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PE3OME

EcTecTBeHuTe TPeBOCTOU Ca BaXeH
pecypc 3a Ce/icKOTO CTONaHCTBO 1 06xBa-
war noutn 29% OT obuiarta 3emegesncka
3emMa B Cbpbusa u ca cuTympaHu OT pas-
HUHHWUTE o6nacTu A0 HaWl-Bucokata as-
nuiicka 3oHa. Llen Ha HacTosiwara cratus
e fa npeacrasu 6uonornyHaTa akTMBHOCT
Ha noysaTa (6MOreHHOCT) B TPEBOCTOM Ha
6a3aTa Ha NPUCBLCTBUETO Ha 06WuS 6poii
MUKpoopraHusmu. MNpe3 eceHta Ha 2018 T.
ca B3eTu nouseHn npobu ot 14 mecTo-
NMOJSIOKEHNA Ha BUCOYMHA Mexay 572 m u
1328 m 3a MUKPOBMOIOrMYHN aHanNu3n ot
AbnbounHa 0-25 cm. TpeBocToute ca
pasnoioXeHn Ha TepuTopuATa Ha 3anag-
Ha u HrozanagHa Cbpbus. OU3NKO-XU-
MUYHUTE XapaKTEePUCTMKM Ha mnoysaTa ca
Hall-BaXHWTe CBOWCTBA, KOWUTO BAUAAT
BbpPXy 6pOs Ha MUKPOOPraHu3mMuTe, Oco-
6eHO Ha cbabpxaHMetTo Ha pH u opra-
HWYHW BellecTBa. B HaweTo nscnegsaHe
€ YCTaHOBEH Hali-masikusa 6poii MUKpo-
opraHuM3mMm Ha rpam abCoNTHO Ccyxa
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SUMMARY

Natural grasslands are an important
resource for agriculture and cover almost
29 % of total agriculture land in Serbia,
distributed within a wide altitudinal range -
from lowland areas to the highest alpine
zone. This paper is intended to present
biological activity of the soil (biogenicity)
of grasslands on the basis of presence
the total number of microorganisms.
During autumn of 2018 soil samples from
14 localities at altitudes between 572 m
and 1328 m were taken for
microbiological analyses from a depth of
0-25 cm. These grasslands located in the
territory Western and Southwestern

Serbia. Physical and chemical
characteristics of soil are the most
important properties that affect the

number of microorganisms, especially pH
and organic matter content. In our study
the smallest number of microorganisms
per one gram of absolutely dry soil (log of
number) — 5,778 on location Preseka was



noysa — 5.778 oOT palioHa Ha Preseka.
Hali-ronsm 6poii Ha o6wa Mukpodiopa —
6.505 e ycTaHoBeH B pu3ocepata Ha
rnoysa B TPEBOCTOW OT paioH Ha Sume.
Cnopepf, Tecta Ha ®uwwep, HAkOU nNpobu
OT u3cnejBaHaTa noysa uMaT cTartuc-
TMYECKM 3HAYuma pasavka, HO uma
HSIKOJIKO XOMOTEHHU Tpynu, T.e. MOYBEHU
npo6u, KOUTO He NoKa3BaT CTATUCTUYECKU
3HAYUMU pas3NnKM B o6WmMSA GPoA MUKPO-
opraHmsmu. HaweTo npoyyBaHe nokasa,
ye Ha/IMYMeTo Ha MMWKPOOPraHu3Mu B
nuscnegBaHnTe NoYBEHU Npobu ce Bnusie
OT MHOXeCTBO (hakTopy M BCAKa no4ysa
ocurypsisa pas/iMyHu yCcnoBus 3a XunsoTa
Ha MuKpobuTe.
Kntoyosu
noysa, 6UOreHHocT

OyMU:  TPEBOCTOW,

YBO/,

TpeBoctonte B Cbpbus, KoOUTO
3aemar okono 1,5 mnH. ha wimn 27% ot
obuwata CcesicKOCTOMaHcka Mnaolw, Ha
CTpaHaTa, ca Hai-pasnpocTpaHeHus Bug
arpoekocuctema (Simic et al., 2015).

Te ca He caMO BaXHW KaTto MKOHO-
MUYECKN OBEKT, HO M OT F/1egHa ToYka Ha
ekonoruss u buopasHoobpasune, 3a onas-
BaHETO Ha OKoJiHaTa cpefa v npegoTspa-
TABaHe Ha epo3usa Ha nousata (LugiC et
al., 2010). TpeBoctonTe B Cbpbusa npea-
cTtaBnsBar 6orat poHA OT aBTOXTOHHWU
pacTUTeNHN FeHeTUYHU pecypcu Ha dy-
paxHu TpeBu (Sokolovi¢ et al., 2009). Pas-
npegeneHneTo Ha TPEBOCTON B paiioHa e
HepaBHOMEPHO, HO VMMa onpegesieHn 3a-
KOHOMEPHOCTM, KaTo Hampumep C MOBU-
lWaBaHe Ha Haamopckarta BUCOYMHA ce
yBenuyaBar niowute ¢ TPeBoCcToMu,
0COGEHO TexHWs [AAN B CTpyKTypata Ha
cefnckoctonaHckata 3emsa (StoSi¢ et al,,
2005). TMpon3BOACTBEHUTE WM Bb3MOX-
HOCTM ca pasIM4yHn W MOoABNACTHM Ha
MHOXeCTBO pakTopu. BnusHue oka3sa
rnoysaTa, KO/IMYECTBO Ha Ba/IEXMTE U Ha-
YyMHUTE Ha ynpaBneHveTo um (Lazarevié
et al., 2003).

B ectecTBeHa cpefa, pacTeHusTa
XVBEAT B B3aMMOENCTBMA C pPas/iMyHun
MMWKPOOPraHM3aMm 1 NogobHN B3anmopaei-

a7

found. The largest number of total
microflora — 6,505 in rizospheric soil of
grassland on location Sume was
recorded. According to Fishers test some
samples of the tested soil are statistically
significantly different, but there are there
are several homogeneous groups i.e
samples of soil among themselves does
not show statistically significant
differences the total number of
microorganisms. Our study shown that the
presence of microorganisms in the tested
soil samples is influenced by numerous
factors and that each soil provides
different conditions for the life of the
microbe.
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INTRODUCTION

Grassland vegetation of Serbia
occupying about 1.5 million ha or 27% of
the total agricultural area of the country as
the most represented type of the
agroecosystem (Simi¢ et al., 2015).

They are not only important as an
economic objective, but also from the
ecological and biodiversity point for
environment preservation and protection
of the soil from erosion (Lugi¢ et al.,
2010). Serbian grasslands represents rich
fund of autochthonous plant genetic
resources of forage grasses (Sokolovi¢ et
al., 2009). Distribution of grasslands in the
region is unequal but there are certain
regularities with increase of altitude, also
grassland area increase, especially their
share in the structure of agriculture soil
(Stosi¢ et al., 2005).

Their production potentials are different
and under the influence of numerous
factors. Dominant influences are the soil,
precipitation level and management
(Lazarevi¢ et al., 2003).

In the natural environments, plants
live in interactions with different
microorganisms and such interactions are



CTBUSA Ca BaXKHW 3a (DYHKLMOHMPAHETO Ha
ekocuctemute (lgiehon and Babalola,
2018). MuKpoopraHM3mMmuTe ca BaXHM 3a
OLEHKa Ha KayecTBOTO Ha noysaTa
nopagn TexXHUs MPUHOC KbM MNOTOKa OT
€Heprus 1 XpaHuTenHuW BellecTBa B
€KOCUCTEMUTE U TAXHaTa 6bp3a peakyms
KbM NPOMEHMTE B MNO4YBeEHaTa cpefa
(Cardoso et al., 2013; Stenberg, 1999).
BronornyHata akTMBHOCT Ha OpraHu3Mu-
Te urpae BakHa pons B noysara, rnaeBHO
3a pasfnaraHe Ha opraHuyHaTa maTepus B
noysata W OCOGEHO Ha pacTUTesHUTe
octarbum (Zubarev et al., 2016)
Pusocdeparta, kaTo pyHKUMOHaTHA
efMH/La Ha TpeBOCTOUTE, € MSACTO Ha
OpraHWMYyHO OT/laraHe, Kakto U pasHopog-
HOCT Ha MecToobWUTaHWs N pecypcu 3a
noyseHUTe opraHmsmm (Stanton, 1988).
BpoAT Ha MUKpoopraHnsMuTe ce onpege-
Nsi OT XpaHUTesIHMTE BeLlecTBa B No4ysa-
Ta. MecTHUTE MUKpPOGHM cbobLiecTBa ca
YHVMKa/IHA 3a KOHKpeTHaTa Mo4yBa, Tbi
KaTto ca ce obpasyBasM W eBosiloUMpanu
BbB BPEMETO B CbLOTBETCTBUE C [AMHa-
MUKaTa Ha MEeCTHOTO MecToobuTaHue
(Nazir et al., 2013). Peakunsita Ha no4sa-
Ta e BaXeH arpoXuMnYeH nokasartes, Tbi
Karto uma CUMHO B/IMSIHWE BbpXY pacTex-
HaTa cpefa Ha pacTeHuaTa, Ha pexuma u
[OCTBIMHOCT A0 XpaHWTEsSIHUTE BeLlecTBa
W Ha HauvMHa, MO KOWTO XpaHUTesIHUTe
MoHM pocTuraT A0 KOpPEHUTE Ha pacTe-
HusTa. Mopadn ToBa, peakuusita Ha Mou-
BaTa Ce cuMTa 3a efHa OT Hal-BaxHuTe
XapakTepucTuku Ha OkKofHata cpegja
(Pislea and Sala, 2012). Cnopep npoyu-
BaHuATa Ha Higashida n Takao (1986),
KbAEeTO Ce pasrnexgar Bpb3kiTe Mexay
MUKpO6GHaTa akTMBHOCT Ha nouysara U
cBoOWCTBaTa Ha noysaTa B TPEBOCTOS, Ce
npvema, 4Ye HuCkoTo pH Ha nouBaTta
HamasnsiBa GakTepuanHata akTMBHOCT U
cnepoBateniHo 3abaBsA passiaraHeTo Ha
opraHumyHata mMmartepusi. Cbwo Taka,
Lauber et al. (2009) cuutaT, 4Ye pH Ha
noysata € eAuH OT Hali-BaXHWUTE (hakKTo-
puv, KOUTO noBuWAaBaT W300MIMETO Ha
MUWKPOOPraHu3mm, Kato To3u napameTbp
MOXe Aa (DYHKLUMOHWMpA Kato MHTerpupa-
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important in  ecosystem functioning
(lgiehon and Babalola, 2018). Microbial
parameters are important for soil quality
assessment because of their contribution
to energy and nutrients flows in
ecosystems and their fast responsiveness
to changes in the soil environment
(Cardoso et al., 2013; Stenberg, 1999).
Biological activity of organisms play an
important role in soil, mainly for
decomposition of organic matter in soil
and especially of plant rests (Zubarev et
al., 2016)

The rhizosphere, as the functional
unit of grasslands, is the site of organic
deposition, also and habitat and resource
heterogeneity for soil organisms (Stanton,
1988). The number of microorganisms is
determined by the nutrient in the soil and
the indigenous microbial communities of
each soil are unique for the particular soll,
as they have been shaped and evolved
over time in accordance with the dynamics
of the local habitat (Nazir et al., 2013).

Soil reaction is an important agrochemical
indicator because it has a strong influence
on the growth medium of plants, on the
regime and bio-availability of nutrients and
on the way nutritive ions get to plant roots.
It is due to this fact that soil reaction is
considered to be one of the most
important characteristics of the
environment (Pislea and Sala, 2012).

According to research Higashida and
Takao (1986) where they are examined
the relations between soil microbial
activity and soil properties in grassland
the low soil pH condition was assumed to
depress bacterial activities, and
consequently to delay the decomposition
of organic matter.

Also, Lauber et al. (2009) is considered
pH of soil to be one of the most important
factors which inflate abundance of
microorganisms, whereby this parameter
may function as an integrating variable



LLla NPOMEH/IMBA, KOAATO OCUTYpABa UHTEr-
pupaH WHOEKC Ha MOYBEHUTE YC/I0BUA.
Bcekn Tun noysa MMa CBOS XapakTepHa
MUKPOBUOLLEHO3a, & Ha4YMHbLT Ha WU3nos-
3BaHe Ha rnoysara MoXxe Aa VMa NosioXu-
Te/IHO UMK oTpULaTE/THO Bb3AeiCTBME BbP-
Xy MUKPOBGMOMOrMyHUTE [EWHOCTU U Mou-
BeHOTO naogopogme (Tintor et al., 2009).
Llen Ha HacTofiLleTO npoyyBaHe e
Ja unscnegesa o6wma 6poii Ha MMKpoop-
raHM3Mu B noysaTa Ha eCcTecTBeHU TPEBO-
cTou B 3anagHa v KorozanagHa Cbpous.

MATEPVAT N METOON

Mpe3 eceHta Ha 2018 r. ca B3eTn
NoYBEHN MUKPOOMONOIMYHM Npodu  OT
AbnoéounHa 0-25 cm B 14 mecToob6uTaHns
B 3anagHa u HOrosanagHa Cbpbus c
HaZMoOpCcKa BucouMHa Mexay 572 m wu
1328 m. BsemaHeTo Ha Nnpo6u OoT noyBarta
Ce M3BbpLUBA Ha TPU MecTa OT pPas/iMyHu
30HM Ha efgHo MmecToobuTaHue, cnep
KOeTo ce CMecBaTt 1 ce MpefcTaBAT Kato
efHa ocpefHeHa npob6a. XuWMUYHUTE
CBOWCTBa Ha Mo4BaTa ca onpegefnieHn no

CTaHJapTHXM MEeToau B XMMUYeckaTa
na6oparopus Ha WHCTUTYT no dhypaxkHu
Kyntypu B Kpywesay. BuonormuHata

aKTUBHOCT Ha nouysaTa B TpeBOCTouTE ce
onpegensa cnopeq o6wuss 6poii MUKPO-
opraHu3mn. Bcsaka oT npobute e aHau-
3upaHa B nabopaTtopusita B Tpu NoBTOpE-
HusA. O6WMAT 6poii Ha MUKPOOPraHU3MK-
Te e YyCTaHOBEH CbC CTaHAapTHWU MWKPO-
6MONOTMYHN MeToAM 3a BbBEXJaHe Ha
onpejesieHo KO/IMYeCTBO MNOYBEHa Cyc-
neH3uns, paspegeHa Ha 10°, no MeToj Ha
arapHn naHenun (Pochon and Tardieux,
1962). NHkybaunaTa npogb/mkasa 5 AHU
npu 28°C. Bpodar Ha oTrnexgaHute
KOMOHMU Cce n3umcnsea Ha 1 g abconoTHO
cyxa nousa (Jarak and Djuri¢, 2006).

Pesyntatute ca 06paboTeHn c
nomMoLiTa Ha KOMMITbPHa nporpama
STATISTICS 8.0, usnonssaiikm LSD Tect
Ha duwep.

PE3YJITATN N OBCbXXAAHE

Pesyntatute oT XUMNYHUTE
aHa/IM3n Ha no4vBata nokasear, 4e
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that provides an integrated index of sall
conditions. Any type of soil has its own
characteristic microbiocenosis and the
way of soil use may have positive or
negative effects on microbiological
activities and what is directly reflected on
soil fertility (Tintor et al., 2009).

The aim of this investigation was to
examine the total number of microbes in
the soil of natural grasslands in Western
and South-Western Serbia.

MATERIAL AND METHODS

During autumn of 2018 sall
samples from 14 localities at altitudes
between 572 m and 1328 m were taken
for microbiological analyses from a depth
of 0-25 cm. These grasslands located in
the territory Western and Southwestern
Serbia. Sampling soil was carried out in
three sites from different parts of one
location, they are mixed and present as
one sample. The chemical properties of
the soil were determined by standard
methods in the chemical laboratory of the
Institute for Forage Crops KruSevac.
Biological activity of the soil of grasslands
was monitored on the basis of presence
the total number of microorganisms. In the
lab, each of the samples was analyzed in
three repetitions. Total number of
microorganisms was established with
standard microbiological methods of
introducing a certain specific quantity of
soil suspension diluted 10°, method of
agar panels (Pochon and Tardieux, 1962).
The incubation lasted for five days on
28°C. The number of grown colonies was
calculated per 1g of absolutely dry soil
(Jarak and Djuri¢, 2006).

The results were processed by
means of STATISTICS 8.0 computer
program, using Fisher’s LSD test.

RESULTS AND DISCUSSION
The results of chemical analyses of
soil show that the pH value ranged from



CTOMHOCTTa Ha pH Bapupa B rpaHuyuTe
oT 3.62 go 6.17. Cnopef CbAbpXaHUETo
Ha Xymyc, a3oT, kanuin u occop B
noyseHnTe npobu Ha pasMyHu TPEBO-
CTOM Cce ycTaHOBsBa, 4e ce passmyasart
nomexay cu (Tabnuua 1).

strongly acidic 3.62 to 6.17, from very
strongly acidic to slightly acidic. According
to the content of humus, nitrogen,
potassium and phosphorus soil samples
from different grasslands were under

different among themselves (Tablel).

Ta6bnuua 1. XnuMmnyeckn cbeTaB M 06La MMKpoduiopa (floraputbM Ha 6poit) Ha
n3cnenBaHn NoYBKU
Table 1. The chemical composition and the total microflora (log of humber) of
studied soils

rh{lo?(;)zeHme Haamopcka BrcoumHa pH N P20s K20 gmﬁ MVIKOpggJ'p?ap:VIM3MVI
Location Altitude of location (m) |H,0 KCIl| % | mg/100g | mg/100g % The total number of m.o.
Brusnik 1239 5.79 | 4.59 | 0,164 | 5.10 28.70 1.60 6.041™
Vrmbaje 719 6.37 | 4.97 | 0,265 | 4.10 25,82 3.96 6.079°"
Svestica 774 4.38 | 3.62|0.193| 31.20 20.45 3.29 5.903'
Dubrava 741 4.85|4.1310.324| 4.60 4.30 3.16 6.000'
Preseka 1033 4.51 | 3.79 | 0.205 7.70 16.78 2.70 5.778"
Sumer 703 6.83 6.09 | 0.193 | 72.10 44.06 3.90 6.505%
Rosici 572 5.56 | 4,06 | 0.212 | 4.20 4.27 3.16 6.301°
Mrcici 685 6.35 | 5.43 | 0.352 4.30 42.38 3.70 6.462%
Drenovci 812 6.83|6.17 | 0.235| 4.20 23.78 2.75 6.380°
Skakavci 600 6.51|5.54|0.460| 6.80 36.45 4.15 6.471%
Bozetici 1033 4.95|4.08 |0.316 | 18.40 22.89 4.11 6.176°"
Debelja 1064 6.04 | 4.69 | 0.307 | 14.90 53.21 313 6.113"
Suvi Do 1328 5.29 (4.18 | 0.415| 10.10 16.30 4.21 6.279°
Sipce 1240 5.39 | 4.45 | 0.447 9.60 33.72 4.56 6.204°

3abenexka: CpefjHUTe CTOMHOCTM C €4HU U CbLLM GYKBY C TOPEH MHAEKC HAMA CTaTUCTUYECKN 3HaUMMa

pasnuka cnopepg LSD TecTa Ha duwep (p < 0.05)

Note: Mean values with the same superscript(s) are not significantly different according to Fisher’s LSD test

(p < 0.05)

Hali-ronsm 6poii noyBeHn npobwu
CbAbpXaT CPesHO 1 BUCOKO CbhabpXaHue
Ha xymyc, c¢occop M asoT. Cbaobpxa-
HMeTo Ha docchop B wm3cnenBaHarTa
noyBa KaTo L0 e HWUCKO, C U3KIYeHne
Ha HSKOJSIKO MOYBEHM NPO6U, KOUTO Umart
BMCOKO M MHOIO BMUCOKO CbAbpXaHue.
CunTa ce, Ye BUCOKOTO CbAbpXaHne Ha
OpraHV4yHO BELLECTBO, aKkymy/MpaHo B
MOBBPXHOCTHMUA C/IO Ha noysata ce
OB/DKM Ha rofISMOTO KOSIMYECTBO pacTy-
Te/IHW ocTaTbuM, JOCTUrawim ToBa HUBO,
cbyeTaHoO C no-6aBHa CKOpPOCT Ha
pasnaraHe (Whitehead, 1970).

B HaweTo n3cneaBaHe Hali-MasTbk
6poii (5.778) MUKPOOpPraHU3My Ha rpam
abconTHO cyxa nouysa (florapuTbM Ha
6poii) e oTyeTeH B palioHa Ha Preseka.

The largest number of samples soil
has medium and high  humus,
phosphorus and nitrogen content. The
content of phosphorus in the studied soil
generally is low, the exception is several
soil samples that have high and very high
content of this nutrient. The high content
of organic matter accumulated in the
surface of grassland soil is considered to
result from the large quantity of plant
residues reaching this level, combined
with a slower rate of decomposition
(Whitehead, 1970).

In our study the smallest number of
microorganisms per one gram of
absolutely dry soil (log of number) —
5.778 on location Preseka was found.
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Hali-ronsm 6poit Ha obuwa Mukpodiopa
(6.505) e yctaHoBeH B pu3octhepata Ha
nousa OT paiioHa Ha Sume. Mo-manbk
6poil MMKpPOOPraHM3Mn, B CpaBHEHME C
Tasn npoba, e ycTaHOBEH B palioHa Ha
Skakavci (6.471) n MrCic¢i (6.462), HO
CTaTUCTUYECKM Te He ce pasvyasart
nomexgy cu. OcBeH ToBa, cnopej Tecta
Ha ®uwep, MMa HAKOIKO XOMOFEHHM
rpynu: efHuTe, KOMTO He fnokaseaT cTa-
TUCTUYECKN 3HAYMMMK PasIVKLU MOMEXAY
cu 3a 06wmsa 6poil MUKPOOpraHuammn, u
OpYyrn, KOUTO UMaT CTaTUCTUYECKN 3HAYN-
Ma pasnuka (Tabnuua 1). HaweTto npoyuy-
BaHe Mokasa, Ye Ha/MuymeTo Ha MUKPO-
opraHusmMm B uM3c/fefBaHuTe MOYBEHU
npobu ce BAUsie OT MHOXECTBO hakTopu
W BCSKa MoYBa OCUrypsiBa pas/imyHun
YCNOBMSA 3a KMBOTa Ha MUKpobuTe.
CTpykTypata ” (YHKLMOHMPAHETO Ha
MUWKPOOHNTE O06LHOCTN OTpa3siBaT B3a-
UMOAENCTBUSATA MEXAY MHOXECTBO 6MO-
TUYHM 1M abuoTudHK dhakTopu, cpeps Hali-
B&XHUTE OT KOUTO € KayecTBOTO Ha opra-
HWUYHWUTE cybcTpaTn, KOUTO ca My A0CTbM-
Hn (Wardle and Giller, 1996). Mukpo6-
HUAT MeTabosIM3bM B Nnoysarta e orpaHu-
YeH OT Ha/IMYMEeTO U BUAA HA OPraHNYHu-
Te BelWecTBa, a Ko/IM4YecTBeEHUTE ¢
KayeCTBEHWUTE pas3/iMku B [AOCTaBAHETO
Ha BellecTBa Mexay TpeBocTouTe ca
OTrOBOPHM 3a pasnnuusita B MMKpoGHaTta
obuwHocT (Moussa et al., 2007). MNouse-
HUTE MUWKPOOPraHU3MM M3MbJHABAT LIN-
POK CMEKTbP OT OCHOBHW AENHOCTM 3a
YCTONYMBOTO CPYHKUMOHMpPAHE Ha BCUYKM
ekocuctemMu. Te pasnarar opraHudHarta
MaTepus; 0cBoboXaaBaT XpaHuTeIHU Be-
LiecTBa B AOCTbNHM hOPMK 38 pacTeHus-
Ta 1 pasrpaxgart TOKCUYHWUTE ocTaTbuy;
obpasyBaT CUMOMOTUYHM acoumaumm c
KOpEeHWTe Ha pacTeHusaTa, moanduum-
paiiku hmanyecknTe CBOWCTBA Ha Mo4Ba-
Ta 1 BOAHMTE PeXUMU; NoBMLIABAT KO-
4ecTBOTO M e(PEKTMBHOCTTA Ha YCBOsiBa-
HETO Ha XpaHUTEsIHM BELLECTBaA OT pacTe-
HUATa 1 nogobpasaT TAXHOTO 34pase.

The largest number of total microflora —
6,505 in rizospheric soil of grassland on
location Sume was recorded. A
somewhat smaller number of micro-
organisms compared to this sample have
samples from the location Skakavci —
6.471 and location Mrci¢i — 6.462, but
statistically they do not differ among
themselves. Further, according to Fishers
test there are few homogeneous groups
i.e. samples of soil among themselves
does not show statistically significant
differences the total number of
microorganisms as well as some samples
of the tested soil are statistically
significantly different (Table 1). Our study
shown that the presence of
microorganisms in the tested soil
samples is influenced by numerous
factors and that each soil provides
different conditions for the life of the
microbe. The structure and functioning of
microbial communities reflect interactions
between a host of biotic and abiotic
factors, among the most important of
which is the quality of organic substrates
available to it (Wardle and Giller, 1996).
Microbial metabolism in soil is limited by
the availability and types organic
substrates, and the quantitative and
qualitative  differences in substrates
supply between grasslands are
responsible for the variation in microbial
community (Moussa et al., 2007). Soil
microorganisms perform a wide range

essential services to the sustainable
function of all ecosystems, they
decompose organic matter, release

nutrients into plant-available forms and
degrade toxic residues; they also form
symbiotic associations with plant roots,
modifying soil physical properties and
water regimes, enhancing the amount
and efficiency of nutrient acquisition by
the vegetation and enhancing plant
health.

51



N3BOAN

HaweTo npoy4yBaHe Mokasa, ue
HaIMUMETO Ha MUKPOOPTaHU3MU B U3-
cnefiBaHNTe NOYBEHU NPo6YU ce Bvsie oT
MHOXECTBO (DakTOpu 1 BCsKa Moysa
ocurypsiBa pas/inyHn YC/I0BUSI 3a XUBOT
Ha MUWKpoopraHusmuTe. ToBa MpoyyBaHe
€ B Hayas10To cU, Taka ye e Heob6xoaAnMo
Ja npoab/kuM da cbbupame nbHa
MHpopMaUMs 3a HaIMUMEeTOo Ha onpepe-
NeHn  PU3NOMOTUYHM W CUCTEMATUYHM
rpynM MUWKPOOPraHM3MM B rouyBaTa Ha
TpeBoCTOMTE B Tasu 4acT Ha Peny6nvka

CONCLUSIONS

Results of this study shown that the
presence of microorganisms in the tested
soil samples is influenced by numerous
factors and that each soil provides
different conditions for the life of the
microbe. This is the beginning of research
SO it is necessary to continue to obtain
study complete information  about
presence of certain physiological and
systematic groups of microorganisms in
soil of grasslands of this part Republic of
Serbia.

Cbpbus.
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PE3OME

B HacToAweTo wuscneaBaHe ca
aHa/IM3MpaHn HAKON arpOHOMMUYHU Xapak-
TepUCTMKN Ha nonynauun Ha 6akna (Vicia
faba L.), cbbpaHu/ OT pasIN4yHM YacTu Ha
Cbpbusa. B Cbpbus cbliecTByBa ronsm
6poii 3anaseHn nonynauuMm Ha 6akna,
KOUTO BCe Olle ce M3Mon3sar camo 3a
3emegenckn uenu. Mo tasu npuyMHa ca
n36paHn reHoTunoBe ¢ hMHM ceMeHa, Tbil
KaTo ce M3Mon3Bar noeeye 3a XpaHeHe Ha
XunBoTHW. lNpe3 2016, 2017 n 2018 r. B
eKCNepuUMEHTa/IHOTO nosie Ha WHCTUTYT
3a hypaxHu kyntypy B Kpywesay ca
uscneggaHn 10 monynauum nNo OTHOLUe-
H/Ye BMCOYMHA Ha pacTeHusTa, 6poli pas-
KOHEeHUs, 6poli LWYLIYNKM Ha pacTeHue,
6poil cemeHa Ha LWyllynka 1M Terno Ha
1000 6posi cemeHa. WM3yyaBaHeTO Ha
U3MEeHYMBOCTTa  Ccpef  u3cnejBaHuTe
TEHOTUMNOBE HWU MO03BOMIsIBA fa CbCTaBuM
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SUMMARY

In this research we analized some
agronomic characteristics of the faba
bean populations (Vicia faba L.) from the
collected material of different parts of
Serbia. There are a large number of
preserved faba bean populations in
Serbia that are still only used for farm use.
Genotypes with fine-grained seed are
selected for this investigation, because
they are used more for animal feed. A
small-plot trial was carried out in 2016,
2017 and 2018 at the experimental field of
the Institute for Forage crops Krusevac. In
this trial 10 populations were tested for
plant height, number of branches, number
of pods per plant, seed nhumber per pod,
and 1000 seed weight. Determination of
variability among investigated genotypes
allows us to make a basis material for
future developing cultivars with desired



HOBW CeNEeKLMOHHM nporpamMu 3a copToBe
C XXeJlaHW XapaKTepucTUKu.

3a NoBeyeTo reHoTUMNoBe e ycTaHo-
BEHa CTaTUCTUYECKN 3Ha4uma pasnnka B
nscnefBaHNTe xapakTepucTuku. JaHHute
ca CTaTUCTMYECKM  aHa/m3npaHn cC
rnoMowiTa Ha [OUCMNEepPCUOHEH MeToh 3a
aHaim3 ANOVA M3uucneHum ca npocTu

KOpenaumoHHN  KOeUUMEHTN  MexAay
uscnefgaHnTe CBOWNCTBA.

KniouoBn agymmn: Vicia faba,
cemMeHa, wywynka, Terno Ha 1000

cemMeHa, USMeH4YNBOCT

YBO[,

Baknata (Vicia faba L.) e gpeBHO
pacTteHue, OTr/IeXx4aHo NpeanMHO 3a ce-
MeHa, KOHCymupaHu oT xopata. Mo Hac-
TosILEM, TS € LUMPOKO pa3npocTpaHeHa B
EBpona, CeBepHa Adpuka, LleHTpasHa
Asnsa, Kutaih, HOxHa Amepuka, CALL,
KaHaga wn AscTpasiva. W3KIHOUMTENHO
LeHeHa 1 xpaHuTenHa 6o06oBa KynTypa B
Bnuskua  UN3T0K, CpeamseMHOMOPCKNA
pervoH, Kutain n Etmonnsa (Muehlbauer et
al., 1997). Prolea (2014) s onucea kaTo
MHOFOQRYHKLMOHa/IHA, TbiA kKaTo ce U3nosi-
3Ba KaKTO 3a XpaHa OT XOopa, Taka U 3a
doypax kaTo ceHo, cunax u cnama. Ceme-
HaTa Ha HSKOM COpPTOBE Ca BakHa XpaHa
3a J06MTbKa, a HAKOM COpTOBE Ce OT-
rnexgar wm 3a ypax. MNpe3 2012 r.
NpPoV3BO/CTBOTO M 3a XpaHa n diypax e
4.5 MunnoHa TOoHa B CBETOBEH Malab.
MeT cTpaHn npounssexaaT noseye ot 75%
OT CBETOBHOTO MPOU3BOACTBO — Kwutai,
ETtnonusa, Asctpanus, ®paHums n Obean-
HEeHOTO kpasncTBo. Camo Kutail e npoms-
Ben 34% o1 uanara nNpoaykumsa npes
2013 r. (FAO, 2014). YnoTtpebaTa 1 npo-
M3BOACTBOTO Ha 3bpHa OT Gakna obaye
HamasisiBa npe3 nocnegHuTe geceture-
TMA nopagu yBesiMyaBaHETO Ha MHAOYC-
TpuanusmpaHuTe cucTemMun 3a oTrnexagaHe
Ha 3bPHEHW KYNTYpU N HamansiBaHeTo Ha
TpaguUMOHHUTE CUCTEMU 3a OTrexaaHe
(Jensen et al., 2010; McVay et al., 1989).
Baknata ce nonsea v 3a 3e/1eHO TOpeHe
Unn kaTo 6060BO pacTeHue B poTauusita
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features.

For most genotypes, statistically
significant variability for the investigated
properties was determined. The data were
statistically analyzed using the ANOVA
variance  analysis method. Simple
correlation  coefficients between the
investigated properties were calculated.

Key words: Vicia faba, seed, pod,
1000 seed weight, variability

INTRODUCTION

Faba bean (Vicia faba L.) is an old
plant primarily grown for its seeds
consumed by humans. Faba bean is now
widespread in Europe, North Africa,
Central Asia, China, South America, USA,
Canada and Australia.

Faba bean is a much appreciated food
legume in the Middle-East, the
Mediterranean region, China and Ethiopia
(Muehlbauer et al, 1997). It is a
multipurpose crop used for both food and
fodder like hay, silage and straw (Prolea,
2014). The seeds of some varieties are an
important livestock feed and some
varieties are also grown for fodder.
Production for food and feed was 4.5
million t worldwide in 2012.

The 5 top producing countries are China,
Ethiopia, Australia, France and United
Kingdom (more than 75% of world
production). China alone produced 34% of
all faba beans in 2013 (FAO, 2014).

However, faba bean utilisation and
production has been declining in the last
decades due to the increase of
industrialized cereal-based systems, and
the decrease of traditional cropping
systems (Jensen et al.,, 2010; McVay et
al., 1989). Faba bean is grown for green
manure production or as a legume ley in
cereal/legume rotations (McVicar et al.,



Ha 3bpHEHO-6060BU KynTypu (McVicar et
al., 2013; Muehlbauer et al., 1997).
Baknata Moxe pga 6bAe BaxeH
W3TOYHMK Ha pacTUTEsSIHU NPOTEUHU 3a
XpaHeHe Ha xopa W XUBOTHM TA e no-
Ma/siko M3Mnos3BaHa 3a KoHcymauus ot
yoBeka, HO B cTpaHuM kato Ermnet Bce
OlLIEe € OCHOBHUSIT M3TOYHWK Ha MPOTENHU
3a 6eHoTO HaceneHue (Eri¢ et al., 2007).
3HayeHneTo Ha 6aknara € MHOroCTpPaHHO
nopagu cbCTaBa Ha OPraHNWYHOTO BeELEeC-
TBO B MOA3EMHUTE U HAA3EMHMU ¥ 4acTu.
ToBa no3Bo/isiIBA (PMKCUpaHe Ha asoTa,
nogobpsisaHe Ha GMOMOrMYHUTE CBOMCTBA
Ha noysarta M Bb3MOXHOCT 3a npuemaHe
Ha XpaHWTesIHW BelecTBa OT NO-Ab/16oKUTE
cnoese Ha noysata. He e npuavpumsa
KbM KayecTBOTO Ha Mo4yBata, Tbil kaTo
cama cu ocurypsisa Heo6xoaAMMOTO KOJW-
4ecTBO a3o0T 4pe3 oukcMpaHe OT Bb3ay-
xa. Kyntypara e Hecnpasen/nBo npeHe6-
persaHa, kakto B JueTara Ha XxopaTa,
Taka W Ha XMBOTHUTE. 3bpHata m ca C
BMCOKa XpaHWUTEeNHa CTOMHOCT, a CbAbp-
X@HMETO Ha JIM3UHW € 4YeTupu MbTU Mo-
BMCOKO OT MOBEYETO X/IE6HU 3bPHEHO-
XUTHU kynTypu (Trubnikova, 1988). W3-
non3ea ce 3a NPOM3BOACTBO Ha dypax,
CeMeHa M 3bpHa. 3a 3e/ieH hypax T ce
oTrniexga B CMECcku C uapesuua, Copro
WK cygaHcka Tpesa. Korato 3bpHaTa Ha
baknata ca npegHasHayeHu 3a XpaHeHe
Ha OOo6WTBbK, ce npegnoymTar COpToBE C
OpebHN ceMeHa, C HUCKO CbabpXaHue Ha
TaHWH, BWUWH, KOHBWULUMH W TPUMNCUHOB
uHxméuTop (McVicar et al., 2013). Te ca
NpeasioKeHn KaTto anTepHaTVBEH W3TOu-
HWK Ha MPOTEMHU BMECTO COSATA 3a XUBOT-
HuTe B EBpona (Smith et al., 2013;
Jezierny et al., 2010; Blair, 2007). PacTte-
HMSTa Morat ga ce M3nossear 3a npoms-
BOACTBO Ha kayecTBeH cunax (McVicar et
al., 2013). B LlBeuuss 19 ce wu3nonssa
KaTo niMrHouenynosHa bnuomaca 3a npoms-
BOACTBO Ha 6uoeTaHon n 6rnoras (Petersson
et al., 2007) B Cbpbus 6Gaknata He e
LUMPOKO pasnpocTpaHeHa B MNPOU3BOA-
CTBOTO U MHOFO MaJsiko € MBBLPLLUEHOTO 3a
Cb3gaBaHe Ha MecTHM copToBe. MecTHu-
Te aBTOXTOHHW Mnonynauun Ha rpaguHcka
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2013; Muehlbauer et al., 1997).

