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PE3IOME

Llenta Ha npoyysaHeTO e pa ce
U3BBPLUN CeeKUMOoHHa OLeHKa Ha obpas-
Ly BnacaTku no npoAykTMBHOCT Ha CEMeHa
M eKkonoruyHa crtabwunHocT. MNpe3 nepuoga
2017-2019 r. B HCTUTYT no doypaxHute
KynTtypu - MneBeH e npoy4yeHa Konekums
oT 10 o6pasuu BnacaTkm BbPXy NOYBEH
TUN U3TYXEH YEPHO3EeM, MPU HEMONNBHU
ycnosus, no 6/10kOB MeTof, C WHAWBW-
JyasiHo pasnosioKeHWe Ha pacTeHusTa,
ype3 pascag npu pasctosiHne 50/50cm.
Bcekn o6pasey, e npefacraBeH oT 25
pacteHus. NHameBuayanHoto npubupaHe
Ha BCeku obpasel, e MpoBefeHO npu
TexHuyeckKa 3pAnocT Ha cemeHaTa. Kato
OCHOBHU KpuTepuu 3a oTbop Ha esfiuTHU
reHOTUMOBE ca W3NOoN3BaHU NPOAYKTUB-
HOCTTa Ha cemMeHa OT pacTeHue (g) u ene-
MEHTUTE #: BUCOYMHA Ha reHepaTVBHUTE
CTbbna, cm; 6poli reHepaTVBHU CTbbONaA
(meTnuun), AbMHKMHA Ha MEeTMuMTe, cm;
Opoil pask/IOHEeHUs Ha MeTnuua, 6pon
Knacuyeta B metnvua, NpoAyKTMBHOCT Ha
ceMeHa OT efHa MeTnuua, g; MacaTta Ha
1000 cemeHa, g; 1 BapuaunoHeH koedu-
umeHT (CV, %). Mo meToabT Ha Francis &
Kannenberg (1978) ¢ napameTpu cpefHa
NMPOAYKTMBHOCT Ha cemeHa W cpefeH
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SUMMARY

The aim of the study is to evaluate
seed productivity of accessions from
genus Festuca and ecological stability.
During the period 2017-2019, in Institute
of Forage Crops - Pleven, a collection of
genus Festuca was studied in field non-
irrigated conditions on leached black sail,
by block method, with a total of 10
accessions, individually arranged plants,
by seedlings at a distance of 50/50 cm.
Each accession is represented by 25
plants. Individual harvesting of each
accession was performed at the time of
the technical maturity of the seeds. Seed
Productivity per plant (g) and its elements:
height of generative stems, cm; number of
generative stems (panicles), length of
panicles, cm; branches number per panicle,
spikelets number per panicle, seed
productivity per panicle, g; weight of 1000
seeds, g; and variation coefficient (CV, %)
were used as a major criterion in the
selection of elite genotypes. Francis and
Kannenberg (1978) method with average
seed productivity parameters and average
variation coefficient were applied for
allocation of each accession exceed-ing
the mean values for the collection in the



BapvauMOHeH KoeUUMEHT ca OoTopaHu
o6pasuu, npeBulliaBall cpeaHuTe CTOMN-
HOCTW 3a KoNnekuusta B TpUTe nocrepo-
BaTeNHW roauHu. Pesyntatute oT npose-
[eHnsa NepapxuyeH knactep aHaav3 no
MeToga Ha Ward (1963) nokassat gobpa
CbrNacyBaHOCT Ha OUEHKMTE, KOMOMHUpa-
WM NPOAYKTMBHOCTTA W BapupaHeTo C
pasnpefesnieHneTo Ha reHoTunoBeTe Mo
Mozena Ha Francis n Kannenberg npwu
obpasumTe 3a Lenus nepuog Ha uscneg-
BaHETO. YCTaHOBEHO €, 4e MpPOAyKTUB-
HOCTTa Ha cemeHa Bapupa B 3aBUCUMOCT
OT reHoTuna — Bug, COpT, eKoTwn, Naoua-
HO HMBO W CE30HHM pasnuuusa (roguHu),
Kakto 1 OT ycnosusiTa Ha oTrnexgaHe. C
Hai-BMCOKa CcpegHoroavilHa 1 obwa
NPOAYKTUBHOCT Ha CEMEHA U eKonormyHa
CTabUNHOCT 3a TpuUTe roguHu ca obpas-
uute: oT TPBCTUKOBUAHA BracaTka CopT
An6eHa un ekotun UPIP - CapgoBo; OT
NMBajHa Bnacartka cesieKUMoHHa nonyna-
uma Merifest T u OoT yepBeHa BnacaTka
ekoTun PaBHOrop. YctaHoBeHW ca CUJTHU
NnonoXuTeNHn kopenauun mexay SP —
NPOAYKTUBHOCT Ha CEMEHa OT pacTeHue,
n H — BucoumHa, cm; r=0,850, BN — 6poii
pasknoHeHua Ha metnuua r=0,769, SpN —
6poin knacueta B metnmua r=0,744 n PL —
Ob/DKMHa Ha wMetnuuyaTta, cm r=0,785;
SWP — npoaykTMBHOCT Ha cemMeHa oT
efHa metauua, g r=0,545 n TSW — maca
Ha 1000 cemHa, g. r=0,677. BpoAaT Ha
reHepaTtvBHM CTbb6/1a € B criaba nosioxu-
TeNHa Kopesiauusi ¢ NpogykKTMBHOCTTA Ha
cemMeHa OT pacTeHue n cnaba [o cpefHa
oTpuLaTenHa kopesauus ¢ BCUYKM OCTa-
HaM CTPYKTYPHU eNEMEHTMN.

KntovoBn gymu: TpbCTUKOBUAHA,
NMBajHa M yepBeHa Bracatka; obpasuu;
NPOAYKTUBHOCT Ha CEMEHA; BapuaLMoHeH
KoednLMEHT, KnacTtepeH aHanus,
KopenaunoHeH aHanmns

YBO/,

[Jo6MBBLT Ha ceMeHa e npu3Hak oT
ro/IIMO 3HayYeHue 3a PypaxHUTe N AeKo-
paTUBHUTE MHOTOFOAULLHU XWTHW TPEBU U
rnosiyyaBa Bce MO-TONSIMO BHUMaHMWE, Tbik
KaTo pa3MHOXaBaHETO Ha CEMEHa € MKo-
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three consecutive years. The results of
the hierarchical cluster analysis performed

by the Ward method showed good
consistency of estimates combining
productivity and variation with the

distribution of genotypes by the Francis
and Kannenberg model over the entire
study period. It has been established that
the seed productivity vary depending on
the genotype species, variety or
ecotype, ploidy level and seasonal
variations (by years), as well as growing
conditions. The highest average annual
seed productivity and stability for the three
years was taken into account in the

fescue accessions: from tall fescue -
variety Albena and ecotype IRGR -
Sadovo; meadow fescue - breeding

population Merifest T and from red fescue —
ecotype Ravnogor. Strong positive
correlations were found between SP -
seed productivity per plant, and H
height, cm; r = 0,850, BN - Number of
branches per panicle r = 0,769, SpN -
number of spikes in the panicle r = 0,744
and PL Length of the panicle, cm
r = 0,785; SWP - seed productivity per
panicle, g r = 0,545 and TSW — weight per
1000 seeds, g. r = 0.677. The number of
generative stems is weakly positively
correlated with plant seed productivity and
weakly to moderately negatively correlated
with all other structural elements. The
observed reliable correlations between
the structural elements of seed yield in
fescue samples create an opportunity for
tandem selection.

Key words: tall, meadow and red
fescue accessions, seed productivity,
variation coefficient, cluster analyses,
correlation analyses

INTRODUCTION

Seed yield is a trait of major interest
for forage and turf grass species and has
received increasing attention since seed
multiplication is economically relevant for
novel grass cultivars to compete



HOMWYECKM BaXXHO 3@ HOBWTE COPTOBE Ja
ca KOHKYpEeHTHOCNOoCo6HW B TbprosckaTa
Mpexa. Bbnpekn ye, JOOMBLT Ha cemeHa
€ CJIOXKEH NPU3HaK 1 ce BNAusie OT CescKo-
CTOMNAHCKNTE NPaKTUKK, KaKTo 1 OT (hakTo-
puTe Ha oKosHaTa cpeja, npusHauute,
CBbp3aHn C MPOU3BOACTBOTO Ha CEMEHA,
paskpvBaTt 3HauMTesIHa reHeTU4Ha Bapuva-
OGUNHOCT, NpeAnocTaBka 3a NogobpsiBaHe
ypes AWPEKTEH UMM WHAMPEKTEH OTOOpP
(Boelt and Studer, 2010). Lo6uBbT Ha
CEMeHa Ce B/iMsie OT HAKOJIKO KOMMOHEHTa
Ha gobuBa M oTpassiBa BlaumogeiicTeue-
TO Mexay noTeHumana 3a gobvs Ha ceme-
Ha (Hanp. 6poi penpoAykTMBHM CTbONA,
6poil knacuyeTa/uBeTyeTa Ha penpoayk-
TMBHO CTbH06/10), N3NOM3BAHETO HA MOTEH-
uuana (Hanp. 3aBpb3 Ha ceMeHa, maca Ha
CemMeHarta), U peasiM3upaHeTo Ha MOoTeH-
unana 3a gobusB Ha cemeHa, gedmHupaH
KaTo OposA Ha UuUBeTYeTa, Ob6pasyBaliy
npogasaemMu cemeHa. PeanunsvpaHeTo Ha
noTeHunasna 3a p[obuB Ha cemeHa ce
B/IMSie OT 3a4bpXaHeTo Ha cemeHaTa U
OPYrM  XapakTepucTukK, CBbpP3aHM CbC
3aryb6aTta Ha Ao6MB MO BpPeEMe Ha npoue-
cuTe Ha npubupaHe Ha pekonTaTa u cnep
npubupaHe Ha pekontata. ToBa € B
cbrniacue ¢ npoyysaHe Ha Yamada et al.
(2004), KonTO ca OTKPWIU MNOSIOXKUTENHA
3aBMCMMOCT MexJy BucoYMHaTa Ha pac-
TEHWEeTO, rosieMrMHaTta Ha cTbbnata, Ab/l-
XVHaTa Ha MeT/muute 1 6pos Ha kiac-
yeTara Ha MeT/mua. Tesn MopdonornyHu
6enesn ca nokasaHu KaTo CW/HO Hacre-
asemn (Elgersma, 1990; Yamada, 2004;
Byrne, 2009). Marshall and Wilkins (2003)
rnokassar, 4e Nno-KbCHO B MOJICKM napuenu
€ NOTBbPAEH MOMOXNTENEH ehekT BbpXy
[obuBa Ha cemeHa OT [Ba UuKbNa Ha
(beHOTUMHAa cenekums BbpXY WHAMBU-
AyasiHu pacTeHusl, OTrNexaaHn B opaHxe-
pus. Kato usno, yctoinumBarta cenekums
3a No-BMCOK A06KB Ha cemMeHa TpsbBa ga
€ Haco4yeHa KbM eheKTVBHO U3Non3BaHe
W peanunsMpaHe Ha noTeHuuana 3a gooms
Ha CeMeHa, a He KbM yBenunyaBaHe Ha
pasmepa Ha penpogykTMBHaTa cucTtema,
KOETO MOXe [a KOMNpoMeTupa KayecTBo-
TO Ha (pypaxa M Ha umma. poussoa-
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commercially.

Although seed vyield is a complex trait and
affected by agricultural practices as well
as environmental factors, traits related to
seed production reveal considerable
genetic  variation,  prerequisite  for
improvement by direct or indirect selection
(Boelt and Studer, 2010).

Seed vyield is affected by several yield
components and reflects the interaction
between the seed vyield potential (e.g.,
number of reproductive tillers, number of
spikelets/florets per reproductive tiller),
the utilization of the potential (e.g., seed
set, seed weight), and the realization of
the seed vyield potential defined as the
number of florets forming a saleable seed.

The realization of the seed yield potential
is affected by seed retention and other
traits associated with yield loss during the
harvest and post-harvest processes.

This is in agreement with a more recent
study of Yamada et al. (2004), who found
a positive correlation between plant
height, tiller size, spike length, and the
number of spikelets per spike.

These morphological traits have been
shown to be highly heritable (Elgersma,
1990; Yamada, 2004; Byrne, 2009).

Marshall and Wilkins (2003) showed that
a positive effect on seed vyield of two
cycles of phenotypic selection on
individual plants grown in glasshouse was
later confirmed in field plots.

Generally, sustainable breeding for higher
seed yield should target efficient utilization
and realization of the seed yield potential
rather than an increase in size of the
reproductive system which may
compromise forage and turf quality.

Seed production is one of the important



CTBOTO Ha CeMeHa € efHa OT BaXHuTe
CTBMKN B CenekuMsaTa Ha pacTeHuaTa,
cnep Kato TbprosckaTa CTOMHOCT Ha efuH
COpPT YecTo ce onpefensa OT KanauuteTa
My 3a go6uB Ha cemeHa (Rognli, 2007;
Rognli et al.,2010; Boelt and Studer,
2010; Ivanska et al., 2018).

Bcuukn  BupoBe Bnacatku umart
[ABOWHO M3KUCKBaHE 3a MHAYKLMSA Ha reHe-
paTtMBHO pas3BuUTME; Te Ce HyXgadaTr oT
BEpHaM3auus uunm KbCW [HU npe3
€CeHTa, 3a Aa MHMUMUpaT pPenpoaykTuBs-
HOTO pasBuTue, U OAbJTN OHW U YMEPEHU
TemnepaTtypu 3a yab/hkaBaHe Ha cTbbna-
Ta 1 ubtTex npes nponetrra (Heide,
1994). KaTo usi10, Manko cenekumst e us-
BbpLUEHA NO OTHOLWeEHVEe Ha [obuBa Ha
ceMeHata U KOMMOHEHTUTE Ha cemMeHaTa
npn cypaxuute TpeBu. CregoBaTesniHO
reHeTUYHUTE Bapmauun n HacneasemMocT-
Ta Ha npusHauuTe ca ronemu (Rognli,
2007). OT60pbT 3a A06MB Ha cemeHa
TpsibBa ga 6bAe UHTerpupaH B nporpamm
3a Cb3faBaHe Ha HOBM COpTOBE
(Elgersma, 1985, Duller et al., 2010).

TpbcTMKOBMAHATA Bacatka (Festuca
arundinacea Schreb.) e ocHoBeH n BaxeH
oypakeH Bug OT TPEBUTE Ha XI1agHUSA
knumat. OTrnexga ce 3a XMBOTHOBbA-
CTBO B YMEPEHWTE pPEeruoHM Ha cBeTa
(Majidi et al., 2009). Tbii kaTo ce pa3BuBa
Ha obefgHenu noysy B MacuvlliHa cpega
(Npn egHOBPEMEHHO BBH3HUKBALLM MHOIO-
6poitHn HaToBapBaHus) (Belesky et al.,
2010), TpbCTUKOBMAHATA BnacaTka urpae
BaXHa posis 3a ona3BaHeTo Ha no4ysarta B
3acyLl/MBU U NOAYCYXW paiioHn. TpbCTu-
KOBMAHaTa Bfacartka CbL0 Ce M3Mosi3Ba
LWMPOKO KaTO YMMOBE B XKWIULWHK U
TbProBCckM naHgwadTi. HesaBucumo oOT
TOBa, Ma/IKO MPOy4YBaHWA ca MPOBEAEHM
Mo OTHOLLUEHUE Ha anropuTMMTE 3a J06UB
Ha cemMeHa W K/Il0HOBUTE MY KOMMOHEHTU
npu TpesBuTe. Tasn wuHdopmauus e oT
pellaBallo 3HayeHve 3a nocpeliaHe Ha
HYXOUTE Ha TbProBCKOTO pasnpocTpaHe-
HMe. Jo6UBBLT Ha CeMeHa e KO/M4YecTBeH
npu3Hak, BAnsie ce Jo ronsma crteneH ot
OKO/lHaTa cpefja M No TO3M HauyuMH uma
Hucka Hacnepgsemoct (Boelt n Gislum,
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steps in plant breeding since the
commercial value of a cultivar is often
determined by its seed yield capacity
(Rognli, 2007; Rognli et al., 2010; Boelt
and Studer, 2010; Ivanska et al., 2018).

All fescue species have a dual
flower induction requirement; they need
vernalization and/or short days in the
autumn to initiate reproductive develop-
ment, and long days and moderate
temperatures for stem elongation and
flowering in the spring (Heide, 1994).

In general, little selection has been made
with regard to seed yield and seed
components in forage grasses. Therefore,
genetic variation and heritability of traits
are large (Rognli 2007). The selection for
seed production must be integrated into
breeding programs to create new varieties
(Elgersma, 1985, Duller et al., 2010).

Tall fescue (Festuca arundinacea
Schreb.) is a primary and important cool-
season forage grass species. It is grown
for livestock production throughout the
temperate regions of the world (Majidi et
al., 2009). Because the grass thrives on
impoverished soils in pastoral environ-
ments (under simultaneously occurring
multiple stresses) (Belesky et al., 2010),
tall fescue plays a significant role in soll
conservation in arid and semi-arid
regions. Tall fescue is also widely used as
a cold-season turfgrass in residential and
commercial landscapes. For turf-type tall
fescue, previous research has focussed
mainly on cultivation. Nevertheless, little
research has been conducted regarding
the algorithms of seed yield and its key
components in grasses. This information
is crucial to meet the demands of
commercial propagation. Seed yield, a
quantitative character, is largely
influenced by the environment and thus
has a low heritability (Boelt and Gislum,
2010; Wang et al., 2010).



2010; Wang et al., 2010).

CpegHvsaT gobuB Ha cemeHa oT
TpbCcTUKOBMAHA Bnacatka B CALL Bapupa
oT 550 o 1800 kg ha '. [o6uBbLT Ha
ceMeHa ckouu oT 1210 Ha 1765 kg ha™* B
nosneTta 3a cemenpousBoacTso B OperoH,
CALl, ot 1994 no 2004 r. (Hopkins et al.,
2007). O6wo 118 948 TOHa hypaxHu n
TPEBHM TUMNOBE TPBCTUKOBMUAHA BriacaTka
cemeHa ca npousBegeHn ot 70 650 ha
npes 2008 r.
(http://cropandsoil.oregonstate.edu/seed-
ext/FnF.html, 2009 r.). YBenMyaBaHeTo Ha
Npon3BOACTBOTO Ha CEMEHA 3a TPBbCTUKO-
BMHa Bnacatka B EBpona e no-masko
n3pas3eHo rnasBHO, 3alL0TO COPTOBETE He
mMorat fga 6bgar nycHaTu B Tbproscka
Mpexa, npeau Te ga 6baaT BKIOYEHM B
odhmymanHa copToBa /MCTa, KOATO cpaB-
HsIBA HOBMTE COPTOBE C HA/IMYHWUTE Bb3
OCHOBa Ha arpOHOMUYECKN XapaKTepucTu-
Ku. VIkoHOMMYecknaT AobMB Ha CeEMeHa He
urpae (Bce OLle) BaHa posis B npoueca
Ha B3eMaHe Ha pelleHus 3a YTBbpXJa-
BaHe Ha HOBMW copToBe. TPbCTUKOBMAHATA
B/lacartka ce Hyxjae OT efHa rogvHa, 3a
[a ce ycTaHOBMW, U He JaBa CeMeHa npes
nbpBaTa roguHa. Cnep rognHaTa Ha ycTa-
HoBsIBaHe, TPbCTUKOBMAHATA BrlacaTka npo-
nsBexga cemeHa 3a 2-3 roguMHu B 3aBu-
cumocT oT nocesa (Casler et al., 2008).

B EBpona nma masiko ny6sinkyBaHu
mMaTepuanu 3a CEMENpPOM3BOLCTBOTO Ha
nvMBagHa Bnacatka. Kato usno nveagHa-
Ta Bnacatka ce cumta 3a LO6Bbp npowus-
BOAMTEN Ha CEMeHa WM JocTa JsiecHa 3a
oTrnexgaHe. B CakcoHus, egHa OT OCHOB-
HUTE €eBPONENCKN MPOV3BOACTBEHU NJIO-
wu, B nepuoga 1998-2007 r. cpepHute
[06MBM Ha ceMeHa OT NinBagHa Briacatka
Ha o6wa nsow, ot 1500-2500 ha Bapupart
mMexay 660 n 950 kg ha™ u ca mHoro
CXOOHM C Te3n Ha nacuwleH palirpac
(Schaerff, 2008). CpeaHuaT Ao6uB Ha ce-
MeHa B HopBserus oT copToBeTe ‘Salten’ n
‘Fure’ e oT 541 1 672 kg ha™, cbOTBETHO,
3a nepuoga 1989-1996, gokato cpegHuUAaT
[06MB Ha ceMeHa OT /MBagHa BnacTka B
JaHvua e 906 kg ha™. Tesu pasnuku
BEPOSAITHO ca 3apajn MO-BMCOKWS MOTEH-

60

Average seed yield of tall fescue in
the US varies from 550 to 1,800 kg ha™.
Seed ¥ield jumped from 1,210 to 1,765
kg ha ™ in commercial production fields in
Oregon, USA, from 1994 to 2004
(Hopkins et al., 2007). A total of 118,948
tons of forage and turf-type tall fescue
seed was produced from 70,650 ha in
2008
(http://cropandsoil.oregonstate.edu/seed-
ext/FnF.html, 2009). The seed production
increases for tall fescue in Europe are
less spectacular mainly because cultivars
cannot be released commercially before
they have been listed on an official variety
list that is comparing new cultivars with
available ones based on agronomic
characteristics.

Economic seed yield is not (yet) playing
any important role in the decision making
process to release new cultivars.

Tall fescue needs one year to establish,
and does not produce seed in the first
year. After the establishment year, tall
fescue will produce seed for 2-3 years
depending on the stand (Casler et al.,
2008).

There are few published records of
seed yields of meadow fescue in Europe.
In general meadow fescue is considered a
good seed producer and a quite easy crop
to manage. In Saxony, one of the main
European production areas, in the period
1998-2007, average saleable seed yields
of meadow fescue on a total surface of
1500-2500 ha varied between 660 and
950 kg ha™ and were very similar to those
of perennial ryegrass (Schaerff, 2008).
The average seed yields in Norway of
cultivars ‘Salten’ and ‘Fure’ were 541 and
672 kg ha™, respectively, in the period
1989-1996, whereas average seed yield
in Denmark was 906 kg ha™.

This difference is probably due to a higher
seed vyield potential of the main Danish



uuan Ha JaTckms copT, a He 3apagu no-
NoAXOAALN KNIUMATUYHKU YCNOBUA 3a ce-
menpounsBoacTeo (Havstad, 1998). Kato
LsiN10, Masiko OT6Op € U3BBPLUEH No J06MB
Ha CeMeHa M KOMMOHEeHTUTe My npu doy-
paxHuTe TpeBu. CrefoBaTeniHO reHeTny-
HaTa Bapvauus WU HacseAcTBeHoCTTa Mo
Te3n npusHaum ca ronemn (Rognli, 2007).
Tbl KaTo NIOAOBUTOCTTA HA MeTnLaTa e
B rosiiMa CTeneH cBbp3aHa C Ters0To Ha
cemMeHaTa Ha MeT/Mua, Tasu xapakTepuc-
TUKa MOXe [a ce W3No/a3ea npu cefekuus
3a gobus Ha cemeHa (Fang et al., 2004).

