHWM KOMMOHeHTa. KopenaumoHHaTa
BapMMakc martpuua nokassa, Ye Hali-3Ha-
ysiM Asn 3a popMupaHe Ha MpPOAYKTUB-
HOCTTa MMa reHepaTUBHUA KOMMOHEHT,
KOITO ce CcBbp3Ba C B/AMAHMETO Ha Maca-
Ta Ha 3bpHara B Kk/iac, 6poii Ha 3bpHaTa B
Knac n macara Ha 1000 3bpHa. Btopu no
3HAUYMMOCT € BereTaTMBHUA KOMMOHEHT,
KOITO ce CcBbp3Ba C nokasarenuTe gHu 8o

SUMMARY

The yield formation is not a one-
sided but a complex and dynamic process
influenced by numerous factors of the
environment. In order to determine the
main yield components of triticale and
their formation, 11 Bulgarian cultivars
(Kolorit, Atila, Akord, Respekt, Bumerang,
Irnik, Dobrudzhanets, Lovchanets, Doni
52, Blagovest and Borislav) were
investigated during three highly
contrasting cropping seasons. The effect
of each of the investigated Vyield
components was determined through
PCA analysis. Based on the performed
analysis, it was found out that over 80 %
of the total variation was due to three
principal components. The correlation
varimax matrix showed that the most
significant role for the formation of
productivity was played by the generative
component related to the effect of the
weight of grains in spike and the number
of grains in spike. Second in importance
was the vegetative component related to
the number of productive tillers. A third
component was related to the parameter
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nskKnacsBaHe, BUCOUYMHA HA pacTeHusTa 1
Opoil KNaCOHOCHWU CTbb/1a. XEKTOoMTPO-
BOTO TErN0 ce CBbp3Ba C TPETUSI KOMMO-
HeHT. Taka rpynvpaHu uscneggaHvTte no-
KasaTenu gaeaTt Bb3MOXHOCT cefnekuuata
Ha TpuTuMkasie fa ObAe HacoyeHa B
onpefdeneHa nocoka B 3aBMCUMMOCT OT
KOHKpeTHaTa ce/fiekUMoHHa 3agaua.
Knwoyosu aymun: [obus,
KOMMNOHEHTN Ha ,qo6|/|Ba, copToBe TpUTUKasne

yBO/[,

[Oo6GMBBLT OT KyNTYypHUTE pacTeHus
€ eVH OT Hai-BaXHWUTe nokasartesnu, Len
Ha CefleKUMOoHHO-NogobputenHa paboTa
(Tsenov et al., 2014), koeTo e 1 NpuynHa
Aa e 06eKT Ha M3K/TUYNTESTHO rof1siM Bpoi
uscneasaHusa (Fox et al., 1990, Alaru et
al., 2004, Santiveri et al., 2004; Schwarte et
al., 2006; Gibson et al., 2008; Szemplinski
et al., 2012, Racz et al., 2013; Tuulos et
al., 2015; Kirchev and Georgieva, 2017,
Abraha et al., 2019). CbLIEBPEMEHHO He-
roBata komnnekcHocT (Miralles and Slafer,
1999; Foulkes et al., 2011) n3ucksa fe-
TalNHW NpoyyYBaHns BbPXY crneundmkata
Ha BCEKM OTAENIEH HEroB €/IeMEHT
(Tsenov et al., 2013). OT gpyra cTpaHa
CTpyKTypata Ha pobusa crnegsa pa ce
pasrnexpga 3aeflHo C Herosata BennynHa
B usanoct (Sinclair and Jamieson, 2006).
[JvHamuyHatTa cenekuuss Ha 3bpPHEHOo-
XWUTHW KYNITYpU B 4aCTHOCT, Hanara no-
[O6GHM nscnefBaHust, Tbii KaTo 3a Cenek-
LUMOHHUTE MporpaMu e oT 0CO6eHO 3HaYe-
HMe 6bP30, TOYHO U SCHO ga ce onpeje-
NAT OHEe3n napameTpu Ha KynTypHOTO
pacteHue, kouTo Aa 6bpar nogobpsiBaHu
(Reynolds et al., 2009). CwobuecTtByBart
OrpoOMEH 6ot n3cneaBaHnsa BbpXy CTPYK-
TypaTa Ha fo6uBa Npy 3bPHEHO-XUTHUTE
KyNnTypu, 0CO6€HO MO OTHOLUEHME Ha O6UK-
HoBeHaTa 3uMHa nweHuda (i.e. Duggan
and Fowler, 2006; Reynolds et al., 2014;
Slafer et al.,, 1996; Sadeghzadeh et al.,
2017; Rakascan et al., 2019; Bhaskar et
al., 2013; Firdous et al., 2018; Tsenov et
al., 2013; Tsenov et al., 2014; Slafer,
2007; Tsenov et al., 2017; Tsenov and
Atanasova, 2015; Mladenov et al., 2018).

thousand kernels weight. Test weight,
plant height and days to heading were
related to the fourth, fifth and sixth
component. Thus grouped, the
investigated indices allowed purposefully
directing the breeding of triticale toward
specific breeding tasks.

Key words: triticale cultivars, yield,
yield components

INTRODUCTION

The yield from cultural plants is one
of the most important parameters and the
aim of breeding and improvement work
(Tsenov et al., 2014); therefore, it has
been subjected to a large number of
studies (Fox et al.,, 1990, Alaru et al,,
2004, Santiveri et al., 2004; Schwarte et
al., 2006; Gibson et al., 2008; Szemplinski
et al., 2012, Racz et al., 2013; Tuulos et
al., 2015; Kirchev and Georgieva, 2017,
Abraha et al., 2019). At the same time, its
complexity (Miralles and Slafer,, 1999;
Foulkes et al.,, 2011) requires detailed
investigations on the specificity of each
element (Tsenov et al., 2013).

On the other hand, the structure of yield
should be considered together with its
size as a whole (Sinclair and Jamieson,
2006). The dynamic breeding of cereals in
particular, requires such studies since it is
especially important for the breeding
programs to quickly, clearly and precisely
define the parameters of the cultural
plants that need improvement (Reynolds
et al., 2009).

There are a great number of studies on
the vyield structure of the cereals,
especially in common winter wheat (i.e.
Duggan and Fowler, 2006; Reynolds et
al., 2014, Slafer et al., 1996; Sadeghzadeh
et al.,, 2017; Rakascan et al, 2019;
Bhaskar et al., 2013; Firdous et al., 2018;
Tsenov et al., 2013; Tsenov et al., 2014;
Slafer, 2007; Tsenov et al., 2017; Tsenov
and Atanasova, 2015; Mladenov et al.,
2018). According to triticale such studies
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Mpu TpuTukane, NOLOGHN w3cnenBaHuA
ca no-masio6poiiHn (i.e. Baychev, 2013;
Stoyanov and Baychev, 2016; Kirchev,
2016; Kirchev and Georgieva, 2017;
Kirchev et al., 2017; Cheshkova et al.,
2018), nopagn Koeto e HeobxogMmMo no-
3a4b/1604EHO NpoyyYBaHe BbPXY [o6mBa u
HEroBMUTE KOMMOHEHTH.

B paHHuTe un3cregBaHusa npu Tpu-
Tukane Baychev (1990), onpepgens kato
OCHOBHUW €/1IeMEHTU, CBbp3aHu ¢ Aobusa
6pos 3bpHa B k1ac M macata Ha 1000
3bpHa. CblWMAT aBTOpP CblUEBPEMEHHO
nocoysa, 4Ye npoaykTMeBHata 6paTumocT
uma no-Masiko 3HayeHue, Tbi KaTo Kyn-
Typata 6paty no-cnabo cnpsMo Apyru
3bPHEHO-XUTHWU pacTeHusi. Mogo6HN 13BO-
an Hanarat n Sechnyak and Sulima (1984),
Tsvetkov (1989) n Kolev (1975). Hskowm
CbBpPEMEHHW MK3cnefBaHnsa npu onpege-
JIEHN CBBKYMHOCTTW OT M3c/neaBaHn reHo-
TMMNOBE, CbLWO AOCTMrat A0 CXOAHU 3ak-
noveHus (Villegas et al., 2010). Schwarte
et al. (2006), oT Apyra cTpaHa noco4sar,
ye C MO-rO/IAIMO 3HA4YeHVe 3a uscnenBa-
HUTE OT THAX FEHOTUMOBE TpUTUKaNe npu
ycnosusita Ha CAL (AiioBa) uma 6posaT
KTACOHOCHW CTbbNa, Tbii Karto ToBa €
e/1eMeHTBbT, KOWTO ce MnoBAvsABa B Haii-
rofisiMa CTeneH OT YC/ioBUSATa Ha cpepa-
Ta. Cblwute aBTOpU OnNpefensr kato no-
cNnabo YyBCTBUTE/IHM BPOAT Ha 3bpHaTa B
Knac n macata Ha 1000 3bpHa. Stoyanov
and Baychev (2016) nocousar, 4e npu no-
rofisiMaTta 4yacT OT CbBPEMEHHUTE 6brap-
CKW COpTOBE TpUTMKasIE C Hali-rosigsmMo
3HayeHne 3a [obuBa e O6posAT 3bpHa B
knac. OT gpyra cTpaHa npu u3cnegsaHu-
Te copToBe ce HabnwgaBaTr 3HAUUTESTHU
pasnuuna B cTabunHocTTa Ha pafeH
enemMeHT Ha gobusa. Mexay oTaenHuTe
nokasarenu obave, cbLleCcTByBaT 3aBUCK-
MOCTU U  KOMMEHCATOPHU MEeXaHW3Mu
(Simane et al., 1993; Slafer et al., 1996;
Garcia del Moral et al., 2003; Gonzales-
Navaro et al., 2016; Ferrante et al., 2017),
nopagu KoeTo peakuusta UM He e B CbC-
TosiHME Ja 006siCHM AvHamuKaTa BbB Be-
NMyMHaTa Ha NpoAaykTuBHOCTTa (Stoyanov
and Baychev, 2016). ToBa e nokasates-

are less numerous (i.e. Baychev, 2013;
Stoyanov and Baychev, 2016; Kirchev,
2016; Kirchev and Georgieva, 2017;
Kirchev et al., 2017; Cheshkova et al.,
2018), because of that it is necessary to
carry out more thorough investigations on
the yield and its components.

In the early investigations on
triticale, Baychev (1990) defines number
of grains in spike and 1000 kernel weight
as main elements related to yield. At the
same time, this author points out that the
number of productive tillers is less
important because the tillering in this crop
is lower in comparison to other cereals.
Similar conclusions have been drawn also
by Sechnyak and Sulima (1984), Tsvetkov
(1989) and Kolev (1975). Some
contemporary investigations on
associations of genotypes also come to
similar conclusions (Villegas et al., 2010).
On the other hand, Schwarte et al. (2006)
point out that the number of tillers is more
important for the triticale genotypes they
investigated under the conditions of USA
(lowa) because this is the element
influenced to the highest degree by the
conditions of the environment. These
authors determine as less susceptible the
number of grains in spike and 1000 kernel
weight. Stoyanov and Baychev (2016)
point out that in the greater part of the
contemporary Bulgarian triticale cultivars,
the number of grains in spike has highest
importance for the vyield of most
genotypes. On the other hand,
considerable differences in the stability of
a given element of yield are observed in

the individual cultivars. Between the
separate parameters, however, there are
correlations and compensatory

mechanisms (Simane et al., 1993; Slafer
et al., 1996; Garcia del Moral et al., 2003;
Gonzales-Navaro et al., 2016; Ferrante et
al., 2017); therefore, their reaction cannot
explain the dynamics of the productivity
value (Stoyanov and Baychev, 2016).

This is an indication that productivity is
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HO, Ye NPOAYKTMBHOCTTA € CTPOro cneuu-
hMyHa B 3aBUCMMOCT OT reHeTuyHaTa
OCHOBAa, B/IMSHUETO Ha cpefara, TAXHOTO
B3aMMOJENCTBUE, HO U B3aMMOBPBL3KUTE,
KOUTO CbLUECTBYBaT Mexay OTAeSHUTe
e/leMeHTM Ha gobusa.

ChblUecTByBaT pasNMyHN MeToam 3a
YCTaHOBSIBAHE Ha B3aUMOBPBL3KUTE MEX-
4y nokasaTtenMTe Ha MpOAYKTMBHOCTTA
(Leilah and Al Khateeb, 2005). Te Bk/ou-
BaT TakvBa TEXHWKM KaTO KOopenaunoHHNS
n Path-aHanM3a, perpecvoHHns aHanms.
Hail-yuecto npunaraH e KopenauvoHHWSA
aHa/n3, HO 4pe3 Hero He MOxe jda ce
noayyn AetannHa uHgopmaums 3a MHO-
XXECTBEHN B3aMMOBPBL3KM MeXxay oTaes-
HuTe enemeHTn (Ali et al., 2003). B ToBa
OTHOLUEHMe 3HaYNTesTHO NPeAMMCTBO NMa
Path-aHanusa, KOMTO M3N0A3Ba ANPEKTHU
N UHOVMPEKTHU ehbekTn Mexay oTAesHuTe
uscneaBann nokasatenun. OT gpyra ctpa-
Ha NOCPEeACTBOM PErPECUOHEH aHanus,
MOXe [a Ce YCTAHOBAT MHOXECTBEHU
3aBMCMMOCTUN Mexay [obuBa U HerosuTe
KomnoHeHTn (Oguntunde et al., 2017).
CepuosHO nNpeaumcTBO 3a YCTaHOBsIBaHe
Ha B3aMMOBPbB3KM B CTpPyKTypata Ha [o-
6uBa MMa aHa/IM3bT HA OCHOBHUTE KOM-
noHeHtn (Bhanupriya et al., 2014). Toi
npeactasnsiza My/ATMBapuauMOHEH Me-
TOA, Ypes3 KOWTO ce ycTaHOBsBaT kopena-
UM Mexgy ronsim 6poli nokasarenu B
yCNoBusATa Ha orpaHuyeH 6poi geiictea-
wn dpaktopu (Everitt and Dunn, 1992).
MopgobeH aHaM3 gaBa Bb3MOXHOCT 3a
[eTainHo n3scHsABaHe Ha CTpyKTyparta Ha
npoayktneHoctTa. Leilah and Al Khateeb
(2005) upes3 TO3M MeTof yCTaHOBSIBAT, ye
npu wmscnegBaHuTe OT TAX TEHOTUNOBE
006MKHOBEHa 31MHa MuweHuLa Hali-ronsamo
B/IMSIHWE BbpXY A06MBa VMa KOMMNOHEHTa
CBbp3aH C T[EeHepaTMBHOTO pas3BUTME
(6poin 3bpHa B Kac), a No-masiko Bereta-
TMBHOTO pa3BuTue. [0 MoJo6HWM M3BOAM
poctura n Stoyanov (2017) npu uscneg-
BaHe Ha amduauniIons CXofeH ¢ TpUTuKa-
ne. Furman et al. (1997) nocouBaT TBbp-
e npoTMBOpeuYMBM pes3yntatn 3a BAus-
HMETO Ha OCHOBHUTE KOMMOHEHTU N BPb3-
KaTa UM C e/leMeHTUTe Ha Jobusa npu

strictly specific depending on the genetic
basis, the effect of the environment, their
interaction, but also on the correlations
between the individual elements of the
yield.

There are different methods for
determining the correlations between the
productivity parameters (Leilah and Al
Khateeb, 2005). They involve such
techniques as correlation and Path-analysis.

The correlation analysis is applied most
often, but it can give only detailed
information about multiple correlations
between the elements (Ali et al., 2003). In
this respect, the Path-analysis, which
uses direct and indirect effects between
the separate investigated parameters, is
far more advantageous.

On the other hand, by using regression
analysis, multiple correlations of yield with
its components can be determined
(Oguntunde et al., 2017). The principal
component analysis has a serious
advantage in determining relations in the
structure of vyield (Bhanupriya et al.,
2014). It is a multi-variation method used
to establish relations between a large
number of parameters under the effects of
a limited number of factors (Everitt and
Dunn, 1992).

This type of analysis allows clarifying in
detail the structure of productivity. By
applying this method, Leilah and Al
Khateeb (2005) found out that among the
common winter wheat genotypes they
investigated, the component related to the
generative development (number of grains
in spike) had the highest effect on yield,
while the effect of the component related
to the vegetative development had a lower
effect. Stoyanov (2017) reached similar
conclusions investigating an amphidiploid
similar to triticale. Furman et al. (1997)
came up with rather contradictory results on
the effect of the principal components and
their correlation with the vyield from
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TpuTukane. ToBa paBa OCHOBaHue, 3a
JeTalifiIHo npoyyBaHe BbpXY CTpyKTyparta
Ha gobusa npu KynTypaTta.

Llenta Ha HacTosLWeTo n3cnegsaHe
€ [la ce aHanm3upart No CTOMaHCKW BaXKHU
nokasarenn 6b/rapckm COpToBe TPUTUKA-
Nne, B pas/IMYyHN rOAMHN U Aa ce ycTaHo-
BAT OCHOBHWUTE KOMMOHEHTU npu dopmupa-
He Ha CTPYKTYpHUTE e/IeMEHTMN Ha AobuBa.