Faba bean can be a significant
source of plant protein for human and
animal nutrition. It is less used for human
consumption, but in some countries
(Egypt) is still the main source of protein
for the poor population (Eri¢ et al., 2007).

The importance of cultivation faba beans
is multiple due to the composition of
organic matter in harvest residues
(underground and above ground). This
allows nitrogen fixation, improvement of
soil biological properties, and possibility of
adopting nutrients from deeper layers of
soil. Faba bean is not required for the
quality of the soil, because it is ensured
by the fixation of air the necessary
amount of nitrogen for its growth. This
culture is unfairly neglected, both in the
diet of humans and animals. The grain of
the faba bean is of high nutritional value,
and the content of lysines is four times
higher than the content in the most of
bread cereals (Trubnikova, 1988).

Faba bean is used for the production of
fodder, seeds and grains. Green fodder is
used in mixtures with corn, sorghum or
Sudan grass. When faba beans are
intended for livestock feeding, small-seed
varieties with low-tannin, low vicine-
convicine and low-trypsin  inhibitor
contents are preferred (McVicar et al,
2013). Faba beans have been suggested
as an alternative protein source to
soybean for livestock in Europe (Smith et
al., 2013; Jezierny et al., 2010; Blair,
2007). Faba bean plants can be used to
make good quality silage (McVicar et al.,
2013). In Sweden, it was used as a
lignocellulosic  biomass to produce
bioethanol and biogas (Petersson et al.,
2007). In Serbia, little has been done to
create domestic varieties of faba bean.

Also, it is not widespread in production.
Local autochthonous populations of
garden faba bean (for human



fakna (3a KoOHCcymauus OT xopa) ce
npoussexaar npegyMHo B cTonaHcTeara.
Uyxgute copToBe ce npousBexgar Ha
MaJsiKn MIOWM U HAMAT MKOHOMMWYECKO 3Ha-
yenne (Eri¢ et al., 2007). NMoHacTosLLEM,
KoraTo HapacTBa HyxJaTa OT Ka4eCTBEHU
XpaHu, e Nosie3Ho fJa ce BbPHEM KbM HSi-
KoM cTapw KynTypu, KOUTO morat ga fao-
npuHecar 3a NPov3BOACTBOTO Ha 34paBo-
C/IOBHA W KayecTBEHa XpaHa 3a xopa u
XMBOTHU. B WMHCTUTYyTa nNo qoypakHU
KyNTypy uma KOJeKkuMs OT pasHOopoaHU
BMaoBe 6Gakna, CbbpaHM B pas/IMyHU
yacTn Ha Cbpbus. YacT oT KonekuusTa e
BK/IIOYEHA B HACTOALLETO M3cregsaHe. 3a
LUennTe Ha no-HataTblUHaTa Cesiekums ¢
BMAa ca nogbpaHu reHOTUNoBe C (OUHU
CEMEHa W CXOAEH BereTaunoHeH Nepuog.

MATEPWNAN N METO4WA

Mpe3s 2016, 2017 wn 2018 r. B
eKCMepUMeHTasTHOTO noJsie Ha VIHCTUTyTa
no doypaxHn kyntypu B Kpywesay e
M3BBPLUEHO MNpOy4YBaHe, MNpU KOETo ca
uscnegsaHn 10 nonynauum OT pasvyHU
yactm Ha Cbpbusa. TllpocnegeHn ca
rnokasarenMte BMCOYMHA Ha pacTeHuATa,
6poil pas3kNoHeHUsi, OpPOIi LWYLWYKA Ha
pacTeHue, 6poii cemeHa B LyLly/sKa W
Terno Ha 1000 6posi cemeHa. Hai-mHoro
nonynauun npousxoxgar ot LieHTpanHa
Cobpbusa (5), Tpyn nonynauum oT M3TouHaA
Cbpbus, a age ot tOxHa Cbpbus.

CpefHuTe MeceyHn Temneparypu
(° C) n cymara Ha Banexute (mm), oTye-
TEHW MO BpPeMe Ha nepuoja Ha uscnepn-
BaHe, ca npejctaBeHn B Tabnuua 1.

consumption) are mostly produced in
farms. Foreign varieties are produced on
small surfaces and have no economic
significance (Eri¢ et al., 2007).

Nowadays, when the need for quality
foods grows, it is useful to return to some
old cultures that can contribute to the
production of healthy and quality food for
people and animals. At the Institute of
Forage Crops there is a collection of
heterogeneous faba beans, collected in
different parts of Serbia. Part of this
collection was included in this research.
For the purposes of further selection,
genotypes with fine-grained seed and a
similar vegetation period were selected.

MATERIAL AND METHODS

A small-plot trial was carried out in
2016, 2017 and 2018 at the experimental
field of the Institute for Forage crops
Krusevac. In this trial 10 autochthonous
populations were tested for plant height,
number of branches, number of pods per
plant, seed number per pod, and 1000
seed weight. Indigenous populations
originate from different parts of Serbia.
The largest number of populations
originate from central Serbia (5), three
populations are from Eastern Serbia, and
two are from Southern Serbia.

Average monthly temperatures (°C)
and sum of precipitations (mm) data
recorded during study period are
presented in Table 1.

Ta6nuvua 1. CpegHu meceuHn Temnepatypu T (°C) U MeceuHa cyma Ha BaniexuTe

P (mm) npe3 BeretayMoHHUA Nepmnos,

Table 1. Average monthly temperatures T (°C) and monthly sum of precipitations

P (mm) during vegetation period

lognHa/mecel, | doeBpyapw | MapT | anpun | mal IOHN | toNn aBryct | centemspwu
Year/month February | March | April May | June | July August | September
2016 T 8.6 8.0 14.4 156 | 216 | 223 20.4 17.0
P 48.6 86.1 63.2 | 1446 | 77.4 | 102.4 70.1 49.7
2017 T 4.1 10.2 11.6 16.8 | 224 | 23.9 23.6 18.0
P 24.0 44.7 61.9 77.7 | 514 | 15.7 41.0 16.5
2018 T 55 4.3 13.9 18.7 | 23.0 | 22.1 23.1 18.4
P 13.0 32.0 33.0 12.0 0.0 | 145.0 69.7 9.0
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N3BegeH e nonckm onut B TpwU
MOBTOPEHUS MO paHAoMU3MpPaH 6GI0KOB
meTod. OT BCEkM reHoTun ca 3acafeHu
30 pacTeHua B ABa pefa C pasCcTosdHue
20 cm B pepoBeTe 1 60 cm mMexay TaX.
3a oTuMTaHe Ha 3as10KeHNTe nokasarenu
ca M3BbpLIEeHN u3mepBaHua Ha no 10
pacTteHus. Korato WyLlysnkuTe 4oCTurHar
Jo pasa Ha 3panocT, cemeHaTta oOT
BCWUYKM pacTeHus B napuesa ce cmecsar
1 ce cb3faBa cpefHa npoba, OT KOATO ce
onpenensa Ternoto Ha 1000 6p. cemeHa.
OnpefensHeTo Ha U3MEHYMBOCTTA Cpef
nscnefBaHNTe reHoTUNoBE HK NO3BO/IABA
Ja cbbepem reHeTMyeH wmartepuan c
XeslaHn XapakTepuUCTUK/ Mpu Cb3aaBaHe-
TO Ha HOBW copToBe. 3a NOBEYETO reHo-
TUMOBE € YCTaHOBEHA CTaTUCTUYECKU
3Hauuma pasqiMka 3a  um3cnegBaHute
nokasartenu. Pesyntatute ca obpabore-
HU No AucnepcuoHHua aHanns (ANOVA)
ype3 TecT Ha Fisher npn 0.01 HMBO Ha
BEPOATHOCT. M3uncneHn ca npocTu Kope-
NauMoHHN KoednLmMeHTU Mexay uscneg-
BaHUTe nokasarenu. OueHkaTa Ha Koe-
PUUMEHTUTE Ha NUHEWHa Kopenauus e
M3BbPLLIEH MO cnepHata ckana: >0.70
cunHa kopenaums; 0.30-0.69 cpegHa ko-
penauus; <0.30 cnaba Kopenauusi; Okosio
0.0 HAma nwuHeliHa Kopenauusi (He wu3-
K/I0YBa CbLUECTBYBAHETO Ha HesIMHelHa
hopma Ha kopenauus). [aHHuTe ca
aHaIM3mpaHu cTaTUCTUYECKM C MoMoLLTa
Ha coptyep STATISTICA.

PE3YJITATU N OBCBXXOJAHE
Bb3 ocHoBa Ha pe3ynratute ot
uscneasaHeto (Tabnuua 2) e Hanvue
3HauuTesIHa pas/ivka Mexay u3cnensaHu-
Te TeHOTUNOBE 3a BCUYKUM MPOYYEHU
xapakrtepuctukm npu Huso p <0.01. Mpe3s
roguHUTE ca CbLeCcTBYBa/IM NO-Masko
3HAUYMMN pasnKK 3a BCUYKWU U3CnefBaHu
Xxapaktepuctuku. lpe3 nbpBara rogmHa
Ha u3cnegBaHeTo € YycTaHOBeHa Haii-
MasikaTa BucoumHa (36.44cm) npu reHo-
Tmn KS44, a Hai-ronsamata (85.89 cm)
npu reHotmn SB09. CobliecTByBa 3Hauu-
Te/lHa pas/ivka BbB BUCOYMHATA MexXay
reHoTunuTe, [oKaTo Mexay roguHuTe 14 e

The field trial was set up by
random  block system in three
replications. For each genotype, 30
plants are planted in two rows with
distance of 20cm in the rows and 60cm
between rows. For features plant height,
number of branches, number of pods per
plant, and seed number per plant, all
measurements were done on 10 plants.
In the maturity phase of the pods, the
seeds from all the plants on the parcel
were mixed and a unique sample was
created from which the weight of the 1000
seeds was determined. Determination of
variability among investigated genotypes
alows us to make a basis material for
future developing cultivars with desired
features. For most genotypes, statistically
significant variability for the investigated
properties was determined. The results
were processed by the analysis of
variance (ANOVA) by Fisher test at the
0.01 probability level. Simple correlation
coefficients between the investigated
properties were calculated. The evaluation
of the linear correlation coefficients was
carried out according to the following
scale: >0.70 strong correlation; 0.30-0.69
medium correlation; <0.30 weak correlation;
about 0.0 no linear correlation (does not
exclude the existence of a nonlinear form
of correlation). The data were statistically
analyzed using the STATISTICA software.

RESULTS AND DISCUSSION

Based on the results of the study
(Table 2), there was a significant variation
between the tested genotypes for all
investigated traits at the level of p < 0.01.
Within the vyears, there were less
significant differences for all investigated
features. The smallest height (36.44cm)
had the KS44 genotype, and the highest
height (85.89cm) achieved genotype
SBO09; both in the first year of research.

There was very significant variation in
height between genotypes, while variance
was not significant between the years
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He3HauuTenHa (p<0.01). OTyeTeHa e
3HauuTeNlHa pasfvka Mexpgy wuscnepsa-
HWTE reHoTUNOoBE NO OTHOLLEHWe 6pos Ha
pask/IoHeHUsATa Ha pacTteHue. Hali-ronsm
cpefeH 6poii pask/IOHEeHUS e YyCTaHOBEH
npyu reHotun KNO7 (2.71), a Hali-manbk
npu reHotun KS44 (1.60). Mpes roguHute,
Hali-ronsMm 6poil pa3k1oHeHNs e ycTaHo-
BeH npu reHotun NI16 (2.89 cm) npes
TpetaTta roguHa, a Hai-manbk npu KS44
(1.56 cm) npe3 BTOpaTa ¥ TpeTaTa rognuHa
Ha n3cnegBaHeTo. BpoAT Ha WyLWykn Ha
pacTeHne ce npomeHsa oT 11.22 (ALO8
npes nbpBarta rogavHa) o 20.78 (KS44
npes3 nbpsarta roguHa). Te3u asa reHotu-
na umaT Hali-masika 1 Hali-BMCcoKa cpegHa
CTOWHOCT MO TO3W nokasatesn. MNpu Hero
ce 3abensasBa 3HauuTenHa pasfvika
MexXzay reHoTunoseTe, Makap T Aa He e
TO/IKOBA rofisiMa npe3 roguHuTe Ha npo-
BEXJaHe Ha ekcrnepuMmeHTa. Hali-ronsm
6poil Ha cemMeHaTa B LWyLIy/Ka € yCcTaHo-
BeH npu reHotun KS44 (3.24), a Haii-
MauTbk B KS05 (2.24). CbLLIOTO BaxXn 1 3a
cpefiHMTe CTOMHOCTW Ha TO3U nokasaren,
Mo KOMTO MMa MasiKm U3MEHEHUS MeXay
FEHOTUMNOBETE W HAMA pPas/MKM npe3
roguHute. Ternoto Ha 1000 6p. cemeHa
Cce NPOMEHs 3HauuTesIHO Mpu uscnejsa-
HuUTe reHoTunose (Tabnuua 2). To e Haii-
ronamo npu redotun SBO9 3a pgBata
BMAa: cpedeH 6poit cemeHa 654.33 u Haii-
ronsm 6poii cemeHa 655.33 npes3 mbpea-
Ta roguHa oT m3cnegsaHeTo. Hait-manko
Tern0 cemMeHa ca MOoy4yeHW OT reHoTun
KS44 (447.67 npe3 nbpBaTa rognHa W
449.34 cpepgHo Terno ot 1000 6p. cemeHa
3a uscnegsaHute roguHu). Mo tasu noka-
3aren CbWO HAMA pas/imume mexay wus-
cnefBaHvUTe TOAUHW, A0KATO MNPOMEH/IN-
BOCTTa MexAy [reHOTUNMTe e MHOro
3Ha4Mma.

59

(p<0.01). Number of branches per plant
varied significantly between investigated
genotypes. The largest average number
of branches was obtained in the genotype

KNO7 (2.71), and the lowest in the
genotype KS44 (1.60). By year, the
largest number of branches had a

genotype NI16 (2.89cm) in the third year,
and the smallest KS44 (1.56cm) in the
second and third year of testing.

The number of pods per plant varied from
11.22 (ALO8 in the first year) to 20.78
(KS44 in the first year). These two
genotypes had the smallest and highest
average value for this feature. For this
feature, there was significant variation
between the genotypes, while the
variation was not significant between the
examined years. The highest number of
seeds per pod was obtained at KS44
(3.24), and the smallest in KS05 (2.24).

This also applies to the average values for
this property. This feature was to a lesser
extent varied between genotypes, and
there no variation between years. 1000
seed weight varied very significantly
between investigated genotypes (Table
2). The largest seed was obtained from
genotype SB09 for both: the average
number of seeds 654.33, and the highest
number of seeds 655.33 in the first year of
the investigation. The smallest seed was
obtained from KS44 genotype (447.67 in
the first year and 449.34 average weight
of 1000 seeds for the examined years).
For this trait, there was also no variation
between the studied years, while the
variability between genotypes is very
significant.



Ta6bnuua 2. BucounHa Ha pacteHMeTo (cm), 6poii pa3k/IOHEHUS Ha pacTeHue,
Opoii WyLWyKN Ha pacTeHne, 6poi 3bpHa Ha WyLlynka, 1 Terno Ha 1000 cemeHa
3a nepuog oT TpY roguHn
Table 2. Plant height (cm), branch number per plant, pod number per plant, seed

number per pod and 1000 seed weight for three years
FeHotun | FoanHa |BucouvHa Ha| Bp. pasknoHeHusa Ha | Bp. wylynka Ha Bp. cemeHa Ha Terno Ha 1000
Genotype| Year |pacTteHusTa pacTeHune™ pacTeHune™ wyLysnka™ cemeHa
Plant height |Branch number plant™| Pod number plant™ |Seed number pod™| 1000 seed weight
SBO1 1 46.11 % 2.22"4 12.56 9 2.73° 528,67
2 46.56 267% 12.11 % 2.63"™ 536,00
3 48.11°F 2.2274 12.11 % 2.57“® 539,60 "
CpegaHo / Average 46,93 2.37 12.26 2.64 534.76
JA32 1 4467 2.78% 19.78% 2.38 454,00
2 4522F 267%° 19.67 ® 2.36 " 454,67
3 4589 2.56 ™ 19.67 ® 2.48 @ 455,67
CpegaHo / Average 45,26 2.67 19.71 2.41 454.78
ALO3 1 51.44" 2.33% 14.00 2.28 M 557,339
2 56.67 " 2.44 % 14.22° 2.30 9™ 559,67 ¢
3 54.00 " 2.44 % 13.34 %9 2.34 ™ 558,00 9
CpegHo / Average 54,04 2.40 13.85 2.31 558.33
KS44 1 36.44" 1.67 % 20.78° 2.97% 447,67
2 37.56' 1.56 ° 20.56 ° 3.80° 448,67
3 38.00" 1.56 ° 20.33° 3.01° 451,67
CpegaHo / Average 37,33 1.60 20.56 3.24 449.34
KS05 1 64.56 ¢ 274°%® 19.56 ™ 2.28™M 584,339
2 66.22 9 267%° 19.67 ® 2.23 588,00 °
3 66.24 9 2.78% 18.89 ™ 222 586,00 °
CpegHo / Average 65,67 2.73 19.37 2.24 586.11
NI16 1 63.78 ¢ 267%° 17.67° 2.28 M 567,33
2 64.56 ¢ 2.44 % 18.11° 2.34 ™M 570,00 °
3 63.44 9 2.89° 18.33 @ 222 563,33 "
CpegHo / Average 63,93 2.67 18.04 2.28 566.89
KNO7 1 75.78 ®© 2.73%® 12.44 % 2.23 628,33 °
2 77.11% 270% 13.00 °O" 2.31 M 629,67 ©
3 77.56 @ 2.69% 12.56 9 2.30 9™ 633,33 °¢
CpegaHo / Average 76,82 2.71 12.67 2.28 630.44
ALO8 1 78.67 @ 267% 11.22F 2.60 ™ 645,00 °
2 80.33 ¢ 2.44 % 11.44 % 2.50 650,67
3 79.78 ° 2.56 ¢ 11.78 ™ 240 649,33 ®
CpegHo / Average 79,59 2.56 11.48 2.50 648.33
SB09 1 85.89° 2.00 °® 13.11 %9 2.42 655,33 2
2 83.44 ® 2.02 °® 12.89 " 241 653,67 °
3 85.56 ° 2.10 “® 11.67 2.34 ™ 654,00 °
CpegHo / Average 84,96 2.04 12.56 2.39 654.33
KN10 1 72.44 7 2.78%® 13.33 %0 2.38 591,33 °
2 70.11° 267 13.22 %0 2.44 %9 589,67 °
3 70.56 ' 2.44 ®° 13.22 %9 2.43 %0 591,00 °
CpegaHo / Average 71,04 2.63 13.26 2.42 590.67

Note: The same letters in the superscript indicate homology, or the absence of statistically significant
differences according to Fischer LSD test (p<0.01)
3abenexka: CblimTe 6YKBM HanMcaHu C ropeH WHAEKC nokassar CXOACTBO MM finncaTa Ha cTaTucTUyecku
3HaunMmu pasnuku cnopef LSD TecT Ha ®uwep (p <0.01).

CBHOTHOLIEHNETO MeXay BMCOYU-
HaTa Ha pacTeHMeTo 1 6post Ha pask/o-
HeHus 3a pacteHue (Tabnumuya 3) e noso-
XutenHo n cnab6o (0,27). BucounHaTa Ha
pacTeHusiTa BnUsie BbpXy Opos Ha Ly-

The correlation (Table 3) between
the height of the plant and the number of
branches per plant was positive and
weak (0.27). Plant height influenced on
pod number per plant on negative and
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LUY/SIKATE Ha pacTeHue Ha OTpULATENHO U
cpeaHo HMBO (-0.67), KakTo 1 BbpXY 6post
Ha cemeHaTa oT pacTeHue (-0.60). B Ha-
CTOSILLLETO U3c/efBaHe, BMCOYMHATA Ha
pacTeHusiTa B/IMSIE MHOTO CU/THO BbpPXY
Ternoto Ha 1000 6p. cemeHa (0.90).

medium level (-0.67), also on seed

number per plant (-0.60).

In this study, plant height influenced very
significantly on 1000 seed weight (0.90).

Tabnuua 3. KoedmuMeHT Ha J/UHEHW Kopenauuu Mexay W3crieaBaHuTe

XapaKTepUCTUKn
Table 3. Coefficient of linear correlations between investigated features
Bp. pasknoHeHus | bp. wywynkn Ha| bp. cemeHa 3a | Terso Ha 1000
B”;;Z%:ﬁ:ﬁ eHa 3a pacTenne™ pacTeHune™ wywynka™ cemeHa
: Branch number Pod number Seed number 1000 seed
Plant height K] 1 1 ;
plant plant pod weight

BucounHa Ha pacteHve .
Plant height 0.27 -0.67* -0.60* 0.90**
Bp. pasknoHeHus
3a pacteHune™
Branch number plant™ * -0.16 -0.82** 0.22
Bp. WyLynkm Ha
pacTeHne™
Pod number plant™ * 0.26 -0.82**
Bp. cemeHa 3a
wywynka™
Seed number pod™ * -0.52*
Terno Ha 1000 cemeHa .
1000 seed weight

BpoAT Ha pasknoHeHMs 3a efHo
pacteHne wuma oTpuuaTenHa M MHOro
3Hauuma Kopenaumss ¢ 6pos cemeHa B
wywynka (-0.82). 3abenssaxve, 4ye B
CyxuTe roAguHW onpegeneH 6poi pas-
KNIOHEHWS HAMAT LUYLLY/IKK, a CbLLO Taka,
ako mmart MHOro oT TaAX ca 6e3 cemeHa.
Hanuue e cnaba oTpuuyatesnHa kope-
nauymsa ¢ 6pos Ha 3bpHaTa Ha pacTeHue
(-0.16) n cnaba nonoxuTenHa kopenauns
c Ternoto Ha 1000 6p. cemeHa (0.22).
BpoAT Ha wWywynkn 3a eJHO pacTeHue
uma criaba nosnoxuTenHa kopenauusi c
6pos cemeHa B wywynka (0.26) u cuiHa
oTpuuaTenHa kopenauus C Ternoto Ha
1000 6p. cemeHa (-0.82). bposT cemeHa
Ha LWylwynka nvma otpuuaTtenHa cpegHa
Kopenaumss ¢ Ternoto Ha 1000 6p.
cemeHa (-0.52).

N3BOAN

M3cneasaHuTe nokasaTenu He ce
pasnuuasaTt Mo TOAWMHM, HO 3HAYUTENHO
ce pasnuuasaT cropef reHotuna. Haii-
ronsiMa NPOMEH/IMBOCT Ce MoJly4aBa BbB

Number of branches per plant had
negative and very signifficantly
correlation with seed number per pod (-
0.82). We noticed that in dry years certain
number of branches are without pods
and, also, if they have pods many of them
are without seeds. There was weak
negative correlation with pod number per
plant (-0.16), and weak positive
correlation with 1000 seed weight (0.22).

Pod number per plant had weak positive
correlation with seed number per pod
(0.26) and strong negative correlation
with 1000 seed weight (-0.82). Seed
number per pod had negative medium
correlation with 1000 seed weight (-0.52).

CONCLUSIONS

Investigated features did not varied
by vyear, but significantly varied by
genotype. The most variability obtained
for the plant height and 1000 seeds
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BMCOYMHATA Ha PacTEeHNETO U TEersoTo Ha
1000 6p. cemeHa. YcTaHoBeHa € no-
He3HauuWTenHa pasnmka B 6posa  Ha
pask/IoHeHUATa Ha pacTeHue, 6pos Ha
cemMeHa B LWywynka u 6pos Ha LWyLyn-
KMTe Ha efHO pacTeHue. Haii-ronsamara
NnosIoKMTENIHA Kopenauusa e Mexay BUCo-
ymHaTa Ha pacTeHneTo u Tersioto Ha 1000
6p. cemeHa (0.90). Hait-ronsamara oTtpu-
uaresiHa kopenauua e mexgy 6pos pas-
K/IOHEeHVs Ha pacTeHue u 6pos Ha ceme-
HaTta (-0.82), kakTO M Mmexay 6pos Ha
LUYLIYNIKATE Ha eHO pacTeHWe u TersioTo
Ha 1000 6p. cemeHa (-0.82). B Cbpbus
uma noseye nomnynauymm c rosiemMu ceme-
Ha, W3Mo/M3BaHM 3a KOoHCymauua oT
yoBeka. CnegoBareniHo reHoTunoese JA32
n KS44 3acnyxasat cneyuanHo BHUMAa-
HMe TMpu no-HaTarbliHaTa Cenekuus,
nopagy masnkuiTe cu cemeHa.

BNAITOOAPHOCTU

lNpoyyBaHeTo e TMOAKPENeHo OoT
MUWHWCTEPCTBOTO Ha 06pa3oBaHUETO U
Haykata Ha  Penybnuka  Cbpbus
(TR-31057, 2011).

weight. A little less variation was obtained
for the number of branches per plant, the
number of seeds per pod and the pod
number per plant.

The largest positive correlation was
between plant height and 1000 seed
weight (0.90). The largest negative
correlation was obtained between brunch
number per plant and seed number per
pod (-0.82), and also, between pod
number per plant and 1000 seed weight
(-0.82).

In Serbia there are more populations of
large seeds used for human consumption.
Therefore genotypes JA32 and KS44
deserve special attention in further
selection, because of their small seed.
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PE3IOME

MoyyBaHeTO e npoBeAeHO npu
HenosIMBHMU  yCcnoBus, npe3 nepuoga
2016-2018 r., B ONUTHOTO MoOfEe Ha

WHcTutyTa no semegenue n cemesHaHve
,00pa3uoB uncnunk” - Pyce. Llenta Ha
nscnegBaHeTo e Aa ce npoyyun edekra ot
npuwiaraHeTo Ha 6uocTuMynaHTute L; u
Ls, paspaboTtka Ha WHCTUTYTa Mo Kpuo-
6M0M1I0TNA N XpPaHUTENHU TEXHOoTnN -
Consi, BBPXY OCHOBHUTE CTPYKTYPHWU
€/1IeMEHTM Ha MPOAYKTMBHOCTTA Ha doypax
n pobuBa Ha 3eseHa M cyxa maca oT
niouepHa copt Mpucta 4. MNonckuaTt onut
BK/lOYBA BapuaHTM C BHacsHe Ha
6uoctumynaHtute L; m Ls 1M KOHTpona
(HeTpeTupaH BapuaHT). TpeTupaHeTo Ha
TpeBOCTOUTE € U3BBbPLIBAHO BbB BCEKM
nogpacTt, ABYKPaTHO - MpW BUCOYMHA Ha
pacteHusTa 10-15 cm 1 BBLB (pasa 6yTo-
Hu3aums, B go3a 300 ml da™. NnctHoTO
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SUMMARY

The study was carried out without
irrigation, at the experimental field of the
Institute of Agiculture and Seed Science
"Obraztsov chiflik" - Rousse, from 2016 to
2018. The aim of the present study was to
investigate the effect of L; and Ls
biostimulants application, elaborations of
the Institute of Cryobiology and Food
Technology - Sofia, on the main structural
elements of green mass and dry matter
yield and forage productivity of Prista 4
alfalfa variety. The field trial included
variants with L; and Ls biostimulants
application and a control (untreated
variant). The grass stands were sprayed
twice in each regrowth - at plant height of
10-15 cm and in bud stage, at 300 ml da™
application rate per treatment.
The foliar

application of L; and Lsg



npunaraHe Ha 6uoctumynaHTute L; u Ls
oKasBa pas/IMyHOo Mo cuna Aencrsme Bbp-
Xy Mpoy4BaHuTe MOPOSIOTNYHN MpU3Ha-
UM 1 NPOAYKTMBHOCTTA Ha ypax oT
niouepHa copt lNpucta 4, B OTroBop Ha
NPOMeEHNTE Ha ycnoBusaTa Ha cpegarta no
BpeMe Ha hopmMupaHe Ha nogpacTture.
TpeTupaHeTo ¢ 6uocTumMynaHTuTe Ly un Ls
nognomara popMMpaHeTo Ha MNO-BUCOKU
pacteHus. lpoaykTbT Ls AokasaHo [o-
npuHacs 3a nosuLLIaBaHe Ha noTeHuuana
3a cTbbs006pasyBaHe U pasBUTUETO Ha
no-nabTHU TPEBOCTOW. TOW OKasBa ACHO
n3paseH nosnoxmTeneH eekt Bbpxy npo-
OYKTUBHOCTTA Ha dpypax. OT TpeTupaHuTe ¢
Ls TpeBocTton e pekontupaH ¢ 4,43% no-
BMCOK A06UB 3eneHa maca 1 cbe 7,37% no-
BMCOK [06MB Cyxa Maca OT KOHTposaTa.

llnctHoTo npunaraHe Ha Ls paBa
obellaBaliy pesyntaTm U OCHOBaHue na
6bAe M3N0NA3BaH Karo Kopurmpawy, Komno-
HEHT B TexHosorndATa 3a oTrnexaaHe Ha
nouepHara 3a ypax.

Kntoyosu LyMu: nouepHa,
6uocTumMynaHTu, 1061B, CyX0 BELLECTBO

YBO/,

HapacTBaliaTta xuMmmnsauusa Ha ces-
CKOCTOMAaHCKNA CEKTOp npes3 nocnegHute
roANHU MOBULIN 3HAUYUTESTHO XUMWUYecKa-
Ta TeXecT W gosede [0 peguua oTpu-
uatesiHn edpekTn BbpXy NPUpPOSHUTE EKO-
cuctemn. Kato ce B3eme npegsug Hera-
TMBHOTO Bb3AENCTBNETO HA XMMUYECKUTE
NPOAYKTU BbpPXYy OKO/IHATa cpefa e ACHO,
ye HeobXoAMMOCTTa OT HOBa KOHLEeNums B
CEeJICKOTO CTONaHCTBO, OCHOBaBalla ce Ha
HamasiaiBaHe Ha ynoTpebara Ha XMMUYEeCKU
npoaykTn e cnelwHa (Fernandez et al., 2013).

EAVH OT BBb3MOXHUTE HauMHW 3a
nocTuraHe Ha YycToiuMBa 3emefesicka
cuctemMa e npunaraHeTo Ha XpaHUTesTHU
BellecTBa nof dopmMara Ha UCTHU
cnpeiioBe, KOETO Ja AOMNpPUHEce 3a MoBu-
WwaBaHe Ha buonormyHaTa NnPoayKTUBHOCT
Ha pacTeHusiTa U CbLiEeBPEMEHHO Aa orpa-
HMYM 3aMBbPCABaHETO Ha OKOJIHaTa cpeja
(Kannan et al., 2010, Dong et al., 2005).

JNluctHOTO TOpeHe e 6uno npegmeTr
Ha peguua NOJICKN un3cneaBaHua u e

65

biostimulants had a different effect on the
morphological traits studied and on the
forage productivity of Prista 4 alfalfa
variety, in response to the changes in
environmental conditions during the
regrowths formation.

The treatment with L, and Ls biostimulants
stimulated the development of
considerably higher plants. Ls product
contributed to significantly increase the
potential for stem formation and the
development of grass stands with better
density. It had a clearly expressed
positive effect on the forage productivity.
The green mass and dry matter yields
from the treated with Ls grass stands were
higher by 4,43% and 7,37%, respectively
than these for the control.

The foliar application of Ls gives
promising results and reason to be used
as a corrective component in technology
of alfalfa growing for forage.

Key words: alfalfa, biostimulants,
yield, dry matter

INTRODUCTION

The growing chemicals application
in agricultural sector in recent years
considerably increased the chemical
burden and has led to a number of
negative effects on the natural
ecosystems. Taking into consideration the
environmental negative effect of chemical
products, It is clear that the need for a
new concept in agriculture based on
reducing the use of chemical products is
urgent (Fernandez et al., 2013).

One of the possible ways for a
sustainable agriculture system is the
apply of nutrients as foliar sprays to
contribute for increasing plants biological
productivity while at the same time reduce
environmental pollution (Kannan et al.,
2010, Dong et al., 2005).

The foliar fertilization has been the
subject of many field researches and has



LWMPOKO BBL3MPUETO Kato cTaHdapTHa
npaktuka B MHOIO CTpaHu Mpu MHOrO
KynTypu. TEOpeTnyHO TO € MNOo-eKos10rny-
HO, Tbil KaTo XpaHWTeNHWTE BellecTBa
mMorat ga 6bAaT LOCTaBEeHW [AVMPEKTHO B
pacTutenHuTe TbKaHM MO BpemMe Ha
KPUTUYHW eTanu OT pacTexa W pasBuTueTo
Ha pacteHuaTa (Younus Wani et al., 2017).

Mpe3 nocnegHUTE roguHN LenTa Ha
pegvua npoyyBaHus € ga Ce yCTaHOBU
B/IMAHNETO Ha Pas3/IMyHM NPOAYKTU C Op-
raHW4eH MPou3Xof BbPXy yCToWuYMBOCTTA
Ha KynTypuTe Ha €eKOJIOTMYeH CTpec u
noeuwaBaHe Ha Ao6vBa M Ka4ecTBOTO Ha
pactuTenHarta npoaykumnsa (Georgieva and
Nikolova, 2010; Kertikov et al., 2016;
Bozhanska et al., 2017a; El-Refaey et al.,
2017; Vasileva et al.,, 2017; Ivanova-
Kovacheva et al., 2018).

Ynotpebata Ha /NUCTHM TOpPOBE,
pacTeXHu perynatopy n GMOCTUMYMaHTU
€ efHa OT NepcrnekTMBHWTE HACOKM 3a
CTMMy/IMpaHe Ha OWOMIOTNYHNS NOTEH-
uuan Ha pacTeHuaTa, Tbil kaTo Te ce
onpefenAT kato AOonb/iBal, U Kopuripaty
KOMMOHEHT OT Uus/slocTHaTa cucTemMa Ha
MVHEPA/IHO XpaHEHe U anTepHaTMBa Ha Xu-
MWYHWUTE TOPOBE 3a MO-eKOSI0rocbo6pasHo
yBE/IMYEHNE Ha MPOAYKTMBHOCTTA B
ycToinumBoTto 3emepgenune (Mihova et al.,
2017; Yakimov and Ivanov, 2017; Enchev
et al., 2018).

BuoctumynaHTute ca NpOAYyKTH,
nosly4eHn OT OpraHuyHW maTepuanu, Cb-
AbpXawm 61oakTBHU BellecTBa W/nm
MWKPOOPraHU3Mmn, KOUTO CTUMYMpaT Hs-
KoM (PU3NOTOTUYHN U BUOXUMWUYHW MpoLe-
cu, Bodewm 8o nogobpeHa edekTBHOCT
Ha YCBOSIBAHE M W3MOM3BAHE Ha XpaHu-
TENIHN BeLWecTBa M MOBULLEHA TO/IEpaHT-
HOCT KbM HebnaronpuaTHW YCNOBWUS Ha
cpepata (Du Jardin, 2015; Yakhin, 2017).

CnocobHocTTa MM fda yBenuyasaT
XM3HEHOCTTa Ha pacTeHusTa BOAM A0
HamansBaHe Ha  KO/IMYecTBOTO  Ha
U3MNoN3BaHUTE MecTMuuan 1 TOopoBe, a
oTTaM UM [0 KOCBEHO MOMOXNUTESTHO
Bb3ENCTBME BbPXYy OKOMHaTa cpeda
(Toscano et al., 2018).

Bb3gelicTBueTo

Ha JINCTHOTO
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become widely adopted as a standard
practice for many crops in a lot of
countries. It is theoretically more
environmentally friendly, since nutrients
can be directly delivered to plant tissues
during critical stages of plant growth and
development (Younus Wani et al., 2017).

In the recent years, the aim of a
number of studies has been to investigate
the impact of organic products on the
crops resilience to environmental stress
and increased yield and quality of plant
production (Georgieva and Nikolova,
2010; Kertikov et al., 2016; Bozhanska et
al., 2017a; ElI-Refaey et al., 2017
Vasileva et al., 2017; lvanova-Kovacheva
et al., 2018).