Jo6MBBLT Ha cemMeHa npu fimBagHa-
Ta BjlacaTka ce onpegens oT cTbbnarta
3aBbpllBalM C MET/IMUK, pasmepa Ha
MeTAnuMTe, 6poit Ha hepTunHM uBeTyeTa
U Terno Ha cemeHata. Npu nuBagHata
Bnacartka obpasyBaHeTo Ha PenpoayKTUB-
HW CTbb6/1a 3anoyBa B paHHa eceH npeau
roguHarta 3a cemenponssogcTeo (Havstad
et al., 2004).

UepseHata Bnacatka (Festuca rubra
L.) e LeHHa MHOroroguLIHa XnTHa TpeBa,
noaxofsuia 3a cCb3gaBaHe Ha EeKCTeH-
3MBHM nacuwa un [eKopaTvBHU Lenw.
OtnuyaBa ce ¢ gobpa NpPoAyKTUBHOCT Ha
dypax npes naToTo, nopagn VU3LPbXAN-
BOCT Ha 3acyllaBaHe U Ha 6efHu N Cyxu
nousun. Vima 3a6aBeHO MHMLMANHO pa3Bu-
TMe, HO dopMupa OUH U NOBTEH YUM
(Peeters, 2004; Katova, 2008; 2019).
MoHacTosILLEM HapacTBawoTO TbpCeEHE
Ha CeMeHa 3a 4YMMOBa MPOMULLIEHOCT
BOAM [0 Cenekumsi 3a No-B1UCOK Jo6MB Ha
cemeHa (Huyghe, 2010, Katova, 2019).
basarta gaHHM Ha EBponelickMa cbio3 3a
perncTpupaHuTe copToBe pacTeHus npes
2014 r. BrwouyBa 347 perucTpupaHu
coptoBe F. rubra. [lobpe e M3BECTHO, ye
camo TEeHOTUNOBE C BUCOKA NPOAYKTUBHOCT
Ha ceMeHa ca nogxogswm 3a cenekunst
Ha TpeBuTe (Stukonis et al., 2015).

Lenta Ha npoyyBaHeTo e pga ce
N3BBPLUN CeekLMOHHa OLeHKa Ha obpas-
UK BfiacaTku No NpoaykTUBHOCT Ha ceme-
Ha U enemeHTMTe N, N eKoNorMyHa cra-
OUNHOCT M ce oTbepaT Ha Hanl-npoayk-
TUBHUTE 1 cTabUNHNM obpasLm.
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cultivar and not due to a more favourable
climate for seed production (Havstad
1998). Generally, little selection has been
exerted on seed yield and seed yield
components in forage grasses.

Therefore, genetic  variation and
heritability for these traits are large
(Rognli, 2007). Since panicle fertility is
highly correlated with seed weight per
panicle, this component trait could be
used in selection for seed yield (Fang et
al., 2004).

The seed yield of meadow fescue is
determined by the number of panicle-
bearing tillers, size of panicles, the
number of fertile florets and seed weight.
In meadow fescue, the formation of
panicle-bearing tillers begins in early
autumn prior to the seed harvest year
(Havstad et al. 2004).

Red fescue (Festuca rubra L.) is a
valuable perennial grass, suitable for the
creation of extensive pastures and
decorative purposes. Featuring good
yields of fodder in the summer due to
drought resistance and poor and dry soils.
It has a slow initial development but forms
a fine and dense sward (Peeters, 2004,
Katova, 2008; 2019). Increasing demand
for seeds from turf industry currently is
driving to carry out breeding based on
higher seed yield (Huyghe, 2010; Katova,
2019).

The European Union database of
registered plant varieties in 2014 included
347 registered cultivars of F. rubra. It is
well known that only the genotypes with a
high seed production are promising for
grass breeding (Stukonis et al., 2015)

The aim of the study is to do breed-
ing evaluation of fescue accessions by
seed productivity and its elements and
ecological stability and to select the most
productive and stable accessions.



MATEPWNAN N METO4WA

Mpe3s nepuopga 2017-2019 .
WMHCTUTYT no  doypaxHuTe  KynTypu
MneBeH B MNOACKM ONUT € MpoyyeHa Ko-
nekymsa ot 10 obpasun Bnacatkm (Festuca
SSp.) BbpXY MOYBEH TUM U3MYXKEH YEPHO-
3eM, Npu HenosIMBHU YC0BKS, N0 6/10KOB
MeToA, BKiouBawa 4 coprtoBe, 1 cenek-
LMOHHa nonynaumsa n 5 ekotunose ¢ npo-
n3xon ot bvnrapusa, PymbHUA 1 benrus
(Tabnuua 1). Mo BMAOB cbcTaB ca 3
o6pasum TPBCTMKOBMAHA (Festuca
arundinaceae Schreb. — F.ar.) — xekca-
nnoungHu; 5 - yepeeHa (Festuca rubra L.-
F.r) - xekcannougHm un 2 - nuBajHa
Bnacatka (Festuca pratensis Huds.- F.pr.), B
T.4. 1 gunnoug u 1 tetpannouvs, ¢ UHAM-
BUAYa/THO Pas3noioXeHne Ha pacTeHunaTa,
ypes pascag npu pasctosiHue 50/50cm.

B

MATERIAL AND METHODS

During the period 2017-2019 at the
Institute of Forage Crops - Pleven in field
experiment a collection of 10 accessions
of fescue (Festuca ssp.) was studied on
soil type of leached chernozem, under no
irrigation conditions, by block method,
including 4 varieties, 1 breeding
population and 5 ecotypes originating in
Bulgaria, Romania and Belgium (Table 1).
By species composition there are 3
accessions of tall (Festuca arundinaceae
Schreb. - F.ar.) - hexaploid; 5 - red
(Festuca rubra L. - F.r.) - hexaploid and 2 -
meadow fescue (Festuca pratensis Huds. -
F.pr.), incl. 1 diploid and 1 tetraploid, with
individually arranged plants, by seedlings
at a distance of 50/50cm. Each accession
is represented by 25 individual plants.

Tabnumuya 1. KonekynoHeH NMTOMHMK € 06pasum BaacaTkm
Table 1. Collection nursery with fescue accessions

Bug, O6pasel, Tun Type MnoungHocT Mpowusxog Origin

Species, Accession Ploidy

F.ar. Albena copT variety 6n BG

F.ar. Adela CopT variety 6n RO

F. ar. IRGR - Sadovo eKoTun ecotype 6n BG

F.pr. Transilvan copr variety 2n RO

F.pr. Merifest T (F.pr.7) ceneku. nonynauusa breeding population 4n BG-BE

F.r. Capriora copr variety 6n RO

F.r. Ravnogor eKoTun ecotype 6n BG

F.r. Atoluka ekoTun ecotype 6n BG

Fr.8 1 eKoTun ecotype 6n BG

F.r.8 2 eKoTun ecotype 6n BG
Bcekn obpasel, e npeacrtaBeH OT Seed  productivity data are

25 nHanBuayasiHn pacteHus. JaHHute 3a
NPOAYKTMBHOCTTA Ha CEMEHa Ca XapakTe-
pusnpaHn c: rpaHNyHn CTOMHOCTU (Min n
max), cpegHa aputmeTuyHa (X), CTaH-
[ApTHO OTKNOHeHne (SD) n koeduuneHT
Ha BapupaHe (CV, %) no roguHn, n o6LLo
CpegHo 3a konekuuata M No BUAOBE.
BapupaHeTo ce cuuta 3a cnabo, cpegHo
WAN CWIHO nNpu cToiHocTm Ha CV,
CbOoTBETHO: A0 10%; >10-20%, n >20 %
(Dimova and Marinkov, 1999). Mo meTo-
AbT Ha Francis & Kannenberg (1978) ¢
napameTpu cpegHa nNpPOAYKTUBHOCT Ha
CeMeHa M cpefeH BapualMoHeH koedu-
LUMEHT ca OTObpaHM obpasun, npesullaBa-
LM cpefHMTe CTOMHOCTU 3a KonekumaTa B
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characterized by: limit values (min and
max), arithmetic mean (x), standard
deviation (SD) and coefficient of variation
(CV,%) by years, and overall average for

the collection and by species. The
variation is considered to be weak,
medium or strong at CV values,

respectively: up to 10%; > 10-20%, and>
20% (Dimova and Marinkov, 1999).
According to the method of Francis
& Kannenberg (1978) with parameters
average seed productivity and average
variance coefficient, accessions exceed-
ing the average values for the collection in
the three consecutive years were
selected. As the main criterion for the




TpuTe nocnefoBaTeNHn roAauHW. Kato
OCHOBEH KpUTEepuin Nnpy 0T6opa Ha eNnuTHA
reHoTunoBe ca W3Nos3BaHW cpegHuTe
apuTMETUYHN CTOMHOCTU MO NPOAYKTUB-
HOCT cemeHa (g) u BapuaumoHeH koedin-
umeHt CV, %. lpoBefeH e KnacTbpeH
aHanu3 no metoga Ha Ward (1963) u ce
HabngaBa eHOMOCOYHOCT Ha pe3ynTa-
TMTe NO ABata MeToja Ha oueHka. Exe-
rofiHo npe3 BereTauusita € N3BbPLLEHO NPO-
NEeTHO U eCEHHO MHAMBUAYANHO NOAXPaHBa-
He Ha pacTeHusta ¢ no 60 kg N ha™ nopg
hopmata Ha amoHueBa cenimtpa (NH;NO3).

MpnbupaHeTo Ha CcemeHata e
U3BBbPLIEHO PBYHO, WHAMBUAYASIHO CbC
Cbprn, Ha BCSAKO pacTeHuMe OT obpasel,
reHepatMBHuUTEe CTbbONa C MeTaMuMTe ca
nocTaBeHun B eTUKeTUpaHu navkose. Cnep
TOBa Ca OTYUMTaHW: NPOAYKTUBHOCT Ha ce-
MeHa OT e[JHO pacTeHue, g U enemMeHTuTe
: BACOYMHA Ha reHepaTuMBHMTE CTbONA,
cm; 6poil reHepaTnBHN cTbONA (MeTnun),
ObKNMHA Ha MeTnmyuTe, cm; 6poi pas-
KNOHEHMs1 Ha MeT/Mua, bpoli knacyeta B
MeT/iMua, NPOAYKTUBHOCT Ha cemeHa OoT
efHa meTnuua, g; macara Ha 1000 ce-
MeHa e oTyeTeHa Ha 2 ycrnopefHu npobwm
3a Bcekun obpaseu, g. Metnuuute ca
OBbpLUaHW, CemMeHata ca MNOYUCTEHU W
npetersneHn. OTYeTeEHU ca nokasartenute
3a Btopa (2017 r.), Tpeta (2018 r.) un
yetBbpTa (2019 r.) NPOAYKTMBHWN TOANHU
OT Cb3faBaHeTo Ha Konekuyusita. CtatucTu-
yecka obpaboTka Ha paHHUTe (4pe3 Excel,
npn P=0,05) BkntouBa, BapuauMoOHEH, paH-
roB U KopenaunoHeH aHanunsn. Ypes SPSS
25 KOMMTbpPHA NporpamMa € K3BbPLUEH U
knactepeH aHanus (Lefkovich, 1985, 1990).

PE3SYNTATU N OBCBbXOAHE

B Tab6nuua 2 e npeacraBeHO paH-
XVpaHO B HU3XOASALL pef pasnpegeneHune
no MNPOAYKTMBHOCT Ha ceMeHa OoT efHo
pacteHne Ha o6pa3un BracatkMm 3a
TPpUroAuLIHMA NEepuog Ha usnuTeaHe. 3a
2017 r. ca oT4eTeHN 06LLO0 7 reHoTMnoBe
CbC CpefHa NPOAYKTUBHOCT Ha CEMeHa OT
10,90 g wn BapupaHe oT 79,42 %.
O6pasuute IRGR-Sadovo n Albena npe-
BuLIaBaT cpefHara npoAyKTUBHOCT 3a ro-
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selection of elite genotypes, the arithmetic
mean values of seed productivity (g) and
variation coefficient (CV %), were used.

A cluster analysis was performed by the
method of Ward (1963) and the
unidirectionality of the results was
observed by the two evaluation methods.

Annually, in spring and autumn, the plants
are individually fertilized with 60 kg N ha-1
in the form of ammonium nitrate
(NH4NO3).

Seed harvesting was done by hand
individually using sickle, each plant per
accession, reproductive  (generative)
stems with panicles were put in labeled
bags. After that were counted: seed
productivity per plant, g and its elements:
height of generative stems, cm; number of
generative stems (panicles), panicle
length, cm; number of branches per
panicle, spikelets number per panicle,
seed productivity per panicle, g; weight of
1000 seeds obtained by two samples for
each accession, g.

Panicles were threshed, seeds were
cleaned and weighted. Measurements
were obtained for characteristics for
second (2017), third (2018) and fourth
(2019) productive year from the collection
establishment. Statistical data processing
(via Excel, at P=0.05) includes variation,
rank and correlation analyzes. A cluster
analysis was also performed using the
SPSS 25 computer program (Lefkovich,
1985, 1990).

RESULTS AND DISCUSSION

The Table 2 presents the lowest
ranked degree of distribution  of
productivity of seeds per plant of fescue
accessions for a three-year test period. In
2017, a total of 7 genotypes were found
with an average seed productivity of 10.90
g and a variation of 79.42%.

The IRGR-Sadovo and Albena accessions
exceeded the average productivity for the



AvHaTta, a pyMbHCKMs copT Adela s po6-
nmxaea (10,72 g). Mo oTHOLWEHWe Ha Bapu-
paHeTo C Hali-ronsiMo TakoBa € PyMbHCKMS
copt Transilvan. Tpu o06pa3sus oT Buga
yepBeHa BnacaTtka ekotunose ATtosnyka, 8_1
n 8_2 He obpasyBaT reHepaTBHU CTbONA U
HAMa pekonTMpaHu cemeHa npes 2017 .
Mpe3 2018 r. 6poAT Ha OTYeTEHUTE
o6pasum e 10, kaTto ce oTuMTa no-ronsAma
obwa cpefiHa NPOAYKTUBHOCT MO U3Mep-
BaHuA nokasarten (16,14 g). cbC cpaBHU-
Te/IHO  No-mMasiko  BapupaHe  (64,23%)
cnpsiMo npefaxoaHaTa roguHa. ObpasuuTte ¢
NPOAYKTUBHOCT Ha CeMeHa Haj cpegHaTa
ca: Albena; IRGR-Sadovo; Adela n Merifest
T. C HalA-BMCOKM CTOMHOCTM Ha BapupaHe ca
ekotmn IRGR-Sadovo n copT Transilvan.
Mpe3 2019 r. 6poOAT Ha OTYeTEHUTE
ob6pasum e 8, kaTo ce oTyMTa Hal-ronama
obwa cpefiHa NPOAYKTUBHOCT MO M3Mep-
BaHuA nokasaten (21,22 g) cbC cpas-
HUTEJSTHO Hali-roniamo Bapupaxe (87,07%).
MeT o6pasun npesuwasaT cpegHata
CTOMHOCT MO NPOAYKTUBHOCT Ha cemMeHa
3a konekuusita IRGR - Sadovo, Albena,
8 1, Adela n Merifest T. [a o6pa3suu ot
yepBeHa BnacaTka, copT Capriora 1 ekoTun
8 2 He ob6pasyBar reHepaTmBHU CTbb1a U
HAMa peKkonTMpaHu cemeHa npes 2019 .

year, and the Romanian variety Adela
approached it (10.72 g). In terms of
variation, the Romanian variety Transilvan
is the largest. Three accessions of red
fescue ecotypes Atoluka, 8_1 and 8 2 do
not form generative stems and no seeds
were harvested in 2017.

In 2018, the number of reported
accessions is 10, taking into account the
higher total average productivity of the
measured indicator (16.14 g), with relatively
less variation (64.23%) compared to the
previous year. Accessions with above-
average seed productivity are: Albena;
IRGR-Sadovo; Adela and Merifest T. The
highest values of variation are the IRGR-
Sadovo ecotype and the Transilvan variety.

In 2019, the number of reported
accessions is 8, taking into account the
highest total average productivity on the
measured indicator (21.22 g) with relatively
the largest variation (87.07%). Five
accessions exceed the average seed
productivity for the collection - IRGR-
Sadovo, Albena, 8 1, Adela and Merifest
T. Two specimens of red fescue, Capriora
variety and ecotype 8 2 do not form
generative stems and no seeds were
harvested in 2019.

Tabnunua 2. PaHxmpaHe Mo npoayKTUBHOCT Ha cemeHa (MC, g) OT pacTeHue Ha
o6pasum Bnacartku 3a nepuoga 2017-2019 r. n BapmnaymMoHHu KoedomumeHTn CV, %
Table 2. Ranking by seed productivity (SP, g) per plant of fescue accessions for
2017-2019 period and coefficients of variation CV, %

2017 2018 2019

06pa3§u nc, cV, % 06pa3t_au, nc, cV, % 06pa3t_au, nc, |CV, %

Accession |[SP, g Accession |SP, g Accession SP, g
IRGR - Sadovo |24,67| 75,30 |Albena 48,91 163,12 IRGR - Sadovo |41,15| 75,67
Albena 23,48| 79,95 |IRGR - Sadovo |29,05 | 95,29 |Albena 38,50 | 67,29
Adela 10,72 108,33 |Adela 24,26 /63,618 1 34,65| 0,43
Transilvan 6,24 | 114,21 | Merifest T 17,14 | 41,74 | Adela 31,18| 57,13
Ravnogor 4,13 | 63,56 |8 2 13,80 | 44,93 | Merifest T 27,20| 43,13
Merifest T 3,84 | 79,64 |Ravnogor 8,60 | 62,01 |Atoluka 4,44 | 96,45
Capriora 3,20 | 77,51 |Atoluka 8,17 | 65,07 |Ravnogor 3,21 147,50
Atoluka Transilvan 5,87 | 94,70 [Transilvan 2,88 |122,31
8 1 8 1 4,10 | 58,68 |Capriora
8 2 Capriora 1,55 |53,138 2
average 10,90 | 79,42 average 16,14 | 64,23 average 21,22 | 87,07
min 3,20 | 63,56 min 1,55 | 41,74 min 2,88 | 0,43
max 24,67|114,21 max 48,91 | 95,29 max 41,15|147,50
STDEV 8,66 STDEV 13,77 STDEV 15,91
CV, % 79,42 CV, % 85,30 CV, % 75,00
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B Tab6nuua 3 ca npeacraBeHu
CpegHUTe CTOMHOCTU Ha MNPOAYKTUBHOCT
Ha cemeHa no rofnHu, cpegHo n obulo 3a
TpUTE TOAMHU Ha KOMEKUWOHHW 06pasuu
BnacaTka. PaHxupaHeTo e Ha 6a3a obLlia
NPOAYKTUBHOCT Ha CEMeHa 3a nepuoja Ha
npoyysaHeto. Habnogasa ce HapacTsa-
He Ha cemMeHHaTa NPOAYKTMBHOCT BbLB
BCsiKka criefBalla rogmHa ot BTopa (2017
r.) kbm yeTBbpTa (2019 r1.).

Mo oTHOWeEHWe Ha BUOOBETE: TPbC-
TMKOBMAHaATa BjlacaTka € C Haii-Bucoka
NPOAYKTMBHOCT Ha CeMeHa — 06Wo 3a
Tpute roanHn cpegHo 90,64 g Ha pacTte-
HMe, KaTo copT AnbeHa e Haii-Mpogyk-
TmBeH 110,90 g, cnegsaH OT eKOTUM
VPI'P - CapoBo - 94,86 g.

JlvBapHa Bnacatka 3aeMa Mex/auH-
HO Mos10XeHne — ¢ 06wo cpegHo 31,58 g
Ha pacTeHue, Kato TeTpanjoujHaTta ce-
nekuuoHHa nonynauua Merifest T npesu-
WwaBa TasuW CTOAHOCT U € Tpu MbTU Mo-
NpoAyKTMBHA Ha CeMeHa OT PYMbHCKUA
copT Transilvan, KOWTO € [UNIOWAEH.
Habnwaasa ce ehekTMBHOTO NONOXUTEN-
HO Bb3JeiCTBME Ha MHAyuMpaHaTa nosu-
nnonausa  BbPXY NPOAYKTUBHOCTTA Ha
cemeHa (Katova, 2009).

Mpu yepBeHaTa Bnacartka obLiaTa
3a TpuTe roAvHW cpefHa CTOWHOCT Mo
NPOAYKTUBHOCT Ha cemeHa e 17,17 g Ha
pacTteHue, kato ekotun 8-1 1 PaBHorop ca
Hal-NPoAYKTUBHU, HO 8-1, He o6pa3sysBa
CeMeHa Ha BToparta NnpoAyKTUBHa rofuHa.
OTrnexaaHeTo Ha 4yepBeHaTa Bracartka
3a CemeHa oOkasBa B/IMAHWE BbPXY
HeliHaTa AbArOTPaiHOCT M Ce ovyepTasa
3HauyeHMeTa Ha HauMHa Ha U3nosiBaHe Ha
TPEeBOCTOA, KaTo eKoTunoBeTe ATONyKa,
8-1 n 8-2, HAmar cemeHa npe3 2017 1., a
copt Capriora n 8_2, HeobpasysaT ceme-
Ha npe3 2019 r. n 3arueBat. Camo ekoTun
Ravnogor obpa3syBa reHepaTuBHM CTbb6/1a
W MMa MPOAYKTMBHOCT Ha CemeHa npes
TpUTE OTUETHU FOAUNHN.

Cnpsmo obuiata cpegHa CTOMHOCT
3a KonekuuaTta 42,09 g Ha pacTteHue, 4
obpasuu, B T. 4. 3 TPbLCTUKOBUAHA Ba-
catka AnbeHa, IPTP - CagoBo n Adela, u
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Table 3 presents the average
values of seed productivity by years,
average and total for the three years of
collection accessions of fescue. The
ranking is based on the total seed
productivity for the study period. There is
an increase in seed productivity in each
subsequent year from the second (2017)
to the fourth (2019).

Regarding the species: tall fescue
has the highest seed productivity - a total
of 90.64 g per plant for the three years, as
the variety Albena is the most productive
110.90 g, followed by the ecotype IRGR -
Sadovo - 94.86 g

Meadow fescue occupies an
intermediate position with a total
average of 31.58 g per plant, as the
tetraploid breeding population Merifest T
exceeds this value and is three times
more productive in seeds than the
Romanian variety Transilvan, which is
diploid. The effective positive effect of
induced polyploidy on seed productivity
has been observed (Katova, 2009).

In red fescue, the total average
seed productivity for the three years is
17.17 g per plant, with ecotype 8-1 and
Ravnogor being the most productive, but
8-1, not forming seeds in the second
productive year. The cultivation of red
fescue for seeds has an impact on its
longevity and the importance of the way
the grassland is used is emerging, as the
Atoluka, 8-1 and 8-2 ecotypes have no
seeds in 2017, and the Capriora and 8_2
variety do not form seeds in 2019 and
died. Only the Ravnogor ecotype forms

generative stems and has seed
productivity during the tree reporting
years.

Compared to the total average

value for the collection of 42.09 g per
plant, 4 accessions, including 3 tall fescue
Albena, IRGR - Sadovo and Adela, and 1



1 o6pasel, nuBagHa Bnacatka Merifest T
npesunLlaBaT Tasn CTOMHOCT.

accession meadow fescue Merifest T
exceed this value.