MATEPVAJT U METOOU

3a nocturaHe Ha noctaBeHarta Len
ca wuscnegsaHun 11 copta TpuTUKasne,
cenekumsa Ha JobpymKaHCckn 3eMefencku
nHcTnyT (Konoput, Atuna, Akopg, PecnekT,
BymepaHr, VipHuk, [o6pyaxaHel, JloBya-
Heu, OoHn 52, bnarosBecT n bopucnas).
Bcuukn copToBe ca oTriefaHun B ciaT no-
CeB B ONUTHU napuenu ¢ nnow, 10 m?, B
4yeTUpPU NOBTOPEHUSI, PA3MNO/IOXKEHUN MO CTaH-
JapTeH 6/10k0B METOA, B PaMKUTE Ha KOH-
KypCeH copToB onuT. ONUTBLT € NpoBeAeH
npe3 3 nocnefoBaTesiHN PEKOITHU FoAu-
HM (2014/2015, 20015/2016, 2016/2017).
CeunTbarta e M3BbPLUEHA MEXAHN3MPaHO B
CTaHOapTHU cpokoBe 3a Tputukane (10-
15.10) ¢ rbcToTa 550 cemeHa Ha m®. OT
BCSKa OMUTHa napuena ypes usnosssaHe
Ha meTpoBka ¢ nnow, 0,25 m® ca onpe-
[ieNeHn 6poii KNacoHOCHM CTb6MAa Ha m2.
Onpepenat ce owe BUCOYMHA Ha
pacTteHusaTa (cm), fobus 3bpHO (kg/dca),
xekrtonutposo Terno (kg/100 I), maca Ha
1000 (g) 3bpHa. OnpefeneHa e CblLUO
Taka parata Ha MacOBO M3KIacsBaHe
(6poss gHm ot 01.01), 6poii n Terno Ha
3bpHaTa OT K/1ac No CopToBeE.

Pesyntatute, nonyyeHun oT npose-
OeHnsA MOoNcKM OonuT, ca OCpPefHEHU |
00600LEeHN NO COPTOBE, NOAUHN 1 NOKa3a-
Tenu. NposefeH e ABydhakTopeH gucnep-
CUOHEH aHa/M3 3a YCcTaHoBsiBaHe Ha
B/IMSAHNETO Ha hakTopuTe reHoTUN, roau-
Ha M KOMOMHaumsiTa Mexay TAX BbpXy
oTAenHuTe nokasaTtenu. M3BedeH e aHa-
M3 Ha KomnoHeHTute (PC-aHanus), 3a ga
Ce YCTaHOBAT OCHOBHMUTE KOMMOHEHTY Npu
doopMupaHe Ha CTPYKTYPHWUTE efleMeHTU
Ha fo6uBa. MPUIOXEHO e BapUMakC poTu-
paHe c uen no-gobpa MHTepnpeTauusi Ha

triticale. This gives grounds for a detailed
study on the structure of yield in triticale.

The aim of this investigation was to
analyze Bulgarian triticale cultivars by
economically important parameters over
different years and to determine the
principal components for the formation of
the yield’s structural elements.

MATERIAL AND METHODS
To realize the above aim, eleven
triticale cultivars developed at Dobrudzha
Agricultural Institute — General Toshevo
(Kolorit, Atila, Akord, Respect, Bumerang,
Irnik, Dobrudzhanets, Lovchanets, Doni

52, Blagovest and Borislav) were
investigated. All cultivars were grown in a
uniform crop, in 10 m® - sized

experimental plots, in four replications in a
standard block design within the
framework of a competitive varietal trial.
The experiment was carried out for three
successive harvest years (2014/2015,
2015/2016, 2016/2017). Planting was
mechanized, within the standard dates for
triticale (10" - 15" October), at crop
density 550 seeds per m® Number of
productive tillers per m® was determined
from each experimental E)Iot using a
wooden frame sized 0.25 m*. Plant height
(cm), grain vyiled (kg/dca), test weight
(kg/100 1), and 1000 kernel weight (g)
were also determined. Days to heading
(number of days from 01.01), number and
weight of grains in spike were also
specified for each cultivar.

The results from the field
experiment were averaged and summed
up by cultivar, year and parameters. Two-
way ANOVA was performed to establish
the effect of the factors genotype, year
and their interaction on the separate
parameters. Principal Component
Analysis (PCA) was carried out to identify
the principal components in the formation
of the yield’s structural elements.

Varimax rotation was applied for better
interpretation of the data (Manly and
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AaHHuTe (Manly and Alberto, 2017). AHa-
M3bT Ha KOMMOHEHTUTE € NPUOXEH MO ro-
OVHY 1 0610 3a Lenusa n3cnensaH nepuoa.

3a o6o6ulaBaHe Ha pAaHHUTE €
M3Mnon3BaH nporpameH npoaykt Microsoft
Excel 2003, a 3a gMcnepcuoHHUA aHan3
W 3a aHann3a Ha OCHOBHWUTE KOMMOHEHTU —
IBM SPSS Statistics 19.

PE3YJITATU N OBCBXXOAHE

Mo OTHOLUEHME HA MEeTeoposorny-
HWUTE YCNOBWS, NEPUoOANTE HAa U3C/eBaHe
morat ga 6baart onpegeneHn kaTo U3kIto-
UMTENHO KOHTPacTHW. ToBa ce CBbp3Ba
€[JHOBPEMEHHO C pas/MyaBaluTe ce
CpefHOAHEBHU TeMMnepaTypu 1 Banexure
npe3 KOHKPETHUTE PEKOSITHA TOAUHM.
Bbnpeks ToBa AuHaMukaTa Ha fgBaTa
nokasaTesisl He e UAEHTMYHA, KOEeTo npea-
nonara M pas/iMiHO Bb3AEWCTBME BbPXY
pacTexa 1 pasBUTNETO Ha pacTeHusTa.

TemnepaTypata Ha Bb3dyxa B
nepvoga Ha uscneasaHeto (Purypa 1) ce
OT/IMYaBa C MHOMO BWCOKa CTEMEH Ha
AMHamMyKa 0 OTHOLIEHME Ha TpuTte
u3cnefBaHu nepuoga, KOeETo ce CBbp3Ba
C Ha/IMYMETO Ha pasfivumsi B ycnoBusaTa
3a OTIeXxaaHe Ha TpuTukane.

Alberto, 2017). The PCA analysis was
applied by year and for the entire period
of study.

Microsoft Excel 2003 was used to
summarize the data, and IBM SPSS
Statistics 19 — to make dispersion and
principal component analyses.

RESULTS AND DISCUSSION
Concerning the meteorological
conditions, the periods of investigation
can be defined as sharply contrasting.

This is related both to the differing mean
daily temperatures and the rainfalls during
the specific harvest years. Nevertheless,
the dynamics of the two parameters was
not identical implying different effects on
the growth and development of plants.

The air temperature during the
period of study (Figure 1) was marked by
a high-degree dynamics with regard to the
three investigated periods related to
differences in the conditions for growing of
triticale.

TemnepaTypa Ha Bb3ayxa 3a U3c/efBaHvisi nepuog,
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dur. 1. lnHamuKa Ha TeMmnepaTypaTa Ha Bb3ayxa B n3cnenBaHus nepmom,
Fig. 1. Air temperature dynamics during the investigated period
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Mpe3 npea3nMHUs nepunog, (HoeMBpu-
fLekemBpu) ce HabnwgaBaT Masiku OTKIO-
HEeHWs OT MHororoguiHaTa TeHAeHUus B
TemnepaTypHus pexum. MepuoabT
HoemBpU-gekemBpn Ha 2014 Haii-gobpe
ce gobnmkasa A0 MHOrOrogULIHUTE CTOM-
HocTu. lMpe3 2015r, no-TonavaT npensu-
MeH nepuoj faBa Bb3MOXHOCT pacTeHuns-
Ta fa ce pasBuBart U3KNIOUMTENHO Ao06pe,
Tbil KaTo ce 6naronpusATcTBa MNpoOLECHT
Ha 6paTeHe. MeprvoAbT HOEMBPU-AEKEMBPU
Ha 2016 e 3HauYMTEeNHO No-X1afeH, KoeTo
cb3faBa npeanocTaBku 3a nNo-cfaboTo
pasBuTME Ha pacTeHusTa U [0 NO-TPyn-
HOTO UM 3akansBaHe. 10 Bpeme Ha 3UM-
HUSA nepuog (sSHyapu-eBpyapm) CblLo ce
HabnwgaBat MHOIO CEPUO3HN pas3nnyns B
TEMMepaTypHUSA pPexum Mexay OTAeNHU-
Te nepuoau Ha uscneBaHeTo. Bbnpeku
TOBa, Ha MNpakTuKa HUCKUTe TemnepaTypu
He ce CBbp3BaT C Bb3MOXHOCT OT MNoBpe-
awn. Tpes3 paHHO-NpoNeTHUA nepuog, (MapT-
anpun) Ha 2015 ce HabnogaBaTt pasnmkm
CMpAMO MHOrorogmliHaTa TeHAEHLUUS, HO
3HauuTesIHO no-mankm cnpamo  2016.
Haii-Tonbn e nepuogbT MapT-anpun npes
2016r., koraTo ce HabnwgaesaT W Hai-
rosleMy pasnnkn ¢ MHOTOroANLIHUTE CTOM-
HocTu. ToBa cb3fasBa NpeanocTaBky 3a
YCKOPEHO pa3BuUTME Ha pacTeHusTa.
CboTBeTHO cblnTe nepuoamn npes 2015 un
2017r. ca naeHTU4YHM N ce OoTnnyasaTt
cnabo OT MHororoguwiHata TeHAeHLUMs.
Mo Bpeme Ha NPONETHO-/IETHUA MEpPUo[,
(mai-toHM) Ccbwo He ce Habnwpasart
MHOTO rofieMW pas/inknm Mexay nuscnefBa-
HUTE roavHu. V3kiyeHne npasn mecel,
mMaii 2016, korato ce Habnogasa pPs3Ko
HaB/M3aHe Ha CTy[eHM Bb34YLUHN Macu B
cbyeTaHVe C O0OWNHW Basnexu, nopaau
KOeTo Temnepatypute ca CpaBHUTESTHO
no-Huckn. lonobeH TemnepatypeH pe-
XXMM MOXe fa ce cuMTa 3a CTPecoB, Tbi
KaTo HacTbMNBa PA3KO U Ce 3a4bpxa npo-
AbnxutenHo Bpeme. o-BUCOKa cpeaHo-
MeceyHa Temneparypa e oTyeTeHa npes
Maii 2015, KoeTo ce cBbp3Ba C NO-CYyX0TO
Bpeme npes3 TOo3n Nepuog 1 NpaxkTuyecku
nvincata Ha Banexu. Mogo6Hu ycnosus
6naronpusaTcTBaT UbgTexa, onpallBaHe-

In the pre-winter period (November-
December), small deviations from the
long-term tendency in the temperature
regime were observed. The period
November-December of 2014 was closest
to the long-term values. In 2015, the
warmer pre-winter period facilitated the
tillering process allowing exceptionally
good development of the plants.

The period November-December of 2016
was much cooler creating prerequisites
for lower development of plants and their
more difficult hardening. During the winter
period (January-February), serious
differences in the temperature regime
between the separate periods of
investigation were also observed.

However, the low temperatures were not
in practice related to possible damages.
During the early spring period (March-
April) of 2015, there were differences to
the long-term tendency, but they were
significantly lower than 2016. The period
March-April of 2016 was the warmest, and
then the highest differences with the long-
term  values were  observed.Thus
prerequisites were created for accelerated
development of the plants. The respective
periods in 2015 and 2017 were identical
and were little different from the long-term
tendency.

During the spring-summer period (May-
June), high differences between the years
of study were also not observed. May of
2016 was an exception; in this month
there was a sharp influx of cold air
masses combined with abundant rainfalls
and therefore the temperatures were
comparatively lower. Such temperature
regime can be considered stressful
because it occurs suddenly and lasts
long. A higher mean monthly temperature
was registered in May of 2015 due to the
dryer weather at that period and the
actual zero precipitation.

Such conditions were favorable for anthesis,
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TO W ONMOXAAHETO npu TpuUTUKane.
XapakTepHa 0CO6eHOCT 3a MeceL, HoHU U
npes Tpute rogyHN € Mno-HUCKUTE Temne-
paTypHU CTOMHOCTW CNPSIMO MHOTFOroAmLL-
HaTa TeHAeHLUus.

Banexute npes nepuoga Ha wu3-
cnepgaHeTo (Purypa 2) 3a pasnuka ot
TemrnepaTypaTa ce xapakrepusumpar c no-
ronamMa AuHamuka cnpsiMmo MHOroroAmiu-
HaTa TeHAeHuus. ToBa ce cBbp3Ba C
TEXHUS MO-CKOPO CJlydyaeH, OTKOJIKOTO
LUMKNUYeH xapaktep. TAXHOTO pasnpefe-
NeHVe e HepaBHOMEPHO W /IUNCBa 3aKo-
HOMEpPHOCT B NPOABL/KMTENHOCTTA W
WHTEH3uTETa UM.

pollination and fertilization of triticale. The
month of June in all three years of investiga-
tion was with lower temperature values in
comparison to the long-term tendency.

In contrast to air temperatures, the
rainfalls during the period of study (Figure
2) were characterized with higher
dynamics according to the long-term
tendency. This is related to their random
rather than cyclical nature. Their
distribution was uneven and there was no
regularity in their duration and intensity.

Banexu 3a uscnefBaHvsa nepvog
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dur. 2. InHamMmnKa Ha BasiexuTte B N3C/ie4BaHUA nepuos,
Fig. 2. Dynamics of precipitation during the investigated period

Mo oTHOLWeHWe Ha Npea3uMHUSA ne-
puopn (HoemBpu-geKkemBpu) ce Habnwaa-
Ba MHOIO CW/IHO HepaBHOMEPHO pasnpe-
JeneHve Ha BanexuTe, KOETO e Hai-ACHO
uspaseHo npes mecew, gekemspu. lNpes
HOeMBpWM Ce HabnwgasaT CTOWHOCTW,
KOUTO ca Nno-61m3ku A0 MHororoguiHara
TeHAeHUuMsA. Hali-Masiko e KOMM4YecTBOTO
Ha Banexute npe3 Hoemspwm 2014r, a
Hali-ronamo npes cblymsa mecel, Ha 2015r.
He3sHauntesHn ca pasnukuTe CnpsamMo
MHOTOrogMLLIHNTE CTOMHOCTW NO OTHOLUE-
Hue Ha HoemBpu 2016. CpaBHUTENHO

Concerning the pre-winter period
(November-December), rather uneven
distribution of rainfalls was observed,
most clearly expressed in December.

The values observed in November were
closer to the long-term ones. The amount
of rainfalls was lowest in November 2014,
and highest — in November 2015.
Insignificant were the differences of
November 2016 to the long-term values.

The comparatively normal November
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HOpMa/THUTE BasieXU 3a HOEMBpU ca
npegnocraBka 3a [0O6POTO pasBuTe Ha
pacTteHusiTa 1 3a focTuraHe Ha onTuman-
HaTta hasa. 1o Bpeme Ha 3UMHUA nepros
(sHyapu-theBpyapm) cbL0 ce Habnwgasa
ronsaMa fAvHamuka. [lpe3 sHyapu Haii-
ro/IIMO KOSIMYECTBO Ha Ba/IeXUTE € oTYe-
TeHo npe3 2016 1 e cbCpenoTOYEHO B
Haya/o0TO Ha Meceua U e MpegumHo oT
CHAr. Hail-ronemm konnyecTBa Basiexu ca
oTyeTeHn npe3 dpespyapu 2015r, a npes
2016 n 2017 cToOHOCTUTE UM ce A06/u-
)asaTt B Mo-rofisMa cTeneH A0 MHOroro-
AvHaTa TeHaeHums.

BanexuTte npe3 paHHUA NponeTeH
nepvog (mapT-anpun) ce xapakrepusunpar
C no-manka pAuHamuka, HO Cblo ca
Hepobpe pasnpegeneHun. jobpara Bnaro-
06e3neyYeHocT B C/IeACTBME Ha nNagHanv-
Te KO/IMYeCcTBa BasieXu Npes T03u nepuog,
N Ha TpWUTe roAVHM AaBa Bb3MOXHOCT 3a
MHOro 406pOTO pasBuUTME Ha pacTeHuATa.
Mpe3 nposeTHo-neTHus nepuog (mai-
IOHW) CTOMHOCTMTE MM Ca KpaiiHO Hepas-
HOMEpPHO pasnpegeneHn npes otaesHuTe
Meceum, a Cblo Taka ce oT/nyasaT C
rofIiM UHTEH3UTET. 3aefHO C NOHWXaBa-
HEeTO Ha TemnepaTypute ce cb3gasart
npeanocTaBkM 3a CUIHO Bb3AelCcTBUe
BbPXY Nepuoga v npoLeca Ha nsknacsea-
He, Ub(Tex, onpawBaHe W OMIoXaaHe.
Mopo6HN BL3LENCTBUSS UMAT CU/THO Hera-
TUBEH XapakTep, Tbii kaTo oka3eaTt He6na-
ronpusiteH ed)ekT Bbpxy (epTuHocTTa
Ha pacTeHuATa.

