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PE3IOME

O6ekT Ha HacToswuss 0630p ca
BMAOBETE OT pog Sorghum u B 4yacTHOCT
TexHuyeckoto copro (Sorghum vulgare
var. technicum [K&rn.]), Kakto 1 pa3npo-
CTpaHeHWETO, OTIIEXAAHETO U U3MO0/3Ba-
HEeTO Ha Kyntypata. PasrnegaH e
BBMNPOCHT CbC CUCTEMATMKATA, MOCTMKE-
HMSATaA Ha HapogHaTa Cesflekuusi U Haco-
KATE B Hay4yHousc/egoBaTtesickata pa-
60Ta 3a nogobpsieaHe W Cb3fgaBaHe Ha
HOBW COpPTOBE MNpu BMAOBETE OT pof
Sorghum 1 B 4acTHOCT TEXHWYECKOTO
copro, npes nocnegHuTe geceTuneTus.

AKUEHTMPAHO € Bbpxy npegum-
cTBarta M NoTeHLMaIHN Bb3MOXHOCTM Npu
oTrnexgaHe 3a pypax n cemMeHa B ycsno-
BMATA Ha YECTO U3pas3eHu KInmaTuyHu

SUMMARY

The subject of this review are the
species of the genus Sorghum and in
particular the broomcorn (Sorghum
vulgare var. technicum [Kérn.]), as well as
the distribution, cultivation and use of the
crop. Discussed is the question of the
systematics, the achievements of the
national selection and the directions in the
research work for improvement and
creation of new varieties in the species of
the genus Sorghum and in particular the
broomcoorn during the last decades.

Emphasis is placed on the advan-
tages and potential opportunities for
growing fodder and seeds in climates
frequent climatic anomalies. Its
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aHomanuu.  [MckyTMpaHo e  MHOro-
CTPAHHOTO 11 MPUIoXEHWe, KaTo nepcnekx-
TUBHA DypaxHa W TeXHUYecKa Kyntypa B
CbBPEMEHHOTO KOHBEHLMOHA/IHO U 61O-
JIOTUYHO 3emMeernve.

Kntouosn pgymun: popg  Sorghum,
TEXHUYECKO COpro, cenekums

TexHnyeckoto copro  (Sorghum
vulgare var. technicum [Korn.]) e go6pe
no3HaTo U OTINIeXAaHo pacTeHue y Hac B
MuHasno (Mazdrakov, 1937). OrpaHu4eHu-
Te Hay4yHU nscneaBaHus, nuncara Ha cop-
TOBE M TEXHOJIOTMYHWN peLleHus 3a OoT-
rnexgaHe Ha KyntypaTa ca npefnocTaBku
3a OrpaHvVyeHo pasnpocTpaHeHue y Hac.

CTMMYNbT 3@ €KOMOrMYHO Mpons-
BOACTBO B CBLBPEMEHHOTO 3emegenue
BOAM OO0 Bb30OHOBSIBAHE Ha WHTepeca
KbM YHUKaNHW KynTypu, KOMTO He ca
CBbp3aHN HEMPEMEHHO C MPOU3BOACTBOTO
Ha XpaHu.

TeHAeHuuNTE 3a onasBaHe Ha Bb3-
0o6HOBSIEeMUTE pecypcu W NpUpPOLOCHO-
6pasHus XUBOT, Hasarat M3nosi3BaHeTo
Ha eKoMornyHu, ectecTBeHM u 6uopas-
rpagummn npoayktu (Bereniji, 2008).

B Hawwu OHWM TEXHUYEeCKOTO COpro
MmMa BCE MOBeYe NPWIOKEHUS B UHAYC-
Tpusita U 6uta Ha xoparta. PacTeHneTo e
[o6pe no3HaTO KaTo M3TOYHWMK Ha Cypo-
BMHa 3a M3paboTka Ha MET/IM 1 YETKU 3a
[OMakMHCTBOTO, HO BCE NMOBEYe Ce U3Mosi-
3Ba U 3a pgekopaTuBHu uUenn (o3ene-
HsABaHe, Jekopauusi, apaHXxupaHe), nopo-
[eHOo oT pasHopoameTo BbB hopmara Ha
MeTnuuMTe, OLBETABAHETO M roieMmHaTta
Ha cemMeHarta, KakTo 1 xabutyca, u 6paTtu-
MOCTTa Ha pacTeHusTa. B To3u acnekr ce
nopaxpgar HOBW HACOKM W Harnpas/ieHus
Ha paboTa B cenekuyusaTa Ha KynaTypaTta.
KpbcTocBaeMocTTa 1 Bb3MOXHOCTUTE 3a
Xnbpugmnsauma mMexgy BuAoBeTe OT pof
Sorghum ca npegnocTtaBka 3a yBenuya-
BaHe pasHoobpasveTo OT opMmn ¢
pasfMyHa NnpuaIoK1MMOcCT.

TexHnyeckoto  copro  (MeTna)
(Sorghum vulgare var. technicum [Kdrn.])
€ efHOroAMLIHO pacTeHne OT CEMENCTBO

multifaceted application as a promising
fodder and technical culture in modern
conventional and organic agriculture is
discussed.

Key words:
broomcorn, breeding

genus  Sorghum,

Broomcorn (Sorghum vulgare var.
technicum [Kérn.]) Is a well-known and
cultivated plant in our country in the past
(Mazdrakov, 1937). Limited scientific
research, lack of varieties and techno-
logical solutions for cultivation the crop
are prerequisites for limited distribution in
our country.

The stimulus for  ecological
production in modern agriculture leads to
a renewed interest in unique crops that

are not necessarily related to food
production.
Trends in the conservation of

renewable resources and environmentally
friendly living require the use of
ecological, natural and biodegradable
products (Bereniji, 2008).

Nowadays, broomcorn has more
and more applications in industry and
people’s lives. The plant is well known as
a source of raw material for making
brooms and brushes for the household,
but is increasingly used for decorative
purposes (landscaping, decoration,
arranging), caused by diversity in the
shape of the brooms, color and size of
seeds, and  habitus, and plant
brotherhood. In this aspect, new
directions and directions of work in the
selection of this crop are emerging. The
cross-breeding and the possibilities for
hybridization between the species of the
genus Sorghum are a prerequisite for
increasing the variety of forms with
different applicability.

Broomcorn (Sorghum vulgare var.
technicum [K6rn.]) is an annual plant of
the family cereals Poaceae (Gramineae),
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XntHn  Poaceae (Gramineae), nog-
cemeiictBo Panicoide, pog Sorghum, Bng
Sorghum bicolor (L.) Moench — copro,
noaBug TEXHUYECKO COpPro, 6oTaHn4ecko
Ha3BaHWe KOeTo Hali-4ecTo e U3Non3BaHo
(Hill, 1937; Wiersema and Dahlberg, 2007).

Peavua aBTopM B Npoy4YBaHusaTa cu
ca onucBa/M cucTemaTvkaTa, npousxoaa
n eBonouuATa Ha coproto (de Wet and
Harlan, 1971; de Wet and Huckabay, 1967;
Harlan, 1975; Snowden, 1936). Dahlberg
(2000) npaBu nperneq Ha CbBpeMeHHaTa
Knacudmkauma 1M M3non3Bankm MHTerpu-
paHa cucTtema OonucBa BapuauunTe npwu
KyNTypHOTO COpro.

Cnopef TaKCOHOMUYHMTE Kracudu-
Kaumm KbM pog Sorghum npuHagnexar
25-30 BMAa, LWNPOKO pPasnpoCTpaHeHu
OVIBU W KyNTYpHU 0OpMK C pa3HOCTPaHHO
npunoxernne (Dahlberg, 2000). Cnopeg
MOPPOIOTMYHNTE NPU3HALN N XapakTepa
Ha M3NoN3BaHeTo UM, pasnyHUTe hopmMu
OT TO3M poj ce rpynupar B YeTupu Bapue-
TeTa — 3bpHecTo copro (Sorghum bicolor
(L.) Moench.), 3axapHa meTna (Sorghum
vulgare var. saccharatum L.), TexHNn4ecko
copro (metna) (Sorghum vulgare var.
technicum [Korn.]), cygaHka (Sorghum
sudanense (Piper) Stapf) wn 6anyp
Sorghum halepense (L.) Pers. (Berenji
and Dahlberg, 2004). banypbT € no3HaT
KaTo OCHOBEH MHOroroguleH nnesen,
KOMTO ce Bb3Npou3Bexaa Ypes cemMeHa u
pusomn (Dahlberg et al., 2012).

B HayuHaTa nutepartypa BUAbLT ce
onncBa U C MHOFO CUHOHWMWK: Sorghum
bicolor var. technicum (Koérn.) Stapf ex
Holland; Sorghum dochna var. technicum
(Kérn.) Snowden; Sorghum technicum
(Kérn.) Batt. & Trab.; Sorghum vulgare
var. technicum (Kérn.) Jav. (Marks and
Townsend, 1973); Sorghum bicolor subsp.
drummondii (Steud.) de Wet ex Davidse
(de Wet, 1978).

B pasnnyHnTe AbpXaBu, TEXHUYEC-
KOTO copro (MeT/1a) e no3Harta u ¢ pegvua
nokanHu (HapoAHW, MEeCTHM) HaMMeHOoBa-
HUS — meTna, copro, Tatap, (Bvnrapus);
sirak metlas (Cbpbusi), MITN&, BIHWK
(YkpanHa), metna (MakegoHusi), broom

subfamily Panicoide, genus Sorghum,
species Sorghum bicolor (L.) Moench -
sorghum, subspecies broomcorn, the
botanical name most commonly used
(Hill, 1937; Wiersema and Dahlberg,
2007).

A number of authors in their
scientific papers have described the
taxonomy, origin, and evolution of
sorghum (de Wet and Harlan, 1971; de
Wet and Huckabay, 1967; Harlan, 1975;
Snowden, 1936). Dahlberg (2000) reviews
the current classification and uses an
integrated system to describe the
variations in cultivated sorghum.

According to
classifications, the genus Sorghum
includes 25-30 species, wild and
cultivated forms widely distributed with
versatile application (Dahlberg, 2000).
According to the morphological features
and the nature of their use, the different
forms of this genus are grouped into four
varieties — grain sorghum (Sorghum
bicolor (L.) Moench.), sugar broom
(Sorghum vulgare var. saccharatum L.),
broomcorn  (Sorghum  vulgare var.
technicum [K&rn.]), Sudangrass (Sorghum
sudanense (Piper) Stapf) and Johnson
grass (Sorghum halepense (L.) Pers.)
(Berenji and Dahlberg, 2004). Johnson
grass is known as a major perennial weed
that reproduces by seeds and rhizomes
(Dahlberg et al., 2012).

In the scientific literature, the
species is described by many synonyms:
Sorghum bicolor var. technicum (Korn.)
Staff ex Holland; Sorghum dochna var.
technicum (Kdrn.) Snowden; Sorghum
technicum (Kérn.) Batt. & Trab.; Sorghum
vulgare var. technicum (Koérn.) Jav.
(Marks and Townsend, 1973); Sorghum
bicolor subsp. drummondii (Steud.) de
Wet ex Davidse (de Wet, 1978).

In different countries, broomcorn is
also known by a number of local (folk,
indigenous) names — broomcorn, tatar,
sorghum (Bulgaria); sirak metlas (Serbia),
MiTna, BiHMK  (Ukraine), broomcorn
(Macedonia), broom corn and broom

taxonomic
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corn n broom millet (CAW, n AHraus),
metla (CnoBakusi, CnoBeHus, XbpBartus),
BEHUK, WETKa, meTna (Pycus), szczotka,
miotta, (Monwa) n apyrm (EPPO Global
Database, 2016).

B pesyntar Ha OCHOBHOTO Hanpa-
B/IEHWE Ha W3Mo/3BaHe — 3a WHAYC-
TpuasHX Lenun, HapogHata cenekums npu
TexHuyeckoto copro (meTtna) e 6una
HacoyeHa B OTOOP Ha MET/IMUM C AbAMU
paskoHeHUs. B 61M3KOTO MUHAI0 KynTy-
pata e 6una u3nos3BaHa M 3a NPOU3BO-
ACTBO Ha dypax (Mazdrakov, 1937).

Y Hac npe3 307 1 407 roguHn Ha
MUHaUA BEK, KOrato TEXHUYECKO COpro e
OTrIeX4aHo MOBCEMECTHO B YacTHUTE
[BOpOBE € M3BbPLUBAHA U HayyHOeKcne-
pyMeHTanHa paboTta, u3BexgaHu ca non-
CKW OMWUTK B HSAKOM Hay4YHW OMUTHU CTaH-
UMM M MHCTUTYTU B HanpaB/ieHne Npoayk-
TUBHOCT. LLIMpOKO pasnpocTpaHeHu, oTrex-
JaHn 1M U3NON3BaHW B pervoHa Ha rpag
MaBnvkeHn ca 6Unn T. H. MECTHU COPTOBE,
[leno Ha HapogHata cenekumst — Muxasncka
nogobpeHa, MaBnuKeHcKa XbaTa, FOpHO-
OpsAXOBCKa HUCKOCTLOMEHa u MaBnvkeH-
cka 4JepBeHo3bpHecTTa (Mazdrakov, 1937;
Terziev et al., 2006). B gocTbnHata nute-
patypa y Hac, HaMa [aHHW 3a U3BbpLuBa-
Ha LefieHacoyeHa CcenekuMoHHO-NoL06-
putenHa paboTta npu BUga U HAMa Cb3-
JafieH 1 peructpupaH copt B HauuoHan-
Hata copToBa JfwncTta Ha Peny6nuvka
Bbarapus.

FeHnnasMa OT Ha/IMYHUTE MECTHMU
copToBe oOTMexgaHn B  LleHTpanHa
CeBepHa bbnrapus (Mazdrakov, 1934a;
1934b; 1937) He e CbXxpaHeHa B Hay4yHU
yupexaeHus. B pasnnyHute pernoHn Ha
Bvnrapusa obaye e 3anaseHo pasHoobpa-
31e OT eAHOpPOAHM N Aobpe 6anaHcmpaHu
nonynauum ot TEXHUYECKO copro (MeTna).

OT cpefata Ha MUHaNUA BEK crep,
BHOCA Ha MbpBUTE XMOpPMAKN COPro 3a 3bp-
HO ¢ npousxoq CALL n 6uBwua CCCP,
3ano4yBa ga ce mM3nuTea Ao6MBHOCTTA U Y
Hac B VIHCTUTyTa No reHeTuka v cenekuns
Ha pacteHusaTa - Codms, WVHCTUTYT no
XWBOTHOBBLACTBO - CTapa 3aropa, NHcTutyt
no euvemuka - KapHobart, VHCTUTYT no

millet (USA and England), metla
(Slovakia, Slovenia, Croatia), BEHUK,
weéTtka, metna (Russia), szczotka, miotia,
(Poland) and others (EPPO Global

Database, 2016).

As a result of the main direction of
use — for the manufacture of brooms and
brushes for the household, the Ilocal
selection of broomcorn was focused on
the selection of brooms with long
branches. In the recent past, the crop was
also used for fodder production
(Mazdrakov, 1937).

In our country in the 30s and 40s of
the last century, when broomcorn was
grown everywhere in private yards,
scientific and experimental work was
carried out and field experiments were
carried out in some scientific experimental
stations and institutes in the field of
productivity. Widespread, grown and used
in the region of Pavlikeni were the so-
called local varieties, which are the work
of folk selection - Mihalska improved,
Pavlikenska yellow, Gornooryahovska
low-stemmed and Pavlikenska red grain
(Mazdrakov, 1937; Terziev et al., 2006).
In the available literature in our country,
there are no data for purposeful breeding
and improvement work on the species
and no variety has been created and
registered in the National Variety List of
the Republic of Bulgaria.

Gene plasm of these local varieties
grown in Central Northern Bulgaria
(Mazdrakov, 1934a; 1934b; 1937) has not
been stored in scientific institutions.
However, in the different regions of
Bulgaria has saved of homogeneous and
well-balanced populations of broomcorn.

From the middle of the last century
after the import of the first hybrids of
sorghum for grain originating in the USA
and the former USSR, the yield in our
country began to be tested at the Institute
of Genetics and Plant Breeding in Sofia,
Institute of Animal Husbandry in Stara
Zagora, Institute of Barley in Karnobat,
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nweHuyata n cabHYorneda - leHepan
ToweBo, a Ha Mo-KbCEH eTan U B ONUT-
HUTe cTaHuun B NMaBnukeHu, Jiom, Xackoso,
Toprosule, Pasrpag. V3sexpaHu ca u
onutn (1966-1969 r.) 3a ycTaHOBsIBaHe
CMW/IAEMOCTTa W XpaHWUTesiHaTa CTOWHOCT,
XMMUYHMA CbCTaB Ha 3bPHO M Gromaca B
NHCTUTYT No doypadkHuTe KynTypu - MieBeH.

Mpe3 707 rogmHn Ha XX BeKk B
WHcTuTyT no  doypaxHute Kyntypu -
MneseH npu Bugose oT pof Sorghum e
M3BbpLUBaHA CenekunoHHo-nogobputen-
Ha paboTa B pa3nnyHu Hanpas/eHus npu
copro 3a 3bpHO (Sorghum bicolor L.), B
pesynTaT Ha KOeTo ca PernMcTpupaHun nop-
BUTE XMbpuay copro 3a 3bpHO ,MneseH
71" n ,MNneseH 76" (Kalaydzhiev et al.,
1969). Mo3HaBaiikM NOTEHUMA/THATE Bb3-
MOXHOCTW, OTAE/IHN BUAOBE OT pof
Sorghum, ca wusnutBaHu npes 80-90°
rOAVHM B pas/IMYHM YacTh Ha cTpaHaTta
(KapHobart, NasnukeHun, NMneseH, Cagoso,
Cpegeuy n Toprosuue). Mpu coproto 3a
3bpHO, COPro-CyJaHkoBuTe Xmbpuanm w
cyfaHkata e paboTeHO B pas/IMyHU
Hanpas/IeHNs — U3NUTBAHe Ha XMbpuamn u
WHTpPOAYLMPaHM COpPTOBE MO MPOAYKTUB-
HOCT Ha hypax U cemMeHa, pa3paboTeHu
ca OTAesIHM arpoTexHuyecku 3BeHa oT
TexHonoruaTa Ha otrnexgaHeto (Dechev
et al., 1987; Tanchev, 1989; 1996; Tsukov,
1991). N3cnegBaH € XMMWYHUA CbCTaB U
CMUnaeMocTTa Ha dypaxa OT Ccopro,
CyfaHKa W TexHu xubpugn, [Aoo6us,
eHepruiiHa 1 NpPoTen-HOBa XpaHWUTENHOCT
(Krachunov et al., 2002; Krachunov and
llieva, 2005a; 2005b). MpoyyBaHu ca OT-
[Oe/THN arpoTeXHUYECKN 3BeHa 3a OTr/1ex-
paHe (Tsukov and Kertikov, 1995; Dimitrova
and Tsukov, 1996; Dechev et al., 1987),
KaKkTo M BBb3MOXHOCTU 3a W3MO0/I3BAHETO
UM MpU YNIbTHABaAHE Ha cenTb006pbLLe-
HusaTa (Tsochev and Kertikov, 1995).

Ot 1999 r. B 3eMefenckm NHCTUTYT -
LLlymeH e nogHoBeHa Hay4HO-U3cnenoBsa-
Tenckata pabota cbc copro (Sorghum
bicolor L.) n cygaHka (Sorghum sudanense
(Piper.) Stapf.) B HanpaBne-Hue 3a
NMpou3BOACTBO Ha 3bPHO U 3efleHa Maca
(Kikindonov et al., 2005; 2008; Slanev,

the Institute of Wheat and Sunflower in
General Toshevo, and at a later stage in
the experimental stations in Pavlikeni, Lom,
Haskovo, Targovishte, Razgrad. Attempts
were also made (1966-1969) to establish
the digestibility and nutritional value,
chemical composition of grain and biomass
at the Institute of Forage Crops in Pleven.

In the 70s of the 20" century in the
Institute of Forage Crops in Pleven in
species of the genus Sorghum was
carried out selection and improvement
work in different directions in sorghum for
grain (Sorghum bicolor L.) were studied,
as a result of which it was registered the
first hybrids of sorghum for grain "Pleven
71" and "Pleven 76" (Kalaydzhiev et al.,
1969). Knowing the potential
opportunities, individual species of the
genus Sorghum were tested in the 80-90s
in different regions (Karnobat, Pavlikeni,
Pleven, Sadovo, Sredets and
Targovishte). Grain sorghum, sorghum-
sudan hybrids and sudangrass have been
worked in different directions - testing of
hybrids and introduced varieties in terms

of fodder and seed productivity, and
separate agro-technical units of the
cultivation  technology have  been

developed (Dechev et al., 1987; Tanchev,
1989; 1996; Tsukov, 1991). The chemical
composition and digestibility of feed from
sorghum, sudangrass and their hybrids,
yield, energy and protein nutrition were

studied (Krachunov et al, 2002;
Krachunov and llieva, 2005a; 2005b).
Separate  agro-technical  units  for

cultivation have been studied (Tsukov and
Kertikov, 1995; Dimitrova and Tsukov,
1996; Dechev et al.,, 1987), as well as
possibilities for their use in compaction of
crop rotations (Tsochev and Kertikov,
1995).

Since 1999, the Agricultural
Institute in  Shumen has resumed
research work with sorghum (Sorghum
bicolor L.) and sudangrass (Sorghum
sudanense (Piper.) Stapf.) in the direction
of grain and green mass production
(Kikindonov et al., 2005; 2008; Slanev,
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2006; 2010). Cb3gageHn n pern-ctpupa-
HMW B odmuymanHaTa coptoBa JiMcTa Ha
Peny6nuka bbarapus: MbpBuAT 6barap-
CKM copT cyaaHka — ,EHmpke 1 (2009 r.) n
ABa copTa copro ,Makcuben* (2014 r.) u
.Makcnpen” (2014 r.) (Kikindonov et al.,
2004; Kikindonov et al., 2005; Slanev,
2005; Kikindonov and Slanev, 2011).

Ot 2001 roguHa B WHCTUTYT Mo
dpypaxHuTe Kyntypu - MneBeH ce nsBbp-
WwBaT npoyyYBaHMs BbpPXy rbCTOTaTa Ha
cenTba, HOPMM Ha TOpPEHe K Ap. BbpXy
[obmBa Ha 3bpPHO M 3e/eHa Maca npu
copToBe M Xubpuaum copro 3a 3bpHO,
cyfaHka W COprocyfaHkoBu  Xxubpuau
(Krachunov et al., 2002; Kertikov and
Lingorski, 2007; Golubinova et al., 2017a).