Tabnuua 3. PaHXupaHe no npoAykKTMBHOCT Ha cemMeHa Mo roAuvHW, cpeaHo U
ob6uo 3a neproa Ha B1A0Be 1 0bpasuu, BacaTku
Table 3. Ranking by seed productivity in years, average and total for the period

of fescue species and accessions

O6pasel, MpoaykTnBHOCT Ha cemeHa / Seed productivity (g/plant)
Accession 2017 2018 2019 average total PaHr / Rank
F. ar. Albena 23,48 48,91 38,50 36,97 110,90 1
F. ar. Adela 10,72 24,26 31,18 22,05 66,15 3
F. ar. IRGR - Sadovo 24,67 29,05 41,15 31,62 94,86 2
F.ar. average 19,62 34,07 36,94 30,21 90,64

F. pr. Transilvan 6,24 5,87 2,88 5,00 14,99 7
F. pr. Merifest T 3,84 17,14 27,20 16,06 48,18 4
F.pr. average 5,04 11,51 15,04 10,53 31,58

F. r. Capriora 3,20 1,55 - 2,38 4,75 10
F. r. Ravnogor 4,13 8,60 3,21 5,31 15,94 6
F. r. Atoluka - 8,17 4,44 6,31 12,61 9
F.r.81 - 4,10 34,65 12,92 38,75 5
F.r.8 2 - 13,80 - 13,80 13,80 8
F. r. average 3,67 7,24 14,10 9,01 17,17

Total average 10,90 16,15 22,90 15,68 42,09

min 3,20 1,55 2,88 2,38 4,75

max 24,67 48,91 41,15 36,97 110,90

STDEV 8,39 13,62 14,79 11,28 35,33

CV,% 77,03 84,34 64,56 71,94 83,92
Confidence 0,01 6,84 11,09 12,04 9,19 28,77

Ha dwurypa 1 e nokasaHo pasmnpe-
JeneHneto no wmetoda Ha Francis u
Kannenberg (1978) Ha 7 o6pa3uu Bnacat-
Kn 3a 2017 r. B kBagpaHTute C Mnpoayk-
TMBHOCT Ha CeMeHa OT efHO pacTeHue
Haf cpefHaTa v BapuabuiHoCT Moj, cpes-
HaTa nonagat obpasuute IRGR-Sadovo
n Albena. Copt Adela ce Hamupa Ha rpa-
HUUaTa Mexay TPetTu 1 BTOPU KBagpaHT.
OcraHanute 06pasun ce pasnpesensat B
HUCKOMPOAYKTUBHUTE 30HM Ha TPeTU U
4yeTBBLPTU KBaZpPaHT. BapupaHeTo BbLTpe B
nonynauumnte n mexgy tax e cunHo CV,
% o1 63,56 00 114,56%.
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In Figure 1 shows the distribution
by the method of Francis and Kannenberg
(1978) of 7 fescue accessions for 2017.
The quadrants with seed productivity per
plant above the average and variability
below the average include the accessions
IRGR-Sadovo and Albena. The Adela
variety is located on the border between
the third and second quadrants. The
remaining accessions are distributed in
the low-yield zones of the third and fourth
quadrants. The variation within and
between populations is strong CV,% from
63.58 to 114.56%.




SP,g

20

10

(0] 10 20 30 40 50

Ravnogor @

IRGR-Sadopo
[
® Albena
Adela
L_J
Merifest T e
¥ Transilvan
Capriora
60 70 80 90 100 110 120
CcV, %

@ur. 1. PasnpepeneHue / oueHka No NPOAYKTUBHOCT Ha CeEMeHa U €eKOoJsIorMyHa
cTabunHOCT Ha obpasum Bracatkm 3a 2017 T.
Fig. 1. Distribution / evaluation by seed productivity and ecological stability of fescue

accessions in 2017

Ha dwurypa 2 ca nokasaHu 10
o6pasum Bnacatkm n TAXHOTO pasnpege-
nexve no Francis n Kannenberg 3a 2018
r. BbB BMCOKONPOAYKTUBHATA 30HA nona-
Aart oTHoBo Albena,, IRGR-Sadovo, KkakTto
N pymbHCKMS copT Adela n cenekuuoH-
HaTta nonynauus Merifest T B nbpBu "
BTOPU KBagpaHT. C Hail-HMCKa NPOAYKTUB-
HOCT 1 BMCOKO BapupaHe ca copT Transilvan
n ekoTun Atoluka, kKOMTO nonagaT B TpeTu
KBagpaHT.
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In Figure 2, 10 accessions of
fescue and their distribution according to
Francis and Kannenberg for 2018 are
shown. Albena, IRGR-Sadovo, as well as
the Romanian variety Adela and the
breeding population Merifest T in the first
and second quadrants fall into the highly
productive zone. The lowest productivity
and high variation are the Transilvan
variety and the Atoluka ecotype, which fall
into the third quadrant.
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CcTabuIHOCT Ha obpa3sun BfiacaTkm 3a 2018 .
Fig. 2. Distribution / evaluation by seed productivity and ecological stability of fescue

accessions in 2018



durypa 3 nokassa pasnpegesieHve-
TO Ha 7 obpasuu Festuca ssp. no metoga
Ha Francis n Kannenberg 3a nocnegHata
roguHa Ha unscnepgsaHeTto (2019 r). MeHo-
TUNOBETE Ce nogpexaar anaroHasHo, Ka-
TO B MbPBW Hali-XenaH KkBagpaHT nonagat
IRGR-Sadovo, Albena, Adela u Merifest T.

Figure 3 shows the distribution of 7
fescue accessions by the method of
Frances and Kannenberg for the last year
of the study (2019). The genotypes are
arranged diagonally, with IRGR - Sadovo,
Albena and Merifest T in the first most
desired quadrant.
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—— o
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30 ® Adela
P
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dur. 3. PasnpegenieHne / oueHka Mo NPOAYKTUBHOCT Ha CemMeHa U eKoslormyHa
CTabuIHOCT Ha 06pa3uu Bnacatkm 3a 2019 .
Fig. 3. Distribution / evaluation by seed productivity and ecological stability of fescue

accessions in 2019

Ha durypa 4 e un3obpaseHa AOeH-
AporpamMa Ha KiacTepHus aHaamM3 no
MeToga Ha Ward Ha 7 o6pa3suu Bnacarku,
KOMOMHMpaLY, NPoAYyKTMBHOCT Ha cemeHa
OT elHO pacTeHue v BapupaHe 3a 2017 r.
HabnwpasaTr ce Tpu SACHO 060co6eHu
knacTtepa. B nbpBus ca IRGR-Sadovo u
Albena ¢ 6113K0 pa3CcTOsHNE NOMEXAY CU
W Hali-rofama guctaHums cnpsmMo gpy-
rMte gea. Te monagaTt B MbpBU M BTOpU
KBagpaHT Mo MeToja Ha pasnpegeneHue
Ha Francis n Kannenberg (1978), kato
Tpab6Ba ga ce uma npeasus, ye Albena e
Ha rpaHvLaTa mexay apaTta ksagpaHTa —
®urypa 1.

Figure 4 shows a dendrogram of
the Ward cluster analysis of 7 fescue
accessions, combining seed productivity
per plant and variation for 2017.

Tree clearly identified cluster are observed.
In the first are IRGR-Sadovo and Albena
with close distance to each other and the
greatest from the other two. They fall into
the first and second quadrants by the
method of distribution of Frances and
Kannenberg (1978), and it should be born
in mind that Albena is on the border
between the two quadrants — Figure 1.

68



Dendrogram using Ward Linkage
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coefficient of variation (CV, %) in 2017

B cnepgBawus knactep ca pymMbH-
ckusa copT Adela n ekotun Transilvan. Te
ce pasnpefensaT B TPETU KBaAPaHT, KOWTO
€ Hali-HexenaH 3a cenekuusaTta. MNocneg-
HUAT knactep o6xeawa  Merifest T,
Capriora 1 Ravnogor, kouto ce pasnpe-
[ensiT B HUCKONPOAYKTUBHATA 30HA Ha Mbp-
BM N 4eTBBLPTU kBagpaHT. Habnogaea ce
CpaBHWUTENHO A06pPO cCbrnacyBaHe Mexay
[BaTa MeToja npu OLEeHKa Ha NPOAYKTMB-
HOCTTa 1 CTabUNHOCTTa Ha reHOTUMNOBETE.

In the next cluster are the
Romanian varieties Adela and Transilvan.
They are divided into a third quadrant,
which is the most undesirable for
selection. The last cluster comprises
Marifest T, Capriora and Ravnogor, which
are distributed in the low —vyield zone of
the first and fourth quadrants. There is a
relatively good agreement between the
two methods in assessing the productivity
and stability of genotypes.

Dendrogram using Ward Linkage
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Fig. 5. Cluster analysis of 10 fescue accessions according seed productivity and

coefficient of variation (CV, %) in 2018
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Ha ®urypa 5 e nokasaH kiactep
aHanm3 Ha 10 obpasum Festuca ssp. 3a
rpynvpaHe no npusHauute npoayKTUB-
HOCT Ha CeMeHa OT efHO pacTeHue u
TAXHaTta BapuabunHocT. [deHaporpamara
rnokassa Tpu OCHOBHMW KiiacTepa.

B nbpBus knactep C Hai-61unska
AVcTaHumMa ca reHoTtunosete: Ravnogor,
Atoluka, 8_1 mn Capriora. Mo pa3npege-
neHuneto Ha durypa 2 Te nonagart B TPETK
KBaZpaHT, kaTo Atoluka e Ha rpaHuuaTta ¢
YeTBBPTU.

BTtopu knactep copmupaTr obpas-
umte Merifest T, 8 2 n Adela, kato no-
cnefHuAT obpasel, e Ha gucTtaHumsa ot
nbpBuUTEe fABa. TAXHOTO pasnpegesieHuve
Ha ®urypa 2 e B nbpBu (Merifest T n
Adela) u TpeTu kBagpaHT (8_2), Kato nak
ce Habnwaaea guctaHumaTa npu Adela.

B Tpetn knactep nonagar ocTtaHa-
niute  Tpu  reHotunoBe IRGR-Sadovo,
Transilvan n Albena. Te ca pasnpefesieHu
BbB BTOPW, YETBBLPTU N MbPBU KBaAPAHT,
CbOTBETHO C KOETO Ce 065iCHABa ronsiMa-
Ta guCTaHuma Mexay TAX WU ocTaHauTe
Knacrepu.

In Figure 5 shows a cluster analysis
of 10 samples of Festuca ssp. to group by
characteristics the productivity of seeds
per plant and their variability. The
dendrogram shows three main clusters.

In the first cluster with the closest
distance are the genotypes: Ravnogor,
Atoluka, 8_1 and Capriora. According to
the distribution of Figure 2 they fall into
the third quadrant, with Atoluka on the
verge of fourth.

The second cluster is formed by the
accessions Merifest T, 8_2 and Adela, as
the last accession is at a distance from
the first two. Their distribution in Figure 2
is in the first (Merifest T and Adela) and
third quadrants (8 _2), and again the
distance is observed in Adela.

The third cluster includes the other
three genotypes IRGR-Sadovo,
Transilvan and Albena. They are divided
in second, fourth and first quadrants,
respectively, which explains the large
distance between them and the other
clusters.

Dendrogram using Ward Linkage
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Fig. 6. Cluster analysis of 7 fescue accessions according seed productivity and

coefficient of variation (CV, %) in 2019

durypa 6 nokasea knacrtep aHanm3
Ha cegem o6pasus  BlacaTku
OTHOLLIEHWE NPOAYKTUBHOCTTA Ha CemeHa

Figure 6 shows a cluster analysis of

no | seven fescue accessions in terms of seed

productivity and variation for 2019. The



M THAXHOTO BapupaHe 3a 2019 .
JeHpporpamaTta copmupa fBa MHOrO
sicHO 060cobeHn knacTepa. B nbpBus knac-
Tep ce Bkmousar IRGR-Sadovo, Albena,
Adela n 7.F.pr. Merifest T. Bcuukn Te ca
BMCOKOMPOAYKTUBHN C OTHOCUTENHO HUCKO
BapvipaHe U CbOTBETCTBAT Ha MbPBU KBaj-
paHT no pasnpegeneHneTo Ha durypa 3.

OcTtaHanmTe Tpu 06pasuu (Ravnogor,
Transilvan n Atoluka) obpasyBaT BTOpMK
KnacTtep Ha HUCKOMPOAYKTUBHU U BUCOKO-
BapvabunHu — TpeTn KBagpaHT Mo pas-
npegeneHneto Ha Francis n Kannenberg
(1978) Ha Purypa 3. AHa/M3bT Ha
reHotunosete npe3 2019 r. e npumep 3a
[OOGBP CUMHXPOH B TEXHUTE OUEHKM NOo
JBaTa meToja.

Tomov (1981) gaBa KpaTkm xapak-
TEPUCTMKN MO BUAOBE Ha CTPYKTYpHUTE
efeMeHTM Ha pfobuBa npu cemenpous-
BOACTBO Ha Bnacatkute. TpbCTUKOBUAHA-
Ta Bnacatka e gbaroTpaliHa Bucokopac-
TAWa XunTHa Tpesa. Metnmunute ca 18-24
no 30 cm gbarn. [JlonHuTe pask/ioHeHUs
Ha MeT/MuaTta ca ABOWHW, NO-KbCOTO OT
TAX HOocu 5-8, a no gbaroto go 15 knac-
yeta. M 1000 cemeHa e 2,0-2,6 g. Cpeg-
HUAT Jo6MB Ha cemeHa e 25-44 po 80-100
kg da’. CemeHaTa ca ycToiiuMBM Ha OpOH-
BaHe. J/lnBagHara Bnacartka e Bucokopac-
TAWa n obpasyBa ABa TuMa WU3LbHKM —
CKbCEHW - BeretatMBHW W reHepaTtuBHMU.
FeHepaTuBHUTE pJocTuraT fa BUCOYMHA
115 cm, c BapupaHe mexay 40 n 115 cm.
CbuBeTneTo e MeTnimua ¢ gbs/mkmHa 15-20
cm. JONHOTO pa3knoHeHne e eAUHNYHO, a
KoraTto e [IBOiHO, No-KbCoTo € ¢ 1-2, a no-
abvnroto ¢ 4-5 knacyeta. M 1000 cemeHa
e 16-1,8 po 2,2g. CemeHarta y3pssaT
paBHOMEpPHO, HO siecHO okansat. Cpeg-
HUAT Jo6MB Ha cemeHa e 35-50 go 80-100
kg da™. YepBeHaTa Bnacatka e AbAro-
TpaiiHa nacuwiHa Tpesa. ['eHepaTMBHUTE
CTbb/1a ca NPaBOCTOALLY U/IM HAK/TOHEHU,
rnagkun, TbHKWU, MasiKo O6/IMCTEHN, BUCOKA
30-40 n po 60-80 cm. CobuBeTveTo €
pexaBa, 4eCTO efHOCTpaHHa MeTiuua ¢
ObmkuHa 9-12 cm. M Ha 1000 cemeHa e
1,0-1,3 g. CpegHuAT [obuB Ha ceMeHa e
30-50 g0 80-100 kg da™.
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dendrogram forms two very clearly
separated clusters. The first cluster
includes IRGR-Sadovo, Albena, Adela
and 7.F.pr. Merifest T. All of them are
highly productive with relatively low
variation and correspond to the first
quadrant in the distribution of Figure 3.

The other three accessions
(Ravnogor, Transilvan and Atoluka) form
a second cluster of low-yielding and highly
variable - a third quadrant according to
the  distribution of Francis and
Kannenberg (1978) in Figure 3. The
analysis of genotypes in 2019 is an

example of good synchrony in their
assessments by both methods.
Tomov  (1981) made  short

characterizations by species for structural
elements of the seed yield of different
fescue. Tall fescue is the long-living tall
grass.

The panicles are 18-24 to 30 cm long.
Draw branches of the panicle with double,
shorter than those that carry 5-8, and
longer up to 15 spikelets. TSW is 2.0-2.6
g. Average seed vyield is 25-44 to 80-100
kg da™’. The seeds are resistant to rot.
Meadow fescue is tall and forms two
types of shoots - truncated - vegetative
and generative. The generative ones
reach a height of 150 cm, varying
between 40 and 115 cm. The
inflorescence is a panicle with a length of
15-20 cm. The lower branch is single, and
when it is double, the shorter branch is 1-
2, and the longer branch is 4-5 grades.
TSW is 1.6-1.8 to 2.2g. The seeds ripen
evenly, but easily fall. The average seed
yield is 35-50 to 80-100 kg da™. Red
fescue is a long-lasting grass. The
generative stems are erect or sloping,
smooth, thin, slightly leafy, 30-40 cm high
and up to 60-80 cm high. The
inflorescence is a loose, often unilateral 9-
12 cm long panicle. TSW is 1.0-1.3 g. The
averaqe seed yield is 30-50 to 80-100
kg da™.



B npoyuyBaHe Ha Katova, (2019)
npu KIOHOBE 4yepBeHa Bjiacatka ¢ Hali-
BMCOKa NPOAYKTUBHOCT Ha CemMeHa cpep-
HOroguLHo ce otumnta npu npes 2015 r. ¢
MakcuMMasnHa cTtoliHocT 40,17 g 3a KNoH
28. CpegHuTe CTOMHOCTM 3a NPOAYKTUB-
HOCT Ha cemeHa 3a 2015 r. (14,83 g) ca
Nno-BMCOKN, B CpaBHeHue ¢ Te3un ot 2014 r.
(3,12 g), 2016 r. (4,67 g) n 2017 r. (1,76
g), cboTBeTHO. OTBpaHn ca reHoTunose
(knoHOBE) YepBeHa BlacaTka € No-BMCOKa
NPOAYKTMBHOCT Ha CeMeHa OT cpeHOoro-
JvLIHaTa CTOMHOCT 3a NoJIMKpocuTe.

B Tabnvuu 4, 5 1 6 ca pesynrarurte
OT CTPYKTYPHUTE €efIeMEeHTN Ha NpOAyK-
TMBHOCTTA Ha CemeHa Ha TpuTe BuAa
B/lacaTku, KaTo BUCOUYMHUTE Ha pacTeHus-
Ta, Ab/KMHATa Ha MeTauuMTe U Macara
Ha 1000 cemeHa ca B YHUCOH C ropeno-
coyeHuTe crToliHocTn. Cougnon (2013)
npu npoyysaHe Ha TPBLCTUKOBUAHA Ba-
catka, UHAVBUAYasIHN pacTeHns — KoHoBe
B MOJMIMKPOC, CbO6LLABa, Ye MpPOoAYKTUB-
HoCTTa Ha cemeHa e ot 3,4 oo 19,6 g, a
mMacaTa Ha 1000 cemeHa e 2,36-3,68g.

3a nuBagHa Bnacatka Makela and
Kousa (2009) cbob6uwasBar 3a maca Ha
1000 cemeHa cToiHOCTM OT 1,96-2,10g,
Vynke, (1981) — 1,33-2,85 g, Luchinskii
and Prijukov (1973) — mHOro 61uM3ku Ao
Te3n 1,90-2,40g, a 3a yepBeHa Bflacatka —
Maca Ha 1000 cemeHa — 0,78-1,42g

Ha Tabnuua 4 ca nokasaHu 7
CTPYKTYPHU efleMeHTa Ha NpoAyKTUBHOCT-
Ta Ha cemeHa npu obpasuu BnacaTkm 3a
2017 r. C Hali-BUCOKO BapupaHe OT
CV=79,42 % e npoayKTMBHOCTTa Ha ce-
MeHa OT efiHO pacTeHwue (g), cnegsaHo oT
NPOAYyKTMBHOCTTA Ha CeMeHa OT ejHa
meTmua (g) cbe 74,16% 1 6poii reHepa-
TUBHM cTbbOna ¢ 52,84%. OcTtaHanute
CTPYKTYPHM e/leMeHTV ca C BapupaHe oT
21,37% po 36,55%.

Ha Ta6bnuuya 5 ca npegctaBeHn 8
CTPYKTYpPHM efleMeHTa Ha cemeHHaTa
npoAyKTMBHOCT npu 10 o6pasum Bnacartku
3a 2018 r. CTolHOCTUTE Ha BapupaHe 3a
7 nokasaTtenu ca no-rofieMy Ccrnpsmo
npegxogHata rogvHa, kato TO e Hali-
rofIAMo Npu: NPOAYKTUBHOCTTA Ha CEMeHa
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In the study of Katova, (2019)
according red fescue clones, the highest
seed productivity per annum is recorded
at first polycross red fescue clones in
2015 with a maximum value of 40.17 g for
clone 28. The average yields for seed
production in 2015 (14.83 g) for red
fescue are higher than those of 2014
(3.12 g), 2016 (4.67 g) and 2017 (1.76 g),
respectively. Red fescue genotypes
(clones) were selected with a higher seed
yield than the average annual polycross
value.

Tables 4, 5 and 6 show the results
of the structural elements of seed
productivity of the three species of fescue,
as the plant heights, the length of the
panicles and the weight of 1000 seeds are
in unison with the above values. Cougnon
(2013) in a study of tall fescue, individual
plants - clones in polycross, reported that
the productivity of seeds is from 3.4 to
19.6 g, and the weight per 1000 seeds is
2.36-3.68 g.

For meadow fescue Makeld and
Kousa (2009) reported values per 1000
seeds of 1.96-2.10 g, Vynke, (1981) -
1.33-2.85 ¢, Luchinskii and Prijukov
(1973) - very close to these 1.90-2.40g,
and for red fescue - weight per 1000
seeds - 0.78-1.42¢g

On the Table 4 shows 7 structural
elements of seed productivity in fescue
accessions for 2017. With the highest
variation of CV = 79.42% is the seed
productivity per plant (g), followed by the
productivity of seeds per panicle (g) by
74.16% and the number of generative
stems by 52.84%. The other structural
elements vary from 21.37% to 36.55%.

On the Table 5 presents 8
structural elements of seed productivity in
10 accessions of fescue for 2018. The
values of variation for 7 indicators are
higher compared to the previous year,
and it is the highest in: seed productivity
per panicle (g) — 97.22%, followed by the



oT egHa metnmua (g) — 97,22%, cneg-
BaHO OT MPOAYKTMBHOCTTA OT e4HO pacTe-
Hue (g) — 85,30% u macata Ha 1000 ce-
MeHa (g) — 68,71 %. ObmkuHata Ha MeT-
nmuarta (cm) n 6post Ha knacuyeTata no-
KasBaT OTHOCUTEsIHO No-cnabo BapupaHe
cnpsamo 2017 r.

productivity per plant (g) - 85.30% and the
weight of 1000 seeds (g) - 68.71%.

The length of the panicle (cm) and the
number of spikelets show relatively less
variation compared to 2017.

Tabnuua 4. CTPYKTYpPHU efIeMeHTM Ha MPOoAYKTMBHOCTTA Ha ceMeHa npu obpasuu

BAacaTtkm 3a 2017 r.