MpoBefeHNAaT AMCNEPCUOHEH aHa-
nn3 (Tabnuua 1) gokasBa 3HaA4YUTEHOTO
B/IMSIHME Ha YC/I0BMATA Ha cpejarta Bbpxy
uscnegBaHntTe nokasarenun. Cobluespe-
MEHHO ce HabnogaBa No-Manko BAUSHUE
BbpPXYy BapuaHca Ha (paktopa reHotun u
Ha B3aMMOAENCTBMETO Mexay thakTopuTe
reHoTun u cpega. ToBa nokasea OT efHa
CTpaHa, Ye OTAENHNTE COPTOBE B CbBKYIM-
HOCTTa OT M3c/iedBaHWTE TEHOTUMOBE Cce
pasnMyaBatr B ronisiMa CTeneH Nno OTHO-
LWEeHWe Ha OTAENHUTE efleMeHTH Ha Jo6u-
Ba. OT gpyra cTpaHa, BNUSHUETO Ha cpe-
JaTta BbpXy TAX ce CBbp3Ba C pas/imyHa
peakumsi Ha OTAEeNTHNTE TeEHOTUMNOBE.

rainfalls were a prerequisite for the good
development of the plants and for their
growing to an optimal phase. High
dynamics was observed also during the
winter period (January-February).

In January, the greatest precipitation was
registered in 2016, in the form of intensive
snowfalls at the beginning of the month.
The highest February precipitation was
registered in 2015, and in 2016 and 2017
the precipitation value was closer to the
long-term tendency.

The rainfalls during the early spring
(March-April) were characterized with
lower dynamics, but were also poorly
distributed. The good moisture reserves
as a result from the rainfalls during this
period in all three years allowed very good
development of the plants.

During the spring-summer period (May-
June), the precipitation values were with
extremely uneven distribution over
months and were also very intensive. With
the lowering of temperatures, prerequisites
were created for strong effect on the date
to and the process of heading, anthesis,
pollination and fertilization.

Such effects are highly negative because
of their unfavorable impact on the plants’
fertility.

The ANOVA carried out (Table 1)
proved the significant effect of the
environmental conditions on the
investigated parameters. At the same
time, a lower effect on the variance of the
factor genotype and the factor genotype x
environment interaction was observed.
This, on the one hand, showed that the
separate varieties within the set of the
studied genotypes differed considerably
with regard to the yield elements. On the
other hand, the effect of the environment
on them was related to the different
reaction of the individual genotypes.
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Tabnuua 1. AucnepcmoHeH aHanu3 (AHasiM3 Ha BapmaHca) U B3amofencTBue
reHoTUMn X roAnHa Ha nokasartesiv Npu CopToBe TpUTUKae
Table 1. ANOVA (Analysis of variance) and genotype x year interaction of

parameters of triticale varieties

dakTop an BP BKC a M1000 XT M3K B3K
Factor DH PH NPT Y M1000 TW WGS NGS
[eHoTMN
Genotype 38,8*** | 507,3*** 44682*** 40105,0%** 72,6%** | 15,9%* | Q,1*** | 65,2%**
(©)]
FognHa
Year 6510,6*** | 6502,8*** | 790244,1*** | 830601,3*** | 4447, 7** | 525,3** | 4,6*** | 457,3***
)
GxY 14, 3%+ 84,3*** 25918,9*** 18755,3*** 42, 2%** 8,3*** | 0,1** | 28,8**

AW — oHn po n3knacssaHe; BP — BucounHa Ha pacteHusTa; BKC — 6poii knacoHocHu cTbbna; [ — obus;
M1000 — maca Ha 1000 3bpHa; XT — xektonmTpoBo Terno; M3K — maca Ha 3bpHata B knac; 63K — 6poii

3bpHa B Kac.

DH - days to heading; PH — plant height; NPT — number of productive tillers; Y — yield; M1000 —1000 kernel
weight; TW — test weight; WGS — weight of grains in spike; NGS — number of grains in spike

Mogo6bHa Tesa 6uBa AokasaHa OT
ronsim 6poin nscnegBaHnUs Kakto npu Tpu-
Tukane (Dhindsa et al., 2002; Goyali and
Dhindsa, 2003; Lozano del Rio et al.,
2009; Ignazio et al., 2012; Aljarrah et al.,
2014; Ferreira et al.,, 2015), Taka n npwu
obukHoBeHaTa 3umHa nweHuya (Ishag
and Mohamed, 1996; Dimitrijevic et al.,
2011; Tsenov and Atanasova, 2013; Banjac
et al., 2014; Tsenov and Atanasova, 2015;
Montesinos-Lopez et al., 2018). He3aBu-
CMMO OT TOBa pas/jiMyaBaliuMTe Ce peak-
UMsi Ha COPTOBETE B pas/iNyHM Mepuoau
Ha OTrnexgaHe e npuynHa ga ce Tbpcu
pasnvMyaBalla ce CTpykTypa Ha Jobusa.
ToBa ce cBbp3Ba C npeobnagasaly, AN
Ha onpejeneH enemMeHT Ha pobuBa B
JafleH nepuog Ha OTrexgaHe u CBbp-
3aHWTe C TOBa YC/I0BMA Ha cpejaTa.

BapupaHeTo B CTOMHOCTMTE Ha
JafleH rnokasaTen Cblo Ce CBbp3Ba C
OeliCTBMETO Ha YyCcnoBusATa Ha cpegara
(Stoyanov, 2018). KoskoTo no-cU/HO e
JafleHo Bb3felicTBMe, TOMKOBa rpaHuLm-
Te Ha BapupaHe Ha npu3Haka e ce
OTK/IOHSABAT OT cpefHata cToiHocT. OT
Apyra cTpaHa ob6adye, ToBa npaBwio ce
CBbp3Ba M C afanTUBHOCTTA Ha [afeH
reHOTUN KbM KOHKPETHO Bb3geicTeue. B
TO3K C/y4vali CTOMHOCTTa Ha BapuaHca e
MPsKO CBbp3aHa C MHTEH3UBHOCTTA Ha
HebnaronpusaTHUTE YCNOBUS, CbC CTabun-
HOCTTa M NJacTMYHOCTTA Ha AafeH FeHo-
TWM, HO U C OFPaHUYEeHNsTa Ha reHeTuu-

Such a thesis has been supported
by a large number of studies both on
triticale (Dhindsa et al., 2002; Goyali and
Dhindsa, 2003; Lozano del Rio et al.,
2009; Ignazio et al., 2012; Aljarrah et al.,
2014; Ferreira et al., 2015), and on
common winter wheat (Ishag and
Mohamed, 1996; Dimitrijevic et al., 2011;
Tsenov and Atanasova, 2013; Banjac et
al., 2014; Tsenov and Atanasova, 2015;
Montesinos-Lopez et al., 2018). However,
the different reactions of the cultivars
during different growing stages are the
reason to look for different structures of
yield. This is related to a predominant
percent of a certain yield element during a
given growing stage and the respective
conditions of the environment.

The variation in the values of a
given parameter depends on the influence
of the environmental conditions (Stoyanov,
2018). The higher a given effect is, the
more the variation range of the trait will
deviate from the mean value.

On the other hand, however, this
regularity is also connected to the
adaptability of a certain genotype to a
specific impact. In this case, the value of
the variance was directly related to the
intensity of the unfavorable conditions, to
the stability and plasticity of the genotype,
but also to the limitations of the genetic
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Hata ocHoBa. CblUeBpPeEMEHHO KOHKpeT-
HUSA u3cnefBaH nokasaTesl e B CTpora
3aBNCUMOCT M OT OCTaHa/IMTe nokasare-
nn, onpegenswmy cTpykTypara Ha fobusa.
MopobHa LuKIMyYHa cuctema onpegens u
3HauuTesIHaTa KOMMNIEKCHOCT Ha Jobusa
KaTto pesyntatMBHa BesiMuvHa. [aHHuTe
OT u3cnefBaHuTe nokasarenun (Tabnuua
1) kateropuyHo nogdyeprtaBar (pakta, uye
BapvaHca KakTo Ha [o6uBa, Taka U Ha
HeroemTe efnemMeHTn 6uBa MOBMUSAH OT
ABaTa wuscneggaHu dakrtopa M B3auMo-
JelicTBMeTO Mexay THAX. BnusHueTo Ha
OTAe/IHUTE eNleMEeHTUN OT CTpyKTypara Ha
pobnBa obaye He 6M MoOro ga 6bAE
onpepeneHo. CoblieBpeMEHHO B3auMMO-
[OelicTBMeTO MexAay BCEeKW eauH OT ene-
MEHTUTE Ha AobuBa Npu pasnyHu ycrio-
BMS Ha cpefiata e KaTeropuMyHo pas/ivyHo,
KOeTO ce waKcTpypa OT Ha/IMuneTo Ha
pasnuuaBalla ce CTabUIHOCT NpuU BCEKU
efiMH oT Tax (Stoyanov and Baychev, 2016).

BapupaHeTo B onpefeneH nokasa-
TeNn noBMusABa B W3BECTHa CTeNneH W
BapupaHeTo Ha pgobusa. OT gpyra cTpaHa
N3MEHEHNETO B CTOWHOCTUTE Ha M3Creg-
BaHVA rMokasaten B JafileHW rpaHuun ce
CBbp3Ba C BAUSAHMETO Ha onpegeneH
haktop. B TO3M cMUCHN TO3M (hakTop
CbLO cnega fa e npuumMHa 3a BapupaHe
BbB Be/iMyMHaTa Ha pobusa. Pesynta-
TUTE OT NPOBEAEHNSA aHa/IU3 Ha OCHOBHU-
Te KOMMOHEHTU AaBaT Bb3MOXHOCT [a ce
W3SICHWN B OnpefesieHa CTeneH B/IMAHNETO
Ha OTAesIHUTe efNeMeHTU OT CTpyKTypata
Ha gobuBa BbpxXy Herosata BenuuuHa. Ot
Tab6nuua 2, 3 n 4 moxe ga ce npocneasat
onpefeneHn cxoAcTBa, HO U pasfiMung B
OCHOBHUTE KOMIMOHEHTW, NpuynHa 3a Ba-
pupaHeTo. Npe3 ctonaHckata 2014/2015
n 2016/2017 ce HabnwgasaT CXO4HWU CTOWA-
HOCTW NO OTHOLUEHWE Ha NbPBUTE TPU KOM-
NMOHeHTa Ha BapuMpaHeTo Kato W B ABarta
nepvoga te onpenenat 81,6 % ot o6wo-
TO BapupaHe. CblueBpeMeHHO 2015/2016
ce xapaktepusumpa c no-cnabo B/vsHUE
Ha NbpBUTE TPM KOMMOHEHTaA KaTto Te
onpegenar 75,6% ot BapupaHeTo. ToBa
nokassa 4e npes Tasu pekonTHa rogvHa
ce Habnogasat no-ronsiMm 6poit KoMmMo-

basis. At the same time, the specific
investigated parameter is  strictly
dependant on the rest of the parameters
determining the yield structure. Such a
cyclic system conditions the significant
complexity of the yield as a resultant
value. The data from the investigated
parameters (Table 1) emphasize the fact
that the variance of both the yield and its
elements is influenced by the two studied
factors and their interaction.

The effect of the separate elements of the
yield’s structure, however, cannot be
determined. Simultaneously, the
interaction between each of the yield's
elements under variable conditions of the
environment is definitely different, as
illustrated by the presence of distinct
stability in each of them (Stoyanov and
Baychev, 2016).

The variation of a certain parameter
also affects to a certain degree the
variation of yield. On the other hand, the
change in the values of the studied
parameter within a given range is
connected to the effect of a certain factor.
In this sense, this factor should also be a
reason for the variation of the yield's
value. The results from the analysis on
the principal components allows clarifying
to a certain degree the effect of the
separate elements from the structure of
yield on its size.

In Tables 2, 3 and 4 certain similarities
can be tracked down, but also differences
in the principal components, the reason
for variation. During economic years
2014/2015 and 2016/2017, similar values
with regard to the first three components
of the variation were observed; during both
periods they determined 81.6 % of the
total variation. Economic year 2015/2016
was with lower effect of the first three
components, which determined 75.6 % of
the variation. This shows that in the above
cropping season a larger number of
components were observed, which
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HEHTW, KOUTO BANASAT B MO-BUCOKA CTENEH
BbpXYy BapmpaHeTo Ha aobuBa.

Ot ppyra cTpaHa npe3 2015/2016
rogvHa NbPBUST KOMMOHEHT ce
XapaktepusmMpa C Hali-BMCOKa CTOMHOCT
BbpXxy BapupaHeTto — 44,5%. [Mogo6Hu
CTOHOCTM npegnonaral, 4Ye NbpBUS
KOMMOHEHT € MNO-4yBCTBUTE/IEH CNPAMO
M3MeHeHUsiTa B YC/IOBMSATA Ha cpegata u
no-cneumasHo KbM Basiexute npes
nepuoga, Tbil KaTo TemnepatypuTe ce
oT/IM4aBaT C No-Masika guHamuka.

Tabnuua 2. MpUHUMNEH KOMMOHEHTEH
TpuUTUKasie npes ctonaHckaTta 2014/2015

affected to a higher degree the variation
of yield.

On the other hand, in 2015/2016
the first component was characterized
with the highest value of variation — 44.5
%. Such a value implies that the first
component is more susceptible to the
changes of the environmental conditions,
and more specifically — to the rainfalls
during the period, since the temperatures
were marked by a lower dynamics.

aHaUIn3 Ha wun3cnegBaHNUTeE COpPTOBE

Table 2. Principal component analysis of the studied triticale cultivars during

economic year 2014/2015

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared

KOMMNOHEHT Loadings Loadings

Component | Total % of Cumulative % of Cumulative % of Cumulative

Variance % Total | Variance % Total | Variance %

1 3,143 39,294 39,294 | 3,143 39,294 39,294 | 2,467 30,844 30,844
2 2,155 | 26,943 66,237 | 2,155 26,943 66,237 | 1,334 16,677 47,521
3 1,231 15,383 81,620 | 1,231 15,383 81,620 | 1,224 15,294 62,815
4 0,662 8,280 89,900 | 0,662 8,280 89,900 | 1,057 13,207 76,022
5 0,527 6,585 96,485 | 0,527 6,585 96,485 | 1,047 13,083 89,104
6 0,277 3,462 99,947 | 0,277 3,462 99,947 | 0,866 10,821 99,926
7 0,003 0,039 99,986 | 0,003 0,039 99,986 | 0,005 0,057 99,982
8 0,001 0,014 100,000 | 0,001 0,014 100,000 | 0,001 0,018 100,000

Tabnuua 3. MpuUHUMNEH KOMMOHEHTEH
TpuUTUKasie npe3 ctonaHckaTta 2015/2016

aHa/In3 Ha wun3cnegBaHUTe CopToBE

Table 3. Principal component analysis of the studied triticale cultivars during

economic year 2015/2016

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared
KOMMOHeHT Loadings Loadings
Component % of Cumulative % of Cumulative % of Cumulative

Total | Variance % Total | Variance % Total | Variance %

1 3,564 44,554 44,554 | 3,564 44,554 44,554 | 2,407 30,093 30,093
2 1,460 18,245 62,799 | 1,460 18,245 62,799 | 1,301 16,268 46,361
3 1,024 12,802 75,600 | 1,024 12,802 75,600 | 1,201 15,016 61,378
4 0,946 11,825 87,425 | 0,946 11,825 87,425 | 1,035 12,941 74,319
5 0,634 7,928 95,354 | 0,634 7,928 95,354 | 1,023 12,783 87,102
6 0,358 4,476 99,830 | 0,358 4,476 99,830 | 1,014 12,676 99,778
7 0,010 0,131 99,960 | 0,010 0,131 99,960 | 0,013 0,168 99,946
8 0,003 0,040 100,000 | 0,003 0,040 100,000 | 0,004 0,054 100,000
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Ta6r||/|u,a 4, |-|pI/IHL|,VII'IeH KOMMNOHEHTEH aHa/IN3 Ha WnacsiegBaHNTE COpPTOBE

TpuUTUKasie npe3 ctonaHckaTta 2016/2017
Table 4. Principal component analysis
economic year 2016/2017

of the studied triticale cultivars during

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared

KoMnoHeHT Loadings Loadings

Component % of Cumulative % of Cumulative % of Cumulative

Total | Variance % Total | Variance % Total | Variance %

1 2,810 35,128 35,128 | 2,810 35,128 35,128 | 2,520 31,504 31,504
2 2,295 | 28,693 63,821 | 2,295 28,693 63,821 | 1,372 17,146 48,651
3 1,421 17,758 81,579 | 1,421 17,758 81,579 | 1,136 14,204 62,854
4 0,659 8,234 89,813 | 0,659 8,234 89,813 1,113 13,912 76,766
5 0,607 7,582 97,395 | 0,607 7,582 97,395 | 1,070 13,375 90,141
6 0,199 2,485 99,879 | 0,199 2,485 99,879 | 0,774 9,675 99,816
7 0,008 0,103 99,983 | 0,008 0,103 99,983 | 0,013 0,164 99,980
8 0,001 0,017 100,000 | 0,001 0,017 100,000 | 0,002 0,020 100,000

W npe3 Tpute nscnegsaHu nepuoga
BbpXy BapupaHeTo okasBaT BAusHuE 6
OCHOBHW KOMMOHeHTa (Tabnuua 2, 3, 4).
OcTaHanuTe fABa MMaT CbBCEM Masiko
B/IMSIHWE W Te Morar fJa 6baar cuntaHu 3a
LWYMOBW KOMMOHEHTW. Pa3nunyHu nscnep-
BaHUs BbpPXY BapupaHeTo Ha eflieMeHTuTe
Ha gobuBa 1 BbpXy camus fobme nokas-
BaT obaue, ye B ronisAM 6poit oT ciyvaute
OCHOBHUTE KOMMOHEHTU ca ABa unn Tpu.
HanunumeTo Ha no-ronsm 6poit KOMMOHEH-
TM ce CBbp3Ba C TBLPAE KOMMIEKCHO
B/IMSIHWE Ha cpefarta, reHotuna v B3au-
MoZelncTBmeTo mexay Tax. Eigenvalues n
npes Tpute nU3cnenBaHu OT Hac nepuoga
nokassart, 4e BbpXy NMbPBUSA KOMMOHEHT
BVAAT ABa WAN TPpU OT efleMEeHTUTE Ha
[obuBa, BbpXy BTOpUSA ABa WM efuH, a
BbpXxy Tpetusa — eguH (no Girden, 2001).
Bbpxy ocTaHannTe KOMMOHEHTM BAuUsie
no-masiko OT eAuMH OT €efleMEeHTUTE Ha
[06MBa T.e. HAKON KOMMOHEHTU umart vac-
TUYHO BNSIHUE BbPXY BapuMpaHeTo Ha fo-
6uBa. Bbnpekn TOoBa B npoBefeHUs OT Hac
€KCMEPUMEHT C TSAX Ce CBbp3Ba Mexay 2
1 8% OT BapupaHeTo, KOeTOo 1Ma KH4oBO
3HauYeHVe 3a BeNnumHaTa Ha fobuBsa.