M3gbpwBa ce U cenekyMoHHOo-
nogo6bputenHa paboTa npu cygaHka wu
COpro B pas/IMyHN Hanpas/iEHMS: LUTOsO-
TMYHW  NpPOy4YBaHMA 3a  OnpegesisiHe
pPagnoyyBCTBUTE/THOCTTA Ha  pas/iNyHu
COpTOBE CyfaHKa KbM Bb3AeCTBUETO Ha
WMPOK AguanasoH OT  [03U  y-buu
(Golubinova and Gecheff, 2011; Golubinova
and Gecheff, 2012); npoyyBaHe Ha Bb3-
MOXHOCTUTE 3a oborarsiBaHe Ha W3XO0pn-
HOTO FEHETUYHO pa3HooGpasue npu cyfaH-
kKa (Sorghum sudanense (Piper) Stapf.)
ype3 u3nos-3BaHe Ha y-nbun (husnyeH
MyTareHe3) CbBMECTHO € WHCTUTYT no
M3M0M0rMa Ha pacTeHnsTa U reHeTuka —
Cocpusa (Golubinova, 2012a); yctaHOBeHHU
ca onTMMasIHATe [03M 3a MHAYLUMpaHe Ha
CTOMAaHCKN NOJIE3HU MyTauuu Npu pasnu-
YHW COPTOBE CyAaHka npu nabopaTopHy,
OpaHXepuinHn U NOJCKM  YCNOBMSA
(Golubinova, 2012a, 2012b, Golubinova
and Marinov-Serafimov, 2015; Golubinova
and Marinov-Serafimov, 2015; Golubinova
and Marinov-Serafimov, 2019c); cb3ga-
[€EHO e pa3Hoobpasve oT QOPMU U JINHKK
cyAaHkKa, COpro 3a 3bpHO M TEXHMYECKO
copro (mMeTna), 4pe3 pas/iM4yHu Cenek-
LUMOHHN MeToau (xubpuamsaums, ¢usu-
YEeH U XMMWYEH MyTareHes), kaTo ca oue-
HEHW MO KOMMNEKC OT KOSIMYECTBEHU W
KayecTBeHn npusHaum (Golubinova et al.,
2015a; Golubinova et al., 2015b;
Golubinova et al., 2017; Golubinova and

2006; 2010). Are created and registered
in the official variety list of the Republic of
Bulgaria: The first Bulgarian variety of
sudangrass - "Enge 1" (2009) and two
varieties of sorghum "Maxibel" (2014) and
"Maxired" (2014) (Kikindonov et al., 2004;
Kikindonov et al., 2005; Slanev, 2005;
Kikindonov and Slanev, 2011).

Since 2001, the Institute of Forage
Crops in Pleven has been conducting
research on sowing density, fertilization
rates, etc. on grain and green mass yield
in sorghum varieties and hybrids for grain,
sudangrass and sorghum hybrid hybrids
(Krachunov et al., 2002; Kertikov and
Lingorski, 2007; Golubinova et al.,
2017a).

Breeding and improvement work is
also performed in sudangrass and
sorghum in different directions: cytological
studies to determine the radiosensitivity of
different sudangrass varieties to the
effects of a wide range of doses of y-rays
(Golubinova  and Gecheff, 2011;
Golubinova and Gecheff, 2012); Study of
the possibilities for enrichment of the
initial genetic diversity in sudangrass
(Sorghum sudanense (Piper) Stapf.) by

using y-rays (physical mutagenesis)
together with the Institute of Plant
Physiology and Genetics in Sofia

(Golubinova, 2012a); the optimal doses
for induction of economically useful
mutations in different varieties of Sudan in
laboratory, greenhouse and field
conditions  have been established
(Golubinova, 2012a; 2012b; Golubinova
and Marinov-Serafimov, 2015; Golubinova
and Marinov-Serafimov, 2015; Golubinova
and Marinov-Serafimov, 2019c). A variety
of forms and lines of sudangrass, grain
sorghum and broomcorn have been
created through various breeding
methods (hybridization, physical and
chemical mutagenesis), evaluated by a
complex of quantitative and qualitative
characteristics (Golubinova and Alexiev,
2007; Golubinova et al, 2015a;
Golubinova et al., 2015b; Golubinova et
al., 2017; Golubinova and Marinov-
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Marinov-Serafimov, 2016; Golubinova et
al., 2016a; Golubinova et al., 2016b;
Golubinova and  Marinov-Serafimov,
2017a; 2017b).

Ot 2017 roguHa B WMHCTUTYT no
dypaxHn Kyntypm - [lneBeH, 3ano4sa
ueneHacoyeHa paboTa Mo cbbUpaHe,
OLEHKa WM CbXpaHeHVe Ha reHeTUYHOTO
pasHoobpasme npu TexXHUYeCcKo Ccopro
(meTtna). Cb3pgafeHaTa e  paboTHa
KONeKUMa 1 e nnuraHa npoAykTUBHOCTTA
(tbypax n cemeHa) Ha MeCTHW nonyna-
LUMn TexHuyecko copro (metna) Sorghum
vulgare var. technicum (Korn.) B pasnuu-
HW nokaumm Ha cTtpaHata (MneseH, Ma.-
nvkeHu, Mnosame, KHexa n Kbpmpkanu).

BbB Bpb3ka C npeoposisiBaHe Ha
€CTeCcTBEeHUs MOKOW Ha cemeHaTa ca npo-
YyYeHU ONTUMaSIHUTE CPOKOBE Ha cenTba u
Bb3MOXHOCTUTE 3a npeacentbeHo TpeTu-
paHe c pacTtexHu perynartopu (Golubinova
and Marinov-Serafimov, 2019a; Marinov-
Serafimov  and Golubinova, 2019b;
Golubinova et al., 2020). MNpoy4eHo € Ha-
TPYnBaHETO Ha UWaHrINKO3NAM B HAL3EM-
HaTa 6uomaca (NogobHO Ha BMAOBETE OT
pog Sorghum) v B/WSAHMETO Ha MeETeo-
posiormyHmTe hakTopu BbPXY NOKb/IBAHE-
TO W HAYasIHOTO pasBUTUE Ha pacTeHusaTa
(Golubinova and Marinov-Serafimov, 2019b;
Golubinova, 2020; Marinov-Serafimov et al.,
2018a; Marinov-Serafimov and Golubinova,
2019a). OnpeperneHa e cenekTMBHoOCTTa U
[0o31Te Ha MpUIOXEHWE Ha pas/NyHU
rpynu xepébuuman (noyuseHo U BereTa-
UMOHHO) npu Sorghum vulgare var.
technicum [K&rn.] n Hsikou BMAOBE OT poj,
Sorghum kaTo cpefcTBO 3a 6opba cpelly
eflHO-cemMe/leNlH1 U [ABYyceMefesiHu nie-
Benn (Marinov-Serafimov and Golubinova,
2015a; 2015b; Marinov-Serafimov et al.,
2016; Marinov-Serafimov et al., 2018c;
Marinov-Serafimov and Golubinova, 2019c;
Marinov-Serafimov and Golubinova, 2020).
MpoyyeH e 1 anenonaTMYHMAT NOTeHUMas
Ha BugoseTe OT poa Sorghum u B
YaCTHOCT MpPU TEXHUYECKOTO COPro, Kato
BBb3MOXHOCT 3a W3M0/I3BaHe B CEMEKLMOH-
HUTe nporpamMu 3a nofo6psBaHe KOHKY-
pPEeHTHOCMOCOBHOCTTa cpelly nnesenute

Serafimov, 2016;
2016a; Golubinova et
Golubinova  and
2017a; 2017b).

Since 2017 at the Institute of
Forage Crops in Pleven, began targeted
work on the collection, evaluation and
preservation of genetic diversity in
broomcorn. A working collection was
created and the productivity (fodder and
seeds) of local populations of broomcorn
(Sorghum vulgare var. technicum [Kdrn.])
was tested in different locations of the
country (Pleven, Pavlikeni, Plovdiv,
Knezha and Kardzhali).

Golubinova et al.,
al., 2016b;
Marinov-Serafimov,

In connection with overcoming the
natural dormancy of the seeds, the
optimal sowing dates and the possibilities
for presowing treatment with growth
regulators were studied (Golubinova and
Marinov-Serafimov, 2019a; Marinov-
Serafimov and Golubinova, 2019b;
Golubinova et al., 2020). The accumulation
of cyanglycosides in  aboveground
biomass (similar to species of the genus
Sorghum) and the influence of meteo-
rological factors on the germination and
initial development of plants were studied
(Golubinova and  Marinov-Serafimov,
2019b; Golubinova, 2020; Marinov-
Serafimov et al., 2018; Marinov-Serafimov
and Golubinova, 2019a). The selectivity
and doses of application of different groups
of herbicides (soil and vegetation) in
Sorghum vulgare var. technicum [Kérn.]
and some species of the genus Sorghum
as a means of combating mono-
cotyledonous and dicotyledonous weeds
(Marinov-Serafimov  and Golubinova,
2015a; 2015b; Marinov-Serafimov et al.,
2016; Marinov-Serafimov et al.,, 2018c;
Marinov-Serafimov and Golubinova, 2019c;
Marinov-Serafimov and Golubinova, 2020).
The allelopathic potential of the species of
the genus Sorghum and in particular of
the broomcorn was also studied, as an
opportunity for use in breeding programs
as for improving the competitiveness
against weeds (Marinov-Serafimov et al.,
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(Marinov-Serafimov et al., 2013; Golubinova
and llieva, 2014; Marinov-Serafimov et al.,
2016; Marinov-Serafimov et al., 2018b;
Nikolov et al., 2019).

Cera B VIHCTUTYT MO pacTUTEsTHU U
reHeTu4Hun pecypcm B CaloBO KbM HaLMo-
Ha/IHaTa KoMekums OT 3apoauviiHa naasma
Ha Sorghum vulgare var. technicum
[Kbrn.] ce cbxpaHaBaT NpeguMHO UHTPO-
OyuMpaHn COpPTOBE U HSAKOMKO MECTHU
o6pasym. ToBa e OcHOBaTe/NiHa MpuU4YMHa
Ja ce B3emaT Mepkum 3a cbbupaHe 1
3anasBaHe Ha LEeHHUS TeHeTUYEeH pes3eps
OT MECTHW nmonynauun, KoMTo ca opmu-
paHM Ha LlWKpoKa TrEeHeTU4YHa OCHOBA,
npuTexasart BMCOKa eKosIorMyHa nnactuy-
HOCT, onpefenswy cenekumoHHaTa um
ueHHocT (Elangovan et al., 2015).

Mo3HaBaHETO Ha MHOFOCTPaHHOTO
npuaoXeHne (3a pypax, TEXHUYECKU U
WUHAYCTPUa/IHU Lenv) W anenonatnyeH
noTeHunasn gaBa OCHOBaHME TEXHUYECKO-
TO COpro ga ce pasrnexga, kato obella-
Balla KynTypa npu un3rpaxgaHe Ha
6asiaHCMpaHn CcenTbo06pPbLLEHNSA B KOH-
BEHUVOH&/THOTO M BGMONOTUYHO 3emefe-
IMe N KaTo anTepHatvBa 3a perynumpaHe
3ansieBensBaHeTo nNpu  BGMOMOrMYHOTO
npou3BoAcTBO. M0 TO3M HauuH LWe ce
NMOCTUIHE pedyumMpaHe Ha BMOXeHMsATa Ha
Xepbuuugn, Koeto e npegnocTaBka 3a
noslyyaBaHe Ha eKOJIOTMYHO YUCT chypax.

B cbBpemeHHWTE pgebatm  3a
npo6siema ¢ a/JiTepHaTMBHM N3TOYHULM Ha
doypax npes NeTHUTe Meceuu, B HaCTHOCT
XWUTHW KyNTypu, BCe MNOBeYe ce TbPCAT
Bb3MOXHOCTM 3@ HamasisiBaHe U orpaHu-
YyaBaHe Ha B/IOXEHUSATa 3a NPOU3BOACTBO
Ha dypax M cemeHa U nosyyvyaBaHe Ha
BMCOKM 1 CTabunHn gobusem.

TexHN4YecKoTo COpro Moxe fa ce
pasrnexpga karto MepcrnekTnBHa >XUTHa
KynTypa, C NOTEeHUMa/THN Bb3MOXHOCTU U
npeguMMmcTBa nNpu OTrexaaHe B YC/10BUS
Ha eKCTPEMHM 3acyllaBaHus.

3acnieHoTo TbpceHe Ha nasapa
Ha €KOMOTMYHW W NPUPOOHU MPOLYKTU
npes nocnegHara pgekaga Ha XX u
HayasioTo Ha XXI Bek e npegnocraska 3a
Bb30OHOBSABaHE UHTEpeca KbM €KOorny-

2013; Golubinova and llieva, 2014;
Marinov-Serafimov et al., 2016; Marinov-
Serafimov et al., 2018b; Nikolov et al.,
2019).

Currently at the Institute of Plant
and Genetic Resources in Sadovo to the
national collection of germplasm of
Sorghum vulgare var. technicum [Kérn.]
are preserved mainly introduced varieties
and several local accessions.

This is a good reason to take
measures to collect and preserve the
valuable genetic reserve of local
populations, which are formed on a broad
genetic basis, have high ecological
plasticity, determining their selection value
(Elangovan et al., 2015).

The knowledge of multilateral
application (for fodder, technical and
industrial purposes) and the allelopathic
potential give grounds to consider
broomcorn as a promising crop in building
balanced crop rotations in conventional
and organic farming and to find
application as an alternative to regulate
the degree of weeding in organic
production. In this way, a reduction in the
use of herbicides will be achieved, which
is a prerequisite for obtaining ecologically
clean fodder.

In the current debate on the
problem of alternative sources of feed
during the summer months, in particular
cereals, opportunities are increasingly
sought after to reduce and limit
investment in feed and seed production
and obtain high and stable yields.

Broomcorn can be considered as a
promissing cereal crop, with potential
opportunities and advantages when
grown in conditions of extreme droughts.

The increased demand on the
market of ecological and natural products
during the last decade of the 20" and the
beginning of the 21% century is a
prerequisite for renewed interest in
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HY 1 6uopasrpagMMu NpoaykTu B Aoma-
KMHCTBOTO M 6UTa, KOETO Hanara yeesu-
yaBaHe Ha NPOU3BOACTBEHUTE NJIOWN Ha
Sorghum vulgare var. technicum [Koérn.]
(Berenji and Kisgeci, 1996, Mahmood,
2014).

N3BOAV

C acToawmaT 0630p ce akueHTMpa
BbpPXYy npegumcTeara, aHamsmpar ce
Bb3MOXHOCTUTE 3a OTrNexjaHe Ha Tex-
HuyeckoTo copro (Sorghum vulgare var.
technicum [KOrn.]) 3a TexHuuyecku wu
dypaxHn uUenu, Kato ce wusnarar Bb3-
MOXHOCTUTE M Ce MOTBbpXAaBa MOTEH-
Unana Ha Kyntypata 3a MHOroCTpaHHO
NpuIoXeHVe 1 oTrnexaaHe 3a ypax u
CeMeHa B YC/I0BUSITA Ha YeCTO M3paseHu
KIMMaTUYHU aHOMaUTUN.

Nvncata Ha perucTpupaH copt y
Hac, cnopajuyHuTe npoyysaHus no OoT-
rnexaaHeTo n nofobpsasaHeTo Ha Buaa u
ocKbAHaTa simTeparypa BeposATHO A0npu-
HacAT 3a Heno3HaBaHe Bb3MOXHOCTUTE
Ha kynTyparta. MNy6nukyBaHute pesynratu
OT MpOoy4YBaHWA ca BanugHW 3a onpege-
NeHn copToBe U obpasun 3a yc/oBusATa
npu KOMTO ca nposefeHn. ToBa NOTBBbPX-
JaBa HeobxogumocTTa OT CbbupaHe,
CbXpaHsiBaHe 1 3anas3BaHe Ha MecTHuTe
nonynauun, npoBexgaHe Ha HacoyeHa
CefleKyMoHHO-Noao6puTenHa pabota u
3agbnboyaBaHe Ha  TEXHOJNIOTUYHUTE
npoyyYBaHUsi, KOETO e npejnocraBka 3a
Ccb3faBaHe Ha obellaBal, uW3XoAeH
marepuas 3a cenekumnaTa.

ecological and biodegradable products in
the household and household, which
requires an increase in Sorghum vulgare
var. technicum [Koérn.] (Berenji and
Kisgeci, 1996, Mahmood, 2014).

CONCLUSIONS
This review focuses on the benefits,

analyzes the possibilities for growing
broomcorn  (Sorghum  vulgare var.
technicum [Kdrn.]) for technical and
fodder purposes, demonstrates the

possibilities and confirms the potential of
culture for its multilateralism application
and cultivation for fodder and seeds in the
conditions of frequently expressed
climatic anomalies.

The lack of a registered variety in
our country, sporadic studies on the
cultivation and improvement of the
species and the scarce literature probably
contribute to the ignorance of the
possibilities of the culture. The published
results of studies are valid for certain
varieties and accessions for the
conditions under which they were
conducted. This confirms the need to
collect, storage and preserves local
populations, conduct targeted selection
and improvement work and deepen
technological research, which is a
prerequisite for creating a promising
source material for selection.
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PE3IOME

3a onTMMuM3MpaHe cuctemara Ha
6uo0rMyHO 3emepenve e Heobxognma
pasHoobpa3Ha rama OT MPOAYKTUBHN,
cTabunHn n gobpe aganTupaHu COpTOBE
npu pasnuuHutTe Kyntypu. HacTtosawoTo
npoyysaHe uma 3a Lesl OueHka Ha npo-
SIBUTE Ha copToBe qoypaxeH rpax ([nsHc,
Ceut, KamepToH, Mogyc, NMneeeH 4) no
OTHOLUEHME Ha OCHOBHMW XapaKTepucTuku
(MopdhonormyHM napameTpu, NpPOAYKTUB-
HOCT Ha 3efleHa maca, cTabwuaHocT, 6uo-
XUMWYEH CbCTaB) B YCMOBMA Ha 6Moso-
TMYHO MPOM3BOACTBO. EKcnepumeHTanHaTa
[JeliHoCT e ocblyecTBeHa npes3 nepuopga
2012-2014 r., B cbOTBETCTBUE C OMOSIO-
rMyHUTE cTaHgapTu. M3nonssaH e paHao-
MU3NpaH 6/10kOB MeToA. [ucnepcuoH-
HUAT aHa/IM3 Ha JaHHUTE [oKa3Ba BWA-
HMETO Ha dhakTopuTe COPT U cpeaa, KakTo
M Ha TSAXHOTO B3aMMOAENCTBME, BbLPXY
hobusa hypax. CpaBHUTENHATA OLEeHKa
rnokasea, 4ye 6barapckuaT copt neBeH 4
ce OT/IM4aBa C KOMMNJIEKC OT Xapakrtepuc-
TUKW, ONpefensiwm ro Karto Hali-noaxo-
ALl 3@ yC/oBMA Ha 6MOMOMMYHO Npon3-
BOACTBO: MNO-roNsiMa JIUCTHa Mow, u
6unomaca/pacteHme, BUCOKa MPOAYKTMB-
HocT (17.1 t 3eneHa maca ha'l), cTabus-

SUMMARY

To optimize the organic farming
system, a diverse range of productive,
stable and well-adapted cultivars in
different crops is needed. The present
study aimed to assess the performances
of pea forage -cultivars (Glyans, Svit,
Kamerton, Modus, Pleven 4) in terms of
main characteristics (morphological
parameters, green mass productivity,
stability, biochemical composition) in organic
production conditions.

The experimental activity was carried out
during the period 2012-2014, in accordance
with the organic standards. It was used a
randomized block method. The dispersion
analysis proved the influence of the
factors “cultivar" and "environment", as
well as their interaction on the forage
yield. The comparative assessment showed
that the Bulgarian cultivar Pleven 4 was
distinguished by a complex of
characteristics (greater leaf area and
biomass/plant, high productivity /17.1 t
green mass ha/, stability /bi = 1.06/,
adaptability /A = 15.9/, biochemical
composition of forage /198.55 g kg™ DM
crude protein) determinant it as the most
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HocT (bi = 1.06), agantuBHOCT (A = 15.9)
1 KauecTBO Ha hypaxa (198.55 g kg™ DM
CypoB NpoTeunH). [obpu NposiBu U 65IM3Kn
CTOMHOCTM NO NOCOYEHUTE napameTpu ge-
MOHCTPUpPa U YKpauHCKUAT copT KamepToH.
lMpomeHWTE B OCHOBHM MNOYBEHM Mapa-
MeTpu (CbAbpXaHWe Ha MUHEpPasIeH asor,
hocdop 1 Kanuii) cnep pekonTupaHe Ha
ypaxkHMsa rpax nokassar Mo-BUCOKU
cToliHoCTM npu FnsHE, CeuT K MNneBeH 4.
Cbwmte Morat pa ce u3nonssar 3a
nofo6psiBaHe Ha MNOYBEHOTO njogopoane
npv 61UON0rMYHO NPOU3BOACTBO.

KnwouoBu aymu: 610M0rNYHO
3emMegnenue, OMoNorNYHN nposBu, COpTOBE,
rpax

yBO/[,

Onpektusa 2092/91 Ha EC onpege-
na 6MOMOTMYHOTO 3eMefesnve Kato Haii-
B3UCKaTesiHata cucTeMa Ha Mpou3BOA-
cTBO. TO noaabpXa 1 nogobpssa noyse-
HoTo nnogopoamne (Hepperly et al., 2006),
HamansBa HeratuBHUA eqpekT Ha 3emefe-
IMeTo BBbPXY KIMMATUYHUTE MPOMEHU
(Pimentel et al., 2005, Niggli et al., 2009),
ocurypsiea 6asiaHC Ha ekocucTemuTe
(Mader et al., 2002) n nNpon3BOACTBO Ha
34paBOC/IOBHN W KQYECTBEHWU XPaHUTESTHU
npoayktn (Badgley et al., 2007). Mo pax-
HY Ha MexayHapogHaTa dhefepaums Ha
OBWXeHuATa 3a 6UOoIorMyYHO 3emepenve
(IFOAM, 2019) nnowute ¢ 6XMOMOTMYHO
3emefenue B ceeta npe3 2019 r. ca noyTtu
70 MUIMOHA XeKTapa, KOeTo npeacTassBa
1.4% ot obuwara obpaboTBaema MAOLL.
ABCTpanua pasnonara C Hai-ronemu
nnowwy (35.6 munmMoHa xekrapa), cnefBa-
Ha oT EBpona (14.6 MuanoHa xektapa) u
NaTnHcka Amepurka (8 MnInoHa xekrapa).
OpraHunyHaTa 30Ha BbB BCUYKN KOHTUHEH-
TM Hapactea. CTpaHuTe C Haii-ronam
opraHvuyeH gan ot obwara um 3emegen-
cka 3ems ca JluxteHwaitH (37.9%),
Camoa (37.6%) n Asctpus (24%).

EovH oT ocHOBHWTE npo6remun npu
61MONOrMYHOTO NPOM3BOACTBO € HUckaTa
npoaykTneHocT. Cnopes Gopinath et al.
(2009), nuncata Ha cucTeMaTU4yHU W3-
crnefBaHvA U Ha naketT OT NPakTukM 3a

suitable for organic production conditions.
The Ukrainian cultivar Kamerton also
demonstrated good performances and
similar values regarding these parameters.
Changes in main soil parameters (mineral
nitrogen, phosphorus, and potassium
content) after forage pea harvesting
showed higher values in Glyans, Svit and
Pleven 4, which confirms the direct
dependence cultivar-soil  parameters
established in previous studies. These
cultivars can be used to improve soil
fertility in organic production.

Key words: organic farming,
biological performances, cultivars, pea

INTRODUCTION

The European Union regulation No.
2092/91 defines organic farming as the
most demanding production system. It
maintains and improves soil fertility
(Hepperly et al, 2006), reduces the
negative impact of agriculture on climate
change (Pimentel et al., 2005, Niggli et
al., 2009), guarantees ecosystems
balance (Mader et al., 2002), and
produces healthy and quality foods
(Badgley et al., 2007). According to the
International Federation of Organic
Farming Movements (IFOAM, 2019), the
organic farming area in the world in 2019
is almost 70 million hectares, representing
1.4% of the total arable land.