Table 4. Structural elements of the seed productivity of fescue accessions in 2017

O6pasey, BucounHa Bpoli MpoaykTuBHOCT | PasknoHeHus |ObmkuHa Ha| Bpoii CewmeHa /
IAccession Height, reHepar. Ha ceMeHa, Ha MeTAuuMTe | MeTaMuya |knacyeta/| MeTvua
cm cTbbNa, glp-e Panicle Panicle meTnmuya | Seeds/
meTnuum, |Seed productivity branches length ,cm | spikletes | panicle, g
Panicle g/plant number/
number panicle
Albena 113,83 36,58 23,48 16,36 21,68 58,84 0,43
Adela 122,29 18,24 10,72 21,40 27,76 113,80 0,62
IRGR-Sadovo 119,94 51,06 24,67 21,32 25,32 61,56 0,57
Transilvan 94,62 28,52 6,24 17,08 20,43 44,04 0,18
Capriora 81,25 25,50 3,20 17,24 21,13 44,76 0,13
Ravnogor 59,09 66,64 4,13 12,84 9,64 36,60 0,06
Atoluka - - - 30,00 7,80 79,00 0,01
Merifest T 103,72 10,88 3,84 14,92 20,05 66,12 0,37
average 99,25 33,92 10,90 18,90 19,23 63,09 0,30
min 59,09 10,88 3,20 12,84 7,80 36,60 0,01
max 122,29 66,64 24,67 30,00 27,76 113,80 0,62
STDEV 21,21 17,92 8,66 5,00 6,56 23,06 0,22
CV,% 21,37 52,84 79,42 26,49 34,11 36,55 74,16

Mpu npoyyBaHe Ha NPOAYKTUBHOCT-
Ta Ha cemeHaTta Mpu TPBLCTUKOBUAHA W
nnBagHa Bnacatku (2015-2017 r.) n Hei-
HUTE enleMeHTU: 6poli reHepaTUBHU CTHO-
na, BMco4unHa (cm), 6poli knacyeta B MeT-
niua, Terno Ha cemeHaTa (g) e ycTaHo-
BEHO, Ye Hali-rosIiMo 3Ha4vyeHune 3a npo-
OYKTUBHOCTTa Ha ceMeHaTa uMa 6poAT Ha
reHepatMBHUTE CTbOMA, PECNEKTUBHO
MET/IMLM. YCTaHOBEHO e CpefHO [0 Cuil-
HO BapupaHe Mo npu3Haka Opoi reHe-
patuBHM CcTbbMa, PEeCcnekTMBHO MeTAUUU
3a BCU4YkM rognHn — CV ot 13.84% po
77.74%. BucounHata Ha pacTeHusTa Ba-
puvpa no roguHu ot cnabo fo cunHo — CV
oT 2.14% po 24.03% v He oka3Ba BUS-
HMe BBbPXY NPOAYKTMBHOCTTA Ha CeMeHa.
BposaT Ha Kknacuyetata B MeT/uuarta
Bapupa OT cnabo fo cuiHo — CV ot
3.67% po 21.93% B 3aBMCUMOCT OT
rogvHaTta, Kato Hai-BMCOKMTE CTONHOCTU
ca 3a 2017 r. ObmkuHata Ha MeTmuaTta
Bapupa OT cnabo fo cuiHo — CV ot
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The productivity of seeds and its
elements has been studied for tall and
meadow fescue: number of generative
stems, height (cm), number of spikelets in
the panicle, weight of seeds (g). Most
important for seed productivity is the
number of generative stems, respectively
panicles at crosses of both types. Medium
to strong variations were found on the
number of generative stems, respectively
panicles for all years - CV from 13.84% to
77.74. The height of the plants varies from
weak to strong - CV from 2.14% to
24.03% and does not affect seed
productivity. The number of spikelets in
the panicle varies from weak to strong -
CV from 3.67% to 21.93% depending on
the year, with the highest values for 2017.
The length of the panicle varies from
weak to strong - CV from 3.50% to
24.79% in depending on the genotype
and the year, as the higher values for the
coefficients of variation are for 2017.




3.50% po 24.79% B 3aBUCMMOCT OT
reHoTuna u roguHata (Katova, 2018).

B Tabnuua 6 ca npeactaBeHn 8
CTPYKTYPHM efleMeHTa Ha cemeHHaTa
NPOAYKTUBHOCT Npu 8 o6pasum BracaTku
3a 2019 r. Hait--cunHo Bapupawm ca
NPOAYKTMBHOCTTA Ha CEMeHa OT efHa
meTnmya (g) cbe CV=74,99%; macaTa Ha
1000 cemeHa (g) — 72,60%; 6pos Ha
cTbbnata — 71,52% u npoAyKTMBHOCTTA
Ha CemMHa OT efHO pacTeHne (g) ¢
67,84%. OcrtaHanute npusHauM ca cC
BapupaHe ot 23,64% pfo 38,56%.

(Katova, 2018).

In the table 6 presents 8 structural
elements of seed productivity in 8
accessions of fescue for 2019. The most
varied are the productivity of seeds per
panicle (g) with CV=74.99%; the weight of
1000 seeds (g) — 72.60%; the number of
stems — 71.52% and the productivity of
seeds per plant (g) by 67.84%. The other
traits vary from 23.64% to 38.56%.

Tabnuua 5. CTPYKTYPHU efleMEHTM Ha NPOAYKTUBHOCTTA Ha ceMeHa npu o6pasum

BnacaTtkm 3a 2018r.

Table 5. Structural elements of the seed productivity of fescue accessions in

2018
Ob6pasel, BucouunHa, Bpoii  [Mpoayktme. Ha| PasknoH. | ObmkuHa Bpoii CemeHa / Maca Ha
/Accession Height, MeTAnum cemMeHa, Ha Ha MeT/uua |knacyeta /| metnuua (1000
cm Panicle glp-e MeTanyuTe Panicle meTnmya | Seeds/ [cemeHa
number Seed Panicle length ,cm | spiklets | panicle, g [TSW, g
productivity | branches number /
g/plant panicle

Albena 113,92 155,62 48,91 18,28 20,56 46,76 0,04 2,90
Adela 114,71 112,00 24,26 21,72 24,41 63,92 0,07 1,85
IRGR - Sadovo 111,50 146,63 29,05 19,72 20,04 47,56 0,03 2,25
Transilvan 75,50 30,33 5,87 21,16 21,86 41,56 0,14 2,10
Capriora 58,20 39,60 1,55 13,48 15,37 49,12 0,02 1,00
Ravnogor 48,82 263,64 8,60 11,56 9,94 34,04 0,00 0,40
Atoluka 55,00 308,80 8,17 12,04 10,02 26,60 0,00 0,25
Merifest T 108,44 87,24 17,14 18,60 21,07 53,68 0,09 2,65
8_1 57,75 97,00 4,10 13,88 13,36 34,92 0,01 0,87
8_2 44,00 155,00 13,80 41,68 14,89 76,04 0,02 0,08
average 78,78 139,59 16,14 19,21 17,15 47,42 0,04 1,44
min 44,00 30,33 1,55 11,56 9,94 26,60 0,00 0,08
max 114,71 308,80 48,91 41,68 24,41 76,04 0,14 2,90
STDEV 28,33 84,74 13,77 8,29 4,86 13,92 0,04 0,99
CV,% 35,96 60,71 85,30 43,16 28,31 29,35 97,22 68,71

3a nepuoga Ha UAMOTO U3CnenBa-

For the period of the whole study,

He npu3HauuTe BMCOYMHA Ha pacTeHuaTa
(cm) 1 6pos Ha pasKNoHeHWUsATa Ha MeT-
nvuara mmat OTHOCMTEsSTHO Hali-HUCKO Ba-
prpaHe ChnpsiMO BCUYKM OCTaHau ene-
MeHTU. CbC CUTYPHOCT MOXe fa ce npegj-
nosioXxu, ye Te pearmpar B no-cnaba cre-
MeH Ha NPOMEHUTE Ha yc/oBMATa Ha cpe-
JaTa npes roguHuTe.

3a TpuTe roAuMHM Ha u3cnefBaHe
npu3HauuTe MPOAYKTMBHOCT Ha ceMeHa
OT efHo pacTeHve (g); NPOAYKTMBHOCT Ha
cemeHa OT efHa MeTnaumua (g), kakTo 1 Ma-
carta Ha 1000 cemeHa (g) 3a nocnegHute
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the traits of plant height (cm) and the
number of branches of the panicle have a
relatively lowest variation compared to all
other elements. It can be safely assumed
that they react less to changes in
environmental conditions over the years.

For the three years of study the
traits of seed productivity per plant (g);
seed productivity per panicle (g), as well
as the weight of 1000 seeds (g) for the las
two years (2018 and 2019) have the



aBe rogvHn (2018 n 2019) mmat Haii-

ronsiMo BapupaHe.

greatest variation.

Tabnuua 6. CTPYKTYpHM efleMeHTU Ha MPOAYKTMBHOCTTA Ha ceMeHa npu obpasuu
Bnacartku 3a 2019 .
Table 6. Structural elements of the seed productivity of fescue accessions in 2019

Ob6pasel, BucounHa, Bpoii Mpopyktue. | PaswioH. | ObmkuHa Bpoii CewmeHa / [Maca Ha
/Accession Height, cm | meTnuum | Ha cemeHa, Ha Ha meTnuua| knacyeta | metiumuya (1000

Panicle o/p-e meTnuuute |  Panicle |/meTtnmua| Seeds/ [cemeHa

number Seed Panicle length ,cm | spiklets | panicle, g [TSW, g

productivity | branches number/
g/plant panicle
Albena 119,77 88,00 38,50 20,52 23,31 52,76 0,18 2,84
Adela 130,75 66,94 31,18 23,40 28,46 71,24 0,19 2,12
IRGR - Sadovo 130,50 95,81 41,15 21,40 24,52 60,20 0,11 2,24
Transilvan 76,00 16,75 2,88 20,44 20,84 38,22 0,13 1,16
Ravnogor 46,86 63,14 3,21 11,56 10,00 29,32 0,01 0,28
Atoluka 44,00 100,00 4,44 10,88 8,43 26,28 0,01 0,32
Merifest T 121,24 61,80 27,20 21,24 23,07 60,60 0,20 2,20
8_1 75,50 259,50 34,65 19,32 15,78 39,16 0,01 0,04
average 93,08 93,99 22,90 18,60 19,30 47,22 0,11 1,40
min 44,00 16,75 2,88 10,88 8,43 26,28 0,01 0,04
max 130,75 259,50 41,15 23,40 28,46 71,24 0,20 2,84
STDEV 34,41 67,23 15,54 4,40 6,72 15,25 0,08 1,02
CV,% 36,97 71,52 67,84 23,64 34,80 32,29 74,99 72,60
Pesyntatute oT KopenaunuoHHUS The results of the correlation

aHann3 ca npeacraBeHW MO TOAUHU WM
CTPYKTYPHM efleMeHTn 3a obpasuuTe
Bnacatku B Tabnvum 7, 8 n 9.

CwiHa nosoXxutesiHa Kopenauus
npes nbpBata oTyeTHa roguvHa 2017 e
ycTaHoBeHa mexay: SP — npoAyKTMBHOCT
Ha cemeHa OT pacTeHue: n H — B1counHa,
cm; r= 0,673; BN — Bpoii pa3k/ioHeHMS Ha
metnmya r=0,517, kakto u SWP -
NPOAYKTUBHOCT Ha CeMeHa OT efHa MeT-
nmua, g r=0,674. BpodaTt Ha reHepatuBHU
cTbbna e B cnaba nonoxurenHa kopena-
Uus € NPOAYKTUBHOCTTA Ha CemeHa oT
pacteHue n B cnaba Ao cunHa oTpuua-
TesiHa Kopenauusl ¢ BCUYKM OCTaHanu CTPyK-
TypHU enemeHTn (Tabnuua 7). Jobusute
OT cemeHaTa 3a nbpsBara roguHa ca Cwi-
HO 3aBUCMMW OT 6pPOA Ha PenpoayKTUB-
HuTe cTbbna. R = 0,65 cnopeg Hare,
(1992), HO W3YMCNEHUAT KOpenauMoHeH
Koe(uUMeHT B HaweTo u3c/nensaHe e
r=0,279.

analysis are presented by years and
structural elements for the fescue
accessions in Tables 7, 8 and 9.

A strong positive correlation in the
first reporting year 2017 was found
between: SP — productivity of seeds per
plant: and H- height, cm r=0,673; BN —
number of branches per panicle r=0,517,
as well as SWP — productivity of seeds
per panicle r=0,674.

The number of generative stems is weakly

positively correlated with plant seed
productivity and weakly to strongly
negative correlation with all other

structural element (Table 7). Seed yields
for the first year are highly dependent on
the number of reproductive stems -
r=0,650 according to Hare (1992), but the
calculated correlation coefficient in our
study is r=0,279.
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Tabnuua 7. Kopenaumm mexay CTPYKTYPHUTE efIeMeHTU Ha NPOAYKTMBHOCTTa Ha
cemMeHa npu obpasuu Bnacartku 3a 2017 r.
Table 7. Correlations between structural elements of the seed productivity of
fescue accessions in 2017

H, cm StN SP, g BN SpN PL, cm SWP, g
H, cm 1
StN -0,454 1
SP, g 0,673 0,279 1
BN 0,773 -0,239 0,517 1
SpN 0,903 -0,571 0,476 0,905 1
PL, cm 0,727 -0,506 0,211 0,663 0,725 1
SWP, g 0,943 -0,292 0,674 0,776 0,822 0,823 1

H — BucoumnHa, cm; StN — 6poii reHepaTuBHY cTb61a; SP — NPOAYKTMBHOCT Ha CEMEHa OT pacTeHue, g; BN —
6poit pa3knoHeHWss Ha mMeTnuua; SpN — 6poit knacdyeTa B MeTamua; PL — [ObmkuHa Ha meTauuarta, cm;

SWP — NpoAyKTMBHOCT Ha cemeHa OT efHa MeT/imua, g.

Mpe3 2018 r. e BK/IOYEH BaxeH
CTPYKTYpeH eniemeHT — maca Ha 1000
cemeHa. YcTaHoBeHU ca CUMHU
NosIoKMTENIHWM Kopenauun mexpy SP —
NPOAYKTUBHOCT Ha CeMeHa OT pacTeHue,
n H — BucouunHa, cm; r=0,784, SpN — 6poi
knacueta r=0,594 n TSW — Maca Ha 1000
cemHa, g. r=0,699. bpoAT Ha reHepaTBHU
cTbbna e B criaba o cunHa oTpuuarenHa
Kopenaums  C  BCUYKM  CTPYKTYPHU
enemeHTun (Tabnuua 8).

In 2018, an important structural
element is included — weight per 1000
seeds. Strong positive correlations were
found between SP - seed productivity per
plant, and H - height, cm; r = 0.784, SpN -
number of spikes r = 0.594 and TSW -
weight per 1000 seeds, g. r = 0.699. The
number of generative stems is weakly to
strongly negatively correlated with all
structural elements (Table 8).

Tabnuua 8. Kopenaumm mexay CTPYKTYPHUTE €/IEMEHTUN Ha NPOAYKTMBHOCTTA Ha
cemMeHa npu obpasun Bnacatkm (Festuca ssp.) 3a 2018 .
Table 8. Correlations between structural elements of the seed productivity of

fescue accessions in 2018

H, cm StN SP, g BN SpN PL, cm SWP, g TSW, g
H, cm 1
StN -0,373 1
SP, g 0,784 -0,099 1
BN 0,013 -0,255 0,216 1
SpN 0,844 -0,728 0,594 0,327 1
PL, cm 0,177 -0,243 0,195 0,792 0,369 1
SWP, g 0,518 -0,670 0,165 0,228 0,795 0,173 1
TSW, g 0,916 -0,558 0,699 -0,025 0,854 0,057 0,679 1

H — BucoumnHa, cm; StN — 6poii reHepaTuBHY cTb61a; SP — NPOoAYKTMBHOCT Ha CEMEHa OT pacTeHue, g; BN —
Bpoii pasknoHeHusi Ha MeTnuua; SpN — 6poit knacyeTa; PL — ObmkuHa Ha meTnuuarta, cm; SWP —

NPOAYKTUBHOCT Ha ceMeHa oT eAHa MeTnmua, g; TSW —

Mpe3 2019 r. ca ycTaHOBEHMU CUJIHN
NOJSIOKUTENHN Kopenauun mexgy SP —
NPOAYKTUBHOCT Ha CeMeHa OT pacTeHue,
n H — BucounHa, cm; r=0,850, BN — Bpoi
pasknoHeHua Ha metnuua r=0,769, SpN —
6poii knacyeTta B meT/muya r=0,744 n PL -
ObmkuHa Ha wmeTnmuyata, cm r=0,785;
SWP — npoaykTMBHOCT Ha CemeHa OoT
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Maca Ha 1000 cemHa, g.

In 2019, strong positive correlations
were found between SP - seed
productivity per plant, and H - height, cm;
r = 0,850, BN - Number of branches per
panicle r = 0,769, CpN - number of spikes
in the panicle r = 0,744 and PL - Length of
the panicle, cm r = 0,785; SWP - seed
productivity per panicle, g r = 0,545 and



efHa metnvua, g r=0,545 n TSW — Maca
Ha 1000 cemHa, g r=0,677. bpoAT Ha re-
HepaTMBHU CTbO/1a € B cnaba Mnosoxu-
TefiHa Kopenauus ¢ NPOAYKTMBHOCTTa Ha
cemeHa OT pacTeHue v crnaba [0 cpefHa
oTpuuaresnHa kopenauua C BCUYKM ocTa-
Hanu CTPYKTypHU enemeHTun (Tabnuuya 9).

HawwuTte pesyntatn ca B YHUCOH C
npoy4ysaHusATa Ha Yamada et al. (2004),
KOUTO ca OTKPW/IN NOMOXUTENHa 3aBUCK-
MOCT MeXAy BucouMHaTa Ha pacTeHueTo,
rofiemuHaTa Ha cTbbnara, Ab/mKuHaTa Ha
MeT/iMuMTe 1 6poA Ha knacyeTara Ha
meT/imua. [pu npoyysaHe Ha MNOTOM-
cTBaTa Ha TPbCTUKOBUAHA BfiacaTka 3a
cemeHa (Thomas, 1965) ca ycTaHOBEHMU
CbLO CWIHM TNOJIOXUTENHW KOopenauun
Mexzay MPOAYKTVBHOCTTa Ha CeMeHa oT
pacTeHve 1 BMCOYMHATA Ha pacTeHuaTa,
6posa Ha meTnmuuTe M Macatra Ha 1000
cemeHa, Wang et al., (2010, 2011) npu
npoyyBaHe Ha TPbLCTUKOBMAHA Brlacartka
3a AeKopaTuBHM Lenn yCcTaHOBSABAT cpef-
HA [0 CWIHW NOJIOKUTENHU Kopenauuu
Mexzay npOAYKTMBHOCT Ha CemeHa oOT
pacTeHne 1 OpoN reHepaTuMBHM CTbONA,
6poit1 knacueTta B MeT/mya.

TSW — weight per 1000 seeds, g. r =
0.677. The number of generative stems is
weakly positively correlated with plant
seed productivity and weakly to
moderately negatively correlated with all
other structural elements (Table 9).

Our results are in line with the
studies of Yamada et al. (2004) who
found a positive relationship between
plant height, stem size, panicle length and
number of panicle spikelets.

A study of offspring of reed fescue for
seeds (Thomas, 1965) also found strong
positive  correlations between seed
productivity per plant and plant height,
number of panicles and weight per 1000
seeds, Wang et al., (2010, 2011) in a
study of reed fescue for decorative
purposes found medium to strong positive
correlations between seed productivity per
plant and the number of generative stems,
the number of spikelets in the panicle.

Tabnuua 9. Kopenaunn Mmexay CTPYKTYPHUTE efleMeHTU Ha NPOAYKTMBHOCTTA Ha
cemMeHa npu obpasuu Bnacatku 3a 2019 r.
Table 9. Correlations between structural elements of the seed productivity of

fescue accessions in 2019

H, cm StN SP, g BN SpN PL, cm SWP, g TSW, g
H, cm 1
StN -0,129 1
SP, g 0,850 0,375 1
BN 0,905 -0,037 0,769 1
SpN 0,955 -0,214 0,744 0,968 1
PL, cm 0,973 -0,154 0,785 0,880 0,942 1
SWP, g 0,874 -0,463 0,545 0,829 0,903 0,862 1
TSW, g 0,915 -0,400 0,677 0,755 0,865 0,853 0,921 1

H — BucoumnHa, cm; StN — 6poii reHepaTuBHY cTb61a; SP — NPOoAYKTMBHOCT Ha CEMEHa OT pacTeHue, g; BN —
Bpoii pasknoHeHusi Ha MeTauua; SpN — 6poit knacyeTa; PL — ObmkuHa Ha meTnuuarta, cm; SWP —
NPOAYKTMBHOCT Ha CemMeHa OT efiHa meT/imua, g; TSW — Maca Ha 1000 cemHa, g.

Wojtowicz et al. (2009) B Monwa
npv Npoy4YBaHe Ha fiMBajHa Bnacartka 3a
CEMENPOM3BOACTBO Ha UWHAUBUAYAITHA
pacTeHus 3a TpU roguLLIEH Mepuog ycTa-
HOBSIBAT CpefHW [0 CUIHWU NOOXUTENHU
Kopenauum mexay npoAyKTMBHOCTTa Ha
CeMeHa OT pacTeHue n 6poii MeTImymM Ha

Wojtowicz et al. (2009) in Poland, in
a study of meadow fescue for seed
production of individual plants over a
three-year period, found medium to strong
positive correlations between plant seed
productivity and number of panicle per
plant and seed weight per panicle, with
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pacTeHue 1 TEr10 Ha ceMeHaTta OT efHa
MEeT/IMLa, KaTo Hai-BMCOKM CTOMHOCTK ca

noslyyeHn nmnpes BTOpara roguHa Ha
nscnegsaHeTo.

N3BOAN
1. YcTtaHoBEHO €, 4e MpPOoAyKTUB-

HOCTTa Ha ceMeHa npu o6pasum Bracartku
Bapupa CU/HO B 3aBMCUMOCT OT reHoTuna —
BUA, COPT WM €KOTWN, MJIOUAHO HUBO,
Ce30HHM pas3nuuusa (roguHu), KakTto u ot
YyCNoBuATa Ha OTINiexaaHe.

2. MpepcTaBeHn ca cpegHUTe CTOi-
HOCTW Ha MPOAYKTMBHOCT Ha cemMeHa no
rogMHy 1 o6uWo 3a TpuTe roAvHM Ha
KONEKUNOHHM 06pa3un Bnacartka. PaHxu-
paHeTo e Ha 6asa o6uwa npPoAyKTUBHOCT
Ha cemeHa 3a nepuoja Ha Nnpoy4yBaHeTo.
Ha6nogasa ce HapacTBaHe Ha CeMeHHa-
Ta NPOAYKTMBHOCT BbB BCAKa CrefBalia
roguHa ot Btopa (2017 r.) kbM YeTBbpPTA
(2019r.).

3. Mo oOTHOWeHne Ha BUAOBETE:
TPbCTUKOBMAHATA Bfacatka € C Haii-
BMCOKa NPOAYKTMBHOCT Ha CeMeHa 06Luo
3a Tpute roauvHu (cpegHo 90,64 g Ha
pacTeHue), kato copT AnbeHa e Hai-npo-
ayktmeseH 110,90 g, cnegsaH OT eKOTuN
VPI'P - Caposo - 94,86 g.