Pe3yntatute OT npoBefeHus aHa/In3
3a Tpute uacnegBaHn rogumHn (Tabnuua
5) nokaseart, 4ye B AbATOCPOYEH Mepunos
(2014/2017) OCHOBHWTE KOMMOHEHTU, KOUTO
B/IMASAAT BbPXY BapupaHeTo Ha fobusa ca
ABa Kkato onpenenat 81% oT BapupaHeTo.

In all three investigated periods, six
principal components affected the
variation (Table 2, 3, 4). The other two
had little effect and can be considered
noise components. Different investigations
on the variation of the yield elements and
on the yield itself show that in a large
number of cases the principal components
are two or three.

The higher number of components is
related to the rather complex effect of the
environment, the genotype and their
interaction. The Eigenvalues for all three
investigated periods show that two or
three of the yield’'s elements had effect on
the first component, two or one - on the
second, and one — on the third (according
to Girden, 2001). Less than one of the
yield's elements had influence on the rest
of the principal components, i.e. some
components have partial effect on the
variation of yield. However, between 2%
and 8% of the variation are often related
to them, which is of key importance for the
size of the yield.

The results from the analysis
carried out during the three years of study
(Table 5) show that in a long-term
perspective (2014/2017), the principle
components which have influence on the

variation of the yield are two, determining
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Eigenvalues nokaseaT, 4e BbpXxy MbpBUs
KOMMNOHEHT BAVAAT 5 OT eNemMeHTuTe Ha
pobuBa. ToBa ce CBbp3Ba C KOHTpacT-
HUTE MpOosIBM Mpe3 OTAeNHWUTE nepuoau,
KOeTO [aBa MpenmyLLecTBO Ha pas/vyHu
nokasarenu. Varimax poTupaHeTo Mno3Bo-
N15iBa BMIUSTHUETO Ha KOHTpPaCTHWUTE YC/O-
BMA ga Obae m3rnageHo um ga ce onpe-
[ENV KakBO € B/IMSIHMETO Ha BCEKU efuH
OT eNemMeHTMTe Ha AobuBa BbPXY Bapu-
paHeTo. B T03M cnyuain eigenvalues 3a
TpuTte roauHun (2014/2017) (Tabnuua 5)
CBBbP3BAT MbpPBUS KOMMOHEHT C 2 efleMeH-
Ta Ha gobuBa, a BTOpUA, TPETUSA U YeT-
BbPTUA C eauH. Creggawnte aga KOMMo-
HEeHTa ce CBbP3BaT YaCTUYHO C HAKOW OT
efnemMeHTUTE Ha p[obuBa, a ocTaHauTe
[Ba Ha npakTuka He okasBaT B/USHUE
BbpPXY BapuvpaHeTo Ha fo6uBa OT u3crnes-
BaHUTe cOpToBe.

81 % of the variation. The Eigenvalues
showed that five of the yield’'s elements
had effect on the first component. This
was related to the contrasting expressions
during the individual periods, which gave
advantage to different parameters. The
Varimax rotation allows to smooth the
influence of the contrasting conditions and
to determine the effect of each vyield
element on the variation. In this case, the
eigenvalues for the three years
(2014/2017) (Table 5) related the first
component to two elements of the yield,
and the second, third and fourth
components — to one element of the yield.
The next two components were partially
related to some elements of the yield,
while the other two did not in practice
have any effect on the variation of the

yield from the investigated cultivars.

Ta6r||/|u,a 5. |-|pI/IHL|,VII'IeH KOMMNOHEHTEH aHa/IN3 Ha Wna3csiegBaHNTE COpPTOBE

TPUTUKas1e 3a TPUTE CTOMAHCKN roANHN

Table 5. Principal component analysis of the studied triticale cultivars over three

economic years

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared

KoMnoHeHT Loadings Loadings
Component % of Cumulative % of Cumulative % of Cumulative

Total | Variance % Total | Variance % Total | Variance %

1 5,247 | 65,586 65,586 | 5,247 65,586 65,586 | 2,327 29,082 29,082
2 1,214 | 15,180 80,766 | 1,214 15,180 80,766 | 1,350 16,871 45,953
3 0,753 9,408 90,174 | 0,753 9,408 90,174 | 1,275 15,944 61,897
4 0,401 5,007 95,181 | 0,401 5,007 95,181 | 1,217 15,213 77,109
5 0,198 2,478 97,659 | 0,198 2,478 97,659 | 0,912 11,404 88,514
6 0,154 1,930 99,590 | 0,154 1,930 99,590 | 0,871 10,891 99,404
7 0,027 0,339 99,928 | 0,027 0,339 99,928 | 0,034 0,422 99,826
8 0,006 0,072 100,000 | 0,006 0,072 100,000 | 0,014 0,174 100,000
Mpe3 nbpBaTa CTOMAHCKa roavHa During the first economic year

(Tabnuua 6) enemeHTUTEe Ha [o6UBA,
KOWTO KOpenupar Hai-BUCOKO C MbpBUS
OCHOBEH KOMMOHEHT ca reHepaTuMBHUTE
napameTpy — mMaca Ha 3bpHaTa B Knac
(0,934), 6poii 3bpHa B knac (0,936).
MbpBUST OCHOBEH KOMMOHEHT KOpenupa u
BMCOKO ¢ gobuea (0,751), koeTo nokassa,
ye BapupaHeTo B M3K n B3K e ocHOBHa-
Ta npuyMHaTa 3a BapupaHeTo Ha fobusa
N 3a HeroBuTe CTOWHOCTU Mpe3 pPeKosT-
Hata 2014/2015r. C BTOpUAT OCHOBEH

(Table 6), the yield elements in highest
correlation  with the first  principal
component were the generative
parameters — weight of grain in spike
(0,934) and number of grains in spike
(0,936). The first principal component was
also in high correlation with yield (0,751)
indicating that the variation in WGS and
NGS was the main reason for the
variation of yield and its values during

harvest year 2014/2015. The variation of

139




KOMMNOHEHT npe3 Ta3n PekoNTHa rogvHa
ce cBbp3Ba NpPoAyKTMBHaTa 6GpaTtumocT
(0,928), pokato p[o06GUBLT B MNO-Masika
cteneH. ToBa nokassa, Ye BapupaHeTo B
6pos KnacoHOCHM CTbbna okasBa no-
MaJsIKO Bb3feNCTBUE BbPXY BennymHata
Ha pobuea. Macata Ha 1000 3bpHa
Kopenvpa Hali-BUCOKO C TpeTusi OCHOBEH
KomnoHeHT (0,992), Ho gobuBa ce CBbLP3-
Ba MHOrO c/1abo ¢ Hero. ToBa Mnokassa, ye
BapupaHeTo B nokasatesnsa M1000 He
B/IMSIE CbLLECTBEHO BbpPXY CTOWHOCTUTE U
BapvpaHeTo B Jo6uBa npe3 nepuoja
2014/2015. Owge no-cnabo BAVSHUE BbP-
Xy BapupaHeTo Ha gobuea umart gararta
Ha u3KnacsisaHe, XeKTo/IMTPOBOTO TEro U
BUCOYMHATA Ha pacTeHusata. Te ce
CBBbP3BaT CLOTBETHO C YETBLPTUSA, NETUA
W LWECTUSA OCHOBEH KOMIMOHEHT.

the number of productive tillers was
corelated to the second principal
component in this cropping season
(0,928), while the yield was related to a
lower degree to this principal component.
This was an indication that the variation in
the number of productive tillers had lower
effect on the size of yield. Thousand
kernel weight was in high correlation with
the third principal component (0,992), but
yield was only in slight correlation with it.
This showed that the variation of the index
M1000 did not have a significant effect on
the values and variation of yield during
2014/2015. still lower was the effect of
the days to heading, the test weight and
the plant height on the variation of yield.
They were related to the fourth, fifth and
sixth principal component.

Tabnuua 6. PoTvpaHa BapvMaKC KOpefiauMoHHa MaTpuua Mo ualcregBaHuTe
nokasatesnv Npu TpuTuUKase 3a ctonaHckara 2014/2015 rogunHa

Table 6 Rotated Varimax correlation matrix according to the studied parameters
in triticale during economic year 2014/2015

EnemeHT KomnoHeHT/Component

Element 1 2 3 4 5 6 7 8
AN/DH 0,113 0,162 0,016 0,955 0,154 0,160 0,001 0,000
BP/PH 0,332 0,276 -0,038 0,234 0,266 0,828 0,001 0,000
M1000 0,067 -0,020 0,992 0,014 0,097 -0,022 0,002 0,001
M3K/WGS 0,934 -0,125 0,299 0,061 -0,060 0,118 0,000 0,026
B3K/NGS 0,936 -0,114 -0,271 0,051 -0,129 0,134 -0,022 -0,027
XT/TW -0,108 0,232 0,118 0,168 0,925 0,193 0,002 0,000
BKC/NPT -0,124 0,928 -0,062 0,166 0,238 0,187 -0,005 0,000
ary 0,751 0,536 0,237 0,168 0,103 0,222 0,063 0,002

AW — aHn po n3knacssaHe; BP — BucounHa Ha pacteHusaTa; BKC — 6poii knacoHocHu cTbbna; [ — o6us;
M1000 — maca Ha 1000 3bpHa; XT — xektonmTpoBo Terno; M3K — maca Ha 3bpHata B knac; 63K — 6poii

3bpPHa B Knac.

DH — days to heading; PH — plant height; NPT — number of productive tillers; Y — yield; M1000 —1000 kernel
weight; TW — test weight; WGS — weight of grains in spike; NGS — number of grains in spike

MoaobHO e pasnpefeneHveTo Ha
OCHOBHUTE KOMMOHEHTU U efleMeHTUTE U
npes cnejgallata pekosTHa roguHa
(2015/2016) (Tabnuua 7). MbpBUAT OCHO-
BEH KOMMOHET Kopenupa Hain-CUHO OTHO-
BO C Macara Ha 3bpHarta B knac (0,826) n
CbOTBETHO C 6pos 3bpHa B knac (0,851).
[o6MBBT CbLLO KOpesmpa BUCOKO C Mbp-
BUSA OCHoBeH komnoHeHT (0,893), koeTo
nokassa, Ye BapupaHeTo B CTOWHOCTUTE
My Ce CBbp3Ba C BapupaHeTo Ha CTOl-

Similar was the distribution of the
principal components and elements
during the next cropping season
(2015/2016) (Table 7), too. The first
principal component was in highest
correlation again with the weight of grain
in spike (0,826) and with the number of
grains in spike (0,851), respectively. The
yield was also in high correlation with the
first  principal component  (0,893)
indicating that the variation of its values
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HOCTUTE B OpOsi Ha 3bpHaTa B Kiac.
BTOpUAT OCHOBEH KOMMOHEHT Kopenupa
BMCOKO OTHOBO C 6pOsi KNTACOHOCHM CTbO-
na, HO TO3n NbT oTpuuatenHo (-0,944).
[o6uBBLT ce cBbp3Ba €n1abo ¢ TO3U OCHO-
BEH KOMMOHEHT, HO OTHOBO OTpULaTESHO,
KOETO NnokasBa, Ye BapupaHeTo B NPOAYK-
TMBHaTa 6pPaTMMOCT He B/usie 0COGEHO
npe3 Tasu PekosiTHa rogmHa Bbpxy Bapu-
paHeTo B fo6uBa. [NoBeAeHMETO Ha Maca-
Ta Ha 1000 3bpHa npes 103X nepuopg e
noyTN MAEHTMYHO C TOBa Mpe3 npeaxon-
HWS 1 ce CBbp3Ba C TPETUS OCHOBEH KOM-
NMOHEHT. YeTBBbPTUA OCHOBEH KOMMOHEHT
Kopenupa BUCOKO C XEeKTOJIMTPOBOTO
Terno (0,975), netTusa ¢ gHUTE A0 U3KNacs-
BaHe, a LecTus ¢ BMUCOYMHATa Ha pacTe-
HuaTa. MocnegHuTe TPY OCHOBHWM KOMIMO-
HeHTa onpegenat Hag 10% oT o6wwus
BapuaHc, KOeTo nokassa, Ye Makap Tesu
KOMMOHEHTU [a He ca OCHOBHM 3a
[06MBa, BNNSAT BbPXY BapypaHeTo My.

was related to the variation in the values
of number of grains in spike. The second
principal component was again in high
correlation with the number of productive
tillers, but this time the correlation was
negative (-0,944). The vyield correlated
slightly with this principal component, again
negatively, which showed that the variation
in the number of productive tillers did not
have any significant effect on yield in that
cropping season. The behavior of 1000
grain weight in that period was almost
identical to the previous one and correlated
with the third principal component (0,975).
The fourth principal component was in
high correlation with test weight, the fifth —
with days to heading, and the sixth — with
plant height. The last three components
determined over 10 % of the total
variance indicating that although these
principal components were not basic for
yield, they had effect on its variation.

Tabnuua 7. PoTupaHa BapuMakC KopenaumoHHa MaTpuua no wuscnegBaHuTe
nokasatesin Npu TpuTMKase 3a ctonaHckata 2015/2016 rogmnHa

Table 7.

Rotated varimax correlation matrix according to

investigated

parameters in triticale during economic year 2015/2016

EnemeHT KomnoHeHT/Component

Element 1 2 3 4 5 6 7 8
OV/DH -0,157 0,073 -0,131 0,053 0,967 0,125 0,000 0,000
BP/PH 0,046 -0,035 -0,110 -0,024 0,118 0,985 0,000 -0,001
M1000 0,203 0,093 0,943 0,151 -0,141 -0,135 -0,003 0,002
M3K/WGS 0,826 0,422 0,303 0,163 -0,128 -0,030 0,028 0,058
B3K/INGS 0,851 0,466 -0,166 0,122 -0,081 0,062 0,076 -0,016
XT/TW 0,223 0,017 0,144 0,962 0,055 -0,027 0,000 0,000
BKC/NPT -0,295 -0,944 -0,100 0,002 -0,101 0,048 0,003 0,000
any 0,893 -0,018 0,365 0,205 -0,134 0,048 -0,083 -0,027

AW — aHn po n3knacssaHe; BP — BucounHa Ha pacteHusaTa; BKC — 6poii knacoHocHu cTbbna; [ — o6us;
M1000 — maca Ha 1000 3bpHa; XT — xektonuTpoBo Terno; M3K — maca Ha 3bpHata B knac; 63K — 6poii

3bpPHa B Knac.

DH — days to heading; PH — plant height; NPT — number of productive tillers; Y — yield; M1000 —1000 kernel
weight; TW — test weight; WGS — weight of grains in spike; NGS — number of grains in spike

MoBeAEeHNETO HA OCHOBHMTE KOM-
MOHEHTU Npe3 TPeTUs NepPUo Ha n3crnes-
BaHe (2016/2017) (Tabnuua 8) e cbBCeEM
pasfiMyeH, OTKOJIKOTO Npes3 Agarta npeg-
X04HW nepuoga. Makap nbpBMA KOMMO-
HEHT OTHOBO [Ja Kope/siMpa BUCOKO C
Macara Ha 3bpHata B knac (0,936) n 6pos
3bpHa B knac (0,931), To pobuBa ce

The behavior of the principal
components during the third investigated

period (2016/2017) (Table 8) was
completely different to the previous two
periods. Although the first principal

component was again in a high correlation
with weight (0,936) and number of grains
in spike (0,931), yield correlated to a
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CBbp3Ba 3HAUYUTESIHO No-cnabo c TO3u
KomnoHeHT (0,311). ToBa noka3ea, Ye Ba-
puypaHeTo B Ao6MBa npes To3u Nepuog He
ce CBbp3Ba NPeaVMHO C BapupaHeTo B
6pos Ha 3bpHaTa B kfac, a ¢ Apyr ene-
MEeHT Ha pobusa. MNpeacTaBeHUTe pesyn-
TaTy nokasBaT, 4e OpoAT KIACOHOCHM
cTbb61a, 0THOBO KOpenunpa ¢ BTOpMsS OCHO-
BEeH KOMMoHeHT (0,583), HO TO3M NbT "
[0BMBBLT Kopesnivpa BUCcoko ¢ Hero (0,975).
Mpes3 TO3 nepuog no-BUCOKOTO Bapupa-
He B pJo6uBa ce CBbp3Ba C MO-BMCOKO
BapupaHe B NpoAyKTMBHaTa 6paTumMocT.
TpeTuaT OCHOBEH KOMMOHEHT OTHOBO
Kopenupa pobpe u npes TO3U Nepuop, ¢
Macata Ha 1000 3bpHa (0,975). Tosa
nokasea, Ye macara Ha 1000 3bpHa Mma
0c06eHO 3HayeHune 3a hopMMpaHeTo Ha
[obuBa. YeTBbPTNSA OCHOBEH KOMMOHEHT
Kopenupa p[obpe ¢ AHMTE OO0 u3KIacs-
BaHe, MeTus C BUCOYMHATA Ha pacTeHus-
Ta, a WeCTNs C XeKTO/IMTPOBOTO Terso.

considerably lower degree with this
principal component (0,311). This shows
that the variation of yield during that
period was not predominantly related to
the variation of number of grains in spike,
but to another vyield element. The
presented results show that the number of
productive tillers was again in correlation
with the second principal component
(0,583), but this time yield was also in
high correlation with it (0,902). During that
period, the higher variation of yield was
related to higher variation of the number
of productive tillers. The third principal
component again correlated well with
1000 kernel weight (0,975). This was an
indication that 1000 kernel weight is
especially important for the formation of
yield. The fourth principal component was
in good correlation with the days to
heading, the fifth — with plant height, and
the sixth — with test weight.