The use of foliar fertilizers, growth
regulators and biostimulants is one of the
perspective guidelines for stimulating the
biological potential of plants because they
were determined as an supplementary
and corrective component of the overall
mineral  nutrition system and an
alternative to chemical fertilizers for more
environmentally friendly yields increase in
the sustainable agriculture (Mihova et al.,
2017; Yakimov and Ivanov, 2017; Enchev
et al., 2018).

The biostimulants are products
derived from organic material containing
bioactive substances and/or
microorganisms able to stimulate several
physiological and biochemical processes
that lead to improved uptake and nutrients
use efficiency and enhanced tolerance to
unfavourable environmental conditions
(Du Jardin, 2015; Yakhin, 2017).

They ability to increasing plant vigor
lead to a reduction in the amount of
pesticides and fertilizers used and
consequently to an indirect positive
impact on the environment (Toscano et
al., 2018).

The impact of foliar application



NPWIOXKEHNe Ha TOpPOBE, pPacTexHu
perynaropu n 6uocTuMynaHTu Bapupa He
camMo Mexfay BUAOBETE U COPTOBETE, HO
CblO Taka 3aBucuM OT eHonornsaTa u
OM3MONOTNYHNA CTaTyC Ha pacTeHusTa u
OT ycnoBusTa Ha cpegara, npyu KouTo Te
ce otrnexgar (Kannan, 2010; Fernandez
et al., 2013; Bozhanska et al., 2017b).

MouepHaTa (Medicago sativa L.) e
€[1H OT Hali-BaxHUTe 6060BU (hbypaxu B
cBeTa KaTo OCHOBEH W3TOYHUK Ha npo-
TEWH, BMCOKA MPOAYKTMBHOCT, OT/IMYHO
KayecTBO Ha dhypaxa ¥ aganTMBHOCTTa
KbM pasiMyHUTe KIMMaTUYHU YC/IOBUS.
TA MOXe Ja ce usnonssa AUPEKTHO 3a
nawa, CeHO WM KOHCepBUpaHe KaTo
CUIaX W e HajexaeH ypaxeH Bug ¢
rofIiM0O  3Ha4YeHue 3a >KMBOTHOBBbAHUSA
cektop. EKOMOrMYHuAT  xapaktep Ha
OTrNexgaHeTo Ha JiouepHa e  oT
U3K/TIOUMTENNHA BaXKHOCT 3a YCTON4YMBO
CEJICKOCTOMAaHCKO MPOU3BOACTBO Mopagu
cnmbunosata ¢ GaktepuAta Rhizobium
meliloti, npeBpbLaLLla aTMOCchepHUsa a3oT
BbB (popma [OCTbMHA 3a pacTeHusATa
(Kertikova, 2008).

3a pa ce nocturHe ontMmasieH
[obuB Ha (hypax, nwuepHata W3MCKBa
CpaBHUTENIHO rofieMU KO/MYecTBa XpaHu-
TeNHu BewecTa. B Ta3n Hacoka ca n3Be-
OEHN peguua HayyHU uscnegBaHvsi, B
KOMTO € npoy4yBaH edekTbT OT npunara-
HETO Ha pas/IMyHM  arpOTEXHUYECKU
cpeactBa — ONTMMasiHa bCTOTa, MHTEH-
3MBHOCT Ha u3Mnos3BaHe, OGanaHCUpaHo
TOpeHe, TpeTupaHe C JIMCTHWM TOPOBE,
pacTexHu perynatopy u 6MOCTUMYNaHTU
(Hall et al., 2002; Sevov, 2011; Terzi¢ et
al., 2012; Madani et al., 2014).

PactexHunat perynatop PEHW,
NPWIOXKEH CaMOCTOATENIHO WM B pas-
JINYHM KOMBUHAL MM B NOCEBM OT NiOLEpHa
copT MHoronucTHa 1, oka3Ba NonoXnTe -
HO JeiicTBME BbpXY CTEMNeHTa Ha ekcrpe-
CYA Ha MpuU3Haka MHOroaMCTME, NoBuLA-
Ba fo6uBa Ha hypax U CbAbpXaHWETO
Ha aMMHO K1CENUHN B Bmomacara (Sevov
et al., 2007). JIncTHOTO npunaraHe Ha opra-
HUYHUTE SIMCTHM TopoBe AMUHOGecCT 1 Total
Care cTumynMpa (oopM1MpaHeTo Ha no-B1Co-
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fertilizers, growth regulators  and
biostimulants varies not only between
species and varieties but also depends
upon phenology and physiological plants
status and environment in which they
growing (Kannan, 2010; Fernandez et al.,
2013; Bozhanska et al., 2017b).

Alfalfa (Medicago sativa L.) is one
of the most important legume forage
worldwide as a major source of protein,
high productivity, excellent forage quality
and adaptability to different climatic
conditions. It can be used directly for
grazing, hay or conserved as silage. The
alfalfa is a reliable forage species with a
significant importance to the livestock
sector. Environmentally friendly nature of
alfalfa cultivationis worth emphasising for
sustainable agricultural production due to
the symbiosis with bacteria Rhizobium
meliloti, converting atmospheric nitrogen
to make it available to the plants
(Kertikova, 2008).

In order to achieve optimal forage
yield the alfalfa requires relatively large
amounts of nutrients. In this sense, a
number of scientific studies have been
carried out, investigating the effect of the

application of different agrotechnical
practices — optimal density; intensity of
utilization; balanced fertilization;
application of foliar fertilizer, growth

regulators and biostimulants (Hall et al.,
2002; Sevov, 2011; Terzi¢ et al., 2012;
Madani et al., 2014).

RENI growth regulator applied
independently or in various combinations
in alfalfa stands of Mnogolistna 1 variety
favorably  affects the extent of
multifoliolate expression, increase forage
yield and amino acid content in biomass
(Sevov et al., 2007).

The foliar application of organic fertilizers
Aminobest and Total Care contribute to
development of higher grasses and higher



KN TPEBOCTOM U NO-BMCOKM A0GWBK NpU io-
uepHarta oTrnexgaHa 3a dypax (Marinova
and lvanova, 2018; Marinova et al., 2019).

Llenta Ha HacTosLLeTO n3cnensaHe
e [a ce npoyyun edekra oT npuiaraHeTo
Ha buocTumynaHTute L; 1 Ls, paspaboTka
Ha WKXT- Codwmsi, BbpPXY OCHOBHUTE
CTPYKTYPHM eNeMeHTn Ha A00OMB 3en1eHa u
cyxa mMaca 1 NpoAyKTMBHOCTTa Ha dypax
npwu mouepHa copt MpucTta 4.

MATEPVAJT U METOOU

EkcnepumeHTanHaTta pabota e
n3BbpLLeHa npes nepuoga 2016-2018r, B
ONUTHOTO nose Ha WHctutyta no
3emMefenve un cemesHaHue ,06pasuos
yndpnk” Pyce. OnutHOTO nosie Ha
WHCTUTYTaA € pasnosioxeHO B CeBepHUus
KNMMaTuyeH parioH Ha [lyHaBckaTta
paBHuHa  (43°48' N, 26°03' W u
HagMopcka BucoumHa 152 m).

M3cnegsaHeTto e npoBefeHO CbC
copt lMpucta 4, 6e3 HanosiBaHe, BbpXy
MOYBEH TUM CW/IHO U3NY)XEH YEepHO3eM, C
HUCKO CbAbpXaHue Ha xymyc (oT 2,03%
0o 2,17% cpepgHo 3a cnos 0-40 cm) u pH
5,84-5,94. TonckuAT onuT BK/IOYBA KOH-
Tpona (HeTpeTupaH BapuaHT) U [Ba Ba-
puaHTa c npunaraHe Ha OuUOCTUMYNaH-
™mTe Ly n Ls.

Mpopyktute L; n Ls ca paspabo-
TeHu B nabopatopusi BUONOTMYHO aKTUB-
HN BellecTBa npu WHCTMUTYTA NO KpUO-
61010TNA N XPaHUTESTHW TEXHONOMMK Ha
OocHOBaTa Ha TBbPAO-TEYHA eKCTpakuus
Ha BEPMMUKOMMNOCT C 2 afikaJIHN eKcTpa-
reHra. TpeBocTouTe ca MpbCKaHW OBY-
KpaTHO BbB BCEKM NogpacT npu BUCOUNHA
Ha pacteHuaTa 10-15 cm n BbLB (hasza
6yToHu3auusa, B gosza 300 ml dat n ¢
ABaTa 6buocTumMynaHTa.

NMouepHaTta e 3acAta Ha 21 mapTt
2016 r. no 650KOBMA METOL, B 4eTupwu
NOBTOPEHUS, C rosieMrHa Ha pekosiTHaTa
napueska 5 m?, npu cenTbeHa Hopma 2,5
kg da™ n MexaypeaoBo pactosHue 12,5
cm. lMpubupaHeTo Ha 3eneHaTa maca e
OCbLLECTBABAHO BbB (Pasa Hayano Ha
ubgTex. 3a nepvoga Ha npoyyBaHe ca
pekontupaHn obuwo 10 oTkoca (2016 r.-
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yields in alfalfa grown for forage
(Marinova and Ivanova, 2018; Marinova et
al., 2019).

The aim of the present study was to
investigate the effect of L; and Ls
biostimulants, an elaboration of the ICFT -
Sofia on the main structural elements of
green and dry mass yield and the forage
productivity of alfalfa Prista 4.

MATERIAL AND METHODS

The experimental work was carried
out from 2016 to 2018, in the
Experimental field of the Institute of
Agriculture and Seed Science "Obraztsov
Chiflik" - Rousse located in the Northern
climatic region of the Danube Plain
(43°48'N, 26°03'W and altitude 152 m).

The investigation was conducted
with Prista 4 variety, without irrigation, on
a soil type strongly leached chernozem
with low humus content (from 2,03% to
2,17% average for the 0-40 cm layer) and
pH 5,84-5,94. The field trial included a

control (untreated variant) and two
variants with L; and Lg biostimulants
application.

L; and Lg products have been
elaborated based on solid-liquid extraction
of a vermycompost with 2 alkaline

extragents at the Laboratory of
Biologically Active Substances to the
Institute of Cryobiology and Food

Technologies - Sofia. The grass stands
were sprayed twice in each regrowth - at
a plant height of 10-15 cm and in a but
stage at 300 ml da™ application rate per
treatment for the both biostimulants.

The alfalfa was sown on 21 March
2016 in a randomized block design in four
replications, at a plot size of 5 m°. The
sowing rate was 2,5 kg da™ and inter-row
spacing 12,5 cm. The green mass cutting
was carried out at early flowering stage. A
total 10 cuttings were made (2016 - two
cuts, 2017 and 2018 - four cuts) during



ABa otkoca, a 2017 r. n 2018 r. - no
yeTupu oTKoCa.

HanpaBeH e aHa/n3 Ha CTOMNaHCKu-
Te nakasatenm [O6uB cBexa Maca,
CbAbpPXaHne Ha Cyx0 BeLlecTBO U Ao6uB
cyxa Maca, KakTo M Ha OCHOBHUTE
KOMMOHEHTU Ha [JobuBa: BUCOYMHA U
NABTHOCT Ha TPEBOCTOS.

MokasaTennTe BMCOYMHA HA TPEBO-
CTOSA U NJBTHOCT Ha TPEBOCTOSA ca onpe-
AensHn npeam Bcska kocutba. BucoumnHa-
Ta Ha TPeBOCTOSA e OTyMTaHa B CM, KaTto
ca MepeHV MHO3MHCTBOTO HOpPMasiHO
passButu CcTbb/1a OT MOBLPXHOCTTA Ha
noysata [0 Bbpxa UM, Ha 3 MecTa BbB
BCSAKO MOBTOPEHME 3a BCEKU BapuaHT.
MAbTHOCTTA Ha TPEBOCTOSA, Wu3pas3eHa
ypes 6poii cTb6Ma HAa M’, e oTuMTaHa
ype3 meTpoBka (50 x 50 cm) BBLB BCsKa
PeKONTHa Napuesika 3a BapuaHTuTe.

Jobueute (B kg da'l) no noapacTu,
ca OT4MTaHM 4pes3 MpeTersisiHe Ha okoce-
HaTa 3e/leHa mMaca OT BCSIKO MOBTOpPEHue
3a BapuaHTuTe. 3a onpepgensHe Cbabp-
)XaHMETO Ha Cyxo BellecTBo (B %), npean
BCAKa Kocutba 3a BCEKM BapuaHT ca
B3eMaHu npobu ceexa Mmaca (200 g).
Mpobute ca m3cywaBaHW [0 MNOCTOAHHO
Terno B cywunHa kamepa npu 105°C u
npeternsHu. [JaHHuTe 3a O06MB 3eneHa
Maca U CbAbpXaHWe Ha CyxO BeLLEeCcTBO
ca 13nos3BaHu 3a onpegesnsHe gobuea
Ha cyxa maca (B kg da'l).

EkcnepyMeHTanHUTE  [aHHM ca
MaTemartmyecka 06paboTka Mo MeToda Ha
eaHOhaKTOpHMSA ANCMNEPCUOHEH aHau3
(ANOVA). WN3nonssaH € MporpamHusAT
npoaykt STATGRAPHICS PLUS.

PE3YJITATU N OBCBXXOAHE

EAMH OT OCHOBHWUTE CTPYKTYPHWU
KOMMOHEHTU Ha MNPOAYKTMBHOCTTA Ha
dhypax, onpegensiy B ronsma CTeneH
CTOHOCTUTE Ha [06UB 3e/eHa U cyxa
Maca e BMcoYMHaTa Ha TpeBocTos. Ectec-
TBEHaTa BMCOYMHATa Ha pacTeHusTa e
KO/IMYECTBEH COPTOB MPU3HaK U CTeneHTa
Ha heHOTUMNHA eKCnpecusi Ha reHnTe, Kou-
TO r0 KOHTpPONMpAaT Ce NPOMEHS Noa, B/usI-
HVe Ha pas3NN4YHKNTE YC/IOBUS Ha cpeaaTa.
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the study period.

An analysis was made of the green
mass vyield, dry matter yield, dry matter
content in green mass and the main yield
components plants height and grass
stand density.

The grass stand height and grass
stand density were determined before
each cut. The grass stand height in cm
was recorded as the majority of normally
developed stems were measured from the
surface of the soil to the top. It was done
in 3 places in each replication for each
variant. The grass stand density trait,
expressed by stem number (SN) per m? in
each harvesting plot for the variants by
sampling plot (50 cm x 50 cm) was
ascertained.

The vyields (in kg da'l) were
determined at each cut by weighing the
green mass of each harvesting plot for the
variants. For dry matter content
determination (%) 200 g fresh vegetative
mass was sampled before each cutting for
each variant. The samples were dried to a
constant weight in a drying chamber at
105°C and weighed. Green mass yield
and dry matter content data were used for
dry matter yield (in kg da-1) to be
counted.

The experimental data were
analysed by the One-way analysis of
variance (ANOVA) method. The
STATGRAPHICS PLUS product was
used.

RESULTS AND DISCUSSION

The grass stand height is one of the
main structural components of forage
productivity, which determines to a large
extent the green mass and dry matter
yields. The natural plants height is a
quantitative variety trait and degree of
phenotypic expression of the controlling it
genes is changes under the influence of
different environmental conditions.



Mpe3 nepuoga Ha npoyyBaHe ce
Habnogasar pasnuuusa B edekta OT
npuiaraHeTo Ha 6uocTumynaHTute L; u
Ls BbpXy BUCO4YMHATa Ha TPEBOCTOSA Ha
niouepHa copt lMpucta 4, No OTKOCKU 1 NO
roAviHM.

[aHHnTe nokasear, 4ye B roguHa Ha
3acsiBaHe Ha filouepHaTa, B MbpBY MNOA-
pact M pggata OGMOCTUMY/aHTW oOkasBat
NOIOXMTENHO B/IMSIHNE BbPXY BMCOYMHA-
Ta Ha pacTeHusTa (Tabnuua 1).

During the study period, there were
found differences in the effect of L; and Ls
biostimulants application on the grass
stand height of Prista 4 alfalfa variety, by
regrowths and years.

Data showed the both biostimulants
had a positive influence on the plants
height in first regrowth in the year of
alfalfa stand establishment (Table 1).

Tabnuuya 1. BucovnHa Ha TPEBOCTOMTE Ha ftoLepHa copT Mpucta 4 TpeTupaHu ¢

ONOCTUMYMAHTHU

Table 1. Grass stands height in Prista 4 alfalfa variety treated by biostimulants

EcTecTBeHa BUco4YMHa Ha pacteHusTa, cm/ Real plant height, cm
BapuaHTtu 2016
Variants | oTKOC Il oTkOC CpegHo Pasnuka (+/-), cm
| cut Il cut Mean Difference (+/-), cm
KonTpona / Control 30,00 60,12 45,06 ¢
L, 39,75 65,04 52,40 b +7,34
Ls 46,25 65,00 55,63 a + 10,52
LSD s 2,88
LSD 146 4,13
LSD 0.1% 6,07
2017
| oTKOC Il oTkOC Il oTkOC IV oTkoC CpepHo Paznuka (+/-), cm
| cut Il cut Il cut IV cut Mean Difference (+/-), cm
KoHTpona / Control 48 60 59 31 49 b
L, 66 70 71 30 59 a +10
Ls 71 69 62 25 57 a +8
LSD s 3,11
LSD 146 4,47
LSD o.1% 6,57
2018
| oTKOC Il oTkOC Il oTkOC IV oTkoC CpegfHo Pasnuka (+/-), cm
| cut Il cut Il cut IV cut Mean Difference (+/-), cm
KonTpona / Control 92,75 75,75 83,75 26,50 69,69 a
L, 90,00 72,25 80,75 23,75 66,69 a -3
Ls 88,00 73,75 85,50 23,50 67,69 a -2
LSD s 4,36
LSD 146 6,70
LSD 0.1% 9,33
CTOiMHOCTWTe C efjHa ¥ Cbluya bykBa HAMAT A0Ka3aHOCT Ha pasnvkute npu P <0.05
Values followed by the same letter are not significantly different at P<0.05
OT4YeTeHNTEe CTONHOCTM 3a BapuaH- The reported values for the

TUTe TpetupaHu ¢ Ls (46,25 cm) u Ly u
(39,75 cm), couyaT AcCHO u3paseH no-
CuUNeH cTuMmynupal, edekt Ha Ls, npwu
BMCOYMHA Ha TPEBOCTOA 3a KOHTposaTta -
30 cm. BbB BTOpWM nogpacTt nosoxuTes-
HOTO felicTBME Ha NPOyYBaHUTE NPOAYK-
TW ce 3anasBa, KaTo pacTeHuaTa TpeTu-
paHu c L; n Lsca c nspaBHeHa BUCOYMHA.
CpefHO 3a nbpeBarta rogyHa TPEBOCTOAT

sprayed variants with Lg (46,25 cm) and
L; (39,75 cm) showed pronounced
stronger stimulating effect of Ls. The
plants height for the untreated control
was 30 cm. In a second regrowth, the
positive impact of the products studied
was kept. It were also found the plants
treated with L; and Ls were equally high.
Mean for the first year the grass stands of
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Ha BapuaHTa BK/IloYBaLL, npunaraHe Ha Ls
e ¢ 10,52 cm no-BuCOK OT TO3U Ha
KOHTponara. 3HauuTesIHo NpeBuULLeHVEe e
oTyeTeHo u 3a L, (7,34 cm). BugHo e, ue
npe3 nbpBaTta Beretauus Ha nwuepHara
3a 6uoctmynaHta Ls ce ycTaHoBsBa
[0Ka3aHOo MOo-CUMIEH NOMOXMTENEH edhekT
BbpXy  (beHoTMnHaTa  nposiea  Ha
npu3Haka B cpaBHeHue ¢ L; OuepTaHaTta
TEHAEHUMSA 3a CTUMYy/Mpallo AeilcTeue
Ha GMOCTMMyNaHTMTE BbPXY Nokasartesis
ce 3anasBa W npes BTopara roguvHa.
OTyeTeHWTEe CTOMHOCTM MoKasBar, ue
npoyyBaHUTE MNPOAYKTM [ONpuHacAT 3a
hopMMpaHeTo Ha MNO-BUCOKM TPEBOCTOU
BbB BCUYKM NOAPACTH, C U3K/NIOYEHNE Ha
4YeTBbLPTU. Hai-cuneH  nonoxutenex
eqpekT Ha BMOCTUMYNaHTUTE e YCTaHOBEH
B MbpPBU OTKOC, C OTYETEHM MPEBULLEHNS
3a Ls n L; cnpsAMo koHTposiaTta, CbOTBET-
HO 23 cm n 17 cm. lNpaBn BrneyaT/ieHne,
ye B crejBalymTe nogpactu CcTUmynupa-
LoTo feicteue Ha Ls oTcnabea, gokato
npu L, ce 3anassa. CpegHuTe CTOMHOCTM
3a npu3Haka npe3 BTOpaTa PeKoNTHa
rofvHa couaTt, 4ye TpeBocTouTe pearupar
NOMOXMNTENIHO Ha NIMCTHOTO TpeTupaHe C
Ly n Ls, AokazaHO dhopmupainkm no-
BWCOKM  pacTeHWss OT  KOHTponara.
Pesyntatute nokasear, 4e BbB BCUYKM
nogpactu npe3 TpeTaTa Beretauus Ha
nouepHarta, npoyYyBaHMTe 6UoCcTUMynaH-
TV He JonpvHacAT 3a pa3BUTMETO Ha Mo-
BMCOKMN TpeBocTou. Cnabo cTumynvpatLo
fgelictBne ce Habnwgaea 3a Ls B TpeTtu
OoTKOC. OTyeTeHuTe pasvkn  Mexay
BapuaHTMTe cCpefHO 3a roguHara He ca
CTaTUCTUYECKN fOKa3aHW.

[JaHHunTe 3a Nnpu3Haka NabTHOCT Ha
TPeBOCTOS, M3pa3eH 4ype3 6poi cTbbna
Ha m’, nocouenn B Ta6nuua 2, couar
pas/IMyHO Mo-cusia U xapakTep geictene
Ha npoyyBaHUTE OGMOCTUMYNaHTW, MO
OTKOCM U TOAVHMN.

the variant including Ls application was
with 10,52 cm higher than those of the
control. A considerable exceeding was
reported for L; (7,34 cm), too. Data also
showed season significantly stronger
stimulating effect of L5 biostimulant on the
phenotypic expression of the trait
compared to L, during first growing.

The tendency outlined for positive impact
of the biostimulants on the indicator was
kept in the second year. The reported
values indicated the studied products
contributed to the higher grass stands in
all regrowths, except the fourth one.

The strongest positive effect of
biostimulants was found in the first cut.
The excesses for Ls and L; versus the
control were 23 cm and 17 cm,
respectively. There was established
decrease of the stimulating impact of Ls in
the following regrowths while effect of L;
was kept. Mean values for trait in the
second productive year indicated the
grass stands responded positively to the
foliar treatment with L, and Ls, developing
significantly higher plants than they of the
control. The results showed the
biostimulants studied not contributed to
higher grass stands in all regrowths
during the third alfalfa growing season.
Slight stimulating effect was observed for
Ls in a third cuts. The reported
differences between mean values for the
variants were not statistically significant
for the year.

Data of grass stand density,
expressed by stems number per m?
present in Table 2, showed a different by
power and character effect of the
biostimulants studied in regrowths and
years.
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Tabnuua 2. MABTHOCT Ha TPEBOCTOUTE Ha stoLepHa copT MNpucta 4 TpeTmpaHu ¢
ONOCTUMYMAHTU
Table 2. Grass stands density in Prista 4 alfalfa variety treated by biostimulants

Bpoii cTb6na Ha m’ / Stems number per m’
BapwuaHTtun 2016
Variants I oTkoc / | cut Il otkoc / 1l cut C’azgﬁo I;?:e’:gzi e(;ﬂ_))ﬁm
KoHTpona/Control 164 195,62 179,81 ab
L. 154 180,65 167,25 b -25,81
Ls 140 244,52 192,26 a +12,45
LSD sy 13,65
LSD 1 19.61
LSD 019 28,00
2017
I otkoc / | cut|ll otkoc / Il cut| 1l oTkoc/1ll cut |1V oTkoc/IV cut Cpearo P"?B”V'Ka (+/-), 6p.
Mean Diference (+/-), N
KoHTpona/Control 534 489 510 419 488 a
L. 448 441 454 397 435 b -53
Ls 506 491 476 431 476 a -12
LSD sy 27,06
LSD 14 38,88
LSD o1 57,19
2018
I otkoc / | cut|ll otkoc / Il cut| 1l oTkoc/Ill cut IV oTkoc /IV cut] C&gg:o PD?fSe’:gﬁi e(z-/))Gﬂ
KoHTpona/Control 434 412 391 290 381,75¢c
L. 507 489 420 397 453,25 a +71,5
Ls 492 441 400 358 422,75 b +41
LSD sy 25,12
LSD 1 35,94
LSD o1 52,88

CTOMHOCTWTE C efiHa 1 Cbluya GyKBa HAMAT [0Ka3aHOCT Ha pasnukute npu P <0.05
Values followed by the same letter are not significantly different at npu P<0.05

B nbpBM nogpact Ha nbpBarta
Beretauusa nwuUepHara He e pearvpana
Ha /IMCTHOTO TpeTupaHe ¢ GUoCTUMYnaH-
TMTe. BbB BTOpPU OTKOC Ce Habnogasa
3HauuTeneH crtumynupal, edekr Ha Ls
BbpXy MoOTeHumana 3a CcTbb/1006pasyBa-
He. CpefHuTe CTOWHOCTM 3a npu3Haka
nokassaT, 4e npe3 nbpBaTa PeKoNnTHa
rogvMHa TpeBocTOAT Ha copT [lMpucta 4
TpeTupaH ¢ Ls e ¢ Hali-Bucoka npogyk-
TMBHOCT Ha CTbbMa Ha eAuHMua naoLl,
KaTo npesuwieHneTo (12,45 6p./m2) cnps-
MO HeTpeTMpaHus MNOCeB € [A0Ka3aHo.
Mpe3 BTOopaTta roguHa 6UOCTUMYNAHTBLT
L; nNpuUIOXeH JIMCTHO BbB  BCUYKM
noapacTn He e NoBUAS BbPXY CTeNneHTa
Ha (peHOTUNHa nposiBa Ha npuU3Haka.
Cnabo nonoxuTenHo gelicteme 3a Ls ce
Habnogasa B nocregHus oTkoc. OTue-
TEHUTe CTOMHOCTM 3a 6poii cTbbna Ha
eoMHuLa Mow, B MbpBM OTKOC Mpes
nocnegHaTa rogvHa Ha npoyysaHe ca B

In the first cut in the first growing
season, the alfalfa stands were not
reacted to the foliar treatment with
biostimulants. It was determined a
significant stimulating impact of Ls on the
potential for stems formation in the
second cut. The mean trait values
indicated that the grass stands of Prista 4
variety sprayed with Ls exhibited the
highest productivity of stems per unit area
during the first productive year. The
excess of 12,45 SN per m? compared to
the untreated stand was statistically
proven. In the second vyear, in all
regrowths the foliar applicaation of L,
biostimulant not influenced on the extent
of the trait phenotypic exspression. The
treatment with Ls had a slight positive
impact on trait in the last cut. During the
last year in first regrowth of study the
reported values ranged from 507 stems
number per unit area (L;) to 434 SN

72




amnanasoHa ot 507 6p. (L,) go 434 o6p.
(koHTpona). BbB BTOpPU nogpact Tpe-
TMpPaHETO C OWOCTMMYNaHTUTE OTHOBO
BOAM [0 3HAUYUTESIHO YBENUYeHne Ha
NpoAyKTMBHOCTTAa Ha cTbbna. Tpeso-
cTouTe Tpetupanu ¢ L, un Ls dhopmupar
489 6p./m2 n 441 6p./m2, Koeto e 77 n 29
cTbbNa Hajg HEeTpeTupaHus BapuaHT.
OuepTaHaTta TeHAEHLMA 3a CTUMY/MpaLl
edhekT Ha npoy4yBaHMTE MPOAYKTU ce
3amasBa M B criegBawute nogpacTtu.
MonoxntenHoto pAeicTBue Ha Ly n Ls e
Hali-CUNHO B YeTBBLPTM NOJpPacT, Korato
peHOTUMHATA €eKCNpecuss Ha reHuTe,
KOHTpO/iMpawm cTb61006pasyBaHeTo €
Hail-cnaba. Pesyntatute oT cTatuctu-
yeckuss aHasM3 npes TpeTtaTa Beretauus
coyar [OCTOBEPHW pasmuma  Mexay
KOHTpOo/ata W TpeTupaHUTE BapuaHTy,
KOMTO ca B Mosi3a Ha GMOCTUMYy/aHTUTE
L; n Ls BwugHo e, ye L, JokaszaHO e
noBMAUSI B TMNO-rofiiMa CTEMNEH BbBPXY
rnokasartens, B CpaBHeHME C Ls.

MpoayKTMBHOCTTa Ha doypax npu
nouepHata € pesyntat Ha CMoXHOTO
B3aUMOEWNCTBUE  MeXAy TeHeTUYHUA
CbCTaB Ha copTa W Bb3AENCcTBMETO Ha
CbBKYNHOCTTA  OT  BCUYKM  BbHLUHU
thakTopm.

JaHHnTe 3a pobmBa Ha cBexa
Maca nokassar, 4Ye npuiaraHeTo Ha
6uoctumynaHta Ls, B MbpBU nogpacT
npe3 nbpBata roguHa Ha Mpoy4yBaHe,
BOAM [0 pekontupaHeTo Ha no6us 600
kg da™, npu OTYETEHU CTOMHOCTU 3a
HeTpeTupaHns BapuaHT un Lj, CbOTBETHO
575 kg da™® 1535 kg da™ (Tabnuua 3).

(control). In the second the
biostimulants application again
contributed to increase the productivity of

stems.

one

The sprayed grass stands with L; and Ls
formed 489 SN/m2 wn 441 SN/m2,
respectively and which was 77 and 29
stems above the untreated variant. The
tendency for stimulating effect of the
products studied was kept in the next
regrowths. The highest positive influence
of L; and Ls was observed in the fourth
regrowth, when the phenotypic
expression of the genes controlling stem
formation was the lowest. The statistical
analysis results for the third vegetation
indicated significant differences between
the control and the treated variants which
were in favour of L; and Lg biostimulants.
It was found L; had greater positive
impact on the indicator than Ls.

The alfalfa forage productivity is
the result of the complex interaction
between the variety genetic composition
and the influence of all environmental
factors.

Data showed the Lg biostimulant
application in the first regrowth during the
first year of study resulted in 600 kg da’
1green mass yield, at reported values for
untreated variant and L; 575 kg da™ and
535 kg da™, respectively (Table 3).
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Tabnuua 3. JobuB 3esieHa mMaca OT firouepHa copT lMNpucta 4 npu TpeTupaHe ¢

ONOCTUMYMAHTU
Table 3. Green mass yield in Prista 4 alfalfa variety at biostimulants treatment

BapuaT [lo61B 3eneHa maca, kg ozlzz’igGreen mass yied, kg da™’
variants | oTkoc / | cut Il otkoc / Il cut O6wo / Total %
KoHTpona / Control 575,00 632,50 1207,50 b
L1 535,00 666,40 1201,40 b 99,49
Ls 600,00 687,75 1287,75 a  |106,65
LSD sy 67,90
LSD 1 97,55
LSD .19 143,51
2017
I otkoc / | cut|ll otkoc / Il cut|lll otkoc/ Ill cut|lV otkoc / IV cut| O6uwo / Total %
KoHTpona / Control 2995 2505 2940 810 9250 b
L. 3195 2140 3330 890 9555 b 103,30
L s 3365 3090 3400 845 10700 a 115,67
LSD sy 384,97
LSD 1 553,01
LSD g.104 813,62
2018
| otkoc / | cut|ll otkoc / Il cut|lll oTkoc/ Il cut|IV oTkoc / IV cut| O6uio / Total %
KoHTpona / Control 3580 3395 2980 250 10205 a
L. 3475 2810 2370 210 8865 ¢ 86,87
L s 3350 3275 2730 235 9590 b 93,97
LSD sy 331,87
LSD 1 476,77
LSD g.104 701,38

CToliHOCTUTE C efHa 1 cblua 6yKBa HIMAT [oKa3aHOCT Ha pa3ukute npu P <0.05
Values followed by the same letter are not significantly different at npn P<0.05

BbB BTOpPU OTKOC TPEBOCTOUTE U
npu pgeata npoaykta ca C M0-BMCOKa
npoaykTMBHOCT. CTOMHOCTMTE 3a 06LKA
roguiieH Ao6mB Ha CBEX hypax couar
AoKazaH cTuMynupall, edpekT Ha Ls. MNpes
2017 r. ce HabnwpgasaT pasnuuma B
cunaTa M nocokata Ha Bb3fgelicTBue Ha
6uoctumynaHTuTe Ls n Ly no nogpacTtu. B
MbpBM OTKOC M [BaTa npoaykta gonpu-
HacAT 3a NoBuMLWAaBaHe MPOAYKTUBHOCTTA
Ha cBexa buomaca, kato NoIoKUTENHOTO
fgelictBne Ha Ls e Mo-CUIHO M3paseHo.
MpunaraHeto Ha L; BbB BTOpU nogpacT
He BOAM OO MO-BMCOK A06MB, AOKOTO Ls
OTHOBO MOKasBa CW/EH CTMMYy/MpaLy
ehekt. B Tpetu oOTKOC TpesBocTOUTE
TpetupaHn ¢ Ls u L; ca c m3spasHeHa
beHOTUMHA  nposiBa  Ha  Npu3Haka,
chopmupaiikn cboTBeTHO 3400 kg da™ u
3330 kg da™ go6uB Ha cBexa maca, npw
2940 kg da™ 3a HeTpeTMpaHusa BapuaHT.
OT4YeTEHNTE pas3/IMKM Mexay BapuaHtute
coyar, ye L; gonpvHacs 3a OTHOCUTENHO
no-BMCOK [06MB cyxa maca OT Ls B

In a second cutting the grass
stands sprayed with the both products
were more productive. The values for the
total annual fresh forage yield showed
significant stimulating effect for Ls. There
were observed differences in the power
and character of impact of Ls and L,
biostimulants by regrowths in 2017. In the
first cut, both products contributed to
increase the productivity of fresh biomass
but the positive effect of Ls was more
pronounced. The application of L, in the
second regrowth not resulted in higher
yield while Ls again exhibited strong
stimulating effect. In third cut the grass
stands  sprayed with the both
biostimulants had an equal phenotypic
expression of the trait. At Ls and L,
application were obtained green mass
yield 3400 kg da® and 3330 kg da®,
respectively at 2940 kg da™ for untreated
variant. The reported differences between
the variants showed that L, contributed to
relatively higher dry mass yield than Ls in
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nocnefHua nogpact. Pesyntatute ot
CTaTUCTUYECKNA aHanu3 npe3 TpeTara
roguHa noTBbpXAaBaT TeHAeHuusaTa 3a
[OKa3aHO MO-CWU/HO MNOJIOKWUTENHO Bb3-
pelictBne Ha Ls BbpXy MNPOAYKTUBHMA
noteHunas Ha niouepHa copt lMpucta 4.
JaHHuTe 3a o6wua roauvweH [obus
rnokassar, 4e 3a pas/vka OT nbpsaTta u
BTOpaTa Beretauuu Ha fouepHaTa, npes
nocnefHaTa pekosiTHa roguHa TpeTupa-
HeTo ¢ ABaTa 6uocTUMynaHu He BOAW [0
hopmMupaHeTo Ha  NO-BUCOK  [06UB
3e/leHa maca.

OT pe3ynTtatnte 3a CbAbpKaHNETO
Ha CyxO BellecTBO B 3efleHara maca,
onpefenAawo paobuBa Ha cyxa Maca
(ceHo) ce ycTtaHOBsIBa, Ye npe3 mbpBarta
Beretauua Ha JloLepHaTa nokasarensr
He e noBAWSH OT JIMCTHOTO TpeTupaHe
(Tabnuua 4). Mpes 2017 r. ce Habnwpa-
Ba MO-3HAYMTENHO BapupaHe Ha CbObp-
XaHVEeTO Ha CyX0 BeLleCcTBO Mexay
BapuaHtTuTe. OTYETEHUTE CTOWHOCTU MO
nogpactTm w“ cpefHoO 3a  BTOpara
BeretaLmsa rnokassar, ye npuiaraHeTo Ha
6uocTUMynaHTuTe He e [OMNpUHEecsio 3a
noBullaBaHe CbAbPXaHNETO Ha Cyxo
BelecTBO B cBexara Mmaca. [lpes
nocnefHarta roavHa Ha npoyysaHeTo, B
MbPBU OTKOC, TPEBOCTOUTE ca pearvpaiv
NnosIoKUTENIHO  Ha  TpeTupaHeTo C
npoyyBaHUTe nNpPOAYKTU, C OTYETEHU
CTOWHOCTM 3a L; 1 Ls, CbOTBETHO 28% 1
27%, npu 24% 3a koHTponara. osoxm-
TE/IHOTO Bb3AENCTBME HA GUOCTMMYNaH-
TMTe ce 3anasea W B crejsawus
nogpact. Ctumynupaw, edekt B TpeTu
OTKOC ce ycTaHoBsiBa 3a Ls (29%), a B
yeTBbpTM 3a L; (34%). OcpegHeHuTe
CTOMHOCTM NoOkasBaT, 4Ye npe3 TpeTata
pekonTHa roAuMHa  GuoCTUMynaHTuTe,
NPUMOXEHN JINCTHO, [AOMpPUHAcAT 3a
noBuLlaBaHe Ha CbAbPXAHWETO Ha CyXOo
BELLEeCTBO B CBeXara maca.

the last regrowth. The statistical analysis
results confirmed the tendency for a
powerful positive impact of Ls on the
productive potential of Prista 4 alfalfa
variety.