4. /lnBagHa Bnacatka 3aema Mex-
ONHHO NOJSI0XKEeHMe — C 06Wo cpefHo
31,58 g cemeHa Ha pacTeHue, KaTo TeTpa-
naovgHata  CesfiekUMoHHa  monynauus
Merifest T npeBulIaBa Tasn CTONHOCT U €
TPU NBTU MO-MPOAYKTMBHA Ha CeMeHa OT
pyMBbHCKMA copT Transilvan, koiito e au-
nnovgeH. Hab6mopgasa ce edeKTMBHOTO
NOMOXUTENIHO Bb3fAENCTBME HA WHAYLM-
paHaTa NonunIonansa BbPXY MPOAYKTUB-
HOCTTa Ha cCeMeHa.

5. Mpn yepBeHaTa Bnacartka obwata
3a TpuTe roAMHW cpefHa CTOWHOCT Mo
NPOAYKTUBHOCT Ha cemeHa e 17,17 g Ha
pacTteHue, kato ekotun 8-1 n PaBHorop ca
Hali-NpoAyKTBHN, HO 8-1, He obpasysa
CeMeHa Ha BTopara npoAyKTMBHa roguHa.
OTrnexgaHeTo Ha 4epBeHaTa Bfnacartka
3a CeMeHa Oka3Ba B/MSIHWE BbPXY Heli-
HaTa AbAroTpanHOCT U ce oyepTasa 3Ha-
YeHMeTa Ha HauyMHa Ha u3nosiBaHe Ha
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the highest values being obtained in the
second year of the study.

CONCLUSIONS
1. It has been established that the
seed productivity of the fescue accessions
vary depending on the genotype
species, variety or ecotype, ploidy level
and seasonal variations (by years), as
well as growing conditions.
2. There are presented the average
values of seed productivity by years,
average and total for the three years of
collection accessions of fescue. The
ranking is based on the total seed
productivity for the study period. There is
an increase in seed productivity in each
subsequent year from the second (2017)
to the fourth (2019).

3. Regarding the species: tall fescue
has the highest seed productivity - a total
of 90.64 g per plant for the three years, as
the variety Albena is the most productive
110.90 g, followed by the ecotype IRGR -
Sadovo - 94.86 g

4. Meadow fescue occupies an
intermediate position with a total
average of 31.58 g per plant, as the
tetraploid breeding population Merifest T
exceeds this value and is three times
more productive in seeds than the
Romanian variety Transilvan, which is
diploid. The effective positive effect of
induced polyploidy on seed productivity
has been observed.

5. In red fescue, the total average
seed productivity for the three years is
17.17 g per plant, with ecotype 8-1 and
Ravnogor being the most productive, but
8-1, not forming seeds in the second
productive year. The cultivation of red
fescue for seeds has an impact on its
longevity and the importance of the way
the grassland is used is emerging, as the
Atoluka, 8-1 and 8-2 ecotypes have no



TPEeBOCTOS, KaTO eKoTunoBeTe ATONYyKa,
8-1 n 8-2, HAmaT cemeHa npe3 2017 1., a
copt Capriora n 8_2, HeobpasysaT ceme-
Ha npe3 2019 r. n 3arnBat. Camo ekoTumn
Ravnogor obpa3syBa reHepaTuBHM CTbb6/1a
W MMa MPOAYKTMBHOCT Ha CemeHa npes
TpUTE OTUETHU FOAUNHN.

6. Cnpsmo obuwaTta cpegHa CTOl-
HOCT 3a Konekuusata 42,09 g Ha pacTeHue,
4 o6pasyu, B T. 4. 3 TPbCTUKOBUAHA
Bnacatka AnbeHa, VIPTP - CagoBo wu
Adela, n 1 obpaseL nuBagHa Bracartka
Merifest T npeBuLIaBaT Ta3n CTONHOCT.

7. MNpunoxeHnte pgea MeToga 3a
oueHka - Francis n Kannenberg (1978) n
KNnacTbpeH aHa/nM3 gasar eLHOMOCOYHMU
pe3ynTtaTn n ca HaZeXaeH UHCTPYMEHT 3a
TaHAeM cesnekuus no MpoAyKTUBHOCT Ha
CeMeHa W eKolormyHa CcTabusiHOCT npwu
BuaoBeTe oT pop Festuca.

8. BapupaHeTo Ha CTpPyKTypHUTE
efleMeHTM Ha fJobuBa CBbp3aH CbC
ceMeHHaTa NpoAyKTUBHOCT € BUCOKO 3a
nepvoga Ha uscnensaHe.

9. YCcTaHOBEHM Ca CWJ/THW MOJSIOXU-
TeNHW Kopenaumn mexagy SP — npoayk-
TMBHOCT Ha CemeHa OT pacTeHue, n H —
BMcouMHa, cm; r=0,850, BN — 6poii
pasknoHeHua Ha metnuuya r=0,769, SpN —
6poii knacueTta B meT/muya r=0,744 n PL -
Ob/DKMHA Ha wMetnumuyaTta, cm r=0,785;
SWP — npoaykTMBHOCT Ha cemMeHa oT
efHa metauua, g r=0,545 n TSW — maca
Ha 1000 cemHa, g. r=0,677. BpoAaT Ha
reHepaTtvBHMN cTbbNa € B cnaba nonoxu-
TesHa Kopenauua ¢ NpoAyKTUBHOCTTa Ha
cemMeHa OT pacTeHue n cnaba fo cpegHa
oTpuuaTenHa kopenawuua C BCUYKM OCTa-
HaNn CTPYKTYPHN eNeMeHTH.

10. HabnwogaBaHuTe AOCTOBEPHU KO-
penauun mexay CTPYKTYpPHUTE enemMeHTr
Ha pobuBa Ha cemeHa npu obpasuute
BnacaTkn cb3faBaT Bb3MOXHOCT 3a
TaHAeM-cenekums.

seeds in 2017, and the Capriora and 8_2
variety do not form seeds in 2019 and
died. Only the Ravnogor ecotype forms

generative stems and has seed
productivity during the tree reporting
years.

6. Compared to the total average

value for the collection of 42.09 g per
plant, 4 accessions, including 3 tall fescue
Albena, IRGR - Sadovo and Adela, and 1
accession meadow fescue Merifest T
exceed this value.

7. The applied two evaluation
methods - Francis and Kannenberg
(1978) and cluster analysis give one-way
results and are a reliable tool for tandem
selection for seed productivity and
ecological stability in species of the genus
Festuca.

8. The variation of the structural
elements of the vyield related to seed
productivity is high for the study period.

9. Strong positive correlations were
found between SP - seed productivity per
plant, and H - height, cm; r = 0,850, BN -
Number of branches per panicle r = 0,769,
SpN - number of spikes in the panicle r =
0,744 and PL - Length of the panicle, cm r
= 0,785; SWP - seed productivity per
panicle, g r = 0,545 and TSW — weight per
1000 seeds, g. r = 0.677. The number of
generative stems is weakly positively
correlated with plant seed productivity and
weakly to moderately  negatively
correlated with all other structural
elements.

10. The observed reliable correlations
between the structural elements of seed
yield in fescue samples create an
opportunity for tandem selection.
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PE3OME

Bruchus pisorum L. e eguH ot
B&KHUTE HenpuaAtenun npu NposIeTHUA
rpax, Kato egHa OT epekTMBHUTE anTep-
HaTMBHM MSAPKX 38 KOHTPOJI Ha 3bPHOSA-
anTe e naeHTMdMUMpaHeTo Ha ToslepaHT-
HW copToBe. B Tasu Bpb3ka Npoy4BaHETo
uMa 3a ues ga OueHW peakumsaTa u
cTabunHoCTTa Ha copToBeTe rpax, Pisum
sativum L., KbM rpaxoBus 3bpHOSL, Mpu
MoJsiCKn ycnoBus. oBpefeHnTe ceMeHa 1
JenbT Ha HegopasBuTa slapBa Ce OLeHs-
BaT BbB BCAKa cpeja v ce nognarar Ha
aHa/IM3 Ha reHotuna, noaJIokeH Ha o6vn-
JI0T aHa/IM3 Ha Hac/efCTBEHOCTTa U B3a-
UMOLEeNnCcTBNeTO reHoTun X cpega. Mpoyu-
BaHETO yCTaHOBsBA 3HAYEHWETO Ha eKo-
JIOTUYHUTE YC/I0BUA BBLPXY HanageHWeTo
oT B. pisorum. OcBeH TOBa, 4pe3 npuna-
raHe Ha [JaHHW B KaHOHWYEH aHann3 Ha
KopenaumaTa, e U3AACHEHO B/IUSAHMETO Ha
KNMMaTU4yHUTE napameTpu BbpXy Nospe-
JeHuTe ceMeHa u JenbT Ha HepopassuTa
napsa.

YcTaHOBEHO €, Yye [0KaTo nospene-
HUTE CemMeHa ca NOMOXNTEsTHO CBBbP3aH C
MakcumasiHaTa Temrneparypa, Kojmyec-
TBOTO Ba/IEXMN N B/IXHOCTTa Ha Bb3fyxa
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SUMMARY

Bruchus pisorum L. is one of the
important insect pests on spring pea and
one of the effective alternative measures
to weevil management is the identification
of tolerant cultivars. In this regard,the
study aimed to evaluate the response and
stability of pea varieties to attack by pea
weevil field tests.

Damaged seeds and proportion of
undeveloped larvae were assessed in
each environment and subjected to a
heritability-adjusted genotype and
genotype x environment biplot analysis.

The study demonstrates the importance of
environmental conditions for B. pisorum
infestation. Moreover, by submitting data
to a canonical correlation analysis, the
influence of climatic parameters on
damaged seeds and proportion of
undeveloped larva has been elucidated.

It was found that damaged seeds
were positively related to Tmax, bulk
precipitation and humidity and inversely to
Tmin. The proportion of undeveloped



n oTpuuyatenHo ¢ Tmin, TO AenbT Ha
Hepas3BuTWTE flapBu € NOJIOXKUTENHO CBbP-
3aH ¢ Tmin, HO e oTpuuaTesiHo 3aBUCUM
OT [AbXAOBeTe, B/laXHOCTTAa U Tmax.
Mogyc ce xapaktepusmpa C Hai-HUCKa
CTeneH Ha NOBpPefeHVM CeMeHa M BUCOK
OSN Ha HepopassuTa napea, HO HerosaTa
peakuus e HecTabunHa Npu NPOMeHNnUBUTE
ycnoBuss Ha okonHata cpega. Copt
"naHc, nocnengaH ot CBUT ce OTKposBa C
HMUCKO HUBO Ha noBpea W 3HaunTesHo
BMCOK MPOLEHT Ha HejopassBuTa fapsa,
Karo CblieBpeMEHHO COpTOBeTe 3aemart
Hali-cTabu/IHM No3nLUUN NPe3 roguHnTE.

CopTtoBeTe npuTexasaTt MO-HUCKO
CbAbpXaHue Ha npoTtevH u occop B
CeMeHa, KoeTo Kopesipa ¢ No-HUCKO HUBO
Ha noBpefeHn cemeHa. CbyeTaBaHeTo Ha
onpeneneHn XMMUYHW MnokasaTenu, Bb3-
npenaTcTealiy npegnoyntaHueTo Ha B.
pisorum, MOXe Aa ce 13nosi3Ba Kato map-
Kepy 3a TONEepaHTHOCT CpeLly rpaxoBus
3bPHOSAL WM KaTo edeKkTMBEeH MeTon 3a
3aunTa Ha pacteHuaTa.

KntouoBu gymun: Bruchus pisorum,
noBpejeHy cemeHa CeMeHa, HejopassuTa
napsa, XumuyHM nokasatesm, HA-GGE
6unIoT aHann3

YBO/[,

MpaxbT (Pisum sativum L.) e Haii-
MacoBO OTI/fiexaaHata 3bpHEHO-6060Ba
KynTypa c ymepeHata 30Ha B EBpona u
BTopaTa B ceeTa (FAOSTAT, 2014). Mpo-
M3BOACTBOTO Ha rpax € CU/IHO 3acerHato
B CBETOBEH Mallab OT rpaxoBus 3bpPHOAL
(Bruchus  pisorum L., Coleoptera:
Bruchidae), npuumHsiBaiiku 3arybu, Kouto
MoraT ga HaaxBbpnat 50% oT pobusa
3bpHO (Clement et al., 2002).

KOHTPONBT cpeLly 3bpHOsAAA Ce OCh-
LiecTBsiBa NpegUMHO Ype3 13Mosi3BaHe Ha
WHCEKTULMAN CpeLLy Bb3pacTHUTe npeau
AlLEeHOCEeHeTO, B Havyaslo Ha UbTex u
606006pa3yBaHe. EBponelickute orpaHu-
YeHUss 1 onaceHunsTa 3a okosiHaTa cpefa
yBenuumxa Heob6xoaMMocTTa OT anTepHa-
TvBHN Mepkn (Kirilov et al., 2016; Stoycheva
et al., 2018). EgHn OT edhekTMBHUTE anTep-
HaTMBHM MEPKU 3a KOHTPOS Ha 3bpHOAAM-
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larvae was positively related to Tmin but
negatively to rain, humidity and Tmax.

Modus had the lowest damaged seed
degree and a high proportion of
underdeveloped larvae, but its response
was unstable under changing environ-
ments. The Glyans variety, followed by
Svit, had a low damage rate and a
considerably  higher  percentage of
undeveloped larvae and the varieties
occupied the most stable positions over
the years.

Varieties had a lower protein and
phosphorus content in seeds, which
correlated with a lower level of damaged
seeds. The matching of several chemical
traits in cultivars could be wused as
markers for tolerance against pea weevil,
and like an effective method for plant
defence.

Key words: Bruchus pisorum, seed
damaged, undeveloped larvae, chemical
traits, HA-GGE biplot analysis

INTRODUCTION

Pea (Pisum sativum L.) is the most
widely cultivated temperate grain legume
in Europe and the second in the world
(FAOSTAT, 2014). Pea production is
severely affected worldwide by pea weevil
(Bruchus  pisorum L., Coleoptera:
Chrysomelidae), causing losses that can
exceed 50% of the harvest (Clement et
al., 2002).

Control of pea weevil is primarily
conducted by use of insecticides against
adults before oviposition, at the stage of
the mid-flowering and early pod-formation.
European restrictions and environmental
concerns have increased the need for
alternative measures. (Kirilov et al.,, 2016;
Stoycheva et al.,, 2018). Ones of the
effective alternative measures to beetle
management are the identification of



Te ca MAEeHTUPULMPAHETO Ha TOIePaHTHM
reHOTUNKW, WHTErpupaHeTo MM B Cesek-
UMOHHM nporpamn (Aznar-Fernandez et
al., 2017) n naeHTMUUMPaHETO Ha reHu,
yyacTBally B MEXaHU3MUTE Ha TOJsIepaHT-
HOCT.

B ponbnHeHME, MeXaHW3MUTE Ha
aHTMKCEHO3a 3a YCTOMYMBOCT Morar ga
6bAaT CBbp3aHM C HamasisiBaHe Npeano-
YNTaAHWETO Ha 3bPHOSAMTE Aa Ce XpaHAT
C uBeToBeTE WM ga usbsreat AilecHa-
csiHe Bbpxy 6060BeTe, B pe3yntar Ha
MOPONOTMYHN NN XMMWYHWN PacTUTeNHU
hakTopu, BNusewm Heb1aronpusitTHo Bbp-
Xy noBefeHneTo Ha Hacekomute (Bruce et
al., 2011; Ceballos et al., 2015; Stoycheva
et al, 2016). Hanpumep, Szafirowska
(2012) ycraHoBsBa, 4Ye copTtoBeTe U (peHo-
JIOTMYHOTO MM pa3BUTME OKasBaT BAUSHUE
BbpXy akTMBHOCTTa Ha B. rufimanus n
CTeNneHTa Ha HaHeceHWTe MNoBpeau.
Roubinet (2016) Habnwgasa pasznuuusa B
YyBCTBUTE/IHOCTTA MEXAY HSKOJIKO copTa
rpax kbm B. rufimanus n yctaHoBsiBa, ye
nepmoabT Ha UbdTex nam 606oo06pasyBaHe
Ce okasBaT BaxXHW pakTopu, BMsewm
BbPXY HanageHNeTo OT 3bpHOSAANTE.

Hackopo e onvcaHa ymepeHa ycToii-
YMBOCT B 3apoguvlliHaTa naasma Ha Buga
Pisum sativum (Teshome et al., 2015), HO
BCe OLLe NpeacTou Ab/br NbT 3a 3a40B0-
NiBaHe Ha TbProBCKUTE HYXAW, SunceaT
COpTOBE, KOWUTO Aa KOMOWHMpaT [obpwu
arpoOHOMMNYECKN XapakTepUCTUKN N YCTOM-
UMBOCT CpeLLy 3bpHoaanTe. HegocTaTbyHa-
Ta Ha/IMYHOCT Ha COPTOBE C PE3UCTEHT-
HOCT MpeAmM3BUKa TbPCEHETO Ha TakaBa
npu ameute dopmu Ha rpaxa. Ha T03m
eTan e ngeHTnduunpaHa pe3ncTeHTHOCT
npu P. fulvum (Pesho et al., 1977; Clement
et al., 2002), kaTo ce npaBuK ONUT 3a Heli-
HOTO BbBeXaaHe npu P. sativum (Byrne
et al., 2008; Aryamanesh et al., 2012).

B Tasu Bpb3ka Npoy4yBaHETO UMa
3a Ues Aa OUeHu peakumsita u crtabus-
HOCTTa Ha copTtoBeTe rpax, Pisum
sativum L., KbM rpaxoBusi 3bpHOSA4 Npwu
MOJICKM YC/I0BUS.
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tolerant genotypes, integrate these
genotypes in breeding  programs
(Aznar-Fernandez et al., 2017), and to
identify the genes involved in the
tolerance mechanisms.

In addition, antixenosis mechanisms
of resistance could be associated with a
decreased preference of bruchids to feed
on flowers or egg-laying on pods as the
result of morphological or chemical plant
factors that adversely affect the insect
behaviour (Bruce et al., 2011; Ceballos et
al., 2015; Stoycheva et al., 2016).

For example, Szafirowska (2012) found
that cultivars and their phenological
development affect the activity of B.
rufimanus and the quantity of damage.

Roubinet (2016) observed differences in
susceptibility between several cultivars to
B. rufimanus and the timing of flowering or
pod formation turned out to be important
factors influencing on the bruchid attack.

Moderate resistance has been
described in Pisum sativum germplasm
(Teshome et al., 2015) recently, but there
is stil a long way to go to supply
commercial needs because there are no
cultivars that combine good agronomic
traits and useful resistance.

This limited availability of resistance
prompted the search for genetic
resistance in wild relatives of the pea.
Resistance has been identified at this
stage in P. fulvum (Pesho et al., 1977,
Clement et al., 2002), and its introgression
into P. sativum has been attempted (Byrne
et al., 2008; Aryamanesh et al., 2012).

In this regard, the study aimed to
evaluate the response and stability of pea
varieties to attack by pea weevil in field
tests.



MATEPWNAN N METO4WA

Mpe3s nepuopga 2012-2014 r. B
eKcnepuMeHTasIHOTO nosie Ha UHCcTuTyTa
3a (pypaxHun kyntypwu, MNneseH, Bbarapus
€ MnpoyyeHa ycToinuMBoCcTTa Ha 5 copTa
nponeteH rpax kbm Bruchus pisorum L.
(Coleoptera:  Chrysomelidae): 'nsiHc,
Mopayc; KamepToH u CBUT (yKpamHCKM
coptoBe) u MNneseH 4 (6bArapcku copr).

MpunoxeH e meTofa Ha Abarurte
napuenn cbc ceutbeHa Hopma ot 120
NOKbLMIBALLW CEMeHa M B TpU NOBTOPEHUs,
pasmep Ha napuenara ot 4 m® u ectec-
TBEH (POH Ha no4yBeHa 3anaceHocT C
OCHOBHUTE XpaHUTENHN BellecTBa. MeTo-
ObT e NPUNoXeH, nopagu n3pasBHEHO Mso-
Jopoave Ha noysarta. He ca 13nonssaHu
nectuunamn.

Cnen npubupaHe Ha rpaxa, ce
B3emMar o006emMHM npobu, CchbabpXaLn
1500-2000 cemeHa OT BCeku COpT, 3a Ja
ce onpefenu CTeneHTa Ha noespefeHuTe
oT Bruchus pisorum cemeHa.

3a ga ce enMMUHMpAT B3aumogeii-
CTBUATA MexXxay NpoOMeHNMBUTE N Aa ce
BK/1IOYAT B3aMMOAENCTBMATA MEXY reHo-
TMn n reHotun x cpega (GGE), e n3Bbp-
weH HA-GGE 6unnot aHanms (Yan and
Holland 2010). Mo T031 Ha4nH Hali-go6pusaT
rEHOTUM LLE MMa Hali-HUCKN CTOMHOCTM 3a
oLleHeHaTa yepTa U CTabUIHOCT Npes3 BCUY-
Ku cpegm 1 H1ckn G x E B3anmogeincTeus.

[JaHHuTe 3a npomeHnusBuTe: Basie-
XN, MUH/MaNHa 1 MakcumasiHa Temnepa-
Typa Ha Bb34yXa, KakTo M OTHOCUTEeNHa
BIXKHOCT, ca npefiocTaBeHn 0T MeTeopo-
nornyHara ctaHuua B lneBeH 3a BcsKa
roguHa. MeTeoponornyHuTE napameTpu,
U3M0/M3BaHN B aHa/u3a 3a OTyeTaHe Ha
TAXHOTO B/MSIHME BbPXY MosBara Ha
HenpuaTens, obxealar nepuoga oT mapt
[0 toHW, OnpefenstHeTo Ha OTHOCUTENTHOTO
Bb34elCTBUE Ha Npoy4yBaHUTE MNPOMEH-
NINBX BBLPXY CTEMEHTA Ha nospefa un gAan
Ha Hefopa3BuTa napsBa € OCbLLLECTBEHO C
nomoliTa Ha KaHOHMYEH aHanM3 Ha
KopecnoHzeHuuaTa (CCA). AHanusbT e
M3BBbPLIEH C nomowTa Ha codpTyepHus
nakeT 3a NasieOHTO/I0rMYHA CTaTUCTUKA
(PAST) (Hammer et al, 2001).
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MATERIAL AND METHODS

During the 2012-2014 period in the
experimental field of the Institute of
Forage Crops, Pleven, Bulgaria, a study
was conducted on the resistance of 5
spring pea cultivars to Bruchus pisorum L.
(Coleoptera: Chrysomelidae): Glyans,
Modus; Kamerton and Svit (Ukrainian
cultivars) and Pleven 4 (Bulgarian cultivar).

The field trial was conducted using
a long-plot design with a sowing rate of
120 germinating seeds m? in three
replications, plot size of 4 m? and natural
background of soil supply with the major
nutrients. The method was applied
because the soil fertility was equalized.
No pesticides were applied.

After pea harvesting, bulk samples,
containing 1500-2000 seeds were taken
for each cultivar to determine the degree
of Bruchus pisorum damaged seeds.

To eliminates interactions between
variables and to include genotype and
genotype X environment (GGE)
interactions, a HA-GGE biplot analysis
was carried out (Yan and Holland 2010).
In this way, the best genotype will have
the lowest values for the evaluated trait
and stability through all the environments,
and low G x E interactions.

