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PE3HOME

3anagHuAT yapeBnYeH KOPEHOB Yvep-
Beli (WCR), Diabrotica virgifera virgifera,
€ e[MH OT Hali-BpefHNTe BUAOBE HaCEKO-
MU Mo uapesuuata B CeBepHa Amepuika 1
EBpona, kato B bbarapua Toil e pas-
NPOCTPaHeH Mo4YT NoBceMecTHO. Hacko-
po 6elwe cbobLleHo, Ye KLP+ nosunkute
C ABE CEMUOXUMUYHM (DEPOMOHHA N pac-

SUMMARY

The Western corn  rootworm
(WCR), Diabrotica virgifera virgifera, is
one of the most damaging insect pests of
maize in North America and Europe. In
Bulgaria the pest is distributed in almost
all regions. Recently it was reported that
KLP+ traps baited with dual
semiochemical (pheromone and floral)
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TuTenHa) npumamku (Csalomon®, VHCTUTYT
no pactutesHa sawuta, YAH, byganeua,
YHrapus) nokassaT MHOI0 BUCOKa eqek-
TMBHOCT MpW pas/iMyHa nonynaluoHHa
NABbTHOCT Ha BpeauTens. Jomb/HUTENHU-
Te MNO3HaHuA 3a onTuMasiHata KOMOWHa-
UM OT 3pUTESTHA U XUMUYHU CTUMYU Ha
nosunkata 6uxa p[onpuHecnn 3a  no-
edeKkTMBHN cTpaTernn 3a 6opba ¢ WCR B
6baewe. pe3 akTMBHUTE CEe30HW Ha
2017 n 2018 r. HanpaBuxMe ekcrnepumeH-
Ta/IHO CPaBHEHME MeXAy XbATu n dyo-
pecumpallo XbATU NOBWIKM C OBE NpK-
MaMKU1 B LlapeBuYHa KynTypa B rp. KHexa,
ceBepo3anagHa bwbirapusa. HwaHcbT Ha
XBATUA LUBAT He Mnokasa fCeH NoBefeH-
Yyeckn OTroBop Ha Bb3pacTHuTe Ha WCR -
He 6elle ycTaHOBEHa CTaTUCTUYECKN 3Ha-
yyMa pasfnnka mMexay ynosute B U3nNuTa-
HUTe BapuaHTu. Ce3oHHaTa AMHaMuKa Ha
ynoBuTe rMokasa no-gbNbr nepuos Ha
aKTMBHOCT Ha Bb3pacTHute npe3 2018 r. —
npeau cpefata Ha v Ao BTopaTa noso-
BMHA Ha CenTemMBpu, B CPaBHEHME C npe-
OVLWHW pe3ynTatn, NoMyYeHn Mnpu ekcne-
PUMEHTN C NpUBAMYALLMA NOBWUKM B .
KHexa (2014-2016 r.) (oT BTOparta noso-
BMHA Ha 1M1 [0 cpejata Ha cenTemBpu).
B HacToswarta paboTta e npeactaBeHa U
WH(popmMaums 3a YncneHocTTa Ha olwe 14
Bnga HaCeEKOMW, peErmcTpmupaHn B JIOBUJIKUTE.
KntouoBu aymu: 3anafieH LapeBUYeH

KOpEHOB  YepBel,, XbATa  JIOBWUJIKA,
hnyopecumpatlo XbnTa NoBWSIKa,
hepomMoHHa npumMamka, pactuTenHa
npumamka, bvnarapus

YBO/,
OT Havanoto Ha 90-Te roguHM Ha

MUHaMA BeK, KoraTo 3anagHus LapeBu-
yeH KopeHoB uyepseil, (WCR), Diabrotica
virgifera virgifera LeConte, 1858
(Chrysomelidae), e pernctpupaH 61130 [0
rp. benrpan, 6uswa Hrocnaeusa (Baca,
1994), B pe3ynTtaT Ha HAKOJIKO MHTPOLOYK-
uMu B pasnnyHu yactu Ha Eepona (Ciosi
et al., 2008), pa3npocTpaHeHMeTo Ha To3u
Bug ce yeenunyasa (EPPO, 2019). Cneg
MbpBOTO  CbLOOWEHNEe 3a Bbarapus
(lvanova, 2002), B AHELIHO BpeMe Bpeau-

lures  (Csalomon®, Plant Protection
Institute, HAS, Budapest, Hungary)
showed very high efficiency at different
population densities of the pest in this
country. Increased knowledge about the
optimal combination of visual and
chemical cues of the trap would contribute
to more effective management strategies
of WCR. In 2017-2018, we compared
yellow and fluorescent yellow KLP+ traps
baited with dual lures in a maize crop in
Knezha, north-western Bulgaria.

The hue of yellow colour tested did not
elicit a strong behavioural response on
WCR adults - no significant difference in
captures between treatments was found
during the study.

The seasonal patterns of captures
showed longer period of activity of WCR
adults in 2018 - before the middle of July
to the second half of September than the
previous results obtained by attractant
traps in Knezha (2014-2016) (from
second half of July to the middle of
September). Information on the relative
abundance of fourteen other insect
species captured in the traps is also
presented.

Key  words: Western corn
rootworm, yellow trap, fluorescent yellow
trap, pheromone lure, floral lure, Bulgaria

INTRODUCTION
Since the early nineties, when the
first adults of the Western corn rootworm

(WCR), Diabrotica virgifera virgifera
LeConte, 1858 (Chrysomelidae) were
registered near Belgrade, former

Yugoslavia (BaCa, 1994), after several
introduction events to different parts of
Europe (Ciosi et al., 2008), the spread of
the species permanently increased
(EPPO, 2019). After the first record from
Bulgaria (Ilvanova, 2002), at the present
time the pest is distributed in almost all
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TENAT € pasnpocTPaHeH B NOYTU BCUYKM
06n1acT Ha cTpaHaTa C M3KIYeHne Ha
BapHa, Kbpmxanm n CmonsH (MAF, 2015;
Toshova et al.,, 2017b). Cnopeg nepwuo-
OVNYHWTE BLONEeTVHMN 3a pacTuTesiHa 3aLum-
Ta, WCR e cpef, IKOHOMUYECKN BaXKHUTE
BpeaMTeny no uapesuuyata B Bbbarapus
(BAFS, 2014), 3aegHO ¢ Tanymecus
dilaticollis Gyllenhal, 1834, TeneHute uep-
Ben, Oulema melanopus (Linnaeus, 1758)
(Coleoptera), Ostrinia nubilalis (Hubner,
1796), Helicoverpa armigera (Hubner,
1808) (Lepidoptera), fMCTHUTE BbHLUKK
(Aphidoidea) n Melanogryllus desertus
(Pallas, 1771) (Grylloidea). MparbT Ha
MKOHOMMYecka BpepgHocT Ha WCR 3a
noBpeau Mo KopeHuTe Ha uapesuuara ot
napsute e 1 6poda napeum 3-Ta
Bb3pacTt/pacTeHne 3a HEMnosIBHW MO
unn 3 6p. napen 3-Ta Bb3pacT/pacTeHune
3a MOMMBHU NJIOWYM, a NpW NosiBa Ha cBwWIa
e 10-15 6p. Bb3pacTHu/nosunka/geH (Ha 50
da) nnm 3-5 6p. Bb3pacTHU/pacTeHue.
JonbnHuTenHuTe  NosHaHWs  3a
onTMMasiHaTa KOMOBUHaLMA OT 3PUTESNHN U
XUMWUYHW CTUMYNN Ha JioBWkata ouxa
Mornm ga 6baat M3non3saHu 3a Nogoo6ps-
BaHe Ha XapakTepUCTMKNTE Ha sloBU/IKaTa
C Uen yBenuyaBaHe Ha e(eKTMBHOCTTA Ha
MeToAUTE 3a YNI0B U MOHMTOPWHT Ha WCR.
LlenTa Ha HacToALWETO uscnenBaHe
felle ga ce OLEeHM BAUSHMETO Ha HIoaHca
Ha XbNTMA UBAT Ha KLP+ Csalomon®
NIoBUSIKA € ABOMHa npumamka (hepomMoH-
Ha 1 pacTuTesiHa) BbpXy aTpPakTUBHOCTTA
3a Bb3pacTHuTe Ha Diabrotica v. virgifera.

MATEPVAT N METOON

Hactosawoto wu3cnefsaHe OGelle
nposegeHo npes 2017 r. n 2018 r. B
uapesuyHo none (10 da) Ha NHcTUTyTa No
uyapesuuata B rp. KHexa (06n. MneseH),
Bwarapua (43°28'51"N; 24°03'21"E, 140
M HaaMopcka BMCOYMHA). 3a m3cnepga-
HuATa 65xa n3nonssaHu KLP+ nosusku ¢
[iBe CEMMOXMMWUYHK NpuMaMkn (dhepoMOoHHa
n pactutenHa) sa WCR, npovssefeHu ot
Csalomon® (VMHCTUTYT no pacTuTenHa
3awmTta, YAH, bypanewa, YHrapus,
www.csalomontraps.com). BbB  Bcska

regions of this country, with the exception
of Varna, Kardzhali, and Smolyan (MAF,
2015; Toshova et al., 2017h).

According to the periodical bulletins of
plant protection, WCR is among the pests
of economic importance of maize in

Bulgaria (BAFS, 2014) together with
Tanymecus dilaticollis Gyllenhal, 1834,
click beetles, Oulema melanopus

(Linnaeus, 1758) (Coleoptera), Ostrinia
nubilalis (Hibner, 1796), Helicoverpa
armigera (Hubner, 1808) (Lepidoptera),
aphids (Aphidoidea) and Melanogryllus
desertus (Pallas, 1771) (Grylloidea).

The economic threshold for root damage
is 1 larva 3rd instar/per plant for non-
irrigated areas or 3 larvae 3rd instar/plant
for irrigated areas and during appearance
of maize silk - 10-15 adults/trap per day
(for 5 ha) or 3-5 adults/plant.

Increased knowledge about the
optimal combination of visual and
chemical cues of the trap can be used for
optimising the trap characteristics to
enhance the efficacy of trapping and
monitoring tools for WCR.

The objective of the present study
was to evaluate the influence of the hue of
yellow colour of KLP+ Csalomon® traps
baited with dual lures (pheromonal and
floral lures) on the attractiveness of
Diabrotica v. virgifera adults.

MATERIAL AND METHODS

This study was conducted in a
maize field (1 ha) of the Maize Research
Institute (Agricultural Academy) in Knezha
(Pleven region), Bulgaria
(43°28'51"N;24°03'21"E, 140 m a.s.l.) in
2017 and 2018. KLP+ (‘hat’) traps with
dual semiochemical (pheromone and
floral) lures for WCR adults produced by
Csalomon® (Plant Protection Institute, HAS,
Budapest, Hungary, www.csalomontraps.com)
were used in our field investigations.
Vaportape® (Hercon Environmental Inc.,
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noBW/Ka 6elle noctaBeHa MHCeKTUuuaHa
NeHTnyKa Vaportape® (Hercon
Environmental Inc., Emigsville, PA, USA) -
ybuBall, areHT 3a ynioBeHuTe 6pbmbapu.

NoBunkute 6axa nocTaBeHN Ha
BUCO4YMHa okosio 1.5-1.8 m Hapg 3emsATa,
npukayeHn KbM AbpBEHU CTbHNO0BE (2 m).
Mo aBe XbnTM M Ase dnyopecumpallo
XBJTU NOBUSIKN 65iXa M3NOM3BAHN BCAKA
rogMHa. Te 6sixa pasnosioxeHn B [Ba
6710Ka, KaTto BCEKM O6/10K CbAabpXxalle no
efjHa J/loBWIKa OT JBata BapuaHTa.
Pa3cTosHneTo mexay /oBunkuTe B 610K
6ewwe 15-20 m, a mexay 6s10koBe — 30 m.

Onutute 68Xa nposegeHn ot 21
o1 0o 2 oktomepu 2017 1. n oT 15 tonu
no 30 centemBpu 2018 r. lNMpumamkuTte
65xa NOOMEHAHN CbC CBEXW CbOTBETHO
Ha 18 aBryct 2017 r. un 15 aBryct 2018 r.
Nosunkute 6sxa NpoBepsiBaHN 3a YN0BU
eXefHeBHO WM Ha uHTepBann oT 2-10
[OHW, KaTo Y/IOBEHWTe Hacekomu 6sxa
cbbupaHn 3a nocnejgallo onpegensiHe
Ha BugoBerTe.

[JaHHuTe 3a execegMUYHUTE YI0BU
OT Bb3pacTHU ek3emnisapu Ha WCR 65axa
N3MNoN3BaHN 3a NpefcTaBsHe Ha Ce30HHa-
Ta UHaMvKa Ha neTex.

[JaHHn 3a [JeHOHOoLWHWTEe MeTeopo-
NIOTUYHN HabogeHna 6sxa npegocTtase-
HW OT MeTeoposiorMyHaTa ctaHumsa B rp.
KHexa (4acT oT cuctemata Ha HauuwoHan-
HAS  WHCTUTYT MO MeTeoposiorMa U
xngponorus) (43°28'48"N, 24°04'10"E).

CratucTnyeckute aHaimsm 6sxa us-
BbpleHn ype3 STATISTICA 7.0 Software
(StatSoft, Inc. 2004). Paznuunsita mexay
cpefiHMTe CTOWHOCTM BBB BapuaHTuTe
6sxa cuMTaHKu 3a 3Hauymmy npyu P < 0.05.
Kruskal-Wallis test m Mann-Whitney U
post hoc test 6sxa M3BbpLIEHN 3a cpas-
HABaHe Ha 6pos Ha y/oBeHUTe 6pbMbapu
B [BaTa BapuaHTa. 3a uenute Ha aHa-
NM3nTe MeTeOopOosIoTUYHUTE JaHHU 6saxa
ocpefHsABaHM 3a nepuoaute, B KOUTO
651Xxa U3BbPLUBAHN OTYUTAHWUA Ha Y/10BM-
Te. BavsHueTo Ha MnuHuMmanHata (T min),
MakcumanHata (T max) n cpegHata (T
mean) Temneparypa Ha Bb3fyxa, Kakto u
Ha Temneparypata Ha noysaTa Ha

Emigsville, PA, USA) insecticide strip was
placed in each trap to kill the beetles
captured.

The traps were suspended at a
height of 1.5-1.8 m. above ground
attached to wooden poles (2 m). Two
yellow and two fluorescent yellow baited
traps were used each year. Traps were
set up in a randomized complete block
design, with each block containing one
replicate of every treatment. The distance
between traps was 15-20 m, with a
distance of 30 m between blocks.

The traps were kept in the maize
field from 21 July till 2 October in 2017
and from 15 July till 30 September in
2018, and lures were replaced with fresh
ones on 18 August, 2017 and 15 August,
2018, respectively. The traps were
inspected daily to 2-10-day-intervals, and
insect captured were collected for species
identification.

The weekly captures were used for
the curve of the seasonal flight patterns of
the WCR adults.

The daily meteorological data
records were provided by the
meteorological station in Knezha (part of
the network of the National Institute of
Meteorology and Hydrology) (43°28'48"N,
24°04'10E).

The statistical analyses were
performed by a STATISTICA 7.0 Software
(StatSoft, Inc. 2004). Differences between
treatment means were considered
significant at P < 0.05. Kruskal-Wallis test
and Mann-Whitney U post hoc test were
conducted to compare the number of
beetles captured in different treatments.

For the analysis, the meteorological data
were averaged to get means for the
period of trap inspection.

The influence of the minimum (T min),
maximum (T max) and mean air
temperature (T mean), along with the sail
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Abn6oumHa 10 cm, oTHOCUTeNHaTa BNax-
HOCT Ha Bb3fyXxa W KOMNYEeCTBOTO Ha Ba-
nexute BbpXy ynosute Ha WCR B nosun-
knte npe3 2018 r., 6ewe aHanu3npaHo
cbc Spearman’s rho kopenawlmoHeH Hena-
pameTpuyeH TecT.

PE3YJITATU N OBCBXXOAHE

Mpe3 2017 r n 2018 r. He 6Gewe
yCTaHOBEHa CTaTUCTUYECKM [0CTOBEpHA
pasnvka B YnoBWUTE B XbATU U donyo-
pecuupalyo xuvntu KLP+ noBusku ¢ npu-
MamKy NpM efHa U Cblia BUCOYMHA Ha
pasnofsiokeHne Ha nosunkute (Tabnuua
1). MNpe3 2017 r. No-BUCOKWN YfIOBU BaAXa
PErMCTPUPaHN B XbITUTE JIOBUSIKK, AOKa-
TO npe3 2018 r., koraTo nonynaynoHHaTa
NAbTHOCT Ha BpeauTens 6ewe OTHOCU-
Te/IHO No-BUCOKa, 6pbmbapute 6sxa no-
MHOro6poHN BBB sTyopecumpaLlo Xbi-
TUTEe JI0BWUKW. Te3n pesyntaTu noTBbp-
XaaBaT gaHHuTe oT Toth et al. (2003) u
Toshova et al. (2017a), cnopeag KouTo
hnyopecumpaLLo XbATu NeninBu NoBusl-
K/ ynaBsiIT MO-BMCOK cpefeH 6poit 6pbm-
G6apv OT JIOBWIKM C ApYyrM UBeToBe 6e3
npvMamku, 6e3 ga ca ycTaHOBEHW cTaTUC-
TUYECKU 3HAYMMMW pasInuns Mexay 13nu-
TaHUTe BapuaHTW. PasnimuHuTe HoaHcK
Ha XDbATUSA LUBAT HE oKaseaT B/USHUE
BbpPXYy MNPVBMNYAHETO U HA Bb3pacTHU
uHouBMaAM Ha Liriomyza huidobrensis
(Blanchard, 1926) (Diptera: Agromyzidae)
(Durmusoglu et al., 2009). N3cneaBaiiku
edekta Ha chyopecueHumusaTa BbpXy
NpMBANYAHETO Ha Hacekomu, noceljaBa-
LM uBeToBe Ha pacteHus, Shrestha et al.
(2019) cbobuiaBaT, Ye BMAOBE OT paspe-
ante Coleoptera n Lepidoptera ce ynassr
3HAQUUTE/IHO MO0-4eCcTO B JIOBUAKMA Tun
LUMHNAY € donyopecumpalim xapakrepuc-
TUKW, OTKOJIKOTO OT JIOBU/IKM 6e3 TakvBa
Xapaktepuctuku. lpegnoyntaHme KbMm
opyopecumpalLma UBAaT Ha SIOBUMKATE €
CbOOLEeH M Npu ApyrM BUAoOBE TBbPAO-
Kpunu Hacekommn: Oxythyrea funesta (Poda,
1761) (Vuts et al, 2008), O. cinctella
(Schaum, 1841) (Coleoptera, Cetoniidae)
(Vuts et al.,, 2012), Plagionotus floralis
(Pallas, 1776) (Imrei et al., 2014),

temperature at 10 cm depth, relative air
humidity and precipitation on WCR
captures in the traps, was analysed by
Spearman’s rho correlation nonparametric
test for 2018.

RESULTS AND DISCUSSION

The yellow and fluorescent yellow
KLP+ traps baited with dual lures, and
placed at the same height showed no
significant difference in the captures of
WCR adults in 2017 and 2018,
respectively (Table 1). In 2017, higher
captures of WCR adults were recorded in
yellow traps while in 2018, when the
population density of the pest was
relatively higher, the beetles were more
numerous in fluorescent yellow trap.
These results coincide with the results
obtained by Toth et al. (2003) and
Toshova et al. (2017a) who reported that
fluorescent yellow sticky traps captured
higher mean number of beetles among
the unbaited sticky traps of different
colours, including vyellow colour but
without significant difference among the
treatments. Similarly different hues of
yellow colour do not influence the
attraction of the adults of Liriomyza
huidobrensis (Blanchard, 1926) (Diptera:
Agromyzidae) (Durmusoglu et al., 2009).

Studying the effect of fluorescence on
attractiveness of flower-visiting insects,
Shrestha et al. (2019) reported that
Coleoptera and Lepidoptera  were
captured significantly more frequently by
pan traps displaying fluorescent
properties (including fluorescent yellow
traps) than by non-fluorescent pan traps.

Preference to fluorescent yellow colour
has been reported for other coleopteran
species: Oxythyrea funesta (Poda, 1761)
(Vuts et al., 2008), O. cinctella (Schaum,
1841) (Coleoptera, Cetoniidae) (Vuts et
al., 2012), Plagionotus floralis (Pallas,
1776) (Imrei et al., 2014), Pseudovadonia
livida (Fabricius, 1776) (Toshova et al.
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Pseudovadonia livida (Fabricius, 1776)
(Toshova et al. 2016), Brassicogethes
aeneus (Fabricius, 1775) (= Meligethes
aeneus F., 1775) (Coleoptera, Nitidulidae)
(Doring et al., 2012) u Propylea
quatuordecimpunctata (Linnaeus, 1758)
(Coccinellidae) (Toshova et al., 2017a).

2016), Brassicogethes aeneus (Fabricius,
1775) (= Meligethes aeneus F., 1775)
(Coleoptera, Nitidulidae) (Doring et al.,
2012) and Propylea quatuordecimpunctata
(Linnaeus, 1758) (Coccinellidae) (Toshova
et al., 2017a).

Ta6bnuua 1. Ynosu Ha D. v. virgifera B KLP+ noBusku ¢ gBe npumamku B rp.
KHexa, 21 tonun — 18 centemsBpu, 2017 r. (n = 2) u 15 tonu - 21 centemspu, 2018 .
(n = 2). CpegHuTe ynoBM B KOSIOHA HE Ca CTAaTUCTUYECKM [OCTOBEpHO pasnuunu (P > 0.05,
Kruskal-Wallis test n cneggawy, Mann-Whitney U test)

Table 1. Catches of D. v. virgifera in KLP+ traps baited with dual lures in Knezha,
21 July — 18 September, 2017 (n = 2) and 15 July - 21 September, 2018 (n = 2).
Mean captures within a column are not significantly different (P > 0.05, Kruskal-Wallis test

followed by Mann-Whitney U test)

2017 2018
LIBSIT Ha NoBunkaTa 06wy, ynos CpepneH ynos 06wy, ynos CpepeH ynos
Trap colour + Std. Error + Std. Error
Total Mean capture Total Mean capture
capture + Std. Error capture + Std. Error
XXt / Yellow 127 18.14 + 8.05 1067 23.20 +5.23
dnyopecumpaLlo XbnT 60 8.57 +£2.43 1466 31.87 £6.01
Fluorescent yellow

Ce30HHaTa AMHaMuka Ha ynosute
Ha D. v. virgifera npe3 2017 r. n 2018 r. B
KLP+ noBunkn c npvMmamMku e rnokasaHa
Ha ®ur. 1. Mpe3 gseTe rogMHN Ha4yanoTo
Ha feTexa Ha Bb3pacTHUTe 6e m3nycHa-
TO, NMopajau No-KkbCHO NOCTaBAHE Ha f0-
Bunkute. Mpes 2017 r. 6axa perucrpupa-
HW ynoBu B nepuoga 21 v — 30 aBrycr,
a npes 2018 r. — ot 15 wonm go 21 cen-
TemBpu. MNpe3 aBeTe roanHn Gelue Hab-
nogaBaHoO No-paHHO Havasio Ha JieTex
(npeaun cpegarta Ha tonn) Ha D. v. virgifera
oTKONKOTO npe3 2014-2016 r. (kpasA Ha
I0/1M) Ha CbLOTO MACTO U NepuoabT Ha
aKTMBHOCT Ha Bb3pacTHuTe 6e C OKONo
ABe ceamuuM no-gbabwr npe3 2018 r. B
cpaBHeHne c¢ 2014 r. (Toshova et al.,
2017a) n 2015-2016 r. (Toshova et al.,
2017D).

The seasonal pattern of D. v.
virgifera captures in 2017 and 2018 in the
KLP+ baited traps, is shown in Fig. 1. In
both years, the beginning of the flight of
adults was missed because of the late
installing of the traps. In 2017, captures
were registered in the period of July 21 —
August 30, and in 2018 - from July 15 to
September 21. In 2017-2018, an earlier
appearance (before the middle of July) of
D. v. virgifera adults was registered than
2014-2016 (end of July) at the same
locality, and the period of the activity was
more than two weeks longer in 2018 in
comparison with 2014 (Toshova et al.,
2017a) and 2015-2016 (Toshova et al.,
2017D).
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our. 1. Ce30HeH netex Ha D. v. virgifera, rp. KHexa, 2017 r. u 2018 r. Ctpenkute (1)
nokasear gatute Ha Hayano M Kpaik Ha onuTa. 3Be3garta (*) nokasBa garara Ha CMsHa Ha
npuMamkmTe

Fig. 1. Seasonal flight of D. v. virgifera, Knezha, 2017 and 2018. Arrows ({) show the
dates of the beginning and the end of the test. Asterisk (*) indicates the date when lures were
replaced
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Mpe3 2018 r. cTaTUCTMYECKM 3HAUU-
MU NONOXUTENHU Kopenauuu 6sxa ycTa-
HOBeHM mMexay ynoBuTe D. v. virgifera n
cnegHUTe MeTeoposiornyHn thaktopu: T min
(rs =0.53, P =0.01), T mean (rs = 0.59,
P = 0.003), oTHOCMTEsSIHA BJIAXHOCT Ha
Bb3ayxa (rs = 0.57, P = 0.005) n Bane-
xute (rs = 0.52, P = 0.01). Ctatnctunyecku
3HauMmara nofoXuTenHa  Kopenauus
Mexay ynosute Ha WCR ¢ BnaxHocTTa u
Ba/IEXUTE MOXE [ia ce 065CHM C Y/10BK Ha
Bb3pacTHMU B Cyxu Mepuogm Ha [eHOHO-
LWMETO B AHW CbC C/lyYaliHN WHTEH3MBHU
Basniexun. B Bbsrapus, noBeyeTo Kpartko-
TpalHM W WHTEH3WBHU Basiexun nagaT
npes JsieTHUTe Meceun (IOHW, U "
aBrycT) (Malcheva, 2017). W3cnepsaHus-
Ta Ha Toth et al. (2010) BbpxXy AEHOHOLL-
Hata OuHamMuka Ha akTUBHOCT Ha Bb3-
pacTHute Ha WCR nokasBaT YyAb/DKEH
nepvof Ha noBefieHYecka peakuus KbM
pactutenHn n (GepoMOHHU NpUMaMKu B
noneto. bpbmbapuTte pearvpart Ha pacTu-
TefnHata npuMMamka camo npe3 feHs, C
SAICHO ouYepTaHu NMKOBE B YacoBeTe npeau
0654 1 B KbCHUA cnepobsas, 4okaTo OTroBo-
pv KbM CMHTETMYHAaTa hepoOMOHHa NpyMam-
Ka ca HabnogaBaHu Npes AeHs ¥ HoLTa.