Tabnuua 8. PoTvpaHa BapuvMaKkC KopefiauMoHHa maTtpuua no wuiscnegBaHuTe
nokasaTesin Npu TpuTMKase 3a ctonaHckata 2016/2017 rognHa

Table 8. Rotated varimax correlation matrix according to

investigated

parameters in triticale during economic year 2016/2017

EnemeHT KomnoHeHT/Component

Element 1 2 3 4 5 6 7 8
OV/DH 0,014 -0,113 -0,005 0,975 0,074 0,176 -0,002 0,000
BP/PH 0,023 0,120 0,169 0,082 0,962 0,153 0,001 0,000
M1000 -0,160 0,147 0,938 -0,003 0,186 0,197 0,001 0,001
M3K/WGS 0,936 0,284 0,095 0,011 0,081 0,161 0,010 0,028
B3K/NGS 0,931 0,211 -0,287 -0,030 -0,004 0,051 0,036 -0,028
XT/TW 0,179 0,212 0,321 0,356 0,266 0,789 0,001 0,000
BKC/NPT -0,788 0,583 0,096 -0,127 0,043 0,031 0,107 0,000
any 0,311 0,902 0,157 -0,110 0,157 0,169 -0,015 0,000

AW — aHn po n3knacssaHe; BP — BucounHa Ha pacteHusaTa; BKC — 6poii knacoHocHu cTbbna; [ — o6us;
M1000 — maca Ha 1000 3bpHa; XT — xektonuTpoBo Terno; M3K — maca Ha 3bpHata B knac; B3K — 6poii

3bpPHa B Knac.

DH — days to heading; PH — plant height; NPT — number of productive tillers; Y — yield; M1000 —1000 kernel
weight; TW — test weight; WGS — weight of grains in spike; NGS — number of grains in spike

CpefHo 3a TpuTe nepvoga Ha W3-
cnepgaHeTo (Ta6nuua 9) NMbpBUS OCHO-
BEH KOMMOHEHT, KOopenupa Hai-BucoKo ¢
Macara Ha 3bpHarta B knac (0,720) n 6pos
Ha 3bpHaTa B knac (0,916). ToBa nokassa,
ye BapupaHeTo B Ao6uBa ce CBbp3Ba B
Hai-ronsiMa CTeneH ¢ BapupaHeTo B 6pos
Ha 3bpHaTa B Kkiac. BtopuaTr ocHoseH

Averaged for the three periods of
investigation (Table 9), the first principal
component was in highest correlation with
weight of grains in spike (0,720) and
number of grains in spike (0,916). This
shows that the variation of yield was
related mostly to the variation of the
number of grains in spike. The second
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KOMMOHEHT KOopennpa BUCOKO C XEKTOINT-
poBoTo Terno (0,830). To3n enemeHT Ha
[ob6uBa e W3K/IIUUTE/THO BaXeH Mnokasa-
Ten B TEXHOMOMMYHO OTHOoWeHne (Baychev,
2013). Makap B KpaTKoCpo4yeH nepuos
(cTonaHcka roguHa (Tabnuuya 6, 7, 8) no-
rofIAiMo 3HayeHWe 3a BapvpaHeTo [Ja
numart npoAyKTuBHara 6paTnMocT 1 Maca-
Ta Ha 1000 3bpHa, TO B Ab/ITOCPOYEH nNe-
puog (Tabnuua 9) BapMpaHeETo B XEKTO-
JINTPOBOTO TErNO Ce CBbP3Ba C No-roisamMa
CTeneH C BapupaHeTo B MPOAYKTMBHOCT-
Ta. BucounHarta Ha pacTteHuATa Kopesnvpa
BWCOKO C TPETUA OCHOBEH KOMIMOHEHT
(0,932). B peiicTBATENHOCT Mpe3 Mnepuvo-
W, B KOUTO BMCOYMHATA Ha pacTeHUsTa B
CTOMHOCTHO WM3paxeHWe e Mno-roasama,
[obusuTe ca no-HUckW. ToBa ce CBbp3Ba
C 0COGEHOCT Npu TPUTUKaUTE B NEPUOAU C
Mo-rofIiMO  KOJ/IMYECTBO Ha BasiexuTe,
NPoAYKTUBHOCTTA fa € No-Hucka, a ouo-
mMacarta (U3paseHa u4pe3 BUCOYMHATA Ha
pacteHusTa) ga e no-Bucoka. ToBa ce
JoKasBa OT HucKata, HO oTpuuaresiHa
Kopenauus Ha [o6vBa C TPETUS OCHOBEH
KOMNOHeHT. [poAdykTMBHaTa 6paTtumocT
Ce CBbp3Ba C YETBBLPTUSA OCHOBEH KOMMO-
HeHT (-0,838). MNo-mankoTo 3HayeHne Ha
BapupaHeTo Ha TO3M rMokasarten, 3a
BapupaHeTo Ha fobusa e chakta, ye no-
rofigMarta 4act OT copToBeTe wumart
CX0AHa npoAyKTUBHA 6PaTUMOCT, KOATO
ce nosnusiBa no-cnabo oT ycroBusATa Ha
cpepata, OTKOJIKOTO — BefiMuMHaTa  Ha
camus gobus. Kopenauusta Ha gHuTe A0
n3KnacsBaHe e Haii-BMCOKa C NeTus OCHO-
BeH koMnoHeHT (0,743). To3n nokasarten
uma cnaba Bpb3ka ¢ fobuBa U Ha npak-
TMKa BapupaHeTo B HEro He ce CBbp3Ba C
BMCOKO BapupaHe BbB BenyMHara Ha
Jobusa. OT gpyra cTpaHa caMuAT noka-
3aTesl e W3K/IIYUTENIHO KOHCcepBaTUBEH
Mo OTHOLLEHME BapupaHeTo Ha CTOWHOC-
TMTE My, a MoBeyeTo OT u3cfefBaHuTe
copToBe uMaT WAEHTUYHO W3KIacsABaHe
npes oTAeNHWTEe nepuoau Ha uscnepsa-
HeTo. LLlecTnaT OCHOBEH KOMMOHEHT Kope-
nmpa Bucoko ¢ macarta Ha 1000 3bpHa
(0,673). Makap npes3 oTAesiHUTE nepuoan
(Tabnuua 6, 7, 8), Toii Aa uma No-ronssmMo

principal component was in high
correlation with test weight (0,830). This
element of vyield is of considerable
importance in a technological aspect
(Baychev, 2013). Although in the short-
term period (economic year (Table 6, 7, 8)
the number of productive tillers and 1000
grain weight are more important for the
variation, in the long-term period the
variation of test weight is related to the
variation of productivity to a higher degree.

Plant height was in high correlation with
the third principal component (0,932).
Actually, in periods, when the height of
plants is with higher values, yields are
lower. This is related to a peculiarity of
triticale  during periods of higher
precipitation, when productivity is lower
and the biomass (expressed through plant
height) is higher.

This was confirmed by the low but
negative correlation of yield with the third
principal component. The number of
productive tillers was related to the fourth
principal component (-0,838). The greater
part of the cultivars have similar number
of productive tillers, which is less
influenced by the environmental
conditions than the size of vyield itself.
Therefore, the variation of this parameter
is of lower significance for the variation of
yield. The correlation of the days to
heading was highest with the fifth principal
component (0,743).

This parameter was in low correlation with
yield and the variation in it was not in
practice correlated with high variation in
the size of yield. On the other hand, the
parameter itself is very conservative with
regard to the variation of its values, and
most of the investigated cultivars had
identical heading during the individual
periods of the investigation. The sixth
principal component was in high
correlation with 1000 grain weight (0,673).
Although during the separate periods
(Table 6, 7, 8) it was of higher importance
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3Ha4yeHue 3a BapuMpaHeTo BbB Be/IMYMHA-
Ta Ha J06MBa, TO B Ab/ITOCPOYEH Nepuos
(Tabnumua 9) HeroBOTO 3Ha4YeHNe Hamasns-
Ba. ToBa ce CBbp3Ba C (pakTa, 4Ye TO3U
nokasares e reHoTUnHo crtabuneH u ce
HabngaBa MHOTO XxapakTepHa TeHOEH-
una, He3aBUCUMO OT yC/ioBUATa Ha cpepata
pasnnynaTa mMmexay KOHKPEeTHu reHoTunose
Aa ce 3ana3sart Ha onpenesieHo HUBO.

for the variation in the size of yield, its
significance decreased in the long term
period (Table 9). This is due to the fact
that this parameter is genetically stable
and a very specific tendency is observed
the differences between certain
genotypes to remain at a certain level
regardless of the conditions of the
environment.

Ta6r||/|u,a 9. POTI/IpaHa BapumMakC KopeéesiaunoHHa Martpuda no wmicrsieaBaHuUTe
nokKasartesim Npun TpuTuKasie 3a TpuTe CTonaHCKn rogamnHn

Table 9. Rotated varimax correlation matrix according to

investigated

parameters in triticale for the three economic years

EnemeHT KomnoHeHT/Component

Element 1 2 3 4 5 6 7 8
OV/DH 0,158 0,410 -0,327 0,304 0,743 0,238 0,003 0,005
BP/PH -0,084 -0,159 0,932 -0,218 -0,181 -0,138 0,001 -0,005
M1000 0,221 0,461 -0,329 0,256 0,334 0,673 -0,004 0,006
M3K/WGS 0,720 0,325 -0,228 0,371 0,251 0,326 -0,066 0,113
B3K/NGS 0,916 0,080 -0,052 0,369 0,042 -0,092 -0,074 -0,016
XT/TW 0,331 0,830 -0,194 0,174 0,284 0,230 0,004 0,005
BEKC/INPT -0,312 -0,176 0,308 -0,838 -0,234 -0,143 0,006 -0,004
any 0,826 0,334 -0,068 -0,080 0,128 0,392 0,154 -0,027

AW — aHn po n3knacssaHe; BP — BucounHa Ha pacteHusaTa; BKC — 6poii knacoHocHM cTbbna; [ — o6wus;
M1000 — maca Ha 1000 3bpHa; XT — xektonuTpoBo Terno; M3K — maca Ha 3bpHata B knac; B3K — 6poii

3bpPHa B Knac.

DH — days to heading; PH — plant height; NPT — number of productive tillers; Y — yield; M1000 —1000 kernel
weight; TW — test weight; WGS — weight of grains in spike; NGS — number of grains in spike

Pesyntatute oT npoBefeHus aHa-
/IN3 Ha OCHOBHUTE KOMMOHEHTU NoKas3sar,
ye cpegHaTa NPOAYKTUBHOCT MpU n3cneg-
BaHUTe reHoTunu ce chopmupa Ha 6azata
Ha pas/IMYHN OCHOBHU KOMMOHEHTU B
3aBMCMMOCT OT YyCNoBuMsiTa Ha cpegaTta.
ToBa ce cBbp3Ba C Bb3AENCTBMETO Ha
METEOPOOTNYHUTE yCcnoBus (Temnepa-
Typa Ha Bb3Ayxa, BasieXxu) BbpXY KOH-
KpeTHWUs enemeHT Ha pobusa. Mo gaHHu
Ha Stoyanov (2018) npu pas3fnMyHn ycno-
BWSI Ha cpegaTa nokasaTenu kato 6pown
3bpHa B K/1ac, Maca Ha 3bpHaTa B Kiac v
Maca Ha 1000 3bpHa, pearvpar pas/iMyHo
npe3 oTAeNHUTE Nepuoan Ha uscnegBaHe
npv CbLUTE rEeHOTUNU TpUTUKasie. Colye-
BPEMEHHO YC/I0BMATa Ha cpegaTa BAnsAT
He camo BbpXy CpefHuTe CTOMHOCTU Ha
nocoyeHWTe MokasaTenu, HO W BbBPXY
TAXHOTO BapupaHe, kaTo npv Haanune Ha
HebnaronpuATHW YCNOBUA U BapualyoH-

The results from the principal
components analysis showed that the
mean productivity of the investigated
genotypes was based on different
principal components depending on the
conditions of the environment. This
relates to the effect of the meteorological
conditions (air temperature, precipitation)
on the specific element of yield. According
to data provided by Stoyanov (2018),
under different conditions of the
environment, parameters such as number
of grains in spike, weight of grains in spike
and 1000 Kkernel weight respond
differently during the separate periods of
the investigation, using the same triticale
genotypes. At the same time, the
conditions of the environment influence
not only the mean values of the above
parameters but also their variation; under
unfavorable conditions, the variation
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HUTE KOoedWUMEHTU ca 3HauYuTesnHO no-
BMCOKM, a CTOMHOCTUTE Ha Aobusa ca no-
HWCKM. ToBa nokasBa, 4Ye MNO-BUCOKOTO
BapupaHe B JafleH nokasaTten e npuynHa
1 3a NO-BUCOKO BapupaHe B CTOMHOCTUTE
Ha go6busa. Stoyanov and Baychev (2016)
rnocoyeBaT, 4Ye KOJIKOTO MO-YyBCTBUTENEH
KbM Bb3[ENCTBMETO Ha cpefjarta € eguH
rnokasares, TO/IkoBa NO-CU/THO BE/IMYMHa-
Ta Ha gobuBa ce acouyuumpa c Hero. lMpes
BCUYKM MEPUOAMN Ha HaleTo u3crnenBaHe
OPOSAT 3bpHa B KNac ce CBbp3Ba C NbPBUS
OCHOBEH KOMMOHEHT W/N C Hal-BUCOKMSA
Osin 0T 06LWOTO BapupaHe — mexay 39 u
45%. CblUeBpPEMEHHO ronsim 6poi mnicnes-
BaHUS nogyeprtasBar pakta, Yye GpPoSAT Ha
3bpHaTa B K/lac € He caMO Hai-BaXkHus
rnokasarten 3a oopMupaHe Ha MPOAYKTUB-
HOCTTaQ, HO U Ce XapakTepusupa kato 13-
KnounTenHo dyscTteuteneH (Milovanovic
et al., 2014; Kara, 2016; Kavanagh and
Hall, 2015). Pe3yntatute OT HaweTo W3-
cfnefBaHe nokasBar, Ye To3u nokasaTen e
CBbp3aH C MbpBUS OCHOBEH KOMMOHEHT He
camo B KpaTtkocpoyeH (Tabnuua 6, 7, 8),
HO U B AbArocpoyeH nepuopg (cpegHo 3a
TpuTe cTonaHckn roguHn (Tabnuua 9)).
Tbil kaTo chopMMpaHeTOo Ha 6pos Ha
3bpHaTa B Knac e cBbp3aHo NpeanmMHo ¢
reHepaTVBHU NPOLLECU B pacTUTE/THUS opra-
HW3bM, TO TO3U OCHOBEH KOMMOHEHT YC/10B-
HO MOXe ga 6bAe onpefeneH KaTo ,reHe-
patmBeH”. o nogobeH n3Boa gocturat u
Leilah and Al Khateeb (2005) npu
nscnenBaHe Ha rpyna reHoTunu nieHnua.

BTOpPUAT OCHOBEH KOMMOHEHT npwu
n3cnefBaHNTe COPTOBE B KPATKOCPOYEH
nepuog (pekonTHa roguHa) ce cBbp3Ba C
6poAT KNacoHocHW cTbbna. Cnensa oba-
ye ga ce nogyepTae, Ye Bpb3kara c 4O6U-
Ba npes otaenHuTe nepuoan (Tabnmuya 6,
7, 8) 1 Bpb3Kata C BTOPUS KOMMNOHEHT
npe3 oTAeNHUTE Nepuoan Ha uscnegBaHe
e pasnimyHa. [pe3 nmbpeBuA U TpeTus
nepuog Bpb3kaTa ¢ BTOPUS KOMMOHEHT e
nonoxuTenHa, a npes BTopus nepuos —
oTpuuatenHa. Mogo6HO CUMHO U3MeHe-
HMEe Ha KopefauuoHHaTa maTpuua 1 HecTa-
OGUNHOCT Ha npu3Haka B KpaTKOCpPOYeH
nnaH nokasea, 4Ye TO3M nNokasates vMma

coefficients are also significantly higher,
and the values of the yield are lower. This
indicates that the higher variation in a
certain parameter is the reason for the
higher variation in the values of the yield.
Stoyanov and Baychev (2016) pointed out
that the more susceptible to the effects of
the environment a parameter is, the
stronger is its correlation with the size of
yield. During all periods of our
investigation, the number of grains in
spike correlated with the first principal
component or with the highest percent of
the total variation — between 39 and 45 %.
A large number of studies emphasize the
fact that the number of grains in spike is
not only the most important parameter for
the formation of productivity, but it is also
described as an extremely sensitive one
(Milovanovic et al.,, 2014; Kara, 2016;
Kavanagh and Hall, 2015). Our results
show that this parameter is related to the
first principal component not only for a
short term (Table 6, 7, 8), but also for a
long-term period (averaged for the three
economic years (Table 9)). Since the
formation of the number of grains in spike
is related primarily to generative
processes in the plant organism, this
principle component can be conditionally
defined as “generative”. Similar
conclusions have been drawn by Leilah
and Al Khateeb (2005) when investigating
a set of wheat genotypes.