Data for the total annual yield showed
that, unlike the first and second alfalfa
growing season, treatment with the both
biostimulants not contributed to higher
green mass yield during the last year.

From the results for the dry matter
content in the green mass, that determine
dry matter yield (hay) it was established
the indicator was not influenced of the
foliar treatment during the first alfalfa
growing season (Table 4). In 2017 more
significant variability of the dry matter
content between variants was observed.

Recorded values by regrowths and the
mean values for the second growing
season showed that the biostimulants
application not contributed to increase the
dry matter content in the fresh mass.

In the last year of the study, the grass
stands responded positively to treatment
with the products studied in the first cut,
with reported values for L; and Ls 28%
and 27%, respectively, at 24% for the
control. The positive impact of the
biostimulants was kept in the next
regrowths. A stimulating effect was
established for Ls (29%) in the third cut
and for L; (34%) in fourth one. The mean
values showed that in the third productive
year the foliar application of the
biostimulants was contributed to increase
of the dry matter content in the fresh
mass.
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Tabnuua 4. CbaobpxaHVe Ha CyxO BelecTBO M A06MB cyxa Maca Ha ntouepHa
copt MpwucTta 4 npu TpeTMpaHe ¢ GUOCTUMYNaHTH

Table 4. Dry matter content and dry matter yield in Prista 4 alfalfa variety at
biostimulants treatment

ChabpxaHue Ha cyxo BellecTBo, % / Dry matter content,%
BapwuaHTtin 2016
Variants CpepgHo | Pasznuka (+/-)
| oTkoC / | cut Il oTkoc / 11 cut Mean Diference (+/-)
KoHTpona/Control 30 28 29,0
L, 30 28 29,0 0
Ls 30 29 29,5 +0,50
2017
I oTkoc/I cut | Il otkoc/Il cut | 11l oTkoc/Ill cut | IV oTkoc/IV cut Cpearo P.a3””Ka )
Mean | Diference (+/-)
KoHTpona/Control 25 23 30 27 26,25
L, 18 23 29 28 24,50 -1,75
Ls 22 24 28 28 25,50 -0,75
2018
KoHTpona/Control 24 26 26 31 26,75
L, 28 29 24 34 28,75 +2,00
Ls 27 29 29 32 29,25 +2,50
BapuarTy [lo6vB cyxa Maca, kg da’/ Dry matter yield, kg da™
Variants 2016
| oTkoc / | cut Il otkoc / Il cut O6uwo /Total %
KoHTpona/Control 172,50 177,10 349,60 b
L, 160,50 181,20 341,70 b 97,74
Ls 174,00 199,45 373,45 a 106,82
LSD s« 19,82
LSD 1 28,46
LSD ¢.1% 41,86
2017
| oTkOC Il oTkoC Il oTKoC IV oTKoC
| cut Il cut 11l cut IV cut O6ujo /Total %
KoHTpona/Control 748,75 576,15 882,00 218,70 2425,60 b
L, 575,10 492,20 965,70 249,20 2282,20 b 94,08
Ls 740,30 741,60 952,00 236,50 2670,40 a 110,09
LSD sy 445,24
LSD 1« 639,64
LSD ¢.1% 940,97
2018
| oTkOC Il oTkOC Il oTKOC IV oTkoc | oTkOC Il oTkOC
| cut Il cut Il cut IV cut | cut Il cut
KoHTpona/Control 859,20 882,70 774,80 77,50 2594,20 b
L, 973,00 814,90 568,80 71,40 2428,10 ¢ 93,60
Ls 904,50 949,75 791,70 75,20 2721,15 a 104,89
LSD s« 85,29
LSD 1 122,53
LSD ¢.1% 180,25

CrToiiHocTuTE C efjHa 1 Cbla 6ykBa HAMAT [0Ka3aHOCT Ha pasnnkuTe npu P <0.05
Values followed by the same letter are not significantly different at npu P<0.05

Moxe Aa ce Kaxe, Ye pasfIM4yHOTO It can be noted that the difference
no cuna u xapaktep gelicteume Ha 6uo- | in effect power and character of the
CTUMyNaHTUTE BbpXy NokasaTens cbabp- | biostimulants on the dry matter content
aHne Ha Cyx0 BewecTBo, No oTkocu u | indicator, by regrowths and years,
roguHun, onpegens kKonuyectsoTo Ha | determined the amount of dry matter yield
hopmupaHns pobusm cyxa Maca. B | produced. Data for the variants including
roguHata Ha 3acsBaHe Ha nwuepHarta | Ly and Ls biostimulants treatment in the
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JaHHUTe 3a BapuaHTUTe BK/OYBALUU
TpeTupaHe ¢ buoctumynaHTute Ly n Ls ca
€[HOMOCYHM C Te3n 3a [00MB 3eneHa
Maca W nokassaT, CWU/HO MNOJIOXMUTESTHO
Bb3elicTBue Ha Lg BBbPXY roguwHuA
[0o6MB Ha cyxa maca OT TPeBOCTOUTE Ha
copt lMpucta 4. (Tabnuua 4). TeHaeH-
uusita 3a ctumynupaly, edekt Ha Ls, ce
3ana3Ba W npes3 BTOpaTa Beretauus Ha
nwouepHata. KoHctatnpa ce, uye npes
Tpetarta rogmMHa Ha npoy4YBaHeTo, Bbhpe-
KA CPaBHWUTE/THO MO-HUCKWUTE CTOMHOCTM
Ha obuB cBeXxa maca npu npunaraHeTo
Ha 6uocTumynaHTMTe, A0OMBBLT Ccyxa
Maca OT BapuaHTa BK/IuYBaLL, TpeTmpaHe
c L 5 e no-BUCOK OT KOHTPOJIHUA
BapvaHT. EchekTbT OT npunaraHeTo Ha Ls
ce uspassiBa B 791,70 kg da™ fo6uB cyxa
Maca, npu 774,90 kg da™ 3a KOHTposaTa.
OT4yeTeHNTe CTOMHOCTM 3a MokasaTens
coyar, 4ye TPeTMpaHeTo Ha TPEBOCTOUTE C
npogykta L ; He oka3Ba MNO/IOXUTESHO
Bb34elCTBUE BbPXY (PEHOTUMHATA Mposi-
Ba Ha Npu3Haka BbB BCUYKM NOAPACTU,
pecnekTUBHO 3a BeretauuaTa.
LisnocTHaTta oueHka Ha nonyvyeHu-
Te pesyTatu nokassa, 4e npu MNo4YBEHO-
KNMMaTuyHuTe  ycr0Bus Ha U3C
,00pa3yoB unhanK’, GUOCTUMYNAHTBLT Ls
oKasBa MNO-CWIEH MOMOXUTENEH edhekT
BbpPXY NPOYYBAHUTE KOMIMYECTBEHUN MOKa-
3aTenu, B cpaBHeHue ¢ L (Tabnuua 5).

year of alfalfa establishment were one-
way with those for green mass yield and
showed a strong positive impact of Ls on
annual dry matter yield of Prista 4 grass
stands (Table 4).

The tendency of stimulating effect of Lg
was kept during the second growing
season of alfalfa. It was found that during
the third year of study despite the
relatively lower green mass yields at
biostimulants foliar application, the yield
of dry matter of the variant which including
treatment with Ls was higher than the
control.

The effect of Ls on dry mass yield was
expressed in a yield of 791,70 kg da™ at
774,90 kg da™ for the untreated variant.
The reported values for the indicator
indicated that the treatment of grass
stands with L, product not had a positive
effect on the trait phenotypic expression
in all regrowths, respectively total for the
growing season.

The comprehensive evaluation of
the results obtained showed that
biostimulant Ls had a stronger positive
effect on the studied quantitative
indicators compared to L; under the
specific soil and climatic conditions of
IASS "Obraztsov chiflik" (Table 5).

Tabnuua 5. BnusiHMe Ha TpeTMpaHeTo C GUOCTUMYMAHTU BbPXYy OCHOBHU
KO/IMYEeCTBEHM MoKasaTenn npu nwuepHa copT Mpucta 4, cpegHo 3a nepuoja

2016-2018 .

Table 5. Effect of biostimulants treatment on main quantitative indicators in
Prista 4 alfalfa variety, average for 2016-2018

BucouvHa Ha o [o6us 3eneHa CbabpxaHue Ha
Bpoii cTb6na Ha o, | 4OBUB Cyxa maca
BapvaHt| TpesocTos, cM 2 Maca CyX0 BeLecTBo, % .
A . n°/ Stems numbe . Dry matter yield
Variants | Grass stand height, or m2 Green matter yield| Dry matter content,
cm P kgda™ | % % kgda® | %
g%:{fool”a 54,60 b 336,52 b |6887,5 b| 100,00 27,33 1789,80 b| 100,00
Ly 59,40 a 351,83 ab 6540,5 c| 94,96 27,42 1684,00 c| 94,09
Ls 60,10 a 363,67 a 7192,6 a| 104,43 28,08 1921,67 a| 107,37
LSD 504 2,29 15,08 282,67 93,21
LSD 14 3,30 21,67 406,36 145,18
LSD ¢.1% 4,85 31,88 597,71 184,73

CTOMHOCTWTE C efiHa U Cbluya GyKBa HAMAT [0Ka3aHOCT Ha pasnukute npu P <0.05
Values followed by the same letter are not significantly different at npu P<0.05
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TpetupaHnte ¢ Ls TpeBocTOU
dopMupaT [AokasaHO MO-BUCOKM W MO-
NOBLTHA  TPEBOCTOM OT  KOHTposara.
MpoaykTbT Ls wuMa SACHO wu3paseHo
CTUMY/IMpaLLo AeicTBMe BbPXY MNPOAYK-
TUBHOCTTa Ha  doypax. CpefHuat
roguweH [o6buB Ha cyxa Maca npu
nocesa Ha copt lNpucta 4, TpetnpaH c
6uoctumynaHTta Ls e ¢ 7,37% no-BUCOK, B
CcpaBHeHwue c KOHTponaTa, Kato
pasnukarta e cTaTUCTUYECKM JoKa3aHa.

N3BOAN

JNucTtHOTO NpunaraHe Ha GUOCTUMY-
naHtute L; n Lg okasBaT pasnMyHO Mo
cuia OeicTBUE Ha BbPXY Mpoy4vBaHUTE
MOPOMOTMYHN NPU3HALN WU MPOLYKTUB-
HOCTTa Ha hypax npu nwuepHa copt
Mpucta 4, B OTroBOp Ha MNPOMEHUTE Ha
yCcrioBusiTa Ha cpefara Mo BpeMe Ha
hopmupaHe Ha nogpacTtuTe.

TpeTupaHeTo Cc 6UOCTUMyNaHTuTe
L; n Ls ctumynupa opMmpaHeTo Ha no-
BUCOKM pacTeHus. MNpoaykTsT Ls Aokasa-
HO JonprHacs 3a nosullaBaHe Ha MoTeH-
umMana 3a cTbbn006pa3yBaHe U pas3Bu-
TMETO Ha MO-MTbTHM TpeBocTou. Toli
oKasBa $ICHO WU3paseH MNoNoXuteneH
edekT BbPXY NPOAYKTMBHOCTTA Ha pypadk
npu nwoyepHa copt lNpucta 4. OT TpeTu-
paHuTe C Ls TPEeBOCTOU € peKonTupaH C
4,43% no-BMCOK 3e/ileHa maca W CbC
7,37% no-BUCOK [06MB Ccyxa Maca oOT
KOHTponarta.

NnctHoTo npunaraHe Ha Ls pasa
obellaBalln pesyntaTtu U OCHOBaHWe fa
6bae U3MNon3BaH Kato Kopurupaty, KoMmno-
HEHT B TexHoMoruAta 3a oTrnexjaHe Ha
nouepHara 3a ypax.

The treatment with Ls contributed
to development of significantly higher and
with better density grass stands than the
control. The Ls product had a clear
expressed stimulating impact on the
forage productivity. The mean annual dry
matter yield at the stand of Prista 4
variety treated with Lg biostimulant was
7,37% higher compared to the control
and the difference was statistically
significant.

CONCLUSIONS

The foliar application of L; and Lg
biostimulants had a different effect on the
morphological traits studied and on the
forage productivity of Prista 4 alfalfa
variety, in response to the changes in

environmental conditions during the
regrowth formation.
The treatment with L; and Ls

biostimulants stimulated the development
of considerably higher plants. Ls product
contributed to significantly increase the
potential for stem formation and the
development of grass stands with better
density. It had a clearly expressed
positive effect on the forage productivity in
Prista 4 alfalfa variety. The green mass
and dry matter yields from the treated
grass stands with Ls were higher by
4,43% and 7,37%, respectively than these
for the control.

The foliar application of Ls gives
promising results and reason to be used
as a corrective component in technology
of alfalfa growing for forage.
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PE3IOME
Lenta Ha onuTa e fga ce ycTaHOBU
eHonornaTa, MNPOMEHUTE Ha  HSAKOU

KONMYeCcTBEHN NokasaTtesm u fobuea Ha
doypax oT nponeteH gmid (Vicia sativa L.)
copt "Temno" B 3aBMCUMOCT OT TEXHO-
fniorusita Ha oTrniexaaHe. iscnefsaHeTo e
n3BbpLLIEeHO npes nepuoga 2011-2013 r.,
BbPXy MNOYBEH noATUN cnabo-usnyxeH
yepHo3eM. BapuaHTn Ha oTrnexgaHe: 1.
Mo KOHBEHLUMOHaslHA TexHonmormsa  —
KOHTpona; 2. be3 wu3nonsBaHe Ha
npenapaTtn OT HeopraHnyeH npousxof; 3.
TpeTvpaHe camo C 6MO UWHCEKTULMA
"Exocpun P". YcTaHOBM ce, 4Ye B 3aBUCKU-
MOCT OT MeToAuTe Ha oTrnexgaHe u
B/IMAHNETO Ha arpomMeTeoposiorMyHuTe
YyCNoBus, BEreTauuoHHMAT nepuos Ha
nponetHns dwuii 3a Npou3BOACTBO Ha
dypax e or 93 go 105 gHu. MoceBbT
OTrIexaaH no KOHBeHUMOoHaNHa TEXHO/0-
TMa e € No-KkpaTbK (PEeHOOrMYeH CPoK Ha
passutne. C Haii-BUCOK OpOli pacTeHus,
TErn0 Ha KopeHuTe 1 GpPoii rpyaKu Ha m” e
MocesBbT OTINeXAaH Mo craHgapTHarta
TexHonorua. Fpu oTrnexagaHe Ha nporse-
TeH huii copT "Temno" 3a NPou3BOACTBO
Ha chypax Mo O6MONOTUYHMAT MeToqd W
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SUMMARY

The aim of the experiment is to
establish the phenology, the changes in
some quantitative indicators and the yield
of spring vetch (Vicia sativa L.) cv.
"Tempo" depending on the technology of
cultivation. The experiment  was
conducted during the period 2011-2013
on soil subtype slightly-leached
chernozem. Variants of cultivation: 1. At
conventional technology — control; 2.
Without use of preparations of inorganic
origin; 3. Treatment only with bio
insecticide "Ecofil P". It was found that,
depending on the methods of cultivation
and the influence of agro-meteorological
conditions, the vegetation period for
forage production ranges from 93 to 105
days. The crop cultivated in the
conventional technology has a shorter
phenological development period. With
the highest number of plants, root weight
and number of nodules per m? is the crop
harvested by standard technology. When
growing a spring vetch cv. "Tempo" for
forage production by the biological
method and by treatment with the bio
insecticide "Ekofil P", the obtained forage



ypes TpeTMpaHe C OMO UWHCeKTUUMAA
"Exochun P", nonyyeHnte gobusm ypax
ca [0Ka3aHO MO-HUCKM CNpsMO TO3N
noslydeH npu ctaHgapTHaTa TeXHO0rus
Ha oTrnexgaHe.

KnouoBn aymu: nponeteH duid,
TEeXHO/0rmu, 61o NHCeKTULMA,
theHonornsa, Aobusu, ypax

YBO/[,

O6vkHoBeHMA dmin (Vicia sativa L.)
e pobpe no3Hata B Halwara cTpaHa
oypaxxHo-6060Ba KynTypa. Ts MMa BaXHO
3HauyeHWe 3a pellaBaHe Ha 6enTbyHUA
npobsem B cTpaHaTa, Makap 1M no-cnabo
pasnpocTpaHeHa OT apyrute 6060Bu
kyntypu (Kertikov, 2010). HayyHuTe u3-
cnefBaHvsa € Tasu KynTypa ca KakTo CbC
CeNekuMoHHa, Taka e C arpoTexHuyecka
HacouyeHoCT. [loKkasaHO e B/VAHMETO Ha
HAKOM OUMOTWMYHM N abMoTU4YHK hakTopwn
BbpPXY CeMeHHaTa MpoAyKTUBHOCT, A06u-
BUTE Ha 3bPHO U hypax Mpu camocTos-
Te/HW 1 cmeceHmn nocesu (Jimenez, 1999;
Mousa et al., 1997). BaxeH asan 3aemar
npoy4YyBaHMsATa OTHOCHO oOnpefensHe Ha
KONNYecTBEHUTE N KauyeCcTBEHW napameT-
pu Ha po6busa (Orak, 2000; Kertikov,
2003), noceBHU 1 TOopoBU Hopmu (Kertikov,
2000), a3zoThmkcmpallata CnocobHOCT Ha
hva 1 BNNSHNETO MY BbPXY XpaHUTETHUSA
pexum Ha nousata (Yankov et al., 1995).
MpoBegeHn ca 3agbnboyeHn uscnegsa-
HUA Npyv U3N0NA3BaHETO Ha 6MO0rMuYHO
aKTUBHM BeLlecTBa, 3a YynpaB/ieHue Ha
pacTexa, pa3BMTMETO M NOBULLABaHE Ha
[obusa npu nponeTtHusa cuin (Katayama,
1991; Kertikov and Vasileva 2000;
Vasileva and Kertikov, 2007). B pe3syntat
Ha KOMMJIEKCHM NpoyyBaHWA Ha 6uoso-
TMYHUTE U CTOMAHCKUTE KayecTBa Ha HOBYU
COPTOBE W WHTEH3UBHA CEe/EKLUNOHHO-
nogobputenHa pabota e cb3gageH HoB
copT nponeTeH duin — , Temno* (Kertikov,
2005; Kertikova et al., 2012). YcTaHOBeHHU
Ca HSKOW KayeCTBEHW U KOMMYEeCTBEHU
NPOMEHN B 3bPHOTO Ha copT Temno B
3aBUCUMOCT OT MPUIOXKEHUTE TEXHOMNOMMU
Ha oTtrnexpgaHe (Kertikov and Kertikova,
2017; 2018).
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yields are significant lower than that
obtained with the standard technology of
cultivation.

words:
bio

Key
technology,
forage, yields

spring  vetch,
insecticide, phenology,

INTRODUCTION

Common vetch (Vicia sativa L.) is
well known in our country forage legumes.
It is important for solving the protein
problem in the country, although less
disseminated than other legumes
(Kertikov, 2010). Scientific studies with
this culture are both — breeding and agro-
technical. The influence of some biotic
and abiotic factors on seed productivity,
yields of grain and forage in individual and
mixed crops has been proven (Jimenez,
1999; Mousa et al., 1997).

An important part is the study of the
quantitative and qualitative parameters of
the vyield (Orak, 2000; Kertikov, 2003),
seed and fertilizer rates (Kertikov, 2000),
the nitrogen-fixing ability of liquid
chromatography have its effect on the soil
nutritive regime (Yankov et al., 1995).
Were conducted a thorough evaluation of
the use of biologically active substances
to control growth, development and
increased yield of spring vetch
(Katayama, 1991; Kertikov and Vasileva,
2000; Vasileva and Kertikov, 2007).

As a result of comprehensive studies on
the cultivation and use of new varieties
and intensive breeding-improvement work
created a new variety of spring vetch -
Tempo (Kertikov, 2005; Kertikova et al.,
2012).

Some qualitative and  quantitative
changes in grain (cv. Tempo) have been
identified, depending on applied
cultivation technology (Kertikov and
Kertikova, 2017; 2018).



Llenta Ha ekcnepumeHTa e fa ce
npoyyatr eHosIornsaTa, MNPOMEHUTE Ha
HAKOM KO/IMYecTBeHW nokasarenu v nobu-
Ba Ha (oypax oT nposneteH chuin (Vicia
sativa L.) copT ,Temno” B 3aBUCUMOCT OT
TEXHO/OrMATa Ha oTrexaaHe.

MATEPVAJT N METOOU

EkcnepvmeHTa € npoBefeH npes
nepvoga 2011-2013 r. ¢ nponeteH dwnii
copt ,Temno“. CopTbT € ¢ Aobpa Npoayk-
TMBHOCT, paHo3pssl, YCTONYMB Ha nonsra-
He 1 ¢ gobpa aganTuMBHOCT. Moaxoasw, e
3a U3Moi3BaHe B HamnpaB/iEHME 3a 3bPHO
n 3eneHa maca (Kertikova et al.,, 2012).
WN3cnepgBaHeTo e NpoBefeHO BbpXy Mou-
BEH MOATUM Cfabo-U3NyXXEH 4YEpPHO3EM,
npv HENoNMBHU ycnoBus. M3non3eaH e
MeToAa Ha ApOoGHUTE napuenu B YeTupu-
KpaTHa MOBTOPSEMOCT Ha BapuaHTuTe,
npw pekonTHaTa napuena 10 m’. BapnaHtu
Ha MOJICKUSI ONUT: BapmaHT 1 KoHTpona —
Nno KOHBEHLMOHasHa TexHosorns (Kostov
and Pavlov, 1999) BknouBalla TOpeHe ”
TpeTvpaHe ¢ Xxepbuumgn u NHCEKTULMAMN;
BapuaHT 2 — 6e3 13Mnos3BaHe Ha npena-
paty OT HeopraHuyeH npowusxopg (6uono-
rMyeH); BapuMaHT 3 — TpeTupaHe camo ¢
61o nHcekTuumg, (,Ekodun P”) oT opraHu-
YyeH npousxos. TpeTmpaHeTo ¢ buonpena-
pata ,Exocmn P’ e wu3BbpLIBAHO BbLB
(heHopaza nbneH ubpTEX B Ao3a 3,5
I/da. M3BbpLUEHN ca arpo-mMeTeoposiorny-
HU 1 (PeHONOrMYHN HabNIAEHUS U OTYK-
TaHus. [lpocnegeHn ca nokasartesimTe:
[o6uB cBexa 1 cyxa maca (kg.da'l); 6poii
cTbbna npu npuéupaHe (M-); Terno Kope-
HW (g/m?); 6poii rpyakn (m?). MpubrpaHe-
TO 3a (hypax e n3BbPLUEHO BbB dheHoda-
3a Nb/HW OONHN 6060BEe C Masorabaput-
Ha napuenHa kocayka. JaHHuTe ca
06paboTeHN CTaTUCTUYECKM C nporpam-
Hua npoaykt STATGRAPHYCS plus for
Windows Version 2.1.

PE3YJITATU N OBCBXXOJAHE
OT pgaHHUTE 3a MEeTEeOopOSIorUYHNTE
ycnosus (durypa 1) o6xBawallm Banexm-
Te, aTMocdpepHaTa BMaXHOCT U CpegHo-
[JHEBHWTE TemnepaTypu Ha Bb3dyxa npes
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The aim of the study is to establish
phenology, changes in some quantitative
indicators and the forage yield of spring

vetch (Vicia sativa L.) cv. Tempo
depending on the technology of
cultivation.

MATERIAL AND METHODS

The experiment was conducted
during the period 2011-2013 in the
second experimental field in Institute of
Forage Crops with spring vetch cv.
Tempo. The variety is a good productivity,
earliness, resistant to lodging and good
adaptability. It is suitable in the direction
of grain and green mass (Kertikova et al.,
2012). The study was conducted on the
soil subtype slightly leached chernozem,
without irrigation. It used the split plot
method with four repetitions of the
variants and a size of 10 m” of harvest
plot. Variants of the field experiment:
Variant 1 control a conventional
technology (Kostov and Pavlov, 1999),
including fertilization and treatment with
herbicides and insecticides; Variant 2 —
without the use of preparations of
inorganic origin (biological); Variant 3 —
treatment only with bio insecticide ("Ecofil
P") of organic origin. Treatment with bio
preparation "Ecofil P" is performed in
phenophase full flowering at a dose of 3,5
I/da. Agro-meteorological and phenological
observations and readings were carried.
The following indicators were recorded:
yield of fresh and dry mass (kg.da’l);
number of stems (mz); weight roots
(g/m?); number of nodules (m?). The
harvesting of the forage was carried out in
phenophase full bottom pods with a small-
scale mower. The data were processed
with the software STATGRAPHYCS plus
for Windows Version 2.1.

RESULTS AND DISCUSSION
From the meteorological data
(Figure 1) covering rainfall, atmospheric
humidity and average daily air
temperatures during spring growing



BPEMETO Ha OTIexJaHe Ha NposieTHUS
gouin (mapT-t0nn) ce BUXAA, Ye NOAXOAALN
YC/I0BMS 3a 3acsiBaHe Ha KyniTypaTa u npes
TpUTE eKCnepuMeHTa/IHM TOAVHN ca Hanule
npes TPeToTo AeceTAHEeBME Ha Mecel, MapT
(Tabnuua 1), T.e. Npu NbpBa Bb3MOXHOCT
3a paboTa npw Nosickn ycroBus.
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(March to July), it appears that
appropriate conditions for sowing the crop
over the three experimental years are
present during the third ten-day period of
March (Table 1); at the earliest opportunity
for work under field conditions.

toC
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q\/leceuvl
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Mounts
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dur. 1. Knumvartorpama 3a nepumoa Ha seretaymsa
Fig. 1. Klimatogram for the vegetation period

Kato usf0  MeTeoposiormyHuTe
YCNOBUWSI Ce XapakTepuaupar kato 6naro-
NPUATHW, C HOPMa/IHU Temnepatypu u
Ba/IEXM NpPe3 Nepuoja Ha oTrexaaHe Ha
nponetHust cuii. Mpe3 mapT Konmuec-
TBOTO Ha Ba/leXuUTe ca [0CTaTbyHU, HO
He ca paBHOMEPHO pasnpenesneHu.

In general, weather conditions are
characterized as favourable, with normal
temperatures and rainfall during the
cultivation of spring vetch. In March the
amount of precipitation is sufficient, but
not evenly distributed.

Tabnmuya 1. PeHONOrM4YHO pa3BUTME Ha nposeTeH dwii copT ,Temno” B
3aBUCUMOCT OT MPUNOXKEHUTE arpoTexHnveckn paktopu, 2011-2013 r.

Table 1. Phenological development of spring vetch cv. ,,Tempo” depending on
the applied agro technical factors, 2011-2013

BapuaHTtu deHonornyHo passutre/ Phenological development
Variants ceut6a/sowing | noHuksaHe/emergency [pacTex/growth|6yTonnsauus/buttoning
1. Mo TexHonorusa (koHTpona)  21.03 - 28.03 02.04 - 12.04 16.04 - 25.04 12.05 - 23.05
1. In technology (control)
2. Be3 npenapaTu oT 21.03 - 28.03 02.04 - 12.04 16.04 - 25.04 12.05 - 23.05
HeopraHnyeH Npousxof,
2. Without preparations of
inorganic origin
3. TpeTupaHe c ,Exkocomn P” 21.03 - 28.03 02.04 - 12.04 16.04 - 25.04 12.05 - 23.05

3. Treatment with "Ecofil P"

BapuaHTu Mb/eH UbATEX | Mb/HW JONTHN 6060BE BereTalVoHeH nepuog, (gHu)
Variants full flowering full bottom pods vegetation period (days)
1. Mo TexHonorusa (koHTpona)  30.05 - 28.06 04.06 — 12.06 93-101
1. In technology (control)
2. bes npenapatu ot 05.06 - 05.07 10.06 - 14.06 100 - 104
HeopraHU4YeH npomsxon,
2. Without preparations of
inorganic origin
3. TpetupaHe c ,Ekodun P” 03.06 - 03.07 08.06 - 15.06 98 - 105

3. Treatment with "Ecofil P"
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Mpeasng nosullasallara ce cpea-
HOAHEBHa No4yBeHa W Bb3AyllHa Temne-
patypa npe3 Mecel, anpui, NbAHO
NMOHWKBaHe Mpu pacTeHusaTa u OT Tpute
BapuaHta € perucTpvpaHo B Hayanoto
Ha BTOpaTa [eceTAHEeBka Ha Mecela.
Mepuopa oT (peHopaza NOHMKBaHE A0
peHopasn 3-4 nuCT M Havyano Ha
OyTOHM3aUNs Ce xapakTepu3npa C YecTu
npesasisiBaHMs, A06PO Bnaro3anacsiBaHe
1 ONTMMa/THU TemnepaTypu 3a pasButue
Ha Kyntypata. To3u nepuog € Haii-
WHTEH3VBHUAT B pa3BUTUETO Ha NponeT-
HUsA comin. Mpu deHodasza 50% uUbhTeX
Ha dwma W npu Tpute uU3CIe[BaHu
BapuaHTa, HAMa OTYEeTeHW pasmuva B
TAXHOTO passutme. Pasnnuna BbB heHo-
norusAta B 3aBUCUMOCT MPUNOXEHUTE
METOAM Ha OTrnexgaHe ce oTyuiTaT BbB
hasn MbrieH UbpTex - Ha4Yas10 Ha 6060-
obpasyBaHe - Kpas Ha Mecel, Mail 1 Ha-
YaU1I0TO Ha Mecel, oHWU. MNoceBbT OT Mbp-
B/ BapuaHT (KOHBEHLMOHa/THA TEXHOJ10-
rmsl) NpemMuHaBa NocoveHuTe ase dasu
3a no-kpaTbk cpok. CnpsiMo nocesa OT
BTOpM BapunaHT (61onornyeH) e B CpoK OT
3807 AgHn n oT 4 o 5 AHK cnpamMo noce-
Ba OT TpeTu BapuaHT. Tasu TeHaeHuus
ce 3anasBa [0 MOMeHTa Ha npubupaHe
Ha NposieTHMA uiA 3a MPOU3BOACTBO Ha
dypak.  OTyeTeHMAT  BereTauMoHeH
nepuog e B rpaHuunte ot 93 go 105 gHu.

In view of the increasing average
daily soil and air temperature in April, full
germination in plants of all three variants
was registered at the beginning of the
second ten days of the month. The period
from phenophase germination to 3-4 leaf
and the beginning of buttoning is
characterized by frequent rainfall, good
humid and optimal temperatures for
development of the crop. This period is
the most intense in the development of
spring vetch. In the case of phenophase,
50% of the flowering of vetch in the three
studied variants, there are no reported
differences in  their  development.
Differences in phenology depending on
applied cultivation methods are reported
in full flowering phases - beginning of pod
formation - the end of May and beginning
of June. The crop from the first variant
(conventional technology) passes said
two phases in a shorter period of time.
Compared to the second variant
(biological), it is from 3 to 7 days and
from 4 to 5 days compared to the third
variant. This tendency persists until the
harvesting of the spring vetch for the
forage  production. The reported
vegetation period ranges from 93 to 105
days.

Ta6bnuua 2. MNMpomsHa Ha HAKOM KOJIMYECTBEHM MNOKasaTesin Mnof BUSHUE Ha
NPUNoXeHNTe arpotTexHunyeckn dakropu, 2011-2013r
Table 2. Changing some quantitative indicators under influence on the applied

agro technical factors, 2011-2013

Bpoii OTKkoHeHve | Terno | OTK/IOHeHWe Bpoii | OTK/IOHEHNEe
BapuaHTtu pacteHus Deviation KOpeHwn Deviation rpyaKm Deviation
Variants Number of (%) Weigh of (%) Number of (%)
plants +/- roots +/- nodules +/-
m? g/m? m?
1. Mo TexHonorus (koHTpona) 396,1° - 55,25 % - 117,282 -
1. In technology (control)
2. Bes npenapatu OT 354,7° - 13,09 36,18"° - 34,52 94,34  -1953
HeopraHnyeH Npousxof,
2. Without preparations of
inorganic origin
3. TpeTupaHe c ,Exkocomn P” 356,3°" -13,44 40,28 ° -27,10 114,74 % -2,16

3. Treatment with "Ecofil P"

a, b, c, - cTaTUCTUYECKN foKAa3aHU PA3IMKN NPU P o5

a, b, c, - statistically proven differences in P ¢0s
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Mpu npocnegaBaHe npomsHaTa Ha
HSAKOW KOMMYECTBEHW MoKasaTenn Mop
B/IUSAHNE Ha MNPUIOXEHUTE MeToaM Ha
oTrnexpgaHe (Tabnuua 2) ce ycTaHOBS-
BaT CbLUECTBEHN OTK/IOHEHMA OT Te3u
NPV KOHTPOJTHUAT (CTaHgapTHa TEXHO0-
rms) noces.

BpoAT Ha oTYeTeEHUTE pacTeHus ot
eanHnua naowy (mz) e ¢ Hag 13% no-
BMCOK Npu npubrpaHe Ha nocesa OT KOH-
TPO/IHWSA BapuaHT B CpaBHEHWE C NOCEBU-
Te Mpu TpeTupaHe C OGUOMHceKTMuuga
»EKothun P” n npu oTrnexagaHe no 6uono-
rmyeH metog. Pasnuvkarta e ¢ MHoOro go6-
pa matemartunyecka gokasaHocT. [ocesu-
Te€ MOCTaBeHU NpWM BGMONOTMYHO OTI/IEX-
JaHe n npu TpeTupaHe ¢ GMONHCEKTULM-
pa ,Exocmn P’ npeaBug no-BucokaTa
CTEeneH Ha 3anfeBefisiBaHe ca C peay-
uupaH 6poii pacteHus Ha m?. Toau akT
OKa3Ba CbLUECTBEHO HEraTUBHO BAWUSHUE
BbpXy Be/iMuMHaTa Ha [obusa gypax.
Mpu pesyntatuTe 3a TEr10 Ha KOpPeHuTe
OT m“, OTHOBO ce Hab6nwgasa nocouye-
HaTa no-rope TeHAEHUWs, KaTo TyK T €
ouwle no-cunHo u3spaseHa. lNpu nocesa
TpeTtupaH ¢ 6uomnHcekTmumg ,Ekocumn P”
HamMasieHMeTo Ha TersioTo Ha KopeHuTte
CMpsAMO TOBa OT KOHTPOJIHMAT MOCEB € C
27,10%, kaTo npu GUOMOTMYHUAT MOCEB
HamMasIEHMEeTO Ha TEersioTo Ha KopeHuTe
poctura go 36,18%. MNpu oTrnexgaHe Ha
nposieTHUA uin No cTaHdapTHaTa TeXHO-
norns 6poAT Ha rpyAKATE OT4ETEHN OT
eavHuua nnow, (m®) goctura o 117,28.
Mpu nocesa TpeTupaH ¢ GUOMHCEKTMLNG
.EKOothun P” oOT4yeTeHuAT Opoil rpyakm
noyty ce pobnmxasa O Te3n OTYETEHM
npu nocesa oTreXaaH Nno ctaHgapTHara
TEXHO0TMA, KaTo HaMasieHMeTo e camo C
2,16%. CblyecTBEHO € HaMasleHNneTo Ha
rpynkute (19,53%) otyeTeHu npu npubu-
paHeTo Ha moceBa OTrexaaH no 6mosno-
rMyeH meTog. AHaNU3bT Ha pesyaTaTute
rnokasea, 4Ye Hai-BUCOK GpOli pacTeHus,
TEr/I0 Ha KOpeHWTe 1 Gpoii rpyaku Ha m”
ce ycTaHOBsBa Npu nocesa OTrnexgaH
no craHgapTHaTa TexXHOoorus, cnengsad
OT TO3M 4Ype3 TpeTupaHe C OMOUHCEK-
TMumga ,Exocmn P

In tracking the change in some
quantitative indices under the influence of
the applied methods of cultivation (Table
2) revealed significant deviations from
those in the control (standard technology)
crop.