Mpe3 2017 r. n 2018 1., OCBEH Bb3-
pactHn uHgmengn Ha WCR u MHoro-
OpPONHN  HenageHTUUUMPaHn  OBYKpUAN
nHavBuAN, 6sxa perncTpupaHn cnegHute
TaKCOHW B NIOBUJIKUTE:

Coleoptera:  Agriotes  ustulatus
(Schaller, 1783) (Elateridae) (4 6pos,

KLP+ >xbntu nosunku, 15-30.07.2018 r.;
10 6pos, KLP+ dnyopecumpalyo Xbatu
nosunku, 15-24.07.2018 r.), Harmonia
axyridis Pallas, 1773 (Coccinelidae) (20
6posi, KLP+ >xbntu nosunkn, 17.07.-
21.09.2018 r.; 33 6pos, KLP+
onyopecumpallo XbATu NoBuskK, 22.08.-
21.09.2018 r.), Coccinella septempunctata
Linnaeus, 1758 (1 6poii, KLP+ xbnta
nosunka, 19-21.09.2018 r.; 2 6pos, KLP+
hnyopecumpallo xbvara nosusnka, 10.08.-
03.09.2018 r.), C. quinquepunctata
Linnaeus, 1758 (1 6poin, KLP+ xbnTta
nosunka, 07-10.08.2018 r) wun P.
guatuordecimpunctata (1 6poi, KLP+

In 2018, significant positive
correlations were found between the
captures D. v. virgifera and the following
meteorological factors: T min (rs = 0.53,
P =0.01), T mean (rs = 0.59, P = 0.003),
relative air humidity (rs = 0.57, P = 0.005)
and precipitation (rs = 0.52, P = 0.01). The
significant positive correlation between
WCR captures and relative air humidity
and precipitation can be explained by
captures of the adults in dry periods of the
day/ night on dates with intense random
rainfalls. In Bulgaria, most short-lived and
heavy rains fall during the summer
months  (June, July and August)
(Malcheva, 2017). Investigations on the
daily dynamics of activity of the adults by
Toth et al. (2010) showed pronounced
period of responsiveness of WCR adults
to the floral and pheromone lures in the
field. Beetles responded to the floral lure
only during the day time hours, with well-
defined peaks in the late morning and late
afternoon, while the responses to the
synthetic pheromone lure were recorded
apart from daytime hours also well into
the night.

In 2017 and 2018, besides WCR
adults and the numerous unidentified
dipteran specimens, the following taxa
were recorded in the traps:

Coleoptera:  Agriotes  ustulatus
(Schaller, 1783) (Elateridae) (4 specimens,
KLP+ vyellow traps, 15-30.07.2018; 10
specimens, KLP+ fluorescent yellow
traps, 15-24.07.2018), Harmonia axyridis
Pallas, 1773 (Coccinelidae) (20
specimens, KLP+ vyellow traps, 17.07.-
21.09.2018; 33 specimens, KLP+
fluorescent  yellow  traps, 22.08.-
21.09.2018), Coccinella septempunctata
Linnaeus, 1758 (1 specimen, KLP+ yellow
trap, 19-21.09.2018; 2 specimens, KLP+
fluorescent yellow trap, 10.08.-03.09.2018),
C. quinquepunctata Linnaeus, 1758 (1
specimen, KLP+ vyellow trap, O07-
10.08.2018) and P. quatuordecimpunctata
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XbATta nosunka, 10-19.09.2018 r.).

Hymenoptera: Apis mellifera L.,
1758 (11 6posi, KLP+ XbATu NOBWSIKK,
21.07-22.08.2017 r. n 15.07-19.09.2018
r.; 6 6posi, KLP+ coniyopecumpallo Xbntu
noswnkun, 21.07.-01.08.2017 r. u 15-
16.07.2018 r., Lasioglossum
(Lasioglossum) discum (F. Smith, 1853)
(s, KLP+ cbnyopecuupatio >xbnra
NIOBW/IKA, 25-30.08.2018 r.), L.
(Lasioglossum) pallens (Brullé, 1833) (1,
KLP+ chnyopecumpallo xbita NoBUSIKa,
03-07.08.2018 r.), Lasioglossum sp. (2
6posi,, KLP+ xbnata nosunka, 12-
19.09.2018 r.).

Lepidoptera: O. nubilalis (Crambidae)
(5 6pos, KLP+ xbntn nosunku, 20.07.-
10.09.2018 r.; 2 6pos, KLP+ dnyopecuu-
paLio Xuntu noswusnku, 01-03.08.2018 r.),
Udea ferrugalis (Hubner, 1796) (1 6poiA,

KLP+ xbnTta nosusnka, 07-10.09.2018 r.),
Eilema complana (Linnaeus, 1758)
(Erebidae) (2 6pos, KLP+ >bnta

nosunka, 15-16.07.2018 r.), E. lurideola
(Zincken, 1817) (1 6poi, KLP+ xbnta
noeunka, 15-16.07.2018 r.), H. armigera
(Noctuidae) (1 6poii, KLP+ xbnta noBuska,
21.07.-01.08.2017 r.) u Agrotis segetum
(Denis & Schiffermiiller, 1775) (2 6pos,
KLP+ xbnTta nosuska, 07-10.09.2018 r.).

YnoBennte  Heueneeu  BUOoOBE
HaCeKkoMU ca LUMPOKO PasnpoCTpaHeHu B
Bbnarapus, ¢ usknwoueHne Ha L. pallens,
KOWTO € HOB BWA 3a paiioHa Ha 006-.
MneseH n rp. KHexa (Todorov, pers.
communication). HeotgaBHa, Banaszak
and Dochkova (2014) cvo6uwasatr L.
discum oT paiioHa Ha o06n. MNneseH (c.
Kpywosuua).

N3BOAN

B pesyntar Ha npoBegeHuTe
eKkcnepumeHTn 6elle YCTaHOBEHO, ue
XbATUTE W doiyopecumpalo XbaTuTe
KLP+ noBunkn ¢ pactutenHa v gepo-
MOHHa MpumMamMka ca CUHO NpuBAMYaLLU
3a Bb3pacTHuTe uHAMBMAM Ha D. v.
virgifera, 6e3 pga uMma AcCHO npegnoyu-
TaHve KbM HI0aHCa Ha XbATUA LBAT.

Mpe3 2018 r., korato nonynaynoH-

(1 specimen, KLP+
10-19.09.2018).

Hymenoptera: Apis mellifera L.,
1758 (11 specimens, KLP+ yellow traps,
21.07-22.08.2017 and 15.07-19.09.2018;
6 specimens, KLP+ fluorescent yellow
traps, 21.07.-01.08.2017 and 15-
16.07.2018), Lasioglossum
(Lasioglossum) discum (F. Smith, 1853)
(s, KLP+ fluorescent yellow trap, 25-
30.08.2018), L. (Lasioglossum) pallens
(Brullé, 1833) (1¢, KLP+ fluorescent
yellow trap, 03-07.08.2018),
Lasioglossum sp. (2 specimens, KLP+
yellow trap, 12-19.09.2018).

Lepidoptera: O. nubilalis (Crambidae)
(5 specimens, KLP+ yellow traps, 20.07.-
10.09.2018; 2  specimens, KLP+
fluorescent yellow traps, 01-03.08.2018),
Udea ferrugalis (Hubner, 1796) (1
specimen, KLP+ vyellow trap, O07-
10.09.2018), Eilema complana (Linnaeus,
1758) (Erebidae) (2 specimens, KLP+
yellow trap, 15-16.07.2018), E. lurideola
(Zincken, 1817) (1 specimen, KLP+ yellow
trap, 15-16.07.2018), H. armigera
(Noctuidae) (1 specimen, KLP+ yellow trap,
21.07.-01.08.2017) and Agrotis segetum

yellow trap,

(Denis & Schiffermuller, 1775) (2
specimens, KLP+ yellow trap, O07-
10.09.2018).

Non-target insect species collected
are widely distributed in Bulgaria with the
exception of L. pallens, which is new
record for Pleven region and Knezha
(Todorov, pers. communication).
Recently, Banaszak and Dochkova (2014)
captured L. discum in Pleven region
(Krushovitsa village).

CONCLUSIONS

Yellow and fluorescent yellow KLP+
traps baited with floral and pheromone
lures are highly attractive to D. v. virgifera
adults, but there was no clear preference
to the hue of the yellow colour.

In 2018, when the population
density of the pest was relatively higher
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Hata nNAbTHOCT Ha BpeauTens 6ewwe
OTHOCWUTE/IHO MO-BMCOKa B CpaBHEHWE C
npegvwHaTa rogavHa, yopecumpallo
XBNTUTE JIOBW/IKW ynasaxa Mo-ro/ifam
6poi1 Bb3pacTHN Ha WCR.

Mpe3 2017 r. n 2018 r., CE30HHUA
netex Ha WCR 3anoyHa npean cpepata
Ha 10711 1 NPOAbL/IXMA OO0 Kpas Ha asryct
(2017 r.) — BTOpaTa noONOBMHA Ha
centemspu (2018 r.).

BNATO4APHOCTU

Ta3n paspaboTka 6elle 4acTUYHO

than in the previous year, fluorescent
yellow baited traps captured larger
numbers of adults of WCR.

During 2017-2018, the seasonal
flight of WCR started before the middle of
July and continued to the end of August
(2017) - second half of September (2018).
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PE3IOME

Mpe3 nepuoga 2016-2017 1. B
ONWTHOTO nosie Ha OnuTHa cTaHuuMs no
coaTta - [NaB/MKeHW e u3BefeH MNOJMCKU
ONnT C LesT yCcTaHOBSIBaHE peakuusTa Ha
cos (Glycine max (L.) Merr.) copT Puun
KbM YTBBbPAEHUN Xepobuumnan 3a nNo4BeHO
NPWIOXKEHMNE C LUIMPOK CNEKTbP Ha AeiicTeue
[Fapgonpum nntoc rong 500 CK (312.5 g/l
S-meTonaxnop + 187.5 g/l TepbyTMN3MH),
Ctomn akBa (455 g/l neHgmmeTasvH),
Cnektpym (720 g/l pumeteHamug-I1) wu
Yunr-Mn (250 g/l gumeteHamug-M + 212,5
g/l neHaMmMeTa-NIMH)] BHECEHW B ONTUMASIHN
N [BOWHO-3aBVLIEHW [03M B yCnoBusATa
Ha LeHTpanHa CeBepHa Bvnrapus.
YcTaHOBEHO €, 4Ye: [ABYKOMMOHEHTHMWSA
xepbuuna Mapgonpum natoc rong 500 CK
n CnekTpyM MO3BO/IABAT W3MO/SI3BAHETO
UM [BOIHO-3aBULLIEHN [03M 3a 6opba c
nJeBennTe Npu CMeceH TUM Ha 3arnseBse-
nsiBaHe npu cosl copT Puun, npu kouto ce
nosyyaBaT MNpakTUyYeckn G/IM3KM J06MBU

SUMMARY

During the period 2016-2017 in the
experimental field of Experimental Station
on Soybean - Pavlikeni, was conducted
field experiment in order to determine the
reaction of soybean (Glycine max (L.) Merr.)
variety Ritchie to the approved herbicides
for wide-range on soil application
[Gardoprim plus Gold 500 SK (312,5 g/l
S-metolachlor + 187.5 g/l terbutylzine),
Stomp aqua (455 g/l pendimethalin),
Spectrum (720 g/l dimethenamide-P) and
Wing-P (250 g/l dimethenamide-P + 212.5
g/l pendimethalin)] applied at optimal and
dual high doses in conditions of Central
North Bulgaria.

It was found that: the two-component
herbicide Gardoprim plus Gold 500 SK
and Spectrum allow their use of dual high
doses for weed control in a mixed type of
weed infestation in soybeans variety
Ritchie where in are formed practically
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(ycTaHOBEHOTO HamaneHne Ha pobusa
poctura Ao 9.4%) B cCpaBHEHME C
KOHTPOJIHMSA BapuaHT - 6e3 naesenu npes
Lenuns BereTaunoHeH nepuog Ha Kyntypa-
Ta; BHacsHeTo Ha CTomn akBa 1 YuHr-I B
ctaHgapTHu gosu (350 u 400 mi/da) He
npeamn3BuKBaT (PUTOTOKCUYEH ediekT npu
cos copT Puun. MpunaraHeto um B ABOI-
HO 3aBWLIEHW [03U MpegusBuKBa UTO-
TOKCUYeH ed)eKT C SIECHO pa3no3HaBallm
Ce CMMMNTOMU Ha n3ocTaBaHe B pactexa u
gegopmaumsa Ha smctata, KOMTO Ha no-
KbCEH eTan OT pa3BMTMETO Ha cosATa
YyacTM4yHO ce npeogonssa; CTtomn aksa
(455 ¢/l neHgumeTanuH) NpPUIOXKEH B
[OBOIiHO-3aBULLIEHA f03a oOKasBa (UTO-
TOKCUYEH edekT Npu TecTBaHUsA COpT CosA
Puun n peayunpa (ot 4.2 go 32.3, cpegHo
18.1%) pobuBa OT COEBO 3bPHO Mpes
roAvHMTE Ha NpoyYBaHe.

KntovoBn pymun: cos, xepbuuuon,
CEJIEKTUBHOCT, NPOAYKTUBHOCT

yBO/[,

MneBenHuTe, 60NECTUTE N HEMPUSI-
TenuTe ca efHu OT OCHOBHUTE hakTopw,
KOMTO HaMasnisaBaT [obuBa u Browasat
KayeCTBOTO Ha COEBOTO 3bPHO.

XapaktepHa 6uoniornyHa ocobe-
HOCT Ha cosTa (Glycine max (L.) Merr.) e
6aBHUS TeMN Ha OTpacTBaHe B HaYas/lHUTe
eTanu OT pa3BuTueTo U, KOeTo A npasu
CWIHO YA3BMMA Ha KOHKYPEHTHOTO Bb3-
pencrteme Ha nnesenute (Hartzler, 2007,
Rich and Renner, 2007; Keramati et al.,
2008; Fickett et al., 2013). Peanua npoyu-
BaHUS NokasBaT, Ye HaMa/IeHNEeTOo Ha [o-
6uBa OT COEBO 3bPHO 3aBMCK OT CTEMEHTA
N NPOAB/KMTENHOCTTA Ha 3ansieBesisiBaHe
Ha noceBa WM OT KOMIMYECTBOTO W pasnpe-
[eneHneTo Ha BanexuTte no peHodasm ot
pasBuTMeTO Ha KynTypaTta (Alexieva and
Stoimenova, 2004; Marinov-serafimov,
2005; Chirila and Chirila, 2008; Nagaraju
and Kumar, 2009).

EdvkacHaTta 6Gopba cpelwly nne-
BE/IHUTE BWUAOBE B COEBUTE MOCEBU 3ae-
Ma BaXKHO MSICTO B TEXHOMOrMATa Ha OT-
rnexgaHe, nopagu koeto, xepbuuugute
(pokazann cBosiTa ePUKACHOCT, flecHa npu-

similar yields (the observed reduction in
yield reaches 9.4%) compared to the
control variant - no weeds throughout the
growing season of the crop; The applied
of Stomp aqua and Wing-P at standard
doses (350 and 400 mil/da) did not
produce a phytotoxic effect on soybean
variety Ritchie. When applied in dual high
doses, they produce a phytotoxic effect
with easily recognizable symptoms of
growth retardation and leaf deformity,
which are partially overcome at a later
stage of soybean development; Stomp
aqua applied in dual high doses has a
phytotoxic effect on the tested soybean
variety Ritchie and reduces (from 4.2 to
32.3, average 18.1%) the yield of soybean
grain during the years of study.

Key words: soybean, herbicides,
selectivity, productivity

INTRODUCTION

Weeds, diseases and pests are one
of the main factors that reduce yields and
impair soybean quality.

A characteristic biological feature of
soybeans (Glycine max (L.) Merr.) is the
slow rate of growth in the early stages of
its development, making it highly
vulnerable to the competitive impact of
weeds (Hartzler, 2007; Rich and Renner,
2007; Keramati et al., 2008; Fickett et al.,
2013). A number of studies have shown
that the decrease in soybean grain yield It
depends on the degree and duration of
weed infestation of crop and on the
amount precipitation and distribution of
growth stage from crop development
(Alexieva and  Stoimenova, 2004;
Marinov-Serafimov, 2005; Chirila and
Chirila, 2008; Nagaraju and Kumar, 2009).

Effective control of weed species in
soybean crops had an important role in
the technology of its cultivation, which is
why herbicides (proven by their efficiency,
easy applicability and quick initial action)
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NOXMMOCT U 6BbP30 UHUUMAIHO AeincTBue)
3aemat Hai-ronsam gsan oT W3Mnos3BaHuTe
nectuuman (Tzi-Bun, 2011;Peer et al.,2013).

MpegnaraHeTo Ha ronsm  Gpoii
xepbuumam Ha nasapa, Kakto u nuncata
Ha CWUCTEMHW MpoyyYBaHWUA 3a TAXHaTa
e(PeKTMBHOCT MpPU KOHKPETHM arpoMeTeo-
pPONOrNMYHM yCNoBUA B 3aBUCUMOCT OT BU-
[OBUA CbCTaB U CTeneHTa Ha 3ansesens-
BaHe Ha CosiTa, MHOr0 YecTo 3aTpyAHsBa
npu n3dopa npomssogutenute. OT gpyra
CTpaHa CUCTEMHOTO BHacsHe Ha xepbu-
unan B NPOW3BOACTBEHUTE M/OWM €
npegnocraBka 3a CUCTEMHO [eicTBally
CcTpecoB hakTop, KOMTO NPSKO M KOCBEHO
Bb3felicTBa BbpXy pacTeHusita (Hristova,
2009; Hristova et al., 2013; Peer et al.,
2013; Goranovska et al., 2014; Georgiev,
2015; Goranovska et al., 2017; Pavlovski
et al., 2017; Georgiev, 2020).

Llenta Ha uscnegBaHeTo e ga ce
yCTaHOBU peakumaTa Ha cos (Glycine max
(L.) Merr.) copT Puum kbm yTBBbPLEHM XEP-
6uLMaY 3a NOYBEHO MPUMOXEHME C LLUMPOK
CMeKTbp Ha JeicTBMe BHECEHW B ONTU-
MasiH1 1 [4BOMHO-3aBULIEHN [03U B YCJI0-
BuATa Ha LleHTpasiHa CeBepHa bbirapus.

MATEPWNANT N METOA4W

N3cnegBaHnAaTta ca  npoBeneHu
npes3 nepuoga 2016-2017 r. B ONUTHOTO
none Ha OnuTHa cTaHuusA nNo cosTa -
MaBnvkeHW BBPXY CPEeLHOU3NYXKEH uyep-
HO3€eM NpY HENOJIMBHU YC/I0BUS.

OnuTbT € 3a/I0KeH Mo 6/1I0KOBUS
MEeTOZ B YeTpK MOBTOPEHNS U FrOflEMUHA
Ha pekonTHa mapuena 5 m’> cbC cos
(Glycine max (L.) Merr.) copT Puun. Mpo-
yUYeHa e CesileKTMBHOCTTa Ha xepbuunanTe
Mapgonpum natoc rong 500 CK (312,5 g/l
S-meTonaxnop + 187,5 g/l TepbyTMN3unH),
Ctomn akBa (455 g/l neHgmmeTasvH),
Cnektpym (720 g/l gumeteHamuna-I) wu
Yunr-Mn (250 g/l gumeteHamung-MN + 212,5
g/l neHgumeTanuH)  NPUNOXKEHN B
onTMMasiHa W [BOWHO 3aBuLIEHa [03a,
cnep centba, npeau MNOHVMKBaHE Ha
kyntypata (BBCH 00) (Hess et al., 1997)
(Tabnuua 1).

occupy the largest share of used
pesticides (Tzi-Bun, 2011 Peer et al.,
2013).

The availability of a large number of
herbicides on the market, as well as the
lack of systematic studies on their
effectiveness  under specific  agro-
meteorological conditions, depending on
the species composition and degree of
weed infestation of soybean crops, very
often manufacturers are difficult to
choose. On the other hand, the
systematic introduction of herbicides into
production areas is a prerequisite for a
systemic stress factor that directly and
indirectly affects plants (Hristova, 2009;
Hristova et al., 2013; Goranovska et al.,
2014; Georgiev, 2015; Peer et al., 2013;
Goranovska et al., 2017; Pavlovski et al.,
2017; Georgiev, 2020).

The aim of the study is to determine
the response of soybeans (Glycine max
(L.) Merr.) variety Ritchie to approved
broad-spectrum  for soil application
herbicides in optimal and dual high doses
in Central Northern Bulgaria.

MATERIAL AND METHODS

The studies were carried out in the
period 2016-2017 in the experimental field
of Experimental Station on Soybean -
Pavlikeni on medium-leached chernozem
under non-irrigated conditions.

The experiment was set up using
the block design method in four
replications and the size of the
experimental plot of 5 m? with soybean
(Glycine max (L.) Merr.) variety Ritchie. It
was  studied herbicide  selectivity
Gardoprim plus gold 500 CK (312.5 g/l S-
metolachlor + 187.5 g/l terbutylzine),
Stomp aqua (455 g/l pendimethalin),
Spectrum (720 g/l dimethenamide-P) and
Wing-P (250 g/l dimethenamide-P + 212.5
g/l pendimethalin) applied at optimal and
dual high dose, after sowing, before
emergence of the crop (BBCH 00) (Hess
et al.,, 1997) (Table 1).
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Tabnumuya 1. BapMaHTy Ha onuTa — Xepoumuman n Ao3n HanpunoxeHume

Table 1. Trial treatments — herbicides and

dose an application

. [o3a, ml/da

BapvaxTn / Variants Dose, mi/da
KoHTpona — HeTpeTupaHa ¢ xepbuuungn, 6e3 nnesenm
Control - untreated with herbicides without weeds
Mapgonpum ntoc rong 500 CK (312,5 g/l S-meTonaxnop + 187,5 g/l TepbyTunsuH) 400
Gardoprim plus gold 500 CK (312.5 g/l S-metolachlor + 187.5 g/l terbutylzine), 800
Ctomn akBa (455 g/l neHgumeTanIvH) 350
Stomp aqua (455 g/l pendimethalin) 700
CnekTtpym (720 g/l pumeteHamung-I) 140
Spectrum (720 g/l dimethenamide-P) 280
YuHr-I (250 g/l aumeTteHamna-M + 212,5 g/l neHauMeTaIvH) 400
\Wing-P (250 g/l dimethenamide-P + 212.5 g/l pendimethalin)

BHacsaHeTO Ha xepbuumgute e
U3BBPLLEHO C rpbbHa npbckayka ,ptp 18*
npu pasxop Ha paboteH pasteop — 30
I/da. NMpocneasiBaHn ca cnegHUTE Nokasa-
Tenn, cbobpasHO MpPOy4YBaHUTE hakTopu
Ha 7, 14, 20, 30 n 45 geH cnef NoHWKBa-
HeTO Ha KynTtypara. ®UTOTOKCUYHOCT Ha
xepbuumante no ckanata Ha EWRS
(European Weed Research Society) (6an
1 — 6e3 noBpean, 6an 9 — HaNBbHO YHU-
LLOXEHW pacTeHus); )usHeHocT (ban O -
Hanb/IHO YHWLLOXEHW pacTeHus, 6an 10
pacTeHusATa ca 6e3 nospeau) (Shinggu et
al., 2009) n pobus Ha cemeHa, kg/da.

B onutute nnowy npes BeretauusATta
Ha KynTyparta, BbB BapuaHTuTe 3a ornpe-
JensHe Ha CefleKTUBHOCTTa Ha Xepbu-
unamTe, BCUYKM Ha/IMYHM Nesenm ca
oTcTpaHsiBaHu pbyHo (King et al., 2001).

MpocnegsBaHn ca arpoMeTeoposio-
rMYHW NokasaTesim - cyma Ha BanexuTte (B
mm) 1 cpefHa MeceyHa TemnepaTypa Ha
Bb3ayxa (B 0C) npes BeretauvoOHHUA
nepuog Ha cosita. 3a XxapakrtepusvpaHe
Ha apugHocTTa npe3 BereTauuMoHHUS
nepuvog, e u3nonssBaH WHAEKCHT Ha de
Martonne (Paltineanu et al., 2007).

MartemaTtuKo-cTaTnucTmyeckarta
006paboTka Ha ekcnepuMeHTa/IHUTe AaHHW €

HanpaBeHa C MporpaMHMa  MNpPOAYKT
STATGRAPHICS Plus for Windows
Version 2.1.

The application of the all herbicides
were conducted with 30 l/da water
solutions using a spreading machine ,ptp
18" with. The following characteristics were
assessed on 7, 14, 21, 30 and 45 day
after emergence of crop. Phytotoxicity on
herbicides, using the 1-9 scale of the
EWRS (European Weed Research Society)
(score 1 — no damage and score 9 —
completely destroyed crop); crop vigour
was determined according to a 11 score
scale, where 0 - completely dead plants
and 10 - very healthy growing plants
(Shinggu et al., 2009) and seed yield, kg/da.

In the test areas during the
vegetation of the crop, in the variants for
determining the selectivity of the
herbicides, all available weeds were
removed manually (King et al., 2001).

Meteorological indicators are taken
into account - the sum of rainfall (in mm)
and average monthly air temperature (in O
°C) during the growing season of the
soybean. To characterize the aridity
during the vegetation period, the de
Martonne index (Paltineanu et al., 2007)
was used.

The mathematical and statistical
processing of the experimental data was
done with the software STATGRAPHICS
Plus for Windows Version 2.1.
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PE3YJITATU N OBCBXXOAHE
AHa/IN3bT HA OCHOBHUTE METEOpO-
NOTMYHW MoKasaTesin Mokasea, 4Ye Konu-
YecTBOTO W pasnpefesieHNeTo Ha Base-
XWUTe npe3 BeretauuoHHWs nepuoj Ha
costa (IV-IX) npes roguHute Ha npo-
yuBaHe (2016-2017 r.) ce pasnuuyaBaT B
CpaBHEHWE CbC CbLUUTE 3a MHOrOroAmLL-
Hus nepuog, (1961-2000 r.) (durypa 1).

N4 e
2 ——enc

1014

(B.B

vl ol [+

a) 2016

b)CpepgHo 3a nepuoga (1964-2000) c)

RESULTS AND DISCUSSION
The analysis of the main
meteorological indicators shows that the
amount and distribution of rainfall during
the growing season of soybean (IV-IX)
during the survey years (2016-2017) are
different from the same for the

multiannual period (1961-2000) (Figure
1).

2017

Average period (1964-2000)
dur. 1. CpegHoMeceyHM Temneparypu Ha Bb3ayXa M MECEYHW CYMU Ha Basex

npe3 BeretaymMoHHUS rnepuog Ha coAta Ha 2016 wn 2017 .

MHOrorogmuwHmnsa nepuog 1964-2000 r.

n cpedHo 3a

Fig. 1. Monthly average air temperatures and monthly precipitation during the
soybean growing season on 2016 and 2017 and the average period 1964-2000.

KonuuecTtBoTO Ha Basexure ce xa-
pakTepuaupa cbC cuiHa BapuabusHocT -
nosuweHne ot +13.8 go +30.8% n NOHU-
XeHune ot -7.3 o -83.8% B cpaBHeHME C
MHOroroguwHmna nepuog 1961-2000 .
npy amnauTyga Ha Banex ot 83.4 (2017
r.) Ao 97.6 mm (2016 r.).

Ot durypa 1 e BugHO, 4e npes
nepuoga Ha npoy4yBaHe Hai-Masiko Kosu-
4ecTBO BasieXx e OTHETEeHO npe3 Meceuute
10211 aBryct Ha 2016 rognHa KoeTo oka3Ba
3a4bpXallo Bb3[eiNCcTBME BbPXY pacTexa
W pa3BuUTMETO Ha cosdTta. [loBuLIEHOTO
KonmyecTso Basiex npes 2017r. B Havan-
HUTE a3 OT pasBUTUETO Ha cofTa
anpun (120.5 mm) n mai (106.0 mm),
Kakto 1 105.9 mm npe3 2016 rognHa ca
npegnocraBka 3a MO-CUeH (PUTOTOKCU-
yeH ediekT Ha xepobuuugn cbabpXKalim
aKTMBHO BELLECTBO NeHANUMETASINH.