Australia has the largest area (35.6 million
hectares), followed by Europe (14.6
million hectares) and Latin America (8
million hectares). The organic area
increases in all continents. The countries
with the highest organic share of their
total agricultural land are Liechtenstein
(37.9%), Samoa (37.6%) and Austria
(24%).

One of the main problems in
organic production is low productivity.

According to Gopinath et al. (2009), the
lack of systematic researches and a
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pasiMyHu KynTypu orpaHudaBa peasnnsu-
paHeTo Ha BUWCOKM p[o6vBM nNpu ToBa
npou3BoAcTBO. WaeHTndmumpaHeTo Ha
NnoaxoAsLm COpTOBE KyNTypu, KOUTO OT-
roBapsT B Hali-ronsima cTeneH Ha 6uono-
TMYHOTO ynpaBfieHWe, € KNYbT KbM
nocTuraHe Ha no-BUCOKa MPOAYKTMBHOCT.
ABTOpMTE MpenopbyBaT TecTBaHe Ha
,KOHBEHLMOHa/IHN" COpPTOBE W onpeaens-
He npurogHocTTa MM 3a YC/I0BMS Ha
6uonoruyHo otrnexagaHe. Torricelli (2006)
CblWo oT6enA3Ba, 4Ye 3a ONTMMM3NpPaHe
cuctemaTa Ha OMOMoOrMYHO 3emegenve e
HeobxoaMMa pa3sHoobpa3Ha rama oT [o6-
pe agantupaHu copTtose. puM MHOro Bu-
[0Be, 0COB6EHO ypadkHUTE KYNTYpU, HE e
YCTAHOBEHO [ann CbBpPEMEHHUTE COpPTO-
Be Morar ja ce agantmpar KbM 61onorny-
HM YCNOBMS, Taka 4e ca Heobxoaumu
CKPUHWHIOBU M3C/iefBaHusa 3a onpegens-
He Ha Hail-nogxopdAwmTe. 3eMenesnckmuTe
npon3BogMTENN Ha 6UoAOrMyHa NpPoaykK-
Uus Cblo TpAbBa Ja HanpaBsT nNpaBUieH
COpTOB M360p Ha hypaxHW KynTypu, Tbid
KaTto Bce Owe HAMa NoaxoffAlmn cesek-
LWOHHWU Nporpamu 3a Te3un BuaoBe.

C HaCTOALWOTO NpoyyYBaHe ce Lesn
[Ja ce Hanpasu OLeHKa Ha nposBuTe Ha
COpTOBE rpax Mo OTHOLIEHUE HA OCHOBHMU
XapakTepuctvkn (MopguoaiormyHm  napa-
MeTpu, NPOAYKTUBHOCT Ha 3e/ieHa Maca,
cTabunHocT, 6MOXMMUYEH CbCTaB) B
yCNOBMS Ha 6GUOIOTMYHO NPOU3BOACTBO.

MATEPVAJT N METOOU

EkcnepumeHTasiHaTa AefHOCT e OCb-
LectseHa B VIHCTUTYT No pypaxkHUTe Kyn-
Typu (MneseH) npe3 nepuoga 2012-2014 r.
MoyBeHUAT TN e cnabo U3/TYXeH YepHo-
3eMm. lMpoyyeHun ca 6UOIOTUYHUTE NPOSABK
Ha eaunH 6barapcku (MneseH 4) n yeTupu
UHTpoayuupann coptose (InaHc, Caur,
KamepToH, Mogayc, ¢ npousxopg YkpaiiHa)
rpax (Pisum sativum L.) B ycnosus Ha
610M0rMYHO NMPOU3BOLCTBO. M3N03BaH e
paHgomusnpaH 6/10koB MeTof, B TpW NOB-
TopeHus. Centbara e n3BbpLIEHA PBYHO,
Cc Hopma oT 120 cemeHa m?. B cboTBET-
cTBMe € OMOMIOTMYHWUTE  CTaH4ApTU
(Hapepba 1/07.02.2013 r.), He ca u3nos-

package of practices for different crops
limit the realization of high yields in this
production. Identifying suitable crop
cultivars that are responsive to a great
extent to organic management is the key
to achieve higher productivity.

The authors recommend testing
"conventional" varieties and determining
their suitability for organic growing

conditions. Torricelli (2006) also notes
that for optimizing the organic farming
system is required a diverse range of well-
adapted varieties.

In many species, especially forage crops,
it has not been established whether
modern varieties can adapt to organic
conditions, so screening studies are needed
to define the most appropriate ones.

Organic farmers also have to make the
right varietal choice of forage crops, as
there are no suitable breeding programs
for these species yet.

This study aimed to assess the
performances of pea cultivars in terms of
main characteristics (morphological
parameters, green mass productivity,
stability, biochemical composition) in
organic production conditions.

MATERIAL AND METHODS

The experimental activity was
carried out at the Institute of Forage
Crops (Pleven) during the period 2012-
2014. The soil type was slightly leached
chernozem. The biological performances
of one Bulgarian (Pleven 4) and four
introduced  cultivars  (Glyans,  Svit,
Kamerton, Modus, originating in Ukraine)
of peas (Pisum sativum L.) under organic
production were studied. A randomized
block method, in three replications, was
used. The sowing was done manually, with
a rate of 120 seeds m™ In accordance
with the organic standards (Regulation No
1/07.02.2013), no chemical fertilizers and
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3BaHU XVMWYECKM TOPOBE U CpepcTBa 3a
pactTuTtenHa 3awmta. Bue (hasza BBCH 65
(Meier, 2003) ca B3eTW MO4YBEHW MOHO-
it (20/30/40 cm) (Beck et al.,, 1993),
KaTo ca OTYeTeHW Terno CBexa KopeHoBa
1 Hag3eMHa 6romaca pactenmne .

MpaxbT € pekoaTMpaH B chblyaTa
(heHonornyHa pasa. OnpepeneHn ca
nobus cypax (t ha® seneHa mMaca) u
HAKOW CBbP3aHu C Ka4ecTBOTO NapameTpu —
pasmep Ha nimctHa nsouy, (Sinyakova and
Ivanova, 1981), cbabpxaHue Ha CypoB
npoTeunH, kanumii n poccop (OMA, 1990).

Cnep pekonTMpaHe Ha pacTeHusTa,
OT BCfika Mapuena paHAOMU3UPaHO ca
B3€TW MOYBEHN MpPobu Ha Abnb6ounHa 30
cm (Minta and Tsige, 2014). NMouyBeHuTe
npobu OT BCSAka napuena B eguH 610K ce
cMecBaT Kato Ce B3emMa efHa cpegHa
npo6a (500 g), KOSATO ca aHanM3upa 3a:
pH (Totev et al., 1987), MuHepaneH a3oT
(Cornfield, 1966), coccop (no metoaa
Egner-Riehm), n kanmini (¢ nnambueH
hoTomeTbp, Robert et al. (2002).

EkonornyHata ctabuiHOCT Ha cop-
TOBETE € OUEHeHa u4pe3 PerpecuoHeH
aHanu3 (Eberhart and Russell, 1966), npu
KOWTO ca M34YUCIEHWN PErpecuoHHUs Koe-
gouumeHT (bi) n BapnaHca Ha OTK/IOHEHKne
ot perpecusi (Si°di). BnvsiHneTo Ha ycno-
BMATA Ha cpefaTta Bbpxy hOpMUpaHeTo
Ha fo6vBa e M3pas3eHo Hai-gobpe ¢ Koe-
ouuyueHTa bi. MapameTsbp Si’di nokassa B
KakBa CTeneH CbOTBETCTBAT EMNNPUYHMTE
N TEOPETMYHMTE 3HAYEHUS Ha NPU3HaKa,
Pas3nosiOKEHN Ha /IMHUSTA Ha perpecus.
3a oueHKa Ha aganTMBHOCTTA € KaslKy/u-
paH UHAEKCHT Ha obua aganTuBHOCT (A)
(Valchinkov, 1990). MatemaTnyeckaTa
006paboTKa Ha faHHUTE € HanpaBeHa ¢
noMowiTa Ha  coddTyepeH  MpoaykT
Statgraphics Plus.

PE3SYNTATV N OBCBbXOAHE
Kato 6060Ba kynTypa, NpoAyKTUB-
HOCTTa Ha rpaxa ce ornpefgens B 3Hauu-
TesiHa cTeneH OT METEeOopPOsIOrMYHUTE YC0-
BUA Mpe3 CbOTBETHUSA eKCrnepuMeHTaneH
nepuop. CpegHo 3a nepuoga 2012-2014

plant protection products were used. At
the phenological stage BBCH 65 (Meier,
2003), soil monoliths (20/30/40 cm) were
taken (Beck et al., 1993), and the fresh
weight of root and aboveground biomass
per plant was recorded.

The pea was harvested at the same
stage. Forage vyield (t ha™ green mass)
and some quality parameters — leaf area
(Sinyakova and lIvanova, 1981), crude
protein, calcium and phosphorus content
(OMA, 1990) were determined.

After harvesting soil samples from
each plot were collected randomly at a
depth of 0-30 cm (Minta and Tsige, 2014).
Then soil samples from each plot in a
block were mixed thoroughly and
subsample (500 g) was taken. These
samples were analyzed for selected
chemical properties: soil pH (Totev et al.,
1987), mineral nitrogen (Cornfield, 1966),
phosphorus (by the Egner—-Riehm
method) and potassium (using a flame
photometer by Robert et al. (2002).

The ecological stability of pea
cultivars was estimated through the
application of regression analysis (Eberhart
and Russell, 1966), in which the regression
coefficient (bi) and the variance of deviation
from regression (Si’di) were calculated. The
impact of environmental conditions on the
yield formation was expressed with the
coefficient of regression bi. It characterizes
the varietal reaction to the environmental
changes and shows its stability. The
parameter Si*di reveals to what degree
matches the empirical and theoretical
meanings of the trait, located on the
regression line. The index of total
adaptation (A) was calculated to assess
the varietal adaptability (Valchinkov, 1990).
Mathematical data processing was done
by the Software Statgraphics Plus.

RESULTS AND DISCUSSION
As a legume crop, pea productivity
is largely determined by the weather
conditions during the relevant
experimental period. For the period 2012-
2014, the average daily temperature and
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r., CpegHOAEHOHOLWHa Temneparypa W
KO/IMYEeCTBOTO Basiexu npes Beretayusata
(mapt-maii) ca 13.3 °C u 197.6 mm,
CbOTBETHO. B cpaBHeHWe cbC CTOHOCTUTE
3a npeaxofeH 20-roavweH nepuog, (12.6°
C n 150.6 mm), BeretauMOHHUAT Nepuos
MOXe [Aa Ce XapakTtepusvpa kaTo no-
TOMbJ1 U NO-criabo 06e3neyeH ¢ Basiexu.

Cnopeg peaunuya aBtopu (Konvalina
et al., 2009; Uhr and Grigorov, 2015; Uhr
et al., 2017) mn36opbT Ha COPT € Kpu-
TUYHUAT pakTop 3a efHa edekTMBHa
cucTtema Ha 61MoornMYHO NPon3BoACTBO. B
CpaBHEHUE C ,KOHBEHLMOHa/IHUTE” COPTO-
Be, ,6uonornyHuTe” TpaAbBa Aa npute-
XaBaT cnefHWTe OCHOBHU XapaKTepuctu-
K/: NO-go6bp NOTEHUMAN 3@ U3B/IMYaHE U
M3MOM3BaHe Ha XpaHUTENIHW BeELLECTBa,;
no-rosiiMa KOHKypeHTHa CMoCcO6HOCT cpe-
Wy nnesesnv; NoBULLEHA CTABUHOCT Ha
[obvBa 1 YCTOMUYMBOCT KbM BpeguTenu
(Wolf et al., 2008). MbpBUTE OBE Xapak-
TEPUCTVKN Ce onpefensaTt OT HAKou napa-
MeTpu, «paboTeLyn 3aefHo»: No-ronsama-
Ta NIMCTHa NOL, Ha pacTeHuaTa, akymy-
IMpaHe Ha noBeYe BereTaTtMBHU ThKaHU U
obwa 6uomaca (Hag3emMHa U KOPeHOBa)
(Uhr and Grigorov, 2015). B Hactoswus
€KCMEePUMEHT Cce YyCTaHOBSBaT CbLLUECT-
BEHU pas3/iMumMs Mexay COpToBeTE Mo
OTHOLLUEHME Ha KOIMYeCTBOTO hopMupaHa
6uomaca (Tabnuua 1). Copt MNneBeH 4 ce
OoT/IMyaBa C AoKasaHo MO0-BUCOKO Terno
Hag3emHa maca (24.1 % cnpsiMo cpeg-
HaTa CTOMHOCT 3a Npoy4YBaHNTE COPTOBE),
cnegsaH ot KamepTtoH (9.4%). CbwuTte
COpTOBE Ce XapakTepuaupar 1 ¢ No-rosv
pazsmep Hza nuctHata nsow, (3.31 n 3.20
m° 3a M No4YBeHa MNOBbLPXHOCT), KOETO
MMa BaXKHO 3HAYEHME KaKTO 3a Cb3haBaHe
Ha NAbTHA pacTUTesIHa MOKPMBKA, MOA-
TMCKala pa3BMTUETO Ha NeBenTe, Taka
1 3a KAYeCTBOTO Ha (hypaxa.

the amount of rainfall during the growing
season (March-May) were 13.3 ° C and
197.6 mm, respectively. Compared to the
values of the previous 20-year period
(12.6 °C and 150.6 mm), the growing
season can be characterized as warmer
and less secured by rainfall.

According to a number of authors
(Konvalina et al., 2009; Uhr and Grigorov,
2015; Uhr et al., 2017), the crucial factor
for an efficient organic production system
is the varietal choice. Compared to
"conventional" cultivars, "organic" ones
should have the following main
characteristics: better potential for uptake,
and use of nutrients; greater competitive-
ness against weeds; increased Yyield
stability, and resistance to pests (Wolf et
al., 2008).

The first two characteristics are
determined by some parameters, working
together: the larger leaf area of the plants,
the accumulation of more vegetative
tissues and total biomass (aboveground
and root).

In the present experiment, considerable
differences among the cultivars were
found in terms of the quantity of biomass
formed (g plant'l) (Table 1). Pleven 4 was
distinguished by significantly higher
weight of aboveground mass (24.1% to
the average value for the studied cultivars),
followed by Kamerton (by 9.4%). The
same cultivars were also characterized by
a larger leaf area (3.31 and 3.20 m? per
m? soil surface), which is important both
for establishing dense plant cover that
suppresses weed development and for
the fodder quality.
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Ta6nvua 1. MopdhofiorMyHn napamMeTpyu MNpyv COPTOBE Fpax B YC/NOBUS Ha

610N0rMYHO npomn3soacTeo

Table 1. Morphological parameters in pea cultivars under organic production

conditions
Coprose Hapa3semHa maca KopeHoBa maca JIMCTHA nowy Ha m2
. Aboveground mass Root mass 2
Cultivars K] 1 Leaf area m
g plant g plant
Glyans 14.468a 0.655ab 2.50a
Svit 15.168a 0.599a 2.61b
Kamerton 18.723b 0.731c 3.20d
Modus 15.951a 0.672bc 2.83c
Pleven 4 21.232c 0.809d 3.31e
LSD (0.05) 2.03 0.069 0.078
Environment (E) * * *
Cultivar (C) * * *
CXY * * *
*p<0.05

B nouBu, umMeTo cbAabpXaHue Ha
a30T e M0-HUCKO, PacTexbT Ha KopeHuTe
MMa Mo-BaXKHO 3HA4YeHWe OT pacTexa Ha
HaA3eMHaTa Maca. 3a no-ehekTUBHO
YCBOSIBAHE Ha XPaHUTE/IHUTE BELLECTBA,
efgHa fobpe pasBuTa KOpeHoBa cuctema
€ MHOro BaxeH (paktop (Lammerts van
Bueren et al., 2002). TeHaeHUuATa, ycra-
HOBEHa Mo OTHOLUEHME Terso Ha KOpeHo-
BaTa maca, cfiefBa TeHAeHUmsATa B Ter/10-
TO Ha Hag3eMHaTa maca. CopTbT, YMATO
KOpeHoBa mMaca [0CTOBEPHO ce pasfnunya-
Ba OT Terfl0TO Ha ocTaHa/MTe COpToBe e
MneeseH 4 (npesBuweHne OT 16.7% Hapg,
cpepHaTta CTOMHOCTTa 3a rpynaTa), cneg-
BaH oT KamepTtoH (5.5%). Ctatucrtnyeckara
06paboTKa Ha AaHHMTe Nnoka3Ba [oKa3aHo
BNMsIHME Ha npoyyBaHuTe (pakTopu (cpesa,
COpT) N TAXHOTO B3aMMOAENCTBME BbPXY
pasrnexgaHute MoposIorMYHK napameTpu.

B cpaBHeHME C KOHBEHLMOHA/IHOTO
NpoM3BOACTBO, YC/0BMATA Ha cpegarta
npu 6UONOTMYHOTO 3emMefenne ca MHOro
no-pasHoo6pasHu, Nopagy KoeTo BuaoBeTe
1 copToBeTe TpsibBa fda ca no-aganTuBHU
n crabunHn (Bozhanova and Dechev,
2014). Hali-Bucok [o6uB 3eneHa Maca,
CpefHo 3a TPUroAMLLIHMA Nepuog Ha npo-
yuBaHe, AeMOHcTpupa copT [neseH 4,
17.1 t 3enena maca ha™, unn 26.9% Hapg
cpefHata CTOMHOCT 3a rpynata (Tabnuua
2). CpaBHWTE/IHO BMCOKa NPOAYKTUBHOCT
nposiesABa MU cCopT KamepToH, Mpu KOWTO

In soils with lower nitrogen content,
root growth is more important than the
aboveground mass growth. For more
efficient absorption of nutrients, the well-
developed root system is a very important
factor (Lammerts van Bueren et al,
2002). The tendency found concerning
the root mass weight followed the trend in
the aboveground mass weight. The
cultivar, whose root mass was
significantly different from that of the rest
cultivars, was Pleven 4 (an excess of
16.7% above the average value for the
group), followed by Kamerton (excess of
5.5%). Statistical data processing showed
significant influence of the studied factors

(environment, cultivar) and their
interaction on the morphological
parameters concerned.

Compared to conventional

production, environmental conditions in
organic farming are much more diverse,
and therefore species and varieties need
to be more adaptable and stable
(Bozhanova and Dechev, 2014). The
highest green mass yield, on average, for
the three-year study period, was
demonstrated by Pleven 4, 17.1 t green
mass ha™, or 26.9% above the average
for the group (Table 2). Also, Kamerton
exhibited relatively high productivity, with
an excess of 7.6%. The other cultivars
were less productive as the amount of
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npesuweHneTo e ¢ 7.6%. OcTtaHanute
copToBE Ca MO-HUCKOMPOAYKTUBHU, KaTo
KO/IM4ecTBOTO hopmMypaHa maca Bapupa
oT 11.0 go 14.5 t ha™. B nogo6eH ekcne-
pUMEHT, npoBedeH B MHAns (paiioHa Ha
Hawalbagh), Gopinath et al. (2009)
TecTBaT M onpeaenaT Tpy reHoTuna rpax
(Azad graa 1, Vivek Matar 8 un Vivek
Matar 9) oT Buga P. sativum KaTo BMCOKO-
NPOAYKTUBHU 1 NOAXo4AWM 3a 61Monorny-
HO oTrnexpgaHe. O6o06uaBaiikn pesynira-
TUTe OT npoy4yBaHe B JlatBus (TasICUHCKM
pervoH), Agafonova et al. (2011) nocou-
BaT Zaiga n Almara kaTo COpTOBE C Haii-
[obpy nposiBn Npu B6UONOTMYHO NPOU3-
BOACTBO. 3a ycnosuAta Ha KOxHa Bura-
pus, paiioHa Ha Mnosame, Kalapchieva et
al. (2010) cpaBHsiBa u4eTupu reHoTMna
rpagviHCKM rpax, oT kouTo [ynnygeea u
BsToBa OTroBapsaT B Haii-rofisiMa CTeneH
Ha MPUNOXEHN pas/INYHN BapuvaHTn Ha
6uosiorMyHa cucTemMa Ha OTrIexgaHe.
CX04HM npoy4yBaHMs Ca OCBHLIECTBEHU U

npu Apyrn QOYPaxXHW KynTypu: pPbX W
Tputukane (Bozhanova et al.,, 2014),
nouepHa  (Torricelli, 2006), oBeC

(Spasova et al., 2018) n gp.

formed mass varied from 11.0 to 145 t
ha™. In a similar experiment conducted in
India (Hawalbagh area), Gopinath et al.
(2009) tested and identified three pea
genotypes (Azad graa 1, Vivek Matar 8
and Vivek Matar 9) of P. sativum species
as highly productive and suitable for organic
cultivation. Summarizing the results of a
study in Latvia (Talsinsky region),
Agafonova et al. (2011) pointed out Zaiga
and Almara as the best-performing varieties
in organic production. For the conditions
of southern Bulgaria, the Plovdiv region,
Kalapchieva et al. (2010) compared four
genotypes of garden peas, of which
Pulpudeva and Vyatova responded to the
greatest extent to different variants applied
of organic growing system. For the
conditions of southern Bulgaria, the Plovdiv
region, Kalapchieva et al. (2010) compared
four genotypes of garden peas, of which
Pulpudeva and Vyatova responded to the
greatest extent to different variants of
organic growing system. Similar researches
have been conducted in other forage crops:
rye and triticale (Bozhanova et al., 2014),
alfalfa (Torricelli, 2006), oats (Spasova et
al., 2018), and others.