The number of plants reported per
unit area (mz) is more than 13% higher in
harvesting of the control variant
compared to the crops treated with bio
insecticide "Ecofil P" and growing a
biological method. The difference is very
good mathematical significant. Crops
placed under organic -cultivation and
treatment with bio insecticide "Ecofil P"
account the higher level of weed
infestation are a reduced number of
plants per m? This fact has a significant
negative impact on the amount of forage
yield. In the results for the weight of the
roots of m? the tendency mentioned
above is again observed, here it is even
more pronounced.

In the crop treated with bio insecticide
"Ecofil P", the weight loss of the roots
compared to the control crop is 27,10%,
while in the case of the biological crop,
the decrease in the weight of the roots
reaches 36,18%. When growing spring
vetch by standard technology, the
number of nodules reported per unit area
(mz) reached 117,28. In crops treated
with bio insecticide "Ekofil P", the number
of nodules reported was almost the same
as those reported in crops grown under
standard technology, with a reduction of
only 2,16%.

The decline in nodules (19,53%)
recorded in the harvesting of crops grown
by the biological method is significant.
The analysis of the results shows that the
highest number of plants, weight of the
roots and number of nodules per m? are
found in the crops grown under standard
technology, followed by treatment with
bio insecticide "Ecofil P".
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MpUNoXeHUTE Pa3/IMYHN TEXHOO-
rTMn 3a oTrnexgaHe Ha nponetHusa i
3a NPOM3BOACTBO Ha (hypax oka3BaT Cb-
LLIeCTBEHO B/IMSIHWE BBbPXY KO/IMYECTBOTO
Ha npousBefeHaTa 3e/leHa Maca KakTo U
BbpXy AobumBa cyxa maca (Tabnuuya 3).
OT NOCOYEHUTE AAHHU, KAKTO MO TOAMHW,
Taka 1 cpefHo 3a nepuojga Ha npoy4ysaHe
€ BWAHO, Ye MoslydeHuTe pesyntaTu 3a
3e/leHa 1 cyxa maca ca Hail-BuCoKM npwu
noceea OTIIeXAaH MO cTaHAapTHaTa
TEXHO/Orns.

Tabnumua 3. OobuBM cBeXa U cyxa
arpoTexHuueckmn caktopu, kg.da™

The applied different technologies
for growing spring vetch for forage
production have a significant impact on
the quantity of green mass produced as
well as on the dry mass yield (Table 3).
From the data, both in years and average
for the period of the study show that the
results for green and dry matter are
highest in crops grown on standard
technology.

Maca nopg BJ/IMAHNE Ha NpPUIoXeHUTe

Table 3. Fresh and dry mass yields under the influence on the applied agro

technical factors, kg.da’l

2011 2012 2013 cpefHo OTK/IOHEHNe
BapuaHTtu mean Deviation
Variants (%)
+/-
Ceexa maca /Fresh mass
1. Mo TexHonorus (KoHTpona) 1936,22 2 1872,04%  2044,93% 1951,06° -
1. In technology (control)
2. bes npenapatu oT 1357,18° 1752,53 % 887,08 ¢ 1332,26 ° -31,72
HeopraHuyeH npom3xoa,
2. Without preparations of
inorganic origin
3. TpeTupane ¢ ,Exochun P” 1428,32° 1564,26 °  1156,22° 1382,93° -29,12
3. Treatment with "Ecofil P"
LSD gos5 (kg.da™) 89,782 134,638 91,777 97,102
BapuaHTtu Cyxa maca / Dry mass
Variants
1. Mo TexHonorus (KoHTpona) 452,927 424,92 % 458,88 * 445,57 ° -
1. In technology (control)
2. Bes npenapati oT 298,57 ° 394,90 2P 198,88° 297,45° -33,24
HeopraHuyeH Npomsxoa,
2. Without preparations of
inorganic origin
3. TpeTupane ¢ ,Exochun P” 328,51° 352,15° 225,10 ° 301,92° -32,23
3. Treatment with "Ecofil P"
LSD gos0 (kg.da™) 89,782 51,214 42,817 38,580

Mpu ocTaHanMTe ABa BapuaHTa,
npes nbpeata W BTOpaTa [OAUHM
nonyyeHnTe A06MBM Ha pypax (3eneHa u
cyxa Maca) npu nocesa OTIIEXAaH ypes3
TpeTupaHe ¢ 6uonHcekTmumg ,Exodunn P”
ca TMO-BUCOKM B CpaBHEHWEe C Te3u
noslydeHn npu oTrniexpaHe Ha dmsa no

In the other two variants, in the first
and second years, the yields of forage
(green and dry mass) in crop grown by
treatment with bio insecticide "Ecofil P" is
higher compared to those obtained from
organic fertilizer cultivation.
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6uonormyHma  metod. [pe3 BToparta
eKcnepumeHTasiHa roguHa 6uonornyHmAT
MEeTOo/, Ha OTInexjaHe Ha KynTtyparta e
Jan no-go6pu pesyntatn B CpaBHEHWE C
TpeTvpaHeTo Ha noceBa C GUOMHCEKTU-
umng ,Exkodmnn P”. CpeaHo 3a nepuoga Ha
npoBefleHOTO Wu3cfefBaHe, OT Mocesa
OTrnexaaH rno crtaHgapTHaTa TEXHONOrns
ce nosyyaBa no-Bucok aobus ot 29,12%
no 31,72% 3eneHa maca n ot 32,23% o
33,24% cyxa maca B CpaBHeHWe C
oypaxxa nosydyeH npu OTrexaaHe Ha
Kyntyparta no 6uonornyeH mMetos n ypes
TpeTmpaHe C OGuouHcekTuumg ,Ekodmn
P”. Oka3Ba ce, 4ye cTaHgapTHara TexHo-
I0rst Ha OTINeXxaaHe Ha nposieTeH dnia
e no-epekTMBHA MO OTHOWEHME Ha
NPOU3BOACTBO Ha pypax, B CpaBHEHMe C
oTrnexaaHeTo Ha nocesa no 6uosiornyeH
MeTo4, WNn 4ype3 TpeTupaHe C OGUOUH-
cektuuung, Exocpun P”. MopobHu pesyn-
TaTu ce otumTaTt U nNpu AobmBa Ha 3bPHO
(Kertikov and Kertkova, 2017).

N3BOAN

B 3aBMCMMOCT OT TEXHO/I0TUSATA Ha
oTrnexgaHe, Kakto M MNof B/IMSAHME Ha
pas/iMyHUTE arpoMeTeoposIOrMYHN  YC/10-
BMSA Mpe3 nepuoga Ha u3crefsaHe, Bere-
TAUUOHHMAT Mepuoj Ha NpPoneTHUs cwii
3a NPou3BOACTBO Ha (hypax € B rpaHu-
umte ot 93 go 105 aHu. INoceBbT OTrIEX-
[aH No KOHBEHUMOHa/THa TEXHO/OMMS € ¢
Hal-kpaTbK  (DEHOMOTMYEH CPOK  Ha
passutue.

C Hai1-BuUCOK 6poli pacTteHus, Terno
Ha KOpeHWTe n 6poil rpygkn Ha m’ e
noceBbT OTINEXAaH Mo CcTaHgapTHarta
TEXHOMorMsA, cregsaH OT  TO3M  4ypes
TpeTupaHe ¢ buonHcekTuuusa ,Exocpun P”.

Mpu oTrnexgaHe Ha NposieTeH oui
copT ,TemMno” 3a NpoM3BOACTBO Ha hypaxk
no  OWONOTMYHMAT  MeTod W upes
TpeTupaHe ¢ 6uomHcekTuuymaa ,Exkodmn

P”, nonyyeHute pobuBm ypax ca
[0Ka3aHOo Mo-HUCKM CNPSIMO TO3U NOJTyYeH
npu cTaHgapTHaTa  TEXHO/orMa  Ha
oTrnexaaHe.

In the second experimental year, the
organic cultivation method of the crop has
given better results compared to the
treatment of the crop with bio insecticide
"Ecofil P".

Average over the period of this study,
from the crop grown by standard
technology to give a higher yield from
29,12% to 31,72% green mass and from
32,23% to 33,24% dry matter as
compared to the forage obtained from
cultivation of the crop by biological
method and treatment with bio insecticide
"Ecofil P". It appears that standard spring
vetch cultivation technology is more
effective in producing forage compared to
biological grown or treatment with bio-
insecticide "Ecofil P". Similar results are
also reported in the grain yield (Kertikov
and Kertkova, 2017).

CONCLUSIONS

Depending on the cultivation
technology and under the influence of the
various agro-meteorological conditions
during the study period, the vegetation
period of the spring vetch for the
production of forage ranges from 93 to
105 days. The crop grown on
conventional technology has the shortest
period of phenological development.

With the highest number of plants,
weight of the roots and number of nodules
per m? is the crop harvested by standard
technology, followed by treatment with bio
insecticide "Ecofil P".

When growing a spring vetch cv.
"Tempo" for forage production by the
biological method and by treatment with
the bio insecticide "Ekofil P", the obtained
forage yields are significant lower than
that obtained with the standard
technology of cultivation.
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PE3IOME

CbBpEMEHHUTE CeNeKUMOHHN Npor-
pamMu ca HacO4YeHM KbM Cb3[aBaHeTO Ha
afanTMBHM COPTOBE, XapakTepuaupaiiu
Ce KaKTo C BMCOKa NPOAYKTMBHOCT, Taka u
CbC CTABUIHOCT MO OTHOLLIEHNE Ha OCHOB-
HUTE eNleMeHTN Ha gobusa. C uen cenek-
UMOHHA OUEHKa Ha CcopToBe OOMKHOBEH
A B yCcnoBus Ha OGUOIOTMYHO NPOU3-
BOACTBO, npe3 nepuoga 2012-2014 r. B
NPK (IneBeH), e ocbLLEeCTBEH MOJICKA eKC-
nepuMeHT ¢ eamH 6barapckn (Obpasel,
666) U yeTMpu MHTpPOAYyUMpPaHU COpPTOBE
(MonpoBckasi, /lus, JlopuHa, BuneHa). A3-
non3BaHu ca MeToauTe Ha AUCNEepPCUOH-
HUSI U PETPECUOHHUS aHa/IN3M 3a YCTaHo-
BSIBAHE BJ/IMSSHMETO Ha OCHOBHW KO-
YecTBEHM Mpu3HaUuM BbLPXY A[o06MBa Ha
3bpHO. Pesyntatute nokassar, ye onpe-
Aenawm npu dhopMmpaHeTo Ha gobuea ca
npu3HauuMTe Terno cemeHa/pacteHue
(R=27.97), 6poii cemeHa/606 (R=7.69) n
6poin 6060Be/pacTeHne (R=5.29). [Mo-
cnabo nspaseHo e B/IMAHUETO Ha Ob/IXKU-
HaTa Ha 606o0BeTe (R=1.85), Ternoto Ha
1000 cemMeHa (R=1.08) n
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SUMMARY

Modern selection programs are
directed at developing adaptive cultivars
characterized by both high productivity
and stability with respect to the main yield
components. For the purpose of a
breeding assessment of common vetch
cultivars in organic production conditions,
a field trial was conducted during the
period 2012-2014 with one Bulgarian

(Obrazets 666) and four introduced
cultivars (Moldavskaya, Liya, Lorina,
Vilena).

The methods of dispersion and regression
analysis were used to determine the effect
of main quantitative traits on the seed
yield. The results showed that in the yield
formation, determining traits were seed
weight per plant (R=27.97), number of
seeds per pod (R=7.69) and pods per
plant (R=5.29).

The effect of pod length (R=1.85), 1000
seeds weight (R=1.08) and plant height
(R=0.20) was weaker pronounced. The



BucoumHaTa/pacteHne (R=0.20). Copto-
BeTe huii nposiBABaT NO-BUCOKA afanTuB-
HOCT NO MpuU3HauuTe BUCOYMHA Ha pacTe-
Hue, Opoli cemMeHa Ha pacTeHue U Terno
Ha 1000 cemMeHa, a HMUCKa — MO OTHOLUe-
HWe Tersi0 CeMeHa Ha pacTeHue, Ob/DKu-
Ha Ha 606oBeTe N Ao6uB cemeHa. o uH-
AviBUayasiHa npoAyKTMBHOCT copT JlopuHa
€ XenaHus CeneKkUMoHEH KOMMPOMMC: C
TErNO0 Ha CemMeHaTa OT pacTeHue Hapg
cpepHaTta CTOMHOCT 3a rpynaTta U CpegHo
HMBO Ha aganTuBHOCT. CopToBeTe Jlns u
NopuHa npeacTaBnsiBaT CENEKUMOHHA LeH-
HOCT nopagy Jo6poTO cbyeTaHWe Ha BU-
coKa NPOAYKTMBHOCT Ha CEMeHa C Hucka
BapnabuaHocT 1 gobpa aganTUBHOCT.
KntouoBn pgymun: wuin, perpecus,
NPOAYKTUBHOCT, afanTuBHOCT

yBO/[,

Pon Vicia e Hamepun LWIMPOKO
NPUIOXeHVe B arpoekocucTemuTe KaTo
MOKPOBHA KY/ITypa, 3a 3e/IeHO TOpPeHe
noBuLIaBaHe Ha MOYBEHOTO MNJofopoaune
(Cheminingwa and Vessey, 2006;
Campiglia et al., 2010; Mothapo et al.,
2013). Vicia sativa L., m3BecTeH kaTto
OOUKHOBEH (huii, € eanH OT Hali-LUMPOKO
oTrnexgaHnte Buaose uii MO HAKOJIKO
MPUYUHUW, BKIIOYUTENIHO HeroeaTta BMCOKa
XpaHuTesiHa CTOMHOCT, KaKTO U Bb3MOX-
HOCTTa fa ce oTrexga B LWMPOK Auana-
30H Ha KNUMAaTUYHW W MOYBEHW YC/I0BUSA
(Hueze et al., 2011; Abbasi et al., 2014).
OO6WKHOBEHMWAT huii ce M3non3Ba rMaBHO
3a XpaHeHe Ha xuBoTHUTe (Bet et al.,
2016). CemeHata Ha ToBa 6060B0 pacTe-
H/Ye CbAbpXaT CPaBHUTENHO roAsAMO KO-
NM4ecTBO MUHepanu, npoteuH (Georgieva
and Nikolova, 2011), ckop6sina (Bet et al.,
2016). buomacata Ha ¢wmsA CblWo e
BncokokavecteeHa (Nikolova, 2015) n ce
n3nos3sa 3a nawa, cuiax n ceHo (Hueze
et al.,, 2011; Sullivan, 2003). O6ukKHOBe-
HUAT Ui e LeHHa KynTypa B ceuTbo-
0o6pbLUEHMATA nopaan KpaTkus cu Bere-
TauMOHEH Nepuoa 1 Bb3MOXHOCTTA fa ce
3acsaBa Mpu pasnnMyHM Aatum Ha ceutba
(Abbasi et al., 2014).

CnoxHaTa npupoga Ha ycnosusTa
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vetch cultivars exhibited higher
adaptability on the traits of plant
height,number of seeds per plant and
1000 seeds weight, and low adaptability —
regarding seed weight per plant, pod
length and seed yield.

In terms of individual productivity, cultivar
Lorina was the desired breeding
compromise: with seed weight per plant
above the average value for the group
and an average level of adaptability.
Cultivars Liya and Lorina represented a
selective value due to the good
combination of high seed vyield with low
variability and good adaptability.

Key words: vetch, regression,
productivity, adaptability

INTRODUCTION

The Vicia genus has been widely
used in agroecosystems as a cover crop,
for green manure and increasing soil
fertility (Cheminingwa and Vessey, 2006;
Campiglia et al., 2010; Mothapo et al.,
2013).

Vicia sativa L., known as common vetch,
is one of the most cultivated vetch species
because of its high nutritional value, as
well as its ability to grow in a wide range
of climatic and soil conditions (Hueze et
al., 2011; Abbasi et al., 2014).

The common vetch is used mainly for
animal nutrition (Bet et al., 2016). The
seeds of this leguminous plant contain a
relatively high quantity of minerals, protein
(Georgieva and Nikolova, 2011), starch
(Bet et al., 2016). Vetch biomass is also
high-quality (Nikolova, 2015) and used for
pasture, silage, and hay (Hueze et al.
2011; Sullivan 2003). Common vetch is a
valuable plant in crop rotation due to its
limited vegetation period, and the
possibility of being sown at different
planting times (Abbasi et al., 2014).

The
environmental

nature of
sometimes

complex
conditions



Ha cpejarta noHskKora BoAu [0 MNoOBULLA-
BaHe Ha W3MEH4YMBOCTTa B MNPOAYKTUB-
HOCTTa Ha KynTypute. 3atoBa npo6sembT
C yBe/IM4YaBaHeTOo Ha NPOAYKTUBHOCTTA Ha
COpTOBETE B PErvoHu, KOUTO ca HeycTol-
YMBW B arpOMETEOPOIONMYHO OTHOLLEHNE,
TpsbBa Aa ce KoMbuMHMpa C eIEMEHTH Ha
ctabunusauma. B nogobHa ob6cTaHOBKA
COpTOBETE He peasm3npaT B Mb/iHa CTe-
MeH FeHeTUYHUAT CU MOTEeHUMan nopaauv
HeJOCTaTbYyHO HUBO Ha adanTUBHOCT
(Goncharenko, 2005; Sapega et al., 2012).

CbBpeMEHHUTE CeneKUMOHHN Npor-
pamu Tpsbea ga 6bAaT OPUEHTUPAHN KbM
Cb3[aBaHeTO Ha afganTMBHM COPTOBE,
XapakTepusMpawiy Ce KakTo C BuCOKa
NPOAYKTUBHOCT, Taka U CbC CTabuHOCT
MO OTHOLUEHUE Ha OCHOBHUTE €/IEMEHTYU
Ha pobrmBa W KayecTBOTO Ha MpPOAYK-
uusaTa. CoblyecTByBa peasiHa Bb3MOXHOCT
3a Cb3faBaHe Ha TreHOTWMNOBE C BUCOK
NPOAYKTUBEH MOTEHUMan 1 YCTONYMBOCT
KbM HebnaronpusitTHu haktopu Ha cpega-
Ta, Tbii KAaTO Te3n CBONCTBA CE KOHTPO-
nvpat OT pas/iMyHU FTEeHEeTUYHU CUCTEMMU
(Anohina and Mazuka, 2006).

AHanM3bT Ha peakyusiTa Ha reHo-
TMNOBETE KbM MPOMEHMTE B YC/0BUSITA
Ha cpefata TpsbBa fa ce M3BbLPLUBA,
KakTo Ha eTan Ha n3y4yaBaHe Ha U3XOAHNS
mMaTepuan, Taka W B 3ak1louuTesiHuTe
eTanu Ha cenekunoHHus npouec. OueH-
KaTta Ha ekosiormyHaTa nnacTtMyHOCT Ha
copToBETEe Ce OCblLUecTBsABa C nomoLTa
Ha MaremaTuyecks MeToaMm, No3BosisiBa-
WM ga ce nonyyn MHAMBMAyasiHa Xapak-
TepucTVKa No TOo3u NokasaTesi B pas3/iMyHm
FOAVHMW WM Pa3/INYHN PaiioHN Ha OTI/IEX-
paHe (Maruhnyak et al., 2010).

LlenTa Ha HacTOALOTO u3cnenBaHe
€ [la ce HanpaBu CeneKLMoHHa OLEeHKa no
OTHOLWIEHME CTabMMHOCT M aJanTUBHOCT
Ha copToBe (huii, KaKTO U Aa ce yCTaHOBMU
B/IMSAHNETO Ha OCHOBHMUTE KO/IMYECTBEHU
npu3HauM BbPXY MNPOAYKTMBHOCTTA Ha
3BbPHO.

MATEPVAJT U METOOU

OGeKT Ha NpoyyBaHe B HACTOSILLMS
eKCTepyMEeHT ca uYeTupyu MOJIAOBCKU U
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leads to increased variability in crop
productivity. Therefore, the problem of
enhancing the cultivar productivity in
regions which are unsustainable in terms
of agrometeorological conditions should
be combined with elements of
stabilization. In such an environment,
varieties do not fully realize their genetic
potential due to an insufficient level of
adaptability (Goncharenko, 2005; Sapega
et al., 2012).

Modern breeding programs should
be oriented towards the development of
adaptive cultivars characterized by both
high productivity and stability in terms of
main elements of yield and quality of
production.

There is a real possibility to develop
genotypes with high productive potential
and stability to unfavorable environmental
factors as these traits are controlled by
different genetic systems (Anohina and
Mazuka, 2006).

The analysis of the genotype
response to changes in environmental
conditions should be done both at the
stage of studying starting material and in
the final stages of the selection process.
The ecological plasticity assessment of
the cultivars is conducted by
mathematical methods which allow
obtaining an individual characteristic for
this indicator in different years or different
regions of growing (Maruhnyak et al.,
2010).

The aim of the present study was a
breeding assessment of stability and
adaptability of vetch cultivars, as well as
establishing the effect of the main
quantitative traits on seed productivity.

MATERIAL AND METHODS
One Bulgarian (Obrazets 666) and

four Moldovan cultivars (Moldavskaya,



e[InH 6bArapckn copToBe NponeTeH duii
(Vicia sativa L.). EkCnepMMeHTBbT € OCb-
wectseH npes nepuoga 2012-2014 r. B
VHCTUTYT No dypaxkHU KyNnTypu, B YC/O-
BMA Ha OMOMOrMYHO MPOU3BOACTBO. W3-
nonssaH e 670k0B METOA, B TP NOBTOpE-
HWA, U TfofleMWHa Ha mapuenata 4 m-’.
Centbata € oOcCbllecTBEHAa B Kpasd Ha
MapT, ¢ Hopma 220 cemeHa/m’. B cboT-
BETCTBME WU3NCKBaAHMATA 3a OMOJIOrMYHO
npov3BOACTBO, Npe3  BeretauuMoHHUA
nepvos He ca Wu3Nnon3BaHuM TOpoBe W
nectuumaon. buomeTpuyHaTa OUEHKa Ha
COpTOBETE BK/HOUBA CNefHUTE NpusHaum:
BMCOYMHa/pacTeHue, 6poii
6o60Be/pacTeHne, AOb/MHKMHA/606, 6poi
cemMeHa/606, 6poli cemeHa/pacTeHne, Terno
cemeHa/pacTeHue, Terno Ha 1000 cemeHa.

deHOTUNHATA  CTabUNHOCT  Ha
copToBeTe Mo npusHaka fo6vB Ha 3bPHO
€ OUeHsBaHa no cnegHuTe napamerpn u
MeToAn — BapuaHceH napameTbp (0°) Ha
Shukla (1972), napameTsbp “D;“ Ha Hanson
(1970) n HenapameTpuyHuA MeTog Ha Kang
(1993). ObwaTta aganTMBHOCT (A) Ha BCUYKM
npusHauM Ha coprtoBeTe uii € msduc-
nieHa no meTtoaa Ha BbnumHkos (1990).

[JaHHuTe ca o06paboTeHun cTaTuc-
TUYECKM 4pe3  NpPorpamMmHus  MpPOAYKT
PBSTAT 1.2 for Windows.

PE3YJITATU N OBCBXXOJAHE

Bucokata pe3ynTaTtHOCT U ycnexu-
Te B cesiekumaTa ce ocHoBaBarT Ha M3nosi-
3BaHETO Ha HOBW M3TOYHWULM HA FEHEeTUY-
HO pasHoob6pasve C LEHHW Ka4vecTsa,
KOUTO MNPV KPbCTOCBaHE M KOMOWHMpaHe
Ha Hac/neACcTBEHUTE (hakTopu cayxart Ka-
TO M3TOYHUK Ha LEHHW B CTOMAHCKO OTHO-
WweHue pactutenHu cgopmu. B Tabnuua 1
ca npeacTtaBeHu pesynTatute oOT [ABY-
(haKkTOpHMSA OMCNEPCUOHEH aHann3 Ha
[aHHUTe Ha uscnefBaHNTe KOSIMYECTBEHM
npu3HauW. YCTaHOBEHO € MHOro paobpe
[oKa3aHo BAvsHME Ha (pakTopa copT no
npusHauMTe 6poii M Terno Ha cemeHara
OT pacTeHue, Ternio Ha 1000 cemeHa u
[06MB 3bpHO. lMpoy4yBaHWTE COPTOBE He
Cce pasnmyaBaT CbLIECTBEHO MO CBOATA
reHeTUYyHa CBLIHOCT MO OTHOLIEHME Ha
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Liya, Lorina, Vilena) of common vetch
(Vicia sativa L.). were objects of this
research. The experiment was carried out
during the period 2012-2014 at the
Institute of Forage Crops, under organic
production conditions. The randomised
block design was used, with three
replications and a plot size of 4 m?. The
sowing was conducted at the end of
March, with a rate of 220 seeds per m In
accordance with the organic production,
fertilizers and pesticides were not used
during the growing season. The biometric
evaluation of cultivars included the
following traits: plant height, pods number
per plant, pod length, seeds number per
pod, seeds number per plant, seed weight
per plant, 1000 seeds weight.

The phenotypic stability of the
cultivars regarding seed yield was
evaluated by the following parameters
and methods: variance of stability (02) of
Shukla (1972), parameter “D;* of Hanson
(1970) and non-parametric method of
Kang (1993). The total adaptability (A) of
all traits of the cultivars was calculated
according to Valchinkov (1990).

The data  were processed
statistically through the program product
PBSTAT 1.2 for Windows.

RESULTS AND DISCUSSION

High effectiveness and success in
breeding are based on the use of new
sources of genetic diversity with valuable
traits, which at a crossing and combining
hereditary factors, serve as a source of
valuable (in the economic view) plant
forms.

The results of the two-factor analysis of
variance regarding the main quantitative
traits were presented in Table 1. It was
found a significant influence of the cultivar
factor for number and weight of the seeds,
1000 seeds weight, and seed vyield.

The vetch cultivars did not differ
considerably in their genetic essence with
respect to the traits of plant height, pods



npusHauuTe BUCOYMHA Ha pacTeHWeTo,
6poit 6060Be Ha pacTeHue, Ab/HKMHA Ha

6060BeTE 1 6poit cemeHa B 606.

per pod.

per plant, pod length and seeds number

Tabnuua 1. AHa/IM3 Ha BapuaHca Mo OTHOLWIEHME Ha OCHOBHM KOJINYECTBEHU

npu3Haun

Table 1. Analysis of variance regarding main quantative traits

VI3TOYHMK Ha CpegHu kBagpaTtn/Mean squares
BapupaHe df BucouunHa/ Bpoii 6o6ose/ ObmknHa Bpoi cemeHa/
Source of pacteHue pacteHune Ha 6060Be 606
variation Plant height | Pods per plant Pod length Seeds per pod
FognHa/Year 2 39.6222ns 0.2889ns 0.0222ns 0.0889ns
Coprt/Cultivar 4 249.5222ns 2.1667ns 0.1889 1.2778ns
Ipewka/Error 38 107.7099 1.4526 0.1977 0.5567
O6wo/Total 44
VI3TOUHMK Ha CpepgHu kBagpatu/Mean squares
o Terno cemeHa/ Terno
BapvpaHe Bpoi cemeHa/
df pacteHue 1000 cemeHa | [lo6vB cemeHa
Source of pacteHue - :
o Seed weight 1000 seed Seed yield
variation Seeds per plant :
per plant weight
FognHa/Year 2 37.4222ns 0.2889ns 2.4889ns 184.0222ns
Coprt/Cultivar 4 174.9222* 2.0778* 323.5556** 7,614.4778**
pewka/Error 38 35.1942 0.2655 44.1556 388.0164
O6uwo/Total 44

Significance at P = 0.05 (*), ** P = 0.01(**)

Cnopeg Zharkova (2009), onpege-
NAIHETO Ha PErpecuoHHM 3aBUCUMOCTUTE
JaBa BbB3MOXHOCT fga Ce YCTaHOBAT
NPeKkn M KOCBEHW B3aMMOBPDB3KM MeXay
OTAENHW MpusHauM W nokasatesnu. Tasu
WHhopMauma npeacTaBnsBa MHTEPEC W
3a cefekyusta no aganTMBHOCT U
npegnara Bb3MOXHOCT 3a NpoBexXgaHe
Ha OTO6Op MO KOCBEHW Mpu3HaLM.
Pe3yntatu oT NpoBeAeHWs perpecuoHeH
aHanm3 (Tabnuuya 2) nokaseaT, ue
JIMHEHNAT KOMMOHEHT B perpecusita Ha
JobuBa Ha 3bpHO MO OTHOLIEHWE Ha
Npoy4YBaHUTE KOJIMYECTBEHU NOKasaTesnm
€ 3HauMTenNeH N AOCTOBEPEH.

According to Zharkova (2009), the
determination of regression
dependencies gives the opportunity to
establish direct and indirect interrelations
between particular traits and indicators.
This information is also of interest to the
breeding on adaptability and offers the
opportunity to conduct a selection on
indirect traits. The results of the
regression analysis (Table 2) showed that
the linear component in the seed yield
regression with respect to the quantitative
traits studied was considerable and
significant.

Tabnuua 2. PerpecoHeH aHann3 (Anova) Ha 00OUB ceMeHa MO OTHOLIEeHVe Ha
KOMYeCTBEHUTE NPU3HaLW NPy OBUKHOBEH (i
Table 2. Regression analysis (Anova) of the seed yield in regard to the

quantitative traits in common vetch

df SS MS F Significance F
Regression 8 18455.2 2306.899 3.058984283 0.009865
Residual 36 27149 754.139
Total 44 45604.2
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OT KOMMJIEKCHOTO M3CnefBaHe Ha
npusHaunMTe e MoJslyyeHo pPerpecuoHHo
ypaBHeHne (1), KOeTo [AeMOoHCTpupa
C/IOXHWA XapakTep Ha W3MeHeHue Ha
JobuBa Ha 3bPHO B 3aBMCUMOCT OT
npomsiHata Ha Apyrute KOJIM4ecTBEHM
npusHauu (®urypa 1). O6WMAT BUA Ha
nosly4eHOTO YypaBHEHMETO Ha perpecus
e:

From the integrated study of the
traits was obtained a regression equation
(1), which demonstrated the complexity of
the seed yield amendment depending on
the change in the other quantitative traits
(Figure 1). The general appearance of
the regression equation was:

(1) Y=-18.76 + 0.20X; + 5.29X, +1.85X3 + 7.69X, — 1.56Xs + 27.97Xs + 1.08X;

Kbaeto, Y — pobuB cemeHa; X; -—
BMCOUYMHA/paCcTEHNE; X5 -
6060Be/pacTeHne; Xz — Ab/IKUHA/600; X4 —
cemMeHa/606; X5 — cemeHa/pacTeHune; Xg —
Terno cemeHa/pacTteHue; X; — Terno Ha
1000 cemeHa
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where: Y — was seed yield; X; — plant
height; X, — pods per plant; X; — pod
length; X, — Seeds per pod; X5 — number
of seeds per plant; Xs — seed weight per
plant; X; — 1000 seeds weight;
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A-Plant height; B-Pods per plant; C-Pod length; D-Seeds per pod; E-Seeds per plant; F-Seed weight per plant; G-1000

seeds weight

A-BucouvHa Ha pacteHue; B-Bo6ose Ha pacteHune; C-AbmkunHa Ha 606oBe; D-CemeHa B 606; E-CemeHa Ha pacTeHue; F-

Terno cemeHa Ha pacteHue; G-terno Ha 1000 cemeHa

dur. 1. 3aBNCUMOCTM MeXAy 00O6UB CEMEHA N KOMIMYECTBEHUN MPU3HaLN
Fig. 1. Dependences between seed yield and quantitative traits

Cnopeg, nonyyeHuTe pesyntartu
npu copmMmMpaHeTo Ha p[gobuBa 3bpHO,
Hall-ronsaMo  B/AMSHWE OKasBaTr Terso
cemeHa/pacteHme " cemeHa/600,
cnegBaHn OT 6Gpoit 6060Be/pacTeHne
(Tabnuua 3). Tesu npusHaLuM nosuasat
pobrBa Ha 3bpHO, CLOTBETHO C 27.97
kg/dka, 7.69 kg/dka u 5.29 kg/dka. lNo-
cnabo, HO NOSIOXUTESNHO € B/IMSHUETO Ha
AbnxnHa/6o6oBeTte (R=1.85), Terno Ha
1000 cemMeHa (R=1.08) n
BucouymHa/pacteHune (R=0.20).

B nosy4yeHoTO perpecuoHHo ypas-
HeHue (1), B NpOTMBOBEC Ha MpeaxoaHu-
Te MnpusHauy, 3aBMCUMOCTTa Mexay Ao-
6uBa Ha 3bPHO N BPOI cemeHa/pacTeHne
KaTo CTOMHOCT € He3HauuTesHa n e C
oTpuuareneH 3Hak. ToBa Mokasea, u4e

According to the obtained results in
seed yield formation, the seed weight per
plant and seeds per pod, followed by the
number of pods per plant had the
greatest influence (Table 3). These traits
increased seed yield by 27.97 kg/da, 7.69
kg/da and 5.29 kg da, respectively. Less,
but positive was the effect of pod length
(R 1.85), followed by 1000 seeds
weight (R = 1.08) and plant height (R =
0.20).

In the regression equation obtained
(1), as opposed to the previous traits, the
dependence between seed vyield and
number of seeds per plant (as a value)
was negligible and negative.
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BCSIKO noBuLLIaBaHe Ha 6pos
cemeHa/pacTeHMe  Haj  onpegeneHa
rpaHvya 6y [oBeno A0 HamasisiBaHe Ha
WHAMBMAYaNHaTa  NPOAYKTMBHOCT  Ha
cemMeHa OT pacTeHue, a OT Tam U Ha
[06VBa KaTo KOMM/IEKCEH MPU3HAK.

This indicates that any increment in the
number of seeds above a certain limit
would result in a reduction in the
individual productivity per plant and
hence in the yield as a complex trait.

Tabnuua 3. PerpecuoHHU KoemuueHTn Ha fo6uB ceMeHa MO OTHOLUeHWE Ha
KOMYEeCTBEHU NPU3HaUV nNpy 06UKHOBEH i
Table 3. Regression coefficients of the seed yield in regard to the quantitative

traits in common vetch

MpusHauwn/Traits Coefficients | Standarterror | tStat | P-value
Perpecop/Intercept -18.76 174.3710 -0.1076 | 0.9149
Xi-BucounHa/pacteHue Plant height 0.20 0.5035 0.4019 | 0.6901
X2-Bo6ose/pacTeHne Pods per plant 5.29 25.8016 0.2052 | 0.8386
Xs-ObmxmHa/6060Be Pod length 1.85 14.3797 0.1287 | 0.8983
X4-CemeHa/606 Seeds per pod 7.69 36.5560 0.2103 | 0.8346
Xs-CemeHa/pacTteHune Seeds per plant -1.56 5.6467 -0.2770 | 0.7834
= ggwgigcﬁt“"pee”rap'l*;fam”"'9/ 27.97 10.1926 | 1.4574 | 0.1537
X7-Terno 1000 cemeHa/1000 seeds weight 1.08 0.6360 1.7014 | 0.0975

OueHkaTa Ha gobuBa cnopepg na-
pameTbpa YS; Ha Kang (1993) noka3sBa,
ye coptoBeTte BuneHa u JlopuHa ca C
MHOro fobpa ekonornyHa ctabunHocT K
nnactuyHocT (YSi=2 n YSi=1), Ho Jlopu-
Ha e No-HUCKOMPOAYKTUBEH Ha CEMeHa OT
BuneHa (Tabnuua 4). Npun coptose Mon-
foBckas n Obpasel, 666, CTOHOCTUTE Ha
napameTpuTe Ha CTabunHoCcT no Hanson
(1970) n Shukla (1972) ca Haii-HUCKMW.
Te3n copToBe Morar ga 6baar onpepge-
JIEHN KaTO €eKOJIOTUYHO CTabwsiHu, HO B
CbLLOTO BpEME U Hali-HUCKONPOAYKTUBHW.
OcTaHanute napameTpy Ha cTabwusiHOCT
Cbllo onpefenar Mongosckas Kato
OTHOCUTENHO cTabuneH reHoTun. Haii-
671130 [0 CEesIeKUMOHHUA KOMMNPOMUC e
copT JlopvHa. Toih moxe ga 6bae oxa-
pakTepusnpaH Kato EKOMOrMyHO cTabu-
JIeH U e cpef COpPTOBETE C TENI0 Ha
ceMeHata Ha pacTeHue Haj cpefHarta
CTOIHOCT 3a rpynara.