Rainfall is characterized by high
variability - increased from + 13.8 to +
30.8% and decreased from -7.3 to -83.8%
compared to multi-year period 1961-2000
at precipitation amplitude of 83.4 (2017) to
97.6 mm (2016).

Figure 1 showed that during the
study period, the least amount of rainfall
was recorded in the months of July-
August 2016, which has a detrimental
effect on the growth and development of
soybeans. Increased rainfall in 2017 in the
early stages of soybean development is
April (120.5 mm) and May (106.0 mm), as
well as 1059 mm in 2016 are
prerequisites for causing a stronger
phytotoxic effect herbicides containing the
active ingredient pendimethalin.
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CpefHomeceyHUTe  Temneparypu
Ha Bb3AyXa Ce OT/N4aBAT C HABHOP-
MasiHu cToliHocTn oT 0.3 go 44 C n
amnautyga ot 8.5 °C (2016 1.) go 12.4 °C
(2017 r.) B cpaBHEHME CbC CTOMHOCTUTE
3a MHOrO-roA1LWHUA Nepuoa.

OueHsiBaikn  KOMM/IEKCHOTO Bb3-
[OeliCTBME Ha HSKOW OT OCHOBHUTE METEO-
posiormyHM paktopy (MeceyHa cyma Ha
Ba/IEX U CPefHOMECEYHUTE TeMMepaTypu
Ha Bb3gyxa), nepuoga Ha MpoyyBaHe
YCMOBHO MOXe fJa ce knacuguumpaT B
age rpynu: 2017 (l,-DM = 33.0 BnaxHa) ¢
OTHOCUTENHO  6/1aronpusATHU  YCNOBUSA,
pokato 2016 (I,-DM = 18.1 nonycyxa) ¢
HebnaronpuATHW YCNOBMSA MO OTHOLLEHWNe
6uoNorMyHMTE  M3UCKBaHWSA Ha cosTa
(durypa 1 n 2).

lar-Cotd

The monthly average air
temperatures differ from the above normal
values from 0.3 to 4.4 °C and the
amplitude from 8.5 °C (2016) to 12.4 °C
(2017) compared to the values for the
multiannual period.

Estimating the complex effect of
some major meteorological factors
(monthly rainfall and monthly average air
temperatures), the study period can be
conditionally classified into two groups:
2017 (I-DM = 33.0 humid) with relatively
favourable conditions, whereas 2016
(I4ZDM = 18.1 semi arid) with
unfavourable conditions as regards the
biological requirements of soybeans
(Figure 1 and 2).

B201E B2)17 0°964-2000

[ W Wl

BusyasnHute otuutaHus B 6HasioBe
3a ycTaHoBsIBaHe (DMTOTOKCUYHOCTTa MO
ckanata Ha EWRS nokasBart, ye xepbou-
umante Tapgonpum nuoc rong 500 CK
(312,5 g/l S-metonaxnop + 187,5 gl
TepbytnnsmH) un Cnektpym (720 g/l
anveTteHamua-I) BHeceHW B ONTUMAsIHM
1 [BOMHO-3aBULUEHM [03M Ca C MHOMo
pobpa cenektusHocT (6an 1). npu TecTea-
HUsE COpT cosl - Puum npes rognHuTe Ha
npoyuysaHe (Tabnuua 2).

Wil Wl ¥

; lié-I3
our. 2. AapungHocTt (I,-DM) npe3 BeretauuMoHHUA nepuos Ha codAta Ha 2016 wn
2017 r. n cpegHO 3a MHOroroguMwHmMAa nepuog 1964-2000 r.

Fig. 2. Aaridity (lar-DM) during the soybean growing season on 2016 and 2017
and the average period 1964-2000

Visual readings on the scale of
EWRS phytotoxicity scores indicate that
Gardoprim plus Gold 500 CK herbicides

(3125 g/l S-metolachlor 187.5 g/l
terbutilzine) and Spectrum (720 g/l
dimethenamide-P) aplicated in optimal

and dual high doses have very good
selectivity (score 1) for the tested soybean
variety Richie during the years of study
(Table 2).
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Tabnuua 2. CenekTMBHOCT Ha XepbuuuanTe KbM Cost COPT PUUM 1 KN3HEHOCT Ha

KynTypaTa

Table 2. Selectivity of herbicides to soybean variety Richie and crop vigour

- Xep6uLmam Lo3a dutoTokenyHocT / Phytotoxicity >XusneHoct / Crop vigor

£38 Herbicides (D‘;Ze) 7 114| 20 | 30 | 45 | 7 | 14 | 21 | 30 | 45
2 E mlida I DAT|DAT| DAT | DAA | DAT | DAT | DAT | DAT | DAT | DAT
rapgonpvm natoc rong 500 CK | 400 |1.0]1.0] 1.0 1.0 1.3 100 | 100 | 100 | 100 95
Gardoprim plus gold 500 CK 800 [1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Ctomn akBa Stomp aqua 350 |1.0|10] 1.0 2.7 1.7 100 | 100 | 100 75 95

& |Cromn akBa Stomp aqua 700 |25|25| 46 6.8 5.8 75 75 75 65 55
& [Cnextpym Spectrum 140 |1.0]10]| 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
CnekTpym Spectrum 280 |1.0|1.0]| 1.0 1.0 15 100 | 100 | 100 | 100 95
Yunur-Nn wing-P 400 [1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Yuur-Nn wing-P 800 [2.0|2.0] 2.0 2.0 2.0 80 80 80 80 80
rapgonpvm natoc rong 500 CK | 400 |1.0]1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Gardoprim plus gold 500 CK 800 [1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Ctomn akBa Stomp aqua 350 |1.0|10] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100

™ |Cromn akBa Stomp aqua 700 |3.0[3.0| 3.0 2.0 2.0 70 70 70 80 85
Q [Cnektpym Spectrum 140 |1.0/10| 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
CniekTpym Spectrum 280 |1.0|1.0]| 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Yur-Nn wing-P 400 |1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Yuur-Nn wWing-P 800 |1.0/2.0] 2.0 1.0 1.0 100 80 80 100 | 100
rapgonpum natoc rong 500 CK | 400 |1.0]1.0] 1.0 1.0 1.2 100 | 100 | 100 | 100 | 975
Gardoprim plus gold 500 CK 800 [1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
™~ |Cromn aksa Stomp aqua 350 |1.0|10] 1.0 1.9 1.4 100 | 100 | 100 | 87.5 | 975
g. Ctomn akBa Stomp aqua 700 | 28|28 3.8 4.4 3.9 725 | 725 | 725 | 725 70
€ |Cnektpym Spectrum 140 |1.0|1.0]| 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Q [Cnektpym Spectrum 280 |1.0|1.0]| 1.0 1.0 1.3 100 | 100 | 100 | 100 | 975
Yuur-Nn wWing-P 400 |1.0/1.0] 1.0 1.0 1.0 100 | 100 | 100 | 100 | 100
Yuur-Nn wWing-P 800 [15]2.0] 2.0 1.5 1.5 90 80 80 90 90

Neranpa: DAT — gHu cnep TpeTupare Legend: DAT — day after treatment

M3knoueHne ce ycTaHOBsIBa BbB An exception is found in the

BapriaHTUTe TPeTMPaHu C ABONHO-3aBULLEHU
no3un npn Ctomn AkBa N YuHr-l, kbaeto
ce oTyMTa yMepeH A0 CpeaHo cunieH u-
TOTOKCU4YeH edpekT (6an 2-6.8), nspasasawym
Cce B CKbCABaHe W yaebensBaHe Ha Hep-
Batypara, naicupaHe v [op3asiHO 3aBu-
BaHe B OCHOBaTa Ha /sictara C XJ/10po-
TUYEH BeHeL, Mo nepudepusata M. Ycra-
HOBfIBA Ce WM30CTaBaHe B pacTexa Ha
pacTteHusiTa - CTe6/10TO € CKbCEHO U JIEKO
yae6enieHo. AHa/IOTUYHM ca U NOMyYeHuTe
pe3ynTaTn B ekcnepumaHtasiHata pabota
Ha Stoyanova et al. (2016), cnopef KouTo
npunaraHeTo Ha xepouuuan AdyanoH
45CK (300 1 600 ml/da) n Ctomn 330 EK
(400 »n 800 ml/da) B onTMMasIHN 1 ABOWHO-
3aBULLIEHN [03M He npeamnsBukeat unTo-
ToKcumyeH edpekT, gokato 3eHkop 70 BI,
npunoxeH B pgosa 160 g/da, nposiBsaBa
HeraTuBeH ediekT BbpXy MLWEHUYHUTe
pacTeHus, u3spasssall, ce B 3afbpxaHe
Ha pacTexa W pa3BUTUETO WM, KaKTo "
npopexaaHe Ha nocesuTe.

variants treated with dual high doses at
Stomp aqua and Wing P, which reports a
moderate to moderate phytotoxic effect
(score 2-6.8), resulting in shortening and
thickening of the nervature of leaves,
pleating and dorsal twisting at the base of
leaves with a chlorotic crown at their
periphery. It was found growth retardation
of the plants - the stem is short and
slightly thickened. The results obtained in
the experimental work of Stoyanova et al.
(2016), according to which the application
of herbicides Afalon 45 SK (300 and 600
ml/da) and Stomp 330 EC (400 and 800
ml/da) in optimal and dual high doses do
not produce a phytotoxic effect, whereas
Sencor 70 WG applied at a dose of 160
g/da, has a negative effect on wheat
plants, which results in retardation of
growth and development, as well as
thinning of crops.
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OT aHa/IM3bT Ha JaHHUTE e BUAHO,
ye npu npunaraHeto Crtomn Aksa B
[OBOliHO-3aBUuIWIEHa pgo3a 7 (DAT) AHm
cnep TpetupaHeTo B roguMHu gobpe obes-
neyeHun ¢ Banexu (2017 r.) B nepuoga Ha
centba (BBCH 00) n HavyanHMTe eTanun oT
pasBuTMeTo Ha cosAta (BBCH 11-13)
npeanssnkea cnab PUTOTOKCUYEH ediekT
(6an 2-3) BbpXY KynTypara.

C yAb/mKaBaHe nepuoja  Ha
Beretaumsa - 21 po 45 (DAT) peHa cnep
TpetnpaHeto DATce ycrtaHoBsiBa no-
cuneH cmToTokenyeH edoekt (6an 4.6-6.8)
nspassBsall, ce B JIECHO pa3no3Hasally ce
CUMMTOMW Ha X/10po3a W U3ocTaBaHe B
pactexa Ha pacTeHusTa. B roguHun c
OTHOCUTE/IHO MO0-M&aJ/IKO KOJSIMYeCTBO Ha
Basniex (2016 r.) B KpuTu4HMTE hasn OT
pasBuMTVeTOo Ha conATa, HabngasBaHaTa
cuMmnTomatvka ce 3anassa (6an 2-3),
KOAITO Ha MNO-KbCeH eTan 4YacTU4YHO ce
npeogonsea. HosonosBunute ce ucra
ca 6e3 BMAMMWU WM3MEHEHWs OT Bb3feli-
CTBMETO Ha Xepbuumaa, KoeTo Moxe fa
6bae 065CHEHO C peayumpaHoTO KOou-
4YeCcTBO Ha Ba/lex B MO-KbCHWUTE (ha3u oT
pa3BMTMETO Ha KynTypara.

[BYKOMMNOHEHTHUAT LUMpOKOCNEK-
TbpeH  xepbuumg  Ywuwr-n (250 g/l
anveteHamug-IN + 2125 g/l neHgumeTanuH)
NPUIOXEH B ABOMHO-3aBMLLIEHA A03a npe-
an3BukBa cnab uUTOTOKCMYEH edpekT
npes nepuoja Ha npoy4ysaHe (6an 2). [o
Kpas Ha BeretauusTa Ha cosTa ce 3anas-
Ba AudbepeHumaumsaTa mexay craHgapt-
HO NpuoXeHa 1 [BOMHO-3aBuLLIEeHa [03a
xepbuung. AHasIorMyHK ca u nonyyeHuTe
pesyntatm npu npocfeasBaHe XusHe-
HoCTTa Ha kyntypara (Tabnvua 2).

EdhektbT OT npunoxeHute xepbu-
unamn, oTuMTaH Mo OTHOLEHMe Ha gobusa
OT COeBO 3bpPHO Bapupa NO rOAUHW B
OTHOCUTE/IHO TecHM rpaHuum (durypa 3).

The analysis of the data shows that
with the application of Stomp aqua in dual
high doses 7 (DAT) days after treatment
in years well covered with rainfall (2017)
during the sowing period (BBCH 00) and
the initial stages and development of
soybean (BBCH 11-13) produces a weak
phytotoxic effect (score 2-3) on the crops.

By extending the growing season -
21 to 45 (DAT) days after soybean
treatment, a stronger phytotoxic effect
(score 4.6-6.8) is manifested in easily
recognizable symptoms of chlorosis and
retardation in plant growth. In years with
relatively less rainfall (2016) in the critical
growth stage of soybean development,
the observed symptoms are remain (score
2-3), which is later partially overcome.

The newly emerged leaves are free from
visible changes from the effects of the
herbicide, which can be explained by the
reduced amount of rainfall in the later
stages of crop development.

The two-component, broad-
spectrum herbicide Wing-P (250 g/l
dimethenamide-P + 212.5 g/l pendimethalin)
applied in dual high doses caused a slight
phytotoxic effect during the study period
(score 2). Until the end of soybean
vegetation, the differentiation between
optimal and dual high applied doses
herbicide is maintained. The results
obtained in tracing the viability of the
culture are similar (Table 2).

The effect of the applied herbicides
reported on soybean grain yield varies by
years within relatively narrow limits
(Figure 3).
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Nerexpa: GPG - lapgonpum natoc rong 500 CK (312,5 g/l S-meTonaxnop + 187,5 g/l TepbyTunsut); SA - CTomn aksa
(455 g/l neHgumeTanuH); SP - CnekTpym (720 g/l gumeTenamug M); UP - Yunr-N (250 g/l gume TeHamma-M + 212,5 g/l
neHgume TannH); % Ct — O THOCUTENeH [o6MB, MPOLEHT OT KOHTPO/IHWA BapuaHT; a, b, ¢ — CTaTUCTUYECKN oKa3aHu

pasnviku npu P=0.05.

Legend: GPG - Gardoprim plus gold 500 CK (312.5 g/l S-metolachlor + 187.5 g/l terbutylzine); SA - Stomp aqua (455 g/l

pendimethalin); SP - Spectrum (720 g/l dimethenamide P); UP -

Wing-P (250 g/l dimethenamide-P + 212.5 g/l

pendimethalin); % Ct — relative yield, percentage of control variant; a, b, ¢ - statistically significant differences at P = 0.05. .
dur. 3. BnusHmne Ha NpuUIoXeHnTe onTUMasiHn " ,EI,BOVIHO 3aBulleHn [03n
Xep6I/IL|,I/I,EI,VI BbpPXYy ,q06|/|Ba OT CO€EBO 3bPHO

Fig. 3. Influence of the applied optima
soybean yield

CpepgHo 3a nepmoga Ha npoyyBaHe
[O6GMBBT OT COEBO 3bPHO € rpaHuumTe OT
145.8 po 200.4 kg/da, kato pefyumpaHeTo
Ha go6buBa e B Auana3oHa (ot -0.8 go
-18.1% un o1 +0.1 0012.6%) B cpaBHEHUE
C KOHTPO/IHWA BapuaHT — HeTpeTupaHa
KOHTpona (6e3 nneBenu npes uenus sere-
TaUMOHEH nepuog Ha KynTyparta). Haii-
BMCOKWN CTOMHOCTU MpuW TO3M Nokasartes ce
oTyMTaT BBB BapuaHTMTe TpeTUpaHu C
onTUmanHu f[osn xepbuuymam 176.6 Ao
200.4 kg/da, gokato npu NPUNOXeHNe Ha
[BOWHO 3aBuWLUIEHKW, pefyuMpaHeTo Ha
pobuea e B gnanasoHa ot 145.8 o 178.8
kg/da (ycTaHOBEHOTO HamasieHue Ha fAo-
6uBa Bapupa oT 2.5 o 18.1%). MNpwuno-
XEHUTE ABOVHO-3aBULLIEHN 03K Ha CToMN
AkBa 1 YuHr-l1 npegmssukeat cratnctuyec-
KN aokasaH nHxnobupauy, edekt npu dop-
MUpaHe Ha fo6mBa OT COEBO 3bPHO.

EkcnepumeHTaniHUTe pesyntatu no-
KasBar, 4e BCUYKMN Xepouuman npuioxeHu
B ONTUMasIHA [03W He OkasBaT B/MSHUE
BbPXY DOPMMpPAHETO Ha Ao6KBa OT COEBO

| and dual high doses herbicides on

Average for the study period
soybean grain yield ranges from 145.8 to
200.4 kg/da such as yield reductions in
the range (from -0.8 to -18.1% and from
+0.1 to 12.6%) compared to the control
variant - untreated control (no weeds
throughout the growing season).

The highest values for this indicator are
reported in the variants treated with optimal
doses of herbicides 176.6 to 200.4 kg/da,
while in the case of applied dual high
doses of herbicides, the reduction of yield
is in the range 145.8 to 178.8 kg/da (the
observed decrease in vyield varies from
2.5 to 18.1%). The applied dual high
doses of Stomp aqua and Wing-P induce
a statistically significant inhibitory effect in
the formation of soybean grain yield.

The experimental results obtained
show that all applied herbicides at optimal
doses do not influence the formation of
soybean grain yield and are independent
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3bPHO M HE 3aBUCAT OT KOJIMYECTBOTO U
pasnpefeneHneTo Ha BaexuTe B Kpu-
TUYHWUTE (ha3nu OT pasBUTUETO Ha KyITy-
paTta. Bbnpeku pasnmumeto B CTOAHOCTK-
Te Ha TO3U nokasartes No roAvHW, nopagu
pasnnMuneTto B  arpoMeTeoposIorNyHUTE
YC/I0BUSA, TEHAEHUMUSTA MEXAY OTAE/THUTE
BapuaHTK ce 3anasBa. PegyuupaHeTo Ha
fo6uBa OT COEeBO 3bpPHO MOXe jga ce
06SICHM OT efiHa CTpaHa C KOsIM4ecTBOTO U
pasnpedeneHneTo Ha  Banexute B
KpUTMYHUTE hasn OT pas3BUTUETO Ha
KynTypata W OT gpyra c dm3nyHaTa
OCHOBa  Ha  CefIeKTMBHOCTTa  Mpu
TecTBaHUTE xepouungm.

N3BOAN

Bucokata CenekTMBHOCT Ha [ABY-
KOMNOHEHTHMA  Xepbuung  Mapgonpum
nntoc rong 500 CK (312,5 g/l S-meTona-
xnop + 187,5 g/l Tepbytnn3nH) n Cnek-
Tpym (720 g/l gumeTteHammg-I) nossons-
BaT M3N0N3BAHETO UM [ABONHO-3aBULLEHN
0031 3a 6opba c nnesenute NpuM CMeceH
TVN Ha 3annesensBaHe npu cos (Glycine
max (L.) Merr.) copT Puun npu kouto ce
nosyyaBaT MNpakTUyYeckn 6/IM3KM J06MBU
(ycTaHOBEHOTO HamasieHme Ha fJobusa
poctura o 9.4%) B cpaBHEHME C KOH-
TPONHWA BapuaHT 6e3 naeBenu npes ue-
M BereTaLMoHeH Nepuog, Ha KyTypara.

BHacsaHeTo Ha Ctomn akBa (455 g/l
neHgumeTanuH) u  Yuur-n (250 g/l
anveteHamug-I + 2125 g/l neHgumeTanuH)
B CTaHgaptHu pos3u (350 n 400 mi/da) He
npeau3BukBaT QUTOTOKCUYEH edhbekT npwu
coa copt Pwun. TllpunaraHeto M B
[BOWNHO-3aBULLEHN [03U  Npeav3BuKBaT
PUTOTOKCUYEH eDEKT C /IECHO pa3no3Ha-
BallM Ce CUMMTOMU Ha Uu30CTaBaHe B
pactexa u gedopMauuss Ha McTHaTa,
KOMTO Ha MO-KbCEH eTan OT pa3BUTMETO
Ha cosTa YacTUYHO Ce NPeoaosisBa.

Ctomn akBa (455 g/l neHgumeTanunH)
NpUIOXeH B ABOIHO-3aBlLLIEHA [103a OKa3Ba
PUTOTKCUYEH edeKT MpU TECTBaHWSA COPT
cost Puun n pepyuympa (ot 4.2 po 32.3,
cpegHo 18.1%) pgobuBa OT COEBO 3bPHO
npes3 roavHuTe Ha npoy4ysaHe.

of the amount and distribution of rainfall in
the critical growth stages of crop
development.

Despite the differences in values of this
indicator by years, due to the differences
in agrometeorological conditions, the
trend between the different study variants
remains. The reduction in soybean yield
can be explained on the one hand by the
amount and distribution of precipitation in
the critical phases of crop development
and on the other hand by the physical
basis of the selectivity for the tested
herbicides.

CONCLUSIONS

The high selectivity of the two-
component herbicide Gardoprim plus
Gold 500 SK (312.5 g/l S-metolachlor +
187.5 g/l terbutylzine) and Spectrum (720
g/l dimethenamide-P) allow their use of
dual high doses for weed control in a
mixed type of weed infestation in
soybeans (Glycine max (L.) Merr.) variety
Ritchie wherein are formed practically
similar yields (established yield reduction
up to 9.4%) compared to the control
variant - no weeds throughout the growing
season of the crop.

The applied of Stomp aqua (455 g/l
pendimethalin) and Wing-P (250 g/l
dimethenamide-P + 212.5 g/l
pendimethalin) at standard doses (350
and 400 ml/da) did not produce a
phytotoxic effect on soybean variety
Ritchie. When applied in dual high doses,
they produce a phytotoxic effect with
easily recognizable symptoms of growth
retardation and leaf deformity, which are
partially overcome at a later stage of
soybean development.

Stomp aqua applied in dual high
doses has a phytotoxic effect on the
tested soybean variety Ritchie and
reduces (from 4.2 to 32.3, average
18.1%) the yield of soybean grain during
the years of study.
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PE3IOME

Mpe3 nepuopa 2015-2017 rognHa B
ONWTHOTO Nosie Ha VHCTUTYT no doypaxHute
KynTypu - NneBeH e n3sefeH paHLoMU3M-
paH Nosckv ONuT 3a YCTaHOBSABaHEe cenek-
TUMBHOCTTa Ha Xxepbuunan 3a BereTalmoH-
HO npunoxeHue B Tpn fo3m Akypar 60 Bl
(600 g/kg metcyndypoH metunn) — 5.0,
10.0 n 15.0 g/ha, Anaii Makc (45 gl
nuHokcageH + 5 g/l dpnopacynam) — 17.5,
35.0 n 52.5 g/ha, Akcnan EgHo (45 gl
nuHokcageH + 5 g/l donopacynam) — 350,
700 n 1050 g/ha, basuc 75 4d (250 g/kg
TugpeHecynpypoH metun + 500 g/kg
pumcyndypoH) — 12.0, 24.0 n 36.0 g/ha,
Urbn 75 Bl (750 g/kg xnopcynddypoH) —
10.0, 20.0 u 30.0 g/ha n Macudmka BIr +
Bruonayebp (30 g/kg Me3ocyngypoH-
meTtun + 10 g / kg nsocyndypoH-meTun
HaTpuin + 90 g/kg medheHnnp -ameTnn) —
175 g/ha + 350 ml/ha, 350 g/ha +700
ml/ha n 525 g/ha +1050 ml/ha. OnuTbLT €
u3BefeH no nepneHguKyNApHUS MeTof,
Npu HENoJsIMBHU YC/I0BUSA C TPBCTUKOBUA-
Hata Bracatka (Festuca arundinacea
Schreb.) copT AnbeHa.

YcTaHOBEHO €, 4e xepbuungute
Akypat 60 Bl — 10 g/ha, Anaii makc —

SUMMARY

During the period 2015-2017 in
Institute of forage crops - Pleven was
conducted a randomized field experiment
with  establishing the selectivity of
herbicides for post emergence application
applied in three doses of Accurate 60 WG
(600 g/kg metsulfuron methyl) - 5.0, 10.0
and 15.0 g/ha, Ally Max (45 g/l pinoxaden +
5 g/l florasulam) - 17.5, 35.0 and 52.5
g/ha, Axial One (45 g/l pinoxaden + 5 g/l
florasulam) - 350, 700 and 1050 g/ha,
Basis 75 DF (250 g/kg tifensulfuron methyl +
500 g/kg rimsulfuron) - 12.0, 24.0 and
36.0 g/ha, Eagle 75 WG (750 g/kg
chlorosulfuron) - 10.0, 20.0 and 30.0 g/ha
and Pacifica WG + Biopower (30 g/kg
mesosulfuron-methyl + 10 g/kg isosulfuron-
methyl sodium + 90 g/kg mefenpyr-
diethyl) - 175 g/ha + 350 ml/ha, 350 g/ha
+700 ml/ha and 525 g/ha +1050 ml/ha.
The experiment was performed by
perpendicularly method in non-irrigating
conditions with tall fescue (Festuca
arundinacea Schreb) variety - Albena.

It was found that: Herbicides
Accurate 60 VG - 10 g/ha, Ally Max - 35.0

163



35.0g/ha n Urbn 75 Bl (750 g/kg xnop-
cyndopoH) — 20.0g/ha npunoxeHn BbB
(pasa BBCH 12-13 B rognHata Ha Cb3-
[JaBaHe Ha nocesa U B CEMENPOU3BOAHM
nocesn (BBCH 21-24) ca c Bucoka cenek-
TMBHOCT KbM TpacTUKOBMAHA Bnacatka
copT AnbGeHa M He oOkas3BaT BUSHME
BbpXy fo6uBa Ha dpypax n cemeHa u Mo-
rat Aa ce npwnarat 3a 6op6a C LIMPOKO-
NMCTHU nnesenwn. MNpy cmeceHo 3anssBe-
NsiBaHe C e[HOrOAMLLIHM XWUTHU NAeBesnu,
B T. Y. AUB OBEC U LUMPOKONINCTHU MNieBe-
N, KakTo MU cNnabouyyBCTUTENHU NEBESM
Ha XOpPMOHONOA4O6HM Xepbuuman 3a
6opba c nnesenuTe Npu TPbCTUKOBUAHA
Bnacatka (Festuca arundinacea Schreb.)
MOXe f[a ce W3NoN3ea, ABYKOMMNOHEHT-
HUAT CenekTnBeH xepbuung Akcuan EgHo
B go3a — 700 ml/ha.