Tabnuua 2. MNpOAYKTMBHOCT, €KOosormyHa cTtabusHOCT M aganTMBHOCT Ha
COpPTOBeE rpax B YC/1I0BMA Ha 6MOMIOMMYHO NPON3BOACTBO
Table 2. Productivity, ecological stability and adaptability of pea cultivars under

organic production conditions

c MpoayktnBHocCT chypax | MapameTpun Ha CTaBUNIHOCT MHAekc Ha obuwa
opToBe 7 )
Cultivars Forage productlv!tly Stgblllty parametgrs_ afanTusHoCT
t green mass ha bi Sidi Index of total adaptation

Glyans 11.0a 0.98 3.13 10.0
Svit 12.1b 0.87 8.04 11.2
Kamerton 14.5c 1.02 0.38 135
Modus 12.7b 0.96 -0.03 11.7
Pleven 4 17.1d 1.06 0.30 15.9
LSD (0.05) 0.74 - - -

MpeactaBeHuaATr B Tabnuua 3 The analysis of variance, presented

aHa/IM3 Ha BapuaHca Mo OTHOLLUeHWe Ha
[o6uBa dypax nokassa Hali-CUIHO BMSA-
HMe Ha dakTopbT ,cpefa’— 59.4% ot
O6LLIOTO BapupaHe, KOETO Ce Ab/IXKU Ha
pasnuunaTa B MeTeopoIorMyHuTE
YCNoBMSA Npe3 TPUTE eKCNepUMEHTasTHU
roguHu. BnvaHweto Ha copta e no-cniabo

in Table 3, regarding forage yield showed
the strongest influence of the factor
environment — 59.4% of the total variation,
which is due to differences in
meteorological conditions over the three
experimental years. The impact of the
cultivar was less pronounced, but with
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n3paseHo, HO C A0CTaTbyHO BUCOKA CTOM-
HocCT (36.1%), a Hali-cnabo e B/UAHNETO
Ha B3aumMogelcTBMeTo cpega * COPT.
[JelicTBMeTO Ha hakTopute U TAXHOTO B3a-
umogaeiicteme e 3HauMmo npu HK1Bo p < 0.05.
Bb3 ocHOBa Ha [0Ka3aHOTO B3aMMOAEN-
CTBME € OLeHeHa cTabunHocTTa 1 agan-
TMBHOCTTA Ha MpOyyYBaHUTE COPTOBE
(Tabnuua 2). C koehuUMEHT Ha perpecus
6/m3bk Ao 1, KamepToH u TneeeH 4
MoraTt ga ce onpegfesift Kato ekoslIornMyHO
Hali-cTabunHu. B gonbaHeHne Ha nocove-
HOTO, Ca CTOMHOCTMTE Ha CPefHOTO KBag-
paTHO OTK/IOHEHMe Sidi, kouTo nokassar
no-ronsiMa ctabunHocT npu lneseH 4.
nsaHc, CBMT 1 Moayc nmat CTOMHOCTU Ha
bi no-HuckmM oT 1, KOMTO M XapakTepusu-
pat kaTo cTabusiHW, HO CbLUWUTE Ca HUCKO-
NpoAyKTMBHWU. Te morat ga ce onpefensat
KaTo noaxofsaiwm 3a oTriexgaHe npu no-
HebnaronpuAaTHM YCNOBUS Ha cpejaTa,
Korato 6uxa opmupanu no-cTabunHu
pobueun. Cropepn, Allard and Bradshaw
(1964), obpasym, KOUTO cCe XapakTepusu-
paTt c no-BMcoka PEHOTUMHA CTabUMIHOCT
Ha gobuBa, MMaT no-csiabo n3paseHo B3a-
umogelncTeme reHoTun-cpeda, no-gobpa
obwa npmMcnocobMMoCcT M OTHOCUTENHO
MOCTOSHCTBO B nNposBata Ha TexHuTe
reHeTUYHN 0COBEHOCTN.

sufficiently high value (36.1%), and the
weakest was the influence of the
interaction environment x cultivar.

The effect of the factors and their
interaction was significant at p < 0.05
level. Based on the significant interaction,
the stability and adaptability of the studied
cultivars were estimated (Table 2).

With the regression coefficient close to 1,
Kamerton and Pleven 4 can be defined as
ecologically the most stable. In addition to
the pointed out, the values of the mean
squared deviation Si°di indicated a greater
stability in Pleven 4. Glyans, Svit and
Modus had bi-values lower than 1, which
characterize them as stable, but they were
low-productive. They can be determined as
suitable for growing under less favorable
environmental conditions when they
would form more stable yields. According
to Allard and Bradshaw (1964), accessions
which are characterized by higher
phenotypic stability of the yield have less
pronounced interaction genotype-environ-
ment, better total adaptability, and relative
persistence in the manifestation of their
genetic characteristics.

Tabnuua 3. AHa/IN3 Ha BapmaHca Mo OTHOLUeHMe NMPOAYKTUBHOCT 3e/leHa maca
npu COpTOBE rpax B yCN0OBUA Ha 61O/IOTMYHO NPOU3BOACTBO
Table 3. Analysis of variance regarding green mass productivity of pea cultivars

under organic production conditions

CTteneHun Ha
CpepeH Cyma Ha

MpuunHM 3a BapupaHe cBoboga [JokazaHocT .

L KkBagpar KBagpatu A F-ratio

Causes of variation Degrees of Significance
Mean square |Sum of squares
freedom

O6wo/Total 44 1190.63
®akTop A - cpefa 2 353.53 707.05 * 1057.76
Factor A - environment
(akTop B - copt 107.55 430.19 * 321.78
Factor B - cultivar
A x B 8 5.42 43.37 * 16.22
pewka/Error 30 0.33 10.03

*p< 0.05

CopToBeTe, 06eKT Ha HACTOSILLIOTO
u3cnefBaHe, ce pasnuyaBaT 3HAUUTESTHO
no cBosiTa NiiacTnyHocT. Cnopeg uHaekca
Ha obuwa aganTUBHOCT, Te MoraT ga ce

The cultivars, that are the subject of
this study, differed considerably in their
plasticity. According to the index of total
adaptability, they can be arranged in the
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noapeasaT B CNeQHWA HU3XOOALW, pes:
MneseH 4 > KamepToH > Mogyc > Cut >
"nAaHc.

B HayyHaTa nuTepatypa BbNpoChT
3a KauyecTBOTO Ha Kyntypute, U B 4acT-
HOCT Ha 60060BWUTE, NPU OpPraHWM4yHO OT-
rnexpaaHe e amckycuoHeH (Hornick, 2005;
Spasova et al., 2010; Gerdzhikova et al.,
2012; Ksiezak and Bojarszczuk, 2019).
Hskon aBTOpM YCTAHOBAT MOBULLEHVE B
KauecTBeHWTe napameTpu, Apyrm —
MOHWXEeHVe, a TPeTU nunca Ha NpPoMeHu
B CpPaBHEHWE C KOHBEHLIMOHA/THOTO MPon3-
BOACTBO. CbAbpXaHWeTo Ha NpOoTevH B
Haj3emMHaTa MW KOopeHoBaTa Maca Ha
TecTBaHUTe copToBe e cpefdHo 182.61 u
169.72 g kg™ DM, cboTBETHO (Purypa 1).
Mo-CbLECTBEHN PA3/IMKM CMPSAMO cpef-
HWTE CTOMHOCTU 3a rpynaTta ce Habnio-
pasatr npu [lneBeH 4, kato npesulle-
HueTo e ¢ 8.7 (3a Hag3eMHa Maca) 1 6.4%
(3a kopeHoBa Mmaca). lNpwu ocTtaHanute
o6pa3uM KOMMYecTBOTO Ha MpoTeuHa e
6/M3KO UM NO-HUCKO OT MOCOYeHuTe
cpefHn cToiHoCTM. OT 3HayeHue npu
6MOMOTMYHOTO  NPOMU3BOACTBO €  KakTo
cbAbpxaHneTto Ha CI B Haja3emHaTta
mMaca, onpefenswo B rofisama cTeneH
KauyecTBOTO Ha (pypaxa, Taka u HaTpyn-
BaHeTO My B KOpeHoBaTa cuctema Ha
pacTeHusTa, T.KaTo BMOCAeACTBME TO ce
nogsiara Ha MUHepanu3auus U crnocoo6-
CTBa 3a MoBULLABaHE Ha MOYBEHOTO M/10-
popoave. Mo OTHOLWEHME KOMMYECTBOTO
Ha Kanuuin n dpocdop, pasimkiTe Mexay
COpTOBETE Ca He3HauuTeslHW,  KaTo
cpegHuTe cToliHocTh ca 12.65 n 3.78 (3a
Hag3emMHa Mmaca), 1 12.12 n 3.88 g kg™
DM (3a kopeHoBa Maca).

following descending order: Pleven 4 >
Kamerton > Modus > Svit > Glyans.

In the scientific literature, the issue
of crop quality, and in particular of
legumes, in organic farming is debatable
(Hornick, 2005; Spasova et al.,, 2010;
Gerdzhikova et al.,, 2012; Ksiezak and
Bojarszczuk, 2019). Some authors found
an increase in quality parameters, others
a decrease, and some found no change
compared to conventional production.

The protein content of the aboveground
and root mass of the tested cultivars
averaged 182.61 and 169.72 g kg™ DM,
respectively (Figure 1). More essential
differences compared to the group
averages were observed in Pleven 4 as
the excess was by 8.7 (for above ground
mass) and 6.4% (for root mass).

In the remaining cultivars, the protein
content was closer or lower than the
indicated values. Important for organic
production is both the content of CP in the
above ground mass, which determines to
a large extent the forage quality, as well
as its accumulation in the root system of
the plants, as it subsequently undergoes
mineralization and enhanced soil fertility.

Regarding the calcium and phosphorus
content, the differences between the
cultivars were negligible, with averages of
12.65 and 3.78 (for above ground mass),
and 12.12 and 3.88 g kg-1 DM (for root
mass).
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Fig. 1. Biochemical
conditions

Bob6oBuTe KynTypu, 0COBGEHO rpa-
XbT, UTPaAT BaxHa posia B nogobpssaHe
Ha XpaHWUTeNHUA PeXxuM Ha noysaTa npu
opraHuMyHa cucTemMa Ha nNpou3BOLACTBO
(Lesznyak et al., 2008). lNpomeHuTe B
MoYBEHUTE MapameTpu cref pekontupa-
He Ha rpaxoBuTe pacTeHus MO OTHOLLe-
HMe CbAbpXaHne Ha MuHepasieH as3oT U
Ka/mii  nokassar MO-BUCOKA CTOWHOCTU
npu nade, Ceut n MNneseH 4 (cpefHo ¢
15.2 n 13.8% CHOTBETHO) B CpaBHEHUE C
KameptoH ©n Mogyc (durypa 2). Mo
OTHOLWIEHMEe CbAbpXaHueTo Ha dpocdop,
BapupaHeTo Mexay coptoBeTe e cnabo
M3paseHo KaTo MO-BWCOKM CTOMHOCTU
JeMOoHCTpupaT OTHOBO [nsHC, CBUT K
MneseH 4. Hail-HUCKM ca CTOMHOCTUTE Ha
BCUYKM MOYBEHWUTE napameTpu cnep
pekonTtupaHe Ha copT Mogyc. Kato usano
peakuusaTa Ha noysata € HeyTpasiHa U
NPOMEHUTE Mo, B/IMAHWE Ha pas3nyHuTe
O6UOMIOTMYHO  OTI/IEXJAaHN COpTOoBE ca
He3HauuTeHN. MonyyeHute  gaHHK

composition of pea -cultivars

in organic production

Legumes, especially pea, play an
important role in the enhancement of
available nutrients of soil in the organic
cropping system (Lesznyak et al., 2008).

Changes in soil parameters after pea
harvesting in terms of nitrogen and
phosphorus content showed higher values
in Glyans, Svit and Pleven 4 (on average
by 15.2 and 13.8% respectively)
compared with Kamerton and Modus
(Figure 2). In terms of potassium content,
variation between cultivars was weakly
pronounced as higher values
demonstrated again Glyans, Svit and
Pleven 4. The lowest values of all solil
parameters after harvesting were those of
cultivar Modus.

In general, the soil reaction was neutral,
and the changes under the influence of
the different organically grown cultivars
were negligible. The obtained data
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noAKpensaT npoyyBaHusaTa Ha Lesznyak et
al. (2008) un Bilalis (2015), cnopepg kouTO
cBoOWCTBaTa Ha noysaTa ca NooXUTESTHO
NOBMUSAHMN NPU BUONOTMYHO OTINIEXAaHe
Ha rpax, HO TO3M eeKkT e B npska
Kopenauusi ¢ pasnnyHuTe copTtose. Bilalis
(2015) ycTaHOBsBa pas/iMku - Mexay
COpTOBETE MO OTHOLIEHUE CbAbpXaHue
Ha 06l a30T B no4ysata W npenopbyBa
oTrnexgaHeto Ha copTtoBeTe Onward,
Andros n Amorgos. B HacTosaLWwuAT ekcne-
pumeHTt, [naHc, CeBut un TllneBeH 4
ocurypsieat Mo-BUCOKO CbAbpXaHue Ha
asoT u pocchop B nouBata, C KOETO
cb3gaBaT YC/I0BUS 3a MOBULLABaHE Ha
NOYBEHOTO M/I040OpoAME MpU BMONOTNYHO
NpoOn3BOACTBO.
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confirmed the studies of Lesznyak et al.
(2008) and Bilalis (2015), according to
which soil properties were positively
affected by organic pea cultivation, but
this effect was directly correlated with
different pea varieties. Bilalis (2015)
observed differences among the cultivars
in regard to the percentage of total soil
nitrogen, and recommended the
cultivation of cultivars Onward, Andros
and Amorgos. In the present research,
Glyans, Svit and Pleven 4 provided higher
content of nitrogen and phosphorus in the
soil, creating in this way conditions for the
improvement of soil fertility in organic
farming.
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dur. 2. XMMMUYHM CBOWCTBa Ha Mno4BaTa Crfef pPeKkosiTMpaHe Ha COPTOBe rpax npu
6nonornyHo 3emegenne — mmHepaneH N (mg/1000 g soil), P,Os (mg/100 g soil), K,O
(mg/100 g soil) and pH

Fig. 2. Soil chemical properties after harvesting of pea cultivars in organic farming —

mineral N (mg/1000 g soil), P,Os (mg/100 g soil), K,O (mg/100 g soil) and pH

n3BOAM

CpaBHuTenHara oOuUeHka Ha net
copta diypaxeH rpax nMokasea, ue
6BbArapckuaT copt MNneseH 4 ce oTMyaBa
C KOMMJIeKC OT XxapakrepucTtukm (no-
ronsma JiMcTHa naow, n buomaca/pacTeHue,
BMCOKa MpOAYKTMBHOCT /17.1 t 3eneHa
maca ha'/, crabunHoct /bi = 1.06/,
agantmeHoct /A = 15.9/, 6uoxmmMunyeH

CONCLUSIONS

The comparative assessment of
five cultivars of forage peas showed that
the Bulgarian cultivar Pleven 4 was
distinguished by a complex of
characteristics (greater leaf area and
biomass/plant, high productivity /17.1 t
green mass ha'/, stability /bi = 1.06/,
adaptability /A = 15.9/, biochemical
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cbCcTaB Ha (pypaxa /198.55 g kg’ DM
CypoB npoTeuH/), onpegenswy ro kaTo
Hal-noaxodsilw, 3a Yc/oBMa Ha 6uono-
TMYHO npou3BoAcTBO. [o6pu npossu u
6/1M3KN CTOMHOCTWU MO NOCOYEHWUTE napa-
MeTpU LEMOHCTPUPA U YKPAUHCKUAT copT
KamepToH.

[VCnepcuoHHnAT aHanM3 Ha fdaH-
HUTE [oKas3Ba B/MSHWETO Ha hakTopute
COpPT M cpefa, KakTo U Ha TAXHOTO
B3auUMOAENCTBUE, BbpXy A06MBa doypax.

MpomMeHNTE B OCHOBHMW MOYBEHU
napameTpu (CbAbpXaHue Ha MuHepaneH
asoT, hocchop n Kanuin) cnepn pPeKonTu-
paHe Ha (ypaxHus rpax nokassaT no-
BUCOKM CTOWHOCTU npu [nsHc, CBUT U
lMneBeH 4, KOETO NOTBbLPXAaBa YCTaHO-
BeHaTa B NpeaxofHW NpoyyBaHus npsika
3aBMCMMOCT COPT-MOYBEHN NapameTpu.
Te3n copToBe MoraTt ga ce vM3non3Bar 3a
nogo6psiaHe Ha MOYBEHOTO Mogopoane
npv 6UOI0rMYHO NPOM3BOACTBO.

composition of forage /198.55 g kg™ DM
crude protein) determinant it as the most
suitable for organic production conditions.
The Ukrainian cultivar Kamerton also
demonstrated good performances and
similar values regarding these
parameters.

The analysis of variance proved the
influence of the factors "cultivar® and
"environment”, as well as their interaction
on the forage yield.

Changes in main soil parameters

(mineral nitrogen, phosphorus, and
potassium content) after forage pea
harvesting showed higher values in

Glyans, Svit and Pleven 4, which confirms
the direct dependence cultivar-soil
parameters established in previous
studies. These cultivars can be used to
improve soil fertility in organic production.

NWMTEPATYPA /| REFERENCES
1. Agafonova, L., J. Vigovskis and A. Svarta, 2011. Yields and Quality of Peas
Varieties in Latvian Agroclimatic Conditions for Organic Farming. In: Proceedings of
the 8th International Scientific and Practical Conference, Rézeknes Augstskola,

Rézekne Izdevnieciba, pp. 287-289.

2. Allard, R.W. and A.D. Bradshaw, 1964.

Implications of Genotype-

Environmental Interaction in Applied Plant Breeding. Crop Science, 4: 503-507.
3. Badgley, C., J. Moghtader, E. Quintero, E. Zakem, M.J. Chappell, K.
Aviles-Vazquez, A. Samulon and |. Perfecto, 2007. Organic Agriculture and the
Global Food Supply. Renewable Agriculture and Food Systems, 22 (2), 86-108.
4. Beck, D.P., L.A. Materon and F. Afandi, 1993. Practical Rhizobium - Legume

Technology Manual. ICARDA, Aleppo, Syria.

5. Bilalis, D., 2015. Effect of Organic and Mineral Fertilization on Root Growth
and Mycorrhizal Colonization of Pea Crops (Pisum sativum L.). Bulletin UASVM
Horticulture, 72 (2), 288-294.

6. Bozhanova, V. and D. Dechev, 2009. Problems and Prospects Related to
Organic Cultivation of Cereal Species. Selskostopanska nauka, 1: 322-327 (Bg).
7. Bozhanova, V., V. Koteva, T. Savova, M. Marcheva, G. Panayotova, S.

Nedyalkova, G. Rachovska, K. Kostov and G. Mihova, 2014. Choice of Appropriate
Cereals Varieties and Seed Production for the Needs of Organic Farming in Bulgaria -
Problems and Answers. In: Proceedings of National Conference “Biological plant
science, animal science and foods”, Troyan, Bulgaria, pp. 68-77.

8. Cornfield, A.H., 1966. A Qualitative Method of Assessing the Available
Nitrogen, Potassium and Phosphorus in the Soil. Journal of Science of Food and
Agriculture, 17 (7), 321-323.

9. Eberhart, S.A. and W.A. Russell, 1966. Stability Parameters for Comparing
Varieties. Crop Science, 6: 36-40.

173



10. Gerdzhikova, M., M. Videva, D. Pavlov and A. Dobreva, 2012. Chemical
Composition, Nutritive Value, Energy Yield and Feed Units of the Winter Pea Grain
Grown after Different Predecessors Using Conventional and Organic Production.
Agricultural Science and Technology, 4 (3), 271-276.

11. Gopinath, K. A,; S. Saha, B.L. Mina, H. Pande, N. Kumar, Srivastva, K. Anil
and H.S. Gupta, 2009. Yield Potential of Garden Pea (Pisum sativum L.) Varieties,
and Soil Properties under Organic and Integrated Nutrient Management Systems.
Archives of Agronomy and Soil Science, 55 (2), 157-167.

12. Hepperly, P.R., D. Douds and R. Seidel, 2006. The Rodale Institute Farming
Systems Trial 1981 to 2005: long-term analysis of organic and conventional maize and
soybean cropping systems. Long-term Field Experiments in Organic Farming.
International Society of Organic Agriculture Research (ISOFAR), Berlin, 15-31.

13. Hornick, S., 2005. Nutritional Quality of Crops as Affected by Management
Practices. http://www.infrc.or.jp/knf/PDF%20KNF%20Conf%20Data/C3-3-070.pdf

14, IFOAM, 2019. The World of Organic Agriculture 2019.
https://www.ifoam.bio/en/news/2019/02/13/world-organic-agriculture-2019

15. Kalapchieva, S., S. Masheva and V. Yankova. 2010. Characterizing of the
Agrobiological Response of Garden Pea in Organic Production. Agricultural University-
Plovdiv, Scientific Works, LV (1), 87-92.

16. Konvalina, P., Z. Stehno and J. Moudry, 2009. The Critical Point of
Conventionally Bred Soft Wheat Varieties in Organic Farming Systems. Agronomy
Research, 7 (2), 801-810.

17. Ksiezak, J. and J. Bojarszczuk, 2019. The Productivity of Selected Species
and Cultivars of Legumes Grown for Seeds in Organic Production System. In: Legume
Crops - Characterization and Breeding for Improved Food Security, Mohamed Ahmed
El-Esawi, IntechOpen.

18. Lammerts van Bueren, E. T., P.C. Struik and E. Jacobsen, 2002. Ecological
Concepts in Organic Farming and Their Consequences for an Organic Crop Ideotype.
NJAS - Wageningen Journal of Life Sciences, 5 (1): 1-26.

19. Lesznyak, M., E.H. Borbély and J. Csajbdk, 2008. The Role of Nutrient-
Water-Supply and the Cultivation in the Yield of Pea (Pisum sativum L.). Cereal
Research Communications, 36 (5), 1079-1082.

20. Mader, P., A. Fliessbach, D. Dubois, L. Gunst, P. Fried and U. Niggli, 2002.
Soil Fertility and Biodiversity in Organic Farming. Science, 296 (5573), 1694-1697.

21. Meier, U., 2003. Phenological Growth Stages. Mono- and Dicotyledonous
Plants. In: Phenology: An Integrative Environmental Science. Tasks for Vegetation
Science. Kluwer Academic Publishers, London, UK, pp. 269-283.

22. Minta, M. and A. Tsige, 2014. Effect of Rhizobium Inoculation on Herbage
Yield, Quality and Nitrogen Fixation of Annual Forage Legumes on Nitisols in Central
Highlands of Ethiopia. Acta Advances in agricultural Sciences, 2 (10), 29-48.

23. Niggli, U., A. Fliebach, P. Hepperly and N. Scialabba, 2009. Low
Greenhouse Gas Agriculture: Mitigation and Adaptation Potential of Sustainable
Farming Systems. Okologie & Landbau, 141, 32-33.

24. OMA, 1990. Official Methods of Analysis. Association of Official Analytical
Chemists. 15th Edition.

25. Robert, J., J.R. Okalebo, K.W. Gathua and L.W. Paul, 2002. Laboratory
Method of Plant Analysis: A working manual. Nairobi, Kenya, pp. 20-70.

26. Pimentel, D., P. Hepperly, J. Hanson, D. Douds and R. Seidel, 2005,
Environmental, Energetic, and Economic Comparisons of Organic and Conventional
Farming Systems. Bioscience, 55 (7), 573-582.

174



27. Sinyakova, L.A. and A.l. lvanova, 1981. Methodological Guidelines for
Determining the Indicators of Photosynthetic and Root Activity of Plants. Pushkin
Press, Leningrad (Ru).

28. Spasova, D., S. Mitrev, A. Stoilova and D. Spasov, 2010. Content of Raw
Proteins in oat Depending on the Growing System in Strumica Region, Macedonia.
Bulgarian Journal of Agricultural Science, 16 (6), 673-677.

29. Spasova, D., B. Atanasova, D. Valcheva, D. Spasov, M. llievski and A.
Burovska, 2018. Productive Features of Oat Varieties grown in Organic Production in
the Region of Strumica. Bulgarian Journal of Agricultural Science, 24 (3), 398-403.

30. Torricelli, R., 2006. Evaluation of Lucerne Varieties for Organic Agriculture. In:
Proceedings of XXVI meeting of the EUCARPIA fodder crops and amenity grasses,
Perugia, Italy, pp.141-144.

31. Totev, T., P. Gribachev, H. Nechev and N. Artinova, 1987. Handbook on
Soil Science. Zemizdat, Sofia (BQ).

32. Uhr, Z. and Gr. lvanov, 2015. Opportunities for Increased Yields in Conditions
of Biological Farming Systems in Wheat. New Knowledge Journal of Science, 4 (4),
35-41.

33. Uhr, Z., G. Ivanov and G. Rachovska, 2017. Suitability of Wheat Varieties for
Organic Farming Systems. Bulgarian Journal of Crop Science, 54 (1), 3-14.