The yield assessment according to
the parameter YS; of Kang (1993)
showed that cultivars Villena and Lorina
had very good ecological stability and
plasticity (YSi=2 n YSi=1), but Lorina was
less productive than Vilena (Table 4).

In cultivars Moldovskaya and Obrazets
666, the values of the stability parameters
according to Hanson (1970) and Shukla
(1972) were the lowest. These cultivars
can be defined as ecologically stable, but
at the same time, they were the least
productive. The remaining stability
parameters also defined Moldavskaya as
a relatively stable genotype. Cultivar
Lorina was closest to the breeding
compromise. It can be characterized as
ecologically stable and was among the
cultivars with seed weight per plant above
the average for the group.
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Ta6nvua 4. MapameTpy Ha CTaBU/IHOCT MO OTHOLUEHWE Ha A06KB

copToBe thui

Table 4.Stability parameters regarding seed yield in vetch cultivars

cemMeHa npu

Coprtose/Cultivars Di o’ YSi Seed yield Seed
productivity
Liya 34.12 1707.83 0.00 149.33 2.50
Lorina 24.31 175.79 1.00+ 98.44 2.08
Vilena 26.52 596.96 2.00+ 122.56 2.26
Moldovskaya 22.00 44.17 0.00 92.00 1.71
Obrazets 666 21.86 19.25 -2.00 74.50 1.44

D; - reHOTUMNEH napameTbp Ha ctabunHocT (Hanson, 1970); 6° — BapuaHc Ha cTabunHocts (Shukla, 1972);
YSi — uHgekc Ha ctabunHocT (Kang, 1993)
Di - genotypic stability parameter (Hanson, 1970); o” - stability variance (Shukla, 1972); YS; - stability index

(Kang, 1993)

3a no-obekTuBHa OLEeHKa Ha agan-
TUBHUTE BB3MOXHOCTTW Ha W3C/efBaHu-
Te CcopToBe nposeTeH (Ui, CbraacHo
MeToabT Ha Valchinkov (1990), e u3uunc-
neH kKoecdmumeHT (A) Ha oblwa afanTue-
HocT (Tabnuua 5). Kato uano coptoseTte
ce npvcnocob6sBat no-g4o6pe kbM npome-
HALUMTE Ce YC/I0BMS Ha cpegara v npos-
BABaT NO-BMCOKA afanTWBHOCT MO MpuU3-
HauuTe BMCOYMHA Ha pacTeHue, 6poli
cemMeHa Ha pacTeHue u Terno Ha 1000
CEMEHA, a HUCKa aflanTUBHOCT — CbOTBETHO
no Tersio CeMeHa HapacTeHve, Ab/KMHA
Ha 6060BeTe 1 A06UB ceEMeHa.

Copt Jlua e c Bucoka obLwa
agjanTauusi no OTHOWeEeHWe Ha ©6poii
6060Be/pacTeHne, ceMeHa Ha pacTeHue,
cemMeHa Ha pacTeHve u [06UB CeMeHa.
Mo npusHaka gb/HKUHA Ha 6060BeTE npu
MoYTU BCWUYKM COPTOBE WHAEKCHT Ha
ajanTtauusi e ¢ otpuuaTesiHa CTOMHOCT.
Mo ceBosiTa Bb3MOXHOCT 3a ajantauus,
copT BuneHa ce npeactaBsi Hail-gobpe
no npu3HauuTe Terao cemeHa/pacTteHue
(2.5) n Terno Ha 1000 cemeHa (57.79).
Bvnarapckmar  copt  O6pasey 666
OTCTbMBA Ha OCTaHaMTe COpTOBE NO
TecTBaHWTe MpU3HaUW, HO MO OTHOLLEHME
Ha [Ab/kKnHa Ha 6o6oBete ©  Gpoli
cemeHa B 606 ce apganTMpa B Haii-
ronsama CcTeneH KbM yc/fioBusiTa Ha
cpefara 3a nepvoja Ha npoyysaHe.

For a more objective assessment
of the adaptive ability of the vetch
cultivars studied, according to the method
of Valchinkov (1990), the coefficient of
general adaptability was calculated
(Table 5). In general, cultivars were better
adapted to changing environmental
conditions and exhibited higher
adaptability on the traits of plant height,
seeds per plant and 1000 seeds weight,
and low adaptability - on seed weight per
plant , pod length and seed yield,
respectively.

Cultivar Liya had high adaptability
in terms of pods per plant, seeds per
plant, seed weight per plant and seed
yield. For almost all cultivars, the
adaptability index had a negative value
regarding the pod length.

In its possibility for adaptability, Villena
was best represented in terms of the
seeds weight per plant (2.5) and 1000
seeds weight (57.79). The Bulgarian
cultivar Obrazets 666 gave way to the
other cultivars on the tested traits, but in
terms of pod length and seeds per pod, it
was the most adapted to the
environmental conditions for the survey
period.
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Ta6bnuua 5. AganTuBHa cnocobHocT npu coptoBe ¢min (Valchinkov, 1990)
Table 5. Adaptive ability in vetch cultivars (Valchinkov, 1990)

BucounHa |Bo6ose Ha| AbmknHa | CemeHa | Seeds per Seed weight 1000'seed Seed
per plant weight )
Copt Ha pacTteHue Ha B 606 plant yield
. Terno Terno
cultivar pactenue | Pods per | 606o0Be Seeds |CemeHa Ha cemena Ha 1000 Jo6us
Plant height| plant |Pod length| per pod | pactexune cemeHa
pacTeHue | cemeHa
Liya 78.93 6.86 -4.06 2.97 39.39 2.32 56.32 0.19
Lorina 79.1 6.05 -3.95 451 36.86 -0.54 56.72 0.05
Vilena 79.65 6.01 -3.72 3.67 36.31 2.5 57.79 -0.52
Moldovskaya 81.14 5.93 -4.40 3.98 30.10 -0.8 55.91 0.13
Obrazets 666 69.24 5.87 4.44 4.52 28.46 1.31 41.01 -0.59
CopTtoBeTe € BUCOKa aganTtauyums High adaptive cultivars represented

npeacrasnsaBar CesiekuMoHHa  LieHHOCT
npu ycnosme, Ye MposiBABAT HUCKa
BapunabusIHOCT Ha JafeHus Npu3Hak npu
pasnnyHu ycrnosus Ha oTrnexgaHe. Cno-
pen Anisinkov (2009), npu pasHonocou-
HOCT B CpaBHABaHETO Ha pas/InyHu napa-
MeTpu Ha afanTuBHOCT U CTabW/IHOCT Ha
nu3cnegBaHNTe COPTOBE Ce Haslara u3nos-
3BaHe Ha pasfiMyHu NoAX0AM 3a UHTerpu-
paHa oueHKka Ha Mpu3Haka W Herosarta
CcTabunHocT. 3aroBa MHOro u3cnegosa-
Tenu npegnarar pasfvyHu KpUtepun 3a
eiHoBpeMeHeH OT60p MO NPOAYKTUBHOCT
N CTabW/IHOCT Ha CbOTBETHUS MPU3HAaK.
Cnopeg metoabT Ha Valchinkov (1990),
no aganTMBHOCT Ha [pJobus cemeHa
copToBeTe moraT ga 6bgaT nogpeneHun B
cnefHaTta nocnegosaresniHocT: Jliua >
Mongosckaa > JlopyHa > Bwunena >
O6pasel, 666. Copt Jlusa, cnepsaH ot
copT JlopuHa, cbyeTaBart BUCOK JO6MB Ha
CeMeHa C OTHOCUTESIHO HUCKa Bapuabun-
HOCT 1 BMCOKa afanTUBHOCT.

N3BOAN

Upe3 perpecuoHeH aHaim3 e ycTta-
HOBEHO BJ/IMSIHNETO Ha OCHOBHW KO-
YyecTBeHM nNpu3Haum BbPXY Jobusa
CeMeHa npu copTtoBe OOWKHOBEH ¢owid,
OTrIexaaHn B ycnoBus Ha 6GMOMOTMYHO
Npon3BOACTBO. Onpegenswm npu
hopmMupaHeTo Ha Ao6mBa ca Npu3HauuTe
Terno cemeHa/pacteHune (R=27.97), 6poii
cemeHa/606 (R=7.69) n 6poii
6o6oBe/pacteHne (R=5.29). To-cnabo

a selection value only on condition that
they exhibit low variability of a given trait
under different growing conditions.
According to Anisinkov (2009), in many-
directedness in the comparison of
different parameters of adaptability and
stability of the studied varieties, it is
necessary to use different approaches for
integrated assessment of the indicator
and its stability. Therefore, many
researchers offer different criteria for
simultaneous selection on productivity
and stability of a given characteristic.
According to the method of Valchinkov
(1990), regarding adaptability of seed
yield, the cultivars can be arranged in the
following order: Liya >Moldovskaya >
Lorina > Vilena > Obrazets 666. Cultivar
Liya, followed by Lorina, combined high
seed vyield with relatively low variability
and high adaptability.

CONCLUSIONS

By regression analysis, the effect of
main quantitative traits on the seed yield
in common vetch cultivars grown in
organic production was determined.

In the yield formation, determining traits
were seed weight per plant (R=27.97),
number of seeds per pod (R=7.69) and
pods per plant (R=5.29).
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n3paseHo e BANSHUETO Ha Ob/XMHaTa Ha
6060BeTe (R=1.85), Ternoto Ha 1000
cemeHa (R=1.08) w»n BMcCOuYMHaATa Ha
pacTteHue (R=0.20).

CoptoBeTe (huii nposiBaBat no-
BMCOKaA afanTMBHOCT MO NpusHauute
BMCOYMHA Ha pacTeHue, 6poit ceMeHa Ha
pacteHne n Terno Ha 1000 cemeHa, a
HMCKa — MO OTHOLUEHME Ha TErsio ceMeHa
Ha pacTeHue, Ob/MKUHA Ha 6GoboBeTe W
[06u1B cemeHa.

Mo wHAMBMAyanHa NPOAYKTUBHOCT
copT JlopuHa e XenaHus CenekumoHeH
KOMNpomuc: C Terno Ha cemeHara oT
pacteHue Hapg cpepHata CTOMHOCT 3a
rpynata v cpefHoO HMBO Ha afanTuMBHOCT.
CopTtoBe Jlna n JlopuHa npegcrasnasar
cesleKUMOoHHa LUeHHOCT nopaaun nobpoto
CbyeTaHue Ha BMCOKa MPOAYKTMBHOCT Ha
CEMEeHa C HucKa BapuabuiiHOCT 1 gobpa
afanTMBHOCT.

The effect of pod length (R=1.85), 1000
seeds weight (R=1.08) and plant height
(R=0.20) was weaker pronounced.

The vetch cultivars exhibited higher
adaptability on the traits of plant
height,number of seeds per plant and
1000 seeds weight, and low adaptability —
regarding seed weight per plant, pod
length and seed yield.

In terms of individual productivity,
cultivar Lorina was the desired breeding
compromise: with seed weight per plant
above the average value for the group
and an average level of adaptability.
Cultivars Liya and Lorina represented a
selective value due to the good
combination of high seed vyield with low
variability and good adaptability.
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PE3OME

Cyxn cemeHa OT Tpu copTa cyaaH-
Ka (Sorghum sudanense (Piper.) Stapf.) ¢
pasnuueH npomusxog - Kazitachi (Anoxus),
Vercors (CALL) n BopoHexckas 9 (Pycus)
6axa obnbyeHn ¢ rama-nbun (Caesium
137) B pasnunyHu gosu 0, 200, 400, 600,
800, 1000, 1200, 1400, 1600, 1800 wu
2000 Gy (mowHocT 146 Gy/h) B UHCTUTYT
no dwu3nonorna Ha pacTeHnsTa u
reHetvka — Cocous, bwnrapus. NpoyyeHo
€ B/IMSAHMETO Ha rama-sibumTe BbpXY TpU
(pM3MONOTMYHM NapaMeTpu — Kb/HSEMOCT,
NpexvnBsAemMocT W CTEPUSIHOCT B MbPBO
MyTaHTHO nokosieHue (M;) Ha u3nuTBa-
HWTE COpTOBe, KaTo [AaHHWTe nokassar
ACHO M3paseH ,A03a-ehekT’; ¢ yBenunya-
BaHe Ha fo3ata CTOWHOCTMUTE 3a BCEKU
nokasaresn HamansBar, KaTo pas/imkuTe
ca CTaTUCTUYECKN [oKa3aHw.

PaanouyBCTBMTEIHOCTTA HA COPTO-
BeTe e Aobpe uspaseHa CbC CTOMHOCTUTE
Ha LDsg, KOUTO ca M3vncneHn Ha b6asata
Ha MpexuBAemMocTTa Ha pacTeHusTa B

Accepted: 03.07.2019

Published: 05.09.2019

SUMMARY

Dry seeds from three varieties of
sudangrss (Sorghum sudanense (Piper.)
Stapf) with different origin, namely,
Kazitachi (Japan), Vercors (USA) and
Voronezhskaya 9 (Russia) were iradiated
with  gamma-rays (Caesium'm) at
different doses - 0, 200, 400, 600, 800,
1000, 1200, 1400, 1600, 1800 and 2000
Gy (dose rate 146 Gy/h) in Institute of
Plant Physiology and Genetics — Sofia,
Bulgaria. The influence of gamma rays on
three physiological parameters
(germination, survival and sterility) of M;
progeny of the varieties used were
investigated and data show clearly
pronounced “dose-effect”; with increasing
dose the values obtained for each of
these biological parameters decrease and
the differences are statistically proven.

The radiosensitivity of the cultivars
is well expressed with the values of LDg,
which were calculated on the basis of
survival plants in the first mutant
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NMbpBO MyTaHTHO nokosieHne (M;). Tasu
CTOMHOCT e Hali-Hucka 3a Kazitachi
(307,52 Gy), koinTo ce onpegensa kato
Hali-paanMoYvyBCTBUTENIEH COpPT, a 3a
Vercors n BopoHexkad 9 — LDsy e
cboTBeTHO 340,97 Gy n 342,63 Gy. Tesu
AaHHU NpefoCcTaBAT UeHHa nHdopmaums,
npM wn3bopa Ha ONTUMaSIHM f[03KM 34
uennTe Ha MyTauMoHHaTa Cenekuus npu
cyaaHkara.

KntouoBu OYMU: Sorghum
sudanense (Piper.) Stapf., cygaHka, rama-
Tb4u, PaamnoyyBCTBUTETHOCT

yBO/[,

MyTaumoHHaTa cesiekums B Hawm
OHW Mpogb/KaBa fa ce pasrfexga Kato
€[HO [0Ka3aHO CPeACTBO 3a Cb3gaBaHe
u/vnn yBenuyaBaHe Ha reHeTU4yHaTa
N3MEHYMBOCT, pa3/iMyHa OT Ccb3fazeHarta
ype3 pekombuHauusa (Maluszynski, 2001;
Chopra, 2005). 3a pasnuka OT Knacudec-
KaTa cefnekuus, cbhbyeTaBalla reHeTUYHU
KOMOMHauuMW OT BeYye CbLyecTByBaLllu po-
OVUTENCKN TeHW, MyTauuoHHaTa cesiekums
no3Bo/isiBa Cb3[aBaHETO Ha HOBU TeHe-
TUYHM KOMOMHaUMM C BUCOKA YecToTa,
KaTo Hali-yecTo u3nos3BaHa B ToBa
OTHOLWIEHME € lioHM3MpalLaTa pagmnayms
(Majeed et al., 2010). NoniAMa yacT OT My-
TaHTHUTE copToBe (64%) ca cb3gageHu
ypes  U3MOM3BAaHETO Ha  rama-buu
(Ahloowalia et al., 2004).

3a rama-06/1b4BaHETO € U3BECTHO,
ye e Haii-ehekTMBHO Npu NHAYUMPAHETO
Ha WKNPOK obxeaT Ha MyTauumn (Bado et
al., 2015). [okaTo XMUMUYHUTE MYyTareHu
ce 13non3eaT 3a MHAyLMpaHe Ha TOYKOBU
MyTauunm, U3NYHUTE NpPegu3BUKBaT ro-
NleMy ne3unu, KaTo XpoOMO30MHM abepaymm
unu npeHapexgavnsa (Mba et al., 2012).
lamMa-nbunTe ca No-mMasiko paspylmTen-
HW U NPOHMKBAT AbNOOKO B TbKaHUTE B
CpaBHEHWEe C ApYrn TbYEHNS.

B cenekunoHHUTE nNpPakTUKM 3a
reHeTUYHo nogobpsiBaHe Ha cypaHkarta,
eKCnepumeHTaslHUss MyTareHes ce ouvep-
TaBa KaTto MeToZ, Aasaly obGellaBaiym
pesyntatu. Bbnpekn ToBa npoy4yBaHusATa
C MHAYUUpaH MyTareHes npu To3u Bug ca

generation (M;). This value is lowest for
Kazitachi (307.52 Gy), which is defined as
the most radiosensitive variety, while LDsg
for Vercors and Voronezhskaya 9 are
340.97 Gy and 342.63 Gy, respectively.
These data provide valuable information
when the optimal doses should be chosen
for the purpose of mutation breeding
program of sudangrass.

Key words: Sorghum sudanense
(Piper.) Stapf., sudangrass, gamma-rays,
radiosensitivity

INTRODUCTION

Mutation breeding nowadays
continues to be seen as a proven tool for
creating and/or enhancing genetic
variability other than that created by
recombination (Maluszynski, 2001,
Chopra, 2005). Unlike conventional
breeding procedures which involve, the
production of new genetic combinations
from already existing parental genes,
mutation breeding causes exclusively new
gene combinations with high mutation
frequency, the most commonly used in
this regard being ionizing radiation
(Majeed et al., 2010). Big part of mutant
varieties (64%) were created using
gamma rays (Ahloowalia et al., 2004).

Gamma irradiation is known to be
the most effective in inducing a wide
range of mutations (Bado et al., 2015).
Whereas chemical mutagens are
preferably used to induce point mutations,
physical mutagens induce gross lesions,
such as chromosomal abbreviation or
rearrangements (Mba et al., 2012).
Gamma-rays penetrate deeply into target
tissues than other radiations and it is less
destructive.

Experimental mutagenesis
emerges as a promising method in the
breeding program  for  genetically
improving the sudangrass. However,
studies with induced mutagenesis in this
species are scarce, and the data obtained
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OCKbJHW, @ [aHHWUTEe MOJIlydYeHn A0 TO3u
MOMEHT ca [ocTa NpoTMBOpEeYnBHu, ocobe-
HO KOrato ToBa Ce OTHacsa [0 Bb3feil-
cTBue ¢ noHmsmpawm nbueHms (Kirillenko
and Golovin, 1987; Lazanyi, 1987,
Golovin and Kirillenko, 1989; Tabosa et
al., 2007; Alvarez-Holguin et al., 2017).
MbpBaTa CTbMka B MyTauWOHHATa Cesiek-
uus, e ga ce onpegenu nonynetasiHara
bo3a (LDsp). ToBa e BaxeH napamMeTsbp 3a
onpefensHe Ha onTuMasiHaTa fgosa
pagvaums 3a nHgyumpaHe Ha eekTUBHU
MyTauuy B CeNeKUMOHHUTE nporpamun 3a
reHeTuyHo nogobpeHne. OCKbAHU U
npotMBopeunsn ca M paHHute 3a LDs
npu cygaHka cnepg o06/b4yBaHe C rama-
pagnauus. Cnopeg Preobrazhenskaya
(1971) LDsg npu cygaHka e 250 Gy, a no
haHHu Ha FAO/IAEA npu cypaHkaTa LDsg
e 300 Gy (Anonimus, 2002). B Hsakou
uscneABaHns ce cbobuiaBa 3a npwnara-
HETO Ha rama-paguauusi npv cyfjaHka B
po3n or 50 po 600 Gy (Golovin and
Kirillenko, 1989; Kostina et al., 1995). Zhi
et al. (1999) cvobuasar, 4ye onTumasHa
po3sa 3a Sorghum sudanense e 243-301
Gy. YcTaHOBEHO €, 4Ye 06/1byBaHETO C
raMa-nbyn uma 3HauuTeneH edqekr B
nbpBo nokonexHne (M;) nNpu cygaHkaTa.
O6nbyBaHETO C ramMa-byyM  Mokassa
HSKOM MNPOMEHM B CTLO/IOTO, JsMcTaTa,
MopcposiormsaTa  Ha  pPenpoaykTUBHUTE
OpraHun 1 BUCOYMHaTa Ha pacTeHusTa.

Cnepn wusbopa Ha reHotunoee 3a
nogo6psisaHe (COPTOBE U €/IUTHU TEHOTU-
nn), TpsibBa Aa ce onpegenaT onTumal-
HUTE [03M Ha rama-nbynute, Tbil Kato Te
Bapupar KakTto mexay BuAoBeTe, Taka U’
MeXAy reHoTunuTe.

He ce cpewat o0600ueHn pesyn-
TaTy OTHOCHO (OU3MOMIOTNYHATa peakuus
N paguoyyBCTBMTE/IHOCTTA Ha cydaHkata
cnep o6nbyYBaHe C rama-nbun.

Llenta Ha HacToOALOTO MpPOy4YBaHe
e fa ce onpegenun LDgy 1 pagmMoyyBCTBU-
TeNHOCTTa NPV CyfaHKa crief, N3nosi3BaHe
Ha rama-nbynM 3a uHAyuMpaHe Ha
reHeTn4YHa Bap1MabusiHOCT.

so far are quite controversial, especially
when it comes to ionizing radiation
(Kirillenko and Golovin, 1987; Lazanyi,
1987; Golovin and Kirillenko, 1989;
Tabosa et al., 2007; Alvarez-Holguin et
al., 2017). First step in a mutagenesis
based breeding process is to determine
the semi-lethal dose (LDsp). The LDsg is
important parameter utilized for
determining the optimal radiation dose to
induce effective mutations in breeding
improvement programs. LDg, values in
sudangrass after gamma irradiation are
scanty and controversial. According to
Preobrazhenskaya (1971), LDsy in
sudangrass is 250 Gy and according to
FAO/IAEA data on sudangrass, the LDsg
is 300 Gy (Anonimus, 2002).

Some studies have reported the use of
gamma radiation in sudangrass at doses
of 50 to 600 Gy (Golovin and Kirillenko,
1989; Kostina et al.,, 1995). Zhi et al.
(1999) reported that optimal dose of
Sorghum sudanense was 243-301 Gy.
Gamma radiation was found to have a
significant effect on the first generation
(M,) of sudangrass (Krishna et al., 1983).
Gamma radiation treatment on
sudangrass showed some changes in
stem, leaf, reproductive organ morphology
and plant height.

After select the genotypes for
improvement - cultivars and elite
genotypes, must be determine the optimal
dose of gamma-rays, as they vary
between species and genotypes.

No summary results are available
on the physiological response and the
sensitivity of the udder after irradiation
with gamma-radiation.

The aim of the current study was to
determine the LDs, treatments and
radiosensitivity in sudangrass using
gamma-irradiation for induced a genetic
variability.
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MATEPWNAN N METO4WA

PacTtuTeneH wmaTepuan. Tpu
copta cypaHka (Sorghum sudanense
(Piper.) Stapf.) ¢ pasnunuyeH npousxon —
Kazitachi (AnoHus), Vercors (CALL) wn
BopoHexckas 9 (Pycusl) ca M3non3BaHu
KaTo ekcrnepumeHTaNieH martepuas, KouTo
ca W3BECTHW C TEeXHUTEe arpoHOMWUYHU
XapaKkTepucTukun, BKIKOYUTENHO YCTONYM-
BOCT Ha 3acyluaBaHe.

Mpoueanypa Ha ob6nbyuBaHe. Cyxu
ceMeHa OT TecTBaHWTE COpPTOBE ca
06bYBAHN €  geceT [03M  rama-sbuu
(Caesium™’) — 0, 200, 400, 600, 800,
1000, 1200, 1400, 1600, 1800 n 2000 Gy.
O651bYBaHETO € WU3BBLPLWEHO B rama-
obnbuBaTeniHa ycTtaHoBka GOU-3M B
WHcTuTyT no chmanonorusa Ha pacteHusita
N reHetnka - Cochms, ¢ MoLHOCT 146
Gy/h. BegHara cnepg 061b4YBaHETO ceme-
HaTa ce HakucBaT B AecTu/vpaHa Boja B
npogb/xeHne Ha 30 MWHYTM, npocyula-
BaT Ce [0 3acsBaHETO MM Mpu MNOJICKU
yCNoBMS.

Monckn onuT. EKCNEpPUMEHTHLT e
NpoBefEH B ABe NOC/nef0BaTe/IHN TOAUHN
B nepuoga 2007-2008 r. [llpu nonacku
YCNOBMSA BCsAKa roguHa ca 3acsBaHu No
XWnaga ceMeHa 3a BCEKM BapuaHT Ha
onvta. lMonckute onuTy ca 3aniaraHu no
CTaHOapTHUSA MeToh C nocfiefoBaTesiHo
nogpexpaHe Ha BapuaHTuTe (Shanin,
1977) ¢ wnpuHa Ha nexata 2 m n 45/5 cm
Mexagy M BbTpe B pepgoseTe. lMoarortos-
KaTta Ha nousata, 6opbaTta c 6onecturte,
HenpusaTenuTe n NaeBennTe € usBegeHa
CbINIAaCHO TEXHOJIOTUS 3a OTIIeXAaHe Ha
copro 3a 3bpHO U cunax (Dechev et al.,
1987).

B nbpBO MyTaHTHO nokoneHune (M,)
6s1xa OTYETEHU TPU KPUTEPUS B MPOLEHT
CNPAAMO KOHTPO/IHWUTE BapuaHTu (He 06/1b-
YEeHN cemMeHa) — KbJ/IHAEMOCT, CTEPUNHOCT
N npexmBseMocT. CTepusiHOCTTa e oT4e-
TeHa B MNPOLEHT CNpPsAMO KOHTPOJSIHUTE
BapvaHTM Ha 6Gasata Ha 6poA Ha M;-
pacTteHusiTa C Mb/IHO WM YacTUYHO peay-
uMpaHe Ha cemeHarta. 'TlpexuBenute
pacTteHus" ca npebposiBAHM NO Bpeme Ha
npubupaHeTo Ha NoKosieHne M, kato 3a

MATERIAL AND METHODS
Plant materials. Three varieties of
different  origin, namely, Kazitachi
(originating from Japan), Vercors (USA)
and Voronezhskaya 9 (Russia) that are

renowned for their agronomic
characteristics, including resistance to
drought were used as experimental

material.

Irradiation procedures. Air-dried
seeds of the varieties mentioned above
were irradiated with ten doses of gamma-
rays (Caesium™’) — 0, 200, 400, 600,
800, 1000, 1200, 1400, 1600, 1800 and
2000 Gy. Radiation treatments were
carried out with gamma-irradiation facility
GOU-3M in Institute of Plant Physiology
and Genetics — Sofia emitting gamma-
rays at dose rate 146 Gy/h. The seeds
were soaked in distilled water for 30 min
immediately after irradiation and dried
until their sowing in the field.

Field experiments. The
experiment was carried out in two
consecutive years in the period 2007-
2008. One thousand seeds were sowed
under field condition for each treatment
from the experiment. The field trials were
set according to the standard method with
consecutive arrangement of the variants
(Shanin, 1977) in 2 m wide beds at 45/5
cm row spacing. The preparation of the
soil, the control of diseases, pests and
weeds is based on the technology for
growing sorghum for grain and silage
(Dechev et al., 1987).

Three criteria  in  first mutant
progeny (M;) were scored as percent of
controls  (non-irradiated  seeds) -
germination, sterility and survival. The
sterility was scored in percent of control
variants on the basis of the number of My
plants with complete or partial reduction of
seed setting. “Surviving plants” were
counted at the time of harvest of M;
generation and survivors were defined as
those plants that produce at least one
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npexuBesnn ce onpegens OHesn pacTe-
HUSA, KOMTO ca obpasyBasiM Hail-manko
eHO CbLBeTMe, He3aBUCUMO OT ToBa Ja-
nn e dopmmpano cemeHa. ®eHodhasnTe
Ha pas3BuMTWE Ha cypaHkata ca onpege-
NSHU N0 eAMHHaTa cucTemMa 3a kogmpaHe
Ha dpeHoMornyHNTE hasn Ha passBuTne 3a
MOHO- W [ABYCEMEZEsSIHU pacTUTeNHu
supose (Meier, 2001). MNpexuBseMocTTa
M BMCOYMHATA Ha LEHTpasIHOTO CTb6J10 e
oT4yeTeHa 3a OCHOBHWUTE (ieHoa3n Ha
pasBuTMe Ha pacTteHuaTa. OnpeaensHo e
LDsg N0 peHohasmn 3a BCEKM BapuaHT Ha
onWta B 3aBUCUMMOCT OT p[o3uUTe Ha
obnbyBaHe Ha cemeHaTa. OTyeTeHa e
6paTumocTTa (6poit 6paTta) B Kpas Ha
BeretaumaTta.

Cratuctnyeckatra ob6paboTka Ha
rnokasarenute MoJsicka Kb/IHAEMOCT U
NPeXnBSEMOCT B Kpas Ha Beretayusita ca
N3BBbPLUEHMN Ype3 @ — KpuTepuii Ha duep
(Plockinsky, 1967). 3a onpegensiHe Ha
LDsy, € u3non3saH NporpaMHUSAT NpoayKT
TRIMED SPEARMAN KARBER METOD,
VERSION 1.5 (Hamilton et al., 1978).
KopenaunoHHuTe 3aBMCMMOCTM ca U3dnc-
neHu ¢ Microsoft Office Excel 2010.

PE3YJITATU N OBCBXXOAHE

[aHHuTe 3a nosckata Kb/HAEMOCT
npu COPTOBETE Cy[aHKa ca OTpaseHu Ha
Ta6bnmya 1. TMpu NOACKM yCroBust €
YCTAHOBEHO MOHWKBAHE Ha pacTeHusTa
(BBCH 10) npu go3n go 800 Gy ot 4,0 go
38,84 % cnpsAMO KOHTPOJIHUTE BapuaHTW.
PagvouyBCTBUTEIHOCTTA  MPU  MOJICKM
YyCNOBMS MpW COPTOBETE CygaHka e Mo-
BMCOKA B CpPaBHEHMWE C KOHTPO/MpaHu
yCnoBus Ha oTrnexpgaHe. KbHAemocTTa
npu CcygaHkata npu  OpaHXepuitHu
ycnosug Bapupa ot 77,78 go 84,97 % npu
2000 Gy (Golubinova and Serafimov,
2015). Mpu NOACKM YCNOBWUSI Ha/IMUNETO
Ha NOHWKHAaNM pacTeHns NMpu 3HaYUTENHO
no-Huckn posu (go 800 Gy), onpepens
cToliHocTn Ha LDsy ot 410,27 po 420,30
Gy. MeTteopoaiormyHmMTe ycroBus B ne-
proga oT centba f0 NOHMKBAHE BEPOSITHO
3acunBaT Bb3AEWCTBMETO Ha rama-
pagnauymsata. CnepgosartesiHO, MoJsickara

inflorescence regardless of whether seeds
are produced.

The growth stages of development
sudngrass is determined by a system of
uniform coding of growth stages of
development for mono- and dicotyledonous
plant species (Meier, 2001).

Data on survival and central stems height
were measured at defined growth stages.
The LDsg is determined by growth stage
for each variant of the trial depending on
the irradiation doses of seeds. In the end
of vegetation period the number of tillers
was counted.

The statistical processing of the
germination and survival at the end of the
vegetation period under field condition
was performed using Fisher's @-criterion
(Plockinsky, 1967); for the determination
of LDsy, the program product TRIMED
SPEARMAN KARBER METOD,
VERSION 1.5 was used (Hamilton et al.,
1978); correlations are calculated with
Microsoft Office Excel 2010.

RESULTS AND DISCUSSION

Data on field germination in the
sudangrass varieties is shown in Table. 1.
Plant emergence (BBCH 10) under field
conditions, was observed at doses up to
800 Gy from 4.0 to 38.84% of the control
variants. The radiosensitivity in field
conditions of the sudangrass varieties is
higher than in controlled conditions of
cultivation.

Under greenhouse conditions,
germination of sudangrass ranged from
77.78 to 84.97% at 2000 Gy (Golubinova
and Serafimov, 2015). The presence of
emerging plants at significantly lower
doses (to 800 Gy) determines LDsq values
of 410.27 to 420.30 Gy in field conditions.
The weather conditions in the period from
sowing to germination may enhance the
effects of gamma-radiation. Therefore,
field germination depends on the doses of
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Kb/IHAEMOCT 3aBUCW OT [03UTe Ha
06/1bYBAHE Ha CeMeHaTa W OT yCnoBusTa
Ha cpefjaTa — KOMMYECTBO W pasnpege-
JIeHVe Ha BaJIeXUTE N CPEeHO AEHOHOLL-
HY TemnepaTtypu Ha Bb3fyxa. MofobHu
pesynTtatu 3a 3acwiBaHe Ha WHxmbupa-
WmMA epekT Ha MyTareHHWTe [03M BbpXy
NOKb/IBAHETO Ha CeMeHaTa npu MOJICKn
ycnosuss cbobuwasatr Harding et al.
(2012), Gaur et al. (2018). B cnegsawute
heHohasm ce yBenuyaBa MpoLeHTa Ha
3arMHasiMTe pacTeHusi Mpu BCUYKM COPTO-
BE C yBe/NMyasaHe [03uTe Ha o0b/byuBaHe
oT 200 go 2000 Gy, a CTOWHOCTUTE Ha
LDsy Hamangasar.

Bb3geiicTtBueto Ha rama-bunte
HapacTBa C YyAb/lxaBaHe nepuoga Ha
Beretauus npu BCUYKM COPTOBE. BbB
(peHo(paza Havano Ha WU3MeTNABsSHe
(BBCH-47), po3ute Hag 400 Gy npepgus-
BMKBAT Mb/iHA feTa/iHOCT. B kpas Ha
BeretTauuaTa ca OTYETEHWM Mpexusenu
pacTteHus npu gosu ot 200 Gy (o1 63,7 fo
74,0%) n 400 Gy (oT 44,2 po 45,1%),
KOUTO [0Ka3aHO HamansBaTt CrpsMO KOH-
TPOJIHUTE BapuaHTW Npu BCUYKM COPTOBE.

CroliHocTuTe Ha LDsy HamansBar B
3aBMCUMOCT OT f03uTe Ha obnbusaHe. C
Hall-cuniHa pajuoyyBCTBUTENIHOCT € copT
Kazitachi (LDsg=316.2 Gy), gokaTo Bopo-
Hexckad 9 (LDgy=333.8 Gy) mu Vercors
(LDsp=339.8 Gy) ca no-paanoycTon4msu.
Te3n AaHHWM fasaTt LeHHa uHdopmaums
npu wusbopa Ha onTMMasHa fo3a 3a
06/1bUBaAHE Ha CyXM CEMEHA 3a LenmTe Ha
MyTaLMoHHaTa Cenekuuss KOHKPETHO npwu
Te3n copTtoBe. BapupaHeTo B paguouys-
CTBUTEJIHOCTTA MeXAy BUAOBeTe OT efuH
pos, W Mexay OTAeNHUTe CcopToBe
(Pathirana and Subasingbe, 1993), kakTo
N LUMPOKMA CMEKTBbP OT J03W npunaraH 3a
WHAYLMPpaHe Ha MyTauumu npu cyfdaHkata
(Kirillenko and Golovin, 1987; Lazanyi,
1987; Golovin and Kirilenko, 1989;
Kostina et al, 1995; Kostina, 2000;
Tabosa et al., 2007) e npegnocTaska 3a
Heob6xoAMMOCTTa OT NnpeABapuUTeSIHO eKc-
NnepyMeHTasTHO onpejensHe Ha paboTHu-
Te [03/ ramMa-ibyM B MyTaumoHHarta
cenekuus.

seed irradiation and on the conditions of
the environment - quantity and distribution
of rainfall and average daily air
temperatures.

Similar results for enhancing the inhibitory
effect of mutagenic doses on seed
germination under field conditions
reported Harding et al. (2012), Gaur et al.
(2018). In the following growth stages, the
percentage of dead plants compared in all
varieties with increasing irradiation doses
from 200 to 2000 Gy and the LDs, values
decreased.

The effect of gamma-rays
increases as vegetation progresses in all
varieties. In the beginning of boot stage
(BBCH-47), doses above 400 Gy cause
complete lethality. At the end of the
vegetation, surviving plants were recorded
at doses of 200 Gy (from 63.7 to 74.0%)
and 400 Gy (from 44.2 to 45.1%), which
were shown to decrease over control
variants in all varieties.