KniouoBn aymn:  TpbCTUKOBUAHA
Bnacartka, xepbuunan, 6uonormyeH edpekr

YBO/,

®ypaxonpon3BoACTBOTO, KakTo Y
Hac, Taka 1 B 4yxbuHa e euH OT BoJelumTe
oTpac/iM B CbBPEMEHHOTO 3emejesnve
(Capstaff and Miller, 2018). 'no6anHoTo
3aTon/istHe Ha kaumarta W HapacTHas10To
notpebsieHne Ha oypaxu B XMBOTHOBBSA-
CTBOTO, 06ycnaeAT HeobxogumocTTa OT
n3non3saHe Ha BUCOKOAOOWMBHW, CTpec-
TONepaHTHM Ha abuoTUYHM haKTopy MHOrO-
TOAVLIHN XUTHWU OypaskHW TpeBwu. TpbCTU-
KoBugHata BnacaTtka (Festuca arundinacea
Schreb.) 6naropapeHve Ha Bucokata cwu
61ON0TMYHA U eKOSTOTMYHA NAACTUYHOCT € C
WKOHOMMYECKO 3HauyeHwe npy npou3BOA-
CTBOTO Ha dypax (CeHo un cuiax) 3a
arpoknMmaTtuyHuTe ycnosusi Ha LleHTpanHa
n CesepHa EBpona. V3nonssa ce 1 kaTo
OCHOBEH KOMMOHEHTM npu Ccb3gaBaHe Ha
U3KYCTBEHW NMBaaW W nacua, ycTtonumsa
Ha 4YecTo KoceHe W u3nacsaHe (Hannaway
et al.,, 1999; Kir et al.,, 2010 n Gep and
Wang, 2015). Mpe3 2010 r. € B UHCTUTYT NO
dypaxHute Kyntypu, MNneseH e cb3gafeH
NbpBUAT 3a bbarapus copT TPbCTUKOBUA-
Hata Bracatka (Festuca arundinacea
Schreb.) — An6eHa.

CopTbT ce xapakrepusvpa C MHOro
BMCOKa YCTOMYMBOCT 3a noBeye OT gecet

g/ha and Eagle 75 WG (750 g/kg
chlorosulfuron) - 20.0 g/ha applied in the
growth stage BBCH 12-13 in the year of
sowing and in the seed productions of
crop (BBCH 21-24) are selective for the
tall fescue (Festuca arundinacea Schreb.) -
variety Albena, do not affect the yield of
feed and seeds and can be used to
control dicotyledonous weeds.

When mixed weed infestance with annual
weeds, including wild oats and
dicotyledonous weeds, as well the slightly
sensitive weeds to hormone-like
herbicides for weed control at tall fescue
(Festuca arundinacea Schreb.), can be
used, two-component selective herbicide
(Axial One applied at dose - 700 ml/ha).

Key words: tall fescue, herbicides,
biological effect

INTRODUCTION

Forage production, both at home
and abroad, is one of the leading
industries in modern agriculture (Capstaff
and Miller, 2018). Global climate warming
and increased livestock feed consumption
necessitate the use of high yielding,
stress-tolerant of abiotic factors perennial
cereal feed grasses.

Due to the high biological, ecological
plasticity, tall fescue (Festuca
arundinacea Schreb.) had economically
important in the production of fodder (hay
and silage) for the agro-climatic conditions
of Central and Northern Europe. It is also
used as a major component in the
creation of artificial meadows and
pastures, resistant to frequent mowing
and grazing (Hannaway et al., 1999; Kir et
al., 2010 and Gep and Wang, 2015).
During 2010 in Institute of forage crops —
Pleven was created the first for Bulgaria
variety tall fescue (Festuca arundinacea
Schreb) - Albena.

The variety Albena is characterized
by a very high persistence for more than
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roAVHW, MpasoycToluMB W ToNepaHTeH
KbM NPeOoBNaXHABaHe Ha noysaTta.

Bopb6aTta cpelly nnesenuTe 3aema
BaXKHO 3BEHO B TEXHOJIOTMATA Ha oTrexsja-
He Ha TPbCTMKOBUAHATA Bacatka (Festuca
arundinacea Schreb.) (Dimitrova, 1984; Cole
and Olstad, 2004; Harinder et al., 2006).

Cnopeg npoyyBaHusitTa Dimitrova
(1984), Raeside et al. (2012) n Jusoh
(2013) TunuuHa 6uonorMyHa ocobeHocT
Ha TPbCTMKOBUAHATA BfiacaTka u gpyrute
BMOBE MHOFOrOAMLIHN TPEBU € 6aBHUS
TeMn Ha HapacTBaHe B roguHaTa Ha
Cb3faBaHe Ha MoceBa W CcuiHaTa 4yB-
CTBUTE/IHOCT Ha 3anseBefisiBaHe B roau-
HaTa Ha (popmupaHe Ha cemeHa. B To3um
nepuog oT pasBUTUETO CU, TPBCTUKOBUA-
HaTa BfacaTka € CWHO 4yBCTBUTENHA
KbM KOHKYPEHTHOTO Bb3AelCcTBMNe Ha ne-
Be/IMTe, KOETO W3MCKBA W3BEXAaHe Ha
epekTMBHa 6Gopba cpelly nnesenuTe.
ETo 3awo cb3gaBaHeTo Ha Aobpe ynabT-
HEHM MocesBu C Aobpa NAbTHOCT € npej-
rnocTtaBka 3a NpOM3BOACTBOTO Ha BUCOKO-
KayecTBeHN hypaxu u cemeHa. Bcuuko
TOBa Hanara M3BbpLUBAHE HA CUCTEMHM
npoyyBaHUs 3a ycTaHOBSIBaHE Ha xepbu-
unam npegnaraHn Ha nasapa c BUCoka ce-
NEKTUBHOCT KbM TPbCTUKOBUHA BracaTtka.

CenexkTMBHOCTTA Ha xepbuumamn
npM npv TPbCTMKOBMAHA Bacatka B
CBETOBEH Mallab e 4yaCTMYHO NpoyyeHa
Young et al (1999), Mueller-Warrant and
Rosato (2005), a y Hac ca KpaiiHO orpaHu-
yeHun Dimitrova (1984).

Llenta Ha npoyyBaHeTo e pga ce
onpefenaT cenekTMBHu xepbuuman npu
TPBCTUKOBMAHA Bnacarka (Festuca
arundinacea Schreb.), 3a 6opb6a cpelly
naeBenuTe Npu NPou3BOACTBO Ha diypax
N CEMEHa.

MATEPVAJT N METOOU

Mpes3 nepuopga 2015-2017 r. B onuT-
HOTO nosie Ha VIHCTUTYT no pypaxHute
KynTypu - FneBeH BbpXy €1abo n3nyxeH
yepHo3eM e u3BefeH MNOJICKM OnuT npu
HEenosiMBHM ycnosua. ONUTBT € 3as10XKeH
no nepneHavKynsipeH meToq B Tpwu
NMOBTOPEHUA C rOfIeMMHa Ha pekonTHara

ten years, winter hardiness, and tolerant
of soil moisture.

Weed control had an important role
in technology of growing of tall fescue
(Festuca arundinacea Schreb.)
(Dimitrova, 1984; Cole and Olstad, 2004;
Harinder et al., 2006).

According to studies Dimitrova
(1984), Raeside et al. (2012) and Jusoh
(2013) a typical biological property of tall
fescue, and other members of the group
of perennial grasses, is slow growth and
development during the year of stand
establishment and highly sensitive to
entanglement for weed infestant during
seeds formation. In that periods, they are
low competitiveness to weeds and very
sensitive to weed infestans. During this
period of development, tall fescue is
highly sensitive to the competitive effects
of weeds, which requires effective weed
control. Therefore, the creation of well-
compacted crops with good density is a
prerequisite for the production of high-
quality forage and seeds. All of this calls
for systematic studies to identify
herbicides on the market with high
selectivity to tall fescue.

The selectivity of herbicides to tall
fescue worldwide has been partially
explored Young et al (1999), Mueller-
Warrant and Rosato (2005), and are
extremely limited in our country Dimitrova
(1984).

The purpose of the study was to
determine selective herbicides of tall
fescue (Festuca arundinacea Schreb.) to
weeds control in the production of feed
and seeds.

MATERIAL AND METHODS

During the period of 2015-2017, a
study was conducted in the experimental
field of the Institute of Forage Crops -
Pleven on a slightly leached chernozem
soi under non-irrigating conditions. The
experiment was set up using the
perpendicular method and the size of the
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napuena 5 m® ¢ TPbCTUKOBUAHA BNacaTka
(Festuca arundinacea Schreb.) copt
An6eHa. BapuaHTUTe Ha onuMta ca
npeactaseHn B Tabnvua 1.

treatment plot of 5 m® with tall fescue
(Festuca arundinacea Schreb.) variety
Albena. Treatments of the trial are shown
in Table 1.

Tabnuua 1. BapnaHTu Ha onuTa - Xepbuumam n 4o3a Ha NpuIoXKeHne
Table 1. Variant of trial — herbicides and doses of application

Xep6uuuan/Herbicides

[osa/Dose, mi(g)/ha

Control (untreated) K, / KoHTpona (HeTpeTwupaHa) K,

IAkypaT 60 BI'  [600 g/kg meTcyndypoH metun 5 10 15
IAccurate 60 WG 600 g/kg metsulfuron methyl

IAnain Makc 45 g/l nuHokcageH + 5 g/l pnopacynam 175 35 505
Ally Max 143 g/kg metsulfuron + 143 g/kg tribenuron methyl ) )
IAkcvan EgHo 45 g/l nuHokcageH + 5 g/l pnopacynam

Axial One 45 g/l pinoxadene + 5 g/l florasulam 350 700 1050
Basuc 75 AP 250 g/kg TucbeHcyndpypoH meTtun + 500 g/kg pumcyndypoH 12 24 36
Basis 75 DF 250 g/kg thifensulfuron methyl + 500 g/kg rimsulfuron

Wrbn 75 Bl 750 g/kg xnopcyndypoH 10 20 30
Eagle 75 WG 750 g/kg chlorsulfuron

Macudpmka Bl + (30 g/kg me3ocyndyypoH-meTtun + 10 g / kg nsocyndypoH-

Buonayb, MeTuna Hatpuin + 90 g/lkg MedbeHnup -aueTnn

Pacific); V?/G + (30 g/kg mepsosulfum%-n?ethﬁ +10 g/kpé odosulfuron-methyl 175+350 |350+700 525+1050
Biopower sodium + 90 g/kg mefenpyr-diethyl

XepouumgHuTe U3non3BaHu B Npo-
y4BaHETO B MOCOYEHUTE [03M Ca peruc-
TpupaHun B bbnrapus 3a 6opba cpelly
LWNpoKoNnCTHN nnesenn: Akypatr 60 Bl
(600 g/kg meTcyndpypoH meTun), Anai
Makc (143 g/kg meTtcyndoypoH + 143 g/kg
TPUOEHYPOH MeTW), C KOMMJIEKCHO AeW-
CTBME Cpelly eAHOTOMWHN W LUMPOKO-
JINCTHW NIEBENN B T.4Y. YCTOYMBU Ha XOp-
MOHoNoao6HUTE xepbuunan Urbn 75 BI
(750 g/kg xnopcyndypoH), BKIUNTESTHO
n cpewy ame oec (Avena fatua L.)
Akcvan EgHo (45 g/l nuHokcageH + 5 gl
nopacynam), basuc 75 AP (250 g/kg
TudgpeHcynpypoH metun + 500 g/kg
pumcyndypoH) u Macucpmka BIK (30 g/kg
mezocyndgypoH-metun  + 10  g/kg
nsocyndypoH-metun Hatpuini + 90 g/kg
MedpeHnup-gmneTun) + buonaybp npwu
oTrexgaHe Ha 3bPHEHO-XUTHU KyNTypw.

CeunTbata Ha TPbCTUKOBMAHA Bna-
catka (Festuca arundinacea Schreb.) copT
AnbeHa e u3BbpLUEHA paHo nposeTTa
(MapT-anpua) npu MexaypefoBo pPascTos-
Hue 36 cm npu centbeHa Hopma 40-45
kg/ha. N3BbpLlUEHO e 3anacsaBallo TOpeHe ¢
P,0s — 100 kg/ha and N — 120 kg/ha (¥2 npes3
nposieTTa + ¥ eceHTa Ha cbliata roamHa).

TpeTuupaHaTo € W3BBbPLIEHO BbLB

The herbicidal formulations used in
this study at the indicated doses were
registred for weeed control in cereal-grain
grown crops in Bulgaria with herbicide
action against broadleaf weeds including
these resistant to the herbicides: Accurate
60 WG (600 g/kg metsulfuron methyl),
Ally Max (143 g/kg metsulfuron + 143 g/kg
tribenuron methyl), and with complex
action against annual and broadleaf
weeds Eagle 75 WG (750 g/kg
chlorsulfuron), including wild oat (Avena
fatua L.) Axial One (45 g/l pinoxadene + 5
g/l florasulam), Basis 75 DF (250 g/kg
thifensulfuron methyl + 500 g/kg
rimsulfuron) and Pacifica WG (30 g/kg
mesosulfuron-methyl + 10 a/kg
odosulfuron-methyl sodium + 90 g/kg
mefenpyr-diethyl) + Adjuvant Biopower in
the cultivation of cereals.

The tall fescue (Festuca
arundinacea Schreb.) Albena variety was
sown in the early spring (March-April) at
inter-row distance of 36 cm and sowing
rate of 40-45 kg/ha. Stockpiling fertilizing
was done with P,Os — 100 kg/ha and N —
120 kg/ha (¥2 in spring + % in autumn
each year).

The treatment was carried out in
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pasa 2-4 nuct (BBCH — 12-14) B rogu-
HaTa Ha Cb3[JasaHe Ha noceBa W BbB
(pasa 6pateHe (BBCH — 21-34) (Hess et
al., 1997) npu cemenpounssoactso ¢ 400
I/ha pab6oteH pa3TBOp C r[pbOHa
npbckavka ,ptp 18“ ¢ KOHMYHaA Ato3a npu
HansraHe P max 3 bar, V max 1.64 1 n Q
max 0.64.

OTuuTaHn ca cnegHuTe nokasatesu:
(PUTOTOKCUUYHOCT/CENEKTUBHOCT Ha Xepou-
unamTe npu TPbCTUKOBMAHATA Brlacartka
(Festuca arundinacea Schreb.) Ha 7, 14,
21, 30 n 45 gHn cnepn TpetupaHeTo (DAT)
no noraputMuyHaTta ckanata Ha EWRS
(European Research Society Weed) (6an
1 - 6e3 nospeau, 6an 9 — Hanb/HO
YHULLLOXXEHW pacTeHus); xusHeHoct (CV)
(6an 0 - HaMb/IHO YHULLOXEHN pacTeHus,
6an 100 pacTteHusTa ca 6e3 nospenu)
(Stall et al., 1989) n nokputne (GC) (0 —
100% 3a BCUYKM BapuaHTM Ha onuTa);
cBexa, cyxa buomaca 1 ceMeHHa npoayk-
TMBHOCT kg/ha. lMopaan 3anasBaila ce
TEeHOEHUMA Ha BCUYKM NPOyYBaHW MoKa-
3arenu, He3aBUCMMO OT AMHaMuKaTa Ha
METeOopOosIorMyHUTE nokasaTesn npes ro-
OVHWTE Ha Mpoy4yBaHe, JaHHUTE ca oTpa-
3eHu cpefHo 3a nepuoga (2015-2017r.).

MpocnepsBaHn ca cnefHWTe MeTeo-
POSIOTMYHU NOKa3aTenm — roguiliHa cyma Ha
Basiexu (mm) n cpefHa MeceyHa Temnepa-
Typa Ha Bb3ayxa (°C). 3a xapakTepusmpaHe
Ha apugHocTTa npes rogyHWTe Ha Npoyysa-
He e M3Mnon3BaH MHAEKCHT Ha de Martonne.

Bcrukn  ekcnepMMeHTanHu AaHHu
ca o06paboTeHM cTaTtUCTMYeckn C npo-
rpamHusa npoaykt STATGRAPHICS Plus
for Windows Version 2.1. and Statistica
ver. 10.

PE3YJITATU N OBCBXXOAHE

AHanM3bT Ha METEeOopOsIOTUYHUTE
rokasaTenu nokassa, Ye KOIMYEeCTBOTO Ha
Ba/IEXMTE Mpe3 nepuoga Ha npoyvBaHe
Bapupa B LIMPOK Auana3oH — OT 625.4
mm (2016) go 798.0 mm (2017). lNpes
nepuoja Ha npoy4ysaHe, KONIMYECTBOTO Ha
BasieX e no-sncoko ot 12.0 go 43.0% ot
cpegHUTe 3a  MHOTOroAvWHWA  nepuoj
(1964-2014). CpeaHo roguiiHata Temne-

growth stage 2-4 leaf (BBCH - 12-14)
during year of sowing and the growth
stage of the beginning of shooting up
(BBCH — 21-34) (Hess et al., 1997) in
seed production with 400 I/ha working
solution with back sprayer "ptp 18" with
conical nozzle at pressure P max 3 bar, V
max 1.64 | and Q max 0.64.

The following characteristics were
assessed:  phytotoxicity/selectivity  on
herbicides to the tall fescue (Festuca
arundinacea Schreb.) on 7, 14, 21, 30 and
45 days after treatment (DAT), using the
logarithmic scale of EWRS (European
Weed Research Society) (score 1 — no
damage and score 9 - completely
destroyed crop); crop vigor (CV) (score 0 —
completely destroyed crop and score 100 —
no damage) Stall et al. (1989); ground
cover (GC) (0 - 100% for each
treatments); frech, dray biomass and seed
yield productivity kg/ha. Due to the
persistent trend of all studied indicators,
regardless of the dynamics  of
meteorological indicators during the study
years, the data are reflected on average
over the period (2015-2017).

The following meteorological
indicators were monitored - annual
rainfall amount (mm) and average

monthly air temperature (in 0C). The de
Martonne index was used to characterize
aridity over the years of the study.

All  experimental data were
statistically processed using the software
STATGRAPHICS Plus for Windows
Version 2.1. and Statistica ver. 10.

RESULTS AND DISCUSSION

The analysis of meteorological
indicators shows that rainfall during the
study period varies over a wide range -
from 625.4 mm (2016) to 798.0 mm (2017).
During the study period, rainfall was
higher than 12.0 to 43.0% over the average
for the multiannual period (1964-2014).
The average annual temperature has a
strong variability of + 0.9 to +1.8 °C
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paTypa cuiiHo Bapvpa oT + 0.9 go +1.8 °C
B CpaBHEHME CbC cpefHuTe CTOMHOCTYM 3a
nepuoga 1961-2000 roguHa.

OueHsiBaku KOMMNMIEKCHOTO B/ns-
HMe Ha MeTeoposiornyHmTe dhakTopu (Ba-
Nexn 1 TemnepaTypu Ha Bb3fyxa) cno-
pes uWHAekca Ha apugHocT Ha De
Martonne (l,-DM), nepuogute npes uscnen-
BaHWUTE rogmHn moraT ga 6baat knacmgu-
uMpaHn ycrioBHO, Tbil kaTo 2015 n 2016
ca YMepPEHO Ccyxu, CbOTBeTHO |,-DM 2016 -
27.0 v l,- DM 2015 - 29.8 n 2017 roguHa -
cnabo BnaxHa (l,-DM - 35.0) cbobpasHo
61ON0rMYHMTE U3NCKBAHUA 3a pasBuTue
Ha TpbCTUKOBMAHATA Bnacatka (Tabnuiua
2).

compared to the average values for the
period 1961-2000.

Assessing the complex impact of
meteorological factors (rainfall and air
temperatures) according the De Martonne
aridity index (I,-DM), periods during the
study years can be classified
conventionally as 2015 and 2016 are
moderately arid respectively |,-DM 2016 -
27.0 and 1,-DM 2015 - 29.9 and 2017
year is slightly humid (I,-DM - 35.0) in
accordance with the biological
requirements for the development of tall
fescue (Table 2).

Tabnuua 2. Banexu (mm), Temnepatypa Ha Bb3ayxa (0C) u HAeKC Ha apnaHoCT
Ha De Martonne (l,-DM) 3a nepuoga Ha uscriegBaHe
Table 2. Rainfall (mm), air temperature (OC) and De Martonne aridity index (l5-DM)

for the study period

Banex / Rainfall (mm) TeMUepaTypa Ha Bbd's,qyxa WHaekc Ha apugHocT (l,~-DM)
Air temperature ("C) 3a nepuoga (1 — XIlI)
FoauHu / Years o
Index of aridity (lo-DM)
| — Xl OTKJ_'IO_HeHI/Ie | = XII OTKJ_'IO_HeHI/Ie for the period (I — XII)
Deviation, % Deviation, %
2015 707.5 126.7 13.7 1.8 29.8
2016 625.4 112.0 13.2 1.3 27.0
2017 798.0 143.0 12.8 0.9 35.0
Average period
(1964-2014) 558.2 100.0 11.9 0.0 25.5

Pesyntatute OT BU3yanHWTE OT4U-
TaHua B 6anoBe 3a CefleKTMBHOCT Ha
TecTBaHMTEe Xepouuuan NpUIoKeHU npu
TPBbCTUKOBUAHA Bracartka (Festuca
arundinacea Schreb.) B rognHarta Ha Cb3-
JaBaHe Ha nocesa W Mpy NPoOV3BOACTBO
Ha cemeHa noka3saT, Ye C OTHOCUTESIHO
BMCOKa Ce/IEKTUBHOCT U MHOro cnab dum-
TOTOKCMYEH edhekT (2-4 6ana) nspasssaly,
ce B /leka x/10po3a Mexay HepeaTtypara u
B OCHOBaTra Ha J/mMcTHaTa netypa e
OTYETEH MpPU MO-BUCOKUTE MNPUIOKEHU
[o3n Ha Akypat 60 B, Anaii Makc wu
WUrvn 75 Bl (Tabnuua 3).

The results of visual readings in the
selectivity evaluation in scores of the
tested herbicides applied to the tall fescue
(Festuca arundinacea Schreb.) in the year
of sowing and in the production of seeds
show that with a relatively high selectivity
and very low phytotoxic effect (2-4 score)
expressed in light chlorosis between the
nerve and the base of the leaf petal at
higher applied doses of Accurate 60 WG,
Ally Max and Eagle 75 WG (Table 3).
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Tabnuua 3. CefleKTMBHOCT Ha Xepouumante KbM TPbCTUKOBMAHA Bracatka (Festuca

arundinacea Schreb.)

Table 3. Selectivity of herbicides to tall fescue (Festuca arundinacea Schreb.)

/D dutoTokcmyHocT / Phytotoxicity
Xep6uLmay / Herbicides ﬂ°3? /hose' 7DAT | 14DAT | 21 DAT | 30 DAT | 45DAT
mig)ha Al B |AT[B|[AT[B*| AT |B°|A| B
5 1112121111
A’égz’f;; %% EJ\;G 10 A T T I T O T T R T
15 1121212 ]1]2]1
; 175 1112121111
Aﬂﬁ;‘ ,\'\A":)'(‘C 35 A T T I T O T T R T
52.5 1121|313 ]1]3]1
Aenan Eao 350 11222221111
pohriess 700 1113|435 ]|4|4a]|a
1050 3|13 |3|6|5| 7 |6|8]6
12 1| 132|434 3]|4]3
%?S"i'g ;g g,‘f 24 2|2 |5|3|5|5|5|5]|5]|s5
36 3/3|9|9|9|9|9|9|l9]o
10 1112221111
é/';;’; 7755\,3[3 20 112122l 2]1]2]1
30 1132|322 ]1]2]1
1754350 4 15| 3|63 66|67

Macudovka Bl + bruonayb

Pacicfti)ca WG + Biopovg’erp 350+700 5| 9|6|9|7 |99 |9]|9]lo9
525+1050 5 /9 |6|9|7|9|85|/9]|9]09

Nerenpa: EWRS - norapyTMuyHaTa ckanaTa (6an 1 — 6e3 nospeau, 6an 9 — HaNb/IHO YHULLLOXEHN pacTeHus),
A! - B roauHaTa Ha Ch3fjaBaHe Ha nocesa, B? - B roAnHaTa Ha NPOM3BOACTBO Ha ceMeHa, DAT - fieH cnep

TpeTupaHeTO

Legend: EWRS — logarithmic scale (1 - 9) — score 1 — without damages, score 9 — the crop is completely destroyed ,
A® — during the establishing year of the stand, B? — during seed production year, DAT — day after treatment

OTHOCUTESTHO BUCOKA PUTOTOKCKY-
HOCT NpW TPBLCTUKOBMAHATA Bfacatka e
oTyeTeHa crief, npunaraHe Ha xepouuu-
oute Akcuan EpgHo u basuc 75 [O.
BugHo e, ye c yBenuyaBaHe fo3aTa Ha
Akcran EpfHO, (OUTOTOKCUYHUAT edekT
HapacTBa OT 2 A0 8 6ana, gokaTo cnef
TpetupaHe ¢ basnc 75 A® Hali-BMcokaTta
npoyysaHa fo3a npeausBuKBa NetaneH
edoekT (6an 9), KakTo B rogMHaTa Ha Cb3-
JaBaHe Ha noceBa, Taka W B Cemenpo-
n3BoaHM nocesun. C yBesMyaBaHe nepuo-
Ja Ha Beretauua Ha TPbCTMKOBMAHATA
Bnacatka 21, 30 n 45 gHm cnep Tpe-
TnpaHe ¢ Akcuan EgHo wn basuc 75 A®,
HabnogaBaHUs OUTOTOKCUYEH edekT ce
3anasBa - x/i0po3a no nepudpepusita u
aHTOLUMaHOBO OUBETsBaHe B OCHOBaTa Ha
nicTarta, Kato HOBOMOSABUMUTE ce nucTta
ca 6e3 BUaMMm n3MeHeHus.

Xepbuunante npeausBuKBaly cna-
61 UTOTOKCMYHN M3MeHeHusa (6an 2-3)
npy TPbLCTUKOBMAHATA Bracartka C YyBe-
NMyaBaHe nepuoja Ha Beretauus Habno-
JaBaHUTe CUMNTOMU He ce 3anassarT.

Relatively high phytotoxicity in tall
fescue has been reported following after
application of herbicides Axial One and
Basis 75 DF. It is evident that with
increasing dose on Axial One, the
phytotoxic effect increases from 2 to 8
score, whereas treatment with Basis 75
DF with the highest dose studied causes
a lethal effect (score 9), both in the year of
sowing and in year of seed production.

By increasing the vegetative period of the
tall fescue 21, 30 and 45 days after
treatment with Axial One and Basis 75
DF, the observed phytotoxic effect is
maintained - peripheral chlorosis and
anthocyanin staining at the base of the
leaf, while the newly emerged leaves are
without visible changes.

Herbicides causing slight phytotoxic
changes (score 2-3) in the tall fescue with
increasing vegetation period observed
symptoms are not preserved.
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OuBeTsiIBAHETO Ha JIUCTa Ce Bb3CTaHOBA-
Ba, HO NMOTMCKAHETO Ha pacTexa npoabi-
XaBa. TpeTtupaHeTto c [lNNacudmka Bl +
Bvonaybp npeaussukBa CusieH OUTOTOK-
cnueH edoekT (5-7 6ana) npu Hail-HUCKaTa
npunoxeHa posa (Macudmka Br- 175
g/ha ¢ nobaBka Ha amKyBaHT buonaybp —
350ml/ha), a npu no-sucokute (Macudpumka
BI' — 350 unun 535 g/ha + Biopower — 700
unu 1050 ml/ha) netaneH edekt — 6an 9.
AHaNorMyHM ca 1 NonyvyeHnTe pesyntatu
npu npocnefsiBaHe XM3HEHOCTTa, KOATO
cnefBa YCTaHOBEHWTE 3aBUWCMMOCTM MO
OTHOLLIEHME PUTOTOKCUYHOCTTAa Ha Xepou-
unamTe 1 3aBUCU OT CbluMTe dhakTopu
(Tabnuua 4).

Leaf staining recovers from but growth
inhibition persists. After treatment with
Pacifica WG — 175g/ha with the addition
of Biopower adjuvant 350 ml/ha)
produces a strong phytotoxic effect (score
5-7) at the lowest applied dose (Pacifica
WG — 350 or 535 g/ha with the addition of
Biopower adjuvant — 700 or 1050 ml/ha)
and at a higher lethal effect - score 9.