34. Valchinkov, S., 1990. Method of Classifying Genotypes with Relatively High
and Stable Yields. Scientific works of University of Agriculture, XXXV (4), 161-165.

35. Wolfe, M.S., J.P. Baresel, D. Desclaux, |. Goldringer, S. Hoad, G. Kovacs,
F. Loschenberger, T. Miedaner, H. @stergard and E.T. Lammerts van Bueren,
2008. Developments in Breeding Cereals for Organic Agriculture. Euphytica, 163 (3),
323-346.

175



Journal of Mountain Agriculture on the Balkans, 2020, 23 (6), 176-186
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

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

CTteneH Ha HanageHne Ha eKCrnepmMeHTasTHU
LapeBUYHU reHn1a3Mmm oT 0OUKHOBEHA rNaBHA
Ustilago maydis (Bescman)

WnnaHa NBaHoBa*, JTln6omup ViBaHoB, lepraHa ViBaHoBa-KoBayeBa

VHCTVTYT no 3emefenue n cemesHaHune “O6pasyos undnuk”, 7007 Pyce, Bbnrapus

Degree of Attack of Experimental Maize Geneplasms
from Ustilago maydis (Bescman)

lliana Ivanova*, Lyubomir lvanov, Gergana Ilvanova-Kovacheva

Institute of Agriculture and Seed Science “Obraztsov Chiflik”, 7007, Rousse, Bulgaria
*E-mail: tri_dve@abv.bg

Original scientific paper

PE3OME

MpoyyBaHeTo e npoBefeHo B VHCTU-
TyTa Mo 3emefesive U CeMe3HaHue
,00pasuyoB undnuk”’ - Pyce npes nepuoga
2017-2019r.

O6ekT Ha uscnegpaHe ca 30 reH-
nnasMu OoT npefBapuTenieH CopToB ONuUT
OT CcefekuMoHHaTa nporpaMa Ha WHCTU-
TyTa. Llenta e ga ce yctaHOBM CTeneHTa
Ha HanafeHve OT OOMKHOBEHa r/1aBHsA, C
npuunHUTEN GasnanomuueTHata rbba
Ustilago maydis (Bescman) npu wu3kyc-
TBEH UHMEKLUNOHEH (DOH.

Ustilago maydis (Bescman) e uecto
cpewaHo 3abonasaHe Mo uUapesuuaTa.
Mo BCMYKM HAA3EMHU OpraHW Ha pacTe-
HWeTOo ce obpasysar TyMOpPW OT NaBHMBA
Maca, U3NbIHEHN C X/1TaMUA0CMNopKn Ha na-
ToreHa. 3acerHatute pacTeHuss umar 3a-
6aBeH pacTex U MKOHOMUYeckuTe 3arybu
ca rosiemu, Tbii KaTo 3bPHOTO HE MOXe Aa
Ce M3nons3sa 3a CEMENpPoOn3BOACTBO U 3a
hypax B XMBOTHOBBLCTBOTO.

dutonarosiorMyHaTa oueHka 3a Ha-
nageHneto ot Ustilago maydis e u3Bbp-
WweHa no Snetselaar (1993). AHaNU3bT Ha
noslyyeHWTe pesyntatu nokassa, 4ye OT
pasrnexgaHute 30 reHnnasmy 16 npos-

SUMMARY

The study was conducted at the
Institute of Agriculture and Seed Science
"Institute of Agriculture and Seed Science
"Obraztsov Chiflik" - Ruse in the period
2017-20109.

The object of study is 30 general
plasmas from preliminary varietal
experience from the selection program of
the institute. The aim is to determine the
degree of infestation by the common
fungus, caused by the basidiomycete
fungus Ustilago maydis (Bescman) in an
artificial infectious background.

Ustilago maydis (Bescman) is a
common disease of maize. Tumours of
the main body filled with hlamydospores
of the pathogen form on all aboveground
organs of the plant. The affected plants
have slow growth and the economic
losses are large, as the grain cannot be
used for seed production and fodder in
animal husbandry.

The phytopathological evaluation of
the attack by Ustilago maydis was
performed according to Snetselaar
(1993). The analysis of the obtained
results shows that out of the 30 gene
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BSiIBaT peakums Ha ycToiumBocT Resistant.
ToBa ca reHnnasmute: St. 20, Eks.1,
Eks.4, Eks.6, Eks.9, Eks.10, Eks. 12,
Eks.16, Eks.17, Eks.19, Eks.20, Eks.21,
Eks.23, St.26, St.28 n St.13. Te morat ga
6bAaT M3MN0M3BaHW KaTo W3TOYHUUM Ha
YCTOMYMBOCT KbM OOWKHOBEHA [/1aBHS
(Ustilago maydis Bescman) B 6baelus
CesleKUMoHeH npouec. 14 oT reHnnasmuTe
ca pasBuan TYMOPHM 06pasoBaHusA no
KoyaHa M ca pearmpaiv Kato 4yBCTBU-
TenHn (Eks. 2, Eks. 3, Eks.5, Eks.8,
Eks.11, Eks. 14, Eks.15, Eks.18, Eks.22,
Eks.24, Eks.25, Eks. 27, Eks.29, St.7)
KntovoBn  gymun:  reHniasmu,
uapesuua, Ustilago maydis (Bescman)

YBO[,

Cb3faBaHeTO Ha LapeBUYHU TeH-
nnasMu, YCTOWYMBM Ha WKOHOMWYECKU
B&XHW 3a cTpaHaTa 60/1eCTh € yHUKaNHO
HanpaB/fieHWe B Hay4yHO-u3cregoBsaTen-
CKMa npouec M B pacTeHMeBbACTBOTO.
Bcsaka cenekunoHHa nporpamMa Ha Kyntyp-
HUTEe pacTeHus MMa 3a Lesl Cb3faBaHeTo
Ha copToBE WU XMBPUAM C BUCOKA Npo-
OYKTUBHOCT M aflanTUBHOCT KbM NMOYBEHO-
KNUMaTU4HUTE YCNOBUS Ha CcTpaHaTa wu
YCTOMYMBOCT Ha WKOHOMUYECKN BaXKHM
6onectu.

3ary6bute B MNpPOM3BOACTBOTO Ha
uapesvua nog BAWSHME Ha pPas/IMyHU
naTtoreHu ce u3passiBaT B pefyumpaHe Ha
fobuBa M B/OWaBaHe KayecTBOTO Ha
npoaykuunsita (Payak et al., 1985; Hristova
and Momchilova, 2002; Wang, et al., 2014).

B Bbarapua cenekumsAta Ha uape-
BMLaTa No YCTOMUYMBOCT KbM 6onectu ce
e Boguna ot Ivanova (1985; 1988),
Momchilova and Popov (1995); Hristova et
al. (1997); Hristova and Momchilova (2002);
Momchilova (2002); Mitev et al. (2005). Te
ca TecTBa/IM YCTOWUYMBOCTTA Ha OKOMO
1500 MEecCTHM M CUHTETUYHWU nonynauuu,
COpTOBe, camoorpalleHy JIMHUN U XUbpu-
OV LapeBmMua. YcTonumBocTTa Ha 601ectu
BOAM A0 HamanseBaHe Ha 3aryéute OT no-
nyyeHuTe [O6VMBM U A0 NOHWXKaBaHe 3apa-
3aTa OT matoreHu B noceBute (Kuznetcova,
2006; Popova and Dimova, 2009).

plasmas under consideration, 16 show
resistance. These are the general
plasmas: St. 20, Eks.1, Eks.4, Eks.6,
Eks.9, Eks.10, Eks. 12, Eks.16, Eks.17,
Eks.19, Eks.20, Eks.21, Eks.23, St. 26,
St.28., St.13. They can be used as
sources of resistance to Ustilago maydis
in the future selection process. 14 of the
general plasmas developed tumour
formations on the cob and reacted as
sensitive (Eks. 2, Eks. 3, Eks.5, Eks.8,
Eks.11, Eks. 14, Eks.15, Eks.18, Eks.22,
Eks.24, Eks.25, Eks. 27, Eks.29, St.7).

Key words: Geneplasms, Maize,
Ustilago maydis (Bescman)

INTRODUCTION

The creation of maize geneplasms,
resistant to economically important for the
country diseases is a unique direction in
the research process and in plant
growing. Each selection program of
cultivated plants aims to create varieties
or hybrids with high productivity and
adaptability to soil and climatic conditions
of the country and resistance to
economically important diseases.

Losses in maize production under
the influence of various pathogens are
expressed in reduced vyields and
deterioration of production quality (Payak
et al., 1985; Hristova and Momchilova,
2002; Wang, et al., 2014).

In Bulgaria, the selection of maize
for disease resistance was led by Ivanova
(1985; 1988), Momchilova and Popov
(1995); Momchilova (2002), Hristova et al.
(1997); Hristova and Momchilova (2002);
Mitev et al. (2005). They tested the
resistance of about 1,500 native and
synthetic populations, varieties, self-
pollinated lines and maize hybrids.
Disease resistance leads to a reduction in
losses from yields and to a reduction in
pathogen infestation in crops (Kuznetcova,
2006; Popova and Dimova, 2009).
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MKoHoMuMYeckn BaxHO 3abonsiBaHe
B Bbarapusa u B MHOro 4yactu Ha CBeTa,
KbJETO ce oTrexa uapesuua e obuKHo-
BeHara LapeBunyHa rnasHa C NpUUUHUTEN
6asnguomuueTHarta rbb6a Ustilago maydis
(Snetselaar et al.,, 1993; 1994; Robin,

2010; Tanaka, 2014). TUNNYHN CUMOTOMM
Ha 3abonsABaHETO ca obpasyBaHe Ha
C/BO-6€Ne3HMKaBN TyMOpPU C pasnnyHa
dopma 1 pasmepy MO BCUYKN HALA3EMHMU
opraHn Ha pacteHueTto (Banuett, 1995;
Brefort, 2009; Robin, 2010; Matei, 2018).
3apaseHnTe pacTeHus ca CbC 3abaBeH
pactex (Martinez et al.,, 2002; Robin,
2010) n pgobuBa HamansiBa cpegHo Ao
60% (Ivashchenko, 2011). B pe3yntaT Ha
TOB@, Cb3faBaHETO Ha YCTONYMBU TreHo-
TUMNOBE OT CblUECTBYBALLMTE reHn1asmMmn e
(hakTop 3a No-BUCOKa NPOW3BOAUTENHOCT
(Mir et al., 2015) Ha HoBuTEe XmMbpuam
(Popova and Dimova, 2009).

Llenta Ha npoyyBaHeTo e pga ce
yCTaHOBM CTENEeHTa Ha HanageHune Ha 30
LapeBUYHN TeHMIa3Mu OT OOMKHOBEHA
rnasHs (Ustilago maydis Bescman) npwu
W3KYCTBEHO Cb3aafeH NMHgekunoHeH dhoH
B YC/0BMWSA, BnaronpusaTcTealiy passutme-
TO Ha nartoreHa, C ornej M3non3BaHeTo
UM B ceslekumaTa.

MATEPWNAN N METO4WA
MpoyyBaHeTO € MpPOBEAEHO B
OnuTHOTO none u naboparopusTa no du-
Tonaronorns Ha WHctutyta no 3emepge-
nne n cemesHaHune ,,06pa3yoB Yndmk” -
Pyce npe3 nepunoga 2017-2019 .
Monckuat onut e wusBefeH Ha
WHpEeKLMO3eH (POH NpU HENOMBHMK YCNO-
BuA. BroyeHn ca 30 LapeBUYHU TeH-
naasMu OT NpeaBapuTesIeH COPTOB OMNWUT.
OnuTbT e 3anokeH No 6710koBUSA MeTof
(Shanin, 1977), B 3 noBTOpeHUsa c rone-
MVHa Ha pekosiTHata napuesnka 10 m?,
npu rectoTa 5500 pacteHus/da.
NaeHTndumumpaHeTo Ha nNpuynHU-
Tens, 6amugnomumueTHaTa re6a Ustilago
maydis B n1abopaTopHM YCNOBUS € U3BBLP-
LWIEeHO KaTo OT BCcekn Tymop 10 mg cnopos
mMaTepuan ce nocrtaeBs B eneHgopdcka

An economically important disease
in Bulgaria and in many parts of the world
where corn is grown is the common corn
borer caused by the basidiomycete
fungus Ustilago maydis (Snetselaar,
1993, 1994; Robin, 2010; Tanaka, 2014;).

Typical symptoms of the disease are the
formation of grayish-white tumours of
various shapes and sizes on all
aboveground organs of the plant (Banuett,
1995; Brefort, 2009; Robin, 2010; Matei,
2018). Infected plants have slow growth
(Martinez et al., 2002; Robin, 2010) and
the yield decreases on average to 60%
(lvashchenko, 2011). As a result, the
creation of stable genotypes from existing
geneplasms is a factor for higher
productivity (Mir et al.,, 2015) of new
hybrids (Popova and Dimova, 2009).

The aim of the study was to
determine the degree of infestation of 30
maize genplasmas of the common head
(Ustilago maydis Bescman) in an
artificially created infectious background
in conditions conducive to the develop-
ment of the pathogen, with a view to their
use in selection.

MATERIAL AND METHODS
The study was conducted in the
Experimental Field and the Laboratory of
phytopathology of the Institute of
Agriculture and Seed Science "Obraztsov
Chiflik" - Ruse in the period 2017-2019.
The field experiment was
performed on an infectious background
under non-irrigated conditions. 30 maize
geneplasms from preliminary varietal
experience were included. The experiment
is based on the block method (Shanin,
1977) in 3 replications with a plot size of
10 m*, at a density of 5500 plants/da.
Identification of the causative
agent, the basidiomycete fungus Ustilago
maydis Bescman under laboratory
conditions was performed by placing 10
mg of spore material from each tumour in
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enpyeeTka, cbabpxawa 10 ml gectnnm-
paHa Boga u 2 uL Tween 20. Cnep KoeTto
cropute ce Jaucneprupar B pasTBopa.
Bcska enpyseTka ce paspexja nocnepo-
BatenHo ot 10" go 10" u martepuansbT
ce nocrtaes B neTpuveBo 6711040 C TbHBLK
cnoii PDA-xpaHuTeNHa cpega. Ha noBbpx-
HOCTTa My ce NoCcTaBAT xnamugocnopure.
MeTpuesBute 61104a Ce NOKpMBAT C kana-
yetata M ce NocTasAT B TepmocTar npu
Temnepartypa 20°C 3a Tpu gHn — 72 yaca.

Cneg 48 uJaca WHKybauusa ce
HabnwgaBaTt KOMIOHMN U NaMyyeH MuLen,
KonoHunte ca paspaboTeHn Bbpxy PDA
cpepa, gonb/HeHa ¢ 5% akTMBEH BbI/IEH
Ha npax (PDA + AC) (Martinez et al.,
1997; Sabbagh et al., 2010).

3a cb3gaBaHe Ha WHQEKLMO3EH
(OH Ha MO/IeTO ca U3MO0SI3BaHN TYMOPHMU
06pasyBaHns, U3NBbAHEHN C X/TamMUa0Ccno-
pu, cbbpaHu OT ecTecTBEHW nonynaumm
Ha rnaeHsATa (Ustilago maydis) B paiioHa
Ha PyceHcka o6bnact. WHAEKUNO3HUAT
boH Ha noneto e cb3gageH upes
pasnpbCckBaHe Ha TymMoOpu OT [NaBHATA
(Ustilago maydis) B onuTa 1 M3KyCTBEHO
3apassiBaHe Ha pacTeHusATa. M3skycTtBe-
HOTO 3apassiBaHe € U3BbPLUEHO C X/1aMu-
Jocrnopv [AByKpaTHO npe3 Beretauusita
BbB (pasa 6-8 nuCT 1M BTOPM NbT BLB
(peHohaza usmeTnsiBaHe npu Temnepa-
Typa 22°C, BnaxHocTt 20-25% wun doTo-
nepuopg 12 vaca.

dutonartonornyHata oOuUeHka Ha
LilapeBWYHMTE TEHMIa3Mu € HarnpaBeHa npes
MeceL, 10/1M-aBrycT BbB ha3a nsmMeTnsiBa-
HEe U MJIeYHO-BOCBHYHA 3PS/IOCT Ha uape-
BuLaTa, Ypes u3bposBaHe Ha rnaBHUBUTE
pacTteHus no cregHarta ckana:

1. JNvunceatr  60/HK
ycToinumeocT (R)

2. 0,1-5,0% pacteHnsa c Tymopu-
ymepeHa yctoiumsocT (MR)

3. 5,1-10% pacTteHua ¢ Tymopu —
ymepeHa 4yBcTBUTENHOCT (MS)

4. Hap 10 %6onHWM pacTeHus —
4yBCTBUTESTHOCT (S)

Ha BCSikO OT TSX € MOCTaBeH CbOT-
BeTeH 6as1 B 3aBMCMMOCT OT CTENeHTa Ha
nosgpega or 0 go 5, no 5 creneHHata

pacTeHusi-

an ependorf test tube containing 10 ml of
distilled water and 2 pL of Tween 20. The
spores were then dispersed in solution.
Each test tube was diluted sequentially
from 10" to 10™° and the material was
placed in a petri dish with a thin layer of
PDA nutrient medium. Hlamydospores are
placed on its surface. The petri dishes are
covered with lids and placed in a
thermostat at a temperature of 20°C for
three days 72 hours.

After 48 hours of incubation, colonies
and cotton mycelium were observed. The
colonies were developed on PDA nutrient
medium supplemented with 5% activated
carbon powder (PDA + AC) (Martinez et
al., 1997; Sabbagh et al., 2010).

Tumour formations filled with
chlamydospores collected from natural
populations of Ustilago maydis Bescman
in the Ruse region were used to create an
infectious background in the field. The
infectious background of the field was
created by the dispersal of tumours from

the head (Ustilago maydis) in the
experiment and artificial infection of
plants. The artificial infestation was

carried out with hlamydospores twice
during the vegetation in phase 6-8 leaves
and the second time in the phenophase
sweeping at a temperature of 22°C,
humidity 20-25% and a photoperiod of 12
hours.

Phytopathological assessment of
maize geneplasms was made in
July-August in the phase of sweeping and
milk-wax maturity of maize, by listing the
main plants on the following scale:

1. There are no diseased plants
resistance (R)

2. 0.1-5.0% of plants with tumours
moderate resistance (MR)

3. 5.1-10% plants with tumours
moderate (MS);

4. over 10% of diseased plants
sensitivity (S)
Each of them is given a corresponding
score depending on the degree of
damage from 0 to 5, on a 5-point scale
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ckana no Popov (1982). OT Bcekn Homep
ca wu3bposiBaHn OONHUTE U 34paBu
pacteHus. MHOEKCHT Ha HanageHue e
n3umcneH no dopmynara Ha Mc Kinney,
no Josifovits (1956). 3a xapakTtepu3anpaHe
Ha MeTeopOosIoTMYHMTE YC/I0BUS ca U3Nos-
3BaHW JaHHW 3a BaNexuTe n cpegHo mMe-
CeyHuTe TeMnepaTypu Ha Bb3ayxa OT Me-
TeoposiormyHata ctaHumsa Ha MHcTuTyTa.

PE3YJITATN N OBCbXXAAHE

Mpe3 TpuUroAuWHNA Nepuog Ha us-
cnefBaHeTO MEeTeopOosIorTMYHUTE YC/1I0BUSA
6s1xa O6naronpusiTHM 3a pacTexa n pas-
BUTMETO Ha UuapesBuuata. Bwbnpeku, ue
WHOKYNYMbT € U3KYCTBEHO pasnpbCHaT Ha
LapeB/YHUTE MOJIeTa, CTeneHTa Ha 3apa-
3aBaHe ¢ (Ustilago maydis) n pasButmeTo
Ha 6onecTTa 3aBUCAT M OT KIMMaTUYHUTE
(hakTOpy Ha cpeparta — BaJlexn MU
Temnepartypa.

[JaHHuTe 3a TpuTe roguHKW, noco-
YyeHM Ha knumarorpamarta Ha durypa 1
nokassar, 4e npes mecey, toHW 2017 T.
BasiexuTe ca ¢ 63.6 mm nog Hopmara, a
cpefHoOAHEBHUTE TemnepaTypu C 3C Haj,
Hopmarta. lNMpe3 mecel, 10NN CpesHOLHEB-
HWTe TemnepaTypy ca No-BUCOKU OT HOp-
Mata ¢ 4.7C, a Banexute ca 0.9 mm.
MagHanuTe Basiexu npes MeceL, aBryct, B
KOMOUHaUMSA C W3KYCTBEHO Cb3fafeHus
WH(pbekunoHeH hoH okasaxa 61aronpuATHO
B/IMSIHNE BbPXY Pa3BUTMETO Ha rNaBHATA.

MeTeoposioruyHuTe ycnoBus npes
mMain 2018r. ce xapakTepuampaxa C OTHO-
CUTEJIHO CYXO BpPEMe U TemnepaTypu Haj
HopmaTa 3a To3u nepuof. Temnepartypa-
Ta € C MakCMMasiHM CTOMHOCTW OT nops-
Abka oT 28°C po 32°C. NagHanute Base-
X npe3 maii 37,1 mm ca 6a13ku Ao
cpegHata Hopma 3a Mmeceua 51,6 mm.
Mpe3 mecel, OHU BanexuTe 6sixa ¢ 34.9
mm Haj Hopmara, a CpefHOAHEeBHWUTe
TemnepaTypu 61mM3kM Ao HopmaTa. Mecel,
I0/I1 Ce XapakTepusmpa CbC CPeAHOAHEBHU
Temnepatypn 22.2°C W Banexu, npeBu-
wasawm Hopmata ¢ 95.0 mm. Tesu ycrno-
BUS1 ce OKa3axa 6/1aronpusiTHi 3a pas3Butue
Ha rnaBHATa Npy LapeBUYHUTE reHnIasmu.

according to Popov (1982). From each
number are listed sick and healthy plants.
The attack index is calculated according
to the formula of Mc Kinney, according to
Josifovits (1956), Data on precipitation
and average monthly air temperatures
from the meteorological station of the
Institute were used to characterize the
meteorological conditions.

RESULTS AND DISCUSSION

During the three-year study period,
the weather conditions were favourable
for the growth and development of maize.
Although the inoculum is artificially
scattered in maize fields, the degree of
infection with (Ustilago maydis Bescman)
and the development of the disease also
depend on the climatic factors of the
environment - precipitation and
temperature.

The data for the three years
indicated on the climatogram in Figure 1
show that in June 2017 the precipitation
was 63.6 mm below the norm and the
average daily temperatures were 3°C
above the norm. In July the average daily
temperatures are higher than the norm by
4.7°C and the precipitation is only 0.9
mm. The rainfall in August, in combination
with the artificially created infectious back-
ground, had a favourable effect on the
development of the mainland.

The meteorological conditions in
May 2018 were characterized by relatively
dry weather and temperatures above the
norm for this period. The temperature has
maximum values in the range of 28°C to
32°C. The precipitation in May 37.1 mm is
close to the average for the month 51.6
mm. In June the precipitation was 34.9 mm
above the norm and the average daily
temperatures were close to the norm. The
month of July is characterized by average
daily temperatures of 22.2°C and precipitat-
ion exceeding the norm by 95.0 mm. These
conditions proved to be favourable for the
development of the main in maize
geneplasms.
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Mpe3 2019r. mecey, Mai ce xapak-
TepusMpalle ¢ BasieXu, KoMTo 6sxa cbC
100 mm Hapg HopmaTa. YectuTte Basiexmu
npes MeceLuTe Ha aKTMBHa Beretauus Ha
uapesuuata — Maii, OHW U 01K, Cb3ga-
Joxa ycnosus 3a pasBuTue Ha natoreHa.
Mpe3s Te3n Meceunm ce Habnwgasar
TemnepaTypH/ CTOMHOCTU B FpaHUUnTE OT
22-26°C, 6naronpuaTHW 3a pasBuThe Ha
Ustilago maydis n 3a nokb/IHBaHETO Ha
Tenvocnopure.