The LDsy,  values decrease
depending on the dose of irradiation. The
strongest radioactivity is the Kazitachi
variety (LDs5g=316.2 Gy), while
Voronezhskaya 9 (LDs,=333.8 Gy) and
Vercors (LDsp=339.8 Gy) are more radio-
resistant. These data provide valuable
information when choosing an optimal
dose for irradiation of dry seeds for the
purpose of mutation breeding specifically
for these varieties. The variation in the
radio-sensitivity between species of the
same species and between varieties
(Pathirana and Subasingbe, 1993), as
well as the wide range of doses used to
induce mutations in sudangrass (Lazanyi,
1987; Kirilenko and Golovin, 1987
Govovin and Kirilenko, 1989, Kostina et
al., 1995, Kostina, 2000, Tabosa et al.,
2007) is a prerequisite for the need for
preliminary experimental determination of
the working doses of gamma rays in the
mutation breeding.
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Tabnuua 1. MNMoscka Kb/AHAEMOCT, NpexmBsemMocT N LDsg npu cygaHka
Table 1. Field germination, survival and LDg, in sudangrass

CopTtoBe/Varieties
Kazitachi Vercors Voronezhskaya 9

(0]
S & & &
@ 6p % Fo g 60 % Fo g 60 % Fo 3
T [a) [a) [a)
O — | |
i

0 804 100 0,00 827 100 0,00 832 100 0,00
9 200 673 83,7 13,22* ° 696 84,2 13,00** ~ 656 78,8 17,54* >
Il 400 495 61,6 3127 ® 430 52,0 3941** o 485 58,3 34,50*** o
O 600 189 235 56,097 & 271 32,8 52,78 S 234 28,1 5537 J
% 800 26 3,23 38,84** S 110 13,3 56,52*** N 33 4,0  42,26*** =

-2000 0 0,00 0,00 0 0,00 0,00 0 0,00 0,00

0 767 100 0.00 815 100 0.00 806 100 0.00
“ 200 607 79.1 16.60** 664 81.5 15.12%* 618 76.7 18.98***
I' 400 454 59.2  32.43%* ; 405 49.7 40.90*** ;— 428 53.1 38.06*** 3
8 600 126 16.4 5540 Q 137 16.8 57.14* & 135 16.7 56.86"* &
@ 2880 0 0.00  0.00*** 0 0.00 0.00 0 0.00 0.00

K 749 100 0.00 800 100 0.00 792 100 0.00
© 200 534 71.3 22.57%* 648 81.0 15.40*** 596 75.3 19.96***
I' 400 421 56.2 34.35%* 2 394 49.3 40.81*** 2 387 48.9 40.91** 3
@] 600 79 105 52067 R 71 8.9 51.92% QO 88 11.1 53.96%*
® 800

2006 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00

K 739 100 0.00 796 100 0.00 785 100 0.00
~ 200 501 67.8 25.16*** 600 75.4 19.92%** 583 74.3 20.68***
I' 400 355 48.0 40.18** : 380 47.7 41.92%* :- 369 47.0 42.13** ';2
8 600 45 6.1 4548 & 24 3.0 37664 & 18 2.3 33767 &
m 800-

2000 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00
o K 739 100 0.00 796 100 0.00 785 100 0.00
:-; 200 471 63.7 28.36*** 589 74.0 21.07%* 564 71.8 22.71***
b 400 327 442 42.85%* g 368 46.2 43.03** g 354 451 43.51*%* g
5 600 0 0.00 0.00 b=y 0 0.00 0.00 s 0 0.00 0.00 P4
g gggo 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00
0 K 739 100 0.00 796 100 0.00 785 100 0.00
£ 200 471 63.7 28.36*** 589 74.0 21.07*** 564 71.8 22.71%*
0 400 327 44.2 42.85%* g 368 46.2 43.03*** g 354 45.1 43.51%* 2',
6 600 0 0.00 0.00 b=y 0 0 0.00 ¥ 0 0.00 0.00 3
g Sggo 0 0.00 0.00 0 0 0.00 0 0.00 0.00

K 739 100 0.00 796 100 0.00 785 100 0.00
2 200 471 63.7 28.36*** 589 74.0 21.07*** 564 71.8 22.71%*
I' 400 327 44.2 42.85%* g 368 46.2 43.03*** g 354 45.1 43.51** g
8 600 0 0.00 0.00 b=y 0 0.00 0.00 s 0 0.00 0.00 2
[} 800-

2000 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00

*Pt crit. 20 = 0.05 ; **P crit 26)= 0.01; ***P( ¢t 3.3y = 0.001; CTOMHOCTUTE Ha LDsy ca npecMeTHaTW Npu
LSD = 95 %/ The values of LDs at LSD = 95 % was calculated

Fama-nbunTe BNUAAT OTpULATESNHO Gamma-rays also negatively affect
U BbpXY (hepTUNHOCTTa Ha cypaHkata, | the fertility of sudangrass, which is a
KOEeTO e 4YyBCTBUTE/IEH U cTabuieH kpu- | sensitive and stable criterion for
Tepuii 3a onpegensHe MyTareHHOTO Bb3- | determining the mutagenic effect of
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aencTeme Ha rama-nbunte (Tabnuua 2).
Mpy BCUYKM COPTOBE Ce YCTaHOBSABA
NMHeliHa 3aBUCUMOCT ,a03a-edekT”, T. e.
C yBe/MyaBaHe Ha [03uTe Ha ob/1bYBaHe
[l0Ka3aHo ce yBe/simyaBa U NPOLEHTBHT Ha
CTEPU/IHUTE pacTeHMs CNpAMO CbOTBET-
HWTE KOHTpPONHM BapuaHtn (dPurypa 1).
Cnopeg 1031 61MOI0TUYEH KPUTEPUIA, COp-
TOBETe YC/IOBHO MOrar fa ce nogpesr B
CNefHVs HU3XOASAL, pen: Hali-4yBCTBU-
TeneH e copt Kazitachi, ¢ 15,83% crTe-
pWIHW pacTeHus, creggaH ot Vercors — ¢
15,06%, a OTHOCUTE/IHO MO-YCTOMUYMB Ha
o6nbuBaHe e BopoHexckas 9 ¢ 13,50%
cTepunHocT. Mpu aunnongHuTe BUAOBE,
KakBaTo e cyfaHkara Mno-BUCOKUTE 03U
rama-Tbun BOAAT [0 3HAUYUTESIHO MOHU-
XeHve Ha depTuaHoCcTTa, Koeto e oT
CbLLECTBEHO 3HaYeHWe npy oNTUMMU3MPa-
He Ha eKkcnepyMeHTasHUTe f[03M  3a
pabota u onpegensHe ob6ema Ha M;
nokonexuve (Parry, 2009).

gamma-rays (Table 2). In all varieties, a
.dose-effect’ linear relationship s
established, i.e., with increasing doses of
irradiation, the percentage of sterile
plants has been shown to increase
relative to the respective control variants
(Figure 2). According to this biological
criterion, the varieties can be ranked in
the following order: Kazitachi with 15.83%
sterility, followed by Vercors with 15.06%
and relatively more resistant to irradiation
is Voronezhskaya 9 with 13.50% sterility.

In diploid species such as sudangrass,
higher doses of gamma-rays lead to a
significant decrease in fertility, which is
essential in optimizing experimental
doses for work and determining the
volume of M; generation (Parry et al.,
2009).

Tabnuua 2. BAvsiHne Ha pasnnyHM 4031 rama-bun BbLPXY CTepPUIHOCTTa Mpu
COpPTOBE CyAaHKa B MbpBO MyTaHTHO rokosieHue (M)
Table 2. Influence of different doses of y-rays on sterility in sudangrass in the M;

generation
Parameters/ NokasaTenu
[o3n Ha
CoproBe/ Varieties o6nbuBaHe, Gy PacTenus B kpas Ha
Doses of BeretauuaTa, bpoi CrepunHocTt, % =
irradiation, Gy Plants at the end of Sterility, % ¢
vegetation, number
0 739 0
Kazitachi 200 471 8,39 5,87
400 327 15,83 10,06
600-2000 0 - -
0 796
200 589 12,06 9,29
Vercors ’ !
400 368 15,06 10,10
600-2000 0 - -
0 785
200 564 8,03 5,96
Voronezhskaya 9 400 354 13,50 884
600-2000 0 - -
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Hazilach Verlurs Vuronesliskaya 9

CopToBe/Varietias

dur. 1. KoNnyectBeHN CbOTHOLIEHUS MeXay (PepTUNHM U CTEPUTHN PacTeHus
npu cygaHka B 3aBUCUMOCT OT MyTareHHOTO Bb34eNCTBUE Ha rama-nbunTe

Fig. 1. Quantitative ratio between fertile and sterile plants in Sudangrass
depending on the mutagenic effect of gamma-rays

Mpu TpuTe wun3nNUTBaHW copTta C
noBulaBaHe [03UTe Ha 06/bYBaHe Hafj,
200 Gy ce Habnwogasa TeHOeHUUA 3a
yAob/hKaBaHe Ha BeretauvoHHUA nepuog,
oT 17 po 20 gHn. O4yeBMaHO, 061bYBaHE-
TO Ha CceMeHaTa C rama-byu Biusie
oTpULATENHO BbPXY pacTtexa u pasBu-
TUETO Ha pacTeHusTa, BCNeACTBME Ha
KOeTo ce HabnogaBa 3abaBsHe B
HacTbMBaHeTO Ha ¢heHodasuTe npe3
OHTOreHesarta, a oTTam U yab/iKaBaHe Ha
BereTauMoHHus nepuog, (durypa 2).

In the three tested varieties with an
increase in radiation doses above 200
Gy, there was a tendency to prolong the
vegetation period of 17 to 20 days.
Obviously, irradiation of gamma-rays has
a negative effect on plant growth and
development, resulting in a delay in the
onset of phenophases through
ontogenesis, and hence prolongation of
the vegetation period (Figure 2).
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Fig. 2. Vegetation period in sudangrass varieties in first mutant generation (M,)
depending on the irradiation dose by year and average for the period

lamMa-nbunte BANSAT W BBPXY
HapacTBaHeTO Ha LIEeHTPasIHOTO CTbO/10
(Tabuuya 3). C noBuwaBaHe fgo3arta Ha
06nbYBaHe ce yCTaHOBABA TEHAEHLMA Ha
HamasnsaBaHe AbJiKuMHaTa Ha LeHTpasHo-
TO CTHOMO CbC cnabu reHoTUNHW passnu-
ynsa Npu copToBeTe cyfaHka. Hai-cunHo
€ MoTUCHATO HapacTBaHETO B HavyaslHUTe
eTanu OT pa3BUTMETO Ha Kyntyparta oT
BBCH-13 go BBCH-47, KbAeTO pasnuku-
Te ca cTaTucTuyecku pokasaHn. Cnepo-
BaTesiHo, 0O6/TbYBAHETO C rama-Sibyu
B/MSie OTpuLaTeNIHO Ha reHepaTMBHOTO
passutMe Ha pacTeHuaTa. B kpaa Ha
BereTauuaTa pasnivkute BbB BUCOYMHATA
Ha LeHTpasHoTO CTBHO/0 ca He3HauuTen-
HAW M CTaTUCTMYECKN HejoKa3aHO Hama-
neln npu 200 Gy. lNpw Hail-Bucokata
posa (400 Gy) pasnvkuTe ca CTaTtucTu-
YeCkn [0KasaHO HamasieHW, BbNPEKN
n3paseHnTe KOMMEHCaLMOHHM npoLecK
Mo OTHOLUEHME Ha HapacTBaHeTo.

Gamma rays also affect the growth
of the central stem (Table 3). Increasing
the dose of radiation has shown a
tendency to reduce the length of the
central stem with weak genotypic
differences in the varieties of sudangrass.
Growth in the early stages of culture
development from BBCH-13 to BBCH-47

is most strongly suppressed, and
differences are statistically proven.
Therefore, gamma-irradiation has a
negative effect on the generative

development of the plants. At the end of
the vegetation the differences in the
height of the central stem are negligible
and statistically unproven reduced at 200
Gy. At the highest dose (400 Gy), the
differences were statistically proven to be
reduced, despite the significant growth-
related compensation processes.
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Tabnuua 3. BansHMe Ha pas3/iMyHu [03M rama-byn BbpXy BMUCOUMHATA Ha
LEeHTPasIHOTO CTb6/10 NPU cyaHKa B MbPBO MyTaHTHO NokosieHne (M)
Table 3. Influence of different doses of gamma-rays on height of the central stem
in sudangrass in the first mutant generation (M1)

CoproBe/ G BucouunHa Ha pactenustal/ Plant height
Varieties Y BBCH13 | BBCH15 | BBCH17 BBCH43-49 BBCH55-65 BBCH89
Control 8,67d 18,65d 91.50c 138.85¢c 185.25b 216.83b
200 7,53c 16,64c 80.58b 132.20b 178.53b 208.38a
Kazitachi 400 4,28b 7,82b 36.30a 102.38a 167.60a 201.18a
600 1,36a 2,35a - - - -
800 1.02a - - - - -
1000-2000 - - - - - -
Control 8.84c 19.91d 91.50a 132.90c 183.53b 205.60b
200 9.19¢c 16.70c 80.58¢c 124.28b 183.63b 208.00b
vercors 400 4.73b 7.59b 40.95b 95.18a 161.40a 184.35a
600 1.14a 2.99a 5.80a - - -
800 0.62a - - - - -
1000-2000 - - - - - -
Control 11.02c 22.04d 86.30b 141.65c 205.38b 224.45b
200 10.61c 17.51c 79.75b 135.05b 178.28a 220.13b
\Voronezh- 400 5.22b 9.86b 51.18a 110.35a 173.98a 201.90a
skaya 9 600 1.69a 3.32a - - - -
800 1.16a - - - - -
1000-2000 - - - - - -

a, b, c, d, e - cTaTUCTUMYeCKM goka3aHun pa3nuku npu P=0.01/ a, b, c, d, e - statistically proven differences

at P=0.01

AHanm3unpanku nonyyeHuTe pesys-
TaTu NO OTHOLUEHWE Ha NOHMXeHaTa nos-
CKa Kb/IHAEMOCT W MPEXNBAEMOCT MOXe
Ja ce 0600wy, Ye ca MO-4yBCTBUTESHU
KpUTEpUM 3a OLEHKA Ha pagmnoyycTBUTeN-
HOCTTa npw cygaHkata. C orneg nosuiia-
BaHe Ha uyecToTaTa Ha MyTauuuTe B cref-
BAlLLOTO MOKOMEHME € BaXKHO ONTUMMU3U-
paHe po3ata Ha o06nbuBaHe (Parry,
2009).

N3BOAN

BuonornuHmnaT  edpekt Ha rama-
Nnbunte B AnanasoHa 200, 400, 600, 800,
1000, 1200, 1400, 1600, 1800 n 2000 Gy
npu 3 copta cyfaHka B NMbpBO MYTaHTHO
nokosneHve (M1) nokoneHue ce nspasssa
B [0Ka3aHO HamMasisiBaHe 6pOos Ha MOHMK-
Hanute, epTuaHUTE © NpexveBenute
pacTeHus Npu NoJsICK1 YC/oBUA.

MpexuBsAemocTTa Mpu  MOJICKM
YC/I0BUSA HamasisiBa C yBenuyasaHe [03Ta
Ha rama-mbunte 1 NPOABL/MKUTENHOCTTA
Ha BereTauuMoHHMA nepuod. Hali-cunHa
paguoyvyBCTBMTENIHOCT NO TO3M NnokKasarten
nokassa copt Kazitachi (LD50=316,2 Gy),

Analyzing the results obtained with
regard to reduced field germination and
survival can be summarized as being a
more sensitive criterion for assessing the
sensitivity of the sudangrass. In order to
increase the frequency of mutations in
the next generation, it is important to
optimize the dose of radiation (Parry,
2009).

CONCLUSIONS

The biological effect of gamma-rays
in the range 200, 400, 600, 800, 1000,
1200, 1400, 1600, 1800 and 2000 Gy in
the first mutant generation (M) in three
varieties sudangrass is expressed in a
proven reduction in the number of
emerging, fertile and surviving plants
under field conditions.

It was found that survival decreases
as the gamma-rays increase and the
duration of the vegetation period in field
conditions. The highest radiosensitivity by
this indicator shows the Kazitachi variety
(LD50=316.2 Gy), followed by
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cnegsaH ot BopoHexckas 9 (LD50=333,2
Gy) n Vercors (LD50=339,8 Gy).

[o3n Ha rama-nbun Hag 400 Gy
npeans3BuMKBaT Mb/AHA JI€TA/IHOCT  Npw
BCUYKM COPTOBE CcygaHka. [duanasoHute
OT cToiHOCTM Ha LD50, onpegenexHn 3a
pasnMyHMTe copToBe, Morat ga 6bpat
nose3Hn npy nsbopa Ha oNTUMasIHU 03U
Ha 06/TbYBaHE Ha Cyxu CEMeHa 3a Lenute

Voronezhskaya 9 (LD50=333.2 Gy) and
Vercors (LD50=339.8 Gy).

Doses above 400 Gy cause
complete lethality in all varieties. These
ranges of LD50 values determined for the
different varieties may be useful in
selecting optimal doses of irradiation of
dry seeds for the purposes of
experimental mutagenesis in sudangrass.

Ha eKCnepuMmeHTas/lHuA MyTareHesnuc npu
CyAiaHKaTa.
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PE3OME

Mpe3 2017 r. B WHCTUTYT noO
uapesuvuarta - KHexa e cb3gajeHa HoBa
CUHTEeTUYHa nonynauma "1/2017" koATo
obeavHABa 16 camoonpalleHu MHUK OT
paboTHaTta kosnekuus Ha WHcTtutyta. Jlu-
HUUTE NpomM3XoXaaT OT MeCTHU nonyna-
umun (3b6oBUaeH N TBbPA 3bLOOBMAEH), C
BMCOKa aflanTuBHa CroCOBHOCT U TakuBa,
nonydeHu B pes3yntar Ha ekcrnepuMeHTa-
NIeH MyTareHesuc B Xxmbpuay ¢ AokasaHu
KayectBa. [logbopbT UM e u3BbPLUEH

cnej  aHaM3  Ha  KOMGMHaTMBHaTa
CMOCOGHOCT, OLleHeHa Ha fBa TecTepa oT
Pa3IMYHN  TEHETUYHWU TPynu. JIMHUMTE

nposiBuNM BUCOKa 06Lia KoOMOUHaTMBHAa
CMOCOBHOCT ca npeornpalleHy B u3ona-
LUMOHHHO MoJsie, C paBeH Opoit ceMeHa 3a
nojslydyaBaHe Ha CuUHTeTU4YHaTa nonyna-
uma. MNMpes 2018 r. CMHTETUKBLT € BK/IHOYEH
B MporpamMa Ha nepvoguyeH OT60op 3a
nosuwaBaHe Ha KombuHaTMBHaTa My
CMOCOGHOCT. 3anoyHata e nogobpuTenHa
cenekuma ¢ ase nuHumn - PAU 1617 n B
113. Mony4yeHn ca Heobxoammus OGpoi
KPBbCTOCKM M CbOTBETHMUTE camoonpatle-
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Published: 05.09.2019

SUMMARY

In 2017 at Maize Research Institute
(MRI) - town of Knezha was generated
new synthetic population “1/2017" that
unites 16 self-bred lines from the
Institute’s work collection. Lines originate
from local populations (dent and hard
dent) with high adaptive abilities and such
ones that were established as a result of
experimental mutagenesis in hybrids with
proven qualities. They were selected after
analysis of selective ability estimated in
three testers belonging to different genetic
groups. In an isolation field the lines
demonstrating a high total combinative
ability were re-bred with equal seed
number to establish the synthetic
population. In 2018 this synthetic was

included in a program for periodical
selection in order to increase its
combinative ability. An improvement

selection with two lines - PAU 1617 and B
113 began. The necessary number of
breedings’ and their respective self-bred
ears were achieved. The hybrids are to be
tested in Preliminary Varietal Experiments
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HM KoyaHu. [lMpeAcToM M3NUTBAHETO Ha
xnopuagnte B MNCO un opmupaHe Ha
nogobpeHa CMHTETMYHA Nonynauus.
Llenta Ha npoyyBaHeTo e Cb3gaBa-
He 1 nogobpsiBaHe Ha HOB W3XOAEH
mMaTtepuan 3a ceflekums Ha Luapesuua.
Cnep npoBexpaaHe Ha nevoanyHus otéop
B CMHTETMKA, OT HEro e 6baaTt U3bueHu
NepcnekTUBHU NMHUN 1N Cb3Ja[EHN BUCO-
KOgo6MBHM, afanTUBHO LEHHU Xubpuan

LapeBuua.

KnoyoBn  AymMW:  CUMHTETMYHA
nonynauyvsi UapeBuuUa, camoornpalleHu
JIMHWN LapeBuLa, KOMBWHaATUBHA

CMOCO6HOCT, NnepnoanyeH otéop

yBO/[,

CbBpPEMEHHOTO  3bPHOMNPOM3BOA-
CTBO M3MCKBa BUCOKOMPOAYKTUBHU XNOpW-
On uapesuua, YCTOMUYMBM Ha BGUOTUYEH 1
abunoTuueH ctpec (Carena, 2011). Ycnew-
HW nporpaMy no Cb3gaBaHEeTO Ha TakmBa
XMépugn B ronsmMa CcTeneH 3aBucAT oT
nU3XodHua MaTepvasl kaTo 6asa 3a
epekTMBHa paboTa, BapmabusiHocTTa My
N HanpaB/IEHMETO, B KOETO € Cb3[afeH.
MoBMWaBaHETO Ha fJefla Ha XesaHute
rEHN B U3X04HUS MaTpuas Npsko noBuLla-
Ba M eeKkTMBHOCTTA Ha CeNeKUUOHHUS
npouec, 3awoTo M0 TO3X HayvH ce
ynecHsBa noslyyaBaHe Ha reHoTunose C
XenaHn kadyectBa (Mustyatsa, 2009;
Suprunov and Chuprina, 2010; Hallauer
and Carena, 2012; Suprunov et al., 2013).

Mpensus OTHOCUTENIHO  MasIKMAT
6poit NNHUN, C KOUTO ce paboTn B CBETO-
BEH Mawab n HapacTBaljaTa 3annaxa ot
reHeTuyHa epo3nss npu LapeBuuaTta,
HapacTBa 3Ha4YeHMETO Ha paboTarta no
paswupsiBaHe Ha reHod)oHga, 4Ype3 Cb3-
JaBaHe 1 nogobpsiBaHe Ha HOB U3XOAEH
martepuasn, KoeTto e [Ababr npouec. B
CbLLIOTO Bpeme MpakTukaTa usucksa oT
cenekumaTa O6bp3u pesyntatm M Komep-
cvanHM  Xxmbpuam 3a HenocpeacTBeHa
ynoTpeba. ToBa nocTaBs BbNPOCHT 3a
Heob6XoAMMOCTTa OT MNPWIOXKEHWE OCBEH
Ha TpPagWLMOHHWTE METOAUN Ha Cenekuus
N Ha pAOKo M3Non3BaHW, HO eheKkTUBHU
nporpamMmv n TexHn mogudmkaumn. EgmH

(PVE) and an improved
population should be formed.

synthetic

The aim of this research is to
establish and improve a new starting
material for maize selection. After the
execution of periodic selection with this
synthetic, perspective lines will be
produced from it and then will be created

high-yield, adaptively valuable maize
hybrids.

Key words: synthetic maize
population, self-bred  maize lines,

combinative ability, periodical selection

INTRODUCTION

Contemporary seed production
requires high-yield maize hybrids that are
resistant to biotic and abiotic stress
(Carena, 2011). Successful programs for
generating such hybrids depend to a great
extend on the starting material as a basis
for effective work, for its variability and
direction for its production.

The increase of desired genes in starting
material increases directly the
effectiveness of selection process as well
because thus the production of genotypes
with  desired qualities is facilitated
(Mustyatsa, 2009; Suprunov, Chuprina,

2010; Hallauer and Carena, 2012;
Suprunov et al., 2013).
Taking in  consideration the

relatively small number of lines that are
used worldwide and the growing danger
of genetic erosion in maize, the work for
gene pool extension becomes more
important. This is done by production and
improvement of new starting material and
appears to be a long process. In the same
time practice demands fast results from
selection and commercial hybrids for
immediate application. This poses the
question of necessity to apply not only the
traditional selection methods and but also
some rare and effective programs and
their modifications. One of these is the
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OT TSX € MNepuoauNYHUSAT OTOOop, KOITO
MaKCVMasiHO U3MNoJ3Ba reHeTUYyHUTe Mme-
XaHU3MW B Le/IMAT UM CNEKTbP U B YUATO
e(PeKTBHOCT [JHEeC HsAMa CbMHeHue
(Novoselov, 2008).

CYHTETMYHMTE nonynauun, npea-
BapuTE/IHO Cb3JafeHN B HEOO6XOAMMOTO
HanpaB/IeHUE Ha Cefnekuus ca AUHaMuu-
HO [Jeno Ha 3apoguliHa njasmva U
KOHUEHTpauusi Ha 611aronpusiTHn TeHw,
KOEeTO MO3BOJISIBa AbATOCPOYHA U edhek-
TMBHa nogobpuTtesiHa paboTa.

Llenta Ha HaweTto npoyysaHe e
Ccb3gaBaHe W Mosy4aBaHe Ha HOB
U3XO4EeH MaTepvasl 3a cefnekuus npu
uapesuuara.

MATEPWNAN N METO4WA

3a uenute Ha npoyyBaHeTo ca
n3nonssaHn 16 cpefHO KbCHM U KbCHU
camoorpalleHy NUHUA Lapesua, npous-
Ne3nn oT Kfacuyecka cenekums B MeCTHU
nonynauun uapesuya (3v6oBMAEH W
TBbpA 3bOOBUAEH CUHTETMK) W JINHUMK,
U3NbYEHU B pe3ynTar Ha ekcrnepumMeHTa-
NIeH MyTareHesnc B XeTepo3uroTeH marte-
puwan, ¢ goka3aHu kayectBa. pe3 2017 r.
B M30/auymoHHO none Ha WLU-KHexa,
JIVHUUTE ca MpeonpalleHn ¢ paBeH 6poii
CeMeHa 3a nosiydyaBaHe Ha CUHTeTU4YHaTa
nonynauust Ha LUIMPOKA FreHeTMyHa OCHO-
Ba. MpWIoXeH e MacoB 0TOOP B CUHTETHKA.

MpoyuBaHeTo Ha PeHOTUNHUTE
ocobeHocTH, MopdhonormyHata u 6uosno-
rmyHaTa xapakTepucTuka Ha CUHTEeTUKa e
6a3upaHo Ha N3BbPLUEHUTE (PEHOIOTNYHN
HabnoaeHus BbB (hasuTe: ,MOHUKBaHE”,
LM3MeTNsABaHe”, ,UbMTeX Ha koyaHa” wu
Ly3psiBaHe”.

Mpe3 2018 r. HOBOCH3A4aAEHNA CUH-
TETUK € BK/II0YEH B nporpama Ha nepuo-
anden otoop (Hull, 1945) ¢ aBe KOMOUHa-
TMBHO LEHHM camoonpalleH JSUHUKM —
PAU 1617 n B 113 kato peKypeHTHU
pooutenu ¢ uen nogobpsisaHe Ha KOMOU-
HaTMBHaTa CNOCOHOCT Ha nonynauuaTa. B
CcefleKUMoHHOTO nosie 3a 3acatyi no 2000
pacTeHuss OT CUHTEeTU4YHaTa nonynauus u
CpeLLynosioxHo Ha Tax no 1000 pacTteHus
OT NMHUTe nogo6putenn. B pesyntat Ha

periodic selection that applies to the
maximum the genetic mechanisms in their
full specter and whose effectiveness is not
doubted today (Novoselov, 2008).

Synthetic populations previously
generated in the needed direction of
selection are dynamic depot of germ
plasma and favourable genes’
concentration and this allows long-term
and effective improvement work.

The aim of this research is to
establish and produce a new starting
material for maize selection.

MATERIAL AND METHODS

For the research target were used
16 medium late and late self-bred maize
lines received after classic selection in
local maize populations (Dent and Hard
dent synthetic) and lines that were
established as a result of experimental
mutagenesis in heterozygous material
with proven qualities. In 2017 in an
isolation field of MRI - town of Knezha
these lines were re-bred with equal seed
number to achieve synthetic population on
broad gene basis. In the synthetic was
applied massive selection.

The study of synthetic’s phenotypic
features, its morphologic and biologic
character is based on the executed
phenologic observations in the following
stages: “germination”, “tasseling”, “ear
flowering” and “ripening”.

In 2018 this newly established
synthetic was included in a program for
periodic selection (Hull, 1945) with two
combinatively valuable self-bred lines -
PAU 1617 and B 113 as recurrent
parents; the target was to improve the
population’s combinative ability. In the
selection field were seeded 2000 plants
from the synthetic population and
opposite them - 1000 plants from each
line-improver. As a result of the breeding
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N3BBbPLLUEHUTE KPBbCTOCKM MexXay TAX, Noj
nzonarop ca nonyveHn 300 ekcnepumeH-
TasHM xmbpuaa — 162 ¢ nuHnsa PAU 1617
n 138 ¢ B 113. lNMonyyeHn ca CbOTBETHUTE
camoorpalleHy KoYaHu B CUHTETHKA.
EkcnepvmeHTanHuTe Xxmbpugm e
6baatr m3nutaHu B MNCO npe3 2019 r.,
cnep koeTo we ce usbepaT Hali-gobpute
noToMcTBa 3a NPoAb/KUTENN N POopMU-
paHe Ha nogobpeHa nonynauus 3a npo-
BeXJaHe Ha cnejgaly Kb/ Ha 0T60p.

PE3YJITATU N OBCBXXOAHE

CenekumaTa Ha uapesuuarta U3nC-
KBa MOCTOSHHO paslWupsiBaHE Ha TeHO-
poHAa CbC CaMOOMpalLeHN JSIMHWUK, CUH-
TETUYHWM nonynauum, MECTHU U UHTPOAY-
uupaHn dopmu, npuTexasaliy LEHHW
CTOMaHCKN Npu3Hauun. BknwyBaHeTo MM B
CesIeKUMOHHN NporpaMn Ha XeTeposncHa-
Ta cenekuus rapaHTupa nosydvaBaHe Ha
BMCOKOMPOAYKTUBHY XMOpUAW B pasinyHu
rpynu Ha 3psaocT W HanpasfeHus Ha
nsnonseaHe (Sotchenko et al, 2016).
MoTeHuManbT Ha MECTHM nonynaymmn
LapesuLla e Npoy4yBaH OT peguua aBTopu,
HO He Ce K3MoJ3Ba Mb/IHOLEHHO (Sevov
and Sevov., 2011; Pencheva and
Vulchinkov, 2013; Pencheva, 2017/

CwuHteTuk ,1/2017* (durypa 1) e
Cb34ajeH Ha LMpoKa reHeTuyHa OCHOBAa
n obeanHaBa 16 cTtabunmsmpaHu camo-
onpalleHn MHWK, NONYYeHU MO Kiacu-
Yeckn MeTof Ha cenekuns B MecTHu dhop-
MU U XUMUYEH MyTareHesnuc B XeTeposu-
roteH marepuan. JiuHuuTe, BK/IKOYEHN B
CMHTETMKA Ca TeCcTUpaHu Ha ABa TecTepa
3a aHa/M3 Ha KOMOMHaTMBHaTa WM
cnoco6HocT (Valkova, 2005). MNposisunute
BMCOKa 06LLa KOMOBUHaATUBHA CNOCOBHOCT
U OTroBapsilyM Ha Hanpae/EeHNETO Ha
Cb3aBaHe Ha CUHTeTMKa ca obenHeH ¢
paBeH 6poli cemeHa W npeonpaweHn B
N30/1aLMOHHO none.

between them, under isolator were
produced 300 experimental hybrids — 162
with line PAU 1617 and 138 with line B
113. In the synthetic were produced
respective self-bred ears.

In 2019 these experimental hybrids
will be tested in PSO and then the best
seeds will be selected as improvers. They
will form the improved population for next
selection cycle.

RESULTS AND DISCUSSION

Maize selection requires constant
extension of the gene pool with self-bred
lines, synthetic populations, local and
introduced forms that possess valuable
economic characteristics. When included
in selection programs of heterosis
selection they guarantee the production of
high-yield hybrids from different maturity
groups and ways for application
(Sotchenko et al., 2016). Several authors
surveyed the potential of local maize
populations but it has not been completely
exploited (Sevov and Sevov, 2011,
Pencheva and  Vulchinkov, 2013;
Pencheva, 2017).

Synthetic “1/2017” (Figure 1) is
generated on a broad genetic basis and it

unites 16 stabilized, self-bred lines
received after application of classic
selection methods in local forms and

chemical mutagenesis in heterozygous
material. The lines included in this
synthetic were tested with three testers to
analyze their combinative ability (Valkova,
2005). The ones demonstrating high
general combinative ability and complying
with the direction for synthetic production
were combined with equal number of
seeds and then were re-bred in an
isolation field.
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dwur. 1. CuHTeTUK ,,1/2017
Fig.1. Syntetic ,,1/2017*

CUHTETUKBT € NPOYYEH U OMucaH,
cnep oueHka ,per se“. HanpaBeHu ca
6nomMeTpuyHm mamepsaHnss Ha 30 Hop-
MaJ/THO pas3BUTM pacTeHUs Mo npusHauu-
Te: ,BMCOYMHA Ha pacTeHune”, ,BUCOYUHA
[0 meTnuyata”, ,6poii HaA3eMHU Bb3/IN”,
LOb/DKMHA M WMPMHA Ha NpUKOYaHHUSA
et n ,6poli CTPaHWYHM Pask/IOHEHUS
Ha MeTnuuara’. BbB (pasa nbsHa
3panoct Ha 50 koyaHa OT cpefHaTa

npoba ca W3MepeHu nokasarenuTe:
~Ob/DKMHA Ha Ko4yaHa”, ,b6poi peaose B
KoyaHa", ,Ob/KMHA Ha  3BbPHOTO",

~XEKTOo/IMTpoBa Mmaca’, ,maca Ha 1000
3bpHa”, ,paHaemMaH" u ,006MB 3bpHO”. 3a
KOHTPO/IEH BapwaHT (CTaHgapTt) B cpas-
HUTESHUS aHan3 e W3Non3BaH Xxubpug
KHexxa M 625 (rpyna no ®AO Hag 600).
HanpaBeHOTO onucaHue Ha CUHTeTUKa U
KOMMJ/IeKcHaTa OoueHKa Ha rnokasaTtenute
My e npegnocTtaska 3a Nno-e)eKkTUBHOTO
My W3M0/si3BaHe B KOHKPETHU CeJiek-
LMOHHWN nporpamy U cpaBHUTEsSIHA OLEeH-
Ka cnej nposexnaHeTo Ha nogobputen-
HaTta paboTa B Hero.

CUHTETUKBT € KbCeH, rpyna nmno
®AO Hapg 600. MNepnoagbT OT NOHUKBaHE
0o umsmonormuHa 3psanoct e 130 gHwn.
N3ceunsaea egHOBPEMEHHO CbC CTaHAap-
Ta 3a rpynata — KHexxa M 625. CpegHus

The synthetic was studied and
described after a “per se” estimation.
Biometric measurements of 30 normally
grown plants have been done for the
following features: “plant height”, “height
to panicle”, “number of above ground
nods”, “length and width of ear leaf”,
“number of panicle lateral branches”. In
full maturity stage, 50 ears from the
average sample were measured for the
following indices: “ear length”, “number of
ear rows”, “grain length”, “hectoliter
weight”, “1000 grain weight”, “yield” and
“grain yield”.

In the comparative analysis hybrid
Knezha M 625 (group pursuant FAO
above 600) was used as control variant
(standard). The executed description of
this synthetic and the complex estimation
of its indices give ground for its more
effective application in particular selection
programs and for a comparative
estimation once the improvement work
with it ends.