Similar are the results obtained in the
follow-up of crop vigour which follows the
established dependencies on the
phytotoxicity of herbicides and depends
on the same factors (Table 4).

Tabnuua 4. XXn3HeHOCT Ha TpbCTUKOBUAHa BnacaTtka (Festuca arundinacea

Schreb.) cnep TpeTupaHe ¢ xepbuunaun

Table 4. Crop vigour on tall fescue (Festuca arundinacea Schreb.) after treatment

with herbicides

XKnsHeHocT / Crop vigour
Xepo6uumnan / Herbicides [osa/Dose, mi(g)/ha| 7 DAT 14 DAT | 21 DAT | 30 DAT | 45DAT
Al B | A B [A]B|A[B|A][PF
HeTpeTtupaHa koHTpona (Ky) Untreated control (Ky) 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Akypar 60 BI 5 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Accurate 60 WG 10 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
15 100 | 100 | 80 | 100 | 80 |100| 80 | 100 | 80 | 100
o 17.5 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Anai Makc

Ally Max 35 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
52.5 100 | 100 | 80 | 100 | 70 [100| 70 |100| 70 | 100
Akcran EHo 350 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Axial One 700 100 | 100 | 100 | 70 | 60 | 70 | 50 | 60 | 60 | 60

1050 70 |100| 70 | 70 | 40 | 50 | 30 | 40 | 20 | 40

Basuc 75 10 12 100 | 100 | 70 | 80 | 60 | 70 | 60 | 70 | 60 | 70
Basis 75 DF 24 80 | 80 | 50 | 70 | 50 | 50 | 50 | 50 | 50 | 50

36 70, 70| 0 0 0 0 0 0 0 0
Urbn 75 BF 10 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Eagle 75 WG 20 100 | 100 | 80 | 100 | 80 |[100| 80 | 100 | 80 | 100
30 100 | 100 | 70 | 80 | 70 | 80 | 80 | 100 | 80 |100

Macudmka BI + Bronaysp 175+350 100 | 50 | 70 | 40 | 70 | 40 | 40 | 40 | 30 | 7
Pacifica WG + Biopower 350+700 0 |40| O |30 | O 0 0 0 0 9
525+1050 0 |40] O |30 | O 5 0 0 0 9

JNlerenpa: XusHeHocT (6an 0 - HaMbHO YHULLLOXEHWN pacTeHus, 6an 100 pacTeHusaTa ca 6e3 nospeam), A; — B
rogMHaTa Ha Cb3flaBaHe Ha nocesa, B2 - B rogMHaTa Ha Npou3BoACTBO Ha cemeHa, DAT - aeH cnef, TpeTupaHeTo
Legend: crop vigour (score 0 — completely destroyed crop and score 100 — no damage), A — during the establishing
year of the stand, B2 — during seed production year, DAT — day after treatment

MoKPUTMETO Ha MoceBa Mpu TpPbC-
TMKOBMAHATa BnacaTka Bapupa B TecCeH
AvanasoH U 3aBUCKU OT OHTOFEHETUYHOTO
pas3BuTVE Ha KynTypaTa KaTo ce NPoMeHs
nog Bb3AENCTBMETO Ha MNPUIOXEHUTE
xepouuman (Tabnmua 5).

The ground cover at tall fescue
ranges within relatively narrow and
depends on the ontogenetic development
of the crop, changing under the influence
of the applied herbicides (Table 5).
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Tabnuua 5. lMokputne Ha TpbCTUKOBUAHA Bnacatka (Festuca arundinacea

Schreb.) cnep TpeTupaHe ¢ xepbuunau

Table 5. Ground cover on tall fescue (Festuca arundinacea Schreb.) after

treatment with herbicides

[Josa/Dose,

Xepbuunan / Herbicides mi(g)/ha

MokpuTtne / Ground cover

14 DAT | 21 DAT | 30 DAT

Al B | AT B [AT B |AT[B?| AT | B?

40 | 35 |45 | 40 | 55 | 55 | 75| 80 | 95 | 95

HeTpeTtupaHa koHTpona (Ky) Untreated control (Ky)
5

Akypar 60 Br 40 | 35 | 45| 40 | 55 | 55| 75|80 | 95| 95
Accurate 60 WG 10 40 | 35 | 45| 40 | 55| 55| 75|80 | 95| 95

15 45 | 40 | 40 | 40 | 55 | 55 | 70 | 85 | 90 | 95

Anaii Make 17.5 40 | 40 | 45 | 40 | 55 | 55| 75| 80 | 95 | 95

Ally Max 35 40 | 40 | 45 | 40 | 55 | 55| 75| 80 | 95 | 95

52.5 40 | 40 | 45 | 40 | 50 | 55 | 75 | 80 | 90 | 95

Akcuan EfHo 350 40 | 40 | 45 | 40 | 55 | 55| 75| 80 | 95 | 95
Axial One 700 40 | 40 | 45 | 35 | 50 | 50 | 55 | 70 | 85 | 85

1050 35|40 | 40 | 35 | 40 | 40 | 30 | 40 | 80 | 80

Basuc 75 1® 12 40 | 45 | 45 | 45 | 45 | 55 | 75 | 85 | 90 | 95
Basis 75 DF 24 40 | 45 | 30| 30 | 45|35 | 70| 75| 85| 85

36 35 /3| 0 0 0 0 0 0 0 0

Urbn 75 B 10 40 | 40 | 45 | 40 | 55 | 55 | 75| 80 | 95 | 95
Eagle 75 WG 20 45 | 40 | 45 | 40 | 55 | 55| 75| 85| 95| 95

30 40 | 40 | 45 | 40 | 50 | 55 | 75 | 80 | 95 | 95

Macvdowka BT + Bronaybp 175+350 40 | 35| 45|30 | 35|45 |65 | 75| 80| 85
Pacifica WG + Biopower 350+700 35|15 |30 |15 |30 10| 10| 10| 10| 10
525+1050 3515 |30 |15 30|10 ] 15|10 |10 ] 10

Nerenga: nokpuTue (0 — 100% 3a BCUMUKM BapuaHTW Ha onuTa), A; — B roAMHaTa Ha Cb3AjaBaHe Ha nocesa, B2 -
B rofiMHaTa Ha Npon3BOACTBO Ha ceMeHa, DAT - fieH cnej TpeTupaHeTo
Legend: ground cover (0 — 100% for each treatments), A* — during the establishing year of the stand, B? — during

seed production year, DAT — day after treatment

CefleKTMBHOCTTa Ha MPUIOXKEHUTE
Xepoénuugn B 3aBUCUMOCT OT YyBCTBUTEST-
HOCTTa Ha TeCTBaHWS COPT TPbCTUKOBUA-
HaTa BjlacaTka € B MOJIOXWTesiHa Kope-
NayMoHHa 3aBNCMMOCT OT go3aTa Ha npu-
NnoXxeHus xepbuuyung (r € B gnanasoHa oT
0.956 go 0.998), B oTpUuaTeNHa OT XMU3-
HeHOCTTa (r Bapvpa B rpaHuuuMTe OT —
0.387 go —0.975) n oT NoKpMUTMETO Ha noce-
Ba (r e o1 —0.462 o —0.987) Ha KynTypaTta.

B pesynTtat Ha nposiBeHaTa uTo-
TOKCWYHOCT Ha XepouumamTte C KOMMIek-
CHO peictBme 3a 6opba cpelly eaHoro-
OVWHW 1 LUMPOKOINCTHU NNEBENN B T.u.
cpewy anB oeec (Avena fatua L.)- Akcnan
EpnHo, Basuc 75 AP u Macucpuka Bl +
Bvonaybp pegyuvpatr AuHamukata Ha
HaTpynBaHe Ha cBexa (0T 4.1 fo 84.7%)
n cyxa 6uomaca (ot 2.3 go 62.7%) npu
Cb3faBaHe Ha noceBa C TPbCTUKOBUA-
HaTa Bfnacartka, Kato pasnukuTe ca cra-
TUCTUYECKN [0KA3aHO HamasieHu B cpas-
HeHWe ¢ KOHTPO/IHUA BapuaHT (Tabnvua 6).

The selectivity of applied herbicides
depending on the sensitivity of the tested
variety of tall fescue is in a positive
correlation depending on the dose of the
applied herbicide (r ranged from 0.956 to
0.998) in negative dependence on crop
vigour (r is within the limits -0.387 to -
0.975) and ground cover (r is from -0.462
to -0.987) of the crop.

As a result of expressed
phytotoxicity of the herbicides to complex
action against annual and broadleaf
weeds including wild oats (Avena fatua L.)
Axial One, Basis 75 DF n Pacifica WG +
Biopower reduced the dynamics of
accumulation of fresh (from 4.1 to 84.7%)
and dry biomass (from 2.3 to 62.7%) in
the year of the creation of the tall fescue,
the  differences being  statistically
significant compared to the control variant
(Table 6).
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CrtoliHocTMTe Ha dopMmupaHata
cBexXa u cyxa 6momaca OT TPbCTUKOBU/A-
Hata Bracatka (Festuca arundinacea
Schreb.) BbB BapunaHTuTe cnep Tpetupa-
He ¢ xepbuunanTte AkypaT 60 BI, Anai
Makc n Uren 75 BIT, Kakto v cnieg npuio-
XeHune Ha Akcmnan EgHo B gosa 700 mi/ha
ca B O/IM3KM CTOMHOCTU C KOHTPOJIHMSA
BapuaHT — HeTpeTMpaHata KOoHTpona a
pasMknTe ca CTaTUCTUYECKN Hepokasa-
Hu npu P = 0.05.

TecTBaHUTE Xepbuuman okaseart
B/IUSIHWE BBbPXY CEMeHaTa NpPoLyKTUBHOCT
Ha TpbCTUKOBUAHaTa BnacaTka (Ta6nuua 6).

Tabnuua 6. BnusaHne

cb34aBaHe Ha nocesa v nNpu hopmMupaHe

Ha Xxepbuynaute
TpbCTMKOBUAHA Bnacatka (Festuca arundinacea Schreb.) B

The values of the formed fresh and
dry biomass of tall fescue (Festuca
arundinacea Schreb.) in the variants after
treatment with the herbicides Accurate 60
WG, Ally Max and Eagle 75 WG as well
as after application of Axial One at a dose
of 700 ml/ha they have similar values to
the control variant — untreated control and
the differences statistically not significant
at P = 0.05.

The tested herbicides reflected on
the seed productivity of the tall fescue
(Table 6).
BbpXy NPOAYKTMBHOCTTa Ha
rogMHara Ha
Ha gobuBa OT ceMeHa

Table 6. Influence of herbicides on productivity of tall fescue (Festuca
arundinacea Schreb.) in the year of establishing of the sward and formation of
seed yield
MpoAyKTUBHOCT B roguHaTa Ha cb3gasaHe
Ha nocesa [o6us
Xepbuyunan [o3sa, mi(g)/ha Productivity in the year of establishing ceMeHa
Herbicides Dose, ml(g)/ha cBexa buomaca cyxa 6uomaca Seed yield
fresh biomass dry biomass
kg/m? % Ky kg/m? % Ky ka/ha | % Ky
HeTpeTtupaHa koHTpona (Ky) Untreated 4.039° 100.0 . 100.0 69.4° | 100.0
control (Ky) 1.77
Aypar 60 BI 5 3.9712 98.3 1.742 97.2 70.1°cd 101.0
Accurate 60 WG 10 3.842 95.1 1.68d 95.5 68.9 99.3
15 2.701° 66.9 1.47° 85.9 65.4° | 94.2
Anait Makc 17.5 4.1233 102.1 1.81: 101.1 69.92 100.7
Ally Max 35 3.913d 96.9 1.72d 98.9 67.7 97.6
52.5 3.742 92.6 1.69 94.4 67.7° | 97.6
Axcnan EgHo 350 3.875: 95.9 1.7051 97.7 75'3:c 108.5
Axial One 700 2.051 50.8 1.54 76.3 68.7 99.0
1050 0.618" 15.3 0.66™ 37.3 13.9° | 20.0
Basuc 75 o 12 2.537; 62.8 1.37:b 80.2 62.2b: 89.6
Basis 75 DF 24 1.587 39.3 0.67 68.4 58.1 83.7
36 0.723" 17.9 0.30% 39.0 16.3* | 235
Wren 75 BE 10 3.982: 98.6 1.75; 98.6 69.12 99.6
Eagle 75 WG 20 2.254 55.8 1.46 : 86.4 68.9 99.3
30 2.247° 55.6 1.49¢ 84.2 67.1° | 96.7
Macucpuka Bl + 175+350 1.932° 47.8 0.85% 47.9 436 | 62.8
Buonaysp 350+700 - - - - - -
Pacifica WG +
Biopower 525+1050 - ) ) ) ) )
Nerenga: a, b, c, d — cTaTncTMYeckn gokasann pasnukm P=0.05.

Legend: a, b, ¢, d — statistically significant differences at P=0.05.

TpeTMpaHeTo Ha CeMenpounsBoAHU
nocesn Ha TPBLCTUKOBMAHA Biacartka C
Akypat 60 BI', Anaii Makc u Urbn 75 BT,
KOWUTO KOHTPOMMPAT Camo LUMPOKOSINCTHU-

Application of herbicides in years of
tall fescue seed production with Akurat 60
VG, Alai Max and Eagle 75 VG that
control only broadleaf weed species has a
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Te nneBenHN BMAoBe oOkasBaT cnab (oT
0,7 po 2,4%) wHxubupauw, edekt npwu
dopMMpaHe Ha cemMeHa OT KyntypaTta,
[OoKaTo Xxepbuumante ¢ KOMMIEKCHO Aei-
CTBME Cpelly eAHOTOOMWHN U LUMPOKO-
nncTHM nnesenu Eagle 75 WG, Bk/oun-
TenHo amB osec (Avena fatua L.) Akcuan
EpnHo, Basuc 75 A® u Macucpmnka Bl +
Brvonaybp npegusBuKBaT CTaTUCTUHECKM
JoKazaH MHXnbupaly, edpekT Bbpxy Npoyu-
BaHUs Nokasarers.

AHaMoOrMYHN ca W NOJlyvyeHuTe
pesyntaTn B ekcnepMMeHTasiHaTa paboTta
Ha Willis et al. (2006) u Sato and
Takamizo (2009), cnopea KouTo npunara-
HEeTO Ha xepbuuman 3a 6opba cpeuwy
LUMPOKOJIUCTHN NMIEBENIN He Npean3BuK-
BaT MHXMbupaly, edhekT BbpXy Ao6UBa.

Xepbuunante C KOMM/IEKCHO
felicteBne 3a 6opba cpelly egHOroANLWHN
N LUMPOKOJIMCTHU MNSIEBENN, BK/THOUYUTENHO
amB osec (Avena fatua L.) npeamssuksat
(PUTOTOKCUYEH ehekT.

W3knoyeHre oT onucaHarta 3aBuCK-
MOCT Ce yCTaHOBsBa Mpu npuioxeHarta
Hai-Hucka gosa Axial One - 350 ml/ha
KbEeTO Ce yCcTaHOBsABa c/1ab CTumMynmpaLy
edpekt — 8.5%, AokaTo, cTaHgapTHaTa u
noBulleHa [o3a npeau3BuKBaT CueH
UHXMGUpaLL ecekT npyu hopMmpaHeTo Ha
CeMeHa OT TPbCTMKOBUAHA Bnacarka. lo-
[06eH edhekT OT Bb3AeENCTBME HA NpWIo-
XEHU pegyumpaHn [o3mn xepbuumgn ce
cbobwasatr ot Thomas et al. (2005),
Velini et al. (2010), cnopen, KOUTO HACKUTE
HMBa Ha rngo3aT CyOMETYpPOH-MeTU,
Avkamba u 2,4-D cbwo moraT ga npeams-
BUKaT CTUMYyMpaLl, edpekT edpekT (xopmo3sa)
(Belz et al.,, 2011) ype3 nopobpsiBaHe Ha
CMHTE3a Ha as3oT W/Wan 4ype3 npeau3BuK-
BaHe Ha ayKcuH-nogob6eH edexT.

N3BOAN

Akypat 60 BI (600 g/kg metcyn-
doypoH meTtun) — 10 g/ha, Anain makc (143
g/kg wmetcyndpypoH 143 g/kg meTun,
TpnbeHypoH metun) — 35.0g/ha n Urbn 75
BI' (750 g/kg xnopcyndopoH) - 20.0g/ha
npunoxeHun BbB (peHopaza BBCH 12-13
B rogyHata Ha cb3faBaHe Ha nocesa u

weak (0.7 to 2.4%) inhibitory effect on
seed formation of the crop, while
herbicides with complex action against
annual and deciduous weeds Eagle 75
WG, including wild oats (Avena fatua L.)
Axial One, Basis 75 DF un Pacifica WG +
Adjuvant Biopower caused a statistically
proven inhibitory effect on the studied
indicator.

Similar are the results obtained in
the experimental work of Willis et al.
(2006) and Sato and Takamizo (2009),
according to which applied the herbicides
that controled broadleaf weeds do not
cause a phytotoxic effect under yield.

Herbicides with complex action
against annual and broadleaf weeds,
including and wild oat (Avena fatua L.)
cause a phytotoxic effect.

An exception to the described
dependence was found with the lowest
applied dose of Axial One - 350 mi/ha
where a weak stimulating effect from
8.5%, whereas the standard and
increased doses had a strong inhibitory
effect on the formation of tall fescue
seeds. A similar effect of exposure to
reduced doses of herbicides has been
reported in experimental work by Thomas
et al. (2005), Velini et al. (2010),
according to them which the applied low
rates of glyphosate sulfometuron-methyl,
dicamba and 2,4-D also can stimulate
plant growth effect (hormesis) (Belz et al.,
2011) by improving synthesis of nitrogen
and/or by inducing an auxin-like effect.

CONCLUSIONS

Accurate 60 VG (600 g/kg
metsulfuron methyl) - 10 g/ha, Ally Max
(143 g/kg metsulfuron 143 g/kg tribenuron
methyl) - 35.0 g/ha and Eagle 75 WG
(750 g/kg chlorosulfuron) - 20.0 g/ha
applied in the growth stage BBCH 12-13
in year of sowing and in seed production
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BbB (pasza BBCH 12-13 B cemenpon3Bo-
HW NOCEBU Ca C BUCOKA CEIEKTUBHOCT KbM
TpacTukoBuaHa Bnacatka copt AnbeHa u
He okasBaT BAMsSHME BbPXY Job6uBa Ha
dypax v cemeHa n morat ga ce npunarat
3a 6opba C LUMPOKOSIMCTHU NNIEBENN.

Mpu cmeceHo 3annsaBensiBaHe C
€[HOrOAMLLIHMN XUTHW N1eBenu, B T.4. AMB
OBEC W LUMPOKOINCTHM MJIEBE/N, KAKTO U
CNaboyyBCTUTENHM NJIEBE/IN HA XOPMO-
HonogobHuUTe xepbuuman, 3a 6opba
naeesennTe Npv TPbCTUKOBMAHA BriacaTka
(Festuca arundinacea Schreb.) moxe pga
Cce M3NoNn3Ba, ABYKOMMOHEHTHUAT cefek-
TMBEH Xxepbuumag Akcuan EgHo (45 gl
nuHokcageH + 5 g/l donopacynam) B gosa —
700 ml/ha.

PegyuvpaHa fgosa Ha xep6uuunga
Akcvan efHo (45 g/l nuHokcapeH + 5 g/l
nopacynam) npunoxeH go 350 mi/ha
okasBa CTMMynupal, edekT (xopmesuc)
npu TpbCTMKOBMAHA Bnacatka (Festuca
arundinacea Schreb.) copt An6eHa Bbpxy
HaTpynBaHeTo Ha cBexa u cyxa buomaca
B roAvHaTa Ha cb3faBaHe Ha NoceBa, KakTo
N B TOAUHUTE Ha 06pa3yBaHe Ha ceMeHa.

of crop (BBCH 21-24) are selective for the
tall fescue (Festuca arundinacea Schreb.) -
variety Albena, do not affect the yield of
feed and seeds and can be used to
control dicotyledonous weeds.

When mixed weed infestance with
annual cereal weeds, including wild oats
and dicotyledonous weeds, as well the
slightly sensitive weeds to hormone-like
herbicides for weed control at tall fescue
(Festuca arundinacea Schreb.), can be
used, two-component selective herbicide
Axial One (45 g/l pinoxadene + 5 gl
florasulam) at dose - 700 mi/ha.

Low rates of herbicide Axial One
(45 g/l pinoxadene + 5 g/l florasulam) -
350 ml/ha have hormesis effect to tall
fescue (Festuca arundinacea Schreb.)
variety Albena and can be used for
stimulation the accumulation of fresh and
dry biomass during the year of sowing, as
well as in the years of seed productin of
crop.
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PE3IOME
Mpu naGopaTopHU YyCnoBusS B
WHCTUTYT no dypaxHWTe Kyntypu -

MneBeH e ycTaHOBEHO BMIUAHMETO Ha pac-
TeXHUA cTMMynartop Jlaktucem 3a npeg-
cenTbeHO TpeTMpaHe Ha CemMeHa BbpXy
Kb/IHAEMOCTTa M MbPBOHAY&UTHOTO pas3Bu-
TMe nNpu ocem o6pasuy TEXHUYECKO COPro
(meTna) (Sorghum vulgare var. technicum
Kdorn.)

YctaHoBeHO e, u4e: Jlaktucem
npunoxeH B posa 3 /100 kg cemeHa
cTumynupa HapactsaHeto (cm) (o1 5.5 o
47.4%) n yBenunyaBaHe TernoTto (g) Ha
KbnHa (0T 5.6 o 12.5%) npu BCUYKM
BK/IIOYEHWN B M3CeaBaHETo obpasumn Tex-
Huyecko copro (meTna); JokasaHa e cne-
uncbmyHa coptoBa peakums no OTHOLUe-
HMe Bb3AeNCcTBMeTO Ha JlakTucem BbpXy
HapacTBaHeTO M hopMMpaHEeTO Ha CBexa
fomaca Ha KbfHa Mpu MNpoyyYBaHUTE
o6pasuu Sorghum vulgare var. technicum
(Korn.). Hai-cuneH ctumynupauy, edekrt
Ha JlakTuceM BbpXy HapacTBaHETO Ha
Kb/IHA € OTYETEH NPV MECTHU nonynauum
GL15A, S14, G16V n MI16N, a Hait-cnab

SUMMARY

Under laboratory conditions at the
Institute of Forage Crops - Pleven was
determined the effect of the growth
stimulator Lactisem for pre-sowing
treatment of seeds on germination and
initial development in eight accessions of
broomcorn  (Sorghum  vulgare var.
technicum Koérn.).

It was found that: Lactisem applied
at dose of 3 1/100 kg of seeds had a
stimulating effect on growth (cm) (from 5.5
to 47.4%) and weight gain (g) of seedlings
(from 5.6 to 12.5%) in all accessions
included in the study broomcorn; It has
been demonstrated a specific variety
reaction with regard to the effect of growth
stimulator Lactisem on seedling growth
and formation of fresh weight on
seedlings in the tested accessions
Sorghum vulgare var. technicum (Kérn.).
The strongest stimulatory effect of
Lactisem on seedling growth was
observed in local populations GL15A,
S14, G16V and MI16N, and the weakest
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npn copt Szegedi 1023. MecTHUTE
nonynaunn GL15A, G16V un MI16N ce
obewasaw n morat ga 6baaT NpPoAyK-
TUBHMW NPU APYIX CENELVOHHN nporpamMm.

KntovoBn agymun: npeacentbeHo
TpeTupaHe, cemeHa, Sorghum vulgare
var. technicum [Kérn.]

YBO/,

Mokb/BaHETO W NbPBOHAYATHOTO
pasBUTME Ha CeMeHaTa € >XXU3HEHOBaXKHO
3a yCTOWYMBOTO Npon3BoAcCTBO. CemeHa-
Ta C [O6pO KayecTBO UMaT 3HA4YUTEsNEeH
noTeHUnasn 3a yBenuyaBaHe Ha NMPOU3BO-
avuTenHoctTa Ha kyntypute. EdekTtnBHo-
TO MOKb/IBAHE HA CEMEHaTa M pPaHHOTO
MOHMKBaAHE € BakHO, Tbii kaTto ca Haii-
YyBCTBUTENTHWUTE €Tany OT XU3HEHUS LMKB/I
Ha KynTypHuTe pacteHus (Hadas, 2004).
Bbp30TO M paBHOMEPHO MOKb/IBAHE Ha
cemMeHaTa BOAM A0 YCMELIHO MOHMKBaHe,
Tbil KaTo ce obpasyBa AbN160ka KOpeHoBa
cuctemMa npegn TOpHUTE C/I0EBE  Ha
noysata pa wuscbxHat (Harris, 1996).
Mokb/BaHETO Ha CEMeHaTa MOxe ja ce
nogo6pu c nomowTa Ha pas/iMyHu Tex-
Honoruu. MofobpsBaHETO Kb/HAEMOCTTa
Ha cemeHaTta BKIuYBa YU3NYHKU, M3UNO0-
NOTUYHN N BUONOTMYHM TpeTupaHus 3a
npeofonsiBaHe Ha OrpaHuMYyeHussTa 3a
Nnokb/iBaHe, MO-paHHO pasBuUTUE Ha Kyn-
TypuTte 1 no-gobpu pobusun. (Afzal, 2013).

MoKbNBaHETO M MOHMKBAHETO Ha
Kb/lHA KaTO He3aBMCMM OpraHu3bM ca
KPUTUYHK ha3mn B XMBOTA Ha pacTEHMETO.
NakTucem e pacTexeH cTumynatop oT npo-
AykToBaTta rama Jlaktocpon”® Ha Ekochon
ALl npefHasHayeH 3a npeacentoeHo Tpe-
TMpaHe Ha cemeHata. [MpoaykTbT Cbabp-
Xa GaslaHcupaH XpaHWUTEsIeH CbCTaB OT
MaKpo- M MWKPOESIEMEHTU KOWTO ca C
0COGEHO BaXHO 3HaA4YeHVMe 3a MbpBOHa-
YaUTHOTO pa3BUTME Ha MIagMTe pacTeHus.
M3non3gaHeTo Ha JlakTucem ysenuyasa
Kb/IHiEeMaTa eHeprus n ocurypsisa gobpo
pasBuTME Ha KopeHoBaTa cuctema u npu
B/IOLIEHa arpoTexHuka. Jlaktucem nogo-
6psiBa MOKbL/IBAHETO, rapaHTMpa [oobp
CTapT B pasBUTUETO Ha MNoceBuUTe "
HamasnsBa HyxauTe oT ceMeHa 3a ganeHa

in the variety Szegedi 1023. The GL15A,
G16V and MI16N local populations found
superior and might be productive in
further breeding programs.

Key words: pre-sowing treatment,
seeds stimulating, Sorghum vulgare var.
technicum [K&rn.]

INTRODUCTION
Seed germination and initial
development is vital to sustainable crop

production. Good-quality seed has a
significant  potential of increasing
productivity of crops. Efficient seed

germination and early seedling establish-
ment are important for they represent the
most susceptible stages of the life cycle of
crop plants (Hadas, 2004).

Rapid and uniform seedling emergence
leads to successful establishment as it
produces a deep root system before the
upper layers of soil dry out (Harris, 1996).

Germination seeds can be improved using
a variety of seed technologies. Improving
seeds germination includes physical,
physiological and biological treatments to
overcome germination constraints, earlier
crop development and better yields (Afzal,
2013).