AHanM3bLT Ha pesynTtatute 3a Tpu-
roOMLWLIHMA Nepuos Ha eKkcnepvmMeHTa no-
KasBa, ye B pe3yntar Ha MeTeoposioruny-
HUTE YCMOBMA W W3KYCTBEHaTa 3apasa
npes BCAKa rogvHa ce Hab6nwogasa pas-
BUTMETO Ha rnasBHaTa. OT Tabnuuya 1 e

In 2019 May was characterized by
precipitation that was 100 mm above
normal. Frequent rainfall during the months
of active vegetation of corn — May, June
and July, created conditions for the develop-
ment of the pathogen. During these
months, temperature values in the range
of 22-26°C are observed, favourable for the
development of Ustilago maydis (Bescman)
and for the germination of teliospores.

The analysis of the results for the
three-year period of the experiment shows
that as a result of the meteorological
conditions and the artificial infection in
each year the development of the main is
observed. From Table 1 shows that the
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BWAHO, Ye VMHAEKCHT Ha HanajeHve wau
pasBMUTMETO Ha 60/s1ecTTa € Hali-BUCOK U
CbC CTOMHOCT 9,8% npe3 2019r. B cpas-
HeHne c¢ 2017 wu 2018 r., KoeTo ce
065iICHsIBa C KOMOMHaUNATA HA KIMMaTuy-
HUTE YCNOBUA U Cb3fafeHns NHGEKLMO-
HeH dhOH Npe3 roguHaTa.

Mpu wm3BbpLWEHaTa dwmTonaTono-
rMyHa oueHka Mo obuwionpueTa 3a cTpa-
HaTa ckasa, ce ycTaHOBW, Ye OCHOBHUTE
CMNTOMMW, TMOJIYYEHU MPU  U3KYCTBEHO
WHOKy/IMpaHe Ha pacteHudaTta ot 7 o 14-
OHN ca XNIOPOTUYHU Nle3Mn BbPXY JINCT-
HUTe 06BUBKU 1 3bpHaTa Ha ko4daHa. Mpu
XNIOPOTUYHUTE  Nle3nn  KNeTkute  6saxa
CBUTU W C HenpasuaHa dopmMa un ce
Habnogasaxa xmgute Ha natoreHa. llo-
KbCHO 3anoyHa obpa3yBaHeTo Ha TyMoO-
pute no KoyaHa (Purypa 2).

index of attack or development of the
disease is the highest and with a value of
9.8% in 2019, compared to 2017 and
2018, which is explained by the combination
of climatic conditions and the created
infectious background during the year.

During the phytopathological
assessment performed on a scale
accepted for the country, it was found that
the main symptoms obtained by artificial
inoculation of plants from 7 to 14 days are
chlorotic lesions on the leaf sheaths and
cobs of the cob. In chlorotic lesions, the
cells were shrunken and irregularly
shaped and hyphae of the pathogen were
observed. Later, the formation of tumours
on the cob began (Figure 2).

dwur. 2. Tymopu Ha Ust. Maydis (Bescman)
Fig. 2. Tumours of Ust. maydis (Bescman)

Cnep wusuncnsBaHe WHAEKCA Ha
HanageHve (%) Ha Bcska reHnnasma e
noctaBeH 6an ot 1-4, onpegensi, cTe-
MeHTa Ha HanajeHve K cboTBeTHaTa
KaTeropusi, B KOSITO nonaga. PesynratuTe,
noslydeHn OT HanpaseHaTa uTonaro-
NIOTMYHA OLIEHKa Ha eKcrnepyMeHTasTHuTe
reHnaasmu, ca otpaseHu B Tabnvuya 1.

B Ta6bnuual ¢ 6an 1 ca otbens-
3aHu 34paBu pacTeHus, 6e3 CUMNTOMMW Ha
rnasHaTa (R). C 6an 4 Hag 10 % 60nHU
pacTeHuss — YyBCTBUTE/THOCT (S).

After calculating the attack index
(%) of each geneplasm, a score of 1-4 is
set, determining the degree of attack and
the corresponding category in which it
falls. The results obtained from the phyto-
pathological evaluation of the experiment-
al geneplasms are reflected in Table 1.

In Table 1 with score 1 are marked
healthy plants without symptoms of the
main R. With score 4 over 10% of
diseased plants — sensitivity S.
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Tabnuua 1. XapakKTepucTvka Ha eKCrnepuMeHTa/IHU LapeBUYHW reHnaasMm ot
KOJleKumMATa Ha VIHCTUTYT No 3emMefesnne n cemesHaHue ,,06pasuoB 4ngnuk” - Pyce B
3aBMUCMMOCT OT CTerneHTa Ha HanageHue oT Ustilago maydis (Bescman)

Table 1. Characteristics of experimental maize genplasms from the collection of the
Institute of Agriculture and Seed Science "Obraztsov Chiflik" - Ruse depending on
the degree of attack by Ustilago maydis (Bescman)

leHnnasma Ustilago maydis
N | Genplasm Ban/Score XapaktepucTtika
Whpa. Hana | kg, Hana [Mkg,. Hanal Wnp, Cp. 6an 3a Characteristics
neHve % | peHve % | peHne% Hana 2017-2019
2017 2018 2019 neHne % Average
Index of Index of | Index of | 2017-2019 score for
attack attack attack | Index of attack | 2017-2019
1 St. 20 0 0 0 0 1)¥croiune/ Resistant
2 Ekc. 1 -1 0 5 5 5 1ycToitums/ Resistant
3 Ekc.2 - | 10 10 10 10 4dyscTBUTENEH/ Sensitive
4 Ekc.3-1 1 10 10 7| 44yscTBUTENEH/ Sensitive
5 Ekc.4- | 0 0 0 0 1ycToitums/ Resistant
6 Ekc.5-1 15 10 10 11,66 44yscTBUTENEH/ Sensitive
7 Ekc.6- | 1 0 0 0 1)¥croiune/ Resistant
te] St.7 5 5 10 6,66 4 YyscTtBuTeneH/ Sensitive
9 Ekc.8- 1 10 15 25 16,66 44yscTBUTENEH/ Sensitive
10 |Ekc.9-1 0 0 0 0 1yctoitums/ Resistant
11  |Ekc.10- | 0 0 0 0 1ycToitums/ Resistant
12 |Ekc.11-1 5 10 10 8,33 44yscTBUTENEH/ Sensitive
13  |Ekc.12- | 0 0 0 0 1ycToitums/ Resistant
14 |St.13 0 0 5 1,66 1)¥croiune/ Resistant
15 |Ekc.14-1 10 15 5 10 4 YyscTtBuTENEH/ Sensitive
16 |Ekc.15-1 15 15 15 15 4UyscTBUTENEH/ Sensitive
17 |Ekc.16- 1 0 0 0 0 1)¥croiune/ Resistant
18 |Ekc.17-1 0 0 0 0 1ycToitums / Resistant
19 |Ekc.18-1 10 0 10 6,66 4UyscTBUTENEH/ Sensitive
20 [Ekc.19-1 0 0 0 0 1)¥croiune/ Resistant
21  |Ekc.20-1 0 0 0 0 1ycToitums/ Resistant
22 [Ekc.21-1 0 0 0 0 1)¥croiune/ Resistant
23 [Ekc.22-1 10 10 10 10 44yscTBUTENEH/ Sensitive
24  |[Ekc.23-1 1 2 0 1 1ycToitums/ Resistant
25 |[Ekc.24-1 10 15 15 13,3 44yscTBUTENEH/ Sensitive
26 |[Ekc.25-1 10 15 10 13,3 4UyscTBUTENEH/ Sensitive
27 |St.26 0 0 1 0 1ycToitums/ Resistant
28 [Ekc.27-1 15 15 10 13,3 44yscTBUTENEH/ Sensitive
29 |Ekc.28-1 0 0 0 0 1ycToitums/ Resistant
30 |[Ekc.29-1 15 10 5 10 44yscTBUTENEH/ Sensitive
CpegHo 9 9,1 9,8 9,4 E
MWH. 0 0 0 0 1
Makc. 15 15 25 16,6 4

NereHpa: C 6an 1 ca otbensasaHn 3apaBu pacTeHus, 6e3 CUMNTOMY Ha rnaBHsaTa R
C 6an 4 Hag 10 % 60nHM pacTeHus - YyBCTBUTENHOCT S.

Legend: Healthy plants without symptoms of the main R are marked with score 1,
With a score of 4 over 10% of diseased plants - sensitivity S.
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MexauHuu dopmn He 6sIxa OT-
KpuUTK T.e. pacTteHus ¢ 6an 2 ot 0,1 go
5,0% 3acerHatu pacTeHus/pacTeHnss C
Tymopu — ymepeHa yctoiumsocT (MR) 1
pacteHns ¢ 6an 3 ot 51 pgo 10%
3acerHaTu pacteHust ¢ TYMOpu — ymepeHa
yyBcTBUTENHOCT (MS).

AHaNM3bT Ha NoJly4YeHUTe pesysTa-
TV npu npoyyBaHute 30 ekcnepumeHTasl-
HWM TeHnnasMy nokasea, 4Ye TO3U Npu3Hak
OoCTaBa MOCTOSIHEH Mpe3 TOAMHUTE Ha
ekcrnepvMmeHTa kKato 16 oT TaAX He ca
passBunn TyMOpWu 1 nonagaT B kateropus
ycToinumeu. ToBa ca: St. 20, Eks.1, Eks.4,
Eks.6, Eks.9, Eks.10, Eks. 12, Eks.16,
Eks.17, Eks.19, Eks.20, Eks.21, Eks.23,
St. 26, St.28., St.13. Te morat ga 6baar
N3Mosi3BaHun KaTo N3TOYHMLM Ha
YCTOMYMBOCT KbM OOWKHOBEHA T/1aBHS
(Ustilago maydis (Bescman)) B 6baeLus
Ce/leKUMOHEH npoLec.

14 reHnnasmu ca pasBunn passvy-
HM Nno dopma ¥ rosemMHa cuBobenes-
HWKaBM TYMOPW, U3NBAHEHU C X1aMuio-
cropv 1 ca pearmpanu Kkato 4yBCTBUTES-
HW. Eks. 2, Eks. 3, Eks.5, Eks.8, Eks.11,
Eks. 14, Eks.15, Eks.18, Eks.22, Eks.24,
Eks.25, Eks. 27, Eks.29, St.7. MNMpu TaX
cemMeHarta He morart fa ce U3nonssaT kaTo
noceeBeH martepuan 3a cregpawa centba
n TpsbBa ga 6baaTr OTCTpaHeEHU OT ce-
NEKUNOHHUAT npouec. C Te3n reHniasmm
cnepBa ga ce paboTu B NoOcCOKa Ha puc-
KOBETE OT EeBEHTya/lHW 3arybu, npuynHs-
BaHW OT 3ab60/151BaHETO.

MpuumHUTE 3a TOBa Ce Ab/iKaT Ha
TOBa, Ye OT reHeTMyHa rnejHa Touka BCs-
Ka reHnnasma npeacrasnsBa  CROXeH
XeTepo3nroTeH marepuan u OT gpyra
CTpaHa, O6naronpuATHUAT KIMMaT Ha
palioHa cb3faBall, ycnoBmsa 3a 3anassaHe
M pa3BuTMe Ha nartoreHa. B mpoueca Ha
oTbopa TpsAbBa ga ce enuMuMHUpar reH-
nnasMuTe, NPosiBABaLLUM YyBCTBUTENHOCT
KbM buTonaroreHa Ustilago maydis.

N3BOAN

MpoBeaAeHUTe MNPOyYBaHUS BBHPXY
Ustilago maydis (Bescman) ca ocHOBaHwue
[Ja 6baaTt HanpaBeHW CNeaHUTe U3BOAN:

No intermediate forms were found,
ie. plants with a score of 2 from 0.1 to
5.0% of affected plants/plants with
tumours — moderate resistance MR and
plants with a score of 3 from 5.1 to 10% of
affected plants with tumours — moderate
sensitivity MS.

The analysis of the obtained results
in the studied 30 experimental
geneplasms shows that this feature
remains constant during the years of the
experiment as 16 of them have not
developed tumours and fall into the
category of resistant. These are: St. 20,
Eks.1, Eks.4, Eks.6, Eks.9, Eks.10, Eks.
12, Eks.16, Eks.17, Eks.19, Eks.20,
Eks.21, Eks.23, St. 26, St.28, St.13. They
can be used as sources of resistance to
Ustilago maydis in the future selection
process.

Fourteen of geneplasmas developed
different in shape and size grayish-white
tumours filled with chlamydospores and
reacted as sensitive. Eks. 2, Eks. 3,
Eks.5, Eks.8, Eks.11, Eks. 14, Eks.15,
Eks.18, Eks.22, Eks.24, Eks.25, Eks. 27,
Eks.29, St.7.

In them, the seeds cannot be used as
sowing material for the next sowing and
must be removed from the selection
process. These genes should be used to
address the risks of possible disease losses.

The reasons for this are due to the
fact that from a genetic point of view each
geneplasm is a complex heterozygous
material and on the other hand, the
favourable climate of the region creating
conditions for preservation and develop-
ment of the pathogen. Geneplasms
susceptible to the phytopathogen Ustilago
maydis (Bescman) must be eliminated
during the selection process.

CONCLUSIONS

The studies performed on Ustilago
maydis (Bescman) are the basis for the
following conclusions:
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Ot npoy4ysaHuTe 30 nNepcrneKkTuBHU
reHnnasmm 16 Ha 6poii nposiBsiBaT YCTOW-
yneocT kbM Ustilago maydis (Bescman).
ToBa ca: St. 20, Eks. 12, Eks.10, Eks.23,
Eks.16, Eks.2, Eks.3, Eks.4, Eks.6, Ekc.9,
Eks.13, Eks.17, Eks.19, Eks.20, Eks.2,
Eks. 6. Te moraT ga 6baaTt M3non3saHu
KaTo W3TOYHMUM Ha YCTOWYMBOCT B
cenekumaTa 3a cb3fgaBaHe Ha yCTO4MBU
KbM OOGWKHOBEHA 1aBHSA camoonpalleHu
JIVHUN 1 XnBpuan uapesunua.

14 oT reHnnasmMniTe ca pearvpanm
Kato uvyscTBuUTENHW. ToBa ca Eks .15, Eks.
11, Eks.8, Eks.24, Eks.1, Eks.5, St.7, Eks.
14, Eks.18, Eks.22, Eks.25, Eks. 27, Eks.
29 n Eks.30 n B npoueca Ha oTtbopa 6u
cnefiBano NOCTENEeHHo Aa ce eNIMMUHMPAT.

Taka HanpaBeHaTa dMTONATO/O-
TMYHa XapaKTepucTka MoXe ga Mocayxu
3a oboraTsiBaHe Ha COPTUMEHTA OT U3TOoY-
HULWN Ha YCTOMYMBOCT CNpPsIMO OOUKHOBE-
Ha rnaBHs.

Sixteen of the 30 promising genes
studied, were resistant to Ustilago maydis
(Bescman). These are: St. 20, Eks.1,
Eks.4, Eks.6, Eks.9, Eks.10, Eks. 12,
Eks.16, Eks.17, Eks.19, Eks.20, Eks.21,
Eks.23, St. 26, St.28, St.13. They can be
used as sources of resistance in selection
to create resistant to the common main
self-pollinated lines and hybrids of maize.

Fourteen of the gene plasmas
reacted as sensitive. These are Eks.15,
Eks.11, Eks.8, Eks.24, Eks.1, Eks.5, St.7,
Eks.14, Eks .18, Eks.22, Eks.25, Eks. 27,
Eks.29 n Eks.30 and in the process of the
team should be gradually eliminated.

The phytopathological characteristic
made in this way can be used to enrich
the assortment of sources of resistance to
ordinary principal.
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PE3IOME

Mpe3s nepuopga 2017-2019 r. B
ycnosuaTa Ha MNOJICKM TOPOB ONMUT B
palioHa Ha rpag [lneBeH e npoyyeHo
B/IMSIHWETO Ha TOPEHETO BBPXY BaKHU
arpoXUMmMyHK nokasatesm n gobmusute ot
Tpn copta 3MMeH eyemMuk: EMOH, Axun n
Ky6ep. M3cneaBaHo e BAUSIHMETO Ha hak-
TOpa a30THO TOpPEeHe, KOeTO € N3BbPLUEHO
€[HOKPaTHO KaTo paHHO MpPOSIETHO MNOA-
XpaHBaHe Ha (POH eceHHO TopeHe C PgKe.
EuyeMnKbT e oTrnexgaH creg npeawect-
BEHVK LapeBuua Cbr/lacHO Bb3npuerara
3a CTpaHaTa TexHO/orms. YCTaHOBEHO e,
ye BbB (hasa UbdTex cyxata bmomaca Ha
BeretaTtMBHUTE YacTu € C NO-BUCOKMN CTOM-
HOCTW, CpaBHeHa C Tasu Ha pas3BMBaLLuS
ce knac. CpefHO 3a ekcrnepvMeHTaHuA
nepuog, copt Axun oopmumpa Hain-ronsimo
KonuuectBo obwa 6uomaca npu Toposa
Hopma Ni, (522.5 kg/da). BkniousaHeTo
Ha TOPEHEeTO B OTINEeXAaHeTO Ha eyeMmKa
NoBMMSABa MOMIOXUTENIHO HAaTpyrnBaHeTo
Ha obuwa 6uomaca (ot 7 go 15 kg/da).
YBennyaBaHeTo Ha a30THaTa TopoBa Hop-
Ma CbLLECTBEHO MOBMLLIABA CTOWHOCTUTE
Ha nokasatens, ¢ 30 kg/da (Ng) n 50

SUMMARY

During the period 2017-2019 in the
conditions of field fertilization experiment
in the region of Pleven was studied the
influence of fertilization on important agro-
chemical indicators and the yields of three
varieties of winter barley: Emon, Ahil and
Kuber. The influence of the nitrogen
fertilization factor in the following variants
was studied: The nitrogen fertilizer was
applied once (early spring feeding) on the
back-ground of autumn fertilization with
P,oKs. Barley was grown after its
predecessor maize according to the
technology adopted for the country. It was
found that in the flowering stage the dry
biomass of the vegetative parts was with
higher values compared to that of the
developing class. On average for the
experimental period, the Ahil variety
formed the largest amount of total
biomass at a fertilizer rate of Ny, — 522.5
kg/da. The inclusion of fertilization in the
cultivation of barley had a positive effect
on the accumulation of total biomass in
the range of 7-15 kg/da. Increasing the
nitrogen fertilizer rate to Ng and N,

187



kg/da (Ni,). KoHUeHTpaumsita Ha OCHOB-
HUTE MakpoesieMeHTW B pacTuTenHara
Maca HapacTBa C MoBMLLIABaHe Ha TOpO-
BaTa Hopma. CpaBHsBalikv U3cneasaHuTe
COPTOBE MOMeXay VM, € yCTaHOBEHO, Ye C
Mo-BMCOKa KOHLEHTpauus Ha asoT, hoc-
cdop 1 kanuii B 3bPHOTO M cnamarta ce
oT/iMyaBaT copTtoBeTe Axun n Kybep,
cnpamo copT EmMoH. HapactBaHeTo Ha
asoTHaTa TOpoBa HOpMa BOAW [0 YBesu-
YyaBaHe Ha M3HOca Ha as3oT, dpocdop u
Ka/Imii C e4eMUYHOTO 3bPHO W 3HauUTen-
HO no-crabo BfMSe BbPXY W3HOCA Ha
XpaHUTENHN eNleMEHTN C eyeMuyHaTa cna-
mMa. Pa3nukute B W3HECeHWTe Kosmyec-
TBa as3oT npu Toposu HopMn Ng U Ny, ca
He3HauuTenHu. MpoAyKTMBHOCTTA Ha eve-
MWYHWTE COPTOBE [0Ka3aHo HapacTsBa C
noBuvLUIaBaHe Ha asoTHaTa TopoBa HOpMa.
PeanusnmpaHnaT no-sMcok p[obus npu
TopoBa HOopma Ng, CApPAMO HeTOpeHus
BapvaHT, e B rpaHuymTe Ha 130-140 kg/da
n 220-250 kg/da npu H1Ba Ha TopeHe Ng 1
Ni,. 3a nepuoga Ha mscnegBaHe COpPTO-
BeTe Axun n Kybep chopmmpar no-Bucoku
[06MBU Ha 3bPHO 1 C/lama, CPaBHeHU CbC
copT EMOH nMpy BCUYKM HMBA Ha a30THO
TOpeHe.

KnouoBn gymn: eyemuk, TOpPeHe,
cyxa 6uomaca, NpoAyKTMBHOCT

YBO/,
EueMukbT € KynTypa ¢ peguvua
arpoTexXHUYeckn npeaMMcTBa,  CrpsiMo

oCTaHaNINTe 3UMHU XWUTHU KynTypu. Kpat-
KUSIT My BereTauMoHeH nepuoj, Jasa Bb3-
MOXHOCT 3a Mo-paHHO NpuGupaHe Ha npo-
[OyKUMSITA U Cb3[aBa YC/I0BUSI 33 OTI/IeX-
[laHe Ha BTOpU KynTypu, C KOETO ce
YyNAbTHABAT CenT6006palleHnsiTa u no-
pauyoHasiHo ce u3nonsea 3emsita. Penos-
HaTa ynoTpe6a Ha €eYeMUYEHO 3bPHO
61aronpusiTCTBa NPOYMCTBAHETO Ha opra-
HM3Ma OT TOKCMHW. 3bpHAaTa U Kb/THOBETE
ca AMETUYHM U ca 34paBOC/IOBHA Ao6GaBKa
KbM XpaHeHeTo. Bwbnpeku nonsute ot
Tasn KynTypa, npe3 nocriefHuTe rofvHu,
nowuTe 1 Ao6MUBMUTE OT EeYEMUK B CTpa-
HaTa HWM HamansieaT. [lpoyyBaHeTO Ha
OT3MBYMBOCTTA HA COPTOBETE EUEMMK KbM

significantly increased the values of the
indicator by 30-50 kg/da, respectively. The
concentration of the main macronutrients in
the plant mass increaseed with increasing
fertilizer rate. Comparing the studied
varieties with each other, it was found that
with higher concentrations of nitrogen,
phosphorus and potassium in the grain
and straw were distinguished varieties Ahil
and Kuber, compared to the variety Emon.
The increase in the nitrogen fertilizer rate
leads to an increase in the uptake of
nitrogen, phosphorus and potassium with
the barley grain and had a significantly
smaller effect on the uptake of nutrients
with the barley straw. The differences in the
nitrogen uptake at fertilizer rates Ng and
N, were insignificant. The productivity of
barley varieties has been proven to
increase with increasing nitrogen fertilizer
rate. The realized higher vyield at fertilizer
rate Ng, compared to the non-fertilized
variant, was in the range of 130-140 kg/da
and 220-250 kg/da at fertilization rates Ng
and Nj,. During the study period, the Ahil
and Kuber varieties formed higher grain
and straw yields compared to the Emon
variety at all levels of nitrogen fertilization.