This synthetic is late, group
pursuant FAO above 600. The period
from germination to physiological maturity
is 130 days. It develops floss at the same
time as the group’s standard — Knezha M
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[o6VB e cpaBHUTENHO BMCOK — 492 kg/da,
npu Bnara B 3bpPHOTO17.6%. PacTteHnsara
ca BWCOKM, [BYKOYaHHW, a OCHOBHUSA
KouyaH e 3a/ioxeH Ha 80-95 cm. CuHTe-
TUKLT € YCTONYMB Ha nonsraHe v npeyyn-
BaHe. PacTeHusiTa mMar LWnpoka netypa
Ha npukoyaHHusa nnct — 12.8-12.9 mm.
KoyaHute ca CfaBOKOHWYHU W LWNH-
OpvyHKW, Abar cpegHo 22-24 cm, C
Manbk 6Gpoii pegoBe — 12-14 wn egpo
3bpHO. BpeTeHoTo e pa3HopoaHO — 65110,
YepBeHO W MasTbK MNPOLEHT pPO30BO.
3BPHOTO € Xb/ITO, Xb/ITO-OPAHXEBO [0
OpaHXeBO YepBEHO, TWUM KOHCKM 3b0.
MeTnuuata vma npeobnajasallo cpe-
OEeH Opoii CTpaHUYHW pasK/IOHEeHMs, Masl-
Ka 4acT OT pacTeHusTa ca ¢ 6orata meT-
nmua. Macata Ha 1000 3bpHa OT CUHTe-
TnyHata nonynauua e 290 g,a paHgema-
HBT e cpaBHUTEesIHO BUCOK — 83,7 %. lNo
NPOTEMH M MasHWHM nNpeBuLlaBa CTaH-
JapTa 3a rpynarta, a 3a CbAbpXaHue Ha
ckopb6sna faHHUTe ca NPOTMBOPEUNBN.

Bcuukn npusHauu wvmar cpegHo
BMCOK BapuaumoHeH kKoeduuMeHT, a 3a
npusHaka ,BMCOYHA Ha pacTeHudaTa“ u
+LUBAT HA BPETEHOTO" € 0TYeTEeHO Bapupa-
He Hag 20 %. Bucokata BapnabunHocT B
CUHTETUKA  NO3BOMABA  AbJITOCPOYHA
paboTta, 6e3 onacHOCT OT CTECHsIBaHe Ha
reHeTMyHaTa My OCHOBaA.

Mpe3 2018 r. CUHTETUKBLT € BKJ/IIO0-
yeH B nporpama Ha nepuvoauyeH oT6op
3a noBuLaBaHe Ha KOMOGUHATMBHaTa MY
CMOCOBGHOCT, M3/TbUBaHE Ha nepcnekTuB-
HW JIMHUW U Cb3JaBaHe Ha BMCOKOAO0OMB-
HW, afanTUBHO LEeHHW Xnbpuan uapesu-
ua. 3anoyHara e nofobputesiHa cenek-
umMa ¢ gge camoornpatleHn nvHum - PAU
1617 n B 113. B pe3ynrtar Ha M3BbpLIe-
HUTE KPBCTOCKN MexXnay TAX, nog nsona-
Top ca nosiydeHn 300 ekcnepuMeHTasIHU
xuépuga - 162 ¢ nuHna PAU 1617 n 138
c B 113. HanpaBeHu ca CbOTBETHUTE CaMO-
onpaluBaHusi B CUHTETMYHATA Nonynauus.

MpeacTton n3nUTBaHETO Ha XMbpu-
ante B npeaBapuTeniHU COPTOBU ONUTH,
OLEeHKa W aHanu3 Ha pesynrarure 3a
hopmupaHe Ha nogobpeHa CUHTETUYHA
nonynauus.

625. The average vyield is comparatively
high - 492 kg/da with grain moisture
content of 17.6%. The plant are high, with
two cobs, the main cob is at 80-95 cm.
This synthetic is resistant to lodging and
bending. Plants have wide leaf blade of
the cob leaf — 12.8-12.9 mm. Cobs are
slightly conical and cylindrical with
average length of 22-24 cm with small
number of rows — 12-14 with big grain.
Spindle is heterogenous — white, red and
small percentage rose-coloured. Grain
colour is yellow, yellow-orange to orange-
red, its type is horse dents. Panicle is
with prevailing average number of lateral
branches and small number of plants are
with multiple panicle. Synthetic population
has 1000 grains weight of 290 g, the yield
is comparatively high — 83.7%. Its protein
and fat content is higher than the group
standard, while the data for its starch
content are contradictory.

All  characteristics are  with
averagely high variation coefficient; for
the characteristics “plant's height” and
“spindle colour” variation ranked more
than 20%. The high variability in this
synthetic allows long-term work without
any danger its genetic basis to be limited.

In 2018 this synthetic was included
in a periodic selection program to
increase its combinative ability, to
generate new perspective lines and to
produce high-yielded, adaptively valuable
maize hybrids. Improvement selection
with two self-bred lines - PAU 1617 and B
113 started. As a result of the breeding
between them, under isolator were
produced 300 experimental hybrids — 162
with line PAU 1617 and 138 with line B
113. Respective self-breedings were
done in synthetic population.

The hybrids are to be tested in
preliminary varietal trials, evaluation and
analysis of results to form improved
synthetic population.
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n3BOAM

Cb3fajeHa e cuHTeTMYHa nonyna-
umsa yapesuua ,1/2017" B KbCHaTa rpyna
Ha 3psanoct, PAO Hag 600, ¢ koeTo ce
oborataBa KonekuusAta Ha WHCTUTYT no
uapesvuata - KHexa € HOB Wu3XofeH
mMaTtepuan.

M3non3saHn ca 16 KOMOGUHATUBHO
LEeHHN NMHUKM 3a hopmMupaHe Ha nonyna-
umATa, KOeTo rapaHTMpa HasimyHa Bapua-
OUTHOCT 3a NPOABL/MKUTENEH CKPUHWUHT Y
oT60p.

CVHTETUKDBT € BK/IOYEH B nogobpu-
TeNHa nporpama ¢ usbpaHu pekypeHTHU
pogutenn - PAU 1617 n B 113, c KoeTo
Ja ce MocTuUrHe nporpec B KOMOGUHATUB-
HaTa CnocobHOCT Ha U3TbYEHUTE OT HEro
NNHUN.

BJTATOAAPHOCTWU

CVHTETMKBT W nogobpuTenHaTa
paboTa B Hero ca BK/KO4YeHU B Hauymo-
HanHaTa HaydHa nporpama (HHM) ,3gpa-
BOC/IOBHV XpaHu 3a cuiHa GMOUKOHOMM-
Ka WU KayecCcTBO Ha XMBOT" Ha MuHuCTEp-
CcTBOTO Ha O6pasoBaHveTo M Haykarta
(MOH) - https://www.mon.bg/bg/58

CONCLUSIONS

Synthetic maize population
“1/2017" was established in the late
maturity group, FAO above 600, and thus
the collection of MRI - town of Knezha
was broadened with new starting material.

To form this population were used
16 combinatively valuable lines which
guarantees variability presence for
sustained screening and selection.

The synthetic was included in an
improvement program with selected
recurrent parents - PAU 1617 and B 113
in order to achieve progress in
combinative ability of the lines produced
by it.
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PE3OME

B cratusta ce npeacrtaBaT pesysi-
TaTUTe OT €EKOJIOTMYHO OTAa/IeYEHO W3-
nuTBaHe Ha NPOAYKTUBHUTE Bb3MOXHOCTU
3a (QypaxHO 3bPHO Ha HOBWA BUCOKO-
[obuBeH Obarapckn xubpua uapesuuya
KHexa 561 B ycrioBuATa Ha P. PyMmbHUA 1
P. Cbpbusa. B pesyntart oT nscnegsaHeTo
Ce NpasAT c/efHnTe U3BOAW:

Bucoko406UBHUAT 6BbNrapcku
xnépug uapesuya KHexa 561 msnutaH B
ycnosusita Ha P. PymbHUA 1 P. Cbpbus
3a [OobmB Ha ypaxHO 3bpPHO €
npesuWna egHO3Ha4YHO U3Mosi3BaHuTe 3a
CTaHfaptTn xubpuay Lapesuua B Te3n
cTpaHw.

Xnbpug uapeBnuya KHexa 561 e
BMCOKO [J06MBEH Xxubpua, € Bnara Ha
3bPHOTO nNpu npubupaHe 6nmM3ka [0
cTaHgapTHata M C BUCOK nepchopmaHc
nHaekc - Pi.

B pesynrtaT oT ekosiorMyHo otaasie-
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SUMMARY

The article presents the results of
ecological remote testing productive
opportunities for feed grain of the new
yielding Bulgarian hybrid maize Kneja 561
in the conditions of the Republic of
Romania and Serbia. As a result of the
study, the following conclusions are
drawn:

The high-yielding Bulgarian hybrid
maize Kneja 561 tested in the conditions
of the Republic of Romania and Republic
of Serbia for the production of forage
grain has exceeded unambiguously the
corn hybrids used for standards in these
countries.

The hybrid Corn Kneja 561 is a
high yielding hybrid, with moisture on the
nipple while harvesting close to the
standard and with high performances
index - Pi.

As a result of the ecological remote
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YEHOTO MU3NMTBaHe Ha NPOAYKTUBHUTE
Bb3MOXHOCTM 3a (PYypaxXHO 3bpHO Ha
HOBMS1 BUCOKO4OOUBEH ObIrapckn Xxmbpua
uapesmua KHexa 561 B ycnosuaTa Ha P.
PyMbHUA n P. Cbpbusi moxe ga ce Ha-
npaeun Hay4HO 060CHOBaH U3BOA, Ye Toi e
KOHKYPEHTHO CMocob6eH M BUCOKO [J06U-
BEH Xxubpug uapeBuua, noaxogdw, 3a
M3HOC Ha CeEMeHa B Te3u CcTpaHu. Xnbpug
uapeBuua KHexa 561 cbueTaBa B Haii-
Jobpa cTeneH BUCOK A06UB Ha DypaxHO
3BbPHO C HKCKa B/ara Ha 3bpHOTO.
KntovoBn gymun: uapesuua, HOB
xmopng  KHexa 561, €KONOrM4YHOo
nsnuTteaHe, PymbHUs, Cbpbus

yBO/[,

CenekunaTta U cemenpousBoaCcTBO-
TO Ha HOBW, MO-NPOAYKTUBHU COPTOBE, €
Hali-BaXXHUAT NpakTU4eckn pesynrtaTr oT
ueneHacoveHata, TpyAHa M NPOALIDKM-
TeNHa Hay4yHo u3cnegosaresnicka paborta.
N Hai-3agbnboyeHmTe u3cnegBaHus Ha
pacTteHusTa, M3NoN3BaHEeTO Ha pasnvyHu
HOBUW Hay4yHU METOAN N TEXHUKN He Buxa
umanm ocobeHo 3Ha4YeHne, ako He BOAAT
[0 Cb3[aBaHETO Ha HOBM MNO-BUCOKO
[06MBHMW, NO-KAYECTBEHU U MO-YCTONUYNBM
COpTOBE OT JOCera CbLecTBYBaLMTE, ako
He BOAAT [0 peasieH CesfleKUMOHEH Mnpor-
pec (Russel, 1986; Hallauer et al., 1988).

3a wacTue y Hac, B bbnrapus, Bce
olle ce cb3gaBaT HOBW BUCOKO MNPOAYK-
TUBHU XMOpPMAM LapeBuLa, BbMNPEKN YHU-
3UTEIHOTO (DUHAHCMpaHe 1 OTHOLIeHue
KbM HaykaTa y Hac, u 6narogapeHve Ha
cebeoTpuyaHNeTo M naTpuoTusMa  Ha
noseyeto 6bArapckn ydeHu (Vulchinkov
et al., 2003; Genov and Genova, 2005;
Yordanov, 2006, 2010, 2014; Glogova,
2010; Valkova and Petrovska, 2018 u
ap.).

3a fa ce oueHAT peasHUTe Kayec-
TBa Ha BCEKM HOB COpT, TOW TpsibBa Aa
6bAe M3NUTBAH MpPU BbB3MOXHO Hail-
pa3Hoobpa3HN eKoNoro reorpaBckn yCrio-
BUA, 1 Aa 6bAAT cpaBHABaHU MPOLYKTUB-
HUTE MY WM APYTU HEroBM KayecTBa C
Hali-gobpuTe cTaH4apTHM COPTOBE U3MOS-
3BaHW B Te3n palioHn. HecnassaHeTo Ha

testing of the productive opportunities for
feed grain of the new yielding Bulgarian
hybrid maize Kneja 561 under the
conditions of the Republic of Romania
and the Republic of Serbia, a scientifically
justified conclusion can be drawn that it is
competitively capable and High yielding
hybrid maize suitable for exporting seeds
in these countries. Hybrid maize Kneja
561 combines the best high yield of feed
grain with low moisture of the grain.

Key words: maize, new hybrid
Kneja 561, ecological testing, Romania,
Serbia

INTRODUCTION

The selection and seed production
of new, more productive varieties is the
most important practical result of the
purposeful, difficult and long-lasting
scientific research on maize and other
crops. And the most in-depth research on
plants, the use of various new scientific
methods and techniques would not be
particularly relevant if they do not lead to
the creation of new, higher yielding, better
and more sustainable varieties than
previously existing if they do not lead to
real selection progress (Russel, 1986;
Hallauer et al., 1988).

Fortunately, in Bulgaria, new highly
productive corn hybrids are still being
created, despite the humiliating funding
and attitude towards science in Bulgaria,
and thanks to the self-denial and
patriotism of most Bulgarian scholars
(Vulchinkov et al., 2003; Genov and
Genova, 2005; Yordanov, 2006, 2010,
2014; Glogova, 2010; Valkova and
Petrovska, 2018 and others).

In order to assess the real qualities
of each new variety, it must be tested
under the widest possible range of
ecologically geographic conditions and
compare its productive or other qualities
to the best standard varieties used in
those areas. Failure to comply with these
basic rules leads to a misleading
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Te3n OCHOBHW Npasu/ia BoAW [0 3a6/yx-
[JeHne B OLeHKaTa Ha peasiHUTe KayecTBa
Ha copTta. PaHo 1un No-KbCHO TakbB CopT
e 6bAe OTXBbpPAEH OT 3emepnesickute
Nnpou3BoOAMTENN, KOUTO Ca HaW-TOYHWUA WY
00eKTMBEH KpUTEpuUil 3a KadyecTBara Ha
AafleHust HOB COpT.

LlenTa Ha ToBa m3cnegBaHe b6e ga
Ce OLEHSIT MakCMMasiIHO 06EKTMBHO Mpo-
OYKTUBHUTE KavecTBa 3a [obuB Ha qoy-
PaXHO 3bPHO Ha HOBWS BUCOKOA0OMBEH
6barapckn xmbpua uapesuua KHexa 561,
C NOMOLLA Ha €eKOJIOTUYHO OTAaneyveHu
paHLOMWU3NpaHW  COpPTOBM  ONWUTU  Ha
Teputopusita Ha P. Cbpbus, P. PymbHuA
n P bBbarapus, kato Bb3MOXHW AeCcTu-
Hauummn 3a peannsaums Ha Xxmépuaa.

MATEPVAZT U METOOU

Xnbpug uapesnuya KHexa 561 e
CpegHo KbCeH Xxubpug LUapeBuua 3a
3bpHO, rpyna 500 no PAO.Nma lMNaTeHTeH
ceptudmkar permctpaymoHeH Ne 11132
P2 ot 12.12.2017r. Cb3pageH e B
WHctutyTta no uapesuuara - KHexa oT
pou. a-p Feopru MopgaHos no MeToga Ha
ABY/IMHEeHaTa xnbpugusaumsa mexay re-
HEeTUYHO OTAasiIeyeHn CesfieKUNOHHN MaTe-
puanu. CenekunoHHUAT npouec no Chb3-
JaBaHe 1 HayaNHO U3NUTBaHe Ha Xnbpu-
Aa obxsauwa nepuoga 2003-2012 r. Mpe3
2013r. xMbpuga e npeacTaBeH 3a U3NUT-
BaHe 3a buonornyHm n cTonaHckyn kayec-
TBa /BCK/ n PasnmymMMocT, XOMOreHHOCT
n crtabunHoct /PXC/ B AbpXaBHaTa
areHuma Ha bvnrapua — MACAC.

Mpe3 2015 r. oT xnbpupa uapesula
KHexxa 561 6axa wusnpaTeHn XubpuaHu
CeMeHa 3a M3nuTBaHe npu ycrioBus 6e3
HanosiBaHe, B paHAomu3upaHy 610K0BU
onuTn B TpY NoBTOpeHus B P. Cbpbus n B
P. PymbHuA. W3cnepgaHua xubpug e
CpaBHABaH C TEXHUW BUCOKO [06UBHU
cTaHfapTu uapesuua.

WN3cnepgaHu ca nokasaTenMte Ao6KB
Ha CTaHJapTHO 3bpPHO OT XeKTap, Bnara
Ha 3bPHOTO NpK pekonTupaHe u nepdop-
MaHC MHAekc - Pi, kaTo OTHOLleHue Ha
fobmBa Ha 3bpHO KbM Bnarata Ha
3bPHOTO Npu NpnbrpaHe.

assessment of the true qualities of the
variety. Sooner or later, such a variety will
be rejected by farmers, which are the
most accurate and objective criterion for
the qualities of the new variety.

The aim of this study was to
evaluate the most objectively productive
qualities for the production of feed grain of
the new Bulgarian high-yielding corn
Kneja 561 hybrid, with the help of
ecologically remote randomized variety
experiments on the territory of R. Serbia,
R. Romania and Bulgaria as possible
hybrid hybrid destination.

MATERIAL AND METHODS

Hybrid corn Kneja 561 is a medium
late grain maize hybrid, FAO group 500.
There is a Patent Certificate No. 11132
P2 of 12.12.2017. It was created at the
Maize Research Institute - Kneja by
Assoc. Prof. Georgi Yordanov by the
method of the two-loop hybridization
between genetically remarkable selection
materials.

The  selection process for the
establishment and initial testing of the
hybrid covers the period 2003-2012. In
2013, the hybrid is presented for a test on
Biological and Economic Characteristics
(BIA) and Distinct, Homogeneity and
Stability (RHS) in the State Agency of
Bulgaria - IASAS.

In 2015 from Hybrid Kneja 561
maize were sent hybrid seeds for testing
in randomized block trials in three
replicates in R. Serbia and in Romania,
and for comparison with their high yielding
maize standards.

The vyields of standard grain per
hectare, grain moisture during harvesting
and performance index - Pi were
investigated as the ratio of grain yield to
grain moisture during harvest.
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OnutuTe ca M3BefeHn No MeToq U
TexHonornm Bb3NpueTn 3a P. Cbpbusa u
P. PymMbHUA 1 pe3yntatnte ot Te3u ONnUTu
HW 651xa NpefocTaBeHn B aBTEHTMYEH BUS
cropef, TEXHWA HauMH Ha OT4YUTaHe Ha
nosyyeHvnTe pesyntaTu.

EAHOBpEMEHHO € ToBa M3NUTBaHe-
TO Ha xubpuga 6e npoab/HKEHO U B
VMACAC un B VHCcTUTyTa No Lapesuuara B
KHexa. Mo To31 HaunH 6e OCbLLECTBEHO
€KOJIOTMYHO OTAA/IEYEHO U3MUTBAHE Ha
yeTupn reorpaddCkn OTAANEYEHN MYHKTA,
KOeTo fJa ocurypy makcumasiHo obekTuB-
HO OUEeHsBaHe Ha NPOAYKTUBHUTE Kayec-
TBa 3a [O06MB Ha (UypaXHO 3bPHO Ha
HOBMS1 BUCOKO40OMBEH Obirapcku xmbpua
yapesmua KHexa 561.

PE3YJITATN N OBCbXXAAHE

B pesyntar OT u3nNWTBaHETO Ha
NPOAYKTUBHUTE Bb3MOXHOCTM Ha Xnbpuza
uapesmua KHexa 561 B NpeaBaputenHu
n KoHKypcHU copToBu onuTu 6e ycTtaHo-
BEHO, Ye xnbpuga gaBa BUCOKM W YCTOWR-
yMBM [OOMBU Ha 3bPHO MNpeBMLIABALLN
Te3W Ha MNOBEYeTO OT W3MNOJ3BaHUTE
Xnbpmgn uapeBmua 3a cTtaHgaptu. Tosa
HW Jaje OCHOBaHMe Aa NpoAb/HKU Mo-
HaTaTbWHOTO M3NMTBAHETO Ha Xubpuaa
Ha cnegBallyy, No- BUCOKA M €KOMOTUYHO
oTAasieyeHn HYBa Ha u3nuTBaHe.3a Tasu
uen, ot xmbpua uapeBuua KHexa 561
6s1Xxa u3NpaTeHn XubpuagHu cemeHa 3a
nsnuteaHe B P. Cbpbus n B P. PyMmbHuMS,
N 3a cpaBHsABaHe C TEXHW BUCOKO A06uB-
HW cTaHdapTv uapesuua. Onutute ca
n3BexgaHu npu ycsosus 6e3 HanosisaHe
Nno Bb3MPUETUTE TEXHOOTUSA 3a OTI/IEX-
JaHe Ha uapeBuua B Te3n CTpaHu, B
paH4oMu3npaHn 6/10KOBM ONUTWM B TpW
NMOBTOPEHUS.

Ha ®durypa 1 ca npeacraBeHun Koya-
HW B CTaHAapTHa TeXHO/0rM4yHa 3pesnocrT,
npepes Ha KoyaHa M 3bPHO OT Ko4aHa oT
HOBMS1 BUCOKO4OOUBEH ObIrapcku xmbpua
uapesmua KHexa 561. Kakto ce Bmxga ot
urypaTta, KoyaHuTe ca gobpe odopme-
HW, O3bPHEHU [0 BbpXa C TbHKA Kaka-
nauka M BUCOK paHAEeMaH Ha 3bpHO — A0
90% OT TernoTo Ha KovaHa.

The experiments were performed
using the method and technology adopted
for the Republic of Serbia and the
Republic of Romania and the results of
these experiments were provided to us in
an authentic manner according to their
way of reporting the results obtained.

At the same time, the hybrid test
was continued at IASAS and the Maize
Reserch Institute - Kneja, Bulgaria. An
ecologically remote test of Hybrid corn
Kneja 561 was carried out at four
geographic distant points to ensure the
most  objective  evaluation of the
productive qualities of the grain yield of
the new high-yielding Bulgarian hybrid
corn Kneja 561.

RESULTS AND DISCUSSION

As a result of the testing of the
Kneja 561 corn hybrid production
capabilities in Preliminary and Contest
Variety Tests, it was found that the hybrid
produced high and stable yields of grain
exceeding those of most of the hybrid
maize standards used.

This gave us reason to continue further
testing the hybrid at further, higher and
environmentally remote test levels. For
this purpose hybrid hybrids Kneja 561
hybrids were sent for testing in R. Serbia
and in Romania, and for comparison with
their high yielding maize standards.

The trials were conducted under non-
irrigation conditions on the accepted
maize growing technology in these
countries, in randomized block trials in
three replicates.

Figure 1 shows the cobs in
standard technological maturity, a cob
and grain cut from the new high-yielding
Bulgarian corn Kneja 561. As can be seen
from the figure, the cobs are well shaped,
garnished to the top with thin cocoa and
high grain yield — up to 90% of cob
weight.
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dur. 1. Xnbpug KHexa 561 (nateHTeH CepTudomkaT Per.Ne 11132 P2 o1 12.12.2017r.)
Fig. 1. Hybrid Kneja 561 (Patent Certificate Reg.Ne 11132 P2 from 12.12.2017)

Ha Tabnuual ca npeacrtaBeHu
pesynTatute OT CPaBHUTENHO M3NUTBaHe
mMexay Obarapckua xubpug uapesuua
KHexa 561 ©“ BWUCOKO MNPOAYKTUBHU
PymMbHCKM xmbpuanm B ycrnoBuATa Ha
dyHayna, P. PymbHUs npes 2015r. /6e3
HanosiBaHe/. Kakto ce Bumxga oT Tabnu-
uara, ObArapckusaT xmbpug uapesuua
KHexa 561 ce e npeacTaBu/a MHOro go6-
pe cnpsiMo ocTaHanute Apyrn PyMbHCKM
Xnbpuam msnonssaHn B onuta. Cbe cpe-

Table 1 presents the results of
comparative  testing  between the
Bulgarian corn hybrid Kneja 561 and
highly productive Romanian hybrids
under the conditions of Fundulia,
Romania in 2015 /without irrigation/. As
can be seen from the table, the Bulgarian
Kneja 561 corn hybrid has performed
very well against the other Romanian
hybrids used in the experiment. With an
average yield of 9422.0 kg/ha of standard
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OeH 0o6MB CTaHAApPTHO 3bPHO OT 9422,0
kg/ha Toin ybeanTenHo e npeBuwna py-
MBHCKMS cTaHpapT uapesuua ¢ 124,8%,
a CbLUo N Aapyrnute n3non3saHn B onuta
XMépuaMm C pasniMyHK, HO CbLO no-
BMCOKM MPOLEHTM OT TAX. Bucokuar
[o6MB CTaHAapTHO 3bPHO MOJTYYEHO OT
Xnépuga e cbhbyeTaH U C HWUCKa Bnara Ha
3bPHOTO Mpu npubrpaHe - 16.1%, KOATO
e 65M3Kka [0 cTaHfapTHaTa Bfara Ha
3bPHOTO 3a LapeBulata u T e 6una ¢
2% no-HMUCKa OT TasuW Ha PYMBHCKMA
xubpug - ctaHgapT. ToBa cbyeTaHune Ha
BMWCOK [J0O6UB 3bPHO C HWUCKa Brara Ha
3bPHOTO € XapakTepHa 3a Obarapckus
Xnépuga uapesnua KHexa 561 n e ocobeHo
LeHeHa OT 3eMefesiCKUTe Npon3BoauTeNN.
Hai-nobpe Tasu 3aBUCUMOCT ce M3passiBa
C Taka HapeueHus ,nepopmMaHC UHAEKC —
Pi”, koliTo e npeacTaBeH B nocregHaTa
rpacha Ha TabnmuaTa. Kakto ce Buxga 1 no
TO3W MHOEKC Haluns Xxubpug e ¢ Hain-B1cokK
nokasaTes CnpsAMo ocTaHanute xuépuan B
onuta.

B pesyntat oT u3nMTBaHETO Ha
NPOAYKTUBHUTE BB3MOXHOCTU Ha Xmbpup
Lapesuuya KHexa 561 B P. PyMbHUA MOXeM
Hay4yHO 060CHOBaHO fa HarnpasBuMm U3B0AA,
ye TOl € KOHKYPEHTHO CMOCOGEH M BUCOKO
[obuseH xnbpug uapesuua, noaxogsiy 3a
W3HOC Ha CeEMeHa B Ta3n cTpaHa.

Tabnmuya 1.Pe3yntatm OT CpaBHUTEsSIHO

grain, it consistently exceeded Romanian
corn standard by 124.8% and also the
other hybrids used in the experiment with
different but also higher percentages.

The high vyield standard grain derived
from the hybrid is also combined with a
low moisture grain at harvest - 16.1%,
which is close to the standard maize
grain moisture and was 2% lower than
that of the Romanian hybrid standard.

This combination of high yield grain with
low grain moisture is characteristic of the
Bulgarian corn Kneja 561 hybrid and is
particularly appreciated by the farmers.
This dependence is best expressed by
the so-called "performance index - Pi",
which is presented in the last column of
the table. As we can see in this index, our
hybrid is the highest indicator against
other hybrids in the experience.

As a result of the testing of the
Kneja 561 corn hybrid production
capacity in the Republic of Romania, we
can scientifically conclude that it is a
competitive and high-yielding corn hybrid
suitable for exporting the seeds in that
country.

N3NUTBaHe MeXay ObLArapckust Xméepup

uapesmua KHexa 561 1 BUCOKO NPOAYKTUBHU PYMBHCKM XMGpuau B YC/IOBUATA Ha
dyHayna, P. PymbHMA npes 2015 /6e3 HanosiBaHe/

Table 1. Results of a comparative test between the Bulgarian Kneja 561 maize hybrid
and highly productive Romanian hybrids under the conditions of Fundulia, Romania

in 2015 / without irrigation/

HanmeHoBaHwue Ha [o6u1B 3bpHO % BnaraHa |+ kbMm Bnarata| MNepcopmaHc
M3nuTBaHuTEe XMbpnan kg/ha Ha no6vBuTe | 3bPHOTO NpU | Ha CTaHaapTa MHOEKC
14% Bnara KbM npubnpaHe % Pi
Name of Grain yield cTaHgapTa % +to the humidity| Performance
Test hybrids kg/ha % Grain moisture | of the standard index
14% moisture | The yields to at harvest % Pi
the standard %
KHexa 561/Kneja 561 9422,0 124,8 16,1 -2,0 58
EX 563 9009,0 119,3 15.8 -2,3 57
NP 14-64 8528,0 113,0 16.2 -1,9 53
XML 14 7306,0 96,8 19.1 +1,0 3,8
EC 501 6649,0 88,0 17.6 -0,5 3,7
Olt — CTaHgapT/standard 7549,0 100,0 18.1 0,0 4,2

Ha Tabnuua 2 ca npeacTtaBeHU

Table 2 presents the results of a

pe3ynTatute OT CpaBHUTENIHO U3NUTBaHe | comparative test between the Bulgarian

Mexay Obarapckusi xubpug uapesuua

hybrid corn Kneja 561 and highly
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KHexxa 561 1 BUCOKO NPOoayKTMBHU Cpbo-
CKU Xubpuam B ycnoBuaTa Ha 3eMyH
none - benrpag, P. Cbp6usa npe3 2015r.
/6e3 HanosiBaHe/. KakTo ce Bwxga OT
Tabnuuara, O6baArapckuAT xmbpug uape-
Buya KHexa 561 ce e npeacraBusi MHOIoO
[obpe cnpsMo ocTtaHanute Apyru cpbb-
CKM xnbpuam usnonssaHu B onuta. Cbe
cpefieH [06vB CTaHO4apTHO 3bPHO OT
11392.0 kg/ha Toin y6eauTenHo e npesu-
wnn pobpe M3BECTHUS CPbOCKM CTaH-
hapt uapesuua ZP 666 c¢ 107.7%, a
CblWO0 W ApyrMTe W3MNon3BaHuW B onuta
XUBpUAN C pasfiMyHn, HO CbLLO NO-BUCOKU
NpoueHTn OoT TAX. Bucokusi gobuB cTaH-
[apTHO 3bPHO MOJIyYEeHO OT Xxubpuga e
CcbyeTaH M C HUCKa B/lara Ha 3bpHOTO Npw
npuéupaHe - 15.9%, KoATo e 6amu3ka Ao
cTaHapTHaTa B/jara Ha 3bpHOTO 3a
Lapesuuarta n 14 e 6una c 2,8 % no-Hucka
OT Ta3u Ha CpbO-CKUsi XMbpuA, - CTaHAapT.
ToBa cbyeTaHVe Ha BUCOK J06MB 3BPHO C
HMCKa Bfara Ha 3bPHOTO € XapakTepHa 3a
6bArapckmaT xmbpug vapesuua KHexa 561
M e 0cobeHO LUeHeHa OT 3emefefickuTe
npoussoauTenu. Hali-nobpe Tasu 3aBucu-
MOCT ce M3pa3siBa C Taka HapeueHus ,nep-
chopmaHc nHaekc — Pi”, KONTO e npefcTaBeH
B nocriegHarta rpada Ha Tabnuuata. Kakto
ce BXAa U N0 TO3M MHAEKC Haluusi Xnbpug,
€ C Hali-BUCOK nokasaTten cnpsmMo ocTaHa-
nuTe xubpuau B onuTa.

productive  Serbian hybrids in the
conditions of Zemun Pole - Belgrade, R.
Serbia in 2015 /without irrigation/. As can
be seen from the table, the Bulgarian
Kneja 561 corn hybrid has performed well
with other Serbian hybrids used in the
experiment.

With an average yield of 11392.0 kg/ha, it
has convincingly exceeded the well-
known Serbian standard ZP 666 maize
with 107.7%, and the other well-known
hybrids with different but also higher
percentages. The high vyield standard
grain obtained from the hybrid is also
combined with a low moisture grain at
harvest - 15.9%, which is close to the
standard maize grain moisture and it was
2.8% lower than that of the Serbian
hybrid standard. This combination of high
yield grain with low grain moisture is
characteristic of the Bulgarian corn Kneja
561 hybrid and is particularly appreciated
by the farmers. This dependence is best
expressed by the so-called "performance
index - Pi", which is presented in the last
column of the table. As we can see in this
index, our hybrid is the highest indicator
against other hybrids in the experience.

Tabnunua 2. Pe3yntatm OT CpaBHUTENIHO U3NUTBaHE MexXay O6brapckma xmépug,
uapesmua KHexa 561 1 BMCOKO NpOAYKTUBHU CpbOCKM XnMbpuan B yCcnoBuUATa Ha
3emyH none — benrpag, P. Cbp6us npes 2015 /6e3 HanosiBaHe/

Table 2. Results of a comparative test between the Bulgarian Kneja 561 maize hybrid
and highly productive Serbian hybrids in the conditions of Zemun Pole - Belgrade, R.
Serbia in 2015 / without irrigation/

HanmeHoBaHune Ha [o6vs % Bnara Ha +kbM Bnarata | MepdopmaHc
N3nnTtBaHuTe 3bpHO Ha nobvBuTe | 3BPHOTO MpU | Ha cTaHZapTa VNHAOEKC
Xnépuan kg/ha KbM CTaHAapTa| npubupaHe % Pi, % kbMm
Name of 14% Bnara % % +to the humidity| CraHgapTta
Test hybrids Grain yield [The yields to the | Grain moisture at| of the standard | Performance
kg/ha standard harvest % index
14% % Pi,% to
moisture standard
KHexa 561/Kneja 561 | 11392.0 107.7 15.9 -2,8 126.9
NS 6030 9602.0 90.8 18.9 +0,2 89.8
B-15 9812.0 92.8 17.1 -1,6 101.3
NP 14-70 9703.0 91.7 16.9 -1,8 101.7
NP 14-64 9632.0 91.1 15.7 -3,0 108.6
ZP 666 —CTaHpapT 10577.0 100,0 18.7 0,0 100.0
standard
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B pesyntar oT wM3nuTBaHeToO Ha
NPOAYKTUBHUTE Bb3MOXHOCTU Ha Xnbpug,
uapesvua KHexa 561 B P. Cbpbus
MOXEeM Hay4yHO O060CHOBaHO Aa Hanpa-
BMUM K3BOJA, Ye TOW € KOHKYPEHTHO
cnocobeH W BUCOKO [06MBEH XMbpuAa

uapesmua, noaxodsw, 3a W3HOC Ha
cemMeHa B Tasu cTpaHa.

N3BOAN

Bucoko06MBHUAT 6BbNrapcku

xnépug uapesuya KHexa 561 msnutaH B
ycnosusita Ha P. PymbHUA 1 P. Cbpbus
3a 0O6GUB Ha (pypaHO 3bPHO € MNpeBu-
WK e4HO3HAYHO M3M0/3BaHMTE 3a CTaH-
AapTn xnbpuamn uapesuua B Te€3U CTPaHuU.

Xnbpua uapesnuya KHexa 561 e
BMCOKO [A0OMBEH Xubpua, € Bnara Ha
3bPHOTO nNpwv npubupaHe 6amM3ka Ao
cTaHgapTHata M C BWUCOK nepdopmaHc
nHAeKc - Pi.

B pesynTtaT OT eKosI0rMyHo otgane-
YEHOTO M3NMTBaHE Ha MNPOAYKTUBHUTE
Bb3MOXHOCTM 3a (PYpPaXHO 3bpPHO Ha
HOBMSA BUCOKOA0OMBEH Obsirapcku Xxubpuz
uapesuua KHexa 561 B ycnosuaTa Ha P.
PyMbHUA 1 P. Cbpbus moxe pa ce Ha-
npaeun Hay4HO 060CHOBaH U3BOA, Ye Tol e
KOHKYPEHTHO CMOCOGEH M BWCOKO [06U-
BEeH Xxubpug Lapesuua, noaxogdw, 3a
W3HOC Ha CeMeHa B Te3u cTpaHu. Xnbpusa
uyapeBmua KHexa 561 cbyeTaBa B Hail-
[obpa cTeneH BUCOK A06MB Ha dypakHO
3BPHO C HKCKa B/ara Ha 3bpHOTO.

As a result of the testing of the
Kneja 561 corn hybrid production
capacity in RS, we can scientifically
concludethat it is a competitive and high-
yielding hybrid of corn suitable for
exporting seeds to that country.

CONCLUSIONS

The high-yielding Bulgarian hybrid
corn Kneja 561, tested in the conditions of
R. Romania and R. Serbia for the
production of forage grain, exceeded the
unmistakably used hybrid maize hybrids
in these countries.

Hybrid corn Kneja 561 is a high-
yielding hybrid with grain moisture at
harvest close to the standard and high
performance index Pi.

As a result of the ecologically
remote study of the productive
possibilities for feed grain of the new high-
yielding Bulgarian Kneja 561 corn hybrid
in the conditions of Romania and R.
Serbia, it can be scientifically concluded
that it is a competitive and high vyield
hybrid corn suitable for the export of
seeds to these countries.

Hybrid Kneja 561 corn combines the best
grain yield with low grain moisture.
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