Data on the meteorological
variables: rainfal, min and max air
temperature, as well as average relative
humidity were obtained from Pleven
meteorological station for each
environment. In order to focus on the
occurrence of bruchids in the field, the
climatic parameters used in the analysis
ranged from March to June. To determine
the relative impact of the selected climatic
variables on the performance of damaged
seeds and proportion of undeveloped
larvae, canonical correspondence analysis
(CCA) was carried out. The analysis was
performed using the Paleontological
Statistics Software Package (PAST)
(Hammer et al., 2001).



Cratuctnyeckatra ob6paboTka Ha
eKcnepMMeHTasIHUTE JaHHW e MpoBeAeHa
C nomowiTa Ha copTyepHaTta nporpama
Statgraphics Plus.

PE3YJITATU N OBCBXXOAHE

KaHOHVMYeH aHa/M3 Ha Kopena-
umATa gonpuHacsa 3a Bu3yanusnpaHe Ha
pasrpaHvyeHnTe 3aBMCMMOCTN Ha KOMMNO-
HEHTUTe CTeneH Ha MnoBpefeHn CemeHa
(DR) n pgsn Ha Hepopa3ssuTa napea (PUL)
KbM KNumaTuyHuTe npomennneu (durypa
1). JokaTo DS e NnonoXxuTenHo ceBbp3aH C
Tmax, KO/MYecTBOTO Basexm un BRax-
HOCTTa Ha Bb3gyxa W OTpuuaTesiHO C
Tmin, TO A4eNbT Ha Hepa3BUTUTE Napsu e
NoSIOKUTENHO CBBbP3aH ¢ Tmin, HO OTpuU-
uaTenHo C [AbXAoBeTe, BNaXHOCTTa W
Tmax. Hello noseye, kopenauuunaTa Mexany
DS 1 Tmax (r = + 0.812, p = 0.0001) e
[OKa3aHO CWUNHO TMOJIOKUTEsHA, KOeTo
npegnonara cuiHa B3auMoBpPb3Ka Mexay
JBaTa napameTbpa, [0KATO KOMMOHEH-
TUTE Ha OKo/MHaTa cpefia - KOJIM4ecTBOTO
BasIeXXM W BAXHOCTTA BJIMAAT MHOrO
cnabo NofoXnNTesIHO BbPXY nospeaara.

MakcumanHarta TemnepaTypa e no-
CWMHO CBbp3aHa CbC cpean 1 u 2, HO
NPOTUBOMOJIOXKHO Ha BNaXKeH nepuog npwu
ekonornyHa cpega 3 (2014). TMopagm
cnabus ehekT Ha BanexuTe BbpXy CTe-
neHTa Ha noBpefleHM CeMeHa, Hanaje-
HMETO BbPXY CemeHaTta Hamasnssa npes
ObXA0BHUTE Nepuoan, KOeTo ce Habno-
[JaBa B Hail-cyxute cpegu. ToBa Moxe ga
ce Ob/KM Ha hakTa, Yye BanexuTe morat
Ja HapywaT WHTEeH3MBHOCTTa Ha siiue-
CcHacsiHa Ha 3bpHOAAMTE M fa HamanAat
Xn3HecnocobHocTTa Ha fnuarta (Roubinet,
2016). O6paTtHOo, Banexute n BNaxHoOCTTa
umaT oTpuuaTteneH edekt Bbpxy PUL un
CTOMHOCTUTE HapacTBaT Mpu MNO-Masko
KONMYECTBO AbXAoBe. Tmin CUMHO No3u-
TMBHO KOpe/siMpa ¢ fefia Ha HefopasBuTU
napsu.
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The statistical processing of
experimental data was conducted using
the Statgraphics Plus software program.

RESULTS AND DISCUSSION

A canonical correlation analysis
helped to visualize the distinct relations of
DS (seed damaged, %) and PUL
(proportion  of undeveloped larvae)
components to climate variables (Figure
1). Whereas DS was positively related to
Tmax, bulk precipitation and humidity and
inversely to Tmin, the proportion of
undeveloped larvae was positively related
to Tmin but negatively to rain, humidity
and Tmax. Moreover, Pearson correlations
between DS and Tmax (r + 0.839,
p= 0.0001) revealed a significantly high
positive coefficient value, which suggests
a strong association between both
parameters, while the environment
components rainfall amount and humidity
affected very weakly positively on the
damage.

Tmax was stronger associated with
the environmental 1 and 2 droughts (2012
and 2013) and opposed to the
environmental 3 wet period (2014).
Because of the weak effect of rainfall on
DS, the seed damage decreasing at rainy
seasons as could be seen in the driest
environments.

This might be due to the fact that rainfall
might disturb bruchid oviposition and
reduce egg viability (Roubinet, 2016).

The opposite, rainfall, and humidity had a
negative effect on PUL and its values
increasing at a smaller amount of rain.
Tmin correlated strongly positive with
PUL.
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our. 1. CCA rpadmka, 6a3npaHa Ha Kopenaymsita Mexay CTerneH Ha noBpeneHn
cemeHa (DR) n nan Ha HepopasBuTa niapsa (PUL) npu Bruchus pisorum npu net

CopTa rpax cnpAamMo HAKOJIKO MeTeOPOJIOrMYHN NMoKa3aTesIn. AHanusupaHuaTt nepuoj e
OT MeceL, anpwn A0 1HU, Tmax = MakcuManHa TemnepaTypa; Tmin = MuHUManHa Temnepatypa, T = cpefHa

Temnepartypa

Fig. 1. CCA graph based on the correlation of DS (Seed damaged, %) and PUL
(Proportion of undeveloped larvae) of Bruchus pisorum for five pea cultivars

according to several climatic parameters. The period analyzed was from April to June, Tmax =
maximum temperature; Tmin = minimum temperature,T = average temperature

CroliHoctute 3a DS u PUL Bapu-
paT B WMPOK AuanasoH u ca oTbenssaHu
3a neTTe copTa rpax, u3cneisaHu B Tpute
npoyyBaHn cpeamn. AHa/iM3bT Ha Bapuat-
ca ype3 ANOVA (Tabnuua 1) nokassa
JokasaHo Bb3gelictBue Ha reHotun (G),
cpega (E) n B3aumogeincTeueto mexay
Tax (G x E), kato c Haii-BMCOKa cpefHa
CTOMHOCT Ce Xxapaktepusupa cpejarta,
nocnegBaHa  OT  B3aMMOAENCTBMETO
reHoTUN X cpefia U Hail-H1CKa 3a CopToBeTe.
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A wide range of values for DS and
PUL were noted for the five pea cultivars
studied in the three environments.

ANOVA (Table 1) revealed a significant
effect of genotype (G), environment (E)
and G x E in both variables, being the
highest mean of a square for E, followed
by G x E and environment (E)



Tabnuua 1. AHanM3 Ha Agucnepcusi OTHOCHO rnoBpefeHu OT Bruchus pisorum
cemeHa (DS) 1 cbOTHOLWeEHVE Ha Hepa3BuTu napseu (PUL) npu neT reHoTuna rpax
Table 1. Analysis of variance for Bruchus pisorum damaged seeds (DS) and
proportion of undeveloped larvae (PUL) of the five pea genotypes

Source/3ToYHKK Df Sum Sq Mean Sq F value Pr(>F)
DR
ENV/Cpepa 2 2089.1 1044.57 176.4617  4.67E-06***
REP(ENV)/MoBT. 6 35.5 5.92 1.3743 2.65E-01
GEN/l'eHOTMNN 4 3443.8 860.95 26.1396 1.20E-04***
ENV * GEN/Cpega*leH 8 263.5 32.94 7.6467 4.63E-05***
PC1 5 247.1 49.42 11.47 <2.2E-16***
PC2 3 16.4 5.46 1.27 0.3071
Residuals/OctaTtbk 24 103.4 4.31
PUL
ENV/Cpega 2 2381.05 1190.53 266.9797 1.372e-06***
REP(ENV)/ToBT. 6 26.76 4.46 1.6347 0.180922
GEN/leHOoTMNN 4 390.14 97.53 5.9993 0.015630*
ENV * GEN/Cpega*l'eH 8 130.06 16.26 5.9598 0.000299***
PC1 5 115.79 23.16 8.49 0.000100***
PC2 3 14.27 476 1.74
Residuals/OcTtaTbk 24 65.47 2.73

NereHpa: [lokazaHOCT Npu HUBO Ha BeposATHOCT ,**** 0.001 ,*** 0.01 ,** 0,05
Legend: Significant at “***' 0.001 “**' 0.01 *’ 0.05 level probability

HA-GGE 6uniioT e npeanoyntaHuaT
GGE 6unnot 3a oueHka Ha TecToBa
cpega un redHotun (Yan and Holland,
2010). GGE 6unnoT npeacTasBs cpegHata
CTOMHOCT Ha wu3cnegBaHus Mnpu3HaKk U
Heropata CTabWHOCT, KOETO HU jJasa
CblLIECTBEHA BU3yann3auus Ha nHdopma-
umata. GGE 6unnot e aHanus, 6asupaH
Ha [aHHW, OpPVEHTMpaHW KbM OKOJiHaTa
cpepa(Gabriel 1971), koWTo npemMaxsa
OCHOBHUS e(DeKT Ha OKonHaTta cpeja u
WHTErprvpa OCHOBHUA edieKT Ha reHoTuna
C edpekTa OT B3aMMOZENCTBMETO reHoTun-
OKOMHa cpefa, v3non3ealikm Habopa OT
[JaHHK 3a reHoTun - okosiHa cpega (Yan et
al., 2000).

Bb3 ocHOBa Ha cunata Ha guc-
KpMMUHaumsa (gb/mkMHa Ha BekTtopa) E3
cpepata, cnegsaHa oOT E2 ca Haii-
anckpumnHmnpaly (durypa 2).

Bbnpeku ye HAMa CTpory npasuna,
Hali-0obpoTo cbnmxaBaHETO Ha koedu-
UMEHTUTE Ha Kopenauust Ha braite e
CBbp3aHO C [J06pOTO npefacTaBsHe Ha
6unnoTta. B 3aBUCUMOCT OT bI'bia, CK/H0-
YeH Mexay [Ba BeKTopa Ha cpejara,
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The HA-GGE biplot is the preferred
GGE biplot for test environment and
genotype evaluation (Yan and Holland,
2010). Tthe GGE biplot presents the
mean characteristic and stability, which
gives us an essential visualization of the
data (Yan, 2001; Yan and Rajcan, 2002).
A GGE biplot is a analysis based on
environment-centered  data  (Gabriel
1971), which removes the environment's
main effect and integrates the genotypic
main effect with the genotype-by-
environment interaction effect of a
genotype-by-environment dataset (Yan et
al., 2000).

Based on the discrimination power
(vector length) E3, followed by E2 were
most discriminating (Figure 2).

Although there are no strict
relations, the goodness of approximation
for the correlation coefficients by the
angles is related to the goodness of fit of
the biplot. Depending on the angle
between two  environment  vector



KopenaumsaTa e pasnuyHa. B To3u acnekr
cpeguTe ca nosedve vay No-Manko noso-
XWUTENHO CBbp3aHW. YCTaHOBEHO € Wu3-
KnoyeHne mexay E2 n E3 cpepgu, Kouto
He ca B3aMMHO CBbp3aHMu.

PC2 (1.4%)
0.0 0.5 1.0

-0.5

-1.0

-1.5

correlation is different. In that aspect, the
environments were more or less positively
correlated. An exception was found
between E2 and E3 environments which
were not correlated.

-2 0

PC1 (98.3%)

dur. 2. GGE 6MnaoTbLT cnpsiMo noBpeaeHuTe cemeHa (2012-2014). renotunute ca
0603HauYeHn cbc cumMBona "G" U CbOTBETHOTO uucno oT 1 go 5, kakto cneaga: G1l-ITnaHe, G2-CeuTt, G3-
KamepToH, G4-Mopayc, G5-TneBeH 4. FoguHuTe ca 0603Ha4eHn ¢ 6yksaTa E 1 Homepa 1; 2; n 3 cbOTBETHO

3a 2012, 2013 1 2014 1.

Fig. 2. The GGE biplot based on damaged seeds (2012-2014). The genotypes are
designated with the symbol “G” and the respective number from 1 to 5, as follow: G1-Glyans, G2- Svit, G3-
Kamerton, G4- Modus, G5-Pleven 4. The years are designated with the letter E and number 1; 2; and 3 for

2012, 2013 and 2014, respectively

OT aHanu3a e BMAHO, 4Ye C Haii-
HMUCKa CTOMHOCT Ha MOBpPeAEeHN CEMeHa e
G4 (17.1%), Bbnpekn nposiBaABawuTe ce
€KOJI0rMYHKN B3anMOEeNCcTBNSA, NocneasaH
oT obpasey, G1 (25.9%) n G2 (29.8%),
UMMTO peakuMnm KbM cpegaTa ca no-
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The analysis showed that, in the
case of damaged seeds, the genotype
with the lowest DS was G4 (17.1%) despite
exhibiting  environmental interactions,
followed by the genotypes G1 (25.9%)
and G2 (29.8%), whose responses were



CTabunHW, Kakto e Noco4YeHo OT MecCTo-
NnosIoKeHNeTo MM B 6/M30CT A0 abuumc-
HaTta oc. Pe3yntatute nokassar, ye reHo-
Tmnute G1 n G2 ce cuutaT 3a Hali-cTa-
OUNHKU, T. KaTo ca Hai-6113ko pasnosno-
XXEHU [0 cpefHaTa Touyka Ha 6okcnioTa u
ca cnabo npegnounTaHu oT B. pisorum.
Hait-nogatnmeute (Bucoka DS, npepcta-
BEHa OT NPOTMBOMNOJMIOXKHATa CTpaHa Ha
6unnota) ca G5 (44.2%). Cnopen GGE
6UNI0T aHanusa, cToiHocTute Ha G4 u
G5 ca Hali-oTgasieyeHo pasnosiokKeHn oT
Hynata Ha PC2 octa. ToBa 03Ha4aBa no-
ronsima nNpoMeHMBoOCT (no-nowa crabun-
HoCT). [lpoMeHNuBMTE Ha ropHUTEe faBa
reHotTMna ca Han-gobpe uspaseHun B E2
cpepata. MexauHHaTa nosuumsi 3aema G3.

[lBaTa OCHOBHM KOMMOHEHTa omnpe-
aenat 99.7% o1 gucnepcusarTa.

GGE aHanu3bT Ha 6a3aTa Ha gena
Ha HepgopassuTa napea (Purypa 3) npeg-
ctaBnsBa 97.8% oOT 06WOTO M3MEHEHUe
Ha XapakTepuUCTMKNTE MeXay [Ba OCHOB-
HM KOMMOHeHTa. B To3m cnyyan E1 cpe-
jaTta, KbOeTo ca perncTpupaHu Hali-
Ma/sIkO KOJIMYECTBO Ba/ieXuW, € Haii-
AVcKkpuMmuHupawaTa. MeHotun 5 pearvpa
Hali-cuNHO no TO3M nokasartesn (Haii-
HMckaTa cToliHocT Ha PUL) u e nocneg-
BaH oT G3, G2, G1 n G4 (10.8; 12.3; 13.4;
13.3 n 19.4% cboTBeTHO). Cnopepn, opau-
HaTaTta, G2 e Hali-cTabuneH ot rpynarta ¢
no-HUCBK AAN Ha HepopassuTa napsa,
cnepsaH ot G1. Mo-HUCKa NPOMEHNBOCT
uma G3.

FeHoTMNBT, NpeacTaBsLy, ce ¢ Hali-
BMCOKaTa CTOMHOCT MO TO3U Nokasartes W
naeHTMrLUMpaH Kato CUHO 4YyBCTBUTE-
neH, e G4, nocnegsaH ot G5. B gonbsi-
HeHne, G4 npvema Hai-Bucokata CTOii-
HocT B E3 cpepata, kOSTO OkasBa Haii-
CWIHO B/IMSIHWE 3a HeroBaTa YyBCTBU-
TEJIHOCT.

Kopenauunata Ha Pearson mexpgy
DR wun SI c reHotun kaTo mnokasaHa
npeternswa npomennuea (r = + 0,812,
P = 0,0001) nokasBa AokasaHO BMCOKa
CTOMHOCT Ha KoedMuMeHTa, KOeTo npeg-
nonara CcwuiHa Bpb3ka Mexay [Asarta
napameTbpa.
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more stable, as indicted by their location
close to the axis 1. The results showed
that genotypes G1 and G2 were
considered as the most stable being the
ones closest to the midpoint of the boxplot
and less preferred from B. pisorum. The
most susceptible genotypes (high DS,
represented on the opposite side of the
biplot) was G5 (44.2%). According to the
GGE biplot analysis, values of G4 and G5
to PC2 are distantly situated to zero. It
pointed to greater variability (poorer
stability). The variables of the above two
genotypes were best expressed in E2
environments. The intermediate position
was occupied by G3.

The two principal components
determined 99.7% of the dispersion.

The GGE biplot based on the
proportion of undeveloped larvae (Figure
3), analysis represented 97.8% of the total
trait variation between two principal
components. In this case,the most
discriminative environment was E1 in
which less rainfall was registered.
Genotype 5 was the most responsive to
that trait (the lowest value of PUL, 10.8%),
and it was followed by G3, G2, G1 and G4
(12.3; 13.4; 13.3 and19.4%, respectively).
According to the ordinate, G2 was the
most stable, followed by G1 within the
group of the lower undeveloped larvae.
Lower variability had G3.

The genotype presenting the
highest value in that trait and identified
like strong sensitive was G4, followed by
G5. Also, G4 had the highest value in E3,
which had the strongest influence on its
susceptibility.

Pearson correlations between DS
and PUL with genotype as a weighting
variable (r = - 0.861, p= 0.001) revealed a
significantly high coefficient value, which
suggests a strong negative association
between both parameters.
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PC1 (76.8%)

dur. 3. GGE 6munNNoTbT CnpsAMO Aefnila Ha HepopasBuTa napsa (2012-2014).
FeHoTUNKUTE ca 0603Ha4YeHN cbC cumBona "G" 1 CbOTBETHOTO uncio oT 1 o 5, kakTo cneaBa: G1-InsHc,
G2-CsuT, G3-KamepToH, G4-Mopyc, G5-MNneseH 4. N'ognHuTe ca 0603HaveHn ¢ 6yksaTta E n Homepa 1; 2; n

3 cbOTBETHO 3a 2012, 2013 1 2014 .

Fig. 3. The GGE biplot based on proportion of undeveloped larvae (2012-2014).
The genotypes are designated with the symbol “G” and the respective number from 1 to 5, as follow: G1-
Glyans, G2- Svit, G3-Kamerton, G4- Modus, G5-Pleven 4. The years are designated with the letter E and
number 1; 2; and 3 for 2012, 2013 and 2014, respectively

BposaT Ha noBpefeHUTe cemMeHa e
no-go6bp MokasaTen 3a ycToluMBoCTTa
Ha cemMeHaTa B 3aBWCMMOCT OT 6posi Ha Aii-
uata, cHeceHn Bbpxy 6060BeTe (Makanurn,
2010). CnepoBaTefiHO € U3UYUC/IEHO ChOT-
HOLLIEHVETO Ha NoBpefeHNTe KbM 34paBu-
Te cemeHa. OT gpyra cTpaHa, BbNpeku ye
Moayc (G4) ce oTnuyaBa C Hail-HuCKa
CTeneH Ha MNoBpefeHn cemeHa W Hali-
BUCOKUS OA1 HA HeJopas3BUTU 1apBu, TOM
€ HecTabu/ieH 1 nokasa rossima 4yBCTBU-
TeNHOCT B TpMTe npoy4BaHn cpegu. MNsHc,
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The number of seed damaged is a
better indicator of seed resistance
depending on the number of eggs laid on
the pods (Makanurn, 2010). It, therefore,
was calculated the ratio of damaged seed
to healthy seeds. On the other hand,
although Modus (G4) was distinguished
with the lowest seed damage and the
highest proportion of undeveloped larvae,
it was unstable and showed great
susceptibility in the three environments.



cnegBaH oT CBUT, Cce Xxapaktepusupart
Kato cTabunHu reHoTunu npes npoyysa-
HUTE TOOMHM NO OTHOLWEHWE Ha fABaTta
npomeHnusyn napameTtbpa (DS n PUL).
Mpwn Han-4yBCTBUTEHMA COPT, N1eBeH 4,
ce HabnaaBa obpaTHa TeHAEHLMS.

HsKo/IKO MexaHu3ma Ha aHTnbnosa
6uxa MoOrnuM aa 6baat 3agencTteaHu B
OTrOBOp Ha aTakata OT 3bpHosiga. Hama-
NIeHNTe CTOMHOCTU Ha NOBPEAEHN CEMEHA
WM MO-BUCOKMAT AAN Ha HegopasBuUTu
napBu Npu Te3n COpToBE MOXe ga 6bae
CBbp3aH C Ha/MYMETO Ha XUMUYECKU
XapakTepucTukn, KOUTO Bb3NpenatcTear
NPOHUKBAHETO Ha slapBuTe.

Mpu cpaBHUTENEH aHa/IM3 OTHOCHO
CbAbPXKAHNETO Ha XMMUYECKN KOMMOHEH-
TW B CEMeHaTa e YyCTaHOBEHO, Ye copTo-
BETE C MO-HNCKO CbAbPXKaHNE HAa NPOTENH
1 chochop ce xapakTepmaupar ¢ No-HUCKO
HMBO Ha MOBPEAEHU ceMeHa (Hanpumep
naHc n Mogyc) (Purypa 4).
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In regards to both variable parameters
(DS and PUL) like stable genotypes through
studied years were Glyans, followed by
Svit. In the most sensitive cultivar, Pleven
4, was observed a reverse trend.

Several antibiosis mechanisms
could have been triggered in response to
the pea weevil attack. The reduced values
of seed damaged or higher proportion of
undeveloped larvae in these cultivars
could be related to the presence of
chemical traits that hinder the penetration
of the larvae.

In a comparative analysis, concerning the
contents of chemical components in pea
cultivars was found that cultivars with
lower protein and phosphorus content had
lower levels of damaged seeds (for
example, Glyans and Modus) (Figure 4).

—*— Phosphorus

damaged seeds

Phosphorus

Glyans
Kamerto
Pleven 4

dur. 4. XMMUYECKN XapaKTePUCTUKA Ha ceMeHaTa Npu COpPTOBE rpax
Fig. 4. Chemical traits of seeds in pea cultivars
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MpegnountaHMeTo Ha rpaxosus
3bPHOAA MO OTHOLUEHWE HA CbAbPXKAHNETO
Ha CypoB MpOTerH 1 goochop B cemeHarta
€ CBbp3aHO C MO-BUCOKA KOHLEHTpauusl.
ToBa BOAM [0 MO-BMCOKA CTENEH Ha
noBpefeHn cemeHa. NneeseH 4 vma Hai-
BWCOKO CbAbpXaHue Ha npoTeuHu u
hocop, KOETO Kopenupa C Hai-BMCOK
npoueHT Ha noBpepa. O6paTHo, [NsHC
MMa Hal-HUCKOTO CbAbp-XaHue Ha CypoB
npoTerH 1 pocdop B 34paBUTe CEMEHA,
cnegsaH ot Ceut 1M Mogyc. O6paTHa
TEHAEHUMSI ce Habnhasa Mo OTHOLIEHME
Ha CbAbpXaHMETO Ha CYypOBM BJIakKHa,
kaTto NeBeH 4 nma Hai-HucKa CTOMHOCT.