Key words: barley, dry biomass,
fertilization, productivity

INTRODUCTION

Barley is a crop with a number of
agronomic advantages compared to other
winter cereals. Its short vegetation period
allows for earlier harvesting and creation
of conditions for growing secondary crops,
which uses crop rotation and more
rational use of the land.

Regular use of barley grain promotes
cleansing of the body of toxins. The corn
and the germs are dietary and healthy
food supplements. Despite the benefits of
this crop, in recent years, the areas and
yields of barley in our country have
decreased.

The study of the responsiveness of barley
varieties to the diet under specific soil and
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XPaHUTESTHUS  PEXUM NPU  KOHKPETHU
NMOYBEHO-KNMMATUYHN YC/TIOBUA U KayecT-
BEHa arpoTexHuka e aktyasieH npobnem u
nscnefgaHeTo 6y 0Beso A0 rnonyvyaBaHe
Ha No-BMCOKMN 1 CTabWIHN AOBUBMN N €BEH-
TyanHO [0 yBe/MyaBaHe Ha nowute ¢
Tasu Kyntypa. Haii-3Hauumo Bb3gelicTeme
BBPXY NPOAYKTUBHOCTTA Ha MOJCKUTE Kyrl-
Typn (uapeBuua, evyemuk, panuua) nma
TopeHeTo ¢ a3oT u docchop (lvanov and
Dimitrov, 2018). OCHOBHUTE XpPaHUTEsSTHU
efleMeHTH, onpegenswm KoamyecTsoTo U
KauyecTBOTO Ha pacTuTeniHaTa npoayKLus
ca asorbT, pochopbT u kanuar. Te
3acarat npsko WM KOCBEHO [OHOPHO-
aKLenTopHWTe OTHOLIeHUs. A30TbT OKasBa
B/IMSIHWE BBPXY Pa3BUTUETO U NOALbPXA-
HEeTO Ha /IcTHaTa nnow, edekTuBHOCTTa
Ha dpoTocuHTesata (Arduini et al., 2006) n
pasnpefefieHNeTo Ha cyxa Maca KbM
penpoayktueHute opraHu (Vouillot and
Devienne-Barret, 1999; Prystupa et al.,
2004). ®octopbT BMse BbPXY 6pos Ha
3bpHata n gobusa 3bpHO (Elliot et al.,
1997). BbB haza nb/iHa 3pASIOCT noBeye
oT 80% oT a3ota u poctopa ce noka-
nm3upaT B 3bPHOTO U No-masiko ot 20%
oT kanus. OT 51% a0 89% oT dhocopa B
3bPHOTO Mpomn3xoxga oT d1aroBus JIncT.
Mpn Hepoctur Ha doocdhop chnaroBUsT
NINCT M3cbxBa 6BLP30 U cnvpa ga doTo-
CUHTE3Mpa, KoraTo 3bpHaTa ca HaTpynanm
eaBa 60% OT noTeHuuanHarta cu cyxa
Maca (Gonzalez and Trejo-Tellez, 2007).
CyxaTa Maca Ha BeretatuBHWTe 4acTu
npy eyemMuka OBUKHOBEHO HamansBa cref,
ubrexa (Austin et al., 1980). HanmBaHe-
TO Ha 3BbPHOTO Ce M3BbPLUBA 3a CMeTka
Ha acMMunatu, HaTpynaHu npegu ubgre-
Xa U BPEMEHHO CbXpaHeHu B fucTara,
cTbbnata u knacosete (Austin et al,
1980; Van Sanford and MacKown, 1987).
Cnopepf, HAkou aBTopu (Spiertz and Ellen,
1978; Bell and Incoll, 1990) HaTpynaHaTa
6rmomaca A0 UubTeXx ocTaBa 6€3 npoms-
Ha 3a OKOMo Tpu ceamuumn cnep ubdre-
Xa, BblNpekn Ye 3bPHOTO NpoAbsiKasa fa
akymynmpa Cyxo BewecTBo. B cnydyas
yBe/IMYaBaHETO Ha TErnoTo My Ce Ab/IXU
npeaviMHO Ha akymysvpaHe Ha BoJopas-

climatic conditions and quality agricultural
techniques is a current problem and its
study would lead to higher and stable
yields and possibly to an increase in the
area with this crop.

The most significant impact on the
productivity of field crops (maize, barley,
rapeseed) has fertilization with nitrogen
and phosphorus (lvanov and Dimitrov,
2018). The main nutrients that determine
the quantity and quality of the plant
production are nitrogen, phosphorus and
potassium. They directly or indirectly
affect donor-acceptor relations. Nitrogen
affects the development and maintenance
of the leaf area, the efficiency of
photosynthesis (Arduini et al., 2006) and
the distribution of dry mass to the
reproductive  organs  (Vouillot  and
Devienne-Barret, 1999; Prystupa et al.,
2004). Phosphorus affects the number of
grains and grain yield (Elliot et al., 1997).

In the full maturity stage, more than 80%
of nitrogen and phosphorus are localized
in the grain and less than 20% of
potassium. From 51% to 89% of the
phosphorus in the grain comes from the
flag leaf. In the deficiency of phosphorus,
the flag leaf dries quickly and stops
photosynthesizing when the grains have
accumulated only 60% of their potential
dry mass (Gonzalez and Trejo-Tellez,
2007). The dry mass of the vegetative
parts in barley usually decreases after
flowering (Austin et al., 1980). Grain
growth occurs at the expense of
assimilates accumulated before flowering
and temporarily stored in leaves, stems
and spikes (Austin et al.,, 1980; Van
Sanford & MacKown, 1987). According to
some authors (Spiertz and Ellen, 1978;
Bell and Incoll, 1990), the accumulated
biomass until flowering remains unchanged
for about three weeks after flowering,
although the grain continues to accumulate
dry substance. In this case, the increase
in weight is mainly due to the accumulation
of water-soluble carbohydrates (Bonnett
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TBOPMMUK Bbraexnapatu (Bonnett and Incoll,
1992). YcTaHOBEHO €, Ye Mo-BMCOKa Npo-
OYKTUBHOCT Ha 3UMEH eyeMuK ce peasu-
3upa npu ONTUMaJHO ChbyeTaBaHe Ha
arpotexHuyeckute aktopy — obpaboTka
Ha noysarta, TOpPeHe, PacTUTEsSIHO 3aLuT-
HK meponpuaTusa (Bazitov et al., 2011).

Llenta Ha u3cnegBaHeTo e pa ce
npoyyu BUAHWETO Ha TOPEHETO BBLPXY
U3HOCa, pasxofia Ha XpaHUTEeNHW Bellec-
TBa W MNPOAYKTUBHOCTTA MNpU COPTOBE
3UMEH evyeMuK.

MATEPWNANT N METOA4WA

M3nnuTBaHM ca Tpu COPT 3UMEH
eyemuk: EmMoH, Axun u Kybep, kato e
NMPOYYEHO B/IMSHMETO Ha hakTopa a3oTHO
TOpeHe npu cnegHwute BapuaHTu: 1.
KoHTpona; 2. NgPigKe; 3. NgPioKs 1 4.
Ni2P1oKe kg/da akTMBHO  BellecTBo.
OnnTbT € 3as0XeH B 4 MNOBTOPEHUA C
rofieMnHa Ha pekonTHara napuena 20 m?>.
MouBaTa B OMWUTHUS YYyacTbK € alyBUasiHoO-
NMBajHa, xapakTepuampalia ce cbC cpeg-
HO pa3BUT XYMYCEH XOPU3OHT, MHOIO HUC-
Ka 3anaceHocT ¢ MuHepaneH asoT (36.2
mg/kg nouysa), cnabo 3anaceHa c MoABu-
XeH dhocpop (5.7 mg/100 g nousa) u
pobpe 3anaceHa ¢ ycBoum Kanuin (41.5
mg/100 g nouBa). Cnopep, Valcheva et al.
(2015) noBeveTO NOYBM ChABbPXKAT 3HAUU-
TENHN KOMMYEecTBa OpraHuyeH asoT, HO
MHOrO rofiiMa 4acT OT Hero ce fBsBa
XUMUYECKN UMnn Pn3nyeckn cBbp3aH u
yCcTOluMB Ha pasnaraHe. Camo Masika
yacT OT TO3M a30T e Mo-aKTMBHA 1 urpae
pons KaTo W3TOYHUK Ha cybeTpar 3a
asoTHaTa MUHepan3auus.

Peakumsita Ha nouysata e crabo
kncena (pH = 6.5).

M3nonssaHute meToaMm 3a MO4YBEH
aHasn3 BK/IOYBAT:

v" MwuHepaneH asor
(amoHneB+HUTpaTeH) B n3Bnek ¢ 1% KClI;

v' TMoaBwxHK dpocaTtn no ErHep-
Pwiim;

v\ YcBouM kanuii B m3Bnek ¢ 2N
HCI;

v' Peakuyuss Ha nouBata (pH) -
NOTEHUNOMETPUYHO BbB BOAEH U3BJIEK.

and Incoll, 1992). It was found that higher
productivity of winter barley was realized
with an optimal combination of agro-
technical factors - tillage, fertilization,
plant protection measures and others
(Bazitov et al., 2011).

The aim of the study was to
investigate the effect of the fertilization on
the uptake and expense of the nutrients
and the productivity of winter barley
varieties.

MATERIAL AND METHODS

Three varieties of winter barley
were studied: Emon, Ahil and Kuber, and
the influence of the nitrogen fertilization
factor was investigated in the following
variants: 1. Control; 2. NgP10Ks; 3. NgP10Kg
and 4. Nj;P10Ke kg/da active substance.
The experiment was set in 4 repetitions
with plot size of 20 m® Soil in the
experimental plot is Eutric Fluvisols,
characterized by a moderately developed
humus horizon, very low stocked of
mineral nitrogen (36.2 mg/kg soil), poorly
stocked with mobile phosphorus (5.7
mg/100 g soil) and well stocked with
absorbable potassium (41.5 mg/100 g
soil). According to Valcheva et al. (2015)
most soils contain significant amounts of
organic nitrogen, but a very large part of it
is chemically and/or physically bound and
resistant to decomposition. Only a small
part of this nitrogen is more active and
plays a role as a source of substrate for
nitrogen mineralization.

The reaction of soil is slightly acidic
(pH = 6.5).

The methods used for soil analysis
include:

v' Mineral nitrogen (ammonium +
nitrate) in extract with 1% KCI;

v" Mobile phosphates according to
Egner-Reim;

v' Absorbable potassium in the
extract with 2N HCI;
v Saoll reaction (pH) -

potentiometrically in water extract.
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PactutenHn aHanusu:

BbB (hasa ubTex Ha eyemumka ca
B3€TW METPOBKW OT pacTutesiHu npobu —
Haf3emHarTa yacT Ha pacTeHusTa. Cbluym-
Te ca pasfefneHn Ha NCTHO-CTbO/eHa
mMaca n ubdTAw, knac. Cnep nscylasaHe
n cMunaHe, pactutenHute npobu ca aHa-
NM3MpaHn 3a CbAbpXaHue Ha asoT, doc-
dop n kanuii. BbB husnonornyHa 3ps-
NOCT ca B3eTU MEeTpOBKM OT Haj3leMHarta
yacT Ha pacTeHusita. CblunTe ca npeTer-
NeHW, U3CYLIeHNn [0 MOCTOSAHHO Terno,
cnej KOeTo ca pasfiefleHn Ha 3bpHO U
cnama. AIMKBOTHa 4acT OT Cyxute pactu-
TeNHW Npobu e MUHepasn3upaHa C KOH-
ueHtpupaHa H,SO, npu katanmsartop
H,O, n e onpegeneHo o6LWWOTO Kosmyec-
TBO Ha as3oTa (4pes gecTunaums B anapar
Ha MapHac-BarHep); 06wy, dpoccop (Kono-
pYMETPMYHO Ha  CneKTpodoTOMETHP,
mogen Camspec M105) n 06w, kasmin (Ha
nnambKOB poToMeTsp, Mogen PFP-7).

PactutenHute aHanusu BkIO4YBAT
cnefHvTe nokasaTesiv Ha usc/efBaHe:

v/ HaTpynaHa cyxa HajazemHa
6uomaca (kg/da) BbB hasa LubdTeX;

v cbaobpxaHue (%) Ha asoT,
hocdop 1 kanuii B HaA3EMHUTE YacTu Ha
pacTeHusAsTa BbB asute UbPTEX W
chmanonornyHa 3psocT;

v" u3Hoc (kg/da) n pasxopn (kg/100
kg 3bpHO) Ha N, P 1 K;

v’ pobusu Ha  OCHOBHa MU
ponbriHuTeNnHa npoaykums (kg/da).

MatemaTtnyeckata o6paboTka Ha
JaHHUTe e HanpaseHa Ha SPSS nporpama.

PE3YJITATU N OBCBXXOAHE

AKyMy/MpaHe Ha cyxa buomaca
Bbe ¢haza ubdrex (Tabnuuya 1)
cyxaTa 6romaca Ha BereTaTuBHWUTE 4YacTu
€ MNo-BNUCOKa, B CpaBHEHWEe CbC ChbliaTa
Ha passmBawms ce knac. CpefgHo 3a
eKCnepuMeHTasIHUA nepuog, copt Axun
hopmmupa Han-ronsiMo KonmyecTeo obua
6uomaca npu TopoBa Hopma Ni, (522.5
kg/da), cnegBaH ot copT Kybep (509.6
kg/da). CopT EMOH e c Hail BUCUKK CTOIA-
HOCTU Ha nokasatens (487.5 kg/da) npwu
TopoBa Hopma Ng. HesaBucmmo oT Tope-

Plant analyses:

Meters were taken from plant
samples in the flowering stage of barley —
the aboveground part of the plants. They
were divided into leaf-stem mass and
flowering class. After drying and grinding,
the plant samples were analyzed for
nitrogen, phosphorus and potassium
content. At physiological maturity, meters
were taken from the aboveground part of
the plants. They were weighed, dried to a
constant weight and then divided into
grain and straw. An aliquot part of the dry
plant samples was mineralized with
concentrated H,SO, under an H,0,
catalyst and the total amount of nitrogen
was determined (by distillation in a
Parnassus-Wagner  apparatus); total
phosphorus (colorimetric on a
spectrophotometer, model Camspec
M105) and total potassium (on a flame
photometer, model PFP-7).

Plant analyses include the following
test indicators:

v' accumulated dry aboveground
biomass (kg/da) in the flowering stage;

v content (%) of nitrogen,
phosphorus and potassium in the
aboveground parts of the plants in the
stages of flowering and maturity;

v' uptake (kg/da) and expense
(kg/100 kg of grain) of N, P and K;

v yields of main and additional
production (kg/da).

Mathematical data processing is
done on SPSS program.

RESULTS AND DISCUSSION

Accumulation of dry biomass

In the flowering stage (Table 1) the
dry biomass of the vegetative parts was
higher than that of the developing class.
On average for the experimental period,
the Ahil variety formed the largest amount
of total biomass at fertilizer rate Ny, —
522.5 kg/da, followed by the varieties
Kuber — 509.6 kg/da and Emon — 487.5
kg/da. Despite fertilization, the share of
the growing class of the dry mass was
higher in the varieties Ahil and Kuber,
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HeTO, AeNbT Ha pacTALLMA Knac OT cyxarta
Maca € C MO-BUCOKM CTOWHOCTU npu
coptoBeTe Axun n Kybep, cpaBHEHM CbC
copT EMOH. BkntoyBaHeTO Ha TOPEeHeTo
noBnusiBa MNOJIOKUTENHO HAaTpPynBaHeTo
Ha oblla 6uomaca npu coptoBeTe EMOH
(c 7.3 kg/da), Kybep (c 11.3 kg/da) u Axun
(15.2 kg/da). YBenmyaBaHeTo Ha a30THa-
Ta TopoBa Hopma A0 Ng u Nj, cbLlecT-
BEHO MOBMLIABa KO/MYECTBOTO Ha chop-
MupaHaTa 6umomaca CbC CTOMHOCTM OT
nopsifibka Ha 27-28 kg/da 3a copT EMOH,
33-38 kg/da 3a copT Kybep n 49-53 kg/da
3a copT Axun. C Hali-ronsam gan Ha knaca
(31.0%) oT obujaTa cyxa Maca ce xapak-
Tepusmpa copt Axun npu TopeHe ¢ Ni,.
Bes TopeHe NpOoLEHTHLT Ha knaca oT obuiata
6uomaca e C nMpuUbNAU3NTENIHO efHaKBu
CTOHOCTMN NPU N3NUTBAHUTE TEHOTUNN.

compared to the variety Emon. The
inclusion of fertilization had a positive
effect on the accumulation of total
biomass by 7.3 kg/da in the -cultivar
Emon, by 11.3 kg/da in the cultivar Kuber
and by 15.2 kg/da in cultivar Ahil.
Increasing the nitrogen fertilizer rate to Ng
and Ny, significantly increased the amount
of formed biomass with values in the
range of 27-28 kg/da for the variety Emon,
33-38 kg/da for the variety Kuber and 49-
53 kg/da for the variety Ahil. The Ahil
variety is characterized by the largest
share of the class of the total dry mass
when fertilized with Ny, — 31.0%. Without
fertilization, the percentage of the total
biomass class had approximately the
same values for the tested genotypes.

Tabnmuya 1. Cyxa HagsemHa 6uomaca (kg/da) v gan Ha ubPTAWMA Kiac oT
6rvomacaTa Ha eyeMyrKa B LbQpTEX CPeAHO 3a Nepnoga Ha nlcnegBaHe
Table 1. Dry aboveground biomass (kg/da) and share of the flowering class of

barley biomass in flowering average for the study period
CopT A30THa PacTaLy, Jlucta Oo6uwa Knac / buomaca| % Ha knaca ot
\Variety Hopma Knac 1 cTbbna 6vomaca |Class/Biomass| o6Lwara 6uomaca
Nitrogen Growing Leaves Total % of the total
rate class and stems biomass biomass class
No 105.6 338.2 443.8 0.238 23.8
EmoH Ne 112.9 3415 454.4 0.248 24.8
Emon Ng 132.4 355.1 487.5 0.272 27.2
N12 133.5 349.7 483.2 0.276 27.6
No 109.3 341.1 450.4 0.243 24.3
AXUn Ne 124.5 355.3 479.8 0.259 25.9
Ahil Ng 158.7 362.6 521.3 0.304 30.4
N1 162.0 360.5 522.5 0.310 31.0
No 111.6 340.3 451.9 0.247 24.7
Ky6ep Ns 122.9 349.0 471.9 0.260 26.0
Kuber No 149.5 357.8 507.3 0.295 29.5
N1 144.2 365.4 509.6 0.283 28.3

CbabpXaHue Ha a3oT, hocdop u
Kanuii B pactutesiHata 6uomaca

BbB hasa ubdpTeX CbAbPXKAHUETO
Ha a30T ¥ docdop € MO-BUCOKO B pas-
BMBALLMA Ce K/ac, OTKOJIKOTO B JIMCTHO-
cTbbreHaTa Maca npy BCUYKM U3NUTBaHN
COpPTOBE (3@ BCUYKM HMBA Ha a30THO Xpa-
HeHe), AoKaTO NpY Kanns CbAbpXaHWeTo
€ no-BMCOKO BbB BeretatuBHata Maca
(Tabnuua 2). YBenmuyaBaHeTO Ha a30THa-
Ta TOpoBa HOpmMa BOAM A0 MNOBULIABAaHe
KOHLEHTpauuaTa Ha OCHOBHWTE Makpo-

Content of nitrogen, phosphorus
and potassium in plant biomass

In flowering stage, the content of
nitrogen and phosphorus was higher in
the developing class than in the leaf-stem
mass in all tested varieties (for all levels of
nitrogen nutrition), while in potassium the
content was higher in the vegetative mass
(Table 2). The increase of the nitrogen
fertilizer rate leads to an increase of the
concentration of the main macronutrients
in the plant biomass. In the varieties Ahil
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efleMeHTu B pactuTenHara 6uomaca. Mpu
coptoBeTe Axun (1.95%) n EmoH (1.69%),
KO/IMYECTBOTO Ha asoTa B pacTALlus Knac
€ Hai-BMCOKO BbB BapuaHTMTe C TOpoBa
Hopma Ng. CopT Kybep perncrtpmpa mak-
cMasiHa CTolHoCT (1.88%) Ha enemeHTa
npu toposa Hopma N12. Mo oTHOoweHwne
Ha KosmyecTBoTO (pocchop B pacTawms
Knac, CbLEeCTBEHN pas/INKM Mexay cop-
TOBETE He ca YCTaHOBEHW. AHAJSIOTUYHU
ca n pesynratute OTHOCHO KO/IMYEeCTBOTO
Ha Kanmii B passmBalyus ce knac, Bbhpe-
KW TEeHAEHUMSATa 3a Mo-BUCOKN CTOMHOCTY
Ha nokasarensa npu coprtosete AxXun u
Ky6ep, cnpsamo copT EMOH. Hali-HUCHK
NPOLIEHT Ha Kasnii B pacTawms knac (6es
TOpeHe), e oTyeTeH npu copt EMOH
(0,87%) n No-BMCOK Mpu copToBeTe Axun
n Kybep, CbC CTOMHOCTM CBHOTBETHO —
1.03% un 0.96%. CbaobpxaHMeTo Ha asorT,
doochop M Kanuii B JIMCTHO-CTbOIEHATA
mMaca (He3aBMCMMO OT TOPEHETO) e mo-
BMCOKO npu coptoBeTe Axun un Kybep,
CpaBHeHO C ToBa Ha copT EmoOH. Konwu-
4ecTBOTO Ha MakpOesieMeHTUTE B Haf3eM-
HUTE YacTu Ha eyemuka e 6e3 cblyec-
TBEHU pas3nunkn npu TopeHe ¢ Ng 1 Ny,.