Germination and seedling
establishment as an independent
organism are critical phases in the life of a
plant. Lactisim is a growth stimulant from
the product range of Lactofol® of Ecofol
AD intended for pre-sowing treatment of
seeds. The product contains a balanced
nutrient composition of macro- and
microelements that are particularly
important for the early development of
young plants. The use of Lactisem
increases germination energy and
ensures good development of the root
system even with poor agricultural
technology. Lactisem improves the
germination rate, guarantees a good start
in the development of crops and reduces
seed requirements for an area. Lactisem
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nnoul. Jlaktucem e npuaoXnm npu MHOro
KYNTYPHU pacTeHus.

BuposeTe oT pos Sorghum ca MHO-
rouenesu KynTypu, oTriexnaHn 3a xpaHu,
dypaxu 1 npomuwnedn uenu. Cnopep
n3cneaBaHusiTa Ha peguua astopu (Ejeta
and Knoll, 2007; Wagaw, 2019) Te3u ky/n-
Typy ce cuuTtaT 3a MOo-TOJSIEPaHTHU KbM
CTpec, BK/IUUTENHO TOM/MHA, COMIEHOCT
cyla 1 npeoB/iaXHABaHE B CpPaBHEHME C
OPYrv 3bPHEHW XUTHU KyNTypu. B paHHuTE
eTany Ha pacTtex W pasBuTue TakmBa
YyCNoBuSA MOXe fa 3a6aBAT pa3BuUTUETO U
ha pegyumpat pgobusute (Kebede et al.,
2001; Calvino and Messing, 2012; O’'Donnell
et al., 2013). Coprosute pacTeHus C BUCOKa
XXM3HEHOCT 1 6bP3KN TEMMNOBE Ha PacTex B
paHHWTE eTanM Ha pasButne ca
noaxoAsLiy B paoHU CbC 3acyllaBaHe B
Hayanoto Ha BeretaumaTa (Uptmoor et
al.,, 2006). Pasnukata B peakuyusita Ha
CTpec B paHHUTE eTanu Ha pacTex cpej
copToBeTe copro Tpsbsa fa ce M3nonssa
Kato M3TOYHUK 3a CefeKTMBHU hopMn Ha
cenekuusa, a He ga ce pasuuTta camo Ha
pasnuknite B gobusa (Assefa et al., 2010).

Llenta Ha uscnegBaHeTo e pa ce
YCTaHOBM BJ/IMAHMETO Ha JlakTucem 3a
npegceutbeHa o6paboTka Ha CcemeHa
BbPXY KbJ/IHAEMOCTTa U MbPBOHAYA/IHOTO
pa3BuTMe Ha obpasun TEXHUYECKO COpro
(metna) Sorghum vulgare var. technicum
(Korn.) npu nabopaTopHu ycroBsus.

MATEPWNAN N METO4WA

3a ga ce ycTaHOBM BNSHUETO Ha
pactexHuss ctumynatop Jflaktucem npu
nabopaTopHu YC/0oBUA BbPXY 06pasuu
TEXHWYECKO cOopro (MeTna) B HavaHuTe
eTanv OT pasBUTMETO e KU3MNoN3BaH ajan-
TupaHusa metog Ha Chaniago et al. (2017).

MpoyuBaHn ca pgBa chakTopa:
dakTop A — 06pa3um, ABa copTa u ceem
MECTHW nonynaumm TEXHWYECKO Copro
(metna) Sorghum vulgare var. technicum
(Kérn.) oT paiioHa Ha LleHTpanHa
CeBepHa Bbbnrapusa: a; — Szegedi 1023
(copT); a, — S14; az— GL15A; a; — PL16;
as — CR17R; ag — Prima (copT); a; —-G16V
n ag — MIL6N. daktop B — posa Ha

is applicable to many cultivated plants.

The Sorghum species are a
multipurpose crop grown for food, animal
feed and industrial purposes. According to
studies of a number of authors (Ejeta and
Knoll, 2007; Wagaw, 2019) Sorghum
species are tolerant to many stresses,
including heat, drought, salinity and
flooding as compared to other cereal
crops, but in early stages of development
such conditions may delay development
and reduce vyields (Kebede et al.,, 2001;
Calvino and Messing, 2012; O’'Donnell et
al., 2013). Sorghum plants with high
vigour and fast growth rates during early
developmental stages may be
advantageous in regions affected by
drought early in the growth season
(Uptmoor et al., 2006). Variation in the
reaction of stress in early growth stages
among varieties of sorghum relative to
should be utilized as a source for drought
tolerant forms selection rather than relying
on yield differences alone (Assefa et al.,
2010).

The aim of the study was to
determine the effect of Lactisem for
sowing seed treatment on germination
and initial development of specimens of
Sorghum vulgare var. technicum (Kérn.)
broomcorn under laboratory conditions.

MATERIAL AND METHODS

In order to establish the influence of
growth stimulant Lactisem in laboratory
conditions on the broomcorn accessions at
the initial growth stages and development
was used adaptations method Chaniago
et al. (2017).

Two factors have been studied:
Factor A — accessions, two varieties and
seven local populations of broomcorn
Sorghum vulgare var. technicum (Korn.)
from the region of Central Northern
Bulgaria: a;- Szegedi 1023 (variety); a, —
S14; az;— GL15A; a,— PL16; as— CR17R,;
ag — Prima (variety); a; — G16V and a; —
MI16N; Factor B — growth stimulant
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pacTexeH ctumynatop Jflaktucem (I/100
kg cemeHa): b; — 0.0% (koHTpona); b, —
1.5; b — 3.0 n by — 6.0 1/100 kg cemeHa.
3a KOHTpona e 13nosnssaHa gectuavpaHa
BOJa.

TexHvka Ha 6moaHanunsa

B netpvesn 6noga (140 mm)
mMexay duntbpHa xaptusa Filtrak 388 ca
noctaseHn 100 6pos cemeHa 3a BCeEKM OT
TecTBaHMTe o06pasuM TEXHUYECKO COpro
(metna) Sorghum vulgare var. technicum
(Kérn.). 3a Bceku BapuaHT Ha onuTta e
nuneTmpaH Jlaktucem cbobpasHo hakTop
B. MNpobute ca noctaBeHW B TepmocTaT
npu Temneparypa 22 = 2 °C 3a cefem
[OHW Ha TbMHO. Bcekn BapuaHT e 3anaraH
B LWeCT noBTOopeHus. OnpegensHun ca
cnefHUTe  nokasartenu  3a  BCUYKK
BapuaHTu Ha onuTa.

OueHka Ha ehekTa. 3a OLeHKa Ha
eKCnepumeHTasHUTe pesyntatn b6axa ms-
non3BaHu cnegHuTe napameTpu: Bnomert-
pyYHN NapameTpu: bpoii nokbaHanu ce-
MeHa BbB BCEKM BapuaHT; slabopartopHa
Kb/IHAEMOCT 3a BCekn BapuaHT (%);
ObmkuHa Ha cTb6/10, KOPEeH U KbJH, cm
cpegHo 3a efHo pacTeHue; Terno Ha
cBexa Ouomaca Ha CTb0/10, KOpeH mu
KbJIH, g CPefHO 3a efHO pacTeHue.

KbnHaemocTTa Ha cemMeHata e
nsuncnaBaHa cneg npegsapuTesiHo arcsin -
TpaHcdopmupaHe no opmynara,

Lactisem: b; - 0.0% (control); b, — 1.5
(50%); bs; — 3.0 (100%); and b, - 6 /100
kg seeds (150%). Distilled water is used
for control.

Technique of bioassay

Hundred seeds from the tested
genotypes broomcorn were germinated
between layers of filter paper Filtrak 388
in 140 mm Petri dishes for each of the
tested accessions broomcorn Sorghum
vulgare var. technicum (Kérn.). For each
variant of the experiment, Lactisem was
pipetted according to factor B. Samples
were placed in a thermostat at 22 + 2 °C
for seven days in the dark. The following
metrics are defined for all variants of the
experiment.

Effect assessment. For assessing
experimental  results, the following
parameters  were  used Biometric
parameters: Number seeds germinated in
each treatment; laboratory germination for
each treatment (%); Length of shoot, root,
and seedling, mm; Weight of fresh
biomass of shoot, root, and seedling, g
per plants.

The percentage of seed germination
was calculated after preliminary arcsin -
transformation following the formula,

X
¥ = aresin |(—=
arcsin (_1[]{])

no Hinkelmann and Kempthorne (1994).
Cratuctnyeckara o06paboTka W 3Hauu-
MOCTTa Ha pasnnkuTe Mexay uscnepa-
HUTe BapuaHTu ca o6paboTeHn upes npor-
pama Statistica Software Package version
10 (StatSoft, Inc., 2011) uype3 One-way
ANOVA. Fisher's Least-Significant-Difference
(LSD) test e u3non3saH Npuv HUBO Ha
3HayumocT p<0.05.

Cwunata Ha BnusiHue Ha hakTopute
npu [OCTOBepeH (DaKkTOpeH BapuaHc e
onpegeneHa upes n° (Plohinsky, 1967 u
Lidanski, 1988).

forwarded by Hinnkelmann and Kempthorne
(1994). The statistical processing and
significance of the difference between the
investigated treatments was carried out
with Statistica Software Package version
10 (StatSoft, Inc., 2011) by One-way
ANOVA. Fisher's Least-Significant-
Difference (LSD) test was used at the
p<0.05 probability level.

The significant of influence of
factors on a reliable factor variant is
determined by r]2 (Plohinsky, 1967 and
Lidanski, 1988).
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PE3YJITATU N OBCBXXOAHE
OueHeH e eeKkTbT Ha pacTexHus
cTumynaTop JlakTucem BbpPXY MNOKb/Ba-
HETO Ha cemeHaTa W pas3BMTUETO Ha
Kb/lHa Npu pasnnmyHn obpasun Sorghum
vulgare var. technicum (Kérn.). MNpunoxe-
HUTE [03M Ha pacTeXHUs CTumyaTop
OKa3BaT HECHLLECTBEHO BJ/IMSHWE BbPXY
Kb/IHEMOCTTa Ha cemeHaTta OT obpas-
uMTe npu nabopartopHu ycnosusa (durypa
1). Hait-Bucoka e Kb/iHAeMOCTTa Ha ceme-
HaTa cpegHO 3a BCUYKM 06pasum npu
onTMMasiHata fo3a Ha  pacTexHus
ctumynaTop — 3 1/100 kg cemeHa (100%).
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RESULTS AND DISCUSSION

The effect of plant growth stimulant
Lactisem on the germination of seeds and
seedling growth of different accessions
broomcorn  Sorghum  vulgare  var.
technicum (Kérn.) was evaluated. The
applied concentrations of growth stimulant
Lactisem had a negligible effect under
laboratory germination of seeds of
accessions (Figure 1). Seed germination
was highest on average for all accessions
at the optimal dose of plant stimulator — 3
1/2100 kg seeds (100%).

[

b o b [ K b
L h b b hb
a ‘| a “ a3 ab ap
| | a | | a | |
100% 150% Average

Dose |/100kg seeds

WSzegedi1023 mS14 MGLULSA mMPL1G M CRL7R

dur. 1. Kb/HAEMOCT Ha cemeHarta

GLGY - MIL6N

npu pasMyHn [03M Ha pPacTexHus

Prima

cTumynartop Jlaktmcem npm obpasym TeEXHMYECKO copro (MeT/ia)
Fig. 1. Seed germination for the different doses of growth stimulator Lactisem

applied in broomcorn accessions

[MCnepcuoHHNAT aHam3 3a ycTa-
HOBSIBAHE B/IMSIHMETO Ha npoyyBaHuTe
pakTopn ({o3u, 06pasuM) U B3auMoaeii-
CTBMETO MeXAy TAX BbpXy sfabopatopHa-
Ta Kb/IHAEMOCT, NoKa3saT, Ye B/IMSHNETO
U Ha gBata dpaktopa (A, B) e npubnu-
3UTEeNHO (n2:15.34; r]2:13.71) BbpXy 06-
woTto BapupaHe (Tabnuua 1). Komnnekc-
HOTO BAMAHME Ha pakTopute (AXB

The analysis of variance to
determine the effect of the studied factors
(doses, accessions) and the interaction
between them on laboratory germination
showed that the influence of both factors
(A, B) is approximately equivalent
(r]2:15.34; r]2:13.71) to the total variation
(Table 1). The complex influence of

factors (AxB r]2:31.04) occupy a relatively
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r]2:31.04) 3aemart OTHOCUTESNIHO MO-roNsM
Osin OT 006WO0TO BapupaHe.

big share of the total variation.

Ta6nvua 1.AHasM3 Ha BapyaHCUTE M CTEMNEH Ha BIMSIHUE Ha (pakTopuTe

Table 1. Main effects of the factors tested

dakrtopu / Factors Sum of squares Df Mean square r]2
A (obpasuym / accessions) 747.556 7 106.794 15.34
B (go3n / doses) 667.669 3 222.556 13.71
AxB (B3anmogelicteue / 1512.17 21 72.0081

interaction) 31.04
O6uwo / Total 4871.7 63

MpunoxeHuTte 003K Ha pacTexHus
cTumynatop Jlaktucem BbpPXy CEMEHa Ha
obpasun TexHuyecko copro (mMeTna)
okasBaT B/MAHVME BbBPXY Ab/HKMHATA Ha
Kb/Ha 1 KopeHa (cm) (Tabnvua 1).

3a BCMYKM TecTBaHM obpasum ce
HabnwgaBa yBennyasaHe [b/XKMHATA Ha
KbJ/IHA MPU NO-BUCOKMUTE NPUIOXEHN [03U
(3 n 6 I1/100 kg cemeHa) Ha JlakTucem
(Tabnumua 2). JokazaHo (P=0.05) Haii-
rofsaMa e Ab/hKMHaTa Ha KbiiHa cpefHo
3a npoy4yBaHuWTe 06pasuy npu onTumMan-
Hata po3a 3 /100 kg cemeHa Jlaktucem
cnpsmo HeTpeTupaHuTe KOHTPO/IHU
BapuaHTu.

KopeHbT npu obpasumTe TexHnyec-
KO copro (meTna) e ¢ no-ronsiMa Ab/HKnHa
B CpaBHEHVe CbC CTb0O/10TO. PasnmkuTe B
Ob/KMHATa Ha CTbO6/0TO npu u3cneg-
BaH/WTe 06pasun e HefokasaHa B cpas-
HEHMe C KOHTPONHWTE BapwaHTu npu
noBeyeTo OT mM3credBaHUTe 06pasum npu
Hali-HuckaTa npoyyBaHa fosa. JbmkuHa-
Ta Ha CcTbO/I0TO cpedHO 3a TecTBaHWTe
obpasun TexHumyecko copro (meTna) e
Hali-ronama npu gosa 3 /100 kg cemeHa,
KbJETO NpeBuLlaBa KOHTPOSIHUSA BapuaHT
oT 55 po 47.4%. OTHOCWTENHO Hali-
CWHO CTUMY/NMpaHe BbpPXY HapacTBaHeETO
Ha Kb/lHA € OTYeTEeHO npu MEeCTHU
nonynauun GL15A, S14, G16V n MI16N.

The doses of growth stimulant
Lactisem applied to technical sorghum
(broom) seeds had an effect on the length
of the shoot and root (mm) (Table 1).

There is an increase in shoot length
at higher doses (3 n 6 1/100 kg seeds) of
Lactisem for all tested accessions (Table
2). The length of the shoot average for the
test accessions is proven (P=0.05) to be
the greatest on at the optimal dose of 3
I/2100 kg seeds Lactisem compared to the
untreated control variants.

Compared to the root in the
broomcorn accessions has a longer
length than the shoot.

The differences in shoot length in the test
accessions are unproven compared to the
control variants in most of the specimens
tested at the lowest dose tested.

The shoot length averaged over the test
accessions of broomcorn was greatest at
a dose of 3 1/100 kg of seed, where it
exceeded the control variant from 5.5 to
47.4%. Relatively strongest stimulation on
sprout growth was reported in local
populations GL15A, S14, G16V and
MI16N.
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Tabnuua 2. HapacTtBaHe Ha CcTe6/10, KOpeH M Kb/H (cm) npu obpa3uym Sorghum
vulgare var. technicum (K&rn.) npu pasniMyHM KOHUEHTPaLUUM Ha pacTexHus

cTumynartop Jlaktucem

Table 2. Growth of shoot, root and seedlings (cm) in Sorghum vulgare var.

technicum (Koérn.) accessions under

stimulant Lactisem

different concentrations of growth

Josa O6pasum / Accessions

(Dose) | lMokasaTesnin Szeaedi Coeano/

I/100kg | Indicators 9 S14 |GL1SA| PL16 | CR17R | Prima | G16v | MileN | ~PEA

seeds 1023 Average
0.0 528" | 523" | 2.97% | 5.42° | 4.45® | 7.07° | 478" | 5.62° | 5.10°
1.5 |CTe6no, cm 4.30° | 4.86° | 479" | 4.21* | 4.97° | 523* | 5.80° | 5.42° | 4.95°
3.0 [Shoot, cm 548" | 5.02° | 4.92” | 556 | 5.90° | 8.18° | 6.05° | 7.16" | 6.03"
6.0 525" | 3.62° | 5.04° | 5.10° | 4.44® | 7.30° | 5.46° | 6.13® | 5.42%
0.0 575% | 7.33° | 527* | 6.88% | 7.55° | 9.09° | 7.70° | 8.50° | 7.26°
1.5 |[KopeH, cm 5.85° | 7.47° | 7.21° | 7.13® | 7.48° | 6.79° | 7.90° | 8.88% | 7.34°
3.0 |Root, cm 735" | 7.85° | 6.98" | 7.45° | 6.64® | 825" | 7.80° | 8.36* | 7.59%
6.0 8.10° | 6.07* | 7.17° | 7.14® | 5.74® | 813" | 6.75% | 8.32° | 7.18°
0.0 11.03* | 12.56° | 8.24% | 12.30° | 12.00%" | 16.16° | 12.48% | 14.12° | 12.36°
1.5 |KbaH, cm 10.15% | 12.33" | 12.00° | 11.34* | 12.45® | 12.02° | 13.70% | 14.30" | 12.29°
3.0 [Seedlings,cm | 12.83° | 12.87° | 11.90° | 13.01% | 12.54% | 16.43" | 12.85% | 15.52% | 13.49"
6.0 13.35° | 9.69% | 12.21° | 12.24* | 10.18* | 15.43" | 12.21% | 14.45" | 12.60%"

Nerenpa: PasnuyHnTe GyKBW B KONOHUTE Noka3BaT fokasaHu pasnukn oT LSD TecTa npu p = 0.05 BeposTHOCT
Legend: Different letters in columns indicate significant differences by the LSD test at p=0.05 probability

Mo OTHOLWEHWE TErI0TO Ha KbJiHa,
pasnvknTe Mexay TecTBaHuTe o6pasuu
ca HesHauntenHu (Tabnuuya 1). Hali-
HMCKa CTOMHOCT 3a TernoTo Ha KbjHa
CcpefHo 3a TecTBaHUTE 06pasum e oTyeTe-
Ha npu gosa 1.5 /100 kg cemeHa. lNpwu
posnte 3 n 6 1/100 kg cemeHa Jlaktncem
CTOMHOCTMTE 3a TEersoTo Ha KopeHa ca
Hali-BMCOKN, BBLMPEKW, Ye pasimknTe ca
CTATUCTUYECKM HeJoKa3aHU B CpaBHEHMUE
C KOHTPOJ/IHUTE BapuaHTu.

Mpu po3a 3 1/100 kg cemeHa
NakTcem TernoTo Ha cTeb/10TO U KopeHa
cpegHo  3a TecTBaHuWTe — obpasuwu
TexHn4Yecko copro (MeTna) e Haii-ronsima
M NpesuLlaBa KOHTPOJSIHNA BapuaHT oT 5.7
[0 44.4%. Haii-cuneH ctumynupaly, edekt
BbpPXY TErI0TO Ha CTEe6/I0TO U KOpeHa e
OTYeTeHO npu MmecTHW nonynaunn GL15A,
G16V wun MI16N, kaTto pasivkute ca
cratucTmyeckn gokasaxu npu P=0.05.

Peguua nogobHu pesyntatu ca
JoknaaBaHu B mU3cnefBaHus npu Bugose
oT pog Sorghum BOAAT [0 yBeNM4yaBaHe
pasMepbT Ha MbPBUYHUSA Kb/H U KOPEH U
Ternoto um (Nguyen et al., 2019; Trevisan
et al., 2018; Widawati and Suliasih, 2018).

In regard to the weight of the
seedling, the differences between the
tested accessions are insignificant (Table
1). The minimum value for the shoot
weight was observed at dose 1.5 1/100 kg
seeds average for tested accessions. At
high doses (3 and 6 /100 kg seeds)
Lactisem values for root weight are the
highest, but the differences were not
statistically ~ significant compared to
control variants.

At the dose of 3 /100 kg of seeds
Lactisem the shoot weight on average for
the test broomcorn accessions is greatest,
where it exceed the control variant from
5.7 to 44.4%. The strongest stimulation on
primary seedling weight was reported in
local populations GL15A, G16V and
MI16N the differences being statistically
significant at P=0.05.

A number similar results were
reported of studies at species of genus
Sorghum describe an increase the root
length, shoot length and total weight of
their seedlings (Nguyen et al., 2019;
Trevisan et al, 2018; Widawati and
Suliasih, 2018).
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Tabnuuya 3. HatpynBaHe Ha cBexa 6momaca (g 3a eauH KbJ/iH) npu obpasuu

Sorghum vulgare var.
pacTtexHus ctumynaTtop Jlaktucem

technicum (K&rn.) npu pas/qinyHM KOHUEHTpauum Ha

Table 3. Accumulation of fresh biomass g for one seedling in Sorghum vulgare
var. technicum (Korn.) accessions under different concentrations of growth

stimulant Lactisem

ﬁfggk(gDose) I_ll O'ff.‘ 3 atT enm Szeged O6pasum / Acces§|ons Coeaiio
seeds ndicators 1023 S14 |GL15A| PL16 |[CR17R| Prima | G16V |[MI16N Average
0.0 0.039° [0.039°|0.023%{0.043% 0.038%|0.052°|0.047%|0.036°| 0.040°
15 Cte6no, cm 0.035* |0.037%|0.035%°|0.032% 0.040%| 0.038%|0.044®|0.035%| 0.037%
3.0 Shoot, cm 0.043* |0.042%|0.040°°|0.043% 0.043%|0.057°|0.054”|0.039%|  0.045°
6.0 0.038% [0.027%|0.045"|0.042% 0.043%| 0.056" |0.051%|0.041%| 0.043%
0.0 0.018* [0.019%|0.015%(0.018% 0.017%0.021%|0.013%|0.020°| 0.018"
15 KopeH, cm Root, | 0.015* |0.020%|0.013%|0.015% 0.018%|0.020%|0.013%|0.021%| 0.017°
3.0 cm 0.018% [0.022%|0.016%|0.018% 0.019%|0.020%| 0.016%|0.021%| 0.019%
6.0 0.018* |0.021"|0.016*|0.016% 0.018%|0.018%|0.015%|0.019%| 0.018"
0.0 0.057° |0.058%|0.038%]0.061% 0.055%]0.073*| 0.060%|0.056°| 0.057%
15 Kb/H, cm 0.050° |0.057%°|0.048%°|0.047% 0.058%| 0.058%|0.057%|0.056%| 0.054°
3.0 Seedlings, cm 0.061* |0.064™|0.056%°|0.061% 0.062%|0.077°|0.070°|0.060%| 0.064%
6.0 0.056° |0.048"|0.061"|0.058% 0.061%|0.074*|0.066%|0.060°| 0.061°

Nerenpa: Pa3nuuHnTe 6yKBM B KONIOHWTE Noka3BaT foka3aHu pa3nukv oT LSD TecTa npu p = 0.05 BepossiTHOCT
Legend: Different letters in columns indicate significant differences by the LSD test at p=0.05 probability

[MCNepcUoHHNAT aHaM3 nokassa,
ye Hai-ronsam Asn ot o6uoTo BapupaHe
BbpXY Mokasarens Ab/krHa Ha cTb6/10TO
M KopeHa ce Ab/kM Ha CbBMECTHOTO
,Cl,eI/ICTBI/Ie Ha paBaTta ¢paktopa (A, B)
(r] =14.60) kaTo pas3nuknTe ca craTucTu-
Yyeckm HefoKa3aHu (Tabnnya  4).
BrvaHMeTo Ha [03UTe Ha pacTexHus
ctumynaTtop Jlaktucem (daktop A) e
OTHOCUTENIHO NO-ToNIAM AN OT 06LWOoTo
BapupaHe (n= 11 74) cnpsamo daktop A
(0o6pasuy) — (n°= 0.71).

Mo oTHOWeHVWe Ha pasnpegene-
HYeTO Ha BapvpaHeTo Mexay haktopuTe
obycnaBsWM HaTPynBaHETO Ha CBexa
6uomaca (g 3a eqHO pacTeHue) n0Ka33aT
ye TexecTTa Ha ®daktop A (gos3n) n° e
27.44. C OTHOCUTE/IHO Hal-mManbK gsan ot
06Lw,0T0 Bapupae e TexectTa Ha dakTop
B (o6pasuu) - n e 6.40, kaTo pasnukuTe
ca crtartucTnyeckn gokasanu npu P=0.001.
BapuaHCcbT pgbnxaw, ce Ha  B3aumo-
Bpb3Karta ,0bpasel - gosa” e r] =35.28.

Analysis of variance shows that the
largest share of the total variation on the
primary shoot and root length indicator is
due to the joint effect of the two factors (A,
B) (n° = 14.60), with no statistically
significant differences (Table 4). The
effect of doses of the growth stimulant
Lactisem (Factor A) had a relatlvely larger
share of the total variation (r] = 11. 74)
compared to Factor A (accessions) - (r]
0.71).

With regard to the distribution of
variation among the factors that determine
the fresh biomass accumulation (g per
plant), show that the weight of Factor A
(doses) n? is 27.44. With a relatively small
proportion of the total varlatlon the share
of Factor B (accessions) - n is 6.40, with
differences statistically proven at P=0.001.
The variance due to the relationship
“accessions-doses” is r] = 35.28.
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Tabnuua 4. OCHOBHU e(PeKkTu Ha TeCcTBaHUTe pakTopu

Table 4. Main effects of the factors tested

dakTopu Factors Sumof |y Mean n? Sum of - |n iy rean square| n? Sum of |, Mean n?
squares square squares squares| square

[bmkuHa/Length Cte6no / Shoot KopeH / Root KbnH / Seedling
A (06pasum / 412.635 |7| 58.948 |15.82] 204.345 |7| 29.197 |6.69|1094.09 7 |156.298 [11.74
accessions)
B (no3u /doses) | 20.1261 [3| 6.709 [0.77| 43.171 |3| 14.390 |1.41/65.9114/3|21.9705|0.71
AXB (B3anmo-
\nelictene / 333.532 21] 16.168 |12.79 387.211 [21] 18.439 |12.681360.6121 60.0293 (14.60
interaction)
Terno/Weight Cte6no / Shoot KopeH / Root KbnH / Seedling
';‘Cf:oeii?g#g)/ 0.001995|7{0.0002850(32.81| 0.002467 |7 | 0.0003524 [39.01/0.0021 |7|0.00030 [27.44
B (no3u /doses) [0.0004393|3|0.0001464 |7.22|0.00006313] 3/0.000002104| 9.98 [0.00049| 3 |0.000164| 6.40
AXB (B3anmo-
\neictene / 0.00214021/0.0001019(35.19 0.0001284 [21/0.000006116[20.30| 0.0027 21| 0.00128 (35.28]
interaction)
LSD npu HMBO Ha BeposiTHOCT 0.05
LSD at 0.05 probability level

HacToswwoTo n3cneasaHe npoy4ysa The present study reveals
Bb3MOXHOCTTa 3a CTUMyNMpaHe pasBu- | opportunities to stimulation the

TMETO Ha CTbOMOTO W KOpEeHa, KoWUTO
cnomarat no-6bpP30TO BKOpPEHsBaHe WU
passutMe Ha pacTeHuATa cnef TpeTtu-
paHe c JlakTucem. EpekTbT OT pacTex-
HUA cTumynatop JlakTucem MpunoXeH B
posa 3 1/100 kg cemeHa Bnusie NOMOXU-
TE/IHO BBbPXY Kb/IHAEMOCTTa 1 HapacTsa-
HEeToO Ha CTbO/I0TO M KOpeHa Ha BKJIOY-
eHuTe B m3crefBaHeTo o06pasum TeXHU-
yecko copro (meTna).