MogobHa TeHAeHuust HabnwpasaT
Marzo et al. (1997), KOMTO OTKpMUBAT NINHEI-
Ha 3aBMCMMOCT MeXay CbAbpXaHNeTo Ha
npoTenH U UTUHOBA KMWCENMHA W Hana-
JeHveto oT B. pisorum (r2 0.735 u
0.732, cboTBETHO). ABTOpUTE ObGauye npes-
nonarar, Ye no-rofIIMOTO CbAbpXaHue Ha
TaT U MNpPOTEVMH HamansiBa pucka oT
3apassBaHe ¢ Bruchus B rpaxoBu cemeHa.
MpOTMBOMOSIOXXHO MHEHME CbOobLLaBaT
Odagiu n Porca (2002), cnopef kouTo
XUMWYECKATE KOMMOHEHTW He okasBaT
NpPsSKO B/IMSIHWE BbPXY YYBCTBUTE/STHOCTTA
cnpsAmo 6pyxuauTte, Taka 4de cemeHaTa
TpabBa ga 6baaT 3a4b/1I60UYEHO NPOYYEHH,
3a fa ce onpefesnn BAUSHMETO KakTo Ha
NUrMEHTUTE, Taka ¥ Ha aMUHOKUCEIMHUTE
BbPXY TO/IepaHTHOCTTa Ha 6o6oBeTe.

B ponbnHeHuwe, pesyntatute oOT
durypa 4 nokasear, Ye CbAbPXaHMETO Ha
CYpOB MNpPOTEWUH, CYPOBM BJIAGKHUHU W
hochop HapacTBaT B MNoBpefeHuTe
CMpsAMOo 34paBuTe CeEMeHa.

YBenM4yeHneTo Ha npoTenHosarta
KOHUEHTpaumus MOXe fJa ce Ab/DkM Ha
reHepupaHeTo Ha NPOTEWMHU, CBBbP3aHU C
oTbpaHa cnej HanageHMeTo OT Haceko-
MW, KOETO OAMN A0 MO-BMCOKO CbAbpXa-
HMe Ha NPOTEWH B NOBPeAEHUTE CEMEHA.
Mopo6bHn pe3yntaTn ca goknageaT B Mo-
paHHO npoyuBaHe (Nikolova et al., 2009).
Lawrence and Koundal (2002) ycTtaHoBs-
BaT, Ye pacTeHusTa ce 3awurasaTt, npo-
n3BeXAankn Te3n CBbp3aHu C OTbpaHaTa
NPOTENMHN BBB BWCOKN KOHUEHTpauuu.
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The preference of the pea weevil
concerning to crude protein and
phosphorus content in seeds was related
to a higher concentration.

This resulted in a higher rate of damaged
seeds. Pleven 4 had the highest protein
and phosphorus content, which resulted in
the highest damaged seed percent. On
the contrary, Glyans had the lowest crude
protein and phosphorus content in the
healthy seeds, followed by Cvit and
Modus. The opposite trend was observed
concerning crude fibre content as Pleven
4 had the lowest value.

A similar trend observed Marzo et
al. (1997), which found a linear correlation
between both protein and phytic acid
content and B. pisorum infestation (r2 =
0.735 and 0.732, respectively).

However, the authors suggest that greater
phytate and protein contents reduce the
risk of Bruchus infestation in pea seeds.
The opposite opinion had Odagiu and
Porca (2002), according to which the
chemical components had no direct
influence on the tolerance against
bruchids so that grains must be deeply
studied in order to determine the influence
of both pigments, and amino acids on
tolerance of pods.

Else, the results in Figure 4
indicated that the crude protein, crude
fibre and phosphorus content in damaged
seeds as compared with the healthy
seeds were increased.

The increase in the protein
concentration may be due to the
generation of defence-related proteins
after insect infestation, which resulted in
higher protein content in damaged seeds.
Similar results were reported in an earlier
study (Nikolova et al., 2009).

Lawrence and Koundal (2002) was found
that plants defend themselves by
producing these defence-related proteins



HawwuTte pesyntatu ca nogobHun Ha Rani n
Pratyusha (2013), kouTo ycTaHoBsiBaT, ye
HanagHaToTo NamMyyHO pacTeHue CbAbp-
)@ No-BMCOKN HMBa Ha NPOTEUHW OT HOp-
ManHoO pacteHue. Cnopes War et al
(2012) cbabpXaHMETO Ha MNpoTEeMH €
MOBULLEHO B MNOBpPEAEHN OT HacekoMu
reHoTUNM PbCTHLUU B CPaBHEHME C He3a-
paseHnTe KOHTPOHN pacTeHnsi. Zubareva
(2006) pobass, ue Bpefarta OT rpaxosus
3bpPHOSA BOAM 40 yBe/MyaBaHe Ha 06Lyo-
TO CbAbpXaHWe Ha NPOTEUHW 3a CMeTka
Ha hpakuusaTa Ha anbymMnH U NpPean3BuK-
Ba MoBMLIABaHe Ha akTUBHOCTTa Ha Tpun-
CUHOBUTE MHXNOUTOPY NOYTK ABOIHO.
HacTtoswuTte pesyntatu npegnona-
rat, ye gga copta rpax (InsHc n CBuUT)
6uxa Mornu ga ce cuutar 3a ToiepaHTHM
KbM MOBpeANTE Ha 3bpHOA4A M MoraT Aa
Ce M3Mo/3BaT B CE/IEKLUMOHHN MPOrpamu.

N3BOAV

> Cpep npoyyBaHun copToBE
NposieTeH rpax e ycTaHOBEHO, Ye [okato
NnoBpeLeHNTEe CeMeHa ca MOJIOKUTESNHO
CBbp3aH C MakcumasiHara Temnepartypa,
KOMMMYECTBOTO BasleXM M BJIXKHOCTTA Ha
Bb34yxa u oTpuuaresiHo ¢ Tmin, To genbT
Ha HepasBUTUTE NlapBU € MOJIOXKUTESHO
cBbp3aH ¢ Tmin, HO e oTpuuaTesIHO 3aBu-
CVM OT AbXA0BETe, BaXHOCTTa 1 Tmax.

> Mogyc ce xapakTepusunpa c
Hali-HuUCKa cTeneH Ha NoBpeAeHn cemeHa U
BMCOK AA/1 Ha Hefopas3BuTa napsa, HO Hero-
BaTa peakuuss e HecTabunHa npy NPOMeH-
NIMBUTE YC/IOBUA Ha OkonHata cpefa. Copt
naHc, nocnegBaH oT CBUT ce OTKposiBa C
HWCKO HMBO Ha noBpeja W 3HAYUTENHO BU-
COK MPOLEHT Ha Hefopas-BuTa napea, kato
CbLUEBPEMEHHO COPTO-BETE 3aemMaT Haii-
CcTabuHM No3nLMM Npes roguHnTe.

> CoptoBete [ngHC u CBUT
npuTexasar MO-HUCKO CbAbpXaHue Ha npo-
TenH n pocdop B cemMeHa, KOETo kopenupa
C MNO-HWCKO HMBO Ha MNOBPefeHN ceMeHa.
CbyeTaBaHeTO Ha onpefefieHn XUMUYHU
nokasaTenu, Bb3npensaTcTBalliy npeanoyu-
TaHWeTo Ha B. pisorum, Moxe ga ce usnon-
3Ba KaTto Mapkepu 3a TOSIepaHTHOCT cpeLy
rpaxoBus 3bpHOAL W KaTo edekTMBeH
MeTO/ 3a 3alimTa Ha pacTeHuaTa.
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at high concentrations. Our results are
similar to Rani and Pratyusha (2013) who
found that infested cotton plant expressed
higher levels of proteins than a normal
plant.

The protein content was increased in
insect-damaged groundnut genotypes as
compared to uninfected control plants
according to War et al. (2012). Zubareva
(2006) added that the pea weevil damage
led to an increase of total protein content
at the expense of albumin fraction and
induced increase of trypsin inhibitor
activity almost double.

The present data suggest that two
pea cultivars (Glyns and Svit) could be
tolerant to weevil damage and can be
used through breeding programs.

CONCLUSIONS

> Among spring pea
varieties studied, it was found that
damaged seeds were positively related to
Tmax, bulk precipitation and humidity and
inversely to Tmin. The proportion of
undeveloped larvae was positively related
to Tmin but negatively to rain, humidity
and Tmax.

> Modus had the lowest
damaged seed degree and a high
proportion of underdeveloped larvae, but
its response was unstable under changing
environments. The Glyans variety,
followed by Svit, had a low damage rate
and a considerably higher percentage of
undeveloped larvae and the varieties
occupied the most stable positions over
the years.

> Varieties Glyans and Svit
had a lower protein and phosphorus
content in seeds, which correlated with a
lower level of damaged seeds. The
matching of several chemical traits in
cultivars could be used as markers for
tolerance against pea weevil, and like an
effective method for plant defence.
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PE3IOME

C uen ycTaHOBSBaHe CeJleKTUB-
HOCTTa Ha xepbuumga ®nymuokcaswH -
500 g/kg (Mnempx 50 BI1) B ONUTHOTO
none Ha OnuWTHa cTaHUMA No cosTa -
MaBnukeHW e n3BefeH NoJICKU ONUT CbC
cos copt ,CpebpuHa”. N3cneaBaHeTo e
NpoBeAEHO Ha CpefHO W3MYyXEeH 4YepHo-
3eM U BK/IOYBA C/iefHUTe BapuaHTtu: Vi —
KoHTpona HeTpeTupaHa;, V,
dnymunokcasuH - 500 g/kg (Mnegx 50BIMT)
B no3n 80 n 120 g/ha npunoxeH cnep
ceutba, npean NMOHUKBAHeE Ha KynTypaTta
1 eTanoH - MetpubysuH - 700 g/kg (3nHo
70BM) - B po3a — 500 g/ha; Vi —
dnymuokcasuH - 500 g/kg (Mnex 50BIMT)
B Ao3n 80 n 120 g/ha npunoxeH BBCH 13
Ha KynTtyparta n etasioH — Mmasamokc 40
g/l (Myncap 40) - B go3a — 0.5 l/ha +
OEW agxyBaHT B gos3a 1.0 l/ha. Bb3
OCHOBa Ha Mu3BefeHuTe onutn ”n oT
aHasM3a Ha nosiyyeHunTe pesynrtaru morat
Ja ce HanpaesT CnegHWTE W3BOAM:
dnymuokcasuH - 500 g/kg (Mnepx 50 BIM)
B npoyuyBaHuTe fo3v 80 u 120 g/ha e ¢
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SUMMARY

In order to establish the selectivity
of the herbicide Flumioxazin - 500 g/kg
(Pledge 50 WP) in the experimental field
of Experimental Station on Soybean -
Pavlikeni, field experiment with soybean
variety "Srebrina" was conducted. The
study was conducted on average leached
chernozem, and includes variants: V; -
Control - untreated; V, - Flumioxazin - 500
og/kg (Pledge 50 WP) at doses of 80 and
120 g/ha applied pre-emergence and
standard - Metribuzin - 700 g/kg (Zino 70
WP) - in the dose - 500 g/ha; Vi -
Flumioxazin - 500 g/kg (Pledge 50 WP) at
doses of 80 and 120 g/ha applied in
growth stage BBCH 13 of the culture and
standard - Imazamox 40 g/l (Pulsar 40) -
in the dose — 0.5 I/ha + Dach adjuvant at a
dose of 1.0 I/ha.

Based on the deduced trial and the
analysis of the obtained results can draw
the following conclusions: Flumioxazin -
500 g/kg (Pledge 50 WP) at the tested



BMCOKa CeNeKTMBHOCT (6an 1) n He oka3Ba
oTpuLaTeNHO BAUSHWE BbPXY CTPYKTYp-
HUTE eneMeHTW Ha aobwsa npu TecTBa-
HUA CcopT cos “CpebpuHa”, karto
pasnMknTe ca cTaTuCcTUYecKn HegokasaHu
(P=0.05), cnpsimo npueTuss 3a eTasloH
MeTpubysunH - 700 g/kg (3uHo 70 BIM).
dnymuokcasuH - 500 g/kg (Mnepx 50 BIM)
MOXe Aa Ce M3Non3Ba 3a TpeTupaHe Ha
cos cnep cewTtba, Npeau MOHUKBaHE Ha
KyntypaTta; MNnempxk 50 Bl B po3sa 80 g/ha,
BbB (heHodasza BBCH 13 Ha coaTa npe-
OV3BMKBA OT yYMepeH [0 CPefHO CW/eH
goutoToKCHMYEH edoekT (6an 3-4) uspass-
Balln ce B CKbCsABaHe U yaebensisaHe Ha
HepBaTtypaTa, naucupaHe u fop3asHo 3a-
BMBaHe B OCHOBATa Ha /IncTHaTa netypa c
X/I0pOTMYEH BeHel no nepudepuata 0.
YcTaHoBsiBa ce c/1labo n3ocTaBaHe B pac-
Texa Ha pacteHusita. C yBesimyaBaHe Ha
posarta Ha xepouuupa 120 g/ha Habnto-
JaBaHUTe CUMOTOMATUYHW MNOBpean ce
3acuneat — 6an 5; OrpaHnyeHaTa cenek-
TMBHOCT Ha dnymuokcasnH - 500 g/kg
(Mnepx 50BIM) npunoxeH BbB heHodasza
BBCH 13 ce wu3passiBa B HamaisiBaHe
xabuTyca Ha coeBuTe pacTeHus, [0KaTo
CTPYKTYpHUTE eneMeHTV Ha pgobuBa ca
npakTuyeckn 6nmskm (ot -2.5 go +9.5%) B
CpaBHEHME C Te3M OTYETEHUN NPU eTa/TIOHA
Myncap 40 B po3a — 0.5 I/ha + AEL
asxysaHT 1.0 I/ha.

KntouoBM gymu: cosi, CeNeKTUBHOCT,
(PUTOTOKCUMYHOCT, Xepounuug,

YBO/[,

lMNnesenHute BuAOBe, Hapes C
6onectute U HenpuaTenute ca eguH ot
OCHOBHUTE (DaKTopu, KOMTO OrpaHuvasart
Bb3MOXHOCTMTE 3a MoOJlyyaBaHe Ha
CTabUNHM 1 Ka4ecTBeEHN A06OMBK OT COEBO
3bpHO Abdelhamid and El-Metwally
(2008); Bali et al. (2016). XapakrepHa
6uonornyHa o0cobeHoCT Ha cosTa e 6as-
HWSA TeMn Ha oTpacTBaHe B HavasHuTe
eTanu OT pas3BuTUeTo U, KOeTo A npasu
CWIHO YA3BMMA Ha KOHKYPEHTHOTO Bb3-
pencteme Ha nnesenute (Hartzler, 2007,
Rich and Renner, 2007; Abdelhami and
El-Metwally, 2008; Keramati et al., 2008;
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doses of 80 and 120 g/ha has high
selectivity (score 1) and did not adversely
affect the structural elements of the yield
of the tested soybean variety "Srebrina",
the differences are being statistically
insignificant  (P=0.05), compared to
Metribuzin - 700 g/kg (Zino 70 WP).
Flumioxazin - 500 g/kg (Pledge 50 WP)
can be used to treatment soybean after
sowing before emergence of the crop;
Pledge 50 WP applied at a dose of 80
g/ha, in soybean in growth stage BBCH
13, had from weak to medium-strong
phytotoxic effect (score 3-4) resulting in
shortening and thickening of the nerve,
pleating and dorsal twisting at the base of
the leaves with a chlorotic crown at its
periphery.

A slight lag in plant growth is found - the
stem is short and slightly thickened. By
increasing the dose of herbicide 120 g/ha
observed symptomatic damage intensify -
score 5; The limited selectivity of Pledge
50 WP applied in growth stage BBCH 13
degrades the viability of soybean plants,
while the structural elements of yield are
practically close (from -2.5 to +9.5%)
compared to those reported for Pulsar 40
in the dose — 0.5 I/ha + Dach adjuvant 1.0
I’/ha used as standard.

Key words: soybean, selectivity,
phytotoxicity, weeds, herbicides, productivity

INTRODUCTION

Weed species, along with diseases
and pests, are one of the main factors
limiting the ability to obtain stable and
high-quality soybean vyields Abdelhamid
and El-Metwally (2008); Bali et al. (2016).
A characteristic biological feature of
soybean is the slow rate of growth in the
initial stages of its development, which
determines its strong sensitivity to the
competitive impact of weeds (Hartzler,
2007; Rich and Renner, 2007; Abdelhami
and El-Metwally, 2008; Keramati et al.,
2008; Fickett et al., 2013).



Fickett et al., 2013). Peguua npoy4yBaHusi
nokasear, 4e HaMasleHneTo Ha gobusa ot
COEBO 3bPHO 3aBUCK OT CTeNneHTa u npo-
Ob/MKUTENIHOCTTa Ha 3anseBefisiBaHe Ha
noceesa M OT KOJIMYECTBOTO W pasnpepe-
NIEHVEeTO Ha Banexute no dgeHodasn ot
pa3BuTMETO Ha kyntyparta (Alexieva and
Stoimenova, 2004; Marinov-Serafimov,
2005; Chirila and Chirila, 2008; Nagaraju
and Kumar, 2009). EdwmkacHata 60pb6a
cpelly naeBenHUTE BUAOBE B COEBUTE
NMoceBM 3aema BaXHO MSACTO B TEXHO-
noruAta Ha oTrnexgaHeTo U, nopagu
KOeTo, xepbuunante (AokasaHn CbC CBOS-
Ta edMKacHOCT, flecHa NPUIOKUMOCT 1
6BbpP30 MHUUMANHO AeicTBMe) 3aemart
Hali-ronam As71 OT U3Nos3BaHuTe nectu-
uman (Tzi-Bun, 2011; Silva et al., 2013).
OrpaHn4eHOTO Mpej/iaraHe Ha xepouyu-
An y Hac, 3a 6opb6a cpelly nieBenvTe B
CoeBWTE MOCEBU € B pe3y/sTar Ha pec-
TPUKTMBHMTE M3UCKBaHWA Ha EC npu ns-
Mos3BaHETO Ha XepouumMan M OT KOHHOHK-
TypaTa Ha nasapa, nNpv KOATO OT Tbpros-
ckata mpexa otnagart u/uam ce 3ameHAT
HAKOM Xxepbuumagn w/vnu ce npegnarat
TakvBa C ,HOBW' akTMBHM 6asun. Bcuuko
TOBa Hanara M3BbPLUBAHE HA CUCTEMHM
Npoy4YBaHUS 3a TbPCEHE Ha ,HOBKU” Xepobu-
unan npegnaraHy Ha nasapa C BUCOKa
CEJIEKTMBHOCT KbM cosATa.

Crnopes, Hatton et al. (1996) un
Negrisoli (2014) cenekTMBHOCTTa Ce OTHa-
Cs [0 CNOCO6HOCTTa Ha xepbuumaute aa
YHULLOXaBaT 3anseBenutenute npu pas-
JINYHU CESICKOCTONAHCKN KyNTypu, HO 6e3
[a okKasBaT (PUTOTOKCMYHO Bb3AENCTBMUE
BbPXY pacTexHuTe W pPenponyKTUBHU
NposiBM Ha KyNTYpHUTE BUAOBE U COPTOBE
pacTeHus. B npoyuBaHuaTa cu Devine et
al. (1993) yctaHoBsABaT, Ye pacTuTesiHuTe
BMIOBE M COPTOBE MposiBABAT pas/mMyHa
4yBCTBUTE/THOCT KbM OMNpesesieH xepouuuna.

Lienta Ha u3cneaBaHeTo e fAa ce
YCTaHOBW CefIeKTVBHOCTTA Ha Xepbuuuga
dnymmnokcasuH 500 g/kg (Mnegpx 50BIM)
NpuIoXeH cnep centba, Npean NoHWKBaHe
Ha KynTypata W BeretauvMoHHO BbB (pasa
TPeTn TPOEH NINCT NpK cost copT “CpebpuHa’.

A number of studies show that the
decrease in soybean grain yield depends
on the degree and duration of weed
infestance, and on the amount and the
distribution of precipitation by
phenophases from the development of
culture (Alexieva and Stoimenova, 2004,
Marinov-Serafimov, 2005; Chirila and
Chirila, 2008; Nagaraju and Kumar,
2009). Effective control of weed species in
soybean crops is central to its cultivation
technology, which is why herbicides
(proven by their efficacy, easy applicability
and quick initial action) have the highest
share of pesticides used (Tzi-Bun, 2011,
Silva et al., 2013).

The limited supply of herbicides in our
country to control weeds in soybean crops
is a result of the EU's restrictive
requirements for the use of herbicides and
the market situation in which certain
herbicides are not offered and/or replace
some herbicides/ or marketed those with
"new" active substances.

All this necessitates systematic studies to
search for "new" herbicides on the market
with high selectivity for soybeans.

According to Hatton et al. (1996)
and Negrisoli (2014) selectivity refers to
the ability of herbicides to destroy weeds
in different crops, but without having a
phytotoxic effect on the growth and
reproductive effects of cultivated species
and plant varieties.

In their studies, Devine et al. (1993) found
that plant species and varieties have
different susceptibility to herbicides.

The purpose of the study was to
determine the selectivity of the herbicide
Flumioxazine 500 g/kg (Pledge 50 WP)
applied after sowing, before the
emergence of the crop and vegetatively in
soybean growth stages three trifoliate
leaves at variety Srebrina.
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MATEPWNAN N METO4WA

N3cnepBaHusATa ca u3BefeHuW B
ONMWTHOTO none Ha OnuWTHa CcTaHuus no
cosita - lMaBnvKeHN BbPXY CPeaHOW3/y-
XEH YepHO3eM Npy HENosIMBHU YCNOBUS.
OnNUTBT e 3a/10KEH Mo NepneHanKynsapeH
MeTOo[, B YeTPWU NOBTOPEHMUSA C roJIeMuHa
Ha pekonTHa napuena 5 m’ cbe cos copT
“CpebpuHa” u  BKNWO4YBaA  CnegHuTe
BapuaHTu: V; — KOHTpona — HeTpeTnpaHa,
V, — ®dnymnokcasuH - 500 g/kg (Mnemx 50
BIM) B no3u 8 g/da (80 g/ha) n 12 g/da (80
g/ha) n etanoH - MetpubysuH - 700 g/kg
(3uHo 70BM) - B po3a — 50 g/da (500
g/ha), npunoxeHu cnep cewutba, npeau
noHvkBaHe Ha kyntypata (CCrIM); Vs —
dnymunokcasuH - 500 g/kg (Mnegx 50BIMT)
B Ao3m 8 g/da (80 g/ha) n 12 g/da (80
g/ha) n etanoH - Wmasamokc 40 g/l
(Myncap 40) - B go3a — 50 ml/da (0.5
I/ha) + AELWI amxyBaHT B go3a 100 ml/da
(1.0 I/ha), npunoxeH BbBB heHohaza
TpeTn TpoeH NuUCT Ha kyntypata (BBCH
13) (Hess et al., 1997).

BHacsaHeTO Ha xepbuumgute e
U3BBbPLWIEHO C rpbbHa npbckayka ,PTP
18“ ¢ koHn4yHa Aro3a, HandgraHe P max 3
bar, V max 1.64 | n Q max 0.64 I/min npwu
pasxopg Ha paboteH pastBop — 50 l/da
(500 I/ha) 3a xepbuunanmTe NPUNOKEHN
cnep ceutba, npean noHuksaHe (CCIIM)
Ha kynTypata u 40 l/da (400 I/ha) 3a
xepovunante nNpuaoXkeHn BbB hasa
TpeTun TpoeH nuct (BBCH 13) Ha cosTa.