The second principal component in
the studied cultivars in the short-term
period (cropping season) correlated with
the number of productive tillers. It should
be pointed out, however, that the correlation
with the yield and the correlation with the
second component over periods was
different (Table 6, 7, 8). During the first
and third period, the correlation with the
second component was positive, and
during the second — negative. Such high
variation in the correlation matrix and
instability of the trait in the short term
period indicated lower significance of the
parameter in the long-term period, as
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Nno-Masiko 3HayeHue B [AbJITOCPOYEH Me-
puvof, KOeTo ce fokassa U OT nojiydyeHute
pesyntaTtu. MNpu nscnegsaHeto Ha Leilah
and Al Khateeb (2005) 6posT K1aCOHOCHM
CcTbbNa e cBbp3aH NpPeavMHO C MbpBUs
KOMMNOHeHT. PasnnyHu pesyntatu nocou-
BaT 1 Bhanupriya et al (2014) kaTto npo-
AyKTuBHaTa 6paTMMOoCT ce CBbp3Ba C Tpe-
TWS OCHOBEH KOMMOHEHT. Mpu TpuTnkane
obaye npoaykTMBHaTa 6GpaTUMOCT MMa Mo-
Masiko 3HadyeHue (Stoyanov and Baychev,
2016).

OcobeHo nosefeHve Mma nokasa-
TenaT maca Ha 1000 3bpHa. Mpy 06MKHO-
BeHaTa nuweHuua Bhanupriya et al. (2014)
rnocoysaT, Ye TO3M nokasares ce cBbp3sa
C TpetMss U 4eTBbPTMSA OCHOBEH KOMMO-
HeHT, a Leilah and Al Khateeb (2005) — ¢
nbpBua 1 BTOpUS. [osydyeHuTe OT Hac
pesyntaTu He3aBWCKMMO OT YC/I0BMATa Ha
cpepaTta B KpaTKOCPOYEH Mepuod nokas-
BaT, Yye mMacara Ha 1000 3bpHa ce CBbp-
3Ba KaTeropmyHo C TPeTust KOMMOHEHT,
npu ToBa CbC CbBCEM MaskM pasnnuuns
(13-17%). ToBa nogyeptaBa 3HAYEHUETO
Ha nokasartens no OTHoLWeHue dhopmMupa-
HeTO Ha [obvBa B KOHKpETHa pekonTHa
roguHa. B pgbnarocpoyeH nepuopg (Tabnvua
9) obaye macata Ha 1000 3bpHa HAMa
TOMKOBA TONAMO 3Ha4yeHve 3a 06LoTo
BapupaHe 1 ce CBbp3Ba C LUECTUA OCHO-
BEH KOMIMOHEHT, KOMTO onpegens ensa
2% OT Hero. ToBa nokassa, 4e 3a popmu-
paHeTo Ha cpefHus L06UB 3HaYeHue e
umart OHe3u efleMeHTU Ha AobuBa, KouTo
npe3 KOHKPEeTHa PEeKosITHa roguHa ca mno-
B/IMSAHN 3HAYUTENIHO MO-CUM/IHO OT YCJIO-
BMATA Ha cpefaTta, HO Mpu BCUYKM TEHO-
TMNW OT M3cnegBaHaTa CbBKYMHOCT. Taku-
Ba MokasaTenu ca AHWUTEe 40 n3knacsiBaHe
U BUCOYMHATA Ha pacTeHusTa. Te ce
CBbp3BaT C BEretaTMBHOTO pa3BuTUE Ha
pacteHusiTa, nopagy KOeTo TAXHOTO
B/IMSIHWE BbpXYy BapupaHeTo Ha fJobusa
KaTto ocHoBonofaraliy 3a Bb3HWKBAHETO
Ha reHepaTUBEH MPOLEC e € NOo-roNsmMo
B AbJ/ITOCPOYEH nepuod. TAXHOTO Bapupa-
He npe3 oTAeNHUTe NepPUOAN Ha un3cneg-
BaHe € CpaBHWUTENIHO HUCKO (Stoyanov,
2018), HO MexXay cpefHuTe CTOMHOCTKM 3a

supported by the obtained results. In the
investigation of Leilah and Al Khateeb
(2005), the number of productive tillers was
related primarily with the first component.

Bhanupriya et al (2014) gave different
results, relating the number of productive
tillers to the third principal component. In
triticale, however, the number of productive
tillers is less important (Stoyanov and
Baychev, 2016).

The parameter 1000 kernel weight
had a peculiar behavior. For common
wheat, Bhanupriya et al. (2014) reported
that this parameter correlated with the
third and fourth principal component, and
Leilah and Al Khateeb (2005) — that it
correlated with the first and second
principal component. The results we
obtained showed that regardless of the
conditions of the environment, 1000
kernel weight definitely correlated with the
third component in the short-term period,
with very low differences (13-17%).This
emphasized the significance of the
parameter for the formation of yield in a
particular cropping season. In the long-
term period (Table 9), however, 1000
kernel weight was not so important for the
total variation and correlated with the sixth
principal component, which determined
only 2 % of it. This showed that for the
formation of the mean yield important
were those yield elements, which were

significantly more influenced by the
environmental conditions during the
particular cropping season, but in all

genotypes of the investigated set. Such
parameters are days to heading and plant
height. They are related to the vegetative
development of plants and therefore their
effect on the variation of yield as a basis
for the occurrence of the generative
process will be higher in the long-term.

Their variation over the periods of the
study was comparatively low (Stoyanov,
2018), but the variation between the mean
values over years was significantly higher.
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oTAeNHWUTE TOAMHWU Ha u3cnefBaHeTo Ba-
pvpaHeTo e 3HauYMTesIHO No-BMCOKO. Mopaan
Tasn npuuMHa AHUTE [0 M3K/acsiBaHe ce
CBBP3BAT C NeTus hakTop, a BUcounHara Ha
pacTeHusiTa C TpeTus hakTop CpefHo 3a
TpuTe Nepuoja Ha nscnegsaHe.

OcobeHO noBefeHWe uMa XEeKTO-
NMTPOBOTO Terso. To3u nokasaTen uma
U3K/TIOYMUTENIHO KOHCepBaTUBHO nNoBeje-
HWe n Bapupa crabo Mexay OoTAesHuTe
reHotunose. [loBeyeTo OT copTOBETE
UMaT CXOAHW CTOWHOCTM W B KpaTKo-
CpOYEH Nepuof, 3Ha4YeHneTo My 3a 06LLo-
TO BapupaHe e MpeHebpexmnmMo Maslko
(Tabnmuya 6, 7, 8). B AbarocpoyeH ne-
pviog, obaye ycnosuaTa Ha cpegata BAus-
AT CbLECTBEHO BBbPXY CTOMHOCTUTE MY,
Kato HSAKOW OT reHOTUMOBETE MNposBsABaT
3HaYUTEesIHO NOo-BUCOKA CTabW/IHOCT no
TO3W rokKasaTesn, OTKO/IKOTO Mo nokasare-
na maca Ha 1000 3bpHa. Bbnpeku, ye
TeHAeHUMATa Mexay OTAEe/IHUTE FeHOTU-
nn npu nokasarend maca Ha 1000 3bpHa
ce 3anasBa, TO MpU XeKTO/IMTPOBOTO Ter-
N0 nogo6Ha TeHAeHUMs He ce Habnogasa
(Stoyanov, 2018). lNopagn pasHopogHaTa
CTabWIHOCT Ha wu3cfiegBaHUTE TEeHOTUMN,
3HAYEHVETO Ha XEeKTONMTPOBOTO Terno 3a
06LL10TO BapupaHe B A b/ITOCPOYEH Nepros e
3HauMTeNHO no-Bucoko (Ta6nmua 9), koeTo
e NMpuYnHa TO3n nokasares fa ce CBbp3Ba C
BTOPWSI OCHOBEH KOMMOHEHT.

Pa3Hoobpa3neto OT B/MAHUA Ha
cpefata B KpaTKOCPOUYEH M Ab/ITOCPOYEH
nepuog fasaTr Bb3MOXHOCT OnpefeneHu
nokasarenn pga O6bAar NoCoOYEHU KaTo
npuynMHa 3a BapupaHeTo B CTOWHOCTUTE
Ha po6bwsa. MNpu n3cnegBaHuTe copToBe
BCEKW eAnH OT efleMeHTWTe Ha pgobusa
MOXe Aa 06SCHU KOHKPETHWUTE CTOMHOCTU
B 3aBVCMMOCT OT YC/I0BUATA Ha cpejara.
OCHOBHWTE eneMeHTn 6poli 3bpHa B Knac
1 maca Ha 1000 3bpHa umart KaTeropuyHo
3HayeHve 3a (OpMMpaHEeTO Ha NPOAyK-
TMBHOCTTA, a oCTaHa/MTe u3c/e[BaHu
napameTpu AOMbLABAT U NOBANABAT Bapu-
paHeTo B 3aBWCKMMOCT OT YcC/ioBuATa Ha
cpepata. ToBa fasBa Bb3MOXHOCT Cefek-
unaTa Ha TpuTukane ga 6bae HacoyBaHa
B onpefeneHa nocoka Ha 6a3a Ha
noslyyeHUTe pesynrtatv B 3aBUCUMOCT OT

Therefore, the days to heading correlated
with the fifth principal component, and
plant height — with the third principal
component, averaged for the three
periods of study.

Test weigh had a peculiar behavior.
This parameter is extremely conservative
and varies only slightly between
genotypes. Most of the cultivars had
similar values and in the short term its
significance for the total variation was
negligible (Table 6, 7, 8). In the long-term,
however, the conditions of the
environment had significant effect on its
values, with some of the genotypes
demonstrating considerably  greater
stability according to this parameter in
comparison to the parameter 1000 kernel
weight. Although this tendency between
the genotypes concerning the parameter
1000 kernel weight remained unchanged,
such a tendency was not observed in test
weight (Stoyanov, 2018). Due to the
variable stability of the investigated
genotypes, the significance of test weight
for the total variation in the long-term
period (Table 9) was considerably higher

and was the reason to relate this
parameter to the second principal
component.

The variable effects of the

environment in the short- and long term
periods allowed pointing out certain
parameters as the cause for variation in
the values of the yield. Each of the elements
of the yield in the studied cultivars can
explain the specific values depending on
the conditions of the environment.

The main elements number of grain in
spike and 1000 kernel weight were
definitely significant for the formation of
productivity, while the rest of the
investigated parameters complemented
and influenced the variation depending on
the conditions of the environment. This
allows giving a direction to the breeding of
triticale based on the obtained results
according to the specific period and
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KOHKPETHUSI nepuog M CbyeTaHus ot
NOYBEHO-KIMMATUUYHN OCOBEHOCTH.

N3BOAN
1. Ha 6a3a Ha npoBefeHns aHan3 e
ycTaHOoBeHO, 4e Hag 80% ot obuwoTto
BapvpaHe ce [Ab/KM Ha TPU OCHOBHMU
KOMMOHeHTa. LLlecT OCHOBHM KOMMNOHEHTa
onpegenat 99% o1 BapupaHeTo.
2. OcCHOBHM 3a ¢hopMupaHe Ha npo-
OYKTMBHOCTTA MpW N3NUTBAHUTE TEHOTUNU
TpUTUKaNe ca nbpBUTE TPU OCHOBHU
KOMMOHEHTa, a ocTaHanute morat ja ce
cumTart 3a gonbnsaliu.
3. KopenauuoHHata Bapumakc maTpuua
rnokasea, 4Ye Hai-3HauMm gan 3a chopmu-
paHe Ha MpoAyKTMBHOCTTa MMa reHepaTuB-
HUSA (MbpPBUSI) KOMMOHEHT, KOMTO Ce CBbP-
3Ba C BNIUSIHMETO Ha Macara Ha 3bpHaTa B
Knac u 6poi Ha 3bpHaTa B Knac.
4. BereTaTuBHuA (BTOPWUSA) KOMMOHEHT,
KOTO ce cBbp3Ba C MNokasartesiss 6poii
KNacoHOCHU CcTbb6/s1a ce pasnnuyasa Mo
B3aMMOAENCTBMETO CU C Jo6uBa B 3aBu-
CUMOCT OT n3cneasaHus nepuog,.
5. Mpe3 BCcMYKM Nepuoamn Ha uscnefBaHe
Macata Ha 1000 3bpHa 3aema TpeTo
MACTO MO OTHOLLUEHME B/INAHWUETO BbPXY
06WWOTO BapvpaHe, HO B AbJITOCPOYEH
nepvof onpegena no-mMasnko ot 2% ot
06LLOTO BapupaHe, KOeTO Nnokassa BKCO-
Kata My CTabU/IHOCT M Ha/MuMe Ha TeH-
OeHUMs Mexay uscnefiBaHuTe reHoTUnu.
6. Taka rpynupaHu nscneapaHuTe nokasa-
Ten AaBaT Bb3MOXHOCT cefiekumsta Ha
TpuTuKane ga 6bAe HacoyeHa B onpefe-
NleHa nocoka B 3aBUCUMOCT OT KOHKpeT-
HaTa cenekunoHHa 3ajava.

combinations of soil and climatic

characteristics.

CONCLUSIONS
1. Based on the analysis carried out, it
was established that more than 80 % of
the total variation was due to three
principal components. Six principal
components determined 99 % of the
variation.
2. The first three principal components
were basic for the formation of the
productivity of the tested triticale
genotypes; the rest can be considered
complementary.
3. The correlation varimax matrix showed
that the generative (first) component had
the most significant part in the formation
of productivity; it was related to the effect
of the weight and number of grains in
spike.
4. The vegetative (second) component,
related to the number of productive tillers,
varied by its interaction with the yield
depending on the investigated period.
5. During all periods of investigation, 1000
kernel weight ranked third with regard to
its effect on the total variation, but in the
long term period it determined less than 2
% of the total variation, revealing its high
stability and a tendency between the
studied genotypes.

6. Thus grouped, the investigated
parameters allowed aiming the triticale
breeding to a certain direction depending
on the specific breeding task.
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PE3IOME

WN3cnepBaHeTo e NpoBeAeHO B OMUT-
HOTO nosie Ha VIHCTUTYT no uapesuuara -
KHexa 3a nepuoga 2016-2018 r. O6ekT
Ha u3cfiefBaHe ca cnegHuTe Xnbpuaw:
KH-307 1 KH-310 ot rpyna 300-400 no ®AO
n rectotn 6500 p/da; 7000 p/da n 7500
p/da; KH-435 1 KH-442 ot rpyna 400-500 no
®AO un rbcTotn 6000 p/da, 6500 p/da n
7000 p/da. M3BbplleHa e ocHOBHa obpa-
60Tka Ha noyBaTa — AbN6OKa opaH Ha
23-25 cm. MNpes nposieTta ABYKPATHO KyNTu-
BMpaHe ¢ 6paHyBaHe Ha 10-12 n 6-8 cm.
TopeHe ¢ kombuHMpaH Top NisP15Ki5 — 25
kg/da npe3 eceHta. [lpe3 nponetra
TopeHe ¢ amoHueBa cenutpa - 30 kg/da
cnep nbpBo KyntuBupaHe. lMpes3 BereTta-
uusita ABYKpaTHO OKOMaBaHe. YCTaHoBe-
HO e, 4ye npe3 rognHute 2016-2018 Ha
u3BexgaHe Ha onuta 3a pasBuUTMETO Ha
uapeBnyHuTe xmopuaun: KH-307, KH-310,
KH-435 n KH-442 Haii-6naronpusaTHa e
2017 r. 3a xubpung KH-307 1 KH-310 Haii-
BUCOKM pes3ynTatm ca MonyyYeHn npu
rbctota 7500 p/da, cboTBeTHO 957,60
kg/da un 988,60 kg/da. MakcumanHata
NPOAYKTUBHOCT CPEAHO OT TpUTE roAUHU
Ha onuta e 812,97 kg/da 3a nbpBUA ”

SUMMARY

The study was conducted in the
experimental field of the Institute of maize -
Knezha for period 2016-2018. The object
of study are the following hybrids: Kn-307
and Kn-310 from group 300-400 respective-
ly to FAO and densities: 6500 n/da; 7000
n/da and 7500n/da; Kn-435 and Kn-442
from group 400-500 respectively to FAO
and densities: 6000 n/da; 6500 n/da and
7000 n/da. Basic tillage has been carried
out-deep plowing at 23-25cm. In the spring
double cultivation with harrowing of 10-12
cm and 6-8cm. Fertilization with combined
fertilizer N15P1sK15 — 25 kg/da in the autumn.
In the spring fertilization with ammonium
nitrate — 30 kg/da after the first cultivation.
During the vegetation double hoeing. It
was found that in the years 2016-2018 of
the experiment for the development of
maize hybrids Kn-307; Kn-310; Kn-435
and Kn-442 the most favorable is 2017.
For hybrid Kn-307 and Kn-310 the highest
results were obtained at a density of
7500n/da respectively 957,60 kg/da and
988,60kg/da. The maximum productivity
on average from the three years of
experience is 812,97 kg/da for the first
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931,53 kg/da 3a BTOpUMS xmbpua. lMNpwu
oTrnexgaHe Ha uUapeBuuaTa C rbcroTa
7000 p/da oT xmbpug KH-435 e nonyyeH
MakcumaneH gobws 968,20 kg/da, a ot
KH-442 Toin e 972,60 kg/da. MNpu cbuiata
rbCTOTa CPefHO 3a nepuoja Ha npoyd-
BaHe peasiM3npaHuTe NPOAYKTUBHM Bb3-
MOXHOCTK ca Hali-Bucoku: 888,77 kg/da
3a KH-435 1 831,07 kg/da 3a KH-442.
KntouoBu aymu: Lapesunua,
XMepuam, r.CcToTn, A06MB, rpynn Ha 3psnocT

YBO/,

Buonornyecknte ocobeHoCcTN Ha
uapesuuara nossonssar T4 ga ce OT-
rnexaa B NovTu BCMYKM paiioHn Ha cBeTa
(Tomov, 1997; Popov, 2000). ¥ Hac 3a
rofiiMa 4yacT OT CTpaHata TemnepaTyp-
HUTE ycnoBus ca 6naronpuAaTHM 3a OT-
rnexaaHeTo i, HO orpaHuyaBaly, dpakTop
0OGUKHOBEHO ca BasiexuTe, nopagu KoeTo
Te ca OT pewasauwo 3HavyeHue (Kiryakov
and Gyurova, 1969; Zarkov, 2001).