YcTaHoBeHa € cneumcmyHa peak-
UM No OTHOLWIEHME Ha MOKb/IBAHETO U
MbpPBOHAYa/IHOTO pa3BUTUE Ha KbJiHaA NpU
MecTHU nonynaumm GL15A, G1l6V n
MI16N TexHuyecko copro (MeTna).

MonyyeHute eKcrnepumeHTasiHu
pesyntatm morat ga 6baatr 065ICHEHWU C
FeHOTUMHM pasnyns, Tbil kaTo cpaBHe-
HUATA MexXay TAX ca HanpaBeHu npu
KOHTPO/IpaHu ycnoBus.

N3BOAN

OueHeHO e BJ/IMSHMETO Ha 0oceM
obpaseua TexHuyecko copro (MeTsa) no
OTHOLLEHME BJ/IMSHUETO Ha pPas/MyHU
[031 pacTexeH cTtumynatop Jlaktucem
npunoxeH B gosu 1.5, 3 n 6 /100 kg
cemeHa npu n1abopaTopHn YC/I0BUS.

development of shoot, root that promote
faster rooting and development of plants
after treatment with Lactisem. The effect
of the growth stimulant Lactisem, applied
at a dose of 3 I/100 kg of seeds, has a
positive effect on the germination and
growth of the shoot and root of the
included in the study in different
accessions of broomcorn.

There was a specific reaction with
regard to germination and development at
the primary seedling at local broomcorn
populations GL15A, G16V and MI16N.

The experimental results obtained
can be explained by genotypic
differences, since comparisons between
them were made under controlled
conditions.

CONCLUSIONS

The effect of eight accessions of
broomcorn on the effect of different doses
of growth stimulator Lactisem applied at
doses of 1.5, 3 and 6 1/100 kg seeds
under laboratory conditions was evaluated.
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PacTtexHnaTt ctumynatop Jlaktucem
npunoxeH B pgosa 3 /100 kg cemeHa
crnomara HapacTBaHeTO Ha U yBe/mya-
BaHe Terfoto Ha CTbO6/I0TO U KOpeHa,
CMPsSIMO  KOHTPOJSIHUTE  BapuaHtu npwu
BCUYKW BK/THOYEHU B U3C/eBaHeTo obpas-
LM TEXHUYECKO copro (MeTna).

YcTaHoBeHa e cneumduryHa copTo-
Ba peakuus no OTHOLIeHVe Bb3aelcTere-
TO Ha pacTexeH cTuMmynartop Jlaktucem
BbpXy HapacTBaHeTo (cm) u chopmMupaHe-
TO Ha cBexa 6omaca Ha KbjHa (g) npu
npoyuysaHute obpasum Sorghum vulgare
var. technicum (Kérn.).

MecTtHuTe nonynaumn GL15A, G16V
n MI16N ce oka3Bart obellaBalim n morat
Ja 6bAaTt nNpoAyKTMBHW NP OPYrn cenek-
LMOHHU nporpamu. N36opbT Moxe aa 6b-
[le HanpaBeH Bb3 OCHOBa Ha Te3u npusHa-
UM B HavasleH eTan Ha pacTtex. bu 6uno
peHTabunHo, oTHEMALLLO NO-Masiko Bpeme
N No-Masiko TPYyAOEMKO [Ja Ce OueHu
3apoJuviiHaTa nja3ma Ha paHeH etan.

The growth stimulator Lactisem
applied at dose of 3 /100 kg of seeds
promotes sprouting of shoot and root and
increasing the weight of shoot and root,
compared to the control variants in all
accessions included in the study.

There was a specific variety
reaction with regard to the effect of growth
stimulator Lactisem on seedling growth
(cm) and formation of fresh weight on
seedlings (g) in the tested accessions
Sorghum vulgare var. technicum (Korn.).

The local populations GL15A,
G16V and MI16N found superior and
might be productive in further breeding
program. Selection can be made on the
basis of these characters at early growth
stage. It would be cost effective, less time
consuming and less laborious to screen
the germplasm at early stage.
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PE3HOME

OnpepgeneHo e BUSHMETO Ha TeM-
nepaTtypHust AnanasoH 10, 15, 20, 25 v 30 °C
BbpXy MOKb/IBAHETO Ha CceMeHata W
HapacTBaHETO Ha Kb/IHOBETE Npu 6barap-
CKU MECTHU nonynaumn n MHTpoayumMpaHu
COpTOBE  TexHMyecko copro  (MeTna)
(Sorghum vulgare var. technicum Kérn.) ¢
pasfnMyeH npousxon npu sabopatopHu
ycnosuss B WHCTUTYT no  doypaxHuTe
KynTypwu, lNneseH.

YcTaHoBeEHM ca cneunduyHn reHo-
TUMHW pasnyuMs Npyu NOKb/IBAHETO Ha
cemMeHaTa U MbpBOHAYa/THO pPa3BUTUE Ha
obpasum TexHuyecko copro (MeTtna) B 3aBu-
CMMOCT OT B/IUSIHUETO Ha TemnepatypuTe -
10, 15, 20, 25 n 30 °C. Haii-B1coka Kbn-
HSEMOCT e OT4YeTeHa Mpu MECTHM Mony-
naumm GL15A (ot 24.2 po 90.0%) wu
MI16N (oT 56.7 go 90.0%), a Hail-ronsma
AbMKnHa Ha kbnHa npyu MI16N (ot 3.08
0o 20.65, cpegHo 11.21 cm) un copT Prima
(o1 1.32 go 16.89, cpegHo 12.35 cm).

[lokazaHo e BNUSHMETO Ha Temne-

SUMMARY

The influence of the temperature
range 10, 15, 20, 25 and 30 °C on the
germination of seeds and the growth of
seedlings in Bulgarian local populations
and introduced varieties of broomcorn
(Sorghum vulgare var. technicum Kaorn.)
of different origin was determined under
laboratory conditions at the Institute of
Forage Crops, Pleven.

Specific genotypic differences in
seed germination and initial development
of broomcorn accessions were
determined depending on the influence of
temperatures - 10, 15, 20, 25 and 30 °C.
The highest germination was recorded in
local populations GL15A (24.2 to 90.0%)
and MI16N (56.7 to 90.0%), and the
highest seedling length at MI16N (3.08 to
20.65, mean 11.21 cm) and variety Prima
(1.32 to 16.89, average 12.35 cm).

The influence of the temperature
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paTypHus gauanasoH 10+30 °C  Bbpxy
HapacTBaHeTO Ha Kb/IHOBETE Npu 06pas-
UM TexHuyecko copro (metna) (Sorghum
vulgare var. technicum Kaérn.), upes koe-
uumneHTnte Ha anometpusa (CA). Mpwu
Temnepatypa 20 °c HapacTBaHeTO Ha
cTeb/10TO M KOpeHa e OTHOCUTEsIHO
NPOMOPLMOHA/IHO NPW BCUYKM 06pasuy, ¢
Hali-Huckn ctoliHocT (oT 0.29 pgo 0.78)
Ha KoeduumeHTUTe Ha anomeTpus (CA).
Temnepatypu 10-15 °C 3agbpxaT HapacT-
BaHeTO Ha cTebs10TO B CpaBHEHNE C Kope-
Ha, KOeTo onpepaesniss OTHOCUTESTHO BUCOKU
ctoinHocTn Ha CA (ot 4.00 go 2.85). B
OTHOCUTENHO no-cnaba cTeneH ce noTuc-
Ka pa3BuTMeTO Ha cTebnoTo npu Temne-
patypu 25-30 °c (CA oT 1.41 no 1.22).

YcTaHOBEHO €, Yye cemeHa 0T MecCT-
HuTe nonynaumm GL15A n MI16N TexHu-
yecko copro (MeTs1a) NokbLABaT 1 ce pas-
BMBaT B LUMPOK TemnepaTtypeH AmanasoH
10-30 °C u npeacrasnaBar UHTEpPEC Npu
Cb3faBaHe Ha obpasun TosiepaHTHU Ha
TemnepaTtypeH CTPec, KakTo v npu npuna-
raHe Ha xepébuuman npu OTHOCUTESTHO
He61aronpusATHN METEOPOSIOTNYHN 1 efa-
ou4HM ycnosus

KnouoBn aymu:  TemneparypeH
CTpec, CefleKTMBHOCT, TEXHUYECKO COpro
(meTna), XXn3HeHoCT

yBO/[,

CesickoTO CTONaHCTBO € cpep, Hali-
YyS3BMMUTE CEKTOpPM Ha nocneguuuTte oT
U3MEHEHNETO Ha kIaumaTa, Tbil KaTo
NPOMEHUTE B TEMMNEPATYpUTE Ha Bb3ayxa
N CyMUTE Ha BaJieX, OKasBaT HeraTtMBeH
eyeKkTM BbPXY A06MBA U KA4YeCTBOTO Ha
nosyyeHara npoaykuus. YBennyeHneTo
Ha HacefneHueTo B CBeTa npe3 nocneg-
HOTO JeceTuneTve Hanara nosuwaBaHe
[o6uBMTE OT CeNcKocTonaHcka npoayk-
UMs, KaKTO U BK/IHOYBAHE Ha anTepHaTuB-
HW KyNTypu NpU pellaBaHe Ha Bb3HUKHA-
s gedvyMTt B MPOM3BOACTBOTO  Ha
XpaHu, dypaxu, CypoBMHa 3a NpomMuLLie-
HoCTTa, 6uoropusa u apyru (Gornall et al.,
2010; Kikindonov and Slanev, 2011;
Donchev and Kikindonov, 2015).

BnarogapeHne Ha nNpoAyKTUBHUAT

range 10 + 30 °C on the growth of shoots
in broomcorn (Sorghum vulgare var.
technicum Kérn.) accessions, through
allometry coefficients (CA), has been
demonstrated. At temperature 20 °C,
shoot and root growth is relatively
proportional to all accessions, with the
lowest values (0.29 to 0.78) of coefficient
of allometry (CA).

Temperatures 10-15 °C retain the growth
of the shoot compared to the root, which
determines the relatively high CA values
(from 4.00 to 2.85). The development of
the shoot at temperatures of 25-30 °C is
less inhibited (CA from 1.41 to 1.22).

Seeds from local populations
GL15A and MI16N of broomcorn have
been found to germinate and develop over
a wide temperature range of 10 + 30 °C and
are of interest in the generation of
temperature tolerant accessions, as well
as in the application of herbicides in
relatively adverse weather conditions and
edaphic conditions.

Key words: temperature stress,
broomcorn, selectivity, vigour index

INTRODUCTION

Agriculture is among the most
vulnerable sectors of the effects of climate
change, as changes in temperature and
rainfall have negative effects on the yield
and quality of production.

The increase in the world’'s population in
the coming years necessitates the urgent
task of increasing agricultural production,
necessitating the inclusion of alternative
crops to address the emerging shortfall in
the production of food, feed, raw materials
for industry, biofuels and others (Gornall
et al., 2010; Kikindonov and Slanev, 2011,
Donchev and Kikindonov, 2015).

Due to its productive potential,
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CY noTeHuwuas, LwmpokaTa u MHOrocTpaH-
Ha ynoTpeba 3a xpaHa Ha xopara, xpaHa
3a XMBOTHUTE/pypax, NPOU3BOACTBO Ha
eTaHoM W ApYrM NPOMULLSIEHN MPOAYKTH,
BMCOKaTa UM eKoJIormyHa naacTUYHOCT U
TOMIEPAHTHOCT KbM HebnaronpuaTHu abuo-
TUYHM akTopu, ONpeaensT BUAOBETE OT
pog Sorghum (KbM KOWTO MpUHaANEXM
Sorghum vulgare var. technicum [K&rn.]),
KaTo NMepcneKkTUBHM KyNnTypu 3a BK/IHO4YBa-
HETO UM B centboobpalleHns, B YC/10BUS
Ha rnobasHO 3aTonnsHe M 3acyllaBaHe
(Berenji and Dahlberg, 2004; Boutraa et
al., 2010; Angelova et al., 2011; Stefaniak
etal., 2012).

Bray et al. (2000), Razmi et al.
(2013) 1 Queiroz et al. (2018) ycTtaHoBs-
BaT, Ye MOKb/IBAHETO Ha CcemeHata npu
BugoBeTe oT poA Sorghum ce onpegens ot
MHOXEeCTBO pakTopu: BUA, pasmep, Npomo-
KaeMoCT Ha ceMeHHaTa O06BMBKa, KMC/O-
POAHO NOrMblAHE HA ceEMeHaTa 1 Apyru.

AGVOTMYEH CTpec B nepuoga
cenTba — MOHUKBAHE MOXe Aa MPUYMHK
3aryom npu peanmsnpaHe Ha go6usa npu
Bugosete ot poa Sorghum (Pirasteh-
Anosheh et al, 2011; Hamidi and
Pirasteh-Anosheh, 2013).

YcTaHOBEHO e, Ye M3BbpLUBaHe Ha
cenTba NpyM OTHOCUTESNTHO MO-HUCKWU n/vnn
no-BMCOKM TemnepaTtypu Ha nouysara pe-
Ayumpa nNpoueHTbT Ha NOHUKHaNuTe pac-
TEHUs U MHXMBMpa CTeneHTa Ha HapacT-
BaHeTO Ha BuAoBeTe OT pog Sorghum B
HayaNHWTE eTanM OT PasBUTUETO UM
Pirasteh-Anosheh et al. (2011), Hamidi n
Pirasteh-Anosheh (2013).

Mo-paHHaTa centba B CTYAEHU U
NPeoBAXHEHN MOYBU BOAM A0 3arHMBaHe
Ha ceMeHara, He3aBuCMMO OT ToBa Singh
(1985) ycTtaHoBsIBA rEHOTMNOBE COPro
"ToNnepaHTHU Ha CcTya", KOUTO MOKbL/IBAT,
pasBuBaT cpacTtaT v gasaT 3a40BOouUTeN-
HN [O6MBM Ha 3bPHO MpPW YC/OBUA Ha
OTHOCUTESNHO CTyAeHa (HO Haj 3amMmpb3Ba-
He) Temnepartypa Ha Bb3gyxa W1 no4ysara,
JoKaTo Mo-KkbCHaTa cenTba Bb3Npensr-
cTBa APYXHOTO MOHWKBaHe, nopagn Hepoc-
TaTbyHaTa Bfara Ha noysaTa B 30HaTa Ha
centba (Yo et al., 2004).

widespread use for human food, animal
feed/forage, ethanol production and other
industrial products, ecological plasticity
and tolerance to unfavorable abiotic
factors, determine the species of the
genus Sorghum (to which belongs
Sorghum vulgare var. technicum [Kdrn.])
a perspective culture for inclusion in
rotation, in global warming and drought
conditions (Berenji and Dahlberg, 2004;
Angelova et al., 2011; Stefaniak et al.,
2012).

Bray et al. (2000), Razmi et al.,
(2013) and Queiroz et al. (2018) found
that germination seeds in the species of
the genus Sorghum is conditioned by
many factors: seed species and size,
permeability of seed coat, oxygen
absorption of the seeds etc.

The abiotic stress during at planting
time can cause irreversible loss in yield
potential in Sorghum species (Pirasteh-
Anosheh et al, 2011; Hamidi and
Pirasteh-Anosheh, 2013).

It has been found that sowing at
relatively lower and/or higher soil
temperatures reduces the percentage of
sprouted plants and inhibits the rate of
growth of Sorghum species in the initial
stages of plant development Pirasteh-
Anosheh et al. (2011), Hamidi n Pirasteh-
Anosheh (2013).

Earlier sowing in cold and humid
soils results in rotting of the seeds,
nevertheless Singh (1985) identifies
sorghum "tolerant to cold" genotypes that
germinate, develop overgrowth and give
satisfactory grain yields under relatively
cold conditions (but above freezing) air
and soil temperature, while later sowing
impedes friendly sprouting due to
insufficient soil moisture in the sowing
area (Yo et al., 2004).
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3acunBalwaTta ce TeHAeHUuMsA npes
nocnegHuTe roguHU Ha rnobanHo 3aton-
NsHe 1 3acylaBaHe, nopaxga Heobxoau-
MOCTTa OT OueHKa M oTbop Ha cenek-
UMOHHK obpasuu npu BUAOBETE OT pPof
Sorghum ¢ TonepaHTHOCT KbM BOAEH U
TemnepaTypeH CTpec B HavasHUTe dhasu
Ha passutveTo um (Bibi and Ali, 2012;
Donchev and Kikindonov, 2015; Queiroz
et al., 2018).

Llenta Ha mn3cnegBaHeTo e ga ce
onpegesnn BAUSIHMETO Ha TemneparypaTa
BbpXy MOKb/IBAHETO Ha CceMeHata W
HapacTBaHeTO Ha Kb/HOBETE Npu 06pasum
TexHunyecko copro (metna) (Sorghum
vulgare var. technicum Korn.) npu na6o-
paTopHM YCNOBUS.

MATEPVAJT N METOOU

lMpoyyBaHeToO e npoBefeHO npu
naéoparopHu ycnosuss B WMHCTUTYTa no
dypaxHuTe Kyntypu - MNMneseH. OBGeKT Ha
nuscnefBaHeTo ca cemeHa OT o06pasuu
TexHuyecko copro (metna) (Sorghum
vulgare var. technicum Korn.) pekontupaHu
OT MOJICKX OMUTK 3a OLeHKa Ha MECTHU U
WHTPOAYLMPaHM COPTOBE MO KOMM/IEKC OT
MOPAIONOrNYHK, BUONOTNUYHK, BUOXUMUY-
HW M CTOMAaHCKN KayecTBa Mnpe3 nepuoga
2017-2019 roaunHa (Tabnuua 1).

The increasing trend in recent
years of global warming and drought has
led to the need to evaluate and select
breeding of Sorghum species accessions
with tolerance to water and temperature
stress in the initial stages of their
development (Bibi and Ali, 2012; Donchev
and Kikindonov, 2015; Queiroz et al.,
2018).

The objective of this study was to
determine the effect of temperature on
seed germination and seedling development
of accessions of broomcorn (Sorghum
vulgare var. technicum Kérn.) under
laboratory conditions.

MATERIAL AND METHODS

The study was conducted under
laboratory conditions at the Institute of
Forage Crops - Pleven. The subject of the
study are seeds of broomcorn accessions
(Sorghum vulgare var. technicum Koérn.)
harvested from field trials for evaluation of
local and introduced varieties by complex
of morphological, biological, biochemical
and economic qualities in the period
2017-2019 (Table 1).

Tabnumuya 1. O6pa3un TexHu4vecko copro (Sorghum vulgare var. technicum Kérn.)
Table 1. Broomcorn (Sorghum vulgare var. technicum Kérn.) accessions

Ne O6pasyu / Accessions

1 | Szegedi 1023 .

> TPrima Coprt / Variety

3 | S14 MecTH¥ nonynauum ot KOoroustouHa bbarapus / Local populations from Southeast Bulgaria
4 | GL15A

5 | PL16 .

6 [CR16LR MecTHu nonynauumn ot LieHTpanHa CeBepHa Bbnrapus / Local populations from Central

Z TG16v Northern Bulgaria

8 | MI16N

YKn3HecnocobHoCTTa Ha cemeHarta
OT TecTBaHuUTe 06pasun e onpegensHa no
MeTtona Ha Gill et al. (1993), nouncreHu
ca OT NprYMecH, PbYHO ca KasmbpupaHu,
Kato OT BCeku BUA ca oTbpaHu no 100
6pos cemeHa. NocTaBeHN ca B NeTpuesu
6noga ¢ guametsp 90 mm mexay dwun-

Vigour of the tested accession
seeds was determined by the method of
Gill et al. (1993). They were cleaned from
impurities, calibrated by hand and a
number of 100 seeds from each
accession. They were put in petri dishes
90 mm in diameter between filter paper
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TbpHa xapTtus Filtrak 383. BbB BCeKMn KOH-
TeliHep e nuneTupaHa no 10 ml gectu-
nvpaHa Boga. Taka noaroteeHuTe Npooéu
ca MOCTaBeHW Ha TbMHO B TepmocTaTu
npu t °C - 10, 15, 20, 25 n 30 °C B npo-
Ob/KeHVe Ha cefeM gHW. Beekn BapyaHT
€ 3a/1araH B YeTUpy NOBTOPEHMUS.

OueHKa Ha ehekTa

3a oOueHka Ha eKkcnepuMeHTUTe
pesyntatu ca WU3NON3BaHU CregHuTe
napameTpw.

KonunyecTBeHN napameTpu

Bpoii nokbnHann cemeHa (GS%)
BbB BCEKM BapuaHT e onpegensH
cbrnacHo ISTA (1985). bpoit nokbaHaNM
cemMeHa 3a Bceksm BapuaHT (%): 3a
NoKb/IHA/IN CEMEHa ce Mpuemar, Korato
Kb/iHA € MpUbNU3NTENHO C Ab/HKMHA 2
mm (Pirasteh-Anosheh et al., 2011).

Number of seeds germinasted

GS% = .100

Tatal namber of seeds
BuomeTpuyHN napameTpu
ObnxnHata Ha kbnHa (cm) e

n3MepBaHa ¢ MWIMMETpPOBa XapTus.
CTaTucTunyecka oLeHkKa n

dhopmynu 3a n3dncneHne
MpoueHT Ha wuHxmbupaHe (IR) e
onpegeneH no copmynara

IR=(=2).100

KbJETO a — NOKb/IHAUIN CEMEHa KOHTPO/I-
HuTe BapuaHTh (15.0 0C), npueT 3a cTaH-
napt (%g, b — nokbnHanu cemeHa npu
BCuuku t °C - 10, 15, 20, 25 1 30 °C (%);

CkopocTTa Ha HapacTBaHe (J) Ha
KopeHa, cTeb/10TO U Kb/iHa e onpejens-
Ha, upe3 agantupaHa gopmyna Ha Dauta
et al. (1990).

B {lnN: — lnN,]
1 t

Kbaeto N; - Ab/MKMHa (CM) Ha KOpeH,
cTe610 1 kbaH npu t °C - 10, 20, 25 1 30 °C;
No - Ab/MKMHA (CM) Ha KOopeH, cTeb6sio u
Kb/IH B KOHTPONHWUTE BapuaHTu (15.0 °C);
t — NPOABMKNTESTHOCT, AHW;

Filtrak 383. Ten milliliters distilled water
into each container were pipetted. The so
prepared samples were put in the dark at
t °C - 10, 15, 20, 25 1 30 °C in thermostats
for seven days. Each variant being laid
out with four replications.

Effect assessment

For assessing the results of the
experiments were used the following
parameters.

Quantitative parameters

Germination of seeds was
determined according to ISTA (1985).
Number of germinated seeds in each
treatment: percent of germination in each
treatment (%). Seeds was considered
germinated when radical emerged by
about 2 mm in length (Pirasteh-Anosheh
et al., 2011).

1)

Biometric parameters

Length of the seedling (cm) was
measured using graph paper.

Statistical evaluation
calculation formulas

Inhibition rate (IR) was determined
by the equation (1).

and

)

where a — germinated seeds in the control
treatments  (15.0 0C), accepted as
standard (%), b - germinated seeds in the
t °C - 10, 20, 25 and 30 °C (%);

Growth rate (W) of the root, shoot
and seedling was determined with an
adapted formula by Dauta et al. (1990).

®)

where N, - length (cm) of root, shoot and
seedlings for t °C - 10, 20, 25 and 30 °C;
N, - length (cm) of root, shoot and
seedlings in control treatment (15.0 0C);
t — duration in days;
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KoedpmupmeHT Ha anometpusa (CA) e
onpegensH no dopmynata Ha Nasr and
Mansour (2005).

L
cA=-—2L
Lﬁ’

KbaeTo L, - Ab/mkmHa (cm) Ha KopeHa, Lg -
AbmxnHa (cm) Ha ctebnoTo.

YKusHeHoCT Ha pacTeHusita (SVI) e
onpejesnisHa Kato e U3nosi3BaHo ypasHe-
HMeTo Ha Islam et al. (2009).

5Vi= (%)

KbAETO: S - AbmkuHa (CM) Ha Kb/Ha nNpwu
t °C - 10, 15, 20, 25 n 30 °C; G -
NoKb/IHaNN cemeHa, %.

Kb/HAemocTTa Ha cemeHata e
nsumncneHa cneq npegBapuTenHo
arcsin-TpaHcd)opmupaHe no copmynaTta,
Y=arcsinv(x/100), Hinkelman and
Kempthorne (1994). MonyyeHuTe pesyn-
TaTm ca 06paboTeHU CTaTUCTUYECKN C
nporpamHute npoayktm STATGRAPHICS
Plus for Windows Version 2.1 n Statistica
10. Mopapgn 3anassauiara ce TeHAeHUNA
W efHOMOCOYHOCT Ha  nojay4vyeHute
eKCrnepuMeHTasHM pesynrtatu npes
nepMoga Ha MpoyuyBaHe, [JaHHWTE ca
oTpaseHu cpedHo 3a nepuoga.

PE3YJITATU N OBCBXXOJAHE

TemnepatrypHuAT JmnanasoH
10/15°C e rpaHnyeH Npu M3BbplUBaHe Ha
centbaTta Ha TEXHMYECKOTO copro (MeTna)
3a ycnosusata Ha LeHTpanHa CeBepHa
Bbnarapusa. JlabopaTopHata Kb/IHAEMOCT
Ha ceMeHaTa npu TecTBaHuUTe o06pasuu
TexHuyecko copro (mMeTna) Bapupa B
LWNPOK Auana3oH — oT 24.2 go 90.0% wu
3aBuUCcKU OT BUONOTMYHUTE OCOBEHOCTU Ha
KynTypaTa 1 oT Temnepatyparta (Tabnuiua
1 »n 2). Hail-BUCOK MPOUEHT MOKbIHAIM
CeMeHa e OT4yeTeH B TeMmmnepaTypHus
avanasoH 20-25 °C, a ¢ HamansBaHeTo
Ha 10-15 °C wm ¢ yBe/MyaBaHeTo 1 Ha
30°C NPOLEHTHLT Ha NOKb/IHA/INTE CEMEHA
Hamanssa o1 14.3 go 27.1%.

Coefficient of allometry (CA)
determined by the equation by Nasr and
Mansour (2005).

(4)

where L, - length (cm) of the root, L -
length (cm) of the stem.

Plants vigour index (SVI) was
determined by the equation of Islam et al.
(2009).

()

where: S - length (cm) in the seedling at
the t °C - 10, 15, 20, 25 u 30 °C; G -
germinated seeds, %.

The percentage of seed
germination  was  calculated  after
preliminary arcsin-transformation following
the formula, Y=arcsinv(x/100), forwarded
by Hinnkelman & Kempthorne (1994). The
collected data were analyzed using the
softwvare STATGRAPHICS Plus for
Windows Ver. 2.1 and Statistica Ver. 10.
Due to the continuing trend and the
uniformity of the experimental results
obtained during the study period, the data
are presented on average for the period.