(1.95%) and Emon (1.69%), the amount
of nitrogen in the growing class was the
highest in the variants with fertilizer rate
No. Variety Kuber registered a maximum
value (1.88%) of the element at fertilizer
rate Ni,. Regarding the amount of
phosphorus in the growing class, no
significant  differences  between the
varieties were found. The results
regarding the amount of potassium in the
developing class were similar, despite the
tendency for higher values of the indicator
in the varieties Ahil and Kuber, compared
to the variety Emon. The lowest
percentage of potassium in the growing
class, without fertilization, was reported
for the variety Emon (0.87%) and higher
for the varieties Ahil and Kuber, with
values of 1.03% and 0.96%, respectively.
The content of nitrogen, phosphorus and
potassium in the leaf-stem mass
(regardless of fertilization) was higher in
the varieties Ahil and Kuber, compared to
the variety Emon. The amount of
macronutrients in the aboveground parts
of barley was without significant
differences in fertilization with Ng 1 N1,

Ta6bnuua 2. CbaobpxKaHMe Ha a3oT, coctop n kanmin (%) BLB hasa LbhpTex

CpegHo 3a nepuoga Ha nacrnegBaHe

Table 2. Nitrogen, phosphorus and potassium content (%) in the flowering stage

average for the study period

Copt A30THa Hopma PacTsaw knac / Growing class JNlucta n ctbbna / Leaves and stems
Variety Nitrogen rate N P,0s K0 N P,0s K0
No 1.36 0.52 0.87 0.93 0.31 2.12
EMOH Ne 1.48 0.68 1.11 1.05 0.44 2.39
Emon Ng 1.69 0.77 1.15 1.21 0.53 2.57
N1 1.65 0.77 1.19 1.34 0.61 241
No 1.43 0.61 1.03 1.10 0.33 2.28
Axun Ns 1.56 0.73 1.14 1.23 0.48 241
Ahil Ng 1.95 0.81 1.24 1.33 0.55 2.62
N1 1.82 0.89 1.31 1.38 0.52 2.59
No 1.39 0.59 0.96 1.07 0.30 2.26
Ky6ep Ne 1.57 0.70 1.15 1.22 0.45 2.44
Kuber Ng 1.73 0.78 1.29 1.34 0.49 2.76
Nio 1.88 0.82 1.35 1.31 0.51 2.65

KoHueHTpaumaTa Ha as3oT MU The concentration of nitrogen and

hochop B €YEMMYHOTO 3bPHO € C Mo-
BMCOKW CTOMHOCTW, CMpsIMO Ta3n B cna-
mMarta, AoKaTo KO/IMYeCcTBOTO Ha Kasus e
Mo-BUCOKO B e4yeMmUyHaTa criama, cpaBHe-

phosphorus in barley grain was higher
than that of straw, while the amount of
potassium was higher in barley straw than
in grain (Table 3). In the variant without
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HO C ToBa B 3bpHOTO (Tabnuuya 3). MNpu
BapuaHTa 6e3 TopeHe U3NUTBaHWUTE reHo-
TUNKU Ce xapakTepusnpar ¢ 6/M3KN CTOW-
HOCTW Ha NpoueHTa asoT B 3bPHOTO. YBe-
iMyaBaHeTo Ha TopoBaTa Hopma BOAW [0
noBuLLIaBaHe Ha KOHLEeHTpauusTa Ha ene-
MEeHTa B 3bpHOTO. Pesyntatute ot aHa-
/In3a nokasBeart, Ye CbLECTBEHUN pa3imyns
B KO/IMYECTBOTO @30T B €4EMUYHOTO 3bp-
HO npu TopoBuM HopmMu Ng M N, He ca
ycTaHoBeHU. OTHOCHO MpoLeHTa Ha hoc-
doop 1 Kanmii B 3bPHOTO, pesyntatuTe ca
noAo6HN ¢ Te3n npu aszota. CpaBHSABalKK
nscnegBaHNTe COpTOBE € YCTaHOBEHO, Ye
coptoBeTe Axun n Kybep ca ¢ no-BMcoka
KOHLEeHTpauusa Ha doccop n kanuii B
3bPHOTO cNpsAMO copT EMOH. Mo oTHoLWe-
HMe Ha CbAbpPXaHWETO Ha MakpoeneMeH-
TM B eyemMuyHaTa cnama, TeHAeHuusTa e
aHasiormyHa.

fertilization, the tested genotypes were
characterized by close values of the
percentage of nitrogen in the grain.
Increasing the fertilizer rate leads to an
increase in the concentration of the
element in the grain. The results of the
analysis show that significant differences
in the amount of nitrogen in the barley
grain at fertilizer rates Ng and N, were not
found. Regarding the percentage of
phosphorus and potassium in the grain,
the results were similar to those for
nitrogen. Comparing the studied varieties,
it was found that the varieties Ahil and
Kuber had a higher concentration of
phosphorus and potassium in the grain
compared to the variety Emon. Regarding
the content of macronutrients in barley
straw, the trend was similar.

Ta6bnuua 3. CbabpxkaHMe Ha as3oT, ¢occop n kamn (%) BLB haza 3psNoCT

cpefHo 3a nepuoja Ha uscreaBaHe

Table 3. Nitrogen, phosphorus and potassium content (%) in the maturity stage

average for the study period

Copt A30THa HopMa 3bpHO / Grain Cnama / Straw
Variety Nitrogen rate N P,0s K;0 N P,0s K;0
No 1.95 0.49 1.05 0.98 0.28 1.23
EmoH Ne 2.11 0.67 1.24 1.05 0.32 1.49
Emen No 2.30 0.77 1.48 1.33 0.47 162
N1 2.29 0.81 1.56 1.28 0.55 1.69
No 2.07 0.59 1.19 1.13 0.20 1.30
Axun Ns 2.32 0.73 1.37 1.20 0.32 1.58
Ahil No 2.68 0.89 1.62 1.41 0.61 1.79
N1, 2.55 0.83 1.66 1.45 0.68 1.77
No 2.03 0.52 1.12 1.04 0.25 1.34
KyGep Ne 2.39 0.67 1.31 1.36 0.35 1.51
Kuber No 254 0.93 167 1.40 0.5 1.76
N1 2.60 0.85 1.74 1.48 0.63 1.82
M3HOC n pasxopn Ha asoT, doc- Uptake and expense of nitrogen,

¢op 1 Kannii ¢ pactuTenHata buomaca

KonnmuecTBOoTO Ha W3HeceHwWTe OT
eyemmKka MakpoesleMeHTM Bapupa B
3aBMCHMOCT OT KOHLleHTpauuaTa Ha asor,
doocchop n kanuii B pactuTenHata 6uo-
Maca 1 0T )OpMUPaAHOTO CyXO BELLECTBO
(Purypm 1, 2 n 3). CbaobpxaHMeTO Ha
MakpoesieMeHTN B pacTuTenHaTa maca u
HaTpyrnBaHeTO Ha Cyx0 BeLecTBO ce

phosphorus and potassium with plant
biomass

The macronutrients uptake from
barley vary depending on the
concentration of nitrogen, phosphorus and
potassium in the plant biomass and on the
dry matter formed (Figures 1, 2 and 3).
The content of macronutrients in the plant
mass and the accumulation of dry matter
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noBAMsiBa OT TEeHOTUNA, KIMMaTUYHUTE
yC/I0BWSl, TOPEHETO N (pasaTa Ha pasBu-
TMe Ha KynTtyparta. BapupaHeTo Ha egy-
HUA NokaszaTen (B pe3ynrtaT Ha n3bpoeHu-
Te dhakTopu) He BMHaArM e ycrnopegHo c
BapupaHeTo Ha apyrusi. CpegHo 3a ekc-
NepyMeHTa/IHNA Nepuoj, € YCTaHOBEHO,
ye HapacTBaHeTO Ha asoTHaTa TopoBa
Hopma BOAM [0 YBe/MYaBaHe Ha M3Hoca
Ha as30T ¢ pacTuTenHaTa maca (®urypa 1).

are influenced by the genotype, climatic
conditions, fertilization and the stage of
the crop growth. The variation of one
indicator, as a result of the listed factors,
was not always parallel to the variation of
the other. On average for the
experimental period, it was found that the
increase in the nitrogen fertilizer rate
leads to an increase in nitrogen uptake
with the plant mass (Figure 1).

B 3Hoc 3bpHo Uptake grain

B 3Hoc cnama Uptake straw

1 0B maHoc Total uptake
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NO | N6 | N9 |N12

EmoH/Emon

NO | N6 | N9 [N12| NO | N6
AsemndAhil Kybep/Kuber

-

[ ns [z

®dur. 1. U'3HOC Ha a30T cbC 3bPHOTO 1 cniamaTta (kg/da)
Fig. 1. Nitrogen uptake with grain and straw (kg/da)

MMo-ronemun kosmyecTBa asoT CbC
3bPHOTO U CbC cnamara (Npu BCUYKN HU-
Ba Ha TOPEHe), U3HacAT copToBeTe AXun
n Kybep, cpaBHeHM cbC copT EmoH. Haii-
rofIIMO KOMMYeCTBO a30T CbC 3bPHOTO
n3Haca copt Axun npu TopeHe ¢ Ng (12.2
kg/da). Pasnvkute B U3HECeHWUTe Konu-
yecTtBa a3oT npu TopoBu HOpMU Ng 1 Nip
ca HesHauuTeNHW 3a u3cnefsaHuTe cop-
ToBe. OOLWMAT M3HOC Ha a3oT MpPU KOH-
TponHMA BapuaHT e 6.9; 8.0 n 8.4 kg/da
3a CopToBeTe, KakTo cnepsar: EMOH,
Kyb6ep n Axun. MNoBuiaBaHeTO Ha TOPO-
Bata Hopma A0 Ne BOAM [0 HapacTBaHe
Ha u3Hoca Ha a3oT ¢ 4.1 kg/da npu copt
EmoH, ¢ 4.9 kg/da npu copT Axun un ¢ 5.6
kg/da npu copt Kybep. TopeHeTo ¢ Ng u
Ni, yBesmyaBa MW3HECEHUTEe KonunyecTsa

Larger amounts of nitrogen with
grain and straw, at all levels of fertilization,
were uptake by the varieties Ahil and Kuber,
compared to the variety Emon. The
largest amount of nitrogen with the grain
was uptake by the Ahil variety when
fertilized with Ny (12.2 kg/da). The
differences in the uptake quantities of
nitrogen at fertilizer rates Ng n Ny, were
insignificant for the studied varieties. The
total nitrogen uptake in the control variant
was 6.9; 8.0 n 8.4 kg/da for the varieties
as follows: Emon, Kuber and Ahil
Increasing the fertilizer rate to Ng leads to
an increase in nitrogen uptake by 4.1
kg/da in Emon variety, by 4.9 kg/da in Ahil
variety and by 5.6 kg/da in Kuber variety.
Fertilization with Ng and N;5 increases the
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asoT Cc pacTuTesiHaTa 6momaca ot 8 go 12
kg/da, cnpsiMo HeTOpeHns1 BapmaHT. A30T-
HOTO TOpPEHe MOoBAWABA MNONOXUTENIHO U
M3HOCa Ha hocop CbC 3bPHOTO, KOWTO
Bapypa oT 1.0 kg/da (3a HeTopeHus
BapuaHT) go 4.0 kg/da (3a no-sucokute
HMBa Ha a30THO XpaHeHe) — durypa 2. 3a
pasnvka oT dpochopa N3HECEH C e4EMMUY-
HOTO 3bPHO, YBE/IMYABAHETO Ha a3oTHaTa
TOpoBa HopMa noB/vsiBa No-cnabo M3HOo-
ca My cbC cnamarta. O6WMAT U3HOC Ha
doocchop e ¢ Hail-BUCOKM CcTonHOCTK (6.8
kg/da ) 3a copT Kybep npu TopeHe ¢ Nq.

uptake amounts of nitrogen with plant
biomass in the range of 8-12 kg/da,
compared to the control variant. Nitrogen
fertilization also had a positive effect on
phosphorus uptake with the grain, which
varies from 1.0 kg/da (for the control
variant) to 4.0 kg/da for the higher rates of
nitrogen nutrition (Figure 2). Unlike
phosphorus uptake with barley grain, the
increase in the nitrogen fertilizer rate had
a lesser effect on its straw uptake. The
total uptake of phosphorus had the
highest values (6.8 kg/da) for variety
Kuber when fertilizing with Ng.

B 3Hoc 3bpHo Uptake grain

B 3Hoc cnama Uptake straw

1 0B maHoc Total uptake

70 1

6,0 1

5.0 4

4.0 1

309"

2,0 1

1.0 1

0,0

EmoH/Emon Wn/Ahil

NO | N6 | N9 |[N12| NO | N6 | N9 [N12| NO | N6 | N9 N‘IQT
Ax

KybBep/Kuber

dur. 2. I3HoC Ha dhochop cbC 3bPHOTO 1 criamaTa (kg/da)
Fig. 2. Phosphorus uptake with grain and straw (kg/da)

Be3 npunaraHe Ha TOpeHe M3nuT-
BaHUTE COPTOBE peann3mpar M3HOC Ha
Kasmii cbc 3bpHOTO OT 2.0 go 2.5 kg/da
(durypa 3). BknwuBaHETO Ha TOpeHeTo
noBuLLaBa CTOMHOCTUTE Ha nokasaTens ¢
2.0-2.5 kg/da npu otgenHute copToBe, a
XpaHeHeTo ¢ Ng 1 Ni5, CbOTBETHO C OKOJ10
5.0 kg/da. AHanormyHm pesyntatm ca
pesyntatute OTYETEHU NpW U3HOCAa Ha
Kanmii B cnamara.

Without fertilization, the tested
varieties uptake potassium with the grain
from 2.0 to 2.5 kg/da (Figure 3). The
inclusion of fertilization increases the
values of the indicator by 2.0-2.5 kg/da for
individual varieties, and feeding with Ng
and Ni,, respectively by about 5.0 kg/da.
Similar results were the results reported
for the uptake of potassium in the straw.
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® M3Hoc 3bpHO Uptake grain - mAaHoc cnama Uptake straw

® 06w naHoc Total uptake
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dur. 3. I3HOC Ha Kannii cbC 3bPHOTO 1 cniamaTta (kg/da)
Fig. 3. Potassium uptake with grain and straw (kg/da)

Pa3xonbT Ha as3oT, docdop U Ka-
Nnii 3aBUCK OT CbObPXKAHNETO Ha Makpo-
efleMeHTUTe BbB (bopMMpaHaTa pactu-
TenHa 6uomaca v peanusvpaHua [o6uvB
Ha 3bpHO (Tabnuua 4). CpaBHsABaliKK
peakumsiTa Ha W3NUTBaHWTE COPTOBE MO
TO3M rokasaTesl € yCTaHOBEHO, Ye HsaMa
CbWECTBEHN pa3/Mkn B CTOAHOCTUTE
Mexay W3nuTBaHuTe reHoTunu npu pas-
JINYHWTE HMBA Ha a30THO TOPEHE.

The expense of nitrogen,
phosphorus and potassium depends on
the content of macronutrients in the
formed plant biomass and the realized
grain yield (Table 4). Comparing the
reaction of the tested varieties on this
indicator, it was found that there were no
significant differences in the values
between the tested genotypes at the
different levels of nitrogen fertilization.

Ta6nuua 4. Pa3xopg Ha a3oT, dpocdop n kanmin (kg/da) ¢ pactutenHata buomaca

CpegHo 3a nepuoga Ha nacrnegBaHe

Table 4. Expense of nitrogen, phosphorus and potassium (kg/da) with plant

biomass on average for the study period

Coprt / Variety A3oTHa Hopma / Nitrogen rate N P,0s K20
No 3.4 0.9 2.9
EMOH Ns 3.3 1.0 2.9
Emon Ng 3.5 1.2 3.0
N12 3.4 1.3 3.1
No 3.8 0.9 3.2
Axun Ne 3.6 1.1 3.0
Ahil Ng 4.0 1.4 3.2
N12 3.9 15 3.3
No 3.6 0.9 3.2
Kybep Ng 3.8 1.0 2.9
Kuber Ng 3.8 15 3.3
N3, 4.0 1.4 3.5
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MPOAYKTUBHOCT Ha M3NUTBaHUTe
COpTOBE e4eMUK

3a TpuroguwHna nepuos Ha us-
cnefBaHe e YyCTaHOBEHO, Ye MNPOAYKTUB-
HOCTTa Ha e4YeMUYHWUTE COPTOBE [JoKasa-
HO HapacTBa C yBeNM4yaBaHe Ha a3oTHaTta
TopoBa Hopma (durypn 4 n 5). Peanu-
3UpaHMAT MO-BMCOK [A0OMB 3bpPHO Mpu
TopoBa HopMa Ng, CNpsIMO HETOpeHWs
BapvaHT, e B rpaHuymTe Ha 130-140 kg/da
n 220-250 kg/da 3a HMBa Ha TopeHe Ng n
N.,. CopToBeTe Axun n Kybep copmumpat
no-BMCOKN [06MBM Ha 3bPHO WU cnama,
CpaBHEHN C Te3n Ha copT EmoH (mpwu
BCUYKM HMBA Ha a30THO TOPEHE) u ce
XapaktepuaupaTr Cc NpubaM3NTENIHO efHak-
Ba NPoAyKTMBHOCT. CpefHute Aobusn Ha
3bPHO 3a KOHTPO/IHUA BapuaHT ca 204-
221 kg/da, 3a TopoBa Hopma Ng — 338-371
kg/da, 3a Ny — 428-458 kg/da n 3a N, —
430-459 kg/da. He ca yctaHOBeHM 3HaYn-
MW pasvku B A06MBA Ha 3bPHO MEXAy
TPETO 1 YEeTBBLPTO HMBO Ha a30THO Tope-
He. 3a uenus ekcnepumeHTasleH nepunos
Han-ronsIMo KOAM4ecTBo criama dpopmupa
copt Kybep — 435 kg/da npu TOopoBa
Hopma Ni», @ Hail-manko — copt EMOH —
300 kg/da (koHTpOsIEH BapuaHT).

428¢  430c

=§

NO N6 N9 N12 NO

Emoin/Emon

NG
Moan/Ahil

Productivity of the tested
varieties of barley

For the three-year study period, it
was found that the productivity of barley
varieties has been shown to increase with
increasing nitrogen fertilizer rate (Figures
4 and 5). The realized higher grain yield at
fertilizer rate Ng, compared to the control
variant, was in the range of 130-140 kg/da
and 220-250 kg/da for fertilization rates Ng
and Ni,. The varieties Ahil and Kuber
formed higher grain and straw yields
compared to those of the variety Emon (at
all rates of nitrogen fertilization) and were
characterized by approximately the same
productivity. The average grain yields for
the control variant were 204-221 kg/da,
for fertilizer rate Ng — 338-371 kg/da, for
Ng — 428-458 kg/da and for N;, — 430-459
kg/da. No significant differences in grain
yield were found between the third and
fourth levels of nitrogen fertilization. For
the entire experimental period, the largest
amount of straw formed the variety Kuber
— 435 kg/da at fertilizer rate Ny,, and the
least — variety Emon — 300 kg/da (in the
control variant).

A456c 4hic 458c 459

N9 N12 NO N6 N9 N12

Kybc iber

dur. 4. JobuB 3bpHOTO (kg/da) cpegHo 3a ekcnepMeHTasiHUA Nepuog, (LSD<0.05)
Fig. 4. Grain yield (kg/da) on average for the experimental period
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owur. 5. Jobus cnama (kg/da) cpegHo 3a ekcrnepumeHTanHma nepmog, (LSD<0.05)
Fig. 5. Straw yield (kg/da) on average for the experimental period

n3BOAMN

1. BbB (pasa UubdpTexX cyxaTta
6uomaca Ha BeretaTMBHUTE YacTu e C MNo-
BMCOKM CTOWHOCTW, CpaBHeHa C Ta3n Ha
passmBalma ce knac. CpefHO 3a ekcrne-
pyUMeHTanHWA nepuog, copt Axun dop-
MUpa Haii-rosisiMo Konn4ecTso obuia 6ro-
maca (522.5 kg/da) npu TopoBa Hopma Nas.

2. BknwouBaHeTO Ha TOpPEHeTo B
OTrNIeXxJaHeTo Ha eyemMuKa MoBAMABa
MOJIOXKMTENIHO HaTpynBaHeTO Ha obLa
6uomaca — B rpaHuumTe Ha 7-15 kg/da.
YBenmyaBaHeTo Ha asoTHaTta TopoBa
Hopma (Ng 1 Ni,) CcblLiecTBEHO nosuLLaBa
CTOWHOCTUTE Ha nokasaTesis, CbOTBETHO C
30-50 kg/da.

3. YBe/MyaBaHeTO Ha asoTHarta
TOpoBa HOpMa BOAW A0 MoBuMLIABaHe Ha
KOHUEHTpauusata Ha OCHOBHWUTE Makpo-
efleMeHTM B pacTutesiHata 6uomaca. C
Mo-BMCOKa KOHLUEHTpauus Ha as3oT, doc-
dhop M Kanuini B 3bPHOTO Ce OT/nyasart
copToBeTe Axun u Kyb6ep, cnpsmo copt
EMOH (npu BCcuukn HMBaA Ha TopeHe). Mo
OTHOLUEHME CbAbPXAHUETO Ha Makpoerse-
MEHTU B eyemuyHara cnama, pesynrartu-
Te ca aHaUToTNYHW.

4. HapacTBaHeTo Ha asoTHaTa

CONCLUSIONS

1. In the flowering stage, the dry
biomass of the vegetative parts had
higher values than that of the developing
class. On average for the experimental
period, Ahil variety formed the largest
amount of total biomass (522.5 kg/da) at
fertilizer rate Ny».

2. The inclusion of fertilization in the
cultivation of barley had a positive effect
on the accumulation of total biomass — in
the range of 7-15 kg/da. Increasing the
nitrogen fertilizer rate to (Ng and Njp)
significantly increased the values of the
indicator, respectively by 30-50 kg/da.

3. The increase of the nitrogen
fertilizer rate leads to an increase of the
concentration of the main macronutrients
in the plant biomass. The varieties Ahil
and Kuber were distinguished by a higher
concentration of nitrogen, phosphorus and
potassium in the grain, compared to the
variety Emon (at all levels of fertilization).
Regarding the content of macronutrients
in barley straw, the results were similar.

4. The increase in the nitrogen
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TOpoBa HOpma BOAW A0 yBenuyaBaHe Ha
M3Hoca Ha asoT, coccop M Kanuin ¢
€YEeMUYHOTO 3bPHO W 3HAYUTENHO Mo-
cnabo B/Msie BbpXY M3HOCA Ha XpaHu-
TENIHN eNleMEeHTU C eyeMuyHaTa crama.
lMo-ronemu KosnmyecTsa asoT CbC 3bPHOTO
1 cbC criamaTa(npy BCUYKU HUBA Ha Tope-
He) u3HacAaT copTtoBeTe Axun un Kybep,
CpaBHeHN cbC copT EMOH. Pa3snukute B
N3HEeCeHNTe KoMm4yecTsa asoT npu TOpoBYU
HopMU Ng 1 N1, ca He3HAYNTENHU.

5. NMpoAyKTUBHOCTTA HA e4YeMUYHU-
Te copToBe [0Ka3aHO HapacTBa C MOBU-
llaBaHe Ha asoTHara TopoBa HopMa.
PeannsnpaHuaT no-BucoK [06UB 3bPHO
npu TopoBa HopMa Ng, CNpAMO HeTope-
Husa BapuaHT e 130-140 kg/da n 220-250
kg/da npu HuBa Ha TopeHe Ng 1 Ni,. 3a
nepuojga Ha nscneasaHe coptosete AXus
n Kybep chopmumpaT no-BUCOKM AOOUBU HA
3BPHO U Cflama, CpaBHEH C TO3M Ha CcopT
EmMOH (Mpu BCWMYKM HMBA Ha as3oTHO
TOopeHe). He ca ycTaHOBEHU CbLLECTBEHU
pasnnkn B A06uBa Ha 3bPHO Mpwu Mo-
BMCOKUTE HMBA Ha a30THO TOPEHeE.

fertilizer rate leads to an increase in the
uptake of nitrogen, phosphorus and
potassium with the barley grain and had a
significantly smaller effect on the uptake
of nutrients with the barley straw. Larger
amounts of nitrogen with grain and straw,
at all levels of fertilization, were uptake by
the varieties Ahil and Kuber, compared to
the variety Emon. The differences in the
exported quantities of nitrogen at fertilizer
rates Ng and N, were insignificant.

5. The productivity of barley
varieties has been proven to increase with
increasing nitrogen fertilizer rate. The
realized higher grain yield at fertilizer rate
Ng, compared to the control variant was
130-140 kg/da and 220-250 kg/da at
fertilization rates Ng and Ni,. During the
study period, Ahil and Kuber varieties
formed higher grain and straw yields
compared to the Emon variety (at all
levels of nitrogen fertilization). No
significant differences in grain yield were
found at the higher levels of nitrogen
fertilization.
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