OnpepgensHu ca cnefHuTe nokasa-
Tenu, cbobpasHo npoyysBaHuTe dhakTopu
Ha 7, 14, 20, 30 n 45 feH cnep NoHVKBaHe
wnu cnep TpeTMpaHe Ha KynTypaTa.
BusyanHun otuntaHua B Ganose, 3a
onpefensHe Ha (UTOTOKCUYHOCTTA Ha
xepbuuuanTe no noraputMuYHa ckana Ha

EWRS (European Weed Research
Society) (6an 1 — 6e3 nospeaun, 6an 9 —
HanbJ/IHO YHULLLOXKEHN pacTeHus)

OEPP/EPPO (2014); >XusHeHocT (V;) (6an
0 - Hanb/HO YHWLLOXEHW pacTeHus, 6an
10 pacTeHusaTa ca 6e3 nospeam) (Shinggu
et al., 2009).

MpexunBsaemMocTTa Ha pacTeHusATa e
onpefeneHa cnep npegsaputesnHo arcsin -

MATERIAL AND METHODS

The studies were performed in the
experimental field of Experimental Station
on Soybean - Pavlikeni on medium-
leached chernozem under non-irrigated
conditions. The experiment was set up
using the perpendicular method in three
replicates and the size of the harvested
plot of 5 m® with the soybean variety
Srebrina and includes the following
variants: V; - Control untreated; V, -
Flumioxazin - 500 g/kg (Pledge 50 WP) at
doses of 8 g/da (80 g /ha) and 12 g/da (80
g/ha) and standard - Metribuzin - 700 g/kg
(Zino 70 WP) - at a dose of 50 g/da (500
g/ha), applied after sowing, before
emergence of the crop (pre-emergence); V3
- Flumioxazin - 500 g/kg (Pledge 50 WP)
at doses of 8 g/da (80 g/ha) and 12 g/da
(80 g/ha) and standard - Imazamox 40 g/l
(Pulsar 40) - in dose - 50 mi/da (0.5 I/ha)
+ Desh adjuvant at a dose of 100 mi/da
(1.0 I/ha), applied to the three trifoliate
leaves (BBCH 13) (post-emergence) (Hess
et al., 1997).

The application of herbicides was
carried out with a back spraying machine
"PTP 18" with conic nozzle, pressure P
max 3 bar, V max 1.64 |, and Q max 0.64
I/min at the working solution - 50 I/da (500
I/ha) for the herbicides applied after
sowing, before emergence (pre-emergence)
of the crop and 40 I/da (400 I/ha) for the
herbicides applied in the three trifoliate
leaves (BBCH 13) (post-emergence) of
soybean.

The following characteristics were
assessed according to the factors studied
at 7, 14, 20, 30 and 45 days after
emergence or after treatment of the
culture. Visual scores in scores for the
phytotoxicity of herbicides on the EWRS
(European Weed Research Society) scale
(score 1 - no damage, score 9 -
completely destroyed plants) OEPP/EPPO
(2014); Vitality (Vi) (score 0 - completely
destroyed plants, score 10 plants without
damage) (Shinggu et al., 2009).

The plant survival was calculated
after preliminary arcsin - transformation
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TpaHcdopMupaHe no copmynara:

| following the formula:

Y = arcsin, Xop, | 100) (Anant, 1996)

CTPYKTYpHU enemMeHTV Ha fobwvsa -
6poii 6060Be, 6poii cemMeHa OT efHO
pacteHue n 6poii cemeHa B eguH 606,
(6p.), Terno Ha cemeHaTa OT efHO
pacTeHuve, g 1 Tersio Ha egHo ceme, g.

B onutute nnowwn npes uanarta
BeretTauuMss Ha KynaTypara, HaanyHuTe
nieBesiHM BUOOBUM Ca OTCTpaHABaHU
pbyHo King et al. (2001).

EkcnepumeHTaniHnuTe  pgaHHM  ca
06paboTeHn ¢ nomowTa Ha codpTyepHuTe
npoayktn Statgraphics Plus for Windows
Ver. 2.1 n Statistica Ver. 10.

PE3YJITATU N OBCBXXOAHE

B arpomeTeoponornyHo OTHOLLe-

H/e BereTauMoHHUS Nepuoj Ha coaTa

(IV-1IX) npe3 roauMHuTe Ha npoy4yBaHe

(2008-2010 r.) ce pasnuuaBaTt B cpaBHe-

H/Ee CbC CblMTe 3a MHOrOroAuLIHUA
nepvof (1961-2000 r.) (Tabnvua 1).

Structural elements of production -
number of pods per plant, number of
seeds per plant and number of seeds per
pods (pcs.), weight of seeds per plant, g
and weight per seed, g.

In the experimental areas
throughout the vegetation of the crop, the
available weed species were removed by
hand by King et al. (2001).

Experimental data was calculated
using the softwares Statgraphics Plus for
Windows Ver. 2.1 and Statistica Ver. 10.

RESULTS AND DISCUSSION
In agrometeorological attitude, the
soybean vegetation period (IV-IX) during
the study years (2008-2010) differs from
compared to the same of the the
multiannual period (1961-2000) (Table 1).

Tabnuuya 1. ArpoMeTeoposIorMyHN NoKasaTenin Npes BereTauMoHHUA nepuog Ha

coATa
Table 1. Agrometeorological conditions during the growing period of soybean
Mepuop, BereTauuoHeH nepuog, / Vegetation period CpegHo 3a IV —1IX
Period v vV Y [ v [ v | 1x [Average for IV -IX
TemnepaTypa Ha Bb3gyxa, t° C / Temperature of the air, £ C ' C
2008 13.3 18.1 22.6 23.8 26.3 18.1 20.4
2009 13.0 18.5 22.4 24.2 24.6 19.0 20.3
2010 12.7 17.8 21.1 23.1 25.3 18.8 19.8
1961-2000 12.1 16.9 20.7 225 21.8 17.8 18.6
MeceyHn cymun Ha Banexnte, mm / Monthly precipitation amounts, mm mm
2008 59.8 37.1 27.3 38.2 0.2 65.0 227.6
2009 27.4 26.1 56.7 41.1 1.8 77.5 230.6
2010 79.6 104.9 95.8 88.5 11.3 33.9 414.0
1961-2000 52.2 66.6 59.4 53.0 51.2 40.0 322.4
MHaekc Ha cyxota De Martonne / De Martonne aridity index, la-DM lar-DM
2008 30.7 15.8 10.0 13.6 0.1 27.8 16.3
2009 14.3 11.0 21.0 14.4 0.6 32 15.6
2010 42.1 45.3 37.0 32.1 3.8 14.1 29.1
1961-2000 28.3 29.7 23.2 19.6 19.3 17.3 22.9

Pesyntatute ot BU3yasnHUTE OT4Yu-
TaHus B 6asioBe 3a ycTaHoBsiBaHe UTO-
TOKCMYHOCTTa Mo ckanatra Ha EWRS
nokasear, 4ye xepouumasT Mnemx 50 Bl
BHECEH cnepf cenTba, npeau NoOHUKBaHe

The results of visual readings in the
phytotoxicity scores on the EWRS scale
indicate that the herbicide Pledge 50 WP
imported after sowing before the
emergence of the crop had very good
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Ha KynTypata e ¢ MHoro gobpa cenek-
TUBHOCT (6an 1). MpuioxeH B cTaHOapT-
Ha po3a — 80 g/ha (pernctpupaH 3a npu-
NOXEHWe Npu uapesula u cnbHYornesn) u
B 3aBuweHa gos3a — 120 g/ha, He npe-
OV3BVKBA BUAMMU (PUTOTOKCUMYHM U3Me-
HeHus (6an 1) npu TecTBaHUSA COpT CoA -
.CpebpuHa“ 1 HeykasBa BAUSHWE BbpXY
XWN3HEHOCTTa Ha kyntypaTta (Tabnuua 2).

MonyyeHnTe eKkcnepuMeHTasHK pe-
3y/Tatn ca B CbOTBETCTBUE C yCTaHOBE-
HuTe oT Nadasy et al. (2000); Niekamp
and Johnson (2001); Beres et al. (2002),
KOMTO cbo6LlaBaT 3a yCTaHOBEHa BUCOKa
CeNleKTMBHOCT Ha xepbuumga Mnegpx 50
Bl npu cos v uapesuua, NpuIokKeH cnep,
cenTba, npean NOHWKBAHE Ha KynTypaTa
N BUCOKa eurKacHOCT Ha Mpojykra cpe-
WY MHBA3VBHW LUMPOKOSIUCTHU MJIEBESTHU
BMOBE.

AHaMoOrMyHN ca U NOJlyvyeHuTe
pesyntaTn B ekcnepvMeHTasiHaTa paboTta
Ha Rankova and Popov (2011) cnopef
kouto Mnegx 50 BM e ¢ MHoro go6pa
xepbuumaHa ethekTMBHOCT CpeLly nnese-
niTe BMAOBE B MNagu C/IMBOBW Hacax-
OeHnsA, € npoab/KUTeneH xepoéuumaeH
edekT (4o 5 meceua) crnen TpeTUpaHeTo
W C MHOIO fJob6pa CenekTUBHOCT KbM
AbpBeTara.

selectivity (score 1). Applied at a standard
dose of 80 g/ha (registered for use by
maize and sunflower growers) and at an
increased dose of 120 g/ha, does not
cause visible phytotoxic changes (score
1) in the tested soybean variety ,Srebrina“
and does not cause impact on the vitality
of the culture (Table 2).

The experimental results obtained
are in accordance with those established
by Nadasy et al. (2000); Niekamp and
Johnson (2001); Beres et al. (2002),
which report a high selectivity of Pledge
50 WP herbicide in soybean and maize
applied after sowing, before emergence of
the crop and high product efficiency
against invasive broad-leaved weeds.

The results obtained in the
experimental work of Rankova and Popov
(2011) are similar, according to which
Pledge 50 WP has very good herbicidal
effectiveness against weed species in
young plum plantations, with a long
herbicidal effect (up to 5 months) after
treatment and with very good selectivity to
the trees.

Tabnuua 2. PUTOTOKCUYHOCT Ha Xxepbuuupa Mnemx 50BIM npum coa copt

,»CpebpuHa”
Table 2. Phytotoxicity of the herbicide Pledge 50 WP at the soybean variety
"Srebrina"
" Xep6uuu Rﬂa(t)gag UTOTOKCMYHOCT M XM3HeHocT / Phytotoxicity and vigor onoxeHne
Herbicide () ha 7 DAE 14 DAE 20 DAE 30 DAE 45 DAE Application
KoedwmumeHtun/Coefficients |EWRS| Vi |[EWRS| Vi |EWRS | Vi |EWRS | Vi | EWRS | Vi
KoHTpona -
HeTpeTupaHa Control - - - 10 - 10 - 10 - 10 - 10 -
untreated
Mnepx 50 BM 80.0 1 10 1 10 1 10 1 10 1 10
1 Pledge 50 WP 120.0 1 10 1 10 1 10 1 10 1 10 |CCrirl/ Pre -
3uHo 70 BN emergence
Zino 70 WP 0.5 1 10 1 10 1 10 1 10 1 10
Mnepx 50 Bl 80.0 3.7 6 3.7 6 2.7 7 1 10 1 10| BBCH 13
5 Pledge 50 WP 1200 | 50 | 5 50 | 5 4.7 5 1 10 1 10 Post -
Myncap 40+4ELL emergence
Pulsar 40+Dach 0.5+1.0| 1.7 | 10 0 10 0 10 0 10 0 10

Nerenpa: DAE — gHn cnef NoHWKBaHe;*-(oMTOTOKCMYHOCT Mo ckanlaTa Ha EWRS; Vi — xusHeHocT Ha kynTypaTa; CCMMn —

cnep cenT6a, NPeamn NoOHUKBaHe.

Legend: DAE - days after emergence; * -phytotoxicity in the scale of EWRS; Vi —crop vigor; ASBE - after sowing, before

emergence.
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Mpn npunaraHeTto Ha MNnegx 50 BI1
B fo3a 80 g/ha, BbB peHopasa BBCH 13
Ha coaTa ce Habnwgasa OT ymepeH [0
cpeaHo cuneH hMToToKCnYeH edoekT (ban
3-4) n3passaBalwy ce B CKbCsABaHe U yge-
6ensBaHe Ha HepBsartyparta, njaMcmpaHe u
Jop3asiHO 3aBMBaHe B OCHOBaTa Ha
NMCTHaTa neTypa C X/1I0poTUYEH BEHeL, Mo
nepudpepusta U. YcTaHoBsiBa ce cnabo
n3ocTaBaHe B pacTexa Ha pacTeHusaTa -
cTeb/10TO e CKbCEHO U fieko yaebeneHo.

C yBenMuaBaHe Ha Jjo3ata Ha
xepbuumpa (120 g/ha) HabnwgaBaHuTe
(hMTOTOKCMYHM NOBPeaAM MO pacTeHusTa
ce 3acuneBat — 6an 5. C yabmkaBaHe
npoAb/IXUTENHOCTTA Ha Beretaymsata 30
OHW cnej, NOHMKBAHETO, HOBOMOABUAUTE
ce nucta ca 6e3 BUAVMU U3MEHEHUS OT
Bb34elCcTBMETO Ha xepbuuympa (6an 1),
KOETO MOXe [a ce 06SICHM C KOHTaKTHOTO
felictene Ha npogykta (Marks, 2003).

[o kpas Ha BereTauuaTa Ha Kyn-
Typarta B ONMMTHUTE napLesin TpeTupaHu ¢
no-BMcokara fosa Ha xepbuumga ce 3a-
nassa faugepeHunaumsata CbC CbOTBET-
HUA eTasioH. CenleKTMBHOCTTa Ha Npwso-
XeHns xepbuunam B 3aBUCUMOCT OT YyB-
CTBUTEJIHOCTTA Ha COoATa, N0 OTHOLIEHUne
Jlo3arta Ha NpuIoXeHne e B oTpuuaTesHa
KopesnaunoHHa 3aBncuMocT (r e B guana-
30Ha 0T -0.976 o 0.999) OT XM3HEeHOCTTa
Ha KynTtyparta, Ho camo fo 30 geH cnep
TpeTMpaHeTo.

AHanm3bT Ha pesyntarute
(Tabnuua 3) nokassaT, ye Mnempxk 50 Bl
npunoxeH cnep centba, Npegn NoHWKBa-
He Ha kynTypata B go3a 80 un 120 g/ha He
okasBa OTpuUATENIHO BJ/IMSSHUE BBLPXY
CTPYKTYPHUTE efleMeHTn Ha [o6vBa, KaTo
pas3nnkuTe ca CTaTncTUYecKn HegokasaHu
(P=0.05), cnpsimo npueTust 3a eTanioHa
3uHo 70 BIl. OrpaHuyeHaTa CenekTus-
HocT Ha lMnemx 50 Bl npunoxeH Beret-
alMoHHO BbB (heHothaza BBCH 13 Brio-
lWaBa XM3HEHOCTTa Ha coeBWTe pacTe-
HWSA, OOKATO CTPYKTYPHUTE efleMeHTM Ha
pobuea ca npaktuyeckn 6amskm (ot -2.5
[0 +9.5%) B cpaBHEHME C Te3U, OTUYETEHM
npu etasioHa lNyncap 40 B gosa — 0.5
I/ha + AELW agxyBaHT 1.0 I/ha..

After application of Pledge 50 WP
herbicide at a dose of 80 g/ha, in soybean
in growth stage BBCH 13, had from weak
to medium-strong phytotoxic effect (score
3-4) resulting in shortening and thickening
of the nerve, pleating and dorsal twisting
at the base of the leaves with a chlorotic
crown at its periphery. A slight lag in plant
growth is found - the stem is short and
slightly thickened.

With increasing dose of the
herbicide (120 g/ha), the observed plant
phytotoxic damage increased - score 5.
By extending the growing season 30 days
after emergence, newly emerged leaves
are free of visible changes in the effects of
the herbicide (score 1), which can be
explained by the contact action of the
product (Marks, 2003).

Until the end of the growing season
of the crop, differentiation with the
relevant standard is maintained in the
experimental areas treated with the higher
dose of the herbicide. The selectivity of
the applied herbicides, depending on the
sensitivity of the soybean, with respect to
the application dose is negatively
correlated (r is in the range -0.976 to
0.999) of the viability of the crop, but only
up to 30 days after treatment.

The analysis of the results (Table 3)
showed that the herbicide Pledge 50 WP
applied after sowing, before emergence of
the crop at doses 80 and 120 g/ha did not
adversely affect the structural elements of
the vyield, with differences being
statistically insignificant (P=0.05).
compared to the accepted Zino 70 WP as
standard. The limited selectivity of Pledge
50 WP applied in growth stage BBCH 13
degrades the viability of soybean plants,
while the structural elements of yield are
practically close (from -2.5 to + 9.5%)
compared to those reported for Pulsar 40
in the dose — 0.5 I/ha + Dach adjuvant 1.0
I/ha used as standard.
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Ta6bnuua 3. CTPYKTYpHW efleMeHTM Ha nobusBa B MNpu COA B 3aBUCUMOCT OT
npunoXxeHmneTo Ha xepoéuuunaa Mneax 50 BN

Table 3. Structural components of the yield at the soybean depending on the
application of the herbicide Pledge 50 WP

,ﬂ,03a OUTOTOKCUYHOCT U XXU3HEHOCT, AHW cnepj NoHUKBaHe rlpVII'lO-
No Xepbuung Rate, g Phytotoxicity and vigor days after germination XeHune
Herbicide ()ha | NBP | % |NSP| % |NSB| % |wsP| % |wss| % ?gf’t'io;'r']
KoHTpona -
HeTpeTupaHa Control | - 40.5° 77.8° 2.2%® 10.0° 0.11° -
-untreated
80.0 | 99.3* | 99.3 [62.1%| 99.8 | 2.2% | 95.7 | 7.4* | 95.7 | 0.10°| 95.7 | ccnny
Mnepx 50 Bl
Pledge 50 WP ASBE
1 120.0 | 106.2* | 106.2 | 65.9° | 105.9| 2.3% |100.0| 7.8* [100.0|0.10% | 100.0| Pre-
emer-
Suro 70 BT | 5400 | 100.0° [100.0| 62.2* |100.0| 2.3* |100.0| 7.3* |100.0| 0.11% [100.0| gence
Zino 70 WP
80.0 | 97.5* | 97.5 | 72.8|101.7| 2.3° |109.5| 8.7* [109.5|0.11° | 109.5
Mnempx 50 BI BBCH 13
Pledge 50 WP . . - . . Post-
2 120.0 | 97.5* | 97.5 | 71.5%| 99.9 | 2.2® | 104.8| 8.7 [104.8| 0.11% | 104.8| emer-
gence
flyncap 40 + AEW g 5,4 41 100.0% | 100.0| 71.6% | 100.0| 2.1* |100.0| 8.4* |100.0|0.12* | 100.0
Pulsar 40 + Dach

JNerenpa: NBP - Bpoii 6060Be 0T eaHO pacTeHue, 6p; NSP - bpoii cemeHa oT efHo pacTeHue, 6p.; NSB - Bpoii cemeHa B

eanH 606, 6p.; WSP - Terno Ha cemeHaTa OT efHO pacTeHue, g; WSS - Terno Ha egHo ceme, g; % -

eTa/loHa.

NPOLEHT crnpsiMo

Legend: NBP - Number of beans per plant, num.; NSP - Number of seeds per plant, num.; NSB - Number seeds in one beans,
num.; WSP - Weight of seeds of a plant, g; WSS - Weight of a single seed, g; % - Percentage of the standard.

N3BOAN

dnymuokcasunH - 500 g/kg (Mneax
50 BI) B npoyuBaHuTe Ao3u 80 u 120
g/ha e ¢ Bucoka cenekTmBHocT (6an 1) n
He OkasBa OTpuuaTeSIHO BIUSHWE BbPXY
CTPYKTYpPHUTE eNemMeHTn Ha fobusa npwu
TecTBaHusA copT cos — “CpebpuHa’, kato
pasMknTe ca CTaTUCTUYECKN HefoKasaHu
(P=0.05), cnpsamo npuetus 3a eTaoH
MeTpubysunH - 700 g/kg (3nHo 70BMM).
dnymuokcasuH - 500 g/kg (Mnepx 50 BIM)
MOXe [a Ce M3NoN3Ba 3a TpeTupaHe Ha
cos cnep cewtba, Npeau MOHUKBaHE Ha
Kyntypara.

Mnepx 50 BN B go3a 80 g/ha, BbB
(peHohpaza BBCH 13 Ha cosiTa npeaums-
BMKBa OT YMEpPEH A0 CPeHO CUeH uTo-
TokcmyeH ecdpekt (6an 3-4) mspassBawm
ce B CKbCABaHe 1 yaebenssaHe Ha Hep-
BaTyparta, njmcupaHe u AOp3a/lHO 3aBu-
BaHe B OCHOBaTa Ha /AncTHaTa netypa c
XNIOPOTUYEH BeHel, no nepuchbepusita i.
YcTaHoBsiBa ce cfabo wn3oCTaBaHe B
pacTtexa Ha pacTeHusTa. C yBenmMyaBaHe
Ha po3ata Ha xepouumpa 120 g/ha

CONCLUSIONS

Flumioxazin - 500 g/kg (Pledge 50
WP) at the tested doses of 80 and 120
g/ha has high selectivity (score 1) and did
not adversely affect the structural
elements of the yield of the tested
soybean variety "Srebrina”, the
differences are  being  statistically
insignificant  (P=0.05), compared to
Metribuzin - 700 g/kg (Zino 70 WP).
Flumioxazin - 500 g/kg (Pledge 50 WP)
can be used to treatment soybean after
sowing before emergence of the crop.

Pledge 50 WP applied at a dose of
80 g/ha, in soybean in growth stage
BBCH 13, had a from weak to medium-
strong phytotoxic effect (score 3-4)
resulting in shortening and thickening of
the nerve, pleating and dorsal twisting at
the base of the leaves with a chlorotic
crown at its periphery. A slight lag in plant
growth is found - the stem is short and
slightly thickened. By increasing the dose
of herbicide 120 g/ha observed
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HabnaaBaHUTe CUMNTOMATUYHW MOBpe-
an ce 3acuneart — 6an 5.

OrpaHnyeHaTa CefeKTUBHOCT Ha
dnymunokcasuH - 500 g/kg (Mnegx 50BIMT)
npunoxeH BbB deHodhaza BBCH 13 ce
u3passiBa B HamasisiBaHe xabutyca Ha
COEBUTE pacTeHus, AOKaTO CTPYKTypHUTE
eNneMeHTM Ha pobuBa ca NpPaKTUYECKU

symptomatic damage intensify - score 5.

The limited selectivity of Pledge 50
WP applied in growth stage BBCH 13 is
the degrades the viability of soybean
plants, while the structural elements of
yield are practically close (from -2.5 to
+ 9.5%) compared to those reported for

Pulsar 40 in the dose — 0.5 I/ha + Dach
adjuvant 1.0 I/ha used as standard.

651m3kn (oT -2.5 go +9.5%) B cpaBHeHUe C
Te3n otyeTeHu npu etasioHa MNyncap 40
B posa — 0.5 I/ha + AELW agxysaHT 1.0 I/ha.
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