RESULTS AND DISCUSSION
The temperature range 10/15 °C is
the limit when sowing broomcorn for the
conditions of Central North Bulgaria.

The laboratory germination of seeds in the
tested broomcorn accessions varies over
a wide range — from 24.2 to 90.0% and
depends on the biological characteristics
of the crop and the temperature (Tables 1
and 2). The highest percentage of
germinated seeds was reported in the
temperature range 20-25 °C, and with a
decrease of 10-15 °C or with an increase
of 30 °C the percentage of germinated
seeds decreased from 14.3 to 27.1%.
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YcTaHoBeHa e crneumdunyHa reHo-
TMNHa peakuns n gudpepeHunaums npu
MOKb/IBAHETO Ha CemMeHarta B 3aBUCMMOCT
OT BAUAHWETO Ha Temneparypute w
peakuusita Ha TecTBaHuWTe obpasumn Tex-
HM4yecko copro (metna). Haii-sucoka cpeg-
Ha KbnHAeMocT (73.2 u 79.7%), He3aBuCK-
MO OT TemnepaTtypHuUA Auanas3oH e ycTa-
HOBeHa npu MecTHU nonynauun GL15A u
MIL16N, npu KOMTO € OT4yeTeHa KbJlHSe-
MOCT 1 npu Temnepatypa 10 °C cvotBeT-
HO 24.2 1 56.7%. OTHOCMTENHO Hali-H1CKa e
Kb/iHAemocTTa Ha cemeHata (59.3%) npu
MecTHu nonynauum CR16LR n G16V.

Specific genotypic reaction and
differentiation in seed germination were
determined depending on the influence of
temperature and the reaction of the tested
broomcorn accessions. The highest
average germination of seeds (73.2 and
79.7%), irrespective of temperature range,
was found in local populations GL15A and
MI16N, in which germination was reported
and at 10 °C, respectively 24.2 and
56.7%. Seed germination (59.3%) in the
local CR16LR and G16V populations was
relatively lowest.

Ta6nvua 2. BnusHve Ha TemnepaTtypa BbpXy MOKb/IBAHETO Ha ceMeHaTa npu

ob6pasym TexXHNn4YeckKo copro (meTna)

Table 2. Effect of temperature on seed germination of broomcorn accessions

Temperature O6pasum / Accessions
t°C nlﬁ'é?g:foer’;” Sigggd' Prima| S14 | GL15A | PL16 | CR16LR | G16V | MI16N
100 GS% 0.0° | 0.0° | 0.0° | 24.2% | 0.0° 0.0% 0.0% 56.7°
) IR 100.0 [100.0[100.0| 66.2 |100.0| 100.0 100.0 20.8
15.0 St GS% 90.0 | 71.6°|63.4°| 71.6° [ 60.0°| 63.4° 63.4° 71.6°
) IR 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
200 GS% 90.0° | 90.0 [71.6™| 90.0° | 71.6°| 71.6° 71.6° 90.0°
) IR 0.0 |-25.7]-129] -25.7 |-19.3| -12.9 -12.9 -25.7
25.0 GS% 77.1° | 71.6° [ 90.07| 90.0° | 90.09| 90.0° 90.0° 90.0°
) IR 14.3 0.0 |-42.0| -25.7 |[-500| -42.0 -42.0 -25.7
30.0 GS% 65.6° | 71.6° | 90.0 | 90.0° | 90.0| 71.6° 71.6° 90.0°
) IR 27.1 0.0 |-42.0| -25.7 |[-500| -12.9 -12.9 -25.7

NereHpa: a, b, c, d, e, f - cTaTCcTUYeckn gokazaHn pasnukm npu P=0.05; GS% — KbAHAEMOCT Ha cemeHaTa, %;

IR — cTeneH Ha uHxnbupaHe

Legend: a, b, c, d, e, f, - statistically proven differences at P = 0.05; GS% — germination seeds, %; IR — inhibition rate

C yBenMuyaBaHe Ha Temneparypara
20-30 °C NMPOLUEHTBLT Ha MNOKb/HA/IUTE
cemeHa HapacTtBa (o1 12.9 go 50.0%) npwu
MecTHU nonynaumn S14, GL15A, PL16 u
MI16N, pokato npu CR16LR n G16V
Temnepatypa ot 30 °C okasBa uHaude-
peHTeH ediekT BbpXY NPOy4YBaHMs nokasa-
Ten. M3knwyeHne ot onucaHarta 3aBuUCU-
MOCT ce ycTaHoBsiBa npu copT Szegedi
1023 npu KONTO, NPUIOKEHUTE MO-HUCKM
TemnepaTtypu (15-20 0C) He okasBart
BNMsSAHWE BbpXy naboparopHata KbriHse-
MOCT Ha ceMeHaTa, a TemnepaTypHus
avanasoH = 25 °C uHxubmpar IR ot 14.3
[0 27.1% noKb/IBAHETO UM.

Mo oTHoweHve nabopaTopHaTa Kb/-
HAEMOCT Ha cemMeHaTa, MeCTHWUTe nony-
nauum GL15A n MI16N ycrioBHO Mmoxe aa
ce onpefenAT, Kato UHAMMEPEHTHU KbM

With an increase in temperature of
20-30 °C, the percentage of germinated
seeds increased (from 12.9 to 50.0%) in
local populations S14, GL15A, PL16 and
MI16N, while at CR16LR and G16V the
temperature of 30 °C had an indifferent
effect on the studied indicator. An
exception to the described dependence is
found in the variety Szegedi 1023, in
which the applied lower temperatures
(15-20 0C) have no effect on laboratory
germination of seeds and the temperature
range = 25 °C inhibits IR from 14.3 to
27.1% of their germination.

With respect to laboratory seed
germination, local populations GL15A and
MI16N can be conditionally determined to
be indifferent to the temperature range
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TecTBaHWs TemnepaTypeH AuanasoH, no-
pagu CTaTUCTUYECKUM HeJoKasaHu pas/vkv
npu npoyusaHuTe Temnepatypu = 20 °C.
YcTaHoBsiBaHETO Ha 06pasuy TEXHUYECKO
copro (MeT/ia), KOUTO MoKb/BAT U NpU Mo-
Huckn TemnepaTtypu (GL15A un MIL6N)
u/vunu B TemnepaTtypHusa ananasoH 10-30
°C (CR16LR 1 G16V) ca OT 3HauYeHne npu
npunaraHe Ha xepoébuumawn, cnen centba,
npegn MOHWKBAHE WM B  HavaslHUTe
eTanu oT pa3BMTUETO Ha pacTeHuATa.

Mofo6HN ca n nonyyeHute pesyn-
TaTu B eKcnepumeHTasiHata pabota Ha
Razmi et al. (2014). Cnopep aBTOpuTte
He3aBucMMo, 4e Sorghum bicolor L.
npousnusa OT MNONYCYXUTe Tponuum ca
YCTaHOBEHWU rEHOTUNOBE TONIEPAHTHN KbM
TemnepaTypeH cTpec.

[JvHamukaTa Ha HapacTBaHe Ha
Kb/IHOBETE B HaYa/lHUTE eTanu OT pasBu-
TUETO Ha TEeXHMYEeCcKoTo copro (MeTna),
3aBMCM OCHOBHO OT reHotuna u oT BAUS-
HMETO Ha MNPUIoXKEeHUTe Temneparypu
(Tabnuua 3). Haii-ronsima cpegHa gb/mku-
Ha Ha KbjlHA € OTyeTeHa Mpu MecTHa
nonynauua MI16N (ot 3.08 pno 20.65,
cpefHo 11.21 cm) u copt Prima (ot 1.32
[0 16.89, cpegHo 12.35 cm), a Hali-masika
npu G16V (ot 1.20 go 10.16, cpegHo 8.45
cm), pgokato Szegedi 1023, S14, GL15A n
CR16LR n 3aemar mexamHHa no3uuums
(ot 1.13 po 19.40, cpegHo 9.50 + 10.60 cm).

[JaHHuTe B GMOMETPUYHUTE U3Mep-
BaHVA Ha Ab/hKMHATa Ha KopeHa, ctebo-
TO M KbjHa (Cm) No3BosisiBaT 06EKTUBHO
Ja Ce OuEeHM N CpaBHW BUSAHMETO Ha
TemnepaTtypHusa guanasoH ot 10 go 30 °c
BbpXy MbpBOHAYa/IHOTO pas3BUTME Ha
0o6pasuu TexHU4ecko copro (MeTna).

Ot Tabnuua 3 e BUAHO, 4Ye C
yBefnMyasaHe Ha Temnepatypute (20, 25
n 30 °C) cratuctuyeckn gokasaHo (p>0.05)
HapacTBa [Ab/DKMHATa Ha KOpeHa u cTeb6-
JIOTO NPV BCWUYKM MpoyyBaHW obpasuun B
CpaBHeHMe C npuetara 3a cTaHgapT
Temnepatypa 15 °C. AHanoruunm ca w
noslyyeHWTe pesyntatM Mo OTHOLWEeHWe
CKOpOCTTa Ha HapacTBaHe (L) Ha KopeHa,
CTe6N0T0 M KbjlHA B 3aBUCUMMOCT OT
NPUIOXKEeHUA TemnepaTtypeH AuanasoH.

tested, due to statistically unproven
differences in study temperatures = 20 °C.

Establishment of broomcorn accessions
that germinate at lower temperature
(GL15A and MI16N) and/or temperature
range of 10-30 °c (CR16LR and G16V)
are important when applying herbicides,
after sowing, before emergence or in the
initial stages of development of plants.

The results obtained in the
experimental work of Razmi et al. (2014).
According to the authors, despite the fact
that Sorghum bicolor L. is derived from
the semi-arid tropics, genotypes tolerant
of temperature stress have been
established.

The dynamics of germination in the
initial stages of the development of
broomcorn depends mainly on the
genotype and on the influence of applied
temperatures (Table 3). The highest
average sprout length was reported in the
local MI16N population (3.08 to 20.65,
mean 11.21 cm) and Prima variety (1.32
to 16.89, mean 12.35 cm), and the
smallest in G16V (1.20 to 10.16, mean
8.45 cm) while Szegedi 1023, S14,
GL15A and CR16LR and occupy an
intermediate position (from 1.13 to 19.40,
average 9.50 + 10.60 cm).

The data in biometric
measurements of root length, stem and
seedling (cm) allow an objective
evaluation and comparison of the

influence of the temperature range from
10 to 30 °C on the initial development of
broomcorn.

It can be seen from Table 3 that
with increasing temperatures (20, 25 and
30 0C) statistically proven (p>0.05), the
root and stem length increased in all the
samples studied compared to the
standard temperature of 15 °c.

The results obtained with respect to the
rate of increase (u) of the root, stem and
seedling are similar, depending on the
applied temperature range. The relatively
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OTHOCHTENHO Hali-cnaba CKOpOCT Ha
HapacTBaHe () ce ycTaHOBsIBa Mpwu Mo-
HuckuTe Temnepatypu 15-20 °C wn ¢
yBenuyasaHeto um 25-30 °c L HapacTtBa
CcboTBeTHO 0T 0.43 g0 8.83 nbTu.

slowest growth rate (u) is found at lower
temperatures of 15-20 °C and increases
by 25-30 °c K respectively from 0.43 to
8.83 times.

Ta6nvua 3. BnusaHne Ha TemMnepaTtypa BbpXy Ab/HKMHATA HA Kb/HA Npu 06pasum

TEXHUYECKO copro (MeTna)

Table 3. Effect of temperature on seedling length of broomcorn accessions

'I;gtmuﬁ)ee |'|0Ke_13aTenV| Stoged O6pasum / Accessions
N Indicators 1023 | Prima| S14 |GL15A| PL16 |CRI6LR| G16V | MI16N
KopeH, cm / Root, cm | 0.00* [ 0.00* | 0.00* | 0.93* | 0.00° | 0.00* [ 0.00* | 0.97%
o 0.00 | 0.00 | 0.00 [-0.046] 0.00 | 0.00 | 0.00 | -0.091
100 |.CTebno,cm/Shoot,cm | 0.00° | 0.00° | 0.00° | 0.20° | 0.00* | 0.00* | 0.00° | 0.29°
' U 0.00 | 0.00 | 0.00 [-0.099] 0.00 | 0.00 | 0.00 | -0.335
KbnH, cm/ Seedling, cm 0.00* | 0.00* | 0.00° | 1.13% | 0.00* | 0.00* | 0.00° | 1.26%
u 0.00 | 0.00 | 0.00 [-0.057] 0.00 | 0.00 | 0.00 | -0.179
KopeH, cm / Root,cm | 1.26" | 0.89° | 1.12° | 1.28"° | 1.36" | 0.88" | 0.90° | 1.53°
u 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
150t | CTe6n0, cm/ Shoot, cm 0.35° | 0.34° | 0.32° | 0.40° | 0.40° | 0.35" | 0.30° | 1.55"
0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
KbnH, cm/ Seedling, cm 1.61° [ 1.32° [1.44° [ 1.68° [ 1.76" | 1.23° | 1.20° [ 3.08"
IR 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
KopeH, cm /Root, cm | 2.66° | 5.45° | 1.43"] 3.58° | 4.33° | 2.98° | 4.43° | 1.89°
0.107 [ 0.259 ] 0.035 | 0.147 [ 0.165 | 0.174 | 0.228 | 0.042
200 |.CTebno, cm/Shoot,cm | 5.85° | 6.95° | 4.85° | 6.25° 7.10° | 7.89° | 5.93" | 3.58°
' U 0.402 [0.431]0.388 | 0.393 | 0.411 | 0.445 | 0.426 | 0.167
KbiH, cm/ Seedling, cm 8.51° [12.40°] 6.28° | 9.83 [11.43"| 10.87° [10.36"| 5.47°
o 0.238 [ 0.320 | 0.210 | 0.252 | 0.267 | 0.311 | 0.308 | 0.115
KopeH, cm /Root,cm | 7.41° | 9.41° [ 7.72" | 6.98° | 8.50" | 8.45° | 6.95° | 9.80°
o 0.253 [ 0.337 | 0.276 | 0.242 | 0.583 | 0.323 | 0.292 | 0.371
250 | CTebno,cm/Shoot,cm | 5.48° 9.38" | 4.92° | 6.28° | 5.09° | 4.40° [ 5.16° | 7.31°
' U 0.393 [ 0.474]0.390 | 0.393 | 0.363 | 0.362 | 0.406 | 0.310
KbnH, cm/ Seedling, cm | 12.897 | 18.79 |12.64%| 13.26° | 13.14°| 12.85° | 12.11%| 17.11°
u 0.297 [0.379]0.310 | 0.295 | 0.287 | 0.335 | 0.330 | 0.343
KopeH, cm / Root, cm | 8.50° | 10.0% [10.48°| 8.56° | 7.95° | 9.89° | 5.71% | 9.88°
u 0.273 [ 0.346 [ 0.319 | 0.271 [ 0.252 | 0.346 | 0.264 | 0.373
300 |CTebno,cm/Shoot, cm 10.907 | 6.89° | 7.23" | 7.36" | 7.99° | 5.827 | 4.45" | 10.77°
' U 0.491 [0.430]0.445| 0.416 | 0.428 | 0.402 | 0.385 | 0.388
KbnH, cm/ Seedling, cm | 19.40° [16.89°[17.71°] 15.92 [ 15.94' | 15.71° | 10.16° | 20.65°
o 0.356 | 0.364 | 0.358 | 0.321 | 0.315 | 0.364 | 0.305 | 0.381

NereHpa: a, b, c, d, e, f, - cTaTUCcTUYECKN foka3aHn pa3nuku npu P=0.05; P — CKOPOCT Ha HapacTBaHe
Legend: a, b, ¢, d, e, f, - statistically proven differences at P = 0.05; p — growth rate

B pesyntar Ha npskoTO Bb3Aein-
CTBME Ha TemnepaTtypHus auanasoH
BbpPXYy HapacTBaHETO Ha KbJ/IHOBETE Npu
obpasuuTte TexHuyecko copro (MeTtna),
KoedmumeHTute Ha anometpus (CA) ce
NPOMEeHAT B rpaHuymte ot 0.29 go 4.65
(Tabnuuya 4). IMO-BUCOKM CTOMHOCTU Ha
KoedmumeHTUTe Ha anometpua (CA)
(cbotBeTHO OT 3.34 A0 4.65 1 ot 0.99 go
3.60) ce ycrtaHoBsBaT MpW MO-HUCKUTE
npunioxeHun temnepatypm 10-15 °C, ac

As a result of the direct effect of the
temperature range on the sprouting of
seedlings in broomcorn accessions,
coefficient of allometry (CA) varied from
0.29 to 4.65 (Table 4).

Higher values of coefficient of allometry
(CA) (from 3.34 to 4.65 and from 0.99 to
3.60 respectively) are found at lower
applied temperatures of 10-15 °c, and
with their increase (20-30 0C), coefficient
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yBenmuasaHeto uMm (20-30 °C), koedm-
uneHTuTe Ha anomeTpus (CA) Hamanseat
(ot 0.74 po 11.87 nbTW) Henponopuymo-
Ha/IHO Ha noBuLIaBaHe Ha Temneparypa-
Ta. MNpn Temneparypa ot 20 °C, e oTyeTe-
HO OTHOCMTEJIHO MPOMNOPLUOHATHO pPa3Bu-
TMe Ha cTeb/1I0TO M KOpeHa MpU BCUYKM
ob6pasum, a koemuueHTMTe Ha asioMeT-
pusa (CA) ca C Hail-HUCKM CTOlHOCTK (OT
0.29 po 0.78). Halii-BMcokNTE NpoOy4BaHU
Temnepatypn (25-30 °C) noTuckat oTHocu-
TE/IHO Mo-cnabo pasBUTMETO Ha cTeBs10TO
CNpsIMO KOpeHa Npu BCUYKM TeCTBaHK 06pas-
UM (CAcpenno € CHOTBETHO 1.41 1 1.22).

YCTaHOBEHM Ca 3HAYUTESTHU TEHO-
TUMHW  pa3nuums Mexay TecTBaHuTe
o6pasLm, KOUTO YC/I0BHO Morat ga 6baat
rpynvpaHy B 3aBMCMMOCT OT KoeduLneH-
™iTe Ha anomeTpus (CAcpeqno) B C/i€AHUA
Bb3xoasuw, ped: Ml 16N — 1.42 > Prima -
1.46 > Szegedi 1023 — 1.55 > G16V -
1.59 > CR16LR > 1.63 > PL16 - 1.67 >
S14 1.70 > GL15A — 2.14.

of allometry (CA) decrease (from 0.74 to
11.87 times) in disproportionate temperature
rise. At temperature of 20 °C, relative
proportional development of shoot and
root was reported for all accessions, and
allometry coefficients (CA) had the lowest
values (0.29 to 0.78).

The highest temperatures studied (25-30 °C)
suppressed the relatively lower shoot
development relative to the root in all the
samples tested (CAaverage 1.41 and 1.22,
respectively).

Significant genotypic differences
were found between the test accessions,
which can be conditionally grouped accord-
ing to coefficient of allometry (CAaerage) iN
the following ascending order: Ml 16N - 1.42
> Prima - 1.46 > Szegedi 1023 - 1.55 >
G16V - 1.59 > CR16LR > 1.63 > PL16 -
1.67 > S14 1.70 > GL15A - 2.14.

Tabnuua 4 BrnvaHue Ha TemnepaTypa BbpXy MpPONOpUMOHasIHOCTTa U
XXN3HEHOCTTa Ha 06pasLm TeEXHNYECKO Copro (MeT/1a)
Table 4. Influence of temperature on the coefficient of allometry and plants

vigour of broomcorn accessions

Tempera-- |[oka3arte O6pasum / Accessions
W i o Szl%%g’d' Prima| S14 | GL15A | PL16 |CR16LR| G16V | MI16N X\f:rﬁgz
100 CA | 000 | 000 | 0.00 | 465 | 000 | 000 | 000 | 334 | 400
svi | 000 | 000 | 000]| 027 | 000 | 000 | 000 | 071 | 012
o | CA | 360 | 262|350 | 320 | 340 | 251 | 300 | 099 | 2.5
svi | 145 | 095 | 091 | 120 | 106 | 078 | 076 | 221 | 117
200 CA | 045 | 078 | 020 | 057 | 061 | 038 | 075 | 053 | 055
svi | 766 |11.16| 450 | 885 | 818 | 7.78 | 7.42 | 492 | 756
250 CA | 135 | 100 | 157 | 111 | 167 | 192 | 135 | 134 | 141
SVI | 994 |1345|11.38| 11.93 | 11.83 | 1157 | 10.90 | 1540 | 12.05
300 CA | 078 | 145 | 145 | 1.16 | 099 | 170 | 128 | 092 | 1.22
SV | 1273 | 12.09 | 15.94 | 14.33 | 1435 | 11.25 | 727 | 1859 | 13.32
Cpemio | CA | 124 | 117 | 1.36 | 214 | 133 | 130 | 128 | 142
Average | SVI | 636 | 753 | 655 | 7.32 | 7.08 | 628 | 527 | 837

Nerenpa: CA — koeduumeHT Ha anoMeTpus; SVI — XM3HEHOCT Ha pacTeHusTa
Legend: CA — coefficient of allometry; SVI — plants vigour index

>KusHeHocTTa Ha pacteHusaTa (SVI)
3aBuCKU OT CcbwuTe hakTopu U cnejsa
HabngaBaHuTe 3aBMCMMOCTM MO OTHO-
LeHWe nabopaTtopHarta Kb/IHAEMOCT U u-
HaMuKaTa Ha HapacTBaHeTO Ha KbJ/IHOBe-
Te npu TecTBaHuTe obpasun TEXHUYECKO
copro (metna) (Tabnuua 4). B 3aBucu-
MOCT OT CpefHuTe CTOMHOCTM Ha SVI,

The plants vigour (SVI) viability
depends on the same factors and follows
the observed laboratory germination and
germination dynamics of the tested
broomcorn accessions (Table 4).

Depending on the SVI averages, they can
be conditionally grouped in the following
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Morar fa ce rpynupar yCc/10BHO B C/ieiHUS
Bb3xogaw, peq. G1l6V 5.27 > CR16LR -
6.28 > Szegedi 1023 — 6.36 > S14 6.55 >
PL16 — 7.08 > GL15A — 7.32 > Prima —
7.53 > MI 16N — 8.37.

OTyeTeHuUTe pes3ynratu morar ga
6bAaT 06ACHEHM C TEHETUYHU Pa3INUNS
mMexgy obpasuute, Tbil KaTo CpaBHEHWUS-
Ta ca HanpaBeHW MpuW efHaKBW YC/I0BUS.
Bbnpeku ToBa, Npu Apyru ycnosus (gpyru
0o6pasum, NPOABL/HKUTENHOCT Ha CbXpaHe-
HMe Ha 3bPHO 1 Ap.), MOXe Aa Ce 04aKBa,
ye pesyntartuTe e 6baart pasninyHK, Tbil
KaTto nokKb/IBAHETO ce onpegens oT
KOMMNJ/IEKC OT MHOXECTBO (hakTtopu.

N3BOAN

JokasaHu ca cneumduyHn reHoTumn-
HW pa3nnumsa npu NoKbLMBAHETO Ha ceMe-
HaTa 1 NbpBOHAYa/IHO pas3BUTME Ha obpas-
UM TexHuyecko copro (meTna) B 3aBUCK-
MOCT OT BJ/IMSIHUETO Ha TemnepaTtypurte -
10, 15, 20, 25 n 30 °C. Haii-ucoka
Kb/IHAEMOCT € OT4eTeHa Mnpu MecTHU
nonynauun GL15A (ot 24.2 o 90,0%) wn
MI16N (oT 56.7 go 90.0%), a Hai-ronsma
Ob/KnHa Ha kbnHa npy MI16N (ot 3.08
0o 20.65, cpegHo 11.21 cm) un copT Prima
(o1 1.32 go 16.89, cpegHo 12.35 cm).

YCTaHOBEHO € B/IMSAHWETO Ha TeM-
nepartypHus gmanasoH 10 + 30 °c BbPXY
HapacTBaHeTO Ha Kb/IHOBETE Nnpu 06pas-
UM TexHuyecko copro (metna) (Sorghum
vulgare var. technicum Korn.), upe3s
KoedumumeHTUTe Ha anometpusa (CA). MNpu
Temnepatypa 20 °c HapacTBaHe Ha
CTe6/10T0O U KOpeHa € OTHOCUTESTHO
NPONOPLMOHA/IHO NPU BCUYKM 06pasum,
Hali-Huckn ctoliHocT (oT 0.29 pgo 0.78)
Ha KoedUUMEHTUTE Ha  aJloMeTpus.
Temneparypu 10-15 °c 3aabpXar Ha-
pacTBaHeTO Ha CTe6s10TO B CpaBHEHue C
KopeHa, KoeTo onpefesns OTHOCUTENHO
BMCOKM cTOliHOCTM Ha CA (oT 4.00 go
2.85). B oTHOCMTENHO no-cniaba CTeneH ce
noTucka pasBUTUETO Ha CTebNOoTO Npu TeM-
nepatypu 25 + 30 °C (CA ot 1.41 go 1.22).

VpoeHTudmumpann ca  o6pasuym
GL15A w»n MIL16N TexHu4yecko Copro
(meTna) KoMTO NOKbNBAT M Ce pa3BuBaT B

ascending order: G16V 5.27 > CR16LR -
6.28 > Szegedi 1023 - 6.36 > S14 6.55>
PL16 - 7.08 > GL15A - 7.32 > Prima -
7.53 > MI 16N - 8.37.

The obtained results can be
explained with genetic differences among
genotypes, as the comparisons were
made under the same conditions.
However, under other conditions (other
genotypes, duration of storage of grain,
etc.), it can be expected that the results
will be different, since germination is
determined by a complex of multiple
factors.

CONCLUSIONS

Specific genotypic differences in
seed germination and initial development
of broomcorn (Sorghum vulgare var.
technicum Koérn.) accessions were
determined depending on the influence of
temperatures - 10, 15, 20, 25 and 30 °C.
The highest germination was recorded in
local populations GL15A (24.2 to 90.0%)
and MI16N (56.7 to 90.0%), and the
highest seedling length at MI16N (3.08 to
20.65, mean 11.21 cm) and variety Prima
(1.32 to 16.89, average 12.35 cm).

The influence of the temperature
range 10 + 30 °C on the growth of shoots
in  broomcorn  accessions, through
allometry coefficients (CA), was found.

At temperature 20 °C, shoot and root
growth is relatively proportional to all
accessions, with the lowest values (0.29
to 0.78) of coefficient of allometry.

Temperatures 10-15 °C retain the growth
of the shoot compared to the root, which
determines the relatively high CA values
(from 4.00 to 2.85). The development of
the shoot at temperatures of 25 + 30 °C is
less inhibited (CA from 1.41 to 1.22).

The local populations GL15A and
MI16N of broomcorn have been identified
to germinate and develop over a wide
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WNPOK TemnepatypeH avanasoH 10 + 30
°C, kouTo ca MoAXOAsWM [OHOPW B
CeNeKUMOHHN nporpamMu, Kakto u npwu
npunaraHe Ha xepoébuunaun, cnen centba,
npean MOHWKBAHE WM B HavasHute
eTanu oT pa3BMTUETO Ha pacTeHuATa.

temperature range of 10 + 30 °C and are
of interest in the generation of
temperature tolerant accessions, as well
as in the application of herbicides in
relatively adverse weather conditions and
edaphic conditions.
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