VIHTepecbT KbM LapeBuuaTa ce
f6asnpa Ha HeliHaTa LWMPOKa W pasHo-
o6pasHa ynoTpeba He caMO Kato dypax
3a CEeJICKOCTOMAHCKNTE XWBOTHU, HO U B
peavua npoM3BOACTBA Ha XPaHUTEsTHO-
BKycOBaTa W XMMMYecKkaTa MpomuLlie-
HOCT. B cpaBHeHwue ¢ ocTaHanuTe KynTyp-
HU BMAOBE TS MpUTEXaBa eAuH OT Haii-
f6oraTuTe pe3epBu Ha FTEHETUYHU PECYPCH,
npeactaBeH OT pasHOO6pasHU MEeCTHU
BMAOBe, ajanTupaHu KbM crneuuguyHm
YyCNOBMSA Ha OKo/sHata cpega W uv3nos-
3BaHu OT yoBeka (Bunting, 1973; Stanev,
1980; Asafu, 1990; Abuzar et al, 2011;
Pencheva, 2018).

Hanuuveto Ha ronsam Habop oOT
Xnbpmgmn, KOUTO HaykaTa npegjara Ha
npakTukara C pas3/iMyeH Nnepuog Ha Bere-
Tauusi gaBa Bb3MOXHOCT 3a Haii-edoek-
TMBHOTO WM W3MO/MI3BAHE 4pe3 THAXHOTO
KOMOMHUpaHe B efHa COpPTOBa CTPyKTypa
B 3@aBMCUMOCT OT MOYBEHUTE, KIMMaTWu-
HUTE W arpoTexHumyeckn haktopu 3a OoT-
JenHuTe palioHn Ha ctpaHaTa (Angelov
and Glogova, 2010). CopToBuTe ocobe-
HOCTW, TexHonorvATa W ycroBuATa Ha
oTriexaaHe ca OT CbLUECTBEHO 3HaYeHne

and 931,53 kg/da for the second hybrid.
When growing maize with a density of
7000 n/da from a hybrid Kn-435 a maximum
yield of 968,20kg/da was obtained and
from Kn-442 it was 972,60 kg/da. At the
same density on average for the study
period the realized productive opportunities
are the highest: 888,77 kg/da for Kn-435
and 831,07 kg/da for Kn-442.
Key words: maize,
densities yield, groups of maturity

hybrids,

INTRODUCTION

The biological features of maize
allow it to be grown in almost all regions
of the world (Tomov, 1997; Popov, 2000).
In our country for a large part of the
country the temperature condition are
favorable for its cultivation, but the limiting
factor is usually the precipitation , wich is
why they are crucial (Kiryakov and
Gyurova, 1969; Zarkov, 2001).

The interest maize is based on its
wide variety of uses not only as fodder for
farm animals but also in a number of
industries of the food and chemical
industries.

Compared to other cultural species, it has
one of the richest reserves of genetic
resources, represented by a variety of
native species adapted to specific
environmental conditions and used by
humans (Bunting, 1973; Stanev, 1980;
Asafu, 1990; Abuzar et al, 2011,
Pencheva, 2018).

The presence of a large set of
hybrids that science offers in practice with
different vegetation periods allows for
them in a varietal structure depending on
soil climatic and agronomic factors for
different regions of the country (Angelov
and Glogova, 2010).

Varietal characteristics technology and
growing conditions are essential for the
development of the productive capabilities
of plants and product quality (Stoyanov
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3a NposiB/ieHMe Ha NPOAYKTUBHUTE Bb3-
MOXHOCTU Ha pacTeHusiTa K KayecTBOTO Ha
npoaykumaTa (Stoyanov and Tonev, 2001;
Delibaltova et al, 2009; Shafi et al, 2012;
Mandi and Ismail, 2015; Mandie et al, 2016).

HanoxutenHo e nepuognyHu
n3cnefBaHns BbpXy MPOAYKTUBHOCTTA Ha
HOBOCb3JaZleHN NPU3HATU U panoHupaHu
Xnbpuam uapesuua Ha TsaAXHaTa A06uMB-
HOCT npe3 OTAesIHUTEe FOAVHN N KOHKpeT-
HUTe ycnosus Ha otrnexaare (Vulchinkov
and Vulchinkova, 2001).

Llenta Ha npoyuBaHeTo e pa ce
YCTaHOBM B/IMSSHUETO Ha rbCcTOTaTa Ha
nocesa BbpXy [JobuBa Ha LapeBUYHM
Xnépuam ot rpynu Ha 3psinoct ®AO 300-
400 n ®AO 400-500.

MATEPVAT N METOON

WN3cnepsaHeTo e NnpoBefeHO B OMUT-
HOTO none Ha WHCTUTYT no uapesuuata -
KHexa 3a nepuoga 2016-2018 r. O6ekT
Ha u3cnegBaHe ca criefHUTe Xubpuau
npu cboTBETHATA MbCTOTA Ha cenToha:

1. KH-307 n KH-310 rpyna 300-400
no ®AO un rectotn 6500 p/da; 7000 p/da
1 7500 p/da.

2. KH-435 1 KH-442 rpyna 400-500
no ®AO n rbcToTn 6000 p/da; 6500p/da n
7000 p/da.

M3BbpLLeHa e OCHOBHa 06paboTka
Ha nouysaTa Absi6oKa opaH Ha 23-25 cm.
Mpe3 nponetTta ABYKPATHO KyNnTUBUPaHe C
6paHyBaHe Ha 10-12 n 6-8 cm. TopeHe ¢
KomouHupaH Top NisPisKis — 25 kg/da
npe3 eceHta. TopeHe npes3 nponetra C
amoHueBa cenutpa — 30 kg/da cnep
MbpBO Ky/TuBMpaHe. lpes3 BeretauumAta
[OBYKpaTHO okonasaHe. lpbCckaHe C xep-
ouumMan  cpelly LUIMPOKOSIMCTHU  XXUTHU
nnesenu ¢ Fapgonpum nawc rong — 400
ml/da cnep ceutba npean NOHMKBaHe Ha
Kyntypata. MaToH npes3 Beretauusata BbB
¢haza 5-6 nuct — 110 ml/da. N3non3saHe
Ha (OYHIMUMAN U UHCEKTULMAN CPeLLy WKO-
HOMMWYECKM BaXHW 60N1eCTn 1 HenpusaTenu
npu Heob6xoammocT. MNpoyyeHn ca nokasa-
Tenute fobuB M rbCTOTa Ha Lapesuuara
npes3 nepuoja Ha npoyysaHe.

and Tonev, 2001; Delibaltova et al, 2009;
Shafi et al, 2012; Mandi and Ismail, 2015;
Mandie et al, 2016).

Periodic studies on the productivity
of newly created recognized and zoned
maize hybrids of their yield over the years
and the specific growing conditions
(Vulchinkov and Vulchinkova, 2001).

The aim of the study was to
determine the effect of crop density on the
yield of maize hybrids from the FAO 300-
400 and FAO 400-500 maturity groups.

MATERIAL AND METHODS

The study was conducted in the
experimental field of the Institute of maize -
Knezha for the period 2016-2018. The
object of study are following hybrids at the
appropriate sowing density:

1. Kn-307 and Kn-310 group 300-400
according to FAO and densities 6500
n/da; 7000 n/da and 7500 n/da.

2. Kn-435 and Kn-442 group 400-500
according to FAO and densities 6000
n/da; 6500 n/da and 7000 n/da.

The main tillage of the soil was
deep plowing at 23-25cm. In the spring
double cultivation with harrowing of 10-12
and 6-8cm. Fertilization with combined
fertilizer NisP1sKis — 25kg/da in the
autumn. Fertilizations in the spring with
ammonium nitrate — 30kg/da after the first
cultivation. During the vegetation double
hoeing. Spraying herbicides against
deciduous wheaten weeds with
Gardoprim plus gold — 400ml/da after
sowing before germination in phase 5-6
leaves — 110ml/da.

Use of fungicides and insecticides against
economically important diseases and
pests if necessary. Yield and crop density
indicators were investigated during the
study period.
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PE3YJITATU N OBCBXXOAHE

Mpu oTrnexgaHe Ha xuépug KH-
307 ¢ rbcToTa Ha noceBa 6500 p/da Haii-
BUCOK po6bus 785,60 kg/da e nonyyeH
npes3 2017 r. (Tabnvua 1). To3u pesyntar
npesuwasa ¢ 89,60 kg/da peanusmpaHus
cpefeH [obuB 3a nepuoja Ha npoyysa-
HeTo 2016-2018 r. M3pa3eHo B MPOLEHT
npesvweHneto e 12,87%. Hai-HUCHK
pesyntat 576,40 kg/da oT npoyuyBaHus
XMbpuA, e yCTaHOBEH Npes3 TpeTara ekcne-
pvMeHTaniHa roguHa. Toil e no-mMaibKk C
119,60 kg/da cnpsmo nony4yeHust cpeaeH
[06MB. AHANOTMYHKM ca JaHHWUTe nonyde-
HU nNpun oTrnexpaaHe Ha xnopug KH-307 ¢
rbctota 7000 p/da. N npn TO3n BapuaHt
Hali-6naronpusATHa 3a LUapeBuUaTa e
BTOparta rogvHa ot u3BexgaHe Ha onuTa.
CroiiHOCTTa Ha peanu3npaHus o6us OT
Xxmopuga — O06eKT Ha u3cnegBaHe e
877,10 kg/da. Toli e B noBeue ¢ 135,57
kg/da oT TO3K, NOMy4eH CpefHo 3a Tpute
rOAMHM Ha ekcrnepumeHTanHaTa paboTa.
MakcumanHata npoaykTMBHOCT Ha Lape-
BUYHUA xmnbpug KH-307 e 877,10 kg/da, a
MuUHUManHaTa e 590,50 kg/da cboTBETHO
3a 2017 v 2018 r. Pasnukara Mmexagy Tax
e 286,60 kg/da. N3pa3eHa B NpoLeHT T4 e
48.5%. OT paHHUTe B Tabnuuara ce ycra-
HOBsIBa, Ye u npu rbctora 7500 p/da oT-
HOBO C Hail-Bucok goous 957,60 kg/da ce
oT/IMyaBa BTOpaTa rogvHa Ha onuTa. Ha
BTOPO MSACTO Ce Hapexgja nbpsara rogu-
Ha ¢ 825,90 kg/da n Ha TpeTo ¢ 655,40
kg/da e nocnepgHaTa rogmHa Ha onuTa.
CpegHo 3a nepuofa Ha u3crefBaHeTo
NPOAYKTUBHUTE Bb3MOXHOCTM Ha nocoye-
Husa xnbpug KH-307 ce xapaktepusupa c
pesynTtat ot 812,97 kg/da. Tasn cToiiHOCT
ce npesuwansa ¢ 144,63 kg/da ot nony-
YyeHata MakcumasiHa BesiMyvMHa. Pa3ma-
XbT Ha Nony4YyeHuss gobue Ha xmbpug KH-
307 e 302,20 kg/da. OT npoyyBaHuTE IbC-
TOTW, NPU KOUTO € OTrNexaaHa uapesuua-
Ta Hali-BMCOKa NPOLYKTMBHOCT € yCTaHo-
BeHa npu 7500 p/da ¢ makcumaneH gobus
957,60 kg/da. To3n pesynrtar e peanvsu-
paH npe3 2017 r., KOATO Ce e oKasana u
Hali-6naronpusiTHa 3a pasBUTUETO Ha
uapeBuyHUA xnopung KH-307.

RESULTS AND DISCUSSION

When growing a hybrid Kn-307 with
a crop density of 6500n/da the highest
yield of 785,60kg/da was obtained in 2017
(Table 1). This result exceeds by 89,60
kg/da the realized average yield for the
period of the study 2016-2018. Expressed
as a percentage the excess is 12.87%.
The lowest result of 576,40 kg/da from the
studied hybrid was found in the third
experimental year. It is lower by 119,60
kg/da compared to the obtained average
yield. The data obtained during the
cultivation of a hybrid Kn-307 with a
density of 7000 n/da, are similar. And in
this variant the most favorable for maize is
the second year of the experiment.

The value of the realized yield from the
hybrid — object of study is 877,10 kg/da. It
is more by 135,57 kg/da than the average
obtained for the three years of the
experimental work. The maximum
productivity of the maize hybrid Kn-307 is
877,10 kg/da and the minimum is 590,50
kg/da respectively for 2017 and 2018. The
difference between them is 286,69 kg/da.
From the data in the table it is established
that even at a density of 7500 n/da again
with the highest yield of 957,60 kg/da the
second year of the experiment is
characterizes. In second place is the first
year with 825,90 kg/da and in third place
with 655,40 kg/da is the last year of the
experiment. On average for the period of
the research the productive possibilities of
the indicated hybrid Kn-307 are
characterized by a, result of 812,97 kg/da.
This value is exceeded by 144,63 kg/da of
the obtained maximum value. The
amplitude of the obtained yield of hybrid
Kn-307 is 302,20 kg/da. Of the studied
densities at which maize was grown the
highest productivity was found at 7500
n/da with a maximum vyield of 957,60
kg/da. This result was realized in 2017
which turned out to be the most favorable
for the development of the maize hybrid
Kn-307.
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Tabnuua 1. Aob6uB 3bpHO kg/da ot xmbpuam KH-307 n KH-310 no rogvHn u
cpefHo 3a nepuoga 2016-2018 r.
Table 1. Grain yield kg/da from hybrids Kn 307 and Kn 310 by years and average

for the period 2016-2018

roavHm KH-307 KH-310

Years 6500 p/da | 7000 p/da | 7500 p/da | 6500 p/da | 7000 p/da | 7500 p/da
2016 726,00 | 757,00 | 82590 | 744,00 | 77510 | 825,00
2017 785,60 | 877,10 | 957,60 | 859,80 | 921,40 | 988,60
2018 576,40 | 590,50 655,40 888,30 | 936,10 | 981,40
Cpearo 696,00 | 741,53 812,97 830,70 | 877,53 | 931,53
Average

CnepsalwumaTt xubpug ot Tasu rpyna
Ha 3psanoct ®AO 300-400 e KH-310. Tow
€ OTIexgaH nNpu CbliMTe BapmaHTH, Kak-
TO 1 xmbpug KH-307. AHanunsupaiikn gaH-
HuTe B Tabnuua 1 ce yctaHoBsIBa, Ye npu
rbcToTa 6500 p/da Hail-6naronpusitHa 3a
pasBUTMETO Ha UapeBuuaTa e TpeTara
rogvHa Ha onuta. MNonyyeHus npes Tasu
roguHa pobus e Hali-Bucok. Heroeata
yncneHa ctoliHocT e 888,30 kg/da. Tosu
pe3ynTaTt npesuwasa ¢ 57,60 kg/da nony-
yeHaTa cpefHa BennuuHa. M3paseHo B
npoueHT To e 6,9%. Hali-HNCBbK o6mB OT
npoyyBaHuss xmbpug € ycTaHOBEH npes
nbpBaTa  ekcnepvMeHTanHa  roguHa,
CbOoTBETHO 744,00 kg/da. Amnautypata
Ha NPOAYKTMBHUTE Bb3MOXHOCTU Ha La-
peBuvuUaTa ce nspasssa c 4oous ot 144,30
kg/da. YBenuuaBaHeTO Ha rbcToTara Ha
nocesa ot 6500 p/da Ha 7000 p/da oka3ssa
B/IMSIHME BbPXy NOTEHUMasHaTa peasnu-
3aumMs Ha npoydBaHus xubpug. W npes
TpUTE TOAUHM Ha onuTa NoayyeHuTe Ao-
6uBM OT LapesBuLaTa ca no-BUCOKN Cnps-
MO Mo-masikaTa rbcTota. OTHOBO Haii-
6naronpusitHa 3a pas3BUTUETO Ha XmMbpua
KH-310 e 2017 r., npe3 KOATO e NoJly4eH n
Hain-Bucok goous 936,10 kg/da. Toli npe-
BMwasa c¢ 58,57 kg/da TO31 nonyyeH
CpefHo OT TpuTe roguHu Ha onuta. Pas-
nvKkata Mexgy MakCUMaslHATE BESIMYMHM
Ha gobuBa Ha uapesuuaTa, OTriexgaHa
npu 6500 p/da n 7000 p/da e 47,80 kg/da
M e B Mo/s3a Ha no-rosiimara rberoTa.
AHanusnpanku nosyyeHuTe pesyntatum ce
yCTaHOBSABa, Y€ Npu rbCToTa Ha nocesa
7500 p/da nonyyeHms gobus OT LapeBU-
yaTta Bapupa oT 825,00 kg/da go 988,60

The next hybrid from this group of
maturity FAO 300-400 is Kn-310. It was
grown in the same variant as the hybrid
Kn-307. Analyzing the data in Table 1 it
was found that at a density of 6500 n/da
most favorable for the development of
maize is the third year of experience. The
yield obtained this year is the highest. Its
numerical value is 888,30 kg/da. This
result exceeds the obtained average
value by 57,60 kg/da. Expressed as a
percentage it is 69%. The lowest yield of
the studied hybrid was found in the first
experimental year, respectively 744,00
kg/da. The amplitude of the productive
possibilities of the maize is expressed
with a yield of 144.30 kg/da.

The increase of the crop density from
6500 n/da to 7000 n/da has an influence
on the potential realization of the studied
hybrid. In all three years of experience the
yields obtained from maize were higher
compared to the lower density. Again, the
most favorable for the development of
hybrid Kn-310 is 2017 during which the
highest vyield of 936.10 kg/da was
obtained. It exceeds by 58.57 kg/da the
one obtained on average from the three
years of experience. The difference
between the maximum yields of maize
grown at 6500 n/da and 7000 n/da and is
in favor of higher density.

Analyzing the obtained results it is
established that at a sawing density of
7500 n/da the yield of maize varies from
825.00 kg/da to 988.60 kg/da respectively
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kg/da, cvoTBeTHO 3a 2016 1 2017 r. Cpes-
HO OT TpuUTe TOAMHU Ha onuTa NPOAyK-
TUBHUTE Bb3MOXHOCTU Ha xmbpug KH-310
ce u3passBar C uyucseHara CTOWHOCT OT
931,67 kg/da. To3n pesynrar e no-mMaabk
¢ 56,93 kg/da B cpaBHEHMe C Makcu-
Ma/siHata BenuumHa. AuHamukara Ha u3-
MEHEeHMEe 0T MUHMMasTHaTa A0 Makcumasn-
HaTa NpPoAyKTUBHOCT Ha xnobpug KH-310 e
163,60 kg/da. Mpn HapacTBaHe Ha rbLCTO-
Tata or 6500 p/da Ha 7000 p/da nony-
YeHus cpefeH [o6MB ce yBenMyaBa C
46,83 kg/da. Mpwn pasnuka ot 1000 p/da
pobneBa HapactBa ¢ 100,97 kg/da. 3a
nepuoga Ha mscnefBaHe cpegHaTta npo-
OYKTUBHOCT Ha xubpug KH-310 e no-
Bucoka ¢ 54,00 kg/da npu 7500 p/da, B
cpaBHeHue ¢ Tasu npu 7000 p/da.

for 2016 and 2017. On average from the
three years of experience the productive
capabiliies of hybrid Kn-310 are
expressed by the numerical value of
931.67 kg/da. This result is lower by
56.93kg/da compared to the maximum
value. The dynamics of change from the
minimum to the maximum productivity of
the hybrid Kn-310 is 163.60 kg/da. With
an increase in the density from 6500 n/da
to 7000 n/da, the obtained average vyield
increases by 46.83 kg/da. With a
difference of 1000 n/da, the yield
increases by 100.97 kg/da. For the study
period, the average productivity of hybrid
Kn-310 was higher by 54.00 kg/da at
7500 n/da, compared to 7000 n/da.

Tabnuua 2. JobuB 3bpHO kg/da ot xmbpmanm KH-435 n KH-442 no roguHn u

cpefHo 3a nepuoga 2016-2018 r.

Table 2. Grain yield kg/da from hybrids Kn 435 and Kn 442 by years and average

for the period 2016-2018

roonHun KH-435 KH-442

Years 6000 p/da | 6500 p/da | 7000 p/da | 6000 p/da | 6500 p/da | 7000 p/da
2016 750,80 777,10 799,50 595,50 653,70 697,80
2017 839,30 924,00 968,20 834,80 906,60 972,60
2018 803,80 847,50 898,60 704,60 767,70 822,80
Cpearo 797,80 | 849,53 888,77 711,63 776,00 | 831,07
Average

Ha Tabnuya 2 ca npeacTaBeHu
JaHHW 3a MPOAYKTVBHUTE Bb3MOXHOCTU
Ha xnbpnan KH-435 n KH-442 oT rpyna Ha
3panoct ®AO 400-500. MNpu recrtota Ha
nocesa 6000 p/da ot xmbpug KH-435 Haii-
BMCOK [00OMB e MnosiydyeH npes3 BToparta
eKcrnepumeHTasiHa roguHa. Herosata uuc-
neHa cTtoiiHocT e 839,30 kg/da. Ha BTOpO
MACTO ce Hapexga 2018 r. n Ha TpeTto
2016 r. MNpes Te3n roanHN OT NPOyyYBaHUA
Xnépug, peannsvpaHia o6mB CHOTBETHO
e 803,80 kg/da n 750,80 kg/da. CpegHo
OT TpWUTE TOAMHM Ha onuta MNpPoLYKTUB-
HUTE BB3MOXHOCTM Ha Uapesuuara ce
uspasseat ¢ pesynrar ot 797,80 kg/da.
Ta3u BenuunHa ce npesuwasa ¢ 41,50
kg/da oT MakcumasnHuMa noTeHuman Ha
npoy4ysaHus xnbpug. Pasnvkata ot 88,15
kg/da mexay MakcumanHata u MUHUMa-
HaTa CTOMHOCT Ha go6uBa nokassa, 4e

Table 2 presents data on the
productive potential of hybrid Kn-435 and
Kn-442 from the maturity group FAO
400-500. At a seed density of 6000n/da of
hybrid Kn-435 the highest yield was
obtained in the second experimental year.
Its numerical value is 839,30 kg/da. In
second place is 2018 and third in 2016.

During these years of the studied hybrid
the realized vyield is 803,80 kg/da and
750,80 kg/da respectively. On average
from the three years of experience, the
productive potential of maize is expressed
with a result of 797,80 kg/da. This value is
exceeded by 41,50 kg/da of the maximum
potential of the studied hybrid. The
difference of 88,15 kg/da between the
maximum and minimum value of yield
shows that the conditions for growing
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ycnosuaTa Ha oTriexjaHe Ha Luapesu-
yata npes 2017 r. ca no-6naronpuaTHN OT
Te3n Ha 2016 r. MogobHa TeHAeHUUS Ha
nU3MeHeHne Ha [obvBa ce ycTaHOBSBa U
npu rbctoTa Ha nocesa 6500 p/da. OTHO-
BO Haii-BMCOKa NPOAYKTMBHOCT OT uape-
BUYHUA Xnbpua KH-435 e nosnyyeHa npes
2017 r. Peanu3upaHusa npes tasu rognHa
[o6us e 924,00 kg/da. Toii npeBnwasa c
74,47 kg/da nonyyeHuns cpefeH fobus oT
TpUTE rOAMHM Ha onuta. V3paseHo B
npoueHTt 10 e 8,77%. Amnautygata Ha
U3MeHeHne Ha pobusa e 146,90 kg/da.
Mpu rbctota 7000 p/da peanu3avpaHus
[06MB Ha 3bPHO OT XxMbpua KH-435 Bapu-
pa B rpaHuuute ot 799,50 kg/da 3a 2016
r. oo 968,20 kg/da 3a 2017 r. YBennuie-
HVEeTO B pe3ynTar OT yC/oBuUATa Ha rogu-
HaTta e 168,70 kg/da. CpegHo oT Tpute
rOAVMHM Ha MpOy4YBaHETO MPOAYKTUBHUTE
Bb3MOXHOCTU Ha LapeBuuaTa ce uspass-
BaT C uucneHara CTOMHOCT OT 888,77
kg/da. Mpe3 nbpBaTa roguHa ysenuyasa-
HeTO Ha fo6vBa B pe3y/nTar Ha rbcrotara
Ha nocesa e 26,30 kg/da n 48,70 kg/da
CbOTBETHO 3a 6500 p/da m 7000 p/da.
Mpe3 BTopaTa rognHa no-mMankara rscro-
Ta oT 6500 p/da yBenunuyaBa pgobuea C
84,70 kg/da, a Tasm ot 7000 p/da c
128,90 kg/da. MNMpe3 TpeTaTa ekcnepumeH-
TasHa roguHa nosiydeHata pas/qimka B
pobuea 3a rbctotara 6500 p/da e 44,20
kg/da, a npu 7000 p/da 14 e 95,30 kg/da.
Mpe3 nbpBara rognHa npu rectota 6000
p/da ot xubpug KH-442 e nonyyeH no6us
ot 595,50 kg/da. Mpe3 cneppsawaTa rogm-
Ha, KOATO Ce oyepTasa kaTto no-6naro-
npusiTHa gobuea ce yBennyasa ¢ 239,30
kg/da. Vi3pa3eHo B NpOUEHT yBeNnveHme-
TO e 40.2%. lNpe3 TpeTaTta rogmMHa gobu-
Ba HamansBa Ha 704,60 kg/da, HO e B
noseye cbc 109,10 kg/da cnpsamo nbpsa-
Ta ekcnepuMmeHTasiHa rognHa. CpefHo oT
TpUTE TrOAVMHU Ha onuTa peanusmpaHara
NPOAYKTUBHOCT Ha Xxubpupa KH-442 e
711,63 kg/da. Ta e no-manka ¢ 123,17
kg/da B cpaBHEHME C MOMYYEHUS MaKCu-
MasieH gobus. 3pa3eHo B NPOLEHT T e
17,31%. T[logobHa 3akOHOMEPHOCT Ha
N3MEHeHNe Ha NoslyyeHuTe pesynTaru ce

maize in 2017 are more favorable than
those of 2016. A similar trend of change in
yield is found at a crop density of 6500
n/da. Again the highest productivity of the
maize hybrid Kn-435 was obtained in 2017.

The vyield realized this year is 924,00
kg/da. It exceeds by 74,47 kg/da the
average Yyield obtained from the three
years of experience. Expressed as a
percentage it is 8.77%. The amplitude of
change in yield is 146,90 kg/da.

At a density of 7000 n/da the realized
grain yield from hybrid Kn-435 varies in
the range of 799,50 kg/da for 2016 to
968,20 kg/da for 2017. The increase as a
result of the conditions of the year is
168,70 kg/da. On average from the three
years of the study the productive potential
of maize is expressed by the numerical
value of 888,77 kg/da. In the first year the
increase of the yield as a result of the
density of the sowing is 26,30 kg/da and
48,70 kg/da respectively for 6500n/da and
7000 n/da. In the second year the lower
density of 6500 n/da increases the yield
by 84,70 kg/da and that of 7000n/da by
128,90 kg/da. In the third experimental
year the obtained difference in the yield
for density 6500 n/da is 44,20 kg/da and
at 7000 n/da it is 95,30 kg/da.

In the first year at a density of 6000 n/da
of hybrid Kn-442 a yield of 595,50 kg/da
was obtained. In the next year which is
characterizes as a more favorable yield it
increases by 239,30 kg/da.

The percentage increase is 40.2%. In the
third year the yield decreased to 704,60
kg/da but was higher by 109,10 kg/da
compared to the first experimental year.
On average from the three years of
experience, the realized productivity of the
hybrid Kn-442 is 711,63 kg/da. It is
smaller maximum vyield. Expressed in
percentage it is 17.31%. A similar pattern
of change of the obtained results is
established at a density of 6500n/da. The
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yCTaHOBsiBa M npu rbctota 6500 p/da.
PeanusnpaHunaTt gobus 3bpHO OT uape-
BUYHUA xnbpua KH-442 Bapupa B gvana-
30H OoT 653,70 kg/da go 906,60 kg/da,
CbOTBETHO 3a NbpBaTa W BTOpaTa rogunHa
Ha onuTta. Pa3fnvkara mMexay AseTe CTOM-
HocTu e 252,90 kg/da. OT gaHHUTe B Tab-
nvuara ce BUXAa, Ye MakcMManHaTa npo-
OYKTMBHOCT Ha uapesuuarta ot 2017 r. npe-
BMwasa cbc 130,60 kg/da nonydeHata
cpegHa BenuuumHa. Mpu rbctota 7000
p/da BapupaHeTo Ha gobvBa No roguHu e
NnoAo6HO Ha TO3M MOJYYeH OT MNo-MasikuTe
rbcToT oT 6000 p/da n 6500 p/da. Haii-
HUCBHK pobus 697,80 kg/da e nonyyeH
npe3 2016 r. Toin e no-manbk ¢ 133,27
kg/da B cpaBHeHuWe c noslydyeHaTa cpegHa
BenuuunHa. lNpes cnegsawara 2017 r. ot
xnopng KH-442 e peanusmpaHa Haii-BMcoka
NPOAYKTUBHOCT. HelHata uncneHa cToii-
HocT e 972,60 kg/da. Ta npeBuwasa c
141,53 kg/da, wnm 17.03% cpegHus pno-
6VB OT TpUTE roguHN Ha onuta. 3a cblua-
Ta rogyHa yBesiMyaBaHeTO Ha rbcToTara
Ha nocesa oT 6000 p/da Ha 6500 p/da n
7000 p/da yBenuyaBa fobuBa Ha npoyu-
BaHMA xubpug, cboTBeTHO ¢ 71,80 kg/da
n 137,80 kg/da.

N3BOAN
> Mpe3 roavHute 2016-2018 Ha
u3BeXx/JaHe Ha onuta 3a pasBUTUETO Ha
uapeBunyHuTe xmopuaun: KH-307, KH-310,
KH-435 n KH-442 Haii-6naronpusaTHa e
2017 .
> 3a xumbpman KH-307 u KH-310
Hali-BMCOKMN pe3ynTatu ca nosiydyeHu npu
rbctota 7500 p/da, cboTBeTHO 957,60
kg/da un 988,60 kg/da. MakcumanHata
NPOAYKTUBHOCT CPefHO OT TpuTe rofuHU
Ha onuta e 812,97 kg/da 3a nbpBUA ”
931,67 kg/da 3a BTOpUA Xnopua,
> Mpn oTrnexgaHe Ha uapesuuaTa
¢ rectoTa 7000 p/da ot xnbpupg KH-435 e
noslydeH MakcumaneH po6us 968,20
kg/da, a ot KH-442 TOh € 972,60 kg/da.
Mpu cobuaTa recrota 3a nepuoja Ha
npoy4ysaHe peanuanpaHutTe MNPOLAYKTUBHMU
Bb3MOXHOCTM Cca Hai-Bucoku: 888,77
kg/da 3a KH-435 1 831,07 kg/da 3a KH-442.

realized grain yield from the maize hybrid
Kn-442 varies in the range from 653,70
kg/da to 906,60 kg/da, respectively for the
first and second year of the experiment.

The difference between the two values is
252,90 kg/da. The data in the table shows
that the maximum productivity of maize
from 2017 exceeds by 130,60 kg/da the
obtained the variation of the yield by years
is similar to that obtained from the lower
densities of 6000 n/da and 6500 n/da.

The lowest yield of 697,80 kg/da was
obtained in 2016. It is smaller by 133,27
kg/da compared to the obtained average
value. In the next 2017 the highest
productivity was a realized from the hybrid
Kn-442.

Its numerical value is 972,60 kg/da. It
exceeds by 141,53 kg/da or 17.03% the
average yield of the three years of
experience. For the same year the
increases the yield of the studied hybrid
respectively by 71,89 kg/da and 137,80
kg/da.

CONCLUSIONS
> In the years 2016-2018 of the
experiment for the development of maize
hybrids: Kn-307; Kn-310; Kn-435 and Kn-
442 the most favourable is 2017.
> For hybrids Kn-307 and Kn-310
the highest results were obtained at a
density of 7500 n/da, respectively 957,60
kg/da and 988,60 kg/da. The maximum
productivity on average from the three
years of experience is 812,97 kg/da for
the first and 931,67 kg/da for the second
hybrid.
> When growing maize with a
density of 7000 n/da from a hybrid Kn-435
a maximum vyield of 968,20 kg/da was
obtained, and from Kn-442 it was 972,60
kg/da. At the same density for the study
period the realized productive possibilities
are the highest: 888,77kg/da for Kn-435
and 831,07 kg/da for Kn-442.
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BNATO4APHOCTU

Yyactmeto B KOHpepeHuuATa e
omHaHcupaHo oT HaumoHasiHaTa HayyHa
nporpama (HHIMM) ,, 34paBoOCNOBHU XpaHu
3a cunHa 6MOMKOHOMMKA W KayecTBO Ha
XMBOT” Ha MWHMUCTEpPCTBOTO Ha 06paso-
BaHueTo u Haykata (MOH).
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